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Tutorial Outline

General introduction to the IQM Tools Suite
High performance computation via MEX simulation functions

Model Simulation
Standard

Parametric sensitivity

IQMprojectSB - parameter estimation, model reduction
Projects
Parameter estimation / manual tuning / parameter fit analysis / parameter identifiability analysis
Model reduction
Simulation of projects
Commenting of projects
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Tutorial Info

In large parts you will have the opportunity to get hands-on-experience

>> installlQMtoolslinitial

Commands shown in these boxes should be entered on the MATLAB
command line, during the tutorial

Simple model
FrAFHxAX*X MODEL STATES
d/dt(A) = -R
d/dt(B) = R
AO) = 1
B(0) =0
FrAFxHAX*F*X MODEL PARAMETERS
Text shown in these boxes should k1 = 0.5
be entered where appropriate  *******x** MODEL REACTIONS

(will become clear later) R = K1*A
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Tutorial Goal: ,You should be able to“

Use MEX/C-code models for fast simulation
Calculate sensitivity trajectories with MEX models

Set up your own parameter estimation project
Model description
Measurement data

Experiment descriptions
Perform parameter estimation, identifiability analysis, etc.

Analyze the resulting model
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Tutorial Outline

= General introduction to the IQM Tools Suite
m High performance computation via MEX simulation functions

m Model Simulation

m |QMprojectSB - parameter estimation, model reduction
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Introduction to the “IQM Tools Suite”

The IQM Tools Suite is provided freely and as open source

The IQM Tools Suite consists of two main packages
IQM Tools Lite
IQM Tools Pro

The whole is based on MATLAB (www.mathworks.com)

Model, experiment, measurement & dosing representation,
simulation, analysis functions, optimization, signal processing,
statistical functions, etc.

Systems biology/pharmacology and PMX functionality, clinical
data analysis, nonlinear mixed effect modeling, clinical trial
simulations, high speed simulation through transparent C-code
interface

IQM Tools Pro
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Modular Design of the IQM Tools Suite

IQM Tools Pro (me) (population PKPD, workflows, trial simulation, ...)

IQM Tools Pro IQM Tools Lite :
(sys) GUI Functions

(Model editing, visualization, etc.)
Optimization
(pa rameter Algorithms
determination Functions Powerful
functionality) (Analysis, Simulation, etc.) Solvers

Signal Processing

: functions
Low-Level Functions

(creating, converting objects) SEUSE]

functions

S1vIANNS

IQMmodel / IQMmeasurement
IQMexperiment/IQMdosing

MATLAB
ODE FILE

IQMprojectSB
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Requirements

MATLAB R2013b (or later)
Model reduction methods require the Symbolic Toolbox

Availability of the Parallel Toolbox useful for the Pharmacometric functions in IQM Tools Pro

Optional 3rd party software
Monolix Version 4.2.3 (or later) (http://www.lixoft.org)
NONMEM Version 7.2 (or later) (http://www.iconplc.com)

SSm Global Optimization Toolbox (http://www.iim.csic.es/~gingproc/ssmGO.html)

SBML Toolbox (http://sbml.org/Software/SBMLToolbox)
Only needed for Unix/Linux/Mac
For Windows it is included in the distribution of the IQM Tools Lite

henning.schmidt@intiquan.com Quan


http://www.lixoft.org/
http://www.iconplc.com/
http://www.iim.csic.es/%7Egingproc/ssmGO.html
http://sbml.org/Software/SBMLToolbox

Where to get IQM Tool Suite from?

Free download of IQM Tools Suite available from the IntiQuan webpage

Qu a n Services News Team | T

www.intiquan.com

INTEGRATED SOLUTIONS FOR
QUANTITATIVE DRUG DEVELOPMENT

The IQM Tools Suite is distributed as a ZIP file with both IQM Tools Lite and IQM Tools Pro
included

Unzip this ZIP file on your computer at a location where you want to store the IQM Tools
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How to Install the IQM Tool Suite?

Start MATLAB
Change into the “IQM Tools Suite” folder

Read and update custom information in setup files:
IQMlite/SETUP_PATHS_TOOLS_IQMLITE.m
IQMpro/SETUP_PATHS_TOOLS_IQMPRO.m

Execute the “installlQMtoolsinitial” script

You need to execute the “installlQMtoolsinitial” script once after obtaining a copy of
IQM Tools. This will compile required libraries.

After this first installation, you can use the function “installlQMtools” to install IQM
tools. This needs to be done each time you exit and start MATLAB again. This is on
purpose for compliance and reproducibility reasons.

If you do not care about compliance, you might want to consider the use of a startup.m
script (see http://www.mathworks.com/help/matlab/ref/startup.html).
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Installation of optional 3rd party software

m Please follow the providers instructions when installing optional 3rd party software.
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IQM Tools’ Documentation

MATLAB style help >> help IQMIite
>> help 1QMpro

>> help I1QMsimulate
>> help 1QMexportCSVdataset

>> doc IQMIite
>> doc IQMsimulate

IQM Tools Tutorials with examples
Part 1: IQM Tools Lite (General Model Specification, Simulation, etc.)
Part 2: IQM Tools Pro (MEX / Systems Biology/Pharmacology Projects)
Part 3: IQM Tools Pro (Basic Pharmacometrics)
Part 4: IQM Tools Pro (General Dataset Specification and PMX Workflows)
Part 5: IQM Tools Pro (Advanced Clinical Trial Simulations)

Part 6: IQM Tools Pro (Linking Systems Pharmacology Models to Clinical Data)

IQM Tools — Workshops

Given on demand and on some conferences during a year
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Tutorial Outline

m General introduction to the IQM Tools Suite
= High performance computation via MEX simulation functions

m Model Simulation

m |QMprojectSB - parameter estimation, model reduction
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MEX Simulation Functions — Why?

