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Inference: find the closest member to the true posterior distribution Instantiate one of numpyro.autoguides o
qp+(2) = arggm@i)n KL(qH(Z) || p(z | 6’)) Run the inference
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Stan ADVI 0.0

Meanfield: fully factorized Gaussian

Fullrank: Gaussian with a full-rank covariance |
from stannumpyro import NumPyroModel

0.6 import numpyro.infer import Trace ELBO, autoguide as autoguide

arameters —_— : :

P { Expectec from numpyro.optim import Adam
real cluster; real theta; } Stan (NUTS) . .

nodel { Ty Stan (meanfield) from jax.random 1import PRNGKey

real mu: Stan (fullrank)
cluster ~ normal(Q, 1): nurppyro_model - NumPyroModel("multimodal.stan")
if (cluster > ) mu = 20: guide = autoguide.AutoBNAFNormal(numpyro _model.get model())

0- svi = numpyro_model.svi(Adam(step size=0.0005), Trace ELBO(), guide)

0.2 -

else mu =
0.0 - . . svi.run( PRNGKey(0 num_steps=10000, num_samples=10000
theta -~ nOrmal(mU, 1) ; } 0 5 10 15 20 ( y( ) ! {} ! S p ! S p )
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Theorem: For all Stan program p, the semantics of the source and PosteriorDB pataser - Moot s§ & & & F T s g g
the Comp”ed programs are equal up to a constant: 49 (mOde‘, dataset, reference Samp‘eS) Z;::_r;maﬂ 0.2)6( 8.421461 0.0)9( 0.2)2( 8.32 0.0)6( 0.1)3( 0.1)7( § 0.3)3(
EXC‘Ude 6 mOde‘S (m|SS|ﬂg ODE SO‘Ver) sblri-blr 1.96 0.50  0.70 2.46 0.38 064 076  0.64 X X
sblrc-blr 1.05 0.51 0.18  1.52 0.40 0.55 1.58 0.27 X X
{[ ]} cx {[%( )]} dogs-dogs 0.10 0.12 0.13  0.16 0.11 0.05 0.08 0.13 0.38 0.80
. dogs-dogs_log X 012 0.7 X 012 003 005 007 093 X
p D p D Expe”ments e.arnings-earn_height 0.30 24.65  23.88 X 2426 2421  24.08  24.55 X 18.71
eight_schools-eight_schools_centered 0.13 1.13 0.65 0.07 1.13 0.52 0.60 0.62 1.17 1.39
' eight_schools-eight_schools_noncentered 0.07 1.13 0.22 0.07 13.03 0.17 0.18 0.26 0.22 0.21
Run 1OO,OOO Inference Steps . %grcuh-cgigarchﬂ ] ] 2.68 1.15 2.68 2.7)1( 0.74 1.80 1.68 2.69 0.81 0.34
all_drive_event_0-hmm_drive_0 0.28  290.68 0.29 0.42 0.43 0.27 0.10 0.48 14.31
pa rameters { X ; S ; } O - > X = Sdll p-l. e ( Ul ) ; °eoe ; Xy = Sdl p-l. e ( Un ) Geﬂerate 1 O’OOO Samp‘es frOm the pOSterlOr bball_drive_event_1-hmm_drive_1 0.53 0.59 052 0.77 76880 052 063 048  9.68  4.59
del { _ Compare error w.r.t. the reference samples i Kidscore nteracton 0@ 0 2 om0t 20 221 241 261 X
mo e “ __________ > yl 1 kidig_with_mom_work-kidscore_interaction_c 0.73 48.31 46.66 0.23 46.42 48.03 49.68 46.71 44.70 56.46
em==TT y kidig_with_mom_work-kidscore_interaction_c2  0.67 35.30 34.10 0.33 3391 3435 35.09 34.13 X 9398
Vi = e & - cammm===TT Y aemem=- > Observe ( Dl y €1 ) kidiq_with_mom_work-kidscore_interaction_z 070 48.03 4641 044 4615 4849 49.75 4645 287  48.65
