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Abstract

The presentation of simulation results often targets a wide range of audience. An
appropriate parameterisation is therefore needed for an automatic presentation of any
visualisation as well as an interaction based examination of simulated data. This paper
presents an XML Schema named TIGEOPthat helps to fulfil this parameterisation task.
The practicability of this approach is shown at the example of climate data.

1 Introduction

The examination of various simulated scenarios is deemed as a valuable option for play-
through scenarios in a variety of areas. An example is the use of simulated weather data in
agriculture and catastrophic prevention programs. Simulated data is often used instead of
real data as it provides for greater flexibility. Sometimes, real data is simply not available at
all or not in suitable quantities sufficient for planned investigation purposes. At other times,
only part of the required data granularity is available whereas the remaining data needs to
be gained by simulation.
Presentation of simulation results is often challenged by varying motivations and expec-
tations of targeted users. Generic visualisations do not necessarily meet any user’s target
function regarding the analysis of generated data. Furthermore, they might require temporal
control to some degree. This might be reasoned in the temporal nature of the presentation
data itself, such as in the case of climate data. Further motivation might result of a user’s
need for time-varying presentation or the consideration of user-input handling.
Controlling the visual representation of a simulator’s output on a script basis helps to pro-
vide for pre-modelled and user oriented presentation including consideration of any pos-
sible temporal constraints. Thereby, the set of presentation variables and their respective
mapping is to be described following an application independent specification. This al-
lows for simulation output to be presented depending on domain constraints as well as
user actions. Furthermore, a script-based presentation model allows to comply to temporal
constraints as defined by the underlying format specification.
This work aims at the script-based presentation of simulation results with special emphasis
on generality and the evaluation of temporal constraints. The practicability of this approach
is shown at the example of climate data.
Some details about the example data used throughout this paper are presented in Section 2.
An architecture for the generation of presentations in the context of the work presented here
is shown in Section 3. This is followed by Section 4 defining a temporal algebra as formal
basis for temporal constraints of the XML Schema definition as presented in Section 5.
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This work is concluded in Section 6. Planned extensions to this work are presented there as
well.

2 Simulation Data

Possible interest in climate data spans a wide range of potential analysis areas. A com-
mon approach is the investigation of a curvilinear grid defined by longitude, latitude, and
altitude. This allows to compare different area’s data and is useful for weather forecasts.
Another approach is to investigate data for a specific location only by sampling data at
concrete location points. This preserves a reasonable amount of data and allows to examine
data spanning a more extensive time frame. This latter case forms the basis of the work
presented here. Precisely, daily weather data are used.

2.1 The Tool

As available weather databases provide incomplete daily data or only monthly summaries,
a simulator is used to generate synthetic daily climate data that provides the same statistical
characteristics as real data for the desired location. Different models have been proposed for
this purpose. For the context of this work, the ClimGen1 simulator is used. It is based on the
WGEN model by Richardson and Wright (1984) but generates more correct daily weather
data out of given monthly data summaries. The ClimGen tool allows for the generation
of data containing total solar radiation, maximum and minimum temperature, rainfall, and
wind-run.

Figure 1: Climgen flow chart. This figure is part of the ClimGen user manual andc© by
Roger Nelson.

1More information about ClimGen, its availability, and a comparison compendium of ClimGen and other
climate data generators is available athttp://c100.bsyse.wsu.edu/climgen/ .

http://c100.bsyse.wsu.edu/climgen/


2.2 Input

In order to generate any reliable data, the simulator needs to be parameterised accordingly.
Figure 1 shows the principle data flow of the ClimGen simulator and documents in which
regard the parameters influence the simulator’s output. The parameterisation is done by
describing alocationand specifying a set oflocation parameters. As an exemplary location,
the place Magdeburg (Germany) is used. The location Magdeburg is described by a latitude
of 52.13◦, a longitude of11.62◦, and an elevation of79.00 m. ClimGen allows various
degrees of input data completeness. Eventually missing parameters are estimated by the
program. The following table lists themonthly mean precipitation and temperaturevalues
that are used as basis for data generation:

month mean(Tmin) mean(Tmax) mean(prec.)
January −1.8◦C 13.0◦C 34.8 mm
February −0.6◦C 12.0◦C 30.0 mm
March 0.6◦C 13.0◦C 35.0 mm
April 4.6◦C 16.9◦C 39.2 mm
May 6.1◦C 37.1◦C 47.6 mm
June 14.3◦C 24.3◦C 63.8 mm
July 13.0◦C 29.0◦C 58.4 mm
August 12.4◦C 24.5◦C 52.3 mm
September 10.5◦C 20.5◦C 38.1 mm
October 5.4◦C 15.7◦C 33.8 mm
November −5.6◦C 10.9◦C 37.3 mm
December −7.0◦C 11.2◦C 39.2 mm