Parameter estimation and clinical trial simulations require many repeated simulations

=> Simulation speed matters a lot

Benchmark (MEX simulation functions vs. ODE15s)

Model 1 rModel 2 rModel 3
Model Mowvak Tyson cell- Full-scale model of Model 14 froam the
description cycle model glycaolysis in yeast Biomodels.net database
End time
(TEND) 1000 ta 200
NMumber
S 1000 200 300
points
{NRPOINTS)
Average time 5, ., 3448 743
ODE155 [ms]
Averaqge time o4 5a o4

SBPD [ms]

Speedup by
SBPD 51x
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MEX Simulation Functions

What are MEX Simulation Functions?

[Standard IQMmodel
| Converted to C-code ]
IQMmodel

/
v %imulator library

C-code model
MEX interface

Object code model

Staticly linked |
simulation model

| Sundials _ _
' CVODES | | :! Simulator library ]

______________

[Compiled &

Executable MEX Simulation Function
that simulates the model for given
parameters, initial conditions, and options
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MEX Simulation Functions - Generation

A simple example (change into the ,Example Files* folder)

>> model = I1QMmodel("modell.txt") % load a model
>> [QMmakeMEXmodel (model, “model1MEX®) % create a MEX simulation function

Simulation of a MEX model

>> simdataMEX = model1MEX([0:0.1:25])
>> simdata = IQMsimulate(model,[0:0.1:25])

>> plot(simdataMEX.time,simdataMEX.statevalues, "k*")
>> hold on; plot(simdata.time,simdata.statevalues,"r---)

The results of both simulations are identical
C-Conversion only (no compilation) => WYSIWYC

>> [QMmakeMEXmodel (model, "MEXmodel®,1) % convert to MEXmodel.c and MEXmodel.h
>> edit MEXmodel.c % look at the created files

>> edit MEXmodel .h
>> [QMmakeMEXmodel (model, *MEXmodel *) % Same but with compilation!

henning.schmidt@intiquan.com Quan



MEX Simulation Functions — Syntax

m How a MEX simulation function can be called

output = MEXmodel ()

output = MEXmodel ("states™)

output = MEXmodel ("parameters”)
output = MEXmodel ("parametervalues®)

m  With prior definition of timevector, initialconditions, etc.:

output = MEXmodel (timevector)

output = MEXmodel (timevector, initialconditions)

output = MEXmodel(timevector, initialconditions, parametervector)

output = MEXmodel (timevector, initialconditions, parametervector, options)
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MEX Simulation Functions — Syntax

Options for MEX model simulation (more available, see help text)

options.abstol: Absolute tolerance (default: le-6)

options.reltol: Relative tolerance (default: 1le-6)

options.minstep: Minimal integrator step size (default: 0)

options.maxstep: Maximal integrator step size (default: infT)

options.maxnumsteps: Maximal number of steps between two output points (default: 500)
options.xdotcalc: =0: do integration (default), =1: return RHS of ODEs for

given state and parameter values. Time information
i1s neglected and it is assumed that time=0.

More information and options available in documentation

>> help 1QMmakeMEXmodel

henning.schmidt@intiquan.com Quan



MEX Simulation

A simple example (change into the ,Example Files* folder)

>> model = I1QMmodel("modell.txt") % load a model
>> [QMmakeMEXmodel (model, “model1MEX®) % create a MEX simulation function

Simulate again — in three different ways

>> simMEX1 = modell1MEX([0:0.1:25]) % Calling directly the MEX function
>> siImMEX2 = 1QMPsimulate("model1IMEX™,[0:0.1:25]) % Simulate MEX function
>> simMEX3 = IQMPsimulate(model,[0:0.1:25]) % create MEX function on the fly

Advantage of the IQMPsimulate function is that parameters and intial conditions can be
changed more easily than when calling the MEX function directly

Please have a look at the documentation of IQMPsimulate

>> help IQMPsimulate
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Limitations of MEX Simulation Functions

The MEX models can not handle

SBML Algebraic rules

The fast reaction flag included in SBML

Delays and delayed events can be handled, but the simulation performance becomes
VERY poor ... In this case the standard MATLAB simulation is faster

C compatibility necessary (no MATLAB functions can be used that do not exist in C)

Several standard functions provided by IQM Tools (andlQM, delaylQM, indexmaxIlQM, maxIQM,
minlQM, multiplylQM, orlQM, piecewiselQM, piecewiseSmoothlQM, piecewiseTOIQM, xorlIQM)
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Tutorial Outline

m General introduction to the IQM Tools Suite
m High performance computation via MEX simulation functions

= Model Simulation
= Standard
m Parametric sensitivity

m |QMprojectSB - parameter estimation, model reduction
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Deterministic Simulation

m Serves also as example for using the Cell-Mode

m Change into the ,Example Fi1les”folder

>> edit simpleSimulation

1. Read the documentation in the opened file

2. Execute the cells sequentially by pressing ,CtrI+Enter”
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Forward Sensitivity Analysis

Determine the sensitivy trajectories wrt to perturbations in IC and parameters

dx(t)
dp
of(x,p) o | Of(x,p)
Ox S+ dp

d Sit) =
;EE‘E - _f(d?,j?) d

x(0) =

o
S(O) = 0

>> model =

>> output =
output =

I1QMmodel ("novaktysonl.txt")
IQMsensitivity(model, [0:1:200], {"k1", "Ka", "khs"}, {"Cyclin®,"YT"})

time:

states:
statevalues:
variables:
variablevalues:
reactions:
reactionvalues:
sensparameters:
paramtrajectories:
sensicstates:
ictrajectories:

