Intro to ABC



Observational data

u

(1) Compute summary statistic

Prior distribution of
model parameter

(2) Given a certain model,
perform n simulations, each

 from observational data 8, 8, 8, with a parameter drawn from
the prior distribution
Simulation 1 Simulation 2 Simulation 3 Simulation n
(3) Compute summary + + + +
statistic y, for each M, M, H; H,
simulation
?
p(uH) <€ X v X v

(4) Based on a distance p(*,*)
and a tolerance ¢, decide for
each simulation whether its
summary statistic is sufficiently
close lo that of the observed
data.

Posterior distribution of
model parameter 6

(5) Approximate the posterior
distribution of @ from the distribution
of parameter values 8, associated
with accepted simulations.



Likelihood-Free Rejection Sampling Algorithm
Inputs:

e A target posterior density 7(0|yops) < p(Yops|@)m(6), consisting of a
prior distribution 7(#) and a procedure for generating data under the
model p(yops|6)-

e A proposal density g(0), with g(0) > 0 if 7(8|yops) > 0.
e An integer N > 0.

Sampling:
Fori = lyes o5 N2

1. Generate () ~ g(#) from sampling density g.

2. Generate y ~ p(y|0?) from the likelihood.

3. If y = yops, then accept 0() with probability %,
where K > maxy Z—fg—)). Else go to 1.
Output:

A set of parameter vectors 81, ..., V) which are samples from 7(8|yops )-




Likelihood-Free Rejection Sampling Algorithm

3. If ||y — Yobs|| < h, then accept 81 with probability K(?;()Lz),

7 (6)

where K > maxg T OR




Kernel functions instead of indicators

Common kernel functions

IGJQCtlIlg 0 if Hy _ yobs” S h o
: : y
/
I(lly — yobs|| < h)p(yl0)g(0) /
S
& —— Uniform
As an alternative, use a kernel function: ;7 -~ Triangular -
Laf e Epanechnikov
Ko (w) = LK () ¥ Gaian
Uu) = — —_ ) "
" h h P !
u

u = ||y —Yobs||



Curse of dimensionality - Summary statistics

Sampling:
Fot 4 = Loy vy IV

1. Generate 09 ~ g(6) from sampling density g.

2. Generate y ~ p(y|0®?) from the likelihood.
3. Compute summary statistic s = S(y). (—

_, S—S ()
4. A(ZCept 9(1) \Vith. pl‘()babﬂity [(h ( ||— K;(ICEZS( |1|)))7T(6 )

where K > K} (0) maxy ((9)) Else go to 1.

Output:
A set of parameter vectors 01, ... 0N ~ mapc(0]50ps). (——



Summary questions:

e Choice of h and distance measure

e Choice of kernel

e Summary statistics

e Approximations due to other ABC techniques
e Sensitivity to prior

e Applications



