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TIMEO: A COMPUTER PROGRAM FOR CALCULATING CUMULATED ACTIVITY 
OF A RADIONUCLIDE IN THE ORGANS OF THE HUMAN BODY 

AT A GIVEN TIME, t. AFTER DEPOSITION 

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

ABSTRACT 

TIMED is a computer program designed to calculate cumulated 
activity, :y.(t), in the various source organs, y.-, at 
some time t after deposition. 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 
compartments of the body and radioactive daughters. 

The computer program 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 minimum of 
3^0 K core storage for execution. 

I. INTRODUCTION 

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

deposited emitter is given by 

D £ ( r , t ) = n y ( t ) * s ^ y { ) (l.i) 
i i 
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where (/„ ( t ) represents the cuaulated activity Measured in aicrocurie-days 
t 

(uCi-days) in the various source organs, 7 . , at soae tiae t after depo­
sit ion, and S{T-Y.) represents dose to a target organ T due to 1 uCi-day 
of the eaitter in the source. s has been tabulated for about 160 

2 3 radionuclides ' and for various source and target organs, but with the 

proviso that the activity is always considered to be unifomiy distributed 

in the source organ. This paper discusses the coaputer code, TIMED, which 

calculates the cuaulated activity, u ( t ) , per aicrocurie intake at soae 
i 

tiae t after intake. 

In principle, this calculation is siaple in that i f fY.[t) represents 

the fraction of activity in aicrocuries (uCi), which entered the body at 

tiae 0 that is present in an organ Y± at tiae t , the cuaulated activity 

in that organ froa tiae 0 to tiae £ , , is given by 

uySt)) = JofY { t ) d t (J*1-****) • 0-2) 

However, the calculation of uv ( t ) is soaewhat difficult due to the 
coaplex nature of the transfer rates between sections of the body and 
the possible presence of daughter radionuclides. 

This paper discusses the model of activity transfer and the coapu-
tational procedures that are used in the code, TIMED. Also presented 
are a description of the program and detailed user information. 
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II. DESCRIPTION OF THE MOOEL 

The aodel of activity transfer in tne body is based on the concept 

of a system of coapartaents with constant rates of transfer to other 

coapartaents or out of the body. These coapartaents may be an organ or 

soae subsystem of the body (lungs, gastrointestinal tract, blood, etc.). 

The systea aust be general enough to allow for delay of transfer of soae 

of the activity and aust also account fcr radioactive daughters. This 

systea has been adequately represented by a set of differential equations 

which are described below .or the lungs, gastrointestinal tract, and 

other organs. The following i~ taken in part froa 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 aodel, as described in the report of the ICRP Task Group 
4 5 

on Lung Dynamics, and as revised in ICRP Publication 19, consists of 

a nasal-pharyngeal region (N~P), a tracheo-bronchial region (T-B), a 

pulmonary region (P), and the 'ymph nodes (L). Deposition is governed 

by the activity median aerodynamic 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 j£ , *£, £ JfJ £ *% £ JtJ. /? , f., *£, f{ as the 

activities of the parent (n=l) and daughters (n=2. 3, . . ) in a com­

partment, moving by the pathway with the appropriate subscript, and 
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Fig. 2.1. Values for the Removal Half Times, T Through r., and 
a t 

Compartmental Fractions, F Through F., Are Given for Each of the Three 

Classes of Retained Materials. The values given for D„ D , Dm , and D_ 
4 

( lef t column) are based on an aerosol with an AMAD of 1 urn. The 

schematic drawing identifies the various clearance pathways in the model, 

a through i , in relation to the in i t ia l depositions D _, D 3 and D 

and the three respiratory regions, .V-p, r-fl, 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. 
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using X to represent the derivative with respect to time lx=x(t) and 

X = x{t) s ~ j t J* the equations for the lungs are the following: 

x" + 1 = - r " + V + 1 • A " + 1 ) • (Z1 • X " ) A " + V + 1 , 
a a a r a b r a 

X**1 = - X ? + 1 ( A " + 1 • A n + 1 ) • [Z1 • < ) A " + 1 f f 1 , b D b v ' a b< r b 

x» + 1 = ^ + 1 ( A " + 1 • A n + 1 ) • (x" + x > " + V + 1 , 
a c a r e a r c 

i f 1 = - < + 1 ( A " + 1 • A n + 1 ) • (Xn • < ) A n + V + 1 , a d a r ' c a r a 

x" + 1 = - j r ^ V * 1 • x n + 1 ) + ( / : • x j + x" • x > n + V + 1 , 
e e e r ' v e / ^ h' r e 

kf] = - ^ ( A ' f 1 • A"* 1) • {X* * /l

r+ X71 • J r U x " * 1 ^ 1 , 
/ If i* e f g h r f 

j « + 1 = . ^ ( A " 4 1 • A" + 1 ) • (*» • r > X« • X ^ V * 1 , 
0 0 0 r ' * e / ^ fc' r # 

i f 1 = - x f V + 1 • A«+1) + if1 • x j • X* • *?)A n + V + 1 , 

.V?+1 = -^ + 1 (A" + 1

 + A"+1) • jP\*V*+1 • (X7! • X^A^V* 1 , 

x ^ 1 = - / ! + V f l • * f ^ ( l - ^ + 1 ) • (J* • j r l j x ^ d - F T 1 ) , 

i f 1 = -J?*1 (A?1 • A*+1) • Xl A»+1 • X"/1 A"/1 , fc * c ' a r ' k r f f 

i f 1 . - * f V f 1 • A n + 1) • rf A n + 1 + X ^ V * 1 . 
1 l a r I r g g 

ft is the compartmental fraction from Fig. 2.1 for the n+lst radio­
nuclide of the chain for pathway £. The quantity A* is Inllfj. 

(2.1) 
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where 7*1 is the removal half time in days taken from Fig. 2.1 for the 
»i+l n+lst radionuclide c-f the chain for pathway £. Similarly, A is 
i* 

InZ//1* where r" + is the radioactive half life of the «+lst daughter. i* r 

The terms with negative signs correspond to elimination by biological 
transfer or by radioactive decay. The terms involving a superscript n 

refer to activity in microcuries of the preceding radionuclide of the 
chain which produces A n + yCi of the following radionuclide per unit 
time, and these are redistributed according to the values of F for the 
radionuclide. 

For each chain of radionuclides there rre 12 differential equations 
corresponding to the lung model for each radionuclide. The equations 
are valid for the parent radionuclide, that is *=0, if X^=0 for all 
values of t and all subscripts £, thus 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 z>3=D^_p, D 4=Z> r g, and 0 5=D p may be used (see Ref. 4). 

*>> = D3Fl • *>> = D/e • 
*>)• y j . 4 ( 0 ) = D 5 F / ' 
x](0) - Of] , *J(0) . D/g 

(2.2) 

1 *>) = Of], * J ( 0 ) - DsFt 

x\{0) **J(0) « *J(0) » x\(Q) = 0, 
X^(0) - 0 for n > 1 and for all subscripts £. 
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Upon solution of the differential equations for the X'l which are 
given as activity in yCi's, one calculates the cumulated activity (uCi-days) 
in each lung compartment during the time interval 0 by t, by 

%*#%* (2.3) 

wnere fl represents /l[t-.). 

The cumulated activity for each region of the respiratory system is 
given by 

& • 
y" + yj , 
a b 

l?1 = 
TB 

y" • A * /} • / ? , 
c d k I 

fP = e j g h 

« £ • 

hn- y V • Y V • y V • 
a a c <? e e 

GK- i> c a a k a V, 

Here the w£ are the cumulated activity (uCi-days) in the region £ of the 
respiratory system, while B1 and d1 represent total activity (uCi) to 
blood and gastrointestinal tract. In the code, TIMED, the values of 
/I will be computed, but it may be TOre convenient for the reader to 
consider the instantaneous state of the system at time t which is 
represented by the differential equations given in terms of the x's. 
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Gastrointestinal Tract 

Any exposure by inhalacion also leads to some activity entering the 

gastrointestinal tract (GIT). The dosimetric model for the GIT is 

essentially due to Eve so far as the subdivisions of the tract and 

the transit times through the sections are concerned. Four subdivisions 

of the tract are defined: the stomach, the smaJl 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. 

Let /L, /lT* x",r, and i?TT be the activities present at time t in 

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

{Si), the contents of the upper large intestine (6X), and the contents 

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

if1. < • < * C'» • W • tf'tf'* W 

t/i+1 _ y"+1/i"+l «+l .rc+1. ^i+l n+1 ji .n+1 l 7 M 
*SI ' ~*SI {XSI * V + Xob } + *S XS * *SIXr ' ( 2 ' 5 ) 

KUL *UL KKUL r ' *SI ASI UL*r * 

j?:1 - -jtfV;;1 • xn+1) • / ^ C 1 * o n + 1 . 
LL LL ^ LL r ' UL UL LL r 

From Table 2.1 \ s = 24 days"1, \ = 6 days" 1, A y i = y | days"1, and 
-1 6 * f i -1 A,, - 1 day . A = i—~ days is the fraction of activity present in LL w> l-/ j 



* 

Table 2.1. Gastrointestinal Tract Model of Reference Man 

Nass of Nass of Average Time Food 
Portion of GIT Wall (g) Contents (g) Remains (Days) 
Stomach .bO 250 1/24 

Small Intestine 640 400 4/24 

Upper Large 210 220 13/24 
Intestine 

Lower Large 160 135 24/24 
Intestine 
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the SI which is absorbed to blood per unit time, and /. 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, X?=0 which simplifies the 
differential equations for the parent. Initial conditions for the GIT 
following intake by inhalation are X?(0) - 0 for all n and all subscripts 
£,. This is easily adapted for oral intake. 

The cumulated activity (uCi-days) from time 0 to time t, for each 
section for the GIT is computed by 

fl"« Jj-Jn 1*?** • (2.6) 0nK 

Blood and Other Organs 
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 

q) -(A* • \n)t 
l^.(t) = l at e JS r , j « 1, 2. .... *. (2.7) 

3 s=l °8 k = the total number 
of organs 

represents retention of the j organ for the n radionuclide. The 
coefficients a1, and the exponential constants \n. and \n are supposedly 

js js r 
known. The retention functions fl".(t) may be the results of fitting 

v 

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. 

n th 
Let x: represent retention of the n radionuclide in the compart-

ment which corresponds to the s term in the sum for the j organ. Then 
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l+l,,rt+l n+1, 
,;s js r 

js a a c c e e i v SI ab 

k n 

(2.8) 

E ** A 
n=l J w r 

«*1 ( 1 /! + 1) 
jm 

where J? is the fraction of activity of the n+lst daughter that 
recirculates to blood, and 

k a. 

Z Z an. * 1 . 
j=l *=1 3* 

r k i There are I I q. differential equations for other organs for 
*=1 j=l J

 0 

each radioncuiide in the chain. For the parent, X. =0 which simplifies 
the differential equations for the parent. Initial conditions for other 
organs following intake by inhalation or ingestion are x". (0) - 0 for 
all n and subscripts j.e. This is easily adapted for intake by injection. 

The cumulated activity from time 0 to time t, for some compartment 
j,s of the body is given by 

J8 V 4 * • (2.9) 



1? 

For a given j these are summed to form 

n 
J . 

'Jl'l/1.. (2-10) 

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 k t n organ is "other tissues", 
°* = ^other* " o t n e r tissues" is transformed to total body as follows: 

^TB+Cher, \ r - (2.1D TB other JTT 
M ^ - Z H, 

« 7 S 
^ -=1 3 

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

All other organs i = 1, ...fc-1 are transformed as follows: 

f. + ir.-ir^ — \ . (2.i2) 
i i other fc-1 • l ' 

M„„ - I M. 
l B .7*1 J 
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III. COMPUTATIONAL CONSIDERATIONS 

Suppose we wish to determine the activity (uCi) fron inhalation of 
1 uCi of a radionuclide which decays to a chain of daughter radionuclides 
having total length n. The problea «ay be expressed in the for* 

X = AX (3.1) 

given the initial condition x(tQ) = x(0) where the vectors x and X 

my be partitioned as 

x = 

y y 
** i 2 

• • • 

. x = • • • 

V JT 

(3.2) 

• * * 
and each vector xl and X1 may be written as 

i*. 

'xl 

a 

LL 

'11 

kq. 

Lungs 

GIT , r 

Other 
Organs 

LL 

'11 

Mi 

Lungs 

GIT 

Other 
Organs 

(3.3) 
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where k is the number of organs, other than lungs and GIT, for which 
retention information is available. Thus, the Jifferential equations 
will be ordered: lungs, GIT, other organs - parent; lungs, GIT, other 
organs - 1st daughter, etc. Then the matrix A may be partitioned in 
correspondence with X and X as expressed in (3.2) as 

A -

*11 

A2} An 0 

*32 "33 

0 
• • 

' A ' , A n,n-l n,n 

(3.4) 

where A . , is a lower triangular matrix with negative diagonal elements. 
XX 

A . • 1 is rectangular having the same number of rows as A . , and the same 
number of columns as A . , . ,. 

z - l , t - i 

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

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

flj(t) = aj j e , 

and 

/? 2 (t) = a^j e 

'? ' /?,(t) • ajj e 
2 -On + $ * 2 ~ ( A ? 2 + A r } * 

+ a 1 2 * 

(3.5) 

D'f*\ - 2 21 r 

describe retention Rl. for nuclide i organ ,/. 
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There will be 37 (2-12 + 2 -4+2 + 3) differential equations and 

natrix A will have the for* 

ORNl-OWG 7 6 - 1 2 7 3 7 

(A 
O 
Z 
3 

O 

K u z 

IS) o z 
3 

X 

X 
UJ 
z 

> •• 

X 
X 

X 
X 

X 
X 

X 
X 
X X 
X X 

X X 

X X X X X 
X X 

X X 

X X X X X X 
X X X X X X 
X X 
X X 

X X 
X X 

X X X X 
X X X X 
X X X X 
X X X X 

X X 
X X 

X 

X 
X 

X 

X X 
X X 
X X 

X 
X 

X 
X 

X 
X 

X 
X 
X X 
X X 

X X 

X X X X X 
X X 

X X 
X X 

X X X X X X 
X X X X X X 
X X X X X X 

(3.6) 
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The x's indicate nonzero entries in the aatrix; the dotted lines ire 

present to help the reader distinquish visually the coefficients of the 

terns in the differential equations for the lungs, GIT, and other tissues 

for both the parent and the daughter; the solid lines indicate where the 

aatrix should be partitioned in order to be of the form 

A -

r 
1 A 0 
"11 U 

4 21 ^22 

Computer Storage of the Coefficient Matrix 
It is evident frtK., Eq. (3.6) that the coefficient matrix A 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 A 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 cf a radionuclide nay 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. 



x's(o) = l.o , 

4(o) - 4(0) 4(0) = 0.0 
(3.7) 

For injection, remove from the system those equations describing lung 
and GIT retention, and alter the initial condition vector so that 

1 
1 1 

=1 t=l x t 
(3.8) 

where k is the number of organs and q. is the number of terms in the 
retention function corresponding to the i organ. Thus for ingestion 
and injection (3.3) reduces to (3.9) and (3.10), respectively, 

for ingestion — x 1 -
'xl 

x l 

*11 

GIT 

, X" --

Other 
Organs 

LL 

kq n 

GIT 

(3.9) 

Other 
Organs 

— — 

*h 
for injection — xl = • • • 

X1 

kqk 

I Other i _ 
j Organs* • • 

kq. 

Other 
'Organs (3.10) 
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For tie example shown in Eq. (3.6) the matrix A would be reduced to 

or 
UJ x 
i -

A = O 

O 

or 
UJ 
x 

X 
X X 

X X 

X X 
X X 

-

X 
X 

X 
X 

X X 
X X 
x x 

x 
X X 

X X 
X X 

X X 
X X 
x x 

(3.11) 

for ingestion, and 

A = 

or 

or 
UJ 
x 

X 
X 

X X 
X X 
X X 

X 
X 

X 

(3.12) 

for injection. 

Branching in the Chain of Radionuclides 
When the decay chain involves branching, the coefficient matrix 

takes a different form than that shown in Eq.(3.4). The authors have 
considered three forms of branching. By numbering the nuclides as 
they will be ordered in Eq. (3.2), we have 

P%, 

>N (stable) 
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Then the part i t ioned natr ix A takes the form 

r *n ° 
A = 

100" A 21 422 

(3.13) 

where ^n'Ao] indicates that every element in the matrix 4 2 1 is multi­

p l ied by ^ = r . I f a chain has the form 

(2) ft1 

vi 

q% 
> * 3 » / (stable) » 

then 

A = 

411 0 0 

TOO * A 2 1 Hi 0 

Tro "31 hi "33 

The chain 

(3.14) 

P* 

(3) ff' w 4 >tP (stable) 

a% 

has the corresponding coeff ic ient matrix: 
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A = 

.4^ 0 0 0 

I&T'ZI AZ2 ° ° 

ToTT*31 ° 433 ° 

"42 "43 A44 

(3.15) 

Certainly these branching schemes do not stand alone or occur only at the 

beginning of a chain. Thus, the coefficient caatrix A will, in general, 

be some combination of (3.4) and (3.13), (3.14), or (3.IS). These 

examples have sufficed to the present, but i t is possible other forms 

may occur. However, the general pattern seems clear from the.a 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(t) = AX(t), Eq. (3.1), with initial condition x{0) - A„ and 

integrating both sides we have 

l^'x{t)dt =f0

]AX(t)dt , 

X{t^) - XQ = Aj0

]X(t)dt , 

X(t}) = AJ0

]X(t)dt + XQ 
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r f c l By le t t i ng Y{t^) = J Q x[t)dt where f{0) = 0 , 

ht}) = S^x{t).lt = x{t}) 

Thus we nay reformulate (3.1) as 

y = AY * XQ where y(0) = 0 , (3.16) 

and (3.16) will be solved for y to determine the cumulated activity 
(uCi-days) in that organ from 0 to t^ It is Eq. (3.16), not Eq. (3.1) 
to which TIMED calculates the solution. 

Solution of the Differential Equations 
The solution of (3,16) is calculated by using a F0RTRAN subroutine 

package written by A. C. Hindsarsh, based on a program written by 
q C. W. Gear, for the solution of the initial value problem for system 

of ordinary differential equations ((IDE's). In general, such a system 
has the form 

i = fiy,t) (3.17) 

or more specifically 
dy.(t) 
~ ^ ~ s /i(i/1(*)..-.i/w(t),t) (3.18) 

where y, y, and f are vectors of length A M . Given an initial value 
of the vector 
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y(tQ) * yQ, 

and a subroutine for the calculation of /, the GEAR package can be used 
to compute a nuMerical solution to (3.18) at values of the independent 
variable t in s o w interval (tp.r), as desireo by the user. 

The basic Methods used for the solution are of implicit linear 
nultistep type. There are classes of such Methods available to the 
user. The first is the Implicit Adams method? (up to order 12), and 
the second is the backward differentiation formula (BDF) Methods (up 
to order 5), also called Gear's stiff Methods. 

A priMe feature of GEAR is the ability to solve stiff 0OE problcMS. 
Roughly speaking, an 0DE systeM is called stiff if it involves both 
very rapidly changing terns and very slowly changing terms, all of a 
decaying nature. More precisely, we consider the eigenvalues v. of the 
N*N Jacobian matrix 

X J t,j=1 

and suppose that the v. all have negative real parts. The "time 

constants" of the problem are then T. = l/(Re(v.)|, and the decaying 
1 l -th. 

nature (locally) of the solution is given by the exponentials e l . 

If the .v time constants x. are widely spread, and tfose terms with 
i 

the smaller T. have already decayed to •> insignificant level, then 

the system is stiff. 
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upon considering the properties of Eq. (3.16), it can be seen that 
the Jacobian of the matrix A is itself (that is, J(A) = />, and, A being 
a nonsingular, lower triangular matrix, the eigenvalues of A are the 
diagonal elements of the matrix, which are -{XJ

C + A J ) . Thus the time 
constants T . are 

t 

T m — - * 9 T> * I f • • • f IV 

£ r 

where t, 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 cf the radiological decay constants, A*, for 
each nuclide j, and also the differing biological decay constants, \i, 

for various compartments £. This implies the system is stiff. 
The difficulty with stiff problems is that most conventional methods 

for solving fOE's require incremental values of t commensurate wit»» min T., 
while the size 1T-tQl of the problem range is commensurate with max -•• 

As a result, the problem cannot be run to completion in a reasonable 
number of steps. Uith Gear's methods, however, the time increment h 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 h and the order of the method to v*ry. Then in 
regions of stiffness, where the solution is inactive, Gear's methods 
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have the property of "stiff stability", which assures that h is 
no longer 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 the Adams-Bashforth-MMiiton 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 elsewhere. ' * Hence, only a brief summary of them will be 
given here. 

The basic methods involved are linear multipoint methods of the 

form 

*1 K2 
y * Z a.y . * h Z B. y . , 

n j» l J n~J j=0 3 n ' 3 

(3.20) 

wher- u. is an approximation to y{t.), 'y. - f{y,,t.) i s an approximation 

to lit.), and h i s a constant step s i ze : h = t , + 1 - t.. In the case of 

the Adams method of order q, we have K. - 1 and K- - q - 1. In the 

case of the backward differentiation formula (BDF) of order q, we have 

y.-> s q and Ky = 0. The BDF's are so called because, on dividing through 

by feBg, they can be regarded as approximation formulas for 'y in terms 

of y , y , , . . . , u . In either case, the a . and 8- are constants 
"n n-\ n-q j j 
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associated with the method and S Q >0. The latter means that Eq. (3.20) 

Is an implicit equation for > 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 q means that, if Eq. (3.20) is solved for y with ell 

past values being exact, then i. will differ from the correct solution 

of the 9DE by a local truncation error that is of order rr , commonly 
<̂ +l expressed as 0{h- ), ftr small h. 

If Eq. (3.20) is wrivten in the form 

*1 K2 
g(u ) = u - .eft <"(:, ,t ) - I ijf . - h i B.v - s 0, (3.21) 

then the nonlinear system j{i. ) - 0 can be solved, for example, by 

Newton's method: 

?n(*r>l) = '-n{n) * F n W - o ( * n ( m ) ) ' 
(3.22) 

W - £ 
'.("•) 

' - " * % 
Mm) 

The manner in which past values ar* saved is rather unusual by 

comparison with most other 0DE programs and was invented by A. Nordsiech. 

While the conventional choice would be to store an array of i - K. * K~ * 

1 * q + 1 current and past values of yk and y, , Nordslech's history 

is a linear transform of this one and has the form 

3 * (?„.*.V* 2"M/2 *q*{

n

q)/ql) • (3.23) 

12 
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This is an NxL array of approximate "scaled derivatives" of y at : up 

to order q and is the Y array of the program. 

With this choice of history array, the prediction of u (and in 

fact a l l of z ) from z . becomes quite simple. I t is given by 

•CO)" V i * * A ' U l 

A is the LxL Pascal triangle matrix. As Gear observed, the multipli­

cation zA, for a row vector a_ = U ^ / Q can be accomplished with additions 

only, as follows: 

(3.25) 

where j = qtq-\t... tiA and i = 0,1,...,<7-1 . 

The complete algorithm for the prediction and corrections at step 
10 

r can then be written as follows: 

^ ( 0 ) = $n-\A • 

M*rH) * Mm) + V n Fm 

^M) " ̂ W + P n F m • J (m=0,l,...,.V-l) (3.26) 

v *«(*)* M o ) + V* 
w-l 
m*0 

4. = 4,(0) + En± 
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Here M is the timber of iterations performed, and l = (*-)« is a 
row vector of constants determined by the basic Method, Eq. (3.20), and 
satisfying *Q = BQ and *. = 1. The vector E is saved, as it is pro­
portional to the estimated truncation error omitted on the step. 

Following a step of size h at order q, the GEAR package, at intervals 
of q * 2 steps, is programed to choose a larger step size by estimating 
the local truncation errors at orders <?-l, ?, and q*\. The largest value 
h' of the three step sizes obtained is then chosen, 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 h' is in 
effect obtained by interpolating with the data at a spacing of h. 
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IV. PROGRAM DESCRIPTION 

The program 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 Methods 

used in this report and in Refs. 8, 9, 10, and 11, the details are 

self-explanatory. However, to supplement this Material, we include 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, 

YfUT, Y0UTD, YNA, and TESfC have been taken from the GEAR package8 and 

have been specialized for use in TIMED by D. E. Arnunus at Oak Ridge 

national Laboratory.13 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. Katson) 

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 F0RTRAN IV language. AXEB and YPAY are IBM 

System/360 Assembler language routines. A listing of TIMED routines is 

given in Apoendix A. 

The MAIN routine functions as follows: 

1. Read the values N0, TLAST, Hi, EPS. 

Nf - the number of first order differential equations. 

TLAST - the final value of 7, i.e. integration proceeds 

from T = T0 to T - TLAST. 
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! 
MAIN 

! 

> / 
DRIVES 

„ \ / \ t \r 
YfUT STIFF YfUTD 

> / 
YNA 1 1 

/ 

1 1 
, ̂  / \ f > f V 
0THER MATRIX AXEP YPAY TEsac 

N/ f •s f 

1 
> f w 

LUNG 

t > 

GI 1 0RGANJ INDEX 

> t > if 

CHANGE 

Fig. 4.1. Overall Structure of TIMED. 
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Hi - in i t ia l step size for the integration procedure. 

EPS - the local error tolerance parameter. The estiitated 

errors 5. in ... are compared to YMAX(i), which is 

roughly the largest value of |i#__| seen so far, for 

error control purposes this is done by comparing the 

root-mean-square (RMS) norm ( i . e . Euclidean norm 

divided by /iT of the vector [6 7YMAX(£)]* = 1) to EPS. 

This retio is kept less than EPS. 

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

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

D0 10 I =• l.NPRT 

10 TPRINT = TPRL(I) + Q*DTPR(!) 

where Q = 0,...,NARPRT(I) . 

3. Check to see i f NPRT <_ 10. 

4. Check to see i f TPRL(NPRT) + NARPRT(NPRT)*DTPR(NPRT) = TLAST. 

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

6. Set TPRINT to TPRL(1,. 

7. Check to see that 13**0^2400 for Adams procedure ( i . e . 

N0O26) or 6*N0<24OO for s t i f f procedure ( i . e . N0 <400). 

8. Call DRIVES. 

9. ST0P. 

The routine DRIVES is an interface between the user and the rest of 

the GEAR package. I t oversees the integration of the 0DE over the inter­

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

variables. 

Call 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 *i0 

from its initial value. 

-2 after some initial success, the integration was 

halted when a reduction in H by a factor of more than 
4 10 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 

factor of 10 from its initial value. 

-4 immediate halt because of illegal values of input 

parameter. 

-5 H is such that T + H = T. 

If KFLAG = 0 or -4, call Y0UT for normal output of Y at 

time TPRINT; go to 2. 

If KFLAG = -1, print messaie; try 10 more reductions of H; 

call Y0UTD if continues to fail; return. 

If KFLAG = -2, -3 -5, print error message: call Y0UTD; 

return. 
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YflUT computes interpolated values of the dependent variable Y, and 

calls YNA to print these values. YNA prints the solution vectc- Y, Eq. 

(3.16), and also computes Eqs. (2.4), (2.6), and (2.10) and prints these 

quantities. YNA calls the routine 0THER to perform the "other tissues" 

transformation described in (2.11) and (2.12), should it be required. 

Y0UTD is a dummy routine which could be expanded by the user to orint 

diagnostic infomation. 

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, A, in 

(3.1) as discussed in Section III, 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 coefficient 

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 language routine called by STIFF to 

solve the matrix equation AX - b where A is an N by N lower triangular 

matrix, and A is stored as a vector consisting of the nonzero entries 

in A stored sequentially by rows. It is assumed that the maximum number 

of nonzero entries in a row of A is less than or equal to 52. 
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Fig. 4.?. Macroscopic Flow Chart of STIFF (Taken from Ref. 8), 
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YFAY is also an Assembler language routine. It is called by STIFF 

to form y = AY + x„. The matrix A is stored as in AXEB, and this 

routine assumes a maximum of 52 nonzero entries. 

AXEB and YPAY were written so as to most efficiently make use of 

the properties of the matrix A and of the computer storage. 

TESgC is called by STIFF and sets the coefficients that are used 

there, both for the basic integration step and for error control. TES0C 

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, A, and may 

be outlined as follows: 

1. Read descriptive information about the chain of radionuclides. 

NIS0 - number of radionuclides in the chain 
4 D3, D4, D5 - regional deposition values 

N0RG - number of organs (excluding lung and GIT) 

I0PT - mode of intake (0 - inhalation, 1 - ingestion, 

2 - injection) 

2. Call LUNG to assign regional deposition for each pathway 

a,...,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. 
LAW = Z«2/TR 

Call LUN61 to set LANX and FRAC according to inhalation class. 
LAMX = >r = InZ/T t T is the removal half time described 

in Fig. 2.1 
FRAC = F f is the compartmental fraction from Fig. 2.1 

Initialize row and column indices. 
For each nuclide: 

(a) If intake by inhalation, call LUHG2 to set up 
portion of matrix corresponding to lung differential 
equations. 

(b) If intake is by inhalation or ingestion, call 
routine 61 to set up portion of matrix corresponding 
to GIT differential equations. 

(c) Call 0RGAN 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, duo to the 
sparse nature of the coefficient matrix, it is stored as three 
vectors - A, RINDEX, and CINOEX. A(I) is a nonzero element 
of the coefficient matrix, RINOEX(I) contains the row of 
A(I), and CINDEX(I) 1s the column index of A(I). The 
coefficient matrix is filled from left to right, 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., 

RINOEX(I) <RIN0EX(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 a>*e used in setting the initial 

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

Entry LUNG1 - determines inhalation class and sets x_ and F £ 

from Fig. 2.1 which appear in Eq. (2.1). LUNG1 

also sets the initial values, Eq. (2.2). 

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

Routine GÎ  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). 

0RGAN functions as fellows: 

1. For each organ, read organ number (IS0RS), the organ name 

(0R6NM), and the number of compartments (ICOM); i.e., the 

number of terms in the retention function (see Eq. (2.7)), 

and the retention function. 

2. 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 detent nes the first coluwi of the 
oatrix entries for each daughter. (Recall the nay the Matrix entries 
are filled - froa left to right and top to button.) This is especially 
important Mhen branching is considered. Whereas daughter entries begin 
in a regularly indented fashion for nonbranchir.q radionuclides, Eq. (3.4), 
the daughter entries have a soaewhat irregular pattern in branching 
chains, see Eqs. (3.13), (3.14), and (3.IS). 

CHAH6E is called by LUNG and GI and determines the initial column 
for each row of the coefficient matrix for the equations corresponding 

3 4 
to N , Eq. (3.14), and the equations corresponding to N , Eq. (3.15). 
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V. USER INFORMATION 

TIMED is written in the IBM System/360 and System/370 F0RTRAN IV 

language with the exception of two routines (AXEB and YPAY which are 

discussed in Section IV) that are written in IBM System/360 Assembler 

language. The FfRTRAN routines have been compiled using the F0RTRAN 

H-level compiler; the Assembler routines have been compiled with the 

Assembler F-level compiler. TIMED has been executed on both the IBM 

360/91 and 360/75 at ORNL. The program requires about 310 K (IK = 1024 

bytes; 1 byte s 8 bits) of core storage for execution. The F0RTRAN 

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 (t Q, t- ,) 

for integration, etc. The execution time for the second example in 

Appendix B, a complicated chain of four radionuclides involving 116 

differential equations, 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 ! Coluans 
l 

Remarks, Variables, Etc. ' 

Information Concerning the Differential Equations 

mm 1 FffJBMT (15, 7E10.2) 

1-5 N0 - order of lower triangular 
aatrix A, that i s , the 
nuaber of differential 
equations. 

6-15 TLAST - integrate Y'[t) = AY{t) • 
XQ fro* t = 0 to t = 
TCAST. TLAST given in 
units of days. 

16-25 Hi - in i t ia l step size for the 
integration procedure. 
I f lef t blank, then 
default is HI = 10" 7 . 

26-35 EPS - controls the local trun­
cation error during the 
integration procedure. 
I f lef t blank, then 
default is EPS * 10"*. 

2 F0RHAT (15) 

1-5 NPRT - number of print inter­
vals, NPRT<10. 

2*1, 
I«1,...,NPRT 

FORMAT (2E10.2, 15) 

1-10 TPRL(I) - f i rs t print time in this 
print interval. 

11-20 DTPR(I) - print time step for this 
interval. 

21-25 NARPRT(I) - number of tine steps to 
use in the current 
interval. 
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Table 5 . 1 . (cont'd) 

Subroutine Card lumber 
1 

Columns j Remarks, Variables, Etc. 

TPRL, DTPR, and NARPRT are defined by: 

Of 10 I = 1 , NPRT 
10 TPRINT = TPRL(I) • Q*DTP»(I) Q = 0,....NARPRT(I) 

The values assumed by TPRINT nust for* an increasing sequence. 

General Information for Chain of Radionuclides 

MATRIX 1 I 

I 

1*1 , 
1 = 1 NIS0 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

1-8 

F0RHAT (110, 3F10.3, 3110) 

NISI 

D3 

04 

D5 

N0RG 

I0PT 

N0RAL 

- njmber of isotopes in the 
chain, NIS»<10. 

- fraction of intake depos­
i ted in the NP region. 

- fraction of intake depos­
ited in the TB region. 

- fraction of intake depos­
ited in the P region. 

- number of organs (exclud­
ing lungs and GIT) , 
mJRGOO. 

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

- number of ingestion cases 
to be run (used only with 
ICRP work). Leave blank 
if I0PT t 1. 

F0RNAT (A8, 2X, F10.0, 8X. A2, 
2F10.0, 212, 2X, 12) 

TAG(I) - Atomic symbol and atomic 
number of ITH member of 
the chain. 
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Table S.I. (cont'd) 

Subroutine Card Nuaber Columns Remarks, Variables, Etc. 

