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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 ganuna 

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 
, 1 131 ' h' d h" f h conventlona 17 lppurate oses; t us a true test 0 t e 

ff " , '1 b' I' f 123 h' t / e lcacy awalts avala 1 lty 0 1- lppura e. ' 
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1.0 INTRODUCTION 

The kidney compartment model is a multiparameter model which 

t · t h ' f 131 h' t 1231 h' t quan 1ta es t e amount 0 1- 1ppura e or ,- 1ppura e 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 [lJ which we 

have adapted for evaluation of data collected from patients, dogs, 

mice, and rats using the scintillation camera. 

The mathematical model for the kidney assumes that the amount 

of iodohippurate q(t), in a compartment satisfies first order 

kinetics, 

dq (t) == a q (t) , 
dt 

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 

q(t) a 

where 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. The computer evaluation 

of the constant rate coefficients for the kidney model gives the 

rate of exchange of isotope in the blood, tissue, and tubular 

cells of each kidney. The kidney computer program not only eval

uates rate coefficients'but also determines the transport time 

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

initial quantity of iodohippurate in blood, tissue and tubular cells 

of each kidney. 



-2-

Data are collected from subjects who have been injected with 

'h 131r h' 123r· h' d" d d e1 t er . - 1ppura te or - 1ppurate an POS1 t10ne un er an Anger 

camera. These data are recorded for 15 second intervals on the UP 

5407 computer system. [2J 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 sets) 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 [3J which minimizes a least-

squares function. The algorithm requires the evaluation of the 

partial derivatives 

aq. (t) 
] 

aB, 
1 

j = 1, 7 , i = 1 ,n (1) 

where q. (t) is the activity vs. time for the jth compartment, B, 
J 1 

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 
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the system of differential equations, the relationship between the 

measured time functions and compartment time functions, a descrip-

,~ tion of the Marquardt algorithm, an explicit expression for each 

partial derivative, equation (1), an analysis of the covariance 

matrix for the estimated parameters and the results obtained from 

data taken from dogs, rats, and mice. Appendix A gives a listing 

of the computer program and Appendix B gives an example of the com

puter output. This report is a working document; therefore, many 

of the equations are developed in detail and equations 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 SYSTEH OF DIFFERENTIAL EQUATIONS FOR THE KIDNEY COMPARTMENT MODEL 

The theoretical model which represents the kinetics of the renal 

1 t ···· 1 0 131 h' 123 p asma sys emlS glv~n ln Flgure • nce I- lppurate or I-

.1! hippurate is injected into the blood, the orthoiodohippurate (Figure 2) 

is distributed among the red blood cells, free iodohippurate in 

plasma, plasma proteins, and interstitial and extracellular spaces [1]. 

The rate coefficients a l and a
2 

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 pool by glomerular 

filtration indicated bi the rate coefficients a 4 and a 7 for the 

right and left kidney respectively. The major portion of iodo-

hippurate diffuses into the proximal tubular cells with rate coeffi-

cients a 3 and a
6 

and then into the kidney estuary composed of dis

.tal tubules and collecting ducts with rate coefficients as and as. 

Once ~n the kidney estuary the iodohippurate is not reabsorbed as is 

water but passes down the collecting system to the bladder requiring 

an average flow time Tl for the right kidney and T2 for the left 

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

flow rate. 

The mathematical model 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 order kinetics, 

and the amount of iodohippurate in the blood pool, extravascular pool, 

right kidney tubular cells, and left kidney tubular cells equal u l ': 

u 2 , u 3 , and u 4 respectively, then the functions qi(t) can be expressed 

explicitly in terms of the variables a., u., T. by solving the 
111 

following system of differential equations. 
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dq2 (t) 

dt 

dq3(t) 

dt 

dq4 (t) 

dt 

dQs (t) 

dt 

dQ7(t) 

dt 

= -a2q 2 (t) 

= -aSq 3 (t) 

= 

o 

= 

= 
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+ a 1 q 1( t) 

+ a 3
q 1(t) 

if 0 t < T 
1 

if 0 < t < m 

if m < t < U 

and m = T 1 

if m ". t < H 

and m -- T - 2 

if t > M 

if 0 < t < "[2 

if t .> T 
2 
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This system of differential equations has a solution which is 

unique- [Theorem 1; 4]. The kidney es tuary, composed of renal tu

bules, collecting du~ts, renal pelvis, and ureters, represents a 

transitory state where the time lags Tl and T2 are experienced 

fore the io~ohippurate reaches the bladder. Atkins [5J points 

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 simple variations of 

the general model in Figure 1. For example, we can 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. 

be-

out 
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3.0 SOLUTION TO THE SYSTEM OF DIFFERENTIAL EQUATIONS 

We will use the method of Laplace transf~rms for determining 

the solution to the system of differential equations ['6 J. First we 

will solve the system of the first blO differential equations, 

(2) 

( 3) 

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

Simplifying by substituting the initial conditions at t == 0, 

gl(O) = u l and Q2(0) = u 2 ' gives 

(S + p) Ql(S) - a 2Q2(S) = u 1 

where P = a l + a 3 + a 4 + a
6 

+ a
7

" The solution to this system of 

equations is 

u
l ~ S+~2 u
2 u l (S+a 2 )+ a 2u 2 QI (S) = = 

S+P -a2 (S+P) (S+a 2 )-a l a 2 

(4) 

-ex
i S+a 2 

S+P u l 

- al u u
2

(S+P) +alu l Q2(S) 
2. 

= = 
(S+P) (S+a

2
) -al a 2 (S+p) (S+a

2
) -a

l 
a

2 

(S) 
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Now the roots of the quadratic equation 

are 

and 

P
2 

= -(p+a2)-[(p+a 2 )2 - 4a2(p-al)J~ 
2 

Substituting the roots PI and P2 into equations (4) and (5 ), we 

have 

u l (S+a2 ) + a 2u 2 
(S-P

1
) (S-P

2
) 

u 2 (S+P) + alu l 
(S-P1) (S-P

2
) 

which can be written as the sum of two fractions 

such that 

and 

A 

A 
Ql (S) = (s-p ) 

1 

+ B = U
l 

-P2A - PIB = u l a 2 + a 2u 2 

AI 

-P AI - P BI --
2 1 

( 6) 

( 7) 

( 8 ) 

(9 ) 

(10) 

(11) 
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The-refore 

A = 

0 

B = 

AI = 

BI = 

u 1 

u1 C1 2+C1 2u 2 

1 

-p 
2 

1 

-P 2 

1 

-p 
1 

1 

-p 
1 

-P 
1 

-13~ 

= 

= 

Now rewriting equations (10) and (11) as 

-1 

B I. 1 

-uIP1-uIC12-u2C12 

P2-P l 

-u2PI-U2P~C11 u1. 

P 2-P1 

u 2P+C11 u1 +u2P 2 -

P 2-P1 

and taking the inverse Laplace transform we have 

(12) 

(13) 

(14) 

(1!j ) 
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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 

q6(t), giving 

Q3 (S) 
a

3 
Ql(S) + 

u 3 
= S+cx r" 

. 
S+a t" 

:.> :.> 

Q6(S) 
cx

6 
Ql(S) + 

u 4 
= S+cx S 

. 
S+cx

S 

where we assume q3(O) = u 3 and q6(O) = u
4

• Substituting the ex

pression for the Laplace transform Ql(S) given by equation (12), 

we have 

Q
3 

(S) a
3 { A 1 1 + B 1 1 } u 3 = . . -- . S-P + --S+a S-P S+CX S+cx

S 5 1 S 2 

Q6{S) { A 
1 1 + B 1 1 } 

u 4 = a
6 

. -_ .. 
S-P 

. 
S+aS S-P +--S+cx S S+cx 1 2 8 

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

of fractions involving the variable S and rewrite Q3(8) and 06 (8) as 

Q3(S) ~3 {A 1 [1 1] + B 1 [ S\ - S~~5 ]} = . 
as+P l S~Pl 8+aS a s +P 2 

u 3 +-8+aS 

and 

Q6(S) ~6 {A 1 [S:P1 - s~a8 ] + B • 1 [S:P2 - s~a8] } = 
cxS+P l a s+P 2 

u 4 
+ --S+a S 

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

(17) we have 

(16) 

(17) 
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.. 
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q3 (t) { A • 
1 [ePl t _ e -ust ] + B . 1 [ b t - e-us t ] } = a 3 a s+P 1 a s+P 2 

+ -a:;t u 3e 

q6 (t) { A 1 [ ePLt _ e-ua t ] + B • 1 [pt -u t ] } = a . e 2 - e 8 , 6 a s+P 1 a s+P2 

+ u
4
e- a s t 

The kidney estuaries are transitory compartments with 

delay times T1 and T2 for the right kidney and left kidney respec

tively. Therefore the estuary compartments are each represented 

by two differential equations; for t < Tl or t < T 2 and t;· r 1 

or t > T2 • First for t < Tl we have the Laplace transform of q4' 

assuming q4 (0) = 0, 

Q4(S) 
.' 1 

Q3(S) 
1 

Ql(S) = a r· 
. . + a 4 

. . 
:J S S 

{ A 
1 [~ 1 1 s!us] = a3a~ . . 

S-Pl - S 
. 

:> a s+P
1 

+ B . 1 [ 1 1 1 1 ] } ---a s+P 2 S S-P (' S+al': 2 .:> 
:J 

1 1 { 1 1 + B . 1 s\} + a Su 3 S S+a
S 

+ a 4 
A • S . S-P S 1 

{ A· 1 [ 1 . ( 1 ~) 1 ( ~- s!"JJ = a 3a S PI S-P
1 

-a s +Pl as 

+ B . 1 [ 1 . ( 1 l) _ ~( 1 - S!"s) ] } a s+P 2 P2 
S-P - S as S 2 
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Taking the inverse Laplace transform, we have 

1 
[ ~I 

+ B • 1 
[ ~2 • (eP 2t - 1) 1 (1 - e-a5t~}+ u 3 (1 -a

5
+P

2 as 

+ a 4 { A • 1 (ePl t - 1) + B . 1 
(e

P
2

t 
- I)} 

PI P 2 

= f (t) for t < Tl 

For t > T 1 we then have 

As we did above for q4(t) we can solve for q7(t) giving the 

expression 
\ 

q7 (t) ~ "6"8 { A 

= g (t) 

For t > T 2' 

for t < T2 

-a, t 
- e S) 

The quantity ,of hippurate in the bladder, qS(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 get) to repre-

sent q4(t) for t < Tl and q7(t) for t < T2 respectively, we have 

qs (t) = 0 if t < m 
" 

qs (t) = get - T ) if m < t < H 2 

m = T2 

qs (t) = f(t - T 1) if m < t < M 

ill = T 
1 

qs (t) = g (t - T 2) + f(t - T 1) if t > M 

where m = min(T l , T2 ) and M = max(T l , T 2) • 
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4.0 THE SAHPLED DATA 

Using areas of interest outlined for the right kidney, left 

kidney, bladder, and blood and tissue, as shown in Figure 3, the 

5407 t h f . f . 1 HF A compu er system generates t e our tlme unctlons W
k

, 

~ W~, w~~ W~ for each time point t k • These tine fUnctions are re-

,~ 

,1 2 3 4) presented by the sample of n vectors Wk = (HI:' Hk , Hk , Hk ' k == 1, lJ , 

where 

~ll 
k 

'V Right Kidney 

w2 
k 

'V Left Kidney 

H3 
k 

'V Bladder 

w4 
k 

'\J 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 

N 

R(a, u, T, y) =1: 
k=l 

4 

1: 
Q,=l 

[H,Q, -
k (18) 

I 2 3 4 
where the sequence of ,vectors wk = (wk ' wk ' wk ' wk ), k = 1,N, ara 

related to the theoretical quantity of iodohippurate for each com-

partment, qi (tk ) , as follows 

ql (tk ) 

1 
q2(tk ) 

"\: q3(tk ) 

2 wk = q4( t k ) (19) 

3 qs (tk ) wk 

4 q6 (tk ) 
wk 

q7(tk ) 

The time functions W,Q, represent the observed data whereas w,Q, are pre-

dieted time functions as generated for various parameters cx, u, 'r, and y. 
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Areas of interest 

Right kidney 

Bladder 

Left kidney 

Blood and Tissue 

XBB 758 6278 

Figure 3. Areas of interest representin"g the tir.le 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 y proportionately relate the time function to the quantity of 
, 

iodohippurate in each compartment. Depending on how the areas of 

'. 1 2 3 lnterest are dellneated, the theoretical time functions w , w , w • 

4 
w may be related to the functions q. (t) as follows: 

1 

Hight Kidney: 

2 
Y 1 q6 (tk ) + Y2q 7(tk ) + Y6q l (tk ) + Y7Q2 (tk ) w

k == Left Kidney: 

+ YSqS(tk ) 

Bladder: 3 
Y 9QS (tk ) + YlOql(tk ) + Y 11 q2 (tk ) w

k == 

Blood and 

Tissue: 
4 

wk == YI2q l(tk ) + y I3q 2(tk ) + Y14 QS(tk ) 

+ Yl5 (q3 (tk ) + Q4 (tk » + Y1 6 (q6 (tk ) + Q7 (tk » . 

ri'hus the above system of equations can be written as 

ql (tk ) 

CJ 2 (tk ) 

I 
0 0 Q 3 (tic) wk Y3 Y4 Yl Y2 YS 

2 Y6 Y7 0 0 YS . Yl Y2 q4 (tk ) wk 
== 

3 YIO Yll 0 0 Y9 0 0 
wk qs (tk ) 

4 
Y12 Y13 YIS YIS Y14 Y16 YIG 

wk Q6(tk ) 

q7(tk ) 
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Time functions 

Bladder 

Left kidney 

Right. kidney 

Blood and tissue 

XBB 758 6279 

Figure 4. The generated time functions for the areas of 
interest given in Figure 3. 

• 
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The expressions for qi(t) were developed in the previous section 

and are summarized here as follows 

f (t) = 

q4 (t) = 

a 3a S { "sZP
1 [ 1 (ePlt-l) 

PI 

n [ 1 (eP 2t -l) + P 2 . a 5+P 2 

- 1 
as 

(l:e-"st)] 

e -aS t + u 3 

~ (l_e-Cts t )]}; -a t u (1-e5 ) 
3 

as . 

+ "4 { 
A (ePl t_ l ) + B (e

P
2

t
-l) l 

T 2) 

T 1) 

PI 

T 2 ) + f(t - T l ) 

P2 

for t < Tl 

for t > T 
1 

if t < m 

if m < t 

if m < t 

if t > .£11 

-a t + u 4 e 8 

< Mi m = T 2 

< Hi m = Tl 
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.. 

for t < T2 

where 
u1P 1 

+ u
l

a 2 + u 2 a 2 
A 

P2- P I 

u l a 2 
+ a 2u 2 + u

I
P2 B = P 2-P

I 

u 2P1+ u 2P + alU I A' = P2-P I 

U2P + a
l u l 

+ u 2P2 B' = 
P 2- P I 

P a
l + a

3 + a
4 + a

6 
+ a

7 

-(P+(
2

)+ 2 
4a2 {P-al ) ~ 

PI = (P+(
2

) -
(6 ) 

2 

-(P+(2 )- (P+(
2

) 2 4(x (P-a ) ~ P
2 = -

(7 ) 2 I 
2 
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~. h' 02{Wk~) for 'l'he sampled data point \Vk is assumed to be t e varl.ance 

the measurement. Therefore the minimum of 

N 4 

R(a,u,T,y) = l:l: 
k=l ~=l 

[w~ -
k 

t 2 
wk(a,u,T,y)] 

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

The time function for each area of interest represents data 

measured for a particular organ plus data from the projection of over-

lapping blood and extravascular pools, as well as scatter photons 

from other compartments. The elements ,of the matrix y will vary 

according to how the areas of interest are outlined. Therefore 

the example given above is only one possible functional relation

ship between the time functions w~ and the theoretical quantities 

qi for each compartment. The parameters of y which best fit the 

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

program • 
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5.0 ALGORITHH F.ORNONLINEAR 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 

B which minimizes the least-squares function 

T -I' 
R(B) = [W-W(B)] ~ [W-w(B1J (20) 

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

~ 
wI 

2 

W = 
~ 

is a km x 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 ~ in equa-

tion (20) has components made of a referred to in equation 

(18) along with the variables U,T,y as indicated by the expression e = 

(a, T, u, y) •. This is a nonlinear estimation pr6hlem since the 

i functions w. (B) are nonlinear in the vector variable B. Most methods 
J 

which minimize equation (20) use either a Taylor series expansion 

where successive approximations are made based on local linearity 

(Gauss-Newton method), or a gradient search also known as stecIlcst 

descent method. The Gauss-Newton method tends to diverge frequently 

·and the steepest-descent methods are very slow to converge. 

Marquardt [3J found that the angle <I> between the Taylor series 

correction vector 0t and the gradient vector 0g usually fell in the 
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In order that any method converge, the corrcc-

tion vector must be within 90 0 of the ~radient of R.Even though 

the Taylor series correction is within· 900 of the gradient, Har-

quardt found that a more appropriate direction would be one whicll 

interpolates between the gradient 0g and at' In algorithms which 

use either a Taylor series expansion or a steepest descent approach, 

both a direction and a step size must be determined. liowever, Har-

quardt's algorithm determines the direction and step size simultane-

ously. Before describing the Marquardt algorithm, we will first 

give expressions for the Taylor series correction vector 0t and the 

gradient vector ° . g 

5.2 Taylor Series Correction Vector 0t . 
Deutsch [7] outlines the Gauss-Newton algorithm and gives an . 

expression for the Taylor series correction vector at' It is sug

gested that the reader also study Deutsch [7J for a review of matrix 

calculus which will be helpful in understanding the development of 

some of the following equations. rrhe structure of each matrix will 

be shown explicitly in order to give the reader a better understand-

ing of how the elements are calculated. 

In ordei to minimize equation (200, one wants t6 solve the 

following equat~on for § 

where 

T 
V 8 (w ( p,) ) 

dwl 
I 

as n 

ml 
dWI dWk 

'····'3S1 '····'ds l 

m I d m dWl dWl;:: wk 
' ••• 0 'as , .... 'as , ...... , ~ 

n n )n 

Now if w(s) is a nonlinear function ln 6, we can expand w(S) in 

(21 ) 

(22) 

.. 
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a Taylor series and obtain 

km x 1 km x 1 km >c n n x 1 

(8 -B ) 
o 

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

and assuming that 

" T 
\j f3 (v,r(S) ) 

'" T 
~ \j . (w (B » 

f3 0 

we get 

= 0 • 

'" This is solved for S by first expanding (25), giving 

and then simplifying, 

(23) 

(24) 

(25) 

TT(~ ) ljI-lT(S) (S-S) = TT(§ ) ljI-l(H-w(f3 ». (2G) 
00 0 0 0 

If we substitute B =TT(S ) ljI-lT(S ) and E = TT(B ) ljI-l(W-w(B » 
o 0 0 0 

into equation (26), we have 

We can then express B as 

A A-

S = Bo + °t, (27) 

where 0t = B-1E is the Taylor series correction vector. 

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

o 

IjI = km x km 
(28) 

o 

• 
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where 0~ is the variance of each observation, then we can 
1 

evalUate B = TT(~ ) ~-lT(B ) as follows 
o 0 

B = 

B --

. 
dwl . 1 

n x km 

w-, .... ~' ..... . 
n n 

k 
1 

·m dw. 
1 I: 1: -2 

0 -. 
dB 1 1 

j=l i=l o. 
J 

k 
i 

m dVl. 
1 I: I: ~ --,-oB 1 

j=l i=l n o· 
J 

n x n 

·i 
dW. 
-2 

0 

dS 1 

dW: 
--1 

0 

dS 1 

Next we can evaluate E '.!/here E 

n x km 

1 m 1 m 
dW

1
dvV

1 
dW

k 
dW

k 
d"fC' . 0 0 --as-' 0 0 0 arr-' 0 0 0-as-

1 111 

E = 

1 m m m 
aWl aWl aW

k dWk 
~ ••.• _- 000-- 000--

d n' dB n ' dB n ' dS n 

giving 

km x km km x n· 

. . . . . . 

. . . . . . 

-1 I{f 

k I!\ 

I: I: 
j=l i=l 

k m 
1: 1: 
j=l i=l 

dB 1 ...... . 

1 
chi. 

1 .-1. 
0 -. 

(1(3 1 1 o. 
J 

dw7 1 --1 
0 -or 

dH 1 
n o. 

J 

'r A -1 "'-
= T (8

0
) I{f (Vi -H (S )), 

0 

km x km 

-1 
I{f 

krn x 1 

1 1 
VJ1-W l (So) 

dW~ 
~ 

0 

2r~ 
n 

aw~ 
. .~ 

dB n 

(29) 



... 

E = 

Therefore the 

bQ,p = 

eQ, 

k 

L 
j=l 

k 

L 
j=l 
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n x 1 

m 

L 
:1 

dW. 1 

~l·-l· 
i=l 

m dW~ 

Lar 
i=l n 

O. 
J 

1 · --.- . 
1 

O. 
J 

i i 
(W.-w. (6 » 

J J 0 

(W~- vJ~ (B » 
J J 0 

elements of the matrices B and E are 

k 1 i m dW. 1 
dW. 

L L -1. · . ~. 
dB Q, 1 Bp 

j=l i=l o. 
J 

k i 
m dW. 

1 i i 
L L ~ dB Q, · i (W . -w. (S » 

o. J J 0 

j=l i=l J 

(30) 

(31 ) 

(32) 

1 For the kidney model, o. 
J 

1 = W., m = 
J 

4, k = N, and the least-squares 

function (20) can be written as 

N 4 (VJ~ .-.w j
.- (B) ) 2 

R,(B) = L L J J 
W~ j=l i=l J 

(33) 

The Gauss-Newton algorithm is an iteration procedure which eval-

~ates the inverse of the matrix B at each iteration and gives a new 

approximation for the Qinimum solution B using equation (27). Once 

0t has been evaluated a step size must be determined in order that (3 

does not step out of the-region of the local minimum. Hartley [8J 

de~cribes ~n implementation of the Gauss-Newton algorithm and a 

method for evaluating this step size. However, the Gauss-Newt()n 

algorithm tends to diverge if So is not near the minimum &0 
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5.3 The Gradient Vector 6 
------------~--------g 

The gradient of the least-squares function# R(S), is 

V R (S) (34) 

where the matrix T is defined in equation (22). Substituting E 

into the above equation, gives a relationship for the gradient, 

o = 2E. 
g 

(35) 

For the Taylor series correction vector, 0t = B-1E, equation (35) 

gives a relationship between the Taylor series correction vector 

and the gradient vector 

(36) 

Harquardt [9] describes a modified steepest-descent algorithm using 

the gradient 0 which determines the minimum of R(S). However, g 

these steepest-descent methods are very slow to converge when e 
o 

is near the minimum s. 
5.4 The Marquardt Algorithm 

The Marquardt algorithm interpolates between the Taylor series 

correction vector 0t and the gradient correction vector 0g. 

algorithm is based on the following three theorems. 

The 

Theorem 1. Let \ 2. 0 be arbitrary and let ° 0 satisfy the 

equation 

(B + AI)6 = E. 
o 

Then 6 minimizes 
o 

R ( t5 ) 

on the sphere whose radius 

, ] T -1 [ (13
0

)0 \ji H-W(So) - T (130) <5 ] 

II <5 II satisfies 
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Theorem 2. Let 8(~) be the solution to the equation 

(E + ~I)8 = E 

for a given value of~. Then 1 16(~) 112 is a continuous decreasing 

function of~, such that as ~ -+ 00, 118(~)112.+ o. 

Theorem 3. Let ~ be the angle between 8(\) and 6. Then ¢ 
g 

is a continuous monotone decreasing function of ~ such that as 

A -+00, ~ -+0. Since 8 is independent of ~, it follows that 6 
g 0 

rotates toward 8 as ~ -+ 00. 
g 

The proofs of these theorems are given by Marquardt [3J • 

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 < Rn. 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, 

Rn+ l < R. Therefore the algorithm 

~ must be increased until 

selects ~ to ensure that 

the optimum choice for \ is taken. 

The Marquardt algorithm can be outlined as follows: 

1. Select an initial solution S and an initial value for 
o 

\ (say \=.01) and let v = 10 and set S=S • o 

2. Let S '=6 and evaluate the least-squares function, R=R(S) 

using equation (33). 

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

4. Evaluate the matrices B* and E* where 

b* .. = b .. I-'b .. b .. 
1J 1J ~ 11 JJ 

e*. = e. I AI b ... 
1 1 ~ 11 



5. 

and Al = 

6. 

7. 
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* * Solve for °1 and °2 where 

* (B*+A1I)-1 E* 
°1 = 

* (B*+A I)-l E* 
°2 = 2 

A and A2 = A/V. 

Evaluate °1 and °2 where 

* 
° li = ° li /..{b;; 11 

* 
° 2i = °2i /{b;: 11 

Scale °1 and °2 so that 

for all 1 

102i l < X. 
1 

where X is a vector of maximum allowed step sizes. 

8. Evaluate 61 and 82 where 

10. If Rl ~ R then let 

and go to 11., else 

if Rl > H. and R2 < R then let 

and go to 11., else go to 12. 
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11. Test for convergence: if 

10. I 
~ < (.", for all i 

then stop; else return to 2. Marquardt suggested that possible 

values for T and (. might Le T = 10- 3 and [ = 10- 5 • 

12. Let A = vA. 

* 13. Evaluate 0 \lJhere 

14. Evaluate 0 where 

* o. = o. 
~ 1 

/-~ ~ JJ ii 

15. Scale 0 so that 10. I < X. for all i, where X is the vector 
~ - ~ 

of maximum allowed step sizes. 

16. Evaluate S where S = S + O. o 

17. Evaluate R3 = R (S (A) ) • 

18. If R3 < R then go to 11., else go to 12. 

For an initial solution 8 the Harquardt algorithm converges 
o 

fairly rapidly to a local minimum. The initial choice of A = .01 

and V= 10 was suggested by Harquardt- [4J. If necessary A is 

decreased by the factor l/v in step 5 or increased by the factor v 

in steps 12-18 in order that an optimum choice of A is made which 

t ' f' n+l n sa lS les R < R • It has been found that A usually does not 

get very large.especially in the vicinity of the minimum • 

The properties of the solution 0t 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 S-space which leads to the transformation 
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of tile matrices Band Egiven in step 4. The new step sizes 8 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 procedures. Step 7 of the algorithm 

is an added test to ,insure that the step size does not go beyond 

some desired bounds. 



-. 
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6.0 TIlE Pl\HTIAL D:crUVATIVES 

The Marquardt and the Gauss Newton algorithms require the 

evaluatioh of the partial derivatives 

dW
j 
k 

as. 
l. 

in the matrix given by equation (31). The time functions wj(t) 

are a function of the system equationsq. (t) which describe the 
1. 

kidney compartment model. These system equations can be expressed 

as a function of the following variables 

where 

q(t) = (ql(t), q2(t), q3(t), q4(t), qS(t), q6(t), q7(t» 

PI' P 2 , T l , T 2 , ul' u 2 ' u 3 ' u 4 ) 

A = gl(a2 , PI' P
2

, ul' u2 ) 

B = g2(a 2 , PI' P 2' ul' u 2 ) 

A' = gi(a l , PI' P 2 , ul' u
2

) 

B' = g2(a l , P l , P 2 , P, ul' u 2 ) 

PI = hl(a l , a 2 , a 3 , a 4 , cx 6 ' cx
7

) 

P2 = h 2 (cx
l

, a 2 , a 3 , a 4 , cx 61 (
7

) 

P = h
3

(a
l

, a 2 , a
3

, a 4 , cx
6

, cx
7

) 

For the system equation corresponding to the blood pool, 

q (t) = A ePlt + B e P 2t 
1 

f ( t , aI' l~ 2' a 3' CI. 4' Ct 6' a 7' U l' u 2 ) • 
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The partial derivatives of q1(t) with respect to a i (i = 1,2,3,4,6,7) 

are 

aq 1 (t) aq 1 (t) 
0 

aas 
= 

aaa 
= 

aq 1 (t) P1+a 2 
e Pl t + 

P 2+a 2 e P 2t 
aU l 

= 
P2-P l P 2- P1 

dq1 (t) 0'.2 
e P l t 0'.2 

e P 2t 
aU 2 P 2-P l 

+'P -p 
2 1 

aq 1 (t) aql (t) 
0 aU 3 

= 'au = 
4 

<3q 1 (t) aq1 (t) 
0 

chI ~ = 
2 

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

1 ike q 1 (t) is a fun c t ion 0 f t, 0'.1' a 2' a 3' a 4' a 6 I 0'.7' u l' u 2' : 

The partials of q2(t) with respect to a i (i = 1,2,3,4,6,7) are 

aA' 
00'.. 

1 

I t ap 2 , P t 
e~2 + D' t e2 aa.-

1 
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dq 2 (t) aq2 (t) 
0 aa· = aa; = 

5 

aq2 (t) 0'.1 ePl t 
0'.1 

P')t e ~ 

= + 4. ;:luI 4JP 2-P l P2-P l 

... 
ePl t e P2t aq2(t) Pl+P P+P 2 

aU 2 
= P2-P l 

+ --
P2-P l 

aq 2 (t) aq2 (t) 
0 au = dU

4 
= 

3 

aq2(t) aq2 (t) 
0 ~ = aT 2 

= 
1 

The function q3 (t) , 

-

= ad 1 [ Pt -d] 1 [P2t -u,t] } q3 (t) A . e 1 - e 5 + B e - e J . 
as+P l a

s
+P 2 

== f(t, 0'.1' 0'.2' 0'.3' 0'.4' as' 0'.6' 0'.7' u l ' u 2 ' u 3 ), 

describes the quantity of iodohippurate as a function of time in 

the tubular cells for the right kidney. For i = 1,2,3,4,5,6,7, the 

partial derivatives of q3(t) with respect to a i are 
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= [
PIt -ar:t] e - e J 

+ A 
dP I t ePl t + dB 1 

as+P1 ~ ~o a s+P2 
1 1 

B aP 2 [ eP
2
t - east] - (a s +P 2 ) 2 -aa. + 

1 

For, i = S 

aq3(t) { - A [ P t - -at] e S 
da S 

= 0. 3 (as+P I ) 2 e 1 + 

B [ eP
2
t - e -"st] + - (as +P 2 ) 2 

For 1 = 8 

003 
1 

[ eP
2
t - e -"st ] 

B aP 2 t eP
2 t } 

~ a s+P 2 1 

A t e-aS t 
as+P 1 

B t e-"st} a s +P 2 
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1 

e J. -ar.: t ] .} 

aq3(t) 
{ n 2 1 [ P t -u,tJ 

dU
2 

= a 3 
el - e J 

P2-P l as+P 1 

+ 
a 2 1 [P2t -ast ] } P2-P

l a 5+P2 e - e 

= 0 

The function q6(t) whic~ is the quantity of iodohippurate in 

the tubular. cell compartment for the left kidney has an expression 

similar to q3(t), 

-a t + u 4 e 8 • 

For 1 = 1,2,3,4,6,7, the partial derivatives of q6(t) with respect 



to a. are 
1 

= 

a 1 
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e 8 -a tJ 

A -{ aA [ ePlt - e-ustJ aP1 [ P t + 
a<i"i (a

8
+P

1
) 2 aa-.- e 1 6 a 8+P 1 a. 

1 

A 
aP

1 t ePl t + an 1 
[ e

P
2

t 
- -a t ] + 

as+P 1 aa:- aa:- a s+P 2 
e 8 

1 1 

B 

For i = 5 

aq6(t) 
= 0 

~ 

For i = 8 

B t -a t} t e-aS t + a 8+P 2 
e 8 - u 4 

aq6 (t) {- Pl+a 2 1 [ e P 1 t _ e -uS t ] 
dU 1 

= a 6 P 2- P l a 8+P 1 

1 

-a tJ - e 8 
.' 



.. 

-43~ 

e 1 - e 8 [ 
.1' t -Ct tJ' 1 

e 2 
[ 

P t 

The functions q4(t) and q7(t), which measure the quantity of 

iodohippurate for the right and left kidney estuaries respectively, 

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

q4 (t) A [1 (eP l t _ 1) 1 (1 - e-as t )] = Ct 3 Ct S Ct
5

+P 1 P
1 

-
Ct s 

= f (t) for t < l1 

for t > II 

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



I ~ + a 3a S "I oa. 
1 

dB 
+ aa.-

1 

[- dP l P t 
(e 1 .aa. 

1 
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- (aS~p)2 ::~ [(e
P

2
t 

- 1)/P2 - (1 - e-"'st)/c<S] 

+ '" 5 ! P 2 [ - ::~ ( e P 2 t - 1) Ip / + t :: ~ e P hp 2] \ 

+ "41 ~~i (ePl
t 

- 1)/P1 - A ::~ (ePl
t 

- 1)/P/ 

dP
l +A t -_. 

da. 
1 

dP 2 P t 2 dP 2 eP2t/P2··1 - B (e 2 - 1)/P2 + B t -da. da. 
1 1 

f. (t) 
1 

f. (t) - f. (t-T
1

) 
1 1 

if t < Tl 

if t > Tl 



For 1 = 

3q4(t) 
= 3a

S 

S 

a
3 I A [1 (P1

t 
as+P I . PI e -

+ 
B [ I (e

P
2 t - 1) 

a s+P
2 

P
2 

-cx, t + u
3 

,t e S 
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1) 1 -a t ] - (1 - e 5) 
as 

1 
(1 - e-ust)JI -

as 

-a t ] (1 - e S )/a
S 

-a t ] I -t e S laS 

if t > T I 

For i = 8 
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dq 4 (t) ! -Pl+0'.2 1 [ (eP 1 t - l)/Pl -a t ] 
dU

1 
= 0'.30'.5 - (1 - e S )/0'.5 P2-P1 O'.S+P1 

+ P2+ a 2 1 
[ (e

P
2

t - 1)/P2 (l - -a t ] I P 2-P 1 a s+P 2 
- e 5) /0'.5 

+ 0'.4 I -
P1+a 2 1 (eP l t - 1) 

P2+a 2 1 (eP2t - 1) I P 2-P1 PI 
+ 

P2-Pl P2 

for t < Tl 

for t > T 1 

dq4(t) 0'.2 1 [(ePl t _ -a t ] 
dU 2 

= 0'.30'.5 1)/P1 - (1 - e 5 )/(~5 P 2-P 1 a s+P 1 

+ 
0'.2 1 [ (e P2t - l)/P - (1 - ~-a5t)la5]1 P 2-P1 0'.5+P 2 2 

+ 0'.4 I 0'.2 1 (ePl t - 1) 
0'.2 1 

(eP
2

t - 1) I -
PI 

+ P 2-P 1 P2-P1 P2 

= f (t) 
u 2 

for t < Tl 

dq4 (t) 
( t) fu (t-T 1) dU 2 

= f u 2 2 
for t > T 1 

f ( t) = (1 - -O'.r- t) e J 

dq 4 (t) 
u 3 

dU 3 
= f ( t) f (t-T) -

u 3 
u 3 1 

()q4(t) 
0 ()u 4 

= 
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For T1 

= -f (t-T) 
T1 1 

if t > T 1 

For T2 

dq
4

(t) 

dT
2 

- 0 • 

The function q7(t) has the form 

q7 (t) ~ "6"B I "B~P1 [~1 (e
P

1 t -

+ B [~(eP2t _ 1) 
a s+P 2 P 2 

1 (1 - e-ao t )] I as + u 4 (1 - e-"st) + "7 I ~l (ePl
t 

- 1) 

+~ 
P2 

(e
P

2
t 

- 1) I 
= g (t) for t < T 

2 

for t > T 2 • 
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The partial derivatives for q7 have expressions similar to the partial 

derivatives of Q4' for i = 1,2,3,4,6,7 

IdA 
aa. . 1 

[ - dPl P t ·2 dP 1 P t 
(e 1 - 1)/P

1 
+ t e·l/P

1 aa.- aa.-
1 1 

] 
dB 1 [~2 (e

P
2t - 1) 1 (1 - e--aS t ) .] + -- -dO.. a 8+P 2 as 1 

B 
dP 2 [ 1 (eP 2t - 1) 1 -a t ] - (a

8
+P

2
)2 - (1 - e 8) dO.. P2 0'.8 1 

B [ _ ,P2 
(eP 2t 1)/P2 2 + t 

dP2 
e

P
2

t 
/P 2 .] + a 8+P2 dO.. ~ 

1 

I ,A (ePl t _ 1)/P1 - A 
dP 1 

+ 0. 7 da i aa. 
1 

+ A t 
dP 1 e

P
l

t
/P 1 + dB (eP 2 t -aa:- ~ 

1 1 

dP2 
(eP 2 t - l)/P 2 + B t 

dP 2 
- B ~ 2 aa.-

= g. (t) 
1 

1 1 

1 

(ePl t _ 1)/P1
2 

1)/P2 

e P2t /P 2 I 

I 
., 



PO. 

aq7 (t) 
- = g. (t) - g. (t-T

2
) 

ac/,. 1 1 
1 

For i = 5 

For i = 8 

[ (1 

-a, t 
+ u

4 
t e 8 
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if t > T 
2 

if t < T2 

if t > T 2 



-50-

dq7(t) 

1-
P

1
+a

2 1 [ (eP1 t - 1)/P 1 - (1 - -a t ] 
dU 1 

= a 6a B e B) laB Pi"-:P 1 a
B

+P 1 

+ 
P 2+a 2 1 [ (e

P 
2 t 1) IP 2 - (1 - e-a 8t )/a s ] I -P 2-P

1 
a B+P 2 

+ a71 
P1+a 2 1 (eP 1 t - 1) + 

P2+ a 2 1 (eP 2t -
1) I P 2-P 1 P1 P -P P 2 2 1 

= gu (t) for t < T2 -1 

dq7(t) 
( t) - g (t:""T) for t > T 2 dU 1 

= gu u 2 1 I . 

Zlq 7 (t) a 2 1 [ (eP1 t _ 1)/P1 
-at ] 

aU 2 
= a 6 a B - (1 - e B )/a

S P 2-P 1 a B+P 1 

a 2 1 
[ (e

P
2

t 
1) /P 2 - (1 - -a t ] + P 2-P

I 
- e S) laa a B+P 2 

+ 
1 

a 2 1 (eP 1 t - 1) 
a 2 1 (eP 2t - 1) a 7 P 2- P1 PI 

+ P 2-P1 P 2 

= gu ( t) for t < T2 -2 

aq7(t) 
( t) - g (t-T) if t Zlu 2 

= gu . > T 2 
2 u 2 2 

aq7(t) 
0 aU3 

= 
.. 

gu (t) = (1 _e-aB t ) if t < T 
2 

aq7(t) 
. 4 

= aU 4 gu ( t) - g (t-T) if t > T 2 u 4 2 . 
4 
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For Tl 

dq7 (t) 
0 aT:"" = 

1 

For '1 2 

dq7(t) 
0 if t < dT 2 

= T2 

dq7 (t) 
dT

2 
= - a 6aa 

= -g ( t - T ) if t > T 2 • 
'1 2 2 

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

a function of time for the bladder and has the expression 

0 if t < 'fa 

g(t-T 2 ) if m < t < r1 ; m - '[2 

qs (t) = f(t-T
l

) if t m < < N; m = Tl 

9(t-T 2 ) + f(t-T
l

) if t > H 

where m = min(T l , T2 ) and M = max(T l , '1 2). The partial derivatives, 

of g(t) and f(t) with respect to a:, u., T. have previously been 
111 

evaluated in the determination of the partial derivatives for q4 

and Q7' Therefore the partial derivatives of qs (t) ""i th respect 

u., T. are 
l' 1 



0 

dqS (t) gx(t-T 2 ) 

ax = 
fx(t-T l ) 

gX(t-T 2 ) 

where x = a., u., T .• 
111 

+ 
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if t 

if m 

if m 

f
x

(t-T
1

) if t 

< m 

< t < M' I m == T2 

< t < 1-1 ; m == T1 

> H 

The variables P l and P 2 are functions of ai' 1 == 1,2,3,4,6,7 

and have the functional relationships 

where 

and 

P = -(P+a 2 ) + 81 
1 2 

dP
1 

":"Sl+a2+P 
= da 1 2S1 

dP l 
da 2 

dP l 
aa 3 

dP 2 
aCt

1 

= 

= 

= 

-81+a2+2a l -P 

2S1 

-Sl-a +P 
2 

2S1 

-81-a -P 2 
281 



aCt 2 

oP . 2 
aCt 3 

= 

= 

-51-Ct -2Ct +P 2 1 
251 

-51+Ct -P 
2 

251 
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The variables A, B, AI, and B' are functions of 

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

A = 

. B = 

B'= 

-UlP1-U1Ct2-U2Ct2 
P 2-P

l 

ulCt2+Ct2u2+U1P2 

P2-Pl 

U2P+CtlU1+U2P2 

P2-P l 

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

aA 
aCt. 

1. 

aB 
aa. 

1. 

For 

aA 

= 

= 

i 

aA - ra. 
1. 

= 2 

(U1P1+U1Ct2+U2Ct2)8P2 _.-
dCt 2 

(p _p ) 2 
2 1 

Ct. , 
1. 
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oB aA 
~2 

- - aa . 
2 

For l == 1 

(u2Pl+u2P+alul)aP2 - (u2P2+u2P+alul)oPl + ( u 1 + U 2) (P 1 -P 2 ) 

aA' oa l aa 2 
oa l = 2 (P

2
-P

l
) 

dB' oA i 

== aa l oa l 

For i = 2 

(u2Pl+u2P+\Ul)dP2 _ (u2P2+u2P+alul)aP2 

oA' da da 2 
da 2 

2 
= 2 (P 2-P

l
) 

013' aA' -da 2 oa 2 

For i :::: 3,4,6,7 

(u2Pl+u2P+alul)oP2 - (u2P2+u2P+alul)aPl + u 2 (P l - P 2) 
aA' ~ ~ 
aa:- l l 

2 l (P 2-P
l

) 

aB' oAt 
aa.- - aa. 

l l 

Instead of giving explicit expressions for each partial 

derivative, numerical differencing methods or numerical initial 

value methods used to solve ordinary differential equations [lOJ 

can be used to evaluate the partial derivatives of the compart-

ment equations with respect to the model parameters. If we denote 

the syster,l of compartr~ent equations by q and the system of differ-
i 

ential equations given in Section 2 by q , then 
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• • 
c&(a)=~+*-* 

• is a system of differential equations in terms of the dependent 

variable aqjas and the independent variable t. The system of 

• 
equations q is a function of q and S and one can easily give an 

• • 
explicit expression for aq jas and aq jaq. A solution to this 

system of ordinary differential equations is evaluated using 

either an implicit or explicit Runge-Kutta method. To implement 

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 covariance matrix for the estimated parameters gives 

the expected correlation between parameters and gives a measure of 

how the estimates are expected to vary for data samples taken under 

the same experimental conditions. The covariance matrix is a 

function of the measured errors if the weighting matrix ~ is 

chosen 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 

model the ratio of the signal (estimate) to the variance increases 

linearly as the counting rate increases between 2000 and 10000 

counts per 15 seconds. The off diagonal elements are the covariances 

which are a measure of the degree of correlation between the model 

parameters. This section will point out those parameters in the 

kidney model which have a high degree of correlation. 

Assuming that 8 is the true value of the parameter, we can give 

expressions for the variance and covariance of S using the definitions 

A 

var(S) = 

cov(8. 
1 

"-

, 8.) = 
J 

"-

E[(8. - 6.)(8. - 8
J
.}]. 

1 1 J 

Expressing thi~ in matrix notation gives the covariance matrix t 

which is defined to be 

A 2 
E[ (61-8 1) ] 

E[ (6 2-6 2 ) (8 1-8
1

) J 

() 

E [(S -B ) (8 -B )] 
n nIl 

E [ (S 1 -6 1) (S 2 - 6 2) J • • •• E [( B 1 - B 1) (B 11 - B n) ] 

E[(B
2
-6

2
)2 J 
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For the matrix C, we use the notat.ion E {C} to mean the same thing 

as the matrix D where the elements of D satisfy d .. = E[c .. J. 
1J 1.J 

Therefore we can rewrite the covariance matrix CP, giving 

(37) 

The distribution for the estimate S is the direct result of the 

noise in the methods used to detect time function activity. This 

noise is measured and represented by the weighting matrix~. 

The claim is that the. covariance matrix for the parameter (3 is 

-1 
cP = B = f (~) ., 

where B is the ~atrix given in equation (29) at the final iteration. 

To prove this result first substituteR = Bo + B- 1 E into. 

equation (37) givi'ng 

A T 
-(3 8· o (38) 

T A -1 A T A -1 [ A] where B = T (Bo) ~ T(So). Since E- T (B ci ) ~ R-W(So).' therefore 

we can s.ubstitute E into equation (38) giving 

'" T 
B o 

_ 
B-ITT(S"'o) \1/-1 [R ("')] T '" T Q(B-ITT (,,) \11-1 [1' (" »))T 

T -w Bo S -SSo -P Bo T ,-w Ro 

(39) 

" 
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Now consider the relationship between the observed, the actual, 

and noise vectors: 

w = + x 

Observed True Value + Noise 

substituting this into equation (39), we have 

¢ = E t SoBoT +B-ITT({~o) ,¥-l [w(S)-W(Bo ) + x] 8
0

T 

A -1 T -1 A ] ) T 
+ So(B T (Bo) '¥ [w(B)-\v(So) +x 

[ W (13 ) -w (13 ) + x ] ) T o . 

. .. ...;1 T- -1· 
The substitution Q =B T (13 ) '¥ gives the expression o 

T 
f3 

(40) 

(41 ) 
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Expanding equation (41), we have 

<P = E {BOBOT + Q [W(B)-W(BO)] SoT + QXSOT+Bo [";((1)-W(Bo ) J T QT 

+ GOXTQT + Q [W(G)-W(Bo )] [W(3)-W(BO)] T QT+ Qx [wUH-Wd~o) ] T QT 

T ",rr [ ]T T TT T} - QxB - BS o -6 w(S)-w(So) Q - Sx Q + BS . 

Now if we assume there are sftlall deviations betweenf3 and R o 

i.e. Bo ~ Band w(S) ~ W((3
0
), then most of the terms in equation 

(42) cancel giving 

(42) 

<P = Q E { xx T} QT·. ( 4 3 ) 

We assume that the covariance, E { xxT
} , for the noise random var-

iable x is the weighting matrix~. Therefore 

¢ = Q ~ QT • 

If one is able to choose the weighting matrix ~ such that ~ equals 

the covariance matrix for the error random variables then this is 

advantageous in that for any matrix ~' 

<P (~) .s. ¢ (~ , ) 

where the inequality relationship means that 

<P (I¥ ') - <P ('1' ) 

is a non-negative definite matrix. 

Simplifying equation (43) gives 

T 
<P = Q ~ QT = B-1TT ((3 ) ~-l ~,¥-l 

T 
T(S )B- l 

o o 

T 
T(S )B- l 

o 

(44 ) 

,. 
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In order that the relationships 

W (B) - w (B ) 
o 

are satisfied, the matrix B is evaluated at the final iteration 

from equation (29). For the kidney model the elements o~ of the 
1 

. . ( j matrlx IJ! glven by equation 28) are equal to the measured data W. , 
1 

assuming that the measured data is Poisson distributed. 

Figure 5 is a plot of the absolute ratio of signal to the 

variance versus total counting rate for the model parameters a
1 

and T
2

• The plots are linear functions for 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 at every 1000 total counts per 15 seconds between 

2000 and 10000 using Gausian noise with a standard deviation equal 

to the square root of the courits. The total counting rate repre-

sents the sum of the initial counting rates for the blood pool, 

extravascular pool, and tubular cells. The parameters TI' T 2 , and 

a l have the\ largest slope and thus have the greatest increase in 

their signal to variance as the total counting rate increaseS. The 

parameters u l ,u2 ,u3 ,u4 are least influenced by counting statistics 

and appear to be flat between the ,counting rates of 2000 and 10000. 

In view of the data presented in Table 1, it appears that the 

following theorem and corollary might be true. 

Theorem: For the kidney model the covariance matrix ~ decreases 

monotonically as the total counts increase. The matrix ~ decreases 

in the seIlse that 
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Figure 5. Graph of the absolute ratio of the signal to 
the variance as a function of c6unting rate fOr the ~odel 
parameters a l (rate constant from extravascular pool to 
blood pool) and T (left kidney estuary delay time). 

2 

.• 

.' 
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if ¢l(Cl ) - ¢2(C2 ) is ~ non-negative definite matrix and C2 

(C. = Total Count Rate). 
l. 

.. 

> C 
1 

Corollary: The variances for each'of th~ parameters decrease 

monotonically as the total counts increase. 

These results are not prov~d nor is it known if sufficient condi

tions are given for such results to be trrie. 'Ho~ever, in light of 

the data present~d, these results seem plausible. 

To illustrate what the graph and table show,let's assume that 

i.. i a. == f.c 
) J 

where c is the total counting rate and f~ is the fraction of the 
J 

i total counting rate measured for the data sample H' I giving the 
) 

expressions 

w~ 
) 

w~ 
) 

i 
=f:jC 

== g~(S)c 
.J 

L f~ = 1 
i,j ) 

i .wherewe assume that the functions gj(S) are independent of the 

counting rate. The expression for b lp at the point Bo in equation (31) 

-cdn be rewritten as 
N 4 i 1 

i 

bR,.p == L L c 
ag

j (Bo ' 
~ 

¢a g'j (Bo) 

. 1¢ a Bp a BR, f. 
j==~ i=l ) 

k m 

j=l i=l 



I Signal/Variance I 

Linear 
Counts/IS sees Coefficients 

Parameter 2000 ·3000 . 4000 5000 6000 7000 8000 9000 10000 a b 

a 1 i12 138 163 188 213 240 267 2% 326 .0265 56.89 

a 2 1150 1520 1·870 2210 2550 2890 3230 3590 3950 .3468 470.11 

Cx 3 7.15 10.6 13.8 16 • .7 19.5 22.2 24.7 27.2 29.7 .0028 2.33 

a 4 31.0 35.0 37.2 38.6 39.4 39.9 40.2 40.4 40.5 .0010 31.87 

as . 4.00 5.12 5.98 6.69 7.32 7.89 8.42 8.93 9.;42 .0007 3.17 

a 6 1. 96 3.76 5.70 7.67 9.64 11. 6 13.5 15.5 17.4 .0019 -2.01 I 

.488 .520 .366 .10.0 .229 .592 .971 1.36 1.75 
0) 

a 7 
. .;:. 

