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TIMED: A COMPLTER PROGRAM FOR CALCULATING CUMULATED ACTIVITY
OF A RADZONUCLIDE IN THE ORGANS OF THE HUMAN BOOY
AT A GIVEN TIME, :, AFTER DEPOSITION

S. B. Watson, W. S. Snyder,
and M. R. Ford

ABSTRACT

TIMED is a computer program designed to calculate cumulated
activity, y.(-), in the various source organs, ¥:, at
some time t ;fter depssivion. TIMED embodies a system of dif-
ferential equations which describes activity transfer in the
lungs, gastrointestinal tract, and other organs of the body.
This system accounts for delay of transfer of activity between
compartmeiiis of the body and radioactive daughters.

The computer rrogram contains routines which are written
in either IBM System/360 or System/370 FORTRAN or IBM System/360
Assembler language. The code is executable on the IBM
System/360 or System/370 machines and requires a minimm of
310 X core storage for execution.

I. INTRODUCTiON

Average dose equivalent in an organ T of the body from an internally

deposited emitter is given by

DE(T,t) =L UY.(t)*S(T*Yi) (1.1)
1 1
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where UY (t) represents the cumulated activity measured in microcurie-days
i

(uCi-days) in the various source organs, Yi' at some time : after depo-

sition, and 5(T+Y.) represents dose to a target organ T due to 1 uCi-day

of the emitter in the sourt:e.l S has been tabulated for about 160

radiomclidesz'3

and for various source and target organs, but with the
proviso that the activity is always considered to be uniformly distributed
in the source organ. This paper discusses the computer code, TIMED, which
calculates the cumulated activity, va(t), per microcurie intake at some
time t after intake. ’

In principle, this calculation is simple in that if fl’i(t) represents
the fraction of activity in microcuries (uCi), which entered the body at
time 0 that is present in an organ Y; at time ¢, the cumulated activity

in that organ from time 0 to time ts is given by
. 5
uin(t)) = 0 fy;(t)dt (qu-days) . (].2)

However, the calculation of Uy (t) is somewhat difficult due to the
complex nature of the transferzrates between sections of the body and
the possible presence of daughter radionuclides.

This paper discusses the mode! of activity transfer and tre compu-
tational procedures that are used in the code, TIMED. Also presented

are a description of the program and detailed user information.



II. DESCRIPTION OF THE MODEL

The model of activity transfer in tne body is based on the concept
of a system of compartments with constant rates of transfer to other
compartments or out of the body. These compartments may be an organ or
some subsystem of the body (lungs, gastrointestinal tract, blood, etc.).
The system myst be general enough to allow for delay of transfer of some
of the activity and must also account for radioactive daughters. This
system has been adequately represented by a set of differential equations
which are described below .or the lungs, gastrointestinal tract, and
other organs. The following iz taken in part from Ref. 1 which should
be consulted for the detailed explanation. Many of the errors present

in Ref. 1 are corrected in this discussion.

Lungs

The lung model, as described in the report of the ICRP Task Group

4 and as revised in ICRP Fublication 19.5 consists of

on Lung Dynamics,
3 nasal-pharyngeal region {N-?), a tracheo-bronchial region (T-B), a
pulmonary region (P), and the ymph nodes (L). Deposition is governed
by the activity median aercdynamic diameter (AMAD) of the aerosol (see
Ref. 4). The pathways of transfer and the deposition and transfer
constants are shown in Fig. 2.1.

The differential equations appropriate for this model are giver.
below. Taking XZ, xg, XZ, XZ, XZ, 1?, x;, XZ’ x?, x?, X, X as the
activities of the parent (n=1) and daughters (n=2. 3, . .) in a com-

partment, moving by the pathway with the app: dpriate subscript, and

o P RRR b BNAA e et A 7 R ) et M
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Fig. 2.1, Values for the Removal Half Times, Tb Through T, and
Compartmental Fractions, F& Through Fi, Are Given for Each of the Three
Classes of Retained Materials. The values given for DN-P’ DT-B’ and DP

(Yeft column) are based on an aerasol with an AMAD of 1 um.4 The

schematic drawing identifies the various clearance pathways in the model,

a through 7, in relation to the initial depositions DN-P’ DT_B, and DP
and the three respiratory regions, ¥-P, T-B, and p. The lymphatic
clearance for class Y compounds indicates that a 90% regional fraction
follows a 1000-day biological half time. The remaining 10% is presumed
to be permanently retained in the nodes and is subject only to radio-

active decay,

S St v < e



5

using X to represent the derivative with respect to time (xsx(t) and

. . ¥y

X=x(¢) = :’-‘-((;i—)-), the equations for the lungs are the following:
ntl _ +1, n+l n+l n+l p+l
xﬁ -X::(Aa' "'\r-)ih()(::)'}‘/"b)xrFZI '

-+~

n+l _ +1, n+l n+l 7 n+l_n+l
g1 = B o g

[ +] = -Xr:*l(xn'ﬂ
c ¢ c

+1 +1 _n+1
LD RSCAAS AL AR

+

ntl _ +1, n+l
X =g 0

+

nt+l +1_n+1l
Ar )+(x:_‘+x”d)x: ig ’

antl -X:+](Xz+] + X:.”) + (X: + e X; + XZ)X"”F’”] ,

e f r e

A T L B R R R T o Wl Ak

f f f r e f g I S S

(2.1)

Y,ﬂ - -Xnﬂ(xnﬂ + An+]) s (e ey Xn)kﬁ]i‘nﬂ ,

g g g e g "h'r g

entl _ +1,,nt] n+l n+l_nt+l

= 0T ) e g ST

+

3('3” - -Xr.'”(kt}” Arr*l) + {H‘lxnﬂ}{zﬂ + (s XT)A"”F’.‘” ,
i T < r h "h 2 1 J

r 1

i(:’}+] - _)?4']):&] + X;:-HA;:P](] _ F::H']) + (X: + X?)X:+](] - F{E-ﬂ) ,

antl +1,.n+] n+l n+l +1 _ntl
AR A LA D S R AR +x} e

]

entl +1, . n+l n+l n+l +1.n+}
X’; -X’ll (Ad +A1")+}rnl.)‘r +X; Ag :

Fgﬂ is the compartmental fraction from Fig, 2.1 for the n+lst radio-

nuclide of the chain for pathway £, The quantity A?ﬂ is 2n2/7’;+]

RIS R TR ST



where 12+] is the removal half time in days taken from Fig. 2.1 for the
n+Ist radionuclide cf the chain for pathway £. Similarly, k:+] is
an/TZ+] where Tﬁ+] is the radioactive half life of the n+tlst daughter.
The terms with negative signs correspond to elimination by biological
transfer or by radioactive decay. The terms involving a superscript »

refer to activity in microcuries of the preceding radionuclide of the

ntl

chain which produces Ar

uCi of the follewing radionuclide per unit
time, and these are redistributed according to the values of F for the
radionuclide.

For each chain uf radionuclides there cre 12 differential equations
corresponding to the lung model for each radionuclide. The equations
are valid for the parent radionuclide, that is »=0, if xgso for all
values of ¢ and all subscripts £, thuc greatly simplifying the differ-
ential equations for the parent.

The initial conditions used are based on the assumption that 1 uCi

of an aerosol of AMAD=1 has been inhaled, although other starting values

of DyDy p» DgZDp_g> and Dg=D, may be used (see Ref. 4).
x(0) = o), x(0) = o),
x;(o) = D3F;, x}(O) = DSF},
x;(o) s D4Fl, x;(o) - osp; , (2.2
{;(o) = 045;, x;(o) = DsFl,

1 | | = =
xi(O) = xj(O) = xk(O) = XZ(O) =0,

xz(rJ)

0 for n>1 and for all subscripts &.
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Upon solution of the differential equations for the Xx's which are

given as activity in pCi's, one calculates the cumulated activity (uCi-days)

in each lung compartment during the time interval O by t by
ar
v -fo fi s (2.3)

wnere YZ represeats YZ(t]).

The cumulated activity for each region of the respiratory system is

given by
Uyp = YZ * YZ ’
- g
Upg = Lo+ Y3+ ¢ 1o
u; = yz + y? + yz + YZ’
(2.4)

'Jﬂ={f+{ls
L i J
= 707 e YT 4 PO YO,

a a (<4 e € 11
n_ an n n o, n
SRR AVES AYRR SRR A

Here the UZ are the cumulated activity (uCi-days) in the region £ of the

respiratory system, while 5° and ¢ represent total activity (uCi) to
blood and gastrointestinal tract. In the code, TIMED, the values of
Y, will be computed, but it may be more convenient for the reader to

consider the instantaneous state of the system at time ¢ which is

represented by the differential equations given in terms of the x's.



Gastrointestinal Tract

Any exposure by inhalacion 2lso leads to some activity entering the
gastrointestinal tract (GIT). The dosimetric model for the GIT is
essentially due to Eve6 so far as the subdivisions of the tract and
the transit times through the sections are concerned. rour subdivisions
of the tract are defined: the stomach, the small intestine, the upper
large intestine, and the lower large intestine. The estimates of dose
are considered to be averaged over these sections. Table 2.1 provides
data on average masses and times food remains in each of these sections
and is quoted from ICRP Publication 23.7

Let X%, Xo SI’

the contents of the stomact (S), the contents of the small intestine

L and X” be the activities present at time ¢ in

(sr), the contents of the upper large intestine (UL), and the contents

of the lower large intestine (LL), respectively, then

ntl _ Hyntl | w+l +1 n+l +1,n+] +1.7+]
Y =X O * K AR AR

+ Xnﬂ)‘nﬂ . X)1)‘71‘0'1 ,

1 'd Sr
ontl _ +1, n+l nt+l n+l +1. . n+1 n+l
Kep = Xgr Ogp + A0 #7000 + X 0T e (2.5)
n+l _ +1, n+l n+l +]1 n+l n+l
Ko =Xy Oy #0, ) + Xgpag st
ntl +1, . n-l +1 n+l n+l
R A (MR 9 e
- -1 _ -1 _ 24 -1
From Table 2.1 A_ = 24 days A.. = 6 days , A *73 days ', and
Ap = 1 day'l. Ap © T, days”  is the fractlon of activity present in

“1
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Table 2,1, Gastrointestinal Tract Model of Reference Man
Mass of Mass of Average Time Food
Portion of GIT Wall (g) Contents (g) Remains (Days)
Stomach 120 250 1/24
Small Intestine 640 400 4/24
Upper Large 210 220 13/24
Intestine

Lower Large 160 135 24/24

Intestine

PRETTT.EE TR
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the SI which is absorbed to blood per unit time, and f} is the fraction
of the material ingested which is absorbed to blood.

There are four differential equations corresponding to the GIT for
each radionuclide in the chain. For n=0, XZEO which simplifies the
differential equations for the parent. Initial conditions for the GIT
following intake by inhalation are XZ(O) = 0 for all n and all subscripts
£. This is easily adapted fTor oral intake.

The cumulated activity (uCi-days) from time 0 to time £ for each

section for the GIT is computed by

t
1
=0 =f 0 a . (2.6)

Blood and Other (Crgans

The activity transferred from the lungs or from GIT to blood will

probably deposit in some other organs. For intake of 1 uCi to blood

n
G, -+ e
7(t) = La e g T i=21,2, .., ks (2.7)
J g=1" k = the total number

of organs

represents retention of the jth organ for the nth radionuclide. The
coefficients a;s and the exponential constants A;s and x: are supposedly
known. The retention functions R;(t) may be the results of fitting

sums of exponentials to retention data on man or on experimental animals,

They may also be the results of a compartmental analysis of the problem.

t

Let x;s represent retention of the » h radionuclide in the compart-

th

ment which corresponds to the s~ term in the sum for the jth organ. Then
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n

on+l _ +1, n+l n+l
x;s - -X;s (Ajs . )

. arfﬂ(xnﬂxnﬂ + XHHA"” . xnﬂxnﬂ + X",IHA'}” + Xn*lxn'ﬂ)
a e e e A

Jjs a c SI ab
k q’:
AT I R st (2.8)
I8 121 m=1 r
n n+l
qj ) ] 95 "
N A R G Bl a; [ T d
m=] 47 T Jm J8 P‘l J7

where 12;] is the fraction of activity of the n+lst daughter that

recirculates to blood, and

k q;
I I a; =
j=1 s=1 Y8
r k i
There are T q; Jdifferential equations for other organs for
i=1 j=1 ¢

each radionculide in the chain. For the parent, x?sso which simplifies

the differential equations for the parent. Initial conditicns for other

urgans following intake by inhalation or ingestion are x?s(O) = 0 for

all n and subscripts j,s. This is easily adapted for intake by injection.
The cumulated activity from time 0 to time t for some compartiment

Jss of the body is given by

oo Sy 1y dt (2.9)

el P



For a given j these are summed to form

P |

ot = Vi (2.10)
J Js

"o

s=1

In many cases equation (2.7) is given for k organs, one of which is
termed "other tissues”. When this occurs, the following transformation is

performed on the values (2.10). Assuming the kth organ is "other tissues”,
vt

% = Usthep» "Other tissues” is transformed to totai body as foilows:

TB
JTI'B * Jo‘ther' %=1 (2.1)
M _ - IM,
T8 J':] J

where Meg is the mass of the total body and M is the mass of organ j.

A1l other organs 7 = 1, ...k-1 are transformed as follows:

M,
l/il * le - l/olther. —lk_-T_ . (2.12)

M., - T M,
JB J.=4| J
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IT1. COMPUTATIONAL CONSIDERATIONS

Suppose we wish to determine the activity (uCi) from inhalation of
1 uCi of a radionuclide which decays to a chain of daughter radionuclides
having total length n. The problem may be expressed in the form

X=ax (3.1)

X(0) where the vectors ¥ and X

given the initial condition X(to)

may be partitioned as

i'] Fx]
.X = » X = (3-2)
Xt e
and each vector 3{’: and x* may be written as
— . -— [‘ . -
.1 t
o X, ;
. Lungs . Lungs
1 i
XZ XZ,
1 i
Xe Xs
Sk GIT L, xf =|: |}GIT (3.3)
7 7
9 XL
7 i
m m
: Other . Other
. Organs ‘ Organs
x* Xt
n n
kqy, kqp
L. - - -

g MR A a veipd RV
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where k is the number of organs, other than lengs and GIT, for which
retention information is available. Thus, the Jifferential equations
will be ordered: 1lungs, GIT, other argans - parent; lungs, GIT, other
organs - st daughter, etc. Then the matrix 4 may be partitioned in

correspondence with X and X as expressed in (3.2) as
- =

AN

A1 422 0
A= (3.4)

where Aii is a lower triangular matrix with negative diagonal elements.

A is rectangular having the same number of rows as A:s and the same

i,i-1
number of columns as 4. . ye
i-1,7-1

In order to better visualize the form of 4, consider an example,

for inhalation, with a chain of two radionuclides and two organs where

1 1
- A, YAt
1 _ 1 n r
1 1
-(A,y * )t
1 _ 1 21 r
Rz(t) - az«' e [ ]
and (3.5)
2 2 2 2
Rle) = a2 O e o e‘(*lz + )¢
] an € N2 ’
2 2
(A5, + 2A5)t
2 _ 2 21 r
Rz(t) - 02] e

describe retention R} for nuclide i organ ;.



There will be 37 (2+12 + 2:4 + 2 + 3) differential equations and

matrix 4 will have the form

ORNL-0WG 76 -12737

LUNGS

LUNGS OTHER GIT

G17T

r ; 1
x
X
x
X
x
X
x
x x
X X
x x
P {o¢ 00 sove e ..‘“....‘.5"“..“.‘..
x % X X X
4 X X
l "
% “..“"“..“.‘“...'“.’“55”.‘
x X X X x X
XXX X X X (3.6)
x X x
X X x
X X x
X X X
X X X X x
XXX X x
X XX X X
X X XX x
X X x x
X x X X
X X X
> ......................“...... o0 00 0000 00 G000 “..“..“““5“ 20 90 00 00 00 *9
X Xx X X X
. x X X
x x x
p...................“..““...x.”““.’..“”"“”.."““.'.’55“”..
% X% "% <% X X%
xx/x x x x x x
L xxx x x x x x|

OTHER
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The x's indicate nonzero entries in the matrix; the dotted lines are
present to help the reader distinguish visually the coefficients of the
terms in the differential equations for the lungs, GIT, and other tissues
for both the parent and the daughter; the solid lines indicate where the

matrix should be partitioned in order to be of the form

Ay O
A =
491 A3

Computer Storage of the Coefficient Matrix

It is evident frow Eq. (3.6) that the coefficient matrix 4 is a
large, sparse (i.e., few nonzero entries) matrix. For computational
purposes the matrix is stored in the computer as three vectors. The
first vector contains the nonzero elements of 4 stored by rows. The
second and third vectors hold the row and column index, respectively,
for each of the nonzero elements of A. The method of storage is required
due to the fact that even for a short chain of radionuclides the coefficient

matrix becomes too large to store reasonably the entire matrix in the

computer,

Other Modes of Intake

Ingestion or injection of 1 uCi c¢f a radionuclide may be achieved
by a slight modification of the system of differential equations. For
ingestion, remove from th> system those equations for the lungs and

modify the initial conditions so that 1 uCi is deposited in the stomach.

L. ‘ .
pey A ARERA R
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x;(O) 1.0 .
(3.7)

| I | | _
XSI(O) = xUL(o) = xiL(o) = 0.0 .

For injection, remove from the system those equations describing lung

and GIT retention, and alter the initial condition vector so that

1

] y /Yy
X.(0) =a. L Ea.t (3.8)
ds dsf 21 ¢=1 ¢

where k is the number of organs and ql is the number of terms in the

retention function corresponding to the ith organ. Thus for ingestion

and injection (3.3) reduces to (3.9) and (3.10), respectively,

] ;
Xs Xs
. GIT . GIT
. i
for ingestion — x* = . , Xt =] . {3.9)
1 1
X X
n
. Other . Other
* Organs ) Organs
i i |
X n X n
kqy Ky
. - — ..!
- -1 [_ i
‘1 1
X, m
e e i A Other 1 _1. Other
for injection — X" = /. Organs’ X" =11 Organs (3.19)
it n Ki n
qu kqi




For tie example shown in Eq. (3.6) the matrix 4 would be reduced to

GIT OTHER GIT

OTHER

for ingestion, and

for inje:tion.

Branching in the Chain of Radionucides

OTHER OTHER

% ]
X X

X X
....256‘....&

x X

X X
X

X X X

X X X
o0 00 0000 00 00 .x..x... o000 00
X X X x

| X X X X

(3.1

(3.12}

When the decay chain involves branching, the cuevficient matrix

takes a different form than that shown in £q.(3.4).

considered three forms of branching.

they wili be ordered in Eq. (3.2), we have

p%
1 -

rd

(1)

v

By numbering the nuclides as

2

N

q%

N3 (stable)

The authors have
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Then the partitioned matrix 4 takes the form
!— A1 0 _l
tToL"zl 422

where T%6°A21 indicates that every element in the matrix 4, is multi-

A= (3.13)

plied by T%ﬁ If a chain has the form

% \
1 323

(2w =0 4" (stable) >

then
[— s
A]] 0 0

*A

A=1100 "21 22 . (3.14)

T%'O" A3) Ay Ay
L.

N
N,

has the corresponding coefficient matrix:

The chain

(3) " — w (stable)
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- .
a0 0 0
B4 Ap O 0
4= i (3.15)

0 Ag2  “a3 A4§J

Certainly these branching schemes do not stand alone or occur only at the
beginning of a chain. Thus, the coefficient matrix 4 will, in general,
be some combination of {3.4) and (3.13), (3.14), or (3.15). These
examples have sufficed to the present, but it is possitle other forms

may occur. However, the gereral pattern seems clear from the.2 examples.

Calculation of Cumulated Activity

It should be noted that, in general, we do not wish to obtain the
activity (uCi) as the final result but cumulated activity (uCi-days) which
represents the time integral of the solution to (3.1). This is done in a
very straightforward manner.

Given X(¢) = ax(t), €q. (3.1), with initial condition x(0) = Ay and
integrating both sides we have

t t
];‘k(cku ]}fohﬂdc s

X(t‘) - Xy = 4!;]X(t)dt ,

n

X(t‘) 4f;'x(¢)dt t Xy -

e g

——
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By letting Y(t]) =f0]X(t)dt where 7(0) = 0,

¢ 1
¥(t,) = fo‘x(t).zJ = x(e,)

Thus we may reformulate (3.1) as

Y=ay+x where y{0) =0 , (3.16)

0

and (3.16) will be solved for Y to determine the cumulated activity
(uCi-days) ir that organ from O ta 2% It is Eq. (3.16), not Eq. (2.1).

to which TIMED calculates the solution.

Solution of the Differential Equations

The solution of (3.16) is calculated by using a FRRTRAN subroutine
package written by A, C. Hindrarsh ,8 based on a program written by
C. W. Gear,9 for the solution of the initial value problem for system
of ordinary differential equations (PDE's). In general, such a system

has the form

y = flyst) (3.17)
or more specifically
dyi(t)
e = £, (2)se- 0oy (2)2) (3.18)

where y, 5;, and f are vectors of length ¥>1. Given an initial value

of the vector
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y(to) = yoi

and a subroutine for the calculation of f, the GEAR package can be used
to compute a numerical solution to (3.18) at values of the independent

variable t in some interval (to.z'). as desirea by the user.
The basic methods used for the solution are of implicit linear

multistep type. There are classes of such methods available to the
user, The first is the implicit Adams methods (up to order 12), and
the second is the backward differentiation formula (BOF) methods (up
to order 5), also called Gear's stiff methods.

A prime feature of GEAR is the ability to solve stiff PDE problems.
Roughly speaking, an PDE system is called stiff if it involves both
very rapidly changing terms and very slowly changing terms, all of a
decaying nature. More precisely, we consider the eigenvalues v; of the

N xN Jacobian matrix

f o
L _[31
J =3 (—3yj) (3.19)
i4§=)

and suppose that the v, all have negative real parts. The "time
constants” of the probiem are then T l/lRe(vi)l , and the decgz;':?
nature (locally) of the solution is given by the exponentials e

If the ¥ time constants T, are widely spread, and tr2se terms with
the smaller T have already decayed to - insignificant level, then

the system is stiff.

B e R |
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upon considering the properties of Eq. (3.16), it can be seen that
the Jacobian of the matrix 4 is itself (that is, J(4a) = £}, and, 4 being
a nonsingular, lower triangular matrix, the eigenvalues of 4 are the
diagonal elements of the matrix, which are -(A'Z + A';’:). Thus the time

constants Ti are

_ 1
YT T g
)_£+Xr

s T = 1,...,0

where £ indicates the compartment and j indicates the member of the
chain. The T, are of greatly differing orders of magnitude, aue to
the differing values ¢f the radiological decay constants, Ai. for
each nuclide j, and also the differing biological decay constants, x*g,
for various compartments £. This implies the system is stiff.

The difficulty with stiff problems is that most conventional methods
for solving POE's require incremental values of ¢ commensurate with min To»
while the size lT-tol of the problem range is commensurate with max T,

As a result, the problem cannot be run to completion in a reasonable
number of steps. With Gear's methods, however, the time increment 4 is
restricted to small values, by the requirement of accuracy, only where
the solution is relatively active. By definition, the problem is not
stiff in such regions, and accuracy is achieved at minimum computational

cost by allowing both 4 and the order of th. method to vary. Then in

regions of stiffness, where the solution is inactive, Gear's methods

et it i IR B A 1t

p o A
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have the property of "stiff stability”, which assures that 7 is
no longur restricted by small time constants, unless or unti: the
corresponding, rapidly decaying terms become active again.

The GEAR package also contains, as an option, a method well suited
for nonstiff problems, namely the implicit Adams methods with fixpoint
corrector iteration, also called che Adams-Bashforth-Mouiton methods.
Both the stiff and nonstiff metnods are implemented in a manner which
allows both the step size and the order to vary in a dynamic way through-
out the problem. This variability is now widely recognized as highly
desirable ,r efficiency in using linear multistep methods.

The methods used in the GEAR package are documented in considerable
detail elseuhere.g'lo']] Hence, only a brief summary of them will be

given here.

The basic methods involved are linear multipoint methods of the

form
3 2
= L ay .*hIB, .y 3.20
" 5 @Y j=08'7 Y j (3.20)

wher: 4, is an approximation to y(t,), vy = flyst;) is an approximation

to é(tk). and h is a constant step size: k= ¢, - t,. In the case of

the Adams method of order g, we have X, = 1 and KZ =g -1. In the

1
case of the backward differentiation formula (BDF) of order 5, we have
Ky = qand K, = 0. The BDF's are so called because, on dividing through
by hBo. they can be regarded as approximation formulas for ;n in terms

of v, » Yyl ¥pag” In either case, the a; and Bj are constants
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associated with the method and 80 >0. The latter means that Eq. (3.20)

is an implicit equation for e and is, in general, a nonlinear algebraic
system that must be solved at every step. The fact that the order of a
given method is ; means that, if Eq. (3.20) is solved for Y, with 211
past values being exact, then by will differ from the correct solution
of the PDE by a local truncation error that is of order hqﬂ, commonly
expressed as O(h“-'”). tor small &,

If Eq. (3.20) is wri=ten in the form
-hI 83 .=0, (3.21)
1

then the nonlinear system g(g-n) = 0 can be solved, for example, by

Newton's method:

Zp(me1) : Zy(m) ~ Pn(n)g(yn(m)) ’

(3.22)

= 3
Pn(m) - EM

Zn(m) Y9 (m)

The manner in which past values are saved is rather unusual by

12

comparison with most other JDE programs and was invented by A. Nordsiech.

While the conventional choice would be to store an array of . = Kl ‘K, +

1 =4 + 1 current and past values of ;, and g}k. Nordsiech's history

is 3 linear transform of this one and has the form

= |- ;..' ;.2." q. (Q)
(;"zti,'nti ;'n/zl".ih ;‘n /q!) - (3-23)

z
-n
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Tnis is an NxL array of approximate "scaled derivatives” of » at t, up
to order g and is the Y array of the program.
With this choice of history array, the prediction of E (and in

fact all of 5") from z becomes quite simple. It is given by

SN PR
0 A () L
= A, A=[{i , that is 3.
2n(0) ~ Zn1 ~ (zx a; * 0 i<j ( )
A is the L xL Pascal triangle matrix. As Gear observed, the multipli-

r
I

cation 24, for a row vector 2z = (ZL;O can be accomplished with additions

only, as follows:

(3.25)

where ; = 3,q-1,...,z-V and £ = 0,1,...,4-1 .

