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LogYexp benchmarks

@turbo loops from LoopVectorization.jl are 10x faster than LogExpFunctions.logsumexp! . How can
this performance improvement be applied to cases where we have FowardDiff.Dual types instead
of Float64s?

using LoopVectorization

using Tullio , LogExpFunctions , ForwardDiff , BenchmarkTools , Test , Pkg

versioninfo()

Bkg.status()

[6e4b809]
[£6369f11]
[2ab3a3ac]
[bdcacae8]
[bc48ee85]
[44cfe95a]
[8dfed614]
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[-0.401383, -0.724229, -0.364853]

begin
n,k = 1000, 3

end

randX =

theta0 =

rand(n,k)
randn(k)

[Dual{ForwardDiff.Tag{DataType, Float64}}(-0.401383,1.0,0.0,0.0), Dual{ForwardDiff.Tag{l

begin

end

cfg = ForwardDiff.GradientConfig(Nothing, theta0)

thetad = cfg.duals

ForwardDiff.seed!(thetad, thetal, cfg.seeds)

begin

end;

XF = ran
XD

]
-
Q)
=

XFtmp =
XDtmp =

VbarF
VbarD

tmp_maxF
tmp_maxD

tmp_cart

similar (XF)
similar(XD)

Vector{eltype(XF)}(undef, n
Vector{eltype(XD)}(undef,

similar(
similar(

logsumexp_simd!

using base SIMD loops

"using base SIMD loops"

S IS
~ ~—

VbarF)
VbarD)

Vector{CartesianIndex{2}}(undef, n)

function logsumexp_simd! (Vbar, tmp_max, X)

end

n,k = si

ze(X)

maximum! (tmp_max, X)

fill!(vb
@inbound
@sim

end
end
@inbound

ar, 0)
s for j in
d for i in

Vbar[i] +=

s @simd for

1:k
1:n
exp(X[i,j] - tmp_max[i])

i in 1:n

Vbar[i] = log(Vbar[i]) + tmp_max[i]

end

return Vbar
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logsumexp_vanilla!

vanilla loop with no @simd

"vanilla loop with no @simd"
function logsumexp_vanilla!(Vbar, tmp_max, X)
n,k = size(X)
maximum! (tmp_max, X)
fill! (Vbar, 0)
for i in 1:n, j in 1:k
Vbar[i] += exp(X[i,j] - tmp_max[i])
end
for i in 1:n
Vbar[i] = log(Vbar[i]) + tmp_max[i]
end
return Vbar
end

logsumexp_turbo!

using LoopVectorization.@turbo loops

NOTE - not compatible with ForwardDiff.Dual numbers!

using ‘LoopVectorization.@turbo' loops

**NOTE%% - not compatible with ‘ForwardDiff.Dual' numbers!
function logsumexp_turbo!(Vbar, tmp_max, X)
n,k = size(X)
maximum! (tmp_max, X)
fill!(Vbar, 0)
@turbo for i in 1:n, j in 1:k
Vbar[i] += exp(X[i,j] - tmp_max[i])
end
@turbo for i in 1:n
Vbar[i] = log(Vbar[i]) + tmp_max[i]
end
return Vbar
end
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logsumexp_vmap!

using LoopVectorization vmap convenience fcts

NOTE - this DOES work with ForwardDiff.Dual numbers!

using ‘LoopVectorization' ‘vmap‘ convenience fcts

**NOTE%% - this DOES work with ‘ForwardDiff.Dual‘ numbers!
function logsumexp_vmap!(Vbar, tmp_max, X, Xtmp)
maximum! (tmp_max, X)
n = size(X,2)
for j in 1:n
Xtmpj = view(Xtmp, :, j)
Xj = view(X, :, J)
vmap! ((xij, mi) -> exp(xij-mi), Xtmpj, Xj, tmp_max)
end
Vbartmp = vreduce(+, Xtmp; dims=2)
vmap! ((vi,mi) -> log(vi) + mi, Vbar, Vbartmp, tmp_max)
return Vbar
end

logsumexp_tulliol

Using tullio

"Using tullio"
function logsumexp_tulliol(Vbar, tmp_max, X)
@tullio avx=true (max) tmp_max[i] = X[i,J]]
@tullio avx=true Vbar[i] = exp(X[i,j] - tmp_max[i])
@tullio avx=true Vbar[i] = logip(Vbar[i]-1) + tmp_max[i]
end
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DefaultTestSet("Check fcts are correct", [DefaultTestSet("Floats", [], 5, false, false,

