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Algebraic Manipulation by Computer 

R. R. DASENBROCK 

Operations Research Croup 
Mathematics and Information Sciences Division 

Abstract: This report describes a program which has the capability of  performing 
literal algebraic manipulations on a high speed electronic computer. Emphasis is concen- 
trated on the manipulation of the Poisson series occurring in the classical theory of lightly 
perturbed dynamical systems. The program is written in Fortran and is now operational 
on oCDC-3800. With little or no modification it could be implemented on any computer 
possessing a Fortran compiler. 

INTRODUCTION 

Recent advances in laser satellite tracking techniques provide an order of magnitude improvement 
in measurement accuracy over earlier techniques. To utilize this new capability, it is apparent that 
parallel advances be made in the analytical theories describing the orbits of artificial satellites under the 
influence of the various perturbing forces. To  utilize the improved data, the required extension of the 
theory involves a major effort in developing and manipulating the algebraic series used t o  describe the 
equations of motion of the satellite. Such an undertaking is time consuming and prone to errors when 
using manual methods. Thus it is imperative that computer-automated algebra be developed t o  manipulate 
the extensive literal expansions required for an accurate analytical theory. 

The earliest efforts in programming literal algebraic expansions on a computer were carried out  by 
Herget (I)  in 1958. However, due t o  the limitations of the IBM-650 in use at that time, little progress 
was made until the introduction of the high speed computers in the early sixties. Formac (2) was 
introduced in 1964 and was followed by Mathlab (3), Reduce (4), and I.A.M. (5) a few years later. 
These languages were quite general and required little programming skill on the part of the programmer but 
unfortunately could not efficiently satisfy the widely varied demands of each individual user. This was 
especially true for the more serious researchers attempting to  solve the involved algebraic problems 
encountered in celestial mechanics. Many minutes of central processor time were required when solving 
seemingly simple problems. Users were almost always plagued with system failures due t o  storage over- 
flow when attempting t o  solve sizable problems. 

T o  satisfy their own specialized requirements, some researchers began t o  construct their own 
algebraic manipulation programs to cope with their own specialized needs. For example, Deprit (6) 
has introduced a program called E.S.P. (Echeloned Series Processor) to  compute an analytical lunar 
ephemeris. In a similar manner, Jefferys (7) and Broucke (8) have constructed similar programs t o  
manipulate the Poisson series occurring in classical perturbation theory. 

NRL Problem B01-10, Project RR 003-02-416152. This is a final report on  one phase of  the problem; work 
is continuing o n  other phases. Manuscript submitted February 22, 197 3. 
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The program described here grew mainly out  of the author's unsuccessful attempts at  implementing 
Reduce at the Naval Research Laboratory (NRL). This language is regarded as one of the best and mos t  
versatile algebraic manipulators available at present. However, the program is written in Lisp (9) (a 
general list-processing language) and requires a Lisp 1.5 compiler for operation. At present Lisp generally 
has not  been operational on any CDC computer with the sole exception of the CDC-6600 at the University 
of Texas. (It is operational, however, for most IBM machines.) Furthermore, the limited storage capacity 
of the medium-size NRL CDC-3800 computer is not sufficient to handle Reduce when any reasonable 
size problem is considered. 

Another system, I.A.M. (Interactive Algebraic Manipulation), has been available at NRL on a time- 
sharing basis. This is a general algebraic manipulator designed for the nonprogrammer. However, it was 
found to be slow, expensive t o  use, and incapable of expanding and applying implicit identities t o  
trigonometric series. The program required over 20  s of central processor time on a PDP-10 computer 
t o  perform a calculation which required about 3 hr by hand. Although this amounts t o  a time saving 
of  over 500 to 1,  the system is still not effective for extensive calculations. 

To  be effective, one should be able to reproduce a computation of the size of, say, Delaunay's 
original lunar theory in a reasonably small amount of central processor (cp) time (several minutes or 
less) on  any present-day, large-size electronic computer. Although this may seem like an unrealistic 
requirement, it should be recalled that one of the fundamental requirements of the program being 
considered here is the ability t o  significantly expand upon such a theory in a reasonable amount of 
cp time. Here we define a reasonable increment of cp time as the maximum that can be assigned t o  a 
single run a t  most computer centers (usually several hours or less). A larger amount of time would be  
unreasonable in relation to the machine - just as 20  years of manual computation is unreasonable for 
one man. 

As we require that the machine should reproduce in several minutes what Delaunay accomplished 
in 2 0  years by hand, a machine-to-man speed factor of over several hundred thousand to one is desired 
(this naturally assumes that Delaunay spent at  least several hours per day on this task). From the 
author's experience, i t  appears that most of the general algebraic (symbol) manipulators in use today 
have attained a speed factor of not more than 5000 to  1. Thus, these systems appear t o  be of limited 
use when performing massive algebraic calculations. 

It is interesting t o  note that the overall modern high speed electronic computer is capable of out-  
pacing its human counterpart by over 10,000,000 t o  1 when performing numerical computations. How- 
ever, when manipulating algebraic expressions, the same computer becomes over 1000 times less 
efficient. It seems that much improvement in software (and hardware) development is needed over what 
is apparently the present state of the art. 

PROGRAM OBJECTIVES 

The construction of a general purpose algebraic manipulator suitable t o  the needs of a diverse 
multidisciplinary research community appeared t o  be unfeasible for the reasons presented in the preceding 
section. Therefore, i t  was decided t o  restrict the range of applicability of the manipulator t o  a specific 
area of research and a t  the same time produce a result which is fast and efficient within its domain. 
Compatability of the program with the NRL CDC-3800 and an efficiency factor of over 100,000 to 1 
were specific goals of the developmental program. 

The programming was carried out in Fortran because of its compatability with other machines and 
the ease of interpretation of this language by other users. However, t o  make the program user orientated, 
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i t  may become necessary to rewrite several key subroutines in assembler language. Currently, the N R L  
co~nputer center is considering replacing its CDC-3800 with a new and much larger machine. Once this  
transpires, an attempt to develop an assembler language program may be made. 

A program was therefore devised t o  manipulate the sometimes lengthy Poisson series occurring 
in the study of lightly perturbed dynamical systems such as found in astrodynamics. Desired manipulator 
capabilities include the addition, subtraction, multiplication, simplification, differentiation, and integration 
of  one or inore Poisson series. With the successful implementation of these algebraic operations, it would 
be  possible to produce high-order series solutions t o  a set of first-order differential equations that char- 
acterize the mathematical foundations of certain astrodynamical problems. 

INTERNAL REPRESENTATION 

Each term of a Poisson series can be written in the form 

(:::;::) . (~o lynomia  of ) . (:$ a ( Argument involving a linear 
several variables combination of several 

Many problems in classical perturbation theory can be solved using a series of this type. In addition, 
this series is significant in algebraic manipulation because it contains several important properties: 

The sum, difference, and product of two Poisson series is a Poisson series. 

The substitution of one Poisson series into another yields a Poisson series. 

The symbolic integration and differentiation does not change the form of the series. 

lilternally to the machine, each term of the Poisson series is represented by six 48-bit words. These 
words, which are in common to  all subroutines, are 

NEXT(k) gives the location (index) of the next term in the list 

N(k) integer nuinerator 

M@) integer denominator 

IEX(k) polynomial index containing eight packed* integer exponents whose values 
are restricted from -32 t o  +31 

ITRIG(k) sinecosine bit; - I  or + 1  for sine and cosine, respectively 

IRG(k) trigonometric argument index containing the (up t o  eight) packed integer 
coefficients whose values are restricted froin -32 t o  +31. 

Both IEX(k) and IRG(k) are 48-bit octal words of the form 

where ii, jj, etc. denote the eight packed octal coefficients in the range 0 <ii G77. The octal constant 
of 40  is taken as zero, 46 as +6, 35 as -3, etc. Thus the null index is of the form 

4040404040404040 (octal). 

*'"Packedv in this contevt mcans thc storape o f  several smaller words into the space of one larger 48-bit word. 
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Because of a hardware constraint* on the CDC-3800, the null index is restricted to  the form 

2040404040404040 (octal). 

Thus, the leading integer polynomial and trigonometric coefficient is restricted to the range of -1 6 to 
t15. 

STORAGE MANAGEMENT 

The success of any algebraic manipulator depends on the effectiveness of the storage management 
procedures that have been devised. Elementary list-processing techniques are used to handle efficiently 
the sometimes large series that are generated as intermediate and final results. The chain of elements 
comprising a series is denoted as a list. Distinction is made between an active list containing one or 
more elements and an inactive list which denotes the null series (see Fig. 1). No limit is set as t o  the 
total number of different series, provided that the total available memory is not exceeded. In other 
words, space is allocated to the nonvanishing terms only. Also, adjacent elements of a particular list 
may be interlaced with the terms of separate lists and the free storage; e.g., see. Fig. 2. 

HEAD END 

'"T" POINTER 

- t 
MAX (I) 

MAX (3) 

MAX 14) 

I MAX 15) 

MSTART (9) tP 
Fig. I - Internal list structure (symbolic). Round symbols denote free storage ttiroughout 

[ MAX (8) 1 

1 MAX 19) 1 

*The lar~est (octal) integer permitted is 3777 7777  7777 7 7 7 7 .  
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MSTART (I) Q MAX (I) - 
Fig. 2 - Example of actual internal list structure 

The location of the lead term of a particular list I is given by the head pointer MSTART(1) and 
its terminal location by the end pointer MAX(1). The elements of each list are chained together by 
pointers, i.e., the location of the (j+l)th term is given by NEXTU). The location of the preceding 
element is not given; a chain cannot be followed in its reverse dimction. The storage not allocated t o  
active storage is denoted as free storage which is also kept in chained format with the lead cell location 
given by LZERO. The space required for each multiplication, addition, etc., is taken as needed from 
free storage, whereas the unneeded space created as a result of simplification is returned to the free cell 
storage where it is again available for use as required. "Garbage collection" is carried out continuously 
in this manner. The storage management is automatically carried out by the data chain routines (to 
be described later) and thus is of no  concern t o  the potential user. 

DATA CHAIN MANIPULATIONS 

A number of subroutines will now be described which manipulate the series in various ways. A 
hierarchy of operations is constructed starting from the simplest and growing in complexity to the more 
complicated operations. Each successive procedure depends upon those before it and thus the coding 
is kept relatively simple, most routines being kept to less than one page of Fortran statements. These 
subroutines are required by the mathematical and algebraic routines to be described later and are generally 
not required explicitly in using the program. 
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Subroutine Start 

This subroutine is called initially at the start of the program. It performs a number of initial 
housekeeping duties of which the most pertinent are as follows: 

The head pointers MSTART(1) and MAX(1) are initialized. 

The total memory t o  be used is set up as free storage in chained format. LZERO is set 
to denote the first free cell. 

The first 20 prime factors are defined. 

Subroutine Switch([, J) 

This routine interchanges the correspondence of the series I with that of J ;  i.e., I 2 J.  

Subroutine Zero@) 

This routine negates the series I and releases its occupied space to free storage. To illustrate this 
subroutine, suppose the list arrangement of Fig. 3a. CALL ZERO(1) rearranges the pointers, and the 
resulting list arrangement is shown in Fig. 3b. MSTART(1) is set to zero and I becomes the null series. 

MSTART (I) -OCCUPIED STORAGE 

LZERO -FREE STORAGE 

(a) 

MSTART (I) n 
LZERO 

(b) 

Fig. 3 - List arrangement before and after CALL ZERO(1) 

Subroutine TRANSF(1, J) 

J is negated (if active) and the space returned to free storage. A new list J is created equivalent 
to but separate from I. Consider the particular list structure of Fig. 4a. After CALL TRANSF(1,J) 
the rearrangement of Fig. 4b takes place. 
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LZERO 

(a) 

MSTART ( J )  ---P 
LZERO 

(b) 

Fig. 4 - List arrangement bcfore and after CALL TRANSF(1,J) 

Subroutine PACK(!) 

All entries of I which are zero are returned to  free storage and only the nonzero entries are chained 
together: e.g., suppose we have the structure shown in Fig. 5a. After CALL PACK(1) the list is re- 
arranged per Fig. 5b. 

Subroutine SIMPLIFY(l) 

SIMPLIFY(1) collects like entries in I. The resulting unneeded storage is released to free storage. 
The terms are ordered according to the argument index, the sine-cosine bit, and the polynomial index, 
respectively, during this operation. 

Subroutine ORDER(1) 

The entries of 1 are rearranged according to the special ordering priorities set up by the user. 
Usually the terms are ordered in the standard way in the routines SIMPLIFY and MULTIPLY; however, 
ORDER(1) will rearrange the list to meet the special requirements. 
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LZERO 

MSTART ( I )  

LZERO 

Fig. 5 - List arrangement before and after CALL PACK(1) 

MSTART ( I )  D 

Fig. 6 - List arrangement before and after CALL ORDER(1) 

. .. 

Suppose the unordered list of Fig. 6a exists. CALL ORDER(1) rearranges the pointers as in Fig. 6b. 
The actual terms are not moved in storage. Only the pointers are recomputed. 

Subroutine REVERSE@) 

The order of the series I is reversed. Suppose we have the list arrangement of Fig. 7a. After CALL 
REVERSE(I), the pointers are rearranged per Fig. 7b. This routine reduces the accumulative addition 
time significantly. It is most effective when adding a small number of new terms to  a much larger, 
already simplified result. 
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MSTART (I) 

(b) 

Fig. 7 - List arrangement before and after CALL REVERSE(]) 

ALGEBRAIC MANIPULATIONS 

Another set of subroutines has been devised to  carry out the various mathematical and algebraic 
operations. These procedures and the speed with which they are carried out depend upon the data chain 
procedures just described. Before these routines are described, a few words about the computational 
mode is in order. Whenever possible, the coefficients are computed as exact integer fractions. However, 
it is impossible to avoid the unwieldly fractions which appear when higher order expansions of certain 
functions are computed. When this is the case, a floating-point representation is used. Here the computa- 
tional speed is increased since the integer fractional coefficients need not be searched for common factors. 
However, a new problem appears. Due to roundoff errors, terms with small coefficients sometimes appear 
when subtracting theoretically equal terms. Provision for negating these terms must be made because 
badly needed storage is wasted if these small coefficients are retained (see subroutine FACTOR below). 
The use of floating-point coefficients is almost mandatory when performing extensive high-order calcula- 
tions and is also convenient when evaluating literal expressions numerically. 

Subroutine FACTOR (N, M) 

A call t o  this subroutine automatically removes the first four prime factors (2, 3,  5, 7) from the 
numerator and denominator (N, M). More or less factorization may be carried out if desired. The first 
20 prime factors may be removed if necessary. When working with inexact coefficients, this subroutine 
negates any term whose coefficient is less than EPSILON, a lower limit on the size of the coefficient. 
This limit is set according to the physics of the problem at hand; i.e., several orders of magnitude less 
than the smallest coefficient physically meaningful. 

Subroutine ADD (I, J ,  K) 

For I # J f K the series J is added to I and the simplified result is placed in K. If K = I the 
routine acts as an accumulator, i.e., I+J+I. 

Subroutine SUB (I, J ,  K) 

This routine is similar to ADD, only J is subtracted from I. 
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Subroutine MULCONS (I, n, m) 

The series I is multiplied term by term by the rational fraction n/m. 

Subroutine MULTIPLY (I, J ,  K) 

Each term of the series I is multiplied with that of J to  form a result which is stored in K. Provision 
is made to truncate any term whose order exceeds a specified value. During multiplication, the following 
trigonometric identities are introduced implicitly: 

2 cos x cos y = cos (x + y) + cos (x - y) 
2 cos x sin y = sin (x + y) - sin (x - y) 
2 sin x cos y = sin (x + y) + sin (x - y) 
2 sin x sin y = 4 0 s  (x + y) + cos (x - y) 

cos (-x) = +cos X 

sin (-x) = -sin x 
cos (0) = 1 
sin (0) = 0 

Due t o  the introduction of the above trigonometric identities, two terms are produced (labeled A 
and B in Fig. 8) for each product I,Jn. The required spaces for A and B are taken from free storage. 

MSTART (J) 

LZERO n 

Fig. 8 - List arrangement during multiplication o f  subproduct ImJ, 

Next the partial result K must be searched for like entries. If such a term is found, the new term 
A or B is combined with it. If no such entries are found (as is shown in the example of Fig. 9) the new 
terms are inserted (in order) in the partial list K. The actual terms are not moved in memory; only the 
pointers are recomputed. 
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Fig. 9 - List arrangement after A and B terms are inserted in K 

The searching operation just described can be very time consuming if not carried out efficiently. 
Since the partial result K is always ordered, it is not necessary to search its entire length each time a 
new term is produced. A scheme has been devised using this fact t o  perform the search in an optimal 
manner. First the new term is compared to the middle term of the list. This comparison determines 
whether the lower or upper half of the list need next be searched. The remaining portion is again 
halved, and the new term is again compared with its midpoint. This procedure is carried out repetitively 
until the correct location for the insertion at the new term has been determined. For a list of 4000 
terms only 12 such comparisons need be made. Actually, because the partial list K is always kept in 
chained format, the.midpoints of each successive half-interval cannot be determined . ~ by formula directly. 
To circumvent this problem, the pointers (which give the location of the successive term) are mapped 
onto a linear array. It is this area that is searched, and the locations of the required midpoints are 
obtained directly. As this mapping is in itself time consuming, i t  need only be carried out a dozen or 
so times during the course of a long multiplication. The effect of this procedure is t o  make the program 
running time solely dependent on the total number of multiplications performed and eliminate its 
dependence on the length of the final result. For example, a multiplication which produced a result of 
over 4000 terms required over 1 hr of cp time without the optimal search. After the implementation of 
this technique, the time was reduced to less than 2 min! 

