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ABSTRACT

A study was performed on the opportunity of buying, for the ICTP use, one of the
following visualization systems: Advanced Visualization Systems (AVS) - release 5.02
IRIS Explorer - release 2.2 from NAG IBM Data Explorer (DX) - release 2.1.5 Khoros
- Developer's Release 2.0+p2. Criteria for an optimal choice were defined and it was
concluded that none of these visualization systems would be a good today compromise.

Conservative consideration of the market opportunities shows that substantially im-
proved releases of these systems are expected to be operational within at most an year.

For short term period, the ratio benefit to burden still makes public domain low-end
graphics attractive.

MIRAMARE - TRIESTE

October 1995

0. Outline of the investigation

This technical report summarizes experience gained during the last three months on the
possibility of implementing high performance general purpose visualization software at
ICTP Trieste.

MOTIVATION OF THE STUDY: Several visualization systems are under use at various
places in the world. Their use resulted in substantial increase of the possibilities to make
understandable the outputs of large scale problems. Since such problems are in train to
become the rule in scientific computing, the ICTP standing in the future years would
surely need such a visualization system.

PURPOSE: To study which one of the following today best visualization systemswould
be best suited to the ICTP needs:

Advanced Visualization Systems (AVS) - release 5.02
IRIS Explorer - release 2.2 from NAG
IBM Data Explorer (DX) - release 2.1.5
Khoros - Developer's Release 2.0+p2.

TUNING THE WORKSTATION: Experiments were carried out on the workstation named
"graph" which is a SPARCstation Solaris 2.4 OS 5.4 with ZX graphics adapter. The graph
performances recommends it as a miniraal configuration on which visualization graphics
is to be done. Two main lessons have been learned:

- the X windows server needs special tuning. This i- <i:fe\.'r.t Lea that provided by
the today default Login menu, which defines o t̂i->ns for Solaiia 1 3.

- updating the patches installed on the graphic w>5totii:i is to l>e a permanent
concern. This brings both increased functionality anu bug hxing (should they con-
cern inner SUN bugs and/or visualization system bugs noticed by other worldwide
spread users).

A unique accumulation of difficulties lead us to the inference that a defective Z-buffer was
installed on graph. The diagnostic was confirmed by a specialist from Sun. After replace-
ment of the offending hardware component, accurate and stable hardware rendering -was
obtained.

COMPLEXITY OF THE VISUALIZATION SYSTEMS: Each visualization system is a
complex construct, much beyond the existing low-end graphics. The report summarizes
basic knowledge which addresses three topics:

- the Modular Visualization Environment (MVE) under which the general purpose
visualization systems are conceived and developed;

- the functionality of the visualization systems, with special emphasis on the pitfalls
the unexperienced user will meet;

- practical implementation of the designed functionality aims by the abovementioned
four visualization systems.
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WORKFRAME REQUIRED BY A VISUALIZATION SYSTEM: All the available sources
of documentation (either in hardcopy form or on Internet) point to the fact that the use
of any of the investigated visualization systems will be an art rather than routine work.
Each visualization system requires a steep learning curve to be under grasp of the user.
As a consequence, buying a visualization system will create several complications which
need solution:

- considerable increase of the disk storage space is needed to accomodate a significant
number of users;

- preparing in-house documentation at two levels (beginners and advanced users),
carefully selecting the topics and pinpointing details not covered in the on-line doc-
umentation;

- user training, with the aim to alleviate the already mentioned steep learning curve
and to make the system effectively available to the potential users;

- the special situation of ICTP, with a high rate of moving people, would need the
organization of periodic training sessions;

- the experience of computing centres making heavy use of visualization software
shows that in-house system developments will be necessary to answer the specific
needs of the ICTP users. Since this requires specialized expertise which is not
under the hand of occasional users, it will be necessary to hire either a team (as done
elsewhere) or at least one full-time person with a broad profile (applied mathematics,
physics, programming) to be in charge of system developments.

CONSTRAINTS: During the present investigation, I identified a number of specific pa-
rameters, called in what follows "CONSTRAINTS", which are expected to show critical
influence on the decision to buy one or another of the reviewed visualization systems:

Cl. Use of workstation hardware facilities by the visualization system;

C2. Intrinsic quality parameters:

C2.1. conceptual implementation of the fields;

C2.2. reliability of the algorithms yielding graphical abstractions;

C2.3. quality of on-screen rendering;

C2.4. complexity of 3D visualization manipulation;

C2.5. consistency of Software and Hardware onscreen colour rendering;

C2.6. control of background colour;

C2.7. Fortran and C data import;

C2.8. number of available data readers (supplied by vendor (s), public domain (p),
from commercial suppliers (c) (per bibliography));

C2.9. hardcopy output;

C2.10. alternatives for outputing files (mostly per bibliography);

C2.ll. animation and video facilities (per bibliography);

C3. User oriented features:

C3.1. learning curve;

C3.2. user friendliness;

C3.3. quality of documentation (on-line and hard-copy);

C3.4. assistance from the vendor.

