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Abstract

L2 is a new compile-to-JavaScript language for data wrangling, analysis and visualisation. The language is used in its own
interactive environment (desktop or browser-based); compiled code will run in any browser or Node.js. To visualise data, L2
uses high-level libraries for simple plots, but also makes it easy to create SVG or canvas-based visualisations from scratch.
Here, we discuss the various approaches to visualising data in L2 and consider a simple example.

1. The L2 Language and Environment

L2 is a new compile-to-JavaScript language for data wrangling,
analysis and visualisation. The language can be used interactively
in the L2 Environment which runs as a desktop application (using
NW.,js [nwj], Figure 1) or in the browser and includes a console,
editor, plot panel, tutorial and documentation. Compiled L2 code is
standard ES5 JavaScript that will run in Node.js or in any browser.
L2 tables and plots are easily displayed in HTML documents and
L2 includes powerful HTML operators that can be used for general
client-side development and creating custom visualisations.

The L2 language is very simple; it has eight types and a sin-
gle data structure called a table—a 3-dimensional array whose
rows, columns and pages can be referred to using indices and/or
keys. Operators (built-in functions) act on tables in an intuitive
way, similar to array-oriented languages such as Matlab, R and J.
When writing code, infix notation is used at all times (the opera-
tor goes after the first argument) and only parentheses have high
precedence. These straightforward rules, combined with Python-
like indentation-based blocks make it easy to read and write code.

2. Visualisation

For simple plots, L2 uses popular, high-level libraries. For more
complex tasks, it is easy to create SVG or canvas-based visualisa-
tions from scratch.

Flot: Plot operators use the Flot library [Lau]. Flot is fully
incorporated into the L2 language and no knowledge of the library
is required. Plot operators can be passed a standard ‘data matrix’
or in more complex cases, such as data series of different lengths,
boxed data can be used—a box is the L2 type used to put tables
inside tables. Boxed data can be plotted on a single set of axes or
as a trellis plot.
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Vega and Vega-Lite: The well-known Vega [SWHI14] and
Vega-Lite [SMWH17] libraries create a visualisation from a JSON
‘specification’; a single structure that contains both the data (or
its url) and instructions for visualising it. In L2, we represent the
specification as a table with row keys (which is very similar to
a JavaScript object), manipulate it using standard L2 operators
and call the .vgPlot or .vgLite operator to create the visu-
alisation. L2 includes various operators for working with JSON
data and boxed data more generally. There are also operators for
converting between boxed (hierarchical) data and ‘flat data’. All
functionality of Vega and Vega-Lite is available in L2, but since
we interact with the Vega specification directly, knowledge of the
libraries is required.

HTML: The table-based nature of L2 makes DOM manipu-
lation significantly easier and more compact than with JavaScript
or jQuery. This is demonstrated in Figure 1 where table-based
string concatenation is used to generate multiple HTML elements
in a single expression (line 14). On line 35 in Figure 1, we set
various attributes of circle elements (a different value for each ele-
ment) in a single expression. Flot and Vega can be used in HTML
documents. The same syntax is used as in the L2 Environment,
except that we also specify the HTML element where the plot is
to be displayed (lines 19 and 25). Similarly, L2 tables are easily
displayed in HTML documents. Tables are styled using standard
CSS and table cells are automatically given intuitive class names
and IDs so that individual cells and sets of cells are easily selected.

Canvas: L2 uses p5.js [McC] for drawing on the HTML
canvas. pS.js makes it easy to draw 2 or 3-dimensional ‘sketches’
which can be static or animated. L2’s table-based sketch operators
make sketching simpler still, particularly for data visualisation
where verbose code including many loops would typically be
required in p5.js. The .inside operator can be used to add
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'iris.L2T'.load.c ('sepal_length®,'petal_length', 'species’').peek . =} A = § E D .‘ // = § v ~» Xv - ﬁ

sepal_length petal length species alaEeitanl - DEdl
-1000 - 4000 1 //Plot two columns of Fisher's iris data in an HTML document using 4 different approaches.
-9000 - 4000 //(index.html has an empty body and no CSS styling)
- 7000 -3000 [f] -> f.onLoad
-6000 5000 [f] x -> .ajaxLoad f
.0000 .4000

//remove unused columns
X.c ( )

X.group 'species'.pointXY 'legendAt' 'nw'

//use Vega's default colors in all plots
setosa
Color =
versicolor
virginica

>

//create 4 divs for plots
.elm.append ( ...
+( 5

//Vega-Lite plot

V = X.nest.vgCircle
V@encoding@x@scale: ( << false)
V.vglite ( .elm)

//Flot plot
X.group .pointXY ...
Color
4.5 5.0 55 6.0 6.5 7.0 7.5 )
X.nest.vgCircle 'sepal_length' 'q' 'petal_length' 'q"' ... e
calog species DR ERLte //transform data for SVG and canvas
(X.c @ * 49 - 206)
species . (210 - (X.c 1 * 28))
setosa Species = X.c

versicolor Color = Color.key: (Species.unique).v Species

virginica
//SVG plot
.elm.append ( + (X.n.new
.elm.setAttr (X.c 0) Color

petal_length

//canvas plot (a p5 sketch)
.elm.sketch {sk -> ...
sk.setup { -> ...
sk.createCanvas 200 255.noStroke.combine

(X.strip,,(X.n.new 6)) }}
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Figure 1: Top: console and editor in the L2 Environment. Bottom: The HTML document corresponding to the file shown in the editor.
event listeners to a variety of shape types including polygons and 4. Future Work
polylines.
3. Example L2 is available at https://github.com/gjmcn/L2; it is al-

ready an effective tool for data wrangling, basic data analysis, vi-
sualisation and front-end development. Future work will focus on
improving the L2 Environment, adding to the core language where
appropriate and writing high quality libraries—for machine learn-
ing and statistics in particular. We will also work to raise awareness
of the project and to grow an active and engaged user base. Natu-
rally, we hope that users will be keen to contribute libraries of their
own and in some cases, contribute to the development of L2 itself.

Figure 1 (top-left) demonstrates the use of Flot and Vega in the
interactive console. The code in the top-right of Figure 1 generates
HTML to display the same data set in the same style using all four
of the approaches discussed above. The results are shown in the
bottom figure. To keep the example brief, we have not included
axes with the SVG and canvas plots, but the example is sufficient
to demonstrate how easy it is to use SVG and the canvas.
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