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Abstract Out of these reasons it is necessary to develop visualisa-

Thanks to modern experimental technologies the knowl- tion techniques to faciliate the handling and visual analys
edge about processes in living cells has been increasingOf multiple time series. This will improve the understand-
rapidly in recent years. This is resulting in masses of data g of the studied processes (e.g. reactions) and will hope-
that need to be handled, analysed and interpreted. In ad- fully help to develop new medicine and cure diseases in the
dition, simulation and modelling which is more and more future.
frequently used to support experimental investigatioss al At the moment there only exists one approach of Dwyer
leads to large amounts of numerical data, e.g. times se- €tal. [2] for a more sophisticated visualisation of complet
ries. Therefore, it becomes more and more important to time series data in biochemistry. They visualise the reac-
develop visualisation tools which faciliate the analysis o tion network as graph in the x,y-plane and uses the third
the respective data. This paper introduces the novel tool dimension z to represent experimental results. It is pos-
SimWiz3D which visualises time series data in a concise Sible to switch between a disc or a box (similar to a his-
way using a three-dimensional representation and provides togram) representation. For each time step they create a

the user with a lot of different ways to interact with and ex- Single disk or box and arrange them in a consecutive man-
ploit the simulation data. ner. Unfortunately, in this representation the continwoity

time series is lost and it is hard to compare single time steps
or complete time series. Arrows displaying the flow in the
1 Introduction network for each step are also disturbing. Furthermore the

During the last years experimental technologies, e.g. in user has to write a GML file (Graph Modelling Language

genomics and proteomics have enabled researchers to ext[iﬂ])emscelriglsng the network structure and the corresponding
lore the processes in living cells. These processes con- : . . .
P b g b Out of these reasons and on the basis of our SimWiz

sist mostly of (bio)chemical reactions which produce, re- . . L
y of (bio) P project [7, 8] | developed a new visualisation tool:

build or break down molecules in the cell. The participants .~~~ T . .
of these reactions are called reactants. The experimentss'mW'ZSD' SimWiz is a Java package that visualises the

in laboratories which are time consuming and expensive network of Processes (e.g. reaction network) as graph and
are more and more supported by modelling and simulat- the time series data is mapped onto the netvvo.rk structure
ing techniques. These techniques help experimentalists tob%/ modllfylntg_] ‘h‘? sh?]pehofhnodgs m;?ﬁ grap()jh. IF is a step by
complete their knowledge and explain experimental obser- Step animation in which the size of th€ nodes increases or
vations. In simulations reactions are modelled by math- decreas_es s_ymbollsmg the concentration ch_an_ges per_tlme
ematical equations, e.g. differential equations which de- step. SImWiz3D on the other hand uses this information

scribe concentration or particle changes of reactants over0 represent the whole datain a _smg_le 3D. picture and lets
time. the user explore this representation in various ways as de-
: . . : . scribed in the following.

Time series are typically represented in concentration-
time diagrams (x-axis = time, y-axis = concentra-
tion/number of particles), but the diagrams are only suit- 2 SimWiz3D
able for a small number of reactants. On the one hand the  SimWiz3D is written in Java and combines the anima-
more curves are present in the same diagram, the harder ition features of the SimWiz package with a new 3D view of
is to follow each curve fluently, although different colours the time series data and further data exploration techsique
are used. On the other hand the representation is inapproThe implementation follows the visualisation pipeline in
priate when the range of concentration values is very dif- figure 1. The next sections will describe the different views
ferent, e.g. curves with a smaller range could look like a and features.
flat line, although they exhibit oscillations.



