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The matrix 2 is symmetric positive-semidefinite, e.g., Q2 = (8 “E)I) with w > 1.
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o Choosing Q=0 gives the Deuflhard/impulse method, which has problematic resonances.

@ Choosing hﬁ/? = arctan(h§2/2) gives the IMEX method, which is symmetric, symplectic,
consistent for slow energy exchange, and nonresonant (S. and Grinspun, SIAM MMS, 2009).

@ Modulated Fourier expansion shows that energy exchange is dictated by three parameters,
called «, 3,~. For the true solution, « = 8 = v = 1, but consistency requires only o = 1.

Theorem (McLachlan and S.)

Q Given Q, there is a unique choice of filters giving a symmetric, symplectic method with o = 1.
@ Deuflhard/impulse is the unique method with o = 3 = 1.
© IMEX is the unique method with a = v = 1.
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Fermi—Pasta—Ulam energy exchange comparison
w =50, T =200, h=0.1:

(A) Gautschi (B) Deuflhard (C) Garcia-Archilla et al. (D) Hochbruck and Lubich
1 T T T 1 T T T L T T T 125 T T T
oo ™ N e Ty I— oy
o1k o7k 075 015 1
oso oso 030 050 J
o2t o2t 025 025 J
o o o o
o 50 100 10 200 so 10 150 200°% 30 w0 150 200" 30 100 1% 200
(E) Hairer and Lubich (G) Grimm and Hochbruck IMEX (S. and Grinspun) Reference Solution
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Maximum deviation of adiabatic invariant I1 + Iy + I3, scaled by w
hw/w € (0,4.5], T = 1000, h = 0.02:
(A) Gautschi (B) Deuﬂhard (C) Garcia-Archilla et al (D) Hochbruck and Lubich
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