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Using SAAM 11 Working with Parameters

Working with Parameters

Prerequisites

The prerequisite for this tutorial is having worked through the SAAM 11
introductory tutorial, “Getting Started with SAAM II Compartmental.”

What you will learn in this tutorial

The purpose of this tutorial is to show you how to use the different options in SAAM II to
define and use the most commonly used types of parameters. You will learn

How to use the Parameters dialog box (Part 1a)

How to hand-fit a model to data (Part 1b)

How to use the Transfer and Loss Attributes dialog boxes (Part 2)
How to create nonlinear transfers (Part 3)

This tutorial is divided into parts to which you can refer individually for specific
information. Once you know how to enter parameters in the Parameters dialog box, you
can proceed to any specific part of this tutorial without needing the information that
preceded it.

Files Required
Study Files: The study files for this tutorial are

study 0 Para.stu
study 0.stu

These files are included as part of this tutorial. The file study_0.stu is the same as
study 0.stu that is installed in the SAAM II program folder and referred to in the
SAAM II User Guide. The file study_0_Para.stu is the same with the exception

that the Parameters dialog box is empty.
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Introduction

This tutorial is designed to show you have to use the different options available in SAAM
II to work with the most commonly used types of parameters.

The first two tutorials explain how to use the different features in the Parameters dialog
box by hand-fitting a model to data. The second explains how to use the features in the
Transfer and Loss Attributes dialog boxes. Taken together, this information will cover
most of what users will need to know about working with parameters in SAAM II.

The next tutorial explains how to create nonlinear parameters. The example used for the
nonlinear parameters is Michaelis-Menten. SAAM II is not restricted only to this; any
nonlinearity can be written using standard FORTRAN notation.

The tutorial, “Working with Parameters, Advanced” shows how to how to use the
different additional options in SAAM II to define and use refine parameters. The tutorial
covers the following issues:

e There may be instances, when the loss is at a constant rate independent of the
mass in the i compartment. In these cases, a zero-order loss is required.

e A multicompartmental model in SAAM II is specified by the compartments,
transfers and losses. The transfers k(7,j) and losses k(0,i) specify the terms in the
different differential equations created internally by SAAM II. These are called
the primary parameters. Often there are a number of parameters — volumes,
clearances, absorptions — that are functions of these primary parameters. These
parameters can be specified as variables in the Equations dialog box.

e Some models such as the commonly used two-compartment model can be
reparameterized based upon the desired secondary parameters.

e All adjustable parameters must have initial values specified with high and low
limits. For an adjustable parameter, if you simply enter a value and click Save,
SAAM II will create default high and low limits that are 10 times and 0.1 times
the initial value. SAAM II actually uses the information in the limits as part of
fitting. The information is a measure of how well you think you know your limits.
If your limits are widely divergent from the initial value, you may have trouble
fitting. This is because SAAM II thinks you don’t know the parameter very well.
On the other hand, if you know a parameter reasonably well, this information
should be included when you set the limits.

e Finally, SAAM II has implemented a partial Bayesian option. The Bayesian

option provides a means by which a priori information about a specific
parameter, or parameters, can be entered in the Parameters dialog box.
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Part 1. a. Work with the Parameters dialog box

This part of the tutorial will illustrate the very basic operations of the Parameters dialog
box.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental
main window will open.

2. Open the SAAM II Compartmental study file study 0 _Para.

a. The file study 0 Para.stu should appear in the file list; if it does not, find the
folder where you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window
will appear as shown below:

SN : ental - STUDY_U_PARAUS
rummmmmm

3. View the model and the experiment on the model.

a. Inthe SAAM II Toolbox, click Experiment. The model of the experiment
will appear as follows:
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This is the experimental model developed and used in the Getting Started with
Compartmental tutorial. The difference is that no parameter values have been
specified. If you examine the Data window, or the specifications for ex1 or s1,
you will find the study file is complete except for the parameter values. The
sample equation is “s1=ql/vol” so vol is a parameter.

4. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters ﬂ The Parameters dialog box will open, as shown below:

=101 %]

Low Limit High Limit

| Parameters
Name Tvpe Current
k(0 . 13
kil,Z) Adj
kiZ,1) Adj
wol Adj
i g
ame: k(0] " alue: I
Type:  Eived Laws Limit: I
+ Adjustable
High Lirnit; I
Done LCancel | Help

Notice that k(0,1) is selected and that its type is Adjustable.
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a. Type “0.1” in the Value box, and click Save. SAAM II will automatically
generate Low and High limits that are an order of magnitude smaller and
larger than the initial value. The Parameters dialog box will appear as

follows:
=101 x|
Name Type Current Low Limit High Limit
kiD,1} X 0.0100
kil,Z) Adj
EiZ,1) Adj
ol ad3j
Mame:  k[0.1) Walle: I.'I
Type:  Fined Loww Linit: [0.01000000
f+ Adjustable -
High Lirnit: |1 00000000
Done Cancel | Help |

b. Single-click k(1,2) to select it. Notice k(1,2) is highlighted, but the
information in the pane beneath the Parameters window has not changed.
The Parameters dialog box will appear as follows:
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~loix