2.3 Output

Using the input as described above, ClimGen generates usable data about precipitation and
temperature. As some parameters were only estimated, possibly generated data about solar
radiation and wind-speed are not of reliable nature and therefore not used.
The data is written in files with one file for each year output is generated for. These files
are organised in a tabular layout with one line per daily data. The generated data is put into
respective columns. The following table shows an exemplary excerpt from the generated
output, precisely data for January 10 to 20, 1999:



Day of year Precipitation Tmax Tmin

...
...

...
...

10 0.00 3.32 1.69
11 0.00 0.99 -0.01
12 0.00 2.82 0.39
13 0.00 1.16 0.13
14 3.74 0.88 -4.36
15 0.00 8.13 4.62
16 0.00 4.56 3.56
17 0.00 3.24 1.91
18 0.00 5.50 1.83
19 0.00 7.88 1.41
20 0.00 9.37 0.96
...

...
...

...

3 Architecture

Figure 2 shows a client/server architecture to be used for the generation of presentations
controlled by a script description. The client is used as the interface to the user. It is re-
sponsible for the implementation of individual presentation techniques. The server holds
responsible for the mapping of geometry as well as the (semi-automatically) construction
of an XML script controlling temporal operation of all presentation styles. Both—client and
server—do not necessarily need to reside on the same physical computer. Communication
is done by use of a TCP/IP-based protocol.
In the figure, hexagons represent active architecture components whereas storing compo-
nents (be it databases, scripts, or internal data structures) are represented by rounded boxes.
The double-arrows indicate flow of physical data (files, scripts, database content) whereas
single-arrows are used for flow of internal data.
The application dependent server component is the geometry mapper. It is the source
of geometry definition and therefore providing the overall scene context. The design of
this component is formally based on the work presented by Kreuseler and Schumann
(2002). Their model was developed in the context of Visual Data Mining. But its gen-
eral nature allows for applications in other domains as well. In principle, the model is
based on the definition ofinformation objectsIOi that combine to aninformation space
IM = {IO1, . . . , IOn} with IOi = IOj ⇐⇒ i = j and i, j, n ∈ N. Each informa-
tion object represents some real world data. In order to parameterise these objects ac-
cording to their represented data characteristics, an attribute functionattr is provided:
AM = attr({IO1, IO2, . . . , IOn}) = {A1, A2, . . . , Ak} with Ai = Aj ⇐⇒ i = j and
i, j, k, n ∈ N. Thereby,AM is theattribute setof the respective information objects. For
the purpose of defining relations betweenIOi theinformation structureIS is introduced as
IS ⊆ IM × IM .
Specific model instances for the mapper are to be constructed semi-automatically. For the
purpose of presenting simulation results, the information space is generated by executing
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Figure 2: Overview of the TIGEOP-based client/server architecture for presentation sys-
tems.

a user defined visualisation pipeline. Creation of any possible objects in this space as well
as the setup and modification of attribute sets is based on a user controlled presentation
description as outlined in the following two sections.

4 Temporal Relation Algebra

Considering temporal constraints for the modelling of a presentation of simulation results
helps to convey structural information about simulated data as well as intrinsic data char-
acteristics. The script generation architecture as outlined in the previous section includes a
temporal mappercomponent. This mapper basically evaluates a temporal algebra for the
purpose of generating and updating an interval catalogue to be used for presentation pa-
rameterisation. Continuing the work done by Jesse et al. (2002), this section presents the
specification of the formal algebra that is used as the basis for temporal control of different
presentations.

4.1 Time Granularity

Allen (1991) outlines different ways of modelling time representations. For the purpose of
controlling presentation methods, a combination of absolute dates and duration specifica-
tion is used in the context of this work. This allows for the generation of a complete linear



order of all events as well as the generation of temporal networks with a fine grained model
granularity in accordance with Bettini et al. (2000).
In contrast to the time model based on hierarchical granularities as presented by Merlo et al.
(1999), the model in this work uses a complete description of temporal events that is based
on XML Schema’sdate data type and spans all individual granularities. This provides for
the following advantages:

• Inherited temporal types are not needed as thedate type allows to model temporal
entities spanning thecompletetime hierarchy as presented by Merlo et al.