@testset "Check fcts are correct" begin
@testset "Floats" begin
bmark_F = logsumexp!( VbarF, XE)

@test bmark_F ~ logsumexp_simd!(  VbarF, tmp_maxF, XE)
@test bmark_F logsumexp_vanilla! (VbarF, imp_maxF, XE)
@test bmark_F ~ logsumexp_turbo!( VbarF, imp_maxF, XE)
@test bmark_F ~ logsumexp_vmap!(  VbarF, tmp_maxF, XE, XEitmp)
@test bmark_F ~ logsumexp_tulliol( VbarF, tmp_maxF, XE)

k23

23

23

23

k23

end

@testset "Duals" begin
bmark_D = logsumexp!( VbarD, XD)

@test bmark_D ~ logsumexp_simd!(  VbarD, tmp_maxD, XD)
@test bmark_D logsumexp_vanilla! (VbarD, imp_maxD, XD)
@test bmark_D ~ logsumexp_turbo!( VbarD, imp_maxD, XD)
@test bmark_D ~ logsumexp_vmap!(  VbarD, imp_maxD, XD, XDimp)
@test bmark_D ~ logsumexp_tulliol( VbarD, imp_maxD, XD)

Q

23

23

23

end
end

# 4 =1 dadprogesite\ShaleDrillingReyisediode lrlar @ lbooks-scratch\logsumexp-spee
d Ctesdsk lde=#apP87f539=8e1b-49af -89f3+ufaf1390aufl:13 =#:

Y Vooepieer oz rionreneeinargetmgnmyeareinpaseeiailed; running fallback ‘@inb
c ounds @fastmath' loop instead.

LUse ‘warn_check_args=false‘, e.g. ‘@turbo warn_check_args=false ...‘, to dis
¢ able this warning.
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Benchmark (evals=1, seconds=5.0, samples=10000)

begin

end

suite = BenchmarkGroup()
suite["Float64"] = BenchmarkGroup(["Float64"])
suite["Dual"] = BenchmarkGroup (["Dual"])

suite["Float64"]["LogExpFunctions"] =

@benchmarkable logsumexp! ( $VbarF,

suite["Float64"]["SIMD Loop"] =

@enchmarkable logsumexp_simd!(  $VbarF,

suite["Float64"]["Vanilla Loop"] =

@benchmarkable logsumexp_ van111a'($VbarF
suite["Float64"]["LoopVec @turbo"]

@benchmarkable logsumexp_turbo! ( $VbarF,

suite["Float64"]["LoopVec vmap"] =

@benchmarkable logsumexp_ vmag'( $VbarF,

suite["Float64"]["Tullio"]

@benchmarkable 1ogsumexpltu1110 ( $VbarE,

suite["Dual"]["LogExpFunctions"] =

@benchmarkable logsumexp! ( $VbarD,

suite["Dual"]["SIMD Loop"] =

@benchmarkable logsumexp_simd!(  $VbarD,

suite["Dual"]["Vanilla Loop"] =

@benchmarkable logsumexp_ van111a'($VbarD
suite["Dual"]["LoopVec @turbo"]

@benchmarkable logsumexp_turbo! ( $VbarD,

suite["Dual"]["LoopVec vmap"] =

@benchmarkable logsumexp_ vmag'( $VbarD,

suite["Dual"J["Tullio"]

@benchmarkable logsumexp tulllo 1( $VbarD,

$imp_maxF,
$tmp_maxF,
$imp_maxF,
$imp_maxF,

$imp_maxF,

$imp maxp,
$imp_maxD,
$imp_maxD,
$tmp_maxp,

$imp_maxD,

$XFtmp)

$XDtmp)
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results
tags: []

http://localhost:1234/edit?id=325c99f0-4018-11ed-3161-cb97ad3af256

2-element BenchmarkTools.BenchmarkGroup:

