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Our Approach

1 The System for Population Kinetics (SPK)
employs a distributed architecture and web
services to eventually deliver population analysis
results rapidly and consistently

1 The project builds on the availablility of open
source libraries and programs that minimize the
need for completely new modules

1 |t IS being built with a cluster architecture in mind




The System for Population Kinetics

1 Funding from NIH/NCRR and NIH/NIBIB

1 Research resource

— R&D, Collaboration, Service, Training,
Dissemination

1 \Various incarnations:
— A standalone executable
— A portable software library in C++

— A web service with open source
distribution




The Open Source Paradigm

1 Source code IS not secret
1 Source code must be available
1 The source can be redistributed

1|If an open source software is modified and
the enhancements are distributed, they
also have to be covered under an open
source license

— (there can be exceptions)




Open Source Advantages

1 SPK leverages the existence of other open
source software products whenever possible
— MySQL relational database management system
— Tomcat web server
— NetBeans interactive development environment
— GNU RCS revision control system
— Atlas (Automatically Tuned Linear Algebra Software)
— CppAd C++ automatic differentiation library
— GNU Operating System
— Bugzilla for bug and enhancement tracking




Open Source Licenses

1 Even a small product like SPK contains software
released under a variety of open source
licenses:

— Apache License

— Artistic License

— BSD License

— GNU General Public License

— GNU Library or Lesser General Public License
— Mozilla & Netscape Public Licenses

— Sun Microsystems Public Software License
Agreement




The SPK Architecture

Computational Server Database




Current SPK Capabilities

1 Nonlinear mixed effects models defined
with algebraic and differential equations

1 Likelihood approximations for MLE
— First Order
— Expected Hessian
— Laplace

— Monte Carlo (or Grid) Likelinood at the
estimate

1 Standard Two Stage and Simulation
capabilities are also available




Website Point of Entry

A SPK Login Page - Microsoft Internet Explorer E]@ .
Fle  Edit

é % Internet

1 Access to SPK requires an account




Login Screen

A Member Main Page - Microsoft Internet Explorer. E]@
Fle  Edit

vIiBso L

é % Internet

1 Accounts are availlable upon request




Security Certificate

r ol

Warning - Security

Publisher authenticity verified by: “"University hington®

L "
1 J) The security certificate was issued by a cormpany that is trusted.
-~

Y _
P The security certificate has expired or is not vet walid,
L

1 Dataset transactions are secure




Download of the MDA

1 The MDA is the client that runs on the user’s
machine

i The MDA is updated every time the user logs In

1 New features are instantly available when
deployed

.
£ Java Web Start

« Model Design Agent

=’ RFPKUW

irg MO jar From spk.rfpk.washington.edu
d 290k af

Loa K[
Rea 0K of &.2M {4%%)



Download of the MDA

] £ Java Web Start g1

¢ Model Design Agent
=7 RFPK UW

Loading jhall. jar from spk. rfpk.washington. edu
Fead 1.3M of 6,2M (19%:)
Estimated time left: 00:01:25

1 The MDA is downloaded every time it
changes




Download of the MDA

] £ Java Web Start g1

¢ Model Design Agent
=7 RFPK UW

gtan.edu

1 Help system and executable are both
updated




Environment, available from Sun Microsy

Model Design Agent
Welcome Screen

- £ Model Design Agent for vicini []1

System For Population Kinetics - model desigh agent

Copyright 2004 Regents ofthe University ofWashington All rights resemved MOMMER Compatible “ersion: 0.1

Prepare Input
Submit Joh
My Johs
Parse Report

File Edit Presentation Table Plot

My Models
My Datasets
Job Examples
Madel Library

Dataset Library

Status: On Line

1 The MDA requires downloading the Java Runtime
stems



The User Database

"& Job List - vicini .