[1x201 double]
{*Cyclin® =YT*
[201x9 double]
{"k2" “kwee®
[201x3 double]
{"R1* "R2" “"R3"
[201x19 double]
{"k1" “Ka" “khs"}
[1x1 struct]
{"Cyclin® *"YT"}
[1x1 struct]

"PYT®" T“PYTP" “MPF*

"k25"}

"R4" *"R5" F"R6" "R7"

>> output.paramtrajectories

ans =

states: {[201x9

double] [201x9 double] [201x9 double]}

“Cdc25P*"

"Rg"

“WeelP®" “IEP" “APCstar”}

"R9" F"R10" “R11" “R12" F"R13" "R14"

variables: {[201x3 double] [201x3 double] [201x3 double]}
reactions: {[201x19 double] [201x19 double] [201x19 double]}

henning.schmidt@intiquan.com
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Forward Sensitivity Analysis

The function IQMsensitivity can be used on IQMmodels or on MEX simulation functions

Underlying the CVODES integrator is used to determine the sensitivity trajectories

This is considerably faster than determining the sensitivities by finite differences and

repeated simulations

>> 1QMmakeMEXmodel (model, "mode IMEX™)

>> output = IQMsensitivity("modelMEX",[0:1:200], {"k1-°,

output =

time:

states:
statevalues:
variables:
variablevalues:
reactions:
reactionvalues:
sensparameters:
paramtrajectories:
sensicstates:
ictrajectories:

[1x201 double]

{*Cyclin® *“YT" F“PYT" *"PYTP" “MPF" “Cdc25P"

[201x9 double]
{"k2" “kwee" "k25"}
[201x3 double]

{°R1" F"R2" *“R3" "R4" "R5" "R6" “R7" "R8"

[201x19 double]
{"k1" “"Ka" “khs"}
[1x1 struct]
{"Cyclin® "YT"}
[1x1 struct]

>> output.paramtrajectories

ans =

states: {[201x9 double] [201x9 double] [201x9 double]}
variables: {[201x3 double] [201x3 double] [201x3 double]}
reactions: {[201x19 double] [201x19 double] [201x19 double]}

henning.schmidt@intiquan.com
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Tutorial Outline

General introduction to the IQM Tools Suite
High performance computation via MEX simulation functions

Model Simulation

IQMprojectSB - parameter estimation, model reduction
Projects
Parameter estimation / manual tuning / parameter fit analysis / parameter identifiability analysis
Model reduction
Simulation of projects
Commenting of projects

henning.schmidt@intiquan.com Quan



m Projects
= Modeling example

IQMprojectSB
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Modeling Projects: IQMprojectSB

m An IQMprojectSB is a container for

= Models

[ iawmose

m Measurement data

m Experiment descriptions Iﬁ
IQMmeasurement
m Modeling information Iﬁ
IQMexperiment

m Parameter estimation, etc., can directly be run on projects

= When modeling a system we build a project

Let‘s do it!
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The System to be Modeled:
Photo Transduction in Rod Cells
3b ! 3c

A
GDP i
‘ GDP

.i ATP 'ADP
Phosphorylation
(R

Arrestin Quench

Transducin Activation

G-GTP 1 G, GTP

B PDE Activation PDE Inactivation
A
o s
8a 8b 8c

.
J G, GTP

The example shown in the following is adapted for this tutorial
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1) Model Network Structure

Components
Interactions [ AT }‘ \"T ’[ 5 J
Stoichiometry VRAIT VRAM? vstim
‘O—P[ Ractarr ]
VRAIT
[ G ]vEGact \,i vRGact[ — }< e
[ Pacts vZact
[GactF‘DEact]‘ { ] [ Gact ]
vGactPDEact
VG2 VGr]
vGactPDEact
Ej—b—[ PDE ]
Y

Qﬁ Gr }4 <

Adding mathematics in graphical tools is often a pain
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2) Kinetic Rate Laws

Export graphical model to SBML => Import to IQM Tools

Add kinetic rate expressions in the IQMmodel

We start simple, by assuming mass action kinetics

Only in a single reaction we assume Michaelis Menten kinetics

Initialize parameters with guessed values

Nothing known about the parameters => we set all to ,1“

henning.schmidt@intiquan.com
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3) Initial Conditions

= In this example we assume that:
Carefully undertaken experiments showed that the number of molecules of the involved
species (WT) in the inactive state (thus their total amount) is as follows:

R =500
G = 3000
Arr=5

The number of PDE molecules is unknown but believed to be somewhere between 10
and 1000

All remaining species have an initial amount of 0
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The Initial Model

Based on the previous information we can construct an IQMmodel representation

Change into the folder:
SExample Files\projectexample\phototransduction project\models”

>> edit model .txtbc % or just doubleclick on the model file

Have a look at the model

Realizing the pulse stimulation:
stimulus = piecewiselQM(magStim, le(time,durStim),0)
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4) Measurement Data

The experimentalists gave us 4 documented CSV data files

Time-series measurement data
of Ract and GactPDEact

Information about the biological
experiments that have been performed
to obtain the data

The information in the documentation
is the base for the specification of the
experiment descriptions

henning.schmidt@intiquan.com
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T
— Export Figure
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Experiments and Measurements

different
stimuli

measured

& X single knock-outs
Time-series data measured
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5) Constructing Experiment Descriptions

Change into the folder:

”

,Example Files\projectexample\phototransduction project\experiments\deltaArr 01

>> edit deltaArr_Opointl_stimulation.csv % or right-click => “open as text”

Have a look at the measurement documentation

Define experiment description:

