View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Directory of Open Access Journals

Dynamic Display of Changing Posterior in Bayesian Survival
Analysis. The Software

Hani J. Doss B. Narasimhan
Department of Statistics Department of Statistics
The Ohio State University Stanford University
Columbus, OH 43210 Stanford, CA 94305

Revision : 1.34 of Date : 1998/07/0217 : 16 : 33

Contents

1 Copyright 4

2 Introduction 5

3 The Software 5

4 TheMaster Object Prototype 7
41 The:identifier Method . . . . . . . . . . . . . 12
4.2 The: nunber - of - mar kov-chainsMethod . .. ... ... ... ... . .. .......... 12
43 The: nunmber-of -pointsMethod . . . . ... ... ... . ... .. 12
44 The: nunber-of -nonthsMethod . . . . ... ... ... . .. .. . .. 12
45 The: nunber-of-data-valuesMethod . . . . ... ... ... ... ... . ... . . .. ... 13
46 The:summary-dataMethod . . . . . .. .. ... ... 13
47 The:indicator-countsMethod . . .. ... ... ... . .. ... .. ... 13
48 The:log-constants-of-proportionalityMethod ... ... ... ... ......... 13
49 The:slaves Method . . . . . . . . . . 14
410 The:initially-specified-hyperparaneter-valuesMethod ... ........... 14
411 The: hyperparaneter-nanesMethod . . . . . . .. ... .. ... .. . . . . .. . ... ... 14
412 The: current-hyperparaneter-valuesMethod. . . . ... ... ... ... ........ 15
4.13 The: nunber - of - hyperparanetersMethod . . . . . ... ... ... ... ... ....... 15
4.14 The: hyper par anet er s- used-i n- markov-chainsMethod . .. ... ... ........ 16
415 The: hyperparaneter-rangesMethod . . . . ... ... ... ... .. ... ... ...... 16
416 The: hyperparaneter-slidersMethod . .. ... ... ... ... .. ... ......... 16
417 The:log-nmixture-densityMethod. . . . ... ... ... ... . . . . .. ... . ... ... 17
418 The:inportance-weightsMethod . .. ... ... ... .. .. . . . . .. . .. .. ..... 17
419 The:loglikMethod . . . . . . . . . . 17
420 The: conpute-log-hm xMethod . . . ... ... ... ... ... .. . . . .. . . . . ..... 17
421 The:calc-weightsMethod . . ... ... ... .. . . . . . . 18
422 The:isnewMethod . . . . . . . . . 18
423 The: process-run-fileMethod . . . . ... ... ... .. . . . . . . . .. . 26
424 The: process-frequency-tableMethod . ... ... ... ... ... ... ......... 29
425 The: graphical -interfaceMethod. . . . ... ... ... ... ... .. ... .. ...... 31
426 The:create-run-fileMethod . . . . . ... .. . ... . .. .. . . . 35


https://core.ac.uk/display/26974845?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

July 2, 1998

4.27
4.28
4.29
4.30
431
4.32
4.33
4.34
4.35
4.36
4.37
4.38
4.39

The: synchr oni ze Method
The: consol i dat e- conput at i on Method

The: r eset Method

The: ef fecti ve- sanpl e-si ze Method
The:print-all-statistics Method

The: | abel | ed- hyper paranmeter-valuesMethod . . . . .. ... ... ... ........

The: stati stics Method
The: statistics-print-fornmats Method
| abel s Method . . . ..
ng Method .. ... ...
The: superi npose Method

The: statistics-
The:toggle-tim

The: cl ose Method

Defaultsfor Master . . . . . . . . . e e e e e e

5 The Save Object Prototype

51
52
53
54
55
5.6

The: i snewMethod

The: r edr aw st at

The: cl ose Method

The: r edr aw- backgr ound Method
i sticsMethod . .. ..
The: pri nt - summar y Method

Defaultsfor Slave . . . . . . . . e e e e e

6 TheC Programs
BetaFUNCLioONS . . . . . . . . o e e e
Global Variables. . . . . . . . e

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12

Initialization Routine
The C Equivaent of :
The C Equivaent of :
The C Equivaent of :
The C Equivalent of :
The C Equivalent of :
The C Equivalent of :
The C Equivalent of :
The C Equivalent of :
The C Equivalent of :

7 Installation Information

8 Improvementsneeded

9 Acknowledgement

10 Index of Code Chunks

11 Index of Identifiers

f Method . ........
| ogp Method . . . . . ..
| ogli k Method . . . ..

ht het a-over-hmi xMethod . .. ... ... ... ... . .........
conpute-log-hm xMethod . ... ....... ... ... .. ......

cal c- wei ght s Method

conpute-statisticsMethod. . .. ... ... ... ... ... .....
conpute-lawof-f-of-t Method ... ..................
conput e- mean-of -fbar-of -t Method . . . . ... ... .. ......
6.13 The: consol i dat e-conmput ati onMethodinC . . . .. ... ... ... ... ... ......

67

67

67

69



July 2, 1998

Abstract

We consider the problem of estimating an unknown distribution function F' in the presence of censoring under
the conditions that a parametric model is believed to hold approximately. We use a Bayesian approach, in which
the prior on F' is a mixture of Dirichlet distributions. A hyperparameter of the prior determines the extent to which
this prior concentrates its mass around the parametric family. A Gibbs sampling algorithm to estimate the posterior
distributions of the parameters of interest is reviewed. An importance sampling scheme enables us to use the output
of the Gibbs sampler to very quickly recalculate the posterior when we change the hyperparameters of the prior.
The calculations can be done sufficiently fast to enable the dynamic display of the changing posterior as the prior
hyperparameters are varied.

This paper provides aliterate program completely documenting the code for performing the dynamic graphics.
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1 Copyright

We begin with our usual copyright.

(Copyright 4)= (5)

Defines:

$Revision: 1.34 $ of $Date: 1998/ 07/02 17:16:33 $
Copyright (C 1994, 1995, 1998. Doss and Narasi mhan

Hani J. Doss (doss@t at. ohi o-state.edu) and
B. Narasi mhan (naras@t at. st anf ord. edu)

This programis free software; you can redistribute it and/or nodify
it under the terns of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any l|later version.

This programis distributed in the hope that it will be useful,
but W THOUT ANY WARRANTY; wi thout even the inplied warranty of
MERCHANTABI LI TY or FI TNESS FOR A PARTI CULAR PURPCSE. See the
GNU General Public License for nore details.

You shoul d have received a copy of the GNU General Public License
along with this program if not, wite to the Free Software
Foundation, Inc., 675 Mass Ave, Canbridge, MA 02139, USA

copyri ght, never used.
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2 Introduction

This document is a literate program implementing the theory described in our paper [2]. A literate program is a
program written in a style that makes it easy for humans to read, understand and modify. For more information on
Literate Programming, see [4]. A quicker introduction is available on the World Wide Web; see [6]. This document
uses the Noweb [7], [8], [9] literate programming tools. Although it is not required, we recommend that any serious
user of this software have the Noweb toolsinstalled. Noweb tools, besides being free, are extremely easy to install
and require no special expertise other than basic knowledge about how TeX or IATEX work. Having Noweb allows one
to take full advantage of our software—syntax errors will be minimized and the code we have written can be reused
with the user’s modifications spliced into place automatically by Noweb.

We expect any serious user of our software to read the original paper [2], a copy of which is included in the
software distribution.

This document is available in three forms: Postscript, PDF and HTML. All versions are accessible from the web
pages of the authors.

We wish to remark that the software only does sensitivity analysis. No general facility is provided for generating
observationsfrom Markov chains. Indeed, since the range of modelsfor which MCMC methods are applicableislarge
and such methods most likely involve problem-specific issues, it is our opinion that building such a supertool, if it is
at all possible, is a non-trivial task. However, the Fortran program used in generating the output for our example is
included along with this software and can be used for models similar to ours. Of course, any appropriate method may
be used to generate the samples as long as the output is available in a form usable by our software. The requirements
on the data that can be used with our software are spelt out below.

Corresponding to each Markov chain output, there must be two fileswith the extensions. i n (inputfile) and . out
(output file). For example, ncl. i nandntl. out.

Theinput file must have the following structure. The first four items in the file can be anything, string or number,
either on asingle line or any conceivable combination of lines. The next three items must be the shape of the Gamma
distribution on 8, the scale of the Gamma distribution on §—the parametrization for shape a and scaleb is proportional
to 921 exp(—b#)—and a(R). The next three values values following these quantities can be anything, but the one
following it should be the number of data points, or sets. Nothing elseis read from the input file.

The output file must have the following structure for each data point generated by the Markov chain. The value of
6 must be followed by the number of distinct values of the data points, which must be followed by a frequency table
of the actual data value and the corresponding frequency. The layout of the values on lines does not matter as long
as at least a single white space delimits values. If this structureis violated, errors will result. A peek at the data files
included with this software will help the reader.

A note on performance. The calculationsinvolved in reweighting are non-trivial and require areasonably powerful
computer for smooth performance. The efficiency can be improved by dynamically loading C programs that compute
various quantities. The version of software described here does so by default. An older version that does not use
dynamic loading which is available upon request from the authors. Without dynamic loading, the performanceis very
bad indeed.

Dynamic libraries for Windows and Macintosh are provided. Suggestions for various Unix platforms are also
provided. Section 7 has more details.

It is assumed that a proper installation of Li sp- St at described in [10] is available. The version number on
Li sp- St at should be 3.52.0 or higher since dynamic loading uses the new shared library mechanism.

Some additions planned for the future are listed in Section 8.

3 The Software

The software consists of the following components.
(* 5=

{Copyright 4)

(require "utility")
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(require "call-by-reference")
(def package "BSA" (:use "XLISP" "USER' "UTILITY" "CALL-BY-REFERENCE"))
(i n-package "BSA")
(inport

"(user::rseq

user:: st andard- devi ation))

{The Master Prototype 7)
{The Save Prototype 43b)
(export

"(master-proto))

Usesmaster-proto?7.

6
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4 TheMaster Object Prototype

The master prototype mast er - pr ot o inherits from di al og- pr ot o of Li sp- St at and contains a number of
slots. A rich set of methods facilitate interaction with the master.

(The Master Prototype 7)= (5)
(defproto master-proto
"(identifier number-of-markov-chains
nunber - of - poi nt's
nunber - of - dat a- val ues
nunber - of - nont hs
dat a-fil e- nanes
sumar y- dat a
i ndi cator-counts
| 0og- constants-of -proportionality
sl aves
hyper par amet er s- used- i n- mar kov- chai ns
initially-specified-hyperparaneter-val ues
current - hyper par anet er - val ues
hyper par anet er - nanes
| 0og- m xture-density
i mport ance-wei ghts
hyper par anet er - r anges
hyper par anmet er - sl i ders
wor k- space
shared-1ibrary
densi ty-absci ssae
densi ty-ordi nates
expect at i on- absci ssae
expect at i on- or di nat es
st andar d- devi at i on- or di nat es
statistics
statistics-print-formats
statistics-1labels
nunber - of - sl i der - st ops
superi npose
timng
tim ng-button
l azy)
() dialog-proto
"The Master prototype. Creates and nani pul ates a harem of slaves.")
{Methods for Master Prototype 10)
(Defaults for Master 43a)

Defines:
current - hyper par anet er - val ues, used in chunks 153, 25, 3840, 46a, and 61.
dat a-fil e- nanes, never used.
densi ty-absci ssae, never used.
densi ty-ordi nat es, never used.
expect ati on- absci ssae, never used.
expect at i on- or di nat es, never used.
hyper par anet er - nanes, used in chunks 14c, 24b, and 40a.
hyper par anet er - r anges, used in chunks 16b, 20, 24b, 25a, 27d, and 36b.
hyper par anmet er - sl i der s, used in chunk 16c.
hyper par anet er s- used- i n- mar kov- chai ns, used in chunk 16a.
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i denti fi er,usedin chunks 12a, 18-20, 22c, 23b, 25c, 31, 37b, and 40a.

i mpor t ance- wei ght s, used in chunks 17b and 61.

i ndi cat or - count s, used in chunks 13c, 26a, 28-30, 35b, and 37a.
initially-specified-hyperparaneter-val ues,usedin chunks 14b, 19b, 22h, and 39b.
| azy, never used.

| og- const ant s- of - proportionality,usedinchunk 13d.

| og- mi xt ure-densi ty,usedinchunk 17a

mast er - pr ot 0, used in chunks 5, 12-18, 26a, 29a, 31, 35b, and 37—42.
nunber - of - dat a- val ues, used in chunk 13a.

numnber - of - mar kov- chai ns, used in chunks 12b, 16-19, 31, 32b, and 43a.
nunber - of - nont hs, used in chunks 12d, 13c, 223, 29-31, and 43a.

nunber - of - poi nt s, used in chunks 12c, 17-19, 22c, 26a, 27a, 31, 34a, and 43a.
nunber - of - sl i der - st ops, never used.

shared-1i brary, never used.

sl aves, used in chunks 14aand 38.

st andar d- devi at i on- or di nat es, never used.
statistics,usedinchunks19a, 24b, 39-41, 44, 45, 473, 51, 56, 60, and 61.
statistics-1abel s, usedinchunks19a, 41c, 45, and 47a
statistics-print-formats,usedinchunks19a, 41b, 443, 45, and 47a.
sunmmar y- dat a, used in chunks 13b, 26a, 28b, 31, 34, 35, and 37a.

super i npose, used in chunk 42b.

ti m ng, used in chunks 24b and 42a.

wor k- space, never used.
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Throughout, we shall use m for the number of Markov chains, and n for the number of data pointsin the output of
each Markov chain. Note that arrays are indexed from 0 so that index 7 refersto the (i 4+ 1)-th position.
Hereisadescription of all the slotsin mast er - pr ot o.

i dentifier holdsastring that is used to identify instances of the object. This string also helps in repeating any
interesting run—all inputs needed for the run are saved in afile whose nameis generated by adding an extension
. run tothe string. In addition, afile with the extension . | sp isalso created so that invoking x| i spst at on
that file with automatically recreate everything without annoying questions.

nunber - of - mar kov- chai ns holds the number of Markov chains (m)to be used in the exploration.
nunber - of - poi nt s holds the number of data points from each Markov chain (n) to be used in the exploration.
nunber - of - dat a- val ues holdsthe number of data values, that is the number of sets.

nunber - of - nont hs holds the number of months for which the law of F'(t) is computed. Default is given by the
variable* def aul t - nunber - of - nont hs*.

dat a-fil e- nanes holds alist of the data files corresponding to the Markov chains, without the extension. Di-
mension ism.

summar y- dat a Thisdlot holdsthe summary datafrom all the Markov chains. The datais stored asa2-d array with
each row holding (d,, #), where d,, isthe the number of distinct values of the data points. Thefirst set of n pairs
correspond to the first Markov chain, the next set to the second and so on, which means that the indices have to
be suitably translated to access values. There are mn pairsin al. Note that we only handle balanced data, i.e.,
samen for al Markov chains.

i ndi cator-counts This dlot is a 2-d array of size mn x 2 containing the a count of the number of data-
values less than ¢, the number of months. The number of columns in this array is indicated by the slot
nunber - of - nont hs. If this value is 61, say, then one would be able to calculate the law of F(t) for t
ranging from 0 to 60 months.

| 0g- const ant s- of - proportional ity holdsavector of estimatesof thelogs of the constants of proportion-
aity, (C(k;)) ™!, in the paper. Thefirst constant isimplicitly —1 and so the dimension of thisslotism — 1.

sl aves storesalist of daves who need to be informed of changes in the hyperparameter values. Each dlave is an
instance of sl ave- pr ot o.

hyper par anmet er s- used- i n- mar kov- chai ns storesanm by 3 array holding the values of hyperparameters
at which the Markov chains were run. If a isthe array by a, then alj, 7] is the value of the i-th hyperparameter
for the j-th Markov chain, 0 < j < m and 0 < ¢ < 3. The three hyperparametersin every row are a(R), the
shape and scale of the Gamma prior on 6 respectively.

initially-specified-hyperparaneter-val ues isa4dx1 array of initial valuesfor the hyper-parameters
at which the exploration should begin. These values serve are used in starting and restarting the exploration.
The one extra hyperparameter is the value of time ¢ in F'(t).

current - hyper par anet er - val ues isa4 x 1 array of the current values of the three hyperparameters. These
are the quantities that are changed by the user via sliders.

hyper par anet er - nanmes holds a list of names for the hyper-parameters. Default is Al pha, Thet a Shape,
Theta Scal e,and Ti me ( Mont hs).

| og- m xt ure-density isaanarray holding log h.,,;» (x) a the data points. Sizeismn. See[3]. For speedin
dynamic graphics, this quantity is cal culated once and saved.
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i mpor t ance- wei ght s holdstheimportanceweightswli], 0 < i < nm, used for the Reweighting Mixtures (RM)
scheme. See[1] and [3].

hyper par anmet er - r anges storesalist of hyperparameter rangesto be used in exploration. For internal use only.
hyper par anet er - sl i der s isalist of slider objectsfor internal use only.

wor k- space isasdlot used for storing results from dynamically loaded C routines.

shared-1i brary holdsalibrary for shared handle when dynamic loading is used. For internal use only.

densi t y- absci ssae isavector of abscissa values between 0 and 1 at which the density of F'(¢) will be plotted.
Thisisan array of length * def aul t - nunber - of - pl ot - st ops*.

densi t y- or di nat es isavector of values of the density of F'(¢). Thisisan array of length
*def aul t - nunber - of - pl ot - st ops*.

expect ati on- absci ssae isavector of valuesof E(F(t)) for ¢ ranging from 0 to
*def aul t - nunber - of - nont hs* (minus 1, aswe start at 0).

expect at i on- or di nat es isavector of values of E(F(t)) for ¢ ranging from 0 to
*def aul t - nunber - of - nont hs* (minus 1, aswe start at 0).

standar d- devi ati on-or di nat es isavector of valuesof oz,

statistics isavector of 3 values that will hold E(F(t)), o7 and the effective sample size. The effective
sample sizeis calculated using the formula

Effective Sample Size = m x n/(1 + cv(W)?),

where cv(W) isthe coefficient of variation of the importance weights . See, for example, [5].
statistics-print-formats isalistof listsindicating the format to be used in printing the statistics values.
statistics-1abel s isalist of strings (Iabels).
nunber - of - sl i der - st ops storesthe number of dlider stopsfor hyperparameters.
super i npose toggles superimposition on and off. Default is off.
ti m ng signifiesif timing is needed.
ti m ng- button isabutton for toggling timing on and off.

| azy isasdlot used for efficient synchronization. It isfor internal use by programs and the user shouldn’t mess with
it.

