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Using Delays

Prerequisites

The prerequisite for this tutorial is having worked through the SAAM 11
introductory tutorial, “Getting Started with SAAM II Compartmental.” It is
recommended that you have worked through the SAAM II tutorial “Saving and
Restoring Solutions.”

What you will learn in this tutorial

The purpose of this tutorial is to show you how to how to create delays in your
compartment model. You will learn

e How to use the Delay tool in the Model Toolbox to create a delay (Part 1).

e How to use the Delay tool in the Model Toolbox to create a delay with split
output (Part 2).

e How to create absolute delays (Part 3)

Files Required
Study Files: The study files for this tutorial are
delayl.stu
delay2.stu
delay3.stu

These file are included as part of this tutorial for convenience; you will actually
create these study files are part of the tutorial.

Data files: The data files for this tutorial are

delayl.dat
delay3.dat

Introduction

This tutorial focuses on how to create delays in your compartment model. In the SAAM
II Compartmental application, there are two ways delays can be created. One way is to
use the Delay tool in the SAAM II Toolbox. The other way is to use a mathematical
function called the Heaviside function. The latter is an advanced modeling technique that

Rev. 11/01/05 DelaysUS-1  ©2004 - 2005 University of Washington



Using SAAM 11 Using Delays

should be used only in specific instances when a nearly absolute delay is required; it is
discussed in Part 3.

The Delay tool in the SAAM II Compartmental application creates delays
automatically as a series of compartments. The larger the number of compartments
specified for the delay in the Delay Attributes dialog box, the closer the delay will be to
a true (absolute) delay, but the longer the computation time may be. The number of
compartments in the delay is set by the user. The delay time can be either fixed, when the
attributes associated with the delay are defined, or can be defined as a parameter that can
be either fixed or adjustable.

Delays are usually required to describe physiological processes such as absorption,
uptake across cell membranes, or amino acid incorporation into proteins. The situation
can be represented schematically as follows:

input sample

7

delay

There is an input “upstream” from where the experimental samples are taken. The delay
is required when there is an actual delay in the appearance of the test substance in the
compartment from which samples are taken. The delay usually represents a composite of
metabolic activity, the details of which cannot be described from the actual data. This is
why, in most instances, delays represented by a series of compartments is appropriate.

The situation above is one where the delay is between the input and the sample site.
There are instances where material from the delay may actually pass to several
compartments. An example would be the measurement of amino acid incorporation into
several proteins. The situation for two outputs can be diagrammed as follows:

sample
O

input /

sample
O

delay

In this case, information on the split output must be provided; this is discussed in Part 2.

Rev. 11/01/05 DelaysUS-2  ©2004 - 2005 University of Washington



Using SAAM 11 Using Delays

Delays implemented by a string of compartments actually represent a transfer function
corresponding to a probability distribution function. The distribution function has a mean
and a variance (standard deviation). The mean is the delay time, and the standard
deviation is the delay width which is a measure of the “sharpness” of the delay. The
transfer rate constant between compartments in the delay equals the number of
compartments in the delay divided by the delay time.

What does this mean? The Delay Attributes dialog box associated with a delay in SAAM
IT appears as follows:

Delay Mumber: IE [1 ko 9399)

Reference Mame: |

Delay Time: {1.00000000
[\ alue or W ariable]

Murnber of compartments: |2

Tranzfer Coefficient: 2.00000000
Delay ‘wfidth; 070710673

di1.3=1.0 Cione
Frachonal Miztibution... Cancel
Help

In this case, the delay number is “3”. The default values for the delay time and the
number of compartments in the delay are 1.0 and 2 respectively. Normally, as illustrated
in this tutorial, the delay time is set equal to a parameter.

Consider the following example:

kiz, 1, —| 2

d(0,2)

This could illustrate the first steps of absorption where Compartment 1 could be the
stomach and Delay 2 could be the gut. If the number of compartments in the delay were
set equal to 5, internally the model would appear:
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Q k(2,1) O K(3,2) O k(4,3) O K{5,4) O k(6,5 O

k{0, 6)

while if the number were set equal to 10, the model internally would appear:

@ k{12,11) @ k{13,12) v@ k{14,13) — k{13,14) @— k{16 ,15)
k{17,16})
@4— ki21,20) k{20,19} (19,18} k{1§,.1T)

k{0,21)

What is the difference, and what is the relationship between the delay time specified as
part of the delay attribute, and the actual delay time that is desired? That is, the “delay

time” as the transfer function mean, and the “delay time” actually required by the data

may be different. This is a function of how a delay as a string of compartments work.

Consider an experiment on these two models where a bolus of “100” is given respectively
into Compartments 1 and 11. Suppose k(2,1)=k(12,11)=0.05, and the delay time is 150.
Then for a the five compartment delay, the transfer rate constant equals 5/150, or .033
while for the 10 compartment delay, this is 10/150, or .0667. This is shown in the
following figure:
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3.33e-002

5.00e-002

exl

ex?

6.6Te-002

The actual delay is created by the material leaving the last compartment in the delay, q6
and q21 respectively.

For the five compartment delay, s1 is the total mass in the delay as a function of time
while s2 is the amount in Compartment q6; it is this amount that will appear in the next
compartment of interest in your model. A plot of the two is shown in the following
figure:
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You can see that s1 has a slightly skewed distribution with a mean around 150. You can
also see that material starts to appear from Compartment q6 (measured by s2) at around
30 minutes. Thus the “physiological” delay is about 30 minutes. The counterparts for the
10 compartment delay are shown in the following figure:
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You can see the mean of the delay is again at 150, but now the width is smaller (as shown
in the following figure). Material starts to appear from the last compartment in the delay
(s4) at about 50 minutes.

Comparing the mass in the delay:
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The 10 compartment delay, s3, has a slightly narrower distribution. Of interest is the
effect on the “physiological” delay as shown in the following figure:
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The difference in the appearance of material from the last compartment in the delay
between the 5 and 10 compartment delay is quite dramatic.

In this tutorial, you will explore these phenomena in more detail so that you can better

appreciate the nature of a string of compartments as a delay tool, and know better how to
select the number of compartments.
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Part 1. Working with the delay tool — Single output from the delay

In this part of the tutorial, you will create and work with the following model:

ki4,3) —» 1 — d(1,1) ki2,1}

=00 k{1,2)

ki{0,1)

In the model shown above, Compartment 1 represents plasma and Compartment 2
represents an extra-plasma compartment. Thus, the “system” model, from the point of
how the substance is metabolized in the body, is represented by these two compartments.
Compartment 3 is the compartment into which the test substance, for example a drug, is
administered. If the administration of the drug is oral, Compartment 3 can represent the
first part of the gastrointestinal system. The Delay 4 represents passage and absorption of
the drug through the gut. Since there is no loss from either Compartment 3 or Delay 4, it
is assumed that the drug is completely absorbed (100% absorption).

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

2. Create the model.

a. Create the following part of the model.

ki{2,1)
ki{1,2)

k{0,1)

b. Add the delay and transfer from the delay to Compartment 1.
(1) In the SAAM 1I Toolbox, click Delay.

(2) Click on the Drawing Canvas where you would like the delay to be
located.