FAFdkdxxkkx EXPERIMENT INITIAL PARAMETER AND STATE SETTINGS
Arr(0) = 0 % knock-out

magStim = 2
durStim = 0.1

>> edit deltaArr_Opointl_stimulation.exp % or right-click => “open as text”
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Representation of IQMprojectsSB

m Folder structure, containing
= Models
m Experiments
= Measurements

4 | Example Files

4 | projectexample

g 4 . phototransduction pmje::t§

4 | experiments

Experiment folders containing
experiment description file
and corresponding

L deltalrr 01
. deltaPDE_05
Folder containing model(s)
[ TEXT (ODE and/or BC) and/or SBML n WT_01
o WT 2
.. models

Use telling names for the experiment folders. It will help you later!
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Projects — Import and Information

Change into the ,example Tiles/projectexample * folder

Import of the project
>> sbp = IQMprojectSB("phototransduction project®)

IQMprojectSB

Name: phototransduction project

Number Models: 1
Number Experiments: 4

Number Measurements: 4

Number Estimations: 0

Project information
>> [QMinfo(sbp)

===PROJECT INFO
Project name: phototransduction project

-—-NOTES----—— ===
Project notes: This is an example project for the IQM Tools tutorial

In this notes.txt file you can document your project. Additionally,
you can add all kinds of additional documents in the different folders.
———MODELS----————— =
Model 1: Project_example_model
—-——EXPERIMENTS————— -
Experiment 1: WT_Opointl_stimulation

Measurement 1: WT_Opointl_stimulation
Experiment 2: WT_2_ stimulation

Measurement 1: WT_2 stimulation
Experiment 3: deltaARR_Opointl_stimulation

Measurement 1: deltaArr_Opointl_stimulation
Experiment 4: deltaPDE_Opoint5 stimulation

Measurement 1: deltaPDE_Opoint5_stimulation
———ESTIMATIONS————— -
0 estimations present
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Adding New Experiment Results

Create new folder in ,,experiments” folder
Copy measurement data in (Excel or CSV file)

Create an experiment description

DONE!

Names in measurement files and experiment descriptions have to be the same as for
the corresponding elements in the model
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Projects — Visualize Measurement Data

m Measurement data can be plotted by

>> 1QMplotmeasurements(sbp)

x
EA: WT_01, W1: WT_Opoint1_stimulati vl
E1: WT_01, M1: WT_0Opoint1_stimulation
[MeAxis v3 = = =
10°F L TT™ T T T T T E
Eog® . ]
F e ‘., &R |3
r . ®  GactPDEact ([#) | -
Y — " L 1
-
-
-
10 F N
L L ]
- ]
. ]
L]
100 E
Plot Format
O piot ,
O semioge 10 eene, 1
-.-
(®) semiogy -
" .
() loglog -
.
.
.
[
102 M E
£ e ]
. ]
- |
- |
.
102 | | | | | | | | |
0 2 4 5 8 10 12 14 16 18 20
Time
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Projects — Simple Simulation

w Simulation of the experiments in the project

m Comparison with the measurement data

>> [QMcomparemeasurements(sbp)

Model
( ‘Pm)ect_exampbe_rmdel v‘ | )
10 m... T T
~Experiment ————————————————— r r g,
~ e
—2_stimulation L
RR_Opoint1_stimulation
- DpointS_stimulation

WT Opoint1 stimulation
T

10"

GaclPDEacl 1
Ract

Measurements (-0-) ]

() semilogx 103
(®) semiogy
O loglog

 Export Figure

Simulations (-) ]
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Projects — Export

Saving a project as single binary file

>> IQMsaveproject(sbp, "projectfilename’)

Saves the project in the file: projectfilename. 1gmp

Can be loaded again by

>> sbp = IQMprojectSB('projectfilename.igmp’)

Exporting the project to a folder structure
>> [QMexportproject(sbp, ‘projectfoldername’)

During export measurement data are always saved as CSV files!
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m Parameter estimation / manual tuning / parameter fit
analysis / identifiability analysis

|IQOMparamestGUI++
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Project is Defined — What Now?

m Several possibilities to perform parameter estimation, etc.
m All from command line (messy)
m Usinga,runEstimation”script (easy ... we will see it later)

m Using a graphical user interface (easy)

m Start the GUI

>> [QMparamestGUI
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IQMparamestGUI

File Model Experiment Estimation Other  Help k]

Global Parametersl 0.1 |Low| 10 |High |Iniﬁalize||wmennt|

~

. |3im|:|lexlt.'lM: Nelder-M... v| | Optimizer Options |

Select Experimen
|1: use averages from... v| |1: max values v|
|ﬂ: no timescaling W | |2: iteration and final v |

Select "File”->"Import Project”

ise Correlation

Then navigate to "Example files/projectexample” and select
Select Estimation Sq  ”ghototransduction project”

cant Correlation

Select Experiment Weights
| | Estimation Settings Motes (First row: Name)
L M
| Plot Measurements | States (always experiment dependent)
' Simulate single Experiment | 20 | Te " | v|
Update Estimation Setti
| Compare Measurements | | _— " nas |
Save New Estimation Setti
| Manual Tuning | = " nas
| Identifiability Analygis | vl Reset Project |
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IQMparamestGUI

£ Select the model to fit - F
File Model Experiment Estimation (only onhe model present) u
Select Model . . . . Jnitialize | Write out
. "kRGact’ 0.1 10
Project_exampie_model V| 'klGact’ 0.1 10 : |5in‘||:|lex|l'.1M: Nelder-M... v| | Optimizer Options |
Select Experiments "kZGact’ 0.1 10

"kEac ‘|k1: use averages from... ‘ |1: max values v|
'k . . . - L .
defisARR_0point!_stimulation w24 Select the experiments to consider : ro timescaing v| |2 teraonand fnal v
ctaPDE OoointS stimulatic "kEr ey .
e Lz for fitting (select the first three,

"'m\the last is kept for validation)
'durs

WT_Opoint1_stimulation
WT_2 stimulation

Residual Analysis |

100 | #Estimations Perttype

Local fexperi  Set the weights for the different | soxplot

” | | Clustering |
Select Estimation Settings expe riments ( kee p on ” 1”5) !Currelaﬁnn | | Pairwise Correlation |
1: defaul v ) Histogram | significant Correlation |

Select Experiment Weights
Fstimation Settings Notes (First row: Name)

| 111,1
( fault A

| Plot Measurements | States {ﬂlWﬂ}'S exI:I Try these buttons to plot fezult estimetion setting.