The methods for mast er - pr ot o can be broken down as follows.



July 2, 1998

(Methods for Master Prototype 10)= (7

{The Master
(The Master
(The Master
(The Master
{The Master
{The Master
{The Master
(The Master
(The Master
{The Master
{The Master
{The Master
(The Master
(The Master
(The Master
{The Master
{The Master
(The Master
(The Master
(The Master
{The Master
{The Master
{The Master
(The Master
(The Master
{The Master
{The Master
{The Master
(The Master
(The Master
(The Master
{The Master
{The Master
{The Master
(The Master
(The Master
{The Master
{The Master

:identifier Method 12a)
:number-of-markov-chains Method 12b)
:number-of-points Method 12c)
:number-of-months Method 12d)

:number -of-data-val ues Method 13a)
:summary-data Method 13b)
:indicator-counts Method 13c)
:1og-constants-of-proportionality Method 13d)
:slaves Method 14a)

:initially-specified-hyper parameter-values Method 14b)
:hyper parameter-names Method 14c)
:current-hyper parameter-val ues Method 15a)
:number-of-hyper parameters Method 15b)
:hyper parameters-used-in-mar kov-chains Method 16a)
:hyper parameter-ranges Method 16b)

:hyper parameter-dliders Method 16c)
:log-mixture-density Method 17a)
:importance-weights Method 17b)

:loglik Method 17¢)

:compute-log-hmix Method 17d)
:calc-weights Method 18a)

:isnew Method 18b)

:graphical-interface Method 31)
:process-run-file Method 26a)

: process-frequency-table Method 29a)
:create-run-file Method 35b)

:synchronize Method 38)
:consolidate-computation Method 39a)

:reset Method 39b)

: effective-sampl e-size Method 39c)
:print-all-statistics Method 40a)
:1abelled-hyper parameter-values Method 4ob)
:statistics Method 41a)
:statistics-print-formats Method 41b)
:statistics-labels Method 41c)

:superimpose Method 42b)

:toggle-timing Method 42a)

:close Method 42c)

bsa. nw

11
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Some of these methods are mere accessor and modifier methods for the slots and we can get them easily out of the
way.

41 The:identifier Method

(The Master :identifier Method 12a)= (10)
(defneth nmaster-proto :identifier (&optional nane)
"Met hod args: (&optional nane)
Sets or retrieves the identifier slot.”
(i f name
(setf (slot-value "identifier) nane)
(slot-value "identifier)))

Defines:
cidentifier,usedinchunks19a, 25¢c, 37b, and 40a.
Usesi dentifier 7andmaster-proto?7.

4.2 The: nunber - of - mar kov- chai ns Method

(The Master : number-of-markov-chains Method 12b)= (10)
(def neth nmaster-proto : nunber-of - mar kov-chai ns ()
"Met hod args: ()
Returns m the nunmber of Markov chains used."
(sl ot-val ue ' number - of - mar kov- chai ns))

Defines:
: nunber - of - mar kov- chai ns, used in chunk 19a.
Usesnast er - pr ot o 7 and nunber - of - mar kov- chai ns 7.

4.3 The: nunber - of - poi nt s Method

(The Master :number-of-points Method 12c)= (10)
(defmeth master-proto : numnber-of-points ()
"Met hod args: ()
Returns n, the nunber of data points."
(sl ot-val ue 'number - of - poi nts))

Defines:
: nunber - of - poi nt s, used in chunk 19a.
Usesmast er - pr ot o 7 and nunber - of - poi nts 7.

44 The: nunber - of - nont hs Method

(The Master : number-of-months Method 12d) = (10)
(defneth nmaster-proto : nunber-of-nonths ()
"Met hod args: ()
Returns n, the nunber of nonths for which F(t) is conputed.”
(sl ot-val ue ' number - of - mont hs))

Defines:
: nunber - of - nont hs, used in chunk 22a.
Usesnast er - prot o 7and nunber - of - nont hs 7.
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45 The: nunber - of - dat a- val ues Method

(The Master :number-of-data-values Method 13a)= (10)
(defneth naster-proto : nunber-of -dat a-val ues ()
"Met hod args: ()
Returns n, the nunber of data values, or sets."
(sl ot-val ue ' number - of - dat a- val ues))

Defines:
: nunber - of - dat a- val ues, never used.
Usesmast er - pr ot o 7 and nunber - of - dat a- val ues 7.

4.6 The: sumary- dat a Method

(The Master :summary-data Method 13b) = (10)
(defnmeth master-proto :sumrary-data ()
"Met hod args: ()
Returns the sunmary data containing pairs theta and nunber of distinct
data points. A 2d array of size mm by 2."
(slot-value 'sumary-data))

Defines:
: sunmar y- dat a, never used.
Usesnast er - prot o 7and sunmar y- dat a 7.

47 The:indi cator-counts Method

(The Master :indicator-counts Method 13c)= (10)
(defneth nmaster-proto :indicator-counts ()
"Met hod args: ()
Returns the data values a 2d array of size m by nunber-of-nonths."
(sl ot-value ’indicator-counts))

Defines:
i ndi cat or - count s, never used.
Usesi ndi cat or - count s 7, mast er - pr ot 0 7, and nunber - of - nont hs 7.

4.8 The: | og-constants-of-proportionalityMethod

(The Master :10g-constants-of-proportionality Method 13d)= (10)
(defnmeth master-proto :1o0g-constants-of-proportionality ()
"Met hod args: ()
Returns a list of values of the log constants of
proportionality for the posteriors for each Markov chain."
(slot-value 'l og-constants-of-proportionality))

Defines:
: 1 og- const ant s- of - proporti onal i ty,never used.
Uses| og- const ant s- of - proportionality 7andnaster-proto?7.

13
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49 The: sl aves Method

(The Master :slaves Method 14a)= (10)
(defneth nmaster-proto :slaves ()
"Method args: () Retrieves the slaves."
(sl ot-val ue 'slaves))

Defines:
: sl aves, never used.
Usesnast er - prot o 7and sl aves 7.

410 The:initially-specified-hyperparaneter-val ues Method

(The Master :initially-specified-hyper parameter-values Method 14b) = (10)
(defneth nmaster-proto :initially-specified-hyperparaneter-val ues ()
"Met hod args: ()
Returns a list of initially specified values of the hyper
paraneters. Used mainly for resetting the hyper paraneter val ues
bef ore dynami c expl oration.™
(slot-value "initially-specified-hyperparaneter-val ues))

Defines:
cinitially-specified-hyperparaneter-val ues,usedin chunks19b, 22b, and 39b.
Usesinitially-specified-hyperparaneter-val ues7andmaster-proto?7.

411 The: hyper par anet er - nanes Method

(The Master : hyper parameter-names Method 14c)= (10)
(defneth naster-proto : hyperparaneter-nanes (&optional index)
"Met hod args: (index)
Returns a string identifying the hyperparameter index or the whole slot."
(if index
(sel ect (slot-value 'hyperparaneter-nanes) index)
(sl ot-val ue ' hyper par anet er - nanes)))

Defines:
- hyper par anet er - nanmes, used in chunk 24b.
Useshyper par anet er - nanes 7 and mast er - prot o 7.

14
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412 The: current - hyper par anet er - val ues Method

15a (The Master : current-hyper parameter-values Method 15a) = (10)

(defneth nmaster-proto :current-hyperparaneter-val ues (&ptional i x)

"Met hod args: (&optional i x)
Returns a list of hyper-paraneter values. If i is given and a sequence,
then all values in the list are set. The dinmensions nust match. If i is
not a sequence, returns the i-th value. If x is specified, sets the
i-th hyperparaneter value to x. Note that x is ignored if i is a sequence."

(if x

(if (slot-value '"tining)
(tinme
(progn

(setf (elt (slot-value 'current-hyperparaneter-values) i) x)
(send self :synchronize)))
(progn
(setf (elt (slot-value 'current-hyperparaneter-values) i) Xx)
(send self :synchronize)))
(i f
(if (sequencep i)
(progn
(setf (slot-value 'lazy) t)
(dotines (j (send self :nunber-of-hyperparaneters))
(send (select (slot-value 'hyperparaneter-sliders) j)
:value (select i j)))
(setf (slot-value 'lazy) nil)
(send self :synchronize))
(elt (slot-value 'current-hyperparaneter-values) i))
(sl ot-val ue ’'current-hyper paraneter-val ues))))

Defines:
:current - hyper par anmet er - val ues, used in chunks 25, 3840, 463, and 61.
Usescurrent - hyper par anet er - val ues 7, mast er - pr ot o 7, : nunber - of - hyper par anmet er s 15b, and : synchr oni ze 38.

4.13 The: nunber - of - hyper par anet er s Method

15b (The Master : number-of-hyper parameters Method 15b) = (10)
(defmet h mast er-proto : nunber-of - hyper paraneters ()
"Met hod args: ()
Returns the nunber of hyperparaneters.”
(length (slot-val ue 'current-hyperparaneter-val ues)))

Defines:
- nunber - of - hyper par anet er s, used in chunks 15a, 25, and 40b.
Usesmaster-proto?7.
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414 The: hyper par anet er s- used- i n- mar kov- chai ns Method

(The Master : hyper parameters-used-in-markov-chains Method 16a)= (10)
(defneth naster-proto : hyperparaneters-used-in-nmarkov-chains ()
"Met hod args: ()
Ret urns the hyperparaneter-val ues used in running the Markov
chains. 2D array of size nunber-of - mar kov-chai ns by 3."
(sl ot-val ue ' hyper paramnet er s- used-i n- mar kov- chai ns))

Defines:
. hyper par anet er s- used- i n- mar kov- chai ns, never used.
Useshyper par anet er s- used- i n- mar kov- chai ns 7, mast er - pr ot o 7, and nunber - of - mar kov- chai ns 7.

4.15 The: hyper par anet er - r anges Method

(The Master : hyper parameter-ranges Method 16b) = (10)
(defmeth master-proto : hyperparaneter-ranges (&optional ranges)
"Met hod args: (&optional ranges)
Returns the ranges within which the hyperparaneters will be
varied. List of lists. This is calculated as the maxi mum and mi ni mum
of all the values used in the Markov chains if not given."
(i f ranges
(setf (slot-value 'hyperparaneter-ranges) ranges)
(if (slot-value 'hyperparaneter-ranges)
(sl ot-val ue ' hyper paranet er - ranges)
(let* ((values (colum-1i st
(sl ot-val ue ' hyper par anet er s- used-i n- mar kov- chai ns)))
(max (mapcar # max val ues))
(min (mapcar # mn val ues)))
(append (rmapcar # (lanbda (x y) (list x y)) mn nmax)
(list (list O (1- (slot-value 'nunber-of-nonths)))))))))

Defines:
: hyper par anet er - r anges, used in chunks 20, 24b, 27d, and 36b.
Useshyper par anet er -ranges 7andmast er-proto 7.

4.16 The: hyper paranet er-sli ders Method

(The Master : hyperparameter-sliders Method 16c)= (10)
(defnmeth nmaster-proto : hyperparaneter-sliders ()
"Met hod args: ()
Returns the sliders associated with the hyperparaneters.”
(sl ot-val ue ' hyperparaneter-sliders))

Defines:
- hyper par anet er - sl i der s, never used.
Useshyper paraneter-sliders7andnaster-proto?7.

16
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417 The: | og-m xture-density Method

(The Master :1og-mixture-density Method 17a)= (10)
(defneth nmaster-proto :log-mxture-density ()
"Met hod args: ()
Returns the log of the m xture density at each of the data points.
An array of nmval ues."”
(slot-value 'l og-m xture-density))

Defines:
;1 og- m xt ure-density,never used.
Uses| og-m xture-density 7andmast er-proto 7.

418 The: i nmportance-wei ghts Method

(The Master :importance-weights Method 17b) = (10)
(defnmeth master-proto :inportance-weights ()
"Met hod args: ()
Retrieves the inportance sanpling weights. An array
of size nunber - of - mar kov- chai ns by nunber-of-points."
(sl ot-value '"inportance-wei ghts))

Defines:
;i mpor t ance- wei ght s, never used.
Usesi nmport ance-wei ght s 7, mast er - pr ot o 7, nunber - of - mar kov- chai ns 7, and nunber - of - poi nts 7.

419 The: | ogli k Method

(The Master :loglik Method 17¢)= (10)
(defnmeth master-proto :loglik (n)
"Returns the | og-quasi-Ilikelihood as a function of n. The di nensi on

of n should be one | ess than the nunber of Markov chains.™
(let ((result (slot-value "work-space)))
(call -by-reference-ol dcfun "I ogLi kel i hood"
(slot-value '"shared-library)
(coerce n ’(vector c-double)) result)
(aref result 0)))

Defines:
: 1 ogli k, used in chunk 23c.
Usesl ogl i k 54aand mast er-proto 7.

420 The: conput e-I| og- hm x Method

(The Master : compute-log-hmix Method 17d)= (10)
(defmeth master-proto :compute-|og-hmx ()
"Met hod args: ()
Conputes the log of the mi xture density at the various data points."
(call -by-reference-ol dcfun "conput eLogHm x"
(slot-value 'shared-library)))

Defines:
conput e- | og- hm x, used in chunk 23b.
Uses conput eLogHmi x 55 and nast er - prot o 7.

17
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421 The: cal c-wei ght s Method

(The Master : calc-weights Method 18a)= (10)
(defneth nmaster-proto :cal c-weights ()
"Met hod args: ()

Cal cul ates the inportance wei ghts."
(call -by-reference-ol dcfun "cal c\Wi ghts'

Defines:
: cal c- wei ght s, used in chunk 18h.
Usescal cWei ght s 56 and mast er - prot o 7.

(slot-value "shared-library)))

422 The:isnewMethod

The: i snewmethod for nast er - pr ot o isabit involved.