C4. Burden introduced by the acquisition of a visualization system:

C4.1. need of training courses;

C4.2. need of specialized assistance;

C4.4. financial aspects;

VISUALIZATION SYSTEM RESPONSES TO THE CONSTRAINTS;

AVS DX Explorer Khoros

Cl

C2.1
C2.2
C2.3
C2.4
C2.5

C2.6
C2.7
C2.8

C2.9

full use,
stable

pragmatic
see parameters
very good
complex
very good

yes
very good
s=13
p = 51
c = 38
yes(*)

partial use,
stable

unified
good
good
very easy
variable

yes
good
s = 4
p = 5
c = l l
yes(**)

yes,
unstable

pragmatic +
good
variable
easy
cannot be defined

apparently,
no
poor
s = 16
p = 34
c = 7
no

at most partial

unified, best
under development
unknown
unknown
only

software rendering
unknown
unknown
s = 13
p = 10
c = —
no

(*) Graph Viewer: ID and 2D .ps files need small disk space (some tens to some hun-
dreds kb); good control of line width; poor appearance of dot and dash; unknown
resolution.
Image Viewer: 90 dpi; Mb size disk space;
Geometry Viewer: 90 dpi (can be increased by zooming); CLI commands use im-
proves appearance of straight lines; Mb size disk space.

(**) Image: nD (n = 1,2,3) .ps files need Mb size disk space; dimension of .ps file
automatically adjusted to resolution (default = 300 dpi) and conversely; contour
line plots show unequal quality



C2.10
C2.ll
C3.1
C3.2
C3.3

C3.4
C4.1
C4.2
C4.3

several
yes
very abrupt
variable
hardcopy:

complete
on-iine: good
both: unreliable

details noticed
rapid and good
very much
very much
expensive

several
yes
very friendly
very friendly
apparently,

very good
(no time

test
extensively)

slow
reasonable
reasonable
not expensive

several
yes
friendly
rather friendly
hardcopy: good

on-line: scarce

rapid and good
reasonable
reasonable
not expensive

1
unknown
unknown
unknown
hardcopy: very

good
to on-line:

test unknown

untried
unknown
very much
free license

OPTIONS FOR BUYING: While the importance of these constraints is unequal, an opti-
mal decision should choose the largest number of favourable answers from the visualization
systems.

Explorer and Khoros are out of question.

AVS meets most of the desirable favourable features in the range Cl - C3, but imposes a
burden to the ICTP which is beyond its today means.

DX was only superficially examined (demo-license was operational as late as 20th Septem-
ber). If Solaris 2.3 workstations only would be available, it would be a good compromise.
On Solaris 2.4, however, I could not make a strong recommendation for it either.

A SHORT TERM SOLUTION: Within a period of an year, low-end public domain graph-
ics packages could still cover the most stringent needs:

- xvgr: ID plotting with figure inset;
- Xniol: molecular graphics;
- gnuplot: ID and 2D plotting (both surfaces and contour).

The use of Mathematica, which is from now on fully documented on-line, should supply
solution to a number of graphics problems.

THE LONG TERM SOLUTION - AVAILABILITY OF BETTER VISUALIZATION
SYSTEMS IN THE NEAR FUTURE: Improved versions of each of the considered visu-
alization systems have already been announced. Within an year at most, they should run
stably on Sun Solaris 2.4. Here I quote some of the announced improvements, which are
rather substantial:

- AVS6 (unified treatment of field and UCD data, suport of cylindrical, polar and
spherical coordinate systems, handling NULL (undefined) data values, improved
handling of large data sets, etc.)

- Explorer, release 3.0 from NAG (implementation on Solaris 2.4, hence expected

stablf running, postscript support for its rendering modules, use of the high quality
NAG library to create more reliable modules, etc.)

- Data Explorer, release 3.1 announces: A more robust module set and scripting
language; Improved performance and memory utilization; Greater user productivity;
Drag and drop capabilities; Automatic macro creation; Printing the visual program,
together with attractive licensing conditions for Academic use.

- Khoros, which is a free software, plans the working release 2.1 for February 1996,
with most of the existing bugs fixed.

A WORD OF WARNING: A by-product of the present study was the discovery that
the gnuplot low-end graphics package which is currently under use at ICTP distorts the
reflexion symmetry of 2D contours and so does the Microsoft's wingnuplot device too.
Under coarse discretizations, this distortion gets unacceptably large. Thus, the gnuplot
can be safely used under sufficiently small discretization steps only. What "sufficiently
small" means, depends on the problem.

All the three visualizations systems the outputs of which were available (AVS, DX, Ex-
plorer) preserve symmetry. However, they yielded visualizations of a simple case study
problem which showed differences over regions within the range of the discretization steps.
The consideration of an actual research problem showed that all three are insightful, but
comparable outputs were obtained at different parameter tunings.

This strenghtens my point that visualization shares much with the art and proves that
the details of a visualization which are of the order of magnitude of the discretization step
are irrelevant.

1 Tuning the workstation
The workstation planned to be devoted to visualization graphics at ICTP Trieste, named

"graph", is a SPARCstation Solaris 2.4 OS 5.4 with ZX graphics adapter.

To get correct run of any of the visualization systems (v.s.s) quoted below, and to take
full advantage of the installed hardware graphics as well, the following characteristics
of the graph have to be duly checked:

1.1. The X windows default is to be set to TrueColor 24 plane depth. The lack of this
option dramatically changes the v.s. behaviour.

Note that, while this option is available on graph, it is not automatically allocated
while logging in with the default Login menu. The default Login menu defines op-
tions for Solans 2.3 and results in Pseudocolor 8 plane depth X window option.

