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ABSTRACT
Two subroutines, DBGON and DBGOFF, designed to give users more control
over the debug options supplied with the IBM360 FORTRAN IV [G]l compiler are
described. Examples of the use of these subroutines in the debugging of a
FORTRAN program are presented.
Macros developed to simulate FORTRAN I/0 in Assembler programs are also
described, and their value to programmers converting FORTRAN programs into

Assembler language routines is demonstrated.
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1. INTRODUCTION

The debug facility available with the IBM360 FORTRAN IV [G]} compiler allows
the user to locate errors in a FORTRAN program (IBM 1971). The facility
consists of debug packets that are included with the FORTRAN source state-
ments; these indicate the desired debugging operations for a single main
program or subprogram.

Unfortunately, when simple options such as DEBUG INIT or DEBUG SUBCHK
that apply to the whole single program unit are used, they often produce
far more output than expected by the user and waste large amounts of computer
time, The fact that the debug output is not formatted also adds to this
problem, Use of the DISPLAY statement in debug packets can significantly
reduce the debug ocutput. However, this often requires the user to insert
additional statement numbers intc his program and the problem of selecting
unique statement numbers arises here, especially for large single program
units. The debug packets also allow statement number tracing to be controlled,
but provide no way of restricting the SUBCHK option. The DBGON and DBGOFF
subroutines, discussed in Section 2, give the user control over all of the
debug options within a single program unit, and allow him to reduce the
amount of debug output produced and the computer time used by even the simplest
of debug options.

When a FORTRAN programmer codes part of his program in IBM360 Assembler
language, he often faces difficulties in debugging his Asseﬁbler language
routine. One of the problems commonly encountered arises when the programmer
wishes to compare the floating point numbers produced by his Assembler
routine with the E-, D~ or FP-format output produced by his FORTRAN program.

To cope with this type of problem, a set of macros was developed to
simulate FORTRAN I/0 in Assembler programs (Johnson 1972) and these, plus
extensions to cope with arguments passed via subroutine CALLs, are discussed
in Section 3.

2, CONTROL OF FORTRAN DEBUG OPTIONS

2.1 General Discussion

The IBM360 FORTRAN IV ([Gldebug facility consists of a DEBUG specification
statement, an AT debug packet identification statement, and three executable
statements that are used to indicate the desired debugging operations for a
single program unit in source language. These statements result in code
being generated to produce non-standard calls to IHCDBUG, the FORTRAN cbject-
time debug facility support routine, followed by the appropriate parameter

list. Entry into the IHCDBUG occurs via the DEBUGH transfer table, which



consists of unconditional branches to various routines within IHCDBUG; this
transfer is shown in Table 1. The linkage sequence used is:

L 15,=V (DEBUG#)

CNOP 0,4

BAL 14,N(15)
where N is the displacement from DEBUGH.

The TRACE ON, TRACE OFF and DISPLAY statements cause code to be generated
to produce debug output for part of a single program unit. The DEBUG state-
ment options INIT and SUBCHK, however, cause code to be generated throughout
the whole program unit to produce debug output or to carry out subscript
checking. In the case of the INIT option, three possible calls to IHCDBUG can
be generated depending on whether an assignment occurs for a scalar variable,
an array element or to a full array by means of an input statement or a
subprogram call (IBM 1968).

2.2 Monitoring Calls to IHCDBUG

To control the effect of the debug options, an Assembler routine, AEDBUG,
was written to monitor all calls to IHCDBUG. This routine was given the
entry point DEBUGH, while the entry point of IHCDBUG was changed to DEBUG,
FORTRAN calls to the subroutines DBGON and DBGOFF, which are also part of the
AEDBUG routine, are used to indicate which of the debug calls are passed
thfough to IHCDBUG or are nullified by immediately returning to the calling
FORTRAN program.

Calls to the DBGON and DGBOFF subroutines take the form:

DBGON }

CALL {DBGOFF ("option', .......iea., 'option')

where option may be any of the following:
TRACE
SUBTRACE
SUBCHK
DISPLAY
INIT
INITSCLR

indicates changes only in scalar variables.

INITARIT

indicates changes only in array elements.

INITARAY

indicates changes only in entire arrays.
ALL - implies all of the above options,
By inserting appropriate calls to DBGON and DEGOFF in the FORTRAN pYogram,

the user can control any of the normal debug options with the extra advantage



of being able to control the printing out of changes in scalar variables,

array elements or entire arrays using the INITSCLR, INITARIT or INITARAY

options. An Assembly listing of the AEDBUG routine is shown in Appendix A.
2.3 ExamE}g of DBGON, DBGOFF Usage

To show how the DBGON and DBGOFF subroutines might be used to debug a
FORTRAN program, a general non-linear regression subroutine, NLRP, was written
with a corresponding main line and second subroutine, FUN, set up to solve a
particular three-parameter problem. To check the parameter shifts that were
calculated for each of five least squares cycles, the DEBUG INIT statement
was added to the end of the NLRP subroutine in the standard way as shown in
Appendix B and this resulted in 1,600 lines of printer output being produced.