11-20 

29-30 

31-40 

41-50 

51-52 

53-54 

TR(I) half l i fe of ITH 
of chain in days 

ICUSS(I) - inhalation class of ITH 
imber of chain. Should 
be one of the characters 
0, W, or Y right just i ­
fied in the f ie ld . 
Leave blank i f IfPT t 0 . 

LAHAB(I,2) - absorption coefficient 
in the snail intestine 
(SI) 

, _ 6 * - ' l 

P(D 

NBRNCH(I) 

IBRNCH(I) 

ab Uf} ' 

- fraction of decay to 
radionuclide I . 

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

- position in the branch­
ing scheae ( 1 , 2, 3 ) . 

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

/ 

(0,0) 

(1.1) 

may leave NBWCHU) 
and IBRNCHC blank. 
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Table S.l. (cont'd) 

i Subroutine | Card Number i Columns j 
i i 1 L. 

ftemarks. Variables, Etc. 

^ 4 (sUble) / - (sUble) 

JT1 (0,0) 

X2 (2.1) 

X* (2,?) 

» (stable) 

(0,0) 

x 2 (3,1) 

.v 3 (3,2) 

X* (3,3) 

57-58 I ILAB - switch to indicate i f 
there is absorption in 
some section of the GIT 
tract other than the 
small intestine (SI) 
0 - absorption only in 

small intestine. 
1 - absorption in 

stomach(S), upper 
large intestine 
(UL), or lower 
large intestine 
(LL) in addition to 
small intestine 
absorption. 
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Table 5 .1 . (cont'd) 

Subroutine Card timber I Columns Remarks, Variables, Etc. 

i » = i » . . . »iiibai 
FfWWT (3F10.0) 

Card required only i f ILAB = 1. 

1-10 ! UtfWB(I.l) - adsorption coefficient 
I for S. 

11-20 1*1*8(1,3) - adsorption coefficient 
for UL. 

21-30 UWW(I,4) . adsorption coefficient 
for LL. 

Description of Retention 
This set of cards describes retention in those organs other than the 
lungs and GIT. These cards must be included for each radionuclide in 
the chain. 
fRGAN I 1 I J F0RMAT (1012) 
This card should be omitted for the first radionuclide in the chain. 

1-2 IS(1) - fraction of daughter 
radionuclide which 
returns to blood for 
the 1st organ. 
(l-IS(l)) remains in 
the organ. 

i 
3-4 | IS(2) - sane fraction for 2nd 

organ. 

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

Subroutine j Card Columns Remarks, Variables, Etc. 
Include cards 2 and 3 for each organ. 

2 FfW*T (12, A8, 12) S 

1 -2 IS0RS(I) - index of organ I taken | 
from the following l i s t . i 
IS0RS(I) is used for 
indexing purposes when \ 
calculating dose. j 

1 . bladder contents 13. ovaries 1 
2. stomach contents 14. pancreas i 
3. SI • content 15. cortical bone (trabecular bone) 
4. UL 16. cancellous bone 
5. LL 17. red marrow 
6. kidneys 18. yellow marrow 
7. l iver 19. skin 
8 . salivary gland 20. spleen 
9. TB region 21. testes i 10. P region 22. thyroid 

11. ly«ph 23. total body (used for other tissues, also) 
12. muscle 25. adrenals 

(24. cloud should not be used as a source organ in this code.) 
3-10 fRGNK(I) - name of organ I (at 

most 8 characters). 

11-12 IC0Pt(K,I} - number of compartments 
for organ I , radio­
nuclide K (number of 
terms in the retention 
function), IC0M(K,I) <_ 
10. 

F0RMAT (8F10.0) 

This card describes the retention function and contains the coefficients 
of the exponential, AS(.M,I),JJ=1,...,IC0M(K,I), and the exponential 
constants, TBS(JJ,I),JJ1 ICW(K.I), respectively. Obvious!., 
for more than four compartments, i.e., terms in the retention function, 
another card is needed.) 
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Table 5.1. (cont'd) 

Subroutine Card Number Columns Remarks, Variables, Etc. 

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

For each nuclide the organs and associated information nsust 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 
foi' each print interval of the form: 

0THER 1 
1-2 

3-4 

5-6 

F0RMAT (1012) 

N0T0P - nonzero integer 

I0THER(1) - IS0RS(1) 

I0THER(2) - IS0RS(2) 

Do not include 23 as a source number 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 actual columns on the card in which the 

data nust 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 F0RNAT descriptor indicates the content and 

length of the fields on the card. In the F0RMAT 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 F0RTRAN 

program. 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 matrix 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 -

WIN. 

c. Retention information for each organ and for each member 

of the chain - 0RGAN. 

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

activity (uCi-days), and activity (pCi) entering blood and 

GIT for each organ and for each member of the chain. 0THER 

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 &&UCIDAY 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 in ISfRS (see Table 5.2). 
These cards are punched with the format (1P6E10.3). 
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Table 5.2. For*, of Data Set Written on Unit 16 

Subroutine 
Record 
lumber i Remarks, Variables, Etc. 

Internal 
Form of Data 

MATRIX 1 NIS0 - number of radionuclides in 
the chain. 

N0RG - number of organs (excluding 
lung and GIT;. 

I0PT - mode of intake. 
0 - inhalation 
1 - ingestion 
2 - injection 

If I0PT«1, read record 2. 

2 MAIN 

MAIN 

MAIN 

N0RAL - number of oral intakes (for 
ICRP tables only). 

TAG(IO), iD=l,...,NIS0 - atomic 
symbol and atomic number 
for each member of the 
chain. 

IS0RS(IS0), IS0=1,...,total number 
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 tine period read: 

YNA 1 TIME(ITM) - right end point of the 
time interval. 

Tor each radionuclide read: 

lYNA 

(if I0PT=O 

MA 

VECT0R(IS0), IS0=1,...,total number 
of organs - cumulated 
activity given as microcurie-
days for each of the organs 
in the order stated in IS0RS. 

F ( I ) , 1=1,2,3. 
F(l) - microcuries entering 

blood from lungs. 
F{2) - microcuries entering 

GIT from lungs. 
F(3) - microcuries entering 

blood from GIT. 

i nteger 

integer 

integer 

i nteger 

alphameric 

i nteger 

real 

real 

real 



51 

BIBLIOGRAPHY 

1. W. S. Snyder, H. R. Ford, and S. B. Uatson, "A Computer Program for 

Estimating Microcurie-Days of a Radionuclide in the Organs of the 

Hunan Body", Health Physics Division Annual Progress Report for 

Period Ending June 30, 19?S, Oak Ridge National Laboratory Report 

ORNL-5046 (October 1975). 

2. U. S. Snvdar, N. R. Ford, G. G. Warner, and S. B. Uatson, A Tabulation 

of Dose Equivalent Per Microcvrie-Day for Source and Target Organs 

of an Adult for Various Radionuclides, Oak Ridge National Laboratory 

Report ORNL-5000 (Noventer 1974). 

3. U. S. Snyder, M. R. Ford, G. G. Uamer, and S. B. Uatson, A Tabulation 

of Dose Equivalent Per Microcurie-Day for Source and Target Organs of 

an Adult for Various Radionuclides, Oak Ridge National Laboratory 

Report ORNL-5000, Part 2 (Noventer 1975). 

4. ICRP Task Group on Lung Dynamics, "Deposition and Retention Models 

for Internal Dosimetry of the Hunan Respiratory Tract", Health Phys., 

12, 173 (1966). 

5. International Commission on Radiological Protection, The Metabolism 

of Compounds of Plutonium and the Other Actinides, ICRP Publication 

19 (1972). 

6. I. S. Eve, "A Review of the Physiology of the Gastrointestinal 

Tract in Relation to Radiation Doses from Radioactive Materials", 

Health Phys., 12, 131 (1966). 

7. International Commission on Radiological Protection, Report of the 

Task Group on Reference Man, ICRP Publication 23 (1975). 



52 

8. A. C. HfndMrsh, GEAR: Ordinary Differential Equation System Saltier, 

Lawrence Liveraore Laboratory Report UCID-30001, Rev. 3 (December 1974). 

9. C. W. Gear, Numerical Initial Value Problems in Ordinary Differential 

Equations, Prentice-Hall, Englewood Cliffs, New Jersey (1971). 

10. A. C. HindMarsh, Linear Multistep Methods for Ordinaru Differential 

Equations: Method Formulations, Stability, and the Methods of 

Zordsiech and Gear, Lawrence Livermore Laboratory Report UCRL-51186, 

Rev. 1 (March 1972). 

11. A. C. HindMarsh, "The Control of Errors in the GEAR Package for 

Ordinary Differential Equations", Construction of Mathematical 

Software, f. H. Fritsch (ed.), Lawrence Livermore Laboratory Report 

UCID-30059, Rev. 1 (in progress). 

12. A. Hordsiech, "On Numerical Integration of Ordinary Differential 

Equations", Math, of Computations 16, p. 22 (1962). 

13. D. E. Arnurius, private communication (1974). 



53 

APPENDIX A 
PROGRAM LISTING 
(Microfiche) 



5* 

C 10 
c M I B omfBR 20 
C 30 

I SPUCIT REAL'S (A-B.O-Z) O 
C O H B O B / P P I B T / T F B L <IO>,DTPE ( i o i ,TP9iar, iP8T,BpB.BPBT,BAiPBi(iO) s o 
ronHOR/SC1215/T,H,HftIB rHaAI,BPS1,nP1,SFUG1,JS?ABT,B #aiB9,Bf.C.- 60 

i T<»T («oo), EBROB f»oo). rs u e<soo) ,T PB IBT I wo» t i 
c *•• HEto DIBEB5»B HAICBIOKEBBOB (BIO) ,psAfE(2*aiO) 70 

roRHoa/asa/as* so 
DATA BpaTA/10/ 90 
DATA HAXaO/%00/ 100 

c * • • ms? SAFE ao.LC.RAzao n o 
DATA BBIT/2S0O/ 120 
DIRSBSIOB H2*00) 130 

c * • • nraeasioa T ( I D . T I I « O 
c 150 

SIOMAXBO 160 
C • • • 170 
C • • • 180 
C • • • SET IP AID T1 IB?SI>BU.I,T 190 
C • • • HUE DEFAULT BALBBS P3B Hi ABD BPS 200 
C * • • 210 
C • • • 220 
C • • • 9ESIRE TO IBTEGP»?B FBOI T1 TO TLAST 230 
C 240 
C • • • 1P*21 IBDICATBS A STIFF STSTZH. 250 

BP=21 260 
C 270 
C * • • IBTECPATE T» (T) « * • ! fT) *IO FBOH T>T1 TO T^TLAST BHBRI T(T1)=0. 2*0 
C • • * f IS THE TIBB IBTBGRAt OF ACTHITY 290 
C * • • A I S A COBSIABT LOBBB TFIABGDLAB BATBH ABD 10 IS A COB STAB T VECT. 300 
C • • • A, 10 if E OBTAIBED fHOH SOB 5 . 8 A TBI I BT A CALL IB SOBB.STIFF 310 

T1 =0.DO 320 
C 330 

10 RBAD(5,1001,EBD*75| BO ,TLAST, R1, EPS 390 
1001 POBBAT(T5,TB10.2J 350 

BSB=1 360 
IP (EPS.EQ.O. DO) BP5=1. C-6 370 
TP(HI.EQ.O.DO) Hl*1 .D-7 300 

C 390 
C * * • SET IBITIAL fALOBS TO 0 . 900 
C 910 

15 DO 20 I = 1, BO 920 
20 T ( I ) *0 .D0 930 

C 9*0 
C 950 

ftEAD (%1002) BPBT 960 
1002 POBHATin» 970 

B»E»0=nIB0 (BPBT.aPBTI) 980 
25 PEAD(S, 1003) (TPFL ( I | ,DTPE ( I ) .BABPRT4I) . 1*1 ,BPBAD) 990 
1003 PORflAT(2B10.2,lS) 500 

paiar IPOH,KPST,BBEAD,(?PIIL(I),DTPB(IJ,BABPBT(I» , I* I ( SBE»D) SIO 
100« PORBAT( MBO. PRIBT IRTBtfALS CB5IBBD *• C2.3X, 'B3 . BBAD**12/ 520 

1' POIBTS SELECTED IB PBIBI IBMBVAL * T»Q*DT BRBBB Q * 0 , 1 , . . . , • • / 521 
291, •T , 18I«DTM1I»B»/ (1PE19.10,819.10,16) ) 522 

C 530 
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TP (H?B»D.PQ- *PfT) GOTO 30 5«0 
P?. r»~ 1005 5*0 

100S POP1AT| / / / '0IEE0 10RB STORAGE SPACE POI TITEBVALS I I R A I L * / / ) 560 
GO rrt SO 570 

580 
30 COITI»'»E 590 

THAI=TFRl(HPIT) • IABPIT (HP9T) «DrPR (IPRT) 600 
C 610 
C * • • EXPECT THAI TO BE THE LARGEST T PALOR AT MIC* A 'CALL TOOT* IS 620 
C • • • 9E?I»ED. 630 

IP(DAB«(TIAST-TRAI| .IE.1.9-1««9ABS(TLAST)) TLAST=THAI 6*0 
IP (TLA" 1. LE.THAI) GO TO 35 650 

C 660 
PSI1I-' 1006,TLAST,T3AI 670 

100 o P3H«AT(//'0»ALnE op TLA ST 3AS BEE! CHAHCED PROH* 1 PE21. 1 3 , I I , TO* 680 
1 E 2 1 . 1 3 / / ) 601 

C 690 
TLAST=*H«I 700 

35 IT=IPIT-1 710 
TO = T1 720 
SCO 730 
IP ( I T . IT. 1) GO *0 »5 790 
DO »0 1=1,»T 750 
IP(TP?L(I)»HA»PRT(I)*OTPB(I) .LT.TPRL (1*1) ) CO TO 10 760 
HC = IK>1 770 

•0 COHTTIOE 710 
C 790 

IP(IIC.GT.0» PHUT 1007 , IC , IT 800 
1007 POI1AT('1>T2,1I ( OP THE ' 1 2 , II* COISSCOTIf R IITBfAL PAHS OfSRLAP.' 810 

1/* P?OG. HILL CALL EXIT. SEE HAII O U T I I . ' / ) 811 
r 820 

•5 COtTIHDE 830 
IP(T0.LE.TPRL(1|) GO TO 55 8«0 
PPIHT 1009 850 

100* POPHAT('1TPRL(1» .LT.TO. CALL EXIT. SEB IAII 09ITRR. •) 860 
50 CALL EXIT 870 

C 880 
55 IP(RC.GT.O) GO TO 50 890 

••"•RHI?=7P3l(11 900 
I P » T = 1 910 
•IP 11*0 920 
*CASS*0 930 
HO = H1 990 
SPITE (6 ,1009) BO, HP, TO, TLAST, HO, EPS 950 

1009 POtlIATf»OI0 s , I"'" SP=»I2/» T 0 = » 1 P B 2 2 . 1 V TLAST*'822.15/ 960 
1» B 0 * , f 2 2 . 1 5 / « EPS=«E10.»/» 961 

C 970 
C • • • POP. STIPP PR3CED«JRE HEED 6*10 SLE1EITS I I *fECT0B< T. POB ADAH'S 980 
C • • • (HOHSTIPT) HEED 1 3 * » UEHEBTO. 990 
C • • • 4P*10*HETR*HITBR, HRTH*1 POI ADAH'S, =»2 POP STIPP PIOCI00RE. 1000 
C 1010 

IPf l1P.GT.19) GO TO 60 1020 
C 1030 
C • • * ADAH'S (HOISTIPP) 1 0 * 0 
C 1050 

IP(13«H0.LE.IELT> GO TO 65 1060 

http://IPfl1P.GT.19


>t> 

»»rar I O I O , S E L Y 1070 
1010 roRRAT<M«eED 1)*M> ElEHEBTS IB VECTOR t IB BAIB. RAf B O Blf BELT*' 1080 

1 I « ) 1081 
so T3 e o 1090 

c 1100 
60 IP(6*R0.LE.BELY) GO TO 65 1110 

C 1120 
C • • • STIPP PBOCBDTOE. 11 J J 
C 11*0 

? « i n r 1011, BBtT 1150 
1011 POlRAT(MBEED 6*B0 XLEBEITS IB fBCTOB T IB BAIB. BATE OBLE BELT*» 11*0 

11%) 1161 
".0 TD c 0 1170 

C 1180 
65 IP(B0.*.E.SAXBO) 60 TO 70 1190 

PBIBT 1012,M>,RAXB0 1200 
1012 PSRSATCIRO EXCEBOS BAI.BO'/* I 0 * * t « / a UXBO**I«/« IBCBEI5E OIB. I 1210 

IB COHRCV 5C1235.*) 1211 
GO TO SO 1220 

C 12 JO 
70 r o a n ROE 12*0 

C 1250 
C 1260 

CAIL DPrVES(BO,TO,TLAST,Y,RO,BPS,flr,KPLAG) 1270 
•KITE (6 ,1013} KPLA6 1280 

1011 P!> BRA* (9 ROE PL AG * , 1 6 ) 1290 
C 1300 

GO TO 10 1310 
75 STOP 1320 

C LAST CABD OP M i l DRI9ER 1330 
EBD 13*0 

50BRO0TIBE DBIf ES(ft> ,rO,TLASr, T, RO, BPS,BP,KPLAC) 
IHPIICIT SEAL*8 (A-R,0-Z) 
CDBHOa/SC1235/T,R,HHIB,flBAX,EPS1,aP1,(PUG1,JSTa*T,a,BIBV,BI0, 

1 HAX(»00) ,EBBOR|»90) ,PS Af 1(800) ,TPIIBT(«00) 
C • • • BEEO DIB0SI3B IBAX (BXO) ,EBBOB (BXO) ,PSATE (2«BX0) 

:oHflOB/p»Twr/TpiL(iO),0rpi( iO),TPBirr,tPRT,BPt,BpaT,EaflpBT(iO) 
DIBEBS1DB T(B0,1) 0257 12 

c ***»»«»«*«««*««««*««««*«*«***««***««««***««*««***«***«««**«* ,**«««****« 0 257 13 
C* DRIVES IS D9IVSR SOBBOOTIBE POB STIPP. Stt BIXTEOP POS POLL DBTAILS.D257 1* 
C* 0257 15 
C* THE IBPOT PA9ANBTER5 A«E>. 0257 16 
C* BO THE BOBBER OP DIPPBBEBTIAL EQOATIOBS, IBITTattT. D2S7 17 
C* TO TUB IEITTAL fALOE OP T . TBB IIOEPBBDEBT VARIABLE. 02S7 18 
C» TUST « THE PIBAl VALOE OP T. D257 1» 
C* T * AB BO BY LRAX A BEAT POP TIB COBPOTBP SOLOTICB, f i t SABE 0257 20 
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c* 
o» 
c» 
c« 
c • 
c« 
c« 
c« 
c» 
c« 
c» 
c* 
c» 
c* 
c* 
c* 
r» 
c* 
o» 
c* 
c» 
r* 
c* 
c* 
c* 
c* 
c« 
c* 
c« 
c» 
c» 
c« 
c* 
c* 
c* 
c* 
o» 
c* 
c* 
c* 
c« 
cr* 
c* 
c* 
c* 
c* 
c* 
c* 
c*« 
c* 

10 
EPS 

AS T« STIPP. THE FIRST COLOBB SHOOLD CORAIB TBI 
I H I T * I fALTES OP THE CEPEBBEBT fBBIABLE. 
CflSRBBTLT, LHAI IS 13 POB TEE IDABS BCTBOOS BBD 
6 Ton THE SEAS HETHODS. T!> CBABGE THIS. SEE 
SOBROOTIBE TESOC. 
THE IBITIAL »A LOE JP H, THE STEP Silt IB T. 
THE RELATTFE ERPOI BOOHD. T BE SAME AS IB STIFF. 
THE SJTHOn FLAG, TH5 SABE IS ! • STIPP. 
ALTOHEP fALOES ARE 1 0 , 1 1 . 12, 13, 20, 2 1 , 2 2 , 2 3 . 

-HE OOTP'JT F«*AHETB»S ABB.. 
ro = inn', OP T TO aaica IBTBCBATIOB BAS BEEB CORPLETEE. 
T * BO BT 1HAI AR3AT OP T ABD ITS SCAIED DERITATITSS. 

T(T) POP 1 .LE . I . LE. B OORTAIBS TEE OBPBTED SOLOTTOB 
AT THE * . 

41 = THE fALUE OP THE STEP SIZE 9 OS ED LAfT, BOTH IB THE 
IBTEGBATIOB ABD IB TIE SCAZ.IBG IB THE T ABBAT. 

BPLAG = A COHPLETIOB P1AG • IT H TBE POLLOBZBC TALOES ABO HBABIB3S.. 
0 THE PfiOBLEH BAS COMPLETED SOCCBSSPOLLT. 

- 1 THE IHTEGaATIOB MAS B ALTEO APTEB PAIUBG TC PASS THE 
fBftOfi TB?T Ef IB APT E* BEDOCIBG H BT A PACTOB tP 
1.0D10 PR3H ITS IBI1TAL TALOE. 

-? APTEB SOBE IMTTIAL SOCCESS, TBB IBTBGBATIDB BAS 
HALTED BHEB A REDO CTI OB IB H BT A PACTS8 OP HOBE 
THAB 1.00* BBS IBDICATED IS OBD1E TO PASS TBB EBBOB TEST. 

-1 THE I BT EG? AT I OB BBS B ALTEO APT BE PtILIBG TO ACBIEfB 
COBPBCTOP COBTEBSEBCZ EfBR APTEB BEDOCIBG B BT A 
PAC'OR OP 1.3 CIO PBOH ITS IBTTIAL TALOS. 

- * IBBEDIATE BALT BBC A BSE OP ILLEGAL V ALOES OP I SPOT 
PARAHETEBS. SEE PRIBTtS HESS ACE. 

- 5 H IS SHCH THAT T*H .Efl. T 

DRIfES CALLS SUBROOTIHE TOO? POR BOBBAL OOTPOT AT STATBHEBT 20, 
ABD SUBROOTTBE T30TD POB OOTPOT IB CASE OP PAILOBB BBLOB 150 ABD 200. 
THE BAHES ABD CALL SEOOEBCE5 OP THESE CAB BE ALTBBED AS DBSIBED. 

IB THE fuILOH! B'-., SET.. 
BHE = THE BAXIHOH TALOE OP H POB BHICH DBITES IS TO BE OS ED. 
LOOT - THE LOGICAL TJ BIT BOBBER POB TBE OOTPOT OP HESS AGES 

DOPIBG THE IBTEGWriOB. 
THE DIHEBSTOB OP PB ABOTE CAB BE RED DC ED IP HITEB IS HOT 1 OB 2 
(SEE DESCRIPTIOB OP PH IB SMTP) . 

THE ORfUHAl TERSIOB OP THIS PBOGBAB BAS BBITTB AT LLl BT A. C. 
HIBOHAKSH POR CDC COHPOrEBS. TBE CDC fSBSIOB BAS IODIFIED POB 
1<?E OB IBB OHPOTEftS AT ASGOHHE IB JOBS, 1 9 7 3 . 

LATEST RETISIOB SEPTEBBER. 1973 

DATA LOOT/6/ 

c** 

IP (EPS .LE. 0.OD0) GO TO «00 

02S7 21 
0257 22 
0257 23 
0257 2* 
0257 25 
0257 26 
0257 27 
02b i 26 
0257 29 
0257 30 
0257 31 
0257 32 
0257 33 
0257 3* 
0257 35 
0257 36 
0257 37 
0257 38 
0257 39 
0257 • 0 
9257 41 
0257 • 2 
0257 • 3 
0257 «« 
0257 «5 
0257 *6 
0257 • 7 
0257 • 8 
0257 «9 
0257 50 
0257 51 
0257 52 
0257 53 
0257 5* 
0257 55 
S257 56 
0257 57 
0257 58 
0257 59 
0257 60 
0257 61 
0257 6 2 
0257 63 
0257 6« 
D2S7 65 
0257 66 
0257 67 
0257 68 
0257 69 
'0257 70 
0257 71 
0257 72 
0257 
«D257 
0257 

73 
7B 
75 

0257 76 
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IP (BO . I E . 3) GO TO «%£ 
rp ((To-rtusn "BO .GE. o.ooo) 
«»BO 

GO Yt> fciij 

SASsptot 
DABSj J-TLA ST) • . 1 0 0 
3SI9?{l l l t lB, . 1 » » B B M ) 
EPS 

!* » SO 
BIBfsO 
.*<!I5 ? 
mu = 
EPS* 
1 P 1 * HP 
JSTA*T=O 
KBPLAG * 0 

C • * • 1»T WISH TO PRIHT IHITIAL f ALO BS TBBO TOOT. 
IP(T. tQ.TPSIBT) CALL TOOT(B0.TLAST,T,1) 

10 CALL «5TtPP(T,B0) 
BQ * J STUBT 

C 
C 

KGO » 1 - RPLAG1 
GO TO ( 2 0 , 1 0 0 , 2 0 0 , 3 0 0 , 2 0 , 3 5 0 ) , BBO 

•PLA31 * 0 , - 1 . - 2 , - 3 , - 5 

20 rOBTtBOt 
IP(T.GE.TPSIBT) CALL TODT(B0,TLAST,T,BQ) 
IP ((T-riBST)*R . LT. 0 . 0 0 0 ) GO TO 10 

C« *HE PBOBLEH IS PI BIS BED. BBBE CAU TOOT ABO/OB OTB IB BOOTIBBS 
C* TO OUTPOT DESntD PIBAL BESOVS. 
£ • « • • • * « * • • • * • * • • • • • • • • • • • * • • * • * • • • • • • • • • • * * • • • • • • • • • « • • • • • • • • • * * < 

•JO TO 500 

100 BSITE (LOOT,105) T 
10S PO«MA?|//10H BPLAG * - 1 PBOB STIPP AT T » , 0 2 5 . 1 6 / 

1 3HH EBROB TEST PAILEO BITB ABS(R) * BHIB/) 
110 IP (KHPLAG .BQ. 10) GC TO 150 

rBPLAG = KBPLAG • 1 
HHIB = RHTB * . 1 0 0 
H * S * . 1 0 0 
BKITE (I00T,115) H 

115 P01HA7(2*H H HAS BEEB BE00CIO TO , 025. 16, 
1 26H ABO STEP BILL B8 BETBIED//) 
JSTART * -1 
GO * 3 10 

waiTE aOOT,155) 
PORHAT ( / / • « ! PBOBLEH APPEABS OBSOLTABtB BITB 6ITEB IBPOT//) 

0257 77 
0257 78 

r»2*7 •<> 
9257 81 

0257 84 
0257 85 
D 257 86 
D257 87 
0257 54 

0257 90 

0257 93 
0257 9* 
0257 95 
0257 96 
0257 97 
0257 98 
0257 99 

0257 127 
•D257 126 
0 257 129 
0257 130 

»0257 131 
0257 132 
0257 133 
D257 13* 
0257 135 
0257 136 
0257 137 
0257 138 
0257 139 
0257 180 
0257 181 
0257 182 
0257 183 
0257 1*« 
0257 1*5 
0257 

150 
155 

C* HHIB HAS BBEB COT BT 10 OBOESS OP RAGBITODt BITB BO SOCCESS. 
C* AT THIS POIBT, OOTPOT IBPORHAMOB BEEDED POR DEBOGCIBG. 
£ * • • • • • • • • « • • • * • • • • • • • • • • • * « • • • * • • » • • » • • • • * • • * • • • • • • • • • • • • • « • • • • • • • • • « • 

CALL TOOTD(T,BQ) 
no ?o 5 00 

C 
200 »RI?«? <IOOT,205) T,H 
205 PORHAT(//30H KPLAG * - 2 PBOH STIPP AT T - , 0 2 5 . 1 6 , 5 B • ' , 0 2 5 . 1 6 / 

1 5?a THE KEQ0SSTED E8B0R IS SHALL IB TBAB CAB SB HABDLBD//) 

1*6 
0257 1*7 
0257 1*8 

•0257 1*9 
0257 150 
0257 151 

•0257 152 
0 257 153 
0257 15* 
0257 155 
0257 156 
D257 157 
0257 ISt 
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r* AT THIS POT IT, OUTPUT IBPOBEAriOB BtETZS ?OB OEBBCCIBS. 
CALL TOOTD<T,BQ| 
:o ~o 500 

C 
JOO 1HITE (ICOT.JOSl T 
305 POMAT(//30!I KPXAG - - 3 PBOR STIPP AT T • , » 2 5 . 1 6 / 

1 «SH OnpoECTOB COBfBBGBBCg COOLC BOT BK ACBIETBD/) 
^0 *o 110 

350 HRfE (LTTT, 355) T,R 
355 PORH»T(//30R KPLAG « - 5 PBOR STIPP AT T = , 0 2 5 . 1 4 , 

1 5H H = , 0 2 5 . 1 6 / 
2 «5H R IS SOCS TRAT T»R .EQ. T OB MACS I BE. / ) 
CAIL TCn?0(T,BO) 
CO - l e 0 0 

c 
•00 «=»TTE a i 0 " , « 0 5 ) 
•OS POBHAT(//2*l ILLEGAL IBPOT.. EPS . L B . 0 . / / I 

RPUG = - • 
PETnaa 

c 
• 10 BRITE (ID0T,«15) 
«15 PORHA?(//25H ILLEGAL IBPBT.. B .IK. 0 / / | 

KPLAG = - • 

C 
• 20 aaiTE (10UT,«25) 
•25 POBHAT(//38B ILLEGAL IRPOT.. (T0-TLAST)*H0 . 6 8 . 0 . / / ) 

It PL AT = - • 
?ET0PB 

r 
500 KPLAS = KPLAG1 

TO = T 
HC = H 

EBD 

D2S7 154 
D2S7 160 
0 257 161 
0257 162 
0257 163 
0257 16« 
D257 165 
0257 166 
0257 167 
0257 168 
0257 169 
D257 170 
0257 171 
0257 172 
0257 173 
D2f.7 17* 
D2f.7 175 
0257 176 
0257 177 
0257 178 
0257 179 
0257 180 
0257 181 
P257 182 
0257 1 t t 
D2S7 18% 
0257 185 
0257 186 
0257 187 
D257 188 
0257 189 
0 257 190 
0257 191 
0 257 192 
0257 Itt 

SJBROOTTBB STIPP (T,BO) 
IRPLTCI? REAL*fl(A-R,0-Z) 
COHROB/BSB/BSB 
CONHOR/S':l235/T,B,HHIB,HHAX,EPS,RF,KrU6,JSTAB?,B,BiaV,BIC, 

1TSm<4 00) ,*RBOR(»00) ,PSI?e(800) .TPBIBT(«00) 
C • • * BEED OIREBSDB TRAX(RXO) #BRBOB (BIO) ,PSATE (2*BX0) 

DtBERSIOB T ( a 0 . 1 3 ) , E L ( 1 3 ) , r < } ( « ) 

C» s n P P PRRPORRS ORE STEP OP THB IBTBGBATIOB OP IB IBITIAl U LOE 
C* P30BLBI POR A STSTEH OP OKDIBABT OIPPBBEBTIAL EQ0ATI9B S. 
C* CORRnaiCA?IOB aiTR STTPP IS DOBS BIT! THE POLIOBUG TABIABLE5.. 

0257 206 
•0257 207 
0 257 208 
0 2 i 7 i 0 9 
0257 210 
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Ad MO BT LHAI ABPAT COBTAIBIBG THE DEPBRDEBT VARIABLES 
AHD THEIR SCt LED DERIVATIVES. LHBI IS COBBSBTLT 13 POI 
THE ADAMS RET HODS AHD 6 PDB THE GEAR iETRODS. LHftI - 1 
IS >1 AIDER, THE UXIHOH ORDBB OSBD. SEE SOBBOOTIBI TKSOC. 
T ( f , J * 1 | COBTAIBS THE J-TH DEBIVATIVS OP T ( I ) , S O L I D BT 
H«*J /PBCTOBIf t l (J t . OBIT T f l ) , 1 . I E . I . L E . B, BBED BB 
SET BT THE CALLIBS PBOGBftS OB THE PIBST EBTRT. 

I P IT IS DESIRED TO IBTERPOLATE TO R3B-HESH P O N T S . 
THE T APRAT CAR BB OSBD. I P JBB COSIEBT STEP S r t B 
IS R ftRD THE VALOR i T T • B I S RECDE3, PCBH 
S = B /H, ftHO THEB COHPDTE 

•3 
T ( I ) P » B ) - SHR T ( I , J O ) * S « « J . 

J=0 
?HS T ftBBftT SHOULD BOT BE ALTERED BT TIE CULL I K PBGC JAB. 
NHEB REPERBBCIBS T AS A 2-DIBEHSIOHAL AIBAT, OSE A 
COL OH B LEBGTH OP 1 0 , AS THIS I S T R tALOE OSBO I I S M P P . 

THE BOBBER OP PIRST ORDER DIPPEBHTIAL E30ATIDBS. B 
HAT BE DECREASED OB LATER CALLS I P TBB BOBBER OP 
ACTIVE EOOATIOBS 3E3JCES, BOT IT HOST BOT BE 
IHCR EASED BIT HOOT CALLIBG B I T ! JSTABT » 0 . 

A COBSTAB7 IRTBGER . G B . I , OSED POB DISEBSIOUBG POBPOSES. 
BO HOST HO? Bf CHABGEC BIT HOOT SETT IB G J S T M T * 0 . 

"HE IBDEPEBDEBT VARIABLE. T I S OPDAT1D OB EACH STEP TAKEB. 
THE STEP SIZE TO *E ATTEEPTED OB THE BBXT STEP. 

