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It's all about Choices!

e | couldn’t agree more with Sven-Bodo about this statement

o | (of course) couldn’t disagree more with Sven-Bodo

about all the choices made in SaC @

Shouldn’t the consequence be not to make choices but to offer them?



+ [ERSVAE : Expose Optimization Choices

3 [ICFP 2020] (3 [CGO 2021]

A Pattern-Based Intermediate Languages | ———
| ‘ High-Level Program | | Optimization Strategy

def highLevelProgram =

SUCC@SSOr depFun((n: Nat, m: Nat, o: Nat) =

fun(A: n.o.f32 = fun(B: m.o.f32 = (c R@\X/Fitiﬂg)
t() LJFT. A D map(fun(row0fA =
B D map(fun(rowO0fB = +
zip(rowOfA)(row0fB) D
map(fun(x = fst(x) * snd(x))) D ‘ | ow-Level Program
reduce(add)(0.0f) )) )) )) )
: (Q*Codeger)
=CSVANE A Programming Language 9

for describing Optimization Strategies

Y

High-Performance Code

def optimizationStrategy =

( "map > mapPar’ ‘@ outermost(isMap))

('map F— mapSeq’ ‘'@ outermost(isMap))
(‘reduce > reduceSeq™ ‘@ everywhere)

'

| https://rise-lang.org
https://elevate-lang.org



https://rise-lang.org
https://elevate-lang.org

+ [EESVAS : Results for Matrix Multiplication
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baseline vectorization array-packing parallel
blocking loop-perm cache-blocks baseline vectorization array-packing parallel

blocking loop-perm cache-blocks

=H=VATE allows to implement state-of-the art scheduling APIs from first principle



Compilation via multiple intermediate languages

RISE h ELEVATE

reduce (+) 0 (map (! x. fst x ! snd x) (zip Xsys)) High-Level | f&liitatie]
Program Strategy : : :
® Domain-Specific Hardware-Specific
Extension Extension
(
- RISE
S
"3 asScalarg (join (mapWorkgroup (Azs;. mapLocal (Azs2. reduce (Ax a. (fst x = snd x) + a) 0 (split 8192 zs3)) zs1) COmPUtatlonaI ComPUtathnaI ComPUtatlonaI
- (split 8192 (zip (asVectory xs) (asVectors ys)))))) \ Patterns Patterns Patterns
-
LL \ map reduce stencil mapSeq mapPar
split join .. conv3x3 .. mapVect asVect
RISE B matrixMult4x4 .
parforWorkgroup (N/8192) (joinAcc (N/8192) 64 (asScalarAccs (N/128) out)) (A gid o. D P I / \ L L |
parforLocal 64 o (A lid o. ow-Leve
G>) newPrivate num({4) accum. . Program E I— EVAT E
= accum.1 := 0; s‘ 5o . . . .
= for 2048 (11 % Optimisation Optimisation
— accum.1 := accum.2 + ‘~~ Strategy Strategies Strategies
< (fst (idx (idx (split 2048 (idx (split (8192 = 4) (zip (asVectory xs) (asVectory ys))) gid)) lid) i)) = N !
% (snd (idx (idx (split 2048 (idx (split (8192 « 4) (zip (asVectory xs) (asVectory ys))) gid)) lid) i)) ); . Combinators tiling vectorize
— out = accum.2)) seq try separability doRegRotation
dfsTraversal .. winograd .. pipeline ..

| N

kernel void KERNEL (global float xout, const global float *restrict xs,
const global float *restrict ys, int N) {

for (int g_id = get_group_id(Q); g_id < N / 8192; g_id += get_num_groups(0)) { OpenMP‘\‘ OpQﬂCL%‘ h

for (int 1_id = get_local_id(0); 1_id < 64; 1_id += get_local_size(0)) {
float4 accum;
accum = (float4)(0.0, 0.0, 0.0, 0.0);
for (int i = 0; i < 2048; i += 1) { Low-Level Code
accum = (accum +
(vload4 (((2048 * 1_id) + (8192 * 4 x g_id) + i), xs) * II II
vload4 (((2048 * 1_id) + (8192 *x 4 x g_id) + i), ys))); }
vstore4 (accum, ((64 * g_id) + 1_id), out); } } }