(3) In the SAAM 1I Toolbox, click Flux
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(4)Click on Delay 3 and then Compartment 1; the transfer d(7,3) will be
created. Your model will appear as follows:

di1,3) ki2,1}

—OO0O K(1,2}

SAAM IT

k{o,1)

Transfers from delays. Transfers from delays are denoted by “d(i,j)” instead of
“k(i,j)”. The reason is that all material entering the delay eventually will leave
the delay. Thus the d(i,j) represents a fraction of material moving along this
pathway. In the model shown above, d(1,3) equals “1” because this is the only
route by which material can leave the delay. If there were, for example, two
routes by which material could leave the delay (as illustrated below in Part 2),
the two d(i,j) would be numbers between 0 and 1, but the sum of the two
would equal 1. An actual rate constant k(1,3) will be calculated internally by
SAAM II; this value is available as output following a Solve or Fit. The value
is the sum of the rate constants connecting the compartments in the chain
representing the delay.

Change the number of the delay from “3” to “4”.

(1) Double-click Delay 3 to open the Delay Attributes dialog box. The dialog
box will appear as follows:
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Delay Mumber: IE [1 ko 9399)

Reference Mame: |

Delay Time: {1.00000000
[\ alue or W ariable]

Murnber of compartments: |2

Tranzfer Coefficient: 2.00000000
Delay ‘wfidth; 070710673

di1.3=1.0 Cione
Frachonal Miztibution... Cancel
Help

(2) Change the Delay Number from “3” to “4”.

(3) Click Done. Your model will appear as follows:

d{1,4) ki2,1}

"D"D’O‘ ki{l,2)

k(0,1)

d. Add Compartment 3 and transfer k(4,3) to your model.
(1) In the SAAM II Toolbox, click Compartment.

(2) Click on the Drawing Canvas where you would like Compartment 3
located.

(3) In the SAAM II Toolbox, click Flux.

(4) Click on Compartment 3 and then Delay 4. The transfer k(4,3) will be
added to your model which should appear as follows:
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ki4,3) —» 1 — d(1,1) ki2,1}

=00 k{1,2)

ki{0,1)

3. Create the experiment on the model.

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

b. Change the entry in the Units box from “minutes” to “hours”.

c. Type “60” in the End At box. The Experiment Attributes dialog box will
appear as follows:

Experiment Attributes

Independent Y ariable: It

| ik Ih-:uurs
Start at: ||:|_|:|
End at: ng

Done I Carzel | Help

d. Click Done. The Create Experiment dialog box will open as shown below:

Create Experiment x|

Mew Mame: ||[SHd=)

Type: | Experiment I System |
Create I Cancel | Help |

Be sure Experiment is selected (as indicated by “Exper” in the New Name
box).

e. Click Create. Your model will appear as follows:
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ki4,3) —m| 4 dil,4) kiz,1
k(1,2

k{0,1)

4. Add the data to the model

a. On the Show menu, click Data, or alternatively, on the SAAM II Toolbar,
click Data H The Data window will open.

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

c. Double-click delayl.dat. The data in this file will appear in the Data window
as shown below:

_iofx
Ve
DATA |
firime in hours; conc in mg/ml
(FSD 0.1
t Conc
0.t 7.24
0.7& 11.75
1 14_Z1
1.5 17_E0
£ 17_Z0
3 1212
4 T.ET
13 4.87
& 3.18
3 1.5
1E& o.8o0
13 0.321
24 o.zz
36 0.11
48 0.0g
11} 0.0z
ENL:
w
K ;IJ
Data Format is okay

d. Close the Data window.
5. Create the input and sample

a. Inthe SAAM II Toolbox, click Input.

Rev. 11/01/05 DelaysUS-14 ©2004 - 2005 University of Washington



Using SAAM 11 Using Delays

b. On the Drawing Canvas, click Compartment g3, and then click on the
canvas. The input ex1 will appear associated with your model.

c. Double-click ex1. The Exogenous Input dialog box will open.
d. Type “400” in the Initial Amount box.

e. Click Add. The Exogenous Input dialog box should appear as follows:

Exogenous Input El

Mame: IEH'I Reference Name:l | rikz: I

Tvype Initial Constant Start Stop Repeat Ewvery Nr. Bepeats

—lnput Type:———————————— Initial Amount: |4EIIII
i+ Bolus EnnstantHate:l
™ Infusi
n.usu:nn _ Ewent Start; I
" Primed Infusian
" Equation Event Stop: I
Repeat Eveny: | Delete %
Mr. of Repeats: I
Equation: (ex] =
Split [ nput... Done Cancel Help

f. Click Done.
g. Inthe SAAM II Toolbox, click Sample.

h. On the Drawing Canvas, click Compartment q1, and then click on the
canvas. The sample s1 will appear associated with your model.

i.  On the Drawing Canvas, double-click s1 to open the Sample Attributes
dialog box.

j.  Type “conc” in the Associate with Data Name box.
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k. Edit the sample equation to read “s1=q1/Vc” in the Equation box. The
Sample Attributes dialog box will appear as follows:

sample Attributes |
Mame: =1
LIrits: |
Azzociate with Data Mame: ||:|:|n|:
E quations:
1 =qlMfe ;I

| Dione I Cancel Help |

l. Click Done.

6. Enter the parameter values as shown below:

|} Parameters =0 x|
Name Type Current Low Limit High Limit
Vo Adj 15_00on L. oooa loo.oaon
k(0O,1) Ad3j 0. 5000 o.0&00 L._oooo
E(l,2) adj o_oLao o_ooko o_&ooo
E(Z,1) Adj 0.1000 o.0l00 1._0000
el 1._0000 0. 1000 oooo

Mame:  k[4,3)]

Walue: I'I
Type: { Fixed

* Adiustable

Lawy Limit: |n_1 onooooa

High Lirrit: |1 0.00000000

Dane Cancel | Help
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7. Work with the delay tool

At this point, your model is specified except for information about the delay.
Information about the delay is specified in the Delay Attributes dialog box which
is accessible only in the Model mode.

The Delay Attributes dialog box is shown below:

Dielay Mumber: IE [1 ta 99599)

Reference Mame: |

Delay Time: {1.00000000
[\ alue or W ariable]

Murnber of compartments: |2

Tranzfer Coefficient: 2.00000000
Delay ‘wfidth; 070710673

di1.3=1.0 Cione
Frachonal Miztibution... Cancel
Help

The boxes in which information can be entered are:

Delay Number: Here you can specify the number you want associated with the
delay.

Reference Name: You may add a reference name if you wish; this will appear
associated with the delay in the same manner reference names appear with
compartments.

Delay Time: The delay time can be specified here numerically if you know the
exact time of the delay. It can also be specified as a parameter. For example, if
you changed “1.0000000” to “deltime”, deltime (delay time) would be
interpreted by SAAM II as a parameter which would appear when you open
the Parameters dialog box.

Number of Compartments: You can specify the number of compartments in the

delay. The more compartments in the delay, the “sharper” the delay, but the
more time it will take to solve your model.
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Fractional Distribution: When there is only one pathway leaving the delay, this

o

SAAM 1T

box is dimmed. If there is more than one pathway leaving the delay, the
fractional delay is active. As described in Part 2, you must specify the
characteristics of the split delay if there is more than one pathway leaving the
delay.

Technical information about delays. The delay represents a transfer function
corresponding to a probability distribution; the distribution has a mean and
variance (standard deviation).

The mean is the delay time and the standard deviation is the delay width
(measure of the sharpness of the delay).

The transfer coefficient equals the number of compartments in the delay
divided by the delay time. In the above example, this is “2” divided by “1”
which equals “2”. Thus the transfer coefficient is reported as “2”

The delay width equals the square root of the delay time divided by the
transfer coefficient. In the above example, this is the square root of 2 which
equals 0.70710678.

Set the time of the delay equal to a parameter.

