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Abstract

We propose a novel method for Bayesian
phylogenetic ‘tall data’ inference by comb-
ing the idea of subsampling with annealed
sequential Monte Carlo (SMC) [1]. Unlike
the previous SMCmethods in phylogenet-
ics, the subsampling SMC has the same
state space for all the intermediate dis-
tributions, which allows standard Markov
chain Monte Carlo (MCMC) tree moves
to be utilized as the basis for SMC pro-
posal distributions. The proposed algo-
rithm possesses the attractive property of
SMC methods, as well as the ability of
subsampling [2] for ‘tall data’ inference.

Bayesian ‘Big Data’
Phylogenetics

•We are interested in the study of
evolutionary relationships among
biological species (taxa).
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•Data y: Super long biological sequences
(e.g. DNA sequence) of a set of species.

•The likelihood model is based on site
independence assumption.

•Our interest is the posterior
distribution of parameters x = (θ, t)

π(x) = P (y|x)p(x)
P (y)

.

•Posterior expectation of
E(ϕ(x)) = ∫

π(dx)ϕ(x).

Challenges in inference
•Expensive in evaluating the
unnormalized posterior.

•Multimodal posterior distributions.
•The estimation of normalization
constant P (y) = ∫

P (y|x)p(x)dx.
Markov chain Monte Carlo

......

•Cannot fully explore the multimodal
tree space.

•Not scalable to ‘big data’.
•Challenge in normalization constant
estimation.

Intermediate Sequence of
Subsampling SMC

1 Let us decompose the unnormalized
posterior distribution as

γ(x) = p(x)
#S∏
s=1

p(ys|x),

• s refers to one batch of sites in biological
sequence.

• #S represents the total number of batches.
2 Specify a power sequence
0 = φ0 < φ1 < · · · < φR = 1.

3 Define the sequence of intermediate
distributions for subsampling as follows:

γφr(x) = p(x)
#S∏
s=1

p(ys|x)ψ(s,φr),

where

ψ(s, φr) =


1 if φr ≥ s/#S,
0 if φr ≤ (s− 1)/#S,
#S · φr − (s− 1) otherwise.

4 It’s a general version of the target
sequence for annealed SMC
algorithm[1].

Subsampling SMC
Algorithmic Framework

•Figure 1 provides an overview of the
subsampling SMC framework.

•Use a list of weighted samples
(xr,k,Wr,k)Kk=1 to approximate πφr(x).

•The algorithm alternates between the
following three steps:
1 compute the weights using samples from the
previous iteration,

2 perform MCMC moves to propose samples,
3 resample to prune particles with small
weights (triggered by effective sample size).

•We perform weighting before proposing
new samples, which is different from
the standard SMC algorithm [3].

•The fact that Wr,k only depends on
xr−1,k allows us to adaptively
determine ψ(s, φr) (r = 1, . . . , R).

•Output an approximation of posterior
π(x) ≈ ∑

kWR,kδx̃R,k(x) and an
approximation of normalizing constant

ẐK :=
R∏
r=1

1
K

K∑
k=1

wr,k.

