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Determination of uptake and excretion rate constants in the two-compartment model (TCHM) is described.
The Nelder-Mead simplex method i{s used to minimize the sum of squared deviations (SUSQ} by fitting rate
constants to the differential equations. SUS(Q surfaces of TCM and of other models used in aquatic toxicology
are discussed.
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On trouvera dans le rapport qui suit la description d'une méthode de détermination des constantes de taux
dfabsorption et d'excrétion dans un mod&le 3 deux compartiments (TCM). Le modéle simplex de Nelder-Mead est
utilisé pour minimiser la somme des carrés des déviations (SUSQ) en adaptant les constantes de taux aux
8quations différentielles. On y analyse les surfaces des SUSQ du TCM et autres modéles utilisés en
toxicologie aquatique.







INTRODUCTION

The majfority of data on uptake and excretion of
chemicals by aquatic fauna are fitted to the one-
compartment model (OCM) (Fig. 1) {(see for example
Zitko 1980).

K1 _laf

K2

Figs 1. One—-compartment model: Kl, KZ = uptake and

excretion rate constants, respectively.

OCM is a considerable oversimplification, but
it usually describes the data quite well. The rate
constants are interpretable easily in terms of the
bioconcentration factor (BCF = K1/KZ) and excretion
half-life (t% = 1n 2/K2)y. High variance caused
by biological variability, small number of tissues
analyzed, and a small number of experimental points
during uptake and excretion often do not warrant a
more detailed examination. The differential
equation describing the OCM is

dQg/dt = KIC, - K2Qf (1)
where Qg = quantity (or concentration) of
chemical in fish
Cy = concentration of chemical in
water
t = time
K1,K2 = uptake and excretion rate constant,

respectively

Integration of (1) for €, = constant and for no
chemical present in the fish initially (Q¢ = O
at t = 0) yields

Qs = Cu(KL/R2)(1 - Exp(-K2t)). (2)

The equilibrium biocconcentration factor (BCF) is

BCF = Qg/C, = K1/K2 (3

This relationship can be obtained from (1) as well

since, at equilibrium, dQg/dt = 0. It should be

noted that in (3) Qf stands for concentration,

not amount of chemical in the fish. Several

techniques for fitting (2) to experimental data have

been described (see for example Zitko 1980). During

the excretion phase Cy; = 0 and integration of

(1) for Q¢ = Q at t = O gives
Qf = Q Exp{(-K2t}. (%)

Equation (4) contains a single exponential term and

becomes linear when plotted inm semilegarithmic

coordinates (logQs vs t}).

There are cases in which the OCM cannot provide
an adequate description of the data. The inadequacy
of the OCM becomes particularly obvious for the
excretion phase of the experiment with the data
deviating systematically from a straight line in

semilogarithmic cocrdinates. In zuch situations,
the two~compartment model (ICM) should be used.

The differentiazl equations describing the TCM
(Fig. 2) are

dQi/de = RIC, + K&QZ -~ (K2 + K3)q1
(3)
d0z2/de = K3Q1 -~ R4G2
whare Q1,02 = quantity of chemical in compartments 1

and 2, respectively;
C, = concentration of chemical in water;
K1,K3 = uptake rate constants for compartments
1 and 2, respectively;

K2,K4 = excretion rate constants for
compartments 1 and 2, respectively;
£ = time.
K1
c. — a1 K3 [az
W
K2 K4
‘Fig. 2. Two-compartment model:

Wi1,Q1,CL1,W2,Q2,C2 = weight of compartment, quantity,
and conceuntration of chemical
for compartments 1 and 2,

respectively:

K1,K3 = uptake rate constants for com—
partments 1 and 2, respectively;
K2,K4 = excretion rate constants for

compartments 1 and 2,
respectively;

C,; = conceuntration of
water.

chemical in

The integration of (5) is straightforward but
quite cumbersome (see for example K&nemann and van
Leeuwen 1980). Another method is given later in
this report. Some relationships between the rate
constants and quantities of chemical in the com—
partments can be derived readily from (5). At
equilibrium (dG1/de=0, 4Q2/dt=0)

G2/Q1 = K3/K4 (6)
Q1 = (K1/K2)C, (7)
Q2 = (K1/K2)C,(K3/K4) (8)

In other words, the equilibrium BCF in compart-~
ment ! is the same as for the OCM, and the equili-
brium BCF in compartment 2 ig the BCF in compartment
! mulriplied by K3/K4. Even more generally, the
equilibrium BCF of a compartment is a ratio of its
uptake and excretion rate constants.

It should be noted that in (3)~(8), ('s mean
quantities, not concentrations. To obtain concen—
trations, the quantities must be divided by the
respective compartment weights. In addition, data
for the two compartments taken individually may wnot
be available. In such cases the TCM can be used to
fit the total concentration CT.




CT = (Q1 + Q2)/ (Wl + W2) (9)
The BCF then is
BCF = CT/C, = (Q1 + Q2)/(¥W1 +W2)(1/C,) =

(10)
(KI/K23 (1 + R3/R&E /(WL + 4W2)

For ewxcretion, TCM does not have a simple
relationship between the rate constants and the
half-life of the chemical, in contrast to the OCM.

Aecording to the TCHM, excretion is described by an
equation consisting of the sum of two exponential
ferms, and the half-life increases with decreasing
concentration of the chemical.

SOLUTION OF THE TCM DIFFERENTIAL RQUATIONS

fguation (3) can be sclved readily by the pro-
cedure described for systems of linear differential
equations with constant coefficlents (see for exam—
ple Bronson 1973). To use this procedure, a third
equation, describing constant concentration in
water, mist he added (de/dﬁ = 0}, Equation (95)

¢
f

then becomes
agl/de = (K2 + K3)Q1 + K402 + KIC,
402/de = K3Q1 - K&Q2 (11
de/ét = {
or, in matrix notation
drgt/de = TRkt (12)
where ' ' denotes a matrix.
(1 ~(K2+K3) 4 Kl
Qo= Q2 R WY o= K3 ~K4 0
Cy 0 G t;

To solve (11}, the ecigenvalues and cigenvectors
of "K' must be calculated. The eigenvalues E are

the roots of the characteristic polynomial of 'K':
E1,2 = 0.5(~(R2+K3+KA) + SQR((X2HK3+K4)Z -
4K2K4)
(13}
E3 = 0

Figenvectors 'V’ are obtained by solving the
system of equation (12} for each eigenvalue:

— (K2R3 )~E Ké K1 vl
& Kb 0 y2 =
0 a4 . v

o

(14)

Thus, for exawmple, for efgenvalae Ei:
(=(K2+K3)-E1)VE +
K3vi

KAVZ + KIVY = O
~(KA+E1IVD = O
~EIVY = 0

V3 =0
For V2 =1
Vi K&/ (K24K3+E1)

[

The complete eigenvector matrix 'V' (eigen~

vectors as columns) is

Kb/ (K2HK3HEL) K&/ (KZ+K34E2) K1/K2
e 1 I KIK3/CK2KRA )
§ 0 ]

The gereral solution of (11} then is
.

AlExpElt

Gt o= v AZExpE2t (1%}
A3

AL, AZ, and A3 are constants.
solution, thelr values are determined
initial (t=0) values of Ql, G2, and C, by solving
the system of equation (l6}.

For a particular
from

the

Gl Al
QZ = 'Q’t:(,‘ = fyt A2 ¥= vy AN {16)
C A3
Y je=0

The solution is

AT = W;s"i 'erza (’7}
where "V' = fnverted matris V.

For the excretion phase, the differentisd
equations of the TCM are

dQi/de = (K2 + K3)Q1 + K&4Q2

(183

dG2/dy = K3Q1 - K402
and the system may be solved as described. It
should be noted that the eigenvalues El and EZ are
the same as in the uptake phase. Consequently, the

exponential terms during the uptake and during the
excretion are the same.
14

The outlined calculations are ideally suited
for a computer and listing of a BASIC program is
wiven In the Appendix. The disadvantage of thisg
approach is that it is not lamediately obvious how
the values of the individual rate aftfect
the solution. However, considering the unwieldiness
of the explicit analytical solution this is a
relatively small price to pay and the relationships
(6)~(8) give a general idea about the effects of the
rate constants.

constants

A "hidden” problem lies in the inversion of the
matrix 'V'. If the matrix is "ill-conditioned” in
respect to inversion, small changes in the values of
the elements of 'V' may have a very pronounced
erratic effect on the solution. The problem is
analogous to the one encountered in finding the
intercept of two almost parallel straight lines.
Matrices of systems with large Kl and K3, and small
K2 and K4 tend to be "ill-conditioned.”

FITTING TCM TGO EXPERIMENTAL DATA
for solving the TOM
faplicit solution

for

The described method
differential equations provides an
in terms of the rate constants. For example,
Ki=10, K2=3, K3=Z, and Ki=1, and for initial
concentrations Q1 =0, QZ =0, and C_ =1, the solution
is

3,33
6.67 (19)

Sty +
5t) +

ol =
Q2
Cp = 1

~1.67Exp(~5.45t) ~ 1.67Exp{(~0.5
G.75Exup(~5.45¢t) - 7.41Exp(-0.5

the
enter

The solution does not indicate explicitly how
rate constants and the initial concentrations
into the constants and exponents of (19}.
Consequently, the easiest approach to fit TCM o
experimental data is to Fit the rate constants in
the differential equations. To it the coefficients
and exponents of the solved differeatial cquatlons
would require avial lable.

ane explicit solatlon to be




Fitting coefficients and exponents of a general
expression (20) to the data is not acceptable

Q = AFxp(~Bt) + CExp(-Dt) + E (20)
since it neglects the relatiounships between the
values A, B, C, D, and E existing in the sclution of
the TCM differential equations. The fit would be
very good because seven adjustable paraweters can

fit an elephant {actually, 30 parameters are needed
(Wei 1975)).

The easiest to adopt fitting criterion is the
least squares, minimizing the sum of squared devia-
tions (SUSQ) between the data and values calculated
from TCM. Several methods are availazble for the
SUSQ minimization (see for example Metzler 1980}.
The simplex method described below was selected
because of its simplicity and easy adaptability to a
wide variety of other problems.