H HAT BB ADJOS7ED OP OB DOBH BT T R ROOT I BE 
IH OBDER TO ACHEIVE AB EOOBOHICAL DTEGBATDB. 
HDBETEB, IP THE H PROVIDED BT TKE OSER DOES 
HOT CAOSE A LARGER EBBOR TBAB "gQOESTED, IT 
BILL BE I S ED. TO SATE COR PIT Et TIRE, THE OSBB I S 
ADVISED TO OSE A PAIBLT SBALL STEP POB TBS PIBST 
CALL. I T BILL BE AOTORATICALLI IBC8EASED I A T M . 
H CAR BL EITHER POSIT I f E OB BEGAT TV E, BOT ITS SIGB 
B»ST B ERA IB COBSTABT TRRO0GHO0T THE PBOBLEH. 

THE HlaiHnH ABSOLUTE VALUE OP THE STEP SIZB THAT BILL BB 
OSED POR THE P30BLBH. OB STABTIBG THIS HOST BE RICH 
SHALLER THAR T I E AVBBAGE »BS JH) EXPECTED, SIBCZ 
A PIRST ORDER HETHOD IS OSED IBITIALLT. 

THE H^XIBOH »BSOL0TB VALOR OP THE STEP SIZE THAT HILL 

BE OSED POR THE PROBLEH. 
THE BKL'TTVE ERB03 TEST COHSTABT. SINGLE STEP ERROR 

ESTIHATES MVIOED BT THAI(I) HOST BE LtSS TRAB THIS 
IH THE BtfCLIDBAB BOSH. THE 3TBP ABD/OR ORDER I S 
ADJOSTED TO ACHBIVS T H I S . 

THE RETROD PLAG. HP IS A POSITIVE IBTECBR BITH 
TWO DECIHRL DIGITS—HBTH ABD HITBR ( R P ' 1 0 •BHH«H1T BR). 
HETH I S THE BASIC BET BOO IBOICATOB.. 

BETH - 1 HEARS THE ADAHS HBTHODS. 
HETH = 2 HEABS THE STIPP STSTEB RET HODS OP GEAR. 

HITER IS THE TTERATIOB RET HOD TRDICAKR. . 
HITER - 0 HEABS POBCTIOBAL ITER ATI OB ( BO PABTIAL 

DERIVATIVES BEBDXD). 
RITEP - 1 (lEAHS CHORD RETROD BITS AHALTTIC JACOBIAB. 

POR THIS OSER SOPPLIBS SOPROOTIBE 
PEDE*V(H,T,T,PO, BO). PD I S I I I IT I ARIA T, 

D2S7 211 
1*257 212 
D257 213 
D257 21% 
D257 215 
D257 216 
D2S7 217 
D257 218 
D257 219 
D257 220 
0257 221 
D257 222 
0257 223 
D257 224 
D257 225 
D257 226 
D257 227 
0257 228 
0257 229 
0257 230 
0257 231 
0257 232 
0257 233 
0257 2 3 * 
0257 235 
D257 236 
0257 2 37 
0257 238 
0 1 5 7 2 3 9 
0257 2*0 
D25 - 2*1 
D2 i7 2*2 
0257 2«3 
0257 2 * * 
0257 2 *5 
0257 2 * 6 
0257 2«7 
D257 2*8 
D257 2 * 9 
0257 250 
D257 251 
0257 252 
0257 253 
0257 25* 
0257 255 
0257 256 
0257 257 
0257 258 
0257 259 
0257 260 
0257 261 
0257 262 
0257 263 
0257 2 6 * 
0257 265 
02S7 266 
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0 
- 1 

-2 

STORED AS H 1 0 IT 1 0 ABBAT. P D ( I , J ) I S 
TO BE SET TO THE PARTIAL DEBIT A T I f t OP 
TDOT(T) 1TTB BBSPECT TO I ( J ) . 
HEAIS CBOBD BBTBOO « T B JACOBIAB 
CALCDLATEO IB STXPP BT P H I T E DIPFEBEBCES. 
PBDEBV IS BOT CALLED B C 1 if IB IT CAB BE 0SBD.D257 

BITER - 3 REAIS CBOBD BBTIOO BITE JACOBIAB REfLACED 
BT A DIAGOBAL APPBOIIBAT D l BASBD OB A 
DIIBCTIOIAL DERIVATIVE. 

A l »R<JAT OP I LOCATIOBS MICH CORAIBS TBE IAIIBDB 
ABSOLUTE T A U T OP IACR T S EEB SO PAB. 

Al AS'AT DP I BLEHEITS PBOPOfiTIOIAL TO TIB ESTIBATSD 
O K STEP EBIOS I I EA38 C3HPOBBBT. 

A CORPLETIOB CODE BIT* TBE FOLLOVIBG B E A I I I 6 S . . 
THE STEP t ; S SOCCESPOL. 
THE REQUESTED EBIOB CO OLD I3T BE ACBIETED 

IITR ABS(R) * B U I . 
THE 3EQ0ESTED EBBOB IS SB At I BR TBAI CAB 

BB BABDLBD POB THIS MOBIEB. 
- 3 CO IB ACT OP COIVEIGBBCE CBOLD BOT BB 

ACHIEVED POI ABS(R) . 6 T . I B I I . 
- 5 H IAS !?0CH T U T T*9 .EQ. T 0 1 RACHIRB.. 

0 1 A I 8 T 0 P I MTTR KPLA6 • EC IT IT I , TBE TALOES OP T ABB 
THE T ARBAT A9B AS OP THE B E G I I I I B 6 OP TIE LAST 
STEP, AID H I S TIE LAST STEP SIZE ATTEMPTED. 

AB OTBCEB OSED 0 1 IBP1T BED OUTPUT. 
OB IBPUT, TT HAS r HE POLLOIIIG f ALOES AID BEAIIBGS. . 

0 PBIPOBB TIE PIRST STEP. THIS fAlOE EBABUS 
TBE SOBBOVTIBE TO I B I T I A 1 I X E ITS PL P. 

TAKE A • • STBP COBTIB0TB6 P I 0 8 TIE LAST. 
ASSURES TIE LAST STEP BBS SUCCESSFUL ABD 
OSES HAS BOT CHARGED AIT PABABBTEBS. 

REPEAT THE LAST STEP BITH A BIB VALUE OP 
8 AID/01 EPS AED/OB RP. THIS BAT BE 
EITHER IB REDOIBG A STBP THAT PA H I D , OR 
I I COITI BUI 83 P I OS A SUCCESSFUL STBP. 

0 1 B U T , JSTAAT IS SET TO IQ. THE CUBIBST 0 1 DEB OP TIE 
HETBOD. TBIS IS ALSO TIB OEDEI OP T I E BAIJBOB OBBIVATIVED257 
ATAILABLE I I THE T AIRAT. APTIB A S ACCESS POL STEP, 
JSTABT BBED BOT BE BESET FOE TBB BEET CALL. 
BLOCK OP LOCATIONS OSED POB PAITIAL DERIVATIVES IP 
HITEB IS BOT 0 . IP BIT81 IS 1 OB 2 . ITS LEBCTB HOST 
BE AT LEAST I O » ( I O » H , FOR THE JACOBTAI AID PITOT 
IIPOIHATIOI. IP BITER * 1, ITS LBBCTH BOST O I L ! BE 
AT LEAST I . 
BLOCK OP AT LEAS! 2 * 1 0 LOCATIONS POI TERPOBABT STORAGE. 

C« 
C* 
C* 
C« BITE* 
C« 
c* 
c» 
« ? • 
c* 
C* THAI 
c* 
C* ERROR 
C* 
C* K PL AG 
C* 
c* 
C* 
c» 
C* 
c» 
c» 
c» 
c» 
c» 
c» 
C» JST ART 
C* 
C* 
C* 
C* 
C* 
C» 
C« 
C« 
c« 
c» 
c* 
c« 
c» 
c« 
C» PI 
c* 
c* 
c* 
c* 
C* PSATI 
c* 
C» THE PABABBTEPS NBiCR HOST BE IBPOT BT TIE OSBB ABE. . 
C* B , BO, 1, T , H, HIT I , HBAI, EPS, HP, J S T U T . 
C* 
C* ADDITIOIAL SOBIOUTIBBS BBQOIBED A I L . 
C* TE50C(RETB,BO,BL,TQ, HAIDER) SETS HETBOD COEFPICIBBTS. 
C* IT I S PROVIDED 19 TBE PACKAGE. 
C* D t P P 1 B ( B , T , T , T D 0 T ) COMPUTES DT/OT GIT8B T A B D T . 
C* P E D E » V ( B , T , T , F D , I O ) COHPOTBS PAITIAL DBBITATITES. IT IS OS ED 
C* O U T IP HITEI * 1. (SEE I P 9 E 3 C I I P T I D I . ) 

• GT.O 

.LT.O 

D2S7 267 
D257 2*8 
D2S7 26* 
025 7 270 
D257 271 
D257 2 72 
D2S7 273 
D2S7 27* 
D257 275 
D257 276 
D257 277 
D257 278 
D2S7 279 
D2S7 280 
D257 281 
D257 282 
D257 283 
D257 28* 
D257 285 
D257 286 
D2S7 287 
D257 288 
D2S7 289 
D2S7 290 
D257 291 
D2S7 292 
D257 293 
D257 29« 
02S7 295 
D257 296 
D2S7 297 
D2S7 298 
D257 299 
D2S7 300 
D257 301 
D2S7 302 
D257 303 
ID257 30* 
D257 305 
D257 306 
D2S7 307 
D2S7 308 
D257 309 
D2S7 310 
D257 311 
D2S7 312 
D257 313 
D257 31« 
D2S7 315 
D2S7 316 
0 257 317 
D2S7 318 
D2S7 319 
0257 320 
5257 321 
D257 322 
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c* 
c« 
c» 
o» 
c* 
c* 
c» 
c* 
c* 
c« 
c* 
c* 
c* 
c* 
c* 
c»« 
c« 

P N O C E D ( M , l . f t , I P S , S , I E I , I I I t t 110 VLOS ( B 0 , l , k , 8 , I.TPS) kRE 3SBD 
POB »HP S3L0TIOI OP MSTBBS OP LIlBkB kLCBBIklC SaikTIOIS. 
THET kCC PIOflDBD I I TIE PkCEkSE, BID USED IP H T M « 1 01 2 . 

THE CALL 116 PB3GIAI HOST COITkll TIE COIBOI D8CLAPATIOE5 ClfBI 
ABOfE, I I MICH THE I E K T B kBB kS 6If8B IT TBE DESCBIPTIOIS 
OP TEE TA?IA8LES kBOfB. TBE OPTIOBAL BOOTIEE BBIVES BIT BI 
USED POB THIS PQIPOSE. TIB CDBSTkET kBOISE I I TBE OAT* ST AT SI BIT 
BELOI SHOULD BE SET TO THE BOtSE LBPBL OP TEE I k C I I I B . 

TEE O E i n i l k i fEBSIOl OP T I C PBOCBM IkS 11 ITT El BT LLL BI k. C. 
f i l l OH At S I POE COC CORPOTEBS. TEE CSC TEBSIOI IkS H30IPIED POB 
0SE 01 TBH CDHPOTCTS k? kBQOIIE I I JVIB, 1 9 7 3 . 

LkTEST 3ETISI0I SEPTB9BEB, 1973 

DkTk HOI SB / 5 . 0 - 1 * / 

c ••• c ••• c ••• c • •• 
c •«• 
c *•• 

c • •• 
c ••• 
c ••• 
c • •• 

10 
J 

c • • • 
c • • • 
c • • • 
c • • • 

DIREISIOB k(12001),IOIAC(*00),IO(*OOl , PI (6000) 
OIKHSIOI IBLS(015) 
REAt*ft t*(1«») 
EaOIYkLBICE ( A ( 1 ) , I B D ( 1 ) ) 
DIREHSICI THDfl) 
DkTk I t 1 / 1 5 / 
DkTk I IDkk /12001 / 
DkTk I I D P I / 6 0 0 0 / 
••DPI * 10 . IOID5 IB f ECTOR PC. ESQ!IBB BIBPI.6B.EUBk 
IIDkk ' 1 0 . IOIDS I I kBBkT k. SBOIL0 BE 000 
1X0* 10 . ELE. I I 10 TEOOB - BO. K B . IB IDIkC TECTCB. 
ILIMO. 102DS IB kRRAT LB. 
IP ( l««.SQ.O) CO TO 1 

• L«1 

•Sl»0 
• • 0 A * * I I O k k / 2 
IID?A*IIDAV»1 
I k l T k(1) MD k(TIDU) TO BB lOCkTED IB DIPPEBBBT aEBOBT BOB85. 
o i THE IBH 3 * 0 / 9 1 . 
IP(14*<"H>AT/1A).BQ.IVDAf) IIDIA*IIBIk»1 
10 BID 101 AG BILL EACH BBTB E EL SHEETS IB TBBH 3B BETOBB PBOfl 
HkTPTI 
IP ( I . LB. HO) GO TO 3 
PRII- « , l , I I O 
POHHATfMPOMk? • SU8B.SIIPPV/* B»« ! • / • IIO-HAIIO**Ik/ / 

1* fECTOPS IITH DIB (110) IBED TO BE I ECBBkSBO TO B AT LEAST.*// 
2* SB" HkllO I I DATA STATEBBET I I ••BAIB** TO BBI DIB. fAlOB OP 110 
* ' ) 
CALL BIT? 
roiTTir?E 
HATPII PrrOBIS THB DIk601kL OP k SPLIT IBTO k PkBT IB TBI DIA6. 
ELBREITS I I fBCTOI k kID IBTO TBI LB kBBkT TBif BIPkBDS TO 
D I A G ( I B ( 1 ) » I ( 1 ) , . . . , L I ( B O S 0 B I ) * I (IDSIBB)) BBBBBI(J) IS k fBCTOB 
OP 1»S OP OIflE»2*OI IBLR(J). 

0257 323 
0257 32* 
0257 32S 
0257 326 
0257 327 
0257 321 
02S7 329 
0257 330 
0257 331 
0257 332 
025"* 333 
02S7 33* 
0257 335 
0257 336 
0257 J37 
0257 330 

•0257 339 
0 257 3«0 
0257 3*1 

*0257 3*2 

http://BIBPI.6B.EUBk


r • • • - H I : 5 P I . I T i> POO Aaoraea PBOGBM ro c a c . B r p t s t . E i c e a t E C T o t s . 
C • • • THE HO. OP BOBXPJO OPP-DIBSOBAL SUBBBTS IB BBTBII B • B 
- • • • <•> alHBES or O I * ^ EBTftlS IB H1TBII I) HOST BE .LE.BBDBf BBEBB 
C • • • «BD*?=1»l. B3 . BOFDS I f U U l U POB TBE ttCTOB B. 
C • • • eiPECT SH9». 1»TPIX TO CBECK THBT Bf BUBBLE 5T0PBCB IS SOPPICIEBT 
r • • • r j« CO??EB- PP3BICT 

7»LL ^*T!>II(B,BBOAt,B(lBDIB) > IBII\I0,BI0,B f LB # BBt.R.BtB,BDSDBR| 
C • • • DlflEBSIOa IDTAG(BIO),IC(BIO) .LB(BLB) .IBlK(Btft) 
r • • • aosoBHxao. i>p D I B O . SBEHBTBICES IB BBBBT B . 

IPfBDSOBR. LE. BLB) « 0 TO S 
PRPI- '.BDSOBH.Bl? 

6 fOBNBTCISEE SOB?. S M P P ' / ' BEBO BOBB S»»CE IB IB.BBLE. DBTIBE l U 
1 . * / * BEEP* I I . I I 'EIEBEBTSV B l t E ' I J , 11'BLESSBTS*) 

10 TO 10 
s c o m BOP 

SELEft*ICI«G(B) 
IP (BELE*. IE. BBDPB) SO TO 8 
PDHT 9,BBLE*,BBDfB 

9 POBRftT(*1SEE 50BF. S T I P P V / ' BEBO BELBB** IB, « • SBTBIES IB BBCTOR PB 
1«/« H»fP BB0PB**I«, 1I*«?BILBBLE.*) 
;o ? i 10 

« COBTTBTIE 
RB«0 
BB*I*CIA*IBDXB 
00 11 T=1,B 
NB'RIB0(H9, IBD(BB) ) 

11 BB»BB»« 
RB««B/(-1B) 
IP (RB.IE.352) GO TO 1) 
PBIB? 12,BB 

12 POBHBT(MiSSEHBLEB LBB0IBCE BOOTIBBS TPAT BID BIBS CBB RABBIS BT • 
10ST 052 BOBZEBO EBTBIBS IB B BOB Of TBI HBTtZI B . V / 
2* 941 . BO. BOBZEBO EBTBIES IB COBB BIT B » IB • • 1 3 ) 

30 TO 10 
11 COBTTBIIE 

ICOT*0 
IBBL»«0 
DO 20 T*1,B 
IP(I.LB.ICOT) 60 CO 21 
I*BLK*IBBIK«1 
ICQTsICOT»BBLR(*BBLR) 
•>LB*L*(IBBIK) 

21 COBTIBOE 
ID'IDTIG(l) 

20 »(ID) ««(ID) »P.LP 
r • • • BASIC DIPPEBEBTlAt EQ. IS T*"B«T»XO. T fO) >0 
C • • • IB IT IM. COBOTTTOBS SBT IB RBIB VBOSBBB. 

•M»C*0. 
1 COBTIBCE 

C» B257 J«3 
KPtAS * 0 0257 14* 
TOLD * T 0257 3*5 

C* TEST POD 3BALL R BODED BT BB30BBB IB BOGOST, 1973 . 0257 346 
tP(T»H .EQ. T) GO TO 605 0257 3«7 
IP (1STA3T .GT. 0) GO TO 200 D257 3*8 
IP (JS7BRT .BE. 0) GO TO 120 0257 3«9 

http://5pi.it
http://RB.IE.352
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< - • • • • • • • • • • • • • • • • • • • • • • « . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 2S7 350 
C« 01 -HE PIrST CALL, THE ORDBB IS SET TO 1 AID H E IETTIAL 0257 351 
C* DEETTATtffES ABE CALCOLA7EC IRA I IS IRITIALIZSO OS I EC TEE IBITIAL 0257 352 
C* T A SO TOOT. i r BOTH ARE IRITIALLY ZERO IE l i t CM FOR BIT. TIB OBFA0LTO2S7 3S3 
"• 1V.lt IS 1. 94AI IS TEE BBEIHOB RATIO BY RE ICE fl CAB FE IECIBASED 0257 35a 
Z* IR A SIRCIE STB?. IT IS IRRIALLT 1.E* TO CORPEBSATE IDE TIB SSALL 0257 355 
O* IRiriAL R, SOT TBEB IS RORRALLT EQOAL TO 1 0 . IP A FAILB9E D2S7 35* 
C« 0CC3BS {IB CORRECTOR C0RTER6BECE OR EFBOB TEST), R9AE IS SET AT 2 0 257 357 
C* P03 THE REIT IR CREASE- EPS J IS OSBD AS TEE BELATITE IRCRB1BBT 0257 358 
C» TOT RREB CET7IR6 PARTIALS BT FIBITE DIFFERBRCIRC. 0257 359 
/ - • • • • • • • • • * * • • « • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • « * « « « « « « 0 2 5 7 3 6 0 

BSO. * RO • RO 0257 361 
HS01 = RSC • 1 0257 362 
R1 * HO * 1 0257 363 
CALL TFAt{PSATE,A,Y,IO,A(IROEl).E) 
30 110 I=r,B 
1 ( I , 2) *PSAfE(I) *H 
AYI*D*BS(Y(t,1)) 
IP(ATI.BQ.O.DO) ATI*DABS(T(I,2>) 
T F ( « r i . B 3 . 9 . D 0 ) ATI*1. B> 
THAI(T) =ATI 

110 CORTT ROE 
!»0 * 1 C257 37* 
L = 2 0257 375 
3 4 U = 1.00R 0257 376 
E?SJ = OSQET(AROISE) 0257 377 
CRATE = 1.000 0257 370 
OLDLO = 1.000 0257 379 
FC = 0 . 0 0 0 0257 ISO 
VOID = 0 0257 381 
HETH * 0 0257 382 
HO ID - R 0257 383 

C* THIS DITIAI.IZES BITEt SO STIFF BILL P9BCTIOR CORRECTLY BIB* 0257 38* 
C« STVEH THE 5AHB UTTER AS RAS GIT EB IE A FRET BUS PROBLEB. 0257 385 

1ITB5=» 3257 386 
C* ADDED A? ABGOBBE IH JOLT, 1973. 0257 387 
^ • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • ^ • • ^ • • • • • • • • • ^ • • • • • • • • • • • • • • • • • • • • • D 2 5 7 388 
r» IF THE CALLEF HAS CHARGED RETS, 0* IP JSTAIT * 0 , TESOC IS CALLED D257 389 
C« TO SET THE COEFPTCIERTS OP THE BET ROB. IP TEE CALLER HAS CRABCBD 0257 390 
C* E?$ OR HETH, THE COB STARTS E, BOB, EOF, ABD RED HOST BE BESET. D257 391 
C* E IS A CONPARISOR FOR BBBOBS OP TIE COBB BET ORDER B } . EOT IS D257 392 
C* TO TEST IDE IRCftEASIRG TEE ORDER, EDR POE DECREASING THE ORDER. D257 393 
C* RED I S OSED TO TEST FOR CORFERGERCE OP TEE COEEECTOR ITERATES. 0257 39% 
C* IP -THE CALLER HAS CHARGED H, T HOST BE RESCALBD. 0257 395 
C* IP H OB HPTH HAS BEER CHARGED, IDOOB I S BESET TO L • 1 TO PRETEST D257 396 
C* F1RTRER CHARGES IR H FOR THAT BART STEPS. ALSO, BC 15 RESET. D2S7 397 
C* RC IS THE RATIO OP HER TO OLD f ALOES OP THE COEPPTCIEBT L ( 0 ) * « . D257 398 
0» RHER BC DIPPERS PROS 1 BY SORE TEAR 30 P89CBBT, OB TBB CALLER HAS D257 399 
C* CHARGED HITER, IBETAl IS SET TO HREB TO POBCS THE PABTIALS ID BE 0257 BOO 
C* OPDATPD, IF FARTIALS ARE OSED. 0257 «01 

c *«*«««««»««*««««««««««««««««««*««««*«***«**««««*«*««*«*«*«*«*«*«*««*«*« 0 257 R02 
120 IF (HP . 8 } . HPOLO) GO TO 150 D257 «03 

HEO = BETH D257 »0« 
HIO * HITER 0257 »05 
HETH = HF / 10 0257 «06 
HITS? » HP - 10 • BBTB 6257 B07 

http://1V.lt
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130 

1*0 

1*0 

160 

1"»0 

BPPLD = i r 
IP (IITES .BE. SIO) IVEWAL = .1ITEB 
IP flETR .EQ. HBO) GO TO 153 
I0OO3 = L • 1 
I SET - 1 
CALL TFSOCnE~H # ia # eL,TQ,8»«JBi) 
•»C = BC • EL(1| / OLDLQ 
OL0L0 = E l f l ) 
BOB = (T3(1) "EPS) • • 2 
E = |TQ(2| • EPS) • • 2 
Enp = (TQ(3) • EPS) • • 2 
8*0 = (TQ(«) • EPS) • • 2 
CO TO ( 160 . 170 . 230 ) , IPBT 
IP (EPS . E3. EPSOLD) CO TO 160 
I»ET = 1 
no TO I«D 
I.HU = HAI3ER • 1 
EPSOLD = EPS 
TP (H . 8 0 . S310) GO TO 200 
»H = H / BOLD 
R = BOLD 
SB = DHAH (RB,HRIB/DA8S(B)) 
RB'OBIBI (PH, RBAI/DABS(H),RHAI) 
S I * 1.000 

1A0 

0 0 140 J = 
PI * B1 • 

2 . t 
> SB 

00 180 I 
T f l . J ) 

rOBTTME 

= 3L,I 
= T(I , 

1 
-J) • B1 

a = H * «w 
PC = ac • F 
I000B = I « 
TP r . " E . 

>B 
• 1 
TOLD) GO TO 690 

C« THIS SECTIOB COMPUTES TBB PBBOICTBB fALOES BT BPPBCTIfBLT 
0* MLTIPLTIBG THE T ABBAT BT TBB PASCAL TBIAKLE BATBII. 

200 IP (DABS (BC~ 1 .000) .CT. 0 .100) I BET A L * BXTtB 
T = T • H 

DO 210 J 1 = 1 , »3 
c 
C 

DO 210 J2 = J 1 , HO. 
J = »0 - J2 • J1 

c 
DO 210 I=«L,B 

T ( I , J ) * T ( I , J ) • T ( I . J t l ) 
210 COBTTROE 

C» u? TO 3 CORRECTOR ITERATI0B5 ABB TAKBfl. COBTBRCBBCB I S TESTED 
C« BT RBQUTRIBG CBABGBS TO BB USS TBAB BBD, BBIOI IS DBPBBDBBT OB 
C* EPS, IB E1CLIDEAH BOPB. TAB SOB OP IBB COBBBCTIOBS IS ACCO BOLITBD 
C* IB THE TEC?0» EBROP(I). IT 15 »P PRO! IB IT ELT BCOAI. TO TBB L- TB 

D257 «03 
0257 «09 
0 2 5 7 »10 
0257 «11 
D257 «12 
D2S7 «13 
0257 «1« 
D257 «15 
D257 «16 
D257 M 7 
0257 418 
0257 «19 
D2S7 «20 
0257 «21 
D257 422 
0257 «23 
0 2 5 7 «2« 
0257 «25 
0257 « 2 t 
0 2 5 7 «27 
0257 «28 
D257 B29 

0257 B31 
0257 #32 
0257 433 
D2S7 «3« 
0257 «35 
D257 «36 
0257 «37 
0257 ( 3 8 
0257 »39 
0257 ««0 
0257 M l 
0257 M 2 
0257 M 3 

•0257 « « • 
0257 M 5 
02V. M 6 

»D257 M 7 
0257 M S 
0257 M 9 
0257 B50 
0257 «51 
0257 «52 
0257 B53 
0257 «5« 
D257 «55 
0257 «56 
0257 «S7 
0257 458 

• 0 2 5 7 «59 
D257 «60 
0257 «*1 
0257 «62 
0257 «63 



6o 

C* DR2IVATTVE OF T JIULTIPLIED BT H«» L/{ FACTOR IAL ( l - 1 ) »EL (L) ) , ABO IS 0257 «6» 
c* t m s p w o ^ r n o i L TO T M ACTUAL FRBOBS TO n r LOBBST POBEC OF 02S7 «65 
C* S PPESERT (H»«L). 0257 «66 
C» TUB T AP3AT 1$ HOT ALTERED IB THE COBBBCTIOB 10CP. TBE UPDATED 0257 « (7 
C* T FECT03 IS STORED TEMPORARILY IB FSATI. TBE BOSS OF TBB 0257 «68 
C* ITEFATF DIPPE3SBCE 15 STORED IB D- D257 «69 
( - • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • C 2 5 7 »70 

220 DO 230 T=BL,B 0257 «71 
230 JPROH(I) * 0 . 0 0 0 D257 «72 

0257 873 
* = !> D257 878 
CALL TPAT(PSATE(BT) , » , V , I 0 , A ( IBDtt ) ,B) 

< ; • • • • • • • • • • • • • • • • * • • • • • • • • • • « • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • [ > 2S7 877 
C« IF BBCESSA-T, TEE PABTIALS ARE BEEfALOATEO PRIOR TO STABTtBG THE 0257 #78 
C* CORRECTOR ITfaATIOB. TBEIAL IS TREB SET TO 0 AS AB IBCICATOB 0257 879 
C* THAT THIS HAS BEEB OOBE. 0257 880 
C* IF BITES = 1 09 2. -RE MATRIX F = I - L (0)*n*JACOBIAB IS STOBBO 0257 881 
C* I I PI »1D SUBJECTED TO Ul DECCSPOSITIOB, B R B THE BESOLTS ALSO 0257 882 
C« 5T09BD IB ? B . IF HITBB = 3 , TIE BATS!I USED IS P * I - L(0)*8«D, 0257 883 
C* WHERE D IS A DIACOBAL HATBIX. 0257 8B« 
r • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • . ^ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 2 S 7 885 

2*0 IP(H. EQ.HJAQ GO TO 360 
1JAC=H 
3=-EL(1»*8 

C • • • RELEA = BC. BOBZEaO ELE. IB BATB2X A 
DO 250 I = 1,BELEA 

250 PB ( I ) = " » n ) 
100 VIO 105 1=1,B 

K=IDIAG(T) 
105 ? » ( f | »1.D0*Pt(R) 

TBEfAL = 0 C>57 520 
PC = 1.000 0257 521 

360 DO 370 I *BL,B D 257 568 
370 PSAfE(I*R0) = P3A*E(I*B0) • B - T ( I , 2 ) - EBBOB(I) 0257 569 

CALL AIEB(PB,FSAFE,PSAfE{B1) ,A(IBDXA),B) 
380 D = 0.0DO 0257 572 

C 0257 573 
DO 390 T = »L,B 0257 578 

ERaOP(I) * ERROR (I) • PSAVE(I) D2S7 575 
D = D • (PS ATE (I) / THAI ( I ) ) • • 2 0257 576 
FSAfE(t) = T ( I , 1» • EL(1) • ERB08(I) 0257 S77 

390 COBTTBOE 0257 578 
810 IF [* .BE. 0 ) CRATE = D1AX1 ( . 9 D0«CB AT E, D/D< 0257 590 

IF ({D*DBJHM(1.0D0, 2.0D0«CPATB>) .LS. BBD) GO TO «50 9257 591 
01 * 0 D257 592 
H = H • 1 0257 593 
IF ( 8 .EQ. 3) GO TO 820 0 257 VJH 
CALL TPAT(FSATE(R1) ,A,PSAVE,X0, A(IB0XA| ,BJ 
GO TO 360 

( • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 2 S 7 597 
C* THE CORRECTOR ITEPATIOB FAILED TO COBTBBCB IB 3 TBIBS. IF PABTIALS 0257 598 
C* A<?E IBTOLFED BOT ARE BOT OP TO OATI, TBBT ABE tBBFALOATED FOB THE D257 599 
C* BEIT TRT. CTBERBISE THE T ABBAT IS BETBICTED TO ITS FALOES 0257 600 
C* 8EPOBE PREDTCTDB, ABO R IS BEOOCED, IF POSSIBLE. IF BOT. A 0257 601 
C* BO-COBTBBGEBCE EXIT TS TAKES. 0 257 602 
( ^ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ^ • • • • • • • • • • • • • • • • • • • • • 0 2 5 7 4 M 



67 

• 20 IP (l*fW .ZQ. - 1) 50 !D ••O 
? - TCID 
•rati = 2.ono 
DO «10 J 1 = 1 , «3 

DO «JO J 2 - - I I . BO. 
' = »o - J : • J I 

00 «30 I 4 L . I 
TII.JI = T(T,J» 

• ID CJBTH1F. 
- T d . J ^ l l 

IF (D»BS(R) . LE. 

10 TO 170 
4*0 MRAL = JITW 

JO TO 220 

(HUB* 1.00001 DO)) GO TO 680 

C* THE rOP-JECTOB HAS CORTEICSO. HETAL IS SET ?0 - 1 IF P N T U l 
C* DERITATITEC BEBE 1SED. TO SICBAL THAT TBET HAT BEEB OPBATIBC OB 
C* SOBSEQUSBT STEPS. THE EB?OB 7»ST I S HADE ABB COBTIOL FASSBS TO 
C* STATE BUT 500 IF IT FAILS. 

• 50 D = O.OOO 

DO «60 T = HL,H 
•60 B * D • (EBROB (I) / TIUX(I)) • • 2 

IF (HITtt .HE. 0) IBETAL * - 1 
IF (IV -GT. Q GO TO 500 

C« «FTEt! A SOCCESSPflL STEP, OFOATE TRE T IBBAT ABO THAI. 
C* COHSIDM CBABGIBG II IF IDOHB - 1 . OTHIIBISB DBCBEBSE IDOOB R 1. 
C* IF ID009 TS TIER 1 ARD HO . LT. BAXDBB, TBEB KBBOt IS SATED FOB 
C* «3S IB A POSSIBLE ORDEI IBCBCASE OB TBS BBIT STBF. 
C* TF A CBABGE IB R IS COBS I DEB EO. AB IBCIIASB 0 1 DECBEASE I:! OBDBB 
C* BT OBR IS CDB3XDEFBO ALSO. A CBAB6B XB I IS BABE OBLT IF IT IS BT 
C* FACTOR OF A? LEAST 1 . 1 . IF BOT, IDOOB IS SIT TO 10 TO PBET3R 
C* TESrrBC FOF THAT M BT STEPS. 

