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Abstract

A multiparameter kidney compartment model which quanti-

tates the amount of iodohippurate concentration as a function

of time in the blood, tissue, kidneys and bladder is developed

from a system of differential equations which represent first
order kinetics. The kinetic data are obtained using a gamma
camera and an HP5407 computer'system which allows one to de-
lineate areas of interest for the blood and tissue, kidneys,
and bladder thus separating the data into four data sets. The
estimated tubular transit times have a high ratio of the sig-
nal to the variance whereas the estimates of the amount of ‘
iodohippurate in the blood, tissue and kidneys have a low ratio
of the signal to the variance. Application of this model to
patient data requires better statistics than available with

13lI'-,-hippura_te doses; thus a true test of the

conventional
' 123

efficacy awaits availability of I-hippurate.
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1.0 INTRODUCTION

The kidney compartment model is a multiparameter model which

131

guantitates the amount of I—hippurate or 123I—hippurate con-.

- centration as a function of time in’the.blOOd,tissue, kidneys - and -

bladder. The kidney compartment model described in this report

.is similar to the model of DeGrazia and co-workers [1] which we

have adapted for evaluation of data collected from patients, dogs,’
mice, and rats ﬁsing the scintillation caméra.

The mathematicél model for the kidney assumes that the amount
of iodohippurate q(t), in.a compartment satisfiés first order
kinetics,

F - e,

where the rate of flow from a compartment at any time 't is propor-
tional to the-amount of tracer in that compartment.' This equation

can be represented by the following flow diagram

o

qt)

whére,a is a constant rate coefficient with the unit of (time)-l.

The flow diagram.for the complete kidney model contains seven com-
partments and eight rate coefficients. Thé computer evaluation

of the constant rate coefficieﬁts for the kidney model gives thé
rate of'exchange of isotope invthe blood, tissue, and tubular
cells of each kidney. The kidney computer program not only eval-
uates raﬁe coefficients but also determines the tfanspbrt-time

down the tubules and collecting ducts to the bladder, plus the

initial quantity of iodohippurate in blood, tissue and tubular cells

of each kidney.



Data are collected from subjects who have been injected with
either l3lI-hippurauaOr';23I—hippurau3and positioned under.an Anger
camera. These data are recorded for 15 second intervals on the HP
5407 computer system.[2] in a 64 x 64 digital arrays. Areas of
interest are outlined and labeled for each kidney, for the bladder
and for the extravascular and blood pools. Curves (data eets) re—
presenting the detected activity as a function of time (time func-
tion) are generated for each of these four regions-of-interest by

integrating the activity from the flagged raster elements for

each 15 second frame. Thus for a 25 minute study each time function-

has 100 data points. These four data sets are then transferred to
a CDC-7600 computer where.the kidney computer program evaluates
the constant rate coefficients.

The evaluation of the rate coefficients is a nonlinear esti-
mation problem. The coefficients are determined using a computer
algorithm developed by Marquardt [3] which minimizes a least-
squares function. The algorithm requires the evaluation of the
partial derivatives |

3gq. (t) o

TYJ__B. -, 3 =1,7, i=1mn (1)

i

| where qj(t) is the activity vs. time for the jth compartment, Bi
is the ith parameter, and n is the total number of model parameters.
The number of parameters n will vary according to how the areas of
interest are chosen as will be illustrated in the text. This
report gives an explicit expression for each partial derivative.

The text is divided into a description of the system of differ-

ential equations for the kidney compartment model, the solution to



‘the system of differential equations, the relationship between the
measured time,functions and compartment time func;ions, a deécrip—
tioh,of the Marquardt algorithm, an explicit expression forveach

N partial derivative, equation (1), an analysis of the covariance
matrix for the estimated.parameters and the results 6btained from
data taken from dogs, rats, and mice. Appendix A gives a listing.
of the computer prOgram'and Appehdix B gi§es an exémple of the com-
puter output. This report is a working document; therefore, many
of the equations are deyelOped in detail and equationé_are,written
out explicitly showing the relationships of all the parameters so

that future modification in animal and patient trials can be

easily implemented.
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2.0 SYSTEM OF DIFFERENTIAL EQUATIONS FOR THE KIDNEY COMPARTMENT MODEL

The theoretiéal model which represents‘the_kinetics of the renal

plasma system is given in Figure 1. Once 131I—hippurate or_123if

“hippurate is injected into the blood, the orthoiodohippurate (Figure 2)
is distributed among the red blood cells, free iodohippurate in
piasma,vplasma proteins, and interstitial and extracellular spaces [1].

The rate coefficients a, and dz describe the rate of exchange between

the free state in blood and the extravascular spaces which include
red cells and iodohippurate‘bound to plasma proteins. = A small por-
tion of the iodohippurate is removed from the blood poql by glomerular

filtration indicated by the rate coefficients o, and a for the

4 7

right and left kidney respectively. The major pértion of iodo-
hippurate diffuses into-the'proxiﬁal tubular.cells with rate coeffi-

cients g and ag and then into the kidney estuary'compdsed of dis-

tal tubules and collecting ducts with rate coefficients o, and a .

5 8
Once in the kidney estuary the iodohippurate is not reabsorbed as is
water but paSSes down the collecting system to the bladder requiring
' ‘ 2 for the left

' kidney, which is a function of the reabsorption. of water and urine

an average flow time 1, for the right kidney and 1
. 1 . _

flow rate.

The matheﬁatiéal médel‘which describes the kinetics of the kid-
ney model in Figure 1 is‘a system of linear differential equations.
If we assume that all‘chemical reactions exhibit first:brder kinetiés,
and the amount of iodohippurate in fhe bldod pbdl, extravaécular pool,
right kidney tubular cells, and left kidney tubular cells equal ui;
uz; ﬁ3, and_u4 respectiVély, then the functions qi(t) Can be expreséed

explicitly in terms of the variables Oy Uiy Ty by solving the

~

following system of differential equations.
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dql(t) ' : _
T —(ql +oag 4+ u4 +oog + a7)ql(t)'+ q2q2(#)_'

dg, (t) ‘ -
r = —Oczqz(t) +. alql(t)

dg4 (t) - '
3t = ~05a3(t) + ogqy (t)
a5q3(t) +‘a4q1(t) | T : %f 0 < t < Ty
dq4(t) { : : _
dt as[q3(t) - q3(t—rl)] + a4[q1(t) -.ql(t-qu if t > Ty
"0 _ _ ' if 0 <t <m
vq5q3(t—Tl) + a4qi(t—Tl)“ o | if.m <t <M
and m = T
dgg (t) )
dt ' .
u8q6(t-T2) + u7ql(t—12) ”1f m< t <M
and . m = Toy
\a5q3(t-1l) +‘a4ql(thl) + q8q6(t—T2) + a7ql(t-T2)
if ¢t > M
where m =.min(Tl,T2)_ “and M = max(rl{ T2);
dgg(t) _ , -
JE T %% (t) + aggy (t)
[ 0gdq (t) + a.qy (t) - - if 0 <t o<
dq, (t) ] o
dt

dB[qs(t) - é6(t—12)] + aj[gl(t) - ql(ﬁ—rzﬂ if t >,

where q, (0) = Uy, 9,(0) = Uy, q3(0) = uz, and q (0) = u,.

H



- N
/7 .
/ (1300H \\
[ Glycine
| H—C—H I
\ | | //
\\\T_:__'/':I/
o=(%
/C\
H-—lc| | (|:-—131|
H-——c\ /C—H
C/

rigure 2. Orthoiodohippurate (N-benzoylglycine)

XBL759-4593.
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This system of differential equations has a solution which is
unique-[Theorem 1; 4]. The kidney estuary; composed of renal tu-
bules, collecting ducts, renal pelvis, and ureters, represents a
transitory state where the time lags'Tl and T, are experienced be-
fore the iodohippurate reaches the bladder. Atkins t5] points out
that a time lag can be thought of as either transport through a
large number of small compartments or transport through some.
inert path where no membrane or chemical kinetics is being per-
formed. |

Other kidney models can be derived by simble variations of
the general model ‘in Figure 1. For example, we cen eliminate
the pathways representing the glomerular filtration, or can in-:
vestigate a model in which one of the kidneys has been removed.

These models will be discussed in the section under Results.



~-11-~

3.0  SOLUTION TO THE SYSTEM OF DIFFERENTIAL EQUATIONS'
We will use the method of Laplace transforms for determining
the solution to the system of differential-equations [6]. First we . -

will solve the system of the first two differential equations;

g = ~(ay + oy + a, + ag +.a7)ql(t)<+ a2q2(tj | (2)
dq, (t) o
T = _u2q2(t) + oa;qq(t) . o ' (3)

Taking the Laplace transform of equationé (2) and (3), we have

S0, (8) - qp(0) = =(ay + oy + a, + ag + 0)0;(S) + w0, (5)

S0,(8) = q,(0) = -0,0,(s) + a;0,(s),

where Qi(S)' {m qi(t) e—Stdt is the Laplace transform of‘qi(t).

Simplifying by substituting the initial conditions at t = 0,

q,(0) = u; and q,(0) = u,, gives

2

(5 + P) Qp(S) = 0,0,(8) = uy

() = u

+ o + S The solution to this‘system of

where P = oq + oy + oy 6
equations is '
Y1 m%)
u,  S+a u, (S+a,)+ a.,u _ '
0,(8) = 2 2L - 2 22 | (a4
S+P o, | (S+P) (S+a,)-a, 0, ' '
-al- S+a2r
S+P ul |
-a u. 1 u, (S+P) +q,u |
Q,(s) = 12 _ % 171 (5)
a - -
(o+P)(S+a2)v Qq 0y (S+P)(S+a2) a0,
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Now the roots of the quadratic equation

. w2
{(S+P) (S+oc2) aq0, = ST + (P+0L2)S + P0L2-0L10L2

are
Pl - -(P+a2)+[(P+u2)2 - 4@2(P—al)]% _ :
3 (6)
and
2 Y
b = -(P{az)_[(P+a2) - 4&2(P—al)]
2 5 (7)

Substituting the roots P, and P, into equations (4) and (5), we

1

have

ul(S+a2) toonu,

Q,(s) = (8)
“1 (s Pl)(S—Pz)
_ u2(S+P) + 04y
Q,(S) - - , | 5
2 (S Pl)(S P2) | (9)
which can be written as the sum of two fractions
A B
= 10
Ql(s) (s—Pl§ * Ys—Pz) (10)
_ A’ B'
98 = 1wy o,y (11)
such that
A + B = ul
-P2A - PlB = ulaz + a2u2
and
Al + B' = u,
-P_A' - P.B'" = u,.,P + a.,u

NS
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Therefore
Ao LM1%t%Y 7Py A 50 M o M
» 1 1 pz-pl
. , -P, -P,
1 Uy
B'; —P2_, ‘.ula2+a2u2; _ gla2+a2u2+ulp2
P2-Pl 1 P2-Pl
u, 1'
O it A SRS TPy mupPrauy
PPy | PRy
1l u2
o o --P2 o uszglul_ _ u2P+alul+u2P2f
PPy P By

Now rewriting equations (10) and (11) as

= . _______l____ ' ‘._ 1l

[ . . ',

.and takihg'the inverse Laplace transform we have

It
=
o]

ql(t)

qz(t) =A' 1l + B' e2° .

(12)

- (13)

(14)

(15)
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Next we can take the Laplace transform of the differential
equations satisfied by the tubular cell time functions q3(t)_and
de (), giving |

o u

_ 3 . 3
Q3(8) = gzq © Q1(S) * gygr
o] o)
o oo
_ 6 . 4
Qe (5) = ST, Q;(8) + 5%y

where we assume q3(0) = u, and q6(0),= u4. Substituting the ex-
pression for the Laplace transform Ql(S) given by equation.(lZ),

we have

1 1 1 1 U3
Q,(8) = a, { A - 3 s =+ B o g oS + =
3 3 { _ v§+u5 [ Pl.' S+ot5 »S P2 } . S+a

S+a S-Pp

| : .
0.(S) = a A2t 4. 1.2 , o
6 6 | S 8 2

As we did in equations (8) and. (9), we can separate the products

of fractions involving the variable S and rewrite Q3(S) and Q6(S)eas

1 1 1 | 1 1 1 1
Q (S) = o A - — - + B - ~ — 16
3 3 { oc5+Pl [ S .Pl S+0L5] a5+p2> [s p2 ,S+OL5 ] } ( .)

U3

S+qa

+

and

+____
S+oa8 .

Taking the inverse Laplace transform of equation (16) and equation

(17) we have



d,(t) = ay { A= iP [ Pyt e—ubt] ‘+ B - — ip [:ePzt C—ust] }
sl 5772
+vu3e-a5t '
qg(t) = o {A . QSiPl [ Prt .e‘o‘st] e . 0‘83:})2 [ePzt ~ogt ]}
+ u4e—a8t
The kidney estuaries are transitoryvcompartments with

delay times T and T, for the right kidney and left kidney respec-
tively. Therefore the estuary compartments are each represented
by two differential equations; for t < T, or t < 1, and tooery

or t > 1,. First for t < T, we have the Laplace transform of Ay»

assuming q4(0) = O,'
Q,(S) = 0.+ =+ 0.(5) + a, - & . Q(S)
4 5 ' 8 3! 4 "3 1
= 040 A' l [l.—_}_—_};-l
375 oc5+Pl J§ S—Pl S S+o¢5
1 . 1 1 1 1
+ B - = . -z -
ur+P2 [ S S—P2 S S+0L5 ] }




-16-

Taking the inverse Laplace transform, we have

B 1 1 1 Pt 1 ~a,t
q4(t) = aj0g { A . ag:ﬁz [ EI (e"1” - 1) - a; (1L - e 75 )]

f(t) : for t < T

For t > 1, we then have

1

qu(t) = £(t) - £(t - T) -
As we did above for q,(t) we can solve forzq7(t) giving the

exg;ession

1 1 Pt -1 C magty
o -0 A ¢ | e (e l — l) - e (l - e 8 )
68 { OL8+P1 [ Pl (18 ]

I

q,(t)

+ B - —1 . %—(epzt-l)-l_ (1 - e %5 Y+ u (1 - &Y
_ 5 5 ag 4 ‘

for t < 1.

Il
Q
t

For t > Ty
q,(t) = g(t) - g(t - 1,).
The quantity .of hippurate in the bladder, q5(t), can be expressed

without solving the differential equations by noting that the estuary

&
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compartments for both kidneys model nothing more than a delay of
flow to the bladder. Using the notation f(t) and g(t) to repre-

sent q4(t) for t < Ty and q7(t) for t < iz respectiVély, we have

: q5(t) =0 : - : ‘ ' Cif £ < m
ag(t) = glt = 1) | ifm<t<M
n=
dg(t) = £(t - 1)) difm <t <M
| | mo= Ty
q5(t) = gt - T2) + £f(t - 1 if t >M

l)

where m- = min(Tl, 12) and M = max(rl, Tz).
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4.0 THE SAMPLED DATA
Using areas of interest outlined for the right kidney, left
kidney) bladder, and blood and tissue, as shown in Figure 3, the

HP 5407A computer system generates the four time functions Wl

kl
2 3. .4 o : : _ . ) .
Wk,-wk, Wk_fOl each time point tk‘ These time functions are re-
presented by the sample of N vectors Wk =Y(W%, Wi, Wi, Wﬁ), k = i,N,
where
1 . _
'Wk.% Right Kidney
2 e
W, v Left Kidney
3
Wk v Bladder
Wﬁ " Blood and Tissue.

The data for these four time functions are plotted for a particu-
lar study in Figure 4.

For these data we want to minimize the least-squares function

[WQ - W}Q’:(Oir u, T, Y)]z

' N 4
k=1 =1 o (wk) .

where the sequence of vectors Vi = (wi, wi, wﬁ, wﬁ), k = 1,N, are

related to the theoretical quantity of iodohippurate for each com-

partment, qi(tk), as follows

e
q,(t,)
1 2%
“k a4 (ty)
2 _ .

Wy = Y 24ty . (19)
wi q5(tk)
4 Ug ()

k

q7(tk)

'The time functions Wg»represent the observed data whereas wg.are pre-

dicted time functions as generated for various parameters o, u, T, and vy.
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‘ B e e e ;
; » ‘
: Right kidney
+
i i ’ ‘
! 2 3T ) P
it s:e 38 3 H N *
‘ i Bladder

wsvssvoel

Blood and Tissue

assa

XBB 758 6278

Figure 3. Areas of interest representing the time functions
for the right kidney, left kidney, bladder and blood and tissue
pools. ’ _ _ _ : .
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From equation (19), we see that the row elements of the
matrix vy proporpionately relate the time function to the quantity of

iodohippufate in each compartment. Depending on how the areas of

interest are delineated, the theoretical time functions wl, w2, w3,

4 ' _ :
W~ may be related to the functions qi(t) as follows:

it

. . 1 v ' .
Right Kidney: wp Y 45 (t ) + y2q4(tk) + Y3ql(tk) oy ,q, ()

+ ysqs(tk)
. 2 _ . , .-
Left Kidney: w._ = quG(tk) tov,aL () +oyeqy () 4+ Y7q2(tk)‘
+ y8q5(tk)
Bladder: W2 = yode (EL) * Yqndq(E) + Yiiq.(t)
: k 9+-5""k 1071k 11%2' 7k
Blood and )
. . 4 ’ .
lssue: Wk = leql(tk) + Y13q2(tk) + Yl4q5(tk)

*ovpslag i) a0 + vy lag(ty) + az () .

Thus the above system of equations can be written as

_ql(tk)
q2(tk)
fWk‘ Y3 Yg Y3 Yp Yg O 0 q5 ()
5 |
s Yo Y7 0 0 ¥g.¥p ¥y a, () | .
W3 Yio a1z 0 0 Y9 O 0 4. (£, )
Kk , 55k
4 Y12 Y13 Y15 Y15 Y14 Y16 Y16
wp . . : qe ()
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Time functions

Bladder

Y Left kidney

3 Right f kidney

Blood and tissue

XBB 758 6279

Figure 4. The generated time functlons for the areas of
interest given in Figure 3.
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The expressions for g, (t) were developed in the previous section

and are summarized here as follows

q (1) = A e1" + B el2t
qz(t) = a' ef1t + eP2t
| | A Pt P.t B Pt  —a.t -
g,(t) = a { el =~e 2 ] + e 27 -e 75 } -0t
3 3 u5+Pl a5+P2 , + uy e 5
P.t
CE(t) = a,a { A 1 (enl=1) =1 g gust
375 0L5+Pl Pl a5 -
, B 1o @25 |1 -5 [+ uga-e™sh
a,.+P2 P2 O
q,(t) = ﬁ . o { A (eP1t-1) + B . (epzt—l)}
4 P, P
1 2
for t < Tl
\f(t) - £f{t - Tl) for t > Tl
L . if t < m
g(t —-T2) : ifm< t < M;m-s= T,
q5(t) = <
£(t - Tl) | if m <.t <M;m= Ty
L?(t - T, + £(t - 1) if t > M
where m = min(rl,f2) and M = max(rl,Tz),
@ (t) = a { a_[ef1t - e, B eP2t - o7t }
6 6 cx8+P1 | u8+P2 .
+ u —agt
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b 1@t TY 1 a-e™h ], (1 - e gt
a,+P., | P a 4 '

8 "2 2 8
q7(t) = .\ a f1t -1 B (eF2t)
“7 9 Po t 5o
1 2
, _for.tk< r2
\g(t) - g(t - T2) for t > T,
where -
ulPl + ulaz + u2u2
A= - F.-p
2 1
uloc‘2 + a2u2 + ulP2
B = b.-p
2 71
. u2Pl+ u2P + ulul
Al = - P .-P.
2 71
5 = u2P +-oclul + uZP2
P2-P
P = al + u3 + a4 + a6 + u7
P =‘ - (P+a.,)+ (P+d';2 - 4q. (P-a,) g :
1 2 2 2 1 (6)
2
P, = ~(P+ta,)- (P+a )2 - 4o, (P-a,) ’; -
2 ' 2 2 2 1 (7)

2
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The sampled data point Wﬁnis assumed to be the variance 02(Wi) for
the measurement. Therefore the minimum of
| . N 4 B
'.R(a,u,r,y) = :E: -[wi - wi(u'u'T'Y)]z
WQ .

k=1 =1 k-

is a weighted least-square éolutidn for the kidney model.

The time functidn for each area of interest répresents data
measured for a particular organ plus data from the projecfion of over-
lapping blood and extravascular pools, as well as scatter photons
from other compartﬁents. The elementé\bf the matrix y will vary
according to how the areas of interest are outlined. Therefore
the example given above is'qnly one possible functional-rélation—
ship between the time functions wﬁ and the theoretical quantities
q; for each compartment. Thevpafameters of vy which_best fit the

model are evaluated along with a, u, and T by the kidney computer

program.
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5.0 < ALGORITHM EOR,NONLINEAR ESTIMATES

5.1 The Optimum Least-Squares Solution

If we write equation (18) in matrix notation, then we say
that a least-squares solution for the kidney model is the vector

8 which minimizes the least-squares function

R(g) = [W-w(g)IT v~ [w-w(p)] (20)

where ¥ is the km x km weighting matrix, the observation matrix,

+

<
-y

ﬁg.;

=
o=

;;%...Fﬁ:....kfgp.

is a kmx 1 matrix and the matrix w(B) of theoretical values generated
for B is a km x 1 matrix. For the kidney model, the vector B in equa-
tion (20) has COmponenﬁs made - of a'referfed to in equation

(18) along with the variables u,1,y as indicated by the expression g =
(ar T, h, Y). This is a nonlinear estimation problem since the
functions w%(g) are nonlinear in the vector variable 8. Most methods
which minimizé equation (20) use either a Taylor series expénsion'
where successive approximations are made based on local linearity
{(Gauss~Newton method) , or a gradient search also known as steepest
descent method. The Gauss~Newton method tends to divérge frequently
‘and the steepest-descent methods are very slow to converge.

Marquardt [ 3] found that the angle ¢ between the Taylof series

gorréction vector 6t and the gradiént vector dg usually fell in the

i,
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fahge 80° « ¢ < 900. In order that any method converge, the correc-
tion vector must be-within 90° .of the gradient of R. Even though
-the Téylor series correction is within 90° of the gradient, Mar-
quardt found that a more appropriéte direction wouid be one which
interpolates between the gradient dg and ét. In algorithms which
use éither'a Taylor series‘expansion'or a steepest descent approach,‘
both a direction and a stepsize must be determined.. However, Mar-
quardﬁ's algorithm determines the direction and step size simultane-
ously. .Beere describing the Maquardt algofithm, we will first
give'expressions for the Taylor series corréction vector ét and the
gradient vector ég'

5.2 Taylor Series Correction Vector &t

Deuksch [7] outlines the Gauss-Newton algorithm and éives an .
expression for the Taylor series gorrection vector ét. It is sugub
Qested that the reader also study Deutsch [7] for a review of matrix
calculus which will be.helpful in understanding the development of
sbme of the following equations. - The structure of each matrix wiil
be. shown explicitly in order to give the reader a bettei understand-
ing of how the elements are calculated.

In ordefr to minimize equation (20), one wants to solve the

folldwing equation for R

v B(W(@)"),T vyl [w-w(®)] =0 , (21)
where
: 1 m 1 m
awl awl awk awk
N g eeee R peeeow. 7 o 60eat o
9By T8y 9By °B1
- o : (22)
1T (p) = VB(W(p,))T )
1 m 1 m
awl awl Bwk _ awk
N~ re e e PRATT 1e s e et RET Fe e o e e ——_—,—-
SBn BBn BBn 'an

Now if w(g) is a nonlinear function in g, we can expand w(B) in



a Taylor series and obtain

km x.l km x 1 km x n n>x 1

w(g) =w(g) + T(B ) (B=B) - (23)

provided f% is close to B. Therefore substituting (23) into (21)

and assuming that

Vo w@NT v w BT, - - (24)
we get |
(B ¥ [wwB)-TB) (B-B)] =0, (25)
This is solved for § by first expanding (25), giving
T (By) ¥ T w-w (B ) - 2T (B vTre(R) B TR v B “ o
and then simplifying,
T (B) W‘lT‘(éo> (B-8) = T (B ¥ T hw-w(B)) . | (26)

If we substitute B = T (8 ) w"lT(éo) and E = 77 () w“l(w-w(ﬁo))

into equation (26), we have

B (g'%o) = E.

We can then express g as

'é: BO_+ <St ' ' (27

’

1

‘where Gt = B "E is the Taylor series correction vector.

If we assume that the observations are independent, i.e.

O1
1 2
9

. . ' / 28
¥ = . . : km x km ( )

[ew]
~
P
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where oJ is the variance of each observation, then we can
. i
B

il

evaluate TT(@O) W_lT(ﬁo) as follows

n x km km x km ' km x n-
1 m 1 m .1 1
awl Bwl awk Bwk awl Awl
7 o« 0o s o ] = o o 0o o ’....5 b 5 8 8 e & & >
B = : ol
: 1 m ) m
Bwl Bwl Bwk awk
?‘B 'no‘-g A I . e s a0 Ny
““n Bn by o6
n xn
k m awl BW% k m awl 1 dwr
z 5§l . l? * B, ot )DEPY B, T i E?l
j=1 1i=1 1 oj 1 j=1 1=1 1 Oj nl
B - . | : @29
kK om wi 't kK om o oowk ywt
2 Z ——l - - -—dl ..... .2 Z ——-l « T . ——l
. &~ B T * 3B : e Ls TR 1 3B
j=1 1i=1 n o 1 j=1 i=1 n o3 n

-1, ~
Next we can evaluate E where E = T () ¥ “(W-w(g )),

n x km v km x km km x 1
1 i} 1 m i1
Bwl Bwl awk Bwk | Wl-vl(so)
561 TtroBy B4 B4 . e
: Wh-wh (8 )
. 1 ;l o
L E . ﬁ g1 : )
. . 1 1
. - Wk—wk(B )
1 n m . I .
W Y W, IW,, .
1 o1 k k .
ol .38 R AT vfn—wn1«%»)
d n - 9 n Xk ko

giving



n x 1

k m awi. 1 i i

I A A

j=1 i=1 ]

- : i (30)

X mooawl ii

Z 2 - 7o (Wi- Wi (B))

2 2 A j

j=1 i=1 J

Therefore the elements of the matrices B and E are -

k m dwr 1 aw%
b L= . — .
Pip 2 W, 1 m (3L
j=1 i=1 j P
k. m dw 1 i : .
D RN DR i B R (32)
=L i=l 3 |
For the kidney model, o§ = W;, m =4, k = N, and the leastésquares'

function (20) can be written as

N 4 i o2 o '
. , (WE=w> (B)) |
R(B) = ) > ) - . - (33)
j=1 =1 " | | | .

TheAGausS—Newtop algorithm ié an iteration procedufe which_eval—
‘uates thé'invefse of the matrix B at each iteration and gives a new
épproximation for the minimum'solution‘g using equatidh (27) . Once
Gt has been evaluated a step size must be determined in order that B“
. does not step out of the 'region of the local minimum. Hartley (8]
describes an implementation of the GaﬁésteWton algorithm and a
me thod for evaluating this step sizé.'.HQWQver, the'Gauss—NeWtdn
algorithm tends to diverge if Bo is not neaf‘the minimum g .

L}
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5.3 The Gradient Vector Gg

The gradient of the least-squares function, R(Bf? is

VR(B) = 6 = 2 T (F ) ¥ HW-w(§ ) o (34)

where the matrix T is defined in equation (22). Substituting E
into the above equation, gives a relationship for the gradient,

§ = 2E. 3 | o (35)
g ' ) (

£ = B—lE, equation (35)‘

For the Taylor series correction vector, §
gives a relationship between the Taylor series correction vector

and the gradient vector
5 . ) o (36)

Marquardt [9] describes a modified steepest-descent algorithm using
the gradient Gg which-determines the minimum of R(g). ~However,
these steepest-~descent methods are very slow to converge when Bo

. v, . A
is near the minimum B.

5.4 The Marquardt Algorithm

The Mafquardt algorithm interpoiates between the Taylor series
correction.vector 6t énd ﬁhe'gradientvcorrection vector dg' The
‘algorithm is based on the following three theorems.

Theorem 1. Let A > 0 be arbitrary and 1et 60 satisfy'the
equation | |

(B + >\I)60“= E.
Then 60 minimizes

R(§) = [W—w(Bo) - (Bo)a]ﬂ?wfl [W-W(BO) - T(Bo)a]

on the sphere whose radius ||¢&|] satisfies

2
||

2 _
18112 = 118,
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Theorem 2. Let §(A) be the solution to the equation

(B + AI)§ = E

for a given value of A. Then ||6(>\)||2 is a continuous decreasing
function of A, such that as A - w, (1500 ]2 > 0.

Theorem 3. Let ¢ be the angle between S(A) and 6g. Then ¢
is a continuous monotone decreasing function of X such that as
A >, ¢ - 0. Since Gg is independent of X\, it follOWS that 60
rotates toward 6g as A -+ o,
" The proofs of these theorems are given by Marquardt [3] .

From Theorem 3 it is clear that there exists a large enough
A such that the.least—squares function for the n+l iteration sat- .
isfies Rn+‘l < R". However in regions‘where the Taylor series
method converges nicely, especially near the minimum, we
want small values of ), whereas in regions where the Taylor series
approximation is not adequate, A must be ianeased until
Rn+l < R. Therefore the algorithm ‘selects A to ensure that
the optimum choice for A is taken.

The Marquardt algoritﬁm can be outlined as follows:

1. Selecg an initial solution Bo and an ihitial value for
A (say A=.01l) and let v = 10 and set BBy~

2. Let B'=g and evaluate the least-squares function, R=R(g)
using equation (33).

3. Evaluate the matrices B and E from equations (31) and (32).

4. Evaluate the matrices B* and E* where

15 = b1y /¥byy By
* =
ex. e; /\/ bii'

o
*
i
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* *
5. Solve for 8§, and §. where

1 2
57 = %07t p*
65 = (B* 1) E*
and Al = A and AZ = A/V.
6. Evaluate 61 and 62 where

!

$

*

13 = 813 /NPy
*

821 = 21 /\Pis

7. Scale 61 and 62 so that
|8, < X, for all i
li' -~ i
631 < %4

where X is a vector of maximum allowed step sizes.

8. Evaluate Bl and B, where
By = 8o * 8y

By = By T 9y

9. Evaluate R, = R(Bl(kl)) and R

1 2
(33) .

10. If R, < R then let

1
>\=>\lIB=BlIG=6l
and go to 1ll., else

1 > R and R2

if R < R then let

and go to 1l1l., else go to 12.

= R(Bz(kz)) using equation
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11. Test for convergence: 1if

.,|6i|.

—X < ¢, for all i
T+1u&1

then stop; else return to 2. Marquardt suggested that pbssible
values for tv and € might be 1 = l()_3 and £ = 1On5,
12. Let X = va.

* .
.13. Evaluate ¢ where

= @ +oant e

14, Evaluate § where
' *
6; = 6; /NPy

15. Scale § so that [8;| < X, for all i, where X is the vector
of maximum.allowed step sizes.

l6. Evaluate g where g = By * §.

17.'Evaluate Ry ="R(B(X)).

18, If R3 < R then go to 1ll., else go to 12.

For an initial solution Bo.the Marquardt algorithm converges
fairly rapidly to a local minimum. The initial choice of A = .01
and v = 10 Wés suggested by Marqhardt’f4] . If necessary A 1is
decreased by the factor 1/v in step.S or‘increased.by the factor v
in steps 12-18 in order that an optimum choice of X is made which
satisfies Rn+l < R". It has been found that Avusually does not
get very large .especially in the viciﬁity of the minimum,

The properties of the solution Gt are scaled . invariant

\
under linear transformation whereas the properties of the gradient

methods are not, thus it becomes necessary to choose an appropriate

method for scaling the B-space which leads to the transformation
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of the matrices B and E given in step 4. The new step sizes § are
evaluated using the equations in step 6. Marquardt points out
that this choice of scaling is also.used to.improve the numerical
aspects of the computating procédurés. Step 7 of the algorithm

is an added testvto-insuré that‘thevstep size does not go beyond

some desired bounds.
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6.0 THE DPARTIAL DERIVATIVES
The Marquardt and the Gauss Newton algorithms require the

evaluation of the partial derivatives

in the matrix given by equation (31).. The time functions wj(t)
are a function of the system equationS'qi(t) which describe the
kidney compartmént model. These system equations can be expressed
as a function of the following variables

qt) = (q{t), a,(t), a3(t), qut), ag(t), qg(t), q5(t))

where

q, (t) = £(t, Qyy Gyy Ogy Gy ds, Agsr Oy Gg, A, A', B, B',

Pl’ P2, Tir Ty ul, U,, Uy, u4)

A = gy(ay, Pyy Py, Uy, uy)
B = gz(az, Pl, Pz; uy . u2)
A' = gi(al, Pi, P2,‘ul, u2)
B! =}g§(“1' Prr Pov , ups ¥yl
P, = h (ul, a2,'q3, Apr G a7)

1 "1

Py = hylay, ay, oz, oy, ogs aq)

P = h3(a o

17 Ogr Ogr Gys Ggy On)

For the system equation corresponding to the blood pool,

q (t) = A eP1t + B ePZ#

mm f(t’ dl' (XZ, (X,3, (14, (XGI u7’ ull u2)
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The partial derivatives of ql(t) with respect to_ai (i =1,2,3,4,6,7)

are
g, (t) opP P
= = 92 ePlt.- A 1 t eP1t + 9B e P2t + B 2 t e
o0 . da, 30 . 20 20
1 1 1 - 1 1
do = 3 =0
5 8
0q (&) - Pytay o Potoy o p oy
5a = - pcp. €l typp e 2
1 2751 271 '
9q, (t) ) P_t % Pt
o = -5 ¢l tepo €2
2 2751 2771
Bql(t)_ aql(t)_
ou T 2u 0
'3 4
dq, (£)  3qy(£)
9T R =0
1 2

The function q2(t) corresponding to the extravascular pool,

like ql(t) is a function of t,'ul,'dz, Ogy Oy, a6,_a7, Uy,

q,(t) = a' "1 + B "2t

The partials of q,(t) with respect to o, (i = 1,2,3,4,6,7)

whicih

u2,:

are
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— =0

8&5- 5&8

2q, (t) a; et a, e'2"
= - +

5u QP,~-Pl P2"‘Pl

aq,, (t) P +P Pt P+P, eFat

—— = - +

8u2 P2~-Pl P2--Pl

au3 8u4

3g, (t) 3q2(t)

BTL =5 =0 -
1 - 2

The function q3(t),

! eP1t - 705t I I
u3 A TP + B - PRSI v
5¥P1 | 5*P)

il

q3(t)

f(t, a

1’ azr a3] O"41 OLSI a6’ a7; ul' uzr u3)l

describes the quantity of iodohippurate as a function of time in
the tubular cells for the right kidney. PFor i ='1,2,3,4,5,6,7, the

partial derivatives of q3(t) with respect to a, are



ag ., (t)
a-&':i - { o é]? 1" - e QSt] + 3 EP eFat - 75t 5
i 5751 572 "i3

2 1
For-i = 5
-
g5 (t) ) {_ A Feplt . oot . A L oot
8&5 3 (a5+Pl) i 1 O‘5+Pl :
B P.t —a_t B -0t
- 2 e 2 —- e 75 + —=— t e 75K
RCALS-LA I
-0t
- u3 t e 75 .
For i = 8
3?.}. = 0
20 .



+o
+ 2__P ip eP2t _ e-ast
1 %57F)
8q3(t)= . a, 1 eplt _ e—abt
au2 3 P,—Pl oc5+P1
o
2 1 P.t -0t
+ 1l e 2" - e 75
P2 Pl a5+P2 [ ] }
3q, (t) _
au3 = e u5t
3
8q3(t)_
3w, ~ 0
4
3q3 8q3 _
57 3T. - 0 -
1 2

The:function q6(t) which is the quantity of iodohippurate in
the tubular. cell compartment for the left kidney has an expression

similar to q3(t),

o A P,t —ant B Pt -0t '
9 (B) = og {&E?ﬁ; [ el” -e 8 ] + u8+P2‘[ e 2" - e '8 ] }

i

For i l,2,3,4,6,7,.the partial derivatives of qG(t) with respect
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to o. are
1
ag, (t) .
80L6 _ { - ﬁp Pt o a8t . Ep Pt o omagt
i 8_ 1 g "2 ,
+ O { oA 1 ePlt _ e—a8t _ A 5 BPi
6 5&i (x8+Pl oc8+P1 v5ai
A OF Pt . 3B 1 Pt -a.t
+ t el + e 2 - e '8
oc8+P1 a0 aai a8+P2 |
3P ., | 3P
B . P.t a.t B 2
2 e 2 e 8 + t
(u8+P2) 90, [ ] (a8+P2) da
For 1 = 5
9g e (t)
T, o -
For 1 8
9g (t) | : -
A P.t —a,t A ~a.t
) e N { - -2 [e 1" - e 78 + te 787
8;ﬁ§ ﬁ%v v2u8+P15 : oc8+Pl
1.‘;{\%@”&
- B eplt e
3 O'L8+Pl)2
v B -0,k -a,t
+ t e 78 u, t e 78 .
oc8+P2 } 4
aq6(t)= i {_ P.+0, 1 [eplt i e_%t]
Bul. 6 . PZ—P 0L8+Pl
P.+0 .
2 2 1 P.t -a.t
+ 5 “8+P2 {-e 2 e '8 ] }



-43-

aq . (t) o ' o
2 P - - -
T =% | 5T am [e 1F - e 0Lgt] M- -g 3 ip [epzL e u8t]
2 2771 Y871 | 2771 %g%h2
aq6(t)
., =0
3
e () 4 ¢
FIToN e 8
4

8q6(t) 8q6(t)~ .

aTl 9T

The functions q4(t) and q7(t), which measure the quantity of
iodohippurate for the rightvand.left kidney estuaries respectively,

have similar expressidns. First q4(t) has the expression

- A 1 P.t 1 -a.t
g, (t) = a0, —————-[-- (e"l1” -1) - — (1L - e 75 )]
4 375 0L5+Pl Pl Og
+ =2 [%— (2" - 1) - = (1 - e‘o‘st)] +ug(l - e %5
5752 2 5 '
T -GS SIS PEESE- SR AR §
P P
1 2
= £(t) for t < T
q4(t) = f(t) - f(t-Tl) for t > Ty -

For i = lp2l3r4r617



At —= e lt/P +
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£ 2 5 13
B o Pit -1y + Bo@Pot oy s
Pl P i4
-2
0A 1 1 P.t 1 -o,.t
O 4 0. = (71" - 1) - — (1 e “57)
375 aal 0L5+Pl [ Pl a5 ]

t.
(1 - e %5%) /a ]
57F1 90 5
) oP

A 1, P.t 2 1 P.t ]
0L5+Pl ['_ R (e” 17 - l)/Pl +t o0, e 1 /Pl

1 1 .

5B 1 [1 Pt 1 act. ]
foudig (e 2 - l) - - (l - e 5 )

o0, a5+22 P2 v a5 j

9P : - :
2 P ot _ . ~a.t
(a5+P2)2 3, {(e 2. - })/P2 - (1 e 5 )/QS]'

- aP - 9P
B _[_ 2 (GPat 1y p 2y 2eP2t/P2]
i : i

P

, ., P.t 1 , Pt _ 2
 d4 ———.(e 1 .— l)/Pl —;A 5&; (e 1 l)/Pl

oP 3 -
1 9B Pt _
Bui 1 aai (e” 2 l)/PZ

> ' P
.— l)/P2 + B t T

P :
B '8—-3 (e 2
. ai _ i

Pt E
e:2 /P2
if t < 7

1

if t > 1 .



Bas 3 ab+Pl_ Pl
*aEP [%_(GP2t_l)
572 2
A -0, t
+ (1 e "57)/a
a5+Pl [ 5
B P.t
- - 2 (e"2" - 1) /P
(u5+P2) ,[ .
B -0t 2
f o.t+P [ (1 e 75 )/u5
2
+ u3 t e—OLSt
= fS(t) if
9g, (t) :
8“5 f5(t) - f5(t—Tl) if
For i 8
8q4(t)~

Ul

A

>
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ag, (t) P.+a

4 B 1 "2 1 P.t _ _ _ —a.t
IR = aj0g 5P P [(e:l l)/Pl (1 e 5 )/as]

1 571

P.+a '
1 P,t -0 .t :
— : (e"2- - 1)/P, - (1 - e "57)/a ]
P2 Pl oc5+P2 [_‘ 2 / 5
P, +a P.+o
L R N (S R D A S
. 271 1 : 2 71 2 ‘
= fu (t) for t < Ty
1 : ,
3q4(t)
«—— .= £ (t) - £ (t-1,) for t > 7t
aul uy uy 1 _ 1
oq , (t) o .

4 2 1 Pt : -a.t
— = Oy O - — (e"l1” - 1)/P, - (1 - e 75 )/u ]
au2 375 P2 Pl ocS+Pl [_ 1 5

) 1 V P.t =0, t
- (2% - 1/p, - 1 -5/
P2 Pl oc5+P2 [ : 2 5
o ‘ o
vo, | -5 1P - = = T2 -
2 71 1 2 1 2
= £f  (t) for t <'T1
u, -~
agy (t) S ,
-g-a; o= fuz(t) " fuz(t"’Tl) fOr t .> Tl
E ' -a.t .
£f () = (L - e 757) if t <« Ty
u . -
3 .
3q4(t)
3u - £ (t) - £ (t-t,) it o>ty

3 _u3 3 1
3gq, (t)

4 -5 .
du :



9
_(_;_é(t)= 0 .
312
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The funétion'q7(t) has the form

A
g,{t) = o, a [
7 v6 8 u8+Pl
- %— (1 - e %t
8 ,

+ B (eP2t - 1)

Py

= g (t)

Q
~
ot
i

1

——

1

p

gt - glt-T,)

(1% - 1) (1 - %%
8
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The partial derivatives for q. have expressions similar to the partial —

derivatives of qg, for i = 1,2,3,4,6,7
g, (t) -
8u7 = 9%g a iP [ ; (eplt -l é (1 - u8t)]
i 8 "1 1 8 .
fae (B ok -]
g7 2. L 2 8 o
T S A SIESE N (LIPS DI
. 17
1 2 s
dA 1 [ 1 P.t 1 -a,t
+ o, = (e/17 - 1) - — (1 8)]
678 aai a8fPl_[ Py | ag
oP : | 1
A 171 P.t 1 Aot
- 2 = ("1 - 1) - =— (1 87)
Toc8+P17 o0 [Pl o Qg ]
' 3P ’ L 9P
A 1 Pt 2 1 P.t,, |
+ - = (717 - 1)/pP + t —= e 17/P
0‘8+P1 [ 90y _ :l day Tl
3B 1 1 P.t L1 “a,t,
+ = (2" - 1) - = (1 -e 78 )]
aai oc8+P2 [ P2 : u8
3P : '
B , 1 P.t 1 -a,t
- 2 [ =— (e"27-1) - — (1 - e 787)
(u8+P2) 90 , P2v . dg - o 1.
P L P
B 2 ,.P.t L2 2 P.t
+ ~P [ oo (e”2" - 1)/P2 + t au__e,Z /P2 ]
8 "2 B § : i _
+ 3B (Pt L1y - a 1 eP1t - 1)/p.%
“7 ) 54, ‘¢4 &b} 3a. |
1 : 1
P ’ L .
1 P.t 3B P.t
3P 3P -
2 , Pt 2 2 Pp.t
- B T (e” 2 - l)/P2 + B t T e 2 /P2
b 1 .
= g, (t) if £ 2T,




gi (t) - Cji(t‘Tz).

-, B [ 1 Pot
2

. A

+ u6u8 { - Taﬁ:E—TZ

8 "1

1
- (e
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if t >

- 1) - %_. (1 - e"“st)]

8

1

A —-a t 2 —a t, 1
+ —F [ (1 - e 78 )/OL8 - t e 78 /as]
8 "1 :
B . 1 . 1 -a.t
- 2 = (e 1) - =— (1 - e 8 )]
IO.8+P25 [ .P2 OL8
B -a,.t 2 -a.t
+ =T [ (1 - e 78 )/OL8 -t 8 /u8 ]
8§ "2
+ u4 t e-u8t
gglt) if £ <7,
gg(t) - gglt-1,) if oo, -
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-

3q7(t): 1% Plfa

: 1 P.t 7 L a—agt 1
o, 0 - - (e"1” - 1)/P, - (1L - e "87)/a ]
aul 6 8 Pz.Pl oc8+Pl [ ‘ 1 o 8
P.+a : v .
5 o [ (72" - 1y/p, - (1 - e u8t)/a8‘]
271 %8772 o |
P.+a _ P_+0. ' '
+ag _,Pl_Pz %__ (eP1t = 1) « 52_—'52' %_ (P2t - 1)
- 271 1 2771 2
= gu,(t) A - : . for t < T,
1 . .
3q7(t) ( . ' : _
A =g t) - g. (t-1,) v for t > 1
auy uy , u, 2 : 2
g, (t) h S0 ) :

7 : 2 1l . P.t : -osqt
— = o, 0 - — (el - 1)/P, = (1 - e "87)/o ]
8u2" _ 68 P2 Pl .0L8+P1 [ 1 | o 8

%2 1 Pt =ty
+ —— (e"2- - 1)/P, - (1 - e "87)/a
P2 Pl a8+P2 [» 2 | o 8
. o o . o
vog | -5 1t - e 2 (P2t -
o A R : 271 ~2
= ggz(t) for t < T,
8q7(t) .
= =g (t) - g  (t-1,) if to> T
9,y u, 2 2 -2
8q7(t) ‘
au =0
3
g (t) = (1 - e %% if £ < 7
8q7(t)_ : -
ou S . _
4 9y (t) - g (t—Tz). if t > T,
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For T

l
Bq.’(t)
= 0 .
§rl :
For 12
9q, (t) L
5?; = 0 if t < T,
3. (t) | A -
7 _ : —ag(t=1,) _ P.(t-1,)
5?; = - a6a8 asfPl [ e 8 2 e 1 2
+ u,fp [ e %g(t=Ty) Pz(t"Tz)]
8 "2
tua, e %) Lo 1A eP1(ETTR) 4 g QP lteTy)
478 7 .
= *gTz(t—Tz) ' | if t > Ty

The function qs(t) represents the quantity of iodohippurate as

a function of time for the bladder and has the expression

0 - _ if t <'m

_g(t—rz) ifm< t < M m= Ty
qS(t) = f(t-Tl) ‘ | ifm< t <M;m-= Ty

g(t~T2) +‘f(t-T1) ) if t»> M

where m = min(rl, 12) and M = max(ty, TZ). The partial derivatives,

of g(t) and f(t) with respect td.ui, U, Ti’have pfeviously>been

evaluated in the determination of the partial derivatives for Iy
and q- Therefore the partial derivatives of qs(t) with respect

to ., u., 1. are
i i



0 ’ i if t < m

8q5(t) ~ gx(t—Tz) | o ifm <t <M oms= T,
X B . ' : . ' B
fx(t—ll)- ifm < &t < M; m = Ty
gy (t=1,) + fx(t—fl) if t > M
where x = a.,, ., T..
_ _ i i i _ _
The variables P, and P., are functions of o&.,, 1 =1,2,3,4,6,7
1 2 i’ '
and have the functional relationships
Pl - —(P+u2).+ S1
2
P2 - —(P+a2) - 81
2
where . 5 %
Sl = [(P+a2) - 4&2(P-ul)]v
" and .
: P = al+a3+u4+a6+q7 .
The partial derivatives of P, and P. with respect to-o,,i = 1,2,3,
. 1 . _ i .

2

4,6,7 are

BPl _‘+Sl+u2+P

Bal 251

9P, =_—81+a2f2ulfp
8a2 281

BPl _ —Sl~d2+P

8u3 - 251

BPl BPl _BPl BPl

aa4 8a6 ‘ 8u7 1o}

8P2 _ —Sl—u?—P
aul 281




oP -Sl-oa.,~2a,+P

2 _ 27°%
3&2 281
43P2 _ —Sl+a2—P

9P, 9P, 0P, 3P,

5&4 3u6 8a7 3a3

The variables A, B, A', and B' are functions of a s

i=1,2,3,4,6,7

A= -ulPl—ulonz—_uzon2
PPy
B = Ujdrtasustug Py
are -—u2P1--u2P--0L1ul
- P.-P
2 1.
Bre u2P+alul+u2P2 _
P.-P .
2 71

For i = 1,3,4,6,7

| (ulPl+ul-oz2+u20c2)aP2 ) (ulP2+ula2+u2u2)8Pl'

A s ' 80&1 . aOL2
oo, 2

“1 (PZ_,.P].)
33 _ _ A
o0 . J0. ‘

l .