This tutorial will not work with delays where the exact time value is known. If
this were the case, simply enter the time of the delay in the Delay Time box,
and enter the number of compartments in the delay in the Number of
compartments box.

(1) In the SAAM II Toolbox, click Model to active these tools.
(2) Double-click Delay 4 to open the Delay Attributes dialog box.

(3) Change “1.0000000” to “tlag” in the Delay Time box. The Delay
Attributes dialog box will appear as follows:
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Delay Mumber: |4 [1 to9939]

Reference Mame: |

Cielay Time: Itlag

[\falue or Y anable]

Mumber of compartments: IE

Transfer Coefficient;
Drelay vwidth:

di1.41=1.0 Dore

Fractional Listibution,.. Cancel

Help

(4) Click Done.

Josso

sAAM I . . . .

The delay attributes dialog box. Remember the Delay Attributes dialog box
can be opened only when you are in the Model mode. If you are in the
Experiment mode and double-click on a delay, the following message will
appear on the Drawing Canvas:

SAAM II Compartmental x|

‘A There are no additional DELAY attributes applicable bo an experiment. Return bo MODEL mode and double-click the DELAY bo define the global attributes,

Click OK, and return to the Model mode.

SAAM I

The delay time as a parameter. When you change the time of the delay from a
number to a name, the name will appear as a parameter. In this case, tlag will

appear when you open the Parameters dialog box. The time of a delay can be
either a fixed or an adjustable parameter.

b. Work with the delay time.
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In this part of the tutorial, three simulations will be run using different times
for the delay. Remember the number of compartments in the delay is set at the
default value “2”. Each simulation will be saved, and a final plot comparing

the three will be created.

(1) In the Show menu, click Parameters, or alternatively, on the SAAM 11

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

(2) Double-click #ag to select it. Type “1” in the value box, and click Save.
The Parameters dialog box will appear as follows:

I Parameters o [m] S
Name Tvype Current Low Limit High Limit
o L_ooag
kiD,1l} Ad7 0.5000 0.0500 5.0000
{1, 2} adj o.akao 0o.0oko 0. Loan
iz, 1) adj o.100a0 o.oloo 1.000an0
k(4,3 2d3 1l.000a0 o.1o00 10,0000
tlag Ad3 1.0000 0.1000 10.0000
M arne:
e Value: [15.00000000
Type:  Fixed .
¥ L Low Limit: {5.00000000
v Adjustable -
High Limit; I‘I (0. Q0000000
Done Cancel | Help

(3) Click Done.

(4) In the Compute menu, click Computational Settings. The

Computational Settings dialog box will open. In the Min. Nr. of
Calculation Intervals box, change “20” to “200”. The Computational
Settings dialog box will appear as follows:

Rev. 11/01/05
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Computational Settings
kin, Mr. of Calculations Intervals: Im TI (1 ta 500]

x|

— |nkeqgratar
¥ Usze Relative Emor:

{0,001 00000
[1.0e-10ta 1.0]

[ Use Absolute Eror;

Pade
Runge-Futta

[ Compute Sample 8UC's [greater than 0.0]

— Diptimizer
bdam. Mr. of Fit [terations: |20 w | [Ota&0)
Wariance kModel Dervative
% Data i~ shzolute ¥ Fanward
" Model ' Fielative " Central

Corwergence Criteriar: ||:|_|:||:||:|1 Qoan

I1.0e-7 to 1.0
[ Include Bayesian Term

Lambda: [10.00000000

M= e =

[~ Save Results to Text File

[Level File

) Biasic " Beplace
" Detaied ) Add
g |

Help

Done I

Cancel |

Click Done. (Remember increasing the calculation intervals will give
better resolution to the plots).

(5) In the Compute menu, click Solve, or alternatively, on the SAAM 11
Toolbar, click Solve :l

(6) 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.

(7) Click s1 to move this to the Current Selection pane.

(8) Click Done. If the plot is not linear, in the View menu, click Semilog. The
plot will appear as follows (the maximum for the Y Scale has been set
equal to “12”)
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=10|.x]
51 i
| ]
40 60
1 (hrs)

(9) In the Compute menu click solutions. The Solutions dialog box will
open. Click Add. The Solutions Variables dialog box will open. Scroll
through the list, and select s1. The two dialog boxes will appear as

follows:

Rev. 11/01/05
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Bisolutions

I ame Prefis: |

Solubions:

Salutic

— Current Salution

Add... |

Eestore Selected

Solution Yariables

Select Yariables whoze values are to be

x|

zaved with the Saolution

flu=(2.1]
flu(4,2]
k[0,1]
k[1.2]
k[1.4]
k[2.1]
k[4.3]
ql

qZ
ES
Tl_res
#1_wres
t
tlag

Daone I

-

Help

Click Done. The Solutions dialog box will appear as follows:

Bsolwtions

=10 x|

Mame Prefis |

Solutions:

Solution Y ariables:

1

— Current Salution

Eestore Selected

Rev. 11/01/05
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Close the Solutions dialog box.
(10) Set tlag equal to “10”. Set the Upper Limit for tlag equal to “50”. Repeat

the above steps saving the solution as solution number “2”. The plot will
appear as follows:

=10l.x]

1 ? 1 1 1 1 1 1 1 1 1

10

(=2}
IIIIIIIIIIIIIIIIIIIIIII

ane]
o]
[
P
[
(=2}
[

t (hrs)

Notice the peak is not as high as when the delay was equal to “1”. This is
due to a combination of only two compartments in the delay, and the
length of the delay time.

(10) Set tlag equal to “20”, and repeat the above steps saving the solution as
solution number “3”. The plot will appear as follows:
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=10lx]

1 2 T T T T T T T T T

10

[=a]
LI I LI I LI I T 1T I T 1T I LI

0 20 40 60
t (hrs)

(11) Plot all three simulations simultaneously. With the plot window open, in
the Set menu, click Plot/Tables Variables. The Plot and Table
Variables dialog box will open. Be sure the List All Variables check
box is selected. Select s1{1}, s1{2} and s1; the Plot and Table Variables
dialog box will appear as follows:
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Plot and Table Yariables x|
Wariables for Az bz |t
fls(1.2] -
flue=(1.4] _I
;:3:{313} Select up to 10 -Axiz
k(01 ] Wariables in List.
kI1.2]
k[1.4)
tﬁ;} Current Selection :
1
g1 {1}
z1 {2}
#1_res
#l_wres
t
Hag -
v List &l ariables
Dane I Cancel Help
Click Done. The plot will appear as follows:
=0l x|
1 2 T T T T T T T T T
L 31 ]
Lo - - - 31 11 } 4
1|j_|'x —— - g1 1% —
L ]
L, _
L] L —
o :
B 1 —
L i
. i
4l .
_I h -
I S ]
[+ IR s -
! L ]
a 1 1 e T e S e e St AU e ey
] 20 40 i8]
1 (hrs)

Close the Plot window.
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G=Q

SAAM IT

The delay time. For a given number of compartments in the delay, the longer
the delay time, the less “pronounced” the delay will be. This is the result of
the way the transfer between compartments in the delay is calculated.

The transfer coefficient equals the number of compartments in the delay
divided by the delay time. In the above example, this is “2” divided by “17,
“10” and “20” which equals “2”, “0.2” and “0.01” respectively. The material
is slower passing through the delay as the delay time increases.

The delay width equals the square root of the delay time divided by the
transfer coefficient. This also increases as the delay time increases.

Work with the number of compartments in the delay.