- The complete algorithm for the prediction and corrections at step

]
r can then be written as follows: 0

A

2,{0) ~ 21"

. -1
Y(m1) ~ Yn(m) * QOPn Fm ’

Wi (1) = Pinim) * Pr, (m=0,1,...,4-1) (3.26)

hf(yn(m)’tn) - h;n(m) ’

Fim)

“n = ¥n(m) " ¥n(0) * oFn
w1

L PTF
nm

3}
"

m=0

2, % 20) * EL -
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Here M is the rumber of iterations performed, and & = ("i)g is a
row vector of constants determined by the basic method, Eq. (3.20), and
satisfying 1y = BO and A T 1. The vector E, is saved, as it is pro-
portional to the estimated truncation error committed on the step."

Following a step of size h at order g, the GEAR package, at intervals
of ¢ + 2 steps, is programmed to choose a larger step size by estimating
the local truncation errors at orders g-1, g, and g+1. The largest value
h' of the three step sizes obtained is then choson, and the order reset
accordingly. Also the Nordsiech array must be rescaled by powers of
h'/h. The data used to take the subsequent steps of size k' is in
effect obtained by interpolating with the data at a spacing of h.
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IV. PROGRAM DESCRIPTIMM

The .rogram TIMED consists of sixteen routines that are programmed
in a fairly well-structured manner and are heavily augmented with pro-
gram comment cards. Hence, to anyone who is familiar with the methcds
used in this report and in Refs. 8, 9, 10, and 11, the details are
self-explanatory. However, to supplement this material, we irclude the
diagram of program structure and a description of each routine.

Fig. 4.1 shows the overall structure of the TIMED program. Arrows
indicate the calling sequence of the routines. Routines DRIVES, STIFF,
YUT, YBUTD, YNA, and TESEC have been taken from the GEAR package® and
have deen specialized for use in TIMED by D. E. Arnuriwus at Oak Ridge

Mational Lat:oratory,]3

MAIN, YPAY, and AXEB have been written by him
for use on this particular problem with our computer, the IBM System/360.
The remainder of the routines have been written by one author (S. B. Watson)
to implement the model described in Section II.

Except for AXEB and YPAY, all routines are written in the IBM
System/360 and System/370 FPRTRAN IV lanquage. AXEB and YPAY are IBM
System/360 Assewbler language routines. A listing of TIMED routines is
given in Apoendix A.

The MAIN routine functions as follows:

1. Read the values NP, TLAST, H1, EPS.
N - the number of first order differential equations.
TLAST - the final value of 7, i.e. integration proceeds

from T = TP to T = TLAST.
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PTHER

STIFF

YSUTD

YPAY

LUNG

CHANGE

Fig. 4.1,
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PRGAN
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Overall Structure of TIMED.

TESPC




H1 - initial step size for the integraticn procedure.

EPS - the local error tolerance parameter. The estimated
errors §. in ;. are compared to YMAX(Z), which is
roughly the largest value of Iy:__[ seen so far, for
error control purposes this is done by comparing the
root-mean-square (RMS) norm (i.e. Euclidean ncrm
divided by /T of the vector [5./YMAX(:)}] ;) to £PS.
This retio is kept less than EPS.

2. Read the number of print intervals, NPRY, and the arrays

defining the print times, TPRL, DTPR, and NARPRT by

DP 10 1 = T,NPRT
10 TPRINT = TPRL(I) + Q*DTPR(!)
where Q = 0,...,NARPRT(I) .

3. Check to see if NPRT < 10.

4., Check to see if TPKL(NPRT) + NARPRT(NPRT)*DTPR(NPRT) = TLAST.

5. Check to see that cansecutive time intervals do not overlap.

6. Set TPRINT to TPRL(1,.

7. Check to see that 13*N@ < 2400 for Adams procedure (i.e.

N <126) or 6*N@ < 2400 for stiff procedure (i.e. N® < 400).
8. Call DRIVES.
9. STQP,
The routine DRIVES i5 an interface between the user and the rest of

the GEAR package. It oversees the integration of the @DE over the inter-

val between two of the user’'s output points. DRIVES proceelds as fnliows:
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Test input parameters for correctness and initialize

variables.

Cail STIFF.

KFLAG set in STIFF and returned to DRIVES as one of the

following values:

0 problem was completed successfully.

-1 the integration was halted after failing to pass the
error test even after reducing H by a factor of 10]0
from its initial value.

-2 after some initial success, the integration was
halted when a reduction in H by a factor of more than
104 was indicated in order to pass the error test.

-3 the integration was halted after failing to achieve
corrector convergence eve.\ after reducing H by a

10 from its initial value.

factor of 10
-4 immediate halt because of illegal values of input
parameter,
-5 H is such that T+ H=T.
If KFLAG = 0 or -4, call YMUT for normal output of Y at
time TPRINT; go to 2.
If KFLAG = -1, print messéie; try 10 more raeductions of H;
call YQUTD if continues to fail; return.

If KFLAG = -2, -3 -5, print error message: cal: YPUTD;

return,
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YBUT computes interpolated values of the dependent variable Y, and
calls YNA to print these values. VYNA prints the solution vector Y, Eq.
(3.16), and also computes Eqs. (2.4), (2.6), and (2.10) and prints these
quantities. YNA calls the routine @THER to perform the "cther tissues"”
transformation described in (2.11) and (2.12), should it be required.
YQUTD is a dummy routine which could be expanded by the user to nrint
diacnostic information.

STIFF performs one step of the integration of an initial value
problem for a system of ordinary differential equations. Fig. 4.2 shows
the general flow structure of the routine.

Recalling the unusual structure of the coefficient matrix, 4, in
(3.1) as discussed in Section 111, A is stored as a vector which is
limited in length by STIFF to a maximum of 6000 elements. This means
that the user is limited to 6000 nonzero elements in the ccefficient
matrix. A check is made to see that sufficient storage is available
for A. STIFF also counts the number of nonzero elements in each row of
A and writes an error message if this number exceeds 52. It should be
noted that some of the methods for storing elements in certain arrays
are both compiler- and machine-dependent. This may cause problems on
machines other than IBM System/360 or System/370.

AXEB is an IBM 360 Assembler ianguage routine called by STIFF to
solve the matrix equation 4x = b where A is an N by N lower triangular
matrix, and A4 is stored as a vector consisting of the nonzero entries
in 4 stored sequentially by rows. [* is assumed that the maximum number

of nonzero entries in a row of 4 is less than or equal to 52.
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YFAY is 21so an Assembler language routine. It is called by STIFF
to form ¥ = Ay + ¥.. The matrix 4 is stored as in AXEB, ard this
routine assumes a maximum of 52 norzero entries.

AXEB and YPAY were written so as to most efficiently make use of
the properties of the matrix 4 and of the computer storage.

TESEC is called by STIFF and sets the coefficients that are used
there, both for the basic integration step and for error control. TES@C
also sets MAXDER, the maximum order of the method available. Currently
it is 12 for Adam's method and 5 for the GEAR method.

MATRIX directs the formation of the coefficient matrix, 4, and may
be outlined as follows:

1. Read descriptive information about the chain of radionuclides.
NIS@ - number of radionuclides in the chain
D3, D4, D5 - regional deposition values4
NARG - number of organs (excluding lung and GIT)
IPPT - mode of intake (0 - inhalation, 1 - ingestion,
2 - injection)
2, Call LUNG to assign regional deposition for each pathway
3,...,h (see Fig. 2.1 for explanation of lung pathways).
3. Read for each radionuclide
TAG - atomic number and symbol
TR - half life
ICLASS - inhalation class
ILAB - (0 - absorption in SI only, 1 - absorption in

other regions of GIT
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Set LAMR .
LAMR = 1n2/1R
Call LUNG) to set LAMX and FRAC according to inhalation class.
LAMX = xg = In2/T,, TE is the removal half time described
in Fig. 2.1
FRAC = FE is the compartmental fraction from Fig. 2.1
Initialize row and column indices.
For each nuclide:

(a) If intake by inhalation, call LUNG2 to set up
portion of matrix corresponding to lung differential
equations.

(b) If intake is by inhalation or ingestion, call
routine GI to set up portion of matrix corresponding
to GIT differential equations.

(c) Call PRGAN to set up coefficient matrix for differ-
ential equations corresponding to organs other than
lungs and GIT for which we have retention mode’s.

Print coefficient matrix.

Print nonzero elements of the coefficient matrix and the row
and column in which each one appears. Recall that, duc to the
snarse nature of the coefficient matrix, it is stored as three
vectors - A, RINDEX, and CINDEX. A(I) is a nonzero element

of the coefficient matrix, RINDEX(I) contains the row of

A(1), and CINDEX(I) is the column index of A(I). The

coefficient matrix is filled from left to rignt, one row at
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a time, proceeding from top to bottom of the matrix, so that
the vector A is formed correctly. Note that the components
of the vector RINDEX form an increasing sequence, i.e.,

RINDEX(1) <RINGEX(I+1) while the components of CINDEX do not.

Routine LUNG has three entry points which are called from MATRIX

and function as follows:

Entry LUNG - assigns the regional deposition values for each

pathway (these are used in setting the initial

values for inhalation, see Eq. (2.2)).

Entry LUNGI - determines inhkalation class and sets A_ and F

3 g
from Fig. 2.1 which appear in Eq. (2.1). LUNGI]

also sets the initial values, €q. (2.2).

Entry LUNG2 - forms the coefficient matrix for €q. (2.1).

Routine GI is called from MATRIX and determines the entries of the

coefficient matrix corresponding to the compartments of the GIT,

Eq. (2.5).

If intake is by ingestion, initial conditions are set as

in Eq. (3.7).

PRGAN functions as fcllows:

1.

For each organ, read organ number (IS@RS), the organ name
(PRGNM), and the number of compartments (ICOM); i.e., the
number of terms in the retention function (see Eq. (2.7)),
and the retention function,

Form the entries of the coefficient matrix corresponding to

Eq. (2.8) for each compartment,
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3. If intake is by injection, set the initial values according
to Eq. (3.8).

INDEX is called by MATRIX and determ nes the first column of the
matrix entries for each daughter. (Recal) the way the matrix entries
are filled — from left to right and top to bottom.) This is especially
important when branching is considered. Whereas daughter entries begin
in a regularly indented fashion for nonbranchi:g radionuclides, Eq. (3.4),
the daughter entries have a somewhat irregular pattern in branching
chains, see Eqs. (3.13,, (3.14), and (3.15).

CHANGE is called by LUNG and Gl and determines the initial) column
for each row of the coefficient matrix for the equations corresponding

to N3, Eq. (3.14), and the equations corresponding to N‘, Eq. (3.15).
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V. USER INFORMATION

TIMED is written in the 1BM System/360 and System/370 FPRTRAN 1V
language with the exception of two routines (AXEB and YPAY which are
discussed in Section IV) that are written in IBM System/360 Assembdier
language. The FPRTRAN routines have been compiled using the FPRTRAN
H-level compiler; the Assembler routines have been compiled with the
Assembler F-level compiler. TIMED has been executed on both the [BM
360/91 and 360/75 at ORNL. The program requires about 310 K (1K = 1024
bytes; 1 byte = 8 bits) of core storage for execution. The FPRTRAN
routines require about 7.5 seconds to compile; the Assembler routines
require 0.7 seconds for compilation. Execution time depends upon many
factors: the number of differential equations, the number of nonzero
entries in the coefficient matrix, the length of time period (to. tfinal)
for integration, etc. The execution time for the second example in
Appendix B, a complicated chain of four radionuclides involving 116
differential equdations, is about 5.8 seconds.

The remainder of this section describes the content of the card
input which must be prepared in order to execute the program and the
output produced by the program. Three examples of sample input and the

corresponding output are presented in Appendix B.

Input
The card input data are to be prepared in the order shown in Table

5.1. Referring to Table 5.1, "Subroutine” indicates the subroutine in
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Table 5.1. Card Input to TIMED
-
Subroutine | Card Number ; Columns Remarks, Variables, Etc. !
Information Concerning the Differential Equations
MIN 1 FORMAT (15, 7E10.2) i
1-5 N - order of lower triangular
mtrix 4, that is, the
number of differential
equations.
6-15 TLAST - integrate Y'(t) = Ay(t) +
Xofromt =0 tot =
TCAST. TULAST given in
units of days.
16-25 H1 - initial step size for the
integration procedure.
If left blank, then
default is H1 = 10-7.
26-35 EPS - controls the local trun-
cation error during the
integration procedure.
If left blank, then
default is EPS = 10-6.
2 FORMAT (I5)
1-5 NPRT - number of print inter-
vals, NPRT <10.
2+1, FORMAT (2£10.2, 15)
I=1,...,NPRT
1-10 TPRL(I) - first print time in this
print interval.
11-20 DTPR(1) - print time step for this
interval,
21-25 NARPRT(I) - number of time steps to

use in the current
interval.
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(cont’

d)

Subroutine | Card Number

T
Columns ‘

A

Remarks, Variables, Etc.

TPRL, DTPR, and NARPRT are defined by:

D§ 10 1 = 1, NPRT
10 TPRINT = TPRL(I) + Q*DTPR(I)

Q:

0,...,NARPRT(I)

The values assumed by TPRINT must form an increasing sequence.

General Information for Chain of Radionuclides

MATRIX 1 |
i
!
|
|
|

!
i

|

1+,
I=1,...,NIS@

51-60

61-70

1-8

l FORMAT (110, 3F10.3, 3110)

NISP

D3

D4

D5

IppPT

NORAL

TAG(T)

FPORMAT (A8,
2F10.

namber of isotopes in the

chain, NISP <10.

fraction of intake depos-
ited in the NP region.

fraction of intake depos- -

ited in the TB region.

fraction of
ited in the P region.
number of organs (exclud-
ing lungs and GIT),
NORG < 10.

mode of intake.
0 - inhalation
1 - ingestion
2 - injection

number of ingestion cases
to be run (used only with
ICRP work). Leave blank
if I@PT £ 1.

’X, F10.0, 8X. A2,
0, 212, 2x, 12)

Atomic symbol and atomic
number of I1TH member of
the chain.

intake depos-
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Table 5.1.

(cont'd)

Subroutine

Card Number

Columns

Remarks, Variables, ftc.

p%

XZ

! A—— 13 (stable)

11-.20

29-30

41-50

51-52

$3-54

1

X

XZ

TR(1) - half life of ITH member
of chain in days.

ICLASS(I) - imhalation class of ITH
member of chain. Should
be one of the characters
D, &, or Y right justi-
fied in the field.

Leave blank if [PPT £ 0.

LAMAB(1,2) - absorption coefficient
z’u the small intestine
SI)

P(1) - fraction of decay to
radionuclide 1.

NBRNCH(I) - type of branching (1,
2, 3).

IBRNCH(I) - position in the branch-
ing scheme (1, 2, 3).

Three different types of branching cases have been programmed, and the
type of branching and position in the branching scheme are defined by
the ordered pair (NBRNCH(1), IBRNCH(I)). The ordered pairs are

described in the diagrams below.

(0,0) - may leave NBINCH(I)
and IBRNCH(!. blank.

(1.1)
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. {(cont'd)

| Subroutine

4

R M
Card Number | Columns |
/] A

Remarks, Vériablas, Etc.

.!'2
//iz///a \\\\\\l
1 D 3
x > r—>

'S
N,

Ay

57-58

.'(4 (stable)

% (0,0)
2 (20
i {2,2)
.ts (stadble)

% (0,0)
e (3,1)
s (3,2)
i (3,3)

1LAB -

switch to indicate if
there is absarption in
some section of the GIT
tract other than the
small intestine (SI)

0 - absorption only in
small intestine.
absorption in
stomach(S), upper
large intestine
(UL), or lower
large intestine

(LL) in addition to
small intestine
absorption.

1 -
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Table 5.1. (cont'd)

-y

Subroutine | Card Nwber | Columms | Remarks, Variables, Etc.
i
2-1+i | FORMAT (310.0)
0 5 IO g

Card required only if ILAB = 1.

1-10

1n-20

e —— L o i =

21-30

LAMAB(I,1) - adsorption coefficient
for S.

i LAMAB(I,3) - adsorption coefficient
for WL.

LAMAR(1,4) - adsorption coefficient
for LL.

Description of Retention

This set of cards describes retention in those organs other than the

lungs and GIT.

the chain.
PRGAN

1

These cards must be included for each radionuclide in

FORMAT (1012)

This card should be owmitted for the first radionuclide in the chain.

1-2

3-4

I1S(1) - fraction of daughter
radionuclide which
returns to blood far
the Ist organ.
(1-1S(1)) remains in
the organ.

15(2) - same fraction for 2nd
organ.

! :

Only NSRG numbers should be placed on the card.
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Table 5.1. (cont'd)

Subroutine

Card Number

-

Columns Remarks, Variables, Etc.

8.
2.
10.
1.
12,

Include cards 2 and 3 for

2

bladder contents
stomach contents
SI + content

| &

LL

kidneys

liver

salivary gland
TB region

P region

1ymph

muscle

3

13.
4.
15.
16.
17.
18.
19.
20.
al.
22.
23.
25.

each organ.

FORMAT (12, A8, 12)

1-2 ISBRS(I) - index of crgan | taken

from the following list.
ISPRS(I) is used for
indexing purposes when
calculating dose.

ovaries

pancreas

cortical bone (trabecular bone)
cancellous bone

red marrow

yellow marrow

skin

spleen

testes

thyroid

tctal body (used for other tissues, also)
adrenals

! (24, cloud should not be used as a source organ in this code.)
3-10 | PRGM(I) - name of organ I ‘at

most 8 characters).

1Nn-12 ICM(K,1} - number of compartments

for organ I, radio-
nuclide K (number of
terms in the retention
function), ICAM(K,I) <
10.

FORMAT (8F10.0)

This card describes the retention function and contains the coefficients
of the exponential, AS(.'J,1),JJ=1,...,ICOM(K,I), and the exponential
constants, TBS(JJ,I),J0-1,...,IcOM(K,1), respectively. Obviousl-,

for more than four compartments, i.e., terms in the retention function,
another card is needed.)

— . SO b =8 s B+ g =1 5 O e ¢
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Table 5.1. (cont'd)

Subroutine | Card Number | Columns Remarks, Yariables, Etc.

In reference to cards 2 and 3, cards describing total body or "other
tissuves” should be placed last.

For each nuclide the organs and ascociated information must appear in
the same order.

Other Tissues Transformation

If one of the source organs is “"other tissues”, the cumulated
activity for these source organs must be transformed as described
in Section II. To invoke the procedure, a card must be included
fo:' each print interval of the form:

PTHER 1 FARMAT 11012)
1-2 NOTPP - nonzero integer
3-4 IPTHER(1) - ISPRS(1)
5-6 IPTHER(2) - ISPRS(2)

Do not include 23 as a source nurher on this card.

If do not wish this option, include a blank card for each print
interval.
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which the card is read. "Card number" denotes the order within the group

{Input Concerning the Differential Equations, General Information for

Chain of Radionculides, etc.) or quantity of cards for each group to be

input. "Columns" refers to the actuai columns on the card in which the
data must be punched. “Remarks, Variables, Etc." gives an explanation
as to the variable name, definition, and the form of the data to be
punched or. the cards. The FPRMAT descriptor indicates the content and
length ot the fields on the card. In the FPRMAT descriptor the letter
"A" denotes alphabetic data; "I" refers to integer data (no decimal
point) which must always be right-justified in the field; "F" or "E"
indicates a real number with or without a signed exponent (decimal point
should be punched). The variable names are those used in the FPRTRAN

proyram. Several examples of input are included in Appendix B.

Output

Output may be grouped in four categories: (1) line printer output on
unit 6, (2) line printer output on unit 10, (3) disk output on unit 16, and
(4) punched output on unit 7. An explanation of each is given below.

1. Printout on unit 6 consists of the following:

a. Summary printout of input - printed in MAIN.

b. Error messages concerning incorrect input - MAIN.

c. Coefficient matrin printed by rows - MATRIX.

d. The nonzero elements of the coefficient matrix and the
corresponding row and column index for each nonzero entry -

MATRIX.
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e. Output for each print interval consisting of possible error
messages from DRIVES and value of T and the vector Y printed
in YNA,

2. Printout on unit 10 consists of the following:

a. Summary of percent deposition - printed in MAIN.

b. Listing of the isotope, half life, class, absorption
coefficient and branching information for each nuclide -
MAIN.

c. Retention information for each organ and for each member

of the chain - PRGAN.

d. For each time period YNA prints the value of T, the cumulated

activity (uCi-days), and zctivity (uCi) entering blood and
GIT for each organ and for each member of the chain. @THER
prints the result of the "other tissues" transformation

if it is requested.

Printout is divided into two output units so that either unit 6 or
unit 10 output may be suppressed. We commonly suppress unit 6 output
unless the program abnormally terminates after which unit 6 output
should be printed in an additional run for diagnostic purposes.

3. Disk output on unit 16 may be passed to another job step for
use in dose calculations as in Eq. (1.1). The unit 16 data set is
written unformatted on a 2314 disk pack, with a record format of
variable blocked spanned, a logical record length of 150, and a block-

size of 1504. The temporary data set is given the name B8UCIDAY and
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is created with the disposition of (NEW,PASS). See Appendix C for the
summary of Job Control Language (JCL) needed to execute the code.
Output on 16 is explained in Table 5.2. In Table 5.2, "Subroutine”
refers to the subroutine in which the record is produced. "Record
Number” denotes the order in which the records are created. “Remarks,
Variables, Etc.” gives an explanation of the variable name. “Internal
Form of Data”™ gives the form of the internal data storage. "Alphameric”,
“integer”, and "real” refer to internal computer representation of data.
4. Punched output to unit 7 is performed in routine YNA. For each
nuclide in the chain one or more cards are punched which contains the
cumulated activity (uCi-days) in the order stated ir ISPRS (see Table 5.2).
These cards are punched with the format (1P8E1C.3).
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Table 5.2, Form of Data Set Written on Unit 16
Record ! Internal
Subroutine | ‘“umber Remarks, Variables, Etc. Form of Data
MATRIX v NISP - number of radionuclides in integer
the chain,
NPRG - number of organs (excluding integer
lung and GIT,.
IPPT - mode of intake. integer
0 - inhalation
1 - ingestion
! 2 - injection
1f [#PT=1, read record 2.
MAIN 2 NPRAL - number of oral intakes (for integer
ICRP tables only).
MAIN 3 TAG(ID), iD=1,...,NISP - atomic alphameric
symbol and atomic number
for each member of the
chain.
MAIN 4 ISORS(150), 150=1,...,total number integer
of organs - indices for
organs in the order NP, TB,
P, L. S, SI, UL, LL, other
organs in their order of
input.
For each time period read:
YNA 1 TIME(ITM) - right end point of the real
time interval,
For each radionuclide read:
YNA 1 VECTOR(IS@), 1S@=1,...,total number rzal
of organs - cumulated
activity given as microcurie-
days for each of the organs
in the order stated in ISPRS.
If 19PT=0 d:
NA 2 F(1), 1=1,2,3. real

F(1) - microcuries entering
blood from lungs.

F(<) - microcuries entering
GIT from lungs.

F(3) - microcuries entering

blood from GIT.
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APPENDIX A
PROGRAM LISTING

(Microfiche)
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SAIN DRIVER

T9PLICIT REAL®8 (A-0,0-1)
CORBOS/PPINT/TPRL (10),DTPP (10) ,TPRI ST, I PRT, PR, EPRT, BASPRI(10)

ZONRON/SC1235/T,H,HAIN, BRAX, 2P ST, 8P ,KPLAGY ,ISTART B, 810V G,

1YSAY (8 00) ,ERROR 80D ) , PS AF £(800), Y PR IBT ( 400)
vee NEPD DIMENSIIN YAAX (NXO),ERROR (BED) ,PSAVE (2¢8X0)
ORRON/ASU/NSE
DATA WPRTA/10/
DATA RMAXWO,NON/
s8e NIST HAVE NO.LE.RAXNO
DATA WELY/2300/
DIR®MSION Y(?800)

¢+ NINEESION Y(NELY)
BI0=AAXNO
sse
ste
¢¢s SPT 9P AND T1 INPERNILLY
s¢e HAVE DEPAULT VALUES P32 A1 ABD EPS
ses
(221
sss DRESIRE TO INTEGP’?E PFROB T1 TO TLAST
$ss 9r=21 INDICATES A STIPP SYSE2ZN.

AP=21

e¢s INTEGPATE Y* (T)=A®*Y (T)+X0 PROA T=T9 TO T=TLAST WHERR Y{T1)=0.
e+ { 1S TAE TINE ISTEGRAL OF ATTIVITY

&8s A IS A CONSIANT LOWER TRLANGULAR WATRIX ABD X0 IS 4 CONSTABT VECT.

s A, X0 AFE OBTAINED #RON SUBS.HATBIX BY A Call IV SUBASTIPFY
T1=0.00

10  AEAD(S,1001,E8D=7S) BO,TLAST, A1, ZPS
1007 PORRAT (T5,7210.2)

NSE=1
IP (EP5.22.0.D0) BPS=1, B=-6
IP(H1.PQ.0.D0) R1=1.D-7

s¢s SET INITIAL VALUES TO 0.