However, by inserting CALL DBGOFF ('INIT') as statement 14, CALL
DBGON('INITARIT') as statement 23, CALL DBGOFF ('INITARIT') as statement 69,
and by including the card INCLUDE SYSLIR(AEDBUG} as linkage editor input,
the output was reduced to 600 lines. As shown in Appendix C, only changes
in array elements used in the calculation of the parameter shifts were
printed out and this provided enough information for a thorough step-by-step
check of the parameter shifts calculated each cycle. BAlternatively, the
subroutine calls can be set up as debug packets as shown in Appendix D but
this required the insertion of CONTINUE statements with statement numbers
990, 921, 992 as statements 14, 23 and 69 respectively.

A substantial reduction in debug output can also be obtained by using
the DISPLAY statement. However, this statement cannot be used to list
individual array eléments and thus is better placed at the end of a program
loop to show changes in array elements within a program loop. By adding
debug packets to the end of the subroutine NLRP and inserting CONTINUE
statements with statement numbers 990, 291, 992 as statements 30, 57 and 67
respectively, as shown in Appendix E, the resultant output is reduced to 100
lines. The output produced in this case was guite adequate for the latter
stages of testing the subroutine since it showed the changes in array
variables at the end of the different loops required to calculate the para-
meter shifts. One interesting problem encountered with use of the DISPLAY
statement occurred when the array P was referred to in a debug packet. If
the DISPLAY statement appears in a subroutine, the item name may not be a
dummy argument of the subroutine statement - this occurs because the DISPIAY

statement makes use of the namelist option (IBM 1971).
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3. FORTRAN I/O IN ASSEMBLER PROGRAMS

3.1 General Discussion

When a FORTRAN programmer codes part of his program in IBM360 Assembler
language, he often wants to debug the Assembler routine by comparing his
results with the E-, D-, F- or I-format output produced by his FORTRAN
program. To cope with this problem, a set of macros was developed to
simulate FORTRAN I/O in Assembler programs (Johnson 1972) and, by inserting
these macros at various points within the Assembler routine, it is possible,
for example, to generate output similar to that produced by the FORTRAN
DISPLAY debug options. Once the Assembler routine has been completely
debugged, the programmer can then simply remove the macros and reassembile
the program to produce the required routine.

The macros provided were designed to follow the syntax of the corres-
ponding FORTRAN statements, as closely as possible,within the framework of

the basic macro format:

NAME OPERATION OPERAND

a symbol | mnemonic 0-200 operands separated by commas
or blank | operation code

The contents of each field and the significance of the operands for
each of the initial macro definitions are described below.

{(a) AREAD

label |AREAD [(unit, format, end, err), list

where:

label

is optional and is a symbol used to identify the statement.

It must consist of eight or fewer characters, begin in the

first column, and contain no blanks.

unit -~ is an unsigned integer constant or an F-type variable name
representing the data set reference number.

format - is optional and is the 'statement number' of the AFORMAT
statement describing the format of the record(s) being read.
It must consist of five or less digits and/or letters.

end - 1is optional and is the label of the statement to which transfer

is made upon encountering the end of the data set., It corres-—

ponds to the FORTRAN END=... option.



err - is optional and is the label of the statement to which
transfer is made upon encountering an error condition in
reading the data. It corresponds to the FORTRAN ERR=... option.
Unlike the FORTRAN convention the 'end' subparameter, if present, must
be the third item and the ‘err' subparameter, if present, must be the fourth
item inside the parentheses. Thus, when either the 'format' or ‘end' sub-
parameter is omitted and some following subparameter is present, a comma must
be coded to replace the absent subparameter. For example, the feollowing would
preserve the positions of the subparameters: (unit,,end), (unit,,,err).
list - is optional and is an I/0 list. The components of the list
are separated by commas and are of two types, (a) symbols and
(b) array symbols. An array symbol has the form (name,n},
where name is a symbol defining the start of the array and n
is an unsigned integer equal to the number of array elements.
The array symbol is used to indicate 'n consecutive locations
starting at name. As in FORTRAN, the elements of an array
have the same length and type.
(b} AWRITE

label | AWRITE |{unit, format), list

where label, unit, format and list are the same as for (a).

