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ABSTRACT
Graphical interactive simulations are a powerful means
of exploring properties of complex systems models and
aiding a development of model parameter spaces. Platform independence for graphics intensive simulations –
and especially those involving 3D rendering – has been
a difficult goal to realise until recently. We describe use
of WebGL, JavaScript and associated graphics rendering interfaces to implement a range of complex system
simulations for a Web platform. We experimented with
various shading and rendering approaches. We compare the performance obtained using this approach for
various compute devices. We discuss performance and
implementation issues and the implications for future
platform independence of complex systems simulations
code development.

independence [1]. The advent of widely available tablet
computers has renewed interest in platform independence, particularly for high quality graphical rendering
programs that can run with a (portable) web browser environment on a range of platforms. Such devices open
up a range of potential applications that can use interactive graphics [12, 16]. New and emergent approaches
to user interface design for such devices are also an exciting arena for interactive simulations [11].
Computational steering is the term introduced by both
Smarr [14] and Fox [3], to describe the interactive exploration of parameter space – often prior to launching
a series of non-interactive compute jobs to gather statistics from numerical experiments. The early stages of interacting with the parameter space can save a great deal
of time and computational effort by identifying where
to look and where to direct study.
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High performance graphics is a huge aid to computational steering. High quality rendering of a complex
system greatly aids in understanding the model. Graphical rendering of complex systems - particularly in 3D
involves non-trivial amounts of computation however.
Until relatively recently it has really only been practical to work with a high performance graphical rendering or shading system such as OpenGL or its proprietary equivalent. Although such code can sometimes
be ported – with a greater or lesser ease depending upon
the system involved – to different hardware and operating systems platforms, it has been difficult to realise the
goal of complete platform independence.

Introduction

Interactive graphical rendering is an important tool in
exploring the parameter space of complex system simulations. Such simulations include models in physics,
chemistry, biology, sociology and finance. All these
areas have in common a need to adjust the parameters in a model to develop an intuition and understanding of what they mean and how they affect system behaviour [5].

Most recent work has focused on development of custom “Apps” for individual tablets or mobile phones [2].
Tools such as WebGL, JavaScript and associated software systems do open up a practical possibility of de-

Platform independent computing is a desirable goal for
many software projects. Much work has been done using virtual machines and related approaches to platform
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veloping high graphical quality and reasonably high
performance interactive rendering simulations that can
be run through a web browser. This is obviously attractive since these will be supported on any platform that
supports the appropriate web browser standard.

white been dead while red if alive. Once the lattice has
been updated, the program will then use this data to update the other lattice. This switching occurs in many
of the simulations, where the lattice is worked though
in a liner fashion, otherwise the results created are not
accurate. This process of working on one lattice and
writing to another then switching between them continues throughout the duration of the simulation.

In this paper we develop a set of six computational simulation models that also have significant graphical rendering requirements. We implement these models using platform independent software technologies and investigate their relative performance on web browser environments running on desktop PCs; Apple iPad and
Samsung Galaxy tablet devices.

The Game of Death [13] is another cellular automaton, similar to that of the game of life, but introduces
a new third state. This addition state is called the zombie state, which adds a new phase into the transition
between life and death. This model was implemented
using the game of life simulation as a template to be
based off of. In the game of death the switch between
life and death still have the same rules applied as they
do within the game of life, but now once a cell is dead,
if it does not come back alive it will become a zombie.
From the zombie state a cell is only allowed to become
alive if two of its neighbors are alive. As the transition
between all states is still only based off of the number
of alive neighbors, this simplifies the rules and creation
of the simulation.

Our article is structured as follows: In Section 2 we
describe some of the typical graphical simulation models that we might wish to port to run on various platforms and relate their key features. In Section 3 we
present details of our implementation experiments. We
present some graphical and performance results in Section 4 and a discussion of their implications in Section 5
in which we also we summarise our findings and give
some areas for future work.

2

Simulation Models

Another simulation implemented in the 2D is a Diffusion Limited Aggregation model. With this simulation
only one lattice is used, and is initialized with one cell
in the middle. Another cell ( Walker) is then randomly
placed on the lattice, which will move about in a random direction till it touches the cell in the center. Once
the walker has touched the center cell it will join and
start creating a cluster, and a new walker is spawned.
This will continue till the cluster reaches the boundaries
of the lattice.

We summarise the main features of the simulation models we deployed, giving references where more details
can be obtained.
Several models were used to test web platforms as a
method for modeling complex systems and simulations.
Firstly several 2D models were created, including Conway’s Game of Life [4], Diffusion Limited Aggregation
(DLA) [18], and an Ising model [9, 10] among others.
These 2D models shared similar behaviour, and as such
the methods for one can be used across a range of them.
To test the use of 3D graphics on a web platform a 3D
Ising model was constructed, with two different implementations. These have similar methods for the creation and manipulation of the simulation, but differ in
how it is displayed.

