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Introduction 
 

SAAM II is a very powerful software tool for model development and testing using 
multicompartmental models. Mathematically, these models translate into systems of ordinary 
linear or non-linear differential equations. A flexible, graphical user interface (GUI) makes the 
power of SAAM II easily available to researchers with diverse backgrounds.  
 
The purpose of the “SAAM II” Tutorials is to amplify the information provided in the Help 
Menu and answer questions on how to use SAAM II. The philosophy behind the tutorials is to 
illustrate how different components of the SAAM II work using hands-on examples. 
 
SAAM II Basic Tutorials illustrate SAAM II’s most commonly used features, features that 
almost everyone will use at some time during the modeling exercises. 
 
SAAM II Advanced Tutorials illustrate SAAM II’s more sophisticated features that are 
needed to model more complex experimental protocols than is usually the case.  These tutorials 
and a brief description of each are: 
 

• Creating Conditionals deals with the need to model conditional statements such as “if-
then-else”. If a state variable such as a qi(t) is included in part of the conditional 
statement, then mathematically the problem can be unstable. More specifically, in some 
software packages that permit conditionals, incorrect answers can be returned because of 
this. In SAAM II, conditional statements are implemented using the “Heaviside 
Function”. This function is continuous and differentiable, and can be tuned to appear 
almost as a step function. 

 
• Using Change Conditions permit the modeling of an experimental perturbation such as 

changing dosing during an experiment, or collecting 24 hour urine samples. 
Mathematically, change conditions stops integration, interrogates what changes are 
needed, makes those changes, and resumes integration. 

 
• Using Delays explains why the Delay Tool in SAAM II is created by a string of 

compartments. This tutorial explains how to use this tool. It also explains how to create 
an “absolute” delay using the Heaviside function. 

 
• Using Experimental Inputs (Advanced) explains some of the advanced techniques that 

can be used to specify less common or more advanced types of input dosage and to 
conduct parametric deconvolution. These techniques have been designed for maximum 
flexibility.  

 



• Multiple Input-Multiple Output Experiments explains how to deal with experimental 
protocols with one input-multiple outputs or multiple inputs-multiple outputs. This 
experimental protocol can be modeled in SAAM II in two ways; both permit the 
software to do the internal book keeping. 

 
• Using Forcing Functions explains how to use the Forcing Function tool. Forcing 

functions are an engineering concept that allows the modeler to describe the effect of a 
driving section, or compartment, of a model without having to mathematically describe 
the compartment.  The forcing function essentially enables all differential equations in 
your model to “see” the particular function. Forcing functions can be used as a 
convenient modeling tool in dealing with precursor-product models; they are also used 
as a model development tool. 

 
• Using Parameters (Advanced) explains some of the more sophisticated ways of 

describing parameters, setting upper and lower limits, and using SAAM II’s Bayesian 
capability to use prior information.   

 
• Saving and Restoring Solutions is a feature of SAAM II that lets you save different 

model configurations and solutions so that you can compare solutions among different 
parameter or model configurations. This feature is used in model development and 
testing when you want to be able to compare different situations as you proceed. 

 
• Simulating Data explains how to use your model to simulate experimental data for 

single-subject analysis. It illustrates how to simulate a single input-single output 
experiment and a single input-two output experiment. 

 
The goal of these Advanced Tutorials is to help you explore and utilize the full functionality of 
SAAM II. 
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Creating Conditional Expressions 

 
Prerequisites 
 

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

 
What you will learn in this tutorial 
 
The purpose of this tutorial is to show you how to create conditional statements in your SAAM 
II Compartmental model. You will learn 
 

 How to create “if-then-else” ((Part 1) 
 How to create zero-order inputs (Part 2) 
 How to create an input pump (Part 3) 

 
Files Required 
 

Study Files: The study files for this tutorial are 
 

if_then_else.stu 
zero_order.stu 
pump_1.stu 
pump_2.stu 

 
Data Files: The data files for this tutorial are 
 
  if_then_else.dat 
  zero_order.dat 
  pump_1.dat 
 

Introduction 
 
There may be times in your modeling work when you need to create what is called a 
conditional. This means you are interrogating some variable in your model, and changing 
another variable or parameter in the model depending upon the “question” being asked. 
 
 Conditional statements 
 
Conditional statements provide a mechanism for switching an execution path or the value 
assigned to one of more variables or parameters. Thus the conditional statement is a means by 
which to specify a switching mechanism. The most common example is the “if-then-else” 
statement. An example of the “if-then-else” statement is: 
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k(2,1) = if (variable > 0) then 1 else 2 

 
In this situation if the variable you are interrogating is greater than zero, then the parameter 
k(2,1) = 1; otherwise it equals 2. 
 
SAAM II regards conditionals as explicit or implicit. An explicit conditional statement is one 
where the time at which the switching occurs is known (can be predicted in advance). An 
implicit conditional statement is one where this time at which the switch occurs is not known 
until the condition itself is evaluated. Examples are: 
 

Explicit: k(2,1) = if (t ge 10) then 1 else 2 
Implicit: k(2,1) = if (q1 < q2) then 1 else 2 

 
In these examples, “ge” is “greater than or equal to”, and q1 and q2 are the contents of 
Compartments 1 and 2 at time “t”. 
 
In the explicit example, the time at which the switch occurs is known to equal 10. In the implicit 
case, there is no way to predict in advance when q1 will be less than q2; values for q1 and q2 
must be obtained at every integration step, and the test for “q1 < q2.” performed. 
 
 Continuity and differentiability 
 
It is essential to understand the difference between continuity and differentiability because both 
are involved in how SAAM II “Solves” and “Fits”. During either a “Solve” or a “Fit”, SAAM II 
must perform numerical integration of the differential equations of your model. In order for the 
integrator to perform correctly, the functions (the qi) must be both continuous and differentiable. 
 
What do we mean by continuous and differentiable? Consider the following plot of q1 from 
study_0: 
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This curve is “smooth”. That is, pick any point on the curve. Then start from a point on the 
curve to the left of this point. Move to the point along the curve. Then start from a point on the 
curve to the right of this point. Move to the point along the curve. You will reach the same final 
point no matter which side you start from and where. You can try this using the point at time 
equal to 5 days. 
 
Now consider the following curve: 
 

 
 

If you pick time equal to 5 days, and move to five days from the left (e.g. starting from 4) you 
will arrive at a different point than if you move to five days from the right (e.g. starting at 6). 
We say q1 is not continuous (or discontinuous, or has a discontinuity) when t = 5. You can see 
this even more clearly by looking at the table of values around t = 5: 
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Moving in from a point less than time equal to 5 days you will end up at about 4.41e+07; 
moving from a point to the right hand side of time equal to 5 days you will end up at 1.48E+08, 
two very different values. This also is why there are two values reported by SAAM II at time 
equal to 5 days since this simulation was set up using Change Conditions. 
 
What about differentiable? Differentiable is similar to continuity but deals with tangent lines. In 
the solution of q1 in study_0, pick an arbitrary point on the curve. Then move away from that 
point, and draw a tangent line to the curve. Then move the tangent line to the point you picked. 
You can see that no matter whether you start from the left or right side of your chosen point, 
you will end up with the same tangent line. 
 
Now consider the following curve: 
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There is a break at day 5. The function is continuous, but, as shown in the figure below, you will 
end up with two different tangent lines at t = 5 depending on whether you start to the right or 
left of t = 5: 
 

 
 

In this case, when the tangent lines do not coincide, we say the function is non-differentiable at 
that point. In this case, q1 is not differentiable when t = 5. 
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 Explicit and implicit conditionals. 
 
An explicit conditional is allowed because the time at which it occurs is known. Integration can 
stop at the prescribed time, be reset, and continue. An implicit conditional can create either a 
discontinuity or non-differentiable function, or both. For this reason, implicit conditionals are 
not allowed in the SAAMI II Compartmental application. 
 
Explicit conditionals are allowed in the SAAM II Compartmental application. They are 
implemented using the Change Condition tool in the SAAM II Compartmental Toolbox. 
When using Change Conditions, it is assumed that the time at which the change takes place is 
known exactly. For more information on the Change Condition tool, see the Using SAAM II 
tutorial “Working with Change Conditions.” 
 