Weighting Proposal Resampling
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x2,2
<latexit sha1_base64="ehOdf3hU+ygcgKHXDOK2xma3xXQ=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFhMhhYS7a7QM2FhGMB+SHGFvs5cs2d07dvfEcORX2FgoYuvPsfPfuEmu0MQHA4/3ZpiZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJJzdzv/NIlWaxvDfThAYCjySLGMHGSg/Vp0HmX/qz6qBccevuAmideDmpQI7moPzVH8YkFVQawrHWPc9NTJBhZRjhdFbqp5ommEzwiPYslVhQHWSLg2fowipDFMXKljRoof6eyLDQeipC2ymwGetVby7+5/VSE10HGZNJaqgky0VRypGJ0fx7NGSKEsOnlmCimL0VkTFWmBibUcmG4K2+vE7aft1z696dX2nU8jiKcAbnUAMPrqABt9CEFhAQ8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwBf3I9f</latexit><latexit sha1_base64="ehOdf3hU+ygcgKHXDOK2xma3xXQ=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFhMhhYS7a7QM2FhGMB+SHGFvs5cs2d07dvfEcORX2FgoYuvPsfPfuEmu0MQHA4/3ZpiZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJJzdzv/NIlWaxvDfThAYCjySLGMHGSg/Vp0HmX/qz6qBccevuAmideDmpQI7moPzVH8YkFVQawrHWPc9NTJBhZRjhdFbqp5ommEzwiPYslVhQHWSLg2fowipDFMXKljRoof6eyLDQeipC2ymwGetVby7+5/VSE10HGZNJaqgky0VRypGJ0fx7NGSKEsOnlmCimL0VkTFWmBibUcmG4K2+vE7aft1z696dX2nU8jiKcAbnUAMPrqABt9CEFhAQ8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwBf3I9f</latexit><latexit sha1_base64="ehOdf3hU+ygcgKHXDOK2xma3xXQ=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFhMhhYS7a7QM2FhGMB+SHGFvs5cs2d07dvfEcORX2FgoYuvPsfPfuEmu0MQHA4/3ZpiZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJJzdzv/NIlWaxvDfThAYCjySLGMHGSg/Vp0HmX/qz6qBccevuAmideDmpQI7moPzVH8YkFVQawrHWPc9NTJBhZRjhdFbqp5ommEzwiPYslVhQHWSLg2fowipDFMXKljRoof6eyLDQeipC2ymwGetVby7+5/VSE10HGZNJaqgky0VRypGJ0fx7NGSKEsOnlmCimL0VkTFWmBibUcmG4K2+vE7aft1z696dX2nU8jiKcAbnUAMPrqABt9CEFhAQ8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwBf3I9f</latexit><latexit sha1_base64="ehOdf3hU+ygcgKHXDOK2xma3xXQ=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFhMhhYS7a7QM2FhGMB+SHGFvs5cs2d07dvfEcORX2FgoYuvPsfPfuEmu0MQHA4/3ZpiZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJJzdzv/NIlWaxvDfThAYCjySLGMHGSg/Vp0HmX/qz6qBccevuAmideDmpQI7moPzVH8YkFVQawrHWPc9NTJBhZRjhdFbqp5ommEzwiPYslVhQHWSLg2fowipDFMXKljRoof6eyLDQeipC2ymwGetVby7+5/VSE10HGZNJaqgky0VRypGJ0fx7NGSKEsOnlmCimL0VkTFWmBibUcmG4K2+vE7aft1z696dX2nU8jiKcAbnUAMPrqABt9CEFhAQ8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwBf3I9f</latexit>

x2,3
<latexit sha1_base64="Jold24wXKjg0rrmtIxunksxM3AY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hQGHIHhZYkNpaYyIeBC9lb9mDD7t5ld89ILvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NIlWaRvDfTmPoCjyQLGcHGSg/lp0Fau6zPyoNiya26C6B14mWkBBmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzVGJBtZ8uDp6hC6sMURgpW9Kghfp7IsVC66kIbKfAZqxXvbn4n9dLTHjtp0zGiaGSLBeFCUcmQvPv0ZApSgyfWoKJYvZWRMZYYWJsRgUbgrf68jpp16qeW/XuaqVGJYsjD2dwDhXw4AoacAtNaAEBAc/wCm+Ocl6cd+dj2ZpzsplT+APn8wdhYo9g</latexit><latexit sha1_base64="Jold24wXKjg0rrmtIxunksxM3AY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hQGHIHhZYkNpaYyIeBC9lb9mDD7t5ld89ILvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NIlWaRvDfTmPoCjyQLGcHGSg/lp0Fau6zPyoNiya26C6B14mWkBBmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzVGJBtZ8uDp6hC6sMURgpW9Kghfp7IsVC66kIbKfAZqxXvbn4n9dLTHjtp0zGiaGSLBeFCUcmQvPv0ZApSgyfWoKJYvZWRMZYYWJsRgUbgrf68jpp16qeW/XuaqVGJYsjD2dwDhXw4AoacAtNaAEBAc/wCm+Ocl6cd+dj2ZpzsplT+APn8wdhYo9g</latexit><latexit sha1_base64="Jold24wXKjg0rrmtIxunksxM3AY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hQGHIHhZYkNpaYyIeBC9lb9mDD7t5ld89ILvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NIlWaRvDfTmPoCjyQLGcHGSg/lp0Fau6zPyoNiya26C6B14mWkBBmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzVGJBtZ8uDp6hC6sMURgpW9Kghfp7IsVC66kIbKfAZqxXvbn4n9dLTHjtp0zGiaGSLBeFCUcmQvPv0ZApSgyfWoKJYvZWRMZYYWJsRgUbgrf68jpp16qeW/XuaqVGJYsjD2dwDhXw4AoacAtNaAEBAc/wCm+Ocl6cd+dj2ZpzsplT+APn8wdhYo9g</latexit><latexit sha1_base64="Jold24wXKjg0rrmtIxunksxM3AY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hQGHIHhZYkNpaYyIeBC9lb9mDD7t5ld89ILvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NIlWaRvDfTmPoCjyQLGcHGSg/lp0Fau6zPyoNiya26C6B14mWkBBmag+JXfxiRRFBpCMda9zw3Nn6KlWGE01mhn2gaYzLBI9qzVGJBtZ8uDp6hC6sMURgpW9Kghfp7IsVC66kIbKfAZqxXvbn4n9dLTHjtp0zGiaGSLBeFCUcmQvPv0ZApSgyfWoKJYvZWRMZYYWJsRgUbgrf68jpp16qeW/XuaqVGJYsjD2dwDhXw4AoacAtNaAEBAc/wCm+Ocl6cd+dj2ZpzsplT+APn8wdhYo9g</latexit>

