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ABSTRACT

Many people compare the labor of programming unfavorably with
the freedom of artistic expression. Can a form of programming
be developed that has some of this freedom, using sketching as a
model of expression?
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» Software and its engineering — Software notations and
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1 INTRODUCTION

At a joint meeting of the Psychology of Programming Interest
Group and the Art Workers Guild (London, September 5-7, 2018),
Charlie Gere asked, why can’t programming be like sketching? The
ambiance of the meeting included testimonies from Guild members
that cast computing, and programming, as repellent, in the literal
sense, an activity that people would like to avoid, even it if it is use-
ful. “Sketching” in the question stands for another kind of activity,
lacking these repellent qualities, and having the attractive qualities
of enjoyable expression. Can programming be like that?

There are many aspects of sketching, and of programming, so any
preliminary inquiry must be incomplete, and selective. Some key
aspects of the question have already been raised in the critiques of
programming offered by Basman and collaborators, using the broad
field of craft for perspective [2-5, 7, 9]. My aim is to push a little
further into particular issues, and possibilities, raised specifically
by using sketching as a model for programming. The discussion
will be wholly speculative; the ideas will be illustrated with hand
drawings, not by output from an implemented system.
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Sketching as programming, or programming as sketch-
ing? Work on procedural art brings programming tools to artists,
as for example in the Processing language [13]. Thus this work
spreads the character of programming into sketching, rather than
spreading the character of sketching into programming. I take it
that Gere is calling for the latter, not the former. (Some recent
work blurs this distinction, however. Jennifer Jacobs and collabora-
tors [15, 16] create tools that use gesture-based interactions, like
sketching, to create constraints and procedural forms. In Jacobs’
work, these computational structures are used to produce drawings,
rather than programs. But it would be interesting to explore how
these drawings could be interpreted as programs, permitting Jacobs’
tools to be used to program, rather than to draw.)

Sketching as art vs sketching as craft. Collingwood [10] ar-
gues that art is distinguished from craft by not being driven by a
preexisting plan or goal. While it is easy to quarrel with this defini-
tional boundary, it nevertheless points to a meaningful distinction.
Creating something like an engineering drawing, even in its early,
perhaps somewhat vague, stages, can involve any amount of delib-
eration, mastery and use of specific representational conventions,
and the like. I take it that Gere is not asking for programming to be
more like this kind of activity; indeed, it is already rather like it. So
I'll focus here on sketching as art, in which the sketcher is working
out an expression as they go, rather than deliberately elaborating a
plan.

Collingwood’s distinction can be related to the distinction some-
times made between exploratory programming and other forms,
as articulated early on by Shiel [24]. The concept arose among Al
programmers; as Norvig [20, p 119] says, “Al programing is largely
exploratory programming; the aim is often to discover more about
the problem area rather than to meet a clearly defined specification.
This is in contrast to a more traditional notion of programming,
where the problem is completely specified before the first line of
code is written” This form of programming isn’t driven by a plan,
but nevertheless there is a goal, in some form. Likely many works
of art similarly start with something to express, even if no details
are fixed.

Sketches as static vs sketches as dynamic. We commonly
think of programs as dynamic, as describing or specifying a tra-
jectory in time (functional programming people may dissent.) In-
terestingly, many artists and thinkers stress the dynamic content
of sketches. For example, a famous sketchbook of Paul Klee [17]
explicitly refers to lines as dynamic, representing the motion of
something, rather than static configurations, showing a curved line
as “An active line on a walk, moving freely, without goal. A walk
for a walk’s sake. The mobility agent is a point, shifting its position
forward.” So by emphasizing this aspect of sketching we may be
within reach of some forms of programming.
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Centrality of gesture. Drawings can be created by many means,
some highly technical and constrained, but sketches are created by
gestures of the hands. Cooper [11] suggests a tight link between
gestures and creative thought, considering specifically the role of
gesture in architectural design. The link is framed by embodied
cognition [26], the view that abstract thought is constructed from
elements grounded in body movement and kinesthetic sense. I take
it that the role of gesture, and perhaps the connection between
gesture and thought, is an important part of the appeal Gere sees
in sketching.

