Estimation of hierarchical open
and closed-population models

with MCMC using PyMC
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The Python Programming Language

Python® is a dynamic object-oriented
programming language that can be used for
many kinds of software development. It
offers strong support for integration with
other languages and tools, comes with
extensive standard libraries, and can be
learned in a few days. Many Python
programmers report substantial
productivity gains and feel the language
encourages the development of higher
quality, more maintainable code.

Python runs on Windows, Linux/Unix, Mac OS
X, 08/2, Amiga, Palm Handhelds, and Nokia
mobile phones. Python has also been ported to
the Java and .NET virtual machines.

Python is distributed under an OSl-approved
open source license that makes it free to use,
even for commercial products.

The Python Software Foundation (PSF) holds
and protects the intellectual property rights
behind Python, underwrites the PyCon
conference, and funds grants and other
projects in the Python community.

Read more -or- try Python now

» PyCon 2007 Funding Available
The PSF is making financial aid available for
attending PyCon 2007. The deadline for
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... 50 does Rackspace, Industrial
Light and Magic, AstraZeneca
Honeywell. and many others

"Python is fast enough for our
site and allows us fo produce
maintainable features in record
times, with a minimum of
developers.”

--Cuong Do
YouTube.com
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Using Python For...

» \Web Programming
CGl, Zope, Django,
TurboGears, XML

» Databases
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Mailing Lists Scientific Tools for Python News

Download

- SciPy (pronounced "Sigh Pie") is open-source software for NumPy 1.0.1 released!!! [2006-
Installing SciPy mathematics, science, and engineering. It is also the name of a 12-02) See the Download and
Topical Software very popular conference on scientific programming with Python, Release Notes pages.
Cookbook The core library is NumPy which provides convenient and fast N-
Developer Zone dimensional array manipulation. The ScPy library is built to work
RecentChanaes with NumPy arrays, and provides many user-friendly and efficient
FindPage numerical routines such as routines for numerical integration and
optimization. Together, they run on all popular operating systems,
are guick to install, and are free of charge. NumPy and SciPy are
Page easy to use, but powerful enough to be depended upon by socme of
Immutabﬂe Page the world's leading scientists and engineers. If you need to NumPy 1.0 released!!! (2006-10-
Info manipulate numbers on a computer and display or publish the 25) See the Download and Release
Attachments results, NOtes pages.

More Actions: — give SciPy a try!

5ciPy 0.5.2 released! [2006-12-
07) See the Download and R
Notes pages.

Older news

NumPy 1.0rc3 released! | 2006-
10-18) See the Download and

PVthﬂn and Scientific Computing Release Motes pages.

NumPy and SciPy are two of many open-source packages for NumPy 1.0rc2 released! (2006-
scientific computing that use the Python programming language. 10-03) See the Download and
This website is a portal for all scientific computing with Python, not Release Notes pages.

just. NumPy and SciPy. See the index under Topical Software in the SciPy 0.5.1 released! (2006-09-
navigation bar. 05) See the Down

SciPy is nearing completion of A ' Notes pages.

a major overhaul. The new -

SciPy features high NumPy 1.0rcl released! (2006-
09-20) See the Download and

performance for both small
and large arrays, and rich nElease NOLES pages.

syntactic functionality for NumPy 1.0b5 released! (2006-
both. This effort is mostly (6.04) San tha 1 '
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Interactive

® 060 Terminal — python — 59x19

Oliver:~ chris$ python

ActivePython 2.4.2 Build 11 {(ActiveState Software Inc.) bas
ed on

Python 2.4.3 (#1, Apr 3 2006, 18:07:18)

[GCC 3.3 20020204 (Apple Computer, Inc. build 1666)] on dar
win

Type "help", "copyright", "credits" or "license" for more i
nformation.

=== from numpy import *

==» X = array([[4,-2],[-1,3]11D

=== linalg.cholesky(x)

array{[[ 2. , —0. 1,
[-0.5 , 1.6583124]])
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pressure.Ccsv
Time,Pressure PSI
2001/12/09 00:01:
2001/12/09 Eﬂ:
2001/12/09
2001/12/@9
2001/12/09
2001/12/09
2001/12/@9
2001/12/09
2001/12/09
2001/12/@9
2001/12/09
2001/12/09
2001/12/@9
2001/12/09
2001/12/09
2001/12/@9
2001/12/09
2001/12/09

t

t

1-

1-

t

1-

: .143141
: .175653
2001/12/09 .143141
2001/12/09 00: .143141
2001/12/09 00: .143141
2001/12/09 00:1 .175653
EHQIKIEIHH 00: 12. .143141

S83SSSSsSsSSsS8838888

Line: 20 "Iurnn a0 F"I.1|1Tv~t =
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® OO Terminal — python — 47x15
Oliver:~ chris$ python
ActivePython 2.4.3 Build 11 (ActiveState Softwa
re Inc.) based on
Python 2.4.3 (#1, Apr 3 2006, 18:0/7:18)

[GCC 3.3 20030304 (Apple Computer, Inc. build 1
666)] on darwin
Type "help", "copyright", "credits" or "license
" for more information.

