FEATURE ARTICLE

VIZCRAFT: A PROBLEM-SOLVING
ENVIRONMENT FOR AIRCRAFT
CONFIGURATION DESIGN
The VizCraft problem-solving environment aids aircraft designers during conceptual design.
It integrates simulation codes that evaluate a design with visualizations for analyzing a
design individually or in contrast to other designs.

V

isualization has let scientists gain an
understanding of their data that was
not previously possible. However,
lack of integration among the various software modules often separates the visualization process from the computation that generates the data.
VizCraft is a problem-solving environment
that aids designers during the conﬁguration design of a high-speed civil transport (HSCT).
VizCraft provides a graphical user interface to a
widely used suite of simulation and analysis
codes for HSCT design,1 and it provides tools
for visualizing the outputs of these codes. So,
VizCraft provides an environment that combines
visualization and computation, encouraging the
designer to think in terms of the overall problem-solving task, not simply using the visualization to view the computation’s results.2
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The HSCT design problem
We want to minimize the takeoff gross weight
(TOGW) for a 250-passenger HSCT with a
range of 5,500 nautical miles and a Mach 2.4
cruise speed. The simpliﬁed mission proﬁle includes takeoff, supersonic cruise, and landing.
Typically, aircraft design comprises three distinct
phases: conceptual, preliminary, and detailed design. The conceptual-design stage determines
and sets major design parameters for the final
conﬁguration. It models an aircraft with a set of
values for signiﬁcant parameters relating to the
aircraft geometry, internal structure, systems,
and mission.
Individual designs can be (and are) viewed as
points in a multidimensional design space. The
designer must determine that a proposed design
point
• is feasible (it satisﬁes a series of constraints)
and
• has a ﬁgure of merit determined by an objective function.
The goal is then to ﬁnd the feasible point with the
smallest objective-function value. The multidisciplinary HSCT design problem uses TOGW as
the objective function. TOGW is a nonlinear, implicit function of the 29 design variables that deﬁne the HSCT conﬁguration and mission.
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The HSCT design uses 68 nonlinear inequality constraints, categorized as geometric, aerodynamic, and performance. Geometric constraints ensure feasible aircraft geometries;
examples include fuel volume limits and prevention of wing tip strike at landing with 5o roll.
Some aerodynamic constraints impose realistic
performance and control capabilities; examples
include landing angle-of-attack limits, range requirements, and limits on the lift coefﬁcient of
the wing sections. Other aerodynamic constraints establish control of the aircraft during
adverse ﬂight conditions. These are complicated,
nonlinear constraints that require aerodynamic
forces and moments, stability and control derivatives, and center of gravity and inertia estimates.
In some respects, this is a classic optimization
problem. The goal is to ﬁnd the point that minimizes an objective function while meeting a series of constraints. However, solving this particular problem is difﬁcult for several reasons.
First, evaluating an individual point to determine its value under the objective function and
whether it satisfies the constraints is computationally expensive. A single aerodynamic analysis
using a CFD code can take from one-half to several hours, depending on the grid used and ﬂight
condition considered.
Second, the presence of numerical noise in the
function values inhibits the use of many gradientbased optimization methods. This numerical
noise might result in inaccurate calculation of
gradients, which in turn slows or prevents convergence during optimization. Or, it might promote convergence to spurious local optima.
Third, the problem’s high dimensionality
makes it impractical for many approaches that
are often applied to difﬁcult optimization problems. For example, genetic algorithms work
poorly for this problem, because they require
far too many function evaluations just to build a
rich enough gene pool from which to begin
evolution.
Fourth, the high dimensionality makes it difﬁcult to even think about the problem spatially;
most people’s intuitions about 2D and 3D space
transfer poorly when considering behaviors in ten
or more dimensions, or even in four dimensions.
The region enclosed by the bounds on the
variables is the design space. Its vertices determine a 29-dimensional hypercube. The problem’s high dimensionality makes visualization of
the design space difﬁcult because most standard
visualization techniques do not apply. In practice, we can hope to evaluate only a small frac-
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tion of the points in this design space. Evaluating
a single point is expensive, and the number of
points is impossibly large. Consider evaluating
only the points that represent combinations for
the extreme ends of the range in each parameter. In three dimensions, this would be the equivalent of evaluating the eight corners of a cube.
In 29 dimensions, 229  1/2 billion point evaluations would be required.
The visualization challenge
Motivated by the difﬁculty and practical significance of the configuration design problem,
aircraft designers are searching for both new
ways to find better design
points and new insights into
In some respects,
the nature of the problem itself. Visualization holds some
this is a classic
promise for providing insights
into the problem by providing
optimization problem.
new interpretations of available data. Visualization, in
conjunction with some form of
organization for earlier point
evaluations, might also help the designer search
meaningfully through the design space.
So, the challenge to the visualization community is to devise techniques that help aircraft designers apply their design expertise to the problem and guide the computation during
conceptual design. Unfortunately, most traditional techniques for visualizing multidimensional spaces4 do not apply to this problem.
Because the problem is so big, any attempt to
visualize directly the entire space through such
methods as time series techniques, animation, or
the use of color or sound cannot succeed. (Of
course, visualizing relatively low-dimensional
sections of the design space might be helpful, as
we show later.)
Parallel coordinates5 and a matrix of 2D scatterplots are two well-known multidimensional
visualization techniques. Both allow comparisons
of an arbitrary pair of variables but do not help
users recognize spatial relationships between
points in the N-dimensional space. A disadvantage of scatterplots is that obtaining a comprehensive view of the relationships between variables in a high-dimensional space requires too
many plots. Researchers have proposed clustering methods that attempt to map similarities in
data records from a high-dimensional space into
a 2D or 3D space.6 Unfortunately, what it means
for design points to be “similar” is not clear, aside
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Figure 1. A VizCraft design view window showing aircraft geometry
and cross sections of the airfoil at the root, leading edge break, and
wing tip.

