
The System for Population The System for Population 
KineticsKinetics

An Open Source Web Service for An Open Source Web Service for 
Population AnalysisPopulation Analysis

http://www.rfpk.washington.eduhttp://www.rfpk.washington.edu
vicini@u.washington.eduvicini@u.washington.edu

http://www.rfpk.washington.edu/
mailto:vicini@u.washington.edu


Our ApproachOur Approach

The System for Population Kinetics (SPK) The System for Population Kinetics (SPK) 
employs a distributed architecture and web employs a distributed architecture and web 
services to eventually deliver population analysis services to eventually deliver population analysis 
results rapidly and consistentlyresults rapidly and consistently
The project builds on the availability of open The project builds on the availability of open 
source libraries and programs that minimize the source libraries and programs that minimize the 
need for completely new modulesneed for completely new modules
It is being built with a cluster architecture in mindIt is being built with a cluster architecture in mind



The System for Population KineticsThe System for Population Kinetics

Funding from NIH/NCRR and NIH/NIBIBFunding from NIH/NCRR and NIH/NIBIB
Research resourceResearch resource
–– R&D, Collaboration, Service, Training, R&D, Collaboration, Service, Training, 

DisseminationDissemination
Various incarnations:Various incarnations:
–– A standalone executableA standalone executable
–– A portable software library in C++A portable software library in C++
–– A web service with open source A web service with open source 

distributiondistribution



The Open Source ParadigmThe Open Source Paradigm

Source code is not secretSource code is not secret
Source code must be availableSource code must be available
The source can be redistributedThe source can be redistributed
If an open source software is modified and If an open source software is modified and 
the enhancements are distributed, they the enhancements are distributed, they 
also have to be covered under an open also have to be covered under an open 
source licensesource license
–– (there can be exceptions)(there can be exceptions)



Open Source AdvantagesOpen Source Advantages

SPK SPK leverages the existence of other open leverages the existence of other open 
source software products whenever possiblesource software products whenever possible
–– MySQLMySQL relational database management system relational database management system 
–– TomcatTomcat web server web server 
–– NetBeansNetBeans interactive development environment interactive development environment 
–– GNU RCSGNU RCS revision control system revision control system 
–– AtlasAtlas (Automatically Tuned Linear Algebra Software) (Automatically Tuned Linear Algebra Software) 
–– CppAdCppAd C++ automatic differentiation library C++ automatic differentiation library 
–– GNU Operating SystemGNU Operating System
–– BugzillaBugzilla for bug and enhancement trackingfor bug and enhancement tracking



Open Source LicensesOpen Source Licenses
Even a small product like SPK contains software Even a small product like SPK contains software 
released under a variety of open source released under a variety of open source 
licenses:licenses:
–– ApacheApache LicenseLicense
–– ArtisticArtistic LicenseLicense
–– BSDBSD LicenseLicense
–– GNU GNU General Public LicenseGeneral Public License
–– GNU Library or GNU Library or Lesser General Public LicenseLesser General Public License
–– MozillaMozilla & Netscape& Netscape Public LicensesPublic Licenses
–– Sun Microsystems Public SoftwareSun Microsystems Public Software License License 

AgreementAgreement



The SPK ArchitectureThe SPK Architecture
User

Model Design Agent Internet
Web Server

DatabaseComputational Server



Current SPK CapabilitiesCurrent SPK Capabilities

Nonlinear mixed effects models defined Nonlinear mixed effects models defined 
with algebraic and differential equationswith algebraic and differential equations
Likelihood approximations for MLELikelihood approximations for MLE
–– First OrderFirst Order
–– Expected HessianExpected Hessian
–– LaplaceLaplace
–– Monte Carlo (or Grid) Likelihood at the Monte Carlo (or Grid) Likelihood at the 

estimateestimate
Standard Two Stage and Simulation Standard Two Stage and Simulation 
capabilities are also availablecapabilities are also available



