Instruction for CADLIVE toolbox
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Environments

Developmental environment

Software \ersion

0s Windows 7 (64 bit)

MATLAB Ver.7.8.0 (R2009a)

JAVA Java SE 6 (32bit)
Xerces Java Parser-2.7.0

Path
Application Path
Java C:¥Program Files (x86)¥Java¥jre6
CADLIVE Text Editor C¥CADLIVE¥
CADLIVE MATLAB (this application) | C:¥CADLIVE_vl

* Install of CADLIVE GUI Network Constructor and CADLIVE Text
Editor

These are described at http://www.cadlive.jp/cadlive/editor/download.html

* Install of CADLIVE toolbox
CADLIVE_vl.zip (http://www.cadlive.jp) is unzipped, the folder CADLIVE_v1 is copied to
“C:¥.

* Path for Java
Open the file C:¥CADLIVE_v1¥CADLIVE_setenv.m, and change the path as follows if users
use Windows 32 bit.

%setenv('JAVA HOME32','C:¥Program Files (x86)¥Java¥jre6");
setenv('JAVA HOME32','C:¥Program Files¥Java¥jre6');


http://www.cadlive.jp/cadlive/editor/download.html
http://www.cadlive.jp/

* Path on MATLAB
Run MATLAB, and the folder, C:¥CADLIVE_v1, is added to the path of MATLAB.

Move to Top

Move Up
Move Down o
Move to Bottom

J: C:¥Prog

I, Ci¥Prog
J. C:¥Program Files¥MATLAB¥R2010b¥toolbax¥matlab¥specfun
|| C:¥Program Files¥MATLAB¥R2010b¥toolbaématlab¥matfun
J. C:¥Program Files¥MATLAB¥R2010b¥toolbax¥matlab¥datafun

J. C:¥Program Files¥MATLAB¥R2010b¥toolbax¥matlabVops

FilesYMATLAB¥R20 lab¥l
C:¥Program FilesYMATLAB¥R2010b¥toolbax¥rnatlab¥elrmat
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* Make a folder for a model

The files for a model are made in the current folder. Users should make a folder for the model and

use this application in the folder.




0 Overview

A goal of systems biology is to construct biological systems at the molecular interaction levels and to
understand some design principles underlying the molecular processes. Biochemical networks are
the sound bases for pathway analysis and dynamic modeling. The CADLIVE system implements a
variety of application modules to perform the network analysis and the dynamic simulations based
on biochemical network maps (http://www.cadlive.jp) [1-5]. As an extension of CADLIVE, this

standalone application is developed for constructing mathematical models which work on MATLAB.

This application has functions for conversion into dynamic model and simulation, parameter
optimization, and system analysis (Fig.1). First, the conversion and simulation module automatically
converts a biochemical map into a mathematical model and subsequently simulates the dynamic
behaviors. Here, the mathematical model is made in MATLAB. Second, the parameter optimization
module employs a genetic algorithm (GA) and two-phase search (TPS) method [6] to seek out a
global minimum and to estimate many plausible values of the kinetic parameters that determine the
dynamic behavior of systems, respectively. The employed GA is derived from the CADLIVE
Optimizer [5]. On the other hand, the TPS smoothly combines a random search with an evolutionary
algorithm to achieve both nonbiased and high-speed searches for a large parameter space. Finally,
system analysis module includes the sensitivity analysis with respect to a single parameter and
gausi-multiparameter sensitivity (QMPS) [7]. QMPS measures a robust property of the model to the
uncertainty of all kinetic parameters and provides a theoretical or quantitative insight to an

understanding of how specific network structures are related to robustness.

These algorithms in CADLIVE greatly facilitate simulating and analyzing a biological system,

enhancing the efficiency for the research in systems biology.

This application has mainly three parts; conversion into dynamic model and simulation, and

simulations for local parameter optimization by GA and global parameter optimization by TPS.
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Fig.1 Overview of functions for CADLIVE toolbox
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Here, we illustrate the simulation of a straight reaction chain model. The map of the model is made
by the CADLIVE GUI Network Constructor (Fig.2). X0 is the constant. X1, X2, X3 and X4 are the
time-dependent variables. X1, X2 and X3 don’t decompose and X4 decompose. All the reactions

occur in the metabolic layer. StraightChainModel.xml is written in the CADLIVE format (Fig.3).
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Fig.2 A straight reaction chain model in the CADLIVE GUI Network Constructor
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Fig.3 Folder prepared for the dynamic model for this application
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1 Conversion into dynamic model and simulation

This part is an application program for automatically converting biochemical networks into

mathematical models, simulating the model and performing sensitivity analysis.

1.1 Start
Execute “CADLIVE start” on the MATLAB command window to start the CADLIVE toolbox
(Fig.4).
4\ MATLAE 7.11.0 (R2010b) (o= =]
I7AIAF) AREE) FMwHE) FRELwID) Do REoW) AILTFH)
MNE B9 e &y 8 | @ | c¥users¥FOo¥Desktop¥sample¥StraightChain - E]@
| z=a—rhwh
WEOZAINA— w O 2 x| D—F2A8—1 il i E G L) H0oax
| « sample » StraightChain | OB - »» GADLIVE start
fr o
E - HZ
L MathPararn.tet 1B} select a Requlator-Reaction Equation Data File & Requlator-Reaction Equations o] @ |2
SSE.tet 1
| StraightChainModel.xml 5
[ Launch GADLIVE TEXTEDITOR ] [ Launch GADLIVE METWORK CONSTRUSTOR
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. | | . |
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Fig.4 Start of the CADLIVE toolbox




1.2 Load of a regulator-reaction equation data file
By clicking the “Launch CADLIVE TEXTEDITOR” button, the CADLIVE Text Editor is

opened. The CADLIVE Text Editor helps users describing a network model. The manual of the
CADLIVE Text Editor is downloaded at http://www.cadlive.jp/cadlive/editor/download.html.

By clicking the “Select regulator-reaction equation data file” button, users select the data file
(CADLIVE format file) for the regulator-reaction equation model from their PC (Fig.5). The
data file written in the XML format is built by the CADLIVE Text Editor [2], GUI Network
Constructor [2,3] or Converter [4].

el

{ o\ MATLAB 7.11.0 (R2010b) [=[=@] =]
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N REQIANAS—w O 2 x D228 m a3 SR g v +0O? x
; « sample » StraightChain v 0 E - »» CADLIYE start
fi >
& H
| MathPararn.bd: 1/ select a Requlator-Reaction Equation Data File & Requlator-Reaction Equations ===
[ ssEet 1
| StraightChainModel.xxml 5
l Launch CADLIVE TEXTEDITOR I l Launch GADLIVE METWORK CONSTRUCTOR
l Select regulator-reaction equation data file I
!
| Gene—Protein Laver: g | | Metabolic Laver: GMA |
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7 IR | | StraightChain j cF B~
BT <
! —— R Zh EHE =
O i e 2
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Fig.5 Selection of the regulator-reaction equation data file

*Once users convert an xml file, the DAE file with a mathematical model can only be loaded if

users use the same model in the next.


http://www.cadlive.jp/cadlive/editor/download.html

1.3 Selection of conversion methods

The selected regulator-reaction equation data file is displayed in the window (Fig.6), where
users choose the conversion methods with respect to gene-protein layer and metabolic layer,
respectively. The conversion method can be selected out of the following methods:
Gene-Protein layer:

+ CMA

« TPP_STEADYSTATE 1

- TPP_STEADYSTATE_2

+ TPP_RAPID

Metabolic layer:

+ GMA

- MM

+ SAME_AS_GENE-PROTEIN

The details of description for them are in

http://www.cadlive.jp/cadlive/simulator/Suppl_method 1.pdf.

Bl Select a Requlator-Reaction Equation Data File & Requlator-Reaction Equations =] @ |

[ Launch CADLIVE TEXTEDITOR ] [ Launch CADLIVE NETWORK CONSTRUCTOR

[ Skt el ar=—ereifen s Aeis Pk ] C¥#zers¥FO0¥Dezktop¥straightChain¥straiehtChainModel xml

Gene—Protein Laver: Ghia Metabolic Layver: GMA 'i
EY It SAME_AS GENE-FROTEIN
HE R

Fig.6 Selection of conversion methods for the Gene-Protein Layer and Metabolic Layer


http://www.cadlive.jp/cadlive/simulator/Suppl_method_1.pdf

1.4 Edition of mathematical model data

By clicking the “Next” button on the “Select a Regulator-Reaction Equation Data File &
Regulator-Reaction Equations” window, the “Edit Math Model Data” window is displayed. By
clicking the “Edit Parameter” button on the window, the file for a math model (DAE file) is
opened on the MATLAB editor so that users can change the model and its parameters (Fig.7).
This file is saved as MathDAE.txt in the current folder.

B Edit Math Model Data [= = |[==]

Chemical Egs [ IFr H— - Ci¥Users¥FO0¥Desktop¥samplex.. [ = || @ || &2 |
7)) REE) FEANT) HEG) »oN A x

Edit Parameter jjfﬂ % R~ Y M - »_D -

BEE | - [10 [+ | 211 | x |of e | @

== Model == -

TITLE:8traizht ChainModel

INFO:5traight ChainMadel

CONVERESION TYPE
GENE-PROTEIN:NONE 7
METABOLIC:GHA

@0 - o o fa o3 M —

9 == Constant Players ==
10
11 constantPlaver[1] = 1; ®0.cvt
12
T — :i == Variahles == Next
15 = ilgebraic Equation =
16
17
18 = Differencial Equation =
14
20 y[¥l.cyt]
21 y[¥E.cyt]
22 y[¥3.cvt]
25 y[Hd.cvt]
4
| FEARREDI T A fr 15 B 18 | ==

[T T T
oo oo

Fig.7 Edition for a mathematical model

* The DAE file must be saved before clicking the “Next” button, “Back” button or “Quit”
button if users change its content.

* If users manually make the mathematical model from scratch, users can load a dummy xml
file and edit the DAE file in this control or the edited DAE file can be loaded in Section 1.2.



1.5 Selection of analysis types and input control data
By clicking the “Next” button on the “Edit Math Model Data” window, the “Select Analysis
Type & Set Control Data for Simulation” window is displayed, where users select the analytical
type for a mathematical model and input conditions of the type (Fig.8).