Dynamics as implicit in form. A tradition traceable to Goethe [27]

finds that the dynamics of a form can be seen in the form itself.
Proper observation of the parts of a plant, for example, coupled
with an understanding of the patterns of morphogenesis in plants,
reveals the future development of the plant, along with its history.

Unfortunately, Goethe did not articulate this scheme very fully.
Anderson [1] has developed the idea in recent writing on her work
as an artist in science, as part of her program on Isomorphology.
She identifies common symmetry classes in biological and mineral
forms, and these certainly say something about the dynamics of the
forms. But she does not articulate a complete space of dynamics.
For example, she does not differentiate between different branching
patterns, such as alternate and opposite; see Figure 1. Nevertheless,
we can take the idea of dynamics as implicit in forms as a starting
point for one (of very many) possible exploration of sketching as
programming.

Figure 1: Opposite (left) and alternate (right) branching pat-
terns.

2 A SKETCH OF A SKETCHING SYSTEM

Suppose a system allows the artist to draw lines and buds, and
can distinguish the two. Further, the system can distinguish various
forms of buds. All buds are drawn as small closed curves, but can
be of different shapes.

A sketch evolves spontaneously, as follows.

Lines extend themselves in the way in which they are
drawn. Wavy lines extend as wavy lines, and rapidly
drawn lines extend rapidly. The artist can stop the
evolution of a line by tapping near its growing end.
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Buds are drawn on the ends of lines (and stop the
evolution of the lines). The line a bud terminates what
we’ll call its stem. If no further lines are drawn from a
bud, the bud does not evolve. If one or more lines are
drawn from a bud, the bud will branch. These lines
can have buds drawn on them, which could be of the
same or different kinds as the parent bud. These lines,
and their buds if they have them, form the branching
pattern for the parent bud. A bud that has a branching
pattern, but has not already grown branches, grows
lines and other buds as seen in its branching pattern.

Figure 2 shows an example. There are two kinds of buds, with
different branching patterns, producing a tree that grows in a partic-
ular way: the numbers of buds in each generation form a Fibonacci
sequence: 1,2,3,5,8,..., with each term being the sum of the two
previous.
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Figure 2: Branching structure generated with two kinds of
buds.

2.1 A tiny corner of programming

This system may seem to have nothing to do with programming,
but in fact it covers part of the domain of L-systems !, used to
describe the algorithmic structure of plants, and also other fractal
structures, such as the Koch snowflake. We can compare L-systems
with our sketching system to see if we have made any progress in
Gere’s direction.

An L-system that corresponds to the example in Figure 4 consists
of two symbols (A and B) and two rules:

A — AB

B—A

Starting with A, and applying the rules where possible, we get
the derivation

A

AB

ABA

ABAAB

ABAABABA

Uhttps://en.wikipedia.org/wiki/L-system
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We can see how these structures relate to the tree in Figure 2, as
shown by the labeling in Figure 3.
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Figure 3: Tree from Figure 4 labeled to show correspondence
with L-system.

How does the sketch system compare with the L-system, as a
way of creating patterns? Everything is done in the sketch system
by drawing. A drawing expresses within itself the dynamics of its
growth. The L-system requires writing rules, which are distinct
from the structure being generated.

While the sketch implies the rules, in the sense that the rules
needed for a corresponding L-system are determined by the sketch,
drawing the sketch does not require thinking about the rules, or
even being aware of them. There’s nothing but the sketch.

How the sketch system compares to other visual program-
ming models. The fact that there is nothing but the sketch differ-
entiates the sketch system from other visual programming systems,
including ones based on rules, like AgentSheets [22] or Chem-
Trains [8]. In a typical visual programming system like Scratch [19],
programs are represented visually, as sequences of blocks. These
blocks do not represent entities in the domain in which the pro-
gram operates. Similarly, rules in Agentsheets contain many entities
outside the domain being represented.

