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Production Prices

L/espite the commerdial availabil-
ity of multiprocessor computer sys-
terns, the number of paraliel
scientific and commercial applica-

. i
tions in production use foday re-

ains small. It is estimated that the
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worldwide cost of developing soff-
ware for sequential machines will
reach $450 billion in 1995, Even if
only a quarter of the software is
parallelized, it would cost af ieast an
additional $550 billion. Functional

programiming can reduce this in-

creased cost while still nm\.ndmn high
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performance and por‘roblhry.
Parallel Programming

Parallel progromming in imperorive

tonguoges such as Forfran and C,
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developed for sequential compurer
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systerms do not naturally support
parallelism. In addition to expressing
the algorithm, the programmer
must encode the program’s synchro-
nization and communicafion operc—
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tions, ensure dara integrity, an d
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Mission:
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The objectives of the Sisal Language Project are to develop high-

performance functional comptlers ond runfime systems 1o smplnfy the
process of writing scientific programs on parallel supercormputers ond
help programs develop functional scientific applications.

Impact:

Functional fanguages such as Sisal provide a low-cost approach to
developing paralle! computing applications that still offer high perfor-
mance and porrability. This is of major significance in an area where

costs are projected to rop $1 frillion.

safeguard against race condifions.
The extra programming complexity
inareases cosfs, and the time-depen-
dent emors exposed by these lan-

ninnse can fnictrore even the most
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experienced programmers.
Parallel Language
Technology

Funcrional ianguages, such as Sisal,
promote the construction of correct

parallel programs by isolating the

programmer from the complexities
of parallel processing. Based on the
principles of mathematics, Sisal ex-
poses implicit parallelism through
data independence and guarantees
determinate resulfs.

A fundtional orooram consists of o set of
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rmathematical expressions that map
inpurs fo outputs. Sisal programs are
referentially ransparent and free of
side effects, deadlock, and non-
determinacy. The determination o'r

--l___l |

data OGPEHOEHCIES Sche

o g ] o o comminmit |n|rt‘\r

UPETUA 1S, LTI

values, and synchronization of
concurrent operations are realized
automatically by the compiler and
runtime system. The programmer
does not and cannot manage

these operations.

Sisal programs that un coredly on a
single processor are guaranteed to run
correcﬁy on any muiﬁprocessor regard-
less of architecture. Relieved of the
most onerous chores of parallel pro-
gramming, the software developer
is free to concentrate on algorithm
design and application development.

Performance
Today, most Sisal programs ouiperform

oorcllelmnq soﬁwore ond un compo—
rable to hand-written paralflel Fortran
codes. Due to the simplicity of the
functional programming model, the
deveiopmnr cost of the Sisat pro-
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giars is five 1o seven fimes less har

the Forran programs.

Computation Organization: Computing and Mathematics Research Division




DISCLAIMER
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This document was prepared as an account of work sponsored by an agency of

the United States Government. Neither the United States Government nor the
University of California nor any of their employees, makes any warranty, express

or implied, or assumes any legal lability or respensibility for the accuracy,

completeness, or usefulness of any information, apparatus, product, or process

disclosed, or represents that its use would not infringe privately owned rights.
Rafercnce horein to anv snecific commercial nproduct process, or service h}r trade

name, trademark, marfufgcturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors
expressed herein do not necessanly state or reflect those of the United States
Government or the University of California, and shail not be used for advertising

or Pmdnr‘t endorsement nummeq
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Sisal Language Project

Mature Sisal systerms exist for the
famity of CRAY compurers 5GI 340
' quenr Symmedtry,
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tvoe svsrems exist for the Intel Paro-
gon and Neube 2000. Sisal systerns
include a high-performance com-
piler, a high-performance micro-

rcsking runtime system, a debugger,

and tools to coliect compne—nme
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GNd fuUnnime SiGiisne. we nave

imnlameantad o mixed-lonouooa
impementeC Q mixec-anguage

inferface that allows Sisal programs
to call C and Forran and vice versa.
Presently, we are extending the
language to include Fortran 90
array syntax and array opero'rions.
k_oples of the new |cnguoge defi-

Technology Transfer

=

and Development Agreement to
develop a high-performance Sisal-
Fortran 90 programming environ-
ment for the IBM Power/d and
Power/4 foliow-on systems, if any,

signed a Cooperative Resear

and fo write in Sisal ab initic quan-
rumn mechanical and sratistical
mechanical molecular dynamics

codes to facilitate the rational de-
sign of cancer drugs. The project is
a three-year, $6 million effort

funded by the Deparrment of En-

ergy (DOE) T lecnnology Transfer
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wHative and in-kind confributions

rom IBM Corporation and
BioNumerilk Pharmaceuticals.
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Computational fluid dynamics field imaged by a line integral convolution aigorithm

written in Sisal.
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Sisal Scientific

Computing Inifiative
The Computing Research Group at
NI i revemmermle Foe dhoon

ing pIUIJUJUIS or me
omputing Inffictive,
This Initiative, sponsored by LLNL and
the DOE, is infended to promote the
use of Sisal and educate the scientific
community in the art of functionat
progromrning Members of Ihe

\,ompunng Research UTOUP will
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educationol material, fraining, con-
sulting, and user services to scientific
applications programmers interested

in writing Sisal applications.
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LeveIopImenr anda emmcent Hmpie-
mentation of the programming

I Qge e develop-
menr of soenﬂflc ooollconons The
group welcomes the opportunity to
worls with scientific application
groups to explore this emerging

programming technology.

reseorch Qroups in rhe Comounno
and Mathematics Research Division
at [LNL. These four groups pursue
different problem areqs in scientific
computation. The general focus of
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rithms and soffware for bcsic compu-
tational problems, but ccasion a

method wil be mplemenred o
address a specific application, often
in collaboration with other projects
either within or outside LLNL.

Work was performed under the auspices of the U.S. DOE by
LLNL undler contracr No. W-7405-Eng-48.

a and Mathematics Research Division