Analysis type

Users can choose either “Dynamic Analysis” or “Steady-state Analysis”. “Dynamic Analysis”
simulates the time evolution of the values by calculating differential and algebraic equations,
and “Steady-state Analysis” calculates the values at steady state by solving algebraic equations.
The checkbox of "Parameter survey" determines if the simulation surveys the parameter space.
The checkbox of "Use S-system", which employs S-system differential equations, appears only
under the condition that the simulation has been solved before. It never appears when the TPP is
selected as the conversion method.

Control data for simulation

In “Dynamic Analysis”, users set “Solver Type (tolerance)” and “Set time span and time
step-size”. “relative” is a relative tolerance and “absolute” is an absolute tolerance.

In “Steady-state Analysis”, users set “Set values for Newton-Raphson Method”. Sensitivities
with respect to a change in each parameter are simultaneously calculated when “Steady-state
Analysis”.

10



Bl select Analysis Type & Set Control Data for Simulation o] @ 3]

Equation type - MM
Analysis type | Dwmamic Analysiz v:
e S—zvstem

[] Parameter survey

— Zolver Type (tolerance)
() Runege-Kutta (Adaptive step-zizellodedd] (relative: 1e-012|)

@ MDF[ode15s] (relative: le-012| . absolute: le-012))

— et time span and time step-size.

Start time n
End time ]
(Initial}time step-size nm
Manitoring interval nnz2

— et values for Mewton-Raphson Method.
Maximum trial times 20
Talerance for convergence of functions 1e-012
Tolerance for convergence of wariables le-012
Ratio of chaneing parameters 11
Change width for calc. sensitivit{STO) 0001
— Cther.
G-value 1
Y default walue 0ol

[ Bk | [ Hex

Fig.8 Selection of Analysis Type and Set of Control Data for Simulation
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1.6 Input of parameters

By clicking the “Next” button on the “Select Analysis Type & Set Control Data for Simulation”
window, the “Set Parameters and Initial Values” window is displayed (Fig.9), where users input
the (initial) values of kinetic parameters and the variables for the mathematical model.

User Functions

Users select “usr fvec” or “usr fjac” button. “usr fvec” (CADLIVE usr fvec.m) is the
function for the differential equations (Fig.10). “usr fjac” (CADLIVE usr fjac.m) is for the
Jacobian function (Fig.11). By clicking the “Edit User Function” button, the file selected is
opened and can be edited on the MATLAB editor.

Initial Values

Users select the “Initial Value” or “Parameters” button. “Initial Value” (CADLIVE initial.m)
has information of the control data and dependent variables (Fig.12). “Parameters”
(CADLIVE_param.m) has information of the (Kkinetic) constant parameters (Fig.13). By
clicking the “Edit Initial Values” button, the file selected is opened on the MATLAB editor.

Merge File

The Merge File helps users setting the parameters by copying or merging the existing data,
which greatly reduces laborious parameter setting. By clicking the “Execute Merge” button, the
existing data of a parameter file is copied to CADLIVE_ initial.m and CADLIVE_param.m
(Fig.14). The parameter file can be downloaded as “MathParam.txt” (Fig.15). By checking the
“Update Blank Only” button, the only blank data of initial values and parameters are added to
CADLIVE_initial.m and CADLIVE_param.m as uploaded data. By checking the “Update All”
button, all the data are input.

Here, users mainly edit CADLIVE initial. m and CADLIVE_param.m. The meanings for each
variable are described in section 1.6.1 and 1.6.2. If users edit the differential equations in
“usr_fvec” and/or add new variables, the variables need to be added to CADLIVE_initial.m and
CADLIVE_param.m. The entire edition needs to be saved before next operation.

12
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User Functions
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Fig.9 Control of setting parameters
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T IFrH— - C¥Users¥FO0¥Desktop¥StraightChain¥CADLIVE_usr_fvecm EI@

I7AAE) REE) FEAND #HEBE UL Y0 FledE) FRIbeFD) Saw RO ~LFH) w ) x
NEH| sRR20C |- -Aasf| b -A0EBREBRB| 5250 ~2 fx HDB =0
EEE - 10 [+ = 11 x| o e | @

[ TITLE:Strai ghithainiodel [

1

2 % INFO:5trai ghiChainhodel

3 % CONVERSION TYPE

4 % GENE-PROTEIN :NONE

5 % METABOLIC WM

E funct ion [fvec] = CADLIVE usr_fvec(y, Gene. p)

7 - constantPlayver_len = lengthip.constantPlayer);
8

= for i=1:l:constantPlayer_len
= constantPlazer(i) = p.constantPlayer(i).value;
m - end
1= G_len = length(p.Q);
12 - for i=1:1:0_len
13 - Gli) = p.ali).value;
4 - end
15 — Kmich_len = length(p.Kmich);
16 - for i=1:1:Kmich_len
7 |= Enich(i) = p.Kmichii).value;
18 - end
19
20 - fvec( 1) = G(1)*constantPlayer (2)xconstantPlayer (1)/(knich(1) + constantPlayver (1)) - Q(2)#constantPlayer (3)xy (1)/(Enich(2) + »(1));
HI fvec( 21 = Q(2)xconstantPlayer (3ey (10 (hnich(2) + v (130 - Q(3constantPlayer (4)ey (2)/(Mnich(3) + »(2));
7 |= fyvecl 3) = Q(3)xconstantPlayer (4)*y (2)/nich(3) + v(2)) - Q(d)sconstantPlaver (3)#y (31 (Knich(4) + v(3));
2% - fvecl 4) = Q(4)xconstantPlayer (B)+y (3)/(nichid) + v(33) - Q(B)sy (4)/ (Kmich(B) + v(4));
24 - end
25
28

CADLIVE_usr_fvec 1 R 1 | EEE

Fig.10 CADLIVE_usr_fvec.m
The “fvec” indicates the differential equation for a dependent variable y.
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[ T &— - C¥Users¥FOO¥Desktop¥StraightChain¥CADLIVE _usr_fjac.m

=N /BN =)

I7ALE) REE) FEART SBEG WO Y0 FOwE) FREMeID) DaBEOW) ALFH) WA X
NEH|$RBIC (oD - Mei B -BRRBE BB | 25950~ - f OB 20
BIE| - |10 |+ | £ [11 | x |« @
1 % TITLE:StraightChainlodel o
2 % INFO:5traight ChainMode!
3 % CONVERSION TYPE
4 % GENE-PROTEIN :NONE
B % METABOLIC: MM
g function [fiac] = CADLIVE_usr_fiac(y, Gene, p)
7 - flac = zeros(4);
g - constantPlaver_len = length(p.constantPlayer);
9 - for i=1:1:constantPlaver_len
n - constantPlaver (il = p.constantPlaver (i) .value;
1= end
12 - Q_len = lengthi(p.0);
13 - for i=1:1:0_len
14 — A1 = p.0li).value;
15 - end
16 — kmich_len = lengthip.Kmich);
17 = for i=1:1:Emich_len
18 — Emich(i) = p.mich(i).value;
19 — end
0
21 - fiact 1, 1) = -(0(2)*constantPlayer (30« Knich(2) + v (1)) - Q(Z)xconstantPlayer (3*y (110 ((Knich(2) + »(13)72);
22 - flacl 2, 17 = (Q(2)%constantPlaver (33 (Knich(2) + »(13) - QU2)sconstantPlaver (30ev 100/ Cmich(2) + »(1007°2);
28 — fijact 2, 2) = -(0(3)xconstantPlayer ()« Knich(3) + v(2)) - Q(3)xconstantPlayer (A)*y (210 ((Knich(3) + »(2))72);
24 — flac{ 3, 27 = (Q(3)%constantPlaver (4)%(Kmich(3) + »(2)) - Q(3)sconstantPlaver (4)ev (2000 Kmich(3) + »(2007°2);
5 - flac{ 3, 3) = -(Qid)xconstantPlayer (30« (Kmich(4) + w (300 - Q(4dxconstantPlayer (G)#y (300 T(Knich{d) + w(30172);
6 - flacl 4, 3) = (Qi4)tconstantPlayer(Gix(Kmich{4) + ¥(3)) - Qid)*rconstantPlaver (5)xy(3))/((Kmich(4) + ¥(3))72);
27 — fiacl 4, 4) = -(Q(5)*(Kmich(5) + »(4)) - Q(5)xy (40)/((Knich(5) + y(4))72);
28 - end
29
30
CADLIVE_usr_fiac T A o1 £EE

Fig.11 CADLIVE usr_fjac.m
The “fjac” indicates the partial derivative for “fvec”.
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[ T 5— - C¥Users¥FO0¥Desktop¥MPStest¥StraightChain_dynamic¥CADLIVE initial.rm

o= ]

7 AIE) ARE(E) FTHEANT) HBEHG TG w—{o) FOwSE) TR e BN A X
NEH| sRBR20 (s-Aesh|B-80RBRBE BE B O -
BEE| - 10 |+ | =1l x| @
1 function [CADLIVE_GTL Y_STARTI=CADLIVE initial (]'| TD
2
3 =control data
4 - CADLIVE _CTL.M_VAR=4;
B [= CADLIVE _CTL.N_ALGEBR=0;
[
7 %=zzolwer
g - CADLIVE _CTL.SOLWER=3:
(= CADLIVE _CTL.P_SURMEY=0;
m - CADLIVE _CTL.RK_EPS=1.000000e-012;
1 - CADLIVE _CTL.NDF_RTOL=1.000000e-012;
12 - CADLIVE _CTL.NDF_ATOL=1.000000e-006 ;
13
14 ==t ime span and tine step-size
15 — CADLIVE _CTL.T_START=0.000000;
16 — CADLIVE _CTL.T_END=1.000000;
17 — CADLIVE _CTL.DELTA_T=0.010000;
18 - CADLIVE _CTL.DELTA_M=0.020000;
13
20 %==Newt on-Raphson Met hod
2 |= CADLIVE _CTL.MR_TRIAL=20:
22— CADLIVE _CTL.NR_TOL_F=1.000000e-012; =
28 - CADLIVE _CTL.NR_TOL_¥=1.000000e-012;
24 — CADLIVE _CTL.NR_RATIO=1.100000;
25 — CADLIVE _CTL.NR_BEMS_C¥=0.001000;
k]
27 $==0ther
8 - CADLIVE _CTL.G_VALUE=1.000000;
2 - CADLIVE _CTL.Y _DEFAULT=1.000000e-002 ;
1]
| #=Initial parameters
2 - Y 8TARTC  1).value = 0.0000e+000; % #1.cvt
33 - ¥_GTERRTE  1).tag = "¥l.cyt’;
4 - ¥ STARTC  2).value = 0.0000e+000; % #2.cwt
a8 - ¥_GTRRTC  2).tag = "H2.cwt’;
I8 - ¥ BTART(  3).value = 0.0000e+000; % #3.cwt
9 |= Y _BTARTC  3).tag = "#3.cwt’;
| - Y_STARTC  4).value = 0.0000e4000; % ¥4.cvt
14 - Y_BTARTC  4).tag = "dd.owt’;
40
41 %=zolver parameter
2 - CADLIVE_CTL.MASS=eve (CADLIVE _CTL.N_VAR):
458 - for i=1:CADLIVE_CTL.N_ALGEBR
44 — CADLIVE _CTL.MASSCi,i)=0;
45 - and
45
7 %¥=odelbs BEvents parameter i