To enforce the TrueColor 1\ plane depth option, your .login file on SPARCstation.
2.4 has to have the following command line for starting Xll :



/usr/openwin/bin/xinit - -dev /dev/leoO defdepth 24

You can check the correctness of the TrueColor 24 plane depth X window option by
issuing the command (maybe in a 'script1 session, to keep track of the records):

xdpyinfo

Among the information lines you get, the 51-st line should read:

default visual id: 0x26

You can then check that this corresponds to the visual id defined at line 81, which
is the good one.

IMPORTANT NOTE: The release/installation notes of the graphics package
might tell you to follow other path(s) to set the X option. The above solution sets
once and for all this option.

1.2. The set of Sun patches are to be periodically updated. This is necessary both to
enhance efficiency of the hardware exploitation by the v.s. and to secure fixing ei-
ther SUN and/or v.s. bugs discovered by other worldwide spread users.

Full patch check is done with the following two commands:

Is -Fals /opt/patch (you get full unix information on the list of existing patches)
/usr/bin/showrev -p (you get full description of patch destination and history)

A vare event concerning the current ZX SPARCstation 2.4: the Z-buffer did not
work properly. The diagnostic of a manufacturing defect was confirmed and, af-
ter replacement of the offending hardware component, the hardware rendering was
substantially improved: it got stable and of good quality.

2 The Modular Visualization Environment (MVE)
approach to visualization

The existing general purpose v.s.s are developed under the MVE approach: irrespective of
the nature, dimension, and complexity of the input data, the visualization problem
can be split into a finite number of 'elementary tasks'. Each distinct elementary
task is implemented into a specialized module. The set of modules found inside
a certain v.s. define its executive part. To facilitate module retrieval, these are
classified according to some criteria and accessed by the user from a v.s. defined
menu.

In order to solve a particular visualization problem, a subset of suitable modules is to
be selected from the existing menu. These modules are then linked together in a
network, which processes the input data to get the hopefully insightful visualization
picture. To secure the data flow between modules, these have specially designed

input/output connection ports. The number of I/O ports of a module is taylored
according to its destination. Connections are to be established between COMPAT-
IBLE ports, suitable for the solution of the problem of interest. The v.s. may have
or may have not enforced protection against inapropriate port connections. Check
connections twice! To leave flexibility to the user, besides input ports, most modules
have free inner parameters, which are to be fixed (e.g., by trial and error) to get a
'best tune' to a particular problem.

The network input and the network output respectively deserve separate consideration.

As a rule, the input of a complex network comes from several sources.

A specialized module receives, following specifications which are v.s. and problem
dependent, data from an outer file (this may be a Fortran or a C file, but there
are data readers of lots of specific formats).

For 3-dimcnsional (3D) data, a module is usually required to generate a color map
which controls the coloured appearance of the rendering.

One or more modules can be needed to define parameters for global control flow
of the execution.

The network output can be ID, 2D, or 3D, depending on the nature of the problem and
the purpose of the analysis implemented in the network.

The output of the visualization can be onscreen, via a specialized module for
each kind of dimensional rendering. Note that the rendering of vector fields is
particularly complex and special processing modules are to be invoked.

Once an onscreen image was obtained, the user might wish to record it. The record
may be in hardcopy form, as a v.s. specific file for replay or further processing,
or as an animated file (movie). As a rule, the last option needs the purchase of a
supplementary license.

The onscreen image is produced at screen resolution (90 dpi), which is much lower than
the resolution of the postscript printers (300 to 600 dpi). There is no v.s. having
satisfactorily solved the resolution increase of the hardcopy output. This may be
partially alleviated by special image manipulations (maximizing the size of the on-
screen image, while minimizing the size of the window containing the postscript file;
use of special command language instructions).

In conclusion, while found at the end of the research effort, data visualization is not a
trivial task. It requires good knowledge of the physical problem under investigation,
good grasp of the available v.s., and, last but not least, a good deal of artistic
inspiration as well.

After overpassing the steep learning curve of a v.s., successful data visualization is the
most probable issue of your effort.



If you have exhausted, however, the possibilities offered by the existing module set, all
is not yet lost. A v.s. is, by its very MVE conception, an evolutionary product. To
deal with new problems, unforeseen during the development of the existing modules,
each v.s. offers the user instruments to conceive and develop more suitable modules.

This is a natural path. The emphasys of each v.s. developer was to get 'best solutions'
to the problems of perspective heavy users, in a market competition. Thus, what
seems very convenient for a buyer, could seem uninteresting to another. A v.s. is
not a panacea to visualization. The decision to acquire a package or another is not
an easy task. It may be weighted by many considerations. The comparative study

.'ictintr nrnrlimtc ic a mticfof the existing products is a must.

The following analysis summarizes the insight gained from four v.s.s, which are generally
quoted as either the today bests or the tomorrow perspective bests.

3 Compared visual systems
- Application Visualization System (AVS), release 5.02 [Demo license available]

IRIS explorer, release 2.2 [Demo license available];

- IBM data explorer (DX), release 2.0; [Demo license received on 19 September 1995]

- Klioros, release 2.0+p2DR [Source files containing Developer's Release, with updates
up to 12th June 1995, got by ftp]

4 Information sources on which this evaluation is
based

4.1 General:
- "Review of Visualization Systems", February 1995 Technical Report of AGOCG

(UK). (Quoted below as "Review ...").

- Computer Graphics, vol. 29, no. 2 (May 1995) special issue entitled; "Focus:
Modular Visualization Environments, Past, Present, and Future".

