The Sisal Model of
Functional Programming

and its Implementation




Overview

® Motivation

® The Sisal Language




Motivation
e C/MPI is hard

® | ack of programming quality in parallel
programs. Ve want:

® Maintainability




The Sisal Language

® Stream and lteration in a Single Assighment
Language

® A Functional Language




define Main
type Info = array|[ integer ]
function Main ( Data : Info returns Info )

function Split (Data : Info returns Info, Info, Info )
for E in Data
returns array of E when E < Data[ | ]
array of E when E = Data[ | ]
array of E when E > Data[ | ]
end for
end function

% routine body
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® Optimizing Sisal Compiler
® Shared memory
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Shared Memory
Compiler Optimizations

® Everything is a copy
® When do we free?

® Reference counts




Shared Memory
Compiler Optimizations

® Build in place

® Programs often compute left, right, inner
values separately then merge
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Shared Memory
Compiler Optimizations

® Other Optimizations

® Analysis makes vectorization easy




Distributed Memory
Compiler Optimizations

o D-OSC

® The master process divides loops evenly
amongst the slave processes
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Distributed Memory
Compiler Optimizations

® Rectangular Array
® One descriptor => Faster lookup

® Not so good in practice




Distributed Memory
Compiler Optimizations

® Block Messages

® Multiple alignment
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~® Finds “affine” loops




Multithreaded Execution

® Asynchronous

® Based on the availability of data




Threads

® Each thread has

® A block of code they execute




Threads

Blocking Non-Blocking

® |nstantiated when ® |nstantiated when
code block is all inputs available
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Multithreaded Execution

® How do threads get data from other
processes!

® Single-phase: Request the data, wait for
the data, continue execution
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Performance

® The performance of the blocking vs. non-
blocking thread models is completely
dependent on the memory layout
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Current Status

® Versions exist for the Cray X-MP,Y-MP, 2;
Sequent, Encore Alliant, and others.







