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Towards Multi-Level Arithmetic Optimizations
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®
The Real Number lllusion Example: End-to-End Audio compilation flow
. . . . 4 Ring Modulator I /" Faust Graph I
Most humerical code is written with J(8) = sin(2fef) - sin(2fuf)
I b . . d (1) ' Faust IR
real numbpers in mind. faust.graph @process(inputs: 1, outputs: 1) {
.I I b I I I [\ﬁ Aﬂ NA %0 = faust.PI
Yet, comphners only obpey Io0w-IEeve VA'A i A'AV t %1 = faust.real (2.000000e+00 : f32)
o . JU J L V\ %2 = faust.real(3.300000e+01 : f32)
machine numbers: floats and ints. %3 = faust.real (4. 800000e+04 : £32)
Th. d. “ f th” I K / K / ;: z :3?3:5?;;@'?;32 real, %3 : !faust.rconst)
IS discourages ( unsafe-ma Oor misses o divi(Ralt S aust reall s AUt
: . %6 = faust.mul(%5 : !faust.real, %2 : !faust.rconst)
t.mization 0 Ortunities Faust Ianguage Ring modulation shape %7 = faust.mul(%6 : !faust.real, %1 : !faust.rconst)
many Op 1 pp ’ Internal Graph %8 = faust.mul(%7 : !faust.real, %0 : !faust.rconst)
. . o o o import ("stdfaust.lib"); %9 = faust.sin(%8 : !faust.real)
especially in machine learning, linear O enaaesen s
I b . l o sine(f,t) = sin(ph) with { %11 = faust.mul(%5 : !faust.real, %10 : !faust.rconst)
a ge ra, or Slgna proceSSlng° ph = t/48000.0xf*2.0*ma.PI; %12 = faust.mul(%11 : !faust.real, %1 : !faust.rconst)
s ﬁ %13 = faust.mul (%12 : !faust.real, %0 : !faust.rconst)
Step;_,;;: Process to Graph %14 = faust.sin(%13 : !faust.real)
ringmod(fc,fm,t) = sine(fc,t) * sine(fm,t); %15 = faust.mul(%14 : !faust.real, %9 : !faust.real)
A ® h ® O ® s ® faust.output (%15 : !faust.real)
rithmetic Optimizations process = ringnod(440.0, 33.0); )
. . . . Step;;;;;: Graph to Function
... beyond existing low-level rewrites in , r— el AT UL
/ Polynomial Approximation '
Current COmpllerS: (Horner Form, SOHYa) func. func @process(%arg@: !fixed_pt_arith.fixedpt<4,-5,signed>) -> !fixed_pt_arith.fixedpt<o,
. . -23, signed> {
- 1 . A: fixedpt<4,-5,signed> — ’ @
. T %0 = r_arith.constant (4.400000e+02 : f32)
Operator specialization: squarers, constant maps [~16, 16) to [1, 1) $0 T roarithc
— P
mu|t|p||er5 B: fixedpt<@, -23, signed> fz - r_arith.constant (2.000000e+00 ]1:32)
R 12th-degree polynomial %3 = r_arith.constant (3.300000e+01 : f32)
E o f . . 1 . ( t+ ) %4 = r_arith.constant (4.800000e+04 : f32)
XpreSSIOn usion: > > or Sinf w ¢ P(x) =co+ x(c; + x(cs + -+ + x(c11 + x¢12))) %5 = r_arith.div(%arg@ : !fixed_pt_arith.fixedpt<4,-5,signed>, %4 : !r_arith.r_const)
X +y e %6 = r_arith.mul(%5 : !r_arith.r_expr, %3 : !r_arith.r_const)
. . . . . LT %7 = r_arith.mul(%6 : !r_arith.r_expr, %2 : !r_arith.r_const)
Optimizations tailored to target semantics 46 = r_arith.mul(x7 . Ir_arith.r_expr, %1 : lr_arith.r_const)
. %9 = r_arith.sin(%8 : !r_arith.r_expr)
UserI When Complllng t() hardware [Lah+18; 1T %10 = r_arith.mul(%5 : !r_arith.r_expr, %@ : !r_arith.r_const)
%11 = r_arith.mul (%10 : !r_arith.r_expr, %2 : !r_arith.r_const)
Ugu+20; F0r+22; DK24]’ but not Only. b it %12 = r_arith.mul (%11 : !'r_arith.r_expr, %1 : !r_arith.r_const)
A S888888855S55585S8385eSERISRSEFT %13 = r_arith.sin(%12 : !r_arith.r_expr)
& J %14 = r_arith.mul (%13 : !r_arith.r_expr, %9 : !r_arith.r_expr)
%15 = .machine_repr of %14 . ! : as ! ) <0, -23,
S ° ° ° signed>
F B L . , return %15 : !fixed_pt_arith.fixedpt<@, -23, signed>
emantics First, bits Later R S } p p :
Separation of concerns thanks to MLIR:
. « . . 0000000000000 0000000000000 00000 O ———
nghel’ IGVGIS Captu e mathemathal |ntent 3 Stepjji—;v: Polynomial Approximation
. « . 9 FixedPointArith IR |
Lower levels deal with "machine numbers”. T ey — s E—
func. func @process(%arg@: !fixed_pt_arith.fixedpt<4, -5, signed>) -> !fixed_pt_arith.fixedpt
. . . <23, 0, signed> { C;: fixed-point coeflicients
Our ContrlbUtlons‘ %0 = fixed_pt_arith.const <2, @xed_pt_arith.fixedpt<®, -2, signed>> ey .