Fig.12 CADLIVE_initial.m
The control data for simulation (section 1.5) and initial values of dependent variables are set.
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[ T3 & — - C¥Users¥FO0¥Desktop¥StraightChain¥CADLIVE_param.m

[l = |

IrIE) REE) TEAND) O BEG) IO YL@ FUwedE) TR e DD » oA X

NDSH R0 |89 - Aeasr | B-E0RBRE BB| ~—= oo O ~

BB - (Lo [+ |+ 11 x| He| @

1 Functian [param, event ]=CADLIVE _param(} =

2

3 % T_EVENT

4 - event (1).name = "tine_start’;

5 — event (1).index = 0;

B - event {1).time = 0.000000;

7 - event (1).value = 0.000000;

g - event (2).name = "tine_end”;

9 - event (2).index = 0;

n - event (2).time = 1.000000;

1" - event (2).value = 0.000000;

12

13 % PARAMETER

14 — param.constantPlaver{1).value = 1.0000e+000;

15 — paran.constantPlaver (1) .num_survey = 0; c

15 — param.constantPlaver(1).d_r_s = '07; 1

17 - paran.constantPlaver (1).tag = "H0.cwt’;

18 - param.constantPlaver(2).value = 1.0000e+000;

19 — paran.constantPlaver (2).num_survey = 0;

20 — paran.constantPlaver (2).d_r_s = 'D";

21 - paran.constantPlaver (2).tag = "El.cwt’;

22 - param.constantPlaver(3).value = 1.0000e+000;

23 — param.constantPlaver (3) .num_survey = 0;

24 — param.constantPlayver(3).d_r_s = '07;

25 - param.constantPlayver (3).tag = "EZ.cvt’;

26 — param.constantPlayver (4).value = 1.0000e+000;

27 - param.constantPlaver (4) .num_survey = 0;

8 - paran.constantPlaver (4).d_r s = '07;

8 - param.constantPlayver (4).tag = "E3.cvt’;

EI paran.constantPlayver (8) .value = 1.0000e+000;

a1 - paran.constantPlaver (5).num_survey = 0;

a7 - paran.constantPlaver (5).d_r s = "07;

a1 - param.constantPlaver(d).tag = "Ed.cvt’;

34 %  paran.Q(1).value = is not value;

35 — param. Q1) .num_survey = 0;

a6 — paran.Q{1l.d_r_s = 'D";

a7 - param.A{1).tag = “reaction_rate constant El.cwt H0.cvt WM

an %  paran.Q(2).value = is not value;

39 - param.G{2) .num_survey = 0;

4n - paran.Q(2).d_r_s = 'D";

41 - param.A(2).tag = “reaction_rate constant E2.cwt H1.cvt WM

42 %  param.Q(3).value = is not value;

43 — paran.@(3 ) .num_survey = 0;

44 — param.G{3).d_r_s = '0";

45 — paran.Q(3).tag = ‘reaction_rate_constant _E3.cwt X2 .cwt WK ;

46 % paran.Q(4).value = is not wvalus; i
CADLIVE_param 1 F 1 | LE=

Fig.13 CADLIVE_param.m
The kinetic parameters and the events that change the parameter values in a given time are set.
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Please select the parameter file to be merged. (=]
Iy ITARFR(D: | DirectedModel j £ Ev
| & . B AR e
-
%i&iﬁ?—u’-ﬂﬁﬁ || dbg_log et 2012/08/26 1309 TXT J7 il
| MathDAE. bt 2012/08/28 13:09 TxT 27T
_.! {| |MathParam. bt 2012/08/28 13:14  TXT J7-(IL
7?_\%‘}7 || MathUsage bt 2012/08/28 13:09  TXT J7 -l
= | svs log.tot 2012/08,/28 13:09 TAT Z7 -
S5
ToE1—8—
g
(L
Fub-5 ‘ o >
= |MathParam.txt ﬂ Eaie)] |
IrA DI | (ktet) | Fautil
Fig.14 Select “MathParam.txt”
_ === =R~
Q & http:/fkurata23.bio.kyutech.ac jp/Life/index. html 2~ [ 4 | & CADLIVE Sirnulator
Simulator L tart fi ch rt fi le
N Results
L’?ﬂﬂ:ﬁ Succeeded !!
e Back | [Print | [ Selectans. | [ Registratich | [[Downlosd J| [ | Regulator-reaction eqs. [ Math model | [ User funcs |
Save for input | | Graph | |Guit
EEYRURE CRUIA My ey 2o N e oS
bic kyutech. ac. jp/ Chemi/download, phy 2
= == Results(Dynamic) Download

HHtHl Thy Oct 4 15:48:33 2012 HEHHE

Solver No. H 3
Paran Survey H 0
Start Time : 0.000E+0D
End Time : 1.000E+00
(initial)Tine Step : |.000E-02
Wonitoring interval : 2.000E-02
NOF _RTOL * 1.000E-12
NOF _ATOL : 1.000E-D6
G-¥alue 2 1.000E+00

HHtHhE Starting ¥ Values HHHHHH
y[ 1]= 0.0000e+00 Hx1.cyt
y[ 2]= 0.0000e+00 HX2.cyt
y[ 3]= 0.0000e+00 HX3.cxt
y[ 4]= 0.0000e+00 Hxd.cyt

Wb Parancters HHHHHE
constantPlaver[ 1] = 1.0000e+00  HX0.cyt
D[ I] z meaclfon?ralefcons

«

Select a file which you want to download o your PG

Close.

StraightChainMaodel

StraightChainModel

Model data file(DAE File) [ Downlosd |
Coperal dodo £l Do
I Parameter file Downioad I
Parameter file (S=system) | Downlosd
User func file Downilosd
User func file (S-system) [ Download M at h Pa ra m .tXt
Flux file Downioad

User func file (Sansitivity) [ Download
Results File (Dynamic)
Fesults file (Steady state)

All above files (alltgz).

Fig.15 “MathParam.txt” in the CADLIVE Dynamic Simulator (Web application)
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1.6.1 CADLIVE_initial.m

This file is written as control data (“CADLIVE_CTL”) for simulation, and information
(“Y_START?”) for the dependent variables. “CADLIVE_CTL” is automatically input by editing
parameters in section 1.5. Users usually edit the “value” of “Y_START” in this file.

[Structure variables “CADLIVE_CTL”]

Field Meanings

N_VAR Number of variables (all) ; Integer value >0

N_ALGEBR Number of variables (algebraic equations) ; Integer value > 0
SOLVER Solver number; 2: ode45, 3: odel5, 11: steady-state, 12: S-system
P_SURVEY Parameter survey; 1:yes, 0: no

RK_EPS Relative error tolerance for Runge-Kutta; Real value >0
NDF_RTOL Relative error tolerance for NDF; Real value > 0

NDF_ATOL Absolute error tolerance for NDF; Real value > 0

T_START Start time; Real value > 0

T END End time; Real value > 0

DELTA T Initial time step size; Real value > 0

DELTA M Monitoring interval; Real value > 0

NR_TRIAL Maximum trial times for “Steady-state analysis”

(Newton-Raphson) ; Integer value > 0

NR_TOL F Tolerance for convergence of functions for “Steady-state analysis”
(Newton-Raphson) ; Real value >0

NR_TOL_X Tolerance for convergence of variables for “Steady-state analysis”
(Newton-Raphson) ; Real value >0

NR_RATIO Ratio of changing parameters for “Steady-state analysis”
(Newton-Raphson) ; Real value >0

NR_SENS_CW | Change width calculation sensitivity for “Steady-state analysis” ;
Real value > 0

G_VALUE Value for one molecule concentration in a cell;
Real value >0

Y_DEFAULT Default values for y (molecular concentrations) ;
Real value > 0

MASS Mass matrix for “Dynamic analysis” ;

0: differential equation, 1: algebraic equation
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[Structure variables “Y_START”]

Field Meanings

value Initial value; Real value > 0

tag Name of variable distinguished location;
(name).(location)

variable Meanings
MAXSIMTIME | Limit actual time (second); default: 5 minutes
TO Start time for odel5s options (Events)

If the simulation is stiff, the calculation takes a long time or doesn’t finish. When the actual time

of the calculation is MAXSIMTIME, the calculation forcibly finishes even if stiff simulation.
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1.6.2 CADLIVE_param.m

This file is written as information for events (“event”) and (kinetic) constant parameters
(“param™). The events indicate changes in parameter values in a given time. That can indicate,
for example, environmental changes to stimuli.

[Structure variables “event”]

Field Meanings

name Field name of “param”, i.e. constantPlayer, Kb, Q
etc., for events.

time_start and time_end have to be fixed at first and
last index, respectively.

index Index for “param.(name)”
time Time occurred an event; Real value > 0
value Value for “param.(hame)” on the time;

Real value > 0

*Events need to be registered in the ascending order of time between time_start and time_end.

