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SUMMARY

Many programmes and sul)—progzrammes exist for the integration of
differential equations. Nevertheless for the study of practical cases (as
encountered in nuclear reactors simulations) their use is sul)ject to many
restrictions, or needs an important programming effort.

SAHYB-2 is derived from the experience of a previous programme
SAHYB-1, and is designed to be used l)y pl\ysicists or engineers who are
not specialists in programming. In particular it is addressed to analogue
computation engineers who need an easy way to obtain digital solutions
to be compared with analog results.

The prol)lem description is concentrated in one sub-routine for initial
value prol)lems and in two sub-routines for boundary value problems.

Other sub-routines are already prepared to handle operations such as :

— Output of results
— Modjification of integration and/or print-out step
- lnterpolation of tabulated functions

— Fixed or variable delays
~ Plot of curves on CALCOMP plotter.

The existing versions are for the IBM 7090 and the IBM 360/65

computers.
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SAHYB-2: a programme for the solution of differential eguations

1)

using an analogue=-oriented language (+)

Introduction

The programme SAHYB-2 has developed the idea contained in
the programme SAHYB-1%, but is a new programme for the
IBM-360§65 computer. #%

SAHYB-2 uses as language a sub-set of FORTRAIN-360 statements,
and a certain number of functions intended to describe in a
simple way scientific problems which require integration.

The problem description 1s brought as close to the mathematical
formulae as permitted by the limitations of FORTRAN and is a
set of ordinary differentlal equations reduced to the first
order, and a set of algebraic relations; <the system may be
integrated for initial conditions, or may be solved for
boundary conditlions by a trial-and-error strategy. SAHYB-2
is intended to help the computer user in writing his problenm
in a simple and straight forward way, providing also a set ol
functions and subroutines corresponding to the most frequent
requirements for this class of problems. Input and Output
operations are treated in a simplified way, releasing the user
from the need of complicate programming; in particular
SAHYB-2 may be visualised as the simulation of the analogue
and hybrid computer on the digital, since the user may taink
his programme in terms of parallel relations.

*  Euratom report:
EUR 2519.e
SAHYB (Simulation of Analogue and Hybrid computer)
A GENERAL PURPOSE PROGRAIMME FOR THE SOLUTION OF INITIAL
AND BOUNDARY VALUE PROBLEMS

and

I.E.E.E. Transactions on IElectric Comnputers;
June 1966: SAHYB, a programme for simulation of Analog
and Hybrid computers,

by d'Hoop and Monterosso

*¥*¥ A version of SAHYB-2 for the IBIl 7090 also exists .

(+)Manuscript received on July 7, 1967.



The integration method may be chosen between constant step
th
L

Moulton predictor corrector.

order Runge-Kutta, or fixed or variable step Adams-

A certain number of diagnostics are included in the programme:
these indicate a wrong arrangement of input data or an error

in using subprogrammes.

General organisation

Preliminary remark: for the sake of clarity, the independent

variable will always be referred to as TIME or T; the variables

which must be integrated will be called X; or X(I), and their
derivatives DX; or DX(I). Initial conditions are called XZ,
or XZ(I), and integration always begins at time zero.

The general organisation of SANYB-2 is given by fig. 1:)

|

(SUBROUTINE DER)
Compute coefficients,
integrate the system
from O to T final,
store information for next run A

read next set of’
data; or stop

repetitive
mode ?

(ves

(SUBROUTINE REPEAT)
Compute new initial
conditions for boundary
conditions problems,

or new parameters for
optimisation problems

figure 1.

*
The integration routines have been written by Mrs. P. Wood-

-~

Sangermano (Euratom, Ispra). For the mathematical method see:

- F.B. Hildebrand: Introduction to numerical analysis
(chapter 6). McGraw-Hill 1956.

- R. Cansey and W.L. Frank: Share routine D2-RW-INT.
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The problem must be described in two user-written subroutines,
named DER and REPEAT, corresponding to the two main blocks

of figure 1. DER contalns the equations, and REPEAT the trial-
and-error strategy to modify initial conditions (in order to
match boundary conditions) or to modify the parameters to be
optimised.

A certain number of subprogrammes are available to the user
for specific tasks.

Tne subroutine DER

This subroutine must be supplied by the user. DER contains
the equations, the coefficient description, and may call
several subroutines and functions which will be described
later; it should be written as follows:

SUBRGUTINE DER (T, X, DX, PAR)
DIMENSI#N X(n), DX(n), PAR(m) etc...
IFGICAL SWITCH

IF (SWITCH(i)) G T 100

first group of statements

100 C@NTINUE

second group of statements

RETURN
END

where: T, X, DX are as described in section 2; PAR is a
vector of parameters, which is read in input (see sec.9.)
and may be modified by the REPEAT loop (see figure 1).

Throughout this report the following graphical convention is

used:
g is the letter O

0 is a zero



At the beginning of computation, for T=0, the first and the
second group of statements are executed sequentially; the
first group of statements contains the preliminary computations
of coefficients, which need to be computed only once;

.the test:

IF (SWITCH (1)) GO TO 100

by-passes the first group of statements during the following
iterations (see sec 6 ); 1 is an integer from 1 to 5.

The second group of statements contains the differential
equations, written as:

DX(I) = expression ,

which may be mixed with explicit algebraic relation between
variables.

The use of DER will be easily understood considering the follow~
ing simple example:

X¥==- % = (21‘(fr‘)2 X
zZ = x2 + xe
T=24+5

the rirst group of statements should contain:

DELTA = 0.001

PI = 3.1416926

FR = 0.2

A = (2. * PI * FR)** 2

The second group of statements is executed at each iteration

of the integration. It should contain the differential
equations T, and other algebraic or logical relations assoclated
with the variables of the problem.

i1.e. the expression of the derivatives.
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In the same example:

DX(1) = - DELTA *X(1) - A *X(2)
DX(2) = X(1)

z = X(2) **2 4 X(1) ** 2
DX(3) =Z + 5

Note that all the integrated variables have a common name X(I),
being the components of a vector. The same is true for the
derivatives DX(I).

Other statements, to be explained later, can be included in

this second group of instructions.
The maximum allowed number of differential equations 1is 150.

This set of statements can be visualised as an analogue block
diagram, if desired; then each DX(I) can be thought of as an
integrator, where the inputs appear on the right hand side.

It should be noted that the statements are executed in sequence
and that an auxiliary equation, such as 2 = ..., must be
written before an equation where Z appear in the right hand
side .

The initial conditions are given as a set of input data

(see section 9).

The subroutine REPEAT

This routine must be supplied by the user.

*
Since this programme 1s executed without rearranging the

-

equations, the auxiliary quantity needs to be defined before
its use. This is obvious to a digital programmer used to
FORTRAN, but 1is not the case in other systems such as APACHE
or MIDAS, used by analogue engineers.
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When boundary value or optimisation problems are computed
using the trial and error technique, computation 1is repeated
several times, changing some initial conditions or some para-
meters as functions of final values of the computation.

The law for changing the initial conditions should be contained
in another subroutine called REPEAT, which should have the
following structure:

SUBROUTINE REPEAT (X, XZ, PAR)
DIMENSION X(n), XzZ(n)
LOGICAL SWITCH

IF(SWITCH(m)) GF T8 100

first group of statements
100 CONTINUE

second group of statements

RETURN
END

where: X, XZ and PAR have the meaning described in sections 2

and 3; M is an integer from 5 to 10 (see section 6).

The first group of statements is executed only once, at the
first iteration on the initial conditions.

It may be used for instance to initialize a count of iterations.

The second group of statements is executed at each iteration,
i.e. at the end of each integration run. It contains the
formulae expressing the new initial conditions as function of
the final values (X) and the initial values (XZ) of the pre=-
ceding run.
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IT

For example:

X(4) = xz2(4) - 0.008 * X(2)
PAR(5) = A + X(2) + PAR(6)

All the initial conditions which are not changed should be
re-defined by a statement such as:

X(I) = X2(I)

When the repeat loop is not used (initial value problems),
the routine should be written as follows:

SUBRPUTINE REPEAT (.X, XZ, PAR)
CALL ST@PR

RETURN

END

Output of results

Five subroutines are available to read out results in a standard
arrangement, without any necd of WRITE or FORMAT instructions.
They must be called in the first group of statements of DER,
which are executed only once. (This call does not produce out-
put at the time in which the CALL sfatement 1s executed, but
serves to inizialise the output procedures).

All results are printed at fixed time intervals given in the
input data. *

For the varlable step mode, results will be printed out at
the end of the first iteration after the desired time.
Usually the time step for output is much bigger than the time
step for integration.
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These

5.1 =

5.2 -

I2

subroutines are: OUTPUT, WRITE, @€¢EF, DRAW, DRAWXY.
routines have a variable number of arguments:

CALL AQUTPUT (arg 1, arg 2, ...)

This subroutine enables to print out elther the com=-
plete integrated vector and the derivatives, or some
of them. Specified labels (given in the input data)
are printed out near the result.

The arguments are integers, and are the indexes of
components which must be printed out.

For example:

CALL guTPuT (2, 4, 7)

prints out only X(2), X(4), X(7) and the corresponding
derivatives.

The maximum number of arguments is 150.

If OUTPUT is not called the complete vector 1is printed
out.

CALL WRITE (argll, argyos e+ BrEyqs argiz,...)

This subroutine prints out variables other than the
integrated vector components. These variables must
appear at least once in a left hand side term in the
subroutine DER. They are printed out for the same
interval as in OUTPUT. The number of arguments is
variable with a minimum of two; they are always in
palrs, the first one specifying the label, the second
one the variable name.
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arg, is a Hollerith field of a maximum of 4 characters,
whlich speclify the label that should be printed
near the variable.

arg, o is a name of a variable which must be printed out.

For example:
CALL WRITE (4HDELT , DELT , 1HZ, Z)

The maximum number of palrs of arguments is K0.

5.3 =CALL CHEF (argll, aArgins e+ Arg s argi2)

This routine prints out numerical values of coefficilents
that have been computed in the first group of statements
of DER; the arguments arrangement 1s the same as in
WRITE (section 5.2). The maximum number of pairs of
arguments is 50..

5.4 - CALL DRAW (argll, arg)ys argy;s argie,...)

This subroutine plets the results on a CALCOMP 506 digital
plotter as a function of the independent variable T.
The arguments have the same arrangement as for WRITE.

Example : CALL DRAW (4HX(1), X(1), 4HDELT ., DELT)

The curves are plotted following a fixed format on linear
scales and with zero at the origin.

For economy no Indications are given on the axis, but
the full scale values are printed out on the output
listing for each curve.
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Each curve 1s traced with 1ts uwn appropriate scale;
the full scale values are always one-digit numbers
multiplied by a power of ten. For example a curve
with a maximum value of 0,63 will have a full scale

of T * 1071,

The same for the independent variable (time).
Ex.: 1if the final time 1s T = 750 the full scale

will be 8 * 10°.

Curves are numbered according to the order in which
they appear as arguments of DRAW.

The number of curves 1is limited to 15, and the number
of points per curve to 127 (only the first 127 points
will be traced).

The size of the drawing is 40 x 40 cm. A comment is
added to the drawing.

If REPEAT is used, the output will be one drawing per
iteration, so the use of DRAW should be prohlbited for
problems where convergence is still doubtful.

The subroutine DRAW may be called repeatedly, with
different arguments. For each CALL, the curves re-
lative to the arguments will be drawn on the same plot.
Thus

CALL DRAW (1HA, A, 1HB, B)
will draw A and B on the same drawing,
and

CALL DRAW (1HA, A)

CALL DRAW (1HB, B)

wlll draw A and B on two separate drawings.

The total number of pairs of arguments for all the
DRAW statements is 15. Thus a maximum number of
15 curves may be plotted, elther on the same or

on separate plots.
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5.5 - CALL DRAWXY (argll, argyp se-+ 8rgyys argiQ)

This suproutine plots the results on the CALCOMP 506“
digital pietter in a phase plane, taking as absclssa
the first variable (first two arguments) and as ordi-
nate the successive. The routine may be called re-
peatedly to obtain different plots in a similar way
as DRAW.

For example:
CALL DRAWXY (1HA, A, 1HB, B, 1HC, C)
CALL DRAWXY (1HD, D, 1lHE, E)

will trace two plots, the first giving B and C as
function of A, and the second E as function of D.

The maximum number of pailrs of arguments (thus of

variables to be plotted) is 6. The maximum number
of points per curve 127. The size of the drawing

is 40 x 40 cm. *

Subprogrammes available for control purpose

These routines are built in the programme, and may be
called in DER or in REPEAT, for various control operations.

6.1 - Logical function SWITCH (i)
where i is an integer constant, from 1 to 10. This
function, associated with a logical IF statement,
separates the instructions to be executed only once

important remark: The routines DRAW and DRAWXY may be used

only if the basic routines are availlable 1n the system for the
CALCOMP; see for that report EUR 2280F, P. Moinil, J. Pire:
Programmation relative on CALCOMP, which describes these
routines. The routines needed for SAHYB 2 are: FINIM, PLOT,
SYMBLY4, LINE, FINTRA.
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603 -

604 -
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from those to be executed repeatedly.

SAHYB 1nitiallse SWITCH as .FAISE. at the first call;
SWITCH becomes .TRUE. when called the first time and
remalins in this state. SWITCH may be used with argu-
ments from 1 to 5 in DER, and 1s reset each time T = O.
SWITCH with argument from 6 to 10 may be used in re-
peat, and 1s reset only once. When the REPEAT loop
is not used, the arguments from 1 to 10 may be used
in DER. The mailn use of SWITCH has already been
i1llustrated in sections 3 and 4, but many other uses
may be found. The argument 1 must never be greater
than 10.

CALL MZDDT(X)

where X 1s a real floating point constant or variable.
When the integration routine 1is used with constant
step length, and M@ZDDT 1is called, the time step is
modiflied and its new value 1s set to X. If the
variable step option 1s utilised, M@DDT does not
affect computation.

CALL MZDDX(Y)

where Y 1s a real floating point constant or varilable.
The output of results proceed with a certaln time step
between prints. When M@DDX 1s called, the reat-out
step 1s modif@ed and 1ts new value 1s set to Y. This
affects all the routines mentioned in section 5
(except obviously PARAM).

CALL START(Z)

where Z 1s a real floating point constant or variable.
This routine may be used only in DER. When the pre-
dictor-corrector integration option is used, 1n some
cases (as near a discontinuity), the integration
method loses accuracy (or significance), unless the
starting formula (RUNGE-KUTTA) 1s used again.*

CALL START (Z) starts again the predictor-corrector
at the time Z.

