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Abstract—This paper presents an efficient methodology for
FPGA arithmetic design based on Boolean function optimiza-
tion. Focusing on constant multiplication, modular multiplica-
tion and reduction, and division by constants, the proposed
approach achieves up to 20× LUT reduction and up to 50%
delay improvement compared to Vivado-generated designs.
Experimental results also demonstrate competitive area–delay
trade-offs relative to FloPoCo, highlighting the effectiveness of
the method for high-performance FPGA arithmetic implemen-
tations.

Index Terms—FPGA, computer arithmetic, Boolean func-
tions.

I. INTRODUCTION

Field-Programmable Gate Arrays (FPGAs) combine hard-
ware efficiency and software flexibility, with Look-Up Tables
(LUTs) being fundamental for implementing combinational
logic. No universal optimal approach exists for efficiently
mapping arbitrary arithmetic operations on FPGAs due to the
inherent diversity of operation characteristics [1], [2]. Mod-
ular reduction is fundamental to Residue Number System
(RNS) implementations [1], [2], while division by integer
constants occurs frequently, for example, in cryptography
[2], [3], networks [4]. FloPoCo [5], [6] is a state-of-the-
art arithmetic core generator utilizing various algorithms
for designing arithmetic functions. Alternative approaches
employ Boolean minimization tools like ABC [7], though
these do not account for subtle FPGA architectural features
such as dual-output LUT modes. The proposed approach for-
mulates arithmetic operations as optimized Boolean functions
specifically tailored to LUT-based FPGA architectures. This
results in improved resource utilization and lower latency
compared to AMD Vivado-generated designs, while main-
taining competitive performance against FloPoCo.

II. SKETCH OF THE APPROACH

The proposed methodology decomposes arithmetic opera-
tions (AOs) into superpositions of additions and small bit-
width multiplications:

AO =
w∑
i=1

Ai ·Bi · Ci, (1)

where Ai, Bi are m-bit sub-vectors from input operands
and Ci represents pre-calculated constants. Each term is
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represented as a system of Boolean functions mapped onto
LUTs, exploiting the dual-output capability of 6-input LUTs
by targeting 5-variable subfunctions where possible. The
methodology is carried out in the following three stages.
1) Decomposition and LUT Mapping: AOs are decomposed

per (1), representing each multiplication term as a network
of k-input Boolean function systems (k ≤ 2m for m-bit
sub-vectors). Each output bit is expressed as a Boolean
function decomposed into interconnected subfunctions. To
fully leverage the dual-output capability of modern 6-
input LUTs, subfunctions target five variables where pos-
sible—allowing two functions sharing inputs to occupy
a single LUT. While tools like ABC perform technology
mapping, they do not utilize this FPGA-specific feature,
requiring architecture-aware heuristics.

2) Parallel Addition Network: LUT outputs feed a bal-
anced parallel adder structure that computes higher and
lower-order bits simultaneously, significantly reducing
critical path compared to sequential tree-structured ap-
proaches [8].

3) Result Integration: intermediate results are combined
through concatenation. For modular operations, compari-
son/subtraction with the modulus P is applied to produce
the final corrected result.

III. EXPERIMENTAL RESULTS

Experimental results were obtained on Xilinx Kintex-7
(xc7k70tfbg484-3) with Vivado 2022.21, using only combi-
national logic (LUTs) (excluding DSPs and BRAMs) and
include the complete place and route process.

Comparisons include Vivado synthesis and FloPoCo arith-
metic generator. For FloPoCo, we used: default mode for
constant multiplication; FPC 0 (default architecture, arch=0)
and FPC 3 (arithmetic minimization, arch=3) for reduction
and division, both configured for 6-input LUTs (alpha=6).
Our approach targets both 5-input (lut 5) and 6-input (lut 6)
mappings.

Constant Multiplication (A · constant): evaluated with
constants of 29, 46, 101, 157, and 183 bits multiplied by 7–
10 bit variables. For special-form constants (229−3, 2157−7,
2183 − 1), the approach achieves up to 11× LUT reduction
versus Vivado by exploiting repetitive truth table patterns.
Standard constants show 30–35% LUT reduction with com-
parable delay. Compared to FloPoCo (default mode), 2–3×

1Verilog-files prepared for these experiments can be found in https:
//github.com/ZeboZebo702/DATE 2026.
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Fig. 1: LUT utilization comparison (normalized to Vivado = 1.0, geometric
mean). Lower is better.

better LUT efficiency with similar or less delay across all
test cases.