== lmport csv

E

=== datafile = open("pressure.csy")
=== reader = csv.reader{datafile)
=== for row in reader:

print r‘mal
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[ 12002/

[ 12002/
['2002/03,
['2002/03/0
['2002/03/
['2002/03,
['2002/03/0
['2002/03/0,
['2002/03/
['2002/03,
['2002/03 /¢
[ 12002/
['2002/03,
['2002/03/0,

13:
13
13
13
13
13
13
13
13
13
13
13
13

Terminal — python — 47x15

43
144 ;
144
145
245
1406
46
i ¥
247
148
:48:
149
:49:
12:50:

1007,
100",
1007,
1007,

00",

30",
00",
30",
30",
30",
30",
30",

3@!‘ !_8

"]

0.1
o1
o1
o1
o1
0.

-0.1
'-0.1
"-0.1
"-0.1
"-0.
'-0.
.451376E-2"]

117045" ]




® OO Terminal — python — 47x15
re Inc.) based on
Python 2.4.3 (#1, Apr 3 2006, 18:07:18)
[GCC 3.3 20030304 (Apple Computer, Inc. build 1
666)] on darwin
Type "help", "copyright", "credits" or "license
" for more information.
=== 1mport MySQLdb
=== db = MySQLdb.connect{db="manatee",
. user="guest",
. passwd="2Zphast")
=== CUur=db.cursor{)
=== cur.execute("SELECT * from zones where coun
ty = "Volusia™)
4L




® OO Terminal — python — 47x15

user="guest",

. passwd="2phast")

== cur=db.cursor{)
=== Cur.execute{"SELECT * from zones where coun
ty = "Volusia™)
4L
=== cur.fetchall{)
({(82L, 'Volusia', 'Blue Spring", 1979L, 2L, 197
9L, 11L, 1L, T'seasonal zone', TNA'), (83L, Vol
usia', 'Tomoka River', 1989L, 11L, 1990L, 11L,
1L, 'zone', 'NA'), (84L, 'Volusia', 'St. Johns
River', 1991L, 3L, 1991L, 6L, 1L, 'zone', 'NA')
, (85L, 'Volusia', 'County', 1991L, 7L, 1992L,
1L, @L, 'zone', 'GB(C-22.012'))
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Markov chain Monte Carlo for Python

Bavesian estimation, particularly using Markov chain Monte Carlo (MCMC), is an
increasingly relevant approach to statistical estimation. However, few statistical
software packages implement MCMC samplers, and they are non-trivial to code by
hand. PyMC is a python module that implements the Metropolis-Hastings
algorithm as a python class, and is extremely flexible and applicable to a large suite
of problems. PyMC includes methods for summarizing output, plotting, goodness-

of-fit and convergence diagnostics.
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® Data access and manipulation

o Parameter and node |n|t|aI|zat|on | |




Adaptive Random WValk







Symmetric
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bernoulli like
beta like
binomial 1like
categorical like
cauchy like
chi2 like

dirichlet like
gamma like
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lognormal like
multinomial like
multivariate
hypergeometric like
multivariate normal like
negative binomial like
normal like
poisson like
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Coal Mining Disasters
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MCMC.py
class DisasterSampler(MetropolisHastings):

def __init__(self):
"""Class initialization

MetropolisHastings.__init__(self)

# Sample changepoint data (Coal mining disasters per year)
self.data = (

-
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# Switchpoint is specified as a parameter to be estimated
self.parameter(name="k"', init_val=50, discrete=True)

# Rate parameters of poisson distributions
self.parameter(name="theta', init_val=array([1.0, 1.0]))

S Line: 30 Column: 31 Python = ¥ | Soft Tabs: 4 , calculate_likelihood{self)
rve 30 COINWU: 3] pALPOU . A 20U 19p2. ¢ ¢ CIICN|TL6TJIKE|INOOQ(26|L)
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a0n 2 MCMC.py

# Change point
self.parameter(name="k

r

, 1hit_val=50, discrete=True)