A simple 2D Ising model was implemented, once again
only using a single lattice. This was initialized by giving each cell within the lattice a random state, been one
or zero. The simulation would then be passed a value
for the temperature, as this would effect the over all energy of the system. Once the initialization is completed
the simulation will pick a spot at random and check to
see the state of the neighbors, based on the state of the
surrounding cells the selected cell will flip or stay the
same based on which would result in the lowest energy
of the system. If a flip did not occur then there is a
chance based on the temperature of the system that the
cell would flip, with a high temperature there is more
energy so it is more likely a flip will occur.

The first model implemented was Conway’s Game of
Life. This was as it is simple to implement with a well
defined rule set. To start with two 2D lattices are created, and one initialized with a random or predefined
state. From this state the program will work through
that lattice and write the updated value for each cell
onto the other lattice. The rules for updating a location on the lattice is that so the program will look at the
eight closest neighbors, and count the number which
are alive. Based on the amount of alive neighbors the
cell will become dead or alive or stay in its current state.
This state is represented by the colour of the cell, with

The Invasion percolation model [17] was also created,
this involves having a walker start at one location on
a 2D grid, and move its way to another location, with
materials blocking the way. The walker will start moving in a semi-random manner, with a weight added to
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give it some form of direction. The simulation will create a barrier between where the walker starts and the
end point. The created barrier has a small gap in it,
along with a small chance of allowing the walker to pass
through it.

dering 3D graphics. By using these technologies we are
able to write directly to an HTML5 canvas to create a
2D image or use WebGL to create 3D images within
supporting browsers. By using WebGL we are able
to take advantage of the graphics processing abilities
which are normally reserved for use with native applications, although it is not fully supported on all devices
currently.

The last 2D simulation implemented was a Sznajd opinion model [15]. This starts on a single 2D grid, which
has each cell within it initialized to a random opinion.
The simulation will select a point on the grid randomly
and then also select on of its surrounding neighbors.
If both cells share the same opinion, then all cell connected to those two will change to match them.

For creating the 2D models the HTML5 canvas is used,
as this allows for direct access to each pixels data. By
storing the data within the image itself there is no longer
a need to transfer data from buffer to another. This allows for a increase in performance as it removes unnecessary steps from the program, although now to access
the data the locations in which the data is stored has
been changed as each pixel takes up 4 spots in the array, one red, green, blue and alpha value are given for
each pixel, and this leads to a slight decrease in performance.

To test how these simulations ran in 3D two implementations of the Ising model were created, as this has the
most specific rule set for use within a 3D environment.
Though the drawing method differs between each one,
the computation used is the same. This lead to the only
deference between each one been that off how each is
visualized, this is important to factor in as visualizing
the data within a simulation can be the most intensive
part if not taken care of correctly.

For creating the 3D implementation of the Ising model,
two different methods were created to allow for the performance of different rendering methods to be compared. The first one to be implemented was one which
rendered the cubes on the other edge of the simulation,
and when expanded all the inside cubes will also be rendered. This allows for the creation of a lattice of any
give size in the x y and z dimension, along with giving
the ability to see the inner workings of the simulation
when it is expanded. To create this WebGL was used
to draw a cubes to represent a location on the simulation, with it changing color based on the state. By doing
this essentially one cube was been draw over and over
again, with only a change in color.

Regardless of the dimension, be it 2D or 3D all these
simulations rely heavily on the use of random numbers,
along with a method used to visualize the data, in this
case WebGL or HTML5 canvas. These models all come
with their own problems in regards to how the code is
interpreted on each platform.

3

Implementation Method

To create these models several things needed to be decided first, A language was needed that would be supported on multiple platforms, and be able to visualize
the different dimensions, for this JavaScript was used,
as it is needed to be able to work with WebGL. This is
different from traditional rendering approaches for 3D
simulations using OpenGL [6, 8]. To create each 2D
simulation an HTML5 canvas was used as the developer
is able to have direct access to each pixel. To compared
the was in which to optimize the code for it to run on
multiple devices was needed, as this was to designed to
be as platform independent as possible. Another area
looked at was a way in which to optimize the rendering
of 3D simulations using different methods in WebGL.

To create the second 3D Ising model, a single cube was
created, and used textures to display the state of the
Ising model. To do this the values of the outer points on
the lattice are written to a data array, which is arranged
to be the same as image data, with the four locations for
each pixel. This image is then passed through WebGL
and creates a texture to be applied to the cube. To apply
a texture the cubes faces had to be labelled so the correct image would be displayed, this was done by the use
of a vertex and fragment shader. By creating the model
with this method the size of the simulation on the x,y
and z axis all had to be of a power of two, as WebGL
only supports textures of that size.