5 05201 =1, BO

29 (1) 20.00

READ (%, 1002) WPRT

1002 PORMAT(IS)

NP BAD=NIWO (NPBT ,NPRT M)

25 PEAD (5, 1003) (TPRL(I) ,DTPR(L) ,BARPRT{d),121,.8PEAD)
1003 PORAAT (2210.2,15)

PRINT 1008,NPRT,SREAD, (TPRL (X) ,DTPR (X)) ,PARPRT(I) ,I=1,8BRAD)

1008 PORRAT( *1NO. PRINT INTERVALS DESIRZO =* 12,3K,°N0. BEAD 2°12/
1* POINTS SELECTED IN PRINI IWNPERVAL = T+Qe*DT NAERE 020,1,...,8'/

295, °T 18X DT V11X°N* /(1PR13.10,219.10,16))

10

20

30

8)

50

60

61

70

80

90
100
110
120
130
180
150
160
170
180
190
200
210
220
230
280
250
260
270
280
290
300
310
320
330
380
350
360
370
380
390
800
8310
820
830
o
850
860
870
880
830
500
510
$20
521
522
S30
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W
(9]

TP (NS EAD.PQ. %PET) 6O T0 39 S40

PrTN™ 1005 $50

1005 PORRAT (///°C NEPED MORP STORAGE SPACE POR INTERVALS 1IN BAIB.'//) 560
60 T SO S70

~ 580
30 COBT INNE 590
TAAX=TFRL{UPRT) ¢ BARPRY (NPAT) SDT PR (BPRY) 600

c 610
C ®se FEYPRCT THAX TO BE THE LARGEST T VALOR AT BHICWHN A °CaLl YOUT®* IS 620
C ees NESI®PD, 630
TP(DABS(TLAST-THAR) .LE.1.D0-18¢DABS (TLAST)) TLAST=TAAX 680

TP (TLAST_LE.THAX) GO TO 35 650

C 660
PRINT 1006,TLAST,TIAX 670

100> PORNAT(//'0QVALNE OF TLAST 3AS BEERES CHANGED PROM*1PER21. 13,1X,°PO° 680
18221.%3/,1 691

C 690
TLAST="HAI 700

k >3 BT=NPRT-1 7o
TO = M 720

nC=) 730

TP (NT.17.1) GO 70 &5 780

DO 80 1=1,87 750

TP (TPRL(I)*BARPRT (L) O TPR(I) .LTI.TPRL(I+1)) GO T0 80 760
WC=NCe? 770

L) CONTYINUOE 780
(of 790
IP(NC.GT.00 PRIBT 1007,0C, BT 800

1007 PORMAT(*1°12,712°07 THE °I2,15°CONSECUTIVE INTRERVAL PAIES OVERLAP.® 810
1/7¢ P?0G. WILL CALL EIIT. SEE RAIS DRIVER.*)) 8

of 820
85 cContTinye 830
IP(TO.LE.TPRL(T)) GO TO 55 880

PRINT 1008 850

1008 POPAAT(*ITPREL(7) .LT.T0. CALL EXIT. SEB BAIN DNIVEL. *) 860
50 CALIL BIIT a70
(o 880
55 I? (X .GT.0) GO TO S0 890
PRRINT=TPRL(Y) 900
IPRT=1 910

9P R=0 920

SCASZ =0 930

no = M 90

SP1ITE (6,1003) WO, WP, 10, TLAST, HO, EPS 950

1009 POMIAT ("ON0=*Tu/* 3¥P=°12/° TO=°*1PE22. 15/" TLAST='R22.15/ 9%0
1* R0=1222.15/* EPS='210.8) 961

[of 970
C ss® POR STIPP PROCEDTRE NEED 6¢80 ZTLEWEETS 1IN °VECTOR Y. POR ADAAR'S 980
C e¢5 (RONSTIPP) NEED 13°N0 ELEAREY.. 990
C oo S P=10*AETRNITER, AETA =1 PO ADAA’S, =2 POR STIPP PROCEDORE. 1000
o 1010
IPAP.GT.19) GO ™ 60 1020

(o 1030
C ¢oo ADAA'S (WORSTIPP) 1080
c 1050
IP(1I*N0.LE.BELY) GO TO 65 1060


http://IPfl1P.GT.19

PRINT 1010,MPLY

1010 PORSAT( 'Y NRED 713¢N0 ELEMENTS IN VECTOR Y 1IN BAIN., MAVE OBIY EBLY:=*
118)
350 T3 <o

(o]

60 IP(6*NO.LE.NELY) GO TO 65

se¢ ST IPF PROCEDURE.

Ann

PRINT 101%,BELY
1017 PORMAT(*I NEED 6°N0 ELENENTS IJ VECTOR T IS RAIN. RAVE ONLY WELY=®
118y
39 T <0
c
65 IP(NO.LE.SAXEO0) GO TO 70
PRINT 1092, ,BAXN0

1092 PORSAT (100 EXCEBEDS MAX.NO0'/* BO=°T&/° MAXBO=°I&/° INCBERASE DIN. I

11 CORACN SC12135.7)

GO ™o S50
o
70 ZOWTY ROE
Y
C

CALL DPIVES(EO, TO, TLAST,Y,00,LPS, W ,KPLAG)
SKITE (6,1013) KPLAG

1017 PORAAT (9NOKPLAG = ,16)

C

cO 10 10

75 SToP

C =~ve~==v=- LAST CAKD OF BAIS DRIVER ----~-eo--
zoD

SUBROUTINE DBRIVES(WO,r0,ILAST, ¥, RO, RPS, B, KPLAG)
INPLICIT REAL®S (A-1,0- 1)
COBROB/SC1235/T W, ARIS ,ABA X ,EP ST, 0P 1 ,KPLACT , JSTARTY, B, 513V, 0X0,
1Y9AX (800) ,EARON (800} ,PS AV R(800) ,YPRINT( 800)
C ss* NEED DIBENSIDON YAAX (KX0),ERBOR (BX0) ,FSAVE (2°8X))
ZORAON/PRINT/TPRL (10), DTPR(10) ,TPRINT, IPRT,SPR, NPRT, NARPR T (10)

DINENSTION ¥ (WO, V)
COSSE2 00 0SS SE0RESOOE00000000000008000800000800000000000800000000040000080

0257
0257

C* DRIVES TS DRIVER SOBBOUTISE POR STIPP. SEE WBITEUP POR POLL DRTALILS.D2S?

ce

Ce THE I NPUT PARARERTERS ARE .

Ce »0 = THE BEORBEP OF DIPPEARESTIAL REQUATIONS, ISITIALLY.

ce ™ = THRE ISITIAL VALUR OF T, TAE ISDRERWDEWP VABIABLE

Cce TLAST = THE PIBAL VALOE OP T,

Ce Y = AW WO BY LRAX ARRAY POR TRE COSPUTED SOLUTICH, TBER SASE

D257
D257
D257
D257
D257
8237

1070
1080
1081
1090
1100
1110
1120
1139
1180
1159
1160
161
1170
1180
190
1200
1270
1721
1220
1230
1280
1250
1260
1270
12890
1290
1300
1310
1320
1330
1380
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ce AS Tt STIPP. THEZ PIRST COLTER SHOOLD COWTAI® TRE D257
Ce INI“IAL VALTES OF THP CEPERDEST VARIANLE. 0257
Ce CNRRBETLY, LMAX IS 13 POR TAE iDASS AETRODS AND 0257
Ce € TOR THE GEA% RETRODS. T CRARGE TARIS, SEB 0257
Ce SUBRIUTINE TESOC. D257
ce 0 = TAZ INITIAY VALOE OF B, TRE STEF# SIte I T. 02357
Ce EPS = TRE SELATIVE BR%FOR 800NN, TBE SAMP AS IB STiFF. D257
ce L] 2 = THE SSTRHOD PLAG, TR® SABE AS I® STIPP. D257
Ce ALLOVEP VALUES ARE 10, V1, 12, 13, 20, 2%, 22, 23. D257
Ce D2sS?
C® “HE OUTPYT FAIARAETERS ARE.. 0257
ce 10 = WALU®Z OFP T 10 WHICH INTEGRATIOPD ¥AS BEEE COAPL RTEE. D257
ce = KO BY IRAYI ARRAY OF Y AND ITS SCALED DERIVATIVES. 257
Ce Y(I) POR 1 . LE. 1 .LE B CORTAIBS THE COSPUTED SOLUTION 0257
Ce AT "IRE . p2s?
ce 49 = THY. VALUE OF THE SFTEP STZE % DSED LAST, BOTR IN INE D2s?
Ce INTEGEATION AND IN TRE SCALING IS THE Y ABEBAL. D257
Ce KPLAG = A CORPLETION PLAG WITH TRE POLLOVIBG YALOURS ASD WEANINSS..D257
e 0 THE PROBLEN WAS CORPLETED SUCCESSPULLY. D257
Ce -1 THE ITNTEGRATION WAS MALTED APTER PAILIBG TC PASS TASR 0257
Ce FARNR TEST EBYEN APTEP RBEDOCING R ¥Y A PACTOR NP 9257
Ce 1.0010 PROA ITIS INITIAL VALUE. D257
re -2 APTER SONE INITIAL SOCCESS, TNE INTEGRATION FAS D2s?
Cce BALTED UAED A REDDCTION IN H BY A PACTIR OPF AORER 02%7
e THAN 1.0D% WS INDICATED [3 ORDEB TO PASS THE EBROBR rEST. D2%7
Ce -3 THE IWTEGRATION WAS BALTED APTER PLILING TO ACRIEVE D257
Ce CORP RCTO® CON VERGEWCE EVER APTER BRRDOUCING % BY A 0257
Cce PAC™OR OP 1.3 C10 PROM ITS IBITIAL VALUE. p2S7
ce -8 INSEEDIATE BALT BRTAOSE OF ILIBGAL VALUES OF IWpUT 02%7
Cce PARABETERS. SPP PRIWTED RESSAGE. D257
ce -5 B IS SNCH TAAT T+ .EQ. T D2%7
Ce D2s?
Ce® DRIVES CALLS SUBROUTINE TOUT POR BORAAL OCOTPUT AT STATEMENT 20, p2%7
C® ABD SUBROUTISE YIONTD POR OUTPOT IB CASE OF PAILOURE BBIOW 150 AND 209. D257
C® THE BARMES ABD CALL SEQJESCES OPF THESE CAS BZ ALTERED aS DESIARD. D2%7
Ce -2%7
C®* IN TRE PGLLIONIN:, SET.. 0257
C* ©WAXY = THAE BAIIAOR VALOE OF § POR WHICA DRIVES IS TC BR USED. 0257
Ce LOUT = THE LOGICAL USIY WOABEZR POR TAE ODTPUT 2P BESSAGES D257
Cce DOPING THE INTEGRATION. D257
C* THE DINESSTON OPF PF¥ ABOVE CAN BSE REDUCED IP AITER IS BOT Y OB 2 0257
C® (SEE DESCRIPTION OF P8 N STIPPM). 02%7
Cce 0257
C® THE OSTZI WAL VERSIOK OF THRIS PROGRAS WAS WRITTES AT LLI BY A. C. 0257
C* RINDAARSH POR CDC CORPUTERS., TINE CDC YEASION WAS S8ODIPIED POR pasS?
C® N1<g OW I8 CONPUTERS AT ARGONNE I JUNE, 1973. D257
ce 0257
C* LATEST REVISION SEPTENBER, 1973 0257
Cce D257
C.““.“““..‘..‘.‘.‘.‘.“.‘..‘.“‘..‘."“.‘...“““‘..“‘.“““".9251
ce D257

DATA LOOT/6/ 02%7
ce 02%7

CO00800800000000800 0000080800000 0000000000080000000800006¢00000808089880008D257

ce

D257

TP (EPS .1 2. 0.0D0) GO 70 800 0257



(7 M9 .1%. J) GO TO 8w 0257
Te ((TO-TLAST) *40 .GE. 0.0D0) GO O & D257
$x 40

=z =0 0T
4 = 8D 5257
LINv=0

HeYY - 24355 (W0 D257
HNAI = DABSy J>~TAST) * .100 D257
4918 = DXTXV{ARTIN,. 100 *HEAR) D 257
Eps! = S D257
Wi ar 0257
JSTAxT=0

KRPLAG = 0 0257

C e®e YAY VISR 7O PRINT INITTAL vQLURS THRU YOOT.
IP(T.Q.TPEINT) CALL YOOT(MO,TLASY,Y,!)
10 CALL STIPP({Y, WD)

BQ = JSTART 0257
c D257

XG0 = 1 - KPLAGY 0257

Go 10 ( 20,100,200, 300,20,350), KO0 0257
C KPLA31 = O, -1, =2, -3, =5 0257
c 0257

20 COWTIWOR D257

IP(T.GR.TPRINT) CALL YOUT(SO,TLAST,Y,8Q)

IP ({T-TLAST)®R .1lT. 0.0D0) GO 7O 10 0257
c.......“............'.....‘.‘..0...‘....“.“...‘..‘.....0..‘.‘..‘.‘..!)257
Ce ™AZ PROMLEN IS PINISHNED. AERE CALL YOOT ABD/OR OTHER ROUTINES D257
C* "0 ONTPUT DESIVED PINAL RESOLLS. D257
c.....‘.0‘......“.........‘..‘.‘.........‘..............”...“‘.”...OD)S’I

30 Tn SO0 D257
c 0257

100 WRITE (LOUT,105) T D257
105 PORMAT (//30H KPLAG = -1 FRON STIPP AT T = ,D25.16/ 0257

1 399 [EBROR TEST PAIL2D GITW ABS(R) = EnIN/) D257
1910 IP (KRPLAG .E2Q. 10) GG TO 150 D257

KAMAG = KHPLAG ¢ 1§ 0257

HSIR = ANTR * .1D0 D257

R=9e 100 D257

WRITE (LOUT,115) B D257

115 POMAT(28R H HAS BEEW BEOUCED TO , D2S. 16, 0257

1 26R AND STEP VILL BE RETRIED//) D257

JSTART = =1V D257

GO "0 10 D257
c 0257

150 Wwarre (LOoOT,155) D257
155 PORAAT(//SSA PROBLEM APPEARS ONSOLVABLE WITE GIVEN INPOT//) 0257
C..‘......‘C“........‘..‘.‘........‘.....“....‘.O!‘..‘.‘...‘.‘..‘...“0257
C* ASIN 9AS BEEN CUT BY 10 ORDERS OF BAGPITODR SITH BO SOCCESS. 0257
C* AT TRIS POIST, OUTPUT INPORMA’IOM NEEDED POR DEBCGGING. 037
c......‘.........‘.....‘..”...-.‘.‘...‘.‘.‘..‘.‘...-....‘....“‘..‘..“nzs?

SALL YQUTD(Y,¥Q) D257

50 *0 500 D257
c D257

200 W@RIT® (100T,205) T,8 D257

205 PORAAT(//30M KPLAG = -2 PROR SYIPP AT T = ,D25.16,5% B8 =,D25. 16/ D257
1 524 THT REQUPSTED ERROR IS SAALLER THAS CAN BE MNDLED//) D257

77
78

£14
81

132
133
13
135
136
137
136
139
"0
A1)
182
183
1L 1)
105
186
w7
1.8
149
150
151
152
153
154
155
156
%7
158



T8 AT TYIS POTNT, OUTPOT INPORPATION WEELZD N8 DEBUGGINS. D257
CALL YOUTD(Y,BQ) D257
10 *n SO0 D 257
(of D257
300 wyer*E (ICOT,J05) T D257
3105 POMAT (/7300 KPLAG = -) PROR STIPP AT T = ,D25.16/ D257
1 SSAR COP2ECTOR COBVERGEECRE COOLC BOT BPF ACERIEVRD/) 0297
30 *n 110 D257
359  uURTTE (LOVT,35%5) TN D257
3155 PORAAT(//30R KPLAG = -5 PROR STIPP AT T = ,D25.15, D 257
1 SR R = ,D25.16/ D257
2 8S5H H IS SUCH THAT TeR .EQ. T OF BACHIES. /) 0257
CALIL YCNTD(Y,NQ) D2%7
G0 =1y <00 D257
c D2%7
800 wATTE @LN0~,805) D247
80S  PORRAT(//23W ILLEGAL XWPUT.. BPS .LE. 0.//) D2%7
KPIAGG = -8 - 02%7
PETNRN D257
c D257
810 WRITE (LOUT,815) D257
§!S PORBAT(//725R ILLEGAL INPOT.. B LB 0O//) D 257
KFLAG = -8 D257
RETHAN £257
c D257
820 W2ITE (1LO0T,82% D257
825 PORBAT(//38H YLLEGAL INPOP.. (TO-TLAST)*HO .GE 90./7) D 257
XPLAG = -8 D257
PETORN D257
c D257
S00 KPLAG = KPLAGY D257
T0 =1 D257
HG = H D257
QTR N D 257
.+ ] D257

SUBROOTINE STXPP (Y,N0)
TAPLICIT REAL®*8(A-8,0-7)
COMAOB/NSH/NSE
CORBON/ST1235/T,B,AAIN ,ANAX,EPS, AP ,KPLAG , JSTART, B, NINY ,BI0,
179AX(400) ,mPROR (800) ,PS AV E(800) ., YPRINT(800)

C e%¢ NEED DINENSIDN YBAX(NXO) ,BRROR (PIO0) ,PSAYVE (2%18X0)

DI EEWSION Y(N0,13),BL(13),rQ(H) D 257
COP0 0082088000008 000080880 35424000 R000000000000020000800003090088088898D257
C® STIPP PR RPORNS OWNE STEP OP THE INTRGRATION OPF A INXTIAL VALOR D257
C* POBLET FOR A SYSTEN OF OFMIBARY DIFPFERESTIAL EQUATIONS. D257
C* CONNINICATION WITH STIPP IS DONE WITE TAE POLIONING VAKIADLIES.. D257

159
160
1€1
162
153
168
165
166
1€7
168
169
170
LKA

172
173
17
175
176
1”7
178
179
180
181

132
133
18a
185

187
188
189
190
19
192
138

206
207
208
409
210

S o ——— i o o e v A s e m .- ar - e . N s em mom o PR S




r""*» |

fog J
ce

[}
Ce
Ce
ce
ce
Cs
ce
Cce

Ce
Ce
ce
Ce

Cce

Ce
Ce
ce
Ce

cCe

Ce
Ce®

ce
Cce
Cce
Ce
re
ce
Ce

Ce
Cs
(od 4
Ce

Ce

Cse
Ce

Ccs
ce
cse
Cc*

ce

LLIG ]

HNAX

PSS

nr

e e e A e bt

D257

AN N0 BY LAAX ABPAY CONTAINING THRE DEPENDEST VARIABLES L257
AND THEIR SCALED DEEIVATIVES. LBAXI IS CURFENTLY 13 POR D257
THE ADAMS AETHODS ASD 6 POR THR GEAR AETRODS. LBAX - 1 D257
IS "AXYDER, THE BRAXINOM ORDER OSED., SBE SUBEOOTIBY? TESOC. D257
Y(L,J¢ 1} CONTAINS THE J-TH DERIVATIVE OF Y (I), SCALERD BY D257
H®eJ/PACTOBRIAL(JY. OWLY T(I), 1 .LE. I .LB. §, BBED BB D257

SET 3Y THE CALLIBS PROGRAS OF TRE PIARST EBTRY. D257
IP IT IS DESIRED 'O INTERPOLATP? TO WON-AESH POINTS, 0257
TAE Y ARRAY CAN B2 USED. IPF JHE CURRENT STEP SIZE 0257
IS R AND THE VALOUE AT T ¢+ B IS NRBDED, PCRA D257

S = E/H, AND THE® CcoaAPOTZ D257
n D257

Y(I) (P+B) = SUR Y (I, Je1) ¢S5es] D257
J=9 D257

THZ Y ARBAY SHOULD NOT BE ALTERED BY THE CALLIBG PROGAAA.D 257
WARW REPEREICING Y AS A 2-DISENSIOSAL ARRAY, USE A D257
COLORW LENGTR OF N0, AS THIS IS THE VALUE OSEBD IRSPIPP. D257
THE BOMBER OPF PI3ZST ORDER DIPPERRNTIAL EQUATIOBS. B D257
AAY BE DECREASED OF LATER CALLS IP TAER SUABER OF D257
ACTIVE EOUATIONS WIWCES, BIT IT AUST NOT BE D257
THCREASED WITROUT CALLISG WITH JSTART = 0. D257

A CONSTANT INTEGER .GE. ¥, USED POR DIAENSIONING PURPOSPES. D257
N0 NOST wOT BE CHANGEL ¥ ITHOOT SETTING JSTARY = (., D257
™HE INDEPENDENT VASIABLE. T IS UPDATED OF EBACE STPP FAKEB. D257
THR STEP SIZE IO RE ATTEEPTED ON THE NEXT STPRP. D257
A BAY B2 ADJUSTED OP OR DOEN BY THE ROUTIBE D257
TN ORDER TO ACAEIVE AN BOONORICAL DNTEGRATDDN. D257
BOWEVER, IP THRE R PROVIDED BY TXE USER DOES D257
NOT CAOSE A LARGEZER® ERROR THA® “BQUESTED, IT D257
WILL PE USED. TO SaAvE COMPITER TOIME, THE USER IS D25S”
ADVISED TO USE A PAIRLY SHALL STEF POR TBE PIRST D257
CALL. IT WILL BE AUTOPATICALLY IBCREASED LATER. 0257
q CAN BL EITHER POSTPIVE OR WEGATIVE, BUT ITS SIGM 0257
BHUST RERAYIN CONSTANT TAROUGHOOT TAE PROBLEA 0257
THE SINTAON ABSOLUTE VALUER OP THE STEP SIZE THAT WILL BB D257
USED POR THE PROBLEA. OF STARTING TAIS HOST #E MICH 0257
SAALLER THAN TAE AYERAGER ABS {N) EXPECTED, SINCZ D 257
A PIRST ORDER METROD IS OSED INITIALLY. D257
TRE N2XINON ABSOLUTE VALUE OF THE STEP SIZE THAT WILL 0257
BE USED POR T HE PROBLEN. 0257
THE RELATIVE ERROQ2 TEST CONSTART. SINGLE STEIP ERBOR D257
FSTIAATES NTVIDED BY VYBAX(I) HUST BE LESS TRAN THIS D257
IN THE PUCLIDSAN NOBH. THE 3TEP AND/OR ORCER IS 0257
ADJUSTED TO ACHEIVE THIS. 0257
THE AETHOD PLAG. AMP IS A POSITIVE XNTEGER WiTH D257
TWO DECINPL DIGITS--ARTRH AND RITER (AP=10 *ORTA¢BITRD). 0257
HETH IS THE BASIC sSETrMOD IBDICATOR.. 0257
BEZTR = 1 HKEANS TPAE ADARS ABINODS. D257
ABTH = 2 AEANS TRE STIPP SYSTER AETEODS OF GLIR D257
NITER IS THE TTECATIOS NET HOD INDICATOEB.. D257
RITER = O AEASNS PUBCTIONAL ITERATIOB ( BO PARTIAL D257
DERIVATIVES SRERDRD). D257

EITER = 1 NEBASS CRORD RETHOD VITH APALYTIC JACOBIAN. 0257
POR THIS OSER SUPPLIRS SOSROUTIRE D257

PEDERY (N, T,Y,PD,80}. PD IS AN N BY N ARBAY, D247

282
283
28
285
286
217
288
289
250
51
252
253
254
255
256
257
258
259
260
%1
262
263
268
265
286




Ce

e
Ce
Ce
Cce

ol J
Ce
Te

Cs

Ce
Ce
ce
[of J

Ccs

cCs
Ccs
cCe
cCe

Cce
Ce
Ce

ce

Cce
Cs
Ccs
cs

ce
Ce
cCe
Ce

Ce

Ce
Ce
Ce
Ce
ce
ce

Ce
Cs
ce
Cce

Ce

STORED AS AN NO BY NO ARRAY. PD(I,J) IS 0257
TO BE SZT TO THE PARTIAL DERIVATIVE OF 0257

TDOT(T) S TTR RESPECT 70 Y (J). D257

NITEE = 2 KEANS CHORD BETEGD WITH JACOBIAB 8257

CALCULATED IS STIPP BY PENITE DIPPERENCRS. D257

PEDERV IS NOT CALLED ML % GEEY CAS BE 0SRD.D257

NITER = ) AEAWS CHORD SETNOD SITH JACOBIAR REELACED D257

BY A DIAGOWAL APPROX IEATIDS BASED OF A 0257

DIRECTIONAL DERIVATI VE. 0257

™aX AB ARZAY OF ¥ LOCATIONS WEICE COSTAIBS TEE BAXISUM D257
ABSOLUTE VALOE OP RACR Y S2EN SO FAR. 0257

ERROR AN AF9AY OP § ELEARNTS PRCPOSTIONAL TO TSK RSTIRATED 0257
QEE STEP EEROF I EAIB COMPONENT. D257

KPLAG A COMPLETION CODE WITF THE POLLOVI NG READINGS.. 0257
0 7THE STEP ¥:S SUCCESPUL. 0257

-1 PTAE REZQUISTED ERAOR JOOLD 83T BP ACBIEZVED 0257

WITH ABS(N) = SEIN. 0257

-2 THY 3PQUESTED EBROB IS SRALLES TBAW CAW D257

BE WANDLED POR THIS FROBLEA. D257

-3 COBRECTOR CONVERGENCE CDOLD BOT BE 0257

ACRIEVED POR ABS(M) .GT. §EIN. 0257

-5 H§ WAS SUCH THAT TeW .EQ. T OF BACEHIBL. D3S7

OB A BETORW UYTR KPLAG REGATIVR, TSE VALUES OP Y ANB p2s?

TAZ Y ARRAY ARE AS OF THE BREGEIDNING OF THR LAST 0257

STEP, AND M IS T9E LAST STEP SIZE ATTEAPTED. 0257

JSTART AN ISTEGER OUSED OF ISPUT ASD OUTPOY. D257
o8 TNPNT, T? RAS TAZ POLLO®ING VALOES AND BEABINGS.. D257

0 PEGFORS TRME PIRST STEP. THIS VALOR EBASLES D257

THE SOUBROUTISR TO ISITIALIZE ITS ILP. 0257

.GT.0 TAKEZ A NN STRP COSTISOING PROS TBE LAST. D257

ASSONES THE LAST STEP WAS SUCCESSPUL AND D257

USER HAS BOT CRANGED ANY PARABETERS. D257

.LT.0 REPEAT TRE LAST STYEP WITR A BE® VALOE OF 0257

% AND/OR EPS AGD/OR MP. THIS BAY PR 0257

PITHER I REDOING A STEP THAY PAILED, OR 0257

I8 CONTINOUTES PROR A SUCCESSPOL ST RP. 0257

oF EXIT, JSTANT IS SET TO NQ, TAE CURREST ORDER OF TNE D257

AETHOD. THIS IS ALSO THE ORDER Op TAE WAXINUA DSRIVATIVED2S?

AVATLABLE IS TNE Y AURAY. APTER A SOCCRSSPUL STRP, 0257

JSTART WRED ROT BE RESEP POR TAE WEXT CALL. D257

] A BLOCK OP LOCATIOBS USED POR PARTIAL DERIVATIVES IP 0257
AITES IS BOT O. IP RITER IS 108 2, ITS LESGTE AUST D257

BE AT LEASYT BO*(30¢1), POR TRE JACOBIAS ABD PIVOT 0257
INPORMATION. IP NTTER = 3, TTS LENGTR SUSY DELY BE D257

AT LEAST W. 0257

PSAVE A BLOCK OP AT LEAST 250 LOCATIONS POR TERPOBARY STOMGE. D257
D257

THE PARARSTERS WAXCH NOST BE INPOUT BY THE USRA ASE.. 0257
¥, 80, T, Y, W, ANTIE, ANAL, EPS, NP, JSTART. D287
D257

ADDITIONAL SODROUTINES REBQUIRED ABE.. 0257
TESOC(RETH,NQ, BL,TQ, MAXDER)  SETS SETEOD COSPPICIEBTS. 9257
IT IS PROVIDED I3 THE PACKAGE. D257
otPPNE(¥,T,7,YD0T) CORPOTES DY/IX GIVEN T 4BD T. D257
PEOZRY(N,T,T,0D,N00 COAPOTES PARTIAL OERIVATIVES. IT IS OSED 2257
OFLY IP RITER = 1. (SEEZ BP JESCRIPTIDE.) D257

267
268
269
270
2N
272
273
27
275
276
a2m
278
29
280
281

rd
-

ri %)
208
285
206
28
288
209
290
29N
292
293
29%
2995
2%
297
298
299
300
n
302
303
308
305
306
307
jos
309
310
N
312
313
31
315
36
k2 ))
318
319
320
mn
322



62

Ze PROCED (WO , N, A, IPS,S,IER, NINV) ABD EVLOS (BO,0,A,8,1,1IPS) ARE ISRD
Ce POR TAP SOLUTION OF *YSFERS OF LINEBAR ALGERBRAIC R)UATIONS.

