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I. Introduction

The Taylor series method [1] has long been regarded as
an efficient procedure for solving systems of ordinary
differential equations. Frequently, it is necessary to
algebraically manipulate the differential system intoc an
equivalent system. The Taylor coefficients for this modi-
fied system may be simply written. However, the required
modification is a tedious and error prone task for all but
the simplest systems. For this reason, the Taylor series
method has often been excluded by numerical analysts from

consideration as a general purpose integrator.

In Mocre [2], the procedures for recasting a system,
which is reducible to @z rational form, have been described
in detail. Barton, Willers, and Zahar [3] describe techniques
for automatic step length prediction, local error estimation,
and for choosing the proper number of terms in the series.
The authors alsc include a comparison of the Taylor series
method with the fourth order Runge-Kutta method [4] and the
Bulirsch-Stoer rational extrapolation method [5]. For a
wide range of accuracy, it was found that the Bulirsch-Stoer
method generally required five times the amount of computing
time, and the factor for the Runge-Kutta method varied from

five to one hundred.

A method for the automatic reduction of arbitrary



differential systems is described in Barton, Willers, and
Zahar [6]. Also presented is a procedure to generate the
computer routine which evaluates the Taylor series coeffim
cients of the reduced system. The system reduction and pro-
gram deneration are analogous to the output from a compiler,
and the differential equations and initial wvalues are treatea
as simple language statements that are input to the "compiler".
The particular implementation in [6] is an interactive pro-
gram written for the Atlas 2 computer in Cambridge, England.

The target language is Atlas machine language code.

In this paper, an implementation allowing wider usage
is presented. The "compiler" is written in PL/I, and the
target language is Fortran IV, In Section II, the reduction
of a differential system to rational form is described
along with the procedures required for automatic numerical
integration. In Section III, the Taylor series method is
compared with the Bulirsch-Stoer method and with the
Nordsieck version of the Adams predictor-corrector method

[7] for a number of differential equations.

In Section IV, algorithms using the Taylor series method
to find the zerces of a given differential equation and to

evaluate partial derivatives are presented.

Section V discusses the PL/I implementation of the



Barton et al. algorithm. Appendix A contains an annotated
listing of the PL/I program which performs the reduction and
code generation. Included in Appendix B are listings of the
Fortran routines used by the Taylor series method. Finally,
Appendix C has a compilation of all the recurrence formulas
used to generate the Taylor coefficients for non-rational
functions which may appear in the defining system of

equations.



IXI. The Taylor Series Method

Consider the following differential system

g—{ = E(t,y), y(a)=a, a<t<b (2.1)

where the fi are rational functions. To apply the Taylor
series method to this system, the Taylor coefficients for
the expansion about the point t6=a are computed. The de-
pendent variables y,; are then evaluated at t=t . with

. oy
y, (£)=F 47y (E;) (4%

The value to is now replaced by tl and the p: jcess repeated

until the Yi at the value tl=b are evaluated

Initially, it may appear that the applicability of the
method only to differential systems involving rational

functions is a severe limitation on the usefulness of the

. .
method., However, functions such as =in, cos, ¢
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solutions of rational differential systems. Consequently,
a large class of solutions of non-rational differential
systems have equivalent representations as solutions of

rational differential systems.

To illustrate this point, the function y satisfying the

differential equation

a :
E% - es;n(y)+ecos(Y)' y(o=0, 0 <t < (2.3)

T
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may be written as the function u, in the system

1
du
1 - u,tu,
dt
du _

2 = u3(u4+u5) (2.4)
ac
du3
gt T Teylugrug)
du4
gT- = Uguglugtug)
du5
= = —u5u2(u4+u5)
ut(0) =10,0,1,1,e] D <t

2
u2 u3

where u2=sin(ul), u3=cos(ul), u,=e ,u5=e

To obtain the canonical system equivalent to (2.4), auxil-
iary variables are introduced so that each equation in the
canonical system represents a single operation of either
addition, subtraction, multiplication, or division. Once the
canonical system has been generated and the order of evalua-
tion determined, it is a simple task for the computer to pro-
duce the formulas for the coefficients.

In the implementation of the method it is important to

determine how to best evaluate expressions of the form

jmax . .
yiep= 25 vy e (gg-e ) (2.5)
j=o
(3) i djy-
where y, (£ )= — 1 (t))
3 g¢d



Also, it is necessary to decide whether jmax should be a
constant value over the interval of integration or whether
:jmax should be changed at each integration step. Other
questions involve the procedure for varying step length and

the method of estimating local truyuncation error.

It was found for a number of test differential equations,
including those in Section III, that Horner's method [8] for
evaluating (2.5) proved to be the most efficient. Horner's
method applied to (2.5) 1is given by

a) v, (ep=y; Inad (e) (gt )

) (2.8)
b) y; (ty)=y; 0 (£ 14 (E—E )y, ()

max"l,-..,o
Relative error in the Taylor series solution is con-

for j=j

trolled by methods analogous to those commonly used for other
interval length is varied Irom step
to step in order to yield a local relative truncation error

less than some preset error bound. The error term resulting

from the truncation to jma terms of the Taylor series for

X
yi(tl) expanded about to is
(GimasetL) £ ) Imaxtl
y; “max ~' () (-t ) -max t <E<ty
Thus, a local relative error bound of E reguires that the

step length h=tl—to satisfy

i
o

j +1 N. y,(t ) for yi(to)
max f_EminI = |:N.= 10

i yi(jmax'+ lY7(t0)

h

I
o

1 for yi(to)

6 [2.7)



where 1 ries over the set of indices for which
] + +
? K?

max ( J

y (t)$0. If y, max (t )=0 for all i, then h is

i

8et to step to the end of the range.

For the differential equations considered in Section III,

the fixed jma which proved to be most efficient was egual to

X
the number of significant decimal digits carried by the
computer. This was also found to be true for the equations
tested in [6]. For many problems where large functional
changes occur over the integration interval, and computation

time is critical, a variable J may produce a very efficient

masx
procedure. For a further discussion of numerical integration
methods which are optimized by changing the order at each

step, see [9] and [10].



ITI. Comparison

An age old problem confronting numerical analysts is
the generation of effective procedures for the comparison of
computational methods. It is virtually impossible to include
such characteristics as simplicity of method, implementation
effort, reliability, and efficiency in a conclusive evaluation.
Almost all comparisons of numerical integrators are made
solely on the basis of efficiency - usually measured by the
number of integration steps or the computer time required

to obtain solutions of egual accuracy.

With third generation machines, the concurrent execution
of programs, and optimizing compilers, the computer time
required for solution is subject to wide fluctuations. These
fluctuations are often of the same order of magnitude as the
computation times being measured. Also, during the computa-
tion, there is an overhead charge incurred when index regis-

ters are saved, arguments are passed, and loops are generated.

Many implementations of a numerical algorithm will reduce
the overhead at the expense of generality. It is unfair to
compare on the basis of computer time, routines which differ
in their implementation philosophy, because for the moderate
sized problems generally used as test cases the overhead is
often a significant portion of the computation time. Conse-

quently, a less general, low overhead method may perform



competitively with a less efficiently programmed and more

general method.

In comparing the Taylor series method with other methods,
significant factors such as the extra storage needed, the
difficulty in learning to use the "compiler", and the effort
in debugging the Taylor coefficient routine if the "compiler"
malfunctions, are difficult to include. Further difficulties
result because the Taylor series method integrates a differ-

ent system of equations than do the usual methods.

To eliminate implementation dependence from the estimate
of a method's efficiency, each test problem was integrated
to determine the number of derivative evaluations required
for solution. This number should be approximately constant
for a given method regardless of implementation. For each
derivative evaluation routine, the number of machine (360/91)
cycles required for one pass through this routine was deter-—
mined. Table III-A shows the number of cycles required for

some typical operations.



TABLE 1II-A

ol

*Not

OPERATION

D.P. Load and Store

D,P. Add and Subtract

D.P. Multiply

D.P. Divide

F.P. add, Subtract, Load
and Store

F.P. Multiply

F.P. Divide

D.P. Sin and Cos

P.P. Exponential

D.P. Sguare Root

D.P. Power

hou

Integer Arithmetic
Double Precision Floating Point Arithmetic

NUMBER OF CYCLES*®*

12

11
37
217
217
133

400

including overlap or simultaneous operations.
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The number of cycles required to pass arguments from the
calling routine wag not counted and the overlap or simul-

taneous execution of operations was not considered.

The methods selected for comparison were the Bulirsch-
Stoer rational extrapolation and the Nordsieck version of
the Adams predictor-corrector. Both of these methods re-
quire a number of functional evaluations to obtain a starting
step size which satisfies the accuracy condition. If the
initial estimate for the step size is far off, the number of
evaluations used in starting could be quite large. For the
problems considered here, the number of evaluations regquired
to start were not counted; The test problems are five repre-
sentative non-trivial differential equations encountered in

a computation laboratory:

Problem 1. Bessel Function

Y = v(2/t% - 1)

¥Y{0) =0
¥ (0) =0
Y (0) = 2/3

0 < t < 257/4

Solution: Y{t) = sin(t)/t - cos(t) = tjo(t)

11



Problem 2. Coulomb Function [11]

Y ="(-1 4+ 1/t)y

Y(0) =0

Y (o) = (n/(e"-1))1/?
0 <t < 20

Solution: Y (t) = Fo(l/2,t)

Probiem 3. Restricted 3-body problem [5]

X =X +2Y -a(X+g) -a(X -g)
Y =¥ -2X -ayY-ay

X(0) = 1.2

X (0) =0

Y(0) =0

Y (0) = ~1.04935750983

g=1/82.45, g =1 - g

]
a=g/((X-g )2 + y2)3/2
0 <t < 6.192169331396

,a =g /X + g2+ v

Solution: The given range for +

T

. .
it ~a
15 Cne peridd.

Problem 4.

Y ==Y+ (1L + t) cos(tet}
Y(0) = ¢
0 <t <5

Solution: Y(t) = e—tsin(tet)

12



Problem 5. A stiff equation [12]

1
X = =2000X + 1l000Y + 1000

-\t =it
le +A26

"A],t -
+B2e

A1=+2000.5001 ...

Solution: X(t)=1l+A

Y(t)=1+B e Azt

Ap=+,49987500 ...
Al=—.49975000 ‘e
A2=—.50024999

Bl=+.00024993746 .o

B2=-l.0002499 ‘e

Table III-B lists some of the results of testing four
of the five problems. Thé column labeled "error" refers to
the relative error of the computed solution at the end of
the interval. "Cycles"” is the number of machine cycles re-
guired for each evaluation. "DE" refers to the number of
evaluations reguired to integrate over the given interwval.

Finally, the column labeled "R" contains the ratio

Comparison Comparison
DE { Method ) x Cycles ( Method )
DE (Taylor Serles) x Cycles (Taylor Serles)

Method Method

13



TABLE III-B

PROBLEM

= W N

PROBLEM

= W e

TAYLOR SERIES METHOD

ERROR CYCLES
1.2x10 10 789
4.1x10°° 736
2.7x107°2 23769
4.7x10°° 2524

NORDSIECK METHOD

ERROR CYCLES
7.9x10 L0 22
5.5%10 2 19
1.0x10"° 349
2.4%x10"° 445

DE

15
10
103
557

DE

661
741
2340
18374

BULIRSCH-STOER RATIONAL EXTRAPOLATION METHOD

PROBLEM

& W e

ERROR CYCLES
1.7x10 10 22
1.6x10° 19
1.0x10"° 349
1.6x10°° 445

14

DE

1288

790
5769
6612



where the comparison method is either Nordsieck or Bulirsch-
Stoer.

The Taylor series method is superior to Nordsieck and
Bulirsch~S8Stoer on Problems 1, 2, and 4 and inferior on
Problem 3. Other results, not presented here, show that the
Nordsiéck and Bulirsch-Stoer methods are very inefficient for
Problem 5, while the Taylor series method handles this prob-
lem well.

Once the user masters the fairly simple art of setting
up the input for program generation, he has an easy means for
applying the Taylor series method. If greater efficiency is
required, the program may be optimized by the user who has
some knowledge of Fortran. On the other hand, if an error
cccurs, the program may be difficult to debug. Finally,
it should be noted that there exists an important class of
problems where no Taylor series method program can at
present be generated. In general, however, the method is
a valuable tool for solving many problems and is certainly

worth trying.

15



IV. Finding Zeros; Partial Differentiation

In this section two algorithms are presented which may
be used in conjunction with the Taylor series method. The
first algorithm finds the zeros of a function and the second
algorithm is used to find the partial derivatives of a

function of several variables.

The method used to solve for the zeros of a function
is that of series inversion. The relevant theorem is gquoted

here without proof [13].

Given the power series

P k | (4.1)
£=f +I a, (t-t_ )
o k=1 k 0

with positive radius of convergence and al+0, then there

exists a unigue power series
oo

_ _ k
t~t0+5=1bk(f fb) (4.2)

with positive radius of convergence and such that the two
series are inverses in sufficiently small neighborhoods of

to and fo and bl = l/al.

To develop a recursion formula for the coefficients bk
in (4.2), solve for (f-fo) in {(4.1) and substitute into (4.2),

resulting in

o co . k
t-t =L b, | L a.(t-t )| . (4.3)
© k=1 K| O



Letting

=) N @ . k
T c.. (t-t )= a.(t-t ) (4.4)
for k>1

and interchanging the order of summation in (4.3) leads to

t-t =2 (t-t )j $ b -
0 je1 o x=1 Jk k. (4.5)

Equating powers of (t-to) in (4.5) yields

bi=1/cyy
j-1 (4.6)
b.=(Z c..b . .
3 (k=1c3k k)/cjj

for j>2

Rewriting (4.4) in terms of previously computed coefficients,

we find
I oc.. (t-t )I= c. (t-t )3 T a.(t-t_ )3 (4.7)
. k o X k-1 o o]
:|=k J J=k‘l I jzl ]
= z c. ,_qa (t-t )T
r=1 g=k-1 S/k-lr = o
for k>2

Substituting j=r+s and interchanging the order of summation

yields
> iy 5 7k
I c.,{t-t }"=L (t-t )~ L C._ . _qa
3=k ik o 1=k o r=1 j~r,k-1"r (4.8)
for k>2

+

Finally, eguating powers of (t—to) yvields

j=k+1
c., =Lk

a for k>2
r=1 =

€4-r, k-1 %r (4.9)
izk

17



Also, note that

cjl=aj for j>1 . (4.10)

The following summarizes the algorithm to find t' such
that £{t')=0 when the aj are known, t, is given sufficiently

close to t', and fo=f(t0).

1) cyy=ay » by=l/cy,
2) c¢..,=a.
31 35 k41
3 c., = L c. a_ for 2<k<j
b %3k r=1 J7T./k-Lr == (4.11)
j-1
4 b.= %
) ] k=1 Jk k/c
Repeat 2) thru 4) for 4§=2,3...
k
5) t'=t +k l (-fo)

To illustrate the application of this method, the
differential equation for the ninth degree pegendre poly-
nomial was integrated and the zeros of the function computed
by series inversion. The results were accurate to the re-

guested precision.

For the computation of the partial derivative of a
function of several wvariables f{yl, YZ""’yn) with respect
to Yy the Taylor series coefficients for the differential

system

- Sij j=l,...,n (4-

18

12)



are evaluated along with the coefficients for the function

f(t). The derivative of f with respect to t may be written
as n
9%_5 gf_ dy _ (4.13)
s=1 ¥g t

Substituting (4.12) intc(4.13),it is clear that the desired
partial derivative is the first Taylor coefficient of f.
This procedure may be applied to any number of functions and
was used to evaluate the Jacobian of the system given in
Problem 3. The results of this computation were as accurate

as the input data.

19



V. PL/I Implementation

The program to generate a Fortran subroutine which
evaluates recursive Taylor series coefficients for a system
of differential equations has been written in PL/I. The
PL/I language was chosen, instead of a string processing
language like SNOBOL, because PL/I contains an adequate -
set of string manipulating functions and because of the
simiiarity between PL/I and Fortran statements. Since the
PL/I statements are Fortran-like, changes may be incorpor-
ated into the processing program to suit individual needs,

with greater facility than might otherwise be the case.

In the implementation of [3], the defining system may
contain derivatives of arbitrary order and the differentia-
tion operator may appear on the right hand side of the equa-
tions. Without a serious loss in generality, the current
implementation is restricted to systems of first order
differential equations and the differentiation operator

may not appear on the right hand side of the equations.

The program reads in the defining system of equations
from the PL/I SYSIN data set, and the equations are checked
for balance with respect to parentheses, but no determina-
tion is yet made as to whether they represent valid expressions,
The program then attempts to generate the Fortran subroutine

t0o evaluate the Taylor series coefficients.

