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Using Forcing Functions

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

e How to use forcing functions defined by linear interpolation of data (Part 1).
e How to use forcing functions defined by an equation (Part 2).

Files Required

Data:
The data file for this tutorial is

ff pre pro.dat

Introduction

This tutorial will show you how to use forcing functions as a modeling tool in SAAM II..
They can be used for any precursor-product type system such as amino acid incorporation
into a protein, drug absorption, or uptake from plasma by cells when data are available
from imaging such as PET or MRI. Forcing functions can also be used as a model
development and testing tool. This process is beyond the scope of this tutorial.

What are forcing functions, and how SAAM II create and use them? Overall, the situation
can be described as shown in the following diagram:

System of
Interest

\ 4

Input
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The input refers normally to a substance whose input is either extravascular in the case of
drug uptake and metabolism, or a plasma born substances such as a metabolite whose
uptake is in a tissue one is studying. The “System of Interest” refers to the details of the
system one wants to model. It can thus describe absorption of the drug. It also can deal
with a protein (amino acid incorporation into a protein), another metabolite (parent-
metabolite system), or measurements taken by an external device such as PET or MRI (in
which case the substance of interest is transported in blood and taken up where it can be
metabolized in the tissue of interest one is studying).

To understand how forcing functions work, consider the model to be used in this tutorial:

For this particular model, in the absence of the forcing function, SAAM II would create
the following system of three differential equations:

ditl - k(2D

dq?

T = (k(3.2) + k(0.2)q2 + K2.Dg1 + k(233
dq3

— ==K+ k(3.2)q2

In the case of the forcing function, Compartment 1 will be specified to represent the
material that is “driving” the system. One has a choice either to develop a model for that
system, or if one is not particularly interested in that system per se, to use a forcing
function to describe Compartment 1. The need to develop a model for the metabolism of
material represented by Compartment 1 is eliminated.

Since this compartment will be used to drive the system, one needs a means by which to
describe it. This is done by making Compartment 1 a forcing function, i.e. to force a
known shape on the time course of q1(t). This procedure will be explained in this
tutorial. The model you will develop is shown below:
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=21

._ k(2,1 k(3,2)
k{2,3)

k(0,2)

The difference in this figure is the presence of “FF” in Compartment 1 to indicate the
compartment is now a “placeholder” for a forcing function. The equations SAAM 11
creates in this situation are

d_qtl =—k(2,1)ql

dq?

0 —(k(3,2) + k(0,2))q2 + k(2,)ql .FF + k(2,3)q3
dq3

— ==Y+ k(3.2)q2

The essential point to note and the key to the forcing function is that everywhere in the
system of differential equations where q1 appeared in the absence of the forcing function,
when there is a forcing function, q1 is replaced by q1.FF everywhere in the system

except in the differential equation % . Thus SAAM II does calculate a solution q1, but

this has no effect on the other differential equations in the system.
How are forcing functions defined? That is, how is q1.FF specified? There are two ways.

One way is to write q1.FF as an equation such as a sum of exponentials. The other way is
to connect sequential data points by a straight line. Both will be illustrated in this tutorial.
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Part 1. Creating Forcing Functions by Data Interpolation.

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

2. Inthe SAAM II Toolbox, click Model to be sure these tools are available.

3. Create the following model on the Drawing canvas:

4. Create the experiment on the model

a. Inthe SAAM II Toolbox, click Experiment. The Experiment Attributes
dialog box will open.

b. Type “days” in the Units box.

c. Type “7” in the End At box. The Experiment Attributes dialog box will
appear as follows:

Experiment Attributes

|ndependent ' ariable: It

|k Iu:la_l,ls
Start at: ||:|_|:|
End at: I?l

Done I Cancel | Help

d. Click Done. The Create Experiment dialog box will open. Be sure Exper is
selected. The Create Experiment dialog box will appear as follows:
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Create Experiment ﬂ

MHew Mame:

T_l,lpe:l Esperiment I System |
Create I Cancel | Help |

e. Click Create. The model will appear on your drawing canvas as follows:

k{2, 1} k{3,2)
ki2,3) ;

k{0,2)

\

5. Add the data to the model.

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

click Data E The Data window will open.

b. On the File menu, click Open. The file ff_pre_pro.dat should appear in the
list (if it does not, find the folder where you have put this tutorial and data
file).

c. Double-click ff pre_pro. The data in this file will appear in the Data window
as shown below.
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SAAM IT

_(olx]
[sssSsSSSsSSsSSsSSSSSSSSSSSSSSSSSS
DATA =]
(FED 0.1
= pre pro
(/1440 0 i
z 31.Z24 z.TE
E 26,97 &. 20
10 ZE.48 11. 66
z0 15.47 12,34
20 10.48 4. 26
45 5. 28 29,77
(r2d) () il
1 4. 14 21,94
1.5 .23 34,84
z 1.69 6. E0
3 1. 46 35,47
4 1.43 40,88
E 1.40 43.03
& 1.36 44 93
] 1. 28 49336
1z 1.E3 Lz.&8
13 1.1% G0, 28
(l (l (l
1 1.08 &4 50
1.& 1.01 75,43
z 0.27 83,39
3 0.20 Q7E7
4 0.31 102,00
E 0.a7 1z0.00
& 0.8& 131.00
7 0. 86 137.00
ENI
w
< _>I_I
Data Format is okay

There are some important features of this data file that we will describe below.