. . . . . . Y;: truncated input reused
. . . . %1 = fixed_pt_arith.const <-4170, !fixed_pt_arith.fixedpt<11, -2, signed>> _
real_arlth and flxed_pt_arlth dlaleCtS %2 = fixed_pt_arith.const <2132970, !fixed_pt_arith.fixedpt<20, -2, signed>> Si: adder output sizes
. . . . :A3 = f%xed_pt_ar?th.const <1183, !fixegl_pt_arith:Fixeo.lpt<9, -2, signeo!>> Final stage: rounding
POlynomlal apprOX|mat|0n Iowerlng from %4 = fixed_pt_arith.const <-303000, !fixed_pt_arith.fixedpt<17, -2, signed>> .
%5 = fixed_pt_arith.const <-70, !fixed_pt_arith.fixedpt<5, -2, signed>> ] f
o @ - c c I c c - _ c ~ =
real expreSS|OnS %6 f%xed_pt_ar%th.const <13004, ..flxed_ptfarlth.f1xedpt<12, ?, signed>> 5, . |,
%7 = fixed_pt_arith.const <-3, !fixed_pt_arith.fixedpt<@, -2, signed>> |_ X S =R |5
s . _ . . %8 = fixed_pt_arith.const <-261, !fixed_pt_arith.fixedpt<7, -2, signed>> A
PreCISIOn tUHEd Horner arChlteCture derlved %9 = fixed pt_arith.rescale_2pow %argd : <4, -5, signed> shift by -4 ‘ ’ /
f d I t I I %10 = .mul %8 : <7, -2, signed>, %9 : <0, -9, signed>
Fom lal€ECT-1EVE Ops %11 = .extract <8, -4, signed> from %10 : <8, -11, signed> Horner Stage1
. %12 = .add %11 : <8, -4, signed>, %7 : <@, -2, signed> -> <7, -4, signed> .
End-to-end MLIR flow evaluated on signal 77 Generated Architecture
. // Intermediate Horner stages @
processing workloads /o
%31 = fixed_pt_arith.mul %30 : <19, -4, signed>, %9 : <0, -9, signed>
Input | Front End High-Lev§| | Loyv—Leve.I ~ Back End | Output %32 = fixed_pt_arith.extract <20, -4, signed> from %31 : <20, -13, signed> @
Arithmetic Arithmetic %33 = fixed_pt_arith.add %32 : <20, -4, signed>, %0 : <0, -2, signed> -> <20, -4, signed>
%34 = fixed_pt_arith.extend %33 : <20, -4, signed> to <23, -4, signed>
an f 1 1 1 1 0 _ £ - : 0 . _ : . Fixed-Poi i
: : : : : — — . ’ ’ . ’ ’ l
t 3 3 3 3 3 %35 = fixed_pt_arith.extract <23, 0, signed> from %34 <23 4, signed> Stepjy—,: Fixed-Point scaling
PyTorch| B i SystemVerilog\ return %35 : !fixed_pt_arith.fixedpt<23, @, signed>
CF
Polybench }
matmulepp| 6 " [HWArith|
divd.cpp | —p — | — GDs . . =
— Polygeist| . 'Arith IR (simplified) |
>SHlepp R | | LLVM Dialect -
accum.cpp | ClangIR FixedPoint | | a Step,_,;: Instructions . .
| RealArith Arith 1) ey, func. func @process(%argd: i10) -> i24 {
Cos 3 ‘ : & J . backend "'~.,. %c2_i3 = arith.constant 2 : i3
; | B i o, %C-4170_i14 = arith.constant -4170 : il14
Faust Al‘lth\i\j emitC| ; KX //
FM.ds i | i — | | 8
Pf ; ; - N Hardware IR / HLS * oo . o . :
; | | LLYM! LLYMIR(ID] ., %0 = arith.extsi %argd : 110 to 120
Faust 7777777777777777777777777 // CIRCT “ %1 = arlth.mU].l %@, %C_261_12® 5 12@
// Dynamatic o '““'"'-----....,___‘=p %c7_120 = arith.constant 7 : i20
________ backend Step,—y;: Datapaths %2 = arith.shrsi %1, %c7_i20 : i20
Internal Dialect () Internal leraryD Language Lowers to Uses Transformation Passes %3 = arith.trunci %2 : i20 to il13
External Dialect (_J External Library |_|Benchmark = Missing Path Step;_,;;: faust -lang=mlir ringmod-tfunc.dsp -o ringmod.mlir %4 = arith.extsi %3 : 113 to i14
Step;;_,;;: faust-opt ringmod.mlir --cse --canonicalize --faust-to-core=’tfunc’ -o ringmod_realarith.mlir Il ...
. . . . Step,;;_,;,: flopoco-opt ringmod_realarith.mlir --realarith-to-fixed_pt_arith -o ringmod_fixedpt.mlir %65 = arith.trunci %64 : 128 to 124
Overa” COntrlbUtIOn: proposed dlaleCtS (ln dark gl‘een), Step,,_,,: flopoco-opt ringmod_fixedpt.mlir --realarith-to-fixed_pt_arith -o ringmod_arith.mlir return %65 : 124
. . . . Step,_,,;: flopoco-opt ringmod_arith.mlir --arith-to-llvmir -o ringmod_llvm.mlir ¥
Integrated nda ngh Level SyntheSlS eCOSyStem‘ Step,_,,;: flopoco-opt ringmod_arith.mlir --arith-to-hw -o ringmod_hw.mlir
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