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Using SAAM 11 Working with Data

Working with Data

Prerequisites

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

What you will learn in this tutorial

The purpose of this tutorial is to show you how to work with your data in your SAAM II
study file. You will learn:

Basic SAAM II Data window features (Introduction)

How to import data from a spreadsheet (Part 1)

How to use the variance model options “absolute-relative” and “data-model” (Part
2)

How to use the different weighting schemes FSD, SD, POIS and GEN (Part 3)
How to weight and unweight data (Part 4)

How to work with replicated data (Part 5)

Files Required

Study Files: The study files for this tutorial are

study 0.stu
study 0 nodata.stu
study 0 all.stu
fsd_sd.stu

These files are included as part of this tutorial. The file study_0.stu is the same
that is installed in the SAAM II program folder and referred to in the SAAM 11
User Guide.
Data Files: The data files for this tutorial are
study 0.dat
and the Excel® files
study 0.xls

study 0 all.xls
replicate_data.xls
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Introduction

This tutorial will show you how to use the different options in SAAM II to work with
your data. Most of what follows in the introduction is also available in the SAAM 11
Online Help. The different parts of the tutorial will reinforce this information in the
SAAM II Online Help and the Users Manual.

Part 1 will show you how to import data from a spreadsheet into the Data window, and to
check to be sure the data format is correct.

Part 2 will illustrate the different variance model options. The fractional standard
deviation weighting scheme will be used. The effect of using data based versus model
based, and absolute versus relative weighting will be illustrated. These options are
described in more detail below.

Part 3 will examine the different default weighting schemes available in SAAM II, and
how the choice of a particular scheme can affect the outcome of your modeling exercise.

Part 4 will illustrate how to unweight a datum, or a series of data, as part of the modeling
exercise.

Part 5 will show you how to deal with data replicates. This is the situation where, at each
sample time, you may have data replicates. SAAM II deals with this using the Sample
tool.

The simplest example of a SAAM II Data window is provided in study 0; the Data

window is shown below. This is the most typical application where one has a single set of
data collected at specific time points.

Rev. 10/30/05 DataUS-2  ©2002 - 2005 University of Washington



Using SAAM 11 Working with Data

il x|

IbATA -
(FED 0.1}

| plasma

o.oa? 45780

0.04z 43EEE

0O.1z5 4FE3E

O_25 40125

0.37& 3EZZ1

o.5 3EEEE

1.0 E8194

Z2.0 13573

2.0 14403

4.0 11278

E.0 2081

&.0 £393

7.0 EEE3

8.0 £E133

2.0 4710 s
END —
! LIJ
Data Format is okay

The data are bounded by the DATA and END statements. The second line in the file,
“(FSD 0.1)” specifies the weighting scheme that is to be applied to all data. The next line,
“t plasma” contains the names of the two columns, “t” the independent variable “time”,
and “plasma” the name of the data.

The SAAM II Data window, however, has been designed for flexibility to accommodate
the different kinds of experimental data that can be analyzed using SAAM II. The salient
features will be discussed in the following.

SAAM Il Data format

Two kinds of data can be entered in the SAAM II Data window. One is the experimental
data, and the other is known “constants” such as weight, height, or dose.

Experimental data can be arranged in one or more tables of up to twenty columns each.
Each table must begin with a DATA statement and end with an END statement. Each of
these statements must be on a separate line.

After the DATA statement, you can enter the weighting scheme if it is to be used for all
experimental data. If, for example, you are using a fractional standard deviation of 10%,

you would write:

DATA
(FSD 0.1)
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The specification of the weighting scheme is enclosed in parentheses. This line is not
required. If you enter no specification, the default is (FSD 0.1). If you have several
columns of data, you can enter the weighting scheme associated with each column.

Just before the actual data are entered, you must include a header line that includes the
name of the data element for each column of data. Below is an example of a data set
(modified from study_0) with replicates for three plasma samples:

_1olx)
DATA |
L= plasmal (FAD O.1) plaswmaz (F3D 0.1} plasmaz (F3D 0.1
u] n n n
a_oa7? 45720 43533 44002
O_04z 435EE 45876 43166
O_1:%& 47535 407EE 405658
o.z& 40125 295613 40972
0_37& IGZEL 35968 39048
o_& ALEEE I5570 FE661
1 28154 Z7ElE Z811%

z 13573 12881 19136
3 14403 14778 14534
4 11278 10511 10z29
E S081 21z3 SEE3
& 5393 7064 Tzz3
7 5553 5014 E7E7
g 5132 5178 4351
3 4710 471z 41EEF
END|
w
*I | LIJ
Data Format is okay Edited

As illustrated in the Data window above, after the DATA statement and just before the
data, you must include a header line that includes the name of the data element for the
independent variable and for each column of data, usually called a data set. In the above

29 ¢

example, these names are “t”, “plasmal”, “plasma2” and “plasma3”.

You can see (FSD 0.1) is associated with each of the three columns of data. It is not
necessary that “0.1” be used for each column. There may be occasions, e.g. experiments
with plasma and urine data, when you may want to assign (FSD 0.1) to the plasma data
and (FSD 0.25) to the urine data.

The independent variable (the default is "t" for time) must be in the first column in each
table. This situation is illustrated in the previous figure. You can change the name of the
independent variable in the Experimental Attributes dialog box which is opened in the
Compute menu. Below is an example where the name was changed from “t” to “time”.
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Experiment Attributes
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In all equations where the independent variable appears, “time” must now be used. If, for
example, you wanted to write the expression for a mono-exponential, you would write:

y(time) = A*exp(-a*time)

If you had specified the name of the independent variable as “time” and written the above
equation

y(t) = A*exp(-a*y)

in the Equations window, “t” would appear as a parameter in the Parameters dialog
box.

Columns must be separated by one or more tabs or spaces with no additional punctuation.
Use "n" or a word beginning with "n" where no value exists. This is illustrated in the
Data window above where there are no experimental data at time zero. You can add
comments inside the Data window. A number sign (#) on a line causes the rest of the line
to be ignored. Blank lines are also allowed.

All values for a given data set must be in the same table. For example, Table 1 might
contain "t" and "plasmal", while Table 2 contains "t", "plasma2", and "plasma3". A

column of "plasmal" values in the second table will be ignored.

The data shown in the Data window above does not need to be entered as a table with
four columns. They can be entered as separate tables as shown below:
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Constants are entered using the CONST statement. CONST statements cannot lie
between a DATA and END statement. A CONST statement must be used for each
variable entered. Below is an example of two constants added to study 0.dat:

m[)ata - study_0.dak
Y _______________

=10l |

(FSD 0.1}

L= plasma
0.0a7 45780
0.042 432LEE
O.1E& 47538
O.E& 401EE
0.37& 3GEEL
o.& ALEEE
1.0 ral94
z.0 13573
3.0 14403
4.0 11278
5.0 g081
g.0 5333
7.0 E&E3
2.0 £E139
2.0 4710
ENL

# Body weight BW in kg; height Ht in cm.
COMET B 70.E
COMST Ht 185
4]

Data Format is okay

=)

-

o

Edited

In addition to the two constants, a comment line denoted by “#” has been added.

As noted previously, the format for the Data window has been designed to be as flexible
as possible in order to accommodate the many different kinds of experimental data that

can be analyzed using SAAM I1.

Conversion of data

A separate line may appear anywhere within a data table containing an operator and a
numerical value. An example would be "(/60)" which indicates that each subsequent
value in the column should be divided by "60" prior to use in a SAAM II computation.
When a conversion line is used, each column must have an entry even if only empty

brackets "()" (this signifies no conversion).

Acceptable conversion operators are "+", "-", "*" and "/". Functions cannot be used as

conversion operators.

Data conversions are normally used to change the units associated with some time values
or data themselves. For example, if the units of "t" (time) for the experiment are hours,
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but the data has been collected at time points expressed in minutes, you can easily
convert minutes to hours by entering "(/60)" on top of the "t" data column.