# Rate parameters of poisson distributions
self.parameter(name="theta', init_val=array([1.0, 1.0]))

model(self):
"""Specification of joint posterior

mmmn

# Constrain k with prior

self.uniform_prior(self.k, 1, len(self.duta)—Zj

# Joint likelihood of parameters based on 2 assumed
Poisson densities

self.poisson_like(self.data[:self.k], self.theta[@],
hame="early_mean')

self.poisson_like(self.data[self.k:], self.theta[1],
name="'late_mean')

Line: 21 Column: 56 Python = q modelisalf)
N rve ST Cojnwu: 2 pApou s A 20y J9p2. ¢ ¢ WOoge|(26)4)




detection.py

def run(iterations=10000, burn=5000, thin=1):
# Run MCMC sampler

# Instantiate sampler
sampler = DisasterSampler()

# Sample
sampler,sample(iterations=iterations,
burn=burn, thin=thin)

# Run convergence diagnostics
sampler. convergence(burn=burn, thin=thin)

# Plot ACF
sampler.autocorrelation(burn=burn, thin=thin)

# Goodness-of-fit
sampler.goodness(iterations/10, burn=burn,
thin=thin)

Line: 156 Column: 23 Python ’ ¥ | Soft Tabs: 4 7 runiiterations, burn, thin)
! MU6: T2@ Co|nwu: S3 pAfpou A A 204 19p2: 4 WNU(GLILIOUZ' PRLU’ LPIN)




® 06 Terminal — python — 58x18
Tteration 1500 at 19.35472010784

Tuning theta
current value: [ 3.3150724724 1.01090971]
current proposal hyperparameter: ©.3486784401
acceptance rate: .27
adaptive scaling factor: ©.234867/84401
hew proposal hyperparameter: 0.3486784401

Tuning k
current value: 37
current proposal hyperparameter: 4.7158953827
acceptance rate: ©.38
adaptive scaling factor: 4.7158953827
hew proposal hyperparameter: 4.715895287

Node deviance current value: 347.111143224

Nogqe (qeATdUCe CHLLEUE AdJNG. 3¢\ " JTTJI43SS+




® OO Terminal — python — 58x18
Tuning k
current value: 40
current proposal hyperparameter: 4.715895382
acceptance rate: ©.46
adaptive scaling factor: 4.7158953827
hew proposal hyperparameter: 4.715895387

Mode deviance current value: 348.765061729
**¥* Finished tuning proposals ***

Tteration 1990 at 24.9736809731
Tteration 2000 at 26.2398450375
Iteration 2100 at 27.4188439846

Tteration 2200 at 28.61517810827

If6LAfIoN SSQQ 4df S8°CI2TA8IOKS




a0 Terminal — bash — 58x18

Mode: theta

95% HPD interval = [[ 2.60180223 2.71626677 ]
[ ©.72512715 1.19220731]]

mc error = [ 90.00579903 0.00243867]

mean = [ 3.11459681 ©.94/737281]

h = 2500

quantiles

Z2.58258839 0.72033762]

Z2.90800165 ©0.86124055]

3.09468546 0.943667206 ]

: 3.31816395 1.03255296]
97.5: 3.71415256 1.189972997]

standard deviation = [ ©.2899514 ©.12192333]

[
[
[
L
[
0

DIC = 351.640220678
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Diagnostics
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User’s Guide

Chapter 2

Installation

E:'_'. MO is known to run on Mae (8 X, Lionx and Windows, but in '!EII:'“:'.-' should be ahle to work on jl'.h'. about
ALY ___.I;-|1_:'|_;:':|| for which E:'_'.I.||Il:| iz available (and there are many I Rather than a standalone :|.|l_..-|jl.':|.|jll:|.
E:'_'. MO s :-'.:llj.l|_'. a madule for the J:':-".lll.u. [:.l'l.:;;.rh:lu.':ill;;: I”-”F:'-“'-E-"'- That is, & set of [:.l'l.::;.l'hzllll.ill;;: rlasses that
Are j:|||u_;_|"_|-j into the E:'_'. thio ].ln..-ﬁ_’l’:l.ll-ll:hl;.j_ environment for :-'.||::-l'-:5||l.'||'. uge, The classes are ver ¥ 5’:':|:'f:1|.
and can therefore b i].‘:|l-.l mented in a -.a::".l'.}' of ]'5:'._'.-:'.-i:|.|| :u-a-.:|:-".i-.' tasks. [ will describe how to install
E:'_'. MO '.|:-i1-!.': haoth |:j:|:|.|'_'. installers |[for Mae and "-1I-illl||..l'-'|:‘-\-:| and builds from source code.