Unit conversion in the Data window. This data file illustrates several features
of the SAAM II Data window. First, it illustrates that several columns of data
can be used with a single independent variable, usually time “t”. The column
“pre” is the data driving the system; the column “pro” is the system whose
characteristics will be modeled.

This data file also illustrates how to do unit conversion in the SAAM II Data
window. The first few rows of the data file are shown below:

Rev. 10/30/05

FF US-6  ©2003 - 2005 University of Washington



Using SAAM 11 Using Forcing Functions

m[)ata - ff_pre_pro.dak
G _________________________________}|

DATA

(FSD 0.1

| pre pro
(/14400 ) (l

z 31_E4 Z.7E
E Z6.97 &_Z0
10 ZZ.48 11.56

The three column names are “t” for time, “pre” for “precursor” and “pro” for
“product”. Under these are a line containing (/1440), (), and (). In the “t”
column, the first data samples were recorded in minutes and not days, the
units of the model. Thus, “(/1440)” divides all elements in the column by
1440 to convert minutes into days. This divisor is in effect until the next set of
parentheses is encountered further down the column. There are no unit
conversions for either “pre” or “pro”; the “()” must be included to indicate no
conversion.

In the time column, the next unit conversion is shown below:

mData - ff_pre_pro.dat

LATAL

(FSD 0.1

| rre pra
(S1440) 1) 0l

Z 31.Zz4 z. 7z
E ZE_97 &_Z0
1a ZZ2.48 11 665
Z0 1E5_47 19_ 34
20 1048 zd_Z&
45 5_Z8 Z9.77
[SZ24) 0l 0l

1 4. 14 31.94
1.% Z. .23 424
2 1.&9 36_Z20

You can see after 45 minutes, the “t” changes to 1, 1.5, etc. These are hours,
so the next few samples are in units of hours, not minutes or days. The
division by 24 converts hours to days.

Finally, after 18 hours, you see in the time column () while () remains in both
data columns. After 18 hours, the data are collected in days, and unit
conversion is no longer necessary. The () tells SAAM 11 this is the point at
which (/24) is no longer needed.

This is a very powerful way to use the SAAM II Data window to be sure all
of your units are consistent.
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d.

Close the Data window.

6. Create a sample.

a.

b.

f.

In the SAAM II Toolbox, click Sample.

Click compartment 2, and then click on the Drawing Canvas. The sample s1
will appear.

Double-click s1 to open the Sample Attributes dialog box.
Type “pro” in the Associate with Data Name box.

There is no need to edit the sample equation. The Sample Attributes dialog
box will appear as follows:

sample Attributes x|

Mame: =1
I ritz: |

Bzzociate with Data Mame: Ipru:u

E quatiorz;

£l =2 ﬂ
[
Dane I Cancel Help |

Click Done. Noticed s1 is now solid because it is associated with data.

7. Create a forcing function.

a.

Double-click Compartment (1, to open the Compartment Attributes dialog
box.

Click Forcing Function. The Forcing Function dialog box will open as
shown below (together with the Compartments Attributes dialog box):
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Compartment Atk
Marme: 1

Reference Mame:

Uhits: I

Equations:

Farcing Function... I

=

[~

Forcing Function

Corpartrent Hurmber: gl

— FF Input fram:
' Turned Of
 Azsociate with D ata Mame;

™ Equation for ql.FF:

Iq‘I.FF=

Done | Cancel | Help |

Help |

There are three options in the FF Input from pane. The default option is
Turned Off since no forcing function has been defined. The other two options
are Associate with Data Name and Equation for q1.FF. If you select the
Associate with Data Name option, the forcing function will be created by
linear interpolation of sequential pairs of data. If you select the Equation for
q1.FF option, you must specify an equation in the box provided.

dialog box will appear a

Forcing Function

Compartment Humber:

s follows:

ql

Click Associate with Data Name in the FF Input from pane.

