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Coconut

1. experiment

e DSLs embedded in Haskell

e principled graph transformations
2. production compiler/code generator

e produces IBM MASS library on several
platforms
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ldeas

e orthogonal aspects into DSLs
® oreater control
® one aspect at a time
e principled graph transformations

® still working on embedding into a
textual language
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Roadmap

e SIMD Parallelism

extensible DSL captures patterns
1/3 verification via graph transformation

generated library shipping (Cell BE SDK 3.0)
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Compact Code

——

/

/

0.2/
o

el —e
e? +e77

4‘- T
‘ 4

\\\\\\\ S
R%/ﬁ{{7<{Km///
At

SRR T




Compact Code
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0.8 | tanhSPU = usel6X2lookup tanhLookup tanhC tanhKeyResult
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Rapid Prototyping

® 5X Improvement not magic, it Is
® new algorithm ideas
® pattern capture

® requires
e rapid prototyping

e refactoring
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exp

Instructions

and more accurate!

exp2 exp2ml expml log loglp log2 log2lp recip

rsqgrt
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Roadmap

e SIMD Parallelism

extensible DSL captures pattgrns
1/3 verification via graph tran \&o

N
generated library shi elliéw V)
o Multi—CoﬂQ
model on ILP

generation via a@ sformation
linear-time erba 10
run time

e Distant Parallelism
o0 verification via model checking
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Goal

® expose code graph transformation on
the user level

Implementation

e explicit graph transformations
® capture correctness using type safety
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Plan

e orthogonal aspects into DSLs

e principled graph transformations

R@a [ I.ty

e control flow graphs on another plane of
existence
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Control Flow
earrangements
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Problems

® need to program using graph language
e hard to program
e cannot see control flow and
computation at the same time
e |ost interpretation
e 10-page type errors

e only student who understood it also
won the ICFP
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Split approach

1. Control-Flow Rearrangements
® | et user specify functionally

2. Explicitly Staged Software Pipelining
e Min-Cut to Chop into Stages

e Principled Graph Transformation
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Software Pipelining

L

e hide latency

e same length loop body
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MultiLoop

2

P

hintable computed
branch
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MultiLoop
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Example: Fast MRI

Fourier

Transform
. < o
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Fast Experiment # FFT

irregularly
sampled date

N

resampling

—

Artial FFT
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Resampling

convolution with compact function

outer product of vectors
sin/cos evaluation
accumulation in array
® keep array in registers

sampled value

-

psampled values

Coconut - CASCON - 2009



Two Cases

aligned unaligned

0 1 3 4 0 1 2 3 4

sampled value sampled value

g ﬂ/m

2
3 —TESamprerrvatu [ 3
4 4

2 vector registers 4 vector registers
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MultiLoop

' some
-, arrows are

< i 1
thicker j

than others
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(multi)iterate

multiLoop8 :: (Integer,Integer)

case index range

-> MSCases8 swCom sw0 swl sw2 sw3 sw4 swb sw6 sw7 swExit

initial data

-> ((Int, MSCases8 swCom sw0 swl sw2 sw3 sw4d sw5 sw6 sw7 sSwWExit)
—-> ([(Int,key)]
, Maybe (MSCases8 swCom sw0 swl sw2 sw3 sw4 swb sw6 sw7 swExit
» [(String,key)]))

function to iterate (lazily evaluates data to key)

-> (swExit, [(String,key)])
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Example: PFT3d

(24to16)

= multiLoop8 "PFT3.body" (0,3) (startLoop mr) body

body (codeIdx, MS8CO (ticker, (vsIn, mr)) ())
= ([(2,bKey)], Just (next, dbg++msDbg) )
where
((ticker' ,bKey,key),dbg) = inductionPFFT24 ticker
1dStAd = head ticker
1dstAd' = head ticker'
vsOut = quadRowFT vsIn
(next,msDbg) = if codeldx ==
then (MS8CExit $ meet "stores should commute”
S storeXRowsZ (xySize 2) (stAddr 1dStAddr) vsOut mr,[])
else let (vsIn',ldMRs)= load¥Col (xSize codeIdx) (ldAd 1dStAd') mr
vsIn'' = case codeldx of
0 -> riririri2rrrriiii vsIn'
_ => vsIn'
stMRs = storeXRowsZ (xySize codeldx) (stAddr 1dStAddr) vsOut mr
in (MS8CO (ticker', (vsIn'', meet "load/stores should commute"
(1dMRs++StMRs) ))

(),[1)
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Assembly embedded in Haskell

Instance

4

.. DSL

SPUSIim / ghci
interactive
development

ﬁ

Instance

A

pretty

printer

codegraph

ExSSP

‘ visualization \
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Interpreter Semantics

e Just Haskell Data Types

e folds lazily

® data-determined case and returned as
Input
e different cases constructed using

Haskell control flow

e specifty (limited) re-orderable load/store

® interpreter verifies correctness



Codegraph Semantics

{indices} x {data cases} loop bodies
iterate through and generate valid cases
cut common codegraph

restrict case-specific code to last stage
restrict case calculation to previous stage
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Partial FFT

e example of a separable transform
e SIMD doesn’t like row transform
® do column transform + transpose

ryz — Yzxr — ZxY — XY/

® sequence of 3 triple-nested loops

® one MultiLoop

e pointer/counter overhead = 1 mult-add
e and lots of shuffles and bit rotates
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Coconut Roadmap
e SIMD Parallelism

still great!

® Multi-Core Parallelism
another talk

e |[tra-Core Control Flow

major bump in the road

finally back to simple model with compact
text

stay tuned for performance numbers after

code generation is rejiggered :)
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