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ABSTRACT

This paper considers the design of a multiprocessor, called
STORM, specially targetied for efficient execution of
large global climate modelling programs. It begins by
discussing the limitations of current shared and distributed
memory multiprocessors and shows that a shared memory
machine with only partial processorimemory interconnect
can provide a scalable platform for climate model
programs. The paper presents a detailed analysis of some
memory traces taker from CSIRO 4, a real model
developed and used by the CSIRQO Division of
Atmospheric Research in Australia. The paper considers a
prototype of STORM built from Sun Sparc Stations.

1. INTRODUCTION

Global Climate Modelling (GCM) is one of the "grand
challenge” computing problems, and consumes vast
amournts of processor time, Models are being designed 1o
allow researchers to compute the long term effects of
changes in the earth's atmosphere. The challenge to
computer architects is {0 provide hardware and software
platforms which provide an efficient execution
environment for the models, and which are easy to
program.

A number of experimenis have demonstrated that shared
memory multiprocessors can be used effectively to reduce
the execution time of Global Climate Maodels {1, 2]. Such
machines range from a smali nomber of very high speed
vector processors, like the CRAY Y/MPS8 [3] to a larger
number of much slower processors like the Encore
Multimax family [4].

In Figure 1 we show the results of some experiments in
witich we parallelised the spectral formulation of the
shallow water equations on a shared memory
multiprocessor, an Encore Multimax. The shallow water
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equations are the heart of the dynamics of most global
climate models, and are responsible for the majority of the
interprocessor communication {(non-local memory
references) in a parallel implementation of a model. These
results, which plot execution time against number of
processors, demonstrate that near linear speedup can be
achieved on a system which support up to 20 processors
on one bus. Two different problem sizes are shown.

In most cases the parallelisation of the sequential
algorithms is achieved by loop slicing, in which each
processor is responsible for a subset of loop iterations.
The results obtained above were achieved by
parallelisation of the outer loop in the programs. This was
sufficient because of the small number of processors,
however, with a larger number of processors it would be
necessary to parallelise the inner loop as well. The data is
stored in shared memory and is accessible 1o all
Processors.

In Figure 2 we show the size of the sequential and parallel
implementations of two formulations of the shallow water
equations, a finite difference and a spectral formulation.
These were coded in C using the Argonne National
Laboratories macros [11]. The graph clearly shows that
the distribuied memory implementation of the codes are
fonger than their shared memory equivalent. The extra
source required for the distributed memory code is
composed of declarations for the message buffers, plus
code for ransferring data between processes at the correct
points. Since the dynamics of the climate model are only
responsible for a portion of the code, a complete model
(like the CSIRO4 model cited later in the paper) would be
much larger, and thus the gverhead of the message passing
code would be smaller. However, it s our contention that
the addition of message passing code to a sequential
program is more complex and error prone than the loop
unravelling of parallel loops performed in the shared
memory code. In the case of CSIR0O4 it was possible to
paralletise the original F77 code for execution on a shared
memory machine {a Silicon Graphics Power Series) with



very little modification. Paraflelisation for execution on a
distributed memory architecture is much more difficult and

arror prone,
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Figure 1 - Execution of two different problems sizes of
shallow equations on Encore Multimax

The problem with most shared memory machines is that,
in general, they are not scalable to very large numbers of
processors, because the processor-memory interconnect
becomes a bottleneck. Exceptions to this include a
number of experimental scalable shared memory machines
that are being constructed, such as Stanford DASH [9],
MIT Alewife [10], Georgia Tech Beehive, and a few
commercial machines, most notably the the Kendall
Square KSR1. However, most current shared memory
machines are bus based and thus have limited scalability.
Consequently, arrays of message passing processors,
which are scalable, have been used to implement such
complex models. However, the ease of scalability is
replaced by a much more difficult programming paradigm.
Further, the message passing hardware is typically slower
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than the normal memory bus, and thus message passing
arrays can perform badly when large amounts of data must
be passed between nodes. In the case of the climate model,
information must be passed across latitudes and down
longitudes, which requires data to be passed through
intermediate nodes of the machine. Whilst such hardware
is available on modern message passing machines like the
Intel Paragon [12], it is more complex then the scheme
described in this paper.
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Figure 2 - Program Size against Parallelisation Strategy