Example for events:

% T_EVENT
event(1).name = 'time_start’;
event(1).index = 0;
event(1).time = 0.000000;
event(1).value = 0.000000;
event(2).name = 'kx’;
event(2).index = 2;
event(2).time = 60.000000;
event(2).value = 150.000000;
event(3).name = 'kp";
event(3).index = 1;
event(3).time = 60.000000;
event(3).value = 80.000000;
event(4).name = 'time_end;
event(4).index = 0;
event(4).time = 100.000000;
event(4).value = 0.000000;
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[Structure variable “param”]

Field Meanings

constantPlayer Independent variable

Ka Binding association rate constant
Kx Reaction rate constant

Kb Binding constant

Kp Translation rate constant

Kpd Decomposition rate constant

Km Transcription rate constant

Kmd Decomposition rate constant

Ktr Transport rate constant

Kxg Reaction rate constant

F Power coefficient (Target variable)
Q Reaction rate constant

Kmich Michaelis constant

*These fields are defined by structure variables. For CMA and TPP, ka, kd, kx, Kb, kp, kpd, km,
kmd and ktr are utilized. For GMA, kxg and f are utilized. For MM, Q and Kmich are utilized.

[Structure variable “param.(name)”]

Field Meanings

value Value for the constant; Real value > 0
num_survey Number of parameter survey; Integer > 0
drs D: parameter survey by arithmetic series

R: parameter survey by geometric series
S: parameter search for GA or TPS

tag Name of the constant
change_val Change for parameter survey; Real value > 0
upperBound Upper bound of parameter search for GA in section

20or TPS in section 3; Real value > 0

lowerBound Lower bound of parameter search for GA in section
20r TPS insection 3; Real value = 0

*The Fields, change_val, upperBound and lowerBound, are written by users.
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¥ Parameter survey ¥

When checking the checkbox of parameter survey on the “Select Analysis Type & Set Control
Data for Simulation” window, “num_survey” and “change_val” need to be more than zero at
least one parameter. For example, parameter survey is executed as follows.

1) Parameter survey by arithmetic series

When the fields of “param.(hame)” are r d s=‘D’; num survey=3; change val = 1-€3;
value=1e-3; , the three cases for {1e-3, 2e-3, 3e-3} are calculated.

2) Parameter survey by geometric series

When the fields of “param.(name)” are r d s=‘R’; num survey=3; change val = 1-€3;

value=1e-3; , the three cases for {1e-3, 1le-6, 1e-9} are calculated.
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1.7 Results

By clicking the “Execute” button on the “Set Parameters and Initial Values” window, the
simulation starts and the “Results” window is displayed if the simulation is successful. If the
simulation fails, the error message is displayed on the MATLAB command window.

The window for the result depends on analysis types; dynamic analysis, steady-state analysis
and S-system.

1.7.1 Dynamic analysis

The window for “Dynamic analysis” is displayed as shown in Fig.16. The table indicates the
temporal data of the simulation. By clicking the “Show graph” button, the graphs of the
simulation are displayed (Fig.17). The variables to be displayed at the graph can be set at
CADLIVE_DispFigure.m, where users input the indices of variables and graph type. By
clicking the “setting” button, CADLIVE_DispFigure.m is opened (Fig.18). The “Reset” button
sets the setting for the graph to default. CADLIVE_DispFigure.m is copied in the current folder.
By clicking the “Export CSV” button, the result of the simulation is saved as a CSV file
(Fig.19). By clicking the “Export MATLAB” button, the result of the simulation is saved as a
mat file. By clicking the “Save for input” button, the concentrations at the final time of the
simulation are saved as “CADLIVE savelnitial.m”, which can be used as the initial values for
the next simulation and is written the same format as “CADLIVE initail. m”. By clicking the
“QMPS” button, “SetQMPS” is opened (Fig.20), where users can calculate QMPS using the
simulation results.

Results EI = @
m Setting Reset | Show Make 5 _Param Result | | Show Fieen Valuss | | Export G5V | | Export MATLAB |
Sawve for input CIMPS

Results y[11.X1 oyt | w[2].%2. eyt | 3] X3.cyt | y[4] X4 oyt
0.000E+000 i 0 a 0 i
2.000E-002 0.0045 0.0024 00014 5.1908e-04 =
4,000E-002 00067 0.0040 00023 0.0021
6.000E-002 0.0081 0.0051 0.0038 0.0031
8.000E-002 0.0092 0.0058 0.004E 0.0038
1.000E-001 00400 0.0085 0.0052 0.0044
1.200E-001 o.o107 0.0070 00057 0.0049
1.400E-001 00113 0.0074 0.0060 0.0053
1.600E-001 o017 00073 00064 0.0036
1.800E-001 00121 0.0051 00066 0.0058
2.000E-001 00125 0.0053 0.0065 0.0081 2

Cloze

Fig.16 Results window for dynamic analysis
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F7AE) REE) FEFN BAL Y1) FA2 IO D RO ALSRH) «
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Fig.17 Graphs for simulations
Top: graph for type 1, Bottom: graph for type 2

25



[ IFrH— - C¥Users¥FO0¥Desktop¥sample¥StraightChain¥CADLIVE_DispFigure.m =N =R

JrAIE REE) FTEAMT) BEGE LG Yl0) FtwdE) FaA2wAD) wow A X
NEl| B0 | a-Aanf R-E0-BRE BSE| ~. O ~
BB - Lo+ | 21 x| aEe® @

1 function CADLIVE DispFigurel timneStep, v , v_tag) TD
2 % timeStep: time §
3 %o :walues for dependent wvariables

4 % w_tag : tags for v

b =

B % maximum number of wariahles to he displaved in figure @ B4 1

7

] N Lmmr mod b N e

3 % input the indices of ¥ to he displayved -
m - select = [1 2 3 4];

1" % graph twpe;

12 % 1. plot dynamics of selected variahles on a single figure

13 % 2. plot dynamics of 4 wariables per a single fizure

14 % 3. both 1. and 2.

15 — type = 3;

18

17 L R i

18

19 sETd LEEOH

2 - selen=lenzgth(select);

21 $EEED B

22 - cmap = colormap(’Lines™);

3 - for i=liselen

24 — chisid = cmapli,:); =

CADLIVE_DispFigure T 1 Hl s0 | LE=E

Fig.18 CADLIVE_DispFigure.m

Users edit the “select” and “type” below the “User edit”. The “select” indicates the indices of y
to be displayed. The “type” indicates the number of graph type. 1 and 2 of “type” indicate the
top and bottom figures in Fig.17, respectively.
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= result.csv - Microsoft Excel = B 5
fi-n | BA A-DlLrIb #EE F-4 0 #l EE o @ =@ R
&dj % MsPImwr <11 - === 5 @ms e X - A7
oy - - At AT === G- @3-, T EI - 8- A
gy 2 B LU AN EEZ=m- G- o g, & @
. I & - é - B <0 .0 - EEE - -
e R —F At BLE HiE 1zl WRE
Al - Je| tima ¥
A B M D E F G H L
1 [time X1 .ot He ot Haowt A ot
2 | DOOB+HO0 OO0EHOD QO0EHDD QO0E+H00  O00E+HO0
3 | 200E-02 460E-03 23%E-03 142E-053 S518E-04 A
4 | 400E-02 §IZE-03 400E-03 285E-03 Z11E-03 3
o | GO0OE-0Z BA4E-03 S03E-03 S57VE-DS SOBE-OS
G | B00E-02 BZ0E-03 580E-03 482E-03 38H4E-03
o100 1 00E-02 §53E-03 S5 Z21E-05 4 45E-03
8 | 120E-M 1 07E-02 TO3E-03 S567E03 483E-03
9 | 1400 1153E-02 F44E-03 SOSE-05 5Z2VE-OS
10 1 80E-M 1A7E-02 T78E-03 G36E-03 5S58E-03
11 | 1B0E-M 12 E02 806E-03 GHZE-03 584E-03
12 | Z00E-M 1 25E-02 8J30E-03 G684E-03 GO5E-03
13 | 220E0 1 27E02 8H1E-03 TO3IE03 G24E-03
14 | Z40E-M 1 30E-02 8§EG5E-053 TI18E-03 GA0E-03
15 | 280E-0 1 32E-02 8§H4E-03 T33E-03 GL54E-03
16 | 2B80E-M 134E-02 8§AVE-03 TAAE-03 GESE-03
17 | 300E-0 1 36E-02 S05E-03 THLE-03 G.YSE-03
18 | 320E-M 137E-02 S18E-053 7THAE-O5 GE4E-03
18 | 340E-0 1 38E-02 SZ2TE-03 TT1E03 G51E03 .
Wo4r | resut SER T T T T i | [
mEp |[ERE [ 100% (=) 0 (+)

Fig.19 Excel data exported
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[Variables exported by “Export MATLAB”]

Variable Meanings

Eigen Eigen values

TimeStep Time

tag Name of the variables

y Dynamics of each dependent variable (each column
indicates each dependent variable)

QMPS

The “Delta” indicates the change in parameters when calculating the QMPS. By clicking the
“Target function” button, the file CADLIVE setTarget.m is opened (Fig.21) if the file exists in
the current folder. If the file does not exist, the file is newly made and opened. The target

function is defined as a particular function such as oscillation, for sensitivity in the biological

system. Users write a target function below “%input a target function for QMPS below”
according to the MATLAB language. By clicking the “Execute” button, the QMPS is calculated.
The result is displayed in “QMPS” of the “SetQMPS” window (Fig.22). If some target functions
are set, users can select the target number of “Target No.” and display its QMPS.

B results

= |l = | = |

I Show Make 5 _Param Result I I Show Eigen Values J I Export C5Y J I Export MATLAB I

Bl setamps [=] @ |[==]
| cwaws
fesuis y[1]1.%1. eyt | y[21.X2. a4 Delts: 0.001
0.000E+000 i} T
2.000E-002 0.0045 0.0024 c
4.000E-002 0.0067 0.004 :
6.000E-002 0.0081 0.005 Result———————————
Target Mo.: 1 =

§.000E-002 0.0092 0.005 |
1.000E-001 0.0100 0.0064 ’7 QRS = g
1.200E-001 00107 0.007 —
1.400E-001 0.0113 0.0074
1.600E-001 00117 0.0078 0.0064 0.0056
1.800E-001 0.0121 0.0081 0.0065 0.0058
2.000E-001 0.0125 0.0083 0.0068 0.0061 2

Fig.20 SetQMPS window

Cloze
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-~ TFr &— - C¥Users¥FO0¥Desktop¥sample¥StraightChain¥CADLIVE_setTarget.m ==

FrAINAE) AREE) TEARI) HE(GE) T w—i{0) FledE) FASbwef(D) BN | A X

TNEH| B0 | o9- Meahi p-EEEBRBEBS| .. O -

EHrE -0 [+ =11 x| e | @

1 function tarzet = CADLIVE setTarget (v,t) O

2 % target iz a wvector and values of target functions.