Ce THEY ARE PROVIDED IN THE PACEKASE, ASD USED IP BITER = 1 OR 2.
Cce

C* THE CALL ING PROGRAA 8UST CONTAI® THE CONSSO0 DECLARATIONS CIVEW

Ce ABOVE, [ ¥ SAICH THE LESGI NS ARE AS GIVEN 0T TOE DESCRIPTIONS

Ce OPF THE 7JAIABLES ABOVE. T8 OPTIOBAL ROUTINE DRIVES EAY AR

Ce USED POR THIS PURPOSE. THE COSSTAST ABOISE IS TEE DAT: ST AT RUERST
Ce BELOW SMOUID BE SET TO TP SOISE LWE OF THR SBACRINE.

Ce

T¢ THRE ORISIBAL YERSION OF THRIS PROGEAR WAS WRITTER AT LLL BY A. C.

C* RINDRARSH PO CDC COSPUTERS. TEE CDC TERSIOS 84S RODIPIED POR

Ce USE OF Y88 CORPUTERS AT ABGONSE IV JUBE, 1871,
Cce

Ce LATEST IEVISION SEPTENBER, 1973

Cce

D257
0257
0257
0257
D257
D257
9257
0257
D257
0257
D25”
D257
8257
D257
D257
0287

Ceos00aeo0sstete0000080e000C000S ...Q‘....................‘..............nzs’

DATA ANOISE / S5.D-16/

Ce
COORCESS080¢0CESC00R000CECES 0050008000800 008000000¢00¢5000000608008080800809)257

N n ATAN

A AN

annn

PINENSTION A (12001), IDIAG (800) , X0 (800) , PR ( 6000
DT RENSION BBLK (015
REAL®A 19°(15)
EQUIVALBECE (A(V) . IWD{V))
DI M ESICH TND (1)
DATA WLR/1S/
DATA FNDAA/12001/
DATA WUDPN/6000/
ese PYDPY = §O. TORDS I Y ECTOR PE. REQUVIRS NUCPV.GE.BELRA
seec YEDAA = NO. FOBDS I ABRAY A. SNOULD 38 00D
see §X0= §O. ELE. IW X0 VECTOR = §O. ELE. I[N IDIAG VECTOR.
eos PLR=NO. ¥O2DS IN ARPAY LR.
IP (95¥.20.0) GO 10 1
[ 1 2]
#L<t
o0 e
#S¥=0
WY DAV =E¥DAL/2
[EDTA=NEDAVeY
eee SABT A(1) ABD A(TNDIA) TO BE LOCATED IS DIFFEREST AZEORY OGKSS.
ses 0§ THE (31 350/91.
IP(159(NEDAY/16) .BQ . FUDAY) IBD IASIBDEA®1
ese X0 AND IDIAG BILL PACR AME § ELERZSYS IN TABA 5 RETURS PROA
sse RATRYX
IP (N.1E.¥X0) GO TO 3
PRIN™ &,5,810
& PORMAZ({*1PORNAT & SNBRSIIPPS//% Ba I8/ NEO=AAKEO=*I8//
1* YECTORS SITA DIN (WXO0) WEED TO BE IWCREASED TO 8 AT LBASY.?//
2* SE™ BAXSO I§ DATA STATEBEST I¥ **BAIN'® T0 BSES DIR VALUEZ OF 910
1)
10 CALL exIT
3 cowrT Ane
ese RATRIX PETORNS TAE DIAGOWAL OF A SPLIT ISTC A PART IN THR DIAG.
s¢e PLENENTS IS VECTOR A ABD INTO TRE LR ARRAY TH.f REPANDS 70
ees DIAG(LR(1)®I(1),...,LR (SOSUBN) *T (JDSUBE)) WAERE I(J) IS A VECTOR
ese OP 1°S OF DIREMSTON WBLK(J).

b 257
0257

323
328
325
326
7
328
329
330
33
332
333
33
335
336
n
338
3
380
Je
Je2


http://BIBPI.6B.EUBk

¢ ee®e “HIZ SELIT I3 PO? ANJTAER PROGBAR TO CALC. APPRIZ.EIGREVECTOSS.
C ese *YE NO, OP WONZPERD JPF~-DIASOSAL BLEMENTS IN RA®PIE A ¢ B
~ ®ee (¥:x NIABER P DIAG. ENTRIES 1IN MATRIN A) MOST BE .LE.BWDAV WNERE
C ®oe wyDAY=SAK. NJ. WEDS AVAILABLIE POR TEHE VECTOR A,
C ®ee EIPECT STBR, VATPIX TO CHEECK TRAT AVAILABLE STORAGE IS SOPPICIENT
C eoe pyo CUSIPR™ PRIBLPA

TALL YATOIN(A,NEDAY,A(INDXA),IDI? ", X0,NK0,5,LR, N 00LK,NLE,BDSIBA)
C ®ee¢ DINEPSION IDIAG MXO0),XC(NEO) ,LR(BLE) ,BBLK(NLNM)
C ese WDSURR=NO, 0P DIAG. SIEAATRICES IN ABRAY a.

IP (SDSOBA. LE. BLB) GO TO0 S

FRINT &, EDSOSA,BL?

6 FORMAT (*1SEZ SORP, STIPPO/° PERD ROBE SPACE B L2,00LK. DEFINE Nl

1.%/° WEPD* 13, VI'ELEAEBETIS®/* SAVE'I), 11'RIEEEETS®)
30 Th 10
S CONTINUP
SELEA=ICIAG(N)
IP (NELEA. LE. NUDPW) GO TO 8
PR IBT 9,BELEA,NUDPN

3 PORAAT(*ISER SOBER.STIPP'//° BERD PELEM="IN, 1X°'2TRIES IN WRCTOR PO

19/ HAVE NUDPU=* I8, 1X'AVAILABLE.?)
30 T2 10
A coNTTANE
a8 =0
#BsTV LA+ INDAA
20 11 1=1,8
NB=AIBN(AS, IND(NB))
11 aB=pBes
noenB/(-18)
IP (RB.1E.252) GO TO 13
PEIN™ 12,88
12 PORBAT (*VASSEABLER LANGTAGE ROUTIRES YPAT ASD ATES CAJ BANDIE AT B
10ST 052 BONZERO ENTRIES IB A RO® OF TER MATRIE A.°'//
2° SAK.NO. BOWZIERO EBTRIES I¥ CORRENT A = A8 =*13)
30 TO 10
13 cosrINne
1COT=0
IBALK =0
00O 20 T=1,m
IP(I.LE.ICOT) GO [0 21
INBLK=T WBLKe1
1CUT=1COT +uBLK (" NBLK)
ALR=LR (1 8BLK)
21 cosrrene
1D=IDTAG (1)
20 A(TD) »A(ID) oRLP
r ese BGASIC DIPPEREWTIAL BQ. IS T°=AeYe30, T (0)=0
C ®®+ INITIAL CONDITIONS SET IB RAIB PROGRAN.
4 JAC =0,
1 cosTINGE
Cs
KPLAG = O
TOLD = T
C* TEST POR SEALL W ADDED AT ARGONSE IP ADGUS?T, 1973,
IP (T*R .2Q. T) GO PO 685
IP (ISTART .GT. 0) GO 1O 200
IP (JSTART .®%E. 0) GO TO 120

0357
0257
D257
0257
0257
0257
D257

EL X

kT 1]
386
kT %)
3a8
89
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~800 6500805500880 08800¢ I.......................“......................b 257
Ce ON "HE PISSTY CALL, TNE CRDER IS SET TO 1 AWMD THE INITIAL D2%7
Ce DERTVATIVES ARE CALCULATZL. VBAX IS IFITIALIZED OSIDG TRP IBITIAL D257
C® Y AND TDOT. IP SOTR ARR IBTPIALLY IRRO IN MY COYPONENT, THR DRPAULTD2S?
~e UALTER IS 1. B7AY IS THE MAXINCA RATIO BY WNICE § CAS PE INCUEASED D257
Ce [m A SINGIP STEP. IT IS IRITIALLY 1.E8 TO CORPRESATE FOR TER SSALL D257
Ce IWITIAL %, SUT THEW IS SORSALLY BQUAL TO 10. IPF A PATLUYE D257
e OCCORS (1§ COPRECTOR CONV ZRGRECE OR EFROR TEST), BYUAXY IS SET AT 2 D 257
Ce PO THE NEXIT INCREASE. EPSJ IS OUSED AS THE RELATIVE IBCREAERY D257
Ce TO Y GNER GETTING PARTIALS BY PINIYE DIPFRERROCING. 57
coooooooo..ooo..ooooooooooooooooo.oooooooocooo.omoo.ooooooooou.oooooop257
#SQ =z N0 * 19 D257
HSO1 = mSC ¢ 1 0257
N1 = B0 ¢ 1 D257
Chili YFAS{PSAVE,A,Y,X0,A(INDER),N)
50 110 1=,
Y(1,2) =PSAVE(D) *n
AYI=DABS (Y (I, 1))
IP(AYI.B0.0.D0) AYI=DABS(Y(I . 2))
TP (AYI.E2Q.0.D0) AYI=1, 1D
YRAX(T) =AYI
110 COWTI NOR
3 = 1 c257
L =2 0257
AYAX = 1.0D8 D257
B2SJ = DSQAT (AROISE) 0257
ceRate = 1.000 D257
OoLDLO = 1.0DO D257
£C = 0.0D0 0257
YOLD = 0 D257
RETH = 0 D257
A0iD = R D257
Ce PHIS INITIALIZES BITER SO STIPF WLL PUBCTION CORRECTLIY §BEN 0257
C* GIVEN TH® SARE ANITER XS ¥VAS GIVPE IN A PREVIDUS PROBLEN. D2%7
TITER=0 2257
C® ADDED AT ARGONNE IN JOLY, 1973, D257
c.....t..........0..........000..0...O.‘......O...............0..0‘0..0.0257
re I[P PRE CALLPP HAS CAANGED METE, OR IPF JSTART = 0, TESOC IS CALLRD D257
C® TO SET TRE COCPPICIENTS OF TAR NEPROD. 1P TWE CALLER MAS CRARGED D257
C» EPS OR METH, THRE COBSTABTS E, EDW, 80P, AUD BIND RUST 88 RES K. D257
C* £ IS A CORPARISON POR ERRORS OF TOE CORREET ORDER B). PUP IS 0257
C® tn TEST FOFP INCREASING THE OROCER, EDF FOR DECSEASING TRE ORDER. D257
C* BED IS UOSED TO TEST POR “OSVERGEECE OF TEZ CORRECTOR ITERATIS. 0257
C® I[P "AE CALLER HAS CHANGEBD B, Y RUST BR RESCALRD. D257
C* IP H OR RPTH HAS BEEE CHRABGED, IDOUB IS RESET TO L ¢ 1 TO PREVER D257
C* PTRTHEP CRAWGES IN H POR TRAT HANY STRPS. AL, EC IS RESEY. 0257
C* RC IS THE RATIO OF WEW TO OLD VALURS OF THE CORPPICIRET L(0)™m. 0257
C* WHEF RC CIPPERS PFROS 1 BY NORZ THASB 30 PBICENY, OR THE CALLBR HAS 0257
C® CHANGED AITER, INEVAL IS SEY TO HITER TO PORCR THE PARTIALS 10 BB D257
C* UPDATED, IPF PARTIALS ARE USED. 0257
c.......0000.‘......0..0..”.‘.0......‘“.“..2.“.0......‘..OO”OOCOOOOD257
120 1P MP? .. SPOLD) GO 1O 150 D257
NEO = NETH D257
NIO = RITER 0257
NETH = AY 7 10 0257

AITEZ® = A7 - 10 & BETN

[ e e . N

257

350
351
352
353
353
355
356
357
358
3s5e
360
36
362
3Je3

37a
3
376
3”
378
379
380
38l
382
383
k|1
k1
3se
387
388
389
3%
n
392
39
39
395
3%
397
3%
399
800
801
802
803
808

806
807
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WPCLD = 9P D257

IP (YITPR .BE. R1I0) IVEWAL = NITER D257

IP (NEIR .£Q. REO) GO TO 1532 pas?

IDONS =L o 1 D257

IRET = D257

130 CALL TESOC METR,BQ,EL, 10,84 YDER) D257

RC = BC * BL(Y) ,/ OLDLD D257

OoLDLO = PEL (1) D257

180 EDE = (T(N) * BPS) ¢¢ 2 D257

r = (TQR) * EPS) ®¢ 2 D257

MP = (T(J) ®* EPS) ** 2 D257

BED = (TQ(8) © EPS) s¢ 2 D257

GO TO ( 160 , 170 , 220 ), 1PET D2%7

150 IP (PPS .E). EPSOLD) GO 7O 160 0257

[9PT = 1 D257

G0 7O 18D D257

160 LHAX = HAIOER ¢ 1 D257

EPSOLD = PPS p2s7

TP (R .X. OLD) GO TO 200 0257

°H = N s/ NOLD D257

R = ROLD 0257

170 R4 = DAAIY (RE,HAI W/ DABS (W)) D257
AH=DA TN 1 (PH, RRAT/DABS (R) ,ARAY)

R1 = 1.0D0 D257

C D257

DO 180 3 = 2, L D257

R = Rt * BA D257

(o D257

Do 180 I = IL,0 D257

T(I,J) = Y(1,J) * RY D257

1R0 ZONTY NOE D257

C D257

4 =H & o D257

RC = RC ® RN D257

IDOUB = L ¢ 1 D257

I? (™ .NE. TOLD) GO TO 690 D257

('.o....‘..............00000...0....000000.00..0.0.0....0..000......0.00.0257

C* THIS SECTION CONPUTES TNE PREDICYBD VALUES BY RPPECTIVELY D257

C* ATLTIPLYING TRE ¥ APRAY BY TAE PASCAL TRIANGLE NATRIL. D>,

c............o......0000..0.0000.0.0000..000...0“0“.0...0.............0251

200 IP (DPABS RC~1.0D0) .GT. 0.3D0) I®BYAL = NITER p2%7

T=TeH D257

(o D257

DO 20 31 = 1, BQ D257

o D257

pn 21032 = J1, WQ D257

J =N ~-J2 ¢ )Y D2S?

C D257

DO 210 I=UWL,B D257

(I, = Y(I,J) ¢ Y(I,Je 1) D257

210 CONTINOE D257

COO0000 0008080000008 08 0000000000800 8000000000000000000080000000080088890D257

C* uP TO 3 COPRECTOR ITERATIONS ARE TAKEN. CCUVERGENCE 1S TESTHD D 257

C® BY REQUIRING CHABGES TO BE LESS THAN BBD, ¥BICN IS DEPENDENT OB D257

Ce EPS, IN ENCLIDEAN NOPB. TAE SOR OF THE CORRECTIONS IS ACCDBULATED D257
Ce IN THE VECTOR EBROB(I). TIT IS APPROKISLTELY ECOAl TO THE L-1IR D257

803
809
810
8
812
813
818
L3 |
816
87
s18
819
820
21
822
423
828
025
826
027
.28
829

3
432

833
L X1
835
836
37
838
839
830
(1]

a2
L1X
(11}
"nsS
1113
7
(13}
(13 )
850
851
852
853
858
855
856
857
858
859
860
861

462
863



C® DE:IVATIVE OP Y SULTIPLIED BY He®L/(PACTORIAL (L-% ®EL(L)), AND IS
C* THIS PIOPORTIINAL TO THR ACTUAL EZPFRORS TO THE LOGEST PORES OF

C® R PRESENT (HeseL),

C® TRE Y APIAY IS NOT ALTERED IN THE CORRRCTION 10CP. TSE UPDATED
C® Y VECTOR IS STORED TEMPORAMRILY IN PSave. THP ¥O3m OF THE

Ce® ITEFATE DIFPEI®"NCE JS STOBED IN D.

D257
D257
0257
D257
D257
D 257

(OO0 2800000 00006006008 0800000008080 C2000080000¢0880C0008¢8008¢0080ss0s000C80088 257

229 D0 230 I=1L,B
230 IPROR (I) = 0.000

% =0
CALL YPAY{PSAVE(NT i, ¥,X0,A (IBDXR),N)

D 257
D257
0257
D257

COTS 0000082 CS0CO00CCSS 0404080000000 08808808088088080808808¢888¢8880808888848])257

C* 1P BERCESSATY, TPZ PARTIALS ARE BEEVALUATED PRIOR TO STARTING 1INE
Ce® CORRECTOR ITERATION. TIWEVAL IS THREN SET TO O AS AN IBCICATOBR

Ce THAT THIS RAS BEEN DONE,

s IP SITER = 1908 2, "HE MATRIX F =1 - L(0O)®A*JACOBIAN IS STORED
Ce I8 P¥ AND SOBJECTED TO LD DECCE®0SITION, WITE TNE RESULTS ALSO

Ce® STORED IN 2?9, P MRITER = 3, T™ME BATRIX OSED IS P = I - L(0)*BeD,
Ce WHEEE D IS A DIAGONAL BATRIX.

D257
D257
0257
D257
D257
D257
D257

COS 8088800 GO0 C00CES00S8C00000000CE0S0ES . . 5000000080000 0800888808808808084257

280 IP(B. Q.RIAC) GO 10 360
3 JAC=R
=-EL (N *A
C ese mEIPA=NC. NONZER0 PLE IV MATRYX A
DO 250 I=1,WELEA
250 PE ) =*A (I}
300 no 305 1=1,8

K=TIDIAG (T)
105 PH(F) =1.D0+0 ¥ (K)
TUEVAL = 0
PC = 1.000
360 D2 370 T =mL,¥
370 PSAVE(IsNO) = PAVE(I+NO0) * H - Y(I,2) - ERROR(I)

TALL AXEB(PYW,PSAVE,PSAVE{N1) ,A (INDXA),D)
380 D = 0.0D0
c
DO 390 T =NL, N
PRROP(I) = EREIR(I) + PSAVE(I)
D=1D+ (PSAVE(I) / YBAX(I)) ®s 2
PSAVE(D) = Y(I,1) ¢ BL(1) * ERROG(I)
390 ZOWrT moE
810 TY (% .WE. 0) CRATE = DWAX'(.9DO®CRATE, D/DY
IP ((C*OMIN1({1.0D0, 2.0D0°CEPATE}) .LE. BEND) GO TO 850
D1 = D
B =9 +1
IP (% .EQ. 3) GO TO 820
CALL YPAY(PSAVE (N1) ,A,PSAVE,X0, A(INODXKA), W)
GO T0 360

D257
D257
D 257
D257

D257
D257
D257
D257
D257
D257
0257
D257
0257
D 257
D257
D 257

COO8SE0000603 000088200880 8803420000000800800008000080888888080880808288828808D257
C* THAE CORRECTOR ITEFATIOP PAILED TO CONVERGE IS 3 TRIBS. IP PARTIALS D257

C® ARE INVOLVED BUT ARE BOT 0P TO DATE, TARY ARE REEBVALUATED POR THE
C* NEIT TRY. OTHERVNISE TAE Y ARRAY IS BRETRACTED TO ITS VALOURS

C* BEPORE PREDICTION, AWD K IS REDUCED, IP POSSIBLE. IPF BOT, A

C® NO-CONVRAGENRCE EXIT IS TAKER,

0257
D257
D257
D257

COSSO8ES S0P 0SS0 SES00S000800C080080000S¢0CE0C000CS0CE000SSE000000900808D257

858
865

867
868
859
870
871
872
e73
[ ¥/}

877
878
879
480
481
882
883
884
.85

520
521
568
569

572
573
ST
5715
576
5§77
578
599
591
592
593
508

597
538
599
600
601
602
603



67

820 I* (IVEVAL .2Q. -1) 50 TO &&0 0257

T = TCID 0257

IMAX = 2.000 D257

< D257

DO 810 J1 = 1, M 0257

c D257

50 #3032 = 37, ®) D257

Y= Rg - J2 e J1 0257

T D257

0 &0 I =8L,B 0257

I, B = I, ;A =~ Y(Y,J*1) D257

830 QmrIivae D257

< 5287

IP (DABS(M) .LE. (HXIP*1.00001D0)) GO TO 680 0257
IN=.sec

30 T 179 D257

380 INEVAL = SITER D257

30 Tn 220 0257

COOB S8 ECOE0CERECR0C00000080S08000S0CPEO0SS000CS000080000S08800090888088D257

Ce TRE ZOPIECTOR AAS CONVERGRD MRVYAL IS SET O -1 IFP PMTIAL D257

Ce® DERIVATIVES GERE TSED, TO SIGEAL TRAT THEEY RAY WEED UPDATING OB D287

C* SUBSEQUZET STEPS., THE ER30R TwST IS RADE AND CONTROL PASSES TO D257

Ce STATEMEENT SO0 IP 1T PAILS. B257

Coee08800008080000008800080880000000°80000000000000080080000800080¢9080868]257
a50 » = 0.0D" 0257
c 0257

DO 860 T =%L,8 0257
360 D= D ¢ (ERROR(I) / YRAX(I)) o+ 2 D257
c D257
IP (RITEZP .NE. O) IWEBVAL = -1 D257
I?P () .GT. B3 GO TO 500 D257

CO080800080000 800080800008 0880000000008000800000080088800088008008K0888808880889D257

Ce APTE: A SUCCESSPUL STEP, UPDATE TAE Y ARBAY ABD YNAX. 0257
Ce CONSIDER CHABNGING W I? IDOWB = 1. OTNERGISE DECREASE IDOUB P#Y 1. 0257
C® 1P IDOUS TS TREN % AND NQ .LT. BAXDER, TEEN ERROR IS SAVED FoR 0257
C* D32 IN A POSSIBLE ORDER [WCREASE OF TNE FBIT STEP. 0257
Ce TP A CRABGE IN H IS CONSIDERED, AW IBCRRASE OR DECREASE I ORDER 0257
C* BY ONE IS CONSIDEFED ALSO. A CBADGE IN B IS BADE ONLY IP IT IS BY A D257
Ce PACTOR NP AT LEAST 1.1. ([F NOT, IDOUB IS SET T0 10 7O PREVIAY 0257
Ce TESPISG FOP TRAT MANY STEPS. D257
Cessooos 9908089088888 S8 000 0080008800 000005000088 08806¢ S0000080800888008003 0251
KPIAG = O 9257

L od D257
Do 870 J = 1, L nas?

c D257
DO 870 T =NL,B 0257

T (T,J) = T(I,J) ¢ EL{J) * ZRROR(I) 0257

370 ZOWTIENE D257
C D257
Do 833 T =NL,B D257

#80 YAAX (I) = DRAXY (YRAX (T),DABS (" {L 7)) D257
[ of D257
Iv (IDO"B .BQ. 1) GO o S20 D257
toons = IDONB - 1 D257

IP (IDOYM .GT. %) GO 70 700 D257

P (NG .2Q. WAXDER) GO TO 700 0257

608
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610
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63s
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653
658
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656
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68

c D257
nO 890 T =wL, ¥ 0257

%90 Y(I,LBAK) = PRROR (D) D257
c 0257
GO0 TO 700 D257
C.......................................................................Dzs"
C* AE ®REDR TPST PAILED. KPLAG KEEPS TRACK OF PULTIPLE PAILORES. 0257
Ce IRSTOYE T ASD TAE Y ARBRAY 7O THRI@ PREVIOUS VALUERS, AND PREPARE 0257
C® 7O TRY TAE STEP ACAIN. COMNPUTE I Bp OPTINUN STEP SIZE FOR TAILS OR 0257
C* ONE LOWER ORDER. 0257
Coseo008880008088S ......................‘..........‘......................Dzs1
500 KPLAG = KPLAG - 1 0257
T = *CID 0257

C D257
D3 S10 J1 = 1, BQ 0257

c 0257
Do S10 J° = J1, ®Q D257

J =9 - J2 + N D257

o D2s7
DO S10 I =NL, N 0257

T(I,D = Y(I,J) - Y(I,Je1) 0257

590 CONTI nOE D257
c 0257
RAAT = 2.0D0 D257

IP (DABS(R) .LE. (AWIN®1.00001D0)) GO TO 660 0257

IP (KPLAG .LE. -3) GO 10 640 D257

PR3 = 1.0020 D257

G0 10 540 D257
C.......................................................................D257
C* REGARDLBSS NP TAEZ SUCCESS OR PAILURE OF THE STEP, PACTORS 0257
Ce PR1, PR2, AND PR3 ARE COMPUTED, BY 2BICS ® COULD BE DIVIDED D257
C® AT 0O2DER NQ ~ 1, ORDER BQ, OR ORDER BQ ¢ 1, RESPECTIVELY. D257
C* IN THE CASE OF PAILI®P, PRI = 1,.0D20 TO AVQID AN ORDER INCRENSE 0257
C* =98 SMALLES® OF TAES IS DX ERBINED ASD THR NEN ORCIR CDSEN 0257
C* ACCORDINGLY. IP THE ORDER IS TO BE INCREASED, WE COSPCTE ONE 0257
C* ADDITIOSAL SCALED DERIWMTIVE. D257
Co00 8000002000008 08 9 ....................................................D251
520 PRJ = 1.0D20 p257
IP (NQ .EQ. BAIDER) GO TO 580 D257

D! = 0.0D0 0257

c Das?
DO 530 I =WL,N D257

530 Dt = D1 + {(EPROT(I) - Y(I,LBAY)) / YBAX(I}) ®* 2 D257
c D257
ENQ) = 0.5D0 / DPLOAT(L+1) D257

PR3 = ((D1 / ROP) *¢ ERQ3) * 1.8D0 ¢ 1.8D-06 0257

580 28Q2 = 0.5D0 / DPLOAT (L) p2%?
PR2 = ((D / E) *¢ ENQ2) * 1.2D0 +» 1.2D-06 n257

PRY1 = 1.0D20 D257

IP (MQ .. 1) G0 TO 560 D257

D = 0.000 D257

c D257
DO 550 1 =8L,8 D257

550 D =D e (Y(T,L) / YRAX(I)) ®e 2 D257
c D257
PRQ! = 0.500 / DPLOAT (NQ) D257

705

707
708
709
710
711

72
73
718
715




A PP P AT o gl 4 T

P81 = (" 7/ =DXN) ®=¢ PERCI) * 1_.3D0 ¢ 1.3D-0¢ D257
560 1P (PR: .LP. PFY) GO TO 570 £257
TP (PRY .LT. PEY GO IO S90 D257
SIn 1P P> _GT, PEFY; RO TOQ S8) 2257
ey = n) 92%7
Ny = 1,007 PR D257
37 T 620 D257
590 wWew) = w; -1 D 257
C [REZVAL=%I"2R D257
R = 1,030 /7 P™1 D 257
30 O €29 D257
590 8r¥Q - L 5257
%3 = 1,990 / ?P?) D257
I? (°% .°T. 1.1000 <O 10 610 0257
C D257
M KID T =NL, B D257
609 Y(I ,W7HQeY) = ERROR(I) * B; (L) / DPLOAT(L) D 257
C D257
S0 T3 €20 D2%7
610 IDOOB = 10 0257
GO T3 700 D257
27 [P ((KPLAG .2Q. O).AND. {BH .Lf. 1.1D0)) GO TI 510 D257
r......'...............................................................00251
Ce IP THPRE IS M CHADGE OF ORDER, BESRY BQ, L, aMD THE CORPPICIRNYS. D2%7