TWO EXPONENTIAL

455

Search Jobhs I Group memhber ini 1 Total found i] [ @ Previous Page » Next Page

1 The Model contains all analysis details (e.g. model
equations, chosen likelihood approximation, number of
iterations)

The Dataset contains all experimental information
Dataset + Model = Job

1 The output of the job Is the Model informed on the Data
(Estimation) or a new, simulated Dataset (Simulation)

1 All this Is stored in a read-only database




A Job Example

I A JOb IS descrlbed by ItS £ Job Information - vicini
Model and Dataset (note
the version number)

Model One compartment CL,V

A Job has an Input and |
o Output
A Job could have a
P are nt (e . g us | N g F | r St Job History Joh Parent Joh Report
Order output to start a
con d |t| on al eStl m atl @) n) Initialize param m current job input. From Input

Warm Start feature '

Evaluate likelihood of current job estimation. Likelihood



Job History

r —

£ Job History - Job ID: 526

Host

1 A job history allows to track machine usage




Report Parsing: Job Data

£ Model Design Agent for vicini []1

System For Population Kinetics - model design agent

ht 2004 Regents afthe Liniy ngtan All rig d

Prepare Input Summary Report: Joh-526
File Edit Presentation Table Plot
Submit Job Summary Report
My Johs - :
Parse Report . . nt Thu, Tul,

iRl Job + Thua, Jun,
My Models uting Time 2

My Datasets
Job Examples oblem MNumher:
d for SFimulation: N/a
Madel Library
inalys ethod: First Order
Dataset Library
Model Name: 0One cowpartment CL,VW Model Version:
c Fil Model De ntd gle co ment model with c rance parametrization
ompare Fies Model Version Log: FO, full cowariance, additiwe error, rewised bounds on THETA

Help

1

1 The Summary Report contains version info




Report Parsing. Estimate Results

£ Model Design Agent for vicini []1

shingtan All rig

Prepare Input Summary Report: Joh-526
File Edit Presentation Table Plot
Submit Joh

1T

Minimam Value of Ohjer e Function:

My Johs
Parameter Estimation Res
Parse Report
My Models

My Datasets 2. 64E+00 3. BTE-0 . 4E+01 L GTED 3. AZE+00
. S0E+01 3. 5TE+00 LELE+0L
Job Examples
OMEGA
Maodel Librany 1.1 4, 70E-02 3. 75E+0 3 z.19E-01
lr . a4 . L

Dataset Library i

Compare Files 1,1 5.19E-03  2.45E-03 4.73E+01 - .01E-02 7. 20E-0

Help “For OMEGA, this column in

olumn indic:

21 Parameter estimates are shown with SEs




Report Parsing: Display Options

£ Model Design Agent for vicini []1

System For Population Kinetics - model design agent

shingtan All rig

Prepare Input Summary Report: Joh-526

File Edit | Presentation | Table Plot

Submit Joh Error Message

Minimm ¥ yworning Message

My Jobs | objectiverLikelihood
Parameters
Parse Report
# Statistics

My Models o ' il

Scatterplots

My Datasets Summary . 4EE+01 . G7E+D 3. 42E+00

Optimization Trace 3. 5TE+00 LGlE4+0L

Job Examples Individual IDs
IMEGA
Model Librany 1,1 4, 70E-02 3.75E+D 3 2.19E-01
lr . b4 . L
Dataset Library
Lonpae blles 1,1 5. 10E-03  Z.45E-03 4. TIE4H0L : L0LE-02 7. 20E-0]

Help “For OMEGA, this column in

olumn indic:

1 There are other output visualization options




Default Plots

£ Model Design Agent for vicini g

System For Population Kinetics - model design agent

shingtan All rig

Prepare Input Summary Report: Joh-526

File Edit Presentation Table | Plot

Submit Job Default Plots * PRED vs DV

1T

BARERTITE IR T oSl R | Entire Report Data PRED vs DV by ID

My Johs =
g Parameter Estimation Resulr| USE MDA Plotter DV PRED vs TIME
p Renort { Use R Language DV PRED vs TIME by ID
arse Repo
IPRED vs DV
Arameter stimat d. Error C . Far. 94
My Models IPRED vs DV by ID
i DV IPRED vs TIME
My Datasets Z.64E+00 5.87 0 CABE+OL DV IPRED ws TIME by ID
. SOE+01 3. 57E+O0 1.59E+01 1.61F+01
Job Examples
OMEGA
Madel Library 1.1 4. 70E-0Z2 3. 75E+0 3 2. 19E-01
dbe . 54 . 5.7
Dataset Library el 0
Compare Files 1,1 5. 19E-03 2.45E-03 4. 73E4+01 2. 79E-04d _OLlE-02 7. 20E-0
Help *For OMEGA, thi olumr ine