Shared memory multiprocessors typically provide equal
communication delays from all processors to memory, and
are thus ideal for problems in which global
communication is required. However, the most commonly
used formulation of Global Climate Models, the spectral
method, mostly requires communication across latitudes
and down longitodes, and uses very little access from all
processors to all memory, Thus, a shared memory
machine provides more inter-processor bandwidth than is
required, and the size of the machine is limited
unnecessarily. In this paper we consider the design of a
machine which hasg an interconnection structure more
closely matched to the requirements of the spectral model,
allowing much larger machines to be constructed. The
machine provides the appearance of globally shared
memory through a mesh of row and column buses.
Programs can be written as though such memory is
available, making software development and testing
similar to that required for a conventional shared memory
processor. In a similar way, virtual memory is a useful
abstraction even when the hardware must swap pages 1o
achieve the appearance of more physical memory than is
available.

Shared memory machines also provide cache coherence
hardware which keeps all caches consistent, Whilst this is
a desirable feature for arbitrary programs, global climate
models can execute correctly under a less stringent



coherence policy. Consequently, the machine described in
this paper reduces the hardware complexity considerably
over a general purpose machine by not including cache
coherence hardware, Cache coherence is enforced when
required through a software managed scheme.

The construction of such a maching poses many design
choices. Some examples of questions that need regolution
are;

« How much bus bandwidth is required for local, global,
vertical and horizontal communication?

» How many globally shared variables are manipulated,
and can they be addressed transparently in spite of the
physical interconnect?

« What is the effect of local processor cache memories,
and is cache coherence hardware required?

+ Is it possible to build the machine from standard
workstations using their bus interface to provide
access to the memory array, or must dedicated
processing elements be constructed? The former has a
number of advantages, soch as allowing a
multiprocessor to track technology advances in the
workstation arena.

This paper begins by discussing the mathematics of
climate modelling and then describes the architecture of
the STORM machine. We then present some results of
program {races which allow the questions posed above to
be answered in sufficient detail to design the machine,

2, CLIMATE MODELLING
2.1 Structure of the model

Global climate models attempt to simulate the processes
important in the Earth's weather. They are based on the
dynamics and thermodynamics of the large scale flow, as
described by the Navier Stokes equations. Physical
processes, such as the effect of solar and longwave
radiation, the formation of clouds and rainfall and
interactions with the surface must also be included.

The partial differential equations that describe the
atmosphere cannot be solved directly and some sort of
discretization must be used to obtain a numerically
solvable system. In climate modelling the spectral
method, where the bagic variables are represented as sums
of spherical harmonics, is the most common approach.
The formulation of the model used here is described by
(51

For example, the horizontal field of temperature can be
expressed as
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where A, ¢ are Iongitude and latitude respectively and me

is a spherical harmonic function with zonal wavenumber
m and total wavenumber 1, The spectral representation is
well guited {0 the globe and gives a compact and accurate
representation of atmospheric fields. However, in order to
evaluate nonlinear terms in the dynamical equations, and
to calculate the physical processes, it 1s also necessary to
have the model variables on a longitude and latitude grid.

An outline of the model structure is

1) Transform spectral fields to gridpoint fields.
Calculate the changes in the temperature and
moisture fields at each gridpoint due to physical
processes. Add the tendencies to the old fields to
obtain modified gridpoint fields and transform
these back to spectral space.

2) Transform spectral amplitudes to gridpoint space.

Evaluate the changes in the fields at each

gridpoint due to the nonlinear terms in the

equations of motion. Then transform these
tendencies back to spectral space.

3) Evaluate the linear tendencies in the equations of

motion {in spectral space).

4y Perform the time integration (in spectral space),

to update the fields based on the tendencies

calculated in steps 2 and 3 above.

Step 1 is referred to as the physics loop of the model and
step 2 as the dynamics loop,

The conversion from the spectral representation to the grid
requires a Legendre transform and a Fourier transform.
Both of these require global access, but in each case it is
only in one direction. It is this restriction that makes the
proposed architecture feasible, As an example, the
transforms from the temperature represented as a sum of
spherical harmonics to the grid point representation are;

= The temperature, represented as T(m,I), begins in
spectral space, where m is the zonal wave number
and | is the meridonal wave number,

« A Legendre transform, essentiaily a weighted sum
over the total wavenumber, converts this to the
intermediate Fourier space, T(m,$)}, where ¢ is the
iattimde. '



» At each latitade a Fourier transform (a weighted
sum over the zonal wavenumbers) converts to grid
space T(A.0), where Ais the longitade.

s In the first iransform memory access is only over
columns and in the second over rows,

The same procedure is applied to all of the key variables
in the model.