In this part of the tutorial, the effect of the number of compartments in the
delay will be investigated. Remember the number of compartments in the
delay equals “2”. Leave all parameters as set previously; leave tlag equal to
“20”. The Parameters dialog box should appear as follows:

S

Name Type Current Low Limit High Limit

Eio, 1) Ad] 0. 5000

o_o&koo E_0aoo
Eil, 2} Adj o.0s00 o_oasa 0. 5000
E{E, 1) Adj 0.1la0a0 a_olan0 1.000a0
kid,3) Adj 10000 o_.1la00 10. 0000
tlay Adj 0. 0000 o_.1la00 E0. 0000
ez e Value: [15.00000000
Uyest @ L Low Limit: [5.00000000
f* Adjustable -
High Limit |1 00. 00000000
Done Cancel | Help

(1) In the Compute menu, click Solve, or alternatively, on the SAAM 11

Toolbar, click Solve ===I.
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(2) 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.

(3) Click s1 to move this to the Current Selection pane.
(4) Click Done. If the plot is not linear, in the View menu, click Semilog. The

plot will appear as follows (remember the maximum for the Y Scale has
been set equal to “12”)

=181.x]

1 ? T T T T T T T T T

10

(=]
T 1T I LI I LI I LI I LI I LI

0 20 40 B0
1 (hral

(5) In the Compute menu click solutions. The Solutions dialog box will
open. Click Add. The Solutions Variables dialog box will open. Scroll
through the list, and select s1. The two dialog boxes will appear as follows
(remember you already have saved solutions — this will be solution “3”):
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Bisolutions

I arme Prefis: |

Solubions:

Salutic

_

— Current Salution

Add. |

Bestore Selected

=1 12}

Solution ¥ariables

X

Select Y ariables whoze values are o be
zaved with the Solution
B

flus(2.1]
fls(4,2]
k[0,1]
k[1.2]
k[1.4]
k[2.1]
k[4.3]
ql

qZ
ES
#l_rex
#1_wres
t
tlag

-

| Daone I

Help

Click Done. The Solutions dialog box will appear as follows:

— Current Salution

Bsolutions o e S
M ame Prefis: |
Solubions: Salution Y ariables:
1
2
3

Eestore Selected
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Close the Solutions dialog box.
(7) In the SAAM II Toolbox, click Model to return to the Model mode.
(8) Double-click Delay 4 to open the Delay Attributes dialog box. Change

the number of compartments in the delay from “2” to “5”. The Delay
Attributes dialog box will appear as follows:

Delay Attributes

Drelay Mumber: I.-.i [1 to 3933]

Reterence Mame: I

Dielay Time: Itlag
[%falue or Wanable]

Mumber of compartments: IE

Transfer Coefficient;
Drelan Wfidth:

d1.4]=1.0 Done

Fractional iztibution,.. Cancel

Help

Click Done.

(9) Solve the model and view the solution. The plot will appear as follows:
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=10l x|
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(10) Save sl as solution “4”.
(11) Set the number of compartments in the delay equal to “10”. Solve the

model, view the solution, and save the solution as solution “5”. The plot
will appear as follows:

=10l x|

1 ? T T T T T T T T T

10

(=2}
IIIIIIIIIIIIIIIIIIIIIII

ane]
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(12) Repeat the previous step with the number of compartments in the delay
set equal to “20”. The plot will appear as follows:

=10l.x]

1 2 1 1 1 1 1 1 1 1 1

10

(=21
LI I T 1T I T 1T I LI I LI I LI

L]
(=21
[

t (hrs)

(13) Compare all four simulations. With the Plot window open, in the Set
menu, click Plot/Tables Variables. In the Plot and Table Variables
dialog box, select s1{3}, s1{4}, s1{5} and s1. The Plot and Table
Variables dialog box will appear as follows:
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Plot and Table Yariables x|
Warnables for Az Hobiis It
flui[4,3) -
k[0.1] B
EH ﬂ Select up to 10 Az
k[2:1] Yariables in List.
k[4.3]
Current Selection :
1
g1 {3}
g1 {4}
1 {5}
Cancel Help
Click Done. The plot will appear as follows:
=10l x|
1 2 T T T T T T T
i a1 ]
L --- 3113 -
10 Ep— ia _
i --—- 51 15 i
gl ]
ol N
Fin __
N N
ol e apen =]
] B0
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The number of compartments in a delay. For a given delay time, the more
compartments in the delay, the “sharper” the delay will become. This is the
result of the way the transfer between compartments in the delay is calculated.

The transfer coefficient equals the number of compartments in the delay
divided by the delay time. In the above example, this is “2”, “5”, “10” and

“20” divided by “20”. The material is faster passing through each
compartment in the delay as the as the number of compartments increases.

d. Solve the model, and fit the model to the data.

(1) Set the value for flag equal to “1” with a minimum and maximum
respectively equal to “0.1”” and “10”.

(2) Set the number of compartments in the delay equal to “5”.

(3) Solve the model, and view the solution. The plot will appear as follows
(the Y Scale maximum has been set equal to “20):

=101]

EII:I T T T T T T I T T T
L 1 i
i;* o cohe ]
151 _
1A .
y: ]
1ol .
b i
£ _
0 el o . e o ]
{0 20 40 (]

1 (hrsl

(4) In the Compute menu, click Fit, or alternatively, on the SAAM I1
Toolbar click Fit M The plot will be updated as follows:
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=101 x|
EI:I T T T T T T I T T T
L 21 i
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o 1 - L
40 60
1 (hral

(5) View the details of the initial rise and fall. In the Set menu, click
Plot/Table Scale. The Plot and Table Scale dialog box will open. Set the
X Axis maximum equal to “5”. The Plot and Table Scale dialog box will
appear as follows:

Plot and Table Scale x|
¢ A Mirirnuiri P awirriLarn
" AutoScale |00 |60.00000000
[+ Set |00 |5
= Az
" futoScale |00 | 1750000000
(+ Set {00 | 20.00000000
Done I Cancel | Help

Click Done. The plot will appear as follows:
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_lojx
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You can see the effect of the delay in the initial portion of the curve. What
is the effect of the number of compartments in the delay in this situation?
If you increase the number of compartments to “20”, the plot will appear
as follows:

=101.x]

ED T T T T T T T T I T T T T T T T T I T T T T
L 21 i
i o o o conc ]
151 _
10l _
5L
|:|_ 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
| 1 2 3 4 A
1 (hrsl
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The value for tlag is approximately 0.3, so you can see with the number of
compartments equal to 20, the delay is approaching an absolute delay.

(6) View the statistics. In the Show menu, click Statistics, or alternatively on

the SAAM II Toolbar click Statistics % The Statistics window for the
5 delay compartment model will appear as follows:

b3 Statistics o ] 4
Parameter Wariahle Talue Std._Dewr. Coef. of War. 95% Confidence Interwal
o 14 £5478 1.32323e+000 2.02334e+000 11.70644 17.60312 =
k0,1 0.37177 E£.836432e-00& 7.629L55=+000 0.30857 0.43437
kil,2) 0.07123 4.610832-003 &.4640324+000 0061068 0.081&0
kiz,1) 0.0586280 9.31316=-003 1.39413=4+001 O_045085 0_0875E
k4,3 1.61107 3.3280642-001 Z.47081e+001 O_.7E41Z Z.43801
tlag 0.29880 E5_.767Ele-00Z 1.2302Z5e+001 0.170z3 O_.42730
————————————————————————————————— Derived Wariables -—-----—--—-——-—-————-——————————-———-
kil,4) 16. 73385 3.E2300%e+000 1.23028e+001 2_E367E 23_93095.:1

. Correlation Matrix - Covariance Matrix

Objective Scaled Dats Variance _:J
=1 : conc —Z.974176=4000 1.01705E=+000
Total objective —Z.974176=+000
ATC -1.306494=2-001
EIC 3.835438e-002

-,

Kl ¥

The statistics for the model and data are satisfactory since the largest
coefficient of variation is just under 25%. Notice, however, the derived
variable k(1,4). There is no k(1,4) in the model; there is a d(1,4) for the
delay. The value for k(1,4) is the value for the rate constants in the delay,
and equal to the transfer rate constant from the last compartment in the
delay to Compartment 1.