Name Type Current Low Limit High Limit
k{0, 1) Adj 0_1000 o.olo0 1_0000
kiz,1} Adj
ol adj

Mame:  k[0.1] Walue: I.'I
Type: O Eixed Low Limit:[0.01000000
i+ Adjustable -
High Lirnit: |1_EIEIEIEIEIEIEIEI
Dane Cancel | Help |

c. Click Save. The values that you entered originally for (0, /) now appears as
the values for k(7,2). The Parameters dialog box will appear as follows:
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| Parameters o ]
Name Type Current Low Limit High Limit
(O, 1) ad3j o_10a0 0_.0loao 1l._00ao0
a.olao
EiZ,1) Add
wiol Ad]
Name: - K{0.1) Y alue: I.'I
Type: " Bived Low Limit: [0.01000000
f* Adjustable -
Highi Lirnit: |1.EIEIEIEIEIEIEIEI
Dane Cancel | Help

d. Double-click k£(2,1) to select it. Notice the name changes from k(0,1) to k(2,1)
beneath the Parameters window, and that the Value, Low Limit and High
Limit boxes have been cleared. The Parameters dialog box will appear as
follows:
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|} Parameters =10] x|
Name Type Current Low Limit High Limit
EiOo,1) Adj 0. looa a_olao 1.000a
Eil,z) Adj 0. lo0oa o_0olao 1._000a
wol Adj
Mame;
k2] " alue:; ||
Type: € Eived Loy Limnit I
f* Adjustable -
High Limit: I
Done Cancel | Help

Single-clicking versus double-clicking parameters. There are occasions when
you will be entering the same Value, Low Limit and High Limit for a
number of parameters. If this is the case, then once you have entered the
values for one parameter, you can single-click on each of the parameters to
select them, and click Save to associate the current Value, Low Limit and
High Limit with that parameter. Double-clicking a parameter will make it
active and clear the Value, Low Limit and High Limit boxes so you can
enter entirely new values.

e. Fork(1,2), enter “0.1” in the Value box, “0.01” in the Low Limit box and
“0.05” in the High Limit box. Click Save. The following warning message
will appear shown below superimposed on the Parameters dialog box:
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i

Name Type Current Low Limit High Limit
kio,. L1} Adj 0.1l000 o.01lo00 1_0000
Eil, Z) Ay 0.1l000 o.01lo00 1_0000
wol Ad
SAAM II Compartmental x|
' ‘: ERROR--= Parameter value has to be within specified limits.
L
I ame:
k2] Walue: |.1
Type: {~ Fixed ..
e T Low Limit: |0.01000000
f* Adjustable -
High Lirnit; I_I]E

Dane I LCancel | Help

Default low and high parameter limits. If you enter Low Limit and High

Limit values directly, SAAM II will check to be sure that the Value that you
entered for the parameter is within these limits.

To fix the problem, click “OK” in the warning message box. Then enter “1” in
the High Limit box, and click Save.

Double-click vol to select it. Type “2000” in the Value box, and click Save.
The Parameters dialog box will appear as follows:
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plaTky
Name Type Current Low Limit High Limit
k(0,1 Ad] o.1000 o.01l00 1._0000
E(l,2) Ad] 01000 0.0100 10000
E(Z, 1) Adj 01000 0.0100 1._000a0

AdJ

e vl Value: [2000
Type: O Fived Low Limit: [200, 00000000
&+ Adjustable -
High Limit: |znnnn_nunnnunn
Dane LCancel | Help

h. Click Done.

5. Solve the model and view the solution

a. Inthe Compute menu, click Solve, or alternatively, on the SAAM 11

Toolbar, click Solve ==,

b. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar,

click Plot @ The Plot and Table Variables dialog box will open. Be sure
the List All Variables check box is not selected.

c. Click s1:plasma to move this to the Current Selection pane.

d. Click Done. If the plot is not in semilog, in the View menu, click Semilog.
The plot will appear as follows:

Rev. 10/30/05
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=101x|

105 T T T T T T T T T I T T T I T

e. Close the Plot window.

You may continue to work with the Parameters dialog box in Part 1.b. of this tutorial.
Here you will learn some of the steps involved in hand-fitting your model to the data. If
you do not wish to continue working with the Parameters dialog box, you may Quit the
SAAM II Compartmental application.

Part 1.b. Hand-fit the model to the data.

It is always a good idea to hand-fit the model to the data. In this way, you will learn
which of the model parameters affect the different parts of the model solution. When you
hand-fit your model to your data, you will change the values of the parameters in the

Parameters dialog box.