The following Data window is an example where conversions of both time and data are
used. This is an experiment in which radioiodinated low-density lipoprotein was injected.
Plasma and 24 hour urine samples were collected, and the urine data presented as
cumulative and 24 hour samples. Thus besides the column for “t”, there are three
columns of data. The plasma data are in units of dpm (disintegrations per minute) per ml;
the urine data are in units of dpm.
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1ol
DATA =]

(FED 0.1}
t plasma cum urine ind urine
#
# The (f24) conwerts the time units from hours to days.
#
[ FE24) 0l 0l 0l
u] n n n
0.1l& EQT74E n n
o.& 3lo0s n n
1 29114 n n
z 7907 n n
4 ETES3 n n
& 27483 n n
] Ze&l0 n n
12 ERTS1 n n
#
# The "{}" in all columns stops (f24) since the time units
# are now in days.
#
il 0l il il
1.000 208359, 5375047 . 5375047 .
#
# The plaswa data are in dpwm/ml while the cumulative the urine
i samples are in dpm. The (F1000000) makes it easier to enter
# the data.
#
0l 0l (F10000000) (F10000000)
z.000 13646 E.424 1.671
Z.000 2714 . 3.3208 1_E5E&
4000 G456 E.0%0 1.18%
#
# After a certain point, the (*1l0000000) is no longer needed to
# enter the indiwvidual urine samples.
d
0l 0l (F10000000) ()
L.oao 4806 L.775 2031544
&.000 3804. &.7EZ Ea4e717.
7000 IEET. G.942 3832041
g.000 2744 . 7.401 EGIE780.
Q.000 EETD. 7.k08 12832786,
10. 000 2131, 7.698 1354547
11.000 1971, 7.141 285794 .
1z.000 17E0. 7.30z2 S7YEETE.
13,000 la67. T.6Z26 712828,
14.000 18622, 7.843 543487
ENL

o o

Data Format is ockay

Comment lines have been added to the file to explain the intent of each conversion using

“0"
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Assigning weights to data

The assignment of weights to each datum is done in the Data window. The same
weighting scheme can be assigned to all data if the specification is made between the
DATA statement and the entries of the data themselves. They can also be assigned to
individual columns of data as was illustrated above with the columns “plasmal”,
“plasma2” and “plasma3”. Finally, they can be assigned individually. Below is an
example:

J1=TES

I

DATA | =
L= plasma (S0 100)

a none

Z 3993 5(95_.87)

4 3316, 5(86_33)

E 2403, 5(858.13)

& 2177 E(83_EL)

7 2E12.5(24_27)

g 21la5(82.3) =
] 2105821}

10 2117 (8E .34

11 2984 L(7D_&3)

1z 230077 _8)

14 ZEDZ(TI.84)

1k ZE02(TE Q&)

17 2E22.E(70_67)

13 2536 (7072

21 25a5.5(70_31) -
< _>I_I
Data Format is okay

This is a portion of a Data window in which the plasma measurements are dpm of carbon
atoms in glucose. The (SD 100) following “plasma” indicates that the weighting scheme
is standard deviation. Associated with each datum, in parenthesis, is a value for the
calculated standard deviation for that datum. This number will over ride the value “100”
in (SD 100).

How are weights calculated, what is the relationship between the weights and the
variance model (error in the data), and what are the options in SAAM I1?

If o, ; is the standard deviation of the i"™ datum in the j™ data set, then the variance of the
datum is defined
= 2
Var, , =v, .o}, (1)

L] L)

where v is a possibly unknown constant for the ™ data set. If , is known, the weights

are absolute; if it is unknown and estimated from the data, the weights are relative. When
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v, 1s estimated from the data, it is returned following a successful Fit in the Statistics

window; it is called the scaled data variance.
2 .
A frequently used model for o, is

model

data

ofj =A+B-

2)

In this equation, 4, B and C are non-negative numbers. The “model” or “data” in the

absolute value sign means ai ; can either be calculated based upon the model calculated

value for the i™-j" datum, or based upon the datum itself. The former serves as the basis

for “model” based weights and the latter for “data” based weights.

You specify absolute or relative weights and model or data based weights in the
Variance Model pane of the Computational Settings dialog box. The Variance Model
pane is shown below set in the default mode “data-relative”.

Wariance kModel

i+ Data i~ Abzolute
" todel * Felative

The weight assigned to each datum is the inverse of its variance:

1 :_12 3)

ij =
Var,; v,-o;;

The definition of afj (2) in SAAM II is invoked using (GEN A B C) where, depending

upon the variance model chosen,

model

(GEN ABC)=A+B-
data

(4)

For example, if the weights are data based and 4 =0, B =1 and C = 2, in the absolute
weight situation when v is equal to 1, the weight would equal

1

w. . =
* data;,

()

You can select four options for your weighting scheme: FSD, POIS, SD and GEN. FSD,
POIS and SD are all special cases of (GEN A B C). FSD assigns a constant coefficient of
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variation as the variance to each datum; POIS assigns a Poisson distribution to each
datum, and SD assigns a constant standard deviation and hence variance to each datum.

FSD

FSD is equivalent to (GEN 0 B 2). That is (4) becomes

For the i-j™ datum,

i,j

2

Thus if (FSD VB ) is entered as the weighting option in the data file:

Data based absolute

Data based relative

Model based absolute

Model based relative

del
((}15‘1\/0132):3-1121Oe 6)
ata
> model|” model
i = ’ = ’ (7)
data data
1
W, =3 (8a)
B- ‘datai’ j‘
1
Wi = 2 (8b)
v, -B-‘datai’j‘
1
Wit o 2 (8c)
B-‘modeli,‘j‘
W, ! (8d)

) v, -B~‘m0del.,‘j‘2

1

In the above, data;; is the i"™ datum in the j"™ data set; model;; is the model calculated

value at the time of data;j.

From (7), (FSD 0.1) will calculate a constant coefficient of variation (standard deviation)
for each datum equal to 0.1, or 10%.

SD

SD is equivalent to (GEN A 0 0), that is (4) becomes

Rev. 10/30/05
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(GEN A00)=4 9)
For the i-j" datum,
0,; =00, = V4 (10)
Thus if (SD +/A ) is entered as the weighting option in the data file:
1
Data based absolute W, = = (11a)
. 1
Data based relative W, == (11b)
v, -4
Model based absolute W, = i (11c)
Model based relative W, == ! y (11d)
Iy

From (10), (SD 10) will assign a standard deviation of 10 to each datum. The weights, in

the absolute case, will be LZ = L =0.01.
10 100

POIS

FSD is equivalent to (GEN 0 B 1), that is (4) becomes

del
(GENOB1)=B-| (12)
data
For the i-j™ datum,
_ 7 _ |z model 13
M | data (13)

Thus if (POIS B) is entered as the weighting option in the data file:
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1
Data based absolute W, = (14a)

i IB.‘datai,j‘

1
= (14b)

Data based relative W,
1/Vj -B-‘datai,j‘

Model based absolute w, . = . (14c)

v 1/B-‘modell.,j‘

Model based relative w, . = ! (14d)

v \/17j -B~‘m0deli’j‘

In the above, data;; is the i datum in the jth data set; model;; is the model calculated
value at the time of data;;.

GEN

GEN is the general format for entering the variance, and hence weight, associated with
each datum. The only restriction is that 4, B and C must be non-negative. The formula is:

C

model
(GEN ABC)=A+B- (15)
data
For the i-j" datum,
5 model|”
O, =401, =4]A+B- data (16)
Thus if (GEN A B C) is entered as the weighting option in the data file:
1
Data based absolute W, = > (17a)
A+ B-‘dataijj‘
. 1
Data based relative w, = (17b)

J
V,-(4+B|data, | )

‘2
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Model based absolute W, = ! 5 (17¢)
' A+B-‘modelt’j‘
Model based relative w, . = ! (17d)

L]

v, ~(A+B-‘modeli,j

‘2

)

In the above, data;; is the i"™ datum in the j"™ data set; model;; is the model calculated
value at the time of data;;.

Weights in SAAM 11

It is important to remember that, no matter what option you choose for the variance
model and hence the weights, the variance is calculated using the formula

2

) (18)

model

Var. . =v. -(A+ B-
b i data

while, for a the i-j™ datum, the standard deviation is

C

model
o . =.oc’ =.|A+B- 19
i TN \/ data (19)
In SAAM 11, the weight for the i-j™ datum is
L1 20)

b var,, v, ol

so the weight equals the reciprocal of the square of the standard deviation only when v,

equals 1.
Variance model — absolute versus relative

The variance is either known, v, equals 1, in which case the variance is the square of the

standard deviation, or it is known (in terms of the model — FSD, SD, etc.) up to a
proportionality constant, v, . If the variance model is “absolute”, then v is assumed

equal to 1. If the variance model is not known, v, 1s assumed unknown, and will be

estimated from the data as part of the fitting process. It is called the scaled data variance
in the Statistics window.
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How can v, be used? It can be used as a measure of how good your estimate of the
standard deviation, or variance, is. If, when you use relative weighting, the scaled data
variance v for the ™ data set is close to 1, then your estimate is very close since the
variance will be close to the square of the standard deviation. If v, is not close to 1, then
you can modify your estimate for the standard deviation by setting:

new_o;, =0;-0;, (21)

or

new_o,, =,/u; -0, ; (22)

That is you can multiply your original estimate for the specification of the standard
deviation by /U, to produce a specification for a standard deviation that is closer to the

true value (assuming the variance model “(GEN A B C)” is “correct™.)
Variance model — data versus model based