I 
a 8 .713 1.43 2.21 3.02 3.83 4.64 5.44 6.25 7.05 .0008 - .95 

u 1 .142 .135 .130 .127 .125 .124 .123 .122 .122 

u 2 .226 .221 .217 .215 .213 .213 .212 .213 .213 

.. u 3 .522 .526 .528 .528 .529 .531 .533 .535 .537 

u 4 .1.04 1. 02 1.01 1.00 .994 .992 .990 .990 .99 

'1 233 350 466 581 693 803 911 1020 1120 .1l1~ 19.33 

. '2 242 390 544 700 858 1020 1180 1340 1490 .1572 -80.73 

Signal/Variance J = a • counts I 15 sees + b 

Table 1. The absolute ratio of the signal to variance 
as a function of the counting rate for the parameters of 
the kidney compartment model is linear for these data 
with s10pe a and intercept b." 

• 
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, -1 
If we express b

lp 
as b lp ~ c b lp and b lp 

1 '-1 = c b
lp 

, then from equation 
A 

(44) the variance of the parameter ai is 

-1 
b .. 
II 

1 '-1 = - b .. 
C II 

Therefore the ratio of the signal to the variance is 

A A 

a. 
l c a· l 

x = :-r=T 
var (a . ) b .. 

l II 

and thus goes linearly as a function of the counts. 

Table 2 gives the normalized covariance matrix for simulated 

data with a total count rate of 10000 counts per 15 seconds. 

Gaussian noise with a standard derivation equal to the square"root 

of the counts was added to the data. Since the covariance matrix 

is symmetrical only the lower triangular portion of the matrix is 

shown. The covariance matrix indicates a parallel relationship 

between the left and right kidneys for parameters which have a high 

correlation. For example, the flow rate constant a 3 for the blood 

to the tubular cells and the glomerular(filtration rate constant 

a 4 for the"right kidney have a covariance cov(a3 ,u 4 ) = -.991 and 

the correspondirig parameters for the left kidney a6 and u7 have a 
A A 

covariance cov(a
6

,a
7

) =-.997. The parameters with the l1igh degree 

of correlation are indicated in Figure 6. 



Normalized Covariance Hatrix for Total Counts of 10000 per 15 Sec 

" " " A 

Cov (B . ,B .) = E [ (B. - B . ) CB. ,... B.) ] 
1 J 1 1 J J 

1.000 
.946 1. 000 

-.682 -.722 1.000 
.661 .683 -.991 1. 000 

-.707 -.723 .979 -.972 1. 000 
-.677 .-.789 .522 -.472 .543 1.000 

.663 .767 -.497 .452 -.526 -.997 1. 000 
-.725 -.803 .558 -.522 .588 .984 -.986 

.718 .623 -.390 .356 -.370 -.186 . .145 
-.721 -.653 • 391 ..,..336 .366 .243 -.193 
-.290 -.200 .437 -.505 .376 -.190 •. 210 
-.193 -.079 -.152 .136 -.087 .017 -.060 
-.046 .009 .148 -.185 .248 -.132 .138 
-.268 -~126 .039 -.061 .074 -.048 .037 

a l - Blood Pool to Bxtra vascular 
a

2 
- Extra vascular to Blood Pool 

a 3 - Blood Pool to Tubular Cells (right kidney) 
a4 ... Glomerular Filtration Rate (right kidney) 
as - Tubular Cell Flow Rate (right kidney) 
a

6 
- Blood Pool to Tubular Cells (left kidney) 

u 7 - Glomerular Filtration Rate (left kidney) 
a 8 - Tubular Cell Flow Rate (left kidney) 
u l - Blood Pool at T 
u2 - Extravascular pgol at T 
u 3 - Right Kidney TubularCe~ls at T 
u 4 - Left Kidney Tubular Cells at T 0 

11 - Estuary Delay Time (Right Kidn~y) 
1'2 - Estuary Delay Time (left Kidney) 

1. 000 
-.197 1.000 

.242 -.965 1. 000 . 
-.128 -.524 .374 

.030 -.321 .128 
-.089 -.074 .053 

.085 -.309 .263 

1.000 
.133 1.000 
.207 ~.050 

.224 .203 
1.000 

.055 1.000 

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. 

... • 

. I 
0' 
0' 
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l ~ 
cov (u1 ' u 2) = -.965 

"- "-

cov(a1 ,a2) = .946 

~ I 
"- " COV(Cl4 ,Cl3) ="-.991 ql q2 

I I I I I I 
I 

.~ 1 -¥ 1 ! " 
q3 COV(Cl3 ,aS) = .97S q6 cov(a6 ,a 

I -.99 
" " 

, c ov(a6 ,Cl8) =.984,11 
.!. ! 

=~ q4 
Cov(Cl7 ,a 

q7 f---
, -.98 

.. qs .... 

Figure 6. The kidney compartment parameters which have a 
high degree of correlation. 

8) sa 

6 

T. Lindmo, A. Skratting,· and K. F. Nakken CLlJ suggest that a model 

which does not have a pathway for glomerular filtration represented 

here by the rate constants a 4 and a
6 

is a better compromise between 

a physiologically represen~ative model and one that ban successfully 

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

high correlations. 
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8.0 RESULTS 

The results of six animal studies are given in Figures 7-14. 

The data are fitted to models both with atid without glomerular fil-

tration and with different cross-talk matrices representing the 

relationship between the data collected as time functions and the 

blood, extravascular, kidneys 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 desirable 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 algorithmgiv-

ing erroneous results. 

The results presented in Figures 7-14 represent data that were 

fitted to cross-talk matrices giving one of the following system of 

equations for the two kidney model. The identifications TF2l, TF24, 

TF27, and TFll refer to the corresponding subroutines used to eval-

uate these time functions and are described in Appendix A. 

TF2l -

Tl = Yl (Q3 + Q4) + y 2Ql + y
3

Q2 + Y4Q5 

'I'2 = Ys (Q6 + Q7) + Y6Ql + Y7Q2 + YOQ5 

T3 = YIO Ql + YIIQ2 + Y9Q5 

T4 = Y12 Ql + Y13Q2 + Y14Q5 + Y 15 (Q3 + Q4) + Y16 (Q6 + Q7) 

TF24 -, 

Tl ~ Yl Q3· + Y2 Q4 + Y3 Ql + Y4 Q2 + Y Q5 5 

T2 Yl Q6 + Y2 
Q7 + Y6 

Ql + Y7 
Q2 + YoQ5 

T3 - YIOQl + YIIQ2 + Y9 Q5 

T4 = Y12Q1 + Y13Q2 + Y14Q5 + Y15(Q3 + Q4) + Y16(Q6 + Q7) 
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TF27 -

Tl + Q3 + Q4 + yl(Ql + Q2) 

T2 = Q6 + Q7 + y 2 (Ql + Q2) 

T3 = Q5 + y 3 (Ql + Q2) 

T4 = Y4(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 

blood and tissue. For the one kidney model the data were fitted 

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

TFl'l' 

Tl = Q3 + 04 + Yl (Ql + Q2) 

'T3 = 

Q5 + Y 2 (Ql + Q2) 

Y3(Ql + Q2) 

where the'time functions are represented by Tl for the kidney, 

T2 for the bladder and T3 for the blood and tissue. The matri~ 

of coefficients y. is shown in Figures 7-14 as W. 
1 

Figure 7 shows the estimated ,one kidney model parameters 

for data collected from a mouse. A time interval of 10 seconds 

was used instead of the 15 seconds used in the dog studies. The 

parameter results indicate a very rapid uptake and washout of 

iodohippurate with a short delay time in the kidney estuary. These 

,.' 

parameters were easier to evaluate 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. However, the uptake and washout were much slower 

for this particular sample ahd the estuary delay times of 5.40 and 

3.58 rninutes were surprisingly long. Using SUBROUTINE TF27, the 

linear coefficient Y2 representing 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 tria'ls with such a model 

gave negative values for the glomerular filtration rate coefficient. 

A dehydrated dog study was done using a model with glomerular 

filtration and SUBROUTINE TF27 was used to evaluate the time func

tions. Th~ fitted data for the parameters given in Figure 9 has 

a chi-square equal to 8029 for a sample size of 120. The average 

delay times of 3.42 and 2.72 minutes did not seem indicative of a 

dehydrated dog since other studies with hydrated dogs gave similar 

results. However, these values can change from 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 glomerular filtration 

giving chi-squares which are nearly equal. The time functions were 

evaluated using SUBROUTINE TF24. A model without glomerular fil

tration was selected after the model with glomerular filtration 

gave a negative rate coefficient. .A negative coefficient implies 

reabsorption of iodohippurate 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 not a simple addition of the previous rate 

coefficients for glomerular filtration and tubular cell uptake. 
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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 which 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 SUBROUTINETF21 gave a better fit for the second 

study. The results for the third study (Figure 14) gave a high 

positive value for Y15 = 2.28, and a large negativ~ value for Y16 = 

-1.10. Studies indicate that these two parameters are highly cor-

related with the ratio of the signal to the variance equal to 114 

for Y15 and equal to .0334 for Y16' 

Using the SUBROUTINE TF27, the fitted data gave high chi-squares 

indicating that the model did not allow for enough degrees of 

freedom. However, a model with more parameters has higher para-

meter correlations which result sometimes in the covariance matrix 

-1 
B , equation (44), being singular. At each iteration, the Marquardt 

algorithm inverts the matrix (B + AI) in determining the step 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 squares solution can still be found, since adding a constant 

to fue diagonal elements insures that (n + AI) remains positive 

definite. 

The estu~ry 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 
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data sample as shown in Figure 14. The ~nitial conditions are 

poorly estimated as denoted by the negative estimates for some of 

the parameters and the low·ratio of the signal to the variance 

given in Table 1. 

with the small sample size, it is difficult to evaluate th.e· 

relative differences in the kidney function for the dog, rat, and 

mouse. However, the mouse had by far the fastest uptake and ex-

.cretioh as indicated by the short estuary delay time whereas the 

rat had a long estuary 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 DeGrazia and 

co-workers [1]. 

The glomerular filtration rate is difficult to evaluate· 

since in many of the studies negative values were obtained. Pitts 

[12] indicates that the filtration fraction of normal man for the 

glomerulus varies from 16 to 20% and that of dog from 20 to 30%. 

Our results showed for iodohippurate that the glomerular filtra-

tion ranged between 6 and 50%. The glomerular fil tr.ation for the 

mouse represented 50% of iodohippurate extraction from the blood. 

These results are similar to that which T. Lindmo and co-workers 

nn obtained, indicating that the glomerular filtration results 

gave higher glomerular extraction percentages than actually should 

be experienced physically. 

We did not measure the amount of free iodine in the commercial 

, f 131 d 123 h' t preparatlons 0 I an 1- lppura e. Blaufox and co-workers 

L14] indicated that they had one shipment of iodohippurate which 

had a maximum of 4% free iodine whereas most shipments averaged 2% 

or less. Unrealistid rate coefficients for glomerular filtration 

and tubular cell excretion may 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 appropriate 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 hippurate reaches equilibrium very rapidly 

representing 17% of the hippura~e mass in the red cell [14]. The 

in vivo studies indicated that after 5-10 minutes the erythrocytic 

1311 accounted for about 15% of the whole-blood radioactivity." The 

rate of uptake of iodohippurate may vary between red cells and 

tissue cells, therefore one compartment may not properly model the 

extravascular pool. 

A major problem in determining renal function is that the 

time functions generated for the various areas of interest repre

sent that organ or compartment plus unknown contributions from 

other compartments, as well as errors dUe to attenuation and 

scattering of photons. Scatter fr6m the bladder significantly 

affects data sampled from the kidney region of interest. Britton 

and Brown [15] injected 131I-labelled Human Serum Albumin to 

eliminate the background pools from the renal curves by using the 

technique of Computer Assisted Blood Background Subtraction. Since 

se~um albumin is not incorporated into tissue, the problem still 

remains of measuring extravascular pools. Farmelant and co-workers 

[16J used an area of the upper chest whereas Holroyd and co-workers 

[17J 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 overlapping 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. The model does not require 

plasma and urine samples which Blaufox and co-workers [l8] used to 

determine the exponential components in the time function for the 

blood pool. However, the computer program evaluates the parameters 

automatically and does not require a posteriori information to 

determine the portion of the blood curves which are dominated by 

these exponential components. 
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l,lre 
squares 
for the 

comparison between a kidney model where the time 
functions are evaluated using SUBROUTINE TF27 in the upper fig

and SUBROUTINE TF24 in the lower figure. The fitted chi
for the sample of 118 time points equal 9725 and 584 
upper and lower models respectively. 

14. A Figure 
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9.0 CONCLUSION 

Nonlinear estimation problems have the undesirable property 

that a local minimum need not be a global minimum; whereas, for 

linear estimation problems any local minimum is also a global 

minimum, since the least-squares function 

R(A) = [W-AW]T 1jJ-l [W-AwJ (45) 

lS a convex function in terms of the elements of the matrix A. 

In the non~linear estimation problem such as the kidney compartment 

model, one needs to carefully select the initial solution in order 

that the. parameters converge to a global 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 can be overcome by constraining the 

parameters for the model where the least-squares function 

is subject to the constraints 

S/,. < B. <).I. , i= I,m. 
l - l - l 

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 13
1 

to the functions 

T.,,-l R1 (B) = [W-w(B)] ~ [W-w(B)] 

+ In ( S. -1 . ) ] 
l l 

- r 1 

m 
" [In ().I . - f3 . ) L..J l l 

i=l 

(46) 

which converge to the optimum solution for the constrained problem 

as the sequence of real numbers r 1 converge to O. The logarithmic 

.. 
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terms transform the original least-squares formulation intp a func-

tion with smooth behavior near the boundaries of the constraints, 

and therefore allows one to use unconstrained minimization techniques. 

Implementation 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 situations 

the estimates for some of the parameters of the cross-talk matrix 

are not statistically significant and modeling for these parameters 

may lead to degeneracies in the solution; 4) photon attenuation is 

not explicitly taken into account; 5) free iodine might be present 

in some studies; and 6) inadequate statistics occur in large animal 

and human studies due to radiation dose constraints. These prob-

lems can be dealt with in a systematic fashion if adequate statis~ 

t · . 1 bl 123. d h' t' 11' b t 50 t' lCS are aval a e. 1-10 0 lppura e Wl glve a ou lmes 

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

thus further dog studies and a clinical trial are planned. 

Reconstructing transverse sections of the kidney as a function 

of time·would 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 

studies requires rapid measurement of data from multiple views and 

therefore awaits the development of a system for dynamic imaging 

in transverse section such as the positron ring detector [20]. 
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Appendix A - KIDNEY. COHPUTER PROGRAM 

This section gives a listing of the kidney computer pro-

grams and the subroutines for both the two kidney model and the one 

kidney model with and without glomerular filtration. The parameters 

a, u, T, y of the kidney compartment model and the optimum. solutions 

of the completed program are stored in the matrix A. Each program 

listing gives comments identifying the parameters ln the calling 

sequence. 

The program has several output options such as plots, flow 

.diagrams, and parameter listings. The time functions are generated 

by the SUBROUTINES CHIGl and CHnn for the one kidney model with 

and without glomerular filtration, and CHIG2 and GHIW2 for the two 

kidney model with and without glomerular filtration. The algorithm 

which evaluates the parameters for these models is coded in the 

SUBROUTINE MARQ and requires an explicit expression for the partial 

derivatives of the compartment equations with respect to each para

meter. The SUBROUTINES PARGl, PARWl, PARG2, and PAmJ2 evaluate 

these partial derivatives. 

The user has the option of using double precision ln evaluating 

the sums in equations (31) and (32), which are evaluated in the 

SUBROUTINES PARGl, PARWl, 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)J which is bett~r condi-

tioned, 11m/ever, the computing time is increased. In the SU13ROU'l'INE 

INVPD, double precision is used in order to insure better accuracy 

in the evaluation of the square root of a variable at a critical 

point in the algorithm. These steps are taken so that the matrix 

13 will be better conditioned and its inverse is more a.ccurately 

calculated. 
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Equation (19) gives a relationship between the predicted time 

functions H. and the compartment equations q. (t). The subroutines 
J 1 

fl1A'l'XIJ, PARIJ, PI{]\UJ, and TFIJ where I = 1,2 and J = 1, •.. ,8 corre-

spond to a particular matrix Y in equation (19). For example, 

for the matrix 

Y2 Y3 Yl Yl Y4 0 0 

Y6 Y7 0 0 Ys Ys Y5 
Y = 

YIO Yll 0 0 Y9 0 0 

Y1 2 Y13 YI S YIS Y14 Y16 Y16 

the subroutines HATX21, PAR21, PRH21, and TF21 are the appropriate 

subroutines called by the corresponding subroutines FLOW2, PARG2 or 

PARW2, PRAM2 and CHIG2 or CHIW2 for the two kidney model., Likewise 

for the one kidney model the subroutines FLOWl, PARGI or PARWl, PRAMI 

and CIIIGI or ClfIWl will call the correspohding subroutines HNfXll, 

PARll, pmHl, and TFll. In the description of the subroutines the 

matrix yT is identified as the matrix W. 

,0 
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INDEX OF PROGRAMS AND SUBROUTINES 

PROGRAMS 

KIDREH - Hain program for one kidney model 
KIDNEY - Main program for two kidney model 

SUBROUTINES 

CHIGI - Evaluates Chi-square for one kidney model with glomerular 
filtration 

CHlG2 - Evaluates chi-square for two kidney model with glomerular 
filtration 

CHIWI - Evaluates chi-square for one kidney model without glomer
ular filtration 

CHIW2 - Evaluates chi-square for two kidney model without glomer-
ular filtration 

FLOWI - Prints flow diagram for one kidney model 
FLOW2 - Prints flow diagram for tvlO kidney model 
INV - Hatrix inverse for any square matrix 
INVPD - Matrix inverse for a positive semi-definite matrix 
LINl1AX - Scales the step size 
~mRQ - Determines the minimum of the chi-square function 
HATXll - Prints the matrix W for the one kidney model 
r·ffiTX21 -
MATX22 -
~mTX23 -
J1ATX24 -
r·1ATX25 -
MATX26 -
HA'l'X27 -
1.ffiTX28 -

Each subroutine prints a different matrix W 
which relates the time functions to the com
partment equations for the two kidney model. 

PARGI 

PARG2 

PAR~n 

PARW2 

PARll 

PAR21 
PAR22 
PAR23 
PAR24 
PAR25 
PAR26 
PAR27 
PAR28 
PLOT 
PRAMI 
PRAM2 

- Evaluates partial derivatives for one 
glomerular filtration 

- Evaluates partial derivatives for two 
glomerular filtration 

- Evaluates partial derivatives for one 
glomerular filtration 

- Evaluates partial derivatives for two 
glomerular filtration 

- Evaluates the partial derivatives of 
with respect to the model parameters 
model 

kidney 

kidney 

kidney 

kidney 

the time 
for the 

model with 

model with 

model without 

model without 

functions 
one kidney 

Evaluates the partial derivatives of the time 
functions with respect to the model parameters 
for the two kidney model. Each subroutine 
corresponds to a different relationship between 
the compartments and the time functions 

- Plots the actual data and fitted curves 
- Prints table of parameters for one kidney model 
- Prints table of parameters for two kidney model 
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PRMll - Prints the functional relationship between the time functions 
and the compartment equations for a one kidney model 

PRM2l 
PRM22 
PRM23 
PRM24 
PRM25 
PRM26 
PRM27 
PRM28 
SOLUT 
TABLE 
TEST 
TFll 

TF2l 
TF22 
TF23 
TF24 
TF25 
TF26 
TF27 
TF28 

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 function 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(lNPUT,OUTPUr) 

THE PROGRAM KIDREM EVALUATES THE PARAMETERS FOR THE 
MULTIPARAMETER KIDNEY COMPARTMENT MODEL. THE DATA IS 
COLLECTED ON A HP5401A COMPUTER SYSTEM ANDORGANllED 
INTO THREE TIME FUNCTIONS - BLOOD AND TISSUE, KIDNEY, 
AND BLADDER. THIS MODEL IS FOR A SINGLE KIONEY WHERE 
THE OTHER KIONEY HAS BEEN REMoveD. 

INPUT 

OUTPUT 

A 
T 
R 
H 
Ql 
Q2 
Q3 
Q4 
Q5 
N 
Nl 
M 

THE FILE ~HICH STORES THE TIME FUNCTION OATA AND 
OTHER INPUT PARAMETERS 
OUTPUT FILE 

THE PARAMETERS FOR THE KIDNEY MODEL 
- TIME POINTS 
- DATA ARRAY FOR THE TIME FUNCTIONS 
- GENERATED TIME FUNCTIONS 
- VASCULAR POUL TIMEFUNCTION 

TISSUE FLUID POOL TIMEFUNCTION 
- KIDNEY TUBULAR CELL POOL TIME FUNCTION 

KIDNEY ESTUARY POOL TIME FUNCTION 
- SLAODER TIME FUNCTION 
- NUMBER OF DATA POINTS FOR EACH TIME FUNCTION 

NUMBER OF TIME FUNCTIONS 
- NUMBER OF PARAMETERS 

DIMENSION IR(150.,A(32),XLOW(32I,XUPP(32) 
DIMENSION NAME(201,IDATE(20.,XLINMAX(27l,ICOLL(21) 
COMMON/FNT/T(150).R(600J,H(600) 
COMMON/CONST/N,Nl,M,Ml 
DIMENSION IRX(150. 
EXTERNAL CHIG1,PARG1,PRAM1,FLOWl 
eXTERNAL Tfl~,PARll,PRML1,MATXll 
LOGICAL LG 
~EAD lJ6,(NAME(Il,I=1,20. 
READ 106.CIDATE(IJ ,1=~,20) 
READ 105,Nl 
READ 115,NN 
READ 115.NS 
READ L14,TIME 
READ 105,M 
READ 105,Ml 
READ 115,MCI 
READ 111,(ICOlL(I),I=l,21. 
PRINT 100 
PRINT 101 
PRINT l01,(NAME(I),1=1.20) 
PRINT 101 
PRINT 107,(IOATE(1.,1=1,20. 
PRINT 101 
PRINT 108,Nl 
PRINT 101 
N=NN-NS+l 
PRINT 110,N 
PRINT 101 
PRINT 155,M 
PRINT 101 
PRINT 156 
PRINT 157,Ml 
PRINT 101 
PRINT l16,Mel 



c 

PRINT 101 
PRINT 111.(ICOLL(I).1=1.21) 
PRINT 102 
DD 50 K=l,Nl 
READ l~O,(IR(I),I=l,NN) 

00 50 J=NS,NN 
NJ=(K-l.*N+J-NS+l 
R(NJ.=FLOAT(IR(J) 

50 CLlNTINUE 
pf{ [NT 122 
PRINT 123,TIMc,TIME,TIME 
00 2 K=l,N 
NK=N+K 
NZ=2*N+K 
T(K.=FLOAT(K.*TIMElbO. 

-94-

PRINT 131,K,T(K),R(N2),RlK) ,R(NK) 
2 CONTI,\WE 

MU=Ml-~ 
DO 87 1= 1,MU 
READ 161,A(I),XLINMAX(I),XLOW(lt,XUPP(I) 

87 CONTINUE . 
ML=MU+l 
MU=Ml-1 
DO 88 I=ML,MU 
READ Ib4,A( I. ,XL INMAX( I. ,XLOW( I) ,XUPP( I' 

aa CONTINUE 
ML=MU+1 
DO 89 I=ML,M 
REAO 161,A(I),XLINMAX(I),XLOW([',XUPP( It 

89 CONTINUE 
CALL TABLE(A,XLINMAX,M' 
CALL PKAMl (A,l,PRMll,lt 
CALL CHIGI (A,HF,TFl1) 
PRINT 30Q,HF 
CAll PLOT(TIMEt 
CALL MARQ (A,XLINMAX,CHIGL,TF11,PARG1,PARll,O,lOO,1) 
CA LL SOL UT ( A, N AM E, 1 OAT E, T I ME, PRAM 1, PRM 11 ,CIH G 1, TF 11, PARG 1 , PAR 11, 

1 FLO~1,MATX1i,1) 

100 FORMAT(lHl.20(/),39X,50H*************KIONEY COMPARTMENT MODEL***** 
2********) 

101 FORMAT(39X,lH*,~8X,1H*) 
102 FORMAT(39X,50(lH*)) 
10:> FORMATlI2) 
106 FORMAT(20Al) 
111 FORMAT(27AU 
107 FORMAT(39X,lH*,lX,20Al,21X.1H*) 
108 FORMAT(39X,1H*,lX,*THE NO. OF TIMEFUNCTIONS IS *,11,18X,lH*' 
110 FORMAT(j9X,1H*,lX,*THc SAMPLE SIZE IS *,13,25X,lH*) 
u.~ FORMAT(F3.0' 
115 FORMAT ( I 3) 
116 FORMAT(39X,lH*,lX,*THE ISOTOPE SOUHCE IS *,13,* MICROCURIES Of*,lX 

2,lH*139X,1H*,5X,*1131-HIPPURAN*.30X,lH*) 
111 FORMAT(39X,lH*,lX,*THE COLLIMATOR IS A *,27Al,lH*' 
122 FORMAT(lHl,15X,*DATA*I/17X,*I*,13X,*T(I)*,14X,*BLOOD AND TISSUE*,l 

CIX,*KIDNEY*,13X,*BLADDER*) 
123 FORMAT(28X,*TIME(MINS.*,14X,*CDUNTS/*,F2.0.* SEC*,9X,*COUNTS/*,F2. 

CO,* SEC*,9X,*COUNTS/*,F2.U,* SEC*/) 
131 FORMAT(16X,13,5X,F12.2,5X,j(10X,F12.4» 
14 () F iJ RI'-1 AT (14 I 5 ) 
455 FORMAT(39X,lH*,lX,*THE NO. OF PARAMETERS IS *,12,lOX,lH*) 
156 FORMAT(~9X,lH*,1X,*THENO. OF PARAMETERS NOT INCLUDING*,12X,lH*) 
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157 FORMAT(39X,lH*,6X,*THE CROSS TALK MATR[X IS' *. I2tl5X,lH*. 
lb~ FORMAT(4(Fl.1,2X" 
167 FORMAT(4(F4.2,2X.' 
300 FORMAT(/,*HF= *,E9.2) 

END 
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PROGRAM KIONEYCINPUT,OUTPUTa 

THE PROGRAM KIDNEY EVALUATES THE PARAMETERS FOR THE 
MULTI·PARAMETER KIDNEY COMPARTMENT ~ODEL. THE DATA IS 
COLLECTEb ON A HP5401A COMPUTER SYSTEM AND ORGANIZED 
INTO FOUR 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 
T 
lot 
H 
~l 
02 
Q3 
04 
05 
Q6 
07 
NN 
NS 

·N 
Nl 
M 

THE PARAMETERS FOR THE KIDNEY MODEL 
TIME POINTS 

- DATA ARRAY FOR THE TIME FUNCTIONS 
GENE~ATED TIME FUNCTIONS 
VASCULAR POOL TIMEFUNCTION 

- EXTRA VASCULAR POOL TIME FUNCTION 
RIGHT KIDNEY TUBULAR CELLS TIME FUNCTION 
RIGHT KIDNEY ESTUARY TIME FUNCTION 

- BLADDER TIME FUNCTION 
LEFT KIDNEY TUBULAR CELLS TIME FUNCTION 
LEFT KIDNEY ESTUARY TIME FUNCTION 
NUMBER OF DATA POINTS READ IN FOR EACH TIME FUNCT 
THE FIRST UATA POINT FOR THE SAMPLE 

- NUMBER OF DATA POINTS FOR EACH TIME FUNCTION 
NUMrlER OF TIME FUNCTIONS 
NUM8ER Of PARAMETERS 

DIMENSION IRC15J),A(32),XLOWC32),XUPP(32) 
DIMENSION NAME(20),(DATE(20),XLINMAX(27),lCOLL(27) 
COMMON/FNT/T(150),Rt600),HlbOO) 
COMMON/CONST/N,Nl,M,Ml 
LOGICAL LG 
EXTERNAL CHIG2,PARG2,PRAM2,FLOW2 
EXTERNAL Tf21,PAR21,PRM21,MATX21 
READ 10b,(NAME( 1),1=1.,20. 
READ l06,(IDATE(I),1=1,20) 
READ lJ5,Nl 
READ 115,NN 
READ 115,NS 
READ 114,TIME 
READ 105,M 
READ 105,Ml 
READ 115,MCI 
REA D U. 1 , n COL L ( I ) , I =.1. , 2 1) 

PRINT 100 
PRINT 101 
P~lNT 101,(NAME(1) ,1=1·,20) 
PRINT 101 
PRINT 101,CIDATE(I),I=1,20) 
PRINT 101 
PRINT 10S,Nl 
PRINT 101 
N=NN-NS+l 
PRINT 110,N 
PRINT 101 
PRINT 155,M 
PRINT 101 
PRINT .£.56 
PRINT 151,Ml 



PRINT 101 
PRI~T 116,MCI 
PRINT 101 
PRINT 117,CICOLL(1),I=1,27) 
PRINT 102 
DO 50 K=l,Nl 
READ 140,«(R(I',1=1,NN) 
00 50 J=NS,NN 
NJ=(K-l'*N+J-NS+1 
R(NJ'=FLOAT( IR(J)) 

50 CONTINUE 
PRINT 122 
PRINT 123,TIME,TIME,TIME,TIME 
00 Z K=l. N 
NK=N+K 
N2=Z*N+K 
N3=3*N+K 
T(K'=FLOAT(K)*TIME/60. 
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PRINT 131,K,T(K),R(N3 •• R(K).R(NK •• R(NZ) 
2 CONTINUE 

MU=MI-6 
00 81 l=l.MU 
READ 167,ACI),XLINMAXCI' 

81 CONT INUE 
ML=MU+l 
MU=MI-Z 
00 88 I=ML,MU 
READ 164,A(I),XLINMAXCI) 

88 CONTINUE 
ML=MU+l 
DO 89 IaHL.M 
READ 161,ACI),XLINMAXCI. 

89 CONTINUE 
CALL TABLE(A,XLINMAX,M) 
CALL PRAHZ CA,1,PRM21,1' 
CALL CHIG2 CA,i,PRM21.1) 
PRINT 300,HF 
CALL PLOT(lIME. 
CALL MARQ(A~XLINMAX,CHIG2.Tf21.PARGl,PAR21,0.200.1) 
CALL SOLUT(A,NAME,IDATE,TIME.PRAM2,PRM21,CHIGZ,TF21,PARG2,PAR21, 

1 fLOW2,MATX21,1) 

100 FORMATCIH1.20C/).39X.50H*************KIDNEY COMPARTMENT MODtL***** 
2********. 

101 fORMATC39X,lH*,48X,lH*. 
102 FORMATC39X,50(lH*) 
10j FORMATCl2. 
106 FORMAJ(20AU 
101 FORMATC39X,lH*,lX,20Al,21X,lH*) 
108 FQRMATC39X,lH*,lX,*THE NO. OF TIMEFUNCTIONS IS *,Il,18X.lH*) 
110 FORMATC39X,lH*,IX,*THE SAMPLE SIZE IS *,13,25X,1H*' 
111 FORM A T ( 27 A U 
114 FORMATCF3.0' 
115 FORMATCI3. 
116 FORMAT(39X,1H*,lX,*THE ISOTOPE SOURCE IS *,13,* MIC~OCURIES OF*,7X 

l,iH*/39X,lH*,5X~*1131-HIPPURAN*,30X.1H*) 
117 FORMATC39X,1H*,1X,*THE COLLIMATOR IS A *,21A1,1H*. 
1,22 FORMATCIH1,64X,*DATA*116X,*I*,13X,*T(I.*,14X,*BLOOD AND TISSUE*,9X 

2,*RIGHT KIONEY*,11X,*LEfT KIDNEY*,13X,*BLADOER*) 
L23 FORMAT(17X,.TIMECMINS)*,14X.*COUNTSI*,F2.0,* SEC*~9X,*COUNTSI*,F2. 

CJ,. SEC*,9X,*COUNTS/*,F2.0,. SEC*,9X,*COUNTS/*,F2.0,* SEC*/' 
131 FORMATC5X,I3,5X,f12.2,5X,4(lOX,F12.4') 
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140 FORMATC14(I4,lX'1 
155 FORMATC39X,lH*,lX,*THE NO. OF PARAMETERS IS *,IZ,ZOX,lH*, 
156 FORMAT(39X,lH*,lX,*THE NO. OF PARAMETERS NOT INClUOING*,12X,lH*) 
151 FORMAT(39X,lH*,6X,*THE CRUSS TALK MATRIX IS *,I2,15X,1H*) 
164 FORMAT(4(F1.1,2X') 
L6l FORMAT(4(F4.2,2X') 
300 FORMAT(/,*HF= *,E9.Z) 

END 

\ 
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SUBROUTINE CMIG1 (A,HF,TF) 

THE SUBROUTINE CHIG1 EVALUATES THE CHI~SQUARE ~F FOR THE ONE 
KIDNEY MODEL WITH GLOMERULAR FILTRATION. 

A - THE PARAMETERS fOR THE MboEL 

A(!J - FLOW RATE FROM BLOOD POOL TO TISSU~ FLUID POOL 
A(2) - FLOW RATE fROM TISSUE FLUID POOL TO BLOOD POOL 
A(]) - FLOW RATE FROM SLOOD POOL TO TUBULAR CELLS 
A(4) - GLOMERULAR FILTRATION RATE 
A(S) TUBULAR CELL FLOW RATE(RIGHT KIDNEY) 
A(6J - AMOUNT AT TIME ZERO IN THE BLOOD POOL 
A(7) AMOUNT AT TIME ZERO IN TISSUE FLUIO POOL 
ACB) AMOUNT AT TIME ZERO IN THE KIONEY TUBULAR CELLS 
A(9J - KIDNEY ESTUARY DELAY TIME 
ACIO) 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 
01 - VASCULAR POOL 
Q2 - TISSUE FLUID POOL 
~3 - KIONEY TUBULAR CELLS 
Q4 - KIDNEY ESTUARY 
OS - BLADDER POOL 

DIMENSION A(32J 
COMMON/FNT/T(150),R(600J,H(600' 
COMMON/QFN/Q1(150),QZ(150),Q3C150),Q4(150J,Q5CI50) 
COMMONICONST/N,NI,M,Ml 
COMMON/EXPP/EXP1,EXPZ.EXA5,EXAB 
COMMON/ROOT/C(8J,Pl,P2,PP.Sl 
QQ3(B,X,Y,EX,U)=S*CC(I)*X*(EXPI-EX)+C(2)*Y*(EXPZ-EX)J+U*EX 
QQ4(A3,A5,CC1,CC2,A4,EX,U'=AJ*A5*(CC1)*CC1*«EXP1-l.JIPl-(I.-EX./A 

lS)+CC2)*CC2*C(EXP2-1.'/P2-(1.-EX'/AS.)+U*11.-EX)+A4*(C(lJ*(EXP1-l. 
2"Pl+C(2J*(EXP2-1.J/PZJ 

PP=A(1)+A(])+A(4) 
Sl=SQRT«PP+A(Z')**2-4.*CPP-A(lJ'*AC2J) 
Pl=(Sl-PP-A(2)J/2. 
P2=(-Sl-PP-A(2J)/2. 
C(lJ=(A(6)*(Pl+A(2)J+A(7J*A(2JJ/(Pl-P2' 
C(2J=(A(6J*(PZ+A(2)J+A(7'*A(2')/(P2-PIJ 
C(3J=(A(7J*(Pl+PP)+A(6J*A(1)J/(Pl-P2' 
C(4'=(A(7'*(P2+PP)+A(6)*A( IJJ/(P2-Pl' 
C(5)=1./(A(5)+Pl) 
C(6'=1./(A(5)+PZ) 
DO 18 K=l,N 
Kl=N+K 
KZ=Z*N+K 
K3=3*N+K 
EXP1=EXP(P1*T(K)) 
EXP2=EXP(PZ*T(K)) 
EXA5=EXP(-A(5)*T(KJ) 
Ql(KJ=C(1'*EXP1+C(Z)*EXP2 
Q2(K.=C(3.*EXP1+C(4)*EXPZ 
Q3(K)=QQ3(A(3J,C(S),C(6J,EXA5,A(B)) 
Q4(K)=QQ4(A(3J,A(~"C(5),C(6),A(4"EXA5,A(8)' 
IF (T(KJ-A(9J) 12,12,10 

10 X=T(KJ-A(9) 



E:XP1=EXP(Pl*X' 
EXP2=EXP(P2*X) 
EXA5=EXP(-A(S'*X) 
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Q4Q=QQ4(A( j, ,A(S) ,C(~' ,C(6' ,A(4' ,EXA5,A(8" 
iJ4(K)=Q4(K,-1.j4Q 

12 Q5(K)=O. 
IF (T(K)-A(9» lb,16,1~ 

14 IJS(K)=Q41J 
La CALL TF (A,K) 
L8 CONTINUE 

HF=u. 
DO 2u N3=l,Nl 
DJ 201<. = 1, N 
N6=K H~* (N3-l) 
HF=HF+(R(N6)-H(Na"**2/R(N6' 

2..0 CONTINUE 
RETURN 
END 
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SUBROUTINE CHIG2 (A,HF,TF) 

THE SUBROUTINE CH1G2 EVALUATES THE CHI-SQUARE HF FOR THE TwO 
KIuNEY MODEL WITH GLOMERULAR FILTRATION. 

A - THE PARAMETERS OF TH~ MODEL 

A( U 
A( 2) 

A(3' 
A(4) 
A ( 5' 
A(6' 
ALl) 
A(S) 
A(91 
A(10' 
A( 11) 

A(12) 
A (13' 
A ( 14' 
A ( 15 J 

- FLOW RATE FROM BLOOD POOL TO TISSUE FLUIO POOL 
fLJW RATE fROM TISSUE FLUID POOL TO BLOOD POOL 

- FLOW RATE FROM BLOOD POOL TO TUBULAR CELLS (RT KIU) 
- GLOMERULAR FILTRATION RATE(RIGHT KIDNEY) 

TUdULAR CELL FLOW RATE(RIGHT KIDNEY) 
- FLOW RATE FROM BLOOD POOL TO TUBULAR CELLS (IF KIO) 
- GLJMERULAR flLTRATION'RATE(lEFT KIDNEY) 
- TUBULAR CELL· fLOW RATE(LEFT KIDNEY' 
- AMJUNT AT TIME tERO IN THE BLOOD POOL 

AMOUNT AT TI~E ZERO IN TISSUE FLUID POOL 
- AMOUNT AT TIME ZfRO IN THE RIGHT KIDNEY TUBULAR CELLS 

AMOUNT AT TIME ZERO IN TH[ LEFT KIDNEY TUBULAR CELLS 
RIGHT KIDNEY ESTUARY DELAY TIME 
LEFT KIDNEY ESTUARY DELAY TIME 

THUR A(32) IS THE CROSS TALK MATRIX 

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

THE SUBROUTINE ALSO GIVES 
H - STORES THE TIMEFUNCTIONS Tl,T2,T3,T4 
Ql - VASCULAR POOL 
YZ - TISSUE FLUID POOL 
03 - RIGHT KIUNEV TUBULAR CELL POOL 
Q4- RIGHT KIDNEVESTUARV POOL 
Q5 - tlLADn~K POOL 
Qu LEFT K[ONEV TUBULAk CELL POOL 
Q7 - LtfT KIUNEV ESTUARV POOL 

UIMENSION A(321 
CQMMJN/FNT/T(150),R(600),H(oOO) 
CO.'-1MOj~/QFN/(')l (150) ,02( 1501 ,Q3( 150) ,Q4{ 150) ,(.I5( 150) ,(Jo{ 1501 ,IJ7( 1501 
CJMMON/CONST/N,Nl,M,Ml 
CJMMON/EXPP/EXP1,~XP2,EXA5,EXAS 
CJMMON/ROOT/C(8),Pl,P2,PP,Sl 
QQ3(d,X,Y,EX,U)=B*{C(11*X*(EXPI-EXJ+C(ZI*V*(EXPZ-EX»+U*EX 
UQ~(Aj,A5,CC1,CC2,A4,EX,U)=Aj*A5*(C(1)*CC1*«EXP1-1.)1Pl-(l.-EX)/A 

1 ~ I +C ( 2 ) *CC 2 * ( ( E XP 2 - 1. 1 I P 2- ( 1. - EX) I A 51 ) +u* ( 1. - EX) + A 4* ( C ( 1) * ( E XP 1-1 • 
£)/P1+C(2)*(cXP2-1.)/P2' 
PP=A(l'+A(3)+A(4)+A(6)+A(7) 
Sl=SQRT«PP+A(2»)~*2-4.*(PP-A(1»*A(2)1 
P1=(Sl-PP-A(2) )/2. 
P2=(-S1-PP-A(2»)/2. 
C(1)=(A(9)*(Pl+A(2»)+A{10)*A(2)/(Pl-P2) 
C(2'=(A(9J*(PZ+A(Z')+A(lO'*A(2)J/(P2-Pl) 
C(3)=(A(lO'*(Pl+PP'+A(9)*A(1)/(Pl-PZ) 
C(4)=(A(10'*(P2+PP)+A(9'*A(1'J/(P2-P1J 
C(5.=1./(A(S'+Pl) 
C(6)=1./(A(5'+PZ) 
C(11=1./(A(8)+Pl) 
C(S)=1./(A(S)+P2) 
00 26 K=l,N 
K1=N+K 
KZ=2*N+K 
K3=3*Nt-K 



EXP1=EXP(Pl*T(K) 
EXP2=EXP(P2*T(K)) 
EXA5=EXP(-A(S)*T(K») 
EXA8=EXP(-A(Ot*T(K)) 
Ol(K)=C(1)*EXPi+C(Zl*EXP2 
Q2(K)=C(3)*EXP1+C(4)*EXP2 
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Q j ( K ) == (J (J 3 ( A (3) ,C ( 5 J ,C ( 6) , E XA 5 ,A ( 11 ) ) 
~6(K)=QQ3(A(6),C(7),C(8),EXA8,A(12') 

Q~(K)=QQ4(At3j,A(5),C(5),C(b),A(4),EXA5,A(11)) 

.J 1 C K » = Q Q 4 ( A ( 6» , A ( 8 , , C ( 7 ) , C ( d ) , A ( 7) ,E X A 8 ,A( 1l» ) 
IF (T(K)-A(lJ') 1,,12,10 

1.0 X=T(K)-A(13) 
EXP1=E:XP(P1*X' 
cXPL=EXPCP2*X) 
EXA5=EXPC-A(S)*X) 
U4Q=QW4(ACJ),A(5),C(5),C(6J,A(4),EXAS,AC11') 
Q4CK)=Q4(K'-Q4Q 

12 IF CTCK}-A(14)) 16,16,14 
14 X==T(KJ-AU-.' 

f:XP1=EXP(Pl*X) 
EXP2=EXPCP2*X) 
EXA8=EXP(-A(8)*X) 
QIQ=QQ4(A(6) ,A(8) ,e( 7) ,C( 8) ,A( 7) ,EXA8,A( 12') 
Q7(K)=Q7CK'-Q7Q 

16 Q5(K}=J. 
IF (T(K}-AC13» 20,20,18 

18 1J5(K)=IJ4Q 
2J IF (TCK)-A(14)) 24,24,22 
II Q5(K)=Q5(K)+Q7Q 
l.4 CALL TF(A,KJ 
26 CONTINUE 

HF=O. 
DO l.8 N3=1,N1 
DU 28 K=l.,N 
N6=K+N* (N3- U 
HF=HF+(k(NbJ-H(N6)**2/R(N6~ 

l8 CONTINUE 
RETURN 
END 
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SUBROUTINE CHIWl (A,HF,TF) 

THE SU~RJUTINE CHIW1 EVALUATES THE CHI~SQUARE HF FOR THE UNl 
KIDNEY MODEL WITHUUT GLOMERULAR FILTRATION. 

A - THE PARAMETERS OF THE MODEL 

A( 1) - FLO;.J RATE FROM BLOOD paUL TO T ISSUE FLU lD POOL 
A(2) - FLOW RATE FROM TISSUE FLUID POOL TO BLOOD POUL 
A(3. FLOW RATE FROM BLOOD POUL TO TUBULAR CELLS 
A(4) - GLOMERULAR FILTRATION RATE 
A(5. - AMUUNT AT TIME lERU IN THE BLOOD POOL 
A(b) - AMOUNT AT TIME lERO IN TISSUE FLUID POOL 
A(l) - AMUUNT AT TIME ZERO IN THE KIDNEY TUBULAR CELLS 
A(B) - KIDNEY ESTUARY DELAY TIME 
~(9) THUR A(32) IS THE CROSS TALK MATRIX 

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

THE SUBROUTINE ALSO GIVES 
H - STORES THE TIME FUNCTIONS Tl,T2,T3 
Ul - VASCULAR POOL 
Q2 - TISSUE FLUID POOL 
Q3 - KIDNEY TUBULAR CELL POOL 
04 - KIDNEY ESTUARY POOL 
Q5 - BLADDER POOL 

COMMON/FNT/T(150),R(600),H(6UU) 
COMMON/QFN/01(150) ,Q2( 150. ,Q3( 150) ,Q4( 150) ,Q5( 150) 
CJMMON/CONST/N,Nl,M,Ml 
COMMON/EXPP/EXP1,EXP2,EXA4,EXA6 
COMMON/ROOT/C(B"P1,P2,PP,Sl 
DIMENSIUN A(2) 
~Q3(B,X,Y,EX,U)=B*(C(1)*X*(EXPI-EX.+C(2)*Y*(EXP2-EX»+U*EX 

UQ4(A3,AS,CCl,CCl,EX,U.=A3*AS*(C(1)*CC1*('EXP1-l.)/P1-(l.-EXl/AS'+ 
lC(2)*CC2*«EXP2-1.IIP2-(!.-EX"A5»+U*(1.-EX) 
PP=AU'+A(3) 
Sl=SQRT«PP+A(2~t**2-4.*(PP-A(1 •• *A(2)' 
PL=(Sl-PP-A(L»/2. 
P2=(-Sl-PP-A(2)/2. 
C(1)=(A(S)*(P1+A(2))+A(6)*A(Z))/(PI-P2) 
C(2)=(A(S)*(PZ+A(Z.)+A(6)*A(2»/(P2-Pl) 
C(3)=(A(b)*(P1+PP)+A(S)*A(1)"(PI-P2) 
C(4)=(A(6)*(P2+PP'+A(S)*A(L.)/(P2-Pl) 
C(S)=1./(A(4)+Pl) 
C(6)=I./(A(4.+P2) 
DO 1S K=l,N 
t<.l=N+K 
K2=2*N+K 
K3=3*N+K 
EXPl=EXP(P1*T(K) 
EXP2=EXP(PZ*T(K)) 
EXA4=EXP(-A(4)*T(K.) 
Ql(K)=C(1)*EXP1+L(Z)*EXP2 
OZ(K)=C(3'*EXPl+C(4)*EXP2 
~3(K)=UQj'A(3.,C(5),C(6t,ExA4,A(1» 
Q4(K)=QQ4(A(3),A(4),C(S),C(6),EXA4,A(1)) 

I 

IF (T (K)-A(S» ll, 12, lu 
iO X=T(K)-A(S) 

EXP1=EXP(P1*X' 
EXP2=EXP(P2*X) 
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EXA4=EXP(-A(4)*X. 
~4Q=WW4(A(3.,AC4.,C(5.,C(0),EXA4,AC7 •• 
Q4(K)=Q4CK.-Q4Q 

12 IJSCKJ=O. 
IF CTCK)-A(S.' 10,10,14 

14 Q5CK,=Q4Q 
10 CALL TF (A,KJ 
1H CONTINUE 

HF=O. 
DLl 20 N3=1,N1 
00 2J K=l,N 
N6=K+N* C N3-1' 
HF=HF+(R(NoJ-HCN6))*·2/RCN6) 

20 CONTINUE 
RETURN 
END 
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SUBROUTINE CHIW2 (A,HF,TF, 

THE SUBROUTINE CHIW2 EVALUATES THE CHI-SQUARE HF FOR THE TWO 
KIDNEY MODEL WITHOUT GLOMERULAR. FILTRAT10N. 