* See Hildebrand: Introduction to numerical analysis
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6.5 -

6.6 -
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CALL ST@P(Z)

where Z 1s a real floating point constant or variable.
This routine may be used only in DER. When called,

it stops integration at the time Z, but the REPEAT

loop (if any) continues; this routine should be used
instead of the usual ST¢P of Fortran, also in order

to save the results to be printed or plotted successive-
ly.

CALL ST%PR

This routine has no argument, and may be used only in
REPEAT. It interrupts the REPEAT loop (fig. 1) and
must be called by the REPEAT subroutine when the re-
qulred conditions have beeh matched. Here again, this
routine must be used instead of the usual Fortran

STPP in order to save results to be printed or plotted
successively.

When the REPEAT loop is not wanted, as for lnitial
value problems, CALL STYPR 1is the only instruction of
subroutine REPEAT (see section 4).

Subprogrammes avallable for arithmetical or logical operations

These routines are bullt in the programme, and may be called
by DER or REPEAT; they are, in general, commonly used

operations, and are given to release the user from the need

to reprogramme them for every problem.

T.1 -

SIGMA(X, Il1, I2) and SIGMAP(X, Y, I1l, I2)

where X and Y are dimensioned vectors of real floating
point variables, and Il and I2 are integers (Il <1I2).
These functions perform a multiple summation,

for example

A = SIGMA(X, 2, 6) + SIGMAP(X, Y, 1, 10)
is equivalent to

6 10
A = E Xi + E Xi*Yi
i=_ i=1 -
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7.2 = STEP(Z)
where Z is a real floating point constant or varilable.
This function may be used only in DER, and has a
value zero for T<Z, and one for T ~Z; when the
transition from one state to another occurs, the
current integration step 1s terminated to 2 exactly,
and, 1if used, the predictor-corrector is started
again from this point, avoiding errors due to thec
discontinuity.

7.3 - PULSE(Z)
where Z is a real floating point constant or variable.
This function may be used only in DER, and is equi=-
valent to a pulse of unit surface occurring at the
time Z. Before the pulse (which has the duration of
one integration step) occurs, the current integration
step is terminated to Z exactly, and, 1f used, the
predictor corrector is started again from this point,
avoiding errors due to the discontinuity.

7.4 - RAMP(Z1, 2Z2)
where Z1 and Z2 are real floating point constants or
variables.
This function may be used only in DER, and is equi-
valent to a ramp of one unit per second, starting at
time Z1 and ending at time Z2.

Thus
RAMP = 0. for T < Z1
RAMP = T-Zl for Z2> T > 21
R[MP = 2,-2, for T> Z2

At times Z1 and Z2 the current integration steps are
terminated exactly to 21 or Z2, and, 1f used, the
predictor-corrector is started again from these points,
avoiding thus any error due to the discontinuity.

The interval between Z1 and Z2 should not be shorter
than three integration steps.
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7.5 - COMPAR(Z, 1)
where Z 1is a real floating point variable, and I is
an integer constant from 1 to XO.
This function may be used only in DER, and acts as
a comparator in an analogue computer:

COMPAR(Z, I) = 0. for 2< 0

COMPAR(Z, I) = 1. for Z >0,

I being the comparator number, since several of them
may be used simultaneously (up to I0). At each
transition from one state to another the predictor-
corrector, if used, is started again in order to
avoid errors due to the discontinuity.

When Z changes sign, the transition of COMPAR occurs
at the end of the current integration interval,
without modifying the integration step length.

Subprogrammes avallable to read out or load numerical
data in tables

These routines are built in the programme, and may be used
by DER only. All the subprogrammes described in this
section utilize a common storage, organised in 30 tables

of 100 points éachf (thus 100 abseissac, and 100 ordinates).
They are used for function generation, delay or memory;
when used simultaneously, care should be ftaken to avoid
erroneous overlap of data.

8.1 - Tabulated functions**

-

In engineering problems some functions may be obtained
experimentally, and thus be given as sets of points.

*10 tables only for the 7090 version

**These would be on the diode function generators on an
“"analogue computer
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A maximum of 30 arbitrary functions, having a mastimum
of 100 points each, may be included in the input data
(see section 9). The points are expressed as a set of
coordinates x, y. These tables which have an identi-
fication number from 1 to 30, are selected by two
functions to be used in the subroutine DER.

These functions are:

for linear interpolation ¢ TABIE (X, W)
for parabolic interpolation : PAINT (XK, W)

K i1s the integer (30) that identifies the
table in which the main programme has stored
the function to extract (see "input data"
sec. 9).

W is the abscissa on which interpolation must
be performed and can be any FORTRAN floating
expression.

For example, these statements could be written
in DER:
DX (2) = TABIE (2, X(1))

XX = PAINT {5, X(2) + X(4)) + DELTA

If one of the variables falls outside a given table,
computation is stopped and a diagnostic is printed out.

8.2 -Functions of two variables

When a function of two variables i1s given under
tabulated form:

y = f(x, z) (8-2-1)

it can be stored as a set of intersections:

¥y = £, (x5 2q) (8-2-2)

¥, =, (x5 2)
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each of which can e stored as a function of a single
variable. In SAHYB2 these can be stored as tables.

If care is taken to store functions of successive
(increasing) Zy in tables of successive indices X
(see section 9), the function of two variables can be
read by the function:

FIWgV(I1,I2,X,2,VZ)
where:

I1 and I2 are integers, identifying the first and the
last table in which the functions
£ (x,zi) arc stored.

X and Z are rcal floating point variables, and
have the meaning of x and z of (8-2-1).

VZ is a dimensioned vector, and corresponds

to the z, of (8-2-2).

for e:ample, the following cequations must be pro-
grammed:
A=B4+C

B = r(x,2)

suppose that B is stored as three functions of one
variable, for

29 = 0,5 2, = 1,5 23 = 3,6

These functions have been loaded in tables 3, 4, 5.
The statements necessary to describe this operation
in DER willl be:

DIMENSION VZ(3)

VZ(1) = 0.5
vz(2) = 1.5
VZ(3) = 3.6
A = FIWEV(3,5,X,2,V2) + ©
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Linear interpolation is used in both directions; a
warning is given and computation is stopped if either
X or Z fall out of the tabulated range.

Fixed or variable. delay lines

In many engineering problems delayed functions are
necessary; for this purpose a function named DELAY
is available in the programme, and 1s called as
follows:

DEIAY (X, TAU, STEP, XX)

where:

TAU is the time delay, and may be any FORTRAN
floating expression, it can have a constant
or a varilable value indifferently.

STEP is the time interval at which the delayed
function is stored. Its value must remain
constant, and the ratio TAU/STEP should not
be greater than 99 for storage limitations.

XX is the actual value of the variable to be
delayed.
K is an integer (< 30) which specifies.the

identification number of the table used to
store the delayed function.

To avoid overlap with the tabulated functions in
input, K is subject to the following restriction:
It must be greater (and never equal) than the
identification number of the tables in input (used
in TABIE and PAINT). (A good practice is to use
high values of K, i.e. 30, 29, etCeee. .)

Example:

If, in a dynamlic system, a variable XX needs to be
delayed by a time TAU, DELAY is to be used (obvious-
ly called in the DER subroutine). This function
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loads a table with a specified time step (STEP), and
extracts it after a time delay TAU, using linear
interpolation:

DX(2) = DEIAY(10, TAU, STEP, XX) - A(2)

where TAU is the time delay and may vary and be any
reasonable expression; STEP is related to the
frequency domain pertinent to the problem.

When the last point of the table is reached, loading
continues at the lower end, so that the table may be
used several times.

If the table capacity (100 points) is exceeded (due
to the ratio STEP/TAU), a diagnostic is printed out

and computation is stopped.

Loading tables during computation

When a function of time need to be memorised during
computation, in order to be utilised later (i.e.
aftey one turn around the REPEAT loop of fig. 1),
this can be done calling:

CALL IZAD(K, STEP, X)
where:

K is an integer (<30) that identifies the
table.

STEP is a floating-point constant, and is the time
interval for which the information must be
stored.

X is a floating-point variable, to be recorded
in the table.

The table K may or not have been loaded (initialised)
in input; to read the table the functions TABLE or
PAINT may be used.



24

5 = least-Squares curve-fitting and polynomial
generation

Sometimes a function is available in tabulated form,
but its use may be more economical or more accurate
using a polynomial approximation instead of table
look-up and interpolation.

If the table has been loaded in input (as for TABIE,
PAINT etc...) and the coefficients of a polynomial
of order n are wanted, these can be found calling:

CALL FIT(X, N, A)

(this subroutine must be called only once, in the
first group of statements of SUBROUTINE DER)
where:

K 1is an integer (<30) that identifies the
table.

N 1is the order of the polynomial wanted
(integer).

A 1is a dimensioned floating-point vector
(ditmension N+l1), and represents the co-
efficients of the polynomial.

for example:

Suppose a least-square best fit of order 3 is
wanted to generate a function f(x), which is tabu-
lated in table 5. The DER will be written as follows:

IZGICAL SWITCH
DIMENSI@N A(4)
IF(SWITCH(1)) Gf T 100
CALL FIT (5, 3, A)

100 C@NTINUE

F= ((A(4) * X + A(3)) * X + A(2)) * X + A(1)
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The subroutine FIT may also be called in REPEAT.

Input data arrangement

The first card is a comment Intended to identify the
problems +the first 15 letters of this comment are
written on the CALCOMP plot for ldentification. On the
following, there 1s one numerical information per card:
colums 1 to 40 may be used for any comment to be repro-
duced on the output listing (usually the meaning of that
particular datum). The numerical information is contained
in columns 41 to 50, in fixed or floating-point notation.t

The data cards are, in order:

1) identification and comments

2) number of differential equations N (fixed point
maximum 150)

3) number of parameters to be varied in REPEAT loop
(fixed point, maximum 100)

L) number of tables to be read in input (fixed point,
maximum 30)

5) final time for integration (floating)
6) 1initial or constant integration step (floating)

7) time step for output (floating)

For fixed point the reading format is : I 10

for floating point the reading format is : E 10.6

Thus for fixed point the unities should be in

column 50; for floating 1f the declimal point is
explicit, the number may be written in any desired

way in colums 41 to 47; column 48 contains eventually
the sign of the exponent of 10, columns 49 and 50 this
exponent.

Blanks are taken as zeroes.
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8) integration option (maximum 4, fixed point).
The numerical information in column 50 should be:

1 for fixed step predictor-corrector
for variablé step predictor-corrector

3 for variable step predictor-corrector
using standard error characteristicst

4 for uth order Runge-Kutta integration

9,1) 1initial condition for X(1) in floating.
The first six characters of the comment are
taken as label on the standard output.

9,n) initial condition for X(n)

10,1) first parameter to be optimised by repeat loop
(initial value), in floating.

10,m) parameter m.

Then, the following cards (11 to 16) must be placed
only when integration option is 2 on datum n.8.

11) maximum relative error (floating)
12) minimum time step (floating)

13) maximum time step (floating)

14) variation factor (floating)

15) 1level below which the absolute error is considered
for step variation (floating)

16) error factor, specifying a lower bound for which
a longer step length is taken (floating)

* These are: maximum error: 1072 -5
- minimum time step: 10
maximum time step: 100
varilation factor : 0.5
level below which the absolute error is
considered: 1
error factor for which a longer step
length is taken: 100
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If the number of tables 1s not zero, the following
cards must then be given:

17) number of points in table 1 (L 100, fixed point)

18-1) the following cards contain the abscissae and
ordinates of table one: six numbers, per card;
respectively Xys Y99 X5s Voo x3, y3 on the first
card, etc. Each number 1s expressed in floating
and uses 10 columns. Thus columns 1 to 60 are
used on these cards.

19) number of points in table 2 (fixed point)

19-1) abscissae and ordinates of table two.

And so on for the desired number of tables.
If a second case must be computed, a second deck of data
must follow in the same order; 1if not, +the last card must

always contain END in the first three columns.

A résumé of the data arrangement is given in figure 2.

Miscellaneous information

SAHYB 2 is made by a main programme and 27 subprogrammes,
not including DER and REPEAT, to be supplied by the user.
Comments are given throughout the programme to facilitate
understanding.

10-1) Unused subprogrammes

The subprogrammes DELAY, TABLE, PAINT, FIT, FTW@V,
IgAD, RAMP, STEP, PULSE, SIGMA, SIGMAP, C@MPAR,

when not used by DER or REPEAT, may be removed to
economise loading time and storage (FTW@V needs TABIE).
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To save further storage, if none of the subprogrammes
described in section 8 are used, the COMMON
labeled/EIBAT/ in the main programme may be removed.

Calcomp plotter

If a CAICOMP digital plotter 1s not available, the
routine CURVE must be replaced by a dummy subroutine:

SUBRZGUTINE CURVE
RETURN
END

and SCALA and VAIMAX become then unnecessary. If a
plotter different than the CALCOMP is available, it
should be easy to modify subroutine CURVE following
the comments: other parts of the programme would not
need to be changed.

Integration subroutines

These subroutines are:

NRM1 for Runge-Kutta integration

NADM for the Adams-Moulton predictor-corrector

(NADM needs NRM1 to start).

These routines have been selected for SAHYB 2 as re-
presenting integration methods widely tested and
sulted to a great variety of scientific problems.
Nevertheless, the use of other routines supplied by

the user remains possible and easy to insert, follow-
ing these indications:

1) The new subroutine must communicate with the
programme by means of a common:
COMMON/VARIAB/NEQ,T,X(150),DX(150), DT,E,F,HMIN,
HMAX ,BETA,A,IND
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where:

NEQ 1is the number of differential equation

T is the lndependent varilable

X is the Integrated vector

DX is the vector of the derilivatives

DT 1s the integration step

E,F,HMIN,HMAX ,BETA,A are the data relative
to variable step integration
(see section 9)

IND i1is an indicator to be used freely.

In addition insert the common statement:
COMMON/R4P/PAR(100)

and the new subroutine must evaluate the
derivatives by:

CALL DER (T,X,DX,PAR)

where the arguments are as explalned in section 2
and 3 (note that PAR is not used by the inte-
gration routine, but 1s necessary as a means of
communication between DER, REPEAT, and the main
programme ) .

In the main programme, after the comment
INTEGRATION ROUTINE SELECTION DEPENDING ON IOP
the computed GO TO must be changed, and a new
option number must be added; the new integration
routline must be called immediately before the
comment TEST FOR FINAL TIME OR START TIME.

for example:

G ™ (351, 351, 351, 354, 9999), I@P

9999 CAILL INTEGR

INTEGR will be used if the option number is 5 in
data card n°. 8.
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Example

These equations represent the distribution of

Temperature and Velocity of a fluld moving between

two parallel plane surfaces:

S Q+av) sA(D) *F =0 (1)
d A
< p(T) * ] p + Y (T) (2)
A=a - BT (3)
= ¢ - ar (4)
2. n
= el (5)

The boundary corditions are:

T(0)
v(o)

100 T(x__.)=0

max

/ -
0 Vix ) =0

This problem must be solved by trial and error.