In the calculation of the variance for the i-j"™ datum, either the actual datum or the model
calculated value can be used. If in the variance model, the “data” option is chosen, then
clearly from (18) the variance and hence the weight need to be calculated only once.
When this option is chosen, fitting (optimization) in SAAM II is via weighted least
square (WLS). On the other hand, if in the variance model, the “model” option is chosen,
then again from (18) the variance and hence the weight must be recalculated at each
iteration of the fitting (optimization process). When this option is chosen, fitting
(optimization) in SAAM 1I is via extended weighted least square (ELS).
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An example

Here is an example of a data table containing weighted values and conversions taken
from the SAAM II Online Help system:

DATA

FSD 0.1)

t snpl 1 (SD 50) snpl 2
0.0 none 100.0
0.2 10000. 0 95. 2
1.0 9000. 0 (100) 90.6 (0.05 +)
2.0 8000.0 84.1
3.0 7000.0 76. 3
4.0 6000.0 (-) 68. 8
6.0 5000.0 57.4 (-)
8.0 4000.0 50.0
10.0 3000.0 41.7
12.0 2500.0 34.1
END

# This is a coment
CONST concentration 0.34 # This is also a coment
DATA

(PAS 0.2

t snpl 3
() (*10)
0.0 none
0.3 11000.0
1.1 9200.0
) ()
2.1 83000. 0
3.2 74000. 0
END

In this example:

I. At"t=0.0", "smpll" has no value and hence no standard deviation.
At"t=0.2", "smpl1" has a value of "10000.0" with an "SD = 50". The "(SD 50)" in
the header following "smpl1" overrides the global weight of "(FSD 0.1)" which
appears after "DATA".

3. At"t=1.0", "smpll" has a value of "9000.0" with an "SD = 100". The "(100)"
following the value overrides the "(SD 50)" set for the column.

4. At"t=4.0", "smpll" has a value of "6000.0", but the data point is ignored for fitting
because "(-)" follows the value.

5. At"t=0.0"and "t=0.2", "smpl2" has an "FSD" of "0.1", due to the global
assignment.

6. At"t=1.0","t=2.0","t=3.0"and "t=4.0", "smpl2" has an FSD of "0.05". The
"(0.05 +)" assigns "0.05" to all values in the column until another entry appears.

7. At"t=6.0", "smpl2" has a value of "57.4", but the data point is ignored for fitting.

8.  From "t =8.0" through "t =12.0", "smpl2" reverts to "FSD = 0.1", the global value,
since the "(+)" specification at "t = 1.0" was canceled by the "(-)" at "t = 6.0".

9. A constant named "concentration" is assigned a value of "0.34" at all data times.
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10. All values for "smpl3" are assigned standard deviations using the Poisson
distribution.

11. All values of "smpl3", before "t = 2.1", are multiplied by 10 prior to use. The
remaining values are used as is. The parentheses "()" reset the conversion operators
to null.

With this introduction to the various options for the data format in SAAM 11, and the
discussion of how to define the variance model for the error in your data, and hence the
weight of each datum, you can proceed to those parts of the tutorial in which you are
interested.
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Part 1. Importing data from a spreadsheet

It is often convenient to prepare your data for a SAAM II modeling exercise first in a
spreadsheet, and then import the data into the Data window. This tutorial will illustrate
this process using an Excel® spreadsheet.

1. Start Excel® and open study_0.xlIs. You will have to move to the folder where
you put this file. The spreadsheet will appear in part as follows:

A | B |
gt plasma
_ 2 |0.007 46730
_ 3 |0.042 43522
_4 0125 42635
_a 025 40125
_B |0.375 36221
7 |05 35562
8 |1 26194
a2 19573
103 14403
114 11278
125 B081
1ala R399
1417 a4
15818 5139
169 4210

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

3. Open the SAAM II Compartmental study file study_0_nodata. This study file
contains all information present in study_0 except the Data window is empty.

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

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

4. View the model and the experiment on the model. In the SAAM II Toolbox, click

Experiment. The model of the experiment will appear on the Drawing Canvas as
follows:

Remember the sample circle, s1, is not filled because there are no data in the Data
window to associate with the sample. The experimental input ex1 and the
parameter values are all those from study_0. You can verify this by examining
the Exogenous Input or Parameters dialog boxes.

5. Import the data from study_0.xls.
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a. In the Show menu, click Data, or alternatively, on the SAAM II Toolbar
click Data H The Data window will open as follows:

mData - untitled.dat ;IEIEI
[ =

B o

Data Format is okay

b. Return to the Excel® spreadsheet.

c. Select the data in the spreadsheet you wish to import into the SAAM II Data
window. The spreadsheet will appear as follows:

A | B
1 |t plasma
2 |o.oo7 4B780
3 0042 43522
4 0125 42535
5 |0.25 40125
B |0.375 6221
7 05 35562
8 28194
8 |2 19573
10 |3 14403
11 4 11278
1215 2031
13 |6 B999
14 |7 5B53
15 |8 5139
16 |9 4210 1

d. Copy the data from the spreadsheet.
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e. Return to the SAAM II Data window.

f. In the Edit menu, click Paste. The Data window will appear as follows:

mData - untitled.dat ;Iglﬂ

L Qo7
- 04E
J1EE
2L
. 378
-

[T B VO B N P SN R B e B T

ki

plasma
45720
43E2E
47538
401EE
AGEEL
3EE&E
28194
19573
14403
11278
2081
5933
LEE3
E1z32
4z10

=

e

Edited

g. Close the Data window. An Error message will appear as follows:

& ERROR--» Data format incorrect on line 1. Kepword 'DATA' or 'CONST' expected.

S5AAM Il Compartmental

Click OK. The following message will appear:

SAAM II Compartmental x|
2
-

&n error has been detected, The data will be ignored if it contains
errars when the windaw is closed, Da you wish ta conkinue ko clase?

ok I Cancel |
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The reason why these error messages appear is that the first line of the data
file in the DATA window must be either DATA (or CONST), and if you are
entering a stream of experimental data, the last line must be END.

h. Click Cancel. You will return to the Data window.

i. Type “DATA” for the first line, and (FSD 0.1) for the second line. Type
“END” at the end of the data stream.

j. Inthe Edit menu, click Check Data Format. Your Data window should

appecar:
_1olx]
—_—
DATA [
(F3D 0.1
t plaszma
o_oa7 45780
O_04z 43822
O_1:%& 47535
o.z& 40125
0_37& 3EZZL1
o_& IEEEZ
1 8194
z 13E732
3 14403
4 11278
5 g0s1
& 333
7 EEE3
g E139
=] 4710 —
END
-
< _>I_I
Data Format is okay Edited

If there are any errors in the Data window, they will be reported and you can
fix them. When there are no errors, the statement “Data Format is okay” will
appear as shown at the lower left of the Data window.

k. Close the Data window.

1. Associate the sample s1 with the data.
(1) Double-click s1 to open the Sample Attributes dialog box.

(2) Type “plasma” in the Associate with Data Name box.

The Sample Attributes dialog box will appear as follows:
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Mame: =1

L pits: I

Aszociate with D1ata Mame: |p|agmd

E quationsz:
#1 =qlival ;I

[
Dane I Cancel Help |

(3) Close the Sample Attributes dialog box. You can now proceed with the
modeling exercise.

Quit the SAAM II Compartmental application. Do not save the changes to
study 0 nodata.

Importing data from a spreadsheet. In importing data from a spreadsheet, you
can also import segments of data. This can be used, for example, to replace
parts of the data in a Data window. When you do this, you may accidentally
introduce an error. For this reason, it is always wise to check the data format
using the Check Data Format option in the Edit menu. If there are errors,
SAAM II will indicate the general nature of the first error and the line on
which it occurs. You should check the data format after correcting each error
until you get the “Data Format is okay” message.
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Part 2. Effect of the variance model when using the FSD weighting option

In this tutorial, you will use study_0 to investigate the effect of the variance model when
using the FSD weighting option. The variance model is set in the Variance Model pane
in the Computational Settings dialog box. The pane is shown below:

YWariance Model

' Data " Absolute
™ dodel ¥ Fielative

As discussed in the Introduction, the variance model can be based upon the data or model
calculation, and can be absolute or relative. All options will be investigated with different
values for the FSD. This will give you a much better feeling for the variance model, and
what purpose the scaled data variance parameter v; discussed in the Introduction serves.

This tutorial will use the Solutions option in the Compute menu to create a baseline
solution from which you will work. If you are not familiar with this option, it is
recommended you work through the Using SAAM II Tutorial “Saving and Restoring
Solutions”.

Since there is just one data set in this tutorial, we will refer to the scaled data variance
parameter v, simply as v .