For i = 2

| (ulPl+ula2+u2a2) P' _ (ulP2+ula2+u2q2)8Pl + (ul+u2)(Pl~P2)‘
9A Ja, da,
3@2 = 5
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-5-&2 301,2 *
For i1 =1
(u2Pl+u2P+ulul)aP2 _ (u2P2+u2P+o¢l l)aPl + (u tu,) (Py- 2)
o, = :
1 2
. (P2 Pl) _
oB' _ - dA'
8@1 aal .
For i = 2
(u2Pl+u P+(ﬁu P2 _ (u2P2+u2P+alul)aP2
dA'" - 8@2 5 Baz
3@2 = ; 5
(P2—Pl)
B! _ oA ‘
8@2 Baz
For i = 3,41617
(u2Pl+u P+a )3P2 _ (u2P2+u29+ulul)8Pl + uz(Pl"Pz)
dA’! 90 i Ba
o0, . = . -
i 2
(PZ_Pl)_
3B' _ _ 3A’
oo . 00, .
1 i

Instead.éf giving explicit expresSions for each partial
derivative, nﬁmerical differehcing'methodé or numerical initial
value methods used to solve ordinary differential equationS'[iOJ
can‘be used to evaluate the partial derivatives'bf the compart-
ment equations with respect to the model parameters. If we denote
the system of compartment equations by‘q and the system of differ-

t
ential equations given in Section 2 by q , then
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A(3)- - n

is a system of differential equatiohs in terms of the dependent
variable 9q/9B8 and the independent variable t. The system of
equations q'_is a function of q and B and one can easily give an
explicit expression for aq'/ae and Bq'/aq. A solution to this
system of'ordinary diffefential equations is evaluated using
either an implicit or explicit Runge-Kutta method. Td implemenﬁ
these methods, one needs to be concerned with stability of the
solution and also whether the system is stiff. The computer

time required to evaluate the partial derivatives by such numeri-

cal‘methods may also be impractical.
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7.0 COVARIANCE MATRIX FOR THE PARAMETERS

»The covafiance matrix for the estimated parameters gives
the expected correlation between parameters énd gives a measure of
how the estimates are expected to vafy for data samples taken under
the same experimental conditions. The covariance matrix is a
function of the measured.errors if the weighting ﬁatrix Y is
choéen to be the covariance matrix.of the noise random variables.
The diagonal elements of the covariance matrix are the variances
for the estimated parameters. For the parameters of the kidney
modei the ratio of the signal (estimaﬁe)ito the variance increases
linearly as the cdunting rate incfeases between 2000 and 10000
counts per 15 seconds. ' The off,diagonal elements are the covariances
which are a measure of thé\degree of correlation between the model
parémetérs- This section will point out those parameters in the
kidngy model which have a high degree of correlation.

Assuming that B8 is the true value of the parameter, we can give

A

expressions for the variance and covariance of B usihg the definitions
var(g) = E[(é- - B )2]
i i
cov(B; , By) = E[(B; - 8;)(B; - 8,)1].

Expressing this in matrix notation gives the covariance matrix ¢
which is defined to be

A 2 . . R » A A
Bl EL@;-8) (Bymep)] -« - - Bl(g;=8y) (B )]

. n n
B ~ ~ ) A 2 ’

o

.

‘E[.(§n-8n)(§l~el)3 R E[((g“n—gn)z]
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For the matrix C, we use the notation E {C} to mean the same -thing

as the matrix D where the elements of D satiSfy'dijw; E[ci.].
. | - | - “trij

Therefore we can rewrite the covariance matrix ¢, giving

9 ='E'{;(§-B)(§-B)T b - - (37)
,The.distributioh for the estimate B is the direct resultfof the
noise in thevmethods used to detect timé function activity. This
noise is meaéuréd and représented'by the weighting matrix Y. |
The cléim‘is 'that theAéovariande matrix.for'the parametefju is

o=8"1=gq)

where B is the matrix given in ‘equation (29) at the final iteration}
To prove this result first substitute g ='§§'+ B™Y E into

“equation (37) giving

o = E1{(§O+B_1E;B)(§O+B'1E-B)T }
=E B R T T B T+ 37T 37T
58T - 37tegT - g8 T - pTE)T + ggT |, (38)
f _ 2T a -1 . ,a -1 3 '
where B = (B ) ¥ T(B ). Slnce E= T (B ) W [R-w(B )] therefore

we can substltute E 1nto equatlon (38) glVlng

o = E {@ogoT + B lTT(BO) gL ;[Rrw(éo)] @OT
+ B @ TR v [rwEy) ]
+ (B’lTT(§O> . [R—W(B >]> BT gy v [Rw(g) ] ) T-Rgs
N . ~ - T A.. -1 — 7_
- B T ( [R— (BO)] g _BBO —__B (B ’I‘ (Bo) ¥y _,[R-W(BO)])

+ gt} B
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Now consider the relationship between the observed, the actual,

and noise vectors:

w(g) + X

I\

W

Observed - True Value + Noise

Substituting»this into equation (39), we have

. “AA.T "'lTA "l . O ~ I\.T
¢ =e{f B8, +B T (so> ¥R [we)-wi) + x 14,

+ 8 @ 2T (s, ) vt [vﬂs)—w(éoi +x 1"

+ ‘;B'lTT&éO) w;_l '[w<s>-w(§_;,>+x]> (B:_lTT(éo“"‘-l
. [w(s)—ﬁ(ﬁo) f‘x'] )T

} ‘é‘osf ) B.’-ITT(BAO) y-l '[‘-N(B)'W_(BAO)V oy ]BT _ BBAOT_.

-8 (B‘lTT(sow'l-[w(e,-)—w<§o> +x 1) 7T + ggt b O (40)

The subétitﬁtion Q =p% TTYBO)‘?—l gives the expression

1
n

E{ BBy +0 [wie-wip)] &7 + oxgy” + po(@ [wig)-wig))] +ax)?
+ @ lwr-w@) +x 1) @ Lwi-wEy) +x3 )7 - 5.8,
~olw)-w(@))] 8

-oxT - BT -pwerw@)] +ooT v g (41)
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Expanding equation (41),we have

¢ = E {éoﬁoT + 0 [W(B)-w(éo)] EOT + QXB [w(a)—W(s )]'T 0T
+axT" v o [wimr @] [wimr-wid >] 0%+ ox [wip-w(g) ] T "
o [u@-wig ]« + axx" o - " - 0 RGRGR ].BT |
- oxBT - BéOT —B}[w(B)—w(§o) ]'T o' - QXTQT + gp” }'; _v : (425

Now if we assume there are small deviations between BO and B
i.e. @O =g and w(g) = w(éo), then most of the terms in equetionv 
(42) cancel giviﬁg ‘ | »
2 =qQE {xx"} Q" . | R .:](43)
We assume that the covariance, E {xxT} for the n01se random var-
iable x is theVWeighting matrix ¥ . Therefore
| P = QY QT .
If ene is able ro choose the weighting matrix W.éueh that ¥ eéﬁals
the covariance matrix for the error random Veriables then this is
advantageous‘in that fdr any matrix V¥' |
o S¥) < o)
where the inequality relationship meens that
o ') ~ oY)
is a non-negative definite ﬁatrix.

Simplifying equation (43) gives

. N -1. ~ - —T ~ —'T‘
o =qv ol = g7 1eT(g )y vl gyl T(E)B 1
T
-1 T ,» -1 PN -1
=B T (BO) y T(BO)B
T
=gt ppl

= B i | o - O (44)
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In order that the relationships

Q
™

BO

W(éo)

X

Ww(B)

are saﬁisfied, the matrix B is evaluated at the final iferatién
from equation (29). For the kidney model the elements 02 of the
matrixlpgiven by equation (28)vére equal té the measured data wg,
assuming that the measﬁred‘data is Poisson distributed.

Figure 5 is a plot of the absolute ratio of signai to ﬁhe
: variance'versus.total counting rate for‘the model parameters oy
and'Tz. The plqts are linear functions fbr all the parameters as
is illustrated in Table 1 with a and b being the least-squares fit
for the slope and intercept respectively. The data for the table
were generated a£ every 1000 total counts per 15 seconds between
2000 and 10000 wusing Gausian noise with a standard deviation equal
to the square root of the counts. The total counting rate repre-
‘sents the sum of the initial couhting rates for the blood pool,
extravascular pool, and tubular cells; The parameters Tl,sz, and
oy have'thé\largest slope and thus have the greatest increase in
their signal to variance as the total counting rate increases. - The
parameters.ul,uz,u:;,u4 are least influenced by CQunting statistics
and appear to be flat between the‘counting rates of 2000 and 10000.

In view of the data presented in Tabiel,'it appears that the
following theorem and corollary might be trué. |

Theorem: For the kidney model the covariance'matrix d decreases.

monotonically as the total counts increase. The matrix ¢ decreases

. in the sense that
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Figure 5. Graph of the absolute ratio of the signal to
the variance as a function of counting rate for the model
parameters a, (rate constant from extravascular pool to
blood pool) and T, (left kidney estuary delay time).
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9,(C) < 9, (Cy)

if @1(Cl) - ¢2(C2) is a non-negative deflnlﬁefmgtrlx qnd C2 > Cl

(Ci = Total Count Rate).

Corollary: The Variances er each of #heﬁﬁérameters_decrease
‘monotOnically as the total counté increase. R
Thesé results are not provédinor_ié’it known if sufficient condi-
tions are given for such results £6 be_trﬁe. :Hbﬁever, in light of
_ the data'présented, thesebresultséseem plausible.
To.illust£éte,what'the graph and table shdw,'let's assume that

| | i i |

. o0. = flc
-] - J

where c is the total ébunting'rate and f;fis‘the fraction of the
total COUnting rate measured'for'the.data sample w;, giving the

expressions .

wh o= f%g
J J
i i
W. = g .C
5 = 95(8)

where we assume that the functions g;(B) are independent of the

counting rate. The expression for b, at the point B, in equation (31)
“can be rewritten as . DR
| & & e9i(B) 1 £agl(B)
b o= c j "ol . 723 o

2p

.332 if;¢ o BBP



‘Parameter

%
s Qz
e3

| signal / Vatiance.l

Counts/15 secs _ Coefficients
2000 3000 4000. 5000 6000 7000 . 8000 . 9000 10000 - a b
112 138 163 188 213 240 267 296 326 .0265 56.89
1150 ©1520 1870 2210 2550 2890 © 3230 3590 3950 . .3468 470.11
7.15 10.6 - 13.8 16.7 19.5 22,2 24.7  27.2  29.7.  .0028 2.33
31,00 - 35.0  37.2 38.6  39.4 - 39.9 40.2 - 40.4 40.5 .0010 31.87
- 4,00 5.12 5,98 6.69 7.32 7.89 .~ 8.42  8.93 9,42  ,0007 3.17
1.96 3.76  5.70 7.67 9.64  11.6  13.5  15.5 17.4 . .0019 =-2.01
.488 . .520  .366  .100 .. .229 . .592. . .971 - 1.36 - - L.75 - - o o
<713 1.43 2,21 3.02 3.83 4.64 5.44  6.25 7.05  .0008 - .95
.142 .135 .130 127 .125 .124 L1230 122 .122
.226 221,217 .215 213 .213 212 .213 213
.522 .526  .528 .528  -.529 .531  .533  .535 537 .
1,04 1.02 1.01 1.00 994 992 990 .990 .99 |
233 . 350 466 581 693 803 911 1020 1120 L1112 19.33
242 390 544 700 858 1020 1180 1340 1490 .1572 -80.73

| Signal / Variance | = a * counts / 15 secs + b

Table 1.

‘Linear

The absolute ratio of the signal to variance

as a function of the counting rate for the parameters of

the kidney compartment model ‘is llnear
with slope a and 1ntercept b.

for these data

_99_
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R o ' -1 1 -] ' : —_—
: . = o D th f uation
If we express_bgp as bgp lo] bRp énd bzp S Ppp v ° en from eq

(44) the variance of the parameter g. is

N

I
c

var(Bi)

Therefore the ratio of the signal to the variance is

A ”~

Bi o _c By .
—| = -7 '
. var(Bi) b. '

and thus goes linearly as a function of the counts.

Table 2 gives the normalized covariancé métrix for simulated
data with a.total_count rate of 10000 counté per 15 seéonds.
Géussian noise with a standard derivation equal to the square root
of the counts was added to ﬁhe data. Since the chariance matrix
is symmetricalhonly the lower triangular portion>of the matrix is-
shown. The covariance matrix indicates a_parallel relationship
between the left and right kidneys fof parameters which ﬁave a high

_correiation. For example, the flow rate constant a, for the blood

v 3
to the tubular cells and the glomerular,filtration rate constant
Oy for the right kidney have a covariance cov(a3,a4) = -.991 and

the corresponding parameters for the'left kidney Qe and o, have a

covariance cov(a6,a7) =-.997. The parameters'with the high degree

of correlation are indicated in Figure 6.



l'.

000

.946

.682

.661

.707
.677
.663
.725

.718

epee e

Q
N BWNHO N UIB WN -

Q

A4 0068 R

.721
.290
.193
.046 -
-.268

Normalized Covariance Matrix for Total Counts of 10000 per 15 Sec

A

Covis; By = E[(B; =B;) (By - 8,)]

‘1.000
=.722 1.000 .
.683 -.991 1.000 |
-.723  .979 -.972 1.000 |
-.789  .522 -.472  .543 1.000
.767 -.497  .452 =,526 =.997 1.000
-.803 .558 =-.522  .588 - .984 -,986 -1.,000 |
.623 '-.390 .356 =~.370 -.186. .145 =-,197 1.000 |
-.653 ,391 =-.336 .366 .243 =-.193 .242. -,965 1.000 -
-.200  .437 =-.505 .376 =-.190 .210 =-.128 =-.524 .374 1.000
-.079 -.152 .136 =-.087 .017 -.060. .030 =-.321 .128 = .133 1.000
.009 .148 -.185 = .248 -.132 ,138 -.089 =-.074 .053 .207 =.050 1.000
-,126 .039 -.061 .074 -.048 ~ .037 .085 -.309 .263 .224 ° .203 .055 1.000

Blood Pool to Extra vascular .

Extra vascular to Blood Pool

Blood Pool to Tubular -Cells (right kidney)
Glomerular Filtration Rate (right kidney)
Tubular Cell Flow Rate (right kidney)
Blood Pool to Tubular Cells (left kidney)

-99-

‘Glomerular Filtration Rate (left kidney)
~Tubular Cell Flow Rate (left kldney)

Blood Pool at T

Extravascular P8ol at T

Right Kidney Tubular cefls at T
Left Kidney Tubular Cells at T

-Estuary Delay Time (Right Kldney)

Estuary Delay Time (left Kidney)

Table 2. The normalized covariance matrix for the kidney compartment
parameters for a simulated data sample of 10000 counts per 15 sec with
additive Gaussian noise. :
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) .
A ~

cov(ul.uz)_

~ A

-.965

cov(al,az)'= .946

cov(a,,ay) ==.991 9 | ' q,

I T T | -

N 1 . - . ¥ T l

d5 cov(a3,a5) = .975 dg cov(as,d7) =
. ' . =.997

. aY A ‘
l l | ] ‘COV(GG’GS) =,984 'A l
cov(a,,a.) = | cov(a,,ag)

4’75 >
-.972 94 97 -.986

Figure 6. The
high degree of

kidney compartment parameters which have a

correlation.

T. Lindmo, A. Skratting, and K. F. Nakken [11] suggest that a model

which does not have a pathway for glomerular filtration repreéented

here by the rate constants 0y and e is a better compromise between

a physiologically represenpatiVe model and one that can successfully

be fitted to the data.  Such a model would éliminate some of the

high correlations.
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8.0 RESULTS

The results of six anlmal studies are glven in Flgures 7-14.
- The data are fltted to models both with and w1thout glomerular fll—
tration and with different cross-talk matrices representing the
relationship between the data collected as time functions aﬁd the
blood, extravascular,vkidneys and bladder compartments. The data
are selected by drawing areas'of interest as illustrated in Figure
3, therefore each time function represents data from more than
one compartment.- It is de51rable to select a cross~talk matrix
which best fits the data and yet is not so complicated that highly
correlated parameters will introduce errors in the algerithm‘giv—
ihg erroneous resultsr

The results presented'in Figures 7-14 represent'data that Were
~ fitted to crossetalk matrices giving one of the following system of
eqUations for the two kidney model. The identifications TF21, TF24,
TF27, and,TFll refer to_thevcorreSponding subroutines used to eval-

'uate'these time functions and are described in Appendix A.

TF21 -
il_: Yy (Q3 + Q4) +y¥,01 + 302 + v,05
T2

Yy (Q6 + Q7) + vy QL + v,02 + ygQ5

T3 = vy, QL + 77702 + v4Q5

T4 = ylz Q1 + yl3Q2 + yl4Q5 +.y15(Q3 + Q4) + yl6(Q6 + Q7)
TF24 -
Tl = yi Q3+ ‘Y2 Q4 + Y3:Q1 + Y, Q2 + YSQ51

; T2 _yl Q6 + Yo Q7 + Y Ql.f Yo Qz + yggo
T3 . vy0Ql + v1392 * 19 Q5

T4

ylel.+A Y13Q2 + v1405 + ylS(Q3 + Q4) % Y16 (Q6 + Q7)
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TF27 -

Tl + Q3 + Q4 + yl(er+ 02)

T2 = Q6 + Q7 + yz(Ql + Q2)
3= 05+ v,(0L + 02)
T4 = - v, (QL + Q2)

The time functions are repreSented'by Tl for the right'kid-
ney, T2 for the left kidney, T3 for the bladder, and T4 for the
Llood and tissue. For the one kidney model the data were fitted:

to a model with the cross-talk matrix giving the system of equations

TFL1l

T1 = Q3 + Q4 +,Y1(Ql + Q2)
.;T2 . Q5 + v, (01 +.Q2)
3 = v5(Q1 + 02)

’Wheré the' time functions are-represented by Tl‘for'the kidney,
T2 for’the'bladder and T3 for the blood and tissue. The matrix
of coefficients y, is shown in'Figures'7—l4 as W.
- Figure 7 showé the estimated‘one'kidney nodel parameters

for daté collectea from a mouse. A time interval of 10 seconds
was used instead of thé 15 seconds used in the dog studies;vlThe.
parameter results indicate a very.rapid uPtake and washout of
iodohippuraté with a short delay time‘in the kidney estuary. These
parameters were easier to evaluaté than the parameters for the
two kidney model since there are fewer variables and fewer highly
correlated parameters.

| -Figure 8 illustrates'the model parameters-fitted to data

collected from a rat. The chi-square equals 695 for a sample size
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of 135. :The data were collected in 10 second intervals based on

the assumption that the uptake and washout would be similar to that-
of the mouse. Howevér,‘the uptaké and Washdut were much slower

for this particular sample and the estuary_deiay times of 5.40 and
3.58 minutes were surprisingly long. Using SUBROUTINE TF27, the
linear coefficient'y2 represénting'the amount of blood and extra-
vascular compartment included in the time function for the left
kidney were negative. The model fitted to these data did not{
‘allow for glomerular filtration since trials with.such a modelvf
gave negative values for the glomerular filtration rate coefficiéﬂf.

A dehydrated dog study was déne using a model with glomerular
filtratidﬁ and SUBROUTINE TF27 was used to evaluate the time func-
tioné;'.Thé'fitted’data for the pafameters giveﬁ in Figuré 9 has
a_chi—square.equal to 8029 for a sample size.of-120. The average
delay times of 3.42 ana 2.72 minutes did not seem indicative of a
dehydrated dog since other studies with hydrated dogs Qave similar
results. However, ﬁhese values can change ffom animal to animal
and could also be influenced by the effects of anesthesia.

Figure 10 compares the results of a dog study where the data.
were fitted to a model both with and without glomefular.filtration
giving chi~-squares which are nearly.equal. The time functions were
evaluated using SUBROUTINE TF24. A model without glomerular fil-
tration was selécted after the model with glomerular filtration |
gave a negative rate coefficient. A negative coefficient impiies
reabsorption of iodohippufate which is contrary to the accepted
concept of hippurate excretion. However, free iodine could be
reabsorbed. Without glomerular filtration, the new blood extraction
rate coeffiCients are no£ a simple addition of the previous réte

coefficients for glomerular filtration and tubular cell uptéke.
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Figure 11 gives a comparison of three studies done on the same
dog but at different times. Using SUBROUTINE TF27, the estimated
parameters gave fitted curves which had large>chi—squares. These
same sets of data were then applied to other models with time func-
tions whicn allowed for more cross coupling between the compart-
ments which are illustrated in Figures 12, 13, and 14. SUBROUTINE
TF24 _.gave a better fit to the data collected for the first and third
studies, whereas SUBROUTINE TF21l gave a better fit for the second
study. The reéults for the third study (Figure 14) gave a high
positive value for Y15 = 2.28, and a large negative Qalue for Y16 =
-1.10. 'Studies indicate that these two parémeters are highly cor-
related with the rétio.bf the signal to the variance equal to 114
for Y15 and equal to .0334 for Yi6°

| Using the SUBROUTINE TF27, the fitted data gave hign chi-squares
.indicating ﬁhat theimodel did not allow for enough degrees of
fréedom. HbWever, a model with more parameters has higher para-
meter correlations which result sometimes in the covariance matrix
B~ ,.equation (44) , being singular. At each iteration, the Marquardt
algorithm invertsvthe matrix (B + AI) in determining the étep size
for the new solution. Therefore the.algorithm has the nice property
that even if the parameters are highly correlated and B is singular,
a least'squafes solution can still be found, sinée adding a constant
to the diagonal elements insures thatl(B + AI) remains positive

definite.

The estuary delay times are well determined as indicated by
the high ratio of the signal to the variance (Table 1) whereas

other parameters can vary from one model to another for the same



- -73-

data sample as shownvin‘Figure 14, The initialvcbnditions are 
poorly-estimatéd'as‘denoted by thé negative estimates for some of
the parametefs and’theilow'ratio of the signal to the‘variance
given in Table 1. -

With the small sample size, it is difficult.to.evaluéte the "
relative differences in the kidney function for the dog, raf, and
mouse. However, the mouse had by far the fastest ﬁptake and e#—
.cretion as indicated by the short estuary delay time whereés thé
rat had ‘a long estUafy_delay time. The tubular transit times
for the dog studies were similar to human tubular transit times
which range from one to five minutes as given by DeGrazié and
_.CO-workérs [1]. |

The.glomgrular filtraﬁion'rate'is diffiéult to evaluate
since in many of the studies negative values were obtained. Pitts
[12] indicates tha£ the filtration fraction of nbfmal man for the
glomerulus'varies from 16 to 20% and that of dog from 20 tov30%;
Our results showed for iodéhippurate that the glomerular filtra-
tion ranged between 6 and 50%. The glomerular filtration for.the
mouse represented 50% of iodohippurate extraction from the blood.
These resﬁlts are similar to that wﬁich T; Lindmo and co-workers
.DJJ»obtained, indicatihg that the glomerular filtr&tion résults
'gave higher glomerular extréCtion percentages than actually should
be experienced phyéically;
| We did not measure the amoun£ of free iodine in the commercial
préparations of 13]“I}and 123I—hippurate;  Blaufox and co—workers
{lé]*indicated that they had one shipment of iodohippurate which
had a maximum of 4% free iodine whereas most Shipments averaged 2%
or less. Unrealistic rate coefficients for'glomerular filtration

and tubular ce11 excretionAmay also be the result of the assumption
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that each molecule of iodohippurate will experience the same
tubular transit time, whereas a more appropfiate model would assume
a distribution of delay times. The model may not properly repre-
sent blood and extravascular pools. In vitro studies with red
cells indicated that the hippﬁrate reaches equilibrium very rapidly
representing 17% of the hippurate mass in the red cell [14]. The
in vivo studies indicated that after 5-10 minutes the erythrocytic
1311 accoﬁnted for about 15% of theWWhole—blood radioactivity.“‘The
rate of uptake of ioddhippurate ﬁay vary between red‘cells:and
tissue cells, therefore one'compartmeht may not properly model the
extravascular pool,.

A major problem in detérmining renal function is that the
time functions generatéd for the various areas of interest repre-
sent that ofgan or compartment pius_unknown contributions from
other compartments, as well as erroré due to attenuation and
scattering of photons. Scatter from the bladder significantly
affects data sampled from the kidney regiph of interest. Britton

131I—labelled Human Serum Albumin to

and Brown [15] injected
eliminate the background pools from the renal curves by using the
technique of Computer Assisted Blood Background Subtraction. Since
serum albumin is not incoréorated into tissue, the problem still
remains of measuring extravascular pools. Farmelant and co-workers
[16] used an area of the upper chest whereas Holroyd and co-workers
[17] used a region near the kidneys as a measure of blood and
tissue. The problem of selecting other areas of interest is
whether or not these areas are truly representative of blood and
tissue that are oyerlapping the kidneys.

The multiparameter kidney compartment model incorporates both

the cross-coupling between compartments and renal function and gives
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good estimates of tubular’transit times. Thé.ﬁodel:does not réquire

plasma and urine $amplés which Blaufox ahd co-workérs [18] used to

determine the exponentiél components in the time function for the
blood pooli 'However, the computer program evaluaﬁes thé paraﬁeters_
,aufomatically and does not requife a posfefiori informatiéh to

determine the portion of the blood curves which are dominated by

_these exponential components.
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Figure 11. Kidney model parameters evaluated for the same dog
on three separate studies. The chi-squares equal 3927, 1665,
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Figure 12. A comparison between a kidney model where the time
functions are evaluated using SUBROUTINE TF27 in the upper fig-
ure and SUBROUTINE TF24 in the lower figure. The fitted chi-
squares for the sample of 99 time points equal 3927 and 448

for the upper and lower models respectively.
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Figure 13. A comparison between a kidney model where the time
functions are evaluated using SUBROUTINE TF27 in the upper fig-
ure and SUBROUTINE TF21 in the lower figure. The fitted chi-
squares for the sample of 97 time points equal 1665 and 450 for
the upper and lower models respectively.
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Figure 14. A comparison between a kidney model where the time
functions are evaluated using SUBROUTINE TF27 in the upper fig-
ure and SUBROUTINE TF24 in the lower figure. The fitted chi-
squares for the sample of 118 time points equal 9725 and 584
for the upper and lower models respectively.



~84-
9.0 CONCLUSION

Nonlinear estimation problems have the undesirable property

that a local minimum need not be a.global4minimum; whefeas, for

linear estimation problems any local minimum is also a global

minimum, since the least-squares function

R(A) = [W—Aw]T w'l [W-Aw | (45)

is a convex function in terms of the elements of the matrix A.
In the non-linear estimation problem such as the kidney éompartment
médel, éne needs to carefully select the initial solution in order
that the . parameters converge to a glébal minimum. Frequently the
minimum solution will give parameters which do not represent the
physical situation if the initial solution is poor.

Some of this difficulty cah be overcome by constraining the

parameters for the model where the least—équares function

R(g) = [w-w(p) 1T v [w-w()]
is subject to the constraints

L, < B

< U, i= 1,m.
i l_,U ’ ’ _

1

Fiacco and McCormick [13] show how this constrained minimization pro-
blem can be transformed into an unconstrained minimization problem -

which has a sequence of minimum solutions 82 to the functions

Tw-l

. ‘m :
: i=1

+ ln(Bi—Ri)]

which converge to the optimum solution for the constrained problem

as the sequence of real numbers r converge tb“O, The logarithmic

2
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terms transform the original least-squares formuiation intb a'func;
tion with smooth behavior near the boundaries of the constraints,
and therefore allbws one to use unconstrained minimizétion techniques.

Implementatibn of the kidney compartment model does not giVe
consistent results because: 1) there is high correlation between
some of the kidney parameters which leads to numerical instability;
2) there is no objective method of estimating the proper cross-talk
matrix to use for a particular data sample; 3) in some éituations
the estimates for some of the parameters of the cross-talk matrix
are nqt statistically significant and modeling for these parameters-
may lead to degeneracies in the Sdlutidn; 4) photon atﬁenuation is
" not eXplicitly taken into account; 5) free iodine might be preéent'
in some studies; and 6) inadéquate statistics occur in large animal
~and human stﬁdies due to radiation dose constraints. These prob-
lemé can be dealt with in a systematic fashion if adequate statis-

123I—iodohippurate will give about 50 times

the useable photons for equivalent dose of 131I—iodohippurate,

tics are available.

~thus further dog.studieé and a clinical.frial are planned.
Reconstructing transverse sections of the kidney as a function
of'time-ﬁould reduce the effects of compartment cross-coupling.
Computer methods [19] have already been developed for reconstruct-
ing transverse sections of static gamma images-from multiple pro-
jections. However, transverse section reconstruction of dynamic
studiés requiresrapid measurement of data from multiple'views and -
thefeforeAawaits the development of a system forvdynamic imaging

in transverse section such as the positron ring detector [20].
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Appendix.A - KIDNEY COMPUTER PROGRAM
This section gives a listiﬁg of the kidney computer pro-
- grams and the subroutines for both the two kidney model and the one
kidney_model with and Witﬁout‘glomerular filtration. The parameters
a, u, f, vy of the kidney compartment model and the optimﬁm_solutions
of the completed program are stored in the matrix A. Each'program
listing gives comments identifying the parameters in the calling
sequence.

The program hés éeveral butput options such as plots, flow
diagrams, and parameter lis£ings. The time functions are generated
by the SUBROUTINES_CHIGI and CHIWl1 for the one kidney model with
~and without élomerular filtration, and CHIG2 and GHIW2 fér the two
kidney model with and without glomerular filtratioﬁ. The algorithm
which evaluaﬁes the parameters for these models is coded in the
SUBROUTINE MARQ and requires an explicit expression for the partial
dérivatives of the compartment equations with respect to each para-
meter.> The SUBROUTINES PARGl,'PARWl, PARG2, and PARW2 evaluate
these partial defivatives. '

The user has the optibn of using dduble precision in.cvaluating
the sums in equations (31) and (32), which are evaluated in the
SUBROUTINES PARGl, PARW1l, PARG2, and PARW2. Double precision is
used if the variable'IDOUBL is equal to 1. In some cases double
precision gives a matrix B [equation (29)] which is better condi*
‘tioned, however, the computing time is increased. In the SUBROUTINE
INVPD, double precision is used in order to insure better accuracy
in the evaluation of the squaré'root of-avvariable at a critical
point in thefalgorithm. These steps are takenréo that the’matrix
B will be better conditioned and its inverse is mofe accurately

~calculated.
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Equation (19) gives a relationship between the prédicted time
functions Wj and the compartment equations qi(t); The subrqutihes
MATXIJ, PARIJ, PRMIJ, and TFIJ where I = 1,2 and J = 1,...,8 corre-
spond to a particular matrix Yy in equation (19). for example,

for the matrix

Y2 Y3 Y1 Y1 Y4 o o
Yo Y7 ¢ 0 Yg Yg Yg
Yio0 Y110 0o Y9 o o
Y12 Y13 Y15 Y15 Y14 Y16 Y1s

the subroutines MATX21, PAR21, PRM21, and TF21 are the appropriate
subroutines called by the corresponding subroutines FLOWZ2, PARG2 or
PARW2, PRAM2 and CHIG2 or CHIW2 for the two kidney model. Likewise
for the one kidney model the subroutines FLOW1, PARGl or PARWl,.PRAMl
and CIHIGl or CHIW1l will call the corresponding subroutines MATXll,
PARL1l, PRM1l, and TF1ll. In the description of the subroutines the

matriX,YT is identified as the matrix W.
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INDEX OF PROGRAMS AND SUBROUTINES

PROGRAMS

KIDREM - Main program for one kidney model
KIDNEY - Main program for two kidney model

SUBROUTINES

-CHIGl - Evaluates Chi-square for one kidney model with glomerular
: filtration
CHIG2 - Evaluates chi-square for two kidney model with glomerular
: filtration '
CHIWl1 - Evaluates chi-square for one kidney model without glomer-
‘ ular filtration
CHIW2 - Evaluates chi-square for two kidney model without glomer-
ular filtration
FLOW1 - Prints flow diagram for one kidney model
FLOW2 - Prints flow diagram for two kidney model
INV - Matrix inverse for any square matrix
INVPD - Matrix inverse for a positive semi-definite matrix
LINMAX -~ Scales the step size
MARQ - Determines the minimum of the chi-square function

MATX1l - Prints the matrix W for the one kidney model
MATX21 -

- MATX22 -
MATX23 - '
MATX24 - Each subroutine prints a different matrix W
MATX25 - which relates the time functions to the com-
MATX26 - partment equations for the two kidney model.
MATX27 -~
MATX28 -
PARG1l - Evaluates partial derivatives for one kidney model with
glomerular filtration
PARG2 - Evaluates partial derivatives for two kidney model with
' glomerular filtration
PARW1 - Evaluates partial derivatives for one kidney model without
v glomerular filtration : _
PARW2 - Evaluates partial derivatives for two kidney model without
glomerular filtration
PAR11l - Evaluates the partial derivatives of the time functions
: with respect to the model parameters for the one kidney
: model : '
PAR21 -
PAR22 - _
PAR23 - Evaluates the partial derivatives of the time
PAR24 - functions with respect to the model parameters
PAR25 - : for the two kidney model. [Each subroutine
PAR26 - ' corresponds to a different relationship between
PAR27 - the compartments and the time functions
- PAR28 -
PLOT - Plots the actual data and fitted curves
PRAM1 - Prints table of parameters for one kidney model

PRAM2 - Prints table of parameters for two kidney model



PRM11

PRM21
PRM22
PRM23
PRM24
PRM25
PRM26
PRM27
PRM28
SOLUT
TABLE
TEST

TF11

TF21
TF22
TF23
TF24
TF25
TF26
TF27
TF28
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Prints the functional relationship between the time functions
and the compartment equations for a one kidney model

Prints the functional relationship between the
time functions and the compartment equations .
for a two kidney model. Each subroutine corre-
sponds to a different relationship between the
compartments and the time functions

Prints the final results

Prints a table for the parameters

Tests for convergence

Generates time function values for each time functlon in
the one kidney model

Generates time function values for each time
function in the two kidney model. Each sub-
routine corresponds to a different relationship
between the compartments and the time functions
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PROGRAM KIDREM({INPUT,0OUTPUT)

THE PROGRAM KIDREM EVALUATES THE PARAMETERS FOR THE -
MULTIPARAMETER KIDNEY COMPARTMENT MODEL. THE DATA IS
COLLECTED ON A HP5407A COMPUTER SYSTEM AND ORGANIZED
INTO THREE TIME FUNCTIONS - BLOOD AND TISSUE, KIDNEY,
AND BLADDER. THIS MODEL. IS FOR A SINGLE KIONEY WHERE
THE OTHER KIDNEY HAS BEEN REMOVEDN.

INPUT - THE FILE WHICH STORES THE TIME FUNCTION DATA AND
OTHER INPUT PARAMETERS '

QUTPUT -~ OUTPUT FILE

A - THE PARAMETERS FOR THE KIDNEY MODEL

T - TIME POINTS

R ~ DATA ARRAY FOR THE TIME FUNCTIONS

H - GENERATED TIME FUNCTIONS

Ql ~ VASCULAR POUL TIMEFUNCTION

Q2 - TISSUE FLUID POOL TIMEFUNCTION

Q3 - KIDNEY TUBULAR CELL POOL TIME FUNCTION

Q4 - KIDNEY ESTUARY POOL TIME FUNCTION

Q5 - BLADDER TIME FUNCTION

N - NUMBER OF DATA PODINTS FOR EACH TIME FUNCTION
/ N1 - NUMBER OF TIME FUNCTIONS

M ~ NUMBER OF PARAMETERS

DIMENSION IR(150)+A(32)XLOW(32),XUPP(32)
DIMENSION NAME(ZODoIDATt(ZO)'XLINMAX(ZY)pICOLL(27l
CUMMON/FNT/T(LSO)yR(bOO)oH(bOO)

CUMMON/CONST/NoyNLy M, M1

DIMENSION IRX(150)

EXTERNAL CHIGL)PARGL,PRAMI,FLOWL

cXTERNAL TF114PARL1oPRMLL,MATXi]

LOGICAL LG
READ 106,{NAME(I),1=1,20)
READ 106, (lDATE(l),I 4920)

READ 1054N1

READ 115NN
READ 115,NS
READ L1l4,TIME
READ 105,M
READ 105,M1

. READ 1154MC1

READ 1L1,(ICOLL(I),1=1,27)
PRINT 100

PRINT 101

PRINT 107, (NAME(I),1=1,20)
PRINT 101

PRINT 107,(IDATE(II,I 1,201
PRINT 101

PRINT 108,N1

PRINT 101

N=NN=-NS+1

PRINT 110N

PRINT 101

PRINT L55¢M
PRINT 101
PRINT 156
PRINT 157,M1
PRINT 101
PRINT 1164MCI



PRINT 101 4
PRINT L17,(ICOLL(I),I= 1o27)
PRINT 102
D3 50 K=1yN1
READ 140, (IR(I)sI=1+NN)
DO 50 J=NSyNN
Nd=(K=-1) *N+J-NS+1]
RINJI=FLOAT(IR(J))
50 CUNTINUE
PRINT 122
PRINT 123,TIME,TIME,TIME
DO 2 K=1,4N
NK=N+K
N2=2%N+K
T(K)=FLOAT(K)*TIME/60.
PRINT 131¢KsT(KIyRIN2),RIK) yRINK)
2 CONTINUE
MU=M1-4
DO 87 I=1,MU
READ 167 A(l)oXLINMAX(IDoXLOH(IDoXUPP([)
87 CONTINUE
ML=MU+1
MU=M]l-1
DO 88 [=ML,MU )
READ 164sA(T )y XLINMAX(I) XLOWCI ), XUPPL(I)
88 CONTINUE
ML=MU+}
DO 89 I=ML M
READ 167 AT ) g XLINMAXLI) XLOW(I) ,XUPP(T)
89 CONTINUE
CALL TABLE(A,XLINMAX,M)
CALL PRrRAMI (AvlvPRMllvl’
CALL CHIGL (AsHF,TFLL)
PRINT 300,HF
CALL PLOT(TIME)
CALL MARQ (A XLINMAX,CHIGL+sTF114PARGLyPAR11,03,10041)
CALL SOLUT(ANAME, IDATE,TIME,PRAM]1,PRM11, CHIGI TFL1,PARGLPARLL,
1 FLOWL  MATX1i,1) :

L0D FORMAT (1HL420(/) 139X, 50H**##%ussnsssk [DNEY COMPARTMENT MODEL®## %
2 %o ok ok e % )

101 FORMAT (39X, LH%, 48X o LH*)

102 FORMAT(39X,50(1H%))

105 FORMAT(I2)

106 FORMAT (20A1)

111 FORMAT(27Al)

107 FORMAT (39X, LH®, 1X920AL 427X, 1H%)

L08 FORMAT{39X, LH¥,1Xs*THE NO. OF TIMEFUNCTIONS IS *,11,18Xs1H%)

£10 FORMAT(39XoLH%, 1X*THE SAMPLE SIZE IS *,13,25X, 1H%)

114 FORMAT(F3.0)

115 FORMAT(I3)

116 FUORMAT (39X, LH*,1X,*THE [SOTOPE SOURCE IS #*,13,% MICROCURIES OF%,7X
20 LH®/ 39Xy LH® 5 X %[ 131~-HIPPURANY ;30X LH*)

117 FORMAT (39X lH%*,1X,*THE COLLIMATOR IS A %*,27AL, lH¥)

122 FORMAT (LHL yT5X o *DATA%// 17X %1%, 13X, *T (1) %, L4X,*BLOOD AND TISSUE%*,1
CLX»*KIDNEY%, 13X, *BLADDER*)

123 FORMAT (28X, *TIME(MINS )%, 14X #COUNTS/%,F2,0,% SEC*,9Xo*COUNTS/ % ,F2.
COs® SEC*,9X,*COUNTS/%,F2.0y% SECH/)

131 FORMAT(16Xs13,5X,F12.2+5Xs3(L0X,F12.4))

140 FORMAT(1415)

155 FURMAT (39X, LH% ,1X%THE NO. OF PARAMETERS IS *,12,20X,LlH*)

L56 FORMAT (39X LH¥,1Xy *THE NO. OF PARAMETERS NOT INCLUDING*,12X,1H%)
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157 FORMAT (39X g LH¥* 46X % THE CRUSS TALK MATRIX IS’ *vIZolele*l
L64 FORMAT(4(FT.142X0)
167 FORMAT(4(F4.2,2X)).
300 FORMAT (/ y%HF= ¥0£9.2)
END
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PROGRAM KIDNEY (INPUT,OUTPUT) -

THE PROGRAM KIDNEY EVALUATES THE PARAMETERS FOR THE
MULTIPARAMETER KIDNEY COMPARTMENT MODEL. THE DATA IS
‘COLLECTED ON A HP540TA COMPUTER SYSTEM AND ORGANIZED

INTO FOQUR TIME FUNCTIONS - BLOOD AND TISSUE, RIGHT

KIDNEY, LEFT KIDNEY, AND BLADDER.’

INPUT - THE FILE WHICH STORES THE TIME FUNCTION DATA AND
~ OTHER INPUT PARAMETERS

OUTPUT - OUTPUT FILE

A - THE PARAMETERS FOR THE KIDNEY MODEL

T - TIME POINTS ‘

R - DATA ARRAY FOR THE TIME FUNCTIONS

H - GENERATED TIME FUNCTIONS

Ql - VASCULAR POOL TIMEFUNCTION

Q2 - EXTRA VASCULAR POOL TIME FUNCTION

Q3. - RIGHT KIDNEY TUBULAR CELLS TIME FUNCTION

Q4 -~ RIGHT KIDNEY ESTUARY TIME FUNCTION

Qs - BLADDER TIME FUNCTION

Q6 - LEFT KIDNEY TUBULAR CELLS TIME FUNCTION

Q7 - LEFT KIDNEY ESTUARY TIME FUNCTION

NN - NUMBER OF DATA PUINTS READ IN FOR EACH TIME FUNCT
NS - THE FIRST DATA POINT FOR THE SAMPLE
N - NUMBER OF DATA POINTS FOR EACH TIME FUNCTION

N1 - NUMBER OF TIME FUNCTIONS

M - NUMBER OF PARAMETERS

DIMENSION IR(150),A(32),XLOW(32),XUPP(32)

DIMEN

SION NAME(Z0),IDATE(20) XLINMAX(Z?chCOLL(27)

COMMON/FNT/T(150),R(600),H(600)
COMMON/CONST/NyNLl,MyM]

LOGIC

AL LG

EXTERNAL CHIG2,PARG2PRAM2,FLOW2
EXTERNAL TF21,PAR21,PRM21,MATX21

READ
READ
READ
READ
READ

"READ

READ
READ
READ
READ
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

LO6s INAME(I1),1I=1,20)
106, (IDATE(I),1=1,20)
105,N1 '
L154NN
L1154NS
114+TIME
105,M
105,M1
115.MCI
LLLyCICOLLII) yI=1427)
100 '
101
LOTo» (NAME(1),1=1,20)
101 '
10T CIDATE(I)4I=1,20)
101
108yN1
101

N=NN-NS+1

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

110N
101
155,M
101
456
15T4M1



50

87

88

89

130

1ol
102
105
106
107
iu8
110
ill
il4
115
116

117
122

123

131

_97_
PRINT 101
PRINT Ll6,MCI
PRINT 101
PRINT 117, (1COLL(I)I=1,27)
PRINT 102
DO 50 K=1,N1

‘READ 1404(IR(I)sI=14NN)

DO 50 J=NS,NN

NJ={(K=-1)%N+J-NS+]

RINJI=FLCGAT({IR(J))

CONTINUE

PRINT 122

PRINT 123, TIME,TIME,TIME,TIME

DO 2 K=14N

NK=N#K

N2=2%*N+K

N3=3%N+K

TUK)=FLOAT(K)*TIME/60.

PRINT 131,K, T(K)'R(N3)’R(K) RINK) yR{N2)

CONTINUE '

MU=M1-6

DU 87 I=1,MU

READ 167,A(I)s XLINMAX(I)

CONT INUE

ML=MU+]

MU=M]1-2

DO 88 I=ML,MU

READ 164, A‘l)yXLlNMAX([)

CONT INUE

ML=MU+]1 _

DO 89 [=ML M

READ L6T,A(I)yXLINMAX(I)

CONTINUE

CALL TABLE(A, XL[NMAXvM)

CALL PRAM2 (Ay)1,PRM21,1)

CALL CHIG2 (Ay1+PRM21,1)

PRINT 300,HF

CALL PLOT(TIME)

CALL MARQ(A, XLINMAX,CHIG2,TF21,PARGZ, PARZloO 200,11}

CALL SOLUT(ASNAME, IDATE,TIME PRAM2,PRM21+4CHIG2,TF21, PARGZ'pARZIv
FLOW2,MATX21,1)

FORMAT(IHL,ZO(/).39X,50H************#K[DNEY COMPARTMENT MODEL *%xxk

2H% AR AXKK)

FORMAT (39X, LH® y 48X 5 LH¥)

FORMAT (39X, 50(1H*))

FORMAT (12)

FORMAT{20A1)

FORMAT (39X LH¥ 9 1X9 20A1 427Xy LH¥)

FORMAT (39X, LH®, 1 Xy *THE NU. OF TIMEFUNCTIONS IS %*,11,L18X,1H%)
FORMAT(39X'1H*.1X,*THE SAMPLE SIZE IS *,13,25X,1H¥)

FORMAT(27A1) .

FORMAT (F3.0)

FORMAT(I3) : ‘ .
FORMAT (39X, 1H¥, 1X*THE ISOTOPE SOURCE IS *,I13,% MICROCURIES OF*,7X

2o iHE/ 3K LH* 45Xy *[L31-HIPPURAN%*, 30X,y LHx*x)

FORMAT (39X, 1H%, 1X,*THE COLLIMATOR IS A %*,27AL,1H%*)
FORMAT (LHL, 64X g ®DATAX/ /76X %1%y 13X o %XT (1) %,14X,%8L00D AND TISSUE*19X

2¢*¥RIGHT KIDNEY*,iiXy*LEFT KIDNEY*,]13X,%*BLADDER*)

FORMAT (17X *TIME(MINS) % 14X, ¥COUNTS/%4F2.04% SEC*99X,*COUNTS/*,F2.

COyp* SEC* 99Xy *COUNTS/ %, F2.0¢% SECky9Xy*COUNTS/%,F2,09% SEC%R/)

FORMAT(5X 13 ¢5X9Fl2.295X94{10XsFl2.4))



140
155
156
i57
164
L67
300

FORMAT(14(14,1X))
FORMAT({39X,1H*,1Xy*THE NG.
FORMAT(39Xy LH® 41Xy *THE NO.
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OF PARAMETERS IS *,12420Xy1H*)
OF PARAMETERS NOT INCLUDING®y12Xy1H%x)

FORMAT(39XyLH* 46Xy *THE CRUSS TALK MATRIX IS * IZ.lSleH*)

FORMAT (4 (FT7.1,2X))
FORMAT(4(F4.292X))
FORMAT (/ ¢%HF = *9E9. 2)

END

ot

¥
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SUBROUT INE CHIGL (AyHF,TF)

THE SUBROUTINE CHIG1l EVALUATES THE CH[ SQUARE HF FOR THE ONE
KIDNEY MODEL WITH GLOMERULAR FlLTRATION.

A - THE PARAMETERS FOR THE MODEL

A(l) - FLOW RATE FROM BLOOD POOL TO TISSUE FLUID POOL
A(2) - FLOW RATE FROM TISSUE FLUID POOL TO BLOOD POOL
A{3) - FLOW RATE FROM BLOOD POOL TO TUBULAR CELLS

A{4) - GLOMERULAR FILTRATIUN RATE

A(5) - TUBULAR CELL FLOW RATE(RIGHT KIDNEY)

A{6) - AMOUNT AT TIME ZeERO IN THE B8LO0D POOL

A(T) - AMOUNY AT TIME ZERO IN TISSUE FLUID POOL

A(8) - AMOUNT AT TIME ZERO IN THE KIDNEY TUBULAR CELLS
A(9) - KIDNEY ESTUARY DELAY TIME.