ILet us define:

X(1) = V DX(1) = V
X(2) = T DX(2) = T
x(3) =[p(m = x1)]  px(3) = x (3)

PAR(1) = [(1 +av) A (1) * DX(2}

F%ﬂ = TABLE(1, X(2))

.and is tabulated. *

This function is here tabulated to illustrate the use
of TABIE.
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From equations (1) to (5) we can derive the following
system:

DX(1) = TABLE(1, X(2)) * X(3) (6)
DX(2) = X(4)/(1L +oLv) # K (7)
»x(3) = Ap +y (8)

let us call:

ol = AIFA
d = GA
Wo= (14 0Cxx(1))xA
A = VA
Ap = DP

Equations (6) to (8) will easily be recognized in the
subroutine DER that follows. Since initial conditions
are given for X(1) and X(2), the SUBROUTINE REPEAT
changes the initial conditions for X(3) and the value
of PAR(1) until the boundary conditions are matched
for X(1) and X(2).

Note that the final values of ¥(1) and X(2) are con-
sidered to match the boundary conditions (=0) if their
final value is less than 1 % of their peak value. If
the number of iterations (NIT) exceeds 5, computation
is here stopped. PAR(2) and PAR(3) are variation
factors which are not modified within the programme.
They provide here an easy way for the user to act
manually on the problem, changing data cards between
computations, seeking for the best conditions for
convergence .

Following the DER and REPEAT will be found the input
data for this problem.
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SUBROUTINE DER(TyXyDX,PAR}

SUBROQUTINE REPEAT(X,XZ,PAR)

: c
EXAMPLE 1 BOUNDARY VALUE PRORLEM | ¢ X(1) ANC X(2) MUST BE NULL FOR T = T MAX
DIMENSION X(3),0X(3),PAR(3)
DIMENSION X(3),XZ(3),PAR(2)
LOGICAL SWITCH L DIMENSION X(3), '
IFISWITCHE(1)) GO TO 100 . IF(SWITCH(&)) GO TO 100
A-i159§hE- . NIT=0
&e §§ 36 100 CONT INUE
AL?A c
o523, NIT=NIT+1
e IF(N1TeGTe5) GO TO 130
CALL OUTPUT(1,2,3)
: ¢ s2sTEST FOR BOUNDARY CONDITIONSsas
GaLL BE{IE§%QY¢§Y?;?E&Q}?Q(}T?’“’ . IF(ABS(X(1))cLTe0e00035) GO TO 110
¢ e+s40DIFY INITIAL CONDITION®se
100 CONT INUE | RIS XTI AR
i e T D ¢ 110 TFOARSIX(2))eLTe20) GO TO 130
GA=C-C#X(3)
A ¢ #MCDIFY PARAMCTER®
LR RIS B4 IV, ' PAR(T)=PAR(TI-X(2T#PAR(3)
ARSI 120 §{1e53 03]
o o Haiit
EEEURN l 130 CALL STOPR
RETURN
——— - c—— a— @ e o e———r— o — : - END
—oulpul “of rasulEs ; = - = = s =
TIME = G TIME STEP = 1490000E~-02
X{ 1) = VELOCI = Go DER(VELOCI) = 505TublE-02 VA = 1,51840E-03
X( g) = TENPER = 1000900€ 02 DER (TEMPER) = -B3436787E 0 GA = ]o23308E 00
x( %) = x(3) = 5.55323E-03 DER(X{3) ) = -7 76440E-0 W = 10861840E-03
T e G G e ¢ mem— e —— e — - ———— At & —t— - -— e - - - - - —
TIME = 1,89999£-01 TIME STEP = 1490000E-02
X( 1) = VELOCI = —]o73]30E-04 DER(VELOCI) = -2034022E VA = 1059782€E-0
X ( %) 2 VERSER = ~1:1313%E-% DER(TEMPER) = -% 101%%5 92 GA = 1:33L82E88
X( %) = x(3) = -8.51535€-02 DER(X(3) ) = - SBe-01 W = 1050755g-03
Y - - — —— - — — - - - —
#ssCALCOMP DISITAL PLOTTER 2 TIME CURVES, O X-Y CURVES, 10 POINTS PER CURVE®ss
ssnsunnnnnssPLOT NUMBER 1 16 POINTS
TIME , FULL SCALE = 2000E-01
CURVE 1 X1 , FULL SCALE = 2400E-03
CURVE 2 X2 , FULL SCALE = 1600E 02
sess  EXECUTION OF SAHYR COMPLETED #wee

Ve
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Index (by sections)

Calcomp plotter 5-4, 5-5, 10=2
CPEF 5-3

CZMPAR, Comparators T7-5

DER, derivatives 2, 3,

DELAY, delay lines 8-3

DRAW 5-4

DRAWXY 5-5

Example 11

FIT 8-5

function generation 8, 9
FTW@V, function of two variables 8-2
Initial conditions 4, 9

Input data cards 9

Integration routines 2, 6-4, 9, 10-3
ILeast=-squares fitting 8-5

IZAD 8-4

M@DDT 6-2

M@DDX 6-3

Numerical Tables 8

ZUTPUT 5-1, 9

Output of results 5-1, 5-2, 5-3, 5-4, 5-5, 6-3, 9-7
PAINT 8-1, 9

parameters 3, 4, 9

PULSE 7-~3

RAMP T-4

REPEAT 2, 4,

SIGMA T-1

SIGMAP T-1

START 6-4

STEP 7-2

STEP 6-5

STPR 4, 6-6

SWITCH 3, 4, 6-1

TABIE 8-1, 9

WRITE 5-1
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Appendix I

Programme for the IBM 360/65.

The listing 1s given here to facilitate understanding of
the text and should be taken as indicative, as in all
programmes further corrections or improvements may be
introduced.
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SAHYB2/ FORTRANAK / VERSION 360765 MAINOO10
AR AR AR R RN AR AR RIA R R R AR AR R AR BB RR AR RN R R nrnnnnnnnnaMAINOD 20D
MAINOG 30

MAINOO4O

HEAD = T2 CHARACTERS = HEADING MAINOOS0

CXZ NAME OF INTEGRATED VARIABLES MAINOO6O

CXZ(10,1) HEADING OF VARIABLE X(I)=CHAR:1-6MAINOOTO

HDCURV(I)=NAME OF CURVE(I)} MAINOOSD

MAINOG90

SRR RN N AN RS RN E RN R ERABRRRARA AR R BN R BB ERBRRERE R nnnnnnnnaMAINOIDOD
L COMMONS SUBPROGRAMS #MAINO110
L CALCOM /MAIN, STAMPA,PUTOUT,CURVE s VALMAX s SCALA *+MAINO120
- ELBAT /MAIN,DELAY,TABLEsPAINT,FIT,LOAD +=MAINO130
- GOLWS /MAIN, COMPAR, SWLOG #MAINO 140
. HCTIWS /MAIN, SWITCH,MODDX,MODDT, FTHWOV *=MAINQ150
. OLDVAL /MAIN, COMPAR =MAINO160
- RAP /MAIN3s NADMysNRM1 #MAINO1T70
- REP /MAIN,STOPR *MAINO180
L TRATS /MAIN; COMPAR, MODDX, MODDT, START,,STOP,PULSE sMAINO190
- UTIL /MAIN, STAMPA, PUTOUT #MAINO200O
- VARIAB /MAINo,NADM,NRM1,DELAY,COMPAR,START s STOP,; PULSE  STAMPA#MAINO210
- RAMP, STEP,PUTOUT +«MAIN0220

llllllll.ll’lll’l.ll’lll!llllll!lllllllllllll!llll!ll!lllll.llllllQIGHAlNono

COMMON/CALCOM/TABTX(128416) s HCURV(15) yNCALL+NCURV{15) ,TABXY(128,6)MAINO240O

-

s HCURVX{6) yNCALLX,NCURVX(6) ; KAy NAy NAXY,NOCALC,HEAD(18) ,NOXY
COMMON/ELBAT/T1(100,30),T2(100,30),NP{31),ATT(30)},NT
COMMON/GOLWS/SL(20)

COMMON/HCT IWS/S(15)

COMMON/OLDVAL/TOLD

COMMON/RAP/PAR(100)

COMMON/REP/NOREP

COMMON/TRATS/FMX, FMT, TSTOP,RESET,TF,DTOLD
COMMON/UTIL/NS(150)4N1,N2,N3,1D,VN(50),VE(50),CXZ(10,150)
COMMON/VARIAB/NEQ, T, X(150),DX(150),DT4E,F,HMIN,HMAX,BETA,A,I0P1

DIMENSION XZ(150),XF(150)

DIMENSION CNEQ{10},CTF(10),CDTZ(10),CDOUT(10},CI0OP(10Q),
ICNT(10),CNP(10),CNPAR{10),CPAR(10,100)

DIMENSION CE{(1C),CHMIN(10},CHMAX(10),CBETA{10),CAC10),CF(10)

LOGICAL NOCALC,NOREP,BEGIN,NOXY,SL,S,SWITCH
1 FORMAT (18A4)

2 FORMAT (10A4,110)
3 FORMAT (10A4,E10.6)

MAINO0250
MAINO260
MAINO270
MAINO280
MAINO290
MAINO300
MAINO310
MAINO320
MAINO33D
MAINO340
MAINO350
MAINO360
MAINO370
MAINO380
MAINO390
MAINO&OO
MAINO410
MAINO420
MAINO&30
MAINOLYD
MAINOM4S50
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4 FORMAT (6E10,6) MAINO®60
MAINQO470

51 FORMAT (1H1,6X,18A4/7//) MAINOLBO
52 FORMAT (1HO,6X,10A4, 15, 14X, 25HNUMBER OF DIFF. EQUATIONS/ MAINO490
11H0, 6X,10A4, I5 , 14X ,32HN- OF PARAMETERS TO BE OPTIMISED / MAINOS500
21HOy 6 X5 1CAU,I5,14X, 25HNUMBER OF TABLES IN INPUT / MAINOS510
31HOy 6 X9 1CAL 1PE15c 5, 4Xy TOHFINAL TIME/ MAINOS520

41HO, 6X, 1CAL,TPEIS 54X, 19HC INITIAL) TIME STEP/1HO,6X,10Al4,1PE15.5,MAINO530
SUX920HTIME STEP FOR OUTPUT/1HU36Xs TUAL, IS, 14X, 18HINTEGRATION OPTIOMAINOSUO

6N/) MAINOS550
53 FORMAT (1H1,6X,42HPARAMETERS TO BE OPTIMISED BY REPEAT LOOP //(1HUMAINQS560
54 FORMAT (1HO/1HC,27H== NUMBER OF TABLES EXCEEDS,Ik4, MAINO580
116H NO EXECUTION == /) MAINO590
55 FORMAT (1H1,12X, 10A4, 2X,28H## NUMBER OF POINTS IN TABLE,IL4,5X,1H=MAINO60O
1,14,3H ==/) MAINO61D

56 FORMAT (1HC/1HC,42H=+ TABLE CAPACITY EXCEEDED NO EXECUTION =# ) MAINO62C
57 FORMAT (1H1,6X,21HVARIABLE DEFINITIONS ,22X,18HINITIAL CONDITIONS,MAIND63D

111X, 19HINITIAL. DERIVATIVES // MAINOO6LO
2(1HD s 6X,1CAU, 3X32HX(3 134 1H) s 1PE1T 736Xy 3HDX(:13,1H),1PE1T. 7)) MAINO650
58 FORMAT (1H1) MAINO660
59 FORMAT (1H1, 8X, 27H##=CALCOMP DIGITAL PLOTTER ,I13,14H TIME CURVEMAINO6TO
1Sy 9I13,12H X-Y CURVESy [3,20H POINTS PER CURVE#ss# ) MAINO68D

60 FORMAT (1HC//7X,24HREPEAT LOOP ITERATION No +I4,10H COMPLETED //) MAIN0690
61 FORMAT (1HQ, 6X,53H=« NUMBER OF ITERATIONS EXCEEDS 25 EXECUTION ENMAINGT700

1DED ##/) MAINO710
62 FORMAT (1HC,1P2E2507) MAINOT20
63 FORMAT(1H1y 6Xs40Heses EXECUTION OF SAHYB COMPLETED #ssxs ) MAINOT730
64 FORMAT (1HC///:TX,52HADDITIONAL DATA FOR VARIABLE STEP INTEGRATIONMAINO74O
1 OPTION / THO/ 37X, 10Ak, 1IPE15.5,4X, 13HMAXIMUM ERROR/ MAINO759
21HO, 6 X5 10AL,1PE15.5,4X, 1TTHMINIMUM TIME STEP/ MAINO760
31HO» 6 X9 1GAUHIPE1Sc 554Xy 1THMAXIMUM TIME STEP/ MAINOTT70
B1HO, 6X, 1CAL, IPE15.5,4X, 16HVARIATION FACTOR/ MAINOT780
51HO, 6Xs 10AU, IPE15.5,4X,33HLIMIT BETWEEN ABS. AND REL. ERROR/ MAINCGT90
61HO0, 6 X3 10AL, IPE15,5,4X, 20HLOWER BOUND TO ERROR//) MAINCG80O0
65 FORMAT (1HC///,7X,52HSTANDARD DATA FOR VARIABLE STEP INTEGRATION OMAINO810
1PTION / THO/ s7Xs 1PEVS.5,4X,y 13HMAXIMUM ERROR/ MAINO820
21HU; 6 X3 1PE15:5,4X, 1THMINIMUM TIME STEP/ MAINOB30
31HO» 6 X9 1PENSc 54Xy 1THMAXIMUM TIME STEP/ MAINOBLU
41HO, 6X, 1PE15.5,4X, V6HVARIATION FACTOR/ MAINO850
51HO0, 6X3 1PE1505,4X,33HLIMIT BETWEEN ABSo AND REL ERROR/ MAINGSB6D
61HO, 6X, 1PE15.5,4X, 20HLOWER BOUND TO ERROR//) MAINDBTO
66 FORMAT(1HL ,6X,32HERROR IN INPUT DATA NO EXECUTION//) MAINO880