Subroutine POWER (I, n, J) 

The series I is multiplied by itself (n-1) times and stored as J ;  i.e., In+J. 

Subroutine EXPAND (1, k,  m, n, J) 

The binomial expansion of the quantity (1+1)~/"  is computed where 11 1 << 1. The pair (m, n) 
are integers. The expansion is terminated at order k in I .  The result is stored as J .  

Subroutine DERlV (I, j, K) 

The Ith chain is differentiated term by term with respect to the jth packed variable. The result 
is stored as the Kth chain. I remains unaltered unless I = K. 
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Subroutine NDERIV (I, j, II ,  K) 

The Ith chain is differentiated with respect t o  the jth packed variable II times. The result is stored 
as K. 

Subroutine BRACKET (I, J , m, n, K) 

The Poisson bracket [I, .I], ,, is computed with respect t o  the variables m, n. The result is stored 
as K; i.e., 

Subroutine INTEG (I, j, K) 

Each term of I is integrated with respect to the jth packed variable. The result is stored as K. 

Subroutine SUBAB (I, J , m , n, Q) 

In the Ith chain, the substitution m2 = 1 - n2 is made where m, n represent the m and n th  packed 
variable. That is, when sin i, cos i are stored as polynomial variables the substitution becomes cos2i + 1 - 
sin2i. This substitution will in effect search for the trigonometric identity sin2i + cos2i = 1. The opera- 
tion is carried out II times and the result is stored as J. 

In the expression 3151512 cos4i - 1351256 cos2i + 271512, CALL SUBAB (I, J, m, n,  2) performs 
the substitution, cos2i = 1 - sin2i, twice. The result is 3151512 sin4i - 45/64 sin2i + 9/64. This 
substitution sometimes results in a substantial reduction in the size of certain intermediate and final 
expressions. 

Subroutine CUT (I, J) 

AU (a) periodic terms in I are negated'. The released memory is returned t o  free storage. The 
result is stored in J. 

Subroutine SECULAR (I, J) 

Similar t o  CUT(1, J), except that only the periodic terms are negated. Only the constant terms 
remain. 

Subroutine TRUNCATE(1, J, j, II) 

All terms above order in the jth packed polynomial variable are negated. In general only the 
terms between order LORDER and MORDER are retained during multiplication. The rest are negated 
before they are stored and simplified. The result is stored as J if I # J.  
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Subroutine SELECT (I, J ,  j, 2) 

AU terms of order Q in the jth packed polynomial variable of the series I are retained. AU other 
members are removed. 

Subroutine CHOOSE (I, J  , j , Q) 

All terms of periodicity Q in the jth packed trigonometric argument are retained. 

Subroutine TAYLOR (I, J, 9, m, K) 

A Taylor series expansion is performed on the series I with respect to the !& packed variable; 

f(x + AX) = 1 1 a* f(x)   AX)^. 
k! axk 

The f(x) and Ax terms are stored as I and J, respectively. The expansion is terminated at order m in 
Ax. The result is stored as K; 

Subroutine EVALUATE (I, J ,  j, A) 

The floating-point number A is substituted for the jth packed polynomial variable. The result is 
stored as J. 

Subroutine OUT (I) 

The series I is printed or punched in a literal form. The punched form is Fortran compatible and 
can be inserted as part of another Fortran program with no additional modifications. The output may 
be given as described in two different forms. 

The coefficients of each term are given as exact integer fractions whenever possible. 'Ihe remain- 
ing coefficients are presented as floating-point numbers. 

All coefficients are presented as floating-point numbers. 

PROBLEM EXAMPLES 

Exponentiation 

Suppose we wanted t o  express (E sin M ) ~  in the form 
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We store the quantity (E sin M) in location 1. To obtain the final result we write CALL POWER (1, 5, 
2). The program computes the desired quantity and places the result in location 2. To obtain the  
printed .result, we write CALL OUT (2). The result is 

Multiplication 

Let us multiply the series from Eq. (4) by (E sin M). The result as obtained from the subroutine 
MULTIPLY is 

The result is essentially (E sin M ) ~  (E sin M) or (E sin M ) ~ .  

A Binomial Expansion 

Suppose we wished to expand (1 + E sin M)-I to order 8 in E. We write CALL EXPAND (1, 8, 
-1, 1, 2) and CALL OUT (2). The result is shown below. 

-7*E++ 8*COS( 2 M )  
I * € + *  8*COS( 8M) 16 

1 2 8  
-1S+E** 6*COS( 2M) 

l * E * *  7 * S I N [  7M)  3 2  
6 4  

-1+E+* 4*COS( 2 M )  
-1*E** 8*COS( 6 M )  2  
1 6  

(Equation 6 Continues) 
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(Equation 6 Continued) 

A Polynomial Raised to a Power 

An example would be (XtYtZ)**24. We store the polynomial XtYtZ in location 1 and write CALL 
-. ~ - 

POWER (124,2). To obtain the printed result, we write CALL OUT (2). The result is shown below 
in Eq. (7): 

(Equation 7 Continues) 
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(Equation 7 Continued) 
2691920*X**18*Y** 3*Z** 3 
2018940*X** l t j *Y+*  2*Z** 4 

807576*X?4*18++Y** 1*Z+* 5 
1345Yb+X** lb*Z**  6 
346104*X**17*Y** 7 

2422728*X**17*Y** 6*Z"* 1 
7268184*X**17*Y** 5*Z** 2 

12113640*X**17*Y** 4*Z**  3 
12113640*X**17*Y** 3*Z** 4 

72681b4*X**17*Y** 2*Z** 5 
2422728*X**17*Y** l * Z * + +  6 

346104*X**17*2**  7 
735471*X**16*Y** b 

5883768*%**16*Y** 7*Z** 1 
20593188*X**16*Y** 6*Z**  2 
41186376*X**16*Y** 5*Z** 3 
51482970*X**16*Y** 4*Z** 4 
41186376*X**16*Y** 3*Z** 5 
205931b8*X**16*Y+* 2*L** 6 

5883768*X**16*Y** 1*Z-%* 7 
735471*X**16*2** 8 

1307504*X*+lS*Y**  9 
11767536*X**15*Y** b*Z*" 1 
47070144*X**15*Y** 7*Z** 2 

109830336*X**15*Y+* 6*Z**  3 
164745504*X**15*Y** S++Z** 4 
164745504*X9-%15+tYit* 4*Z** 5 
1 0 Y 8 ~ 0 3 ~ b * X * + + 1 5 * Y + *  392s"  b 

47070144*X**15*Y** 2*Z** 7 
11767536*X**15*Y** l * Z * *  8 

1307504*X**15*Z**  9 
1961256*X**14*Y**10 

19612560*X**14*Y** 9*Z**  1 
88256520*x*+k14+ty** 8*Z*% 2 

235330720*X**14*Y** 7*z**  3 
4118637bQ+X**14*Y+%- o*Z*+$ 4 
494236512*X**14%y**  5*z** 5 
411863760*X**14*Y** 4*Z*a 6 
235350720*X**14*Y** 3*Z** 7 

8 8 2 5 6 5 2 0 * ~ * * 1 4 % y i t *  2*z**  8 
19612560*X**14*Y** 1*Z*++ 9 

1961256*X**14*Z+*10 
2496144*X**13*Y**11 

27457584+X**13ny*#lo*~*;k  1 
1 3 7 2 8 7 ~ 2 ~ * ~ * * 1 ~ < - y * a  yaZ*s  2 
411863760*X-2*13*Y** 8*Z** 3 
823727520*X**13*y**  7*z**  4 

1 1 5 3 2 1 & 5 2 8 * ~ + + * 1 3 * y * *  63-2+* 5 
& & > 3 2 1 ~ 5 2 d * ~ * * l j * y * #  5*z** 6 
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(Equation 7 Continued) 
19632 172jb*X?r3t 4-2Y*X- l O Q z % + ? i G  
17fj4742'6(J*X<:%- 43Cy*?+ gGZjt% 11 
13385  5722O*x-:-$~ ~ + + + y c a  ,c.+z<:* 12  
.,& j-/2 - / 5 2 s +  2L ~ , r y * a  7 x ~ + a  

13 
4 1  1063 . /0vcX&% Goy++% 5+%"-%14 
16474j-;04+&<$3; L ; *Y$$#  59L-x.915 

jl4b'$i6*X$C+t 4$<Y#* ,+%Z<-+tl 
i 2 1  1364i)*X?:% " 2  <z+;i 1 7  

70 1694()*X%i$ 4X-y*% z X z * + t l e  

21252~+ txx - - z  4 x y . ~ . s  :*Zn<k19 
lG6ZC*X+* 4"Z.KX-ZG 

z " z ~ * X - > ~  -3.2 y * a %  1 
425044+xa-~ 3" y ~ + ~ . i ~ ~ z < - , ;  i 

4 2 5 j 4 c * ~ s s  > + Y Q ~  ly;;;*-;t ., L 

2691')2"*)'<-* ' ~ $ Y + $ j $ l  2 %sCz*+$ :; 
1 2 1  1 3 6 ~ + ( ) # X " *  ' j+$ysa l - /%Z?r% 4 
411863'/6+X*-;C 3.X.y*%;-15A"',.+ K L h  -. : 

1 Oy3303'A6+XX2' 
d ,.= j n y * + t l b + ~ * x -  

2 '4 3 -4 
4 , ~o-/; .uRxJ:-~; ; + ~ y . ~ i i l i ~ * ~ i i - ~ -  7 

4 1  186'j7u(j*X-;.;' T.'...y*x-~?"ZX--" ,, :.; 

2 y 4 y 1 4 3 ~ i ~ u ~ $ : %  ;*y;:a l L x ~ s + t  
713d57'lk4+XC:;: )-;;yj$fiil;;.Z-s+: 10 
71369'71 bf+*X+.'iC >i$Yi+%10,"rLX-<: 1 1 
594y14?z()*X%" >*y*X- 5*z;t+: 12 
4 1 1 8 6 3 7 b ~ * x * +  3"y*<- ~ ~ z Q - ; c '  .L ,> 2 

235350.[2,I+X3+% 2++y+t-X 7%Z"-%14 
10Yf j30336*~~i ia  >+ty*jt o*z;:->i:., - 

4 1  1 8 6 3  76+K<$%- 3"Y;'r* b + Z * $ ? l h  
121 l3646-3XQ" s < e Y i k %  L+-%ZX%.l  / 

'64192U"X+<* 3 j>y->:- 3-;+L"2kla 

425<;4(J4tx-;:* 3-2y;tX- 2QZ"X-10 L a 

425U4*X*-x- 3;5y:** 1*2%"23 
2 b ~ ~ + * x n + c  3-:czit;c2 1 

~ ' / ~ * A X . K  2*Y-X-+22 
6b /'*X-',.>C #I A Z$ysJ$21"Z7u+$ j, 

6'7s69X.>2i L"y*<-'(J"L*" 
J ,c 2 

42  j(J4u*X** 23Yjt'c l:,x.Z++ " 

3 

2 0 1  u v ~ U + + ~ + : g  2 ;  y*+$ 1 b < . i n  3:. 4 
7 2 6 6 1  bb"X3-s 2xy+K17*Z<$?$ 5 

205931E8i?Xi t i i  2$kY+$a lb+Z%-+ 6 
&'/07(j1L+4i+X-X.-E z$:y++%i5X z % - X  7 
~ 6 2 ~ 6 - j , : Q < - X $ : ~ c  2j$'{;tr;l[+j;Lx-s 

13728'/9;1u,+X** i.;:.y+* 13Qzx-yc '2 

l-/d47L;Z'/6ni(i;." Lnys.>1 .- 2<-":--;$l" 
~ $ ~ ~ 6 Y y ~ " j i " X - s - ~  - ,$ 'y<c#l i i ; -&"+ ' i i  

1 0 ,?. -' A:. ; '[L4742'/(;%)(<-3' ;Qy*+? ,, L,\ ,. 12 
1 3 7 2 a 7 9 2 , ~ " ~ 4 +  2,+y+~. , 3 % ~ "  *13  

&jg25652i)*X->$% 2itY;t;t 5.KZ%;C14 
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(Equation 7 Continued) 

The Determination of the Legendre Polynomials 

From the definition, 

thelquantity (1 - 26E t l i2)-'I2 is expanded in powers of 6 by the routine EXPAND. The coefficients 
o feach are collected by the subroutine SELECT. The results for Pi(E) (1 < i  < 10) are given below. 

(Equation 8 Continues) 
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(Equation 8 Continued) 
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(Equation 8 Continued) 

A Series Solution t o  a Differential Equation 

We choose the solution to Kepler's equation relating the orbital mean anomaly to  the true anonlaly. 
This exan~ple is chosen, as the result may be compared with the published solution in the literature (10). 
The differential equation to be considered is 

df - = (1 - e2)-3/2 ( 1  + e cos q2 (f = M,  when M = 0). 
d M (9) 

We wish t o  compute (f -- M), to a high order in e. Assume le I << 1 .  

To first order in e: Use 

- - df - I + 2e cos f + f  - M = 2e sin M. 
dM 

To second order in e: The first order-solution is used on the right-hand side, i.e.; 

d f - = ( 1  + 3/2e2 + ...) (1 + e cos (M + 2e sin M ) ) ~  
d M 

* f - M = 2e sin M + 5/4e2 sin 2M + ... . 

To ordcr ( k i l l  ill e: The solution to  ordcr k is used on the right-hand side as fi>llows: 



R. R. DASENBROCK 

The above procedure was repeated t o  order 7 in e .  The solution involved the multiplication and simplifica- 
tion of  over 1500 terms using about 10 s of cp time on a CDC-3800. 

The solution for (f - M) to seventh order in e is as follows. 

We d o  not  propose that Kepler's equation be solved in this way, as more sophisticated methods are 
available; however, it is obvious that such equations can be solved in this straightforward manner easily 
and quickly by computer. The method avoids the use of Bessel functions which are required if extensive 
hand calculations are made. 

Another useful relationship is the quantity 

It is desired t o  compute r/a as a power series in e .  The expansion for r/a is conlputed from Eqs. (14) 
and (15) as follows: 

cos f is expressed in terms of M from the subroutine TAYLOR; 

(cos M)(f - M ) ~ ,  
k! 
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where (f - M) has already been computed and is given by Eq. (14). The result for cos f to  seventh 
power in e is listed below. 

cos f = 1024aE-a* 7+COS(  8 M )  
3 15 

The quantity E cos f is computed from Eq. (17) using thc subroutine MULTIPLY, (1 t e cos f ) - I  is 
determined from this result by the routine EXPAND, and (1 - e 2 j  (1 + e cos 9-I is obtained from 
MULTIPLY. The result for r/a is 

(Equation 18 Continues) 
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(Equation 18 Continued) 

Multiplying Eq. (17) and Eq. (18), the result for (ria) cos f to the seventh power in e is as listed. 

(Equation 19 Continues) 
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(Equation 19 Continues) 

Equations (14), (17), (18), and (19) may be checked with the published solutions in the literature 
(eg., Ref. 10, pp. 76, 77). All solutions appear to  be correct except for the leading term of Eq. (19). 
Brouwer apparently dropped this term in his expression. 

We need not restrict ourselves to order seven in the solution of Eq. (9). The following result 
represents the extension of the solution, i.e., Eq. (14), to order 20 in E. The calculation involved 
110,800 multiplications, 212,030 simplifications, and required 32 min and 34  s of cp time. Note that 
not all of the coefficients can be expressed as rational integer fractions. 

(Equation 20 Continues) 
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(Equation 20 Continued) 
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(Equation 20 Continued) 
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(Equation 20 Continued) 

-lle093435417*E**14*SIN( 121Y 1 
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Equation (20) may be computed and expressed in terms of floating-point coefficients only. The 
result is Eq. (21). 

(Equation 21 Continues) 
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(Equation 2 1 Continued) 

Oe0366727YY*E**13*SIN( 5 M )  
-Oe762175567*E**13*SIN( 7M) 
4*337848268*E**13*SIN( 9M) 

-8el767147~8*E**13*SIN~llM) 
4e7611663Y4*E**13*SIN~13M) 
Oe006064966*E**14*SIN( 2M) 
Oe002883647*E++14*SIN( 4M) 
OeO94955706*€**14*SIN( 6M) 
-1e431671075*E**14*SIN( 8M) 
6e631449140*E**14*SIN~1OM~ 

-lle093435417*E**14*SIN~12M) 
. - 5e981529320*E**14*SIN(14M) 

CONCLUDING REMARKS 

The following concluding remarks are in order. 