SIMPLEX MINIMIZATION

The simplex minimization can be used to fit
equations containing any number of parameters to
experimental data (for example OCM contains two
parameters, Kl, K2; TCM is based on four parameters,
Ki-K4). A good description of the simplex technique
is available (Deming and Morgan 1973). From the
point of mathematics, the technique is extremely
simple and is best illustrated by cousidering the
fit of two parameters, Kl and K2 (Fig. 3).

K2

K1

Fig. 3. Two-dimensional simplex (see text for
explanation).

For two parameters {two—dimensionmal simplex),
the "response” is determined at three points (A,B,C,
Fig. 3). The "respomnse” is the SUSQ between experi-
mental data and values calculated from the fitted
function for the given pair of parameters Kl and X2.
Since the objective is to minimize the SUSG, the
larger the SUSQ value, the worse the response. If
the worst response amoug A, B, and C was chtained at
point A, the unext point to look at is E. This point
is the reflection of A across the line BC. If the
response at E is better than those at B and C, the
next point to look at is F (we are going in the
right directiont). Point ¥ is a reflection of D
through E, and is called expansion in terms of the
original simplex ABC. On the other hand, if the

response at E is between the responses at B and at

C, the new simplex is BCE. If the response at E is
worse than those at B and C, bur still better than
that at A, the new simplex will be BCG. This move

is called contraction. However, if in the last case
the respounse is worse thaun that at A, the new sim—
plex is BCH. If the response at either G or H is
still worse than that at A, the new simplex will be
CDI, if the response at C is better than at B; if the
response is better at B, the new simplex will be DBJ.

It will become obvious after several readings
that the algorithm is very simple. The coordinates
of the points {values of Kl and K2} are easy to
calculate. If Klg, K2y and Kig and KIp are the
coordinates of B and C, respectively, then the
coordinates of D are

Klp = 0.53(Klg + Kig)

(z1)
The formula may be simplified further by introducing
vector notation. If B* and C¥% are the coordinate
vectors of points B and C, respectively, that is
B* = (Klp, K2p) and C* = (Klg, K2p), then

D% = 0.5(B% + C*)

(In vector addition the corresponding components are
added, that is, Kl's are added to form the Kl of the
sum. 3 The following formulae give the coordinates
of the remaining points in Fig. 3:

E* = D% + (D% - A%)

F* = D% + 2(D* - A%)

G* = D* + 0.5(D% — A%}

H% = D% - 0.5(D% ~ 4%) (22
I# = 0.5(A% + C*)

JE = 0.5(A% + B*)

To illustrate the simplex technique further,
let us fit the OCM excretion function

C¢ = CExp(-K2t)

to "experimental data” Cgy = 1, 0.606, and 0.368

at £=0, 1, and 2, respectively. The fitted parame—
ters are C, and K2. The first step is to choose

the initial simplex comsisting of three (C,, K2)
pairs, for ewample (1.3, 1.5), (1.4, 1.7}, and (1.2,
1.5). The next step is to calculate the SUSQ's for
these three points. The procedure is ocutlined below
for the point (1.5, 1.5).

Experimental Values in
data (1.5,1.5)
t Ce Ce Difference Differencez
4] 1 1.5 “0.5 0.25
1 0.606 0.335 0.271 0.073
2 0.368 0.075 0.293 0.086

Values of C¢ in (1.5,1.5) are obtained from the fit-
ted equation by substituting 1.5 for Cj and 1.5 for
K2. The SUSG values for the remaining two points of
the initial simplex are calculated in the same way.
It turns out that the worst response is in the point
(1.5,1.5). HNew simplex is formed applying the rules
described above and the process is continued until a
reasonable fit is obtained. The progress of the fit




is outiined in Fig. 4. It can be seen that the
gimplex procedure leads fairly rapidly to the “best

Fit" (1.0,0.5) used to generate the “experimental
data.”
1.8
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Fige. 4. Progress of simplex fitting the function

Cs = C Exp(~K2t); see text.

The procedure is usually terminated when the
variance of the three SUSQ values of a simplex is
less than a specified value. The procedure is by no
means foolproof and fail-safe. It may lock on and
converge to a local minimum or it may attempt to
construct a simplex ocutside the field of definition
of the fitted function (for example negative x In
v = logx).

It is good practice to have some idea about the
shape of the SUSQ surface in (as the mathematiclans
call it) the fitted parameter space (three-—
dimensional Fig. 4 with the SUSQ's perpendicular).

The simplex algorithm is ideally suited for
automation and the listing of a BASIC program is
given in the Appendix.

SUSQ SURFACES

SUSG surface is a function of parameters of the
fitted equation and, implicitly, of the values
(range) of the independent variable. It is useful,
particularly for simplex fits, to visualize the
shape of the SUSQ surface-

Taking a straight line ¥ = KIX + KZ as an )
example, the SUSQ surface is a function of Kl and K2
and describes the SUSQ values obtained when the
values Kl and K2 deviate from the "true” or "best
£1t" wvalues, for example Kil=5 and K2=30 (Fig. 5).
The SUSQ values are calculated as described under
Simplex Minimization. The surface has, as one would
expect, & minimum for Kl=3 and K2=30, located in the
origin of the coordinates in Fig. 5. SUSQ values
increase in all directions from the origin, but in

gome directions the “slope” is much steeper than in
others (see Fig. & for a "spike” presentation of the
same surface}. The slope is wery steep from the
origin to the upper left covner and to the lower
right cormer. A "valley” extends from the lower
left to the upper right corner.

Simplex seeks the steepest slope and, in this
case, would be approaching the origin (finding the
best f£it) from the upper left or the lower right,
depending on the selected initial position. The
approach along the "valley” will be slower and more
sensitive to ewperimental errors.

The direction of the "valley"” depends on the
relative contributions of the terms containing Ki
and K2 to the value of Y. This is where the range
of wvalues of the independent variable ¥ has an
effect {the values used in Fig. 5 and 6 were
%=0~10}). In this case the values of KIX and X2 are
roughly comparable. If, on the other hand, the
“true” wvalue of K2 was 900, the "valley” will extend
in the direction of the Kl axis (Fig. 7), since
deviations in Kl have relatively little effect on
the value of ¥ if the range of ¥ walues is 0-10.
Similarly, for K2=3, the "wvalley” will extend along
the K2 axis {(Fig. 8}.

For a single-term ewponential function ¥ = Kl
Exp(~K2X}) with K1 > K2 > 0, ss in the case during
excretion, the “valley” tends to extend in the upper
left to lower right direction (Fig. 9). For the
uptake phase of the corresponding OCM, Y =
KI{1-Exp(~K2X)}3/¥2, Kl > K2 > 0 and, depending on
the ratio of Kl and KZ, the "valley” shifts from the
diagonal dirvection until it parallels the KZ axis
for very low values of X2 relative to Kl (Fig.
10-12%.

The simplex tends to perform well on these
surfaces, provided the starting values of Kl and K2
are chosen rveasonably well. The performance is
generally better when the starting values are oun a
steeper slope rather than in the “valley.”
Consequently, according to Fig. 9-11, one constant
should be underestimated and the other overestimated
when selecting the starting values. Uptake with a
very small K2 (Fig. 12) is difficult to fit to the
OCH uptake equation. In this case the concentration
{Y¥) increases practically linearly and the SUSQ is
almost independent of the wvalue of K2.

TCM iz described by four parameters (KI1-K4) and
the corresponding SUSQ is & surface in five
dimensions. Consequently, only a three—dimensional
section can be visualized {(Fig. 13-18).

In the firet example (Fig. 13, 14} & wide
“vallev” lies from lower left to upper right, when
the remaining two parameters have thelr "true
values.” The shape of the section changes con~
siderably when the remsining parameters have
different values (Fig. 15, 16)., Even in this case
there are relatively flat areas on the subsurface.
The shape of a subsurface obtained by varying the
second pair of parameters while maintaining the
first pair at “true"” wvalues is similar (Fig. 17,
183,

"Yalleys” and flat subsurface areas cause
problems in fitting models to experimentzl data. In
thege areas, experimental and computational errors
{whichever come first, uswally the experimental
ones) will have a very proncunced effect on the fit.
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CONCLUDING REMARKS

The first requirement for a successful applii-
cation of TCM is good quality data. TCM fits are
1t to perform than OCH fits and attempts
quali data by the TOM are frustrating

5
=
and may lead to meaningless results.

Experimenting with the program TCMP is
advisable to give the user a feeling for th
of the different rate constants on the solutio
The program may be expanded easily to give a graphic
presentation of the solution.

Having made the crucial decision to use the
TCM, the next step should be the attempt to fit the
excretion data (there is one less rate constant to
worry about). Only after obtaining a reasonable fit
of the ewxcretion data one should proceed to the
uptake data.

The more flewibi

better 1
#l rate constan

uger has to select the i t
even for the best quality data the program TC
go astray when the initial rate counstant esti
are "way out". In any case, the program should be
run several times to make sure that even after
starting from different directions, the program is
finding the same soclution. It is very important to
realize that the fit is not an iterative process.
The sclution is not necessarily improved by using
the results of one attempt as the starting values in
another attempt to fit the data.

It is possible to use the TCM even 1f data for
the two compartments taken individually are no
available. However, rate constants ocobtained in this
cese may not reflect accurately the real situation
since the distinction between the kinetics of the
two compartments has been lost by their addition.

oot

T

It is also important to keep in mind that the
TCH deals with amounts, not with concentrations
(except for water). Concentrations may be used
instead of amounts only when the compartments are of
equal size. Otherwise, size of the compartments
must be taken into consideration when converting
from amounts to concentrations.

Both programs TCMP and SUSGS (see Appendix) may
be used to estimate the error of the determined rate
constants from the estimated error of the massured
amount of chemical in the compartments. The
procedure consists of varying the rate constants and
observing calculated amounts. TCMS also gives an
indication of the error of the rate constants {“next
best answer’ ).