Pre-bauilt 'Z.-illau:':-' and source disteibutions of ]"_'. MO are available from trichechous, There are thres J:':-'."-:{'
distribution formats provided, each containing the same PyMO module, but targeted for different computing
|l'.:'.l.r-..-|'||-.-. For Macintosh ::'::'E ."'::I ugers there is an installer I.:Hl.'k.h;;:l' :.II.I.:l‘i.!.':_:. for Linx users a L'\..III.I.:.I'I.'.‘-Q'\-:'IJ
tar | .CAT. 2| aoUEce archive, and for Microsoft Windows a |lj:|:|.|'_'. executahle installer (note that this mEy ol
:|.'|'.-.a::-'.~| he the latest version, as J:':-'."-:{' is fu :-].ll.'-.".|il.':'.||_'. e ]ll_..-l o o tested for 1|‘|'j:|-.ill'.-'.-_:.

|:'.-':'-][.- .I'l"':illj:'l'.‘-\- s0me _..-|'-:'||l.:_l|'..-ill.' P& '.-_'l.,g_'-:'h to b present on T Ay AT before the E:'_'.:".|[.- PACERTE itzelf

is installed. For I.llJ.:'.l.-:".:-'. there apea l.'l|.|'.|'l'||l.|_'. u:||_-. a few di ].ll'||l|-:':|-.'i-:'.~|- and all are e |_-|_-. availahle online.
& Python version 2.4 or laver. 1 recommend using the ActiveStace distributions for Mac O X and
Linnx. Windows users shonld download and install Enthourht Python, which contains all af the
required packages below. Additionally, the Mac 05 X binary distribution of PyMO comes bundled

with these prerequisites.

FORTRAN and O compilers, preferably GT7T and GOC (e the GNU compilees), respectively. You

may use other compilers, but most have not been tested with PyAIC,

Mumpy, latest version. Thisis a fundamental scientific programming package for python, which replaces

a slew of stand-alone packages (including Numeric] that needed to be installed in the past.







CLOSED CR
MODELING

® Based on Huggins conditional likelihood

® Heterogeneity modeled via logit-normal
distribution of individual random effects
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PYMC code
Priors and random effects

PRIOR on precision
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Line:
riue

140
10

# Loop over capture histories
for animal, hist in enumerate(data):

# capture frequencies of ith history
z = data[hist]

# Parse capture histories into tuple
catch = tuplestr(hist)

# From Huggins, 1991, p.726
pstar = invlogit(self.beta_0@ +
animal_effect[animal])

pb = [(1. - pstar)**(self.k - 3) for j 1in
range(self.k)]

gamma = [pstar / (1. - (1. - (sum(catch[:7]) > ©))
¥ x) for 3, x in enumerate(pb)]
self.bernoulli_like(catch, gamma, factor=z)

# add estimated abundance for hist 1; observed
freq/(P not observing 1)
self.Nhat += z/(1. - pb[0@])

Column: 18 = ¥ Soft Tabs: 4 7| —
(f7|f|f1‘..iJ«J Ol gpe




Convergence diagnostics

0 15
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First iteration First iteration
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Trace and posterior of N
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Goodness of Fit

Normal likelihood

(random effect) Bernoulli likelihood
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OPEN ESTIMATION

® Ring-recovery example for American black
ducks

) ) L]
® pe-, SEX-, and time- SpecITIC brownie -
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2 survival.py

def model(self):

# Half-normal likelihood for tau
self.half_normal_prior(l/sqrt(self.tau_S), 1000**-2)

# Constraint bl to be nejative
self.uniform_prior(self.bl,-1000.,-0.00001)

# Random effect
self.normal_like(self.re_s,0.,self.tau_S)

S=resize([0.0]*sexes*ages*years, [sexes,ages,years])

for s 1n range(sexes):
for a in range(ages):
for y in range(years):
try:
SES,G,F] =
invlogit(logit(self.ss[s,a])+self.bl*self.f[s,a,y]+self.re_s[y
D

except Valuekrror:

d d ]
Line: 158 Column: 34 Python = S0 hs: 4 model({self)




# Loop over sexes, ages and years
for s 1n range(sexes):
for a i1n range(ages):
for y in range(years):

# Build recovery probabilities
pi1 = [self.f[s, a, y]]

pi += [(S[s, young, yl*a or S[s, adult,
y])*product(S[s, adult, y+l:ry]) * self.f[s, adult, ry] for ry
1n range(y+1l, years+1)]

obs_X = X[s, a, vy, y:]

# Multinomial likelihood of recoveries
self.multinomial_like(obs_X, RR[s, a, vy],

pi,

Line: 143 Column 1

rive
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Convergence Diagnostics
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Convergence Diagnostics
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PyMC

® Free and open







David Huard




Parallel chains
RIMCMC
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