(c) AFORMAT

format |AFORMAT |'(C,, Cpysev.sC )

where:
format - is a 'statement number' consisting of five or less digits
or letters in any combination, starting in the first column
and containing no blanks, and

C1+Cyr.v.,C  —~ are FORTRAN format codes (IBM 1971}).

Each single apostrophe or ampersand appearing within a format code must be
represented as a pair. For example the FORTRAN statement
19 FORMAT (' AMPERSAND=&')

would be translated as

19 AFORMAT '('' AMPERSAND=&&'')'.
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Alternatively,the format may be coded as
FMT19 DC C'{'' AMPERSAND=&&'')}"',

this being the statement generated by the macro extension {see Section 3.2).

Note that, because the AFORMAT instruction statement generates a DC
statement and the return from IHCECOMH (see Section 3.2) is normally via
register 14 to the statement following the AREAD or AWRITE instruction state-
ment, an AFORMAT instruction statement must not immediately follow an AREAD
or AWRITE instruction statement.

(d) ABACKSP, AREWIND, AENDFILE

label ABACKSP unit
label AREWIND unit
label AENDFILE unit

where label and unit are as previously defined.

3.2 Macro Expansions

The object codes for the statements generated by the AREAD, AWRITE,
ABACKSP, AREWIND and AENDFILE macro instruction statements are the same as
those produced by the FORTRAN compilers (G and H) for the READ, WRITE,
BACKSPACE, REWIND and END FILE statements respectively. Each sequence of
code 1s a non-standard call to IHCECOMH, the FORTRAN object-time input/output
processor, followed by a list of parameters. If the Extended Error Message
facility has not been specified, IHCECOMH is replaced by IHCFCOMH. Entry
into IHCECOMH is via the IBCOM# transfer table,which consists of unconditional
branches to various routines within IHCECOMH. This table has the format
given in Table 2.

The linkage sequence is then

CNOP 0,4
L 15,=V ( IBCOM#)
BAL 14,N(15)
where N is the displacement from IBCOME.

The contents of the parameter lists also vary with the routine as
shown in Table 3. List items generated by the AREAD and AWRITE macros must
specify the length, type and address of each operand. To provide this
information, the operand was assumed to be defined using a DS or DC Assembler
statement and the type attribute of a macro inst;uction operand used to
determine the item type. The length of the item was taken to be 4, 8, 4 or

2, depending on whether the item type was E, D, F or H respectively. This,



of course, means that the list items have to be defined very carefully so
that the correct information is generated by the macro expansions. Array
list items must also specify the number of elements in the array; for this
reason, operands of the form (name,n), where n is the number of array elements,
are used for array items,.

The AFORMAT macro instruction statement generates a DC instruction
statement whose operand field is formed by preceding the operand of the macro
instruction statement with the letter C, and whose name field is formed by
concatenating the 'statement number' in the name field of the macro instruction
statement with the letters FMT. It is the programmer's responsibility to
ensure that the symbolic name thus generated (FMTformat) is unique.

Table 4 shows a sample routine coded in FORTRAN and the same routine
coded in Assembler language with all I/0 operations performed by macros.

3.3 Macro Extensions

When the above macros were first used as a debugging aid in testing the
conversion of a FORTRAN subroutine to Assembler language, the problem of
handling arguments passed to the subroutine was encountered. These arguments
are defined in the calling program and it is, therefore, not possible to use
the type attribute to determine item type and length as discussed in
Section 3.2. However, the subroutine can save the values or addresses of
.passed arguments and two new macros, SREAD and SWRITE, can be used to
handle this case.

The parameters generated for simple list items set up an S-type address
constant for the operand; this means that the values of these items must be
saved in the subroutine if they are to be accessed by the macros., The first
character of the macro operand is then used to indicate the item type by
making use of the FORTRAN variable naming conventions - if the first
character is a letter in the range I-N then the item is taken to be INTEGER¥4
(type = F, length = 4); otherwise, it is taken to be REAL*4 (type = E,
length = 4). A g character preceding the item name is used to indicate a

variable of non-standard length, so that:

NUMB indicates an INTEGER*4 variable,
SNUMB indicates an INTEGER*2 variable (type = H, length = 2),
ANSWER indicates a REAL*4 variable,

and ZANSWER indicates a REAL*8 variable (type = D, length = 8).