Good luck.




ACKNOWLEDGMENTS

I thank Ms. R. Garnett for editorial
assistance, Messrs. W. G. McMullon and F. Cunningham
for preparation of figures, Mrs. B. Fawkes for
typing and arranging the report, Dr. D. W. McLeese
and Mr. A. Sreedharan for comments, and Mrs. M.
Irwin for proofreading.

REFERERCES

Bronson, R. 1973. Modern introductory differeatial
equations. Schaum's Cutline Series in
Mathematics. McGraw-Hill, New York.

Deming, S. N., and 8. L. Morgan. 1973. Simplex
optimization of variables in analytieal
chemistry. Anal. Chem. 40: 278A-283A.

Kdénemann, H., and K. van Leeuwen. 1980. Toxico~
kinetics in fish: Accumulation and elimination
of six chlorobenzenes by guppies. Chemosphere
9: 3-19.

Metzler, C. M. 1980. Factors affecting pharmaco~
kinetic modeling, p. 15-29. In K. S. Albert
(Ed.} Drug absorption and disposition.

American Pharmaceutical Association, Academy of
Pharmaceutical Sciences.

Wei, J. 1975. Least square fitting of an elephant.
Chemtech: 128-129.

Zitko, V. 1980. Relationships governing the
behaviour of pollutants in aquatic ecosystems
and thelr use in risk assessment, p. 243-265.
In Proceedings of the Sixth Annual Aquatic
Toxicity Workshop, November 6 & 7, 1979,
Winnipeg, Manitoba. Can. Tech. Rep. Figh.
Aquat. Sci. 975.

et




-10=-
APPENDIX

PROGRAM TCMP (two-compartment model prediction)

The program written in Tektroanix Plot 50 BASIC
solves the TCM differential equations for given rate
constants and initial concentrations, prints the
solution, and calculates QI and Q2 (quantity in
compartments | and 2, respectively) for a specified
time period.

The program is useful for armchair experiments
and is incorporated as a "driver” in the TCMS
(two-compartment model simplex) and SUSQS (SUSQ
surface) given later in this Appendix.

TCMP follows exactly the procedure for solving
the TCM differential equations outlined earlier in
this report. First, the eigenvalues F() are cal-
culated, followed by the eigenvectors D() and

166
135
1ig
128
132
148
152
163
172
189
192
202
21l
228
230
249
25¢
2640
278
2892
29¢
3ga
318
328
338
348
358
368
378
388
398
420
418
428
438
448
458
460
478
483
490
508
518
520
538
548
5532
568
578
588
592
622
616
628
638
640
658
668
678

PRINT

PRINT "UPTAKE (3J.
INPUT QI
N=gi+]

PRINT “INITIAL AMOUNT:
INPUT C

PRINT "STARTING
PRINT "Kz"

INPUT X(i)

PRINT K4

INPUT X(23

PRINT "K3%

I9PUT X3

IF @l=2 THEN 278
PRINT "HI™

INPUT X(4)
A==X{])~X{23-XC(3)
Al=SQR{AT2-4%X (1 )%X(2))
E{])=08.5%«(A~A1)
E{2)=0. 5% (A+AL)

IF Ql=2 THEN 332

E{3)=0

D(2s13=1
IF Qi=2 THE4 378
D(3512=0

D(2,22=1
IF @l=2 THEN 448
D(3,23=6
DCLs33=X{407%01)

D(3,3)=1
D3=DC1,12-D{1s20
IF Qi=2 THEY 508

G0 TO 528
FCId=(C0C1)~-C(23%D(1,2)3/D3
F(23=(C(2)%D(1,13~CC122/D3
FOR I=1 TO @}

FOR J=1 TO Q1
DICl,J)=F(JI*D(1,4J)

NEXT J

NEXT I

PRINT "TIME RANGE (g===- >
INPUT TS

DIM Y3(TS+1),Y4(TG+1)

Y3=2

Y4=0

FQR J1=8 T0 T9

FOR J2=1 TO @I

NEXT J2
NEXT Ji

Pkkkkxkkkkkxwxk PROGRAM TOMP
REM STANDARD 2 COMP MODEL BUT RENUMBERED CONSTANTS
EXCRETION (23"

FOLI=(CCI0+C(3)0%D(1,2)%D(2,3)-C(33*%D(1,3)-C(2)*D(],2)
FC23=(C(2)%D0i, 12+CC(3)%D(1,3)-C(3)#%D(2,32%D(1,1)~C(133/D3
FO33=(C(3y%DCJ-1)~C(33%DC1,225/D3

constants F(} corresponding to the given initial
concentrations C{}. Note that for programming
convenience, the rate constants X(} are internally
renumbered. The renumbering does not affect the
user but simplifies considerably the switch from
differential equations for uptake to differential
equations for excretion.

The program is readily adaptable to other BASIC
interpreters. The only Tektronix-specific feature
is the handling of arvay variables. In Tektronix
BASIC these can be inputted or printed by simple
statements INPUT C or PRINT C. Other interpreters
may require a loop for both operations. The TIME,
COMP1 COMP2 printout has not been formatted by a
PRINT USING statement since most BASIC interpreters
‘differ considerably in this aspect. The user should
provide his own formatting.

e ok o A A K o R RO K

DIM X(N)sE(Q1)sD(Q1-013,D1(Q1,01).C(Q1J-F(Q1)
COMP. 1,2, (WATERI"™

VALUES FOR RATE CONSTANTS ™

DL 10=X(20 /(X1 )+ X(3)+EC(1))

DC122)=X(23 /(X1 )+ X(3)+E(2))

D2, 33=X 33X 4) /7 (X{LI*X(2))

)/D3

b

Y3(J1+13=Y3CJ1l+1)+D1C1sJR2YREXP(E(JR2I*J1)
Y41+ 0=Y4Cd I+ 1)+ DI( 2, J2I%EXP(E(J2I%J L)
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PROGRAM TCMP (cont'd)

675 PRINT 37,2611
E76 PRINT @4 : " wmukhar® TOME 350 3¢ e o g0 o ol e e e B0
680 PRINT @4@:"RATE CONSTANTS"
698 PRINT @4033"K2="3¥(1)s "K4="3X(2), "K3="5%X(3)
768 IF Gi=2 THEN 738
710 PRINT 848:"Ki=";%(4)
728 GO TO 740
73¢ PRINT 84g:" *
740 PRINT @4B:"INITIAL AMOUNTS™
75@ PRINT 848:C
76¢ PRINT €48:"TIME COMP. 1 COMP. 2 1+27
778 PRINT 848" === cmcr oo e e e ceeccccccccmce—c ;e e -
788 FOR J1=0 TO T9
785 Y=Y3(J1+1)+Y4CJi+1)
79¢ PRINT @48:J1,Y3(J1+1),Y4lJl+1)sY
808 NEXT Ji
818 PRINT @40 1" === -om oo e emccmcnanan cmecmmemccaceam———- "
820 PRINT €40:"SOLUTION:"
83¢ FOR I=1 TO Qi
849 PRINT @48:"Q(™31;")="
858 FOR J2=1 TO Qi
860 IF Di(1,J2)=8 THEN B8
878 PRINT @41D1(I,J2)3 "*EXP(";E(J2);"*T) "
888 NEXT J2
898 PRINT @48:" '
968 NEXT I
9¢5 PRINT @37.26:0
918 END
*xkEEEK  TCMP 3 ook A KR AR Rk KK
RATE CONSTANTS
K2=5 K4=8.5 K3=1
K1=108
INITIAL AMOUNTS
e e a.1
TIME COMP. | coMP.2 1+2
g ~7.185427358E~15 @ -7.185427358E-15
1 1.74184318786 1.15569842258 2. 89754152964
2 183118933838 2. 11297531311 3. 94416464349
3 1.888083537988 2. 74835797855 4. 63639335763
4 1.92573521857 3. 16980072611 5.89553593668
5 1.95874184816 3. 44933869212 5. 400807974228
6 1.9673271229 3.63475298147 5. 6820868032437
7 1.97832846998 3. 75773594208 5. 73686441116
8 1.9856255312 3. 83938913074 5. 82493466193
9 1.99346558575 3. 89341565692 5. 88388124267
19 199367593638 3.9293638724 5.92297986883
SOLUTION:
eCid=

~1:61631563443%EXP(~6.-8894541729%T)

=B« 383684365572 EXP(-F. 4185458271 %T)

2HEXP(@%T)
Qi2d)=

328917235644 T*EXP (~6-BBS4541729%T)
~4e 2891 T35645%EXP(~0. 4105458271 %T)

L4FEXP(G*T)

(3=
Be IHEXPLE%RT)
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PROGRAM TCMP (comt'd)

sokkEkk®  TCMP ok R R R o K oK
RATE CONSTANTS
K2=5 Ki4=8« 5 K3=1

INITIAL AMOUNTS

i+99 3.93

TIME COMP. | COMP.2 i+2

g 1«99 393 5.92
i 2.253956123738 279743628455 3.25139240829
2 3. 166829862092 185593858985 2.02196837114
3 B.110120815684 123162292785 134114388389
4 @3738413783654 2816522873714 B.B89564252879
5 B0484474778298 B.541589914243 3. 5908837392873
& B-83213463608372 @.359238154985 2+391364787823
7 @.2213145228247 3.2382730688149 2.259587518174
8 B.814137665044 B« 158343786466 @«172181375351
g 3.88937734778969 0B. 104828511468 2114285859257
18 2.006219883298567 @.8695315853174 @-3757513886161

S5OLUTION:

aiio=

1612636313 79%EXP(~68894541729%T)
B+377363689213%EXP(~3+4105458271%T)

Qc2r=
~B«2B85140894T4*%EXP(~6.38945417289%T)
4218514004 T4%EXP(~B.4185458271%T)




PROGRAM TCMS (TWO-COMPARTMENT MODEL SIMPLEX)

The simplex algorithm of this program is a
slightly modified version of the Nelder-Mead )
aigorithm as available in the Statistics Package by

Tektronix. The program is written in HP2000 BASIC
in a format almost compatible with HP Terminal BASIC
and, with slight modifications, compatible with many
other BASIC interpreters. In HP Terminal BASIC
arrays are dimensioned directly in terms of

variables. For this, the "DIM" statements should be
deleted and the "REDIM” statements changed to "DIM"

(for example, delete 505 and change 520 to DIM....).
Some interpreters, for example TRS-80, return "~1"
as the "true” condition. For such interpreters, the
signs in the statement 3830 must be changed.