There is no equivalent to Change Condition in the SAAM II Numerical application. However, 
the explicit form of the “if-then-else” statement is allowed. An example is the following: 
 

y(t) = if (t < 300) then yrise(t) else ywash(t) 
 

This is an example of fitting a sum of exponentials to a constant infusion study where a washout 
phase was included starting at t = 300. Two functions, yrise(t) and ywash(t), are required. One 
describes the rise during the infusion and the other the washout. It is known that the infusion 
stops at “300.” The function that is fitted to the data, y(t), then equals yrise(t) for t less than 300, 
and equals ywash(t) when t is greater than or equal to 300. 
 
 Implicit conditionals and the Heaviside function 
 
How can one deal with implicit conditionals in SAAM II? The “work-around” is to use the 
Heaviside function. The conditional statement specified by the Heaviside function approximates 
the desired switch by assuming a value of zero or 1 at a given point. While virtually 
instantaneous, the function is continuous and differentiable! Thus switches can be created using 
this function, and one does not need to worry during the “Solve” or “Fit” about the continuity 
and differentiability assumptions. 
 
The Heaviside function is 
 

heaviside=0.5*(1.0+atan(lambda*(x - xlag))*2/3.141592653) 
 

In this expression, “atan” is the arctangent function. The expression “x – xlag” creates the 
switch. “x” can be any function of “t”, and xlag is the value at which the Heaviside function 
changes between 0 and 1. Normally “x” will be “t”, time. but the expression is general, and 
there may be time when “x” may equal one of the “qi(t)” in your model. For values of “x” less 
than “xlag”, the value of the Heaviside function equals “zero.” For values of “x” greater than 
“xlag”, the value is “one.” Thus the values of the Heaviside function are, for all practical 
purposes, either zero or 1. That is, the change from 0 to 1 is extremely rapid yet the function 
remains continuous and differentiable. The parameter, lambda, controls the sharpness of the 
function, i.e. how fast the values change between zero and 1. This can be seen in the following 
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figure where the Heaviside function is calculated for lambda equal to 100, 1.000, 10.000 and 
100,000 respectively where the Heaviside function is written 
 

heaviside=0.5*(1.0+atan(lambda*(t - tlag))*2/3.141592653) 
 

where “t” is the independent variable “time” and tlag is set equal to 30. (In this example, then, 
“x” is specifically defined as “t”, time.) Thus when t = 30, the Heaviside function changes from 
zero to 1. 
 

 
 
In the linear plot shown above, you can see how abrupt the change is; it almost looks 
discontinuous and nondifferentiable. To see what is really happening, and the role that lambda 
plays, one must look at the plot in semilog mode: 
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In this figure, you can see the function is continuous and differentiable despite the “sharp” 
change from zero to “1.” As lambda increases, the value of the Heaviside function between zero 
and 30 becomes smaller, i.e. closer to zero, and the “sharpness” of the change from zero to 1 is 
increased. “Zero”, as you can see, is not true zero, but is arbitrarily small relative to the other 
values you are calculating so, for all practical purposes, it can be regarded as zero. 
 
When you use the Heaviside function to create a conditional, you must set a value for lambda. 
Typical values for lambda are usually between 1,000 and 1.0e+08 depending upon the situation. 
But you need to “tune” lambda for your particular situation. What happens is the following. 
When you Fit your model to your data, the results may depend on the value of lambda. What 
you want to do, and this will be illustrated below, is change (usually increase) the value for 
lambda so that the final values for the adjustable parameters and their error estimates do not 
change. This will be a function of the sharpness of the Heaviside function mentioned above. It 
also depends upon the magnitude of “x – xlag”. 
 
 Example 
 
Suppose you have a loss, k(0,1) from your model which you believe, up to a certain unknown 
time, exhibits Michaelis-Menten behavior and thereafter is an unknown constant. If “tlag” is the 
unknown time at which the change occurs, you can write the Heaviside function as 
 
  heaviside=0.5*(1.0+atan(lambda*(t - tlag))*2/3.141592653) 

 
in the Equations window of the SAAM II Compartmental application. tlag will be a 
parameter which will appear in the Parameters dialog box; it can be either fixed or adjustable. 
You can then write in the Equations window: 
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  Loss1 = Vm/(Kd+q1) 
 
The expression you would write for k(0,1) is 
 
  k(0,1) = (1-heaviside)*Loss1 + heaviside*Loss2 
 
Up to time tlag, “t – tlag” is negative hence “1-heaviside” equals 1, and k(0,1) will equal Loss1, 
the Michaelis-Menten loss. For values of t greater than tlag, the Heaviside function will equal 1, 
and k(0,1) will be equal to Loss2. Loss2 will be recognized by SAAM II as a parameter which 
will appear in the Parameters dialog box; it can be either fixed or adjustable. 
 
This is a specific example of the more general case when 
 
  heaviside=0.5*(1.0+atan(lambda*(x - xlag))*2/3.141592653) 
 
i.e. you do not need “t – tlag”. One can then write 
 
  y = heaviside*expression1 + (1 – heaviside)*expression2 
 
For values of “x – xlag” that are positive, y will equal expression 1; when “x – xlag is negative, 
y will equal expression2. expression1 and expression 2 can be a single value, parameter, a 
function such as “q1/vol”, or the Michaelis-Menten expression used above. 
 
 Computational considerations 
 
As you might expect, the Heaviside function, because of its sharpness, has the potential to create 
some problems when you Solve or Fit your model to your data. In general if there is only one 
conditional statement, the default Computational Settings will be sufficient although it is 
recommended you set the Minimum Number of Calculation Intervals equal to their 
maximum (500). You will see this is the case in the first two parts of this tutorial. 
 
There may be other times when the switch specified by the conditional statement is active 
several times during the simulation of your experiment. An example is provided in Part 3 where 
an input pump is simulated to maintain plasma concentration at a certain level. In this case, the 
Heaviside function changes rapidly.  
 
In this situation, the following Computational Settings are recommended: 
 

 Set the Minimum Number of Calculation Intervals equal to 500. 
 Change the Integrator to the “Runge-Kutta”. 
 Set Derivative calculation to “Central”. 

 
 
The Computational Settings dialog box will appear as follows: 
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Even with these setting, there are other adjustments you may need to make; most are suggested 
by SAAM II. As an example, you may need to change the value of the Relative Error. If you 
get such a warning message, first try decreasing this from 0.001 to 0.01. 
 
The most important point is that when the switch specified by the conditional statement is 
rapidly turning on and off, you must be very careful that the software is operating correctly. 
This is why you should “tune” lambda until the solutions do not change. 
 
 Conclusion 
 
Finally, besides being used to specify implicit conditionals, the Heaviside function is used to 
create “absolute” delays. You can learn about “absolute” delays in the Using SAAM II tutorial 
“Working with Delays.” 
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Working with Parameters, Advanced 
 

Prerequisites 
 

The prerequisites for this tutorial are having worked through the SAAM II introductory 
�W�X�W�R�U�L�D�O�����³�*�H�W�W�L�Q�J���6�W�D�U�W�H�G���Z�L�W�K��SAAM II Compartmental �´��and the Basic Tutorial 
�³�:�R�U�N�L�Q�J���Z�L�W�K���3�D�U�D�P�H�W�H�U�V��� ́

 

What you will learn in this tutorial  
 
The Basic T�X�W�R�U�L�D�O�����³�:�R�Uking With Parameters�´�����V�K�R�Z�H�G���\�R�X���K�R�Z���W�R���X�V�H���W�K�H���G�L�I�I�H�U�H�Q�W���R�S�W�L�R�Q�V���L�Q��
SAAM II to define and use the most commonly used types of parameters.  The purpose of this 
tutorial is to show you how to use the additional options in SAAM II to define and refine 
parameters. You will learn 

 
 How to create zero order losses (Part 1) 
 How to write parameters and variables in the Equations window (Part 2) 
 How to re-parameterize the two-compartment model (Part 3) 
 How to set parameter upper and lower limits (Part 4) 
 How to use the Bayesian option (Part5) 

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

Files Required 
 

Study Files: The study files for this tutorial are 
 

study_0.stu 
Para_Limits .stu 
Para_Limits.dat 

 
These files are included as part of this tutorial. The file study_0.stu is the same as 
study_0.stu that is installed in the SAAM II program folder and referred to in the 
SAAM II  Basic Tutorials.. The file Para_Limits  is a one-compartment model with two 
parameters. 
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Introduction  
 
This tutorial is designed to show you have to use the additional options available in SAAM II to 
work with parameters. 
 