A - THt PARAMETERS Of THE MODEL 

A( U 
A(2) 
A(3) 
A(4) 
A(5) 
A (b) 

A( 7) 

A(S) 
A ( 9. 
A ( 10' 
A( 11) 

A(12' 
A ( 13 J 

- FLOW RATE FROM BLOOD POOL TO TISSUE FLUID POOL 
- FLOW RAlE FROM TISSUE FLUID POOL TO BLOOD POOL 
- FLOW RATE FROM BLOOD POOL TO TUaULAR CELLS (RT KID) 
- TUBULAR CELL FLOW RATE(RIGHT KIDNEY) 
- FLOW RATE FROM BLOOD POOL TO TUBULAR CELLS (LF KIO) 

TUBULAR CELL FLOW RATE(LEFT KIDNEY' 
- AMOUNT AT TIME ZERO IN THE BLOOD POOL 
- AMOUNT AT TIME lERO IN TISSUE FLuID POOL 
- AMOUNT AT TIME lERO IN THE ~lGHT KIDNEY TUBULAR CELLS 
- AMOU~T AT TIME ZERO IN THE LEFT KIDNEY TUBULAR CELLS 

RIGHT KIDNEY ESTUARY DELAY TIME 
- LEFT KIUNEY ESTUARY DELAY TIME 
THUR A(32' IS THE CROSS TALK MATRIX 

Hf - THE VALUE OF THE CHI-SQUARE 
TF - SUBROUTINE WHICH GENERATES THE TIME FUNCTIONS 

THE SUBROUTINE ALSO GIVES 
H - STORES THE TIMEFUNCTIONS T1,T2,T3,T4 
Q1 - VASCULAR PUOL 
QL - TISSUE FLUID POOL 
Q3 - RIGHT KIDNEY TUdULAR CELL POOL 
Q4- RIGHT KIO~~Y ESTUAKY POOL 
Q5 - BLADDER POOL 
Q6 - LeFT KIDNEY TUBULAR CELL POOL 
Q1 - LEFT KIDNEY ESTUARY POOL 

DIM ENS I ON A (32 ) 

COMMON/FNT/T(150',R(bOO"H(60Q) 
COMMON/QFN/Ql( 150) ,Q2( 150) ,Q3( 150) ,1..I4( 150' ,Q5(150) ,Qb( 150) ,1,,)1(150) 
C~MMON/CONSTIN,N1,M,M1 

COMMON/EXPP/EXP1,EXP2,EXA5,EXA8 
£JMMON/ROOT/C(S),P1,P2,PP,Sl 
QQ3(B,X,Y,EX,U'=H*(C(1)*X*(EXP1-EX'+C(2'*V*lEXP2-EX.'+U*EX 
QQ4(Aj,A5,CC1,CC2,EX,U)=AJ*A5*(C(1)*CC1*«EXPL-l.J/P1-(1.-EX./A5)+ 

1C(2)*CC2*«EXP2-1.)/P2-(1.-EX)/A5')+U*(1.-EX) 
PP=Al1'+A(3)+A(5) 
S1=SQRT«(PP+A(2))**2-4.*(PP-Atl')*A(2) » 

Pl=(Sl-PP-A(2»)/2. 
P2=(-S1-PP-A(2 •• 12. 
C(L)=(A(1.*(P1+A(2))+A(8'*A(2))/(PL-PZ) 
C(2)=(AC1)*(P2+A(2"+A(S)*A(2')/(P2-P1) 
C(3)=(A(8)*(P1+PP)+A(1)*A(1)/(Pl-P2) 
C(4)=(ACS)*(P2+PP)+A(1)*A(1»)/(P2-Pl) 
C(5'=1./CA(4'+P1) 
C(6'=1./(A(4)+P2) 
C(1)=1./(A(b)+P1) 
C(S'=1./(A(b)+P2) 
00 26 K=l,N 
Kl=N+K 
K2=2*N+K 
K3=3*N+K 
EXP1=EXP(P1*T(K)) 
EXP2=EXP(P2*T(K') 
EXA4=EXP(-A(4'*T(K» 
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EXA6=EXP(-A(6.*T(K)) 
Ql(K'=C(ll*EXP1+C(2.*EXP2 
Q2(K'=C(3.*EXP1+C(4.*EXP2 
~3(K'=QQ3(A(3),C(S',C(6"EXA4,A(9») 
Q6(K)=QQ](ACS),C(1),C(S),EXAb,A(10)) 
Q4CK)=QQ4CA(3) ,A(4. ,C(S',C(6) ,EXA4,A(9" 
IJ 1( K , =Q Q4 C A (5 , , A ( b , ,C C 1 " C ( S I , EX A6 , A ( 10 , ) 
IF (TCK.-A(11)) 12,12,10 

10 X=T(K)-A(ll' 
EXP1=EXP(P1*X) 
EXP2=EXP(P2*X) 
EXA4=EXP(-A(4'*X) 
Q4Q=QQ4CA(3),A(4),C1S),C(6),EXA4,A(9» 
Q4(K'=Q4(K)-Q4Q 

12 IF (T(K)-A(1211 16,16,14 
14 X::T(K)-A1l2. 

EXPl=EXP(Pl*X) 
EXP2=EXP(PZ*X, 
EXA6=EXP(-A(6J*X, 
Q 70 =QiJ4 (A C 5 I ,A (b I ,C ( 1) ,C ( 8' , E XA6, A ( 10. ) 
Ql(K.=QlCK,I-QlQ 

l.f> 1J5CK'=0. 
IF (T(KI-A( lU' 20,20,18 

18 Q5(KI=Q4(J 
20 IF (TCK)-A(i2') 24,l4,22 
22 Q5(K)=Q5(K)+QIQ 
24 CALL TF (A,K' 
26 CONTINUE 

HF=O. 
DO 28 N3=1,Nl 
00 28 K=l,N 
N6=K +N* (N3-1' 
HF=HF+(R(N6'-H(N6"**2/·RCN61 

28 CONTINUE 
I{ETUI{N 
END 

,. 
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SUBROUTINE FLOwl (A,NAME,IDATE,TI·ME,MATX,IGLOM) 

THE SUBROUTINE FLOw1 PRINTS THE FLOw DIAGRAM FOR THE ONE 
KIDNEY COMPARTMENT MUDEL. 

- THe PARAMETEKS FOR THE MODEL 
- THE NAME OF THE PERSON BEING STUDIED 

TrlE DATE OF THe STUDY 
THe TIMt INTERVAL FOR EACH SAMPLE COUNTS 

A 
NAME 
IDATE 
TIME 
MATX - THE SUBROUTINE WHICH PRINTS OUT THE MATRIX WHICH 

R t: L ATE S T H,t TIM E FUN C T ION S TOT H E COM PAR T MEN T S 
IGlOM - I~ IGlUM=1 THE MODEL HAS A PATH FOK GLOMERULAR 

FILTRATION 

DIMENSION NAME(~O),IDATE(~O),A(32) 
COMMON/STAkl/ISTAR,IDIF 
IF (IGLOM.Eu.l) GU TO 10 
lSTAR=lH 
IDIF=l 
GO TO 12 

L ° 1 S T A ~ = 1 H* 
IDIF:O 

12 PiHNT 2~, (NAME(I),I=1,20) 
f'RINT 26, (IOATI:(I),I=1,20' 
PRINT 40 
PRINT 28, A(2) 
I-'RINT 30 
PRINT 32 
PRINT 34 
PRINT 36, A(6-10IF),TIME 
PRINT 38, A(l) 
PRINT 40 
PklNT 42, ISTAR 
PRINT ~4, lSTAR,A(7-IDIF),TIME 
00 L4 1:;;1.,2 I 

PRINT 46, ISTAR 
l~ CONTlf'4UE 

IF (lGLOM.EQ.Lj GO TO 16 
PRINT 46, ISTAR 
PRINT_ 46, [STAt{ 
GLJ TO 18 

16 PRINT ~8, A(4' 
PRINT 50 

18 uo 20 1=1,3 
P R 1 NT 52, 1ST AR 

20 CONTINUE 
PRINT 54, [STAR,A(]) 
PRINT 56, ISTAk 
PRINT 58; ISTAR 
PRINT 60, (STAR 
PRINT 62, ISTAR,A(8~IDIF"TIME 
PRINT 58, ISTAR 
PRINT 64, (STAR 
PRINT 66, ISTAR 
PRINT 6B, ISTAR 
P R I NT 70, 1 S TAR 
PRINT 12, ISTAR 
P~INT 74, ISTAR 
fJRItH 76, ISTAR 
PRINT b8, lSTAR 
PRINT 66, lSTAR 
CALL MArx (A' 
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PRINT b8, ISTAR 
PRINT 78, (STAR 
IF (IGLOM.EO.1) 
IF (IGLOM.NE.l) 
I-lRINT 84 

PRINT 8u, A(9. 
PRINT 82, A{S) 

PRINT tl4 
PRINT fjb 

I)Ll 221=1,5 
PRINT b8 

22 CONTINUE 
P~INT 90 
pj{INT 92 
PRINT 92 
PRINT 94 
PRINT 96 
PRINT 98 
PRINT 98 
PRINT 100 
RETUf{N 

2 -. FORM A T( 1 H 1 , 20 A U 
26 FOKMAT(LX,2uA1I 
28 FORMAT(55X,*.*,2JX,*.*,6X,F7.4,7X,*.*,23X,*.*, 
3u FORMAT(55X,*.*,23X,*.<*,19(lH*I,*.*,2jX,*.*) 
32 FORMAT(S5X,*.*,11X,*Ql*,LOX,*.*,ZOX,*.*,11X,*QZ*,LOX,*.*. 
34 FORMAT(15X,*TH~ ~LJOO PUOl HAS INITIALLY*,llX,*.*,7X,*BLOOO POOL*, 

16X,*.*,2JX,*.*,2X,*EXTRA VASCULAR POOL*,2X,*.*1 
36 FJRMATt19X,F9.Z,* COUNTS/*,F2.0,* SfC*,13X,*.*,2JX,*.*,L9( IH*),*>. 

1*,23X,*.*) 
j8 FJRMAT(55X,*.*,2~X,*.*,6X,F7.4,7X,*.*,23X,*.*) 
40 FORMAT(S5X,25(*.*) ,20X,25(*.*). 
42 FORMAT(60X,Al,3X,lH*,2uX,*THE EXTRA VASCULAR POOL HAS INITIALLY*) 
44 FORMAT(60X,Al,3X,lH*,25X,F9.2,* CDUNTS/*,F2.0,* SEC*' 
~6 FORMAT(60X,Al,3X,lH*) 
4d FJRMATl28X,F7 ... ,25X,lH*~3X,lrl*) 
SO FJRMAT(5X,56(iH*),3X,lH*) 
52 FJRMAT(5X,Al,~SX,lH*) 
S4 FJRMAT(5X,Al,14X,*KIONEY*,17X,F1.4,14X,lH*' 
56 FORMAT(5X,Ai,loX,43(lH*I) 
58 FJRMAT(5X,Al,loX,lH*J 
oJ FJRMAT(5X,Al,16X,lH*,lX,*THE KIDNEY TUBULAR CELlS*' 
bL FORMAT(5X,Al,16X,lH*,5X,*HAVE INITIAllY *,F9.2,* COUNTS/*,F2.0,* 

1. SEC *. 
6~ FORMAT(5X,AL,16X,*V*,16X,*THE TIME FUNCTIONS AND COMPARTMENTS ARE 

1 RELATED AS FOllOWS*) 
66 FOkMAT(5X,Al,4X,25(*.*J) 
68 FORM4T(5X,Al,4X,*.*,23X, •• *J 
10 FORMAT(5X,Al,-.X,*.*,Z3X,*.*,12X,*lTl,TZ,T3) = (Ql,Q2,Qj,Q4,Q5 

Uw*) 
12 FJRMAT(5X,Al,4X,*.*,11X,*Q3*,lOX,*.*J 
I~ fJRMAT(5X,AL,4X,*.*,SX,*TUBULAR tELlS*,5X, •• *' 
76 fOKMAT(SX,Al,4X,*.*,23X,*.*,1X,*WHERE*) 
78 FORMAT(5X,Al,4X,*.*,11X,*Q4*,10X,*.*,lX,*TtME DELAY =*) 
80 FORMAT(5X,5H****>,*.*,5X,*K[ONEY ESTUARY*,4X,*.*,F7.4) 
82 FORMAT(10X,*.*,5X,*KIUN~Y ~STUARy*,4X,*.*,F1.4' 
84 FORMAT(lOX,*.*,23X,*.*) 
86 FORMAT(10X,25(*.*») 
8tl FORMAT(22X,lH*. 
90 FORMAT(22X,lH*,32X,25(*.*») 
92 fOR~AT(22X,lH*,32X,*.*,23X,*.*) 
9~ FORMAT(22X,lH*,32X,*.*,11X,*Q5*,lOX,*.*J 

... 
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90 FORMAT(22X,3l(lH*),*>.*,8X,*BLAODER*,8X,*.*) 
98 FORMAT(55X,*.*,2jX,.*.*. 

100 FORMAT(55X,25(*.*') 
END 

.. 
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SUBROUTINE FLOW2 (A,NAME,IDATE,TIME,MATX,IGLOM) 

THE SUBROUTINE fLOW2 PRINTS THE FLOW DIAGRAM FOR THE TWO 
KIDNEY COMPARTMENT MODEL. 

A 
NAME 
{DATE 
TIME 
MATX 

- THE PARAMETERS FOR THE MODEL 
- THE NAME Of THE PERSON BEING STUDIED 
- THE DATE Of THE STUDY 
- THE TIME INTERVAL FOR EACH SAMPLE COUNTS 
- TH~ SUBROUTINE WHICH PRINTS OUT THE MATRIX WHICH 

RELATES THE TIME FUNCTIONS TU THE COMPARTMENTS 
IGLOM - IF IGLOM=l THE MODEL HAS A ~ATH FOR GLOMERULAR 

FILTRATION 

DIMENSION NAME(20),IDATE(20),A(32) 
COMMON/STAR2/ISTAR,IOIfl,IDIF2 
If (IGLOM.EQ.l) GO TO 10 
ISTAR=lH 
IDIF1=1 
IDIF2=2 
GO TO 12 

10 ISTAR=lH* 
IOIFl=O 
IDIF2=0 

12 PRINT 24, (NAME(I),I=1.20. 
PRINT 26, (lOATUl),I=1,20) 
PRINT 40 
PRINT 28, A(2) 
PRINT 30 
PRINT 32 
PRINT 34 
PRINT 36, A(9-IDIF2),TIME 
PRINT 38, ACl) 
PRINT 40 
PRINT 42, ISTAR,lSTAR 
PRINT 44, ISTAR,ISTAR,A(lO-IDlf2),TIME 
DO 14 1=1,2 
PRINT ~6, ISTAR,ISTAR 

14 CONTINUE 
IF (IGLOM.EQ.l) GO TO 16 
PRINT 46, ISTAR,ISTAR 
PRINT 46, ISTAR,ISTAR 
GO TO 18 

16 PRINT 48, A(4),AC7) 
PRINT 50 

18 DO 20 1=1,3 
PRINT 52, ISTAR,ISTAR 

20 CONTINUE 
PRINT 54, ISTAR,A(3),A(6-IDIfl),ISTAR 
PRINT 56, ISTAR,ISTAR 
PRINT 58, ISTAR,ISTAR 
PRINT 60, ISTAR,ISTAR 
PRINT 62, ISTAR,A(11-lDIF2),TIME,AC12-IDIF2),TIME,ISTAR 
PRINT 58, lSTAR,ISTAR 
PRINT 64, ISTAR,ISTAR 
PRINT 66, ISTAR,ISTAR 
PRINT 68, ISTAR,ISTAR 
PRINT 70. ISTAR,ISTAR 
PRINT 12, ISTAR,ISTAR 
PRINT 74, ISTAR,ISTAR 
PRINT 76, ISTAR,ISTAR 
PRINT 68, ISTAR,ISTAR 

i 



' .. 

C 
C 
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PRINT 66, ISTAR,ISTAR 
CALL MATX ( Al 
PKINT 68, ISTAR,ISTAR 
PRINT 18, ISTAR,ISTAR 
IF ( 1 GL OM. E Q. 1 ) PRINT 80, A( 13) ,A(14) 
IF (IGLOM.NE.l) PRINT 82, A(lt) ,A(12) 
PRINT 84 
PRINT 84 
PRINT 86 
DLJ 22 1=1,) 
PRINT 88 

22 CONTINUE 
PRINT 90 
PKINT 92 
PRINT 92 
PRINT 94 
PRINT 96 
PRINT 98 
PRINT 98 
PRINT 100 
RETURN 

24 FORMAT(lHl,20All 
26 FORMATCIX,2uAl' 
La FLJRMATC55X, •• *,2~X,*.*,6X,F1.4,1X,*.*,23X.*.*) 
JO FORMAT(55X.*.*.23X.*.<*,l9CIH*).*.*,23X,*.*' 
32 FORMAT(55X,*.*.llX,*Ul*,10X,*.*,20X.*.*,llX,*Q2*.luX.*.*) 
J4 FORMAT(15X,*THE ~lOOO POOL HAS INITIALLY*,12X,*.*,lX,*8LOOO POOl*, 

16X,*.*,20X,*.*,2X,*EXTRA VASCULAR POOL*,2X,*.*) 
36 FORMATC19X,F9.2.* COUNTS/o,F2.0.* SEC*,13X,*.*,23X,*.*,19(lH*),*>. 

1*,L3X.*.*) 
38 FLJRMAT(55X,*.*.23X,*.*,6X,F7.4,7X,*.*,23X,*.*) 
40 FORMAT(55X,25(*.*),20X,25(*.*" 
42 FORMAT(60X,Al,3X,lH*,5X,lH*,3X,Al,lOX,*THF. EXTRA VASCULAR POOL HAS 

1 INITIALLY*) 
44 FORMAT(60X,Al,3X,lH*.5X.1H*.3X,Al,15X,F9.2,* COUNTS/*,F2.0,* SEC*) 
46 FJRMAT(60X,Al,3X,lH*,5X.lH*,3X,Al) 
't 8 FO R MAT , 28 X , F 7 • 4 , 2 5 X • 1 H * , 3 X , 1 H * , 5 X, 1 H * , 3 X , 11 ~ * , 2 5 X , F 7 • 4 • 
iO FORMAT(5X,5bilH*),3X,lH*,5X,lH*,3X,56(lH*). 
52 FJRMAT(5X,Al.58X.lH*,5X,lH*,58X,All 
54 FORMAT(5X,Al,9X,*RlGHT KIONEY*,16X,F7.4,14X,lH*,5X,lH*,14X,F7.4,17 

lX,*lEFT KIDNEy*,~X,Al) . 
~6 fORMAT(5X,Al,lbX,43(lH*),5X,43(lH*),lbX,Al) 
sa FORMAT(5X,Al,16X,lH*,89X,lH*,16X,Al) 
bJ FJKMAT(5X,Al,lbX,lH*,lX,*THE RIGHT KIDNEY TUdULAK CELLS *,13X,* 

lTHE LEfT KIDNEY TUBULAR CELLS *,8X,lH*,16X,Al' 
.62 FORMAr(5X,Al,l6X,lH*,5X,*HAVE INITIALLY *,F9.2.* COUNTS/*,Fl.u,* S 

lEC*,9X.*HAV~ INITIALLY*,F9.2,* COUNTS/*,F2.0,* SEC*,lH*,16X,Al) 
b4 FORMAT(5X,A1,16X,*V*,16X,*THE TIME FUNCTIONS AND COMPARTMENTS ARE 

lRELATED AS FULLOWS*,15X,*V*,lbX,Al' 
66 FURMAT(5X,Al,4X,25(*.*.,65X,25(*.*),4X,A1) 
08 FORMAT(5X,Al,'tX,*.*,23X,*.~,65X,*.*,23X,*.*,4X,Al) 
TO FORMAT(5X,Al,4X,*.*.23X,*.*,12X,*(T.l,T2,T3,T4) = (Q1,Q2,Q),Q4,Q5 

1,Q6,Q7)W*,12X,*.*,23X,*.*,4X,A1) 
72 FORMAT(5X,A1,4X,*.*,11X,*Q)*,lOX,*.*.65X,*.*,11X,*Q6*,10X,*.*,4X,A 

lU 
74 FORMAT(5X,A1,4X,*.*,5X,*TU8ULAR CELLS*,5X,*.*,65X,*.*,5X,*TUBULAR 

1CELLS*,5X,*.*,4X,Al) 
76 FQRMAT(5X,Al,4X,*.*,23X,*.*,7X,*WHERE*,53X,*.*,2jX,*.*,4X,A1) 
18 FQRMAT(5X,A1,'tX,*.*,11X,*Q4*,10X,*.*,1X,*TIME DELAY =*,39X,*TIME 0 

lELAY =*.lX,*.*,11X,*Q1*,lOX,*.*,4X,Al) 
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80 FORMAT(5X,5H •••• >, ••• ,5X,.KIDNEY ESTUARy.,4X, ••• ,Fl.4~48X,F7.4,3X, 

1* •• ,5X,.KIONEY ESTUARY.,4X, •• *,5H< ••• *. 
82 FORMATCIOX, ••• ,5X,.KIDNEY ESTUARy*,4X,*~.,F7.4,48X,F7.4.3X,*.*,5X. 

l*KIDNEY ESTUARY*,4X,* •• ) 
84 FORMATCIOX •••• ,23X, ••• ,65X •••• ,23X, •• *' 
86 FORMATCIOX,25C •• *),65X,25( ••• ') 
88 FORMAT(22X,lH.,89X,lH.) 
90 FORMATC22X,lH.,32X,25( •• *,,32X,lH*' 
92 FORMAT(22X,lH.,32X, ••• ,23X, ••• ,32X,lH*' 
94 FORMATC22X,lH.,32X,* •• ,11X,.Q5*,10X,* •• ,32X,lH.' 
96 FORMAT(22X,32(lH*I,*>.*,8X,.SLADDER*,8X, •• <*,32(lH.)) 
98 FORMAT(55X, ••• ,23X,* •• ' 

100 FORMAT(55X,25( •• *) 
END 
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SUBROUTINE INV (B,IB,M,Z' 

THE SUBROUTINE INV GIVES THE INVERSE OF A MATRIX B IF IB=1 
AND GIVES THE SOLUTION OF A SYSTEM OF LINEAR EQUATIONS 
WITH COEFFICIENT MATRIX B AND THE CONSTANT T~RMS STORED 
IN 8( I,M+!) IF 18=0. THE ALGJR.ITHM IS tiASl:D ON 
GAUSSIAN ELIMINATION AND IS DESCRIBED IN - INTROUUC
TORY COMPUTER METHODS AND NUMERICAL ANALYSIS - BY 
PENNINGTON. 

8 MATRIX 
IB = 1 THE INVERSE MATRIX IS RETURNED AND 

COLUMNS 1'1+1 TO 2*M OF THE MATRIX 
= J THE SOLUTION OF A SYSTEM OF LINEAR 

COfFFICIENT MATRIX B I S RETURNErJ 
M THe DIMENSION OF tHE 
I - THE SOLUTIONS TO THE 

DIMENSION B(32,64),ZC32),L(32) 
K=l 
MM=M+l 
IF (Id) lOd6,10 

10 M2=2*M 
DOLL 1=1,1'1 
DOLL J=MM,M2 
tHI,J)=O. 

12 CONTINUE 
ou 14 l=l,M 
MI=M+l 
B(I,MI)=l. 
L(I)=! 

lit CONTINUE 
GO TO 20 

10 M2=M+ 1 
00 18 1=1, M 
L(I)=I 

J..~ C ONT I NUE 
20 KK=K+1 

IS=K 
IT=K 
A=ABS(B(K,K)) 
DO 24 I =K, M 
00 24 J=K, I~ 
IF CABSCtHI,J))-AJ 24,24,22 

22 1$=1 
IT=J 
A=ABS(B( (,J)) 

24 CONTINUE 
IF (IS-K) 3J,3U,26 

26 00 28 J=K,M2 
C =8 ( IS, J ) 
BCIS,J)=EHK,J) 
8(K,J)=C 

28 CONTINUE 
30 IF (IT-K) .36,.36,32 
32 IC=l(K) 

L(KI=UIT) 
L(lT)=lC 
DO 34 1=1,1'1 
C =8 ( I , IT) 
8([,IT)=B(I,K) 
BCI,K)=C 

MATRIX M 
SYSTEM OF LINE AR 

S T OK ED IN 
d. 
EQUATIONS WITH 
AS l. 

EQUATIONS 



C 
C 

34 CONTINUE 
36 I F (S ( K , K .) 38, 64 , 3 8 
38 DO 40 JsKK,M2 

B(K,J'=B(K,J'/B(K,K) 
00 40 I=KK,M 
W=tH 1 ,K'*S(K,J) 
BCI,J'=SCI,J.-W 

40 CONTINUE 
K=KK 
IF (K-M) 20,42,64 

42 IF (B(M,M.) 44,64,44 
44 I F (I B» 46, 58, 46 
46 00 48 J=MM,M2 

B(M,J'=B(M,JJ/8eM,MJ 
48 CONTINUE 

M1=M-l 
DO 50 IX=1,M1 
I=M-IX 
11= 1+1 
DO 50 K=Il,M 
DO 50 J=MM,M2 
8(I,J.=B(I,J)-BCI,K.*S(K,JJ 

50 CONTINUE 
DO 56 I=1,M1 
MI=M-I 
DO 56 J=l,MI 
IF (l(J+l.-leJ') 52,56,56 

52 IC=L(J' 
L(J)=L(J+U 
L(J+lJ=IC 
DO ~4 K=MM,M2 
C=BeJ,KJ 
8(J,K)=B(J+1,K' 
8(J+1,K)=C 

54 CONTINUE 
56 CllNTINUE 

IF (lB' 66,58,66 
58 L M=L (114' 

ZClM)=B(M,M+1"B(M,MJ. 
M1=M-1 
DO 62 I=1,M1 
5=0. 
Jl=M-I+l 
MI=M-l 
DO 60 J=Jl,M 
LJ=L(J. 
S=S+B(Ml,J'*Z(lJ) 

60 CONTINUE 
L M=L (/lot I » 
l(LM)=8(MI,M+1'-S 

62 CONTINUE 
GO TO 66 

64 PRINT 68 
CALL EXIT 

66 RETURN 
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68 FORMAT(*THE MATRIX IS SINGULAR*, 
END 
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SUBROUTINE INVPD (B,IB,M,IJ 

THE SUBROUTINE INVPD GIVES THE lNVERSE FOR A POSITIV~ 
~EMIDEfINITE MATRIX 8 If 18=1 AND GIVES THE SOLUTION 
OF A SYSTEM OF LINEAR EQUATIONS ~ITH COEFFICIENT 
MATRIX 8 AND THE CONSTANT TERMS STORED IN 8(I,M.1) 
IF 18=0. THE ALGORITHM IS DUE TO CHOLESKI AND IS 
DESCRIBED ON PAGE 452 IN - A FIRST COURSE IN NUMERICAL 
ANALYSIS - BY RALSTON. 

B ... MATRIX 
18 = 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 EQUATIUNS WITH 

COEFFICIENT MATRIX 8 IS RETURNED AS l~ 
M . - THE DIMENSION Of THE MATRIX B 
I - THE SOLUTION TO THE SYSTEM OF LINEAR EQUATIONS 

DIMENSION 8(~2,b4),Z(3l.,L(32),YC32. 
DOU8LE PRECISION SA,SB 
MM=M+1 
M2=2*M 
1'11=M-1 
K=l 
00 10 I=l,M 
LCU=I 

lO CONTINUE 
12 KK=K+1 

I$=K 
IT=~ 
A=IHK,K) 
DO 16 I=K,M 
DO 16 J=K,M 
IF CBCI,J)-Al 16,16,14 

14 I S= I 
IT=J 
A=B({,J' 

16 CONTINUE 
IF (IS-KJ 22,22,18 

18 DO 20 J=l,M 
C =ti( 1 S, J) 

BCIS,J)=BCK,J) 
ti(K,J)=C 

20 CONTINUE 
22 IF (IT-K' 28,2B,24 
24 IC=L(K) 

L (K '·=U IT' 
L(lT.=IC 
D026I=K,M· 
(,=B(I,1T) 
B(I,lT.=BCI,K. 
8(I,K.=C 

2.6 CONTINUE 
28 IF C8CK,K). 30,96,30 
30 IF CK-U 3o,32,3b 
32 SA=B(K,K. 

SB=OSQRT(SA) 
tHK,K)=SB 
00 34 l=l,M 
BCI,K.=BCl,K./SCK,K) 

34 CONTINUE 
K=KK 

, 



IF (K-M) 12,50,96 
36 Kl=K-l 

SUM=O. 
OJ 38 1=1,K1 
SUM=SUM+B(K,I)**2 

38 CONTINUE 
X=8(K,K)-SUM 
IF (X) 40,44,44 

40 PRINT 100, K 
DO 42 1=1, M 
J2=I 
PRINT 102, (B(I,Jt,J=1,J2) 

42 CllNTINUE 
CALL EXIT 

44 SA=X 
SB=OSQRTeSA' 
tHK,K)=SB 
00 48 I=KK,M 
SUM=O. 
00 46 J=l,Kl 
SUM=SUM+B(I,J)*B(K,J) 

46 CONTINUE 
B(l,K)=(B(I,K)-SUM)/B(K,K' 

48 CONTINUE 
K=KK 
IF (K-M) 12.50,Q6 

50 IF (B(M,M) 52,96,52 
52 SUM=O. 

00 54 I=1,Ml 
SUM=SUM+S(M,I)**2 

54 CONTINUE 
X=BCM,M)-SUM 
IF ( X) 56 ,60, 60 

56 PRINT 100, K 
00 58 1= 1, M 
J2=1 
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PRINT 102, (B(l,J),J=1,J2' ., 
58 CONTINUE 

CALL EXIT 
60 SA=X 

SB=OSQRT(SA) 
B(M,M)=SB 
IF (I B) 62,86,62 

62 Dl) 64 1=1, M 
00 64 J=MM,M2 
BCI,J)=O. 

64 CONTINUE 
00 66 l=l,M 
MI=M+I 
B(I,MI)=l. 

b6 CONTINUE 
K=l 
MI=M 

68 KK=K+l 
MI=MI+1 
00 70 J=MM,MI 
B(K,J'=B(K,J./B(K,K) 
DO 70 I=KK,M 
W=B(I.K'*S(K.J. 
IH [ , J ) ::: Be I , J ) - W 

70 CONTINUE 
·K=-KK 



C 
C 

If (K-M) 68,72,96 
72 00 74 J=MM,M2 

~(M,JJ=B(M,J)/ij(M,M) 

-, 4 C ClN T I NU E 
OQ 76 I=1,M 
DO 76 J=l,M 
B(I,JJ=O. 
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l)O -'6 K=1,M 
d(I,J.=8(I,J.+B(K,M+I)*~(K,M+J) 

76 CONTI NUE 
00 84 I=1,M1 
MI=M-I 
OJ 84 J=1,MI 
If (l(J+l)-l(J •• 78,84,84 

78 IC=L(J) 
l(JJ=L(J+U 
UJ+U=IC 
DO 80 K=1,M 
C=~(J,K. 

S(J,KJ=B(J+1,K. 
tHJ+l,K)=C 

80 CONT [;',WE 
Del 82 K=1,M 
C=B(K,J) 
8(K,J)=B(K,J+l) 
d(K,J+1J=C 

82 CONTI NUE 
84 CONTINUE 

GJ TO 98 
86 lM=U L J 

Y(1)=8(LM,MMJ/B(1,1) 
Du 90 1=2,M 
S=O. 
I 1= [-1 
DO 8t1 J=ldI 
S = S + 8 ( I , J ) *v ( J • 

88 CONTINUE 
l M=L ( I) 
V(I)=(S(LM,M+L)-S)/B(I,I) 

90 CONTINUE 
lM=l(M) 
Z(LM.=Y(M)/8(M,M) 
DO 94 1=1,M1 
S=O. 
Jl=M-I+l 
MI=M-I 
00 92 J=Jl,M 
LJ=L(J. 
S=S+8(J,MI)*Z(LJ) 

92 CONTINUE 
l M=L( M 1 ) 
ZCLM)=(Y(MI)-S)/S(MI,MI) 

94 CONT I NUE 
GO TO 98 

90 PRI NT 104. 
CALL EXI T 

98 RETURN 

100 FORMATCIX,*THE MATRIX IS NOT POSITIVE DeFINITe 
102 FORMAT(5X,12(E9.2,lX))· 
104 FORMAT(lX,*THE MATRIX IS SINGULAR*) 

K :: *,13) 
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END 
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SUBROUTINE LINMAX (M,Z,XLINMAX,Zl' 

THE SUBRuUTINE lINMAX SCALES THE STEP VECTOR Z SO THAT THE 
AdSOLUTE VALUE OF Z(I) DUES NOT EXCEED XLINMAX(I) fOR 
ALL I. 

M THE NUMBER UF PARAMETERS 
I - THE STEP FOR THE PARAMETERS 
XLINMAX - THE ABSULUTE MAXIMUM STEP 
Ii - THE SCALED STEP FOR THE PARAMETERS 

DIMENSION Z(32),XLINMAX(32),ll(32) 
XM=l. 
00 10 1=1, M 
IF (ABS(Z(IH-XLINMAX(I») 10,10,12 

10 CONTINUE 
GO TO 18 

12 XM=XLINMAX(U/ABS(Z( 1)' 

00 16 I=2,M 
XX=XLINMAX( I )/ABS(l(I)) 
1 F (X M- X X) 16, 16, 14 

14 XM=XX 
16 CONTINUE 
18 DO 2(} I=l,M 

ZLCI)=XM*Z(I) 
2J caNT I NUE 

RETURN 
END 
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SUBROUTINE MARQ (A,XLINMAX,CHI,TF,PAR,PARX, IDOUBl,NSTEP,IPRT) 

THE SUBROUTINE MARQ DETERMINES THE MINIMU~ TO THE LEAST 
SQUARES FU~CTION FOR THE KIuNEY COMPARTMENT MODEL. 
THE ALGORITHM USED TO DETERMINE THE MINIMUM IS OUE 
TO MARQUARDT AND IS DESCkIbED IN, AN ALGORITHM FOR 
LEAST-SQUARES ESTIMATION OF NON LINEAR PARAMETERS, 
J. SOC. INDUST. APPL. MATH, liC 1~63), PP 431-441. 

A 
XLINMAX 
CHI 

- THE PARAMETERS FOR THE KIDNEY MODEL 
THE MAXIMUM ALLOWED STEP SIlE 

- THE CHI-SQUARE SUBRUUTINE 
TF - THE TIME FUNCTION SUBROUTINE 
PAR 
PARX 

- THE SUBROUTINE OF PARTIAL DEKIVATIVES 
THE SUBROUTINE OF PARTIAL DERIVATIVES fOR THE 

TIME FUNCTIUNS 
I DOUBL 

NSTEP 
IPRT 

- IF IDOUBL IS EQUAL TO 1 THEN THE SUMS ARE 
EVALUATED IN DOUBLE PRECISION IN THE SUBRUUTINE 
PAR. 

- THe MAXIUM NUMBER OF ITERATIONS 
IF IPRT=l THEN PRINT OUT THE PARAMETER VALUES 

FOR ALL ITERATIONS 

THE MARQUARDT ALGORITHM -

1. SELECT AN INITIAL SOLUTION A FOR THE KIDNEY COMPARTMfNT 
MODEL AND AN INITIAL VALUE FOR XLAM AND V. 

2. LET AT=A AND EVALUATE THE LEAST SQUARES FUNCTION HF BY 
CALL SQSUM(A,HF). 

3. EVALUATE THE MATRICES BAND E BY CALL PAR(A,B). 
4. EVALUATE THE MATRICES B* AND E* WHERE 

b*(I,J) = B(I,J)/SQRT(B(I,I)*B(J,J») 
E*(I» = E(II/SQRT(B(I,I»). 

5. SOLVe FOR Il* AND Z2* WHERE 
Ll* = INV(B* .. XLAM1*lt * E* 
l2* = INV(B* .. XLAM2*1. * E* 

AND XLAM1=XLAM AND XLAM2=XLAM/V. 
6 EVALUATE Ii AND 12 WHERE 

llll) = ll*(IlISQRTlB(I,I)t 
I2(1) = 12*([)!SQIHUHI,x»). 

1. SCALE ll(lt AND l2(1) BY CALL LINMAX(M,l,XLINMAX,l) 
SO THAT ASS(lUIH AND ABS(l2(I)) :5 XLINMAX(I) FOR ALL 
WHERE XLINMAX(I) IS THE MAXIMUM ALLOWED STEP SIIE. 

8. EVALUATE Ai AND Al WHERE 
AllI) = A(U+IUI) 
Al(I) = A(I.~12( I). 

9~ EVALUATE Hl=HF(XLAM1) AND H2=HF(XLAM2. BY 
CALL S~SUM(Al,H1) AND CALL SQSUM(A2,H2. RESPECTIVILY. 

10. IF HF(XLAM1)SHF THEN 
XLAM = XLAM1 
All) :: Al(I1 
I(l) = llll) 

GLl TO 11, ELSE 
IF HF(XLAM1»HF AND HF(XLAM2)<Hf THEN 

XLAM = XLAM2 
A(I) = A2(I) 
l ( I) :' l2 ( I ) 

GO TO 11, ELSE GO TO 12. 
11. TEST FOR CONVERGENCE (CALL TEST(M,l,AT,l.,LG)) -

IF ABS(Z(I))f(.OOl+ABS(AT(IH) < .000i. FOR ALL I 
THEN STOP, ELSE RETURN 10 2. 

.. 
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12. LET XtAM=V*XLAM. 
13. EVALUAT~ 1* WHERE 

1* = INV(S. + XLAM*I) * E* 
14. EVALUATE I WHERE 

1(1) = 1*(I)/SQRT(S(l.IH. 
15. SCALE l(l) SO THAT ABS(Z(I»SXLINMAX(I) FOR ALL I. 
16. EVALUATE A(l) WHERE . 

ACII :: AlI)+Z(I). 
17. EVALUATE H3=HF(XLAM). 
18. IF H3< HF THEN RETURN TO 11 AND CALL TEST 

ELSE GO TO 12. 

COMMJN/CONST/N,~l,M,Ml 

DIMENSION A1(32),A2(321,AT(}Z),B(32,641,CC(32,64),l(321,D(321,P(32 
It,l1(32),12(32"XLINMAX(32),A(32) 
LOGICAL LG,TPRINT 
TPRINT=IPRT.E(J.1 
XlAM=.Jl 
l1=1 
V=10. 

La IF (TPRINTI GO TO 1" 
GJ TO 14 

12 PRINT 76, L1 
PRINT 78 
PRINT 80 

1.4 CAL L CH I (A, H F , T F , 
CALL PAR (A,S,PARX,IDGUBL) 
DO 16 1=1,M 
PCI);;-2.*lHI,M+l) 

lo6 CONTINUE 
DO 18 1= 1, M 
0(1)=6(1,1) 

18 CONTINUE 
N2=O 
00 2\) l=l,M 
B( I, M+l )=!H I ,Mt-.&. I /SQRT (DC I I) 
CC(I,M+l)=B(I,M+l) 
N2=N2+1 
00 2() J=1,N2 
B(I,J)=B(I,J)/SQRT(O(I).OCJ)) 
B(J,I)=B(I,J) 
CC(I,J)=B(I,JI 
CC (J , I) =CC ( I, J , 

20 CONTINUE 
00 22 I=1,M 
CC( I, I )=B( I, I I+XLAM 

22 CONT I NUE 
CALL INVPO lCC,O,M,ll) 
DO 24 l=l,M 
11(I)=11(I)/SQRT(O(I») 

24 CONTINUE 
CALL LINMAX (M,11,XLINMAX,11' 
00 26 I=J.,M 
A 1 ( I , =A (I I +11 ( I I 
AT(lt=A(li 

L6 CONTINUE 
C ********Hl IS HF(XLAM'******** 

CALL CHI (A1,Hl,TF) 
IF (TPRINTI PRINT 82, H!,XlAM 
XLAM2=XLAM/V 
,'1,12=0 



0030 I=l,M 
N2=N2+1 
CC(I,M+l.=B(I,M+l. 
DO 28 J=1,N2 
eC( I,J.=I:H I.,JJ 
CC ( J ,1) =CC ( I, J. 

28 CONTINUE 
C C ( I , I • = B ( I , I , + XL AM 2 

30 CONTINUE 
CALL INVPo (CC,O,M,Z2' 
DO 32 I=l,M 
l2(I'=l2(I)/SQRT(O(I,i 

32 CONTINUE 
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CALL LINMAX (M,Z2,XlINMAX,l2' 
00 34 I=l,M 
A2( I '=A( I .+Z2( I) 

34 CJNTINUE 
C ********H2 IS HF(XlAM/V)******** 

c 

CAll CHI (A2,H2,TF) 
IF (TPRINT' PRINT 82, HZ,XlAM2 
IF (HI-HF' 36,~6,38 

36 IF (H1-HZ) 44,44,40 
38 IF (H2-HF' 40,40,48 
40 XlAM=XlAM2 

DO 42 l=l,M 
A ( 1 • = A2 ( I' 
Z(I'=lZ(I' 

42 CONTINUE 
GO TO 64 

44 DO 46 l=l,M 
A( I '=AU I' 
lCI)=ll«() 

40 CONTINUE 
GO TO 64 

C ********BEG 1 NN ING OF SUCCESS I VE CORRECT IONS TOXlAM******** 
C 

48 Ki=l 
50 XlAM=XlAM*V 

N2=0 
00 54 I=l,M 
N2=N2+1 
CC(I,M+l)=B(I,M+l' 
00 52 J=l,NZ 
CC( I,J'=B( I,J' 
CC(J, I '=CC( I,J' 

52 CONTINUE 
CC( I, U=B( 1,1) +XLAM 

54 CONTINUE 
CALL INVPD (CC,O,M,l. 
DO 50 l=l,M 
l (I , = l ( 1) IS QR T( 0 ( I) , 

56 CONTINUE 
CALL llNMAX (M,l,XlINMAX,l' 
DO 58 1=1, M 
A(I '=ATfI)+Z( I) 

58 CONTINUE 
CAL L CH I (A, H3 , T F , 
IF (TPRINT, PRINT 84, K1,H3,XlAM 
IF (H3-HF) 64,60,60 

60 Kl=Kl+l 
IF (Kl-20) TPRINT=.TRUE. 



• 

C 
C 
(. 

IF (Kl-21J 50,62,62 

***.**.*END OF lOOP***.**** 

62 PRINT 86 
CAll EX IT 

64 IF (TPRINT) GU TO 06 
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~ GO TO 70 
66 PRINT 78 

PRINT 88 
~ PRINT 90 

PRINT 92 

C 
C 

DlJ 68 I=l,M 
PRINT 94, I,AT( 1) ,P(I),l(l) 

68 CONT (NUE 
PRINT 96 

70 CAll TEST (M,l,AT,l.,lG) 
IF (lG) 74,72 

72 ll=U. +l 
IF (ll.EQ.NSTEP-l) TPRINT=.TRUE. 
IF (L I-N S T E P) 1 0, i(), 6 2 

74 PRINT 98, Ll 
RETURN 

76 FORMAT(lHl,55X,l3H***lTERATION ,I3,3H***/) 
78 FORMAT(47X,36(lH*)) 
BO FJRMAT(47X,lH*,2X,*Kl*,5X,*Hf(XlAM,*,9X,*XlAM*,4X,lH*) 
82 FORMAT(47X,lH*,bX,f13.4,4X,E9.2,2X,lH*) 
84 FORMAT(47X,LH*,2X,Ii,2X,fl3.4,4X,E9.2,2X,lH*' 
86 FORMAT(lX,*THE NUMBER OF ITERATIONS EXCEEO THE BOUNDS*' 
88 FORMAH//I,36X,53( lH*)) 
90 FORMAT(36X,lH*,2X,*I*,3X,*PAKAMETER*,6X,*GRAOIANT*,4X,*COkRECTION 

IVECTOR*tlX, lH*) 
92 FORMAT(3bXdH*,8X,*A( 1'*,27X,*l(I,*,8X,lH*) 
94 FORMAT(36X,lH*,LX,I2,2X,Fl1.5,4X,E9.2,7X,F1U~5,5X,lH*' 
96 FORMATC36X,53(lH*). 
98 FORMATCIX,*THE SOLUTION CUNVERGED ON ITERATION *,13,*.*) 

END 
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THE SUBROUTINE MATX1l PRINTS THE MATRIX w FOR A ONE 
KIDNEY MODEL. THE MATRIX W RELATES THE TIME FUNCTIONS 
TO THE COMPARTMENT EQUATIONS SUCH THAT 

(TF1,TF2,TF3J = (Ql,Q2,03,Q4,Q5.*W. 

THE TIME FUNCTIONS wITH GLOMERULAR FILTRATION 

TF1- 03 + 04 
TF2 = 05 
TF3 = 

+ A(lOJ*(Q1 + 02) 
+ A( 11)*(01 + Q2) 

AU2.*(01 + Q2) 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TF.! ;: 
TF2 :: 
TF3 = 

03 + 04 + A(9)*(01 + Q2) 
05 + A(10)*(Ql + Q2) 

A(ll)*(Oi + Q2) 

TFl - KIDNEY 
TF2 - BLADDER 
TF3 - BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 

COMMON/STARl/ISTAR,IDIF 
DIMENSION A(32) 
I=O. 
II= 1. 
PRINT 10, ISTAR,A(10-IDIF),A(ll-IDIF),A(12-IDIF) 
PRINT 12, ISTAR,AClO-IDIF),A(ll-IDIF),A(12-IDIF) 
PRINT 14. ISTAR,A(5-IDIF),ll,I,1 
PRINT 12, ISTAR,ll,l,1 
PRINT 16, ISTAR,I,II,I 
PRINT 18, ISTAR 
PRINT 20, ISTAR 
RETURN 

10 FORMATC5X,Al.16X,lH*,36X,3(F7.4,3XJ,llX,25(lH*») 
12 FORMAT(5X.Al.16X,lH*,36X,3CF7.4,3X),11X,lH*~23X,lH*) 
14 FORMAT(5X,Al.16X,lH*,F7.4,20X,*W =*,6X,3(F7~4,3X),11X,lH*,4X,*KIDN 

lEY REMOVEO*,5X,lH*) 
16 FORMATC5X,Al,16X,*V*,36X,3(F7.4,3X),11X,25(lH*») 
18 FORMAT(5X,Al,4X,25(*.* •• 
20 FORMAT(5X,Al,4X,*.*,23X,*.*, 

END 
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SUBROUTINE MATX21 lA) 

THE SUBROUTINE MATX21 PRINTS THE MATRIX ~ FOR THE TwO 
KIDNEY MUDEL. TH~ MATRIX W RELATES THE TIME FUNCTIONS TO 
TO THE COMPARTMENT EQUATIONS SUCH THAT 

(TF1,TF2,TF3,TF4) :; (Ql,Q2,~3,Q~,Q5,Qb,Q7)*W. 

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION 

TF 1 
TF 2 
TF3 
TF4 

= 
:: 

:; 

= 

A(15'*(~3+Q4)+Al16)*Ql+Al17)*Q2+Al18)*Q5 

A(19'*(Q6+Q7)+A(20)*Ql+A(ll)*Q2+A(22'*05 
A(24.*Ql+A(25J*Ql+A(lJt*Q5 
A(2b)*01+A(27)*Q2+A(28)*Q5+Al29'*(Q3+Q4) 

+A( 30)*(06+07) 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFl = 
TF2 :; 

TF3 :; 

T F4 :; 

A(13)*(Q3+Q41+Al14)*Ql+A(15'*Q2+A(161*Q5 
A(17)*(Q6+Q7'+A(18)*Ql+A(19)~~l+A(ZO.*Q5 

A(22.*Ql+A(l3'*Ol+A(Zl,*Q5 
A(24)*Ql+A(25)*Ql+A(l6'*Q5+A(271*(03+Q4) 

+A(l8'*(06+Q71 

TFl - RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
TF3 - ~LAODER 

TF4 BLOOD AND TISSUE 

A - PAKAMETERS FOR THE KIDNEY MODtL 

DIMENSION A(3l) 
COMMON/STAR2/ISTAR,IDIF1,IOIF2 
l=O. 
11:1. 
PRINT 10, ISTAR,A(lb-lDIF21,A(20-IOIFl),A(24-IDIFl),A(2b-IOlF21,IS 

1 T AR 
PRINT la, ISTAR,A(17-IDIFl),A(l1-IDIF2),A(25-IDIF2),A(27-IDIF2',IS 

1 T4R 
PRINT 12, ISTAR,A(5-IDIF1),A(15-1DIFl),I,l,A(29-IDIF2),A(8-IDlf2), 

11 STAR 
PRINT 14, ISTAR,A(15-IDIF2),l,I,A(29-IOIF2),ISTAR 
PRINT 16, ISTAR,A(18-IDIF2),A(22-IDIF2),A(23-1UIF2',A(28-IDIF2), IS 

1 TAR 
PRINT 18, ISTAR,I,A(19-IDIF2),I,A(30-IDIFl),ISTAR 
PRINT 20, ISTAR,l,A(19-IDIF2t,l,A(30-10IFZ»,ISTAR 
RETURN 

FORMAT(5X,Al,16X,lH*,31X,4(F7.4,3X) ,18X,lH*,16X,Al) 
FORMAT(5X,Al,lbX,lH*,Fl.4,24X,4(F7.4,3X),9X,F7.4,2X,lH*,16X,Al) 
FORMAT(5X,Al,lbX,lH*,Z2X,*W ::*,bX,4(F7.4,3X),lHX,lH*,lbX,Al) 
FuRMATl5X,Al,16X,*V*,31X,4(F7.4,3X),18X,*V*,16X,A1t 
FQRMAT(5X,Al,4X,25(*.*),1~X,4(F7.4,3X,,6X,251*.*),4X,A1) 
FORMAT(5X,Al,4X,*.*,Z3X,*.*,19X,4(F7.4,3XJ,6X,*.*,2JX,*.*,4X,Al) 
END 
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SUBROUTINE MATX22 (A) 

THE SUBROUTINE MATX22 PRINTS THE MATRIx W fOR THE TWO 
KIDNEY MUDEl. THE MATRIX W RELATES THE TIME FUNCTIONS TO 
TO THE COMPARTMENT EOUATIONS SUCH THAT 

CTfl,TFL,Tf3,TF4' = (Q1,0~,~3,Q4,05,Q6,Q7)*W. 

THE TIME FUNCTIONS wiTH GLOMERULAR FILTRATION 

TF1 = 03+04+A(15)*(01+02)+A(16'*05 
TF2 = 06+07+A(11)*(01+02)+A(18'*05 
TF] = A(19)*05+A(20)*(01+02) 
TF4 = A(21)*(Ql+Q2)+A(22)*05+ACL3'*(03+Q4) 

+A(24)*(06+07) 

THE TIME FUNCTION WITHOUT GLOMERULAR FILTRATION 

TF1 = 
TF2 = 
TF) = 
TF4 = 

Q3+04+A(13)*(01+Q2)+A(14'*Q5 
Q6+01+A(15)*(01+02'+A(16)*05 
A(17)*Q5+A(lB'*(Q1+Q2) 
A(19)*(01+02)+A(20)*Q5+A(21)*(03+Q4) 

+A(22'*(06+Q1) 

TFI - RIGHT KIDNEY 
Tf2 LEFT KIDNEY 
TF3 - BLADDER 
TF4 - BLOOD AND TISSUE 

A - PARAMETERS FOR THe KIDNEY MODEL 

COMMON/STAR2/ISTAR,IDIF1,IDI~2 

DIMENSION A(32) 
1=0. 
ll=l. 
PRINT 10, ISTAR,AC15-IDIFl),ACI1-IDIF2),AC20-IOIF2),A(21-IDlf2),IS 

ITAR 
PRINT 10, ISTAR,A(15-IOIF2),A(11-IOIF2',AC2J-IDIF2),A(2l-IDIF2),IS 

ITAR 
PRINT 12, (STAR,A(5-IDIF1.,ll,I,1,A(23-IDIF2),ACB-IDIF2),ISTAR 
PRINT 14, ISTAR,II,l.l,A(2)-IDIF2),ISTAR 
PRINT Ib, ISTAR,AC16-IUIF2),A(18-IDIF2),A(19-IDIF2),A(22-IDIF2),IS 

ITAR 
PRINT 18, ISTAR,l,ll,l,A(24-IDIF2),ISTAR 
PRINT 20, ISTAR,l,lZ,l,A(L4-IDIF2),ISTAR 
RETURN 

FORMAT(5X,Al,lbX,lH*,31X,4(F1.4.3X),18X.1H*.16X,Al) 
FuRMAT(5X,Al,lbX,lH*,F7.4.24X,4(F1.4.3X),~X,F7.4,2X,lH*,lbX,Al) 

FORMAT(5X,Al,16X,lH*,22X,*W =*,bX,4(F7.4,3X),lBX.1H*,16X,Al) 
FORMAT(5X,A1,lbX,*V*,31X,4CF1.4,3X),18X,*V*,16X,Al) 
fURMAT(5X,A4,4X,25(*.*) ,1~X,4(F1.4,3X),6X,25C*.*).4X,A1) 
FORMAT(5X,Al,4X,*.*,23X,*.*,19X,4(F7.4,3X) ,6X,*.*,2jX,*.*,4X,Al) 
END 
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SUBROUTINE MATX23 (A) 

THE SUBROUTINE MATX23 PRINTS THE MATRIX W fOR THE TWO 
KIDNEY MODEL. THE MATRIX W RELATES THE TIME fUNCTIDN~ TO 
TO THE CJMPARTMENT EQUATIONS SUCH THAT 

(Tl,T2,T3,T4. = (Ql,Q2,QJ,Q4,Q5,Q6,Q7)*W. 