20



It is not a difficult task to add information about the
interval of integration, the accuracy required per integration
step, etc. to the input definition of the system of equations.
This information may then be edited into appropriate driver
routines. The next job steps are compilation and execution
of the Fortran program. However, these additions are de-
pendent upon the computer installation and upen individual
requirements. The PL/I program is written and annotated so
that modifications, similar to the cones just mentioned, are

fairly straightforward.

The first input card to the PL/I program is a control
card containing the words DIFFERENTIAL EQUATIONS, which may
appear anywhere in columns 1 to 72. Sequence numbers are
permitted in columns 73-80. The word EQUATIONS may be
optionally followed by the letters SP or DP, which is a
request to generate a single or double precision routine.
The default value is single precision. The nomenclature
for the iEE equation in the differential system is
Y{(1,I)=£(T,Y), where the first subscript of Y denotes
differentiation with respect to the independent variable T.
£(T7,Y) represents a valid Fortran expression. If it is
more convenient to specify the system with a different in-
dependent and dependent variable, say R and V, then it is
necessary to include (R,V) on the first control card. The

differential equations are specified next with a free form

21



format in columns 1-72. Each differential equation is ended
with a semi-colon, except for the last equation, which is
terminated with a colon. Any equations which are useful in
defining the differential system may be included and are
order independent. The next card following the differential
equations is a control card containing the words INITIAL
VALUES. The initial values are then specified in the same

manner as the differential eguations.

To illustrate a sample input to the processing program,
consider Problem 3 above written as four first order equations.
The input data required to specify the construction of a
double precision routine may have the following form

DIFFERENTIAL EQUATIONS DP(T,U)

U(l,1) = U(3); U(1,2) = U(4);

U(1,3) = U{l) + 2.DO*U(4) - AP*(U(l) + G) - A*(U(l) - GP);
U(l,4) = U(2) - 2.D0*U(3) - U(2)* (AP + B);

G = 1,p0/82.45D0; GP = 1.D0 - G;

A = G/DSQRT((U(1)- GP)**2 + U(2)**2)**3;

AP = GP/DSQRT ((U(L)+ G)**2 + U(2)**2)**3:

INITIAL VALUES

U(1l) = 1.2D0; U(2) = 0.D0;U(3) = 0.D0;U(4) = -1.04935750983:

The generated Fortran routine will have the structure
SUBROUTINE COEFF (U, ITSMAX)
IMPLICIT REAL*8 (A~-H,0-Z)
DIMENSION U(ITSMAX, 1)
Fortran statements necessary to compute the
1 to ITSMAX Taylor coefficients for the equiva-
lent canonical system given U(I), I=1,4.
RETURN

22



ENTRY INITAL (T,J,ITSMAX)
r;nitialization of all Taylor coefficients
to zero followed by the assignment of the
i}nitial values specified as input data.
RETURN
END
With the above routine and the two Fortran routines listed
in Appendix B, edited in the appropriately indicated places,

a complete Fortran program for the numerical integration of

the sample problem may be developed.

Standard output from the processing program contains
listings of the defining differential equations and the gen-
erated Fortran routine. Since it 1s necessary to have some
measure of the computer time required per pass through the
COEFF routine in order to properly assess the effectiveness
of the Taylor gseries method compared to other popular methods
for solving differential equations, an operations count in

terms of additions and multiplications is alsc printed.

The process by which the Fortran routine is generated
is very similar to the way a compiler generates assembler
language routines. For a complete description of the
algorithm see ([3]. The differential system is reduced to
canonical form, which is the representation of the system

in terms of the elementary operations of + - * /., The

23



decomposition is accomplished by the method of bounded con-
text translation [14]. The next step consists of an elimin-
ation of redundant operations from the canonical system.
After the system has been optimized, a tree search is per-
formed to determine the computational order. For some equa-
tions, it may be desirable to examine a number of the inter-
mediate quantities in this process. Coding DEBUG in the
PARM field of the processing programs EXEC statement will
produce this listing. For the Riccati eguation,

2 2

y' =y~ + 3t%, the DEBUG listing has the form given in

Appendix D.

RMAT is the procedure which performs the decomposition
of the differential system. LEVEL denotes the current level
of recursive calls to the procedure. The integer K denotes
the element in the equation being scanned. TYPE is an
integer representing the KEE element. Table V-4 is a
listing of the correspondence between the integers and the
elements. The E in (C,0,V|E) denotes the print mode that
lists the input equation to the procedure. The equation is
enclosed by the delimiters #5. C,0,V represents the print
mode that lists the KEE element which is either a constant,
operator, or variable. If the KEE element is a constant,
it is replaced by #%. The integer % designates the position
of this constant in a tabulation of all constants that

appear in the differential system. The constant table is

24



TABLE V-4

TYPE ELEMENT

I
-]

constant
variable
+

# (left delimiter)
$ (right delimiter)

% (function specifi-

cation)
* %

O &~ Y e WO
.

-
| e = |

25



listed after the optimized canonical form.

The heading on the right indicates entries into the
recurrence matrix, where the canonical system is eventually
stored, R represents the row of the matrix, OP the opera-
tion, and A(1), A(2) the two possible arguments., A{3) is the
name associated with this operation. If there is no external

name associated with this operation, the name is generally

¥, where v indicales the row in the matrix
storing the result of the operation. The symbol § in the
recurrence matrix is used for the composite operation =,
The first differential equation processed is the one for the
independent variable, which makes the system autonomous.
After the last equation has been processed, the complete
recurrence matrix is listed both before and after it has
been optimized. As mentioned earlier, the constant table

is listed at this point.

The next step invelves searching the recurrence matrix
to initialize the matrix D described in [3]. The D matrix
is used to determine the computational order of evaluation
of the coefficients. The dimension of the matrix is the
number of rows in the recurrence matrix. Briefly, starting
with the result of the operation for a given row in the
recurrence matrix, the arguments of the operation are

traced backwards thru the recurrence matrix to ascertain

26



TABLE V-B

3 Function
1 exp
2 log10
3 loge
4 sin
5 cos
6 tan
7 sinh
8 cosh
9 tanh
10 sqrt

27



their dependence upon other operations. The DMAT ENTRY
statement lists the row currently being initialized, and
finally the entire D matrix is listed. To aid in an inter-
pretation of the recufrence matrix, a table is constructed
showing the correspondence between this matrix and the set
of dependent variables in the canonical system. BAn integer
pair, ij, in this table, indicates that the result of the
. th

operation in the it row of the recurrence matrix is the j—

dependent variable.

In the reduction to canonical form, special functions
which appear may cause their defining differential equations
to be appended to the differential system. In this imple-
mentation, the special functions are left in the reduced
system and the corresponding coefficients for these
functions are hard coded in the program generating routine.
The symbol gj, where j represents an integer constant, is
usad to represent functions in the recurrence matrix.

Table V-B shows the correspondence between the integers j

and the functions they represent.

This completes the description of the intermediate
quantities regquired in the Fortran COEFF routine construction.
The listings should be useful in debugging any malfunctioning

of the processing program for a given differential system.
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APPENDIX A

TAYLOR: PROC(PARM) OPTIONSC(MAIN):

FEEREEER R A AR TR AR RN EERE AR R A RRN AR IR R RN R RN R Nk Rk Xk

* DRIVER PROCEDURE USED TOo CONSTRUCT A FORTRAN SUBRDUTINE WHICH
EVALUATES THE RECURSIVE TAYLOR COEBFFICIENTS DERIVED FROM A
SYSTEM OF ORDIMNARY DIFFERENTIAL EQUATIONS . FOR A DESCRIPTION DF
THE ALGORITHM SEE *THE AUTCMATIC SOLUTION DF SYSTEMS OF
ORDINARY DIFFERFENTIAL EQUATIONS BY THE TAYLOR SERTES METHDOD?®,

8Y D. BARTON ET ALs CCMPUTER JOURNAL V 14 (1971) PP, 243-248

LA IR BB 2%

*
*
*
»
*

*

ooeeo100
00800200
onoao3fe
cooanand
onogosna
noeqgent
oongaTne
0000200

ok ko ok g ok ok ok ok ook ok sl ook o ok ke ok ok o R e ok ok ok ok ok ol ool sk ok ok ROk SRk ke ok kkok kR k ke O00000MN

peL

BFDC ENTRY(BIN FIXED) RETURNS (CHAR(15) VAR).

BREAXKF ENTRY(CHAR(*) VAR,CHAR({%) VAR,CHAR(*) VAR),

CODE ENTRY(CHAR{*) VAR.BIT(1)1,81T(1)),

COUNT ENTRY(CHAR(®) VAR,CHAR{%) VAR) RETURNSU(BIN FIXED).

SPAN ENTRY{CHAR(%®) VARSCHAR({®) VAR,CHAR({*} VAR,CHAR(*) VAR)3:
DcL

({CS,WwS) CHAR(400) VAR EXT.DVRBL 'CHAR{4) VAR EXT,

IVRBL CHAR{4) VAR EXT,.R{ SH0,.4) CHAR(LIS) VAR,

RMAX BIN FIXED INIT{D),0(%,%) BIN FIXED CTL, KFMAX EXT INIT(O),
ERROR BI'N FIXED,CC BIN FIXED INIT(1),IED EXT,

DEBUG BIT(1Y EXT.NEGQ EXT INITI(N).KO BIT(1),NSGMA EXT INIT(O),
FL FILE CUTPUT,.S5N CHAR({41 VAR,CB CHAR(15) VAR:
DcL

(NMUL s NADD s NFT S, NMTL o NATS s NATL ) INIT{O) EXT.PARM CHAR(100)
LBLA {3} LABEL INITILW,LW.LD) 4t BLE(3) LABFL INIT(LX+LD.LDV,s
CST(100) CHAR{25) VAR EXT,IC EXT INIT(1).NEQTNS EXT:

VAR o

Fa .
CALL STINTS
IF INDEX({PARM, *DEBUGY )«=0 THEN DEBUG='1*A3
7% READ IN THE SYSTEM OF EQUATIDNS */
CST(1)="0,5"3
CALL IKPUT(ERROR,CC}:
IF IZD=0 THEN CS5T{(LI=1D.5'3
GO TO LBLA{ERROR) 3
LW: NEQTNS=COUNTICS."Y{1+"}+#1}
/% INSERT DIFFERENTIAL EGUATION FOR THE INDEPENDENT VARIASBLE TD MAXE
THE SYSTEM AUTONONOUS %/
€5='v{1," | |BFDCINEQTNS Y] 1 3= 0] ;v ])cs) ] e
READ IN THE INITIAL VALUES %=/
cC=21%
CALL INPUT(ERRDOR,CC}3
cs=Cs|IDvREL] {v(* | | B*DCINEQTNS Y 19 )= || IvRBL]| |*:*;
GO TO LBLBC(ERROR) ;
LXT 1PASS=13
/% FACTOR EACH DIFFERENTIAL EQUATION INTO ELEMENTARY DPERATIONS
LY: DO WHILF(SUBSTRICS Lyl o=t #1173
NEQ=NEQ+1:
CALL BREAKF(CS+"5",W5})$
CALL BNMAT('#* | {wS] {18, R,PMAX.KO)?

ELSE CST{1)="0.500"

g )

s

nnoe1000
oanaiind
noom 2ne
acog1300
oconarane
090013500
000Q1600
oonolron
onnarang
oo0ar19ne
enno2o000
ooenN21n0
oono22n0
oogo230n
coqQa2ana
002500
enagsena

*= /00002700

aoNaz2sne
o0f 02900
cooe30n0
000803104
00003200
20003300
Cc0003a00
00¢03Isn0
0003600
oone3ITNY
aco0g3snn
00ca39ng
onctannn
NC0041 00
00004200
0naaasng
00005an0
0000ASNY
0000asny
00080%aTNY
Noocasang
D000AS00



IF NEO=1 THEN R(RMAX.4)=IVRBL:S
END 3
1IF ~DEBAUG THEN GO TO LZ3
PUT EDIT{ *RECURRENCE MATRIX') (SKIP(1),:X{(60):A);
pPo I=1 TO RMAX:
PUT EDITII sRIT 4114 R{T+2V4R(I+334R{(T+4)} (SKIP, X{80),
FL2):XT{1) 4A(2) 4 X(5)+3 A(1S) I
END $
/% ELIMINATE REDUNDANT OPERATIONS FROM THE RECURRENCE MATRIX &/
LZz: CALL QPTMZE(R .AMAX) 3
IF -DEBUG THEN GO T L83
PUT EDIT('OPTIMIZED RECURRENCE MATRIX®) (SKIP{1).X(S50):+A);:
LAY DO I=1 TO PMAX;3
PUT EDITI(Y +RII 21 e RETI4214R{ETI+3)2R(I4411) (SKIPLX(E0)F{2),
X{1) sAC2) +X{5):+3 AC15) )
END 3
LB: 1IF -DEBUG THEN GO TO LARC:
PUT EDITC "CONSTANT TABLE') (SKIP{Z2).A):
DO I=1 TO IC3
PUT EDTITI " #%,1 4=, CST{I)) (COLUMNIMOD(I~1+4)%29+1).,
A+F(2)sAsA)2
END 3
LBC: ALLDCATE D(RMAXRAMAX) 3
/% GENERATE THE MATRIX D WHICH IS5 USED TO DETERMINE THE DRDER IN wWHICH
THE TAYLOR CDEFFICIENTS ARE COMPUTED */
CALL DMAT{R,RMAX,D} 3
IF «DEAUG THEMN GO YO LC;3
PUT EDIT('D MATRIX®*) (SKIP(2).A);
PUT EDIT(((I »%+°+J:D(1,J) DO J=1 TO RMAX} DO I=1 TO AMAX))
(SKIP,8 (FU2)+A:sF{2)+FLA) X{(5)))3
¥ GENERATE THE FORTRAN ROUTINE TN COMPUTE THE TAYLOR CQEFFICIENYS =7
CALL COGE(R+RMAX,D,K0) ;
IF =K THEN GO TO LD3
LC: FREE D
IPASS:IPASS+]
IF IPASS>2 THEN GO TO LD
CALL CCRE(*C*','0'B,"1+8})3

CALL CODE(? ENTRY INITALC*|{IVRALi|*»*{{DVRBL])*,ITSMA XY,
‘DB LI1*'RB) §

CALL CODE( " DO 2001 ITS=1,ITSMAX',*0'B,?1°B);

CALL CODE("® DO 2001 IXV=1.'|| BFDC{RMAX)+"0'B."1'8)3

CALL CGODE{"2001 Y(ITS,IXV=0.07,"0'8,"1'8);
DO WHILE{CS~='7);
CALL BPREAKF(CS.*3*,m5)3
CALL SPANCWS.'('.%) ¢ ,SN)3
CALL BREAXF(WS4+*)?,CE) 3
CALL CCDEC(DVARBLI1*(1.2)isnl(*)v]|wSat1vB,'0*B)3
END 3
CALL CODE(DVRBLII'C(2,' | {EFDCI(NEQTNS)|]*)=1,0°.70°B4*0"B);

¢o0gso00t
cocosLng
fonegs2no
eonQu3ng
000C5400
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0o0Qsend
coo0s7Rn
0no00sene
eo00ssne
anoasent
00606100
oonge200
008C630¢0

LLLEEYLY,
00005500

40006600
oceosro0
ococsenp
00nteonag
0agcrTone
coeo7100
eo0gT200
cagarana
angerane
co00rSne
o760
a0ac7r 700
ogaorane
casov9ra
onocce1nt
aQQQa20n
00008300
coQgeant
toogasoe
000drane
ooncavod
tacQepnne
00£0899¢
Ledeld Blulad
focgg100
go0ctoz200
0000930¢C
oneqgsang
enaessnt
0nedsene
004495700
ogga9sng



CALL -CODE¢* RETURN®,*0*B,*17E); c0009900

CALL CODE (" END? ., *0%B,71°B8)3 _ 00010000
PUT EDIT( *OPERATIGN CCUNT {0OC)} FOR ONE PASS THRU THE CuEFF ° 00010100
[1*"ROUTINE ") (SKIPC(3) . A)3 00010200
PUT EDITC( *ITSMAX = THE NUMBER OF COERFICIENTS COMPUTEDS') 00010300
(SKIP(2) 4A)3 , 0001040¢
PUT SDIT('AS - AN ADDITION OR SUBTRACTION®) (SKIP.A)S 00010500
PUT EDITL *MD - A MULTIPLICATION OR DIVISION') (SKIP,A)3 00010600
wS=1'nC = (*{IBFDCINADDY|I* + (*{|BFDCINATL)I|]* + *|IBFDCINATS)Y|| 0001070¢C
*SITSMAXIRITSMAX/2h%AS + ('] | BFOCINMULYI [ + ¢*]IBFDCINMTLY] | 09010800
* 5 1} {BFDCUNMTS) | J*«TTSMAX) *ITSMAX/2%MD" 00010500
PUT EDITIWS) (SKIP(2),A): 9011000
LD: END TAYLODRS 00011108
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TAYLOR:

OCESS ;
PROC(PARM) OPTIONSIMAINDIZ

SARKARRRARERAE AR RRE RN EER R R R AR K R ARk AR AR AR AR SR AREEERRE B AR RS R ERR A

#* % % BB

DRIVER PROCCEDURE USED TO CONSTRUCT A FORTRAN SUBROUTINE WHICH
EVALUATES THE RECURSIVE TAYLOR COEFFICIENTS DOERIVED FROM A

SYSTEM OF ORDINARY DIFFERENTIAL EQUATIONS. FOR A DESCRIPTIDN OF

YHE ALGORITHM SEE *THE AUTCMATIC SCLUTION OF SYSTEMS OF
ORDINARY DIFFERENTIAL EQUATIONS BY THE TAYLOR SERIES METHODY,
BY D. BARYOK ET AlL. CCMPUTER JOURNAL Vv 14 (1971) PP. 243~248

*
*
*
=
*

*

00000100

onneo200
0900300
00000400
ooooosne
neceesng
oocearon
oocqQoang

AR AR AR RAERRARERRE Ak hE R SK R EREXREE R Rk Rk rkkhkkkk kkkkpkkk Rk kk ks /00000900

/¥

S x

Lw?:

oCu .