(The Master :isnew Method 18b)= (10)
(defneth nmaster-proto :isnew (&ey identifier?
nunber - of - mar kov- chai ns?
nunber - of - poi nt s?
fil e-names?
| og- const ant s?)
"Met hod args: (&key identifier?
nunber - of - mar kov- chai ns?
nunber - of - poi nt's
file-names?
| og- const ant s?)
Pl ease refer to the literate programand the paper for a thorough
di scussion.”
(Set up slot values for master object 18c)
(send self :cal c-weights)
{Create slaves of master object 24a)
{Set up dialog and wait for user input 24b)
{Some final touches 25c))

Defines:
. i snew, used in chunk 51.
Uses: cal c-wei ght s 18a,i denti fi er 7, mast er - prot o 7, nunber - of - mar kov- chai ns 7, and nunber - of - poi nts 7.

The: synchr oni ze message at the end of this method forces the computations anyway, so we avoid the com-
putations now. In other words, initialy, we want to be lazy in performing intensive computations.

(Set up slot values for master object 18c)= (18b) 19>
(setf (slot-value 'work-space)
(make-array 1 :initial-element 0.0 :elenment-type ’c-double))
(setf (slot-value 'lazy) t)
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We need to determine m, the number of chains and n, the number of data points to be used. If the argument
i denti fi er? isgiven, then al the necessary inputs can be read from the “run” file. Otherwise, we need to prompt
the user for everything.

19a (Set up slot values for master object 18c)+= (18b) «18c 19be
(setf (slot-value ’hyperparaneter-nanes)
(list "MR" "Theta-Shape" "Theta-Scale" "Tine (nonths)"))
(setf (slot-value 'shared-library)
(shlib::shlib-open *default-shared-Iib-nanme*))
(setf (slot-value 'statistics) (make-array 3 :initial-elenment 0.0
celement-type 'c-double))
(setf (slot-value ’statistics-print-formts)
*default-statistics-print-formts*)
(setf (slot-value 'statistics-1abels)
*defaul t-statistics-1abel s*)
(if identifier?
(progn
(setf (slot-value "identifier) identifier?)
(send self :process-run-file :number-of -poi nts? nunber - of - points?))
(send self :graphical-interface :identifier? identifier?
: nunmber - of - mar kov- chai ns? nunber - of - mar kov- chai ns?
> nunber - of - poi nt s? nunber - of - poi nt s?
:file-nanmes? fil e-names?
;1 og-constants? | og-constants?))

Uses*def aul t - shared-1i b-name43a *def aul t-stati stics-1abel s*47a *defaul t-statistics-print-formats*47a
cidentifier 12a identifier 7,:nunber-of - mar kov- chai ns 12b, nunber - of - mar kov- chai ns 7,
: nunber - of - poi nt s 12¢, nunber - of - poi nts 7,: process-run-fil e 28b,statistics 750,statistics-Iabels?7,
andstatistics-print-formats?7.

Time to get information on how the exploration is to proceed.

19 (Set up slot values for master object 18c)+= (18b) «19a 22av
{Set up Hyper parameter-ranges and stops 20)
(setf (slot-value 'current-hyperparaneter-val ues)
(copy-vector (send self :initially-specified-hyperparaneter-val ues)))
Uses:initially-specified-hyperparaneter-val uesldbandinitially-specified-hyperparaneter-val ues?7.
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This code chunk sets up alarge dialog box for al the various quantities. In most cases, the user will just continue
without change.

(Set up Hyper parameter-ranges and stops 20)= (19b)
(let* ((dialog-itens ())
(result nil)
(ranges (select (send self :hyperparaneter-ranges) (iseq 3)))
(init-vals (if identifier?
(slot-value "initially-specified-hyperparaneter-val ues)
(mapcar #' (lanbda(x) (* 0.5 (sumx))) ranges)))
(stop-vals (if identifier?
(sl ot-val ue ' nunber-of - slider-stops)
(mapcar # (1l anbda(x) (1+ (- (second x) (first x))))
ranges)))
(hypernames (sel ect (slot-value 'hyperparaneter-nanes) (iseq 3)))
(pronmpt-item
(send text-itemproto : new
(format nil
"You can change the interval between which the™ %
hyper paranmeters nmay be varied and the nunber”™ %
of stops in the interval (end points included).”%
Pl ease note that NO ERROR CHECKI NG i s done! "% %
The default settings conputed fromthe data fil es™ %
are shown bel ow. Pl ease click OK when done.")))
(col-1 (send text-itemproto : new "Hyperparaneter"))
(col-2 (send text-itemproto :new "M ni muni'))
(col -3 (send text-itemproto : new "Maxi muni'))
(col-4 (send text-itemproto : new "Stops"))
(col -5 (send text-itemproto :new "Initial"))
(headings (list col-1 col-2 col-3 col-4 col-5))
(wi dt hs (map-el enents # send headi ngs :w dth))
(hnanmes (mapcar # (| anbda(x)
(send text-itemproto :new x)) hypernanes))
(mns (mapcar # (I anbda(x)
(send edit-text-itemproto : new
(format nil "7g" (select x 0))
:text-length 10))
ranges))
(maxs (mapcar # (| anbda(x)
(send edit-text-itemproto : new
(format nil "7g" (select x 1))
:text-length 10))
ranges))
(stops (mapcar # (| ambda(x)
(send edit-text-itemproto : new
(format nil "7g" Xx)
:text-length 10))
stop-val s))
(inits (mapcar # (| ambda(x)
(send edit-text-itemproto : new
(format nil "7g" x)
:text-length 10))
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init-vals))
(abort (send nodal -button-proto :new "Abort" :action # top-1level))

(dialog nil)

(ok (send nodal -button-proto : new " K"
;action
# (1 anbda()

(list
(map-el ements # send mns :text)
(map-el ements # send maxs :text)
(map-el ements # send stops :text)
(map-elements # send inits :text))))))
(dotimes (i (length hnames))
(send (select hnames i) :width (select widths 0))
(send (select mins i) :width (select widths 1))
(send (select maxs i) :width (select widths 2))
(send (select stops i) :width (select widths 3))
(send (select inits i) :width (select widths 4)))
(setf dialog-itens
(list pronpt-item
headi ngs
(list (mapcar # (lanbda (x y z wu) (list xy z wu))
hnames mins maxs stops inits))
(list ok abort)))
(setf dialog (send nodal -di al og-proto :new dialog-itens))
(send dialog :title "Hyperparaneter Ranges and Stops")
(setf result (mapcar # convert-to-nunbers (send dial og : nodal -dial og)))
(send sel f : hyperparaneter-ranges
(append
(mapcar # (lanmbda(x y) (list x y))
(select result 0) (select result 1))
(list (list O (1- (slot-value 'nunber-of-nonths))))))
(setf (slot-value "initially-specified-hyperparaneter-val ues)
(rmake-array 4 :elenent-type ’'c-double
sinitial-contents (append (select result 3)
(list
(truncate
(* 0.5
(sl ot-val ue 'number-of-nmonths)))))))
(setf (slot-value ’nunber-of-slider-stops)
(append (select result 2) (list (slot-value 'nunber-of-nonths)))))
Uses: hyper par anet er - r anges 16b, hyper par anet er -ranges 7, andi denti fi er 7.
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Now, make theinitial arraysfor calling the C functions.

(Set up slot values for master object 18c)+= (18b) < 19b 22be
(setf (slot-value 'density-absci ssae)
(make-array *default-nunber-of - pl ot - st ops*
sinitial-contents (rseq 0 1 *default-nunber-of-plot-stops*)
celement-type 'c-double))
(setf (slot-value 'density-ordinates)
(make-array *default-nunber-of - pl ot - st ops*
cinitial-element 0 :elenment-type 'c-double))
(let ((number-of-stops (send self :nunber-of-nonths)))
(setf (slot-value 'expectation-abscissae)
(make-array number - of - st ops
cinitial-contents (iseq 0 (1- nunber-of-stops))
;elenment-type 'c-double))
(setf (slot-value 'expectation-ordinates)
(make-array number - of - st ops
sinitial-element 0 :element-type ’c-double))
(setf (slot-value 'standard-deviation-ordinates)
(make-array nunber - of - st ops
cinitial-element 0 :elenment-type 'c-double)))
Uses: nunber - of - nont hs 12d and nunber - of - nont hs 7.

The current values of the hyperparameters must be those specified initially.

(Set up slot values for master object 18c)+= (18b) «22a 22c>
(let ((tnmp-array (send self :initially-specified-hyperparaneter-val ues)))
(setf (slot-value ’current-hyperparaneter-val ues)
(rmake-array (length tnp-array) :initial-contents tnp-array
.elenment-type 'c-double)))
Uses:initially-specified-hyperparaneter-val uesldbandinitially-specified-hyperparaneter-val ues?7.

We set up the number of pointsto be used in Reverse Logistic Regression if necessary. After that, all the dataareas
will have been set up and so we pass addresses of the data-arrays to the C routines.

(Set up slot values for master object 18c)+= (18b) <22b 23be
(let* ((n (slot-value ’'nunber-of-points))
(nc (mn *default-nunber-of-points* n)))
(unl ess (or log-constants? identifier?
(= (slot-val ue 'nunber- of - mar kov-chains) 1))

(setf nc
(sel ect (get-tested-val ue-dial og
(format nil "How many points should | use fromeach chain for %

estimating the constants of proportionality? %
Unl ess you are prepared to wait for a long tine, you %
should go with the default or |ess!™%)

cinitial nc

itest # (lanbda(x) (and (nunmberp x) (> x 0) (<= x n)))

serror-message "Invalid entry. Please try again!™")

0)))
(Pass data array addressesto C Routines 23a))
Uses* def aul t - nunber - of - poi nt s* 43a,i denti fi er 7, and nunber - of - poi nts 7.
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23a (Pass data array addresses to C Routines 23a)= (22¢)
(call-by-reference-ol dcfun "initializeAddress”
(slot-value "shared-library) (slot-value ’sunmary-data)
(sl ot-val ue ' hyper paranet ers-used-i n- mar kov- chai ns)
(sl ot-val ue ’'current-hyperparanet er-val ues)
(sl ot-val ue i nportance- Wi ghts)
(slot-value '| og-m xture-density)
(sl ot-value "I og-constant s-of - proportionality)
(sl ot-val ue ' nunber - of - mar kov- chai ns)
(sl ot-val ue ' nunber - of - poi nts)
(sl ot-val ue ' nunber - of - nont hs)
(sl ot-val ue " nunmber - of - dat a- val ues)
(sl ot-value "indicator-counts)
(slot-value 'statistics)
nc)
Usesi ni ti al i zeAddr ess 51.

If the constants of proportionality have to be estimates, thisis the time to do it after duly notifying the user.

23b (Set up slot values for master object 18c)+= (18b) «22¢
(unl ess (or log-constants? identifier?)
(unl ess (= (sl ot-val ue ' number - of - mar kov- chai ns) 1)
(message-di al og "The Constants of proportionality will now be™%
be estinmated by Reverse Logistic Regression.” %
This will take a while and only happens once.” % %
You will see the results of iterations on the™%
Consol e as the maxim zation is done.” % %
Cick K to continue.")
(Perform Reverse Logistic Regression 23c)) )
(unless identifier?
(send sel f :conpute-Iog-hmni x)
(send self :create-run-file))
Usesconput e- | og- hm x 17dandi denti fier 7.

23c (Perform Reverse Logistic Regression 23c) = (23n)
(flet ((loglik (n) (send self :loglik n)))
(setf initial-guess
(nel neadmax #'1oglik (slot-value 'l og-constants-of-proportionality)
.epsilon *defaul t-maxi nization-tol erance*
.count-limt 50000))
(dotines (i (length initial-guess))
(setf (aref (slot-value 'log-constants-of-proportionality) i)
(select initial-guess i))))
Uses*def aul t - maxi m zati on-tol erance* 43a,: 1 ogl i k 17c,and | ogl i k 54a



24a

24b

July 2, 1998 bsa. nw 24

We areready to creste the slave objects, aplot of the density of F'(t) aswell asaplot of E(S(t)) for variousvalues
of ¢.

(Create slaves of master object 24a)= (18b)
(setf (slot-value 'slaves)
(list

(send sl ave-proto : new sel f)
(send sl ave-proto :new self :survival-plot t)))
(send (second (slot-value 'slaves)) :title
(strcat "Plot of E(S(t))-" (slot-value "identifier)))

Usessl ave- pr ot 0 43b.

The dliders for controlling the hyperparameters need to be set up. There are three dialog items that correspond
to every hyperparameter: at ext - i t emwhere the hyperparameter name will be displayed, aval ue-text-item
where the value of the hyperparameter will be displayed and underneath the first two, a slider showing the slider stop.
Figure 1 showsatypical slider. For nicelooks, the width of the hyperparameter name string and the val ue string should
add up to the width of the slider.

—~| Dialeg | -| |
| Close |

Label 2,500

=

Figure 1: A typical dlider in adialog

(Set up dialog and wait for user input 24b)= (18b)
(let* ((hyperparaneter-|abels (send self :hyperparaneter-nanes))
(hyper par anet er-ranges (send self :hyperparaneter-ranges))
(triples (Maketriplesfor sliders 25a))
(slider-and-dial og-itens (Makesliderswith triples2sb))
(dialog-items (select slider-and-dialog-itens 0))
(sliders-alone (select slider-and-dialog-itens 1))
(reset-button (send button-itemproto : new "Reset"
;action # (lanmbda() (send self :reset))))
(timng-button (send button-itemproto :new "Tim ng: OFF"
caction # (lanbda() (send self :toggle-timng))))
(stats-button (send button-itemproto :new "Statistics"”
caction #' (| anbda()
(send self :print-all-statistics)))))
(setf (slot-value 'hyperparaneter-sliders) sliders-alone)
(setf (slot-value 'timng-button) tim ng-button)
(call-next-method (list (list reset-button stats-button tin ng-button)
(list dialog-itens))))

Uses: hyper par anet er - names 14c, hyper par anet er - nanes 7,: hyper par anmet er - r anges 16b, hyper par anet er - r anges 7,
cprint-all-statistics40a:reset 39b,statistics750,timng7,and:toggle-timng42a
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Let usfirst create the triples we need for the hyperparameter diders for use with the function nake- sl i der s.
Thetriplesare (a) the label for the hyperparameter, (b) the range within which the hyperparameter will be varied, and
(c) the action that isto be taken when the slider is pressed as afunction.

(Make triplesfor sliders 25a)= (24b)
(mapcar
# (lanbda(x y z)
(list x y # (I ambda(w)
(send self :current-hyperparaneter-values z w))))
hyper par anet er - | abel s hyper par anet er - r anges
(iseq (send self :number-of-hyperparaneters)))

Uses: current - hyper par anet er - val ues 153, cur r ent - hyper par amet er - val ues 7, hyper par anet er - r anges 7,
and : nunber - of - hyper par anet er s 15b.

We are now ready to create the sliders and associated text and valueitems. The function make- sl i der s returns
anmul tiple-valueslistof slider-itens usingtripl es with a specified layout along with a list of the

appropriatescrol | -i tens. A slider-itemisalist of two elements, the first element being alist containing a
text-itemandaval ue-itemandthesecondisascrol | -item
(Make dliders with triples 25b)= (24b)

(rmul tipl e-val ue-1i st
(rmake-sliders triples
:layout (list (list t) (list t t) (list t))
:formats *defaul t-hyperparaneter-print-formt*
:no-of -slider-stops (slot-value 'nunber-of-slider-stops)))
Uses* def aul t - hyper par anet er - pri nt - f or mat * 43a

Finally, we create a decent title, become alert once again as opposed to being lazy and then synchronize everything
and show those windows.

(Some final touches 25c) = (18b)
(send self :title (strcat (send self :identifier) "-Master"))
(let ((hd (send sel f :nunber-of-hyperparaneters))
(hyper-sliders (slot-value 'hyperparaneter-sliders))
(hyper-vals (send self :current-hyperparaneter-val ues)))
(setf hyper-vals (coerce hyper-vals 'list))
(send (select hyper-sliders 1) :display-value)
(dotinmes (I hd)
(unless (=1 1)
(send (sel ect hyper-sliders I) :value (select hyper-vals 1)))))

(setf (slot-value 'lazy) nil)
(send self :synchronize)

Uses: current - hyper par anet er - val ues 15a, curr ent - hyper par anet er-val ues 7,: i dentifier 12a i dentifier 7,
: number - of - hyper par anet er s 15b, and : synchroni ze 38.
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423 The: process-run-fil e Method

In handling the “run” file, note the assumptions made about the file structure and how some irrelevant headings are
expected and skipped.