3, STORM: A SCALABLE SHARED
MEMORY MULTIPROCESSOR

In section 2 we demonstrated that the spectral formulation
of a global climate model requires global access across
latitude or loagitudes in order to perform the spectral
transform. Most of the physics computations only require
access to local data. Some constants and variables which
are altered rarely are required by the entire computation,
however, with the assistance of processor cache memories
these values are only required rarely, and do niot constitute
a major memory load. This addressing pattern can be
supported with a bus based multiprocessor like the 16
processor example shown in Figare 3.

Figure 3 - A Scalable Bus Based Machine
3.1 Memory Layout of GCM on STORM

Unlike most shared memory machines, STORM does not
store shared data structures in one physically shared
memory. Instead, the memory is partitioned into a
number of processor local memories which can be
addressed globally through the bus based interconnect. A
consequence of this is that data structures must be
partitioned so that they reside on the processor on which
they are manipulated. However, unlike a message passing
machine, data can be accessed by remote nodes by the
same mechanism used for local memory; albeit with a
higher latency. The data structures are partitioned using
three basic mechanisms; one in which structures with rmwe
or more indexes are spread across all memory modules in
two dimensions; one in which data siructures with one or
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more indexes are distributed across either the firs? row or
first column of memory modules; and one in which
scalars and indexed data structures are allocated to memory
module one,

Figure 3 showed the layout of the machine partitioned in
terms of latitude and longitude. Some of the data
structures are indexed by two wave numbers rather than
longitude and latitude. In these cases the wave numbers
are used to partition the processor sub ranges. In order to
limit the communication requirements during the speciral
transform stage of the dynamics computation, a two
dimensional partition of the key two dimensional data
structures is required. In this way, each processor holds a
rectangular section of the grid structure as shown in
Figure 4. One dimensional data structures are mapped
onto either the first row or column of the machine,
depending on the type of their index value. For exampie,
single dimensioned arrays with latitude as an index are
held in the first column of the machine, and are thus
accessible to all processors with latitude values in the
correct range via the horizontal buses. Scalars which are
required globally are mapped into processor one, and thus
can be accessed by the first row and column by a simple
bus access and from any other processor as two linked bus
ACCeSSes.
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Figure 4 - Mapping Grid structures onto mesh
3.3 Address Translation

In the STORM machine each processor has access to two
buses; one for connection to processors which are
allocated to the same longitude and one for connection to
processors which are allocated to the same latitude. Each
processor has direct access to some section of the grid of
variables, However, when an address is generated for a
section of data outside the processor's local memory, a
module selection circuit determines which bus will give
access to the data, and an external memory request is
initiated. In this way, a processor can see any of the key
variables with the same longitude or latitude as the
variables in its local memory.

Because STORM makes use of standard compilers, the
data structures are mapped into a one dimensional virtual
address space, rather than the two dimensional array
provided by the hardware. The consequence of this is that
addresses must be translated from linear virtual addresses
into two dimensional addresses by special address



translation hardware shown in Figure 5. The figures
shows the sub-division of an address in shared memory. It
is composed of 5 regions; 2 bits address for the byte
within word; 14 bits of address allocated for up to two
indexes; a number of bits for higher order indexes; a
number of bits for higher order address bits and three bits
to denotes a segment descriptor. The segment descriptor
allows for different mapping functions for different sized
data structures, Thus all data structures of similar type are
grouped together into segments, and the segment number
is combined with the two lower indexes to form an
address into a mapping table. The mapping table then
produces a modified address composed of a memory
module number and an offset within the module,

High Address | Eligh Order Row/Calumn lBym
Indexos
Addrees in
o Module
| .
s e
Ma;
| P Module#
Segment Type

Figure 5 - Address Translation Mechanism

Access to global variables is supported by passing a
request from one bus to another, as shown in Figure 6,
Thus, global variables which are stored in the memory of
processor oneg, can be accessed by any processor in the
mesh. However, this access mechanism is much slower
and also causes more bus contention than the normal
mechanism, It is implemented by linking the finite state
machines that control the buses. In the analysis section of
the paper we demonstrate that the global references can be
made very infrequent by appropriate caching of data.