The program requires about 15K of RAM and when
used in Terminal BASIC, memory must be set to 15000
("SET SIZE=15000"). The program runs much faster on
the mainframe HP than on the terminal. The current
version does not provide a hardcopy printout and the
user must copy the final display on the terminal.

Statements 100-140 contain
and alert the user to enter data
530-55%. This somewhat inconvenient
entry is preferred to INPUT since the program is
likely to be used more than once with the same set
of data to obtain a good fit. The data format is
time XI(L) and either the amount in compartment
Y1I{1) when data are not avallable on both
compartments individually, or amount in compartment
Iy YICEY and amount in compartment 2, Y2(1). The
distinguishing flag is Q7 (statement [%15).

"program heading”
in statements
form of data

After the data entry has been completed the
program is restarted by the command RUN, 1300 on the
mainframe, or RUN 1500 on the terminal. The
statements 1000-1380 contain TCMP solving the TCM
differential equations for rate constants supplied
by the simplex algorithm. The statement 1390
calculates the SUSG (Y) and returns this value to
the main program. The branch in 1385 is used to
print the calculated quantities in compartments 1, 2
or | and 2, once the best fltting rate constants
have been found (09 is the "flag”). ratements
1O10~1040 are used to eliminate negative rate
constants and to drive the simplex in another
direction by assigning very unfavorahble response to
Y (line 1040). Similarly, the statements 1063-1065
are used to eliminate complex eigenvalues.

By modifying statements [000-1040, the
may be used to fit other functions to data.
fitted parameters must be in arvay X{I) and the
subroutine must return a valde of Y to the main
program. The printout portion of the program may
have to modified as welle

program
The
the

he

The main program starts by the statement 1500.
The string variable K§(1} contains rate constant
symbols since the program uses a differeat num—
bering. The string variable RS is for remarks such
as name of data set, etc. X{)} is the rate constants
array, E() contains eigenvalues, D{) eigenvectors,
DI() coefficients of the solution, C{) initial
quantities, F({) constants of the solution for given
C{). BO() contains simplex coordinates. Movements
of the simplex may be monitored by printing this
array. Simplex coordinates are in the first N rows.
The corresponding SUSQ values are in the last row.
ES is for Y/W answers in the procedural questions
SO(3, 82() contain initial rate constants, and S1(}

contains the step size for the formation of the

~13-

centroid coordinates
iny column 2, snd

15

inttial simplex. CO{} contai
in column 1, projection coordine
expansion coordinates in column 3.

~1964 z1low
are

Statements 1580
procedural parameters and
explanatory. The weighting fa
1961) someti improves the f
in compartment Z are co
In such a ca 5 may be
the comparis with larger quant
to compensate for ¢ effect. AS

cont

hectively.

and

and
counters for

expansion, re

itterations for printing frequencys

formed

Thp inftial simplex
2020-2125 and the corresp
determlned by statements 2160
column number in BO{().
points become, in turn,

o 2O

Coordinates of the
the

variable X() for
. Note that the

use by

the TCH driver {GOSUB IO data are
read only whern going through the routine for the

-
firse time {(GOSUR 5300%. 729 counts S5USG evaluations

{the use of GOSUB 1000).

The best and worst responses {(smallest and
largest SUSQY in the initial simplex are determined
by statements 2320-2460.

The statements 2470-2474 jnttialize the

controfd” matris O0{).
reflection opposlite the wors
72500) are calculated in statements
actunl calceculation of the nates s
statement 2570 for the centroid (point D, Fig. 3}.
SUSH at reflection is ecaleulated {2590-2650) and
becomes Fi. Lf SUSQ at reflection is ey than
the smallest SUSQ of the original simplex, then SUSQ
is calculated at expansion {point F, Fig. 3) by
statements 2690-2760. If SUSQ at reflection does
not give the best response, the program goes from
statement 2630 to statement 2900.
hand, if the expansion does not provide th
SUSG, it is "hack to reflection” (2770).
coordinates of expansion replace the coordinates of
the worst response to form a new simplex {ﬁ{ﬁ{&mﬁﬂiﬁ
2780~2820%. In the reflection” ca
reflected point forms
2840-2880).

controld and
responne (staten
2490-2600,

the

Coordinntes of

HER N

The

coordi

small

On the other

iy

hack to
the new simplex

o +
go, Une

{sratements

case when SUSO at
the bhest respaonse

Turning now to the
is equal to or larger than

(statement 2900, reached from statement 2080}), if
the SUSQ is within the range of the two better
responses (between SUSG's ar B and €, Fig. 3}, Il in
2950 iz smaller than N and a new simplex, Sluding
the reflected point, is formed (hranch back to
28405, 1f, on the other hand, SUSy at reflection is
worse than the worst response, the progranm for

contraction (3030 from 2960). 1f the
reflection is worse than those at the
points, but better than that at the worst
worst point is replaced by reflection (2790-3010)
and contraction is calculated (3030-3060). These
moves result in points H and & (Fig. 3}, respec—
tively. If the response in these points is still
worse than the worst respounse of the orfginal

simplex, the whole simplex contracts {3170-3220).

better”

point, the

SUSQ's of new points are caleulated by state-—
ments 3230-3320. SUSO variance is calculated by
statements 3380-3510 and 1f lesy than specified
value (El, 3520}, the algoriths is
algorithm s alse terminated

terminatoed.  The

when the aumber of




by
SUSQ evaluations exceed 150 (35253). It may happen
that the simplex algorithm is not able to reach the
specified variance and statements 5000-5160 take
care of this situation.

Intermediate results are printed by the sub-
routine in statements 3820-4030. When the specified
value of 8USQ variance 1s reached, enterved data,
calculated data, and the fitted rate constants are
printed by statements 4000-4160 and 3630-3810.

Pist jad~12%
FCASG
149 PRy Vg ; Q&T? Caw%r&wTS BY SIMPLEX®
116 PRINT "VE 2:;12.11.14981
172% PRINT "DAT I8 58¢3-630"
139 PRINT "(o BY fRUN,1I5448°'¢
149 STIOP
586 REM HURALAALLAAAKXKLAAAAL L AAKAL LKA AR LA AN A AAR K AL L LAAK
545 DIM X1156],Y10541 ,¥Y2154),Y315681,Y4[5431
510 INPUT *NUMBER OF DATA POLNTS "LNZ
528 REDIM XL1IN21,Y1INZ2T,¥Y2[N2Y1,Y3(N2Y,Y4(N2]
538 DATA L,l ?¢$¢¢15,2,1083 2.11,4,1. 93;3.17,8,1,§9;3.84
531 DATA 4, 32, 21.2,5,7,44,27.4,6,7.64,33.4
532 DATA 7, } 84,39.3,8,8.684,45.1,9,8.23,5%64.8
533 DATA lﬁ B.42,56.5
564 FOR [=] TO W2
5645 [F 7«2 THEN %7%
574 READ XITLL,YLILY, Y211
572 GOTO 584
575 READ ALITV,Y1I0L]
589 NEXT I
599 RETURN
GGG REM XAXALAULYEAALLLAA KK L AARKLAAAAAK AL R LA AR AR AL KLRAKLK
19639 REY STANDARD 2C0MP MODEL BUT WATCH FOR RENUMBERED COHNSTANTS
1818 FOR v9=1 1O N
1623 IF X[V9i<¢g THEN 1633
1825 NEXT V9
1626 GOTO 1448
1439 PRINT "NEGATIVE RATE CONSTANT *;V9
1840 Y=1ET*V9
1458 GOTO 1414
1866 A=-X[11-X[3}-X12}
1061 AZ=A#R2-4% {1 1%K[2]
L8627 IF A2SH THEN 1455
1863 ¥=1E7
1884 PRINT "COMPLEX FIGENVALURS®

14955 GOTU 1419

1455 AL=S0OR (A2}
1874 E[ll=(A~AL} /2

1675 BE{2l=(A+A1} /2

1088 IF Ql=2 THEN 18983

1435 E{31=4

1098 DIL,11=X[21 /(R I1T+X[31+E11])

1695 D{2,11=1

1168 IF 01l=2 THEN 1119

1145 D03,17=4

1116 D{1,21=X{21 /(411 1+X[31+F 121

1115 D[2,21=1

11268 IF 91:2 THEN 1165

1125 pi3,21=

1138 Dfi,szxfa;/ i1l

1135 02,31 x{ﬂ}*;gz JIXTLI*N 21

1149 013,31

116% pDi=D[1, 1@ 001,21

1269 z? Ql=2 fﬁé@ 1225

1285 FILI=(CILI+CI31*Di1,21%D(2,3]1~C{31*D{1,3]-Cl21*D11,2]1}/D3
1214 ng ~{€{2}*O{1,l§+£{3}*3§1 31-CI31*DI2,31%001,11~CI11y/D3
1215 Fi3i=(CI31%*DI1,11~-C[37*D(1,2]1y/D3

1228 GOT0 1235

1225 FL{1]1=(C[11-C[21%D[1,213/D3

1238 FI2)1={C{21*D{1,11~-C111)1/D3




PROGRAM TCMS (cont'd)