26a (The Master : process-run-file Method 26a) = (10)
(defnmeth master-proto :process-run-file (&ey number- of - poi nt s?)
"Met hod args: (&key nunber-of - poi nts?)

Processes a run file to get all inputs.”
(format t ""%rocessing Run file ... ")
(let ((fh (open (strcat (slot-value 'identifier)
(file-names nil)
(al pha-shape-scale nil)
(constants nil)
(mnil)
(nnil)
(m nil)
(i ndex 0)
(i ndi cator-counts nil)
(summary-data nil)
(log-hmix nil))
{Read number of Markov chains 26b)
{Read number of points 27a)
(setf M (* mn))
{Read number of sets 27b)
{Read number of months 27c)
(setf (slot-value "inportance-weights)
(make-array mm :initial-elenent 0.0 :elenment-type 'c-double))
{Process the table containing info on Markov chains 28a)
{Process Hyperparameter Ranges etc. 27d)
(Read summary data, log mixture density, indicator counts 2sb)
(setf (slot-value "indicator-counts) indicator-counts)
(setf (slot-value 'summary-data) summary-data)
(setf (slot-value '|og-mxture-density) |og-hm x)
(close fh))
(format t "done™ %))
Usesi ndi cat or - count s 7, mast er - prot o 7, nunber - of - poi nt s 7,: process-run-fil e 28b, and sunmmar y- dat a 7.

.run") :direction :input))

26b (Read number of Markov chains 26b)= (264)
;; lgnore the information in first line---just sonme info.
(read fh nil)

;7 lgnore the headi ng "Nunber of Markov chai ns"
(read fh nil)

(setf m(read fh nil))

(setf (slot-value ’nunber-of-nmarkov-chains) m
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(Read number of points 27a) = (264)
| gnore the headi ng "Nunber of Points"
(read fh nil)
(setf n (read fh nil))
(i f nunber-of - poi nts?
(setf n nunber-of - points?))
(setf (slot-value ’nunber-of-points) n)
Usesnunber - of - poi nt s 7.

(Read number of sets 27b)= (264)
I gnore the headi ng "Nunber of Data Val ues”
(read fh nil)
(setf (slot-value 'nunber-of-data-values) (read fh nil))

(Read number of months 27c)= (264)
;; lgnore the headi ng "Nunber of Months"
(read fh nil)
(setf (slot-value 'nunber-of-nonths) (read fh nil))

(Process Hyperparameter Ranges etc. 27d)= (269)
;7 lgnore the leading |ine
(read fh nil)
(let ((range nil)
(r (iseq 3))
(s (iseq 3))
(i (iseq 3)))
(dotinmes (j 3)
(read fh nil) (read fh nil)
(setf range (cons (read fh nil) nil))
(read fh nil)
(setf range (cons (read fh nil) range))
(setf (select r j) (reverse range))
(read fh nil)
(setf (select i j) (read fh nil))
(read fh nil)
(setf (select s j) (read fhnil)))
(send sel f : hyperparaneter-ranges
(append r
(list (list O (1- (slot-value '"nunber-of-nmonths))))))
(setf (slot-value ’nunber-of-slider-stops)
(append s (list (slot-value 'nunber-of-nmonths))))
(setf (slot-value "initially-specified-hyperparaneter-val ues)
(append i (list (* 0.5 (slot-value 'nunber-of-nonths))))))
Uses: hyper par anet er - r anges 16b and hyper par anet er - r anges 7.

bsa. nw
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28a (Process the table containing info on Markov chains 28a)= (264)
Now read the table of file nanme, alpha,
- shape, scale and |og constant after ignoring the heading.
(read fh nil)
(dotimes (i m
(setf file-nanes (cons (read fh nil) file-nanes))
(setf al pha-shape-scale (cons (read fh nil) al pha-shape-scale))
(setf al pha-shape-scale (cons (read fh nil) al pha-shape-scale))
(setf al pha-shape-scale (cons (read fh nil) al pha-shape-scale))
(setf constants (cons (read fh nil) constants)))
(setf (slot-value 'data-file-nanmes) (reverse file-nanes))
(setf (slot-value '|og-constants-of-proportionality)
(if (=m1l)
(make-array 1 :initial-elenent O
:el ement-type ' c-doubl e)
(make-array (1- nm) :initial-contents (rest (reverse constants))
celement-type 'c-double)))
(setf (slot-value 'hyperparaneters-used-in-markov-chains)
(make-array (list m 3)
cinitial-contents (reverse al pha-shape-scal e)
;elenment-type 'c-double))

28b (Read summary data, log mixture density, indicator counts 2sb)= (262)
;7 lgnore heading.
(read fh nil)
(setf indicator-counts
(make-array (list m (slot-val ue ' nunber - of - nont hs))
celement-type 'c-1ong))
(setf summary-data
(make-array (list mm 2) :initial-element 0.0
:el ement-type ' c-double))
(setf 1 og-hm x
(make-array mm :initial-elenent 0.0 :elenment-type ’'c-double))
(dotimes (j n)
(dotines (k m
(setf index (+ (* n k) j))
(setf (aref sunmary-data index 0) (read fh nil))
(setf (aref sunmary-data index 1) (read fh nil))
(setf (aref log-hm x index) (read fh nil))
(dotines (I (slot-value 'nunber-of-nonths))
(setf (aref indicator-counts index |I) (truncate (read fh nil))))))

Defines:
:process-run-fil e, usedinchunks19aand 26a.
Usesi ndi cat or - count s 7and summar y- dat a 7.
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424 The: process-frequency-tabl e Method

29 (The Master : process-frequency-table Method 29a) = (10)
(defneth nmaster-proto :process-frequency-table (fh nd ind)
"Args: (fh nd ind)
This is a convenience nethod used in reading the data files. It reads
the frequency table of size nd fromfh, the file stream and fills
the indicator-counts slot at index ind."
(let ((x-vals (make-array nd))
(freq (make-array nd))
(sort-index nil)
(i ndi cator-counts (slot-value "indicator-counts))
(number - of - mont hs (sl ot - val ue ' nunber - of - nont hs))
(j 0)
(k 0)
(freg-sum 0)
(smal | est-nonth 0))
(Read frequency table and sort values 29b)
(dotinmes (i nd)
(setf smallest-nmonth
(Find smallest month not less than i-th ordered x-val 29c))
(when smal | est-nmonth
(Fill table entries with current frequency sum 29d)
(Bump starting index for next stretch 29e)
(Update frequency sum 30a)) )
(Handle situation when x-values run out before month values 30b)) )

Defines:
: process-frequency-tabl e,usedin chunk 34c.
Usesi ndi cat or - count s 7, mast er - pr ot 0 7, and nunber - of - nont hs 7.

29b (Read frequency table and sort values 29b)= (29a)
(dotinmes (I nd)
(setf (aref x-vals I) (read fh nil))
(setf (aref freql) (read fh nil)))
(setf sort-index (make-array nd :initial-contents (order x-vals)))

In the code snippet below, ni | isreturned if no such month is found.

29 (Find smallest month not less than i-th ordered x-val 29c)= (294)
(1 oop
(if (>=j nunber-of-nont hs)
(return nil))
(if (>=] (elt x-vals (elt sort-index i)))
(return j))
(setf j (1+])))

Usesnunber - of - nont hs 7.

29d (Fill table entries with current frequency sum 29d)= (29a)
(dotimes (x (- snallest-nonth k))
(setf (aref indicator-counts ind (+ x k)) freqg-sunm)
Usesi ndi cat or - count s 7.

29 (Bump starting index for next stretch 29e)= (29a)
(setf k small est-nonth)

29
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(Update frequency sum 30a) = (29)
(setf freg-sum(+ freg-sum(elt freq (elt sort-index i))))

(Handle situation when x-values run out before month val ues 30b)= (294)
(dotimes (x (- number-of-nmonths k))
(setf (aref indicator-counts ind (+ x k)) freg-sunj)
Usesi ndi cat or - count s 7 and nunber - of - nont hs 7.

bsa. nw
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425 The: graphical -i nterface Method

(The Master :graphical-interface Method 31)= (10)
(defneth nmaster-proto :graphical-interface
(&key identifier?
nunber - of - mar kov- chai ns?
nunber - of - poi nt s?
file-names?
| og- const ant s?)
"Met hod args: (&key identifier?
nunber - of - chai ns?
nunber - of - poi nt's
file-names?
| og- const ant s?)
Sets up a graphical interface for some inputs if not specified."
(let* ((id (if identifier?
identifier?
(Get an identifier 324)) )
(m (i f nunber-of - markov-chai ns?
nunber - of - mar kov- chai ns?
(Get the number of Markov chains 32b)) )
(file-nanmes (if file-nanes?
fil e-names?
(Get data file names 33)) )
(n (if nunber-of -points?
nunber - of - poi nt s?
(Get the number of points 34a)) )
(initial-guess (if |og-constants?
| og- const ant s?
(if (> m1)
(Get initial guess34b)) ) ) )
(setf (slot-value "identifier) id)
(setf (slot-value 'data-file-nanmes) file-nanes)
(setf (slot-value 'nunber-of-nmarkov-chains) n
(setf (slot-value ’nunber-of-points) n)
(setf (slot-value 'nunber-of-nonths) *default-nunber-of - mont hs*)
(setf (slot-value 'indicator-counts)
(make-array (list (* mn) (slot-value 'nunber-of-nonths))
celement-type ’'c-1ong))
(setf (slot-value ’"inportance-weights)

(make-array (* mn) :initial-elenment 0 :elenent-type ’'c-double))

(setf (slot-value '|og-m xture-density)
(make-array (* mn) :initial-elenent O
;elenment-type 'c-double))
(setf (slot-value 'I|og-constants-of-proportionality)
(if (=m1l)
(make-array 1
cinitial-elenent O
;elenment-type 'c-double)
(make-array (1- m
sinitial-contents initial-guess

31
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celement-type 'c-double)))
(let* ((al phas nil)
(shapes nil)
(scales nil)
(summary-data (make-array (list (* mn) 2) :initial-elenment 0
celement-type 'c-double )))
(Read in data filesand set up data 34c)) ) )

Uses *def aul t - nunber - of - mont hs* 43a, i denti fier 7, master-proto 7, nunber - of - mar kov- chai ns 7,
nunber - of - mont hs 7, nunber - of - poi nt s 7,and sunmar y- dat a 7.

(Get an identifier 32a)= (31
(get-nonenpty-string-dial og
(format nil "Please enter a unique short descriptive nane™ %

for this exploration."%
Ex: CancerData") :initial "BreastCancer")

(Get the number of Markov chains 32b)= (3D)
(sel ect (get-tested-val ue-dialog
(format nil "How many Markov chains for “a?" id)

cinitial *default-nunber-of - markov- chai ns*

:test # (lanbda(x) (and (nunberp x) (> x 0)))
serror-message "No. of Markov chains must be >= 1I'")
0)

Uses*def aul t - nunber - of - mar kov- chai ns* 43aand nunber - of - mar kov- chai ns 7.
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(Get data file names 33) = (3D)
(let* ((dialog-itens ())
(filenanes nil)
(pronmpt-item
(send text-itemproto : new
(format nil "Please enter nanmes of all data files w thout™%
the extensions for run "a and click K "% id)))
(col-1 (send text-itemproto : new "MC nunber"))
(col-2 (send text-itemproto : new " Data Fil enane "))
(headings (list col-1 col-2))
(width-a (send col-1 :width))
(width-b (send col -2 :width))
(wi dths (map-el enents # send headi ngs :w dth))
(file-name-itens (map-el enents
# send edit-text-itemproto : new
(repeat "" n)
:text-length 30))
(rmc- nunmbers (mapcar # (1 anbda(x)
(send text-itemproto : new
(format nil "75d" x)))
(1+ (iseq m)))

(abort (send nodal -button-proto :new "Abort" :action # top-1level))

(dialog nil)

(ok (send nodal -button-proto : new " K"
raction
# (1 ambda()

(map-elements # send file-nanme-itens :text)))))
(dolist (x nc-nunbers)
(send x :width width-a))
(dolist (x file-nane-itens)
(send x :width w dth-b))
(setf dialog-itens
(list pronmpt-item
headi ngs
(list (mapcar # (lanmbda (x y) (list x y))
nc-nunbers file-nane-itens))
(l'ist ok abort)))
(1 oop
(setf dialog (send nodal -di al og-proto :new dialog-itens))
(setf file-nanes (send dial og : nodal - di al 0g))
(if (or (some-files-dont-exist (map-elements # strcat file-nanes ".in"))
(sonme-fil es-dont-exist (map-elenents # strcat file-nanes ".out")))
(nmessage-dialog "Sone files don't exist. Please try again!")
(return file-nanes))))
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34a (Get the number of points 34a)= (31)
(sel ect (get-tested-val ue-dialog
(format nil "How nmany points to use for “a in reweighting?" id)

cinitial *default-numnber-of - poi nts*

:test # (lanbda(x) (and (nunberp x) (> x 0)))

serror-nmessage "No. of points nust be > 0!'")
0)

Uses* def aul t - nunber - of - poi nt s* 43aand nunber - of - poi nts 7.

34b (Get initial guess 34b)= (3D)
(sel ect (get-nonnil-val ue-dial og
(format nil "Enter an initial guess for estimating the "%~

constants in the fornmat shown below. "%~

Di nensi on should be "d!I"% (1- m)
cinitial (1+ (iseq (1- m))
ttest # (1 anbda(x)

(let ((val (select x 0)))
(and val (listp val) (= (length val (1- m)))))
.error-nmessage "Il nproper guess!™")
0)

To process the data, we use both the input and output file used in running the Markov chains.

34c (Read in data files and set up data 34c)= (31) 35ar
(dotimes (j m
;; First process the input file paraneters
(let ((fh (open (strcat (select file-names j) ".in") :direction :input)))
; discard the first four val ues
(dotines (i 4)
(read fh nil))
(setf shapes (cons (read fh nil) shapes))
(setf scales (cons (read fh nil) scales))
(setf al phas (cons (read fh nil) al phas))
;; discard next three values (warnup, iterations and gap)
;; Assumes all input files are consistent.
(read fh nil) (read fh nil) (read fh nil)
(setf (slot-value 'nunber-of-data-values) (read fh nil))
(close fh))
;;; Now process the correspondi ng output file.
(let ((fh (open (strcat (select file-names j) ".out") :direction :input))
(ind (* j n))
(nd nil))
(dotines (i n)
(setf (aref summary-data ind 1) (read fh nil))
(setf nd (read fh nil))
(setf (aref summary-data ind 0) nd)
(send self :process-frequency-table fh nd ind)
(setf ind (1+ ind)))
(close fh)))

Uses: process-frequency-tabl e 29aand summar y-data 7.
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Now that all the Markov chain files have been processed, the dlot-values can be set up.

(Read in data files and set up data 34c)+= (31) «34c
(setf (slot-value 'hyperparaneters-used-in-nmarkov-chai ns)
(make-array (list m3)
sinitial-contents (bind-colums (reverse al phas)
(reverse shapes)
(reverse scal es))
;elenment-type ' c-double))
(setf (slot-value 'summary-data) summary-data)
Usessunmmar y-data 7.

426 The:create-run-fil e Method

(The Master : create-run-file Method 35b) = (10)
(defneth nmaster-proto :create-run-file ()
"Met hod args: ()
Creates a data and a lisp file for subsequent runs."

