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Fig. 1. Each item i is mapped to one cell in each row of the array of counts: when an update of ct to item it
arrives, ct is added to each of these cells

Data Structure. ACount-Min (CM) sketchwith parameters (ε, δ) is represented by a two-dimensional
array counts with width w and depth d: count[1, 1] . . . count[d, w]. Given parameters (ε, δ), set
w = ⌈ e

ε⌉ and d = ⌈ln 1
δ⌉. Each entry of the array is initially zero. Additionally, d hash functions

h1 . . . hd : {1 . . . n}→ {1 . . . w}

are chosen uniformly at random from a pairwise-independent family.

Update Procedure. When an update (it, ct) arrives, meaning that item ait is updated by a quantity
of ct, then ct is added to one count in each row; the counter is determined by hj . Formally, set ∀1 ≤
j ≤ d

count[j, hj(it)]← count[j, hj(it)] + ct

This procedure is illustrated in Figure 1.

The space used by Count-Min sketches is the array ofwd counts, which takeswdwords, and d hash
functions, each of which can be stored using 2 words when using the pairwise functions described
in [27].

4 Approximate Query Answering Using CM Sketches

For each of the three queries introduced in Section 2: Point, Range, and Inner Product queries, we
show how they can be answered using Count-Min sketches.

4.1 Point Query

We fi rst show the analysis for point queries for the non-negative case.

Estimation Procedure. The answer to Q(i) is given by âi = minj count[j, hj(i)].
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