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Abstract Pencil-and-paper supports a naive “notational freedom” where notations can be conjured up on
demand. Although programming was born in such a world, it has since been locked in to textual notation.
Efforts to support alternative notations have required them to be designed long in advance, or have followed a
“Modernist” paradigm demanding investment in a particular drawing, programming, and storage ecosystem.
We propose a “Postmodern” alternative: treat SVG diagrams as a substrate for notational freedom. By exploiting
the de-facto status of SVG across editors and browsers, we can largely avoid reinventing various wheels and
instead focus on the missing piece: the interpretation and macro-expansion of vector graphics as programs. We
sketch a “Vector Vision Engine” (VVE) that extracts spatial properties from SVG diagrams, executes embedded
code, and understands user-defined ad-hoc notations. Static diagrams, whose processing terminates in arbitrary
output, contrast with “self-raising” diagrams which bootstrap themselves into interactive apps. We describe
some principles and challenges of such an architecture, and close with some open questions for discussion.
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On Vector Graphics Substrates and their Potential

EJ Resurrecting the Old “Notational Freedom”

Although programming is mostly known as a text-centric activity, diagrammatic
notations were more common at its inception than we might expect. Arawjo [3]
reports that early programs from the 1940s were initially described using rich and
diverse notations, such as Zuse’s algebra for his Plankalkiil and the diagrams for
ENIAC programs. It was the mass use of teletype interfaces that would later commit the
enterprise to text. In the following decades, programmers adapted to this notational
lock-in; perhaps by drawing on paper or whiteboards [5, 8, 20] or by embedding
“ASCII diagrams” in comments and commit messages [12].

This persistent desire for diagrams in programming is reflected in early research on
programming systems. Starting from the late 1970s, systems such as ThingLab [7],
Boxer [9], Fabrik [13] and Max [23] pioneered the idea of programming by directly
manipulating box-shaped objects in a 2D space. Their inability to displace textual
dominance motivated hybrid solutions, whereby programmers could write most of
the code as text while interacting with specific fragments as domain-specific diagrams.
These notably include state machines in Prolog [10] and in C [25], Red-Black trees in
Racket [2] and Rocq [22], and electronic [19] and quantum [4] circuitry in Python.

Unfortunately, these systems still fall short of hand-drawn diagrams by providing
little in the way of “notational freedom”. The notations must be designed well in
advance and “hard-coded” at considerable cost; the user cannot make up a notation
“on the spot” like they can on paper. Works by Bret Victor, ! Ink&Switch,? and JetBrains3
go a long way towards realising this capability.

However, such efforts tend to follow a “Modernist” approach: in order to program
with the notations they make possible, one must commit to their own version of
drawing, programming, and storage functionality; one can’t rely on compatibility
with other systems. The developers of such a system must also expend considerable
resources on creating such functionality.

All of this contrasts with more “Postmodern” solutions, such as the aforementioned
ASCII diagrams, which are compatible with established programming languages and
tooling. They can effectively be read and written by anyone, using any text editor,
with the only commitment being that of a text encoding scheme. While not without
its downsides, this default “openness” is a compelling advantage.

As potential users and developers of notational freedom, we feel wary of the de-
mands made by Modernist solutions. We're not eager to reimplement features already
available in existing software (e.g. drawing rectangles), nor do we look forward to
having to convince other users to commit to those implementations. Instead, we
follow Kell’s call for more Postmodern approaches to programming [16], as well as
our respective vision statements from last year’s workshop [11, 15], and explore how
we might augment a ubiquitous data format — SVG images — into an substrate for
notational freedom.

“Drawing Dynamic Visualisations”, 2013 (https://vimeo.com/66085662).
2 https://www.inkandswitch.com/inkbase and https://www.inkandswitch.com/crosscut
3 https://www.jetbrains.com/mps/
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EJ A Postmodern Alternative: Vector Graphics Substrates

We reckon that 9o% of what everybody wants from programming notations is covered
by Vector Graphics (VG), as opposed to raster bitmaps.* Unlike the latter, we can
recognise and “parse” patterns in VG without the need for advanced and expensive
Computer Vision / Al (see, e.g. ChartDetective [21]). Specifically, let’s seize on the
SVG format and exploit its de-facto nature; it has wide editor and browser support.
Let’s reduce our labour requirements, and our demands for user commitment, to the
precise thing that’s missing from the existing SVG and programming ecosystems: the
interpretation and transformation of SVG pictures. The user can then “bring their own
client”s in at least two respects: the VG editor and the viewing software. By avoiding
the Modernist approach, we relieve ourselves of any need to reinvent those wheels.

The concrete technical artefact which we propose to “slot in” to the existing SVG
ecosystem is a “Vector Vision Engine” (VVE) which interprets and evolves its input
SVG document.