(format t ""%Creating Run file for subsequent runs ... ")
(let ((m nil)
(i ndex 0)

(m (sl ot-val ue ' nunber - of - mar kov- chai ns))
(n (slot-val ue ' nunber-of - poi nts))
(p (slot-val ue ’'nunber-of - dat a- val ues))
(file-names (slot-value 'data-fil e-nanes))
(summary-data (sl ot-val ue 'sumary-data))
(i ndicator-counts (slot-value "indicator-counts))
(hypers-used (sl ot-val ue ' hyperparaneters-used-in-markov-chai ns))
(1 og-constants (slot-value 'Iog-constants-of-proportionality))
(1 og-hm x (slot-value 'l og-m xture-density))
(fh (open (strcat (slot-value 'identifier) ".run")
;direction :output)))
(setf m (* mn))
{Write number of Markov chains, etc. 36a)
{Write table of info on Markov chains 36c)
(Write info on hyper parameters 36b)
(Write summary data, log mixture density, indicator counts 37a)
(close fh))
(Create lisp file for subsequent runs 37b)
(format t "done™ %)
{Show informative message 37c))
Usesi ndi cat or-counts 7, mast er - prot o 7, and sunmar y- dat a 7.
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36a (Write number of Markov chains, etc. 36a)= (35b)
(format fh ""s"% % "Automatically generated file. Do not edit unless”
you know what you are doing!")
(format fh ""s "g"% "Nunber of Markov Chains" n)
(format fh ""s "g"% "Nunber of Points" n)
(format fh ""s "g°"% "Nunber of Data Val ues”
(sl ot-val ue ' nunber - of - dat a- val ues))
(format fh ""s "g°"% "Nunber of Mnths used"
(sl ot-val ue ' nunber - of - nont hs))

36b (Write info on hyperparameters 36b) = (35h)
(let ((r (send self :hyperparaneter-ranges))
(s (slot-value 'nunber-of-slider-stops))
(i (slot-value "initially-specified-hyperparaneter-val ues)))
(format fh ""%s™%
"Hyper paraneter Exploration Range, Initial Value, stops, etc.")
(format fh ""%s "s "g"s "g"s "g "s "g%
"MR" "Mn" (select (select r 0) 0)
"Max" (select (select r 0) 1)
"Initial" (select i 0)
"Stops" (select s 0))
(format fh ""%s "s "g"s "g"s "g "s "g%
"Thet a- Shape" "M n" (select (select r 1) 0)
"Max" (select (select r 1) 1)
"Initial" (select i 1)
"Stops" (select s 1))
(format fh ""%s "s "g"s "g"s "g "s "g%
"Thet a- Scal e" "M n" (select (select r 2) 0)
"Max" (select (select r 2) 1)
"Initial" (select i 2)
"Stops" (select s 2)))

Uses: hyper par anet er - r anges 16b and hyper par anet er - r anges 7.

36¢c (Write table of info on Markov chains 36c) = (35h)
(format fh ""% % s™ % %
"Table of file name, al pha, shape, scale, |og constants")
(dotimes (j m
(format fh ""s "g "g "g "g° %
(select file-names j)
(aref hypers-used j 0)
(aref hypers-used j 1)
(aref hypers-used j 2)
(if (=] 0) -1 (elt log-constants (1- j)))))
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37a (Write summary data, log mixture density, indicator counts 37a)= (35b)
(format fh ""% % s™ % %
"Tabl e of no of distinct values, theta, log-hmx, Delta-X-t.")
(dotimes (j n)
(dotines (k m
(setf index (+ (* kn) j))
(format fh ""g "g " (aref summary-data index 0)
(aref sunmary-data index 1))
(format fh "“g " (aref |og-hm x index))
(dotines (I (slot-value 'nunber-of-nonths))
(format fh ""d " (aref indicator-counts index |)))
(format fh "79%)))

Usesi ndi cat or - count s 7and summar y- dat a 7.

37b (Create lisp file for subsequent runs 37b)= (35h)
(let* ((id (slot-value "identifier))
(fh (open (strcat id ".lsp") :direction :output)))
(format fh ";;;Automatically generated file. Do not edit”
unl ess you know what you are doing. %)
(format fh "(require "s)”"% "bsa")
(format fh "(use-package "s)”% "BSA")
(format fh "(defvar "a-master (send naster-proto :new
cidentifier? "s))"% idid)
(close fh))

Uses:identifier 12aidentifier 7,andmaster-proto?7.

37c (Show informative message 37c) = (35b)
(let ((id (slot-value "identifier)))
(message- di al og
(format nil "For your information: Two files™ %

“a.run and “a.lsp %were created.” %
To repeat this run quickly the next time around™ %
you only need to load the file "a.lsp into™%
xlispstat." id idid)))

37
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4.27 The: synchroni ze Method

The: synchr oni ze method is responsible for synchronizing the slaves so that the density estimates they display is
for the current values of the hyperparameters. Thus, if any hyperparameter value is changed, the : synchroni ze
method should be invoked.

38 (The Master :synchronize Method 38)= (10)
(defmeth master-proto :synchronize ()
"Met hod args: ()
Synchroni zes all sl aves."
(when (not (slot-value 'lazy))
(send self :consolidate-conputation)
(let* ((t-format (select *default-hyperparaneter-print-format* 3))
(slavel (first (slot-value ’slaves)))
(sl ave2 (second (slot-value 'slaves)))
(t-value (send self :current-hyperparaneter-val ues 3)))
(send sl avel
:title (format nil "Law of F("v,vf)-"a"
(first t-format)
(second t-format) t-val ue
(slot-value "identifier)))
(setf (select (slot-value 'statistics-Iabels) 0)
(format nil "E(S("g))" t-value))
(setf (select (slot-value 'statistics-Iabels) 1)
(format nil "SD(S("g))" t-value))
(send sl avel :start-buffering)
(send slavel :clear-lines :draw nil)
(send sl avel :add-lines
(sl ot-val ue ’'density-absci ssae)
(sl ot-val ue 'density-ordinates))
(send sl avel : adjust-to-data)
(send sl avel : buffer-to-screen)
(send sl ave2 :start-buffering)
(send slave2 :clear-lines :draw nil)
(send sl ave2 :add-lines
(sl ot-val ue ' expectation-absci ssae)
(sl ot-val ue ' expectation-ordi nates))
(send sl ave2 : adj ust-to-data)
(send slave2 :buffer-to-screen))))

Defines:
: synchroni ze, used in chunks 15aand 25c.

Uses: consol i dat e- conput ati on 39a, : curr ent - hyper par anet er - val ues 15a, cur r ent - hyper par anet er - val ues 7,
*def aul t - hyper paraneter-print-format* 43a naster-proto 7,andsl aves 7.
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428 The: consol i dat e-conput ati on Method

In this method we compute all the relevant statistics such as E(S(t)) and os(¢) for various values of ¢, as well asthe
effective sample size. This method was added to consolidate all computations for acceptable performance and makes
severa other methods above superfluous.

(The Master : consolidate-computation Method 39a) = (10)
(defmeth master-proto :consolidate-conputation ()
"Met hod args: ()
Consolidates all conputations for sake of speed. This nethod
recal cul ates the i nportance wei ghts, conputes rel evant statistics and
saves themin the slots.™
(call -by-reference-ol dcfun "consol i dat eConmput ati on”
(slot-value "shared-library) *default-nunber-of-plot-stops*
(slot-value "statistics)
(sl ot-value "density-absci ssae) (slot-value ’'density-ordi nates)
(sl ot-val ue ' expectation-absci ssae)
(sl ot-val ue ' expectation-ordi nat es)
(sl ot-val ue ' standard-devi ati on-ordi nates)))

Defines:
:consol i dat e- conput at i on, used in chunk 38.
Usesconsol i dat eConput ati on 60, master-proto7,andstati stics 750.

429 The:reset Method

(The Master :reset Method 39b)= (10)
(defnmeth master-proto :reset ()
"Met hod args: ()
Resets the state of all objects.”
(send sel f :current-hyperparaneter-val ues
(send self :initially-specified-hyperparaneter-values)))

Defines:
: reset, used in chunk 24b.

Uses: cur r ent - hyper par amet er - val ues 15a cur r ent - hyper paranet er-val ues7,:initially-specified-hyper paraneter-val ue
initially-specified-hyperparaneter-val ues7,andnmaster-proto?7.

430 The:effective-sanpl e-si ze Method

The actual computation of the effective sample size is now done in the C code that computes the importance weights
(see section 6.9). We note that that the formula for computing effective sample size was originally used in estimating
standard deviationsin stratified sampling. It can be used to give ballpark figures, but should not be taken too literally.

(The Master : effective-sample-size Method 39c) = (10)
(defneth naster-proto :effective-sanpl e-size ()
(select (slot-value "statistics) 2))

Defines:
:effective-sanpl e-si ze, never used.
Usesmaster-proto?7.
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431 The:print-all-statistics Method

40a (The Master : print-all-statistics Method 40a) = (10)
(defneth nmaster-proto :print-all-statistics ()
(let* ((hyperparaneter-nanmes (slot-value 'hyperparaneter-nanes))
(hyper-strings (send self :|abell ed-hyperparaneter-val ues))
(max- nane-1en (max (mapcar #' | ength hyperparaneter-nanes))))
(format t ""% 9% ** Statistics for "a ***" % %W (send self :identifier))
(format t "Hyperparanmeter Settings: % )
(dolist (x hyper-strings)
(format t " "a"% x))
(format t "Total Sanple Size = "5d."%
(* (slot-val ue ’'nunber-of - markov-chai ns)
(sl ot-val ue ' nunber-of - points)))
(format t "Effective Sanple Size = "5d.” %
(select (slot-value 'statistics) 2)))
(dolist (x (slot-value 'slaves))
(send x :print-summary))
(format t ""9%** End of Statistics ***"% %))

Defines:
cprint-all-statistics,usedinchunks24b and 61.

Uses hyper paranet er-nanes 7, :identifier 12aidentifier 7,:1abelled-hyperparaneter-val ues 40b,
master-proto7,:print-sumary 46a andstati stics 750.

4.32 The: | abel | ed- hyper par anet er - val ues Method

40b (The Master :1abelled-hyper parameter-val ues Method 40b) = (10)
(defneth nmaster-proto :1abell ed-hyperparaneter-val ues ()
(let* ((hyper-names (sl ot-value ’hyperparaneter-nanes))
(max- nane-len (max (mapcar #' | ength hyper-names))))
(mapcar
# (I anbda(a b)
(let ((y (select *default-hyperparanmeter-print-fornat* a)))
(if (listpy)

(format nil

“va = "v,vf" max-nane-|en
b (first y) (second y)
(send self :current-hyperparaneter-val ues a))
(format nil (strcat ""va =" y) max-nane-len b
(send self :current-hyperparaneter-values a)))))
(iseq (send self :nunber-of-hyperparaneters)) hyper-nanes)))

Defines:
: | abel | ed- hyper par anet er - val ues, used in chunk 40a.

Uses: cur r ent - hyper par amet er - val ues 15a, cur r ent - hyper par anet er - val ues 7, *def aul t - hyper par anet er - pri nt - f or mat * 433,
mast er - prot o 7, and : nunber - of - hyper par anet er s 15h.
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433 The:statistics Method

The: st ati sti cs method for the master returns the value of theslot st at i sti cs.

(The Master :statistics Method 41a) = (10)
(defneth nmaster-proto :statistics ()
"Met hod args: ()
Returns the slot value statistics."”
(slot-value "statistics))

Defines:
:statistics,usedinchunks4l, 44a, and 45.
Usesnmast er-proto 7andstati stics 750.

434 The:statistics-print-formts Method

The: statistics-print-formts method for the master returns the value of the slot
statistics-print-formats.

(The Master : statistics-print-formats Method 41b)= (10)
(defnmeth master-proto :statistics-print-formats ()
"Met hod args: ()
Returns the slot value statistics-print-formats.”
(slot-value "statistics-print-formats))

Defines:
:statistics-print-formats,usedinchunks44aand 45.
Usesnaster-proto7,:statistics4lastatistics750 andstatistics-print-formats?7.

435 The:statistics-1abel sMethod
The: statistics-| abel s method for the master returnsthe value of thedot st at i sti cs- | abel s.

(The Master : statistics-labels Method 41c)= (10)
(defnmeth master-proto :statistics-labels ()
"Met hod args: ()
Returns the slot value statistics-labels.”
(slot-value '"statistics-Ilabels))

Defines:
:statistics-1abels,usedinchunk 45.
Usesnmaster-proto7,:statistics4lastatistics750 andstatistics-1abels?7.

41
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436 The:toggle-ti m ng Method

This method toggles timing on and off.

(The Master :toggle-timing Method 42a)= (10)
(defneth nmaster-proto :toggle-tinng ()
"Met hod args: ()
Toggl es timng on and of f."
(send sel f :hide-w ndow)
(setf (slot-value "timng) (not (slot-value "tining)))
(if (slot-value 'timng)
(send (slot-value ’'timng-button)
:slot-value "text "Timng: ON')
(send (slot-value 'timng-button) :slot-value ’'text
"Ti mi ng: OFF"))
(send sel f :show w ndow))

Defines:
:toggl e-ti m ng,usedin chunk 24b.
Usesmast er-proto 7andti ming 7.

4.37 The: superi npose Method
This method returns the value of the super i npose slot.

(The Master : superimpose Method 42b)= (10)
(defmeth master-proto :superinpose ()
"Met hod args: ()
Returns the val ue of slot superimpose.”
(sl ot-val ue 'superinpose))

Defines:
: superi npose, never used.
Usesmast er - prot o 7and super i npose 7.

438 The: cl ose Method

42

The: cl ose method for the master must close the slaves window that are active. Finally, it must commit hara-kiri.

(The Master :close Method 42¢)= (10)
(defmeth master-proto :close ()
"Met hod args: ()
Kills all subordinate slave and commits suicide."
(dolist (x (slot-value '"slaves))
(send x :renove))
(call - next - met hod))

Defines:
: ¢l ose, used in chunk 46b.
Usesmaster-proto?7.
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4.39 Defaultsfor Master
We shall usethe prefix “BSA” for Bayesian Sensitivity Analysis.

(Defaults for Master 43a)= )
(defvar *defaul t-master-object-prefix* "BSA-")
(defvar *defaul t - nunber - of - mar kov- chai ns* 8)

(defvar *defaul t - nunber - of - poi nt s* 50)
(defvar *defaul t-numnber-of - pl ot -stops* 51)
(defvar *defaul t-no-of-slider-stops* '(64 51 121 61))
(defvar *defaul t-hyperparaneter-print-formt*
((72) (72) (72) (7 2))
(defvar *defaul t - nunber - of - nront hs* 61)
(defvar *defaul t-maxim zation-tol erance* le-5)
(defvar *defaul t-shared-1ib-name*
(if (nmenmber ':nsdos xlisp::*features*)
"win/bsa.dl "
"./libbsa@HLI B_SUFFI X@))

Defines:
*def aul t - hyper par anet er - pri nt - f or mat *, used in chunks 25b, 38, and 40b.
*def aul t - mast er - obj ect - pref i x*, never used.
*def aul t - maxi m zati on-t ol erance*,usedin chunk 23c.
*def aul t - no- of - sl i der- st ops*, never used.
*def aul t - nunber - of - mar kov- chai ns*, used in chunk 32b.
*def aul t - nunber - of - nont hs*, used in chunk 31.
*def aul t - nunber - of - poi nt s*, used in chunks 22c and 34a.
*def aul t - shared- | i b- name, used in chunk 19a.
Usesnunber - of - mar kov- chai ns 7, nunber - of - nont hs 7, and nunber - of - poi nt s 7.

5 The Slave Object Prototype

The Slave prototypeinheritsfrom scat t er pl ot - pr ot 0.

(The Save Prototype 430) = ©)

(defproto slave-proto ' (naster survival-plot col or-index)
() scatterplot-proto
"The Sl ave prototype. Master is its nmaster upon whomthe sl ave
relies for all data. Survival-plot is nil or t indicating what is
to be plotted. Color-index is used in superinposition.")

{Methods for Save Prototype 43c)

{Defaults for Save 47a)

Defines:
sl ave- pr ot o, used in chunks 24a and 44-46.

The methods for sl ave- pr ot o follow.

(Methods for Save Prototype 43c)= (43b)
{The Save :isnew Method 44a)

The Save : redraw-background Method 44b)

The Save : redraw-statistics Method 45)

The Save : print-summary Method 46a)

The Save : close Method 46b)

(
(
(
(
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5.1 The:i snewMethod

(The Save :isnew Method 44a)= (43c)
(defneth slave-proto :isnew (master &ey (go-away t) (survival-plot nil))
"Met hod args: nmaster &rest args
Creates a new i nstance of the slave-proto object."
(setf (slot-value 'master) naster)
(setf (slot-value 'survival-plot) survival-plot)
(setf (slot-value ’'color-index) 0)
(call -next-nmethod 2 :go-away go-away :draw nil)
(if (not (slot-value '"survival-plot))
(let ((skip (+ (send self :text-ascent) (send self :text-descent)))
(len (length (send master :statistics-print-formts))))
(send self :margin
0 (+ (* len skip) (send self :text-descent)) 0 O
cdraw nil)))
(send self :redraw))

Defines:
1 i snew, used in chunk 51.
Usessl ave- prot 043b,: stati stics4lastatistics750,:statistics-print-formats4lb,andstatistics-print-formats?7.