4.2 Specific:
- AVS:

- demo-license, release 5.02

- hardcopy printed documentation

- training materials prepared at the Manchester Computing Centre: "Introduc-
tory AVS Course Training Materials" and "Advanced AVS Course Training
Materials"

- journal articles

- IRIS explorer:

- demo-license, release 2.2

- hardcopy printed documentation

- journal articles

- IBM data explorer:

- demo-license, release 2.1.5 (during 19 - 26 September period)
- on-line documentation

(http://www.almaden.ibm.com/dx/)

- journal articles

- Khoros:

- source code of release 2.0+p2DR got by ftp (dated 3 May 1995, this contains
the 2.0 Developers Release, with two sets of patches added in April and May
respectively; two further patches, released on 12th June, were got separately;
package installation needs completion of LICENSE AGREEMENT with Khoral
Research Inc.)

- full on-line documentation, as updated for the 2.0+p2DR release, was also
downloaded on graph;

- journal articles

5 Functionality of the visualization systems

5.1 The need of output validation
A physical process can be understood in terms of some specific underlying mathematical

field (called in what follows simply field). Complicated physical processes, which are
characterized by large space-time scales, are described by correspondingly compli-
cated fields, which are hard to understand by making use .of mathematical abstrac-
tions only. (Here, space is used in a generic sense. Its precise meaning is determined
by the process itself. For some processes, its components may be genuine spatial di-
rections, while, for other processes, they may specify completely different quantities,
like temperature, pressure, speed of reaction, etc.)

A v.s. is devoted to the creation of visual representations of fields. The visual represen-
tation of such a field addresses the integrating power of the human eye. A pitfall
is hidden here as well, and this point deserves special attention. While a coloured
visual representations can be very impressive, all it offers are HINTS only, NOT
PROOFS. A careful VALIDATION PROCESS, has to follow its derivation. While
Shis step is problem dependent, a few general hints can be, nevertheless, formulated.
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A point which always needs special care is the assumed DISCRETIZATION of the un-
derlying mathematical field the visualization is expected to help understanding.
(The basic elements of the discretization are usually called PIXELS for 2D data
and VOXELS for 3D data.)

First, the discretization might result in INVALID points, where the field is not
defined. The considered v.s. should be able to handle such points under
specification.

Second, the information at the chosen set of points does tell us nothing about the
field behaviour inbetween the points. Possible finite jumps, singular points,
etc, might remain unnoticed under unapropriatc discretization. The modules
entering a visualization network DO MAKE assumptions about this behaviour
(some continuity class is usually assumed). The user is to be aware about these
assumptions and to choose modules satisfying the qualitative insight he/she
holds about field behaviour.

It might happen that the available documentation does not provide enough information
to assess the a priori reliability of the used modules. Even if all modules seem to
be reliable, don't forget that the visualization involves an extremely complex data
processing. Valuable tools for checking the output consistency are provided by the
conservation laws and the symmetry properties of the investigated system.

5.2 Criteria for v.s. functionality
Each v.s. can be characterized by:

- a set of INTENTIONS, drawn at the time when the project was started and even-
tually updated as system upgrades;

- a set of ACTUAL IMPLEMENTATIONS, which may or may not correspond to the
claimed intentions,

The publicity naturally emphasizes appealing features, while leaving apart less successful
aspects.

An attempt to in-depth investigation of the v.s.s can be found in "Review ...". The core
of the v.s. functionality concerns the following three main points:

- Data Models: which are the fundamentals of the data that can be handled by a
v.s.? The answer strongly depends on the considered v.s. (see Sec. 5.3 below).

- Algorithms: what visualization operations can be applied to the data, creating
a graphical abstraction? There are a number of v.s. independent topics, which
are addressed in sections 5.4 to 5.6. The actual implementations performed
by each of the abovementioned v.s. could not be investigated on equal footing
due to the lack of running implementations for DX and Khoros. Details can be
found in sections 3.3.8 to 3.3.11 of the "Review ...". Part of this information,
together with lessons which were learned on graph, can be found in section 6.4.
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- Presentation: how are the graphical abstractions presented and manipulated
by each v.s.? On-screen presentation is briefly considered in section 5.7. Im-
plementations by specific systems, as well as other media support is considered
in Sec. 6.? - 6.??.

Sections 5.3 to 5.7 cover only essentials of the addressed questions. For more details,
see Section 3 of the "Review ...".

5.3 The data models
There is a direct relationship between the date when a given v.s. was first conceived and
the data models it is designed to handle.

The two oldest v.s.s, AVS and Explorer, divide the data they can handle in distinct
classes.

Within AVS, releases 1 to 5, a pragmatic, market directed approach, can be noticed. The
package was conceived to fulfill special needs of perspective heavy users. To solve
fluid dynamics problems (among them, plasma fusion problems) a special class of
data (Unstructured Cell Data - UCD) was conceived and specialized moduies were
designed to handle them. The field of chemistry shares another special class of
data (Molecule Data Type) and has correspondingly specialized modules. To solve
other types of problems, three classes of field data can be used. To display 2D/3D
graphical objects, geometric and colonrmap data types are defined.

The AVS6 release merges the UCD and field data types into a single category, with the
consequence that the number of AVS modules needed to handle them, is reduced.

A number of limitations can be noticed in the AVS5 supported data (according to the
bibliography, these limitations are lifted in the AVS6 release):

- It is not possible to specify invalid data within a set (hence errors cannot be
distinguished from valid data).

