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Abstract. A decomposition" of the scientific 
visualization process allows me 

accurate detinitions otf the conditions on the visualization function. This is real 

through the following steps: delining a model for the aggregate objects, defining 

operations between objects, defining a structure on the object set, finding the 

conditions on which similar models and structures could be defined over all 

intemediary objects (sets), including the output visual objects and defining the 

analytic conditions for which the visualization function preservers the structure while 

fultilling the fundamental visualization requirements. Usually the analytic conditions 

describe a sort of isomorphism. 

A way to define operations between experimental data objects usually defined 

with the help of predicates is also given. Entropy and average value are used to order 

data objects interpreting the relative order as a precision order. The most general 

conditions of the scientific visualization are reformulated and given a fornal 

description. The visualization process could be called "scientific visualization" if the 

classes of functions expressing different visualization goals - that satisfy the 

mentioned conditions are identified and used. 

ized 

1. Introduction 

Scientifice Visualization is a computational process that transforms scientifie 
in visual objects [8]. In this paper a "decomposition" of the scientific visualizatiOn 
introduced (Tablel). The purpose is to clear identifying the objects involved in 

process and more accurate formulating the conditions on the visualization functIO 
Ihe idea of using the mathematical structures defined over data sets to find condition 

imposed on the visualization function has been promoted by others [1],[21.19 Scientific data could be obtained in many different ways, e.g. by ruie Simulation or through a DAQ process. Usually, scientific data objects a 
finite 

representations of complex mathematical objects. We note by O the set ol S rh oE0. During the visualization process, initial data objects, o, are procce different transformation functions Mat(o) = o, into a new set then mapped Map(o') = 

g into a set of ideal geometrical objectS 

of such objects 

o'e O'. Objecis 
ects g e G, through 

Set ot 

graphical primitives. Objects g are usually n-dimensional (nD), an et 
interactive. A group of g objects is usually called logical visualization or a ted 

gcometrical objects g, nlD, animated (t) and interactive are usually repres 
n of a 

scene. 

ldeal 

(1) and 

&Ee G', on real 21) screens. A group of g objects is usualy ca 
visualization of a scene. Functions Rep(g)= g' implemernt cla 
operalions like composition of the scene, volume generation, isOsur simulation of transparency, rellectivity and lighting eonditions, nD>* 

represented Rep(8 
physical 

cal graphicl 

gener:ation. 

ection 
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clipping, 

idden surface emoval, shad 
diprotate, translate, pan, ctc), etc. rota tivity we understand the attributes 

DESIGN ding, animation (t), setting user interactivity 0 interating permits nD > 2D projection (zoom, rota 

utes of visual objects (logical andlor 
physical, 

imation 
contro, (1), control of the objects posing 

(zoom, 
the 

rotate, 
scene 

objects 

translate, 
and control 

pan, 
of 

ctc), 
the 

object. as a composite 

a scientific VISuallzauon we understand the process realized by the function Viz/o 

defining acceptable models for objects of 0, 0, G and G sets 

Yet, we are aware that a specific SCientific visualization problem must address other 

B 
/o)-ReplMap(Mat(o))) = g' 

The general problems ofs scientific visualization modeling a 

defining mathematical structures on 0, 0, G and G sets 

are: 

finding the general conditions for Viz(o) 
and G' sets 

issues as well, like: 

particularities of a specific algorithm 
design of the visualization pipeline 

comparative and/or syncron visualization, etc 

2. Fundamental conditions of scientific visualization 

There are many requirements relative to a certain process of scientific visualization. 

Here are the two fundamental ones we will consider in this paper. The first one is the 

condition of distinctiveness. This condition (although very week) enables users to 

distinguish between different data objects based on their display. The condition is 

necessary for one can imagine many visualization functions that generate images with 

no use, that reveal none of the data objects characteristics/attributes. 

a. Condition of distinctiveness 

Different data objects must be mapped into different visual objects. 

This is could be stated as: 

Viz(o) 
= Viz(o) 

Rep(Map(Mato))) = Rep(Map(Mat(o) : 

O,02E0, gi'g2'EG' 

The interpretation of this 

ine an isomorphism betwcen equality in O,0,0. 
condition is that Viz), Mat), Map) and Rep) 

lunctions 

b. 

Visual 
Condition 

objects express 
of expressiveness 

all facts about data objects 
and only 

those 
facts. 