3 %t s time.

4 % wirow,col) is dvnamics of each dependent wariahle.

5 % row is index of walue according to t and col is index of dependent wariahle.

f

7 ®input a target function for GMPS below.

B - target (1)=y(end,1);

§ - target (2)=y(end,2);

m - target (3)=y(end,3);

1m - target (4)=y(end,4);

12

CADLIVE_setTarget 12 B 1 &=

Fig.21 CADLIVE_setTarget.m
(B Results == =]

[ Show Make S _Param Result ] [ Show Eigen Yalues ] [ Export GSW ] [ Export MATLAB ]

B Setomps e = =]
Edlit GMPS QMPS
Results w[1].¥1.ovt | vl2]. Delta: 0.001
0.000E+000 0 -
F
2.000E-002 0.0046 =
4.000E-002 0.0067 =—
Fresuf—m™M8¥ ——
&.000E-002 0.0081 Target Mo - ] =
8.000E-002 0.0092 :
T OAEE-GIH pp— QMPS = 14730e+001
1.200E-001 -
1.400E-001 00113
1.600E-001 0.0117 0.0078 0.0064 0.0056
1.800E-001 0.0121 0.0031 0.0066 0.0058
2.000E-001 0.0125 0.0083 0.0068 0.0051 o

Close

Fig.22 Result of QMPS in dynamic analysis
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1.7.2 Steady-state analysis

The window for “Steady-state analysis” is displayed as shown in Fig.23. The “Results” on the

window show the steady-state values. The “Sensitivity” on the window indicates the

sensitivities with respect to each parameter and QMPSs. In this case, the target functions of

QMPS are the steady-state values of each dependent variable y. By clicking the “Show

Make S Param Result” button, the parameters for S-system are displayed (Fig.24). By clicking

the “Show Eigen Values” button, the eigen values are displayed (Fig.25).

B Results =] @ ==
Show eraph Setting Rezet l Show Make 5_Param Result ] lShow Eigen Walues ] l Export GV I l Export MATLAB ]
Resultz Sengitivity

v value yl1].x1 eyt | y[2]. X2, eyt | y[3]. X3 opt | yl4].X4. oyt

1 001458 3@ -5.9261 0 0 -22216e-13 -
2 0.0099 4 o -1 9994e-12 34783 0 -22216e-13
g 0.0083 5 a4 -1.9994e-12 0 -2.6956  -22216e-13
4 0.0075 G |os) 0 0 0 -2.2430
T Kmichr1y -0.0119 -0.0070 -0.0053 -0.0045

8 Kmichr2) 1.0000 0 0 0 =
9 [Kmichrz 0 1.0000 0 0
10 Kmichrdd 0 0 1.0000 0
11  [KmichiS) 0 0 0 1.0000

12 |amPsc1) 71.5839 252373 151281 11.0747 -

Cloze

Fig.23 Results window for steady-state analysis

[Variables exported by “Export MATLAB”]

Variable Meanings

Eigen Eigen values

Sensitivity Sensitivities with respect to each parameter and
QMPSs

tag Name of the variables

y Steady state values
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n Make S_Pararmn Result

Y START Parameters
YValue Tag Yalue nurn_survey|  O/R/S tag
1 0.0148 ¥1 .oyt 1 |constartPlay... 1 oo 0.yt o
p 0.0099 X2 oyt 1 |kplus(1y 0.4850 oD alpha_1
3 0.0083 X3.cvt 2 lkplus(2y 1.0139 oo slpha_2
4 0.0075 X4 .oyt 3 |kplusc3) 1 &TE i} slpha_3 |
4 |kplus(4) 3.0287 ap alpha_4 3
1 |kminus(1) 1.0139 oD bets_1
2 |kminus(2) 1 &TE 0o heta_2
3 |kminus(3) 30287 i} heta_3
4 |kminuscd) 442353 oo bets_d4
1 |ty 01683 oo hd_1_1
2 | 02871 0o hd_2_2
b f T r Lnal

Cloze

Fig.24 Paramters of the s-system converted

B CADLIVE_DispEigenvalues

=)o )

Yalues
Real Imaginary
1 29777 0
2 -22.6499 0
3 -14.4286 0
4 -5 6670 0

Ciloge

Fig.25 Eigen values
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1.7.3 S-system

For the sensitivity analysis in S-system, dynamic analysis is first performed as described above
(1.7.1). By clicking the “Show Make S Param Result” button in the results window for
dynamic analysis (Fig.16), the parameters for S-system are displayed (Fig.24). By clicking
‘Back’ on the “Set Parameters and Initial Values” window (Fig.9), “Select Analysis Type & Set
Control Data for Simulation” window is re-displayed (Fig.8). Users check the ‘Use S-system’ in
the check box. By clicking the “Next” button, users can execute the simulation. The window for

“S-system” is displayed as shown in Fig.26, where the sensitivities or logarithmic gains with

respect to each parameter are displayed.

B Results = @ |5
Export G5V | | Export MATLAB |
STD Values and Fluxes
STD value Fluze Tag
1 0.0143 0.4990 X1 oyt o~
2 0.0039 0.4990 X2 .oyt =
3 0.0053 0.4990 X3 .oyt i
Logarvthmic Gaing of Metabolites Logarythmic Gaing of Fluxes
v[1] vl2] v[1] v[2]
constantPlayer[1] 00119 as - constantPlayer[1] 0.0020 01 -
constantPlayer[2] 59407 3. constantPlayer[2] 1
ronstantPlavearl 3] _saanT 2l renctantBlawar 31 0N ol
< [ 3 « [ 3
Senzitivities of Metabolites with respect to rate constants Sengitivities of Fluxes with respect to rate constants
v[1] yi2] yi3] V(1] v[2] w(3]
alpha[1] 58407 3.4626 2g578 ~ alpha[1] 1 1 =
alphal2] ] 3.4526 26578 alphal2] 0 1 1
alnhal31 _ n il T RETR alnhal =l _ il 0 PN A
] 1 3 4 I 3
Senzitivitiez of Metabolites with respect to kinetic orders Senzitivities of Fluxes with respect to kinetic orders
yi1] yl2] yi3] v[4 V1] V2] v[3] V4
g1] o 0 0 i g1l 0 o 0 -
qlz] i} 0 0 glz] 0 i} 0
al=1 - n 2 ARan 12047 Bl nl31 - n n Fnan N Fnan 5
] 1 3 i n 3

Cloge

Fig.26 Results window for S-system
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2 GA

Genetic algorithms (GAs) are known as one of the algorithms that can seek out the global
minimum, based on the heuristic assumptions that the best solutions will be found in the regions
of the parameter space containing a relatively high proportion of good solutions and that these
regions can be explored by the genetic operators of selection, crossover, and mutation. For GA
of this application (Fig.27), the unimodal normal distribution crossover (UNDX) and minimal
generation gap (MGG) are employed as crossover and selection, respectively. The mutation is
not employed.

Initial population | Generation=1

{

> Evaluation for fitness

ter = max generation
or
Fitness< €

Next generation

Selection (MGG)

v

Crossover (UNDX)
|

Fig.27 Flowchart for GA
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2.1 Start
Execute “CADLIVE SetGA” on the MATLAB command window to start the GA, the

“CADLIVE_SetGA” window is displayed (Fig.28).

Users edit number of maximum generation, termination condition, number of population,
number of children generated, search type, and alpha and beta in UNDX in “Edit GA condition”.
Analysis type indicates the analysis type for model of the current folder, “Steady-state analysis”,
“Dynamic Analysis” or “S-system”. If users change the analysis type, they need to change the
analysis type in section 1.5.

CADLIVE_SetGA o] @ ([
— Edit G4 Condition Analysis type
MNumber of maximum generation : a0 |7 Dynamic Analysis
Termination condition : 1e=21 — Edlit Search Parameters
| Edit parameters
Mumber of population : 10
MNumber of children eenerated : 10 . i
— Edit Fitness Function
Search tvpe :
P log bl | Marual |
flpha in UMD : 05
| Upload |
Beta in UMD : nag
Cluit | Execute |

Fig.28 CADLIVE_SetGA window

*To execute the search by GAs, users need to input the initial values and parameters in section
1.5. The parameters can be edited by clicking the “Edit parameters” button.
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Table.1 Values that users are allowed to set with respect to each parameter.

Parameter Values

Number of maximum generation | Integer > 1
Termination condition Real value > 0
Number of population Integer > 1
Number of children generated Integer > 1
Search type log, real

Alpha in UNDX Real value > 0
Beta in UNDX Real value > 0
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2.2 Search parameter setting

By clicking the “Edit parameters” button, CADLIVE_param.m is opened in the MATLAB
editor (Fig.29). Users select the search parameters, which are optimized by GA. The search
parameters are written as follows;

param.(name)(index).d r s =‘S’;

‘S’ is a search parameter. Then, users set the search ranges (the lower and upper bounds) of the
search parameters.

param.(name)(index).lowerBound = 1e-6;

param.(name)(index).upperBound = le+4;

When the search ranges are not set, they are automatically set param.(name)(index).vaulex0.1
and param.(name)(index).vaulex10 as the lower and upper bounds, respectively. When
param.(name)(index).value = 0, the search range is 10°-10°.