Simulation __ i i — The time series are realized as tubes similar to e.g. the
{ftering }—« mapping }—+{rendering }—«{visualizing | fund manager visualisation of Dwyer et. al. [1]. Each tube
is composed of single conical frustums. The top radius of
each conical frustum belongs to the time stepnd the
bottom radius to time step + 1. The following conical
frustum starts with time step+ 1 and ends witm + 2 and
Figure 1: Visualisation pipeline. so on which creates a continuous appearance (see figure
3). Due to performance reasons time steps with the same

concentration values are joined to one conical frustum.
2.1 Data formats

Like SimWiz it is able to read the network information
from a SBML file (Systems Biology Markup Language
[5]). SBML is a computer-readable file format to save bio-
chemical reaction network information which describes all
participating reactions and their reactants. This network
structure can be visualised as a graph. In such a graph
nodes represent reactants and edges reactions. The edge di-
rection shows the direction of the according reaction. The
graph layout of this network must be included in the SBML
file and can be created with thigeaction Layouter of the
SimWiz package if necessary. There already exists a layout
extension accepted by the SBML community by Gauges et ) ) ] ] .
al. [3] which will be part of SBML level 3 and enables Figure 3 3D view of b|ocr_1em|cal simulation results and
SBML to save the coordinates and size of each reactant aghe cutting plane at a certain time step.
well as the information about edges.

com

The numerical data representing time series should be Similar to SimWiz and_ Dwyer et al. [2] the user can
choose between two scaling types. The global scaling type

saved in a simple text file (see figure 2). The first column kes th X . £ all
represents the time and the other columns the reactants sept-a es the maximum concentration of all reactants as cor-

arated by tabulators or blanks. The first line consists of the respondlng value for. the maximum rgdlus and the local
reactant names or ids according to the SBML file. Each scaling type the maximum concentration of each reactant.
line in this table contains the concentration or particlenu The maximum radius depends on the smallest distance be-

bers of each reactant for one time step. Many simulation tween two nodes in the current network and corresponds

programs are able to create such text files automatically. toa four'Fh of this distance Wh'(,:h prevenFs the view from
overlapping of tubes. The minimum radius is by default

time NADH O2 PER3+ PER2+ NAD. 1 which corresponds to a thin line and the concentration
0 0 0 843220 0 0O value0. Furthermore the user has the possibility to choose
2 116025 83009 843220 0 O between two calculation methods. On the one hand the ra-
4 231509 164609 843220 0 0 dius belongs to the square-root of the concentration which
6 346657 244640 843220 0 0O means it is proportional to the area of the cycle. On the

other hand a logarithmic representation can be used which
is helpful when very different value ranges exist. These op-
tions can be chosen in the button line on the top of the 3D
view where also the projection can be switched between
perspective and orthogonal (see figure 7). The zooming
buttons together with rotation facilities allow the user to

Figure 2: Example of a text file with simulation results.

SimWiz3D reads that data formats and saves the net-
work into a graph structure with nodes and edges and the

concentrations in numerical arrays, one for each reactant. - .
o A : explore the 3D view in a comfortable way. After rotating

Thus, the tool needs a longer initial loading time but it al- .

: the view when tubes overlap, the tool can expand the net-
lows a faster access for view updates because no further . . .
) work to increase the distance of nodes, thereby reducing
file accesses are needed. . " : .
overlapping. By clicking two times on one tube this reac-
tant and his reactions are highlighted in the 2D view and a
small new window will show the following additional re-

actant information (see figure 4):

2.2 3D view

The 3D view visualises the read layout information of
the graph structure in a 2D plane (x,y) and uses the third
axis (z) as time (z=0 first time step). e name of this reactant



e selected time step by clicking 3D view can also be removed by clicking two times on the
corresponding reactant in the 2D view. Second, with the
time step option the user can change the shown time step
by typing a new value into the text field or by moving the
slider. This change evokes a new 2D view with the con-
centration values of the chosen time step and moves the
semi-transparent plane to the according coordinates®f thi

e statistical information (start value, minimum, maxi-
mum, mean value, variance)

e button to switch the current colour of this tube

© OO time step in the 3D view.

R Another feature of this view offers an animation which
first value 8432200 230 changes the 2D view and moves the plane in the 3D view
last value 183774.0 659423.0' - . . . .

N time step by time step automatically starting with the cur-
Hriiy ea32200 239 rent time step. The speed is adjustable by the user. Fur-
mean value 450620.75  392576.25 thermore when the user moves the mouse over an reactant
aance ’73'3”54,752“1" in the 2D view the corresponding tube in the 3D view is

Color Close h hl ht d p g
ighlighted.

Figure 4: Additional statistical information of a reactant
a certain time step.