A(10) THUR A(32) IS THE CROSS TALK MATRIX

HF - THE VALUE OF THE CHI-~-SQSUARE
TF -, SUBROUTINE WHICH GENERATES THE TIME FUNCTIONS

THE SUBROUTINE ALSO GIVES
H - STORES THE TIME FUNCTIONS Tl, T2, AND T3
QL - VASCULAR POOL
Q2 - TISSUE FLUID POOL
93 - KIDNEY TUBULAR CELLS
Q4 - KIDNEY ESTUARY
Q5 - BLADDER POOL

DIMENSION A(32)
COMMON/ENT/T(150) yR(600)4H(600)
COMMON/QFN/QL(150)4Q2(150),4Q3(150),Q4(150),Q5(150)
COMMON/CONST/NoeNLyMyML
COMMON/EXPP/EXPLsEXP2yEXAS,EXAB
COMMON/ROOT/C(8)4PLyP2,4PP,SL
QQ3 (B X oY, EXoUI=BR(CIL)#X¥(EXPL-EX)+C(2)%Y* (EXP2-EX) ) +U*EX
QQ4 (A3 ,A5,CCL,CC21A%,EXU)=A3%A5%{CILI*CCL¥ (LEXPL=1+)/P1=(1.-EX}/A
L5)4C(2)¥CC2%((EXP2-14)/P2-(1.~EX)/A5) ) +U*(L.—EX)+A4*(C(L)*(EXPLl-1.
2)/PL4C(2)%(EXP2-1.1/P2) ,
PP=A(L1)+A(3)+A(4)
SL=SQRT((PP+A(2)) *¥2-4.%(PP-A(1)}*A(2))
PL=(SL-PP-A(2))/2.
P2=(=51-PP-Al2))/2.
ClLI=(A(6)*(PL+AI2))+A(TI*A(2))/(P1=-P2)
C(2)=(A(6)*(P2+A(2))+A(T)I*A(2))/(P2-P1)
C(3)=(A(TI*(PL+PP)+A(6)*A(L))/(PL-P2)
Cla)=(A(TI®(P2+PP)+A(G)I*A(L))/(P2-P1)
CU5)=1./(A(5)+P1)
C(6)=1a/(A(5)+P2)
DO 18 K=1,N
KL=N+K
K2=2%N+K
K3=3%N+K
EXPL=EXP(PL*T(K))
EXP2=EXP{P2*T (K))
EXAS=EXP(-A(5)%T(K))
QLIK)=C(L)*EXPL+C(2)*EXP2
Q2(K)=C(3)¥EXPL+C (4)*EXP2
Q3(K)=QQ3(A(3),C(5),C(6)sEXAS,A(B))
Q4(K)I=0Q4(A(3),A(5)4C(5),C(6)yAL4),EXAS,A(B))
IF (T(K)-A(9)) 12,12,10
10 X=T(K}-A(9)
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EXPL=EXP(PL*X)
EXP2=EXP(P2%*X)
EXAS=eXP(-A(5)*X)

Q+Q=QQa(AL3),A(5),C(5),CL6)yAL4) +EXAS,A(B))

Q4(K)=Q4(K)-44Q
Q5(K)=0. |

IF (TUK)I=A(9)) Lobslbyla
Q5 (K)=Q4Q

CALL TF (A,K)

CONTINUE

HF=0.

DO 20 N3=1,N1

D3 20 K=1,N

No=K+N* (N3~-1)

HF=HF + (R{N6)~H(N6) ) ®%2/R(N6)
CONT INUE

RETURN

END
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SUBROUTINE CHIGZ (A,HF,TF)

THE SUBROUTINE CHIG2 EVALUATES THE CHI-SQUARE HF FOR THE TwO
KIONcY MODel WITH GLOMERULAR FILTRATION.

A

A(l)
Al2)
Al3)
Al{4)
A(5)
A(6)
A(T)
A(8)
A(9)
A(10)
A(ll)
A(12)
A(l13)
All4)
A{l15)

HF
TF

THE PARAMETERS OF THE MODEL

FLOW RATE FROM BLOOD POOL TO TISSUE FLUID POOL

FLOW RATE FROM TISSUE FLUID POOL TO 8LOOD. PUOL

FLOW RATE FROM BLOOD POOL YO TUBULAR CELLS (RT KIU)
GLOMERULAR FILTRATIGN RATE(RIGHT KIDNEY)

TUBULAR CELL FLOW RATE(RIGHT KIDNEY) e

FLOW RATE FROM BLOOD POOL TO TUBULAR CELLS (LF KID)
GLUMERULAR FILTRATION RATE(LEFT KIDNEY)

TUBULAR CELL FLOW RATE(LEFT KIDNEY)

- AMJIUNT AT TIME ZEKO IN THE BLOOD POOL

i

T

AMOUNT AT TIME ZERO IN TISSUE FLUID POOL
AMUOUNT AT TIME ZERO IN THE RIGHT KIDNEY TUBULAR CFLLS
AMOUNT AT TIME ZERO IN THE LEFT KIDNEY TUBULAR CELLS
RIGHT KIDNEY ESTUARY DELAY TIME
LEFT KIDNEY ESTUARY DELAY TIME

HUR A(32) IS THE CROSS TALK MATRIX

THE VALUE OF THE CHI-SQUARE

- SUBKJUTINE WHICH GENERATES THE TIME FUNLTIONS

THE SUBROUTINE ALSO GIVES
H - STORES THE TIMEFUNCTIONS T1,T2,T3,T4
VASCULAR POOL
TISSUE FLUID POOL
RIGHT KIDNEY TUBULAR CELL POOL
RIGHT KIDNEY-ESTUARY POOL
BLADDER PUOL
LEFT KIDNEY TUBULAK CELL POOL
LEFT KIDNEY ESTUARY PQOOL

QL -
Q2 -
Q3 -
Q4 -
Q5 -
Qo -
QT -

DIMENSION

C(l)=(A(9)*(P1*A(2))*A(lO)*A(Z))/(Pl—PZ).
CL2)=(A(I)*(P2+A(2))+ALL0D*A(2))/(P2-P1)

A(32)

COMMIN/FNT/T(L50) 4RI600),H{600)
COMMON/QFN/QL(L50),Q2(1500,Q3(150),04(150),Q5(1500,Q6(150),47(150)
COMMON/CONST/NGNL My ML

COMMON/EXPP/EXPLyEXP2,EXAS,EXAB

COMMON/ROOT/C(8)4P1LsP2,PP,S1

QA3 (B 9 X oY yEXyU) =8 (CLLIRXR(EXPL-EX)+CU2) XY R (EXP2-EX))+UXEX
QQ4{A33 A5+ CCLICC20 A4 EX o UI=A3%ASK(C(LY*CCLH((EXPL-1)/Pl-(le-EX)/A
L) #CU21*CC2*((EXP2=14)/P2~(1e~EX)/AS))#UX(L.-EX)+AGR(C(L)%(EXPL~1.
CV/PLAC 2V (EXP2~1.)/P2)

PP=A(LI+A(3)+A(4)+A(6)+A(T)
SL=SQRTI(PP+A(2)) %% 2-4 & (PP-A(1))%A(2))

PL=(S1-PP-A(2))/2. '

P2=(~-S1-PP-A(2))/2.

C{3)={A(L0)*(PL+PP)+A(9)*A(L))/(Pi-P2)
Cla)=(A(LOI*(P2+PP)+A(9)%A(L))/(P2-P1)
C(5)¥=1./(A(5)+P])
Cl6)=L./7(A(5)+P2)
CeTI=1.7(A(B)+P])
c(Bl=1l.7{A(B)+P2)

DO 26 K=1,N

Kl=N+K
KZ2=2%N+K
K3=3%N¢K
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EXPL=EXP(PL*T(K))

EXP2=EXP(P2*T (K))

EXAS=EXP(-A(5)*T(K))

EXA8=EXP(-A(8)%T(K)) .
QLIK)=CCLY*EXPL+C(2)%EXPZ
Q2(K)=CA{3)*EXPL+C (4 )*EXP2
Q3(K)I=QQ3(A(3),C(5),C(6),EXAS,ALLL)})
QO(K)I=QQ3(A(6),C{T)C(B)yEXAByALL2))
Qa{K)I=QQ4CA(3))A(5)4C(5),C(6)yAl4)EXA5,A(L]1})
QIIKI=QQ4 (A6}, A(B)C(T)C(B),A(T7),EXAB, A(lZ)l
[F (TIK)=-A(L13)) 1eqyi2,10

X=T(K)-A(L3)

EXPL=EXP{PL*®X)

EXP2=EXP(P2%X)

EXAS=EXP(-A(5)%*X)
WeQ=UR4(A(3),A(5),CU51yCLE)ALSGYEXAS, A(ll))
Q4(K)=Q4(K)-Q4Q

IF (T(K)-A(1l4)) 16,416,414

X=T{K)~A(l«)

EXPL=EXP(PL1%X)

EXP2=EXP(P2%*X)

EXAB=cXP(-A(8)%X)
QTQ=QQ4(A(6)yA(8)yC(T7),C(8B)yALT)EXAB,A(L2))
QT(K}=QT(K)-Q7Q

Q5(K)=V.

IF (T(K)=A(L3)) 20, 20vl8

I9(K)=4Q4Q

IF (T(K)-A(L14)) 24,424,422

Q5(KI=Q5(K)+Q7Q

CaLtL TF (A,K)

CONTINUE

HF=0.

DO 28 N3=1,N1

DO 28 K=1,4N

N6=K+N*(N3-1)

HE=HF + (KI(N6 I -HIN6) ) *%2/R{N6)

CONT INUE

RETURN

END
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SUBROUTINE CHIWL (A HF,TF)

THE SUBROUTINE CHIWLl EVALUATES THE CHI-SQUARE HF FOR THE OUNE
KIDNEY MUDEL WITHOUT GLOMERULAR FILTRATION,

- A - THE PARAMETERS OF THE MODEL

A(l) - FLOUW RATE FROM BLOOD POOL TO TISSUE FLUID POOL

A(2) - FLOW RATE FROM TISSUE FLUID POOL TO BLOOD POUL
¢ A(3) - FLOW RATE FROM BLOOD POUL TUO TUBULAR CELLS

A(4) - GLOMERULAR FILTRATION RATE

A{5) - AMUUNT AT TIME ZERU IN THE BLOOD POOL

Al6) - AMOUNT AT TIME ZERO IN TISSUE FLUID POOL

AUT)Y - AMUOUNT AT TIMEc ZERO IN THE KIDNEY TUBULAR LtLLS

A(8) - KIDNEY ESTUARY DELAY TIME

A(9) THUR A(32) IS THE CROSS TALK MATRIX

HF - THE VALUE OF THE CHI-SQUARE
TF - SUBRJUUTINE WHICH GENERATES THE TIME FUNCTIONS

THE SUBROUTINE ALSO GIVES
' H - STURES THE TIME FUNCTIONS T1,72,73
QL - VASCULAR POOL
Q2 - TISSUE FLUID POOL
Q3 - KIDNEY TUBULAR CELL POOL
Q4 ~ KIDNEY ESTUARY POOL
Q5 - BLADDER POOL

COMMON/FNT/T(150) yR{600),H(600)
COMMON/QFN/QL1(150),Q2(150),Q3(150),Q4(150),Q5(150)
COMMON/CONST/NyNiyMyM1
COMMON/ZEXPP/EXPLyEXP2,EXA4yEXAGL
COMMON/ROOT/CU(8) 4P L4P2,PP,S1

DIMENSIUN A(32) )
QA3 (B e X9 Yo EXoUI=8*(C (L) RX*(EXPL-EX)+C(2) %Y X (EXP2-EX) ) +U%EX
QQ4(A3y A5, CCLyCC2yEXyUI=A3%ASX(C{LI®CCLI*((EXPL-1.)/P1-(1.-EX)/A5)+
LC(2)%CC2* (L EXPZ=1.)/P2Z~(1.~EX)/A5))+U*(]1.-EX)
PP=A(L)+A(3)

SL=SQRT ((PP+A[2) ) %%x2-4 % (PP~ A(l))*A(Z)D
Pu=(SL-PP-A(2)) /2.

P2=(-SL-PP-A(2))/2.

ClLI=(A(S )= (PL+A(2))+A(6)%A(2))/(PL1-P2)
CL2)I=(A(S)=(P2+¢A(2))+A(6)XA(2))/(P2-P1) -
C(3)=(A(6)*(PL+PP)+A(5)*A(L1))/(PL=-P2)
Cla)=(A(6)%(P2+PP)+A(SIXA(L))/(P2Z-P])
C(5)=1e/(A(4)4P])

Cl6)=1/(AL4)+P2)

DO 18 K=1,N

KL=N+K

K2=2%N+K

K3=3%N+K

EXPL=EXP(PLX*T(K))

EXP2=EXP(P2%T (K))

EXA4=EXP(-A(4)%T(K))

QLIK)=C(L)XEXPL#C (2)*EXP2

Q2(K)=C(3)1*EXPL+C(4)*EXP2
Q3(K)I=QQ3(A(3),C(5)4ClO)EXAGALT))
Q4(K)=QQ4(A(3),A(4)+CU5),Cl6)EXAG,A(T))

IF (T(KI-A(8)) 12,12,10

X=T(K)~-A(8)

EXPL=EXP(P]%X)

EXP2=EXP(P2%X)
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EXA4=EXP(-A(4)*X)

QeQ=QRelA(3) 4 Al4) s C(5),CLO)EXAG,A(T))

Q4(K)=Q4(K)-Q4Q
Q5(K)=0. .

iF (T(K)=-A(8)) lo6y16,14
Q5(K)=Q4Q

catl TF (A.K)

CUONTINUE

HF=0.

DU 20 N3=1,N1.

DO 29 K=1yN

N6=K+N* (N3-1) |
HE=HF+(R(NO6 }-H(N6) ) ¥%2 /R(N6)
CONTINUE

RETURN

END
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THE SUBROUTINE CHIW2 EVALUATES THE CHI-SQUARE HF FOR THE TW0
KIDNEY MODEL WITHOUT GLOMERULAR FILTRATION.

A - THE PARAMETERS OF THE MODEL
A(l) - FLOW RATE FROM BLOOD POOL TO TISSUE FLUID POOL
A(2) - FLOW RATE FROM TISSUE FLUID POOL TO BLOOGD POOL
A(3) - FLOW RATE FRUM BLOOD POOL TO TUBULAR CELLS. (RT KID)
A{4) - TUBULAR CELL FLOW RATE(RIGHT KIDNEY) '
A(5) = FLOW RATE FROM BLOOD POOL TO TUBULAR CELLS (LF KID)
A{6) - TUBULAR CELL FLOW RATE(LEFT KIDNEY)
A(T) ~ AMUUNT AT TIME ZERO IN THE BLOOD POOL
A(8) - AMOUNT AT TIME ZERO IN TISSUE FLJUID POOL
A(9) ~ AMUUNT AT TIME ZERO IN THE RIGHT KIDNEY TUBULAR CELLS
A(10) - AMOUNT AT TIME ZERO IN THE LEFT KIONEY TUBULAR CELLS
A(ll) - RIGHT KIDNEY ESTUARY DELAY TIME
A(12) - LEFT KIUNEY ESTUARY DELAY TIME
A(L13) THUR A(32) IS THE CROSS TALK MATRIX

HF - THE VALUE OF THE CHI- SQUARF

TF - SUBROUTINE WHICH GENERATES THE TIME FUNCTIDNS

THE SUBROUTINE ALSO GIVES'
H - STORES THE TIMEFUNCTIONS T1,T2,73,T4
Ql - VASCULAR PUDL
Q2 - TISSUE FLUID POOL
Q3 - RIGHT KIDNEY TUBULAR CELL POOL
Q4- RIGHT KIDNZY ESTUARY POOL
Q5 - BLADDER POOL
Q6 - LEFT KIDNEY TUBULAR CELL POOL
Q7 - LEFT KIDNEY ESTUARY POOL

DIMENSION A(32)

COMMON/FNT/T(150) 4R(600),H(600)
COMMON/QFN/QL(150),Q2(150),Q3(150),44(150),Q5(150),Q6(150),Q7(150)
COMMON/ CONST/ Ny NL My ML

- COMMON/ExPP/EXPl EXP2,EXA5,EXAS8
COMMON/ROOT/C(8) 4Pl ,P2,PP,S1

QQ3 (B )X oY EX U =B*(CLLI*X*(EXPL-EX14C(2) %Y X (EXP2-EX ) ) $UXEX
QQ4(A3,A54CCLyCC2yEXyUDI=A3*AS*(C(L)*CCL*{(EXPL-1.)/PL~ (1.-EX)/A5)*
1C(2) #CL2*((EXP2-1.)/P2~{1.~EX)/A5) ) +U%(1.-EX)

PP=A(L)+A(3)+A(S5)

SL=SQRT((PP*A(2) ) %% 2~4 , % (PP~-A(L))*A(2))

PL=(S1-PP-A({2))/2.

P2=(~-SL-PP-A(2))}/2.

CLLI=(A(T)I*(PL+AL2))+A(B)*A(2))/(PL-P2)
Cl2)=(A(T)*=(P2+A(2))+A(8)%A(2))/(P2-P1)
C(3)=(A(B)*%(PL+PP)+A(T)%A(L) )/ (PL-P2)
Cla)=(A(BI*(P2+PP)+A(T)®A{L))/(P2-P1)

C{5)=1./(Al4)+P1) _ N

Cl6I=1./(A(4)+P2)

C(T)=1./(A(6)+P])

C(B)=1./7(A(6)¢P2)

DO 26 K=1,N

K1=N+K
K2=2%N+K
K3=3%N+K

EXPL=EXP(PL*T(K))
EXP2=EXP{P2%T (K))
EXA4=EXP(-A(4)*T(KJ)
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EXAS=EXP(-A{6)%T(K))

QLK) =CULI*EXPL+C(2)%EXP2
Q2(K)=C{3)*EXPL+C (Q)*EXP2
J3(KI=CQ3(A(3),C(5),ClO6)yEXAG,A(T))
QOIKI=CQ3LA(5) 4CUT)C(B)EXALLA(LO))
Qa(K)=QQ4({A(3) 4A(4)4C(5)+CLE)1EXA4A(9))
Q7(K) =QQ4(A(5) yAL6)yCUT)yC(B8IyEXAL,A(LOD))
IF (T(K)-A(LL)) 12,12,10

X=T(K)-A(11)

EXPL=EXP(PL%X)

EXP2=EXP(P2%X)

EXAG=EXP(~-A(4)*%X) ,

Q4Q=QQ4 (AL(3),A(4) 4C(5),C(6),EXA4,A(9))
RQ&{K)=Q4(K)-Q4Q :
IF (T(K)-AL12)) 16,16,14

X=T{K)=-A(12)

EXPL=EXP{PL%®X)

EXP2=EXP(P2%X)

EXA6=EXP(-A(6)%X) ,
Q7Q=QQR4(A{5) yA(6) yC(T)C(B) yEXA6,A(L10))
Q7(K)=Q7(K)=-Q7Q

Q5(K)=0. ' -

[F (T(K)=-A(LL)) 20,20,18

Q5 (K ) =Q4Q

IF (TUKI=AL12)) 24424422
Q5(KI=Q5(K) +Q7Q

CALL TF (A,K)

CONTINUE

HF=0.

DO 28 N3=}l,Nl

DO 248 K=1,N

N6=K+N* (N3-1)

HE=HF + (R{N6) —H(NO ) ) %% 2 /RING))
CONTINUE

RETURN

END
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SUBROUTINE FLOWL (A, NAME.[DATE TIME, MATX,[GLOM)

THE SUBROUTINE FLOWL PRINTS THE FLOW DIAGRAM FOR THE ONE
KIONEY COMPARTMENT MUDEL.

A - THe PARAMETERS FOR THE MODEL
NAME THE NAME (OF THE PERSON BEING STUDIED

IDATE - THE DATE JF THE STUDY
TIME - THE TIME INTERVAL FOR EACH SAMPLE COUNTS
MATX - THE SUBROUTINE WHICH PRINTS QUT THE MATRIX WHICH
RELATES THE TIME FUNCTIUNS TO THE COMPARTMENTS
- IF IGLUOM=]1 THE MODEL HAS A PATH FOR GLUOMERULAK

IGLOM
: FILTRATION
DIMENSION NAME(20),IDATE(20),A(32)

COMMON/ STARL/ISTAR,IDIF
[F (IGLOM.EQ.i) GU TO 10O

ISTAR=1H

IDIF=}

GO TO 12

[ STAR=1Hx%

IDIF=0 o :
PRINT 24, (NAME(I),I=1,20)
PRINT 26, (IDATE(L)9I=1,20)
PRINT 40 '

PRINT 28, A(2)

PRINT 30

PRINT 32

PRINT 34

PRINT 36y A(6-IDIF),TIME
PRINT 38, A(L)

PRINT 40

PRINT 42, ISTAR

PRINT 44, ISTAR,A(7-IDIF),TIME
DO L4 I=1,2 '
PRINT 46, ISTAR

CONT INUE

IF (IGLOM.EQ.L) GO TO 16
PRINT 46, ISTAR

PRINT. 46, ISTAR

GU T3 18

PRINT 48, A(4)

PRINT 50 '

DO 20 I=1,3

PRINT 52, ISTAR

CONTINUE _
PRINT 54, [ISTAR,A(3)
PRINT 56, ISTAK

PRINT 585 ISTAR

PRINT 60, ISTAR

PRINT 62y ISTARLA(B-IDIF), TIME
PRINT 58, ISTAR

PRINT 64, ISTAR

PRINT 664y ISTAR

PRINT 68, ISTAR

PRINT 70, ISTAR

PRINT 72, ISTAR

PRINT 74, ISTAR

PRINT 76, ISTAR

PRINT 68, ISTAR

PRINT 66, ISTAR

CALL MATX (A)
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PRINT 68, ISTAR
PRINT 78, ISTAR
[F (IGLOM.EQ.L) PRINT 80, A(9)
IF (1GLOM.NE.L1) PRINT B2, A{8)
PRINT 84
PRINT 84
PRINT 8o
DU 22 I=1,5
PRINT &8
22 CONTINUE
PRINT 90
PRINT 92
PRINT 92
PRINT 94
PRINT 96
PRINT 98
PRINT 98
PRINT 100
RETURN

24 FORMAT{ 1H1,20AL)

26 FURMAT(L1X,20A1) -

28 FORMAT(SS5X g% ey 25X 9 ¥ ok g0X g FTalgTXpFa¥y23X, % %)

30 FORMAT (55X p% 4% 23X g% oK%y JOLLIH*) %, %423 4%, %)

32 FORMAT (55X g% a% g LLIX y¥QL% g LOX 9% 0¥y 20X ¥ o% g LEX 9%Q2%3 10X 9% o%)

34 FORMAT (15X, *THE BLOOD PUOL HAS INITIALLY®,12Xy*.%,7TX,*BLOOD POQOL*,
LOXgHe® g 20X g %0 %3 22Xy *EXTRA VASCULAR PUOOL %9 2X,y *,%)

36 FURMAT(LOIX)F9u29% COUNTS/%3F2409% SECHgLIX g%k g 23X g%a%y LO(LHX) %>,
LRy 23X,y%,%)

38 FORMAT (55X g X e, g 23K g% o 96X g FT oy TX g ¥akg23X,y k%)

40 FURMAT(55Xs25(%,%) ,20X425(%.%) )

42 FORMAT(60XeAL¢3Xy lH¥420Xs*THE EXTRA VASCULAR POOL HAS INITIALLY*)

44 FURMAT(bOX'Aly}XylH*'25XyF9 29 % COUNTS/* F2.0,% SEC*)

+6 FORMAT({60XsAly3X,1H%)

43 FJRMAT(ZBX F7.4.25K,1H*13X.lﬁ*)

50 FURMAT(SX 560 LH*) 43X, 1H%)

52 FORMAT{5X,ALly58Xy1Hx)

54 FJRMAI(BX’AL l%X.*KIDNEY* 17X'F7 4'14X91H*)

56 FUORMAT(5X,A1916Xe43(LH%®})

58 FURMAT({5XyALlyl6Xy1H¥*)

60 FURMAT(5X Al 16X, LH%,1X,*THE KIDNEY TUBULAR (CE LLS*)

02 FORMAT(5XsAly 16Xy LH*»5Xy¥HAVE INITIALLY %*,F9.2,% COUNTS/*,F2.0,%
1 SECx)

64 FURMAT(S5X AL s 16Xy *V¥,16X,*THE TIME FUNCTIONS AND COMPARTMENTS ARE
L RELATED AS FOLLOWS*)

66 FUORMAT{SX )ALl p4X925(%,.%))

68 FORMAT (S5X yALyaX g% oe% 923K 9% 4%)

7O FORMAT(SX oA Lo 4Xg® % 923X g% o %3 12X 9% (T19T2,73) = (QL,Q2,Q3,Q4,Q5
LIW%x)

T2 FORMAT(SX g ALy @ X o ¥ 0% ¢ [1X o %Q3%g 10X, %,%)

e FORMAT(S5XgALeaXo*o® 35Xy *TUBULAR CELLS* 45Xy *o%)

T6 FORMAT(OXsALgaX g%k a¥* 923X ¥, % 7X.*NHERE*)

78 FORMAT(5XsALledXy¥o%x,11X, *QQ* 10X o%o%y 1 Xy *T IME UELAY =%)

80 FORMAT(S5XySHxsuk> y %k &, 5XyxKIONEY ESTUARY®,4X %%, FT.4)

82 FORMAT(lOX.*.#,SX.*KIUNEY ESTUARY * g 4X %ok FT.4%)

B4 FORMAT{1OX ¥ % y23Xy%,%)

B6 FORMAT(10Xy25(%.%))

83 FORMAT (22X, LH¥*)

30 FORMAT (22X 1H*,32X,25(*.%x))

92 FORMAT (22X LH¥* 932X g%, % 423Xy % %)

V4 FORMAT (22X ¢ LH¥* 332Xy % %y 11X *Q5%, 10Xy ¥.%)
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F6 FORMAT( 22X 320 1H%R) g%D> %3 8X s *BLADDER%y8X g% %) )
98 FORMAT (55X y%e%ky23X g% ,%)
100 FORMAT (55X y25(*.%))
END
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: SUBROUTINE FLOW2 (AyNAME, IDATE,TIME,MATX, IGLOM)

10

i2

l4

16

18

20

THE SUBROUTINE FLOHZ PRINTS THE FLOW DIAGRAM FOR THE TWO
KIONEY COMPARTMENT MODEL.

A
NAME
IDATE
TIME
MATX

- IGLOM

- THE
- THE
THE
THE
THE

PARAMETERS FOR THE MODEL

NAME OF THE PERSON BEING STUDIED

DATE OF THE STUDY

TIME INTERVAL FOR EACH SAMPLE CUUNTS
SUBRCOUTINE WHICH PRINTS OUT THE MATRIX WHICH

RELATES THE TIME FUNCTIONS TU THE COMPARTMENTS

FILTRATION

IF IGLOM=1 THE MODEL HAS A PATH FOR GLOMERULAR

DIMENSION NAME(20), IDATE(20),A(32)
COMMON/STAR2/ISTAR,IDIFL1,IDIF2

IF (IGLOM,
ISTAR=1H
IDIF1=1
IDIF2=2
GO TO 12
ISTAR=]1H%
IDIFi=0
IDIF2=0
PRINT 24,
PRINT 26,
PRINT 40
PRINT 28,
PRINT 30
PRINT 32
PRINT 34
PRINT 36,
PRINT 38,
PRINT 40
PRINT 42,
PRINT 44,
DO 14 [=1,
PRINT 46,
CONTINUE
IF (IGLOM,
PRINT 46,
PRINT 46,
GO TO 18
PRINT 48,
PRINT 50
DO 20 I=1,
PRINT 52,
CONTINUE
PRINT 54,
PRINT 56,
PRINT 58,
PRINT 60,
PRINT 62,
PRINT 58,
PRINT 64,
PRINT 66,
PRINT 68,
PRINT 70,
PRINT 72,
PRINT 74,
PRINT 76,
PRINT 68,

EQ.1) GO TO 10

(NAME(I)y1=1,20)

(IDATE(I),1=1,20)

A(2)

A(9~IDIF2) T IME
A(L)

ISTARyISTAR

ISTAR,ISTAR,A(10~ lDIFZDoTIME

2
ISTAR,ISTAR

EQ.1) GO TO 16
ISTAR,ISTAR
ISTAR, ISTAR
A(4),A(T)

3
lSTARqISTAR

ISTAR, A(S)oAlb-IDIFll'lSTAR

ISTAR,ISTAR
ISTAR,ISTAR
ISTAR,ISTAR

ISTAR,A(11-1DIF2),TIME,A(]12~- IDIFZ) TIMthSTAR

[STARYISTAR
ISTAR,ISTAR
ISTAR,ISTAR
ISTAR,ISTAR
ISTAR,ISTAR
ISTAR, ISTAR
ISTAR,ISTAR
ISTAR,ISTAR
ISTAR¢I§TAR
I
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PRINT 6649 ISTAR,ISTAR
CALL MATX (A) ,
PRINT 68, [STAR,ISTAR
. PRINT 78, ISTAR,ISTAR ' :
IF (IGLOM.EQ.1) PRINT 80, A(13)sA(14)
IF (IGLOMJNE.L) PRINT 82, A(l1l),A(12)
PRINT 84
PRINT 84
PRINT 86
DJ 22 I=1+5
PRINT 88
22 CONTINUE
PRINT 90
PRINT 92
PRINT. 92
PRINT 94
PRINT 96
PRINT 98
PRINT 98
PRINTY 100
RETURN

24 FORMAT(LHL,20A1)

26 FORMAT(1X,20A1)

28 FURMAT(SSX Mok 925X 9%k % 36Xy F7o4 7X Kok y23Xy k%)

C30 FORMAT(S5X g% o % 923X 9% ek gL G(LH¥™) % % g23 X y%a%) ’

32 FDRMAT(SSX'*.*QLLX'*Ql*Q10Xp*.*'20X'*.*'11X'*QZ*'10X'*.*)

34 FORMAT(L1S5X,*xTHE BLOOD POOL HAS XNITIALLY*Q12X9*-*97X,*BLUOD POOL *,
LOXp%o%g 20Xy %ok 2X y*EXTRA VASCULAR POOL% 42X 4%, %) :

36 FORMAT(L19X 4 F9429% COUNTS/%43F2.09% SECv 13X g% o%y 23X ¥ oy JO(LH%E) 4% >,
L¥ 23X 9% e%) '

38 FURMAT(SﬁX !*O*QZBX '*o*'bx'F7.4' 7X.*.*923Xv*-*)

40 FORMAT (55X 425(% 4% ) 420X e25(% %))

42 FDRMAT(bOX,AlvBXplH*oSXylH*,3XpAl.lOX,*THE EXTRA VASCULAR PUOOL HAS
1 INITIALLYX)

44 FORMAT (60X ¢Al 33X,y LHX45X,y LH*, 3X.Al,15x FOely* LOUNTS/*QFZ 0, * SEC*)

46 FORMAT (60X, ALy 33Xy lH®,5XyLH%,3X,Al)

48 FURMAT 28Xy FT a4 925X s hH% g3 X LH%* gy SXy IH® g 3X ) LH* 425X F T a4l

20 FORMAT(SX y560({1H*) ¢3Xy LH¥* 45Xy 1H*¢3X,56( 1H%))

52 FORMAT(5XsA1 458X, LH* 35X LH%*,58X,A1)

54 FORMAT(SX,Al'QXQ*RleT KIDONEY*,16X, F7 GelaXgLlH% 35Xy IH* g 14X 3FTate17
LX y%LEFT KIDNEY*®,9X,Al1) .

26 FORMAT(SXyALly LOXy43(1H%)45Xs43(LH%*) 16X AL)

53 FORMAT(5XyAly 16X,y 1H%,89X, IH®, 16XyA1) :

60 FURMAT(5X ¢AlylOXg LH¥y 1X,*THE RIGHT KIDNEY TUBULAR CELLS X9l3Xe¥
LTHE LEFT KIDNEY TUBULAR CELLS e BX 9y LH*, 16X yAL)

62 FORMAT(5Xs ALy LOXy1H* 95Xy ¥ HAVE INITIALLY %,F9,23% COUNTS/%,F2.0,% S
LEC* g 9X g *¥HAVE INITIALLY*,F9a29% COUNTS/%,F2.0,% SEC*,iH¥*,16X,A1)

64 FORMATISX ALy LOXy%VE,]16Xy*THE TIME FUNCTIONS AND COMPARTMENTS ARE
LRELATED AS FOLLOWS*,15X%V%,16X,Al)

06 FORMAT(S5X s AL paXp25(%a%) 465X ,425(%a)44X,A1)

08 FORMAT(5XvAly%Xy*-*923X'*c*'65X1*.*'23Xv*.*94XQAl)

T TO FORMAT(SX g ALy aX g% o ¥ 923 X9 ¥ a%y 12X %(T1yT2,73,T4) = (Q19Q2+Q3,Q4,Q5
Lo QOsQTINY, ) 12Xy %ok g 23X g% oa%k,y34XyAL)

12 FURMAT(SXQAI,“X'* ¥ lLlXy®kQ3%,y LOX g ko % ,05X g% X, [1Xy¥QE%,y LOX g% % 14X oA
11

Ta FORMAT(SOXsAlyaXy%, % bx *TUBULAR CELLS*QSX,* 965K 9 %%y 5X, *TUBULAR
LCELLS*,5X,y % % 4XyAl)

76 FORMAT(S5X gAlyaX g% o 923X g% o % g TX g XWHEREX§53X g% o8y 23X g% % QXQAI,

78 FORMAT(S5X e ALy aXo% o® gl L X g% Qé%* gl OXy%a%k,1X y#TIME DELAY =X 39XyX%T [ME D
LELAY =k IX g% %y L IXy%Q 7%, 10Xy%.%,4X,A1)
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80 FORMAT(5XySHkkx%R> % %, 5Xy*KIDNEY ESTUARV*.4X,* *,F7. 4948X.F7 4,3X',
L1#.%,5X ) ®K IDNEY ESTUARY* 44X ¥4 % ¢ SHSKRKR)
82 FORMAT (10X ,%*,%,5X,*KIDNEY ESTUARY*,4X %s%,F7, 4,48X.F7. 13X g% % y5X,
L*KIDNEY ESTUARY*y4X % o%) '
B4 FORMAT(LOX p¥o% 23X g% % 165X gk o¥*y23X9%,%)
86 FORMAT(10X25(%.%)465X925(%.%))
88 FORMAT(22X L H* 489Xy 1H*)
90 FORMAT (22X, LH¥*y32XK925(% %) 932Xy LH¥)
92 FORMAT (22X g LH¥ 332X g% o% 9 23X g% o% 932Xy 1H%)
94 FORMAT (22X 1H* 32X p% ok g L1 X9 %Q5% g L1 OX g ¥ ¥ 932X g LH*)
96 FORMAT(22X932(1H*) ¢%>.%,B8Xo*¥BLADDER¥ 98X 9 ¥ <#,32(1H*))
98 FORMAT (55X o*e% 923X o*,.%) o
100 FORMAT(55X,25(*.%))
END
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INV (ByIByM,Z) . Coa

UBROUTINE INV GIVES THE INVERSE OF A MATRIX B If IB=1l
AND GIVES THE SOLUTION OF A SYSTEM OF LINEAR EQUATIONS
WITH COEFFICIENT MATRIX B AND THE CONSTANT TERMS STURED
IN B(I,M#1) IF 1B8=0. THE ALGORITHM IS BASED ON
GAUSSTAN ELIMINATION AND IS DESCRIBED IN = INTROLUC-
TORY COMPUTER METHODS AND NUMERICAL ANALYSIS - BY
PENNINGTON.

MATRIX

1 THE INVERSE MATRIX IS RETURNED ANU STORED . IN
COLUMNS M+1 TO 2%M OF THE MATRIX 8.

O THE SOLUTION OF A SYSTEM UF LINEAR EQUATIONS WITH
COEFFICIENT MATRIX B IS RETURNED AS Z.

THE DIMENSION OF THE MATRIX M .

THE SOLUTIGNS TO THE SYSTEM OF LINEAR EQUATIONS

(32,641 422032),L(32)

I[f (I3) 10416410

M2=2%M
00 12 I=14M

B(I'J)=0o
CONT INUE

DU 14 I=1,M
MI=M+|
Bl{l,MI)=1.
Lt1)=1
CONTINUE

GO TO 20
M2=M+]

D3O 12 J=MM,M2

DO 18 [=1,M

L(ri=1
CONTINUE
KK=K+1

[S=K

IT=K
A=ABS(B(K K
Do 24 1 K.
DO 24 J=K,
IF (ABS(B(I
1S=1

IT=4 _
A=ABS(B(I,J
CONT INUE

IF (IS-K) 3

})

9J))~Al 24924422

))

0930,26°

DO 28 J=K,M2

C=8(1S,+J)
BUIS,JI=B(K
B{K,J)=C
CUNT INUE

v J)

IF (IT=K) 36436432

IC=L(K)
LIK)=L(IT)
LOIT)=IC

DO 34 I=1,M
C=8(1,IT)
B(1,IT)=B(1
B(Il,K)=C

1K)
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CONTINUE ;
IF (B(KesK)) 38,64,38
D0 40 J=KK,M2
BIKyJ)=B(KyJ)/BIK,K)
D0 40 [=KK,M
W=B(I,K)*B(KyJ)
Bll,J)=B(l,J)-W
CONTINUE
K=KK
IF (K-M) 20,422,064
IF (B(MyM)) 44,644+44
IF (IB) 46,58,46
DO 48 J=MM,M2
B(MoJ_’-"—'B(M’J)/B(M'M)
CONTINUE
Ml=M-1
DO 50 IX=l,M1
[=M-1X
Il=1+1
DO 50 K=]1l,M
DO 50 J=MM,M2 .
BUIosJ)=B(I,J)=B(I KI*¥B(KyJ)
CONTINUE _ .
DO 56 [=14M1
MI=M-I
DO 56 J=1,MI
IF (L(J+1)=L(J)) 52,56,56
IC=L(J) '
LiJ)=L(JeL)
Liyel)=IC
DO 54 K=MM,M2
C=B(J'K)
BlJoKI=B(J+1,K)
8(J+l,K)=C
CONTINUE
CONTINUE
IF (1B) 66,58,66
LM=L(M) :
ZLM)=B(MyM#1)/B(M,M)
Ml=M-1 ’
DO 62 I=1,M1
S“_'Qo
Jil=M-1+¢1
MI=M-1
DO 60 J=J1,M

LJ=L(J)

S=S+B(MI,J)*Z(LJ)
CONTINUVE

LM=L (M)
L{LM)=B(M[,M+]1)=S
CONTINUE

GO TO 66

PRINT 68

CALL EXIT

RETURN

FORMAT (*THE MATRIX IS SINGULAR*)
END '
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THE SUBROUTINE INVPD GIVES THE INVERSE FOR A PUSIT[V&
SEMIDEFINITE MATRIX 8 IF IB=1 AND GIVES THE SOLUTION
OF A SYSTEM OF LINEAR EQUATIONS WITH COEFFICIENT
MATRIX B AND THE CONSTANT TERMS STORED IN BCI,M¢l)
IF IB=0. THE ALGORITHM IS ODUE TUJ CHOLESKI AND 1S
DESCRIBED ON PAGE 452 IN - A FIRST COURSE IN NUMERICAL
ANALYSIS - BY RALSTON.

o
I

"MATRIX

—
4]
{

1 THE INVERSE MATRIX IS RETURNED AND STORED IN

COLUMNS 1 TO M OF THE MATRIX B.

0 THE SOLUTION OF A SYSTEM OF LINEAR EQUATIOUNS WITH

COEFFICIENT MATRIX B IS RETURNED AS l.

M
l

DIMENSION B(32464)y2(32),L(32),Y(32)

DOUBLE PRECISION SA,S8
MM=M+]

M2=2%*M

Ml=M-1

K=1 .

DO 10 I=1,M

L{L)=1

CONTINUE

KK=K+1

1S=K

I[T=K

A=B(K,yK)

D3 16 I=K.M

D0 16 J=K.M

IF (B(I,J)-A) 16,16,14
[S=1

1T=J

A=B(1{,J)

CONTINUE

IR (IS-K) 22, 22,18

DO 20 J=1.M
C=8(1S,J)
BOIS,yJ)=B(K,Jd)
B{KyJ)=C
CONTINUE

IF (IT-K) 28,2824

IC=L(K)

LIK)=L(IT)

L(IT)=IC

DO 26 I=K.M
C=B(1,IT)
B(lrlT)-B(vi)
BlLI,K)=C

CONT INUE

IF (B(KyK)) 30,96,30
IF (K=1) 306,32,30
SA=8{K¢K)
SB=DSQRT(SA)
B{(K,K)=S8B

DO 34 [=2+M
B(I,K)=B(1, K)/ﬂ(K’K)
CUNT INUE

K=KK

THE DIMENSION OF THE MATRIX B8
THE SOLUTION TO THE SYSTEM OF LINEAR EQUATIUNS
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I (K-M) 12,50,96
Kl=K=1
SUM=0,

 DJ 38 I=1,K1

38
40

42

44

46

48

50

52

60

62

64

66

68

70

SUM=SUM+B(K,])%%2

CONTINUE

X=B(K,K}-SUM

IF (X) 40y44,44

PRINT 100, K

DO 42 I=1,M

J2=1 _ o :
PRINT 102y (B(lyJd)ed=1,42)
CONTINUE

CALL EXIT

SA=X

SB=DSQRT(SA)

B{K,K)=S8

DO 48 1= KK'M

SUM=Q,

DO 46 J=1,K1l

SUM= SUM#B(I'J)*B(K J)
CONTINUE '
BlloK)=(B(14K)- SUM)/B(K'K'
CONT INUE ’
K=KK

IF (K~-M) 12'50p96

IF (B{MyM)) 52496452
SUM=0,

DO 54 I=1,M1
SUM=SUM+B(M,] ) %x%2
CONTINUE ‘
X=B{MyM)-SUM

IF (X) 56,60060

PRINT 100, K

DO 58 I-loM

J2=1

PRINT 102y (BllIyJ)yd=1,4d2) .
CONTINUE )
CALL EXIT

SA=X

SB=DSQRT(SA)

B(M,M)=S8B .

IF (IB) 62+¢86,62

D) 64 I=1:M

DO 64 J=MM,M2

8(1,J)=0.

CONT INUE

- DO 66 I=1,M

MI=M+]
B(I,MI)=1.

CONTINUE

K=1

MI=

KK=K*1

MI=MI+1

D0 70 J=MM,MI
BIKyJ)=B(KyJ)/BIKsK)
DO 70 I=KK,M
W=B(1,K)*B(KyJ)
BUI+J)=BI1sd)~W

CONT INUE

K=KK
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If (K-M) 68,772,906

DI 74 J=MM,M2
BIMyJ)=B(MyJ)}/B(M,M)
CONTINUE :
D3 76 I=14M

DO 76 J=1.M

B(I,J)=0.

D0 76 K=1,M
BlIosJ)=B(IsJ)#BIK, M+ )%RB(K M+J)
CONTINUE

DO 84 I=1,M1

MI=M-]

00 84 J=1,MI]

IF (L{J#1)-L(J)) T7B,84,84
IC=L{J)

LUJdI=L{Jd+1)

LJ+1)=1IC

DUY. 80 K=1,M

C=8(JyK)
BldsyKI=B(J+1,K)
B(J+1l,K)=C

CONTINUE

DI 82 K=1,M

C=B(K,J)
BUKsJI=B(KyJ*+1)
B(KyJ+1)=C

CONTINUE

CONTINUE

GJ TQ 98

LM=L (1)
Y{l)=B(LMyMM)/B(1,1)
DU 90 [=2,M

S=0.

[1=1-1

DO 88 J=1,11
S=S+8(1,d)xY{J)

CONT INUE

LM=L(])
Y(I)=(B(LMyM+1)-S)/B(]1,1)
CONTINUE

LM=L (M)
LILM)=Y(M)/B(M,M)

03 94 I=1,M1

$=0.

Jl=M-1+1

MI=M~-]

DO 92 J=Jl.,M

LJd=L(J)
S=S+8(JMID*Z(LJ)
CONT I NUE :
LM=L(M]) ,
ZILMI=(Y(MI)=-S)/B(MI,M])
CONTINUE '
GO TO 98

PRINT 104

CALL EXIT

RETURN

FORMAT(1X,*THE MAIRIX,IS NGT POSITIVE DEFINITZ
FORMAT(5X,12(€E9.2,1X) )" '
FORMAT(LXy*THE MATRIX IS SINGULARX*)

K = %,[3)
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END ’
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SUBRUOUTINE LINMAX (M,Z,XLINMAX,Z21)

THE SUBROUTINE LINMAX SCALES THE STEP VECTUR Z SO THAT THE
“ABSULUTE VALUE OF Z(I1) DUES NOT EXCEED XLINMAX(I) FOR

ALL 1T,
M - THE NUMBER UF PARAMETERS
L - THE STEP FOR THE PARAMETERS
XLINMAX - THE ABSOLUTE MAXIMUM STEP
1 - THE SCALED STEP FOR THE PARAMETERS

DIMENSION Z(32)XLINMAX({32),21(32)
XM=1.

DO L0 I=1.M

IF (ABSCZCI)M)}-XLINMAX(I)) 10,410,122
CONT INUE

GG T3 18

XM=XLINMAX(L)/Z7ABS(Z(1))

DO 16 I=2,M ‘
XX=XLINMAX(T)}/ABS(Z(1))

[F (XM=XX) 16416414

14
16
18

XM= X X

CONT INUE

DO 20 I=1l,.M
Z1(I)=XM*Z(1)
CONTINUE
RETURN

END
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MARQ (A XLINMAX yCHI +TFyPARy PARX, ICOUBL ¢yNSTEP, IPRT)

SUBROUTINE MARQ DETERMINES THE MINIMUM TO THE LEAST

SQUARES FUNCTION FOR THE KIONEY COMPARTMENT MODEL.
THE ALGORITHM USED TO DETERMINE THE MINIMUM IS DUE
TO MARQUARDT AND IS DESCRIBED IN, AN ALGORITHM FOR
LEAST-SQUARES ESTIMATION OF NON LINEAR PARAMETERS,
Jo SOCe INDUST. APPL. MATH, 11(1363), PP 431-441.

~ THE PARAMETERS FOR THE KIDNEY MODEL

NMAX - THE MAXIMUM ALLOWED STEP SIZE
- THE CHI-SQUARE SUBROUTINE
- THE TIME FUNCTION SUBROUTINE
- THE SUBROUTINE OF PARTIAL DERIVATIVES
X -~ THE SUBROUTINE OF PARTIAL DERIVATIVES FOR THE
TIME FUNCTIOUNS
usL '~ 1F IDOUBL IS EQUAL TO 1 THEN THE SUMS ARE
EVALUATED IN DOUBLE PRECISION IN THE SUBRUUTINE
PAR,
EP = THe MAXIUM NUMBER 0OF ITERATIUNS
T ~ IF [PRT=1 THEN PRINT OUT THE PARAMETER VALUES

FOR ALL ITERATIONS

MARQUARDT ALGORITHM -

SELECT AN INITIAL SOLUTION A FOR THE KIDNEY COMPARTMENT
MODEL AND AN INITIAL VALUE FOR XLAM AND V.
LET AT=A AND EVALUATE THE LEAST SQUARES FUNCTION HF BY

“CALL SQSUM{A,HF).

6 E

T

8.

9.

10.

l1l.

EVALUATE THE MATRICES B AND E 8Y CALL PAR(A,B).
EVALUATE THE MATRICES B* AND E* WHERE

BE{lsd) = BUIyJI/SQRT(BUII)%B(Jyd))

Ex(I) = ECI)/SQRT(B(I,I)).
SOLVE FOR Z1% AND 22% WHERE

L1* = INV(B*x + XLAML1%*][) * Ex

L2% = INV(B% + XLAMZ2%][) * E*
AND XLAMLI=XLAM AND XLAM2=XLAM/V.
VALUATE Z1 AND Z2 WHERE

LZ101) = Z1*{I}/SQRT(BLI,1))

L2(1) = Z2%(T1)/SQRT(B(I,1)).
SCALE Z1(I) AND Z2(1) BY CALL LINMAX(M, ZoXLlNMAXyZ)
SO THAT ABS(ZL1{1)) AND ABS(Z2(I)) s XLINMAX(I) FOR ALL
WHERE XLINMAX(I) IS THE MAXIMUM ALLOWED STEP SIZE.
EVALUATE Al AND A2 WHERE

ALCI) = ACT)+Z1C1)

AZ(I) = A(I)+22(1). _
EVALUATE HLl=HF(XLAM1) AND H2=HF (XLAM2} BY
CALL SQSUM(ALl,HL1) AND CALL SQSUMUA2,H2) RESPECTIVILY.
IF HF(XLAM])<HF THEN

XLAM = XLAML

ACT) Al(T1)

Zel) Z1(1)
GJ TO 11, ELSE
IF HFE(XLAML)I>HF AND HF(XLAM2) <HF THEN

XLAM XLAMZ2

A(l) Az2(1)

Zir) 2211)
GO TO 11, ELSE GO TO 12.
TEST FOR CONVERGENCE (CALL TEST(M,Z,AT4l.4LG)) ~

IF ABS(Z(I))/(.00L+ABSUAT(I))) < .0004 FOR ALL 1
THEN STOP, ELSE RETURN TO 2.

n.on i

I
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LET XLAM=V®XLAM,
EVALUATE Z* WHERE

I¥ = [NV(B% ¢ XLAM®]) * Ex
EVALUATE 7 WHERE

2(1) = Z*(I)/SQRT(B(I,I)).
SCALE Z(I) SO THAT ABS(Z(I))sSXLINMAX(I) FOR ALL I.
EVALUATE A(I) WHERE )

A(I) = ALID+Z(I1).
EVALUATE H3=HF(XLAM).
IF H3< HF THEN RETURN TO 11 AND CALL TEST
ELSE GO TO 12. .

