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Problem

Scienti�c simulations generate huge amounts of complex
numerical values

Data can be dense, multidimensional, multivariate, multi-scale
time varying

,! Tools are needed to help users to explore, analyze and
visualize these data
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Challeng es for multidimensional data

We consider scalar functions de�ned by:

f : Rd ! R
x 7! f (x)

with x = (x1; :::; xd)

with a regular discretization (N points) of d-space

How visualize these data ?

How manage this huge quantity of data ?

How have ef�cient random access to these data ?

How obtain real-time performance for an interactive
visualization ?
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Large dataset management

We focus on 4D datasets generated by plasma simulations

Size of dataset given by S= Nd:F bytes

For a double precision �oat (F = 8 bytes), with have:

• d = 4; N = 128) 2 GB

• d = 4; N = 256) 32 GB

Motivation: to be able to
explore this full regular 4D
scalar �eld on a standard
PC ?
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Large dataset management

Three possible approaches:

• Out-of-core methods

• Parallel solutions with a split of the data

• Data compression

As for many 3D volume rendering methods [BAJAJ, GROSS,
IHM], we use a compression to reduce the size of the problem

Our contribution is a new compression scheme and a data
structure well adapted to multidimensional regular grids, which
is used for both the simulation post-processing and the
visualization pre-processing
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Projection method

Interval [a; b] subdivided in N = 2n sub-intervals of size h

Function f : [a; b] ! R approximated by fh : [a; b] ! R

fhjI i 2 P2 (with I i = [xi ; xi+ 1]; 0 6 i < N) uniquely de�ned by:

8
<

:

fh(xi ) = f (xi ) for i 2 [0::N];
fh(xi+ 1

2
) = f (xi+ 1

2
) for i 2 [0::N � 1];

fhj[xi ;xi+ 1] 2 P2;

We obtain: fh(x) =
P 2N

i= 0 ci ' i(x)
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Q2 �nite elements

We use the Q2 �nite elements as basis functions
(

' i 2 P2;
' i(x j

2
) = � i;j ; i; j = 0; : : : ; 2N

The coef�cients of the decomposition correspond to the value
of the function with ci = f (x i

2
); i = 0; : : : ; 2N
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Several levels of resolution

Smaller h is, better is the approximation fh of f , but bigger is the
numerical cost

So we consider function f at different levels of resolution j

Level j is de�ned by the distance hj = jxi+ 1 � xi j between two
consecutive points at this level

Steps h and hj are linked by hj = 2n� jh; 0 6 j 6 n, with n the
�nest resolution level
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Hierar chical basis of Q2 �nite elements

Uniform basis not adapted if f presents locally strong variations

We use an hierarchical basis by adding ' 2i+ 1
2

and ' 2i+ 3
2

We obtain a better approximation ~fh de�ned by:

~fh(x) =
2NX

i= 0

ci ' i(x)

| {z }
fh(x)

+
2N� 1X

i= 0

di ' i+ 1
2
(x)

| {z }
gh(x)

with di = f (xi ) � fh(xi )
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Hierar chical basis of Q2 �nite elements
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Multi-le vels decomposition

Generalization to a multi-levels decomposition with:

• a coarse representation at a given level l (0 6 l 6 n � 1)

• a hierarchical representation from level l to n

f (x) =
2l+ 1X

i= 0

cl
iL

l
i(x) +

n� 1X

j= l

2jX

i= 0

dj
i L

j
i+ 1

2
(x)

Lossy compression comes into play when details below a given
threshold � are discarded
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Compression

Instead of keeping signi�cant dj
i , we keep a particular set of

coef�cients cj
i such that dJ

i < "; 8J > j

This is memory consuming, but it reduces drastically
computational effort during reconstruction

Compressed function fc given by f (x) ' fc(x) =
P

cj
i2 fc

cj
iL

j
i(x)
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Compression - Illustration in 2D
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Hyper-Slice method
Data structure
Reconstruction process

Multidimensional visualization appr oach

We use a hyper-slicing technique
• 4D-dataset visualized thanks several slices / projections
• Slices are de�ned according a focus point
• Interaction is made by moving this point
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Data structure

We used a data structure with 2 levels of re�nements:

• one coarse (C): store points of resolution level j (0 6 j 6 l)

• one �ne (F): store the others points

PSfrag replacements

;
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Data structure - Two types of cells

Sparse cell

• Lexicographical sorted
array of points

• M: nb of points in the cell

• One point is 4 integer
indices + fc value

• Random access: O(logM)

Dense cell

• Regular 4D array

• Random access: O(1)

We have to use the appropriate cell according to the bag-�lling
ratio of the cell

M. HAEFELE - F. ZARA - G. LATU - J-M. DISCHLER International Workshop on Super Visualization (IWSV08)



Compression scheme
Visualization method

Results

Hyper-Slice method
Data structure
Reconstruction process

Reconstruction process

We have to reconstruct the slices for their visualization

For all points inside an element, value of the function can be
built

,! intersection between the 2D slice and the 4D element is
computed
,! colormap built using the �nest level of resolution on the 2D
slice
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Reconstruction process - Illustration in 2D
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Partic le beam sim ulation (32 GB)

(a) Execution time (b) Memory required
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Plasma sim ulation (32 GB)

(c) Execution time (d) Memory required
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Conc lusions

We presented a dedicated compression scheme that reduces
the size of the data

Scheme can be integrated in a parallel simulation: compression
of elements I j

i independent for a same level j

Our sparse data structure

• gives an ef�cient memory representation to store the
compressed function

• provides ef�cient random accesses to interactively
reconstruct the slices
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Future works

Our method has been integrated in the 5D gyrokinetic parallel
simulation GYSELA (GYrokinetic SEmi-LAgrangian)

Our method will be extended to construct 3D hyper-slices by
using a volume rendering

We will also study a possible GPU decompression
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