from such obvious measures as similar objectivefunction values. Nor is it clear how this approach
would provide insight to designers.
It is interesting to compare the aircraft design
problem to other, more common problems in
multidimensional data analysis. To illustrate this
class of problems, consider locating a place to retire. This might involve considering 10 or 20 variables, such as climate, population density, and
crime rate. Data analysis for this problem depends
on building an objective function that attempts to
assign values to each parameter on some linear
scale and relative weights to the various parameters.
These two problems have important differences that affect their visualizations. In the retirement problem, for each variable, more (or
less) of most parameters is absolutely better (for
example, a lower crime rate is absolutely better,
regardless of other variables). The number of
destinations is effectively fixed, and a point A
that differs from point B in only one variable
might not exist. In the aircraft design problem,
all points in the parameter space are possible for
consideration. However, you cannot simply
choose the point that independently optimizes
each parameter. One reason for this is that the
constraints supply an independent limitation on
the values of various parameter combinations, so
that improving one parameter independently of
the others might violate some constraint. More
important, there is a nonlinear relationship between the parameters as they affect the objective
function in the aircraft design problem. In particular, the objective function is nonmonotonic
with respect to many of the design parameters.
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First efforts
Researchers have already applied visualization
techniques to the aircraft design problem in two
ways. In the ﬁrst method, a point in multidimensional space corresponds to a rough aircraft design. It is useful to the designer to see an iconic
representation of the airplane shape that corresponds to a given point, such as Figure 1 illustrates. VizCraft transfers the parametric representation to physical coordinates and stores it in a
particular geometry format, which serves as input
to several of the analysis methods. It then formats
the coordinate set as input to a plotting package.
The second method illustrates the power of
even simple visualizations to provide insight into
a difﬁcult problem. Figure 2 shows a section of a
2D slice through the multidimensional design
space using the points designated as Optimum
1, Optimum 2, and a suboptimal feasible point.
This method creates the remaining points by
linearly varying the design variables between all
three points.
In Figure 2, the circles represent design points.
Open circles represent feasible points, and ﬁlled
circles represent points that have violated some
constraints. The shading indicates the objective
function’s value. In this region of the design
space, the objective function is relatively insensitive, resulting in a smooth “surface.” This is
because all three points selected have similar
objective-function values—in the HSCT problem, numerical noise affects mostly the constraints. The curved lines represent the boundaries of four constraints. These lines are generated
by interpolating the data achieved from the point
evaluations. No simple independent equations
exist that we can use to discriminate large sets of
points as satisfying or violating an individual constraint, except as gross approximations.
Designers need insight into the shape of the
design space in which they work. Knowledge of
the constraint boundaries and variations in the
objective-function value allows a more informed
selection of optimal designs. This 2D slice visualization offers new insight into the design
space’s properties. The original motivation for
its development derives from the results of an
automated optimizer applied to the HSCT simulation. The optimizer was sensitive to initial
conditions, in that providing one starting point
yielded a local optimum, while providing another starting point yielded another local optimum that was 2,000 pounds lighter. Before creating the visualization, designers had not
recognized that the constraints break the design
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space into disjoint (at least in some hyperplanes)
regions of feasible points.
Knowing whether to accept (or reject) what
the optimizer tells us is important. Optimizers
can have trouble with high-dimensional, highly
constrained problems. Visualization in conjunction with optimization can provide understanding of the optimization process and the tradeoffs involved. However, it also sometimes
requires guidance by an experienced engineer
when the optimizer runs into trouble (such as
when the objective function’s gradient is nearly
perpendicular to a constraint boundary).
Working with VizCraft
In the absence of a better automated technique
for solving the problem, aircraft designers would
beneﬁt from better visualization tools for helping select better designs. One approach involves
a visualization system such as VizCraft, which
better manages the available information.
VizCraft consists of a pair of tools for visualizing HSCT designs. The first tool lets the user
quickly evaluate a given design’s quality with respect to its objective function, constraint violations, and graphical view. The second implements the parallel-coordinates visualization; its
goal is to let the user investigate effectively a
database of designs.
The design point visualization tool