It appears that algebraic manipulations of interest in classical perturbation theory may be easily 
performed on a high speed computer using the Fortran language. 

The use of elementary list processing techniques appears to be quite advantageous when manipulat- 
ing large series internally to the machine. This method of storage management was tried along with a 
packed format representation (adjacent terms in a series stored in adjacent locations in memory). Whereas 
the latter method proved simpler in implementation, it proved to be nearly useless when larger scale 
calculations were performed which required the most efficient use of core storage. 

Extremely lengthy algebraic computations requiring 10 min or more cp time usually require 
additional storage (disk or drum) for intermediate results. 

--- 

a The program can be run on any computer possessing a Fortran compiler and a 48-bit word 
length (or greater) with no modifications. It may be adapted to any machine with a shorter word length 
with minor modifications. 

The program will perform about 100 multiplications per second. This includes the time required 
for simplification and for the removal of common factors in the numerator and denominator. About 
one man-years work in algebra canbe reproduced in one minute of central processor time on a CDC-3800. 
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Appendix A 

PROGRAM LISTING 
S U B R O U T I N E  START 

1 0 0  FORMAT ( 1 H 1 )  
1 0 1  FORMAT I / / / )  
1 0 2  FORMAT ( 2 0 X t 2 2 H  START OF t X t C U T I O N  A T t 1 5 t 6 H  H O U R S t I 3 t  

* 8 H  M I N U T E S  t I 3  t 8 H  SLCONDS 
C O M M O ~ / l / N E X T ~ 6 5 0 0 ~ / 2 / N ( 6 5 O ~ ~ ~ 3 / I v I ( 6 5 ~ 0 ~  
COMMON/4/IEX~6500)/5/ITKIG~6500)/6/IRG~6500~ 
COMMON/7/LFACTL(30)~NUTIL(3O)tMSTAHT(125~tMAX(l25) 
C O M M O N / 8 / K F A C T ( l O ) t K M A X t M O K D E R t L O R D t R t L Z E R O ~ I N D E X  
COMMON/Y/NOFACTtNORDt:RtNOSIMPtNPKINTtLPHINT/ l6 /NEXACT 
C O M M O N / 1 2 / L P M A X / 1 3 / L P R I l r l ~ ~ 2 O ~ / 1 4 / E P S I L O N / l 5 / N O F I X  
T Y P E  L O G I C A L  N O F A C T ~ N O R D E H ~ I ~ O ~ I M P ~ I L P ~ I N T ~ L P R I N T ~ N O F I X ~ N E X A C T  
D I M t N S I O N  M P H I M E ( 2 0 )  
D A T A  (MPRIME=2r3r5t7tlltl3t17tlYt23t 

* 29r31~37t41t43t47t53t57t59t61t67) 
C A L L  T I M E ( M H t M M t M 5 )  
P R I N T  100 
P R I N T  1 0 2  r M H t M M t M S  
P R I N T  101 
N O F A C T = *  F A L S E *  
N O R D t R = * T R U E e  
NOS IMP=*FALSE.  
NPRINT=.FALSEa 
L P R I N T = e T R U E .  
N O F I X = e T R U E a  
N E X A C T = * F A L S t *  
L P M A X = 4 H  
E P S I L O N = l a O E - 1 2  
L O R D E K z - 3 7 8  
MORDER=+37B 
L Z E R O = l  
I N D E X = 2 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 8  
DO 5  K = l t Z O t l  

5  L P R I M E ( K ) = M P R I M E ( K )  
DO 6 K = l s l O t l  

6 K F A C T ( K ) = O  
K F A C T ( 8 ) = 1  
K F A C T ( l O ) = M O R D t H  
L F A C T L I  1 1 x 1  
DO 7  K = 2 r l b t l  
L F A C T L ( K ) = K * L F A C T L ( K - 1 )  

7  C O N T I N U E  
DO 8 K = l t 3 0 t l  
N U T I L ( K ) = O  

8 C O N T I N U k  
DO 9 K = l t 1 2 5 t l  
M S T A R T ( K ) = O  
M A X ( K ) = O  

9 C O N T I N U E  
DO 10 K = l t 6 5 0 0 t l  
N E X T ( K ) = K + l  
N ( K ) = O  
M ( K ) = I T R I G I K ) = + l  
I E X ( K ) = I R G ( K ) = I N D E X  

10 C O N T I N U E  
N E X T ( 6 5 0 0 ) c O  
RETURN 
END 
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SUBROUTINE S W I T C H ( I S A r 1 S B )  
1 0 0  FORMAT ( 4 0 H  **** MSA AND/OR M3H ZERO I N  SWITCH ****) 

C O M M O N / ~ / L F A C T L ( ~ O ) ~ N U T I L ( ~ ~ ) * M S I A H T ( ~ ~ ~ ) ~ M A X ( ~ ~ ~ )  
COMMON/B/KFACT ( 10 rKC1AX rClOK0tI i  *LOROE& r L Z t R O *  INDkX 
COMMON/9/NOF ACT rNOHDEKrNOSIblP rNPFi INT  r LPRINT 
TYPE LOGICAL N O F A C T r N O K D E l i r i i O S I b l P r r ~ P H I ! \ i T * L P H I N T  
MS ISA=MSTART ( I S A  
MXISA=MAX( ISA)  
MSISB=MSTART(ISC3) 
MX I SB=MAX ( I SB 
I F  ( M S I S A ~ N E ~ O ~ A N D ~ M S I S B ~ N E ~ O )  GO TO 1 0  
I F  ( N P K I N T )  GO TO 1 0  
PRINT 1 0 0  

1 0  CONTINUE 
MSTART( ISB1 tMSISA 
M A X ( I S B I = M X I S A  
MSTART( ISA)=MSISB 
M A X ( I S A I = M X I S B  
RETURN 
END 

SUBROUTINE FACTOH(NNrMM) 
C O M M O N / 1 2 / L P I 1 A X / 1 3 / L P R I M E ( 2 0 )  
I F  (NNeEOeleOReMMoEQel)  RETURN 
I F  (NNeEQeOsOReMMeEQoO) RETURN 
DO 2 0  K = l r L P M A X r l  
KF=LPRIME(K)  

1 0  N=NN/KF 
I F  (N*KFeNEoNN) GO TO 20  
M=MM/KF 
I F  (M*KFeNEeMM) GO TO 2 0  
NN = N 
MM =M 
GO TO 1 0  

2 0  CONTINUE 
RETURN 
END 
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SUBROUTINE INDICES(IZ#III 
DIMENSION 1118) 
IA= 12 
1 1 ( 8 ) = M O D ( I A ~ l 0 0 8 ) - 4 0 8  
IA= IA/100B 
I I ( ~ ) = M O D ( I A P ~ O O B ) - ~ O B  
IA= iA/100B 
I I ( ~ ) = M O O ( I A P ~ O O B I - ~ ~ B  
IA= IA/100B 
I I ( ~ ) = M O D ( I A P ~ O O ~ ) - ~ O B  
IA=IA/1008 
I I l 4 ~ = M O D ( I A ~ 1 0 0 B ~ - 4 0 t 3  
IA= IA/100R 
I I ( ~ ) = M O D ( I A P ~ O O B ) - ~ O B  
IA=IA/lOOB 
I I ( ~ ) = M O D ( I A P ~ O O U ) - ~ O B  
IA= IA/1008 
I I ( ~ ) = M O D ( I A P ~ ~ ~ B ~ - ~ ~ ~ ~  
RETURN 
END 

SUBROUTINE IMPACT(1IIsIA) 
DIMENSION 11118) 
IP=(III(8)+40B) 
I O = ( I I I ~ 7 ~ + 4 0 8 ) + 1 O O U  
I N = ( I 1 i ( 6 ) + 4 0 B ~ + 1 0 0 0 O B  
1M=1111~5 )+40&)+10000000  
1L=1111(4~+400)+100000000B 
IK=(III(3)+40B)+1000OOOOOOOU 
IJ=(II1(2)+40B)+1000000000OOOB 
II=(IIIl1)+20B)*1000000000OOOOOt3 
IA=II+IJ+IK+IL+IM+IN+IO+IP 
RETURN 
E N D  
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SUBROUTINE R t V E R S t ( l S A 1  
C O M M O N / ~ / N E X T ( ~ ~ ~ ~ ) / ~ / I Y ~ ~ ~ ) ~ I L ~ ~ O ~ ~ M S T A R T ~ ~ ~ ~ ~ B M A X ~ ~ ~ ~ ~  
M S A = M S T A R T I I S A )  
I F  (MSAeEQ.0) RETURN 
M S T A R T ( I S A ) = M A X ( I S A )  
MAX ( I SA =MSA 
L A S T s M S A  
KX=NEXT (MSA 
N E X T ( L A S T ) = O  
I F  (KXeEQ.0)  RETURN 
NKX=NEXT ( K X  1 

5 0  N E X T ( K X ) = L A S T  
I F  (NKXeLE.0 )  GO TO 7 0  
L A S T = K X  
KX=NKX 
NKXZNEXT ( N K X  
GO TO 5 0  

7 0  CONTINUE 
RETURN 
E NO 

SUBROUTINE ZERO ( I SA 
C O M M O N / 1 / N E X T ( 6 5 0 0 ) / 2 / N ~ 6 5 O O ~ / 3 ~ M ~ 6 5 0 0 )  
COMMON/4/IEX(6500)/5/ITIiIG(6500)/6/IRG(6500) 
C O M M O N / ~ / L F A C T L ( ~ ~ ) ~ N U T I L ( ~ U ~ ~ M ~ T A H T ~ ~ ~ ~ ~ ~ ~ I A X ~ ~ ~ ~ ~  
C O M M O N / 8 / K F A C T ( l O )  B K M A X ~ M O R L E K ~ L O K L E K ~ L Z E R ~ * I ~ D E X  
M S A = M S T A R T ( I S A )  
I F  (MSAeEQ.0) RETURN 
K-MSA 

10 C O N T I N U E  
N ( K ) S O  
M ( K ) = I T R I G ( K ) = + l  
I E X ( K ) = I R G I K ) = I N D E X  
N U T I L I 1 1 = N u T I L ( l ) + l  
KN=NEXT ( K  
I F  (KN.EQ.0) GO TO 2 0  
K t K N  
GO TO 10 

2 0  C O N T I N U E  
N E X T ( K ) = L Z E R O  
L ZERO=MsA 
M S T A R T ( I S A I = O  
M A X (  I S A ) = O  
RETURN 
END 
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SUBROUTINE THANSF~INITPIFINAL) 
1 0 0  FORMAT ( 3 7 H  *a**  STORAGE O V ~ K F L O W  I N  TRANsF +*++) 
101 FORMAT ( 3 8 H  **** M S T A R T ( I N I f )  ZERO I N  TRANSF *++a)  

C O M M O N / ~ / N E X T ( ~ ~ O O ) / ~ / N ( ~ ~ O ~ ) / ~ / M ( ~ ~ ~ ~ )  
C O M M O N / ~ / I E X ( ~ ~ ~ ~ ) / ~ / I T ~ I G ( ~ ~ O O ) / ~ / I K G ( ~ ~ ~ O )  
C O M M O N / ~ / L F A C T L ( ~ ~ ) ~ N U T I L ( ~ ~ ) * M S T A H ~ ( ~ ~ ~ ) P ~ ~ A X ( ~ ~ ~ )  
C O M M O N / B / K F A C T ( ~ O ) * K C ~ A ~ ~ M ~ R ~ E R ~ L O R O E R S L Z E K O ~ I N ~ ~ X  
COMMON/Y/NOFACT PNOKOER*I\ ioSIr~:P 9P4PHINT 9 L p H I r . 4 ~  
TYPE L O G I C A L  N O F A C T * N O K D ~ K V K O S I ? ~ P * N P I ~ I I ~ T  *LPI<IP.IT 
I F '  ( 1 N I T . E Q . I F I N A L )  RETURN 
I F  (LZtHO.GT.0) GO TO 5 
P R I N T  100 
C A L L  Q U I T  
STOP 

5 CONTINUE 
C A L L  L E R O ( 1 F I N A L )  
M S T A R T ( I F I N A L ) = L Z E K O  
K F u L Z E R O  
K I = M S T A K T ( I N I T )  
I F  (KI.GT.0) GU TO 1 0  
I F  ( N P K I N T )  GO TO 8 
P R I N T  101 

8 CONTINUE 
M S T A R T I I F I N A L ) = O  
M A X ( I N I T ) = M A X ( I F I N A L ) = O  
RETURN 

10 CONTINUE 
N ( K F ) = N ( K I )  
M ( K F ) = M ( K I )  
I E X ( K F ) = I E X ( K I )  
I T R I G ( K F ) = I T H I G ( K I  
I R G ( K F I = I R G ( K I )  
N U T I L ( Z ) = N U T I L ( 2 ) + 1  
K N I = N E X T ( K I )  
I F  (KNI.EQ.0) GO TO 2 0  
K I r K N I  
K N F = N E X T ( K F )  
I F  (KNFeGT.0)  GO TO 1 5  
P R I N T  1 0 0  
C A L L  Q U I T  
STOP 

1 5  CONTINUE 
K F  =KNF 
GO TO 10 

2 0  CONTINUE 
LLERO=NEXT I K F )  
N E X T ( K F ) = O  
M A X ( I N I T ) = K I  
M A X ( I F I N A L ) = K F  
RETURN 
END 
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SUBROUTINE P A C K (  I S A )  
1 0 0  FORMAT ( 2 7 H  **a* PISA ZCKO II'I PACK *a**) 

COMMON/l/NEXT(6b00)/2/N(65O0~/3/M(6500) 
COMMON/4/IEX(6b00)/5/ITK1G(6500~/6/1R~~65001 
C O M M O N / 7 / L F A C T L ( 3 0 l , N U T I L ( 3 O ~ * M S T A l i T ( 1 2 5 l ~ M A X ~ l 2 5 ~  
COMMON/8/KFACT ( 1 0 )  B K E . ~ ~ \ X ~ I ~ I O U L J L R  * L O I i L t H t L L L U G -  I N V L X  
COMMON/9/NOFACT r N O l 1 0 t H ~ i ~ O 5 1 C , P  ~ h P k l t \ T r L P t i . l l ~ T  
COMMON/ lO/MTOTAL 
TYPE L O G I C A L  IrOFACT ,NOI~VEH I N O S I I I ~ P * I L P K I I ~ T  * L P K l N T  
K = M S A = M S T A R T ( I S A )  
NTOTAL=LNZP=O 
I F  (MSAaGT.0)  GO TO 5 
I F  ( N P H I N T )  GO TO 2  
P R I N T  1 0 0  

2 CONT I N U t  
M A X (  I S A l = O  
RETURN 

5 C O N T I N U L  
MSA= 0 

10 C O N T I N U E  
N k D D R = N E X T ( K )  
I F  ( N ( K ) a E Q * O )  GO TO 2 0  
N T O T A L = N T O T A L + l  
L N Z P = K  
I F  ( M S A - E Q e O )  MSA=K 
I F  (NADDReEQ.0) GO TO 3 0  
K=NADDII  
GO TO 10 

2 0  C O N T I N U t  
I F  ( L N Z P a G T . 0 )  N L X T ( L N Z P ) = N t X T ( K )  
K N = N E X T ( K )  
N L X T ( K ) = L L E K O  
LZERO=K 
M ( K ) = I T K I G ( K ) = l  
I E X ( K ) = I R G ( K ) = I N D E X  
N U T I L ( 4 ) = N U T I L ( 4 ) + 1  
I F  (KNaEQ.0 )  GO TO 3 0  
K = K N  
GO TO 10 

3 0  C O N T I N U t  
M S T A R T ( I S A ) = M S A  
MAX ( I SA 1 = L N Z P  
I F  (LNZP.GT.0) N t X T ( L h Z P ) = O  
RETURN 
END 
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SUBROUTINE S I M P L I F Y ( 1 S A )  
1 0 0 1  FORMAT ( 9 H  S I M P L I F Y r I 4 r l Y H  IvUCIPAK AND KOUNT ~ 9 2 1 5 )  
1 0 0 2  FORMAT (2411 TOTAL NUMBLR OF TLHIMS = r I 5 r 8 t 1  T I M E  = r I 5 r 4 t I  S E C )  
1 0 0 3  FORMAT 1 2 9 H  P O I N T E R  N E L A T I V L  I N  S I K P L I F Y )  

