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We have developed a customized windowing environment, WinGraphics, which provides particle
simulation codes with an interactive user interface. The environment supports real-time animation
of the simulation, displaying multiple diagnostics as they evolve in .time. In addition, keyboard
and printer (PostScript and dot matrix) support is provided. The simulation codes are structured
as shown in figure 1.
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FIGURE 1. Schematic representation of the interaction between
WinGraphics and the physics kernel.

The physics kernel is portable to any machine supporting standard C. The INTT module scans the
input file containing the physical parameters of the problem and initializes the diagnostic windows.
INTT also sets up memory for array storage. The environment provides hooks for the physics
kernel to run continuously (there is no time limit - the code can run indefinitely) or step through
individual timesteps. The screen is refreshed each timestep, and all user requests are processed
by the WinGraphics MANAGER. When the simulation is in the running state, the MANAGER
is invoked at each time step (if not running the MANAGER is constantly invoked) to check the
keybo&id buffer for the user's requests (messages). Pending messages are translated and dis-
patched by the MANAGER until the user requests QUIT.

The WinGraphics environment provides menus (as shown in figure 2), messages, prompts, and
dialog boxes as well as keyboard support for navigating the above. These facilities allow interactive
control of both the simulation and the output of the simulation.
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Figure 2. The WinGraphics menus for PDW1 [1].

WinGraphics controls the video display by managing each window as an object with the following
attributes:

• Labels for each axis.

• The coordinates of the outer window frame and the client area.

• Scales for the x-and y-axes. These quantities are useful for normalized codes where
values must be converted to some units before plotting.

« Maximum and minimum x and y coordinates of the plot

• Stale of the object The environment checks the state to determine if the window is
on/off, if it was previously on, the type of plot(s) the window contains (semilog, linear,
or scatter), if the window is overlapping other windows, and if it is currently/previously
being autorescaled1. The state is .ied to minimize redrawing; objects which have not
changed since the last screen update are not redrawn.

1. Autorescale: a process of scanning the x and y arrays for the maximum and minimum val-
ues. An autorescaled plot fills the entire client area of its window, and causes the axis labels to
be recalculated each time they change.



• Linked list of curves to plot The contents of the linked list include the number of points,
pointers to the arrays, and the color of the curve. This enables windows to display
multiple curves using the same axes.

By manipulating the above characteristics interactively, windows can be opened, closed, moved
to a new location on the screen, made smaller or larger in two dimensions, and overlapped. In
addition, WinGraphics provides an interactive crosshair with which the user can point to any
location on the screen and display the coordinates of that point in the units of the plot containing
the point

WinGraphics provides management of the segmented Intel 80x86 memory by allocating only the
required space for arrays and structures. Near arrays (addressed using the DS segment register
and a 16-bit offset) are used for performance-critical variables, while far arrays (addressed with
a 16-bit segment and a 16-bit address) are used for large arrays which cannot fit in the 64kB near
heap of the 80x86.

Since the code can run for an indefinite number of timesteps, arrays which accumulate some
physical quantity in time must be managed. The histories are combed when the array limit is
reached, retaining only every nth value. This leads to loss of temporal resolution as the simulation
is advanced in time. To retain local temporal resolution, local arrays art used which contain data
for contiguous timesteps.

The codes currently running in the WinGraphics environment include ESI (Electrostatic 1
Dimensional Periodic Plasma simulation) [2], PDW1 (Plasma Device Workshop 1 Dimensional
Cartesian bounded simulation) [1], and PDC1 (the cylindrical counterpart of PDW1) [3].

Figure 3 shows a sample PostScript output of WinGraphics for ESI displaying the variation of
potential, $(x) (left), and the time history of electrostatic field energy (right) for Landau damping
with 8192 particles.
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Figure 3. PostScript output of WinGraphics for ES1.



As a performance comparison of the codes, we use ESI running a Landau damping simulation
with 16000 electrons. The results of the comparison are shown below. The Cray values are given
using the NMFECC Cray computers using the vectorized FORTRAN version of the code due to
A. B. Langdon (LLNL).

computer clock speed (MHz) \isec per particle per push

IBM AT 6 1038
IBM PS/2 Model 80 16 183
Dell 310 20 + memory cache 118
Cray I vectorized 1.8
Cray It vectorized 1.4

From this information, we can extrapolate for new hardware. For example, an 80386/80387
running at 33 MHz with sufficiently fast memory should perform at 71 usec per particle per push,
an 80486 at 33 MHz should perform at 24 usec per particle per push, and an 80486 running at 50
MHz should result in performance of 16 }isec per panicle per push.

Clearly we are rapidly approaching the performance needed to run two dimensional codes on
PC's. Note that as the number of dimensions increases, the relative computational cost of the
field solve increases, so one cannot directly extrapolate from the ID particle pushes. Given
sufficient memory, it is estimated mat a minimum speed of 40 (isec per particle per push (25,000
particles per second) is required to run a 2D simulation in real time. Memory requirements vary
widely depending on the problem, but a good minimum estimate is 800k bytes (500k for particle
quantities of 25,000 particles, 120k for quantities on a 100x100 grid, etc.)
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