x̃2,1
<latexit sha1_base64="qUXiPaAYGHogj7pG41BL/DUq1T4=">AAAB+nicbVC7TsNAEFyHVwgvB0qaEwlSChTZaaCMREMZJPKQEss6n8/JKeeH7s5AZPwpNBQgRMuX0PE3XBIXkDDSSqOZXe3ueAlnUlnWt1Ha2Nza3invVvb2Dw6PzOpxT8apILRLYh6LgYcl5SyiXcUUp4NEUBx6nPa96fXc799TIVkc3alZQp0QjyMWMIKVllyzWh8pxn2aPeZu1rqw87pr1qymtQBaJ3ZBalCg45pfIz8maUgjRTiWcmhbiXIyLBQjnOaVUSppgskUj+lQ0wiHVDrZ4vQcnWvFR0EsdEUKLdTfExkOpZyFnu4MsZrIVW8u/ucNUxVcORmLklTRiCwXBSlHKkbzHJDPBCWKzzTBRDB9KyITLDBROq2KDsFefXmd9FpN22rat61au1HEUYZTOIMG2HAJbbiBDnSBwAM8wyu8GU/Gi/FufCxbS0YxcwJ/YHz+AEzXk0U=</latexit><latexit sha1_base64="qUXiPaAYGHogj7pG41BL/DUq1T4=">AAAB+nicbVC7TsNAEFyHVwgvB0qaEwlSChTZaaCMREMZJPKQEss6n8/JKeeH7s5AZPwpNBQgRMuX0PE3XBIXkDDSSqOZXe3ueAlnUlnWt1Ha2Nza3invVvb2Dw6PzOpxT8apILRLYh6LgYcl5SyiXcUUp4NEUBx6nPa96fXc799TIVkc3alZQp0QjyMWMIKVllyzWh8pxn2aPeZu1rqw87pr1qymtQBaJ3ZBalCg45pfIz8maUgjRTiWcmhbiXIyLBQjnOaVUSppgskUj+lQ0wiHVDrZ4vQcnWvFR0EsdEUKLdTfExkOpZyFnu4MsZrIVW8u/ucNUxVcORmLklTRiCwXBSlHKkbzHJDPBCWKzzTBRDB9KyITLDBROq2KDsFefXmd9FpN22rat61au1HEUYZTOIMG2HAJbbiBDnSBwAM8wyu8GU/Gi/FufCxbS0YxcwJ/YHz+AEzXk0U=</latexit><latexit sha1_base64="qUXiPaAYGHogj7pG41BL/DUq1T4=">AAAB+nicbVC7TsNAEFyHVwgvB0qaEwlSChTZaaCMREMZJPKQEss6n8/JKeeH7s5AZPwpNBQgRMuX0PE3XBIXkDDSSqOZXe3ueAlnUlnWt1Ha2Nza3invVvb2Dw6PzOpxT8apILRLYh6LgYcl5SyiXcUUp4NEUBx6nPa96fXc799TIVkc3alZQp0QjyMWMIKVllyzWh8pxn2aPeZu1rqw87pr1qymtQBaJ3ZBalCg45pfIz8maUgjRTiWcmhbiXIyLBQjnOaVUSppgskUj+lQ0wiHVDrZ4vQcnWvFR0EsdEUKLdTfExkOpZyFnu4MsZrIVW8u/ucNUxVcORmLklTRiCwXBSlHKkbzHJDPBCWKzzTBRDB9KyITLDBROq2KDsFefXmd9FpN22rat61au1HEUYZTOIMG2HAJbbiBDnSBwAM8wyu8GU/Gi/FufCxbS0YxcwJ/YHz+AEzXk0U=</latexit><latexit sha1_base64="qUXiPaAYGHogj7pG41BL/DUq1T4=">AAAB+nicbVC7TsNAEFyHVwgvB0qaEwlSChTZaaCMREMZJPKQEss6n8/JKeeH7s5AZPwpNBQgRMuX0PE3XBIXkDDSSqOZXe3ueAlnUlnWt1Ha2Nza3invVvb2Dw6PzOpxT8apILRLYh6LgYcl5SyiXcUUp4NEUBx6nPa96fXc799TIVkc3alZQp0QjyMWMIKVllyzWh8pxn2aPeZu1rqw87pr1qymtQBaJ3ZBalCg45pfIz8maUgjRTiWcmhbiXIyLBQjnOaVUSppgskUj+lQ0wiHVDrZ4vQcnWvFR0EsdEUKLdTfExkOpZyFnu4MsZrIVW8u/ucNUxVcORmLklTRiCwXBSlHKkbzHJDPBCWKzzTBRDB9KyITLDBROq2KDsFefXmd9FpN22rat61au1HEUYZTOIMG2HAJbbiBDnSBwAM8wyu8GU/Gi/FufCxbS0YxcwJ/YHz+AEzXk0U=</latexit>

