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WHAT DO I ACTUALLY DO?
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ENVIRONMENTAL MODELING
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TUNING THE PARAMETERS SO THAT CLOSEST FIT TO
THE OBSERVED SYSTEM RESPONSE IS OBTAINED
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MODELING FRAMEWORK WITH UNCERTAINTY
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I. Pareto optimization II. Stochastic Optimization
Multi-objective optimization Markov Chain Monte Carlo sampling

AMALGAM optimization DREAM - MCMC
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IIT. Sequential Data Assimilation IV. Model Averaging
Combined Parameter & State Estimation Bayesian / Mallows Model Averaging
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P-PREAM: Differential Evolution Particle Filter Quantile Regression
Sequential Monte Carlo + MCMC with DREAM PDF sharper than BMA
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DREAM: Continuously Updates the Scale
and Orientation of the Proposal Distribution

Maintains Detailed Balance and is Ergodic
Handles Multimodality Efficiently
High-dimensionality
ESPECTALLY DESIGNED FOR PARALLEL COMPUTING
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Markov chain Mont2 Carlo (MCMC) methods heve found
widespread uss in mary fiekds of study w estimae the averags
roperties of complex By sEms, Bnd far poskerior inferencs n &
sian frameswork. Exlsting theory and experiments prove con-
verganua of well conswuced MCME schemes m tmr;}lj opriae
timking distribution under a varkety of diferent conditons. in
practice, howsver this comvergence is ofen observed w be dis-
turbingly slow. This is ﬁaquantrr- caused by an Inappropriats ss-
lection of the proposal distibution ussd w generats trial moves
in the Markoy Chain. Here we show that significant improve-
MEnts to the eficiency of MCME simulston can be mads by using
a salf-adaptive Oifleremial Evolrtion Iaarnngbamnagy whthin a
population-bassd evolutionary framework. This scheme, entiled
DiffeRential Evalution Adaptive Metropolis or DREAM, runs muk
tiple difierent chains simuhenecusly for global exploraion, and
aumomatically tunes the scale and of lemation of the proposal dis-
tribution during the search, Ergodicity of the algoritm is proved,
and various examples imvaling nonlinearty, high-dimensionality,
and muhimodaliry shew that DR EAM is generally superior to other
adaptive MCMC Bsmpling approaches. The DAEAM scheme sig
nificantly enhances the applicability of MCMC simulation to com-
plex, muhi-modal search problems.

Markov chain Moris Corke | adapiveproposal | randomized subspacs sam-
ping | citomnisl ovoltion | delmped misction |

n 1953, Metropolis et al. [28] iniroduced the Markoy chain Monte
Carlo (MCMC) scheme (o estimate E.fx], the expectation of a
Function § with respect io a disinibution = The basis of this method
is a Markow chain that generaie s a random walk through the search
space and succes @y ely visits solutions with stable frequencies sem-
ming from a Fred probability distribution. The MCMC estimaior i
approximabed as the unweighted mean of f along the last M elemenis
of the realise d path of the chain. o T oy fixi L thatis, after a burn-
in pericd to alloe the chain 1o explare the search space and reach i
siationary mgime. This algothm bas been used exiensively in sa-
tistical phy sics, and appeapsd alsc in spatial statistics and stalistical
image analysis. In [11] the MCMC method wis extended for poste-
rior inference in 8 Bavesian framesork Ever since, the method hss
found wide spread vse in many different fields moging from physics
and chemistry, to finance, economics, genelics, statistical inference,
biclagy and bicinformatics [9, 10, 3% &, 30, 38, 1, 23, 21]
Te visit configumtions with a stable foequency, an MOMT alge-
rithmi generates trial moves from the curremt {7 old™ | position of the
Mackow chain x;—1 to a new siabe 7. The earlies and mos general

WWW. PP, oY — —

olAmerica

MCMC approach is the random walk Metropelis (R M) al god thn
Assume thitwe bove aloeady sampled points {0, ... %1} this al-
gorithms procezds in the following three steps  First, a candidaie
point  is sampled from a proposal disibuiion g that depends on
the preseni locatlion, X, 1 and is symmeinic, g%y 2] = gl#,x:1)
Mext. the candidaie paint i eitber accepied or mjpcked udng the
Metrapelis acceptance probahility:

a-:\:.-a:r:-—{ Tjn[

ifrix_a) =0
i mixp_a] =0

[1]

whep 7{-) denctes the probability density function (pdf) of ik farget
distribantion. Finally, if the proposal is sccepied the chainmoves e,
otherwie the chain remains o its corrent location x,_

The ariging FWH scheme is constnicted 1o maintain detailed
balance with pespe ot to =(-} at each step in the chain:

Pl p(xe—1 — 2) = pleiplz — xao1) [21

whem plxz-1) [p{z)] dencies the probability of finding the sysem
insiate x;_1fz ). and p(x, 1 — 2] {p{z — ¥c-1}) denctes the condi-
tional probability ic perform o trial move from X,y Eoz @ o X _g)
The msultis & Markey chain which under some regularity conditions
has a unique stationary distribution with pdf =(-]. Hastings [20] ex-
ended Eq. 1 toinclude non-sy mmetrical proposal distributions, ie
i¥e—1,2) = g7, % 1] in which a proposal yamp o # and the re-
vemse jump do ot haove equal probability. This exiension is called
the Metropolis Hastings algecithm (MH). and has become ihe basic
building block of many existing MCMC sampling schemes

The simplicity of the origina MH algorithm and the credically
sound statistical basis of the method hos Jad to wide spread imaple.
renistion and use. However, in pmotice the MH algorithm requires
naning of some intemal vanables before the MCMC simulaior works
propedy The efficiency of the method is essentially determined by
the scale and orentation of the proposal distribution. g%, -] vsed
o generabe trial moves (transtions ) in the Markoy Chain. When the

The wtharn cbchaes e sznflict of inwren,

Abbreviations MM makov chain monie cark; DAEAM b Rertial evchiion achriie
wi:nm o il ot st peli DE-WIC, cifberarmtial ovolurk by
®

= Ta wham, cermaperc s ahuld b adkde e, E-mal: vzt gov
2007 by Tha Natkoral Acadsrmy of Schncen ol ibe US4

FHAS | lssus Dol | Wolume | lzsus Numcer | 1

Vrugt et al., WRR, (2008); Vrugt et al., IUNSNS, (2009)
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Software

<< Home | MATLAB Packages | R Packages | Python Packages | C Packages | Other Languages | Parallel Computation |

Civil and Environmental Engineering

m

MATLAB Packages

DREAM: Differential Evolution Adaptive Metropolis (DREAM) It's easy - just fill out this form :)

Markov Chain Monte Carlo (MCMC) sampling of the posterior

probability density function. This code runs multiple different What software packages are you interested in?
chains simuttaneously for global exploration, and automatically | pjease choose your package(s) below.

tunes the scale and orientation of the proposal distribution using

differential evolution. The algorithm maintains detailed balance MATLAB Packages *

and ergodicity and is generally superior to other adaptive MCMC | [[] DREAM [C] DREAM_(ZS) [[] DREAM_(D) [[] AMALGAM

sampling approaches, especially in the presence of high- [F] AMALGAM-SO [F] SODA [] BMA [ None - | want something
dimensionality and multimodality. This algorithm is a follow up else

on the SCEM-UA global optimization algorithm (which can be

obtained upon request) and is especially designed to take full Other Packages

advantage of the power of distributed computer networks. [[] RPackages [] Python Packages [[] C Packages

Parallel C i Other L
DREAMzs): Differential Evolution Adapiive Metropolis (DREAM) | — ©=ral'el Computation L) Other Languages

Markov Chain Monte Carlo (MCMC) of the posterior probability

density function. DREAMzs) is based on the original DREAM About

algorithm, but uses sampling from an archive of past states to How are you planning an using this software?
generate candidate points in each individual chain. Sampling
from the past circumvents the need for a large number of
parallel chains, designed to accelerate convergence for high- il

How did you hear about this software? *

€ Internet | Protected Mode: On 5 v H100% -
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WHAT AM I PLANNING TO DO?
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LEAST SQUARES REVISITED

min F(8) = 2 e, ()

0e®

IS THIS REALLY THE WAY TO 60?

ARTIFICIALLY INTRODUCES EQUIFINALITY
TREMENDOUS INFORMATION LOSS OF DATA
COMPLICATES FINDING BEST SOLUTIONS
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NEW RULES - AFTER BILL MAHER

TRY TO BE THE FIRST TO PUBLISH ON A NEW SUBJECT -
LESS IMPORTANT TO BE RIGHT

DON'T READ TOO MUCH LITERATURE: IT WILL KILL YOUR
CREATIVITY AND ABILITY TO THINK OUTSIDE THE BOX

A 600D PROFESSOR CAN EXPLAIN A CONCEPT TO A 15
YEAR OLD KID. I CAN'T.

ALWAYS QUESTION CONVENTIONAL WISDOM. DO NOT
TAKE PROFESSORS TOO SERIOUSLY

HIRING IS EASY, BUT HOME GROWN EXCELLENCE IS THE
ULTIMATE STAMP OF A GOOD PROGRAM

OPEN SOURCE DATA, MODELS, CODES. MANY PEOPLE
BENEFIT FROM THIS
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