Parameters generated for array list items include a fullword address

constant and it is therefore sufficient just to save the address of the array



item to be able to use the macros. In this case, a # character should
precede the array item name to indicate that the operand contains the address,
rather than the value, of the first array element to be referenced. The
FORTRAN-like naming convention is again used to indicate the array item type

and length, so that:

{(#NUMB, 3) indicates an array item of 3 elements, where
each element is INTEGER*4 and NUMB is a full word
containing the address of the first element to

be referenced;

(#sNUMB, 3)
(#ANSWER, 6)

as above, but each element is INTEGER*2;

indicates an array item of 6 elements, where each
element is REAL*4 and ANSWER is a full word
containing the address of the first element to

be referenced;

(#8LNSWER, 6) as above, but each element is REAL*S,

The macros SREAD and SWRITE were set up to handle list items of this
form and a third macro SFORMAT, which is identical to AFORMAT, was provided
for completeness. All of the macros were set up to save registers 14 and 15
before the first entry to IHCECOMH, and to restore them after the last call
so as to minimise the effect of inserting the macros throughout the Assembler
program. Care was also taken to ensure that the macros could be used in
multiple CSECT assemblies - the saving and restoring of registers 14 and 15
made this task a little complicated. A listing of all macros is given in
Appendix F,

3.4 JCL Requirements

At the AAEC, the macros are members of AAE.MACLIB which is concatenated
with the system macro library SYS1.MACLIB in the catalogued procedures
ASMFCLG, ASMFCL and ASMFC. Several additional JCL (Job Control Language)
cards must be included in the deck when these macros are used. The first
of these is a LKED.SYSLIB DD card giving the linkage editor access to the
FORTRAN system library, SYS1.FORTLIB, which containsg the modules used during
the I/0 processing, i.e.

//LKED,SYSLIB DD DSN=SYS1.FCRTLIB, DISP=SHR
There must also be present appropriate DD cards to describe any data set
reference number used in the program.
EXAMPLE ; The JCL required to assemble, link edit and execute an assembler

language program with data set reference numbers 1, 2, 3 and 4, defined as
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the card reader, the card punch, the printer and a scratch tape respectively,
is:

//EXAMPLE EXEC ASMFCLG

//ASM.SYSIN DD *

program
/*
//1LKED,.SYSLIB DD DSN=SYS1.FORTLIB,DISP=SHR
//GO FTO04F001 DD UNIT=(280,,DEFER),DISP=OLD,VOL=SER=SCRTCH,
/7 DCB=(RECFM=FB,LRECL=133,BLKSIZE=13300),LABEL=(1,NL)
//GO.FTO3F001 DD SYSOUT=A
//GO.FTO2F001 DD SYSOUT=B
//GO.FTO1F001 DD *

-

input data caxrds

/*

3.5 Example of Macro Usage

To see how the above macros can be used to debug Assembler programs,
part of the FORTRAN NLRP subroutine discussed in Section 2.3 was written
in Assembler language as the NLRPS subroutine. The NLRPS subroutine was
set up to accept information from the NLRP subroutine and then to calculate
and return the values of the parameter shifts for each least squares cycle,
The Assembler coding was written to be as efficient as peossible, using tight
BXLE loops and optimising the information saved in the registers. The
SWRITE and SFORMAT macros were inserted into the program so that they would
produce debug output to be compared with the earlier FORTRAN calculations
but, at the same time, have no effect on the Assembler logic.

The output of such a run is shown in Appendix G, where the two pages of
debug output is similar to that produced by using the DISPLAY statement in
FORTRAN debug packets. It was easy to use the macros to print out the values
of variables or entire arrays at the end of a program loop, but it was not

possible to print out changes in the values of individual array elements
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without changing the logic of the Assembler routine.
4, CONCLUSIONS
The DBGON and DBGOFF subroutines give the FORTRAN programmer greater
control over the debug options provided by the IBM360 FORTRAN IV[G] compiler,
They are easy to use and result in a reduction in the amount of unnecessary
debug output produced and the amount of computer time used by even the
simplest of debug options.
Macros developed to simulate FORTRAN I/0 in Assembler programs provide
a powerful debugging tool for the Assembler programmer. They are set up
to be used in Assembler programs designed to be main programs or subroutines
for a FORTRAN application package without interfering with the efficiency
of the Assembler coding. Use of the macros to print results in FORTRAN
format is much better than using Assembler language subroutines, and they
give the Assembler programmer almost full FORTRAN I/0 capability.
5. REFERENCES
IBM (1968) Program Logic
IBM System 360 Operating System FORTRAN IV [G] Compiler
Program Logic Manual
Program Number 3603-F0-520
(File No. S5360-25(0S) Form Y28-6638-1).
IBM (1969) System Reference Library
IBM System 360 Operating System Assembler Language
(File No. 5360-21, Form (C28-6514-~6).
IBM (19270) Program Logic
IBM System 360 Operating System FORTRAN IV [H) Compiler
Program Logic Manual
Program Number 360S5-F0-~500
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TABLE 1
THCDBUG DISPLACEMENT TABLE