• No coercion function is needed for the mapping of entities in one granularity to
entities in other (superclass) granularities.

• The handline of different granularities is implicitly given.

In order to model any event and all event’s identity, one only needs to specify a starting
point t0 and a durationd, respectively. This implies complete ordering information.

4.2 Algebra Specification

In order to name the different relation sets used for the algebra, some variables are intro-
duced. The parameter set for a specific presentation is denoted asδ. All defined presentation
styles (methods) are represented byM. The available interval set is namedI whereas an
individual interval is labelledI. The set of time stamped events is described byE. The
functionsτ andψ are used for operations on events and intervals. Discretisation of an in-
terval resulting in an interval set is accomplished byτ and the mapping of any specific
event onto its respective interval results fromψ.
The specification of the temporal model is given as tupleSPEC =<
S,OP,REL,X,REQ >. The elements ofS represent allsorts (types). S∗ names
the set of all sort chains. For eachω ∈ S∗ and eachs ∈ S, the set of all possible operators
is namedOPω,s. The elementsop ofOPω,s are therefore projectionsop : S∗×S → S. For
eachω ∈ S∗ representsRELω the set of all possible relations. The set< S,OP,REL >
is commonly referred to as signature of the specification.X marks the defined variable set.
Last, but not least, namesREQ ⊂ FSIG(X) the set of formulas that define the algebra of
the specification.
To the benefit of readability this syntax is simplified to some degree. The different tuple
components are presented in a tabular form whereby each set is prefaced with a keyword.
The sorts are presented after the keywordsorts, the operations followopns, relations are
listed afterrels. All variables are prefaced byvarsand the formulas of the algebra follow
reqs.

Presentation parameterisation δ(M, I, ψ, τ)
sorts: I, I, E,M,Wrep

opns: ψ : E → I
τ : I → I



+ : I → I
rels: <,=, >: I I

⊂,⊆,=: I I
6=:MM
6=:Wrep Wrep

vars: e1, . . . , en : E
I1, . . . , In : I
m1, . . . ,mn :M
world1

rep, . . . , world
n
rep :Wrep

reqs: ψ(en) < ψ(em)⇐⇒ en < em

τ : ∀Ii ∈ I =⇒ Ib
1 ≤ Ib

i ∧ Ie
n ≥ Ie

i (limiting interval borders)
Ia < Ib ⇐⇒ Ib

a ≥ Ib
b ∧ Ie

a < Ib
b (limiting interval lengths)

Ia = Ib ⇐⇒ Ib
a = Ib

b ∧ Ie
a = Ie

b

Ia > Ib ⇐⇒ Ib
a ≤ Ib

b ∧ Ie
a > Ie

b

I + λ = I
Ia = {I1, . . . , Ia} ∧ Ib = {Ia+1, . . . , Ib} =⇒ Ia + Ib = {I1, . . . , Ib}

(interval continuity)
Ia ⊆ Ib ∧ Ib ⊆ Ic =⇒ Ia ⊆ Ic (transitivity)
ma 6= mb ⇐⇒ worlda

rep 6= worldb
rep (seclusiveness of styles)

Table 1: Specification of a presentation parameterisation.

Table 1 presents the specification of the temporal presentation parameterisation regarding
different presentations. For each predefined or otherwise determined interval, a combina-
tion of presentation methods (mi ∈ M) can be defined and parameterised. The intervals
determining a presentation are both—complete and self-contained. That is, any time stamp
(event) can be mapped onto an interval (by use ofψ) and no interval of the model exceeds
the interval set for the overall presentation.

5 Schema for presentation description

This work presents the use of XML Schema2 as a formal basis for the script-based presenta-
tion description. By using formally described XML documents, easy reuse of presentation
scripts is ensured as well as automated script verification. XML furthermore allows for
streaming support, object orientation, and therefore generality in appliance for a maximum
number of application domains. This schema is named TIGEOP which is an abbreviation
for temporally influenced geometry presentation. It not only aims at presenting simulation
results for the purpose of climate data visualisation but supports the presentation of any
geometry. Theservercomponents of the architecture outlined in section 3 hold responsible
for the context definition. Examples of potential applications besides the work presented
here are: a workbench for information fusion such as the one presented by Dunemann et al.