The workflow would be as follows:

1. Draw a static diagram in your preferred VG editor (all of the diagrams in this paper
were created in Mathcha®).

2. Export it to SVG.
3. Run the VVE on it.

Joel’s prototype VVE is a JS library operated from the browser developer tools, acting
on the SVG in the DOM. The VVE should do the following work:

1. Extract discrete relationships (e.g. shape containment, connector endpoint inci-
dence, connector directedness) and cache them in the document as IDs, CSS classes,
data- attributes, and so on (Figure 1).7

2. Identify “native” code embedded as text in the diagram, strip all formatting, and
execute it. (Joel’s prototype VVE looks for specially-marked boxes containing JS
code; see Figures 3 and 4).

3. Process any “meta-notation” in the diagram which specify the user’s ad-hoc nota-
tions. (Not yet implemented)

4. Process further parts of the diagram according to their specified notations. (Cur-
rently highly unstable and experimental).

By combining the notational affordances of SVG and the programmatic affordances
of the browser JS engine, we end up with a (programmable) Vector Graphics Substrate.

4 Apart from the Piet esolang, we can’t think of any programming notation that requires more
than VG — and might we even vectorise a bitmap as lots of small coloured squares?

5 https://www.geoffreylitt.com/2021/03/05/bring-your-own-client

® https://www.mathcha.io/editor

7 Following TgX’s naming conventions, this stage could be called the “Vector Visual Cortex”;
the rest is perhaps more “cognition” than “vision”.
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B Figure1 An SVG diagram in the “BoxGraph” notation (top-left) is processed by the VVE.
First, apply “Vector Vision” to turn spatial / topological properties into DOM
attributes and assign IDs to everything (“de-spatialize”). The output is a modified
SVG document (depicted top- and bottom-right). From this point, we can do
whatever we want with the extracted “semantic” content of the notation. Here,
we create a JS object graph with the same structure as the diagram.

24 Static vs. Interactive (Self-Raising) Diagrams

In a static diagram, certain notational patterns are “macro-expanded” into further
patterns, mutating the document. Any intermediate state is a valid, visible SVG
document that can be saved and resumed later. At the final step, patterns are used
to produce some non-SVG output, and the engine exits. For example, BoxGraph
(Figure 1) outputs JS objects with the structure implied by the diagram; BitsTable
(Figure 2) outputs a C struct capturing the bit ranges of the fields in the table. Static
diagrams are like “executable documentation”: instead of drawing a diagram for
human eyes, and manually synchronising the program you have to write, you can just
derive the program from the documentation.

An interactive or “self-raising”8 diagram might macro-expand similarly at first.
However, at some point, it is left with JS code for setting up event handlers (see
Figure 3 for such a final state). This code is then executed, and the diagram “raises
itself” into an interactive web app. It may continue to use VVE functionality on-
demand. Instead of the “one-shot” output of a static diagram, a self-raising diagram
ends in a continuous interaction with the user.

8 Joel was thinking of flatpack furniture, origami architecture, and self-extracting archives
when he cooked up the name. Improvements welcome!
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‘ Transmission Control Protocol packet header [RFC 793] "format": "bits Table"

0001 0203‘040506‘070809‘1011 121314 15|16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

sourcePort destinationPort

sequenceNumber

acknowledgementNumber

offset | reserved

ecn ‘ controlBits window

checksum urgentPointer

Intended output: struet {
uintl6_t sourcePort; uintlé_t destinationPort;
uint32_t sequenceNumber;
uint32_t acknowledgementNumber;
uint8_t offset : 4; uint8_t reserved: 3;
uint8_t ecn : 3; uint8_t controlBits : 6;
uintl6_t window;
uintl6_t checksum; uintl6_t urgentPointer;
)

Inspired by STEPS 2007 report, Appendix E
https://tinlizzie.org/VPRIPapers/tr2007008_steps.pdf#page=45

M Figure2 An SVG diagram in the “BitsTable” notation (left) functions as “executable docu-
mentation” describing the layout of a TCP packet. It was drawn in a few minutes
as a rectangle, horizontal/vertical lines, and text labels (the header row is one
long text label). The box below is a “comment”, ignored by processing because
its border is a very specific “magic” shade of green. The browser console on the
right shows a log of the VVE processing steps and the final output (a small step
away from the comment’s C struct code).

r ) Console [ Dek

This SVG diagram raises itself into dragging = null; svg.onmouseup = € =>{
an interactive system in which the svg.onmousedown = e =>{ dragging = null;
circles may be dragged. constt = e.target, }
if (t.tagl === 'circle) dragging = t;

} Annot

Norma

svg.onmousemove = e => {
if (dragging) {

attr(dragging, {cx: e.clientX, cy: e.clientY});

nts to reflect containment relations.

n red

} No le <path>s to <circless.

pass.normalizeCircles(); )

