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Quotient Filter

e f (·) f (e) = 1101011110

Fingerprint

quotient remainder
=Position

01..

BUT sorted by fingerprint
similar to hashing with linear probing

hash-table-like data structure:
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Quotient Filter

e f (·) f (e) = 1101011110

Fingerprint

quotient remainder
=Position

a a a b b f gf j j

run: elements hashed to same canonical slot

cluster: run at canonical slot + shifted runs behind

supercluster: consecutive filled slots
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Quotient Filter – Insertion
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Quotient Filter – Insertion
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status bits of changed slots need to be updated
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Quotient Filter – Growing

e f (·) f (e) = 1101011110

Fingerprint

quotient remainder

q bits quotient r bits remainder

limited growing
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Quotient Filter – Growing

e f (·) f (e) = 1101011110

Fingerprint

quotient remainder

q bits quotient r bits remainder

q′ = q + 1 r ′ = r − 1

limited growing
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Quotient Filter – Growing

unlimited growing (scalable quotient filter)

limited growing

growing exponentially

therefore logarithmic number of tables

exponentially smaller fp rates

overall bounded fp rate
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1. lock slot range

2. operate exclusively

3. unlock

sometimes multiple locks necessary
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Quotient Filter – Trivial Locking

1. lock slot range

2. operate exclusively

3. unlock

sometimes multiple locks necessary

simple

growing is possible

locking

memory overhead

add. lookup per operation

properties

+

–

–

–

+
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Quotient Filter – Lockfree-ness seems hard
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Quotient Filter – Lockfree-ness seems hard

thrd-1 find x
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Quotient Filter – Lockfree-ness seems hard

x must be in 2nd run

thrd-2 insert y

a a a a a c gf

1 1 1 1
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0 0 0
1 1 1 1

j j
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thrd-1 find x
2nd run
x 6= y

false negative

6



Tobias Maier – Concurrent Expandable AMQs Institute of Theoretical Informatics
Algorithmics Group

Linear Probing Quotient Filter
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counteract that with 3 more fingerprint bits (same slot size)
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Linear Probing Quotient Filter

cca aab b f g f j j

without status bits assuming no remainder = 0

no run reconstruction no sorted order

linear probing like insertion

more comparisons = more false positives?

E [fp rate] = 1
2

(
1 + 1

1− n
m

)
· 1

2r+3−1

counteract that with 3 more fingerprint bits (same slot size)

super simple

lockfree (using CAS)

fast

no growing, no deletion

worse over 70% fill ratio

properties

+

–

+

–

+
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Locally Locking Quotient Filter – Using Status Bits
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growing is possible

sometimes locking can be
avoided
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properties
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Conclusion

trivial (external) locking is not enough

local locking with inherent status bits
previously unused combinations

lock-free linear probing quotient filter
more bits counteract more comparisons

growing implementations for status bit variants

unlimited growing
combines migration and multi table
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