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INTELLIGENT FORTRAN COMPILER FOR PARALLEL COMPUTERS

Vasanth Balasundaram and Geoffrey Foz

Abstract

For at least the next few years, FORTRAN will be a critical language for
scientific computation. One can view it either as a primary user interface or as
a portable “machine-language” for which excellent compilers exist and which
is a target for more user-friendly systems. Mapping a scientific problem onto
a high performance computer can be viewed as a hard optimization problem
where one minimizes sorne combination of user program development time and
production program exscution time. We consider how expert systems, neural
networks, simulated anncaling, and related methods can be integrated into a
FORTRAN compiler to both give better code and feedback to the user on the

appropriateness of a particular problem to particular hardware.
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Large N body Calculations

Quinn, Salmon, Warren, Space Telescope Institute, Caltech

M Stars

Clustering algorithm (Appel, Barnes - Hut, Greengard)
Can replace M body force calculations by one using center of
mass of cluster

Naive calculation 1/2 N2 t2p article )
Clustering (20-50) N'log,y N t2p article l&eit \1?&616661

Can do O (10,000) Particles with O(N2) alg’orithm[
One to two orders of magnitude larger problems possible with
clustering algorithm :

We had hoped to do 0(106) particles

. Galaxy Structure and Collision of Galaxies
Running 180,000 objects on 512 node NCUBE

« Cosmology - growth of fluctuations

« Globular Clusters - very difficult as short range
interactions (binaries) important




Hierarchical Decomposition
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Hierarchical boxing, presented for simplicity in
two dirietisions. A system of particles is shown,
and the recursive subdivision of space induced

by these particles. ‘
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The two-vehicle navigator solution

for a conflict imposing terrain
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Speed-up for 4 vehicles
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Dynamic Routing of Messages

Final Locations

~ A yA 4 A .4
some sort
, of switch
string —
7 1 7 7 \
Initial Locations (Nodes)

1essage

Neural Router dynamically routes messages given current

message location and destination




Message Routing on a Parallel Computer

e.g., how to send a set of messages from given source nodes to
given destination nodes on a hypercube |

«  Similar assignment problem but entities (message this

time, not grid points) are not fixed or slowly varying but
rather move on a fine time scale

Initial time t,
Final time t

Goal: Minimize total routing time
b -l
.  Now degrees of freedom are not instantaneous positions

N(m)
<N

node message

Y
{ N (m, 1) }

5

but rather paths

. Use neural variables as in decomposition problem

leads to My (m,t) m labels messages

k labels scale level
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‘on Panﬁwmmxnce

do j = 1, n
PN\a"cl > A0 U = \,on
Loop
ACe,)) = F(ACC-\,J)D
Cnddo
enddo

I lﬂop
inkanchange

\
Mooy — e =1
do j = 1, n
A(C/J) = (ACC"/ )>
enddo .F J
enddo
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. Pssome A s a axq array

+ Let cache size in eack proaussor be 4.

A

1 2 3> 4

T

L
occess P““""‘

be(lorc loop LU"J‘“"Q"

A |

2 3 4

M———)

\
Z
3| ——
4

OCeRSS Pa.H-(nn

O\E tan o OP (nkan (J\anzx.

Arr‘mp oou slored in coluomn - Major

A1)

\ (]

C&(_‘Jne miss b0
" ' A(!,l)—‘;‘)
Mz, D sracsd
Wit AG. D |
ICDN
YERVARST:

A(\, \)

Coche miss ‘

AL

cache wWALSS

A1, 3)

Coche m153

{

e,v-ou.l rtf-vncnu_ resolb

Fortran .

—AC 7]
A(ze0) |
AG) )

TR (AL

in a cache miss!
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Eg{fec\— o{i pbelmc_ u\—:‘xlo}\on mkroveku\* "‘r‘anSformaLon

T oon tﬂw.{orw\rmc.(

do i+ 1, m
do v = |, n
S,: A(f,j): ACC*—l,j)-\—A(;—‘l,j)
S, BC, i) = ACL -0+ &8(C-1, ;5D
*enouo
enddo

TUustralion ‘for Mm=n= 2

A(‘/\) = A'(Z/')"' A<°/‘) I

B(i,) = ACLo)+ &Co,)) L
AC2,0) = A(3.0D + ACL)) ~ 3
BC2,) = A(2,0d+ B(i0) +
A(l,l) = A(=z,2) + A’(O,L> 5"
Llgz) = ACLD + R(o,2) .
Al2.2) = pC3,2)+ A(a) 1
(2,21 = A(z) + B (1, ) b
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Assome 4 stage bibeling

P;be\;n& S\'Aa{g

l R 3 4
¢\ \ )
2 2 |
3 2- |
] 2 )
[3' 3 > 2
mMe ¢ 4 5
. o,cles)
4 5 9 >
v (¢ ' 4 3
il L S 4
e b s
" 7 ‘
kS ? |
3 ? 7
g | 74 7
s ) 2
Tota)l Hwme = (S c,-.‘c,\e.s :

Bad pipeline uh Lzalon.
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A{:LU\ UV\V’O“ and JQM

do w j = 1, m, 2
d0 (= 1\, n
AL )= AGe, )+ A, )
BLL,3) = AL j=0)+ R, )
enddo
do b= 1,
) ACS, y+) = A(Cﬂ,j-n) + A=, )
Bl 5+1) = ACSS) B(i-1, j+1)

enddo
Cnddo

l NJ.QM §

do ) S0, o m, 2
0\0 (= i, n
Al ;) = Aalirr, )+ A, )
BCL§) = AL, j-0 + B, )
A (L g+1) = ALC-«—UJ'-:--)-;— -A(C,-UJ‘-;.,)
& (v, J+ =-#A LC,J) + g(c-,) J.‘*‘O
enddp
enddo
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An example ot Herakive refinement
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Prosvam e |
= I Y
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(el B oA - M
X <x( endfos b A A(x'(;))
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' B
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\ e

. :J"T‘-'; vyow
i 'Tangd" Maching : MIMD LL‘?MWL(

) = 3 4

W7 Y 1
A==

4 6/ /=

—7  Adependimer Sahs fed by C.ommunicahon
— d-'-’f(.v\dk«u_ joc\-«'s{-:ta( (ocallv



Whawe duwes B LLSQ:'&(& Co\?

Badh vl of M ™Mep

Prom Werd w T3

oS ayvR S / Hvows wway u\j:o«w\o;\\,m
et s \ks-ﬁ;qux ¢.g. Shauddire of
fode B2wmadt wash "Mudden" w valuas

oL poiates.
as earalelizey
WSee wa
/ " Casily "3 %C\ﬂ”&d\
Natend, _
‘:W Cest add H‘Ctrdwa.,.e
VO L duure fomnakins
Coss °f FoRtTRAL — "
‘“&0“‘\%‘\0& v



