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Abstract

We generate a nomograph that has branch-like ticks using the Lindemayer System to simulate structures similar to
those in plants. In so doing, we combine math and the art of nature.

Figure 1: Tamarix africana Poiret [1|]. Image reproduced from the Digital Library of the Royal
Botanical Garden of Madrid (CSIC).

Introduction

Beauty is bought by judgement of the eye [2]. Today we would say that beauty is in the eye of the beholder,
and that @sthetics is a matter of opinion. Our opinion is that the structures that are found in nature are
frequently pleasing to the eye. The repeated use of decorative floral patterns over millennia supports this
theory. In the following, we try to mimic the decorative spirit seen a century or more ago by combining
computer generated floral patterns with nomographs. The goal is to design a practical calculator that can
also be seen as a piece of art.

Nomographs or nomograms are graphical calculators in which a straight line crossing the scales solves
an algebraic equation. Nomographs were invented at the end of 19th century to satisfy a demand for fast and
accurate calculations in the field [3,4]. Today nomography is more or less a lost art due to the success of
electronic calculators. However, nomographs are still practical in many situations where rapid and simple
calculations are needed, for example in medicine [, 6]].

The Lindenmayer system, or L-system for short, is a set of grammar rules to generate structures similar
to those found in plants [7]. The key idea is to present the structure as a series of symbols. For example,
some symbols are branches, while others make the element turn through a given angle. The plant is built by
using an initiator string and then modifying it with the given rules, where, in each generation or recursion
step, symbols are replaced by other symbols.

In the following we combine nomographs and L-system graphs.
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Example Nomograph

We first constructed a nomograph that has features taken from nature, but at the same time presents an exact
equation. In other words, we try to generate something that is somewhere between math and the art of nature.
Because the topic is related to plants, we chose the example of the Plastrochron Index nomograph that is used
to calculate the fractional correction to the age of a plant [§].

The Plastochron Index (P.I.) gives the developmental age of a plant by using sequential index number
n of an organ, that is for example number of leaves over given reference lenght R. In order to calculate
fractional P.I. one uses length of the leaf L,, that is longer than R and next leaf length L, that is shorter
than R [9]. The formula for calculating fractional P.I. according to [10] is

P.I.=n+ (logL, —logR)/(log L, —log Ly+1). (1)

We plot in Fig. [2h a typical contour plot relating the variables according to equation (I). This is the usual way
to present equations graphically today. It is easy to read, but not very accurate, and has a neutral appearance.
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Figure 2 : Comparison of graphs with R = 10. a) Contour plot b) N-type nomograph c) Circular
nomograph. All graphs have marked a single solution of L,=12.7, L,+1=6.1 and P.I. —n =
0.326.

In order to present equation (T)) as an N-nomograph as found in [8], the equation has to be transformed
into form of Fy(P.I. — n) = Fy(Ly,)/F3(Ly+1), where Fy,(z) are functions. The Saint-Robert criterion
shows that the transformation is possible, and a recipe for it can be found in [4} p.21]. The transformed form
of equation (T is

PI—n _ logL,—1
1—(PI.—n) 1—logLp

and the resulting nomograph is presented in Fig. [2b.

2

Once we have made the transition from the contour plot of Fig. 2h to the nomograph of Fig. 2b, many
new possibilities become available. In order to make the nomograph visually more appealing, we used a
standard transformation to curvilinear scales (see e.g. Ref [11} p. 255]). The result is illustrated in Fig. 2k.
Note that from a calculation point of view, Fig.[2b and Fig. 2k yield identical answers.
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L-System

In order to learn and use the L-System, we employed [12]]. The idea was to make the ticks on the scales look
like branches. The following algorithm was used. The side of a branch is selected randomly. The initial seed
is F, and it was replaced randomly in successive generations with F[+F]F[-F][F+F] or F[+F]F[F-F]. (F)
means to “draw line forward”, (+) means “make a positive turn” and (-) means “make a negative turn.” The
opening bracket ([) stores the state (point and heading) that is restored with closing bracket (]). The number
of generations in ticks is adjusted in in order to enhance readability. Minor ticks are drawn as simple lines.

The result illustrated in Fig. [3]is the nomograph of Fig. 2k with modified ticks and texts. All graphs in
this article were produced by using the Python language. The nomographs were generated with the help of
the pyNomo Python library [13].
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Figure 3: The nomograph having L-System ticks and presenting equation ({I)).
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