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This is the eighth part of the series of articles that records and further develops essentials of the Mathematics and
Chemistry Interdisciplinary Symposium 2013 Tsuyama, whose main themes were symmetry, periodicity, and repetition.
The symposium was held on April 5th and 6th in Tsuyama city, Okayama, Japan, in conjunction with the Fukui Project and
was devoted to the memory of the late Professor Kenichi Fukui (1981 Nobel Prize) who initiated the project. The present
series also provides challenging cross-disciplinary problems which are directly related to the Fukui conjecture and to recent
carbon nanotube research. Most of these problems are formulated using mathematical language of unique factorization
domain (UFD) and related notions, which are not well known among chemists despite the importance of these notions in
elucidating additivity and high-speed asymptotic phenomena in molecules having many repeating identical moieties.
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13. Challenging Cross-disciplinary Problems
Related to the Fukui Conjecture and to the
Chemistry of Carbon Nanotubes 111

Shigeru Arimoto, Nobuyuki Fukuda, Masaaki Yokotani and
Peter Zizler

In ref. 1), the following Challenging Problem F was
given. This problem is related to absolutely continuous
functions (generally highly irregular) and to their Fourier
expansions.

Let us recall that Challenging Problem F is closely
related to the Asymptotic Linearity Theorems (ALTS) in the
repeat space theory (RST). The reader is referred to 2)-7) for
the ALTs and for the definitions of the original alpha space
XAq) and of other symbols given in the following
conjecture.

Conjecture OALT-1. (OALT-X,(q) AC(I) version). Let q
Z", lets e Z, let {A} € X.(0), and let | be a closed interval
compatible with {Ay}. Then, for any ¢ € AC(l), there exists
an a(¢p) € R such that

TH(RS ® Ig) (9(An) 1= as(@)N +0(1) @)

as N — co. Moreover the real number o(¢) is represented
by the integral given by

alg)= o= [ eplsO)Tro(F@)0. @
JT Y0

Challenging Problem F. Prove or disprove Conjecture
OALT-1.

Let P(I) denote the subspace of AC(I) of all the
polynomial functions with real coefficients. The Conjecture
OALT-1 with AC(I) replaced with P(1) is called Off-diagonal
ALT, OALT-XAq), P(I) version. The reader is invited to
prove or disprove this simpler version first. The reader is
also invited to the following

Challenging Problem G. Prove or disprove the following
Conjecture OALPHA-1.

Conjecture OALPHA-1. (OALPHA-X,(q) AC(I) version).
Letqe Z", lets e Z, let {Ay} € XA0), and let | be a closed
interval compatible with {Ay}. Then, for any ¢ e AC(l),
there exists an as(¢) € R such that

52

TH(Py ® 1) (9(An) 1N - (@) ©)

as N — co. Moreover the real number o(¢) is represented
by the integral given by

alg)= o[ ewlOToFEE). @)
7 do

14. Concluding Remarks
Shigeru Arimoto
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Fukui Project. Special thanks are due to Professor M.
Spivakovsky, Professor M. Amini, Professor J. LeBlanc,
Professor T. Yamabe, who have been recent collaborators in
the program related to the Fukui conjecture, carbon nanotube,
and visual Matrix Art. In the present series of papers, as a
complementary aspect opposed to the visual Matrix Art, we
are currently targeting heuristic and innovative sonification
(audiolization) of various scientific data using Fourier
analysis with the help of computer scientists and musicians.

However, by the 100" anniversary of the birth of
Professor Kenichi Fukui, which is 2018, heuristic
visualization and sonification programs in the Fukui Project
currently separated as modular units shall be united.
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