x̃2,3
<latexit sha1_base64="bVV5OtKJusSLzZ5E2Pc6fWdO4cE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkFKgSI7FFBGoqEMEnlIiWWdz+fklPNDd2sgMv4UGgoQouVL6PgbLokLSBhppdHMrnZ3vERwBZb1baytb2xubZd2yrt7+weHZuWoq+JUUtahsYhl3yOKCR6xDnAQrJ9IRkJPsJ43uZ75vXsmFY+jO5gmzAnJKOIBpwS05JqV2hC48Fn2mLtZ8/wir7lm1WpYc+BVYhekigq0XfNr6Mc0DVkEVBClBraVgJMRCZwKlpeHqWIJoRMyYgNNIxIy5WTz03N8phUfB7HUFQGeq78nMhIqNQ093RkSGKtlbyb+5w1SCK6cjEdJCiyii0VBKjDEeJYD9rlkFMRUE0Il17diOiaSUNBplXUI9vLLq6TbbNhWw75tVlv1Io4SOkGnqI5sdIla6Aa1UQdR9ICe0St6M56MF+Pd+Fi0rhnFzDH6A+PzB0/jk0c=</latexit><latexit sha1_base64="bVV5OtKJusSLzZ5E2Pc6fWdO4cE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkFKgSI7FFBGoqEMEnlIiWWdz+fklPNDd2sgMv4UGgoQouVL6PgbLokLSBhppdHMrnZ3vERwBZb1baytb2xubZd2yrt7+weHZuWoq+JUUtahsYhl3yOKCR6xDnAQrJ9IRkJPsJ43uZ75vXsmFY+jO5gmzAnJKOIBpwS05JqV2hC48Fn2mLtZ8/wir7lm1WpYc+BVYhekigq0XfNr6Mc0DVkEVBClBraVgJMRCZwKlpeHqWIJoRMyYgNNIxIy5WTz03N8phUfB7HUFQGeq78nMhIqNQ093RkSGKtlbyb+5w1SCK6cjEdJCiyii0VBKjDEeJYD9rlkFMRUE0Il17diOiaSUNBplXUI9vLLq6TbbNhWw75tVlv1Io4SOkGnqI5sdIla6Aa1UQdR9ICe0St6M56MF+Pd+Fi0rhnFzDH6A+PzB0/jk0c=</latexit><latexit sha1_base64="bVV5OtKJusSLzZ5E2Pc6fWdO4cE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkFKgSI7FFBGoqEMEnlIiWWdz+fklPNDd2sgMv4UGgoQouVL6PgbLokLSBhppdHMrnZ3vERwBZb1baytb2xubZd2yrt7+weHZuWoq+JUUtahsYhl3yOKCR6xDnAQrJ9IRkJPsJ43uZ75vXsmFY+jO5gmzAnJKOIBpwS05JqV2hC48Fn2mLtZ8/wir7lm1WpYc+BVYhekigq0XfNr6Mc0DVkEVBClBraVgJMRCZwKlpeHqWIJoRMyYgNNIxIy5WTz03N8phUfB7HUFQGeq78nMhIqNQ093RkSGKtlbyb+5w1SCK6cjEdJCiyii0VBKjDEeJYD9rlkFMRUE0Il17diOiaSUNBplXUI9vLLq6TbbNhWw75tVlv1Io4SOkGnqI5sdIla6Aa1UQdR9ICe0St6M56MF+Pd+Fi0rhnFzDH6A+PzB0/jk0c=</latexit><latexit sha1_base64="bVV5OtKJusSLzZ5E2Pc6fWdO4cE=">AAAB+nicbVC7TsNAEDzzDOHlQElzIkFKgSI7FFBGoqEMEnlIiWWdz+fklPNDd2sgMv4UGgoQouVL6PgbLokLSBhppdHMrnZ3vERwBZb1baytb2xubZd2yrt7+weHZuWoq+JUUtahsYhl3yOKCR6xDnAQrJ9IRkJPsJ43uZ75vXsmFY+jO5gmzAnJKOIBpwS05JqV2hC48Fn2mLtZ8/wir7lm1WpYc+BVYhekigq0XfNr6Mc0DVkEVBClBraVgJMRCZwKlpeHqWIJoRMyYgNNIxIy5WTz03N8phUfB7HUFQGeq78nMhIqNQ093RkSGKtlbyb+5w1SCK6cjEdJCiyii0VBKjDEeJYD9rlkFMRUE0Il17diOiaSUNBplXUI9vLLq6TbbNhWw75tVlv1Io4SOkGnqI5sdIla6Aa1UQdR9ICe0St6M56MF+Pd+Fi0rhnFzDH6A+PzB0/jk0c=</latexit>