1. In the View menu, click Model Labels, and then click Values. Your model will
appear as follows:
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=1

1.00e-001
1.00e-001

%. 00e-001

exl +

The names of the transfer &(7,j) have changed to their current numerical value.

oz

SAAM IT

Model labels. Y ou have the option to have the current values for the
parameters appear associated with your model. If the values, or name, do not

appear, this is because your compartments are too close together. Move the
compartments farther away from each other.

2. From the initial solution, it would appear that k(0, /) needs to be increased.

a. In the Show menu, click Parameters, or alternatively, on the SAAM 11

Toolbar, click Parameters H The Parameters dialog box will open.

b. Change the Value of £(0, 1) from “0.1” to “0.2”. There is no need to change
the Low or High Limits. The Parameters dialog box will appear as follows:
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|l Parameters 0] x|
Name Tvpe Current Low Limit High Limit
kiO,Ll}) z ] 0.0la0
E{l, 2} Adj o.100a0 o_olao 1l.000a0
E{Z,1) Adj o.100a0 o_olao 1l.000a0
wol Adj 20000000 Z00_ 0000 Zoooo. aooao
s ) Value: [0.20000000
Type: € Fieed Low Limit: [0.01000000
* Adjustable -
High Lirnit: |1 00000000
Done LCancel | Help

S5AAM IT

Hand-fitting. When you are hand-fitting your model to your data, you are
changing the numerical values of your model parameters. In general, during
this process, it is not necessary to adjust the Low Limit and/or High Limit
each time you change a value. An exception is when you set a value of a
parameter below the Low Limit, or above the High Limit; then you will need
to change the appropriate value. You should also change these values if, after
you hand-fit your model, a particular parameter value is near a limit, and you
are proceeding to Fit your model to your data.

c. Click Done.

3. Re-Solve the model and view the solution. The plot, in semilog mode, will appear
as follows:
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4. The model predicted value is still not decaying fast enough. Leave the Plot
window open. Set the Value of (0, 1) equal to “0.3”. When you close the
Parameters dialog box, the previous solution will disappear because the
parameter values have changed. Re-Solve the model. The plot will appear as

follows:

&M piot

=101 %]

105 T T T T T T T T T I

10

103 1 1 1 I 1 1 1 I 1 1 1 I
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5. Leave the Plot window open. The initial decay is not fast enough. Yet if you
increase k(0,1) again, the model predicted values will decay faster then the data.
Hence try increasing k(2,1) from “0.1” to “0.2”. When you Re-Solve the model,
your model and plot will appear as follows:

sl

2. 00e-001
1.00e-001
%.nne—mu

exl +

E¥plot =101 %]

4
1 (daoy=)

6. You see that increasing k(2, 1) has accentuated the break in the model predicted
curve. You should try adjusting k(1,2) to see how this affects the model solution.
Finally, you will note that the vol is a little off because the model predicted value
at time zero is greater than the data. Thus vol needs to be increased a little, say to
2200 or 2300.

7. When you have finished your hand-fitting exercise, you may proceed Quit the
SAAM II Compartmental application.

Quit the SAAM II Compartmental application. Do not save the changes to

study 0 Para since, if you do, the Parameters dialog box will contain the last set of
values you entered.
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Part 2. Using Transfer and Loss Attributes dialog boxes.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental
main window will open.

2. Open the SAAM II Compartmental study file study_0.

a. The file study_0.stu should appear in the file list; if it does not, find the folder
where you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window
will appear as shown below:

o’ v u La Y _| u .l.“.i_lx
Pl Cde Vew Show Computs Set Window Help
D| || & e EIEIES] =l @8 x|
=T |
|
I~ |Loes =
o — 10
o) | _-|ﬂ
SELECT madel function o component. T

3. View the model and the experiment on the model, and change the model.

a. Inthe SAAM II Toolbox, click Experiment. The model of the experiment
will appear as follows:
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k{2, 1)
ki1,2)

b. Modify the model by adding a loss from Compartment 2. Your model for the
experiment should appear as follows:

k(2,1)
k(1,2)

k(0,2)

4. Enter the parameter values as shown in the following Parameters dialog box:

|} Parameters =0 x|
Name Type Current Low Limit High Limit
(O, 1) adj o_10a0 o.olao 1l._00ao0
(0,2} _laoo O.010a0 ooao
E(l,2) adj 0. 1000 a.olan 1.00an
Ei{z, 1) adj o_10a0 o.olao 1l._00ao0
wol adj 20000000 ZO00.0000  Z0oooo_ooao
M g
ame: - k(0.1] Walue: [0.10000000
Type: { Fixed .
i s Low Limit: [0.01000000
* Adiustable -
High Lirnit: |1_EIEIEIEIEIEIEIEI
Dane Cancel | Help
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5. Solve the model and view the solution.

a. Inthe View menu, click Model Labels, and then click Values.