BEDC ENTRY({BIN FIXED) RETURNS{(CHAR(1S) VAR),

BREAKF ENTRY{CHAR(*) VAR,CHAR(*) VAR,CHAR(%} VAR]),

CODE ENTEYICHAR( X} VARSBIT(1),8IT(1))»

COUNT ENTRY{CHAR(*} VAR.CHAR(*) VAR) RETURNS(BIN FIXED},

SPAN ENTRY{(CHAR{*) VAR,CHAR(*) VAR.CHAR(*) VAR.CHAR(*)} VAR):

bDCL
{25+%S) CHARIADD) VAR EXTDVYRBL CHAR(A) VAR EXT.
IVRBL CHAR(4) VAR EXT,R{ S500.+4) CHAR(IS} VAR,

RMAX BIN FIXED INIT{D)sD(*.%) BIN FIXED CTL,KFMAX EXT INIT(O),

ERROR BIN FIXED,CC BIN FIXED INIT(1).1ED EXT,

DEBUG BIT(1) EXT,NEC EXT INITI(N).KD BIT(1) ,.NSGMA EXT INIT(O).

Fi. FILE OUTPUT.S5N CHAR(A) VAR.,CB CHAR(1S5) VAR]3
oCcL
(NMUL s NADD « N¥T S NMTL . NATS «NATL )Y INIT(O) EXT, PARM CHAR(100)
CBLAC3)Y LABEL INIT(LWLW.LD),LBLE{(3) LABEL INITUILX.LD.LD),
CSTU100) CHAR(25) VAR EXT,IC EXT INIT(1).NEQGTNS EXT:

CALL STINTS

IF INDEX{PARM,'DEBUG*} ~=0 THEN DEBUG='1*83
READ IN THE SYSTEM OF EQUATIONS #/

CST(1)="0.5"3

CALL IMPUT(ERROR,CC};

IF IED=D THEN CST(1)}='0.5"*3

G0 TO LBLA{ERROR) 3

NZQTNS=COUNT(CS+*Y{1ls* )41

ELSE CST(1)="0,.5DO"3

VAR »

/7% INSERT DIFFERENTIAL EQUATION FOR THE INDEPENDENT VARIABLE TO MAKE

7 *

Lx:

THE SYSTEM AUTOMMOUS */
€s=ty{1," [ IBFRCI(NEQTNSI{I*1=1 0 1]es | |CS{lvmes
READ IN THE INITIAL VALUES %/
cr=23
CALL INPUTIERROR.CC)
cs=Cs{{DvrBLI [*(* [IBFDCINEQTNS I | =l IvRBLl |*3°;
GO TO LBLBI(ERROR) 3
IPASS=] §

/% FACTOR EACH DIFFERENTIAL EQUATION INTO ELEHENYA#Y QPERATIDNS */

LyY:

DO WHILE(SUBSTRICSs1+1 )=V i)
NEQ=NE G+13

CALL BREAKF(CS,*:',WS);:

foefi100
eaodiion
ofno12nn
e9¢a1300
00001 4ANA
00001500
00001600
ooeo1700
00001800
cooer900
genoz2one
ooanz21na
00092200
00002300
o0g8a24an0
00002590
00002600

® 00002700

ofqQzane
ooadz2900
LOAUSONHE
004031040
00003200
00003300
00003400
000a3sng
00003600
000a370¢
ooen3ann
00403900
0000a0NN
00004100
00Qe0aznNo
coagaano
00004400
¢o0QQasng
oeegacne
oncoaTon
008 d4a800



CALL RMAT('#1 | |wS| |2 ¢ RyRMAX,KO)3
IF NEQ=1 THEN R{RMAX.4)=IVRBL}
END
IF -DEBUG THEN GD YO LZ3
PUT EDIT( 'RECURRENCE MATRIX') (SKIP(13}.X(60),A)3
DO I=1 TO RMAX;S
PUT EDITCI sR{TI +133R{T42)+R{TI+3I4R(T44)) (SKIP,X{(6D1,
FU2Y+X{1) A2, X(5)+3 A(1S))3
END 3
7% ELIMINATE REDUNDANT OPERATIONS FROM THE RECURREMNCE MATRIX */
LZ: CALL OPTMZE(R.AMAX) ‘
iF -DEBUG THEN GO T0O .LB3%
PUT EDIT('OPTIMIZED RECURRENCE MATRIX') (SKIPC(1).X(80),A}:
LAT DO 1=1 TO RMAX:
PUT EDITHLIWR(I 1)+ RULI 2RI I 4R{Lo4)) (SKIP,X(ED)$FL 2},
XC1Y+AC2) o X({S).3 A(15)}3
END 3
LB: TF -~DEBUG THEN GO YO LECS
PUT EDITC¢ YCONSTANT TABLE') (SKIP(2).A):
DO I=1 YO 1C3
PUT EDITCYR¢,T,7=7 ,CST(I}) (COLUMN(MOD(I-1,4)%294+1),
AsF(2)sAvA)3
END;
LBC: ALLOCATE D{RMAXRMAX) 3
/% GENERATE THE MATRIX D WHICH IS USED TO DETERMINE THE ORDER IN WHICH
THE TAYLOR COEFFICIENTS ARE COMPUTED »/
CALL OMAT{R+RMAX.D} 3
1F -DEBUG THEN GO TO LCS
PUT EDITL 'D MATRIX') (SKIP{2),A)3 _
PUT EDITCL{T +%+'+1+0(1,4J) DO J=1 TO RMAX) DO I=1 TQ RMAX)}
(SKIPLE (F{2)+AsFI2)+F{a) X{5))):
/% GENERATE THE FORTRAN ROUTINE TO COMPUTE THE TAYLOR COEFFICIENTS */
CALL CCGE(RRMAX.D,.K0)};
IF ~KO THEN GC TO LD;
LC: FREE D3
IPASS=IPASS+1 3
IF IPASS>2 THEN GO TO LOD3
CALL CODE('C*.*0'0,'1'8)};

CALL CODE(* ENTRY INITAL(*{1IVRBLI{*s*|{DVRBL]I1*+1ITSMAXY?",
198 ,'1'B) ;-

CALL CODE("® DO 2001 ITS=1.,ITSMAX®,"0'B,'1*8);

CALL CODE(* DO 2001 IXV=1,']{BFDC(RMAX 3}, "0'B."1'B)3

CALL CODEC 2001 VY{(ITS.IXV=0.,0¢,.°0'8,%1'8)3
DO WHILE(CS~="1)3

CALL BREAKF(CS.":'+ 0513

CALL SPANIWS.*({',*)* ,SN)3

CALL BHREAKF(WS.*)*,CH8)3

CALL CODECOVRBL| (1, |{SNl1")1*|IlwS.%1%B8,'0°8);
END 3

00004900
oog0osene
egags100
00045200
0000sS300
co0as5400
60005500
onnessng
000057008
onoosand
o0gQas9ont
000060040
00cts108
00006200
000063040
onqaeant
co0NCes00
00006600
00005700
concsand
C0Qa6900
co0qQ7000
00007100
00007200
coQgTING
fooaTann
ocenerIsnn
onaQ7s0n
o00e7700
oondTs0d
oceeTIng
cootaong
ogega1ng
congseano
oo0geson
00008400
onddesed
c000As00
00Qgos7THNE
cogQeeng
o00nasno
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000091n¢
0009200
00CO930C
coeg9ane
000¢55040
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CALL CODEC(DVREL|| "(2,* [IBFDCINEGTNS)| | *)=1.8",.*0'B,'0'0); ogacsene

CALL CODE(? RETURN® '0'8,%1vQ)3 cooco9ne
CALL CODE(* END*,*0'B,"1'B}3 00010000

PUT EDIT( 'OPERATION COUNT (0C) FOR ONE PASS THRU THE COEFF ¢ 00010170

|1 *ROUTINEY) (SKIP{3),.A): 000190200

PUT EDITC'ITSHMAX — THE NUMBER OF COEFFICIENTS COMPUTEDT) oco010an0
{SKIPL2) A) 00010400

PUT EDIT('AS - AN ACDDITION OR SUBTRACTION') (SKIP,A): 0o01esog

PUT EDIT( *MD - A MULTIPLICATION OR DIVISIDON') (SKIP.A); 00010600
ws='0C = (*||BFDCA(NADDY]{* « (*||ofDCI(NATLI{} Y &+ *{lBFDC(NATS)Y|] DOOlO0O7RE
YAITSMAX) XETSMAX /23 %AS ¢ (| | BFOCI(RMULY||* + (*{ | BFDCINMTL )| 08018800

S o+ SPIBFDCIAMTSI | ["*ITSMAXI SITSMAX/ kMDY 00010900

PUTY EDITI{NS) (SKIP{2).A}): 00011000

LD: END TAYLOR: 00011100



* PROCESS: 00000100
CODE : PROZL{STRING +SUM,CMMNT ) RECURSIVES ooongo20e
/% PROCEDURE TRANSFORMS THE INPUT 'STRING' INTO FORTRAN CARD IMAGES */ 00000300

DCL 00000400
EXTRACT ENTRY{CHARI(%*]} VAR,CHAR (%) VAR,CHAR(%®) VAR)}, o0000sng

LIBF ENTRY(CHARI*) VAR.BIN FIXED),. oocgasno

SIGMA ENTRY(CHAR(®) VAR}S cagnaIng

DCL ST CHAR(400) VAR {SUMCMMNT } BIT(1),STRING CHAR(%} VAR, ecoocoant

SN CHAR{TY VAR.FL FILE OQUTPUT EXT,.IED EXT3 foogo9nn

DCLL NSGMA STATIC BIN FIXED EXT,SYSA BIT(1) EXT.IC INIT(1), ¢0001000

SON BIN FIXED STATIC INITCLIDOOD), EIS(3) CHAR{8) VAR EXT: 00001100

re ' /7 00001200
IF ~SYSA|LENGTH{STRING)I<11 THEN GO TO LAS 00001308
SN=SUBSTRISTRING:+T«5) 3 ¢oaerang

IF SN='SUSRO' | SN=*BLOCK' THEN PUT PAGE; ’ ¢o0c1500

LAZ 1IF =~SUM THEN GO TOD LC3 00001600
LB: CALL EXTRACT(STRING.EIS(3).5T)3 00001700
IF ST=¢** THEN GO TO LC3 000401870

CALL SIGMA(ST)3 00021900

GO TO L8B3 oncc2000

LCT IF ~TMMNT THEN GO TO LD3 000021040
SQN=SaGN+100: 00002200

PUT FILE(FLY EDIT(STRING,'"000 ' +SONI(SKIP+As COLUMN{T3} A+F(5)}3 00002300

IF SYSA THEN PUT EDITU(STRING,: '000" +SONIISKIP: A+COLUMN( 73),A,F{(5)) 300002300
RETURNS 00002590

LD:I SN=¢ '3 20002800
IF =~CHMMNT THEN CALL LIBF(STRING,1ED)S 09002700

PO I=1 TO 6 WHILE(VERIFY(SUBSTR(STRING,1:1).,'01234836789 *)=0)IEND 000028008

IF I-~=1 THEN SN=SUBSTR(SUBSTR(STRINGs1,1I-1) {1 SNs1+5)3 ©0002900
STRING=SUBSTRISTRING.I}3 00003000
LS=LENGTH(STRING) 3 ooga3al1ne

Do I=1 YO LS BY 653 oceog32ng
ST=SN {] SUBSTR(STRING, IC.MIN(SS.LS-1IC+1))3 oco033ang
SON=SQN+100: : 00003400

PYT FILE(FLY EDIT (ST."000"',SON) (SKIP+A+COLUMNIT3)IAF(S5))3 00003500

IF SYSA THEN PUT EDIT(ST.*'000%.SAN) (SKIP.A+COLUMNIT3)A.F{5)) ;00003600
IC=IC+653 00003700

IF I=1 THEN SN=* X *3 goog¢3eng

END 3 o0003900

END CODE 3 ‘ 00004000



* PROCESS:
COGE : PROC(R,RMAX+D4X0) 3
7% PROCEDURE GENERATES THE FORTRAN TAYLOR COEFFICIENT ROUTIME */
ocL .
BFDC ENTRY(BIN FIXED) RETURNS{CHAR(15) VAR,
BFTC ENTRY(BIN FLOAT(53).BIN FIXED) RETURNS(CHAR(SO0) VAR).
BREAKF ENTRY {CHARC®) VAR.CHAR(1).CHAR(*) VARD),
CODE ENTRY(CHAR(*) VAR,BIT(1).,BIT(1)),
COLS ENTRY RETURNS(BIN FIXED).
FUDGE ENTRY RETURNS(BIT(1)),
0P ENTRY{CHAR{1)} RETURNS(DIN FIXED),
RIPLACE ENTRY(CHAR(#*) VAR.CHAR{*) VAR.CHAR(*) VAR.BIT(1)},
SPAN ENTRY{CHAR{#) VAR.,CHAR(*) VAR,CHAR(*) VAR,CHAR(*) VAR};
ocL
R{ %y #) CHAR(®) VAR D{%*.%) BIN FIXED.DR(*) BIT(1) CTL,KO BIT(1),.
CTBL(*) CHAR(15) VAR CTL.DVRBL CHAR(4)} VAR EXT,{DMAX,RMAX)
BIN FIXED:(M(#),C(%)) BIN FIXED CYL.,FTELC(100.2) BIN FIXED EXT»
L3LC11) LABEL INIT(PMS.PMS.MPY DVD,EQL,ERR,

00000100
tcooeo200
00290300
0004a04na
eoeQosnt
40000600
coQearnd
oconooene
cogadana
o00a10940
aaqntinn
00091200
onge13ne
0Q0d1400
aneo1sS00
oonglLEaNg
a0n017H0
ongdienn

ERR:sERR+INT+ FNLEXP)CST(10D) CHAR{25) VAR EXT.C0O CHAR(1)+IED EXT,.00001900

L(A) LABEL.OC(1ID) CHAR(1)} EXT,wS CHAR{ 400) VAR EXT.NEQTNS EXT3
DCL

LEPMAXII) INIT(I+842) +LEP INIT(D) .CH CHAR(1),

IVFN CHAR{19) VAR,IVREBL CHARC(4} VAR EXT»

DEBUG BIT(1) EXT,.OT(*.%) BIN FIXED CTL.

CaB CHAR(1) EXT, INMUL +NADD+NMT S, NMTL + NATS, NATL ) EXT.