Facts are interpreted as 
attributes 

and 
attributes could 

otone 

and 
attributes 

could 
be 

deseribed 
by 

predicates delinea 

on 

predicates, 
cach set so that 

the same attribute being 
described by 

diflerent pre 

:0> undefined, true), 3P 
:0>{undefined, 

true). 
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VP:0 (undefined, true}, 3PG :G-> {unde fined, truc) 

VP:G {undefined, true}, 3/:G>{undefincd, truc}. 

So that 

VP:0>{undefined, true}=> 

Poo) = Po (Mat (o)) = P,(Map(Mat(o)) = 

- Po(Rep(Map(Mat(o)) = Po(Viz(o), Vo eO 

and 

VP:G{undefined, true}, 
Pa-s)= P (Rep"(s')) = P,(Map(Rep (g'))= 

= Po (Mat Map (Rep"(8) = (P,(Viz"(g') 

3. Data objects: models, basic operations and order relation 

An object model should address: 
Data types (primitive variable values) 
How primitive variables are aggregated in complex data/visual objects 
Basic operations between data/visual objects, a order relation, a topology and a 

metric 

d. 

b. 
C. 

Metadata (extra information) 

A data objects (o e 0) is a collection of primitive variable values. As primit1ve 
variable values could be described with classical data types (e.g. real, float, array, etc. 
when considering the data type of an aggregate data objcct, the most direct approach i5 
to extend the data type of the primitive variable values to the aggregated data objec. 
The next step is to extend the mathematical structures defined over sets of primiuve 

values to sets of aggregate data objects. 
We will consider without demonstration that we can extend all aspects discussed above 

to objects o' e 0' and also g e G and g' e G'. 
After defining legal operations between aggregate data objects, the most be aspect to be addressed is the relative order of objects in a set. An order relation Cou 

ortant 

the nterpreted as a precision relation. A more precise data object will generate (throu 

VIsualization pipeline and under certain conditions of function Viz(o) ) a moic 
visual object. 
In the following example we will consider a certain data object, ac fundamental operations, and a precision relation. 

precise 

we consider the case where aggregate data objects are structured grids wiu values in cach node (one type - O, - of aggregate object data among many, at Some measured values are generated by a scientific experiment, it is legal to assuin O tne values are missing. We agree to describe all facts about data objC 

scalar 

bjects througth 
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monotone predicates ,{undefined, true). For an object on e 0, , we may 
nsider P(Onp=true if there is a value in the p-th node of the objcct data On, and P(onp) 

undefined if there is no measured value in the p-th node of the object data oa: 

Between objects of the same type, elements of a subset O, , (0, c 0) operations 
could be defined. When one or more attributes of the data object are missing (attribute p 
af the data object o,n IS labeled Onp), operations could be defined through a predicate 

51.[6].17] P:0, {undefined, true). When the attribute is present then 

P(op)> true 
And when the attribute is missing P(o) undefined 

a) SUM 

If for Von Om E O, there is a predicate 

P:0, - {undefined, true} and 

P:0m> {undefined, true}. 

SUM(O,p 0mp ),P(omp)=true& P(0,p )=true; 

SUMo,,0 0,.0) = lo=o, +o-) Omp ,P(Omp )=true & P(0p)=undefined; 
Op P(Op)=undefined& P(o,nD)=true.; 

false, P(omp)=undefined & P(o,p)=undefined; 

b) DIF 

If for Von Om ¬ O, there is a predicate 

P:0,> {undefined, true} and 

P:0> {undefined, true}. 

DIF(Onp ,Omp ), P(omp)=true&P(Op )=true; 
JOmpP(omp)=true& P(on,)=undefined; 

-OnpP(omp)= fundefined & P(Onp)=true; 

false, P(omp)=undefined & P(o,np)=undefined; 
DIFo,.00) = lo=o, -om 

c) Scalar multiplication 

If for Vo, e 0,,VA e R there is a P:0, > {undefined, true} . 