%)
T

"

e o R o A Sl SR SRR g, R
;A

[P
Y

BODNS DO IS A e
£
&

(SR,
T owd W

14

Lo Gad b D
[
T

1575
1683
16949
1744
1719
1724
1734
LAY

7

1235~1754%
FOR =1 0 91
FOR OJ=1 TO Q1
DL, J1=FTJ31*DTL,.0]
NEXT ]
HEXT I
REA AXALAXKALAXLKLLLRAALAAK AKX AALAKRKZARKKALRKLLLEAR AR AAALALRLAK
REM BUSY CALCULATION
¥=§
FOR Jl=1 TO W2
Y3{Jil=8
Y4{3ll=0
NEAT 11
FoR Ji=1 TO W2
FOR J2=1 TO 91
Y3[ L =Y 30 L +DI 01, J 2 *EARP (R TI2Y*X0 131
YA L 1=Yafdl1+DI(2, 021 *Ede(ETI2V*X113L 1)
[F Q7«1 THEN 1384
YA3[ILl=7 30011 +Yal11L}
HEAT 12
(F O%=4 PUEN 1449
LF Q7=2 TdeEnN 1395
Yo+ (YT - 30T LY % %2 /Y Ll L ** 2 (Y200 =Y ATy **2 /Y2111 %
GOTG 1404
Yol + (Y L[ -Y3TJL Y **2/Y1T31V**2
W?XT Ji
RETURN
RE% STARTING VALUES AMND STEP SIZE
39=1
DIa K5{4,21,838(01 ,aﬂ
INPUT "REMARKS * 5711}
INPUT "UPTAKE (3}, FXCRETION (2} ",01
ﬂm;1+z
INPUT "“PWO COMPARTMENTS INDIVIDUALLY (1) OR TOGETHER (21 *,07
o1 X[41,F{31,003,31,01103,31.,CI31,F13}
REDIM XINT,ETDI11,0001,211,01001,011,C{01],FigLl
PRINT TINITIAL AMOUNT: 3 %P.L,\Q’P 2, [HATERY®
Fowr I=1 TO 31
tNedT Iy
NEXT L
Nl=N+]
KS{i]="K2"
KG{2]="Ka"
KS{3j="K3"
KSTiap="K1"
Did 34(5,51,86141,8501,11,C8105,31,51141,8214]
AEDIM A4(N1, ‘L},oigék,LWEd,i bl{%l,%“{ }
PRINT "AUTOMATIC STEP SIZFE IS 2.1 OF STARTING VALUE®
PRINT "DO YOU WISH PO ERTER 3TEP 3I1Z2E7

INPUT ESTLY
CF ES{L}="Y" THEN 1710
PRINE "FEETER ESTIMATES OF RATE CONSTAWNTS [N ORDER K2,K4,K13,
FOR [1=1 TO W
PREVE "STARTING VALUE FOR ", K301
INPUT 561111
S2lEYI=541111
SIT0Ll=.1%ABS(S8701Y)
NEXT [1
GOTO 168
BRINT "EATER STARTING VALURS AND STEP SIZ2EY
FOR [1=1 TO W
PRINT "STARTING VALUE AND STEP SIZF FOU VARIABLE®Y; @1
ENPUT Salril,sifill

1"




PROGRAM TCMS {(cont 'd)

-3
1745
17548
1764
1773
1736
1798
1833
181y
142¢
[ 1
LB844
1458
1864
1874
R L
194
191¢
1924
1933
1943
1954
1955
1969
1961
1952
19583
1964
1959
1974
1933
1992
2003
29818
2R2H
2438
2448
2854
23464
AR
28348
2892
2143
2128
2125
2134
2153
2178
2189
2192
2208
2214
2226
2238
2244
2250
2264

22743

LT45~2274

S2{til=s8{11}

NEXT D1

FEl=,0v8301

PRINT "CRITERLUM FOR CONVERGENCE IS5 THE VARIAWNCE <=";F1l
PRINT DO ¥YOU wWIsH TO CHANGE THIS VALUE?"

ENPUT ES{L]

LR ES{II="8" THEN 1474

PHINE "CORNVERGERCE TREST VALYE="

[T Fi

A=l

Lh=1

PRINT YCONVERGENCE {5 TESTED EVERY?; Z8; "I TERATIONS?Y
PRI®NE DO 0 wWisH PO CHARGE PdLS FREGHENCY 2"

Py ESTL

P RSTL = "N THiEN 1414

PRPYT TCHECK ol CONVERGENCE W FREQUENCY ", 7Y

PRINT
PRIAT

TRESULTS
DO YoU

AHE
WiIGH

I
PRITED BEVERYY ;425 " ETERATLONSY
TO CHANGE THIS FREQUENCY *

[RNPUT ESTLY

[F ES{11="N" THEN 195¢

PRINT "PRINT RESULTS WITH FREQUENCY?"

[NPUT Z5

IF Q7=2 THEN. 1974

INPUY "WEIGHTING FACTOR I SUSD CALCULATION: 1(1},0THER (2)

[F Q3=1 TiEN 1959

INPUT "WEILGHTING

GOT0 1974

We |

A=

89=,5

CYy=72

L7=%

LA=4

REM GENERATE

FOW [i=1 TO N
BT, NIT=8aT111

NEXT L1

FOr [1=1 TO N
SH{L1]=506111}+#5L07T111
FOR Jl=1 Ta A

Ba{Jl,L1l=358[J1}

NEXT J1
SPf{ill=s4[l1]-81[11]

NEXT Il

REM INITIAL SIAPLEX

REM EVALUATE PFUNCTION AT

FACTOR ",

THE INITIAL SIM4PLEX

DETERAINED
ORIGINAL SIMPLEX POINTS

L=l

FOR I[1=1 TO d
X{L1}=88011,2¢}

NEXDT I1

IF 20>1 THEN 2234
GOSUBR 544

GOSUB 1884
SATNL,ZB]=Y

Lé=T v
[F 78<=n1
Z9=N1

fHEy 2134

o

.08




PROGRAM TCMS (cont'd)

list

TCMs
2284
2314
2320
2334
2349
2354
2154
2374
2384
2394
2444
2410
2428
2434
2444
2450
24569
2474
2471
2472
2473
2474
2480
2494
2543
2510
2529
2534
2544
2554
2554
257¢
2594
2594
2544
2614
2539
2648
2658
2564
2574
2638
259%
2743
271¢
2724
2739
2744
2754
2764
2774
2784
27949
25389
28148
2824
2339
2844
2854
2554
2879
25

2916
2928
2934
2949
2954
2958
2978

2288-28440

N

REA FUNCTION WAS DETERMINED AT FACH SIMPLEX POINT
REY DETERAINF INDEX OF LARGEST AND SHMALLEST S5US9
H9=BE N1, 1] '

A9=1

OR 11=2 Pu 91
[F HB8»=8uTdl, 111 THEN 2414
A8=89Tn1, 1 1)
49=11
GOTO 24449
[F 18<=R4fd1,I1] THEN 2449
L3=B@(N1,I1]
LY=11
NEXT I1
RE4 d49=IN0OFX OF LARGEST VALUE AND H8=LARGEST VALUE
RE4 LY9=INDEX OF SMALLEST VALUE AND L8=534ALLEST VALUE
FOR [=1 To W
FOR =1 TO 3
Cull, =4
JEXTP
NEAT L
REM DETERMINE CENTROID OF POINTS NOT INCLUDING LARGEST VALUE
FOR Il=1 TO Wi
[P I11=H9 THEN 2549
FOR Jl=1 TO #
COIIL,1)=CalIy,11+80011,111
NEXT J1
NEXT 11
RFE4 CALCULATE REFLECTION THRU CENTROLID
FOR T1=1 Tu W
CHlIl,11=C8111,11/4
CHITL,21=(1+A9)Y*CATIL, 1 -A9*B4[11,d9]
AfT11=Cafrl, 21
NEXT 4
REM CENTROLID AND REFLECTION CALCULATED
GOSUs 1444
REM PUNCTION CALCULATED AT REFLECTION

L9=79+1
REM CHECK [F BREFLECTION < SIMPLEX #MINIMU#
Fl=Y

I[F ¥>=L8 TUEN 2943
AFEA EXPANSION
FOR I1=1 1O W
CHITL, 3)1=(1~CYy*Ca{11l,11+CO9*CalLL, 2]
AfLil=CulLl, ]
NEXDI L}
REM EXAPANSTON CALCULATED
GOsUR 1444
729=29¢1
IF ¥>=L8g [uFN 2344
FOR 1l=] TO H
3A111,H91=X[11]
NEXT L1
AN, HYI=Y
GOTY 3344
FEA REPLACE WORST RESPONGE Y REFLECTION
FOR T1l=1 Ta o
BATLL, 09 =Cuftl,2]
NEXT 1]
BAINL,H9=F]
GO 3349
REM CHERECK IF REFLECTIONDY T FOR [<OUY
J1=3
FOR [1=1 T9 NI
IF I1=HY Or FI<B@{NI, 111 THEN 2949
BEESSE I
REXT 11
[F JLIKN kN 2849
I FI>48 THEN 3433
FOR Ii=1 TO «