67 FORMAT(1HC,6X, 43HPREDICTOR-CORRECTOR STARTED AGAIN AT TIME = sy MAINO8B90
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68 FORMAT(1HC///,7X933HCONSTANT STEP PREDICTOR-CORRECTOR)
69 FORMAT(1HG///,TXy32HVARIBLE STEP PREDICTOR-CORRECTOR)
FORMAT(1HO///, TXs B34HCONSTANT STEP 4TH ORDs RUNGE-KUTTA)

70

100

101

102

103

40

11PE1265)

INITIALISATION ENTRY

(AL X222 A2 X2 222222 R 2222 X232 XXX 2 X222 222X XXX X222 XXX 2 XY XX X X 2 ]

DATA END/3HEND/

DATA MM, MMM/30,100/

MM IS THE NUMBER OF TABLES AVAILABLE

MMM IS THS MAXIMUM NUMBER OF POINTS PER TABLE

MM AND MMM MUST BE CHANGED IFf THE DIMENSIONS OF THE COMMON

/ELBAT/ ARE CHANGED

(X222 2222 XX 222X XXX 22X X

& RETURN FOR NEXT DATA =

-

SESARNARTARNARTRRERTRARNATRE

CONT INUE

READ (5,1) HEAD

IF(ENDoEQec HEAD(1)) GO TO 101
GO TO 103

IF(NOCALCoORsNOXY) GO TO 102
CALL FINTRA

NOCALC AND NOXY ARE TRUE WHEN CALCOMP IS NOT USED

FINTRA ENDS THE USE OF CALCOMP
WRITE(6,63)
sTOP

READ DATA

CONT INUE
READ (5,2) CNEQ,NEQ;CNPAR,NPAR ,CNT,NT
READ (5,3) CTF,TE,CDTZ,DTZ,CDOUT,DOUTZ
READ (5,2) CIOP,I0P
I0P1=10P-1
IENTRY=C
READ (5,3) ((CXZ(K,I),K=1313),XZ(1),1=1,NEQ)
IF(NPAR.EQ.C) GO TO 105
READ (5,;3) ((CPAR(K,I),K=1,10),PAR(I),;1=1,NPAR}

WRITE DATA FOR CHECK

MAINO900
MAINO910
MAINO0920
MAINO930
MAINO94O
MAINO950
MAINO960
MAINO970
MAINO980
MAINO990
MAIN10UO
MAIN1010
MAIN1020
MAIN1030
MAINIOM4O
MAIN10G50
MAIN1060
MAINIOTO
MAIN1080
MAIN10G90
MAIN1100
MAINI110
MAIN1120
MAIN1130
MAIN114D
MAIN1150
MAIN1160
MAINI170
MAIN1180
MAIN1190
MAIN1200
MAIN1210
MAIN1220
MAIN1230
MAIN1240
MAIN1250
MAIN1260
MAIN1270
MAIN1280
MAIN1290
MAIN1300
MAIN1310
MAIN1320
MAIN1330
MAIN1340
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165

110
m
112

120
123

124

130

150

160

41

WRITE (6,51) HEAD

MAIN1350

WRITE (6452) CNEQyNEQsCNPARyNPAR »CNT,NT,CTF,TE,CDT2,0TZ,CO0UT,DOUMAIN1360

172,C10P, IOP

IF((NEQcLTo1) <ORc (NEQoGTe150)) GO TO 195
IF((NPARoLTo0)o0Re (NPAR.GTe 100)) GO TO 195
IFCCIOP:LTc1) (ORe (IOP.GTed)) GO TO 195
IF(DTZoGT.DOUTZ) GO TO 195

GO TO(110,111,111,112), I0P

WRITE (6,68}

GO TO 120

WRITE (6,69)

GO TO 120

WRITE (6,70}

ADDI TIONAL DATA FOR VARIABLE STEP INTEGRATION OPTION

GO TO (13G,123,124,130),10P

READ (5,3) CEyEo,CHMIN,HMIN, CHMAX,HMAX,CBETA,BETA,CA,A,CF,F
WRITE (&6,64) CE,EsCHMIN,HMIN, CHMAX,HMAX,CBETA,BETA,CA,A,CF,F

IF (FolTo 2:) GO TO 195
IF(HMAXc LECHMIN) GO TO 195
IF(BETAcGEcla) GO TO 195
GO TO 13C

10P1=]10P-2

E=1: E-0S

HMIN=1.,E~CS

HMAX=10C,

BETA=005

A=1.

F=120,

WRITE (6,65) E,HMIN,HMAX,BETA,A,F
IF(NToEQcU) GO TO 196
IF(NToGTcMM) GO TO 194

READ AND WRITE TABLES

CONT INUE

DO 180 I=1,NT

READ (5,2) CNP,NP(I)
NN=NPI(1)

WRITE (6,55) CNP, I,NN
IF(NN=-MMM) 170,170, 160
WRITE (46,56)

GO TO 195

MAIN13T0
MAIN1380
MAIN1390
MAIN1%00
MAINI®I10
MAIN1&2D
MAIN1430
MAIN1&LO
MAIN1I&50
MAINIL6D
MAINI&TO
MAIN1LBO
MAIN1490
MAIN1500
MAIN1510
MAIN1520
MAIN1530
MAINISLO
MAIN1550
MAIN1560
MAIN1570
MAIN1580
MAIN1590
MAIN1600
MAIN161D
MAIN1620
MAIN1630
MAIN164O
MAIN1650
MAIN1660
MAIN1670
MAIN1680
MAIN1690
MAIN1700
MAINITI0
MAIN1T720
MAIN1T30
MAINITHO
MAIN1750
MAIN1T60
MAINITT70
MAIN1T780
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170

180

19%
195

196
197
198

199

200

201
202
203

CONT INUE

READ (5,4) ( TIU(K,I),

WRITE (6,62) (
CONT INUE
GO TO 196

WRITE (6,54) MM
WRITE (6,66)
sTopP

DO 197 I=6,10
S{I)=oFALSE:

DO 198 K=1,NEQ
X{K}=XZ{K)
ILM=NT+]

DO 199 I=ILM,MM
NP(1)=0
NOREP=oFALSE.
KIT=1

CONT INUE

42

TZ(K|I,|K311NN)
T2(K,1),K=1,NN)

& RETURN

AFTER REPEAT =

(2222 X2 22222222222 222X}

INITIALISATION FOR CALCOMP ROUTINE (CURVE}

N1=NEQ

N2=)

NA=0

NAXY=0

KA=)

NCALL=0
NCALLX=0

DO 201 I=1,15
NCURVI(1)=0

DO 202 1=1,6
NCURVX(I)=0
DO 203 1=1,150
NS(1)=]
NOCALC=( TRUE,
NOXY=o TRUE.

BEGIN=o TRUE:

MAIN1790
MAIN1800
MAIN1810
MAIN1820
MAIN1830
MAIN18%0
MAIN1850
MAIN1860
MAIN18TO
MAIN1880
MAIN1890
MAIN1900
MAIN1910
MAIN1920
MAIN1930
MAIN19%0
MAIN1950
MAIN1960
MAIN19T0
MAIN1980
MAIN1990
MAIN2000
MAIN2010
MAIN2020
MAIN2030
MAIN20&0
MAIN2050
MAIN2060
MAIN2070
MAIN2080
MAIN2090
MAIN2100
MAIN2110
MAIN2120
MAIN2130
MAIN2140
MAIN2150
MAIN2160
MAIN2170
MAIN2180
MAIN2190
MAIN2200
MAIN2210
MAIN2220
MAIN2230
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210

216

217
221

222

230

235
240

250

260

DO 210 I= 1 , MM
ATT(1)=0,

T-0.0

DT=DTZ
DOUT=DOUTZ
OUT=pOUT 2+0. 99999
TF=TE

TSTOP=TF

TOLD=T

DO 216 1I=1,5
S(1)=qFALSE.
S{12)=eFALSE.
DO 217 I=13,15
S(I1)=eTRUE.

00 221 I=1,20
SL(I)=gFALSEG
RESET=DT

WHEN CALLED SWITCH RESETS S(I) TO TRUE
COMPUTE INITIAL DERIVATIVES

CALL DER(T,XyDX,sPAR)

IF(KITeGTel) GO TO 290

1Z2=1
130=30
NEQ1=NEQ

IF(NEQ1. LE.30) GO TO 235
((CXZ(Ky1)gK=1910),1,XZ(1)»1,DX(1),1=21Z,130)

WRITE (6,57)
1Z=130+1
NEQ1=NEQ-130
130=130+30
GO TO 230
WRITE (6,57}
NST=3+N]

1F(N2)270, 270,250
1D=1}
N3=N2+1

IFINI-N2)280,260,290

ID=y
N3=]
G0 TO 290

43

((CXZ(K.l).K=l.lO).l,xl(l).l.DX(l).I-IZ.NEQ)
OF LINES PER OUTPUT

MAIN2280
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MAIN2310
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MAIN2330
MAIN2340
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MAIN2370
MAIN2380
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MAIN2400
MAIN2M10
MAIN2420
MAIN2M30
MAIN28#&0
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MAIN2480
MAIN2490
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MAIN2510
MAIN2520
MAIN2530
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270

280

290

295

300

310
312
320
330

350
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1D=2

N3=]

GO TO 290

1D=3

N3=N1+1

NST=3+N2

CONT INUE

NL=NST

IFINPARc EQcO) GO TO 295
WRITE (6+53) ((CPAR(K,I)sK=1,10),1,PAR(I),1=1,NPAR)
WRITE (6,58)

READ OUT AT T=0

CALL WRPP

#8422 RERRTRRES

- »
# INTEGRATION LOOP =
- -

SRR RTRAZRBRARS

MODIFY INTEGRATION (FIXED) OR OUTPUT TIME STEP
CONT INUE
GO TO (310,330,330,310),10P
SWITCH{(13) MODIFIES TIME STEP
IF(SWITCH(13)) GO TO 330
GO TO (312,320,320,320),10P
S{15)= o FALSE.
PREDICTOR CORRECTOR IS STARTED AGAIN BY SWITCH(15)
DT=FMT
SWITCH{14) MODIFIES OUTPUT STEP
IF(SWITCH(1I4)}) GO TO 350
ouUT=0UT-DOUT
DOUT =FMX
OUT=0UT+DOUT
CONT INUE
IF(TOLDcLToT) TOLD=T
DTOLD=DT

INTEGRATION ROUTINE SELECTION DEPENDING ON I0P

MAIN2670

MAIN2680
MAIN2690
MAIN2700
MAIN2T10
MAIN2720
MAIN2730
MAIN2740
MAIN2750
MAIN2760
MAIN2770
MAIN2780
MAIN2790
MAIN2800
MAIN2810
MAIN2820
MAIN2830
MAIN284O
MAIN2850
MAIN2860
MAIN2870
MAIN2880
MAIN2890
MAIN2900
MAIN2910
MAIN2920
MAIN2930
MAIN2940
MAIN2950
MAIN2960
MAIN2970
MAIN2980
MAIN2990
MAIN3000
MAIN3010
MAIN3020
MAIN3030
MAIN3040
MAIN3050
MAIN3060

’........I.....l..’..'.l.ll’l.lll'l””ll’l.’I’Il'lllll..l.’l’l”."AIN307°

10P=1, PREDICTOR-CORRECTOR,FIXED STEP
10P=2, PREDICTOR~CORRECTOR, VARIABLE STEP

10P=3, PREDICTOR-CORRECTOR, VARIABLE STEP,STANDARD DATA

I0P=k4,4TH ORDER RUNGE-KUTTA,FIXED STEP

MAIN3080
MAIN3090
MAIN3100
MAIN3110
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351

353

354

360
361
362
363

365
370

375
376
380

390

400

GO TO (351,351,351,354),10P
SWITCH (15) STARTS AGAIN PREDICTOR-CORRECTOR BY RUNGE-KUTTA

IF(SWITCH(15)) GO TO 353
IENTRY=(

WRITE(6,67) T

CALL NADM(IENTRY)
IENTRY=]

GO TO 360

CALL NRM1

TEST FOR FINAL TIME OR START TIME
IF(T+DTOLD-TSTOP)375,361,361

IF(T-TSTOP 363,363,362
T=T-DT
DT=TSTOP-T

LAST INTEGRATION STEP BEFORE TSTOP USES RUNGE-KUTTA

MAIN3120
MAIN3130
MAIN3140
MAIN3150
MAIN3160
MAIN3170
MAIN3180
MAIN3190
MAIN3200
MAIN3210
MAIN3220
MAIN3230
MAIN3240
MAIN3250
MAIN3260
MAIN3270
MAIN3280
MAIN3290

ARG ER SRR RN RN B RS R AR R R R AR AR RERR B AR RRRBS RN RGBSR nnnnneMAIN3ZZDD

CALL NRM1

IF(TSTOP-TF)370,365,365
BEGIN=o FALSE.
S(15)=oFALSE,

TSTOP=TF

DT=DTOLD

OUT=T#*0, 99999

CARRY ON WITH INTEGRATION
IF(T-TOLD) 300,300,376
IF(T-0UT)300, 380,380
OUT=0UT+DOUT
NL=NL+NST
IF(NL=-55)400,400,390
NL=NST

WRITE (6,58)

READ OUT

CALL WRPP

IF(BEGIN) GO TO 300

[ 222X XXX RIS SRS S22 2 222222 22X X2 2

& END OF INTEGRATION AND READ OUT LOOP =

MAIN3310
MAIN3320
MAIN3330
MAIN3340
MAIN3350
MAIN3360
MAIN3370
MAIN3380
MAIN3390
MAIN3400
MAIN3410
MAIN3420
MAIN3430
MAIN3440
MAIN3450
MAIN3460
MAIN3570
MAIN3480
MAIN3490
MAIN3500
MAIN3510
MAIN3520
MAIN3530
MAIN3540
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[ Y Yy Yy Yy Y Yy P Y Y Y Yy I Y Y Y Y
CARRY ON FOR REPEAT LOOP
IF(NOCALC) GO TO 430

NCXY=NAX Y=NCALLX
WRITE (6,59) NA,NCXY,KA

MAIN3560
MAIN3570
MAIN3580
MAIN3590
MAIN3600
MAIN3610
MAIN3620

NA=NoOF TIME CURVESyNCXY=NeOF X-Y CURVES,KA=NoOF POINTS PER CURVEMAIN3630

CALL CURVE

CALL REPEAT(XyXZsPAR)
IF(NOREP) GO TO 100
WRITE (6,60) KIT
KIT=KIT+1

IF(KIToLTo26) GO TO 200
WRITE (6,61)

GO TO 100

END

MAIN36L40
MAIN3650
MAIN3660
MAIN3670
MAIN3680
MAIN3690
MAIN3700
MAIN3T710
MAIN3T20
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10
c
c
20
c
c
25
40
c
c