C 

c 

KPIAS * 0 

DO «70 J = 1 , L 

DO »70 I = HL,B 
I (T.J) * T ( I . J ) * EL (J) • IIBOB(X) 

•70 COBTIBnF. 
C 

DO M 3 I -BL.B 
• 80 TH4I(I) = DHAX1 (THAI (I) , DABS f» ( I , T» ) ) 

C 
IF (IDOHB .EQ. 1) GO TO 520 
TDOnB = IDOOB - 1 
IF (TDOfm .GT. 1) GO TO 700 
IF (1Q .EQ. fltlDEI) GO TO 700 

D257 60» 
D257 • 0 5 
0257 to* 
D257 607 
D257 608 
0257 609 
D257 6 1 0 
0257 611 
0 2 5 7 612 
D2S7 613 
D257 6 1 « 
D257 615 
S257 616 
D257 617 

D257 6 1 9 
D257 6 2 0 
0257 6 2 1 
'D257 622 
D257 623 
D2S7 62« 
D257 625 
D257 626 
'D2S7 627 
D257 628 
D2S7 629 
0 2 5 7 630 
D257 631 
D257 6 3 2 
D257 633 
D257 63« 
0257 635 
D257 636 
D257 637 
D257 638 
0257 639 
0 2 5 7 6 * 0 
D257 6 *1 
D257 6 « 2 
D257 6*3 
'D257 6 * « 
0257 6«5 
D257 6 * 6 
0 2 5 7 6 * 7 
0257 6 * 8 
D257 6«9 
D257 6 5 0 
D257 6 5 1 
D257 652 
D257 653 
D257 6 5 * 
0257 6 5 5 
0257 656 
D25? 657 
D257 658 
0257 6 5 9 
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OO 490 T = <*L, B 
•90 l ( I , H U ) = EBB0B(I| 

GO TO 700 

C* TBE ! I U R TEST PBILED. KPUG KEEPS TBACB OP POLTIPLB PIILOBES. 
C* JBSTOtB T BID TUB T BRBftT TO TBBIB PREVIOOS B1LOES. BED PBEPBBE 
C* TO TRT TOE STEP I C U L COH PO T E THE OPT 180 B STEP SIZE POR TBIS OB 
C* OBE LOBES 03DEB. 

500 KPUG = KPLAG - 1 
T = -CID 

D3 510 J1 = 1 , BQ 
C 

C 
DO 510 J* = J 1 , BQ 

J = 1Q - J2 • J1 
C 

DO 510 t *BL,B 
Y(I ,J ) « T ( I , J ) - T ( I . J » 1 ) 

sio corn BOB 
c 

RHftl * 2 .000 
IP (DIESfB) . L B . (HBIB•1.0000100}) GO TO 660 
IP {RPL1G .LB. -3} GO TO 640 
PS3 * 1.0D20 
GO TO 540 

( ^ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • i 

C* 3EC*90LBSS OP THE SOCCESS OB PilLOBE OP TAB STEP, P1CT0BS 
C* PB1, PB2, »BD PB3 IBB COWPOTED, Bt BBICB 8 COOLO BE DinOED 
C* AT OBDER BG - 1 , OBOE* BQ, OB OBDBB BQ • 1, BESPECTIfBIT. 
C* IB THE CBSB OP TkllJfr, PR 3 * 1.0D20 TO IfOID IB OBDBB TBCBEBSE. 
C* - 1 8 SMALLEST OP THBS IS C3EPBIBE0 IBD TBB BBB OBFZff CRDSBB 
C* BCCOBD0GLT. IP TEE OBDBB IS to Bt IECBE1SED, BE COBPCTE ORB 
C* AOOITIOBIL SCiLBD DBBIfiTIfB. 

S20 PB3 * 1.0020 
IP {BQ .BQ. BIIDEBI GO TO 540 
D1 = O.ODO 

C 
DO 530 I = BL,B 

510 Dl = 01 • <(EMO!»(I) - Y(I,LBBI)) / T I U I ( I ) ) ** 2 
C 

BBQ3 = 0.5D0 / DPX0»T(L»1) 
PB3 * ( ( 0 1 / BOP| • * EBQ3) • 1 .400 • 1 . 40 -06 

540 BBQ2 =» 0.5DO / DPLOBT (L) 
PB2 * !(D / E) • • EBQ2} * 1 . 2 0 0 * 1 . 2 0 - 0 6 
PR1 = 1.0020 
IP (BQ .EQ. 1) GO TO 560 
D = O.ODO 

C 
00 550 I «Bl,B 

550 D * D • (T(I,LJ / TRAZ(I)) • • 2 
C 

EBQ1 = 0.5D0 / DPLOBT(MQ) 

025 7 660 
D257 661 
D2S7 662 
D257 663 
0257 664 
D257 665 
D257 666 
D257 667 
D257 668 
D257 669 
D257 6 7 0 
D257 671 
0257 672 
025 7 673 
0257 674 
0257 675 
D2S7 676 
D2S7 677 
0257 678 
0257 679 
0257 630 
0257 681 
0257 682 
0 257 683 
0257 684 
0257 685 
0257 686 
0257 687 
0257 688 
D257 689 
0257 690 
D257 691 
D257 692 
D257 693 
0257 694 
0257 695 
D257 696 
0257 697 
0 257 698 
D257 699 
0257 700 
0257 701 
0257 702 
D257 703 
0257 704 
0257 705 
0257 706 
0257 707 
0257 708 
0257 709 
0257 710 
0257 711 
D257 712 
0257 713 
0257 714 
D257 715 



?S1 = ((f) / »D») • • BBC -') • 1 . 3 0 0 • 1 . 3 D - 0 t 
560 IP ( P R ! .IT- PF 1) GO TO 5 7 0 

rp ( P « 3 . LT. PF1| GO TO 590 
5 7 0 IP fP?? . r . r . pf.; r.o TO 583 

• T » J = • } 
••I = 1 . 0 ^ ' P»? 
T> TO 62** 

1 9 0 «I»1C = i ; - 1 
C I » E T U . = 9 l ~ » > 

RH = 1 . 0 0 0 / P»1 
• » TO 62 0 

5<»0 9**Q - L 
M = 1 . 9 3 0 / P'3 
IP i°n .ir. i.iooi JO TO 6io 

c 
TO H O I =BL#H 

6 0 0 Y{I . IPWQ*1 | -- EBROB(I) • Ei~ (L) / D P t O » T ( l ) 
c 

610 TDOOB = 10 
GO 73 7C0 

* 2 * IP { ( K P U G . EQ. 0 ) . BID. ( IB . L I . 1 . 1 0 0 ) | CO T3 4 1 3 
r « * « • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • < 
C* I P T.9PBE I S * CHIIGE OP OBDEB, BBSBT BQ, L , iBD THB COEPPICIIBTS. 
C* I B » * • CB5E H TS 3E5ET »C COB D U G TO BH BBD THE I U I 1 T I S BESCi lBD. 
C* THPI EI I ? P»3H 6 9 0 I P THE STBP BIS OR, 0 1 WTOC TIE STEf O T I E M I S E . 

IF (WEWQ . E j . *Q) GO TO 170 
6 30 90. - IR»g 

L = BO • 1 
T=>ET = ? 
ZO TO 130 

C» COBTF 
C* IT TS 
o r »P3 
C* OEBIf 
C« H IS 
C* BPTEB 
c • • • • • • • 

6 » 0 IP 
P.H 
RH 
H 
C» 

OL PEHCHES THIS <?ECTIOB I P 3 OB H9IE PBILMES U f l OCCOBBO. 
BSSTJNED TMT THE DEBTTkrifES TH»T BAPE BCC010LBTED I I TR5 

AT HBTE EB90PS OP THE I B 0 I 3 OBDEB. HEBCP THE PI1ST 
»TT*E I S BECQJPOTBD, BID THE OIDEI IS SET TO 1 . THEH 
REDUCED BT 1 P. "TOR OP 1 0 , BID THB STBP I S BBTf lEO. 

» *OT»I OP 7 PIH.CBE>, I I E I I T I S ? f t U I TITH IPLBC - - 2 . 

6S0 

<»FL»G . E 3 . - 7 ) CO TO 6 7 0 
= . 1 0 0 
= n n » x i ( i m i B . / o » B S ( H ) f B H ) 

= H • 3H 
LL T ? » T ( P S » » E , » , T , I 3 , » ( I B 0 I » ) , » ) 

0 0 h^O T = 11, ,9 
T { I , 2) = H • F S » ? E ( I ) 

THPfftL FITTER 
IOOOH = 10 
TP (9Q .EQ. 1) GO TO 200 
10 = 1 
L = ? 
iaer = 3 
-.o TO 130 

0257 716 
C257 717 
D257 718 
3257 719 
D257 720 
0257 721 
D257 722 
D257 723 
0257 7 2 * 
0 257 725 
0257 726 
B257 727 
D257 728 
•257 72 9 
0 257 730 
D257 731 
D2S7 732 
0257 733 
0257 739 
0257 735 
0257 736 
0257 TJ7 

»0257 738 
0257 7J9 
0257 7«0 
0257 7*1 

»D257 7«2 
0257 7 > j 
D257 7«« 
0257 7«5 
D257 746 
0257 7*7 

• 0 2 5 7 7 9 8 
D 2 5 7 7 9 9 
0 2 5 7 7 5 0 
0 2 5 7 7 5 1 
0 2 5 7 7 5 2 
0 2 5 7 753 
02S7 7 5 9 

»D257 755 
0 2 5 7 756 
0 257 7 5 7 
0 2 5 7 7 5 8 
0 2 5 7 7 5 9 

0257 761 
0257 762 
0257 76J 
0257 769 
0257 765 
D2?7 766 
0257 767 
D257 768 
D2S7 769 
0251 770 
0257 771 



C • • • • • • * • • • • • • • • • • • « • • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • o 2 5 7 772 
C* ALL ftBTOBBS ME BftOB TBBOOSB TIIS SSCTtOB. I IS SAB89 IB BOIB 0257 773 
C* TO ftLLOB IB* CAT.LEB *0 CBBBCE R OB TBE BEIT STEP. 0257 7?« 

M O «rtft- = - i 
3 0 TO "»00 

$70 *FI»G * - 2 
10 **> 7oo 

6*0 KPlftG = - 3 
•;o TO 7©o 

M S < n a c » - 5 
^O TO 700 

640 BBB * 10 .000 
700 SOLD x H 

JSTABT - »0 
BSTOBB 

C * « « • « • • • • • • • • • t»ST CABB OP STIFF • •« 
EBB 

8257 776 
0257 777 
0257 778 
0257 779 
0257 780 
D257 781 
D257 782 
3257 7 8 ) 
B257 784 
0 257 ?85 
U 5 7 786 
0257 787 

» • • • • * • • • • • • • • • • • • • • • • • • • C 2 5 7 7gg 
0 257 789 

SOBBOBTIBE ?BSOC(8STI,BQ,n.,?Q,BUBBS) 
O 

0257 793 
0257 79B 

C 
c 

c* 
c* 
C* 
c» 
c« 
c* 
c* 
c* 
c * 
c* 
c « 
c* 
c * 
c* 
c* 
c * 
c* 
c « 
c* 

<*/ 5 /7BB 3 

M P t r c r r B EAI* 8 ( f t -B.o-xj 
OIBKBSIOB PBITST(12 ,2 ,31 ,SM13) ,TQ(B) 

TfSOC I S CSLLEO BT STTPP IBB SETS COBPPICIBBtS FOB BSE T H U S . 
THE fECTOI E l , OP LEBCTB BQ « 1. BEfBBBIBB TBI BASIC BETBOO. 
TUB frCTOR TQ. 3P LSBCTB 3 , IS IBT0LTS9 I I ABJOSTIBG TBE STEF SIZB 
l « REUTIOB TO TBOBCATIOB EBBOB. ITS VALUES BBS CTtBB BT TAB 
PEBTST A « A T . 
THE VICTORS EL 1BD TO. DBPEBD OB BBTB ftBD IQ. 
TESOC ALSO SETS BAIDER. TBE B U I BOB OBOEB OP TBE BETBDD AVAILABLE. 
C0BBEBTL1 IT IS 12 POt TBE ADAHS BBTBOOS ABB 5 POB TBE CB»B BBTBODS 
U H * HAIDER • 1 IS TBE BBRBEB OP COLO BBS IB TUB T M B I T . 
*HE HAXIBOH OBOEB OSED HIT BE BBDOCCD SISPLT BT CS AB6I AS TBE 
THB BOBBERS IB STATSBEBTS 1 ABO 2 BBLOB. 

THE COEPPICTEBTS IB PEBJST BEES Bf CIVBB TO OBLT ft BOOT 
OfE PERCIB? ftCCDBftCT. TBB 0B9BB IB BRXCB TBE 6B00PS ftlPBBB EtLOB 
I S . . COEPPICTBBTS POS OBOEI BQ - 1 , COEPflCIEBTS POB OBDEI Bfi, 
COXPPICIEHTS FOR OJOEB BO • 1. BITBIB EICB CBOOP ABB TBB 
COEFFICIENTS FOR TBB ADAHS BETBOOS. 7OLL0RED S? THOSE POB TBE 
6EAR HBTROOS. 

THE OBISTHAt TERSTOB OP THIS PBOCBAH BBS IBITTEB AT L i l BT A. C. 

0257 796 
••0257 797 

0257 798 
0257 799 
D257 800 
0257 801 
0257 802 
0 257 803 
0257 80* 
0257 805 
0257 806 
0257 807 
0257 808 
0257 809 
0257 810 
0257 811 
0257 812 
0257 813 
0257 81* 
0257 815 
0257 816 
0257 817 



c* 

HX!C)9*»CI! PC? C3C C09P07BBS. TBI CDC I I I S D 1 VIS 9 0 9 I P I E D POB 
3SE Oi I r f OSPTTPJJ? » 7 4PSOJSI I I J O I I , 1 9 7 3 . 

L»7EST S » » 1 J I 0 < I "EP^E^SEF, 1973 

1 » - » - * ? - - - / 1 . 0 D 0 . 1 . O D D . 2 . C O O . 1 . 3 D 0 . . 3158D0, .37«07OO,-C139' .D0 
1 . 0 3 2 1 ° 2 O 3 . . 0 3 0 2 9 * 5 3 0 . . 0 0 0 0 3 « 9 2 D O , . 0 0 O C O 3 6 9 2 O 0 , . 0 0 0 0 0 0 352«D0, 
1 1 . 0 3 , , . ! > / > . . S D 0 , . 1667DO, .01167 DO. 1 . 90 . 1 . DO, 1 .00 , 1 . 0 0 , 1 . 0 0 , 1 . 0 0 , 
1 1 . 0 0 , 2 . 3 0 . 12.DO, 2 * . 0 0 , 37 . P9D0, 5 3 . 3 3 0 0 , 7 0 . 0 8 0 0 , 8 7 . 4 7 0 0 , 1 0 6 . 9 0 0 , 
1 1 2 6 . 7 DO.->»7.» DO, 168 . 8 30 . 19 1.0 DO. 
1 2 .0V3 , ».«iDO. T . 3 3 36 0 , 1 0 . %2J 0 . 1 3 . T O O . 1 . 0 0 . 1 . 0 0 , 1 . 0 0 , * . 0 0 , 1 . 0 0 , 1 
1 1 .OD0 ,12 .OD0 .2» .0DO,37 .89DO,5 3. 3 300. 7C .0800 , 1 . 7 . 9 7 0 0 , 1 0 6 . 9 0 0 , 
1 126-""CC, Va7.»DO r 1 6 8 . 8 0 0 , 1 9 1 . O P O , 1 . 0 0 , 3 . O O O , 
•> 6 . Or>0.'<. 1 * 7 0 0 . 1 2 . 5 DO, 1 . 0 0 , 1 . Dv, 1 .00 , 1 . 0 0 , 1 . 0 0 , 1 . 0 0 , 1 . 0 0 , 1 . 0 0 0 / 

P l { 2 , 1 . ??» 
so 73 ( 1 , 2 ) , s r r * 

1 * » I D E S = 12 
~,0 TO « 1 0 1 , 1 0 2 , 1 ; » ' 0 * , 105, 106. 107, 108 , 1 0 9 , 1 1 0 , 1 1 1 , 1 1 2 1 , 80. 

2 9MCEH = «; 
- 0 "O f231 , 2 0 2 , 20 J . 2 0 « . 20 5 ) , 113 

C" THE POtLOWTlC, C3EPPTCICTTS SHOOtD BE D E P I R D TO 
Z* I I C I I O »CC15»CT. POD E»CH OBDEB IQ, T E H CAM SECtLCOLATtD 
f» P"»08 TBP. G E H S i T I I G ?0LYIOBI»L. 

C« L{7> = E t < 1 ) • S L ( 2 ) « T • . . . * B. ( 8 Q » 1 ) * T » « 8 3 . 
r« TO* "BE IBPLICIT ADUBS S B T 8 3 0 S , L (T) I S G I f t i BT 
r« D L / 2 7 = ( V 1) » ( ? * 2 ) • . . . • ( T » I Q - 1 ) / K , l ( - l ) » 0 , 
C» «»»3E 1 = P»CT0R1 » l , ' I Q - 1 ) . 
e» POP r » E r,tk<* « E T B O D S , 
" • T -C» - f T O ) » { T » 2 l » . . . • ( T » » Q J / < . 
C» MHS3E K ' P » C T O B H L ( 8 3 ) » i 1 • 1 / 2 • . . . • 1/IQJ . 

c* r»E o 
C* TBPLI 
C* •STIFP 

101 EL 
f«1 
PL 
• L 
GO 

RDEP TI riHICR TAP. C30SP5 *PPF»i BU.OI I S . 
CV AD*BS BBTBDDS DP 09DE9S 1 TO 12 , 
LT STIBLE GSUF BETHOOS OP OBCERS 1 7 0 5 . 

1^2 

103 

10<t 

105 

n 
EL 
r,o 
PL 
CL 
El 
»L 
GO 
PL 
EL 

TO 
(1» 
C3) 

ID 
(«•> 

TO 
Ml 
CM 
<-» 
(5) 
T3 

(1) 

m 

ion 
= 0. 
= 0. 
ar-3 
= • * . 

- c, 
= 1. 
900 
= 0. 
- 9 , 

- '-i. 
=00 
= i . 
- i. 

-ODO 

, 'DJ 
5D0 

1S66 66666666 6 6 6 7 D - 0 1 
.7S00 
. f,66666666666 66670-01 

. 175D0 
166666666666 6667 0 - 0 1 
11333333333335330-01 
16566666 65666667 0 - 0 2 

i»*6 111111111 111 10-01 
0H16666666666667D0 

0 257 
0257 
0257 
0257 
025? 
D25'" 
0257 
0257 
0257 
0257 
0257 

00, 0257 
0257 
0257 
0257 
0257 

• 0 2 5 7 
0257 
025" 
0257 
0257 
0257 
0257 
0257 

•0257 
0257 
0257 
0257 
0257 
9257 
0 257 
D257 
D257 
D257 
0257 
0257 
0257 
0257 
D257 

•0257 
0 257 
0257 
D257 
0257 
0257 
D257 
D257 
0257 
0257 
8257 
0257 
0257 
0257 
0257 
D257 
0257 

316 
819 
820 
821 
822 
%23 
32« 
925 
826 
827 
828 
8 2 * 
83 0 
8 J 1 
831 
133 
83« 
835 
836 
837 
838 
839 
8 * 0 
6 * 1 
8*2 
8 * 3 
S*« 
895 
846 
8*7 
8 * 8 
9 * 9 
850 
851 
852 
853 
85« 
855 
856 
857 

ess 
859 
86C 
861 
862 
86 3 
864 
865 
866 
867 
868 
869 
870 
871 
872 
873 



tt(«J « a .86111111111111119 -01 0257 87i» 
EL (5; - 1 . 0 * ' 6 6 6 6 6 5 6 6 6 6 6 6 7 0 - 0 1 0257 875 
n. » i - 9 -3333333333333333O-03 0257 876 
GO TO 900 0257 877 

;•-•- « L ( i ) = 3 . 2 9 8 6 1 1 1 1 1 1 1 1 1 1 1 1 0 - 0 1 i»257 878 
= i * * = 1 . 1»166666666666670*00 D257 879 
El(*> - 9 . * 2 5 D * 0 0 0257 880 
tt(5) = 1.773>?33333333333D-01 0257 881 
«L|ft) = ?.025D*<H> 0257 882 

an * 1.3888988XR9£2S?890-03 0257 883 
3 0 TO 900 0257 8 8 * 

107 R ( 1 ) = 3. •.'.5919312169 31223-0* 0257 885 
E I { 3 ) * 1 .225 0*00 0257 886 
ZL ( * I = 7 . -1H518518S1*5185O-01 0257 887 
» - ( 5 ) = 2 .F520933313333333D-01 D257 888 
El (61 - B .G6111H111111111B-02 D257 889 
£'- Ci * » . K S * I * I I I I I I I I I H I > - G 3 0257 810 
EL(3) = 1.S3«12699«*1269W10-?»« D257 891 
i o r> 900 0257 892 

108 EL ('» = 3 . 0 t 2 2 * 5 3 7 0 3 7 0 3 7 0 * 3 - C 1 0257 893 
E L O = 1 .2 *6 *28571*28571*D»0O 9257 8 9 * 
E L p ) =• 9 . 6 * 5 1 8 5 1 8 5 1 8 5 1 8 5 2 0 - 0 1 0257 895 
tt(5» - 7 .35763888S8888889O-01 0257 896 
EL (6) = "».7777-»7777777777SD-02 0257 897 
EL en » 1 . 0 S « 9 1 * 8 1 * 8 1 * 8 1 * 8 D - 0 2 9 2 5 / 898 
8 L ( 8 ) = " \93 t5079365O79365D-O* 0 *57 899 
EL (91 = 2 . *3O*58?301587302D-05 0257 900 
3 0 TO 900 025"» 901 

109 EL(1) * 2 . 9 * 8 6 t 0 0 0 * « 0 $ * . 7 1 1 0 - 0 1 0257 S32 
«L(3 I = 1 .358928571*28571*D*C0 0257 90.--
EL *) = 9 . 7 6 5 S » 2 3 2 8 0 « 2 3 2 8 0 0 - 0 1 0257 90* 
eL (5 i * 0 .«171875B*00 0257 905 
*L<6) = 1 . 1 1 3 3 * 1 6 6 6 6 6 6 6 6 6 7 0 - 0 1 0257 906 
EL (7) = 0 . 0 1 8 7 5 0 * 0 0 0257 907 
EL(8) * 1 .93*5238095238 .™5D-03 0257 905 
EL (9) - 1 . 1 1 6 0 7 1 * 2 8 5 7 1 * 2 8 6 0 - 0 * 0257 909 
e t ( i O ] i= 2 . 7 5 5 7 3 1 9 2 2 3 9 8 5 8 9 1 0 - 0 * 0257 910 
fM> T3 900 0257 911 

110 EL(1) - 2 . 8 S 9 7 5 * * 6 * 2 8 5 7 1 » 3 D - 0 1 0257 912 
n. (3) = 1 . « 1 « « 8 * 1 2 6 9 8 * 1 2 7 0 0 * 0 0 0257 913 
S L C * - 1.0772l5«08'V«S6085C»O0 3257 9 1 * 
EL (5) = * . 9 8 5 6 7 0 1 9 * 0 0 3 5 2 7 3 0 - 0 1 0257 915 
EL (6) = 0 . 1 * 8 * 3 7 5 0 * 0 0 025 / 9 i 6 
S L P ) = 2 . 9 0 6 0 5 7 0 0 8 7 6 5 * 3 2 1 0 - 0 2 025 1 *17 
EL(»n = 3.72O2380O52380952O-O3 0257 918 
E T- (9) * 2 . 9 9 6 8 5 8 * 6 5 6 0 8 * 6 5 5 0 - 0 * 0257 <M9 
EL (101 i» 1 .37786596119929*50 -05 0257 920 
E L ( i : i - 2 .7557319223985891D-07 0257 921 
SO TO 900 0257 922 

111 K r ( H = 2 . 8 0 1 8 9 5 9 6 * * 3 9 3 6 7 2 0 - 0 1 0257 923 
EL (3, = 1 . *6««8»12698*1270D*00 0257 92* 
EL(<H = 1 . 1 7 1 5 1 * 5 5 0 2 6 * 5 5 0 3 0 * 0 0 0257 925 
EL(5) = 5 .793581900 35273370 -01 0257 926 
EL (6) = 1 .88322861552028220-01 0257 927 
B L p ) = 4 . " i *3536265«320988D-02 0257 928 
ETC) = 6 . 2 1 1 1 * * 1 7 9 8 9 * 1 7 9 9 D - 0 3 D257 929 

file:///93t5079365O79365D-O*


/ J 

201 

20 2 

203 

20* 

205 

C» 
900 
910 

C* 

PL 
'I 
n. 
2L 
GO 
r.t 
EL 
»L 
EL 
r*. 
EL 
eL 
EL 
»L 

EL 
;o 
EL 
• L 
r» 
•; r, 
EL 
»L 
50 
»L 
EL 
EL 
EL 
3 0 
EL 
EL 
EL 
KL 
EL 

(13) 
(11) 
(12) 
TO 

(1) 
( * 
* ) 
(5» 
Pi) 

(8) 
(«») 
(10) 
(11) 
(1?) 
( H ) 
TO 

( I t 
TO 

( D 
(3) 
TO 

I I ) 
f * 
l») 
TO 
P) 
(3) 
(•) 
I * 
TO 

/D 
(J) 
(») 
(5» 
(*) 

= 4 -
= 1 . 

=»?0 
- t 

3 1 , 
= 1 . 
= 6. 
= 2 . 
- 5. 
= 9. 
= 1. 
= 9 . 
= *. 
= 1 . 
= 2. 
90". 
= 1 . 
91(1 
- 6 . 

-»0f 
= s. 
= EL 
= 9 . 
900 
= 0 . 
= 0 . 
= 0 . 
= 0 . 
100 
- 0 . 
- 8 . 
= 3 . 
* 5 . 
=-- 3 . 

25206679«9«179^9^-OU 
0< i17«;»152 i5 i2S*Q0-05 
515652557 319 2 2 * 0 0 - 0 6 
c ,052103 39 5«i» 17190-08 

•02655400 31599060-01 
*0*^3»»r7?Vj8672«0» 00 
:6327116«S2116*0D»O0 
5923»192096765«30-01 
30*5650 2 * * * 5 0 2 6 5 0 - 0 1 
56972*61052322160-02 
• 3 9 * f l * 1 2 5 9 R * 1270D-03 
11927*96693121690-03 
0939153*39153*39D-05 
P2253096*19753090-06 
53312650312150310-07 
0S767569P7R68099D-09 

00*00 

666666*6666666670-01 
3333333333333J33D-01 

» 5 * 5 * 5 * 5 * 5 « 5 * 5 » 5 D - 0 1 
( H 
09090909090^0909 0 -02 

4 9 0*00 
">D*00 
23*00 
020*00 

3795620*379562040-01 
2116783321167883D-01 
1021897810218978D-01 
• 7 * * 5 2 5 5 * 7 * * 5 2 5 5 0 - 0 2 
6*96350.36*96 350* D-03 

<*•« 

on 910 K = 1 , 3 
T Q ( n = PBBTST(*a,HITH,R) 

r a { * ) = 0 . 5 D 0 * T 3 ( 2 ) /DPL0»T(II3*2) 
BE TORH 

> « • • • • « . » * « t . k S T (HPD OF TE'»C*« 
E»0 

0257 930 
0257 331 
D207 932 
0257 933 
0257 934 
D257 935 
D257 936 
D257 937 
0257 3*) 
D257 13 9 
0257 S»0 
D257 9*1 
D257 * *2 
025 7 K 3 
D257 9 4 * 
0257 M5 
0257 9*6 
D257 *»7 
S257 9*8 
D257 9*9 
0257 950 
D257 951 
0257 " 5 2 
0257 153 
D257 9 5 * 
D257 955 
D257 956 
0257 ^57 
0257 958 
0257 ?59 
D257 960 
0257 961 
0257 962 
0257 96 3 
0257 964 
0257 965 
0257 966 
0257 967 
0257 968 
0257 469 
0257 970 

snsPonTijiE T 0 0 T ( H 0 , T L » S T , T , « O ) 000001*0 



IBPLICIT 3?»L*8 ( » - H , C - Z ) 
DIP-OiSIOH T(M0, 13) 
rOBBO:«/SC1235/T, f l ,Hf l I» ,HBlX,EPS1,BP1.ICFL»Gl ,JSTABT, • r i I J I I , B I O # 

IT ( 1 U { 400) , EUROS ( 4 0 0 ) .PSAVgfSCO) , T P R I I T ( ) 0 0 ) 
C • • * MEED DIRBBSIOB YS1X (»I0 ) ,B '«B0B (BIO) , F S t t E ( 2 » « I 0 - , 

COBHOS/PFIHT/TPRLpO) ,DIPH (1P) .TPBI BT,I PBT,BPP,BPBT ,I1BVRT (10) 
0 COST! BOB 

0 0 0 0 0 2 3 0 

00000310 
0000033 0 
00000 310 
00000360 
00000370 

,J) * B 00000400 
000^0420 

100 

100 

5 0 1 

5 = trpam? - z) / n 
oo 1 r = i ,n 
TPHIHT(T) = T ( I , 1) 
?. - * . 0D0 
L = !IQ • 1 
DO 3 J = 2 , L 

P. = ? * S 
0 0 2 I = 1 , B 
! ? 8 I I T | D = IPPtWT(I ) • T(I 

co»n WOE 
CALL YSA (YPRI»T,B) 
S?B=»PB»I 
I P f l l P S . L E . II15PPT(I^'M ,) ) GO ro 
r?RT=IPST*1 
HPR=0 
?PPIET=TPPL(IPRT) ••PF^DTPH (IPB 
IP (TPBTBT.LE.T) GO TO 5 
RBTUR1I 
EDO 00000640 

SOBROrJTire 5 MJTD 
PPTBT 1 
POBBATJ'OCALLeD YCIJTIX. SH09L0 BE PBIWT. ' ) 
SETDRN 
EBD 

SOBPOOTTNE 8ATRIX(»,B1»P.DA, IBOT A, IDIAG, 1 0 , «X0,B,L8,»BLIC .VLB.BOSObN) (1AT8T 10 
C IUTRI 20 
C A(ffWRDA) BATBI 30 
C COHTAHS B0B-ZEP3 EBTRIES OP THE COBPPICIMT BATBtl BlTBt 4 0 
C » ( I D T A G ( f l ) = DIAGOBAL ELBBBBT OP ITU BOB OP TBI CO I P . I d f»T BSTSri 50 



75 

c 
c 
c 
c 
c 
c 
c 
r 
C 
c 
c 
r 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
IT 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r 
c 
c 
c 
^ 
c 
c 
c 
c 
c 
c 
c 
c 
c 

CIBDEI(ISin) 
em on IT) * cot OBI IBDEX OP »<n 

ICLASSIIOI 
i : u ! f ( H * CLASS OP THE xrn m m u OP CBAD 

ICOB( ic, i0 | 
Tcomi . j j * BO. OP conturrntn POB DAOGBTEB I , JPGAB J 

IBDIA( > 
Tl OX ft ( 2 , 2 * 1 - 1 ) x - 1 « « ( | 0 . OF SOU-BE JO ELEBBBTS IB 

R U I OP ft 
I»DI» (2 .2 'T) x R* ; n a or BOr-EEBO 10,88BITS IB 

BOB I OP ft 
H D I U C . T ) * * * ( j - l ) IFF k(t) BELOBGS IB COtOM 

J OP TRI HAT BIX A 

I SOBS CO) 
TSORS{I) - H D D OP THE ITB SOOBCC O K U (IBOICES PSCB SEI CODE) 

LABAB(10,>) 
LANABfl, 1) - LABP"* OP ABSQRPTIOB I B S POP DADGBTIB X 
LA BAB f I ,2 ) - LABBDA OP ftSOBPTIOB IB S I BOB DAOCBTEB X 
LABA8(1,3) * LABBDA OP ABSOBPTIOS I 5 OU POB DAOGITIB X 
LAUB(T.«) * LAMBDA OP ftSSORPTi<lB TB H I PCB DAOGBTSB I 

L*flB( 10) 
UBB(T) * IB 2/(BALPLIPE OP DAOGBTBR X) 

LASIf 10, 10) 
LABI ( I , J ) * LB 2/(BALPIRE OP DAOGBTBB I IB COBPABTfEBT J) 

L» (K) » LAB8(R) 

BBLRfBDSOBB) 
BSLB(i) '- ORDEB OP SQOARB DXA510BAL S0BIA7BX? I OP ft 
BBLF(t) * BCOfl(I) 

BCOH( TO) 
»COB(I) * BO. OP COBPAR?BE«TS POB D.OGRTBB I 

ORGBB (1ft) 
fi«Gan(n = BABE OP ?BE XTB OBGAB 

P»BT( 10CO) 
P8BT(I) » TTB EBTBT OP ft GIf EB SOB OP TBS COBPPTCIBBT fATBIX 

BIBDBX(ISIO) 
RIBDEI(I) * BOB IBPBX OP ft(I) 

?»5 (1 0) 
TAG(I) - AT3BIC STBBOL ABD ATOBIC BOBBBB POB OAOGRTEB I 

T R < 1 0 ) 
TP(I) * HftLPLIPE OP DAOGBTBB X 

BATBI *>0 
BAT3I 70 
8 AT AI 30 
(IATJI 90 
BAT B 100 
BATB 110 
•UTB 120 
RATB 130 
BATB MO 
MATS ISO 
BATS 160 
BATB 170 
BAT* 180 
BATB 190 
BATB 200 
BATB 210 
HATS 220 
BATB 2JO 
BAT* 2«0 
BATB 250 
BAT 8 2*0 
BATB 270 
BATt 280 
BATB 290 
BATB 300 
BAT t 310 
BATB 320 
BATB 3J0 
BATS 3*0 
BATB 350 
BATS 360 
BATB 370 
BATB J80 
BATB 390 
BATE BOO 
BATB BIO 
BAT8 120 
RATA «3r 
BATB «*0 
BAT t *S0 
BATB B60 
BATB «70 
BATB B60 
A AT A 090 
BATB $00 
BATB 510 
BATE 520 
BATB 530 
BATB 5*0 
BATB 550 
BATB 5*0 
BATB 570 
BATE 580 
BATB 590 
8AT8 600 
BA Til 610 
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r 
c 
c 
c 
c 
C 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

10(110) - TECTOS OP IBITIAL TALKS 

BtPLABATIOH OP BBABCHING 

TIE THREE TTPBS OP BBABCBIIG AVAILABLE IB 
THIS CODE BILL BE OP THE POLLOIXBG POftBS 

1 . 