C O M M O N / l / N E X T ( 6 5 0 0 ) / 2 / t \ 1 ( 6 5 O c l ) / 3 / M ( 6 5 0 U )  
COMMON/4/IEX(6500)/5/ITI~1G(65~0~/6~1li~~6500~ 
C O M M O N / 7 / L F A C T L ( 3 0 ) r N U T 1 L ( 3 V ~ ~ I v l 5 T A K T ( 1 2 5 ) r l ~ l A X ~ l 2 5 ~  
C O M M O N / B / K F A C T ( l O ) r K M A X r M O K U L K r L O R L t K ~ L Z t R O r 1 ~ 4 D t X  
COMMON/Y/NOFACT r N O R D t H r N O S I b i P t N P H I ~ ~ T  r L P K I N T  
COMMON/lO/NTOTAL/ll/LMAP1256) 
COMMON/12/LPMAX/13/LPRIME(20)~14/EPSILON/l5/NOFIX 
TYPE L O G I C A L  NOFACTINOKDEKINOSIMP~NPKIP. IT~LPKINT~NOFIX 
TYPE L O G I C A L  K S C A N r P N P K I N T  
I F  ( N O S I M P I  KkTURN 
C A L L  T I M E ( M H r M M r M S )  
NA=3600+MH+60*MM+MS 
M S A = M S T A R T I I S A )  
I F  (MSAaEQeO)  KETUHN 
P N P R I N T = N P R I N T  
N P R I N T = * T R U E .  
C A L L  PACK(  I S A )  
C A L L  R E V E R S E ( 1 S A I  
M S A = M S T A R T ( I S A )  
I S U = 1 0 2  B C A L L  Z t H O ( I S t 3 )  
MSTART(ISb)=MAX(ISB)=MSA 
M S T A R T ( I S A ) = N E X T ( M S A )  
N E X T ( M S A ) = O  
K O U N T = l  B KSCAN=aTRUEo 
NUMPAR=2 
DO 8 0  J X Z l r 2 5 6 r l  

8 0  L M A P ( J X ) = O  
YO C O N T I N U L  

I =MSA=MSTART I I S A )  
I F  (MSAaEQ.0) GO TO 3 0 0  
M S T A R T ( I S A l = N E X T ( M S A )  
N E X T ( M S A ) = O  
I F  (NUMPARoGEm256)  GO TO 1 0 0  
IPAR=16+NUMPAR 
I F  ( K O U N T o L E o I P A R )  GO TO 1 0 0  
KSCAN=.FALSt  l 
NUMPAK=Z*NUMPAK 
K S = M S T A K T ( I S B )  
00 9 8  MX=l,NUMPAR,l 
L M A P ( M X ) = K S  
DO 9 8  MY=l,8,1 
K S = N E X T ( K S )  
I F  ( K S o L E a O )  GO TO 2 5 0  

9 8  C O N T I N U E  
100 L = M S B = M S T A R T ( I S B )  B LAST=O 

I F  ( K S C A N )  GO TO 1 2 5  
MX=NUMPAR/Z 5 L X = L M A P ( M X )  
MDX=NUMPAR/4 

1 0 2  I F  ( I R G ( L X ) - I R G ( 1 ) )  1 0 5 r 1 0 3 r 1 0 7  
1 0 3  I F  L I T R I G ( L X 1 - I T R I G ( 1 ) )  1 0 5 r 1 0 4 , 1 0 7  
104 I F  ( I E X ( L X 1 - I k X ( 1 ) )  1 0 5 r 1 0 6 r 1 0 7  
1 0 5  I F  ( M D X o E Q o O I  M D X n l  

MX=MX-MDX B MDX=MDX/2 
I F  ( M X o L E o O I  GO TO 1 1 8  
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LX=LMAP(MX B GO TO 1 0 2  
1 0 6  L'LX B GO TO 1 6 0  
1 0 7  I F  (MbXeEQeO) GO TO 1 2 0  

MX=MX+MUX B LX=LMAP(MX)  
MUX=MDX/Z B GO TO 1 0 2  

1 1 8  LX=MSB 
1 2 0  L 'LX  
1 2 5  I F  ( I C I G ( L 1 - I H G ( 1 ) )  1 ? . 0 t 1 4 0 t 1 7 0  
1 4 0  I F  ( I T R I G ( L 1 - I T R I G ( 1 ) )  1 3 0 t 1 5 0 t 1 7 0  
1 5 0  I F  ( I E X ( L ) - I E X (  I )  1 3 0 t 1 6 0 t 1 7 0  
1 3 0  I F  (LASTaNEeO)  GO TO 1 3 1  

MSTART( I S B ) = I  
NEXT ( I )  = L  
KOUNT'KOUNT+l 
GO TO 9 0  

1 3 1  N E X T ( L A S T ) = I  
NEXT ( I) =L 
KOUNT=KOUNT+l 
GO TO 9 0  

1 6 0  CALL  RFACTOR(N(lltM(l)tN(L)tM(L)*l*ltN(L)tM(L)tO) 
N ( I ) = O  
M I I ) = I T H I G ( I ) = l  
I E X (  I l = I R G (  I ) = I N D E X  
N E X T ( I ) = L Z E H O  
L ZERO= I 
N U T I L ( S ) = N U T I L ( 5 ) + 1  
GO TO 9 0  

1 7 0  L N = N E X T ( L )  
I F  ( L N )  2 5 0 r 1 7 1 ~ 1 7 2  

1 7 1  N E X T ( L ) = M A X ( I S t i ) = I  
N E X T ( I ) = O  8 KOUNT=KOUNT+l 
GO TO 9 0  

1 7 2  LAST=L  5 L=LN 
N U T I L ( 1 5 ) = N U T I L ( 1 5 ) + 1  
GO TO 1 2 5  

2 5 0  P R I N T  1 0 0 3  B CALL Q U I T  B STOP 
3 0 0  CALL  S W I T C H ( 1 S A t l S f i )  

M S T A R T ( I S B ) = M A X ( I S b ) = O  
CALL  P A C K ( I S A 1  
NPRINT=PNPHINT 
I F  ( N P R I N T )  RETURN 
CALL T IMEIMHtMMsMS)  
N8=3600*MH+60*MM+WS 
NT=NB-NA 
P R I N T  1001~1SAsNUMPARtKOUNT 
P R I N T  1 0 0 2 t N T O T A L t N T  
RETURN 
END 
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SUBROUT I N €  RFACTOH ( IvAA vr'.lAA rPlt;b rbllib r K N  rKC1eN eb l *PURPOSE J 
1000 FORMAT ( 5 0 X 9 2 8 t i  L O O S I N G  ACCUHACY I N  K F A C T O K )  

C O M M O F U / ~ ~ / L P M A X / ~ ~ / ~ P K I ~ ~ I E ( ~ U ) / ~ ~ / ~ P S I L O N / ~ ~ / N ~ ) F I X  
C O M ~ V ~ O N / ~ / N O F A C T ~ I . ~ O H O ~ ~ ~ V ~ : C ) S I ~ ~ P ~ ~ ~ ~ P ~ ~ I I ~ T ~ L P R ~ N T / ~ ~ / ~ ~ E X A C T  
T Y P E  DOUBLE A K ~ A M I ~ N , S M I C N , C ~ < ~ ~ F I I ~ F ; ~  
T Y P E  U O U B L E  A T O L ~ ~ T O L I C T O L I S N I S ~ . ~  
T Y P E  D O U B L E  DMAX V E X F A C T  r C O L k - F  
T Y P E  L O G I C A L  N O H D E R V N O S I ~ ~ ~ P V ? ~ P K I P ~ T ~ L P R I I \ ] T  
T Y P E  L O G I C A L  NOFACTVNOFIXINLXACT 
T Y P E  I N T E G E R  PURPOSE 
D A T A  ( M A X = 3 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 G )  
D A T A  ( t X F A C T = l . O U + 1 4 )  
D A T A  ( M L I M = l O U 0 0 0 0 )  
D A T A  ( A T O L = O e O l U O I  
D A T A  ( B T O L = 0 e O O O l D O )  
D A T A  ( C T O L = O e 0 0 0 0 0 1 D O )  
N A = N A A  B MA=MAA 
NB=NBB a M B = M ~ ~  
I F  ( N O F I X I  GO TO 10 
I F  ( P U R P O S E 1  4 9 4 9 5  

4  N=NA*Mb+MA+NB 
M=MA*Mt) 
N=KN+N 
M=KM*M 
GO TO 4 0 0  

5  N=NA+NU 
M=MA+Md 
N=KN*N 
M=KM*M 
GO TO 4 0 0  

10  DMAX=MAX 
A N = N A  B AM=MA 
B N = N U  B S M = M b  
I F  ( P U R P O S E )  1 5 r 1 5 r Z O  

1 5  CN=AN*8 t~ l+AM* t iN  
CM=AM*lJM 
CN=KN*CN 
CM=KM+CM 
C O E F F = C N / C M  
GO T O  3 0  

2 0  CN=AN*ON 
CM=AM*UM 
CN=KN*CI I  
CM=KM*C>I 
C O L F F = C N / C M  
GO TO 3 0  

3 0  A B S A B = D A B S ( C O E F F )  
I F  ( A B S A B e G T e E P S I L O N )  GO TO 5 0  
N=O B M = l  
R E T U R N  

5 0  I F  ( N O F A C T )  GO T O  2 0 0  
I F  ( I A l 3 S ( M A ) e L T e M L I M )  GO TO 6 0  
S A =  A B S  ( A M  1 
S A = A L O G l O ( S A )  
S A = S A + C T O L  
S A = A M O D ( S A , l e O )  
I F  ( S A e L T e B T O L )  GO TO 2 0 0  

6 0  I F  ( I A U S ( M f 3 ) e L T e M L I M )  GO TO 7 0  
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SS=ABS(eM)  
SU=ALOGlO(SB I  
SU=SB+CTOL 
Sb=AMOD(SB,l.U) 
I F  ( S B o L T o B T O L )  GO TO 2 0 0  

7 0  I F  IDABS1CN)oLToDMAX)  GO TO 1 0 0  
I F  ( D A d S ( C M ) o b T * O M A X )  GO TO 1 0 0  
N * I D I N T I C N + D S I G N ( A T O L t C N ) )  
M = I D I N T ( C M + D S I b N ( A T O L t C M ) )  
GO TO 4 0 0  

1UO 00 1 2 0  K = l t L P M A X , l  
K F = L P H l P l E ( K I  

1 1 0  FN=CN/KF 
SN=DAbS(FN)+DTOL 
SN=DMOOISNv1*000 )  
I F  (SNoGToATOL I  GO TO 1 2 0  
FM=CM/KF 
SM=DAbS(FM)+UTOL 
SM=DMOO(SM,l*ODO) 
I F  (SMoGToATOLI  GO TO 1 2 0  
CN=FN 
CM=FM 
GO TO 110 

1 2 0  C O N T I N U t  
I F  (DASS(CN)oGToDMAX)  GO TO 2 0 0  
I F  (DAt3SICM)oGToOMAX) GO TO 2 0 0  
GO TO 3 0 0  

2 0 0  CN=COtFF*EXFACT 
CM=EXFACT 
NEXACT'oTRUE* 

2 1 0  I F  (DABS(CN)oGT*DMAX)  GO TO 2 2 0  
I F  (DA t jS (CMI *GT*DMAXI  GO TO 2 2 0  
GO TO 3 0 0  

2 2 0  CN=CN/ lO  
CM=CM/10 
I F  ( U A b S I C N ) ~ L T ~ 1 * 0 0 3 ~ O H * D A b S l C N ) * L T ~ 1 * O U 3 ~  GO TO 4 1 5  
GO TO 2 1 0  

3 0 0  N = I D I N T ( C N + D S I G N ( O o 5 D O t C N ) )  
M ~ I D I N T ( C M + O S I G N ( O o 5 D O ~ C M ) )  
RETURN 

4 0 0  I F  ( N * t L I * l o O R * C l . t 0 . 1 )  HETURN 
I F  ( N * t O ~ O o O R * M s E ~ * O )  RETURN 
DO 4 2 0  K = l t L P M A X , l  
K F = L P R I M E ( K )  

4 1 0  NN=N/KF 
I F  (NNQKFoNEeN)  GO TO 4 2 0  
MM=M/KF 
I F  (MM*KFoNEoM) GO TO 4 2 0  
N=NN 
M=MM 
GO TO 4 1 0  

4 1 5  P R I N T  1 0 0 0  S CALL  Q U I T  8 STOP 
4 2 0  CONTINUE 

RETURN 
E NO 
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SUBROUTINE C U T ( I S A t 1 S B )  
1 0 0  FORMAT ( 3 0 H  R E T A I N  ONLY PERIODIC  T tHMS I N t 2 1 3 )  
101 FORMAT ( 2 6 H  **** MSA ZERO I N  CUT ****I  
1 0 2  FORMAT ( 3 4 H  **** STORAGE OVtKFLUW I N  CUT * * * * I  

C O M M O N / 1 / N E X T ~ 6 5 0 0 ) / 2 / N ~ 6 5 0 0 1 / 3 / f 4 ~ 6 5 0 0 )  
COMMON/4/IEX(6500)/~/ITKIG(6500~/6/1RG~6500~ 
C O M M O N / ~ / L F A C T L ( ~ ~ ) B N U T I L ( ~ ~ ) ~ ~ ~ ~ ~ T A H T ( ~ ~ ~ ) ~ M A X ( ~ ~ ~ )  
C O M M O N / 8 / K F A C T ~ l O ~ r K M A X r M O K ~ t K r L O R O t K I L L t l < U ~ I N D t X  
COMMON/9 /NOFACTtNORDEHrNOSIMFr f1PKINTILPRINT 
TYPE LOGICAL N O F A C T r N U H D E H r N O S I l 4 P r N P K I N f  
DIMENSION I A ( 8 )  
I F  ( N P R I N T )  GO TO 2. 
P R I N T  1 0 0 t I S A ~ I S B  

2  CONTINUE 
K=MSAzMSTART( ISA)  
I F  (MSAeGT.0) GO TO 5 
I F  ( N P R I N T )  RtTURN 
P R I N T  1 0 1  S RETURN 

5  CONTINUE 
I F  ( I S A e E Q e I S B )  GO TO 5 0  
CALL  Z t K O ( I S f 3 )  
JnMSB=MSTART( ISB)=LLERO 

1 0  C O N T I N U t  
J N n J  
I F  ( ITKIG(K) .EO.O)  GO TO 2 0  
I F  ( IRG(K ) .EOe INDEX)  GO TO 2 0  
N ( J ) = N ( K )  
M(  J ) = M I K )  
I E X (  J ) = I E X ( K )  
I T R I G ( J ) = I T R I G ( K )  
I R G ( J ) = I R G ( K )  
J N = N E X T ( J )  

2 0  CONTINUE 
KN=NEXT(K )  
I F  (JNeGTeO) GO TO 3 0  
P R I N T  1 0 2  
C A L L  Q U I T  
STOP 

3 0  C O N T I N U t  
I F  (KNeEQ.0) GO TO 4 0  
J = J N  B K=KN 
GO TO 1 0  

40 CONTINUE 
LZERO=NEXT(J )  
N E X T ( J ) = O  
M A X ( I S f 3 ) = J  
CALL P A C K ( I S B 1  
RETURN 

50 CONTINUE 
I F  ( I T R I G ( K ) e t O e O )  N ( K ) = O  
I F  ( I R G ( K ) a E O e I N D E X )  N ( K ) = O  
KN=NEXT(K)  
I F  (KNeEOeO) GO TO 6 0  
KnKN S GO TO 5 0  

6 0  CONTINUE 
CALL  P A C K I I S A )  
RETURN 
END 
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SUBROUTINE SkCULAR1 I S A n I S B )  
1 0 0  FORMAT 130H RETAIN  ONLY CONSTANT T tKMS 1 N ~ 2 1 3 )  
101 FORMAT ( 3 0 H  +++* MSA Z k k O  I l u  SECULAR +***I  
102 FORMAT ( 3 8 H  **+* STORAGE OVtl lFLUW llu SECULA2 * + * + I  

~OM~ON/l/NEXT16500)/2/N(65UO~/3/M(6500) 
C O M M O N / ~ / I E X ( ~ ~ ~ ~ ) / ~ / I ~ H I G ( ~ ~ ) / ~ / I R G ~ ~ ~ O O ~  
C O M M O N / ~ / L F A C T L ( ~ ~ ~ ~ N U T I L ( ~ O ~ ~ M S T A K T ~ ~ ~ ~ ~ ~ M A X ~ ~ ~ ~ ~  
C O M M O N / ~ / K F A C T ( ~ O ) ~ K ~ ~ ~ X ~ M O R U ~ H ~ L O R L ~ E H ~ L L ~ H O ~ I N D E X  
COMMON/S/NOFACT 9NOHOER BNOSIPIP sNPK 1 ~ Y T  sLPR I N T  
TYPE LOGICAL &OFACT ~ ~ O K D ~ R B I \ O S I ~ - I P  sI.\PIiII.IT BL'PIIINT 
DIMENSION I A I 8 )  
I F  ( N P H I N T )  GO TO 2 
P R I N T  1 0 0 s l S A ~ l S B  

2 CONTINUE 
K=MSA=MSTAR T ( I S A  
I F  (MSA.GT.0) GO TO 5 
I F  (NPRINT)  RtTUHN 
PRINT  1 0 1  8 RETURN 

5 CONTINUE 
I F  1ISA.EQ.ISB) GO TO 50 
CALL ZERO ( I SB) 
J=MSB=MSTART(ISt3I=LLERO 

10 CONTINUE 
J N a J  
I F  ( IRG(K) .NE* INDEX)  GO TO 2 0  
N (  J ) = N ( K )  
M (  J ) = M ( K )  
I E X I J ) = I E X I K )  
I T R I G ( J l = I ' T R I G ( K I  
I R G ( J ) = I R G ( K )  
JNSNEXT ( J  