The simplest way to create platform independent simulations is to build them upon web based technologies.
The most appropriate of which was JavaScript, as it is
well supported within all modern web browsers, and
would work on a range of different devices as a result.
Another upside of using JavaScript is how it allows for
the use of WebGL, which is a JavaScript API for ren-
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Results

The resulting web applications from this are a range of
2D simulations which can be run on a range of devices,
along with 3D models which are able to take advantage
3

pattern of the DLA, Invasion and Sznajd simulations
been the fastest while the Ising was the slowest in all
cases. Though is is note worthy that the Invasion model
did take considerably longer on when ran on the Samsung Galaxy.
Figure 2 displays one of the possible views of the 3D
Ising model created using WebGL. This method involved drawing each point within the Ising model with
a cube. When the model is not expanded the model will
only draw the outer points, as the inner ones are not
needed and would slow down the simulation. While
when expanded all the points within the system are visible, allowing the user to see what is happening within
the simulation as it runs, and is not restricted to only
viewing the outer workings.

Figure 1: A 200x200 Game Of Life grid, where red
cells are alive.

Figure 3: A 3D cube, rendered with textures to visualize
the outer working of an Ising model.
Figure 3 shows the workings of the simulation running
but by using textures mapped over a single cube, replacing the need to render multiple cubes. The method
for producing this kind of rendering is shown in algorithm 1, although is has been greatly simplified the core
mechanics are present. The process begins by creating
the images for each side of the cube based on the simulation data, this data is then placed into an array and
arranged into that of RGBA. Once the image has been
created is is then mapped to the appropriate edge of the
cube. These textured are drawn to the cube when the
drawing function is called.

Figure 2: Expanded view of a 3D Ising model with a
size of 63 .
of the processing power of modern GPUs.
Figure 1 shows the result of the game of life simulation
running, which is able to be run on a range of devices,
with no difference in presentation. The screen can be
enlarged on a tablet, such as the iPad to make the data
more visible, though this in turn does effect the speed
in which the simulation is run. This simulation seemed
to run slightly faster than the Game of Death, and when
compared to other simulations provided a solid base to
compare to.

The performance difference between the two methods
of rendering the 3D Ising model become clear when
viewing figure 7, it shows that at the lower sizes that
both methods have a similar time for 1000 iterations.
At higher grid sizes the texturing method remains at a
constant rate, while to produce each cube takes much

The graphs show the time taken for each device to complete the simulations in various grid sizes. What is visible in all of them is how each one seems to follow the
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and experimented with platform independent versions
of these graphical simulations using WebGL and associated software systems. The platform independent implementation of the models run smoothly on both desktop and tablet based platforms, albeit with different performance features.

Algorithm 1 The process of creating the texture and
running the simulation while keeping that texture up to
date.
declare textures
bind textures to gl.T exture 2d
pass image data to textures
while running do
Draw Scene
Update Simulation
Update Textures
end while

The performance data suggests that web platforms using systems such as WebGL/JavaScript are of sufficient
computational performance capability that it is quite
feasible and practical to develop simulation demonstrations that run on them, even for quite complex three
dimensional models that have sophisticated graphical
rendering requirements including shading. We have
demonstrated that a few techniques such as texturing
the surfaces of a cube manually rather than forcing hidden surface removal of a large number of independently
invoked polygons does speed the rendering up. In fact
for the sophisticated models we have used here, this approach was necessary.

longer. There are two down sides to the Texturing
method, firstly the images dimensions must be of a
power of 2, thus the tests been of sizes 8, 16, 32 and
64 cubed. Secondly using the textured method it is not
possible to view the inner workings of the simulation.
Figure 4 shows some performance data obtained using
the Chrome browser on a desktop PC. The Ising model
requires floating point calculations and has the poorest
performance rating. The Invasion model is the computationally cheapest model to run, with DLA and Sznajd
closely matching. This is largely due to domination of
the graphical rendering.

There is scope for considerable further work in experimenting with other three dimensional models. Our
immediate plans are to develop a software library incorporating the techniques and best practices uncovered during this prototyping work, and incorporating
domain-specific code generation techniques [7]. We
have worked with various web browsers on desktop
computer systems. We anticipate continued increases in
WebGL platform performance on various devices and
especially on tablet computer systems in the future, to
the point where they will be viable platforms for this
sort of simulation demonstrations too, without the need
to develop customised and platform specific Apps.

Figure 5 shows corresponding times for the same simulations run on an iPad2. The curves have the same
profile, bit are scaled back by a factor of only around
0.75, reflecting the lower processor power of the tablet
device.
Similarly Figure 6 shows performance times obtained
for the same models running on a Fire Fox browser on
a Samsung Galaxy tab 10.1, which has very similar performance profile to the iPad.
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Figure 4: The average amount of time taken to run each simulation in milliseconds on a PC, using the Chrome browser
Blue is when the simulation is run in a 200x200 size grid, while red is for a 100x100 size grid

Figure 5: The average amount of time taken to run each simulation in milliseconds on a iPad 2, using the default
browser
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Figure 6: The average amount of time taken to run each simulation in milliseconds on a Samsung Galaxy 10.1, using
the Fire Fox browser.

Figure 7: The time taken to complete 1000 steps of an Ising simulation, comparing the texturing methods(Blue) and
rendering a cube for each of the outer points(red).
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