1 . 

k 
p« " ( 1.1) 

k 
B (2.'M 

12.2) 

k 
p« 

IT 

B 
I I C 
1« !• 

<J.1| 
(3.2) 

0 (1.3) 
TI-INDICATES BLOCK OF ZEBOES 

THE OBDEPBC PAIR f l .T) IBCICATES TIPS 
op BPABCHTRG f io,2,1> ABD POSXTIOB 
BITHTN THE BRANCRIBG SCREBE - I'BBtBCfl,T»IB*ICH. 

t . POP BBBftCH* 0 03 1 , THE ORDER OP 
EfECflTtON IS MCRAHGEO; KQWTtt, 

?(R)*1 IP BBPBCBj-0 
P (*)»'' IP BBRBCHO 

P(K) IS READ IB 01 CARD. 

IT. POR R3RBCH>2 
1 . THE CASE P« B IS ESSBBTIALLT 

BBPHCHsl * | 0 BILL 9E TBEATED AS S0C.1. 
2 . 0* 1* C - *HE BLOCK 0* HOST BEGIB 

IB THK SARE COLOHB AS P», U D 1* HOST 
BIG HI n THE SAHE COLOBI A3 B. Q HOST 
RE SET TO 1 VHEB POBBIBG 1*. 

I I I . POR BBRNCH-J 
1 . THE CAGE P* 8 IS ESSEBTIALLI 

B»-!!»-S«' A"» BILL BE TBEATED AS SOCH 
2 . Q» I I C • THE BLOCK Q* HOST BEGIB 

n» THE SAKS COLORS AS P * . C W L l BEGIN 
Tl COLORB BC0a(A)»ftC0H(B)«1. 

3 . IX 1* 1* D - TBI PIBSr PILLED BLOCK 1* 
KILL BEGIN IN COLOBM BC0H(A)»1, THE 
SECOND BLOCK 1* BILL BIGIB IB SAJIE 
COL OH B kt C. THIS CASE IS SI HI LAB 
TO HBRRCH*2, ISRBCH-2 ABD BAT BE 
TREATED AS SOCH BT EBTBBIHG 0 - 1 OB 
INPOT CARD. 

THUS I I . 2 AND I I I . 2 ART. THE OBLT TBO 
DTPPEaEHT CASES POR BHICB SPECIAL LOGIC BOST BE BBPLOTED 

RATS 62 0 
RATA 6 ) 0 
RATA 6 * 0 
HATB 650 
RATI 660 
HATB 670 
HATB 6 8 0 
RATI 690 
HATB 700 
RATI 710 
RATA 720 
RATA 730 
9ATB 7«0 
RATB 750 
RATI 760 
HATB 770 
RATA 780 
HATB 790 
RATB 800 
RATI BIO 
RATI 820 
RATI 8 JO 
RATI 840 
RATI 850 
RATI • 6 0 
HAT! 870 
RATI 830 
RATI 890 
RATI 900 
RATB 910 
RATI 920 
RATI 9 ) 0 
RATI 9 *0 
RATA 950 
RATI 960 
HATB 970 
RATI 980 
RATI 990 
HAT 1000 
HAT 1010 
BAT 1020 
HAT 1030 
HAT 10*0 
BAT 1050 
HAT 1060 
HAT 1070 
BAT 1080 
HAT 1090 
BAT 1100 
HAT 1110 
HA? 1120 
BAT 1130 
HAT 1 1 * 0 
HAT 1150 
HAT 1160 
HAT 1170 
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C BAT 1180 
HAT 1190 

I S P L I C I T ?EAL«« ( A - 1 , 0 - Z ) HIT 1 2 0 0 
? » A L « ° I9(T} , L A H I ( 1 0 , 1 0 ) ,LAHB ( 1 0 ) ,LARAB | 1 0 , » ) HAT 1 2 1 0 
I B T E 1 R ? « 2 ? I « D E X ( 1 2 0 0 1 ) , C I B D B X ( 1 2 0 0 1 ) , S O U SAT 1 2 2 0 
DIHEBSION » ( 1 | , x O ( i ) , r i o i A ( 2 , i ) , tor AG(i) , I C L A S S ( 1 0 | , I P ( 1 0 ) , HAT 1230 

1 P3«IT(»00), RBLK(1|,ISOBS(2O),P(10),BBBBCB(10),IBMCH (10) Ski 1231 
C HA? 12«0 

COHH01/TABLES/ LAHAB{10,») ,LABI (10 ,1 0) ,ORG BB(13) ,TAG(10), 9AT 1250 
1 ICOB(IO.^O) ,IOPT,BCOB(10),«ISO,BOtG BAT 1251 

COHHON/Sf-CH/ ISNTCH BAT 12*0 
C SAT 1270 

OATA PLN2/ .*911«7iq05599«500/ BAT 1230 
1ATA T S O B S / * . 9 , 1 3 , 1 1 , 2 , l , « , 5 / SAT 1290 

C BAT 1300 
C SAT 1310 
C *PAD BISO = t o . OP 4ADIOBOCLI08S IB CBAIB SAT 1320 
C D3, D«t,D5 ' aEGIOBAl DEPOSITION T» LtJES BAT 1330 
c 'osG x m . or ORGABS (EXCLOOIBG LOBG U D GI SAT u t o 
r I0PT = 0 IB TAKE BT IBHALATIOB HAT 1350 
C 1 INTAKE BT IB6BSTIOB BAT 1360 
C 2 IBTAKE BT INJECTION BAT 1370 
C HAT 1380 

3 EAD(SO,1031) BISO,03,»,D5,BOBG, IOPT.BORAL BAT 1390 
: 0 0 1 P O M A T f U O , 1P10 .1 ,3110) BAT 1«00 

W n (10 ,1002 ) HAT 1«10 
100? POR«A?(« 1») HAT 1»20 

I» (IOFT.EQ.0) HRI7E(10,100?) 03,0%, 05 BAT 1«30 
1001 POBBAT(« PERCENT DEPOS TTIOB ,/» s , * I , 'B-P*. 12X, «T-B • , BAT 1«*0 

1 1 2 X , » P V ' ' , P 7 . 2 , < » ( 8 I , p 7 . 2 ) , / ) BAT 1 M 1 
WRITE (16) BISO, BOBG.IOPT HAT U 5 0 
IP(IOPT.EQ.1» »RITE{1*>) BOBAL HAT 1B6C 

BAT 1«70 
HAT 1 B 8 0 
HAT 1«90 
BAT 1500 
HAT 1510 
BAT 1520 
BAT 1530 
BAT 15 «0 
HAT 1 5 5 0 
BAT 1560 

GI TSACT BAT 1570 
BAT 1580 

WRITE (10,100») BAT 1590 
100* FOWUTr ISOTOPE',<•X,•HALPLIPE ,.<^X, ,CLASS«,3I, :LARAB•, BAT 1600 

1 3X,«3P. RATIO'^X.'BBMCH'.UX.MBHNCB* ) SAT 1601 
DO 15 I = T,NISD BAT 1610 
DO 10 .1*1,11 BAT 1620 
LB BAB ( I , J) =0. BAT 1630 

10 c o m m H E H I T 16«0 
TSIITCH=0 BAT 1650 
< ? E A D ( 5 0 , 1 0 n 9 ) TAR ( I ) , T B ( I ) , I C L A S S ( I ) , L AH A B ( I , 2) , P ( I ) , BAT 1 6 6 0 

1 NBKNCH(I) , IBRHCH(I) , ILAB BAT 1661 
I P ( I L A B . E Q . 1 ) R E A D ( 5 , 1 0 0 S ) LAB A 8 ( I , 1) ,LAfl A B ( I , 3 ) , 1 ' i * S ( I , «) RAT 1 6 7 0 

1005 PORBA? (3P10.0) HAT 1680 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ASSIGN REGIOBAL DEPOSITION POS BACB PATBBAT 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

IP ( D P T . B Q . O ) CALL LOBG $ 0 1 . 0 4 , CS) 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

POR EACH PADIOBHCLIDB REAC 
TAi; * ATOHIC BO. AND ST5BOL 
*R * HALPLIPE 
ICLASS = CLASS 
T! »B = 0 ABSOPTTOB IB SI OBIT 

1 ABSOPTIOH IB ALL REGIONS OP ' 
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I P ( P ( I ) .EQ.O.) P ( I ) = 1 . HIT 1690 
MRI?E(10.1006) TAG(I) ,TP(I) ,ICLASS(I),LAJBAB(I.2) .P ( I ) . BIT 1700 

1 IB9MCH(I),IBBRCH(I) BAT 1701 
100* POBNA?(« ' .A8 .1PE12 . J , m . A 4 , 2 E 1 0 . 3 . 2 I 1 0 ) BIT 1710 

TP fILAB.EQ.1) BRITE(10,1007) LABAB( I , T) ,L ABAB (I . 3),LAN AB (I.%) BAT 1720 
1007 PO!MIAT{» • , 2 1 I . • L A a A B - S • , 1 P B 1 0 . 3 , / , • , 1 9 X . ' H B A R - D L I ' . E 1 0 . 3 , / BIT 1730 

1 • • , K > X , , L A B A B " L L I , . B 1 0 . 3 ) BIT 1731 
15 COBTTBOP. SAT 17*0 
ioo« P O S H A " ^ * * , 2 x , p i o . o , 8 X . A 2 , 2 P I O . 0 , 2 1 2 , 2 1 , 1 2 ) BAT 1750 

» 8 I T E ( 1 6 ) (TAG ( I ) ,T=1,BISO) NAT 1760 
C BAT 1770 
C SET LAia BAT 1780 
C BAT 1790 

DO 21 I -1 .BTSO BAT 1800 
LA!!F(I)=PLB?/TR(I) BAT 1810 

20 c o n r r u n e H I T I B 2 0 
C BAT 1830 
C BAT 18«0 
C CHECK CLASS; SET tABX ABO FBAC BAT 1350 
C BAT I 8 6 0 

IP (IOPT.Eg.O) CALL L'IBG1{I=LASS,X0,BX0) BAT 1870 
C BAT 1880 
C BAT 1890 
C CALCULATE KBT3IES OP COEPPICIEBT HATIII BAT 1900 
C ERTER BOB-t 880 EB TRIES BI BOBS TO POIB TEC TO B A BAT 1910 
C BAT 1920 

i a o f z Q NAT 1930 
I«GONT*0 BAT 1940 
rCOLI^O HAT 1950 
ICOL=0 BAT I 9 6 0 
DO 10 M l ,BTSO BAT 1970 

C K - I B D E I OP SADIOBnCLTDE BAT 1980 
C J - IBOEX OP COBPABTBEBT BAT 1990 

J = 0 BAT 2000 
ICOL = ICOL1 BAT 2010 

2S COBTISUB BAT 2020 
C BAT 2030 
C LBBG CONPARTHEBTS BAT 20«0 
C BAT 2050 

IF(I3PT.B0.0» CALL L0BG2(i,RIBDIX,CT. BDEI,IBOB,IC0L. ICOL1, BAT 2060 
1 IR30BT,LANR,P,B,J,B, HBRRCB, IBBBCH) BAT 2061 

C NAT 2070 
C BAT 2080 
C BAT 2090 
C GI TRAC" BAT 2100 
C BAT 2110 

IP(IOPT.Ea.O.OP.IOPT.EO.I) CALL CI (A ,BIBDEI,CIBDEI, HOB, BAT 2120 
1 ICOI.ICOLI.IKOUBT.LAHR,P.R.J.B.BBBBCB.IBRirT.lO.BXO) NAT 2121 

C BAT 2130 
C BAT 21B0 
C BAT 2150 
C OTHER ORGABS NAT 2160 
C BAT 2170 

IP(IOPT.EQ.0.0R.I0PT.Eg.1.OB.IOPT.BQ.2) CALL OBG AB( A.BIBDU. BAT 2180 
1 CINDBI,r»0«,ICOL,ICOL1,IKODBT,LAflB,P.K.J,B.RBRBCH.IBBRCH, BAT 2181 
2 ISORS, XO.BXO) NAT 2182 
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I F ( * . ES-1) SO "3 10 
CHIL IITOEX (ICOL1,RCOB # K,IB8!ICB(IC),I BBRCB(K)) 

10 c a n ? 1 S T E 
IP (I TPT.EQ. • 3 ) «OPGM = SG8G«<» 
i p ( i i P T . r ) , .1) BO8GP*?= -HODGES 
I f (ITPT.EQ. , : i RC^GPS* SCBG»H 
IP(IOPT.BQ. 0 ) I0RC=1 
I P ( T 1 P ? . E Q . -n I0h?;=i 
IP ( I ^ P - . t Q . . 2 ) IOBG=1 

f* 
« s r r E ( i 6 » i ( I S O P S ( I ) # I >IORG,HORGP8) 

c 
c 

0ETE?BIIIE 7»?i kL 1 I1BBBS OP COBPftRTBEIlTS (SCR1) 

BftT 2190 
lift? 2200 
HIT 2210 
HIT 2220 
BftT 2230 
BIT 2210 
BIT 2250 
HIT 2260 
BftT 2270 
BftT 22£0 
BIT 2290 
Aft? 2300 
flftT 2310 
SftT 2320 

S1B1=1.D0 BftT 2330 
DO 35 * = 1,»ISO BftT 23*0 
S1f1^SriB1»»COB(R) BftT 2350 

IS COSTII- 'P BftT 2360 
C BftT 2370 
C BftT 238C 
" E»?IR- COEPPTCtBRT BftTRIX PT PORS BftT 2390 
C BftI 2«00 

• B I T E ( S I , 1 0 3 9 ) BIT 2*10 
103* PORRftTC IBf tTRr i ft P3IRTED BT ROBS •) BftT 2«20 

11*0 BftT 2*30 
DO 55 I=1,S0B1 BftT 2 M 0 
I I I ' I HftT 2«50 
DO »0 .1=1 ,?ml BftT 2*60 
PRRT(J)=0.D0 BftT 2«70 

to covrmns sfti 2*80 
»oi?E (51 ,10 in> BftT 2«90 

1 0 n PORBftT (•<)•) BftT 2500 
• 5 CORTTHOP BiT 2510 

II*IT»1 BftT 2520 
U I = I I T » 1 BftT 2 5 3 0 
I P ( R I R D E T ( I I ) . EQ. T) GO TO 53 BftT 25«0 
I I - I I - 1 HftT 2550 
I I I * I I T - I BftT 2560 
IIDIA (2, 2 « I - 1 ) * - 1 M I I I BftT 2570 
T»DX»(2 ,2n) =A»III BftT 2580 
IDI»G(I )=II BftT 2590 
» R I T B ( 5 1 , 1011) (PRRT(J) ,0 = 1,S0B1) SftT 2600 

1011 PORBftTC ' , 8D15 .6 ) BftT 2610 
GO ?:> S5 BftT 2 6 2 0 

50 COITT RUE BftT 2630 
PRNT(CTNOEI(II))=ft(II) BftT 26*0 
r » D X * ( 1 , T I ) = 8 « ( C H D B X ( T I ) - 1 ) BftT 2650 
~0 TO «5 BftT 2660 

BftT 2670 
BftT 2680 
BftT 2690 
SftT 2700 
BftT 2710 
BftT 2720 
BftT 2730 

55 
C 

COWTTN0B 55 
C 

DO 60 T*1 ( HISO 
LB <T ) = - t ABR{I) 
HBLK(I) =RCOB(I) 

6 0 C O m » U B 
»OStlBB=MSO 
R= Sri 1 1 
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NELA = T9IAG(B) 
C 
C PRirr M0R-ZE90 BLSHEBTS OP THE COEPPICItTBT B1TBIX 110 
C THE 'tOW AID COVT** IB MBTCS EACB OBE APPEABS 
C 

B*ITE(6.1012| 
1012 POBBilTlM'^I.'EBTBIES OP A ' , 2 1 . 'BOB «, 2X, •ODLM 

DO 6S I = 1rBBLA 
• BIT* (51 ,1013) A(t) ,BIBDEX(I),CIBDEX(I) 

ion POBHITC ' .OIS .C^ISI 
«5 corrmaE 

c 
»ET0*B 
END 

SIT 2750 
BAT 2760 
BAT 2770 
BAT 2780 
3*1 2790 
BAT 2800 
BAT 2810 
BAT 2820 
BAT 2830 
BAT 28*0 
BAT 2850 
BAT 2860 
BAT 2870 
BAT 2880 

C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBBOOTIBB L0BG(D3,D».D5) 

THIS S0BBO0TIBE DBTBBBIBES TBE BBTBIBS OP TBE COEPPICIEBT 
BATPtI C01BESPOBDIBG TO TBE W BG COflPABTBEBTS 

A1B7(10) 
ARBT(T) = LABB(R)«PBAC(K,I| POB PATH B i t I , DAOGBTBB K 

0(9) - 3EGIOBHL DBPOSITIOB BALOBS 
D C 1 = D3 D(5) = 0 5 
D(2) = 03 D(6) * D5 
0(3) = D1 D(7) = 0 5 
0(») * D» D(B» * 05 

V (9. 3) 
F(X.l) - SKI OMUL PBACTIOB TO PIT SB AT 

X » A , B , C , . . . J 
I = 1 CtASS D 

2 CLASS B 
3 CLASS T 

PPAC(10, 9) 
PPAC(I,J) ^ EBGIOBAL PBACTIOB IB PATHBAT J OP DAOGBTBB I 

I C ( 1 0 ) 
IC (I) = CLASS IBDEX POB DIOGHTti I 

1 - CLASS D 
2 - CLASS B 
3 - CLASS T 

LABBDA(3,9) 
L » B 6 D i ( J , I ) * LB 2/(BBBOVAL BALPIBB POB PATHBAT 

LOBC 10 
LOBG 20 
LOBG »0 
LOBG no 
LDBG 50 
LOBG 60 
LOBG 70 
LOBG 80 
LOBG 90 
LOBG 100 
LOBG 110 
LOBG 120 
LOBG 130 
LOBG 1«0 
LOBG 150 
LOBS 160 
LOBG 170 
LOBG 180 
LOBG 190 
LOBG 200 
LOBG 210 
LOBG 220 
LOBG 230 
LOB? 2«0 
LOBG 250 
LOBG 260 
LOBG 270 
LOBG 280 
LOBG 290 
LPBG 300 
LOBG 310 
LOBG 320 
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I = A . B . C . . . . I ) 
J = 1 CLISS D 

2 CLASS 8 
3 CLASS r 

T1PUCT? ??»!•« (A-H.O-Z) 
REAL** LIU? (1),LAHBDA (3 ,9 ) .LARI(10 ,10) ,LAHAB{10,4) 
Tire'?E ,'»2 »I«IDEX( 1) ,CIBDEI(1) 
niRE4STH AH) , P ? A C ( 1 0 , 9 ) , f J 9 , 3),ICLASS(1) ,IC(10» , 0 ( 9 ) , 

1 P(1) ,*B?B.:.4(1) ,IBRBCH(1} ,A!1BT(10) ,I0("») 
T*n~ta 0At.3EEIC,TEA!» 

COBSOB/T ABI .ES/ L A S A B ( I O , 4 ) , L M I ( 1 0 . 1 0 ) # O R G M ( 1 0 ) , T I G ( 1 0 > , 
I ICOB ( 1 0 , 1 0 ) , L O P T , B C O F ( 1 0 ) . B I S O . BOBG 

DAT* r / . l D O , . S D 0 , . 9 5 D 0 , . 0 5 0 0 . . 8 0 0 , 0 . 0 0 , 0 . DO, . 2 D 0 , 1 .D0 , 
1 . 1 D 0 , . 9 0 0 , . 5 D 0 , . 5 D 0 , . 1 5 0 0 , - 4 D 0 , . 4 0 0 , . 0 5 0 0 , 1 . 0 0 , 
2 . 0 1 I M , . 9 9 0 0 . . 0 1 DO,.99 0 0 , . 0 5 D 0 , . 4 00 , .4 0 0 , . 1 5 D 0 , . 9 D 0 / 

DAT* LAB9DA/3»69.3147180559945DO. 
1 « o . 3 1 4 7 1 8 0 5 5 9 9 4 S 0 0 , 2 * 1 . 7 3 2 8 6 7 9 5 1 3 9 9 8 6 0 0 , 
2 J *69 .3147180559945D0 , 
3 3 * 3 . 4 6 5 7 3 5 9 0 2 7 9 9 7 2 5 0 0 , 
4 1 . 3862943611198900 , .0138629*3611198900 , .00133629436111989 00, 
5 0.O0,2* .6931471«»15S9945D0, 
6 0 . 00, . 0 1 38629436111 9H9O0,. 0013862 94 36111989 DO, 
t 1 . 3 8 * 2 9 4 3 6 1 1 1 9 8 9 0 0 . . 013862943611198 9 0 0 , - 0 0 1 3 8 6 2 9 4 3611198900 , 
9 1 . 3 8 6 2 9 4 3 6 1 1 1 9 8 9 0 0 , - 0 1 3 8 6 2 9 4 3 6 1 1 1 9 8 9 0 0 , . 0 0 0 6 9 3 1 4 7 1 8 0 5 5 9 9 4 5 0 0 / 

DATA CAT/ 1 D ' / , V E E K / « V V , T E A H / « I ' / 

1SSTGI PEGIOBAl DEPOSITIOII FOB EACB PATH3AT 

0 ( 1) = 0 3 
0 (2) = D3 
D( 3) = E0 
0 ( 4 ) = 0 4 
0 ( 5 ) = 0 * 
D ( f ) = D 5 
D(7J =05 
o (ftj=ns 

PBTftaii 

EIITPT 1 0 » G 1 ( I C L A S S , X O , » I O ) 

CHECK CLASS 

1*0 4 5 T = 1,WTS0 
I P ( ICLASS(I ) .BE. f )AT) GO TO ' 0 
r c ( « =1 
* 0 TO 25 
corruvt 
t P(TCLASS(I) .HE.WEEK) GO TO 15 
T C ( I ) = 2 
GO TO 2? 

L01G 330 
LOBG 3 4 0 
LONG 350 
J.OBG 3 6 0 
LOBG 37 0 
LORG 3 8 0 
LONG 2 9 0 
LOBG •400 
LOUS 47 0 
LONG C 11 
LOBG 4 2 0 
LOBG 4 3 0 
LOBG 4 4 0 
LOBG 441 
LOBG 4 S 0 
LJBG 4 6 0 
LOBG 461 
LOBG 4 6 2 
LOBG 4 7 0 
LOBG 4 8 0 
LOBG 4 8 1 
LOBG 4 8 2 
LOBC 4 8 3 
LOBG 4 8 4 
LOBG 4 8 5 
LOBG 4 8 6 
LOBS 4 8 7 
LOBG 4 8 8 
LOVG 4 9 0 
LOBG 500 
LOBG 5 1 0 
LOBG 5 2 0 
LOBG 5 3 0 
LOBS 54 0 
LOBG 5 5 0 
LOIS 5 6 0 
LOBG 5 7 0 
LOBG 5 8 0 
LOBG 5 9 0 
LOBG 6 0 0 
LOBG 6 1 0 
LOBG 62 0 
LOBG 6 3 0 
LOBG 64 0 
LOBG 6 5 0 
LOBG 66 0 
LOBG 6 7 0 
LOBG 6 8 0 
LOBG 6 9 0 
LOBG 7 0 0 
LOBG 7 1 0 
tO BG 7 2 0 
LOBG 73 0 
LOBG 7 4 0 
LOBG 7 5 0 
LOBG 7 6 0 

http://abi.es/
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15 COBTTNUB 
IF ( I C L A S S ( I ) . NE. TEAR) GOTO 20 
I C ( I | * 1 
i o T O :•; 

20 COBTINOE 
B * I T E ( 1 0 , 1 0 0 1 | 

1 0 0 1 F O M A ? ( ' 0 * , 1 1 X , ( EEBOB. CLASS DOBS BOT CORPABE*) 
CALL EPR09 

25 COBTIBTIE 
C 
c 
c 

SET LAM AHD FBAC 

DO ~>0 J=1 , 0 
LABX(I ,J ) ' L A f l B D a ( I C d ) , J ) 
F R A C ( I . J | = F M . I C ( I ) ) 

30 COBTTBOE 
L».f !X(T.10)=0. DO 

C 
C 
C 
C 

I F »l<?EtfT I S CLASS T ABD OUGHT EB IS CLASS 0 OB B 
SET LAI1X(I ,10) TO LARX(I,4> 

I F ( I , B0.1) GO TO 35 
IP (IC ( I - 1 ) . E Q . 3 . AND. ( I C ( I ) . BO. 1. OB. I C ( 2 ) . E Q . 2 ) ) 

1 LABI ( I , 1 0 ) * L A H X ( I , 9 ) 
35 COBTTBOE 

IF ( I . G T . 1 ) GO TO »5 

SET INITIAL f ALOES FOB OOB 

DO * 0 N*1 .BIO 
10 01 )30 .00 
I F ( R . L E . 8 | 1 0 ( F ) =D(K) •FEAC(1 ,K) 

00 COBTINOE 
»5 COBTINOE 

BETORB 

EBTPT L0BG2 (A ,R IWDEI,C INDEX, IRO«,ICOL,ICO . 1, 
1 IKOOB?,LA»R,P,K # J,B,BBBBCB,IBBNCa) 

LOBG COBPAHTBEBTS 
?ATHBATS A-H 

I P ( B . EQ. 1) GO TO 55 
0 0 5 0 T=1 , 9 
ANBT(I) -LAHB 1K)»FRAC(K,I) 

50 COBTIBOE 
AN NT (10)=LABR (K)* (1 .D0-F8AC ( N , 9 ) ) 

55 COBTIBOE 
J*J*1 
IROW=IBSif*1 
I F ( R . E O . l ) GO TO 70 

60 COBTIBOE 
IF ( J . L B . 2 ) B*2 
T F ( J . EQ.3.,OR.J.EQ.<») B»2 

C 
f 

C 

c 
c 

c 
c 
c 
c 

LONG 
LUBG 
LONG 
LOBG 
LONC 
LOBG 
LOBG 
LOBG 
LOBG 
LOPG 
LOBG 
LUNG 
LOBG 
LONG 
LOBG 
LONG 
LOBG 
LONG 
LOBG 
LOBG 
LOBG 
LOSG 
LOBG 
LONG 
LGN 
LOB 
LON 
LOB 
LON 
LOB 
LOB 
LOB 
LOB 
LOB 
LON 
LOB 
LON 
LOB 
LOB 
i O N 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LOB 
LUB 
LON 
LON 
LOB 
LOB 
LOB 
LOB 
LOB 

770 
780 
790 
300 
810 
820 
830 
8«0 
850 
860 
870 
360 
890 
900 
910 
920 
930 
9 «0 
950 
960 
970 
980 
990 
991 

1000 
1010 
1020 
1030 
10«0 
1050 
1060 
107o 
1080 
1090 
1100 
1110 
1120 
1130 
1131 
i mo 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
12«0 
1250 
1260 
1270 
1280 
1290 
1300 
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I P ( J . GE. S.AMD.J.LE.«») ! = • 
•>n 65 1 = 1 , * 
IKOn*T = TKOOBTO 
TC0!.= I C C l » 1 
A (IROORT) = » 1 B T ( J ) « P ( P > 
^IRDEMIKOTBTJ =I»OII 
c i in^x(moai iT) = i c o i 

65 CORTIHOE 
I P ( H 3 R R C H ( K ) . EO.T BRRCH (K) . AND. BBIRCH (K) . G T . 1 ) 

1 CALL CHARGE (P ( * ) , K . I C O L , I C O L 1 , R C O R . J , H, I O P T , & 6 0 ) 
P(*> = 0 
n =2* W-J 
I P ( J . L E . 2 ) I I = R - J 
ICOL=ICOl»RCOH(R-1) - I T 
IP(HB5RCH(R>. EQ.3.ABD. iBRBCH(R).EQ. 2) IO>L«ICOL+BCOfl(K-2) 
GO - o 7? 

7 0 rORTTRIE 
I C 0 L = I C 0 L O 

75 CORTIRUE 
TicooiiT=iKonrr»i 
A ( r r i O l T ) = - L A B I ( R , J i 
PT met (IRO05?) = I8O« 
CIROEX (KO01l?)=ICOI. 
IP ( J . EQ.9 .ABD.K.GT. 1) ICOL'ICOLI • J / » * R 
ZT ( J . E G . 9 ) GO TO 80 
I P ( R . EQ.1) TO TO 55 
ICOL=ICCL1*J/B«B 
GO T3 55 

80 COBTIRtlE 
C 
C 
C 

•>ATH»»T« I ARD J 

IR08=IROII»1 

IP ( E . 2 0 . 1 ) GO TO 95 
Q«P(M 

85 COBTIROP 
DO 9 0 1 = 1 , 2 
ICOL*ICCL»1 
IROOIT-»IR01RT»1 
A(IKO0BT)=»im(J) •UK) 
RIBDEX (IKOtJWT^IROR 
CIBDEI(IEOOBT) -̂ TCOL 

90 CORTTROE 
rr(R8R»ca(K). S D . I B R R C R ( R ) . A R D . B B B B C B ( R ) . G T . 1 ) 

1 CALL CHABG5{P(<C1 -*,ICOL,ICOL1,RCOR,J,R, IOPT,535) 
P(R)=Q 
ICOL*IC01.»RCOB(R- 1) - 2 
IP (iBRRCH (R). EQ. 3 . J5Dt IBRBCH(R).IQ. 2) IC0L*ICOL»BCOfl (1 -2) 
GO TO 100 

95 CORTIRUE 
ICOL=9 

1 0 0 COBTTBOE 
;ROORT=IKOOR?»I 
I P < 3 . E Q . 9 ) » ( I R O " R T ) = L A B X ( K , 8 ) *PRAC(IC,9) 
I P ( J . E Q . 1 0 ) A(IRONNT) = I » R X ( K , 8 ) « ( ^ . DO-PBAC ( E , 9 ) > 

LOB 1310 
LOB 1320 
LOB 1330 
LOB 13«0 
LOB 1350 
LOB 1360 
LOB 1370 
LOU 1380 
LOB 1390 
LOB 1391 
LOB 1400 
LOB 1«10 
LOB 1*20 
LOB 1«30 
LOB 1««0 
LOB 1«50 
LOB 1460 
LOB 1470 
LOB 1«80 
LOB 1«90 
LOB 1500 
LOB 1510 
LOB 1S20 
LOB 1530 
LOB 15*0 
LOR 1550 
LOB 1560 
LOB 1570 
LOB 1580 
LOB 1590 
LOB 1600 
LOB 1610 
LOB 1620 
LOB 1630 
LOB 16*0 
LOB 1650 
LOB 1660 
LOB 1670 
LOB 1680 
LOB 1690 
LOB 1700 
LOB 1710 
LOB 1720 
LOB 1730 
LDB 17«C 
LOB 17»1 
LOB 1750 
LOB 1760 
LOB 1770 
LOB 1780 
LOB 1790 
LOB 1600 
LOB 1810 
LOB 1820 
LOB 1830 
LOB 18«0 
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105 C 
C 
C 
C 

110 

115 

120 

125 

PI BOBI (IROOBT) = I BOB UJB 1 8 5 0 
CIBDBX (IXO0BT) = ICOL LOB 1 8 6 0 
I I « 1 LOB 1 8 7 0 
I P f J . E Q . I O ) 1 1 = 2 LOB 1 8 8 0 
I C O t - I C O L » I t LCB 1 8 9 0 
IROOBT*IROOB?»I im 1 9 0 0 
I P U . B Q . 4 ) 4 (IKOOBT)»- LBBX(R,J) LOB 1 9 i 0 
I P ( J . B Q . 1C) l ( IKOOBT)* 0 . D 0 LOB 1 9 2 0 
RIBDBI <IRCOBT) = THOB LOW 1 9 3 0 
CIBDBI ( HOOIT) xICOL LOB 1 9 1 0 
IP ( J . B Q . 1 0 . & B 0 . K . G T . 1) ICOL*ICOL1W/2*2 LOB 1 9 5 0 
I P O . t O . 10) GO 1 0 1 0 5 LOT I 9 6 0 
I P f R . B Q . 1 ) GO TO 30 LOB 1970 
l C O l = I C 0 H * J / 2 * 2 LOB 1 9 8 0 
GO TO 80 LOB 1 9 9 0 
COBTIBOB LOB 2 0 0 0 

LOB 2C10 
1TB BATS IT 1 BO t LOB 2 0 2 0 

LOB 2 0 3 0 
0 0 125 1 * 1 , 2 LOB 2 0 4 0 
raow=tBo»»i LOB 2 0 5 0 
J * J * 1 LOB 2 0 6 0 
I P ( K . B Q . 1 ) GO TO 115 LOB 2 0 7 0 
Q*P(K) LOB 2 0 8 0 
COBTTBOB LOB 2 0 9 0 
ICOL» ICOL *1 LOB 2 1 0 0 
IiCOOBT*IKOaBT*1 LOB 2 1 1 0 
l ( I R O O B T ) ~ L M B ( R ) * P ( R ) LOB 2 1 2 0 
BIBOBX(IKOQBT) =CTO» LOB 2 1 3 0 
CI BDEIfIKO0BT)«ICOI. LOB 2 1 * 0 
IP(BBEBCH(K). BQ. IBMCB ( R ) . I B D . BBBBCB (R) . G T . 1 ) LOB 2 1 5 0 