& MLIR: Offer integration choices

e Focus on compiler intermediate languages rather than user facing languages

e Avold flame war over functional programming

» Type systems (e.g. dependent types) can be complex to carry rich information

 Easy(er) to build fully integrated systems
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& MLIR: Offer integration choices

A |> map(fun(arow, B |> transpose |> map(fun(bcol,

zip(arow,bcol) |> reduce(fun((ab,acc), (abjxab,)+acc),e)))))

func aQmm_fused(%outArg, %inA, %inB) {

%A = in %inA
%B = in %inB
%t = rise.transpose #irise.nat<2048>

#rise.nat<2048> #irise.scalar<f32>
%B_t = rise.apply %t, %B

%m1fun = lambda (%arow) -> array<2048, scalar<f32>> {

sm2fun = lambda (%bcol) -> scalar<f32> {

%zipFun = zip #nat<2048> #scalar<f32> #scalar<f32>
%zippedArrays = rise.apply %zipFun, %arow, %bcol
%reduceLambda = lambda(%tuple, %acc)->scalar<f32> 1
%fstFun = rise.fst #scalar<f32> #scalar<f32>

%sndFun = rise.snd #scalar<f32> #scalar<f32>
%first = rise.apply %fstFun, %tuple
%second = rise.apply %sndFun, %tuple

%result = rise.embed(%first, %second, %acc) {
%product = mulf %first, %second :f32

%result = addf %product, %acc : f32

return %result : f32

}

return %result : scalar<f32>

}

%init = rise.literal #lit<oe.o>

%reduceFun = reduceSeq #nat<2048> #tuple

%result = rise.apply %reduceFun, %reducelLambda,
%init, %zippedArrays

return %result : scalar<f32>

}

%m2 = mapSeq #nat<2048> #array<2048, scalar<f32>>
#tiscalar<f32>
%result = rise.apply %m2, %m2fun, %B_t

W Machine MLIR

. .
B [eaming model xla_hlo dialect

RISE dialect
%se.zip

xla_hlo.broadcast

SRS . rise.mapPar
— @1 FIJ : 'f—.-";*{’"?.f-/af" Xa_o:redlce xla hlo.dot ) Section 4.1 rise.mapSeq
r =L == = e N NE xla_hlo.reshape - —p . rise.slide
(7- [t -\ - - rise.reduce
S |l NN o xla_hlo.add xla_hlo.conv
Section 4.2
Section 4.3

LLVM IR SCF/Affine + Standard

/scf.loop

scf.parallel

LLVM dialect

affine.loop

10010
10010
A

std.add std.load

\ affine.load ...]

return %result : array<2048, array<2048, scalar<fi2>>>
}
%m1 = mapSeq #nat<2048> #array<2048, scalar<fi2>>

#farray<2048, scalar<f32>>
%result = rise.apply %mi, %mifun, %A

out %outArg <- %result
return




How to make choices?
» Fully manual via

e Fully automated via: [1);
- StOChaStiC methOdS I [ICFP 2015] (@) Initial e-graph (b) After applying rewrite

contains (axX2)/2. xX2->x<1.

------------------------------------------------------------

- Equality Saturation & E-graphs: /
! Search OOptimizing Functional , : T
Programs with Equality SaturationO a1 HE
on YouTube T
a 2 1 tla i 2 1
- Re i nfO rceme nt Lea ' i 1 g & (c) After applying rewrite (d) After applying rewrites
(x Xy)/z > x X (y/2). x/x —>1land 1 X x — x.

other machine learning methods

e Big open question: How can we mix both modes conveniently?
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