A7

SUBROUTINE NRM1

USED ALSO TO START NADM (PRED.CORRcVARe STEP)

COMMON/VARIAB/NyX,Y(150),DY(150),DX,EoF,HMIN,HMAX,BETA, A, 10PT

COMMON/RAP/PAR(100)

DIMENSION VK(15043),2(150),HH(2)
HH(1)=DX/2¢

HH(2)=DX

00 10 I=1,N
Z(I)=aY(I)+HH(1)=DY(I)

CALL DER{(X+HH{1)},Z,VK(1,1}),PAR)}

DO 25 M=1,2

DO 20 I=1,N

Z(I)=Y(I)+HH(M)aVK(]I M)

CALL DER(X+HH(M);Z,VK(1,M+1),PAR)

CONT INUE

DO 40 I=1,N
Y(I)=Y(I)4HH(2) /6o (DY(I)+2.#(VK(I31)+VK(I,2))4VK(I,3))
X=X+HH(2)

CALL DER(X,Y,DY,PAR)

RETURN
END

NRM10010
NRM10020
NRM10030
NRM10040
NRM10050
NRM10060
NRM10070
NRM10080
NRM10480
NRM10490
NRM10500
NRM10510
NRM10520
NRM10530
NRM10540
NRM10550
NRM10560
NRM10570
NRM10580
NRM10590
NRM10600
NRM10610
NRM10620
NRM10630
NRM10640
NRM10650
NRM10660
NRM10670
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SUBROUTINE NADM(NENTRY)

COMMON/VARIAB/Ny X Y{150), ADY(150)+DXyEsFyHMIN,HMAXyBETAsA, IOPT
COMMON/RAP/PAR(100)
DIMENSION YBEGIN(150),YCOR(150),YPRED(150),DY(150,3),8DY(150)
PREDICTOR-CORRECTOR FORTRAN 1V
500 FORMAT(THO:6Xs 4THWARNING MINIMUM TIME STEP USED AT TIME =
1,1PE12657)
IF(NENTRY) 101,102,101
INITIALISATION ENTRY
102 CONT INUE
EDF=E/F
303 CONTINUE
DO 1 I=1,N
DY(I,3)=ADY(I)
1 YBEGIN(I)=Y(I)
30 CONTINUE
ISTEP=0
KOUNT=0
RETURN

INTEGRATION ENTRY

107 CONTINUE
IF(ISTEPoGE:-3) GO TO 2
AMAX=0,
CALL NRM1
K=2-1STEP
IF(K)42,42,41

41 CONTINUE
DO 8 I=1,N

8 DY(I,K)=ADY(I)

42 CONTINUE
ISTEP=ISTEP+1
RETURN

START PRED-COR
2 CONTINUE
CALCULATE PREDICTED Y
AX=DX/24c
DO 5 I=1,N
5 YPREC(I)=Y(I)+AX#(55,#ADY(I)=59,DY(I,1)+37.#DY([,2)=-9,+#DY(I,3))
X=X+CX

NADMOO10
NADM0020
NADM0O030
NADMOOWO
NADMOOS50
NADM0OO0 60
NADMOO70
NADMO080
NADM0O090
NADMO100
NADMO110
NADMO 120
NADMO 130
NADMO 140
NADMO150
NADMO160
NADMO170
NADMO 180
NADMO190
NADM0200
NADMO210
NADM0220
NADMO0230
NADMO240
NADM0250
NADM0260
NADMO270
NADM0O280
NADM0290
NAOMO300
NADMO310
NADM0320
NADMO330
NADMO340
NADM0O350
NADM0O360
NADMO370
NADM0O 380
NADM0390
NADMO4OO
NADMOW 10
NADMO& 20
NADMO4 30
NADMO& 4O
NADMOLSO
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45
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CALL DER(X,YPRED:» BDY,PAR)

CALCULATE CORRECTED Y
DO T I=1,N

YCOR(I)=Y(I)+AXe#(9c# BDY(I)+19,#ADY(I)=5.#DY(I,1)4DY(I,2))

AMAX=0,

DO 9 I=1,N
D=ABS(YCOR(1))
IF(A=-D)T1,71,72
CONT INUE

D=A

CONT INUE

ERR= (ABS (YCOR{I1)-YPRED(I)))/D
IF(ERR-AMAX)9,9,11
AMAX =ERR

CONT INUE
AMAX=AMAX/ 14
IF(10PT)10,12:10

VARIABLE STEP

CONT INUE
IF(AMAX-E)13, 1%, 14

CONT INUE
IF(AMAX-EDF)15,45,45
CONT INUE
IF(DX=*=BETA-HMIN)U4L4,45, 1
CONT INUE

IF(HMAX) 19,20,19

CONT INUE

DX ALREACY=HMAX
IF(DX/BETA-HMAX)20,12,12
CONT INUE

TEST IF THIRD STEP WITH LOW ERROR
KOUNT=KQUNT+1
IF(KOUNT-3)12,21,12
WRITE(6,500) X

KOUNT=0

CONT INUE

CARRY ON WITH PRED-CORe
DO SO I=1,R
DY(1,3)=CY(1,2)

NADMO4 60
NADMOLTO
NADMO480
NADMOAL90
NADMO500
NADMOS510
NADM0520
NADMO530
NADMOS&0
NADMOS50
NADM0OS560
NADMOS570
NADM0S580
NADM0590
NADMO400
NADMO610
NADM0620
NADMO0630
NADMO6KO
NADMO650
NADMD660
NADMO6TO
NADM068B0
NADM0690
NADMOT700
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NADMO720
NADMO730
NADMO740
NADMO750
NADMO760
NADMO770
NADMO780
NADMO790
NADMOBOO
NADMO810
NADM0OB20
NADM0830
NADMO8KO
NADM0850
NADMO860
NADMO870
NADM0880
NADM0890
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59

18

53

5%

52

50

DY(1,2)=DY(I,1)
DY(I41)=ADY(I)
Y{I}=YCOR(I)}
CONT INUE
ISTEP=ISTEP+1

CALL DER(X,YCOR,ADY,PAR)
RETURN
CONT INUE

INCREASE STEP,START WITH RK FROM THIS POINT

DX=DX/BETA
DO 59 I=1,N
Y(I}=YCOR(I)
CONT INUE

CALL DER(X,Y,ADY,PAR)
GO TO 303

CONT INVE
DECREASE STEP
IF(ISTEP~3)52,453,52

CONT INUE

RETURN 3 STEPS,TO RESTART RK
X=X-Y4o #DX

DX=DX#BETA

DO 5k I=1,N

Y{I)=YBEGIN(I)
ADY(1)=DY(I,3)

CONT INUE

GO TO 30

CONT INUE

RETURN 1 STEP,TO RESTART WITH RK
X=X-CX

DX=DX«*BETA

GO TO 303

END

NADM0900
NADMO0910
NADM0920
NADMO0930
NADMO9%0
NADMO950
NADMO0960
NADMO9TO
NADM0980
NADM0990
NADM1000
NADM1010
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NADM1070
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NADM1200
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NADM1240
NADM1250
NADM1260
NADM1270
NADM1280
NADM1290
NADM1300
NADM1310
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FUNCTION SIGMA(X,11,12)

MULTIPLE SUMMATION FROM I1 TO 12,
DIMENSION X(30)

A=0,

00 11 I=11,12

A=X(1)eA

CONT INUE

SIGMA=A

RETURN

END

SAHY0020
SAHY0030
SAHYOOU40
SAHY0050
SAHY0060
SAHY0070
SAHY0080
SAHY0090
SAHY0100
SAHYO110
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FUNCTION SIGMAP(X,Y,11,12)

MULT IPLE SUMMATION OF PRODUCT FROM 11 TO 12
DIMENSION X{(30),Y(30)

A=0,

DO 10 I=11,12

A=X{1)eY(1)+A

CONT INUE

SIGMAP=A

RETURN

END

SAHY0130
SAHY0 140
SAHY0150
SAHY0160
SAHY0170
SAHY0180
SAHY0190
SAHY0200
SAHY0210
SAHY0220
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LOGICAL FUNCTION SWITCH(I)
COMMON/HCT INS/S(15)
LOGICAL S

SWITCH 1 TO 5 USED BY DER

SWITCH 6 TO 10 USED BY REPEAT

SWITCH 12 USED BY FTHOV

S(13) 1S USED BY MODDT

S(14) IS USED BY MODOX

S(15) 1S USED BY MAIN TO START PREDICTOR-CORRECTOR

SWITCH=S(I)
S(I)=¢ TRUE.
RETURN

END

SAHY0240
SAHY0250
SAHY0260
SAHY0270
SAHY0280
SAHY0290
SAHY0300
SAHY0310
SAHY0320
SAHY0330
SAHYO3kO0
SAHY0350
SAHY0360
SAHY0370
SAHY0380
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SUBROUTINE MODDX({GAM)

COMMON/HCTINS/S(15)
COMMON/TRATS/FMX,FMT,TSTOP,RESET, TF,DTOLD
LOGICAL S

MODIFIES READ OUT STEP
MUST BE CALLED BY DER

IF{GAMe EQo GAMOLD) GO TO 100
GAMOLD=GAM

S(14 )=, FALSE.

FMX=GAM

RETURN

END

SAHYON00
SAHYON10
SAHYO&20
SAHYO%30
SAHYOMLO
SAHYOMS50
SAHYOM60
SAHYONTO
SAHYON80
SAHYO% 90
SAHY0500
SAHY0510
SAHY0520
SAHYO0530
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SUBROUTINE MODDT(GAM)
COMMON/TRATS/FMX,FMT, TSTOP,RESET, TF,DTOLD
COMMON/HCTINS/S(15)

LOGICAL S

MODIFIES TIME STEP
MUST BE CALLED BY DER

IF(GAMe EQo GAMOLD) GO TO 100
GAMOLD=GAM

S(13)=oFALSE,

FMT=GAM

RETURN

END

SAHY0550
SAHY0560
SAHY0570
SAHY0580
SAHY0590
SAHY0600
SAHY0610
SAHY0620
SAHY0630
SAHYQ6L0
SAHY0650
SAHY0660
SAHY0670
SAHY0680
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SUBRCUTINE START(TIME)
COMMON/TRATS/FMXy FMT, TSTOP,RESET,TF,DTOLD
COMMON/VARIAB/NEQs T+ X(150)4DX(150) yDT+E,FyHMIN,HMAX,BETA, A, I0P1

ENDS CURRENT INTEGRATION RUN AT TIME T AND FROM THERE STARTS
AGAIN PREDICTOR CORRECTOR WITH RUNGE KUTTA

IF(T+DT-TIME) 30,10, 10
IF(RESET-TIME)25,30,30
TSTOP=TIME
RESET=TIME+DTOLD
RETURN

END

SAHYO700
SAHYOT710
SAHY(0T20
SAHY0730
SAHYOTLO
SAHYO0750
SAHY0760
SAHYOTTO
SAHY0780
SAHY0790
SAHY0800
SAHY0810
SAHY0820
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SUBRQUTINE STOP(TIME)

COMMCN/VARIAB/NEQ, T,X(150),0X(150),DT,E,F,HMIN,HMAX,BETA, A, I0P1
COMMON/TRATS/FMXsFMTs TSTOPsRESETs TFsDTOLD

IF(T+DT-TIME) 2C, 10,10

TSTOP=TINE

TF=TIME

RETURN

END

SAHYO840
SAHY0850
SAHY0860
SAHY0870
SAHY0880
SAHY0890
SAHYU900
SAHY0910
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SUBROUTINE STOPR
COMMON/REP/NOREP
LOGICAL NOREP
NOREP=¢ TRUE.
RETURN

END

SAHY0930
SAHYO940
SAHY0950
SAHY0960
SAHY0970
SAHY0980
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FUNCTION PULSE(TIME)
COMMON/TRATS/FMX, FMT 3 TSTOPsRESET, TF,DTOLD
COMMON/VARIAB/NEQ,T,X(150),D0X(150),DT,E,F,HMIN, HMAX,BETA, A, 10P1
UNIT SURFACE PULSE AND INTEGRATION STEP ADJUSTMENT
IF(T+DT-TIME) 10,545

IF(T-DT-DT-TIME)20,10,10

PULSE=0c0

GO0 TO 100

CALL STARTI(TIME)

IF(T-TIME) 10, 30,40

PULSE=1,/DTOLD

GO TO 100

PULSE=0.0

CALL STARTI(TIME+1,000001sDT)

RETURN

END

SAHY1000
SAHY1010
SAHY1020
SAHY1030
SAHY 1040
SAHY1050
SAHY1060
SAHY1070
SAHY1080
SAHY1090
SAHY1100
SAHY1110
SAHY1120
SAHY1130
SAHY1140
SAHY1150
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FUNCTION STEP (TIME)
COMMON/VARIAB/NEQ; Ty X(150)4DX(150)4DT,E,FoHMIN,HMAX,BETA, A, 10P1
UNIT STEP FUNCTION AND INTEGRATION STEP ADJUSTMENT
IF(T+DT-TIME) 10,20,20

STEP=Q60

GO TO 40

CALL START(TIME)

1F(T-TIME) 10, 30,30

STEP=1e

RETURN

END

SAHY1170
SAHY1180
SAHY1190
SAHY1200
SAHY1210
SAHY1220
SAHY1230
SAHY1240
SAHY1250
SAHY1260
SAHY1270
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FUNCTION RAMP(TIME1,TIME2)
COMMON/VARIAB/NEQ, T X(150)DX(15Q0)4DT4EyFyHMIN,HMAX,BETA,A,10P1]
RAMP FUNCTION AND INTEGRATION STEP ADJUSTMENT
IF(T+DT-TIME1)10,20,20

RAMP=0,0

GO 1O 100

CALL STARTI(TIMEL)

IF(T-TIMEY)10,30,30

IF(T+DT-TIME2)40,50,50

RAMP=T-T IME1]

GO TO 100

CALL START(TIME2)

IF(T-TIME2)Uu0, 60,60

RAMP=TIME2-TIME

RETURN

END

SAHY1290
SAHY1300
SAHY1310
SAHY1320
SAHY1330
SAHY1340
SAHY1350
SAHY1360
SAHY1370
SAHY1380
SAHY1390
SAHY1400
SAHY1410
SAHY 1420
SAHY1430
SAHY 1440
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LOGICAL FUNCTION SWLOG(I)
USED BY COMPAR

LOGICAL SL
COMMCON/GOLXWS/SL(20)
SKLOG=SL(I)

SL(I )= TRUE:

RETURN

END

SAHY 1460
SAHYINT0
SAHY 1480
SAHY1I&90
SAHY1500
SAHY1510
SAHY1520
SAHY1530
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FUNCTION COMPAR(Z,1) SAHY1550
COMPARATOR AND PREDICTOR CORRECTOR START SAHY1560
LOGICAL SL,SWLOG SAHY1570
COMMON/GOLWS/SL(20) SAHY1580
COMMON/VARIAB/NEQs Ty X(150)9DX(150)4DT4E,FyHMIN,HMAXBETA,A,10P1 SAHY1590
COMMON/TRATS/FMX3 FMT 3 TSTOP,RESET, TF,DTOLD SAHY1600
COMMON/OLDVAL/TOLD SAHY1610

1 FORMAT (1HO///24HCOMPARATOR INDEX EXCEEDS,13,12HNO EXECUTION) SAHY1620
2 FORMAT(1HO,6Xs 1THCOMPARATOR(,12,3H) =,F2,0,10H AT TIME =,1PE12.5) SAHY1630
SAHY1640

DATA NCOMP/10/ SAHY1650
SAHY1660

NCOMP IS THE NUMBER OF COMPARCAVAILABLE SAHY1670
THE DIMENSION OF SL MUST BE 2#NCOMP SAHY1680
SAHY1690

IF(IoLEc NCOMP) GO TO 9 SAHY1700
WRITE (6,1) NCOMP SAHY1710
sTOP SAHY1720

9 II=1+NCOMP SAHY1730
1F(Z)10,20,20 SAHY1740

10 COMPAR=0o0 SAHY1750
IF(SWLOG(I)) GO TO 100 SAHY1760
SL{II)=c FALSEs SAHY1770

GO TO 30 SAHY1780
SAHY1790

20 COMPAR=1,0 SAHY1800
IF(SWLOG(II)) GO TO 100 SAHY1810
SL{I)=eFALSE, SAHY1820
SAHY1830

30 IF(ToLECCT) GO TO 100 SAHY1840
TSTOP=TOLD+DTOLD SAHY1850
WRITE(6,2) I,COMPAR,T SAHY 1860
100 RETURN SAHY1870

END SAHY1880



ISPRA - CETIS

EURATOM - C. C. R.