In general, most losses are first-order or nonlinear as covered in the basic �W�X�W�R�U�L�D�O�����³Working 
with Parameters���´�����7�K�H�U�H���P�D�\���E�H���L�Q�V�W�D�Q�F�H�V�����Z�K�H�Q���W�K�H���O�R�V�V���L�V���D�W���D���F�R�Q�V�W�D�Q�W���U�D�W�H���L�Q�G�H�S�H�Q�G�H�Q�W���R�I���W�K�H��
mass in the ith compartment.  In these cases, a zero-order loss is required. Part 1 of this tutorial 
shows how to create a zero-order loss.  Zero-order inputs can also be created, but these are 
equivalent to constant infusions. 
 
A multi-compartmental model in SAAM II is specified by the compartments, transfers and 
losses. The transfers k(i,j) and losses k(0,i) specify the terms in the different differential 
equations created internally by SAAM II. These are called the primary parameters. Often there 
are a number of parameters �± volumes, clearances, absorptions �± that are functions of these 
primary parameters. These parameters can be specified as variables in the Equations dialog 
box. This procedure is explained in Part 2 of this tutorial. Some models such as the commonly 
used two-compartment model can be re-parameterized based upon the desired secondary 
parameters; this is illustrated in Part 3 of this tutorial. 
 
All adjustable parameters must have initial values specified with high and low limits. For an 
adjustable parameter, if you simply enter a value and click Save, SAAM II will create default 
high and low limits that are 10 times and 0.1 times the initial value. SAAM II actually uses the 
information in the limits as part of fitting. The information is a measure of how well you think 
you know your limits. As will be illustrated in Part 4 of this tutorial, if your limits are widely 
divergent from the initial value, you may have trouble fitting. This is because SAAM II thinks 
�\�R�X���G�R�Q�¶�W���N�Q�R�Z���W�K�H���S�D�U�D�P�H�W�H�U���Y�H�U�\���Z�H�O�O�����2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����L�I���\�R�X���N�Q�R�Z���D���S�D�U�D�P�H�W�H�U���U�H�D�V�R�Q�D�E�O�\��
well, this information should be included when you set the limits. 
 
Finally, SAAM II has implemented a partial Bayesian option. This is explained in Part 5 of this 
tutorial. The Bayesian option provides a means by which a priori information about a specific 
parameter, or parameters, can be entered in the Parameters dialog box. 
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Part 1. Creating a zero-order loss 
 
In general, most losses are first-order or nonlinear. There may be instances, however, when a 
zero-order loss is required. The difference is the following. For the ith compartment, the loss is 
generally expressed (in terms of the differential equation): 
 

 �!)(),0( tqik
dt
dq

i
i  

 
That is, the loss is proportional to the mass in the ith compartment. In the case of the zero-order 
loss, this is not the case: 
 

 �!),0( ik
dt
dqi  

 
That is, the loss is at a constant rate independent of the mass in the ith compartment. This tutorial 
will explain how to create zero-order losses. 
 
Incidentally, by the same logic, you can see why a zero-order input and a constant infusion are 
the same. If Compartment 1 transferred material to Compartment 2 via a zero-order process,   
 

 �!)1,2(2 k
dt

dq
 

 
The parameter k(2,1) is simply a constant rate of input, and hence, in SAAM II notation, is 
equivalent to 
 

 �!)2(2 ex
dt

dq
 

 
where ex(2) is specified as a constant infusion. 
 

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

 
2. Open the SAAM II  Compartmental study file study_0. 
 

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

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

 



Advanced Tutorials SAAM II v.2.1 Working with Parameters - Advanced 

www.saam.com  © 2011 University of Washington and The Epsilon Group 
 Adv. Parameters �± 4 SAAM  II Version 2.1 

 
 

3. View the Parameters dialog box. In the Show menu, click Parameters, or alternatively, 

on the SAAM II Toolbar,  click Parameters . The Parameters dialog box will 
open. The Parameters dialog box should appear as follows: 
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These are the parameters for study_0.stu. 
 

4. Modify k(0,1) so that it is a zero-order loss. 
 

a. Double-click k(0,1) to open the Loss Attributes dialog box. 
 
b. In the Equation �S�D�Q�H�����W�\�S�H���³�N����������� �N�B�O�R�V�V���T���´�����7�K�H��Loss Attributes dialog box will 

appear as follows: 
 

 
 

c. Click Done. 
 
The result is that k(0,1) is no longer a primary model parameter, but is a function of a 
new parameter, k_loss. In the differential equation for q1: 
 

�"�"�" lossktq
tq

lossk
tqk

dt
tdq

_)(1
)(1

_
)(1)1,0(

)(1  

 
The result is now the loss from Compartment q1 is zero-order, and specified by k_loss. 
A value for this parameter must be entered in the Parameters dialog box. 
 

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

Parameters . The Parameters dialog box will open. 
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a. �7�\�S�H���³���´���D�V���W�K�H��Value for k_loss, and click Save. The Parameters dialog box will 
appear as follows: 

 

 
 

b. Click Done. 
 

6. Solve the model, and view the solution. A plot of the solution is shown as follows: 
 

 
 

It is of interest, however, to plot k(0,1) which is no longer a constant but a function of 
time since q1(t) appears in the equation defining it. While this is the case, the rate of 
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loss, flux(0,1), should be constant. Both will be plotted. Be sure to keep your plot  open 
so Plot is active. 

 
a. Open the Plot and Table Variables dialog box, and be sure the List All Variables  

check box is selected. {Remember this can be accessed by right clicking on the plot, 
or using the Select variables tool on the SAAM II Toolbar .}  

 
b. Click k(0,1) to move this to the Current Selection pane. The Plot and Table 

Variables box will appear as follows: 
 

 
 

c. Click Done. The plot of k(0,1) will appear as follows (in linear mode): 
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d. Open the Plot and Table Variables dialog box, and select flux(0,1) as the Current 
Selection. When you click Done, the following plot of flux(0,1) should appear: 

 

 
 

This is a constant indicative of the loss from Compartment q1 being zero-order. 
e. Close the Plot window. 
 

7. Restore the original study_0. 
 

a. Open the Loss Attributes dialog box associated with k(0,1), and delete the equation 
�³�N����������� �N�B�O�R�V�V���T���´�����&�O�L�F�N���'�R�Q�H�� 
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b. Open the Parameters dialog box. Notice k_loss no longer appears; k(0,1) does. 
Select k(0,1)�����D�Q�G���W�\�S�H���³�������´���L�Q���W�K�H��Value box. Click Done. This should restore the 
original settings in study_0. 

 
c. Re-Solve the model. If you open the Plot window, since flux(0,1) was the previous 

plot, the Plot window will appear as follows: 
 

 
 

The flux is no longer a constant since the loss is now a first-order process. If you 
wish, you can change the plot to s1:plasma to be sure you have restored the original 
solution for study_0. 

 
d. Close the Plot window. 
 

8. Create a zero-order loss from Compartment 2. 
 

a. In the SAAM II Toolbox , click Model. The Model tools are now available. 
 
b. Create a loss k(0,2). 
 
c. In the SAAM II Toolbox , click Experiment. The model will appear as follows: 
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d. Double-click k(0,2) to open the Loss Attributes dialog box. 
 
e. In the Equation �S�D�Q�H�����W�\�S�H���³�N����������� �N�B�O�R�V�V���T���´�����7�K�H��Loss Attributes dialog box will 

appear as follows: 
 

 
 
f. Click Done. 
 
g. Open the Parameters dialog box, double-click k_loss to make it the current 

�V�H�O�H�F�W�L�R�Q�����D�Q�G���W�\�S�H���³���´���L�Q���W�K�H��Value box. Click Save. The Parameters dialog box 
will appear as follows: 
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Click Done. 

 
h. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar,  click 

Solve . The following error message will appear: 

 
Close the Compute Log. 

  Division by zero. What is happening in this situation is that, at time zero, there is no 
mass in Compartment q2, i.e. q2(0) = 0. Remember k(0,2) has been defined by the 
equation k(0,2) = k_loss/q2. This cannot be evaluated at time zero. There are two 
solutions to this problem. The first solution is to change the equation for k(0,2) 
slightly. You know what the mass will be in the compartment because of the 
magnitude of the initial conditions in Compartment q1. Using a number much 
smaller, you can modify the equation for k(0,2) to, for example, k(0,2) = 
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k_loss/(q2+0.00001). The second solution is to introduce a very small bolus into 
Compartment q2, e.g. ex2 = 0.0001. Neither will have a significant effect on the 
solution. 

 
i. Method 1: Modify the equation for k(0,2). 
 