Type “pre” in the Associate with Data Name box. Your Forcing Function

— FF Irpuat fromm:

™ Turned OFf

% Azzociate with Data Mame:

pre

™ Equation for gl .FF:

|q1.FF=

Done

Help |

G=0Q

SAAM IT

Creating Forcing Functions. When you choose the Associate with Data

Name option, SAAM II will create a forcing function by linearly interpolating

between sequential data.

el
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e. Click Done in the Forcing Function dialog box.

f. Click Done in the Compartment Attributes dialog box. Your model will
appear as follows:

=1
— ki{2,1) — k{3,2)
ki{2,3)
v

k(0,2)

Notice that “FF” appears in Compartment 1. This is to remind you that this
compartment is now defining a forcing function.

8. Create a second sample to view the forcing function.
You may visualize the forcing function that is driving the system. To do this, you
can create a sample, and write the sample equation equal to the forcing function
as described below.

a. Inthe SAAM II Toolbox, click Sample.

b. Click Compartment q1, and then on the Drawing Canvas. The sample s2 will
appear.

c. Double-click s2 to open the Sample Attributes dialog box.
d. Type the sample equation “s2=ql.FF”

e. Type “pre” in the Associate with Data Name box. The Sample Attributes
dialog box will appear as follows:
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Sample Attributes |

MHame: =2
L riits: I

Agzociate with Data Hame: Ipre

E quationsz:
52 =ql.FF -]

[~
Done I Cancel Help |

f. Click Done. You will notice that s2 is solid, but no longer connected to
Compartment q1. This is because the sample equation is no longer associated
with a specific compartment in your model. This is a difference between q1,
the differential equation in the model, and q1.FF, the forcing function. The
model is shown below.

=1

=2

@

— k(2,1} — ki3, 2}
k{2, 3)

k{0,2}

S5AAM IT

Samples. The Sample tool is a very powerful tool in SAAM II. Normally it is
used to create samples that link a compartment, or compartments, with data.
In this case, we are interested in viewing the forcing function. When we
entered the equation “s2=ql.FF”, q1 no longer appeared in the sample
equation, hence the line linking the sample to q1 was severed.

Remember the name for the forcing function in SAAM 11 is cpt#.FF where

cpt# is the number of the compartment with which the forcing function is
associated.

9. Enter the parameter values.

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

Rev. 10/30/05 FF US-11  ©2003 - 2005 University of Washington



Using SAAM 11

Using Forcing Functions

SAAM IT

Rev. 10/30/05

I Parameters =10 x|
Name Type Current Low Limit High Limit
EiO,E) Adj 0.3000 O_0z00 3.0000
Eiz,Ll) Adj 0. 0000 l0._ 0000 l00. 00aa
iz, 3! Adj 1.0000 0._1lo00 10.000a

Name:  k[3.2] Value: [1.00000000

Type:  Fired Laww Limit: [0.10000000
' Adjustable -

High Limit; I‘I (0. 00000000

Done Cancel | Help

In the Show menu, click Parameters, or alternatively, on the SAAM I1

Toolbar, click Parameter ﬂ The Parameters dialog box will open.

Double-click £(2,1). Type “60” in the Value box, “10” in the Low Limit box,
“100” in the High Limit box, and click Save.

Double-click £(0,2). Type “0.3” in the Value box, and click Save.
Double-click £(3,2). Type “1” in the Value box, and click Save.
Double-click £(2,3). Type “1” in the Value box, and click Save.

Click Done.

Volumes. Why was there no volume included in the sample s1? That is,
normally when writing the sample equation we have usually included the
volume term.

There is no volume here because the forcing function “pre” has units of pg/ml
so the volume term is already built in. The units of “pro” are also pg/ml. It is

FF US-12  ©2003 - 2005 University of Washington



Using SAAM 11 Using Forcing Functions

assumed that the “volume” for both “pre” and “pro” is the same. If the forcing
function were in units of mass, then a volume term would be needed in s1.

10. Solve the model and view the solution.

a. Inthe Compute menu, click Solve, or alternatively, on the SAAM 11
Toolbar, click Solve ﬂ The following message will appear:

SAAM II Compartmental x|

L] E The Forcing Funckion data musk cover the entire range of the experiment,
L

Forcing Functions. When you are using data to define a forcing function, the
data must cover the entire range of the experiment. This means there must be
a datum at time zero, and a datum at the last time of the experiment. Usually

there is not a datum available at time zero, so you will have to add a dummy

value, usually close to the first datum, so the solution can proceed.

b. Click OK.

c. Open the Data window. Enter a value for “pre” of 35 at time equals zero.

