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Abstract We study compression-aware algorithms, i.e. algorithms that can ex-
ploit regularity in their input data by directly operating on compressed data.
While popular with string algorithms, we consider this idea for algorithms oper-
ating on numeric sequences and graphs that have been compressed using a variety
of schemes including LZ77, grammar-based compression, a graph interpretation
of Re-Pair, and a method presented by Boldi and Vigna in The WebGraph Frame-
work. In all cases, we discover algorithms outperforming a trivial approach: to
decompress the input and run a standard algorithm. We aim to develop an algo-
rithmic toolkit for basic tasks to operate on a variety of compression inputs.

Algorithms for Compressed Sequences We consider sorting algorithms that op-
erate on data produced by the following three compression schemes: LZ77, con-
text free grammar representation (called CFG), and LZ78. Note that in CFG an
array is represented as the singleton language parsed from a grammar.

For sorting an LZ77-compressed sequence of numbers, we present a sorting
algorithm which operates in time O(C + |Σ| log |Σ|+ n) where C is the compres-
sion size, n is the length of the sequence, and Σ is the set of unique numbers in
the input list. In most instances C � n, thus our algorithm in practice achieves
linear sorting as compared to the classical algorithm’s O(n log n) worst-case per-
formance. We also present a way of indexing into the sequence in O(C) time.

For sorting a list compressed by a context-free grammar (with LZ78 as a spe-
cial case) we present an algorithm which finds the sorted sequence in O(C · |Σ|)
time. Here, C represents the total number of symbols in all of the grammar’s sub-
stitution rules. This result has the advantage of being independent of the size of
the uncompressed list. From here, we can produce a grammar for the sorted list
which has size O(|Σ| log n), where n is the length of the decompressed list. The
classical approach would require O(n log n) time to decompress and then sort.

Algorithms for Compressed Graphs Next we consider topological sort and bi-
partite assignment on graphs under these two compression schemes: a graph
interpretation of the Re-Pair compression scheme, and the scheme presented by
Boldi and Vigna in the WebGraph Framework (called BV).

For graphs compressed using the Re-Pair algorithm, we perform both algo-
rithms in O(C) time. Re-Pair is a form of grammar compression, so C is the
number of terms on the right side of the grammar’s parse rules. These improve-
ments compare favorably with the O(|V|+ |E|) trivial approach.

We present an algorithm which performs bipartite checking on a BV com-
pressed graph. This algorithm runs in O(|V|+ s) time where |V| is the number
of vertices in the graph. In a graph’s adjacency list, after vertex labels are sorted,
there are often blocks of sequential labels. The BV compression scheme repre-
sents these sequences en masse, and s is the total number of such sequences. This
improves the running time of the classical O(|V|+ |E|) approach.
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