x̃2,2
<latexit sha1_base64="NIVkGFNGGd1cazgZglj/4L2rTTk=">AAAB+nicbVC7TsNAEFyHVwgvB0qaEwlSChTZbqCMREMZJPKQEss6n8/JKeeH7s5AZPIpNBQgRMuX0PE3XBIXkDDSSqOZXe3u+ClnUlnWt1Ha2Nza3invVvb2Dw6PzOpxVyaZILRDEp6Ivo8l5SymHcUUp/1UUBz5nPb8yfXc791TIVkS36lpSt0Ij2IWMoKVljyzWh8qxgOaP8683LlwZnXPrFlNawG0TuyC1KBA2zO/hkFCsojGinAs5cC2UuXmWChGOJ1VhpmkKSYTPKIDTWMcUenmi9Nn6FwrAQoToStWaKH+nshxJOU08nVnhNVYrnpz8T9vkKnwys1ZnGaKxmS5KMw4Ugma54ACJihRfKoJJoLpWxEZY4GJ0mlVdAj26svrpOs0batp3zq1VqOIowyncAYNsOESWnADbegAgQd4hld4M56MF+Pd+Fi2loxi5gT+wPj8AU5dk0Y=</latexit><latexit sha1_base64="NIVkGFNGGd1cazgZglj/4L2rTTk=">AAAB+nicbVC7TsNAEFyHVwgvB0qaEwlSChTZbqCMREMZJPKQEss6n8/JKeeH7s5AZPIpNBQgRMuX0PE3XBIXkDDSSqOZXe3u+ClnUlnWt1Ha2Nza3invVvb2Dw6PzOpxVyaZILRDEp6Ivo8l5SymHcUUp/1UUBz5nPb8yfXc791TIVkS36lpSt0Ij2IWMoKVljyzWh8qxgOaP8683LlwZnXPrFlNawG0TuyC1KBA2zO/hkFCsojGinAs5cC2UuXmWChGOJ1VhpmkKSYTPKIDTWMcUenmi9Nn6FwrAQoToStWaKH+nshxJOU08nVnhNVYrnpz8T9vkKnwys1ZnGaKxmS5KMw4Ugma54ACJihRfKoJJoLpWxEZY4GJ0mlVdAj26svrpOs0batp3zq1VqOIowyncAYNsOESWnADbegAgQd4hld4M56MF+Pd+Fi2loxi5gT+wPj8AU5dk0Y=</latexit><latexit sha1_base64="NIVkGFNGGd1cazgZglj/4L2rTTk=">AAAB+nicbVC7TsNAEFyHVwgvB0qaEwlSChTZbqCMREMZJPKQEss6n8/JKeeH7s5AZPIpNBQgRMuX0PE3XBIXkDDSSqOZXe3u+ClnUlnWt1Ha2Nza3invVvb2Dw6PzOpxVyaZILRDEp6Ivo8l5SymHcUUp/1UUBz5nPb8yfXc791TIVkS36lpSt0Ij2IWMoKVljyzWh8qxgOaP8683LlwZnXPrFlNawG0TuyC1KBA2zO/hkFCsojGinAs5cC2UuXmWChGOJ1VhpmkKSYTPKIDTWMcUenmi9Nn6FwrAQoToStWaKH+nshxJOU08nVnhNVYrnpz8T9vkKnwys1ZnGaKxmS5KMw4Ugma54ACJihRfKoJJoLpWxEZY4GJ0mlVdAj26svrpOs0batp3zq1VqOIowyncAYNsOESWnADbegAgQd4hld4M56MF+Pd+Fi2loxi5gT+wPj8AU5dk0Y=</latexit><latexit sha1_base64="NIVkGFNGGd1cazgZglj/4L2rTTk=">AAAB+nicbVC7TsNAEFyHVwgvB0qaEwlSChTZbqCMREMZJPKQEss6n8/JKeeH7s5AZPIpNBQgRMuX0PE3XBIXkDDSSqOZXe3u+ClnUlnWt1Ha2Nza3invVvb2Dw6PzOpxVyaZILRDEp6Ivo8l5SymHcUUp/1UUBz5nPb8yfXc791TIVkS36lpSt0Ij2IWMoKVljyzWh8qxgOaP8683LlwZnXPrFlNawG0TuyC1KBA2zO/hkFCsojGinAs5cC2UuXmWChGOJ1VhpmkKSYTPKIDTWMcUenmi9Nn6FwrAQoToStWaKH+nshxJOU08nVnhNVYrnpz8T9vkKnwys1ZnGaKxmS5KMw4Ugma54ACJihRfKoJJoLpWxEZY4GJ0mlVdAj26svrpOs0batp3zq1VqOIowyncAYNsOESWnADbegAgQd4hld4M56MF+Pd+Fi2loxi5gT+wPj8AU5dk0Y=</latexit>