COMMON/COUNST/No¢NLyM ML

DIMENSION AL1(32),A2(32)+AT(32)4B(32464),CC(32,64),2(32),D0(32),P(32"

L1 oZ21(32),22(32)XLINMAX(32),A(32)
LOGICAL LG, TPRINT

XLAM=,01

Ll=1

v=10. ) '
IF (TPRINT) GO TO 1c¢

GJd TO 14

PRINT 76, L1

PRINT 78

PRINT 80

CALL CHI (A, HF,TF)

CALL PAR (A,B,PARX,IDCOUBL)
DO 16 I=1M
PlI)==2.%B(1+M+])

CONTINUE

DO 18 I=1sM
DEI)=8B(I,1)

18

20

22

.24

26

CONTINUE

N2=0

DO 29 I=1.M

BCI Mei)=B(1,M+2)/SQRT(DI(I))
CClI s Me]1)=B(1M+1) .
N2=N2+1

DO 20 J=i.N2
B(IyJ)=B(1,4J)/SQRTID(I)%D(J))
BlJrI)=B(I,J)

CClI,Jd)=BC1,J)

CCJy I)=CC(I1yJ)

CONTINUE

00 22 I=1,

M

CCUI ID=B(1y1)+XLAM

CONTINUE

CALL INVPD (CCy0eM,yZ1)
DO 24 1=1,M
ZL(IY=21(1)/SQRT(O(I))

CONTINUE

CALL LINMAX (MyZ1oXLINMAX,Z1)
DO 26 I=44M
ALCI)=ACT)+Z1(])

AT(I)=A(T1)

CONTINUE

RRkkEERRHL 1S HE (XLAM ) # b sonnodn

CALL CHI

(AlyH1,TF)

IF (TPRINT) PRINT 82, Hi,XLAM
XLAMZ2=XLAM/V

N2=0



(@]

L, OO0

28

30

32

34

36
38
40

42

44

46

48
50

56

58

60

-122-

DO 30 [=1.M
N2=N2+1
CClIyMel)=B(IsM¢])
DO 28 J=1,4N2
CCUIsd)=8B(14J)
CClUyI)=CC(IyJ)
CONTINUE :
LC(IQI)‘B(I,I)*XLAMZ
CONTINUE
CALL INVPD (CCy0iM,22)
DO 32 I=14M
22{1})= ZZ(I'/SQRT(D(I))
CONTINUE
CALL LINMAX (M,Z22,XLINMAX,22)
DO 34 I=1,M '
A2{L)=A(1)#Z22(1)
CONTINUE

e kkkhkkH2 | S HF ( XL AM/V)********
CALL CHI (A24H2,TF) :
IF (TPRINT) PRINT 82, H2,XLAMZ
IF (H1-HF) 36,36,38
IF (HL-H2) 44,44,40
IF (H2-HF) 40,400,448
XLAM=XLAMZ2
DO 42 [=1.M
A(I)=A2(1)
Z(1)=22(1)
CONTINUE
GO TO 64
D3 46 1=1,M
A(L)=A1(1)
Ze1)=21100)

CONTINUE

GO TO 64
¥ &k kkx%BEGINNING OF SUCCESSIVE CORRECTIONS TO XLAM®&&kkxk

Ki=1l

XLAM=XLAM®Y

N2=0

DO 54 I=1+M

N2=N2+1
CCUIsM*1)=B(T4M¢1)

DO 52 J=1,N2
CClIJdd=B(1,4J)
CC{Jd»1)=CC(Isd)

CONTINUE
CC([ol)—B(lo[)*XLAM
CONTINUE

CALL INVPD (CC,OvaZ)

DO 56 I=1.M
LOI)=ZC1)/SQRT(D(I))
CONTINUE

CALL L INMAX (M’l'xL[NMAXQZ’
DO 58 I=1.M
ACL)=AT(1)+2(])

CONT INUE

CALL CHI (AyH3,TF)

IF (TPRINT) PRINT 84, KloH3,XLAM
IF (H3-HF) 64,600,060
Kl=K1l+1 ,
IF (Ki-20) TPRINT=.TRUE,
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IF (K1-21) 50,62,62 -123-
*EREkRkeEND OF LOOP %ok

62 PRINT 86
CALL EXIT
64 IF {TPRINT) GU TO 66
GO 171 70 »
66 PRINT 78
PRINT 88
PRINT 90
PRINT 92
DO 68 1=1l4M
PRINT 94y I,AT(I)P(L)oe2(1)
68 CUNTINUE
PRINT 96

70 CALL TEST (MyZyAT4leyLG)

IF. (LG) T4,172
Tz Ll=L1+1
IF (LL.EQ.NSTEP-1) TPRINT=.TRUE.
IF (L1-NSTEP) 10,100,462
T4 PRINT 98, L1
RETURN

716 FORMAT(1H1 955Xy 13H%%X [ TERATION 413 ¢3H%%%/)

718 FORMAT(4TXy36(1H*))

80 FORMAT{4TXy lH* g 2X o%K1% ) 5X g ¥HF { XLAM) %9 OX 3k XLAME 46X 4 L HX)

82 FORMATI{4TXylHX 36X 9 F13.4,4X9EFa292XylH¥%)

84 FORMAT{4TX o iH* 92X 1292X9F134494X9E9e292Xy 1H¥*)

86 FORMAT{LX,*THE NUMBER OF [TERATIONS EXCEED THE BUUNDS*)

88 FORMAT(///+36Xs53(1H%}) '

90 FORMAT (36X p1H%* 92X o[ %,3X y*¥PARAMETERY* ;6 X9 *GRADIANT %, 4 X, *COKRECTION
IVECTOR* 41X,y 1H*)

92 FORMAT (30X g LH* yBX o *A( 1 )Xy 27Xy *Z{1)%*,8Xy 1H*)

94 FORMAT(36X ) lH* s iXyI292XsFL1e594XeEFe29TXyFLU595Xy H¥)

96 FORMAT(36Xs53(1H%)) _

98 FORMAT(1X y*THE SOLUTION CUNVERGED ON ITERATION #4]3,%,%)
END
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SUBROUTINE MATXii (A) 124

THE SUBROUTINE MATX11l PRINTS THE MATRIX W FOR A ONE
KIDNEY MODEL., THE MATRIX W RELATES THE TIME FUNCTIONS
TO THE COMPARTMENT EQUATIONS SUCH THAT
(TFLyTF2,TF3) = (Q19Q2+Q3,Q4+Q5) %W,

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = Q3 + Q4 + A(LO)*(Ql + Q2)
TF2 = Q5 + A(11)=(Ql + Q2)
TF3 = AL12)%(QL + Q2)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TFL = Q3 + Q4 + A(9)*(Ql + Q2)
TF2 = Q5 + A(L0)*(Ql + Q2)
TF3 = ACLL)*(QL + Q2)

TF1 - KIDNEY
TF2 - BLADDER
TF3 - BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL

COMMON/STARL/ISTAR,IDIF

DIMENSION A(32)

2120

Ll=1. ' _ o : :
PRINT 10y ISTARJA(L1O-IDIF)yA(L1-IDIF),A(L2~-]IDIF) -
PRINT 12y ISTARYA{L1O0~IDIF) A(11-IDIF)  A(L2=-1IDIF)
PRINT 14y ISTARJAUIS-IDIF)s 224241

PRINT 12y ISTAR,ZLy2+2

PRINT 16, ISTAReZLy2Zy2

PRINT 18, ISTAR

PRINT 20, ISTAR

RETURN

LO FORMAT(S5XyAlel6Xy LH®*936Xe3(FTe4s3X)o11Xs25(1H*))

12 FORMAT(5XsALlsl6Xy LH® g 36X 3IFTe493X) 911Xy lHE 23X 4 1H¥*)

L4 FORMAT(5XsALly LOXy LH® gF 704 920X s *¥W -*.6X.3(F7 4,3X)'11XclH*-4X.*KIDN
LEY REMOVED*,5X, LH*%)

16 FORMAT(SXoALsil6Xs%VE,36X,3(F7, 4.3X).11X,25(1H*))

18 FORMAT(5XsAlsaXs25(%.%))

20 FORMAT(SXsALe4X ¥ e¥ 423X 9%, %)
END

[
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SUBROUTINE MATX21 (A)

THE SUBROUTINE MATX21 PRINTS THE MATRIX w FOR THE TwO
KIONEY MUDEL. THE MATRIX W RELATES THE TIME FUNCTIONS TO
TO THE COMPARTMENT EQUATIONS SUCH THAT
(TFLyTF2¢TF3,TF4) = (Q14Q2)d3,Q49Q59Q6+Q7) %W,

THE TfME FUNCTIONS WITH GLOMERULAR FILTRATION

TEL = ACLS)I*(Q3+Q4)+A(16)*QL+A(LTI*Q2+A(18)%Q5
TF2 = A(L19)*(Q6+Q7)I+A(20)%QL+A(21)%Q2+A(22)%Q5
TF3 = A(24)*%QL+A(25)*%Q2+A(231%Q5

TF4 = A(Zb)*Ql*A(27)*Q2*A(28)*Q5+A(Z9D*(Q3*Q4)

+A(30)*(Q6+Q7)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TFL = A(L3)*(Q3+Q4)+A(14)*QL+A(15)*Q2+A(16)%*Q5
TEZ = ACLT)I*(Q6+QT7)+A(18)*QL+A(L3)%Q2+4A(20)%Q5
TF3 = A(221%Q1+A(23)%Q2+¢A(21)*Q5

TF4 = A(Z24)%QL+A(25)%Q2+A(26)1%Q5+A(2T)*(Q3+Q4%)

+A(28)%(Q6+QT)

TF1 - RIGHT KIDNEY

TF2 - LEFT KIDNEY
TF3 - BLADDER
TF4 - BLOUOD AND TISSUE

A —.PARAMETERS FOR THE KIDNEY MODEL

DIMENSION A(32)

COMMON/STAR2/ISTAR s IDIFL, IDIF2 |

7=0.

11=1. g

PRINT 10, ISTAR,A(16-1DIFZ),A(20-1D1F2),A(24-IDIF2),A026-IDIF2),1$
1TAR - |

PRINT 10, ISTAR,A(L7-IDIF2),A(21-IDIF2),A(25-101F2),A(27-1DIF2),1$
1TAR | )
PRINT 12, ISTAR,A(5-IDIFL),A(LS=IDIF2),242+A(29-1DIF2),AL8-IDIF2),

"LISTAR

10
12
14

-l6

i8
20

PRINT 14y ISTARGA(L15-IDIF2)4yZ4yZoA(29-IDIF2),ISTAR

PRINT 16, ISTARJA(L8-IDIF2),A(22-1DIF2),A(23- IU[FZ),A(Z& lDlFZ)yIS
1TAR

PRINT 18, ISTARyZyA(19-IDIF2)42Z,A(30-IDIF2)},ISTAR

PRINT 20y ISTARYZ4yA(L9-IDIF2)4+2,+,A(30-IDIF2),ISTAR

RETURN : g

FORMAT(5X s Alo 16Xy LH¥ 331Xy a({FToa443X)18X,1H*,16X,A1)

FORMATUSXe ALy iOXy LH® gFT7 o4 924X 04 (FTo493X) 93X FTo492X91lH%9y16X,A1)
FORMAT(SX s ALy LOXy LH™ 422X o %W =% 36 X9 4 (FTe443X) 18X lHX,16X0A1)
FURMAT(SX g ALy 16Xy %V 331Xy 4 (FTa4y3X)y18Xe%xVk,a16XeAl) . o
FORMAT(SXsALsaX925(%a%) gl 9Xya(FTo493X)96Xy25(%a%),4X,A1)
FORMATUSX s ALy aXo¥a® g23 X 9% ek g 19X94(FTo493X) 96X g% a%923X9*o%94XyAl)
END
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THE SUBROUTINE MATXZ22 PRINTS. THE MATRIX W FOR THE TWO
KIDNEY MUDEL. THE MATRIX W RELATES THE TIME FUNCTIONS TO
TO THE COMPARTMENT EQUATIONS SUCH THAT '

(TELyTF2,THF3,TF4) = (QL1,Q29WQ3+yQ4+Q59Q6yQ7)%*W.

THE TIME FUNCTIUNS WITH GLOMERULAR FILTRATION

TEL = Q3+#Q4+A(15)%(QL+Q2)+A(16)%Q5

TF2 = Q6+Q7T+A(17)%(QLl+Q2)+A(181)*Q5

TF3 = A(19)%Q5+A(20)*(Q1+Q2)

TF4 = Al21)%(QL+Q2)+A(22)%Q5¢A(23)%(Q3¢Q4%)

+A(24)%(Q6+Q7)

THE TIME FUNCTION WITHOUT. GLOMERULAR FILTRATIUN

- A

Q3+Q4+A(13)*(QL+Q2)+A(14)%Q5

TFL =

TFZ2 = QO6+QT+A(1S5)*(QL+Q2)+A(161%Q5

TE3 = A(LT7)*Q5+A(18)*(QLl+Q2)

TF4 = A(LI)*(QL+Q2)+A(20)%Q5¢A(21)%(Q3+Q4)

+tA(22)%1Q6+QT)

RIGHT KIDNEY

TFl -

TF2 - LEFT KIDNEY

TF3 - BLAODDER

TF4 - BLOOD AND TISSUE

PARAMETERS FOR THE KIDNEY MODEL

COMMON/STARZ2/ISTAR, IDIF1,IDIF2
DIMENSION A(32)

1=0.
l2=1.
PRINT
1TAR
PRINT
LTAR
PRINT
PRINT
PRINT
LTAR
PRINT
CPRINT

RETURN

10,
10,
12
14,
16,

18,
20

ISTAR\A(LS-T0IF2),A(LT-1DIF2)yA(20-101IF2),A(21-1DIF2},41I5
ISTAR;A(lS—IDIFZ)'A(17—IDIF2),A(ZO—IDIFZ)vA(Z;—IDIFZ).IS
ISTARVA(S—IDIFL)s2Z42+2,A(23~-IDIF2),A(8-1IDIF2),ISTAR
ISTARyZZ4lesZyA(23-1IDIF2),ISTAR

ISTARyA( L6~ IUIPZ) A(18-IDIF2),A(19-IDIF2),A(22~ IDIFZ)'IS

ISTARyZy2Z2424A(24-IDIF2), ISTAR
ISTARYZ42Z+Z+A(24-1IDIF2),1ISTAR

FORMAT(5X s Ale lOX s LH® 31X 4(FTa493X) 18Xy 1lH%*416X,Al)

FORMAT(S5X s AL o 10Xy LH* 3 FT o4 924X 04l FT 493X} 99X 9 FToée2Xy1H*,16X,A1)
FORMAT(SX,AL, LEX g LH% 422X 9 %W =% 36X 94 (FTa4y3X)e18XeLlH¥Xy16X,A1)
FOKMAT(SX,AI'16XQ*V*931X'4(F7.4'3X’918X'*V*116X'A1’

FURMATUOX g Ai9aX925(%oax) 19X o4 {FTo4y3X)eb6Xy25(%,.%)34X,Al)
FORMAT(OX oA L paX 9% aX® 923X 9% a® g lOXya(FTa4y3X) 96X ok ¥323K 9% a%ky94X A1)

END
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SUBROUT INE MATX23 (A)

THE SUBRUUTINE MATX23 PRINTS THE MATRIX W FOR THE TWO
KIONEY MODEL. THE MATRIX W RELATES THE TIME FUNCTIUNS TO
TUO THE COMPARTMENT EQUATIONS SUCH THAT

(TL,T2+T397T4) = (QL19Q2+Q3+Q4+0Q5+Q6+Q7) %W,

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = A(LLS)I*Q3+A(16)*Q4+A(1T7)%(QL*Q2)+A(18)%Q5
TF2 = A(L19)*Q6+A(20)%QT7T+A(21)*(QLi+Q2)+A(22)%*Q5
TF3 = A(23)1%Q5+A(24)%(QL+Q2)

TF4 = A(25)1%(QL+Q2)+A(26)%Q5+A(2T7)%Q3¢A(28)%*Q4

+A(29)%Q6+A(350)%Q7

THE TIME FUNCTIUNS WITHOUT GLOMERULAR FILTRATION

TFL = A{L3)*Q3+A(14)1%Q4+A(1D) % (QLl+Q2)¢+A(16)%*Q5
TF2 = A(L17)*QO+A(1B8)*QT+A(19)*x(Q1+QR2)+A(20)%*Q5
TE3 = A(2L)%Q5+A(22)%(Q1+Q2)
TF4 = A(23)%(QL+Q2)+A(24)%Q5+¢A(25) %Q3+A(26)%Q4
+A(27)%Q6+A(28)%Q7
TF1 - RIGHT KIDNEY

TF2 - LEFT KIDNEY
TF3 - BLADDER
TF4 - BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL

COMMON/STARZ/ISTARy IDIF1, IDIF2
DIMENSION A(32)

1=0.
LzZ=1.
PRINT
1TAR
PRINT
1TAR
PRINT
1ISTAR
PRINT
PRINT
LTAR
PRINT
PRINT

RETURN

10,
L0,
12,

l4,
16,

18,
20,

ISTARVA(LT-IDIF2)yA(21-101F2)4A(24-1IDIF2)yA(25-1DIF2),1S
ISTARyA(L7°IDIF2l;A(Zl-IDIFZ)vA(ZQ-IDIFZ)oA(ZS—IDLFZ)olS
ISTARyA(5-IDIFL1) A(15-10D1F2)4+2,2,A(27-1DIF2)},A(8~-IDIF2),

ISTAR,A(L6-1DIF2)9Z42,A(28-1DIF2),ISTAR
ISTAR)A(18~I0IF2)4A(22-1DIF2)4A(23~IDIF2),A(26-1D1F2),1S

ISTARyZyA(L9-IDIF2),2,AL29-1DIF2),ISTAR
[STARyZyA(20-IDIF2),Z4A(30-1I0D1F2), ISTAR

FORMAT(5X 1Al g LOXy LH* 31X 4 lFT7.493X)y18X,y1H*916XsAL)
FORMAT(SXsALly 16Xe LH* g FTad 924X 4(FTe4¢3X)99XsFT.492Xy1H*,16X,A1)
FORMAT (SX g ALy LOX s LH® 22Xy *¥W =% 46X 94 (FT.4y3X) 918Xy H*,16X,A1)
FORMAT(5X Al ) loX ¥V 331X 94 (FTs443X)s1BXoxVR,316X9A1)

FORMAT(5X s ALl 9g@Xe25(%a%) gl9XKsa{FTo493X)10X925(%,%) 44X,yA1)
FORMAT(SX oAl saX g% o% 323X g% oy 19X 34 {FToay3X) 06X o%e¥*y23Xp%¥a%,y4X4A1)

END
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SUBROUTINE MATX24 (A)

THE SUBROUTINE MATX24 PRINTS THE MATRIX W FOR THE TWO ;
KIDNEY MOCEL. THE MATRIX W RELATES THE TIME FUNCTIONS TO
TO THE COMPARTMENT EQUATIONS SUCH THAT

(TieT2eT3,T4) = (Ql9sQ2+Q3+,Q4+9Q5¢Q6,Q7)%nW,

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = A(L5)%Q3+¢A(16)%Q4+A(L7)*QL+A(18)%*Q2

+A(19)%Q5

TF2 = A(15)%Q6+A(16)%QT+A(20)%QL+A(21)%Q2
+A(22)%Q5

TFE3 = A(Z24)%QL+A(25)%Q2+A(23)%*Q5 :

TF4 = A(26)*QL+A(2T)1%Q2+A(28)*Q5+A(29)%(Q3+Q4)

+A(30)%(Q6+QT)

THE TIME FUNCTIUNS WITHOUT GLOMERULAR FILTRATION

TF1 = A(lB)*QB*A(14)*Q4+A(15)*QltAllb)*Q2

+AL17)%Q5
TF2 = A(L3)%Q6+A(14)%Q7 A(18)%QL+A(19)%*Q2
+A(20)%Q5 ,
TF3 = A(22)%QL+A(23)%Q2+A(21)%(G5
TF4 = A(24)%QL1+A(25)%Q2+A(26)*Q5+A(29)%(Q3+Q4)
- +A(28)%(Q6+Q7)
TF1 - RIGHT KIDNEY ‘
TF2 - LEFT KIDNEY
TF3 - BLADDER
TF4 - BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL

COMMON/STARZ2/ISTAR,IDIFL1,IDIF2

1=0.
LZ=1.
PRINT
1TAR
PRINT
LITAR
PRINT
LISTAR
PRINT
PRINT
iTAR

PRINT

PRINT

RETURN

10,

10,

12y

14,
l§v

L8y

20,

"DIMENSION A(32)

ISTAR,A(L7-IDIF2),A(20-TIDIF2) ,A(24-IDIF2) ,A(26-1DIF2),1S
ISTARyA(18-1DIF2)4A(21-ICIFL)A(25~-IDIF2),A(27-10D1F2},1S
ISTAR'A(SfIDIFl).A(15-IDIF2Dyl’lyA(ZQ-IDIFZDqA(B-lDIFZ)o

ISTARYA(L16=IDIF2)¢Z2+Z4A{29-1D1F2),ISTAR
ISTAR+A(1S-IDIF2),A(22-1DIF2),A{23-IDIF2) 4A(28-IDIF2}),1IS

ISTARYZ4yA(L15-IDIF2)4Z,A(30-IDIF2),ISTAR
[ISTARyZyA(16~-1DIF2),Z,A{30-1IDIF2),ISTAR

FORMAT(5XyAl 16Xy LH* 331X y4(FTe4,3X),18X,1H*,16X,AL)
FORMAT(SXgALy 16Xy LH% FTe4924Xe4(FTo493X) 99X oFTed9s2XslH%,16X4A1)
FORMAT(5X gAly LOX g LH* 322X s %W =%,6X9@(FTe443X) 918X, 1H%®,16X,Al)
FORMAT(SOX e ALy LO6X o X Ve 3EX 4 (FTo4y3X)yLBXy%xVE,16XyAL)
FORMAT(SXsAly @X925(%a%x) y 19Xy 4{FTa493X)16X925(% a%) y4XyAl)
FORMATUISX gAL gy aX 9% o 923X p¥akgLlIX g4 (FToay3X) 90X o¥xo%yd3Xy¥0%y4X,A1)

END
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-129-

THE SUBROUTINE MATXZ25 PRINTS THE MATRIX W FOR THE TWO
KIDNEY MODeL. THE MATRIX W RELATES THE TIME FUNCTIUNS TO
TO THE CUOMPARTMENT EQUATIONS SUCH THAT.

(T1,T2973,T4) = (Q1.02o03v04'05'06oQ7)*w.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = Q3+Q4+A(15)%(Ql+Q2)

TEZ = QO6+Q7+A(16)%(Q1+Q2)

TF3 = Q5+¢A(17)%(Ql1+Q2)

TFe = A(18)%(Q1l+Q2)+A(19)%(Q3+Q4)+A(20)%(Q6+Q7)

+A(21)%*Q5

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TFL = Q3+Q4+A(13)%(Q1+¢Q2)
TFZS = Q6+QT+A(14)*x(Q1+Q2)
TF3 = Q5+A(15)1%(Q1+Q2)
TFe = A(LOI*(QL4Q2)I+ALLTI*{Q3+Q4)+A(LBI*X(Q6+QT)
+A{19)%Q5
TF1 - RIGHT KIDNEY
TE2 - LEFT KIUNEY
TF3 ~ BLADDER
TF4 - BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL

. COMMON/STAR2/ISTAR,IDIFLl, IDIF2
DIMENSION A(32)

2=0.
lZ=1.
PRINT
1TAR
PRINT

-1TAR

10

12
ia
l6
18

20

PRINT
PRINT
PRINT
PRINT
PRINT

10,
10,

12,
14,
16,
18,
20,

RETURN

ISTARYALULS-IDIF2)yA(16-IDIF2)A(17-1IDIF2),AL18-1D1F2),41S
ISTAR A(15~10IF2)4AUL6=~IDIF2),A(L7-101F2),A(18-1DIF2),15

ISTARYyA(S~IDIFL) 42242 4yZ+A{19-1IDIF2),A(8-1IDIF2),ISTAR
ISTARYZZ9Z9Z+A(L9-IDIF2),ISTAR
ISTARyZ2+24224,A(21-IDIF2),ISTAR
ISTARZ 2242 A(20-1DIF2),4ISTAR
ISTARyZ+ 22424, A{20-1D1F2),ISTAR

FORMAT(5X yAly 16X ¢ LH®* 331Xy 4 (FT7.443X)918Xy1H%,16X,A1)
FORMATU(SX)ALy LOXy IH® g F7.4424X 94 (FT0493X) 39X oFTob 92Xy LHEy16XsAL)
FORMAT(SX s ALy LOX 9 iH% 3 22X g %W =% 96X 4(FTe493X) 18Xy 1H*,16X,A1)
FORMAT(S5X yALeLOX 9 *¥VE 331Xy 4 (FTe4y3X)918Xy%V¥,16XyA1)
FORMAT(SXpALyaXe25(%e%) g l9X9 4l FTo493X)06X925(%a%)44XsA1)

END

FORMAT (5X g ALy aX 9% a3 23X 9% a% g LOXp4{FToe493X) 90X g% o%923X g% ,%y34X9Al)
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SUBROUTINE MATX26 (A)

THE SUBROUTINE MATX26 PRINTS THE MATRIX W FOR THE TWO
KIUONEY MODEL. THE MATRIX W RELATES THE TIME FUNCTIUNS TO
TO THE COMPARTMENT EQUATIONS SUCH THAT

(T1leT2,T34T4) = (Q191Q2+Q3+Q4+Q5+Q6+Q7) %W,

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = Q3+A(15)%Q4+A(16)%(QLl+Q2)+A(LT)*Q5
COTF2 = Q6+A(18)*QT+A(19)%(QL+Q2)+A(20)%Q5
CTF3 = A(22)%Q5+A(21)%(Q1+Q2)
TF4 = A(23)%(QL+Q2)+A(24)%Q4+A(25)%QT+A(26)%Q5

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TFL = Q3+A(13)%Q4+A(L4)*x(QL+Q2)+A(15)%Q5

TF2 = Q6+A(16)*QT+A(1T7)*{(QLl+Q2)+A(18)%Q5

TF3 = A(20)*Q5+A(19)%*(Q1+Q2)

TF4 = A(21)%(QL+Q2)+A(22)%Q4+A(23)%QT+A(24)%Q5

TF1 - RIGHT KIDNEY

TF2 - LEFT KIDNEY

TF3 - BLADDER

TF4 - BLOOD AND TISSUE

A - PARAMETERS FUR THE KIDNEY MODEL

~COMMON/STAR2/ISTAR,IDIF1,IDIF2
DIMENSION A(32)

2=0.
lZ=1.

PRINT"

LTAR
PRINT

1TAR
PRINT
PRINT
PRINT

1TAR
PRINT
PRINT

10,
10,
12,
l4,
16,

18,
20,

RETURN

ISTAR,A(16°IDIF2)oA(lq—beFZ"A(ZI—IDIFZ’9A(23~IDIF2).IS
ISTARyA(16=IDIF2),A(19-IDIF2) ,A(21-IDIF2) ,A(23-IDIF2),1S

ISTAR,A(S‘(DIFI)oZZoZoZvaA(S-ID[FZ)'ISTAR
ISTAR,A(15-1DIF2),2,ZyA(24-IDIF2)Y,ISTAR

ISTARyA(L7-IDIFZ),A(20-1IDIF2),A(22~ IDIFZ).Aléb IDIF2), IS

ISTAR,»Z lZvZoZvISTAR
ISTARyZyA(LB~IDIF2)¢eZ+A(25-IDIF2),ISTAR

FORMAT(5XsAly 16Xy lH*y31X94(FTa493X)y18Xe1H*s16XA1)

FORMAT(OX gALy 16X g 1H¥* g FTa%924X s 4(FTa493X)9IXyFTa492X9slH%,16XyA1)
FORMAT(S5XsAL 10Xy LH¥ 922X 9 %W =% 36X 4 FTe493X 918Xy 1H%,16XyAl)
FORMAT(5X9ALy LOX9%XV¥ 331Xy a(FTeby3X)yl8X,y*Vk,y16XsAL1)
FORMAT (5X 9 Al 94X s25( %% ) 3 19X 94 (FToacy3X)y6Xy25(%0%),4X,A1)
FORMATUOX AL 94X ook 25K 9% 4%,19X,4(FT7. 4.3X) OXo¥ % Z3X ¥ ,xy4X9AL)

END
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SUBROUTINE MATX27 (A)

THE SUBROUTINE MATX27 PRINTS THE MATRIX W FOR THE TWO
KIONEY MODEL. THE MATRIX W RELATES THE TIME FUNCTIONS TO
TO THE COMPARTMENT EWQUATIONS SUCH THAT '

(Tl.TZ'T3.T4) = (Q1leQ2+Q3+Q4,Q5¢Q6,Q7) %W,

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = Q3 + Q4 + A(15)%(Ql + Q2)
TF2 = Q6 + Q7 + A(16)*(Ql + 32)
TF3 = Q5 + A(L7)*%(Qi + Q2)
TF4 = A(18)*(Ql + Q2)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TF1 = Q3 + Q4 + A(13)*(QL + Q2)
TF2 = Q6 « Q7 + A(l4)%(QLl + Q2)
TF3 = Q5 + A(15)*(Q1 + Q2)
TFa = A(l16)%(QL1 + Q2)

TF1 - RIGHT KIDNEY

TF2 - LEFT KIDNEY

TF3 - BLADDER

TF4 - BLOUD AND TISSUE

A - PARAMETERS FOR THE KIONEY MODEL

COMMON/STAR2/ISTAR,IDIFL, IDIF2
DIMENSION A(32)

L=0.
l21=1.
PRINT
lTAR
PRINT
LTAR
PRINT
PRINT
PRINT
PRINT
PRINT

RETURN

10,

10,

12,
lé,
16,
18,
20,

ISTAR'A(15-IDIF2)vA(16°lDIFZDoAkl7~lDIF2)1A(lB-ID[FZ)plS
ISTARyA(L5-IDIF2)yAL16-IDIF2),ALLT-IDIF2),ALLB-1D1IF2),1S

ISTARVA(S-IDIFL) 9229292 4+Z4,A(8-1IDIF2),4ISTAR
ISTARWZZ9y2+2Z424ISTAR
ISTAR$ZyZyZZ4yZy1STAR
ISTARZ ¢Z22424+2Z4ISTAR
ISTARZy2Z42424ISTAR

FORMAT(5XsALle16X gy lH® 31 Xe4(FTaby3X)s1l8X,y iH*416XyAL)
FORMAT(S5X gALy LOXy LH* g FT7 o4 924X0 a4 FTea93X) s IX s FToe492XelH*,16X,4A1)
FORMAT(SX )AL 16Xy LH® 322X g %W =%96Xe4(FTa493X)e 18Xy LH%X,16X, Al)
FORMAT(S5XyAlylOX ey %xVE,31Xe4(F7. 493X) 918X y%VX,16X9AL)
FURMAT {5X g ALp4X925( % %) 3 19Xy 4(FT7e433X)36Xy25(%.%)44X4A1)
FORMAT(SOX g)ALgaX 9% o% 923X g%, %y 19X g4l FTode3X) yOX X %y Z23Xg¥*.%94XyAl)

END
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SUBROUTINE MATX28 (A)

THE SUBROUTINE MATXZ8 PRINTS THE MATRIX W FOR THE TWO
KIDNEY MODEL. THE MATRIX W RELATES THE TIME FUNCTIONS TO
TO THE COMPARTMENT EQUATIONS SUCH THAT
(TLyT29T3,T4) = (QWLsQ2+Q3+Q4,Q5,0Q6,Q7) ¥W.,

THE TIME FUNCTIONS—NITH GLOMERUL AR FILTRATION

TEL = Q3+#Q4+D1%(Q6+Q7)+(A(15)+D1*A(17))%{Q1+Q2)
' +(AL16)+D1*A(18))*Q5

TF2 = Q6+Q7+D2%(Q3+Q4)+(A(1T)+D2%A(15))*(QL¢Q2)
+{A(18)+D2¥A(16]})*%*Q5

TF3 = A(19)%Q5+A(20)%(Q3+¢Q4)+A(21)%(Q6+QT)
+A(22)%(Q1+Q2) '

TF4 = A(23)x(Q1+Q2)+A(24)%(Q3+¢Q4)+A(25)*(Q6+QT)

+A(26) *Q5
THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

) TF1 = Q3+Q4+D1*x(Qo+Q7)+(A(13)+DL*A(15))%{(QL1+Q2)
+{A(l4)+D1*A(16))%*Q5 _
TF2 = Q6+QT7+D2*(Q34Q4)+(A(15)+02%A(13))*(Q1+Q2)
+{A(LO)+D2*A(14))*Q5
TFE3 = A(L7T)*Q5+A(18)*(Q3+Q4)+A(19)%(Q6+Q7)
+A(20)0%(Q1+Q2)
TFa = A(21)%(Q1+Q2)1+A(22)%(Q3+Q4)+A(23)%(Q6+QT7)

+A(24)%Q5
TF1 - RIGHT KIDNEY
TF2 - LEFT KIDNEY
TF3 - BLADDER
TF4 - BLOOD AND TISSUE

THIS [S THE ADAC MODEL(J. A. DEGRAZIA, P. 0. SCHEIBE,
ET ALy CLINICAL APPLICATIONS OF KINETIC MODEL OF
HIPPURATE DISTRIBUTION AND RENAL CLEARANCE, J. NUCL.
MED.,» 15(1974), PP 102-114).

A - PARAMETERS FOR THE KIDNEY MODEL

COMMON/STAR2/ISTARIDIFL,IDIF2

DIMENSION A(32)

DATA D1,D2/.05,.08/

L=0.

22=1.,

L1=A(15-1DIF2)+D1*A(LT7~-IDIF2)
22=A(L6-IDIF2)+D1L*A(L8-]IDIF2)
L3=A(17-1ICIF2)+02%A(15~-1DIF2)
L4=A(18-IDIF2)}+D2%A(16-1DIF2)

PRINT 10, ISTAR,Z1+23,A(22-1D1F2),A{23-1D1F2),ISTAR
PRINT 10, ISTARyZ1+923,A(22-IDIF2),A(23-1DIF2),ISTAR
PRINT 12y ISTARWA(S-IDIFL)y22402,A(20-IDIF2),A(24-IDIF2},A(8~-1IDIF2
1)y ISTAR '

PRINT 14, ISTARsZZ,02,A(20-1IDIF2),A(24~-1ID1F2},ISTAR
PRINT 16, I5TARyZ224724+A(19-1D1F2),A(26-IDIF2),ISTAR
PRINT 18, ISTAR,D1,ZZ,A(21-1DIF2),A(25-101IF2)+ISTAR .
PRINT 20, ISTAR,D1sZZ4yAlci-1DIF2),A(25-1DIF2),ISTAR
RETURN

10 FORMAT(SXQAIQIbX.1H*y31X,4(F7.4(3X)018X91H*0L6X'Al)
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FORMAT(5X g ALy LOX g LH® g FT a4924X s 4(FTads3X) g IXoFTob 92Xy lH®,16X,A1)
FORMAT(SXsALyloXy LH% g22X %W =% 36X (FT.443X) s 18XyLlHX,16XeA1)
FORMAT(SX g ALy LOX oy %MVR 431X @(FTady3X)l8Xy%VE,16X,A1)
FORMAT(S5X ALl s@X925(% o%) 419X 34 (FTo493X)e6X925(%,%),04X,A1)
FORMAT(S5XyAlyaX g% '.*p23X9*.*'19Xp‘r(F7._4n3X) POX s ¥ ¥ 23Xy %y 4X,Al)
END :
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SUBROUTINE PARGLl (A,ByPARX,IDOUBL)

THE SUBRJOUTINE PARGL EVALUATES THE PARTIAL DERIVATIVES OF THE
COMPARTMENT EQUATIONS QL - Q5 WITH RESPECT TN THE
MODEL PARAMETERS A(l) FOR THE ONE KIDNEY MODEL WITH
GLOMERULAR FILTRATION. THE SUBROUTINE RETURNS THE
MATRIX B AND £ REQUIRED IN THE MARQUARDT ALGORITHM,
A = A + INV(B) * E. THE MATRIX E [S STORED IN THE
M+1 COLUMN OF THE MATRIX B WHERE M IS THE NUMBER OF
PARAMETERS.,

A - PARAMETERS FOR THE KIDNEY MODEL
B - THE MATRIX OF PARTIAL DERIVATIVES
PARX - THE SUBROUTINE OF PARTIAL DERIVATIVES FJIR THE

TIME FUNCTIOUNS
I 100UBL IS EQUAL TO I THEN THE SUMS ARE
EVALUATED IN DCUBLE PRECISION

1D0uUBL

*NJTE - THE SUBROUTINE CHIG1l MUST 8E CALLED BEFORE PARGLl.

COMMON/FENT/T{L50) 4R{600),H{600)
COMMON/QFN/QL(L50),Q2(150),Q3(150),Q4(150),Q5(150)
COMMON/CUNST/NyNLyMyML

COMMUN/EXPP/EXPLsEXP24EXAS,EXAS

COMMON/RUOOT/C(8)4P1L4P2,PP,S1
LJMMON/QFNP/QP4(l4l'QP7(14)vQLP(14)'QZP(14)o03P(l4),Q4P(l4).'

l Q5P (14)

DIMENSION B(32,64)yW(32,450),A(32)

DOUBLE PRECISION SA,S8,SC

PARP (X1 9X29X39X&)=(~SLleXL+X2+X3+X4)/SL/2.

PAPF{AA,8ByCCoDDyPA, PB.PC;PD)—((PA*PB)*(CL*DD)‘(AA+68)*(PC+PD))/(C
LC+DD) *%2

PQLIXKyPA, PAA,X)‘(X+C(1)*PA*XK)*EXPl*(‘XfC(2)*PAA*XK)*FXP2
PQ2(XKsPCoPDyX)=(X+CI3)¥PCEXK VREXP L4+ (~X+C(4)$PDRXK)*EXP2
PR3IXsFLyCCLeEXyPAYXK CC2yPAA) =X ((FLECCL-CUL)I*CCL**L2%XPA)*(EXPL-EX
LI+C UL I*CCL*¥PAXXK*EXPL*(-F1*CLC2-C{2)*CC2%%x2%PAA)* (EXP2-EX)+C(2)%C(L2
2HEPAAXXKEEXP2) _
PQ35(XyCCLIEXyCC2yXKyALL)=X®(CAL)*CCL*(~CCL*(EXPL-EX)+XK*EX) ¢C(2)*
1CC2%(-CC2% (EXP2-EX) +XK*EX})-AL L*XK*EX

PQe(X s FLyCCLIPAJEX Yy XKyLC24yPAA,Z)=X*¥( (FL*¥CCLi-CUL)XCCLE*x2xPA)*((EX
IPL=1e)/PL=(le-EXI/YI+CULIXCCLX(-PAX(EXPL-L o)/ PLEX2+XK*PAXEXPL/PL)+
2(=-FLl*CC2-C(2)*CC2**2%PAA) ¥ ((EXP2=14)/P2={1.~EX)/Y)+C(2)*CC2* (~PAA*
B3(EXP2-14)/P2%% 24+ XK*PAAXEXP2/P2) ) +Z%((FL/PL1-CULI*PA/PL*%2)%(EXP1-1.
G)+CULIRXK*PAXEXPL/PLE(-FL/P2-C(2)%PAA/P2xx2 ¥ (EXP2-1.)+L(2)*XK*PAA
S¥EXP2/P2) v
FQ3(X)CCL9EXyYyCC2)=X%(CULIXCCLR((EXPL-1.)/PLl-(1.-EX)/Y)I+C(2)%CC2*
LUTEXP2~1)/P2~(1.-EX}/Y})

PQASIXyCCLIEXyY yCC2oXK9Z)=X¥(~C1)*CCLE*2% ((EXPL=14)/PLl=(1le~EX)/Y)

Le(COLI*CCi+CU2)%CC2)I%((LamEX)/YRR2-XK*EX/Y)=Cl2)RCCIx%2*((EXP2-1.) ~

2/P2-(1.=EX)/Y))+Z%XK*EX

PQal3(XsCCLIEXyCC20Y,y l)=-x*(L(ID*CCI*(EX-EXPLD+C(2)*CL2*(tx-tXPZDl
LHYREX+2ZR(C(L)*XEXPL+C{2)*EXP2) ’
PLAL=PARP(A(L)A(2)4A(3)4A(4))

PLA2=PARP(A(L) yA(2)+=A(3),-Al4))

PLAZ=PARP(A(L) y=A(2)4A(3)4A(4))

PLA4=P1A3

P2AL=PARP(-A(1)y-A(2),~-A(3),~-Al4))

P2A2=PARP(-A(1) y=A(2)4A(3),A(4))

P2A3=PARP(~ A(L».A(2).-A(3).—A(4))

P2A4=P2A3

AX=-A(6)%(PL+A(2))
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BX=-A(T)I=A(2)
FL1AL=PAPF(AXyBXsP2y-Pl,y-A(6)%P1lA1,0.,P2A1,~-PlALl) _
FLA2=PAPF(AXyBXsP2+=PLly=A(6)%X(PLAZ2+L1.)y~A(T),P2A2,~PLlA2)
F1A3=PAPF(AXyBXyP29=Pl,y~A(6)%P1A340.4P2A3,-P1A3)
FlA4=F1lA3

AX==A(T)*{(PLl+PP)

BX=-A(6)%A(1) .
FFAL=PAPF(AXyBXyP2y-Ply=A(T)%(PLAL+]1.)y~A(6),P2A1,-P1lAl)
FFA2=PAPF(AXyBXsP2y-PLly~A(T)*PL1A2,0.,P2A2,-PLA2)
FFA3=PAPF(AX+BXsP2,=Pl,y,=A(7)%{(PlA3+]. )10.'PZA3,°PIA3,
FFA4=FFA3

FC=(~-PL-A(2))/(P2-PL)

FO=(P2¢+A(2))/(P2-P1)

FE=A(2)/7(P2-PLl)

FE=A{L)/7(P2-PL)

FG={(-PL-PP)/ (P2~-P1)

FH=(PP+P2)/(P2~PL)

D3 42 K=]lyN

EXPL=EXP(PL1*T (K))

EXP2=EXP{P2%T(K))

EXAS=EXP(-A(5)*T(K))

00 10 1=1,9

QLP(1)=0.

CONTINUE

QLP(1)=PQL(T(K),PlAL,P2A1,F1Al)

QLP(2)=PQLIT(K) 4PLA2,P2A2,FLA2)
QALP(3)=PQL(T(K),P1A3,P2A3,F1A3)

QLP(4)=Q1P(3)

QLP(6)=FCREXP L+FD*EXP2

QLP(T)=FEX(EXP2-EXP1)

DO 12 I=1,9

Q2pP(11=0.

CONTINUE

Q2P (1)=PQ2(T(K) PLAL,P2AL,FFAL)

Q2P (2)=PQ2(T(K) sPLA2,P2A2,FFAZ)
Q2P(3)=PQ2(T(K),P1A3,P2A3,FFA3)

Q2P (4)=Q2P(3)

Q2P (6)=FF*(EXP2-EXP1)

Q2P(T)=FGH*EXP 1 +FH%EXP 2

DO 14 I=1,9

Q3P(I)=0.

CONTINUE

Q3P(1)=PQ3(AL3) yFLAL,C(5) yEXAS\PLALsT(K) (C(6),P2AL)
Q3P (2)=PQ3(A(3)+FLA2+CI5) yEXAS5,P1A2,T(K) C{6),P2A2)
Q3P(4)=PQ3(A(3),FLA4,C(5)yEXA5,PLA%,T(K),C(6),P24%)
23P(3)=Q3P (4} +C(LI*CI5)K(EXPL-EXA5)+C(2)*C(6)% (EXP2-EXAS)
Q3P(5)=PQ35(A(3),C(5)4EXA5,C(6)sTIK),A(B)) |
Q3P(6)=A(3) % (FCXC(5)%(EXPL-EXAS5 ) +FD*C(6 ) *(EXP2-EXA5))
3P(T)=AL3)*FEX(=CUS5)#(EXPL-EXAS)+C(6) *(EXP2-EXAS))
Q3P(8)=EXAS

DO 16 I=1,9

Q4P(1)=0.

CONT INUE

J6=0

IF (T(K)-A(9)) 18,18,20

X=T(K) ,

G0 T 22

X=T(K)-A(9)

EXPL=EXP (PL%X)

EXP2=EXP(P2%X)

EXA5=EXP(=A(5)%X)

Q4P (1)=PQ4(AI3)%A(5) 4 FLAL,C(5),PLAL,EXA5,A(51,XsC(6)4P2AL,A(4))-Q4
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IPLLY v
QwP(Z)—PQ4(A(3)*A(S).FIAZ'LKS).PIAZ EXAS, A(S),X.C(é).PZAZ A(é))-QQ
1P{2)

QaP(3)=PQ4(A(3)*A(S5),F1A3, C(S).PlAj.FXAS A(S),XpC(bl,PZAB,A(4))+FQ'
L3CA(S) 4C{5) EXAS,AL5),C(6))-QaP(3)

Q4Pl4)=PR4TA(S5)*A(5) ,FLA4,C(5)4PLA4,EXAS,A(5), XoL(b),P2A4yA(4))+C(
LIV*(EXPL=1.)/PL4C(2)%(EXP2-1.)/P2-Q4P(4) v
QaP(5)=FQ3(A(3),C(5)4EXAS, A(D),C(éi)*PQQb(A(B)*A(S).L(SD.tXAS,A(5)
LeClO) 9 X9A(B)I-Q4P(5)
QeP{O)=A(3)*%A(S)*(FC*C(SI*((EXPLl=Le)/PL=(1e=EXAS)/A(S) }+FD*C(6) = ((
LoXP2-14)/P2~-(1e~EXAS)I/A(S5)))+A(4)2(FCX(EXPL-1.)/PLleFD®(EXP2- 1.)/Pz'
2)-Q4P(b6)
WeP(T)I=A(3)*¥A(S)RFEX(-CUS)I*((EXPL=1)/Pl-(Lle-EXAS)I/A(S)I+CLOEI¥{(EX
IP2=1407/P2~(1o~EXAS)I/A(S) ) ) HALG VRFER{ (L1l —EXPL)/PLE(EXP2-1.)/P2)-Q4P
2(7)

dQP(B)'l.—EXAS QaP(8B)

IF (J6) 24424430

IF (T{(KI-A(9)) 30,30426 ) .
QRQ4e4P(9)=PQ&4L13LAL3)%A(5)yCIB)EXAS,C{6),A(S5)*A(B)A(4))

D0 28 I=1,9

QPe(1)=Q4P(])

CIONTINUE

QAP4(9)=—-Q4P(9)

X=T(K)

J6=1

6 T3 22

IF (T{KI=A(9)) 5649360432

DJ 34 1=1,9

AP 1 )=QP4(1])

CONT INUE

GO T4 44

DO 38 [=1,9

Q5P(1)=0.

CONTINUE

CALL PARX {(AyW,K)

CONT INUE ,

IF (1D0UBL.CcQ.4) GU TO 48

N2=0

DO 44 [=1,M

N2=N2+1 '

DO 44 J=L1,N2

B{I,J)=0. _

00 44 N3=i,N1

D3 44 K=1,4N

‘N6=K N (N3-1)

B(loJ)—B(I,J)*w(I,Nb)*w(JoNb)/R(Nb)

B{Jde I )=B(1,4J)

CUNTINUE

DO 46 I=1,M

B(IyM+]1)=0.

DO 46 N3=1,N1

DU 46 K=1,N

N6=K tN% (N>-1)

3(l M+1)=8B(I, M*L)*(R(Nb)-H(Nb))*N(I N6)/R(N6)

CONTINUE

RETURN

N2=0

DO 52 1=1,M
N2=N2+]1

D3I 52 J=L4N2
5C=0.



50

52

54

56

DO 50 N3=1,Ni
DI 50 K=1,N
N6=K+N* (N3-1)
SA=W(1,N6)
SB=W(JsN6)

SC=SC+(SA*SB)/R(N6) .

CONTINUE '
B{LsJ)=SC
BlJsI)=SC
CONTINUE

DD 56 [=1.M

5C=0.

D3 54 N3=1,N1

D3 54 K=1,N
No=K+N*(N3-1)
SA=R{No)-H{Nb6)
Sa=W(IsN6)
SC=SC+(SA%*SB)/R(N6)
CONTINUE
B(IyM&1)=SC
CONTINUE

RETURN

END
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SUBROUTINE PARG2 (A,B,PARX, IDOUBL)

THE SUBROUTINE PARG2 EVALUATES THE PARTIAL DERIVATIVES OF THE
COMPARTMENT EQUATIONS Q1 - Q7 WITH RESPECT TO THE
MODEL PARAMETERS A(I) FOR THE TWO KIDNEY MODEL WITH
GLOMERULAR FILTRATION. THE SUBROUTINE RETURNS THE
MATRIX B AND E REQUIRED IN THE MARQUARDT ALGORITHM,
A = A + INV(B) * E. THE MATRIX E IS STORED IN THE
M#+L COLUMN OF THE MATRIX B WHERE M IS THE NUMBER OF
PARAMETERS.

A - PARAMETERS FOR THE KIDNEY MQODEL

B - THE MATRIX OF PARTIAL DERIVATIVES

PARX - THE SUBRUUTINE OF PARTIAL DERIVATIVES FOR THE
TIME FUNCTIONS

IDOUBL - IF IDOUBL IS EQUAL TO 1 THEN THE SUMS ARE

EVALUATED IN DOUBLE PRECISION
*NOTE - THE SUBROUTINE CHIG2 MUST B8E CALLED BEFORE PARGZ2.