Displacement
From DEBUGH Function of Routine
0 TRACE OPTION
+ 4 SUBTRACE ENTRY
+ 8 SUBTRACE RETURN
+12 UNIT OPTION
+16 INIT SCALAR VARIABLE
+20 INIT ARRAY ITEM
+24 INIT FULL ARRAY {READ AND SUBPROGRAM CALL)
+28 SUBCHK
+32 TRACE ON
+36 TRACE OFF
+40 DISPLAY
+44 BEFORE FIRST CALL TO IBCOM FOR I/0 OPERATION
+48 AFTER LAST CALL TO IBCOM FOR I/O OPERATION
TABLE 2
THCECOMH DISPLACEMENT TABLE
DISPLACEMENT
FROM TBCOME FUNCTION OF ROUTINE
0 main entry, formatted READ
+i main entry, formatted WRITE
+8 second list item, formatted
+12 second list array, formatted
+16 final entry, end of I/0 list, formatted
+20 main entry, unformatted READ
+24 main entry, unformatted WRITE
+28 second list item, unformatted
+32 second list array, unformatted
+36 final entry, emnd of I/0 list, unformatted
+40 backspace tape
+ib rewind tape
+48 write tapemark




TABLE 3
FORTRAN 1/0 PARAMETER LISTS

main eatry for ¥L.4'PLY, XL.4 UL, AL3(unit)
AREAD and AWRITE, both ALI{O1), AL3(PMTformat) ...formatted only
formatted and unformatted AL4(EOF1) +e.Optional
AL4(ERR]) «..0ptional
where

Pl ~ =0 if neither end nor err is specified

=l {f end only is specified

=} {f err only is specified

=3 if both end and err are specified,
UI - =0 if unit i3 an integer constant

=} 1f unit 13 a variable name of type F,
and ERRj and EOFi are the names of address
constants generated by the macro which point
to the users error and end-of-flle exits,
The uniqueness of such names 13 guaranteed by
the four digit integer constants i and j,

provided that the programmer himself does not
create a duplicate label

entry for ALL(L'item),L,4'T' ,XL.4"0", SLZ{1item)

list item, both

formatted and unformatted

entry for AL1{0),AL3{array)

1ist array, both ALL(L'array),¥L.4'T',AL, 20(E)

fomatted and unformatted

where

L - 4= the length in bytes of the item or the
array element in the I/0 list,

T - =7 for an E type item or array element

=5 D
=5 F
=4 H

=7 for any other type not already
mentioned

and E is the number of elements in the array

final list entry, both no parameters

formatted and unformatted

ABACKSPACE, AREWIND and XL1'GI*, AL3(unit)
END FILE where

01 is defined as above
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APPENDIX A
ASSEMBLY LISTING OF THE AEDBUG ROUTINE

EXTERNAL SYMBOL DICTIONARY

SYHBOL TYPE 10 ADDR LENGTH 10 1D

AEDBUG S0 91 PPPROE 0PD254

DEBUG ER 92
DEBUGH LD aopove [} 8
DBGOFF LD paesdc [} 1
DBGON LD PBOOF S a1
LOC ORJECY CODE ADDR1 ADDR2 STHT SOURCE STATEMENT