1 C U t C ( U S G B ( P < R ) , K , I C 0 L , I C 0 L 1 , B C 0 B , J , B , I 0 P T , B 1 1 9 ; LOB 2 1 5 1 
P ( * ) * Q LOB 2 1 6 0 
ICOt ••« XCOL •BCOB (K- 1) - 5 LOB 2 1 7 0 
I P (BBBBCB(K) .SQ.3 . BBO. IBBBCB(B) . BQ. 2) ICOl*ICOL*BCOB ( 3 - 2 ) LOB 2 1 8 0 
GO TO 120 LOB 2 1 9 0 
COBTIBOB LOB 2 2 0 0 
I C O l » 5 » I LOB 2 2 1 0 
COBTIBUE LOB 2 2 2 0 
IRO0BT*IBO0BT»1 LOB 2 2 3 0 
A(IROOBT) * L f t R I ( K , 5 » I ) LOB 22 BO 
81 BDE X ( I BOOR) - 1 BOB LOB 2 2 5 0 
CIBDBX (WOtJBT)*ICOL LOB 2 2 6 0 
IKO1BT = IKO0BT»1 LOB 2 2 7 0 
ICOL=ICCL*5 LOB 2 2 8 0 
1 ( 1 X 0 (JIT) = - L » B I { K , « ) LOB 2 2 9 0 
BI BDBI(IKOnBT)*tBOB LOB 2 3 0 0 
CIBDBX (IKO0BT)*IC0L LOB 2 3 1 0 
IP f l f . BQ.1) GO TO 1 2 5 LOB 2 3 2 0 
I C 0 l = I C 0 L 1 » J LOB 2 3 3 0 
COBTrBfF LOB 2 3 « 0 
SB 1 0 5 B LOB 2 3 5 0 
BBD LOB 2 3 6 0 
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SlpeQUTtMP. CI ( i ,RIRDEX,CIRDEX, ItOV, ICOL. I C O t l , IKOOT T . L M l 
1 P . K . J . 1 , S 3 ? R C H , IBRUCB.XO.BXO) 

C THIS SUBROOTIIB DET^RSI HES THE EITBIB5 OP TK» COEPP1CIBT 
C K4TPIX CO?EESFONDING TO TUB COHPIBTRKIT3 OP TBS SI TB&CT 
C 
C r , a u ( « l 
C 5 r L » » ( t ) - LtBBDt POB COBPRRTHEWT I QP GI TRtCT 
r 
c uniBno.t) 
C L * B » B ( I , 1) = LlflBD* OP feBSORPTIOB t l S POB D&OGBTEB I 
C U " » B ( T . ? ) - J.1HBD* OP R850RPTIOB I I S I POB DiOGBTBR I 
C L M U B ( 1 , 1 ) = L U R D I OP ftBSOSPTIOR I I OXI POB DftOGBTER I 
C I . » B » B ( I . * J = HBPDH OP RBSORPTIOB I I L l l PCB DUtJCBT Eft I 
C 

CTPLICIT R E 1 L » 8 ( » - H , 0 - Z ) 
I B M * * t * B I ( 1 0 . 1 O ) , l » H R ( 1 ( , I -»N»B(10.t lJ 
THTEGRB»2 5TIDEI (1 ) ,CTRDEX (1 ) 
DIVERSION 4 ( 1 ) , G I L * n ( « ) , P ( 1 ) ,BBBBCB(1) .IBBBCB (1) , 1 0 (1) 

C 
COflflOX/I ABIES/ LftlMB ( 1 0 , 4 ) , L i B X ( 1 0 , 1 0 ) ,OBGIB(10} , T t G ( 1 0 ) , 

1 I C O S ( 1 0 . 10) , I OPT, SCO HiJ 10) ,BISO,BOBG 
r 

niTB G U * ^ / 2 » . D 0 , 6 . D O . 1 . * « 6 1 53 8ft6D0 ,1 . D O / 
C 
C 
C SET I B T T I l t TULUBS POE ODE 
r 

I P (K.GT.1) SO TO Y, 
I P ( l r ) P T . E Q . 0 . O P . I O ? T - EQ.2J S O T O 15 
DO 10 1 = 1 , 1 X 0 
XO a ) = 0 . D 0 
I P ( I . E Q . I ) X 0 ( I ) = 1 . D O 

1 0 COITTIOE 
c 

15 COBTTRUE 
C 
C GI TRACT 
C STOH »CH 
r 

TRO»=IPO»»1 
J » J * 1 
TP « t . EQ.1» O *G ? S 
Q*P(K) 

2 0 CORTfUE 
ICOL=ICOL»1 
I R O O I T - I F 0 0 l ' r » 1 
»( SCOC*?) *tHHB (R) *P (R) 
Rf RDEI(IKOJIT) = IROI 
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CI SDEHHOISTJ^ICO: . 
IF(K3R4CH(«C).EQ.IBR»CH(K).ABD. ISRBCB(K) . G T . 1) 

1 CULL CfU»GE{? (K) , K , I C 0 L , r : : G 1 1 . « C 0 * , J , 1 , I C P T , « 2 0 | 
° ( « ) = Q 
IFtTOP?. eg.o» ic3L=icoL»icoarx-ij-i i 
IF (IO?T,BQ.. 1) ICOL=ICOl»BCO!l(S-1) 
I F < K B R 1 C ? ( K . . E 3 . 3 . » I O . I B a » C H (K) .KQ. 2) IC0I=ICOL»!ICOII(R-2) 
GO TO 30 

2 5 COBTT10I 
I F ( I O P r . E 3 . 0 | IC0L = 2 
I F a t l F T . E Q . 1 ) IC0L=1 

30 COHTI1UB 
I F aOFT.BQ.1J R0 TO 4S 
00 15 1 = 2. « , 2 
IKOCST=IK0fJlIT»1 
»(nroai?) =nmm,i) 
RI IIDEX(TKOa!rr) =f R0» 
CTBDEX |IK00»r) = ICOL 
TCOL=ICOL*T 

35 COITT i n ? 
ICCL=TCOt»3 
DO ttO 1 = 1 . 2 
tK001T = IKO ,WT*1 

PIIDKt(IKOOrlT) = IHOB 
c r » D B x ( i R o n i r } = i c o L 
ICOi. = ICOL*-J 

• 0 COBTIMOE 
45 CO «TIROE 

IKOUNT = IK00!! -»1 
A (Z«0UtT) = -C,tLkH(1) 
A( MOO*'*) = » ( I R 0 t m T ) - I . i B » B ( I C , 1 ) 
RI !TOBiriKOO«T)=TROII 
CIBDBX(IKOOBT) = ICOL 
I F (K.EQ.1) GO TO 50 
ICOL=ICOU*J 

50 COHTIBUE 
C 
c SI.OU.ttT 
c 

DO 70 1 = 1 , 3 
IR0W=IR0»»1 
,T= J» 1 
I F (K. 8 3 . 1 ) GO TO 6 0 
G=P{IO 

55 COBTtNOE 
IC0L=IC0L»1 
t KcnNT=IK00IIT»1 
A( TKOOBT) =LMB (KJ 
RI NDBX (IKOOBT) = IROil 
CIBOBX(IKOOIIT) *ICOI. 
A (IKO0BT)=I,AI!B(R) *P(K) 
IF(NBRHCH(fC).BQ.IBRNCn(K). tBD.IBBICB(R) -GT.1) 

1 CALL C H » H G E ( P ( M , K , I C O L , I C 0 L 1 , » C O B , J , • , I O P T , » 5 5 ) 
P(K)=Q 
ICOL= ICC1 ••COB (K- 1) - 1 

GI 4(J(J 
GI 490 
GI 49; 
GI 500 
GI 510 
GI 520 
GI 530 
GI 5 nO 
GI 550 
GI 560 
GI 570 
GI 580 
GI 590 
GI 600 
31 610 
GI 620 
GI 6 30 
GI 64 0 
GI 650 
GI 660 
GI 670 
GI 680 
GI 69C 
31 700 
GI 710 
GI 720 
GI 730 
GI 740 
GI 750 
GI 760 
GI 770 
GI 780 
GI 790 
GI 800 
GI 810 
GI 820 
GI 830 
61 840 
GI 850 
GI 860 
SI 870 
GI 880 
GI 990 
GI 900 
GI 910 
GI 920 
GI 930 
GI <u<) 
GI 950 
GI 960 
GI 970 
GI 980 
GI 990 
GI 991 
GI 1000 
GI 1C10 

http://aOFT.BQ.1J
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IP f*8P*0»(K) . Q . l . k l O . I S H V C d (K) -EQ.2) ICOL»ICOL*fCca(K-2) 
~,0 TO 6S 

10 conTiiinp 
IC0L=J-1 

65 COBTTIflP 
IKO0^T=TKO0IIT»1 
» ( BOOST) "GIL AP (I) 
•*i UDEKIKOOB?) =IRO» 
CIWOEI (HOOST) = TCOL 
ICOL=ICOI»1 
moniiT=iitco»T*i 
» (ROOST) =-GILA» (1*1) 
*(IKODII?) =»iIKOO»Tj -L»HAB(K,I»1) 
3 ITORT (IK00i?)=IRO» 
CT»DEI(IKOail?l = ICOL 
IP(K.EQ.1) GO TO 70 
ICOL=ICOL1*J 

70 co iTmnE 
c 

BET03H 
OD 

GI 10i0 
GI 1030 
SI 1040 
GI 1050 
GI 1060 
SI 1C70 
GI 1030 
GI 1090 
GI 1130 
GI 1110 
SI 1120 
GI 1130 
GI 11«0 
GI 11iC 
GI 1160 
GI 1170 
GI 113C 
GI 1190 
GI 12C0 
GI 1210 
GI 1220. 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SIIBB007TJE 38 GAB ( * , » I i D E I , : i » 0 E I , I t O t , I C O t , I C 0 t 1 ,IKC0iT, 
1 U n R , F , K , J , I , If BUNCH, I BRICK, ISOBS, 10,1X0) 

THIS S03R00TIIE DETEPBIBES THE EBTBIBS OP THB COBPPICIERT 
*»TRII COBRfcSPOBDIBG TO THE COHPABTflEBTS OP OTBBB 3BCABS OP 
T HE BOOT 

ICOH( 10, 10) 
ICOH(I,J) = SO, OP COafAHTHEUT 

ORGAH j 
AS(10 ,10 ) , T 9 S ( 1 0 , 1 0 l 

us (i,.n = COEP. op EXPOBEBTIAL or 
TBS(r.J) =PO»EF OP E, COHPARTHEBT 

POi DAPGSTEB I , 

rOflPABTHEBT 
I ORGAB J 

I , OBGAB J 

r<HW) 
T Sf XI - PRACTIOH OP THE 
TO BLOOD POR ORGA* I 

OUGHT IB BETBBBIBG 

IMPLICIT BEAL'ft (B'H,0~Z) 
PEAL** LHnX(10, 10) ,L»Hfl(1) ,LAHAB (10 ,») 
rPTE'5EB«2 RTMDBI(1),CINDET(1) 
DliEBSIOH A{1) , A S ( 1 0 , 1 0 ) , T B S ( 1 0 , 1 0 ) , I S ( 1 0 ) , ISOBS(1) , P ( 1 ) 

1 SB3iCH(1) , I B P B C H ( 1 ) , 1 0 ( 1 ) 

OBGAB 10 
OSGAR 11 
OEGAB 20 
OBGAB 30 
OAGAB 40 
OBGA* SO 
OPGAB 60 
OB6AB 70 
OBGAI 80 
OBGAB 90 
OBGA 100 
OBGA 110 
OBGA 120 
OBGA 130 
OBGA 1*0 
OBGA 150 
OBGA 160 
OBSA 170 
OBGA 180 
OBGA 190 
OBGA 200 
OKA 210 
OBGA 220 
ORG A 221 
OBGA 230 
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C 
c 
c 
c 

COSHOS/TABLES/ IASAB (1 C,«> ,IAH 1 ( 1 0 , 10) ,OBCBB( 10) ,TAG(10) 
1 ICO»{ 10 , 10) ,IOPT,IICOH(10) ,£ISO,BORG 
~ O M O * / P » K E I / sea 

0-R5B a"GW 

(IS ( I ) , I * 1 , B O R G ) 

AID T B f , S « ) 

tO*0 
IP(BORG.EQ.O) GO 70 8 0 
I P f f . G T . 1 ) P£AD(50 ,1001) 

1001 POWIAT(10I2) 
»» ITE ( 1 0 , 1 0 0 2 ) 

1 0 0 2 TO SB A ? ( ' 0 » . / / / / / , • I S O T O P E ' . U I . , O B G A B « , 5 X » , A " S 
WRITE ( 1 0 , 1 0 0 3 ) TAG(K) 

1 0 0 3 m w u r r ' # A 3 ) 
5SOR1=0.D0 
DO 6S 1 = 1 , 108G 
? E A D ( 5 0 , 100*) I S O P ? ( I » 8 ) , O B i i B ( I ) , I C O B ( K , I ) 

1000 P O M A T ( I 2 . A 8 . I 2 ) 
ICOHKI = ICOS(K,I ) 
S B A D { 5 0 , 1 0 0 5 ) ( A S ( J J , r ) , J J = l , I C O * K I ) , (TBS ( J J , I ) . JJ= 1, ICOBKI) 

1 0 0 5 P O P ! H T ( 9 P 1 0 . 0 ) 
B B I T E ( 1 0 , 1006) OBGRB ( I ) , (AS j J J , I ) , J J * 1 ,ICOBKI) , 

1 ( T B S { J J , I ) , J J - 1 , I C O m i ) 
100 6 PORN »T (• ' . l O X . A B ^ X , 1 P B E 1 2 . 3 , / , ( • • , 2 0 X , 8 E 1 2 . 3) ) 

S f J B - 0 . 0 0 
0 0 10 JJ=1 ,ICOSKI 
S 0 B = S U B » » ^ ( J J , I ) 

10 COBTTBOE 
SSORB^SBORB^SOH 
DO 60 BH=1 ,TCORKT 
IR0«=I?01I*1 
J = J » 1 
I F ( K . E Q . I ) GO TO 30 
Q=P( f ) 
TSB 1 

15 COB', f ine 
TSB=IS»»1 
DO 25 JJ=1,B3RG 
IC0«!KB=TC0B(IC-1,JJ) 
t?(IBBBCH(K) . G T . 1 . & I D . I S 1 . S Q . 2 ) ICOBKH=ICOB(K-2 , JJ; 
DO 25 RK=1,ICOH*B 
CALL FAKE 
ICOL=£CCLM 
rKOOBT=fKO0BT*1 
A(DTOOBT) = I S ( J J ) * H B ! » ( l f ) * l S ( H 8 , I ) » P ( K > 
I P ( I S ( J J ) . E Q . 1 ) GO TO 20 
I F t f J . E Q . I ) A ( IKOOIT)*! ( I K O 0 B I ) » ( 1 . D 0 - I S ( J J r ) • 

1 LMr'(ft) * A S ( B B , I ) / S O B » P f i r ) 
2 0 COBTIBOE 

RINDEX (IKO01T) = IH0N 
CI K>EX fIKO0Jff) = ICOl 

25 COBTIBOE 
IP(NBRBCH(K). EQ. IBBMCB(K).kBD.BBBICH(K).GT.1-; 

1 CALL CHA»GE(P(K) ,K,ICOL,ICOL1,BCOa,J ,B , IOPT,S15) 
? (K)=Q 

OBGA 2 * 0 
03G» 2*1 
OBGA 25C 
OBGA 2 6 0 
ORG A 2 7 0 
OBGA 2 8 0 
ORG A 2 9 0 
OEGA 3 0 0 
OBGA 310 
OBGA 3 2 0 
OBGA 3 3 0 
OBGA 3 * 0 
OBGA 350 
OBGA 3 6 0 
OBGA 3 7 0 
OBGA 380 
OBGA 3 9 0 
OBGA « 0 0 
OBGA • 1 0 
OBGA * 2 0 
OBGA 4 30 
ORG A • * 0 
O M G A • 5 0 
OBGA * 5 1 
OBGA • 6 0 
OBGA • 7 0 
OBGA • 8 0 
OSGA • 9 0 
OBGA 5 0 0 
ORGA 5 1 0 
OBGA 5 2 0 
OBGA 5 3 0 
OBGA 5 4 0 
OBGA 5 * 0 
OBGA 5C0 
OBGA 5 7 0 
OBGA 5 8 0 
OBGA 59ft 
CBGA 6 0 0 
OIGA 6 1 0 
OBGA 6 2 0 
OBGA 6 3 0 
OBGA 6 * 0 
OBGA 6 5 0 
OBGA 6 6 0 
OBGA 6 7 0 
OBGA 6 8 0 
O R A 6 9 0 
OBGA 6 9 1 
OBGA 7 0 0 
OBGA 7 1 0 
OBGA 7 2 0 
OBGA 7 J 0 
OBGA 7 « 0 
OBGA 7 « i 
OBGA 7 5 0 



39 

I P (MB **(*!!(«) . E J . K f t B n . I B B R ? H ( R ) . E 0 . 2 ) XCOl'ICOL* ICOR ( R - 1 ) 

10 CORTIRLE 
TCOL=0 

15 COBTIROE 
ICOL=ICCL»1 
I F ( I O P T . E Q . I ) GO TO 95 
I P ( I O P T . K Q . 2 | GO TO 55 
DO *0 JJ=1,5.2 
IKOMT = IROORT»1 
A (iKO0RT) = t k ^ i ( R , j j ) * k s (nn, i ; 
91RDEX IBOHIT) = IPO« 
CI R5EX(II100*7| =TCOL 
ICOL-ICOM? 

J»0 O R T H ^ E 
i r 0 t = I C C T > 2 
I*OURT = IK09RT»1 
»( iKO0i i r ) = L » I I ( K , 9 ) •is (nn. t | 
PIRDSX {ITO0RT)=IKOR 
CIRDEX( WOORT) - irOL 
IC0L=IC0L** 

• 5 O0HTIR0E 
PO 5 0 J J = * , « 
K0t lRT = WOf?IT*1 
* ( T K 3 0 B T ) * U M B ( K , J J ) * R S (BH. I) 
'IfcDEX ( I K O t « T ) = I ? 0 » 
CI RDEX(IKOORT) =ICOL 
ICOL=IC0L*1 

5 0 C O B T I I D E 
5 5 C O I T I B O E 

TO=IO*I 
I C O t * I C 0 L - 1 » I 0 
I 5 00RT = IKOORT»1 
ft (IKOrRT) = - T B S ( H B , I | 
PI»DE» (PrO0NT) = IPOt 
CHOBX(IKOOBT) = TCOL 
I P ( F . E Q . 1 ) GO TC 60 
I P ( I O P T . B Q . O ) I C 0 t = I C 0 L l * 1 6 
I P ( I O P T . S Q . I ) ICOL=IC0L1»« 
I P ( I 0 P T . P Q . 2 ) ICOL=ICOL1 

60 CDR7IR0E 
*5 

c 
c ; 
c 

CORTTROE *5 
c 
c ; 
c 

î T IRITIftl 71LUES PO? ODP 

*5 
c 
c ; 
c 

IP(K.GT.I) GO TO 80 
IP (lOPT.BQ.O.OB.TOPT. EQ» 1) GO TO 80 
1=0 
DO 70 IRO*1,ROSG 
ICOBKI=ICO".(K,{RO) 
00 70 ICIM1, ICOHRI 
I»I»1 
TO (i) =»? (icn, mo) /SRoan 

70 CORTIRflE 
IOP1 = IOO 
OO 75 I=IOP1,HX0 

ORG: 760 
O K I i 770 
OIG1 780 
OBCJ i 790 
ORG* 800 
ORG! . 810 
ORG A 820 
O K A 830 
ORSI i 8 * 0 
OBGI 850 
OBGI L 860 
CAGA 870 
ORCA 880 
OBSI i 890 
0R6A 900 
O K I i 910 
ORG A 920 
O K I 930 
O K I . 9 * 0 
OBGI 950 
OBSI » 96 J 
OBGI I 9',G 
OKA 980 
OBGI i 990 
OBS 1000 
OB» 1010 
OBG 1020 
ORG 1030 
OBG 13*0 
O K 1050 
OBC 1060 
013 1070 
OBG 1080 
O X 1090 
ORG 1100 
O K 1110 
ORG 1120 
OBG 1130 
OBG 11*0 
OBS 1150 
ORG 1160 
ORG 1170 
OBG 1180 
OBG 1190 
OBS 1200 
OBG 1210 
ORS 1220 
OSS 123J 
UBG 12«0 
OBS 1250 
OBG 1260 
OBS 1270 
OBG 1280 
ORG 1290 
OBS 1300 
OBG 1310 



90 

1 0 ( 1 ) = C.DO 
1" CCBTTBOE 
no COHTTRO! 

IP ( I 0 F T . B Q - 3 ) MC0R(R) = T 0 O 6 
I F i I O P T . E Q . 1 ) RCnfl(R) =IO*l» 
I P ( I 0 P T . E Q - 2 ) 
1RT0?!I 
ESD 

BCOH(K) = IO 

OBG 1320 
OSG 1330 
JBG 1340 
OB3 1350 
OSG 1360 
OBG 1370 
OB3 1380 
OBG 1390 

SOBEDOTIBS TBI(T,B) TBI 10 
IRPLICIT R&IL«8(A-B,0-Z) TU 20 

C TBI 30 
C THIS SOtBOUTIBB P6IBTS BICROCG BIB-DIIS POB BICH IBI 40 
C TIBE IBTERTM. TBI 50 
c r u 60 
C BOBS - BOBBER OF ORG1BS (EXCLODIBG tOBG U D Gl | I I I 70 
C ICOR(I,J) - B9. OP CORPM TSEBTS POB DI06BTEB I , ORG IB J IBI 80 
C BCOR(I) - iO. OF C0HPI8TRBBTS P"»R OIOGRTBR I TBI 90 
C BI30 - BTHBBR OP PtEHEkTS TB THE CHIT* TBI 100 
C L U I ( I , ] | - LB2/(HILPTtBE OP LIOGHTEk I IB COBFIRTHKBT J) T i t 110 
C 093M (I) - RIBE OP ORGIB T H i 120 
C I I G ( t ) - ITORIC STRBOL kBD ITOHIC B0HB3B POB TK 1J0 
C DAOGHTB? I TBI 1*0 
C TBI ISO 

REIL-8 TIG,11BX,1(10,">1) ,OR3BB,lABIB TBI 160 
CO BBC B/T ABIES/ LIHIB(10,«) , LIHI (10, 10),ORGBH (10),TIG(IO) , l i t 170 

1 ICDH (10,10),IOPT,BCOB(10),BISO,BORG TU 171 
COHBOB/PBIBT/TPRL(10) ,DTP2(10) ,TPH BT TBI 180 
DI HBBSIOB T(1) TBI 190 

C TBB 200 
C PBIBT SO10TT0B TECTOR T TCI 210 
C TBI 220 

PRIBT 1001,TPRIBT,(T(I) ,1=1,B) TBI 230 
1001 POBB*Tt ,0T=»'1PB16-9 r3»«T POLLOBS«/( 1P6B19. 10)) TBI 2*0 

*=0 TBI 2S0 
C TBI 260 
C 1 ( 1 , 1 ) - BP RCGIOB POB DI OGBTBR I IBI 2 70 
C X(T,2) - TB BE6I0B FOR DIOGKTER I TBI 280 
C X ( 1 , 3 ) - P REGIOB FOR DUIGBTEP I TBI 290 
C 1 ( 1 , H) - LTHPH FOR DIOGHTZS I TBI 300 
C 1 ( 1 , 5 ) • STOfllC* FOR DWG8T5R I TBI 310 
C 1 ( 1 , 6 ) - SI FOP DIOGRTBR I TBI 320 
C X ( I , 7 ) - Oil FOR OIOGHTER I TBI 330 
C 1 ( 1 , 8 ) - LLI FOa DIOGHTBB I TBI 34 0 
C 1 ( 1 , J) - COSPIBTHEB? J ( J » 9 , 1 0 , . . . 18 ) FOB I/IOCBTER I TBI 350 
C 1 ( 1 , 1 9 ) - RICROCCTRIBS EHTERIBG BLOOD FFOB LOBGS F?B 0*OGBTBR I TBI 360 
C 1 ( 1 , 2 0 ) - fllCPOCITDIES EBTERIR~ GI PJOH LOBGS FOR DIOCBTER I TBI 370 
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c i(i,.?i> - nicsocopirs ERTERIBG BLOOD PROS GI POP DAUGHTER I 
r 

no us T = I , « I S O 
I P ( I 0 P 7 . B Q - 1 . 0 P . I O P T . ^ 0 - 2 1 3 0 TO 10 
1 ( 1 , 1 > = t ( i » n ) » f a*K) 
X ( I , 2)=T ( } • * ) *T ( • • R ) * T ( 1 1 * R ) » T ( 1 2 » * ) 
X ( I , 3 ) =T(5*K) •Y(6»K) »T(7»K) • T ( » * K ) 
I ( I , * ) = T ( 4 » K ) * T ( 1 0 » K ) 
GO TJ IS 

10 COBTTRHE 
1 ( 1 , 1) = 0 . 
I ( T , 2 ) = 0 . 
1 ( 1 . 1 1 = 0 . 
I ( T , * ) = 0 . 

IS COB^IHOE 
I P ( I O P 7 . E Q . O ) I0RG=12 
IP a ^ ^ ' - K C - l ) IORG=0 
I f f IOPT.EQ.2) GO "D 25 
0 0 2 0 J=1 ,» 
X( I , J » « ) =T(I3BG»K»Ji 

2 0 C o m » n E 
GO TO ' 0 

7 5 COBTTWUE 
1 ( 1 , S » = 0 . 
X ( I , 6 ) = 0 . 
I ( T , 7 ) = 0 . 
1 ( 1 , 1 ) = 0 . 

3 0 C0BTIRC» 
If(RORG.ZO.O) GO TO 40 
ICO«TJ»P 
DO 35 u= l ,N3RG 
I I ^ T C C " I J * 1 
ICOSIJ = I C O B ( I , J ; •ICORIJ 
I ( I , J * R ) = 0 . D 0 
I P t I O P T . B Q . 0 ) IORf; = 16 
I P ( I O F * . R C . 1) IO8G = 0 
I P ( l n P T . E G > 2 ) IORG=0 
DO 35 H=TI, ICOHIJ 
X ( I , J « f l ) = X ( I , J » 8 ) » T ( I 0 R G » K » B ) 

35 COBTIROE 
• 0 CORTTROB 

I P ( I 0 P ? . E Q . J) X ( I , 19) -T(1»K) • t » B X ( I , 1 ) » T ( 3 » R ) * t * B I ( I , 3 ) 
1 • T(5»R) *LARX(I ,5) »T(9»K) *LARX ( 1 , 9 ) 

IP ( IOPT.EQ.0 ) J ( I , 2 0 ) = T (2»K)*L1BX ( I , 2 )»T(«»K) • t » R I ( I , » ) 
1 »T( 11*R) * I A B X ( I , U ) »T(12*K) • L t H X ( I , « ) 

IP aoP*" .BQ.O. CR.IOPT. EQ. 1) X ( I , 21) =1 { I , 5) * 1 U AB ( I , 1 ) 
1 *« ( I , * ) * t » 8 A B ( I , 2 ) * I ( I , 7 ) « L A R A B ( I , 3 ) » X ( I , 8 ) *LABAB(I ,« ) 

K=K*RCOH(I) 
• 5 COBTIROE 

» P I T E ( 10 , 1002) TPR1RT 
1 0 0 ? POBH»T(MT = ^ I P E I O . * ) 

I f ( I O P T . B C . 0 ) HP ITE ( 1 0 , 1 0 0 3 ) TAS {1) 
100 1 PORR»T( 'OB^CROCnRIES-DATS fROB IBBALATIOB Of • , A 8 ) 

i r ( I O P T . E Q . I ) W R f E ( 1 0 , 1 0 0 * ) T»C(1) 
100 0 fORB»T(«OBICROC0R IB-DATS fRON IBGRSTIOI Of • , * * ) 

IP ( IOFT.PQ.2) B R I T E ( 1 0 , 1 0 0 5 ) TAG(1) 

TBA 39(i 
TRA 390 
I U • 00 
T i l • 10 
TBA • 20 
TBt • 30 
T B I • • 0 
I I I •SO 
TB* • 60 
T H • 70 
T B I •SO 
TBI • 90 
TBA 500 
TBI 510 
TBt 520 
T B I 530 
TBA 5«0 
TBA 550 
T U 560 
T B I 570 
TBA 580 
TBA 590 
IBA 600 
TBA 610 
TBA 620 
TBA 630 
TBA 6«0 
ra 6S0 
TBA 660 
IBA 670 
TBA 680 
TBA 690 
TBA 700 
TBA 710 
TBA 720 
TBA 7 JO 
TBA 7«0 
TBA 750 
TBA 760 
TBA 770 
TBA 780 
TBA 790 
TBA 791 
TBA 800 
TBA 801 
TBA 810 
TBA 811 
TBA 820 
TBA 830 
TBA 8«0 
TBA 850 
TBA 860 
TBA 870 
TBA 880 
TBA 890 
TBA 900 



T * 

IOCS Pr>.?«jr('0«!ICROC02IE-DITS P30H IBJECTIOB OP ' . I S ) I U 910 
IPCIOP-.BQ.OJ HPITB(10,1006) TBI 920 

ioo*» p o B « " ( , 0 L 0 K ; s « , 5 9 i . » i i t c t o c a R i , s a r t i n c ' / I U 930 
1 • * , * 7X, * BLOOD* , ? X . * G I ' / ' ISOTOPE*,6X,*B-P' ,9X,*T-B' ,101 , Tit 931 
2 ' P ' . S I . ' I T B P H ' ) TBI 932 

00 53 1 - 1 . « S O TU 9*0 
IP(I0P?.EQ.0) B»I?E( 10 .1007) T I G ( I ) . ( X ( I , J ) , J » 1 . « ) , 1 ( 1 , 1 9 ) , 1 ( I , 2 6 ) T B I 9S0 

so c o m u n e r a 960 
lOO"* roP9»? {• *,A3,ft (2X,1PE10 .« ) ,1O2,E10 . ' i , 2 l ,E1O.«t TU 970 

IP(IOPT.EQ.0.O?.TOPT.BQ.1) RITE (10,1 008) r i l 990 
1009 POPS* r CO*//* OKI TBICT*,56l,*aiCBOCl*TtS ERTEPIBG*/* * .*7X, TH 990 

1 'BLOOD'/• ISOTOPE', UX,* STOMCB * , 7 » , * S . I . * , 7 I , ' O . L . I . * . o I , T i t 991 
2 ' L . I . T . M T i l 992 

DO 5* T=i,9ISO II* 1000 
t r f i D P ' . B o . o . o r . i o P T . E o . i ) m i T S ( l o . i 0 0 7 ) n c r i i , r u 1010 

1 ( X ( I , J ) . j = 5 , 8 ) , X ( I , 2 1 ) I I I 1011 
55 c o r n * HE TB» 1020 

ROBGPa=IIO(K:*9 TBI 1030 
tP(ROBS.»g.0) «0 ? 0 6-; TBI 1090 
• ? I 7 E ( 1 0 , 1009) (09GBH(I) ,I*1,B0RG) T i l 1050 

- 0 0 « POPIITf'OV/'OOTHEl O 3 C I B 3 V 0 ISOTOPE', 51 , 10 (18, M ) ) TBI 1060 
DO 60 1 = 1. S ISO TBI 1070 
8PI?E(1C, ICIO) ?»G(I) , ( X ( I . J ) ,J*9,BOEGW) TBI 1080 

1010 P08IUTC • , M ,10 (1X.1PE11.*;) TBI 1090 
60 C0BTI90E T i t 1100 

C»LL OTHER (X) IU 1110 
61 COBTIBIE TBI 1120 

tSITZ(16) TP3IIT TBI 1130 
IP<IGP?.EQ.O) I3PS=1 TBI llftO 
t P d O P ' . E C . H IOBG=1 TBI 1150 
IP(IOFT.EQ.2) IOBG=1 TBI 1160 
DO 70 I=l,»TSO TBI 1170 
• P I T (16) (X(T,J) ,JztOR~,B0RGP8) TM 1160 
IP(IDPT.eO.O) WPITE(16) 1 ( 1 , 1 9 ) ,X(T ,20) , 1 ( 1 , 2 1 ) TBI 1190 
•PITS (7 ,1011) (X(T,J) ,.*=IORG, SOBGP8) TBI 1200 

1011 P0RH»T(1P9E10.3) TBI 1210 
70 COBTTHOE TBI 1220 

HE TOP H TU 1230 
BID TBI 12«0 

SflBROaTDJE 0*HEB(X) OTP^B 10 
C JTHEB 20 
C PBFP3PHS OTHER TISSUES TBIHSPOPRITIOB OTB EB 30 
C OTHER «0 

PE»L*8 TAG,LA*iI,X(10,1),ORGRH,TBOD/*T. BOOT V,LIHIB OVER 50 
CORHOB/TIBLES/ LIMB (10,ft) ,LIBX (10,10) ,OPG*S(10) ,TIG(10) , OTBtB 60 

1 lCO«irO,10) ,T1P»,HCOB(10),HISO,»OBG OTHER 61 
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SO. . » O 0 . . 2 O 0 . . 1 ) 5 . , 3 1 0 . , 1800. 
. 1 0 0 . , t t O O O . , 1 0 0 0 . , 1 5 0 0 . . 1 5 3 9 . 

P»*L ?*»SS ( 2 5 ) / 2 ^ 0 . , 
1 1 0 0 0 . , 0 . , 2 « « 0 0 0 . , ' . 1 
2 2 0 . , 7 0 0 0 0 . , 0 . , 1 « . / 

DIHEHSIOf IOTHE7 (10) .OTHTI^JIOl 
• 0»Gm =»OBC-1 
9E«D(S0, 1001| • OTOP,(IOTHEF(I) ,1 -1 , •OP<;H1) 

1001 POtB»T(«0I2) 
IFffOTOP.EQ.D) BETOBa 
SB»SS=0. 
!>0 10 T=1,HO»C*1 
3* *S5«-H»SS»?H»SS(rOTf ,»B ( t ) ) 

io comnoz 
oo i s T = I , I I : ; O 
< v r m s ( i i = » ( i ,ft*»o»c) 
t ( i , «»*oBf ; )=3 '"r '5 ( i ) / , m a s s (2 J ) - S ! u s s j *ra»ss (23 i 
DO 1S .T=1 »OF<H! ' 
1 ( 1 , ^ J)-t (! ,<»•.))-TSKS (IOrH»!»(J))»OT!friS(P / 

1 (TS»S5{23)-S*1SS» 
is corrnir 

• SIT? (10.1002) 
r o w * - ! nar?E» m i s r o p i u n o i 1 ) 
WI7E (10 ,1003) (0<tftM(I),I=1,l03GH1),TtOD 

10M FOHUrf' • , 1 ? I , 1 0 ( » f l , » D ) 
•0HG?8 = II01G»'* 
oo 20 I = I . H T S O 
»»IT5(T0, 100%) T»G(I) , { ! ( ! , . ' ) ,J=9.H0R6P8) 
POWIH?(« • , M , 1 0 ( 1 f . I P t ' . l . • ) ) 
C0HTIII1F. 
SET1RW 
EID 

100 2 

1004 
20 

. 8 5 . , 0 . , OTBES 70 
, 2 6 9 0 . ,180 . ( 35 . ,OTHEB 7'. 