It should be noted that the statistics will change a little if you change the
number of compartments in the delay. The largest change will normally be
in k(1,4) whose numerical value is a function of the number of
compartments in the delay.

8. Close all open windows and dialog boxes.

Quit the SAAM II Compartmental application. You may save the study file if you
wish. It is provided as part of this tutorial as delayl.stu.
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o

SAAM 1T

How many compartments in a delay. The number of compartments in a delay
is an integer, and cannot be specified as an adjustable parameter. The number
of compartments is set by the user, and can be determined by simulating
which number provides the most reasonable description of the data. You need
to be sure that the number of compartments in the delay does not have a
substantial effect on the model parameters. For example, in the above if the
number of compartments in the delay is set at “20”, the statistical information
is:

Plstatistis =101
Parameter/Variabhle Value Std.Dev. Coesf. of War. 95% Confidence Interwval
Ve 14.65364 1_.3E5338=+000 9_Z23200=+000 11.564413 17.67E15 &
k(0,1 0273204 Z.2004%e-002 7_7752Le+000 0.30841 0.43766
E(l,Z) 0.07146 4.66408=2-003 &.5E675=2+4+000 0.06107 0.08185
E(Z, 1) 0.056744 29_E0Elée-003 1.40251e+001 O.04626 0.08861
kid,3) 1.55001 3.44F88=-001 E_2El20=4001 0.78z88 2.31713
tlag 0.29172 4.768l4e-002 1.53410=+4001 O.185E& 0.33803
————————————————————————————————— Deriwved Wariables ----—--—----————--————————————————
Eil, 4 68. 54229 1_1:2006e+001 1.6341Ze+001 43 58577 93_49881j

- Correlation Matrix - Covariance Matrix v “D“h']

Objectiwve Scaled Data Variance ;I
sl : conc —Z.951231e+000 1_040661e+000
Total ocbjectiwve —£.951231=+000
ATC -1.131769e-001
EIC 4_98z5842-002

w

Kl ’

You can see there is essentially no difference except in the value of k(1,4)
which, because the number of compartments is different, should be different.
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Part 2. Working with the delay tool — Split output from the delay

This part of the tutorial assumes you have worked through Part 1, and hence are familiar
with the role of delay time and the number of compartments in the delay.

In this part of the tutorial, you will create and work with the following model:

d(1,4)

Kki4,3) —| & k{0, 1)

d(2,4)

k{0,2)

In the model shown above, Compartments 1 and 2 represent two distinct plasma
compartments of the test substance introduced into the system. Thus, the “system” model,
from the point of how the substance is metabolized in the body, is represented by these
two compartments. Compartment 3 is the compartment into which the test substance, for
example a drug, is administered. If the administration of the drug is oral, Compartment 3
can represent the first part of the gastrointestinal system. The Delay 4 represents passage
and absorption of the drug through the gut. Since there is no loss from either
Compartment 3 or Delay 4, it is assumed that the drug is completely absorbed (100%
absorption). The two plasma compartments in this situation could be interpreted as a drug
and a metabolite of the drug where conversion takes place during the absorptive process.

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

2. Create the model shown above.

3. Double-click Delay 4 to open the Delay Attributes dialog box. The Delay
Attributes dialog box will open as follows:

Rev. 11/01/05 DelaysUS-39 ©2004 - 2005 University of Washington



Using SAAM 11 Using Delays

Delay Mumber; I [1 ta 9999)

Feference Mame: |

Delay Time: {1.00000000
[\ alue or Y ariable]

Murmber af campartrments: |2

Transfer Coefficient; 200000000
Cielay 'width: 070710673

Done

Fractional Distribution. .. Cancel

Help

Notice unlike the situation in Part 1, the Fractional Distribution check box is
active. This is because there are two outputs from Delay 4.

4. Set the delay attributes.

a. Change the Delay Time from “1.000000” to “timelag”; timelag will become a
model parameter.

b. Change the Number of compartments from “2” to “10”.

c. Click the Fractional Distribution check box. The Delay Fractional
Distribution dialog box will open as shown below:

Delay Fractional Distribution x|

;I Dane I
Cancel |

;I Help |

Edit the equation “d(1,4) = 1.0-d(2,4)” to read “d(1,4) = frac”. Edit the
equation “d(2,4)=d(1,4)” to read “d(2,4)=1-frac”. The Delay Fractional
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Distribution dialog box and the Delay Attributes dialog box will appear as
follows:

Delay Attribi

Delay Mumber: |4 [1ta 3999)

Reference Mame: I
Delay Fractional Distribution |
Dielay Time: Itimelag
ﬂ Done I

[ alue or Yariable)
Cahcel |

d[1.4] = frac
di2.4] = 1-frac

Mumber of compartments: I‘l 0

Transfer Coefficient:
Delay width:

Dione |

Fractional Distribution... | Cahcel |

Help |

d. Click Done in the Delay Fractional Distribution dialog box, and then click
Done in the Delay Attributes dialog box.

S5AAM I

j Help |

Fractional distribution from a delay. When there is more than one loss from a
delay, you must specify the fractional distribution along each loss pathway. It
is essential to remember that the total fractional loss must equal 1. Thus when
you specify the fractional distribution, you must be sure the total equals 1. In
the situation here, d(2,4) is defined as a parameter frac; this parameter will
appear in the Parameters dialog box. The equation “d(1,4) = 1.0 — d(2,4)”
will define d(1,4) in such a way that “d(1,4) + d(2,4) = 1.” With two losses
from a delay, making sure the sum of the fractional output equals “1” is easy;
with more than two losses, it requires more bookkeeping.

5. Create the experiment on the model.

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

b. Change the entry in the Units box from “minutes” to “hours”.

c. Type “60” in the End At box. The Experiment Attributes dialog box will
appear as follows:
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Experiment Attributes

Independent VW aniable: It

itz Ihu:nurs
Start at: ||:|_|:|
End at: ||3|j

Dione I Cancel | Help

d. Click Done. The Create Experiment dialog box will open as shown below:

Create Experiment El
PMew M ame; I
Type: | Es=perment I Syztem |

Create Cancel Help
| | |

Be sure Experiment is selected (as indicated by “Exper” in the New Name
box).

e. Click Create.
6. Add the data to the model

a. On 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 delayl.dat should appear in the list (if
it does not, find the folder where you put this data file).

c. Double-click delayl.dat. The data in this file will appear in the Data window
as shown below:
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_1o/x
—_—
DATA ]
ftime in hours; conc in mog/ml
(FED 0.1
L= conc
0.k T.E4
0.75 11.75
1 14.21
1.E 17.E0
Z 17,20
3 12,12
4 T.ET
£ 4.87
& 3.18
] 1.EE
1z 0.s80
1z 0.31
24 0.23
36 0.11
43 0.0&
&0 0.03
ENL
w
Kl LIJ
Data Format is okay

d. Close the Data window.
7. Create the input and sample
a. Inthe SAAM II Toolbox, click Input.

b. On the Drawing Canvas, click Compartment q3, and then click on the
canvas. The input ex1 will appear associated with your model.

c. Double-click ex1. The Exogenous Input dialog box will open.
d. Type “400” in the Initial Amount box.

e. Click Add. The Exogenous Input dialog box should appear as follows:
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x

M arme; IEH'I

Tvype Initial

Reference Name:l

Constant Start Stop

| rikz: I

Repeat Ewvery Nr. Bepeats

— lnput Type:
& Bolus

™ |nfusion
" Primed Infusian

" Equation

Initial Amount: |4nn

[Earstant Hate: I

Equation: (ex] =

Split [ nput...