W2,1 = 0.02

W2,3 = 0.01

W2,2 = 0.001
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x̃1,1
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Figure 1: Subsampling SMC

MCMC Proposals for
Bayesian Phylogenetics

1 Sample particles xr,k ∼ Kr(x̃r−1,k, ·), a
transition kernel Kr admitting πφr as
stationary.

2 Kr is built via a mixture of
Metropolis-Hastings (MH) moves;

3 The proposals of MH moves are:
• q1

r: the multiplicative branch proposal;
• q2

r: the global multiplicative branch proposal;
• q3

r: the stochastic nearest neighbor
interchange (NNI) proposal;

• q4
r: the stochastic NNI proposal with
resampling the edge;

• q5
r: the subtree prune and regraft (SPR)
move.

Experiments

•Evolutionary model: Kimura
2-parameter (K2P) model with θ = 2.

• 10 taxa and 6000 sites.
•Run adaptive annealed SMC [1] with
β = 4 to obtain φr (r = 1, · · · , R).

Parallelism: an advantage over MCMC
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Figure 2: Ratio of cost (subsampling/annealing) as
a function of batch size.
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Figure 3: Comparison of subsampling SMC algo-
rithms with different size of batch sites.

Discussion & Future work

•More scalable to phylogenetic ‘tall
data’: parallelism; subsampling.

•To incorporate an adaptive
temperature scheme φr (r = 1, . . . , R).

•Propose control variates to reduce the
variability in the log-likelihood
estimate.
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