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Abstract
Gilles and I drafted a book aimed at schoolchildren, which colorfully
explains the fundamentals of programming.

0 Introduction

Back when I was on a sabbatical in Paris in 2012, Gilles and I met frequently to
work together, mainly on models of analogue and cellular computation. Because
in these contexts the tri-dimensionality of the real world takes on a critical
role, we somehow got distracted and looked into the two-dimensional version of
the Turing machine. We found that one can conveniently use two-dimensional
flowcharts to describe their instructions. It turned out that such machines were
remarkably easy to program and understand.
This led us over subsequent weeks and months to a three-pronged effort:

1. Implement a simulator for 2D Turing machines.

2. Popularize the model as a preferable model for teaching the fundamentals
of computation.

3. Try to use the model to explain the essence of modern computation to
children.

1 The Simulator

Gilles programmed a simulator for our two-dimensional language in OCaml,
with myself mainly looking over his shoulder The 335-line program would allow
us to type in or upload a program such as this:



v<<< T <<LLLLLLLLLLLLLLLLLLLL LKL
ut+3dr? ul+?ur? 1dl1? ~d?2r+31r?3+1r?1+3172u?3+1u?1+3>d?2°<

T T u? < Ty "< 7KK ?4+1vt< T
- dr??rv ? 1+4172r?1+31° +4v<< -
- v + v °< d?2u+3d”
TLLLLLLLLLLLLLLLLLLLLLL LKL <

and run it. The instructions u, d, 1, r, mean “move the reading head” up, down,
left, right, respectively. The plus sign means write the following symbol. The
question mark queries the current symbol under the head against the symbol
following the glyph and proceeds either to the right or downward according
to the outcome (match or mismatch, respectively). The remaining characters
(<>"v) redirect control.

The notation used by the simulator is too arcane for most readers, so for
printing and publication purposes it can be rendered more colorfully as follows:
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Various students and colleagues have over the years built other simulators.
Once such was realized by Arthur Brongniart and is still alive at https://
platane.github.io/2d-Turing-engine.

2 The Article

Given a number laid out in unary, such as this
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the above program draws the (pixelated) quarter of a circle shown in Figure

Our work culminated in the design of the intuitively appealing universal
machine (that is, a simulator) depicted in Figure See an animation of this ma-
chine at https://nachum.org/UniversalSorting/Resources/UniversalSorting.
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Figure 1: The quarter-circle output of our sample program.

mov. It is a screenshot of Gilles’ interpreter in action. Our article appeared a
few years later [I]. There we pointed out that it would have been even easier to
program were the model to allow for multiple read/write heads.

3 The Children’s Book

The ease with which we were able to code a universal machine, and the fact that
Gilles was always engaged in the dissemination of scientific ideas, propelled us
to write a draft a colorful book on programming aimed at elementary school
children, provisionally entitled I, Computer.

The two of us greatly enjoyed writing the text together, cribbing images
from the internet and elsewhere, and composing a mockup of the planned book.
It started off like this:

Once upon a time, in the distant County of Ada, there
stood a beautiful manor house in which lived the young
and vivacious Countess of Wentworth.

with Bletchley Park serving as the protagonist’s castle. Then it went on incre-
mentally introducing programming:
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Figure 2: Our 2D universal machine.



This is what she drew.

2 -,
Start here: U

See, it is like pages of the Wizard's books, laid out one after the other.

The Countess stood on the start square and told the Count to stand by
the first toy bushel.

She called out: Look, are you at a blue bushel?

Yes, he said: and she moved right one square.

She called out: Go East, young man. And she herself went right again.
Seeing a bushel in a circle, she called out again: Look, are you at a blue
bushel?

Yes, he answered once more.

And so on.

reaching a version of the universal machine at the end.
We approached a few potential publishers, but they were too uncertain of
the marketing audience.
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