Event Start; I
Ewvent Sham I
Repeat Eveny: | Delete %
Mr. of Repeats: I
Done Cancel Help

f. Click Done.

g. Inthe SAAM II Toolbox, click Sample.

h. On the Drawing Canvas, click Compartments 1 and 2, and then click on
the canvas. The sample s1 will appear associated with your model.

i.  On the Drawing Canvas, double-click s1 to open the Sample Attributes

dialog box.

j.  Type “conc” in the Associate with Data Name box.

k. Edit the sample equation to read “s1=(ql+q2)/Vc” in the Equation box. The
Sample Attributes dialog box will appear as follows:
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sample Attributes x|
Mame: =1
Unitz: |
Agzociate with Data Mame: I.;Dn.;
E quations;
#1 = [gl+g2]Me ;I
[~

| Dione I

Cancel

. Click Done. The model will appear as follows:

ki1,3) —»

d4

dil,4}

a{2, 1)

8. Enter the parameter values as shown below:
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|l Parameters - 0] x|

Name Tvype Current Low Limit High Limit

Ve Ad] 15. 0000 L. o000 1000000

frac Adj 0.2000 00100 1.0000

(0,1} Ad3j 0. 5000 o._o&5oo L_oooo

E(0,2) Adj o._o0500 o._oo50 0. 5000

Eid,3) Ad3j 1.0000 0.1000 10,0000

1aa0

Mame:  timelag

Type:  Fixed
f+ Adiustable

W alue: I'I

Lo Limnit: II:I.'I Q000000

High Limit: |1 0.00000000

Done

Cancel |

Help

It is important to notice the limits on the parameter frac; the value of this
parameter cannot exceed “1”, nor be less than zero.

9. 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:conc to move this to the Current Selection pane.

d. Click Done. If the plot is not linear, in the View menu, click Semilog. The

plot will appear as follows:
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10. Fit the model to the data, and view the solution.

a. Inthe Compute menu, click Fit, or alternatively, on the SAAM II Toolbar
click Fit M The plot will be updated as follows:

=101 x|
T T I T T T ]
51 i
O conc n
e o . ]
40 G0
1 (hrs)
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b. View the statistics. In the Show menu, click Statistics, or alternatively on the

SAAM II Toolbar click Statistics % The Statistics window will appear as
follows:

Pstatisics P [=TE

Parameter Wariahle Talue scd. Derv. Coef. of War. 9L% Confidence Interwval
(4,3 1_562E5E% 3.48C074=-001 E_F3074=+001 O_7853& 2.339E6
timelag O_Z3087 4.854Fle-002 1.&688E5e+001 0.18z71 0.39303
————————————————————————————————— Derived Wariables ----------—-——-——--————————————————
dil, 4) 0.36781 3.933%58e=-003 4._07061e-001 0.35303 0.37&6E53
diZ, 4} O.0321% 3.93958=-003 1.ZE387=+001 O.0z2341 0. 04037
Zil,4) 33.27E74  E_LEO8E6e+000 1.658Z%e=+001 Z0.920465 45640584
E(Z,4]) 1.10666 Z.31887=-001 Z._03E538=+001 0_58338 1.62334
-
- Correlation Matrix - Cowariance Matrix

Objective Scaled Data Wariance _:J
=zl : conc —Z.354391=+4000 1.037377=+000
Total objectiwve —£.954391e+000
ALIC -1.207&571e-001
EIC d_BEd4ceda-002

b Ay

To obtain this figure, you must scroll down thru the Parameter/Variable
pane so that the derived variables are shown. The parameter d(1,4) equals
frac; d(2,4) equals “1 — frac.” The rate constants k(1,4) and k(2,4) are the rate
constants from the last compartment in the delay to Compartment 1 and
Compartment 2 respectively. The sum of these rate constants equals the rate
constant connecting the other compartments in the delay.

11. Close all open windows and dialog boxes.

Quit the SAAM II Compartmental application. You may save the study file is you
wish. It is provided as part of this tutorial as delay2.stu.
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Part 3. Specifying a delay using the Heaviside function

The Heaviside function

The Heaviside function is:
heaviside=0.5*(1.0+atan(lambda*(t - tlag))*2/3.141592653)

In this expression, “atan” is the arctangent function. The expression “t — tlag” acts as a
switch. For values of “t” less than “tlag” the value of the Heaviside function equals zero.
For values of “t” greater than “tlag”, the value is non-zero. The values of the Heaviside
function are between zero and 1. The parameter lambda controls the sharpness of the
function, i.e. how close the values lie “exactly” between zero and 1.

The following shows a series of simulations with lambda equal to “1” (s1{1}), “10”
(s1{2}), “100” (s1{3}) and “1000” (s1).

=101 x|

T T T T T T T T T =1

kb ]

150 _

10 _

5L i ]

|:| N —I'-' :. f_l. —I— e el il __.r__L- 1 I 1 1 1 I 1 1 1 ]

0 2 4 [ B 10

1 (hrs)

To see how the Heaviside function works, the following is the table of values when
lambda equals 1000.
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_{olx)
| t sl
0._0oa 0.000
o.100 2_E5E74Z7e-005
0.zoo 1.73E53e-004
0.300 Z.5Z606e-004
0._400 2.E53280e-004
0_Eon 4._471&0e-004
0_750 &.83742e-004
l.000 2.4703zZe-004
1._E00 1.E512372e-003
Z._00o0 E_1679Z2e-003
Z._500 Z_94164e-003
Z.000 2.88857e-003
3.E00 E_103332e-003
4._000 &_8E98Ee-003
4_500 9_77036e-003
E.0on 0.107
E_E00 E_9Es
&._000 lo_5327
&._ 500 14.104
7.000 le. 8832
7.E00 13.047
g.000 ED_73E
g._500 ZEZ_045
Z.000 Z3.087
S_E0n E3Z_863
10.000 4483
10.000 Ed_ 483

You can see up to time “5” the values of sl are close to zero. After time “5”, they rise.
This illustrates the essential point of the Heaviside function: it is continuous and
differentiable! This is extremely important not so much for simulations (solving
differential equations) but for fitting.

Suppose delays could be implemented using a conditional expression “if-then-else”. The
problem here is the conditional can introduce a discontinuity in the model solution.
Problems can arise when there is a datum near the discontinuity during optimization since
the algorithm for optimization does not know on which side of the discontinuity the
datum lays. When using conditionals, one needs to be very careful that incorrect solutions
are not returned. This is why conditionals (e.g. “if-then-else” or the FORTRAN functions
AMIN and AMAX) are not implemented in the SAAM II Compartmental application.
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In this part of the tutorial, you will create and work with the following model:

kil,3) ki2,1)
kil,2)

k(0,1)

\

The difference between this model and the model used in Part 1 is that the delay will be
specified as part of the transfer k(7,3).

