iy

%

sing a technique

called adaptive

mesh refinement,

researchers in

applied mathematics

can optimize exist-
ing computer resources, while solving
bigger and more complicated prob-
lems than would otherwise be possible
with conventional methods. As a
result, they are gaining new insights
into such complicated processes as
internal combustion engines, airplane
flight, and weather prediction.

To accurately model the perfor-
mance of an airplane in flight, for
example, one must include a large
region of air around the airplane (as
in a wind tunnel). Adaptive mesh
refinement allows scientists to focus

on the details of the turbulent airflow

o)

(I 1Y

U4 i e | B W
'+ AV Vi A v e ) b v s et 2

CARY]

ATA
T

AR

—

WY

Y
B n'“"!':-.;gljg, P

31

NI

i
L

S

4

S\ )T
SN EEIER

l'fgfm?

Wi

1

TS

4

A

A\
H’Hg\

G ATy
A o

AL L
G £

.é

e

a3,

iz

3

(54

b
5
8
B
7|

N

LUl

around the wings
without having to.
spend a large per-
centage of the avail-
able resources
describing the rela-
tively smooth flow in
the much larger
region of space away
from the wings.

The system works by covering the
region of space being studied with a
“mesh,” which divides the region into
individual segments, and then looks at
each segment to determine its impor-
tance to the particular problem being
addressed. Specific areas of interest
are then covered with a finer mesh to
allow scientists to gain even more
detailed and more accurate informa-

tion about the most important parts of

DATA

the problem. If the region of interest
moves over time, the fine mesh must
move to follow it; in other words, the
mesh must “adapt” to the solution.
Imagine wanting to accurately mea-
sure the temperature in an auditorium
over the course of an afternoon.
Taking temperature readings at eight
locations in the auditorium ry hour
would be much less reliable than tak-
ing hundreds of measurements every

minute. But taking more measure-




ments takes not only more total effort,

but also more storage space to record
the measurements. This corresponds,
in the computer modeling world, to
more compute time and more com-
puter memory usage. However, if sci-
entists knew that the temperature was
relatively constant except in one par-
ticular region of the room, they could
focus their efforts on that one region,
and take fewer measurements in the
rest of the room. Using this type of
local mesh refinement, scientists are
able to focus their existing computer
power on a narrower part of the over-
all problem, so as to get the most
information, given a limited amount
of computer time and memory.

For example, a typical computer
modeling program may provide a “big
picture” image of how a diesel engine
operates. This turbulent process, a
strong interplay of chemistry and fluid
dynamics, is complex and not fully
understood even by the experts who
design the engines. Better computer
models will allow them to “see” inside
the engine and gain a better under-
standing of the process. But researchers
studying ways to make diesel combus-
tion more efficient and less polluting
want to look primarily at the point
where fuel is burning. And not only
do they want to look more closely at a
particular location, they also want to
take much smaller computational time

steps in the regions where things

g
change most quickly.

Mathematicians John Bell and Phil
Colella are leading Lab efforts to
apply this capability to real scientific
puzzles. Creating workable algorithms
to achieve this requires solving both
mathematical and computer science

problems. Mathematically, in designing

In the microsconds after an explosion, the most interesting scientific features are at

the edge of the expanding materials. Adaptive mesh refinement (AMR) capabilities

automatically track this area (shown by yellow grids above left and center). A 3D image

of the explosion is at the far right. (Opposite page) Several thousand grids track

the expanding explosion. Lab computer scientists have taken AMR to a new level

by writing programs to run on distributed memory supercomputers such as the

Cray T3E (inset opposite).

the algorithms one has to make sure
that they respect the physical laws they
approximate. For example, certain
quantities in nature are conserved. In
the case of weather modeling, the
amount of moisture in a cloud should
stay the same over time, unless that
moisture leaves the cloud by a physical
process, such as rain. Making sure that
the cloud has the same amount of
moisture as it passes between coarse
and fine meshes requires that the math-
ematical equations be written to main-
tain the balance and that the algorithms
respect that property of the equations.
Making these algorithms work right
for adaptive meshes requires computer
science as well as mathematical exper-
tise. Keeping track of the data on the
different meshes, and across the inter-
faces between coarse and fine meshes,
is much more complex than keeping
track of data on a single uniform
mesh. New data structures are needed
to store the data, and efficient algo-
rithms are needed to effectively allo-
cate appropriate portions of the com-
puter architecture to do the job.
Fortunately, developing programs
to tackle new problems is made easier
by the library of algorithms already
developed in the Center. In many
cases, the programs which solve spe-
cific pieces of the problems can be
woven together to make new programs
which solve new, more complex prob-

lems, all with adaptive mesh refine-

ment. The result is a powerful com-
puting tool that allows scientists to
squeeze much better performance out
of their computers. In some cases,
adaptive mesh refinement capability
allows researchers to come up with
answers five years ahead of others
using conventional computing tools, as
well as solve problems that would oth-
erwise not be solvable today. —J.B.
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John Bell, department head of the
Center for Computational Sciences and
Engineering, is a mathematician by
training, having earned his doctorate
at Cornell University. Phil Colella
earned his Ph. D. in mathematics from
UC Berkeley and is currently leader of
the Lab's  Applied Numerical
Algorithms Group. Both see computer
modeling as a vehicle for using
abstract mathematical ideas to under-
stand real-world phenomena, such as
weather and combustion.