COMMON/FENT/T(150) yR{600),H(600)
bOMMUN/QFN/Ql‘lDd)’QZ(150’9Q3(150)!Q4(150"Q3(ISJ)!Qb(lSO'107(150’
COMMON/CONST/NyNLyM, M1

CDWMON/EXPP/EXPlvEXPZfEXASQEXAB

COMMON/RUOT/C(B)yPLyP2,PP,S1
COMMON/QFNP/QP4(14) yQPTlLl4) 4y QLP(14) Q2P (14),Q3P(14),Q4P(L4%),

1 Q5P (14)yQ6P(14),Q7P(14)

DIMENSION B(32y04)yW(32,600),A(32)

puuBLe PRECISIUN SA,S8,S5C

PAKPIXL g X2y X3 X4y X6 9 XT)={=SLEX1EX2¢X3 X4+ X6¢XT)/S1/2,

PAPF (AA+BBoCLy DOy PAPByPLyPLI=({PA+PB)®(CC+DDI-{AA+BB)X(PC+PD)Y I/ (L
LC+DD ) %% 2

PQLIXKgPAyPAA X )= (X4C{L)%*PAXXK IREXPL+(~X+C(2)%PAAXXK)*EXP2
PRQLIXKyPCyPDe X)={X+C{3)%PCARXK)REXPL+{(=X+C{ 4 1%PDEXK)IXEXP2
PAIIXsFLsCCLoEXyPAGXKyCC2yPAA) =X ((FL¥CCL-C(LI®RCC1*%2%PA)X(EXPLl-EX
LY +COLI%COL¥PAXXKEEXPL4{=FLECC2-C(2)*CC2%%2%xPAA IR (EXP2-EX)+((2)%CC2
2¥PAAX XKXEXP2)

PQ35(XesCCLIEX CC2o XKyALL)=Xe(C (L) 2CCLx(~(LCL*(EXPL~ tx,fXK*£X)fL(2)*
LCC2%(~CC2% (EXP2-EX) +XK*EX) )=-ALl%*XK*EX

PRQU4UXyFLYCCLYPAYEX Yo XKyCC29PAAZ) =X¥((FLI CCL-ClL)*CCLX%2%PA) % ((EX
IPL=1e)}/P1l-(1e=EX)/Y)+C(L)*CCLE(~PAX{EXPLl=-1.,)/P L%k 2% XKXPAXEXPL/PL) ¢
2U-FL*CC2-ClRI*CC2%%2%PAA) R {(EXP2~ 4 o J/P2={Le—EX)/Y)+C{2)%CL2%(-PAAX
3(EXP2-1a)/P2%%k 24+ XKXPAAXEXP2/P2))+4L%((FL/PL~-C(L)%*PA/PL*%2)}%(EXPLl—1.
4)+CLLIEXKXPAREXPL/PL4(~FL1/P2-C{2)*%PAA/P2%%2)}%(EXP2~ 1.’*C(2)VXK*PAA,
5%xEXP2/P2)

FR3IX,(CCLy EX,Y.LCZ)=X*(C(1)*CC1*((EXPI-I.)/P1~(1.-EX)/Y)+C(2)*CC2*
LI(EXP2-1.)/P2-(le~EXM/Y)) '
PRQ45(XyCCLrEXoYyCC2 9 XK g2 ) =X (=ClL)*CCL¥%2% [ (EXPLl-14)/PLl~{1.-EX)/Y)
Le(CULI®CCL+C(2)%CC2)*((1la~EX)/YH%2~ XK*EX/Y)—C(Z’*CCZ**Z*((FXPZ l1.)
E/P2~(1le=EX)/Y))+ZEXKEKEX

PRQAL3(XsCCLIEXyCC2yY 9 Z)==X*(C(1)*CCLX(EX~ EXPI)*C(Z)*CCZ*(EX EXP2))
l*Y*FX*l*(C(1)*EXP1*L(Z)*FXP2)

PlAl= PARP(A(I’7A(2)vA(3)vA(4’,A(6’vA(7’)

PLAZ= PARP(A(l)oA(Z)'-A(3)1°A(4’0’A(b)"A(7’)

PLA3= PARP(A(l)v—A(Z)tA(3)oA(4)oA(b),A(7))

PlA4=PlA3

PlAG6=P1lA3

PLAT=P1lA3

P2AL = PARP(-A(L)'-A(Z)9‘A(3)"A(4)"A(6)f‘A(7’)
P2A2=PAKRP(-A(L)y=A(2) yA(3)sAl4)A(6),A(T))

P2A3= PARP(’A(I)'A(Z,v‘A(3)y“A(4)9‘A(6)v'A(T’)

P2A4=P2A3 ’
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P2A6=P2A3 -

P2AT=P2A3

AX==A(9)*(PL+A(2))

BX=-A(10)%A(2)

FLAL=PAPF (AX8BXsP2y—-Pl,-A(9)%PlAl, 0-1P2ALQ‘P1A1)
FLA2=PAPF(AXy)BXyP2y=PLy=A{9)%(PLA2+1.)y-A(10),P2A2,-PLAZ)
F1A3= PAPF(AX.BX,PZ'-PI--A(Q)*P1A3 0.yP243,-P1A3)
FLA4=F1A3

FLA6=FLA3

F1AT=F1A3

AX=-A(LO)*(PL+PP)

BX=-A(9)%A(1)

FEAL=PAPF (AX,BXoP2y=PLo=A(10)%(PLAL+ 1) y=A(9) yP2ALs~PLAL)
FFA2=PAPF(AXyBXyPZs=PLly—A(L0)%PLA2,0.,P2A2,-PLA2)
FFA3=PAPF(AX,BX1P2y=PLs=A(L0)*(PL1A3+1.)40.,P243,-P1A3)
FFA4=FFA3

FFA6G=FFA3

FFAT=FFA3

FC=(=P1l-A(2))/(P2-P1)

FO=(P2+A{2))/(P2-PL)

FE=A(2)/(P2-P1)

FE=A(L)/(P2-P1)

FG=(=-Pl=PP)/(P2=P1)

FH= (PP+P2)/ (P2-P1)

DO 72 K=1,N

EXPL=EXP(PL®T(K))

EXP2=EXP(P2%T(K))

EXAS=EXP(-A(5)*T(K))

CEXAB=EXP(-A(8)%T(K))

DO 10 I=lys14
QLP(1)=0.
CONTINUE

QLP(L)=PQL(T(K),PL1ALl,P2AL1,F1AL)

QiP(2)=PQLIT(K) yPLAZ,P2A2,F1A2)

QLP(3)=PQLIT(K)PLA3,P2A3,FLA3)
-QlP(4)=QlP(3)
QLP{6)=QLP(3)

QLP{(T1I=QlP(3)
QLP (9 )=FC*EXPL+FD*EXP2

 QLP(10)=FE*(EXP2-EXPL)

L4

DO 12 I=1,y14
Q2P(1)=0.

"CONTINUE

Q2P(1)=PQ2{(TUIK) PLAL,P2ALyFFAL)

Q2P(2)=PQ2(T(K)yPLAZ2,P2A2,FFA2) -
Q2P(3)=PQ2(T(K) PLlA3,4,P2A3,FFA3)

Q2P (4)=Q2P(3)

Q2P (61=Q2P(3)

Q2P (T)=Q2P(3)

Q2PU9)=FF%(EXP2-EXP1)

Q2P (LO)=FG*EXPL4FHREXP2

NO 14 I=lyle

Q3P(1)=0.

CONTINUE _ :
Q3P (L)=PQ3(A(3)4FL1AL,C(5),EXAS,PLAL,T(K),C(6),P2A1)
Q3P(21=PA3(A(3)sFLAZyC(5),EXAS5,PLAZ,TIK),C(6),P2A2)
Q3P(4)=PQ3(AL3) 4FiA4,C(5) yEXAS,PLA4,T(K),Cl6},P2A4) v
Q3P(3)= Q3P(4)*L(l)*C(5)*(EXPl EXAS)+C(2)*C{6)*(EXP2-EXAS5)
Q3P(6)=Q3P(4)

Q3P(71=Q3P(4) _
Q3P(5)=PQ35(A(3)sCUS5)sEXAS,C(6)4TIK)A(LL1))
Q3P(I)=A(3) *(FC*C(S5)*(EXPL-EXAS)+FD*C(6)*(EXP2-EXAS5))
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Q3P(10)=A(3)%FE*(-C(5)%(EXPL-EXAS)+C(6)*(EXP2-EXAS5))

Q3P(11)=EXAS
DO 16 [=1l,1%

Q6P(1)=0.

CONT INUE |
Q6P (1 )=PQ3(A(6)4FiALl,C(T7),EXAB,PLAL,T(K),C(B),P2AL)

Q6P (2)=PQ3(A(6)FLA2,C{T)EXAB)PLAZ2+T(K)C(8),P2A2)
Q6P(3)=PQ3(A(6),FLA3,C(7),EXAB8,PLA3,T(K),C(8),P2A3)

Q6P (4)=Q6P(3)

QOP(6)=Q6P(3)+C(L)*C(T)=(EXP1~- EXAG)*C(Z)*C(S)*(EXPZ -EXA8)
Q6P(T)=Q6P(3) .

Q6P (8)=PQ35(A(6),C(T),EXAB,C(8),T(K)yA(12))

Q6P (9)=A(6)*(FC*C(T)*(EXPL-EXAB)+FD*C(8)*(EXP2~EXA8))
Q6P(10)=A(6)*FEX(~C(T)*{EXPL-EXAB)+C(8)*(EXP2-EXA8))

Q6P(12)=EXA8
DO 18 I=1,14
Q4P({I1)=0.

CONTINUE
J6=0 )

IF (T(K)=-A(L13)) 20,420,22
X=T{(K)

GO TO 24

X=T(K)=-A{13)

EXPL=EXP(P1x%X)

EXP2=EXP(P2%X)

EXAS=EXP(-A(5)%X)

Q4P (1)=PQ4lA(3)*A(5),FLALyC{S)PLALEXAS,A(S5) 4 XyC(6)yP2AL,A14))-Q4
Pl

QaP(2)=PQ4(A(3)*A(D) sFLA2,C(5)4PLAZ2yEXAS,A(S) 4X+C(6)P2A2,A(4))-Q4
1P(2)

Q4P (31=PQ4(A(3)1%A(5),FLA3,C(5)yPLA3EXAS A(S)eXyClO)P2A3,A(4))+FQ
L3CAL(5) 2CU5) oEXAS,A(5)4C(6))~QaP(3) _

QaPl4)=PQ4(A(3)1*A(5) yFLAGsCUB)sPLAL4YEXAS,A(5)4XsC(6)P2A4ALG) ) CH
LIV*(EXPL=1e)/PL#C(2)%(EXP2-1.)/P2-Q4P(4)

Q4P (5)=FQ3(A(3),C(5), EXASQA(5)9C(6))fPQQS(A(3’*A(5]'C(5)'EXA5'A(5)

'\.(6’ QXQA(].].)"Q('P(S’

Q4P (6)=PQ4(A(3)%A(5),FLAb, C(S)vPIAbotXAS AlS)eX, C(b)yPZAb Al4) 1-Q4
1P(6)

Q4P (T7)=Q4P (6]

Q4P(9)=A(3)*A(SI*(FCRC(S5)*(-(EXPL1-1.)/P1~ (l.-EXAS)/A(S’)fFD*C(b)*((
LEXP2-1a)/P2=(1a=-EXAS)/A(S5)) ) ¢A(4) % (FC*(EXPL~1)/PL+FD®(EXP2-1.)/P2
2)-Q4P (9)

Q4PlLO0)=A(3)*A(SI*FEX(-C(5)*((EXPL=-1.)/PL~{1.~EXAS5)/A(5))+C(6)%((E
IXP2=1a)/P2-(1.-EXAS)/A(S5)))+A(4IXFEX((L.-EXPL)/PL+(EXP2~1.)/P2)-Q4%
2P(10)

QaP(ll)=1.-EXA5-Q4P(11)

IF (J6) 264926432

IF (T(K)-A(13)) 32,32,28

Q4P(13)= P0413(A(3)*A(5)9C(5’1EXA5,C(6)oA(S)*A(ll)oA(4))

DA 30 I=1l,14

QP4(I)=Q4P(1)

CONTINUE v

QP4(13)=-Q4P(13)

X=T(K)

Jo6=1

GO 10 24

DO 34 I=1,14

Q7P(1)=0.

CONT INUE

J6=0

IF (T(K)-A{1l4)) 36,36,38

X=T(K)
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GO TO <0 .

X=T(K}=Al(l4)

EXPL=EXP(PL%X)

EXP2=EXP(P2%X)

EXAB=EXP(-A(8)%X)
Q7P(1)=PQ4(A(6)*A(8)4FLAL,C(T)PLAL,EXAB)A(B)4X,C(8),P2AL,A(T))-Q7
1P(1)

Q7P(2)=PQ4(A(6I*A(8) 4 FLA2,CUT)oPLA2, EXAByALB) X C(8)P2A2,A(7))-Q7
1P(2)

Q7P (3)= PQ4(A(6)*A(8)'F1A3.C(7).P1A3.EXA8,A(8lyX.C(8).PZAB.A(7))-Q7
1P(3)

Q7P(4)=Q7P( 3)

Q7P(6)=PQ4(A(6)*A(B)yFLAG,C(T),P1lAG, EXA8 A(B) ¢ XsC(B)4P2A6,ALT))¢FQ
13(A(8),C(7),EXAB,A(8),C(8B))-QTP(6)

Q7P (7)=PQ4(A(6)*A(B)yFLATC(T),PLAT, Exae.A(sb.x.C(a).PzA7 A(T))+C(
LI)*X(EXPL=1a)/PLeCL2)%(EXP2~1.)/P2=-Q7P(T)

Q7P(81=FQ3(A(6),C(T),EXAB, A(a),C(Bb)+p045(A(6)*A(8b.C(7).EXAB AL 8)
LoC(8) o XyA(12))=QT7P(8)

Q7P(9)=A(6 ) %A B)*(FC*CUTI*(IEXPL-14)/P1l-(1.-EXAB)/A(B) )+FORC{8)*((
LEXPZ2=1e ) /P2-(Le=EXAB)/ALB) ) ) +A(T) R (FCR(EXPL=1.)/PL+FD*(EXP2-1.)/P2
2)-Q7P(9) '

Q7PL10)=A(6) *A(BI*FEX(~C(TI*((EXPL-1.)/P1l=-(1.~-EXAB)/A(B))+C(B)*((E
LXP2-1.)/P2- (1.-EXA8)/A(8)D)+A(7)*FE#((l.-tXPl)/P1+(EXP¢— 1.)0/P2)-Q7
2P (10) : .

Q7P(12)=1.~EXAB=-Q7P(12)

IF (Jo) 42,42,48
IF (T(K)-A(1l4)) 48,48,44 ~

Q7P(l4)= PQ413(A(6)*A(8).C(?).EXAB.C(B),A(BD*A(lZ).A(?))

DO 46 I=1,14

QPTLII=Q7P(]) ‘

CONTINUE

QPT(14)==-Q7P(14)

X=T(K)

Jé6=1

GO TO 40

IF (TI{K)=-A(13)) 50450,52

IF (T(K)-A(Ll4)) 66,66,458

IF (T(K)-A(14)) 62,62,54

DO 56 I=ls14

Q5P (I)=QP4(I)+QPT(I)

CONTINUE

GO TO 70 .

DO 60 I=1l,14

Q5P(I)=QP7(1)

CONTINUE

GO TO 70

DO 64 I=1,14

Q5P(1)=QP4(1)

CONTINUE

GO TO 70

00 68 I=1l,14

Q5P (11=0.

CONTINUE :

CALL PARX (AyWeK)

CONTINUE

IF (IDOUBL.EQ.1) GO TO 78

N2=0

DO 74 I=1,M

N2=N2+1

D0 74 J=1,N2

B{I,J)=0.

DO 74 N3=1,N1
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DO 74 K=1l4N '
N6=K+N®(N3-1)
BlIsJII=BlLyJ)tW{I NOIXWIJINOEI/RINO)
BlJsy1)=B(I,J)

CONTINUE

DO 76 I=1,M

B{IM+1)=0.

DU 76 N3=1,Nl1

DJ 76 K=1yN

No=K+iN¥x(N3-1) ‘
BCIoMeL)=BlI,MeL)+(RINOI-HINO)IXW( T ,NO)/R(NG)
CONT INUE

RETURN

N2=0

DJ 82 I=1.M
N2=N2+1

DO 82 J=1l,N2
SC=0.

DO 80 N3=]1,Nl1
DO 80 K=]1,N
NO6=K+N*(N3-1)
SA=W(I,N6)
SB=W(JyNb6)
SC=SC+(SAXSB)/R(NbE)
CONTINUE
B(I,J)=SC
B{J,y1)=S8C
CUNTINUE

00 86 I=1,.M
SC=0.

DO 84 N3=1,N1
DO B84 K=1l4N
N6=K+N*(N3-1)
SA=RIN6)~-HING)
SB=W(I,yN6)
SC=SC+{SA*58)/R(N&6)
CONTINUE

Bl M+1)=SC
CUNT INUE
RETURN

END
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SUBROUTINE PARWL (A,BsPARX, IDOUBL)

THE SUBROUTINE PARWi EVALUATES THE PARTIAL DERIVATIVES OF THE
COMPARTMENT EQUATIONS QL - Q5 WITH RESPECT TO THE
MODEL PARAMETERS A{1} FOR THE ONE KIDNEY MODEL WITHOUT
GLUMcRULAR FILTRATION. THE SUBROUTINE RETURNS THE
MATRIX B AND E REQUIKED IN THE MARQUARDT ALGORITHM,
A = A + INV(B) * £. THE MATRIX E IS STORED IN THt
M+i COLUMN OF THE MATRIX B WHERE M [S THE NUMBER OF

PARAMETERS.
A - PARAMETERS FIR THE KIODNEY MODEL
8 ~ THE MATRIX OF PARTIAL DERIVATIVES
PARX - THE SUBROUTINE WHICH EVALUATES THE PARTIAL

DERIVATIVES FGR THE TIME FUNCTIONS
IF IDOUBL 1S EQUAL TO 1 THEN THE SUMS ARE
EVALUATED IN DOUBLE PRECISION

[00uUBL

*NJTE - THE SUBROUTINE CHIW1l MUST BE CALLED BEFURE THE
SUBROUTINE PARWIL. '

COMMON/FNT/T(150) 4R(600),H{600)
COMMON/QFN/QL(LSU)pQL(lSOl9Q3(lSO)vQ4(150)'J5(1501
COMMON/CUNST/NyN1yMyML

COMMON/EXPP/EXPLyEXP2yEXA4yEXAL

COMMON/RUOT/CU8) 4PL4P2,PP,S1
COMMON/QFNP/QP4(14)'QPI(IQ)leP(IQ)yQZP(IQJ'QBP(14)'QQP(141'

1 Q5P (14)

DIMENSION B(32,64) ,W(32,450),A(32)

DOUBLE PRECISION SA,58,S5C

PARPUXL ¢X29X3)=(-SL#X1¢X2+X>3)/S1/2.

PAPF(AA,BBsCCyDD+PA+PB, PCyPD)-((PA+PB)*(CC+DD)—(AA*BB’#(PL&PD))/(L
LC+DD) *%2

PQALIXKyPAyPAAy X )= (X+L (L )*PARXK )%XEXPL+(-X+C(2)%2PAARXK) *EXP2
PRQZIXKePCo POy X) = X+C(3)%PCRXKIXEXPL+ (=X+C {4 )*PDEXK)*EXPZ
PA3(XsFLyCCLIEXyPAYXKyCC2yPAA)=X*( (F1XCCL-CUL)*CC L% %x2%PAIX(cXPL~EX
L) #C LI *COL*PAXXK¥EXPL#{-F1*CL2-C(2)*LC2¥x2%PAA) X (EXP2-EX) +C{2)%CC2
2*PAAXXKXEXP2)
PQ35(XsCCLyEXyCC2y XKyALL)=X% (L (1) *CCL*(-CCL*(EXPL=EX)+XK*EX)+((2)*
LCC2%(~CC2*(EXPZ-EX) ¢XK®EX ) )-ALL*XK*EX
PQa(XsFLyCCLIPAYEX ) Y9 XKoCC2,4,PAA)=X*((FL1¥CCL-ClLlI*CCLl*%x2%PA)((EXPL
I=1ed/PLl=(le-EX)/Y)#C(L)RCCLH(=PAR(EXPLl=1s)/PL¥*2¢XKXPAXEXPL/PL) ¢ (~
2R i¥CL2-CU2) *CCexx2%PAAIX((EXP2=14)/P2-11La~EX)/Y)I4C(2)%CC2¥(~-PAAX(E
IXP2=1a)/P2%%2+XK*PAAXEXP2/P2))

FA3(X4yCCLyEXyY o CC21=X*¥(CULIXCCLIR((EXPL~1a )} /PLl-(La—EX)/Y)+C(2)%CC2%
LOCEXP2=1.)/P2~-(Le—EX)/Y))
PQ4SIXsCCLIEXsY9yCC2oXKpZ)=X¥{~C(L)%CCLX*2X((EXPLl~14)/P1-(1le=-EX)/Y)
Le(COL)I*CCLeCU2)2CC2) % ((La-EXI/YRU2-XK®EX/Y)-C(2)%CL2%%2%((EXPZ-1.)
2/P2-(1Le~EX)/Y) ) #+2Z%XK*EX ,
PR413(X)CCLIEXsCC2y)Y)==Xk(C(L)*CCL*(EX-EXPL)+C(2)*CC2*(EX~EXP2) ) ¢Y
1*EX

PLAL=PARPLA(L),A(2),A(3))

PLAZ2=PARP(A(L) yA(L)y-A(3))

PLA3=PARP(A(L)y-A(2),A(3))

P2AL=PARP(-A(L)=A(2),-AL3))

P2A2=PARP (-A(1}),-A(2),A(3))

P2A3=PARP(-A(L)A(2),~-A(3))

AX==A(5)%(PLl*A(2))

BX=-A(6)%xA(2)

FLAL=PAPF(AXyBXyPcy=PLy-A(5)%PLAL+0.,P2ALly-P1lAL)
FLAZ=ZPAPF(AXyBXyP2y~PLy=A(S5)%(PLA2+1.)s=A(6), PZAZ;-PLAZI
FLA3=PAPF(AXyBXyP24=Ply~A(5)%P1A3,0.,P2A3,-PLA3)
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AX==A(6)*(Pl+PP)

BX=-A(5)%A(]1)
FFAL=PAPF(AXyBXyP2y-PLly-A(6)%(PLlAL+1.)y~A(5), PZAlv‘Piﬁl)
FRFAZ=PAPF(AXsBXyP2y—PLy-A(6)*PLlA2,40.yP2A2,-P1A2)
FEA3B=PAPF{AXyBXyPZy=PLly=A(6)*(PLA3+1.)40.,4P2A3,-P1lA3)
FC=(-Pl-A(2)}/(P2-P1) '
FO=(P2+A(2))/(P2-P1)

FE=A(2)/(P2-P1)

FE=A(L)/7(P2-PL)

FG=(-PL~-PP)/(P2-P1)

FH=(PP+P2)/(P2-P1) .

D0 42 K=l,N

EXPL=EXP(PL*T(K))

EXP2=EXP(P2*T(K})

EXA4=cXP{-A(4)*T{K))

DO 10 I=1.,8

QlP(I)=0.

CONTINUE

QiP(L)=PQL(T(K),PLALl,P2A1l,F1Al)
QlP(2)=PQLITI(K),P1A2,P2A2,F1A2)
QiP(3)=PQilT(K)PLA3,P2A3,F1A3)
QLP(5)=FC*EXPL+FD*EXP2

QLP(6)=FE*{EXP2-EXP1]}

DO 12 1=1,8

Q2P(1)=0.

CONTINUE

Q2P Li)=PQ2(T(K)P1lAL,P2Al,FFAL)

Q2P (2)=PQ2(T(K),PLA2yP2A2,FFA2)

Q2P (3)=PQ2(TI(K)P1A3,P2A3,FFA3) N
Q2P (S5 I=FF&(EXP2-EXPL)

Q2P (6 )=FG*EXP L +FHXEXP2

DO 14 I=1,8

CONTINUE

"Q3P(1)=PQ3(A(5)yF1AL,C(5),EXA4,PLAL,T(K),C(6),P2AL)

Q3P(2)=PQ3(A(3)+1FLA2,C(5) EXA4,PLA2,T(K) C(6),P2A2)
Q:P(3)—PQ3(A(3’pFlA39C(5,oEXA4vP1A3 T(K) yC(6),P2A3)
Q3P(31=Q3P(3)+C(LI*C(SI*(EXPL-EXAL)+C(2)*C(6)%(EXP2-EXA4)
“Q3P(4)=PQ3S5(A(3)yCU5I EXA4GC(6),TIK)ZA(T))
Q3P(S)I=A(3)*x(FCHCL{S5I*(EXPL-EXA4)+FD*C(O)X(EXP2-EXA4))
Q3P(6)=A(3)*FEx{(-C(S5)*{EXPL~EXA4)+C(6)*(EXP2-EXA4))

Q3P(T)=EXA4

DO 16 1=1,8

Q4P (1)=0.

CONT INUE

J6=0

IF (T(K)-A(8)) 18,418,20

X=T(K)

GO Ty 22

X=T(K)-A(8)

EXPL=EXP(P]%X)

EXP2=EXP(P2%X)

EXA4=EXP(-Al4)*X)

QeP(1)=PQe(A(3)*A(4)yFLAL,yC(5)9yPLALJEXA4sA(4) ¢XyC(6)4P2AL)-Q4P(1)
QeP(2)=PQ4(A(3)%A{4)sFLA2,C(5)PLA2,EXA4,A(4) 4 X4yC(6),4P2A2)-Q4P(2)
Q4P(3)=PQ4(A(3)%A(4)yFLA3,C(5) PLA3,EXAG AL4) X C(6)P2A3)+FQ3(AL4
LY sCUS)yEXAG A(4) o CLODI=-Q4P(3)

Q4P (4) FQ3(A($’9C(5)'EXA4,A(4)oC(6,)*PQ45(A($)*A(4)vC(SvaXA41A(4,
LeCLO) o XoA(THII~Q4P (4)

QaP(SI=A(3I %A (4)*{FLRC(S)*((EXP1=-14)/PLl=(1.-EXA4)/A(4) V+FD2C(OI%*((
LEXP2-1ie)/P2-{1.-EXA4)/A(4)))-Q4P(5)

Q4P (6)=A(3)*A(4)%XFEX(~ C(S)*((EXP[ l-)/P1~- (lo'EXAQ)/A(Q,)*C(b’*((EX
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1P2=1.0/P2-(1.-EXA4)/A(4)))-Q4P (6)
QaP(T)I=1.-EXA4-QaP(7)
[F (J6) 24,24,30
IF (T(K)-A(8)) 30,430,206
Q4P (8)=PQR4L3(A(3)%xAl4), C(5)vEXA4oC(6)vA(Q’*A(?”
DI 28 1=1,8 :
QP4 (1) =Q4P(])
CONTINUE
QP4(B8)=-Q4P (8)
X=T(K)
Jé=1
GO TO 22
IF (TIK)=-A(8)) L643536432
DO 34 1=1,8
QP(II=QP4(])
CONTINUE ‘
GO TO 40
D3 38 I1=1,8
QSP(I1)=0.
CONTINUE
CALL PARX (AsWeK)
CONT INUE
IF (IDOUBL.EQ.1l) GO TO 48
N2=0
00 44 I=1.M

- N2=N2+1

A

406

43

50

52

DO 44 J=1,4N2

d(.IQJ’=0'

DO 44 N3=1,4N1

DO 44 K=1,N

No=K+N*(N3-1)
B(le)=B([oJ)*N(I(Nb)*W(Jva)/R(Nbl
BlJds1)=B(1,4J)

CONTINUE

DO 46 [=1,M

B(IyM#+1)=0.

DO 46 N3=]1,N1

DO 46 K=14N

N6=K+N®({N3—-1) .

B{IyMe+l)= B({vM*l)f(R(Nb)—H(Nb))*N(I Nb)/R(Nb)
CONTINUE

RETURN

N2=0

DO 52 I=1+M
NZ2=N2+1

DO 52 J=14N2
DO 50 N3=1,N1
DO 50 K=1l,N
N6=K#N*x(N3-1)
SA=W({IsN6)
SB=W(JyN6)
SC= SC*(SA*SB’/R(NO)
CUNTINUE
B(IsJ)=5C
8{Js1)=5C
CONT INUE

DO 56 I=1,M
SC=0.

DO 54 N3=1,Nl
DO 54 K=1sN
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NO=K+N*(N3-1)

SA=R(N6)-H(NO)
SB=W(1,N6)
SC=SC+(SA%*S3)/R(N6)
24 CONTINUE
B(l1yM+1)=SC
56 CJNTINUE
RETURN

END
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SUBROUTINE PARW2 (A,8,PARX, IDOUBL )

THE SUBRJUTINE PARW2 EVALUATES THE PARTIAL DERIVATIVES OF THE
COMPARTMENT EQUATIUNS Qi - Q5 WITH RESPECT TO THE MODEL
PARAMETERS A(I) FUR THE TWwO KIONEY MODEL WITHOUT
GLUMERULAR FILTRATION. THE SUBROUTINE RETURNS THE
MATRIX B AND E REQUIRED IN THE MARQUARDT ALGORITHM,

A = A + INV(B) * E. THF MATRIX E IS STUORED IN THE
M+l COLUMN OF THE MATRIX B WHEKE M IS THE NUMBER OF
PARAME TERS. -

A - PARAMETERS FOR THE KIDNEY MODEL

3 - THE MATRIX OF PARTIAL OERIVATIVES
PARX - THE SUBROUTINE WHICH EVALUATES THE PARTIAL

DERIVATIVES FOR THE TIME FUNCTIONS
IF 100uUBL IS EQUAL TO 1 THEN THE SUMS ARE
EVALUATED IN DOUBLE PRECISION

[D0UBL

F*NOTE'- THE SUBROUTINE CHIWZ2 MUST BE CALLED BEFURE THE
SUBROUTINE PARW2.

COMMON/ENT/T(150),4,R(600),H(600)
COMMON/QFN/QL(150),Q2(1500,Q3(1501,Q4(150),Q5(150),Q6(150),Q7(150)
COMMON/CONST/NyNLyMyML

COMMON/EXPP/EXPL,EXP2,EXA4, EXAL

COMMON/ROOT/C(B) 4 PLyP2,PP,S1

COMMON/QFENP/QP4TL4) +QPTU14)QLP(L4),Q2P(14),Q3P(14),Q4P(14),

1 Q5P (14)49Q6P(14),Q7P(14)

DIMENSION B(32,64)W(32,600),A(32)

DJUBLE PRECISIUN SA,S88,SC _
PARP(XLyX29X39X4)=(~-SL+XL+X2+X3¢X4)/51/2.
PAPF{AAsBByCCoyDDyPAYPByPCyPLI=((PA+PB) x(CC+DDI-(AA+BB) *{PC+PD) I/ (C
LC#DD) *x%2

PQLIXKyPAsPAA s X)=(X+C( LI *PAXXKI*EXPL+(-X+C{2)*PAA*XK)REXP2

PQZIXKyPC POy X)=(X+C(3I*PLAXK)IREXPL+(-X+L {4 )%PDEXK ) *EXP2

PQ3(IXsFLICCLIEXIPAPXK)CC2yPAA) =Xk ((FL*¥CCL-CALIXCCL1*%2%PA)X(EXPL~ EX
LI+CCL)*CCL*PAXXKREXPL4{—F L¥CC2-C{2)*¥CC2%% 2%k PAA)V X (EXP2-EX)#({2)*CC2
QRPAAXXK*EXP2)

PR3S{XsCCLyEXsCC29XKyALLY=X¥(C (L) *CCL*(-CCL*(EXPL-EX)¢XK*EX)+C(2) %
1CC2%(-CC2*¥ (EXP2-EX ) +XK*EX ) )-A 1 L XK*EX

PR4(XosFLaCCLIPAYEX Y ¢ XK CC2 yPAA)=X* {(FL*CCL-CULIXCCL*%2%PA)X{(EXPL
L=1e)/PLl-(le-EX)/Y)+C (L) RCCL*(-PA*(EXPL-14)/PLl%%24 XK%XPAXEXPL/PL)+(~
CFLIXCC2-C2Y*CL2¥%x2%xPAA)*((EXP2-1. )/P2~(1.-EX)/Y)*C(2)*CC2*( -PAA%(E
3XP2-1e ) /P2¥%2+ XKXPAAREXP2/P2))

FQ3(XoCCLyEX oY 4 CC2I=X*¥(COLI¥CCL*L(EXPL=1a) /PLl=( 1o ~EX)/Y)+((2)%CC2%
LI(EXP2-1.)/P2-(1.~-EX)/Y )

PQa4S (X CCLIEXeYsCC2 o XK o Z) =X {-C{L1)RCCL**2% ((EXPL-1.)/P1l-(1l~-EX)}/Y)
Le(COLI*CCL+C(2)%CCAI*((Lo-EXD/Y%EXR2~ XK#EX/Y)-Cl2)*CC 2% 2% ((EXP2-1.)
2/P2=(1+—EX)/Y )P+ *XKXEX

PQeLl3(XyCCLIEXICC29Y ) =-Xx(C(1)*CCLE(EX-EXPLI+C(2)%CC2%x (EX~EXP2))+Y
LxEX ' ‘ :

PLAL=PARP(A(L)yA(2)sA(3),A(5))

PLA2=PARP(A(L)+A(2),4-A(3),~-A(5))

PLA3=PARP(A(L) y-A(2),A(3),A(5))

PLAS=P1lA3

P2A1=PARP(-A(1)4-A(2)4-A03),-A(5))

P2A2=PARP (-A(1)y-A(2),A(3),A(5))
PL2A3=PARP(-A(L) yA(2) 4=A(3)4-A(5))

P2A5=P2A3

AX==A{T)%(PL+A(2))

BX==-A(8)%A(2)

FlAl= PAPF(AX'BX1P29-P1,-A(7)*P1A1y0.’P2A19—PLA1)
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FlA2= PAPF(AX,BX,PL.-PI,-A(7)*(P1A2*1-)9-A(8)pPZAZ.—PlAZ)

10

12

14

Lo

FLA3=PAPF(AX, BX9P29 PlLey=A(7)%P1A3,0.4P2A3,-P1A3)
FLAS=F1A3

AX=—A(8)%(P1+PP)

3X=-A(7)*A(1l)

FFAL1=PAPF (AX, BX;PZ;-Plo—A(8)*(PlA1f1.lg‘A(?) PZAlo-PlAI)
FRAZ2=PAPF(AXyBXsP2y-Pli—A(B)%PLAZ2+0.9P2A2,-PLA2)
FFA3=PAPF (AX, BX,PZ"PI,-A(8)*(P1A3¥1 ).O..P2A3.—P1A3)
FFAS=FFA3

FC=(-Pl-A(2))/(P2-P1)

FD=(P2+A(2}))/(P2~-P1)

FE=A(2)/(P2-PLl)

FF=A(L)/(P2-P1)

FG=(~-Pl-PP)/ (P2-P1)

FH=(PP+P2) /(P2-P1)

DJ T2 K=1,yN

EXPL=EXP(PL®T(K))

EXP2=EXP(P2*T(K))

EXA4=EXP(-A(4)*T(K))

EXAG6=EXP{-A(6)%T(K)}

DY 10 [=1,12

QIP(1)1=0.

CONTINUE

CQLP(L)=PQLITIK) yP1AL,P2A1,F1AL)

QLP(2)1=PQL(T(K) 4PLlA2,P2A2,F1A2)
QLP(3)=PQLIT(K),PL1A3,P2A3,F1A3)
Q1P (5)=QlP(3)
QLP(7)=FC*EXPL+FD*EXP2
WLIP(BI=FEX(EXP2-EXPL)

DU 12 I=1,12

Q2P (1) =0,
CONTINUE

WQ2P(1)=PQ2(T(K),P1ALl,P2AL,FFALl)

Q2P(2)=PR2(T(K) yPLA2,P2AZ+FFA2)
Q2P (3)=PQ2LT(K) P LA3,P2A3,FFA3)

Q2P(5)=Q2P (3)

RQ2ZP(TI=FFX(EXP2-EXPL)

Q2P (B )=FG*EXPL+FH*EXP2
DO 14 I=1,12
QIP(I)I=0.
CONTINUE
Q3P(1)= PQ3(A(3)vFlA1vC(5)'FXA4 PlAl TIK)C(6),P2A1)
Q3P(2)=PQ3LA(3)FLA2,C(5),EXA4,PLAZ,T(K),C(6),P2A2)
Q3P (5)=PQ3(A(3)4FL1AS5,C(5) +EXA4sPLAS,T(K)»C(6)4P2AS5)
Q3P(3)=Q3P(5)+C{LI*C{SI*(EXPL-EXA4)I+C{2)*xC{6)*(EXP2-EXA4)
Q3P (4)=PQ35(A(3),C{5)EXA4,C(6),TIK),A(I))
QIP(T)=A(3)*(FCH¥C(S)*(EXPL-EXA4)+FN*C(6)*(EXP2-EXA4))
QIP(BI=A(3)*FEX(-CAS5 )% (EXPL-EXAL)+C(6)X{EXP2-EXAL))
W3P(9)=EXA4

D3 16 I=1,12

QeP(1)=0,

CONT INUF
QOPL1)=PQ3(A(5),FLAL,C(T7)yEXAE4PLAL,T(K),C(8)4P2A1)
QOP(2)=PRI(A(S) gy FLA24CUT)yEXAG,PLA2,T(K),C(B),P2A2)
QO6P(3)=PQ3(A(5),F1A3,C(T7)yEXA6,PLA3,T(K),C(8)4+P2A3)
QOP(5)=QOP (31 +C(LI*C(T)I*(EXPL-EXA6)+C(2)*C(B)*(EXP2~ tXAb)
QoP(6)=PQRI5(A(5)4C(T)EXA6,CIB)TIK),A(LD))
QOP(T)=A(S)*(FC*C(T)*(EXP L-EXA6)+FD*C (B)*(EXP2-EXA6))
Q6P (8)=A(5)*Fe*(-C(T)*(EXPL- tXAb)*C(B)*(CXDZ EXAa6))
RO6P(10)=EXAS

DO 18 I=1,12
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CONT INUE
J6=0 ,
IF (T{(K)-AlL11})) 20,20,2¢
X=T(K)
GU TU 24
X=T(K)=-A(L})
EXPL=EXP(P]l=*X)
EXP2=EXP(P2%X)
EXAG=EXP(-A(@)*X)
J4PU1)=PQelA(3)%A(4) sFLAL CUS5)4PLALEXAG A(G) o XL (6),P2AL)~Q4P (1)
QeP(2)=PQalA(3)%A(4) FLA2,C(5)yPLA2 EXASsAL4) X sC(O1,PL2A2) Q4P (L)
JoP(B)zPok(A(j)*A(ﬁ)oF1A3.C(5)'PlAijXAQ.A(QD XoC(6)PLAS)+FQ3(ALS

1’vC(S"EXAQ,A(Q’cC(b))‘QQP‘3’

QeP{4)= FQJ(A(J"L(S’vEXAQoA(Q)oC(b’)*PQQ)(A(3’*A(4,0C(5’pEXAQ Alal)
LeClO) s X AL )=QuP (%)
QeP(5)1=PQe(A(3)%A(%) s FLAS,CUS5)yPLASIEXA49Al4) X ,Cl6),P2AS)-Q4P(5)
QeP(T)=A(5) %A (4 ) *(FCEL(S)I*((EXPL=1.)/PL-L1.~EXAG)/A(4))+tD*CLO)*{(
LEXP2-14)0/P2-(1.~CXA4)/A(4)))=Q4P(T)
QQP(8!=A(3)*A(#)*FE*"C(S)*((EXPI-I-)/PI‘(lo-EXAQI/A(Qi)*C(O)*((EX
1P2-1.)/P2-(1lo~EXA4)/A(4))})-Q4P(8)

QaP(9I)=1.-EXA4-Q4P (9]

IF (J6) 26,264,132

IF (T(K)-A(LL)) 32432,28

QePlLLI=PQR4L3(A{3)%A(4)+C(5)+EXA4, C‘b)pA(4)‘A(9,)

DO 30 I=3li,ic¢

QP4(1)=Q«P (1)

CUNTINUE

QP& il)=-Q4eP(iLl)

X=T(K)

Jo=1l

GJ 10 24

DO 34 I=1,12

QIP(l)=0.

CUNTINUE

J6=0

IF (T(K)-A(12)) 36,36,38

X=T(K) s

GO TO 40

X=T(K)-A(12)

EXPL=EXP(Pl*X)

EXP2=EXP(P2%X)

CXAb6=EXP(-A(b) *X)
Q7P(1)=PQ&(A(S5)*A(6) 2FLAL,C(7) PLALJEXAG)ALO7 X eC(B) P2ALI-QIP(L]
QTP(2)=PQ4(A(5)%A(6) ¢yFLA2,CUT)sPLA2/EXAGIALG) 4 Xo((B),P2A2)-Q7P(2)
Q7P(3)2PQe(A(S5)*A(0) yFLAIZC(T)yPLA3IEXAO)ALGD X C(B),P2A3I-QTP(3)
Q?P(S)*PQ#(A(5)*A(6)oFlAS.C(7)'91A5oEXA6oA(6)oX'C(8D.PZASB*FQ}(A(b
10 ,CUT7)sEXAS,AL(O),C(8))-Q7P(5) '

QIP(6)= FQ3(A(5I9C(7).EXAO,A(6)vC(B))#PQQS(A(S)*A(bUuC(7)oEXA6'A(6)
1o C(8) e Xy ALL0))=Q7P L)

Q7P(7]*A(50*A(6)*(FC*C(7)*((EXPl -1l.)/P1- (L.~EXA6)/A(6) )eHDeC(B)*((
LEXPZ2=1.)/P2-(L.~EXA6)/A(L)))-QTP(T)
Q7P(B)=A(S)*A(6)*FC*(-C(T)*®((EXPL-1.)/PL~ (l.‘EXAb)/A(bl)*C(B)*((tX
IP2~1.)0/P2~(L.~EXAG)/ZA(6)))~QTP(B)}

Q7P LO)=l.~FXALG-QTP(10)

IF (J6) 42,492,448

IF (TIK)=-A(LZ)D 48,4844

Q7P(l£)=P0913(A(5)‘A(6)vC(7) EXA6,C(B8),AL6)*A(10))

DO 46 I=1l,12 .

QPTLL)=sQTP(I])

CONT INUE

QPT(12)=-Q7P(12)

X=T(K)
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J6=1 '
GU TO 40

[F (T(XK)=-A(L11)) 50,50,52
IF (T(K)I-A(L2)) 66,66,58
IF (TIK)I-A(icg)) 62,462,454
D3 56 I=1,412

RSP (1)=QP4 (1V+QPT ()
CONTINUE

GO TJ3 70

DY 60 I=1,12
QoP(1)=QPT(1)

CUNT INUE

GU TO 70

DI 64 I=1,12
QSPLI1)=QP4 (1)

CONT INUE
GO TO 70

DD 68 I=1,12

Q5P(1)=0.

CUNTINUE

CALL PaARX (AyW,K)
CONTINUE

IF (I00UBL.EQ.1) GO TO 78
N2=0

OJ 74 1=1.M

N2=N2+1

DU T4 J=14N2

B{leyJd)=0.

DO 74 N3=1,N1

DO T4 Kzl'N’

N6=K+N*(N3~-1)

BCIy3)=B(1,J)+w(], Nb)*w(J,Nb)/R(N6)
BlJyI)=8(1,J) : '
CONTINUE

D3 76 [=14M

B(l,M¢1)=0,

DO 76 N3=1,Nl1

DO 76 K=1,4N

No6=K+N¥x(N3-1)

BUl,M¢1)= B(lpM*l)*(R(Nb) H(Né))*w(lebilk(db)

CONTINUE
RETURN

N2=0

DO 82 l‘lvM
NZ2=N2+1

DO 82 J=1lsN2
SC=O.

DO B8O N3=i,4Ni
DO 80 K=14¢N
N6=K+N*x{N3-1}

. SA=W(IyNo)

SB=W{JyN6)

SC= SL*(SA*SB)/R(Nbl
CONTINUE

BEIyJ)=SC

B(Jse1)=SC

CONTINUE

DI 86 I=1,M

SC=O.

DU 84 N3=1,Nl

N3 B84 K=1,N



0

No6=K+N% (N3 -1)
SAzR{N6)-H(N6)
SB=w(IyN6) o
'SC=SC+(SA%SB) /R(N6)
84 CONTINUE
© B(I,M#+1)=SC
86 CINTINUE
RETURN
END
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SUBROUT INE PARLL (AsWeK)

THE SUBROUTINE PARL1 EVALUATFSVTHE.PARTKAL DERIVATIVES OF
THE TIMt FUNCTIONS WITH RESPECT TU THE MIODEL PARAMETERS
AT THE TIME POINT K FOR THE TwO KIDNEY MUDEL.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

Q3 + Q4 + A(L0)%(QL + Q2)

TFL =
TF2 = Q5 + A(LL)*(Ql + Q2)
TF3 = ALL2)%(Q. + Q2)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATIUN

TFL = Q3 + Q4 + A(9)%{(Q1 + Q2)
TFe = Q5 + A(lO0)*(QLl + Q2)
TF> = ACLLI*(Ql + Q2)

TF1 - KIDNEY
TF2 - BLADDER
- TF3 - BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL
W - STORES THE PARTIAL DERIVATIVES JF THt TIMc FUNCTIONS
K - INDEx FOR THc TIME POUINT

DIMENSION A(32)¢W(32,450)
COMMON/QFN/QL (1500 ,Q2(150),Q3(150),Q4(150),Q5(150)
COMMON/CONST/NyNL yM,M1 .
COMMON/QFNP/QP+(14) »QPT(14),QLP(1i4)yQ2P114),Q3P(14),Q4P(14),
1 Q5P (14) ’ :
K2=N+K
K3=2%N+K
DO 10 I=1,M1
WL, KI=Q3P (1) +Q4P (I )+A(ML+L)%(QLIP{I)+Q2P(1))
WL oK2)=Q5P (L) +A(ML+2)%(QLP(I)+Q2P (1))
WEToK3)=A(ML+3)x(QLP(I)+Q2P (1))

10 CONTINUE
M2=Ml+1
D3 12 [=M2,M
W(I4K)=0. 7 .
W(lyK2)=0. o
W(IsK3)=0. ' : '

L2 CONTINUE
WIML+L,K)=QL{K)+Q2(K)
WIML#2,K2)=QL(KI+Q2(K)
W(ML1+3,K3)=QL(K)+Q2{K)
RETURN
END
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SUBROUTINE PAR2L1 (Asw,eK)

THE SUBROUUTINE PAR21 EVALUATES THE PARTIAL DERIVATIVES OF
THE TIME FUNCTIONS WITH RESPECT TO THE MODcL PAKAMETERS
AT THE TIME POINT K FOR THE TWO KIDNEY MODEL.

THE TIME FUNCTIUNS WITH GLOMERULAR FILTRATION

A(15)*(Q3+04)+A(lb)*Ql*A(IT)*QZ*A(iB)*QS

TF1l =
TF2 = ACLI9)*(QO+QT)I+A(20)*QL+A(21)1%Q2+A(22)%Q5
TE3 = A{24)%Qi+A(25)%Q2+A(23)%Q5

TEa = A(ZON*QLI+AL2T)%Q24A(28)%Q5+¢A(29)%(Q5+Q4)

+tA(30)1%(Q64Q7)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TFL = ACL3)%{W3+Qa)+A(14)%QL+A(L5)*Q2¢+A(16)%Q5
TF2 = A(17)*(06*Q7)+A(18)*Ql*A(l?)*QZ*A(ZO)*Q)
TF3 = A(22)%QL+A(23)#Q2+A(21)%Q5

T4 = A(24)%QL+A(25)%Q2+A(20)%Q5+A(2T )% (Q3+04)

+A(28)*(G6+QT)

TF1 - RIGHT KIDNEY
TF2 - LEFT KIUNEY

TF3 - BLADDER

TF4 - BLOOD AND TISSUE

A - PARAMCTERS FOR THE KIDNEY MODEL
W - STORES THE PARTIAL DERIVIATIVES OF THE TIME FUNCTIONS
K = INDEX FUR-THE TIME POINT

DIMENSION A(32)4W(52,600)
CIMMON/QEN/QL(150),Q2(0153),Q3(150)424(150),Q5(153),Q61150),Q7(150)
. CIMMON/CONST/Ny Nl o M,M]
CJMMJN/QFNP/UP4(14)vQP7(14)oQ1P(14ioQZP(14)’Q3P(l«)vQ~P(lwlo
1 Q5P (1i4)sQ6P(14),Q7P(14)
K2=N+K
K3=2%N+K
K4=3%NeK
DD 10 I=1,41 _
W{LoK)=A(ML+L)*(Q3P (1) +Q4P () ) +A(ML+#2)%QLIP (1) +A(ML+3)%Q2P (1) +A(ML+
L4)¥=Q5P (1)
W(l,yK2)= A(Ml*S)*(QbP(ID*Q?P([))+A(Ml*6l*QlP(I)+A(Ml*7)*u2p(I)+A(Ml
1L+8)%Q5P (1)
W(l, K3)—A(Ml+9)*QSP(I)fA(leLO)*QlP(I)fA(M1+1l)*u2P(X)
WlTeKG)=A{ML+12)%QLP{I)#A(ML+13)%Q2P (1) +A(ML+14)%Q5P(T)+A(ML+15) %(
1Q3P(11+Q4P (1)) +A(ML#L6) %X (QoP(I)+QTP(1))
L0 CONTINUE
M2=M]1+1
DI 12 [=M2.M
wll,sK)=0,.
WlTyK2)=0.
N(I'K3)=00
Wil,K4)=0.
12 CONTINUE
WIML+1,K)=Q3(K)+Q4(K)
WIML+2,K)=QLl(K)
WIML#+3,K)=Q2(K)
W{MLl+a,K}=Q5(K)
WIMLES5,K2)=Q6(K}+QT(K) ' !
W{ML+6,K2}=Q1(K)
W(ML+T7,KZ)=Q2(K)



W(ML+8,K2)=Q5(K) -154-.