2 0  CONTINUE 
KN*NEXT(KI  
I F  (JNeGT.0) 60 TO 3 0  
PR INT  1 0 2  
CALL QUIT 
STOP 

3 0  CONTINUE 
I F  (KN.EQeO) GO TO 4 0  
J e J N  S K=KN 
GO TO 1 0  

4 0  CONTINUE 
LZERO=NExT(J )  
NEXT 1 J )  =O 
M A X ( I S B I = J  
CALL PACK( IS t3)  
RETURN 

5 0  CONTINUE 
IF ( I R G ( K ) ~ N E . I N D ~ x )  N I K ) = O  
KNmNEXTlK) 
I F  (KN.EQ.0) GO TO 6 0  
KBKN S GO TO 5 0  

60 CONTINUE 
CALL PACK(1SA)  
RETURN 
END 
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SUUHOUTINE THUNCATE(ISAtISBtIVAH1b~NUMI 
1 0 0  FORMAT ( 1 6 H  H k T A I N  TtRMS I N t I 3 t Y H  TO O H D t R t I 3 t 4 H  W R T t I 3 )  
101 FORMAT ( 3 1 H  **** MSA ZERO I N  TRUNCATE +* * * I  
102 FORMAT ( 3 9 H  **+* STORAGE OVLRFLOW I N  TRUNCATE ****I 

C O M M O N / 1 / N E X T ( 6 5 0 0 ) / 2 / N ~ 6 5 0 U ) / 3 / M ( 6 5 0 0 )  
COMMON/4/IEX(6500)/5/ITRIG~6500)/6/IRG~6500I 
C O M M O N / ~ / L F A C T L ~ ~ ~ I ~ N U ~ I L ( ~ ~ ) ~ M ~ T A H T ( ~ ~ ~ ) ~ M A X ~ ~ ~ ~ )  
COMMON/d/KFACT(lO) tKt1AXtMOHUtHtLURL,EKtLZtRO~INDEX 
COMMON/Y/NOFACTtNORDERtf~OSICiPtNPKINTtLPRINT 
TYPE LOGICAL NOFACT,NOHDtHtNOSIMPtNPKINTtLPRINT 
DIMENSION I A ( 8 )  
I F  ( N P H I N T I  GO TO 2 
PRINT ~ ~ O ~ I S A * N U M ~ I V A R I ~ ~ I S ~  

2 CONTINUE 
K=MSA=MSTAHT(ISA) 
I F  (MSAeGToO) GO TO 5 
I F  (NPHINT)  HtTURN 
P R I N T  1 0 1  S RtTURN 

5 CONTINUE 
I F  ( I S A e E Q o I S B I  GO TO 50 
CALL ZEHO(1SBI 
J=MSB=MSTART(ISB)=LZERO 

1 0  CONTINUE 
J N = J  
CALL I N D I C E S ( I E X ( K ) r I A I  
I F  ( I A ( I V A H I t 3 ) e G T e N U M I  GO TO 20 
N ( J I = N ( K )  
M I J ) = M ( K )  
I E X ( J ) = I E X ( K I  
I T R I G ( J ) = I T R I G ( K )  
I R G ( J ) = I R G ( K )  
JN=NEXT(J )  

2 0  CONTINUE 
KNaNEXT (K ) 
I F  (JNeGToO) GO TO 30  
PRINT 1 0 2  
CALL QUIT 
STOP 

3 0  CONTINUE 
I F  (KNeEQoOI GO TO 4 0  
JaJN S K=KN 
GO TO 1 0  

4 0  CONTINUE 
LZERO=NEXT( J )  
NEXT( J)=O 
M A X ( I S e ) = J  
CALL PACK ( I SB 
RETURN 

5 0  CONTINUE 
CALL I N D I C E S ( I t X ( K ) t I A )  
I F  ( 1 A l I V A R I B ) e G T o N U M )  N ( K ) = O  
KN*NEXT(K) 
I F  IKNeEQeO) GO TO 6 0  
K*KN S GO TO 5 0  

6 0  CONTINUE 
CALL PACK(1SAI  
RETURN 
END 
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SUBROUTINE S E L ~ C T ( I S A B I S ~ ~ I V A R I U ~ N U M )  . 
1 0 0  FORMAT ( 3 H  I N r I 3 r 1 3 H  S L L t C T  O H D L K r I 3 r 4 H  W H T r I 3 # 9 H  STORt  I N s I 3 )  
1 0 1  FORMAT ( 2 9 h  **** MSA Z t l i O  I l u  5 t L t C T  ****) 
1 0 2  FORMAT ( 3 7 H  **** STOHACiE UVLKFLOW I N  5 t L t C T  ***+) 

COMMON/l/NEXT(6500)/2/N(6500)/3/M~6500) 
COMMON/4/IEX~6500)/5/1TH1b~6500~/6/IRG(6500~ 
C O M M O N / ~ / L F A C T L ( ~ ~ ) ~ N U T I L ( ~ ~ ) P M S T A R T ( ~ ~ ~ ) ~ M A X ( ~ ~ ~ )  
COMMON/B/KFACT(lO) rKHAX~MORDtHrLOHOEK~LZLRO~lNDEX 
C O M M O N / Y / N O F A C T ~ N O H O E R ~ N O S I I ~ I P P N P H I N T ~ L P H I N T  
TYPE L O b I C A L  NOFACT rNOHOEKrhUSIKP ~ I \ P R I F ~ T  r L P K I N  I 
DIMENSION I A ( B )  
I F  I N P K I N T )  GO TO 2 
P R I N T  1 0 0 t I S A r N U M t I V A R 1 8 r I S U  

2 CONTINUL 
K*MSA=MSTART( ISA)  
I F  (MSAaGT.0) GO TO 5 
I F  ( N P H I N T )  RETURN 
PRINT  101 B HtTURN 

5 CONTINUL 
I F  ( I bAeEQ. ISU)  bO TO 5 0  
CALL L t H O ( I S t 3 )  
J=MSB=MSTART( ISH)=LL tRO 

10 CONTINUE 
J N E J  
CALL  I N U I C E S ( I t X ( K ) r l A )  
I F  ( IA ( IVARI t3 ) .N t .NUM)  GO TO 2 0  
N ( J ) = N ( K )  
M ( J ) = M ( K j  
I E X ( J ) = I E X I K )  
I T H I G ( J ) = I T R I b ( K )  
I R G ( J ) = I R G ( K )  
J N = N E X T ( J )  

2 0  CONTINUE 
KN=NEXT(K)  
IF (JN.GT.01 GO TO 3 0  
P R I N T  1 0 2  
CALL  Q U I T  
STOP 

3 0  CONTINUE 
I F  !KNaEQ*O)  GO TU 40 
JmJN B K=KN 
GO TO 10 

4 0  CONTINUE 
L Z t R O = N t X T ( J )  
NEXT ( J ) = O  
M A X ( I S B ) = J  
CALL  P A C K ( I S B 1  
RETURN 

5 0  CONTINUt  
CALL  I N O I C E S ( I E X ( K ) r I A )  
I F  ( I A (  I V A R l b )  *Nk*NUM) N ( K ) = O  
KN=NEXT(K)  
I F  (KN-LQ.0) GO TO 60 
K=KN b GO T O  5 0  

6 0  CONTINUE 
C A L L  PACK(1SA)  
RETURN 
EN0 
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SUt3ROUTINE C H O O S ~ I I S A ~ I S ~ ~ I V A U I ~ ) B N U M )  
1 0 0  FORMAT (1611 CHOOSE TtRMS I N t I 3 ~ 1 5 t i  OF P t R I O O I C I  l Y t I 3 t 4 1 1  W R I  9 1 3 )  
1 0 1  FORMAT ( 2 9 H  **** MSA Z tHO I N  CHOOSt * * * * I  
102 FORMAT ( 3 7 H  **** STORAGt OVtHFLUW I N  CHOOSt * * * * I  
103 FORMAT ( 1 7 H  STORE RtSULT I N 1 1 4 1  

COMMON/1/NEXT(6500)/2/N(6500~/3/M~b500) 
COMMON/4/IEX~6500)/5/ITHIG~6~00)/6/IHG(6~00~ 
COMMON/7/LFACTL(30)tNUTlL(301tMSTAKT(125)~MAX(l25) 
COMMON/8/KFACT(lO)tKF1AX~MORuiKtLOHbtKtLZtUOtINDEX 
COMMON/Y/NOFACT*NOkOEKtNOSIMPrNPHIluItLPHINI 
TYPE LOGICAL NOFACT r N O R D t R r h O S I C I P r t i P H I N T ~ L P R I N T  
DIMENSION I A l 8 )  
I F  ( N P H I N T )  GO TO 2 
P R I N T  ~ O O ~ I S A ~ N U M B I V A R I ~  
P R I N T  1 0 3 r I S B  

2 CONTINUE 
K=MSA=MSTART(ISA) 
I F  (MSAaGT.0) GO TO 5  
I F  ( N P H I N T )  RETURN 
P R I N T  1 0 1  B RkTURN 

5 CONTINUE 
I F  ( I S A * E Q o I S B )  GO TO 5 0  
CALL L t H O ( I S 6 )  
J=MSB=MSTART(ISB)=LZERO 

10 CONT lNUt  
J N = J  
CALL I N D I C E S ( I R G ( K ) t I A )  
I F  ( I A L I V A R I B ) * N E * N U M )  GO TO 2 0  
N ( J ) = N ( K )  
M ( J ) = M ( K )  
I E X ( J ) = I E X ( K )  
I T R I G ( J ) = I T R I G ( K )  
I R G ( J ) = I R G ( K )  
J N = N E X T ( J )  

2 0  CONTINUE 
KN=NEXT(K)  
I F  (JNoGT.0) GO TO 3 0  
P R I N T  1 0 2  
CALL  QUIT  
STOP 

3 0  CONTINUL 
I F  (KN*EQ.O) GO TO 40 
J Q J N  3 K=KN 
GO TO 1 0  

40 CONTINUE 
LZERO=NEXT(J )  
N E X T ( J I = O  
M A X ( I S t l ) = J  
CALL  PACK ( I SB 
RETURN 

50  CONTINUE 
CALL  I N D I C E S ( I R G ( K ) ~ ~ A I  
I F  ( I A ( I V A R I U ) * N E * N U M )  N ( K ) = O  
KN=NEXT(K)  
I F  (KN*LQoO)  GO TO 6 0  
KmKN 3 GO TO 5 0  

6 0  CONTINUE 
CALL PACK( I S A )  
RETURN 
END 
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SU8ROUTINE MULCONS( I S A t I C O N S T # J C O I \ I S T )  
100 FOKMAT ( 9 H  M U L T I P L Y I I ~ ~ ~ H  U Y r 1 6 r l H / r 1 6 )  
1 0 1  FOKMAT ( 3 0 H  **** bISA Z t H O  I N  MULCONS + * * * I  

C O M M O N / ~ / N E X T ~ ~ ~ ~ ~ ) / ~ / N ~ ~ ~ O U ~ / ~ / M ~ ~ ~ U U I  
COMMON/4/IEX(6500)/5/ITKIG~6500)/6/IKG(6500~ 
COMMON/7/LFACTL(30)rNUTIL(3O)$MSTART(125)tMAX(l25) 
C O H M O N / 8 / K F A C T ( l O ) t K M A X t M O R O E H t L O R O t T R t L Z E R O t I N D E X  
C O M M O N / 9 / N O F A C T ~ N U K O E R t N O S I M P t N P K I N T g L P H I N T  
COMMON/12~LPMAX/13/LPHIl~E~2O)/14/EPSILON/15/NOFIX 
T Y P t  L O G I C A L  I ~ O F C \ C T ~ N O H O ~ H ~ I \ ~ O > I I ~ I P ~ I ' ~ P K I N I  ~ L P K I N I  tNOF IA 
ICONS=ICONST 3~ JCONSsJCONST 
C A L L  F A C T O K I I C U N S t J C O N S )  
I F  ( N P K I N T )  GO TO 10 
P R I N T  1 0 0 r I S A ~ I C O N S r J C O N S  

10 CONT I N U E  
I F  (ICONSmEQmU) C A L L  Z t R O t I S A )  
K = M S A = M S T A R T ( I S A )  
I F  (MSA.GT.0) GO TO 5 0  
I F  ( N P K I N T )  RETURN 
P R I N T  1 0 1  
RETURN 

50 CONTINUE 
C A L L  R F A C T O R ( N ( K ) ~ M ( K ) ~ ~ ~ ~ * I C O I \ ~ S ~ J C O N S ~ N ( K ) ~ M ~ K ) ~ ~ )  
NK=NEXT ( K )  
I F  (NK.EO.0) GO TO 6 0  
K=NK 
GO TO 50 

6 0  C O N T I N U t  
RETURN 
END 
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SUeROUTINE ADU( ISA, ISB, ISC)  
1 0 0  FORMAT ( 4 H  AOU, I3 r3 t i  T O # I 3 # 1 3 H  AND STORE I N t I 3 )  
1 0 1  FORMAT ( 3 4 H  **** STORAGE OVLKFLDW I N  ADO ****I 
1 0 2  FORMAT ( 3 7 H  **** MSA AND/OR MSa ZERO I N  ADD ****I 
1 0 3  FORMAT ( l 2 H  T IME TO A D D p I 4 v 3 H  I O t I 4 t 2 H  = t I 4 v 4 H  b E C )  

C O M M O N / ~ / N E X T ( ~ ~ O O ) / ~ / N ( ~ ~ O O ) / ~ / M ( ~ ~ ~ ~ )  
C O M M O N / ~ / I E X ( ~ ~ ~ ~ ) / ~ / I T H I ~ ( ~ ~ ~ ~ ) / ~ / I R G ( ~ ~ O O ~  
C O M M O N / ~ / L F A C T L ( ~ ~ ) ~ N U T I L ( ~ ~ ) ~ M S T A R T ( ~ ~ ~ I ~ M A X ( ~ ~ ~ )  
COMMON/8/KFACT(lO) ~ K M A X ~ M O R U k K t L O R U E H ~ L L t R O ~ I N ~ E X  
COMMON/9/NOFACT ,NOKDtR tk0SIP;P tI\1PRI NT O R I N T  
TYPE LOGICAL hOFACTvNOKDER~NObIr4PtNPHINl  t L P R I N l t P N P R I N 1  
PNPH INT=NPK I N T  
CALL  TIME(MH,MMtMSI 
Nk=3600*MH+60*MM+MS 
I F  ( N P H I N T )  GO TO 2  
P R I N T  1 0 0 t I S A v I S B t I S C  

2  CONTINUE 
CALL  THANSF ( I S A  t ISC  1 
MSB=MSTART( ISB)  
MSC=MSTARTIISC) 
I F  (MSBaGT.O.AND.MSCaGTa0) GO TO 5 
I F  ( N P K I N T I  GO TO 4  
P R I N T  1 0 2  

4  CONTINUE 
I F  IMS5.EQ.O) RETURN 
CALL  T H A N S F ( I S B 9 I S C )  
RETURN 

5 I F  ( L P H I N T )  NPRINT=aTRUEe 
K=MSC 

1 0  KN'NEXT ( K  
I F  (KN.tQ.0) GO TO 2 0  
K=KN 
GO TO 1 0  

2 0  NEXT(K )=LZERO 
L=MSB 
K tLZEHO 

2 5  N ( K I = N ( L )  
M ( K I = M ( L )  
I E X ( K I = I E X ( L )  
I T R I G ( K ) = I T R I G ( L )  
I R G ( K ) = I R G ( L )  
N U T I L ( 6 ) = N u T I L ( 6 ) + 1  
LN=NEXT ( L  I 
I F  (LNaEQ.0) GO TO 3 0  
L = L N  
KN=NEXT(K)  
I F  (KNaGT.0) GO TO 27  
P R I N T  1 0 1  
CALL  Q U I T  
STOP 

2 7  KSKN 
GO TO 2 5  

3 0  LZERO=NEXT(KI  
N E X T ( K ) = O  
CALL S I M P L I F Y ( 1 S C )  
I F  ( L P R I N T )  NPRINT=PNPRINT 
I F  ( N P R I N T )  RETURN 
CALL  T  IME(  MHcMI*I,MS) 
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NB=3600*MH+60*MM+MS 
NT=NB-NA 
P R I N T  1 0 3 r l S A 1 1 S U v N T  
RETURN 
END 

SUBROUTINE S U B ( I S A t I S U t I S C 1  
1 0 0  FORMAT ( 9 H  S U ~ T H A C T I I ~ ~ ~ H  FKOEVlrI3*13H AND 5 I O H k  I N 9 1 3 1  
1 0 1  FORMAT (3411 *a**  STORAGt OVtHFLOW I N  5Ub * * * + I  
1 0 2  FORMAT ( 3 7 H  **** MSA AND/OR M5B LEU0  I N  5 l J B  + + * * I  