IQ BITE1) INIT(*1%R) A0S CHAR{S0) VAR,EPLG CHAR{200) VAR;
oCcL

‘gego20n8

fogo216¢
coonz2a2er0
eona23ng
00602400
cONa2sHe
o0002600
oneQ270¢

{ARG(2) CHAR{(25} VAR, {CAILZERO) BIT{1),(LHS.LH5ARG) CHAR(15) VAR .,00002800

(LA 2) +RPC2) sUDI2)Y) CHAR(1) VARLKCMAX,KFMAX, T5S CHAR{S) VAR
! EXT3
%
ZERO='1'B3
EPLG=
*SUBROUTINE COEFF(*| |DVRBLI| "', ITSMAXITIMPLICIT REAL**]|{caa|]
*(A-H,0-Z}:*" | [ '"DIMENSICN *||OVREBL||*CITSMAX, 1031000 DO 2000 *|{
ITS=2,I TSMAXIITSMI=ITS—1 51TSPLI=1TS+13FITSMI=FLOATCITSM1)5 ]
12000CONTINUESRETURNS ' 3
IVEN=DVRBL{ v (* || BFDCI(NEQTNS)| {733
DMA X=DTMID,1) 3
ALLDCATE DR(DMAX) CTBL L{RMAX) s M{DMAX) s C{OMAX )¢ DT (RMA X, RMAX) 3
DR=1D*B} DT=D3
/% CCRASSPONDENCE TABLE BETWEEN R(I,4) E Y(J) %/
KC=NZ OTNS=1 3
DO 1=1 TO RMAXS
IF SUBSTRI(R{I44) ¢1 +MINCLENGTHIR(I,4)),LENGTH(DVREL ) ) }=DVRBL
THEN CALL SPAN{R(I 48),°(?,%)7,CTBL(T)});
ELSE 0O5 KC=KC#13 CTBL(I)=BFRCIXC)S ENDS
END 3
iF DEBUG

o0anzang
eogaseng

* sMAANATII AN
S e e

W B SR

onedIzne
00003200
anag3ang
00043500
00043600
aceco3voe
00003800
ocaCIgny
eocoaRnO
00004100
o0qQo4s200
NN0a43IN0
ontgaang
oeQgaAsSOn
noggasne
eQecaTRC
ooeoasnq
09004500



THEN DO PUT EDIT(*CORRESPONDENCE BETWEEN RECURRENCE MATRIX ROWS

F|{*AnND THE ¥ JRRAY') (SKIP(2):A);}

gocasont

o0QCE1InNg

PUT EDITI({I,CTELL{I} DO ¥I=1 TO AMAX)) (SKIP.12 (F{3}.X(1}.000¢5200

A{3)eXx(4)))3
ENDS
7% EVALUATICON OF THE SET M »/
KM=03
DO J4=1 TD DMAX:
DO I=1 TO OMAXS
IF OR(TI )} THEN GO 70 L8B3
IF DT(I.J)>2 THEN GO TO LC3

Le: END3

GD TO LE:
Lc: KM=KMF]13 MIKM}=J3
LEZ2 END:

IF KM=0 THEN GO TO LEAS

oo0geInn
coeosann
coedssoQ
cooQsend
00005700
000 ¢5800
ococesone
00006000
0086100
00006200
000Ccs3NG
00006400
pdedalil-bolel

PUT EDIT(Y®* PROLOG IS NOT CURRENTLY IMPLEMENTED **') (SKIP{2),A) sD0CLEENT

KO=10'B3
RETURNS
LEA: PUT PAGE EDIT{'%x LISTING OF THE GENERATED FIRTRAN RDUTINE *%v)
(AY: PUT SKIP:
LF: LEP=LEP+1;
DO I=1 TO LEPMAX{LEP):
CALL BREAKF{(EPLG"3'+WS)]
CALL CCDE(WS.*0'B,'0'8});
END 3
IF EPLG~="* THEN GO TO LG}
FREE DR.CTBL.N,C,DT3
RETURN?Y
/% EVALUATION OF THE SET C %/
LGT KC=03
IF ZERD THEN TSS=%{1,*3 ELSE TSS='(ITS,":
0O I=1 TO DMAXS
1IF DRII} THEN GO TO L13
17 =~ZERQ & 10
THEN DO; IF R{1,1)=%%* THEN DO; KCMAX=1% GO TO LK: END;
GO TO L13
ENDS
DO J=1 TO DMAX3
IF DY(L +J)>D THEN GO TO L I3
END 3
KC=KC+1: KCMAX=T13 C(KCy=13"
LI: ENDS
1IF 10 E~ZEROD THEN PO 10='0'8: GO TO LG: END:
IF KC>0 THEN GO TO LX3
PUT EDIT( *s% EQUATICNS ARE NOT WELL POSED *%4} (SKIP(2}.A)3
KO=*01'83
PUT EDITI*D MATRIX") (SKIP(21.A}:
PUT EDIT(((Is%s*sJosD{I 4} DO J=1 TO RMAX) DO Ix1 TO RMAX})
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00Cc0s7TO0
coonsan0
20006900
0agQ7on0
a0ee7INC
gecavrane
oenQerIne
00007400
00027500
00087600
0000?7700
ooaareng
000C7900
oncosonn
eoegai0g
oogoaznn
ogcoaann
00cCCrano
ooccasne
cooceana
00gde7o0
opgQeang
coocasnge
¢9C09000
00009100
gogQ92ne
goeQe3ne
ong99ane
onodosng
ooacoesne
e0gaes70C
ooQceso0



{SKIP B (FU2)sAsF(2)+F(8) +X(5)2)3
IF DEBUG .
THEN PUT EDIT{{{I+"+"'sJoDT(I,J) DU J=1 TO RMAX) DO I=1 TO RMAX))
(SKIP.8 (FL2)4AsFI{2),FL&),X(5)))3
RETURNS
LK?: LHSARG=CTALI{COLA(R(KCMAXs8)+R4RMAX )Y}
LHS=DVREL | [TSSIILHSARG|[*)="3
CA3=( SUBSTRIRIKCMAX +3)+1 1= #1033
KA=03: UOsLP+RP='
IF RIKCHMAX1)="%%"
THEN DOF NOP=133
ELSE DCO3 NOP=DP(R
0O I=1 TO 23
IF RI{KCMAX,1)=*X* € [=1 THEN GO TOQ LL}S
IF SUBSTRIR(KCMAX,TI+#1)41s10="p"
THEN DO3 KA=KA+I3
IF NOP<3 & -~ZERD
THEN DOI ARG(I)=**: 1F NOP=1|1=2 THEN CO=*%*¢; END}
ELSE ARGL(II=CST(SUBRSTR{R(NCMAX.T+1)+2))}3
END
ELSE DO3 IF RIXCMAX,I41)=IVFN
THEN ARG (I)=CTBL{COLA{IVREL+R+RYAX) )]
ELSFE ARGE(T)I=CTBLI{CCLA(RI(KCMAX: T+2).RyRMAXY}}
CH=SUBSTR(R(KCMAX , T+1 31,133
IF CH="+" | CH=v-—*
THEN DO3 UOCIY=CH; LPII)=*("'; RP(I)}="1"; END}
END 3

vy

U
m
Z
uw
-1

LL: ENDS
IF KA=0 THEN ¥A=43
IF NOP=9 THEN GC TO INT3
IF NOP=11 THEN GO TO EXP3
IF NOP=5
THEN DO: IF ~ZEROD THEN GO TO LTS LHS=''3 LP{2).RP{2)=*"] END:I
GO TO L{KA):
L{1}:IIF NOP=4

co0Q99MQ
eogi100n0
ona10100
ofnie200
ogo103ne
00010400
o0o10500
¢001060¢
coe0i10700
¢0010800
00014900
comitong
toQi1100
280011200
00011308
00011400
oo01150¢0
co011600
0001170¢C
0011800
00011500
00012000
obn1210¢
ono12200
000123040
ta012an¢
0001250¢
noo0126n0
canl27on
cogi12ane
oo09129nn
o0e1300¢C
coe13I1ne
000132040
¢0013304

THEN WS='—SIGMA(Ixv=2,ITSs*(lovreLl[*CIxv.* ]| ARG(2) || *)x* | |DVREL] |CQG 13400

VITSPI-IxV, *l JLHSARG It 1Y/ 7 JJovRBLI | " (L. | | ARGE2Y] |* 3 3

co013500

ELSE ws=ARG(1}{|collLrt2)lluoc2rlinvreL|Itsst|arGe2)] Ivyr | jrPC 2Y300Q13600

GD TO L34}
L(2): ws=pa{1) | jovreLi {Tssf{ArRG(1)| [y Jicot|LrPe2dl|ARGC(2) | IRP(2)
GO TO L343
L{3): IF ~ZERD THEN GO TO LT}
‘ ws=L4s1 juot1y H{ArGCI) | lcaol (P (2 Yuoi( 2y il ARGC 2) ] | RPE2) 3
L34: IF NOP<3 THEN NADD=NADD+1?
IF NDPCS £ NOP>2 THEN NNUL=NMUL 41}
GO TO LS3
L{4aY: GO TO LBLI(NOP):
FN: 1IF ~FUDGE(CTBL.,DR,FTBL+R.RNAX,DT) THEN RETURN:I ELSE GO TD LU?
ERR: PUT EDIT( %% ILLFGAL DOPERATOR IN COGE #*%') (SKIP(2).A)}3:

A-10

040137040
00013800
fdear13ong
00014000
80014100
00014200
00014300
00013400
0014500
00014600
00014700



KO=¢0183
RETURNS
/% EQUALITY OF TwD SERIES */
EoL: ws=uo(2)|lpverer] ITSSEIARGC2D )| *3* 3
GO TO LS3
7% ADDITION OR SUBTRACTION OF TWD SERIES */
PMS: WS=UnC1¥] IDVREBL)ITSSII ARG 1 )* | {col |LPe2)| tuoc2il]ovrRBL] ITSS ]!
ARGC2Y1 | vy |rP( 2}
NADD=NADD #1 %
GO TO LS3
/% MULTIPLICATION CF TWO SERIES %/
MPY: IF -~ZERO
THEN D03 WS='SIGMACIXV=1,.ITSi*{iOVREBLI|*CIxXv, *11ARGCL}| " )% ]
DVRBLII'CITSPL=-TIxXV.* | |ARGE2)| 7} )3
NMTS=NMTS+13 NNTLSNMTL#13
END 3
ELSE
MDZ 2 po; ws=uccurifovreLf{Tssifarcald{{*dvfica |fLrczy|luoc2yi]
pvraL Il Tssi1arGt2if v )v | tRP(2)3
NMUL =NMUL+T 3
END3
GO TO LS
/% DIVISION OF ONE SERIES BY ANQTHER %/
DVD: 1IF ZEROC THEN GO TO MDZ3
wS=t¢«{IDVRBL] | (1TSS * 1) ARGCID |
Y SIGMALIXV=2ITS3* I lOVRBLII*C(IxVvarlLARGL2) ]| )]}
SVRBLI{*tITSPA=IxVat| {LhsarGlI e sv | lovearl e q1, * 1 ARG(2)Y | }oy o3
NMT SSNMTS#1 3 NMTL=NMTL~13
GO TO LSS
INT: IF ZERO THEN GO TO LT3
IF SUBSTRE(R(KCMAX :3)4+1.14='#* THEN GO TO LT:
wsS=un¢2) ! joveBLil *tITSML,* {JARG(2) | *)/7FITSML®
CALL CODE(LHS | [WS,'1°B+*'D*B);
GD TO LTS
/% SERIES RAISED TO A POWER /
EXP:IF XA=3
THEN DO3 IF ~ZERD THEN GO TO LT3
wS=LP(1) | JUOC1Y || ARGHLL I | RPC1 Yl vexe | 1LPC(2)] | ARG(2}] ]

AP(2)3
NADD=NADD+200 3
GO0 TC LSS
END3
IF ZERO

THEN DO: ws=LP(1) jlunCir|jovreLiiTss|larceiafirrrlirrcrdl
x| lLPC2y i {ARG(2) ) [ RP(2);
NADD =NADD+200 3
END S
ELSE DO3 1IF IED=1 THEN CALL REPLACE(ARG(2):°D*,'E',.'0'B)}
ADS=BFTC (ARG(2) 41 .0.IED):
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00014800
0001450¢€
00015000
0001510¢
00012200
00015300
€NN1540¢
©0015500
0001560¢
00015790
0oC15800
00015%00
0040160040
0001619¢
000162040
00016300
00016400
na0165Ng
00016500
0001670C
00016800
00016900
00017000
afa171ng
00017200
0cL173n0
00017404
00017500
00017600
goci77OQ
00C17800
00017900
oo001e0nQ
00018100
00018200
00012300
000148400
0NO01ESNG
cnq1es3e
0Ng18T00
00018800
0o0g%1890¢
00015000
ona19100
00815200
eati193010
o0nQ1sanD
0019500
00019500



LS
LT

(1]

LUz

END

IF TED=1 THEN CALL REPLACE(ADS,'E*,'D*,¢0vQ};

IF VERIFY{SUBSTR{ARG(2)s1 41 )47 4t =D

THEN ADS=*(*]|ADS||*3*;

WS=YSIGMACTIXV=1,ITSMLS ("] |ARGC2)| ] *~(Ixv-1)%*{]ADS]]
veITSMLY v | JOveBL [ CIXV.* | [LHSARG] ] "2l {DVRBL] |
°c11591—:xv.'llAnsttlll-)l/-l|0vnsLll-(1.'llAnG¢1)I!')':ooozoz@e

MATS=NATS+3: MNATL=NATL-3; NMTS=NMTS+3% NMYTL=NMTL~-3;

END; _
CALL CODE(LHS | |WS4*198,%0°B);3
DRA(KCMAX)=tL *B3
0O I=1 TO DMAX:

IF -DRA{Y) E DT(I,KCMAX)D>=D
END 3
0O I=1 TO DMAX:
IF -DR{I) THEN GO TOQ LGS
END 3
ZERO=10'83
DR=*0'B; DT=D}
G0 TO LF:
COGE 3

THEN DT (1 +KCMAX I=DT{TI.KCMAX)}=13
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00dq1570¢0
00019800
000199010
ato20004
ooez20n

00020300
00020490
00020500
00020600
00020700
00920800
gocz209nn
00021000
oan21100
oon21200
00021300
00021400
0002150¢
00021600



* PROCESSS oooeo10p
COLAT PROCICS,R¥V,RMAX)} RETURNS({RIN FIXED); aoetoz00
ARRERRkkk Rk phkk gk kAR kg kR kak ke ko ko ko h ko kk kpgkrkrEk ke rkkin® O0H000IOL

* THE PROCEDURE SEARCHES COLUMN 4 OF THE RECURRENCE MATRIX TO FIND *x 00000400

* THE ROW NUMBER WHICH CONTAINS CS = 00000500
B dkkkp bk Ak R ek ke kKR kR kR hh Rk ARk ARAR TR gk k ek kg a k%S JOOQOSOL
DCL €S CHAR(*) VAR, T RM{%+%} CHAR(*) VAR,RMAX BIN FIXED. 000087040

CT CHAR{15) VAR3 00000800
CT=SUBSTR(CS+2-VERIFY (SUBSTRICS+141)s " 4=*) )3 onncoone

DO I=1 TO RMAX3 cacg1o0n

IF AMI{TI+4)=CT THEN RETURN(I}: o00a11n0

END 3 ooCo1200

PUT EDITC **%x ERROR IN INPUT EQUATIONS **e|{csifer*r caAN NOY BE * || 00OO13n0
'FOUND IN COLUMN & DF THE RECURRENCE MATRIX *%¢) (SKIP(2Y¥eA): ocgeoLane
STOPS 0009159¢

END COLAS aontoi6ne
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* PROCESS
DMAT: PR

LAk ook ok ok ok kR R e e e e ok Yook ok Rk ke o ofe ok e ok e ke e ot ok ke ol ok ol o ke ok ok o e e o ko ok

-
A

QC{RM RMAX DM} 3

00000104
200002040
coco030¢

* PROCEDURF CCNSTRUCTS THE WATRIX D wHICH 1S USED TD DETERMINE oongnane
* THE ODRDER NF TAYLOR COEFFICIENT EVALUATIGN eanqosnn
kkdkdkkhk kR kg kkkk fpkkkkkk ok ok hkk ok bk kR k kR ke KRR kX n kb hkkkkkk iy ODOAOEND
pcL (L1 LELY
BFDC ENTRY{(BIN FIXED) RETURNSICHARI(1S) VAR, gacaceny

COLA ENTRY RETURNS(BIN FIXED ). noaangng

SPAN ENTRY(CHARI{ %) VAR ,CHARI(¥*) VAR,CHAR(%x) VAR.,CHAR(%) VAR onaq1enQ

peL 00001100
ARM{%x . %) CHARY{ &) VAD _DMAW ATM FINER . DMIFe%7 GIN FIXED, oacar2ne