Model labels. You have the option to have the current values for the
parameters appear associated with your model. If the values, or name, do not
appear, this is because your compartments are too close together. Move the
compartments farther away from each other.

b. Inthe Compute menu, click Solve, or alternatively, on the SAAM 11

Toolbar, click Solve ===,

c. Plot the solution. The plot will appear as follows:

=10l.x]

105 1 1 1 1 1 1 1 1 1 I 1 1 1 I 1

103 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1

. |
1 (day=)

The model will appear as follows:
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s1

1.00e-001
1.00e-001

X 1. 00e-001 1. 00e-001

exl + +

You can see the current values for the k(i,j) appear associated with the transfer
and loss arrows. Obviously the model solution is not very satisfactory, but the
parameter estimates are still close enough to Fit the model to the data.

6. In the Compute menu, click Fit, or alternatively, on the SAAM II Toolbar, click

Fit II'LI The following warning message will appear together with the model and
the plot:

=1

1.62e-001

¢ 1.62e-001 1.21e-001

exl + +

FlCompute Log 10l x|
WARNING: The covariance matrix is unreliable and wmay indicate ;I
umultiple solutions. If available, the matrix should be used

for qualitative purposes only. Consider using Bayesian
estimation.

-

Kl v 4

First you can see the numerical values of the parameters and the fact that a good
fit of the model to the data has been obtained. However the warning message
indicates that the covariance matrix is unreliable and may indicate multiple
solutions. The covariance matrix unreliable message means that SAAM 11 is
having problems fitting your model to your data. This, together with the warning
there may be multiple solutions, usually means you have too many parameters in
your model, i.e. there are more parameters in the model than can be estimated
from the data. The last part of the warning message, consider using Bayesian
estimation, will be considered in a later part of this tutorial.

The problem is how to reduce the number of parameters. There are several

options which will be discussed below. The first will be fixing a specific
parameter.

Rev. 10/30/05 ParUS-19  ©2002 - 2005 University of Washington



Using SAAM 11

Working with Parameters

Close the Compute Log and Plot window.

7. Fix k(0,2) to a specified value — method 1.

a. In the Show menu, click Parameters, or alternatively, on the SAAM II

Toolbar, click Parameters H The Parameters dialog box will open.

b. Double-click k(0,2) to select it.

c. Select the Fixed option.

d. Type “0.05” in the Value box. Click Save. The Parameters dialog box will

appear as follows:

) Parameters i ]
Name Tvype Current Low Limit High Limit
L] Adj 0.1lels o.olao 1.0000
k= |:I:I'_;-7_":|
Eil, 2} Adj 0.1s19 o_olao 1.0000
E{E,1) Adj 0. 3048 o_olao 1.0000
wol Adj ZOEZ. 8435 Z00. 0000 Z0000, 0000

M armne:
ki0.2) " alue: I.EIE
R Loy Lt [0.01000000
 Adiustable -
Hih Lifnit: |1 00000000
Done Cancel | Help

e. Click Done.

f. Re-Fit the model to the data. The results are summarized as follows:
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oot Il
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=1

2.12e-001
2.33e-001

X 2. 55e-001

3.00e-002
exl
103 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
0 ] 4 A &
bl Statistics 10| x|

Parameter /Variable Talue Std.Dew. Coef. of Var. 95% Confidence Interwval
ki0,1) 0_Z54834 2. 4033%9e-002 9_43083=+000 0_Z019% D.SD’?'?‘L;I
ki0,2) 0_0s000 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **
kil,Z) 0_F3312 7.51191e-002 3. ZEZZle+001 0_0&8773 0.39847
kEiZ,1} 0_Z1135 1.7Z025e-002 8.11627=+000 017409 0.Z4981
wol Z3Z3_77068 3. 8L56F1le+001 1. 65946e2+000 ZZ38_8959Z Z40% . 64544

=

- Correlation Matrix - Covariance Matrix (ol _gb
Objective Scaled Data Wariance ;I

sl : plasma 1.336743e+001 1.113515=-001
Total objective 1.336743e+001
ATC 7.935987=+000
EIC 8_053995=+000

-
Kl Y

Jolo

S5AAM I

Fixed parameters. When you fix a parameter in the Parameters dialog box, it
will appear in the dialog box with a Value, but no Low Limit or High Limit.
When you “Fit” your model to the data, this parameter will not adjust. The
value for the parameter will be displayed in the Statistics window following a
“Fit”, but it will clearly be delineated as a fixed parameter.

g. Close the Statistics and Plot windows.
8. Fix k(0,2) to a specified value — method 2.

