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Range Filters and Applications. Range filters are
compact probabilistic data structures that accept two
keys as the end-points of a range and determine if at least
one key in a given set is in-between them. These filters
are used in many domains, e.g., in key-value stores [4], B-
Tree indices [2], and relational databases [1], to quickly
rule out the existence of keys in a given query range and
avoid having to search for them in storage.

Range Filtering Goals. The ideal general-purpose
range filter must simultaneously support (G1) the lowest
possible false positive rate under a stringent memory bud-
get, (G2) range queries of any length, (G3) variable-length
keys (e.g., strings), (G4) dynamic modification operations
such as insertions, deletions, expansions, and contrac-
tions, and the best possible (G5) query and (G6) construc-
tion performance.

Design Contentions. Yet, every existing range filter
only fulfills a subset of these goals [1, 4, 2]. In fact, almost
none of the existing ones attain (G3) or (G4). Moreover,
Goswami et. al. have proven an information-theoretic
lower bound on the memory footprint of range filters,
stating that it is impossible for any range filter to achieve
(G1) and (G2) at the same time [3]. However, this lower
bound only holds for worst-case datasets, meaning that
it may still be possible to achieve (G1) and (G2) for “com-
mon” datasets. As such, we pose the following research
question: Is it possible to design a range filter that simul-
taneously fulfills all six goals for common datasets? We
present an affirmative answer to this question.

Diva. We introduce Diva, the first range filter to sup-
port dynamic operations, variable-length queries and
keys, and high performance, all at the same time. Diva
learns the dataset’s distribution by sampling keys and
storing them in a cache-efficient trie. For all keys in-
between two samples of the trie, Diva removes the
longest common prefix. It also truncates their suffixes
while keeping enough bits in the middle of each key (i.e.,
an infix) to differentiate them in most cases, thus achiev-
ing (G1). At the same time, the trie separates dense and
sparse regions of the key space. This allows for handling
short range queries over densely populated regions and
long range queries over sparse regions, thus meeting
(G2). By discretizing all keys into fixed-length infixes
without the use of hashing, Diva achieves (G3). This
discretization also allows for storing the infixes of adja-

cent groups of keys within a constant time data structure
called an Infix Store, fulfilling (G5). As Diva derives in-
fixes without hashing and stores them in the original
sorted order of the keys, it does a single efficient sequen-
tial pass over the dataset during construction, making it
the fastest range filter to construct. It therefore attains
(G6). Diva handles dynamic updates by splitting Infix
Stores, thereby meeting (G4).

We show, theoretically and empirically, that Diva
achieves a false positive rate on par with the state of
the art on real-world datasets while supporting dynam-
icity and variable-length queries and keys.

Diva was endowed with the best research paper award
at VLDB 2026, held in the United Kingdom, London.
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