VizCraft provides a menu-driven GUI to the
HSCT design code, a collection of C and Fortran routines that calculate the aircraft geometry
in 3D, the design constraint values, and the
TOGW value, among other things. We chose
Java as the programming language for development because VizCraft users needed the ability
to execute it from various platforms without concern for user interface library installation issues.
Figure 1 shows VizCraft’s main window with a
display of the HSCT planform (a top view) for a
sample design. Below the planform are cross sections of the airfoil at the root, leading edge
break, and wing tip. To make observation easier,
the vertical dimension of the cross sections has
been magniﬁed. Before we developed VizCraft,
designers used Tecplot to display the HSCT
planform. We wrote a conversion routine to integrate the planform into VizCraft. This improvement meant that users would not have to
run a different application along with VizCraft
to view the aircraft geometry. Integration lets
engineers shift easily between a design’s visual
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No constraint violations
Constraints active
Constraints violated
Range constraint
Landing CI max and tip scrape
Tip spike constraint

Optimum 2

Take-off gross
weight (lbs.)
Optimum 1

658,000
657,000
656,000
655,000
654,000
653,000
652,000
651,000
650,000
649,000
648,000
647,000
646,000
645,000
644,000

Figure 2. A 2D slice through a multidimensional parameter
space using the points Optimum 1 and Optimum 2 and another
suboptimal feasible point.