~1 8=
PROGRAM TCMS (cont'd)
2984 39{I1,H91=CH8lLL,21
2994 NEXT Il
3920 SUINL,HY=F1
3914 i8=r1
3929 wEM CALCULATE CONTRACTION
g3 For 1=l TN
3040 Calli, si=39%300 11, 109le(i-349y*Cunitl, 1}
LY Afili=carty, i
169 NEXT bl
1974 GOSsUB Loas
SUBY 2u=79+]
1498 Fil=Y
140 LFE FI>HY THEN 3174
3110 FOR [1=1 TO W
3128 agiLl,H91=Cal11, 3]
3139 NEXT I
3147 BOIN],HY9]=F1
3153 G010 3348
31649 REY CONTRACT ALL OF SIMPLEX
3174 FOR I1=1 TO W1
3184 IF I1=LY9 TdEN 3229
3199 FOR Jl=1 1O o
3248 3[JL,111=.5*(Ra7TJL,111+83(31,LG]})
3214 NEAT JL
3224 WEXT [1
230 29=1
1247 LF Z2¢=LY THEN 17849
1254 FOR [1=L1L TO H
3264 X{Lll=n4{11,24]
3274 NEXT L1
32843 Gosul 1udy
3294 B3G[NL,Z8]1=Y
3334 L%=28+]
3316 [F Z20<H1 THEN 3249
3328 29=79+H
3333 BE4 CHECK [F DONE
3348 52=0
31354 27=27+.1
3350 Z4=24+1
3370 IR Z27<28 AND 24<Z5 THEN 2323
3338 L9=1
3399 LA=8A{N1,i]
3404 FOR Ii=1 TO Hi
3414 52=52+83[N1,11]
3424 [F L8<=361491,111 THEN 34593
3434 LY=11
3449 Le=849i~1,111
3459 WEXT [1
3458 52=852/81
3478 Fl=d
3434 FOor Li=}1 PO H1
3493 Fl=Fl4+ {881, 11]-82)**2
3580 WEXT 11
3514 Fl=F1l/N
3524 IF P1<=E]l THEN 34l4
3525 [F 29<Za0 THEN 3514
3526 GOTO 5844
3538 IF 74=75 THEN 1568
354G 77=%
355% GOTO 2325
355649 GJ5U8 3324
3574 LT7=2T*{27<29%)
3589 74=0
3594 GOTO 2324
31614 GOSUYB 34924
3628 GOsUB 4444
3649 PRINT "CONVERGENCE WAS OBTAINED FOR INITIAL VALUESY
34854 Fur iI=1 TO «
3574 PRINT 521111
3599 NEXT 11
3595 PRINT
3748 PRINT "INITIAL CONCENTRATIONSY;
3716 FOR Il=1 TO 91
3724 PRINT C{I1l};
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PROGRAM TCMS (cont'd)

3738 NEXT I
3744 PRINT

3758 PRINT "WITH VARTANCE LESS THAN 01

3ISL OLE 37=2 PHEN 3755

175 PREINT "WELGHTING FACTOR ¥ ;W

3756 PRINT "NUABER OF SUSO EVALUATIONS “;79

3768 PRINT “SU50 VALUES ";BSINI1,LY],B8[N1,H49]

31778 PRINT "BEST ANSWER NEXT BEST ANSWER DIFFERENCE”
3784 FOR Il=1 TO W

3794 PRINT KS$S([1},86f(11,L9],84[11,H9],80[11,L9]1~B4(11,H9]
3899 WEXT I1

3881 FOR I=1 TO 01

3832 PRINT "Y";I;%=";
3843 FOR J=1 TO 0l
3804 [F DIfT,J]=%4 [HEN 3885
3845 BRINT DLIL,JV;"*EXP(*;ElJ];"*T)";
3845 NEXT J

3847 PRINT

3843 NEXT I

3319 PRINT "AS OWNF COAPARTHENTY

3811 PRINT "y=";

3812 FOR J=1 70 01

315813 PRINT DITL, J1+0102, 0 " EXP( ;B [T %)) "

1314 NEXT J

3815 PRINT

1816 EHD

I82¢ 1H9=1

3830 L8=80INL,l11*(LO>L)+BOTNL,21%{L0=1)

3340 FOR [1=1 To Nl

3859 [F I1=LY OR 38[N1,I11>L8 THEN 3833

385% LB=8¢IN1,. 1]

387¢ H9=11

3884 NEXT I[1

3898 PRINT "BEST ANSWER NEXT BEST ANSWER DIFFERENCE®
3944 FOR Il=1 TO o

3914 IF I1>9 PHEN 3949

3924 PRINT KS$S[I1l;"= v;

3939 . GOTO 3954

3940 PRINT KSI{Lil;"= *;

3453 PRINT BUTI1,L9],B80(11,H9],800111,L3]1-BATI1,H49]

3969 WEXT I1

3974 PRINT "SUSD VALUES"

3933 PRINT BWIN1, LY, BOINL,HY]

199y PRINT "VAKLANCE="; [l

A4 PRLAT "NUMBER OF FUNCTION EVALUATIONS=Y;79
>list 4uB8-9643

AGGS PRINT "NU4BER OF FUNCTION EVALUATIONS=";Z9
4934 RETURN

4948 REM XAKXXXAAXAAAXKAXKAKKK XXX AKX L AXKEAK KX KKK AK ALK KR K HAAKAK KL KKK KA
4054 REM OUTPUT OF DATA USED 3Y THE PROGRAM

4355 09=0

4359 FOR I=1 TO W

4365  X[L1=8#(I,L9]

4879 NEXT I

4475 GOSUB 1454

4991 PRINT “REGresrdb i bes i rhpd b iadaaadbnnrdatanddagaingy
4092 PRINT RS[1] : : ,
4393 PRINT "HERBHARFRERRIEE 0B R IR R B E R IR RRa R AR RE s

4109 PRINT "TIME CoMp. 1 cComp, 2. "
4145 PRINT * ENTERED  CALCD ENTERED CALCD ®
AL PRINT o o oo o e e "

4124 FOR =1 TO 2

4125 [F 07=2 THEN 41135

4139 PRINT USING 4145, X100V ,¥YITT11,¥Y3[11,Y2(11,Y411]

4131 GOTO 4144

4135 PRINT USING 41461101 ,¥Y1TI1,¥301}

4148 WNEXT I

4145 I[MAGE 3D,D6X,2D0.302X,2D.3D4X,2D.3D24,2D.3D

4145 [MAGE 3D.DAX,20.3D2X,20,3D

4150 PRINT Mmoo e e e e e e
4154 RETURN
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PROGRAM TCMS (cont'd)

50633 rREA KXXXXXXXKXAAXKXKXLLKKKARALAKXK KX A ALK KKK LA KKAKRK LK

5418 REM NOT CONVERGING ROUTINE

5138 PRINT "COWVERGENCE NOT ACHIEVED AFTER ";79;"FEVALUATIOWNS®
5143 GO5UB 4649

5159 PRINT "INITIAL VALUES®

5169 GOTO 3554

BB HBRE IR R BB R R B G RRRBHERGHBRRERRBHA R R U RRBIRARRAG R Y

5/1.29/1.02/50//0/0/.1 TEST RUN
BHEBBRBHRIBEDBEBREDHBBEEBRDDIRELRDERBRBIRHABRERRERGOREGRERILIHOBIE

TIME CoMP .1 cCoMP .2
ENTERED CALCH ENTERED CALCD

1.0 1.740 1.688 1. 150 1.130
2.0 1.830 1.792 2,110 2.104
4.0 1.930 1.902 3.170 3.201
8.0 1.990 1.974 3.840 3.923

CONVERGENCE WAS OBTAINED FOR INITIAL VALUES
5 1.29 1.02 50

INITIAL AMOUNTS 0 0 -1

WITH VARIANCE LESS THAN .000001
WEIGHTING FACTOR 1
NUMBER OF SUSQ EVALUATIONS 94

SUSQ VALUES 2.45638E~-03 3.13705E-03

BEST ANSWER NEXT BEST ANSWER DIFFERFNCE

K2 4.35626 4.18307 173195

K& .49913 .551319 -5.21896E~02

K3 1.02922 1.09706 -6.78439F-02

Kl 86.8079% 83.1724 3.63556

Y ! =-1.54967 *EXP(-5.48845 *T)~. 443047 *EXP(-.396167 *T)
1.99271 *EXP( O *T})

Y 2 = .319675 *EXP(~5.48845 *T)-4.42871 *EXP(-.396167 *T}
4.10903 *EXP( O *T)

Y3 = .1 *EXP( O *T)

AS ONE COMPARTMENT

¥=-1.22999 *EXP(-5.48845 *T)-4.87175 *EXP(-.396167 *T)

6.10175 *EXP( O *T)

FREFREHEFHRRFREHERHEEARBRRFREBER BRI RIHERGBEERAIR SRR LR EBHAIRENS

TEST DATA EXCRETION 1/.1/2///2/4
teadasataddd s ddidida i daddddtadddadddtadddadiaddaddsadaddsgy

TIME COMP. 1 COMP. 2
ENTERED CALCD ENTERED CALCD
.0 2.000 2.000 3.930  4.000
.0 -250 =254 2.800 2.699
2.0 . 166 162 1.850 1.804
4.0 .073 072 .816 .806
8.0 014 Ot4 . 158 .16t
CONVERGENCE WAS OBTAINED FOR INITIAL VALUES
i o 2
INTTIAL AMOUNTS 2 4

WITH VARIANCE LESS THAN . 000001
WEIGHTING FACTOR 1
NUMBER OF SUSQ EVALUATIONS 139

SUSQ VALUES 4.66545E-03 5. 34827503

BEST ANSWER NEXT BEST ANSWER DIFFERENCE

K2 4.88328 4,83755 045722

K4 412093 LA14957 ~2.861718-03

K3 104146 9.91449F~-02 5. 001 38K~073

Y ! = 1,63712 *EXP(~4.99678 *ry 362881 *EXP(~,402732 L]
Y 2 =73,71894F~02 NP (~4.99678 *y 4,.0%719 *EXP (=, 402732

*T)

AS ONE COMPARTMENT
Y= 1.59993 *EXP(-4.99674 *1y 4L AGOOT *EXP (-, 4027732 *T7)




PROGRAM SUSQS (SUSQ SURFACE)

This
for given

program determines the TCM 5USQ surface
rate constants. With minor modifications
it may be used to study SUSQ surfaces of other
functions as well. The knowledge of these surfaces
helps to appreciate problems encountered in fitting
functions to experimental data. The program is
written in Tektronix Plot 50 BASIC. Both numerical
and graphical output are provided. The PRINTE37 and
PRINT@40 statements are due to our peculiar setup
which uses a teletype as z prianter.

The program is initialized and parameters are
entered in statements 100-720. A convenient
projection angle is 45° (statement 190)}. The
deviation in parameter range (statement 200) must be
<l. Too small a step (statement 220) will cause
inconveniently long execution times and crowd the
graphics display.

Sl (statement 240) is a graphics scaling
factor; T3 (270) is the number of function points.
As in the other programs, the TCM rate constants are
renumbered for programming convenience. The
subroutine 3000 is again TCMP. The STOP statement
(550) gives a chance to examine the function values
printed by statement 540 and to abort the execution
in case of unsuitable function values. Two rate
constants are selected for variation (statements
590-600). The remaining rate constants may either
keep their "true” wvalues or the values may be
changed (640-720).