THE T I ME fUNC T IONS WITH GlOMERUL AR f lL TRAT ION 

TFl 
TF2 
TFJ 
TF4 

= 
= 
= 
= 

A(lS)*Q3+A( 16)*Q4+A(17.*(Ql+Q2)+A(18)*QS 
A(19.*U6+A(20)*Q1+A(21)*(Ql+Q2)+A(22)*QS 
A(23)*Q5+A(24.*(Ql+QZ) 
A(25)*(Ql+Q2)+A(26)*Q5+A(27.*Q3+A(28.*U4 

+A(29)*Q6+A(30)*Q1 

THE TIME FUNCTIONS wITHUUT GLOMERULAR fILTRATION 

TF 1 = 
TF2 = 
TFJ = 
TF4 = 

A(13)*U3+A(14)*Q4+A(1~)*(Q1+Q2)+A(lb)*QS 

A(17)*Q6+A(18)*Q1+A(19)*(Q1+Q2)+A(20)*QS 
A(21)*Q5+A(22)*(Ql+Q2) 
A(23l*(Q1+Q2)+A(24)*QS+A(25)*Q3+A(26)*Q4 

+A(27)*Q6+A(28.*Q7 

TFl - RIGHT KIDNEY 
Tf2 - LEFT KIONEY 
Tf3- BLADDER 
Tf4 - ~LOOD AND TISSUE 

A - PARAMETERS fOR THE KIDNEY MODEL 

COMMON/STARL/ISTAR,IDIfl,IOIF2 
DIMENSION A(32) 
I=O. 
IZ=1. 
PRINT 10, ISTAR,A(17-IDIF2),A(21-IDIF2),A(Z4-IDIF2),A(25-IDIF2),IS 

iT AR 
PRINT 10, ISTAR,A(17-10If2),A(21-IDIF2),A(24-IDIF2),A(25-IDIf2),IS 

1 T AR 
PRINT 12, ISTAR,A(S-lDIF1),A( lS-IOIF2),I,l,A(27-IDIF2),A(S-IDIf2), 

11 STAR 
PRINT 14, ISTAR,A(16-IDlf2),l,l,A(28-IDIF2),ISTAR 
PRINT 16, ISTAR,A(18-IOlf2),A(22-IDIF2),A(23-IDIF2),A(26-IOlf2),1S 

lTAR 
PRINT lS, ISTAR,l,A(19-IDIF2),Z,A(29-IDIF2) ,{STAR 
PRINT 20, ISTAR,l,A(20-IDIF2),I,A(30-IDIF2),ISTAR 
RETURN 

FORMAT(SX,Al,16X,lH*,31X,4(f7.4,3X),18X,lH*,16X,Alt 
FORMAT(5X,Al,16X,lH*,f7.4,24X,4(F7.4,3X),9X,Fl.4,2X,lH*,16X,Alt 
FOR~AT(5X,Al,16X,lH*,22X,*w =*,6X,4(f7.4,3X),16X,lH*,lbX,A1) 
FORMAT(SX,Al,lbX,*V*,JlX,4(F7.4,3Xt,16X,*V*j16X,Al) 
FORMAT(5X,Ai,4X,25(*.*) ,19X,4(F7.4,3X. ,oX,2S(*.*) ,4X,Al) 
FORMAT(5X,Al,4X,*.*,23X,*.*,19X,4(F7.4,3X),6X,*~*,23X,*.*,4X,Al) 
END 
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SUBROUTINE MATX24 (A' 

THE SUBROUTINE MATXZ4 PRINTS THE MATRIX W FOR THE TWO 
KIDNEY MODEL. THE MATRIX W RELATES THE TIME FUNCTIONS TO 
TO THE COMPARTMENT EQUATIONS SUCH THAT 

(T1,T2.T3,T4) = (Ql,Q2,Q3,Q4,Q5,Q6,QT)*W. 

THE TIME FUNCTIONS ~ITH GLOMERULAR FILTRATION 

TFl = A(l5)*Q3+A(16)*Q4+A(11)*01+A(18'*QZ 
+A( 19)*05 

TFl = A(lS)*Q6+A(16)*Q7+A(ZO)*Ql+A(Zl)*Q2 
+A(22)*Q5 

TF3 = A(24t*Ql+A(25)*Q2+A(Z3'*Q5 
TF4 = A(26)*Ql+A(Z7'*QZ+A(Z8)*Q5+A(29)*(Q3+Q4) 

+A(30)*(Q6+Q7) 

THE TIME FUNCTIDNS WITHOUT GLOMERULAR FILTRATION 

TF1 = Al13.*U3+A( 14)*Q4+A(15)*Q1+A(1b)*Q2 
+A(17)*Q5 

TF2 = A(13)*Q6+A(14.*Q7 A(18)*Ql+A(19)*QZ 
+A(ZO,*Q5 

TF3 = A(Z2)*Ql+AlZ3'*QZ+A(Zl)*Q5 
TF4 = A(24'*Ql+A(Z5)*Q2+A(Z6)*Q5+A(29)*(Q3+Q4) 

+A(Z8,*(Q6+Q7) 

TFl - RIGHT KIDNEY 
TFZ - LEFT KIDNEY 
TF3 - BLADDER 
TF4 - BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 

COMMON/STAR2IISTAR,IDIF1,IDIF2 
DIMENSION A(3Z) 
l=O. 
ll=1. 
PRINT 10, ISTAR,Al17-IDIFZ),A(ZO-IDIFl),A(24-IDIF2),A(Z6-IDIF2',IS 

ITAR 
PRINT 10, ISTAR,A(18-IDIF21,A(21-IDIF~),A(25-IDIF2),A(27-IOIF2),IS 

ITAR 
PRINT 12, ISTAR,A(5-IDIF11,A(15-IDIFZI,1,1,Al29-10IFZ"A(8-IDIFZI, 

lISTAR 
PRINT 14, ISTAR,A(16~IDIFZ),l,l,A(Z9-IOIFZ),ISTAR 

PRINT 16, ISTAR,A(19-IDIFl),A(Z2-IDIFZ',A{23-IDIFZ) ,A(Z8-IDIFZJ,IS 
lTAR 

PRINT IB, ISTAK,l,A(15-IDIFZ),l,A(30-(OIF2) ,(STAR 
PRINT ZO, ISTAR,l,A(16-IDIF2',Z,A(30-IDIF2),ISTAR 
RETURN 

10 FORMAT(5X,Al,16X,lH*,31X,4(F7.4,3X),18X,lH*,16X,AL' 
1Z FORMAT(5X,Al,16X,lH*,F7.4,24X,4(F7.4,lX),9X,F7.4,2X,lH*,16X,A1' 
14 FORMAT(5X,Al,16X,lH*,ZZX,*W =~,bX,4(F7.4.3XJ,18X,lH*,16X,Al) 
16 FORMAT(SX,A1,16X,*V*,31X,4(F7.4,3X),LBX.*V*,16X,Al) 
18 FORMAT(5X,Al,4X,25(*.*).19X,4(F7.4,3X),6X,25(*.*),4X,AIt 
20 FORMAT(5X,Al,4X,*.*,23X,*.*,19X,4(F7.4,3X),6X,*.~,£3X,*.*,4X,Al) 

END 
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SUBROUTINE MATX25 (A' 

THE SUBKOUTINE MATX25 PRINTS THE MATRIX W FOR THE TWO 
KIDNEY MODEL. THE MATRIX W RELATES THE TIME FUNCTIUNS TO 
TO THE COMPARTMENT EQUATIONS SUCH THAT 

(T1,T2,T3,T4) = (01,Q2,Q~,Q4,Q5,Q6,Q7)*W. 

THE TIME FuNCTIONS WITH GLOMERULAR FILTRATION 

TFl = 
TFl = 
TF3 = 
TF4 = 

OJ*04+A(15)*(01*02) 
Q6+07+A(16)*(01+02) 
Q5+A(1n*(01*Q2) . 
A(L8,$(Q1+02)+A(19)*(Q3+Q4)+A(20)*(Q6+Q7J 

+A(21)*05 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FtLTKATION 

TF 1 = 
TF2 = 
TFj = 
TF'? = 

03+Q4+A(13)*(Q1+02) 
Q6+01+A(14)*(01+Q2) 
05+A(15)*(Q1+02) 
A( 16)*(Q1+02)+A( 17)*(03+04)+A( ltH*(Q6+Q1) 

+A(.l.9)*Q5 

TF1 - RIGHT'KIDNEY 
TF2 - LEFT KIDNEY 
TF3 - BLADDER 
TF4 - bLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 

COMMON/STAR2/ISTAR,IDIF1,IDIF2 
DIMENSION A(32) 
l=O. 
11=1. 
PRINT 10, ISTAK,A( 15-IDIF2) ,A( 16-IDIF2) ,A( 17-IDIF2) ,A' lH-IOIF2), IS 

lTAR 
PRINT 10, ISTAR,A(15-IDIF2),A(16-IDIF2),A(17-IDIF2),A(18-IDIF2),IS 

·1 TAR 
PRINT 12, ISTAR,A(~-IDIF1).ll,I.I,A(19-10IF2),A(H-IDIfl),ISTAR 

PRINT 14, ISTAR,II,l,I,A(19-IDIF2),ISTAR 
PRINT 16, ISTAR,I,I,ZZ,A(21-IDIF2),ISTAR 
PRINT 18, ISTAR,I,ll,Z,A(2U-IDIF2),ISTAR 
PRINT 20, ISTAR,I,II,I,A(20-IDIF2),ISTAR 
RETURN 

10 FORMATC5X,A1,16X,lH*,31X,4(P7.4,3X),18X,lH*,16X,Al) 
12 FDRMAT(5X,A1,1bX,lH*,F7.4,24X,4(F7.4,3X),9X,F7.4,2X,lH*,16X,A1) 
i4 FDRMAT(5X,Al,16X,lH*,22X,*W =*,6X,4(F7.4,3X),18X,1H*,16X,Al. 
16 FORMAT(5X,Al,16X,*V*,~lX,4(F7.4,3X),18X,*V*,16X,Al) 
lB FORMAT(5X,Al,4X,2S(*.*),19X,4(F7.4,3X),6X,25(*.*),4X,A1) 
20 FORMAT(5X,Al,4X,*.*,23X,*.*,19X,4(f7.4,3X),6X,*.*,23X,*.*,4X,Al) 

END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
~ 

C 
C 

C 
~ 

C 
C 
C 
c 
c 
c 
c 
C 

c 
c 

-130-
SUBROUTINE MATX26 (A) 

THE SUBROUTINE MATX26 PRINTS THE ~ATRIX W FOR THE TWO 
KIDNEY MODEL. THE MATRIX W RELATES THE TIM~ FUNCTIONS TO 
TO THE COMPARTMENT EQUATIONS SUCH THAT 

(Tl,T2,T3,T4) = (Ql,Q2,Q3,Q4,Q5,Q6,Q7)*W. 

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION 

TFl = Q3+A(15'*Q4+A(16'*(Ql+~2)+A(11)*Q5 
TF2 = Q6+A(18)*Q7+A(19)*(Q1+Q2)+A(20)*Q5 
TF3 = A(22)*Q5+A(21'*(Ql+Q2) ! 

TF4 = A(23)*(Ql+Q2)+A(24)*Q4+A(25)*Q7+A(26)*Q5 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TF1 = Ql+A(13)*Q4+A(14'*(QL+Q2'+A(15'*Q5 
TF2 = ~6+A(16)*Q7+A(17)*(Q1+Q2)+A( 18.*Q5 
TF3 = A(20'*Q5+A(19)*(Ql+Q2) 
TF4 - A(21)*(Ql+Q2)+A(22)*Q4+A(23.*Ql+A(24)*Q5 

RIGHT KIDNEY 
LEFT KIDNEY 
BLADDER 

TFl -
TF2 -
TF3 
TF4 - BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 

COMMON/STAR2/ISTAR,IDIF1,IDIF2 
DIMeNSION A(32) 
z=o. 
ZZ=l. 
PRINT 10, ISTAR,A(16-IDIF2),A(19-IDIF2),A(21-IDIF2),A(2~-IDIF2),IS 

ITAR 
PRINT 10, ISTAR,A(16-ID[F2),A(19-IDIF2',A(21-IDIF2),A(23-IDIF2',IS 

ITAR 
PRINT 12, ISTAR,A(5-IOIFL),ll,Z,Z,l,A(S-IDIF2),ISTAR 
PRINT 14, ISTAR,A(15-IDIf2),Z,Z.A(24-IDIF2),ISTAR 
PRINT 16, ISTAR,A(17-IDIFl),A(20-IOIF2),A(22-IDIF2),A(26-IDIF2),IS 

ITAR 
PRINT 18, ISTAR,l,lZ,Z,Z,ISTAR 
PRINT 20, ISTAR,Z,A(lB-IOIF2),Z,A(25-IDIF2),ISTAR 
RETURN 

La FORMAT(5X,Al,16X,lH*,31X,4(F7.~,3X),lSX,lH*,16X,Al) 
12 FORMAT(5X,Al,16X,lH*,F7.4,24X,4(F7.4,3xt,9X,F7.4,2X,lH*,16X,Al) 
i4 FORMAT(5X,A~,16X,lH*,22X,*W=*,6X,4(f7.~,3X',18X,lH*,16X,Al) 
l6 FORMAT(5X,A1,16X,*V*,31X,4(F7.4,3X),18X,*V*.16X,Al) 
1S FORMAT(5X,Al,4X,25(*.*',19X,4(F7.~,3X),6X,25(*.*'.4X.A1. 
20 FORMAT(5X,Al,4X,*.*,2~X,*.*,19X,4(F7.4,3X).6X.*.*,23X,*.*,~X,Al) 

ENO 
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SUBROUTINE MATX27 (A. 

THE SUBROUTINE MATX27 PRINTS THE MATRIX W FOR THE TWO 

THE 

THe 

KIONEY MODEL. THE MATRIX W RELATES THE TIME FUNCTIONS TO 
TU THE COMPARTMENT EQUATIONS SUCH THAT 

(T1,T2,T3,T4) = (Ql,Q2,Q3,Q4,QS,Q6,Q1)*W. 

TIME FUNCTIONS WITH GLOMERULAR FILTRATION 

TF 1 = Q3 + 04 + A(lS)*(Q1 + Q2) 
TF2 = u6 .. Q1 + A(1b)*(Q1 .. Q2) 
TF3 = Q? + A(l7)*(Qi .. Q2. 
TF4 = A(18)*(Ql .. Q2. 

TIME FUNC T ILJNS WITHOUT GLOMERULAR FILTRATION 

TFl = Q3 + Q4 + A(13)*(Ql .. Q2. 
TF2 = Ob .. 07 + A(14)*(Ql + Q2. 
TF3 = QS + A(lS)*(Ql + Q2) 
T F4 = A(16)*(Ql + Q2. 

TFl - RIGHT KIDNEY 
TF2 LEFT KIDNEY 
TF3 - tiL ADDER 
TF4 - BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 

COMMON/STAR2/ISTAR,IDIF1,lDIF2 
DIMENSION A(32) 
l=O. 
IZ=l. 
PRINT 10, ISTAR,A(15-IOIF2),A(lb-IDIF2),A(11-IDIF2)·,A(18-IOIF2),IS 

iT AR 
P R I NT 1 ° , I STAR, A ( lS -I D IF 2 ) , A ( 1 b - I D I F 2 • , A ( 17 - I D IF 2 ) , A ( 18- I D I F 2 • , I S 

1 TAR 
PRINT 12, ISTAR,A(S-IDIF1.,II,I,I,l,A(8-IOIF2),ISTAR 
PRINT 14, ISTAR,II,I,l,I,ISTAR 
PRINT Ib, ISTAR,I,Z,II,I,ISTAR 
PRINT 18, ISTAR,I,II,I,I,ISTAR 
PRINT 20, ISTAR,I,ll,I,I,ISTAR 
RETURN 

FORMAT(5X,Al,16X,lH*,31X,4(F7.4,3X),18X,lH*,16X,Al) 
FORMAT(SX,A1,1bX,lH*,Fl.4,24X,4(F7.4,3X),9X,F7.4,2X,lH*,16X,Al. 
FORMAT(5X,Aj"j,6X,lH*,22X,*w =*,6X,4(fl.4,3X',18X,lH*,16X,Al) 
FORMAT(SX,A1,16X,*V*,31X,4(Fl.4,3X),18X,*V*,lbX,Al) 
FURMAT(SX,Al,4X,25(*.*),19X,4(F7.4,3X),6X,2S(*.*.,4X,A1) 
FORMAT(5X,Al,4X,*.*,23X,*.*,19X,4(F7.4,3X),bX,*.*,L3X,*.*,4X,Al. 
END 
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SUBROUTINE MATX2S (A) 

THE SUBROUTINE MATX28 PRINTS THE MATRIX W FOR THE TWO 
KIDNEY MODEL. THE MATRIX W RELATES THE TIME FUNCTIONS TO 
TO THE COMPARTMENT EQUATIONS SUCH THAT 

(Tl,T2,T3,T4) = (Wl,Q2,Q3,Q4,Q5,Q6,U7)*W. 

THE TIME FUNCTIONS- wITH GLOMERULAR FILTRATION 

TFl = Q3+Q4+Dl*(Q6+Q7)+(A(lS)+01*A(17)J*(Ql+Q2J 
+(A(16'+Ol*A(18JJ*Q5 

TF2 = Qb+Q7+D2.(Q3+Q4)+(A(17'+02*A(15)'*(01+Q2' 
+(A(lS'+D2*A(lb)'*Q5 

TF3 = A(19J*QS+A(20J*(Q3+Q4)+A(2iJ*(06+Q7J 
+A(2l)*(01+02) 

TF4 = A(23J*(Ql+Q2'+A(24)*(Q3+Q4)+A(25)*(U6+Q7' 
+A(26)*Q5 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TF1 = 03+Q4+Dl*(Q6+Q7J+(A(lJ)+Ol*A(15'J*(Ql+Q2J 
+(A(14J+D1*A(16')*QS 

TF2 = 06+Q7+D2*(Q3+Q4)+(A(lS)+02*A(l3'J*(Ql+QZ) 
+(A(16'+D2*A(14)'*05 

TF3 = A(l7)*QS+A(18)*(Q3+Q4'+A(19)*(Q6+Q7J 
+A(20)*(01+Q2) 

TF4 = A(Zl)*(Ul+02)+A(22,*(Q3+Q4'+A(23'*(U6+07J 
+A(24)*05 

TFl -_ RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
TF3 BLADDER 
TF4 - BLOOD AND TISSUE 

THIS IS THE ADAC MODEL(J. A. DlGRAlIA, P. O. SCHEIBE, 
ET AL., CLINICAL APPLICATIONS OF KINETIC MODEL OF 
HIPPURATE DISTRIdUTION AND RENAL CLEARANCE, J. NUCL. 
MED., 1S<1974', PP 102-114'. 

A - PARAMETERS FOR THE KIDNEY MODEL 

COMMON/STAR2/ISTAR,IOIF1,IDIF2 
DIMENSION A(32' 
DATA 01,D21.0S,.081 
l=O. 
11=1. 
Il=A(lS-IDIFl)+Dl*A(l7-IDIF2) 
l2=A(16-IDIF2'+Ol*A(lS-IDIF2) 
l3=A(11-IDlf2)+02*A(lS-IDIF2' 
l4=A(l8-IOIFl)+02*A(16-IDIF2) 
PKINT 10, ISTAR,l1,13,A(22-IOIF2),A(23-IDIF2',ISTAR 
PRINT 10, ISTAK,ll,l3,A(22-IOIF2),A(23-IOIFl),ISTAR 
PRINT 12, ISTAR,A(S-IOIF1',ll,D2,A(20-IOIF2',A(24-IOIF2),A(S-IDlF2 

lJtlSTAR 
PRINT 14, ISTAR,ll,D2,A(2U-IOlf2),A(l4-IOIF2),ISTAR 
PRI~T 16, ISTAR,l2,l4,A(19-IDIF2),A(26-IOIF2),(STAR 
PRINT lS, ISTAR,Ol,Zl,A(21-10IF2',A(25-IDIF2),ISTAR 
PRINT lO, ISTAR,Dl,ll,A(~~-lOIF2"A(2S-IDIF2"ISTAR 
RETURN 
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12 FORMAT(SX,A1,lbX,lH*,F7.4,24X,4(f7.4,3X»,9X,Fl.4,2X,lH*,lbX,Al» 
14 FORMAT(5X,Al,loX,lH*,22X,*W =*,bX,4(f7.4,jX),18X,lH*,lbX,A1J 
10 FORMAT(5X,A1,10X,.V*,31X,4(F7.4,3X),1UX,*V*,16X,Al) 
18 fJRMAT(5X,Al,4X,25(*.*),19X,4(F7.4,3X),bX,25(*.*),4X,A 11 
20 fORMAT(5X,AL,4X,*~*,23X,*.*,19X,4(F7.4,3X»,6X,*.*,2jX,*.*,4X,Al) 

END 



c 
c 

C 
C 

C 
C 
C 
C 
C .-
\" 

C 
C 
C 
C 

-134-
SuBROUTINE PARGl (A,B,PARX,IDOUBl) 

THE SUBROUTINE PARGl EVALUATES THE PARTIAL DE~IVATIVES OF T~E 
COMPARTM~NT EQUATIONS Ql - Q5 WITH RESPECT TO THE 

MODEL PARAMETERS A(I) FOR THE ONE KIDNEY MODEL WITH 
GLOMERULAR FILTRATION. THE SUBROUTINE RETURNS THE 

MATRIX BAND E R£WUIRED IN THE MARQUARDT ALGORITHM, 
A = A + INV(B) * E. THE MATRIX E (S STORED IN THE 
M+l COLUMN OF THE MATRIX B WHERE M IS THE NUMBER OF 

PARAMETERS. 

A PARAMETERS FOR THE KIDNEY MODEL 
ti - THE MATRIX OF PART I AL DERIVATIVES 
PARX THE SUBROUTINE OF PAR TI AL nERI VATIVES FuR THE 

TIME FUNCT IONS 
I DOUBL IF IDOU8L IS EWUAL TO 1 THEN THE SUMS ARE 

EVALUATED IN DOUBLE PRECISIDN 

*NuTE - THE SUBROUTINE CHIGl MUST BE CALLED BEFORE PARGI. 

COMMON/FNT/T(150),R(600),H(600) 
COMMON/QFN/WI (150) ,Q2( 150) ,Q3( 150) ,Q4( 150. ,QS( 150. 
CJMMON/CONST/N,Nl,M,Ml 
COMMON/EXPP/fXPl,EXP2,EXA5,EXA8 
CUMMON/ROOT/C(8.,Pl,P2,PP,S1 
CJMMON/QFNP/QP4(14) ,QP7(l4),Q1P(14),Q2P(14',Q3P(14),y4P(14), 

L Q5P(14) 
DIMENSION B(32,b4),W(32,450),A(32) 
OOUULE PRECISION SA,SB,SC 
f>ARP(Xl,X2,X3,X4)=(-SI+Xl+X2+X3+X4)/Sl/2. 
PAPF(AA,dB,CC,DD,PA,PB,PC,PD)=«PA+PB)*(CC+DD)-(AA+dB)*(PC+PD)./(C 

iC +00' **2 
PQl(XK,PA,PAA,X)=(X+C(1)*PA*XK)*EXP1+(-X+C(2'*PAA*XK)*FXP2 
PW2(XK,PC,PD,X'=(X+C(3.*PC*XK.*EXPl+(-X+C(4)*PO*XK)*EXP2 
PQ3(X,Fl,CC1,EX,PA,XK,CC2,PAA)=X*«FL*CCl-C(1)*CC1**l*PA.*(EXPI-EX 

1)+C(1.*CC1*PA*XK*EXP1+(-Fl*CC2-C(2)*CC2**Z*PAA)*(EXP2-EX)+CC2)*CC2 
2*PAA*XK*EXP2) 

PQ35(X,CC1,EX,CC2,XK,All):X*(C11)*CC1*(-CC1*(EXPl-EX)+XK*EX)+C(2)* 
lCC2*(-CC2*(EXP2-EX'+XK*EX)-All*XK*EX 

PQ4(X,Fl,CC1,PA,EX,Y,XK,CC2,PAA,Z)=X*( (Fl*CC1-Cll)*CC1**2*PA)*'CEX 
IP1-l.)/P1-(1.-EX)/Y)+C(1)*CC1*(-PA*(EXP1-l.)/PL**2+XK*PA*EXPI/P1)+ 
2(-Fl*CC2-C(Z)*CC2**2*PAA'¥«EXP2-1.'/PZ-(1.-EX)/Y)+C(2.*CC2*(-PAA* 
3(EXP2-1.'/PZ**2+XK*PAA*EXP2/P2»+Z*«FI/PI-CClt*PA/Pi**2)*(~XPl-l. 
4)+C(1.*XK*PA*EXPI/P1+(-fl/P2-C(2)*PAA/P2**2)*(EXPZ-1.)+C(2)*XK*PAA 
5*EXP2/P2) 

~ 

FQ3(X,CC1,EX,Y,CC2)=X*(C(l)*CCl*(IEXP1-l.)/Pi-(1.-EX)1Y)+C(2'*CC2* ~ 
L( (EXP2-1.)/P2-( l.-EX)/Y) 
PQ45(X,CC1,EX,Y,CC2,XK,Z)=X*(-C(1'*CC1**2*«EXP1-1.)/Pl-(l.-EX)/Y) 
1+'C(1)*CCl+C(~'*CC2'*(1.-EX)/Y**2-XK*EX/Y)-C(2)*CC2**2*C'EXP2-1.) -
2/P2-(1.-EX)/Y))+Z*XK*EX 

PQ41](X,CC1,EX,CC2,Y,l)=-X*(C(1)*CC1*(EX-EXP1)+C(2)*CC2*(EX-tXPZ)) 
i"Y*EX"l*(C(1)*EXP~+C(2)*EXP2) 
PIA1=PARP(A(lt,A(2),A(]),A(4)) 
PlA2=PARP(A(1),A(2),-A(3.,-A(4) 
p 1 A3 = P ARP ( A (l ) ,-A ( 2) ,A (3 ) , A ( 4) ) 
PIA4=PIAl 
P2A1=PARP(-A(1),-A(2.,-A(3),-A(4») 
P2A2=PARP(-A(1),-A(2),A(3),A(4)) 
f>2A3=PARP(-A(1),A(Z),-A(3),-A(4)) 
P2A4=PZA3 
AX=-A(6)*(Pl+A(Z)) 
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BX=-A(1).A(2. 
FIA1:PAPF(AX,BX,P2,-Pl,-A(6).PlA1,0.,P2Al,-PlA1) 
FLAl=PAPFCAX,BX,P2,-Pl,-A(6'*(PIA2+1.),-AC7.,PlA2,-PlA2) 
FIA3=PAPF(AX,BX,P2,-Pl,-AC6)*PIA3,0.,P2A3,-PIA3) 
FIA4=FIA3 
AX=-AC7'*CP1+PP) 
BX=-A(6 ).A( U 
FFA1=PAPFCAX,BX,P2,-Pl,-A(7)*(PIA1+1.),-A(6),PlAl,-PlAI. 
FFAZ=PAPFCAX,BX,PZ,-Pl,-A(7)*PIAl,0.,P2AZ,-PlAl) 
FFA3=PAPF(AX,BX,P2,-Pl,-A(7)*(PIA3+1."O.,P2A3,-PIA3) 
FFA4=FFA3 
FC=(-PI-A(Z»)/(P2-Pl) 
FO=(P2+AC2))/(P2-Pl) 
FE;:A(2)/(Pl-Pl) 
FF=AC U/CPZ-pl) 
FG=(-PI-PP)/(P2-Pl) 
FH=(PP+P2)/(P2-Pl) 
DO 4Z K=l,N 
EXP1=EXP(Pl*T(K» 
EXP2=EXPIP2*TCK)) 
EXA5=EXPC-ACS'*T(K») 
o () 1 il 1= 1 , 9 
QIPCI)=O. 

10 CONTINUE 
QIP(1)~PQICT(K),PIAl,P2Al,FIA1) 
OlPCZ)=PQICTCK),PIA2,PZA2,FIAZ. 
~IP(3)=PQ1(T(K),PIA3,P2A3,FIA3) 

QIP(4)=QIPC3) 
QIP(6)=FC*EXPl+FO*EXP2 
QIP(7)=FE*(EXP2-EXP1) 
DO lZ 1=1,9 
Q2P(I)=0. 

12 CONTINUE 
Q2P(1)=PQ2CTCK),PIA1,P2Al,FFA1) 
Q2PCZ)=PQ2(TCK),PIA2,P2A2,FFA2. 
QZP(3)=PQ2(TCK),PIA3,P2A3,FFA3) 
Q2P(4)=Q2PC3) 
Q2P(6)=FF*(EXP2-FXPl) 
02P(7)=FG*EXP1+FH*EXP2 
00 1 it 1=1,9 
Q3PCI)=O. 

14 CONTINUE 
Q3P(1)=PQ3CA(3),FIA1,CCS),EXA5,PIA1,TCK),CC6),P2Al) 
Q3P(2)=PQ3(A(]),FIA2,C(S),EXAS,PIAZ,TCK. ,C(6),PZA2) 
Q3P(4)=PQ3(A(3),FIA4,C(S),EXA5,PIA4,TCK),C(6),PZA4J 
J3P(3)=Q3P(4.+C(1)*CCS)*C~XPI-EXA5)+C(2)*CC6)*CEXP2-EXAS) 
Q3P(5J=PQ35CA(3),C(S',EXAS,C(6),T(K),A(8JJ 
Q3PCo'=A().*(FC*C(S)*(EXPl-EXA5)+FO*CC6)*CEXP2-EXAS) 
Q3P(7)=A(3)*FE*C-C(S)*(EXPI-EXA5)+C(6'*(EXP2-EXAS)) 
Q3P(8)=EXAS 
DO 16 1=1,9 
Q4PCI)=0. 

16 CONTINUE 
J6=0 
IF CT(K)-AC9) 18,18,20 

18 X=TCK. 
GO TO 22 

20 X=HK'-A(9) 
22 EXP1=EXPCP1*X) 

EXP2=EXP(P2*X) 
EXA5=EXP(-AC5)*X) 
~4P(1)=PQ4(AC3)*A(5.,FIA1,CC5),P1Al,EXA5,A(5"X,C(6),P2Al,A(4)t-Q4 

, 



C 
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IP( U' 
U4P(Z)=P04(A(3)*A(S),f1A2,CCS"P1A2,EXAS,A(S),X,C(6J,P2A2,A(4)-Q4 

lP(21 
Q4P(3)=PQ4(A(3)*A(St,FlA3,C(S),PlA3,EXAS,A(5),X,C(6),P2A3,A(4)t+FQ 
13(A(5)t~(5',EXA5tA(5),C(6))-Q4P(3' 
Q4P(4'=PQ4(A(~)*A(5t,FIA4,C(5)tPIA4tEXA5,A(5),XtC(o)tP2A4,A(4)).C( 

11)*(EXP1-1.)/P1.C(2)*(EXP2-i.)/PZ-Q4P(4) 
Q4P(5'=FQ3(A(3),C(S),EXA5,A(j),C(6)).PQ4S(A(3)*A(S),C(S),EXA5,A(S) 

1,C(6),X,A(BI'-Q4P(S) 
Q4P(o)=A(3)*A(5)*(FC*C(5'*«EXPl-l.'/P1-(1.-EXASt/A(5)).FO*C(o,*« 

lEXP2-1.'/P2-(1.-EXAS)/A(S))J+A(41*(FC*(EXP1-1.'/Pl+FD.(EXPZ-i.)/P2 
2'-Q4P(c:d 
Q4P(7)=A(~)*A(5)*FE*(-C(S)*«EXPl-1.t/P1-(1.-EXA5t/A(S»).C(6'*«EX 

1P2-1.I/P2-Cl.-EXAS)/A(S'))+A(4)*FE*((1.-EXP,)/P1+(EXP2-l.'/PZ'-Q4P 
2( n 
~4P(8)=1.-EXAS-Q4P(dt 

IF (Jo' 24,24,30 
24 If (T(K'-A(Y») 30,30,26 
2. 0 Q 4 P ( 9 t = P Q 41 j C A ( 3 , * A ( 5 , ,C ( 5 ) , E X A 5 , C ( 6' ,A ( 5 ) * A ( 131 ,A ( 4) ) 

DO 281=1,9 
I.) P 't ( I ) = Q4 P ( I ) 

28 CONTINUE 
QP4(9)=-Q4P(9' 
X=T(K' 
J6=1 
GLl TO 22 

30 IF (T(K'-A(9» 36,36,32 
32 OJ 34 1=1,9 

-J5P( It =I.)P4( 1) 

34 CONTINUE 
GO TU· 40 

j6 DO j8 1=1,'1 
OSP( 1)=0. 

38 CONTINUE 
40 CALL PAKX (A,W,KJ 
't2 CONTINUE 

IF ([ DOUBL. cQ. U GLl TO 48 
N2=0 
Du 44 I=1,M 
N2=N2+1 
O[) 44 J=1,N2 
B(I,JI=O. 
00 44 N3=1,Nl 
DiJ 44 K=l,N 
,~6=K+N* (N3-l) 
B ( I , J ) = B ( I , J ) • w ( I , No ) * w ( J , N6 , I K ( Nb I 
B( J, I I=B( I,J. 

44 CLlNTINUE 
Du 46 I=1,M 
iHI,M+l)=O. 
DO 46. N3=1,Nl 
00 46 K=l,N 
No=K +-i'~* (N~-l. 
d( I ,M+i)=IH I,M+l) +(R(N6t-H(N6' .*W( I,N6J1R(N6t 

'to CONTINUE . 
RETURN 

~8 N2=O 
00 52 I=l,M 
N2=N2+1 
OJ 52 J=1,".I2 
:>C=O. 



... 

00 50 N3=1,Nl 
OJ 50 K=l,N 
Nb=Kt-N*(N3-1) 
SA =w ( I, N6. 
SB=W(J,N6) 
SC=SCt-(SA*SB)/R(Nb) 

50 CONTINUE 
B( I, J. = SC 
tHJ,I)=5C 

52 CONTINUE 
[)lJ 56 l=l,M 
5C=0. 
D:J 54 N3=1,Nl 
00 54 K=l,N 
Nb=Kt-N*(N3-1) 
SA=R(Nb)-H(N6) 
S ~=W ( I, N6' 
SC=SCt-(SA*SB'/R(N6J 

54 CONTINUE 
IH I, Mt-U =se 

56 CJNTINUE 
RETURN 
END 
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SUBROUTINE PARG2 (A,B,PARX,IOOUBL) 

THE SUBROUTINE PARG2 EVALUATES THE PARTIAL DERIVATIVES OF THE 
COMPARTMENT EQUATIONS 01 - U7 WITH RESPECT TO THE 

MUDEL PARAMETERS A(11 FOR THE TWO KIDNEY MODEL WITH 
GLOMERULAR FILTRATION. THE SUBROUTINE RETURNS THE 

MAT~IX BAND E REQUIRED IN THE MARQUARDT ALGORITHM, 
A = A + INV(iH * E. THE MATRIX E IS STORED IN HiE 
M+l COLUMN Of THE MATRIX B WHERE M IS THE NUMBER OF 
PAR AM E T ER S • 

A - PARAMETERS FOR THE KIDNEY MOOEL 
8 - THE MATRIX OF PARTIAL DERIVATIVES 
PARX - TH~ SUdRUUTINE OF PARTIAL DERIVATIVES FOR THE 

TIME FUNCTIONS 
IOOU~l - IF IDOU8L IS EQUAL TO 1 THEN THE SUMS ARE 

EVALUATED IN DOUBLE PRECISION 

*NOTE - THE SUBROUTINE CHIG2 MUST dE CALLED BEFORE PARG2. 

COMMON/FNT/T(150),R(600),H(600. 
COM M U NI OF N I Q 1 ( 15 J) , 02 ( 150' , Q 3 ( 150 ) ,04 ( 1 501 ,Q:) ( 15 J ) , Q b( 15 u) ,(J 7( 1 50' 
COMMON/CONSTIN,Nl,M,M1 
COMMONIEXPP/EXP1,EXP2,EXA5,EXA8 
COMMO~/RUOT/C(8),Pl,P2,PP,Sl 

CJMMON/QFNP/QP~(14) ,QP7(1~),QIP'14),Q2P(14),Q3P(14),Q4P(14), 
1 Q5P( 14) ,i.l6P( lit) ,Q1P( 14) 
DIMENSION B(~2,o~),W(32,bOO),A(321 

DUU8Lt PRECISIUN SA,SB,SC 
PAkP(X1,X2,X3,X4,X6,X7)=(-Sl+X1+X2+X3+X4+X6+X7)/Sl/Z. 
PAPF(AA,B8,CC,DD,PA,Pu,PC,PU'=«PA+PBI*(CC+OO'-(AA+BB'*(PC+PO)l/(C 

lC+00)**2 
PQ1(XK,PA,PAA,X)=(X+C(l'*PA*XK)*EXP1+(-X+C(2,*PAA*XK'*EXPZ 
PUZ(XK,PC,PD,X'=(X+C(3)*PC*XK'*EXP1+(-X+C(4'*PO*XK'*EXPZ 
PQ3(X,Fl,CC1.FX,PA,XK,CCZ,PAA)=X*(CFl*CC1-C(lJ*CCl**Z*PA)*(fXP1-EX 

l'+C(1.*CC1*PA*XK*EXPl+(-F1*CC2-C(Z'*CC2**Z*PAA'*(EXPZ-EX'+C(Z'*CC2 
Z *PAA* XK*E XP2) 
PQ35(X,CC1,EX,CC2,XK,Al1)=X*(C(l'*CC1*(-CCl*(EXPl-EX'+XK*[X'+C(Z'* 

1CC2*(-CCZ*(EXP2-EX)+XK*EX))-Al1*XK*EX 
PQ4{X,F1,CC1,PA,EX,Y,XK,CC2,PAA,I)=X*(CFl*CCl-C(1)*CCl**Z*PA)*«EX 
1P1-l.)/P1-(1.-EX)/Y)+C(1)*CC1*(-PA*CEXP1-l."~1**Z+XK*PA*EXPI/Pl)+ 
2(-Fl*CC2-C(2)*CC2**2*PAA)*«EXP2-~."P2-(1.-EX"Y)+C(Z'*CC2*(-PAA* 
j(EXP2-1.'/PZ**Z+XK*PAA*EXP2/P2))+Z*«FI/PI-C(11*PA/Pl**2)*(EXPl-l. 
4'+C(l'*XK*PA*EXPI/P1+(-f1/PZ-C(ZI*PAA/P2**Z'*(EXP2-1.'+C(Z)*XK*PAA 
5*E XP ZIP 2) 
FQ3(X,lCl,EX,Y,CC2)=X*CC(1)*CC1*«EXPl-1.)/P1-(1.-EX"Y)+C(2'*CC2* 

l( ( EX P 2-1. UP Z - ( 1. - EX U Y , • 
PQ45(X,CCi,EX,Y,CCZ,XK,Z'=X*(-C(1)*CCl**Z*«EXPl-1.'/Pl-(l.-EX"Y) 

1+(C(l'*CC1+C(21*CC2)*(C1.-EX'/Y**2-XK*EX/Y)-CCZ'*CCZ**2*«EXP2-1.) 
2/P2-(1.-EX)/Y)'+Z*XK*EX 
PQ413(X,CC1,EX,CC2,y,I)~-X*(C(1)*CCl*(EX-EXP1)+C(~)*CC2*(EX-EXPZ) 

1+Y*FX+l*(C(l'*EXP1+C(Z'*EXP2' 
P1A1=PARP(A(1),A(2),AC3"A,~"A(6),A(1)) 

P 1 A2 = P ARP ( AU' ,A ( 2' , - A' j) ,-A C 4) , - A ( 6 ) , - A ( 7 ) , 
PI A3 = PARP (A ( 1 , ,-A (Z) , A ( 3' ,A ( 4) ,A (6 j , A ( 1) ) 

PIA4=PIA3 
PlA6=PIAJ 
P1A1=P1A3 
PZA1=PARP(-A(l),-A(Z),-A(3),-A(4),-A(6),-A(7" 
1)2A2=PARP(-A( U ,-A(Z) ,AO) ,A( .. ) ,A(6) ,A(1)) 
P2A3=PARP(-A(1),A(Z),-AC3),-A(4J,-A(6),-A(7). 
P2A4=P2A3 



, , 
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PZA6=PZA3 
PZA7=P2A3 
AX=-A(9)*(PL+A(l» 
BX=-A(lO)*A(Z) 
FIA1=PAPF(AX,BX,Pl,-Pl,-A(9)*PlA1,O.,P2Al,-PlA1) 
F1A2=~APF(AX,BX,P2,-Pl,-A(9)*(PLA2+1.).-A(LO),PZAl,-PlAZ) 
FIA3=PAPF(AX,BX,PZ,:Pl,-A(9J*PlA3,O.,PZA3,-PlA3) 
FJ..A4=FIA3 
F1Ab=FIAJ 
FIA7=FIAJ 
AX=-A(lO)*(Pl+PP) 
BX=-A(9)*A( U 
FFA1=PAPF(AX,BX,P2,-PI,-A( lOJ*(PIA1+l.',-A(9J,PZA1,-PlAlJ 
FFA2=PAPFCAX,BX,P2,-Pl,-A(lO)*PlAl,O.,PZA2,-P1AZ) 
FFA3=PAPF(AX,BX,P2,-PI,-A(lO)*(PIA3+1.),O. ,P2A3,-PIA3) 
FFA4=FFA3 
FFAb=FFA3 
FFA7=FFA3 
F,=(-Pl-A(lJJ/(PZ-Pl) 
FO=(PZ+A(Z,)/CPZ-Pl) 
FE=A(2)/(P2-Pl) 
FF=A(U/(P2-Pl) 
FG=(-PI-PP)/(PZ-Pl) 
FH=(PP+P2)/(P2-Pl) 
00 12. K=l,N 
EXP1=EXP(Pl*T(K) 

;EXP2=EXP(PZ*T(K» 
EXAS=EXPC-A(S)*T(K') 

.EXA8=EXPC-A(S)*T(K» 
DO 10 1=1,14 
Q1PCI):i=O. 

10 CONTINUE 
QIP(I'=PQI(T(K),piAl,P2Al,FlA1) 
QIP(Z)=PQiCT(K),P1A2,P2Al,F1AZ) 
QIP(3)=PQ1(T(K),PIA3,P2A3,FIA3) 
OlP(4)=QIP(3. 
OIP{ fl) =QIP( 3) 

Q1P(7)=Q1P(3) 
QIP(9)=FC*EXP1+FD*EXPl 
Q1P(lO)=FE*(tXPZ-EXP1) 
DO 12 1=1.14 
OZP(IJ=O. 

lZ CONTINUE 
Q2P(I)=PQ2(TCK),P1Al,P2Al,FFA1' 
Q2P(2)=PQ2(T(K),P1A2,P2A2,FFAZ) 
QZP( 3)=PQ2( UK) ,P1A3,PZA],FFA3) 
QZP(4)=QZP(3) 
QZP(61=Q2P(3) 
1o)2P( 7)=QZP( 3) 
QZP(9)=FF*(EXP2-EXP1) 
QZP(lO)=FG*EXPI+FH*EXP2 
no 14 1=1,1 ... 
03PCI)=O. 

14 CONTINUE 
Q3P(1)=PQ3(A(3J,F1A1,CC5J,EXA5,P1A1,T(K),C(6),PZA1) 
U3PCZ)=PQ3CAC3"FIA2,C(S),EXAS,P1A2,TCK),C(6),PZAZ) 
Q3P(4)=PQ3(A(3),F1A4,C(S),EXA5,P1A4,T(K),C(6),PZA4) 
Q3P(3)=Q3P(4'+C(1'*C(S)*(EXPI-EXA5)+C(Z'*C(6)*(EXP2-EXA5) 
Q)P(6)=Q3P(4) 
Q3P( n=Q3P(4) 
Q3P(S):PQ35(A(3),C(5),EXAS,C(6),TIK),A(11J) 
Q3P(9)=A(3)*(FC*C(S)*(cXP1-EXA5)+FD*C(6)*(EXP2-EXA5» 
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Q3PCIO)=A(3)*FE*C-CCS)*CEXPI-EXAS)+CC6)*(EXP2-EXA5» 
Q3PC11'=EXAS 
DO 16 1=1,14 
Q6P( 1'=0. 

16 CONTINUE 
Q6PC1'=PQ3CAC6"FIA1,C(7"EXA8,P1Al,TCK',CC8',P2Al' 
Q6PCZ)=PQ3CAC6),FIAZ,C(1',EXA8,PLA2,TCK),C(8),P2A2) 
Q6P().=PQ3CAC6),FIA3,C(7),EXA8,P1A3,TCK',CC8',P2A3) 
Q6P(4J=Q6P(3) 
Q6P(6)=Q6PC3)+CC1)*CC1)*CEXP1-EXA8)+CC2)*C(S'*CEXP2-EXA8' 
Q6PC1'=Q6P(3) 
Q6P(8)=PQ3SCAC6),C(1),EXA8,CC8"T(K"AC12') 
Q6P(9)=k(6'*(FC*CC1)*CEXP1-EXAS)+FO*CCS'*CEXP2-EXAS» 
Q6PCIO'=A(6)*FE*C-Cel'*CEXPl-EXA8)+CeS)*CEXP2-EXAS» 
Q6PC1l'=EXAS 
DO 18 1=1,14 
Q4P C I ,:: o. 

18 CONTINUE 
J6=0 
IF (TCK'-AC13» 20,20,22 

20 X=T(KJ 
GO TO 24 

22 X=TCK)-AC13) 
24 EXP1=EXPCP1*X) 

EXP2=EXPCP2*X) 
EXAS=EXPC-ACS'*X) 
Q4P(1)=PQ4CAC3)*ACS"FIAl,C(S),P1Al,EXAS,ACS),X,Ce6),p2A1,A(4»)-Q4 

IP C 1) 

Q4PCZ)=PQ4CAC3)*A(S),FIA2,CCS),P1A2,EXA5,ACS),X,CC6),P2A2,AC4')-Q4 
1P(2) 

Q4P(3)=PQ4CAC3)*ACS),F1A3,CCS"P1A3,EXAS,A(S"X,CC6),P2A3,AC4')+FQ 
13CACS"C(S),EXAS,AeS"CC6,,-Q4pe3) 

Q4p(4)=PQ4CAC3)*A(S),F1A4,CeS),P1A4,EXA5,ACS',X,CC6),P2A4,A(4)'+CC 
11)*CEXPl-1.)/P1+C(2J*CEXP2-1.)/P2-Q4PC4) 

Q4PCS)=FQ3eAC3),CCS),EXAS,AeS),CC6)'+PQ4SeAe3)*ACS',CeS),EXA5,A(S' 
1 ,C C 6) ,X t A C 1U ) - Q4 P C S » 
Q4p(6)=PQ4CAeJ'*A(S',FIA6,CeS),PIA6,EXAS,A(S',X,CCo',P2A6,Ae4,)-Q4 

IP (6' 
Q4P e 1 , =Q4P C 6 J , 
Q4P(9'=AC3'*ACS'*(FC*CCS)*~CEXP1-l.)/P1-(1.-EXAS)/A(S))+FO*CC6'*C( 
1EXP2-1.)/P2-Cl.-EXAS)/ACS)"+AC4)*CFC*CEXP1-l.,/P1+FO.eEXp2~1.)/P2 
2J-Q4P(9) 

Q4PCIO'=ACJ)*ACS)*FE*C-C(S'*CCEXP1-l.,/Pl-(1.-EXAS"ACS')+C(6'*CCE 
lXP2-1.'/P2-Cl.-EXA5'/ACS'))+Ae4)*FE*CCl.-EXP1'/P1+eEXPZ-l.,/PZ)-Q4 
2P (10' 

Q4PC11'=1.-EXAS-Q4PC11J 
IF (J6) 26,26,32 

26 IF n(K)-'AU3)J 3",32,28 
2S Q4PCIJ'=PQ413eAe3'*A(5),CCS),EXAS,C(6),A(S,*A(11),A(4) 

00 30 1=1,14 
Q P 4 ( I , .. Q4 P ( I ) 

30 CONTINUE 
QP4( 13)=-Q4P(l3) 
X=T(K) 
J6=1 
GO TO 24 

-'2. DO 34 1=1,14 
Q1P(t)=0. 