Ce® T ANY CASE R IS IESET ACCORDING TO RH ARD THE Y ABRRAY IS RESCALRD. D257
Cs THEY EXIT reOf% 690 IF THE STRP WAS OK, OR R7DC TRE STEEF OTRENNISE. D257

r.........t.............‘........................O......................D)S?
IF (MEWQ .23. HQ) GO 7?0 170 D257
£30 %Q = SRV D257
L = %Q ¢ D257
e = 2 9257
30 7Y 130 D257
C.............0.........-............................................O..D)S?
Ce® COATRNL FPACHES TRIS SECTIOB IP 3 OR AOBE PAILMES EAVE OCCORED. D 257
C® IT IS ASSTMED THAAT THE DERIVATIVES THAT BAVE ACCOYOLATED IN IS 02%7
Ce® ¢ ARPIAY BAVE ER2DOPS OF THE WRONS ORDER. HENCP THE PINRSY D257
C® DERIVATIVE IS BECONPUTED, ABD T'AEZ ORDER IS SBT TO0 1. TEED D257
C® A IS REDOCED BY A F. ZTOR NP 10, ABD THE STEP IS RETFIED. D257
C® APTER A ™CTAL OF 7 PATLCRES, AW EBIIT IS TAKBE TITH KPLAG = -2, D257
C.....................................‘......‘.........‘O............l..b251
660 IP (TPLAG .2D. -7) GC 10 670 D257
BH = .1D0 D 2%7
RA = DRAXT(ARIN/7DABS(R),"H) D257
Y = H ® 3INH D257
CALL YDPAY(PSAVE A, Y, IO A(INDIR),N)
c D257
NN #S0 1T =KL, N D257
£S0 Y{I,2) = B ® FPSAVE(]) D257
ol 0257
T9PVAL RITER D257
IpO9R = 10 D27
tr (%Q .EQ. 1) GO TO 229 D257
N0 = 1 D257
L =2 D257
taer = 3 D257

50 T 1310 0257

716
77
718
719
720
721

122
723
726
725
726
12
728
729
730
131

732
733
738
735
736
137
738
739
)
781

782
73
T8
785
746
787
788
789
750
751
752
753
75a
755
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157
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7%9

761
762
763
764
765
766
767
768
769
770
m”m



CO000000080080080000080000080 000800030000 8000380838000000008088080080000880)237

Ce ALL REIORNS AYE RADE THROOUGE TRIS SECTIOB. 8 IS SAVED Im ROLD 0257
C® TO ALLO® Ie® CALLER °0O CRAMIGE R OB TEE FEXT STEP. 0257
CO00 0000000 003000000002 00500 00SCCE00E00C00000000080008088000000080000080)257
660 XPLAS = -1 0257
30 To 700 D257
670 TSFIAG = -2 0257
30 ™ 700 0257
620 KPLAG = -3 0257

30 T 709 D257
645 «<rLAC=-5 0257

30 ™0 702 2257

690 3mma = 190,000 8257
700 30D = % 0257

IJSTART = %0 w257

L TORD D257
Covseeeessssesse | ST CARD OF STIPP 00 00c 0800380000080 8008050080000008257

|4 1 0257

SOBROUTIISE TRSOC(NETH,BQ, K1,TQ,BAXDER) 0257
ce D257
c 9/ S/78p
C

IRPLICIT REAL®*8(R-K,0-0)

DI R ESION PRETST(12,2,3),BL(13).TQ(8) 0257
COe00080000000000808800000000000008500000000000000808800600800000000000880257
Ce TESOC IS CALLED BY STIPP ABD S8TS COSPPICIEWIS POR USE THRRX. D257
Ce THEZ VECTOR RL, OF LENGTR 0Q ¢+ 1, SETERAIVNES TAE BASIC AETNOD. 0257
C* TRE VECTOR TQ, JF LENCYS 3, IS IBVOLYED ID ADJUSTING TiER STRF SIZE D257
Ce LW RELIATION TO TROWNCATIOS RRROR. ITS VALOUES MBE GI¥E» BY THR 9257
C* PERTST AR?IAY. 0257
Ce THE V°CTORS EL ABD TG DEPRED OF RETR AND BQ. 0 257

Ce TESOC ALSD SETS BAIDER, TEER RAXISURN ORDER OPF TUR SBTEDD AVAILABLE. D257

C* CURRESTLY IT IS 12 PO® TAR RDANS RRETEONS AND S POR TRE CRAR SETRODS. 0257
Ce® LSAX = BAXDER ¢ 1 IS THE WRDEIR OF COLUBRS ID TAR Y ARRAY. 0257
Ce vAE AAX TRON ORDER USED RAY SBE RROOCED SIBPLY BY CEANGIN THR 0257
Ce TAE ETABERS IP STATEAESTS 1 ABD 2 BELOS. 0257
Ce 0257
Ce® TAE COEPPICIENTS IN PERIST FEERD 85I GCIVEN 70 OMLY ARIUT D257
C* OFE PRRCEST ACCURACY. THE ORORR I® WRICE TSE GROUPS AFPRAB ERLOW 9257
C® IS.. CORPPICIRETS PO} ORDER FQ - 1, CORPFICIRETS POR ORDER Bg, D257
C® CORPPICIERTS POR OADER BQ ¢ 1. CITRID RACE CROUF ARE 1B D257
C® CORPPICIESTS POR TNE ADAAS ARTNODS, TOLLOVED 3V TROSZE POR TEEP 0257
C® GEAR METRODS. ‘ 0257
Ce ! 0257
Ce THE ORISTRAL VERSTOR OF TALS PROGRAY 9AS ORITTER AT LLL BY &. C. D257

t

e
I 2P

7
77a
75
176
77
778
779
780
)]
782
783
78
785
786
787

709

793
798

796
797
198
799
800
801
802
803
808
805
806
807
808
809
810
8
812
813
81a
815
816
817



Ce HIWDNAR<E PnD COC COMPOTERS, THE CDC VREESTIOFR WiS %0DIPIED FOR D257
C® 3S2 JF Iat THINPTTPES AT A95088% I8 SONE, 19713. 0257
ce D257
e LATEST SEFIIION TEPTEWBEE, 1973 D257
ce D257

(O 0800008000000 CEEEtOsttNREININNEEE00880S0400SICEOE0SEERSEIBSSOOSOSOISOSOIES] 25
IATA FEETIT / 1.929,1.009,2.009,1.209,.315600,.3780703,.61397:00, D257

1 .03219299,.399298536G, .00001892D00,. 00000369200,.000000 352800, D257

1T 1.D7,'.99,.9D0,. 'R67D0,.95167 D0, 1. DO, 1.D0,1.D0,1.D0, 1.00,1.D0, 0257

1 1.9%,:.39,12.50,25.00,37.2900,53.3300,71.08D0,87.9700,106.920, D257

1 126.703,707.800,168.820,191,000, D257

1 2.0%,4,.590, 7.33360, 19.8230,13.700,1.00,1.00,1.00,%. DO,1.20, 1. 00, D257

1 1.002,%..506,28.000,37.89D20,53. 3300, 7%:.2800,7.37D0, 106.900, D257

' 726.702, '2?,ang,168.80C,191.0r0,1.20,3.0D0, D257

T 6.90),5%.1£700 ,12.5D0C, Y. DO, 1. DX, 1. DI, 1.D0, 1.00,1.00,1.00,1.000/ D257

] 8257
Cc..oc.oo.ooo........’..‘..‘..0.....‘.t..3.......‘.0‘.....0........‘..‘.0251
Cce 8257
PL{Z, = 1.200 D25~

56 ) (1,2), 9ETN D257

1 TAXDRE = 12 D257
30 Tn (101,102,123 *08&,105, 108, 107, 108, 109,110, 111, 112), ®Q 0257

2 %AXGER = © D257
30 "N (231,232, 203,208,253), ¥3 5257
CO800000008084800800C000000000888R 0000000000000 ORO0OOEeESRISIVSISOEIRESOND QST
Ce THE POLLOVWISS COEPPICIENTS SEOOULD BE DEPIYED TO D257
Z® MCIIPB ACCIEACY. PNR PACH ORDER ¥9), TEEY CAM 2B CALCOWLA1TED D257
* PROA "RP? GERERATIEG PCLYNORIAL, 2257
Ce L{TV = BL(1) & ZL(2)*" o ... + HL(SQet)eToen,, D257
e P2} “ME ISOLICIT ACARS %®TIBIODS, L(T) IS GIVYED BY n2s57
Cse DL/2T = (Te V) 8(Tey e (.. o(TsBQ-1)/K, L{(-1) =0, D257
Ce imzag K = PACTORIAL{EQ~-T). D257
C* ®0F TAE GEAY RETHODS, D257
~e LY = (Te1)o(Te2) ¢ .. ®(TeNQ)/X, D257
Ce® WRZE K = FACTORIAL(BQ)®{1 + 1,2 ¢ ... ¢ 1/30) . D257
Ce D257
Ce Tuop HRDEP 1§ JAICH TH® GROZPS APPPZAR BELOW IS.. D257
C* TAPLICT™ ADAWS NETHOD3S OP O3DERS 1 T0 12, D257
C#% STIFPLY STABLE GEAF RETHCDS OF OBCERS 1 TO S. D257
C..Oott:a:...0...00...-0....‘.0...‘"‘...0O....................00000000000257
101 EL{M = 1.0D D 257
G0 TO 930 D257

M2 ePLIY = 235D D257
®L({3)y = 0.5D0 D257

G0 T3 9y 6257

103 PL(Y)Y = 4. '8Hhh666646555647D-01 D257
®L(3) = C.75D9 £257

BL(YW = 1.5666666666666K6T7D-01 D257

G0 TH 919 0257

1046 oL({NH = 0.175D0 22587
PL(Y) = 3.16566556566666675-01 0257

ZL(Y = 3.33332333333333330-01 D257

PLIS) = Y. 165666R665666667D-02 D257

GND TI <900 0257

105 PL() = 3.6A61111117111111D-01 D257

LN 1.0416£6€66666666TD0 0257
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108

110

oL (qQ)
RL(S:
o %;
GO T3
2L (V)
R
EL &)
B (S
RL &)
(™
50 70
R ]
£L03)
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EL (6
gLy
L))
30 ™
2L (")
EL(Y
2L s)
nis
L t6)
(N
eL (8)
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20 TO
Bnin
RL(3)
ne)
BL (S)
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-
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zL (10)
0 T2
EL{)
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EL (5)
?L (6}
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ZL (M
EL(9)
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eL(1)
60 TO
gL (N
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2L (5)
EL (6)
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=
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gnu itoowo

8.86117111111113119- 0y
1.08°666665666 6667D~01
9.33333333333333330-0)
no
3.2986 1111111 1111D~021%
1. 181666656666 66670+ 00
B.&25D+00
Y.773:2333333333330-01
2.025 D%
1.31888880ARAC-2P890-03
0

. 1£5919312169312 -6
1.2250+00
7.%18%1851851951850-01
2.%52093333133333330-01
8.56111 1111119V 115-02
3,A591Y111 11111 191D-3)
1.632812699412693810- 8
00
3.06228537037037083-C 1
1.2368285713285718D+00
9.6551851851851852D-01
2.35763888558888890- 01
F.IINIIINISTIINIISD-02
1.050818818874 81880~ 02
7.93¢5079365079365D-04
2.830%5873015873020 - 05

00

2.9386t0004809°711D-01
1.3589285714285718D¢i0
9.765542328084232800-0 1
0.%1718750+ 00
1.11358166666666670-0 1%
0.01875p+00
1.93852380952383950-03
1.11607182857182860~- 28
2.7557319223985891D-06
00
2,.35375086082857143D-01
1.815888126948 12700+ 00
1.0772156084656055D¢00
8.98567019200352730-01
0. 1888375+ 00
2.9060570187658321D-02
3.72023809523R09520- 03
2.9964588656088655D~08
1.3778659611392%450- 05
2.7557319223985891D-07

900

LI T L I (S LI B

2.8018955648393672p- 01
1.8688881269941270D+00
1.171518550264855030+ 20
5.7935819003527337D-01
1.88322861552028220~ 01
5.378353582654320988D-02
6.21718817989417990-03
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.1
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928
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100

509

LY

IAPLICIT ATAL#S (A-R,C-2)

DINENSION Y(NO, 13)

TOARON/SCI235/T , A, HAIN, ANAX, EPS 1, AP, KPLAGY, JSTART, u, 5 INV N YO,
1Y MAX {400) , ERROK (800) ,PSAVYR(809) ,TPRI BT (300)

NEED DIFEZESION YSAX (RIN), BNROB (¥X0), FSAVE( 2NL0;

CONROS /PRINT/TPAL(10y ,DIPR (10) ,TPRI BT,I ERT,NPP, EPRT , WA GVRT ( 10)
CONTI nOE

S = 'TPRINT - T) / R

POT1T I = 1,N
YPRINT(TY = Y(I, %)
2 = 1,000
L = NQ ¢ 1
PO 3 J =2, 1
R=71%5
592 T = 1,8
YPRINT()) = YPRINT(I) ¢ Y(I,)) * B
ZONTI NOE
CALL YNA(IPRIBT,N)
SPR=WPRe 1

I?P (NPR, LE. NARPRT (IPRT)) GO 'O 100
IZRT=1IPRT+1]

NP R=)
TPRIET=TPPL (IPRT) *NPR*DTPR (IPRT)
IP (TPRINT.LE.T) GO TO S

RETURN

END

SUBROTTIRE Y)0TD
PR INT 1

PORNAT {*OCALLED YCUTDR. SHOTLD WE PRIWT.')
RETDRN

PND

00000230

00003310
00000330
00000340
30300360
00000370

00000800
0000420

00003640

SUBPOUTINE MATRIX(A,NV ROA, INDX A, [DIAG, X0, ¥XO0,8,LR,NBLK ,NLR ,¥DS506N0) NATRY 13

RURDA)
CONTAI¥S WON-~ZEPO ENTRIES OF THE COEPPICIENT MATRIX

NATRI 20
BATRI 30
BATRU 40

A(IDIAC(TN) = DIAGONAL ZLESEL¥T OF ITH ROV GF TAR COXF.ICIENT MATHIX 50
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75

CINDELR (151 0)
CINDEX( T} >~ COLUMN INDEX OP 3({I)

TCLASS{ 1]
TZLASS(I) = ZiASS OP THE ITR MINBER OP CEADN

I1COR(1G, 17
TCOR(T,J) = WO. OF CONFARTAERNT POR DAUGNTER I, JPGAR J

[WOXA( }
INDXA(2,2°T-V) = -18e (§O. Of NQOM-SE20 ELEE¥NTS I
RI2 I OF A
INDXA(2,2°7) = Ae (NOQ, OF NOF-2ER0 L BBRNTS Iy
oW I OF A

IPDXN(Y,F) = Re(3-1) IPP A{X) PELONGS [m colonms®
J O TAE MATRIX A&

ISO0RS QO)
ISORS{T) = INDEX OF TRE ITR SOURCE OXGAN (ISDICES P3CH SER CODD)
LAAB(10,8)
LANAS{I, 1 = LARP™A OF ABSORPTION IR S TOP DAUGETER I
LARAB(Y,2) = LABBDA OF AZTORPTION 1IN SI FOP DAUGHTER X
LABAB(I,3) = LAGBDA OF ABSORPTION I2® OLI POR DAUGHTER X
LAMAB(I, % = LAABDA OPF ABSORPT:uS TN L1IY FOR DAUGRTER I
LAIR( 10y

LAAR(YY = LP 2/(NALPLIFPZ OF DAOGHTER )

LARY( 1C, 10y
LAAX(I,J) = LW 2/ (RALPIRE OP DAUGWTER I IN CORPARTERNT J)

LP (K) = LANR({K)

ABLK(MDSUBN)
WSLK (i) = ORDEZ OF SQUARPE DIASIONAL SUBNATBIZ I OF &
WBLE(I) = ®CON(I)

BCOoM({ 20)
NCOR({1) = MO, OF COAMPARTAPENTS POR D OGRTER I

0RG A (ON)
ORGEA (TN = WNARE OF THE ITH OPGAD

PYT(10CO)
PRNT(I) = ITN ERTRY OP A GIVEE KoM OF TAE CORPPICIZNT SAYRIX

RINDEX (1510
RIWDEX(I) = ROV INADEI OF A(I)

TAS (10)
TAG(I; - ATORIC SYABOL AND ATOEIC FONBER POR DAUGATER I

TR(10)
TP (1) = AALPLIPE OP DAUGHRTER I

RATRI >0
RATII Y0
A 21 30
RAT3I 90

RAT &
BATR
AR
RATR
NATR
RAr'S
AAT3
XATR
HAT 2
RATE
BATS
SATR
SATR
RATR
nAT2
aAT2
HAT S
BATR
LY g ]
AATR
EATR
L] 28
SAT2
BATE
BARZ
SATR
fHara
5ATR
RATR

oA TR
5AT2
RATR
SATR
HA T4

100
110
120
130
180
150
160
170
180
190
200
210
220
230
280
2%0
260
270
280
20
300
310
J2¢0
330
380
350
360
379
380
39%0
800
810
820
83
880
850
860
870
880
290
500
510

30
580
550
560
570
580
590
600

610
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I0(SE0) - FECTOE OF INITIAL VALURS

BXPLABATION OF BRANCRING

TSE TASREE TYPES OF BRASCHING AVAILASE IN
TRIS CODE SILL BR OF TAE POLLOVWING PORAES

1. A
P B (1,0

2
. 2,
2

pe B (3.1
Q* 1x C 1.2)
IT 1¢ 1e p (%)

TNE OROD®PED PAIR (X,7) THCICATRES TY?R
OF BPANCHING (T=1,2,% AND POSITION

VITHT A “MF BRANCRING SCNERE - I=NBRUCH, Y=IBRECN.

f. POP BBRNCH= () OR 1, THE ORDIER OF
EX EC'TION IS UBCRANGED: ROWYEER,
2(K)=' TPF NBRECH=D
P (k)31 TP EBRNCH=1
P(K) IS READ IF¥ OF CARD.

1Y. POR N3RNCH=2
1. TRE CASE P¢ B IS ESSEWFPIALLY
BBRWCA=1 AND YILL S TREATED AS SOCH.
2. Q® e C - TAE BLOCK Q* ADST BEGIN
IN THE SARE COLUNSE AS Pe. ASD 1® NOST
SEGIN T8 THE SAAE COLOAR A3 B. Q AUST
A2 SET TO ' VAEN FORAIEBG 1°.

ITI. POR NBRNCN:2)
1. TRE CASE P* B IS ESSEWPIALLY
NS ¥<Tet ASD WILL BE TREATED AS SUCH
2. Q® XX C - THE BLOCK Q* RUST BEGIW
I¥ TBE SAK® COLONE AS Pe. C WILL BEGIN
TH COLURE NCOA(A) *SCON(B) o1,
3. IT 1 1¢ p - THE PIAST PILLED BLOCK 1¢
WILL BEGIN IN COLUSM SCOS(A)*?. TAE
SPCOND BLOCK 1¢ WILL BRGIS IN SAME
COLUN® A C. THIS CASE IS SINILAR
70O NBRECH=2, ISRNCA=2 AND HAY BE
TREATED AS SUCH BY ENTRRING Q=1 Of
INPOT CARD.
THOS TI.2 AND III.2 ARZ TAZ ONLY 790

DIPPERENT CASES POR WAICE SPECIAL LOGIC BUST BE EAPLOYRED

XX-INDICATES BLOCK OF ZIEBROBS

RATK
BATE
HATR
BATR
HATR
HATR
BATR
HATR
HATR
Axre
HATR
MATE
LY 4
HATR
sare
BATR
HATR
qATR
TR

EATR

620
630
630
650
660
€70
680
630
700
710
720
730
740
750
760
770
T80
790
800
810
820
830
840
850
850
870
830
890
900
910
920
930
%0
950
9%90
970
980
990
1000
1010
1020
030
1080
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
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IAPLICIT EEAL®R (A -%,0-2)

awaLeq LA () ,LARX(10,10) ,LARR (10) ,LABAB (10,8)

I#TR P ®e2 AINDEX(12001),CINDEX (1200 1) ,SON 1

JIATISION A(Y) ,X0(1),TWDXA(2,1) ,EDTAG (V) ,ICLASS (10) ,1R(10),
1 PIWT(800), WBLK(1),ISORS(20),P (1), WBANCA (10}, IBRNCE (10)

ZORNON/TABLES/ LARAB(10,8) ,LANX(10,10),0R:BA(13) ,TAG(10),
I ICOM(10,'9),10PT,NSCON{10),NTISO, NORG
CORMOM /SE=CH/ ISWTCH

DATA PLN2/.69718714205599850/
JATA TSOES/9,3,10,11,2,3,4,5/

READ BISO = ¥O. OF ADIONTICLIDES IP CRAID
D), D&,D5 = IEGIONAL DEPOSITION VALUES
N8G = WN, OF ORGANS (EXCLUDING LUSG AND GI
TOPT = 0 INTAKE BY IUNALATIOB
1 TIWTAKE BY ISGEST ION
2 TINTAKPE BY IBRJECTION

NAOANNNTA

SEAD {S0,1001) ¥ISG,D3, £, D5, NORG, IOPT, BORAL
<601 PORMAT(T10,3P10.3, 3210)
9RI TR (10,1002)
1007 POBKAT (* 3*)
IP{TOFT.EQ.0) WRITE(10,1003) D3, D8, D5
100 PORRAT(* PERCENT DECOSITIOB®/® 3,8X, *N-P°, 121,°T-87,
1 12X,/ T, 2, 4(88,P7.2),/)
WRITE (16) NISG, NOEG,TOPT
IP(IDPT.PQ.Y WRITE(16) WORAL

C
C ASSIGN REGIOBAL rEPOSITION POR BACE PATHWAY
(o
I?P(I2?27.80.0) CALL LOWG (D3, D8, LS)
C
C POR BACA °ADIONTCLIDE REAT
C TAG = ATORIC RO . AWD SYSBOL
(o TR = RALFLIPY?
C ICL ASS = CLASS
c TIAB = O ABSOPTION IN SI ONLY
C 1 ABSOPTION IR ALL REZGIONS 5P GI TRACT
C

WRITEZ (10,1008)
1008 PORAAT(® ISITOPE®, 4K,  HALPLIPE®,4X, *CLASS®,3X, LAKARY,
1 3X,'8F.RATIO',7X, BBPRCH', 4}, * IBRECH® )
Do 15 1=1,NISD
DO 10 421,48
LA BAB (T ,J)=0.
10 CowTINNE
TSUTCR=0
R EBAD(50,10N8) TAG (I),TR(I),ICLASS(I),LARAB(I,),P(T),
1 NBENCH(T), IBRNCM(I) ,ILAS
TP (ILAB.EQ.1) READ(S,1005) LANAB(I, 1) ,LAMAB(L,3),] 345 (I, %)
1005 PIRRAT (3710.0)

BAT

1180
1190
1230
1210
1220
1230
1231
1280
1250
1251
1260
1270
1230
1290
1300
1310
1320
1330
1380
1350
1360
1370
1380
1390
1800
1810
1824
1830
1880
181
1850
186C
170
1380
1490
1500
1510
1520
1530
1580
1550
1560
1570
1580
1590
1600
1601
1610
1620
1630
1640
1650
1650
1661
1670
1680
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IP(P(D .BQ.0.) P(D) =1,
WRTTE(10,1006) TAG(I),?R(I), ICLASS(I),LANAB(I,2),P (I),
1 WBRIWCH(I),IBBNCH (I)
10046 PORRAT(® ',A8,1PR12.3,8X,43,2810.3,2110)
TP (ILAB.2Q.1) SRITE(10,1007) LAMAS(I, 1) ,LASAB (I, 3),LANAB (I, %)
1007 PORMAT(* *,21X,°LAAAB-S',1PE10.3,/° *,19X, LASAB-OLI',E10.3,/
1 ¢ 019X, 'LASAB-LLL®,210.3)
15 ComTraOe
1008 PORMAT (RA, 2X,P10.0, 8%,42,2P10.0,212,21,12)
WRITE (16) (TAG(I),I=1,8I50)

SET LAYR

NN

Do 20 I=1,81S0
LAMR(T)=PLI? /TR(Y)
20 CoORTINNE

c
c
C CHECK CLASS; S®T LANX AND PRAC
~
[P (IOPT.2Q.0y CALL LU¥G1(IZLASS,X0,8K0)
c
c
C CALCULATE ENTRIES OP COEPPICIENT BATRIX
c ENTER NON-ZBR0 ENTRIES BY SOWS TO PORS VECTOR A
IRO¥=0
IKGONT=0
rcoLt =0
ICOL=0
DO 30 K=1,¥ISO
C K ~ INDEX OF RADIONTCLIDE
C J - INDEX OP CONPARTHNENT
J=0
JCOL=100L 1
25  Zowr: wuE
c
C LUWG CONPARTHENTS
c
IP(IDOPT.20.0y CALL LUNG2(a,RINDEX,CY SDEX,IBOS,ICOL,ICOL1,
1 IKOUNT,LANR,P,K,J, B, HBRACH, I BRECH)
c
c
c
C GI TRACT
c
IP(IDPT.7Q.0.0P .IOPT.2Q.1) CALL GI (A,RINDEX,CIBDEX, IROW,
1 ICco1,ICOL1,IKQUST,LANR,P,K,J, 8, WBRNCA, IBRE =%, X0, ¥ X0)
c
c
c
C OTHER ORGANS
c

IP({IOPT.EQ.0.0R.TOP T.2Q.1.7R.TOPT.BQ.2) CALL ORGAN(A,RINDIEX,
1 CINDEXY,I®ON,ICOL,ICOL?, IKGUWY,LAAR,P,K,J,0,9BRECH, IBRNCAH,
2 ISORS,Xx0,NX0)

1690
1700
1701
1710
1720
1730
1731
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930

2000
2010
2020
2030
2080
2050
2060
2061
2070
2080
2090
2100
2110
2120
2121
2130
2180
2150
2160
2170
2180
2181
2182
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IF{X.EC. ) 53 "™ 3D

ZALL INDEX (ICOLY, NCON, X, BBRNCN(K), IBRECR(K))
CONTINTE

I? T1IPT.EQ.Q) WORGPS=NCAGeR

IF(INPT.2).1) NORGP3=BORG+8

IP (I7PT.2Q.2) NCRGPA=%CEGeH

IP(I0PT.2G.0) YORG=1

[P(INP*.BQ. 1) IOKS=

If (I19P7.2G.2) TOBG=1

WS TTE(16) (ISOPS(I),I=IORG,NORGPS)