Type “n” in the “pro” column at time equals zero. The first lines of your data
file will appear as follows:

m[)ata - ff_pre_pro.dat
e ________________]

DATA

(FED 0.1

= rre rro
(14400 () i

u] 25 n

z 2124 Z. .7z
£ ZE.397 &. 20

Data entry. Notice the “n” in the column for the pro. SAAM II expects an
entry in each column for each time point. If there are no data, enter “n.”
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d. Close the Data window.

e. Re-Solve the model and view the solution in semilog. Your plot of s1:pro will
appear as follows:

_ioix

103 T T T T T T T T T I T

K]
—
11 11111

107

10

A
1 (days)

You can also plot s2:pre; it will appear as follows:
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_ioix

]
b2
1 1 11111

o prg

4
1 (days=)

f. Plot s2:pre and s1:pro simultaneously.

(1) With the Plot window open, on the Set menu, click Plot/Table Variables.
The Plot and Table Variables dialog box will open.

(2) Be sure the List All Variables check box is not selected. Click s1:pro.

Press the CTRL key and click s2:pre. These will move to the Current
Selection pane as shown below:
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Plot and Table ¥ariables x|

W ariables for Az el |t

Select up to 10 -Axiz
Wariables it List.

Current Selectian

1
pro
Eaty
pre

[~ List &l ariables
Done I Cancel Help

(3) Click Done. The Plot will appear as follows:

=10] ]

o pro

oS pren

4
1
1
1
!
7
1
1
1
Lol

g. Close the Plot window.
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11. Fit your model to your data and view the solution.

a. Fit your model to your data. On the Compute menu, click Fit, or

alternatively, on the SAAM II Toolbar, click Fit M The following
message will appear:

7' Compute Log -0l x|

ERROER.: Thile optimizing using relative weighting, the mudel;l
achiewved a perfect fit for =some data set.

Use absolute weighting.

EDTICE: Optimization results are not available.

OTICE: The covariance/correlation matrix is not awailable.
OTICE: Compartment masses are hot awvailable.

-

4] 2

The message means that the data error model of “data-relative” is not
appropriate for this model. We will follow the suggestion to set the error
model to “data-absolute.”

Close the Compute Log window.
b. Change the data error model.

(1) In the Compute menu, click Settings. The Computational Settings
dialog box will open.

(2) In the Variance Model pane, click Absolute. The Variance Model pane
will appear as follows:

Yarance kModel

= Data f* Absolute
" Model " Felative

(3) Click Done.
c. Re-Solve the model to activate the change in the variance model.

d. Re-Fit the model to the data. This time the fit is successful.
e. Open the Plot window and view the solution
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f.  On the Show menu, click Statistics, or alternatively, on the SAAM 11

Toolbar, click Statistics % The Statistics and Plot windows along with the
model will appear as follows:

Dot -ioix
3
107 T T T T T T T T T L—
s2 s1 F e 3
. C o pro 1
L ) ]
k(2,1) 107 -
. ki3, 2) E 3
k(2,3) : . ]
4 1
1w -
k{0, 2} E 3
¥ k E
E ]
'Eh T
o e
105— e e -
1077 P T T R S PR T ST T R
1 2 4 [
z, —lof xj py=
Parameter /Variable Value Std. Dew. Coef. of War. 95% Confidence Interwval
(0,2} 0.E6164 1.EEZEZ6e-001 4.68E57=+001 0.01l454 D.SDSS‘!;I
Lk(E,1) £E3._30812 E.085934e+000 3_EEZZ85e+000 EE. 09631 63.5z004
L (E,3) 0.9Z176¢ 7.90186e-001 2._E57EZESe+001 -0.&711e 2.E14563
(2, 2) 0.805907 Z.7033le-001 32.341Zce+001 0.Zc411 1.354032
|
" Correlation Matrix " Covariance Matrix LG )
Objective Scaled Data Wariance ;I
sE @ pre -1.351335=+000 1.000000e+000
sl @ pro 1.3268%4=+000 1.000000e+000
Total objectiwve 3.54987Fe-00Z2
ATC 1.0183E1le+000
EIC 1.035532=+000
-
Kl 2

g. Close the Statistics and Plot windows.

Quit the SAAM II Compartmental application. If you wish, you may save the study file
for future use.
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Part 2. Creating Forcing Functions Using an Equation.

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

2. Inthe SAAM II Toolbox, click Model to be sure these tools are available.

3. Create the following model on the Drawing canvas:

4. Create the experiment on the model

a. Inthe SAAM II Toolbox, click Experiment. The Experiment Attributes
dialog box will open.

b. Type “days” in the Units box.

c. Type “7” in the End At box. The Experiment Attributes dialog box will
appear as follows:

Experiment Attributes

|ndependent ' ariable: It

|k Iu:la_l,ls
Start at: ||:|_|:|
End at: I?l

Done I Cancel | Help

d. Click Done. The Create Experiment dialog box will open. Be sure Exper is
selected. The Create Experiment dialog box will appear as follows:
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Create Experiment ﬂ