34 CONTINUE 
J6=0 
IF (T(K)-AC14) 36,36,38 

36 X=T(Kt 
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GO TO 40 

38 X=T(K)-A(14) 
40 EXP1=EXP(Pl*X' 

EXP2=EXP(P2*X) 
EXA8=EXP(-A(S)*X) 
QIP(1)=PQ4(A(6)*A(8),FIA1,C(7),PIA1,EXA8,A(8),X,C(8),P2Al,A(7)'-Q1 

IP (l, 

QIP(2)=PQ4(A(6)*A(8),FIA2.C(l"PIA2,EXA8,A(BJ,X,C(8J,P2A2,A(7)'-Q7 
1P(2) 
Q7P(3)=PQ4(A(6)*A(8"FIA3,C(7),PIA3,EXA8,A(S),X,C(8',P2A3,A(7))-Q7 

IP(3) 
Q7P( 4) =Q7P( 3' 
Q7P(6'=PQ4(A(6J*A(8),FIA6,C(7"PIA6,EXA8,A(8),X,C(8',P2A6,A(7.'+FQ 

13(A(8' ,C(7) ,EXAS,A(8);C(8) )-Q7P(6) 
Q 1 P ( 7 ) = P Q 4 ( A ( 6 , * A ( 8 J , F 1 A 7 , C ( 1J , P 1 A 7 , E X A 8 , A ( 8 • , X ,C ( 8 , , P 2 A 7 , A ( 7 ) , +C ( 

11.*(EXP1-1.)/Pl+C(2.*(EXP2-1.J/P2-Q7P(7' 
Q 7 P ( 8 ) =F 03 ( A (6) , C ( 7 • , EX A8 , A ( 8 , , C ( 8 ) ) +P Q 4 5 ( A ( 6 • *A ( 8) , C ( 7) ,E XA 8, A ( 8) 

1, C ( 8) , X, A ( 12) ) -Q7 P ( 8) 
Q7P(9,=A(6)*A(8'*(FC*C(7)*«EXP1-1.'/P1-(1.-EXA8'/A(8' ,+FO*C(8)*« 
lEXP2-1.)/P2-(1.~fXA8)/A(8))~A(1)*(FC*(EXP1-l.)/P1+FD*(EXP2-1.)/P2 
2) -Q7P (9) 
Q7P(10.=A(6.*A(8)*FE*(-C(7.*«EXP1-l •• /Pl-(I.-EXA8"A(8»+C(8.*«~ 

lXP2-1 •• IP2-(1.-EXA8./A(8')'+A(1)*FE*«(1.-EXP1'/P1+(EXP2-1.'/P2'-Ql 
2P(lO' 

Q1PCI2)=1.-EXA8-Q7P(12) 
IF (J(») 42,42,48 

42 IF (T(K)-A(14) 48,48,44 
44 Q7P( 14)=PQ413(Altd*A(8) ,C( 7) ,EXAB,C(8' ,A(8)*A( 12) ,Al 7J) 

DO 46 1=1,14 
QP7(1.=Q7P(I. 

46 CONT I NUE 
QP7(14)=-Q7P(14) 
'x=T( K. 
J6::1 
GO TO 40 

48 IF (T(K.-A(13») 50,50,52 
::>u IF (T(K)-A(l4)) 66,66,58 
52 IF (T(K)-A( 14)' 02,62,54 
54 00 56 1=1,14 

Q 5P ( I ) = QP4 ( I ) + QP 1 ( I ) 
56 CONTINUE 

GO TO 70 
58 DO 6() 1=1,14 

Q5P(U=QP7(I' 
60 CONTINUE 

GO TO 70 
62 DO 64 I~l, 1<t

Q 5 P ( I ) :: QP 4 ( 1 • 
64 CONTINUE 

GO TO 70 
66 00 68 1=1,14 

Q5P(I)=0. 
68 CONTINUE 
70 CAll PARX (A,W,K) 
72 CONTINUE 

IF (IDOUBl.EQ.l. GO TO 78 
N2=0 
DO 74 l=l,M 
N2=N2+1 
DO 74 J=1,N2 
B(I,J)::O. 
DO 74 N3=1,Nl 
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DO 74 K=l,N 
N6=K+N* HU- it 
Bll,J)=B(I,J)+W(I,N6'*WlJ,N6)/R(N6) 
B( J, I )=B( I ,J) 

14 CONTI NUE 
DO 76 I=l,M 
B(I,M+l)=O. 
DO 76 N3=1,Nl 
OJ 76 K=l,N "! 

No=K+N*(N3-L) 
t3( I ,M+l )=/:i( I ,M+L )+(R(Nb)-H(N6) )*W( I,N6)/fUN6) 

76 CONTINUE .. 
RETURN 

C 
7H N2=0 

0,) 82 I=l,M 
N2=N2+1 
00 82 J=1,N2 
SC=O. 
OU 80 N3=1,Nl 
DO 80 K=l,N 
N6=K+N*(N3-1) 
SA=W( I,Nb) 
5d=W(J,N6. 
SC=SC+(SA*SH)/R(N6) 

80 CONTINUE 
B(I,J'=SC 
B(J,l)=SC 

82 C ONT I NlJE 
DO 86 1=1, M 
5C=0. 
DO 84 N3=1,Nl 
00 84 K=l,N 
N6=K+N*(N3-l) 
SA=R(N6~-H(N6) 

58=\,11( I, N6) 
~C=SC+(SA*S8)/R(N6) 

1:i4 CONTINUE 
B ( I , M+,l ) = SC 

86 CONTINUE 
RETURN 
END 

,..L 
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SUBROUTINE PARW1 (A,B,PARX,IOOUBL) 

THE SUBROUTINE PARWl EVALUATES THE PARTIAL DERIVATIVES OF THE 
COMPARTMENT E~UATIONS 01 - 05 WITH RESPECT TO THE 

A 

MODEL PARAMETERS A(1) FOR THE ONE KIDNEV MODEL WITHOUT 
GlOM~RUlAR ~IlTRATION. THE SUBROUTINE RETURNS THE 
MATRIX BAND E RE~UlkED IN THE MARQUARDT ALGORITHM, 
A = A + INVCB) * t. THE MATRIX E IS STORED IN THt 
M+l COLUMN OF THE MATRIX B WHERE M IS THE NUMBlK OF 
JJARAMETERS. 

PARAMETERS FJR THE KIDNEY MUDEL 
B 
PARX 

- THE MATRIX OF PARTIAL D~RIVATIVES 
- THE SUBROUTINE WHICH EVALUATES THE PARTIAL 

DERIVATIVES FOR THE TIME FUNCTIONS 
IOOUBL - IF IDOUBl IS EQUAL TO 1 THEN THE SUMS ARE 

EVALUATED IN DOUBLE PRECISION 

*NJTE - THE SU~ROUTINE CHIW1 MUST BE CALLED BEFURE THE 
SUbROUTINE PARW1. 

COMMON/FNT/TC150',R(60u),H(6UO' 
COMMON/QFN/Qi(15~),Q2(150),Q3(150',Q4(150),Q5(150) 

COMMON/CONST/N,N1,M,M1 
COMMON/EXPP/EXP1,EXP2,EXA4,EXA6 
COMMON/ROOT/CCS),P1,P2,PP,Sl 
COMMONI OF NP I Q P 4 ( 14) ,QP" ( 14) , f.J 1 P ( 14) , Q 2 P ( 14' ,Q 3P ( 14' , Q4 P ( 14) , 

1 Q5P(14) 
DIMENSION B(J2,64),W(3L,450),Af32) 
~OUBlE PRECISION SA,SB,SC 
PARP(X1,X2,X3)=(-SL+Xl+X2+X~)/Sl/2. 

PAPF(AA,BB,CC,DU,PA,P~,PC,PD)=«PA+PBI*(CC+DD)-(AA+HB)*(PC~PO)'/(l 

.I.C+DrH **2 
P~1(XK,PA,PAA,X)=(X+L(1)*PA*XK)*EXP1+(-X+C(Z)*PAA*XK)*lXP2 
PUZ(XK,PC,PD,X)=(X+C(3~*PC*XK)*FXP1+(-X+C(4'*PD*XK)*EXPL 
P~3(X,Fl,C~1,EX,PA,XK,CC2,PAAI=X*( (Fl*CCl-C(1'*CC1**Z*PAI*(cXPl-EX 

l'+C(lJ*CC1*PA*XK*tXP1+(-Fl*CCZ-C(Z)*CCL**Z*PAA'*(EXP2-EX)+C(2)*CCZ 
2*PAA*XK*EXpn 

PQ3S(X,CC1,EX,CC2,XK,Al1)=X*(C(1)*CC1*(-CC1*(EXPl-Ex,.XK*EX)+C(Z)* 
1CC2*(-CC~*(EXP2-EXI+XK*EXI)-All*XK*EX 
PQ4(X,Fl,CC1,PA,EX,V,XK,CC2,PAA'=X*«Fl*CCl-C(11*CC1**2*PA)*«EXPl 

.I.-1.I/Pl-(1.-EX'/YI+C(1)*CC1*(-PA*(EXP1-1.)/P1**2+XK*PA*EXP1/Pll+(-
2FL*CC2-C(21*CC'~*2*PAAj*«EXP2-1.I/P2-(1.-EX)/Y)+C(Z)*CC2*(-PAA*(E 
3XP2-l.'/P2**2+XK*PAA*EXP2/P2» 
FQ3(X,CC1,EX,Y,CC21=X*(C(l'*CC1*«EXP1-l.'/P1-( 1.-EX)/YI+C(2'*CC2* 

l( (EXPZ-l.I/P2-( L .-EX )/Y' I 
PQ45(X,CC1,EX,V,CC2,XK,Z)=X*(-C(I)*CC1**2*«EXP1-l.)/Pl-(l.-EX)/YI 
1+{C(1)*CC1+C(~)*CC21*( (1.-EX)/V**2-XK*EX/Y)-C(2)*CC2**2*(EXP2-1.) 
2/P2-(l.-EX'/Y)+Z*XK*EX 
PQ413(X,CCl,EX,CC2,Y)=-X*(C(1'*CC1*(EX-EXP1)+C(2'*CCZ*(EX-EXPZ)+Y 

l*'EX 
PIA1=PARP( A( 11 ,A( n ,A( 3)' 
PIA2=PARP(A(1),A(i),-A(3») 
PIA3=PARP(A(1),-A(Z),A(3») 
P2Al=PARP(-A( 11 ,-A( 2) ,-ALl)) 
PZA2=PARP(-A(1),-A(Z),A(3)) 
P2A3=PARP(-A(1),A(2),-A(3)) 
AX=-A(S)*(Pl+A(Z') 
B)(=-A(6'*A(2) 
FIA1=PAPF(AX,BX,P~,-Pl,-A(5)*PlA1,O.,P2Al,-PlA11 
FIAl=PAPF(AX,BX,P2,-pt,-A(S)*(PlAZ+l.),-A(6),P2A2,-PlA2' 
FIA3=PAPF(AX,dX,P2,-Pl,-A(5)*P1A3,O.,P2A3,-P~A3) 
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AX=~Al6j*(P1+PP' 

tiX=-A(S'*A( U 
FFA1=PAPFCAX,tiX,P2,-P1,-AC6'*CP1A1+1.,,-AlSI,P2Al,-P1Al' 
FFA2=PAPF(AX,BX,PZ,-Pl,-A(6.*P1AZ,O.,P2Al,-P1AZ) 
FFA3=PAPFCAX,BX,P2,-P1,-A(6'*(P1A3+1.),0.,P2A3,-P1A3. 
FC=(-PI-ACZ'l/lPZ-Pl' 
FO=(PZ+A(Z')/CP2-P1. 
FE=A(2)/CPZ-Pl) 
FF=AC U /( P2-Pl) 
FG=C-PL-PP./CP2-P1' 
FH=(PP+P2'/(P2-P1) 
DO 42 K=l,N 
EXP1=EXP(P1*T(K)) 
EXP2=EXP(P2*T(K») 
EXA4=~XP(-A(4)*T(K') 
00 10 1=1,8 
Q1P(I'=0. 

10 CONTINUE 
QIPC1'=PQ1(TCK),PIA1,P2A1,F1Al' 
Q1P(2)=PQ1(TCK),PIA2,P2A2,FIAZ) 
UIP(J)=PQl(T(K),P1A3,P2A3,F1A3) 
Q1PCS'=FC*EXP1+FO*EXP2 
Q1P(6)=FE*(EXPZ-EXP1' 
DO 12 1=1,8 
UZP(i)=o. 

12 CONTINUE 
QZPC1'=PQ2(T(K),P1A1,P2Al,FFA1' 
Q2P(Z)=PQ2(T(K),P1A2,P2AZ,FFA2' 
Q2P(3'=PQ2(T(K) ,P1A3,P2A3,FFA3) , 
Q2P(S'=fF*(EXP2-EXP1) 
U2P(6)=FG*EXP1+FH*fXP2 
DO 14 1=1,8 
Q3P(II=0. 

14 CONTINUE 
. Q3P(1'=PQ3(A(~),F1Al,C(5),EXA4,P1Al,T(K),C(6),P2Al) 

Q3P(2)=PQ3(A(3),FlA2,C(5),EXA4,P1A2,TCK),C(6),PZA2) 
Q 3 P ( j ) = PQ3 ( A ( 3 , , F 1 A 3, C ( S) , E XA 4, P 1 A 3, T ( K) ,C ( 6) ,P 2A 3) 
Q3P(3)=Q~PC3)+C(1'*C(5'*(EXPI-EXA4)+C(2)*C(6)*(EXP2-EXA4) 
Q3P(4)=PQ35(A(3),C(5),EXA4,C(6J,T(K),A(7» 
Q3P(S)=Al3)*(FC*C(S)*(EXP1-EXA4.+FO*C(6'*(EXP2-EXA4') 
Q3P(6)=A(3)*Fc*(-C(S)*(EXP1-EXA4'+C(6)*(EXP2-EXA41) 
Q3P( 1) =EXA4 
DO 16 1=1,8 
Q4P(I'=0. 

16 CONTINUE 
J6=0 
IF (T(K)-AC8)' 18,18,20 

18 X=T(K) 
GO TJ 22 

20 X = T( K' - A' 8) 
22 EXP1=EXPCP1*X) 

EXPZ=EXPCP2*X) 
EXA4=EXPC~A(4)*X) 

U4PC1':PQ4(AC3)*AC4"FIA1,C(S),P1A1,EXA4,A(4),X,C(6),P2A1)-U4P(1) 
Q4PlZ)=PQ4(AC3)*A(4"FIA2,C(S"PIA2,EXA4,A(4),X,C(6),P2A2)-Q4P(2) 
Q4P(3)=PQ4(A(3)*AC4"F1A3,C(S),P1A3,EXA4,A(4),X,CC6',P2A3)+FQ3(A(4 

1),C(S),EXA4,AC4),CC6»-Q4PC3) 
Q4P(4)=FQ3(A(3"C(S),EXA4,A(4),C(6')+PQ4S(A(~)*A(4),C(5"EXA4,A(4) 

1,C(6),X,A(7)-Q4PC4' 
U4P(5)=AC3.*A(4)*(FC*C(S)*(EXP1-l.'/Pl-(1.-EXA4'/A(4')+FD*CC6)*C( 

lEXP2-1.)/P2-(1.-EXA4)/A(4)'-Q4P(S) 
Q4P(6)=A(3'*A(4)*FE*C-C(S)*CCEXP1-1.)/Pl-C1.-EXA4)/AC4))+C(b)*(EX 



.. 

c 

.. 

1P2-1."P2-(1.-EXA4'/A(4J))-Q4P(6) 
Q4P(71=1.-EXA4-Q4Pl7) 
IF (J6) 24,24,30 

L~ IF (TlK'-A(SJ) 3u,3u,26 
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26 Q4P(S)=PQ4l3lAl3)*A(4),C(SI,EXA4.Cl6),A(4)*A(7)) 
OJ 28 1=1.8 
QP4 ( II =Q4P (1) 

28 ~llNTINUE 
QP4lS,=-Q4PlSJ 
X=T(K' 
Jo=l 
GO TO 22 

30 IF (TlK'-A(S') .:;6,36.32 
32 00 34 1= 1, S 

~5P( I J=QP4( I' 
34 CONTINUE 

GO TO 40 
36 00 3S 1=1,8 

~ 5P ( I' = O. 
38 CONTINUE 
40 CAll PARX (A.W,K' 
42 CONTINUE 

IF (lDOUBl.EQ.1) GO TO 48 
N2=iJ 
00 44 I=l,M 
N2=N2+1 
DO 44 J=1,N2 
dfl,J'=O. 
DO 44 N3=1,N1 
00 44 K=l.N 
:'-J & = K + 1'4* ( N 3 - 1 , 
a(I,J)=B(I.J'+W(I.N6'*WlJ,N6J/R(N6' 
B ( J , 1 , =8 ( I • J) 

44 CONTINUE 
DO 46 1= 1.M 
B«(,M+}.)=O. 
DO 46 N3=1,Nl 
DO 46 K=1,N 
N6=K+N* (1',13-1) 

B( I.M+l )=Bl I ,M+l) +( R(N6'-HlN6' )*W( I,N6"RlN6' 
46 CONTINUE 

RETURN 

'to N2=0 
DO 52 l=l.M 
N2=N2+1 
DO 52 J=1,N2 
5C=0. 
00 50 N3=1.N1 
00 50 K=l,N 
N6=K+N*(N3-U 
S A=W ( 1.1'46 J 
S8=W(J.N6' 
~C=SC+(SA*SB)/R(N6) 

50 CuNTlNUE 
B ( I , J , = SC 
t3lJ. I J=SC 

:) 2 C ONT I NU E 
DO 56 I=l.M 
5C=0. 
DO 54 N3=1.Nl 
DO 54 K=l.N 



C 

Nb=K+N*IN3-1) 
SA=R(~b)-HIN6) 

S B = \II ( 1 , N6 ) 
SC=SC+(SA*S3)/RIN6J 

j4 CONTINUE 
B(l,M+l)=SC 

56 C JNT I !~UE 
RETURN 

END 
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SUBROUTINE PARW2 (A,B,PARX,IOOUBL) 

THE SUBROUTINE PARW2 EVALUATES THE PARTIAL DERIVATIVES OF THE 
COMPARTMENT EQUATIONS Q1 - Q5 WITH RESPECT TO THE MODtL 
PARAMETERS A(I) FUR THE TWO KIDNEY MODEL WITHOUT 
GLuMERUlAR FILTRATION. THE SU8ROUTINE RETURNS THt 
MATRIX H.AND E REQUIRED IN THE MARQUARDT ALGORITHM, 
A = A + INV(S) * E. THE MATRIX E IS STORED IN THE 
M+l COLUMN OF THE MATRIX H ~HEkE M IS THE NUMHER UF 
PARAMETERS. 

A PARAMETERS FOR THE KIDNEY MODEL 
d - THE ~ATRIX OF PARTIAL DERIVATIVES 
PARX THE SUBROUTINE WHICH EVALUATES THE PARTIAL 

DERIVATIVES FOR THE TIME FUNCTIONS 
IDOUHL - IF IDOUBL IS EQUAL TO 1 THE~ THE SUMS ARE 

EVALUATED IN DOUBLE PRECISION 

*NOTE - THE SUBROUTINE CHIW2 MUST BE CALLED BEFORE THE 
SU8ROUTINE PARW2. 

COMMON/FNT/T(150),R{bOO),H{bOO) 
COMMON/QFN/Q1(150),Q2( 15l)J,Q3( 1S0),Q4(15u' ,QS( 150, ,Ob( 150) ,Q7(1:;0) 
COMMON/CONST/N,Nl,M,Ml ' 
COMMON/EXPP/EXP1,EXP2,EXA4,EXA6 
COMMuN/ROOT/C(B),Pl,P2,PP,Sl 
COMMON/QFNP/QP4(14),QP7(1~),QIP(1~),Q2P(l4',Q3P(l~,,~4P(l4), 

1 Q5P(14) ,Q6P(l4) ,Q7P( 14) 
DIMENSION B(32,64),W{32,600),A(32' 
DJUtlLE PRECISIuN SA,SB,SC 
PARP(X1,X2,X3,X4)=(-Sl+Xl+X2+X3+X4)/Sl/2. 
PAPF(AA,Bb,CC,OD,PA,PB,PC,PU)=({PA+P8'*(CC+D~)-(AA+H8'*(PC+PO))/(C 

IC +01)>> **2 
PQ1{XK,PA,PAA,X)=(X+C{l)*PA*XK.*EXP1+(-X+C(2)*PAA*XK)*EXPZ 
PQ2{XK,PC,PD,X)={X+C(])*PC*XK'*EXP1+(-X+C(4)*PO*XKJ*EXPZ 
PQ3(X,FI,CC1,EX,PA,XK,CC2,PAA)=X*«Fl*CC1-C(1)*CC1**2*PA.*(EXPl-EX 
l'+C(1)*CC1*PA*XK*tXP1+(-~1*CC2-C(2'*CC2**2*PAA'*{EXP2-EX)+C{ZJ*CC2 
~*PAA*XK*EXP2.) 
P~35{X,CC1,EX,CC2,XK,All)=X*(C(lJ*CC1*{-CC1*(EXP1-EX)+XK*fXI+C(21* 

lCC2*(-CC2*{EXP2-EX)+XK*EXJ)-All*XK*EX 
P~4(X,Fl,CC1,PA,EX,y,XK,CC2,PAA)=X*«F1*CC1-C(LJ*CC1**2*PA)*({EXPI 

l-l.'/Pl-(1.-EX)/Y'+C(l)*CC1*{-PA*(EXP1-l.)/P1**2+XK*PA*EXP1/P1)+(~ 
2F1*CC2-C(2J*CC2**2*PAA)*{{EXP2-1.)/P2-C1.-EX)/Y)+C(2)*CC2*(-PAA*(E 
3XP2-1.I/PZ**2+XK*PAA*EXP2/P2)) 
FQ3(X,(Cl,EX,Y,CC2)=X*tC(1).CC1*«EXP1-l.J/P1-( 1.-EX)/Y)+C(2J*CC2* 

1 { ( EX P 2. - i • , I P2 - , 1 • - EX) I Y , , 
PQ45{X,CC1,EX,Y,CC2,XK,Z)=X*{-C(1'*CC1**2*«EXP1-l •• /P1-(1.-EX)/Y) 

l+(C(1)*CC1+C(2)*CC2)*« 1.-EXJ/Y**2-XK*EX/Y)-C(2)*CC2**2*{(EXP2-1.) 
2/P2-(1.-EXI/Y»)+Z*XK*EX 

PQ413(X,CC1,EX,CC2,Y)=-X*(C{ll*CCl*tEX-EXP1)+C(2)*CC2*(EX-EXP2)'+Y 
l*EX 

P 1 A 1 = PAR P ( A ( 1 ) ,A ( 2. , , A ( .3 ) , A ( 5 ) J 
P 1 A2 = PA RP { A ( d , A ( 2) ,-A ( 3) , - A ( 5 , J 
P 1 A 3 = P A RP { A '1 , , - A ( 2 ) , A ( 3 ) , A ( 5 J ) 
PIAS=PlA3 
P2Al=PARP(-A(1),-A(ZJ,-AC3),-A(5)' 
PZA2=PARPC-A(1),-A(2),A'3),A(S) 
P2A3=·PARP(-A( U ,A(2) ,-A(J) ,-A( 5) 
P2AS=P2A3 
AX=-A(7J*(Pl+A{Z» 
BX=-A(S'*A(2) 
F 1 A 1 = PAPF( AX, BX, P 2, -P 1, -A ( 7' *p LA 1,0. ,P 2A 1, - P lA U 
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FIA2=PAPF(AX,BX,Pl,-Pl,-A(7)*(PlA2+1.),-A(8),P2Al,-PlAZ) 
FIA1=PAPF(AX,8X,P2,-Pl,-A(1'*PIA3,O.,P2A),-PIA3) 
F lA5=FlA.3 
AX=-AtS)*(Pl+PP) 
t3X=-A(7)*A(U 
FFA1=PAPF(AX,BX,P2,-Pl,-A(S)*(PIA1+1.),-A(1),P2Al,-PlA1) 
FFA2=PAPF(AX,BX,Pl,-Pl,-A(8)*PIA2,O.,P2A2,-PIA2) 
FFA3=PAPF(AX,8X,P2,-Pl,-A(8'*(PIA3+1.),O.,P2A3,-PIA3) 
FFA5=FFA3 
FC=(-PI-A(Z))/(P2-P1) 
FO=(P2+A(2)'/(P2-Pl) 
FE=A(Ll/(P2-Pl) 
FF=A( U/(P2-Pl) 
FG=(-PI-PP)/(P2-P1) 
FH=(PP+P2)/(P2-P1) 
OU 72 K=1,N 
EXP1=EXP(PL*T(K» 
EXP2=EXP(PZ*T(K») 
EXA4=EXP(-A(4.*T(K) 
EXA6=EXP(-A(6)*T(K)) 
ot) 10 [=1.12 
(.HP([)=O. 

10 CONTINUE 
QIP(1)=PQ1(T(K),PIA1,P2Al,FlA1) 
QIP(Z)=PQltT(K),PlA2,P2A2,FlAZ) 
QIP(3)=PQllT(K),PlA3,PZA3,FlA3) 
QIP(,)'=QIP(3) 
QIP(1,=FC*EXP1+Fu*EXP2 
UIP(S)=FE*(EXP2-EXPI) 
00 12 1=1,12 
Q2P(I)=O. 

L2 CONTINUE 
02 P ( 1 , = P Q2 ( T( K ) , P 1 A 1 , P 2A 1, F FA 1 ) 
Q2P(2)=PQ2(T(K) ,PiA2,P2A2~FFA2' 
QLP(3)=PQ2(T(K) ,PIA3,PlA3,FFA3) 
Q2 P ( 5 , = 02 P ( 3 ) 
QZP(7,=FF*(EXP2-EXP1. 
Q2P(S)=FG*EXP1+FH*EXP2 
DO 14 1=1,12 
Q3P([)=O. 

L4 CONT II~UE 
Q 3 P ( 1 , = P 0 3 ( A ( 3) , F 1 A I, C ( 5 ) , EX A4, P 1 A 1 ,T ( K, , C ( 6 ) , P 2A 1 , 
Q3P(2)=PQ3(A(j),f~A2,C(5),EXA4,PIAZ,T(K"C(6),P2A2) 

U3P(5)=PQ3(A(3),FIA5,C(S),~XA4,PIA5,T(K),C(6),P2A5) 

Q3P(3)=03P(5)+C(lJ*C(S)*(~XPI-EXA41+C(2'*C(6)*(EXP2-EXA4, 
Q3P(4'=PQjS(A(3),C(S),EXA4,C(b),T(K),A(9» 
03P(1)=A(3'*(FC*Ct5)*(EXPI-EXA4)+Fn*C(6)*(EXP2-EXA4" 
Q3P(8)=A(3)*FE*(-C(S)*(EXP1-EXA4)+C(6)*tEX?2-EXA4') 
o 3 P ( 9) = E XA 4 
DJ 16 1=1,12 
OaP ( I ) =0. 

lb CONTINUF 
\Jb P ( 1 ) = P Q 3 ( A ( 5 ) , F 1 A 1, C ( 1 ) , E XA 6, PIA 1 , T ( K) ,C t 8) , P 2A U 
Q6P(2)=PU~(A(5"F1A2,C(7"EXA6,PiA2,T(K),C(8),P2Al' 
(J 6 P ( 3 ) = P Q 3 ( A ( 5) , F 1 A 3, C ( 7) , E XA 6, P I A 3, T (K I ,C t 8 ) ,P 2A 3 ) 
QbP(S)=Q6P(3)+C(1)*C(1)*«(XPI-EXA6)+C(2)*C(B)*(EXP2-EXA6' 
Q6P(b)=PQ~S(A(S) ,C( n ,EXA6,C(S) ,TtKI ,A( Ill» 
U6P(7)=A(~)*(FC~C(1'*(EXP1-EXA6)+FD*C(S)*([XP2-EXA6» 

Q6P(O)=A(S'*FE*(-C(7'*(tXP1-tXAb)+C(S)*(EX D 2-EXAbl' 
QbP( l())=EXA6 
DO is 1=1,12 
(J4P(I)=O. 

.. ' 



ItJ CONTIr>4UE 
Jo=O 
IF (T(K)-A(ll» £0,20,2, 

2U X=T(K, 
GU TU 24 

2£ X=TCK)-AC 1U 
24 EXP1=EXP(Pl*X' 

EXP2=EXP(P2*X) 
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fXA4=EXP(-A(4)*X) 
J4P(1)=PQ4CA(3)*A(4"flAl,C(5),PlA1,EXA4,A(4),X,~(6',P2AIJ-~4~(1) 
Q4P(2':PQ4(A(3)*A(4),flA2,C(5),PlA2,lXA4,A(4),X,C(bl,P~A~)-U4~(i' 
J~P(3):PQ4(A(j).A(4),FIAj,C(S' ,PLAj,EXA4,A(4"X,C(b,,~~Aj'~FQj(A(4 

l',C(5.,EXA4,A(4),C(b"-U4P(3) 
Q4P(4'=fQ3(A(~.,C(S),EXA4,A(4),C(O)).PU4>(A(3).A(4),C(5),EXA4,A(4) 

1, C ( 6) , X, A ( 9 ) ) -Q-..P ( :.) 
Q~P(5.=PQ4(A(3).A(:."FIA~,CCS),PIA5,EXA4,A(4"X,C(b' ,P2AS)-Q4~(5) 
Q4P(7)=A(3).A(4).(FC*L(5'.«~XP1-l •• /Pl-(1.-EXA4)/A(4''+~U*C(6j·« 

lEXP2-1.,/P2-(1.-EXA4)/AC4,))-Q4PC7) 
~4P(8'=A(3'*A(4).Ft.(-C(5).C(EXP1-l •• /Pl-Cl.-EXA4)/A(4.)+C(o)*«(X 

IP2-l.)/PL-( 1.-tXA4./A(4»))-Q4P(8' 
Q4P(~)=1.-cXA4-Q4P(9) 

IF (Jo) ib,l6,32 
Lb IF (TCK)-A(ll) Ji,32,2d 
2d Q4P(11)=~U413(A(j)*A(4),C(5),EXA4,C(6),A(4).A(9) 

00 3'" 12 1,1 £ 

QP4 ( I ) = Q .. P ( I • 
,;v CJNTINUE 

QP4(11'=-U4P(Ll) 
X=TCK' 
Jb'"'l 
GJ TO i4 

j 2 00 34 I = 1 , 1 2 
\oJ7P( I '=0. 

34 CONTINUE 
Jo=O 
IF (T(K)-A(12)1 3b,3b,3d 

Jb X=T(K) 
GO TO 40 

38 X=T(K)-ACll) 
40 EXP~'"'EXP(Pl.XJ 

EXP2=i:XP(Pl*X' 
cXA6=EXP(-A(o).X) 
Q7P(1.=PQ4(A(S.*A(b),FIA1,C(7.,PIA1,EXAo,A(6"X,C(S),P2AIJ-Q7P(1) 
1J7P(2)=PQ4(A(~ •• A(b),flA2,C( 7),PIA2,EXA6,A(o),X,C(8),P2A2)-QIP(Z' 
QIP(jJ=PQ4(A(S)*A(b),f,A3,C(7I,P1A3,EXA~,A'b),X,C'B),PlAJ.-Q7P(]. 
Q IP« 51 = PQ4 ( A' 5) *A (b) ,f 1 A 5, C ( 1) , P lA 5, E XA6, A ( b) • X ,C 181 ,P 2A 'j ) +HB ( A« 6 

l' ,C(l) ,EXAb,A(o),C(d. I-Q7P(51 
QIP(o.~fQ3(A(5),C(1"tXAb,A(b),C(8))+PQ45(A(5)*A(bl,C(7),EXAb,A(b. 

l,C(8'.X,A(10)J-U7P(b) 
Q7P(lJ=A(5.*A(bl$(fC*C(71*((EXP1-l.,/Pl-Cl.-EXAb)/A(bJ)+fO·C(8'*« 

lEXP2-1 •• /Pi-(1.-EXAb)/A(b •• )-Q7P(7) 
QTP(8)=A(51*A(6)*fc.'-~(7).«(EXPL-l •• /Pl-(1.-EXAo)/A(6)'+C(8,*«tX 

IP2-1 •• /P2-(l.-~XAb)/A(o))-U7P(dJ 
Q7P' uH -1.-FXAb-Q7P( 10) 
IF (J6) .,2,42,48 

4 Z 1 F (T (K ) - A ( .4.':: ). 4 d , 48 , 44 
4. Q7P(lll=PQ~13(A(5'*A'b',C(7),EXA6,C(8"A(b'.A(10') 

00 46 1-1,12 
Q P 7 ( 1 J alJ 7 P( I , 

46 CONTINUE 
QPl 1121 =-Q7P ( 121 
X-TIK' 



c 

J6=1 
GLJ TO 40 

48 IF CT(K)-AC11t) 50,50,52 
5J IF CT(K.-At12)) 66,66,58 
52 IF (T(K)-A(12)) 62,62,54 
':>4 Dt) 56 1=1,12 

lJ 5 P C I ) = Q p" C I )' +- Q P 7 ( I ) 
50 C OI"4T I NUE 

GO TJ 70 
:>8 Dc) 60 1=1,12 

Q5P ( I) =(JP7( 1) 

60 CONTINUE 
GO TO 10 

62 OJ 64 1=1,12 
~5P( I )=QP4( 1) 

64 CONTINUE 
-Gu TO 70 

60 DiJ 68 1=1,12 
Q5P( I .=0. 

08 CONTINUE 
7;) CAll P ~ RX (A, W , K ) 

72. CONTINUE 
IF (iOOUBl.EQ.1) GO TO 7d 
N2=0 
UU 74 1=1,M 
i\l2=N2+-1 
00 74 J=1,N2 
I1(I,J)=O. 
DO 14 N3=1,N1. 
00 74 K=l,N· 
N6=K"N*(N3-l) 
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B ( 1 , J ) = B ( I , J ) +- W ( 1 , N 6 » * W ( J , N 6 ) f R ( N6 ) 
B(J,I)=B(I,J) 

74 CONTINUE 
DO 76 1=1,M 
t)( I ,M+l )=0. 
DO 76 N3=1,N1 
00 76 K=1,N 
N6=K+-N*(N3-1) 
tH 1 , M +- 1 j = B ( I , M +- 1 ) +- ( R ( N 6 ) - H ( N 6) ) * W ( 1 ,N 6 ) flU ~~ 6 ) 

16 CJNTINUE 
RETURN 

78 N2=0 
DO 82 1=1,'" 
N2=N2+-1 
00 82 J=1,N2 
5C=0. 
DO 80 N3=1.,Nl 
00 80 K=l,N 
N6=K +-N* (N3-1 t 
5 A=W ( I, No» 
$B=W(J,N6) 
SC=SC+-(5A*SB)/R(N6t 

tiU CONTINUE 
BCI,J)=SC 
B(J,I}=SC 

d2 CONTINUE 
OJ B6 1=1,1"1 
SC=O. 
00 8-. N3=1,N1 
f)O 84 K=1,N 

" 

\ 



.. 

n 

N6=K+N* (N3-1. 
SA=R(N6)-H(Nb) 
SB=W(I,N6) 
SC=SC+(SA*SB)/R(N6) 

84 CONTINUE 
iHI,M+l'=$C 

db CJNTINUE 
KETURi" 
HW 
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SUBRJUTINE PARll (A,W,K) 

THE SUBROUTINE PAKll EVALUATFS THE PARTIAL DERIVATIVES OF 
THE TIMt FUNCTIONS WITH RESPECT TO THE MaDEL PARAMETERS 
AT THE TIME POI~T K FOR THE TWO KIDNEY MODEL. 

THe TIME FUNCTIONS WITH GLOMERULAR FILTRATION 

TFl = Q3 .. Q4 .. AlIO)*(Ql .. Q2' 
TF2 = Q5 .. Allll*(Ql + Q2) 
TF3 = Alil'*(Q. + Q2. 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATIuN 

TFl = Q3 + Q4 .. A(9)*(QI .. Q2' 
TF2 = Q5 + A(lO)*(Ql .. Q2) 
TF~ = A(l1'*(Ql + QZ) 

TFl KIONEY 
TFl - BLADDER 
TF3 - BLOOD AND TISSUE 

A - PARAMET~RS FOR TH~ KIONEY MOO~L 

W - STORES THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS 
K - INDeX FUR THe TIME PUINT 

DIMENSION A(32',W(32,450' 
COMMON/QFN/Ql(15J',QZ(150'.Q3(150),Q4(l5J),U5(l50) 
COMMON/CONST/N,Nl.M,Ml 
CJMMON/QFNP/QP.(i4) ,QP7(14',QIP(l4),Q2P(14',Q3Pl14),Q4P(14), 

1 Q5P(l4) 
K2=N+K 
K3=2*N+K 
DO lO 1=1, M 1 
W ( I ,K ) = 03 P ( I ) +Q4P ( I ) + A l M 1 +1 ) * ( Q IP ( I ) + J ZP ( I , ) 
W(I,KZ)=Q5P(1)+A(Ml+2)*lW1P(I)+Q2P(I») 
W(I.K3)=A(Ml+3)*(QlP(I)+Q2P(I) 

IJ C ONT I NUE 
MZ=Ml+l 
DO 12 I=M2,M 
W( I ,K) =0. 
W(I,KZ)=O. 
W(!,K3)=O. 

12 CONTINUE 
~(Ml+l,K}=Ql(K)+QZ(K) 

W(Ml+2,Kl)=Ql(K)+Ql(K) 
W(Ml+3,K3'=Ql(K)+QZ(K) 
KETURN 
t=ND 

.. 
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SUBROUTINE PAR21 (A,w,K' 

THE SUBROUTINE PAR21 EVALUATES THE PARTIAL OERIVATJVES OF 
THE TI 1-1 E FUN C T ION:) wI T H RES PEe T T (J THE M Ll DeL P A k AM E T E K S 
AT THE TIME POINT K FOR THE TwO KIDNEY MODEL. 

THE TIME FUNCTIONS wITH GLOMERULAR FILTRATION 

TFl = A(15)*(U3+Q4)+A(lb)*Ql+A(17)*QZ+A(18)*Q5 
TF2 = A(19)*(Qb+Q7)+A(201*Q1+A(Zl)*QZ+A(22)*Q5 
TFJ = A(24)*Ql+A(~5)*Q2+A(LJ)*Q5 

TF4 = A(261*~1+A(Z7)*W2+A(28)*W5+A(2~)*(Uj+Q4) 
+A(301*(QbHH) 

THE TIME FUNtTIONS ~ITHOUT GLOMERULAR FILTRATION 

TFl = 
TF2 = 
TF3 = 
TF4 = 

A(13)*(Q3+W4)+A(14)*Q1+A(lS)*Q2+A(lb)*Q5 
A(17)*(Q6+Q71+A(18)*Ql+A(1~)*Q2+A(20)*Q5 

A(22)*Ql+A(23)*Q2+A(21)*05 
A(Z4)*Ql+A(l5)*Q2+A(2b)*Q5+A(Z7)*(Q3+Q4) 

+A(Z8)*(Q6+Q71 

T~1 - RiGHT KIDNEY 
TF2 - LEFT KIUNEY 
TF3 BLADDER 
TF4 BLOOO AND TISSUE 

A - PARAM~TERS FOR THE KIDNEY MOOEl 
W - STORES THE PARTIAL DERIVIATIVES OF THE TIME FUNCTIONS 
K - INDEX FO~·THE TIME POINT 

DIMENSION A(3Z),W(j2,60U) 
CJMMLJ;~/OF~/Ql (150) ,OZ( 150) ,Q3( 150) ,(.J4( 150) ,05( 15..1) ,Wo(150) ,C.JH1'JO) 
CJMMON/CONST/N,Nl,M,M1 
CO MM J N I Q F N P I w P 4 ( 1 4) ,~p 7( 14 ) , 0 1 P ( 1 4 • ,Q 2 P ( 1 4. ,(J 3P ( 1 .. ) , W"t P ( 1 "t ) , 

1 Q5P(14),QbP{14),Q7P(14. 
KZ=N+K 
K3=21O<N+K 
t<4=3*N+K 
OJ 10 1=1,'41 
WtI,K)=A(Ml+1)*(Q3P(IJ+Q4P(I»)+A(Ml+2)*01P(I)+A{Ml+3)*Q2P(I)+A(M1+ 

14.*05P(1) 
W ( 1 , I< 2 • =A ( M 1 + 5 ) * ( Q6P ( I ) +Q 7P ( I • ) + A ( M 1+ b » * (H P ( I ) + A ( M 1 + 7) * W2 P ( I 1 + A ( M 1 

1+8t*Q5P(I) 
W(I,K3'=A(Ml+9)*Q5P(I)+A(Ml+iO)*QlP(I'+A(Ml+11)*WZP(I) 
W ( I , K 4) = A ( M 1 + 12) *Q 1 P ( 1 ) + A ( M 1 + 13 ) * Q 2 P ( I , + A ( M 1 + 14 ) >,\< 05 P ( I )+ A ( M 1+ 1 5' * ( 

lU3P( 1 )+Q4P (I') +A( M1+16) *( WoP (I )+07P( 1 J, 
.1.0 CONTINUE 

M2=Ml+l 
[)O 12 I=M2,M 
1'4(1,1<)=0. 
W( I,KZ)=O. 
1'111,1<31=0. 
W(I,K4'=O. 

12 CONTINUE 
w(Ml+l,KI=Qj(K)+Q4(K) 
W(M1+l,K)=(,)l(K) 
W(M1+3,1<.)=.J2(K' 
W(M1+<t,K'=Q5(K' 
W(Ml+"Kl)=Qb(K'+Q7(K, 
W(M1+6,K2)=Ql(K) 
w ( M 1 + 7 , Ki ) = QZ ( K) 



W 041 +d, K2) =·Q5 (K' 
"fMl+9,K3)=QS(K) 
W(Ml+lO,K3j=~1(K' 

WCM1+ll,K3'=Q2(K) 
"(Ml+l~,K4)=Ql(K) 
W(Mi+13,K4'=Q2(K) 
W(Ml+14,K4)=QS(K) 
"(Ml+15,K4)=Q](K)+Q4(K) 
"(Ml+16,K4)~Q6(K)+Q7(K) 

RE rURI\I 
END 
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SUBROUTINE PAR22 (A,W,K) -155-

TH~ SUBROUTINE PAk22 EVALUATES THE PARTIAL OERIVATIVlS OF THE 
TIME FUNCTIONS wITH RESPECT TJ THE MJD~L PARAMETERS 
AT THE TIME POINT K ~OR THE TWU KInNFY MODEL.' 

THE TIME fJNCTIONS WITH GLOMERULAR FILTRATION 

TFl = 
H·2 :: 

TF3 = 
TF4 = 

Q3+Q~+AlI5)*(Ql+Q2'+Al16)·Q5 

Q6+U7+A(17)*lQl+Q2)+A(lR)*QS 
A ( 19) * Q 5 +- A ( 2 0 ) * ( Q 1 + Q 2 , 
A{21,*(Ql+02)+A(22,*Q5+A(23)*lU3+U4' 

+A(4)*(Q6+Q7) 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFI 
TEl 
TFj 
TF4 

= 
= 
= 
= 

Q3+Q4+A( 13)*lQl+Q2)+A( 14J*Q5 
Q6+Q7+A(lS)*(Ul+-Q2)+Allb)*Q5 
A(l7J*Q5+Al 18)* (01+Q2) 
A(19)*(Ql+Q2J+Al20)*Q5+A(ZIJ*lQ3+Q4) 

+A(22)*(Q6-+-Q7) 

TFI RIGHT KIDNEY 
Tf2 - LEfT KIDNEY 
TFj - BLADDER 
TF4 - BLOOD AND TISSUE 

A - PAR~METERS FOk THE KIDNEY MODEL 
W - STORES THE PARTIAL DERIVATIVES ~F THE TIME FUNCTIONS 
K - INDEX FOR THE TIME POINT 

DIMENSION A(32),Wlj2,600) 
COMM'Ji-J/QFN/QI (150) ,Q2l 150) ,Q3( 150) ,Q4( 150) ,Q5(150) ,Q6( 150) ,Q7l 150) 
CJMMON/CUNST/N,N1,M,M1 
CO~MaN/QfNP/QP4(14) ,QP7(14),Q,Pl14),Q2Pl14),Q3P(14),Q4Pl14), 

1 Q5P( J.4) .U6P( 14) ,(J7P( 14) 
K2=N+K 
K3=2*N+K 
K4=3*'~+K 
00 IJ 1=1,Ml 
w ( I • K ) = ~3 P l 1 , +- 1J4 P ( I ) + A ( M 1 + 1 , * (Q 1 P l 1 , + Q2 P ( 1 ) ) + A ( M 1 + 2 , *05 P ( 1 , 
W ( I , K 2) =Q6P l I ) +iJ 7 P ( I ) -+- A ( M J. -+- J ) * ( Q 1 P ( I ) + Q2 P l I ) , + A ( M 1 +4' * Q5 P l I , 
W(I,K3)=A(Mi-+-St*Q5P(I'+A(Ml+6)*(Q1P(I)+Q2P( I)) 
\01 ( I ,K 4 ) = A ( M 1 -+- 1 » * ( W 1 P ( I )+ Q l P ( I , » + A l M 1 +- 8 ) * W 5 P ( 1 ) + A ( M 1 + <) , * ( (J J P ( I ) • Q 4 P 

1 ( I ) » +A l M 1 + 1 0 ) * ( U b P ( I ) + Q 7 p. ( I , , 
10 CONTli~UE 

M2=Ml+1 . 
00 12 I=M2,M 
W(I,K)=O. 
W(I,K2)=O. 
W(I,K3'=0. 
W(I,KCt)=O. 

12. C.ONTINUE 
W(Ml+l,K)=01(K)+Q2(K) 
WPH+2.,K)=r,J5(K) 
W(Ml+-3.K2)=Ql(K,-+-Q2(K) 
W(Ml+~,K2)=QSlK) 

\oI(Ml+),K3,=Q5(K) 
W(Ml+6,KjJ=1J1(K)-+-Q2(KJ 
WlMl+7,K4)=(JllK'+Q2lKJ 
WlMl+8,K4)=(J5(K) 
W(Ml+9,K4'=Q3(K)-+-Q4(K) 



W(Ml+10~K4.=Qb(K)+Q7(K) 

f{ETURN 
END 
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SUBROUTINE PAR23 (A,W,K) 

THE SUBROUTINE PAR23 ~VALUATES THE PARTIAL DERIVATIV~S Of THE 
TIME FUNCTIONS WITH RESPECT TO THE MOOEL PARAMETERS 
AT THE TI~E PUINT K FuR ,THE TI10 KIDNEY MO()EL. 

THE TIMe FUNCTIONS ~ITH GLOMERULAR FILTRATION 

TF 1 
TF2 
TFJ 
TF4 

= 
= 
-
= 

A( 151*W3+A( 1ol*Q4+A( 171*(W1+QLI+A(181*05 
A(191*Qb+A(20)*Q7tA(211*(Q~+Ql)+A(221*W5 

A(23)*05+A(241*(01+021 
A(l51*(W1+Q21+A(2bl*~5tA(27'*Q3+A(L81*Q4 

+A(291*W6tA(3JI*Q7 

THe TIME FUNCTIONS WITHOUT GLJMERULAR FILTRATION 

TF1 = 
TF2 = 
TF.; = 
TF4 = 

A(131*03+A( 14'*Q4+A(151*(Ql+Q21+A(161*Q5 
A( 171*Q6"A(1BI*Q7+A( 1\j,*(IH+1"l2H-A(201*Q5 
A(,11·Q5+A(221*(Q1+Q21 
A(23,*(Q1+W21+A(24'*Q5+A(l51*Q3+A(2b'*W4 

+A(271*06+A(28)*07 

TF1 - RIGHT KIO~EY 

TF2 - LEFT KIDNEY 
TF3 - BLADI)ER 
TF4 - BLOOD AND TISSUE 

A - PARAMETERS fOR THE KIDNEY MODEL 
W - STORES THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS 
K - INDEX FOP THE TIME PUINT 

DIMENSION A(32),W(32,bOOI 
C LlM M Ll N I Q F N I Q 1 ( l. 50 1 ,Q 2 ( .L 50 1 ,Q 3 ( 1 50 1 , Q 4 ( 1 5 0 1 , Q 5 ( 1 5 U 1 ,W 6 ( 1 50) ,(J1{ 1 5 0 ) 
CUMMON/CO~ST/N,~1,M,M1 

COMI-10N/QF~P/IJP4( 141 ,QP 7( 14) ,QlP( 14' ,Q2P( 141 ,Q3P (141 ,Q4P( 141, 
1 Q5P(L41,WbP(l4),WIP(14) 
K2=t~+K 

K3=2*N+K. 
K4=,j*N+K 
OJ 10 l=l,Ml . 
W ( I , K • = A ( M 1 +1 1* Q 3 P ( I J + A ( M 1 + 2 1 * Q it P ( I ) + A ( M 1 + 3 1 * ( Q 1 P (I 1 +(J l P ( I 1 1 + A ( M 1 t 

14)*Q5P(II 
w ( I , K 2' =A ( M 1 +5) *WbP ( I » + A ( M 1 +6) * Q 7P ( I » + A (MI + 7) « ( Q.l P ( I ) + Q2 P ( I • ) + A ( M 1 

1+aJ*1J5P(I1 
W(I,K3j=A(Ml+9'*Q5P(I'+A(M1+10)*(01P(I'+02P(III 
w( I ,K4)=A(M1+1U*(QIP( I '+(J2P( I) I+A(Ml+12' *Q5P( I '+A(Ml+13) *W3P( I) +A 

IPH+14,*Q4P (I j +A(Ml+15)*ObP( II+A(M1+1bl *(JIP( I. 
10 CuNTINUE 

1"12='-11+1 
[hJ 12 I=M2,M i 

w(I,K'=O. 
W( [,K2J=O • 
..J(I,K3)=O. 
W(I,KitJ=O. 

12 CONTINUE 
W(Ml+.i"KJ=Q.3(KI 
w ( M 1 + 2, K , = U4 ( K 1 
W(M1+3,KI=OlCK)+Q2(K) 
W(Ml+4,KI=Q5(KI 
w(Ml+S,K2'=Qo(K) 
W(M1+o,K21=Q7(K) 
W(Ml+7,K21=Ql(K)+Q2(KI 



W(Ml+S,K2)=Q5(K) 
I'IIOH+9,K3) =Q5(K) 
W(Ml+iO,KJ)=Ql(K)+Q2(K) 
W(Ml+ll,K4)=Ql(K)+Q2(K' 
w(Ml+l~,K~)=Q5(K) 

W(ML+13,K4)=Q3iKl 
W(Ml+l4,K4)=Q4(K) 
W(Ml+1~,K4)=Qb(K) 

W(Ml+l6,K4)=Ql(K) 
RETUf..I.N 
END 
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SUBKOUTINE PAR24 (A,W,K) 

THE SUBROUTINE PAR24 EVALUAT~S THE PARTIAL OiRIVATIVES Uf THE 
TIM~ FUNCTIJNS WITH RESPECT Tn THE MOOEL PARAM~TERS 
AT THE TIME PUINT K FOR THE TwO KIDNEY M80El. 

