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ON SCIENTIFIC VISUALIZATION SYSTEMS DESIGN

pUMITRU RADOIU

of the seientific visualization process allows more
ditions on the visualization function. This is realizeq
a model for the aggregate objects, defining

operations  between objects, defining a structure 0N the object set, finding the

conditions on which similar models and structures could be defined over 4|

termediary 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.
perimental data objects usually defined

A way to define operations between ex
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 formal
description. The ylsuallzation process could be called “scientific visualization” if the
classes of functions - expressing different visualization goals — that satisfy the
mentioned conditions are identified and used.

A wdecomposition”
accurate detinitions of the conditiot
through the following steps: delining

Abstract.

1. Introduction

in \)ii;l]ﬂ;;‘;zts"};‘]‘allllat}?n e utational process that transforms scientific d
ntrodaced (Tablfﬂ). T?lt > peber 2 decompqSition” of the scientific visualization i
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imposed on the visualizati er‘nauc'al structures defined over data sets to find conditions
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The general problems of scientific visualizy
defining acceptable models for objects of
sefining mathematical structures on 0, O G
finding the general conditions for Viz(o) ’
yet, we are aware that a specific scientific visualizat,

{G5uCS S well, like: N problem must agres; other

particularities of a specific algorithm
design of the visualization pipeline

comparative and/or syncron visualization, etc
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7. 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 10
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 o 1 oiects
Different data objects must be mapped into different vIsud opjects.

g

This is could be stated as: M ap(Mat(0) ) & 878

0,=0, & Viz(o,) = Viz(02) Rep(Map(Mat(0)) = KeP
0,0,€0, g ’,gz’eG’

C[iOnS

, vap() and ReP! e
The interpretation of this condition 1 that v O '
define an isomorphism between equalty =

.o . ) fact
b. ' Condition of expressnveness biects and only those |
Visual objects express all facts about data 00 bed bY mono:unlu
desc! jelined ¢
. .¢ CO
Fame \ v ac and attributes T i
aCts are interpreted as attributes an Jescri ed ffere

Predicates, the same attribute being
LGCh o that 0'— {undcfmcd’
PO 0> {undefined, trucy, E) o
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vP.. : O'—> {undefined, truej, 3P, : G — {undcfined, truc},
0

VP : G — {undefined, true}, 3P... : G'—> {undefined, truc},
o

so that
VP, :0 - {undefined, true}=>

P,(0) = P, (Mat(0)) = Fe (Map(Mat(0))) =
= 1{;.(Rep(Map(Mat(o)))) = P..(Viz(0)),Yo € O

and
VP, :G'— {undefined, true},

P.(g) = P;(Rep ' (g") = P, (Map™ (Rep™(g")) =
= P,(Mat™ (Map™ (Rep™ (g")) = (P, (Viz ™ (g")

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

An object model should address:

a. Data types (primitive variable values)

b. How primitive variables are aggregated in complex data/visual objects '

c. Basic operations between data/visual objects, a order relation, a topology and 2
metric

d. Metadata (extra information)

A data objects (0 € O) is a collection of primitive variable values. As primitive
varizble values could be described with classical data types (e.g. real, float, array, ¢ic)
when considering the data type of an aggregate data object, the most direct approaqh 1S
to extend the data type of the primitive variable values to the aggregated data ob__lt{CL
The next step is to extend the mathematical structures defined over sets of primitiVe
values o sets of aggregate data objects. .
We will consider without demonstration that we can extend all aspects discussed above
to objects o' € O' and also g € G and g'e G

Alter defining legal operations between aggregate data objects, the most ililPOl'“mf
aspect Lo be addressed is the relative order of objects in a set. An order relation could b¢
interpreted as a precision relation. A more precise data object will generate (througl‘ [.hc

xfsuah/«dhon pipeline and under certain conditions of function Viz(o) ) a more P
visual object.
1 P » . . . . 1 ; ’ 1116
in the following example we will consider a certain data object, defin® *
unda\rgcmal opcrations, and a precision relation lar
> [ 1 » FPEN . ’ . H > ‘;l :
e ¢ um.«;:du the case where aggregate data objects are structured grids with It
alues in cac e (one type ‘ j ~ <ol
bl (;/d(i node (one type - 0, - of aggregate object data among many, Oi © ;0me
m dw “ atues are generated by a scientific experiment, it is legal to assume that b,ugh
B o iy . - :
ues are missing, We agree 1o describe all facts about data objects thre
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nonotone predicatesP : O, > {undefined, truc}. For an object o, € O; , we may
n 1

consider P(O,}p) = true if there is a value in the p-th node of the object data o,, and P(o,,)
_ undefined if there 1s no measured value in the p-th node of the object data c;” "

Between objects of the same type, elements of a subset O , (O; < 0) operations
could be deﬁnejd. Whep one or more attributes of the data object are missing (attribute p
of the data object o, is labeled o), operations could be defined through a predicate

l5],[5],[7]P:0,,—é{undeﬁned, true}. When the attribute is present then
p(onp)——)true

And when the attribute is missing P(0,,) — undefined

a) SUM
If for Vo, .0, € O, there is a predicate
P :0, — {undefined, true} and
P : 0, — {undefined, true}.