R BIN FIXED.L{S00,.,2) BIN FIXED.CH CHAR(1 ). [IVRBL.DVREL} tcaeql1ann

CHAR (A} VAR EXT,JCHM CHAR(Z2) VAR,VN CHAR{4) VAR.DEBUG BIT(1) EXT: 00441494

) * /00001500
DM==13 0nCoteng

DO R=1 TO RMAX;: 00001704

IF DEBUG oafg1an0

THEN D03 IF R=1 _ 000919080

THEN PUT FOTITC('DMAT ENTRY *,R) (SKIP(2),AsF{2))} co002004¢

ELSE PUT EDITI(?," 4R} (A(1),F(3) )3 00002100

END S 00002200

N=Q3 1213 00002300
LU1+1)=R? L1422+ (HKM{LCL+10220=v="|RM{LETo1),s1)="%" 00002400
IRMELAIL +1 310 =7%27)3 00482500

LAZ IF RM{L(Ts10,1)=999¢ THEN N=N+13% 000082600
LI=L(I+2) 7 L2=LCT.20413% 00002700
CH=SUBSTR{RMILL o120 ¢1,1)3 00002800

15 CH=v79 00002978

THEN DO% L{I+1 41 3=SUBSTR{AM{L1+L2)s2}2 0008 030NN
TCA=COLA(RMILL L2 o FMy RMAX ) 00003100

1Ct bl SHQR-IC6§<N+1 THEN DM{R,ICA)=N*13 90003200
L{TI+1 42V 4 (RMALCTI#1,1)41)="=1] 000433n0

AMILIT 41410 1)=" X RMIL (T +5,1),13="8" )3 004893400

T=I+13% onga3sng

GO TO LA3 oc00a3EN0

END: co0aQarng

CALL SPANC ') V| [RMILL4L2)4%)* % (%, VN)3 cone3ane

IF VNaste onagsgng

THEN IF VERIFY(SUBSTR(VN,1e1)e' +=73)=0 THEN VN=SUBSTRIVN.2)}; o008a0n0

IF VYN=DVREL Qoggalon

THEN DO3 ICA=COLA(RM{L] 4L2) 4RM,RMAX)S 00004200

IF DMI(R+ICAICN THEN DM(R,IC4)=N} 0000430

GO TO Les £0004400

END 0000as00

IF CH=*#* THEN GC 70 LB: 0000aAGAD

IF RM(L1,.,L2)=IVREL ©0004700

THEN D03 IF DMIRL1) <N THEN DMIR.1)I=NS gongaann

GO TO Le: 000 049N0

A-14



END3 o0g¢sond

ELSE DO3 ICA=COLAIRMILI-L2V+RMsRMAX)}S go0gs10e
LII+1+1)=1CAS 004005200

GO TO LC3 coQes3ng

END3 000035400

LBz IF L(142)=2 | RM{R.1}='=" | EM{R,1)=0%x" 0000s8sSOQ
THEN DO5 I=1-13 0000ss50¢C

IF I=0 THEN GO TO LRI ELSE GD YO LB3 o00asTNE

ENDS 000(s800

Li{ls.2)=23 00005900

GD TO LA;S ©000600¢0

LR END3 0o00dslcl
ND: END DMATS ocaous200
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* PROCESSS

EXTR

sn

x
EXT?:

LD

LDA:

LE:

END
END

ACT

oCcL

PROC(STRI NG+WORDLEXS) 3
/% PROCEDURE EXTRACTS THE SUMMATION OPERATOR FROM THE

INPUT STRING

BFDC ENTRY(BIN FIXED) RETURNS({CHARI(15) VAR),
BLNZO ENTRY(CHAR (%) VAR) RETURNS(BIN FIXED).
REPLACE ENTRY{(CHARE*) VARLCHAR({*) VARsCHAR(*) VAR.BITI(1));

DCL (STRING+WORD) CHARI{*)

VARLEXS CHAR(%X) VAR,

(MNSGMALNSMTR) STATIC BIN FIXED EXT,EIS{(3} CHAR(B) VAR EXT:

EXS=*193

CALL EXT{WORD MRKRA,MRKRB} 3

IF MRXRA=0 THEN RETURN?Z

oo 1=1 YO 33
IF EIS{I)=WORD THEN GO TO LAJ
CALL EXT{WORD,NT,.LTI)}3
I MI<MRKRA THEN RETURNS

END 3

EXS=SUBSTRISTRING s MRKR A+ MRKRA-MRXRA+L } 3

IF WORD=EIS{(3)

THEN CALL REPLACE(SYRING+EXS,*SGMA'| | BFDC(NSGMA+1),.*0*B) 3
IF WORD=EIS(2)

THEN CALL REPLACE(STRING.EXS+'SMTR'| |BFDCINSMTR+1),°0'8)3

IF WORD=EIS{1) THEN CALL REPLACE(STRING.,EXS||*3v,°°

0B

EXS=SUBSTRIEX S+ INDEX{EXS.*(*) #1133
EXS=SUBSTRI{EXSs1,LENGTHIEXS)~13)]*3*3

PROCC(WMR ,IL) 3
DCL w CHAR{*) VAR,MR,IL:

ME . ¥E LS
TR AL Tw e

IF MR+1 <TENGTHISTRING)

THEN IX=INDEX(SUBSTR{STRING:eMR+13}4W}}

IF Ix=0
THIN
D03

ELSE IX=03

MR=03 RETURN; END3

ELSE MR=I X+MR

IL=MR-13

IX=INDEX( SUBSTR(STRINGsIL#12s%12*)3

IF
IF
1F
1F
GO0
EXTYS
EXTRACT;

MR =1

IX=0 THEN GO TO LDA:
BLNCO{SUBSTR(STRING+ MRy IL~MR+1) }~=0 THEN GO
INDEX{ SUBSTR{STRINGs+MRsIL}+*="1=0 THEN GO TO LD}

ELSE JIL=IL+IX3
TO LES

| VERIFY(SUBSTRE(STRINGsMR=1+13,%+=%/3(=*)=0 THEN RETURN:

TO LD

A-16

cogoo100
cnqoo2n0

*/700000300

cocooant
a0goosnQ
G00N0600
fonnc 700
nogaaabt
200080900

F el i ]
TIVUYY LAWY

09001100
ooce1200
oneQ1Ing
©0001400
200¢1500
00001600
00eco1700
eooti1800
00001900
0002000
000421060
e0og220¢
0043923040
00002400
coguasno
ogga26nt

* /00002750

coecazang
epogzgone
e0geg3000
00203100
00003204
0003300
00003400
onnqIsne
20903600
cNoeo3Tne
00093800
0003900
¢0cgao0n
00004100
000ga20n
00004300
00032400
00004500



* PROCESS:
FUDGE: PROC(CTBL+DRFTBL R« RMAX DT} RETURNS(BIT(1))3
SERIRRREAR KRR NEEE R Rk kR kA Ak R R E KU E R R R R R ER AR R e R Rk Rk Kk RE

* PROCESDURE CONSTRUCTS THE RECURSIVE TAYLOR COEFFICIENTS FOR *
* FUNCTIONS SUGCH AS EXP,s SINs COSs TAN ETC WHICH MAY APPEAR x
¥ IN THE DIFFERENTIAL EQUATIONS ]

PRI REREE RS RRARE A AR AR R R RRAK KRR RAEE R RARERERRE AR AR EE AR K A X AR R KRR/

ra

LA

DCL

CODT ENTRY(CHAR(*) VAR,BIT(13},EIT{1)).

COL4 ENTRY RETURNSIBIN FIXED)3
pcL

DRO#} BIT(L) CTBL(%) CHAR(X) VAR R{%,%) CHAR(*} VAR,FTBL(%,.%}
BIN FIXED.FN(13:2) CHAR(E) VAR EXT.RMAX BIN FIXED.

(ARG(2) CHAR{25) VAR, (CA3.ZERCO) BIT(1)s {(LHS,LHSARG) CHAR(1S5)
VAR, (LP(2),RP(2),U0(2)) CHAR{1) VAR, KCMAX, KFMAXs TS5 CHAR(S)
VAR, (IVRBL.,DVRAL) CHAR(4) VAR ) EXT,VNLHS CHAR(15) VAR,
LHSA(3) CHAR(1S} VAR, FNL{ 9% LABEL INIV(EXD,L10,LN,

SCTe SCT e SCYTsHSCT ¢HSCT 4HSCTP o P¥ CHARL1) VAR,

(NMUL +NADD s NNTS, NMTL « NATS ¢+ NATL} EXT, IED EXT,DT{(%.%3} BIN FIXED,

aoo0gQo108
aaqa0200
00000300
oonnaand
020305N0
00N00670C
oneao 790
eogooang
oo0eoene
onanIeNne
00001140¢
anag12ne
LD 1o b Relalyd
00001490
0001580
ooo01600
00001700
nnee18nd
ooentonn

ALP-A{2) CHARI20) VAR INIT('4.3429045E-1%." 4,342944819032518D=1"1) 100002008
*7 ONGQ2100

00 KF=1 TO KFMAXS
IF KCMAXC=FTRALIKF.2) E KCMAXD>=FTBL{KFs1) THEN GO TO LAS
END 3
PUT EDIT( %% FUNCTICN NUMBER ¢+ KCMAX,®* IS NOY IN TABLE #*%')
{SKIP{2) +AF(2), )3
RETURNC('0*B) 3
I=03
00 K=FTBL{KF.1) TO FTEL(KF,.2)3
bR(K)="1*83
OO J=1 YO FMAXS
IF =DR{J) & DT(JI+KI>=0 THEN DT (SKI=DTC(JeK)-13
END 3
I=I+13
LHSA(I }=CTBLICDOLA(RI(X .4 },R+RMAX D)3
END 3
NF=R{KCMAX+2) 3
IF ~ZERO THEN GO TO LBE3

1=03
DO K=FTBLIKF.1) TO FTBLIKF.2})3
I=14+13%

KX=R{K 23
VNLHS=DVRBLI 12 €1 40 | JLHSACYI Y] |7 )=
IF CA3
THEMN CALL CODE(VNLHS||FNIRX2Y1t* (| juot2)])ARGL2) ] {"¥)1°, %0,
- LE-1 R
ELSE CALL CODE (VNLHS|IFNIKX.2)| 1t ¢+ (uac2){fovraL] {* (1.}
ARGL2Y[{ ")) DR, 0 'R);
END 3
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00092200
09002300
oegg2ane
0Qo0g2sn0Q
ooe02600
00cQ27460
cocgz2ane
ooog29nQ
00003000
00003100
cacg3200
00003300
0003400
00003500
00003690
00003700
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00004000
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GO TO LZ3 000405000
LB: IF CA3 THEN RETURN{®1*8); ELSE GO TO FNL{NF); C00e519¢0
/% SERIES COEFFICIENTS FOR EXPONENTIAL FUNCTION *7 0000200
EXP: CALL CCDE(LHS|{'SIGNALIXV=2,ITSi*|{*(Ixv-1)%*]| a000E3ne

DVRBL {1 *IxV, "] JARG(2){|*)** | |DVRBLI | * (ITSP1=-IxV.* || 00095400
LHSALL) ! | ") ZFITSMI Y, "1'B,*0'RB): 00gassAg
NMUL=NMUL+1 3 AMTS=NMTS323 NMTL=NMTL~-13 cQoossne

GO TO L2Z3 0000STNN

/% SERIZS COEFFICIENTS FOR LCG BASE 10 FUNCYION %/ 000CsS800
LI0: CALY CODE(*IF £ITS_80.2) sHisucliarouadiepiitl s+ {lovral 117{2.% OGGE59GA
tiarc2) {1y HIDVRBLII* (1. | | ARGL2) 1) 'e 2B, *0'D) 3 0000c0ON0

CALL CODEC('IF (ITS.GT.2% *{[LHSIIv (1| ALPHACTIED+2) ]|t cOONE1N0
f{DVREL] 1TSS H1ARG(2) { | " )-SIGMACIXY=2,ITSMLIC IXV-1 %] coats200

DVRIL [ 4ITSPI-IXV.* | JARG(2} || *3»v] |DVRBLY|* CIXV,. 1] 090056300
LHSA(IY  {"¥YrrITSMIY/ Y THovRBLITY (A, |ARGE2[{* ) ,*2 7B, %0*R); coa0eany
NMUL=NMUL+33 NADD=NADD#1 3 NMTS=NMTS+2; NMTL=NMTL=2; oNeoesna

GO TO LZ: onauEsnn

/7% SERIES COEFFICLENTS FOR LCG BASE E FUNCTION %/ 00C067TD0
LN: CALL CODE('IF {(ITS.Ene2) *||LHS]IDVRBLIITSS]] ARGL(2)1] v) cea0eang
IDVRBLII*(2 +* J1ARGI2H| |71 9, G By D' B3 onnacssene

CALL CODE{'IF (ITS.GT«2) *JlLHs|le (o] |DvasL ] TSS| ARG 2) cnaQTone
111~ 'SIGMA(TI XV=2,ITSMLI(IXV=1)x*|{DVREL] I *LITSP1-1IXV."]] 00cQT1ING
ARGE2)Y |l )¢ [{DvRBLil *(IxXv,,t JILHS ARG [ *YY/FITSMEZ VRl * (1, QO0na7200
[larc(2Y ity /7l lDvRBLII*(1+* V1 ARG(2}Y||*)*,%17B,*0'EY3 004407390
MMUL=NMUL+23 NADD=NADD+13 NMTS=NMTS+23 NMTLSNMTL-2; 00007400

GO TO LZ3 LLL LR LT

/% SERIES COEFFICIENTS FOR THE SINs COSs TAN FUNCT IONS */ 00CaTs00
SCT: PM='—1; o0nor7ng
, GO TO 1LC3 onosTeng
#4 SERISE COEFETICTENTS FOR THE HYPERSOL IC SikAe CISHe TANH FUNCTIONS =,00007900
HSCT?: PM=9 13 onggaont
LC: CALL CODE(DVRBL|ITSS|{LHSACL1Y] ]| Y )=SIGMACIXV=2, ITSI{IXV=1)%1]|} oonca1ng
ODVRILI[*CIxv,y* | |ARGE2Y||")xr | JOVREBL] | *CITSPLI~-IXV.* | |LHSAC2)Y oooqez200
1I*3)/F1ITSML Y ,41'B,'Q'B); ongaa3ng

CALL CODE(OVRBLI|TSSIILHSA(2H {1 )= PM||*SIGMALIXY=2, ITS:*|] cooQ8and
reIxv=-1r v lovRALI|*Ixv,t {1ARGC2)] |2 )%} (DVRBLI]*(ITSPI-IXV." oogosseq
TILHSALL) || *))/FETSMLY *1'B.*0'RB): ceocesny

CALL CODE(DVRBLIITSS||LHSA(3I | ")=(*|lOVvREL |]ITSSIILHSAC1Y]] ©o0QeT00
NN-SIGMACIXV=2.,1TSs* | JDVvREL| 1 CIxv.et L HSACC2IEE2 ] JOVvREL L | coqlaang
HITSPLI=IXV, ' | {LESACIYI[* 137 JlovRBLI I (1 JILHSAC2Y] | 2, 000CR9ng

1118 ,'0'B) 3 oa0gs00e
NMUL=NMUL43 5 NADD=NADD4+13; NMTS=NMTS+53 NMTL=NMTL-5} ooco9o1nd

LZ: RETURNC(*1'8); 00009200
END FUDGES 009300

A-18



* PROCESS
INPUT: PROCIERROR.CC):
AR SEEREERERERRAREEREER KRR RKRE TR R RKR A KRR Rk AR R R R R RN R RN E

* PROCEDURE READS THE DEFINING SYSTEM OF DIFFERENTIAL EGUATIONS *
% FROM THE SYSIN DATA SET,s AND CHECKS TO SEE THAT THE EQUATIONS *
* ARE BALANCED WwITH RESPECT TO PARFNTHESES *

ET R RIS ARER RSS2SR R R RS S R o2 R ot e R 2 R R R Rt R e L Y

7 ¥

Le:

LPA

DCL
BLNCD ENTRY{CHAR(*) VAR) RETURNS(EIN FIXED]),
COUNT ENTRY{CHAR(®} VARL.CHAR(1)) RETURNSI(BIV FIXED},
DELETE ENTRY{CHAR(*} VAR.CHAR(11),
SPAN ENTRY{CHAR(*) VAR,CHAR(*} VAR.,CHAR{*) VAR,CHAR(*) VAR);:
DL
(ZRROR+CC} BIN FIXED, LINE CHAR{(B0) VAR,
CW{2) CHAR(25}) VAR INIT{*DIFFERENTIALEQUATIONS®,
*INITIALVALUES*), CS CHARCADO) VAR EXT, WS CHAR{AC0) VAR EXY,.
IED EXY, C48B CHAR(1) EXT,{IVROL.DVRBL)} CHAR(4) VAR EXTS
*/
ON ENDFILE(SYSIN)
BESIN;: PUT EDIT{'*%x EOF READING SYSIN Xx*%*) (SKIP{Z2).A)}
GO TO LPAS
END 3
IF CC=1
THIN DC: MRKR=H3
PUT EDIT{**% TAYLOR SERIES PROGRAM 1AN. 19373¢]]
' VERSION — LISTING OF INPUT EQUATIONS *%*) (A)3