(1) Open the Loss Attributes dialog box associated with k(0,2). 
 
(2) �&�K�D�Q�J�H���W�K�H���H�T�X�D�W�L�R�Q���W�R���U�H�D�G���³�N����������� �N�B�O�R�V�V�����T�������������������������7�K�H��Loss Attributes 

dialog box will appear as follows: 

 
 
(3) Click Done. 
 
(4) Re-Solve the model. This time, the solution will be successful, and a plot of 

s1:plasma will appear as follows: 
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 (5) Close the Plot window. 
 

j. Method 2: Introduce a small bolus into Compartment q2. 
 

(1) Open the Loss Attributes dialog box associated with k(0,2), and re-enter the 
�R�U�L�J�L�Q�D�O���H�T�X�D�W�L�R�Q���³�N����������� �N�B�O�R�V�V���T���´�����&�O�L�F�N��Done. 

 
(2) In the SAAM II Toolbox , click Input . 
 
(3) Click Compartment q2 and then the Drawing Canvas. The input ex2 will appear 

associated with Compartment q2. The model will appear as follows: 
 

 
 
(4) Double-click ex2 to open the Exogenous Input dialog box. 
 
(5) Enter a bolus of 0.00001. The Exogenous Input dialog box should appear as 

follows: 
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(6) Click Done. 
 
(7) Re-Solve the model. This time, the solution will be successful, and a plot of 

s1:plasma will appear as follows: 
 

 
 
This plot is essentially identical with that obtained using the first method. 
 

(8) Close the Plot window. 
 

  Zero-order losses. If you specify a zero-order loss from a compartment in your 
model where the initial conditions in that compartment are non-zero, the method 
described for k(0,1) is the method to use. If you specify a zero-order loss from a 
compartment whose initial conditions are zero, you must use either of the two 
methods described above to eliminate the problem of division by zero. Either method 
works fine �± it is a matter of personal preference. 

 
 

 
Quit  the SAAM II Compartmental  application. Do not save the changes to study_0.
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Part 2. Specifying parameters and variables in the Equations window 
 
This part of the tutorial will show you have to specify parameters in the Equations window. 
You have seen how equations involving parameters can be written in the Transfer or Loss 
Attributes  dialog boxes. Writing such equations in the Equations window is another option in 
SAAM II. In pharmacokinetic studies, this is how you would enter the pharmacokinetic 
parameters that are functions of the model parameters; examples are clearances and volumes. 
 

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

 
2. Open the SAAM II  Compartmental study file study_0. 
 

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

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

 

 
 

3. View the model and the experiment on the model. In the SAAM II Toolbox , click 
Experiment. The model of the experiment will appear as follows: 
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4. In the Show menu, click Equations, or alternatively, on the SAAM II Toolbar,  click 

Equations . The Equations dialog box will open. 
 

a. Enter the following equations in the Equations Defined Here pane: 
 

CLe = vol*k(0,1) 
vol2 = vol*k(2,1)/k(1,2) 
Vss = vol + vol2 
Frac_01=k(0,1)/(k(2,1)+k(0,1)) 

 
CLe is the clearance of material from Compartment 2. vol2 is the volume of 
Compartment 2 assuming the concentrations in Compartments 1 and 2 are the same. 
Vss is the total system volume, or equivalent volume of distribution. Frac_01 is the 
fraction of material in Compartment 1 that is irreversibly lost. 
 
When you have finished, the Equations dialog box should appear as follows: 
 

 
 

b Close the Equations dialog box. 
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5. Fit the model to the data, and view the solution and statistics. The results are 
summarized in the following: 

 

 
 

�7�K�H���³�)�L�W�´���L�V���T�X�L�W�H���J�R�R�G���D�V���D�U�H���W�K�H���V�W�D�W�L�V�W�L�F�V�����1�R�W�H���V�W�D�W�L�V�W�L�F�D�O information on the 
parameters you defined in the Equations dialog box appear as Derived Variables in the 
Parameter/Variable pane of the Statistics window. 
 

5. Close the Plot and Statistics windows. 
 
Quit  the SAAM II Compartmental  application. Do not save the changes to study_0. 
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Part 3.  Re-parameterizing the two-compartment model 
 
It is sometimes desirable to reparameterize a model so that the desired pharmacokinetic 
parameters become the model parameters. In this part of the tutorial, the two-compartment 
model with loss from the plasma compartment will be reparameterized. 
 

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

 
2. Open the SAAM II  Compartmental study file study_0. 
 

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

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

 

 
 

3. View the model and the experiment on the model. In the SAAM II Toolbox , click 
Experiment. The model of the experiment will appear as follows: 
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4. Re-specify the model parameters. 
 

The model parameters as the model is currently configured are vol, k(2,1), k(1,2) and 
k(0,1). The model will be reparameterized in terms of clearances. The equations which 
will be used are: 
 

CLe = vol*k(0,1) 
CLi = vol*k(2,1) 
vol2 = vol*k(2,1)/k(1,2) 
Vss = vol + vol2 

 
In SAAM II, these will be rewritten: 
 

k(0,1) = CLe/vol 
k(2,1) = CLi/vol 
k(1,2) = CLi/vol2 

 
The result will be that the model parameters become CLe, CLi, vol and vol2. 

 
 
a. In the Experiment, double-click k(0,1) to open the Loss Attributes dialog box. 
 
b. In the Equations �S�D�Q�H�����W�\�S�H���³�N����������� �&�/�H���Y�R�O�´�����7�K�H��Loss Attributes dialog box will 

appear as follows: 
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c. Click Done. 
 
d. Double-click k(2,1) to open the Transfer Attributes  dialog box. 
 
e. In the Equation �S�D�Q�H�����W�\�S�H���³�N������������� ���&�/�L���Y�R�O�´�����7�K�H��Transfer Attributes  dialog box 

will appear as follows: 
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f. Click Done. 
 
g. Double-click k(1,2) to open the Transfer Attributes  dialog box. In the Equations 

�S�D�Q�H�����W�\�S�H���³�N������������� ���&�/�L���Y�R�O���´�����7�K�H��Transfer Attributes  dialog box will appear as 
follows: 

 

 
 
h. Click Done. 
 
At this point, your model has been reparameterized. 
 

4. Enter the parameter values. 
 

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

click Parameters . The Parameters dialog box will open as shown below: 
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You need to provide initial estimates for CLe, CLi, vol and vol2.  
Note that vol is the only parameter that remains from the original setup 
and retains its initial estimate, change as appropriate. 

 
b. An initial estimate for CLe is 700, for CLi is 400, for vol is 2000 and vol2 is 1500. 

When you enter these values, the Parameters dialog box should appear as follows: 
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Click Done to close the Parameters dialog box. 
 

6. Solve the model and view the solution. The initial parameter estimates are reasonable so 
you can proceed to Fit the model to the data. 

 
7. Fit the model to the data and view the results. A summary of the results follows: 
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  Model re-parameterization. In the above situation it is quite easy to parameterize the 
model in terms of the pharmacokinetic parameters. The results here should be 
essentially the same as the part in this tutorial where these parameters were defined 
in the Equations dialog box. Notice in this case the k(i,j) become the derived 
variables. 

 
For the one-compartment model, the one-compartment model with absorption and 
the three-compartment model, re-parameterization is relatively straightforward. 
However, in instances when there is a single-input multiple-output study (e.g. plasma 
and urine samples), when the model has more than four compartments, or when the 
model is nonlinear, re-parameterization can be a very tricky bookkeeping exercise, 
and should be conducted with caution. 

 
 

7. Close the Plot and Statistics window. 
 
Quit  the SAAM II Compartmental  application. Do not save the changes to study_0. 
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Part 4.  Work with parameter high and low limits  
 
In the Parameters dialog box, for each adjustable parameter you must specify a Low and High 
Limit . SAAM II uses this information when you Fit your model to your data. It interprets the 
values for the Low and High Limit  as a measure of the confidence you have in your knowledge 
of a particular parameter. SAAM II is very forgiving in these values, but if a particular limit 
strays too far from the Value, it can affect the statistical results following a Fit. 
 
This tutorial will illustrate what can happen using a simple one-compartment model with two 
parameters, a loss k(0,1) and a volume parameter vol. 
 

