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SYNTHETIC EXPERIMENTS REAL-WORLD EXPERIMENTS

Task Table: A summary of related methods (~: not for mani- Toy Experiment - m, io|—(1t) i o
Scala?le BayeSIaI} inference for latent variables {514 rv.; t: not SSI; 1: 2nd-order versions appear afterwards) s (N - o !
on Riemann mamﬁ?ld? by Monte Carlo. thod stochastic  no inner no global order of W = o »@
Drawbacks of Existing Methods Eods gradient  iteration coordinates integrator | | . K D
e Unscalable: drawing one sample needs o o
GMC X V V/ 2nd . . .
traversing the whole dataset. RMLD X V/ X 1st gg{l 4e ljlcal Admpgulr ? MOS el. (ZR§1smger gvill' '
e Inner iteration: iteration within one dy- Rl\éIHMg X X ; ZHg][ o p )E g‘EgEICHH;OA?( _?1' spnerical data vg € :
. . . HM X X 2n 270 S ._ . _ J . . ] ,uf / .
Ié?rrscf Slmlilloatl(;n step. | - limited SGLD Va v/ _ 1st samples by SGGMC empirical distribution e Inference by SGGMC/ gSGNHTZ dire Ctly Sam-
e Global coordinates requirement: limite SGHMC _ 1sti 1 L S, @ Spig @ .
applicability (fail for e.g. hypersphere) SGNHT \\? \\? — 1sth sample € .S ’ U(:z;') o 10.g (6 1 2e7 ) ple from the posterior 7(f5|v).
iy i A .g. hy : N v v y e Known gradient noise: artificially added. e 11 can be collapsed analytically.
Ou ; S 0(1):1\:(1; 1(1) raer integrator SGRHMC v v X Ist Sysnthe,tic, Expe;iment | e Monte-Carlo and mini-batch estimated
. - . . SGGMC N N Y/ 2nd = = (doubly stochastic) gradient: —V glogm(3|v)
Stochastic Gradient Geodesic Monte Carlo; oSGNHT Y Y Y nd

= —F (013, v) { Vslogm(v, 3,0) }

N———

geodesic SG Nosé-Hoover Thermostats.

N——
drawn by GMC  closed-form known;
PRELIMINARIES DYNAMICS CONSTRUCTION S estimated by mini-batch
L st N e Evaluation:
%G'MC?/[(; (D) - [})lesign nfvel dynamicshin coordinate space by m(v2|D) log-perplexity (the lower the better) along time:
o sample from posterior w(g|D), estimate the re- the complete recipe, so that: o | T ed ] —(1/|ID'H) Y 1o (m)
. . . D Jog [(1/M) 32,y m(val 80™)
quired gradient VU (q) 2 _Vlog 7(q|D) o the? stationary d1str1bu‘f1on is desired; 04 \ | o4 % ] m(vg|B) = :(693[ (UCE\ 57 Hd)] ( 95 D1r ( ) ]
= —Vlog mo(q) — 25—1 V log 7(z4|q) e suitable for 2nd-order integrators. -0 | oz ] e sw0—
. . 1 . o. SGGMC | ' | | o
by~st0chAastzc gmdzent with random subset S: Augment with momentum p € R™: z = (¢, p). A |l | e 50}
VU(q)=—Vlogmo(q) — (D/|S|) >, cs Viog m(zq). dg=G~1pdt " \ | L | ol
e A complete recipe (Ma et al., 2015) for the dy- L . g7 —1 o ' e 3 ) :
. ofpSG-MC 1\I/IC: y dp=—-VUdt—(1/2)Vlog |G|dt—M CMG™ "pdt (o1, szD) [ oft true Right SCOME L : s
dz = f(2)dt + N(0,2D(2)dt), — (1/2)V[p' G~ 'pldt + N(0,2M 'CMdt) Inference for mixture of vMF: R [ sl
with f, D satisfying certain conditions. M(q)i; = 0&i(q)/9q;; choose Cyxy, pos. def. m(v) = vMF(viler,m), m(vz) = vME(vzler z), 2°°° EEEM?% EggMigpﬁh{Hh
Ability to handle SG noise f(z)=f(2)+N(0,B(z)): 8S_GNHT - T w(xz\v(l Uf) C;(VMF(mi‘Ulﬁa:) + VMF(x;|p,k2), = =
dz = f(z)dt + N'(0,2D(z)dt — B(z)dt?). = (¢:p,¢). Thermostats & € R: adaptive C with p1= ;= - Synthetic data: drawnby GMC. | | ® g T ™ e T

Riemann Manifold M small dataset (1,666) large dataset (150,000)

e (Observations
o SGGMC/gSGNHT: most accurate and fast;

T~ 2ND-ORDER INTEGRATORS
Simulate in the Embedded Space o A: geodesic tlow (motion with no force), e.g. . -
“ % ® to release global coordinates requirement; great circles on hypersphere S¢! £ {z ¢ more salient on the larger dataset.

O (q)p) s (;{;7 fU), (fU also momentum) Rd‘HQjH - 1} (a L H@(O)H) O GMC—apprMH/GMC—bGlbbs more accu-
o 4 $ X Symmetric Splitting Integrator { z(t) = z(0) cos(at) + (v(0)/a) sin(at) rate than VI/StoVI on the small dataset but
e Guaranteed to be 2nd-order (Chen et al., 2015). A = — (0 / 0 : too slow on the large one.
A : e Split the dynamics into parts and solve each in o(t) ax(0) sin(at) +v(0) cos(at) e VI/StoVI are blocked.
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closed form: o B:u(t)=expm{- ( )Ct}U(O)

(N, ®@): local coordinate system. i i For C € RT, v(t) = e~ “*v(0) =~ (1 - Ct)v(0):

=: (isometric) embedding. £ = =0 ®~ 1. A:dg=G" pdt,dp = —(1/2)V|p G~ pdi SGHMC friction. (Not for p) < Main paper
(G(q): Riemann metric tensor. B:dp=—-M"CMG pdt, e (O with stochastic gradient: v(¢) = v(0)+ A "
Distribution on M: 73 (2)|s=¢(=7(¢)/ /|G o B . AT (2) N (0. 20—V ppendix,
7(q): in the coordinate space; O:dp=—-VU(q)dt—(1/2)Vlog|G|dt+N(0,2M " CMdt). (x) _ H (m) ( ’ ( ) H z=2(0) codes, data —
73 (z): in the embedded space. e Simulate the whole dynamics: “ABOBA”. A(z): projection onto 1, =(M).

A,B: £/2; O: ; use the closed-form solutions. For S, Al(z) =I; — zx'.