FRROKR=13
END
ELSE MRKR=INDEX(CS."#°')3
PUT SKIP}S

GET EDITI(LINE) (A(801})3
PUT EDITI(LINE) (SKIP,COLUMNILA), A{BO)):
LINE=SUBSTR(LINE-1.72)3
CALL DELETE(LINE,* *)3
IF CC~=0
THEN DQO: IF IADEX(LINE .CW{CC) }~=0 THEN GO TO LG}
PUT EDIY("*%x THE FOLLOWING CONTROL CARD IS INVALID *xx%xv,
LINE) (SKIPC2) sA+SKIPLA)S
ERROR=33
RETURNS
I¥ CC=1
THEN D03 IF INDEX{LINE,'DP*}-=0
THEN DO; IED=13 Cas8='82*; END;S
ELSF D03 IED=0% C48='4*; END3
IF INDEXALINE*{(*)~=0
THEN DO3 CALL SPANI{LINE.*{";*,', IVRBL )]
CALL SPANILINE+*+'+*)*,DVRBL)Y:
END3
END S
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f0Qc0100
onoanz2ng
coCco030¢
00900400
00090500
00000500
onggorne
0aNcoosno
ooceoong
00001908
0001100
ao0co01200
0000C130¢
coon1an0
a0na1snd
o0co1800
¢on01700
oocalant
009901500
fgegz20ne
o0ng21n0
€0oQ2200
00002300
0paQ2a00
000a2504
00082600
coac2r00
0ocQ2800
00ag290¢
00603000
peled el pch Rel o)
o0gN32n0
000033080
000403400
00003500
00803600
0oQal70e
00003800
00003900
o0cC0a0ne
00003100
oeog4a200
¢09104300
o0adaang
00NC4sS00
098046040
eocaaaron
cocoaane
oc0dasng



CC=03% PUT SKIF; GO YO LPS ecoegsene

END3 co0051n0
Cs=CSI{LINE: Q000%200
IF INDEX{LINE.'2')=0 THEN GO TO LP: coQos3ng
PUT SKIP3 e0gasang
CS=SUBSTRICS e 1 +LENGTH{CS) -1} 3es 000¢5500
DD WHILE(MRKRSLENGTHI(CS) )} €00405600

MC=INDEX{SUBSTRICS , MRKR+1),%3%3)3 coegsTINe
WS=SUBSTR(CS+MAKRE] sMC~133 ooegsand
MREKR=MRER MO OUOUDI0E

IF 8LNCDIWS) =0 CH006000
THEN DO: PUT EDIT("#%x THE FOLLOWING EXPRESSION HAS AN ]| on006100
TINCORRECT PAIRIMG OF PARENTHESES #*%¢,ws) 00008200

(SKIP(2) 4 AsSKIP, A} 00006300

ERROR=23 onogsang

END3 00806sS0e

IF COUNT(WS."=')~=1 o9ngeans
THEN DO: PUT EDIT(*#% SYNTAX ERROR IN THE FOLLOWING EXPRESSION 'COC06790
li®? #59,WS) (SKIP{Z)sAsSKIP,A); . enacsana

ERROR=2 3 - onea6900

END? LR LY

END 3 ecoqa7100
ND: END INPUTS : cooo7T200

A=-20



* PROCESS:

DP: PROC(CH)

RETURNS(BIN FIXED)}3

P L i T I Tl L T R T T T T P T YT S TITII L

* PROCEDURE COMPARES THE INFPUT CHARACTER CH WITH THE CHARACTERS

* 4y =

SRERRERER AR RN RER R AR KR RERRE R AR R R KRR KR KRR AR AR KRR KR %/

kg Sy =y

€s

L]

t, X

DCL CH CHAR(1}.,1.0C(10} CHAR(1) EXT]

DO 1

ENDI

=1 TO 103
IF CH=0C{I} THEN RETURN(II:

RETURNIOY §

END CP3
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* PROCESSS
OPTMZE: PROC{M.RMAX} S

/% PROCEDURE ELIMINATES REDUNDANT OPERATIONS FROM THE R MATRIX *x/

pCcL
BEDC ENTRY(BIN FIXED) RETURNS(CHARI1S) VAR,
LT v J e K+R $RMAX) AIN FIXEDIMP BIT{1).M(%,%) CHAR(1S5) VAR,
IK({2+2) INITC(Z2:s3423,+213
LAS R=0: IMPz='0'B}
LAB: R=R+13 I=R&1S
LB: DO WHILEC(I<S=RNAX)}
IF M{Re¢1)-~=M(I,1) THEN GO TO LD}
IF M{R.1I='+'[M(R1I="—" MR 1)I=*** {M{R,L)=" /"
THEN JMAX=23: ELSE JMAX=13
DO J=1 TG JMAXS
DO k=1 TO 23
IF M{R.K+1)~=M(T.IN{K,J})} THEN GO TO LC:

END 3
Ivp=2]11'83
CALL RAD{TI,.R)3
GO TO LES
LC: END 3
LD: I=1+13

LE: END3
IF RCAMAX~1 THEN GO TO LAB;
IF IMP THEN GO TO LAS

/%

RAD: PRDC(1.+J)3

ooR0010C
00000200
000003080
£0000400
cooaosne
00000600
easgoroa
ooagoene
©0000900
0000100 d
cono11ng
cooo1200
0gno13ng
cangrane
oono1s00
00001600
¢0061700
ooecisco
coo01900
ogea2000
oggog2100
onog2200
onoo23ee
00002400
00002500

* /00002600

cogoz27ro0

FASREREERR A SRR EEERR AR ARK AR AR XA R R RSk kA hk kKR R EFREERE R xRk ek dx QOO002000

* PROCEDURE DELETES RCwW I+ AND REPLACES REFERENCES TO ROW 1 wWlTH

* ROw J IN THE RECURRENCFE MATRIX

*= 000Q2904
* 00003000

kb kAR AR Rk A RRER SRR bk kbbb kb k kb kb Rk E e kk kb sk k kb h ke ki k k% /00003108

DCL 1 +JsKoL+RCW BIN FIXEDS
K=I+13
DO WHILE(X<=RW¥AX)
M{K=1+1)=M(¥Xs1)2
DO L=2 TO &3
IF SUBSTRIMIN L) el gl =22
THEN DO3 MI{K—-1.LI=M{KsL); GO TO LF: ENDS
ROW=SUBSTRIM{K:L)+21%
IF ROW=I THEN ROW=J;: ELSE IF ROW>1 THEN ROW=ROW-13
M(K=1.L)="2* || BFDC(ROW):

LF: END 3
K=K+13
END ;
RMA X=RMAX -1 $
END RAD:

END OPTMZE 3
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* PROCESS:
RMAT ? PROL(CS+ReRMAX,.KQ) RECURSIVES

ZABARBRRR R R AR TRk R E R RSk KRk Kk Rk Rk ek ok k kR &K

* FACTORIZATION OF THE DIFFERENTIAL SYSTEM INTO CANONICAL FORM

* USING THE ALGORITHM DESCRIBED -IN *BOUNDED CONTEXT TRANSLATION®',

* BY R, GRAHAM, AFIPS-~SJCC Vv 25 (1964}, P. 21

EY P YT F R REEE PP S PR EE AL RO R 2t o2 SRS Rt R S L g

DCL
0P ENTRY{CHAR(1)) RETURANS(BIN FIXED).
BFDC ENTRY(BIN FIXED) RETURNS (CHAR(1S) VAR),

REPLACE ENTRYICHAR{*} VAR,CHAR (X} VAR, CHAR{x) VAR.BIT(1}1},

SFNL ENTRY(CHAR(®*) VAR) RETURNSI(BIN FIXED).

SPAN ENTRYI{CHAR( %) VAR.CHAR(%} VAR:CHAR{(%) VAR, CHAR(%®) VAR):
INIT{(S546s TrTsSe308:122:,8,8),
t* )}, LI 250) CHAR(15) VAR,

DCL P(311) BIN FIXED STATIC
SC 500) CHAR(15) VAR INIT{{ SD00)
TYPE BIN FIXED.R{*.%) CHAR(1S) VAR.CS CHAR{k ) VAR.

WT CHAR(ANN) VAR.FN CHAR(4) VAR.FTEL(100.2) BIN FIXED EXT,

W5 CHAR{(AOD)Y VAR,ARMAX EIN FIXED.,.DVRBL CHAR{(4} VAR EXT}

DCL CST(IOD) CHAR(25) VAR EXTL1C EXT.X0O AIT(1).1ED EXT,
NZIST BIN FIXFD STATIC INIT(M),DEBUG BIT{1) EXT,NEQ EXT,
PMD CHARCISY vAR FXT:

P

KO=1*1 *83

NEST=MNEST+1 %

IF NEST=1 £ NEQ=) £ DEPRUG

THEN DC3

FUT FAGE:

PUT EDIT('RMAT ENTRY ', * LEVEL K TYPE (Cs Ds V | E}*,
T R OPYGTA(L1 ) .TA(2),%A(33* ) (SKIPIZ2)+A+SKIP(1):sA

{33 +sAX{S) sA3 (X(11)5A))3
END 5
CO I=1 TO LENGTHI(CSD)/45+]13

PUT EDITISUBSTRICS s 1 +{I-1) %45, MIN(ASLENGTHI{CS)~(TI=-1)%45)))

(SKIPX{15).A)3
END 3
=1 3
K=2 3
MRKR=23
S{1 1=SUBSTR(CS,1.,1) 3
TYPE=83
L{1)=SC(1}3
LIz IF S{K)=** THEN CALL CHECK3

IF DEBUG THEN PUT EDITINEST KTYPES(K}) (SKIP+3 F(4)s XCI),A);

IF TYPE<I THEKN GO TO L2%
IF TYPE-=6 THEN GO TO LA
L2: J=J+#13
L{SI=STIK) 3§
L3: K=K+1 3
IF ¥>DIM{S,1)
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00000300
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LAZ

LAA

LAB:

LAZ:

LAC?

Le:

re

THEN DO: PUT EDIT({*#% QOVERFLOW IN S TABLE *#%* ) (SKIP(2).A);

KO=1'0'B; RETURNS
END3
GD YO L13 _
IF PLOP(L(J~13))1<P{(TYPE) THEN GO TO LBE:
RMAX=RMAX+1 3
IF L(J=1)~="=¢ THEN GQ TO LAB:
IF LENGTHI(L( J=2)) <LENGYH(DVRBL)
~=DVRBL THEN GO TO LAAS
CALY, SOANILL J=D).%.%.% )8 FN)}:
RIRMAX.1)="%"3
R{RMAX+2) =DVRAL | " ({1 |FNI 12203
R{RMAX3)=L{J)3
R{(RMAX 21 =R{(RVAX.+2) 3
GO TO LACS
IF SUBSTRILIJ)slald—="17¢
THEN GO TQ LAB3:
AMA X=RMAX=-1 3
RIAMAX44)=L(J~2)3
GO TO LACS
IF L(J=1)="%¢* € INDEXIL(J)s" #* )a=0
THEN DOS IF CST(SUBSTR(L(J}+2) )=t 20
RERMAX 1 )¥=v%"3
RIRMAX2)=L(J~2}3
RI{RMAX 3V =L(J-2)3

| SUBSTRIL(J)e2)~=BFDC(RMAX=-1)

THEN GO TO LAZ;

ENDS
ELSE
DC; RIAMAX,1¥=L{J-113
R{RMAX+2)=L(J=-2}3
BeOMAN . 3y=2 Lot
END
IF L(J=1)="'=¢
THEN R(RMAX.4)=R{RMAX,2)3 ELSE R{RMAX,4)}=171||BFDC{RMAX)}
IF DEBUG THEN PUT EDIT(RMAX,{R{(RMAX.M) DO M=1 TO 4))
(SKIPJXCOH0) JF(2)+X(1) s AL2) X (5144 A{15))3
J=a-23
LEJ)="7"
GD TO LA;
IF TYPE=7 THEN DO3: L(J=-1)=L(JI3 J=J=13
IF TYPE~=9 THEN GO TO L2%
IF k=2 THEN CS=S(2)3 ELSE CS=*7?']| BFDC{RMAX);
NEST=NEST-13

I| BFOCIAMAX)

GO TO L33 END;

CHECK? PROC RECURSIVE;
ZEFERRRREEREEE R Rk ok kR Rk Rk AR R E R R KR KRRk Rk KK kR X

* PROCEDURE SCANS A SFAQUENCE OF CHARACTERS BEGINNING WITH MRKR TD
* DETERMIMNE WHETHER THEY SPECIFY A CONMSTANY, VARIABLE.

| sussrn(L(J—z).l.LENGTHtovnaL])

*/

*

OR OPERATOR *

LA E B E L RS L RS PRt R iRttt SRt i it Ll Ny

bcL
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00006708
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00007an¢
000C7500
00007600
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L el Ll sl s s ]
WU UT T

©ocosn0e
00002100
cQaga2ne
eocggalon
00N084A00
encoaesnn
ooa0a6n0
0024a87ne
000480 Q
npogaagno
03049000
coggo1ne
€0go9200
o00dasane
00099400
¢00Q9sne
onnNassnn
coaesTnn
egoacann



’x

LG

7% PROCESS A VARIABLE

LGA:
LH:

LIz

LIAS

LiIB:

BLHNCZD ENTRY(CHAR(*) VAR) RETURNS(BIN FIXEDDY.

FLIP BIT(1)» CH CHAR(1),STRING CHAR{(1S5) VAR INIT("'}).
BREAKB ENTRY{(CHAR(%) VARCHAR(®) VAR.CHAR{%) VAR),
BREAKF ENTRY(CHART*) VAR.CHAR(*} VYAR.CHAR(*} VAR);

CH=SUBSTRI{CS+VMRKR 11}

SIKI=CHS

MRKR=MREKR+1 3

10=DP{CH) ;

IF 10=0 THEN GO TO LG}

1F (TYPE=S|TYPE=6)E10<3

THEN IF VERIFY(SUBSTR{CS.MRKR 1), 312345567831 )~=0
THEN GO TO LGAS ELSFE GO TO LJ3

IF TYPEDDETYPE~=6ETYPE =76 [O=6E10+=7

YHEN GC TC LJ3

1F 10=9 THEN DO3; TYPE=103

CH=SUBSTR(CS,» MRKR,1)}

NOP=0OP(CH) 3

IF NOP=3 £ I0=3 THEN DO: SE(K)=5(k) }| CH: MRKR=MRKR+#+13

IF LENGTH(S({K})=2 THEN TYPE =115 ELSE TYPE =103

GO TOD NDI

IS VERIFY(S(K).*ABCDEFGHIJKLMNOPORSTUYWXYZ?')~=0 THEN GO TD

*/

FLIP='A'A: TYPE=N3 w5=5(K)}

CH=SUBSTR(CS . MRKR 4113

NOP=OP (CH) 3

IF NOP=Q THEN GO TO LI

IF NOP==6 £ NOPR~=7 € - FLIP THEN GO

1IF BULNCDU WS | ICHI<O THEN GO TO LIAS

FLIP=*1'8%

ws=ws | fcH s

MRKR=MRKR+1 } .

1F ~FLIP | BLNCD{WS)-+=0 THEN GO TO

CALL SPANC*)* [wS ?)v,0(0,uWT)3

IF WT=0VRBL THEN

PO: S{K)=W53 GO TO ND3 END:

LFN=SFNL{WS)

IF LFN=0 THEN GO TO LTA3

CALL BREAKF(WS.*{ ', WwT) 3

CALL BREAKBIWS,*) *,WT)3

IF VERIFY(WS.PMD) =0 THEN GO TO LIB:

wS=v¥TEMPN='| |[ws|{*s*

CALL RMAT (WS, R RMAX ¢X0}) 3

IF-XOD THEN RETURNS

RIRMAX.4)=*2" | |SFDC(RMAX) 3

CALL SFNCILFNINS R.RMAX,S(K),FTOL, KO}

IF KO THEN RETURNI

GO TO ND3

GO TO ND3 ENDS

END3:

TO LIAS

7% PROCESS A CONSTANT *x/
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e000s900
oeoiraone
0001010¢
00010200
00010300
gooiaand
coo1os00
00010500
cao1o7ng
oan10a00
00010900
oono1100¢
ooa11108
cng011200
00011300
00011400
00011500
00011600
foo11700
00011800
00011500
00g12000
onp12100
nonL2204
00012300
00012400
00012500
00012600
00012700
¢0012800
00012900
0001300¢C
00013100
ono13200
00013300
00013400
00013500
000136040
©0013700
00013800
000132900
00014000
0014100
000142040
00014300
00014400
00014500
00014600
00014700



L3S

LJAZ

LJe:

TYPE=-13
IF IC=1900
THEN DO3

END S
IC=IC+13
CST(ICY=S
CH=SUBSTR

IF VERIFY(CH, '40123456789ED+~* }~=0 THEN GO TO LK;:
IF (CH=041|CH="=* JEVERIFY(SUBSTR(CST(TIC).LENGTHICSTCIC) ) 1),

‘ED ") ~=0
IF (CH='E
THEN GO
CST(IC)=C

0014800
ongc14900

PUT EDITC(*®x OVERFLDOW IN CONSTANT TABLE *%%) (SKIP(2),A) ;00015000

KC=*D*E83; RETURNS

{K}3
(CS.MRKR .1 D)3

THEN GO TO LK§

* | CH='D') £ VERIFY(STRING,".123456789N" }=10

TO LK3
STLICY ICHS

STRING=STRING | |CH3
MRKR=MPRKR+1 3
60 TO LJAS

IF ICa=1
THEN DOS

END T
S{K)=*#"
RETURN?