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

2. Open the SAAM II Compartmental study file study.

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

b. In the File menu, click Open. The SAAM II Compartmental main window
will appear as shown below:
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T SARM L artmental - STUDY_0.5TU
Fle Cdt Wew Show Compats Set Window bl

Working with Data
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~

w1y
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of
7 |
View the model and the experiment on the model. In the SAAM II Toolbox, click
Experiment. The model of the experiment will appear on the Drawing Canvas
as follows:

ki{2,1)
k(1,2)

To understand the effect of setting different values for FSD, and using different variance
models, you will Fit study 0 using the following:

FSD =0.1 absolute data base relative data base
absolute model base

relative model base
FSD =0.25

absolute data base relative data base
absolute model base relative model base
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FSD=0.5 absolute data base relative data base
absolute model base relative model base

FSD=1.0 absolute data base relative data base
absolute model base relative model base

A worksheet is provided at the end of the tutorial for you to record your results as you
proceed. Remember the default variance model in SAAM 11 is relative data base, and the
weighting scheme in study_0 is (FSD 0.1).

4. Create a baseline solution.

It is important in this series of Fits to always start from the same set of initial
parameter estimates.

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

b. Plot the data. On the Show menu, click Plot, or alternatively click Plot @
on the SAAM II Toolbar.

c. On the Set menu, click Plot/Table Variables. The Plot and Table Variables
dialog box will open. Be sure the List All Variables box is not checked.

d. Click s1:plasma to move this to the Current Selection window.

e. Click Done. Your plot (in semi-log) will appear:
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=101x]
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f. Close the Plot window.
g. On the Compute menu, click Solutions. The Solution dialog box will open.

h. In the Current Solution box, click Add. The Solutions Variables box will
open with a list of variables you can save.

i. Click sl.
J.  Click Done.
k. In the Solutions box, click 1. The list of saved variables and parameters (s1

only in this case) will appear in the Solutions Variables box. The Solutions
dialog box will appear:
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Dlsobtions i

Mame Prefis: I

Solutions: Solution Y ariables:
] =1 {1}

— Current Solution

Add.. |

Restore Selected |

The {1} in s1{1} refers to solution number 1; s1{1} can be accessed anywhere
other model variables can be accessed. An example is the Plot and Table
Variables dialog box when the List All Variables box is checked.

1. Close the Solutions dialog box.

This solution will be your baseline solution to which you will return before
resetting the variance model and Re-Fitting the model to the data.

5. Perform the first fit.

The variance model in the first Fit is FSD = 0.1 and absolute data. Thus the
variance model must be changed from the default setting.

a. In the Compute menu, click Settings. The Computational Settings dialog
box will appear.

b. Inthe Variance Model pane, change the variance model from “relative” to
“absolute”. The Computational Settings dialog box will appear as follows:
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Computational Settings

Min. Mr. of Calculations Intersalz: |20 | [1 to 50O0)

x|

— |ntegrataor _
¥ Use Relative Emor;

| 0,001 00000
(1.0-10t0 1.0]

[T Use Abzolute Ermar;

Pade
Runge-k.utta

[T Compute Sample 8UC's [greater than 0.0]

— Optimizer
bdas. Mr. of Fit [terations: |20 » | [OtoB0)
Yanance Model Dervative
* Data * Absolute * Fonward
i~ Model ™ Relative ™ Central

Corvergence Criterior; ||:|_|:||:||:|1 Qoan

11.0e-7 to 1.0
[ Include Bayesian Term

Lambda: |10.00000000

(1027 te 1.0=7]

[~ Save Results to Text File

[Level Eile———
) Biasic " Beplace
£ Detailed ) fdd
|

Done I

Cancel | Help

c. Click Done.

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

click Fit M on the SAAM 1I Toolbar.

e. Plot the solution. You can see the fit is quite satisfactory. Leave your Plot
window open.

f.  On the Show menu, click Statistics, or alternatively, click Statistics g on
the SAAM II Toolbar. The Statistics window will appear as follows:
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Pstatisties =101 x|

=l : plasma 1.495431=+001
Total ocbhjective 1.495431=+001
LIC 8_6627E58=4+000
EIC 8_T7E71lEEe+000
<

1. 000000e+000

Darameter Variable Value std.Devw. Coef. of War. 9L% Confidence Interwval
ki0,1l) 0.29227 4.3799Z=-00E 1.4985%=+001 0.15537 D.SBBS?_:J

kEil,Z) 0.28311 Z.2E5llle-001 7.3E5ld44e+001 -0.Z1Z36 0.778E8

kEiZ,1) 0.17452 5.47316e-00F 3.13617e+001 0.0&405 0.z23438

wol Z322.77661 1.1E5E6le+00E 4.97E32e+000 Z0E9.4E836 ZE7B.1E486
7

- Correlation Matrix r'Cogsriance Matrizx

Ohjective Scaled Data Variance _:J

il

g. Record in your worksheet the best estimate and coefficient of variation for the
four parameters of your model. The value for v is 1 since the weighting
scheme is absolute and has been entered. If the weighting scheme were
relative, this value would not be equal to 1, and would need to be entered.
This part of your worksheet should appear:

Data Based
Absolute
FSD 0.1 k(0,1) .292(15)
k(2,1) .175(31)
k(1,2) .283(80)
vol 2324(5)
v 1

h. Close the Statistics window.

6. Perform the second Fit.

The second Fit is data base relative. Thus you need to return to the original model
and be sure the variance model is correctly set.

a. Inthe Compute menu, click Solutions. The Solutions dialog box will open.

b. In the Solutions pane, click 1. Notice the Restore Selected button is now
active in the Current Solution pane as shown below.
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M ame Prefis: |

Soluhions: Salution Y anables:

5141}

— Current Solution

Add... |

Bestore Selected |

c. Click Restore Selected. The following message will appear:

SAAM II Compartmental x|

L] E Solution has been restored, SOLVE to obtain solution values,
L

This means that before you proceed, you must Solve the model again to return
to the original study 0 which is the solution you saved.

d. Click OK.
e. Close the Solutions dialog box.

f. Re-Solve the model. You can verify you have returned to the original model
by viewing the plot, and checking the parameters and computational settings.

g. Open the Computational Settings dialog box to reset the variance model to

data relative. The Computational Settings dialog box should appear as
follows:
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Computational Settings
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Al

Daone I Cancel |

Help

Click Done.

Restoring solutions. When a saved solution is restored, only the parameter
values associated with the solution and input information are retained. If the
computational settings have been change, they will remain at their changed

values or settings.

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

click Fit |||-- on the SAAM II Toolbar.

Plot the solution. You can see the fit is quite satisfactory. Leave your Plot

window open.
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j. On the Show menu, click Statistics, or alternatively, click Statistics % on
the SAAM II Toolbar. The Statistics window open.

k. Record in your worksheet the best estimate and coefficient of variation for the
four parameters of your model. The value for v of has not been entered since
the weighting scheme is relative. Your worksheet should appear as follows:

Notice that the parameter estimates do not change, but the error estimates of

Data Based Data Based
Absolute Relative
FSD 0.1 k(0,1) 292(15) .292(5)
k(2,1) 175(31) .175(10)
k(1,2) .283(80) .283(27)
vol 2324(5) 2324(2)
v 1 1.11E-01

the parameters do change.

I. Close the Statistics window.
6. Perform the third and fourth Fits.

Repeat the above. After you have restored the baseline solution, you will change
the variance model first to model-absolute, and then model-relative. When you

have completed these Fits, your worksheet should appear as follows:

Data Based Data Based Model Based | Model Based
Absolute Relative Absolute Relative
FSD 0.1  |k(0,1) .292(15) .292(5) .294(14) .294(5)
k(2,1) 175(31) .175(10) .176(32) 176(11)
k(1,2) .283(80) .283(27) .295(77) .294(26)
vol 2324(5) 2324(2) 2341(5) 2320(2)
v 1 1.11E-01 1 1.12E-01

Rev. 10/30/05

You can see the major differences in the parameter coefficients of variation
between absolute and relative weights; there are only small differences in the
parameter estimates between data and model based weights. More specifically,
between Absolute and Relative, there are minimal differences in parameter values
except for volume in the Model-Based variance models. As expected, there are
significant differences in coefficients of variation. Between Data and Model,
there are more noticeable differences in parameter values but the coefficients of
variations are very close. There is minimal difference in Scaled Data Variance
between Data and Model based variance models.
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As you proceed, you should plot the best fit of the model to the data; you will see
(and this is supported by the very small changes in the actual parameter values)
that the Fits are essentially identical.

7. Repeat the above with FSD = 0.25

a.

b.

€.

f.

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

Change the FSD from 0.1 to 0.25. The initial portion of the Data window will
appear as follows:

MData - study_0O.da

LDATA

(FSD O_Z5)

L= plasma
0.0a7 45780
0.04z2 43822
0.1z5 47535

Close the Data window.
Restore the baseline solution.
Fit the model to the data with data-absolute, and record the results.

Repeat with data-relative, model-absolute and model-relative.