' simulate single Experiment | 20 | Te :Ea‘:tnr“ 2 measurements, compare — : A
—— measurements, etc. Hpdate Estimation Setfings |

o . Save New Estimation Settings |

|
f .
[

Use manual tuning to tune parameters. This
W\lupdates the project in the IQMparamestGUI
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IQMparamestGUI

(4 IQMparamestGUI = =

File Model Experiment Estimation Other Help o

Select Model Global Parameters| 0.1 | Low | 10 | High | Initialize | |'|".'rite uut|
: "kRGact’ 0.1 10 -
Project_example_model bl | PP, a1 10 simplexIiQM: Nel Optimizer Options |
Select Experiments "kZGacn’ 0.1 10 |
Dpoint1_stimulation ~ : kEact P?Ea':t bl 10 . . rax values v
_stimulation RR==l’ o-1 10 Click this button to attach fertonand fna |
defta&RR_0point!_stimulation r;iz‘p";f‘ g'i ig
deltaPDE_OpointS_stimulation . kgzz . 01 10 | QM param estGUI to the
e et 10 MATLAB desktop ysis |
magStim a.z Za J
"durStim’ 0.01 1

100 | #¥Estimations 05 | Perttype
© RunFimalysis

Local (experiment dependent) Parameters | Boxplot | | Clustering |

N ~
| Correlation | | Pairwize Correlation |

Select Estimation Settings
‘1: default v| | Histogram | | Significant Correlation |
Select Experiment Weights
| 1,1,1,1

| Estimation Settings Notes (First row: Name)
w | ([default A
Defesult estimstion setting.

| Plot Measurements | States (always experiment dependent)

"Gact ' 0 100 = v
' Simulate single Experiment | 20 | Te |.coccppracet o 100

G [u} 100 | Update Estimation Seftings |
| Compare Measurements | "Dact” o 100

T — o loo | Save New Estimation Settings |
| Manual Tuning | e a 100

R : RY 50 5000 =

| Identifiability Analysis e a0 Zo000 vl | Reset Project |
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HOME

v D: v IntiQuan Modeling Tools » 04 Documentation & Training *» 02 Tutorials » 02 IQM Tools Pro - MEX-5B » Example Files » projectexample »
g g P praj P

IQMparamestGUI

VIEW

=1 (2] Search Documentation 0

Il

<> EE
c [4] Figures - IQMparamestGUI

IOMparamestGUI =

™ x

2| Select Model Global Parameters | 01 | Low | 10 | High | Initialize | write out
ap:;:_::r:rsm o |Prﬂ?d—mm"’_—m' v ﬁﬁ:iﬁ gi ig | [ simplexiaht: Nelder-Mea.. | | Optimizer Options |
L) deltaArr.. @ _Opoint!_stimulation :té‘::E;I'}Eact . gj 13 1 use.averag.es from fir.. | |1 T‘laxﬁ.faluﬁ w
|| deltafrr.. @ timulation YkRArrl’ 0.1 10 0: no timescaling ~ | |2 iteration and final v
deltaPDE_D5 @ o FEgl_]'h'?illg_i?imt:liﬁﬂn 'kRArzz’ 0.1 10
WT_01 O deltaPDE_OpointS stimulation Residual Analysis
WT.2 o] .
B Lmodes O Work with the GUI and see the results |fuatons [ o5 | pertype
| modelttbe O
[ notes.t [m] H i i i -
Moo 1o in the MATLAB output without clicking k. | T cuems |

Select Estimation Settings
1: default
penment Veig

. n Pairwise Correlation
around the windows Signifcant Correlation

[ 11,11

ttings Notes (First row: Name)

| Plot Measurements

Simulate single Experiment 20 Te

Compare Measurements

Manual Tuning

Identifiability Analysis

Command Window
Jx o>

Details v

Select a file to view details

L § y 4 V] |default -
| States fiependent) Defzult estimstion setting.

"Gact | 100 ~ v

(Caetd 100 Update Estimation Settings

TGt 100

"Ract” 100 Save New Estimation Settings

"RactAd 100
| "RactE" 100 W | Reset Proj

®
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IQMparamestGUI

B Figures - IQMparamestGUI
: | IOMparamestGUI ?‘ﬂ|

Select Model Global Parameters | 0 |Low | 1000 |High | initislize | Write out
|Prl}j”n":"t—e:'(aITII:“'?I'—I-I-“:H:IE"I e ':EE:EE' g iggg |5i|1'|p|.ex|QM; Nelder-Mead ... v| | Optimizer Options |
Select Experiments "kZGact’ a 1000
"kGactPDEzct' 0 1000 wuse averages from first... v| |1:maxvalues
'kRArrl’ a 1000 B )
VEDRrrz' o 1000 |2: iteration and final
detaPDE_Opoints_stimulation :E:; b iggg
h 1000 Try these buttons, they help to
\ construct the list of
- » .. .-
- the (global) parameters to parameters and initial conditions
ate: A:al (experiment dependent) Parameters to esti mate
neter name’, lower bound, /] _'_,,_m,_'_'__m_/
' bound } Histogram Significant Correlation
> not have a clue about the ———— ([ q q ) \
t parameters, so we just guess } — We do not nee t_o es'Flmate "
hing O ... 1000) J States (always experiment dependent) I local pa rameters in this
'"EDE" 10 1000 . L
. | ) jl . LpI‘OJeCt ) |
| Compare Heasurements | | Save Hew Estimation Settings |
| e | \f )
| Identifiability Analysis | Select the initial conditions to ]