SUSQ values are calculated by the loop in
statements 759~940 and are placed in the array P(}.
Values of the two rate constants selected for
variation are cbtained by statements 830 and 840.
Maximum value of F{) is found in statements 970~1050
and a scaling factor te a maximum P() value of 30 is
found (1080). The graphics display is a three-
dimensional projection and requires further scaling
since points of different A coordinates {(the three-—
dimensional coordinate perpendicular to the screen)
have different projected Y coordinates (see below).
This scaling is performed by statements 1140-1480,
so that in no case do the values of Z() exceed 50
(space on the screen for graphics display).

Two options are available for graphics display
{1490). "Spikes” give a somewhat better
appreciation of relative SUSQ wvalues; the "net
presentation may give a better picture of the shape
of the surface.

o @

The Tektronix screen coordinates are 0-130 on
the horizontal and 0-100 on the vertical axis.
Other screens are likely to have other coordinates
and the display must be modified accordingly. The
center of the screen {coordinates 65,50} is selected
as the origin {statements 1540, 1550). Statement
1550 automatically transforms the screen coordinates
to new coordinates X, Y, with origin 0, 0 in the
center of the screen. Statements 1560-1710 draw 2
projection of the three—dimensional axzes A, B, and
SUSQ and statements 1740-1790 print the labels.

The transformation from the three-dimensional
coordinates A, B, C4 (SUSQ) to planar coordinates X,
Y (Fig. 1A) is in the subroutine 2800-2830. To plot
the "net” (statements 1820-2160) only the X1
coordinate has to be determined (1920) since the
array Z{) already countains the Y coordinates.
Statements 1940 and 2110 find the "edge” of the
"net” in which case the cursor "MOVEs™ rather than

P

"DRAWs." Statements 2200~2540 perform the plotting
in the "spike” formst. Statements 2300-2480 draw
the coordinates of individual points, and statements
2430~2520 draw a diagomal cross to emphasize the
pointe

Statements 2570-2710 print information about
the plot. Statement 2760 changes the value of Q8
(plot format flag). If the “current” value of (B is
1, then statement 2760 returns 2 and vice versa:
since (8=1, (Q8< >1}=0 and (Q8< >2}=1,
consequently Q8 becomes 2.

¥=0C4

Pla, b Cay=piX Y}

e

I

Fig. lA. Transformation of three-dimensional
coordinates A, B, C4 to planar coordinates X, Y.




PROGRAM S5USQ

108
118
168
178
184
198
208
213
228
238
240
258
2583
278
288
298
388
3ie
3z2g
338
348
365
366
373
188
3as
392
433
419
411
428
421
438
431
432
448
441
442
443
444
445
446
447
448
449
458
451
485
456
468
465
478
488
485
494
543
518
528
538
543
558
560
5748
588
598
565
598
618
628
638
648
6%
660
673
&80
698
782
718
728
738
748
758
768
778
788
7982

PRINT “skkxskerek S SR SURFACE® kxk&kfkkxkkx "

PRINT “FOR THE TWO COMPARTMENT MODEL™

INIT

SET DEGREES

REM PROJECTION ANGLE WV

V=45

PRINT “DEVIATION IN PARAMETER RANGE"

INPUT VI

PRINT "STEP (D@3°'T OVERCROWD IT ABQUT 1/5 OF DEVIATION 1S GOODI™
INpPUT va

S1=25/0138%Vi 7

PRINT “TIME RANGE g---->"

I¥pUT T2

TI=INTLT2+1)

PRINT "PRINTOUT YES(1)> 8O 2y "

INPUT Q9

IF @9=2 THEN 365

REM $45474F80FFFFFFG0FNFENECTHRGINFIIFDETEFUaIEeHiEROERRFRININY
PRINT €37.26:1

PRINT @48:"TCM SUSG SURFACE ™

PRINT 837:26:8

Q7=8

REM 07 15 4 FLAG FOR 5USG SUBROUTINE

PRINT “UPTAKE (33, EXCRETION (237

INPUT QI

H=giv]

VE=INT(2xV{/V2+ 1)

DIM KCHIMINI XU YICT33,Y3(T3),Y4(T3J

REM K() PARAMETERS,M(IMODIFIED PARAMETERS, X()PARAMETERS IN SUBRQUT.
REM YIC)=Y3()+Y4(),Y3¢() COMP. 1, Y4(3 COMP.2

DIM PLVUS, VS, Z(US, V5D

REM P{) SU58 ARRAY Z{J)SCALED SUSQ Y COORDINATES

DI ECQ1J.D(QL,01).D1(Q1,013-00013,FCQ1D

REM E(IEIGENVALUES.D(J)EIGENVECTORS,DICIFINAL COEFFICIENTS

REM CC(YINITIAL VALUES,F()GONSTANTS CALCULATED FROM INITIAL VALUES
PRILIT “IVITIAL AMOUNT: COMP.l.2 (WATER)™

INPUT C

PRINT “VALUES FOR RATE CONSTANTS 7

PRINT "K2"

INPUT K1)

PRINT “K4&4”

DIPUT K(2)

PRINT "K3"

INPUT K{33

IF Q@l=2 THEWN 455

PRINT “KI"

INPUT K42

x=K

M=K

LF §9=2 THEN 509

PRINT 837,26:1

PRINT 840:"PARAMETERS K2, K4, K3, (K1)"

PRINT 842:K

DRINT 8483 "INITIAL AMOUJTS COMP.1,COMP.2, (WATER™

PRINT @48:C

GOSUB 3029

§7=1

IF 09=2 THEW 58¢

PRINT @48:"FUNCTION YaLUESY

PRINT @48:Y!]

STOP

PRINT @48:"ERRORF IN PARAMETEP sysa

REM #EF2056445FHrIFFERRVGHFREFIIBRIGUBHFRENT ARSI RRGIRIFTERIGIS
REM SUSQ CALCULATION ROUTINE

PRINT “"SELECT TWO PARAMETERS FOR VARIATION™

PRINT "l=~>K2,2~->K4s 3~~>K3,4~~->Ki+ 4 H0T AVAILABLE FOP EXCRETIOQN"
INPUT 19,49 '

IF @9=2 THEN 640

PRINT 248:19,J69

PRINT €48:'==
PRINT "REMAINING PARAMETES
INPUT Q8

1F Q8=1 THEWY 738

FOR Ii=1 TQ ¥

IF 11=19 OR 11=J9 THEN 722
PRINT "INPUT VALUE FOR K(";Ii3'™"
IdPUT KOILDD

MOLEo=KUILD

NEXT 11

Ci=3

REM ROW COUNTER

FOR I2=-V1 TO VI STEP V2
Cil=Ci+]

C2=8

REM CCLUMN COUNTER

IF 09=2 THEXN 818

TzmmmaszER PR R

AT ENTEWED (1) 0¥ DIFFERENT (2)°7
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PROGRAM SUSG {(cont'd)

B@0 PRINT 248:12

8i9 FOR I3=-Vl TO VI STEP v2

820 C2=0C2+1

B33 MCI9)=K(I92+122K (19

B840 M(J9=K(J9I+I3%K(JG?

5% REM 5USG SUBROUTINE

868 S5=7

865 X=M

878 GOSUB 280@

875 FOR ll=@¢ TO T2

BBO S=S+LYI(Il+1)-Y3CIi+1)-Yalllivl)oe2

B85 NEXT 1}

988 P(C1.C2)=5

91¢ IF 99=2 THEN 932

92¢ PRINT @48:" Til3s5

938 NEXT 13

948 WNEXT 12

GOS0 REM HREESF054FL0RSHHHSFFSFGS48400RFIDIHERRHBHIIRNELRIEEFISINS
968 REM FIVDING MAXIMUM S5USG (PRELIMINARY SCALING)

$78 Pi=3
$82 FOR I=1 TO VS

J=l TO VS

1228 IF P(l,JJi<«Pl THEN 1840
P(l.dJd)

1858 NEXT 1

1868 IF 2%=2 THEV 1088

1878 PRINT @48:"MAXIMUM ":Pl," AT ";(8,C9
1882 Pl=3¢rsP}

189@ IF Q%=2 THEN 1118

1188 PRINT @48:"P! FACTOR ";P!

112 PRINT @37-26:0

120 REM $S45F044FFF4ICHFGENDIRSIRGEHUSESRE DS FHGOHF R IR b i dis
136 REM SCALING FOR DISPLAY

148 Ci=¢

15¢ rP8=0

168 P9=0

178 P7=8

188 P6=g

185 03=2

PRINT @37-26:1

FOR I=-V] TO VI STEP v2

Cli=Cti+1

C2=8

UT7=-180%1%51%SINC(Y)

FOR Jg=-Vi TG Vi STEP V2

Ce=C2+1]

REM V6=SCALED TGO S85V7=Y COORDINATE
Vé6=P(Cl.C2)%P}

E(Cl,C2i=Y6+V7

RO IO NN -
R-JON DW= QO
oMmeEsaenaam

P Bt ok s et ot B ) o Bt ot e G bt B gran ot St bk ot d Bore Dm ot fen Bt $ii0 Bt s oy et e G

2928 IF Q9=2 THEY 131¢

308 PRINT @48:C153C2,V6.VY7,2(C1,C23
318 IF Z(Cl1,C2)<49 THEN 1399

315 a3=i

320 P8=Z(L1,C2)>

338 P7=Ci

348 P6=C2

353 IF P8<PY THEN 1398

368 P9=P8

3786 P7=Cl

380 P6=C2

393 NEXT J

483 NEXT I

419 1F Q3=3 THEMN 148¢

420 PRINT 94Q8:“ADDITIONAL SCALING REQUIRED™

1433 PRINT €40:P7:P6.P8,P9

Laad vT=-1g88%(YL1+{(PT7-13%U2)%S1#51y()
1458 P1=38/(P9~VUT7)