C O M M O N / ~ / L F A C T L ( ~ ~ ~ ~ N U T ~ L I ~ O ~ ~ M S T A R T ( ~ ~ ~ I ~ M A X ~ ~ ~ ~ I  
COMMON/9/NOFACT vNOKbER vNOS1MP 9NPHf NT tLPH1 NT 
TYPE LUGICAL N O F A C T ~ N O H D E K ~ k O S I M P v r \ : P R I N T v L P H 1 N T v P N P H I N T  
I F  I N P R I N T )  GO TO 2 
P R I N T  1 0 0 v I S B ~ I S A v I S C  

2 CONTINUt  
PNPRINT=NPHINT 
NPRINT=.TRUE. 
N6=NUT I L  ( 6  ) 
CALL MULCONSI lS i3v -1 , l )  
CALL  A D O l I S A v I S 8 v I S C )  
CALL  M U L C O N S ( I S B I - ~ , ~ )  
I D 6 = N U T I L ( 6 ) - N 6  
N U T I L ( 7 I = N u T I L ( 7 ) + 1 0 6  
N U T I L ( 6 ) = N 6  
NPKINT=PNPRIiqT 
RETURN 
E NO 
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SUBROUTINE M U L T I P L Y ( I S A t I S U t 1 S C )  
l O U 2  FORMAT ( 9 H  M U L T I P L Y t 3 1 4 m l l H  FROM O I i D t R v I 3 t Y H  I U  O H D E H t I 3 )  
1 0 0 3  FOKMAT ( 3 9 H  **+* STOHAGt  tXCttUtU I N  M u L I I P L I  * * * * I  
1 0 0 4  FORMAT ( 2 7 H  NUMPARrKOUNT vANb N l O l  AL  = r 3 1 5 )  
1 0 0 5  FORMAT ( 3 0 H  P O I N T E R  N k G A T I V t  I N  M U L I I P L Y )  
1 0 0 6  FORMAT ( 2 7 H  T I M E  FOR M U L T I P L I C A I I O N  t r I 4 t 4 H  b k C )  

COMMON/l/NEXT(6500)/2/N(6500)/3/M(6500) 
COMMON/4/IEX(6500)/5/ITHIG~6500)/6/IKG(6500~ 
C O M M ~ N / ~ / L F A C T L ( ~ ~ ) ~ I ~ U T I L ( ~ U ) S I ~ ~ I A K I I ~ ~ ~ ) ~ M A A ~ ~ ~ ~ )  
COMMOti /8 /KFACT ( 10 PKMAA tMURUt l<  vLOliLikK v L L L K O -  IINDL,. 
C O M M O N / ~ / N O F A C T ~ N O I ~ U E K ~ N O S I N P ~ N P R I & T ~ L P H I N ~  
COMMON/lO/NTOTAL/ll/LMAP(256) 
C O M M O N / ~ ~ / ~ P M A X / ~ ~ / ~ P R I M E ~ ~ ~ ) / ~ ~ / ~ P S ~ L O N / ~ ~ / ~ ~ O F I X  
TYPE L O G I C A L  NOFACT rNOHOEHtNOSII ' .~P vhlPl3INT t L P H I N T  t N O F I X  
TYPE L O G I C A L  K S C A N t P N P H I N T  
D I M E N S I O N  I A ( 8 ) r I B ( 8 )  
C A L L  T I M E ( M H t M M r M S 1  
NA=3600*MH+60*biM+MS 
M S A = M S T A R T ( I S A )  
M S B = M S T A R T ( I S B )  
C A L L  Z E R O ( 1 S C )  
I F  (MSAeLE.OeOKeMS6eLE.O)  R t T U R N  
PNPR I N T = N P R I N T  
N P R I N T = o T R u E e  
KSCAN=*TRUEe 
C A L L  P A C K ( I S A 1  
C A L L  P A C K ( I S U 1  
M S A = M S T A R T ( I S A )  
MSB=MSTART( I S B )  
NUMPARZ2 
DO 4  J X = l t 2 5 6 t l  

4  L M A P ( J X ) = O  
K=MSA B J=MSB 

5  C A L L  I N D I C E S ( I L X ( K ) v I A )  
K H z  KFACT(l)*IA(l)+KFACT(2)*Ik(2) 
KH=KH+KFACT(3)*IA(3)+KFACT(4)*IA(4) 
KH=KH+KFACT(5)*IA(S)+KFACT(6)*IA(6) 
K H = K H + K F A C T ( ~ ) * I A ( ~ ) + K F A C T ( ~ ) * I A I ~ )  

6  I F  ( I T R I G ( K 1 )  1 0 r 3 0 r 3 0  
1 0  I F  ( I T K I G ( J ) )  4 0 t 5 0 v 5 0  
3 0  I F  ( I T A I G ( J I )  6 0 t 7 0 r 7 0  
4 0  C A L L  I N U I C E S ( I t X ( J ) v I B )  

IHmKH+KFACT(l)+IBIl)+KFACT(Z)*Iu(2) 
IH=IH+KFACT(3)*18(3)+KFC+CT(4)*1b(4) 
IH=IH+KFACT(S)*IB(S)+KFACT(6)*1B(6) 
I H = I h + K F A C T ( 7 ) * 1 8 ( 7 ) + K F A C T ( t ) ) * I L 3 ( 8 )  
I F  ( I H e G T e M O H D t K )  GO TO 3 0 0  
I F  ((IA(8)+18(8))eGTeKFkCT(lO)) GO TO 3 0 0  
I n L Z E R O  B I I Z N E X T  ( I ) 
I F  ( I I e b T . 0 )  GO TO 4 1  
P R I N T  1 0 0 3  li C A L L  Q U I T  B STOP 

4 1  L Z E R O = N E X T ( I I )  S N E X T ( I I ) = U  
I F  ( L Z E H O o G T e O )  GO TO 4 2  
P R I N T  1 0 0 3  B C A L L  W I T  % STOP 

4 2  C O N T I N U E  
C A L L  RFACTOR(N(J)rM(J)tN(K)tM(K)#-lr+ZvN(I)tM(I)tl) 
N ( I I ) = - N ( 1 )  
M ( I I ) = M ( I )  
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ITRIG(III=~TKIG(II=+~ 
IVA=IEX(Kl-INUEX 
IEX(II)=IEX(I)=IEX(J)+IVA 
IVB=IRG(K)-INDEX 
IRG(I)=IRG(J)+IVB 
IVC=IRG(K)-IRG( JJ 
IRG(II)=IVC+INDkX 
NuTIL(B)=NUTIL(B)+~ 
IF (IKG(IJ-INUEX) 43r44r44 

43 IRG(I)=IRG(I)-INDEX 
IRG(I)=INDEX-IRG(I) 

44 IF ( IRG( I I)-INDLX) 45rYOr90 
45 IKG( I 1  )=IRG(II 1-INDtX 

IRG(II)=INDEX-IKG(II) 
GO TO 90 

50 CALL INDICES( ItX(J) r IB) 
I H = K ~ + K F A C T ( ~ ) * I B ( ~ ) + K F A C T ( ~ ) * I ~ ) ( ~ )  
I H = I H + K F A C T ( ~ ) + I B ( ~ ) + K F A C T ( ~ ) * I B ( ~ )  
I H = I H + K F A C T ( ~ ) * I U ( ~ ) + K F A C T ( ~ ) * I U ( ~ )  
I H = I H + K F A C T ( ~ ) + I ~ ( ~ ) + K F A C T ( ~ ~ ) * I U ( ~ )  
IF ( IH~GT~MOHIJER) GO TO 300 
IF ((IA(8)+IB(8))aGTmKFACT(10)) GO 10 300 
IsLZERO S I I=NEXT( I)  
IF (1IaGTeO) GO TO 51 
PRINT 1003 B CALL QUIT 3 STOP 

51 LZERO=NEXT(II) 3 NEXT(lI)=O 
IF (LZEHO.GT.0) GO TO 52 
PRINT 1003 S CALL QUIT S STOP 

52 CONTINUE 
CALL R F A C T O R ( N ( J ) t M ( J l t N ( K ) t M ( K ) ~ + l ~ + 2 r N ( I ) ~ M ( l ) r l )  
N(II)=+N(I) 
M(II)=N(I) 
ITHIG(II)=ITRIG(I)~-1 
IVA=IEX(K)-INDEX 
I E X ( I I ) = I E X ( I ) = I E X ( J ) + I V A  
IVB=IRG(K)-INDkX 
IRG(I)=IRG(J)+IVB 
IVC=IRG(K)-IRG(J) 
IRG(II)=IVC+INDEX 
NUTIL(S)=NUTIL(9)+1 
IF (IRG(1)-INbtX) 53t54t55 

53 IRG(I)=IRG(I)-INDEX 
IRG(I)=INDEX-IRG(I) 
N(I)=-N(I1 S GO TO 55 

54 N(I)=O 
55 IF (IRG(I1)-INUEX) 56,57990 
56 IRG(II)=IRG(II)-INDEX 

IRG(II)=INDEX-IHG(I1) 
N(II)=-N(11) 
GO TO 90 

57 N(II)=O 
GO TO 90 

60 CALL INDICESlIEX(J)rIBJ 
IH=KH+KFACT(l)*IB(l)+KFACTI2)*IB(2) 
IH=IH+KFACT(3)*IB(3)+KFACT(4)*Itl(4) 
IH=IH+KFACT(5)*18(5J+KFACT(b)*16~6) 
IH=lH+KFACT(7)*IB(7)+KFACT(S)*lti(8) 
IF (IHaGTeMOHULH) GO TO 300 
IF ((IA(8)+1B(B))eGTaKFACT(lOI) GO TO 300 
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I=LZERO 9. II=NtXT(Il 
IF (IIeGT.01 GO TO 61 
PRINT 1003 8 CALL QUIT B STOP 

61 LZERO=NtXT(IIl B NtXT(IIl=O 
IF (LLtKO.GT.Ol GO TO 6 2  
PRINT 1003 S CALL QUIT 3 STOP 

6 2  CONTINUE 
CALL R F A C T O R ( ~ ~ J ) ~ M ~ J ) ~ N ( K I ~ M ( K I ~ + ~ ~ + ~ ~ N I I ~ ~ M I I ) ~ ~ ~  
N(IIl=-N(1) 
M(II)=M(II 
ITRIG(III=ITRIG(II=-1 
IVA=IEX(K)-INbtX 
I E X ( I I l = I E X ~ I l = I t X ~ J l + I V A  
IVB=IRG(Kl-INDtX 
IRG(I)=IRG(JI+IVB 
IVC=IRG(Kl-IRG(J) 
IRG(II)=IVC+INDEX 
NUTIL(~O)=NUTIL(~O)+~ 
IF ( IRG( I )-INDEX) 63r64,65 

6 3  IRGIIl=IRG(I)-INDtX 
IRG( I )=INDEX-IRG( I I 
N(I)=-N(I) 
GO TO 65 

64 N(I)=O 
6 5  IF(IRG(II1-INUEXI 66r67r90 
66 IRG(IIl=IRG(~Il-INDkX 

IRG(II)=INDEX-IRG(II1 
N(II)=-NIII) 
GO TO 90 

6 7  N (  II)=O 
GO TO 90 

70 CALL INDICES(IEX(J)rltil 
IH=KH+KFACT~1l*IU(11+KFkCT~2l*IU~Zl 
IH=IH+KFkCT(3l*IB(3l+KFACT(4l*II~(4) 
I H = I H + K F A C T ~ ~ ) * I U ~ ~ I + K F A C T ~ ~ I * I U ~ ~ I  
I H = I H + K ~ A C T ( 7 1 * I ~ ( 7 ) + K F A C T ~ b l * I U ~ B l  
IF (IH*GT.MOHOtH) GO TO 300 
IF ((IA(8I+Ib(8)).GT*KFACT(lb)) GO TO 300 
InLZERO s II=NEXT(II 
IF (II*GT.Ol GO TO 71 
PRINT 1003 S CALL QUIT S STOP 

71 LZERO=NEXT(III S NEXT(III=O 
IF (LZERO.GT.01 GO TO 72 
PRINT 1003 S CALL QUIT S STOP 

72 CONTINUE 
CALL R F A C T O R ~ N ~ J l ~ M ~ J l ~ N ~ K l ~ C 1 ~ K l ~ + l , + 2 r N ( I l t M ~ I ) ~ l ]  
N(IIl=+N(I) 
M(II)=M111 
ITRIG(IIInITRIG(II=+l 
IVA=IEX(K)-INDEX 
I E X ( I I I = I E X ~ I I = I E X ( J I + I V A  
IV6=IRG(Kl-INUtX 
IRG( II=iRG(Jl+IVB 
IVC=IRG(Kl-IRG(J1 
IRG(II)=IVC+INDEX 
NUTIL~llI~NUTIL~111+1 
IF (IRG(I1-INUEXI 73974974 

73 IRG(I)=IRG(Il-INDEX 
IRG(Il=INDEX-IHG(I1 
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74 IF I IKGI I I )-INDEX) 75rYOtYO 
7 5  IHGI I 1  )=IRG( I 1  )-INDEX 

IRG( I 1  )=INDEX-IHb( 1 1 )  
GO TO YO 

70 CONTINUE 
L=MSC=MSTART(ISCI 
IF (MSC.NtaO) GO TO 94 
IF ( Illb(I )-IIibI I I I )  YltYZt53 

9 1  NtXT( I 1  )=I 
NEXT ( I =O 
MSTARTIISC)=II 
MAX(ISC)=I 
KOUN T=2 
GO TO 300 

9 2  CALL R F A C T O R I h ( I ) t M ~ l ) t N ( I I l t M ~ I I ) * l ~ l ~ N ( I ) t M ~ I ) t O ~  
M(II)=ITKIGtII)=l 
IEX(II)=IRG(IIl=INDtX 
NEXT(II)=LZEKO 
N(II)=NEXT(I)=O 
LZERO=I I 
MSTART(ISC)=MAXIISC)=I 
KOUNT=l 
NUTILIS)=NUTILI~)+~ 
GO TO 300 

9 3  MSTART(ISC)=I 
MAXI ISC)=II 
KOUNTZ2 
GO TO 300 

94 CONTINUE 
IF (NUMPAR.GE.256) GO TO 100 
IPAR=16*NUr.:PkK 
IF (KOUNTaLEoIPAk) bO TO 100 
KSCANZeFALSE 
NUMPAR=~*NUF~IPAII 
KS=MSTARTIISC) 
DO 98 MX=l rNUMPARt1 
LMAP IMX =KS 
DO 98 MY=lt8tl 
KS=NEXTIKS) 
IF IK5.LEaO) GO TO 450 

98  CONTINUt 
100 L=MSC=MSTART(ISC) J LAST=O 

IF (KSCAN) G O  TO 125 
MX=NUMPAR/ 2 5 LXZLMAP ( b':X 
MDX=NUMPAR/4 

102 IF IIRG(LX)-IHG(1)) 105t103t107 
103 IF IITKIG(LXI-ITRIGII)) 105t104t107 
104 IF IltX(LX)-ItX(1)) 105t106t107 
105 IF IMDX-EQaO) MDX=l 

MX=MX-MUX B MDX=MDX/Z 
IF. (MX.LE.0) GO TO 118 
LX=LMAP(MX) B GO TO 102 

106 L=LX B GO TO 160 
107 IF (MDXeEQ.01 GO TO 120 

MX=MX+MDX S LX=LMAP(MX) 
MDX=MUX/2 S GO TO 102 

118 LX=MSC 
120 LSLX 
125 IF (IRGILI-It?GII)I 130t140r170 
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1 4 0  I F  ( I T H I G ( L ) - I T H I b ( 1 ) )  1 3 0 r 1 5 0 r 1 7 0  
1 5 0  I F  ( I E X ( L 1 - I k X ( 1 ) )  1 3 0 t 1 6 0 r 1 7 0  
1 3 0  I F  (LAST.NE.0)  GO TO 1 3 1  

M S T A R T ( I S C ) = l  
N E X T (  I ) = L  
K O U N T = K O U N T + l  
GO TO 2 0 0  

1 3 1  N E X T ( L A S T ) = I  
N E X T  ( I )  = L  
K O U N T = K O U N T + l  
GO T O  2 0 0  

1 6 0  C A L L  H F A C T O H ( i ' L ( 1 )  r M (  I ) r N ( L ) r l b i ( L ) r l ( l r N ( L )  t M ( L ) r O )  
N ( I ) = O  
M ( I ) = I T H I G ( I ) = l  
I E X ( I ) = I R G ( I ) = I N D E X  
N E X T ( I ) = L Z E R O  
L Z E R O =  I 
N U T I L ( ~ ) = N U T I L ( ~ ) + ~  
GO T O  2 0 0  

1 7 0  L N = N E X T ( L )  
I F  ( L N )  4 5 0 r 1 7 1 t 1 7 2  

1 7 1  N E X T ( L ) = M A X ( I S C ) = I  
N E X T ( I ) = O  3 K O U N T = K O U N T + l  
GO T O  2 0 0  

1 7 2  L A S T = L  
L = L N  
N U T I L ( 1 5 ) = N U T I L ( 1 5 ) + 1  
GO TO 1 2 5  

2 0 0  L = M S C = M S T A R T ( I S C )  B L A S T = O  
I F  ( K S C A N )  GO TO 2 2 5  
MX=NUMPAR/2  8 L X = L M A P ( M X I  
MDX=NUMPAR/4  