representation and points in the design space.
We also added a VRML model of the HSCT
planform, accessible from the menu bar. This
model gives the user greater flexibility in manipulating the planform in 3D.
The panel to the platform’s left in Figure 1
provides access to more information about the
current design point. Design variables fall into
five categories: wing planform, fuselage shape,
engine nacelle location, mission variables, and
tail areas. Constraints fall into three categories:
geometric, aerodynamic, and performance. Clicking on the Wing Planform button in the main
window pops up the window in Figure 3. This
window displays the wing parameters and their
values. The sliders on the right modify the values. Each modification of a value immediately
updates the HSCT planform, and the value of
TOGW on the vertical panel, to reﬂect the new
geometry. VizCraft does not automatically evaluate constraints for the current design point
after each change to an input parameter, however.
Because constraint evaluation is time consuming, even for the low-ﬁdelity model we are using (taking approximately 10 seconds on a dualprocessor DEC Alpha 4100 5/400 under typical
user loads), VizCraft evaluates constraints only
when the user explicitly requests it.
Once VizCraft has evaluated the constraints, it
gives the user feedback. In Figure 1, the red boxes
indicate the number of violated constraints in that
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Users can see a detailed list of each constraint
category. For example, clicking on the Geometric button under Constraints calls up the window in Figure 4. This window lists the geometric constraints for the current design point; the
colored box next to each one indicates whether it
is violated (red), active (yellow), or inactive
(green).
The parallel-coordinates tool

Figure 3. Input window for entering values of wing planform
variables.

Figure 4. Geometric constraints for one design point. A red box
indicates a violated constraint, a yellow box indicates an active
constraint, and a green box indicates a satisfied constraint.

category, the yellow boxes indicate the number of
“active” (that is, close to a constraint boundary)
constraints, and the green boxes indicate the
number of satisﬁed and inactive constraints.
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The tool described in the previous section
provides a visualization of the aircraft derived
from a given design vector and a convenient view
of constraint violations for that vector. However,
it does not help designers with the more difﬁcult
task of understanding how a proposed design
compares with other designs. As discussed earlier, this task is complicated by the problem’s
high dimensionality and the resulting difﬁculty
in visualizing or comprehending the multidimensional design space.
A parallel-coordinates visualization assigns one
vertical axis to each visualization variable and
evenly spaces these axes horizontally (see Figure
5a). This method contrasts with the traditional
Cartesian coordinate system, in which all axes
are mutually perpendicular. By drawing the axes
parallel to one another, the user can represent
points in many more than three dimensions.
In our application, potential visualization variables (equivalently, dimensions) include the design variables, the objective-function value
(TOGW) and other derived values such as
range, and the constraint values. VizCraft plots
each visualization variable on its own axis and
connects the values of the variables on adjacent
axes by straight lines, as Figure 5a shows. Thus,
a point in an n-dimensional space becomes a
polygonal line laid out across the n parallel axes
with n 1 line segments connecting the n visualization variables. Many such data points (in
Euclidean space) will map to many of these
polygonal lines in a parallel-coordinate representation. Viewed as a whole, these many lines
might well exhibit coherent patterns, which
could indicate an inherent correlation of the data
points involved. This transforms the search for
relations among the design variables into a 2D
pattern recognition problem, and the design
points become amenable to visualization.
This visualization scheme provides opportunities for human pattern recognition. By using
color to distinguish lines and supporting various
forms of interaction with the parallel-coordinates
system, the scheme makes recognizable patterns
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in the given database of design points. Given the
upper and lower limits on each variable, the location of a polygonal line laid out across the n
vertical axes gives some idea as to where that design point lies in the design space. The number
of dimensions that we can visualize using this
scheme is fairly large, limited only by the screen’s
horizontal resolution (although, as the number
of dimensions increases, the axes come closer to
each other, making it more difﬁcult to perceive
patterns).
The parallel-coordinates approach is also ﬂexible, in that each coordinate can be individually
scaled. Some might be linear with different
bounds, while others might be logarithmic (although currently VizCraft does not support logarithmic scaling). This approach might help
identify direct, inverse, and one-to-one relationships between the parameters. Scaling an individual parameter has another advantage, in
that it helps us zoom into or out of a subset of
the region of design space represented. This lets
us effectively “brush out” or eliminate undesirable portions (we’ll discuss brushing in more detail later).
Figure 5a shows 31 values mapped onto 31
vertical axes. Placing the mouse cursor on one
of the circles below the vertical lines will cause
the Name of Field text ﬁeld to display a description of the corresponding visualization variable.
Text ﬁelds display the range and absolute range
for the selected variable. VizCraft obtains the absolute ranges for all the design variables automatically by locating their minimum and maximum values from the given database of points.
Figure 5b shows the parallel-coordinates system for 68 constraints corresponding to the design point in Figure 5a. VizCraft normalizes all
constraint values, making the range for violated,
active, and inactive values consistent across the
constraints. Values above the yellow horizontal
line indicate inactive constraints, all those between the yellow and red lines indicate active constraints, and all those below the red line indicate
violated constraints. By breaking up the range of
constraint values into three regions, VizCraft lets
the designer easily assess the merit of a given design point. A quick glance at the screen conveys
most of the information the designer needs to
form a judgment of the current point.
Figure 5b shows how easy it is to graphically
identify the inactive and violated constraints and
to determine to what degree each constraint has
been violated, without having to deal directly
with numbers. Representing just one design
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(a)