Aodape 1 AEDBUG CSECT

2 EXTRN DEBUG

3 ENTRY DEBUGH

4 ENTRY DBGODFF

5 ENTRY DBGON
ogoeae 6 USING =,15
ABPBBO 47FD FO34 a0p34 7 DEBUGH 2] TRACE INTERCEPT
dBPP@4 47FD Fa44 20044 8 ;] SUBTREN INTERCEPT
PeE0A8 47FD F@54 20054 9 B SUBTREX INTERCEPT
APEBIC 47FD FOs4 20064 10 8 UNIT
epee19 47F0 FA6C a0a6C 11 ] INITSCLR INTERCEPT
eaoeis 47F0 FA7C pan7c 12 B INITARIT INTERCEPT
000818 47F8 FB8C 2998C 13 B INITARAY INTERCEPT
Pe0R1C 47F8 FR9C eeasc 14 8 SUBCHK
008028 47FD FAAC PRAAC 15 8 TRACEON
d006824 47F0 FOB4 goo84 18 B TRACEOFF
ap0a28 47F0@ FBOC gaaec 17 B DISPLAY INTERCEPT
#ee82C 47F9 FBCC agacc 18 ;] STARTIO
200938 47F0 FBD4 20804 19 B ENDID
PRA@34 9180 F21A eg21a 20 TRACE T™ TFLAG,X'8@* TEST FQR ONES
820038 4780 EOD4 6oaa4 21 BZ 4(0,14) RETURN IF ZEROS
228ea3C 58F@ F252 28259 22 L 15,sV{(DEBUG) CONTINUE
000040 47F0 Fo20 aoope 23 2] a{@,15} 1F BUG ON
200844 9149 F21A 2021A ‘24 SUBTREN THM TFLAG,X'48° TEST FOR ONES
02048 4760 EQ00 epoe8 25 B2 -0{0,14) RETURN IF ZEROS
280@4C 58F0 F258 20258 26 L 15,=V{DEBUG) CONT INUE
299053 47F2 FPI4 208p4 27 B 4(8,15) IF BUG ON
@BDPA54 9140 F21A 29214 28 SUBTREX TH TFLAG.X'40" TEST FOR ONES
020958 4788 Eoee paAeA 29 B2 B(a,14) RETURN IF ZEROS
8P@da5C S8FO F250 pa250 38 L 15, =V(DEBUG) CONT INUE
90060 47F0 FPAS8 #oaas 31 B 8(eg,1%) I BUG ON
000264 58F0 F250 ea25@ 32 UNIT L. 15,=V(DEBUG) Go To
o@RAs6s 47FP FEOC e9dac 33 B 12(8,15} IRCDBUG
0BGA6C 912D F21A oB21A 34 INITSCLR' TM TFLAG.X*28" TESY FLAG FOR ONES
fR2370 4788 E8EC asgac 35 -} 4 12(8,14) RETURN IF ZEROS
gos@74 58F0 F250 P0259 36 L 15.=V(BEBUG) CONTINUE
agea?e 47F0 FE19 gopie 37 B 16(8,15%5) 1f BUG ON
AP887C 9110 F21A 09214 38 INITARIT TH - TFLAG.,X'10° TEST FOR ONES
e0008@ 4780 EQO19 pes1e 39 : ez 16(0,.14) RETURN IF ZEROS
@paa84 S58F0 F250 eazse 40 L 15,=V{DEBUG) CONT [NUE
900088 47F8 FO14 oep14 41 B 20(9,15) If BUG ON )
202a36C 9188 F21A 2921a 42 INITARAY TH TFLAG.X*PB"* TEST FOR ONES
2008090 4780 EQ14 20014 43 B2 20({9,14) RETURN IF ZEROS
fenP94 58F0 F259 oB25a 44 L 15,=V(DEBUG) CONTINUE
eeeP9s 47F0@ FA18 a0e18 4% a8 24{0,15) I¥ BUG ON
B2009C 92184 F21A Be21A 46 SUBCHK ™ TFLAG.X'B4" TEST FOR ONES
022BA 4780 EO1P goeia 47 B2 16(0,14) RETURN IF ZEROS
oDPAA4 SBFD F2509 20250 48 L 15,=V(DEBUG) CONTINUE
0008A8 47F0 FB1C een1c 49 B 28(8,15)} 1F 8UG ON
V900BAC S8FO F258 20259 58 TRACEON L 15,=v{DEBUG) GO0 TO
POPB68 47F0 F@20 oea29 51 B 32(8.,15}) THCD8UG
20eeB4 S58FD F250 28259 52 TRACEQFF L 15, =v(DEBUG) Go To
AJ0BE0 47F0 FO24 220924 53 B 36¢(3.15) ITHCOBUG
296@BC 9182 F21A 22214 54 DISPLAY TM TFLAG.X'02" TEST FOR ONES
Agoace 4790 EA08 adagsa 55 BZ 8(8,14) RETURN IF ZEROS
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FORTRAN IV 6 LEVEL

eao1
anp2
gaas
2304
2089
gaaé
e007
aoes
2oe9
aole
g011
212
6913
P14
ea15
pa1s
ea17

FORTRAN IV G LEVEL

eds
ane2
2003
2094
20@5
eeaeé
ga87
202928
eeay
eaie
ed11
pa12
0013
2814
20915
2016
2817
2018

10008
1801
iee2
1003

10

APPENDIX B
USING THE DEBUG INIT OPTION

2e MAIN DATE = 73292

DIMENSION FO(11),FC{11),A(11.,3),P(3)
COMMON XHMV(11),HL.XLB.DL
FORMAT(F5.3,F5.1)
FORMAT(1HA,*1D=",F5,3,*' HLx',f5,1)
FORMAT(15,3E18,3)

FORMAT{2F10.1)

Nz3

NOBS=11

READ(1,1090)XID.HL

DL=X10/HL :