(2]

(2N g

64

SUBROUTINE STAMPA STAM0O10
COMMON/VARIAB/NEQsTyX(150)4DX(150),DT4EsF,HMIN,HMAX,BETA,A,10P1 STAM0020
COMMON/UTIL/NS(150),N1,N2,N3,ID,VN(50),VE(50),CXZ(10,150) STAM0OO30
COMMON/CALCOM/TABTX(128,16),HCURV(15) 4NCALL,NCURV(15),TABXY{(128,6)STAMOLLO

13 HCURVYX(6) sNCALLX s NCURVX(6) 3 KA NA;NAXYyNOCALC ,HEAD(18) ,NOXY STAMOO50
LOGICAL NOCALC,NOXY STAMO060

1 FORMAT (1HO, 66X, THTIME = ; 1PE12c5, 17X, 12HTIME STEP = ,1PE12o,5//) STAMOOT0

2 FORMAT (IH ? 6X|2HX(.I3'hH) = 'A“)A2'3H = .lPElZoS.bX.MHDER('Ak,AZSTAHOOBO
Ts8H) = 4, 1PE126516XyA6,3H = ,1PE12,5) STAM0090

3 FORMAT (1H , 6Xs2HX(+I3,8H) = ,A4,A2,3H = ,IPE12,5,6X,4HDER( A4, A2STAMO100
1,4H) = ,1PE1265) STAMO110

4 FORMAT (1H » TuXyAb6+23H = ,1PE12,5) STAMO120
NOXY=FALSE IF CRAWXY CALLED STAMO130
IF(KA-128)101, 200,200 STAMO140

101 KA=KA+1 STAMO150
IF(NOCALC) GO TO 110 STAM0160
CALL DRAWI(TABTX(KA,1)) STAMO170

110 IF(NOXY) GO TO 200 STAMO180
CALL DRAW2(TABXY(KA,1)) STAMO190
##N1=No INTEGRATED VAR. ®# STAMO200

#aN2=N; AUXILIARY VARo#s STAMO210

200 WRITE (6,1) T,DT STAM0220
GO T0(210,220,230,240),1ID STAMO 23y

210 DO 211 I=1,N2 STAMO2u0
I11=NS(1) STAM0250

211 WRITE (652) I1,CXZ(1311),CXZ(2,11)XCI1)CXZ(12I1),CXZ(2,11), STAM0260
1DX{IT1)yVN(I)},VE(]) STAMO2T0
220 DO 221 I=N3,N1 STAM0280
I1=NS(I} STAM0290

221 WRITE (632) T1,CXZU1,511),CXZ025I01)sX(I1),CXZC1,11)},CXZ(2,11), STAMO300
10X(11) STAMO310
222 RETURN STAM0320
230 DO 231 I=1,N1 STAM0330
I1=NS(]) STAMO34O

231 WRITE (6432) 11,CXZ(14101),CXZ(2,11)sX(I1),CXZ(1,11),CXZ(2,11), STAM0350
1DX(I1),VN(I),VE(]) STAMO360
232 WRITE (6,4) (VN(I),VE(I),I=N3,N2)} STAMO3TO
GO TO 222 STAM0380

240 DO 241 I=1,N1 STAM0390
I11=NS(1} STAMOL00

241 WRITE (6352) I14CXZ(V2T1)sCXZ(25, 1) X(IV1),CXZ(1,11),CX2(2,11), STAMOL410
IDX(I1),VN(I),VE(I) STAMOAK 20

GO TC 222 STAMO4 30

END STAMOL4LO
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SUBROUTINE STAMP1(X,Y,N) STAMOL 60
DIMENSION X(10),Y(10) STAMOLTO
WRITE (6,51) (X(I)Y{I)sI=1,4N) STAMOMSBO
1 FORMAT (1H1,10X,36HPARAMETERS COMPUTED IN FIRST SECTION///(11X,A6,STAMOLO0
13H = ,1PE13.5)) STAM0500
RETURN STAMOS510
END STAMO520
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SUBROUTINE CURVE CURV0000
COMMON/CALCOM/TABTX{128,16),HCURV(15) ¢NCALLsNCURV(15),TABXY(128,6)CURV0010
1y HCURVX(6) yNCALLX s NCURVX{6) 3 XAy NA,NAXY,NOCALC,HEAD(18) ,NOXY CURV0020
DIMENSION CAR(15) CURVQ030
DATA CAR JTH1,TH2, 1H3, 1HY , IHS 3 TH6, THT 3 1H8, 1H932H10,2H1 1CURVOGRO
1,2H12,2H13,2H14,2H15/ CURV0050
1 FORMAT (1H1) CURYV0060
2 FORMAT (1HO//9X,23HsssssennnunspP OT NUMBER ,13, 9X,13,3X,6HPOINTS/CURVOOTO
1/721X320HTIME , FULL SCALE = 1PE13.,2) CURV0080
3 FORMAT {1HO0,20XsA655Xs5HCURVE,13,5X,23HZERQ AMPLITUDE NO PLOT /) CURV0090
4 FORMAT ( 1HO,8X,SHCURVE,13,2XyA6,16H , FULL SCALE = ,1PE13.,2) CURV0100
5 FORMAT (1HO0,20X, 17THX Y PLOT NUMBER , 13,10X,A6,5X,24HZERO AMPLITUDCURVO110
1E » NO PLOT/) CURV0120
6 FORMAT (1HO//9Xy2THessusssnnnunX Y PLOT NUMBER 13, 5X,13,3X,6HPOICURVO130
INTS//7 9X38HABSCISSA ;2X,A6,16H 5, FULL SCALE = ,1PE13.2) CURVO140
T FORMAT (1HO0,20X,33H=«FINAL TIME EQUAL ZERQOeNO PLOTs#=) CURVO150
LOGICAL NOCALC,NOXY CURVO0160
FST=}40, CURVO1T70
FSX=20, CURVO180
FSY=20,. CURVO0190
FST=MAX LENGTH OF TIME AXIS CURV0200
FSY=MAX LENGTH OF Y AXIS CURV0210
FSX=MAX LENGTH OF X AXIS CURV0220
ZEROP=1o E-37 CURV0230
NO PLOT OF CURVE IF ABS AMPLITUDE BELOW ZEROP CURYVO240
FSY2=2,#FSY CURV0250
FSX2=24#FSX CURV0260
KAM=KA/Y4 CURVO02T70
KRaKA-KAM+ ] CURV0280
#sTIME PLOTSe+» CURV0290

IF(NCALL)210,210,10 CURVO0300
10 11=0 CURVO0310
ssTIME SCALEww» CURV0320

YMM=TABTX(KA, 16) CURV0330
IF(YMM=ZEROP)11,11,12 CURVO340
11 WRITE(6,7) CURV0350
sTOP CURV0360
12 CONTINUE CURVO03T70
CALL SCALA(YMM,FST,TABTX(1,16)) CURV0380
DO 90 IN=1,NCALL CURV0390
12=11+1 CURVOL00
I3=1 1+NCURVI(IN) CURVO&10
WRITE (6,2) IN,KA,YMM CURVOL 20
ssY SCALEss CURVO430

DO 30 IX=12,13 CURVOL4LKD
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70
80
90

210
220

230
240

YM=VALMAX(TABTX(1,1IK))
IF(YM-ZEROP)20,20,25

WRITE (6,53) HCURV(IK),IK

GO TO 30

CALL SCALA(YM,FSY,TABTX(1,1K))
WRITE (698) IK,HCURV(IK),YM
CONT INUE

#s ACTUAL PLOT=e

CALL FINIM(24415.)

CALL PLOT(0.,FSY2,2)
CALL PLOT(FST,FSY,3)
CALL PLOT(OQo,FSY,2)

CALL SYMBLY4(-1¢5:-10:0028,0,,CAR(IN),2,0)
CALL SYMBLL{O04 y~1420028,00,HEAD,24,0)

CALL FINIM(0e oFSY)
DO 70 I=12,13,2

CALL LINE(TABTX(15;16),TABTX(1,1),KAM,;1,1)
CALL SYMBLL(TABTX(KAM;16),TABTX(KAM;1)+0e250028,0c+CAR(1),2,0)
CALL LINE(TABTX(KAM,16),TABTX(KAM,1),KR,1,1)

I1P=1+1
fFUIP-13)65,65,80

CALL LINE(TABTX{KA316),TABTX(KA,IP),KRy=1,-1)
CALL SYMBLU(TABTX(KAM316),TABTX(KAM,IP);,0028,00:CAR(IP),2,0)
CALL LINE(TABTX(KAM;16), TABTX(KAM,IP) KAM,-1,-1)

CONT INUE
CALL FINIM(FST+25,~-FSY-15.)
I11=13

(2 X2 XTI IR RIS TS RSS2 LRSS SIS YN R YA 2 2 X )
#2X Y PLOTS#»
#aX SCALEss

IF(NCALLX) 500,500,220
11=0

N=0

WRITE (6,1)

DO 320 IN=1,NCALLX

N=N+1

12=11+1

13=12+1
YMaVALMAX(TABXY(1,12))
I4=1 1#NCURVX( IN)
IF(YM-2EROP)230,230,240
WRITE (645) IN,HCURVX(12)
GO TO 310

CALL SCALA (YM,FSX,TABXY(1,12))

CURVONS0
CURVON60
CURVO®T70
CURVOX80
CURVON90
CURV0500
CURV0510
CURV0520
CURV0530
CURVO540
CURV0550
CURV0560
CURVO0570
CURV0580
CURV0590
CURV0600
CURV0610
CURV0620
CURV0630
CURVO640
CURV0650
CURVO0660
CURVQ6T70
CURV0680
CURV0690
CURVO700
CURVOT710
CURVO720
CURVO730
CURVOTH0
CURVO750
CURVOT760
CURVOT770
CURVO780
CURVO790
CURV0800
CURVO0810
CURVO0B20
CURV0830
CURVO840
CURV0850
CURV0860
CURVOBT70
CURV0880
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245
250

260
270

280

290
300
310
320
500
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WRITE (6,6) IN,KA,HCURVX(12),YM
#sY SCALEes
DO 260 IK=13,I4
YM=aVALMAX{(TABXY(1,1IK))
IF(YM-ZEROP 245,245,250
WRITE (635) IN,HCURVX{IK)
GO TO 260
CALL SCALA(YM,FSY,TABXY(1,IK})
IKN= IK~-N
WRITE (6,4%) IKN,HCURVX{IK);YM
CONT INUE
#sACTUAL PLOTe=
CALL FINIM(20+4FSX,15.)
CALL PLOT(0o,FSY2,2)
CALL PLOT(FSX,FSY,3)
CALL PLOT(-FSXsFSY,s2)
CALL SYMBLU4(-105,-16+0028:0.,CAR(IN),2,0)
CALL SYMBLU(Oe1-1¢9002890e,HEAD,24,0)
CALL FINIM( 04 4FSY)
DO 290 IK=13,1hk,2
IKN= I K=N
CALL LINE(TABXY(1,12),TABXY(1,IK) ,KAM,1,1)

CURV0890
CuRv0900
CURV0910
CURV0920
CURV0930
CURVO940
CURV0950
CURV0960
CURV0970
CURV0980
CURV0990
CURV1000
CURV1010
CURV1020
CURV1030
CURV10%0
CURV1050
CURV1060
CURV1070
CURV1080
CURV1090
CURV1100

CALL SYMBLUL(TABXY(KAM;I2); TABXY(KAMsIK) +0e2+0c28,00CAR(IKN)2,0)CURVIIIO

CALL LINE(TABXY(KAM,12),TABXY(KAM; IK)},KR,1,1)
IR=IK+1

IF(IR-14)280,280,300

CALL LINE(TABXY(KA,I2), TABXY(KA,IR) KRy=1,-1)
IKN= IKN+1

CALL SYMBL4(TABXY(KAM,12),TABXY{(XAM,;IR):0028,00:CAR(IKN)},2,0)
CALL LINE(TABXY(KAM,12),TABXY(KAM,IR) KAM;=1,~1)
CONT INUE

CALL FINIM(FSX 424,-FSY-15,)

I11=14

CONT INUE

RETURN

END

CURV1120
CURV1130
CURV11I&0
CURV1150
CURV1160
CURVI170
CURV1180
CURV1190
CURV1200
CURV1210
CURV1220
CURV1230
CURV12&0
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200
201
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300
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SUBROUTINE SCALA(YM,FS,Y)
SCALE FACTOR FOR CALCOMP PLOTS IN PHYS UNITS PER CM

