
Abstract
Understanding of mantle and lithosphere dynamics, distinct or 
coupled, attracts certain modes of scientific discovery. It is not only 
engineering - as the constitutive laws for minerals under these 
conditions are difficult to measure in the laboratory. It is not only 
geology - as the precise characterisation of the Earth is impossible 
without interpretations on sensor observations. Further it is 
intrinsically multi-scale, where chemical and physical effects at the 
centimetre scale effect structures as broad as plates and mantle flow. 
The mode of “modelling” dominates our discovery process. Do we 
understand how this mode will continue in the changing technological 
landscape?

Over the period of two decades ago to one decade ago, increased 
accessibility to personal computing led to a golden age of Earth 
dynamics discovery. Fundamental processes were contributed by 
many, all relying on computation of numerical systems of scale or 
complexity that required a computer. Invariably we must thank the 
innovation of Moore’s Law - over 50years of sustained 50%-
compounded yearly growth in computing capability - for enabling 
such computing at this time.

Increasingly a sole phd student could no longer write their own code 
in isolation and from scratch. Despite the readily available computing 
power, the total model required had become sufficiently complex that 
collaboration about codes became necessary. About a decade ago, 
the very first versions of software Underworld was released. And 
along with other codes, a second golden age was born, where many 
discoveries about 3-dimensional effects together with processes 
across scales have arisen. Hence innovations of Underworld were 
enabled by software for complexity - allowing more expertise and 
more libraries to readily contribute. Underworld in particular focused 
on distributed parallel computing, increasingly complex numerical 
methods, and increasingly complicated physics. It is by no means 
perfect, but has pioneered avenues of methods and discoveries.

Today, Moore’s Law is ailing, and the only man-made innovation that 
is remotely close to it is the Internet of Things. Sensor capabilities are 
an honourable second (approximately 25%-compounded yearly 
growth over the last couple of decades). Together with increasing 
storage technologies, they are fuelling the data-deluge, and in-turn, 
data-driven scientific discovery (clearly being enjoyed by the 
geophysical disciplines). They are also fuelling organisational and 
asset (code in our case) permeability. We are no longer needing just 
massive amounts of computing for the complex numerical system, 
but an eco system of computing that enables rapid experimentation 
and high throughput on data. In short, increasingly innovation at large 
will drive towards codes and environments that assimilate with data, 
and codes and environments that have accessible insides (rather 
than those that are one monolithic box or function).

Here we unveil Underworld2, a cloud ready, python-based code for 
mantle and lithosphere dynamics discovery, spanning tutorials, data 
assimilation and in-line analysis. We hope that nothing is lost from 
Underworld1 but that Underworld, and its subparts, are accessible to 
the researcher with data.

Modelling and big data
In the past, developing "f" was  our only focus...

But now, developing "f" and how it is assimilated are both a focus ...  

Underworld2
 
Underword2 is based on Underword(1), and hence inherit the 
capabilities of 3D parallel geodynamics problems.

However, it introduces a python interface that replaces the XML-
based model configuration and parameter input system.

glucifer is now not only - render inline with compute and render via 
viewer, it now has a HTML5 version, meaning it is available on the 
web.

Using docker and ipython/jupyter-notebooks, Underworld2 is now 
available on the cloud, with documented problem tutorials. (see http://
orcus.erc.monash.edu.au:8000)
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