8. Repeat Step 7 with FSD = 0.5.

9. Repeat Step 7 with FSD = 1.0

When you have finished, your spreadsheet should appear as follows:
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Data Based Data Based Model Based | Model Based

Absolute Relative Absolute Relative

FSD 0.1 k(0,1) .292(15) .292(5) .294(14) .294(5)
k(2,1) A75(31) .175(10) .176(32) 176(11)

k(1,2) .283(80) 283(27) 295(77) .294(26)

vol 2324(5) 2324(2) 2341(5) 2320(2)

\Y 1 1.11E-01 1 1.12E-01

FSD 0.25 |k(0,1) .292(37) .292(5) .294(33) 294(5)
k(2,1) 175(78) .175(10) 176(77) 176(11)

k(1,2) .283(199) .283(27) .295(183) .294(26)

vol 2324(12) 2324(2) 2454(12) 2320(2)
\Y 1 1.78E-02 1 1.79E-02

FSD 0.5 |k(0,1) .292(75) .292(5) .294(58) 294(5)
k(2,1) .175(157) .175(10) .176(133) .176(11)

k(1,2) .283(398) 283(27) .294(318) .294(26)

vol 2324(25) 2324(2) 2798(20) 2320(2)
\Y 1 4.45E-03 1 4.48E-03

FSD 1 k(0,1) .292(150) .292(5) .294(82) .294(5)
k(2,1) .175(314) .175(10) .176(188) .176(11)

k(1,2) .283(795) 283(27) .294(449) .294(26)

vol 2324(50) 2424(2) 3749(29) 2320(2)
\ 1 1.11E-03 1 1.12E-03

There may be some small differences; these probably will be due to the computer you are
using, and the computational algorithms supported by the computer

In going through this tutorial, you have seen that:

e How you assign the variance model can have a dramatic effect on the statistical
precision of the parameter estimates.

e When absolute weights are used, in both the data and model based variance
models, the higher the FSD, the poorer the precision of the parameter estimates.

e When relative weights are used, in both the data and model based variance
models, the parameter estimates and their precision are the same (there are small
differences in the parameter estimates between data and model based weights). In
this case, as the FSD increases, the scaled data variance v decreases (indicating
you are moving away from the “best” value for the FSD).

e When using the model-absolute variance model, as the FSD increases, the
estimated volume increases resulting in a very poor fit.
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In general, it is recommended to use relative weighting. SAAM II uses data-relative as
the default because you may not have the “correct” model when you begin your model
development exercise. Model-relative assumes that the model is “correct”. Once you
have developed what you believe is the “correct” model, you can switch to the model-
relative variance model.

Relative as opposed to absolute is also recommended since it is rare you will know
exactly the value to use in the weight specification. There are times, however, when the
relative option may not be appropriate. You may try to fit your model to your data, and
the following warning message may appear:

T Compute Log -0 x|
IaARI-III-IG: The =scaled data wariance for a data set is extremely small;l
(corresponding weights are nearly infinite). &4 data set

should hawe more walues than adjustable parameters.
Consider changing weights or using absolute weighting.

"

K1 H

In this instance, if you believe your model for your weights is correct (e.g. FSD is
appropriate), then you should change the variance model to absolute, and try again.

Quit the SAAM II Compartmental application. Do not save the changes to study 0.

F=0

SAAM IT

The variance model. You have seen in this tutorial that, when you use
absolute weights, there is a large discrepancy in the precision estimates for the
parameters depending upon the numerical value you use for FSD. In the
above, for example, with FSD = 0.1, the scaled data variance is 0.111. From
equation (22) in the introduction, you can “correct” this to obtain a value
which, when you use data-relative, the scaled data variance will be close to 1.

The value is 0.1-4/0.111 = 0.033. If you change “0.1” to “0.033” in the Data
window, and Re-Fit the model to the data, the Statistics window will appear
as follows:
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Pfstatistes

=101 %]

. Correlation Matrix

- Covariance Matrix

'S

Parameter /Variable Talue Std.Dew. Coef. of War. 295% Confidence Interwval
ki0, 1} 239227 1_46l55e-00Z 5._00071le+000 0.z2&010 D.32444_:J
E(l,2) 8311 7?.El183e-002 E.5E5335e+4001 0.11777 0.44544
EizZ,1) 1745 1.8263ge-00Z 1.0465Ze+001 0.1343& 0.2Z147&
ol E3Z3.77661 3_8561%e=+001 1.£5345e+000 ZE38._90Z19 Z408_65103

i

£l : plasma

Total ocbhjectiwe

ATC
EIC

Kl

Objectiwve

1.332674322+001

1.336743=+001

7.932E327=4+000
8_0E53335=4+000

Scaled Data Variance

l.0zzElzea4000

=

o

The statistics are good, and the scaled data variance is essentially 1.

Suppose you wanted “better” statistics in terms of parameter precision. You
could use data-absolute, and set FSD = 0.01. Re-Fitting the model to the data,
the Statistics window will appear as follows:

PAstatisties

=10 x|

r'Cogrelation Matrix

. Covariance Matrix

Parameter /Wariahle Talue Scd._Derw. Coef. of War. 9L% Confidence Interwal
k(0,1 29227 4.37R9Ze-003  1.49259=+000 028283 D.SDlSl_:J
k(l,2) JEB311 Z.E5111e-002 7.9E5l44e=+4000 0_.Z33E56 0.33Z68
k{Z, 1) 17457 E5_47316e-003 3_.13617=+000 0.16247 0.18656
ol E23E3_ 77661 1.1E55&le4+001 4.97E98=-001 ZE98_34178 2349 _Fl144

=

sl : plasma

Total objectiwve

AIC
EIC

ki

Objective

1.5843326=+001

1.843322c2+001

1. 040E23=+001
1.042ced24+001

Scaled Data Variance

1.000000e+000

=

o

The parameter precision is better with FSD = 0.01 than FSD = 0.033. This
stands to reason since it is assuming a 1% error to the data as opposed to a

3.3% error.
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The point is that you can manipulate the results when you use the absolute
option in the variance model. This is not wise, which is why the relative
option is highly recommended.

......
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Worksheet for tutorial

You can use this worksheet to record the results of your fitting exercise:

Data Based Data Based Model Based Model Based
Absolute Relative Absolute Relative

FSD 0.1  |k(0,1)

k2,1)

k(1,2)

vol

FSD 0.25 |k(0,1)

k(2,1)

k(1,2)

vol

FSD 0.5 |k(0,1)

k(2,1)

k(1,2)

vol

FSD | k(0,1)

k(2,1)

k(1,2)

vol
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Part 3. Effect of using the FSD or SD weighting option

In this tutorial, you will use the study file fsd_sd.stu to investigate the effect of using the
FSD and SD weighting options in your modeling exercise. The data to be analyzed are
shown in the figure below:

=101 %]

25(} T T T T T T T T I T T T T T T T T I T T T T
B o conc ]
- u -
200 o ]
150 [0 o .
100} o .
i o ]
RO o _]
Hd .
i . ]
DF 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ? 1 1 1 1 _[
Q0 1 4 5

1 I:hr}

These are plasma data (called “conc” for concentration) following an oral input of
23000pg of a drug, and plasma samples were taken for 5 hours. These data are
characteristic of an experiment where the data rise and fall, and the peak is determined by
a very few samples. This tutorial will illustrate the difference between using FSD and SD
as the weighting option to analyze these data, and explain why there is a difference.

This tutorial will use the Solutions option in the Compute menu to create a baseline
solution from which you will work. If you are not familiar with this option, it is
recommended you work through the Using SAAM II Tutorial “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.

a. The file fsd_sd.stu should appear in the file list; if it does not, find the folder
where you put this tutorial.
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b. In the File menu, click Open. The SAAM II Compartmental main window
will appear as shown below:

2% SAAM LI Compartmental - FSD_SD.STL

% : tal - FS0_SDSTU alf]x]
Pl Cde Vew Show Computs et Window Help
D|c|@| & T e EIEIE S =l @58 x|
[tz BETE|
[ Model ] &
=1k
Dely Fla
Lock X127
L[ 2 *
a | ;l':;j
For il preess F I |

In the pharmacokinetic literature, this is known as the one-compartment model
with absorption even though there are really two compartments in the model.

3. View the model and the experiment on the model. In the SAAM II Toolbox, click
Experiment. The model of the experiment will appear on the Drawing Canvas
as follows:

=1

kil,2)

ki{0,1)
exl
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You can view information about the model and the experiment on the model by
viewing the Exogenous Input, the Parameters, and the Sample Attributes
dialog boxes.

4. Create a baseline solution.

It is important in the Fits you will do to always start from the same set of initial
parameter values.

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

b. Plot the data. On the Show menu, click Plot, or alternatively click Plot @
on the SAAM II Toolbar.

c. On the Set menu, click Plot/Table Variables. The Plot and Table Variables
dialog box will open. Be sure the List All Variables box is not checked.