W(MLl+9,K3)=Q5(K)
W(ML+10,K3)=Q1(K)
W(ML¢11l,K3)=Q2(K)

- W(ML+12,,K4)=Q1(K)

W(ML+13,K4)=Q2(K)
W{ML+14,K4)=Q5(K)
WIML+159K4)=Q3(K)+Q4(K)
WML+ 16,K4)=Q6(K)*+QT(K)
RETURN

END
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SUBROUTINE PARZZ (A, WeK) ~155-

THc SUBROUTINE PAK22 EVALUATES THE PARTIAL DERIVATIVES OF THE
TIME FUNCTIONS WITH ReSPECT T3 THL MUDelL PARAMETERS
AT THE TIME PCINT K FOR THE TwU KINDNFY MODEL. -

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TEL = Q3+Q«+A(15)%(QL+Q2)+A(16)%Q5

TEZ = QO+QT+A(LT7T)*(QL+Q2) +A(18)*Q5

TE3 = A(19)%Q5+A(20)%(Q1+Q2) '

TFe = A(Zl)*(QL*QZ)*A(ZZ)*Qb*A(Zj)*(Q:*QQ)

+A(24)%(Q6+Q7)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATIUN

TFL = Q3+#Q4+A(13)%(QL+Q2)+A(14)%*Q5
TE2 = QO6+QT+ALLIS)I*(QRiI+QL)I+A(1L6)*Q5
TF3 = A(17)%Q5+A(18)%(Q1+Q2)
= A(L9)*(QL+Q2)+A(20)*%Q5+A(21)%{Q3+Q%)

TFa4
' +A(22)%(QO+Q7)

TF1 - RIGHT KIDNEY

TF2 = LEFT KIDNEY
TF3 - BLADDER
TF4 - BLOGU AND TISSUE

A - PARAMETERS FOk THE KIDNEY MODEL : :
W - STURES THE PAKTIAL DERIVATIVES OF THE TIME FUNCTIONS
K — INDEX FOR THE TIME POINT

DIMENSION A(32)+W(52,600)
CJMMDM/QFN/Ql(lDO).QZ(150),Q3(150).Q4(150l,QS(lsoinb(ISO)'Q7(1SOl
CUMMON/CUNST/NoNL4M,M1
LO%MJN/QFNP/QPQ(LQD,QP7(14).QLP(14)'Q2P(lQ).QBP(l%),Q4P(14),
1 QSP(L4).Q6P(14)pQ7P(l4)

K2=N#¢K

K3=2%N+K

K4=3%N+K

DO 10 I=14.M1

wWll, KI—QBP(l)+QéP(I)*A(ML+l)*(Q1P(XD*QZP(I))*A(Ml&Z)*QSP(ll
W{IoK2)=Q6P (I )+QTP(I)+A(MLI+3)%(QLPCI)+Q2P(TI))+A(ML+4)1%Q5P (1)
WITsK3)=A{MLI+5)%Q5P (1) +A(ML+6)x(QiIP(I)*Q2P( 1))

WL K& =AML+ 7))« (QLPITII+Q2P (1)) +A(ML+B)*¥Q5P({TLI+A(ML+9)2(Q3P(T)+Q4P
LD ) +A(ML+LO)*(QOP(T)+QT7P(I1))
CONTINUE

M2=M1l+]

DO 12 [=M2,M

Wil ,K)=0.

W{l,X2)=0.

W(I+K3)=0,

Wl{Il,K4)=0,

CONT INUE

WiML+l,K)= Ql(k)+Q2(K)
WiMLI*Z2yK)=Q5(K)
W(ML+3,K2)= u1(x»+ozlx)
WIML+e,K2)=Q5(K)
W{ML+5,K3)=Q5(K)

WML+ K3)=QL(KI+Q2(K)
WML+ TyK4)=QLIK)+Q2(K)
W{ML+B8,K4)=Q5(K)
WIML+9,K4)=Q3(K)+Q4(K)



: -156-
WIML+104K4)=Q6(K)+QT7(K)

RETURN o

END
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SUBROUTINE PAR23 (AoN,Kl

THE SUBROUT[NE PAR23 EVALUATES THE PARTIAL DERIVATIVES OF THE
TIME FUNCTIONS WITH RESPECT TO THE MIDEL PARAMETERS
AT THE TIME PUINT K FUR THE TwO KIDNEY MODEL. ‘

THE TIMc FUNCTIUNS NITHVGLOMERULAﬁ FILTRATION
TFL = ACL5)%Q3+A(1o)*Qa+AlLTI*(QL1¢Q2)+A(1B)*Q5
TFe = A(lQ)*QbfA(ZO)*Q7+A(21)*(Q‘de)+A(4£)*Q5
TF3 = A(23)%Q5+A(24)1%(Q1+Q2)
TF4 = A(db)*(Ql*QZ)*A(26)*05*A(27)*thA(Z8)¥Q4

+A(29)%QO+A(30) QT

THz TIME FUNCTIONS WITHOUT GLUMERULAR FILTRATION

TFL = A(L13)*Q3+A(14)%Q4+A(15)%(QL+Q2)+A(16)*Q5
TF2 = ACLT)I*Q6+#A(18)%Q7+A(19)*(QL+N2I+A(20)*Q5
TES = A{ci)*Q5+A(22)*(Q1+Q2)

TF4 = A(23)*(Q1*QZ)*A(ZQ)*Q5+A(25)*QB*A(Z&)*Q4

+A(27)%Q6+A(28)%Q7

TF1l - RIGHT KIDNEY

TF2 - LEFT KIODNEY

TF3 - BLADDER

TF4 - BLDOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL
W — STORES THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS
K - INPEX FOR THE TIME PUINT

DIMENSION A(32)4+W(32,600)
CUMMUN/ZQEN/ZQLE450) Q204501 ,Q3(150),Q4(150),Q5(150),Q60150),Q7(150)
COMMON/CONST/NeN1 gM,M1
_COMMDN/QFNP/QP#(l«)pQP?(lé)'QIP(L4),QZP(14).QBP(1~).U4P(1w)'

1 Q5P (141 s QO6PLL4) QTP (14)

K2=nN+K

K 3=2%N+K

Ka=3%N+K

D3 10 I=1,M1

WlIsK)= A(MI*ID*QBP(I)*A(Ml+2)*QqP(I)+A(M1*3)*(01P(I)+QZP(Il)+A(M1*
14)%Q5P (1)

WllsK2)= A(Ml*S)*QbP(I)*A(M1+6)4Q7P(!)+A(M1*7)*(QLP(I)+02P(I))+A(M1
1+8)*Q5P (1)

WOL K3 =A(ML+I}%QSP(T)+A(ML+LOIX(QLP(I)+Q2P (I}

Wll,K4)= A(lellb*(ulp(l)+u2P(l))*A(M1+12)*Q5P(l)*A(M1+13)*03P(I)*A
1(M1+14)*Q4P(IlfA(lelb)*pr(I)+A(M1*16)*le(I)

10 CONTINUE

M2=M]1+1

DU 12 [=M2,M'

W({lyK)=0,

W{l,K21)=0.

‘Al ]4K3)=0.

W( I'K"})=Oo.

12 CONTINUE _

W(ML+i,K)=Q3(K)

WIMLI+2,K)=Q4(K)

WIML#3,K)=Q1(K}+Q2(K)

W{ML+4,K)=Q5(K)

WIML+5,K2)=Q0(K)

W{MLl+o,K2)=QT7(K) .
CWIML+T7,K2)=Qi(K)+Q2(K)



" W(ML$8,K2)=Q5(K)
W{ML+9,K3)=Q5(K)
WIML+104K3)=QL(K)+Q2(K)
W{Mi+11,K4)=Q1(K)+Q2(K)
WIML+12,Ka)=Q5(K)

WML+ 13,K4)=Q3(K)
WIML+14,K4)=Q4(K)
W{Ml+i5,K4)=Q6(K)
WIML+164K4)=Q7(K)
KETURN

CEND
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SUBROUTINE PARZ24 (A,nW,K)

THE SUBROUTINE PAR24 EVALUATEZS THE PARTIAL DcRIVATIVES OF THE
TIMc FUNCTIUNS WITH RESPECT T(O THE MOUODEL PARAMETERS
AT THE TIME PUINT K FOR THE TwO KIDNEY MUODEL.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TEL = A(L5)*Q3+A(15)%Q4vA(1T7)*QL+A(18)%Q2
+A(19)%Q5

TF2 = A(15)*Q6+A(LE6)*QT+A(20)1%Q1+A(21)%Q2
+tA(22)%Q5

TEZ = A{z4)*QL+A(25)%Q2+A(23)%*(5 :

TE4 = A(26)%QL+A(27)1*Q2+A(23)%Q5+A(29)%(03+(4)

+A(30)*(Q6+Q7)
THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TEL = A(L3)%Q3+A(L4)I*Qa+A(L5)*QL+A(L16)%Q2

+tALLT)I*Q5 _

TFZ = A(Lo)*Q6+A(14)%Q7 A(18)%QL+A(.19) %
+A(20)%Q5

TF3 = A(22)%QL+A(23)%Q2+A(21)%Q5

TF4 = A(¢4)*QL+A(4))*QL*A(éb3*QJ*A(’9)*(u:*Q4)

+tA(28)Yx{Q6+Q7)

TF1 - KIGHT KIDNEY

TFZ - LEFT KIDNEY

TF3 - BLADDER

TF4+ - B8LOOD AND- TISSUE

A - THE PARAMETERS FOR THF KIONEY MONEL
W - STURES THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS
K = INDEX FUR THE TIME PCINT

DIMENSIGN A($2"N(329000)

CJMMUN/QFN/Q[(lbO)vUZ(l5U)’Q3(IDO)vQ%(150)vQ)(lSO)va(lSO)vQ7(150)

COMMION/CONST/N¢N1L M ML

COMMUV/QFNP/QP%(IQ)vQP?(L4’9QLP(LQ)deP(L4)1Q3P(l4)v@4p(14)0

1 GOPLL4) yQoP(L4)yQ7P(14)

K2=N+K o :

K3=2%N+K

K4=3%xN+K

+DJd 10 I=1l4M1

w(lvK)—A(ML*I)*QBP(I)+A(ML+dD*Q4P(I)fA(WL+j)*01P(IDfA(Mth)*Q4P(I)

LeA(MLES)%Q5P(])

w(IvKZ)-A(Ml*l)*QoP(I)*A(Ml*Z’*Q?P(I)*A(Ml*b)*QlP(I)*A(le7)*QZP(I

L)+A(ML+8)%Q5P (1)

w(l’KB)-A(M1+9)*Q5P(I)GA(MI*IO)*OIP(l)fA(M1+ll)*QZP([)

NI yKE)=AMML+L2)%*GLPCI I +AIML+L3)%Q2P (L) +A(ML+L4)=Q5P (1 ) +A(ML+LS) *(

lujP(1)+Q4P(I))*A(lelé)*(ubP(I)+Q7P(l)) ’
10 CONTINUE

M2=M1+]

DO 12 I=M2,4M

Wl ,sK)=0.

N(I’K2)=Oo

W(IsK3)=0.

W{lyKa)=0,
12 CONTINUE

WIML+1,K)}=Q3(K)

WiM1+2,K)=Q4 (K)

WIML+3,K)=QL(K)

W{MLl+4,K)=Q2(K)
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W(ML+5,K)=Q5(K)
W{ML+1,K2)=Q6(K)

WML+ 2,K2)=Q7T(K)

WIMi+6,K2)=QL(K)
WIML+T,K2)=Q2(K)
W(ML+8,K2)=Q5(K)
W{ML+9,K3)=Q5(K)
W(Mi+10,K3)=Q1(K)

WML+ 11,K3)=Q2(K)
WIML¥12K4)=QL(K)
WIML#+05,K4)=Q2(K)
WIML+14,K4)=Q5 (K)
WIML+154K4)=Q3(KI+Q4(K)
W(ML+164K4) =06 (K)+QT(K)
RETURN

FND
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SUBROUTINE PAR2S5 (AsiW.K)

-1l61-

THc SUBRJOUTINE PAR2S5 EVALUATES THE PARTTIAL DERIVATIVES UF THE
TIME FUNCTIONS WITH RESPECT T3 THE MUDEL PARAMETERS
AT THE TIME PUINT K FOR THE TwD KIDNEY MQODEL.

THE TIME FUNCTIUNS WITH GLOMERULAR FILTRATION

TFL = Q3+#Q4+A(1Li5)*(Qi*Q2)

TF2 = QO+QT7+A(16)*(QL+Q2)

TF3 = Q5+A(1TI%(Q1+Q2)

TFa = A(1B8)x(QL+Qz1+A(19)%(Q3+Q4)+AL20)%(Q6+QT7)

+A(21)%Q5
TH:z TIMe FUNCTIONS WITHUUT GLOMERULAR FILTRATIUN

TFiL

= Q3+Q4+A(13)*x(QL+Q2)
TF2 = QO6+QT+AlL+)*(QL+Q2)
TF3 = Q5+A(15)%(Q1+Q2)
TF4 = A(lb)*(Ol*QZ)*A(l7)*(0j*Q4)0A(lB)*(Qo*Q?)

+A(19)%Q5

TFL - RIGHT KIDNEY
TF2 - LEFT KIDNEY
TF3 - BLADDER
TF4 - BLOUD AND TISSUE
/
A - PARAMETERS FOR THE KIDNEY MUDEL
W - STORES THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS
K - INDEX FOR THE TIME POINT

DIMENSION A(32),W(32,600) ) :
COMMON/QFN/QL(1501,Q2(150),Q3(150) 004(150)905(150)9(.)6( 150),Q7(150)
COMMON/CUNST/NyNL,MyM]
COMMDN/QFNP/QP4(14)'QP7(14)1le(lQ)vQ2P(14)pQ3P(l4,vQ4P(14'v .

1 Q5P (14),Q6P(14),Q7P(14)

K2=N#K

K3=2%N+K

K4=3%xN+K

D0 10 I=1.M1

WL oKI=Q3P( 1) #Q4aP (L) +A(ML+L)I=(QLP(I)+Q2P(1))

H(IvKZ’ Q6P (I)+QTP(LII+A(ML#21%(QLPLII+Q2P(1})
N(['K$’~Q5P(I)*A(le3)*(QlP(I)*QZP(I)’

Wll,Ka)= A(Ml*#)*(ulp(l)*QZP(I))*A(Ml*S)*(QBP(I)fQQP([))*A(Ml*ﬁ)*(u
LoPUI)+QTP (I DI +AIMI+TI®*QS5P( 1)

CONT INUE

M2=Ml+1

DO 12 I=M2,M

W(IOK,=00

‘ W( l,’KZ’z()o

W{IyK3)=0.

WllesK4)=0.,

CONT INUE :
WIML+Ll,K)=QL(K)+Q2(K) \
WIML+2,K2)=QL{K)+Q2(K)
WIML+3,K3)=QL(K)+Q2(K)
TWIMLea,Ke)=QLIKI+Q2(K)
WIML+5,K4)=Q3(K)+Q4(K)
W{M1+6,K4)=Q6(K)+QT7(K)
W(MLET3K4)=RQ5(K)

RETURN -

END
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SUBROUTINE PAR26 (AyW,K)

THE SUBROUTINE PAR26 EVALUATES THE PARTIAL DERIVATIVES OF THE
TIME FUNCTIONS WITH RESPECT TO THE MODEL PARAMETERS
AT THE TIME POINT K FOR THE TWO KIDNEY MODEL.

TFL = Q3+A(15)*%Q4+A(16)%(QL+Q2) +A(17)%Q5
TF2 = Q6+A(18)%QT7+A(19)%(QL1+Q2) +A(20)%Q5
TF3 = A(22)%Q5+A(21)%(Q1+Q2)

TF4 =

AL23)%(QL+Q2)+A{24)%Q4+A(25)%QT+A(26)%Q5

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TFL = Q3+A(13)*%Q4+A(14)%(QL+Q2)+A(15)%Q5
TF2 = Q6+A(16)*Q7+A(1T7)*(Q1+Q2)+A(18)%Q5
TF3 = A(20)*%Q5+A(19)%(Q1+Q2)
TFG = A(2L)%{QL+Q2)+A(22)*Q4+A(23)%QT+A(24)%Q5
TF1 - RIGHT KIDNEY
TF2 - LEFT KIDNEY
TF3 - BLADDER
TF4 - BLOOD AND TISSUE ' '

A - PARAMETERS FOR THE KIDNEY MODEL
W - STORES THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS
K -~ INDEX FOR THE TIME POINT

DIMENSION A(32),W(32,600)
LDMMON/QFN/QI(ISO);QZ(150).03(150)904(150)v05(1501'06(150)v07(150)
COMMON/CONST/NyNL yMyM1L '
COMMON/QFNP/QP4(14) ,QPT7(14)4,Q1P(14),Q2P(14),Q3P(14)4+Q4P(14),

1 . Q5P (14),Q6P(14),Q7P(14)

K2=N+K

K3=2%N+K

K4=3%N+K

DO 10 I=1lyMi-

W(lsK)= Q3P(l)fA(Ml*I)*QéP(I)*A(Ml*Z)*(QlP(l)*QZP(I))*A(Ml*ji*QSP(l
1)
N(IvK2l=QbP(I)+A(M1*4)*Q7P(l)fA(Ml+5)*(QIP(I)*QZP(I))*A(Ml+b)*QSPi
11)

WITK3)=A(ML+8)%QSP(I)+A(MLI+7)*(QiP(I)+Q2P(]))

W(l, K4)=A(M1*9)*(QLP(ll+Q2P(I))fA(M1+10)*Q4P(Il*A(Ml+ll)*Q7P(l)*A(
IML+12)%Q5P (1) :

CONTINUE"
M2=M]1+1

DO 12 I=M2,M
'N(IQK)=OO
W(l,K2)=0.
W(l,K3)=0.
W{l,K4)=0.
CONTINUE
WIML+1,K)=Q4(K)
W(ML#2,K)=QL{K)+Q2(K)
W(ML#3,K)=Q5(K)
WIML+4,K2)=QT(K)
WIML+5,K2)=QLl{K)+Q2(K)
W{ML+6,K2)=Q5(K)
W{ML¢73K3)=QL(K)+Q2(K)
W{M1+8,K3)=Q5(K)
W{ML4+9,K4)=QL(K)+Q2(K)



WML+ 109K4)=Q4(K)
W{ML+1ll,K4)=QT(K)
W{ML+12,K4)=Q5(K)
RETURN

END

-163-
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-l64-

THE SUBROUTINE PARZ27T EVALUATES THE PARTIAL DERIVATIVES OF THE
TIME FUNCTIONS WITH RESPECT TJU THE MODEL PARAMETFRS
AT THE TIME POINT K FOR THE TWO KIDNEY MUDEL.

THE TIME FUNCTIONS

TF1
TF2
TF3
TF4

oo

Q3
Q6

THE TIME FUNCTIONS

TF1 = Q3
TFz = Q6
TF3 =
TF4 =
TF1
TF2
TF3
TFa
THIS MODEL
A - PARAMETERS
W - STORES THE
K

WITH GLUOMERULAR FILTRATION

+
+

Q4 + A(L5)*{Ql
Q7 + Al16)%(Ql
Q5 + A(17)*(Ql

A(18)*(Ql

WITHOUT GLOUMERULAR

WAS FOR

FOR THE
PARTI AL
- INDEX FOR THE TIME POINT

Q4 + ACL13)%(Ql
Q7 + A(14)%(Ql
Q5 + A{15)*(Ql

All6)*(Ql

RIGHT KIDNEY
LEFT KIDNEY
BLADDER

+ + 4+

BLOOD AND TISSUE

DIMENSION A(32),W(32,600)
COMMON/QFN/QI(ISO),Q2(150)903(lbO)vQ4(150’vQ5(150)106(150’9Q7(150'

COMMUN/CONST/ o NL oMy M1

-+ +t o+

Q2)
Q2)
Q2)
Q2)

FILTRATION

Q2)
Q2)
Q2) |
Q2)

DATA COLLECTED ON MICE.

KIDNEY MODEL
DERIVATIVES OF THE TIME FUNCTIONS

COMMON/QFNP/QP&(14)pQP?(l#).QlP(l4).QZP(14).QJP(14)o04P(14)r
QSP(l4)oQbP(l4)vQ7P(14)

K2=N+K
K3=2%N+K
K4=3%N+K

DO 10 I=1,M}

WL K)I=Q3P(1)+Q4P (I )+A(ML+LIX(QLP(]I)+Q2P(]))
WIsK2)=QOP(I)+QTP(II)+A(ML#2)%(QLP(I)+Q2P(I))
WOToK3)=Q5P (1) +A(ML+3)=(QLP(1)+Q2P(]))
W(I,Ka)=A(MLI+4)%(QLP(1)+Q2P (1))

CONTINUE
M2=ML+]

DO 12 I=M2,M
W(I'K,=Oo
N(I'KZ"—'OO
W(lyK3)=0.
W(lyK4)=0.
CONTINUE

W(ML+1l,KI=QL(K)+Q2(K)

WIML#2,K2)=QL(K)+Q2(K)
W(ML+3,K3)=Ql(K)+Q2(K)
W{ML+4,K4)=QL (K)+Q2(K)

RETURN
END
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SUBROUTINE PAR28 (A,WyK)
THE SUBROUTINE PAR28 EVALUATES THE PARTIAL DERIVATIVES OF THE
TIME FUNCTIONS WITH RESPECT TO THE MODEL PARAMETERS
AT THE TIME POINT K FOR THE TWO KIDNEY MODEL.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = Q3+#Q4+D1*(Q64QT7T)+(A(L5)+DL*A(17))%(Q1+Q2)
+(A(16)+D1*A(18))%Q5

TF2 = Q6+AT+02%(Q3+Q4)+(A(1T)I+D2*A(15))*(Ql+Q2)
+(A(18)+D2%A(16))%Q5

TE3 = A(L9)%Q5+A(20)%(Q3+Q4)+A(21)%(Q6+Q7)
+A(22)%(Q1+Q2) /

TF4 = A(23)%(QL+Q21+A(24)%(Q3+Q4)+A(25)%(Q6+Q7) '
+A(261%Q5

THE TIME FUNCTIUNS WITHOUT GLOMERULAR FILTRATION

TFL = Q3+Q4+D1*(Q6+4QT7)I+(A(L13)+D1*A(15))%(Q1+Q2)
+(A(1la4)+DLI%*A(16))%Q5

ub+Q7+DZ*(Q5*Q4)+(A(15)*DZ*A(13))*(QL+QZ)
+{A(16)+D2%A(14))*Q5

TF3 = AULTI*Q5+A(18)*(Q3+Q4)+A(19)*(Q6+QT)
+A(20)%(QL+Q2)

A(21)%{QL+Q2)1+A(22)1*(Q3+Q4)+A(23)%(Q6+Q7)
+A(24)*Q5

"

TF2

TF4

TF1 - RIGHT KIDNEY

TF2 - LEFT KIDNEY

-TF3 - BLADDER

TF4 - BLOOD AND TISSUE

THIS IS THE ADAC MODEL(J. A. DEGRAZIA, P. 0. SCHEIBE,
ET AL.y CLINICAL APPLICATIONS OF KINETIC MUDEL UF
HIPPURATE DISTRIBUTION AND KENAL CLEARANCE, J. NUCL.
MED.,» 15(1974), PP 102-114).

A - PARAMETERS FOR THE KIDNEY MODEL
W - STORES THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS
K - INDEX FOR THE TIME POINT

DIMENSION A(32)+W(32,600)

DATA Dl14D2/.05,.08/
COMMON/QFN/QL(150),Q2(150),Q3(150),Q4(150),Q5(150),Q6(150),Q7(150)
COMMON/CONST/NyNL,M,M1
COMMON/QFNP/QP4(14).QP7(14D,Q1P(14).QZP(lé).Q:P(14),Q4P(14)g

1 Q5P(14),Q6P(14),Q7P(14).

K2=N+K

K3=2%N+K

K4=3%N+K

DO 10 I=1,M1

W(l, Ki-QBP(ID*QQP([)*DI*(QbP(II*Q7P(1))*(A(M1+1)*DI*A(M105))*(QlP(
LID#Q2PUI )+ (A(ML+2)+DL%®A(ML+4))%Q5P (1)
WTsK2)=Q6P(1)+QTP(I1)+D2*(Q3P(1)1+Q4P(I))¢(A(ML+3)+D2%A(ML¢L1))*(Q1P
LOIDP#Q2P (I I+ (A(MiL+4)+D2%A(ML+2) ) %Q5P ()
WTsK3)=A(MLI+5)%Q5P (1) +A(ML+6)*(Q3P(T1)+Q4P(I))+A(ML+TI*(QOP(I)+QTP
LEIY)A(ML48)%(QLP(])#Q2P(]))

WL oKA)=A(MLI+9)=(QLPITII+Q2P (1)) +A(MiL+10)*(Q3P(1)I+Q4P(I)I)+A(ML+LL)*
LIQOP(TII+Q7P (L)) +A(ML+12)%Q5P (1)

10 CONTINUE

M2=M141 i
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DO 12 [=M2.M
W(l.K)=0.
WlI,K2})=0
W(IK3}=0.
W(I'K‘f,:Oo
CONTINUE
WIML+1,K)=QL(K)+Q2(K)
W(ML+2,K)=Q5(K)
WIML+3,K)1=D1*(Q1{KI+Q2(K))
WIML1+4,K)=D1%Q5(K)
W{ML+1,K2)=D2%(QL1(K)+QZ(K))
W(ML+2,K2)1=D2%Q5(K)
W{ML1+3,K2)=QLl(K)+Q2{(K)
WIML+4,K2)=Q5(K)
WIMLl+5,K31=Q5(K)
W{ML+6,K3)=Q3(K)+Q4(K)
W(ML#T7,K3)=Q6{(K)+QT7(K)
W(M148,K3)=QL(K)+Q2(K)
WIML+9,K4)=Q1(K)+Q2(K)
W(ML+10,K4)=Q3(K)+Q4(K)
WIML+11,K41=Q6(K)+Q7{K)
WIML+12,K4)2=Q5(K)
RETURN
END
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SUBROUTINE PLOT (TIME)

THE SUBROUTINE PLOT GIVES A PLOT GF EACH TIME FUNCTION
COMPARING THE FITTED CURVES TO THE ACTUAL DATA.

TIME - THE TIME INTERVAL IN SECONDS

DIMENSION LINE(135) |
COMMON/ENT/T(L150) yR(600)4H(600)

COMMON/CONST/NyN1 ¢M,M1
DO 92 L=1,N1

XMAX=0,

DO 12 K=14N
NK=(L-1)%N+K

CIF (HINK)=XMAX) 12412410

10
12

14
lo

i8

20

22

24

26
28

30
32

34
36

38
40
42
44
46
48
50
52
54

56

XMAX=H (NK)

CONTINUE

DO 16 K=14N
NK=(L-1)%N+K

IF (RINK)-XMAX) 16,16,14
XMAX=R(NK ) :
CONTINUE

DO 18 I=1,135
LINE(I)=1H

CONTINUE _

IF (N-113) 20,20,22
NX=N ‘ .

GO TO 24

NX=113

LINE(20)=1H.
MAX=INT { XMAX)

DO 88 Ll=1,60

DO 32 K=1yNX

KK=20+K

LINE(KK)=1H
NK={L=1)%N+K
[II=INT({H(NK) /XMAX)%*60.)
IF (61-LL1-11) 28,26,28
LINE(KK)=1Hx%
JJ=INT(R{NK ) *60./XMAX)
IF (61-L1-JJ) 32,30,32
LINE(KK)=1HX

CONTINUE

IF (Ll-6) 34,86,86

GO TO (36452+68,74,80),L1
LN1=L+4-N1 _

GO TO (38,38,42,38)4LN1
DO 40 1=52,102
LINE(I)=1H%

CONTINUE

GO TO 46

DO 44 [=22,72
LINECL)=1H%

CONTINUE

IF (L-1) 50448,50

PRINT 94, MAX, (LINE(I),I=20,132)

GO TO &8

PRINT 96y MAX, (LINE(I)y1=20,132)

G0 70 88

IF (N1-3) 564954456

GO TO (60,64466)4L

GO TO (58962464466),L
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58 PRINT 98, (LINE(I),I=20,51)
GO TO 88

60 PRINT 100, (LINE{(1),1=20,51)
GO TO 88 '

62 PRINT 102y (LINE(I),1=20,51)
GO TO 88

64 PRINT 104, (LINE(I),I=73,132)
GO TO 88

66 PRINT 106, (LINE(I),1=20,51)
GO TO 88

68 LN1=L+4-N1
GO TO (70,70472,70),LN1

70 PRINT 108, (LINE(1),I=20,51)
GO TJ 88

72 PRINT 110, (LINE(I)s1=73,132)
GO TO 88 '

74 LNl=L+4-N1
GO T (76476418,76),LN1

76 PRINT 112, (LINE(I),1=20,51)
GO TO 88

78 PRINT 114, (LINE(ID),[=73,132)
GO TO 88

80 LNLl=L+4~N1
GO TO (82¢82:84,82),LN1

82 PRINT 116, (LINE(1),1=20,51)
GO TO 88

84 PRINT 118y (LINE(I),1=73,132)
G TO 88 S

86 PRINT 120y (LINE(I),1=20,132)

88 CONTINUE
DI 90 I=1,NX
KK=20+]
LINE(KK)=1H,

90 CONTINUE
PRINT 122y (LINE(I)y1=20,132)
XTIME=TIME/60.
PRINT 124, XTIME

92 CONTINUE
RETURN

94 FORMAT(LHL 12Xy I5,1X,113A1)

96 FORMAT(13X,0591X,113A1) . '

98 FORMAT(19X932AL41H®,TX*TIMEFUNCTION FOR THE RIGHT KIDNEY*,9Xy LH*)

100 FORMAT(19X,32A1s1H%,9X,*TIME FUNCTION FOR THE KIDNEY*, 12X, lH¥)

102 FORMAT(19X y32AL s lH* 3 TXy*TIMEFUNCTION FOR THE LEFT KIONEY*,10X,1H*)

104 FORMAT(LIXy1He s LX s LH*, TX,*TIMEFUNCTION FOR THE BLADDER*, 14Xy 1H*%,60
1A1)

106 FORMAT(19X y32A1 y1H*, TX,*TIMEFUNCTION FOR THE BLOOD AND TISSUE#%*,5X,
LIH*)

108 FORMAT( 19Xy 32A191H% 349X,y 1H*%)

110 FORMAT (19X 91lHe ¢y 1Xy LH¥y 49X, 1H%*,60A41)

L12 FORMAT{19Xy32ALy20H*SAMPLE FUNCTION = Xy lOX21HFITTED FUNCTION = *
1 *)

114 FORMAT(L19X yiHe s 1Xy20H®SAMPLE FUNCTION = X, 10X, 21HFITTED FUNCTION =
1 * %,60A1)

116 FORMAT{19Xy32A1,51(1H*))

118 FORMAT(19XyiHey1Xy51(1H%®),60A1)

120 FORMAT(19X,113A1)

122 FORMAT(18X,1H0,113A1)

124 FORMAT(36X¢%TIME UNITS = %,F5¢2,% MIN.%*)
END
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SUBROUTINE PRAML (A.LL+PRMX, IGLOM)

THE SUBROUTINE PRAML PRINTS OUT A TABLE FOR THE PARAMETERS
AND GIVES THE FUNCTIONAL RELATIONSHIP BETWEEN THE
VARTOUS COMPARTMENTS AND THE TIME FUNCTIONS. THIS IS
THE MODEL FOR ONE KIDNEY WHERE THE OTHER KIDNEY HAS
BEEN REMOVED.

A - THE PARAMETERS
LL = 0 GIVES A HEADING **%THE PARAMETERS ARE®*&
= 1 GIVES A HEADING  ***INITIAL ESTIMATES FOR THE
PARAMETER Skxk% _ .
PRMX - SUBROUTINE WHICH PRINTS OUT THE FUNCTIONAL
RELATIONSHIP BETWEEN THE TIME FUNCTIONS AND
THE COMPARTMENTS ,
IGLOM - IF IGLOM=1 THE MODEL HAS A PATH FOR GLOMERULAR

FILTRATION

DIMENSION A(32)
IF (IGLOM.EQ.1) GO TO 10
IDIF=1
60 TO 12

L0 IDIF=0

12 IF (LL) l6414,16

i4 PRINT 20

- GO 7O 18

16 PRINT 22

18 PRINT 24
[F (IGLOM.EQ.1) PRINT 26, A(4)
PRINT 28, AL(3)
PRINT 30
I=5-1DIF :
PRINT 32, 1,A(])
1=9-1DIF
PRINT 34, I,A(I)
PRINT 36, A(l)
PRINT 38, A(2)
I1=6-IDIF
PRINT 40, I,A(I)
I=7T-1DIF '
PRINT 42, I,A(I)
1=8~-1DI1F '
PRINT 44, I,A(1)
CALL PRMX (A,IGLOM)
PRINT 46
PRINT 48
PRINT 50
PRINT 52
PRINT 54
RETURN

20 FORMAT(L1HL 52Xy 28He%%x%xTHE PARAMETERS ARE**%%#/)

22 FORMAT(1HL,43X 46H**%%xxINITIAL ESTIMATES FOR THE PARAMETERS*%¥k%/)

24 FORMAT(1X ,%PARAMETERS* 455X, *SYMBOL *421X,*VALUEX)

26 FORMAT( /41X ¢*GLOMERULAR FILTRATIUON RATE*,40X,*A(4)%,20X,F10.5)

28 FORMAT(1X,*FLOW RATE FROM BLOOD POOL TO TUBULAR CELLS*v24X,*A(3)*v
120X,4F10.5)

30 FORMAT(1X,*KIDNEY*) :

32 FORMAT(4Xy*TUBULAR CELL FLOW RATEX,4LXy®A(%,11 %)% 420X 4F10.5)

34 FORMAT(4X*ESTUARY DELAY TIME*,45X,%A(%,[1%)%,20X,F10.5)

36 FORMAT(LX,*FLOW RATE FROM BLOOD POOL TO EXTRAVASCULAR POOL*,. 19X, %A
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L{1)%,20X,F10.5) : '

38 FORMAT(1X,%FLOW RATE FROM EXTRAVASCULAR POOL TO BLOOD POOL*, 19X, *A
1(2)%, 20X,F10.5) .

40 FORMAT(1X,*AMOUNT AT TIME ZERO IN THE BLOOD POOL*,29X*A(%,11,%) %,
LLBXsF1245) .

42 FORMAT(1X,*AMOUNT AT TIME ZERO IN THE EXTRA VASCULAR POOL*,20X,*A(
LT 1l,%)%y18X,F1l2.5)

44 FORMAT(LX,®AMOUNT AT TIME ZERO IN THE KIDNEY TUBULAR CELLS*, 19X, %A
Li*y [1o%x)%,y18Xy,F1l245) o

46 FORMAT(// yTX ¥ WHERE*,10Xe*TF1 - KIDNEY*,26X,%*Q1 - BLLOD PQOOL*)

48 FORMAT(/422Xs%TF2 — BLADDER*,25X,%Q2 - EXTRA VASCULAR POOL*)

50 FORMAT (/922X %TF3 - BLOOD AND TISSUE*,16X+%Q3 - RIGHT KIDNEY TUBUL
1AR CELLS*) '

52 FORMAT(/,60Xy%Q4 — KIDNEY ESTUARY*)

54 FORMAT(/+60X,%Q5 - BLAODER%X)
END
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16

18

-PRINT 38,
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SUBROUTINE PRAM2 (A,LL,PRMX, IGLOM)

'THE SUBROUTINE PRAM2 PRINTS QUT A TABLE FOR THE PARAMETERS
AND GIVES THE FUNCTIONAL RELATIONSHIP BETWEEN THE
VARIQUS COMPARTMENTS AND THE TIME FUNCTIONS.

A
LL 0
. 1

PRMX

IGLOM

DIMENSION A(32)

THE PARAMETERS

GIVES A HEADING
GIVES A HEADING
PARAME TERS ®%x

*&xTHE PARAMETERS ARE*%%
#*«x[NITIAL ESTIMATES FOR THE

SUBROUTINE WHICH PRINTS QUT THE FUNCTIONAL

RELAT IONSHIP BETWEEN THE TIME FUNCTIONS AND

THE COMPARTMENTS

FILTRATION.

IF (IGLOM.EQ.1) GO TQ 10

IDIFl=1
IDIF2=2
GO T3 12
IDIF1=0
IDIF2=0
IF (LL)
PRINT 20
GO TO 18
PRINT 22
PRINT 24

L6y 14,16

IF (IGLOM.EQ.1) PRINT 26, A(4)

PRINT 28, A(3)

IF (IGLOM.EQ.1) PRINT 30,
1=6-IDIFL

PRINT 32,
PRINT 34
I=5-IDIF1
PRINT 36y I,A(ID)
[=13-IDIF2

Iya(I)

IyA(l)

- PRINT 40

. PRINT

. PRINT 42,

I=8-1DIF2

IyACL)
[=14-IDIF2 '
PRINT 44, .1,A(1)
PRINT 46, A(l)
PRINT 48, A(2)
[=9~-IDIF2 '
PRINT 50,
1=10-1IDIF2

I,A(T)

A(T)

PRINT 52, I,A(I)

I=11-IDIF2
PRINT 54,
1=12-1DIF2

PRINT 56, 1,A(1)

La(CT)

CALL PRMX (A,IGLOM)

PRINT.
PRINT
PRINT
PRINT
PRINT

58
60"
62
64
66
68
PRINT 70
RETURN

IF IGLOM=1 THE MODEL HAS A PATH FOR GLOMERULAR
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20 FORMAT(1H1,52X.28H*****THE PARAMETERS ARE#®%skkik/ )

22 FORMAT(IHL 143X s 46H®&%%4% INITIAL ESTIMATES FOR THE PARAMETERS####%/)

24 FORMAT(LX,*PARAMETERS* ;55X ,*SYMBOL®* 21X % VALUE*)

26 FORMAT(/,1Xs*GLOMERULAR FILTRATION RATE(RIGHT KIDNEY)*vaX'*A(éb*o
120X 4F10.5)

28 FORMAT(LX,*FLOW RATE FROM BLOOD POOL TO TUBULAR CELLS(RIGHT KIDNEY
1) %, 10X, *A(3) %, 20X,F1045)

30 FORMAT (1X »#GLOMERULAR FILTRATION. RATE (LEFT K IDNEY ) *, 27X.*A(7)*.20X
1,F10.5)

32 FORMAT(1X,#FLOW RATE FROM BLOOD POOL TO TUBULAR CELLS(LEFT KIDNEY)
Ly LLX % A(%, 11 ,%)%,20X,F10.5)

34 FORMAT(1X,#*RIGHT KIDNEY*)

36 FORMAT(4X,*TUBULAR CELL FLOW RATE*,4LXe%A(%,11,%)%,20X,F10.5)

38 FORMAT(4X,*ESTUARY DELAY TIME¥*,45X,%A(%,12%)%,19X,F10.5) =

40 FORMAT(1X,*LEFT KIDNEY*)

©2 FORMAT(4X,#TUBULAR CELL FLOW RATE®, 41X, ®A(%, [Ly% )%, 20K oF10.5)

44 FORMAT (4Xy*ESTUARY OELAY TIME®,45X®A(%, 12,%)%, 19X,F10.5)

46 FORMAT(1X,*FLOW RATE FROM BLOOD POOL TO EXTRAVASCULAR POOL%*,19X,*A
1(1)%,20X,F10.5) L

48 FORMAT(LX,*FLOW RATE FROM EXTRAVASCULAR POOL TO BLOOD POOL*,19X,%*A
1(2)%,20X,F10.5) | - - |

50 FORMAT({1X,*AMOUNT AT TIME ZERO IN THE BLOOD POOL¥, 29X, *A(% 1L ¥1e,
118X,F12.5) - o

52 FORMAT{1X,*AMOUNT AT TIME ZERO IN THE EXTRA VASCULAR POOL¥ ,20X,*A(
1% 12,%)%,17X,F12.5) o - |

54 FORMAT(1X,%AMOUNT AT TIME ZERO IN THE RIGHT KIDONEY TUBULAR CELLS*,
LL3X,*A(%, 12,%)%,1TXsF12.5) -

56 FORMAT(LX,*AMOUNT AT TIME ZERO IN THE LEFT KIDNEY TUBULAR CELLS*,1
14Xy ®A(%, [2,%)%, 1 TX,F12.5) : | |

56 FORMAT(// 47X *dHERE®, 10X, #TF1 - RIGHT KIDNEY®,20X,#Ql - 8LOOD POOL
1%)

60 FORMAT(/922X¢%TF2 - LEFT KIDNEY%,21X,%Q2 - EXTRA VASCULAR POOL*)

62 FORMAT(/,22Xs*TF3 - BLADDER®,25X,%Q3 - RIGHT KIDNEY TUBULAR CELLS*
1)

64 FORMAT(/22X,%TF4 - BLOOD AND TISSUE*,16Xs*Qé = RIGHT KIDNEY ESTUA
LRY %)

66 FORMAT(/,60X,%Q5 - BLADDER®)

68 FORMAT(/,60X,%Q6 ~ LEFT KIDNEY TUBULAR CELLS*)

70 FORMAT(/,60X,%Q7 ~ LEFT KIDNEY ESTUARY*)
END
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SUBROUTINE PRMLL (A, IGLOM)

THE SUBROUTINE PRMil PRINTS QUT THE FUNCTIONAL RELATIONSHIP
BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EQUATIONS.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION'

TF1
TF2
TF3

woHon

Q3 + Q4 + A{10)*(QL + Q2)

Q5 ¢+ A(LL)*(QLl + Q2)
A{12)%(Q1 + Q2)

THE TIME FUNCTIUNS WITHOUT GLOMERULAR FILTRATION

TFL = Q3 +
TF2 =
TF3 =

TFL -

TF2 -

TE3 -

A - PARAMETERS

IGLOM - IF 1GLOM=1

FILTRATIO

DIMENSION A(32)
PRINT 14 -
IF (IGLOM.EQ.1) GO TO 10
GO TJ 12
10 PRINT 16,y A{10)
PRINT 18, A(1l)
PRINT 20, A(l2)
 RETURN

12 PRINT <2, A{9)
PRINT 24, A(10)
PRINT 26,4 A(1ll)
RETURN

Q4 + AL(9)%(Q1 + Q2)

QS5 + A(10)%(Ql + Q2)
A(12)%(Ql + Q2)

KIDNEY
BLADDER
BLOOO AND TISSUE

FOR THE KIDNEY MODEL
THE MODEL HAS A PATH FUOR GLOMERULAR

N

L4 FORMAT(/////y%FUNCTIONAL RELATIONSHIP 'BETWEEN THE TIMEFUNCTIONS AN

10 THE COMPARTMENTS - %)
16 FORMAT(/,1X,31HTFLl = Q3
LyF5.2,10H%(Ql + Q2))

18 FORMAT(/,1X,31HTF2 =
L,F5.2,10H%(QL + Q2))

20 FORMAT(/y1Xs31lHTF3 =
1(Ql + Q2))

22 FORMAT(/,1X¢31HTF]1 = Q3
1, F5.2,10H*(Q1 + Q2))

24 FORMAT(/,1X,31HTF2 =
Ly F5.24L0H%(QL + Q2))

26 FORMAT(/,1X,31HTF3 =
L(Ql + Q2))
END

+ Q4 + ACLOI®(QL + Q2)43H =

Q5 + A(ll)*(Ql
CA(12)%(Q1

+ Q4 + A(9)%(Ql
Q5 + A(10)%(Ql

A(ll)*(Ql

+

+

Q2 3H
Q2) 4 3H
Q2) 4 3H
Q2) s 3H

Q2)+3H

H

yLOHQ3 + Q4 +
+» LOH Q5 +
v LOXyF5.2,10H%
+LOHQ3 + Q4 +
v LOH Q5 +

vLOXF 542, 10H*
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'SUBROUTINE PRM21 (A,IGLOM) '

THE SUBROUTINE PRM21 PRINTS OUT THE FUNCTIONAL RELATIONSHIP
BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EQUATIONS.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

A(15)*(03*Q4)*A(th*Ql;A(l7)*Q2#A(181*QS

TF1 =

TF2 = A(19)%(Q6+Q7)+A(20)%Q1+A(21)%Q2+A(22)%Q5
TF3 = A(24)%QL+A(25)%Q2+A(23)%Q5 |
TF4 = A(26)%QLeAL27)#Q2¢A(28)%Q5+A(29)*(Q3+Q4)

+A(30)*(06*Q7)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TF1 = A(13)*(03+04)+A(14)*01+A(15)*02+A(1b)¢05
TF2 = A(17)%(Q6+Q7)I+A(i8)*QL+A(19)%Q2+A(20)%*Q5
TF3 = A(22)*%QL+A(23)%Q2+A(21)%*Q5 _ .
TF4 = A(24)*01+A(25)*02+A(26)*Q5+A(27)*(03+Q4)
+A(28)%(06+Q7)

TFl - RIGHT KIDNEY

TF2 - LEFT KIUNEY

TF3 - BLADDER

TF4 - BLOOD AND rtssue_

A - PARAMETERS FOR THE KIDNEY MODEL

IGLOM - IF IGLOM=1 THE MODEL HAS A PATH FOR GLOMERULARY
. FILTRATION _ .