(b)
Figure 5. Parallel-coordinates representations: (a) One design
point. Each vertical line represents a design parameter. The first
line from the left represents the TOGW (take-off gross weight—
the objective function), the second line represents the HSCT range,
and the remaining 29 lines represent the design variables. (b) 68
constraints for the design point in Figure 5a. Horizontal lines split
the vertical lines into three regions: satisfied (green), active
(yellow), and violated (red).

point in the parallel-coordinates system might
help the designer quickly observe the level of
constraint violations, but this view is little better than that provided by the single-point
VizCraft tool. As I mentioned before, the real
purpose of parallel coordinates in VizCraft is to
let the designer browse a database of design
points.
We illustrate this process with a database of
1,500 design points selected uniformly from the
entire design space. Figure 6a shows the rendered database. From this mass of data, the designer can use VizCraft’s visualization controls
to extract patterns.
VizCraft assigns each polygonal line (representing one design) a color based on the value of
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(a)

(b)

(c)
Figure 6. Browsing a design point database: (a) a parallel-coordinates
representation of 1,500 design points selected uniformly from the entire design space; (b) selecting a color driver variable to highlight a
relationship between two visualization variables; (c) rearranging the
design variables to show a one-to-one relationship between two
variables in the data set.

62

a particular visualization parameter. In Figure
6a, the ﬁrst visualization (TOGW) determines
the color. So, as lines span across the vertical
axes, the user can identify those design points for
which the TOGW is high or low. The design
point with the lowest value of TOGW is yellow,
and the one with the highest value is black. All
other design points receive a linear interpolation
between yellow and black. Because the design
objective is to minimize the TOGW, the designer might initially be interested in the yellow
lines. However, the parallel-coordinates tool’s
primary purpose is to let the user investigate correlations between various visualization parameters, independent of the speciﬁc application context. For example, discovering that certain
design variable ranges are associated with bad
designs might help the designer as much as
learning that other ranges are associated with
good designs.
The color gradation in Figure 6a shows that
the sixth axis from the right is directly related to
the first axis. It so happens that the sixth axis
from the right represents the ﬂight fuel’s weight
in pounds, which affects the TOGW directly.
Figure 6a also shows that the second axis from
the left is mildly correlated to the TOGW and
ﬂight fuel. This axis represents the range of the
aircraft in nautical miles, which must be directly
proportional to the amount of fuel added. Even
though these particular relationships are obvious (once the viewer understands the parameters involved), they offer a good basis for understanding how to extract patterns from the data.
Visual data mining
A display of the full database, such as Figure
6a shows, is typically too overwhelming to offer
any real understanding of the data. The real
strength of the parallel-coordinates tool in
VizCraft is the capability it provides for exploring the database. With VizCraft, the user can interact with the system’s visual cues,7 which help
visualize the data set in n-dimensional space. In
Figure 6a, a circle is above each vertical axis, and
only the first circle on the left is shaded. The
shaded circle indicates the visualization variable
that is driving the gradation of color across the
parallel coordinates. For example, TOGW is
driving the color gradation in Figure 6a.
Driving the coloring