In ChemTrains, rules are pairs of drawings, representing before
and after states of some situation. Yet even though all this material
is drawn, and even though all of the entities in the drawings be-
long to the situation being modeled, the drawings have a role and
interpretation that is separate from the situation. The rules stand
outside that situation, and are created and edited separately.

2.2 More of programming

How does the sketch system measure up to simple tasks typical
of “real” programming, like list reversal? We have to note that
even thinking of these things may put us on the wrong side of
Collingwood’s distinction: we’d be starting with a goal when we
sit down to sketch. Trying to beg that issue, can we imagine that
someone idly sketching could produce a list reversal, making no
assumption about what (if anything) they were trying to do?

In the simplest case, yes. Figure 4 shows a sketch of a reversal
of three elements, represented as colored lines. But what if you
wanted to reverse a list of different items, or a different number of

Programming ’19, April 1-4, 2019, Genova, Italy

items? The things in the list, and the size of the list, are built into
the sketch.

Figure 4: A sketch that reverses a sequence of three colors.

This simple problem, typical of “programming”, requires facilities
not present in the sketch system:

e Separating roles and values, so that one can put different
values into the same roles (list positions, in this example)
e Abstracting over numbers of things

2.3 Adding vines and ribbons

To deal with these issues we allow the artist to draw vines, a special
kind of line, of various colors. Vines have a special dynamic: rather
than being drawn by the sketcher, they grow along nearby lines.
Klee considers lines related in this way; showing a smooth curve
accompanied by a line that wraps around it. Figure 5 shows how a
sequence of vines, say red, blue, black, can be reversed. By removing
these vines and placing other ones, a different sequence of three
vines can be reversed. That is, the vines specify values, separate
from the lines, that specify roles.

Figure 5: A sketch that reverses a sequence of vines. The
vines grow along previously drawn lines, shown in thin blue
ink.

Dealing with different numbers of vines can be done in more
than one way. If one is content with small numbers of vines, the
lines in Figure 6a can be used to reverse any sequence of ten vines
or fewer, as shown for example in Figure 6b.

An alternate approach broadens the domain of sketched struc-
tures to include ribbons, as shown in Figure 7a. A ribbon can be
twisted, as shown in Figure 7b. Klee suggests that when lines form
closed figures they define not only themselves, having linear char-
acter, but also a planar region. In this way two lines that cross,
as shown in Figure 7c, are distinguished from the twisted ribbon
in Figure 7b. Vines follow ribbons, as they do lines, as shown in
Figure 7d.

What should a vine do when it encounters a branch? A natural
dynamic is to divide, following both branches, as shown in Figure 8a.
Similar behavior can be proposed for ribbons, as shown in Figure 8b.
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Figure 6: (a) Sketch for reversing up to 10 vines; (b) shown
reversing five vines
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Figure 7: Ribbons and some lines and vines.

) ]%
(b)

Figure 8: A vine branching on a line (a) and a ribbon (b).

2.4 A worked example: Producing palindromes

We can now sketch a more complex example, that uses list rever-
sal as a subpart. Figure 9a shows how a palindromic sequence of
vines can be created (that is, one that reads the same forward and
backwards). Figure 9b shows that the same system of ribbons can
produce palindromes of different lengths.

(@ (b)

Figure 9: Sketch producing a palindrome of length 6 (a) and
8 (b). The underlying ribbons copy the initial pattern of
vines (the ribbon splitting does that), then reverses one of
the copies (done by the twist), then concatenates the twisted
and untwisted copies (where the ribbons join.)
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Using this program as an example, we can take stock of where
we are with respect to Gere’s request, or at least our interpretation
of it. We can claim two successes:

o The sketch is created by drawing, using gestures.
o The artist/programmer does not create a specification of the
behavior of the sketch separate from the sketch itself.

