Hilbert's 13th revisited

November-01-09
9:27 AM

Proposed Title. "Dessert: Hilbert's 13th Problem, in Full Colour."

Abstract. To end a week of deep thinking with a nice colourful light dessert, we will present the Kolmogorov-
Arnol'd solution of Hilbert's 13th problem with lots of computer-generated rainbow-painted 3D pictures.

In short, Hilbert asked if a certain specific function of three variables can be written as a multiple (yet finite)
composition of continuous functions of just two variables. Kolmogorov and Arnol'd showed him silly (ok, it took
60-70 years, so it is a bit tricky) by showing that *any* continuous function f of any finite number of variables is
such a finite composition of continuous functions of one variable and several instances of the binary function "+"
(addition). For f(x,y)=xy, this may be xy=exp(log x + log y). For f(x,y,z)=x"y/z, this may be exp(exp(log y + log log x)
+ (-log z)). What might it be for the real part (say) of the Riemann zeta function?

The only original material in this talk will be the pictures. The math was known in the 60s. It was the first seminar
lecture | ever gave, back as an undergraduate in Tel Aviv in 1983.
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Set Tg := S0 g(dilz) + Aoi(y)), fi := f, M := ||f||, and
iterate “shooting and adjusting”. Find g1 with ||g1]] < M
and [|f2:=fi —Ta1|| < 3M. Find g2 with [[g2] < 2M and
| fa:= fo—Tga|| < (%)BJ[ Find g3 with [[ga]] < (2)°M and
| f1:= fa—Tgs| < (%)qfl[ . Continue to eternity. When done,
ket g = > gr and note that f = T'g as required.
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2. Mation "9ivimy meJf " cm/y”.
3 (e ﬂfov\jl) handout
. And Alan ﬂ/oﬂ&jm%.

Nice ref (from Mike Shub): A.G. Vitushkin, "On Representations of Functions by Means of Superpositions
and Related Topics".
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