estimate (we know the bounds 0 ...
1000)

henning.schmidt@intiquan.com mtiQuan




IQMparamestGUI

Select optimization method

&
" | IQMparamestGUI 5 | (simplexiQM)
Select Model Global Parameters 0 m
|F‘rnjec1_example_mndel v | 'kRGact’ 0 looa ~
'klGact’ a 1000
Select Experiments "kZGact' a 1000
~ 'kZactPDEact” O 1000
'kRArrl’ a 1000
'kRArrz’ a 1000
. . N 'kiErl" a 1000
detaPDE_0point5_stimulation ey o Y nnn

r

Select Estimation Settim_l

"help IQMparameterestimation”

The other settings leave on default.
More information about them can be
found by typing:

ﬁeﬂenmmm v| | optimizer options |
1

|1:useaveragesfrumﬁrst... V| |1:maxv Ues

no timescaling

Correlation

| Histogram

Edit optimizer options

/

(leave on defaults)

|1: default \
c c -
Select Experiment Weights
| 1,1,1
Plot Measurements | States (always experiment dependent) /
"PDE" 10 1000 4
Simulate single Experiment | 2 | Te

Manual Tuning

|
|
| Compare Measurements
|
| ldentifiability Analysis
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Click ”"Run Estimation”
to start the estimation

| Update Estimation Settings |

| Save Hew Estimation Settings |

| Reset Project |
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Parameter Estimation

Parameter estimation

+

Running an optimization and wait
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Parameter Estimation

Different optimization methods are useful for different problems

Many options for optimization methods => translation of parameter estimation into

optimizer options estimation

Simple guideline
Start with a local optimimzation method and see how good it gets

Restart optimization with a global method (here use fSSmIQM if you have installed the SSm GO
toolbox, otherwise use, e.g., pswarmlQM)

Iterate between optimization and checking the results using ,,Compare Measurements” or

,Manual Tuning“

,Simulate Single Experiment” helps in understanding what happens to the unmeasured parts in

the model
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Parameter Estimation 1st Preliminary Result

Estimated parameters

kRGact = 0.76107 ﬁERY close to the upper bound =>\

K1Gact = 999 939 lets increase the upper bound to
k2Gact 0-537476\ 0
KGactPDEact = 485.473 => restart optimization
kRArrl = 0.109028

kRArr2 = 12.9209 ' '
K (preferably using first a local
orl = 0.0549069 method: simplexIQM,

kGr2 = 1.47609 alternating with fSSmiQM)
kG = 0.466008

Estimated initial conditions

PDE=115.492 (Experiment 1)
PDE=296.076 (Experiment 2)
PDE=921.481 (Experiment 3)

(QEEEmaI cost: 0-0360§E::)
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Parameter Estimation 2nd Preliminary Result

Estimated parameters

k2Gact

= 1.19197
= 6277.36
= 2.56596

kGactPDEact = 0.362095

kRArril
kRArr2
kGrl =

= 0.104435
= 0.289185
2.92379e-018

Model

Project_example_model v

Experiment

-

Components

'WT Opoint1 stimulation

WT 2 stimulation

5 10
Time

deltaARR Opoint1 stimulation

15

Time

Ract

GactPDEact

kGr2 = 2.31828
kG = 1.40081
conditions

Estimated i1nitial

PDE=122.636 (Experiment 1)
PDE=300.322 (Experiment 2)
PDE=141.934 (Experiment 3)

Optimal cost: 0.000615584

henning.schmidt@intiquan.com

Toggle Legend

Plot Format

O plot

() semilogx
(®) semiogy
O logiog

Parameter 1 Parameter & Parameter 7
kRGact v kRAm2 v [kent v

v v v v
| zssmsz | = | e | [ 10 | = | Bemaes | = [ 2 = | 1mama | = | zreme | =

0.963501 5940.21 267972 182685 0.0845775 7.04402 ‘ 0.0017575
(BT 5 NS | o AN i T i N = | N i 1 T

Use ,Manual Tuning“ or ,,Compare Measurements*
== Fit seems acceptably nice
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A Posteriori Identifiability Analysis

Select one experiment at a time and click the , Identifiability Analysis“ button

Experiment 1

Parameter Correlation Matrix (absolute values)

kG

kGr2

kisr

kRAr2
kRAr
kGactPDEact
k2Gact
k1Gact

kRGact

kG

kRGact
k1Gact
k2Gact
kRAm
kRAm2
kG
kGr2

kGactPDEact

henning.schmidt@intiquan.com

Experiment 2

Parameter Carrelation Matrix (absolute values)

kiz

kisrz

kizrl

kRAr2
kRAT
kGactPDEact
k2Gact

k1 Gact
kRGact

kRGact

k1Gact

k2Gact

kGactPDEact

kRAT1

kRAM2

kGrl

kGr2

kG

Experiment 3

Parameter Caorrelation Matrix (absalute values)

kG

kGr2

ki5r1

kGactPDEact

kZ2Gact

k1Gact

kRGact

kRGact
k1Gact
k2Gact
kGr1
kGr2
kG

kGactPDEact
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Validation of Models’ Predictiveness

Simulate the last experiment, which was not used for estimation

deltaPDE Opoint5 stimulation
T T T T T T

0.45 T T T

0.4
0.35
0.3
0.25
0.2 H

u.15—+

0.1

0.05 |

DL . . I I | !