MHew Mame:

T_l,lpe:l Esperiment I System |
Create I Cancel | Help |

e. Click Create. The model will appear on your drawing canvas as follows:

k{2, 1} k{3,2)
ki2,3) ;

k{0,2)

\

5. Add the data to the model.

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

click Data E The Data window will open.

b. On the File menu, click Open. The file ff_pre_pro.dat should appear in the
list (if it does not, find the folder where you have put this tutorial and data
file).

c. Double-click ff pre_pro. The data in this file will appear in the Data window
as shown below.
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SAAM IT

MData - ff_pre_pro.dat - |I:I|£|

DATA

(FED 0.1
| pr
[Slad0) o)
z 31.
E ZE.
1a ZE.
za 1k&.
20 1a.
45 =
2 (l
1 4
1.5 z
z 1
3 1
4 1
E 1
= 1
El 1
1z 1
1s 1
(l (l
1 1
1.5t 1
z a
3 u}
4 u}
= u}
= a

7 u}
ENI

<

e

24
a7
43
47
482
]

.14
JE3
_B3
1
.43
.40
.26
]
23
1k

_os
.0l
.27
.20
.31
.87
_BE
. Be

pro
il
z.7z
&_Z0
11.66
13,324
S
Z9.77
(l
231.94
3484
3&. 20
38.47
40, 85
43,03
44 93
439 36
L. 68
c0. 25
(l

&4 50
7E.43
g83.39
Q2.2
1la3._0a0
lz0.00
1z1._4a0
127._00

Data Format is okay

[—

i

There are some important features of this data file that we will describe below.

Unit conversion in the Data window. This data file illustrates several features
of the SAAM II Data window. First, it illustrates that several columns of data
can be used with a single independent variable, usually time “t”. The column
“pre” is the data driving the system; the column “pro” is the system whose
characteristics will be modeled.

This data file also illustrates how to do unit conversion in the SAAM II Data
window. The first few rows of the data file are shown below:
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m[)ata - ff_pre_pro.dak
G _________________________________}|

DATA

(FSD 0.1

| pre pro
(/14400 ) (l

z 31_E4 Z.7E
E Z6.97 &_Z0
10 ZZ.48 11.56

The three column names are “t” for time, “pre” for “precursor” and “pro” for
“product”. Under these are a line containing (/1440), (), and (). In the “t”
column, the first data samples were recorded in minutes and not days, the
units of the model. Thus, “(/1440)” divides all elements in the column by
1440 to convert minutes into days. This divisor is in effect until the next set of
parentheses is encountered further down the column. There are no unit
conversions for either “pre” or “pro”; the “()” must be include to indicate no
conversion.

In the time column, the next unit conversion is shown below:

mData - ff_pre_pro.dat

LATAL

(FSD 0.1

| rre pra
(S1440) 1) 0l

Z 31.Zz4 z. 7z
E ZE_97 &_Z0
1a ZZ2.48 11 665
Z0 1E5_47 19_ 34
20 1048 zd_Z&
45 5_Z8 Z9.77
[SZ24) 0l 0l

1 4. 14 31.94
1.% Z. .23 424
2 1.&9 36_Z20

You can see after 45 minutes, the “t” changes to 1, 1.5, etc. These are hours,
so the next few samples are in units of hours, not minutes or days. The
division by 24 converts hours to days.

Finally, after 18 hours, you see in the time column () while () remains in both
data columns. After 18 hours, the data are collected in days, and unit
conversion is no longer necessary. The () tells SAAM 11 this is the point at
which (/24) is no longer needed.

This is a very powerful way to use the SAAM II Data window to be sure all
of your units are consistent.
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d. Close the Data window.
6. Create a sample.
a. Inthe SAAM II Toolbox, click Sample.

b. Click compartment 2, and then click on the Drawing Canvas. The sample s1
will appear.

c. Double-click s1 to open the Sample Attributes dialog box.
d. Type “pro” in the Associate with Data Name box.

e. There is no need to edit the sample equation. The Sample Attributes dialog
box will appear as follows:

sample Attributes x|

Mame: =1
I ritz: |

Bzzociate with Data Mame: Ipru:u

E quatiorz;

£l =2 ﬂ
[
Dane I Cancel Help |

f. Click Done. Noticed s1 is now solid because it is associated with data.

7. Create a forcing function.
You will be creating the forcing function by fitting “pre” by a sum of
exponentials. Thus the first step will be to examine “pre” to estimate how many
exponentials will be required, and to obtain initial estimates for the coefficients
and exponentials.

a. Examine the “pre” data.

(1) 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.