C DETESMINE TOTAL NTNBER OF COMPARTNENTS (SGAY)

(of

st N Xal

35

STN1 =0, D0
Do 35S X=1,NISO
STM =SOM e BCONA (K)
CONTINTP

PRI N~ CORPPICIENT SATRIX PBY ROES

1039

40

1019
85

1on

50

55

60

WRITE(S51,1009)

PORRAT (*TAATRZX A PRINTED BY ROES?)
It =0

D0 55 1=1,50%%

I1I=0)

DO %0 J=1,Sn%1

PEAT (J)=0.D0

ZONTY AR

¥RI TR (S1,1010)

POBNAT (' 0')

conTINCe

IT=ITe1

TYI=ITVe 1

IP (RINDEY(IT). EQ. T} 60 TO 50
II=11-1

ITT=II7-]

INDEA (2, 221~ 1) =- 188 III
INDYXA(2,29T) =R$ITT

IDIAG (I)=T1

WRITR(S51,1011) (PRET(J) ,J=1,5081)
PORMAT (* * ,8D15.6)

80 T 55

COFTT NUE

PRNT(CINDEX (II)}=A (1)
INDXA(1,II) =8¢ (CIYDEX(TI)~1)
30 TO 45

TONTINOE

DO 60 T=1,M1S0
LR () =-tARR(T)
NBLK (T) =NCON ( I)
CONTL AUR

R OST BN =N TS0
N=SU%1

2190
2208
2210
2220
2230
2240
2250
2260
2270
2220
2290
2300
2310
2320
23130
2380
2350
2360
2370
238G
2390
2400
2810
2820
2830
2880
2056
260
2870
2880
2830
2500
2510
2520
2530
2580
2550
2562
2570
2580
2590
2600
2610
2620
2630
2680
2650
2660
2670
2680
2690
2700
2710
2720
2739
2780
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NELA=TOIAG(Y)

PRINT NON-ZBR0 BLERENTS OF TRE COEPPICICNT BATRIX AND
TRE 0V AND COLTI"E IN WAICH EBACH OBE APPEARS

WRITE (6,1012)

1012 PORRAAT({*1°* ,3X,*ENTRIRS OF A’,2K,'ROW ¢, 2X, *ODL")

10
65
c

NN NAnNNNANANNANNARANNOANANANNA

DO 65 I=1,MELA

WRIT® (S1,1013) A{I) ,BINDEX(I), CINDEI(T)
13 PORBAT(® *,D15.€,219)

CONTT NOR

RETORD
END

STUBRNOTINE LUNG (D3, D8, DS)

TRAIS SUBBOUTIVWE DETEBREINES TAEZ EWTRIRS OF TAE COERPPICIENT
SATFI T COBRESPONDING TO PHAE LONG COSPARTHNENTS

ATNT (10)
ARBT(T) = LAMAR(K)}*PRAC(K,I) POR PATHUAY I, DAUGHTEF K

D(9) - IEGIONAL DEPOSITION VALOBS

D(™ = D3 D(S) = 55
D(2) = D3 D) = DS
D() = Do D(N = DpS
D(3) = Da D(A) = DS
?9,3)
F(X.T) = REGIOBAL PRACTION ?O PRTEEAY
X =A,8,C,...J
I=1 CLESD
2 CLASS ®
3 CLASS Y

PRAC (10, 9)
PPAC(I,J) = SEGIONAL PRACTION IN PATRUAY J OF DAUGHTER I

IC(10)
IC (1) = CLASS IBDEX POB DAMJGATER I
1 - CLASS D
2 - CLASS #
1 - CLASS Y
LMBDA(, )

LAABDZ(J,X) = LW 2/(REHNOVAL HALPIRE POR PATRUAY

LUNG
LoBG
LOuG
LUEG
LONG
LUBG
LOBG
Lusc
LUBG
LUBG
LOBG
Loac
LOBG
LONG
LO38G
LONG
LOBG
LO¥G
LOBG
LOBG
LOnG
LUEG
LORG
LOw;
LOEG
LUSG
LONG
LOBG
Luse
LG
LOWG
LONG

2750
2760
2770
2780
2790
2800
2810
2820
2830
2880
2850
2860
2870
2880
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X = R,8,2,...I)
J =1 CLASS D
2 CLASS ¥
1 CLASS Y

[MPLICTT REAT®R (A=-H,0-2)

RAEALS< LAM® (1), LARMBDA (3,9) ,LARX(10,10) ,LANAB(10, %)
TNTESEG®2 SINDEX(1) ,CTNDEI(1)

NIMENSTLY AE1),PRAC(10,9),P(9, N, ICLASS(N ,IC(10) ,D(D ,
1 P(1),%BPN..A(1),IBRRCH (1} ,ANNT(10),20 (V)

TNTESER NAY, JEBEK, YEAR

Z0BMOB/TARLES/ LAMAB(10,8),LAAX (10, 10),ORGHA (10),TAG(10),
1 ICcOom (10,30),I0PT ,NCOR(19), BISO, NOBG

JATA P/.5D0,.5D0,.9500,.0500,.8D0,0.00,0.D00,.200,1.D0,
1 -100,.900, .5D0, .50, .1500,.8D00,.400,.05D00,1. 00,
«91M,.9900 ..01D0,.9900,.95D0, .8D0, .8D0,.15D0,.9DC/

DATA LARM9DA/3%69.3187180559945D0,

1 69.3187180559985D0,2¢1. 73286795139986D0,

2 1%69.314718055993500,

3 3¢3.46571590279972500,

¢ 1.38629436111989D0, . 0138629836111989DC,.001335629836111989 00,
S  0.00,2%.6931471275599a5 D0,

6 9.00,.0178629%36111989D0,.00139629836111989D0,

7 1.38F2983611198900,.013862983611198900, . 00138629836111989D0 ,
3 1.38629436111949D0,.0138629436111989D0,.000693147180559985 D0/

DATA CAY/* D '/, ¥WBEK/* ¥ */,YEAR/* Y '/

ASSTGE PEGIONAL DEPGSTTION POR PACHN PATAZAY

D(H=m
D(2)=03
D({} =Ca
D (8)=D4
D(5 =D%
D (6) =D5
D(N =D¢
D (8) =n5
PETIIIN

ENTPY LUNG1({ICLASS, X0,¥X0)
CHECX CL ASS

no 45 Y=1,N1S0

IP TCLASS(1). NE.DAY) GO TO 2
Ic(n =1

36 TO 25

CONTINUR

I P(TICLASS{D .NEB.VEEK) GO TO 15
Tcay=z

GO TO 2%

LORG
LOBG
LO¥G
1.0NG
LONG
LOWG
LONG
LONG
LONG
LUNG
LONG
LUBG
LONG
LO¥G
LOBG
LuNG
LUBG
LOBG
LORG
LouG
LUNG
LONG
LOBG
LoNG
LUEG
LONG
LOwG
LUBG
LO¥G
LUNG
Luws
LUBG
LONG
~ONG
LOBG
LOBS
LOWG
LUNG
LUBG
LO¥G
LowG
LONG
LOWG
LOwG
LowG
LONG
LanNG
LOWG
LONG
LONG
LosG
LU¥G
LONG
Lo¥e
LUBG
LOwG

330

350
360
370
380
:s0
300
410
11
820
430
340
[ L}
850
860
861
862
870
480
881
482
883
[ 1.1
885
886
887

750
760
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15

20

10

25
C

C
C

30

NAantNn

35

nan

a0
85

(2]

aAantnAnN

50
5%

60

01

0
(2%}

CORTINUE

[P (ICLASS (I). BE. YEAR) GO IO 20
c(n =3

30 T0 25

CoOBTINUE

¥eITE(10,1001)

PORRAT (*0°,11X,* BEROE. CLASS DOERS NOT COMPARR®)

CALL EFROR
CONTI NTE

SET LANX AND PRAC

Ir

DN 0 J=1,9

LANX{T,J) =LASBDa (IC (I) ,J)
PRAC (I,3)=P(J,IC(T))
CONTTINDE

LAAX (T,10)=0. DO

DLRENT IS CLASS Y AND DAMJGHFER IS CLASS D OR W

S®T LANX(I, 10y TO LARX(I,9,;

IP(I.EQ.T) & 7O 3%

[F (IC{I-1).EQ.3. AND. (IC(I). BQ. 1.0R. IC(2).PQ.2))

1 LAAX (I, 10)=LANX(1,9)
CONTY 02
IP (I.GT.1) GO TO &5

SET INITTAL VALORS POR ODR

0O 40 K=1,WIO0

10 @) =0.D0

IP(K.LE.8) XO(r)=D(K)*PRAC(1,K)
COFTI ROP

CoNTIRUE

FETORN

PHTPY LONG2 (A,RINDEX,CTEORX, IROW,ICOL,ICO".1,
} IKOONT,LANR,P,K,J,N,NBRNCH,IBRNCH)

LONG CONPARTARNTS
PATH BAYS A-R

1P (K.2Q. 7 GO TO S%

nn S0 1=1,9

ARNT( I) =L AR {K) * PRAC (X, I)
ZONTI NUE

ARAT (10)=L ABR (K)® (1.DO-PRAC (K,9))
CONTINDE

J=301

IROV= IRCE ¢ 1

1?7 (K.2Q0.%) GO To 70

Q=P K)

CONTINCE

TP (J.12.2) H=2
TP(J.2Q.3.0R.J.BQ.4) M=2

770
780
790
300
810
820
830
880
850
860
870
380
890
900
910
920
930
940
950
960
970
980
990
991
1000
1010
1020
1019
1040
1050
1960
107v
1080
1090
1100
1110
1120
1130
1111
1180
1150
1160
1170
1180
1190
1200
1210
1220
1230
1280
1250
1260
1279
1280
1290
1300



65

70

75

80

s N XR!

a5

90

95
100

1

83

TP(3.GE.5.AND.J.LE. 9 E=8

DN 65 TI=1,%

IKONYT=TXO OB T3

TCOL=ICCL*

A (IKOGN™) = ANNT (J)*P (F)

FINDEX (IXOTHT) =IROW

CIW=X (IKOJINT)=ICOL

CONTINUE

IP(N3RECH(K) .EQ.I®RNCH(K) .AND. BBRNCH (K).GT.1)
CALL CIANGE (P (X),K, ICOL,ICOLY,NCON,J, 5, TOPT, 6600

P(X) =0

[I=2%N-)

I?(J.LE.2}) II=M-J

ICOL=TCOL* WCOA(K-1) -IY

IP(WBRNCH (K). EQ. 3.AUD. :BRIECR (K) .2Q. 2} ICOL=ICOL+NCOM(K~2)

50 =0 7¢<

TONTINDE

ICOL = TCOL #1

CONTI NUE

TKOUNT=IKOINT+1

A(I®NONT) =-LANX (K,J}

PYTNDZ X (IKQUYT)=IRI¥

CIRDEX (IXOUNT)=TICOL

IP(J.2Q.3.AND.K.GT.1) ICOL=ICOL1+J/HeD

7P (J.2G.%3) GO TO &0

IP(K. Q.1 0 TO 55

ICQL=ICCLY+J/N*}D

60 M 5SS

CONTINUE

PATHRUAYS I AND J

1

IROR=IROW 1]

J= e 1

P (K. 20.1) G0N TO 95

Q=P(K)

COFTI AOP

Do 90 I=1,2

ICOL=ICCL#)

IKOUNT=IKOMN T+ 1

A(IKQUNT) =AANT (J) *P(K)

RINDEX (IKOUNT )= IROW

CIUDEI (IKOONT) ~ICOL

CONTT NOR

IP(DBRNCH(K) . EQ.IBRNCH (K} .ADD. BRI B (K).GT.1)
CALL CHARGZ2({PIN) .X ICOL,ICOLY,NCON,J,N, 10PT, 535)

P(K)=Q

ICOL=ICOLeNCOA (K-1) -2

[P (WBRWCH (K). BQ. 3. A%D. IBRNCH(F).2Q.2) ICOL=ICOL+NCON (K-2)

GO TO 100

CONTI NUE

1C0L=9

CONTINGE

L KOUNT=IKOONT+1

IP(3.£Q.9) A(IKOUNT) =LAMX(K,8) ®PRAC (K,9)

1P (J.2Q.10) A(IKOONT)=1AMX {K,8)¢ (7. DO-PRAC X,9))

1310
1320
1330
13480
1350
1360
1370
1380
1390
139
1408
1810
1420
1830
1890
1850
1860
1870
1480
18490
1500
1510
1520
1530
150
1550
1560
1570
1580
1590
1600
1610
1620
1630
1680
1650
1660
1670
1680
1690
1700
170
1720
1730
174C
1741
1750
1760
1770
1780
1790
1600
1810
1820
1830
1840



TP

Cc
c
c

105

110

115
120

125

g

PI ROE T (IKOUNT) =1 RO¥

CIBDEX (IKOUBT)= ICOL

TI=1

IP €J.2Q.10) If=2

ICOL= ICCL ¢I1

IKOUNT=IKOUNTe 1

IP (. 8Q.9) A(IKOUNT)=-LANI(K,J)
IP (J.2Q.1C) A(IKOUWT) =0.DO
RIMDEX (IKCOWT)= T QO

CINDEX ( IXOUNT) =ICOL

IP (J.EQ.10.AWD. K. GT. 1) TCOL=ICOL16J/2%2
IPQ.¥0.10) GO TO 195
IP(K.EQ.1) GO TO 30
ICOL=1ICOL1+J/2¢2

GO T2 80

CONTI NOE

PATEGAYS K 40D L

00 12% 1=1,2
IROU=TROWT

IzJe1

IP (K.RQ.1) GO TO 115
Q=P (K)

CO WYY NOUB

ICOL = TCOL *1

(X008 T=IKOONT+1
A(IROUET)=LAAR(K)*P (K)
RINDEX (IXOOWT) =TROW

CI MEX(IKOGET) =ICGL
IP BRECRH (X). B). IBABCH (K).AWD. BBRECH (K) .GT. V)
1 CALL CHASGE(P(K) ,K,ICOL,ICOL1,PCOR,J,0,I0PT, 8110}
P(E)=Q

ICOL *YCOL *ACDB (K- 1)) -5
TP (FORECH {K). B0. 3. ABD, IBRBCA(K).BQ. ) ICOL=ICOL ¢+0COH (X-2)
GO T0 120

COWrI wog

JCOL=Se1

cosTINgE
IROONT=IKOUNT 1
A(IXOONT) =LABRI(K,5+1)
RI ¥DE X (I KOULT) = I ROW
CIWNDEX {IKOUBT)=ICOL
IKOMIT=IKOGN T+
ICOL=ICCL*S

A( IXOURT) =~LASI (K, 8)
BY WDE X (IKOUNT) =L ROV
CIBDEX (IXOUNT)=ICOL
IP(F. 2.1 0 TO0 125
ICOL=ICOLYJ

CONTINrE

RETORN

e D

LO¥

1858
1860
1870
1880
1890
1900
19i0
1920
1930
1940
1950
1940
1970
1980
1990
2000
2670
2020
2030
2080
2050
206v
2070
2080
2090
2100
2110
2120
2130
2180
2150
2151
2160
2170
2190
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2380
2350
2360



SOReNTINP GI (A, RINDEX,CINDEX, IROM, ICOL, ICOL1, IKOUB T,L AR, ) 4 10

1 P,X,},N,892NCH, IBRNCH,YX0,N10) GI 11

- GI 20
C TRAIS SUBRDUOTIKE DETPRNINES THE ENTRIES OF TE® CORPPICIERT GI 39
C PBATPIX CO2%EBSFONDING T0 TRAR CONPARTHEVNTS OPF THE 4I TRACT GI at
c 51 S0
C GTLAR (& 61 60
o SILAN(T) = LANBDA POB COMPARTHNENT I QF GI TRACT 63 § 70
e (¢ 30
C  LAMAB (13,8) G S0
C LARAB(I,7) = LRARDA OF aABSORPTION {8 S POR DAUGATER 1 () 4 100
C LAMAB(T,?) = LAABDA NP ABSORPT JOB IN SI POR DADGHTER I GI 10
C LARAB (I,3) = LARBDA OF ABSORPTION IR OLI POR DAUGHTER I GX 120
(o LARAB(TI, &) = LABRDA OF ABSORPTION IW LLIYI PCR DAUGHTRR I Gk 130
c 31 wo
IRPLICIT REAL®*8(A-#{,0-2) (3 ¢ 150
QRAL®3 LARX(10,1M) ,LANR(Y), LARAB(10,4) [+4 4 160
INTEGER®2 ITNDEI(1),CINDEX (1) [ ¢ 170
DINENSYION A(Y) ,GILAN(4Y),P (1) ,BBRECH (1) ,IBRIECE (}),X0 (1) 6I 180

C GI 180
CORBOX,TABLES/ LARAB (10,8) ,LABX (10, 10) ,ORGEN(10; ,TAG(10), () § 200

1 ICO%{(10,10% ,IOPT,NCOR:{10) ,RISO,BORG Gl 201

C (3 ¢ 210
DATA GILAN/23.D0,6.D0, 1.986153886D0,1.D0/ eI 220

C 6I 230
c 6I 280
C SET INITIAL YALUBS PCE ODP GI 250
I (¢ 260
I?(X.GT.1)} GO TO 13 GI 270
IP(I0PT.2Q.0.0P.TOPT. G2} 3C TO 15 5I 280

po 10 1=1,8x0 GY 290

X0 @) =0.00 GI 300
IP(I.BQ.1H XO(I)=1.D0 GI 310

10 CONTI nOR [} § 320
c "} 330
15 CONTY 0B (3 ¢ 38)
(o ¢I 350
C GI TRACT GI 360
C STON ACH GI 370
o GI 380
TROW=1POE+1 GI 390

J= Je1 GI N0
TPE.EQ.1Y O ™0 258 Y 810
Q=P(m) 6L 820

20 CONTINUE 6I 830
ICOL=1COL #1 6I 840

I KOUNT=IKOUNT¢ 1 GI 830
A(IMOCHT) =L ANR (K) *P(K) Gl (X ]

RTNDEX({IKOJNT) =IROW GI §70



25

30

38

40
45

50

aNn

58

1

St

1

N

ST WDEX (IX0T¥T) =1COL

IP (MBRYCH (X).EQ.IBRECH (K) .A¥D. BBRICR(K) .GT. )
CALL CHANGE(? (K) ,K, ICOL,IZGL1,8CON,Y, ¥, 10PT,82))

o(R)=q

I(DPT. Q. ICOL=ICOL*RTON(X-1}-1)

TP (INFT.EQ.1) ICOL=ICOL*RCON({X~Y)

IP (KBRNCA(K+.20.3.AND.IBRNCH (K) .EQ. 2) ICOL=ICOL*Y¥COR{K-2)

50 TO 10

CONTY AQE

IP(IOPT.EQ.O3 ICOL=2

IP @OFT.EG.1) ICOL=1

CONTINU?2

IP (INET.BG. 1) GG TO &S

D0 35 1=2,4,2

I KOUNT=IKQDNT+»1

A{IKOOINT) =LAAX (K, T)

RI NDEX(TKQOUNT) =IROW

CTNDEX (IXOONT)=ICOL

TZOL=ICGL*TY

CONTT NOZ

ICCL=TCOL+)

DO 40 I=1,2

TKOONT=IXOTNT»}

ALIKCORT)=LARX (K,0)

RINDEX (IKOUWT) =IROW

CIMDEX(IKODUT) =ICOL

ICO..=TICOL +1

CONTINOE

COWrI NOE

IROUNT=IKOON™¢1

A(IFOUBT)=~GILAR(?)

A(IKODA™ =A{IKQUNT) -LALMAB (K, 1)

%I WDEX (I KOONT) =TROW

CINDEX ( IXOUNT) =ICOL

IP {K.BEQ.1) GO TO S0

ICOL=ICOL 14J

COWTI NDB

+OLI,LLIT

po 70 1=1,3

IROW=IROW+1

J=Je1

IPX.2.1) GO TO 60

G=P(K}

CONTINUE

ICOL=ICOL+1

IKCONT=IRQONT+1

A( TXKOUBT} =LAAR (K)

RI NDEX (IKOUNT)}=TROW

CINDEX { IKOOUNT) =1ICOL

A (IKOUNT)=LANB (K) *P(K)

IP (NBRNCH(K).EQ.IBRNCH (K) .AND, WBRECH(K) .GT. 1)
CALL CHANGE(P(!),K,ICOL,ICOLY,8CON,J,N,10PT,855)

P(K)=Q

ICOL=ICCL+BCON(K-1) -1

9850

497
500

670
680
693G
700
710
720
730
740
750
760
770
780
790
800
810
820
830
8530
859
860
870
880
390
900
910
920
930

950
360
970
980
990
991
1000
1¢10
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50

65

70

aONNNATTOANANDAANNANAN

%]

I? (NBRNCY(K) .2).3.A8D, INRNCH (K) .£Q.2) ICOL=ICOL¢BCGA(K-2)
30 79 kS

CONTINUP

ICOL=J-1

COMTTYOP

IKCUAT=T ROJNTe1

A(TRKOUNT) =GYLAR (1)

3 WDEI{IXQUNT) =1R0W

CYNDEX (1X0UNT)=TCOL

ICOL= TCOL + 1

I XOURT=TKCUNT+1
A(IXOUNT)=-GILAN (I+1)

A{IXOUNT) = (I KOUNT} ~LANAB(X, I+1)
FINDE Y (IXOONT) =T ROW

CINDEX (TKOONT) =ICOL

IP (K.EQ.1) GO TO 70

ICOL=1COL 13

ZONTINNE

RETO2N
L B

SUBROUTINE JRGAN (A, RINDEX, CINDEX, IROB,ICOL,ICOLY, IKCONT,
1 IAMR,F,K,J, N, NBRNCH, IBRNCY,ISORS,I0,¥X0}

TAIS SUSROUTISE DETEPHINES THE ENTRIES OP THE COEPPICIENT
MATRI X CORRESPONDING TO T AZ CONPARTHERNTS OPF OTARR DJRGANS OF
T AE BODY

1COR( 10, 1)
TCOA(I,J) = NO. OP COAFARTNENT POx DAUGETER I,
ORGAN J
A5{10,10), T8S{10,10)
AS (T, J) = COE®. OP EYPOWBEPIAL OF COSPARTARNT I, ORGAN J
TBS(I,J) =POWEF OP E, CORPARTHEET I ORGAN J

1S(10)
IS(Iy - PRACTION OF THE DAJGHY ER RETUREING
TO BLOOD POR OFGAN I

INPLICIT REAL®S (A-H,0~Z)

REALSR LARX(10,10),LARR (1) ,LARAB(10,8)

ISTESER®2 RIADEX(1),CINDEX (1)

DINENSION A(T) ,AS(10,10),T85(10,10) ,IS(10) ,ISORS (1) ,P(1),
1 EBRACH(Y) ,UBRECA(1),30(1)

G 1
I 1

Py
922

030

5 1040

) SIS
Gl 1

050
060

S5I 1670

GI

93¢

GI 1030
GI 11)0

6I 1
SI 1

110
120

¢TI 1130

6I 1

180

GI 11538

GI 1
GI 1

160
170

GI 118¢

GI 1

190

GI 1200

GI 1

210

6I 1220

OBGAD
03GAN
OEGAN
OBGAD
OAGA S
ORGAN
ORG AN
oRGaAlN
ORGAY
ORG AN
oRGA
ORGA
ORG A
0RGA
ORGA
ORGA
ORGA
oRGA
ORGA
ORGA
OBGA
oRG A
oRGA
ORG A
ORGA

10
1"
20
30
80
50
60
70
80
90

110
120
130
180
150
160
170
180
190
200
210
220
221
230



c o~

1001

88

COMRMDN /TABLES/ LAMAB {1C,8) ,LARI(10,10) ,0BGBA{ 10} ,TAG(10) ,
1 ICO%(10,10),10PT,NCON{10) ,21S0,NORS
ZONNNN/PAKEY/ SGA

RZR OFGANS

1020

IP (NORG.2Q.0) GO TO 80

IPK.GT.1) PEAD:50,1001) (IS(I),I=1,NO0RG)
PORNAT ( 1012

ERITEZ (10,1002)

1002 PORAAT(*0¢,/////.," ISOTIOPE',LUX,"ORSANW®,5X,°A%°S ABD TB*°S")

1003

1004

1005

1005

10

15

20

25

WRITE(10,1003) TAG(K)

PORRAT (* ', A3)

SMORY =0.D0

DO 65 1=%,NORG

o BAD( 50, 1008) ISORS(I+ @) ,OR388(I),ICOR(K,I)
PORRAT (I2,M8,12)

ICOAK I=1CO% (K, T)

RRAD(50,1005) (AS {JJ,T),JJ=1, ICONKTI), (T BS (JJ, I), JJ=1, ICOBKI)
PORIAT (3710.0)

WRITE( 10, 1006) ORGNA (I), (AS;JJ,I),JJ=1,ICOBMKI),
1 (TRS{JJ,I),JJ=1,ICONLY)

PORRAT (" *,10X,A8,2%, 1PARY12.3,/,(* °,20X,8212.3))
SHR=0.00

DO 10 JJ=1,ICO%KT

SUR=SUN +AS(JJ, T)

CONTI NOE

SNORR =SHORM ¢ SUN

DO 60 mr=1,ICORKY

IROW=IR0W+1

J=Je 1

IP(K.2Q.1) 50 TO 30

Q=P(X)

TS# 1

CoN. {NTE

1S8=1 S+

DO 25 JJ=1,8IRG

1CONKA=TCOA(K~1,JJ)

TP (IBRNCH(K) ,GT.1.09D.I59.20.2) ICOBKA=ICON(K-2,JJ;
DO 25 KR=1,ICORKN

CALL PaxeE

ICOL=ECCL# Y

[ KOUNT={ ROONT+$

A(TXOURT) =IS(JJ) *LARR (K) *AS(RE,I)*P (K
IP(IS(JN).EQ.1) GO TO 20

IFYUI.P0.I) A (IKOONT)=A (IKOONE)+ (1.DO~IS(JJ;) *
1 LAYZ(X) *AS (AN, T) /SUR®P 'K)

cowrInoe

RINDEX ( IXOUNT) =IROW

CI SDE X (IKOUNT)=TCOL

CONTINOR

TP (NBRWCA(K) . EQ. IBRWCH(K) . AND. NBRRCH (K ) .GT. 1}

1  CALL CHANGE (P (X),K,ICOL,ICOLY, NCOA,J, 8, IOPT,615)
P(K) =Q

OBGA
OBGA
OBG A
ORGA
OBGA
OBGA
ORG A
ORGA
OBG A
0BG A
ORGA
ORGA
ORGA
0BG A
0BG A
ORGA
ORGA
ORGA
ORGA
OBGA
ORG A
ORGA
OuGA
OR3A
ORGA
OkGA
(4] «F |
orcA
ORzA
ORGA
oRGA
ORGA
02Ga
ORGA
ORGA
ORGA
ORGA
ORGA
CRGA
02GA
ORGA
OBGA
ORGA
ORGA
ORG A
ORGA
ORGA
(1] o}
oRGA
ORG)
0RGA
0R3A
0RG)
oG A
oRGA
ORGA