COIMENSION A(32)
PRINT 14
IF (IGLOM.EQ. 1) GO TO 10
GO TO 12 . ' o
10 PRINT 16, A(15),A(16),ALLT)I,A(L18)
PRINT 18, A(19),A(20),A(21),A(22)
PRINT 20, A(24),A(25)4A(23)
PRINT 22
PRINT 24, A(Zb,oA(27)vA(ZB)vA(Zq)QA(:‘lQ)
RETURN o K : S

12 PRINT 26, A(13),A014),A(15),A(16)
PRINT 28, A(LT),A(18),A(19),4(20) "
PRINT 30, A(22),A(23),A(21)
PRINT 32 | ; S
PRINT 24, A(24),A(25),A126),A027),A(28)
RETURN - ' o

14 FURMAT(//77/7, *FUNCT IONAL RELATIONSHIP BETwEEN THE TIMEFUNCTIUNS AN
10 THE COMPARTMENTS - ¥)

16° FORMAT (/4 1Xs54HTFL = A(15)%(Q3 + Q4) + A(16)%Ql + A(L?)*OZ + A(la)
1%¥Q543H = ,F5.2,13H%(Q3 + Q4) + ,F5,2,0H%QL + 4F5.2,6H%Q2 + ,F5.2,3
2H%Q5) - s

18 FORMAT(/,1Xs54HTF2 = A(19)%(Q6 + Q7) + A(20)*%Ql + A(21)%Q2 + A(22)
12Q5433H = yF5.2913H%(Q6 + QT) + ,F5.2,6H%¥QL + JF5.,2,6H*%Q2 + ,F5.2,3
2H*Q5) '

20 FORMAT(/41Xy52HTF3 = Al24)%Q1 + A{25)%Q2 + A(23)*Q
1593H = 420X +F5.2,6H%QL + ,F5.2,6H%Q2 + 4F5.243H%Q5) '

22 FORMAT( /¢ LXsT2HTF4 = A(26)%Ql + A(27)%Q2 + A(ZS)*QS + A(ZQ)*(Q3 +
1Q4) + A(BO)*(Qb + 07))
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24 FORMAT(/949Xe2H= ¢F5.2,6H%QL + ,F5.2,6H¥Q2 + 4F5,2,6H¥Q5 + ,F5.2,1

CL3H%(Q3 + Q4) + HF5.2410H*%(Q6.. ¢ Q7))

' 26 FORMAT(/41Xy54HTF1 = A(13)%(Q3 +.Q4) + AlL14)%Ql ¢ A(L5)1%Q2 + Al16)

1%¥Q593H = 4F5.2,13H%(Q3 + Q4) + ,F5.2,6H*Ql + F5.2,6H*Q2 + ,F5.2,3
2H%Q5) ‘ '

28 FORMAT(/,1X+54HTF2 = A(LT)®(Q6 + Q7) + A(18)%QL + A(19)%Q2 + A(22)

1%Q5,3H = 4F5.2,13H%(Q6 + QT) + F5.2,0H%QL + ,F5.2,6H*Q2 + ,F5.2,3
2H%Q5) : . .
30 FORMAT(/,1X,52HTF3 = AL22)%Q1 + A(23)%QZ + A(21)%Q
1593H = 420X, F5,2,6H%QL + 4F5.2,6H%Q2 + 4F5.2,3H*Q5) _
32 FORMAT(/41XoT2HTF4 = A(24)%QL + A(25)1%Q2 + A(26)%Q5 + A(27)%(Q3 +
104) + A(28)%(Q6 + Q7)) =~ : .
END ' '
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SUBROJOUTINE PRM2¢ (A, IGLOM)

THE SUBROUTINE PRM22 PRINTS OUT THE FUNCTIDNAL RELATIONSHIP
BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EQUATIONS.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

o

TFL = Q3+Q4+A(15)*(QL+Q2)+A(16)%Q5
"TF2 = Q6+QT+A(LT)*(Q1+Q2)+A(18)%Q5
TE3 = A(20)%{QL+Q2) +A(19)%Q5
TF4 = A(2L)*(Q1+Q2)+A(22)%Q5+A(23)%(Q3+Q4)

*A(24)*(06+Q7)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TEL = Q34Q4+A(13)*(QL1+Q2)+A(14)*Q5
TF2 = Q6+QT+A(15)*(QL1+Q2)+A(16)%Q5
TF3 = A(LB)*(QL+Q2)+A(LT1*Q5
TF4 = A(19)*(Q1+QZ)+A(20)*05*A(21)*(Q3*04)

0A(22)*(Qb*Q7)

TF1 - RIGHT KIDNEY
TF2 - LEFT KIDNEY
TF3 - BLADDER |
TF4 - BLOOD AND TISSUE

A - - PARAMETERS FOR THE KIDNEY MODEL | :
IGLOM - IF IGLOM=1 THE MODEL HAS A PATH FOR GLOMERULAR
FILTRAT ION | -

DIMENSION A(32)
PRINT 14
IF (IGLOM.EQ.1l) GO TO 10
G0 ™12
10 PRINT 16, A(15),A(16)
PRINT 18, A(L7),A(18)
PRINT .20, A(20),A(19)
PRINT 22 - |
PRINT 24, A(21),A(22),A(23),A(24)
RETURN

12 PRINT 264 A(13),A(14)
PRINT 28, A{15),A(16)
PRINT 30, A(LB),A(LT)
PRINT 32
PRINT 24, A(19),A(20),A(2104A(22)
RETURN '

14 FORMAT(////I *FUNCTIONAL RELATIONSHIP BETWEEN THE TlMEFUNCTIONS AN
1D THE COMPARTMENTS - *)

16 FORMAT(/,1Xy42HTF1 Q3 + Q4 + ACL5)%(QL ¢ Q2) + A(lb)*QSv3H = .10
IHQ3 ¢ Q4 + ,F5. 2,13H*(Q1 + Q2) ¢+ ,F5. 2y3H*Q5)
18 FORMAT (/41X 442HTF2 = Q6 + Q7 + A(Ll7)%(Ql + Q2) + A(18)%Q5,3H = ,10

LHQ6 + Q7 + ,F5.2,13H%(QL + Q2) + (F5.243H%Q5)

20 FORMAT(/¢1X442HTF3 = : A(20)%(Ql + Q2)-+ A(19)%Q5,3H = ,10
1XyF5.2913H%(QL + Q2) + ,F5.2,3H%Q5)

22 FORMAT(/41X,68HTF4 = A(2L)%{Ql + Q2) + A(22)%Q5 + A(23)%(Q3 + Q&)
L+ A(24)%(Q6 + Q7))

24 FORMAT(/+45X92H= oF5.2,13H%(QL ¢ Q2) + ,F5.2,6H%Q5 + ,F5.2,13H*(Q3
L+ Q4) + ,F5,2,10H%(Q6 + Q7)) - B .
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26 FORMAT(/,1X,42HTF1l = Q3 + Q4 + AC(13)%(QLl + Q2) + A(14)*QS.3H y10

=
1HQ3 + Q4 ¢ ,F5.2913H*(Ql + Q2) + ,F5.2,3H*Q5). .

28 FORMAT(/,1Xy42HTF2 = Q6 + Q7 + A(15)%(Ql + Q2) + A(lé)*QSQ3H = 410
I1HQ6 + Q7 + ,F5.2y13H*{(Ql + Q2) + ,F5.2,3H%Q5)

30 FORMAT(/91Xy42HTF3 = A(l18)*(Ql + .Q2) + A(l?)*QSo3H = 410

1XeF5.29 13H%(QL + Q2) + +F5.293H*Q5)

32 FORMAT(/,1X68HTF4 = A(lQ)*(Ql + Q2) + A(20)%Q5 + A(Zl)*(Q3 + Q4)
L+ A(22)%(Q6 + Q?)l '
END
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SUBRDUTINE PRM23 (Ay IGLOM) -

THE SUBROUTINE PRM23 PRINTS OUT THE FUNCTIONAL RELATIONSHIP
BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EGQUATIONS.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

A(L15)%Q3+A(16)%Q4+A(1T7)*(Q1i+Q2)+A(18)%Q5

TF1 =

TF2 = A(19)*Q6*A(20)*Q7+A(21)*(Ql*QZ)*A(ZZ)*QS
TE3 = A(23)%Q5+A(24)*(Q1+Q2)

TF4 = A(Zb)*(Ql*Qc)*A(Zé)*Q5*A(27)*Q30A(28)*04

+A(29)%Q6+A(30)*Q7
THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

A(13)%Q3¢A(14)%Qe+A(15)%(Q1+Q2)+A(16)%Q5

TF1l =
TFZ2 = A(17)%Q6+A(18)*Q7+A(19)*(QL+Q2)+A(20)%Q5
TF3 = A{21)*Q5+4A(22)%(Q1+Q2)

TF4 = A(ZB)*(QI*QA)+A(24)*05+A(2)l*QB*A(26)*04

+A{27)%Q6+A(28)%*Q7

TF1 - RIGHT KIDNEY
TF2 - LEFT KIDNEY

TF3 - BLADDER

TF4 - BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL
IGLOM - IF IGLOM=1 THE" MODEL HAS A PATH FOR GLDMERULAR.
' FILTRATION : »
OIMENSION A(32)
" PRINT 14
IF (IGLOMJEQ.L1) GO TU 10
GO TO 12

10 PRINT 16, A(15)+A(1l6),A(17),A(18).
PRINT 18y A(19),A(20),A(21),A0(22)
PRINT 20, A(24),A(23)
PRINT 22 _
PRINT 249 A(25),A(26)+A127),A(28),A(29),A(30)
RETURN ' '

12 PRINT 26, A(13),A0i4),A(15),A(16)

PRINT 28y A(17),A(18),A(19),A(20)

PRINT 30, A(22),4(21)

PRINT 32 = - , :
PRINT 24y A(23),A024),A025)4A026)4A(27),A(28)
RETURN '

14 FORMAT(////74%FUNCTIONAL RELATICNSHIP BETWFEN THE'TIMEFUNCTIUNS AN
1D THe COMPARTMENTS - *) : '

16 FORMAT(/,1X¢54HTF1 = A(L15)%Q3 + A(16)%Q4 + A(17)%(Ql + Q2) + A(lsr
L%Q5¢3H = yF5.296H*Q3 ¢ ,F5.2,6H%Q4 + 4F5.2,13H*(QLl + Q2) ¢+ ,F5.2,2
2H%Q5) : ' A

18 FORMAT(/41Xy54HTF2 = A(19)%Q6 + A(20)%QT7 + A(21)%(Ql + Q2) + A{(22)
1%2Q5¢3H = yFS5.2,0H%Q6 + 1F5.2,6H%QT + ,F5.2,13H%(QLl + Q2) + ,F5.2,3
2H*Q5) '

20 FORMAT( /41X ,54HTF3 = A(24)%(QLl + Q2) + A(23)

L*¥Q5+3H = 922X9F5.2913H%(Q1 + Q2) + ,F5.243H*Q5)
22 FORMAT(/ 91Xy TOHTF4 = A(25)%{QL + Q2) + A(26)%*Q5 + A(27)%Q3 ¢ A(28)
l*QQ + A(29)1%Q6 + A(30)*Q7)
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24 FORMAT(/449X92H= 4F5.2913H*(QL + Q2) + ,F5.2,6H*%Q5 + .F5 2'.6H*o'3'o-

1 +F5.2,6H%Q4 + ,F5, 296H*Q6 + ,F5.293H%QT)

26 FORMAT(/41Xy54HTF1 = A(13)%Q3 + A(1l4)%Q4 + A(15)%(QLl + Q2) + A(lb)
1%Q543H = 4 F5.29y6H*Q3 + oF5 206H*Q4 ¢+ 4F5.2,13H%*(Q1 + QZ) ¢+ 4F5.243
2H*Q5)

28 FORMAT(/y1X54HTF2 = A(17)*06 + A(18)*07 + A(19)*(Ql + QZD + A(ZU)

1%¥Q543H = yF5.2,6H%¥Q6 + 4F5.,2,6H*QT + ,F5. 2v13H*(Q1 + Q2) + ,F5,. 2.3'

2H*Q5) :

30 FORMAT(/+1X54HTF3 = : ’ A(ZZ)*(QI + 02) + Al21)
1#¥Q543H = 422XeF5.29 13H*(QLl ¢ Q2) + 4F5.293H%*Q5)

32 FORMAT(/ 41X T6HTF4 = A(23)%(QL + Q2) + A(24)%Q5 + A(25)%Q3 + A(26)
1%Q4 + A(27)%Q6 + A(28)*Q7)
END
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SUBROUTINE PRM24 (A, IGLOM)

THE SUBROUTINE PRM24 PRINTS CUT THE FUNCTIONAL RELAT[ONSHIP
BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EQUATIONS.

THE TIME FUNCTIONS WITH GLOMERUL AR FILTRATION

TFL = A(15)*Q3+A(16)*04+A(17)*01+A(13)*02
+A(19)%Q5
TF2 = A(lS)*QbfA(16)*Q7+A(200*010A(21)*Q2
L +A(22)%Q5 . ‘
TF3 = A(24)%QL+A(25)%Q2+A(23)*Q5 -
TE4 = A(261%QL+A(27)%Q2+A(28)%Q5+A(29)%(Q3+Q4)

~*A(30)%1Q6+Q7)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TFL = A(13)%Q3+A(14)%Q4+A(15)%QL+A(L6)%Q2
" #A(17)%Q5
TF2 = A(13)%Q6+A(14)%Q7 A(18)%Q1+A(19)%Q2
+A(20)%Q5
TF3 = A(22)%QL+A(23)%Q2+A(21)%Q5
TF4 = A(24)*Q10A(25)*QZ+A(26)*QS+A(49)*(Q3*Q4)
+A(28)%(Q64QT)
TF1 - RIGHT KIDNEY
TF2 - LEFT KIDNEY
TF3 - BLADDER _
TF4 - BLOOD AND TISSUE
‘A - PARAMETERS FOR THE KIDNEY MODEL
IGLOM - IF IGLOM=1 THE MODEL HAS A PATH FOR GLOMERULAR
i FILTRATION
DIMENSION A(32)
PRINT 14
IF (IGLOM.EQ.1) GO TO 10
GO TO 12

10 PRINT 16y A(15),A(16),A(17),A(18),A(19)
PRINT 18, A(15),A(16),4(20),Al21), AL22)
PRINT 20, Al24),A(25),A(23) :
PRINT 22
PRINT 24, A(26)4,A(27),A(28),A(29),A(30)
RETURN -

12 PRINT 26, A(13)4A(L4)4A(L15),A(16),A(17)
PRINT 28, A(13),A(14),A(18),A(19),A(20)
PRINT 30, A(22),A(23),A021)

PRINT 32 ‘
PRINT 24y A(24),A(25)4A(26),A(27),A(28)"
RETURN

14 FJRMAT(/////.*FUNLTIONAL RELAT IONSHIP BETWEEN THE TIMEFUNCTIUNS AN
1D THE COMPARTMENTS - %) ’

16 FORMAT(/s1X458HTFL = A(15)%Q3 + A(lb)*04 ¢ AULLT7)*Ql + A(LB)*Q2 ¢ A
L{19)*Q543H = ,F5, 296H®Q3 + ,F5.2,6H%Q4 + ,F5.2,6H*QLl + ,F5.2,6H*Q2
2 ¢+ yF5.293H%Q5) ' ‘ B

18 FORMAT(/41Xs58HTF2 = A(15)%Q6 + A(Ll6)*Q7 + A(20)*Q1l + A(21)%Q2 + A
1022)%Q593H = yF5.2,6H%Q6 + 4F5.2,6H*QT + ,F5,2,6H*Ql + ,F5,2,6H*Q2
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2 + 4F5.2,3H%Q5) | | |
20 FORMAT (/41 X,58HTF3 = ' v . - A(24)1%QL ¢ AL25)%Q2 + A

’ L023)%Q543H = 122X9F5.246H%QL + yF5.296H%Q2 + yF5.2,3H%Q5) _

22 FORMAT(/ 41X, 72HTF4 = A(26)1%Q6 ¢ Al27)%Q2 + A(28)%Q5 + Al29)%(Q3 +
124) + A(30)%(Q6 + Q7)) o |

24 FORMAT(/449X92H= (F5.296H%¥QL + (F5.2,6H%Q2 + ,F5.2,6H%Q5 + ,F5.2,1
L3H®(Q3 + Qa) ¢+ ,F5.2,10H*(Q6 + Q7)) '

26 FORMAT(/41X,58HTFL = A(13)%Q3 + A(l4)%Q4 + A(L5)%Ql + A(L6)*Q2 + A
LELT)%Q5,43H = (F5.2,6H*%Q3 ¢ ,F5.2,6H%Q4 + 4F5.246H%XQLl + ,F5.2,6H%Q2
2 + yF5.2,3H%Q5) .

28 FORMAT(/,1Xy58HTF2 = A{13)%Q6 + A(14)*Q7 + A(18)%QLl + A(L9)%Q2 + A
1(20)*Q5’3H = 'Fb.296H*Q6 + ,FS-ZQGH*Q7 + 'F502'6H*Ql + 'FSoZ'bH*QZ'
2 + ¢yF5.,2¢3H%Q5) ) : : '

30 FURMAT(/41X,58HTF3 = o A(221%Q1 + A(23)%Q2 + A
LU2L)%Q593H = 422X ¢+F54296H*QL + yF5.296H%Q2 + F54293H%Q5)

32 FORMAT(/ 41Xy T2HTF4 = A(24)%Q6 + A125)%Q2 + A(26)%Q5 + A(27)%(Q3 +
LQ4) + A(28)*%(Q6 + Q7))

END



ﬁﬁﬁ(:ﬁ(ﬁﬁﬁﬂﬁﬁ_(ﬁﬁﬁﬁﬁ()ﬁﬁ(‘)ﬁﬁ(‘nﬁﬁﬁﬁ('iﬁ

'SUBROUTINE PRM25 (A, IGLOM)

-182-

THE SUBROUTINE PRM25 PRINTS OUT THE FUNCTIONAL RELATIONSHIP :
BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EQUATIUNS.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFl = Q3+Q4+A{15)%(Q1+Q2)

TF2 = Q6+Q7+A(16)*{Q1+Q2)

TFE3 = Q5+A(1T7)%(Q1+Q2)

TF& = A(lB)*(Q1+02)*A(l9l*(Q3*Q4D*A(20)*(06*97)

+A(21)%Q5

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

A

TFEL = Q3+Q4+A(13)%(Ql+Q2)

TF2 = Q6+Q7+A(14)*(Ql+Q2)

TF3 = Q5+A(15)%(Ql+Q2)

TF4 = A(16»*(01+02)+A(17»*(03+Q4»+A(La:*(oo+o7»

+A(19)*Q5

TF1 RIGHT KIDNEY

TF2 - LEFT KIDNEY

TF3 - BLADDER '

TF4 - BLOOD AND TISSUE

- PARAMETERS FOR THE KIDNEY MODEL

IGLOM - IF IGLOM=i THE MODEL HAS A PATH FDR GLOMERULAR

" FILTRATION

" DIMENSIGN A(32)

PRINT

l4

IF (IGLOM.EQ.1) GO TO 10

GO 10

10 PRINT

PRINT
PRINT
PRINT
PRINT
RETURN

12 PRINT
PRINT
PRINT
PRINT
PRINT
RETURN

12
16,
18,
20,
22
24,

26,
28,
30,
32

24,

A(15)
A(l6)
A{LlT)

A(LB)»A(19),AL20)5A(21)
A(l13)

A(l4)
All5)

ACL6) yALLT)A(L8),A(19)

14 FURMAT(/////'*FUNCTIDNAL RELAT[CNSHIP BETWEEN THE TIMEFUNCTIONS AN
19 THE COMPARTMENTS - x)

L6 FORMAT(/41X+31HTFL = Q3 ¢+ Q4 ¢+ A(IS)*(QI + Q2)¢5Xy3H

+LOHQ3 + Q4

b v W FD.Z2,10HE(QL ¢+ Q2))

L8 FORMATU/+1X31HTF2 = Q6 + Q7 + ACL6)%(QL ¢ Q2),5Xe3H

» 1OHQ6 + Q7

1 + sF5.2,10H*{Q1l + Q21)} .

20 FORMAT(/41Xy36HTF3 = A(L7)%(QL + Q2) ¢ Q593H = +10XyF5.2
1y 15H*{Q1l + Q2) + Q5) ' . ,

22 FORMAT(/ 41X ,68HTF4 = A(18)%(Ql + Q2) + A(19)%(Q3 + Q4) + A(20)%(Q6
1 ¢ Q7)) + A(21)%Q5) .

2% FORMAT(/439Xy2H= 9F5 2013H*(Q1 + Q2) + yFS5.2913H%{(Q3 + Q&) f vF5-2
Lol3H*(Q6 + Q7) + LF5.2,3H%Q5) '
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26 FORMAT(/91X931HTFL = Q3 + Q4 + A(13)%(Ql ¢ Q2)4+5X,3H

= ,10HQ3 + Q4
1 + +F5.2,10H%(Q1 + Q2)) | |
= ,10HQ6 + Q7

28 FORMAT(/41Xs31HTF2 = Q6 + Q7 + A(1l4)*(QLl + Q2),5X,3H
L + +F5.2y10H*(Q1 + Q2)) ' _ :
30 FORMAT (/41 X936HTF3 = ' v A(L15)*{Q1l + Q2) + Q5,3H = ,10X,F5.2
Ly L5H%(QL + Q2) + Q5)
32 FORMAT(/,1X,68HTF4 = A(16)%(Ql + Q2) + A(LT)*(Q3 + Q4) + A(18)%(Q6
1+ Q7)) ¢ A(L9)%Q5) '
END
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SUBROUT INE PRM26 (A, IGLOM)

THE SUBROUTINE PRM26 PRINTS OUT THE FUNCTIONAL RELATIONSHIP
BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EQUATIONS.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = Q3+A(15)%Q4+A(16)%(QL+Q2)+A(17)*Q5

TF2 = Q6+A(18)*QT7+A(19)*(QL+Q2)+A(20)%Q5

TF3 = A(22)%Q5+A(21)%*(QL+Q2)

TF4 = A(23)*%(QL+Q2) +A(24)%Q4+A(25)%QT+A(26)%Q5

THE TIME FUNCTIUNS WITHOUT GLOMERULAR FILTRATION

TEL = Q3+A(13)%Q4+A(14)%(QL+Q2)+A(L5)%Q5
TF2 = Q6+A(16)%QT+A(17T)%{QL+Q2)+A(18)%*Q5
TE3 = A{20)%Q5+A(19)*(Q1+Q2)
TFa = A(21)%(QL+Q2)+A(22)%Q4+A(23)%QT+A(24)%Q5
TFL - RIGHT KIDNEY
TF2 - LEFT KIDNEY
TF3 - BLADDER
TF4 - BLOOD AND TISSUE
A - PARAMETERS FOR THE KIDNEY MODEL :
IGLOM -~ 1IFf 1GLOM=1 THE MODEL HAS A PATH FOR GLOMERULAR
’ FILTRATION
DIMENSION A(32)
PRINT 14
'IF (IGLOM.EQ.L1) GU TO 10
GO TO 12

LO PRINT 16, A(L15),AL16),A(17)
PRINT 18, A(18),A(19),A(20)
PRINT 20, A(21),A(22)
PRINT 22y A(24),A(25),A023),A(26)
RETURN

12 PRINT 24, A(13),A(1l4),A(15)
PRINT 26, A(l6),A(17),A(18)
PRINT 28y A(19),A{20) .
PRINT 30, A(22)4A(23),A(21),A(24)
RETURN '

14 FORMAT(/////,*FUNCTIONAL RELATICNSHIP BETWEEN THE TIMEFUNCTIONS AN
1D THE COMPARTMENTS - %)

16 FORMAT(/,1X948HTFL = Q3 + A(15)%Q4 + A(16)%(Ql + Q2) + A(L17)*Q5,3H
L = s5HQ3 ¢ (F5,2,6H*%Q4 + JF5,2,13H*(QL + Q2) + ,F5.2,3H*Q5)

18 FORMAT(/41Xy48HTF2 = Q6 + A(18)%Q7 + A(19)%(Ql + Q2) + A(20)#%Q5,3H
L = +5HQ6 ¢ 4F5.2y6H*QT + (F5.2,13H%(Q1 ¢+ Q2) + ,F5.2,3H*Q5)

20 FORMAT(/41X¢48HTF3 = A(21)*(QL + Q2) + A(22)%Q5,3H
1L = s16XyF5.2,13H*%(Q1 + Q2) + ,F5.2,3H%QS)

22 FORMAT(/ 41X ¢54HTF4 = A(24)%Q4 + A(25)%QT + A(23)%(QL + Q2) + A(26)
L#¥Q543H = yF5.2,6H%Q4 + F5.2,6H%Q7 + 4F5,2,13H%(QLl + Q2) + ,F5.2,3
2H%Q5) :

24 FORMAT(/91Xs48HTFL = Q3 + A(13)%Q4 + A(14)%(Ql + Q2) + A{15)%Q%5,3H
L = y5HQ3 ¢ yF5.2¢16H*Q4 + (F5.2,13H*(QLl ¢+ Q2) + ,F5.2,3H%Q5)

26 FORMAT (/9 LXy48HTF2 = Q6 + A(16)%Q7 + A(L7)*(Ql + Q2) + A(L18)%Q5,3H
1 = QSHQ6 + 'FSolobH*Q-’ + 'F5.2113H*(Ql + QZ, + ’F50293H*Q5)

128 FORMAT(/,1X,48HTF3 =  ACL91%(QL + Q2) + A(20)%Q5,3H



1 = o16X,F5.2,13H%(QL + Q2) + ,F5.2,3H%Q5)
30 FORMAT(/,

1#%Q543H =
2H%Q5)
END
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LX954HTF4 = A(22)%Q4 + A(23)%Q7 + A(Z’%*(Ql + Q2) + A(24)
1F5.2906H%Q4 + yF5,2,6H%QT + ,F5.2,13H%(QL + Q2) ¢ ,F5,2,3
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SUBROUTINE PRM27 (A, IGLOM)
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THE SUBROUTINE PRM27 PRINTS OUT.THE FUNCTIONAL RELATIONSHIP
- BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EQUATIONS.

THE TIME FUNCTIONS WITH

TF1
TF2
TF3
TF4

L TR I |

Q3 + Q4 +
Q6 + Q7 +

. Q5 +
All8)*(Ql

A(15)=(Ql +
A(16)%(Ql +
ACL1T7)%(QL +
+ Q2)

“THE TIME FUNCTIONS WITHOUT GLOMERULAR

Q3 + Q4 + A{13)%(Ql +
Q6 + Q7 + A(14)%(Ql +
Q5 + A(15)%(Ql +

RIGHT KIDNEY
LEFT KIDNEY
BLADDER

BLOOL AND TISSUE

TF1 =
TF2 =
TF3 =
TF4 = A(L16)%(QL + Q2)
TF1L -
TF2 -
TF3 -
TF4 -
A - PARAMETERS
IGLOM - IF IGLOM=1
~ FILTRATION
DIMENSION A(32)
PRINT 14
IF (IGLOM.EQ.1) GO TO 10
GO TO 12 '
10 PRINT 16, A(15)
PRINT 18, A(l6) "
PRINT 20y A(17)
PRINT 22, A(18)
RETURN
12 PRINT 24, A(13)
PRINT 264y All4)
PRINT 28, A(15)
PRINT 30, A(16)
RETURN

14 FORMAT(////7+*%FUNCT IONAL RELATIONSH[P BETHEEN THE TIMEFUNCTIDNS

1D THE COMPARTMENTS
L6 FURMAT(/+1Xs31HTF1

-~ %)
= Q3 +

LyF5.2,10H%(QLl + Q2))

18 FORMAT(/4y1X,31HTF2

= Q6 + Q7

LeFS5.2,10H%(QL + Q2))

20 FORMAT(/91Xy31HTF3

= Q5

1oF5.2910H*(Ql + Q21))

22 FORMAT(/+1Xs3LHTF 4

LeQl + Q2))
24 FURMAT(/41Xs31HTF1

= Q3 + Q4

LyF5.2,10H*(QL + Q2))

26 FORMAT(/ 491X 431HTF2

= Q6 + Q7

LeFS5.2,10H%(QL ¢ Q2))

28 FORMAT(/+1Xs31HTF3

= Q5

“19F5.2,10H%{QLl # Q2))

':

+

Qe + A(L15)%(QL + Q2)4+3H

Al16)%(Ql
AlLL7)*(Ql
A(18)*(Ql
AC13)%(Ql
A(la)=(Ql

A(15)%(Ql

GLOMERULAR FILTRATION

Q2)
Q2)
Q2)

FILTRATION
Q21

Q2)
Q2)

FOR THE KIDNEY MODEL
THE MODEL HAS A PATH FOR GLOMERULAR

s 10HQ3 + Q4 +

+ Q2)43H = ,10HQ6 + QT +
+ Q2)43H = ,10H Q5 +
+ Q2),3H = J10X,F5.2,10H%
4+ Q2),3H = ,10HQ3 + Q4 +
+ Q2)e3H = L,10HQ6 ¢+ Q7 +
+ Q2)43H = ,10H Q5 ¢
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30 FORMAT(/y1Xs31HTF4 = © A{16)%(Ql + Q2)93H = ,10XsF5.2,10H*

1(Ql + Q2))
END



OO0 OCoO0OOO00NCo O

OO0 OOOGOOGOO OO

10

12

-188-

SUBROUTINE PRM28 (A,IGLOM)

THE SUBROUTINE PRM28 PRINTS OUT THE FUNCTIONAL RELATIONSHIP
BETWEEN THE TIMt FUNCTIDNS AND THE COMPARTMENT EQUATIONS.,

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TF1 = QB*QQ+DI*(Qb+Q7)+(A(15)+DI*A(17))*(Ql*QZ)
) +{A(16)+D1%*A(18))%Q5
TF2 = QO64QT+D2*(Q3+4Q4)+(A(LT)+D2%A(15))*(QL+Q2)
+(A(18)+D2%A(16)1*Q5
TF3 = A(19)%Q5+A(20)%(Q3+Q4)+A(21)%(Q6+Q7)
+A(22)%(Ql+Q2)
TF4 = A(23)*(QI*QZ)+A(24)*(Q3+QQ)*A(25)*(06*07)

*A(Zb)*QS

THE TIMc FUNCTIONS WITHOUT GLOMERULAR FILTRATION

A

TF1 = Q3+Q4+DL*(QO6+QT)+(A(13)+D1*A(15))*(Q1+Q2)
+(A(14)+D1*A(16))%Q5

TF2 = Q6¢Q7+#D2%(Q3+Q4)+(A(15)+D2*A(13))1%(QL+Q2)
+{A(16)+D2%A(14))%Q5
TE3 = A(LT)I*Q5+A(18)*(Q3+Q4)+A(19)*(Q64+Q7)
+A(20)%(QL+Q2)
TF4 = A(21)*(QI+Q2)+A(22I*(QB*QQ)*A(23)*(06+Q7)
+A(24)%Q5
TF1 — RIGHT KIDNEY
TF2 - LEFT KIDNEY
TF3 - BLADDER
TF4 - BLOOD AND TISSUE

THIS IS THE ADAC MODEL(J. A. DEGRAZIA, P, O, SCHEIBE,
ET AL.s CLINICAL APPLICATIONS OF KINETIC MODEL OF ’
HIPPURATE DISTRIBUTION AND RENAL CLEARANCE, J. NUCL.
MEDa.» 15(1974), PP 102-114). :

- PARAMETERS FOR THE KIDNEY MODEL

IGLOM - [IF IGLOM=1 THE MODEL HAS A PATH FOR GLOMERULAR

FILTRATION

DIMENSION A(32)
DATA D14D2/7.05,.08/

PRINT L4

[F (IGLOM.

GO 7O 12
PRINT 16
PRINT 18,
PRINT 20
PRINT 22,
PRINT 24
PRINT 26,
PRINT 28
PRINT 30,
RETURN

PRINT 32
PRINT 18,
PRINT 34
PRINT 22,
PRINT 36
PRINT 26,

EQ.1) GO TO 10

DLsA(L15)+0L,A(17)sA(16),D1,A(18)
D2,A(17),02,A(15),A(18),0D2,A(16)
A(19),A(20),A(210,A(22)

A(23),A(24),A(25),A(26)

DI,A(13).DI.A(15),A(14).DloA(161

D2+A(15)9K29A(13)yA{16)4+D24A(14)

A(17),A(18),A(19),yA(20)
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PRINT 38 -189-
PRINT 30, A(201),A022),A023),A(24)
RETURN

14 FORMAT(/////+*FUNCTIONAL RELATIONSHIP BETWEEN THE TIMEFUNCTIONS AN

1D THE COMPARTMENTS - %) : _
16 FORMAT (/9 1X¢83HTFL = Q3 + Q4 + D1%(Q6 + Q7) + (A(L5) + D1%A(17))*{
1Q1 « Q2) + (A(16) + DLl*A(18))%Q5) _
18 FORMAT(/44UXy2H= ,10HQ3 + Q4 + ,F5.2,14H%(Q6 ¢ Q7) + {(4F5.2¢3H + ,
LFSe2y LH® F5.2,15H)%(QL + Q2) + (4F5.243H + ¢F5.2)1H%yF5.2,4H)%Q5)
20 FORMAT (/91X 483HTF2 = Q6 + Q7 + D2%(Q3 + Q4) + (A(L17) + D2%A(15))%(
1Q1 + Q2) + (A(18) + D2%*A(16))%Q5)

22 FORMAT(/440X,2H= ,10HQ6 + Q7 + ,F5.2,14H%(Q3 ¢+ Q4) + (,F5.243H + ,
IFSQZVLH*'FSQZQISH)*‘QI + QZ) + (’FS.Z'BH + QFSOleH*'F5.2'4H)*QS)

24 FORMAT(/41X468HTF3 = A(L19)%Q5 + A(20)%(Q3 + Q4) + A(21)*(Q6 + Q7)
1+ A{22)%(Q1 + Q2)) ‘

26 FORMAT(/ 40X 92H= sF5.2,6H%¥Q5 + ,F5.2,i3H¥{Q3 ¢ Q&) + ,F5.2,1i3H%{Q6
L + Q7) ¢ 4F5,2410H%(QL + Q2)) :
28 FORMAT(/41X968HTF4 = A(23)%(QL + Q2) + A(24)%(Q3 + Q4) ¢ A(25)%(Qo
L+ Q7) + A(26)%Q5) ’
30 FORMAT(/+40Xs2H= 2FS5.2913H®{QL + Q2) + ,F5.2,13H%(Q3 ¢+ Q4) + ,F5.2
Lo13H®(Q6 ¢ Q7) + 4F5.243H%Q5) '

32 FORMAT(/91X,83HTFL = Q3 + Q4 + D1*(Q6 + Q7) + (A(L3) ¢ DL*A(15))*(
1QL + Q2) + (A(l4) + DL*A(L6))%Q5)

34 FORMAT(/91X483HTF2 = Q6 + Q7 + D2*(Q3 + Q4) + (A(15) + D2*A(13))*(
1QL +# Q2) + (A(Ll6) + D2*A(14))%Q5)

36 FORMAT(/s1X,68HTF3 = A(L7)%Q5 + A(18)%(Q3 + Q4) + A(19)*(Q6 + Q7)
1« A(20)%(Ql + Q2))

38 FORMAT (/41X 68HTF4 = A(21)%(Ql + Q2) + A(22)%(Q3 + Q4) + A(23)%(Q6
L + Q7) + A(24)%Q5) ,
END .
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SUBROUTINE SOLUT (A,NAME,IDATE,TIME ,PRAM,PRMX,CHI,TF,PAR, PARX,FLON E

L, MATX,IGLOM)

THE SUBROUTINE SOLUT PRINTS OUT THE,FINAL SOLUTION ALONG
WITH THE RESULT OF A GOODNESS OF FIT TEST. ALSO
PRINTED OUT IS A LISTING OF THE FITTED DATA, A PLOT
OF THE TIME FUNCTIONS, AND A FLOW DIAGRAM FOR THE

- KIDNEY MODEL .

A
NAME
IDATE
TIME
PRAM
PRMX

CHI
TF
PAR
PARX
FLOW
MATX

IGLOM

t

THE PARAMETERS FOR THE KIDNEY MODEL

NAME OF THE PATIENT

DATE OF THE STUDY

TIME INTERVAL IN SECONDS

SUBROUT INE WHICH LISTS THE PARAMETERS

SUBROUTINE WHICH PRINTS THE FUNCTIONAL RELATION-
SHIP BETWEEN THE TIME FUNCTIONS AND THE
COMPARTMENTS

SUBROUTINE WHICH EVALUATES THE CHI-SQUARE

SUBROUTINE WHICH GENERATES THE TIME FUNCTIONS

SUBROUT INE OF PARITIAL DERIVATIVES

SUBROUTINE OF PARTIAL DERIVATIVES FOR THE TIME
FUNCTIONS ,

SUBROUTINE WHICH PRINTS A FLOW DIAGRAM OF THE
KIDNEY MODEL

SUBROUTINE WHICH PRINTS THE MATRIX WHICH RELATES
THE TIME FUNCTIONS TO THE COMPARTMENTS

IF IGLOM=1 THE MODEL HAS A PATH FOR. GLOMERULAR
FILTRATION

DIMENSION 6(32164)'Z(3Z)QNAME(20)9IDATE(Z3)vA(32)vD(32'
EXTERNAL PARX,TF,MATX : o o
COMMON/ENT/T(150) 4R(600),H(600)

COMMON/CONST/NyNLyM,M1

CALL PRAM (A,yO,PRMX,IGLOM) -

CALL CHI (A.HF,TF)

CALL PAR (AyByPARX,1)

PRINT 44
PRINT 46, HF
XNOM=2.32667

LE= (XNOM*SQRT(FLDAT(Z*NI*N 1)))**2/2.

PRINT 48
PRINT 50
PRINT 52, LE
PRINT 54

IF (HF-ZE) 12412410

PRINT 56

GO TO 14
PRINT 58

DO 16 I=14M
D(L)=8B(I,1)
CONTINUE
N2=0

DO 18 I=14M
N2=N2+]}

D1 13 d=1,N2Z

BlleJd=BLI1, J)/)uRT(U(l)*D(J))

BlJyI)=B(I,J)

CONTINUE

CALL INVPD (BelsM,2)

N2=M
ML=M+1
DO 20 I=1,M
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- N2=N2+1 .
DO 20 J=M]1,N2
K=J-M
B(I,J2=B(], J’/SQRT(D([)*D(K),
B(Ky I+M)=B{1,J)
20 CONTINUE
PRINT 62
N2=M
DO 22 I=1lyM
N2=N2+1
PRINT 64, (B8(]14J)yJ=M1yN2)
22 CONTINUE .
PRINT 44
PRINT 66
DO 24 [=1.M
SIGNAL=ABS(A(I)/B(IMe1))
PRINT 68, 1+SIGNAL
24 CONTINUE
IF (N1.EQ.3) GO TU 38
PRINT 72
PRINT 74, TIME.TIME,TIME,TIME
D0 36 I=14N
NI=N+]
N2=2%N+1
N3=3%N+] :
PRINT 76y I sT(I)oHIN3)oHITI)yHINI) HIN2)
36 CONTINUE :
GO TO 42
38 PRINT 78
PRINT 80, TIME,TIME,TIME
DO 40 I=1.N
NI=N+]
N2=2%N+1]
PRINT 82y I,T(I)yHIN2) yH{I)yHINI)
40 CONTINUE
42 CALL PLOT (TIME)
CALL FLOW (A,NAME, IDATE,TIME MATX,IGLUM)
RETURN

44 FORMAT(1H1)
46 FORMAT(LHL »44X,42He%xxxxSTATISTICAL ASPECTS OF THE MODEL*#*¥%%//1X,*

1THE ERROR ]S%,3X,E1ll.4)

48 FORMAT(/,1X,*THE GOODNESS OF FIT IS THE FOLLOWING TEST OF HYPOTHES
1L1S*/ /10X *HYPOTHESIS = THE MQODEL FITS THE DATAX)

50 FORMAT(/,10X,*ALTERNATE HYPOTHESIS = THE MODEL DOES NOT FIT THE DA
1TAx)

52 FORMAT(//:13X,*-THE HYPOTHESIS IS REJECTED IF THE ERROR IS GREATER
1THAN *,F6.291H.)

54 FORMAT(3X,%-THIS IS A .01 PROBABILITY THAT THE HYPOTHESIS IS REJEC
1TED GIVEN THAT IT IS TRUE.*)

56 FORMAT(3X,%-THEREFORE THIS DATA SAMPLE DOES NOT SATISFY THE HYPOTH
1LESIS.*)

58 FORMAT(3X,*-THEREFORE THIS DATA SAMPLE DOES SATISFY THE HYPOTHESIS
1%)

60 FORMAT(LX,1T7{F6.3,1X})

62 FORMAT(///7+1X%Xe*THE COVARIANCE MATRIX*)

64 FORMAT{1IX,13(E9.2,:,1X))

66 FORMATI(///1X,37THTHE ABSOLUTE RATIO OF SIGNAL/VARIANCE//SXv1H1110X’
114HA(I)/VAR(A(TL)))

68 FORMAT(4X412912X4E9.2)



72 FORMAT(L1HL y53Xy25H%%xx%xTHE Fl%?%o DATA*%xk%%x//6X g2 [ %3 13X 9%xT([)%,y14aX
1,*8L00D AND TISSUE*y9X *RIGHT KIDNEY*,11X,*LEFT KIDNEY*,13X,*BLADD
2ER*) '

T4 FORMAT(LTX *TIME(MINS)* 414Xy *COUNTS/%*yF2.09% SEC*y9Xo*COUNTS/%,F2.
109% SEC%®y9X y*COUNTS/*,F2.0¢% SEC*y9Xy*COUNTS/*4F2,09% SECX®/)

76 FORMAT{SXs1395XyF12.295X+4(10XF1l2.4))

78 FORMAT (1HL 954X 25H*%k%x%xxTHE FITTED DATAXk&k%x//1TX %k [%,]13X*T(1)%,14
LXy%BLOOD AND TISSUE*,11X,*KIDNEY*,13X,*BLADDER%*)

80 FURMAT(28X*TIME(MINS)#*,14Xy*COUNTS/*,F2,0,% SEC®Xy9Xy*COUNTS/*,F 2.

109% SEC*y9X s *COUNTS/*,F2.09% SEC%/)
82 FORMAT(L16Xy13,5X9F1l24295X33(10X,F12.4))
END
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SUBROUTINE TABLE (A XLINMAX,M)

THE SUBROUTINE TABLE GIVES A LISTING OF THE PARAMETERS FOR
- THE KIDNEY MODEL AND THE MAXIMUM ALLOWED STEP SIZE.

A - THE PARAMETERS FOR THE KIDNEY MODEL

XLINMAX - THE MAXIMUM ALLOWED STEP SIZE
M - THE NUMBER OF MODEL PARAMETERS

DIMENSION A(32)9XLINMAX(32)
PRINT 14

NX=(60-M)/4

DO L0 I=1,NX

PRINT 16

CONTINUE

PRINT 18

PRINT 20

DO 12 I=1,M :

PRINT 22y T1,A(I) XLINMAX(I)
CONTINUE »
PRINT 18

RETURN

FORMAT (1H1)

FORMAT (/) :

FORMAT(52Xy34(1H*))

FORMAT (52X g LH¥% g 2X 9% I %y 6 Xy %A (1) %y 12X ¥ XL INMAX%, 1H*)
FORMAT (52X LH* 41X IZ’ZXQFll 2v4X9FL1le291Xy1H%)

- END
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© SUBROUTINE TEST (MsZyXKyD1,LG)
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THE SUBROUTINE TEST DETERMINES IF THE STEP SIZ2E IS LESS
THAN A CERTAIN SPECIFIED RANGE. ~THE SOLUTION [S SAID
TO CONVERGE IF o
ABS(DL*Z(1)}/({.001+ABSIXK(I))) < .0001
FOR ALL I. '

M - THE NUMBER OF MODEL PARAMETERS
Z ~THE STEP SIZE AT THE PRESENT ITERAT!ON .
XK - THE MODEL PARAMETERS AT THE PREVIOUS ITERATION
DI - A FACTOR
LG - LOGICAL VARIABLE
- LG 1 SOLUTION CONVERGES
LG 0 SOLUTION DOES NOT CCNVERGE

L]

"

LOGICAL LG

DIMENSION Z(32),XK{(32)

D0 10 I=1,M

LG=ABS(DL*¥Z(1))/ (. 001+ABS(XK(111) .LT..0001
IF (LG) 10,12

CONT INUE

RETURN

END
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_ SUBRDUTINE TFL1 (A,K)

THE SUBROUTINE TFL1l GENERATES A TIME FUNCTION VALUE FOR
"EACH TIME FUNCTION FOR THE ONE KIDNEY MODEL. THESE TIME
FUNCTION VALUES ARE STORED IN THE ARRAY H. '

- THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

Q3 + Q4 + A(10)%(Q1l + Q2)

TFL =
TF2 = Q5 ¢ A(11)*(Q1 + Q2)
TF3 =

A(12)%(Ql ¢« Q2)

THE TIME FUNCTIONS WITHOUT GLOMERULAR.FILTRATION

TFL = Q3 + Q4 + A(9)%(Ql + Q2)
TF2 = Q5 + A(10)1%*(Ql + Q2)
TF3 = ACLL)*(Ql + Q2)

TF1 - KIDNEY
TF2 - BLADDER
TF3 - BLOOD AND TISSUE.

A - PARAMETERS FOR THE KIDNEY MODEL
K = THE INDEX FOR THE TIME POINT

COMMON/FNT/T(150) yR(600),H(600)
COMMON/QFN/Q1(150).02(150».93(150».04(150).05(150)
COMMON/CONST/NyNL oM, M1
DIMENSION A(32)
KLl=N+K
K2=2%N+K :
. H(K) - TIME FUNCTION FOR THE KIDNEY
HIK)=Q3(K)#Q4 (KI+A(ML+#1)*(QL(K)+Q2(K))
H(K1l) - TIME FUNCTION FUR BLADDER
HIKL)=QS(K)+A(ML+2) % (QLIK)+Q2(K))
H(K2) - TIME FUNCTION FOR BLOOC AND TISSUE
HIK2)=A(ML+3)*(QL{K)+Q2(K))
RETURN
END
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SUBROUTINE TF21 (A,K} | - -196-
" THE SUBROUTINE TF21 GENERATES A TIME FUNCTION VALUE FOR
| EACH TIME FUNCTION FOR THE TWO KIDNEY MODEL. THESE TIME
FUNCTION VALUES ARE STORED IN THE ARRAY H. . |

THE TIME FUNCTIONS NITH GLOMERULAR FILTRATION

TFL = A(15)*(03*04)+A(16)*01+A(17)*Q2*A(18)*05
TF2 = A(L9)*(QO6+QTI+A(20)%QL+A(21)%Q2+A(22)%Q5
TF3 = A(24)%Q1+A(25)%Q2+A(23)%*Q5

TF4 = A(Zbl*Ql*A(27)*QZ+A(28)*Q5fA(29)*(03*04)

+tA(30)*%(Q6+Q7)

THE TIHE FUNCTIONS WITHOUT GLOMERULAR FILTRATION

CIFL = A(13)*(Q3*Q4)fA(14)*01+A(15)*QZ*A(lbl*QS
TF2 = A(LT)*(Q6+QT7)+A(18)*QL+A(19)%Q2+A(20)*Q5
TF3 = A(22)*QL+A(23)%Q2+A(21)%Q5 : '
TF4 = A(24)%QLi+A(25)%Q2+¢A(26)*Q5+A(27)%(Q3+Q4)

+A(28) *(Q6+Q7)

RIGHT KIDNEY

TF1 -

TF2 - LEFT KIDNEY

TF3 - BLADDER

TF4 - BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL
K = THE INDEX FOR THE TIME POINT

COMMON/FNT/T(150) yR(600)H(600)
COMMDN/QFN/QL(ISOT,QZ(150).03(150)p04(150).05(150)y06(150)o07(150)
COMMON/CONST/NyN1 oM, ML _

DIMENSION A(32)
K1=N+K
K2=2%N+K
K3=3%N+K

H(K) - TIME FUNCTION FOR RIGHT KIDNEY

H(K)-A(Ml+l)*(Q3(K)+Q4(K))+A(Ml*Z)*Ql(K)OA(M103)*QZ(KI*A(ML*QD*Q5T

1K)

H{KLl) - TlMEFUNCTION FOR LEFT KIDNEY
H(KL)= A(Ml*S)*(Qb(K)*Q?(K))*A(Ml*b)*Ql(K)*A(MI*T)*QZ(K)+A(M1*8l*05
1(K) :

H{K2) - TIME FUNCTION FOR BLADDER
H(KZ)-A(Ml+9)*QS(K)fA(Ml*lO)*Ql(K)*A(Ml+1l)*QZ(K)

H(K3) - TIME FUNCTION FOR BLOOD AND TISSUE

H(K3)—A(H1*12)*Ql(K)+A(Ml+13)*QZ(K)+A(M1+I4D*QS(K)+A(M1*15)*(03(K)

14Q4(K) ) +AIML+16)%(Q6(K)+QT(K))
RE TURN
END

°
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SUBROUTINE TF22 (A,K) |

THE SUBROUTINE TF22 GENERATES A TIME FUNCTION VALUE FOR ,
EACH TIME FUNCTION FOR THE ONE KIDNEY MODEL. THESE TIME
FUNCTION VALUES ARE STORED IN THE ARRAY H.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

Q3+Q4+A(15)%(QL+Q2)+A(16)%Q5

TFl =

TF2 = Q6+QT+A(17)%*(Q1+Q2)+A(18)%*Q5

TF3 = A(L9)*Q5+A(20)*(Q1+Q2)

TF4 = A(21)*(Ql*QZ)*A(ZZ)*QS*A(23)*(Q3fQ4l

*A(ZQ)*(Qb*Q?)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TF1 = Q3+Q4+A(13)%(Q1+Q2)+A(14)%*Q5

TF2 = Q6+Q7+A(15)%(Q1+¢Q2) +A(16)%Q5

TF3 = A(17)%Q5+A(18)%(QL+Q2)

TF4 = A(19)#(Ql*QZ)*A(ZO)*QS*A(Zl)#(Q3+Q4)

+A(22)%(Q6+QT)

TF1 - RIGHT KIDNEY

TF2 - LEFT KIDNEY

TF3 - BLADDER

TF4 - BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL
K - THE INDEX FOR THE TIME POINT

COMMON/FNT/T(ISO).R(bOO) H(600)
_COMHUN/QFN/Q1(15Q’1QZ(150,103(150)104(150)!05(150’000(150"Q7(150,
COMMON/CUNST/NyNigM, M1 :
DIMENSION A(32)
Kl=N+K
K2=2*N#+K
K3=3%N+K
HIK) = TIMEFUNCTION FOR RIGHT KIDNEY

CHIK)=Q3(K)+Q4 (K)+A(ML+L)#(QLIK)I+Q2(K) ) +A(M1+2)*Q5(K)

H(KL) - TIMEFUNCTION FOR LEFT KIDNEY

CH(KL)= Qb(K)*Q?(K)*A(Nl*i)*(Ql(Kl+QZ(K))*A(Ml*QO*QS(K)

H{K2) - TIMEFUNCTION FOR BLADDER
H{K2)=A(ML+5)%Q5(K)+A(ML+6)*(QL(K)+Q2(K))

H(K3) - TIMEFUNCTION FOR 8LOOD AND TISSUE
H(K3)= A(Ml+7)*(Ql(K)*QZ(K))fA(Ml+8)*Q5(K)*A(Ml*Q)*(QJ(K)*QQ(K))*A(
IM1+10)*(Q6(K)+QT7(K)):
RETURN -
END
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SUBROUTINE TF23 (A,K) ~198-

THE SUBROUTINE TF23 GENERATES A TIME FUNCTION VALUE'FDﬁ
EACH TIME FUNCTION FOR THE ONE KIDNEY MODEL. THESE TIME
FUNCTION VALUES ARE STORED IN THE ARRAY H.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = A(L15)*%Q3+¢A(16)*Q4+A(1T)*(QL+Q2)+A(18)%Q5
TF2 .= A(19)*Q6*A(20)*Q7+A(21’*(01*QZ)+A(22)*QS
TF3 = A(23)%Q54¢A(24)*(Q1+Q2)

TF4 = A(25)*(01+Q2)*A(26)*05*A(27)*Q3*A(28)*04

+A(29)%Q6+A(30)%Q7
THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

A(13)%Q3¢A(L14)%Q4+A(15)%(QL+Q2) +A(16)%Q5

TF1 =

TF2Z = A(LT)%*Q6+A(18)%Q7+A(19)%(Q1+Q2) +A(20)%Q5
CTF3 = A(21)%Q5+A(22)%(Q1+Q2)

TF4 = A(23)%(Q1+Q2)+A(24)%Q5+A(25)+Q3+Al26)%Q4

+A(27)*Q6+A(28)%Q7

TF1 - RIGHT KIDNEY

TF2 - LEFT KIDNEY

TF3 - BLADDER

TF4 - BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL
K - THE INDEX FOR THE TIME POINT

COMMON/ENT/T(150) 4R(600) 4H(600)
COMMON/QFN/QI(ISO)902(150)'03(150),04(150)005(150)106(150)007(150)
COMMON/CONST/NyNLyMoM1
DIMENSIGN A(32)
K1=N+#K
K2=2%N+K
K3=3%N¢K
H{K) = TIMEFUNCTION FOR RIGHT KIDNEY : ' '
H(K)—A(Ml*l)*Q3(K)*A(ML*ZD*Q4(K)#A(Ml*B)*(Ql(Kl*QZ(K))+A(Ml*4l*05(
1K) :
H{K1) = TIMEFUNCTION FOR LEFT KIDNEY
H(Kll-A(M1+5)*06(K)+A(M1+6)*Q?(K)fA(le7)*(Ql(K)*QZ(K))0A(Ml*8)*05
LK)
H{K2) - TIMEFUNCTION FOR BLADDER
H(K2)=A(ML+9)%Q5 (K) +A(ML+10)%(QLIK)+Q2(K))
' H(K3) - TIMEFUNCTION FOR BLOOD AND TISSUE
H(K3)-A(Ml*11)*(QI(K)+Q2(K))fA(Ml*lZ)*Q5(K)+A(M1013)*Q3(K)0A(Ml*14
L)*Q4(K)+A(ML+15)%Q6 (K)+A(ML+16)%QT(K)
RETURN
END
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SUBROUTINE TF24 (A,K) -199- |
THE SUBROUTINE TF24 GENERATES A TIME FUNCTION VALUE FOR
EACH TIME FUNCTION FOR THE ONE KIONEY MODEL. THESE TIME
'FUNCTION VALUES ARE STORED IN THE ARRAY H. o
THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TEL = A(15)%Q3+A{16)*QatA(LT)*QLl+A(18)%*Q2

+A(19)%Q5

TF2 = A(LS)*Qb+A(16)*07+A(20)*QL+A(2[)*Q2
+A(22)%Q5

TF3 = A(24)1%QL+A(25)%Q2+¢A(23)%Q5

TFe = A(26)%QL+A(2T7)%Q2+A{28)*Q5+¢A(29)*(Q3+Q4)

+A(30)%(Q6+QT)

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TFL = A(13)%Q3+4A(14)%Q4+A(15)%QL+A(16)%Q2
. +A(17)%Q5
TF2 = A(13)%Q6+A(14)%Q7 AL18)*QL+A(19)%Q2
_ +A(20)%Q5
TF3 = A(22)%QL+A(23)%Q2+A(21)%Q5
TF4 = A(Z#)*QlfA(25)*Q2+A(26)*05+A(29'*(03*@4)
+A(28)%(Q6+QT)
TFL - RIGHT KIDNEY
TF2 - LEFT KIDNEY
- TF3 - BLADDER
TF4 -

BLOCD AND TISSUE

A - THE PARAMETERS FOR THE KIDNEY MODEL
K = THE INDEX FQOR THE TIME POINT

COMMON/FNT/T(150)yR(600),yH{600) :
COMMON/QFN/QI([BO)'QZ(150).Q3(150).Q4(150),QS(150!,06(150).07(150)
COMMON/CONST/NyN1,MyML :
DIMENSION A(32)
K1=N+K
K2=2%N+K
K3=3%N+K '

H{K) - TIMEFUNCTION FOR RIGHT KIDNEY
H{K)= A(Ml*l)*Q3(K)*A(Ml*2)*Q4(K)fA(Ml*3)*Ql(K)*A(Ml*#l*QZ(K)*A(Ml*
15)1%Q5(K)

HIKLl) - TIMEFUNCTION FOR LEFT KIDNEY :
H{KL) = A(Ml*l)*Qb(K)*A(Ml*Z)*Q7(K)*A(Ml*b)*Ql(K)*A(Ml*?l*Qd(K)#A(Ml
1+48)%Q5(K)

H(K2) - TIMZFUNCTION FOR BLADDER
H(K2) A(M1+9)*QD(K)¢A(M1010)*Ql(K)#A(Ml*ll)*QZ(K)

H(K3) - TIMEFUNCTION FOR BLOOD AND TISSUE
H{K3) A(lelZ)*Ql(K)*A(Ml*z&l*QZ(K)oA(Ml*lél*QS(K)0A(M1f15i*(03(K)'
L1+Q4U(K) ) +A(ML+16)*(Q6(KI+QT(K))
RETURN
END



SUBROUTINE TF25 (A,K) -200-
THE SUBROUTINE TF25 GENERATES A TIME FUNCTION VALUE FOR
EACH TIME FUNCTION FOR THE ONE KIDNEY MODEL. THESE TIME
FUNCTION VALUES ARE STORED IN THE ARRAY H.