XLD=HL/XID

WRITE(3,1001)X10,HL
READ(1,1002INCYC,P(1),P(2),P(3)
READ(1,10083)(FOC]),XMV{I},]21,NDBS)
CALL NLRP(FO,FC.,A+P.N,NOBS,NCYC)
5ToP

£ND

20 FUN : DATE = 73292

SUBROUTINE FUN(FO.FC.,A,P,N,NDBS,5162)
DIMENSION FOUNOBS),FC{NOBS)},A(NOBS,N),P(N)
COMMON XMV(11),HL.XLD,DL

S162=2.0

00 18 1=1,NOBS

G=XMV(])

Al=HL«G

8=DLeGeg

C=P{1)®XLD+P(2)8AL1+P{3) D

FC(l)=GsC

B=-FCC1)/C

All.,1)=XLD»D

Al],2)Y=A1eD

ACL,3}=B+D

T=FO(1)=-FC(I)

SIG2=SIG2+TaT

RETURN

END

19/741/56

19/41/56



FORTRAN 1V & LEVEL

oe21
eeaz
2003
@004
2025
2eee6
gearz
aags
2009
2019
@ar1
2012
2013
g014
2015
aaié
2817
1.} ]
2819
pa2eo
821

eaz2
8023
2024
ae25
2926
ee27
2028
ane29

goia
an31
2832
2033
834
2e35
pe36
easz
es3s
2839
0d4a
2841
2a42
9043
2044
2aas
2946
2847

[z E=N ]

a0

1089
1801
1p82
1803
1934
1825
1006
1087
1808
1009
1910

B2

29 NLRP DATE = 73292

SUBROUTINE NLRP{FO,FC,A,P.N,NOBS,NCYC)

DIMENSION FO{NOBS),FC(NOBS).A{NOBS,N),P(N),D(3,3),G(3)
FORMAT(1H®, "CYCLE (FO~FC)ua2 PARAMETERS®)
FORMAT(1H ,13,2X,E12.6,' P{1)=",£12.6)

FORMAT(1H ,19X,*P(*,[1,'}=*,E12.6)

FORMAT{1H )

FORMAT(1H .*'P(*.I1,%)=',E13,6,* E.5.D.=',E13.6)
FORMAT(1H3, *CORRELATION HMATRIX (TRIANGULAR PART)*)
FORMAT(1H .E13,6)

FORMAT(1H ,*RON’,12)
FORMAT(1HO.6X,'FO',12X,'FC*,18X, 'FO-FE')
FORMAT(1H ,E13.6.2X,£13.6,1X,E13,6)

FORHAT(1HB, *SINGULAR HATRIX*)

WRITE(3,1080)

NC=@

CALL FUN(FO,FC,A,P,N,NOBS.SIG2)
WRITE(3,1001)NC,51G2,P(1)

00 2 1s2,N

WRITE(3,.1802)1,P(1)

NC=NC+1

IF{(NC.GT.NCYC) GD TO 20

FORM A#aTaA AND AssTeC

DO 4 ]1=1.N

DO 3 J=I.N

Dt1.,4)=¢.0

D0 3 K=1,N0BS

DEI =D, D+ALK TI®ALK, )
G{I)=0.8

DO 4 K=1,NOBS
GUIISGLII+ALK, [} R{FO(K)-FClK)}

CALCULATION OF S(1,4) FOR UPPER TRIANGULAR MATRIX

D{1,1)=S0RT(D(1.1))
DO 5 J=2,N
0(1,J)=n(1,4)/D(1,1)
1=2

K=1-1

X=D(l, 11

RO 7 L=1,K

X=X=-D¢L, 1)+D(L, 1)
IF(X.LE.B,8) GO YO 188
DOL,1)=SARTIX}

M=]+1

IF(H.GT.NY GO TO 19
DO 9 J=M.N

X=D(1.,J)

D0 8 L=1,K

X=X=-D(L, [)eD(L,J)
ot1,)=x/0(1, 1)
I=1+1

19/41/56



B3

FORTRAN IV G LEVEL 2¢ NLRP DATE = 73292 19/41/56

po48 GO TO & '
c
c CALCULATION OF K¢I)
c

@049 18 G(1)=G6(13/D(1,1)

gese DO 12 [=2,N

@951 K=1-1

pes2 X26(1)

2053 DO 11 L=1,K

2054 11 X=X-0(L.[)*6(L)

2055 12 G([)=X/D(1,1)
c
c CALCULATION OF SOLUTIONS WHICH OVERWRITE ORIGINAL K(1)
£

9056 GENI=G(N}/D(N,N)

poaST H=N-1

@g58 D0 14 J=1,H

20859 I=N~=J

0060 X=6(1)

PR61 K=l+1

2862 DO 13 L=K.N

2863 13 X=X-D(1,L)eG(L)