"Float64" => 6-element BenchmarkTools.BenchmarkGroup:

tags: ["Float64"]

"Vanilla Loop" => Trial(27.900 us)
"LoopVec vmap" => Trial(3.900 pus)

"Tullio" => Trial(24.900 ps)

"LogExpFunctions" => Trial(40.400 ps)
"SIMD Loop" => Trial(24.200 pus)
"LoopVec @turbo" => Trial(3.100 ps)
"Dual" => 6-element BenchmarkTools.BenchmarkGroup:

tags: ["Dual"]

"Vanilla Loop" => Trial(45.400 ps)
"LoopVec vmap" => Trial(42.500 ps)

"Tullio" => Trial(54.000 ps)

"LogExpFunctions" => Trial(63.400 ps)
"SIMD Loop" => Trial(38.600 us)
"LoopVec @turbo" => Trial(317.700 ps)

results = run(suite, verbose=true)

14 &= drpredectsdshaleDdrildipghevisedModel

notebooks-scratch\logsumexp-spee

¢ ctesits gl #==#a087if539- 8elh40pSf -89f3-cfat Lof 0a0f1:13 =#:

AN ¢

cundsy @ astmathnalopps insieada

_oopVectordzationsaheck _args don your inpu's failed; running fallback ‘@inb

3

C
LUse dJuwarnieheckpargssfalseqoedg), ‘@turbo w rn_check_args=false ...‘, to dis
c

cole(thds MarOEnNgs
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2-element BenchmarkTools.BenchmarkGroup:

tags: []

"Float64" => 6-element BenchmarkTools.BenchmarkGroup:
tags: ["Float64"]
"Vanilla Loop" => Trial(27.900 us)
"LoopVec vmap" => Trial(3.900 pus)
"Tullio" => Trial(24.900 us)
"LogExpFunctions" => Trial(40.400 ps)
"SIMD Loop" => Trial(24.200 ps)
"LoopVec @turbo" => Trial(3.100 ps)

"Dual" => 6-element BenchmarkTools.BenchmarkGroup:
tags: ["Dual"]
"Vanilla Loop" => Trial(45.400 ps)
"LoopVec vmap" => Trial(42.500 ps)
"Tullio" => Trial(54.000 ps)
"LogExpFunctions" => Trial(63.400 ps)
"SIMD Loop" => Trial(38.600 us)
"LoopVec @turbo" => Trial(317.700 pus)

results

BenchmarkTools.Trial: 10000 samples with 1 evaluation.

Range (min .. max): 3.100 ys .. 118.100 pys | GC (min .. max): 0.00% .. 0.00%

Time (median): 3.900 ps L GC (median): 0.00%

Time (mean £ 0): 4.299 ps £ 2.174 ps E GC (mean = o0): 0.00% = 0.00%

3.1 us Histogram: log(frequency) by time 9.7 us <

Memory estimate: O bytes, allocs estimate: O.
results["Float64"]["LoopVec @turbo"]

BenchmarkTools.Trial: 10000 samples with 1 evaluation.

Range (min .. max): 24.200 ps .. 400.100 ys { GC (min .. max): 0.00% .. 0.00%

Time (median): 25.400 ps ! GC (median):  0.00%

Time (mean % o): 30.769 ps * 13.939 us ! GC (mean = 0): 0.00% * 0.00%

24.2 us Histogram: log(frequency) by time 91.5 us <

Memory estimate: O bytes, allocs estimate: 0.
results["Float64"]["SIMD Loop"]

BenchmarkTools.Trial: 10000 samples with 1 evaluation.

Range (min .. max): 38.600 ps .. 501.900 pys { GC (min .. max): 0.00% .. 0.00%

Time (median): 38.900 us ! GC (median): 0.00%

Time (mean * o): 45.479 ps * 15.229 us ! GC (mean = ¢): 0.00% * 0.00%

38.6 s Histogram: log(frequency) by time 95.3 ps <

Memory estimate: O bytes, allocs estimate: 0.
results["Dual"]J["SIMD Loop"]
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