- Field data have to be restricted to simply connected domains only.

- Positions of discretization points for uniform fields cannot be recovered in the
graphic output.

- Data manipulation is done by direct transfer into AVS; this cannot handle large
data sets.

The implementation of the Explorer lattice data type (which is similar to the AVS5
field data) is more general; it allows consideration of both simply connected and
multiply connected domains, defining an implicit data connectivity in the latter
case. The pyramid data encompass two kinds of data types: unstructured data and
molecular modeling data. An interesting feature of Explorer is the Pick data type,
which enable the user to pick, or select, a particular location in an image (2D) or
rendering (3D) module display window and obtain information about it. Explorer
was the first v.s. to deal with erroneous values in the data.
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Data Explorer and Khoros were later born. Their approaches to data handling are,
accordingly, more general and unified.

Data Explorer presents a unified data model based on the concept of a field. This
concept brings together the grid positions used to define where the data is sampled,
the connectivity, and the property data. Consequently, a particular DX module
may be defined on any kind of data where it is reasonable to be used, there is no
artificial distinction between types of data. An interesting feature is the possibility
to have either positions dependent or connections dependent data. Invalid data can
be explicitly specified and dealt with within DX.

Khoros is an object oriented v.s. It provides two data models: a polymorphic data model
and a geometry data model. The data models are implemented within the Khoros
data services libraries. All Khoros data processing and visualization routines are
written to operate on the data models via data services. The low-level functionality
of data services give these operators the ability to operate on data independent of
data type, size, and file format. To understand the polymorphic model, think of data
as n time-series of volumes in space. Five different data segments fully specify them:
value, location, time, mask, and map. All of these segments are optional; a data
object may contain any combination of them nnd still conform to the polymorphic
model. Flagging invalid values in the value segment is done by means of the mask
segment, which mirrors the value segment in size; there is one mask point for each
value point.

5.4 Algorithms
A particular data set can be visualized by means of special algorithms.

The nature of data provides classes of problems which have to be solved. Irrespective of
the origin of the data (e.g., measurement or simulation of a physical process), it is a
.sample from some underlying field - which we do not know, but which we are looking
to visualization to help vis understand. Thus a fundamental step in visualization
is the creation of an empirical model, guided by the user's understanding of the
underlying field.

When selecting a visualization algorithm, it is useful to first consider the nature of the
underlying field. We have to have answers to questions like these: the dimensions of
the independent variables (if the time enters the problem, it is treated separately);
datatypes of the dependent variables (scalars, vectors, tensors), and so on.

The interpolating techniques provide fundamental means of creating a model from the
data. We stress again that the user has to be aware which interpolating technique
is appropriate to his/her problem and to select appropriate parameter values in the
available module menu. (Thus, if rapid execution is wished, and the occurrence •
of discontinuities midway each datapoint can be accepted, the nearest neighbour
option can be selected for interpolation. If continuity is a must, but discontinuities
of first order derivatives do not falsify the properties of interest, then the linear,
bilinear, or trilinear interpolation are the options of choice for ID, 2D, and 3D data
handling respectively. The price is a slower algorithm. If continuous derivatives
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up to a certain order are to be ensured, then more sophisticated options are to
be chosen, or, most probably, a specialized new module is to be developed. Each
increase of the degree of smoothness is paid by slowing down of the execution speed.)

5.5 Visualization techniques of scalar fields
5.5.1 5.5.1 Scalar fields over ID

This is the simplest problem. The conventional approach is to draw a graph, relying on
a convenient interpolation method.

5.5.2 Scalar fields over 2D

There are three approaches: Line Extraction, Surface Drawing, and Image Display.

LINE EXTRACTION

Can be performed either in the space of independent variables (a ID SLICE through the
2D region), or in the space of the dependent variable (an ISOLINE or CONTOUR
LINE, along which the scalar field has constant value).

SLICING:

Is elementary. Can be orthogonal to an axis or at an arbitrary angle. The ID
visualization technique is a graph.

Animation can provide a view of the entire 2D region, by sweeping the slice through
the space.

CONTOURING:

This visualization technique is popular for many years.

To get a view, several isolines can be drawn. They can cover the whole range of
values of the scalar function, or an user selected Tange.

A variation is to shade with constant colour between isolines.

The practical algorithms greatly depend on the nature of the grid at which data
is defined (regular grid or scattered data), as well as on the continuity class of
the approximating functions.

SURFACE DRAWING (CARPET PLOT)

In this approach, the scalar value is mapped to the height axis, giving a surface in 3D
space which can be rendered as a geometric object.

Standard off-line plotting techniques (e.g., gnuplot) draw it as a network of ID curves
parallel to the x and y axes, which give the carpet like effect.

The modern visualization techniques draw this as a smoothly shaded surface.

It is possible to show a second scalar field by draping a colour shaded contour map over
the surface. Thus, one scalar variable is represented by height, the other by colour.
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IMAGE DISPLAY

The sample region is mapped to a corresponding region on the device, and the colour of
each pixel is determined by the associated value, or the interpolated value, at that
point. This is achieved with the aid of a colour transfer function.

5.5.3 Scalar fields over 3D

There are essentially two approaches: Surface Extraction and Volume Rendering.

SURFACE EXTRACTION

In this approach, a 2D surface of interest is extracted. Again, the extraction can be per-
formed in the space of the independent variables (a 2D PLANAR SLICE through the
3D region), or in the space of the dependent variable (an ISOSURFACE, comprising
all points with the same value of the scalar field).