OWE" 12 
OTHEB 80 
OWIR 90 
OTHE 160 
DTHE n o 
OWE 120 
OTHE 130 
OTHE 1*0 
OTHE 150 
OTHI ISO 
OTHE 170 
OTHE 190 
OWE 190 
OTHE 200 
OWE 210 
OTHE 211 
OTHE 220 
OTHE 2 3 0 
OTHE 2*0 
OWE 250 
OTHE 2*0 
OTHE 270 
OWE 280 
OTHE 290 
OWE 300 
OTHE 310 
OWE 320 
OTHE 330 

C 
C 
c 

SOBF30TWE IEDtZ(IC0L1,ICOH,K,IH,XI) 

D8TKPBHES FIRST COL7(111 FOS THE DftOSHTEf 

n i n n s ion RCOR(I ) 
IF (TR.GE.2) SO TO 10 
ICOL1 = ICOl 1 •ICOH (f - 1) 
RE TOR* 

io c o r r i P i E 
IF (IH.HC-TT) GO TO 1S 
TF(II.EO.I) BETWW 
• COLl=ICOL1*»COB(<?-2) 
FETOR* 

15 COITIBTE 
ICOt1=IC0L1*BCOH(K-1)»aCOB(K-2) 
PRTnSB 

IHDB 
IBDII 
n o n 
IHDIf 
H O D 
IHDII 
i i o t x 
IHDII 
H D D 
I HOE 
IfOE 
IHDf 
IEOE 
IiOE 
IHDB 
I1DE 

10 
20 
30 
• 0 
50 
6 0 
70 
80 
90 

100 
110 
120 
130 
1*0 
150 
160 



n o I I D I no 

SOBP3DTIIE C*BBGE(P,K,ICOL,rCOL1,C€0l,J, l , iaPT,«) 
c 
r 
c 
c 

S*?S IP TK* 4«ftlC9IIG CASES ( 2 , 2 ) t l D ( 3 # 3 | 

DI8EIST0I BCOH(1> 
coBdos/srrcH/ ISWTCH 
TSlTCH=TSf-CH»1 
p = 1 . 
IP(ISI?C«I /2*2 .E3 . ISITC« 9E?0BI 
I f (IOFT.EC.*> CO TO 10 
I f (IOPT.E0.2) «0 "TJ ?< 
r r ( j . ie.a> rcot=icoi.i*»c«i(!f-2)«(J-i|/»»B 
If ( J . E C - 9 . 0 8 . J. BO. 10» ICOl?ICOL1»ICOII(K-2) • ( J - l i / 2 * 2 
TP(J.GE. 1 1 . H D . J . L E . 1 6 ) IC0t=IC011» K O I ( t > 2 | • ( J - 1 | 
TP(J.GT.16| rCOL=tCOL1«16**COI(K-2> 

io COITIBUP 
t f ( J . S E . 1 . M D . J . LE.») IC0UIC0L1«fC0f>(K-2) * (J- 1» 
tf(T.GT.«J ICOL=tCOL1*«**COII(K-2) 
aETO^I 1 

" COiTItOE 
I C0L = IC0t 1*IC0H (K- 2 | 
PETU5« 1 
WO 

CUBG 10 
CUBS 20 
caac JO 
C U I G «0 
C I I K SO 
CI1IG 60 
C I I K 70 
C U I G 80 
CUIG 90 
C M 100 
C l l l 110 
C U I 120 
C H I 130 
C U I 1*0 
C U I ISO 
C U I 160 
C U I 170 
C U I 180 
C U I 190 
c a n 200 
C U I 210 
CBAI 220 
CBAI 230 
c a n ?%o 
c a t i 2S0 

c 
c 
C 
C 

S0BP30THIE PUKE 

CULLED BY SOBEOHTtlg OkGtl TO 17010 i ZftO DIflOE GEIEPITID 
BT THE 0PT*2 VERStOa Of THE B-LEf PL COUP a IS 

con.io(/r»rei/ son 
R E I t ' A S0R 
RE las* 
BUM 

m i 
PIKB 
PIKE 
PMC 
m i 
p«n 
PIKE 
PIKE 
m i 

10 
2 0 
30 
• 0 
SO 
60 
70 
80 
90 

http://IOFT.EC.*
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IXBB TITIE 'SOLTE 41* B BBEBE A IS A COB PACT A B L3BES TBI.SATBIX* ABB 10 
AXEB ST AST 0 AXBB 20 
• CUL I C 9 ( l , I , a , ! I D U , l ) AXEB 30 
• A IS AB • BT B L3BEB *IIABG0LA» B A TBI I . THE TBCTOB A COBSISTS AIEB 90 
• O f TH! ROS?*RO BBTBIBS TB A STORED SEQO BBTIALLY BT «DBS. ABB SO 
• SOLVE LIB EAR STSTEB OP BQ0ATIOB5. AIBB 6 0 
• • • • • IT TS ASSUMED TEAT THE SAX. BO. OP BOBXBBO EBTBIES IB A BOB OP A BIBB 70 
• * • • • IS .LB. 5 2 . BOBEOTEB, t»E 01 AC BBTBIB5 ABB BOBtBBO. AEEB BO 
• • • • • »T BOS? SI SnflBABDS IB SOBL AXBB 90 
A E9H 1 ABB 100 
X EQf 2 AXEB 110 
S EJO 3 ABB 120 
IBM A B30 * UEB 130 
TBD1» EOO 5 B B S 190 
IIBC BOa f AXBB ISO 
I EQO « U S B 160 
J EQO 9 ABB 17C 
8ADDS BQO 10 AIBB 1*»J 

OSTK AXBB,IS ABB 190 
STB 1«, 12, 12(13) AIEB 200 
IS 1 . 5 , 0 ( 1 ) ABB 210 
LA I M C , » UEB 220 
L 7 ,0 (5) B ABB 230 
LA 0 ,16 UBB 2«0 
SLA 7 ,3 BB ABB 2SO 
S* 7. IIBC 8 (1 -1 ) UBB 260 
St 1 ,1 ABB 270 
LP 5 ,9 UBB 280 
LA BADDB,POIBT*1« ABB 790 
S» A, IIBC A * A » D ( A ( K - 1 , R - 1 ) , R ~ 1 , . . . , B UKB 300 

•-OOP SD9 0 , 0 POM S0BL~S0N ( J » 1 . . . . , I - 1 ) k ( I , J ) « I ( J ) ABB 310 
• POR I « 1 , . . . , l . AXBB 320 

L 11,«(TB01«) UBB 330 
B 0 (BADDB,11) ABB 340 

• • UBB 350 
• • ABB 360 

L J,«00(IBDIA) AT LEAST 51 UBB 370 
10 6 , 4 0 8 ( 8 ) ABB 380 
NO 6 , 0 ( 1 , J ) UBB 390 
SOB 0,6 ABB 400 
L J . 3 9 2 ( I B 0 I A | AT LEAST SO UBB 410 
U> • , • 0 0 (A) ABB «20 
«D « , 0 ( I , J ) UEB 430 
SDR 0 ,4 ABB MO 
L J,384(IBDIA) AT LEAST #9 UBB •SO 
LD 2 ,392 (A) ABB «60 
HO 2 , 0 ( 1 , J ) UBB «70 
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SD» 0 , 2 
L J , 3 / 6 ( H O I H IT -E1ST 18 
U 6 , 3 8 1 ( 1 ) 
ID 6 , 0 ( 1 , J) 
SDt 0 , 6 
L J,36ft (I9DIl« IT LEAST «7 
t 9 9 , 3 7 6 ( 1 ) 
IB « , 0 ( I , J | 
SO" 0 , • 
L J,360(IIDX1) IT U t n « i 
U> 2 , 3 6 8 ( 1 ) 
no 2,0(1,JI 
SD9 0 , 2 
L J , 352(11011) I I LMST 95 
ID 6 , 3 6 0 ( 1 ) 
« 0 SOfX,J» 
so a 0 , 6 
L J , 3 « « ( I I D I 1 ) I T U 1 S T M 
LD 1 , 3 5 2 ( 1 ) 
HO 4,0(X,J) 
509 0 , 1 
L J , 3 3 6 ( M D X 1 ) I T LEI ST 13 
U> 2,3*1 (!) 
10 2.0(1. J) 
SO? 0 , 2 
L J , 329(11011) I T LCI ST «2 
U> 6 , 3 3 6 ( 1 ) 
HD 6 , 0 ( 1 , J ) 
SDS 0 , 6 
I J , 320(11011) I T L f l S T 11 
tO *.?ZtHl) 
BO 9.0(1,J) 
SOS 0 , » 
L J , 3 1 2 ( » 0 I 1 ) I T L f l S T *C 
ID 2 , 3 2 0 ( 1 ) 
HO 2 , 0 ( 1 , J) 
SOB 0 , 2 
L J , 3 0 « ( I 1 D I 1 ) I T L » S T 39 
LD 6 , 3 1 2 ( 1 ) 
HO 6 , 0 ( X , J ) 
SO* C * 
L J . 2 9 6 < I 1 D I 1 ) I T L f l S T 30 
LD 4 , 3 0 1 ( 1 ) 
HO «.0(I,J) 
SD» 0 , 1 
L J , 2 8 8 ( I « D I 1 ) I T L f l S T 37 
LP 2 . 2 9 6 ( 1 ) 
BD 2 , 0 ( 1 , J ) 
SD» 0 , 2 
L J . 2 8 0 ( 1 1 0 1 1 ) IT LEI ST 36 
LD 6 , 2 8 8 ( 1 ) 
80 6,0(1, J) 
SD4 0 , 6 
L J ,272(110X1) IT LE1ST 35 
LD 1 , 2 9 0 < l | 
NO « , 0 ( X , J ) 

11 EB 180 
1X1B • 9 0 
1XKB 500 
ixta 510 
U I B 520 
1XIB 5 ) 0 
H f B 590 
IS E l 550 
1IEB 5*0 
IX EB 570 
1 K B 580 
IX EB 590 
l i e s 6 0 9 
IX EB 610 
l ira 62 0 
IX EB 6 ) 0 
1XBB 690 
IX EB 650 
1 K B 660 
IX KB 670 
1 K B 680 
IX XB 690 
I B B 700 
IX EB 710 
I B B 720 
11 IS 7 ) 0 
1XEB 790 
IX EB 750 
l O I 760 
IX EB 770 
I B B 780 
IX EB 790 
lEXB 800 
U I I 810 
I B B 820 
11 EB 830 
I B B 8*0 
U I I 850 
I B B 860 
11BB 870 
I B B 880 
IX EB 890 
I B B 900 
IX BB 910 
I B B 920 
IX BB 930 
I B B 990 
IX BB 950 
I B B 960 
IX KB 973 
I B B 980 
If BB 990 
I B 1000 
11 E 1010 
I B 1 1020 
11 E 1030 
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5D2 0 ,« U t 1090 
T. J , 2 $ « ( I * D X A ) AT LEAST 39 AXE 1050 
LD 2.272(A) AXE 1060 
HO 2 , 0 ( I . J ) A I t 1070 
SDK 0 . 2 AXE 1080 
t J ,216 (TBDXA) AT LEAST ») A IE 1090 
LO 6. 2 6 « ( * ) AXE 1100 
TO 6 . 0 ( 1 . J) A IE 1110 
«D9 0 .6 AXE 1120 
L J . 2 « 8 ( I B D I A ) AT LEAST 32 AXE 1130 
LO » . 256(A) AXE 11*0 
TO » .0 (X .J ) A D 1150 
: ;D? 0 . » A X E 1160 
L J , 2 * 0 ( INDIA) AT LEAST 31 I O 1170 
LO 2 , 2 * * ( A ) AXE 1180 
TO 2.3 (I.J) I B 1190 
SV>. 0 , 2 AXE 1200 
L J .232(TBDIA) AT LEAST 90 i n 1210 
LD 6 ,2«0(A) AXE 1220 
TO 6 , 0 (X .J ) AXE 1230 
SO? 0 .6 AXE 12«0 
L J.22A (I9DXA) AT LEAST 29 AXE 1250 
LO 9 .232(A) AXE 1260 
TO 9 . 0 ( X . J ) A D 127o 
SDK 0 . * AXE 1290 
L J , 2 1 6 ( I I D I A ) AT LEAST 28 AXE 1290 
LD 2 .224(A) AXE 1300 
TO 2 , 0 ( X . J ) AXE 1310 
5DP 0 , 2 AXE 1320 
L J . 7 0 8 I I B D I A ) AT LEAST 27 A l l 1330 
LD 6 .216(A) AXE 1340 
TO 6 . 0 (X .J ) I B 1350 
5 0" 0 , 6 AXE 1360 
L J,200(11101 A) AT LEAST 26 I B 1370 
LD 6 .208(A) AXE 1380 
TO 6.0 (I.J) AB 1390 
SOB 0 , 4 AXE 1600 
L J .192 (IBDXA) A? LEAST 25 A t t 1*10 
I P 2 .200(A) AXE 1620 
* T < 2 , 0 (V .J ) A n 1430 
SOP 0 , 2 AXX 1 M 0 
L J ,194 ( INDIA) AT LEAST 24 AXE 1450 
LO 6 .192(A) AXE 1*60 
TO 6 . 0 ( I . J ) A n 1*70 
SD* 0 .6 AXE 1*80 
L J ,176( IBDXA) AT LEAST 23 I B 1490 
LO a , 194(A) AXX 1500 
TO 4 , 0 ( 1 , J) A t t 1510 
SOP 0 ,4 AXE 1520 
L J . 1 6 8 (TBDXA) AT LEAST 22 A n 1530 
LO 2.176(A) AXE 1560 
TO 2 . 0 (X .J ) A n 1550 
SO' 0 , 2 AXB 1560 
L J .160 (TBDXA) AT LEAST 21 A B 1570 
LO 6 , 1 6 8 ( 1 ) U S 1580 
TO 6 , 0 (X .J ) AXE 1590 



S O 5 ! 0 , 6 AXE 1 6 0 0 
1 J . 152(II«DIA| AT LEAST 2 0 u e 1610 
t/» * .ISO I t ) AXE 1 6 2 0 
R 9 * . 3 ( X , J | U E 1630 
SO 9 o,» AXE 1 6 * 0 
L J , 1 « « ( I « D X A ) AT LEAST 19 U E 1650 
LO ? . 1 5 2 ( A ) AXE 1 6 6 0 
HD 2 . 0 ( 1 . J | AXE 1670 
ST>!» 0 , 2 A n 1 6 3 0 
L J , 1 3 6 ( » D I A | AT LEAST 18 AXE 1690 
l * 6 , H 4 (A) AXB ".700 
no < 5 , 0 ( X , J | U E 1710 
*0 3 5 . 6 AXE 1 7 2 0 
L J , 1 2 9 ( T » O I A ) A? LSI ST 17 •OIZKIO orr--DIAG. E R B I B 5 U E 1730 
i n » , 1 3 6 ( A ) AXE 17»C 
no » , 0 ( I , J » U E 1750 
q ; » o.» AXB 1 7 6 0 
r J,12Q(If lDXA) AT LEAST 16 •OIXEBG OPf- 01 AG. E R B I E 3 U E 1770 
v> 2 . 1 2 9 ( A ) AXE 1 7 8 0 
BO 2 , 0 ( 1 , J ) U E 1790 
SO 9 0 . 2 AXE 1 8 0 0 
L J.112(TMDXA) AT LEAST IS I O I U I O OPf- •DIAG. EITBIE5 U E 1810 
I/» 6 . 1 2 0 ( A ) AXE 1 8 2 0 
no 6 . 0 ( 1 , J) AXE 1830 
SP9 0 , 6 ft IE 1 8 * 0 
L J , 1 1 « ( I I D X A ) AT LEAST 10 •oizsao OPF-•DIAG. E R E I B 5 U E 1850 
LO a , 1 1 2 ( » ) AXE 1 9 6 0 
SD <».0(X,J) U E 1870 
SDP 0 , » AXE 1 8 8 0 
I J , 0 9 6 ( I * D I A ) AT LEAST 13 •OIZBIO orr-•DIAG. E R B I E 5 U E 1890 
LO 2 , 1 3 * (») AXB 1 9 0 0 
n T. 2 , 0 ( 1 , J » U B 1910 
50 *> 0 , 2 A D 1 9 2 0 
t J , 0 8 8 ( M D I A ) A* I E * ST 12 •OIZESO OPf- -DIAG. BRSIES U E 1930 
LO 6 , 0 9 6 (A) AXE 1 9 * 0 
n n 6 , 0 ( X , J » Ut 1950 
s o ? 0 , 6 AXB 1 9 6 0 
L J , 0 9 0 ( I B D I A ) AT LEAST 11 I0BZBB0 OPf- -DIAG. B r r i i E s U B 1 9 7 0 
LO * , 0 9 3 (k) I B 1 9 8 0 
S I » , 0 { X , J I Ut 1990 
SO ^ o.» AXE 2 0 0 0 
L J , 0 7 2 ( I I D I A ) AT LEAST 10 •0BZ8B0 on- -DIAG. B R B I E 5 U B 2010 
LO 2 , 0 9 0 (A) ABE 2 0 2 0 
HO 2 . 0 ( X , J ) AXB 2 0 3 0 
SOP 0 , 2 ft IE 2 0 * 0 
L J,6<»(TBDXft) Ut 2050 
LO 6 . 7 2 ( A ) AXB 206C 
SO 6 , 0 ( X , J ) U B 2 0 7 0 
so» 0 , * ABB 2 0 8 0 
L J , S 6 ( I I D U ) U E 2 0 9 0 
LO » , 6 » (» ) AXB 2 1 0 0 
«r» « , 0 ( X , J | Ut 2 1 1 0 
SO 9 0 , « ft IB 2 1 2 0 
L J ,48(TBDXA) U E 2 1 3 0 
LO 2 . 5 6 ( A ) ft IE 2 1 * 0 
no 2 , 0 ( 1 , . I ) U B 2150 
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POT*? 

SO? *.2 
L j . t o (mot*) 
LO 6 , » 9 ( » ) 
ro 6 , 0 ( X . J ) 
S 3 " 0 . 6 
L J . 3 ? (TBDX4) 
1 3 * . * 0 ( A ) 
TO * . 0 ( I . J ) 
SOS 1 . * 
t J.2<» (IBOX*) 
LD 2 . 3 2 i A) 
TO ? / » ( X , J ) 
? 3 » 0 , 2 
L J . 1 6 ( 1 1 0 > « ) 
L 3 f . 2 * { A ) 
*•> f , 0 ( X , J ) 
SD" 0,<S 
L J." ( i BOX a) 
L? •». i * { » l 
TO » / > ( X , J ) 
S 9 ' 0 , » 
L J.O (INDIA) 
LD 2 . 1 ( B ) 
TO 2 , 0 ( X . J ) 
sns 0 . 2 

L 1 1 . 1 2 ( I B D 1 » ) 
A«» 1 . 1 1 
AP I B D I B , 1 1 
A3 IBD1B.0 
AD o,o(B.n 
DD 0 , 0 ( 4 ) 
STO o , G ( i . n 
OX IE I . I I BC,LOOP 
LI 1* . 1 2 , 1 2 ( 1 3 | 
B-» 1* 
EBD 

8*(BO. BOBZERO ENTRIES IB BOB I OP I) 

COULD CHECK POI LCSS Of LBBCIBG PISIBBS. 
» ( t , I ) 

kit 216C 
BXE 2 1 7 0 
BIB 2 1 8 0 
BEE 2 1 4 0 
U t 2 2 0 0 
I B 2 2 1 0 
BEE 2 2 2 0 
BBC 2 2 3 0 
BXE 2 2 * 0 
BXK 2 2 5 0 
BXE 22*0 
AXE 2 2 7 0 
AXE 2 2 8 0 
I B 2 2 9 0 
BXE 2 3 0 0 
I B 2 3 1 0 
AXE 2 3 2 0 
AXE 2 3 3 0 
AXE 2 3 * 0 
AXE 2 3 S 0 
AIE 2 3 * 0 
A S 2 3 7 0 
U E 2 3 8 0 
I B 2 3 9 0 
U E 2*00 
AXE 2 * 1 0 
U E 2 * 2 0 
AXE 2 * 3 0 
U E 2 * * 0 
AXE 2 * 5 0 
U E 1*60 
AXE 2 * 7 0 
U E 2 * 8 0 
AXE 2 * 9 0 
U E 2 5 0 0 
AXE 2 5 1 0 
U E 2 5 2 0 

TPAT * I ? I E 'POBB TOOT * A»7 * 10 • 
TPAT STAST 0 
• CULL TPAT (TOOT.A.T.XO.IBDIA.B) 
• PCRB TDO?=»«T»I0 
• WHERE I I S M I! B U BATRIX. HOB Ef EB. OBIT TBE B0BZEB3 EBTRIES IB A 
• B E E STOBED IB ThE VECTOR, A. STOBACE IB A IS BT BOBS 
• VIEW TBDXA Ai Afl IBTEGEB** VECTOR. 
• THE BOBZBRO EBTPT A (I) BELOBCS IN COLON I (I »XA( 21-1) * 8 ) / 8 
• I»0IJ(<»I-2 | = -1**(NO. BOBZERO EBTBIIS IB ROB T OP BAT BIX A). 

TPAT 10 
TPAT 20 
TPAT 3 0 
TPAT • 0 
TPAT 5 0 
TPAT 6 0 
T P A ; 7 0 
TPAT 8 0 
1PAT 9 0 
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• I N D I A ( 4 I J = 3 * ( . • • 
* T M D XO A ? E POLL VECTORS HITH M ELEMENTS 
• k ZERO POM P i ft I S O K A T . 
• • • • • 
* SET POB AT BOS? 52 RORZEHO EBTBIES IR k BOB OF TBS BA*RIX 
• • I T I S ASSTBED THAT THE BAXTMJB NO. OF BOBZKBO EB TRIES IR 
• • k TS . L » . 5 2 . 

• • * * c PPOBABLT k PEGUL&0 LOOP M03LD BE 8ETTEB. 
IDCT EQO 1 
k EQH 2 
T r»»? 3 
XO P Q 1 4 
I B D I A COO 5 
TBD14 EQfl 6 
I EQO "» 
I I R C EJO 8 
J EQ1 *0 

TJSIBG T P A T , 1 5 
ST* 1 4 , 1 2 , 1 2 (13) 
LB 1 . 6 , 0 ( 1 ) 
LA I I N C . 8 
SB 1 , 1 1 = 0 
L 9 , 0 ( 6 ) R 
SL A <?, 3 8R 
LA 0 0 , 1 6 
S? 9 , 8 8<»-1 ) 
LI 6 , 5 OSE 6 TO 8EPB8ERCE (41) AMD (< 
LA 11.X0ADD 

LOOP LD 0 , 0 ( 1 0 , 1 ) PORB TCOT(I) IR 0 . = 1 0 ( 1 } 
T 1 2 , 4 { I R D 1 4 ) - 1 U * ( B O . RORZEBO ZLB. IB BOB 1 
B 0 ( 1 1 , 1 2 ) 

I . . . 4 0 8 (INDIA) AT LEAST 5 2 
LD > , 4 0 8 ( A ) 
•D 2 , 0 ( J , T ) 
ADR 0 , 2 
L J . 4 0 0 (INDXA) AT LEAS? 5 1 
LD 6 . 4 0 0 ( A ) 
BO 6 , 0 ( J , T ) 
ADR 0 , 6 
L J , 3 9 2 (INDIA) AT LEAST 50 
LD '4 .392(A) 
BD 4 , 0 ( J , T ) 
ADR 0 ,4 
L .1 ,334 (INDXA) AT LEAST W 
LD 2, 384(A) 
(ID 2 , 0 ( J , T ) 
ADR 0,2 
L J , 3 / 6 (INOJA) AT LEAST 48 
LD 6 . 3 7 6 ( A ) 
TO 6 , 0 ( J , T ) 
ADR 0 , 6 
L J , 3 6 8 (INDXA) AT L8A3T 47 
LD 4 , 3 6 8 ( A ) 

) . TPAT 100 
IPAI 110 
TPAT 120 
TPAT 130 

A. (PAT 140 
A SON OP IPAT 150 

TPAT ISO 
fPAT 170 
IPAT 180 
TPAT 190 
TPAT 200 
TPAT 210 
TPAT 220 
TPAI 230 
TPAT 240 
IPAT 250 
TPAI 260 
TPAT 270 
TPAT 2*?0 
TPAT 240 
TPAT 300 
I ;AI 310 
IPAT 320 
TPAI 330 
TPAT 340 
TPAT 350 
IPAT 36C 

1-2) IPAT 370 
TPAT 380 
TPAT 390 

OF A) TPAT 400 
TPAI 0 10 
TPAT 420 
TPAT 430 
TPAT 440 
IPAT 4S0 
TPAT 460 
IPAI 470 
TPAT 4 80 
TPAT 490 
IPAT 500 
IPAT 510 
TPAT 520 
IPAT 530 
TPAT 54 0 
TPAT 550 
TPAT 560 
TPAT 570 
IPAT 580 
TPAT 590 
TPAI 600 
IF1I 610 
TPAT 620 
TPAT 630 
Ti»AI 640 
IPAT 650 
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(ID 4 , 0 ( J , T ) 
AD? 0,4 
L J , 3 6 0 ( I H D X A ) A ? LEAST 1 6 
LD 2 . 3 6 0 ( A ) 
HD 2 , 0 ( J , T ) 
ADR 0 , 2 
I J , 3 5 2 ( I i r . X A ) AT LEAST 45 
LD 6 352(A) 
(ID 6 , 0 < J , T j 
ADR 0,6 
I J , 3 4 4 ( t * 9 X A ) AT LEAST 44 
LD 4 , 3 4 4 (A) 
HD « . 3 ( J , T ) 
AD 3 0 , 4 
L J , 336(INDXA| AT LEAST 43 
LD 2 , 3 3 6 (A} 
HD 2 , 0 ( J , T ) 
ADP 0 , 2 
L J , 3 2 8 ( H D I A ) AT LEAST 42 
U> 6 , 3 2 8 (A) 
9 0 6 , 0 ( J , T ) 
AD9 0 , 6 
L J , 3 2 0 ( X B D ( A ) »T LEA 5T 41 
LD 4 ,320 (A) 
nn », 0(J,T» 
ADR 0 , 4 
L J . 3 1 2 ( I H D I A ) AT LEAST «0 
LP 2 , 3 1 2 ( A ) 
HD 2 , 0 ( J , T » 
ADP 0 , 2 
L J ,304( I I IDXA) AT LEAST 39 
LC 6 , 3 0 4 (A) 
HD 6 , 0 ; j , Y ) 
A D R 0,6 
L J , 2 9 6 ( I H D ? A ) AT LEAST 38 
LD 4 , 2 9 6 (A) 
SO 4,0{J,T) 
AD 9 0,4 
L J , 2 8 8 ( I h D X A ) AT LEAST 37 
LD 2 , 2 9 8 (A) 
HD 2 , 0 ( J , T ) 
ADP 0 , 2 
I J , 2 f t O ( « D X A ) AT LEAST 36 
LD 6 , 2 8 0 (A) 
HD 6 , 0 ( J , Y ) 
AD' 0 , S 
L .T,272(IHDXA) AT LEAST 35 
LD 4 , * > 2 ( A ) 
HD 4 , 0 ( J , 7 ) 
ADD 0,4 
I. J , 2 6 4 ( I R D X A ) AT LEAST 34 
LD 2 ,264 (A) 
HD 2 , 0 { J , t ) 
ADR 0,2 
L . T , 2 5 6 ( M D I A ) AT LEAST 33 
LD 6 , 2 5 6 (A) 

TPAT 660 
IPAI 670 
TPAT 640 
TPAI 6<f0 
TPAT 700 
TPAI 710 
I PAT 720 
TPAI 730 
I PAT 740 
TPAT 750 
TPAT 760 
IPAI 770 
I PAT 780 
IPAT 790 
IPAI 800 
TPAT 810 
IPAI 820 
IPAI 830 
IPAI 840 
IPAT 850 
TPAT 860 
TPAI 570 
TPAT 880 
TPAI 890 
TPAT 900 
IPA J 910 
IPAI 920 
TPAT 930 
IPAT 940 
IPAI 950 
IPAT 960 
TPAT 970 
TPAT 980 
IPAI 990 
TPA 1000 
TPA 1 1010 
IPA 1020 
TPA 1030 
IPA 1040 
TPA 1050 
IPA 1060 
IPA 1C70 
TPA 1080 
IPA 1090 
TPA 1100 
IPA 1 mo 
IPA 1120 
IPA 1130 
TPA 1140 
7PA 1 1150 
TPA 1 1160 
TPA 1170 
IPA 1180 
TPA 1190 
TPA 1200 
TPA 1210 
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AD9 
L 
in 
no 
AD9 
L 
L0 
m> 
ftOP 
L 
i n 
TO 
&D» 
I 
LD 
TO 
ADK 
L 
in 
TO 
ADR 
I 
LD 
TO 
ADS 
L 
ID 
TO 
AD» 
I 
LD 
TO 
ADR 
L 
LD 
TO 
ID") 
L 
LD 
TO 
IDF 
L 
LD 
TO 
ADS 
i. 
LD 
TO 
AD» 
L 
LO 
TO 
A DP 
I 
LD 

6 , 0 (J .T ) 
O.fi 
J,2«8 (TMDXA) 
4.248(A) 
« . 0 ( J . T ) 
0 , 4 
J ,240 (TSDX A) 
2.240(A) 
2 ,0 (J.T) 
0 , 2 
J ,232 (ISDXA) 
6,232(A) 
6 . 0 (J,T) 
0 , f 
J ,224 (TRDZA) 
4 .224(A) 
4 . 0 (J,T) 
0 ,4 
J ,216 (IPDXA) 
2.216(A) 
2 ,0 (J,T) 
0 , 2 
J ,208 (IHDXA) 
6 ,208 ( . \ ) 
6 . 0 (J.'.') 
0 ,6 
J ,200 (INDIA) 
4 . 2 0 0 ( A ) 
« , 0 ( J , T ) 
0 .4 
J ,192 (IHDXA) 
2.192(A) 
2 , 0 (J.T) 
0 , 2 
J ,134 (IRDXA) 
6 ,1«»(A| 
6 .0 (J,T) 
0 , 6 
J ,176 (lIDXAj 
». 176(A» 
4 . 0 (J,T) 
0 , 4 
J , 168 (IBOX A) 
2 ,168(1) 
2,<MJ,T) 
0 . 2 
J,160(XIDXA) 
6 , 1 6 0 ( 1 ) 
6 . 0 ( J . I ) 
0 , 6 
J,152(T»DXA) 
4 , 1 5 2 ( 1 ) 
4 . 1 ( J , D 
0 ,4 
J ,144 (1*0X1) 
2 .144(A) 

Af LEAST 32 

AT LEAST 31 

AT LEAST 30 

AT LEAST 29 

AT LEAST 28 

AT LEAST 27 

AT L E A S ? 26 

AT LEAST 2 5 

AT LEAST 2 « 

AT LEAST 2 3 

AT LEAST 2 2 

AT LEAST 2 1 

AT LEAST 20 

AT LEAST 19 

I PA 1220 
I PA 12 30 
I P * 12«0 
I PA 1250 
IPA 1260 
TPA 1270 
tPA 1280 
IPA 1290 
TPA 1300 
I P I 1310 
( P I 1320 
IPA 1330 
IPA 1340 
I P * 1350 
IPA 1360 
TPA 1370 
TPA 1380 
IPA 1390 
TPA 1400 
TPA 1«10 
TPA 1420 
IPA 1430 
TPA 144J 
TPA 1450 
TPA 1460 
IPA 1470 
IPA 1480 
r p i 1490 
TPA 1500 
TPA 1510 
TPA 1520 
TPA 1530 
IPA 1540 
TP1 1550 
TP1 1560 
I P I 1570 
IP1 1580 
IPA 1590 
TPA 1600 
I P I 1610 
TP1 1620 
IPA 1630 
IPA 1640 
IPA 1650 
TP1 166 0 
I P 1 1670 
TP1 1680 
TP1 1690 
TP1 1700 
TP1 1710 
IPA 1720 
IPA 1730 
IPA 1740 
TP1 1750 
TP1 1760 
TP1 1770 



no 

ADR 

LD 
* D 
ADR 
I 
LD 
S3 
ADR 
L 
LD 
I D 
ADR 
L 
LD 
RD 
ftO» 
L 
LD 
HD 
ADR 
L 
LD 
HD 
ID? 
t 
LD 
HD 
ADR 
L 
Li> 
HD 
1DR 
L 
U> 
«n 
ADR 
L 
l.n 
HD 
ADR 
L 
LI) 
HD 
ADR 
L 
LD 
HD 
AD* 
L 
LD 
flD 
JD9 
L 
LD 