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

e. Click Done. Your plot (in linear mode) will appear:

=101 x|
3':":::' T T T T T T T T T T T T |1 T T T T _]
3 |
o conc
200 —
o ]
100 o _
- ]
|:| F 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1
{ 1 4 5
1 (hr}

f. Close the Plot window.

g. On the Compute menu, click Solutions. The Solution dialog box will open.

Rev. 10/30/05 DataUS-43  ©2002 - 2005 University of Washington



Using SAAM 11 Working with Data

h. In the Current Solution box, click Add. The Solutions Variables box will
open with a list of variables you can save.

1. Click sl.
j. Click Done.
k. In the Solutions box, click 1. The list of saved variables and parameters (s1

only in this case) will appear in the Solutions Variables box. The Solutions
dialog box will appear:

Blsouoons i

M amne Prefis |

Solutions: Solution Y anables:
' 5141}

— Current Salution

Add. |

Bestore Selected |

The {1} in s1{1} refers to solution number 1; s1{1} can be accessed anywhere
other model variables can be accessed. An example is the Plot and Table
Variables dialog box when the List All Variables box is checked.

1. Close the Solutions dialog box.

This solution will be your baseline solution to which you will return before
resetting the weighting scheme and Re-Fitting the model to the data.

5. Perform the first fit using FSD = 0.1 and the data-relative variance model.
a. Confirm the data-relative variance model. In the Compute menu, click

Settings. The Computational Settings dialog box will open. In this box, the
Variance Model pane should appear as follows:
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Warance kModel

i+ Data " Abzolute
" Model * Flelative

If it does not appear as shown above, change the settings so that it does appear
with the data-relative option.

Close the Computational Settings dialog box.

b. Confirm the weighting scheme is (FSD 0.1). In the Show menu, click Data, or

alternatively, on the SAAM II Toolbar click Data J The Data window
will open, in part, as follows:

m[}ata - fsd_sd.dat

DATAE

ftime in hours; conc in ugsl
(FED 0.1}

| conc

o.04 z0

0o.083 40

The weighting scheme should be (FSD 0.1). If it is not, change the scheme so

that it is, and the first part of the Data window appears as shown above. Close
the Data window.

c. Re-Solve the model (this is the baseline solution) and open the Plot window.
The linear plot of s1:conc should appear.

d. Fit the model to the data. The Plot window will be updated as follows (the Y
Axis scale has been set from 0 to 250):
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GEPlt A [=TE

‘?50 T T T T T T T T T T T T I T T T T I T T T T
N a1
L G o conc

fJule I

160 [ o

100

50

0
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1 (hr}

Blfstavsties =101 x|
Parameter /Variable Talue Std.Dew. Coef. of War. 9L% Confidence Interwval
ToF 73.32E36 1.46878=+001 Z.00309=+4001 40.033E29 lD6.55143;|
ki0, 1) 1.0150%2 1.41853e-001 1.33754e+001 0.g3418 1.33601
kil ,z) Z2.11654 E£_47E15e-001 Z.E58684e+001 0.87737 3.35E11

I
. Correlation Matrix . Covariance Matrix =
Objective Scaled Data Wariance :I
sl : conc E_893819%e+000 7.023143=+000
Total objective L._89381%=+000
ATC 4.192181=+000
EIC 4_Z73393=+000
-
Kl :

The statistics associated with the best fit are also shown. Notice that while the
precision of the parameter estimates is quite reasonable, the Fit itself is not
satisfactory at all because the peak of the concentration curve is not described
at all! More will be said about this later in the tutorial.

e. Close the Plot and Statistics windows.
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6. Perform the first fit using SD = 5 and the data-relative variance model.
a. Restore the baseline solution.

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

(2) In the Solutions pane, click 1. Notice as shown below, in the Current
Solution pane, Restore Selected is active.

Dsotons i

Mame Prefix: I

Solutions: Solution Y anables:
=1 {1}

— Current Solution

Add. |

RBestore Selected |

(3) Click Restore Selected. The following message will appear:

SAAM II Compartmental x|

L] E Solution has been restored, SOLVE to obtain solution values,
L

This means that before you proceed, you must Re-Solve the model to
return to the original fsd_sd which is the solution you saved.

(4) Click OK.

(5) Close the Solutions dialog box.
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(6) Re-Solve the model. You can verify you have returned to the original
model by viewing the plot, and checking the parameters and
computational settings.

b. Change the error model to SD = 5.

(1) In the Show menu, click Data, or alternatively, on the SAAM II Toolbar
click Data E The Data window will open.

(2) Replace “(FSD 0.1)” with “(SD 5)”. The first lines of the Data window
should appear as follows:

mData - fsd_sd.dat

DATA

fitime in hours; conc in ugsl
(80 5}

t conc

0o.o04 Z0

0o.083 40

(3) Close the Data window.

c. Fit the model to the data. The Plot and Statistics windows will appear as
follows:
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280 rr— 1 1| 1111t 1 1 1 [ T 1 1 1 [ T 1 T

31
o ooho

o

2008

158

100

50
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4] 1 2 3 4 ]
1 (hr}

The parameter precision is reasonable, as was the case with the FSD
weighting scheme. Now, however, the peak is much better described. In fact if
you compare the two solutions, as shown below, you can see the differences
clearly.
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_ioix

EEG 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1

o Lond
51
S st 42}

200

150

100

50

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 1 2 3 4 al
1 (hrd

The solid line, s1, is the current solution with the SD weighting scheme while
the dotted line, s1{2}, is the best fit with the FSD option.

d. Close the Plot and Statistics windows.

Why are there such differences between using the FSD and SD weighting options? To
understand these differences, we discuss the following interrelated factors:

e Error in the data
e Variance for the error in the data
e Weight of a datum (the inverse of the variance of the error in the data).

The error in the data (variance) is specified both by the weighting scheme, i.e. (GEN A B
C), FSD, SD or POIS, and the variance model, i.e. data or model, and absolute or relative.
The weight assigned to a datum is the inverse of the variance.

In the case of a constant FSD, the error is a constant percentage of a datum. This means
that data will small values contribute more because the weight associated with a small
datum is large. In the case of FSD = 0.05 and absolute weighting, for example:

100(5%) =100+5  w = 12 L 004
SD? 25
1 1
1.0(5%)=1.040.05 w=——= = 400
SD>  0.0025
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where “w” is the weight. So you can see “1” contributes far more in terms of
“importance” than “100.”

In the case of a constant standard deviation, the error is constant over all data and the
weights of the data are the same. In this case, data with large values contribute more. For
example, if SD = 0.5,

100£0.5=1000.5%) w=—r= L =4
SD® 025
o
10£0.5=1.050%) w=—r=——=4
SD®  0.25

What do we mean by “contribute more?” Remember in fitting, a weighted residual is
created:

wres, = w, - (datum, — model, )

The weight can contribute significantly to this term as is the case in the FSD option. In
the SD case where all weights are the same, large data contribute more simply because

the term (datum, —model.)* is normally larger for large data.

With the data in this tutorial, there are only 2 — 3 data of the 12 that define the peak. In
the case of the FSD, the small values outweigh these, and hence “drag down” the best fit.
On the other hand, in the SD case, these 2 — 3 data do carry more weight, and tend to
“help” the fit achieve a better description of the peak.

In your modeling exercise, when you have rising and falling data such as these, you may

want to consider using the SD option for this reason.

Quit the SAAM II Compartmental application. Do not save the changes to fsd_sd.
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Part 4. Weighting and unweighting data
As part of your modeling exercise, there may be occasions when you feel a datum, or
sequence of data, is spurious. It is possible that just one datum, an outlier, can create

problems especially when you fit your model to your data.

This tutorial will explain how to unweight (and re-weight) a single datum and series of
data.

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

2. Open the SAAM II Compartmental study file study.

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

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

Wibw Show Computs Sit Window Ml :
Dle|6| &) P5e] EImIEIS k] 518 ¥
=0l |
Model -
Corputmme|
E | —
Oy | P
Lock .
Expreriment I uiy
= O=+=0)
|[3'_ _". ®i0, 1
bz ,
For Help, press F1 7 |

3. View the model and the experiment on the model. In the SAAM II Toolbox, click
Experiment. The model of the experiment will appear on the Drawing Canvas
as follows:
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k(2,1
k{1,2)

k{0,1}

The model is the same as the model for study 0. The differences are:
e The study lasts 19 days instead of 9 (as can be seen by viewing the Experiment
Attributes dialog box opened in the Set menu).
e Sample s1 appears as an open circle because no data has been associated with the
sample. There is no data in the Data window.

The experimental input and initial parameter values are the same as those in study_0.
This can be seen by viewing the Exogenous Input and Parameters dialog boxes.

4. Copy the data into the Data window, and view the data.
The data are in the Excel® spreadsheet study_0_all.xIs.

a. Start Excel® and open study_0_all.xIs. You will have to move to the folder
where you put this file. The spreadsheet will appear in part as follows:

A | B |

1 |DATA

2 [(FSDO1)

3 |t plasma
4 |0.007 46730
5 |0.042 43522
B 0125 42535
7025 40125
g |0.375 36221
8 045 35562
10 1 28194
11 |2 19573
1213 14403
12 |4 11278

b. Select and copy the data beginning with the DATA line and ending with the
END line.