ND: END CHECKS
END RMATY

IF TED=] € INDEX(CST(IC)e'a®)=0

THEN D03 CALL REPLACE(CST{IC)+"E*,'0'+*0*B)3

1F INDEX{CSTULIC) "D )=0
THEN CSTLICY=CST(ICH{{*DO*s
END S
OO =1 TO IC-13:
IF CST(IN-=CST(ICY THEN GO TQ LJB3:
S{Ky=1 4| |BFDCLI) 3
1C=1C~13
RETURN?S
END S

{§f BrDCC(IC)
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* PROCESSS

SFNC : pROZ

(LFN+WSs RyRMAX oS+ FTRL.KO) S

ZERRRNRRRE Rk kAR R R R R RS R AR Rk RE R KRR R KRR Rk kg kR Kok ok

* PROCZDURE INSERTS THE PRCOFER ENTRIES IN THE R MATRIX FOR

* ALLOWABLE FUNCTION REFERENCE

Oti‘t**tt*‘*#t#ﬁt‘t***t#ttttt*####t‘tttt*tt*#*t*ttt*tt*tlt*tttt***#l’

7%

LA

LS

END

AN *
*

DCL AFDC ENTRY(BIN FIXED) RETURNS(CHAR(15] VARI.RMAX BIN FIXED,

R{*, %} CHAR{ *) VAR.S CHAR{*%*) VAR,WS

CHAR(*) VAR,

vocco100
00000200
oongo300
00000400
00000500
20000600
coeeQ700
cooqoang

CLFN CHAR{1S5) VARLFTBL(%,%) BIN FIXEDKFMAX EXT.DEBUG BIT{1} EXT.QOQUOQGO

KELIID) INITC1e24e898 08737 sTol0)e
KEU(10) INIT(14233e6356+0649:9.9,101)3

CLFN=BFDC(LFN);
DO I=1 YO RMAX:

IF R{Isl)-=vxs |
THEN GO YC LA
ELSE DO: S=*2°

END
DO K=KFL(LFN} TO KFU{LFN)3

RMAX=RNAX+ 1]

1F k=10

THEN DO}

RIT42)-=CLFN |

{i eFDC(1): RETURNS

RIFMAX 41 )="%kx
R{AMAX +2}¥=WS3
R(RMAX,3)="#1°3
G0 YO LBs

END 3
R{ RMAX1)=1%"3
R{RMAX +2)=BFDC{K);
R{RMAX +3)=w53
RIRMAX +4)=1"72"
IF DEBUG

|} BFOC(RMAX);:

®/

R{I+3)~=¥WS

ENDS

THEN PUT EDITIAMAX s (R{RMAX+M) DC M=1 TO 4})) (SKIP. X(&60)}.F(2),

X€1Y JA(2) ,X(5)+8 A{15))3
IF K=LFN THEN S=°*7+* || BFDCIRMAX):
END 3
KEMAX=KFMAX+] %
IF KEMAXDDIM{FTBL +1)
THEN DO3
(SKIP(2),A) 3
=*0*'B; RETURN;
END
FTELIKEMAX+2) =RMAX S
FTALIKFMAXs1) =RMAX—KFULLFN)+KFL(LFN)Y3
SFNC 3

A=-27

PUT EDIT(**x OVERFLOW 1IN FUNCTION TABLE #*x%x7}

00001000
00¢0110¢
00001200
00001390
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
oo00a220¢
00002300
00C02400
00002500
00002600
00002700
0000280¢
00002900
00003000
00002100
000¢32n0
00003300
00003400
00003300
00003600
00003700
00003800
once3sng
00004000
00004100
00004200
00004300
00004400



* PROCESSS
PROC (WS) RETURNS(BIN FIXED):

SFNL 2

/7% PROCEDURE DETERNMINES

END S

oCcL

WS CHAR(®)

WHETHER

s

IS AN ALLOWABLE FUNCTION ®/

VAR+NF EXTF CHAR{G) VAR ,FN(10,2) CHAR{(S) VAR EXT}

F=SURSTRIWS 1 sINDEXIWS s " {*)=1 )3

00 I=1 TO

NF 3

DO J=1 TQ 23

IF F=FN{1l,J) THEN RETURN{(I)}}

END: END;

BETURNI{O)Y &

FNL 3
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00000100
soagnz200
00aQ03n0
onQeosano
ooro0soe
onQoOeND
Qoga07T0C
foacosnt
gocgoo0n
eoomong
00001100



* PROCESS?

SIGMA: PROC(STRING) RECURSIVE:

/% PROCEDURE CONSTRUCTS A FORTRAN DO LOOP FOR A SJMMAYION

pCcL

B¥DC ENTRY(BIN FIXED) RETURNS(CHAR(1S) VAR,

BREAKF ENTRY(CHAR(*) VAR.CHAR{1)s+CHAR(*) VAR ),

CODE ENTRY(CHAR(*) VAR.BIT(117,8IT(1)})),

EXTRACT ENTRY{CHAR{*) VAR,CHAR(*} VAR, CHAR(¥) VAR);
DCL EXA CHAR{AO00) VAR,NSGMA BIN FIXED STATIC EXT,
(STN+SMN)} CHAR(S) VARL.EIS{3) CHARI(B) VAR EXT.STRING

/*
NSGMA=NSGWA+L §
SMN=BFDC{NSGMAY
STN=BFDCC1000 +NSGMA) 3

CALL BREAKF(STRING.'3:" +EXAYS
CALL CCDE("SGMA*]| {SMN| |*'=0.0¢,*0"B,*'D'B)}

CALL CODE('00 *|{STNI{!

. ' lExA.'O' Bes*0%EY;

DPERATOR

L 74

CHAR(%} vARS

*/

CALL CODE(STNI{*SGMA* f ISMNT{ =SCMAY{ISMN][ [*+(* | |SURSTR(STRING+1 »
LENGTH(STRINGI-1)1]*)*,*'1*R,1ND'B);

END SIGMA}
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00000170
009000200
00000300
oocQoasnt
0040500
000490600
o0000e7INg
on0Qosne
00900500
00cd1000
oecci1100n
ogog1200
00041300
0Q001400
oocoIsnQ
00001600
fogatrron
00cdraoe
oecgrson
€009200¢



* PROCESSS Qooda0100

STINT: PROCS o00an 2040
/% PROCEDURE INITIALIZES ALL EXTERNAL BIT AND CHARACTER STRING VBL'S *,000003040
[»]ed IR 4 enceaano

NF INIT(10).(IVRBL,DVRBL)} CHAR(4) VAR,EIS{3) CHAR(B) VAR, 00aQosM 0
OC{10Y CHAR{13+FNI134+2) CHARIG6} VARLSYSA BITI(1}+PMD CHAR(36) VAR 00000&NA

)y EXT: oncaaroq

% * 700900800
SYSA=*1+83 ongcosone
PMDY=Y ABCDEFGH [ UKL MNOPQRSTUVWXY Z1234567890 73 odgogei1000
IVRBL=*T*, OVRBL=°Y"3 oo0ed11040
EIS{1)='EQUATICN' BIS{2)=*INTEGRAL': EIS(3)=*SIGMA"} oocqlane

QCC 1)=*+v5 OCC 2¥1="=935 OC( 3)="%735 OC( A4)=*/7*; OC{ S)=r=13; facd1300

DCC 6)=*C*5 OC({ Tr=*}*3 OCAC B)=*#¥"] OCL 9)='%"'} OC{10)=*X"3 oovdarane

FN( 1.1)= TEXPYS FNU 1.2)= *DEXP'3 00001500

FN{ 2.1)1=YALOGLO'3 FN( 2,2)="DLOGL1O'3 ongor600

FHN( 341)= TALOG'3 FN( 3,2)= *'DLOGS 90001 700

FN{ &4.,1)= *SIN'T FNU 4.23= "DSIN'S npocal1enn

FN( S.1)= *COS*S FN{ 5.2)= *'DCOS*; onoar90¢

ENO 641)= STAN® FNL{ 642)= T"DTAN*; cocozone

FHN{ Teld= *SINH'Y] FNC 7,2)= "DSINH*; o000Q210¢

FNI B,1)= *CCSH*; FN{ 8.,2)= *'DCOSH*; oonga2200

FN{ 9413= *TANH'] FN( 9,2)= "DTANHYS 00C02300
FN{1D+11= "SQRT'3S FN(10,.,2)= "DSQRYT"; 000024008

END STINTS : coogasng
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* PROCESS:

BFDC:

PROC{N)

RETURNS(CHAR(15) VAR

29035 e W kel o ol ek e Rk R ok ko ek ko kR Rk R AR Rk kR Rk ke Rk kR Rk Nk

* BIN FIXED NUMBER N IS5 CONVERTED TO CHARACTER STRING WITH ALL
* BLANKS RESULTING FROM THE CONVERSION OELETED
3¢90 2 000 o0 o e e sl ok ok o e ok o ook ook ok ol sk e e ol ok ook o ke S IR e o e o ook ke o o ke ok o ok i sk ok ok o ek

DCL DELETE ENTRY(CHAR(*) VARsCHAR(1)),CS CHAR(15) VAR;}

CS=CHAR{N} 3}

CALL DELETE(CS,* )3

RETURN{CS) §
END BFDC3

* PROCESSS

BFTC?

PROC(BF, IED)

RETURNS(CHARIS0) VAR)3

%*®
*

% e ok o e i o e ek e ook sk ek ok okl o ok o e o e ofe s ok ok skl e ke ok ok st o ok 3k ok ke ok ok ok kol ek ek ok kR

* BIN FLOAT(S3) NUMBER BF IS CONVERTED TO CHARACTER STRING WITH

* ALL

sk 3t ok K e ok ol ok ok ok ok e sl ok e ke 3 e sfe e ok ek e ke ake ake ok ook ok ool e e ol ke o ool ok ok ek e el ke ok ok ek /S

BLANKS RESULTING FROM THE CONVERSION DELETED

DCL

SF=BF 3
L

CH=SF}

DELETE ENTRY(CHAR(*} VAR,CHAR(1))},
REPLACE ENTRY{CHAR(*) VAR.CHAR(*) VAR,CHAR(*) VAR,BIT(1)},
BF BIN FLOAT(53),CH CHAR(S0) VAR,SF BIN FLDAT:

IF 1ED0=0 THEN DO3;

CALL DELETE(CH,*

END3S

ELSE CH=8F3

IF TED=1 THEN CALL REPLACE(CH.'E','D*,'0"'B)}
RETURNI(CH)
END BFTCS

* PROCESS;
PROC(CS) RETURNS(BIN FIXED);
/33 o e sk oo sk o ko ke et e e sk ok sk sk ok ke ok s sk ik s e el e e e die i ke ok ool e o o ok o kool ook R ke ok ok ok ko ke

BLMNCD?

* THE DIFFERENCE BETWEEN THE NUMBER

OF RIGHT AND LEFT PARENTHESES

* IN THE CHARACTER STRING C5 IS RETURNED

e 3 e ook o ok e e ik o ke il ol sk ke ok o ol e o ok e e ok ek e ke ok ok o ae ok ok ke ke ok Rk K KOk e e ko ok ok K ok ek e kel ok S
DCL CS CHAR({#*) VAR, C CHAR(1}) VAR,

B0 I=1 TO LENGTH(CS):
C=SUBSTRICS,I.1)1

IF C='(?
1F €=

END:
RETURN (IL-IR) 3
END BLNCD:

THEN JL=IL+13%
THEN IR=IR+13

(ILIR)
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INIT(OY,

I3

*
*

x*
*

00000100
c0000200
00000300
00000400
00000500
00000600
00000700
00000800
oo 000900
00001000
00001100

00000100
00000200
00000300
00000400
009000500
00000600
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500

000001100
00000200
00000300
00000400
00060500
00000600
00000700
a0 000800
000009200
00001000
00001100
30001200
Qo001300
Q001400



* PR
BRE
2ok

*

* * & % #*

3 3 9 e ok ek ok e ke sk ol o ok o o K ok e ok ke e ol e e el K o e 2 ok e e ke e ok sk ok ke ok ke ke ok ofeote o sl sk e ake o e o ok

LAS
LB

L1)

OCESS:
AKB: PROCICSCeBS) S
t*****t******t**#t##t*#***ﬁ#*tt*t*t*t***t#t####*#tt*#ttt#tt*tt##*#
THE CHARACTER STRING TO THE RIGHT OF THE CHARACTER VARIABLE C IN %
THE CHARACTER STRING €5 IS PLACED IN THE CHARACTER STRING BS *
C 1) Bs IS DELETED FROM CS *
EXAMPLE: CS5 = *ABLDE! *
CALL BREAKB(CS,'C',BS} *
GENERATES €S = *ABY, BS = 'DE? *
*®/
DCL CS CHAR(*) VAR, C CHAR{1), B85 CHARI*) VAR,IX3
BS='";
DO I=LENGTH{CS) TD 1 BY -13
IF SURSTRICS,I.11-=C THEN GO TO LAS
IF I+1<LENGTH(CS) THEN BS=SUBSTRICS.I#1):
IF I>1 THEN CS=SUBSTR{CS,1+I-1)3 ELSE CS=''3;
GO TO LB;
END3
END BREAXB3

* PROCESS:
BREAKF I PROC{(CS.+CaBS)
A o Ak e ke 3ok o o e e ok ek e ok ook ol e ok ek o ook e she ook e o ook sk e e ok e ok ek ke

#*

%*
*
*
*
*
*

e A e N o s o S o o o 3 O Rk el e e oo o o R o ko o o 0K e o ook o T o e e e

THE CHARACTER STRING TO THE LEFT OF THE CHARACTER VARIABLE C IN *
THE CHARACTER STRING €S IS PLACED IN THE CHARACTER STRING BS >
BS || € IS DELETED FROM €S *
EXAMPLE: €S = 'ABCDE! *
CALL BREAKF(CS,'C',85) *
GENERATES €S = 'DE'y BS = fAB!' *
x/
DCL CS CHAR{*) VAR, € CHAR(1). BS CHAR(®*) VAR,IX}
BS=vv3
IX=INDEX{CS.C)—11
IF IX=—1 THEN RETURN}
IF IX<1l THEMN GO TO LA
BS=SURSTR(CSs1.:.IX)3

IF IX+2<=LENGTH{CS) THEN CS=SUBSTR(CS,IX+2); ELSE CS=1*3;
END BREAKF i
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00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500
Q0001600
CGo01700
00001800



* PROCESS:

COUNT:

PROCI{CS.C) RETURNS{(BIN FIXED}:

A% ke ook ook ok e ok ok e e ok o ok ok ok ol kR ko oK K Kok R Aok R R Rk Rk kA ek ok ok ok ko ok ke ko ko
* THE NUMBER OF TIMES THE CHARACTER STRING C APPEARS IN THE
* CHARACTER STRING CS IS RETURNED

o 3 o o ke e o oo ok o e ok ok ko ok skl ok ko o ok ok A ook o oK o K ok KRR K ek R
C CHARI(*®)} VAR,{(MRKR.,1C

LA

DCL €S CHAR(*) VAR,

IXC=

IF
IF
GO T

INDEX{SUBSTRICS«MRKR+1),C)3
MRKR=MRKR+IXC ;
I XC~=0 THEN 1C=IC+13
IXC=0 | MRKR=LENGTH(CS) THEN RETURN(IC);

0 LAY

END COUNT:

* PROCESS;:

DELETE:

PROC(CSCY 3

INIT(OD)S

*
*

7 ok e sl ok ok ok s ke Ak sk ok o ool ok o ARl ok ol ok ok ok ok o s ok ook ok ok ke ok ok 3ok e kol sk ok sk o ok sk e ok ok ok ok ok ok ok ok o ok o ok oK ok ok

* EXAMPLE

*

o o o o e e e o o o e o ook ol ook o R o o o oo K o oo ek o o ok o o ool o o o o o R o ok e/
.DLCL C CHAR(1)»

LHAZ

LIz
LIAZ
END

Cs=y

s =

YABCDE?