27 
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2-0pP(Onp)=true;: 
undefined.P(o,p )=undefined; 

d) Scalar division 

ined, true If for Yoe 0,, ,VA e R there is a P:0, > { undefined 

o,,,P(O,np)=true; 
o,12)= undefined,P(Onp)=undefined; 

Cartesian distance between two data objects e) 

For any Vo, O E O, the distance is defined as 

DIST d=dnlo,-o=lo-+le-9+. 
Average value 

Let us consider o),02, ¬ 0; By definition <o> =AVERAGE (01,0z..). 
andso> e 0, is the average (arithmetic, harmonic, etc). bctween attributes having the 
same position within the data objects. When the attribute is missing in that iocation we 

use the predicate P:0 > {nedcfined,true) and the attribute is part of the average 

value only if P:0ntrue. 
Logical operations could be introduced (and most of the time make sense) for about 

any type of data objects: intersection, reunion, and the like. 
Other operations could be also defïned considering a certain data type (e.g. imagco regular grids, etc) for which the operations make sense. 
As we stated in the previous paragraph, after defining operations between data objeci the most important issue is the relative order of objects in a subset as the order rela could be interpreted as a precision relation [3].[4]. A more precise data object will 
generate a more precise visual object. We will find a way to order data objects belonging to a subset O, i.e. aggrega objects of the same type. 

e dala 

We define a subset O, 
o=o, e0, I s(%,)=5,} 

28 
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2 

Figura 1 (Voxel) 

of data objects of the same type (O;) with the same entropy, Sk, where S = k InQ, and k 
is the Boltzmann constant and 2 is the thermodynamic probability. Agregate data 
objects, of the same type but missing a different number of attributes will have a 
different entropy. For instance, in the most simple 3D data object (a voxel, fig. 1) 
attribute could be missing in one, two, three,.or up to eight location or could be 
present in all. By analogy with a cristal (we consider missing a attribute in a data object 

similar to missing an atom in a eristal) we can define entropy by: 
Q const N 
where N is the number of macrostates compatible with a given structure. If no atributes 
are missing the structure is considered perfect (N=1), the entropy has the lowest value. 

For a data object with one attribute missing, N-8 (the missing attribute could bein 
any of the 8 positions). We can generalize for a data object with p out of n attribute 

missing, where N = C. We can now use the value of the entropy to order data objects 

O, having different entropy , EO, (O,co) 
The problem we might encounter is that more than one object have the same 

entropy. If we note O a subset of O; having the same entropy S then the problem we 

to solve is to order isoentropic data objects oj,02,O, eO;, having th 

entropy S. 
One way to do it is to use the cartesian distance dh to their respective average value 

<0. 

<o= AVERAGE(0, o2 ,.,0) 
d =lo-j - 1,2. 

One more issue to address here is whether the model, operations and structure 

defined over the data objects oeO could be extended over the other sets, i.e. O', G and 

G'. 
n what concerns objects o'E0' this could be very casy checked as rigorous 

VIsualization (mathematical) algorithms are applied to data objects to filter initial values 

and/or generate new values. 
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In what concerns objects geG and g' eG, Since computers generato 

objects (g') are similar displaysa to logical 

te 

data objects, models for physical 
visualization 

visualization objects [1] 

4. Writing analytic requirements on the visualization function 

The visualization process could be called "scientific visualization" if tha 

functions - expressing different visualization goals that satisfy the above 

are identified and used. The first concern is to make sure tha 

operations and structures are preserved over the visualization process. 
In this section particular requirements on the visualization function are ented 

SSes of 

onditions that data bjects' models 

The case studied is 
z(o) = Rep(Map(Mat(o))) = g' 

Assuming the model, the operations and the algebric structure introduced in 
section 3 of this paper. The requirement we impose on Viz() - for some particular 

visualization purpose - is that the function must be linear. As stated before, the 

conditions must be defined in terms of structures on 0,0',G and G'. 

SUM, (o,0,0,) = SUM,(Mat(o), Mat(o,), Mat (0,)) = 

= SUM, (Map(Mat(o), Map (Mat(o, ), Map(Mat(o,)) 
= SUM(Viz(0), Viz(o,).Viz(o,)) 

and 

o =io, Mat(o) =h e Mat(o,) Map(Mat(o) = a Map(Mat(o,)| 
Viz(0) = . Viz(o,) 

5. Conclusions 

The design of the scientific visualization requires the identification of the clases of functions that meeting different visualization goals while satisfying at ieas The 
fundamental conditions of visualization: distinctiveness and expressivenes. decomposition" of the scientific visualization process as presented in 1able l, The 

llows 
more accurate formulation of the analytic conditions on these classes of funeuo 

The detailed example given on defining a model for the data object, defining operatlo 
and mathematical structures on the data sets and expressing the the visualization function could be extended to other data models and ma 

on fundamental conditions 
thematica structures. 
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