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

 
2. Open the SAAM II  Compartmental study file Para_Limits . 
 

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

b. In the File menu, click Open. The SAAM II Compartmental  main window will 
appear as shown below: 
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3. View the model and the experiment on the model. In the SAAM II Toolbox , click 
Experiment. The model of the experiment will appear as follows: 
 

 
This study file contains a set of monoexponentially decaying data. The default weighting 
�Y�D�O�X�H���K�D�V���E�H�H�Q���F�K�D�Q�J�H�G���I�U�R�P���W�K�H���G�H�I�D�X�O�W���³�G�D�W�D-�U�H�O�D�W�L�Y�H�´���W�R���³�G�D�W�D-�D�E�V�R�O�X�W�H�´�����7�K�L�V���Fan be 
verified by viewing the Computational Settings dialog box which will as appear as 
shown below: 
 

 
 
4. Solve the model and view the solution 
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a. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar,  click 

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

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

 
c. Click s1:plasma to move this to the Current Selection pane. 
 
d. Click Done. If the plot is not in semilog, in the View menu, click Semilog. The plot 

will appear as follows: 
 

 
 
e. Close the Plot window. 
 

5. Perform a series of Fits with the Low and High Limit  of k(0,1) set at different values. 
The Low and High Limits of the parameters in Para_Limits  have been set using the 
default values in SAAM II. The Parameters dialog box will appear as follows: 
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Perform a series of Fits with the Low and High Limit  of k(0,1) set at the values shown 
in the following table. The left-hand columns are the Low and High Limit  for k(0,1). 
�7�K�H���F�R�O�X�P�Q�V���³�N�������������&�R�H�I�I�9�D�U���´���D�Q�G���³�Y�R�O���&�R�H�I�I�9�D�U���´���D�U�H���W�K�H���I�L�Q�D�O���S�D�U�D�P�H�W�H�U���Y�D�O�X�H�V���D�Q�G��
�F�R�H�I�I�L�F�L�H�Q�W�V���R�I���Y�D�U�L�D�W�L�R�Q�V���U�H�V�S�H�F�W�L�Y�H�O�\�����7�K�H���F�R�O�X�P�Q���³�2�E�M�´���L�V���W�K�H���Y�D�O�X�H���R�I���W�K�H���R�E�M�H�F�W�L�Y�H��
function following the Fit. 
 

k(0,1) Limits k(0,1)(CoeffVar) vol(CoeffVar) Obj

[0.001,0.1]

[0.005,0.05]

[0.0001,1.0]

[1.0e-07,100]

[0,1000]

[0,0.1]  
 

You should fill in this table starting with the default Low and High Limit  of k(0,1) 
respectively equal to 0.001 and 0.1. After the first fit, your table should appear as 
follows: 
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k(0,1) Limits k(0,1)(CoeffVar) vol(CoeffVar) Obj

[0.001,0.1] 0.0089(7.4) 3288(4.4) 10.65

[0.005,0.05]

[0.0001,1.0]

[1.0e-07,100]

[0,1000]

[0,0.1]  
 
You should reset the initial estimates of the parameters to their original values of 0.01 
and 3400 respectively, and set the Low and High Limits  for k(0,1) equal to 0.005 and 
0.05 respectively for the second Fit. You should continue in this fashion until you have 
completed the table which should appear approximately as follows: 
 

k(0,1) Limits k(0,1)(CoeffVar) vol(CoeffVar) Obj

[0.001,0.1] 0.0089(7.4) 3288(4.4) 10.65

[0.005,0.05] 0.0089(7.4) 3288(4.4) 10.65

[0.0001,1.0] 0.0089(7.4) 3288(4.4) 10.65

[1.0e-07,100] 0.0089(7.9) 3287(4.5) 10.65

[0,1000] 0.0089(14.2) 3288(5.3) 10.65

[0,0.1] 0.0089(7.4) 3288(4.4) 10.65  
 
After each Fit, you can check the plot of s1:plasma. As expected, it will not change 
since the parameter values do not change, as noted above. 
 
What you should observe in this exercise is that, when you can Fit successfully, the Low 
and High Limits  will have little or no effect on the parameter estimates themselves, or 
the value of the objective function. What will be effected are the estimated coefficients 
of variations. However, in this instance, the limits have to move far away from the Value 
before this becomes noticeable. Thus SAAM II is, in general, robust. 
 
Understanding the effect of high and low parameter limits becomes crucial is when you 
have a large model with many parameters, some of which may be better estimated from 
the data than others. Here setting the Low and High Limits  can have a dramatic effect 
on the final results. 

 
Close all open windows and dialog boxes. 

 
Quit  the SAAM II Compartmental  application. Do not save the changes to Para_Limits . 
Some additional comments on parameter limits are necessary. 
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The previous tutorial illustrated a simple case of setting the parameter limits on one parameter. 
In linear compartmental models, SAAM II is quite forgiving in setting these limits. There are 
instances when limits must be set, or instances when realistic limits must be set in order to 
achieve a successful fit of the model to the data. 
 
An example of an instance in which a limit must be set rather than using the default value is the 
following. Suppose you have a delay in your model where there are two losses from the delay. 
This is illustrated in the following model: 
 

 
 
There are two possible routes by which material can leave Delay 2. Remember in SAAM II, loss 
from a delay is a fraction, i.e. a fraction of the material in the delay along the possible routes of 
loss. When there is only one loss, the fraction is 1. In this situation above, d(3,2) + d(4,2) = 1, 
and both d(3,2) and d(4,2) must lie between 0 and 1. A convenient way of doing the 
bookkeeping is the following. You can define 
 

d(3,2) = frac 
 
and 
 

d(4,2) = 1 �± frac 
 
frac becomes a parameter for which a Value, Low Limit  and High Limit  must be specified. If 
you enter, for example, 0.5 in the Value box and use the default limits, the Low Limit  will be 
0.05 which is okay, but the High Limit  will be 5 which is not okay since if in the process of 
fitting, frac goes above 1, d(4,2) will become negative and Conservation of Mass will be 
violated. Thus you must determine Low and High limits for frac that lie between 0 and 1. 
 
Another example of where setting reasonable parameter limits rather than using the default 
values is the following example which will use the SAAM II Numerical  application. The data 
to be analyzed are shown in the following plot: 
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These data are cholesterol concentrations in 40 subtractions of high density lipoprotein. The 
problem is to describe these data by a Sum of Gaussians using the SAAM II Numerical  
application. 
 
A Gaussian is a function of the form 
 

 
f (t)

1
2

exp
1
2

t 2

t
 

 
where, in this expression,  is called the mean and  the standard deviation. It is known that 
the area under this so-called bell shaped curve is unity, i.e. 
 

  f (t)dt 1. 

 
The mean  determines the location while the standard deviation  provides a measure of the 
"sharpness" of the gaussian. That is, the smaller the , the narrower the peak. 
 
A sum of four Gaussians will be used to describe these data. In SAAM II, a single Gaussian is 
written: 
 

A1/(SA1*2.51)*exp(-((t-MA1)^2)/(2*SA1^2)) 
 

Where A1 is a parameter characterizing the magnitude of the contribution of the Gaussian. SA1 
and MA1 are the standard deviation and mean of the gaussian. 2.51 approximates 2 . Thus 
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the single Gaussian term has three parameters, A1, SA1 and MA1. Thus in the sum of four 
Gaussians, there will be 12 parameters, and the expression will be: 
 
ya(t) = A1/(SA1*2.51)*exp(-((t-MA1)^2)/(2*SA1^2)) + A2/(SA2*2.51)* 
exp(-((t-MA2)^2)/(2*SA2^2)) + A3/(SA3*2.51)*exp(-((t-MA3)^2)/(2*SA3^2)) + 
A4/(SA4*2.51)*exp(-((t-MA4)^2)/(2*SA4^2)) 
 
Initial estimates for the four means, MA1, MA2, MA3 and MA4 can be obtained by looking at 
the data and estimating where the peaks may lie. Similarly initial estimates for the four standard 
deviations can be obtained again just by looking at the sharpness of the peaks.  
 
Initial estimates were obtained visually, and default values for the Low and High Limits  have 
been used. When the model is fitted to the data (with the FSD option), the best fit is shown as 
follows: 
 

 
 
Obviously this is not satisfactory. Neither are the statistics which are shown below: 
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What is happening is that the limits set on the means and standard deviations are not realistic 
using the default values. For example, the High Limits  for all the means are well beyond the 
�G�D�W�D���Z�K�L�F�K���H�Q�G���D�W���³�����´�����9�L�V�X�D�O�O�\�����P�R�U�H���U�H�D�O�L�V�W�L�F���H�V�W�L�P�D�W�H�V���I�R�U���W�K�H��Low and High Limits  for both 
the means and standard deviations can be obtained visually.  
 