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = Q3¢Q4+A(15)%(Q1+Q2)

TF2 = Q6+QT+A(16)%(Q1+Q2)

TF3 = Q5+A(17)%(QL+Q2)

TF4 = A(18)%(Q1+Q2) +A(19)%(Q3+Q4)+A(20)%(Q6¢QT)

+A(21)%Q5

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TFL = Q3+4Q4+A(131%(Q1+Q2)
TF2 = Q6+QT+A(14)%(Q1¢Q2) 7
- TE3 = Q5+A(15)*(Q1+Q2)
THE4 = A(16)*(01+02)+A(17)*(03*Q4D+A(lBD*(Qb+Q7)
+A(19)*Q5 :

TF1 - RIGHT KIDNEY
TF2 - LEFT KIDNEY
TF3 - BLADDER

TF4

BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MQODEL
K - THE INDEX FOR THE TIME POINT

COMMON/FENT/TUL50) 4R(600)H(600)
COMMON/QFN/Ql(lSO).02(150).03(150).Q4(150).05(150):06(1501907(150)
COMMON/CONST/NoyNLyMyM1

DIMENSION A(32)

Kl=Ne¢K

K2=2%N+K

 K3=3%NeK

H(K) - TIMEFUNCTION FOR RIGHT KIDNEY
H(K)=Q3(K)+Q4 (K)+A(ML+1)*(QLI{K)+Q2(K))
H(KL) - TIMEFUNCTION FOR LEFT KIDNEY
HIKL)=Q6(K)+Q7(K)+A(ML+2)%(QLIK)I+Q2(K))
H(K2) - TIMEFUNCTION FOR BLADDER
HIK2)=Q5(K) +A(ML+3)*(QL(K)+Q2(K))

H(K3) - TIMEFUNCTION FUR BLOOD AND TISSUE
H(K3)'A(M1+4)*(Ql(KI+Q2(K))*A(Ml#S)*(Qé(K)*Qé(K))*A(Ml*b)*(Qé(K)*U
LT(K))#A(ML+T7)%Q5(K) |
'RETURN - P ;

END
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- SUBROUTINE TF26 (A,K)

THE SUBROUTINE TF26 GENERATES A TIME FUNCTION VALUE FOR
' EACH TIME FUNCTION FOR THE ONE KIDNEY MODEL. THESE TIME
FUNCT[ON VALUES ARE STORED IN THE ARRAY H.

ﬂl‘

TH TIME FUNCT IONS HITH GLOMERULAR FILTRATION

TFL = QB*A(15)*Q4*A(16)*(01+Q2)fA(17I*Q5

TF2 = QbfA(IS)*Q7*A(19)*(QI*QZ)+A(ZOD*QS

TFE3 = A(22)%Q5¢A(21)*(Q1+Q2)

TF4 = A(23)*(Ql*QZ)*A(24)*QQ*A(ZS)*Q7+A(26)*QS

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TFL = Q3+A(L3)%Q4+A(14)%(QL+Q2)+A(15)%Q5
TF2 = Q6+A(16)*QT+A(L7)%(Q1+Q2)+A(18)%Q5
TE3 = A(20)%Q5+A(19)%(Q1+Q2)

TF4 =

AC2LI*(QL+Q2)+A(22)%Q4+A(23)%QT7T+A(24)%*Q5

: TF1 - RIGHT KIDNEY
- TF2 - LEFT KIDNEY
TF3 - BLADDER
TF4 - BLOOD AND TISSUE

A - PARAMETERS FOR THE KIDNEY MODEL
K - THE INDEX FOR THE TIME POINT

COMMON/FNT/T(150) yR{600),H(600)

,LOMMON/QFN/QI(lBOiyQZ(lSO)vQJ(ISO)oQ4(150)v05(150)o06(1503oQ7(150)

COMMON/CONST/NyNL1yMoML
DIMENSION A(32)
KLl=N¢K
K2=2%N+K
K3=3%N¢K
H{K) - TIMEFUNCTION FOR RIGHT KIDNEY
H(K)= Q3(K)*A(Ml*l)*Q4(K)*A(M1*2)*(Ql(K)*QZ(K))*A(Ml*3)*QS(KD
‘ H(Kl) - TIMEFUNCTION FOR LEFT KIDNEY
H(KL) =Q6{K)+A(ML+4)%QT7(K) +A(M1+5)%(QL(K)+Q2(K))+A{ML+6)*Q5(K)
H(K2) - TIMEFUNCTION FOR BLADDER
HIK2)=A(M1+7)%Q5(K)+A(ML+8)*(QL(K)+Q2(K))
H(K3) - TIMEFUNCTION FGR BLOOD AND TISSUE
H{K3)= A(Ml+9)*(QI(K)*QZ(K))#A(Ml*lO)*Q4(K)*A(lell)*QT(K)fA(Ml+123
1%Q5(K)
RETURN
END
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'SUBRQUTINE TF27 (A,K)
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‘THE SUBROUTINE TF27 GENERATES A TIME FUNCTION VALUE FOR A
EACH TIME FUNCTION FOR THE ONE KIDNEY MODEL. THESE TIME
FUNCTION VALUES ARE STORED IN THE ARRAY H. E

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION

TFL = Q3 + Q4 + A(L5)%(Ql +
TF2 = Q6 + Q7 + A(16)%(Ql +
TF3 = Q5 + A(LT)*(QL +
TF4 =

A(18)*(QlL + Q2)

THE TIME FUNCTIONS WITHOUT GLOMERULAR

A

TFL = Q3 + Q4 + A(13)%(Ql +
CTF2 = Q6 + Q7 + A(14)%(Ql +
TF3 = Q5 + A(15)%(Ql +

TF4 = A(16)%(Ql + Q2)

. TF1 = RIGHT KIDNEY

TF2 - LEFT KIDNEY
TF3 - BLADDER ,
TF4 - BLOOD AND TISSUE

Q2)
Q2)
Q2)

FILTRATION
Q2)

Q2)
Q2)

A - PARAMETERS FOR THE KIDNEY MODEL

K‘- THE INDEX FOR THE TIME POINT

COMMON/ENT/T(150) 4R{600)4H(600)

COMMDN/QFN/Ql(lSO)oQZ(150).03(150).Q4(150)pQS(lSO)oQb(lSOIoQ?(lSO)

C OMMON/ CONST/NyNL oMy M1
DIMENSION A(32)
K1=N+K

"K2=2%¥N+K

K3=3%N+K ,
H(K) - TIMEFUNCTION FOR RIGHT KIDNEY
H(K)=Q3 (K)+Q4 (K} +A(ML+1)*(QL(K)+Q2(K))
H(KLl) - TIMEFUNCTION FOR LEFT KIDNEY
HIK1)=Q6(K)+QT(K)+A(ML+2)*(Q1(K)+Q2(K))
H{K2) - TIMEFUNCTION FOR BLADDER
H(K2)=Q5(K)+A(ML+3)*(QL(K)+Q2(K))

H{K3) - TIMEFUNCTION FOR BLOOD AND TISSUE

CH(K3) =A(ML+4)%(QLl(K)+Q2(K))

RETURN

- END
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SUBROUTINE TF28 (A,k)  ~203- |
THE SUBROUTINE TF28 GENERATES A TIME FUNCTION VALUE FOR
EACH TIME FUNCTION FOR THE ONE KIDNEY MODEL. THESE TIME
FUNCTION VALUES ARE STORED IN THE ARRAY H. S

THe TIME FUNCTIUNS WITH GLOMERULAR FILTRATION

TF1l = QB*QQ+DI*(Q&*Q7)+(A(lS)fﬂl*A(lT))*(QlfQZ)
+{A(16)+D1*A(18))%Q5
TF2 = 06+Q7+02*(Q3*Q4)+(A(17)+DZ*A(15))*(QK*QZ)
i +(A(18)+D2%A(16))*Q5
_ TF3 = A(19)*Q5*A(20)*(03*04)*A(41)*(06007)
' +A(22)%(QL+Q2) )
TF4 = A(ZB)*(QI*QZ)+A(24)*(Q3*Q4)*A(25)*(Qb+07)
+A(26)*Q5

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION

TF1L

= Q3+Q4+DL*(Q6+Q7)+(A(L3)+DL1*A(L5])#(QL+Q2)
+(A(14)4D1*A(16))%Q5
TF2 = Q6+Q7+D2%(Q3+Q4)+(A(15)+D2%A(13))%(Ql+Q2)
| +(A(16)+D2%A(14))1%Q5
TF3 = A(LTI%QS+A(18)*%(Q3+Q4)+A(19)*(Q6+Q7)
| +A(20)%(QL+Q2)
TF4 = AL21)%(QL+Q2)+A(22)%(Q3+Q4)+A(23)%(Q6+Q7)
- +A(24)%Q5
'TF1 - RIGHT KIDNEY
TF2 - LEFT KIDNEY
TF3 - BLADDER ,
TF4 - BLOOD AND TISSUE

THIS IS THE ADAC MODEL(J. A. DEGRAZIA, P. 0. SCHEIBE,
ET AL<s» CLINICAL APPLICATIONS OF KINETIC MODEL GF
HIPPURATE OISTRIBUTION AND RENAL CLEARANCE, Jo. NUCL.
MED.y 15(1974),y PP 102-114).

A - PARAMETERS FOR THE KIDNEY MODEL
K - THE INDEX FOR THE TIME POINT

CUMMON/FNT/T(lbO)9R(600);H(600)
COMMDN/QFN/QL(150)102(150)'Q3(150)y04(1)0),05(150)c06(1503907(150)
COMMON/CONST/NyNLoM,ML
DIMENSION A(32)
DATA D1 DZ/.OS;-OB/
K1=N*K

=2¥N+K
K3 3EN+K

H(K) - TIMEFUNCTION FOR RIGHT KIDNEY
HIK)= QS(K)*Q4(K'+01*(06(K)*Q7(K)l*(A(Ml*l)*Dl*A(Ml*B))*(Ql(K)*QZ(K
L))+ (A(ML+2)+DL*A(ML+4) ) *Q5(K) :

H(K1) = TIMEFUNCTION FOR LEFT KIDNEY : ‘
H(K1) Qb(K)*Q7(K)*U£*(Q$(K)*QQ(K,’*(A(Ml*:)iDZ*A(Ml*l))*(Ql(K)*QZ(
LK)+ (AIML+ G ) +D2%A(ML+2) ) *¥Q5(K)

H(K2) - TIMEFUNCTION FOR BLADDER
H{K2) =A (ML*S)*Q5(K)fA(M1+6)*(Q3(K)*Q4(K))+A(M107)*(06(K)fQ7(K))*A(

IM148)*(QL(K)+Q2(K))

.H(K3) - TIMEFUNCTION FOR BLOOD AND TISSUE
HIK3) = A(Ml*Q)*(Ql(K)*QZ(K))fA(M1+lO)*(03(K)004(K))*A(Ml*ll)*(Qb(K)
L+Q7(K))+A(M1+12)%Q5(K)
RETURN
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Appendix B - OUTPUT FOR THE KIDNEY COMPUTER_PROGRAM

The following pages give an example of the’oﬁtput-ofvtﬁe kid-
ney program for the two kidney model. If IRPT = 1,vthe}subroutine
MARQ gives a listing of the paraﬁétérs at each iteration, the gra-
.diént evaluated for these parametérs, and the correction vector. The
subroutines FLOW1l and FLOW2 printié flow diagram of the kidney model
giving the estimated éarameters for the constant rate coefficienﬁs;
the delay times Ty and Ty the initiai solutions in the blood pool,
extravascular pool, and tubular cells of the kidneys along with the.
estimate of the matrix y. The subroutines PRAM1 and PRAM2 give a
listing of the parameters along with an expressign for the functidnal
relationship between the time functions TF1, TF?, TF3, TF4 and the
compartmeﬁt equations Ql, Q2, Q3, Q4, 05, 06, Q7. The subroutine
PLOT gives a comparative plot of the original data and the fitted
data generated by'the optimum solution for the parameters. A
comparative plot is given for each of the time functions--blood and
tissue, kidney,,ahd bladder.

The subroutine SOLUT calls the subroutines PRAM1 or PRAM2, PLOT,
FLOW1l or FLOW2 described above and aléo prints éut the covariance
matrix for fhe estimated paraméters, the rétio of the'signal to
variance’, and the results of a_goodness-of—fit test. It may-happen
with some déta samples that the covariance matrix may. not exist.sinqé
the matrix B equation (29) is singular or nearly so since often_the
positive definiteness of the covariance matri# breaksidowﬁ due to
rounding error. This is the résuit-of high correlations between the
parameters in the\model. The user may want to reduce the number of
parameters M by allowing elements of the matrix y to remain fixéd'and

setting M=12 or 14 in the SUBROUTINE SOLUT_, The matrix B may then be
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better conditioned allowing one to evaluate the variances for some
of the model parameters.

The sum of squares given by equation (33)

wh
"3

N T o
R(B) =Z | Z (W5 ”wajL(B)) (33)
' j=1  i=1 |
has‘the Chi-square distribution X2 with 4 --N‘= n degrees of
freedom [7]. Therefore the subroutine SOLUT gives the following
test of hypotheses |
H0§ The model-fits,the data

Hli The model does not fit the data

. . ]
where»Ho is rejected if R(B) > Xza" The level of significance a

is the probability that the hypothesis is rejected given that it is

true‘v For the number of degrees of freedom, n,‘greater than 30 the

chi-square distribution is approximately normally distributed [21],

so that the expression (2)(2_)!'i - (2n—l)%‘is approximately'normally
distributed with mean 0 and standard deviatien 1. Therefore xzaﬁ,
the a'—point of the x2 distribution, is'cqmputed by the formula
K o= alx,t + vEeT 1P
'

where xa' is the a -point of the cumulative normal distribution.

For a' = .0102, the hypothesis H_ is rejected if"-

R(a) >%[xa, + V2Nm-1 ]2

‘where Xy = 2.32,N is the number of time points, and m is the
number of time functions. For m=4, Figure 15 gives the plots of
chi-square versus number of sampled points for various levels of

; confidence a'.
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{uuauttn;;v;'leNEY COMPARTMENT MODEL s»ssxuvyvnsyn
‘coSmIC DOG 1
SEPT 6, 1973
THE NO. OF‘TIMEFUNCTIONS IS &

_ THE SAMPLE SIZE IS 100

THE NO. OF PARAMETERS NOT INCLUDING
THE CROSS TALK MATRIX IS 14

THE ISOTOPE SOURCE IS 586 MICROCURIES OF
: 1131-HIPPURAN

THE COLLIMATOR IS A HIGH ENERGY COLLIMATOR

» »
. »
» »
» »
. .
. .
» »
» .
» »
» THE NO. OF PARAMETERS IS 18 .
. »
s »
. »
. .
» »
» .
» »
» .
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Tn
TIME(MINS)

.25
.50
.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
.00
4.25
4.50
5.75
5.00
5.25
5.50
5.75
6.00
6.25
6.50
6.75
7.00
7.25
7.50
T.75%
8.00
8.25%
8.50
8.75
9.00
9.25
9.50
9.75
10.00
10.25
10.50
10.75
11.00
11.2%
11.50
11.75
12.00
12.25
12.50
12.75
13.00
13.2%
13.50
13.75
1%.00
14.25

L

BLOOD AND TISSUE
COUNTS/15 SEC

8498.0000
-8354.0000
8228.0000
8083.0000
8031.0000
7701.0000
7831.0000
7947.0000
7701.0000
7910.0000
7755.0000
7712.0000
7811.0000
7705.0000
7656.0000
7755.0000
7633.0000
7524.0000
7597.0000
7576.0000
7416 .0000
7497.0000
7486 .0000
7269.0000
7140.0000
7141.0000
7142.0000
7144 .0000
6960.0000
6995 .0000
6977.0000
6923.0000
6945 .0000
6768.0000
6696 .0000
6675 .0000
66420000
6623.0000
6644 .0000
6525.0000
6453.0000
6494 0000
6360.0000
6375 .0000
6282.0000
6335 .0000
6429.0000
6182.0000
6263.0000
6058.0000
6081.0000
6140.0000
6125.0000
6144.0000
6060.0000
6120.0000
6040.0000

DATA

RIGHT KIDNEY
COUNTS/15 SEC

609.
12913,
1595 .
1814.
1853,

-1919.
2045 .
- 2102,
2061.
2177.
2260
2227.

2383.
2404 .
2421
2394
2451 .
2524
2558,
2535
2600.
25271.
2576
2520.
2466
24413,
2314
2349.
2267.
2188
2171
2090
1919.
1900.
1765
1737
1696
1663,
1647
1533,
1515
1506
1426
1398.
1384
1414

1326

1297
1273.
1215.
1227.
1222.
1193,
1195.
1192,
1174,
1188,

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

.0000
.0000

0000

.0000

0000

.0000

0000
0000
0000
0000

.0000

0000

.0000

0000
0000

.0000
.0000
.0000

0000
0000

.0000
.0000
.0000

0000

.0000

0000

.0000
.0000
.0000

0000

.0000
.0000

0000

.0000

0000
0000
0000
0000
0000
0000
0000
0000
0000

LEFT KIDNEY
COUNTS/15 SEC

319.
817.
993.
1051.
‘1143,
1214
1265
1364
T 1410
1326
1535
‘1529.
1524,
1642.
1609 .
1645
1654 .

- 1756.
1802.
1891
1771.
1802.
1822.
1691
1661
1673.
1635
1511
1482.
1390
1387.
1274

1216
71190.
1156
1152.
1108.
1054
1048
1016
928.
891
929.
941 .
821.

846 .

860
831
840
787
8217
115
826
T66
136
132

0000
0000
0000
0000
0000

.0000

0000

.0000
.0000
0000
.0000

0000
0000
0000
0000

.0000

0000
0000
0000

.0000

0000
0000
0000

.0000
.0000

0000

.0000
.0000

0000

.0000

0000

.0000
1249,

0000

.0000

0000

.0000

0000
0000

.0000
.0000
.0000

0000

.0000

0000
0000
0000
0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

BLADDER

COUNTS/15 SEC

330.
649.
619.
601.
556 .
578.
543.
559.
- 588.
- 598.
575
620.
521
569.
541.
563.
587.
542,
570.
534,
592.
657
670
T73.
879.
928
1089.
1184
1265 .
1338.
1376
1607.
1710.
1789.
1874
1894
2015
2130.
2172.
2247
2281
2352.
2468 .
25137.
2533
2510.
2565 .
2641 .
2708.
2764 .
2814,
2818.
2740.
2885 .
2945,
3017.
2935 .

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

.0000

0000

.0000

0000
0000
0000
0005
0000
0000
0000
0000

.0000
.0000

0000
0000

.0000

0000

.0000

0000
0000

.0000

0000
0000
0000

.0000
.0000
.0000

0000
0000

.0000
.0000

0000
0000
0000

.0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
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58
59

50 -

a1
$2
42
L]
45
46

47 .

48
69

76

71
72
73
74
4]
76
77
78
79
30
31
82

33

1

as

87
88
89
90
91
92

96

7
98
99
00

93

14.50

14,75

15.00

15.25

15.50
15.75
16.00
16 .25
16 .50
16 .75
17.00
17.25
17.50
17.75
18.00
18.25
18.50
18.75
19.00
19.25

19.50

19.75
20.00
20.25
20.50
20.75
21.00
21.25
21.50
21.75
22.00
22.25
22.50
22.75
23.00
23.25
23.50
23.75
24.00
24.25
24.50

28.75

25.00

6053.0000

- 6121.0000

6070.0000
5967.0000
5897.0000
6126.0000
5926 .0000
5987.0000
5728.0000
5810.0000

5896 .0000

5932.0000
5772.0000
5674.0000
5683.0000
5755.0000

5881.0000 .

5707.0000
5795.0000
5710.0000
5682.0000
5636.0000
5642.0000
5585 .0000
5553.0000
5627.0000
5573.0000
5606.0000
5663.0000
5570.0000

5463.0000 .

5614.0000
5452.0000
5727.0000

5480.0000

5455.0000
5543.0000
5599.0000
5444 .0000
5463.0000
5437.0000
5479.0000
5416 .0000

- 991

845

1157.
1138.
1097.
1134
1159.

1071.

1146.
1060.
1047.
976.
9913.
968.
1034
1007.
979.
914
992
991
972.
1024
951.
956 .

1015
935
938.
975
938.
886
956.
874
957
907.

892.00¢
.0000
0000
.0000

915
902.

880.
906
831

865.
808.
864.

0000
0000
0000

.0000

0000

0000

0000
0000
0000
0000
0000
0000

.0000 .

0000
0000

.0000
.0000
.0000

0000

.0000

0000
0000

.0000
.0000
.0000

0000

.0000

0000

.0000

0000

.0000
0000

0000
0000

0000

.0000
.0000

0000
0000

0000 .

768.

676

740.
738.
753.
709.
708.
677.
705.
703.
669.
690.
681.
643.
653.
686.
.0000

661

647.
.0000
.0000

615
615

678.
639.
607.
646 .
619.
647.
.0000
610.
603.
587.
602.
603.
" 564

603

605

593.
.0000
.0000
.0000

558
545
575

569.
561.
588.
552.
523.

0000 -
.0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000

.0000
L0000

0000

0000
0000

0000

0000
0000

J3171

2975 .
3020.
3059.
3107
3162.
3177.
3307.
3320.
3338.

3280.
3250.
3igs.
3273
3274
3408.
3408.
3316.
3375
3627.
3403.
3466
3557.
3402.
3423.
34Ty
3477,
3439
3509.
3575
3497.
3615.
3552.
3468.
3538.
3738.
3674
3646
3707.

3778.

3613,

3602.

3110

0000

0000

0000

.0000

0000
0000
0000
0000
0000

.0000

0000
0000
0000
0000

.0000

0000
0000
0000

.0000

0000
0000

.0000

0000
0000
0000
0000
0000
0000
0000

.0000

0000

.0000 -

0000

0000

0000
6000

0000
.0000

0000

0000

0000

0000

0000

-T2~
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RN ENNER NN AN RA N NN E NN A NN SN A NN A NN AN BNV AN
= TIMEFUNCTION FOR THE RIGHT KIDNEY .

. .
*SAMPLE FUNCTION FITTED FUNCTION

= X  »
L Y Y Yy Yy Y Y Y Y P N R YV YRy Y YR Y 2

X»
Xs
XX»
X»
.
XXX
»e
X X
XX w»
X w»
- XX wxe
XXX »a»
XXXXXwun
- XX XXeXe
X X sssans
XX X wsvve)ew
XX XX Xxx XXseXsuvunsn
X XX XX X X X sussvvuven
X X X XXXx xx
X XX
o X

X

TIME uNiTS = .25 miN.
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1891 . ‘ oy

LYy Y Y T Y Y Y Y YT Y Y Y Y VY Y Y Y Y VR YT YT YIS Y Y s
» TIMEFUNCTION FOR THE LEFT KIDNEY 4
. .
. XXX : #SAMPLE FUNCTION = X - FITTED FUNCTION = & & -
. X BRBBBUSNBUNUBNSB BN UIGNSNIIIRNIIINRINIININISIIINGY
. X
. ses X X
£ XX s X
. X X
. »
- .
(23241 .
b4 © XX
. L3 L]
. »
. X . XX
. s X
. X .
. L4 .
. X X
X
L  § X
X
..  § Iy 4
- » X
.
.  § )X
. . X
. X s
. B .
- XeXX
} R
. TenX
. AXsXX X X
. X e
. X Xex X
© XAswXXX
. ssa)XX XX
. XesXXX X X
. ' . ' - i ) XXoXXoval X X
. . XX XexsXXXeXX X
- : : - ss)lseXXoXoo
. X Xx ¥
- X
X
O......... .

TIRE UKITS = .25 MIN.
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uo.u-nl...u-l‘ounn'u‘ibiu'cnuul.a-'n§0pppb'..-u..‘n
. TIMEFUNCTION FOR THE :BLADDER : »
) . . . »
*SAMPLE FUNCTION = X ©s FITTED FUNCTION = » »

VRSBV IBUVBBBBBRUBAP BRI BIIIRBIBIBRLAB2IB0003000

X
XXXX
X

sne . .
suss 1
[YYYYY Y [ 2] X
B YT D {
XX
XX X XXXX X X X X
X xx X Xx xx

TTIME UNITS = 25 mIN.

L

L X

o

LX XY

LI X 2]

XX

XX xx
X

LXZ 2]

XX

. X
X

(XYY
XYY
ey

X ' X X
X
XX XXXXX

(2 X2 X

LI X2 L

XX XX
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[Ty Y Y Y T T Y PP r T T YTy Yy YYYYY YAV VYY)

- TIMEFUNCTION FOR THE BLOOD AND TISSUE .
. »
*SAMPLE FUNCTION = X FITTED FUNCTION = » »

"D.'l.."l“'..'.l.#.".“".O.l.'.lb"..ll.ll.."

X X XX XXxx

.

saXXX XX
sea)X X
sena)XXXX

sunaXXiX X
su)oX

XXXXX% ’

XX Xsunn)

XAXX wXssoan
X XXXsXvuXue X
XX X XX XXsaXXewaX .
X XXsXwsXXsX
X XX XsXXXXX®X XX X X X
X XesXXsXasXXX XXXX

Ssnnonen

saee D R I I R R P e R ) .

TIME UNITS = 025 MmN



PARAMETERS

GLOMERULAR FILTRATION RATE(RIGHT KIDNEY) -
FLOM RATE FROM BLOOD POOL TO TUBULAR CELLS(RIGHT KIDNEY)
GLOMERULAR FILTRATION RATE(LEFT KIDNEY)

FLOM RATE FROW BLOOD POOL TO TUBULAR CELLS(LEFT KIDNEY)
RIGHT KIDNEY

TUBULAR CELL FLOW RATE

ESTUARY DELAY TIME

LEF

T KIDNEY

TUBULAR CELL FLOW RATE

-ESTUARY DELAY TIME
BLOOD POOL YO EXTRAVASCULAR POOL

FLOW RATE FROM

FLON. AATE FROW
AMOUNT AT TIME
AROUNT AT TIRE
AMOUNT AT TIME
AMDUNT AT TIME

FUNCTIONAL RELATIONSHIP BETWEEN THE TIMEFUNCTIONS AND THE COﬂPﬁRTHENTS.

TF1

NF=

-215-

uu;vnlﬂlTlAL ESTIMATES FOR THE PARAMETERSs»ssv

EXTRAVASCULAR POOL TO BLOOD POOL
ZERO IN THE BLOOD POOL
ZERO IN THE EXTRA VASCULAR POOL

ZERO IN THE RIGHT KIDNEY TUBULAR CELLS
ZERO IN THE LEFT KIDNEY TUBULAR CELLS

=03 + @4 + AC15)s(Q1

= 06 + QT + AC16)5(01

H @5 * A(1T)s(Ql

4.31E+04

AC18)%( 01

TF)
TF2
TF3
TFs

*

*

+

02) = @3 + 04 ¢+

82) = Q6 + QT +

a2) =
Q2) =

RIGHT KIDNEY
LEFT KIDNEY
BLADDER

a5

*

BLOOD AND TISSUE

.16%(Q1 + Q2)
.10s(Q1 + 'Q2)
-14%¢0Q1 + Q2)
1.32s(Q1 + Q2)

(]!
a2
a3
a4
as
Qs
o7

SYMBOL

ACH)
AC3)
AT
Aals)

BLOOD POOL

EXTRA VASCULAR POOL

RIGHT XIDNEY TUBULAR CELLS
RIGHT KIDNEY ESTUARY

- BLADDER

LEFT KIDNEY TUBULAR CELLS

LEFT KIDNEY ESTUARY

VALUE

.01000
.08000
.01000
.04000

.37000

64000

.35000

.18000

.36000

8977.
1000.
500.
264 .

06000
00000
00000
00000
00000
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NEXRRRBRRRRNENN NN A AN RSN LEARRRE RSN

»
= 1 ACI) XLINMAX*
*» 1 .36 . .10 »
x 2 .06 .10 »
* 3 .08 _ .10 »
x 4 .01 .10
*» 5 .37 .10 «»
*x 6 .04 .10
» 7 .01 .10 =
» 8 .35 .10 =
*» 9 8977.00 50.00 .
» 10 -1000.00 . 50.00 ».
= 11 500.00 .50.00 =«
*» 12 264 .00 50.00 =«
* 13 4 .64 - 1.00 =
* 14 5.18 1.00 =
* 15 .16 - .10 =
» 16 .10 .10 =
x 17 .14 ' .10 =
» 18 1.32 : .10 =
» »

REXNRUXSERANBEREREREELLF SR NRERRY
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H*ITERATION Txx

T Y Y Y I P PR SRR

*» Kl HF(CXLAM) XLAM ¥
¥ 34310.8413 1.00E-02 =~
¥ 37712.1358 - 1.00E~-03 ~»

4444§¥¥‘444¥4¥44¥;4444¥4¥4¥¥44¥4¥¥¥4

P Y Y R R Y I P Y Py

»
* I PARAMETER "GRADIANT CDRRECTION VECTOR «
» ACl) _ ' (1) »
» 1 - .36000 - =1.37TE+05 .00503 »
e 2 .06000 . 2.13E+05 -.00182 »
= 3 .08000 5.6TE+05 .00032 - »
» 4 .01000° T.98E+05 - . -—-.00068 »
*» 5 .37000 5.22E+04 . -.01167 »
» 6 .04000 3.58E+05 - .00134 »
» 7T .01000 6.21E+05 .00088 »
= 8, .35000 o 3.1TE+O4 ' -.00375 »
= 9 8977 .00000 3.08E+01 30.75077 »
» 10 . -1006.00000 2.28E+01 v l7.7lq3T ¥
» 11 500.00000 ‘6 .48E+01 -50.00000 »
*» 12 = 264.00000 5 .54E+01 -=37.44209 *
» 13, 4.64000 -1.00E+04 ‘ .01628 »
*» 14 5.18000 -6 .33E+03 .02307 »
» 15 ' .16000 1.22E+05 : -.00276 »
» 16 .10000 5.01E+04 -.00209 »
» 17 : .14000 4 5TE+O05 ' ' -.00697 ¥
= 18 1.32000 1.6TE+04 -.01482 »
Y Y Yy e Y T S Ry
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THE SOLUTION CONVERGED ON ITERATION
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»s»ITERATION 60%»»
"'.‘l'll...'.Dl';"“‘....".'..li'l
* KI - HF(XLAM) XLAM .
» 3926.5961 ©1.00E-02 =
* 3926 .5961 1.00E-03 »

LTI 2SRRI S 2SS 2R SRS R RS R Y

60.

»

* 1  PARAMETER GRADIANT
. acl)

» 1 72459 -4 .10E-01
» 2 .03501 -3.89E-01
. 3 19684 . -8.08E-01
- 01566 2.98E-02
.5 .27828. © -1.01E-03
» & .14843 -9.56E-01
. 7 01436 -1.14€-01
. 8 28186 2.60E~02
v 9 10663.51648 ~1.4TE-05
* 10 -226.41810 ~6.94E-07
* 11 -599.81471  3.60E-05
v 12 -542.76017 2.04£-05
* 13 5.31730 -9.61E-03
» 14 5.05970 3.08E-03
.15 11337 1.89E-02
* 16 .06952 3.65€-02
» 17 07473 6.10E-03
» 18 - 1.05558 -7.37E-02
»

nn
.00004
.00000
.00001
.00000

.00000- -

©.00001
-.00000
-.00000
.05295
-.00087

- =.04167

-.02863
.00005

-.00005:

-.00000
~.00000
.00000
.00000

Y Yy Y Y Yy Y Y Y P YN YR YRR Y R YY)

22X A X ST XTI E 2R R R X R 2 S RS S R R S RSS2SR S 2 2 X )

- CORRECVION VECTOR

.
»
»
»
»
»
L
»
.
.
.
L
»
L4
.
-
-
.
L4
.
-



saxssTHE PARAMETERS AREsxxss

ARAMETERS

SLOMERULAR FILTRATION RATE(RIGHT KIDNEY)
FLOW RATE FROM BLOOD POOL TO TUBULAR CELLSC(RIGHT KIDNEY)
SLOMERULAR FILTRATION RATE(LEFT KIDNEY)
FLOW RATE FROM BLOOD POOL TO TUBULAR CELLSCLEFT KIDNEV)
RIGHT KIDNEY
TUBULAR CELL FLOW RRTE
ESTUARY DELAY TIME
LEFT KIDNEY
TUBULAR CELL FLOW RATE
ESTUARY DELAY TIME
FLOW RATE FROM BLOOD POOL TO EXTRAVASCULAR POOL
FLOW RATE FROM EXTRAVASCULAR POOL TO BLOOD POOL
AMDUMT AT TIME ZERC IN THE BLOOD POOL :
MIDUNT AT TIME ZERO IN THE EXTRA VASCULAR POOL
ARDUNT AT TIME ZERO IN THE RIGHT KIDNEY TUBULAR CELLS
AMOUNT AT TIME ZERO IN THE LEFY XIDNEY TUBULAR CELLS

FUNCTIONAL RELATIONSHIP BETWEEN THE. TIMEFUNCTIONS AND THE COMPARTMENTS

TF1 = Q3 + @4% + A(15)»(0Q1 + Q2) = Q3 + Q4% + J1ls0Q1 + Q2)
TF2 = Q6 + Q7 + A(16)»(Q1 + Q2) = Q6 + .07 + -0T7=(Q1 + Q2)

T3 = @5 + AC1T)=(@1 + Q2) = @5 +  .0Ts(Ql’+ @2)
TFa = AC18)s(Q1 +.@2) = 1.06%(Ql +-@2)
WHERE TF1 - RIGHT KIDNEY
TF2 - LEFT KIDNEY

TF3 BLADDER

TF4 - BLOOD AND TISSUE

Q1
Q2
a3
Q4

a5

[}
Q7

SYMBOL

)
4
)
)
) 1
0
1
2

BLOOD POOL
EXTRA VASCULAR POOL

VALUE

0663.

-226
-542

RIGHT XIDNEY TUBULAR CELLS

RIGHT KIDNEY ESTUARY
BLABDER o

LEFT KIDNEY TUBULAR CELLS
LEFT KIDNEY ESTUARY

.01566
19685
01436
. 14845

.2r1828
.31735

.28186
05965
.T2463
.03501
56943
-41897
-599.

85637

.78880

-0¢e¢-



THE ERROR

IS 3.9266E+03 .

#¥52xSTATISTICAL ASPECTS OF THE MODEL#*#s»»=»

THE GOODNESS OF FIT IS THE FOLLOWING TEST OF HYPOTHESIS

HYPOTHESIS

ALTERNATE HYPOTHESIS

-THE HYPOTHESIS 1S REJECTED

THE COVARIANCE RATRIX

2.49E-06
4.98E-0T
1.62E-06
9.05E-07
7.29€-06
6.82E-06
3.7T3E-07
1.20E-05
-1.21E-03
-1.63E+04
-2.91E-02
-4 _B9E-02
-2.29E-04
-8.83E-05
2.75E-02
6.926-06
4 .54E-05
-5 .00E-04
1.18E-01
 7.48E-05
1.7T1E-02
6.63E-04
6.09E-02

9.46E-08
2.04E-08
8.33E-08
7.23E-07
7.17E-08
5.75E-08
9.35E-07
5.03E-05
-1.68E+03
1.00E-03
9.93E-04
-7.91E-06
4. 42E-06

T.24%€-07
6.43E-06
-5 .15E-05
-2.10€E-04
7.46E-06
3.04E-05
-6 .79E-05
-7 .80E-04

-4,
. 10E-04
.08E-04
-3.
.85£-02

-1

-3.

e

.38€-07
1TE-07
.90E-06
.O0TE-06
.03E-07
.99e-07
.38E-04
.43E+03
.33E-02
L21E~-02
.00E-03
.38E-04

.31E-04

196-03

05E-05
84E-05

THE MODEL FITS THE DATA

THE MODEL DOES NOT FIT THE DATA

IF THE ERROR IS.GREATER THAN 467.77. .
~THIS IS A .0102 PROBABILITY THAT THE HYPQTHESIS IS REJECTED GIVEN THAT IT IS TRUE.
~THEREFORE THIS DATA SAMPLE DOES NOT SATISFY THE HYPOTHESIS.

.92E-07
.06E-06
L17E-07
.55£-07
.H4E-06
LTHE-04
.50E+02

.94E-03

.80E-04
.62E-04
.16E-04

.33E-04
W42E-03
H2E-04
.93E-07

.8BE~-02
JH9E-05

-1.

. 34E~05
.20E-07
.B4E-07
L94E-07
L42E-03
LH4E-10
.93E-03
.38E-03
.B1E-04
.69E-05

.80E-08

17E-06

.55E-08

.89E-06
.06E-03

LH1E-06
LTTE-07
.51E-06
.33E-04
L11E+03
.87E-03
.12E-02
.56E~05
.9CE~-04

.5BE-06
.T8E-03
.50E-04
.39E-03

]
~N—NNow S o

o

-3.

5
1

.55E-07
.26E-06
.93E-05
.88E+02
.02E-03
.22E-03
T2E-05
.9BE-04

.02E-06

46E-03

L04E-04
.83E-03

2.

-1
6
1

-6

-3.
2.

-6.
2.

-8

-4

07E-05
L46E-03 T
L03E-09 -5.
.26E-02 -1.
55E-03 -2.
08E-05 -1.
83E-04 2.
12E-08 2.
22E-06 -1.
.90E-08 2.

.28E-06 -3.

.B9E+01

11E+408
2TE+02
26E+02
83E+00
26E+00
62E~01
STE+O1
28E+00

14E+01

5.
-4
1
1
-2.

11E+08
64E+0L

.T3E+00
.S1E+00

4TE+00

-32E-01
5TE+01
.28E+00
.09E+01

—N O -

LT3E+02
L 14E+01
.T2E-01
.6ZE-0D2
.T8E-02
.19E+00
.18E-01

.33E+00

.32E+02
.29E-02
L35E-01
L3TE-O4
.19E+00
.18E-01

.13E+00

-

2
~5.

~3.

34E-02

6TE-03
21E-03

.06E-01
B4E-02
.53E-01

~TZ2-
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THE ABSOLUTE RATIO OF SIGNAL/VARIANCE

1 ACT)/VARCACT )
1 2.91E+05
2 3.70E+05

3 2.6TE+05
4 2.26E+04
5 2.08E+04
6 1.05E+05
7 1.6BE+04
8 1.36E+04
9 1.35E+02

10 4_43g-07

1 3.4TE+00

12 . 4.12E+00

13 2.2TE+02

14 1.84£+02

15 1.T6E+04

16 3.32E+02

17 1.90E+05

18 9.99g+02
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ssvssTHE FITTED DATAswsus
LEFT KIONEY . - BLADDER

OB~V B N -

T BLOOD AND TISSUE RIGHT KIDNEY
TINE(MINS) COUNTS/15 SEC COUNTS/15 SEC COUNTS/15 SEC COUNTS/15 SEC
.25 10093.7321 979.6544 501.4597 Ti4.6276
.50 9391.1181 1281.0791 T743.9169 664.88131
.75 8855.3615 1510.9211 928.7952 626 .9520 .
1.00 8445 .6251 1686 .6999 1070.1866 597.9430
1.25 8131.0703 1821.6453 1178.7328 575.6728
1.50 7888.4084 1925 . 7484 1262.4703 558.4925
1.75% 7700.0525 2006 .5539 1327 .4679 545 1571
2.00 7552.7219 2069.7595 1378.3086 534.7262
2.25 T436.3869 2119.6677 1416 .4534 526 .4898
2.50 T343.4736 2159.5279 1450.5158 519.9116
2.75 7268.2625 2191.7938 1476 . 4696 514 .5867
3.00 T206 .4342 2218.3185 1497 .8052 510.2094
3.25 7154 .7269 2240.5011 1515 .6483 506 .5485
3.50 7T110.6772 2259.3987 1530.8489 503.4298
3.75 7072.4249 2275 .8091 1544 .0490 500.7216
4.00 - 7038.5652 2290.3350 1555.7333 498 .3244
4.25 7008.0372 2303.4317 1566 .2678 496 .1630
4.50 6980.0396 2315 .4428 1575 .9292 494 .1808
4.75 6953.9674 2326 .6279 1584 .9262 492.3349
5.00 6929.3635 2337.1831 1593.4165 490.5930
5.25 6905 .8828 2347 .,2564 1596 .1661 494 .2836
5.50 6883.2647 2350.0834 1583.7009 519.68288
5.75 6861.3122 2331.8375 1560.2925 576.9219
6.00 68139 BT66 2298.26132 1529 .5381 656 .3260
6.25 6818.8454 2254 .3923 1494.0918 750.4341
6.50 6798.1339 2203.9388 1455 .8997 853.6457
6.75 6TTT.6779 2149.6273 1416 3774 ~ 961.8659
7.00 6757.4289 2093.4408 1376 .5434 1072.1272
7.25 6737.3502 2036 .8070 1337.1199 1182.3056
7.50 6717 . 4142 1980.7392 1298.6081 1290.9058
7.75 6697 .5997 1925 .9421 1261.3460 1396 .9002
8.00 6677 .8911 1872.8911 1225 .5507 1499.6073
8.25 6658.2761 1821 .8928 1191.3505 1598 .6007.
-8.50 6638.7458 1773.1293 1158.8093 1693.6408
8.75 6619.2931 1726 .6924 1127.9446 1784 .6232
9.00 6599.9128 1682.6085 1098.7407 1871.5408
9.25 6580.6008 1640.8578 1071.1593 1954 4547
9.50 6561.3542 1601.3879 1045 .1462 2033.4736
9.75% 6542.1704 1564 .1246 1020.6374 2108.7373
10.00 6523.0478 1528.9795 997.5628 2180 .4056
10.25 . 6503.9848 1495 .8556 975 .8494 2248 .6496
10.50 6484 .9804 1464 .6515 955 .4230 2313.645%6
10.75 6466 .0337 1435 .2642 936 .2104 2375 .5705
11.00 6447 .1440 1407 .5916 918.1396 2434 .59088
11.2% 6428.3106 1381.5334 901.1411 2490.9006
11.50 6409.5333 1356 .9928 885 .1484 2544 6397
11.75 6390.8114 1333.8767 870.0979 2595 .9731
12.00 6372.1448 1312.0963 855.9292 2645 .0503
12.25 6353.5331 1291.5669 842.5852 2692.0129
12.50 6334 .9761 1272.2088 830.0121 2736 .9949
12.75 6316 .4735 1253.9465 818.1594 2780.1226
13.00 6298.0251 1236 .7089 806.9795 2821 .5145%
13.25% 6279.6307 - 1220.4293 796 .4278 2861.2823
13.50 6261.2902 1205 .0450 T86.4626 2099.5304
13.75 6243.0032 1190.4974 TT7.0448 2936 .3567
14.00 6224 .7698 1176 .7314 768.11379 2971.8529
14 .25 6206 .5896 1163.6956 759.7079 3006 .1046



17.25%
17.50
17.75%
18.00
18.25
18.50
18.75
19.00
19.25
19.50
19.75
20.00
20.25
20.50
20.75
21.00
21.25
21.50

21.75%

22.00
22.25
22.50
22.75
23.00
23.25
23.50
23.75
24 .00
28 .25
24.50
28 .75
25.00

6188.
6170.
6152,

6134
6116

59715

5905
5871
5836

5785

57135

5701

5635

4626
3886
3673

.3987-
L4826
6098.
6080.
6063.
6045 .
6027.
6010.
5992.

6188
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