2Information about XML Schema, according tools, and documentation is available athttp://www.w3.
org/XML/Schema .

http://www.w3.org/XML/Schema
http://www.w3.org/XML/Schema


(2002) and the use of hybrid rendering styles for presentation as outlined by Jesse and
Isenberg (2003). A generic architecture for the creation and evaluation of such scripts was
introduced in Section 3. Section 5.1 discusses the overall structure of the script documents,
whereas Section 5.2 provides an illustrating example.

5.1 Script Structure

The presentation script requirements as discussed so far are combined in a formal XML
Schema definition. Thereby, the model entities of the framework by Kreuseler and Schu-
mann (2002) responsible for the geometry mapping are enriched by temporal presentation
aspects according to the aforementioned temporal algebra. All resulting entities are mapped
onto respective XML elements to form the schema definition. The schema is presented here
completely in order to allow for easy reuse and verification of the model basis. As it exclu-
sively uses the XML Schema facilities as defined by the W3C its content structure follows
a well defined standard and is of self-documenting nature.
Listing 1 shows the schema definition. Individual types of the schema represent direct map-
pings of the formal notations presented in Sections 3 and 4. Lines 11–17 of the listing
define the overall structure of a document instance. A document consists of a set of pre-
sentation methods (rendering styles), the geometric scene description, and a sequence of
object presentation definitions. Thestring type for the geometry definition in line 14 is to
be interpreted as containing a scene graph in Open Inventor format.
Presentation methods are defined in lines 18–33 and bridge between the attribute setAM
of Kreuseler and Schumann’s framework as outlined in Section 3 and the setM of the
algebra from Section 4. Attributes for the individual methods are defined asmethodProper-
tys in lines 30–33. Their content model is empty. Therefore thepropertyelement for each
presentation methodconveys both the name and the value of a specific method attribute.
Possible interpretations of the content of these attributes in a document instance include
the rendering to producing either photorealistic or non-photorealistic (NPR) image compo-
nents.
The heart of a document in regard to the temporal modelling of a visualisation is the defi-
nition of object presentations in lines 34–48. These presentations represent the evaluation
of individual rendering styles and accompanying parameters at defined time points for the
given durations. The temporal dependencies conform to the above algebra definition. Sim-
ilar to the method properties mentioned above, the content model for an object’spresent
description is empty which results in all parameters being specified as element attributes.

Listing 1: XML Schema definition for TIGEOP.

<?xml v e r s i o n= ’ 1 . 0 ’ encod ing= ’UTF−8’?>
<xsd : schema xmlns: xsd=” h t t p : / / www. w3 . org / 2 0 0 1 / XMLSchema”>

<xsd : annota t ion>
<xsd : documentat ion xml : lang=” en”>

5 Schema f o r t e m p o r a l l y i n f l u e n c e d geometry p r e s e n t a t i o n .
Copy r i gh t ( c ) 2 0 0 2 / 3 U n i v e r s i t y o f Magdeburg . A l l r i g h t s

r e s e r v e d .
</xsd : documentat ion>



</xsd : annota t ion>
<xsd : element name=” t i g e o p ” t y p e=” t i geopType ”/>

10

<xsd : complexType name=” t i geopType”>
<xsd : sequence>

<xsd : element name=” p r e s e n t a t i o n m e t h o d s ”t y p e=”
p resen ta t i onMe thodType ”minOccurs=”0”/ >

<xsd : element name=” i v s c e n e ” t y p e=” xsd : s t r i n g ” minOccurs=”1 ”
maxOccurs=”1”/ >

15 <xsd : element name=” s c e n e o b j e c t s ” t y p e=” sceneOb jec t sType ”
maxOccurs=” unbounded ”/>

</xsd : sequence>
</xsd : complexType>
<xsd : complexType name=” p resen ta t i onMe thodType”>

<xsd : sequence>
20 <xsd : element name=” method ” t y p e=” methodType ” maxOccurs=”

unbounded”>
</xsd : sequence>

</xsd : complexType>
<xsd : complexType name=” methodType”>

<xsd : a t t r i b u t e name=” i d ” t y p e=” xsd : i n t e g e r ”/>
25 <xsd : a t t r i b u t e name=” name” t y p e=” xsd : s t r i n g ”/>

<xsd : sequence>
<xsd : element name=” p r o p e r t y ” t y p e=” methodProper tyType ”

maxOccurs=” unbounded ”/>
</xsd : sequence>

</xsd : complexType>
30 <xsd : complexType name=” methodProper tyType”>

<xsd : a t t r i b u t e name=” name” t y p e=” xsd : s t r i n g ”/>
<xsd : a t t r i b u t e name=” v a l u e ” t y p e=” xsd : s t r i n g ”/>