You can see the limits for the means and standard deviations are much closer to their initial 
estimated Values. The default limits on the Ai are okay since these are linear parameters and are 
not that sensitive to the limits. 
 
Using these initial estimates and limits, if you fit the model to the data (with the FSD option), 
you will obtain the following fit: 
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The statistics are also satisfactory: 
 

 
 
This example thus illustrates the need to be aware of setting limits on your adjustable 
parameters, and to pay attention to how they may need to change as you go through your 
modeling exercise. 
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Part 5. Using the Bayesian option to incorporate prior knowledge 
 
What happens if you have prior information about a parameter in your model? It may be the 
case, for example, a relationship between two parameters has been developed as a result of 
research conducted elsewhere. How can you incorporate this knowledge in your model? 
 
One way you can incorporate priori knowledge is to use the Bayesian option in SAAM II. This 
part of the tutorial will illustrate how this can be done. 
 

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

 
2. Open the SAAM II  Compartmental study file study_0. 
 

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

b. In the File menu, click Open. The SAAM II Compartmental  main window will 
appear as shown below: 
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3. View the model and the experiment on the model, and change the model. 
 
a. In the SAAM II Toolbox , click Experiment. The model of the experiment will 

appear as follows: 
 

 
 

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

 

 
 

4. Specify a relationship between k(0,1) and k(0,2). 
 

Suppose from the literature there is a known relationship between k(0,1) and k(0,2). 
Suppose it is known that k(0,1) is approximately twice k(0,2). How can this be 
incorporated in the model? 
 
a. Double-click k(0,1) to open the Loss Attributes dialog box. 
 
b. In the Equations �S�D�Q�H�����W�\�S�H���³�N������������� ���D���
���N�����������´�����7�K�H��Loss Attributes dialog box 

will appear as follows: 
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c. Click Done. A new parameter, a, has been added to the model. 
 

5. Enter parameter values, and Solve and Fit the model to the data. 
 

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

click Parameters . The Parameters dialog box will open. 
 
b. Be sure a is selected. Set a �D�V���D���I�L�[�H�G���S�D�U�D�P�H�W�H�U�����W�\�S�H���³���´���L�Q���W�K�H��Value box, and click 

Save.  
 
c. Double-click k(0,2) �W�R���V�H�O�H�F�W���L�W�����7�\�S�H���³���������´���L�Q���W�K�H��Value box, and click Save.  
 
d. Enter the other parameters as shown below:   appear as follows: 
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d. Click Done. 
 

6. Solve the model. The initial parameter value, while not great, are sufficient to proceed 
�Z�L�W�K���D���³�)�L�W�´�����)�L�W���W�K�H���P�R�G�H�O���W�R���W�K�H���G�D�W�D���D�Q�G���Y�L�H�Z���W�K�H���V�R�O�X�W�L�R�Q�����$���V�X�P�P�D�U�\���R�I���W�K�H���³�)�L�W�´���L�V��
shown in the following: 
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Close the Plot and Statistics windows. 
 
In this case, a was assumed to be known and equal to 2. The result is that there are four 
�S�D�U�D�P�H�W�H�U�V���W�R���E�H���H�V�W�L�P�D�W�H�G���I�U�R�P���W�K�H���G�D�W�D�����D�Q�G���W�K�H���³�)�L�W�´���Z�D�V���V�X�F�F�H�V�V�I�X�O�����:�K�D�W���Z�R�X�O�G��
happen if parameter a was adjustable? 

 
7. Set a as an adjustable parameter. 
 

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

click Parameters . The Parameters dialog box will open. 
 
b. Double-click a to select it. 
 
c. Set a as an adjustable parameter. Leave the initial Value �H�T�X�D�O���W�R���³���´�����7�\�S�H �³�������´��

�D�Q�G���³���´���L�Q���W�K�H��Low Limit  and High Limit  boxes respectively. The Parameters 
dialog box will appear as follows: 
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d. Fit the model to the data. The following warning message will appear: 
 

 
 

The warning is that a hit a lower limit. If you continue to adjust the Low Limit , a 
will continue to hit the lower limit. This means there are more parameters in the 
model than can be estimated from the data. 
 

e. Close the Compute Log dialog box. 
 
f.  Note the effect of initial values. Set a as an adjustable value as noted above and 

restore all initial values of each parameter, the Parameters dialog box will appear as 
follows: 
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g. Fit the model to the data. The following warning message will appear: 
 

 
 

The warning is that the covariance matrix is unreliable and suggests that the user 
consider using the Bayesian estimation.   
 
However, you may note that incorporating the Bayesian option, as shown below, 
after receiving either one of these Compute Log Warnings, produces the same fitted 
solution. 
 

h. Close the Compute Log dialog box. 
 

 
8. Incorporate prior knowledge about a into the model. 
 

Suppose you really believed that k(0,1) was about twice k(0,2). Suppose you had 
information on the value of a from another study. You can incorporate this knowledge 
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using the Bayesian option in SAAM II. Suppose you know from the literature that a 
value for a �L�V���³���´���Z�L�W�K���D���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q���R�I���³���������´�����,�Q���W�K�L�V���S�D�U�W���R�I���W�K�H���W�X�W�R�U�L�D�O�����W�K�L�V��
information will be incorporated into the model. 
 
a. In the Compute menu, click Settings. The Computational Settings dialog box will 

open. 
 
b. Select the Include Bayesian Term check box. The Computational Settings dialog 

box will appear as follows: 
 

 
 

c. Click Done. 
 
d. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar,  

click Parameters . The Parameters dialog box will open. 
 

(1) Double-click a to select it. 
 



Advanced Tutorials SAAM II v.2.1 Working with Parameters - Advanced 

www.saam.com  © 2011 University of Washington and The Epsilon Group 
 Adv. Parameters �± 43 SAAM  II Version 2.1 

(2) Select the type for a as Bayesian. 
 
(3) �7�\�S�H���³���´���L�Q���W�K�H��Mean �E�R�[���D�Q�G���³���������´���L�Q���W�K�H��SD box.  
 
(4) Click Save. The Parameters dialog box will appear as follows: 
 

 
 

(5) Click Done. 
 

  The Bayesian option. If you have information about the value of a model parameter 
from the literature, it is useful to include this in your model. When you have 
Bayesian parameters in your model and you fit your model to your data, SAAM II 
takes this information into account. If there is information in your data about a 
Bayesian parameter, SAAM II will adjust it from its mean value. If there is little or 
no information in your data about a Bayesian parameters, SAAM II will not adjust it 
from its mean value. 

 
 

e. Fit the model to the data. A summary of the results is shown below: 
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  Bayesian parameters. The Bayesian parameter option is a powerful way to 
incorporate prior information about a parameter in your model. In almost all cases if 
you use this option, you will achieve convergence. If your data do not contain much 
information about the Bayesian parameter, then the value you entered for the Mean 
and SD will not change much; if your data do contain information, they will change. 
In this case, the Mean �G�L�G�Q�¶�W���F�K�D�Q�J�H�����W�K�H��SD changed a little. 
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You should note that the precision of the model parameters is not as good as the 
case, for example, when there were only four parameters to be estimated. This is 
because of the additional uncertainty added by the Bayesian parameter. 
 
Using this option can also be useful as a modeling technique. If in the process of 
developing a model you cannot achieve a fit, you can sometimes use the Bayesian 
option on a specific parameter. You can then tell from the resulting statistical output 
�Z�K�L�F�K���R�I���W�K�H���P�R�G�H�O���S�D�U�D�P�H�W�H�U�V���P�D�\���E�H���J�L�Y�L�Q�J���G�L�I�I�L�F�X�O�W�\���L�Q���D�F�K�L�H�Y�L�Q�J���D���³�)�L�W���´���7�K�L�V��
can help identify where constraints on parameters or model simplification must be 
undertaken. 

 
 
 

f. Close the Plot and Statistics windows. 
 