With the start and end time slider below the 3D view the
user can reduce the number of shown time steps to focus on
interesting time ranges or to reduce data which would also
increase the update response time when long time series are
used. The number of steps can also be reduced by setting-igure 5: Example of a biochemical reaction network visu-
a minimum concentration change value which filters steps alised in the 2D view. The concentration values at a certain
out in which the concentration change is smaller than this time step are coded in the cycle size.
value.

The last feature to mention similar to Dwyer et al. [2] a )
semi-transparent cutting plane is used to highlight a singl 2-4 Settings
time step. This time step and the corresponding concentra-  In the options menu the user has the possibility to make
tion values are also shown in the 2D view which will be general settings to change colours and to influence the ren-
introduced in the next section. dering process. First, since the tubes consist of single con

The 3D visualisation is done by OpenGL which is a ical frustum, the user can change the minimum and max-
software interface to produce computer-generated imagesmum radius which is useful when only few time series
[6]. The time series data is mapped to the described coni-are investigated. Second, the number of slices of conical
cal frustums. These frustums are cached in display lists to frustum can be increased or decreased. This number influ-
reuse a precalculated version of them multiple times which ences the smooth appearance of a conical frustum which

increases the rendering time and the performance. means the bigger the conical frustum is, the more slices are
needed to smooth it out. But the user should have in mind
2.3 2D view that the more slices are used, the more time is consumed by

The 2D view is taken from SimWiz to obtain the topol- the rendering process. Third, the colours of the tubes and
ogy of the network and to visualise the concentration of the semi-transparent plane can be adapted. Finally, since
one single time step in the shapes of the nodes (see fig-the resolution of screens is limited, a maximum number of
ure 5). These shapes are cycles whose radius is calculatedendered time steps can be set. This number is used to re-
accordingly to the above mentioned radius of conical frus- Sampling data sets with larger number of time steps. The
tums. default value is 2000 time steps and the following resam-

The user has different interaction possibilities to change Pling methods can be chosen:
both views simultaneously. First, by clicking on a cycle i )
or by marking a group of cycles in this 2D view the 3D  ® Nnearesttime step (dropping steps)
view focuses on these marked nodes and the other nodes
can be removed or made translucent by choosing a trans-
parency value betweeih and 100%. Single tubes of the e mean value of a group.

e maximum value of a group



70000 Especially the last two interactions (focussing and fil-
mepping —— . . .
80000 [ rervienng tering) are overlapping because mostly the user filters data
sooco - out to focus on a special issue. In contrast to Dwyer et
al. [2] the user can follow each time series in a contin-
uous manner and without disturbing arrows which makes
the comparison of complete time series data easier. Fur-
, ‘ thermore SimWiz3D offers much more user interacting,
50000 60000 focussing and filtering techniques which allows the user
to adapt the tool to his demands and to explore the data in
local or global views. It processes small as well as large
data sets with high-dimensional data and a large number of

40000 |
30000 |
20000 |
10000 F

number of time steps

1 . i i
0 10000 20000 30000 40000
time in ms

Figure 6: This chart shows how much the rendering pro-

cess is faster than the mapping process for large time seriegime_Step_S' _ _
data (hardware: AMD 1.6 GHz, Nvidia Geforce 2). SimWiz3D is under further development to integrate
correlation techniqgues and more advanced methods to

avoid overlapping of tubes in the 3D view.

This resampling method can also be switched off to vi-
sualise all time steps or or a subset of the data. ACknOWIed_gementS
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Figure 7: Screen shot of SimWiz3D. The 3D view shows osailiatime series data.




[6]

[7]

[8]

language (sbml): a medium for representation and ex-
change of biochemical network modeBioinformat-
ics, 1:524-531, 2003.

OpenGL Architecture Review Board, Dave Shreiner,
Mason Woo, Jackie Neider, and Tom Davis.
The OpenGL Programming Guide - The Redbook
Addison-Wesley Pub Co, 4 edition, 2003.

Ursula Rost and Ursula Kummer. Visualization of bi-
cohemical network simulation with SImWitEE Sys-
tems Biology1:184-189, 2004.

SimWiz. http://atlas/bcb/software/, 2005.



