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We study the ε-complexity of initial-value problems for ordinary differential equ-

ations of order k. We assume that the right-hand side function belongs to the class

r times differentialble functions and depends on the solution function and its deriva-

tives up to the q < k order. We consider three settings: deterministic with standard

and linear information, randomized and quantum one.

In the all settings we construct optimal (or almost optimal) algorithms adjusted to

scalar equations of higher order, without passing to systems of first order equations.

The analysis of these algorithms allows us to establish upper complexity bounds.

We show, that in the deterministic worst-case setting with the standard informa-

tion the complexity bounds are Θ
(
(1/ε)1/r

)
. The upper and the lower bounds are

matching and are independent of k. In the linear information case we prove that the

upper complexity bound is of order (1/ε)1/(r+k−q), and the lower complexity bound is

of order (1/ε)1/(r+k). In comparison to the standard information, there is the speed-up

at least by 1 for q = k − 1. The speed-up can be even by k for q = 0. The comple-

xity bounds matches only for q = 0. For other values of q, the gap remains an open

problem.

For the randomized and quantum settings, we show, that the ε-complexity depends

on the regularity of the right-hand side function, but it is independent of the order

of equation. We prove that (neglecting the logarithmic factors and arbitrarily small

positive constant in the exponent) the complexity bounds are Θ
(
(1/ε)1/(r+κ)

)
, where

κ = 1/2 in the randomized and κ = 1 in the quantum setting.

One may notice that, the speed-up of the randomized and quantum algorithms

over the deterministic one with standard information is by 1/2 and by 1, respectively.