CURV1260
CURV12T70

COMMON/CALCOM/TABTX(128,16) ,HCURV(15) 3,NCALL,NCURV(15),TABXY(128,6)CURV1280

ToHCURVX(6) yNCALLXy NCURVX(6) s KA NASNAXYNOCALC,HEAD(18) 3 NOXY
DIMENSION Y(128)

YM=MAX AMPLITUDE FS=FULL SCALE IN CM
KK=]

AK=10,

AKM=0q 1

IF(YM-14)200, 100,100
IF(YM-AK ) 102,102,101
KK=KK+1]

AK-AK.IDO

GO TO 100

KK=KK-1

G0 TO 300

IF(YM=-AKM) 201,202,202
KK=KK+)

AKM= AKM®0,4 )

G0 TO 200

KK=—-KK

CONT INUE

YM=0,99aYM

MY={ YMe{ 104002 (—-KK) ))
MYsMY+]

YM=FLOAT (MY)#(10.08#KK)
SCA=YM/FS

00 400 I=1,KA
Y(1)=Y(I)/SCA

RETURN

END

CURV1290
CURV1300
CURV1310
CURV1320
CURV1I330
CURVI3%0
CURV1350
CURV1360
CURV1370
CURV1380
CURV1390
CURV1I&00
CURVIZI0
CURV1&20
CURV1IN30
CURV1&40
CURV1IN50
CURV1ING0
CURVINTO
CURV1480
CURV1I490
CURV1500
CURV1510
CURV1520
CURV1530
CURV1540
CURV1550
CURV1560
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FUNCTION VALMAX(AY)
c SEARCH FOR MAXIMUM ABSOLUTE AMPLITUDE

CURV1580
CURV1590

COMMON/CALCOM/TABTX(128,16) yHCURV(15)yNCALL,NCURV(15),TABXY(128,6)CURV1I600

1o HCURVX(6) yNCALLX g NCURVX(6) KAy NAsNAXYyNOCALC 4HEAD(18) y NOXY
DIMENSION AY(128)
YM=0,0
D0 10 J=1,KA
YA=ABS(AY(J))
IF(YM-YA)5,10,10

S YM=aYA

10 CONT INUE
VALMAX=YM
RETURN
END

CURV1610
CURV1620
CURV1630
CURV1640
CURY1650
CURV1660
CURV1670
CURV1680
CURV1690
CURV1700
CURV1IT10
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FUNCTION FTWOV(I1,12,X,2Z,VZ)
COMMON/HCTIWS/S(15)

LOGICAL SWITCH

DIMENSION VZ(30)

FTW00010
FTW00020
FTWO00030
FTWOOOMO
FTW00050

1 FORMAT (1THO/1HO,6X,6Hee Z =, 1PE12:5,52HO0UTSIDE RANGE OF FUNCTION OFTW00060

1F 2 VAR, DEFINED BY TABLESsI[3,3HTO ,13//)

FTW00070

2 FORMAT (1H0/1HO,6X,41HWRONG ARGUMENT IN FTWOV DEFINED BY TABLES , IFTW0O0080

10
20

30

100
200

210

13,3H TO ,13//)

XXaX

NN=[2-11+1

IF (SWITCH(12)) GO TO S

IF (114GEe I200Re [124GT6¢30) GO TO 210
DO 4 I=2,NN

IF(VZ(I-1)oGEeVZ(I)) GO TO 210

CONT INUE

IF({ZaLlToVZ(1))o0Re (2oGToVZINN))) GO TO 200
DO 10 I=1,NN

IF(Z-V2(1))30,20,10

CONT INUE

FTHWOV=TABLE(I,XX)

GO TO 100

YHI=TABLE(I,XX)

YLO=TABLE(I-14XX)
DY=(YLO-YHI)s(VZ(I)=Z)/(VZLI)=-VZ(I-1))
FTWOV=YH1+DY

RETURN

WRITE (6,1) Z,11,12

stToP

WRITE (6,2) 11,12

sToP

END

FTWOO480
FTWOO0490
FTW00500
FTW00510
FTW00520
FTWO00530
FTWOO540
FTW00550
FTWO00560
FTWO00570
FTW00580
FTW00590
FTW00600
FTW00610
FTW00620
FTW00630
FTWOO0640
FTW00650
FTW00660
FTWO00670
FTW00680
FTW00690
FTWO0T700
FTWOO710
FTW00720
FTW00730
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FUNCTION PAINT(I,X) PAINOO10
PARABOLIC INTERPOLATION BETWEEN POINTS (J=-1)AND (J), PAINO020
FOLLOWING THE PARABOLA PASSING THROUGH POINTS (J=1),(J),(J+1)o PAINOO30
EXCEPT BEFORE LAST POINT, PAINOOMNO
COMMON/ELBAT/T1(100,30),T2(100,30),NP(31),ATT(30),NT PAINOOS0

1 FORMAT (1HO/1HO,6X,6Has X =, IPE15.6,10X,22HOUTSIDE PAR INT TABLE ,PAIN0060
113,3H #e//,37X,25H(PARABOLIC INTERPOLATION))} PAINOOT70
T1=ABSCISSA. T2=0RDINATE PAINOOSBO
K=1 PAINOMSO

K= TABLE INDEXe J=POINT INDEXo PAINONS0
NNN=NP(K) PAINOS00
NN=NP (K) =1 PAINO510
IF(X-T1(1,K)) 5,20,30 PAINO0520

S IF(X-T1(1,K)+0000001#ABS(T1(1,K)))10,10,20 PAINOS530
10 WRITE (64,1)X,K PAINOSU4O
sToP PAINOS50

20 PAINT=T2(1,K) PAINO560
GO TO 100 PAINO5ST0

30 IF(X-T1(NN,K))IU0,40,31 PAINO580
31 IF(X-T1(NNN,K))32,33,35 PAINO590
32 J=NN PAINO600
GO TO 6C PAINO610

33 JaNNN PAIN0620
PAINT=T2(J,K) PAINO630

GO TO 10¢ PAINOGLO

35 IF(X-TI(NNNyK)-0o00001#ABS(TI1{NNN,K}))33,10,10 PAINO650
40 DO S50 J=2,NN PAINO66O
KJ=J PAINOG6TO
IF(X-T1(J,K))60,60,50 PAINO680O

50 CONTINUE PAINO690
60 DZ=(T1(J-1,K)=T1(J,K))e(T1(J=1,K)=-T1(J+1,K)} PAINOTOO
DI=(TU(J,K)=-T1(I-1,K) 1 #(TU(J,K)-T1(J+1,K)) PAINOTI0
D2=(T1(J+1,K)=T1{JI=-14K))#(T1(J+T,K)=T1(JyK)) PAINOT20
CLZ=((X-T1(JyK))®(X~-T1(J+1,K)))/DZ PAINOT730
CLI= ((X-T1(J-1,K) ) #(X-T1(J+1,K)))/D] PAINO7&O
CL2= ((X=-T1(J-1,K) )a(X-T1(Jo,K)))/D2 PAINO7S0
PAINT=T2(J-19K)aCLZ+T2(JyK)#CL14T2(J+1,K)2CL2 PAINOT60
100 RETURN PAINOT70
END PAINO780
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FUNCTION TABLE(I,X} TABLOO20
LINEAR INTERPOLATION BETWEEN POINTS (J-1) AND (J)e TABLOO030
COMMON/ELBAT/T1(100,30),T2(100,30),NP(31),ATT(30),4NT TABLOOKO
FORMAT (1HO/1HQ;6Xyb6He® X =,E15c6, 10X, I4HOUTSIDE TABLE ,13,3H =«//TABLOOS50
1s37X222H(LINEAR INTERPOLATION)) TABLO060
T1=ABSCISSA T2=0RDINATE TABLOOTO
K=] TABLO08BO
K= TABLE INDEX. J=POINT INDEX. TABLOO90
NN=NP (K) TABLO100
IF(X-T1(1,K}) 5,20,30 TABLO110
IF(X-T1(1,K)+0,00001=ABS(T1(1,K)})10,10,20 TABLO120
WRITE (6,1)XsK TABLO130
sToP TABLO1NO
TABLE=T2(1,K) TABLO150
G0 TO 100 TABLO160
IF(X-TT(NN,K)) &0,36,35 TABLO170
IF(X=TT1(NN,K)-0o00001#ABS{TI(NN,K)))36,10,10 TABLO180
TABLE=T1 (NN,K) TABLO190
GO TO 100 TABLO200O
DO 50 J=2,NN TABLO210
KJ=J TABLO220
IF(X-T1(J,K}) 60,60,50 TABLO230
CONT INUE TABLO240
TABLE=T2(KJyK)+(T2(KJI=1,K)1=T2(KJ oK) )2 (TT(KJI,K)=X}/(T1(KJIoK)-T1(KI-TABLO250
11,K)} TABLO260
RETURN TABLO270
END TABLO280
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300

301
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FUNCTION DELAY (1,TAU,STEP, XDEL)}
FIXED OR VARIABLE DELAY FUNCTION CALLED BY DEReo

OUTPUT USES LINEAR INTERPOLATION BETWEEN POINTS K AND KP

T1=ABSCISSA. T2=0RDINATE

TTAU
+STEP-+ +

TAU

T
——

ATT
+

[/ensss/assans/asnsss /esnna/annsn /eanan/snans/

K KP

NP

COMMON/ELBAT/T1(100430),T2(100,30),NP(31),ATT(30),NT

COMMON/VARIAB/NEQs T9X(150)4DX(150)+DT4Es FyHMIN,HMAX,BETA,A,I0P1
500 FORMAT(THO,6X,39HOVERLAP BETWEEN TABLE AND DELAY STORAGE/7X,12HNO

1EXECUTION//)

DATA NSLA/100/

NSLA=CAPACITY AVAILABLE FOR EACH DELAY
NSLA MUST BE CHANGED IF THE DIMENSIONS OF THE COMMON

/ELBAT/ ARE CHANGED

INITIAL CHECK

NN=]

IF(IoGToNT) GO TO 190
WRITE(6,500)

sTop
IF(STEP-DT)200,300,300
DT=STEP

HMAX=STEP

sssessnnsssnnsennal 0ADING OF TABLES=#ssassasnsssssstssnssassassnss

ATT IS THE NEXT LOADING TIME
IF(ToLTo ATT(NN)) GO TO 3
IF(TeGTo 16 E-3G) GO TO 301
NP(NN)=0
ATT(NN)=-0o00001#STEP
NP(NN)=NP(NN)+1
IF(NP(NN)=NSLA)11,11,9
NP(NN)=1

M=NP (NN)

T1(M,NN)=T

T2(M,NN)=XDEL
ATTINN)=ATT(NN)+STEP

DELAOD20
DELAOO30
DELAOO&D
DELAOOS0
DELAOO06O
DELAQOTO
DELAOULSO
DELAOO90
DELAO100
DELAO110
DELAO120
DELAO130
DELAO14O
DELAO150
DELAG160
DELAO170
DELAO180
DELAO190
DELA0200
DELAVL210
DELA0220
DELA0230
DELAO240
DELA0250
DELAU260
DELA0270
DELA0280
DELA0290
DELAO300
DELAG310
DELA0320
DELAO330
DELAO340
DELAO350
DELA0360
DELAO370
DELAO380
DELAO390
DELAO400
DELAOCOO
DELAO410
DELAQAK20
DELAQ430
DELAG4MU
DELAOQ4S0
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3 CONTINUE DELAO®KGO
DELAOLTO

DELAQA4SBO

asnanannnnnnsnnsnnsREADING OF TABLES®#aaaasasnsaanssasnnanssngnnns DELAO490
IF(T-TAU 4,4, 5 DELAOS00
DELAO510

BEGIN WITH INITIAL VALUE DELAOS20

4 DELAY=T2(1,NN) DELAO530
CALL STARTI(TAU) DELAOS4O
IF(NP{NN)=1)14,14, 100 DELAOS50

T4 TI(NSLA;NN)==STEP DELAQ560
T2(NSLA, NN)=DELAY DELAOS570

GO TO 100 DELAOS80
DELAO590

TRUE DELAY DELAO60O

5 CONTINUE DELAO610
SSS=ATT(NN)-T DELAO620
$SS=STEP-SSS DELAO630
K=((TAU=-SSS)/STEP)+1, DELAOGUO
IF(K-NSLA)S55,56556 DELAO650

56 WRITE (6,;57)INN DELAO660
57 FORMAT(1HO, 6X,50H==TABLE CAPACITY EXCEEDED BY DELAY FUNCTION NUMBDELAQ670
TERs13,2Hea) DELA0680
sTOP DELAO690

55 CONT INUE DELAOQ700
K=NP { NN) =K DELAO710
IF(K)636,7 DELAO720

6 K=K+NSLA DELAO730
7 TTAU=T-TAU DELAO740
KP=K+1] DELAO750
IF(KP-NSLA)8,:8,10 DELAO760

10 KpP=1 DELAOQ770
8 CONTINUE DELAO780
DELAY=T2 (KPyNN)+(T2(K,NN)-T2(KP,NN) )= (T1(KPyNN)-TTAU) /(T1{KP,NN)-TDELAO790
11(KsNN)) DELAOBOO
100 RETURN DELAOB1O
END DELA0820
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SUBROUTINE FIT(NTAB, IORD,A)
LEAST SQUARES FIT

COMMON/ELBAT/T1(1005,30),72(100430),NP(31),ATT(30)4NT
DIMENSION Vv{(100),S(18),A(10),COMA(10,10),C(10)

FIT
FIT
FIT
FIT

CALCULATES THE COEFFICIENTS A(K) OF THE POLYNOM SUM A(K)#Xss(K-1),K=FIT
14N, WHICH BEST FITS IN THE LEAST SQUARE SENSE A GIVEN SET OF M POIFIT

CALCULATION OF THE MATRIX ELEMENTS COMA(K,L)

6
5

10

18
20

23
30

110
90

NTS (XsY)e

M=NP (NTAB)
N=IORD+1

DO 6 k=1,N

A(K)=0,

DO 5 I=14,M

Vil)=1,

MG=2 = (N-1)

DO 20 NPK=1,MG
S(NPK)=0,

IF(NPKoaGTeN) GC TO 10
C(NPK)=Do

DO 8 I=1,M

CINPK)=C (NPK)+V(1)=T2(I,NTAB)
DO 18 I=1,M
VII)=v(I)«T1(I,NTAB)
SINPK)=S(NPK)+V(])

CONT INUE
COMA(1,1)=FLOAT(M)

D0 30 J=2,N
COMA(J;yJ)=S(22)-2)

JM1= -1

D0 23 L=1,IM]

JPL=J+L-2
COMA(J,L)=S(JPL)
COMA(L,J)=S(JPL)

