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We use Weighted Finite Automata (WFA) [7] to parse protein or nucleic banks for finding specific
patterns. The weights of WFA enable arbitrary error counts or substitution costs [5]. A WFA A over the
semi-ring (Z,+, max) assigns to every word w a weight P(w). With a threshold sg, one can define the
language recognized by A by £ = {w]|P(w) > so}. Given a large word w (the bank), we address the
problem of continuous pattern matching: one must find all the terminating positions j of matching subwords
WiWi41 - .. w; € L. We hardwire WFA in reconfigurable processors to accelerate this parsing.

Linear Encoding Scheme. Finite state machines with ¢ states can be encoded in hardware either by the
logarithmic scheme (a bit vector of size log, g stores the current state) or by the linear scheme which uses a
bit vector of size g. Usually only one bit is set (this scheme is also named one-hot), but one can have multiple
states active at the same time and thus simulate indeterminism. The linear scheme has other advantages
[3, 8], and we showed that it can be generalized to parse WFA [5]. In this case, each state is translated into
one flip-flop, and each set of transitions between two states is translated into a weight generator, an adder
and an optional maximum operator (figures 1 and 3).

Size and Speed. The hardwired WFA has a surface area of O(|X| - p - |0]), where p is the number of bits
representing the weight and |§| the number of transitions. One character is parsed on every clock cycle. The
cycle time is in O(p - logdmax), where dpayx is the maximum incoming degree.

Prototype Implementation. Our practical implementation uses the R-disk prototype, a parallel architecture
designed for mass data filtering [6]. Data is distributed among several nodes linked by an Ethernet network,
and each node houses a hard disk drive and a reconfigurable processor (a FPGA) which filters data in a
on-the-fly way. A host computer send queries and collects results (figure 2). With the current reconfigurable
chip, the size constraint is p - |§| < 600. Therefore, one can use WFA with 75 transitions and 8 bits weights.
That covers common biological patterns like those of [1]. The speed constraint is less restrictive, as the clock
runs at 40 MHz, and each board can filter data at 16 MB/s. That flow on a single board is more than 4
times faster than software simulation of WFA [4] on a 2 GHz PC. Massive parallelism is achieved through
parallelization of several boards.

Additional Transitions. The size limit becomes crucial in some applications, for example when WFA
modelize insertions or deletions in patterns. The linear encoding scheme prevents chains of e-transitions
from being arbitrarily long (figure 4) because of the increasing critical path. Systolic techniques could realize
e-transitions, but they are only suitable for linear-shaped WFA. One solution is to add pseudo-deletion
transitions for each possible path (figure 5). There are O(|§|?) such transitions in the general case, but only
a subset of them is sufficient for practical implementation to fit into the available chip size.

We are currently assembling a prototype of this architecture with 48 boards, and we expect a maximum
flow of 768 MB/s. Moreover, as the available size on reconfigurable processors evolves faster than the
computing power of conventional sequential machines, this kind of space computing will be even more
advantageous [2].
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Fig. 1 - The WFA A
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Fig. 4 — Deletions with e-transitions Fig. 5 — Pseudo-deletion transitions