Quit  the SAAM II Compartmental  application. Do not save the changes to study_0. 
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Saving and Restoring Solutions 
 

Prerequisites 
 

The prerequisite for this tutorial is having worked through the SAAM II introductory 
�W�X�W�R�U�L�D�O�����³�*�H�W�W�L�Q�J���6�W�D�U�W�H�G���Z�L�W�K��SAAM II Compartmental ��� ́

 

What you will learn in this tutorial  
 
The purpose of this tutorial is to show you how save and restore solutions. 
 

 How to save solutions and compare results among other solutions 
 How to restore a specifically saved solution. 

 

Files Required 
 

Study Files: The study file for this tutorial is 
 

study_0.stu 
 

This file is included as part of this tutorial. This file is the same as study_0.stu that is 
installed in the SAAM II program folder and referred to in the SAAM II  Basic Tutorials. 
 

Introduction  
 
SAAM II enables you to save and work with different solutions of the model you are using.  
When you save a solution you are, in effect, saving the state of the model (i.e., the current 
values of the model parameters).  Additionally, you may save selected variables with their 
values as calculated during the last solve or fit. This can be used to compare results from other 
solutions.   
 
When you restore a solution, you are merely resetting the parameter values back to the saved 
state for that solution.  You are not resetting the values of any other variables.  You must solve 
to restore all other values. 
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Part 1. Saving and restoring solutions 
 
1. Start the SAAM II Compartmental  application. The SAAM II Compartmental  main 

window will open. 
 
2. Open the SAAM II  Compartmental study file study_0. 
 

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

 
b. In the File menu, click Open. The SAAM II Compartmental  main window will 

appear. In the SAAM II Toolbox , click Experiment. The model of the experiment 
for study_0.stu will appear on the Drawing Canvas as follows: 

 

 
 

3. Solve the model and view the solution. 
 

a. In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar,  click 

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

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

 
c. Click s1:plasma to move this to the Current Selection pane.  
 
d. Click Done. Your plot will appear as shown below (in linear mode): 
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Leave the Plot window open. 
 

4. Save the solution. 
 

a. In the Compute menu, click Solutions. The Solutions dialog box will open as 
follows: 
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 The Solutions dialog box. The Solutions dialog box contains  
 

The Name Prefix box. Here you can type the name of the solution; the default name 
�L�V���³�����´���,�I���\�R�X���W�\�S�H�����I�R�U���H�[�D�P�S�O�H�����³�E�D�V�H�´�����W�K�H���V�R�O�X�W�L�R�Q���Z�L�O�O���E�H���V�D�Y�H�G���Z�L�W�K���W�K�H���Q�D�P�H��
�³�E�D�V�H���´�����W�K�X�V���D���Q�X�P�E�H�U���L�V���D�O�Z�D�\�V���D�G�G�H�G���W�R���\�R�X�U���Q�D�P�H�����7�K�L�V���D�O�O�R�Z�V���\�R�X���W�R���F�U�H�D�W�H���D��
�V�H�T�X�H�Q�F�H���R�I���V�R�O�X�W�L�R�Q�V���V�X�F�K���D�V���³�E�D�V�H���´�����³�E�D�V�H���´�����H�W�F�� 
 
The Solutions pane listing the names of the saved solutions.  
 
The Solution Variables pane with the names of the saved solutions variables for a 
given solution, Clicking on the name of a solution in the Solutions pane will produce 
a list of the variables saved in the Solution Variables pane. 
 
The Current Solution pane providing you the option to Add a solution, or to 
Restore Selected, a selected solution. 

 
 
b. �7�\�S�H���³Base_�´���L�Q���W�K�H��Name Prefix box. 
 
c. Click Add in the Current Solution pane. The Solution Variables dialog box will 

open as follows: 
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 The Solution Variables dialog box. The Solution Variables dialog box contains the 
names of the model variables and/or parameters you may save with the solution. 
These saved variables can be accessed for plotting or tabular purposes. They will be 
saved with a suffix added to them. In this case, because the name of the saved 
�V�R�O�X�W�L�R�Q���L�V���³�%ase_�´���K�H�Q�F�H���V�D�Y�H�G���D�V���³Base_1� ,́ the variables will be saved with the 
name {Base_1} associated with them. For example, if you save s1, the name 
s1{Base_1} will appear in the Plot and Table Variables dialog box. 

 
 

d. In the Solution Variables dialog box, click s1 and then click Done. The Solutions 
dialog box will appear as follows: 

 

 
 

e. In the Solutions �S�D�Q�H�����F�O�L�F�N���³�%ase_���´�����7�K�H��Solutions dialog box will appear as 
follows: 
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 The Solutions dialog box. When you click the name of a solution in the Solutions 
dialog box, the variables and parameters saved with that solution will appear in the 
Solution Variables pane. 

 
 
f. Close the Solutions dialog box. 
 

5. Change the value of k(0,1) and compare solutions. 
 

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

click Parameters . The Parameters dialog box will open. 
 
b. Change the value of k(0,1) �I�U�R�P���³�������´���W�R���³�������´�� 
 
c. Close the Parameters dialog box. 
 
d. Solve the model. The plot will be updated as follows: 
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e. Compare this solution with the original base solution. 

 (1) In the Set menu, click Plot/Table Variables; use the   task bar 
button or right-click in the plot window. The Plot and Table Variables dialog 
box will open. Be sure the List All Variables  check box is selected. 

 
(2) Press the CTRL  key, and click plasma, s1 and s1{Base_1}. The Plot and Table 

Variables dialog box will appear as follows: 
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 Saved variables and parameters. Notice in the Variable for Y -Axis pane the saved 
original solution s1{Base_1} appears. This is the only saved variable. If you had 
saved other variables or parameters, these would appear in this list followed by 
{Base_1}. 

 
 

(3) Click Done. The plot will appear as follows: 
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6. Save the solution. 
 

a. In the Compute menu, click Solutions.  The Solutions dialog box will open as 
follows: 

 

 
 

�1�R�W�L�F�H���³�%ase_�´���D�S�S�H�D�U�V���L�Q���W�K�H��Name Prefix �E�R�[�����D�Q�G���³�%ase_���´���L�V���W�K�H���R�U�L�J�L�Q�D�O���V�D�Y�H�G��
solution. Leave the Name Prefix �D�V���³�%ase_�´�� 
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b. Click Add. The Solution Variables dialog box will open. Clear the selected 
variables, press the CTRL  key, and click q1, q2 and s1. The Solution Variables 
dialog box will appear as follows: 

 

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

 
 

Notice the Name Prefix �³�%ase_�´���U�H�P�D�L�Q�V�����E�X�W���W�K�H���Q�X�P�E�H�U���³���´���L�V���D�G�G�H�G�����7�K�X�V��
�³�%ase�B���´���L�V���W�K�H���V�H�F�R�Q�G���³�%ase_�´���V�D�Y�H�G���V�R�O�X�W�L�R�Q�� 
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d. In the Solutions �S�D�Q�H�����F�O�L�F�N���³�E�D�V�H���´�����7�K�H��Solutions dialog box will appear as 

follows: 
 

 
 

The variables in the Solution Variables pane are those that you saved; they will 
appear as variables in the Plot and Table Variables dialog box. 

 
e. Close the Solutions dialog box. 

 
7. Fit the model to your data. In the Compute menu, click Fit , or alternatively, on the 

SAAM II  Toolbar click Fit . Since the Plot �Z�L�Q�G�R�Z���Z�D�V���R�S�H�Q���G�X�U�L�Q�J���W�K�H���³�)�L�W�´�����W�K�H��
Plot window will be updated as shown below: 
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Remember your previous plot had s1{base1} as a variable in the Current Selection 
pane; thus this plot compares the best fit of the model to the data with the original 
solution. 

 
8. Compare all three solutions. 
 

a. In the Set menu, click Plot/Table Variables; click the select variables button or 
right-�F�O�L�F�N���L�Q���W�K�H���S�O�R�W���Z�L�Q�G�R�Z���D�Q�G���V�H�O�H�F�W���9�D�U�L�D�E�O�H�V�« The Plot and Table Variables 
dialog box will open. Be sure the List All Variables  check box is selected. 

 
b. Clear the selected variables, press the CTRL  key, and click plasma, s1, s1{Base_1} 

and s1{Base_2} to move these variable to the Current Selection pane. 
 
c. Click Done. The plot will appear as follows: 
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d. Close the Plot window. 
 
e. In the Show menu, click Table, or alternatively, on the SAAM II  Toolbar click 

Table . The following table will open. 
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Because the previous plot had the Plot and Table Variables  plasma, s1, s1{base1} 
and s1{base2} selected, these the variables will appear in the table. To change the 
variable, simply open the Plot and Table Variables dialog box, and select those 
variables you would like to view in tabular form. 
 

f. Close the Table window. 
 