280
281
25¢C
269
27
28¢
290
300
310
320
330
380
350
360
370
380
390
800
810
820
830
880
850
851
850
870
880
890
500
510
520
53¢
540
550
5.0
570
S80
590
600
610
629
630
680
650
660
670
€80
690
691
700
710
720
730
750
787
750



IP(NBRECH(N) .E).J.AND, (BRNTR(K).BQ.2) ICOL=ICOL¢NCOR(K-1) OBRG: 760

30 Tn 1S o26GA 770

30 CONTINLE ORGA 780
TCCL=90 ORGA 790

35 COBTINUE okGA 800
ICOL=ICCL+? ORGLE 810
IP(IDPT.20.1) GO TO &5 ORGA 82C
IP(IOPT.2Q.2) GO TO 55 ORGA 830

20 80 JJ=1,5,2 ORGA 880
IKODET=IROOWT+1 ORGA 850

A (IKDONT)=LASX(K,JJ)*AS (AN, I; ORGA 860
FINDEX (IRO'WMT) =IFO@ GRGA 870
CINMEX((KQUNT) =TCOL OBGA 880
ICOL= ICOL¢? oRGA 899

Q0 COBTINTE ORGA 900
ICOL=TCCLe2 OoR3A 910
INQUET=IKOTNT+1 ORGA 920
A(IKOORNT) =LANY(K,9) *AS (AR, 1) OKG A 930
RINDEX (IRDONT)= TR OF ORSA 90
CINDEX (TXOMET) ={COL ORGA 950
ICTOL=TICOL+4 IRGA 967

L 3] CONTINDE OBRGA 950
re 50 Jo=1,6 ORGA 980
IXKOONT=IKOME T+ GRGA 990

» {TEOQURT)=LANAB(K,JJ)®AS (BR, I) ORS 1000
FTINDEX (TROUNT)-I7OH 0Bs 1010
CIWEX({IKQONT) =ICIL ORG 1020
TCOL= ICOL ¢ oBRG 1030

50 CONTINUR ORG 1280
55 CON"I NOUE o8 1050
10=T0+1 ORC 1060
ITOL=ICOL-1+10 aRG 1070
IXOUBT=-IKOOW T+ oRG 1080
R(IKOvET) =-?BS(AN,I) ox% 1090
RINDEX (IXOONT)=TPOW oRG 1100
CINDEX (IKOUST) =1COL oRG 1110

IP (F.2Q.1) GO TC 60 oRG 1120
IP(IOPT.BQ.0) TCOL=ICOL1+16 OBRG 1130

IP (INPT.RQ.1) ICOL=TCOL1+4 GRG 1180

IF IOPT.PQ.2) ICOL=ICOL1 o5 1150

60 CONZINDR ORG 1160
65 CONTI ROUE oRs 1170
(o ORG 1180
C S®T INITTIAL VALURS POR ODP ORG 1190
C OBRS 1200
IP(K.GT.T) GO TO 80 ORG 1210

I? (TOPT.2Q.0. OR.TOPT. 2Q. 1) GO TO 80 ORS 1220

=0 083 1230

DO 70 IBO=1,MORG URG 1280
ICOBKI=ICOA(K,i80) oR5 1250

DO 70 ICR=1, ICONKTY ORE 1260
I=xY¢9 oRs 1270

YO (I) =AS (ICN, TNO) /SBORN ORG 1280

70 COWNINIE ORG 1290
TOPI=T 001 0BG 1300

00 75 I=10P1,BXO ORG 1310




NOANANAARNNANNAN

AON

anNnnAnNNANNANAN

=
a0

13(I) =0.D0

CCNTT IR

CONTINU®

IP (COFT.EQ.J) HCOR(K)=TO&16
IF{I0PT.EQ. 1) NCDA(K) =10¢4
IP (TOPT.2Q.2) NCOR(K) =IO
RETUYN

28D

STBRIGTINE YRA(Y . )
TAPLICIT RaAL*8 (A-8,0-2)

TAIS SURROUTINE ERIYYS AICROCSRIER-DATS PFOR EACH
TIAE INTERVAL

NOR3S - NOUABER OF ORGANS (EXCLODIRG LONG AND Gl)
1008 (I, 7) - WO. OPF CORPAR THENTS POR DAUGEYER I, ORGAN J
BCON(Y) - J0. OF CORNPARTRENTS FOR DAUGHTER I
BI50 - WIRBER OPF PLEREMNS 1IN T'HE CHAYY
LAMY(I,J) - LN2/(HALPTISE OF LAUGATER I IW CORPARTARNY J)
ORGNA (I) ~ WAHNE OF ORGAN Y
TAG(I) - ATOAIC SYRBOL A¥YD ATONIC WUNBER FOR
DAUGHTRR T

REAL*8 TAG,LABX,X{10,21) ,085¥8,LANAD

COBAGN/TABLES/ LARAB{10,8), LASK (10, 10),0RGER (10} ,TAG(10),
1  ICOA (10,10),10PT,NCOR(10), NI SO, HORG

COBAOS /PRINT/TPRL (10) ,DTPR(10) , TP NT

ot MEBSION Y({1)

PRINT SOLOUTTOW YECTOR Y

PRI®T 1001,7PRIST, (Y(I),I=1,¥)

1001 PORMAT (*OT="1PR16.9,3X*Y POLLOWS*/( 1P6R19. 10))

f=0
T(1,1) - WP REGION POR DAUGATER I
X(I,2) - TB REGION POR DAUGHTER I
X (I,3) - P REGION POR DANGHTEP I
T(I,4) - LYUPR POR DAUGHTIR I
Y(,5) - STOAACY POR DAMIGHTSR I
K {[,6) - ST POP DAUGATER I
X(1,7) - ULI POR DAOGHTER I

X(1,8) - LLT PO3 DAUGATER I
X(I,J) - CONPARTARIT J (J=9,10,...18) POR LAUGATER I

X({I,19) - NICROCTURIPS ESTERIBG BLOOD PPOB LUNGCS PR ODAUGATER I

X {1,20) - RICPOCTR IES ENTERING GI PROR LOSGS POR DAOGATER I

086
036
JB6
oas
036
oRe
0O&S
08RG

1320
1339
15480
1350
1360
1370
1380
1390

10
20

L 1)

50

60

70

80

90
100
110
120
110
140
150
160
170
mm
180
190
200
210
220
230
2680
250
260
270
280
290
300
310
320
330
340
350
360
370




91

C X(I,2% - AICROCUPIES ENTERINS BLOOD PRGE GI POR DAURRTER I
c
Do u5 T=1,MIS0
IF(I3PT.2Q.1.0P .TOPT.%Q.2) 39 T0 10
X(I1,1)=Y(1+K) s (2¢K)
X (X, 2)=Y (34K ) oY (ReF) 4T (116F) Y (12¢K)
(1,3} =Y (S*K) Y (64K) +T (T4K) + Y (R4K)
K(I,8)=T(9¢K)+Y (10¢K)
G2 T2 1S
10 COoNTI Nup
X(1, 1) =0.
K(Y,2)=9.
(1,3 =0.
T(1,3)=0.
15 COP™INDE
IP (I0FT.20.0) IORG=12
IP (I727.EC.Y) I0ORG=0
IP(IOPT.2Q.2) GO ™ 25
no 20 J=1,s
I(I,Je4) =Y (IDRG*K »j
20 cowtrane
G0 TO 0
25 COSTIWUR
(1,5 =0.
X(1.,6) =0.
T(1,7)=0.
(1,9 =n.
30  CZoMNTINC®
IP(NORG.20.0¢ GO TO 40
ICOMY J=C
DO 35 5 =1,%IRG
IT=ICC T Je
TICORIJ=ICOA (T, ; ¢+ICORTY
X(I,J+R)=0.D0
IP{IOPT.PQ.0) IORG=16
IP(IOFT.EC. 1) TOBG=0
I? (INP1.2Q.2) IORG=0
Do 35 A=TI, ICONTJ
X(Y,J¢R)=X(I,J¢B) ¢Y (IORGeK+n)
15 CoBTINOE
80 COWTINDE
IP(TOPT.EQ. A X(T,19) -Y(1¢K)SLABX(I ,1)¢Y (34K *LanX(1,3)
Y ¢Y(SeR SLARX(T,S) +Y(9¢K) *LABX (L 9)
1Y (IOPT.EQ.0) X(I,20)=Y(2¢K)*LARK (T, )¢V (QeK) *LANX(T,H)
T ST(174F) SLAAX(L,4) *T(124K) SLARX (T ,8)
Ir (10P™.2Q.0. CR.IOPT. BQ. 1) X(X,2%)=X{L, S)*LMAB (I, 1)
1 X (I, A)*LABAR(I,2)¢X (1,7)*LAMAB(I, 3)*X(I,8) *LABAB(I,N)
K=Ke BCOM(T)
85  CONTINDE
¥PITE(10, 1002) TPRINT
1002 PORMAT(*1T = *,1PR10.8)
IP (TIOPT.BC.0) WPITE(10,1003) TAG(Y)
1003 PORRAT({ ‘OM: CROCNRIES-DATS PROS INHALATION OPF *,A8)
I7 (IOPT.2Q.7) WRITE(10,1008) TAG(Y)
1004 PORBAT(*O8ICROCTR 1E-DAYS PRON INGESTIOB OF °,A3)
IP (TOFT.PQ.2) WRITE(10,1005) TAG(Y)

Y HA

™A

Ex-17
390
800
€10
829
430
880
850
860
870
880
890
500
S10
520
530
580
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
760
710
720
730
780
750
760
770
780
790
791
800
801
810
811
820
830
830
850
860
870
880
890
900

T T AT

Elhatastlh




fTaAa

~)
L}

1005 PORMAT (*0XTCROCO2TRZ-DAYS PAOA IRIBCTION OF *, A8
IP(IOP=.20.0 WPITR(10,1006)

1906 PORMA™ (*ILUNGS *,531,* NICROCURIES ENTERING' /
1 * s, A7X,*BLOOD*,?X,*GI" /% TSOTOPE®,6X,°N-P*,9X,°T-B*, 101,
2 'pY_of,'IYAPHY)
00 52 I=1,MS0

TR
TEA
bi 1Y
THA
T8
™

IP(IOPT.2Q.03 WOITE(10,1007) TAG ), (X(X,J),I=1,8) ,I{I,19),Xx(I,20)Ymi

S0 CONTI NN
1007 PORIAT(* *,A3,8 22X, 1PE1I_8), W0OX,R10.64, 20, 210.8
P (TOPT.EQ.0.07 . TOPT.BQ.1) WRITE (10,1008)
1008 PORMAT ("0 //OGT TRACT *,S6X,*AICBOCITIES ERTERPDDG®/* *,671,
1 'BLOOD'/* ISOTOPR',4K,°"STORACER® ,7a,*S.1.°,7Z,°0.1.1. %, 01,
2 ‘L...1. %
DO S5 1=1,84IS0
IP{IIPT.20.0.2C .I0PT.BQ. 1) WMITE(10,1G07) TAC(1;,
1 (X, ,.»=5,8).,1(1,2Y)
55 CONTINNE
NORGP3=NORG* 3
I? (WDRG.22.0) 50 TO 6%
3 ITE( 10,1009 (OSGEA(I) ,XI=1,B0RG)
“009 POPMAT (*0°//°0C0THER DICABS*/°0 ISCOTOPR®, 5X, 10(AS8, 0)X})
po 6N 1=1,31S0
WPYTER (10, 1C10) TAG(I), (X(1,J) ,J=9,808GP8)
100 PORBAT(® *,A8,10 (VX,1PR11.4;)
[ 1 CoNTiNge
CALL CTAER(X)
6S cosTinne
VAITZ (16) TPRIST
IP{ICPT.ED.0) TIPRG=
I (I0PT.BC. ) I10BG=1
IP (IOFT.2Q.2) IORG=1
Do 79 1=1,%1S0
ITP (16) (X (T ,J),3=10R5, BNORGPSO)
IP(IOPT.EQD.0) WRITE(16) X(I,19) ,X{(',20) .X(I,2V)
RIT2(7,10%1) (X({T,J),. 0= 10RG, SOBRGPSB)
1011 FORNAT {(1PRR10.3)
70 COBTINGE
RETOP R
END

SABROJTINE OTRER (X)
PERPOPRS OTHER TISSNES TRANSPFOPAATION
PEAL*8 TAG,LAMX,X{10,1),0RGHEA,TBO0D/ Y. BODY */,LANAB

CORNON/TABLES,/ LABAB (10,8) ,LABX (10,10) ,0RG ¥R (10) ,FAG(10),
1 ICOM('0,10),17P*, NCOR({10), NISO, NOBG

e
IR
T 8A
R
m
8
™™
| & )
R
T8A
THA
m
1 & 1)
™
THA
1 4 )Y
1w
|4 1)
13 -3
YA
7™
THA
YHA
R
15
™
5
b4
1 { )
b g 1}
15
102

910
920

931
932

950

960

970

980

990

99

992
1000
1010
1011
1020
1030
1080
1050
1060
10790
1080
1090
1100
1110
1120
1130
1180
115
1160
1170
1160
1190
1200
1210
1220
1230
1260

oreee 10
JT4RR 20
omEe 30
OTAER 80
oOTmER SO
OTNBER 60
OTHER 61




9?3

PEAL TRASS (25) /299, ,250,.800., 200., 13S., 310., 180G., 85.,0., omer 70

1 1000.,0.,2%000.,%1., 100.,4000.,1000.,1500.,1533. ,2600. ,180.,35., OTREE 7°

2 20.,70000.,u.,18, 7 omee 12
DINEESTON TOTHE? (10) ,0 THTIS<(10) OTHER 80

WOMG A1 = NORG -1 oOTIER 90
READ(SO0, 1001) BOTOP, (IOTHEF (I) ,I=1,BOP;H1) oTHE 160

1001 PORMAT(S012) ame 110
IP MOTOP.PQ.0) RETURN ome 120
STASS=0. OTHE 130

N3 19 T=1,mORGR1 OTHE 80
SMAS3=3NASSeTAASS (IOTF®R(I)) OTHE 150

10 CowTINDZ OME 150
5 15 I=1,X1%0 OTHE 170
MATIS(I)=:(1 ,A+B077) oTHE 180

T (1,ReN086G)=0"9T75 (T)/ (RASS (23)-SAASS] *TAESS(2D) ome 190

DD 15 I=1.MOcGA OTHE 200
VT 8¢ 3)=L(T,8¢J) -T94SS (IO APR (J) ) SOTHTIS( D) / oME 210

1 (TIASS{23-5MA55) OTRE 211

1S cowTrwny oTHE 220
¥STTR(16,1002) OmE 230

1002 PONIA™ ( *IAPTER TRANSPOPMATION®) OTHE 280
WRITE (10,1003) (OSGAA(I),I=1,B02GA1),THOD ome 250
1003 PIMIA=(® ¢, 17K, 10(AR,3T)) orEE 260
NORNG PR = NORG+4 orag 270

00 20 1=1,MISO ome 280
907%2(10,1008) TAG(I}, (X(I,J),J=9,R0RCPS) OTEE 290

1004 PORRAT (* * ,A9,10 (14, 1PE31.8)) OME 300
20 CosTmNnE OTHE 310
W TIRN ome 320

mo OTREZ 330

SO BFOUT THE TXDEX(ICOL1,NCOA,K,IN,II) 1® 1)

c IR 20
C DETEPAIYES PIRST COLMAN POR THE DAOGATER IpEx 30
c IDET 80
DINENSTON BCOR (1) ISDEX 50

I?P (IN.GE.2) SO TO 10 IR 60

ICOL 1=TCOL 1+BCOR (X~ 1) IsD8X 70
RETORYW IWEI 80

10 cosTmue ISDEX 90
IP (IN.BC.7T) GO ?0 1S IEE 100
[P(I1.P0.1) BETMN I3DE 110
TCOLI=ICOLY + RCOR(K-2) I®DE 120
PRTURN IR 130

15  cowrInne 19D 180
120LY=TCOLY+NCOA (K1) + RCOR (K=2} INE 150

PETIRN INDE 160




4 ] 190t 170

SOMIUTME CNaBGE(P,K, ICOL, ICOLY,8CON,J,B8,10PT,® CBARG 10

c CEANG 20
c CR¥G 30
C Su?S TP TA® WIANCHING CASES (2,2) AWD (3,3) CBABG 80
c CHADG 50
DIABNSION ECOU(Y) CHEABG 60
TOAROY/SETCR/ ISWTCH CHABG 70
ISTTCH=TISU-CH+1 CEABG 80

=1, CHANG 30
IP(ISUTCA/202.20 . ISUTCH) *ETORS cmm 100

IP (1JF°.EC.1) GO TO 10 cmp 10
IP(IOPT.EQ.2) GO =5 % CmA¥ 120
I?2(J.12.% YCOL=ICOLI1+BCOB(K-2)¢(J)-1)/9%8 CEAB 130

IP (J.2C.9.0R. J. BQ. 10V ICOLx ICOLVeBCOR (K- #(I~1) /292 CHAN 180
TP(3.GE. 11 AND.J.LE.16) ICOL=ICOLY+ BCON (K-2) ¢ {J-1) CHAF 150
TP(J.GT.16] YCOL=YCOLI+16+pCOR (K-2) CHAN 160
z™IEN 1 CHA¥ 170

10 COWTIsUP CEAB 180
TP (J.GE.1.AND. J.L2. ) ICOL= ICOLV+ECOn (K~2) *(J-1) CHAN 190
YP(I.GT.&) ICOL=ICOL1s8¢RCOR (K-2) cuaAs 200

R TUIY ) CHAN 210

1S CoOmTImO® CHAB 220
1COL=TICDL 1+8COR (K- D) CEAR 230
PETURN 1 CHAS 280

™D CEHAB 250
SOBPODTINE PAKE FKE 10

c PARE 20
C CALLED BT SUBRINTISE ORGAS 70 AVOID A TERO DIVIDE GEBEPATED FMKE 30
C BY ™MEZ OPT=2 VERSION OF THE R-LEIL CORPLLER PAKR &0
C PR SO
CORM0B/PAFEY/ SUY PAKE &0
REJL*R SOUR FAKE 20
RR1OURN PAKE 80

|~ J9) FIKE 90



http://IOFT.EC.*

95

AYED TITIE °SOLVE AX=B UNERE A IS A CONPACTRD LOSER TRI.mATRIX’ AIRB 10
aes START 0 e 20
* CALL AX®S (A,X,5,1NDXA,N) ams 30
* A TS AR BY §F LOWEF “RIASGULA® BATRIX. TRE VECTOR A CORSISTS AIER 80
s OF TIZ ROSZPRO EWTRIENS *8 A STORED SEQUBSTIALLY BY 3)8S. ALED SO
¢ SOLYE LINEAR SYSTEE OF BQOATIONS. AIRR 60
esess (T IS ASSUMED TEAT THE 9AI. BO. OF BONIERC PRTRIES IV A ROR OP A AXRB 70
ssese [S _LE. 52. MORBOVER, THE DIAG. RESTRIES ARE YONEERO. ArED 80
ssees AT R)ST S1 SHABANDS I¥ SOWL AIEB 90
A 1 LI AIRD 109
X m 2 aes 110
] 230 3 AIEB 120
IsDE A 1 A AIEB 130
1131 EQ0 S ARz 180
Irec NI € sXED 150
4 gQo A AZZD 160
J Q0 9 ams 170
BaDDR 0 10 AZRB 100
USI NG AXEB,15 AIEB 190
STH 18, 12,12(1) MBS 200
1Y 1,5,0 (1) AmB 210
La 118C, A AXEB 220
L 7,005) ] Ams 230
LA 0, 16 AIEZB 280
sta 7,3 (Y] AIRB 250
sn 1, TIBC s(s-1) AIEB 260
s9 1.1 AIRB 270
e 5,8 AIEZB 280
1 BADDR, POINTe18 ALEB 290
o A, IT8C A=ADD (A (%-1,K-1) K=V ,..., B 8IL8 300
LOOP spn 0,0 PORN SOUBL=SUA (J=1,...,7-1) A(I,J)*°E(J) AEES 310
. FoR T=1,...,8. AXES 320
L 11,8(I8D18) ATEB 330
B 0 (BADDR,11) AIRD 330
L4 AXEB 350
s AIRD 360
L J.800(INDIA) AT LEAST 51 azge 370
10 6,808 (2) AIRB 380
"o 6,0(X,J) AZED 390
SOR 0,6 AIRB 300
L J_392(1ISDIA) AT LEAST SO AZER 810
1) 8,800 (B) AIEB 820
fD 8, 0(X,5) ATEB 430
soR 0,8 AIRB 830
L J,I88(18DTA) AT LEAST 89 AIRB 850
LD 2,392 () AIRB 860

AD 2,0(x,J) AX8B 870




SN
Le

SOt

spw

Sow

8D
sp®

no

s

J,376 (TROX )
€,38%(a)
6,0(X,J)
0,6

J,368 (T¥DK A
8,376 Q)
'-o(l.ﬂ

0,8

J,360( TNDIA)
2,368 (a)
2,0¢x,n

0,2
J,352(INDIA)
6,350 ()
5,0(1, 0

0.5
J,38a(IEBIA)
8,352 (8)
,0(1,0

0,8
J,336(10D1A)
2,387 (8)
2,0(1,3)

0,2
J,328(T8DIA)
6,336 (a)
6,0(1,J)

0,6

J, 320(TeBIA)
8,220 (8)

&8, 01,0

0.8
J.,Y12(INDIA)
2,320 (0)
2,0(1,3)

0,2

J, 308 (IBDIA)
6,312 (N)
6,0(1,J)

C .,

J,296{ T¥DIA)
9,308 (8)
8,0(1,d)

0,8

4
J,208(1IWDIA)
2,296 (2)
2.1,

0,2
J,280(INDIA)
6,288 (4)
6,9(1,J)

0.6
J,272(18D18)
8,290 (N
8,0(X,0)

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

-EAST

LEAST

LEASY

LEASY

LEASY

LEASY

LEASY

LEBASY

LEA SY

LEASY

L84 SY

LEASY

LEAS?

L2a ST

b/

87

s

83

82

L}

L 1+

39

3s

37

36

35

AXEB
AXED
AXRS
AIR3
ALes
AIRB
A188
AXR3
AIED
AXEB
ARRD
ALERD
AIE3
AIERD
AXPD
AXEB
AIRB
ALERD
AIRB
1) 94
AIRD
AIRD
AIRD
AXEB
AIED
AIRB
AREB
MRS
JIRS
ALES
AIRB
ALED
ARIRB
Ax g8
AIRB
AXRB
AIRB
AL ED
AIRD
AX BB
AIRD
AI RD
AIR®
AL ED
AIRS
AXERD
AIRB
AIRD
AIRD
ALes
AIRS
AX BB

880
890

710

800
810
820
830
889
850
860
870
880
890
00
910
920
930
90
950
9%
973
980
990

AIR 1000
axe V010
AIR 1020
ALER 1030



€n3
Lo
sor
Lo
<op
Lo
5 D%
Lo
< o=
Lo
soe
Ln
SoR
Lo
)
LD

sSpe

SOP

0,8

J,258 (IMDIA)
2.272(8)
2.0(X,3

0,2

J,255 (INDIA)
6, 268 (4)

6.0 (1,J)

.6

J,248 (INDTA)
8, 256(A)

8 ,5(X,0

0,8

J,280 (INDXA)
2, 288 (1)

2,2 (1,2

0.2

J,232 (1WDIA)
6,280(A)

6,0 (%,d)

2,6

J,228 (INDEA;
8, 232(a)
8,0(x,d)

0,8

J,216 (INDIA)
2,228(R)
29,0

0,2

J,208 (INDL )
6,216(a)
6.0(X,J)

0,6

J,200 (TNDTA)
§,208(4)

8,0 (R,Jd)

0,8

J,192 (IWDXA)
2,200(A)
2,0(x,J)

0,2

J,1A8 (IWDXA)
6, 192(A)

6,0 (R,

0,6

J,176 (INDIA)
3, 138 (a)
.,0(X,J)

0,8

J,168 (IRDXA)
2,176(4)
2,0(,J)

0,2

J,160 (THDX A)
6,168(2)

6.0 (X,J)

AT

%

i

AT

LEASTY

LEASY

LEASY

LEAST

LEAST

LRAST

L BAST

LEASY

LEAST

LEASY

LEAST

LBAST

LEBAST

LBAST

97

s

Lk |

32

3

27

25

28

23

22

21

10480
1050
106¢
1070
1082
1090
1100
1119
1120
1130
1180
1150
1160
1170
1180
1190
1200
1210
1220
1230
1280
1250
1260
1270
1280
1290
1300
1310
1320
1330
1380
1350
1360
1279
1380
1390
1800
1810
1820
1830
1380
1850
1860
1870
1880
1890
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590



£03

Ln
RD
SOR

ab
Sne

L
LI
D3

n

8D
spe

SDR

0,6
J, 1S2(INDXA})
§,159 (A)
8, Xx,N

.8
J, 138 (INDXA)
2,152 (a)
2,3(Xx, 3N
9,2
J,136(INDIA)
6,183 (A)
£,9(X,J)
L I3
J, 128(14DXA)
8,136 (A)
&,0(X,.0}
0,3
J,120{1I8DXA)}
2,128 (a)
2,0(X, )
0,2
J,1Y2(18DXR)
6,120 (A)
6,9(X,J)
0,6
J, 198 ( TNDXA)
2,112 (M)
&,0(x, 3
o,s
J,096(INDIA)
2,1%& (R)
2,0(x,9)
0,2
J,088(1INDXA)
6,036 (a)
5,0(x,J)

f

2,080(I8DXA)
8,083 (a)
8,0(X,J)
0,8
J,072(19DIA)
2,090 (a)
2,0(x,J)
0,2
J,58(TEDXA)
6,72 (A)
6,0(X,J)

5

L[4
J,S56({IBDIA)
& ,68 (A)
4,0(X,J)
n,8
J,48(TEDXA)
2,56 (A)
2,0(1,.0)

AT

AT

AT

AT

AT

LEBA ST

LBA ST

LEA ST

LEASY

LEASYT

LEASTY

LEAST

LEAST

LEAST

LBAST

98

29

19

18

17

16

15

1

13

12

1

10

2082200

FOBIERC

10822100

0NZR A0

RODZERC

BONZERO

BOBNZEBRO

BOBZEBERO

orr-JIAG.

orF-DIAG.

orr-3slIaAG.

orr-DIAG.

OPP-DIAG.

orPP-DIAG

orr-DIAG.

OFPP-DIAG.