CALL DELETE{CS,.'C"*)
* GENERATES CS =

FLIP BIN
* {1 cs

*ABDE?

cs
FIXED

IF C=SYM THEN GO TO LH;3
00 WHILE{I<LENGTH{(CS))3
IF SUBSTR{CSsI+1)}=C

END 3
GO T

THEN CS=SUBSTR{CS+1.,I-1)

ELSE I=I+13

0 LIAS

00 WHILE{I<LENGTHI(CS))

IF SUBSTR(CS+I4+1)=5SYM

THEN DO3J

FLIP=-FLIP;

IF FLIP<O THEN

END 3

DO: CS=SUBSTR{CSs1,.I-1})

ELSE I=I+13;

CHAR(*®) VAR,
INIT{1),5YM CHAR{1) INIT(%¢00);

G0 TO

CS=SUBSTR(CS»2+LENGTHICS)-2)}
DELETE}

cs =

CATYRCDYYES

CALL DELETE{CS,'*'"'])

€S = 'AE?

I INITC(2),

{] SUBSTRICS,I+11};

LHAS END;

SUBSTR(CS,1+11}3

A~-33

GO YO LIj

END3

*
*
*

00000100
00000200
00000300
00000400
00000500
00000600
00008700
00000800
c0 000900
00001000
Q0¢001100
Q0001200
00001300

00000100
00000200
00000300
00000400
00000500
000G0500
00000700
00000800
00000300
00001000
Q0001100
00001200
00001300
00001400
00001500
00001600
00001700
0001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600



* PROCESS: 00000100
LIBF: PROC{CS+IED)} 80000200
SEER KRk kR AR AR RERE R R R R KRR KR KER R R AR ARk R A Rk k% 00000300

* IF IED = 0 ALL OOUBLE PRECISTION FORTRAN LIBRARY FUNCTICONS IN THE =* 000900400
* CHARACTER STRING CS5 ARE REPLACED WITH SINGLE PRECISION FUNCTIONS * 00000500

* AND VICE VERSA [IF IED = 1 * 00000600
e 3 o e o A ook s e ot ke ok o ok ok ook b ok ek ol ke e ke e ok e ol ajeale e ok ol ke s sl kol e b ok okokok ok ok ok R dok kR ok ke Rk S Q0000700
DCL JED, CS CTHAR( %) VAR.NF INIT(25), 00000800
REPLACE ENTRY(CHAR{(*) VAR,CHAR(X)} VARLCHAR(%X) VAR,BIT{(1))}: 20000300

DCL. FN{(25,2)Y CHAR(&) VAR INIT( anoni10o0
SEXP?, TDEXPY, TALOGLIO*, 'DLOGL1OY, "ARSIN', "DARSIN',. 00001100
YARCOS's *DARCOS?, VATAN?® 'DATAN"', YATANZ®, *DATANZ2®, 00001200
ISINY, IDSTINY, TCOS Y, *DCOS Y, *TANT , *DTANE, 00001300
tCOTANY, *DCOTAN?, SSQRT ', "DSORT ', *TANH®, *OTANHY, 00001400

'SINH® "DSINH"®, "'COSH"', *DCOSHY, TERF Y, TDERF?, 00001500

'ERFC ', *DERFC Y, IGAMMA?Y 3 'DGAMMAY, TALGAMA®', 'DLGAMA®, 0000Q1600

TAMGD ', DMQOD *, TABE Y, 'DABS Y, PAMAX1Y, *DMA X1, 00001700

FAMINL *, TDMINL ¥, 'CLOAT 'y 'OFLDAT ', *SIGN?, *DSIGN*, 00001800

TALDG Y, *OLOG* | I 00001900

DO I=1 TO NF3J 00002000
CALL REPLACE(CS sFN( T +2=JED)»FN{I+1+4IED)+"1*8B); 00002100

END; 90002200

END LIBF; 00002300
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* PROCESSS
REPLACE: PROC(CS+5A+SB,0P};

293 o ke ok o e ok ok koK ok ok o A ol Nk T R A2 O A ok e s R o ok R Rk R R

* ALL APPEARANCES OF THE STRING SA IN YTHME CHARACTER STRING CS ARE
REPLACED WITH THE STRING SB IF THE BIT(1) VARIABLE OP = *0O'D
IF DP = *18 ONLY THOSE OCCURENCES OF SA BOUNDED DN THE RIGHT BY

*

*

* THE NULL CHARACTER QR +-=/%)( ARE REPLACED WITH S8
* EXAMPLE: CS = TA+DA'

* CALL REPLACE(CS JtAr 7 1058}

* GENERATES CS = Z+BZ"

* WHILE CALL REPLACE{(CS:'A*,,%Z","1'B}

* GENERATES C§5 = *Z+BA!

*
*

RESTRICTION: THE CHARACTER % MAY NOT APPEAR IN €S, SAs OR SB

*
*
*
%
*
*
*
*
*
*x
*

e 2k e o ook ok ok ok e e ke sk ok ok ok o o e ek ok o o sk o dhe skl sk sk ke ol okl ke ok ke el ok ok ko ok ok oK K ek e kol o ke ok i ke ek /)

oCL
CHECK ENTRY(BIN FIXED) RETURNS(BIT(1)).
VERIFY ENTRY(CHAR{*) VAR,CHAR({*) VAR) RETURNS(BIN FIXED).
(CSsSA+5B) CHAR(%*) VAR,OP BIT(1),0rR BIT(1) INIT(*0'B)}
S
LSA=LENGTHISA)
LAI MRKSA=INDEX{CS.+SA);
IF MRKSA=0 THEN GO TO LB
IF =GR THEN DD Cs=t *1]Csiir i MRKSA=MRKSA+13; END}
QR=+1'8: ‘
CS=SUBSTR(CS.1,MRKSA-1) |]! '%' || SUBSTR{CS,+MRKSAXLSA);
GO TO LA
1B: IF -GR THEN RETURN:
MRKSA=INDE X(CS,*%?)3
IF MRKSA=0 THEN GO TO LC3
IF 0P | CHECK{MRKSA}

THEN CS=SUBSTRICS,1sMRKSA-1) ]| SB || SUBSTRICSsMRKSA+1)3
ELSE CS=SUBSTRICS:1+MRKSA=1) || SA |} SUBSTRICS,MRKSA+1 )3
GO TO LB
LC: CS5=SUBSTRICS,2,LENGTH(CS}=2)3

S*
CHECK: PROC(IX) RETURNSI(BIT(1)):
OCL IX BIN FIXED.{IL+IR)Y BIN FIXED INT INIT{(Q);:
IF IX=1>0 THEN IL=VERIFY(SUBSTRICS+IX—=1e1)e'={4=%/)7)3
IF IX+1<=LENGTHICS)
THEN IR=VERIFY{SUBSTRICSIX+1+1)s*=(4-%/)"}}
RETURN{IL+IR=0)};
END CHECK 3
END REPLACE:
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*/

00000100
00000200
00000300
Q0000400
00000500
00000600
00000700
00000800
00000900
000061000
00001100
00001200
00001300
00001400
30001500
00001600
cOCO01700
00001800
00001990
00002000
00002100
00002200
00002300
006024900
00002500
00002600
00002700
00002800
00002900
000603000
00003100
00003200
00003300
00003400
00003500

00003600
00003700
00003800
00003900
00004000
00004100
00004200
00004300



* PROCESSS 00000100
SPAN: PROCICS.,SA58,.,5C)3 00000200
2% K ok ek ok o e e ik Ok ok ke ok Rk ook Rk kR kR Rk kR ARk kR ek kk kR Rk ke kxR r ik 00000300

* THE CHARACTER STRING IN C5 SPANNED BY SA AND SB IS RETURNED IN SCx 00000400

* EXAMPLE:Y €S = 'ABCDEF' * 00000500
* CALL SPAN{LS.'ABY,'F',5C) * 00000500
* GENERATES SC = 'CDE! * 00000700
ook Rk KR R RO AR R R R KRR R kR Rk Rk R kR kAR kR AR Rk k kR RRK/ 00000800
DCL {CS:SA+SB,+5C) CHAR(%*) VAR 00000900
Sc=t3 0006010600
ISTART=INDEX{CSySAI+LENGTH(SA) 00001100
1STOP=INDEX{SUBSTR(CS,ISTART) ,SB)3 00001200
IF ISTART>O0EISTOP>1 THEN SC=SUBSTR(CSsISTART.ISTOP-1)3 00001300
END SPAN: 00001400

* PROCESS: 00000100
TRIM: PROC(STRING) ; 0000200
7% ALL TRAILING BLANKS ARE DELETED FROM THE STRING CS5 =%/ 00000300

DCL. STRING CHAR{%*) VAR;

00000400

DO I=LENGTH({STRING) TO 1 B8Y —1 WHILE (SUBSTR(STRING,Is1)=' *1:00000500

END; 000005600

IF I=0 THEN STRING='*; ELSE STRING=SUBSTR(STRING.1,1)} 00000700

END TRIM3 00000800
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ChEkx

18
Cok ok

11

10
Chokkk

23
24
Chkxk

APPENDIX B

SUBRDUTINE TAYLOR (TI Yl TR YF,NCF4NEQ,INIT,,EPS,:RANGE)

IMPLICIT REAL#*8 (A-H.0-Z)}
COMMON /COUNT/ KEV.KIS.IER
CCMMON /PAR/ HMIN

REAL*8 YI(NCF 1)+ YF(NCF,1)
LOGICAL¥a INIT

IF (JNOTLINIT)Y GO TO 11

INITIALIZATION
IER = O

KEV = ©

KIS = 0

NCL = NCF — 1

EX = 1.DO/NCL

NEQL = NEQ + 1

CR = DSIGN{l.DO:RANGE)}
CALL INITAL(TI YF+NCF)
CALL COEFF (YF NCF)

DO 18 K 1 s NEQ

DO 18 J 1 + NCF

YI(JaK) = ¥YF{ JuK)
COMPUTE R{(H)}

R = 0.00

DO 10 K = 1.NEG

RJ = YI{NCF,.,K}

TIF (YI{1+K}eNE«Q2DO) RJ = RI/YI(1.K)
R = DMAX1{R.DABS(R.)
COMPUTE H

IF {(R.NELQ.00}) GO TO 23
H = RANGE

GO TO 249

H = CR¥(EPS/R)%%EX

IF {DABS{H).GT.HMIN)} GO TO 17
ERROR: H T0OO SMALL

IER = = 2

RETURN

nn

o0000100
D0000200
00000300
00000400
00000500
000005600
00QQa0700
00000800
00000900
00001000
00001100
00401200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
60002400
00002500
00002600
0Qeo2700
00002800
0CQ02900
00003000
00003100
00003200
00403300
00003400
00003500



ChERE
17
12

13

21

22

TAKE A STEP

DO 12 K = l.NEQ
YF(1sK} = YI{NCLK}
DO 13 JJ = 2:NCL

J = NCF - JJ

PO 13 K = 1.N EQ
YF{LsK) = YI( JeK) & HRYF{1.K)}
TF = T1 & H
YF{1.NEQL) = TF
CALL CUEFF{YF 4NCF)
KEV = KEV + 1

RANGE = RANGE - H
KIS = KIS + 1
RETURN

END

SUBRDUTINE INTERP (TIYI+NCF,NEQsTW,.W)
IMPLICIT REAL*8 (A-H,0=Z)
REAL %8 YI(NCF,1),W(1)

H = Tw = T1

NCL = NCF = 1

Do 21 K = 1yNEQ

WIK) = YI{NCL,K)

DO 22 JJ = 2,MNCL

J = NCF = JJ

oD 22 K = 1,NEQ

WIK) = YICJK) + HEW(K)
RETURN

END

00003600
00003700
00003800
00003900
00004000
00004100
00004200
00004300
00004400
00004500
00004600
00004700
00004800
00004900
00005000

00005100
00005200
00005300
00005400
00005500
00005600
C0005700
¢00058900
00005900
00006000
00006100
00006200
00006300



300

400

5§00

SUBROUTINE ZERO{T:FsA2TZ+BesCyN)
IMPLICIT REAL*B{A-H,0-2)
DIMENSION AIN) «B{N}C(NsN}
Cl1,1)=A(1)

YP=wF

B(1)=1.00/C(1+1)
TZ=T+B{1)*»YP

D0 500 K=2.N

C(Ky1)}=A(K)

D0 300 J=24K

C{KsJ)=0.D0

IMAX=K=J+1

DO 300 I=1.1IMAX

ClKs JI=CUK 4 I +C{K=T+I~12%A(I)
B{K)=0.0D0

IMAX=K-1

D0 400 I=1,.,IMAX
B{K)I=B{K}+C{K,+I)%xB{(1)
B{K)==B(K} /C{K.K)
YP=YP ¥ (=F)

TZ=TZ+B{(K) *YP

CONTINUE

RETURN

END

c00C0 100
00000200
00000300
90000400
000006500
00000600
00000700
0000089040
00000900
00001000
00001100
00001200
00001300
00001400
00001500
00001500
00001700
00001800
00001900
609002000
00002100
00002200
00002300
00002400



APPENDIX C

In the following compilation of the recurrence coeffi-

cients for commonly used non-~rational functions, it is

assumed that the ]{-1-11—l Taylor coefficients for the function
A(t) are known and the kB coefficient (k>1) for B=£(A) is
sought.
A(t) = §  a,(t-t )]
j=o 1 °
B(t) = & bj(t-to)j

j=o

For each function, the functional relationship is listed
first, followed by the defining differenﬁial equation and
finally by the Taylor coefficieﬁts. Many functions such as
sin, cos, tan are derived from a coupled differential
system and consequently are listed together. The symbol '
denotes differentiation with respect to the independent

variable t.



B = exp(a)

Bl - BA'
k

= (I ja.b .} /k

by §=lja] k-J)/

B = loge(A), a0>0

B' = A'/A
by = a,/a,
k-1
bk = (ak_- ngjak_jbj /k)/a0 . k>2

B = loglO(A) . ao>0
B' = gA'/A , v = logl(e)

bl = ual/aO

k-1
bk = (uak - §=ljak-jbj /k)/ao r k>2
[0 )
B =2A o real, ao>0
B' = aBA'/A
k-1
b, = §=0(a - j(a + l)/k)bjak_j)/ao

B = sin (A), C = cos (A}, D = tan (A), co+o

B' = CA', C' = -BA', D = B/C

k
b, = ( ja.ec, .)/k
k j=1 J7k=3
K

c, = -(& Jja.b k

X (3=13 3Pk-417/
k V .
dk = (bk - §=lcjdk—j)/c0



B = sinh (A), C = cosh {A), D = tanh (a), co+0
B' = CA', C' = BA', D = B/C

k
b, = (£ ja.c, _.)/k
j=l jkj

k

{(Z Ja.b, _.)/k
k 3=1 3 k=]

Q
n

1 53%-3%

k
d, = (bk - I c.d Y/c
j:
The Taylor coefficients for the operations +, -, *, / are
also included,
cC=A+B

c, = a, + b



APPENDIX D

RMAT ENTRY .
LEVEL K TYPE (C, Q, V | E) R OP A(l) A(2) A(3)
$Y(1,2)=1.0%
1 2 0 Y(i,2)
1 3 5 =
1 4 -1 §2
1 5 9 §
$Y(L,1)=Y (1) **2+3.DO*T**2$ 18 Y (2) #2 ¥(2)
1 2 0 Y(1,1)
1 3 5 =
1 4 0 Y(1)
1 5 10 ol
1 6 -1 #3
1 7 1 +
2 * Y (1) Y(1) 2?2
1 8 -1 #4
1 9 3 *
1 16 0 T
1 11 10  **
1 12 -1 #3
1 13 9 s 3 T T ?3
4 * #4 2?3 ?4
5 + 22 24 ?5
6 S Y (1) 2?5 Y (1)
RECURRENCE MATRIX
18 Y(2) #2 T
2 * Y (1) Y (1) 22
3 * T T 73
4 * #4 23 ?4
5 + ?2 24 2?5
6 S Y (1) 2?5 Y (1)
OPTIMIZED RECURRENCE MATRIX
1% Y (2) #2 T
2 * Y (1) Y (1) 22
3 * T T 23
4 * #4 23 24
5 + 22 24 ?5
6 $ Y{(1) 2?5 Y {1)



CONSTANT TABLE

# 1=0.5D0 # 2=1.0DC $ 3=2 # 4=3.D0
DMAT ENTRY 1, 2, 3, 4, 5, 6

D MATRIX

1,1 -1 1, 2 -1 1, 3 -1 1, 4 ~1 1, 5 -1 1, 6 -1 2, 1 -1

CORRESPONDENCE BETWEEN RECURRENCE MATRIX ROWS AND THE Y ARRAY

¥ 12 2 3 3 4 45 5 6 6 1

8]
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