Rev. 10/30/05 DataUS-53  ©2002 - 2005 University of Washington



Using SAAM 11

Working with Data

c. Return to the SAAM II study file study_0_all, and open the Data window. In
the Show menu, click Data, or alternatively, on the SAAM II Toolbar click

Data E The Data window will open.

d. In the Edit menu, click Paste. In the Edit menu, click Check Data Format.
Correct any errors. The Data window should appear as follows.

(ol
[SSSSSsSSSSsSSsSSSSSSSSSSSSS
DATA ]
(FED 0.1}
L= plasma
o.o0a7 45780
0.04z 43EEE
O.12& 47538
O.z& 401EE
0.37& 36EEL
o.& 35EGE
1 28194
z 139573
3 14403
4 11278
E 2081
& 5933
7 LEE3
g 5132
9 4710
10 3658
11 3004
1z 2367
13 19z8
14 1415
15 1133
15 226
17 201
1= E11
13 Lg0
END
w
4 _>I_I
Diata Format is okay Edited

e. Close the Data window.

f. Plot the data. On the Show menu, click Plot, or alternatively click Plot @
on the SAAM II Toolbar. The Plot and Table Variables dialog box will
open. Be sure the List All Variables box is checked.

g. Click plasma to move this to the Current Selection window.

h. Click Done. Your plot (in semi-log mode and the X Axis maximum set equal

to 20) will appear:
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Setting the X Axis maximum equal to 20 allows you to visualize the final data
better. You can see that the datum at day 18 may be an outlier. In addition,
you can see there could be a “break” in the curve around day 9. Both will be
addressed in the following.
i. Close the Data window.
5. Associate s1 with the plasma data.

a. Double-click s1 to open the Sample Attributes dialog box.

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

sample Attributes x|

MHame: =1
Units: I
Agzociate with Data Hame: Iplagmd
E quationsz:
1 =qlival ;I

[~
Done I Cancel Help |
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c. Click Done.

6. Fit the model to the data.

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

b. Plot the solution. On the Show menu, click Plot, or alternatively click Plot

@ on the SAAM II Toolbar. The Plot and Table Variables dialog box
will open. Be sure the List All Variables box is not checked.

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

d. Click Done. Your plot (in semi-log with the X Axis maximum set equal to 20)
will appear as follows:

=101.x]

10° 3
1|:|‘1_— =
: . z
- [u} -1
[u]
L a J
103_ o o —
= o 3
c IR
102 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
4] 10 15 20
1 (doys)

Leave the Plot window open.

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

click Fit M on the SAAM II Toolbar. The Plot window will be updated as
follows:
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You can see the fit is reasonable except the datum at day 18 appears as an
outlier, and there is clearly a “hump” in the data around day 9 or 10. The
statistics associated with the Fit are shown as follows:

Pstatisics =

Parameter /VWariable Talue scd.Dew. Cosf. of War. 9L% Confidence Interwval
ki0,1}) 0.32286 1.67863e-002 &_Z0411e+000 0.Z8765 D.35'?4'?ﬂ
Eil,2) 0.67453 1_6050%=-001 Z_37957=+001 0.34073 1.00832
EiZ, 1) 0.27486 1.03778e-001 3.99835=+001 0.04526 0. 50Z286
ol EEE3.T1700 1.03475=+00Z 4.5710z2e+000 z048. 52937 247890454

hd

- Correlation Matrix . Cowvariance Matrix
Objective Scaled Data Variahce ;I
=zl : plasma 1.331310=+4001 6. 975760e-001
Total objective 1.331310e=+001
AIC 7.7754856e4+000
BEIC 7.89737424000

f o

f. Close the Plot and Statistics windows.
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7. Unweight the datum at day 18, and Re-Fit the model to the data.
a. Open the Data window.

b. Type “(-)” after “511” for the datum at day 18. This part of the Data window
will appear as follows:

1kt 1123
16 29a
17 s01
1z El1l(-}
139 Leo
END
w
Kl ¥
Edited

Unweighting a single datum. To unweight a single datum, simply type “(-)”
after the value. The datum will appear on subsequent plots with a red “x”
through it. The datum will not be taken into account during the fitting process.

c. Close the Data window.

d. Re-Solve the model, and plot the solution. Since the parameters following the
previous Fit are active, the plot will appear as follows:
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Note the red “x” through the datum at day 18 to indicate it is unweighted.

e. Re-Fit the model to the data. The plot will be updated as follows:

_ioix

1':'5 T T T I T T T T =

a1 3

o plosma i

10" - E

1I:I3 - -

: w O]

102 1 1 1 1 ] 1 1 1 1 | 1 1 1 1 ] 1 1 1 1
] B 10 15 20
1 (days)

You can see there is a small difference with the final decay. The statistics for
the fit are shown as follows:
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-i0ix]

Parameter /Variable Talue Std.Dewv. Coef. of Var. 9L5% Confidence Interwval
ki0,1) 0.32024 1.03390e-00F 3. EESL5le+000 0.29857 0.34181;|
E(l,2) 0_£8332 S_EFE5974e-00FZ 1.41E583e+001 0.41102 0.7E5E88
E(Z, 1) 0_.Z474Z L5_B3648e-00Z Z_3E5830e+001 0.1z568 0.36917
ol 2274 0446 £ 4735224001 E.84675=2+000 Z2138.93380%5 2409 06085
=
(" Correlation Matrix . Cowariance Matrix

Objective Scaled Data Variance ;I
=l : plasma 1.E264153e+001 Z2.9159730e-001
Total obhjective 1.zZe41E53=+001
ATC 7.445803&=+000
EIC ?.ET07E0e+000

b o

F=Q

SAAM 1T . .
Statistics and unweighting a datum. You can see some improvement in the
statistics just by removing the single “outlier”. In this situation, the change is
not dramatic. In some situations, removing a single “outlier” can mean the
difference between a successful and unsuccessful Fit.

=0

Close the Plot and Statistics windows.

f. Open the Data window, and remove “(-)” from the datum at day 18. This will
essentially re-weight this datum. Re-Solve the model. The best-fit parameter
values from the previous fit are the parameters that are current.

8. Unweight the data from day 10 to day 19, and Re-Fit the model to the data.

There may be occasions when you may want to unweight a string of data. This
could be done, for instance, if you believe there has been a perturbation that will
change a model parameter starting at some point during an experiment. This part
of the tutorial will show you have to unweight such a string, and the effect this
can have on the model solution.

Rev. 10/30/05 DataUS-60  ©2002 - 2005 University of Washington



Using SAAM 11

Working with Data

a. Open the Data window.

b. Type “(-+)” after “3658” for the datum at day 10. The Data window will

appear as follows:

mData - untitled.dakt

=10l x|

LATA

(FED 0.1

t plasma
0.oa7 45720
0.042 43528
0.1z5 47535
0.25 40125
0.375 IEEZL
0.5 ILEEE
1 28194
z 13573
3 14403
4 11E78
5 081
[ 5399
7 EEE3
o] L1353
] 4710
10 IsLE2(-+)
11 3004
12 E3E7T
13 1328
14 1415
1k 1133
1 36
17 201
1z El1
13 =11}
ENL

Kl

-

ril

Edited

Unweighting a string of data. Y ou can unweight a string of data by typing

“(-+)” after the first datum to be unweighted. All subsequent data will be
unweighted until a “()” is encountered associated with the first datum to be re-
weighted; this means to weight this and subsequent data.

Close the Data window.

c. Solve the model and view the solution. The plot will appear as follows:
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Notice the red “x” through all data starting at day 10; this means these data are
unweighted and will not be used when the model is fitted to the data.

d. Re-Fit the model to the data. The plot will be updated as follows:

=10/ x]
105 1 T 1 1 1 1 T 1 1 1 1 1 I 1 1 1 T -
10" -
107 L =
102 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 10 15 20
1 (doys]
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You can clearly see the difference between the fits. In this case, the fit of the
initial decay to day 9 (which is the same as study_0) is quite good; the model
predictions to day 19 indicate the deviation in the data from the model
predicted values. This is indicative of a perturbation that has changed the
value of one or more rate constants in the model.

Unweighting strings of data is a very useful modeling technique to test for
such perturbations.