We can also pause to consider the relationship between our
attempt and another approach to rethinking programming: pro-
gramming by demonstration [12]. Our earlier branching tree pro-
gram can be seen as a form of programming by demonstration: one
demonstrates how buds should evolve by drawing their evolution.
But the palindrome sketch does not have that character. We don’t
have to demonstrate how to construct a palindrome, or even how
to reverse a sequence, to create this program.

This contrast arises because our sketch program uses forms that
have their evolution prespecified. We don’t have to say how vines
respond to twisted ribbons; they do what they do.

There are two tradeoffs in play in this distinction. First, the
artist/programmer has to understand, or be able to learn about,
the prespecified behaviors. In a pure demonstration system, on the
other hand, there are no such behaviors that have to be understood.
Second, the expressive scope of the sketch system is constrained
by the repertoire of prespecified behaviors.

One might think that the free expressiveness we may associate
with sketching shows that there aren’t prespecified behaviors to
learn in that activity. But as Klee [17], Gombrich [14] and many
others show, this is far from the case. Learning to sketch requires
mastering, at least implicitly, a large number of new and unnatural
techniques, and also understanding what visual impressions are
produced by particular kinds of marks. Klee’s observation about the
effect of a closed figure of lines in indicating a planar form, which
we have made use of, is an example: if one doesn’t understand that,
one’s sketches are apt to miscarry.

Restricted expressive scope may contribute to some of the virtues
that Basman and collaborators associate with craft. It’s character-
istic of programming that the most minute change in a program
can produce arbitrarily large changes in behavior. A schematic
argument suggests that this must be true, if one insists on a very
large and diverse collection of different expressive forms, accessible
with a modest amount of work. Suppose we idealize programs as se-
quences of symbols, drawn from some alphabet. Pick two programs,
both no more than n symbols in length, producing behaviors B0 and
B1. There is a sequence of single symbol changes, no more than n
steps in length, that connects the two programs. Somewhere in this
sequence of programs there must be a difference in behavior of at
least one nth of the difference between B0 and B1. If this difference
overall difference is very large, and n isn’t very large, we have to
expect that some small changes in programs will produce large
changes in behavior.

With this in mind, we can see virtue in working in a medium in
which expressiveness is constrained. But at the same time the con-
straints are real, and will be unacceptable in many real situations.

Owen Lewis [18] suggests another perspective on these matters.
Learning to program a Turing machine is conceptually very easy,
in the restricted sense that very few concepts are involved; but
deploying the concepts is extremely difficult (cf Perlis [21] on the
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Turing tarpit, where “everything is possible, but nothing of interest
is easy”’) On the other hand, a natural language can take many
years to learn, but allows easy, natural expressions of many things,
because of its rich vocabulary. This suggests a tradeoff between
investing in vocabulary acquisition, and having to work hard at
puzzle solving, to express things in a very limited vocabulary. Can
the vocabulary of sketching be leveraged to beat this tradeoff, at
least for people who know how to sketch? Or would the vocabulary
of sketching need to be augmented with indefinitely many new
conventions that must be learned?

2.5 Other domains of expression

To consider more situations in which “programming” may be wanted,
take calculating a weighted average. Could a sketch do this? An
immediate challenge is to introduce numbers into sketches, and,
having done so, to provide a useful range of operations on them.
Something useful might be done in a dataflow mode, offering nodes
that carry out operations on numbers that flow along lines, vines,
and ribbons. The twist and copy operations imagined for now are
quite limited, in that the operations can’t depend on particular val-
ues, one could add filters that would support data dependencies.
For example, a filter placed on a ribbon could block the passage of
any vines other than those of certain colors, or numbers outside a
certain range.