THe TIME FUNCTIONS WITH GLOMERULAR fiLTRATION 

Tfl 

TF2 

Tf:;:. 
Tf4 

= 

= 

= 
= 

A( 15'*'J3+A( l6,*Q4+A( l7)*Ql+A( ld'*W2 
+A(19)*Q5 

A(lS'*Q6+A( 16)*Ql+A(20)*Ol+A(21J*Q2 
+A(22J*Q5 

A(£4l*Q1+A(25J*Q2+A(23)*Q5 
A(26l*Q1+A(21)*Q2+A(2d)*05+A(2~)*('J3~W4J 

+A(30)*(Q6+Q7) 

THE TIME FUNCTIONS wITHOUT GLOMERULAR FILTRATION 

IFl = A(13)*Q3+A(14)*04+A(15)*Q1+A(16)*U2 
+A(17)*Q5 

TF2 

TF3 
TF4 

= A(1~I*Q6+A(14J*Q7 A(lBI*Ql+A(,9)*W2 
+A(ZO'*(J5 

= A(221*01+A(23)*02+A(21)*Q5 
= A(~4J*Qi+A(25l*QZ+A(2b)*Q5+A(l9J*(U3.U41 

TF1 
TF2 
TF3 -

+A(2d,*(Q6+Qn 
klGHT KliJNEY 
L EFT K I lJ t~ f. Y 
BLADDER 

TF~ - dlOOO AND TISSUE 

A - THE PARAM~TEkS FOR THF KIDNFY MODEL 
W - STU~ES THE PA~TIAL DERIVATIVES OF THE TIMi fUNCTIUNS 
K - INO~X FUR THE TIME POINT 

lJIMENSION A(32),w(32,600l 
CUMMON/QFN/<Ji( 1501 ,Ql( I5u) ,QJ( 1:>0) ,Q4( 150) ,(.)5 ( 1501 ,(.)6( 150) ,(.)7( 150) 
CJ~MQN/CONST/N,Nl,M,Ml 

COMMO~/QFNP/QP~(141 ,QP7(~4),<JiP(14),Q2P(i4),Q3P(L4),U4P(14), 

1 ~5P{ 14) ,(JbP(J..4' ,(.171-'(14' 
K2=N+K 

K4=3*N+K 
OJ 10 I=l,Ml 
W(I,K)=A(Ml+1J*W3P(IJ+A(Ml+2J*Q4P(IJ+A(Ml+3)*QlP(IJ+A(Ml+4)*U~P( I) 

1+A( M1+S.*Q:JP( I) , 

W(I,K2'=A(M1+l'*QbP(I)+A(Ml+2)*<J7P(I'+A(M1+6J*QlP(I'+A(Ml+7J*UlP(I 
li+A(M1+8)*W5P(I) 

\oj ( 1 ,K 3 ) =A ( M 1"'9) * (J S P ( I J + ~ (M 1"'10 , *Q 1 P ( I 1 ... A ( M 1 +11 ) *Q 2P ( 1 ) 
w(I,K4'=A(ML+1LJ*W1P(I .... A(M1 ... 1j)*Q2P(lJ.A(M1 ... 1~)*Q5P(1 I+A(M1+15)*( 

1Q3P( 1.)+Q4P( I ))+A(Ml"'16)*(Q6P( 1)+Q7P(( J) 
ill C Otn I NU E 

M2::M1+1 
OQ 12 I=M2,M 
~ (.1 ,K) .:: O. 
w(I,K2)=O. 
Vol ( I,K3)=O. 
foI(I,K4J=O. 

U CDNT I NUl:: 
W(M1+1,K'=Q3(K) 
fII(M.1.+i,K).::Q4(K) 
W(M1"'3,K)=Q1(K) 
w(i"'1"'4,KJ=Q2(K) 

\ 



W(M.l+S,K,=Q5(K) 
I'4(Ml+l,K2,=Qb(K' 
W(Ml+L,KL)=Q7(K) 
W ( M J.. .. b , K2) = Q.l ( K) 
W(Ml+l,KL)=Q2(K) 
W(Ml+a,K2);QS(K) 
w(Ml+9,K3)=Q5(K) 
W(Ml+lO,K3);Ql(KI 
W(M1+11,K3)=Q2(K) 
W ( M L +12, K4); W 1 ( K) 
W(M1"iS,K4)=Q2(K) 
W(Ml+:;'4,K4)=Q5(K) 
W ( M 1+15, K4) =Q H K) +04 (K) 

W(Ml+1b,K41=06(K)+Q7(K) 
KETUR~ 
F;\I f) 

-160-



c 
'" c 
c 
c 
c 
c 
-
\., 

c 
c 
C 
L. 
-

M \.. 

C 
L. 
v 

C 
C 
C 
(~ 

-'-
C 
C 
,-
" , 
..... 

C 
C. 
.~ 

" 
C 
I-
.~ 

-161-
SUBROJTINE PAR25 (A,W,K) 

TH~ SUBRJUTINE PAR25 EVALUATES THE PARTIAL DERIVATIV~S UF THt 
TIME FUNCTIOr-JS wITH RESPECT TO THI:: MtJOEl PARAMETERS 
AT THE TIME PUINT K FOR THE TwO KI[)NEV MOOtL. 

THE TI~E FUNCTIU~S wITH GLOMERULAR fILTRATION 

TF1 = 
TF2 = 
TF3 = 
TF4 = 

O~+Q4+A(15'*(QL+-Q2) 

Q6+Q7+A(l6'*(Ol+QZI 
Q 5+ A ( 11 ) * ( J L + 02 , 
A(18'*(Wl+W2'+A(19'*(Q3+~4'+A(20'*(W6+Q7' 

+-A(2U*05 

TH~ TIM~ FUNCTIJNS WITHUUT GLOMERULAR FILTRATIUN 

TFl = 
TF2 = 
TF3 = 
TF .. = 

Q3+Q4+A(13,*(Ql+QZ' 
Qb+Ql+A(l~)*(QL+02) 

.;J5+A( 15'*(Q1+Q2' 
A ( 1 b , * ( (Jl + Q 2 , + A ( 1 7 , * ( (B + Q 4 ) + A ( un * ( 0 () + (J 71 

.. A ( len *Q5 

TFl - RIGHT KIONEY 
TF2 - LEFT KIDNEY 
TF3 - BLADDER 
TF4 - BLOUD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY M~OEL 

W - STORE~ THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS 
K - INDEX FOR THE TIME POINT 

DIMENSION A(321 ,w(32,bOO) 
COMMON/QFN/(U( 150' ,Q2( 150) ,Q3( 150) ,Q4( ISO' ,1J5( 15t)) ,Qb( 150) ,Ql( 150' 
CJMMON/CUNST/N,N1,M,M1 
COMMON/QFNPIQP4(14',QP7(14),QlP(l4),Q2P(l4',Q3P(l4),Q4P(l4), 

1 Q5PA14',Q6P(14),Q7P(14) 
K2=N+K 
K 3=2*N+K 
K4=3*N+K 
00 10 1=1,M1 
w ( I , K) = Q3 P ( I ) + Q4P ( I ) + A ( Ml + 1 ) * ( Q 1 P ( I , +- Q2 P ( 1 ) , 
W(I,K2'=QbP(I)+Q7P(I'+A(M1+2)*(Q1P(I'+02P(I)' 
w( I,K..H'=Q5P(l)+ACM1+3)*(01P( I '+Q2P( 1)' 

w ( 1 ,K4) .::A ( M 1 + 4) * (Wl P ( I , +- 02 P ( I ~ ) + A ( M 1 + 5 ) * ( Q3 P ( I ) +(J4P ( 1 ) • +A ( M 1 +6) * ( W 
lope IJ+(J7P( I' )+A(M1+7)*(J5P( I' 

1.0 CONT I NUE 
M2.::Ml+l 
DO 12 I .::M2 ,1'1 
W(I,K.'=O. 

'. W ( 1., K 2) .:: o. 
,\-I(I,K3'=0. 
W(I,K4.=0. 

U CDNT INUE 
W(ML+l,K)=Ql(K)+Q2(K) 
~(Ml+2,K2'=Ql(KI+02(K' 
W(Ml+3,K3'=Ql(K)+Q2(K.' 

. w(Ml+~,K4)=Ql(KI+Q2(K) 
W(Ml+-S,K4'=Qj(K)+Q4(K. 
W(M1+&,K4,=Q6(K'+Q7(K) 
W(M1+1,K4,=QS(K,i. 
RETURN 
FND 
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SUBROUTINE PAR26 (A,W,K) 

THE SUBROUTINE PAR2b EVALUATES THE PARTIAL DERI~ATIVES OF THE 
TIME FUNCTIONS WITH RESPECT TO THE MODEL PARAMETERS 
AT THE TIME POINT K FOR THE TWO KIDNEY MODEL. 

TFl = Q3+A(lS)*Q4+AClb)*(Ql+Q2)+A(11)*QS 
Tf2 = Qb+A(18'*Q7+A(19)*(Ql+Q2)+A(ZO.*Q5 
TF3 = A(22)*Q5+A(21)*(Ql+QZ) 
TF4 = A(23)*(Ql+QZ)+A(24)*Q4+A(25'*Q1+A(26)*Q5 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFl = QJ+A(13)*Q4+A(14'*(Ql+Q2'+A(15)*QS 
TF2 = Q6+A(16)*Ql+A(11)*(Ql+Q2'+A(IS)*Q5 
TF3 = A(20)*Q5+A(19)*(Ql+Q2) 
TF4 = A(21)*(Ql+Q2'+A(22)*Q4+A(23)*Q7+A(24)*QS 

TFI - RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
TF 3 - BL ADDER 
TF4 - BLOOD AND TISSUE 

A - PARAMETERS FORrTHE KIDNEY MODEL 
W - STORES THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS 
K - INDEX FOR THE TIME POINT 

DIMENSION A(32),W(32,600) 
COMMON/QFN/Q1(lSO) ,02( lS0),Q3( 150) ,Q4( 151l) ,(JS( 1501 ,Q6( 150) ,Q1(1S0) 
COMMON/CONST/N,Nl,M,Ml 
COMMON/QFNP/QP4(14),QP1(14',QIP(14),Q2P(14),Q3P(14',Q4P(14), 

1 Q5P(14),Q6P(l4),Q7P(l4) 
K2=N+K 
K3=2*N+K 
K4=3*N+K 
DO 10 1=I,Ml 
W(I,K)=Q3P(I)+A(Ml+l'*Q4P(I)+A(Ml+2)*(QlP( 1)+Q2P(I))+A(Ml+))*Q5P(1 

U ' 
W(I,K2)=QbP(I)+A(M1+4'*Q1P(I)+A(M1+S)*(Q1P( I)+Q2P(I»+A(M1+6)*Q5P( 

11' 
W ( I ,K 3' =A ( M 1 +8' *Q 5 P ( I , + A ( M 1 + l' * ( Q1 P ( I ) +Q 2 P ( I ) , 
W (I ,K4) == A ( M 1+9' * ( Q 1 P ( 1 , +Q2 P ( I , ) + A ( MI+l 0) *Q4 P ( I ) + A ( M 1 + 1 1) * Q 1 P ( I ) + A ( 

IMl+12) *Q5P ( I' 
10 CONTINUE 

M2=Ml+l 
DO 12, I =M2 , M 
W(I,K)=O. 
W(I,K2)=0. 
WCI,K3)=0. 
W(I,K4)=O. 

12 CONTINUE 
WCM1+1,K)=Q4CK) 
W(Ml+2,K)=Ql(K)+Q2(K) 
W(Ml+3,K)=Q5(K) 
\tI(Ml+4,K2)=Q1(K) 
W(Ml+5,K2)=Ql(K)+Q2(K) 
W(M1+6,K2.=Q5(K' 

, W(Ml~1~K3)=Ql(K)+Q2(K) 

WCMl+S,K3)=Q5(K) 
W(Ml+9,K4.=Ql(K)+Q2CK) 

.. 



" 

.. 

W(Ml+l0,K4)=Q4(K) 
W(Ml+ll,K4)=Q7(K) 
w(Ml+12,K4)=QS(K) 
RETURN 
END 
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SUBRO~TINE PAR27 (A,W,KJ 

THE SUBROUTINE PAR27 EVALUATES THE PARTIAL UERIVATIVtS OF. THE 
TIME FUNCTIONS WITH RESPECT TJ THE MonEL PARAMETFRS 
AT THE TIME POINT K fOR THE TWO KIDNEY MUDEL. 

THE TIME fUNCTIUNS WITH GLOMERULAR FILTRATION 

TF 1 = (J3 + 04 + A(15)*(01 + 02. 
TF2 = 06 + 07 + A(16)*(01 + Q2' 
Tf~ = 05 + A(17)*(01 + Q2) 
TF4 = A( 1-8)*«(J1 + (J2) 

THE TIM!: FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TF1 = 
TFZ = 
TFj = 
TF4 = 

03 + 04 + A( 13)*(01 
06 + 01 + A(14)*101 

(J5 + At 15)*101 
A(16)*(Q1 

TFl - RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
TF3 - BLADDER 

+ (2) 
+ (2) 
+ (.)2) 

+ (2) 

TF~ - BLOOD AND TISSUE 

THIS MODEL WAS FOR DATA COLLECTED UN MI~E. 

A - PARAMETERS FOR THE KIDNEY MODtL 
W - STORES THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS 
K - INDEX FOR THE TIME POINT 

DIMENSION A(32),W(32,6QO) 
COMMONI OFN 101 ( 150) ,02 ( 150) ,03 ( 150) ,04 ( 150) ,Q5 ( 150) ,06 ( 150) ,Q 1( 150) 
COMMON/CONST/N,Nl,M,Ml 
COMMON/(JFNP/OP~114' ,OP7(14),Q1P(14),Q2P(14),Q3P(14),Q4P(14), 

1 Q5P(14),Q6P(14J,07PI14' 
K2=N+K 
K 3=2*N+K 
K4=3*N+K 
DO IIJ 1=1, M 1 
W ( I , K ) = (J3 PI I ) + Q4P ( I ) + A ( M1 + 1 • * ( 01 P ( 1 ) +(~2 P ( I ) ) 
WI I , K 2 • = Qb P ( I )+07 P ( I ) + A I M 1 + 2 ) '" 1 Q 1 P ( I ) + 0 2 PI I , ) 
W ( I ,K j ) =05 P (I ) + A ( M 1 +.3 , * (01 P ( I , +Q2 P ( I ) ) 
w ( I ,K 4) = A I M 1 + 4) * ( 01 P ( I ) + 02 P ( I ) ) 

10 CONTINUE 
M2="11+1 
DO 12 I=M2,M 
W(I,K)=O. 
WII,K2'=0. 
W( I,K3)=0. 
WII,K4)=O. 

12 CONTINUE 
W(M1+1,K.=QIIK)+02(K) 
WIM1+2,K2)=Q1(K'+Q2(K) 
w(Ml+3,K3)=Ql(K)+Q2IK) 
W(Ml+4,K4'=Q1(K)+Q2(K) 
RETURN 
END 
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SUBROUTINE PAR28 (A,W,K' 

THE SUBROUTINE PAR28 EVALUATES THE PARTIAL DERIVATIVtS OF THE 
TIME FUNCTIONS WITH RESPECT TO THE MODEL PARAMETERS 
AT THE TIME POINT K FJR THE TWO KIDNEY MODEL. 

THE TIME FUNCTIONS WITH GlQMERULAR FILTRATION 

TFI = Q3+Q4+Dl*(Q6+Q7J+(A(lS)+Dl*A(17')*(Ql+02' 
+(A(16'+Dl*A(18,'*Q5 

TFl = Q6+Q7+02*(Q3+Q4)+(A(17)+D2*AC1S')*(Ql+UZ' 
+(A( 18 '+D2*A( 16) )*05 

TF3 = A(19)*Q5+A(20)*(Q3+Q4)+A(21)*(Q6+Ql) 
+A(l2)*(Ql+Q2' / 

TF4 = A(23'*(Ql+Q2)+A(24)*(Q3+Q4)tA(25'*(Q6+Ql' 
+A(26,*Q5 

THE TIME FUNCTIUNS wITHOUT GLOMERULAR FILTRATION 

TFl = Q3+Q4+Dl*(Q6+Q7)+(A(13)+Dl*A(15')*(Ql+Q2' 
+(A(14)+Dl*A(16')*Q5 

TF2 = Qb+Q7+D2*(Q3+Q4)+(A(lS)+D2*A(13})*(Ql+QZ) 
+( A( 16 )+D2*A( 14) '*05 

TF~ = A(11)*Q5+A(18'*(Q3+Q4'+A(19'~(Q6+Q1) 
+A(ZO)*(QL+Q2) 

TF4 = A(21)*(Ql+Q2'+A(22)*(Q3+Q4)+A(23)*CQ6+Ql) 
+A(24)*Q5 

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

THIS IS THE AOAC MODEL(J. A. DEGRAZIA, P. O. SCHEIBE, 
ET AL., CLINICAL APPLICATIONS OF KINETIC MUDEl UF 
HIPPURATE DISTRIBUTION AND RENAL CLEARANCf, J. NUCl~ 
MED., 15(1974), PP 102-114). 

A, - PAR~METERS FOR THE KIDNEY MOD~l 
W - STORES THE PARTIAL DERIVATIVES OF THE TIME FUNCTIONS 
K - INDEX fOR THE TIME POINT 

DIMENSION A(32),W(32,600) 
DATA 01,D2/.05,.081 
COMMON/QFN/Q1(150),Ql(150',Q3(150),Q4(150),QS(L50},Q6(150),Q1(150' 
COMMON/CONST/N,Nl,M,MI 
COMMON/QFNP/QP4(14) ,QP1(14),QIP(14',Q2P(14),Q3P(14),Q4P(14)t 

1 \ Q5P(14),06P(14),Q7P(14} 
K2=N+K 
K3=2*N+K 
K4=3*N+K 
DO 10 1=1,M1 
W(I,K)=Q3P(I)+Q4P(I)+Dl*(Q6P(I'+Q7P(I)+(A(Ml+l'+Dl*A(Ml+j»*(QlP( 

LI ) + Q l P ( I »t( A ( IH + c:: ) + 0 1 * A ( M 1 +4 ) ) * Q5 P ( I ) 
W( I,Kl)=Q6P( I '+Q7P( I )+02*( Q3P( I )+Q4P( I') +( .\(Ml+3) +D2*A(Ml+U ,*(QIP 

l( I ) +QlP ( I ) J + ( A (M.l +4 ) +02 *A ( Ml + 2) , *Q 5 P( I ) 
W(I,K3'=A(Ml+5)*Q5P(I)+A(Ml+6)*(Q3P(I'+Q4P(I')+A(Ml+l)*(QbP(I'+QIP 

1 ( I ) ) + A ( M 1 + 8 » * ( Q 1 P ( I ) + 0 ZP ( I I ) 
W ( I ,K 4 ) = A ( M 1 + 9 ) * ( Q 1 P ( I ) +02 P ( I ) ) + A ( M 1 + 10 , * ( Q.3 P ( I ) + Q 4P ( I , ) + A ( M 1 + L 1 ) * 

1(Q6P( I )+Q7P( [) '+A(Ml+12)*05P( I) 
IJ CONTINUE 

M2=Ml+l 



DO 12 I=M2,M 
W( I,K)=O. 
W( I,K2)=O 
W ( I , K 3) =0. 
W(I,K"')=O. 

12 CONTINUE 
W(Ml+1,K)=Ql(K)+W2(K) 
w(M!.+2,K)=QS(K) 
W(M1+j,K)=Dl*(Wl(K)+Q2(KJ. 
W(Ml+4,K)=Dl*Q5(K' 
W(ML+L,K2)=02*(Q1CK)+QZ(K) 
W(Ml+2,K2)=D2*Q5(K) 
W(Ml+3,K2)=Ql(K)+Q2(K) 
W(Ml+4,K2)=IJS(K) 
W(M1t-5,K3J=QS(K) 
W(Mlt-6,K3)=Q3(K)+Q4(K) 
W(Mlt-7,K3)=Q6(K)+Q1(K) 
W(M1+8,K3)=Q1(K)+Q2(K) 
W(ML~~,K4)=Ql(K)+Q2(K) 

W(Ml+lO,K4)=Q3(K)+Q4(K) 
W(Ml+ll,K4)=Q6(K)+Q1{K) 
W(M!.+ll,K4)=QS(K) 
j{ETURN 
END 
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SUBROUTINE PLOT (TIME) 

THE SUBROUTINE PLOT GIVES A PLOT OF EACH TIME FUNCTION 
COMPARING THE FITTED CURVES TO THE ACTUAL DATA. 

TIME - THE TIME INTERVAL IN SECONDS 

DIMENSION LINE(135. 
COMMON/FNT/T(150) ,R(600t,H(600) 
COMMON/CONST/N,N1,M,M1 
DO 92 L=l,Nl 
XMAX=O. 
DO 12 K=l,N 
NK=(L-l'*N+K 
IF (H(NK)-XMAX' 12,12,10' 

10 XMAX=HlNK) 
12 CONTINUE 

DO 16 K=l,N 
NK=(l-l)*N+K 
IF (R(NK)-XMAX' 16,16,14 

14 XMAX= R l NK' 
16 CONTINUE 

DO 18 1=1,135 
LINE ( I • = IH 

~8 CONTINUE 
IF (N-ll}) 20,20,22 

20 NX=N 
GO TO 24 

22 NX=113 
24 lINE(20)=lH. 

2.6 
28 

j() 

32 

34 
36 

}8 

40 

42 

44 
46 
48 

50 

52 
54 
56 

MAX=INT(XMAX) 
DO 88 Ll=1,60 
DO 32 K=l,NX 
KK=20+K 
lINflKK.=lH 
NK=(L-l)*N+K 
II=INH (H(NK)/XMAX)*60.) 
IF (61-LI-II) 28,26,28 
LINE(KK)=lH* 
JJ=INT(R(NK'*60./XMAXJ 
IF (6l-ll-JJ. 32,30,32 
lINE(KK'=lHX 
CONTINUE 
IF (ll-o) 34,80,86 
GO TO (36,52,68,74,80),Ll 
lNl=L+4-NI 
GO TO (38,38,42,38.,LNI 
DO 40 1=5.l,l02 
LINEll)=lH* 
CONTINUE 
GO TO 46 
DO 44 I'=22,12 
LINEtl)=lH* 
CONTINUE 
IF (L-l) 50,48,50 
P R I NT 94, MAX, (l I N Ell) , 1= 2: 0 , 132 ) 
GO TO 88 
PRINT 96, MAX,(LINE( U '(=20,132' 
GO TO 88 
IF (1'.11-3) 56,54,56 
GO TO t60,64,66),l 
GO TO (58,62,64,66',l 



C 
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58 PRINT 98, (lINE(II,I=20,511 

GO TO 88 
60 PRINT 100, (lINE(I',[=20,51) 

GO TO 88 
62 PRINT 102, (lINE(I),1=20,51) 

GO TO 88 
04 PRINT 104, (lINE(I),1=13,132) 

GD TO 88 
66 PRINT 106, (LINE(I),1=20,51) 

GO TO 88 
08 LN1=L+4-Nl 

GO TO (70,10,12,10) ,lNl 
70 PRINT 108, (l [ N E ( 1 ) , 1= 2 0, 51 ) 

GJ Ta 88 
72 PRINT 110, (lINE ( I' , 1= 73,132) 

GO TO 88 
14 lNl=l+4-Nl 

Gll TO (76,76,18,10),lNl 
76 PRINT llZ, (LINc(I),I=ZO,511 

GO TO 88 
78 PRINT 114, (L INE( 1),1=73,132) 

GO TO 88 
80 lNl=L+4-Nl 

GO TO (82,82,84,tl2),LNl 
82 PRINT 110, (lINE(I),1=20,51) 

GO TO 88 
84 PRINT 118, (LINE( 1),1=73,132) 

GO TO 88 
86 PRINT 120, (l (NE( 1),1=20,132) 
88 CONTINUE 

DC) 90 I=l,NX 
KK=20+1 
lINE(KK)=lH. 

90 CONTINUE 
PRINT 122, (l [NE( 1),1=20, 132t 
XTIME=TIME/60. 
PRINT 124, XTliI1E 

92 CONTI NUE 
RETURN 

94 FOR~AT(lHl,12X,I5,lX,113Al) 
90 FORMAT(13X,15,lX,113Al) 
98 FQRMAT(19X,32Al,lH*,7X,*TIMEFUNCTION FOR THE RIGHT KIDNEV*,9X,1H*) 

100 FORMAT(19X,32Al,lH*,9X,*TIME FUNCTION FOR THE KIONEV*,12X,IH*) 
102 FORMAT(19X,32Al,1H*,7X,*TIMEFUNCT10N FOR THE lEFT KIDNEV*,lOX,lH*) 
104 FORMATC19X,lH.,lX,1H*,7X,*TIMEfUNCTION FOR THE BlAOOER*,14X,lH*,60 

1AU 
100 FORMAT(19X,32Al,lH*,7X,*TIMEFUNCTION FOR THE BlOOO AND TlSSUE*,5X, 

IlH*) ~ 

108 FORMAT(19X,32Al,lH*,49X,lH*) 
110 FORMAT(19X,lH.,lX,lH*,49X,lH*,60A1) 
112 FORMATC19X,32A1,20H*SAMPLE FUNCTION = X,10X,21HFITTEO FUNCTION = * 

1 *) 

114 FORMAT(19X,lH.,lX,20H*SAMPlE FUNCTION.:: X,lOX,21HFITTEO FUNCTION = 
1 * *,oOA1) 

116 FORMAT(19X,32Al,51(lH*») 
118 FORMAT(19X,iH •• IX,51(lH*),60Al) 
120 FORMAT(19X,113Al) 
122 FORMATCltlX,lHQ,113Al) 
124 FJRMAT(36X,*TIME UNITS = *,fj.2,* MIN •• ) 

END 
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SUBROUTINE PRAM1 (A,LL,PRMX,IGLOM) 

THE SUBROUTINE PRAM1 PRINTS OUT A TABLE FOR THE PARAMETERS 
AND GIVES THE FUNCTIONAL RELATIONSHIP BETWEEN THE 
VARIOUS COMPARTMENTS AND T.HE TIME FUNCTIONS. THIS IS 
THE MODEL FOR ONE KIDNEY WHERE THE OTHER KIONEY HAS 
BEEN REMOVED. 

A - THE PARAMETERS 
LL = 0 GIVES A HEADING ***THE PARAMETERS ARE*** 

= 1 GIVES A HEADING ~**INITIAL ESTIMATES FOR THE 
PARAMETERS*** 

PRMX SUBROUTINE WHICH PRINTS OUT THE FUNCTIONAL 
RELATIONSHIP BETWEEN THE TIME FUNCTIONS AND 
THE COMPARTMENTS 

IGLOM - IF IGLOM=l THE MODEL HAS A PATH FOR GLOMERULAR 
FILTRATION 

D I ME N S I ON A (32) 
IF (IGLOM.EQ.l. GO TO 10 
IDIF=l 
GO TO 12 
IDIF=O 
IF (LL I 16,14,16 
PRINT 20 
GO TO 18 
PRINT 22 
PRINT 24 
IF ( I GL OM • E Q. 1 ) PRINT 26, A(41 
I>RINT 28, A(3) 
I>RINT 30 
I=5-IDIF 
PRINT 32, I,A(l) 
I=9-IDIf 
PRINT 34, I,ACII 
PRINT 36, ACl» 
PRINT 38, A(2) 
1=6-IDIF 
PRINT 40, I,A(I) 
1=7-IDlf 
PRINT 42, I,A(I) 
1=8-IOlf 
PRINT 44, I,A(I) 
CALL PRMX (A,IGLOM) 
PRINT 46 
PRINT 48 
PRINT 50 
PRINT 52 
PRINT 54 
RETURN 

2U FORMATllHl,52X,28H*****THE PARAMETERS ARE****.!) 
22 FORMATlIHl,43X,46H*****INITIAL ESTIMATES FOR THE PARAMETERS*****!) 
24 FORMATl1X,*PARAMETERS*,55X,*SYMBOL*,21X,*VALUE*' 
26 FORMATl!,lX,*GLOMERULAR FILTRATION RATE.,40X,*A(4)*,lOX,FIO.5) 
28 FORMAT(lX,*FLOW RATE FROM BLOOD POOL TO TUBULAR CELLS*,24X,*AC3'*. 

120X,F10.5) 
30 fORMAT(lX.*KIDNEY*) 
32 FORMATI4X,*TUBULAR CEll FLOW RATE*,41X,*A(*,11,*)*.20X,flO.5) 
34 FORMATI4X,*ESTUARY DELAY TIME*,45X,*A(*.Il*)*,20X,F10.5) 
36 FORMATI1X,*FLOW RATE FROM BLOOD POOL TO EXTRAVASCULAR POOL*,19X,*A 
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1(1)*,20X,F10.5) 

38 FORMATC1X,*FLOW RATE FROM EXTRAVASCULAR POOL TO BLOOD POOL*,19X.*A 
1(2)*,20X,FIO.5' 

4J FORMAT(lX.*AMOUNT AT TIME ZERO IN THE BLOOD POOL*.29X,*A(*.Il,*)*. 
L18X,F12.5) 

42 FORMAT(lX.*AMOUNT AT TIME ZERO IN THE EXTRA VASCULAR POOL*.20X,*A( 
1*,ll.*)*,18X.F12.5) 

44 FORMATClX,*AHOUNT AT TIME ZERO IN THE KIDNEY TUBULAR CELLS*,19X.*A 
l(*.11.*'*,18X,F12.5. 

46 FORMATC//,7X,*WHERE*,10X,*TFl - KIDNEY*.26X,*Ql - BLlOD POOL*. 
48 FORMATC/.22X,*TF2 - BLADDER*.25X,*02 - EXTRA VASCULAR POOL*. 
50 FORMATt/,22X,*TF3 - BLOOD AND TISSUE*,16X.*Q3 - RIGHT KIDNEY TUBUL 

lAR CELLS*. 
52 FORMAT(/,60X.*04 - KIDNEY ESTUARY*) 
54 FORMATC/,60X,*05 - BLADDER*) 

END 
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SUBROUTINE PRAM2 (AtLL,PRMX,lG~OM) 

THE SUBROUTINE PRAM2 PRINTS OUT A TABLE FOR THE PARAMETERS 
AND GIVES THE FUNCTIONAL RELATIONSHIP BETWEEN THE 
VARIOUS COMPARTMENTS AND THE TIME FUNCTIONS~ 

A - THE PARAMETERS 
LL = 0 GIVES A HEADING ***THE PARAMETERS ARE*** 

=.1 GIVES A HEADING ***INITIAL ESTIMATES FOR THE 
PARAMETERS*** 

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 
101Fl=l 
ID(F2=2 
GO TO 12 

10 IDIF1=0 
IDIF2=O 

12 IF (lU 16,14,16 
14 PRINT 20 

GO TO 18 
16 PRINT 22 
18 PRINT 24 

IF (IGLOM.EO.1) PRINT 26, A(4t 
PRINT 28, A(3) 
IF (IGLOM.EQ.1) PRINT 30, A(7. 
1=6-IDlfl 
P R I NT 3 2, I, A( I ) 
PRINT 34 
I=5-IDlf1 
PRINT 36, I ,A( I) 
I=13-IOIF2 
PRINT 38, I,A(U 
PRINT 40 
I=8-IDIF2 
PRINT 42, I,A(I) 
1=14-IDlf2 
PRINT 44,I,A(I) 
PRINT 46, A(l) 
PRINT 48, A(2' 
I=9-IDIF2 
PRINT 50, I ,A( I' 
1=10-IOIF2 
PRINT 52, I,A(1) 
1=11-IDIF2 
PRINT 54, I,A(l. 
1=12-IDIF2 
PRINT 56, I ,A( 1. 
CALL PRMX (A,IGLOMJ 
PRINT 58 
PRINT 60 
PRINT 62 
PRINT 64 
PRINT 66 
PRINT 68 
PRINT 10 
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20 FORMAT(lHl,52X,28H ••••• THE PARAMETERS ARE* •••• /' 
22 FORMATCIH1,43X,46H* •••• INITIAl ESTIMATES FOR THE PARAMETERS* •••• /) 
24 FORMATC1X,*PARAMETERS*,55X,.SYMBOl.,21X,*VALUE*' 
26 FORMAT(/,lX,*GLOMERULAR FILTRATION RATEC~IGHT KIDNEY)*,26X,*AC4)., 

120X,FIO.5. 
28 FORMATC1X,*FLOW RATE FROM BLOOD POOL TO TUBULAR CELLSCRIGHT KIDNEY 

l'*,10X,.A(3'*,20X,F10.5) 
30 FORMAT(lX,*GLOMERULAR FILTRATIONRATECLEFT KIDNEYJ.,27X,*A(7).~20X 

1,F10.5. 
32 FORMAT(lX,.FLOw RATE FROM BLOOD POOL TO TUBULAR CELLS(LEFT KIDNEY) 

1*,11X,.AC·,Il,*)*,20X,FlO.5) 
i4 FORMAT(lX,.RIGHT KIDNEY.) 
36 FORMAT(4X,*TUBULAR CELL FLOWRATE*,41X,.A(*,Il,.)*,20X,F10.5) 
38 FORMAT(4X,.ESTUARY DELAY TIME.,45X,.A'.,I2.).,lQX,FIO.5) 
40 FOR~AT(lX,.lEFT KIDNEY*. 
42 FJRMAT(4X,.TUBULAR CELL FLOW RATE.,41X,.AC*,Il,.).,20X,FlO.5) 
44 FORMATC4X,.ESTUARY DELAY TIME.,45X,.AC*,12,.,.,19X,FIO.5' 
46 FORMATCIX,*FLOW RATE FROM BLOOD POOL TO EXTRAVASCULAR POOL.,19X,.A 

1(1)*,20X,FIO.5) 
48 FORMATCIX,.FLOW RATE FROM EXTRAVASCULAR POOL TO BLOOD POOL.,19X,.A 

1(2)·,20X,FIO.5) 
50 FORMAT(lX,.AMOUNT AT TIME ZERO IN THE BLOOD POOl*,29X,.AC.rli,*'*, 

118X,F12.5. 
52 FORMAT(lX,.AMOUNT AT TIME ZERO IN THE EXTRA VASCULAR POOL.,20X,*A( 

1·,I2,*)·,17X,F12.5) 
54 FORMAT(lX,*AMOUNT AT TIME ZERO IN THE RIGHT KIDNEY TUBULAR CELLS., 

113X,*A(·,12,*.*,17X,F12.5) 
56 FORMAT(lX,*AMOUNT AT TIME ZERO IN THE LEFT KIDNEY TUBULAR CELLS*,1 

14X,*AC*,12,*.*,17X,F12.5) 
58 FORMAT(I/,7X,.WHERE*,lOX,*TFl - RIGHT KIDNEY*,20X,*Q1 - BLOOD POOL 

1*) 
00 FORMATC/,22X,.TF2 - LEFT KIDNEY*,21X,*Q2 - EXTRA VASCULAR POOl*) 
02 FORMAT(/,22X,*TF3 - BlADDER*,25X,*03 -RIGHT KIDNEY TUBULAR CELLS* 

1 • 
64 FORMAT(/,22X,.TF4 - BLOOD AND TISSUE*,16X,*Q4 - RIGHT KIDNEY ESTUA 

lRY*. 
66 FORMAT(/,60X,*Q5 - BLADDER*) 
68 FORMAT(/,60X,*Q6 - LEFT KIDNEY TUBULAR CELLS*) 
70 FORMAT(/,60X,.01 - LEFT KIDNEY ESTUARY*' 

END 
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SUBROUTINE PRMll (A,IGlOM' 

THE SUBROUTINE PRMll PRINTS OUT THE FUNCTIONAL RELATIONSHIP 
BETWEEN THE TIME FUNCTIONS AND THE COMP~RTMENT EQUATIONS. 

THE TIME FUNCTIONS ~ITH GLOMERULAR FILTRATION 
" 
TF1-
TF2 :: 
TF3 :: 

03 ... 04 .. A(10)*(Ql .. 02. 
Q5 ... A(11.*(Ql + 02) 

A(12'*(01 .. 02) 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFl :: 03 .. Q4 .. A (q. * (Q 1 .. 02' 
TF2 :: 05 ... A(lO'*(Ol ... Q2) 
TF3 :: A( 12)*(01 ... 02) 

TFI - KIONEY 
TF2 - BLADDER 
TF3 - BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 
IGLOM - IF IGlOM=1 THE MODEL HAS A PATH FOR GLOMERULAR 

FILTRATION 

DIMENSION A (321 
PRINT 14 
IF (IGlOM.EQ.l) GO·TO 10 
GO TJ 12 

10 PRINT 16, A(10) 
PRINT 18, All!) 
PRINT 20, A(l2 ) 
RETURN 

12 PRINT (,2, A(9) 
PRINT 24, A (10) 
PRINT 26, AUU 
RETURN 

14 FORMAT(IIIII,*FUNCTIONAL RELATIONSHIP BETWEEN THE TIMEFUNCTIONS AN 
10 THE COMPARTMENT S - *. 

16 FORMAT(/,lX,3lHTF1 :: 03 ... 04 ... A( lO)*Hll ... 02),3H :: ,lOHQ3 + Q4 ... 
1,F5.2,10H*(01 ... Q2)) 

18 FORMAT(/,1X,31HTF2 :: Q5 ... A(lU*(Ql ... Q2', 3H :: ,lOH Q5 .. 
l,F5.2,lOH*(Ql ... Q2.) 

20 FORMAT(/,lX,31HTF3 :: A( 12'*(01 ... (2) , 3H :: ,10X,F5.2,10H* 
l( Q1 ... Q2.' 

22 FORMAT(/,lX,31HTF1 :: 03 .. 1J4 .. A(9)*(01 ... Q2' ,3H = ,lOHQ3 .. Q4 ... 
1,F5.2,10H*(Q1 ... Q2)) 

24 FORMAT(/,IX,31HTF2 = 05 ... A(10'*(Q1 ... Q2),3H = ,10H Q5 ... 
l,F5.,ltlOH*(Ql ... Q2') 

26 FORMAT(/,lX,31HTF3 :: A( 1U*(01 ... Q2,,3H :: , lOX, F 5. 2 , 1 OH* 
i( 01 ... (2)) 

END 
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SUBROUTINE PRM21 (A,IGLOM) 

THE SUBROUTINE PRMZl PRINTS OUT THE fUNCTIONAL RELATIONSHIP 
BETWEEN THE TIME fUNCTIONS AND THE COMPARTMENT EQUATIONS. 

THe TIME fUNCTIONS WITH GLOMERULAR fILTRATION 

Tfl 
TFZ 
TF3 
TF4 

= 
= 
= 
= 

A(15)*IQ3+Q4)+AI16.*QL.AI17'*QZ+A(181*OS 
A(19)*(Q6+Q7)+AI20)*Ql+A(Zl)*QZ+A(ZZ'*QS 
A(Z4.*OL+A(25,*QZ+AI23)*Q5 
A(Z6)*Ql+A(27)*Q2+A(28)*Q~+A(Z9)*(03+04' 

+A(30)*(06+Q7) 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFI = 
TF2 = 
TF3 -
TF4 = 

A(13,*(Q3·04)+AI14)*Ul+A([5)*UZ+A(161*Q5 
AI17,*(Q6+Q7)+A(18)*Ql+A(19,*Q2+A(ZO'*05 
A(22)*Ql+A(Z3)*Q2+AIZl)*QS 
A(Z4)*Ql+A(Z5)*02+A(26)*Q5+A(27)*(03+04) 

+A(281*(06+07) 

TFl RIGHT KIDNEY 
TF2 - LEfT KIUNEY 
Tf3 BLADDER 
Tf4 - BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 
IGLOM - IF IGLOM=l THE MODEL HAS A PATH FOR GLOMERULAR 

FILTRATION 

uIMENSION AI3Z) 
P~INT 14 
IF (IGLOM.EO.l) GO TO 10 
GO TO lZ 

~O PRINT 16, A(15),A(16),A(17J,A(18' 
PRINT 18. A(19),AI20).A(21),A(Z2) 
PRINT ZO, A(24),A(~5t.A(23) 

PRINT 22 
PRINT 24, AIZ61.A(271,AIZ8),A(Z91,AI30' 
RETURN 

lZ PRINT Z6, A(13),A(14),A(15"A(16) 
PRINT 28, A(11),A(18),A(191,A(201 
PRINT 30, A(22"A(23),A(211 
PRINT 32 
PRINT Z4, A(24),A(25',A(26),A(27),A(Z8) 
RETURN 

14 FJRM~TIII///,*fUNCTIONAL RELATIONSHIP BETWEbN TH~ TIMEFUNCTIONS AN 
10 THE COMPARTMENTS - *) 

16 FORMATC/,lX,54HTfl = A(15)*(03 + 04. + A(L6.*Ql + A(17)*02 + A(18) 
1*Q5,3H = ,F5.2,13H*(03 + Q41 + ,F5.Z,6H*Ql + ,F5.2,6H*OZ + ,FS.2,l 
2H*QS) 

18 FORMAT(/,lX,54HTF2 = A(19)*(Q6 + Ql) + A(20)*Ql + A(Zl)*02 + A(22) 
1*Q5,3H = ,F5.2,13H*(Q6 • 07) + ,F5.2,bH*Ql + ,F5.2,6H*Q2 + ,F5~2,3 

2H*OS1 
20 FORMATI/,1X,S2HTF3 = A(Z4)*Ql + A(25)*02 + A(23)*Q 

15,3H = ,20X,FS.2,6H*Ql + ,F5.2,6H*Q2 + ,F5.2,3H*Q51 
22 FORMATC/,lX,12HTF4 = A(26'*Ol + A(21.*Q2 • A128,*Q5 + A(29.*(Q3 + 

lQ4. + A(30)*(Q6 + 07.) 
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24 FORMAT(/,49X,2H= ,F5.2,6H*Ql +,F5.2,6H*Q2 + ,F5.2,6H*Q5 + ,F5.2.1 

llH*CQ3 + Q4) + ,F5.2,10H*CQ6 + Q1)' 
26 F J R MAT( " 1 X , 5 4H T F 1 = A ( 13) * ( ~ 3 +. Q 4' + A ( 14' * Q 1 + A ( 15 • * Q 2 + A ( 16 , 

. 1*Q5,3H= ,F5.2.l3H*(Q3 + Q4) + .F5.2,6H*Q1 + ,F5.2,6H*Q2 + ,F5.2,] 
2H*Q5) 

28 FORMATC/,lX,54HTF2 = A(11,*(Q6 + Q1' + A(18)*Ql + A(19)*Q2 + A(22' 
1*Q5,3H = ,F5.2tl3H*(Q6+ Q1) + ,F5.2,bH*Ql+ ,F5.2,6H*Q2.+ ,F5.2,3 
2H*Q5. 

30 FORMATC/,lX,52HTF3 = A(22)*Ql + A(23'*Q2 + A(21)*Q 
15,3H =,20X,F5.2~6H*Ql + ,F5.2,6H*Q2 +,F5.2,3H*Q5. 

32 FOR~AT(/,lX,72HTF4 = A(24,*Ql + A(25,*Qi + A(26'*Q5 + A(21,*(Q3 + 
L04) + A(28)*(Q6 + Q1) 

END 
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SUBROUTINE PRM2~ (A,IGLOM) 

THE SUBROUTINE PRM22 PRINTS OUT THE FUNC~IONAL RELATIONSHIP 
BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EOUATIONS. 

THE TIME FUNCTIONS WITH GLOMERULAR ~ILTRATION 
o 

TF1 = 0]+04+A(15)*(01+02)+A(16)*05 
TF2 =Q6+07+A(17)*(01+Q2)+A(18)*Q5 
TF3 = A(lO)*(Ql+Ol)+A(19)*Q5 
TF4 = A(21)*(01+Q2)+A(22)*05+A(23)*C03+Q4) 

+A(24)*(06+07) 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

= Q3+04+A(13)*(01+02)+A(14)*Q5 
= 06+Q7+A(15)*(01+02)+A(16)*05 

TF1 
TF2 
TF3 = 
TF4 

A(18)*(01+02)+A(17)*05 
= A(19)*CQ1+02)+A(20)*05+AC21)*CQ3+Q4) 

+-A(22)*(Q6+-Q7) 

TF1 - RIGHT KIDNEY 
TF2 - LEFT KIDNEy 
TF3 - BLADDER 
TF4 - BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 
IGLOM - IF IGLOM=l THE MODEL HAS A PATH FOR GLOMERULAR 

FILTRATION 

DIMENSION A(32) 
PRINT 14 
IF (IGLOM.EQ.1) GO TO 10 
GO TO 12 

10 PRINT 16, A(15),A(16) 
PRINT 18, A(17),A(18) 
PRINT 20, A(20),A(19' 
PRINT 22 
PRI~T 24, A(21),A(22),A(23"AC24) 
RETURN 

1 2 P R I N T 2 6, A ( 1 3. ,A ( 14) 
PRINT 28, A(151,A(16t 
PRINT 30, A(8),A(l7J 
PRINT 32 
PRINT 24, A(19),A(20),A(21),A(22) 
RETURN 

14 FORMAHIIIII,*FUNCTIONAL RELATIONSHIP BETWEEN THE TIMEFUNCTIONS AN 
1D THE COMPARTMENTS - *) 

16 FOR~AT(/,lX,42HTF1 = Q3 + 04 + AC15.*(01 + Q2. + Al1b)*Q5,3H = ,10 
1HQ3 + 04 + ,F5.2,13H*(01 + 02' + ,F5.2,3H*Q5) 

18 FORMAT(/,lX,42HTF2 = 06 +- 07 + A(17)*(Q1 + Q21 + A(18)*05,3H = ,1U 
IHQ6 + 07 + ,F5.2,13H*(Q1 + 02) + ,F5.2,3H*05) 

20 FORMAT(/,lX,42HTF3 = A(20)*(01 + 02)+ A(19)*05,3H = ,10 
lX,F5.2.13H*(01 + 02) + ,F5.2,3H*05) 

22FOR~AT(/,1X,b8HTF4 = A(21)*(01 + 02' + A(22)*05 + A(23)*(03 .. 04) 
1+ A(24)*(06 + 07» 

24 FORMAT(/,45X,2H= ,F5.2,13H*(01 • 02) + .F5.~,6H*Q5 .. ,F5.2,13H*(03 
1 .. 04) + ,F5.2,10H*(06 + Q7)) 
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l6 FORMATC/,1X,4ZHTFl = Q3 + 04 + A(13'*(01 + OZ) • AC14'*OS,3H = ,10 

lH03 • 04 + ,F5.2,13H*[01 • Q2. + .,f5.l,3H*Q5l 
28 FORMAT(/,lX,42HTF2 = Q6 + 01 • A(15'*(01 + Q2' +A(16)*05,3H = ,10 

IH06 • 01 + ,F5.2,13H*(01 • Q2) + ,F5.2,3H*Q5) 
30 FORMATC/,lX,42HTF3 = AC18'*(01 • 02) • A(17'*05,3H = ,10 

lX,F5.2,13H*(01 + UZ, + ,F5~2,3H*05' 
32 FORMATC/,lX,68HTF4 = A(19)*(01 + 02' • A(20'*05 • A(21)*(Q3 + Q4) 

1+ A(22)*106 + Q7) 
END 
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SUBROUTINEPRM23 (A,IGLOM' 

THE SUBROUTINE PRM23 PRINTS OUT THE FUNCTIONAL RELATIONSHIP 
BETWEEN JHE TIME FUNCTIONS AND THE COMPARTMENT EQUATIONS. 

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION 

TFl = A(15)*Q3+A(16.*Q4+A(17)*(Ql+Q2)+A(lS'*Q5 
TF2 = A(19)*Q6+AJ20)*Q7+A(211*(OL+Q2)+A(22)*05 
TF3 = A(23)*Q5+A(i4)*(Ql+U2) 
TF4 = A(25)*(Ql+QZ)+A(26)*Q5+A(21)*U3+A(2S)*Q4 

+A(29)*Q6+A(30)*Q7 

TrlE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFl = 
TF2 = 
TF3 = 
TF4 = 

A(13)*Q3+A(14)*Q4+A(15.*(Ql+Q2)+A(16)*Q5 
A(17)*Q6+A(18)*Q1+A(19)*(QL+QZ)+A(20)*Q5 
A(21)*05+A(22)*(01+Q2. 
A(23)*(Q1+Q2)+A(24)*Q5+A(25)*Q3+A(26)*Q4 

+A(271*Q6+A(28)*Q7 

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

A - PARAMETtRS FOR THE KIDNEY MODEL 
IGLOM - IF IGLOM=l THE MODEL HAS A PATH FOR GLOM~RULAR 

FILTRATION 

DIMENSION A(32) 
- PRINT 14 

IF (IGLOM.EO.l) GO TO 10 
GO TO 12 

10 PRINT 16, A(15),A(16"A(17),A(18' 
PRINT lb,A(19),A(20',A(21),A(22) 
PRINT 20, A(24),A(23) 
PRINT 22 
PRINT 24, A(25),A(26),A(27),A(28),A(29),A(30) 
RETURN 

12 PRINT 26, A(13',A(14),A(lS),A(16) 
PRINT 2d. A(17),A(18),A(19"A(20) 
PRINT 30, A(22),A(21' 
PRINT 32 
P R I NT 24, A ( 2 3 ) ,A ( 24 , , A( 25 • , A ( 26 , , A ( 2 7) ,A ( 2 S , 
RETURN 

14 FORMAT(////I,*FUNCTIONAL RELATIONSHIP BETWEEN THE TIMEFUNC1IONS AN 
1D THe COMPARTMENTS - *, 

,,6 FORMAT(I,lX,54HTFi .:: A(15'*03 + A(16,*Q4 + A(11)*(Ol +·02. + A(18)· 
1*Q5,3H = ,F5.2,6H*Q3 + ,F5.2,6H*Q4 + ,F5.2,13H*(U1 + Q2' + ,F5.2,3 
2H*Q5 ) 

18 FORMAT(/,1X,54HTF2 = A(19,*Q6 + A(20)*Q7 + A(21)*(01 + 02) + A(22) 
1*J5,3H = ,F5.2,DH*Q6 + ,F5.2,6H*Q7 + ,F5.2,13H*(Ql + Q2) + ,F5.2,3 
2H*Q5' 

20 FORMAT(/,lX,54HTF3 = A(24)>*(01 + 02' + A(23' 
1*Q5,3H = ,22X,F5.2,13H*(Q1 + 02) + ,F5.2,3H*05' 

22 FORMAT(/,lX,16HTF4 = A(25)*(01 + Q2) + A(26)*Q5 +A(27J*Q3 • A(28J 
1*04 + A(29)*06 + A(30)*07. 
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24 FORMAT(/,49X,2H= ,F5.2,13H*CQl + 02. + .F5.2,6H*Q5 + .F5.2,6H*Q3 + 

1 ,FS.2,6H*Q4 + ,F5.2,6H*06 + ,FS.2.3H*Q7' 
26 FORMATC/.IX.54HTFl = A(13J*Q3 + A(14)*04 + A(lS.*CQI + 02) + ACI6) 

1*QS,3H = .FS.2,6H*Q3 + ,F5.2,6H*04 + .F5.2,13H*(Ql + 02' + ,FS.2,3 
lH*05, 

28 FORMATC/.IX,S4HTF2 = A(17)*Q6 + ACI8)*Q7 + A(19)*(QI + 02. + A(20) 
l*Q5,lH = .F5.2.bH*Q6 •• F5.2,6H*07 ~ .FS.2,13H*CQl + Q2. + ,F5.2,3 
2H*Q5' 

30 FORMAT(/,lX,54HTF3 = A(22,*(Ql + 02) + Al2l) 
l*Q5,3H = ,22X,FS.2,13H*(01 + Q2' + ,F5.2,3H*QS) 

32 FORMATl/,lX,76HTF4 = A(23)*(Ql + Q2) + A(24)*OS + A(2S)*Q3 + A(26. 
I*Q4 + A(21)*06 + A(28)*Ql' 

END 
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SUBROUTINE PRM24 (A,IGLOM. 