0 2 4 6 8 10 12 14 16 18 20
Time

Not perfect, but we have seen worse in other projects ©
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Don‘t Waste Measurement Data

m One we have seen that the model is able to predict our validation data we should use
these data to improve the model

m Reduce the upper bounds according to the current optimized values
m Again use simplexIQM and fSSmIQM sequentially

These two seem to be correlated, _

Estimated parameters

since increasing together ... See also W2
kRGact = 1.15041 o ) L _ s
K1Gact = 999495 identifiability analysis =l
K2Gact = 418729 \
kGactPDEact = 0.373298 i~ w /"<
KRArrl = 0.101745 i R il \
KRArr2 = 0.397964 - : : . - . - =
kGrl = 0.0171438 = - " "
KGr2 = 2.30743 ‘ BT e e ==
kG = 2.36096 ) el ~=E
Sarulals Expoomsid 10’

Estimated initial conditions i w?
PDE=128.758 (Experiment 1) S wl; - i 5 g % : C . =
PDE=302.294 (Experiment 2) e Horea = =
PDE=152.618 (Experiment 3) mn | [ o] e | | | (e | | e | [ | | | |
PDE=39.4611 (Experiment 4) By o :j ﬁ : j - j “:“ H . f i ’4 : g

= | | | i = e i

Optimal cost: 0.000423773

henning.schmidt@intiquan.com IntiQuan



Save Optimized Project

To export the optimized project do the following
Select ,,F1le“->“Export Project (Folder)”“
Navigate to the projectexample folder
Click OK
Type new name: ,phototransduction project optimized”

Optimized global variables are stored in the model
Optimized initial conditions and local variables are stored in the experiment decriptions

Browse the newly created project folder and check the experiment descriptions and the
model
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Parameter Fit Analysis

ldea:
randomly perturb starting conditions for estimation around current optimum
perform optimization and collect optimal values
repeat N times

analyze results
Gives information about:

parameter correlations

local optima

henning.schmidt@intiquan.com Quan



Parameter Fit Analysis

4 Figures - IQMparamestGUI ® x
e [ |OMparamestGL| Bﬂl

Select Model e GlOb2) Patameters. 0. Low._i0_ High_ nitislize | Write out |
| Project_example_model
Select Experiments

L]

! select a local optimization method :J.).impmm;uem.mm__ v | oOptimizeroptions |
(Slmp|eX|Q|\/|) |1:usea1.reragesfromﬂrst... v| |1:rnax1.ralues v|

|ﬂ: no timescaling W | |2: teration and final v|

e ; v - PunBstimaton
"kiErz" 10

"kGT a 7512.37 |

=]

Reszsidual Analysis |

#Estimations Perttype

Set maximum number of
cost function evaluations to a smaller
value (saves time)

Optimizer Options

Optimizer: simplexIQM
-Mead nonlineasr simplex (local)

! | PTIONS maxfunewvals = 1000;
OPTIOHNS maxiter = Z0000;
OBFTIONS .tolfun = le—-10;
QBETICONS .tolx = le-10;

Plot Measurements | States (always experiment de
TDDE" [l

Simulate single Experiment | | 20 | Te

Compare Measurements |

Manual Tuning |

Identifiability Analysis |
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Parameter Fit Analysis

B Figures - IQMparamestGUI
: | IOMparamestGUI ?‘ﬂ|

Select Model Global Parameters | 0 |Low | 1000 |High | initislize | Write out
o canse. el o o " [smoeoa mizer Ot
simplexIQM: Nelder-Mead ... V| | Optimizer Options |
Select Experiments 'kZGact’ 0 1000
|1:use averages from first... v| |1:maxva|ues v|
Select number of optimizations 10:no timescaing v| |2 teration and fna vl
e oS and the type of the C Febme
| Residual Analysis |

perturbation (help
IQMparameterfitanalysis)

#Estimations Perttype

Local (experiment dependent) Parameters

v | Boxplot | | Clustering |
Select Estimation Settings | Correlation | | Pairwise Correlation |
|1: default W | | Histogram | | Significant Correlation |
Select Experiment Weights
| 111 | . . Estimation Settings Notes (First row: Name)
a Start the fit-analysis defauic -~
Default estimation setting.
| Plot Measurements | States (always
| Simulate single Experiment | 2 | Te e - e - A
| Update Estimation Settings |
| Compare Measurements |
| | | Save New Estimation Settings |
Manual Tuning
| Identifiability Analysis | o | Reset Project |
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Parameter Fit Analysis

Correlation analysis: Even here k1Gact and k2Gact are highly correlated

Fitted and scaled GLOBAL parameters Pal I:)WI Se C(:) r rEE I atl O n S o
(2.14 £ 0.607) kG| HI—r - e o o o 0s®
% og Yo e oo &
(223 +0.124) kG2 b i oo C e P O@@@
o a L&
{0.0116 +0.00905) kGrl |—|:|:|EB—|OXpI.Ot =
(0.439 + 0.0794) kR&n2 | H
A01 £0.00111) kR&rd | e e
(D * ) " ' Oo oéo 005800
D482 +0.389) kGactPDEactf  H [H  + . . boo0 © ° 2%
55 05T (25 T+ Parameter Carrelation Matrix (absolul L © ZOO o & @ . OOO
kG < o
(8.92e+003 + 827) k1Gact| i i — —
(1.11 £0.0598) kRGact| tfh kG -
i 1 2 3 4 5 KRAM 08
kR
kGactPDEact 0.4
k2 Gact
re 0.2
act -
Correlations

kRGact
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Non GUI Estimation etc.