(2) Click pre to move this to the Current Selection pane.
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(3) Click Done. The plot of the pre will appear as follows.

o Plok - x
opl m]
z
10 = T T T T T T T T T T T 3
: o pre :
]. _
i .
ul
10" - .
b 3
g ]
: I
oy
'1|:||:|:_ Op g u] o o o o 5 o 3
10_1 1 1 1 | 1 1 1 | 1 1 1 | 1
0 4 ]
1 (day=)

You can see there are an extremely rapid initial fall and a very slow final
decay. To examine the characteristics of the initial decay, change the Plot and
Table Scale.

(3) On the Set menu, click Plot/Table Scale. The Plot and Table Scale
dialog box will open.

(4) In the X Axis pane, click Set. Type “1” in the Maximum box. The Plot
and Table Scale dialog box will appear as follows:

Plot and Table Scale x|

¢ A Mirirnurn P awiriLarn
" AutoScale |10 |7.00000000
(+ Set |00 [

= Az
(+ AutoScale  |0.85000000 | 35. 00000000
" Set |0.85000000 | 35.00000000

Done I Cancel | Help
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(5) Click Done. The plot will appear as follows:

=10l x]
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You can see there are probably three exponentials in these data, so the
forcing function will be:

ql.FF = Al*exp(—al *t)+ A2 *exp(—a2 *t) + A3 * exp(—a3 *¢)

Estimates for A1, A2 and A3 respectively will be 30, 3 and 3. This comes
from the zero time point being approximately 36, and most of the material
disappears with the first exponential. This is the 30. The remaining two are
half of the remaining. Since these are linear parameters, close estimates
are not really required.

Estimates for al, a2 and a3 respectively will be 75, 3 and .003. These
estimates are obtained from a curve peeling method.

b. Double-click Compartment g1, to open the Compartment Attributes dialog
box.

c. Click Forcing Function. The Forcing Function dialog box will open as
shown below (together with the Compartments Attributes dialog box):
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Name: 9 Compartrent Murber: a1

Reference Mame: — FF Input fram:

i I o
Lnits: Farcing Funchion. . I [l
Equatiorss:  Azsociate with D ata Mame;

=l ™ Equation for ql.FF:

Iq'l =

Done | Cancel | Help |

Help |

There are three options in the FF Input from pane. The default option is
Turned Off since no forcing function has been defined. The other two options
are Associate with Data Name and Equation for q1.FF. If you select the
Associate with Data Name option, the forcing function will be created by
linear interpolation of sequential pairs of data. If you select the Equation for
q1.FF option, you must specify an equation in the box provided.

c. Click Equation for q1.FF in the FF Input from pane. The Equation box

will become active.

d. Inthe Equation box, type the equation “ql.FF = Al*exp(-al*t) + A2*exp(-
a2*t) + A3*exp(-a3*t)”. Your Forcing Function dialog box will appear as

follows:

Forcing Function

Cormpartment M umber:

ql

— FF Irput Fram:

£ Tumed Off

" Aszzociate with Data M ame;

¥ Equation far gl .FF:

Iq'l FF =A7expl-a1%t] + A2%expl-a27t] + A3*expl-a3t]

Done

Help |

Creating Forcing Functions. When you choose the Equation for q1.FF

option, you must enter a specific equation that will be used for the forcing
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function. In the above, you are using a sum of three exponentials meaning
there are six parameters, A1, A2, A3, al, a2 and a3. These can be fixed or
adjustable. In this case, they will be adjustable meaning the forcing function
will be defined (fitted) as part of the modeling exercise.

The advantage here is that the forcing function can be determined
simultaneously with examining the system model for “pro”. Once the forcing
function parameters are determined, they will be fixed before the final Fit to
the “pro” data.

e. Click Done in the Forcing Function dialog box.

f. Click Done in the Compartment Attributes dialog box. Your model will
appear as follows:

=1
— k{2,1} —— ki3,2)
ki2,3)
v

k(0,2)

Notice that “FF” appears in Compartment 1. This is to remind you that this
compartment is now defining a forcing function.

8. Create a second sample for the forcing function.
a. Inthe SAAM II Toolbox, click Sample.

b. Click Compartment q1, and then on the Drawing Canvas. The sample s2 will
appear.

c. Double-click s2 to open the Sample Attributes dialog box.
d. Type the sample equation “s2=ql.FF”

e. Type “pre” in the Associate with Data Name box. The Sample Attributes
dialog box will appear as follows:
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Sample Attributes |

MHame: =2
L riits: I

Agzociate with Data Hame: Ipre

E quationsz:
52 =ql.FF -]

[~
Done I Cancel Help |

f. Click Done. You will notice that s2 appears solid, but no longer connected to
Compartment q1. This is because the sample equation is no longer associated
with a specific compartment in your model. The model is shown below.