Website Point of EntryWebsite Point of Entry

Access to SPK requires an accountAccess to SPK requires an account



Login ScreenLogin Screen

Accounts are available upon requestAccounts are available upon request



Security CertificateSecurity Certificate

Dataset transactions are secureDataset transactions are secure



Download of the MDADownload of the MDA
The MDA is the client that runs on the userThe MDA is the client that runs on the user’’s s 
machinemachine
The MDA is updated every time the user logs inThe MDA is updated every time the user logs in
New features are instantly available when New features are instantly available when 
deployeddeployed



Download of the MDADownload of the MDA

The MDA is downloaded every time it The MDA is downloaded every time it 
changeschanges



Download of the MDADownload of the MDA

Help system and executable are both Help system and executable are both 
updatedupdated



Model Design Agent Model Design Agent 
Welcome ScreenWelcome Screen

The MDA requires downloading the Java Runtime The MDA requires downloading the Java Runtime 
Environment, available from Sun MicrosystemsEnvironment, available from Sun Microsystems



The User DatabaseThe User Database

The The ModelModel contains all analysis details (e.g. model contains all analysis details (e.g. model 
equations, chosen likelihood approximation, number of equations, chosen likelihood approximation, number of 
iterations)iterations)
The The DatasetDataset contains all experimental informationcontains all experimental information
Dataset + Model = JobDataset + Model = Job
The output of the job is the Model informed on the Data The output of the job is the Model informed on the Data 
(Estimation) or a new, simulated Dataset (Simulation)(Estimation) or a new, simulated Dataset (Simulation)
All this is stored in a readAll this is stored in a read--only databaseonly database



A Job ExampleA Job Example
A Job is described by its A Job is described by its 
Model and Dataset (note Model and Dataset (note 
the version number)the version number)
A Job has an Input and A Job has an Input and 
an Outputan Output
A Job could have a A Job could have a 
Parent (e.g. using First Parent (e.g. using First 
Order output to start a Order output to start a 
conditional estimation)conditional estimation)
Warm Start featureWarm Start feature



Job HistoryJob History

A job history allows to track machine usageA job history allows to track machine usage



Report Parsing: Job DataReport Parsing: Job Data

The Summary Report contains version infoThe Summary Report contains version info



Report Parsing: Estimate ResultsReport Parsing: Estimate Results

Parameter estimates are shown with Parameter estimates are shown with SEsSEs



Report Parsing: Display OptionsReport Parsing: Display Options

There are other output visualization optionsThere are other output visualization options



Default PlotsDefault Plots

Default plots are easily accessibleDefault plots are easily accessible



Example PlotsExample Plots



Example PlotsExample Plots



Example PlotsExample Plots



Model and Analysis DefinitionModel and Analysis Definition
The model is entered and linked to data through The model is entered and linked to data through 
a modeling wizard available through the MDAa modeling wizard available through the MDA
The user is walked through the various steps The user is walked through the various steps 
and onand on--line help is available at each stepline help is available at each step
Online help is updated constantly and instantly Online help is updated constantly and instantly 
available on the useravailable on the user’’s machine through MDA s machine through MDA 
updatesupdates
Jobs can be cloned Jobs can be cloned –– the output of one can the output of one can 
become the input for another, e.g. using first become the input for another, e.g. using first 
order results to seed a conditional estimation runorder results to seed a conditional estimation run



Creating A Run: Analysis SelectionCreating A Run: Analysis Selection



Creating A Run: Problem IdentifierCreating A Run: Problem Identifier



Creating A Run: Data FileCreating A Run: Data File



Creating A Run: Data LabelsCreating A Run: Data Labels



Creating A Run: Model EquationsCreating A Run: Model Equations



Creating A Run: Fixed EffectsCreating A Run: Fixed Effects



Creating A Run: BSVCreating A Run: BSV



Creating A Run: RUVCreating A Run: RUV



Creating A Run: Method SelectionCreating A Run: Method Selection



Creating A Run: Estimate Creating A Run: Estimate 
CovarianceCovariance



NONMEM Control FileNONMEM Control File



Online Help System (Online Help System (JavaHelpJavaHelp))