m Parameter estimation does not require IQMparamestGUI
m All functions are available on the command line

m Using MATLABs Cell Mode => ,comfortable” estimation

m Create a RunEstimation script
= InlQMparamestGUI choose ,Other“->“Create RunEstimation Script”
= Navigate to the projectexample folder

m Select RunEstimation as name and save

m Close IQMparamestGUI
>> edit RunEstimation

% Delete line 11
% Change line 12 to sbp = IQMprojectSB("phototransduction_project_optimized®);
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m Model Reduction

|OMreducerateexpressions

Schmidt, H. et al. (2008) Complexity Reduction of Biochemical Rate
Expressions, Bioinformatics, doi: 10.1093/bioinformatics/btn035
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Model Reduction

m Kinetic rate expressions can be very complex

= Not always they do need to be so complex in order to describe the behavior of interest

Gle,
Vmax l ﬁ'{_l.k]
| 4 lGe] P 'IEF"lm,l +1 | 4 [Gld , [G6P] , [Glc] [GoP]
Ko F Ko KiGsp Ko Kaosp

F =

I |'L:+I

|Gl
V max Kaic

. - R F..E'Tl”l:, 1 . ’
1 | |{_Jl{“] |{_1f|n|] | |{_Jl{‘] |{:Jﬁ|] | (1 | {{l{‘ )
L=} 10 () =] 'ﬁ""l E 'ﬁ" 1
Ka KiGsp Kaic Ksgsp P @ﬁk +1 Gk

o K4[Gle] + K;[Gley]
©d = TF K,[GlA[Gle,] + Ko[G6P][Gle, ]
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Model Reduction

The function IQMreducerateexpressions allows to stepwise reduce complex
kinetic expressions

Here we demonstrate its use based on the previous modeling example, where we
unnecessarily used a Michaelis Menten term

I [ Calcy |

MaxX o
p = Gk

il
| 4 Gle] P 1?5';1 +1 | 4 [Gd | [G6P] 4 [Gid] [G6P]
Kok F.@k 1 Kok Kicsp Kok Kicsp

r Lilc
s Gk
V max Koy

- - w o Ty F.%_Tl:l}| . !
[Gic] , [G6P] , [Glc] [G6P] (G, |
I+ Koic + KiGsp + Kaic Kigsp + F.@ﬂ: 1 (] + K{—,L.)
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Model Reduction

Load the optimized project

>> sbp = IQMprojectSB("phototransduction_project _optimized®)

Run the model reduction . \_OO\bo*
oW¢

>> IQMreducerateexpressionsProject(sti“{k)
e o
W
net
W
AN
RE%BMS action kinetics is sufficient

More information

>> help IQMreducerateexpressionsProject
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Simulation of IQMprojectsSB
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Simulation of Projects

Change into the ,Example Files/projectexample”folder

>> sbp = IQMprojectSB("phototransduction_project _optimized~®) % Emport the project

Created

previously
Compare measurements

>> [QMcomparemeasurements(sbp) % simulate all experiments and model in the project
% and compare results to measurements

>> help 1QMcomparemeasurements

Manual tuning

>> 1QMmanualtuning(sbp) % simulate selected experiments and model in the project
% and compare results to measurements + allow tuning

>> help I1QMmanualtuning

These commands take a while to execute, since compilation is done
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Simulation of Projects

wm Simulating in silico experiments
>> model = IQMgetmodel (sbp,1) % get First model from project sbp
>> experiment = IQMgetexperiment(sbp,2) % get second experiment from project sbp

>> IQMinsilicoexp(model ,experiment,[0:0.1:10])

_ Profsct_example_model WT.2, stmestion

m Per default the result is plotted

m Optionally, the result can be saved | - .
= CSV file - . |
m Excel file - |

m Oras IQMmeasurement be returned to the workspace

>> help IQMinsilicoexp
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Simulation of Projects

Instead of extracting models and experiments in silico experiments can directly be
performed on projects:

>> modelindex = 1 % Ffirst model from project sbp
>> experimentindex = 2 % second experiment from project sbp

>> [QMiInsilicoexpproj (sbp,model index,experimentindex, [0:2:400]) % perform experiment

Per default the result is saved in a CSV measurement file

Optionally, the result can be
displayed using IQMplot
saved as an Excel measurement file

returned to the workspace as an 1QMmeasurement

>> help 1QMinsilicoexpproj
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Commenting of projects
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Commenting a Project

A project folder can contain a notes.txt file
General information about the project

Focus of the project: why modeling, what to do with the model, etc.

Every folder in a project can contain additional files. For example:
Word(etc.) documents in the model or experiment folder(s), describing things more in detail

Figures, spreadsheets, raw data files, ...

In this way the complete information about a modeling project can be contained in the
folder structure of an IQMprojectSB

LIMITATION: Experiment folders should only contain Excel or CSV files that contain
measurement data. However, these folders can contain additional folders in which all
kinds of information can be stored.
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Documenting the Validity of a Model

A model alone is NOT very useful
SBML model

* txt or *.txtbc model

A model becomes useful if the following is known about it
For what purpose has the model been build?
Which experiments have been performed to generate data for fitting and validation?
Under what conditions have the experiments been performed?

Etc.
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Documenting the Validity of a Model

Where to store that information in the framework of the IQM Tools Suite?

In the projects
The notes.txt can contain the purpose of the model and general assumptions
The model files can contain additional information

The experiment descriptions define the performed experiments and the conditions under
which these experiments have been performed

Don‘t exchange models! Exchange projects!
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Tutorial Goal: ,You should now be able to“

Use MEX/C-code models for fast simulation
Calculate sensitivity trajectories with MEX models

Set up your own parameter estimation project
Model description
Measurement data

Experiment descriptions
Perform parameter estimation, identifiability analysis, etc.

Analyze the resulting model
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THE END

Thank you for your participation and interest!

The tutorial continues in Part 3 (IQM Tools Pro /
Basic Pharmacometrics)
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