Figure 6 - Bus linking to allow global access to memory
3.2 Loop Slicing
Loop slicing is the only method used to extract

concurrency from the originally sequential code. In line
with the partitioning scheme described in the previous
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section, loop bounds are altered in accordance with the
processor identity. Since the data structures are partitioned
statically onto the machine, the loop bounds can be re-
computed at run time by using the partitioning
information,

3.4 Cache Strocture and Cache Coherence

Caches are required by processors to reduce the latency of
both local and external memory references.They are
particularly important in multi-processors because they
reduce interprocessor communication, However, if
processors are allowed to freely cache variables fetched
from non-tocal memory modules then cache incoherence
can arise [6]. A number of cache coherence schemes are
possible, ranging from hardware to software managed
schemes {7, 81. Hardware managed schemes have the
major advaniage that they do not require software support
in order to guarantee consistency. There are two main
classes of hardware schemes: snooping protocols and
directory based protocols. Snooping scheme are restricted
to bus based multiprocessors and do not scale well,
Directory based schemes can be applied to non bus-based
machines. Both schemes require a significant investment
in hardware.

Software based schemes have the advantage that they do
not require as much hardware support, but do require
extensive code analysis in order to be transparent to the
user programmer. This is an active area of research for
analysis of general purpose programs. Our simulation
studies have demonstrated that global climate models have
the property that they only require cache coherence to be
enforced at the end of each time step of the computation
and after the transform steps. Thus it is possible to
enforce cache coherence by planting 2 very small number
of directives into the source code of the model, This is the
approach taken by STORM. '

3.5 Processor Design Issues

An important choice in the design of STORM is whether
the processors must be built from chip level
microprocessors or whether they could be constructed
from board level workstations. The former has the
advantage that the hardware can be optimised for the
multiprocessor architecture, but the disadvantage that the
boards would not be useful for any other task. The major
advantage of using commercial workstations is that they
contain complete input-output hardware, and operating
system and compiler software. It also has the advantage
that it is possible to build only the shared memory and
interconnection hardware without the need to build the
processor and input output system. The disadvantage Pf
this approach is that the memory module selection circuit,
which must be placed before the memory holding the data
Structures, must be connected to the processor by HS
external system bus. In the case of the SUN Spar¢



Stations being considered in this paper, this means
placing the address interpretation hardware and the local
memory on the SBUS, Since an SBUS transfer is slower
than a normal internal memory reference, this
configuration has the potential to slow the machine down.
In the results section we demonstrate that it is possible to
use the SBUS of a Sparc Station without stowing the
machine down significantly.

Figure 7 shows the structure of STORM making use of
existing workstations. It shows that the local memory of
the node is placed on the external side of the SBus
mterface, and can thus be accessed by both the local and
external processors. The use of address translation
hardware means that it is not possible to store shared data
in the local memory of the Sparc Station.

Brherner
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Figure 7 - Design of Processor Node
3.6 Key Parameters required by Simulation

This overview of STORM is only intended to set the
scene for the type of instrumentation required, rather than
give an in depth description of the STORM design. The
performance of the multiprocessor machine is most
affected by the bandwidth provided between a processor
and its memory sub-system. Consequently, the following
questions need answering:

= What is the amount and nature of the traffic
between a processor and its local memory?

What is the effect of caching the SBUS traffic?

*  What is the amount and nature of the traffic
between a processor and memory which is
addressable by its row or column bus?

*  What is the amount and nature of the traffic
between a processor and data held in memory
module one?

In_ the next section the results of the analysis of a real
climate model will be presented, which assist in
answering these questions.
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4. ANALYSIS
MODEL

OF A GLOBAL CLIMATE

4.1 General Resuolits

In this section the analysis of a 4 layer global climate
model, called CSIRO4 [5] is presented. CSIRO4 1s
composed of 77 routines of FORTRAN code, and
contains some 9000 lines of source code. CSIRO4 has
been parallelised for execution on a Silicon Graphics
shared memory multiprocessor, so its suitability for
parallel execution has been already established {2].
CSIRO4 represents near state of the art in climate models,
and thus makes a suitable vehicle for instrumentation.
The purpose of this section is to present the resolts of a
study of the memory traffic patterns of CSIRO4 when
mapped onto the STORM hardware structure. The study
allows the key design parameters of STORM to be
chosen, plus provides an indication of the suitability of
SUN Microsystems Sparc Stations as the processor
nodes of STORM. The study focuses on the effect on the
uni-processor performance of the Sparc Stations when
configured in the STORM machine rather than predicting
the multiprocessor performance of the programs, This is
because we expect to achicve the same sort of speedup
profile that was shown in Section 1.
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Figure 8 - Instrumentation of CSIRQO 4 - Total References
for 16 processors

