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Puzzle

« How would you arrange a total ALU?

« How would you arrange total memory addressing”

« How would you arrange total |/O"
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Plpeline machines

o [otallity + known waiting time = ideal pipeline
concurrency




Concurrency
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Von Neumann program




Von Neumann program




Von Neumann program
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Plpeline program




Plpeline program




Plpeline program




Plpeline program




Plpeline program




Plpeline program




Plpeline program







Plpeline machine

o [hroughput is independent of program length

e Data concurrency increases with program




FPGA prototype
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Architectural prototype

e Token = 16 bit header + 80 bit float datum

e 64 k mills per chip




Relative aaddressing

e Fixed size, relative address implements an

address horizon in an arbitrarily large machine
and maintains constant computational efficiency




Conditional indirection

e Token header has one bit to signify delivery of
ne datum and one bit to signify redirection of

ne datum, with redirection address held in mi




Conditional execution

e Token header has one bit to signify execution of




Architectural prototype

e Square array of mills

e Pipelined communication not just nearest
neighbour




Plpelined communication

o Multiple mills emulate a von Neumann
address space but with cycle time
proportional to distance travelled

« Multiple




2D pipeline

o« Unbreakable if-then-elselt-...-elseif-else-endit
pipeline




Known waiting time

o |f the waiting ti
nen Its progra
unbreakable 2

me of an algorithm is known
M can be laid out in an

D pipeline or slipstream




Known waiting time

e Slipstream programs, with shared data, can
execute concurrently




Molecular dynamics

« Many clock ticks to input one record to
specify a molecule
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Molecular dynamics

« 2 M mill board inputs 500 molecule specification
records in many clock ticks

« Accumulates 500 molecule-molecule interactions
per clock tick, over a stream of very many




Unknown waiting time

e |f code can be unrolled to one outer loop then
data can be circulated through externa
memory and the body of the loop retair
known waiting time with all of the above




Exception handling

« |f machine is total then no logical system exceptions
possible so no exception handling needed

o |f waiting time is known then no programmer
exception handling needed, just let a computational
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Programming

o Architecture is Turing complete so any
programming language can be used

 Map-Reduce programs, with data streams of
known length, are guaranteed to be




Demonstration




® Sublime Text2 File Edit Selection Find View Goto Tools Project Window Help ;W ¢ < 4 (E Thu00:03 & Q

matmul.script

Startup Disk

I0_sim3168_s
steve¥ ls heet.pdf

matmul.script matmul .sim MatrixMultiplyhod {

steveX®

String CHAIN_ P> 1774 ) o2 4 b
String CHAIN_NX LN
String CHAIN § L Py Deca
String CHAIN NY "ZI NY : - Thesis.pdf
String NO_CHAIN = “ZI “;
Simulation S;
Factorising

versu.. raffle
int v'r', N ’
dgoublell ] A
doublel(] (] B;
cessor start_anchor;
Processor c¢_anchor;

i Iy
String chainFlag( Direction d ) { -
“ZI " + d.toString() substring( 1 );
}
void chain( Processor p, int stop_lidx, Direction d ) {

Proce

ssor n - p.neighbor( d, 1 );
p.getRegister( d ).tt( stop_idx, n, chainFlag( d ) );

void setup_al( Processor p, boolean is_last ) { 4

( 1is_last ) {

chain( p, @, DNX ); Left 4

’ Dead.app
p.RNY() .busStopd( C, p.ONY().RXX(), CHAIN NY );
}
void layout al( int ox, int oy ) {
(int 1 =0; 1 <N; 1++ ) {
Int X ox ) ¥ Scratch for
inty oy; AppGinger.txt

boolean is_last (1 e );
setup_al( S.processor( "A'Vector", x, y ), is_last );

}

Line 1, Colemn 1 Tab Size: 4 Java




summary




Relative aaddressing

« Reduces token size, making hardware more
reliable and reducing power consumption




onditional indirection




2D addressing of mills

« Reduces token size, making hardware more
reliable and reducing power consumption




Plpelined communication

 Emulates von Neumann addressing

 Emulates systolic addres




Totality

e Reduces the number of program (model
errors

» Delivers unbreakable pipelines




General programming

e Von Neumann languages because Turing




Slipstream
programming

« VVon Neumann languages restricted to:
no recursion
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Conclusion

e Power efficient because all tokens move a short
distance per clock tick

« Scalable to any size with constant efficiency




