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This paper proposes a bi-directional context modeling (BCM) technique for reference-
free DNA sequence compression, which constructs its contexts by combining arbitrary
predicted symbols in two directions corresponding to approximate repeats and non-
repeat regions. Thus, BCM can sequentially predict DNA sequences with weighted
conditional probabilities that simultaneously exploit the correlations among matched
approximate repeats and fit the variable-order statistics in non-repeat regions. More-
over, BCM eliminates the overhead of pointer information for specifying approximate
repeats, as it is synchronized in both encoder and decoder.

To be concrete, each nucleotide xt of sequence xN
1 is predicted with a weighted

probability conditioned on its bi-directional contexts s = (s1, s2). Denote s1 and s2 the
contexts for xt extracted from buffered approximate repeats and non-repeat regions,
respectively. Consequently, s1 adopts combinatorial structuring of partially matched
subsequences to represent the approximate repeats with insertion, deletion, and sub-
stitution. While s2 is constructed by combining arbitrary predicted nucleotides in
non-repeat regions. Given weights w

(i)
1 and w

(j)
2 for the two configurations s

(i)
1 and

s
(j)
2 of s1 and s2, the weighted conditional probability Pw(xt|s) for xt is obtained by

Pw(xt|s) = γ1
∑

i

w
(i)
1 Pe(xt|s(i)1 ) + γ2

∑

j

w
(j)
2 Pe(xt|s(j)2 ). (1)

Eq. (1) implies that Pw(xt|s) is de facto obtained by weighting over all possible con-
texts from matched approximate repeats and predicted non-repeat regions. In prac-
tical coding, {w(i)

1 } and {w(j)
2 } are updated with gradient descent for each xt to

adaptively fit the statistics of xN
1 .

In theory, we show that upper bounds of excess model redundancy led by BCM
vanish with the growth of sequence size. Experimental results show that BCM out-
performs the state-of-the-art reference-free compressors FCM [1] and CTW+LZ [2].
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