olumn indic:

a Default plots are easily accessible




Example Plots

Model Design Agent Data Plot

&

PRED ¥S D

1 94 E00 F-—--

et e

2.12E0

1.58EO0

11

-101E-



Example Plots

e —

£ Model Design Agent Data Plot

DV IPRED Yersus TIME for ind =5

DV IPRED

TAZE-01

245E-01

-1.02E-01
S.00E-01 T.10EQO 1.27 2.02E01 2.E3E01 2E5E01



Example Plots

e —

£ Model Design Agent Data Plot

DY PRED Yersus TIME

TAZE-01

245E-01

et L il

-1.02E-01
S.00E-01 T.10EQO 2.02E01 2.E3E01 2E5E01



Model and Analysis Definition

1 The model is entered and linked to data through
a modeling wizard available through the MDA

1 The user is walked through the various steps
and on-line help Is available at each step

1 Online help is updated constantly and instantly
available on the user’s machine through MDA
updates

1 Jobs can be cloned — the output of one can
become the input for another, e.g. using first
order results to seed a conditional estimation run




Creating A Run: Analysis Selection

r

Steps:

Analysis Selection

[T

[ B

£ Model Design Agent Input File Generation Tool

Analysis Selection

Parameter estimation [v| Parametric model

Data simulation

% Population analysis Indradual anahysis Two-stage analysis

ect Model Type:
8 Creating an anahticialgebraic model

Using the RFPK model library

Select Statistics Qption:

& Computing statistics of parameter estimates

Cptional MOMMEM Compatible Output: |« Tables v Scatterplots

Reload Previal < hodel or Input: Load Model or Input

Hext 3 Confirm Cancel



Creating A Run: Problem Identifier

L il

£ Model Design Agent Input File Generation Tool

Problem ldentifier

clion

Problem Identifier

[T TR,

Data File clion

[ B

@ Back Hext 3 Confirm Cancel



Creating A Run: Data File

L il

£ Model Design Agent Input File Generation Tool

Data File Selection

Prablerm ldertifier Use data fi B loaded f t ok
2 Use data file previoushy loaded from parent job.
Data File Selection ; v : !

Data Lahels

N

Load in dataset from My Datasets

Load in dataset from Dataset Library

Load in data file from local file system

Confirm Cancel



Creating A Run: Data Labels

L i

£ Model Design Agent Input File Generation Tool

Data Labels

iterm name:

[T

2 and unigue

LIS

& Standard item Alias
User-defined item

Drop data column Remove Enter

Column 1 Column 2 Column 3
|} TIME o
1

(=R ]

1
1
1
1

Edit Data

Hext 3 Confirm Cancel Help



Creating A Run: Model Equations

L il

£ Model Design Agent Input File Generation Tool

Model Equations

Enter model equations. Copy Paste

Model Equations
Fixed Eff

@ Back Hext 3 Confirm Cancel



Creating A Run: Fixed Effects

r

[T

[ B

e

£ Model Design Agent Input File Generation Tool

Drata Fil

haclel Equations

Fixed Effects

Zonfirmation

Fixed Effects

Initial Estimate

Lower Bound

Upper Bound

n may not be r

(0.3,3,30)
(0.5,5,50.0)

Confirm

1ot r rimended)
MEM compatible

FIXED

-INF

INF Delete

Cancel



Creating A Run: BSV

L <

£ Model Design Agent Input File Generation Tool

Random Effects Covariance

Drata Fil

[T

Bound
randarm

[ B

[nr]

% New hlock % Diagonal Full matrix

Random Effects

LETEIEIDE Block size |1 Enter data

Delete

Zonfirmation

@ Back Hext 3 Confirm Cancel



Creating A Run: RUV

L il

£ Model Design Agent Input File Generation Tool

Residual Unknown Yariahility Covariance

Drata Fil

[T

Enter residual unknown variabilib
Bound Lal un
by

[ B

[nr]

