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Enumeration of Generalized Parallel Counters
for Compressor Tree Synthesis

Muct Nopa™'®)  Nacrsa IsHIURAT2:P)

Abstract: This paper proposes a method to exhaustively search for undiscovered generalized parallel coun-
ters (GPCs), aiming for the efficient implementation of multi-input adders on FPGAs. Multi-input adders,
which are core components of multiplication and multiply-accumulate circuits, can be efficiently implemented
on FPGAs by constructing trees of expanded full adders, known as GPCs. Although three GPC designs im-
plementable with a single slice of the Xilinx 7 series are known, this paper aims to discover new GPCs by
exhaustively enumerating those that can be realized within one slice. We enumerate all possible input-output
specifications for GPCs with up to five output bits and search for the connections from the inputs to LUTs
and their truth tables if they exist. A search program implemented in Rust completed enumeration in about
100 seconds and discovered five previously unknown GPCs: (1,2,6;4), (4,2,5;5), (1,2,4,4;5), (1,3,1,6;5), and
(1,3,3,4;5). Using these GPCs to construct 8 to 32-bit multiplication circuits and multi-input adders resulted
in a reduction of the number of slices in two circuits and the number of stages in two others.
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