5.2 The: r edr aw backgr ound Method

(The Save :redraw-background Method 44b)= (43c)
(defneth sl ave-proto :redraw background ()
"Met hod args: ()
Redraws t he background of the screen”
(send self :start-buffering)
(cal | - next - nmet hod)
(unl ess (slot-value ’'survival-plot)
(send self :redrawstatistics))
(send self :buffer-to-screen))

Defines:
: redr aw backgr ound, never used.
Uses: redraw stati stics45,sl ave-proto43b,andstatistics 750.
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5.3 The:redraw stati stics Method

45 (The Save :redraw-statistics Method 45)= (43c)
(defneth slave-proto :redrawstatistics ()
"Met hod args: ()
Redraws the statistics on the screen"
(let* ((master (slot-value 'master))
(ascent (send self :text-ascent))
(descent (send self :text-descent))
(skip (+ ascent descent))
(em (send self :text-width "m'))
(en (send self :text-width "n"))
(canvas-wi dth (send self :canvas-w dth))
(y 0)
(stats-labels (send master :statistics-Iabels))
(name-wi dth (max (mapcar #' (lanbda(x) (send self :text-width x))
stats-labels)))
(val ue-strings (mapcar # (lanbda(x y)
(format nil x y))
(send master :statistics-print-formts)
(coerce (send naster :statistics) 'list)))
(val ue-wi dth (max (nmapcar #' (|l anbda(x)
(send self :text-width x))
val ue-strings)))
(x2 (- canvas-wi dth value-width em)
(x1 (- x2 nane-width en)))
(dotines (i (length stats-I|abels))
(let ((sl (select stats-labels i))
(sv (select value-strings i)))
(setf y (+ vy skip))
(send self :drawtext sl x1 y 0 0)
(send self :drawtext sv x2 y 0 0)))))

Defines:
:redraw statistics,usedinchunk 44b.

Uses sl ave-proto 43b, : statistics 4la statistics 750,:statistics-1abels4lc statistics-Ilabels?7,
:statistics-print-formats4lb,andstatistics-print-formats?7.
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54 The: print-summary Method
This method basically cal cul ates the mean and variance of beta distributions.

46a (The Save :print-summary Method 46a) = (43c)
(defneth slave-proto :print-sunmary ()
"Met hod args: ()
Prints the nean and vari ance of the Law of F(t)."
(if (slot-value '"survival-plot)
(let* ((nmaster (slot-value 'master))
(x (send nmaster :slot-value 'expectation-abscissae))
(y (send master :slot-value ’'expectation-ordinates))
(stddevs (send master :slot-value
' st andar d- devi ati on-ordi nates)))
(format t """ % able of E(S(t)) %)

(format t "-----ommmmi e ")
(format t "Tine t (nonths) E(S(t)) SD(S(t))" %)
(format t M------mmm oo ")
(dotimes (i (length x))

(format t "7 14d ”5, 3f "5,3f7% (aref x i)

(aref y i) (aref stddevs i))))
(let* ((nmaster (slot-value 'master))
(stats (send master :slot-value ’statistics))
(stat-print-formats (send master :slot-val ue
"statistics-print-formats))
(hypers (send master :current-hyperparaneter-val ues))
(al pha (aref hypers 0))
(t-value-index (truncate (aref hypers 3))))
(format t (strcat "Mean of S(7d): "
(first stat-print-formats) """ %)
t-val ue-index (elt stats 0))
(format t (strcat "Std. Dev. of S("d): "
(second stat-print-formats) "~ %)
t-value-index (elt stats 1)))))

Defines:
:print-sunmmary, usedin chunk 40a.
Uses: current - hyper par anmet er - val ues 15a, cur r ent - hyper par anet er - val ues 7, and sl ave- pr ot o 43b.

55 The: cl ose Method

46b (The Save :close Method 46b)= (43c)
(defnmeth sl ave-proto :close ()
(ok-or-cancel -di al og "Pl ease use the master to quit"))
Uses: cl ose 42c and sl ave- pr ot 0 43b.

46
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5.6 Defaultsfor Slave

(Defaults for Save 47a)= (43b)
(defvar *default-slave-plot-size* ' (300 265))
(defvar *default-slave-pl ot-stops* 51)
(defvar *default-statistics-Iabel s*

C("E(S(t))" "SD(S(t))" "Eff. Sanple Size"))

(defvar *default-statistics-print-formats*

Defines:

"("75,3f" "75,3f" "75,0f"))

*def aul t - sl ave- pl ot - si ze*, never used.

*def aul t - sl ave- pl ot - st ops*, never used.

*defaul t-statistics-Iabel s*,usedinchunk 19a

*defaul t-statistics-print-formats*,usedinchunk 19a
Usesstatistics 750, statistics-labels7,andstatistics-print-formats?7.

6 TheC Programs

In designing the C programs, we assume one thing—that no compaction is done during the lifetime of the master
object. Thisallows usto refrain from passing pointersto data arrays each time aroutineis called. Instead, all required
pointers could be passed once when the master object is created and they remain fixed for thelife of the master. Current
versionsof Li sp- St at don’t do memory compaction or move objects around.

Here's our copyright for C programs.

(C Copyright 47b)= (48a)

/**
* % %
* % %
* % %
* k% %
* k% %
* % %
* % %
* % %
* k% %
* k% %
* k% %
* % %
* % %
* k% %
* k% %
* k% %
* % %
* % %
* % %
* k% %

**/

$Revision: 1.34 $ of $Date: 1998/07/02 17:16:33 $
Copyright (C 1994, 1995, 1998. Doss and Narasi mhan

Hani J. Doss (doss@t at. ohi o-state. edu) and
B. Narasi mhan (naras@t at. st anford. edu)

This programis free software; you can redistribute it and/or nodify
it under the terns of the GNU General Public License as published by
t he Free Software Foundation; either version 2 of the License, or
(at your option) any l|later version.

This programis distributed in the hope that it will be useful,
but W THOUT ANY WARRANTY; w thout even the inplied warranty of
MERCHANTABI LI TY or FI TNESS FOR A PARTI CULAR PURPCSE. See the
GNU Ceneral Public License for nore details.

You shoul d have received a copy of the GNU General Public License
along with this program if not, wite to the Free Software
Foundati on, Inc., 675 Mass Ave, Canbridge, MA 02139, USA
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Our C routines follow.

48a (C Routines 48a) =
{(C Copyright 47b)
(Header files 4sb)
(Beta functions 49)
(Global Variabless0)
(Address Initialization Routine 51)
(The Density Routine 52)
(The LogProbability Routine 53)
{The LogL.ikelihood Routine 54a)
{The hthetaOver Hmix Routine 54b)
{The compute-log-hmix Routine 55)
(The calcWeights Routine 56)
{The computeStatistics Method 57a)
{The computeLawOfFOfT Method 58a)
{The computeMeanOfFBar Of T Method 59b)
{The consolidateComputation Routine 60)

Here are the headers files we will need. Note the declaration for the prototype of the gama function that comes
with Li sp- St at . Thisfunctionisnot declared st at i ¢ intheLi sp- St at source and is therefore availableto us.

48 (Header files 48b)= (48a)
#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <mat h. h>
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6.1 BetaFunctions

We need two other functions, bet dens and | ogbet a are indeed declared st at i ¢ in the Li sp- St at source.
Therefore, acopy of theseroutinesis needed. InLi sp- St at , theln T function isknown as my ganma.

49 (Beta functions 49)= (489)
ext ern doubl e myganma(doubl e a);

static double | ogheta (double a, double b)

{
static double da = 0.0, db = 0.0, |beta = 0.0;

if (a!'=da || b!=db) { /* cache nost recent call */
da = a; db = b;
| beta = nygamua(da) + nygama(db) - nmygama(da + db);

return(l beta);

}

static doubl e betadens (double x, double a, double b)

{
if (x <=0.0]] x> 1.0)
return 0.0;
return exp(log(x) * (a- 1) + log(1 - x) * (b - 1) - logbeta(a, b));
}

Defines:
bet adens, used in chunk 58a.
| ogbet a, never used.
my ganmma, used in chunks 52 and 54b.
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6.2 Global Variables
We begin with some global variablesfor all these C routines. Note that these are declared st at i c.

(Global Variables 50)= (48a)
static double *sumaryData, *hyper Val uesUsedl nMar kovChai ns,
*current Hyper Val ues, *inportanceWi ghts,
*| ogM xt ureDensi ty,
*| ogConst ant sOf Proportionality;

static double *statistics;

static int nunber O Mar kovChai ns, nunber O Poi nt s,
nurmber O Poi nt sFor Const ant s,
nunber O Dat aVal ues, nunber O Mont hs, nunber O Dat aVal ues,
*i ndi cat or Count s;

#def i ne LOW LOG PROBABI LI TY -1el0;

Defines:
current Hyper Val ues, used in chunks 51, 54b, and 57-60.
hyper Val uesUsedi nMar kovChai ns, never used.
i mpor t anceWei ght s, used in chunks 51 and 56-58.
i ndi cat or Count s, used in chunks 51 and 58b.
| ogConst ant sOF Proporti onality,usedinchunks51 and 55.
| ogM xt ur eDensi ty, used in chunks 51, 54b, and 55.
LOWLOG.PROBABI LI TY, used in chunk 53.
nunber O Dat aVal ues, used in chunks 51 and 59a.
nunber O Mar kovChai ns, used in chunks 51 and 53-58.
nunber O Mont hs, used in chunks 51, 58b, and 60.
nunber O Poi nt s, used in chunks 51 and 55-58.
nunber O Poi nt sFor Const ant s, used in chunks 51 and 54a.
stati stics,usedinchunks19a, 24b, 39-41, 44, 45, 473, 51, 56, 60, and 61.
summar yDat a, used in chunks 51, 52, 54b, and 58b.

50
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6.3 Initialization Routine

This initialization routine gathers addresses and stores them a static storage area. On the Windows platform, we also
need to export the routines defined here.

(Address Initialization Routine 51) = (48a)
#i fdef _W ndows
__decl spec(dl I export) void initializeAddress (double *a, double *b,
doubl e *c, double *d, double *e, double *ff, int *g, int *h,
int *i, int *j, int *k, double *I, int *m;
#endi f

/*
* |nitialization routine, nust be called as soon as the slots
* are created in the master :isnew nethod.
*/
void initializeAddress (argSunmaryData, argHyper Val uesUsedi nMar kovChai ns,
ar gCur rent Hyper Val ues, argl nportanceWi ghts,
argLogM xtureDensity, arglLogConstantsCOf Proportionality,
ar gNunber O Mar kovChai ns, ar gNunber O Poi nt s,
ar gNunber O Mont hs, ar gNunber O Dat aVal ues,
ar gl ndi cator Counts, argStatistics, argNunber O Poi nt sFor Const ant s)
doubl e *argSummar yDat a, *ar gHyper Val uesUsedi nMar kovChai ns,
*ar gCur r ent Hyper Val ues, *argl nportanceWi ghts,
*argLogM xt ureDensity, *arglLogConstantsOf Proportionality;
doubl e *argStati stics;
i nt *ar gNunber O Mar kovChai ns, *ar gNunber O Poi nt s,
*ar gNunber Of Mont hs, *ar gNunber O Dat aVal ues, *ar gl ndi cat or Count s,
*ar gNunber O Poi nt sFor Const ant s;

sumrar yData = ar gSummar yDat a;

hyper Val uesUsedl nMar kovChai ns = ar gHyper Val uesUsedi nMar kovChai ns;
current Hyper Val ues = ar gCurrent Hyper Val ues;

i mportanceWei ghts = argl nport anceWi ght s;

| ogM xtureDensity = arglLogM xtureDensity;

| ogConst ant sOf Proportionality = argLogConstant sOf Proportionality;
i ndi cat or Counts = ar gl ndi cat or Count s;

nunber Of Mar kovChai ns = *ar gNurmber O Mar kovChai ns;

nunber O Poi nts = *ar gNunmber O Poi nt s;

nunber Of Mont hs = *ar gNunber Of Mont hs;

nunber O Dat aVal ues = *ar gNunber O Dat aVal ues;

statistics = argStatistics;

nunber O Poi nt sFor Const ant s = *ar gNunber O Poi nt sFor Const ant s;
}

Defines:
i nitializeAddress,usedinchunk 23a

Usescur r ent Hyper Val ues 50,i npor t anceWei ght s 50,1 ndi cat or Count s 50,: i snew18b44a,1 ogConst ant sOf Proporti onal i ty50,
| ogM xt ur eDensi ty 50, nunber O Dat aVal ues 50, nunmber O Mar kovChai ns 50, nunber Of Mont hs 50,
nunber O Poi nt s 50, nunber O Poi nt sFor Const ant s 50, st ati sti ¢cs 750, and summar yDat a 50.
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6.4 TheC Equivalent of : f Method

This routine calculates the j-th posterior density at apoint. See: f method for mast er - pr ot 0. The formulas used
for this and the next three methods all follow the development in [3].

(The Density Routine 52) = (48a)
doubl e f (argJd, argEta, arglndex)
int argJ, arglndex;
doubl e *argEt a;

{
doubl e nj, nunberOf Di stinctXS = sutmaryData[2 * argl ndex],
theta = summaryData[ 2 * arglndex + 1], al pha, shape, scal e;
int index = argJ * 3;
if (argd == 0)
nj =-1.0;
el se
nj = argktalargd - 1];
al pha = hyper Val uesUsedl nMar kovChai ns[ i ndex] ;
shape = hyper Val uesUsedl nMar kovChai ns[i ndex + 1];
scal e = hyper Val uesUsedl nMar kovChai ns[i ndex + 2];
return exp(nunberOf Di stinct XS * | og(al pha) +
shape * log(scale) + (shape - 1.0) * log(theta) -
scale * theta - nmyganma(shape) + nj);
}
Defines:

f , used in chunks 53 and 55.
Uses myganma 49 and sunmar y Dat a 50.
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6.5 TheC Equivalent of : | ogp Method

This routine cal culates the probability that a given point comes from a particular Markov chain. See: | ogp method
for mast er - prot o.

(The LogProbability Routine 53)= (483)
doubl e I ogp (argJd, argEta, arglndex)
int argJ, arglndex;
doubl e *argEt a;

doubl e tnp, tnpl, sum= O;
int k;

for (k 0; k < number OF Mar kovChai ns; k++) {
tnp f(k, argEta, arglndex);
if (k == argJd)
tnpl = tnp;
sum += t np;

if (tmpl > 0.0)
return log(tnmpl / sum;
el se
return LOWNV LOG PROBABI LI TY;
}

Defines:
| ogp, used in chunk 54a.
Usesf 52, LONLOG.PROBABI LI TY 50, and nunber O Mar kovChai ns 50.
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6.6 TheC Equivalent of : | ogl i k Method
Theroutine that calculates the log-likelihood. See: | ogl i k method for mast er - pr ot o.

54a (The LogL.ikelihood Routine 54a) = (48a)
#i fdef _W ndows
__decl spec(dl | export) void | ogLi kel i hood (double *a, double *b);
#endi f

voi d | ogLi kel i hood (argEta, result)
doubl e *argEta, *result;

{
doubl e sum = 0. 0;
int i, j, index = 0;
for (j = 0; j < nunber O MarkovChains; j++) {
for (i = 0; i < nunber O PointsForConstants; i++) {
sum += | ogp(j, argEta, index);
i ndex++;
}
}
*result = sum
}
Defines:

| ogl i k, usedin chunks 17c and 23c.
Uses| ogp 53, nunber O Mar kovChai ns 50, and nunber O Poi nt sFor Const ant s 50.

6.7 TheC Equivalent of : ht het a- over - hm x Method

See: ht het a- over - hm x method for mast er - pr ot o.