The user can select any visualization variable
to drive the coloring by clicking inside the cir-
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cle over the corresponding variable’s axis. Clicking on the ﬁfth circle (see Figure 6b), we see that
that variable happens to share a direct relationship with the seventh visualization variable. This
example shows that a clever selection of color
drivers can help us extract patterns from the data
set—patterns that are otherwise hidden underneath the volume of data. Such patterns must exist in the data set because 1,500 points in 29 dimensions is a very sparse experimental design.
This ability to select any visualization variable
to be a color driver is quite important. Without
it, the parallel-visualization technique suffers;
correlations between variables become visually
apparent only when the relevant variables are on
adjacent axes. With the color driver capability, a
user can quickly recognize high correlations between variables by simply stepping through the
axes, selecting each in turn to be the color driver.
Rearranging the axes

VizCraft also lets the user rearrange the axes.
For example, inserting the seventh axis before
the sixth axis in Figure 6b results in Figure 6c.
This figure clearly shows the one-to-one relationship shared by the ﬁfth and seventh design
variables.
Brushing

Although showing a large number of design
points can help generate patterns that might interest the researcher at a holistic level, individual
design points cannot be distinguished when too
many are displayed at once. To allow clear views
of individual design points, the user might wish
to select from this design space a subregion of interest or a subregion that meets certain criteria.
For example, the user might wish to eliminate all
design points for which TOGW is greater than
700,000 pounds, or eliminate those points for
which the range of the aircraft is less than 4,000
miles. The goal is to let the user gain some understanding of spatial relationships in n-space by
selecting all data points that fall within a user-deﬁned set. This technique of graphically selecting
or highlighting subsets of the data set is called
brushing.8
VizCraft makes it easy to extract regions of interest from the design space. For example, to select a region for which TOGW lies within a certain range, the user can select the circle below
the TOGW axis and then enter the range in the
Zoom From and Zoom To text boxes. This step
eliminates all design points for which TOGW’s
value does not lie within this range. VizCraft re-
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calibrates TOGW’s axis to this new scale, while
all other axes retain their current calibration.
Alternatively, the user can click on any axis,
drag the mouse pointer up or down, and release
it to zoom into a region of interest. Figure 7a
shows the result of zooming into a region of low
TOGW. The bottom text fields indicate that
only four design points lie in the region of interest and that the remaining 1,496 points have
been discarded. Because we are interested in designs that yield low TOGW values, we can now
observe other design variables in this design subspace. Perhaps this view will help the designer
gain insight regarding which values of these variables, or which combinations of these values,
produced low TOGW values.
Figure 7b shows the set of
constraints corresponding to
Figure 7a. VizCraft provides
VizCraft makes it
three application-speciﬁc visualization options related to
easy to extract regions
constraint violations. The No
Color option renders all the
of interest from
polygonal lines in the default
color. The All option colors
the design space.
each line according to this
rule: design points that violate
one or more constraints are
red, and design points that satisfy all the constraints are green. With the Selective option, points that violate the selected
constraint are red, points for which that constraint is active are yellow, and points that satisfy that constraint are green.
Putting it all together
As an example of how VizCraft can assist the
designer, consider the database of 500 design
points in Figure 8a. Exploration of the design
points using the parallel-coordinates system
proves useful here. By selecting the All option,
the designer clearly observes that, out of the entire database, only three points (in yellow) are feasible. Although we could easily have a commandline program automatically ﬁlter out the feasible
points and present them to the user, VizCraft provides visual feedback about the nature of the database and helps the user evaluate the few feasible
points in visual contrast to the many infeasible
points—and possibly discern a pattern.
In addition, the user can click and highlight
certain design points and obtain the values of
their design variables. For example, by highlighting the feasible design points of Figure 8a,
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(a)