The statistics associated with this fit are shown as follows:

Pstatisties =10l x|

Parameter/Variable Value Std.Dewv. Coef. of Var. 9L% Confidence Interwval
ki0,1} 0.23%251 1.4L5634e-002 4.97884=+000 0.za045 0_324565
Ril,Z) 0.283%1 7.E5130Be-002 Z.&646E8e+001 0.1llg8E% 0.44927
EIEZ,1) 0.17471 1.8339%e-00Z 1.04975e+001 0.13434 0.z1507
wal E323_.46997 3_85704=+001 1.&6003e+000 ZE38.57635 2408 _36Z98
Le
. Correlation Matrix . Covariance Matrix

Ohjective Scaled Data Wariance d
sl : plasna 1.336757e+001 1.11z2667e-001
Total objectiwe 1_336757e+001
AIC 7.923605Ee+000
EIC 8_054063e+000

f o

The numbers are obviously different from the previous fits because only data
to day 9 have been fitted by the model.

e. Close the Plot and Statistics window.

Quit the SAAM II Compartmental application. Do not save the changes to
study 0 all.
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Part 5. Working with data replicates.

Suppose you have an experimental design where, at each sample time, you collect data in
replicates. As an example, suppose the amount of material in each plasma sample is
measured three times. Thus you would have plasma data in triplicates. This situation can
be treated as having more than one measurement from the same sampling site of a single
study or as separate studies.

This tutorial will show you have to deal with data replicates in SAAM II. There are
essentially two ways this can be done. One way is to enter all data in a single table, but
for the times at which there are replicates, change the time slightly of the replicates. For
example, at time “1” there were three plasma measurements of 113, 105 and 120, you
could enter in the table:

099 113
1.00 105
1.01 120

This can be cumbersome, and does not really reflect what was done in the laboratory. The
other way of dealing with replicates will be illustrated here; this uses the Sample tool by
creating a separate sample for each replicate.

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

2. Open the SAAM II Compartmental study file study.

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

b. In the File menu, click Open. The SAAM II Compartmental main window
will appear as shown below:
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View the model and the experiment on the model. In the SAAM 1I Toolbox, click

Experiment. The model of the experiment will appear on the Drawing Canvas
as follows:

The model is the same as the model for study 0. The difference is:

The data have not been copied into the Data window so the sample s1 appears as
an open circle.

The experimental input and initial parameter values are the same as those in study_0.
This can be seen by viewing the Exogenous Input and Parameters dialog boxes.
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4. Copy the data into the Data window, and view the data.
The data are in the Excel® spreadsheet replicate data.xls.

a. Start Excel® and open replicate_data.xls. You will have to move to the
folder where you put this file.

b. Select and copy the data beginning with the DATA line and ending with the
END line. The selected data will appear as follows:

A | B | © | D
1 |DATA,
2 (FED0O.1)
3 |t plasmal plasmaZ plasma3
4 |0.007 45780 435593 44002
A |0.042 43522 45375 43166
B 0125 42535 40725 40655
7 025 40125 39513 40975
g |0.375 36221 38965 39045
89 05 5562 JBE70 JBERT
10 |1 28194 27516 28115
11 |2 19573 195831 19136
12 |3 14403 14775 145584
13 |4 11278 10511 10299
14 |5 2051 8123 8553
15 |5 B9 7064 7229
16 |7 8B53 BO14 8727
17 |58 5139 5178 4351
15 |9 4210 4212 4152
19 |[END

The file contains three replicates of the plasma data at each time point; these
are listed in the columns “plasmal”, “plasma2” and “plasma3”.

c. Return to the SAAM II study file study_0_nodata, and open the Data
window. In the Show menu, click Data, or alternatively, on the SAAM II

Toolbar click Data E The Data window will open.

d. In the Edit menu, click Paste. In the Edit menu, click Check Data Format.
Correct any errors. The Data window should appear as follows.
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DATA B
(F2D 0.1
= plasmal plaswmaZ plasmal
0.00a7 45780 43533 4400Z
0.042 435EE 45876 43166
0.1z& 47538 407E8 40658
0.2& 40128 2613 40978
0.37& FEEEL 22968 23048
o.& BILEEE FEET0 FGEE1
1 8134 z7Ele Z81ll&
z 135873 13881 13136
3 14403 14778 14594
4 11278 10511 10E39
5 2081 21E3 SEE3
[ 5399 T0E4 TEES
7 EEE3 &014 ETET
o] L1343 L17a 4851
] 4710 4Z1Z 41EZ =
ENL:
-
Kl ;IJ
Data Format i=s okay Edited

e. Close the Data window.

f. Plot the data. On the Show menu, click Plot, or alternatively click Plot @
on the SAAM II Toolbar. If the Plot and Table Variables dialog box is not
open, open it by clicking Plot/Table Variables in the Compute menu. Be
sure the List All Variables box is not checked.

g. Click plasmal, plasma2, and plasma3 to move these to the Current
Selection window. The Plot and Table Variables dialog box will appear as

follows:

Rev. 10/30/05

DataUS-67

©2002 - 2005 University of Washington



Using SAAM 11 Working with Data

Plot and Table ¥ariables x|

Wariables for Az Hefis |t

exl bolus
ex].infuzion

flue=f0.1 _
flu:-c{'l ,2} Select up to 10%-Auiz

flemf2.1] Yariables i List.
k[0.1)

Curment Selection

plazmal
plazmas
plazmal

v List Al ariables
Done I Cancel Help

h. Click Done. Your plot (in semi-log) will appear:
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1 (doys]

You can see each set of data is represented by a different symbol.
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i. Close the Data window.
5. Associate s1 with plasmal data.
a. Double-click s1 to open the Sample Attributes dialog box.

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

sample Attributes x|

Mame: =1
L rits: I

Agzociate with Data Hame: Iplasmaﬂ

E quations:
#1 =gl val ;I

Done I Cancel Help |

c. Click Done.

6. Create samples s2 and s3, and associate them with plasma2 and plasma3
respectively.

a. Inthe SAAM II Toolbox, click Sample.

b. Click Compartment q1 and then the Drawing Canvas. A sample s2 will
appear associated with Compartment q1.

c. Double-click s2 to open the Sample Attributes dialog box.
d. Type “plasma2” in the Associate with Data Name box.

e. Edit the sample equation to read “s2=ql/vol”. The Sample Attributes dialog
box will appear as follows:
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Sample Attributes x|

Mame; =2
I ik I

Agzociate with Data M arne: |p|agm.32

Equationz:
22 = qlivol :I

=
Done I Cancel Help |

Notice the sample equation for s2 is the same as for s1; this is because the
model solution does not change; what changes are the data sets between the
two samples.

Click Done.

f. Repeat the process creating a sample s3 and associating it with “plasma3”.
Remember the sample equation will be “s3=q1/vol”. When you have finished,
your model will appear as follows.

sl =52 =3

7. Fit the model to the data.

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

b. Plot the solution. On the Show menu, click Plot, or alternatively click Plot

@ on the SAAM II Toolbar. The Plot and Table Variables dialog box
will open. Be sure the List All Variables box is checked.

c. Press the CTRL key, and click s1, plasmal, plasma2, and plasma3 to move
these to the Current Selection window.
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e. Click Done. Your plot (in semi-log) will appear as follows:

_ioix

o plosmol
¢ plosmaZ
& plozmaol
31

103 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1

Leave the Plot window open.

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

click Fit M on the SAAM II Toolbar. The Plot window will be updated as
follows:
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The model, Plot and Statistics windows will appear on the Drawing Canvas
with the model as follows:
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Parameter /Variable Value std.Dev. Coef. of Var. 98% Confidence Interval
k(0,1 0.E3441 7.Zel3de-003 Z.466372+000 0.2737E D.SDSDS;I
kil Z) 0.2%ez4 4.0Z9&68e-00Z 1.3e0Z7=+001 0.z21484 0.327764
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ol 234 F61585  Z_03536e+001 £.75703=-001 ZEZ83.14641 2365, 37669
Ie
- Correlation Matrix r'Cogariance Matrix G'@

Ohjective

Scaled Data Variance

=3 : plasmal 4_4147442+000 7.987661le-00Z

=E : plasma? 4_E5d9744e+000 1.178475=-001

=l : plasmal 4_4E68522+000 8.5951E557=-00Z

Total objective 1.24E138=+001

ATC 7_785184=+000

EIC 7_92E570Ze+000 -

Kl Y
g. Close the Plot and Statistics windows.

F=Q
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Working with data replicates. The easiest and probably best way to work with
data replicates is to create a sample for each set of data replicates. Remember,
however, that the sample equation for each sample will be the same. In the
Plot and Table Variables dialog box, when the List All Variables check box
is not selected, you will be presented (in this example) with the options
sl:plasmal, s2:plasma2, and s3:plasma3. If you choose this, you will get
plots of s1, s2 and s3 which, of course, are all identical. The plot will appear
as follows:
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There is nothing wrong with this except it appears a little “busier” because of
s2 and s3. Thus the presentation of the results is a matter of personal
preference. You can do it this way, or select the List All Variables check box,
and plot only s1 together with the data replicates as was done in this tutorial.

swsn

Quit the SAAM II Compartmental application. Do not save the changes to
study 0 nodata.
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