SLICING:

The slice con be positioned anywhere in the volume (ARBITRARY SLICE).

A special case is the ORTHOGONAL SLICE, which is perpendicular on one axis.

A 2D algorithm is used to display the data. Typical visualization techniques on the slice
are:

- image display (see above);

- contour lines (see above);

- surface drawing (see above).

ISOSURFACING:

While the isosurface concept is simple, its implementation is a difficult problem, due
to the possibility of topological ambiguities and of the occurrence of holes in the
resulting surface.

All algorithms used to extract an isosurface generate a set of triangles which approximate
it. These are passed to a geometry Tenderer for display. Rendering needs lighting
and shading, which require, in their turn, surface normals at the triangle vertices.
Several strategies are possible, which will generate normals that can be used by
Gouraud or Phong shading to create a visually smooth surface.

VOLUME RENDERING

In this approach, the intent is to display a representation of the entire 3D volume data.
This is achieved by modelling the data as a coloured jelly substance, of varying
opacity or transparency. The process involves two initial steps:

- Colour Classification: the range of scalar data values is mapped to a range of
colours, using some transfer function.
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- Opacity Classification: the range of scalar values is mapped to a range of
opacity values, using again some transfer function.
The colour and opacity properties can be grouped together in a colourmap.

An adequate colourmap is the key to successful visualization. It is under the control of
the user, who taylors it according to the needs. It might happen that some data
correspond to precisely identifiable objects, while other data are fuzzy, i.e., it is
within some probability only that they can be identified. These, of course, will be
characterized with colour and opacity values intermediate between those for definite
objects.

The rendering of a jelly substance can be done by one of the following two methods:
direct ray casting and splatting.

DIRECT RAY CASTING:

To get a representation in the image plane, a ray is cast from the eyepoint through
each pixel into the volume. Weighted contributionscoming from different voxels are
summed up such that final colour and opacity values are obtained.

A variation is Maximum Intensity Projection. The highest voxel value along a ray is
used as the colour of the pixel. The result is an increase in speed at the expense of
accuracy.

SPLATTING:

This is the inverse of the direct ray casting: pixel colour and opacity are obtained
by summing up the footprint of each the voxel onto the image plane. Various
approximations can be used to speed up the execution.

5.6 Visualization techniques of vector fields over 3D
Most of the existing visualization techniques apply to static vector fields.

ARROWS:

A glyph showing the flow speed and direction, usually as an arrow of variable length, is
drawn at a given set of data points.

The best perception of the results derived by use of this technique is obtained if a 2D
surface is extracted and the arrows are shown only for data points on the surface.

PARTICLE ADVECTION:

Is based on a traditional experimental technique for flow visualization. A light-emitting
particle is released into the field and its progress is filmed over a specified time
interval.

The practical implementation for visualization is as follows. An initial particle position
is chosen at t = 0 and its progression in time is obtained by solving numerically a
Cauchy problem over the field of velocities.

16



The accuracy of the resulting path is determined by the quality of the Cauchy problem
solver. Modules implementing the Euler method are generally misleading.

STREAM LINES:

Are lines which are everywhere tangential to the velocity field. The speed of flow is
indicated by the relative closeness of the streamlines. The method is better in 2D
than 3D, some depth cueing being needed to assist perception.

For steady flow, particle path and stream lines are identical.

STREAM RIBBONS:

A pair of adjacent stream lines are considered to be the edges of a ribbon and are rendered
as such.

STREAM SURFACES:

Is another variation, where a number of adjacent stream lines are connected into a
polygonal surface.

TIME LINES:

Is based on the experimental technique of releasing a line of hydrogen bubbles into the
flow at a given time. The position of this line at a number of successive time intervals
is then displayed - as an advancing front.

STREAK LINES:

In experimental flow visualization, this is defined as a line composed of those particles
which have passed through a specified location in a specified period of time.

The term is used with different acceptions within different v.s.s.

TOPOLOGY METHODS:

The critical points at which the velocity is zero are identified and are classified as sources,
sinks, etc. The connection of critical points divides the space into regions of common
flow properties.

SCALAR EXTRACTION:

Some quantities like as: magnitude of velocity or magnitude of vorticity, can be calculated
from the vector field and visualized as scalar fields.

5.7 On-screen presentat ion

Concerns two topics: rendering and manipulation.
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5.7.1 RENDERING

Images, geometric models, volumes, and hybrids of these are rendered to a 2D screen.
Virtual appearance of object moving is created by means of moveable, trackable
objects such as a boom box or a helmet.

IMAGE RENDERING:

Typically involves a one-to-one mapping from image pixels to screen pixels. Panning is
provided for in a windowing environment. Zoom is provided by bilinear or bicubic
interpolation.

GEOMETRY RENDERING:

Uses classic computer graphic principles, with hidden surface removal, local illumination
models, shading, and transformation to a 2D image with perspective.

VOLUME RENDERING:

Slices are rendered either as contours, images, or geometric objects. Isosurfaces are ren-
dered as geometric objects. If the information gathered in this way is unsatisfactory,
then volume data rendering by means of direct ray casting or splatting is performed.

HYBRID METHODS:

Contain a mixture of image, geometric, and volume elements. This needs solution of cor-
rect occlusion of objects, picking of interpenetrating geometric and volume objects,
etc.