EBRT RIS

RNISIDS

EFTRID

EETSINS

EFTRIE

ZETSINS

ENTRIES

RET RIS

1600
1610
1620
1630
1680
1650
1660
1670
1680
1690
2700
1710
1720
1730
P78l
1752
1760
1770
1780
1790
1800
1310
1820
1830
1880
1850

1870
1880

2030
2080
2053
2066
2070
2080
2090
2100
2110
2120
2130
2180
2150



SoHe n,2 AIR 216C
L J,83 ({NDKA) AIZ 2170
LD 6,33(A) AXR 2180
m €,0¢(x,N ARE 2190
<08 0,6 AXER 2200
L J,32 (TADXN) AR 2210
L2 8,80(A) AXE 2220
L) 8,0 (X,Jd) AR 2230
spx 9,6 ARE 2289
v J,26 (INDXA) AIR 2250
LD 2. 32{4) AIR 2260
D 2.,%(1,J) AR 2270
<om c,2 AXE 2280
L J,15 (TADXA) AR 2290
LD €,28(A) AIE 2300
bl £,9(X,J) AIR 2310
sne 0,6 AR 2320
L J.R (INDXA) AR 2330
LD <, 16(A) AKE 2340
1D 8,7 (1,J) AR 2350
S99 0,4 AXE 2360
L J,0 (INDXA) AR 2370
Lo 2,9(h) ARE 2380
n 2,0 (Xx,J) AR 2390
S$1% 23,2 AR 2800
L 44 AXE 2810
POT %" L 11,12(18D18) 8¢ (00.BONZERO ENTYRIES I3 ROY I OF A) AKE 2020
AR 2,11 AIE 2830
AP 1Dxa, AIE 2880
A I18D18,0 AXE 2850
AD 6,0(8, D COALD CMECK POR LCSS OF LEATING PIGIRES. AXE 860
DD 0,0 (¢a) A(I, ) AR 2870
STD 0,G6(Xx, 1) AXE 2880
axite 1,I18C,LOOP AIR 2890
LY 168,12,12(1) ARE 2500
B2 18 AIR 2510
- B¢} AXE 2520
Y PAY TITLE 'PFORA YDOT = pAeT = JN°* T PAY 10
TPAY START O TPAY 20
® CALL YPAY (YDOT,A,Y,I0 ,INDIA,N) war 30
® PCRE YDOT=A®YesX0 TP0Y &0
¢ UHERE A IS AN P BY B BATRIX. HOPEVER, ONLY THE JOBIERD ENTRIES I3 A IPAY SO
® AEE STORED IN ThE VECTOR, A. STORAGE IN 3 IS BY ROSS TPy 60
® VIEW TWDXA A5 AN INTEGER®™S VECTOR. TPA. 70
® TAP BONZERO ENTPY A(T) BELONGS IN COLONN (IBDIA(2I-1)+8)/8 TPAY 80
L ]

TRDIA(GI-2) = -18®(RO. BONZERO ENTRIERS IN ROF T OF RATRIX A). 1PAY 90
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* INDXA(SD) =
*Y AND
* A 2ERO POW 1IN
sasse

{ * SET POR AT

¢ T IS ASSTRED TRAT THE HAXINUN NO.
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APPENDIX B
SAMPLE INPUT AND OUTPUT
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Included in this appendix are three examples of inpyt and the
corresponding output produced by the code. For each example we give
the retention model, the input cards, and the output. The full printed
output (unit 6 and unit 10) is given only for the first and third

examples. Printout from unit 10 only is given for the second example.

Example 1

Radionuclide - CS-134

Half life - 2.05 years or 749. days

Mode of intake - inhalation (class D); see Fig. 2.1.

f, = 0.95

Source organs

1. Lungs

2. GIT

It is assumed that the total body retention is givan by:

.693

- 2225

1.4

.693

BEN

Print cumulated activity (uCi-days) at these times:

3. Total body: R(t) = 0.13e + 0.87%¢

2 da 5 yrs
7 da 10 yrs
30 da 20 yrs
60 da 30 yrs
180 da 40 yrs

1 yr 50 yrs
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Below is an explanation of how Example 1 should be coded into card
input. Follow Table 5.1, the description of the input data, and Table

B.1, the data sheet, to fully understand the instructions.

Information Concerning the Differential Equations

Card 1 NP: The number of differential equations.

P

12 Lungs
4 GIT
2 Total body
18
TLAST: The final value of T is 50 years or 18262.5 days.
A1l times must be expressad in days.
H1 and EPS are set to zero (left blank) therefore taking

default values.

Card 2 NPRT: We wish to print cumulated activity (uCi-days) at 12
different times; however, only 10 print intervals
are allowable. Since some time periods are equally

spaced, the time intervals may be considered as

30.  +1-(30.) , where (=0,1
180.
365.25
1826.5
3652.5 + I-(3652.5; , where 1-0,1,2,3,4

Thus there are 7 print intervals and TPRL(I), DTPR(I), NARPRT(I)

are set equal to the underliined numbers as follows:
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i
: TPRL(1) DTPR(1) NARPRT(1)
Card 3 2. 0. 0
— 7. 0. 0
] 30. 30. ]
) 180. 0. 0
) 365.25 0. 0
1826.5 0. 0
Card 9 3652.5 3652.5 4

General Information for Chain of Radionuclides

Card 1| NISP: 1 radionuclide in the chain
D3: .3
D4: .08 ' ————— deposition fractions
05: .25 §

N@RG: 1 organ (excluding lungs and GIT)
IPPT: O-inhalation
NBRAL: not applicable, set to 0

Card 2 TAG(1): C(S-134
TR(1): 749. days
ICLASS(1): D
LAMAB(1,2): 6-0.95/(1-0.95) = 114,
P(1),NBRNCH(1),IBRNCH(1): not applicable, set to O
ILAB: ¢

Card 3 omitted because ILAB=0

Description of Retention

Card 1 omitted for first nuclide in chain

Card 2 ISERS(1): 23
@RGNM(1): T.B@DY
ICAM(1,1): 2

Card 3 AS(1,1): 0.13
AS(2,1): 0.87
TBS(1,1): 0.693/1.4=0,495
TBS(2,1): 0.693/135.=0.005




1o

Other Tissues Transformation

Since no transformation is to be performed, 1 blank card must be
present for each time the cumuia;ed activities (uCi-days) are printed.

Note this is 12, not 7.

Printout for Example 1 includes the following:

1. Summary of input concerning the differential equations.

2. Coefficient matrix printed by rows.

3. Nonzero elements of the coefficient matrix and the rows and
columns where these elements appear.

4. The progress of the solution of the differential equations
which includes the values of Y for each 7.

5. Summary printout of input concerning the radionuclides and
retention information for total body.

6. The remainder of the printout consists of cumulated activity
for each organ at each time period. Printout for time
periods 20 yrs., 30 yrs., 40 yrs., and 50 yrs. is omitted
since the cumulated activities for these time periods are the
same as those for 10 yrs. (3652.5 days).

Items 1-4 are output on unit 6; items 5 and 6 are output on unit 10.
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Example 2
Chain of Radionuclides -
13N 1314
2Te 54Xe
18% 1.44
131 131 3
soTe 823 53! 98.56% sqXe (stable)
Half lives - Te-131M 2. hours
Te-131 25 minutes
I-131 8.06 days
Xe-131M 11.8 days

Mode of intake - inhalation (class DO - all radionuclides)

Tellurium as a parent of lodine:

f] = .25

Source organs

1. Lungs
2. GIT .693 .693
- 9.2t - 8000°
3. Cort bone: R(t) = 0.0183e " 4+ 0.0)e
.693 .693
- 222 - 225t
4. Tra bone: R(t) = 4.57 x 1073 -2 4 g.01e 8000
.693 693
- t -
5. Kidney: R(t) = 1.82 x 1073 J°2 4+ 0.034e 23
.693 .693
6. Muscle: R(t) = 0.128e 92 +0.1e V)
.693 .693
-3 ot ~ 10.2°
7. Liver: R(t) =8.23 x10%e -~ - + 0.055 :
.693
5~ 9.7t

8. Thyroid: R(t) = 9.14 x 10 e



3.2t

Te-131M and Te-131 do not recirculate to blood.

9. OQther tissue: R(t) = 0.159

Iodine as a daughter of Tellurium:

f, = .95
Source organs
1. Lungs
2. GIT
693 693 .693
- t - 2t -
3. Thyroid: R(t) = -0.328¢ 0-28 4 0.016e 13 +0.312¢ 1V
693 693
4. Cort bone: R(t) = 5.7 x 10°% 0-283° _ 5 78 x 1073, -3
_.693
+2.94x 1073 TV
.693 .693
5. Tra bone: R(t) = 1.42 x i0-% 0-283 _ 6 g6 x 10°% -3
1693,
+7.35 x 10'4e )
693 .693
- 55t - 593,
6. Kidney: R(t) = 4.42 x 10'3e 0.243°_ 2.16 x 10'4e 1.3
693
+2.28x10% TV
.693 693
- 555t - 223
7. muscle: R(t) = 3.99 x 10e 9283 _ 195 x 10°% 13
_ 2693,
+2.06 x 1072 V7
693 693
3. Liver: R(t) = 2.56 x 102 0-283° _ 1 25 x 1073 11-3
.693
31t

+ 1.3 x 10 “e
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.693 693

9. Other tissue: R(t) = 4.97 x 10" ‘e 0283 _ 2 435 1072 11-2
693
+2.56 x 102 1V

1-131 racirculates to blood. Absorption takes place in the UL and LL
with <n fl of .95.

Xenon as a granddaughter of Tellurium:

f] = .95
Sou ‘ce organs
1. Lungs
2. GIT
.693
3. Thyroid: R(t) = 1.0e <0833
.693
4. Cort bone: R(t) = 0.057e -0833
.693
5. Tra bone: R(t) = 0.0143¢ 0853
3. et
6. Kidney: R(t) = 4.43 x 10 "e -
.693
7. Muscle: R(t) = 0.4e Tﬁﬁ}j‘
.693
8. Liver: R(t) = 0.0257e 6833
.693
g, Other tissue: R(t) = 0.498e -0833

Xe-131 recirculates to blood.

Print cumulated activity (uCi-days) at the same times as Example 1.
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Again we inciude a discussion of how Example 2 must be coded. Follow

Table 5.1 and Table B.2 to fully understand the instructions.

Information Concerning the Differential Equations

Card 1 NP: 4 x 12 =48 Lungs
4x 4=16 GIT
12 compartments for Te-131M (excluding GIT and Lungs)
12 compartments for Te-131 (excluding GIT and Lungs)
¢! compartments for I-131 (excluding GIT and Lungs,
7 compartments for Xe-131M (excluding GIT and Lungs)
116

TLAST, H1, EPS same as Example 1.

Card 2...Card 9 same as Example 1,

General Information for Chain of Radionuclides

Card 1 NISP: 4
D3: .3
D4: .OR
D5: .25
NBRG: 7
IPT: O
NBRAL: not applicatle, set to 0

Card 2 TAG(1): TE-131M
TR(1): 1.2%
ICLASS(1): D
LAMAB(1,2): 2.
P(1),NBRNCH(1) ,IBRNCH(1): not applizable
ILAB: O

Card 3 omitted because ILAB=0

Card 4 TAB(2): TE-1N
TR(2): 0.01736
ICLASS(2): D
LAMAB(2,2): 2.
P(2): 0.18
NBRNCH(2): 2
IBRNCH(2): 1
ILAB: 0

Card 5 omitted because ILAB=0

LV TR N I T e
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Card 6 TAG(3):
1R(3):
ICLASS(3):
LAMAB(3,2):
P(3):
NBRNCH(3":
IBRNCH(3):
ILAB: 1

LAMAB(3,1)
LAMAB(3,3)
LAMAB(3,4)
TAG(4):
TR(4):

ICLASS(4):

LAMAB(4,2):

0.82

I-131
8.06

D
114,

2
2

0
114,
114,

XE-131M
11.8

0
114,

P(4) = 0.9144

NBRNCH(4):
IBRNCH(4):
ILAB = 0

1
1

Card 9 omitted because ILAB=0

FBR TE-131M

Card 1 omitted for first nuclide in the chain
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Description of Retention

Cards 2 and 3 repeated for each organ

Cort bone

Card 2 ISPRS(1):
PRGNM(1) -
IcoaM(1,1):

Tra bone

Card 2 ISPRS(2):
PRGNM(2) :
1cam(1,2):

15
COR BENE
2

16
TRA BONE
2

Card 3

Card 3

0.0183

0.01 2
7.533 x 107
8.663 x 10

AS(1,1):
AS(2,1):
T8S(1,1):
T8S(2,1):

4.57 x 1073

0.01 2
7.533 x 10'5
8.663 x 10°

AS(1,2):
AS(2,2):
T8S(1,2):
185(2,2):
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Kidneys
E Card 2 ISPRS(3):
{ PRGNM(3) :
i 1coM(1,3):
E Muscle
Card 2 ISPRS(4):
; T PRGAM(4):
; Icm(1,4):
E
E Liver
|
f Card 2 ISBRS(5):
| PRGNM(5) :
IC”(I,S):
Thyroid
. ] Card 2 ISORS(6):
: PRGNM(6) :
E 1COM(1,6) :
i Other tissue
| Card 2 ISPRS(7):
PRGNM(7) :
ICM(1,7):
FOR TE-131
Card 1 IS(1): O
1S(2): O
IS(3): 0
iS(4): o
IS(5): O
IS(6): O
IS(7): O

6
KIDNEYS
2

12
MUSCLE

THYRPID
1

23
PTH TISS
1
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Card 3

Card 3

Card 3

Card 3

£31,3): 1.42 2 107
AS(2,3): 0.034 _
T85(1,3): 7.532 x 10

185(2,3): 3.013 x 10°2

AS(1,4):
AS{2,4):
T85(1,4): 7.533 x 1_
™8S(2,4): 3.915 x 10

AS(1,5): 8.23 x 10
AS(2,5): 0.055

TBS!{1,5): 7.533 x 1
T8S(2,5): 6.794 x 12

AS(1,6): 9.14 x 1) ~_
18S(1,6): 7.533 x 0

AS(1,7): 0.159 -2
TBS(1,7): 7.533 x 10

The remainder of the cards for TE-131 are the same as for TE-131M

since the retention functions are the same.

I T




FPR 1-131

Card 1 IS(1):
15(2):
I1S(3):
1S(4):
1S(5):
1S(6):
IS(7):

— vl wmd e el i -t
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Cards 2 and 3 are repeated for each organ

Cort bone

Card 2 ISPRS(1):
PRGNM(1) :
ICAM(3,1):

Tra bone

fard 2 ISPRS(2) :
PRGNM(2) :
1CM(3,2):

Kidneys

Card 2 ISPRS(3):
PRGNM(3) :
1COM(3,3):

Muscle

Card 2 1SPRS(4):
PRGNM(4) :
1CAM(3,4):

15
COR BPNE
3

16
TRA BONE
3

6
KIDNEYS
3

12
MUSCLE
3

Card 3

Card 3

Card 3

Card 3

A3(1,1):
A5(2,1):

As(3,1):

-2
5.70 x 10°¢,

-2.78 x 103
2.94 x 10
2.852
6.133 x 1003
5.923 x 10

-2
1.42 x 1075,

-6.96 x 10,
7.35 x 10
2.852 -2
6.133 x 1073
5.923 x 10

-3
4.42 x 10 -4

-2.16 x 10,

2.28 x 10
2.852
6.133 x 1073
5.923 x 10

-1
3.9 x 107,

-1.95 x 10,
2.0 x 10
2.852
6.133 x 1075
5.923 x 10
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Liver

Card 2 ISPRS(5):
PRGNM(S) .

IC@M(3,5):

Thyroid

Card 2 ISURS(6):
PRGNM(6) :
1CAM(3,6):

Other tissue

Ccard 2 ISPRS(7):
PRGNM(7):

1CAM(3,7):

FOR XE-131M

Card 1 1S(1):
15(2):
1S(3):
1S(4):
1S(5):
1S(6):
15(7):

7
LIVER
3

22
THYRPID

23
@TH TI3S
3
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Card 3

Card 3

Card 3

Card 2 and 3 are repeated for each organ

Cort bone

Card 2 ISPRS(1):
PRGNM(1):
I1CAM(4,1):

Tra bone

Card 2 159RS(2):
PRGNM(2):

1CoM(4,2):

15
CAR BENE
1

16
TRA BPNE
1

Card 3

Card 3

AS/1,5):
AS(2,5):
AS{3,5):

T8S(1,5):
TBS(Z,S;:

T8S(3,

AS(1,6):
AS(2,6)

AS(3,6)§

185(1,
T8S(3,

AS(1,1):

T85(1,1):

AS(1,2):

185(1,2):

6):
18S(2,6):
6):

2
-3
3

2.56 x 10°
-1.25 x 10
1.32 x 10
2.852
6.133 x 10
3.923 x 10°

2
3

-0.328

0.016

0.312
2.852
6.133 x 1075
5.923 x 10

-1
4.97 x 10 -2

-2.43 x lgz

2.56 x 10
2.852 -2
6.133 x 103
5.923 x 10

0.057
8.319

0.0143
8.319
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Kidneys

Card 2 ISPRS(3): 6 Card 3 AS(1,3): 4.43 x 10>
PRGNM(3): KIDNEYS T8S(1,3): 8.319
1CcoM(4,3): 1

Muscle

Card 2 ISPRS(4): 12 Card 3 AS(1,4): 0.4
PRGNM(4): MUSCLE T85(71.4): 8.319
ICMM(4,4): 1

Liver

Card 2 ISPRS(5): 7 Card 3 AS(1,5): 0.02%7
PRGNM(5): LIVER T8S(1,5): 8.319
IC”(495): H

Thyroid

Card 2 ISPRS(6): 22 Card 3 AS(1,6): 1.
PRGNM(6): THYRAID ™s(1,6): 8.319
ICPM(4,6): 1

Other tissue

Card 2 ISARS(7): 23 Card 3 AS(1,7): 0.498
PRGNM(7): OTH TISS 185(1,7): 8.319
1cComM(4,7): 1

Other Tissues Transformation

Insert 12 cards all of the form

NOTOP: )

IATHER(1): 15
IPTHER(2): 16
IBTHER(3): 6
IOTHER(4): 12
IOTHER(5): 7
JIOTHER({6): 22

The printout for Example 2 is given for the output to unit 10.
Output to unit 6 is omitted because it is so lengthy. The cumulated

activity (uCi-days) are omitted for T = 10 yrs., 20 yrs., 30 yrs., 40 yrs.,
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and 50 yrs., since these are the same as those for T = 5 yrs., (1826.25
days). Negative cumulated activities represent machine round-off and

are in effect 0.
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Example 3
Radionuclide - 1-132
Half life - 2.38 hours
Mode of intake - ingestion
f, = 0.95
Source organs
1. eIt
.693 .693
2. Thyroid: R(t) = -0.328e 0ABE | | 16 TR
.693
+ 0.312¢ 11378
.693 _ 693
3. Total body: R(t) = 0.9973e 0.26265° _ ) 04s73e TT.3235¢
.693
+0.05143¢ 11)-378

Print cumulated activity (uCi-days) for same times as Example 1.

A description of the input cards is given below. Follow Table 5.1
and Table B.3 to fully understand the instructions.

Information Concerning the Differential Equations

1 N: 4 GIT
6 Thyroid and Total body

10

TLAST, H1, EPS same as Example 1.
Card 2...Card 9 same as Example 1,

U@t 8 T AT
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Card 1

General Information for Chain of Radiocauc]ides

NISP: 4

03:

D4: not applicable
05:

NPRG: 2

I9PT: 1

NGRAL: |

TAG(1): 1-132

TR(1): 0.0992

ICLASS(1): not applicable

LAMAB(1,2): 114,

P(1), NBRNCH(1), IBFNCH(1): not applicable
ILAB: O

Card 3 omitted because ILAB=0.

Description of Retention

Card | omitted for first nuclide in the chain.

Card 2 and 3 repeated for each organ.

Thyroid

Card 2

Total body
Card 2

ISARS(1): 22 Card 3 AS(1,1):
PRGMM(1): THYRSID AS(2,1):
icem(?,1): 3 AS(3,1):
T8S(1,1):
185(2,1)
TBS(3,1)
SaRs(2): 23 Card 3 AS(1,2):
PRGNM(2): T. BRDY AS(2,2):
Icam(1,2): 3 AS(3,2):
18S(1.2):
8S(2,2):
18S(3,2;:

-0.328
0.016
0.312
2.85597 _
6.12 x 10

5.904 x 1073

0.9973
-0.04873
0.05143
2.85597
6.12 x 10

5.904 x 1073

TN

tha
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Other Tissues Transformation

Insert 12 blark cards.

Printout to both unit 6 and unit 10, is included for Example 3.
Printout for cumulated activity (uCi-days) for T greater than 7 days
has been omitted since there is no chinge in the cumulated activity
after 7 days.
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SAIsIA & PITRTED BTV PONS

.20 Y A

Je? 3.
128D C2 -7.1205000 Y
J.e 2.0

vy I L080000 C)
J.0 J.0

3.0 d.0

3.0 3.0

o.d =J.97v020m €2
3.0 3.0

.2 7.9828000 C1Y
) 2.¢

L") J.I%%e83p 02
9.0 9.0

3.3 3, 9094320 €Y
ved a0

2.0 -} SQEK20n OF
~J.0120070-C10 3.0

J.9 0.%86%020 0F
2.9 ~8.%980(02 02

0. Y0u8194D O?

). 1804 950 O

0.6

2.0
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3.

o.¢

0.0

~0. 3000000 )

-0.29%%970 0

0.0

-0.0120000-21

3.0 9.0
9.0 0.3
3.0 0.0
é.0 §.0
e.0 2.0
9.0 0.C

- 3.590ee0D-92 3.0

9.6 =9.285%97) O
9.0 3.0
9.0 ved

| A ) e SR
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~J.280C000 €2
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t
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-9.123C000 M)
J.e04CouD ™
- 18388
G.l8e61%0 2
-C.1wCony 2
9.9
~0.371329 (2
y 3.0
; 0.0
; -3.2955873 M
' 3.3
J.182800C Ot
2.9
RN
“J.e1(:0- 00
3.0
LI LAY Y . I
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-0
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-
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Ve

j sed

‘ - 5.2 120CC-08

‘ RIS 1
L LLE TN A L]
1.1 ]
Jeu "
R Y T IR T

S O0LLOIBDIADPDPA I 4w 2Tl

LA = =1 fom STIPS
EP RS TEST TRTLED WY

- 4 hAS REER @EDOCVD

# T 26X 000 T an
- 3,227V
3.10271332799-02

T2 7_0009263CID 10
3.427V4018% €707
3. 102)127%A3 60-2

T= 3.GCaCCCOTrD Ny
PL227820000 D72
F IR MR A TE L E

, 18 A.CEPE3DA0AD Y
1.22702106. 89-°2
110209722 -2

3 1.330000019D 12
, 2L 22T2NN62 9012
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T= ).652%0037D O
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3.302029722 10-22

Ts 7.375Q00900C 0¥
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. 1.902631722 0-92

Te 1.09¢7%3000D 08
: 3. 2270162 M-02
3.¥0202%72230-72

Te 1.4A1C00900D Na
3,227121162 97
3.002023722 -2

Ta 1.522€2506000 s

3.22702108, -0
1, 0020,1722 Ip-02

LU 1A

oy
)
DO WwN AL N a B WA YR LU RPN AR N P o)l

AT T a 3.0
TR ABS(M = MR

r J.99999969999959942-06 AW

Y POLIDWS
A OSSN V1I00GD-0)
T."83%6019340-22

Y PCLLNNS
4.N9910320390-0)
T.Nea%680%690-02

T FOLLOYS
£, R9103119715-01
Y. JL854820050-02

T POLLONS
«. 3910 113733 ¢)
T.OBRSAR2INT -2

Y FOLLO®S
£,29383 113719-33
T.034% 8238500

T POLLONS
4. N389031971In-03
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1 PNLLNES
€.099101197I0-0
T.003%4820850-12

T POLLO®S
6.M91011973D-0)
T.088%6R208%D-02

v MNLLOWS
€.99910919710-04
T,N88% 820840~ (2

1 POLLOWS
€.M991C 3197I0-0)
T.N8e56820850-02

T ¥NLLO®S
$.7991N3119710-013
T.NaSF 82085002

Y PoLLaw
£,79040319710-0)
T.ORR%6820850-02

4.18267%€1-C6D-03
-8 .80093CTM20-0)

8. 132¢97919%, )
-e. 800692127160 )

“, 182637367900
-4 .80691200770-03

w.1e2¢9717800-0)
-8.9069%209C%C 0

<. TU26TWEO0-C)
. AL691209C50-03

G VI FSTHWAODN -0
“%.9C6912090%0 -¢)

w. 182097 3%A00-03
-8.80691209C40~1)

@, 162697380 -0
-8.00e9712090%D-0)

». fR,69THACD-03
~4.,80691.093%-0)

8, 10097 }B0D-0)
~4.8069192090%0-0)

. 18269740003
“4.80698209C 5D 03

v.1826673800-0)
-8.80621209050-013
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STEV WILL PE RETRIEZD

9.57_%2901920-0n
$.3133.°80880-01

9.%75237708 10- 08
5.11337896%0-0)

9.575186730% -0e
4. 113368%5000-0)
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9, €72 1867%070~00
€. 11))6865320-03

9.57510675075-0n
7,.11336265%5).0-0)

9.57518675070-0n
€. 1133686%320-03

Q. 57518675070- 00
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I030PT [ 11848844 CLASS LAMAD " .ratic SpERC™ 18 CH
=132 9. 5200-02 o 1. 1308 Q92 1.0000 00 n ¢
130TCPE o8Gar A°S ABD TB°S
=132
THNYROTID -3.233p-20 1.6000-02 J.1zop-C1 2.85¢&C 00 6.1200~-02 5.33e5-0)
T.0C0Y 9.47)0-0% -8.873D-02 S.¥adD-02 2.8560 00 ¢, 1200-07 5.9000~-0)
T = 2.09€92 N9
YICHACURIE-A TS PROR INGESTION Of I-132
3T TRACT AICROCURIES ENTD IDG
PLOOD
1suTop2 STCUCH S.T. g.L.I. L.L.T.
-132 3.22710-%2 4.0991p-03 s.18270~-33 9.57%1p-08 6. 95300-01

JTHER ORGANS

T RYANID
e 8 M-03

Isorie
I-¥32

T.900Y
7.07%29-02

T = 7.¢0CCD OC

SICAOCUNIZ-CATYS PRNR INGE3TION OF T-132

SI TPACT
1scTore STOSACH s.1. g.L.1. L.i.I.
1-132 3.22710-52 6.09%910-03 5, 18270-0) 9.575D-08

OTRER OfGANS

T.9007
7.07520-02

IsoOTnet
-1

TRIROID
9.8 2990-03

AICROCUNIES EOTEZFING
#1000

6.95300-01
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JOB CONTROL LANGUAGE STATEMENTS
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