THE SUBKOUTINE PRM24 PRINTS CUT THE FUNCTIONAL RELATIONSHIP 
BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EQUATIONS. 

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION 

TFI = A(15)*Q3+A(16)*04+A(17)*Q1+A(18)*Q2 
+A(19)*05 

TF2 = A(15)*00+A(16)*01+A(20)*01+A(21)*02 
+A(22)*Q5 

TF3 = A(24'*01+A(25)*Q2+A(23'*Q5 
TF4 = A(26)*Q1+A(27)*02+A(28)*05+A(29)*(03+Q4)· 

+A(30)*(06+07) 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFt = A(13)*Q3+A(14)*Q4+A(15)*01+A(16'*02 
+A(17)*Q5 

TF2 = A(13)*06+A(14)*01 A(18)*01+A(19)*Q2 
+A(20)*Q5 

TF} = A(22)*01+A(23)*02+A(21'*05 
TF4 = A(24)*01+A(25'*02+A(26)*Q5+A(l9)*(Q3+Q4) 

+A(28)*(06+Q7) 

TF1 - RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
TF3 - BLADDER 
TF4 - BLOOD AND TISSUE 

A - PARAMETER$ FOR THE KIDNEY MODEL 
(GLOM - IF IGLOM=l THE MODEL HAS A PATH FOR GLOMERULAR 

FILTRATION 

OIMENSION A(32) 
PRINT 14 
IF (IGLOM.EO.1) GO TO 10 
GQ TO 12 

10 PRINT 16, A(15),A(16),A(11),A(18),A(19' 
PRINT 18, A(15),A(16),A(20),A(21),A(22) 
PRINT 20, A(24),A(25),A(23) 
PRINT 22 
PRINT 24, A(26),A(21),A(28),A(29),A(30' 
RETURN 

12 PRINT 26, A(13',A(14),A(15',A(16),A(17) 
PRINT 28, A(13),A(14),A(18),A(19),A(20' 
PRINT 30, A(22),A(23),A(21) 
PRINT 32 
PRINT 24, A(24),A(25),A(lo),A(27),A(28) 
RETUHN 

14 FORMAT(IIIII,*FUNCTIONAL KELATIONSHIP BETWEEN THE TIMEfUNCTIONS AN 
1n THE COMPARTMENTS - *) 

16 FORMAT(/,lX,5BHTFl = A( 15)*Q3 + A(16)*Q4 + A(11)*01 + A(18)*02 • A 
1(19)*Q5,3H = ,F5.2,6H*Q3 + ,F5.2,6H*Q4 + ,F5.2,6H*Ql + ,F5.2,6H*Q2 
2 + ,F5.2,3H*QS. 

18 FORMATC/,lX,58HTF2 = A(15)*Q6 • A(L6)*Q7 + A(20)*QL + A(21)*Q2 + A 
1(22)*Q5,3H = ,F5.~,6H*Q6 + ,FS.2,6H*Q7 + ,F5.2,6H*Q1 • ,F5.2,bH*Q2 



2 + ,F5.2,3H*05) 
20 FORMAT(/,lX,5BHTF3 = 

lCZ3'*U5,3H = ,l2X,F5.2,6H*Ol + ,FS.2,6H*02 
2l FORMATC/,lX,12HTF4 =A(2b)*U6 • A(21)*02 • 

1~4) + A(30'*(Ob + 07)) 

A(24)*Ol • A(25)*Q2 ~ A 
+ ,F5.2,3H*OS) 
A(28)*Q5 + A(29'*lU3 • 

24 FORMAT(/,49X,lH= ,FS.2,6H*01 + ,F5.2,6H*Q2 + ,F5.2,6H*05 • ,f5.2,1 
13H*(Q3 + Q4. + ,F5.2,laH*C06 • 01)) 

26 FO~MAT(/,lX,58HTFl = A(13)*W3 • A(14)*Q4 + A(15)*Ql .' A(16)*OZ+ A 
l(17)*OS,3H = ,F5.2,6H*Q3 + ,F5.2,6H*Q4 + ,F5.2,6H*01 • ,FS.2,6H*Q2 
2 + ,F5.2,3H*QS) 

~8 FORMAT(/,lX,58HTF2 = Al13'*Q6 + AC14,*Q1 + A(18)*01 + A(19)*02 + A 
l(20)*Q5,3H =,F5.2,6H*06 + ,FS.2,6H*Q7 + ,F5.2,6H*Ql + ,F5.2,6H*02 
2 + ,F5.2,3H*Q5) 

30 FQRMAT(/,lX,58HTFJ = A(22t*Ql + A(2J)*02 + A 
~(2l)*Q5,3H = ,22X,FS.2,6H*01 + ,F5.2,6H*U2 + ,F5.2,3H*05) 

32 FORMATC/,lX,72HTF4 = A(24)*Q6 + Al25'*QZ + A(26'*Q5+ A(27)*C03 • 
104' + A(28)*(Q6 + 07)) 

END 
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SUBROUTINE PRM25 (A,IGLOM) 

THE SUBROUTINE PRM25 PRINTS OUT THE FUNCTIONAL RELATIONSHIP 
BETWEEN THE TIME FUNCTIONS AND THF COMPARTMENT EQUATIONS. 

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION 

TFl = 
TF2 = 
TF3 = 
TF4 = 

Q3+Q4+A(15)*(Q1+Q2' 
Q6+~7+A(16)*(01+Q2) 

Q5+A(17)*(Ql+Q2) 
A(18)*(Ql+Q2)+A(19)*(Q3+Q4)+A(20)*(Q6+Q7) 

+A (21) *Q5 

THE TIME FUNCTIONS WITHUUT GLOMERULAR FILTRATION 

TF1 = 
TF2 = 
TF3 = 
TF4 = 

Q3+Q4.A(13)*(Ql+Q2) 
Q6+Q7+A(14)*(Q1+Q2) 
Q5+A(15)*(Q1+Q2) 
A(16)*(01+02)+A(17.*(03+Q4)+A(18)*(Q6+07) 

+A(19)*05 

Tfl - RIGHT KIDNEY 
TF2 - LEFT KIUNEY 
TF3 - BLADDER 
TF4 - BLOOD AND TISSUE 

A PARAMETERS FOR THE KIDNEY MODEL 
IGLOM - IF IGLOH=! THE MODEL HAS A PATH FOR GLOMERULAR 

FILTRATION 

DIMENSION A(32) 
PRINT 14 
IF ( I GL OM • E Q. 1 ) GO TO 10 
GO TO 12 
PRINT 16, A(15) 
PRINT 18, A(l6 ) 
PRINT 20, A (11) 
PRINT 22 
PRINT 24, A(18),A(19),A(20),A(21) 
RETURN 

12 PRINT 26, A(13) 
PRINT 28, A(14) 
PRINT 30, A1l5) 
PRINT 32 
PRINT 24, .A(16),A(17),A(18),A(19) 
RETURN 

14 FORMAT(IIIII,*FUNCTIONAL RELATIONSHIP BETWEEN THE TIMEFUNCTIONS AN 
10 THE COMPARTMENTS ~ *, 

16 FORMAT(/,lX,31HTF1 = Q3 .. 04 + A(15)*(Q1 .. Q2),5X,3H = ,10H03 .. Q4 
1 .. ,Fj.2,10H*(U1 • U2). 

1A FJRMATC/,lX,31HTF2 = 06 • U7 .. A(16)*(01 .. Q2),5X,3H = ,10HQ6 + 07 
1 • ,F5.2,10H*(Q1 + 02») 

~O FQRMAT(/,lX,36HTF3 = A(17)*(Ql • Q2) + 0~,3H = .10X,F5.2 
1,15H*(01 .. Q2' .. OS) 

22. FORMATC/,lX,68HTF4'= A(18)*.(Ql .. Q2) .. A(19.*(Q3 .. Q4' + A(lO'*(Q6 
1 .. 07) .. A(21,*QS) 

24 FORMAT(/,39X,2H= ,F5.2,13H*(Q1 .. Q2) + ,F5.2,13H*(Q3 .. Q4) .. ,FS.2 
1,13H*(Q6 .. 07) .. ,F5.2,3H*OS) 

, 

,,-
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26 FORMAT(/,lX,31HTFl = 03 + Q4 + AC131*(01 + Q2J,5X,3H = ,lOHQ3 + Q4 

1 + ,F5.2,lOH*(Ql + Q2). 
28 FORMATC/,lX,31HTF2 = Qb + 07 + A(14)*CQl + Q2),5X,3H = ,lOHQ6 + Q7 

1 + ,F5.2,lOH*CQl + 02)) 
30 FORMATC/,lX,36HTF3 = A(15)*(01 + Q2) + Q5.3H = ,lOX.F5.2 

1,15H*(Ql + 02) + 05) 
32 FJRMATC/.IX.68HTF4 = A(16)*CQl + Q2) + A( 111*C03 + Q4J + A(18)*CQ6 

1 + Q7) + A(19)*Q5) 
END 
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SUBROUTINE PRM2b (A,IGLOM) 

THE SUBROUTINE PRM26 PRINTS OUT THE FUNCTIONAL RELATIONSHIP 
BETWEEN THE TIME FUNCTIONS AND THE COMPARTMENT EOUATIONS. 

THE TIME FUNCTIONS wITH GLOMERULAR FILTRATION 

TF1 = 03+A(15)*04+A(161*(01+02)+A(17'*05 
TF2 = 06+A(18)*07+A(19)*(01+02)+A(20)*Q5 
TF3 = A(22)*05+A(21)*(Ql+02) 
TF4 = A(231*(01+02)+A(24)*04+A(25'*Q7+A(26'*05 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TF1 = 
TF2 = 
TF:; = 
TF4 = 

W3+A(13)*04+A(141*(01+02)+A(l5)*05 
06+A( 16)*07+A( 1i)*(Ql+02J+A( 18)*Q5 
A(201*05+A(19)*(Q1+021 
A(2L)*(QL+02)+A(22)*04+A(23)*07+A(24)*05 

TFi - RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
T F 3 - tiL ADDER 
TF4'- BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 
IGLOM - IF IGLOM=l THE MODEL HAS A PATH FOR GLOMERULAR 

FILTRATION 

DIMENSION A(32' 
PRINT 14 
I F (I GL OM • EO. 1) GOT 0 1 0 
GO TO 12 

10 PRINT L6, A(15),At1bJ,A(l7) 
PRINT 18, A(18),A(19"A(20) 
PRINT 20, A(21),A(22) 
PRI~T 22, A(24),A(25),A(23),A(26) 
RETURN 

12 PRINT 24, A(13),A(14),A(15) 
PRPH 26, AUb),A(11),A081 
PRINT 28, A(19),A(20) 
PRINT 30, A(22) ,A(23) ,A(21) ,A(24) 
RETURN 

14 fORMAT(/////,*FUNCTIONAL RELATIONSHIP BETwEEN THE TIMEFUNCTIONS AN 
10 THE COMPARTMENTS - *. 

16 FORMAT(/,lX,48HTf1 = 03 + A(15)*0~ + A(16)*(01 + 02) + A(17'*05,3H 
1 = ,SH03 + ,f5.2,bH*Q4 + ,F5.2,L3H*(01 + 021 + ,F5.2,3H*05) 

18 FORMAT(/,lX,48HTF2 = 06 + A(18)*07 + A(19'*(01 + 02' + A(20'*05,3H 
1 = ,5HQ6 + ,FS.2,6H*07 + ,F5.2,13H*(01 + 02) + ,F5.2,3H*Q5) 

20 FORMAT(/,lX,48HTF3 = A(21)*(Ql • 02) + A(221*05,3H 
1 = ,16X,F5.2,13H*(01 + 02) + ,F5.2,3H*05) 

22 FORMAT(/,lX,54HTF4 = A(24)*Q4 + A(25'*07 + A(23)*(01 + 02. + A(2b) 
l*QS,JH = ,F5.2,6H*04 + ,F5.2,6H*Q7 • ,F5.2,13H*(01 + 02) + ,F5.2,] 
2H*QS) 

24 FORMAT(/,lX,48HTFl = 03 + A(13)*04 + A(14)*(01 + 02) + AC1S)*Q5,3H 
1 : ,5HQ3 + ,F5.2,6H*Q4 + ,F5.2,13H*(Q1 + 02) + ,FS.2,3H*05J 

26 FORMAT(/,lX,48HTF2 = 06 + A( 16)*01 + A(17,*(Q1 • Q2) + A(lS)*OS,3H 
, 1 = ,5HQ6 + ,F5.~,6H*Q7 • ,F5.2,13H*(Ql + 02. + ,f5.2,3H*05) 
(28 FJRMAT(/,lX,48HTF3 = A(19)*(Q1 + 02) + A(20)*Q5,3H 



1 = ,16X,F5.2,13H*(Ql 
30 FORMATC/,lX,54HTF4 = 

1*Q5,3H = ,F5.2,6H*Q4 
2H*QS) 

END 

I 
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+ Q2) + ,F5.2,3H*QS) '. 
A(Z2)*Q4 + A(23)*Q7 + A(2 ,'.*(Ql 
+ ,F5.2,6H*Q7 + ,F5.2.13H*(Ql + 

+Q2' + A(24) 
Q2) + ,F5.2,3 

I 
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SUBROUTINE PRM27 (A,IGLOM) 

THE SUBROUTINi PRM27 PRINTS OUT THE FUNCTIONAL RELATIONSHIP 
BETWEEN THE TIME FUNCTIONS ANn THE COMPARTMENT EQUATIONS. 

10 

12 

THE TIME FUNCTIONS WITH GLOMERULAR fILTRATION 

TFl = 03 ... Q~ ... A(15'*(Q1 ... Q2) 
Tf2 = Q6 ... 07 ... A ( 16 J* (Ql ... Q2) 
TF3 = Q5 ... A(17)*(Q1 ... Q2) 
TF4 = A(18·'*(QI ... Q2. 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILn~ATlON 

TFI = 
TF2 = 
TF3 = 
TF4 = 

03 ... 04 • A(13'*(01 + Q2' 
06 + 07 • A(141*(Q1 ... Q2' 

Q5 ... A(15)*(01 ... Q2. 
A(16.*(01 ... Q2) 

TFl - RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
TF3 - BLADDER 
TF4 - BLOOU AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 
IGLOM - IF IGLOM=l THE MODEL HAS A PATH FOR GLOMERULAR 

FILTRATION 

DIMENSION A(32) 
PRINT 14 
IF ( IGLOM.EO.U GO TO 10 
GO TO 12 
PRINT 16, A (15) 
PRINT 18, A(l6) 
PRINT 20, An 7) 
PRINT 22, A (18 I 
RETURN 

PRINT 24, A (13' 
PRINT 26, A(14) 
PRINT 28, A (15) 

PRINT 30, A (16) 
RETURN 

14 FJRMAT(/////,*FUNCTIONAl RELATIONSHIP BETWEEN THE 
10 THE COMPARTMENTS - *) 

TIMEFUNCTIONS 

16 FORMAT(/,IX,31HTFl = Q3 ... O~ + A(15)*(01 + Q2',3H 
1,F5.2,10H*(01 ... Q2») 

18 FORMAT(/,IX,31HTF2 = 06 ... Q7 + A(16)*(01 ... 02),3H 
1,F5.2,10H*(QI ... 02') 

20 FORMATC/,IX,31HTF3 = 05 ... A(17)*(Q1 ... 02),3H 
1,F5.2,10H*(01 ... Q2" 

= ,10HQ3 

= ,lOH(J6 

= dOH 

... 04 

... 01 

05 

AN 

... 

... 

+ 

22 FQRMATC/,lX,31HTF4 = A(18)*(01 ... 02),3H = tlOX,F5.2,10H. 
l(,J1 ... 02)' 

24 FJRMAT(/,lX,31HTFl = 03 + 04 ... A(13)*(01+ Q2),3H 
1,F5.2,10H*(01 ... Q2)) 

26 FORMAT(/,lX,31HTF2 = Q6 + 07 + A(14)*(01 ... Q2),3H 
1,F5.2.10H*(01 ... 02)) 

28 FORMATC/,lX,31HTF3 = Q5 + A(15)*(01 ... 02',3H 
1,F5.Z,10H*COl t 02') 

= ,10H03 

= tl OH06 

= dOH 

... 04 ... 

... 07 ... 

05 + 

.' 



30 FORMAT(/,lX,31HTf4 = 
l( cn + Q2') 

END 
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A(16)*(Ql + (2),3H = ,10X,F5.2,lOH* 
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SUBROUTINE PRM28 (A,IGLOM) 

THE SUBROUTINE PRM28 PRINTS OUT THE FU~CTIONAL RELATIONSHIP 
BETwEEN THE TIME FUNCTIONS AND THE COMPARTMENT EQUATIONS. 

THE TIME FUNCTIONS WITH GLOMERULAR FILTRATION 

TFI = Q3+Q4+01*(Q6+Q1)+(A(15)+01*A(17»*(Ql+Q2) 
+(A(16)+01*A(18»*Q5 

TF2 = Q6+Q7+02*(Q3+Q4)+(A(17)+02*A(15))*(Ql+02) 
+(A(18)+02*A(16»)*Q5 

TF3 = A(19)*Q~+A(20)*(Q3+Q4)+A'21t*(Q6+Q7' 
+A(22'*(01+Q2' 

TF4 = A(23)*(01+02)+A(24)*(03+04)+A(25)*(Q6+01) 
+A(26'*05 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILT~ATION 

TFl = Q3+Q4+Dl*(Q6tQ7)+(A(13)+01*A(15)'*(01+Q2) 
+(A(14)+01*A(16')*Q5 

TF2 = 06+Q7+U2*(Q3+04)+(A(15,+n2*A{13')'*(01+Q2) 
+(A(16)+02*A(14»*Q5 

TF3 = A(17)*Q5+A(18)*(03+04)+A(19)*(Q6+07) 
+A(20'*(01+Q2' 

TF4 = A(21)*(Q1+Q2)+A(22)*(Q3+Q4)+A(23)*(Q6+07) 
+A(24.*Q5 

TF1 - RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
TF3 - BLADDER 
TF4 - BLOOD AND TISSUE 

THIS IS THE AOAC MODEL(J. A. DEGRAZIA, P. O. SCHEIBE, 
ET AL., 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 
{GLOM - IF IGLOM=1 THE MODEL HAS A PATH FOR GLOMERULAR 

FILTRATION 

DIMENSION A(32) 
DATA 01,021.05,.081 
PRINT 14 
IF (IGLOM.EQ.1t GO TO 10 
GO TO 12 

10 PRINT 16 
PRINT 18, 01,A(15),01,A(17),A(16),01,A(18. 
PRINT 20 
PRINT 22, 02,A(17),02,A(15),A(18),02,A(16' 
PRINT 24 
PRINT 26, A(19),A(2v),A(21),A(22t 
PRINT 28 
PRINT 30, A(23),A(24),A(25),A(26) 
RETURN 

12 PRINT 32 
PRINT 18, 01,A(13),01,A(15),A(14),01,A(16) 
PRINT 34 
PRINT 22, 02,A(15J,K2,A(13),A(16),02,A(14) 
PRINT 36 
PRINT 26, A(17),A(18),A(19),A(20. 



c 
c 
c 
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PRINT 30, A(21),A(22),A(23),A(24) 
RETURN 

14 FORMAT(I/III,*FUNtTIONAL RELATIONSHIP BETWEEN THE TIMEfUNCTIONS AN 
10 THE COMPARTMENTS - *) 

16 fORMAT(/,lX,83HTFl = Q3 + 04 + 01*(Q6 + 07' + (A(15) + 01*A(11),*, 
101 + 02) + (A(16) + 01*A(18))*Q5) 

L8 FORMAT(/,4uX,2H= ,10H03 + Q4 + ,f5.2,14H*(Q6 + 07. + (,f5.l,3H + , 
1 F 5 • 2, 1 H * , f 5 • 2 , 1 5H ) * ( 0 1 + Q 2) + ',F 5 • 2 , 3 H + , F 5. 2 , 1 H * , f 5 • 2 , 4H ) * Q 5 J 

ZJ FORMAT(~,lX,83HTF2 = Q6 + Q1 + 02*(03 + Q4. + (A( 17) + 02*A(15'.*( 
lQ1 + 02) + (A(18) + 02*A( ltd )*05) 

ZZ FORMAT(/,40X,2H= ,10H06 + Q7 + ,F5.2,14H*(Q3 + Q4J + (,F5.2,3H + , 
1F5.2,lH*,F5.2,15H.*(01 + 02. + (,F5.2,3H + ,F5.2,lH*,f5.2,4H.*Q5. 

24 fORMAT(/,IX,68HTf3 = A(19)*Q5 + A(20.*(Q3 + 04. + A(21)*(06 + 07) 
1+ A122.*(01 + 02)) 

26 FORMATC/,40X,2H= ,F5.2,6H*05 + ,F5.2,L3H*(Q3 + Q4. + ,f5.2,13H*(Q6 
1 + U7) + ,F5.2,10H*(Ql + Q1») 

28 FORMAT(/,lX,68HTF4 = A(23.*(01 + Q2. + A(24.*(Q3 + 04) + A(25)*(00 
1. + Q7) + A(20)*Q5) 

30 FORMAT(/,40X,2H= ,F5.Z,13H*(01 + OZ. + ,f5.2,13H*(Q3 + Q4. + ,F5.2 
1,13H*(06 + Q1) + ,F5.2,3H*05) . 

II FORMAT(/,lX,83HTF1 = 03 + 04 + 01*(Q6 + 07) + (A(13) + 01*A(15»)*( 
101 + 02) + (A(14) + 01*A(16»*05) 

34 FORMAT(/,lX,83HTF1 = Q6 + 07 + 02*(03 + Q4' + (A(15) + 02*A(13 •• *( 
J.Q1 + OZ. + (A(16) + 02*A( 14. H'05) 

36 FORMATC/,lX,68HTF3 = A(11)*05 + A(18)*(03 + 04) + A(19)*(06 + 01. 
1+ A(20.*(01 + Q2) 

38 FORMATC/,lX,68HTF4 = A(21.*(Q1 + 02) + A(22).CQ) + 04. + A(23)*(Q6 
1 + Q7. + A(24'*Q5' 

END 
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SUBROUTINE SOLUT (A,NAME,IOATE,TIME,PRAM,PRMX,CHI,TF,PAR,PARX,FLOW 

1 , MA T X , I GLOM) 

THE SUBROUrlNE 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 - THE PARAMETERS FOR THE KIDNEY MODEL 
NAME - NAME OF THE PATIENT 
IDATE - nATE OF THE STUny 
TIME - TIME INTERVAL IN SECONDS 
PRAM - SUBROUTINE WHICH LISTS THE PARAMETERS 
PRMX - SUBROUTINE WHICH PRINTS THE FUNCTIONAL RELATION~ 

SHIP BETWEEN THE TIME FUNCTIONS AND THE 

CHI 
TF 
PAR 
PARX 

COMPARTMENTS 
- SUBROUTINE WHICH EVALUATES THE CHI-SQUARE 
- SUBROUTINE WHICH GENERATES THE TIME FUNCTIONS 
- SUBROUTINE Of PARITIAL DERIVATIVES 
- SUBROUTINE OF PARTIAL DERIVATIVES FOR THE TIME 

FUNCTIONS 
FLOW - SUBROUTINE WHICH PRINTS A fLOW DIAGRAM OF THE 

KIDNEY MODEL 
MATX - SUBROUTINE WHICH PRINTS THE MATRIX WHICH RELATES 

THE TIME FUNCTIONS TO THE COMPARTMENTS 
IGLOM - IF IGLOM=1 THE MODEL HAS A PATH FOR GLOMERULAR 

FILTRATION 

DIM ENS I ON a , 32 , 64 , , Z l 3 2 , , NA M E ( 20 , , IDA T E ( 23» ,A ( 3 2) ,0 ( 32 • 
EXTERNAL PARX,TF,MATX 
COMMON/FNT/T(150),RC600),H(600) 
COMMON/CONST/N,N1,M,M1 
CALL PRAM lA,O,PRMX,IGLOM) 
CALL CHI (A,HF,TF) 
CALL PAR (A,B,PARX,l) 
PRINT 44 
PRINT 46, HF 
XNOM=2.32667 
IE=(XNOM+SQRTlFLOATC2*N1*N-l»))**212. 
PRINT 48 
PRINT 50 
PRINT 52, ZE 
PRINT 54 
IF (HF-IE) 12,12,10 

iO PRINT 56 
GO TO 14 

12 PRINT 58 
14 DO 16 l=l,M 

OCI)=IHI,I' 
16 CONTINUE 

N2=O 
DO 181=1,M 
NZ=NZ+1 
11 ill ~~ .1 '" 1 , N 1 
t.l ( 1, J ) J; li ( I ,J " ::)\aiR T ( D ( 1 ) *D( J ) ) 
li(J,I)=B(I,J) 

18 CONTINUE 
CALL INVPD (li,l,M,I) 
N2=M 
Ml=M+1 
00 2J 1=1,M 

• 

';' 



c 
c 
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1"42=1"42+1 
00 20 J=Ml,N2 
K=J-M 
B(I,J)=B(I,J)/SQRT(O(I)*O(K» 
B ( K, I +M ) = B ( I , J ) 

20 CaNT INUE 
PRINT 62 
N2=M 
00 22 I=l,M 
:\I2=N2+1 
PRINT 64, (tHI,JJ,J=Ml,N2) 

22 CONTI NUE 
PRINT 44 
PRINT 66 
DO 24 l=l,M 
SIGNAL=ABSCA(I)/B(I,M+I» 
PRINT 68, I,SIGNAL 

24 CONTINUE 
IF (Nl.EQ.3) GO TO 38 
PRINT 12 
PRINT 14, TIME,TIME,TIME,TIME 
00 36 I=l,N 
NI=N+I 
N2=2*N+I 
N3=3*N+1 
PRINT 16, I,T(IJ,H(N3J,HCI),H(NI),H(N2) 

36 CONT I NUE 
GO TO 42 

38 PRINT 18 
PRINT 80, TIME,TIME,TIME 
DO 40 1= 1 ,N 
NI=N+I 
N2=2*N+I 
PRINT 82, I,T(I),H(N2),HCl),H(NIJ 

40 CONTINUE 
42 CALL PLOT (TIME) 

CALL FLOW (A,NAME,IDATE,TIME,MATX,IGLOM) 
RETURN 

44 FORMAT(lHl) 
46 FORMATCIH1,44X,42H*****STATISTICAL ASPECTS OF THE MODEL*****IIIX,* 

ITHE ERROR IS*,3X,fll.4) 
48 FORMAT(/,lX,*THE GOODNESS Of FIT IS THE fOLLOWING TEST OF HYPOTHES 

lIS*1110X,*HYPOTHESIS = THE MODEL FITS THE DATA*' 
~ 50 FORMATC/,lOX,*ALTERNATE HYPOTHESIS = THE MODEL DOES NOT FIT THE OA 

1TA*) 
52 FORMAT(I/,3X,*-THE HYPOTHESIS IS REJECTED If THE ERROR IS GREATER 

~ 1THAN *.f6.2,lH.) 
54 FORMAT(3X.*-THIS IS A .01 PROBABILITY THAT THE HYPOTHESIS IS REJEC 

lTED GIVEN THAT IT IS TRUE.*) 
56 FORMATC3X,*-THEREFORE THIS DATA SAMPLE DOES NOT SATISfY THE HYPOTH 

lEStS.*. 
58 FORMAT(3X,*-THEREFORE THIS DATA SAMPLE DOES SATISFY THE HYPOTHESIS 

1*' 
60 FORMATCIX,11(f6.3,lX)) 
62 FORMAT(III,lX,*THE COVARIANCE MATRIX*' 
64 FORMAT(lX,13(E9.2,lX)) 
66 FORMATCIIIIX,31HTHE ABSOLUTE RATIO OF SIGNAL/VARIANCE//5X,lHI,10X, 

114HA(I)/VARCA([)) 
68 FORMAT(4X,I2,12X,E9.2) 



-192-
72 FORMAT(lHl,5JX.25H*****THE FITTED DATA*****116X.*I*,13X,*T(I •• ,14X 

1,*SLOOD AND TISSUE*,9X,*RIGHT KIDNEY*,llX,*LEFT KIONEY*,13X,*SlADD 
2ER*) 

74FJRMAT(17X,*TIME(MINS)*,14X,*CQUNTSI*,F2.0,* SEC*,9X,*COUNTS/*,F2. 
10,* SEC*,9X,*CQUNTSI*,F2.0,* SEC*,9X,*COUNTSI*,F2.J,* SEC*/) 

16 FORMAT(5X,13,5X,F12.2,5X,4(lOX,F12.4') 
78 FORMAT(lHl,54X,25H*****THE FITTED DATA*****1117X,*I*,13X,*T(I»*,14 

lX,*8LOOO AND TISSUE*,11X,*KIDNEY*,13X,*BlADDER*) 
80 FORMAT(28X,*TIME(MINS)*,14X,*CQUNTS/*,F2.0,* SEC*,9X,*COUNTS/*,F2. 

10,* SEC*,9X,*COUNTS/*,F2.0,* SEC*I. 
82 FORMATl16X,13,5X,F12.2,5X,3(lOX,F12.4) 

END 
-I 

i 

. ' 

. ' 
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C 
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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 MonEL 
XlINMAX - THE MAXIMUM ALLOWED STEP SIZE 
M - THE NUMBER OF MODEL PARAMETERS 

DIMENSION A(32),XLINMAX(32) 
PRINT 14 
N X = ( 6 0- M ) 14 
DO 10 l:l,NX 
PRINT lb 

10 CONTINUE 
PRINT 18 
PRINT 20 
00 12 1=1, M 
PRINT 22, I,A(I),XLINMAX(I) 

12 CONTINUE 
PRINT 18 
RETURN 

14 FORMATUHU 
L6 FORMAT( It 
18 FORMAT(52X,34(lH*» 
20 FORMAT(52X.1H*.2X,*I*,6X.*A(I)*,12X,*XLINMAX*,lH*) 
22 FORMAT(52X.IH*,lX,12.2X,Fll.2,4X,Fl1.2,1X,lH*) 

END 
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SUBROUTINE TEST (M,Z,XK,D1,LG) 

THE SUBROUTINE TEST DETERMINES IF THE STEP SIZE IS LESS 
THAN A CERTAIN SPECIFIED RANGE. THE SOLUTION [S SA[O 
TO CONVERGE IF 

ABS(D1*Z(I))/(.001+ABS(XK(I))) < .0001 
FOR ALL I. 

M - THE NUMBER OF MODEL PARAMETERS 
Z -THE STEP SIZE AT THE PRESENT ITERATION 
XK - THE MODEL PARAMETERS AT THE PREVIOUS ITERATION 
01 A FACTOR 
lG LOGICAL VARIABLE 

LG = 1 SOLUTION CONVERGES 
LG = 0 SOLUTION DOES NOT CONVERGE 

LOGIC AL LG 
DIMENSION Z(32),XK(32) 
DO 10 l=l,M 
l G = AB S ( D 1 * Z ( I , ) I ( .001 +ABS ( XK ( I , j ) .L T •• 0001 
IF (LG) 10,12 

LO CONTINUE 
L2 RETURN 

END 

... 
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SUBROUTINE TF!l CA,K) 

THE SUBROUTINE TFll GENERATES A TIME FUNCTION VALUE FOR 
EACH TIME FUNCTION FOR THE ONE KIDNEY ~ODEL. THESE TIME 
FUNCTION VAL'UES ARE STORED IN THE ARRAY H. 

THE TIME FUNCTIONS WITH GLOMERULAR fILTRATION 

TFl = Q3 + 04 + ACIO)*COl + 02' 
TF2 = Q5 -+Al!U*(Ql + 02' 
TF3 = A(12)*COl + (2) 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

T F 1 = 03 + 04 + A C 9 r* C (j 1 + 02' 
TF2 - 05 + A(lO'*COl + 02' 
TF3 = A(11)*CQ1 + Q2) 

TFl - KIDNEY 
TF2 - BLADDER 
TF3 - BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 
K - THE INDEX FOR THE TIME POINT 

COMMON/FNT/T(150),RC600),HC600. 
C OMMONI QFN1Ql ( 150) ,02 C 150) , 03 ( 150' ,04 ( 15 J, ,05 ( 150» 
COMMON/CONST/N,Nl,M,Ml 
oI,HENSION A(32' 
Kl=N+K 
K2=2*N+K 

C HCK) - TIME FUNCTION FOR THE KIDNEY 
HCKJ=Q3CKJ+Q4CK'+ACM1+1.*CQICK)+Q2(K') 

C HCK1. - TIME FUNCTION FOR BLADDER 
H(Kl'=Q5(KJ+A(Ml+2'*(01(K)+Q2(K" 

C HCK2' - TIME FUNCTION FOR BLOOD ANU TISSUE 
H(K2'=AlMl+3)*(01(K)+02(K) ) 
RETURN 
END 
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C 

SUBROUTINE TF21 CA,K) -196-

THE SUBROUTI~E TFll GENERATES A TIME FUNCTION VALUE FOR 
EACH TI~E FUNCTION FOR THE TWO KIDNEY MaDEL. THESE TIME 
FUNCTION VALUES ARE STORED IN THE ARRAY H. 

THE TIME FUNCTIONS wiTH GLOMERULAR FILTRATION 

TFl = AC1S)*CQ3+Q4)+AC16)*Ql+AC17'*Q2+AC18)*QS 
TF2 = AC19'*CQ6+Q7)+A(20)*QI+A(21,*Ql+A(Z2)*QS 
TF3 = A(24)*01+A(25)*Q2+A(23)*05 

TF4 = A(26)*Ql+AC27'*Q2+A(28)*Q5+ACZ9)*CQ3+Q4) 
+A(30)*(06+Q7) 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFI = AC13J*(03+Q4'+ACI4)*Ql+A(15J*Q2+AClb)*QS 
TF2 = A(17)*(Q6+Q7)+AC18)*Ol+A(19)*QZ+ACZO)*QS 
TF3 = A(l2)*Ql+AC23.*Q2+A(21)*05 
TF4 = A(24J*Ql+A(2S.*QZ+AC26)*Q5+AC27)*CQ3+Q41 

+A(28)*(Q6+Q7) 

C TFl - RIGHT KIDNEY 
C TF2 - lEFT KIDNEY 
C TF3 - BLADDER 
C TF4 - BLOOD AND TISSUE 
C 
C A - PARAMETERS FOR THE KIDNEY MODEL 
C K - THE INDEX FOR THE TIME POINT 
C 

COMMONfFNTliC1SO),R(600),HC600) 
COMMON/QFN/Q1(150),Q2(150),Q3(ISO),Q4(150),QSCL50),Q6(150),Q7(150. 
COMMON/CONST/N,Nl,M,MI 
DIMENSION A(3Z) 
Kl=N+K 
K2=2*~+K 
K3=3*N+K 

C H(K) - TIME FUNCTION FOR RIGHT KIDNEY 

c 

C 

C 

HCK)=A(Ml+ll*1Q3CK'+Q4(K)'+A(Ml+2)*QICK)+AC~1+3)*Q2(K)+ACM1+4)*Q5( 
lK) 

HCK1) - TIMEFUNCTION FOR LEFT KIDNEY 
H(Kl)=ACMI+5'*CQ6CK)+Q7CK»)+ACM1+6)*QlCK)+A(Ml+7)*Q2CK)+A(Ml+8)*Q5 

IlK) 
HCK2) - TIME FUNCTION FOR BLADDER 

H(K2J=A(MI+9'*QSCKt+ACM1+IO)*Ql(K)+A(Ml+ll)*Q2CK. 
H(K3. - TIME FUNCTION FOR BLOOD AND TISSUE 

H(K3)=A(Ml+12'*Q1CK)+ACM1+lJ)*02(K)+A(Ml+14)*Q5CK)+ACM1+15).(Q3CK) 
1+Q4(K))+ACM1+16)*(Q6(K)+Q7CK)) 

RETURN 
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 ARRAYH. 

THE TIME FUNCTIONS ~ITH GLOMERULAR FILTRATION 

TF1 = 03+Q~+A(15)*(01+02'+A(16J*Q5 
TF2 = Q6+07+A(17'*(01+Q2'+A(18.~Q5 
TF3 = A(19.*05+A(20)*(Q1+02) 
TF4 = A(21J*(01+02)+A(22)*05+A(23.*(03+Q4' 

+A(24)*(Q6+07' 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFl = 03+04+A(13'*(01+Q2)+A(14.*Q5 
TF2 = 06+07+A(15'*(Q1+02)+A(16)*05 
TF3 = A(17.*05+A(18)*(Q1+02' 
TF4 = A(19)*(01+02)+A(20)*05+A(21)*(03+Q4' 

+A(22'*(Q6+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/fNT/TC150.,R(600),H(600) 
COMMON/OFN1Ql (150) ,02e 1501 ,03( 150) ,04( 150) ,Q5( 1501 ,Ob( 1501 ,Q1( 150,1 
COMMON/CUNST/N,N~,M,Ml 

DIMENSION A(32' 
K1=N+K 
K2=2*N+K 
K3=3*N+K 

C H(K) - TIMEFUNCTION FOR RIGHT KIDNEY 
HCK)=Q3(K)+Q4(K).A(Ml+l'.(01(K)+02(KJ.+A(Ml+2)*05(K) 

C HCK1) - TIMEFUNCTION FOR LEFT KIDNEY 
H(Kl.=Q6CK)+Q7CK.+ACM1+3,*(Ql(K,+Q2(K,.+A(Ml+4.*Q5(K. 

C H(K2) - TIMEFUNCTION FOR BLADDER 
H(K2)=A(Ml+S'*QS(K)+A(M1+6'*(Q1(K)+Q2(K)' 

C H(K3. - TIMEFUNCTION FOR BLOOD AND TISSUE 
HCK3)=A(M1+7'*(Q1CK)+Q2(K) '+A(Ml+8'*Q5(K)+A(M1+9)*(03(~'+04(K»+A( 

1Ml+10)*(Q6(K)+Q7(K» 
RETURN 
END 
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SUBROUTINE TF23 (A,K) 
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THE SUBROUTINE TFZ3 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 = A(l5)*Q3+A(16)*Q4+AC11)*CQ1+Q2.+ACl8)*Q5 
TF2 = A(19.*Q6+A(ZO)*Ql+A(2l'*(Ql+Q2.+A(22)*Q5 
TF3 = A(23)*Q5+A(24)*(Ql+Q2. 
TF4 = A(25)*(Ql+Q2)+A(26)*Q5+A(Z7)*Q3+A(Z8)*Q4 

+A(29'*Q6+A(30)*Q7 

THE TIME FUNCTIONS ~ITHOUT GLOMERULAR FILTRATION 

TFl = 
TF2 = 
TF3 = 
TF4 = 

A(13)*Q3+AC14)*Q4+A(lS)*(Ql+Q2)+A(16)*Q5 
A(17J*Q6+A( 18'*Q7+A(19)*(Ql+Q2)+A(20)*Q5 
A(Zl)*Q5+A(22)*(Ql+QZJ 
A(Z3)*(Ql+Q2)+A(24)*Q5+A(Z5)*Q3+A(26)*Q4 

+A(27)*Q6+A(28)*Q7 

TFI - RIGHT KIDNEY 
T~2 - 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),R(600),H(600) 
COMMON/QFN/Ql(lSO),QZ(lSO),Q3(150),Q4(lSO),Q5(150),Q6(150),Q1(150) 
COMMON/CONST/N,Nl,M,Ml 
DIMENSION A(3Z) 
Kl=N+K 
K2=2*N+K 
K3=3*N+K 

C H(K) - TIMEFUNCTION FOR RIGHT KIDNEY . 

C 

C 

C 

H(K)=A(Ml+l)*Q3(K)+A(Ml+2)*Q4(K)+A(Ml+3)*(Ql(K)+Q2(K)1+A(Ml+4]*05( 
lK) 

H(Kl' - TIMEFUNCTION FOR LEFT KIDNEY 
H(Kl)=A(Ml+5)*Q6(K)+A(Ml+6)*Ol(K)+A(Ml+l)*(Ql(K)+QZ(K))+A(Ml+8)*QS 

l(K) 
H(K2) - TIMEFUNCTION FOR BLADDER 

H(Kl)=A(Ml+9)*QS(K)+A(ML+lO)*(Ql(K)+QZ(K)) 
K(K3) - TIMEFUNCTION FOR BLOOD AND TISSUE 

H(K3)=A(Ml+ll)*(Ql(K)+Q2(K))+A(Ml+ll)*QS(K'+A(Ml+13)*O3(K)+A(Ml+14 
1)*04(K)+A(Ml+15)*Q6(K)+~(Ml+16)*Ql(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 KIDNEY MODEL. THESE TIME 
FUNCTION VALUES ARE STORED IN THE ARRAY H. 

THE TIMe FUNCTIONS WITH GLOMERULAR FILTRATION 

TFl = A(15)*03+A(16)*04+A(17.*01+A(18.*02 
+A(19)*05 

TF2 = A(15)*06+AC16)*07+A(20)*01+A(21)*02 
+A( 22)*05 

TF3 = A(24'*01+A(25)*02+A(23'*OS 
TF4 = A(26.*01+A(27.*02+A(28)*OS+4(29)*(03+04) 

+A( 30)*(06+Q7) 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFl = A(13.*03+A(14)*04+A(15)*OI+A(16)*02, 
+A(17)*Q5 

TF2 = A( 13)*06+A( 14)*07 A( 18'*01+A( 19)*02 
+A(20'*05 

TFl = A(22,*Q1+A(23)*02+A(21'*05 
TF4 = A(24'*01+A(2S)*Q2+A(26)*OS+A(29.*(03+Q4) 

+A(28)*(06+Q7) 

TFl RIGHT KIDNEY 
TF2 - LEFT KIDNEY 

. TF3 - BLADDER 
TF4 - BLOOD AND TISSUE 

4 - THE PARAMETERS FOR THE KIDNEY MODEL 
K - JHE INDEX FOR THE TIME POINT 

COHMON/FNTJT(150),R(600),H(600' 
COMMON/QFN/Ol (lS0' ,Q2( 150. ,03( ISO) ,Q4( lSOI,Q5( lSO),Qb( 150. ,07( 150) 
COMMON/CONST/N,NI,M,MI 
DIMENSION A(32. 
K1=N+K 
Kl=l*N+K 
K3=3*N+K 

H(K) - TIMEFUNCTIONFOR RIGHT KIDNEY 
H(K)=A(Ml+l)*Q3tK)+A(Ml+2)*Q4(K)+A(Ml+3)*01CK)+ACM1+4)*Q2CK)+A(Ml+ 

IS)*QS(K' 
H(Kl) - TIMEFUNCTION FOR LEFT KIDNEY 

H(Kl)=A(Ml+l)*Qb(K)+A(M1+2)*01(K)+A(Ml+6l*Ql(K)+A(M1+71*02(K)+4(Ml 
1+8)*QS(K) 

H(Kl) - TIMEFUNCTION FOR BLADDER 
H(K2)=A(M1+9.*05(K)+A(Ml+10)*Ql(K)+A(M1+11)*Ql(K) 

H(K3' - TIMEFUNCTION FOR BLOOD AND TISSUE 
H(K3)=ACM1+1l)*Ul(K)+A(Ml+1l)*02(K)+A(Ml+14)*QS(K)+A(M1+15)*(03(K) 

1+04(K))+4(M1+16)*(06(K)+Q7(K)) 
RETURN 
END 
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SUBROUTINE TFZ5 (A,K' -200-

THE SUBROUTINE TFZ5 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 
TF2 
TF3 
TF4 

= 
= 
= 
= 

Q3+Q4+A(15)*(Ql+Q21 
Q6+Ql+AC16.*CQl+QZ. 
Q5+ACll)*(Ql+Q2) 
A(18)*(Ql+Q2)+ACl9)*(Q3+Q4)+ACZO)*(Q6+Q71 

+A(2l)*Q5 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFl = Q3+Q4+A(13)*(Ql+Q2) 
TF2 = Q6+Ql+AC14.*(Ql+QZ) /. 
TF3 = Q5+A(l5'*CQ1+Q2) 
TF4 = AC16,*(Ql+Q2)+ACll.*(Q3+Q4)+A(18.*CQ6+Ql) 

+A(19)*Q5 

TFl - RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
TFl - BLADDER 
TF4 - BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 
K - THE INDEX FOR THE TIME POINT 

COMMON/FNT/T(150),R(600),HC6001 
COMMON/QFN/Q1(l50)~Q2C150),Q3(l50),Q4(150),Q5(150),Q~Cl50),QIC150) 
COMMON/CO~ST/N,Nl,M,Ml 

DIMENSION A(3l) 
Kl=N+K 
K2=Z*N+K 
K3=3*N+K 

C HCK) - TIMEFUNCTION FOR RIGHT KIDNEY 
HCK)=Q3(K)+Q4CK)+ACM1+l)*(Ql(K'+QZ(K') 

C HCK1) - TIMEFUNCTION FOR LEfT KIDNEY 
H(Kl)=Q6CK)+Q7(K'+ACM1+2)*CQlCK,+Q2(K) 

C H(K2. - TIMEFUNCTION FOR BLADDER 
H(K2'=Q5CK)+ACM1+3,*(Ql(K)+QZ(K)) 

C H(K3) - TIMEFUNCTION FUR BLOOD AND TISSUE 
HCK3)=A(Ml+4)*CQ1(K'+Q2CK)'+A(Ml+5)*(Q3CK)+Q41K'~+A(Ml+61*CQ6CK,+U 

ll(KI)+A(Ml+l)*Q5(K) 
RETURN 
END 
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SUBROUTINETF2b (A,K) 

TH2SU8ROUTINE TFlb GENERATES A TIME FUNCTION VALUE fOR 
EACH TIME FUNCTION FOR THE ONE KIDNEY MODEL. THESE TIME 

, FUNCT CON VALUES ARE STORED IN THE ARRAY H. 

.THE TIME FUNCTIO~S ~ITH GLOMERULAR FILTRATION 

TFl 
TF2 
TF3 
TF4 

= 
= 
= 
= 

Q3+A(15)*Q4+A(16)*(Ql+Ql)+A(17)*Q5 
Qb+A(18)*Q7+AC19)*(Ql+Ql)+AClO)*Q5 
A(l2)*Q5+A(ll)*CQ1+Ql) 
A(l3i*(Ql+Ql)+A(24)*Q4+A(25).Q7+A(26)*Q5 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFl = 'Q3+A(13)*Q4+AC14)*(Ql+Ql)+AC15)*Q5 
TF2 = Q6+A(16)*Ql+A(17)*(Ql+Ql)+A(18)*Q5 
TF3 = A(20)*Q5+AC19)~CQ1+Ql) 
TF4 = A(21)*CQ1+Ql)+A(22)*Q4+ACl3)*Q7+AC24)*QS 

TFl 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/TC1SO) ,R(600),H(600) , 
,COMMON/QfN/QI(150),Ql(150),Q3(150),Q4(150),Q5(150),Qb(150),Q7(150) 
COMMON/CONST/N,Nl,M,Ml 
D I ME NS 1(1NA (32 ) 
Kl=N+K 
K2=l*N+K 
K3=3*N+K 

C H(K) - TIMEFUNCTION FOR RIGHT KIDNEY 
HCK)=~3(K)+A(Ml+1)*Q4(K)+A(·Ml+l)*(Ql(K)+Ql(K')+A(Ml+3)*QS(K) 

C HCK1) - TIMEfUNCTION FOR LEfT KIDNEY 
H(Kl)=Q6(K)+A(Ml+4'*Q7(K.+A(Ml+5)*(Ql(K)+Q2CK),+ACM1+b)*Q5(K) 

C HCKl. - TIMEFUNCTION FOR BLADDER 
H(Kl.=AtMl+7)*Q5(K)+A(Ml+8)*(Q1CK)+Ql(K)) 

C H(K3' - TIMEFUNCTION FOR BLOOD AND TISSUE 
HCK3)=ACM1+9)*CQ1(K)+Ql(K»)+A(Ml+lO)*Q4(K)+A(Ml+ll)*Ql(K)+A(Ml+ll) 

1* QS (K) 

RETURN 
ENO 
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SUBROUTINE TfZ1 (A,K) 
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THE SUBROUTINE Tf21 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 FILTRAT10N 

TF 1 = 
TF2 = 
TF3 = 
TF4 = 

Q3 + Q4 + A(15)*CQl 
Q6 + Q7 + A(l6)*lQl 

Q5 + A (11) * (Q 1 
AllS)*(Ql + (2) 

+ QZ) 
+ QZ) 
+ Q2) 

THE TIME FUNCTIONS wITHOUT GLOMERULAR FILTRATION 

TFl = 
TF2 = 
TF3 = 
TF4 = 

Q3 + Q4 + A(13)*(Ql 
Q6 + CJ7 + A(l4)*CQl 

Q5 + 4(15.*(01 
A( 16j*(Ql + Q2' 

TFl - RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
TF3 - BLADDER 

+ (2) 
+ Q2' 
+ (2) 

TF4 - BLOOD AND TISSUE 

A - PARAMETERS FOR THE KIDNEY MODEL 
K - THE INDEX FOR THE TIME POINT 

COMMON/PNT/T(150),R(600),HC600' 
COMMON/QFN/QIC1SO),Q2(150),Q3C1S0),Q4l150),QS(150),Q6(150),Q7(150) 
COMMON/CONST/N,Nl,M,Ml 
DIMENSION A(32) 
Kl=N+K 
K2=Z*N+K 
K 3= 3*N+K 

C HCK) - TIMEfUNCTION FOR RIGHT KIDNEY 
H(K)=Q3(K)+Q4(K)+A(Ml+l)*(Ql(K'+Q2(K») 

C H(Kl) - TIMEFUNCTION FOR LEFT KIDNEY 
HCK1,=Q6(K'+Q7(K)+A(Ml+2,*(Ql(K)+Q2lK) 

C H(K2) - TIMEFUNCTION FOR BLADDER 
HCKZ)=QS(K)+A(Ml+3)*CQllK)+QZ(K» 

C H(K3. -TIMEFUNCTION FOR BLOOD AND TISSUE 
H(K~)=A(Ml+4)*'Ql(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 THEONE KIDNEY MODEL. THESE TIME 
FUNCTION VALUES ARE STORED IN THE ARRAY H. 