5.7.2 MANIPULATION

This involves three kinds of actions: viewpoint selection, picking, and probing.

VIEWPOINT SELECTION:

Is the simplest form of direct manipulation. It consists in the selection of different views
of the scene, either by moving the camera or moving the objects in the scene. On the
2D screen, this is done in a variety of ways. The simplest one is by gesturing with
the ponting device (mouse). Sliders, dials, etc. in a dialog box can also be used.
On some systems (like AVS) this allows precise knowledge of the final rendering
.with respect to the default one. For the unexperienced user, however, this is a
discouragingly complex undertaking.

PICKING:

Instead of moving the whole scene, one selects a component of it. The visualization
software is then informed by backwards information flowing that a particular object
is to be used for the next interactive operation. A "reset" option can bring the scene
to the starting point if the result is uninteresting.

18



PROBING:

An object is inserted into the scene where it samples the underlying model and reports
back the data values. The obtained information is then used, e.g., to put colour at
special places, or to produce arrows of specific directions and lengths to indicate the
components of a vector flow field.

6 Compared features of the considered packages
An extensive study should had covered v.s. dependent features of the algorithm and
presentation implementations discussed in the Sec. 5. The highly unequal response of the
four v.s.s to two fundamental criteria: use of graph hardware capabilities and robustness,
made such an undertaken useless. Part of such information, which is relevant to features
considered in this section, is incorporated below.

6.1 Use of the SPARC 2.4 hardware capabilities
- AVS = yes.

- Explorer = yes, but unstable rendering. Version 3.0 under implementation by NAG
pretends to be better.

- DX = yes, but the acceleration of the execution is lower than at AVS, thus suggesting
occurrence of a partial support. Complaints of the Hardware Tenderer about bad
parameter of X server suggests that consistent upgrade to Solaris 2.4 is a must.

- Khoros = nccording to the available documentation, albeit plans far enough in
the future, Khoros does not use in any way the existing hardware capabilities;
documentation mentions it has been developed on SUN Solaris 2.3, not 2.4.

6.2 Robustness
Comparison could be made between AVS and Explorer only. The only found to be robust

and stable is AVS.

The following criteria were considered:

- checking correctness of I/O module port connections:

— AVS = good; very few incorrect port-to-parameter connections noticed
— Explorer = poor; this rests on user's expertise

- volume rendering:

— AVS = good; under unappropriate X server tuning, AVS simply cut the
hardware capabilities and quietly worked in software; under appropriate
X server tuning, all acceleration possibilities worked well.

— Explorer = unstable; good rendering at first scene appearance, but com-
plains of the kind:
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Error number leo-3: Unable to allocate hardy/are window ID,

were extremely frequent. Quality deteriorated under apparently benign
actions.
Two kinds of unpleasant outputs: screen frozening, incomplete map re-
moval from the map editor (the Explorer name for "network" is "map".)
One exceptional output: Explorer resulted once in graph breakdown.
The installer's notes quote a list of known bugs of the Render module. The
abovementioned ones were beyond those quoted in the installer's notes.

The lately arrived DX v.s. seems to be reasonably robust as well, but I was in physical
impossibility to check these features in detail.

6.3 Data import
Each visualization system uses its native form to manipulate a data set. The external
form is not used except Co access and import the original data.

Each package is equipped with specialized tools able to import data from both Fortran
and C files, in ASCII or binary form. The files are to be prepared according to the spec-
ifications.

Each package also has data readers for specific formats which are available as part of
the visualization system.

6.4 Quality of graphical abstractions and on-screen rendering
Within each v.s., specialized modules implement most of the visualization techniques

summarized in subsections 5.5 and 5.6 above. (See "Review ..." for a comparative
presentation.)

Due to its qualities mentioned in sections 6.1 and 6.2, the AVS5 was investigated in
greater detail. Some findings:

- The modules needing interpolation have two options: nearest neighbours (fast
but only qualitative information) and linear, bilinear, or trilinear approxima-
tions (better accuracy, lower speed). If higher smoothness is a must, in-house
modules have to be developed.

- AVS5 specialized modules with the same functionality are different for field
and UCD data problems respectively.

- Use of the Euler method option in some of its modules (e.g., particle advector,
stream lines, ucd streamline) is not advised, except when a few steps only are
involved.

- Most of the 2D and 3D AVS modules output geometries, hence the original
data cannot be recovered from, say, surface extraction modules.

- The supplied AVS modules for vector field visualizations apply to static vector
fields; they do not apply to time-varying vector fields.
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- The Graph Viewer module, besides attractive features, shows two limitations,
which make the output less informative:

— multiple plots are possible, but it is hard to define a suitable legend;
- the contour plot does not allow writing values along contour lines.

The Explorer NAG release 3.0 shows several attractive features emerging from the use
of high quality numerical algorithms from the NAG numerical library. Examples:

- 3D modules of increased reliability, such as two new modules for particle ad-
vection.

- A pair of two new modules, for plotting ID and 2D data, NAGGraph and
NAGContour. Thus, NAGGraph provides complete solutions to ID data plot
(menu for curve fitting, line style, in-string keywords for subscripts, super-
scripts, and font change). NAGContour generates contor plots from data in
2D space (menu for 2D uniform, perimeter, or scattered data; explicit value
labels of contour lines).

- Surfaces can be explored along user-defined paths, along which characteristics
can be displayed using NAGGraph.