Job SubmissionJob Submission

Upon submission of Upon submission of 
the job to the the job to the 
computational computational 
servers, the user is servers, the user is 
asked for version asked for version 
informationinformation
If this is a previously If this is a previously 
developed model, the developed model, the 
system recognizes itsystem recognizes it



Job SubmissionJob Submission

The dataset version is The dataset version is 
also reconciled within also reconciled within 
the job as it is the job as it is 
submittedsubmitted
Again, if the version is Again, if the version is 
a previous one, the a previous one, the 
system recognizes itsystem recognizes it



Job SubmissionJob Submission

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



User Model ListUser Model List

The user can access his/her models and data The user can access his/her models and data 
separately from the jobsseparately from the jobs
Version control is built in the systemVersion control is built in the system



Table BuilderTable Builder

Tabular output can be Tabular output can be 
defined ad hoc defined ad hoc 
depending on the depending on the 
purposepurpose
Any model variable Any model variable 
can be includedcan be included
Only selected Only selected 
individuals may be individuals may be 
displayeddisplayed



Default TablesDefault Tables



Job Library (Examples)Job Library (Examples)

The MDA has the ability to clone jobsThe MDA has the ability to clone jobs
Jobs from the Library can be modified by all Jobs from the Library can be modified by all 
users and used to start new jobs, perhaps with users and used to start new jobs, perhaps with 
new datasets new datasets –– this allows one to combine new this allows one to combine new 
data and previously developed modelsdata and previously developed models



Model Library (Examples)Model Library (Examples)

Example jobs are available to help users get Example jobs are available to help users get 
startedstarted
Job = Data + ModelJob = Data + Model
The models can be used to start a new analysisThe models can be used to start a new analysis



General Plotting CapabilitiesGeneral Plotting Capabilities
A general plotting A general plotting 
routine has been routine has been 
added to the MDAadded to the MDA
It allows to plot all It allows to plot all 
model variables in model variables in 
various combinationsvarious combinations
It also displays It also displays 
histograms and histograms and 
features of the features of the 
parameter parameter 
distributionsdistributions



Planned SPK CapabilitiesPlanned SPK Capabilities

Predefined library of common modelsPredefined library of common models
Other population analysis methodsOther population analysis methods
–– NPML NPML –– Nonparametric maximum likelihoodNonparametric maximum likelihood
–– MCMC MCMC –– Monte Carlo Markov chainMonte Carlo Markov chain
Other resources can be integratedOther resources can be integrated
–– Optimal experiment designOptimal experiment design
Multilayered outputMultilayered output
–– Population, conditional and individual Population, conditional and individual 

estimatesestimates



Software DevelopmentSoftware Development

We have developed a novel mixed effects We have developed a novel mixed effects 
modeling tool to be released under an Open modeling tool to be released under an Open 
Source licenseSource license
The software has already been deployed over The software has already been deployed over 
the Web as a web servicethe Web as a web service
We plan to add more capabilities to it as our We plan to add more capabilities to it as our 
user platform increasesuser platform increases
Other sites will be able to deploy their own Other sites will be able to deploy their own 
installation and add to the code in keeping with installation and add to the code in keeping with 
the Open Source licensing spiritthe Open Source licensing spirit



Interested?Interested?

SPK accounts are granted upon request SPK accounts are granted upon request 
(pursuant to the SPK Terms of Use)(pursuant to the SPK Terms of Use)
Open source code release is forthcomingOpen source code release is forthcoming
Computational hardware devoted to SPK Computational hardware devoted to SPK 
should increase in the near futureshould increase in the near future
More information can be found at More information can be found at 
http://http://www.rfpk.washington.eduwww.rfpk.washington.edu

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