TH~ TIME FUNtTION~ WITH GLOMERULAR FILTRATION 

TFl = Q3+Q4+01*(Q6+Q7)+(A(15)+Ol*A(17))*(Ql+Q2) 
+(A(16.+01*A(18).*Q5 

TF2 = Qb+Q7+02*CQ3+Q4)+(A(17)+02*A(15).*(Q1+Ql) 
+(A(18)+02*AC16.)*Q5 

TF3 = A(19)*Q5+A(20)*(Q3+Q4)+A(21)*(Q6+Q7) 
+A(22)*(Ql+Q2( 

TF4 = A(23)*(Ql+Q2)+A(24)*(Q3+Q4.+AC25)*(Qb+Q7) 
+A(26)*Q5 

THE TIME FUNCTIONS WITHOUT GLOMERULAR FILTRATION 

TFl = Q3+Q4+01*(Qb+Q7)+(A(13)+01*A(15).*(Q1+Q2. 
+(A(14)+01*A(1b»)*Q5 

TF2 = Q6+Q7+02*(Q3+Q4)+(A(15)+02*A(13).*(Q1+Q2) 
+(A(16.+02*A(14))*Q5 

TF3 = A(17.*Q5+A(18)*(Q3+Q4)+A(19.*(Qb+Q7) 
+A(201*(Ql+Q2) 

TF4 = A(21)*(Ql+Q2)+A(22)*CQ3+Q4)+A(23.*(Q6+Q7. 
+A(24)*Q5 

TFl - RIGHT KIDNEY 
TF2 - LEFT KIDNEY 
TF3 - BLADDER 
TF~ - BLOOD AND TISSUE 

THIS IS THE ADAC MOO~L(J. A. DEGRAZIA, P. O. SCHEIBE, 
ET AL.~ CLINICAL APPLICATIONS OF KINETIC MODEL OF 
HIPPURATE DISTRIBUTION AND RENAL CLEARANCE, J. NUCL. 
MEO., 15(1974), PP 102-11~ •• 

\ 

A - PARAMETERS FOR THE KIDNEY MODEL 
K - THE INDEX FOR THE TIME POINT 

COMMON/FNT/T(150),R(6001,H(bOO. 
CQMMON/QFN/QI(150),Q2(150.,Q3(150.,Q4Cl~0),Q5(150),Q6(150.,Q7(150. 

COMMON/CONST/N,NI,M,Ml 
DIMENSION A(32)> 
DATA 01,021.05,.081 
Kl=N+K ' 
K2=2*N+K 
K3=3*N+K 

C HCK. ,- TIMEFUNCTION FOR RIGHT KIDNEY 
H(K)=Q3(K)+Q4(KJ+01*(Q6CK)+Q7(K).+CACH1+l)+01*ACM1+3).CQ1(K)+Q2(K 

1) )+(A(M1+2)+Ol*ACM1+4))*Q5(K. 
C H(Kl. - TIMEFUNCTION FOR LEFT KIDNEY 

H(Kl)=Q6CK'+Q7(KJ+D2.(Qj(K)+~4(K)+(A(Ml+3)+02*A(Ml+l.J*(QL(K)+Q2C 

lK»+1A(Ml+4)+02*A(Ml+2).*QS(K) , 
C H(Kl. - TIMEFUNCTION FOR tllADOER 

H(Kl)=A(Ml+5)*Q5(K)+A(Ml+6)*(Q3(K)+~4(K))+A(Ml+7)*(Q6(K)+~l(K •• +A( 
IM1+8)*(QICK)+QZ(K) 

C ,H(K3. - TIMEFUNCTION FOR BLOOD AND TISSUE 
H(K3)=A(Ml+9)*(Ql(K)+Q2(K)+A(Ml+10)*(Q)(K)+Q4(K.)+ACM1+11)*(Q6(K) 

1+Q7(KI.+A(Ml+12)*Q5(K) 
RETURN 
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Appendix B - OUTPUT FOR THE KIDNEY COMPUTER PROGRAM 

The following pages give an example of the output of the kid-

ney program for the two kidney model. If IRPT = 1, the subroutine 

HARQ gives a listing of the parameters at each iteration, the gra-

dient evaluated for these parameters, and the correction vector. The 

subroutines FLOWI and FLOW2 print a flow diagram of the kidney model 

giving the estimated paramete~s for the constant rate coefficients, 

the delay times Tl and T2 , the initial solutions in the blood pool, 

extravascular pool, and tubular cells of the kidneys along with the 

estimate of the matrix y. The subroutines PRAMI and PRAM2 give a 

listing of the parameters along with an expression for the functional 

relationship between the time functions TFl, TF2, TF3, TF4 and the 

compartment equations Ql, Q2, Q3, Q4, Q5, Q6, Q7. The $ubroutine 

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, ,and bladder. 

The subroutine SOLUT calls the subroutines PRAMI or PRAM2, PLOT, 

FLOWI or FLOW2 described above and also prints out the covariance 
" 

matrix for the estimated parameters, the ratio of the signal to 

variance', and the results of a goodness-of-fit test. It may happen 

with some data samples that the covariance matrix may not exist since 

the matrix B equation (29) is singular or nearly so since often the 

positive d~finiteness of the covariance matrix breaks down due to 

rounding error. This is the result of high correlations between the 

parameters in the model. The user may want to reduce the number of 

parameters H by allowing elements of the matrix y to remain fixed and 

setting ~~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) 

N 4 
(W~ v?:- (S)) 

R (B) L L - (33) = J J 
0 

j=l i=l w: 
. J 

has the chi-square distribution X2 ~ith 4 • N = n degrees of 

freedom [7]. Therefore the subroutine SOLUT gives the following 

test of hypotheses 

HO: The model fits the data 

HI: The model does not fit the data 

where 1I0 is rejected if R <S} 
2 The level of significance > X ,. ex a 

is the probability that the hypothesis is rejected given that it is 

true. For the number of degrees of freedom, n, greater than 30 the 

chi-square dis.tribution is approximately normally distributed [21], 

so that the expression (2X2)~ - (2n-l)!i is approximately normally 

distributed with mean 0 and standard deviation 1. Therefore x2a" 

the at-point of the X2 distribution, is computed by the formula 

X2 , = ~[x ' + I2n=I ]2 
a a , 

where x ' is the a -point of the cumulative normal distribution. a 

For a' = .0102, the hypothesis H is rejected if 
o 

R(a) > ~ [x , + 12Nm-l ] 2 
a 

where x , = 2.32,N is the number of time points, and m is the a 

number of time functions. For m=4, Figure 15 gives the plots of 

chi-square versus number of sampled points for various levels of 

I confidence a'. 
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••••••••••••• KIDNEV CO"PART"ENT "ODEl ••••••••••••• 
• • 
• COSI'IIC DOG 1 • 
• • 
• SEPT 6, 1913 • 
• • 
• THE NO. OF T1I'1EFUNCTIONS IS 'I • 
• • 
• THE SAI'IPlE SIZE IS 100 • 
• • 
• THE NO. OF PARAI'IETERS IS 18 • 
• • 
• THE NO. OF PARAI'IETERS NOT INCLUDING ~ 
• THE CROSS TALK "ATRIX IS 1'1 • 
• • 
• THE ISOTOPE SOURCE IS 586 I'IICROCURIES OF • 
• 1131-HIPPURAN • 
• • 
• THE COllII'IATOR IS A HIGH ENE~GV COllll'IATOR • 
•••••••••••••••••••••••••••••••••••••••••••••••••• 

... 



t1 ~. .., 

DATA 

Ttl) BLOOD AND TISSUE RIGHT KIDNEV LEFT KIDNEV BLADDER 
T1f11E( "'INS) COUNTS/15 SEC COUNTS/15 SEC COUNTSIl5 SEC COUNTS/15 SEC 

1 .25 8At98.0000 609.0000 319.0000 330.0000 
2 .50 835At .0000 1293.0000 817.0000 6,+9.0000 
3 .15 8228.0000 1595.0000 993.0000 619.0000 .. 1.00 8083.0000 181At.0000 1051.0000 601.0000 
5 1.25 8031.0000 1853.0000 1l,+3.0000 556.0000 
6 1.50 7701.0000 ·1919.0000 121'+.0000 578.0000 
7 1.15 7831.0000 20'+5.0000 '1265.0000 5,+3.0000 • 2.00 79At7.0000 2102.0000 '136'+ .0000 559.0000 
9 2.25 7701.0000 206 I .0000 11110.0000 588.0000 

10 2.50 7910.0000 2177.0000 1326.0000 598.0000 
11 2.75 7755.0000 2260.0000 1535.0000 575.0000 
12 3.00 7712.0000 2227.0.000 '1529.0000 620.0000 
13 3.25 7811.0000 2383.0000 152'+ .0000 521.0000 
1 .. 3.50 7705.0000 2'+0'+ .0000 16'+2.0000 569.0000 
15 3.15 7656.0000 2Ul.0000 1609.0000 5'+1.0000 
16 • .. 00 7755.0000 239At.0000 16,+5.0000 563.0000 
17 ".25 7633.0000 2At51 .0000 165At.0000 587.000~ 
18 If .50 752'1.0000 252At .0000 1756.0000 5'+2.0000 
19 ... 15 7597.0000 2558.0000 1802.0000 570.0000 
20 5.00 7576.0000 2535.0000 1891.0000 53'+ .0000 
21 5.25 7'116.0000 2600.0000 1771.0000 592.0000 
22 5.50 7At97.0000 2527.0000 1802.0000 657.0000 
23 5.15 7At86.0000 2576.0000 1822.0000 670.0000 
2 .. 6.00 7269.0000 2520.0000 1691.0000 173.0000 
25 6.25 71AtO.OOOO 2At66.0000 1661.0000 879.0000 I 26 6.50 71 At 1.0000 2AtAt3.0000 1673.0000 928.0000 IV 27 6.75 71'+2.0000 231At.0000 1635.0000 1089.0000 0 
28 7.00 71At'+ .0000 23At9.0000 1511.0000 118'+.0000 1.0 
29 1.25 6960.0000 2267.0000 1'+82.0000 1265.0000 I 
30 1.50 6995.0000 2188.0000 1390.0000 1338.0000 
31 1.15 6977 .0000 2171.0000 1387.0000 1376.0000 
32 8.00 6923.0000 2090.0000 127At .0000 1607.0000 
33 8.25 69'+5.0000 1919.0000 12At9.0000 1710.0000 
~ 8.50 6768 .0000 1900.0000 .1216.0000 1789.0000 
35 '.75 6696.0000 1765.0000 1190.0000 187'+.0000 
36 9.00 6675.0000 1737.0000 1156.0000 189At.0000 
37 9.25 66At2.0000 1696.0000 1152.0000 2015.0000 
38 9.50 6623.0000 1663.0000 1108.0000 2130.0000 
39 9.15 66'+".0000 16lf7.0000 105At.0000 2172.0000 
.. 0 10.00 6525.0000 1533.0000 10,+8.0000 22'+ 7.0000 
Ifl 10.25 6'+53.0000 1515.0000 1016.0000 2281.0000 
't2 10.50 6"9".0000 1506.0000 928.0000 2352.0000 
.. 3 10.75 6360.0000 lU6.0000 891.0000 2At68.0000 .... 11.00 6375.0000 1398.0000 929.0000 2537.0000 
"5 11.25 6282.0000 138'+.0000 9'+1.0000 2533.0000 .. , 11.50 6335.0000 1'+1'+.0000 821.0000 2510.0000 
.. 7 11.15 6At29.0000 1326.0000 8At6.0000 2565.0000 ... 12.00 6182.0000 1297.0000 860.0000 26,+ 1.0000 ... 12.25 6263.0000 1273.0000 831.0000 2708.0000 
50 12.50 6058.0000 1215.0000 8'+0.0000 276'+.0000 
51 12.75 6081.0000 1227.0000 787.0000 281At.0000 
52 13.00 61'+0.0000 1222.0000 827.0000 2818.0000 
53 13.25 6125.0000 1193.0000 775.0000 27'+0.0000 
5'1 13.50 61'+".0000 1195.0000 826.0000 2885.0000 
55 13.15 6060.0000 11 qz. 0000 766 .0000 29At5.0000 
56 1".00 6120.0000 117At.0000 736.0000 3017 .0000 
51 1'1 .25 60AtO.0000 1188.0000 732.0000 2935.0000 



5.8 1'1.50 6053.0000 1157.0000 768.0000 2975.0000 
59 1'1 .75 6121.0000 1138.0000 676.0000 3020.0000 
"'0 15.00 6070.0000 1097.0000 7'10.0000 3059.0000 
III 15.25 5967.0000 113'1.0000 738.0000 3107.0000 
~2 15.50 5897.0000 1159.0000 753.0000 3162.0000 

"'~ 15.75 6126.0000 1071.0000 709.0000 3177.0000 
61 16.00 5926.0000 11'16.0000 708.0000 3307.0000 
"'5 16.25 5987.0000 1060.000.0 677.0000 3320.0000 
"'6 16.50 5728.0000 10'tJ.0000 705.0000 3338.0000 
H 16.75 5810.0000 976.0000 703.0000 3171 .0000 
U 17 .00 5896.0000 993.0000 669.0000 3280.0000 
69 17.25 5932.0000 968.0000 690.0000 3250.0000 
10 17 .50 5712.0000 103'1.0000 681.0000 3i88.0000 
11 17.75 567'1.0000 1007.0000 6'13.0000 3273.0000 
72 18.00 5683.0000 979.0000 653.0000 327'1.0000 
13 18.25 5755.0000 91'1.0000 686.0000 3'108.0000 
H 18.50 5881.0000 992.0000 661.0000 3'108.0000 
15 18.75 5707.0000 991 .0000 6'17.0000 3316.0000 
16 19.00 5795.0000 972.0000 615.0000 3315.0000 I 
71 19.25 5710.0000 102'1.0000 615.0000 3627.0000 tv 
78 19.50 5682.0000 951.0000 678.0000 3'103.0000 ...... 
79 19.75 5636.0000 956.0000 639.0000 3'166.0000 0 

ao 20.00 56'12.0000 991;0000 607.0000 3557.0000 I 

81 20.25 5585.0000 1015.0000 6'16.0000 3'102.0000 
82 20.50 5553.0000 935.0000 619.0000 3'123.0000 
83 20.75 5627.0000 938.0000 6't1.0000 3't1'1.0000 
BAt 21.00 5573.0000 975.0000 603.0000 3'177.0000 
15 21.25 5606.0000 938.0000 610.0000 3" 39.0000 
16 21.50 5663.0000 886.0000 603.0000 3509.VOOO 
8T 21.75 5570.0000 956.0000 587.0000 3575.0000 
18 22.00 5'163.0000 87".0000 602.0000 3"97.0000 
89 22.25 561".0000 957.0000· 603.0000 3615.0000 
90 22.50 5"52.0000 907.0000 56".0000 3552;0000 
91 22.15 5727.0000 892.0000 605.0000 3"68.0000 
92 23.00 5"80.0000 915.0000 593.0000 3538.0000 
9] 23.25 5"55.0000 902.0000 558.0000 3138.GOOO ,., 23.5.0 55"3.0000 8'15.0000 5"5.0000 36 H.OOOO 
'is 23.75 5599.0000 880.00.00 575.0000 36"6.0000 
96 24.00 5"44.0000 906.0000 569.0000 3707.0000 
97 24.25 5'163.0000 831.0000 561.0000 3118.0000. 
98 2'1.50 51f37.0000 865.0000 588.0000 3613.0000 
99 2'1.75 5419.0000 808.0000 552.0000 3602.0000 

100 25 .00 5'116.0000 86".0000 523.0000 3110.0000. 

f: r . ., 
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, " . .1" 

........••••••.......•. ~ ........ ~ ....•.•........... 
• TIMEFUNCTION FOR THE RIGHT KIDNEY • 
• • 
.SAMPLE FUNCTION = X FITTED FUNCTION = •• 
••••••••••••••••••••••••••••••••••••••••••••••••••• 

• 
• 
XX 
• 

• 
XXX 

•• X .. x 
xx •• 

X •• 
xx ••• 

xxx ••• 
XXXXh •• 

XX· XX .. X. 
X X •••••• 

xx X ...... X •• 
xx xx xxx XX •• X •••••• 

X XX XX X X X •••••••••• 
X X nn XX 

X XX X 
X 

0 ••....•••.••.....•.•....•...••••...•.................................•.....................•......... 
TI"E UNITS = .25 "IN. . 
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••••••••••••••••••••••••••••••••••••••••••••••••••• 
• TII'IEFUNCTION FOR THE LEFT KIONEY • 
• • 
.SAI'IPLE. FUNCTION = X FITTEO FUNCTION = •• 
• •••••••••••••••••••••••••••••••••••••••••••••••••• 

xx 

• XX 

• 
• 

.X 
.X 

.X 
.X 

·X • 
• • • 

·XX 
• • •• • •• XX • • ••• ... xx X X 

•• 
'X.X , 

XX •• XXX 
••• " 'X • , •• XX" X 

XX •• , ••• , IX 
XI , •••• , •• ," 

. , .. , ..... , .. 
• XX I. 

X 

0 ..••.....•• ; .•••••••••..•.•••••••••.•••••.•.•.•.•...••....•.••..•.•••....••.•••••.••...•••.••••••...•.• 
TI"£ UNITS •• %' "IN. 
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• T1"EFUNCTlI!N FOil THE .:8LAOOEA' • 
• • 
• SA,.PLE FUNCTION = X , FITTED FUNCTION = •• 
••••••••••••••••••••••••••••••••••••••••••••••••••• 

•• •• 

.. 

• X 

••• • 

• 
• 

• 
• • 

• 
• 

• .. 
. ,. 
• 

XI 

X . .. 
X 

• X 
• 

• • • X 
• X 

X 
• X 

•••• X 
••••••• •• I 

, ••• X 
I XX 
.. X .... X IX X 

X .. X XX X X 

• 

• 

• 
• 

• • 

• 
•• 

•• 
• 

• ..II 
• 

•• 

X 
XXI 

X • 

••• 
•• 

•• 

•••• 
•••• 

••• 

IX . , 

XX 
xx 'XX 

X • 
X' 

iI XX 
X XX 

•••• 
• ••• 

• ••• 

••••• ...... • •••• 

• X 

• 

XXX X 
• X X •• • • • • • •• •• ••••• • • • 

0 ..••...••..•••...•.•••.•..•.•..••••••.........•.......................•. ;' ..•.•..•••••................ 
TI"( UNITS = .2' "IN . 
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• •••••••••••••••••••••••••••••••••••••••••••••••••• 
• TlI'IEFUNCnON FOR THE BLOOD AND TISSUE • 
• • 
.SAI'IPLE FUNCTION = • FITTED FUNCTION = •• 
• •••••••••••••••••••••••••••••••••••••••••••••••••• 

••••••• • ••••• uux.; 
U ••••• X 

X •••••••••• 
X .X ••••••••• 

•• X.X X ••••••••• 
X n.x ...... 

• X. X.XXXXX.X XX X X X 
X X •• XX.X.XXX ~XXXX 

•••••••• 
• 

0: .......................................... : ........................................................ . 
TI"' UNITS = .25 "IN. • 



-215-

••••• INITIAL ESTI~ATES FOR THE PARA~ETERS----

GL~ERULAR FILTRATION RAT£(RIGHT KIDNEV) 
FLOW RATE FR~ BLOOD POOL TO TUBULAR CELLSIRIGHT KIDNEV) 
GL~ERULAR FILTRATION RATE(LEFT KIDNEY) 
FLOW RATE FR~ BLOOD POOL TO TUBULAR CELLS(LEFT KIDNEV) 
RIGHT IIDNn 

TUBULAR CELL FLOW RATE 
ESTUARV DELAY TI"E 

LEFT K I OllEY 
TUBULAR CELL FLOW RATE 
ESTUARY DELAY TI"E 

FLOW RATE FR~ BLOOD POOL TO EXTRAVASCULAR POOL 
FLOW RATE FR~ EXTRAVASCUUR POOL TO BLOOD POOL 
~OU.T AT TI"E ZERO IN THE BLOOD POOL 
~OU.T AT TI"E ZERO IN THE EXTRA VASCULAR POOL 
~OU.T AT TI"£ ZERO IN THE RIGHT KIDNEY TUBULAR CELLS 
~OUNT AT TI"£ ZERO IN THE LEFT KIDNEY TUBULAR CELLS 

SV~BOL 

A( 'I) 
AI 3) 
A<T) 
AU') 

A( 5 ) 
A( 13) 

AI 8) 
A( 1'1) 
A( I) 
A( Z) 
A( 9) 
A( 10) 
AI II ) 
A( IZ) 

FUNCTIONAL RELATIONSHIP BETWEEN THE TI"EFUNCTIONS AND THE C~PART"ENTS -

TFI .= 113 +CI'I + A( 15 ).( III + liZ) = 113 + 11'1 + .16-( III + liZ) 

TF2 = "' + 111 + A(16)·(1I1 + liZ) = 116 + 111 + .10-( III + liZ) 

TF3 = II!> + A( 11 '.(111 + 112' = 115 + .1'1-( III + 112' 

TF4 = A( 18 ,.( III + liZ' = 1.32-1 III + 112) 

.... ER£ TFI - RIGHT KIDNEY III - BLOOD POOL 

TF2 - L£FT KIDNEY 112 - EXTRA VASCULAR POOL 

TF3 - BUDDER 113 - RIGHT KIDNEY TUBULAR 

TF4 - BLOOD AND TISSUE 11'1 - RIGHT KIDNEY ESTUARV 

115 - BLADDER 

116 - LEFT KIDNEY TUBULAR 

111 - LEFT KIDNEV ESTUARV 

IfF: 4.31£+04 

VALUE 

.01000 

.08000 

.01000 

.0'1000 

.31000 
'1.6'1000 . 

.35000 
5.18000 

.36000 

.06000 
8911 .00000 

-1000.00000 
500.00000 
Z6'1.00000 

CELLS 

CELLS 
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...........•................ ~ ..... 
• I A( I ) XLINPlAX. 
... 1 .36 .10 • 
• 2 .06 .10 • 
• 3 .08 .10 • ... ~ .01 .10 • 
• 5 .37 .10 • 
• 6 .O~ .10 • 
• 1 .01 .10 • 
• 8 .35 . 10 • 
• 9 8911 .00 50.00 • ... 10 -1000.00 50.00 • 
• 11' 500.00 50.00 • ... 12 26if.00 50.00 • 
• 13 q.6~ 1. 00 • 
• lq 5 . 1 ~ 1. 00 • 
• 15 .. 16 .10 • 
• 16 .10 .10 • 
• 11 .IQ .10 • 
• 18 1. 32 . 10 • 
•••••••• Jf. ••••••••••••••••••••••••• 
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• 

• ••••••••••••••••••••••••••••••••••• 
• K 1 HF( XLAM) .XLAM. 
• 3'+ 31 0 . 8'+ 1 3 1 . 00 E - 02 • 
• 37712.1358 1.00E-03 • 
•••••••••••••••••••••••••••••••••••• 

...... ~ ....................................•......... 
• I PARAMETER GRADIANT CORRECTI ON VECTOR • 
• A( I ) Z( I ) • 
• 1 .36000 -1.37E+05 .00503 • 
• 2 .06000 2.13E+05 -.00182 • 
• 3 .08000 5.67E+05 .00032 • 
• '+ .01000 7.98E+05 -.00068 • 
• 5 .37000 5.22E+0'+ -.01167 • 
• 6 .0,+000 3.58E+05 .0013'+ • 
• 7 .01000 .6.21E+05 .00088 • 
• 8, . .35000 3.17E+0'+ -.00375 • 
• 9 8977.00000 3.08E+01 30,75077 • 
• 10 -1000.00000 2.28E+01 17.71'+37 • 
• 11 . 500.00000 '6.'+8E+01 -50.00000 • 
• 12 26'+.00000 5.5'+E+01 -37.'+'+209 • 
• 13 , '+.6'+000 -1.00E+0'+ .01628 • 
• 1'+ 5.18000 -6.33E+03 .02307 • 
• 15 .16000 1.22E+05 -.00276 • 
• 16 .10000 5.01E+0'+ -.00209 • 
• 17 .1't000 '+.57E+05 -.00697 • 
• 18 1.32000 1.67E+0't -.01't82 • 
••••••••••••••••••••••••••••••••••••••••••••••••••••• 

, J 
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***************************************************** 
* OE ~ 10.'- ho.+38h'l 81!io.('1 81 * 
* E19o.o.'- ~o.+3ho.'h (0.££1' Lt * 
*' £ o.ZOo.'- ho.+3o.h' h 16160.' 91 * 
* o.8Zo.O' - !io.+38o.'l hZ1!il' !il * "!- •• 

* ~6ZZo.' £o.+3h!i'!i- 1o.£o.Z'!i hi * 
* h£61o." £o.+31h'8- 8Z9!i9'h £1 * 
* 6~98o.'8(- lo.+3h8'h 161!i~'9ZZ ZI * 
* 0.0.0.0.0.' o.~- lo.+3!i9'!i o.o.o.o.o.'O!ih 11 * 
* 9!il£1'o.Z 10.+3£6'1 £9!i8Z'Z86- 0.1 * 
* 1 !it o.Z" 9£ lo.+3!i9'Z 11o.!i1'10o.6 6 * 
* 89£0.0.'- ho.+391'Z !iZ9 h~ . 8 * 
* ·160.0.0.' !io.+39h'!i 880.10.' 1 * 
* £hlo.o.: !io.+391'£ h£lho.' 9 * 
* 180.10.'- ho.+ 319' h ££8!i£' !i * 
* h9o.o.o.'- !io.+3Zo.'1 Z£6o.o.' h * 
* o.!io.o.o.' .!i 0. + 3 9 6 . h Z£o.8o.' £ * 
* 9810.0.'- !io.+3£6'1 818!io.' ,Z * 
* hZ !io.o.' !io.+3o.Z' 1- £o.!i9£" 1 * 
* ( r >z ( I )\1 * 
* ~OlJ3A NOIIJ3H~OJ IN~Ia~Hg ~313W~H~d I * 
***************************************************** 

************************************ 
* £0.-30.0.'1 !i!io.h'11Zo.E * 
* Zo.-3o.O'1 !i8hh'6o.o.1l * 
* W~lX (W~lX)jH 1~ * 
************************************ 

***Z NOll~H31I*** 

• 

-81(;-
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••• ITERATION 60 ••• 

•••••••••••••••••••••••••••••••••••• 
• Kl HF< XLAPI) XLAPI. 
• 3926.5961 1.00E-02' 
• 3926.5961 LOOE-03' 
•••••••••••••••••••••••••••••••••••• 

••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• PARAPIETER GRADIANT CORRECTION VECTOR • 
• A( I) Z( I ) ,. 
• 1 .72'159 -'I.10E-Ol .0000'1 , 
• 2 .03501 -3.89E-01 .00000 ,. 
• 3 .1968'1 -8.08E-01 .00001 ,. 
• 'I .01566 2.98E-02 .00000 ,. 
.' 5 .27828 -1.01E-03 .00000 • 
• 6 .1'18'13 -9.56E-Ol .00001 • ,. 7 .01'136 -1. l'1E-O 1 -.00000 • ,. 8 .28186 2.60E-02 -.00000 • 
• 9 10663.516'18 -1.'I7E-05 .05295 • 
• 10 -226.'tl810 -6.9'1E-07 -.00087 
• 11 -599.81'171 3.60E-05 -.0'1167 
• 12 -5'12.76017 2.0'lE-05 -.02863 ,. ,. 13 .5.31730 -9.61E-03 .00005 ,. 
• 1'1 5.05970 3.08E-03 -.00005 
• 15 .11337 1.89£-02 -.00000 ,. 
• 16 .06952 3.65E-02 -.00000 ,. 
• 17 .07'173 6.10E-03 .00000 • 
• 18 1.05558 -7.37E-02 .00000 ,. 
.................•..................... ~ ............ . 

THE SOLUTION CONVERGED ON ITERATION 60. 



•••• ~THE PARA~ETERS ARE ••••• 

PARA"'ETERS 

.;L()P'IERULAR FILTRATION RATE( RIGHT K IDNEV) 
~LOW RATE FRO'" BLOOD POOL TO TUBULAR CELLS(RIGHT KIDNEV) 
;L~ERULAR FILTRATION RATE(LEFT KIDNEY) 
~LOW RATE FRO", BLOOD POOL TO TUBULAR CELLS(LEFT KIDNEY) 
RIGHT KIDNEY . 

TUBULAR CELL FLOW RATE 
ESTUARY DELAY Tl"'E 

LEFT KIDNEY 
TUBULAR CELL FLOW RATE 
ESTUARV DELAY TI"'E 

FLOW RATE FROP'I BLOOD POOL TO EXTRAVASCULAR POOL 
FLOW RATE FRO'" EXTRAvASCULAR POOL TO BLOOD POOL 
AP'IDUNT AT TI"'E ZERO IN THE BLOOD POOL 
AP'IDUNT AT TI"'E ZERO IN THE EXTRA VASCULAR POOL 
AP'IOUNT AT TI"'E ZERO IN THE RIGHT KIDNEY TUBULAR CELLS 
""'DUNT AT TI"'E ZERO IN THE LEFT KIDNEY TUBULAR CELLS 

SY~BOL 

A( 'I ) 
A( 3) 
A( 7 ) 
A( 6 ) 

A( 5 ) 
A( 13) 

A( 8) 
A( 1'1) 
A( 1 ) 
A( 2) 
A( 'I) 
A( 10 ) 
A( 11 ) 
A( 12 ) 

FUNCTIONAL RELATIONSHIP BETWEEN THE TII'IEFUNCTIONS AND THECO~PARTI'IENTS -

TFt 03 + o't + A( 15).(01 + 02) = 03 + 0'1 • 

TF2 Of> • 07 • A( 16 ).( 01 • 02) = 06 • ·07 • 

TF 3 05 • A( IT ).( 01 • 02) 05 • 

TF't = A( 18 ).( 01 • 02) = 

WHERE TFI - RIGHT KIDNEY 

TF2 - LEFT KIDNEY 

.11.(01 + 02) 

.01.( 01 • 02) 

.Oh(01'.02) 

1.06.(01 • 02) 

01 - BLOOD POOL 

02 - EXTRA VASCULAR POOL 

VALUE 

.OI5b6 
,19685 
,01'136 
.1'18'15 

.27828 
5.31735 

.28186 
5,05965 

.72'163 
,03501 

10663,56'1'13 . 
-226.'118'17 
-599,85637 
-5'12,78880 

TF3 - BLADDER 03 - RIGHT KIONEV TUBULAR CELLS 

TF't - BLOOD AND TI SSUE 0'1 - RIGHT KIDNEV ESTUARY 

05 - BLADDER 

Of> - LEFT KIDNEY TUBULAR CELLS 

07 - LEFT KIDNEY ESTUARV 

~ f{ -. 

I 
I\;.) 
I\;.) 

o 
I 
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••••• STATISTICAL ASPECTS OF THE MODEL ••••• 

THE ERROR IS 3.9Z6H+03 

THE GOOONESS OF FIT IS THE FOLLOWING TEST OF HVPOTHESIS 

HVPOTHESIS THE MODEL FITS THE DATA 

ALTERNATE HVPOTHESIS = THE MODEL DOES NOT FIT THE DATA 

-THE HVPOTHESIS IS REJECTED IF THE ERROR IS GREATER THAN ~67.77. 
-THIS IS A .0102 PROBABILITV THAT THE HVPOTHESIS IS REJECTED GIVEN THAT IT IS TRUE. 
-THEREFORE THIS OATA SA"PLE DOES NOT SATISFV THE HVPOTHESIS. 

~ 
I 

THE COVARIANCE "ATRIX f\J 

2.'I9E-06 f\J 
'I.98E-07 9.~6E-08 I-' 
1.62E-06 2.0~E-OS 7.38E-07 I 
9.05[-07 8.33E-OS -5.17E-07 6.92E-07 
7.29E-06 7.23E-07 3.90E-06 -3.06E-06 I. 3~E-05 
6.82E-06 7.17E-08 2.07E-06 -~.17E-07 ~.20E-07 1.~IE-06 

-3.73E-07 5.75E-08 3.03E-07 -7.55E-07 6.8~E-07 -7.77E-07 8.55E-07 
1.20E-05 9.35E-07 -1.99£-07 1.~~E-06 -6.9~E-07 5.5IE-06 -~.26E-06 2.07E-05 

-1.2IE-03 5.03E-05 -2.38E-0~ I. 7~E--0~ -1.~2E-03 -2 _ 33E-0~ 3.93E-05 -1.~H-03 7.69E+01 
-1.63E+0'l -1.68E+03 9.~3E+03 7.50E+02 -9.~~E-IO 7.IIE+03 6.8SE+02 6.03E-09 -5.IIE+08 5.IIE+OS 
-2.9IE-02 1.00E-03 -2.33E-02 -3.9~E-03 -8.93E-03 -7.87E-03 2.02£-03 l.i6£-02 -1.27E+02 -~.6~E+01 1.73E+02 
-'t .89£-02 9.93£-0'1 -2.21£-02 7.S0E-0'l 3.38E-03 -2.12E-02 -2.22£-03 -6.55E-03 -2.26£+02 1.73E+00 9.I~E+OI 1.32E+02 
-2.29E-0'l -7.91£-06 -1.00E-03 9.62E-0~ 1.8IE-0~ -2.56£-05 1.72E-05 -3.08E-05 -1.83E+OO 1.5IE+00 2.72E-OI 5.29E-02 2. 3~E-02 
-8.8lE-05 'I.'I2E-06 1.3SE-0~ -2.16E-0~ -7.69E-05 -S.90E-0~ 7.98E-0~ 2.8 3E -O~ 2.26E+00 -2.~7E+00 -1.6£E-02 2.35E-01 -5.67E-03 

2.75E-02 
6.92E-06 7.2'1E-07 1.3IE-0~ -1.33£-0~ -3.S0E-08 -~.58E-06 1.02E-06 -6.12E-08 2.62E-OI -2.32E-OI -6.79E-02 -9.37E-0~ -3.2IE-03 
~ .5'1E-05 6.'13£-06 

-5 .. 00£-0'1 -5.15£-05 -~.19E-03 ~.~2E-03 -1.liE-06 3.78E-03 -3.~6E-03 2.22E-06 -1.57£+01 1.57E+OI 2.19E+00 -2.19E+00 1.0H-OI 
-1.18£-01 -2.10£-0'1 2.10E-O'l 

7.'I'IE-05 7.'I6E-06 6.08£-0'1 -6.~2E-O'l 7.55E-08 -5.50E-0'l 5.0~E-0~ -S.90[-OS 2.28E+00 -2.28E+00 -3.ISE-OI 3.18E-OI -1.5~E-02 
1.71£-02 3.0'1£-05 -3.05E-05 3.93£-07 

-6.63£-0'1 -6.79£-05 -1.85E-02 1.88£-02 -3.89E~06 -1.39E-03 1.83E-03 -~.28E-06 -3. I~E+OI 2.09E+01 9.33E+00 1.13E+00 ~. 5 3E-0 I 
6.0'1£-02 -1.80£-0'1 -3.S'I£-05 7 ;'I9E-05 I.OH-03 
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THE ABSOLUTE RATIO OF SIGNAL/VARIANCE 

I 
1 
2 
3 
'I 
5 
6 
7 
8 , 

10 
11 
12 
13 
1'1 
15 
16 
17 
18 

A( I ) /VAR( A( I ) ) 
2.91E+05 
3.70E+05 
2.I>7E+05 
2.26E+O'l 
2.08E+O'l 
1.05E+05 
1.68E+O'l 
1. 36E+O'l 
1.35[+02 
'I. 'I 3E-07 
3.'I7E+00 
'I.12E+00 
2.27[+02 
1.8'1E+02 
1.76E+O'l 
3.32E+02 
1. 'OE+05 
'.'9[+02 



-223-



-224,:", 

f" 

'" '. 
58 1 ... 50 6188."626 ll51.3 .. 18 151.1221 3039.1920 
5' 1".15 6110.3886 1139.6250 1'1".1528 3011.1898 
60 15.00 6152.3613 1128.5033 136.9103 3102.1682 
61 15.25 613".3981 1111.9313 130.1"93 3132.1922 
62 15.50 6ll6."826 1101.890" 123.6651 3161.3228 
63 15.15 6098.6188 1098.3283 11 1."910 3189.6\10 
6 .. 16.00 6080.8012 1089.2191 111.6220 3211.1211 
65 16.25 6063.0"16 1080.5330 106.0213 32 .. 3.90"6 
66 16.50 60"5.3399 1012.2"21 100.6165 3269.9939 
61 16.15 6021.6839 106".320" 695.5106 3295."386 
68 11 .00 6010.0195 1056.1"31 690.6818 3320.21'0 
U 11.25 5992.5265 10 .. 9 ... 89 .. 686.0132 33 ..... 5521 
10 11 .50 5915.02"1 10"2.5363 681.5331 3368.29"6 
11 11.75 5951 .51"1 1035.86"8 611.23"5 3391.531" 
12 18.00 59 .. 0.11 .. 5 1029."565 613.1056 3"1".3116 
73 18.25 5922.8256 1023.29"3 669.1350 3"36.6"56 , .. 18.50 5905.5215 1011.3621 ·665.312" 3"58.5659 
15 18.75 5888.2198 1011.6 .. 51 661.6281 3"80.0912 
16 1'.00 5811.0825 1006.1293 658.0130 3501.2621' 
11 19.25 5853.9355 1000.8011 65".6381 3522.0838 
18 19.50 5836.8385 995.6502 651.3113 35"2.5801· n 19.15 5819.7915 990.6635 6"8.1016 3562.7120 
80 20.00 5802.79"2 985.8311 6 ..... 98 .. 6 3582.6153 . 
81 ZO.Z5 5185.8"66 981.1"32 6"1.9599 3602.3069 
8Z 20.50 5168.9"85 916.5905 639.0218 3621.6819 
8l 20.15 5152.0998 912.16 .... 636.16"6 36 .. 0.81 .. 6 
8 .. ZI.00 5135.3002 91tT . 8511 '633.3831 . 3659. Tl83 
85 21.25 5118.5"91 963.6610 630.61Z6 3618."052 
86 ZI.50 5101.8"82 959.569Z 628.0286 3696.8810 
87 21. 75 5685.195" 955.5152 62'S ..... 68 3715.11 .... 
88 22.00 5668.5913 951.6129 612.9235 3133.2175 
89 22.25 5652.0356 9"1.8568 6<'0."5"9 375.1. 2055 
90 Z2.50 5635.5283 9 ..... 121 .. 618~0311 3168.961" 
91 22.15 5619.0692 9 .. 0 ... 619 615.6688 3186.5112 
'Z 23.00 5602.6582 936.8138 6\ 3.3"51 380" .02" 7 
93 23.25 5586.2951 933.3527 6\ 1.06"0 3821.33"8 
''I 23.50 5569.9798 929.89"6 608.8229 3838.5083 
95 23.75 5553.1122 926."958 606.6193 3855.551" 
96 Z'I.OO 5537."920 923.1528 60 ..... 512 3872."699 

" 2'1.25 55Z1. 3193 919.8625 602.316" 3889.2692 
'8 Z'I.50 5505.1937 916.6216 ~00.2129 3905.95"3 
99 2'1.75 5 .. 89. \l53 913."275 598. 1390 3922.5300 

100 25 .00 5'113.0838 910.2775 596.0930 3939.0007 
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••••••••••••••••••••••••••••••••••••••••••••••••••• 
• TI"EFUNCTION FOR THE RIGHT KIONEV • 
• • 
• SA"PLE FUNCTION = X FITTED FUNCTION = •• 
••••••••••••••••••••••••••••••••••••••••••••••••••• 

XX 

• 

X 

• X 
• X • 

·XX 
• X 
• xx 
• .. 

X 
XX 
•• 

XX X 
X. 
. X. 

XX. 
xxx. 

XX XX X 
.XX.XX X 

x •••• 
X XX •••• 

XX ••••• X X 
XXX X XXX .XX ••• X •• X 

X X xx X •••• x •••••••• 
XXXXXXX 

X XX X 
X 

o ................. TiME 'uNiTs';' :25 ·,;.iN:······························································· 
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••••••••••••••••••••••••••••••••••••••••••••••••••• 
• TI"EFUNCTION FDA THE LEFT KIDNEY • 
• • 
• SAMPLE FUNCTION = X FITTED FUNCTION = • • 
••••••••••••••••••••••••••••••••••••••••••••••••••• 

xxx.. • 

X 

•• 
• 
X 

• X 

• X 

X 

• • XX 
• 

• XX 
• 
• 
• 

.X 
X 

• X • X 
.xx 

• X 
• 
•• XX 

• X 
• 
•• 

X.XX 
X •• 

• X 
XX XX X X 

••• 
X X.X •• X 

XX •• XXX 
.XX.XX 

X X XXX •• X. X 
XX XX ••• X.X.X •• 

XX X X XXX.XX.X ••••••• 
X X XXX •• 

X XX X X 
X 

................. jj;'E 'uiljji'~' :2; · .. iil:······························································· 

.) 
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••••••••••••••••••••••••••••••••••••••••••••••••••• 
• TI"EFUNCTION FOR THE BLADDER • 
• • 
.SA"PLE FUNCTION = X FITTED FUNCTION = •• 
••••••••••••••••••••••••••••••••••••••••••••••••••• 

XU 

.X 
.XX 

hX 
.X X 

.X 

X. X 

• 
XX 

X. 
X. 

x. 
X. 

X. 

X. 
••• XX 

IIX X X' X. 

.x 

IIIXX X XXXXXXX • 
••• 1 ••••• • •• • 

X 

XX 
X. 

• 
X • 

• 

XX 
X. 

X. 

X • 
• 

X 
X 

XXX 
X •• 
• 

X 

• ••• 

.. 
• •• 

•••• X 
•••• X X X 

X ••• X XX X 
.X. X X X 

•••• X X X 
••• X XXXX X 

•• XXXX X 
XXX... X 
••• XX XX 

XX X X 

0 •••••••••••••••••••••••••••••••••••••••.••••••.••.••••..•••••..•.•••.•• , •..•••••..•.••••.••.•.••••.•..• 
TI"£ UNITS = .25 "IN. 
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.X X x X 
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X 
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-228-

••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Tl~EFUNCTIDN FOR THE BLOOD AND TISSUE • .. • 
.SA~PLE FUNCTION = X FITTED FUNCTION; •• 
••••••••••••••••••••••••••••••••••••••••••••••••••• 

XXUX 
•••••••• X 

...... XXXXX 
.. XXX ...... X 

XXXX ... X ......... . 
X XXXXXXX .... XX •• X •• 

XX XX XX ... XX ...... . 
XX X XX X........ X 

xx X XXXXXXXXXXX.X ••••• X 
X X XXX UUX 

00000000000000000 Ti .. i °UNiTS 0; 0 :25 o .. iN: 0 0 0000000000000000000000000000000000000000000000000000 0 0 0 0 0 0000 

I) 

• 
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THE ILOGo 'DOL HAS INITIALLY 
10663.57 COUfilTS/15 SEC 

.0157 

• 
• 
• 
• 
• 

01 
BLOOD POOL 

• 
• 
• • • 

• 
• 
• 
• 
• 

.0350 
.< •••••••••••••••••••. 

.................... ) . 
• 72 .. 6 

• '-.. .. 

OZ 
EXTRA VASCULAR POOL 

THE EXTRA VASCULAR POOL H~S INITIALLY 
-ZZ6."Z COUNTS/IS SEt 

.0 I .... 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 

• 
• 
• 
• 
• 
• • 
• • 
• 

· ........................... ~ ........................... . 
• • • 

~ 

• 
• • 
• .. 
• • 
• 
• • 
• • • • • • • • • • • • • • •••• > , 

116HT UD.tv .1969 

• • • .1 .. a .. LEfT KIDNEY 
••••••••••••••••••••••••••••••••••••••••••• 
• 

• •••••••••••••••••••••••••••••••••••••••••• 
• 

• THE 116HT KIDNEY TUIULAR CELLS THE LEFT KJDNEY TUBULAR CELLS • 
• HAVE IfillTIALLY -S99.86 COUNTS/IS SEC HAVE INITIALLY -5"Z.79 COUNTS/IS SEC • 
• 
V THE TU'E FUIiCTlOIiS AID COfiIPART .. ENTS ARE RELATED AS FOLLOWS 

• 
V 

13 
rulUUI CELL S 

• 
• 
• .Z713 
• 
V 

( Tl , TZ, T3, TIf ) = ( 01, OZ, 03, Olf , 05 ,06,07 )W 

.... ERE 

.1l31f .0695 .OTlf7 1.0556 

.1l31f .0695 .07 .. 7 1.0556 
1.0000 0.0000 0.0000 0.0000 

W = 1.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 1.0000 0.0000 

06 
TUBULAR CEll. S 

• 
• 

.2819 • 
• 
V 

• 
• 
• 
• • 
• 
• 
• 
• 
• 
• 
• • • • • 
• 
• 
• 
• 
• 
• 0.0000 1.0000 0.0000 0.0000 ................................................ ~ • 

... 
IllNItv ESTUARY 

• 
• 
• 
• • 
• • • • 

TI .. , DEUY = 
S.UU 

0.0000 

..............................•. ). 

1.0000 

05 
BLADDER 

0.0000 0.0000 

TI .. E DELAY = 
S . OS 96 

07 
KIDNEY ESTUARY 

• • 
• 
• 
• 
• 
• • 
• .< •••••••••••••••••••••••••••••••• 

• 
• • 

.< •••• 

1 

"" "" \D 
I 



-230-

BIBLIOGRAPHY 

1. Joseph A. DeGrazia, PaulO. Scheibe, Peter E. Jackson, et a1., 

Clinical Applications of a Kinetic Model of Hippurate Distri-

bution and Renal~Clearance, J. Nucl. Med., 15 (1974), pp 102-

114. 

2. T. F. Budinger and J. Harpootlian,Developments in Digital 

Computer Implementation in Nuclear Medicine Imaging, Computers 

and Biomedical Research, 8 (1975), pp 26-52. 

3. D. H. Marquardt, An Algorithm for Least-Squares Estimation of 

Nonlinear Parameters, J. Soc. Indust. App1.Math., 11 (1963), 

pp 431-441. 

4. H. Bellman, Stability Theory of Differential Equations, McGraw-

Hi,ll, New York, 1953. 

5. G. L. Atkins, Multicompartment Models for Biological Systems, 

Methuen & Co. Ltd., London, 1969. 

6. M. R. Spiegal, Schaum's Outline of Theory and Problems of La-

place Transforms, !I1cGraw-Hill, New York, 1965. 

7. R." Deutsch, Estimation Theory, Prentice-Hall, Englewood Cliffs, 

N.J., 1965. 

8. H. O. Hartley, Th~ Modified Gauss-Newton M~thod for the Fitting 

of Non-linear Regression Functions by Least Squares, Techno-

me'trics,3 (1961), pp 269-280. 

9. D.' W. Marquardti Solution~~,N6nlinear Ch~~ic~l Engineering 

Models, Chern. Eng. Progr. 1:'55 '(1959), pp 65-70. 

10. c. H.Gear, Numerical lnitial: Value Problems in Ordinary Differ

ential Equations, Prentice-Hall, Englewood Cliffs, N. J., 1971.' 
, '. 

r 

• 

,." 



• 

• 

• 

-231-

11. T. Lindmo, A. Skretting, K. F. Nakken, An Bxaminationof 

Different Mathematical Models for Renal Function as Heasured 

by 131I_Ilippuran Renography, Medical Physics,l (1974), pp 193-

197 • 

12. R. F. Pitts,.Physiology of the Kidney and Body Fluids, Year 

Book Medical PUblishers, Chicago, 1974. 

13. A. F. Fiacco and G. P. McCormick, Nonlinear Programming: 

Sequential Unconstrained'Minimization Techniques, Wiley, New 

York, 1968. 

14. M. D. Ulaufox, A. L. Orvis, and C. A. Owen, Jr., Compartment 

Analysis of the Radiorenogram and Distribution of Hippuran I131 

in Dogs, Am. J. Physiol.,204 (1963),pp 1059-1064. 

15. K. E. Britton and ~. J. G. Brown, The Clinical Use of C.A.B.B.S~ 

Renography. Investigation of the "Non-Function Kidney" and 

Renal Artery Stenosis by the Use of 131I Hippuran Renography 

Modified by Computer Assisted Blood Background Subtraction 

(C.A.B.B.S.), Brit. J. Radiol. ,41 (1968), pp 570-579. 

16. M. H. Farmelant, C. 1;:. Sachs, and B. A.Burrows, The Influence 

of Tissue Background Radioactivity on the Apparent Renal Accu

mulation of Radioactive Compounds, J. Nucl. Med. ,11 (1969), 

pp 112-117 • 

17. A. M. Holroyd j G. D. Chisholm, and H. I. Glass, The Quantitative 

Analysis of Renograms Using the Gamma Camera, Phys. Med. BioI., 

15 (1970) ,pp 483-492. 

18. H. D. Blaufox, E. J. Potchen, and J. P. Merrill, Heasurement 

of Effective Renal Plasma Flow in Man by External Counting 

Methods, J. Nucl. Med., 8 (1967), pp 77-85. 



-232-

19. T. F. Budinger and G. T. Gullberg,Three-Dimensional ,RecOn-

struction in Nuclear Medicine Emission Imaging, IEEE Trans. 

Nucl. Sci.,NS-21 (1974}, pp 2-20. 

20. S. E. Derenzo, H. Zaklad, and T. F. Budi~ger, Analytica1,Study 

of a High-Resolution Positron .Ring Detector Sy.stem for Trans

axial Reconstruction Tomography,· J. NucL Med., 16 (1975), 

pp 1166:"'1173:' 

21. CRC HandboOk of'Tables for Mathematics~ R. C. West and S. M. 

Selby (Eds.). The Chemical Rubber c6~, Cleveland, 1970. 

• 

• 

• 



• 

This report was done with support from the United States Energy Re
search and Development Administration. Any conclusions or opinions 
expressed in this report represent solely those of the author(s) and not 
necessarily those of The Regents of the University of California, the 
Lawrence Berkeley Laboratory or the United States Energy Research and 
Development Administration. 



~<..:i. 

TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

-- .~ 