There is another method to fix k(0,2) to a specified value using the Loss
Attributes dialog box.
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a. Double-click on the loss k(0,2) from Compartment g2 to open the Loss
Attributes dialog box.

b. Inthe Equations pane, type “k(0,2) = 0.05”. The Loss Attributes dialog box
will appear as follows:

Loss Attributes x|

Transfer Coefficient;  k[0.2]

Reference Mame:
Flow Rate:  flux(0.2] = k[0.2] ¥ g2

Flaw Fiate Units: |mass£time

E quations :

k[0.2)=0.0 -l

— Parameter Data

k[0.2)

Typei————  Curent Parameter Ualue:|D.l]5EIEIEIEIEIEI
% Fixed L it B, 0 DOAO0
" Adiustable it (Crmit| T OB000000

Cancel | Help |

c. Click Done. If you open the Parameters dialog box, it will appear as follows:
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|:M Parameters

=101 x|

Name Type Current Low Limit High Limit
O.0100
E(l,2) adj 0.23321 o.0lan0 1.00an
iz, 1) adj 0O.Z1z0 o.0lan0 1.00an
wol adj Z3Z3.7707 Z00_ 0000 Z0000_ 0000
Name: k[0.1) Value: [0.25454371
[N E = Low Limit: [0.01000000
f* Adjustable -
High Limit: |1 00000000

Daone LCancel | Help

Notice k(0,2) no longer appears as a parameter. The reason is that it has been
defined as an equation in the Loss Attributes dialog box; SAAM II no longer
recognizes it as a parameter to be listed in the Parameters dialog box.

d. Re-Fit the model to the data. The results will be essentially identical to the
above with the exception of the information in the Statistics window which,

in this case, is shown as follows:
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Pstatistis =10/x|

Parameter /Wariahle Talue scd.Dev. Coef. of War. 9E5% Confidence Interwal
k(0,1) O.z25484 2 40232e-002 9_43083=+000 O_Z012& D.SD'?'?tl;I
E(l,2) 0_.F3313 7.E11%91e-00Z 3.2ZZEEle+001 O_0g773 0.33547
E(Z, 1) O0_.21135 1.720Z5e-002 &.11627=+000 0.17402 0.Z24981
ol Z3EZ_ V7068 3.8E6FZle+001 1.55%46=+000 ZE38._89E53F z408_£4544
E
- Correlation Matrix . Covariance Matrix
Objective Scaled Data Variance ;I
=l : plasma 1.336743=2+001 1.113E515=-001
Total obhjectiwve 1.336743=+001
ATC 7.93538%7=+000
EIC £.05323%535=4000
.
Kl :

o

SAAM IT

Notice k(0,2) does not appear as a fixed parameter as it did previously. The
reason is that it is now defined by an equation.

Parameters defined by an equation. What is the difference between this
solution and the previous one? The difference is in the case above, k(0,2) does
not appear in the statistics window. In the first case, k(0,2) is a parameter that
appeared in the Parameters dialog box. It just happened to be a fixed
parameter set to a specific value; this was reported in the Statistics window.
In the case above, k(0,2) is defined as an equation. It thus is no longer
considered a parameter by SAAM II in terms of optimization.

Close the Statistics and Plots windows.

Open the Loss Attributes dialog box associated with k(0,2), and delete the
equation “k(0,2) = 0.05”. Close the dialog box.

9. Write a constraint equation between k(0, 1) and k(0,2).

Suppose you know there is a relationship between (0, 1) and k(0,2). Suppose, for
example, you knew that (0, 1) was twice k(0,2). How would you specify this in
your model? This can be written “k(0,1) = 2*k(0,2)”, or “k(0,2) = 0.5*k(0,1)”.
The former would be written in the Loss Attributes dialog box associated with
k(0,1); the latter with the Loss Attributes dialog box associated with £(0,2).
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a. Double-click the loss (0, 1) from Compartment q1 to open the Loss
Attributes dialog box.

b. Inthe Equation pane, type “k(0,1) = 2*k(0,2)”. The Loss Attributes dialog
box will appear as follows:

x
Tranzfer Coefficient;  k[0,1]
Reference Mame: transfer(0.1]
Flows Rate: flux[0.1] = k[0.1] * g1

Flows B ate U rits; |mass£time

Equations :

K01 [=2K(0.2] =

— Parameter Data

k[D.1]

Type:———  Cunent Parameter Value:ll]_254843?1
¢ Fixed Lows Limit:| 0.01 000000
@ Adjustable High Limit| 1.00000000

Cancel | Help |

c. Click Done.

d. Solve the model. The following warning message will appear:

SAAM II Compartmental x|

' E ERROR--= Initial values musk be assigned to all parameters prior to solving or Fitking.,
L

The warning message appears because a value for k(0,2) has not been
specified.

Click “OK”.
e. Open the Parameters dialog box.

(1) Double-click £(0,2) to select it.
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(2) Be sure k(0,2) is set as an adjustable parameter.
(3) Type “0.05” in the Value box.

