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Perfect Hashing

Static set S of n objects

Injectively map objects to the first m integers

Load factor: « = m/n

Minimal Perfect Hashing: o = 1

Applications: databases, hash tables,
approximate membership, retrieval,
representatives

Here: mainly non-minimal, load factors between
80% and 97%, but extension to minimal
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Motivation
Space efficiency Space efficiency Space efficiency Space efficiency
Construction Query Construction Query  Construction Query  Construction Query
RecSplit [EGV20] PTHash [PT21] SicHash

MeraculousHash [CHS 11]
FiPHa [MSSZ14]
BBHash [LRCP17]

Preliminaries SicHash Experiments Conclusion
0®00 000 0000 o

3113 January 23, 2023 Hans-Peter Lehmann, Peter Sanders, Stefan Walzer: SicHash Institute of Theoretical Informatics



KIT

Cuckoo Hash Tables [PR04]

® Each object has two choices for cells
& On collision, move existing object

@ d-ary: more than two choices [FPSS05]
& Higher load factors R R
® |nsertion more complex 1 0 0 1
@ |rregular: different objects have different number 1'/ > \é/ 4 5 \é 7 8

of hash functions [DGM™10]

w Average number of hash functions d
@ Best load factors by interpolating
between |d]| and [d]
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Cuckoo Hash Tables [PR04]

® Each object has two choices for cells
& On collision, move existing object

@ d-ary: more than two choices [FPSS05]
& Higher load factors % R
® |nsertion more complex 1 0\/0 1\/
@ |rregular: different objects have different number 1/ > 3 4 5 6 7 8

of hash functions [DGM™10]
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Perfect Hashing by Retrieval [DHSW22]

Each object has 2* choices

Find collision-free mapping

Store static function S — {0, 1}¥ in retrieval data structure
Space: O(kn) bits

No known implementation

® | ow load factors (see later slide)
& Retrieval only recently efficient enough (1.02 - kn bits) [DHSW22]
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® Combine Perfect Hashing by Retrieval [DHSW22] and Irregular Cuckoo Hashing [DGM™*10]

h

class(A) = 2 choices h

class(B) = 4 choices
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® Combine Perfect Hashing by Retrieval [DHSW22] and Irregular Cuckoo Hashing [DGM™*10]

= 2 choices = 4 choices

helass(A helass(B

v/

1
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® Combine Perfect Hashing by Retrieval [DHSW22] and Irregular Cuckoo Hashing [DGM™*10]

= 2 choices

helass(A h1ass(B) = 4 choices 4 2-bit 3-bit

A—-0|B—3

TS d e

1
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SicHash

Hash function assignments

Bucket 1 Size Seed 1-bit | 2-bit | 3-bit

Bucket2 | Size Seed 1-bit | 2-bit | 3-bit
Construct

Bucket N/b [ Size | SUCKC0t@0Ie rgeedl  [1-bit] 2-bit|3-bit]

Retrieval data

Hash

Input objects

A b Aot e e Aol Teoal T ——po T o] Structures

' Output data structures: Offsets [Seeds| [Ri | R | Rs ]
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Hash function assignments
Hash g cket1 | Size Seed 1-bit | 2-bit | 3-bit
Bucket2 [Size| gy ~iSeed i-bit | 2:bit [3-b
Ry Suckoo table 1-bit 2-bit 3-bit

Retrieval data

— ' structures
Offsets [Seeds| [Ri | R | Rs ]
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cuckoo table

Bucket N/b BSIFL)
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SicHash

Hash function assignments

Hash g ket 1 Size 1-bit | 2-bit | 3-bit
Input objects Bucket2 |Size |~ oo eed '1-b|t 2-bit | 3-bit

1-bit | 2-bit | 3-bit

Retrieval data
\-T--—-—-7--"=-""-">""="="=--"~-~"~"~"~“~"=~"-~"" -~ NX“"““~"“~"~““-~“-~“~-“=-=-=-"—- _¥_ ___ " " " __ —— — —
! Output data structures: Offsets Ri | R | R | structures

cuckoo table

Bucket N/b | Size
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® |rregular cuckoo hashing [DGM™10]:
looking at average number of hash
functions
® Consecutive integers
@ Here: looking at space usage

® Average of log,(number hash functions)
® Best load factors given by unbalanced
distributions, not balanced ones!

@ Overloading

Preliminaries SicHash
0000 ooe

8/13 January 23, 2023

KIT

Karlsruhe Institute of Technology

100%
g
E - Foo=
9 99% 0 %% 77777 _-
o
g
[0} — JE N I O —— -
£ 9% T =
< - | . R % ,,,,, -
97%
ABCD ABCD ABCD ABCD
m=500 m=5000 m=50000 m=500000
.| ——A:010000 —— B:10/80/10
% of 2/4/8 choices: | ____ . 33/3433 — D:50/0/50
Experiments Conclusion
0000 o]

Hans-Peter Lehmann, Peter Sanders, Stefan Walzer: SicHash

Institute of Theoretical Informatics



KIT

Construction Throughput

Load Factor 0.8 Load Factor 0.85 Load Factor 0.9

Throughput [MObjects/sec]

! ! ! L
14 16 1.8 2 22> 1.6 1.8 2 22 >

Bits per object Bits per object Bits per object
BBHash [LRCP17] —— BDZ [BPZ13] —— BMZ [BGZ04] —»— CHD [BBD09]
—a— FCH [FCH92] —o— PTHash [PT21] —=— RecSplit[EGV20] —e— SicHash
Preliminaries SicHash Experiments Conclusion
0000 000 @000 o]

9/13 January 23, 2023 Hans-Peter Lehmann, Peter Sanders, Stefan Walzer: SicHash Institute of Theoretical Informatics



KIT

Construction Throughput

Load Factor 0.95 Load Factor 0.97 Load Factor 1.0

Throughput [MObjects/sec]

2 2.5 3 3.5>

Bits per object Bits per object Bits per object
BBHash [LRCP17] —— BDZ [BPZ13] —— BMZ [BGZ04] —»— CHD [BBD09]
—a— FCH [FCH92] —o— PTHash [PT21] —=— RecSplit[EGV20] —e— SicHash
Preliminaries SicHash Experiments Conclusion
0000 000 [o] le]e} o]

10/13 January 23, 2023 Hans-Peter Lehmann, Peter Sanders, Stefan Walzer: SicHash Institute of Theoretical Informatics



Ui

Best Construction Throughput
Before After
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Query Throughput

- BBHash [LRCP17]
2 —+— CHD [BBDO]
2 3 - PTHash Minimal [PT21]
_g g —e— PTHash [PT21]
=8 RecSplit [EGV20]
g d —o— SicHash
c . SicHash Minimal
N Ll |
108 107 108
Number of objects
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Conclusion
@ SicHash Perfect Hash Function
@ Combines retrieval and irregular cuckoo hashing
@ Fastest construction for wide range of configurations s deidd,
. * *
® Fast queries e
@ Code available under GPLv3 license:
https://github.com/ByteHamster/SicHash This project has received funding from the
@& Future work: European Research Council (ERC) under
i the European Union’s Horizon 2020
@ Parallelize research and innovation programme
® Analyze overloaded cuckoo hash tables (grant agreement No. 882500).
@ New: SIMDRecSplit [BKLS22] with even faster
construction but slow queries
Preliminaries SicHash Experiments Conclusion
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Overloading binary cuckoo hash tables
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