CONT INUE

STEPS OF ELIMINATION PROCESS
N1 = N-l

DO 90 J=1,N1

J1 = g+l

DO 90 X=J1,N

Q = COMA(K,;J)/COMA(J,J)
DO 110 L=J1,N

COMA(K,L) = COMA(K,L)-Q#COMA(J,L)
C(K) = C(K)-Q=C(J)

CALCULATION OF THE COEFFICIENTS OF THE POLYNOM

FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT

0020
0030
00%0
0050
0060
0070
0080
0090
0100
0110
0120
0130
01%0
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0380
0350
0360
0370
0380
0390
0400
0000
0410
0420
0430
O4h0
0850
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A(N) = C(N)/COMA(N,N)
I= N
10 P = 0,0
D0 120 L=I,N
120 P = P+COMA(I-1,L)®A(L)
I = -1
Q= C(I)-P
ACLI) = Q/COMA(I,I)
IF (I-1) 130,130,180
130 RETURN
END

FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT

0860
04870
0480
0490
0500
0510
0520
0530
0540
0550
0560
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SUBROUTINE LOAD(I,STEP,XSTO) LOADOO10
LOADS VARIABLE XSTO IN TABLE I LOAD0020
COMMON/ELBAT/T1(100,30),T2(100,30)4NP(31),A111350) 4NT LOADOO 30

COMMON/VARIAB/NEQ, Ty X{150),DX(150),DT,E,F,HMIN,HMAX,BETA; A, I10P1 LOADOOXO
FORMAT ( 1HO,6X, 10HLOAD TABLE ,13,35H EXCEEDS CAPACITY EXECUTION STLOADOO50

10PPED /7)) LOADOO60
FORMAT(1HO 46X, TOHLOAD TABLE ,I3,4H POINT ,13,7TH TIME = ,1PE12,5, LOADOOTO
13H Y= L,1PE12.,5) LOADOUSBO
DATA NSLA/100/ LOADOO90

LOADO100
IF(STEP.GToDT) GO TO 10 LOADO1I10
DT=STEP LOADO120
HMAX=STEP LOADO130

LOADO 14O
CONT INUE LOADO150
ATT IS THE NEXT LOADING TIME LOADO160
IF(TeLToATTI(I)) GO TO 100 LOADOITO
IF(ToGTo 16 €E~30) GO TO 20 LOADO180
NP(I)=0 LOADO190
ATT(1)=-0,00001=STEP LOADO200
NP(I)=NP(1)+] LOADO210
IF(NP(I)eGT.NSLA) GO TO 110 LOADO220
M=NP (1) LOADO230
TI(M,I)=T LOADO240
T2(M,1)=XSTO LOADO250
WRITE(652) I4MsTI( M, 1),T2( M,I1) LOADO260
ATT(I)=ATT(I)+STEP LOADO270
RETURN LOADO280
WRITE (6,1) 1 LOADO290
sTOP LOADO300
END LOADL310
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SUBROUTINE REPEAT(XyXZsPAR)
DUMMY REPEAT

CALL STOPR

RETURN

END
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Appendix II

Programme for the IBM 7090/9L.

All the programme 1s identical with the programme for
the 360/65, with the following exception:

1) In the labeled common ELBAT the dimensions are
reduced to T 1(100,10), T2(100,10) for storage
limitations.

2) The subroutine PUTPUT, which is written in
ASSEMBIER language for the 360, must be replaced
by the subroutine 1in MAP given in the following
pages. These subroutines handle output statements.
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$1BMAP

WRITE

R3

R4

HRPP

COM

R7

R8

COEF

PUTOQUT
USE
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
REM
SAVE
SXA
CLA
ANA
ARS
STO
PAC
SXD
SXD
AXT
CLA»
STO
I
@I
TXH
RETURN
REM
SAVE
CLA
T2E
AXT
AXT
CLA=
STO
TXI
TXI
TXH
CALL
RETURN
REM
SAVE
CLA
ANA
ARS
STO

200
DHO
WRITE
WRPP
COEF
DRAW
DRAW1
DRAWXY
DRAW2

(1,%)
COM, 4
154
=077000000
19

N2

0,1

R8s 1
Ri,1

0,1

3.4

VNs; 1
*4l,4,-2
#41,1,-1
R3y1,0s
WRITE

(1,4)
N2
R8+1
sl
0,1

2
VE,1
s4ly 44,2
41y 1,~1
R7s1, 0
STAMPA
WRPP

(1o44)

1,4
=077000000
19

NCOE

88

CALL WRITE (1HA,A,4HBETA,B)

-N2==NUMBER ARG /2.

CALL MWRPP

-N2=-NUMBER ARG WRITE/2

CALL COEF(1HB,BETA;4HALFA,A)

PUT00000

PUT00010
PUT00020
PUT00030
PUTOOOMO
PUT00050
PUT00060
PUT00070
PUT00080
PUT00090
PUT00100
PUT00110
PUT00120
PUTO0130
PUTO0 140
PUT00150
PUT00160
PUT00170
PUT00180
PUT00190
PUT00200
PUT00210
PUT00220
PUT0G230
PUT00240
PUT00250
PUT00260
PUT00270
PUT00280
PUT00290
PUT00300
PUT00310
PUT00320
PUT00330
PUTO0340
PUT00350
PUT00360
PUT00370
PUT00380
PUT00390
PUTOON00
PUTOOX10
PUTOO%20
PUTOON30
PUTOO4AO
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RS

RS

NC
DRAW

RN

PAC
SXD
AXT
CLA»
sTO
CLAs
STO
X1
™I
TXH
CALL
RETURN
REM
PLE
SAVE
CLA
ADD
STO
PAC
PXA
STO
CLA

ARS
PAC
SXop
sSTO
ALS
PAC
PXD
STO
CLA
ADD
sus
TZE
TPL
CLA
ADD
STA
AXT
CLA»
STO
TXI
TXI

89

0,1

R6,1

0,1

3.k

VN1, 1

N,k

VE1, 1

241y h,y-2

oty 1,-1

RS 1,80 -~NCOE
STAMPI(VN1,VE1,NCOE)
COEF

0

(1:124%)

NCALL

=1

NCALL

0,1

0,4

ACALL-1,1
14

:036000000
9

0,2 - NUMBER OF CURVES

R12,2

NCURV=1,1

7

0,2

0,2

DECR-1,1

NA

NCURV~-1,1

=15

42

RERR

AHCUR

NA

R11+]

0.2

3.4

0e,2 HCURV+NA PREVIOUS

24)yl4,-2

24192,-1

CALL DRAW(1HA,A,1HB,B)

PUTOONS0
PUTOONG0
PUTOOMTO
PUTO0M80
PUTOGN 90
PUT00500
PUT00510
PUT00520
PUT00530
PUTOOS540
PUT00550
PUT00560
PUTO05TO
PUT00580
PUT00590
PUT00600
PUT00610
PUT00620
PUT00630
PUTO06M0
PUT00650
PUT00660
PUT006TO
PUT00680
PUT00690
PUTO00700
PUTO0710
PUTO00720
PUTO00730
PUTO0TANO
PUTO00750
PUTO00760
PUTO0T7T0
PUTO00780
PUTO00790
PUT00800
PUT00810
PUT00820
PUTO00830
PUTO08M0
PUT00850
PUT00860
PUTO00870
PUT00880
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R12

FINE
RERR

AHCUR
DRAWXY

sn

s12

TXH
CLA
ADD
STO
STZ
RETURN
CLA
sus
sTO
TRA
PZE
SAVE
CLA
ADD
S$TO
PAC
PXA
sTO0
CLA
ANA
ARS
PAC
SXD
sTO
ALS
PAC
PXD
sTO
CLA
ADD
sus
TZE
TPL
CLA
ADD
STA
AXT
CLA=
STO
TXI
TXI
TXH
CLA
ADD
sT0

RII,Z."
NA
NCURV-1,1
NA

NOCALC
DRAW

NCALL

=1

NCALL

FINE
HCURYV
(1,2,4)
NCALLX

=]

NCALLX

0.1

0,4
ACALLX-1,1
1:4
=017000000
19

0,2

$12,2
NCURVX-1,1
7

0,2

0,2
DECRX=1,1
NAXY
NCURVX~-1,1
=6

a42

SERR
AHCURX
NAXY

s+

0,2

34

.wy2
o4lyl,-2
#41,2,-1
S11;2,8s
NAXY
NCURVX-1,1
NAXY

90

= NCURV(NCALL)

CALL DRAWXY{1HA,A,1HB,B)

XR1==NCALLX

~NUMBER OF CURVES

HCURVX+NAXY PREVIOQUS

=NCURVX(NCALLX)

PUT00890
PUT00900
PUT00910
PUT00920
PUT00930
PUTO09%0
PUT00950
PUT00960
PUT00970
PUT00980
PUT00990
PUT01000
PUT01010
PUT01020
PUT01030
PUTO 1080
PUT01050
PUT01060
PUT01070
PUT01080
PUT01090
PUTO1100
PUTO1110
PUT01120
PUT01130
PUTO 1140
PUTO1150
PUT01160
PUT01170
PUTO1180
PUT01190
PUT01200
PUTO1210
PUT01220
PUT01230
PUTO1240
PUTO1250
PUTO 1260
PUTO01270
PUT01280
PUT01290
PUT01300
PUT01310
PUT01320
PUT01330
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FINEX
SERR

AHCURX
LAV

DRAWI1

R18

R19
R20

R21
REST

R22

1T

STZ
RETURN
CLA
sus
sTO
TRA
PZE
PZE
REM
SAVE
STZ
CLA
PAC
SXD
AXT
CLA
ALS
STO
CLA
ADD
STA
CLA
STD
CLA
PAX
SXA
AXT
CLA=
STO
TXI
TXI
TXH
AXT
CLA
ADD
STO
TXI
TXH
CLA
ADD
STA
CLA
STO
RETURN

NOXY
DRAWXY
NCALLX
=]
NCALLX
F INEX
HCURVX
)

(1:294)
12

NCALL
0,1
R22:1
0,2

12

T

LAY

3,4

LAY

R20
DECR,2
R21
ACALL,2
0,1
REST,2
0,2

byl

on,2
s4],1,-2
#+1,2,-128
R1992, 9
.w,2
NCURV,2
12

12
04‘121'1
R1852yn=
3.4
=1920

TT

T

aw

DRAW1
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CALL DRAWI(TABTX)

SAVE XR2

RESTORE XR2

= NCALL

PUTO13k0
PUTO1350
PUTO01360
PUT01370
PUTO1380
PUT01390
PUTO 1400
PUTO1410
PUTO 1420
PUTO 1430
PUTO 14h0
PUTO 1450
PUTO 1460
PUTO 1470
PUTO 1480
PUTO 1490
PUTO01500
PUTO1510
PUT01520
PUTO01530
PUTO 1540
PUTO0 1550
PUT01560
PUTO1570
PUT01580
PUT01590
PUT01600
PUTO1610
PUT01620
PUT01630
PUTO01640
PUT0 1650
PUT01660
PUTO1670
PUT01680
PUT01690
PUT01700
PUTO1710
PUT01720
PUTO01730
PUTO17%0
PUTO1750
PUTO1760
PUTO17T70
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DRANW2

sis

s19
s20

s21
SEST

s22

12
ACALL
DECR
ACALLX
DECRX
VN1
VE1
NCOE

ouTPUT

SAVE
STZ
CLA
PAC
SXD
AXT
CLA
ALS
sTO
CLA
ADD
STA
CLA
STD
CLA
PAX

ENTRY
SAVE
CLA
ANA
ARS
sTo

(1,2,4)
12
NCALLX
0,1
$2241
0,2

12

7

LAV

3.4

LAY

$20
DECRX,2
s21
ACALLX,2
0.1
SEST,2
0,2

byl

aa,2
.*1|l|-2
*+1,2,-128
S19,2,0»
2 Y1
NCURVX, 2
12

12
241,2,-1
51812.’.
DRANW2

(V]

16
16
6
6
50
50
0

ouTPUT
(1:4)

LY )
=077000000
18

N1
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SAVE XR2

RESTORE XR2

=N CALLX

CALL OUTPUT(1,5,9)

PUTO1780
PUTO1790
PUTO01800
PUTO01810
PUTO01820
PUTO01830
PUTO 1840
PUTO01850
PUT01860
PUTO1870
PUTO1880
PUT01890
PUTO01900
PUT01910
PUTO1920
PUT01930
PUTO1940
PUTO1950
PUT01960
PUTO 1970
PUT01980
PUTO01990
PUT02000
PUT02010
PUT02020
PUT02030
PUT02040
PUT02050
PUT02060
pPUT02070
PUT02080
PUT02090
PUT02100
PUT02110
PUTO02120
PUTO2130
PUTO02140
PUT02150
PUT02160
PUTO02170
PUT02180
PUTO02190
PUT02200
PUT02210
PUT02220
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EURATOM -

R1

R2
CALCOM

TABTX
HCURY
NCALL
NCURV
TABXY
HCURVYX
NCALLX
NCURVX

PAC
SXD
AXT
CLA=
STO
™I
I
TXH
RETURN
CONTRL
USE
EVEN
BSS
8SS
8SS
8SS
B8SS
8SS
BSS
B8SS
8SsS
BSS
BSS
BSS
BSS
BSS
CONTRL
USE
EVEN
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
CONTRL
USE
EVEN

0,1

R2,1

0,1

3.0

NS, 1
sely 8,y
."i 1 '-‘
Rly1yee
OUTPUT
CALCOM
CALCOM

204t
15
1
15
768

-t amb omb gud O oub O

18

1
VARIAB
VARIAB

1
1
150
150

b onb oub oub oub oub oub enb

UTIL
UTIL

—(NA)
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PUT02230
PUTO02280
PUT02250
PUT02260
PUT02270
PUT02280
PUT02290
PUT02300
PUT02310
PUT02320
PUTO02330
PUT02340
PUT02350
PUT02360
PUTO02370
PUT02380
PUT02390
PUTO2400
PUTO2410
PUTO2420
PUTO2430
PUTO28%0
PUTO02450
PUTO2460
PUTO28T70
PUTO2480
PUT02490
PUT02500
PUT02510
PUTO02520
PUT02530
PUTO025%0
PUT02550
PUT02551
PUT02552
PUT02553
PUT0255%
PUT02555
PUT02556
PUTO02557
PUT02558
PUT02560
PUT02570
PUT02580
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BSS
BSS
BSS
BSS
8SSs
BSS
BSS
8SS
USE
END
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150

50
50
1500
DHO

PUT02590
PUT02600
PUT02610
PUT02620
PUT02630
PUT02640
PUT02650
PUT02660
PUT02670
PUTO02680
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