B Figure3 The minimal “Hello World” of self-raising diagrams. Boxes with border colour
“Magic Red” (#D0021B) cause their contents to be executed. One such box (left)
calls a DOM rewriting operation — the mathcha.io editor exports circles as
Bézier <path> elements, but the “circle” concept is semantically meaningful,
so we substitute accordingly (normalizeCircles). The other box sets up event
handlers that allow the resulting <circle> elements to be dragged. The equivalent
JS program would of course contain the same JS as this diagram, but it would
additionally need to describe the appearance of the circles in code; in a self-raising
diagram, we at least have the option to draw graphical things.
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Vtable = send(boxGraph, 'boxNamed:', 'Vtable');
id_vtable_lookup = send(Vtable, 'methodAL, 'lookup');

Instructions: run |n|t() in the console id_send = send(send(boxGraph, 'boxNamed:', 'id_send'), 'asJSFunc’);
id_bind = send(send(boxGraph, 'boxNamed:, 'id_bind"), 'asJSFunc’),

id_viable = send(send(boxGraph, 'boxNamed”, 'id_wtable'), 'asJSFunc’);

Then click this (init the rest) !

const binClick = e == {
const rect = e target;
const para = rect.parentElement.querySelector('g.is-paragraph);
const str = para.dataset.string;
const [objName, selector] = strsplit{’ *);
id_send(window{objName], selector);

#init-btn

Vtable newlInstance Vtable log }

byld('btn1").onclick = btnClick;
byld('btn2").onclick = btnClick;

#btn1 #btn2 byld(init-btn').onclick = () => {
parseBoxGraph(); parseAsObjModel(); logCnitialised.’);
}

M Figure 4 “Magic Red” boxes may contain JS code (right) or an element ID (left). Element
IDs are first applied to their associated elements (identified here by the free
endpoint on the “magic red” path). Then, the contents of all JS boxes are executed;
with known IDs at authoring time, the author’s code can refer to them. Hence,
with these two primitives, anything is possible. Here, they are used to make
clickable buttons out of rectangles by adding event handlers.

Some caveats: self-raising diagrams require a specific runtime environment (in our
case, the browser), risking our viewer-agnosticism. Moreover, to the extent that we
duplicate editing functionality inside the diagram-app, editor-agnosticism is relegated
merely to the initial bootstrapping diagram — in the extreme case, raising itself into
a Modernistic editing environment and undermining the entire approach.

2.2 The Model s (In) The View

In the Modernist approach, a semantic “model” is maintained separately from its
rendered “view”, requiring bespoke rendering/editing infrastructure and file formats.
In a VG Substrate, the persistent medium (SVG) is the view, so we inherit existing
editor tooling for free. Now the model is parsed out from the view rather than rendered
to it; we call this The Model Is (In) The View (TMIITV). There is a clear analogy to
plain text: semantics are encoded inside the presentation medium. The more general
idea of approximate pattern recognition has been conceptualised as “phenotropic”
programming [18].

The main challenge with this is layout-affecting mutations, where inserting or
deleting an element may cause cascading changes to positions and sizes of many
shapes. We could capitulate to a hidden synchronised model (defeating TMIITV),
but we’d first like to try the incremental approach to layout, drawing on literature in
self-adjusting computation [1, 24].

2.3 No Hidden State

VG Substrates also invite us to strengthen the “externalisability” principle [6]. Not
only must we be able to externalise the full state of a running interactive diagram;
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we also desire that the behaviour of notational elements should depend only on how
they look in a viewer, not on invisible DOM details. Two visually identical diagrams
should behave identically. (This is an aspirational goal for realistic usage; we aren’t
worried about the inevitable pathological cases.)

B Future Directions

= Run it on WebStrates [17] and get collaborative notation programming for free(?)

= Expose the browser’s SVG APIs with user-friendly “handles” (e.g. supply coordinate
parameters via a mouse click) and get basic interactive diagram editing for free.

= We must distinguish “editing within the rules of a notation” (dragging a box moves
the arrows along with it; cannot delete arrowheads) vs. “editing at a lower level”
(VG editor operations that might break the notation).

= A postmodern, emergent Flash Studio assembled from a VG editor, the browser, an
advanced VVE, and self-raising notations for animation, reacting to input, etc.

Prompts for Discussion

1. What sort of thing deserves the name “Vector Graphics Substrate” — should we
already call SVG itself a substrate? If not, what else do we need to add?

2. SVG permits embedded text strings; does this mean VG substrates strictly generalise
all textual substrates?

3. How important are “robustness under perturbations” and “approximate correctness”
for something to qualify as a substrate?

4. Is “The Model Is (In) The View” a natural fit for an application like Python Tutor
implemented in a VG Substrate?

5. What conditions affect whether the modernist vs. postmodern approach is “worth
it”? Does the answer differ between the developer and the user perspectives?

6. Suppose that advanced Al image perception were available under ideal conditions
(instant response, for free, no usage limits, no environmental impact, etc.). Does
this make the VG substrates approach obsolete for attaining Notational Freedom?

7. Under the same assumptions, do the above “substrate” questions have the same
answers for raster bitmaps?

H Resources

Joel has a GitHub repo? and a blog post with more detail about an earlier state of the
project [14].

9 https://github.com/jdjakub/self-raising-diagrams
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