54b (The hthetaOver Hmix Routine 54b) = (48a)
doubl e ht het aOver Hri x (ar gl ndex)
i nt argl ndex;

{
doubl e numberO Di stinctXS, theta, al pha, shape, scale;
nunber & Di stinct XS = sumarybData[ 2 * argl ndex] ;
theta = sunmmaryData[ 2 * arglndex + 1];
al pha = current Hyper Val ues[ 0] ;
shape = current Hyper Val ues[ 1] ;
scal e = current Hyper Val ues][ 2] ;
return exp(nunberOf Di stinct XS * | og(al pha) +
shape * log(scale) + (shape - 1.0) * log(theta) -
scale * theta - mygamma(shape)
- | ogM xt ureDensi ty[ argl ndex]);
}
Defines:

ht het aOver Hni X, used in chunk 56.
Usescurr ent Hyper Val ues 50,1 ogM xt ur eDensi t y 50, myganma 49, and sunmar yDat a 50.
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6.8 TheC Equivalent of : conput e- 1 og- hm x Method

See: conmput e- | og- hm x method for mast er - pr ot o.

55 (The compute-log-hmix Routine 55) = (48a)
#i fdef _W ndows
__decl spec(dl | export) void computeLogHnm x ();

#endi f
voi d comput eLogHm x ()
{

int i, k, m;

doubl e sum
m = nunber O Mar kovChai ns * nunber O Poi nt s;

for (i =0; i <m; i++) {
sum = 0. 0;
for (k = 0; k < nunber O Mar kovChai ns; k++) {
sum += f (k, logConstantsO Proportionality, i);

}
| ogM xtureDensity[i] = log(sum;

}

Defines:
conput eLogHm x, used in chunk 17d.

Uses f 52, | ogConst ant sOf Proportionality 50,1 ogM xt ureDensi ty 50, nunber Of Mar kovChai ns 50,
and nunber O Poi nt s 50.
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6.9 TheC Equivalent of : cal c- wei ght s Method
See: cal c- wei ght s method for mast er - pr ot 0.
(The calcWeights Routine 56) = (48a)

#if

def _W ndows

__decl spec(dl | export) void cal cWights ();
#endi f

VOi

{

}

Defines:

d cal cWei ghts ()

int i, j, index = 0, sanpleSize
doubl e tnmp, sum = 0.0, meanWi ght, sunmCent er ed\Wei ght sSquar ed;

for (j = 0; j < nunber O MarkovChains; j++) {
for (i =0; i < nunberOfPoints; i++) {
tnp = hthetaOver Hr x(i ndex) ;
i mport anceWei ght s[i ndex] = tnp;
sum += tnp;

i ndex++;
}
}
i ndex = 0;
sanpl eSi ze = nunber O Mar kovChai ns * nunber O Poi nt s;
meanWei ght = 1.0 / sanpl eSi ze

sunCent er edWei ght sSquared = 0. 0;
for (j = 0; j < nunber O MarkovChains; j++) {
for (i =0; i < nunberOfPoints; i++) {
i mport anceWei ght s[i ndex] /= sum
tnp = inmportanceWei ghts[index] - nmeanWi ght;
sunCent er edWei ght sSquared += tnp * tnp;
i ndex++;
}

}
tnp = sunCent er ed\Wei ght sSquared / (sanpl eSi ze - 1);

statistics[2] = floor(sanpleSize /
(1 + sanpleSize * sanpleSize * tnp));

cal cWei ght s, used in chunks 18a and 60.
Usesht het aOver Hi x 54b, i nport anceWei ght s 50, number OF Mar kov Chai ns 50, nunber Of Poi nt s 50, and st ati sti cs 7 50.

56
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6.10 TheC Equivalent of : conput e-st ati sti cs Method

See: comput e- st ati sti cs method for sl ave- pr ot 0. In computing the mean and variance of the mixture of
Beta densities, we have to use the facts E(X) = E(E(X|W)) and V(X) = E(V(X|W)) + V(E(X|W)). In our
case, F'(t) isaBetarandom variable X; with probability w;, the normalized importance weight.

57a (The computeStatistics Method 57a) = (48a)
#i fdef _W ndows
__decl spec(dl | export) void conmputeStatistics (double *a);
#endi f

void computeStatistics (argStatistics)
doubl e *argStati stics;
{
doubl e al pha = current Hyper Val ues[ 0],
expectation = 0.0,
expect ati onOf Condi ti onal Squar edMean = 0. 0,
expect ati onOf Vari ance = 0.0,
tp,
sunCent er edWei ght sSquared = 0,
bet aMean, betaVari ance,
bet aPar ani, bet aParan®;
int i, j, index = 0, tValuelndex = (int) currentHyperVal ues[ 3];
{Compute Mean and Variance in C 57b)
argStatistics[0] = 1.0 - expectation;
argStatistics[1l] = sqrt(expectati onOf Conditi onal Squar edMean -
expectation * expectation);

}

Defines:
conput eStati sti cs, never used.
Usescur r ent Hyper Val ues 50.

57b (Compute Mean and Variancein C s7b)= (57a59b)
for (j = 0; j < nunmber O MarkovChai ns; j ++) {
for (i = 0; i < nunberOfPoints; i++) {
bet aPar anll = (C Expression for first beta parameter 58b);
bet aPar an? = (C Expression for second beta parameter 59a);
bet aMean = betaParanl / (betaParanl + betaParan®);
tnp = inportanceWi ghts[index] * betaMean;
bet aVari ance = betaMean * bet aParan? /
((bet aParanl + betaParanm?) * (betaParaml + betaParan? + 1));
expectation += tnp;
expectati onOf Vari ance += i nportanceWi ghts[index] * betaVari ance;
expect ati onOf Condi ti onal Squar edMean += tnp * bet aMean;
i ndex++;
}
}

Usesi nmpor t anceWei ght s 50, nunber O Mar kovChai ns 50, and nurber O Poi nt s 50.
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6.11 TheC Equivalent of : conmput e- | aw of - f - of -t Method

See: conput e- | aw of - f - of - t method for sl ave- pr ot 0. Note the difference in that some parameters need
to be passed in this C routine unlike the Lisp routine.
This method basically calculates for equally spaced values of w in [0, 1] the weighted sum

> w8 (afi) () + isdyio (6), My +n = afi) () = iy 6y (1)) (w),
g=1

where 3(a, b) (u) denotes the beta density with parameters a and b evaluated at w.

(The computeLawOfFOfT Method 58a) = (48a)
#i fdef _W ndows
__decl spec(dl | export) void conmputeLawOf FOF T (int *n, double *a, double *b);
#endi f

void computeLawOF FOF T (int *n, double *x, double *y)
{

doubl e al pha, sum betaParanl, betaParan®;

int i, j, k, index, tValuelndex;

al pha = current Hyper Val ues[ 0] ;
t Val uel ndex = (int) currentHyperVal ues[ 3];
for (k = 0; k < *n; k++) {
sum = 0. 0;
i ndex = 0;
for (j = 0; j < nunber O MarkovChains; j++) {
for (i = 0; i < nunmberOPoints; i++) {
bet aPar anll = (C Expression for first beta parameter 58b);
bet aPar an? = (C Expression for second beta parameter 59a);
sum += i mportanceWei ght s[i ndex] *
bet adens(x[ k], betaParaml, betaParan?);
i ndex++;

yl[k] = sum
}
}

Defines:
conput eLawdr FOf T, used in chunk 60.
Usesbet adens 49, cur r ent Hyper Val ues 50, i npor t anceWei ght s 50, nunber Of Mar kovChai ns 50, and nunmber O Poi nt s 50.

Here are the formulas for the two beta density parameters. The first oneis of course
b (®) + T (1),

with the understanding that « indicates degree of concentration around the exponential family for theta.
The expression for the first beta parameter follows.

(C Expression for first beta parameter 58b)= (57b 58a)
(i ndi cator Count s[i ndex * nunber Of Mont hs + t Val uel ndex] +
al pha * (1 - exp(-tVal uel ndex * summaryData[ 2*i ndex + 1])))
Usesi ndi cat or Count s 50, number Of Mont hs 50, and sumrar yDat a 50.

a
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The second oneis .
My +n—af (1) = Iy (t)
=1

which in Cis given by the snippet below.

(C Expression for second beta parameter 59a)= (57b 58a)
(al pha + nunber O Dat aVal ues - bet aPar aml)
Usesnunber O Dat aVal ues 50.

6.12 TheC Equivalent of : conput e- mean- of - f bar - of -t Method

See: conput e- nean- of - f bar - of -t method for sl ave- pr ot 0. Thismethod basically calculates for several
values of ¢, the quantity E(S(¢t)). The values of ¢ for which thisis done is the same as the list of values used in the
slider for t.

(The computeMeanOfFBar Of T Method 59b) = (48a)
#i fdef _W ndows
__decl spec(dl | export) void conputeMeanOFFBarOF' T (int *n, double *a,
doubl e *b, double *c);
#endi f

voi d conmput eMeanOF FBarOF T (n, X, Yy, standardDevi ati ons)
doubl e *x, *y, *standardDevi ati ons;
int *n;
{
doubl e al pha = current Hyper Val ues[ 0] ,
expectation = 0.0,
expect ati onOf Condi ti onal Squar edMean = 0. 0,
expectati onOf Vari ance = 0.0,
tp,
sumCent er edWei ght sSquared = 0,
bet aMean, betaVari ance,
bet aPar ani, bet aParan®;
int i, j, k, index = 0, tVal uel ndex;

y[0] = 1.0;
st andar dDevi ati ons[ 0] = 0.0;
for (k = 1; k < *n; k++) {
i ndex = 0;
expectation = 0.0;
expect at i onOf Condi ti onal Squar edMean = 0. 0O;
expect ati onOf Vari ance = 0. 0;
t Val uel ndex = (int) (x[Kk]);
(Compute Mean and Variancein C 57b)
y[k] = 1 - expectation;
st andar dDevi ati ons[ k] = sqrt(expectati onOf Conditional Squar edMean -
expectation * expectation);

}
}

Defines:
conput eMeanCOf FBar OF T, used in chunk 60.
Usescurr ent Hyper Val ues 50.
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6.13 The: consol i dat e- conput ati on Method in C

This method consolidates all computation by first computing importance weights, then computing all the statisticsin
one shot.

60 (The consolidateComputation Routine 60)= (48a)
#i fdef _W ndows
__decl spec(dl | export) void consolidateConputation (int *n,
doubl e *a, double *b, double *c, double *d, double *e
doubl e *ff);
#endi f

voi d consol i dat eConputation (n, argStatistics, argDensityAbscissae,
ar gDensi t yOr di nat es,
ar gExpect ati onAbsci ssae, ar gExpectati onOrdi nat es,
ar gSt andar dDevi ati onOr di nat es)
doubl e *argStatistics, *argDensityAbsci ssae, *argDensityOrdinates,
*ar gExpect at i onAbsci ssae, *argExpectati onOrdi nat es,
*ar gSt andar dDevi at i onOr di nat es;
int *n;

int k;

cal c\Wi ght s();
comput eLawdf FOF T(n, ar gDensi tyAbsci ssae, argDensityO dinates);
comput eMeanOf FBar O T( &unber O Mont hs,
ar gExpect ati onAbsci ssae, argExpectati onOrdi nat es,
ar gSt andar dDevi ati onOr di nat es) ;
k = (int) currentHyperVal ues[ 3];
statistics[0] = argExpectati onOrdi nates[Kk];
statistics[1] = argStandardDevi ati onOr di nat es[ k] ;
}

Defines:
consol i dat eConput at i on, used in chunk 3%

Usescal c\Wei ght s 56, conput eLawOf FOF T 58a, conput eMeanOf FBar OF T 59b, cur r ent Hyper Val ues 50, nurber Of Mont hs 50,
andstatistics750.
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7 Installation Information

We present some information on how to compile and use the software on various platforms. This is presented as a
READMVE file.

(README file61)=
Copyright (C Hani J. Doss and B. Narasi mhan

This file provides information on installing and using

BSA (Bayesi an Sensitivity Analysis) software. W expect any
serious user of the software to read our paper that has now
appeared in

@ nBook{ doss: nara: 1998b,

aut hor = {Hani J. Doss and B. Narasi mhan},

title = {Practical Nonparametric and Sem paranetric
Bayesi an Statistics},

chapter = {Dynam c Di splay of Changi ng Posterior in Bayesian
Survival Anal ysi s},

publ i sher = {Springer},

year = {1998},

editor = {Di pak Dey, Peter M"uller, Debajyoti Sinha},

nunber = {133},

series = {Lecture Notes in Statistics},

pages = {63--87}

}

We have included a copy of this paper (ddg.ps.gz) in the subdirectory ddg.

Requi renent s:

A) XLisp-Stat 3.53-5 or higher. Freely available from
ftp://ftp.stat.um. edu/ pub/ xlispstat/current

B) W ndows or Unix. Wndows includes 95 and NT.
(Mac version is in devel opnent.)

C) On Unix, you will also need a C conpiler.

You probably received the entire package as a conpressed archive

naned bsa.tgz. On Unix, the contents of the archive may be

extracted into a directory called bsa by executing the conmands:
gunzip -c bsa.tgz | tar -xvf -

If you are using GNU tar, this can be done in one shot via:
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tar -xvzf bsa.tgz

To extract the files on Wndows, you need to use an extractor
like WnZip. See http://ww. wi nzip.comfor nore details.

On Wndows, you skip this step. Macs are not supported yet because
the authors don't know how to create a dynanic shared library.

On Uni x, you need to configure the software to your environnent.
Change to the bsa directory and type

./ configure
nmake

This will conpile the lisp files and create a shared library for your
pl at f orm

Start using the program In Unix, the conmmand
x| i spstat Breast Cancer Radi ati onOnly
or
x| i spstat Breast Cancer Radi ati onChenp
will fire up the readymade exanpl es.
On Wndows, you fire up Lisp-Stat and | oad the files
Br east Cancer Radi ati onOnly. | sp
BreastCance?;adiationChenn.Isp
to proceed.
If you are inclined to use comands instead of nobuse-clicks, you can
send ‘‘nessages’’ to the master object in the |istener w ndow as

shown in the foll ow ng exanpl es:

(send Breast Cancer Radi ati onOnl y-nmaster :current-hyperparaneter-val ues
"(1 4 150 12))

(send Breast Cancer Radi ati onOnly-master :print-all-statistics)

(send Breast Cancer Radi ati onOnl y-master : sl ot-val ue

62
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"bsa: :inportance-wei ghts)

Not e how t he master-objects nanes are related to the lisp file names and
how i nternal slot-nanes have to be prefixed by the package nane.

For dealing with a new problem we provide a few points regarding the
software. A nunmber of inputs are required for running the

program These are discussed in detail in the literate program

(bsa. ps) under the section titled ‘‘Introduction.’”’ For conveni ence we
repeat the details here. This excerpted part is indented two spaces
for easy reference.

First note that the software only does sensitivity analysis.

No general facility is provided for generating observations from

Mar kov chains. Indeed, since the range of nodels for which MCMC

met hods are applicable are | arge and such nmet hods nost |ikely involve
probl em specific issues, it is our opinion that building such a
supertool, if it is at all possible, is a non-trivial task. However,
the Fortran programused in generating the output for our example is
i ncluded along with this software and can be used for nodels simlar
to ours. O course, any appropriate nethod nmay be used to generate
the sanples as long as the output is available in a formusable by our
software. The requirenents on the data that can be used with our
software are spelt out bel ow

Correspondi ng to each Markov chain output, there nmust be two files
with the extensions ".in" (input file) and ".out" (output file).
For exanple, "ntl.in" and "ntl.out".

The input file nust have the followi ng structure. The first four itens
inthe file can be anything, string or nunber, either on a single |ine

or any concei vabl e conbinati on of lines. The next three itemns

*must* be the shape of the Gamma distribution on theta, the

scale of the Gamma distribution on theta---the paranetrization for

shape a and scale b is proportional to x"{a-1} exp(-bx)---and

MR). The next three val ues values follow ng these quantities can

be anything, but the one following it should be the nunber of data points,
that is, the nunber of sets or intervals. In the Fortran programwe use
-99 is used to denote infinity. Nothing else is read fromthe input file.

The output file nmust have the follow ng structure for each data point
generated by the Markov chain. The value of theta nust be foll owed
by the nunber of distinct values of the data points, which nmust be
foll owed by a frequency table of the actual data val ue and the
correspondi ng frequency. The | ayout of the values on |lines does not
matter as long as at least a single white space delinmts values. If
this structure is violated, errors will result. A peek at the data
files included with this software will help the reader.