% New hlock ' Diagonal Full matrix

-1

Residual Unknown Dimension Enter data

Variability Covariance
on hethio tion Delete

riance hlo and initial estimates in KOMNMER
$SIGMA DIAGONAL{1) 0.03

Zonfirmation

@ Back Hext 3 Confirm Cancel



Creating A Run: Method Selection

L i

£ Model Design Agent Input File Generation Tool

Estimation Method Selection

Drata Fil

[T

an the right.
® First Order ¥ | Obtain indnadual estimates
Expected Hessian

[ B

Laplace Approximation

[nr]

-1

abilty Covariance
Estimation Method
Selection
. Estim

Significant digits (stopping criterion)

Maximum number of iterations

Summary print iteration interval
Method and options ! ]
IMATION METHOD=0 POSTH GOIG 0, =450 PRIMT=5
1q ]

@ Back Hext 3 Confirm Cancel



Creating A Run: Estimate
Covariance

L il

£ Model Design Agent Input File Generation Tool

Estimator Covariance Method Selection

oblem I
i) 1l o Select method
Mote: the H and HEH options apply only to individual anal

[T

[ B

[nr]

R -- The Hessian Matrix

-1

S -- The Cross-Product Matrix

& Default -- The Sandwich Matrix

. Estimate Statistics
1. Table Output
ot

Confirmation Selection expr 1in MOMMER

MNCE

@ Back Hext 3 Confirm Cancel



NONMEM Control File

r

£ Model Design Agent Input File Generation Tool

Confirmation

[T

[ B

[nr]

-1

1. T

. Plot Output . AT a0 O i 450 PRIMT=5
. Confirmation

L ILE=t 1e.out
\TTERPLOT DY {ED FROM 1 T B4 MO

Finish Cancel



nline Help System (JavaHelp)

£ Model Design Agent Help @_@

THETA{(1), THETA{2), ... indicate the fixed effects of the mean, i.e. the model parameters

that do not change between individuals. They are often the center of mass of the statistical
distributions of the model parameters. They are deterministic;

ETA(1). ETA(2), ... indicate the BSV random effects, i.e. random sources of variation at the
between-subject level. They are random variables assumed to be Gaussian with mean zero
and covariance of the random effects OMEGA,;

EPS(1), EPS(2), ... indicate the RUV random effects, i.e. random sources of variation at the
between-subject level. They are random variables assumed to be Gaussian with mean zero
and covariance SIGMA; y |
Y is the statistical model for the measurements in the DV data column; this is the variable

that is directly associated with the data in the DV column. The association needs to be

defined.

F is the model for the population data, i.e. the model variable which is being measured and |5
associated with the DV time course.

| For example, a single exponential time course with linear Gaussian variation on the exponent and

Gaussian variation on the measurement would be modeled as:
AMBDA = THETA(1) + ETA(1)
= EXP(LAMBDA"TIME)
=F + EPS(1)
| A single compartment pharmacokinetic model following a unitary pulse dose with Gaussian

| variation on the apparent volume of distribution, log-normal variation on the clearance and
| Gaussian variation on the measurement would be modeled as:

L = THETA{1)"EXP(ETA(1))

= THETA(2) + ETA(2)

= EXP (-CLATIME)

=F + EPS(1)

he same model with proportional error on the measurement would read:




Job Submission

, 1 1 Upon submission of
Job Submission Dialog the JOb to the

(NONMEN cori computational
servers, the user Is
asked for version

(== 100characters)

Iir::,j a r'trr‘uerl.'u-t_rn adel with clearance par I n fo rm ati O n
i |f this is a previously
T — developed model, the