[ ITF-t #— - Cr¥Users¥FO0¥Desktop¥StraightChain¥CADLIVE param.m =] =]
ITIE REE) FEANT BEG) IO W0 FwsE) » A x
NEH $RR29 0| o32- Aea i k-8B 0E B O «
BB - L0 [+ =11 | x |8 | @
25 - param.constantPlaver(3).tag = "E2.cxt’; TD
26 — paran.constantPlaver (4).value = 1.0000e+000;
27 - param.constantPlaver (4} .num_survey = 0;
28 - param.constantPlaver(d).d_r_s = 'D7;
29 — param.constantPlayver(d).tag = "E3.cvt’;
an - paran.constantPlayer (5).value = 1.0000e+000;
il - param.constantPlaver (3).num_survey = 0;
az - param.constantPlaver(5).d_r_s = '07;
a3 - param.constantPlayer(8).tag = "Ed.cvt’;
a4 - param.@({1).value = §.0000e-001;
36 - param.Q{1).lowerBound = 1.0000e-006;
a6 - param.@(1).upperBound = 1.0000e+004;
aw - param.Q01 ) .num_survey = 0; |
ag - param.G{1).d_r_s = "37; 3
g - param.G{1).tag = "reaction_rate constant E1.cwt B0.cwt _MMW";
40 - param.@(2).value = B.0000e-001;
41 - param.@(1).lowerBound = 1.0000e-005;
42 - param.@{1).upperBound = 1.0000e+002;
43 — param.3(2).num_survey = 0;
44 — param.Q(2).d_r_s = "58";
45 — param.G(2).tag = "reaction_rate constant EZ.cwt H1.cwt MMW";
46 — param.@(3).value = 0.0000e+000;
47 - param.Q(3) .num_survey = 0;
a3 - param.Q(3).d_r_s = "87;
45 - param.G(3).tag = "reaction_rate constant E3.cwt B2.cwt MMT;
50 — param.@(4).value = 8.0000e-001;
51 — param.Q(4) .num_survey = 0; i
CADLIVE_param 38 Rl 25 | IEE=

Fig.29 CADLIVE_param.m for set of search conditions
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2.3 Fitness function setting

By clicking the “Manual” button, the file CADLIVE_getFitness.m is opened if the file exists in
the current folder. If the file does not exist, the file is newly made and opened (Fig.30).
CADLIVE_getFitness.m is a file for setting a fitness function. Users write a fitness function
below “%input a fitness function below” according to the MATLAB language. In “Steady-state
analysis”, “y(col)” is steady-state values. In “Dynamic Analysis”, “y(row,col)” indicates the
time-dependent variable, where “row” is the monitoring index and “col” is index of the
dependent variable. An index value in y corresponds to the index of “Y_START” in
CADLIVE _initial.m. “t” is time. The fitness function is defined as the minimization problem of
fitness>0. fitness=0 indicates that a set of the parameters is completely optimized with

respect to the fitness function.

[ ITFr #— - C¥Users¥FO0¥Desktop¥sample¥DirectedModel¥ CADLIVE_getFitness.m ===
FrAIE) REE FTFEAND) BEGE TG VIO FOwAER) FRLbwID) D RO H N A X
DEHE| sRR20 |2 - Aeni - BREBE|~~= fx a -
EE| -1+ | 211 | x e @

1 Function fitness = CADLINE _getFitness(y,t) O
2 ¥t is time.

3 % wical) is steadv-state values and t is not used, if analvsis twpe iz steadv-state analvsis.

4 % virow,col) is dvnamics of each dependent variable, if analvsis tvpe is dvnamic analvsis.

§ % row is index of walue according to t and col is index of dependent variable.

&

7= fithess = 0;

8

q ¥input a fitness function helow.

10

CADLIVE_getFitness "1 | ==

&

Fig.30 CADLIVE_getFitness.m
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For “Dynamic Analysis”, users can set the fitness function as the sum of squared errors (SSE).
Users make a file with time-course data (Fig.31) such as experimental data. The fitness function
is set as the SSE (Fig.32). When clicking the “upload” button the file is uploaded. The SSE
should be minimized for a parameter set P.

ss,E(p)=ii[X"(P) y.,J |

i=1 j=1 yij

where xij(P) are the simulated data corresponding to the experimental or reference data yi. N is
the number of molecules for optimization. k is the number of the experimental data.

Here, the fitness function is defined as the SSE using the data (Fig.32).

-

7] F24 bow F¥sample¥StraightChain¥SSE. ot - sakura 1.6.5.0 | o || & [k
DrAIAE) AREE(E) ER(C) 8RS V(D) F=EQ) T Fow)
~JLZF(H)
O @ v Hid| 9 o |%@@@%%&3é‘e~§é°ﬁl-ﬂ‘lﬁﬁil”=
o e 2 3 4 18 6,
1 |time #1.cvt X .owt %3 .owt }{4 oyl = i
7 [0.00E+00°  0.00E+00°  O0.00E+00°  0.00E+00°  0.00E+00<
5 [3.00E-02°  H.20E-03°  5.90E-03°  4.B2E-03°  5.B4E-05«
4 (1.60E-M 1.17E-02"  7.78E-03" G.3RE-03" G.5RE-03+
5 |2.40E-01°  1.30E-02°  §.B8E-03°  7.18E-03°  G.40E-D5«
B [3.20E-01"  1.37E-02°  9.18E-03°  7.B4E-03"  B.B4E-05«
7 [4.00E-01"  1.41E-02°  9.47E-03°  7.88E-03"  7.09E-05«
8 [4.80E-M 1.44E-02" 9.BRE-03" &.04E-03"  7.23E-03+
5 [5.60E-M 1.46E-02"  9.78E-03"  &8.14E-03"  7.32E-03+
10 |6.40E-01°  1.47E-02°  9.82E-03°  8.18E-03°  7.38E-03«
11 [7.20E-01"  1.47E-02°  9.BBE-03"  8.23E-03°  7.41E-03«
12 |6.00E-01"  1.48E-02°  9.89E-03"° §.25E-03°  7.43E-03<
13 |8.80E-01 1.48E-02"  9.90E-03" 8.27E-03" 7.44E-03+«
14 |8.B0E-01"  1.48E-02°  9.91E-03°  8.27E-03°  7.45E-03«
15 |1.00E+00°  1.48E-02°  9.82E-03"  §.28E-03°  7.4BE-03«
J 4 I F
16f 14#f  CRLF 5115 =N

Fig.31 File for SSE

38



[ IF & — - Ci¥Users¥FO0¥Deskkop¥sample¥StraightChain¥CADLIVE_getFithess.m

=N EoR =

I7AIE) SRE(E) FEAMRI) HBENG) L =) FUSedB) FARASbwID) Do B AJLDH) a2 x
A= S B - e B - E KGR R E RS | 25y si) c-2 o0~
BIE| - 10 [+ | =11 | x|t | @
1 PéSquared errar =
2 function fitness = CADLIVE getFitness(y,t)
3
4 - fitness = 0;
h
g - Texp(1,11=0.000000e+000;exp(1,17=0.000000e+000;Yexp (1,23=0.000000e+000;Yexp (1,3)=0.000000e+000; exp (1,4)=0.1
7 - Texp(2,1)=8.000000e-002;Yexp(2,1)=9.200000e-003;Yexp (2,2)=5.900000e-003;Yexp (2,3)=4.620000e-003 ;Yexp (2,4)=3.4
8 - Texp(3,1)=1.600000e-001;Yexp(3,1)=1.170000e-002;Yexp(3,2)=7.780000e-003;Yexp (3,3)=6.360000e-003 ;Yexp (3,4)=5.1
9 - Texp(4,1)=2.400000e-001 ;Yexp (4,13=1.300000e-002 ;¥exp (4,2)=8 .680000e-003 ;¥Yexp (4,3)=7 . 190000e-003 ; ¥exp (4,416 . 4
m - Texp(5,1)=3.200000e-001;Yexp(5,1)=1.370000e-002 ;Yexp(5,2)=9.180000e-003;Yexp (5,3)=7.640000e-003;Yexp (5,4) 6.4
1 - Texp(6,1)=4.000000e-001;Yexp(f,1)=1.410000e-002;Yexp (F,2)=9.470000e-003;Yexp (6,3)=7.830000e-003 :Yexp (B,4)=7.(
12 - Texp(7,1)=4.800000e-001;Yexp(?,1)=1.440000e-002 ;Yexp (7,2)=9.650000e-003;Yexp (7,3)=8.040000e-003 ;Yexp (7,4)=7.1
13 — Texp (8,1)=5.600000e-001 ;Yexp (8,1)=1.460000e-002 ;¥exp (8,2)=9.780000e-003 ;¥Yexp (8,3)=0.140000e-003 ;¥exp (8, 41=7.3
14 — Texp(9,1)=6.400000e-001;Yexp(9,1)=1.470000e-002 ;Yexp(9,2)=9.820000e-003;Yexp (3,3)=8.130000e-003 ;Yexp (9,4)=7.1
15 — Texp (10,1)=7.200000e-001;Yexn(10,1)=1.470000e-002 ;Yexp(10,2)=9.860000e-003;Yexp (10,3=8.230000e-003 ;Yexp (10,2
16 — Texp(11,1)=8.000000e-001;Yexp(11,1)=1.460000e-002 ;Yexp(11,2)=9.890000e-003;Yexp (11,3)=8.250000e-003 Yexp (11,
17 - Texp(12,1)=8.800000e-001 ;Yexp(12,1)=1.480000e-002 ;¥exp (12,21=9.300000e-003 ;¥exp (12,3)=8.2700000-003 ;Yexp (12, 4
18 — Texp(13,11=9.600000e-001;Yexp(13,1)=1.480000e-002 ;Yexp(13,21=9.910000e-003 ;¥exp (13,3)=8.270000e-003 ;¥exp (13,4
19 - Texp(14,1)=1.000000e+000;Yexn(14,1)=1.480000e-002 ;Yexp(14,2)=9.920000e-003;Yexp (14,3)=8.280000e-003 ;Yexp (14,
20
21 K1 .ovt
22— yil:,1izinterpl (t,y(2,1),Texp, "spline’);
23 WH2 .ot
24 — viln,2)zinterpl (t,y (2,8),Texp, "spline’);
25 K5 .ovt
6 — yi(:,3)zinterpl (t,y(:,3),Texp, "spline’);
27 Wd.ovt
28— vi(,d)zinterpl (t,y (2,4),Texp, "spline’);
29
an - numberOfExperiment = 14;
8l |= number(fFitParam = 4;
32 - for i=1inunberOfFitParan
31 - for j=1:numberCfExperinent
24 - if Yexp(i,i) ==10
35 - fitness = fitness + (vi(i,i)-Yexp(i,i1)"2;
0 - else
a7 - fitness = fitness + ((vi(i,i)-Yexn(J, 1)) Mexp(d,i))72;
3 - end
| - end
an - end
4
Io‘ m 3
CADLIVE_param.m = [CADLIVE_getFitness.m x]
CADLIVE_getFitness 1 1 | £EE

Fig.32 CADLIVE_getFitness.m input as SSE
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2.4 Execution
By clicking the “Execute” button, the GA search is executed. During the optimization, the

progress bar is displayed (Fig.33). The number indicates (number of generation calculated) /

(maximum number of generation).

r GA Progress E =] @

137200

] |
Cancel

Fig.33 Progress of the GA search

When the optimization finishes, the graph for changes in the fitness with respect to generation
(Fig.34), the value of best fitness, and the simulation result with the optimized parameters are
displayed (Fig.35), and OptimizedParameter.mat and CADLIVE_OptParam.m are output.
OptimizedParameter.mat is the data of the parameters optimized by GA, and
CADLIVE_OptParam.m is the file for calling OptimizedParameter.mat. When the content in
CADLIVE_OptParam.m is copied into CADLIVE_param.m, users can simulate the model with

the optimized parameters.