(4) Click Save. The Parameters dialog box will appear as follows:

i

Name Type Current Low Limit High Limit
(1,2} Ad 0_2331 o.olao 1l._00ao0
iz, 1) adj O_Z1Z0 o.olao 1l._00ao0
wol adj ZAEZ_TT07 Zoo.aooo  Z0oo0o_oo0ao0
M g
ame: ki0.2] alle: I.EIE
et JE:=d Low Limit: {0.00500000
* Adjustable -
High Lirrit: |u_5mnnnnn
Done Cancel | Help

(5) Click Done.

f. Re-Solve the model. The model will now solve because all parameter values
have been specified.

h. Fit the model to the data. The results are summarized as follows:
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T JRI=TE
=1
2.69e-001
1.84e-001
¢ 1.98e-001 9.91e-002
exl | i
103 PR T TR NN TN SR TR AN T TR T SN SR SR T
i 2 4 R L]
I, =] 3

Parameter /Variahle Value Std.Dew. Coef. of Var. 25% Confidence Interwval

k({0,Z) 0.05313 1.3526%e-00Z 1.384EEe+00L 0.0E336 D.lZSSD;I

kil 2} 0.18401 6&.18409=-002Z 3_3607Ze=+001 0.04730 0_32E01E

(2,1} 0.268584 1.88263e-002 7.010&4e+000 0.Z2710 0.3033g

ol EJEI_ VG423 3_8E6EEe+001  1.&5947e+000 2E238._8893F 2408 53914

————————————————————————————————— Deriwved Wariahles ——--——-——--——-————————————————————

ki0,1) 0.198F6 EZ.70539=-00Z 1.36455=+001 0.13872 0_z&5781
I

- Correlation Matrix (" Covariance Matrix o “D“
Objective Bcaled Data Variance ;I

=l : plasma 1.336743e4+001 1.11351&6e-001

Total objective 1.336743e4+001

AIC 7.83E55872+000

EIC 8.05329%5=+000
-

Kl 2

SAAM 1T

The “Fit” is essentially the same as the previous ones. Now, however, k(0,1)
appears as a derived variable. It is a function of k(0,2) defined by the equation
“k(0,1) = 2*k(0,2)”. The statistical information on k(0),2) carries over to
k(0,1). 1t is important to note the difference between defining a parameter as a
function of another parameter versus as an equation with a specified value.
That is, you should compare this situation with the situation where k(0,2) was
defined by the equation “k(0,2) = 0.05”. In this case, k(0, 1) and k(0,2) adjust
to accommodate the relationship “k(0,1) = 2*k(0,2)”. In the former case,
k(0,1) adjusts to accommodate k(0,2) being fixed equal to 0.05.

Constrained parameters. Constrained parameters are parameters that are
functions of other parameters. Constraining parameters reduces the number of
parameters to be estimated from the data, and hence can improve the
statistical information. However, there must be a rationale for such
constraints. Constrained parameters are still model parameters, but appear as
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Derived Variables in the Statistics window since they are functions of the
model parameters.

g. Close the Statistics and Plot windows. Open the Loss Attributes dialog box
associated with k(0,1), and delete the equation “k(0,1) = 2*k(0,2)”.

10. (Optional) Write a constraint between k(7,2) and k(2,1).

Suppose it is known that k(2,1) and k(1,2) are equal. How can this be specified in
the model?

a. Double-click the transfer k(7,2) to open the Transfer Attributes dialog box.

b. In the Equation pane, type “k(1,2) =k(2,1)”. The Transfer Attributes dialog
box will appear as follows:

Transfer Attributes x|

Transfer Coefficient;  k[1.2]
Reference Hame:  transfer(1.2]
Flaw Rate:  flux(1.2] = k[1.2] ¥ g2

Flaw Rate Lnits: Imass.-"time

E quations :

K[1.2]k[2.1] -l

— Parameter Data
k(1.2
Types——————  Curent Parameter ‘-.-’alue:|l:l.‘| 2401048
" Fixed Lows Limit: 0.01 000000
" Adjustable High Lirit] 1.00000000

Cancel | Help |

c. Click Done.

d. Open the Parameters dialog box, and enter the parameter values as shown
below:
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| Parameters -10] x|
Name Type Current Low Limit High Limit
k(0,1 bdj 0_z000 O.o0z00 E.0000
E(0,2) bdj 0_0&5o0 0.oo050 0. 5000
E{Z,1) Adj 0_z000 O.0z00 £.0000

Mame:  wal

Walue: |2000
Type: { Fixed

* Adjustable

Lo Limit; |znn_unnnunnn

High Limit: |znnnn.nnnnnnnn

Dorne Cancel | Help

Notice k(1,2) does not appear in the list of parameters. The reason is it is
constrained to equal k(2,1).

e. Solve the model and view the solution. The solution is reasonable, so you can
proceed to Fit the model to the data.

f. Fit the model to the data. The results are summarized as follows:
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Bt 1o
sl
2.22e-001
2.22e-001
¢ 2.45e-001 6.09e-002
exl | ]
103 P S SR NN TR TR TR AN TN T T NN T SR T '
0l 2 4 fi &
L. =10l x|

