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‘We define fit.x) to be given by the left-hand-side of equation (2); ie.

fr=u + Nul. (3)
and proceed by approximating u(r. x) by a deep neural network. This assumption along with equation (3) result in a physics-
informed neural network f(t, x). This network can be derived by applying the chain rule for differentiating compositions of
functions using automatic differentiation [12], and has the same parameters as the network representing u(t. x), albeit with
different activation functions due to the action of the differential operator A" The shared parameters between the neural
networks u(t. x) and f(t, x) can be learned by minimizing the mean squared error loss

MSE =MSE, + MSE. (4)
where
1 N
MSEy = — 3" Juitl, ) —u'2,
Ny i=1
and
1
MSE‘r:WZU(r},x}”z,
i=1

Here, {tL,xL.ujl;?'l:“l denote the initial and boundary training data on u{t,x) and {r}. x}:,t"l specify the collocations points
for fit,x). The loss MSE, corresponds to the initial and boundary data while MSEy enforces the structure imposed by
equation (2) at a finite set of collocation points. Although similar ideas for constraining neural networks using physical laws
have been explored in previous studies [15,16], here we revisit them using modern computational tools, and apply them to
more challenging dynamic problems described by time-dependent nonlinear partial differential equations.
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‘We define fit,x) to be given by the left-hand-side of equation (2); ie.,

fr=u + Nul. (3)
and proceed by approximating u(t, x) by a deep neural network. This assumption along with equation (3) result in a physics-
informed neural network [f(t, x). This network can be derived by applying the chain rule for differentiating compositions of
functions using automatic differentiation [12], and has the same parameters as the network representing u(t, x), albeit with
different activation functions due to the action of the differential operator A" The shared parameters between the neural
networks u(t, x) and f(t, %) can be learned by minimizing the mean squared error loss

MSE = MSE, + MSE . (4)
where
1 & i i2
MSE, = N—Hgmru.x‘uj —u'P.
and

Ny
— 1 i iy2
MSEI_EE 1f @y ¥R
i=1

Here, {t), x} u“l;-’;“l denote the initial and boundary training data on u(t, x) and {r"f x}:,t"l specify the collocations points
for fit,x). The loss MSE, corresponds to the initial and boundary data while MSEy enforces the structure imposed by
equation (2) at a finite set of collocation points. Although similar ideas for constraining neural networks using physical laws
have been explored in previous studies [15,16], here we revisit them using modern computational luuls and apply them to
more challenging dynamic problems described by time-dependent li partial diffe ial
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