(b)
Figure 7. Graphically selecting data sets: (a) the result of brushing
out design points lying outside a certain range of TOGW;
(b) constraints for the four design points in Figure 7a.

the user obtains the design variables in Figure
8b and can now investigate the nature of the design variables that led to feasible designs. For instance, the values of the design variables for the
three successful designs indicate that the variables are somewhat in the center of their ranges
or higher, not at an extreme end. Further investigation of other databases can determine
whether this is a conclusive requirement for better designs. Highlighting a design point in Figure 8b and clicking the View button computes
the iconic representation of the aircraft in Figure 1. In this way, VizCraft provides an integrated environment for exploration and visualization of large data sets of HSCT designs.
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izCraft does not take the approach
of locating and providing to the user
an optimal design for some given
problem. Clearly such a result would

be ideal, but the state of the art in aircraft design
has not reached that stage. Instead, VizCraft
places the designer at the center of the decisionmaking process and seeks to integrate simulation and analysis tools with the best possible
feedback through advanced visualization techniques. Thus, VizCraft in general, and the
parallel-coordinates visualization technique in
particular, does not solve design problems.
VizCraft is a tool that aids designers in solving
design problems.
By integrating both computation and visualization facilities and making them accessible from
a high-level user interface, VizCraft has helped
HSCT designers be more productive in a number of ways. The interface has streamlined the
practice of exploring the effect of design variable
combinations on aircraft performance for regions
of the design space that have not previously been
investigated. Where the designer originally had
to manually change design variables in a ﬁle, run
the analysis code, and then observe the results in
a separate plotting package, VizCraft is able to
perform these operations with a few clicks of a
button. The data-mining capabilities of VizCraft
have proven beneﬁcial when large databases of
HSCT performance data are available. Through
the use of colored driving variables and brushing
techniques, designers are able to visually correlate different design variable combinations
and/or patterns that result in either very good or
very bad aircraft performance.
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(b)
Figure 8. How VizCraft assists the designer: (a) using coloring to
distinguish between good and bad design points; (b) design
variables for the three feasible design points shown in Figure 8a.
Figure 1 shows the iconic representation of one of the design
points in Figure 8b.
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EDITORIAL CALENDAR
Exploring new
January/February 2001: Feature Issue
CiSE magazine receives articles throughout the year that don’t apply to a specific theme but explore new directions and technologies related
to scientific computing. This issue features five articles that cover a variety of themes in this dynamic field.

directions
in

March/April 2001: Quantum Computing
Can a digital computer model quantum phenomena to arbitrary accuracy? No, but the reasons why have led to a dramatic breakthrough
in our understanding of both quantum mechanics and computational chemistry. The most exciting development has been the realization
that a machine based on quantum-level phenomena could make hard problems rather easy.

2001

May/June 2001: Tomorrow's Hardest Problems
In the tradition of last year's popular issue on the top 10 algorithms of the past century, George Cybenko (gvc@dartmouth.edu,
Dartmouth College) and Francis Sullivan (fran@super.org, IDA Center for Computing Sciences) pull together articles that describe
tomorrow's top 10 unsolved computational problems.
July/August 2001: Nanotechnology: Computational Modeling
The “nano” in nanometer means one billionth—in this case, one billionth of a meter. That’s the scale of some very, very tiny machines
now being built. The possible applications are fantastic, including the possibility of carrying out medical treatments at the molecular level.
September/October 2001: Bioengineering and Biophysics
Can modern engineering techniques be applied in biological settings? Is it possible to engineer better eyesight, improved blood flow, and even
clearer thinking? This issue addresses these and other issues that the field of bioengineering continues to raise.
November/December 2001: Material Sciences
This issue will explore the impact of multiscale materials simulations on experimental materials research. The benefits of applying parallel
algorithms and architectures, and immersive and interactive virtual environments, will be discussed.
To subscribe to CiSE magazine, call 1-800-344-6902 or visit computer.org/cise or
http://ojps.aip.org/cise.
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