9. Compare q1{base2} with q1 from the best fit. 
 

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

. The previous plot will open. 
 
b. In the Set menu, click Plot/Table Variables; click the select variables button or 

right-click in t�K�H���S�O�R�W���Z�L�Q�G�R�Z���D�Q�G���V�H�O�H�F�W���9�D�U�L�D�E�O�H�V�«  The Plot and Table Variables 
dialog box will open. Be sure the List All Variables  check box is selected. 

 
c. Press the CTRL  key, and click q1 and q1{base2} to move these variables to the 

Current Selection pane. Notice there is no q1{base1}; this is because you did not 
save q1 as a variable for base1.  Click Done. The plot will appear as follows: 

 

 
 

d. Close the Plot window. 
 
10. Save the solution from the best fit. 
 

a. In the Compute menu, click Solutions. The Solutions dialog box will open. 
 
b. �7�\�S�H���³�)it_�´���L�Q���W�K�H��Name Prefix box. 
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c. Click Add. The Solutions Variables dialog box will open. 
 
d. Click s1 and Done. 
 
e. In the Solutions �G�L�D�O�R�J���E�R�[�����F�O�L�F�N���³�)it_���´�����7�K�H��Solutions dialog box will appear as 

follows: 
 

 
 

f. Close the Solutions dialog box. 
 
11. Restore the original solution {Base_1}. 
 

a. In the Compute menu, click Solutions. The Solutions dialog box will open. 
 
b. �&�O�L�F�N���³Base_���´�����7�K�H���V�D�Y�H�G���Y�D�U�L�D�E�O�H�V���I�R�U���³Base_���´���Z�L�O�O���D�S�S�H�D�U���L�Q��the Solution 

Variables pane as shown below. Notice also in the Current Solution pane, Restore 
Selected is active. You now have the option to restore this solution. 
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c. Click Restore Selected. The following message will appear: 
 

 
 
d. Click OK. 
 
e. Solve the model and view the solution. You will see it is the original solution. You 

can confirm this by examining the parameter values. Close all open windows and 
dialog boxes. 

 
11. Add a compartment to the model. 
 

a. Add a third compartment to your model. The new model should appear as follows: 
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b. Add parameter values to your model. 
 

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

Toolbar, click Parameters . The Parameters dialog box will open. Notice 
the values for k(2,1), k(1,2), k(0,1) and vol are those for study_0. 

 
(2) Double-click k(3,2) �W�R���P�D�N�H���L�W���D�F�W�L�Y�H�����7�\�S�H���³���������´���L�Q���W�K�H��Value box, and click 

Save.  Repeat the process for k(2,3). The Parameters dialog box will appear as 
follows: 

 

 
 
(3) Click Done. 
 

c. Solve the model, and compare the solution with the best fit to a two-compartment 
model solution. 
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(1) In the Compute menu, click Solve, or alternatively, on the SAAM II Toolbar,  

click Solve . 
 
(2) In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar,  click 

Plot . A plot of the current solution s1 and the plasma data may appear. If a 
plot opens, in the Set menu, click Plot/Table Variables; click the select 
variables button or right-�F�O�L�F�N���L�Q���W�K�H���S�O�R�W���Z�L�Q�G�R�Z���D�Q�G���V�H�O�H�F�W���9�D�U�L�D�E�O�H�V�« The 
Plot and Table Variables dialog box will open. If a plot does not open, the Plot 
and Table Variables dialog box will open. Be sure the List All Variables  check 
box is selected. 

 
(3) Press the CTRL  key, and click plasma, s1 and s1{fit1}. The Plot and Table 

Variables dialog box will appear as follows: 
 

 
 
(4) Click Done. The Plot window will appear as follows: 
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 Saved solutions. It is important to know that, even though you changed the model 
structure by adding a third compartment, the solutions saved for the two-
compartment model remain, and can be compared with your work on the third 
compartment. 

 
 

d. Fit the model to the data.  In the Compute menu, click Fit , or alternatively, on the 

SAAM II  Toolbar click Fit . The following warning message will appear: 
 

 
 
 The Plot window will be updated as follows: 
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NOTE: The combination of the warning message and the identical fit of the model 

to the data indicate a third compartment is not supported by the data.  
 

e. Close the Compute Log window and the Plot window. 
 

12. Restoring the original two-compartment model 
 

a. In the Compute menu, click Solutions. The Solutions dialog box will open. 
 
b. In the Solutions �S�D�Q�H�����F�O�L�F�N���³Base_���´�����7�K�H��Solutions dialog box will appear as 

follows: 
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 �$�O�W�K�R�X�J�K���³�%ase_���´���L�V���D�F�W�L�Y�H�����W�K�H��Restore Selected option in the Current Solution 
pane is dimmed. 
 

 Restoring solutions. When you restore a solution, the model on the drawing canvas 
must be the same structural model as the saved solution. In the above case, the 
current model is a three-�F�R�P�S�D�U�W�P�H�Q�W���P�R�G�H�O���Z�K�L�O�H���W�K�H���V�D�Y�H�G���³�E�D�V�H���´���V�R�O�X�W�L�R�Q���L�V���D��
two-compartment model. Thus it cannot be restored. 

 
 

c. Close the Solutions dialog box. 
 
d. Delete Compartment 3 from the model. 
 

(1) Click Compartment q3 to make it active. 
 
(2) Press the Delete key. The model and a warning message will appear as follows: 
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(3) Click OK. The original two-compartment model will appear on the Drawing 

Canvas. 
 

e. In the Compute window, click Solutions. The Solutions dialog box will open. 
 
f. In the Solutions �S�D�Q�H�����F�O�L�F�N���³�%ase_���´�����7�K�H��Solutions dialog box will appear as 

follows: 
 

 
 

Now because the model on the Drawing Canvas is the same as the original saved 
model, the Restored Selected option is available in the Current Solution pane. 

 
g. Click Restored Selected. The following message will appear: 
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h. Click OK, and close the Solutions dialog box. 
 
i. Solve the model, and view the solution. In the Plot Variables dialogue box, uncheck 

�W�K�H���µ�/�L�V�W���$�O�O���9�D�U�L�D�E�O�H�V�¶��box.  Double-�F�O�L�F�N�L�Q�J���µs1:plasma�¶���Z�L�O�O���F�O�H�D�U���W�K�H���µ�&�X�U�U�H�Q�W��
�6�H�O�H�F�W�L�R�Q�¶���U�H�S�O�D�F�L�Q�J���L�W���Z�L�W�K���V�����D�Q�G���S�O�D�V�P�D. The original solution will appear as 
indicated by the following plot. 

 

 
 
j. Close all open windows and dialog boxes. 

 
13. Save this study file and its solutions.  

 
a. In the File menu, click Save As. The Save As dialog box will open.  

 
b. �7�\�S�H���³�V�R�O�X�W�L�R�Q�V�´���L�Q���W�K�H��File Name box. 

 
c. Click Save. 
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14. Quit  the SAAM II Compartmental  application. In the File menu, click Exit . The 
following message will appear: 

 

 
 

If you click Yes, a file called solutions.sol. containing the solutions will be created. The 
�³���V�R�O�´���L�Q�G�L�F�D�W�H�V���D��SAAM II  solutions file. When you open solutions.stu, the solutions 
saved will be available in the Solutions dialog box. If you click No, the solutions will 
not be saved. 

 
Click Yes. Now when you open solutions.stu, your solutions will be available. 
 
 

 

 Restoring solutions.  
In order to restore a solution, the model on the drawing canvas must be the same 
structural model as the saved solution. �2�W�K�H�U�Z�L�V�H�����µ�5�H�V�W�R�U�H���6�H�O�H�F�W�H�G�¶���Z�L�O�O���E�H���J�U�H�\�H�G��
out in the Solutions dialog box 
When you restore a solution, the Minimum Number of Calculations Intervals in the 
Computational Settings must be the same as the saved solution. Otherwise, 
�µ�5�H�V�W�R�U�H���6�H�O�H�F�W�H�G�¶���Z�L�O�O���E�H���J�U�H�\�H�G���R�X�W���L�Q���W�K�H���6�R�O�X�W�L�R�Q�V���G�L�D�O�R�J���E�R�[ 
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