Figures 8, 9 and 10 contains a map of the processor
memory traffic for a 16, 64 and 256 processor STORM
configuration as shown in Figure 3, The diagram shows
the amount of memory traffic generated by each processor
by using a grey scale. The map contains a number of
results. First, the program conforms to the execution
paiterns which execute efficiently on the STORM
hardware. For example, most of the memory traffic is
directed to the local memory, with some amount being
directed to processors sharing the same longitudes of



latitudes. This type of traffic is supported by the row and
column buses of STORM.
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Figure 9 - Instrumentation of CSIRO 4 - Total References
for 64 processors
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References for 236 processors

Read & Write Distribution,

Cade aegerwot : All Mot
1 2 % 4 8 £ T & % 36 11 12 1) 14 15 16
SO o T3 L O N 2 O S
1 b g 1! I | j haid
2 j : o i ——
3 Joarast Teraisl N L
" ey Tt £y Al
i
5 1] ! [
A i ! i -
T jisss e e jamams a0 -~
q L e lsam Leta 1 = H e
Y 18080 ]‘:c ! : } Lol
L T
10 b L. B ™
" [ | ey R
12 a0 : 136 asow e TR
TR i e sl -
" ] 584, T ) -~
1y | e [ > sl a7 o
7 ! - -
18] e i Lo L il i S B s B
oot ety -

{

Figure 11 - Numeric results of total references for 16
processors

The map also shows traffic from all processors to
memory module one, which contains constants and
infrequently modified variables. The results suggest that a
large amount of traffic is generated in this way. However,
the grey scale scheme contains a non-linearity when the
number of accesses becomes very low so that low counts
do not appear as zero. An option on the post processing
software allows the system to replace the grey scale with
absolute numbers, and this is shown in Figure 11 for the
16 processor case. Each cell in these figures contain the
absolute number of accesses as well as the fraction of
processor accesses directed to the memaory module, and the
fraction of module references from the processor. These
results show that the absolute number of references from
all processors to module one is around 3%, which is still
quite large given the slow access pathway from any
processor to module one. The figure also shows that most
processors access their local memories about 90% of the
time, The transforms contribute from 3% to 6% of
processor traffic, depending on whether they are row
ransforms or column transforms. Clearly the module one
raffic needs to be much lower than shown or the
maximum size of the machine will be severely restricted.
It is not possible to display the same results for the 64
and 256 processor cases in the limited space, so they are
summarised in Figure 12, Tt is worth noting that as the
machine becomes larger the fraction of references from
each processor to memory 1 reduces, This is because the
problem size is held constant, and thus the references to
global constants decreases on a per processor basis.

Type of traffic Traffic
16 64 256
procs | procs | procs |
% references to memory 1 3% 3% 1%
% references to same row 3% 3% 3%
% references to same column | 3% 6% 6%
% references 1o local memory [ 91%  {88% ] 00%
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Figure 12 - Numeric results of total references for 16, 64
and 256 processors

Figure 13 shows the effect of allowing module one
references t¢ migrate into the processor caches for a 16
processor machine. The results are similar for the 64 and
256 processor machines. The main effect is that the
number of module one references is reduced to an
extremely low number. The resuits indicate that the
amount of local traffic very clearly dominates the
computation, and that the loading on the vertical and
horizontal buses is quite low. The amount of truly global




addressing is almost zero. An alternative technique for
removing the module one traffic would be to duplicate the
global data siructures and post updates ¢ach time step.
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Figure 13 - Numeric results of total references after
caching

4.2 Cache Hit Rates

The cache experiments indicate that only 8% of the total
memory traffic generated by the model is directed to shared
memory. Thus, in computing the degradation in speed of
the processor due to the placement of the local shared
memory on the SBUS, the cache hit rates should only be
applied to 8% of the memory waffic. The remaining 92%
performs at the same speed as when the model is run on 2
uni-processor SPARC Station. Figure 14 shows the cache
hit rate plotted against line size for various cache sizes,
ranging from 8192 bytes to 65536 bytes as used in the
SPARC Station. Of course, the SPARC Station cache is
used to hold local and non-local data as well as code. In
general, the plots show the cache hit rate increasing with
line size, due to the array based addressing used in the
code. A few anomalies are present at certain line sizes.