It is assumed that a proper installation of XLisp-Stat is avail able.
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For a new problem you probably have several Markov chain output files
al t hough even one should work. (In the latter case, reweighting reduces
to sinple Inportance Sanpling.)

a) It is best to create a new directory for your problemand have
your data files there. For exanple, the directory "BreastCancer"
contains relevant data files for our Breast Cancer data.

b) The only files you actually need to run the program are:
1) Either one of bsa.fsl or bsa.lsp
2) Either one of utility.fsl or utility.lsp
3) Either one of call-by-reference.fsl or call-by-reference.lsp
and
4) the shared library libbsa.so or |ibbsa.sl as the case
may be. On Wndows, instead of the shared library,
we need the whol e subdirectory "w n".

Copy these files/directories to where you have the data
files and work there.
5) The file new problem| sp.

I nvoke Lisp-Stat and load the file named "new- problem | sp”

The first tinme (and first tine only), the followi ng inputs will be
needed.

1) An indentifier for uniquely identifying the run. Use a neani ngful
nane here. Let us assunme this is BreastCancer (the default)
in the discussion bel ow

2) The nunber of Markov chain outputs that you want to use for
rewei ghting. Miust be >= 1, with 1 denoting straight |Inportance

Sanpl i ng.

3) The nanes of the files containing output from Markov chains,
*wi t hout the extensions*. The software will automatically
tag on the extensions .in and .out when |ooking for files.

4) The nunber of points per chain to use in the dynam c rewei ghting.
Thus if you specify 50 and have 8 chains, then 50 points from each
of the eight chains (= 400) will be used.

5) An initial guess for maximzing the |og-quasilikelihood which
will provide an estinmate of the constants of proportionality.

6) The range between which you want to vary the hyperparaneters. |f
you use only one chain, then you *nust* specify the range. O herw se
the range will be a single point. If you specified many chai ns,
the default settings for each hyperparaneter will be the m ni mum and
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maxi mum val ues from val ues used in all Markov chains. The nunber of
stops shoul d be an odd number if you want to hit the middle of the

i nterval .

7) The number of points to use in estinating the constants of

proportionality. If you use all of the data, the estimation can
take a while. It is alnost always better to go with the default

or less. (If you are really interested in using nore points,
then start off with 10, and use the estimates thus obtained

to start your larger optimzation. This will save you a | ot of

time.)
Once you specify this, the maxim zation will take place. This
good point to go refill your coffee cup

is a

After the estimation, two files are created so that you are not
bonbarded wi th questions in subsequent explorations. For exanpl e,

Br east Cancer. | sp (and)
Br east Cancer. run

For repeating the exploration next time, you only need to | oad

the file BreastCancer.lsp into XLisp-Stat. This will bypass

all the inputs we discussed above except for the question about

ranges. The file BreastCancer.run contains pre-processed
infornation for faster |loading and will be used when
Breast Cancer.|sp is | oaded.

All files are text files and can be viewed with a text viewer.

Exanpl es for Breast Cancer Data

The two files

Br east Cancer Radi ati onOnly. | sp (and)
Br east Cancer Radi ati onCheno. | sp

and the corresponding run files are provided for experimentation.

These exist in the main directory "bsa" itself and concern the
dataset on two treatnents described in the paper

Dynami ¢ Di spl ay of Changing Posterior in
Bayesi an Survival Analysis
by
Hani J. Doss and B. Narasi mhan

By default, they use 50 points each and 8 Markov chains. W wi sh
note that an earlier version of the software was used to produce
results in the paper and subsequently a bug was found. This does
change any of the conclusions of the paper but the numbers shown

to
t he
not
in
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table 1.1 in the paper are off fromthe actual val ues obtained using
the software. A replacenent is provided in the file newtable.tex

and shows that the agreenent between estinmates obtained by rewei ghting
and those obtained by actual runs of Markov chains is, if anything,
better that what the original table indicated.

Just load the lisp files into XLisp-Stat to do the dynam c exploration
If you have a sufficiently fast machine, you can use nore points.

To conpl etely reproduce our work fromscratch, you need to use the
data files in the subdirectory "BreastCancer".

The authors may be contacted via enail at:

doss@t at . ohi o-state. edu (Hani J. Doss)
naras@t at. Stanford. EDU (B. Narasi nhan)

Note on the programitself

The prograns are witten in a literate style using the Noweb literate
programm ng tools. W provide two utility packages that one can use

i ndependently of the program utility.lsp and call-by reference.lsp
The former contains functions we have found useful in witing Lispstat
prograns; the latter inplenments a call-by-reference gl ue between

Li spstat and C.

Enj oy!
Uses: current - hyper par anet er - val ues 15a, current - hyper par anet er - val ues 7, i npor t ance- wei ghts 7,
cprint-all-statistics40a andstatistics750.
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e Make sure that the when a parameter hasn’t changed then the hyperparameter range should not bomb. Right

now, we've hardwired it. Seethe method : hyper par anet er - r anges or follow it.

e Add ahility for user to specify a sequence of values in the hyperparameter space along which snapshots may
be saved. Thus reruns can be shown like animated weather maps on TV. Actually this can be done now as
follows. Assumethat hyper par anet er s- 1 i st isalist of hyperparameter points (that is, four-tuples), and

master-object is the master object for the problem.

(dolist (hyperparaneters hyperparaneters-1ist)

(send nmaster-object :current-hyperparaneter-val ues hyperparaneters))

e Clean up all the code that assumes that the timeis an index varying from O to nurber - of - mont hs. Thishas

to be done carefully sinceit plays arole in many places.
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10 Index of Code Chunks

Thislist is generated automatically. The numeral isthat of the first definition of the chunk.

5)

(*

(Address Initialization Routine 51)
(Beta functions 49)

(Bump starting index for next stretch 29e)
(C Copynght 47b)

(C Expression for first beta parameter 58b)
(C Expression for second beta parameter 59a)
(C Routines 48a)

(Compute Mean and Variance in C 57b)
(Copyright 4)

(Create lisp file for subsequent runs 37b)

(Create slaves of master object 24a)

(Defaults for Master 43a)

(Defaults for Save 47a)

(Fill table entries with current frequency sum 29d)

(Find smallest month not less than i-th ordered x-val 29c)

(Get an identifier 32a)

(Get data file names 33)

(Get initial guess 34b)

(Get the number of Markov chains 32b)

(Get the number of points 34a)

(Global Variables 50)

(Handle situation when x-values run out before month val ues 30b)
(Header files 48b)
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Make sliders with triples 25b)

Make triples for sliders 25a)

Methods for Master Prototype 10)

Methods for Save Prototype 43c)

Pass data array addressesto C Routines 23a)
Perform Reverse Logistic Regression 23c)
Process Hyper parameter Ranges etc. 27d)
Process the table containing info on Markov chains 28a)
Read frequency table and sort values 29b)
Read in data files and set up data 34c)

Read number of Markov chains 26b)

Read number of months 27c)

Read number of points 27a)

Read number of sets 27b)

Read summary data, log mixture density, indicator counts 28b)
README file 61)

Set up dialog and wait for user input 24b)
Set up Hyper parameter-ranges and stops 20)
Set up slot values for master object 18c)
Show informative message 37c)

Some final touches 25c)

The calc\Weights Routine 56)

The computeLawOfFOfT Method 58a)

The compute-log-hmix Routine 55)

The computeMeanOfFBar Of T Method 59b)

The consolidateComputation Routine 60)
The Density Routine 52)

The hthetaOver Hmix Routine 54b)

The LogL.ikelihood Routine 54a)

The LogProbability Routine 53)

The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
The Master
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(The computeStatistics Method 57a)
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:calc-weights Method 18a)

:close Method 42c)

:compute-log-hmix Method 17d)
:consolidate-computation Method 39a)

:create-run-file Method 35b)

:current-hyper parameter-val ues Method 15a)

: effective-sample-size Method 39c)
:graphical-interface Method 31)

:hyper parameter-names Method 14c)

:hyper parameter-ranges Method 16b)

:hyper parameter-sliders Method 16c)

:hyper parameter s-used-in-mar kov-chains Method 16a)
:identifier Method 124)

:importance-weights Method 17b)

:indicator-counts Method 13c)
:initially-specified-hyper par ameter-val ues Method 14b)
:isnew Method 18b)

:|abelled-hyper par ameter-val ues Method 4ob)
:1og-constants-of-proportionality Method 13d)

:loglik Method 17c)
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The Master
The Master

The Master

The Master
The Master

:log-mixture-density Method 17a)
:number-of-data-values Method 13a)
:number-of-hyper parameters Method 15b)
:number-of-markov-chains Method 12b)
:number-of-months Method 12d)
:number-of-points Method 12c)
:print-all-statistics Method 40a)
:process-frequency-table Method 29a)
:process-run-file Method 26a)

The Master Prototype 7)

The Master
The Master

The Master

The Master
The Master

:reset Method 39b)

:dlaves Method 14a)

:statistics Method 414)
:statistics-label s Method 41c)
 statistics-print-formats Method 41b)
:summary-data Method 13b)
:superimpose Method 42b)
:synchronize Method 38)
:toggle-timing Method 42a)

The Save :close Method 46b)

The Save :isnew Method 44a)

The Save : print-summary Method 46a)

The Save Prototype 43b)

The Save : redraw-background Method 44b)
The Save : redraw-statistics Method 45)
Update frequency sum 30a)

Write info on hyperparameters 36b)
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Write number of Markov chains, etc. 36a)
Write summary data, log mixture density, indicator counts 37a)
Write table of info on Markov chains 36c)

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(The Master
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(
(
(
(
(
(

11 Index of Identifiers

Hereisalist of the identifiers used, and where they appear. Underlined entriesindicate the place of definition. This
index is generated automatically.]

bet adens: 49, 58a

:cal c-wei ght s: 18a, 18b

cal c\Wei ght s: 18a, 56, 60

. cl ose: 42c, 46b

conput eLawdX FOf T: 58a, 60

conput e-1 og- hm x: 17d, 23b

conput eLogHm x: 17d, 55

conput eMeanCf FBar OF T: 59b, 60

conputeStatistics: 57a

: consol i dat e- conmput ati on: 38, 39a

consol i dat eConput ati on: 39a, 60

copyright: 4

:current-hyperparanet er - val ues: 15a, 253, 25¢, 38, 39b, 40b, 46a, 61

current - hyper par anet er - val ues: 7, 153, 25a, 25c, 38, 39b, 40b, 463, 61

current Hyper Val ues: 50, 51, 54b, 57a, 583, 59b, 60
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data-fil e-nanes: 7

*def aul t - hyper paranet er- print - format *: 25b, 38, 40b, 43a
*def aul t - nast er - obj ect - prefi x*: 43a
*defaul t - maxi m zati on-tol erance*: 23c,43a
*def aul t - no- of -sl i der-stops*: 43a

*def aul t - nunber - of - mar kov- chai ns*: 32b, 43a
*def aul t - nunber - of - nront hs*: 31,43a

*def aul t - nunber - of - poi nt s*: 22c, 343, 43a
*defaul t-shared-|ib-nane: 193 43a

*def aul t - sl ave- pl ot -si ze*: 47a

*def aul t - sl ave-pl ot - st ops*: 47a
*default-statistics-Iabel s*: 193 47a
*default-statistics-print-formats*: 19a 47a
densi ty-absci ssae: 7

density-ordi nates: 7

.effective-sanpl e-si ze: 39c

expect ati on- absci ssae: 7
expectati on-ordinates: 7

f: 52,53,55

ht het aOver Hm x: 54b, 56

: hyper par anet er - nanes: 14c, 24b

hyper par anet er - nanmes: 7, 14c, 24b, 40a

: hyper par anet er - r anges: 16b, 20, 24b, 27d, 36b

hyper par anet er - r anges: 7, 16b, 20, 24b, 253, 27d, 36b

: hyper paraneter-sliders: 16c

hyper par armet er - sl i ders: 7, 16¢c

: hyper par anet er s- used- i n- mar kov- chai ns: 16a
hyper par amet er s- used- i n- mar kov- chai ns: 7, 16a
hyper Val uesUsedi nMar kovChai ns: 50

cidentifier: 12a 19a 25c, 37b, 40a

identifier: 7,12a, 18b, 193, 20, 22¢, 23b, 25c, 31, 37b, 40a

;i mportance-wei ghts: 17b

i mportance-wei ghts: 7,17b, 61

i mport anceWei ght s: 50, 51, 56, 57b, 58a
;indicator-counts: 13c

i ndi cat or-counts: 7, 13c, 26a, 28b, 29a, 29d, 30b, 35b, 37a

i ndi cat or Count s: 50, 51, 58b

initializeAddress: 23a 51
cinitially-specified-hyperparaneter-val ues: 14b, 19b, 22b, 39b
initially-specified-hyperparaneter-val ues: 7, 14b, 19b, 22b, 39b
;i snew. 18b, 443, 51

. | abel | ed- hyper par anet er - val ues: 40a, 40b

lazy: 7

| ogbet a: 49

:1 og- const ant s- of - proportionality: 13d

| og- const ants-of - proportionality: 7,13d

| ogConst ant sOf Proportionality: 50, 51,55

:loglik: 17c, 23c

 oglik: 17c, 23c, 54a

;1 og-m xture-density: 17a

| og-m xture-density: 7,17a
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| ogM xt ur eDensi ty: 50, 51, 54b, 55

| ogp: 53, 54a

LOWLOG. PROBABI LI TY: 50, 53

mast er-proto: 5,7, 12a, 12h, 12c¢, 12d, 13a, 13b, 13c, 13d, 14a, 14b, 14c, 15a, 15b, 16a, 16b, 16c, 17a, 17b,
17c, 17d, 18a, 18b, 26a, 293, 31, 35b, 37b, 38, 393, 39b, 39c, 403, 40b, 414, 41b, 41c, 423, 42b, 42c

nmygama: 49, 52, 54b

: nunber - of - dat a- val ues: 13a

number - of - dat a- val ues: 7,13a

nunber O Dat aVal ues: 50, 51, 59a

: nunber - of - hyper par anet er s: 15a, 15b, 25a, 25¢, 40b

: nunber - of - mar kov- chai ns: 12b, 19a

number - of - mar kov- chai ns: 7, 12b, 16a, 17b, 18b, 193, 31, 32b, 43a

nurmber O Mar kovChai ns: 50, 51, 53, 544, 55, 56, 57b, 58a

: nunber - of - nont hs: 12d, 22a

nunber - of - nont hs: 7, 12d, 13c, 22a, 29a, 29¢c, 30b, 31, 43a

nunber O Mont hs: 50, 51, 58b, 60

: nunber - of - poi nts: 12c, 19a

nunber - of - poi nt's: 7, 12c, 17b, 18b, 193, 22c, 263, 273, 31, 34a, 43a

nunber O Poi nt's: 50, 51, 55, 56, 57b, 58a

nunber O Poi nt sFor Const ant s: 50, 51, 54a

nunber - of - sl i der-stops: 7

cprint-all-statistics: 24b,40a, 61

sprint-summary: 40a, 46a

. process-frequency-tabl e: 293 34c

. process-run-file: 19a, 263, 28b

: redr aw background: 44b

:redraw stati stics: 44b,45

:reset: 24b,3%

shared-library: 7

sl ave- pr ot 0: 24a, 43b, 444, 44b, 45, 463, 46b

:slaves: 14a

sl aves: 7,143, 38

st andar d-devi ati on-ordi nates: 7

:statistics: 41a 41b, 41c, 44a, 45

statistics: 7,19a, 24b, 393, 403, 413, 41b, 41c, 444, 44b, 45, 473, 50, 51, 56, 60, 61

:statistics-1abels: 41c, 45

statistics-1abels: 7,193 41c, 45, 47a

:statistics-print-formats: 41b, 44a 45

statistics-print-formats: 7,19a 41b, 44a, 45, 47a

:sunmary-dat a: 13b

sunmary- dat a: 7, 13b, 26a, 28b, 31, 34c, 35a, 35b, 37a

sunmmar yDat a: 50, 51, 52, 54b, 58b

. superi nmpose: 42b

superi npose: 7,42b

:synchroni ze: 15a, 25¢c, 38

timng: 7,24b,42a

:toggl e-timng: 24b, 42a

wor k- space: 7
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