1 O m=m="" kidig_with_mom_work-kidscore_mom_work 0.65 16.47 1594 0.17 15.79 16.05 16.04 15.95 1.94 7.23
/ « o ammmmmTT “ kidig-kidscore_mombhs 0.19 16.61 15.84 X 15.66 1596 16.02  15.83 6.76 2.18
el ~ Dl 9 i L L L L ' eee kidig-kidscore_mombhsiq 0.27 0.17 244 0.25 0.12 2.28 1.82 2.44 X 407
kidig-kidscore_momiq 0.10 0.15 2.20 X 0.12 2.13 1.75 2.21 3.28 3.65
.o ‘\‘ ym — em ‘ mean(xref) T mean(x) ‘ kilpisjarvi_mod-kilpisjarvi 2.12 1.99 1.97 X 1.95 1.98 7.00 1.98 X X
. ecry —m——HoAAanm—aaamm earnings-log10earn_height 0.12 0.09 0.17 X 0.08 0.15 0.56 0.19 X X
‘ / earnings-logearn_height 0.13 0.09 1.08 X 0.08 1.11 1.21 1.08 X X
.
= €, , R observe ( D 1 €m ) StddeV(X ) earnings-logearn_height_male 025 011 422 016 008 406 374 421 133 10.73
ym i S -~ ref earnings-logearn_interaction 0.56 0.12 5.52  0.81 0.11 5.55 5.99 5.51 X X
el ~ D ------ >» r e t L r'n (xl ’ coe X ) earnings-logearn_interaction_z 0.67 0.12 0.27 042 0.10 0.10 0.27 0.15 1.90 1.28
m m1? n earnings-logearn_logheight_male 0.45 0.12 1.22  0.54 0.09 1.21 1.17 1.22 0.66 X
mesquite-logmesquite 0.15 0.93 0.03 0.22 0.80 0.05 0.06 0.05 X 0.11
} C . mesquite-logmesquite_logva 0.34 0.65 0.06  0.37 0.52 0.05 0.05 0.05 0.14 0.05
OﬂCIUSlOnS, Futu re Works mesquite-logmesquite_logvas 0.14 0.93 0.13  0.27 0.80 0.11 0.06 0.13 X 0.09
mesquite-logmesquite_logvash 0.22 0.84 0.08 0.26 0.72 0.06 0.08 0.05 X X
_ ' mesquite-logmesquite_logvolume 0.32 0.45 0.13 X 0.33 0.11 0.13 0.04 0.22 0.08
|HUStrate trade Oﬁ COmp‘eXIty/accuraCy low_dim_gauss_mix-low_dim_gauss_mix 0.68 0.13 0.22 0.75 0.08 0.21 0.23 0.27 63.08 62.71
' ' ' ' ' mesquite-mesquite 0.16 8.12 1102  6.39 789 11.80 1125 1094 2332  17.18
Experlmental ValldatIOn POSSIb‘e teSt frameWOrk fOr fUture QUIde nes1988-nes 0.18 0.27 0.06 0.33 0.24 0.33 0.06 0.11 0.38 2.09
' ' ' nes1972-nes 0.19 0.21 0.05 0.33 0.18 0.38 0.05 0.15 0.27 1.30
COmpaHSOn NumPer NUTS Wlth Stan NUTS MOre QUIdeS? MOre mOde‘S? nes1984-nes 0.16 0.23 0.04  0.30 0.20 0.36 0.04 0.14 1.25 1.31
' : nes1980-nes 0.14 0.29 0.03 0.19 0.25 0.31 0.03 0.13 1.05 0.74
NO ImpaCt On accuracy COmp”e neW features Of the Stan ‘anguage nes2000-nes 0.12 0.37 0.04 0.19 0.32 0.25 0.03 0.12 1.01 1.28
' N /\ >< nes1976-nes 0.19 0.24 0.05 0.32 0.21 0.35 0.06 0.13 2.61 1.89
Slgﬂlﬂcant Speedup On SOme mOde‘S (‘J ) nes1992-nes 0.18 0.23 0.05 0.27 0.21 0.35 0.05 0.13 2.19 0.85
nes1996-nes 0.17 0.25 0.04  0.25 0.21 0.34 0.05 0.14 1.29 2.54
. . . . . AVERAGE 0.46 11.72 5.30  0.71 22.89 5.43 5.599 5.32 6.16  11.30
[s it true for other inference methods, e.q., variational inference? SUCCESSES 25 21 2 16 20 M2 2 45
MISMATCHES 16 22 20 16 23 28 21 20 25 27

ERRORS 2 0 1 11 0 1 1 1 14 11
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