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

2. Create the model shown above.
3. Create the experiment on the model.

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

b. Change the entry in the Units box from “minutes” to “hours”.

c. Type “60” in the End At box. The Experiment Attributes dialog box will
appear as follows:

Experiment Attributes

Independent VW ariable: It

| ik Ih-:uurs
Start ak: ||:|_|:|
End at: ng

Done I Cancel | Help

d. Click Done. The Create Experiment dialog box will open as shown below:

Rev. 11/01/05 DelaysUS-51 ©2004 - 2005 University of Washington



Using SAAM 11 Using Delays

Create Experiment il

MHew Mame: (|30

Twpe: | Experiment I System |
Create I Cancel | Help |

Be sure Experiment is selected (as indicated by “Exper” in the New Name
box).

e. Click Create.
4. Add the data to the model

a. On 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 delay3.dat should appear in the list (if
it does not, find the folder where you put this data file).

c. Double-click delay3.dat. The data in this file will appear in the Data window
as shown below:

Rev. 11/01/05 DelaysUS-52  ©2004 - 2005 University of Washington



Using SAAM 11 Using Delays

J1=TES
—_
DATA | =
fitime in hours; conc in mog/ml
(FED 0.1}
. cone
21 n
.2 n
.3 n
o d n
o.& T.E4
0.7& 11.7&
1 14.21
1.8 17. L0
Z 17.E0
2 12,12
4 T.ET
£ 4.87
& 3.18
=] 1.E&
1z 0.80
1z 0.31
24 0.&3
36 0.11
43 0.0&
&0 0.03 —
ENLI
-
Kl _>I_I
Data Format is okay

d. Close the Data window.
5. Create the input and sample
a. Inthe SAAM II Toolbox, click Input.

b. On the Drawing Canvas, click Compartment g3, and then click on the
canvas. The input ex1 will appear associated with your model.

c. Double-click ex1. The Exogenous Input dialog box will open.
d. Type “400” in the Initial Amount box.

e. Click Add. The Exogenous Input dialog box should appear as follows:
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Exogenous Input El

Mame: IEH'I Reference Name:l | rikz: I

Tvype Initial Constant Start Stop Repeat Ewvery Nr. Bepeats

~Input Type: —————————— Initial Amount: |4EIIII
& Bolus EnnstantHate:l
- .
(" ::r'-lrf:nzzr}nfusiun Fent Statt I
o Bl Ewvent Sham I
Fiepeat Every: I Delete %

Mr. of Repeats: I

Equation: (ex] =

Split [ nput... Done Cancel Help

f. Click Done.
g. Inthe SAAM II Toolbox, click Sample.

h. On the Drawing Canvas, click Compartment q1, and then click on the
canvas. The sample s1 will appear associated with your model.

i.  On the Drawing Canvas, double-click s1 to open the Sample Attributes
dialog box.

j.  Type “conc” in the Associate with Data Name box.

k. Edit the sample equation to read “sl=q1/Vc¢” in the Equation box. The
Sample Attributes dialog box will appear as follows:
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sample Attributes x|

Mame: =1
I rits: |

Agzociate with Data Mame: I.;Dn.;

E quations;
51 = [q1+q2)Mc A

=
| Cione I Cancel Help |

. Click Done. The model will appear as follows:

=1

kil,3) k{2, 1}

k(1,2)
f k{0,1)
¥

exl

6. Specify the delay k(1,3).

a. In the Show menu, click Equations, or alternatively, on the SAAM 11
Toolbar, click Equations E The Equations dialog box will open.

b. Type the following equation in the Equations Defined Here box:
heaviside=0.5*(1.0+atan(lambda*(t - tlag))*2/3.141592653)

The Equations Defined Here pane in the Equations dialog box will appear
as follows:
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Equations Defined Here:

" o

c. Close the Equations dialog box.

Using the Heaviside function. In the expression for the Heaviside function
above, tlag will be an adjustable parameter which will equal the time of the
delay. “t” is the name of the independent variable in the model. lambda is a
parameter which will be hand tuned before fitting the model to the data.

d. Double-click k(1,3) to open the Transfer Attributes dialog box. The
Transfer Attributes dialog box will open.

e. Type the equation “k(1,3)=ka*heaviside” in the Equation box. The Transfer
Attributes dialog box will appear as follows:

Transfer Attributes x|

Transfer Coefficient;  k[1.3]

Reference Mame:
Flow Rate:  flux(1.3] = k[1.3] ¥ g3

Flaw Rate Lnits: Imass.-"time

Equations :

=

[~
Cancel | Help |

This expression will result in ka being defined as a parameter.

f. Close the Transfer Attributes dialog box.
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7. Enter the parameter values as shown below:

I

HName Tvpe Current Low Limit High Limit
L_0o0ao 3
kio,1) Adjg o.5000 o.05a0 L. 0000
ki{l,Z) Ad 0.0500 0.0050 0.5000
EiZ,1) Adj o.1000 o.0olan 10000
ka Adr o.E5000 o.0olan 10000
lambda Fix 1000000
£ Lawg Ad 0.3000 0.1000 1.0000
M g
i e Vialue: [15.00000000
Type: { Fixed .
Sl W E Low Limit: [3.00000000
* Adiustable -
High Lirnit: IEEI_EIEIEIEIEIEIEIEI

Dorne Cancel | Help

8. Solve the model and view the solution.
a. In the Compute menu, click Settings. The Computational Settings dialog
box will open. Change the Min. Nr. of Calculation Intervals from “20” to

“200”. This will improve the resolution of your plots.

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

c. Inthe 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.

d. Click s1:conc to move this to the Current Selection pane.

e. Click Done. If the plot is not linear, in the View menu, click Semilog. The
plot will appear as follows:
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=10] ]

15

10

o

o cohc

IEIIIIDIIIEII

g O L el | Lo

0 20 40

=23
=

1 (hr=)

9. Fit the model to the data, and view the solution.

a. In the Compute menu, click Fit, or alternatively, on the SAAM II Toolbar
click Fit M The plot will be updated as follows:

i x|
T T I T T T ]
31 i
o conc |
o o ]
40 a1a]
1 (hrs)
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b. View the first 5 minutes of the solution.

(1) In the Compute menu, click Plot/Table Scale. The Plot and Table Scale
dialog box will open.

(2) In the X Axis pane, click Set.
(3) Type “5” in the Maximum box.

(4) Click Done. The plot will appear as follows:

=10/ x|
_I T T T T T=T T ﬁ T T T T T T T T I T T T I_
L 31 i
15 O coho |
10k .
5_
|:|_ 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 1 2 3 4 R
1 (hr=)

c. View the statistics. In the Show menu, click Statistics, or alternatively on the

SAAM II Toolbar click Statistics g The Statistics window will appear as
follows:
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Plfstasties =10l x|
Parameter Variable Walue Scd_Dew. Coef. of War. 9E8% Confidence Interwval
o 4_F477E  9.49495e-001 EZ.23531e+001 2.13211 6.36334;'
(0,1} 1.E8774 E.93091e-001 Z.27601e+001 O_g3469 1.94079
kil ,Z] 0.07147 4.6539Z=-003 &.E51148=+000 0.0g11l0 0.081384
E(Z, 1) 0.Z6382 &.0Z693e-00F Z.Z28330e+001 012360 0.3981%8
ka 0.453E54 3.78414e-00F &.3436ze+000 O.369EZ 0.53785
lambda 10d. 00000 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **

t lag O_Z3535 4.99434=-00Z 1.68188=4001 0.18557 0.408Z23
Le
- Correlation Matrix - Covariance Matrix o “ I
Objectiwve Scaled Data Variahnce ;I
=1l : conc -Z.9E54053=+000 1.037728e+000
Total objective —E.5354053=+000
ATC -1.Z05881e-001
EIC 4. 841573e-00Z
-
Kl ¥