The most important result is that the hit rate for caching
only non-local shared memory variables is refatively high
(in the order of 85%), where as the hit rate for caching
only local shared memory variables is very low (around
30%). This is due to the addressing patterns used on these
two classes of data. Shared variables which are held in
local memory are typically only accessed a few times in
the computation per time step, and thas exhibit a
relatively low cache hit rate. However, the globally
accessible information in memory module one, plus the
transform data, is read multiple times per processor in
each step of the computation, and thus benefits much
more from a cache memory. This results explains why the
access map in Figure 13 shows such a remarkable
reduction in module one traffic when the cache is enabled.
These results indicate that the cache hit rate for all shared
variables would only be expected to be in the order of
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50%, and thus it is important to measure the effect of this

low cache hit rate.
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Figure 14 - Hit rates versus line size for varying cache
sizes

The results suggest that the low cache hit rates may affect
the speed of the processor severely and may slow down
the program execution. In Figure 15 we show the slow
down of the processor as a function of the achieved cache
hit rate and the speed of the external memory and bus
system. It considers four different scenarios for ratios of
cache memory (C), local Sparc Starion memory (LM},
external local memory (ELM) and external memory



accessed via the bus (EEM). It shows that a cache hir rate
of 50% will yield a slow down of about 10% if the
external local shared memory is 10 times slower than the
cache, whilst the Sparc Station local memory is only 3
times slower than the cache and the bus based accesses are
20 times slower. We believe these figures can be achieved
with current technology.
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Figure 15 - Slowdown of processor against hit rate and
local/external access time

Figure 16 shows the same computation when the Sparc
station is 3 times slower than the cache memory and the
external local shared memory is 5 times slower for
different bus access rates from 10 to 100 times slower, It
shows that in order to keep the slowdown within 10% it
is necessary to limit the external bus memory access time
to 30 times the internal memory access time when the
cache hit rate is 50%. It also shows that even when the
external bus accessed memory is 100 times slower than
the cache, the slowdown is only 30%.

Cache Hit
Rate

External Access
Time/Cache Access Time

Figure 16 - Slowdown of processor against hit rate and
local/external access time
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4.4 Summary of analysis

The resuits presented in this section help answer a number
of the questions posed earlier in the paper.

Q

‘What is the amount and nature of the traffic
between a processor and its local memory?

A Only 8% of memory fraffic is directed to shared
data, the remaining 92% is for access (o process
local data and constants. Of this 8%, 90% of
these accesses are directed to the local memory.
This means that providing the time to address
this local memory is not much slower than the
internal memory of the machine, then the
processor will not be slowed down significantly,
We have presented a number of parametric studies
which show how the slowdown of the processor
is related to the external memory speed,

What is the effect of caching the SBUS traffic?

Caching the SBUS can reduce the amount of
accesses to memory module one from around 3%
per processor to almost zero. Caching local
shared variables does not have such a dramatic
effect. The parametric studies have taken the low
cache hit rate into account. An alternative for
removing the module one traffic is to duplicate
the global data structures,

o

What is the amount and nature of the traffic
between a processor and memory which is
addressable by its row or column bus?

About 5% of a processor's traffic to shared
memory is required for the row and column
transforms. The parametric studies iilustrate the
effect of slowing down the buses. Quite
significant degradation of the external bus speeds
does not seem to affect the overall timing.

What is the amount and nature of the traffic
between a processor and data held in memory
module one?

If memory module one traffic is not cached, each
processor sends abouat 3% of its shared memory
tratfic to module one. This would limit the size
of the machine severely given the low utilisation
of the row-column buses. However, caching
these variables allows the module one traffic to
be reduced to near zero, thus allowing the
memory module one bottle neck to be removed.

5. CONCLUSIONS

The results indicate that the proposed architecture can
provide an efficient execution platform for climate models
based on the spectral transform method. Almost all waffic
is directed to the row and column buses, and the processor



cache is able to reduce the number of global accesses to an
insignificant amount. Construction of a small prototype
is currently in progress to test some of the new
architectural features of STORM before a larger
configuration is built.

The results indicate that it is possible to use commercial
workstations as processor nodes, and io connect them
through their external bus interconnects. One important
engineering factor in the choice of the Sun Sparc Station
was that it allowed us to cache the external SBus accesses.
Our demonstrator is being constructed from Sparc Station
2's.

The paper has not concentrated on the speedup we expect
from the multiprocessor as a result of parallel execution,
but rather the slowdown a single processor would
experience from being configured in this way. Given that
we can keep the slowdown to a sufficiently low level, the
overall speedup should be commensurate with the speedup
figures cited in the introduction. These results will be the
topic of a future paper.
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