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Extended Summary
The purpose of this study is to build a design method of

efficient hardware-based gene network simulators. In this
paper, as an example, a novel erogidc cellular automaton
[1] multi-dimensional gene network model is presented.
The model exhibits Hopf bifurcation relied on time delays
[2]. Fig. 1 shows a schematic circuit diagram of the pere-
sented model. As shown in Fig. 1, the presented model has
registers, which store the following discrete state variables.
X ∈ ZN = {0, 1, · · · ,N − 1},Y ∈ ZN ,M ∈ ZN ,W ∈ ZN , S ∈
ZN ,Y1 ∈ ZN ,Y2 ∈ ZN , · · · ,YD ∈ ZN , where the variables are
saturated at 0 and N − 1. As shown in Fig. 1, the presented
model has other registers, which store the following dis-
crete auxiliary variables, AX ∈ ZA = {0, 1, · · · , A − 1}, AY ∈
ZA, AM ∈ ZA, AW ∈ ZA, AS ∈ ZA, where the variables are
saturated at 0 and A − 1. As shown in Fig. 1, the presented
model receives the following clock C(t) =

∑∞
n=0 p(t−nTC),

where TC is period of the clock, and p is an instantaneous
pulse corresponding to a positive edge of a rectangular
shaped clock. As shown in Fig. 1, the presented model re-
ceives the following binary switch signals S X =

∑∞
n=0 q(t −

nTX − ΦX ,ΩX), S Y =
∑∞

n=0 q(t − nTY − ΦY ,ΩY ), S M =∑∞
n=0 q(t−nTM−ΦM ,ΩM), S W =

∑∞
n=0 q(t−nTW−ΦW ,ΩX),

and S S =
∑∞

n=0 q(t−nTS −ΦS ,ΩS ), where q(t,Ω) ∈ {0, 1} is
a rectagular shaped pulse with widthΩ; TX ,TY ,TM ,TW ,TS

are periods; and ΦX ,ΦY ,ΦM ,ΦW ,ΦS are initial phases.
The clock C triggers the following transitions of the dis-
crete state variables.
Transitions of discrete state variables:
If C(t) = 1,

X(t+) = X(t) + S X(t)FX(X(t),M(t), S (t), AX(t)),
Y(t+) = Y(t) + S Y (t)FY (X(t),Y(t),M(t), S (t), AY (t)),
M(t+) = M(t) + S M(t)FM(Ydelay,M(t), S (t), AM(t)),
W(t+) = W(t) + S W (t)FW (Ydelay,W(t), AW (t)),
S (t+) = S (t) + S S (t)FS (W(t), S (t), AS (t)),

(1)
where FX ,FY ,FM ,FW ,FS are discrete functions designed
so that they reproduce nonlinear vector field of the oscil-
latory dynamics of p53 genetic network induced by feed-
back loops and time delays[2]. It is shown that the pre-
sented model can reproduce typical nonlinear phenomena
observed in the oscillatory dynamics[2] (see Fig. 2). Fur-
thermore, it is shown that the presented model consumes
lower power and has fewer hardware components com-
pared to a straightforward numerical integration method

Figure 1: Schematic circuit diagram of the presented
model.

Figure 2: Typical time waveforms of the presented model
for different values of time delay τ. (a) τ = 0.26. (b) τ =
1.04.

(forward Euler method) of [2]. Finally, future problems
for designing more sophisticated hardware-based gene net-
work simulators include (A) reproduction of more pre-
cise bifurcation phenomena and (B) comparison with many
other hardware architectures. This work was supported by
SCAT and KAKENHI Grant Numeber 21H3515.
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