11. Close all open windows and dialog boxes.

Josso

lambda in the Heaviside function. In the above, lambda was set equal to 100.
The following plot compares the best fit of the model to the data with lambda
equal to 10 (s1{1}), 100 (s1{2}) and 1000 (s1).
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=101 x|
T T I T T T ]
o conc i
31
--- 31 i1= 7]
---- g1 {2 7
o _ i
40 (]
1 (hral

The details of the initial rise are shown as follows:

=101
15
10|
[y =
0
a
1 (k)

You can see the differences in the initial rise caused by different values for
lambda.
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The statistics for the fit when lambda equal 10 and 1000 respectively are:

PAstatisties

=101 %]

i Correlacion Matrix

i Covariance Matrix

O )55

Parameter Variable Walue Scd_Dew. Coef. of War. 9E8% Confidence Interwval
o 377387 9.45734e-001 EZ.E50601e+001 166664 5.88110_:]
(0,1} 1.43985 3.6L5641e-001 Z.E53944=+4001 O_EZE51E Z.2E54E55
kil ,Z] 0.07147 4.5E5498=-003 &.37316e+000 O.0B13Z 0.0816Z
Ei(Z, 1) 0_.23508 7.50095e-00F Z.E54199%=+001 O_1273& 0.46221
ka 0_.45675 3.60845e-00F 7.83377e+000 0.37641 0.53708
lambda 10.00000 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **
t lag 032050 &.10730e-00Z 1.90553=+001 O.1844Z 0.45658

sl : conc

Total objective

ALC
ELIC

K3

Objectiwve

9241514000

-984151e+000

-356371le-001
- 22eeT7Ze-002

Scaled Data VWariance
1.00&5360=+000

b3 St atistics

=10 x|

Parameter Variahle Talue scd. Dew. Coef. of War. SE% Confidence Interwval
o 4.E98F3 9_54954e-001 E_2E176e+001 E.17043 6.42602_:]
k(0,1 127242 Z_881l0ze-001 E_Z6231le+001 0.631EE 1.91542
E(l,Z) 0.071E0 4_g634le-003 &_E5ZZ08=+000 0.06111 0.08182
E(Z,1) 0.261l12 E_9E734e—-00Z EZ_Z6538e+001 0.1z305 0.33315
ka 0.453E9 3_81103e-00Z &_40137=+000 0.36867 0.538E0
lambda 1000. aoooo ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **
tlao 0.29561 4_.93470e-002 1.&6693Z2e+001 0.1l8568 0.40558

. Correlation Matrix

. Covariance Matrix

" b3

sl : conc

Total objectiwve

ATC
BIC

ki

Objectiwve

.9E1133e4000

.8E1133e+000

S191579=-001
.9845332-002

Scaled Data Wariance
1.040701=+000

You can see that, while the actual “Fits” are essentially the same, and the
values for the Total objective function are essentially the same, there are
differences in Vc and k(0, 1). The reason for these differences is the fact that
these parameters are highly correlated as shown in the statistics below for the
case lambda equals 1000:
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Bistatisties =10l ]
Parameter TVariahle Walue Std._Dewr. Coef. of War. 9L5% Confidence Interwal
W 4 29823 9.54364e-001 Z.Z2176e+001 Z.17043 6. 472602 _:J
ki0,1} 1.27343 Z.8810Ze-001 Z.Z26Z31le+001 0.63155 1.91E42
k(l,Z) 0.07150 4.66341e-003 6&.E2Z08=+000 0.08111 0.0s8182
kiZ,1) O0.25112 L5.92734e-002 Z.E69%98e+001 0.1z30% 0.39319
ka 0.45352 3.81103e-002 &.40137=+000 0.368657 0O.538E0
lambda 1000. 00000 ** Fixed ** ** Fixed ** ** Fixed ** ** Fixed **
tlag 0.29E61 4.33470e-00Z 1.6633Ze+001 0.18565 0.40EE&
I
% iCorrelation Marrisx r'Cngarisnce Matrix r'ghjective
Ve (0,1} Ei(l,2} iz, 1) ka lambhda tlag ;I
o 1.00000 -0.93047 0.31714 -0.29040Z 0.7315E W -0.78883
k(0,1 -0.23047 l.00000 -0.31657 0.922845 -0.81z09 TEE 0.771z0
Eil,2) 0.31714 -0.31687 1.00000 -0.01745 0.47E532 DD -0.13140
ki2,1y -0.9040Z 0.92845 -0.0174E 1.00000 -0.&6888 DT 0.74E55
ka 0.73182 -0.81Z0%2 0.47E83Z -0.&668E8E 1.00000 W -0.405&88
lambda TEE TEE TEE T T E TEE TEE
tlag -0.78883 0.771z0 -0.13140 0.74565 -0.40565 DD 1.00000
w
Kl E

With a correlation coefficient for Ve and k(0,1) equal to -0.99 it is not
surprising there are differences for these parameters for different values of
lambda. However all lie within the calculated 95% confidence intervals.

What is meant by “tuning lambda’? “Tuning lambda’ is the process of
adjusting lambda in increments until the model parameters become stable.
Because of the nature of the Heaviside function, it is recommended tuning be
done by increasing lambda by factors of 10 until the model parameters
become stable (independent of the value of lambda). It is also recommended
that in the fitting procedure the central difference formula be used for
calculating the numerical derivatives. To set the central difference, in the
Compute menu, click Settings. The Computational Settings dialog box will
open. In the Derivative pane in the Optimizer pane, click Central. The
Computational Settings dialog box will appear as follows:
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Computational Settings

ir. Mr. of Calculations Intervalz: | 200 w | [1 to GO0

— Integrator
¥ Use Felative Emor:

{0001 00000
[1.0e-10ta 1.0)

[~ Use &bzolute Ermar;

Pade
Runge-Futta

[T Compute Sample AUC': [greater than 0.0]

— O ptimizer
bz, Mr. of Fit [kerations: |20 | [Oto b0
Wariance kModel Drerivative
i+ Data i~ Ahzolute ™ Fonward
" Model = Fielative & Cental

Convergence Crikenon: ||:|_|:||:||:|'| anoo

M.0e-7 to 1.0
[ Include Bayesian Tem

Eambidai 1 0. 00000000

= e =

[ Save Fesults to Text File
[Lewel

() Blasic
(" Detaied
|

Fle—————
) Beplace
(" Ldd

Dane I

Cancel | Help

The following shows the results of fitting the model to the data for different
values of lambda:

lambda 10 100 1000 10000{ 100000
Ve 3.774 4.247 4.298 4.298 4.298
k(0,1) 1.44 1.288 1.274 1.274 1.274

You can see that for lambda equal to 1000 the parameters are stable. Thus in
this tutorial a value of lambda equal to 1000 or 10000 would have been more
appropriate than 100. If you wish, you can repeat this part of the tutorial using
lambda equal to 10000 and carefully compare the results with the case lambda

equals 100.

When using the Heaviside function to create delays, you should go through
the tuning process as described above to obtain an appropriate value of
lambda for your particular modeling situation.
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Quit the SAAM II Compartmental application. You may save the study file is you
wish. It is provided as part of this tutorial as delay3.stu.
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