6.5 Complexity of the on-screen manipulation
The AVS, Explorer and DX behaved quite differently.

The AVS Geometry Viewer was by far the most difficult to handle. After serious training,
howe\rer, I was able to get very suggestive renderings of the considered objects.
The use of the Generate axes module in conjunction with 3D visualizations raised,
however, difficulties which I could settle with various degrees of success after painful
efforts only.

The Explorer Render module could be easily handled, however, there were narrow paths
along which the visualization remained stable. While the initial response was always
very fast, the speed of execution usually deteriorated suggesting that some of the
menu options are not adequately tuned to tfie graph.

The DX Image module was an order of magnitude easier to manipulate than the other
ones. Two features deserve special mention. The first is the existence of 14 default
projections of the 3D visualizations. The user can either chose one of them, or can
use the most convenient one as a starting point for further manipulations. The
second feature concerns the automatic self-adjustment of the system of coordinate
axes to the spatial position of the object. This was a big pleasant surprise !

6.6 Hardcopy (postscript) output
Since rendering is coloured, good hardcopy output would need a color printer.
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6.6.1 AVS

AVS offers the most complete support for issuing postscript files. It can generate
postscript files in three ways: from Graph Viewer, using the Image to Postscript
module, and using the geom_save_ postscript Command Language Interpreter (CLI)
command.

Here I do not try to reproduce the supplied documentation. While the useful features of
the generate postscript functions are correctly described in it, some limitations are
pinpointed here, which are not found inside the AVS tutorials.

POSTSCRIPT FROM GRAPH VIEWER:

- the Dash, Dot, and Dot-Dash options in the Select Plot submenu can hardly
be distinguished in the hardcopy output; in particular, the lengths of the dash
segments are unequal;

- when a combination of Solid, Dash, Pot, Dot-Dash options is used, the ap-
pearance of the Postscript is ugly, below the publishing quality standard;

- there is no correlation between the offered "Label Height" options within the
Titles, Labels & Legends submenu and the "Decimal Precision" option in the
Axis Display submenu. While the on-screen rendering looks fine, in the hard-
copy output, the y-axis label and two digit accuracy values along the y-axis got
superimposed at "Label Height" options exceeding the default; it was necessary
to edit the obtained Postscript file to get correctly placed y-Iabel.

- a special mention deserves the fact that the .ps files issued with the Graph
Viewer need reasonably small disk space (usually several tens of kb), such that
their transfer via electronic mail is not a problem.

POSTSCRIPT FROM IMAGE TO POSTSCRIPT MODULE:

- to get the postscript, you have to define the filename in the module menu
AFTER you have got the on-screen image. Otherwise, you'll get nothing but
a black window on paper;

- the accuracy of the postscript output cannot be better than that of the image.
Therefore, the use of the default "page size x" and "page size y" options, which
exceed tha dimensions of the on-screen rendering, results in an accuracy of the
default postscript which is lower than the 90 dpi on-screen accuracy. Thus, a
postscript window of dimensions not exceeding those of the on-screen image is
the choice to be recommended.

POSTSCRIPT FROM GEOM.SAVE.POSTSCRIPT:

- there is a SINGLE -lw option, which makes the widths of all the lines the
same. As a consequence, lines of different thicknesses cannot be represented
on a same plot. This is a serious limitation;

- the meaning of the -grey option seems to be different from the expectation
that the gray scale is related to the usual meaning: "black is low, white is
high". The documentation (AVS Developer's Guide, p. 5-32) says that it is
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the luminance of the objects which is taken and used as a color. An obvious
effect is that the "read" and "blue" colours become indistinguishable from each
other on a gray picture.

- resolution increase above the standard screem resolution can be achieved within
a two-step process: zoom on-screen and choose a diminished dimension of the
figure on paper. I have got in this way resolutions which I estimated to about
200 dpi. All these operations are to be done manually; you have to get some
experience to be able to achieve a visually satisfactory resolution.

6.6.2 Explorer

On the release 2.2 under evaluation, it was not possible to get postscript files from Ex-
plorer.

This limitation is removed in the 3.0 release, whore postscript support is provided to all
modules which yield on-screen rendering.

6.6.3 DX

The "Review ..." (p.80) describes several ways to get hardcopy outputs from DX release
2.0 renderings.

All I could do in the limited laps of time when DX demo license was available was to check
the possibility to get postscript outputs from the Image module. Characteristics:
the .ps file resolution is under the control of the user (300 dpi is the default); the DX
automatically adjusts the dimensions o! the figure to the chosen resolution (this is
a natural decision; figure dimensions, both in inches and cm, are available on-line);
the options offered for the label magnitudes are correctly incorporated in the .ps
Hie; the quality of the hardcopy depends on the data. I have found it to be good
for volume-like representations and rather poor for contour lines. The disk space
needed to store a .ps file varied between 1.8 and 8 Mb.

6.6.4 Khoros

According to the existing on-line documentation, supplying "quality postscript output"
is planned to be implemented in a release later than 2.1 (which is announced for
February 1996).

6.7 Getting files
Each v.s. provides several possibilities to get binary or ASCII files from various stages

in a network (see "Review ..." for details).

In principle, actual limitations come from the availability of disk storage area, each such
file being very memory consuming.
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6.8 Animation/Video Creation
Each v.s. provides possibilities to get animatioc. both on-screen and on external support

to be played on a video and/or a projection camera.

AVS and DX mention the release of separate licenses to get high performance animation
on external media.
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