2 . 0 ( J , Y ) 
0 . 2 
J , 1 3 6 f I S D I A ) 
6 ,136 (ft) 
€ . 3 ( T . J » 
0 ,6 
J .12«(T1IDIA) 
4 . 1 2 8 ( A ) 
4 , 0 ( T . J ) 
0 . 4 
J . 1 2 0 ( I J D I 1 ) 
2 . 1 2 0 ( A ) 
2 , 0 ( 1 . J ) 
0 , 2 
J ,112( IHDXR) 
6 . 1 1 2 ( A ) 
6 .0 (T .J ) 
0 , 6 
J,10«(IHDXa? 
4 , 1 0 4 ( 4 ) 
<».0(T.J) 
0 . 4 
J ,96 ( I»DIA| 
2 .95(A) 
2 ,0{T,J) 
0 , 2 
J , 8 9 ( I » D t A » 
6 , 8 3 (ft) 
6 , 0 ( 1 . J ) 
C,6 
J , 80 (WDM) 
« , « » ( » ) 
«»0(T,a) 
o,<» 
J,72(IHDIA) 
2 , 7 2 (ft) 
2 , 0 ( 1 . J ) 
0 , 2 
J,64(IIIDIA) 
6 , 6 4 (ft) 
6 , 0 ( T , J | 
0 ,6 
T,56(I«DU) 
4 , 5 6 (A) 
4 , 0 ( T , J ) 
0 , 4 
J,4R(I«DIA) 
2 . 4 8 ( A ) 
2 , 0 ( 1 . J ) 
0 . 2 
j , « 0 ( i i r » M ) 
6 , 1 0 (ft) 
6 ,0 (T ,J ) 
0 , ' 
J,32(WDXA) 
4 . 3 2 ( A ) 

AT LEAST 18 

AT LEAST 17 

AT LEAST 16 

AT LEAST 15 

AT LEAST 14 

AT LEAST 11 

AT LEAST 12 

A? LEAST 11 

AT LEAST 1 0 IOBZEBC ECTBIES I I BOH I 

TPA 1780 
TPA 1790 
rPA 1800 
TPA 1810 
TPA 1820 
TPA 1830 
If PA 1840 
IPA 1850 
TPA 1860 
IPA 1870 
TPA 1880 
IPA 1890 
TPA 1900 
IPA 1910 
TPA 1920 
IPA 193 0 
IPA mo TPA 195* 
TPA 1960 
TPA 1970 
TPA 1980 
TPA 1990 
TPA 2000 
IPA 2010 
TPA 2020 
IPft 2030 
TPA 2040 
IPA 2050 
I Pi 2060 
TPA 2070 
TPA 2080 
TPA 2090 
TPA 2100 
TPA 2110 
I .'A 2120 
TPA 2130 
TPA 2140 
IPA 2150 
TPA 2160 
IPA 2170 
IPA 2180 
TPA 2190 
IPA 2200 
IPA 2210 
TPA 2220 
IPA 2730 
I PI 2240 
TPA 2250 
TPA 2260 
TPA 2270 
IPA 2280 
TPA 22 90 
IPA 2300 
TPA 2310 
TPA 2320 
TPA 2330 
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BO 4 . 0 (T.J) 
I OR 0 . * 
L J , 2 * (INDIA) 
LT) 2. 2«;k> 
HD 2 . 0 (Y.J) 
kDB 0 . 2 
L J . 1 6 (IRDIA) 
LD 6 . 1 6 ( a ) 
HP 6 , 0 (T.J) 
kDB 0 . 6 
L J.a(IBDIft) 
t D » , 8 | H 
HD • , 0 ( T . J ) 
kDB o,« 
L J.OO(IIDIk) 
LD 2 , 0 0 ( 1 ) 
n> 2 . 0 0 (T,J) 
kDR 0 , 2 

L 12 ,12(IID1M 
IR » ,12 
as III D i e , 12 
kR IBD1«,0 
STD 0,0(TDOT,I) 
B U f I,IIBC,LOOP 
LB 1 « , 1 2 . 12(13) 
BB 1* 
BID 

u LEkST 1 lOBXBtO BBTBT I I M l I 

8 « ( I O . BOIZB10 BBTBIBS I I BOB I OP k) 

m 
TPk 
TPk 
I P k 
TPk 
TPk 
TPk 
I P k 
TPk 
TPk 
TPk 
TPk 
TPk 
TPk 
TPk 
TPk 
TPk 
TPk 
TPk 
TPk 
IPk 
TPk 
TPk 
I P k 
TPk 
TPk 
IPk 
TPk 

2340 
23S0 
2360 
2370 
2380 
2390 
2*00 
2*10 
?*2G 
2*30 
2»*0 
2US0 
2«60 
2*70 
2«80 
2*90 
2500 
2510 
252 0 
2530 
25*0 
25S0 
2560 
2570 
2580 
2590 
2600 
2610 

STOP 0 



APPENDIX B 
SAMPLE INPUT AND OUTPUT 
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Included in this appendix are three examples of input 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 l i f e - 2.05 years or 749. days 

Node of intake - inhalation (class D); see Fig. 2 . 1 . 

f j » 0.95 

Source organs 

1 . Lungs 

2. GIT 

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

. - 6 9 3

t _ .693 t 

3. Total body: R(t ) = 0.13e 1 > 4 • 0.87e 1 3 5 

Print cumulated a c t i v i t y (yCi-days) at these times: 

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.l, the data sheet, to fully understand the instructions. 

Information Concerning the Differential Equations 

Card 1 N0: The number of differential equations. 

12 Lungs 
4 GIT 
2 Total body 

18 

TLAST: The final value of T is 50 years or 18262.5 days. 

All times must be expressed in days. 

HI and EPS are set to zero ( lef t 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 

2. 
7. 

30. + I«(30.) , where 1=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 underlined numbers as follows: 



.08 

I 
_ • 

i 
f 

__:_:J 

-^_«^__^_-^_-^---«--«-" 

-ra.~ 

T E 
- f " _ ^ :—tz^t 

^__3_r_pr_ 

* — — < K 
m 

_._ ~_ . . i-^—t-^ _—-_ __;—i__.-
— . -+ -_..—i_i_i.--._~-_—, t f .«. 
r - ^ - rs r - f -H ' • •— ^ — --_ . p^. ^ . * . ._- __, r -«. 

_- . _-|_^_i_U - j _ U _ _ _ ^ ~ _ T _ „ _ 

-r 
. : 

_T 
_rV-sr i » - _ f - * * - <--*; 

^ J M _u_i1 t {JLI__T-_=_ 

http://i_i_i.--._~-_
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Card 3 

Card 9 

TPRL(I) DTPR(I) 
2. 0. 
7. 0. 
30. 30. 

180. 0 
365.25 0-
1826.5 0. 
3652.5 3652.5 

NARPRT(i) 
0 
0 
1 
0 
0 
0 
4 

General Information for Chain of Radionuclides 

Card 1 

Card 2 

NIS0: 1 radionuclide in the chain 
D3 
04 
05 

•3 I 
.08 ; 
.25 I 

deposition fractions 

N0RG: 1 organ (excluding lungs and GIT) 
I0PT: 0-inhalation 
N0RAL: not applicable, set to 0 

TAG(l): CS-134 
TR(1): 749. days 
ICLASS(l): D 
LAMAB(1,2): 6*0.95/(1-0.95) = 114. 
P(1),NBRNCH(1),IBRNCH(1): not applicable, set to 0 
ILAB: 0 

Card 3 omitted because ILAB=0 

Description of Retention 

Card 1 omitted for f i rst nuclide in chain 

Card 2 IS0RS(1): 23 
0RGNMO): T.B0DY 
IC0M(1,1): 2 

Card 3 AS(1,1): 0.13 
AS(2,1): 0.87 
TBS(IJ): 0.693/1.4=0.495 
TBS(2,1): 0.693/135.=0.005 



no 

Other Tissues Transformation 

Since no transformation is to be performed, 1 blank card must be 

present for each time the cumuUxed 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 T. 

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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• > • 
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».• 
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. 0 
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0 .0 
o.o 

4.C 
0 . 0 
4 . 0 

iy.t 
0 .0 
o.e 

CO 
- O . I M l T k O 01 

0 .0 
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0.0 
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Example 2 

Chain of Radionuclides -

>\ y> 
\KkS \ 1.44 

131H- ' X l 3 1 T _ / 3J31W / * t l » 
5 ? e 82% ^ 5 3 1 9 8 l « ^ 5 4 X e ( s t a b l e ) 

Half lives - Te-131M 2, hours 
Te-131 25 minutes 
1-131 8.06 days 
Xe~131M 11.8 days 

Hode of intake - inhalation (class 0 - a l l radionuclides) 

Tellurium as a parent of Iodine: 

fj = .25 

Source organs 

1. Lungs 

2* G I T . - 6 9 3
t _ ,693t 

3. Cort bone: R(t) = 0.0183e 9' 2 + O.Ole 8 0 0 0 

. - 6 9 3
t . .693t 

4. Tra bone: R(t) = 4.57 x 10"3e 9' 2 • O.Ole 8 0 0 0 

. - 6 9 3

t . -693t 

5. Kidney: R(t) = 1.42 x 10"3e " ^ + 0.034e 2 3 

. -693 t _ .693 t 

6. Muscle: R(t) = 0.128e 9 2 + O.le 1 7 * 7 

. ^693 t _ .693t 

7. Liver: R(t) = 8.23 x I0"3e ? + 0.055e 1 0* 2 

8. Thyroid: R(t) = 9.14 x 10"5e 9 Z 
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- - 6 9 3>t 
9. Other tissue: R(t) = 0.159e 9 2 ^ 

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

Iodine as a daughter of Tellurium: 

f} * .95 

Source organs 

1. Lungs 

2. GIT 
693 , .693. .693^ 

3. Thyroid: R(t) = -0.328e ° * 2 4 3 + 0.016e ^ ^ + 0.312e 
_ 693 .693t 

4. Cort bone: R(t) = 5.7 x 10"2e 0 2 4 3 - 2.78 x 10"3e 1 1 , 3 

- , 6 ? 3 t 
+ 2.94 x 10"3e 1 1 7 

. -693 _ .693t 

5. Tra bone: R(t) « 1.42 x 10'2e ° 2 4 3 - 6.96 x 10"4e 1 1 , 3 

.693. 
-4 " "TTT' • 7 . 3 5 x 1 0 % M / 

. -693 t _ .693 t 

6. Kidney: R(t) = 4.42 x 10"3e ° * 2 4 3 - 2.16 x 10"4e 1 1 3 

- 6? 3t 
+ 2.28 x 10"4e 1 1 7 

. -693 _ .693t 

7. Muscle: R(t) = 3.99 x lO^e ° 2 4 3 - 1.95 x 10*2e ^ ^ 
.693. 

• 2.06 x 10 'e " ' 
. -693 . -693 t 

8. Liver: R(t) * 2.56 x 10"2e ° ' 2 4 3 - 1.25 x 10"3e 1 1 , 3 

- 4?7t 
• 1.32 x 10"3e 1 1 7 " 
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.693 .693 t 

9. Other tissue: R(t) = 4.97 x lO^e ° ' 2 4 3 - 2.43 x 10"2e 1 K 3 

- 6 9 3 . t 
+ £.56 x 10"2e 1 1 7 

1-131 recirculates to blood. Absorption takes place in tne UL and LL 

with on fj of .95. 

Xenon as a granddaughter of Tellurium: 
fj •' .95 

Sou ce organs 
1. Lungs 
2. GIT 

- , 6! 3 t 
3. Thyroid: R{t) = l.Oe , 0 8 3 r 

- M l t 
4. Cort bone: R(t) « 0.0571 e 0 8 3 r 

- ' 6 9 3 t 
5. Tra bone: R(t) = 0.0143e - 0 8 3 

. -693 t 

6. Kidney: R(t) = 4.43 x 10"3e - 0 8 3 3 

- *SLt 
7. Huscle: R(t) = 0.4e - 0 8 3 3 

- 'Sit 
8. Liver: R(t) » 0.0257e - 0 8 3 3 

.693 ^ 
9. Other tissue: R(t) - 0.498e •*""* 

Xe-131 recirculates to blood. 

Print cumulated activity (uCi-days) at the same times as Example 1 
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Again we include 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 H$: 4 x 12 = 48 Lungs 
4 x 4 = 16 GIT 

12 compartments for Te-131M (excluding GIT and Lungs) 
12 compartments for Te-131 (excluding GIT and Lungs) 
Z1. compartments for 1-131 (excluding GIT and Lungs) 

7 compartments for Xe-131M (excluding GIT and Lungs) 

116 

TLAST, HI , EPS same as Example 1. 

Card 2...Card 9 same as Example 1. 

General Information for Chain of Radionuclides 

Card 1 NIS0: 4 
03: .3 
D4: .OB 
05: .25 
N0RG: 7 
I0PT: 0 
N0RAL: not applicable, set to 0 

Card 2 TAG(l): TE-131M 
TR(1): 1.25 
ICLASS(l): D 
LAHA6(1 2): 2 
P(1),NBRNCH(1)',IBRNCH(1): not applicable 
ILAB: 0 

Card 3 omitted because ILAB=0 

Card 4 TAB(2): TE-131 
TR(2): 0.01736 
ICLASS(2): D 
LAMAB(2,2): 2. 
H2): 0.18 
NBRNCH(2): 2 
IBRNCH(2): 1 
ILAB: 0 

Card 5 omitted because ILAB=0 
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Card 6 TAG(3): 1-131 
TR(3): 8.06 
ICLASS(3): 0 
LANAB(3,2): 114. 
P(3): 0.82 
NBRNCH(3'»: 2 
IBRNCH(3): 2 
ILAB: 1 

Card 7 LAHAB(3,1) = 0 
LAMA8(3,3) = 114. 
LAMAB(3,4) = 114. 

Card 8 TAG(4): XE-131M 
TR(4): 11.8 
ICLASS(4): 0 
LAMAB(4,2): 114. 
P(4) = 0.0144 
N8RNCH(4): 1 
IBRNCH(4): 1 
ILAB = 0 

Card 9 oaitted because ILAB=0 

Description of Retention 

AS(1,1): 0.0183 
AS(2,1): 0.01 , 
TBS(l.l): 7.533 x 10"£ 
TBS(2,1): 8.663 x 10"* 

AS(1,2): 4.57 x 10~ 3 

AS(2,2): 0.01 , 
TBS(1,2): 7.533 x 10"£ 
TBS(?,2): 8.663 x 10" 5 

F0R TE-131M 

Card 1 omitted for f i rs t nuclide in the chain 

Cards 2 and 3 repeated for each organ 
Cort bone 
Card 2 IS0RSO): 15 Card 3 

0RGNM(l): C0R B0NE 
IC0M(1,1): 2 

Tra bone 
Card 2 IS0RS(2): 16 Card 3 

0RGNM(2): TRA B0NE 
IC0M(1,2): 2 
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Kidneys 

Card 2 IS0RS(3): 
0RGNM(3): 
IC0M(1,3): 

6 
KIDNEYS 
2 

Muscle 

Card 2 IS0RS(4): 
0RGNM(4): 
IC0H(1,4): 

12 
MUSCLE 
2 

Liver 

Card 2 IS0RS(5): 
0RGNM(5): 
IC0M(1,5): 

7 
LIVER 
2 

Thyroid 

Card 2 IS0RS(6): 
0RGNM(6): 
IC0M(1,6): 

2 
THYR0ID 
1 

Other tissue 

Card 2 IS0RS(7): 
0RGNM(7): 
IC0M(1,7): 

23 
0TH TISS 
1 

FOR TE-13 1 
Card 1 IS(1) 

IS(2) 
IS(3) 
IS(4) 
IS(5) 
IS(6) 
IS(7) 

0 
0 
0 
0 
0 
0 
0 

Card 3 

Card 3 

Card 3 

Card 3 

A3:i,3): 
AS(2,3): 
TBS(1,3): 
TBS(2,3): 

,-3 1.42 x 10 
0.034 

7.53. .. ._ 
3.013 x 10* Z 

"* x 10"2 

AS(1,4): 0.128 
AS(2,4): 0.1 
TBS(1,4): 7.533 x 10 
TBS(2,4): 3.915 x 10 

-2 
2 

AS(1,5): 
AS(2,5): 
TBS(1,5): 
TBS(2,5): 

AS(1,6): 
T3S(1,6): 

10 8.23 x 
0.055 

7.533 x 

-3 

6.794 x 1C £ 

9.14 x l'J 
7.533 x 10 -2 

Card 3 AS(1,7): 0.159 
TBS(1,7): 7.533 x 10 -2 

The remainder of the cards for TE-131 are the same as fD r TE-131M 

since the retention functions are the same. 
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F0R 1-131 

Card 1 ISO): 
IS(2): 
IS(3) 
IS(4) 
IS(5): 
IS(6): 
IS(7): 

Cards 2 and 3 are repeated for each organ 

Cort bone 

Card 2 ISBRS(l): 15 Card 3 

Tra bone 

Card 2 

Kidneys 

Card 2 

Muscle 

Card 2 

IS0RS(1): 15 
0RGNM(1): C0R B0NE 
IC0M(3,1): 3 

IS*RS(2): 16 
0RGNM(2): TRA B0NE 
IC0M(3,2): 3 

Card 3 

IS0RS(3): 6 
0RGNM(3): KIDNEYS 
IC0M(3,3): 3 

Card 3 

IS0RS(4): 12 
0R6NM(4): MUSCLE 
IC0M(3,4): 3 

Card 3 

A3( l , l ) : 
AS(2,1): 
AS(3,1): 
TBS(1,1) 
TBS(2,1) 
TBS(3,1): 

AS(1,2): 
AS(2,2): 
AS(3,2): 
TBS(1,2) 
TBS(2,2) 
TBS(3,2) 

AS(1,3): 
AS(2,3): 
AS(3,3): 
TBS(1,3) 
TBS(2,3) 
TBS(3,3) 

AS(1,4): 
AS(2,4): 
AS(3,4): 
TBS(1,4) 
TBS(2,4) 
TBS(3,4) 

5.70 x 
-2.78 x 

10 -2 

2.94 x 10 J 

2.852 
6.133 x 10 
5.923 x 10 

-2 

-4 1.42 x 10" 
-6.96 x 10 
7.3b x 10"* 
2.852 
6.133 x 10" 
5.923 x 10" 

4.42 x 10 , 
-2.16 x 10/ 1 

2.28 x 10"* 
2.852 
6.133 x 10" 
5.923 x 10" 

1 
-2 

-2 
3.99 x 10 
-1.95 x 10 
2.0? x 10 
2.852 
6.133 x 10 
5.923 x 10" 

-2 
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Liver 

Card 2 IS0RS(5): 7 
0RGNM(5): LIVER 
IC0M(3,5): 3 

Card 3 

Thyroid 

Card 2 ISi)RS(6): 22 
0RGNM(6): THYR0ID 
IC0H(3,6): 3 

Card 3 

Other tissue 

Card 2 IS0RS(7): 23 
0RGNM(7): 0TH TI3S 
IC0M(3,7): 3 

Card 

F0R XE-131M 

Card 1 IS(1) 
IS(2) 
IS(3) 
IS(4) 
IS(5) 
IS(6) 
IS(7) 

Card 2 and 3 are repeated for each organ 

Cort bone 

Card 2 

Tra bone 

Card 2 

IS0RS(1): 
0RGNM(1): 
IC0M(4,1): 

15 
C0R B0NE 
1 

IS0RS(2): 16 
0RGNM(2): TRA B0NE 
IC0M(4,2): 1 

ASH,5): 
AS(2,5): 
AS(3,5): 
TBS(1,5) 
TBS(2,5) 
TBS(3,5) 

AS(1,6): 
AS(2,6): 
AS(3,6): 
TBS(1,6) 
TBS(2,6) 
TBS(3,6) 

AS(1,7): 
AS(2,7): 
AS(3,7): 
TBS(1,7) 
TBS(2,7) 
TBS(3,7) 

2.56 x 10 -
-i.25 x io;-
1.32 x 10" J 

2.852 
6.133 x 10 
3.923 x IP 

-0.328 
0.016 
0.312 
2.852 
6.133 
5.923 

10 
10 -3 

4.97 x 10"1, 
-2.43 x 10:' 
2.56 x W 
2.852 
6.133 x 10" 
5.923 x 10" 

Card 3 AS(1,1): 0.0571 
TBS(l.l): 8.319 

Card 3 AS(1,2): 0.0143 
TBS0.2): 8.319 
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Kidneys 

Card 2 IS0RS(3): 
0RGNH(3): 
IC0M(4,3): 

6 ( 
KIDNEYS 
1 

:ard 3 AS(1,3): 
TBS0.3): 

4.43 x 10 
8.319 

Muscle 

Card 2 IS0RS(4): 
0RGNM(4): 
IC0M(4,4): 

12 Card 3 
HUSCLE 

1 

A S ( M ) : 
T8S("l,4): 

0.4 
8.319 

Liver 

Card 2 IS0RS(5): 
0RGNM(5): 
IC0M(4,5): 

7 Card 3 
LIVER 

1 

AS(1,5): 
TBS(1,5): 

0.0257 
8.319 

Thyroid 

Card 2 IS0RS(6): 
0RGNN(6): 
IC0M(4,6): 

22 ( 
THYR0ID 
1 

:ard 3 AS(1,6): 
TBS(1,6): 

1. 
8.319 

Other tissue 

Card 2 IS0RS(7): 
0RGNH(7): 
IC0M(4,7): 

23 Card 3 
0TH TISS 

1 

AS0.7): 
TBS(1,7): 

0.498 
8.319 

Other Tissues Transformation 

Insert 12 cards al l of the form 

N0T0P: 1 
I0THERO) 
I0THER(2) 
I0THER(3) 
I0THER(4) 
I0THER(5) 
I0THER(6) 

. 15 
16 

: 6 
12 

• 7 
22 

-3 

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 sane 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 l i fe - 2.38 hours 

KDde of intake - ingestion 

fj - 0.95 

Source organs 

1. GIT 
.693 t , .693 t 

2. Thyroid: R(t) * -0.328* 0 Z 4 Z 6 5 • 0.016e n 3 Z 3 5 

.693 „ 
• 0.312." ™ » * 

3. Total body: R(t) = 0.9973e ° - 2 4 2 6 5 - 0.04873e 1 1 3 2 3 5 V 

- ,;6?Lt 
• 0.05143e 1 1 7 - 3 7 8 

Print cumulated activity (pCi-days) for sane tines 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 

Card 1 NP: 4 GIT 
6 Thyroid and Total body 
10 

TLAST, HI, EPS sane as Example 1. 
Card 2...Card 9 sane as Example 1. 
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General Information for Chain of Radionuclides 

Card 1 NISf: 
03: | 
04: } 
05: I 

not applicable 

IfPT: 
2 
1 

Card 2 TAG(1): 1.132 
TR(1): 0.0992 
ICLASS(l): not applicable 
UWftB(l,2)r 114. 
P(1), NBRNCH(l), IBTJICH(I): not applicable 
!UU3: 0 

Card 3 omitted because ILA8=0. 

Description of Retention 

Card 1 omitted for first nuclide in the chain. 
Card 2 and 3 repeated for each organ. 

Thyroid 

Card 2 

Total body 

Card 2 

IS«RS(1): 
0RGNM(1): 
IC*M(\1): 

22 
THYR0ID 
3 

ISfRS(2): ?3 
fRGNN(2): T. B0OY 
IC0M(1,2): 3 

Card 3 

Card 3 

AS(l . l ) : •0.328 
AS(2,1): 0.016 
AS(3,1): 0.312 
TBS(l.l): 2.85597 
TBS(2.1): 6.12 x 10' 
TBS(3,1): 5.904 x 10 

AS(1,2): 0.9973 
AS(2.2): •0.04873 
AS(3,2): 0.05143 
TBS(1,2): 2.85597 
TBS(2,2): 6.12 x 10" 
TBS(3,2): 5.904 x 10 



i HO 

Other Tissues Transformation 

Insert 12 blank cards. 

Printout to both unit 6 and unit 10, is included for Exaaple 3. 
Printout for cuaulated activity (uCi-days) for T greater than 7 days 
has been oaitted since there is no change in the ovulated activity 
after 7 days. 
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?-. 



142 

•»:«!» » ?»t»m> JT »<••« 

J.J J . - ' 
9 . 0 

i.fttcio a - ' ' . IW.OJO si o.o 

.1.0 
J.O 

?.*»*oeo» ei 
•>.o 

-». i( 

>.o 
) .J 

3.11 

0.0 
J.J 

- S . l i » " 2 » CI 
J.e 

0 . 0 

•).J 
J .O 

\ n ; u m ci 
I .P 

J. 9 

0 . 0 
J.»«*»OB M 
9." 

0 . 0 

J . J 
C.J 

• i .m««» ci 
1.0 

3 . 9 

CO 

) . ! * % * ISS 01 - 0 . I00O00O •>! «.« 0.0 

0.0 -o.mwo oi o.o 

-o.»i?«aoo-oi 9.0 

0.0 

d.O 

l .S*l>*tt»»-« 1 J.O 

- J . i O M O I D CI 

).,1 - 9 . « « « * : * * 01 0.B 
- . ) . 6 l i O O ' 0 - r i 1.9 

o.c 4.0 

J.O 
J.O 

<>.«»* W1J!> 01 0 . 0 0.0 



143 

EUtltFS Of > 9 >• C 
-0.290COi.-1 C2 I 

c.j«ococi 02 ; 
-0 . I2JC0C0 1 ) 2 

0.90CCOG0 ?l 1 
--.--.199(1*0 1 1 

c . i i U k i ' ! ?: « 
-c.itocooj ci » 

o.o «. 
- o . 3 7 3 9 2 1 ; c; 5 

>.o «. 
0.0 « 

- 0 . 2 95 5*7 3 "1 T 
1.0 
J .192M0C ?• I 
0.0 f 
l . j f 

-J.«.I2CC,;0-CI * 

l . l ' 5«non f t • » 

J . ) 7 
C O " - } . 5» l« . f "c - ^ > 7 
. . 0 t» 
c . i i i * 4 2 c .11 A 
J . O « 1.0 ft 

- > . . 9 '«« :> CI e 

, . t I20C.C-0 I 

. M - . >o.: 

. 5a»;«rPB- C2 

«n»'; ' - i r-on ST I IV «T r - 0.0 

1 h»5 £££• o*DHr'*n 0 n w « t i « w , m 3 - j ( m sirj »ILI it »IT»IED 

• . - . C K O O O J I ' ~o ••>" 
J . 2 2 7 i i i i » j - i > - ? j 
i . 1021 11".27 93-02 

T roLions 
*..icaion9«b:»-P3 
7. i » » s t » i « 3 * p - : 2 

9 . I*2*'*6 I-.C6D-0 3 
-•.«0»90C77»2T>-01 

9 . 5 7 . «2*0 1920-09 
5. M D . ' l l l l t l l - O l 

-2 .31**72*1150-02 1.57929*99110- .s 

- « i.jnooor-ocOB in 

* . 102 127993 »3-->2 

T »riL08S 
1.1M549C561D-02 

• . I»2<9 '9 l99 i -0 3 
- . . 8 0 6 9 2 l . ' IKT 0 ) 

9. 5 752 37709 10-09 
5.11337*9*990-03 

-2.SI687256»«D-02 t .57*3337JI50-03 

1 * I.CCOCCCO"ro " I 
'•. 2271211*: 13-12 
i . to21; t ' . v »?-" : 

T rations 
( .19910 119710-01 
i .J i i *5«*20*<0-02 

«. l»2(*73679t! -03 
-a.»0««l20«77p-O3 

9. 5751*»73890-0* 
5.11I36664O0D-O3 

-2 3 1*87261510-02 l.57*i4O7C*0C-O3 

1» f .Ct rfJOOOOO 11 
3 .2271211* . 90--2 
I . 1021.17;.- 30-12 

T fOttO»S 
».<">9I0 11971VCS 
7.?*95*9219*0-"2 

. I « 2 6 9 7 1 M » O T - 0 3 

. *06912090*r -0 3 
9.*75l8»750;»D-0«> 
5. l13S**««12D-03 

-2 .11*9726 IS 10-02 1 . 579 3a<l706«C-0 3 

T» l.iOOOOOOlOD <"2 
t . 2 2 > l 2 1 l * 2 9 0 - i j 
1.102021722 30-12 

T f r i l l s 
7.r»»st«2n»^D-;; 

. i«2»"7)nor-c s 

.9C69I209C5T-03 
•> .«15 I8*7*070-0* 
5 .1133*9*5120-03 

- 2 . 3 1 t « 7 2t15l3-02 1.57*3O.O70«4C.-C3 

• t.i.^2SarnuOD 12 
J . 2 . i u i i » 2 * > - n ; 
i .10202 172210-12 

n.no* l011'> ' , ln-a j 
7.n»«.5»*;o»5j-02 

» . 1»2* »71f 9J0-0 3 
-».»C»9120905r-rS 

».«7«18*7«07B-0* 
<.1133t**532D-03 

- 2 . 1 !6«726151B-02 I.57830C7069E-03 

T» l.*262'< ,0OCD f3 
1 .227l21l6:90-< , 2 
3. I020i l722 30--.12 

f.fl99IO11971O-0« 
7.0*»5*92e95o-02 

». I92»471*80I}-01 
-•.80691209C5P-OS 

<i.57518*7507:>-0» 
' . 11 )36* *53 .0 -03 

-2.116P72* 1510-02 1.57iJO07.»»£-03 

T » ).*525<iocoro 03 
1.2271211*240-0? 
I . I020J1122 10-«2 

«.05)9IC 11971>PI 
7.0*a5*92a9«D-fl2 

. . li.2647>»8OD-0 1 
-9.80*91209050-03 

9.5751847507D-O* 
«. I l iS69*«120 -03 

-2.11617261510-02 1 . 5 7 8 ) 0 0 7 0 * * 0 0 3 

T« 7. 1150001000 01 
1. .271211*290-02 
1 . 102021722 19-02 

• "r>u.o»s 
f .w»ia3i«7in-oi 
7.0»»5»»20t , B-C2 

» . l»«ff7J«»0P-0 3 
-4.806912090 «T-03 

9. 57SI887^07D-0» 
• • . IU36»»<32D-03 

- ; . . l 1 H 7 « t l 5 I O - 0 2 I . 57 j 30070690-03 

T« 1.09* 7V10O05 09 
3 .227 l i11»299-02 
3. 102021722 10-12 

f »ntlO«S 
6.0»91C 119110-01 
1.0»»^*»20»5D-C2 

9 . 192^971*HOT -01 
-i«.80«»1209C«r'-03 

9. 575 19675070-0« 
5 . I 1336*65320-03 

-2 .316*726 151ft-02 1.57830070*90-03 

T« I .J6IC003000 0« 
) . 227 l21 l»?9 i -o? 
3. 10 20.1722 10-12 

T » n n o i S 
6.19 910 119710-01 
' ' .(l»95»«20*«0-n2 

• . U26973690P-0) 
-<.8069l20-<r5n-<l 

9. 5751807' 17B-09 
5.11 l l f .65320-03 

- 2 . 1 1f»72615ID-02 1.57*10070690-01 

T» 1.'..'f 2500011 o« 
1 . ;27 I2116 . -lo-r 1 
1 . 1020. I '22 ln- ' ' . , 

T ffLl'l»:. 
».io<no | i9i in-o ) 
'.O«»5(i920»50-02 

».1«2697W*0C-0 1 
- 9 .806H20905r -0 1 

9. 5751967507D-0* 
5. I 113*9*5320-03 

- 2 . M6K726 1510-02 1. 579 I007069C-03 

http://-0.290COi.-1


144 

ZMiOtz »»iriI»T ri»S5 L>1M| »I.I»TIC »I«1C- tM*CM 
1-1)2 «.5200-32 ? l . t *M 42 1.00*0 00 " i> 

TITIOI3 -1 .2MC01 1.4003-02 3.l20r-€l 2.05tC 00 i.1200-02 5.40«0-i>! 
t.BCJI •.4T19-0I -*.*7JB-02 i . U » - 0 ! 2.0**0 00 • . 1200-05 ^-»0»0-01 

• » 2 .00CM 09 

l ie toco* ic-DkTS nran ncrs t io* or 1-112 

; i m c r m c t o c n i i s u i o 11c 
0LOO0 

i soTon srrnc i i s . i . o .L.r . i . i . t . 
1-132 1.2JT1S-M «.<««*I0-01 «.I«2T»-0J ».*75lp-0» «.«$300-0l 

)T»»I JIGMS 
ISOOPI TCT&OIO r.OOtT 
1-112 • . • ; « 7 r - 0 1 • ' . 0 W 2 9 - 0 2 

T • 7.C0CCD OC 

MCIOCV»I*-C*IS ruin i i c n r i o w of I - I « 

SI tftCT MCtCCOMM H T B I K 
• IOO0 

ISCTOPC sromen s . i . 0 . 1 . 1 . 1 . 1 . 1 . 
1-112 3 . 2 2 7 I O - M «.0*»10-OJ • . 1 * 2 7 0 - 0 } 4 . S 7 S S - 0 * t . * f I 0 D - 0 1 

OW«« 9*C««S 

ISOTOPE TUT 10 ID T.IOOT 
1-132 9 . « » « 0 - O l 7.07510-02 



145 

«nnr»mTv r n r r L i i U i A w 

JOB CONTROL LANGUAGE STATEMENTS 



I t * faUaalaa Jak Caatral laaajwaM (XI ) car* ta»a M M MM* M rm TMCP M tM IW lyttatfMO aaeMMi. Afttr «aw|alM M taw a w ( M 
tM cMtly MMltette* ttM* ay akumina M I Mttt aM kMM*lM« tM CM*1HtlM. If tM mtr «1»M» u * u H tM trlatwt «a M I I t , Mlt 
tM •» ur< MMcHta* sith i t . If MtMt ta n i l ?. W. a-10 U H M taparattat. raalaca tM OB larvatan atu DWOrr at wt turn i» tM 
caaa af wait • . 
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