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Abstract—As a class of emerging post-CMOS technologies,
Field-coupled Nanocomputing (FCN) promises computation with
tremendously low energy dissipation. Even though ground break-
ing advances in several physical implementations like Quantum-
dot Cellular Automata (QCA) or Nanomagnet Logic (NML) have
been made in the last couple of years, design automation for FCN
is still in its infancy and often still relies on manual labor. In this
research demo proposal, we present an open source framework
called fiction for physical design and technology mapping of
FCN circuits. We furthermore evaluate the effectiveness of
implemented algorithms in two case studies. The capabilities
of the proposed framework to explore different design criteria,
scripting and logging functionalities, and extensibility provide a
basis for future research in this domain.

I. INTRODUCTION AND BACKGROUND

Field-coupled Nanocomputing (FCN) [1] is a class of
emerging technologies which conduct computations funda-
mentally different from conventional systems relying e. g. on
CMOS. Here, information is represented in terms of the
polarity or magnetization of nanoscale cells and can be
propagated to adjacent ones using repelling forces of local
fields [2], [3]. This results in devices that allow to repre-
sent and process binary information without electrical current
flow. Consequently, numerous contributions on their physical
realization have been made in the past and several of them
in the last three to four years, e. g. molecular Quantum-dot
Cellular Automata (mQCA) [4], atomic Quantum-dot Cellular
Automata (aQCA) [5], [6], or Nanomagnet Logic (NML) [7].

Moreover, this way of representing and processing infor-
mation is doable with highest processing performance and
remarkably low energy dissipation – as confirmed by several
theoretical and experimental studies (see e. g. [8], [9], [10]).
This makes FCN a promising alternative to conventional inte-
grated circuit technologies. However, no exhaustive automatic
design flow is available for FCN technologies so far. Also,
due to significant differences to the design rules of CMOS
technologies, existing classical methods are not applicable to
the FCN domain.

In this research demo proposal, we present fiction [11], a
C++ framework for the design of FCN circuits which is based
on the EPFL Logic Synthesis Libraries [12]. With this tool,
we especially tackle the physical design steps of FCN like
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Fig. 1: Two differently layouted variants of c17.v

placement, routing, timing, and technology mapping under the
domain specific constraints.

II. PROPOSED DESIGN AND EXPERIMENTAL EVALUATION

The aim of fiction is to explore the physical design of
FCN technologies and, in doing so, providing a platform
for future research in this domain. Therefore, fiction comes
with out-of-the-box support for different layout paradigms,
namely tile-based and cell-based layouts [13], [14], an eas-
ily extensible set of clocking schemes, e. g. 2DDWave [15],
USE [16], RES [17] and BANCS [18], as well as irregular
clockings, and various cost metrics to evaluate layout quality.
Furthermore, even exotic ideas like clock-driven synchroniza-
tion elements [19] can be exploited. Starting from structured
Verilog netlist files, created layouts can be written as physical
simulation files for the QCADesigner [20] and as SVG graph-
ics. Furthermore, built-in scripting and logging functionalities
provide an environment for experimental evaluations.

On top of that, two state-of-the-art physical design algo-
rithms presented in earlier papers have already been imple-
mented in fiction to demonstrate its capabilities: a Satisfiability
Modulo Theories (SMT)-based approach called exact [21]
and an Orthogonal Graph Drawing (OGD)-based technique
called ortho [22].
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TABLE I: Evaluating exact

Benchmark Previous s-o-t-a [25] Proposed exact [21]
Name #Gates I / O Dimension CP t in s Dimension CP t in s

2:1 MUX 5 3 / 1 4 × 5 5 9 3 × 3 5 < 1
XOR 6 2 / 1 4 × 7 7 11 3 × 3 5 < 1
XNOR 8 2 / 1 6 × 6 8 13 3 × 5 9 < 1
Half adder 10 2 / 2 7 × 6 8 55 5 × 5 13 10
c17 11 5 / 2 10 × 6 13 15 3 × 5 9 < 1
ParGen 14 3 / 1 9 × 10 14 27 3 × 8 16 6
4:1 MUX 16 6 / 1 11 × 8 19 9612 5 × 7 15 55
ParCheck 21 4 / 1 10 × 14 14 3014 6 × 7 15 224

#Gates Gate count plus fan-outs CP Critical path
Dimension Occupied area in FCN tiles t in s Time in seconds

TABLE II: Evaluating ortho

Benchmark Proposed ortho [22]
Name #Gates I / O Dimension CP t in s

c432 551 36 / 7 426 × 161 584 < 1
c499 963 41 / 32 690 × 306 995 < 1
c1355 1515 41 / 32 1243 × 369 1611 < 1
c1908a 2043 33 / 25 1540 × 536 2077 < 1
c2670a 2455 155 / 64 1756 × 760 2511 < 1
c3540a 3588 50 / 22 2523 × 1111 3639 1
c5315a 5478 177 / 123 3857 × 1751 5577 2
c6288 6928 32 / 32 5714 × 1246 6957 2

ctrl 498 7 / 25 356 × 149 495 < 1
router 658 60 / 3 488 × 231 717 < 1
int2float 699 11 / 7 514 × 196 708 < 1
i2c 3508 133 / 127 2515 × 1123 3632 1
bar 8592 135 / 128 6547 × 2180 8724 6
sin 14314 24 / 25 10549 × 3828 14374 14
voter 39476 1001 / 1 30542 × 9935 40476 10

#Gates Gate count plus fan-outs CP Critical path
Dimension Occupied area in FCN tiles t in s Time in seconds

The exact approach is highly parameterizable and al-
lows for exploration of e. g. different clocking schemes,
wire crossings and length restrictions, designated I/O ports,
(un-)balanced paths, etc. and guarantees minimality of the
resulting layouts in terms of area. By this, the approach solves
an NP-complete problem [23] in an exact fashion and is
therefore only applicable to rather small circuits. Resulting
graphics of two different layouts for the same circuit are
exemplarily shown in Figure 1.

The ortho technique on the other hand is based on a
linear-time algorithm. It restricts the search space by assuming
a fixed clocking scheme. While this leads to circuits which
are not guaranteed to be minimal anymore, it allows for an
efficient design even for circuits with high numbers of gates.

Eventually, both algorithms generate a gate-level abstraction
of an FCN circuit grid, which can be compiled down to
cell level in a technology mapping step. A pre-defined gate
library used for physical simulations and visualization is QCA-
ONE [24]. Experimental results comparing exact against
the former state-of-the-art algorithm are reported in Table I;
such demonstrating ortho’s scalability are printed in Table II
respectively.

Having in mind the brevity of this demo proposal, we refer
the reader to the original papers and the fiction documentation
for further information and a user guide.

III. CONCLUSION

In this research demo proposal, we introduced fiction, an
extensible open source framework written in C++ for phys-
ical design task, i. e. placement, routing, timing, and tech-
nology mapping, of Field-coupled Nanocomputing Circuits.

The framework allows to explore various design criteria,
comes with state-of-the-art algorithms, as well as scripting
and logging functionalities. The efficiency of the implemented
algorithms was indicated by case studies. We thereby provide
a foundation for future research in the community.
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