More interesting could be representing numbers as geometric
magnitudes, with areas representing products. From this point of
view the contributions to a weighted average can be seen as rect-
angles, of different heights and widths, and the weighted average
itself as the height of a single rectangle, whose area is the sum of the
areas of the contributing rectangles, and whose width is the sum of
their widths. One could imagine this operation being performed by
allowing fluid levels in a collection of rectangles to equalize. Could
the plumbing to do this be added to the sketch system?

Another domain of expression is simulation, as is often used in
educational settings. Figure 10 shows a very simple example from
the design work on ChemTrains (described in [23]); the program
has to show how the state of the water in the beaker changes from
solid (the ice cube, as shown) to liquid and then gas as the burner
control in manipulated.

High

Medium

orr

Figure 10: A very simple simulation.

There’s an immediate challenge in doing anything of this kind
in the sketch system as we’ve conceived it. Things in a simulation
should look like the things they represent. But in the sketch system,
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the appearance of things determines their behavior. That is, in the
sketch system, behavior is determined by appearance, so needed
behavior constrains appearance, and so appearance can’t be freely
chosen to resemble real things

A way forward would be to loosen the connections between
appearance and behavior. Carrier nodes could be defined, that move
along lines, vines, and ribbons. A carrier could have a form with
any appearance attached to it, that would then move with the
carrier. There could be provision for hiding things in a sketch,
while retaining their influence, so that an invisible carrier could
move a visible object of arbitrary appearance along an invisible
line.

Another challenge is conditionality. Many programming applica-
tions require different things to happen under different conditions.
For example, the water in the bunsen burner simulation has to
change appearance based on the state of the flame (not shown in
the figure, since the burner is off.) The flame, in turn, depends on
the setting of the burner control. The sketch system as conceived so
far has no way to manage dependencies like those. Can the reader
think of a way to convey these relationships within the sketch,
rather than in separate rules?

2.6 Sketchiness

Cooper suggests that the value of sketching in creative thought is
tied to its controlled vagueness (as also discussed by Tversky [25]).
One form of vagueness uses multiple strokes to convey a family of
possibilities [11], while another distinguishes lines of different style
(heavy vs light, perfectly straight vs slightly wavy) to represent
things that are definitely presented or just suggested in a general
way. Can our sketch system behave in this way? As defined so far,
it does not: a given kind of bud will definitely produce a certain
kind of branch, or not. But we can imagine that the system could
respond to multiple strokes and to stroke style, in way that would
influence the evolution of forms. For example, a stroke drawn heav-
ily, and perfectly straight, could be reproduced exactly, while a
light, wavy stroke might be reproduced only approximately. Very
many branches drawn from a bud could represent a probabilistic
branching pattern (as supported in some variant L-systems) so that
similar buds would branch in similar but not identical ways. How
much such features would endow the sketch system with useful
and pleasing sketchiness would have to be judged from experience
with an implementation.

2.7 On to the ecosystem problem

Programs commonly function in an environment that includes
many other programs, a large software ecosystem. To work, they
have to be able to represent information in ways that other pro-
grams can work with, and to accept information as represented by
other programs. A weighted average sketch would be quite useless
without a means of getting numerical data from other programs,
and giving it back to them.

As Basman has pointed out (personal communication; see also
discussion of “walled gardens” in [6]), a common failing of innova-
tive programming systems is that they presume that all the software
with which they must deal is written within the new system. But
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this is just not realistic, given the vast amount of software that is
in general use, and its complexity.

So we face a choice with our sketch system. We can conceive
of it in a software world of its own, used only for those purposes
that do not hinge on its connection to other software. Such worlds
exist, and can be useful. For example, many children create Scratch
programs, or Minecraft programs, and enjoy doing so, despite not
having a way to connect their programs to anything else.

Presumably Gere would want us to push farther, if we can. Is
there a way to link the expressiveness of sketching to the wider
world of software as it is? To what extent would the existence of
those links color the experience of the sketcher? Can this coloring
be attractive, and not repellent?
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