Parameter Wariahle Value Std.Dev. Coef. of Var. 953% Confidence Interval

k0,1 O.24450 1.33151e-00F8 5_44586e+000 0.21519 D.Z?SSl:I

(0, Z) O.06086 3_.92316e-00Z G 44651e+001 —0.0z54% O0.147Z1

E(E, 1) O.22232 3.79875e-00& 1_70868e+001 0.13871 0.30533

ol Z3E3_7E040 3_856Z5e+001 1. &5950e+000 ZZ38_ 87462 2408 6619

————————————————————————————————— DeEEEEEl HEEElalallng corroooo oo oo oS oo oo o

kil Z) O.Zzz32 3.79875e-00& 1_70868=+001 0.13871 0.30533
]

- Correlation Matrix o Cowariance Matrix o _g
Obhjective Scaled Data Wariance ;I

=l : plasma 1.336743e+001 1.11351l4e-001

Total ocbjectiwve 1.3367432+001

AIC 7.535386e+000

EIC 8._0539595=+000
-*

Kl :

G=0Q

SAAM 1T

g.

Again the results are satisfactory and compare favorably with the other “Fits”
in this part of the tutorial.

Transfer and Loss attributes. The attribute dialog boxes associated with
transfers and losses in the model give you great flexibility in specifying
relationships among parameters. In each of the cases above, an equation of
constraint was specified which reduced the number of parameters to be
estimated from 5 (the four &(i,j) and vol) to 4. In the next part of the tutorial,
you will learn how to use these dialog boxes to specify nonlinear parameters.

Close the Plot and Statistics windows.

Quit the SAAM II Compartmental application. Do not save the changes to study 0.
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Part 3. Creating a nonlinear parameter

SAAM II can deal easily with nonlinear compartmental models. One simply needs to
decide which of the model parameters is nonlinear, and then write an equation defining
the nonlinearity. In this part of the tutorial, the loss (0, 1) will be defined to have
Michaelis-Menten characteristics.

1. Start the SAAM II Compartmental application. The SAAM II Compartmental
main window will open.

2. Open the SAAM II Compartmental study file study 0.

a. The file study_0.stu should appear in the file list; if it does not, find the folder
where you put this file.

b. In the File menu, click Open. The SAAM II Compartmental main window
will appear as shown below:

: =8 xl
Fle Cdt Wew Show Compats Set Window bl
D|(e] 8| k| EImmS = B |
=101 =]
Z
-| | of
SELECT madel Furction or comporent RR—

3. View the model and the experiment on the model, and the Parameters dialog
box.

a. Inthe SAAM II Toolbox, click Experiment. The model of the experiment
will appear as follows:
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k{2,1)
k(1,2)

b. Inthe Show menu, click Parameters, or alternatively, on the SAAM I1

Toolbar, click Parameters E The Parameters dialog box will open. The
Parameters dialog box should appear as follows:

|l Parameters =0 x|
Name Type Current Low Limit High Limit
EiO,1} 0.01l00
E(l,2) ad3j o_loa0 o_.0loao 1._00a0
iz, 1) ad3j o_loa0 o_.0loao 1._00a0
ol ad] Z00o. o000 Z00. 0000 Z0000_ 0000
Hame:  k[0.1] Value: [0.10000000
Type: O Eired Low Limi: [0.07000000 —cavedd)
v Adjustable - _
High Limit; |1 .0anooana
Diane LCancel | Help

These are the parameters for study_0.stu.

4. Modity k(0,1) so that it is a nonlinear parameter with Michaelis-Menten saturation
kinetics.

Suppose you cannot fit your data to a model with constant k(7,j). This situation

usually arises when no combination of parameter values, or adding components to
the model, can account for the characteristics in the data. It is up to the modeler to
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decide which of the model parameters are nonlinear, and how to specify the
nonlinearity.

In what follows, (0, 1) will be changed to a nonlinear parameter with Michaelis-
Menten saturation kinetics.

a. Double-click k(0,1) to open the Loss Attributes dialog box.

b. In the Equation pane, type “k(0,1)=Vm/(Kd+ql)”. The Loss Attributes
dialog box will appear as follows:

Loss Attributes x|

Transfer Coefficient;  k[0,1]
Reference Mame: transfer(0.1]
Flow Rate: flux(0.1] =k[0.1] = g1

Flaww Rate Lnits: |mass£time

Equations :

k(0.1)=mdK.d+q1) ;l

— Parameter D ata
k[0.1]
Type:———  Cunent Parameter Value:l[ﬂ 0000000
" Fixed Lows Limit:| 0.01 000000
& Adjustable High Limit:|1.EIEIIZIEIEIEIEIEI

Cancel | Help |

c. Click Done.

The result is that £(0, 1) is no longer a primary model parameter, but is a function
of two new parameters, V'm and Kd. Thus k(0,1) will no longer appear in the
Parameters dialog box; Vm and Kd will.

5. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,

click Parameters ﬂ The Parameters dialog box will open.
a. Type “10” as the Value for Kd, and click Save.

b. Type “le+06” as the Value for V'm, and click Save. The Parameters dialog
box will appear as follows:
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i

Name Type Current Low Limit High Limit
Ed Adj 1l0._0a0a 1.0000 100 aa0o
Adg 1. 000e+006 1.000e+007
E(l,2) ad3j o_10a0 o.o1oo 1._00a0
iz, 1) ad] o_.100a0 0.0100 10000
wol Ad] Z000._ 0000 Z00.0000  Z0000_004a0
Mame:  Wm
Walle: |1E+EIE
Type: § Fived .
AP = Lo Limnit: |1 0000000e+005
v Adjustable -
High Lirmit; |1 0000000e+007
Diane LCancel | Help

c. Click Done.

6. Solve the model, and view the solution. The solution, of course, is not particularly
good since the data do not display nonlinear features. A plot of the solution is
shown as follows:
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=101.x|

105 T T T T T T T T T

K]
—
L1111

/

1I:I-I1 o

T T T 11717
o
[m]
bow il

103 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1

4
1 (dovys)

It is of interest, however, to plot (0, ) which is no longer a constant but a
function of time since q1(t) appears in the equation defining it. More specifically,
if you introduce a nonlinear parameter in your model, since it is no longer
constant, you should plot the transfer to see how it changes over the course of the
solution.

a. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar,

click Plot @ The Plot and Table Variables dialog box will open. Be sure
the List All Variables check box is selected.

b. Click (0, 1) to move this to the Current Selection pane. The Plot and Table
Variables box will appear as follows:
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Plot and Table Yariables x|

Yariables for v-Axis Heldis |t

k.d

W

exl bolus :
e infsion Select up to 10%-Axiz

flmi0,1] “anables in List.

flus(1.2]
Flul 2,1

Current Selection :
k[0,1]

k[1.2]
k[2.1]
plazma
ull

q2

21
zl_rex
z1_wres
k
wol

v List &l aniables
Done I Cancel | Help |

c. Click Done. The plot of k(0,1) will appear as follows (in linear mode with the
Y axis scale set from 0 to 0.02):

=10l x|

I:I-Ggl:l T T T T T T I T T T T T T

T
A

0215

0.210

0205

CI.GDD 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
2

ane]

d. Close the Plot window.
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If you plot any other of the model parameters, since they are constant, the plot
will appear as a straight line parallel to the x-axis. In the example here, k(0,1) is
slowing increasing during the solution.

Thus it is very easy to create nonlinear models in SAAM II. It is also easy to see
how a nonlinear parameter behaves; in this case, it is slowly rising.

You can Fit the model to the data if you wish. However, despite the fit shown in the
following plot, this is not a situation when nonlinearity is supported by the data.

_ioix

107

103 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1

i
1 (days)

If you Fit the model to the data, a warning message as shown below will appear that
indicates there are more parameters in the model than can be estimated from the data.

Rev. 10/30/05 ParUS-37  ©2002 - 2005 University of Washington



Using SAAM 11 Working with Parameters

Y/ Compute Log -0l x|
IEARHIHG: The covariance matrix is unreliable and may indicate _:J

mualtiple solutions. If awailable, the matrix should be used
for fqualitative purposes ohly. Consider using Bayesian
estimation.

Kl 2

Thus while there will appear to be a good “Fit”, the statistics will appear as shown
below:

Plstatistics —lol x|
Parasmeter /Wariable Talue Scd.Dev. Coef. of War. 9L% Confidence Interwal
HKd 1l00. 00000 32.438593e2+007 2.43893=2+007 -7.66240e+007 ?.66242&+DD?_:J
i 47935LZ EELLE 1.88374e2+007 32.9Z483e2+00Z -32.717Z5=2+007 4. 677EZ0e+007
kEil, 2} 0.1413z E.94457e-001 Z.07470e+00Z2 -0.5141a 0. 73g00
kEi{Z,.1) 0.40468 1.28450e-001 3.17410e+001 0.1lla4s 0. 63039
wol Z333.32E4E¢  4.3281l4et+001 1. 2776det000 ZE3E. 7033 Z430.94ZE0

le
- Correlation Matrix - Covariance Matrix
Objective Scaled Data Variance ;I
=l : plasma 1.341130e+001 1.z279800=-001
Total objectiwve 1.32411Z0e+001
AIC 8. 0E4550e+000
EIC 2. 166Z00e+000
-
Kl :

Clearly the statistics are not satisfactory. If you were considering the possibility in
this particular situation that the model might be nonlinear, you can safely conclude
that, if it is nonlinear, k(0, 1) cannot display Michaelis-Menten kinetics.

Quit the SAAM II Compartmental application. Do not save the changes to study_0.
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