2 0 2  I F  ( I R G ( L X 1 - I R G ( I 1 ) )  2 0 5 t 2 0 3 r 2 0 7  
2 0 3  I F  ( I T R I G ( L X 1 - I T R I G ( I 1 ) )  2 0 5 ~ 2 0 4 r 2 0 7  
2 0 4  I F  ( I E X ( L X ) - I E X 1 I I ) )  2 0 5 r 2 0 6 r 2 0 7  
2 0 5  I F  (MDXmEQ.0) M U X n l  

MX=MX-MDX 3 MDX=MDX/2  
I F  (MXmLE.0) GO TO 2 1 8  
L X = L M A P ( M X  1 3 GO TO 2 0 2  

2 0 6  L m L X  3 GO T O  2 6 0  
2 0 7  I F  (MDXmEQ.0) GO TO 2 2 0  

MX=MX+MDX S L X = L M A P ( M X )  
MDX=MDX/2  S GO T O  2 0 2  

2 1 8  L X = M S C  
2 2 0  L = L X  
2 2 5  I F  ( I R G ( L ) - I R G ( I 1 ) )  2 3 0 t 2 4 0 t 2 7 0  
2 4 0  I F  ( I T R I G t L l - I T R I G ( I I l l  2 3 0 t 2 5 0 t 2 7 0  
2 5 0  I F  ( I E X ( L ) - I E X ( I 1 ) )  2 3 0 t 2 6 0 t 2 7 0  
2 3 0  I F  (LAST.NE.0) GO T O  2 3 1  

M S T A R T ( I S C ) = I I  
N E X T (  I I ) = L  
K O U N T = K O U N T + l  
GO TO 3 0 0  

2 3 1  N E X T ( L A S T ) = I I  
N E X T ( l l ) = L  
K O U N T = K O U N T + l  
GO T O  3 0 0  

2 6 0  C A L L  R F A C T O R ( N ( I l ) t M ( l l ) r N ( L ) r M ( L ) ~ M ~ L ~ v O ~  
N ( I I ) = O  
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M ( I I ) = I T R I G ( I I ) = l  
I E X (  I 1  ) = I R G (  I 1  ) = I N D E X  
N E X T ( I I ) = L Z E H O  
LLERO=I I 
N U T I L ( 5 ) = N U T I L ( 5 ) + 1  
GO TO 3 0 0  

2 7 0  L N = N t X T ( L  
I F  ( L N )  4 5 0 1 2 7 1 , 2 7 2  

2 7 1  N E X T ( L ) = M A X ( I S C ) = I I  
N E X T ( I I ) = O  B KOUNT=KOUNT+ l  
GO TO 300 

2 7 2  L A S T = L  B L - L N  
N U T I L l 1 5 1 = N U T I L ~ 1 5 ) + 1  
GO TO 2 2 5  

3 0 0  C O N T I N U E  
N J = N E X T ( J )  
N U T I L ( 1 6 l = N U T I L ( 1 6 ) + 1  
I F  (NJ.EO.0) GO TO 4 0 0  
J = N  J 
GO TO 6 

4 0 0  NKZNEXT ( K  
I F  ( N K * t Q e O )  GO TO 5 0 0  
K'NK 
J = M S B  
GO TO 5  

4 5 0  P R I N T  1 0 0 5  B C A L L  Q U I T  5 STOP 
5 0 0  C A L L  PACK(  I S C )  

N P R I N T = P N P R I N T  
I F  I N P R I N T )  l < t T U H N  
C A L L  T I M E ( M l i r M M 1 M S )  
NB=3600*MH+60+1klM+MS 
NT=NB-NA 
P R I N T  ~ O O ~ ~ I S A ~ I S B P I S C I L O H U ~ H ~ M O R V ~ H  
P R I N T  1004rNUMPAR1KOUNT t N T O T A L  
P R I N T  1 0 0 6 t N T  
RETURN 
END 
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SUUROUTINE P O W E R ( I S A t 1 J K L t I S B I  
100 FORMAT ( I 2 t l b H  R A I S L D  TO P O v ~ ' t R t I 3 t 1 7 H  RESULT STORED I N 9 1 3 1  
1 0 1  FORMAT ( 4 4 H  ***% S E R I E S  H A I S t D  TO A  N E G A T I V E  POWER ****) 
1 0 2  FORMAT ( 1 4 H  TOTAL T I M E  = t I 4 t 4 H  S E C )  

C O M M O N / 1 / N E X T ! 6 5 0 0 ) / 2 / N ( 6 5 O O ~ / 3 / C 1 ~ 6 5 O O )  
C O M M O N / 4 / I E X ~ 6 5 0 0 ) / 5 / I T K I G ~ 6 5 0 0 ~ / 6 / I R G ( 6 5 0 0 ~  
C O M M O N / 7 / L F A C T L ( 3 0 ) r N U T I L ( 3 U ) t M S T A H T ( 1 2 5 ) t M A X ( l 2 5 )  
C O M M O N / 8 / K F A C T ( 1 0 ) t K i ~ 1 A X ~ b i O H U t K ~ L U H U E R ~ L Z C R C ~ I N D E X  
C O M M O N / ~ / ~ O F A C T I ~ ~ O I < D E K ~ I ' ~ O S I ~ ~ ~ P  t N P k  IP4T 9LPK I N T  
TYPE L O G I C A L  NOFACT rNOl iCEKt i ;USI l j lP  t t ! P K I N T  ( L P t i I N T  ,PNPH I N T  
C A L L  T I M E ( M H t M M 9 M S )  
NA=3600*MH+60+MM+MS 
PNPR I N T = N P R I N T  
I F  ( L P K I N T )  NPKINT=.TRUt .  
P R I N T  1 0 0 1  I S A , I J K L * I S b  
I F  ( IJKL.GE.0)  GO TO 5 
P R I N T  101 B C A L L  U U I T  B STOP 

5 CONTINUE 
I S C = 1 0 7  B C A L L  Z E K O ( I S C )  
I J =  I J K L - 1  
I F  ( I J )  6 9 7 9 8  

6  C O N T I N U E  
C A L L  Z E K O ( I 5 B )  
M S T A R T ( I S B I = L Z E R O  
MSB=LZERO 
N ( M S B l = l  
L Z E R O = N E X T ( M S B )  
M A X ( I S B ) = M S B  
N E X T ( M S b ) = O  
GO TO 1 2  

7  CONT I N U E  
C A L L  T H A N S F ( I 5 k r I S B )  
GO TO 1 2  

8 CONT I N U E  
C A L L  T H A N S F ( 1 S A s I S B )  
DO 1 0  K = l r 1 J 1 1  
C A L L  M U L T I P L Y ( I S A s I S E t I 5 C )  
C A L L  S W I T C H ( 1 S C s I S B )  

1 0  CONTINUE 
1 2  CONTINUE 

C A L L  Z E R O ( I S C )  
I F  ( L P K I N T )  N P H I N T = P N P R I N T  
C A L L  T I M E ( M H t M M 9 M S )  
NB=3600*MH+60*MM+MS 
NTzNB-NA 
P R I N T  l 0 2 1 N T  
RETURN 
END 
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SUBROUTINE EXPAND(ISA,IORDEK,IN~IM~ISBI 
1 0 0  FORMAT ( 1 2 ~  EXPAND ( 1  + , 1 3 r 4 t l ) * * ( , I 2 , l H / , I Z r l H ) )  
l O l  FORMAT ( l O H  TO ORDER,I3,3H I N 9 1 3 1  
1 0 2  FORMAT ( 1 8 H  RESULT STORED It49 1 3 )  
1 0 3  FORMAT ( 1 4 H  TOTAL T IME = r I 4 r 4 H  SEC) 

COMMON/l/NEXT(6500)/2/r4(65OO1/3/M(6500) 
COMMON/4/1EX(6500)/5/ITKIL(6500~/6/1RG~6500~ 
C O M M O N / 7 / L F A C T L ( 3 0 ) ~ N U T I L ~ 3 O ) ~ M b T A R T ( 1 2 5 ) ~ t 4 A X ~ l 2 5 )  
COMMON/B/KFACT(lO)~KMAX~MORDtRrLORDEIIrLZEKO~INDEX 
C O M M O N / ~ / N O F A C T I N O R D E R ~ N O S I I ~ ~ P ~ N P R I N T I L P R I N T  
TYPE LOGICAL N O F A C T ~ N O R D E R ~ N O S I ~ ~ P ~ N P I ~ I I ~ ~ T ~ L P I < I N T ~ P N P R I N T  
CALL TIME(MH9MMeMS) 
NA=3600*MH+60*MM+MS 
PNPRINT tNPRINT  
I F  ( L P R I N T )  NPRINT=.TRUE. 
P R I N T  1 0 0 1  I S A , I N s I M  
P R I N T  1 0 1 9  IORDERIISA 
P R I N T  1 0 2 9  I S 0  
CALL ZERO(1SB)  
I S C = 1 0 8  5 CALL ZEHO(1SC)  
I S D = 1 0 9  8 CALL ZERO(1SU)  
MSTART( ISB)=LZLHO 
MSB=LLtHO 
N ( M S B ) = l  
LZERO=NEXT IMSB 
MAX( ISB)=MSB 
NEXT(MSU)=O 
MSTART I I S C  =LZERO 
MSC=LZtRO 
N(MSC ) = 1  
LZERO=NEXT(MSC) 
MAX( ISC)=MSC 
NEXT(MSC)=O 
I F  ( INmEQeO)  GO TO 3 0  
I F  (IORDER*EQ.O) GO TO 30 
J N s I N  
JM= I M  
DO 2 0  K = l , l o R D t R ~ l  
J N = X N - ( K - l ) * I M  
JM=K+IM 
CALL  FACTOR(JN9JM)  
CALL M U L T I P L Y ~ I S A , I S C I I S D )  
CALL Z t R O ( 1 S C )  
CALL MULCONS(ISD,JNIJM) 
CALL ADU( ISB , ISD , ISB I  
CALL SWITCH( ISD , ISC)  

2 0  CONTINUE 
3 0  CONTINUE 

CALL ZERO(1SC)  
CALL ZERO( I SO) 
I F  ( L P R I N T )  NPHINT=PNPRINT 
CALL  TIME(MHIMM,MS) 
N8=3600*MH+6O+MM+MS 
NTeNB-NA 
P R I N T  103,NT 
RETURN 
END 
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SUEROUTINE SUBAU( I S A I  I S b , I V k , I V d r N U M )  
100 FORMAT ( 1 1 H  S U U S T I T U T E e 5 1 4 )  
101 FORMAT ( 3 6 H  **** S T O K A G t  OVLHFLOW I N  SUUAB * * * * I  
1 0 2  FORMAT ( 2 8 H  *+** M S b  Z t l i O  II\ SUUAU **-+*I 
1 0 3  FORMAT ( 1 4 H  TOTAL T I M L  = r I 4 r 4 H  S t C )  

C O M M O N / l / N E X T ( 6 5 0 0 ) / Z / N ( 6 5 0 0 )  
COMMON/4/1EX(6500)/5/ITRIG~6500)/6/IRG(6500) 
C O M M O N / ~ / L F A C T L ( ~ ~ ) ~ N U T I L ~ ~ ~ ) I M ~ T A I I T ( ~ Z ~ ) ~ M A X ( ~ Z ~ )  
C O M M O N / 8 / K F A C T ( 1 0 )  r K M A X r P ; O R b t R r L O R D t l i r L Z L R O r I N D E X  
COMMON/9/NOFACT,NOHDEH~NOSIPiP r I '4PKINT I L P K I N T  
TYPE L O G I C A L  IuUFACT ~ I ~ O K L ) E N ~ I Y O S I I \ ~ P ~ I ~ ~ P I < I P . ~ T ~ L P K I N T ~ P ~ ~ P ~ < I N T  
D I M E N S I O N  I A ( 8 )  
P N P R I N T = N P R I N T  
C A L L  T I M t ( M H e M M 9 M S )  
NA=36UO*MH+60*MM+MS 
I F  ( L P R I N T )  NPKINT=.THUEI  
P R I N T  1 0 0 t I S A r I S b r I V A t I V b r N U M  
C A L L  T K A N S F I I S A e I S U )  
C A L L  P A C K ( 1 S B )  
DO 5 0  J = l r N U M * l  
I S C = l l O  S C A L L  Z i H O ( I S C )  
K a M S B = M S T A R T ( I S b )  
L = M S C = M S T A R T ( I S C ) = L Z E H O  
I F  ( M S B o G T e O )  GO TO 10 
P R I N T  1 0 2  
I F  ( L P H I N T )  NPKINT=.FALSEe 
RETURN 

1 0  C O N T I N U E  
C A L L  l N D I C E S ( I i X ( K ) r I A )  
I F  ( I A ( I V A ) * L T * Z )  GO TO 3 0  
I A ( I V A ) = I A ( I V A ) - 2  
C A L L  I M P A C T ( I A , I t X ( K ) )  
N ( L ) = - N ( K )  
M ( L ) = + M ( K )  
I A ( I V t 4 ) = I A ( I V B ) + Z  
C A L L  I N P A C T ( I A , I t X ( L ) I  
I T R I G ( L ) = I T R I G ( K )  
I H G ( L ) = I R G ( K )  
L N = N E X T ( L )  
I F  (LNeGT.0)  GO TO 2 0  
P R I N T  191 
C A L L  Q U I T  
S  TOP 

2 0  C O N T I N U t  
L o L N  

3 0  C O N T I N U E  
K N = N t X T ( K )  
I F  ( K N e E Q e O )  GO TO 4 0  
K = K N  
GO TO 10 

40 C O N T I N U E  
MXC=MAX( I S C ) = L  
L Z E R O = N t X T ( M X C )  
N E X T ( M X C ) = O  
C A L L  ADD( I S B r I S C e I S B )  
C A L L  ZERO( I SC 

5 0  C O N T I N U k  
I F  ( L P H I N T )  N P H l N T = P N P H I N T  



' CALL TlMOtWHeMMeW) 
RD. s6oo-~MH+Ms 
N T ~ N 8 - U  
P R l N f  1OseNT 
RETURN 
em0 
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SUBROUTINE D E R I V ( I S A * I V , I S B )  
1 0 0  FORMAT(14H D I F F E R E N T I A T t r I 3 @ 1 6 H  WITH R t S P t C T  TO.13) 
1 0 1  FORMAT(18H RkSULT STORED I N 9 1 3 1  
1 0 2  FORMAT ( 2 8 H  **** MSB ZERO I N  OEKIV a * * * )  

c O M M O N / ~ / N E X T ~ ~ ~ ~ ~ ~ / ~ / I J ~ ~ ~ O O ) ~ ~ / M ~ ~ ~ O O ~  
C O M M O N / ~ / I E X ~ ~ ~ ~ ~ ) / ~ / I T H I G ~ ~ ~ O O ) / ~ / I R G ~ ~ ~ O O ~  
COMMON/7/LFACTL(30)tNUTIL(3~)*MSTAkT(l25)~MAX~l25) 
C O M M O N / ~ / K F A C T ( ~ O ) ~ K M A X ~ M O R U E R ~ L O R O E R ~ L Z ~ R O ~ I N D ~ X  
COMMON/9/NOFACT~NORDER~NOS1KP~NPHINT~LPRINT 
C O M M O N / ~ ~ / L P M A X / ~ ~ / L P R I M E ( ~ ~ ) / ~ ~ / E P S I L O N / ~ ~ / N O F ~ X  
TYPE LOGICAL &OFACT e[ \ ;Ul iUi iF(~r~OSIi4P ~ E u P ~ I I ~ T  ~ L P ~ I N T  ,NoF I X 
DIMENSION 1 ~ ( 8 ) , 1 1 ( 8 )  
I F  (NPRINT)  GO TO 2  
PRINT 1009 I S A *  I V  
PRINT 1 0 1  P I S B  

2  CONTINUE 
CALL THANSF(ISA,ISU) 
MSB=MSTAHT(ISB) 
I F  (MSb.GT.01 60 TO 1 0  
I F  (NPHINT)  RtTURN 
PRINT 1 0 2  
RETURN 

1 0  CONTINUE 
KSMSB 

2 0  CONTINUE 
N U T I L ( l Z ) = N U T I L ( 1 2 ) + 1  
I F  (IV.GE.9) GO TO 4 0  
IF ( I V o L E a 8 )  GO TO 3 0  

3 0  CONTINUE 
CALL I N D I C E S ( 1 E X I K ) r I A )  
K C O N = I A ( I V )  
I A ( I V ) = I A ( I V ) - 1  
CALL I M P A C T ( I A , I E X ( K ) )  
CALL R F A C T O R ( N ( K ) ~ M I K ) r l * l * K C O N ~ l * N ( K ) e M ~ K ) ~ l )  
GO TO 5 0  