</xsd : complexType>
<xsd : complexType name=” sceneOb jec t sType”>

35 <xsd : sequence>
<xsd : element name=” o b j e c t ” t y p e=” sceneOb jec tType ”maxOccurs

=” unbounded ”/>
</xsd : sequence>

</xsd : complexType>
<xsd : complexType name=” sceneOb jec tType”>

40 <xsd : a t t r i b u t e name=” i d ” t y p e=” xsd : s t r i n g ”/>
<xsd : a t t r i b u t e name=” name” t y p e=” xsd : s t r i n g ”/>
<xsd : element name=” p r e s e n t ” t y p e=” p r e s e n t O b j e c t T y p e ”/>

</xsd : complexType>
<xsd : complexType name=” p r e s e n t O b j e c t T y p e ”>

45 <xsd : a t t r i b u t e name=” method ” t y p e=” xsd : i n t e g e r ”/>
<xsd : a t t r i b u t e name=” s t a r t ” t y p e=” xsd : d a t e ”/>
<xsd : a t t r i b u t e name=” d u r a t i o n ” t y p e=” xsd : d a t e ”/>

</xsd : complexType>
</xsd : schema>



5.2 Application

The use of an information mural (Jerding and Stasko, 1998) for visualisation of climate
data is documented by Jesse (2002). Therein, the geometry mapping framework presented
in section 3 is used as well. Creation of the information objectsIOi correlates directly to
the available daily weather data as generated by ClimGen. That is, for each available day,
an information objectIO is created. The geometric shape of an object is a vertical line
in 2-D respective a cuboid in 3-D. This allows to order allIOi along thex axis. Other
object characteristics as well as the mural restrictions are ensured by assigning appropriate
attributesAi ∈ AM . These attributes include position, shape modification, and colour. The
x position is determined by appropriately moving along the axis according to the overall
coordinate maximum of the display. In contrast to the original mural implementation by
Jerding and Stasko (1998), the case of overlapping pixels is not encoded in colour intensity
but in scaling the lines vertically by a precomputed factor. Positioning along they axis
is done according to the temperature values of the respective day’s data. The line bottom
represents the temperature minimum value, the line’s height represents the temperature
span. Colour mapping is used to express the precipitation data in an information object.
Figure 3 shows snapshots of the mural based on a TIGEOP document with its respective
object presentation excerpt in Listing 2. Sub-figure 3(a) shows the realistically raw in-
formation mural as it is initially generated by the geometry mapper. The use of an non-
photorealistic rendering style for the purpose of presenting the information objects possi-
bly referring to data sets with the highest variation range of temperature and precipitation
values is displayed in sub-figure 3(b). For the example presented, this is the day before the
last.

Listing 2: Document excerpt for generating the presentation shown in Figure 3.

. . .
<s c e n e o b j e c t s>

<o b j e c t i d = ”6 ” name=” wideSpanningDay”>
<p r e s e n t method =”1 ” s t a r t =”PT11S ” d u r a t i o n =”PT10S ” />

</ o b j e c t>
</ s c e n e o b j e c t s>
. . .

6 Conclusion

The presented work shows that the presentation of simulation results can be based on an
XML script. This presentation description is based on the formal description of a temporal
algebra for consecutive changes in a visualisation. The presented XML Schema provides a
formalism to express syntactic, structural, and value constraints to any document instances
and, therefore, to the description of temporally enhanced geometry presentation. An ar-
chitecture of a flexible framework for implementing presentations by use of a script is
introduced. This architecture is open to a wide range of potential application domains. An



(a) (b)

Figure 3: Enhancing an information mural presentation with NPR. The raw mural without
special emphasis is shown to the left (a), (b) shows a zoomed in view on selected infor-
mation objects. The upper images shows them in realistic shape whereas the bottom image
outlines the use of NPR for the purpose of emphasising an information set according to
user defined data parameters.

exemplary application shows the presentation of the result of a geometry mapping process
typical for simulation data visualisation tasks.
The compression of XML for speedup is currently being investigated. In support of that,
studies in slow network environments still have to be made. Future work includes–without
being limited to—support for streaming documents and an integration of the script based
presentation into a web service environment complying to the SOAP and WSDL standards.
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