1468 PRINT @48:"V7= *“;VU7,"NEW Pl= ";P}
1478 GO TO 1148

1488 PRINT 9€37,26:9

1498 PRINT "DISPLAY AS SPIKES (]3) QR AS WHET (23 ¥
1588 14PUT Q8

1518 GO TO 1532

1528 REM PLOTTING OF AXES

1538 PAGE

1548 MOVE 65,58

1550 SCALE 1.1

1563 MOVE 2,8

1578 DRAV 58.0

1588 MOVE 2.0

1598 DRAV 03,52
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PROGRAM SUSQ (cont'd}

1688 MOVE 2.0

1613 DRAW -5@%518(V),=58%C0S(W)
16280 MOVE 8.@

1638 FOR I=1 TO 18

1640 RDRAY -4.8

1658 RMOVE ~1-9

1668 NEXT I

1678 MOVE 0,8

1688 FOR I=1 TO 1@

{696 RDRAW 3%SI4(V),3xC0SV)
1788 RMOVE 2%SIN(V).,2%C0S(Y)
1718 NEXT 1

{1720 REM =szr=sc oS s oS e S S I S N T T S N S SN RS R TR T IR
1738 REM LABELS OV AXES

1740 MOVE -55%5I8({V),=55%¥C0S(V)
1758 PRINT A"

1768 MOVE 58,5

1773 PRINT "B"

1788 MOVE 5,49

1793 PRINT "sSysa®

1807 REM m=zcoroesroroosss eSS o rN S SS ST SrSS O NS eSS ssmsTosssssosmosoo
1816 IF Q8=1 THEN 2228

1828 REM PLOTTING OF NET
1832 REM FIRST DIRECTION
1848 Cl=2

1858 FOR I=-VY! TO VI STEP V2
186@ Ci=Ct+i

1878 C2=3

1880 A=]0@=xI%5]

18989 FOR J=-VYl TO Yi STEP V2
1988 C2=C2+]

191@ B=12g*J%S]

1928 ¥1=B-A%C05(V)

1938 Y=2(C1,C2)

1948 1F C2<>] THEN 1978

1958 MOVE Xl.Y

1968 GO TO 1988

1978 DRAW Xli.Y

1988 NEXT J

1992 NEXT 1

2@9@ REM SECOND DIRECTION
20128 C2=¢

282¢ FOR J=-V1 TO V! STEP V2
2238 Ce=C2+1

2848 Cl=8

2¢53 B=lg@xJxSl

2068 FOR ==Vl TO Vi STEP V2
2878 Ci=Ci+1

20883 A=120#%1%S]

2898 X1=B-A%C05(Y)

2188 Y=2(Ci,C2)

2118 IF Cl<>! THEN 21482

2120 MOVE Xi.Y

2130 GO TO 2158

2148 DRAYW Xl»Y

2158 NEXT 1

2168 NEXT J

2170 REM =roxoraa oo oS i T IS S S S S S S S S T Y S N S e S I s s e =
2183 GO TO 2562

2198 REM == o ooy rrr o rr ST r T S R N S S S IRP IR KT RS S SOOI SSS S S ST ST
2288 REM PLOTTING OF POINTS AS SPIKES
2212 Cl=9

2228 FOR I=-VlI TO VI STEP V2
2238 Cl=Ci+!

2248 C2=0

2252 A=108*%1*51

2268 FOR J=-V1 TO Y] STEP y2
2272 C2=02+1

2283 B=lO@=x=JxSt

2298 Y=Z(Cl,C2)

2382 Al=A

2312 Bl=EB

2320 C3=Y

2338 B=g

2348 C4=8

2350 GOSUB 2819

2368 MOVE Xl.Y

2388 B=Bl




PROGRAM SUSQ {cont'd)

2398 GOSUL 2818

2480 DRAW XisY

2418 A=9

2428 GOSUEBE 281¢

2430 DRAW Xls»Y

2448 A=Al

2453 GOsSUB 2818

2463 MOVE XlsY

2473 ¥=0C3

2488 DRAW Xli.Y

249¢ MOVE ¥1-2+3:Y~2.3

250838 DRAW X1+0-3,Y+3.3

2518 MOVE X1-8.3,Y+3.3

2528 DRAW Xi1+8.3,Y~-3.3

2538 NEXT J

2548 WEXT I

2557 REM croonarror SN R N S I N IR I E NSRRI REx
256@ REM PRINTING INFORMATION

2578 PRINT €37,26:0

2586 MOVE =-28,-35

2598 LIST 588

2608 MOVE 5:,-39

2618 PRINT "AsK(Y319:")= KIS, "B=K(";J%5"i= "j;H(J9)
2628 MOVE 18, -~42

263¢ PRINT “RANGE ";-VI:" TO ";VI3"™ STEP "“3ve2
2640 MOVE 18--45

2658 PRINT "TIME RANGE 8 TC ":T2

2668 MOVE -65,47

2672 PRIWNT "OTHER PARAMETERS"

2688 FOR =1 TO 4

2692 IF I=19 OR 1=J9 THEN 2713

2789 PRINT "HO"3I3"™)=""3K(ID)

2718 NEXT 1

2722 PRINT "AMOTHER PLOT FORMAT (1J,END (237
2738 INPUT Q7

274¢ IF Q7=2 THEMY 2783

2758 PAGE

2762 GE=(Q8<>])+{0B<>2)*2

2773 GO TO 1568

2788 E4D

2730 REM = m s oo oo o e o e o o e e e
28202 REM TRANSFORMATION TC /Y COORDINATES
2818 Xi=B-A*CO0S5(Y)

2828 Y=C4-A%SIN(V)

2833 RETURY

3338 REM moo e rr s s oSN R RS T IS SN S NS r o e Yo e e e oS o T s
3219 REM DIFF EGS.SOLVING ROUTINE

3178 A=-XO1)-XL2)-2(3)

3188 Al=SQRAT2-4%X(1XxX(2))

3198 EC1)=0.5%(A~A1)

3288 E(Z2)=8.5%(A+Al)

3213 IF ai=2 THEN 3238

3228 E(3)=¢

32328 DU1,1)=X(2)/(XUL)+XL{3I+ECL D))
3249 D(2.,1J3=1t

3258 IF Ql=2 THEN 327¢

3268 D(3,13=0

3278 DC1,23=X(2)/(XU1)+X(3)+E(2))
3288 D(2.2)=1




PROGRAM SUSQ (cont'd)

3299
33982
33i1a
3329
3336
3340
3358
33682
3378
3382
3398
3489
3418
3429
3438
3440
3458
3468
3500
3518
35203
3538
3540
3558
3567
3578
3588
3581
3629
3618

_26..

IF @1=2 THEN 3348

D(3:23)=08

DOLs 32=XL4) /%01

DO2s 30=X{J0xX A2/ (XL 3%RYL2))

D(3533=1

D3=DC1+[3~DC1,2)

IF Qi=2 THEN 3408 .
FOIX=LC(1)+C(33xD(1,2)%D(2,33-C(3)%D(1,3)~-C(23%D(.,
Fe2)=(C(2)*%D{1,13+C(3)*%D(1,3)-C(33%D(2.3)*D(1,1)-C(
F(3)=(C(3)*D(l,12-C(3)*%D(}+222/D3

GO TO 3420

FOLI)=(C(13-C(2)%D(1,22)/D3
F(20=0C(2)%DCL,13~CC123/D3

FOR I=1 TO Qi

FOR J=1 TO Qi

DiCI,d)=F(JI%D(1,dJ)

NEXT J

NEXT I

Y3=0

Y4a=¢

FOR Jl=8 TO T2

FOR dJd2=1 TO @i
Y3WI+13=Y3(Jl+1)+DI{1,J2I*EXP(E(J2I%J
Y4Cd I+ 0=V4(Ji+1)+D1(2,J2)%EXP(E(J2I*J])
NEXT dJ2

NEXT J1

IF @7=1 THEN 3618

REM TRUE VALUE/SUSQ BRANCH

Yi=Y3+Yyy

RETURN

]




PROGRAM SUSG (cont'd}

TCM

Pa

INITIAL

L

= 7-185427358E~15
5.839553593668
S. 82493465193

paFeY

0T

P"i“

ERTOW I8 PARAMETER

=325

i

MA
Pl
i
1
i
l
!
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5
5
5
5
5

XIMUM 586.92422
FACTOR @¢-.251113¢9

i

AL (R GWNO (2 G »= (B 2D (1 2 (O P

S d?:dé:KBJ(/‘)

2.5

Pe1,C0MP.2, (WATER)D

2. 85754152964
543387974428
5. 883688124267

25

318342314
8935886534
€3750089344
215676673
3183581931
i

4188274817
2398827981
38281824146

@. 505474928638
183324811768
1.543261976%
3. 177056478389
B+ 6982102256371
1« 42442163198
2. 10746869774
2. 5695580811751

W e em Mo O EON0 " e
wub@«)wkqmmm@-—&m o

187271E-29

Gl

JeB4416464249
S«6B288232437
5. 92297382883

20.21461 19243
3¢.1925952861

3. 46395791923
13.6598833652

41.238658393
52. 7351445569

AT |

776695297
776695297
776695287
776695297
776695297
8”&81&7‘déu
8. B3B83476483
8. B3BBILTHLE]
8. BIBBILTELET
8. 83883476483

SRS

&

~B. 83883476483
~Be BIBBILTHLE]T
~B. B3BBILTE483
~8.83BB3476483
~B. 83883476483
~17.6776695297
“17.67766952%7
-17.6776695297
~17.6776695297
~1 76716695297

(a2

4. 63639335763
5. 73585441116

i

476776695297
3 33‘9’ii199
< 783218448
2&«89&86&9686
22. 585583897
166976378381
121286724132
19.1620181868
9. 31777365137
8- 987223977418
1« 83815576573
G.2931235@193!¢
S5« 161187271E-29
Ze 14418B274817
J. 432398827981
~8. 586883294873
~8. T4220812873
~8.33335985619
~7« 82558664775
~T.29557278794
-17.5386138514
~16. 9784593433
~16.2532478977
5« 5782088319
~14.9821594122




