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RATIONALE 

■ NONMEM is the reference platform used by
pharmacometricians to develop various types of
models, such as pharmacokinetics/pharmacodynamics,
disease progression, compliance...

■ NONMEM is used extensively within UCB
Pharmacometrics, in exploratory research and for
supporting regulatory submissions

■ Regulatory agencies increasingly require drug
development to be supported by M&S. 

■ M&S tasks are highly time-consuming and require
intensive computer power. Automation is crucial to
provide pharmacometricians with an integrated
environment where they can focus on model design
and scientific tasks.

■ The environment within which NONMEM was running
at UCB required several major improvements:

 — Insufficient processing power

 — Multiple copies of NONMEM on independent
multiprocessor workstations

 — No automation tool

 — Manual traceability between results and software
versions

 — No (procedure for) implementation of bug fixes

OBJECTIVES

■ Performance: Provide a robust hardware
infrastructure

■ Productivity: Test and implement adequate
software/freeware packages

■ Compliance: Ensure traceability between modeling
results and software version. Maintain the different
NONMEM versions in a secure environment.

METHODS

■ Investigation phase to define the appropriate
hardware environment and to select the right
combination of NONMEM related tools (Figure 1).

Figure 1 – Hardware environment and tools tested during 
the investigation phase

■ Computerized systems validation:
risk assessment approach (NONMEM cluster and 
related tools)

 — Installation qualification for all hardware and
software components.

 — Focus on reproducing the NONMEM reference 
run results (non-regression testing). 

 — For PsN and R/Xpose, key functionalities such as 
the bootstrap, jackknife, stepwise covariate model
and conditional weighted residuals were tested.
These tests focused on the consistency of the
outputs as it is barely impossible to check 
numeric results for which we rely on a modeler
peer review.

 — Cluster stress tests: queues management, 
CPU intensive methods.

RESULTS

■ Selected productivity tools (Figure 2)

Figure 2 – Selected productivity tools

■ Performance objective - NONMEM cluster

 — Cluster of HP servers including one head node and
4 computes nodes (Figure 3).

 — Head node configuration:

• HP ProLiant DL385 G2 Base – Red Hat 4

• AMD Second-Generation Opteron 2218 2.6 GHz
dual –core

• 2 GB RAM

• 72 GB for OS (X2 for mirroring) + 3 X 146 GB for
data (raid 5)

 — Compute node configuration:

• HP ProLiant DL385 G2 High Performance – Red
Hat 4

• 2 X AMD Second-Generation Opteron 2218 2.6
GHz dual –core

• 2 GB RAM

• 72 GB (X 2 for mirroring)

 — XC package supplied by HP

• Operating system

• Cluster program Load Sharing Facilities (LSF)

• Fortran compiler gcc G77 – compatible with PsN
and PDxPop

 — Connection to the cluster

• SSH protocol: freeware package Putty

• 10 GB of disk space by user

• File exchanges to cluster: FileZilla software 
(FTP protocol)

 — Prioritization

• LSF queues (normal, short, night…) + “priority”
queue

Figure 3 – NONMEM system architecture

■ Compliance objective:

 — Subversion configuration management tool.

 — UCB specific change to source code: the hardware /
OS configuration, version release date, installation
status (development, acceptance or production)
and user identification reported in NONMEM result
files. 

 — Production of a release note at each code
modification to ensure traceability and
reproducibility.

 — Maintenance of former NONMEM versions to be
able to reproduce a former run in the exact same
conditions.

 — New versions tested against NONMEM reference
runs published by Icon to detect any discrepancy.

 — Internal procedure for management of NONMEM
source code.

 — Internal Users guides were produced. All users
were trained to NONMEM cluster and PsN.

CONCLUSIONS

■ The implemented system is used by about 15 users
located on 3 sites.

■ Some of the M&S work and most of the computer
intensive model validation procedures recently
performed and submitted would not have been
possible without the cluster implementation because
of insufficiencies in processing power and time
limitations. The capability to run several models
simultaneously provided huge improvement.

■ The integration of several NONMEM related
productivity tools such as PsN, Census and R/Xpose
allowed not only saving time, but also facilitated
performing some new tasks, such as the computation
of CWRES, shrinkage or production of mirror plots.

■ The compliance to computerized systems regulations
was markedly improved thanks to the central
NONMEM installation and a version control system.

■ The NONMEM cluster implementation presented here
has been achieved with standard software and
hardware components which have proven their
compatibilities and robustness. Its implementation
does not require excessive costs and is easily
expandable.
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HARDWARE ENVIRONMENT

TOOLS: NONMEM ADD-ONS

FORTRAN COMPILERS

Linux cluster
(Red Hat 4)

XC cluster
- Increase productivity by running 
 models simultaneously
- NONMEM runs in batch mode

Metrum Institute
Research GroupNMQual Automate implementation of 

NM bug fixes

Icon Development
solutionPDx-Pop

Graphical interface to launch 
NONMEM runs, perform model 
validation, manage & visualize results

Uppsala
UniversityXpose 4 R package to analyse NONMEM 

results

University of 
AucklandWings

Collection of scripts to launch 
NONMEM runs & summarize results, 
automate covariate search, perform 
statistical analyses

J. WilkinsCensus Graphical interface to manage 
NONMEM results

Windows 
Linux

Gcc G77

G95

GFORTRAN

Intel Fortran

Convert user defined model to 
binary code Need to be compatible 
with some of the NOMEMs add-ons 
such as PDx-Pop, Wings & PsN

Uppsala
UniversityPsN

Collection of Perl scripts to launch
NONMEN runs in parallel, automate
covariate search, perform model
validation, summarize results...

PsN

PsN
PDx-Pop

RUN LAUNCH
- automatic reruns with perturbated parameters initial 
 estimates,
- summary of main diagnostics of NONMEM runs,
- calculation of CWRES and shrinkage,
- parallel execution of multiple NONMEM jobs,
- computer intensive diagnostics:
 • model fit robustness: bootstrap
 • influential individuals: case deletion diagnostic, 
  bootstrap
 • confidence intervals: log-likelihood profiling, 
  bootstrap
 • prediction properties: Visual & numerical predictive 
  checks.
- stepwise covariate model building,
- selection of the specific NONMEM version to be used.

XPoseDIAGNOSTIC 
TOOL

- data exploration plots,
- NONMEM run summaries,
- basic goodness of fits & validation (VPC) plots,
- covariate discovery (GAM),
- compute CWRES,
- mirror plots (expected shape of basic gof plots)

CensusRUNS 
MANAGEMENT

- parameters values comparison across runs,
- creation of run records,
- diagnostics plots visualization.

LOCAL 
INSTALLATION

- On each user’s laptop
- For exploration purpose only
- PsN and PDx-Pop interfaces
- Fortran compiler = G77 for Windows

File Server

Citrix UCB Farm

UCB Users (All sites)

UCB - Braine Site

Putty 
FileZilla

NONMEM Cluster

Control N ode

Compute
N ode 1

Compute
N ode 2

Compute
N ode 3

Compute
N ode 4

xc xc
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