& Figure 1 =0 E=l =)
FrANE) BEE) EFRN BAQLD YT FALbwD D B0 ALFHY)

Odde | kRO EL- 2|08 = O
50¢

4017

30 | o

Fithness

20t

109 50 100 150 200

Generation

Fig.34 Fitness graph
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B Results

=8 Eoh ==

[ Show Make 5 _Param Result ] [Show Eigen Walues ] [ Expart GV ] [ Export MATLAB ]

Resuliis y[1].%1 eyt | y[2]X2.cyt | y[3].X3.cvt | y[4]34. oyt
0.000E+000 ] i] 0 0 'S
2.000E-002 9.5308e-04 1.5904e-04 E.A070e-06 50101 e-03 =
4. 000E-002 00017 4 TT6de-04 36052e-05 9. 1060e-07 £
2, 000E-002 0.0024 5 5836e-04 9792 e-05 3.7530e-06
&.000E-002 0.0030 00013 1 .9236e-04 1.0053e-05
1.000E-001 0.0036 00017 34757e-04 2424de-05
1.200E-001 0.0041 0.0021 4 7052e-04 38535203
1.400E-001 0.0046 0.0025 5 .48399=-04 E.3163e-05
1.600E-001 0.0051 0.0023 54901 e-04 96143e-05
1.800E-001 0.0056 0.0033 0.0011 1.3856e-04
2.000E-001 0.0060 0.0037 0.0013 1.9057e-04 i

Cloze

Fig.35 Result for the simulation with optimized parameters
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3 TPS

Two-Phase Search (TPS) smoothly combines a random search with an evolutionary algorithm to
achieve both nonbiased and high-speed searches for a large parameter space (Fig.36). Use of
QMPS with the TPS reveals the mechanism of how a particular architecture is related to

robustness in complex regulations.

A

RS >

Is the number of
solutions sufficient ?

Randomly create a parameter vector P

v

Store P as a solution

no i B
Fitness(P) < AEC 2

Yes A coarse solution
provided by RS

»

v r===-=-=== -=--1
l % [
Execute GA, where the initial population is created around P ! 1
1% xX 1
v ' |
! [
X @ yi|re
Does an individual : :
whose fitness < AE | |
gmerge in GA ? X X X
| x I
Store the individual as a solution RIG
| x: Created individuals
around a coarse solution
for the initial population for GA

Fig.36 Schematic diagrams of the TPS method (Fig.1 in [6])

A: Aflow chart for TPS that consists of a random search (the first phase) and a search by GAs
(the second phase). B: How to create the initial populations for the second phase search by GAs.
AE, AEC and RIG indicate the allowable error, the allowable error for the coarse solution, and
the region of the initial population for the search by GAs, respectively.
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3.1 Start

Execute “CADLIVE SetTPS” on the MATLAB command window to start the TPS, the
“CADLIVE_SetTPS” window is displayed (Fig.37). In “Dynamic Analysis”, users can select
whether QMPS is executed because QMPS may require a long calculation time. In “Steady-state
Analysis”, QMPS is always calculated.

Bl CADLIVE_SetTPS ==
— Edit TP Condition — Analysis Type
Mumber of olution : 100 Dynmamic Analysis
— RS condition
AE - 1e=F — Edit Search Parameters
| Edit parameters |
— G& condition
AEC : le-3 — Edlit Fitness Function
RRIG : na
| Manual |
Mumber of maximum generation : 100
Mumber of lation : b
umber of population | Upload |
Mumber of children generated : 5
Search type : log - _Edit OMPS
filpha in LMD : 05 Galeulate 7
] Delta : 000
Beta in LMD : 135
| Target function |
Cluit | Execute |

Fig.37 CADLIVE_SetTPS window

AE: Allowable error, AEC: Allowable error for the coarse solution, RRIG: Relative value of the
region of the initial population for the search by GAs (RIG) to the search region of each
parameter.

* To execute the TPS, users need to input the initial values and parameters in section 1.6. The

parameters can be edited at the “Edit parameters” button.
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Table2 Values that users are allowed to set with respect to each parameter.

Parameter Values

Number of solution Integer > 1
AE Real value > 0
AEC Real value > AE
RRIG Real value > 0
Number of maximum generation | Integer > 1
Termination condition Real value > 0
Number of population Integer > 1
Number of children generated Integer > 1
Search type log, real

Alpha in UNDX Real value > 0
Beta in UNDX Real value > 0

Here, we set the objective function as follows:

X 4(t) —5x107 jz

objective function = —
5x10

where X4(t) is the value of X4 on the end time. The target functions are the values of X1, X2,
X3 and X4 on the end time, shown as Fig.21.

3.2 QMPS on TPS

QMPS on TPS may require a long calculation time because it calculates QMPS with respect to
many plausible solutions obtained by TPS. When QMPS is calculated, users check the checkbox
beside “Calculate ?”. The “Delta” and “Target function” are described in section 1.7.1. In
“Steady-state Analysis”, QMPS on TPS is always calculated.
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3.3 Execution

By clicking the “Execute” button, TPS is executed. During the process, the progress bar is
displayed (Fig.38). The number indicates (humber of solution calculated) / (number of solution).
When the calculation for TPS finishes, two files (TPSresultinfo.dat (Fig.39), TPSresult.mat) are
output. When QMPS is calculated, the progress bar for QMPS is displayed (Fig.40). The
number indicates (number of solution calculated) / (number of solution) and (number of single
parameter sensitivity calculated) / (number of parameter) for QMPS. When the calculation for
QMPS finishes, the file TPStoQMPS.mat is output and the cumulative frequency distribution
for QMPS is displayed (Fig.41).

rTF’S Progress E =] @

71100

- I
Cancel

Fig.38 Progress of TPS
* If suitable parameters with respect to the fitness function are not searched or the TPS fails,

users can check the fitness on the MATLAB command window, and can change the values of
AE and AEC.
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#5224 b w ZF¥QMPStest¥StralghtChain_dynamicsT PSresultinfo. dat - sakura 1.6.5.0 =n =
ITAIE) REE) =R BFEE YoMD BEEQ D RO ALTH)

D@ rHd|[0 o5 P oS AW E

10 1 i 12 1 13 1 14 1 15 1 16 1 A 1 18 1 19 1 110, . 110, .y Nz,
E§Conditions v ]
Humber of solutions setting: 100+

AE: 1.000000e-005+

WEC: 1.000000e-003+

RRIG: 0.200000+

Munber of maximum generation: 100+

Munber of population: 5+

Humber of children generated: 5+

Search type: logs

i pha: 0.500000 +

Beta: 0.350000+

4

$$Perfonances

Calculation time: 0 hour 20 min 24 secs

Humber of trials for TPS: 14480+

EVA: 29640+

17 Mumber of solutions obtained: 100+

18 Mumber of solutions obtained in RS: 10+

19 Mumber of solutions obtained in GhA: 90+

20 Number of solutions obtained in first generation of GA: O+

21 |+
22 [$$search parameters.

23 |parameter name” average standard devialion” max"min"median” setting upperbound” setting lowerbound s

24 [@(1)"  8.695361e-001" 9.565007e-001" 4.593795e+000" 6.156628:-002" 4.712156e-001" 5.000000e+000" 5.000000e-002"

R OM gm0 R — O ED OO —ad OO e GO R —

+

25 [@(2)°  1.085856e+000° 1.157561e+000° 5.085436e+000" 7.151516e-002" 6.420540e-001" 6.000000e+000° 6.000000e-002°

26 [3(3)°  1.0B6155e+000" 1.143580e+000" 4.950537e+000" §.786865e-002" 5.999591e-001" 7.000000e+000" 7.000000e-002"

27 [@(4)"  1.560503e+000" 1.513161e+000" 7.553053e+000" 1.118651e-001" 1.084181e+000" 6.000000e+000° 8.000000e-002"

28 [@(5)"  1.120820e+000" 1.185560e+000° 8.183079e+000" 1.317085e-001" 7.473011e-001" 9.000000e+000° 9.000000e-002°
29 lmich(1)"  5.8532268e-0053" 35.435235e-003" 1.7B6277e-002° 2.033895e-004" 2.051497e-003" 2.000000e-002" 2.000000e-004" o
30 kmich(2)”  5.991500e-005" 6.620959e-003" 2.544204e-002" 5.181860e-004" 5.015181e-003" 5.000000e-002" 3.000000e-004"
31 [kmich(3)"  £.329837e-005" 6.201076e-003" 3.577664e-002° 4.210945e-004" 4.454410e-003" 4.000000e-002"  4.000000e-004"
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Fig.39 Result for TPS
The file TPSresultinfo.dat is written condition and performances for TPS, and statistics with
regard to search parameters.
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TPSresult.mat

[Structure variable “searchParam”]

Field Meanings
paramName | Parameter name
paramlindex Index of paramName
upperBound | Upper bound of parameter search
lowerBound | Lower bound of parameter search
newValue Ignore
[Structure variable “solution”]
Field Meanings
fitness Value of fitness
paramValue | Vector of the parameter with respect to index of
searchParam
type Method when the result is obtained

‘RS’: Random search
‘GA’: Genetic algorithm
‘GAinit’: First generation of GA
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TPStoQMPS.mat

Variable Meanings

QMPS Value of QMPS

tag Target number when “Dynamic Analysis”
Name of variable when “Steady-state Analysis”
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4 Execution on command line

Users can use the simulator, GA, TPS and QMPS without GUI.