SUM (0, s0mp ) P(O )=true& P(0,, )=true;

Opp s P (Opmp )=true& P(0,, )=undefined,
SUM(()" Om ’0) = (0:0n tOm ) =10, :P(0,, )=undefined& P(0,, )=true.;

false,P(o )=una’eﬁned&P(o,,p)=undeﬁned;

mp

b) DIF
If for V0,50, € O, there is a predicate
P : 0, — {undefined, true} and
P :0, — {undefined, true}.
DIF (0, ,0mp ), P(0, )=true& P(o0,,)=true;
O » P (Opp y=true& P(0,, Y=undefined,

DIF(O" Om ’0) - (0:"" “Om ) =1 =0,p P (O )= fundefined & P(0,, )=true;
false, P(0pp Y=undefined & P(0,, )=undefined,

¢)  Scalar multiplication

If for Yo, € O,, VA € R thereisa P : 0, — {undefined, truej .

27
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)"On vP(Onp):tr“e;
(A'On) = undej’ined,f’(o,,p )=undefined

d) Scalar division

it for Yo, € 0, Vi e R thereisa P 0, — {undefined, true}

0)1 //‘L;:P(Onp )ztrue;
('On / A) = \undefined ,P(0,, )=undefined ;

¢) Cartesian distance between two data objects
For any V0,,. 0 € O, the distance is defined as

o)
- (Oml -_Orrl)2 +(Orr12 _0n2 +.

DIST(04,0m, Ghyyp) =y =

Om - 0"

f)  Average value ‘ ‘

Let us consider 0y,0,,...,0, € O; By definition <0> =AVERAGE (01,03',....0,1).
and<o> € O; is the average (arithmetic, harmonic, etc). between att_ributes hav1.ng the
same position within the data objects. When the attribute is missing in that location we

use the predicate P : 0,, —> {nedefined,true} and the attribute is part of the average
value only if P : 0,, —>true.

Logical operations could be introduced (and most of the time make sense) for aboul
any type of data objects: intersection, reunion, and the like.
Other operations could be also defined considering a certain data type (e.g. images.
regular grids, etc) for which the operations make sense. ,
As we stated in the previous paragraph, after defining operations between data objects.
the most important issue is the relative order of objects in a subset as the order relation

could be interpreted as a precision relation [31,[4]. A more precise data object Wil
gencrate a more precise visual object.

We will find a way to order

) data objects belonging to a subset O, i.c. aggregatc dat?
objects of the same type.

We define a subset Ok
Oik = {On € Oj I S(On): S/( }

28
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Figura 1 (Voxel)

of data objects of the same type (0;) with the same entropy, Sy, where S = kInQ, and k
is the Boltzmann constant and Q is the thermodynamic probability. Agregate data
obigcts, 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 cristal) 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 be in
any of the 8 positions). We can generalize for a data object with p out of n attribute

missing, where N = (2. We can now use the value of the entropy to order data objects

o, having different entropy ©, € O; (O;c O)
The problem we might encounter is that more than one object have the same
entropy. If we note O;* a subsct of O; having the same entropy S, then the problem we
. . . ko k k k .
need to solve is to order isoentropic data objects 0, ,0,,...,0, € O, having th

entropy Sy. . .
One way to do it is to use the cartesian distance d; to their respective average value

<0>.

< 0>= AVERAGE (0} ,0%....,0%)
d =[(0) —oj{ i=12,.n

One more issue to address here is whether the model, operations and structure
defined over the data objects 0€O could be extended over the other sets, i.e. O’, G and
G,

In what concerns objects 0’€O’ this could be very casy checked as rigorous
visualization (mathematical) algorithms arc applied to data objects to filter initial values
and/or generate new values.
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i peG and g’eG’, since computers generate
jects g€

‘ ) rate displ,,
hysical visualization objects (g’) are simijar
phy: :

YS ag

serns ob \
In what concerns Vb, s I()gi%

data objects, models for
visualization objects [1].

i ization function
: ir ts on the visualiza
L tic requiremen
4. Writing analy

ientific visualization” i (e ..
lization process could be called “scientific vnsu‘?h;att]l?n ;)f the Classe: (,
W visualize oL ) v ale b antlo , o i
‘l he \\su_d exsing different visualization goals — that satisfy the a ove condi,
functions - expu;sl & d. The first concern is to make sure that data objecty’ Mode
arc identified and usec. v > visualization process.

::: rations and structures are preserved over the visual p

N (‘ A e D

In this section particular requirements on the visualization function are Presenteq
n this ¢

Is

The casc studied is ’
izto) = Rep(Map(Mat(0))) = . |
‘L:;l\‘)‘;‘inécflft“\[“?\édt‘l,(1}1)6) og;gerations a“fj the algebrl.c structure mtroduC?d in
section 3 of this paper. The requirement we impose on Viz() — for socllne particuly
visualization purpose - is that the function must be’ linear. /,\s stated before, e
conditions must be defined in terms of structures on 0,0°,G and G’.

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

and

0 =/.%0, = Mat(o) = A ® Mat(o,) = Map(Mat(0) = A e Map(Mat(o,) =
Viz(0) = A o Viz(o0,)

S. Conclusions

The design of the scientific visualization requires the identification of the classes
of functions that meetin

g different visualization goals while satisfying at 1eastvthi
fundamental conditions of visualization: distinctiveness and expressiveness. rh”‘
decomposition” of the scientific visualization process as presented in Table 1, allo?
rdn<)r§l 'agcurate formulation of the analytic conditions on these classes of functions. The
Clailed example given o : tekd s and
pee n def r the data object, defining operatio

ining a model fo )
sed 0
ata sets and expressing the fundamental conditions ®

mathematical structures on the d
the visualization function could pe extended to other data models and mathematict

structures,
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