Modular Multiplication ((A·B)( mod P )): Evaluated for
moduli P ∈ {241, 491, 997, 2011, 4051} (8–12 bit range).
Achieves 15–25% delay improvement versus Vivado; for
smaller moduli (P = 241, 491), also 20–25% LUT reduction
is achieved. FloPoCo does not support modular multiplication
(N/A on the plots), making Vivado the only baseline.

Modular Reduction (A (mod P )): Tested with 168-bit
and 270-bit inputs across five moduli. Versus Vivado: up to
20× LUT reduction (e.g., 509 vs 10024 LUTs for 270-bit
A and P = 241) and 50% delay improvement. FloPoCo
comparison reveals clear trade-offs: FPC 0 requires 2–4×
more LUTs and 10–20× worse delay than our approach;
FPC 3 achieves comparable LUT count (within 10–15%).
Our method provides the best area-delay product.

Division by Constant (A/d = {Q,R}, where
Q is the quotient and R is the residue): Evaluated
for 16, 32, 48, and 64-bit dividends with divisors
d ∈ {5, 11, 13, 23, 47, 113, 241}. For 32-, 48-, and 64-bit
operands: 3–6× LUT reduction and 25–40% delay improve-
ment versus Vivado. FloPoCo comparison shows opposite
trade-offs: FPC 0 is substantially worse in both metrics (2–
10× more LUTs, 20–50% worse delay); FPC 3 achieves
similar or slightly better LUT count in some cases, but
our approach consistently outperforms it in delay by 5–15%
across all configurations. For 16-bit operands, Vivado main-
tains slight LUT advantage due to decomposition overhead,
though our approach still achieves 20% less delay.

Aggregated Results (Figs. 1–2): Results are geometric
mean of ratios normalized to Vivado (=1.0). Note that
normalized values (e.g., 0.09 for Reduction LUT) represent
average improvement; individual cases reach up to 20×.
The methodology demonstrates consistent advantages: versus
Vivado, superior in both metrics for most operations; versus
FloPoCo, our approach consistently outperforms FPC 0 in
all cases, while FPC 3 shows operation-dependent trade-offs,
i.e. FPC 3 achieves better delay for the modular reduction
but worse delay for division, with comparable area through-
out.

IV. GLOBAL ANALYSIS AND CONCLUSION

The proposed three stage methodology for efficiently
implementing AOs on FPGAs demonstrates consistent per-
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Fig. 2: Critical path delay comparison (normalized to Vivado = 1.0,
geometric mean). Lower is better.

formance improvements across diverse AOs. Experimental
results show that our methodology achieves competitive or
superior performance compared to both Vivado synthesis and
FloPoCo framework across constant multiplication, modular
multiplication, modular reduction, and division by constant.
The approach consistently provides either significant resource
savings (up to 20× LUT reduction) or substantial timing
improvements (up to 50% critical path reduction), often
achieving advantages in both metrics simultaneously.

Comparison with FloPoCo reveals operation-dependent
trade-offs. For modular reduction, FloPoCo’s optimized
FPC 3 variant achieves slightly better delay but comparable
or worse LUT utilization. For division by constant, the situa-
tion reverses: FPC 3 shows comparable LUT count in some
cases but consistently worse timing across all configurations.
The default FPC 0 variant performs substantially worse in
both metrics for all operations. These results position our
approach as providing the most balanced area-delay trade-
off.

Particularly noteworthy is the method’s ability to exploit
structural properties of special-form constants like Mersenne
numbers, achieving significant efficiency gains that conven-
tional tools cannot match. The strength of the methodology
lies in its adaptability to the specific characteristics of differ-
ent AOs, rather than relying on one-size-fits-all optimization
strategies. This flexibility makes it particularly valuable for
applications involving arbitrary modulus operations, such as
RNS, for which traditional approaches often fail to deliver
efficient solutions.
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