ox system recognizes it




Job Submission

r
Job Submission Dialog

efield et al. 1996

OK Cancel

1 The dataset version Is
also reconciled within
the job as it is
submitted

1 Again, If the version is
a previous one, the
system recognizes it




Job Submission

1 At this point the user can enter a job abstract
and verify the estimation method

r M
Job Submission Dialog
Model | Dataset Joh

® First Order

job abstract (==100 characters)
CADRALAZIME 1_EXP

Ermail mewhen the job has finished

0K Cancel



User Model List

1 The user can access his/her models and data
separately from the jobs

1 Version control is built in the system

< Yersion List - Model ID: 91

=

£ Model List - vicini

DANTIOOD MODEL FROM NIST DATR

List ® Versions ( Jobs Group member (wicini [=| | € PreviousPage | 3 Mext Page




Table Builder

1 Tabular output can be

defined ad hoc EEE
depending on the T
purpose

1 Any model variable coTaRESGs

can be included
l O n Iy Se I e Cte d Lse exponential number format

i n d iVI d u al S m ay b e Iru::ll_Jznfa. I:Ir:|'5." first o (l:l;r:;:u individual

displayed




Default Tables

.
£ Model Design Agent for vicini

System For Population Kinetics - model desigh agent

04 Regents ofthe Lini ington All rights vedl MOMMER Compatible

Table of default dataset
Prepare Input

File Edit Presentation | Table | Plot

Submit Job ID TIME ! Default Table ¥ 1D TIME DV PRED {Free format)
ol Rallls First Row Only ID TIME DY PRED {Exp. format)
My Johs _ ) .| Selected Dataset | ID TIME DV IPRED (Free format)
a N 3 1D TIME DV IPRED (E=p. format)
Parse Report _ oo )
o0 0.0
My Models

My Datasets

Job Examples
Madel Library
Dataset Library
Compare Files
Help

tus: On Line



Job Library (Examples)

-

£ Job List - library

FOFOLY
POROL1E
POFOL
PO

FOROL
PO

FEGEE s . POFIL
FEGH s . RO
1170 Wed 5 : : :  f1 : L, WV.7 CADRALAZINE. 1 O

Search Jobhs I Srou t 1 Total found d vious Page »Next Page

1 The MDA has the abillity to clone jobs

1 Jobs from the Library can be modified by all
users and used to start new jobs, perhaps with
new datasets — this allows one to combine new
data and previously developed models




Model Library (Examples)

— R——

£ Dataset List - library

[ T = =

fro
. Applied e
Yo & d-Ef...

FAIL
BENNETTS
FAT
ECKERLE4
MGH

RAT

=

List ® Versions () Johs : . foune F 1 % Next Page

i Example jobs are available to help users get
started

1 Job = Data + Model
1 The models can be used to start a new analysis




General Plotting Capabilities

£ Plot Settings

1 A general plotting

routine haS been Y_1 axl::][r: [:u::l] UImMns :m ll:l‘Ir .l] l:lr‘Ir
added to the MDA o axinfor fnome T P =

X axis for none - Plot for each ID number

l I t a_l IOWS to p I Ot aI I #! Plot the data in the Uniform Scales Color

Add a vertical line along X = 0 b

m O d e I Varl ab I eS I n Add a horizontal line along Y = |0 -
V arl O u S C O m b i n atl O n S Add a unit slope Iin-e passing the origin ¥ = X

Add linear regression line for b

l I t al S O d i S p I ayS Plot the data in the Log Scales
h i St O g r am S an d Plot a histogram for the data ¥ Interval Size

Draw a vertical line at the 1st X data value, as |True Yalue

features of the

¥ - Lable

parameter
distributions

99%, -



Planned SPK Capabilities

1 Predefined library of common models

1 Other population analysis methods

— NPML — Nonparametric maximum likelihood
— MCMC — Monte Carlo Markov chain

1 Other resources can be integrated
— Optimal experiment design

1 Multilayered output

— Population, conditional and individual
estimates




Software Development

1 We have developed a novel mixed effects
modeling tool to be released under an Open
Source license

1 The software has already been deployed over
the Web as a web service

1 We plan to add more capabillities to it as our
user platform increases

1 Other sites will be able to deploy their own
Installation and add to the code in keeping with
the Open Source licensing spirit




Interested?

1 SPK accounts are granted upon request
(pursuant to the SPK Terms of Use)

1 Open source code release Is forthcoming

1 Computational hardware devoted to SPK
should increase In the near future

1 More information can be found at
http://www.rfpk.washington.edu



http://www.rfpk.washington.edu/
http://www.rfpk.washington.edu/
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