=1

52

@

—_— ki{Z,1) — k{3.,2)
k(2,3)

k{0,2}

S5AAM IT

Samples. The Sample tool is a very powerful tool in SAAM II. Normally it is
used to create samples that link a compartment, or compartments, with data.
In this case, we are interested in viewing the forcing function. When we
entered the equation “s2=ql.FF”, q1 no longer appeared in the sample
equation, hence the line linking the sample to q1 was severed.

Remember the name for the forcing function in SAAM 11 is cpt#.FF where

cpt# is the number of the compartment with which the forcing function is
associated.

9. Enter the parameter values.

Enter the parameter values as shown in the following Parameters dialog box:
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| Parameters -0 x|
Name Type Current Low Limit High Limit
Al adj 20_00a00 100000 100 0aoo
AZ ad3j 20000 1.0000 10 0a0o
al Adj 7E.0000 10,0000 Z00_ 0000
azr adj 20000 0. 5000 10 0a0o
a’d ad3j o.00320 2_000e-004 o.o0z00
(O, 2} ad3j o_z0a0 0.0300 30000
kiz,1) Adj &0.0000 10,0000 100_ 0000
iz, 3} adj 1._00a0 o.1000 10 0a0o
(3,2} ad3j 1._00a0 o.1000 10 0a0o
Mame: 43
Walue: |}3.00000000
Twpe:  Fixed -
#p L Lowe Limit: |1.00000000
v Adjustable -
High Limit: {10.00000000
Diane LCancel | Help

Notice that some of the parameters do not use the default values for the Low
Limit and/or High Limit.

Volumes. Why was there no volume included in the sample s1? That is,
normally when writing the sample equation we have usually included the
volume term.

There is no volume here because the forcing function “pre” has units of pg/ml
so the volume term is already built in. The units of “pro” are also pg/ml. It is
assumed that the “volume” for both “pre” and “pro” is the same. If the forcing
function were in units of mass, then a volume term would be needed in s1.

10. Solve the model and view the solution.

a.

In the Compute menu, click Solve, or alternatively, on the SAAM 11
Toolbar, click Solve ©==.
Plot s1:pro. Your plot of s1:pro will appear as follows (you may have to

change the Plot and Table Scale resetting the X Axis maximum to “7”; you
may also have to change the plot to the semilog shown below):
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_loix
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You can also plot s2:pre; it will appear as follows:

=101
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a2 ]
o pre ]
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1|:||..-,| = Og O g o o o o o = _I
10_1 1 1 1 | 1 1 1 | 1 1 1 | 1
a 4 ]
1 (dovs)

You can see that the estimates for the exponentials are reasonable, but the
estimate for 4/ needs to be increased.
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f. Plot s2:pre and s1:pro simultaneously.

(1) With the Plot window open, on the Set menu, click Plot/Table Variables.
The Plot and Table Variables dialog box will open.

(2) Be sure the List All Variables check box is not selected. Click s1:pro.

Press the CTRL key and click s2:pre. These will move to the Current
Selection pane as shown below:

Plot and Table ¥ariables x|

W ariables for Az el |t

Select up to 10 -Axiz
Wariables it List.

Current Selectian

1
pro
Eaty
pre

[~ List &l Wariables

Done I Cancel Help

(3) Click Done. The Plot will appear as follows:
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=10l.x]

107

I| IIIIIII

1 IIIIIIJI

g. Leave the Plot window open.

11. Fit your model to your data and view the solution.

a. Fit your model to your data. On the Compute menu, click Fit, or

alternatively, on the SAAM II Toolbar, click Fit M The following
message will appear:

T Compute Log -0 x|
IEARHIHG: The following parameter limit(s) constrain further nptimizatinn:_:]

AZ hit lower limit.
a3 hit upper limit.

.

4] 2

The message means that the limits on these parameters need to be changed.
Remember, however, that what you want is a curve which has the
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characteristics of the data. The statistics on these parameters are thus not that
important as they will be fixed before the final Fit.

Close the Compute Log window.
b. Change the limits on 42 and a3.
(1) Change the Low Limit on 42 to “0.5”.
(2) Change the High Limit on a3 to “0.3” respectively

c. Re-Fit the model. A warning the 43 hit a low limit will appear. Change the
Low Limit on 43 to “0.5”.

d. Refit the model to the data. This time the fit is successful. The plot of s1:pro
and s2:pre will be updated as follows:

BTk

1 (doy=)

e. On the Show menu, click Statistics, or alternatively, on the SAAM 11
Toolbar, click Statistics g The Statistics window will appear as follows:
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Blstatistics =10l x|
Parameter Wariable Value scd. Dew. Coef. of War. 9E% Confidence Interwval
Al 31.88375 Z_E0440e-001 6&.21z257=-001 31._44323 3E.3362]1 ~
AR 0_55387 1.78%1le-002 3.03305e+000 0.55364 0.62611
A3 0_.955E50 1.82096e-002 1.2037&=+000 0.91362 0.99338
al 6045026 3_E5486%e-001 5. 86946=-001 LS_74153 51.1789%8
a 1.42408 1.07193e-001 7. L5E7z0e=+000 1.20698 1.64118
a3 0.01723 3.63531le-003 E_10950=+001 0.0o0%387 0. 0z460
E(0,2) 0O.zegel? 1.50854=-002 S.66713=+000 0.23564 0. 29574
LE(zZ, 1) &0 27527 2.93937Ye-001 e 53LeZe-001 ES_477EE El.D'?Sle

- Correlation Matrix - Covariance Matrix O “D"h;ectlve

Objective Scaled Data Wariance :I
S& : pre —3.200521=+000 1.351343=-00Z
=1l : pro —3.90725%9=-001 1. E69865e—-00Z
Total cbjective -3.E5921317=+000
AIC —&.Z67128=-001
EIC —-3.9Z8127=-001

w

Kl :

f. Close the Statistics windows. The Plot window is still open.
g. View the weighted residuals associated with the fit of s2 to pre.

(1) On the Set menu, click Plot/Table Variables. Be sure the List All
Variables check box is selected.

(2) Click s2:wres to move this to the Current Selection pane.

(3) Click Done. The plot of the weighted residuals, in linear mode, will
appear as follows:
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=10] ]

gi-wreg i

1 (day=)

You can see the residuals are randomly distributed around zero and line in a
band essentially between -1 and 1; thus the sum of three exponentials is
providing a good description of the forcing function.

h. Re-Plot s1:pro in semilog mode.

12. Fix the parameters defining the forcing function, and fit the model to the data.

a. Open the Parameters dialog box, and fix all parameters associated with the
forcing function. The Parameters dialog box will appear as follows:
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| Parameters -0 x|
Name Type Current Low Limit High Limit
4l Fix 231.8837
A7 Fix 0.5833
Az Fix O_2L&E
al Fix &0_ 4603
az Fix 1_4741
k{0, Z) Adj O.Z&GEE 0. 03200 Z.0000
iz, 1} Adj S50_Z27E4 10.00aa 1a0_ 0000
ki(Z,2) Ad3j 02074 0.1l000 l0.000a
k{3, 2} Adj O.81&E 0.1l000 l0.000a
Mame: a3

Walue: |n.m 723307
Type: {* Fixed
" Adjustable

L Lirnit: |u_uu3nnunn

Higt Lt 030000000

Diane Cancel | Help

S5AAM IT

b.

Fixing the parameters of the forcing function. The parameters of the forcing
function should be fixed before performing a final fit of the system data, in
this case the “pro”. In this situation, the parameters of the forcing function
could be estimated from the data. There will be situations when this is not the
case. For example, you may have a situation when a sum of two exponentials
has excellent statistics but does not describe the data. When you try three
exponentials, you get an excellent description of the data but the statistics are
not good.

What is important in this case is the shape of the forcing function. Thus even
though a sum of three exponentials has bad statistics, because it has the
correct shape, it should be used as the forcing function.

Finally, by fixing these parameters, the weights associated with the forcing
function are not taken into account in the system model fit; this is what is
desired when you are examining only the system model and using the forcing
function simply to drive the system.

Fit the model to the data. The plot of s1:pro will appear as follows:
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c. View the statistics. The Statistics window will appear as follows (after
scrolling in the Parameter/Variable pane):

Botsnes _ioix

Parameter /Variahle Talue Scd._Dew. Coef. of War. 9L5% Confidence Interwval
Fobe] O_35550 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **:I
al E0. 45026 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **
aZ 1.42408 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **
a3 O_017E3 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **
k0, 2} O.26612 1.31405e-002 4.9385z2e+000 0.23363 0.29E69
EiZ, 1) &60.27E37 E_ZE070e-001 3.68425e-001 59_82747 60.7Z3E26
EiZ,3) 0.%0738 8.12418=-002 &2.95348=+000 0.74352 1.07124
ki3,2) 0.81617? E£.30362=-002 3.43508=+000 075963 D.EHT-‘Z'I-‘ZLI
i Correlation Matrix i Cowariance Matrix

Objectiwve Scaled Data Variahnce ;I
sZ : pre -3.Z00521e+000 1.1670622-00F
=l : pro -3.90725%=-001 1.096702e-00F
Total objective -3.E531317=+000
ATC -7.517198=-001
EIC -&.347697=-001

b o

You can see the parameters of the system model are quite well-determined.

d. Close the Statistics and Plot windows.
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Quit the SAAM II Compartmental application. If you wish, you may save the study file
for future use.
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