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What problems does this Lecture consider?

Any system of many Ordinary Differential Equations and/or Algebraic Equations

dx, dx.
Cp—t € ——=apX +---q, X; +b1,
dt dt o
— Md_t =Ax+ B
enld_Xl_I_'”enn dxn = Ay X oA Ky +bn' X=X, s Xn)
dt dt
n >10°

How to efficiently obtain the solution vector?
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& Examples

1D Inviscid Burgers’ equation

Ou(x,t; ) COu(ztip)
6t —|_ u(m:tﬁﬂ) am — U:
z e =|0,2]
t € [0,T],

w(2,t;p) = u(0, 6 1)

. 14+ E(sin(rz—Z)+1) f0<z<1
u(:ﬂ,D,,u)—{ 1 ’ ’ otherwise

Finite difference discretization in space domain ==)

av = MU®U + BU
dt

There are 1000 nonlinear ordinary differential equations. We want solutions
corresponding to different initial conditions.
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& Examples

Substrate Integrated Waveguide Antenna

Time-harmonic Maxwell’s equations

V- (¢E) =5
V-(uH) =0
V xE=—juuH
VxI:I:.f—I—jwsﬁ

i Finite element discretization in space domain

(S +sU+s*T)x =sQ

There are 390,302 algebraic equations, s = 27jfgy, fem € [6,8]|GHZ
We need solution x at many values of fz,.
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¥ Aim of model order reduction

Original model (discretized in space) Reduced order model
dx . dx . .
5 {M(H)E = f(u,x) + Bu(t, w) . { M) —- = f (1, 2) + Bu(t, 1)

y(t, 1) = Cx(t, ) y(t,u) = Cz(t, 1)
states xe R", states z(t) e R,
inputs u(t) e R™ I <<nN inputsu(t) e R™
output y(t) e R* output y(t) e R*

u(t, x) y(u,t) u(t, u) ) y(u,t)

_ Z SEEREERN RSN 2 >

lly = 9l| <tol, Vtu
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Some results

1D Inviscid Burgers’ equation

Solving the original model: 10.5 seconds

av = MU®U + BU
dt

Solving the reduced model with 140 equations: 1.1 seconds

—~~
d U FOM.Time10.5se ROM.Time1.138sec

. ‘

04

03

time

02

0.1

O
O 1 2

Error 9.0144e-06
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N Some results

Substrate Integrated Waveguide Antenna

Solving the original model: 9273 seconds

(S +sU +s°T)x =sQ

Solving the reduced model: 0.007 seconds
Only 7 equations:

(S+sU+s2T)z =s0Q
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N Some results

Shallow Water Equation

Oth + 0, (hu) = 0,

|
Oy (hu) + 0, (hﬂ? 4 §gh2) _ —%u,

where h(t,z) is the fluid height, u(¢, z) is the depth-averaged velocity, g is the gravitational acceler-
ation, v is the fluid’s dynamic viscosity, and A is the fluid’s mean-free path. The initial fluid height

and velocity are prescribed as follows:

h(0,z) =1+ exp(3cos(m(x + 0.5)) — 4),
u(0, z) = 0.25.

« The shallow water equations are typically used to model the behavior of water
bodies like a lake or canal, as well as in weather forecasting
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N Some results

Shallow Water Equation

L
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Original model solving time: 249 seconds
Reduced model (in the form of neural network) solving time: 0.0122 seconds
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¥ Conclusion

The question:
How to construct the ROMs for large-scale complex systems?

The lecture will provide many solutions.

Thank you for your attention!
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