4 0  CONTINUE 
JV= I V - 8  
CALL I N D I C E S ( I R G ( K ) e I I )  
K C O N = - I I ( J V ) * I T H I G ~ K 1  
1 T R I G I K ) = - I T R I G ( K )  
CALL R F A C T O R ( N ( K ) ~ M ( K ) ~ ~ ~ I ~ K C O N ~ ~ B N ( K ) ~ M ( K ) ~ ~ )  
GO TO 5 0  

5 0  CONTINUE 
KNtNEXT(K1 
I F  (KN.EQ.0) GO TO 6 0  
K'KN 
GO TO 2 0  

6 0  CONTINUE 
CALL PACK I I SB 1 
RETURN 
END 



r n m n n n n n n n n n n - W - V O I ~ T T ~  
Z ~ D D D D P D D D D D ~ ~ ~ ~ ~ W A ~ O C O C  
o + r r r r r r r r r r n m o - - Q S W ~ G  

c r r r r r r r r r r  11 11 I I Z Z I T X Z X X  
X - I - r -14  G D D O  
Z h N N m Z O O X U C r r r  r Z - i - 4 C  

~ r r n c c r n r n c m r w ~ r r r c ~  -I 
x x m m r m ; o r w z  O O C G - - -  
o o ~ - - ~ - - ~ - - t e w t e r o - \ r ~ Z  -I--H(<-<( r r AZCOrDV 
- - - m w - - v - - n n n - - . > G x x  
m m c n r n r - - r - - ~ ~ ~ ~ , m r ~  a 
T m Q r  < V , m < m w r r r n D  b V A  
- - - - - c s - u r r r  - Z A X C D  

m - 0  r - 9  r - c - c r - n  
n m - - w - - N N N  m  TO m m p  - n ~ ~ n c ~ r n ~ r n  a ~ z c w r n  
- r  r r r r r W X X  r n C r 0 - J  
m - - - - - - - O C O  - 4 Z l Z  
n m m w u m u - - -  v -  G - 
- w u n u c n - - -  9 z r r , c r r r u  

r - - r  - - W f n W  d C X - l W D  - - n n c  E X - G D -  
VI V, - - -  c i l x n -  
n rn - Trcrn7Tm - X C n C F U  

r - 1- 
3 7 -  - 
c - C Z C D  
V r  r T -  
- 7  - 0  k 



SUbI?OlJTlNt lNTtG( 1SAt IVt 1Sb) 
100 FORMAT (10H lNTtGKATttl3tl6ti WlTIl KiSPtCT TOt131 
101 FORMAT (1BH KLSULT S T O K t O  1Kt131 
102 FORMAT (ZBti *"* MSB Ltl<O I [ u  INTLG **a*) 

C014~0N/l/NEXT(6500) /Z/lJ( 6500) /3/P4( 6500) 
C O M M O N / 4 / l E X ~ 6 5 0 0 ) / 5 / I T l i 1 b ~ t ~ 5 O 0 ) / 6 ~ I K G ( 6 5 0 9 ~  
C O M M O N / 7 / L F A C T L ( 3 O ) r N U T I L ( 3 0 ) r b 1 S T A F ; T 1 1 2 5 ) r ~ 4 A X ( 1 2 5 )  
COKMON/B/KFACT (10) ~ K P . I A X ~ ~ ~ O H L ~ ~ R ~ L C ~ K ~ ~ ~ ~ L Z E I < O ~  1IJDEX 
COMMON/Y / I \ IOFACTtNOKI , tH t~<O51 I~1P t I%PKINT  tLPR1NT 
COMMON/12/~PMAX/13/LPRIP1E~2Ul/14/tPSILON/l5/NOFIX 
TYPE LOGICAL ilOFACT rNOliDtti rI<9JI:~iPrI.;PI<I~dT tLPli 1IGT tNOF IX 
DIMENSION IA(8)tII(8) 
IF (NPKINT) GO TO 2 
PRINT 1OOtISAtlV 
PRINT 101 t ISH 

2 CONTINUt 
CALL TKANSF(1SAtISB) 
MSB=MSTART(ISB) 
IF (M5b.GTmOI GO TO 10 
IF (NPIIINTI KtTUKN 
PRINT 102 
RETURN 

10 CONTINUE 
K=MSB 

2 0  CONTINUt 
NUTlL(131=NUTIL(131+1 
IF (IV.GE.9) G O  TO 40 
IF (1V*LE.8) G O  TO 30 

3 0  CONTlNUt 
CALL lNDICES(IEX(K)~lAI 
IA(IV)=IA(IVI+l 
KCON=lA(IV) 
CALL IMPACT(IAtItX(K)I 
CALL H F A C T O R ( N ( K ) t M ~ K l r l ~ 1 t l r K C U r 4 t N ( K ) ~ I . 1 ~ K I ~ l )  
GO TO 50 

40 CONTINUE 
JV= I V-8 
CALL lNDICES(IRG(K)rII) 
KCON=II(JVI+ITRIG(KI 
ITRIG(K)=-ITRIG(K) 
CALL R ~ A C T O R ( N ( K l t M ( K ) t l t 1 t 1 t K C O N t N ~ K ) r M ( K ) r l )  
GO TO 50 

50 CONTINUE 
KN=NEXT(K) 
IF (KN.EQ.01 GO TO 60 
KZKN 
GO TO 20 

60 CONTINUE 
CALL PACK( ISUI 
RETURN 
END 
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SUBROUTINE E H A S E I I S A t I V )  
1 0 0  FORMAT ( 6H  E H A S E t I 3 r 4 H  WRTs I3 )  

C O M M O N / l / N E X T ( 6 5 0 0 ) / 2 / N ~ 6 5 O O ~ / 3 / M ( 6 5 0 0 )  
COMMON/4/IEX(6500)/5/ITKIG(6500)/6/IRG(6500) 
C O M M O N / ~ / L F A C T L ( ~ ~ ) * ~ N U T I L ( ~ O ) ~ M S T A K T ( ~ ~ ~ ) ~ M A X ( ~ ~ ~ )  
C O M M O N / 8 / K F A C T ( 1 O ) t K I 4 A X t M ~ R L , E R t L O l i D t R t L Z ~ R O ~ I N D E X  
C O M M O N / ~ / N O F A C T ~ N O H L , E H ~ ~ ~ O S I I ~ I P ~ ~ ~ P H I ~ ~ T  t LPHINT 
TYPE LOGICAL & O F A C T ~ I . ~ O H U E ~ ~ ~ O L I I ; I P  rhPHI luT r L P g  I N T  
DIMENSION I A A ( 8 )  
I F  (NPRINT)  GO TO 5 
PRINT l O O t I S A * l V  

5 CONTINUE 
K=MSA=MSTART(ISA) 
I F  (MSAmEQ.0) RETURN 

1 0  CONTINUE 
CALL I N D I C E S ( I E X ( K ) r I A A )  
I A A (  I V ) = O  
CALL I M P A C f ( I A A t I E X ( K ) )  
KIQ'NEXT ( K )  
I F  (KNmEQ.0) GO TO 2 0  
K f  KN 
GO TO 1 0  

2 0 CONT INUE 
RETURN 
END 

SUBROUTINE MULVAK(1SAt IV tNuM)  
1 0 0  FORMAT (9H M U L T I P L Y I I ~ ~ ~ ~ H  bY V A R I b L E t I 3 r 9 H  TO P O W E R t l 3 )  

C O N # O N / 1 / N E X T ( 6 5 0 0 ) / 2 / N ( 6 5 0 O ~ / 3 / M ~ 6 5 0 0 )  
CW#ON/4/IEX(6500)/5/ITI<IG(65OO)/b/IHG(6500) 
C O M M O N / 7 / L F A C T L ( 3 0 ) ~ N U T I L ( 3 O ~ ~ F l S T A H T ( 1 2 5 ~ ~ M A X ~ l 2 5 ~  
COMMON/8/KFACT(lO)tKMAXtMORVtH*LOKDE~tLZERO~INDEX 
COMMON/9/NOFACT *NOKDERtNOSIi~lP * tJPHINT,LPRINT 
TYPE LOGICAL N O F A C T , N O R D E R I N O S I ~ ~ P * N P K I N T I L P R I N T  
DIMENSION I A A ( 8 )  
I F  (NPRINT)  GO TO 5 
PRINT ~OOI ISA I IV~NUM 

5 CONTINUE 
KsMSAtMSTART(1SAI 
I F  (MSAmEQ.0) RtTUHN 

1 0  CONTINUE 
CALL I N D I C E S ( I t X ( K ) r I A A )  
I A A (  I V ) = I A A (  IV)+NUM 
CALL I M P A C T ( I A A t I E X ( K ) )  
KN=NEXT(K) 
I F  (KNmEO.0) GO TO 2 0  
KSKN 
GO TO 1 0  

20  CONTINUE 
RETURN 
END 
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S U B R O U T I N E  ORDER( I S A )  
1 0 0  FORMAT 1 2 8 H  ++*+ OVERFLOW I f J  ORDER * + * * I  
1 0 1  FORMAT ( 1 4 H  T I M t  TO O R D E R t I 4 t 2 H  = t I 4 )  

C O M M O N / l / N E X T ( 6 5 0 0 ) / 2 / I . ( ( 6 5 0 ~ )  
COMMON/4/1EX~6500)/5/ITHIG~65OO)/6/IRG(6500) 
C O M M O N / 7 / L F A C T L ( 3 0 ) ~ N U T I L ( 3 O ) ~ M S T A R T ~ 1 2 5 ) ~ M A X ( l 2 5 )  
C O M M O N / 8 / K F A C T ~ l O ) r K I 4 A X ~ E 1 O R L , E K ~ L O R O t R ~ L Z E R O ~ I N D E X  
C O M M O N / ~ / N O F A C T I N O H D E R ~ N O S I I - I P ~ N P ~ I N T ~ L P H I N T  
T Y P E  L O G I C A L  NOFACT 9NOHDER9hOSI I4P (NPRI I '4T c t P R  I N T  
I F  ( N O H U E R )  R t T U R N  
C A L L  T I ~ ~ ~ ( M H I M M ~ M S )  
NA=3600*MH+60+MM+MS 
I S B = 1 0 1  3 C A L L  Z E R O ( I S b )  
M X = M S A = M S T A R T ( I S A )  
I F  ( M S A * E Q * O )  RETURN 
K S N E X T  (MX 
I F  ( K * k Q * O )  R t T U R N  
L B = M S B = M S T A R T (  I S B ) = L Z E R O  
L Z E R O = N E X T ( M S B )  3 N E X T ( M S B ) = O  
I F  ( L Z t R O e G T * b )  GO TO 3  3 P H I N T  1 0 6  
C A L L  Q U I T  3 STOP 

3  L A S T K = M X  B LASTMX=O 
5 I F  ( I E X ( M X 1 - I E X ( K )  7 9 8 9 1 0  
8  I F  ( I H G ( M X ) - I R G ( K ) )  7 , 9 9 1 0  
9 I F  ( I T R I G ( M X 1 - I T R I G ( K 1 )  7 t 1 0 t 1 0  
7  MX=K 3 L A S T M X X L A S T K  

10 K N = N E X T ( K )  
I F  (KN-EQ.0 )  GO TO 2 0  
L A S T K = K  B K = K N  
GO TO 5 

2 0  I F  ( M X * E Q * M S A )  GO TO 2 2  
N E X T ( L A S T M X ) = N E X T ( M X )  
GO TO 2 4  

2 2  N M S A = N E X T I M S A )  
I F  ( N M S A * E Q * O )  GO T O  2 6  
MSA'NMSA 

2 4  N E X T I L I j ) = M X  
N E X T ( M X ) = O  
L B s M X  
LASTMX=O 
MX-MSA 
N K = N E X T ( M X )  
I F  (NKoEQ.0)  GO TO 2 6  
L A S T K Z M X  
K=NK 
GO TO 5 

2 6  N E X T ( L B ) = M s A  
N E X T ( M S A ) = O  
C A L L  S W I T C H ( 1 S A t I S b )  
M S T A R T ( I S B ) = M A X ( I S B ) = O  
C A L L  P A C K (  I S A )  
I F  ( N P R I N T )  RETURN 
C A L L  T I M E ( M H 9 M M t M S )  
NB=3600+Mh+60*MM+MS 
NTzNB-NA 
P R I N T  1 O l t I S A t N T  
RETURN 
E N D  



KN-k€xT(K)  
I F  (KNeEOeOI GO TO 70 
K-KN S cio TO 10 

7 0  PRINT 101 
RE TURN 
END 
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SUBROUTINE O U T A A ( I S A ~ I V A B ~ V I )  
1 0 0  FORMAT ( 6 H  W H I T E r I 3 )  
101 FORMAT ( / / / I  
1 0 2  F O R M A T ( I 3 5 )  
1 0 3  FORMAT ( 1 H  ) 
1 0 4  FORMAT ( 2 1 H  **** F I L E  t M P T Y  * * * * I  
1 4 2  FORMAT ( 1 3 5 r 4 t i * E * * r I 2 r 5 H * S I I 4 (  r I 2 9 2 H M )  ) 
1 4 3  FORMAT ( 1 3 5 r 4 H * t * * v I 2 1  
1 4 4  FORMAT I 1 3 5  r 4 t i * t * *  r I 2  ~ 5 t i * c O S (  B I 2  r 2 H M )  
1 5 2  FORMAT (F35e8r4H*E**tI215kiffSIN( r 1 2 9 2 t i M )  
1 5 3  FORMAT ( F 3 5 0 8 r 4 H * E * * r I 2 )  
1 5 4  FORMAT ( F 3 5 0 I ) r 4 H * E * * r  I 2 r 5 t t * C O 5 (  9 1 2  v2HM) 

C O M M O N / l / N E X T ( 6 5 0 0 ) / 2 / N ( 6 5 0 ~ )  
C O M M O N / ~ / I E X ( ~ ~ ~ ~ ) / ~ / I T H I G ~ ~ ~ U O ) / ~ / I H G ( ~ ~ O O ~  
C O ~ ~ M ~ ~ / ~ / L F A C T L ( ~ ~ ) ~ N U T I L I ~ U ) ~ M S T A K T ( ~ ~ ~ ) ~ M A X ( ~ ~ ~ )  
COMMON/8/KFACT ( 10 ~ K ~ : , A X ~ M O R ~ L R ~ L O K L L R  r L Z t H O r  II\(DEX 
COMMON/Y/N0FACT ~ N O K D ~ ~ K ~ N O S I ' . ~ P  rNPKIF4T r L P R I N T  
TYPE L O G I C A L  NOFACT ~NOKDERIP~USIMP rE4PHII4T r L P r i I N T  
D I M E N S I O N  I A ( a ) r I I ( 8 )  
P R I N T  1 0 0 9 I S A  B P R I N T  1 0 1  
K=MS=MSTART( I S A )  
I F  (MSoGTeO) GO TO 10 
P R I N T  1 0 4  I RETURN 

10 I F  ( N ( K I o E Q o 0 )  GO TO 6 0  
N U T I L ( 1 4 ) = N U T I L ( 1 4 ) + 1  
I F  ( M ( K ) e L T e O )  GO TO 2 0  
GO TO 2 5  

2 0  N ( K ) = - N ( K )  I M ( K ) = - M ( K )  
2 5  C A L L  I N D I C E S ( l t X ( K l r 1 A )  B C A L L  I N D I C t S ( I R G ( K ) r I I )  

I F  ( I R G ( K ) e E O e I N D E X )  I T K I G ( K ) = O  
I F  (NOFACT)  GO TO SO 
SM=M(K)  B SM=At iS (SM)  
I F  ( S M m L T o l o O E 6 )  GO TO 4 0  
S M = A L O G l O ( S M ) + O e O 0 0 1  
SM=AMOD(SM*l.O) 
I F  ( S M o L T o 0 0 0 0 1 )  GO TO 5 0  

4 0  I F  ( I T R I G ( K ) )  4 2 , 4 3 9 4 4  
4 2  P R I N T  1 4 2 r N ( K ) t I A ( ~ V A ) g I I ( I V I )  

I F  ( M ( K I o E Q o 1 )  GO TO 6 0  
P R I N T  1 0 2 9  M ( K )  
GO TO 6 0  

4 3  P R I N T  1 4 3 r N ( K ) * I A ( I V A I  
I T R I G ( K ) = l  
I F  ( M ( K ) o E Q o l )  GO TO 6 0  
P R I N T  1 0 2 9  M ( K )  
GO TO 6 0  

4 4  P R I N T  1 4 4 g N ( K ) r I A ( I V A ) r I I ( I V I )  
I F  ( M ( K ) e € Q o l )  GO TO 6 0  
P R I N T  1 0 2 9  M ( K )  
GO TO 6 0  

5 0  C O E F F = N ( K )  I C O E F F = C O L F F / M ( K )  
I F  ( I T H I G ( K ) I  5 2 # 5 3 r 5 4  

5 2  P R I N T  1 5 2 r C O E F F ~ I A ( I V A ) r I I ( I V I )  
GO TO 6 0  

5 3  P R I N T  1 5 3 r C O E F F g I A I I V A )  
I f R I G ( K I = l  
GO TO 60 

5 4  P R I N T  1 5 4 r C O t F F ~ I A ( I V A ) # I I ( I V I )  
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