4.1 CADLIVE_simulator

This is the command for executing simulation.

Preparations:
CADLIVE_initial.m, CADLIVE_param.m, CADLIVE_fvec.m and CADLIVE_fjac.m in the
current folder.

Command:
SimResult = CADLIVE_simulator();

Return:
SimResult : Simulation result (structure variable)

[Structure variable “SimResult”]

Field Meanings

Result Success or fail (true or false)

Result_data | Structure variable of simulation result according to
analysis type
The details are described in follow Table.

Y Final values after simulation

Y _pre Initial values

tag Name of each dependent variable
Eigen Eigen values

S_Param Parameters for S-system
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[Structure variable “Result_data” in dynamic analysis]

Field Meanings
time Time
Y Dynamics of each dependent variable

[Structure variable “Result_data” in steady-state analysis]

Field Meanings

sensitivity Sensitivity to each parameter and QMPS for the change of
“NR_SENS_CW?” of “CADLIVE_CTL” in section 1.6.1

[Structure variable “Result_data” in S-system analysis]

Field

Meanings

STDValueFlux

STD Values and Fluxes

LogGainMetabo

Logarithmic Gains of Metabolites

SensMetaboRateConst

Sensitivities of Metabolites with respect to
rate constants

SensMetaboKinOrder

Sensitivities of Metabolites with respect to
Kinetic orders

LogGainsFlux

Logarithmic Gains of Fluxes

SensFluxRateConst

Sensitivities of Fluxes with respect to rate
constants

SensFluxKinOrder

Sensitivities of Fluxes with respect to kinetic
orders

50




When users simulate with change of initial values and/or parameters iteratively, users can use
the following command.

Preparations:
CADLIVE_initial. m, CADLIVE_param.m, CADLIVE_fvec.m and CADLIVE_fjac.m in the
current folder.

Command:
SimResult = CADLIVE_simulatorForlteration(CADLIVE_CTL, Y_START, param, event);

Return:
SimResult : Simulation result (structure variable)

Example:
[CADLIVE_CTL Y_START]=CADLIVE_initial();
[param, event]=CADLIVE_param();
for i=1:5
Y_START(1).value = 0.1*i;
SimResult(i) = CADLIVE_simulatorForlteration(CADLIVE_CTL, Y_START, param,
event);
end
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4.2 CADLIVE_myGAcommand
This is the command for executing GA. If the search by GA is successful,
OptimizedParameter.mat and CADLIVE_OptParam.m are output.

Preparations:
CADLIVE initial.m, CADLIVE_param.m, CADLIVE_fvec.m, CADLIVE_fjac.m and
CADLIVE_getFitness.m in the current folder.

Command:
[SimResult fitness] = CADLIVE_myGAcommand(...
n_generation, n_population, n_children, allowable_error, searchType, alpha, beta);

Arguments:
n_generation : Number of maximum generation ; Integer > 1
n_population : Number of population ; Integer > 1
n_children . Number of children generated ; Integer > 1
allowable_error : Termination condition ; Real value > 0
searchType : Search type ; log, real
alpha . Alpha in UNDX ; Real value > 0
beta : Betain UNDX : Real value > 0
Return:
SimResult : Simulation result with optimized parameters
fitness . Fitness values
Example:

[SimResult fitness]= CADLIVE_myGAcommand(100, 5, 5, 1e-20, 'log', 0.5, 0.35);
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4.3 CADLIVE_myTPScommand
This is the command for executing TPS. If the search by TPS is successful, two files

(TPSresultinfo.dat (Fig.39), TPSresult.mat) are output.

Preparations:
CADLIVE initial.m, CADLIVE_param.m, CADLIVE_fvec.m, CADLIVE_fjac.m and
CADLIVE_getFitness.m in the current folder.

Command:
[solution searchParam info flag] = CADLIVE_myTPScommand(term_n_solution, ...
AE, AEC, RRIG,...

n_generation, n_population, n_children, ...

searchType, alpha, beta);

Arguments:
term_n_solution Number of solution ; Integer > 1
AE Allowable error for random search ; Real value > 0
AEC Allowable error for the coarse solution ; Real value > AE
RRIG Relative value of the region of the initial ; Real value > 0
population for the search by GAs (RIG) to the
search region of each parameter
n_generation Number of maximum generation ; Integer > 1
n_population Number of population ; Integer > 1
n_children Number of children generated ; Integer > 1
searchType Search type ; log, real
alpha Alpha in UNDX ; Real value > 0
beta Beta in UNDX : Real value > 0
Returns:
solution Result (structure variable)
searchParam Condition of search parameter (structure variable)
info Information of the result (structure variable)
flag Success or failed (flag=0 or flag <0)
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Example:

[solution searchParam info flag] = CADLIVE_myTPScommand(100, 1le-3, 1.01, 0.2,...

100, 5, 5, 'log’, 0.5, 0.35);

[Structure variable “solution”]

Field Meanings

fitness Value of fitness

paramValue | Values of search parameters

type Search method obtained the result;
‘RS’, ‘GA’, ‘GAinit’

[Structure variable “searchParam”]

Field Meanings

paramName | Parameter name

paramlndex Index of paramName

upperBound | Upper bound of parameter search

lowerBound | Lower bound of parameter search

newValue Ignore

[Structure variable “info”]

Field Meanings

n_trail Number of trials for TPS

n_rs Number of parameter set obtained
in random search

n_solution Total number of parameter set

obtained by TPS

n_coarse_solution

Number of trials by GAin TPS

n_solution_obtained_in GA

Number of parameter set obtained
in GA

n_solution_obtained_in_first generation

Number of parameter set obtained
in first generation of GA

n_evalution

Number of evaluations for fitness
function (EVA)

*The indices of “paramValue” of solution correspond to those of “searchParam”.
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4.4 CADLIVE_DispFigure

This is the command for displaying a figure of the result in dynamic analysis.
CADLIVE_DispFigure.m is output in the current folder when “Dynamic analysis™ is successful
(section 1.7.1). When users execute the simulation on the MATLAB command window, the
resultant simulation can be displayed by using this command (Fig.42).

Preparations:
SimResult = CADLIVE_simulator(); or load a file output by “Export MATLAB”

Command:
CADLIVE_DispFigure( timeStep, v, y_tag);

Arguments:
timeStep : Time
y . Dynamics of each dependent variable
y_tag . Names of each dependent variable
Example:

CADLIVE DispFigure(SimResult.Result data.time, SimResult.Result data.y, ...
SimResult.tag);
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Fig.42 CADLIVE_DispFigure

55



4.5CADLIVE_DispCumulFregQMPS,
CADLIVE_DispHistFreqQMPS,
CADLIVE_DispHistCumulFreqQMPS

These are the commands for displaying the QMPSs on TPS. In CADLIVE_SetTPS (GUI) in
section 3, it displays the cumulative frequency distribution of QMPS on a certain state for the
mathematical model by the command CADLIVE_DispCumulFreqQMPS. Using these
commands on command line, it can simultaneously display the distributions for QMPSs among
some models (e.g. wild-type model and knockout models or non-branching model and
branching models), where robustness of them can be characterized by their QMPSs.
CADLIVE_DispCumulFregQMPS displays a cumulative frequency distribution with all data
points for the values of QMPS (Fig.43). CADLIVE_DispHistFreqQMPS displays a histogram
for a frequency distribution (Fig.44). CADLIVE_DispHistCumulFreqQMPS displays a
cumulative frequency distribution whose data points are smoothed by the values of the bin for
histogram instead of the actual values of QMPS (Fig.45).

Preparations:
load TPStoQMPS.mat

Commands:
CADLIVE_DispCumulFregqQMPS(QMPS, tag);
CADLIVE_DispHistFreqQMPS(QMPS, tag, nbin, Ib, ub);
CADLIVE_DispHistCumulFreqQMPS(QMPS, tag, nbin, Ib, ub);

Arguments:
QMPS . QMPS; each column is corresponding to QMPS for each target
tag . Name of target function
nbin . Number of classes for the histograms
Ib : Lower bound of the histograms
ub . Upper bound of the histograms
Example:

cd (the folder for the StraightChain model);

load TPStoQMPS.mat;

Q(:,1)=QMPS(:,1); t(1)=cellstr(‘Straight’);

cd (the folder for the model having two branches);
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load TPStoQMPS.mat;

Q(:,2)=QMPS(:,1); t(2)=cellstr(‘Branch2’);

cd (the folder for the model having three branches)
load TPStoQMPS.mat;

Q(:,3)=QMPS(;,1); t(3)=cellstr(‘Branch3’);

cd (the folder for the model having five branches)
load TPStoQMPS.mat;

Q(:,4)=QMPS(:,1); t(4)=cellstr(‘Branch5’);
CADLIVE_DispCumulFreqQMPS(Q, t);
CADLIVE_DispHistFregqQMPS(Q, t, 20, 6, 11);
CADLIVE_DispHistCumulFregqQMPS(Q, t, 20, 6, 11);
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4.6 CADLIVE_optimtool

This is the command for executing GAs by using the optimization toolbox
(www. mathworks.co.jp/jp/help/gads/genetic-algorithm.html). To use this command, users buy
the optimization toolbox provided by Mathworks Inc. If the search by GAs is successful,
OptimizedParameter.mat and CADLIVE_OptParam.m are output.

Preparations:
CADLIVE _initial.m, CADLIVE_param.m, CADLIVE_fvec.m, CADLIVE_fjac.m and
CADLIVE_getFitness.m in the current folder.

Command:
[SimResult fitness] = CADLIVE_optimtool(options)

Arguments:
options : Option according to optimization toolbox
(http://www.mathworks.co.jp/jp/help/gads/genetic-algorithm-options.html)
No argument is set options = gaoptimset(@ga).
Return:
SimResult : Simulation result with optimized parameters
fitness . Best fitness value
Example:

[SimResult fitness] = CADLIVE_optimtool();
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