2064 14 GEDy=X/0C1, 1)
c
c APPLY SHIFTS FOR NEXT CYCLE
c

8965 00 15 I=1,N

068 15 PCII=P(1)+G(D)

'T1Y: 6o TO 1
c
c END OF REFINEMENT
c

BR68 28 IF(NCYC.EQ.8) GO To 48
¢
c CALCULATE R(1,J) WHICH OVERWRITE S{1.J}
c

2069 D{N,N}=1.@7D{N,N)

8070 H1=N-1

ga71 00 22 K=1,M1

2872 I=N~-K

2073 0C!,)=1.8/0¢1,1)

o074 H2=141

an7s M3=M2+N

2876 DD 22 HM=M2.N

a877 JEM3-M

2878 X=9.0

2a7r9 DO 21 LaN2,J

2080 21 X=X-0(1,L80(L,J)

pa81 22 D(1.JY=xaDC1, 1)

CALCULATION OF INVERSE WHICH OVERWRITES D(I,J)

>N rX>]

ena2 00 24 1=1,N



B4

FORTRAN [V G LEVEL 20 NLRP DATE = 73292 19741756
2083 DD 24 J=I,N
2084 X=8.0
peas 00 23 L=J.N
2886 23 X=X+0(1,L}*D(J,L)
aeaz 24 Dil.N)y=Y
c
c PRINT PARAMETERS AND ESTIMATED STANGARD DEVIATIONS
c
eps88 HRITE(3.,1003)
2089 S1G2=$1G2/(NOBS=N)
2090 DO 25 I=1.N
2891 G(I)=SQRT(S1G2«D(1,.1))
2892 25 WRITE(3,18@4)1,P(1),G(1)
2093 WRITE(3,1805)
2894 DO 26 1=1,N
2895 WRITE(3,1007)I
22896 00 26 J=1,N
00897 AsDCT, NeSIG2/(GIT)=GUIY)
ae98 26 MRITE(3,1806)X
2099 49 WRITE(3,1203)
2199 WRITE(3.1008)
8101 DO 41 I1=1.NODS
0142 X=Fo{l1)~FC(I)
2183 41 WRITE(3,1089)F0L13,FCC]) . X
91924 HRITE(3,1883)
2105 RETURN
9186 198 WRITE(3,1018)
8187 stop

2198 @ DEBUG INIT
2109 END



APPENDIX C
USING THE DBGON AND DBGOFF SUBROUTINES

FORTRAN IV G LEVEL 2@ NLRP DATE = 73292
6881 SUBROUTINE NLRP(FO,FC,A,F.,N.NOBS,NCYC)
8282 DIMENSION FO(NOBS),FG(NOBS),A(NOBS,N},P{N},D(3,3),6(3)
8093 1800 FORMAT(1H®,'CYCLE  (FO-FC)e#2 PARAMETERS®)
gegs 1881 FORMAT(1H ,T13,2X.€12.6,' P(1)c',E12.6)
20e5 18082 FORMAT(1H ,19X,*P(*,{1,%)a*,E12,6)
orps 10083 FORMAT{1H )
BEa7 1084 FORMAT(IM ,*P(*,11,*)=",£13.6,* E.S.0.=*,E13.8)
paea 1085 FORMAT(1HB, *CORRELATION MATRIX (TRIANGULAR PART)*)
2009 1096 FORMAT(1H ,E13.8)
2010 1007 FORMAT(IH , *RON',12)
2811 1008 FORMAT(LHB,6X,'FO’,12X, 'FC*, 18X, *FO-FC*)
2012 1089 FORMAT(1H .E13.6,2X,E13.6,1X,E13.6)
2913 1813 FORMAT(1HMD,'SINGULAR HATRIX*)
P14 @———— » CALL DHGOFF{'INIT*)
2215 HRITE(3,1800)
PP16 NC=9
P17 1 CALL FUN(FO,FC,A,P,N,NOBS,SIG2)
Po18 WRITE{3,1681INC,5162,P(1)
BALY D0 2 I=2,N
2029 2 WRITE(3,10082)1,P(1)
2821 NC=NC+1
2022 IFtNC.GT.NCYC) GO TO 29
ge23 @ CALL DBGON{'INITARIT')
c
c FORM As#TeA AND AnaTaC
c
8024 00 4 I=1,N
925 D0 3 J=I,N
o924 BiL,J}:0.8
2027 DO 3 Ka1,NOBS
0828 3 DOL,JY=DC1 D) +ALK, [IRALK, )
2929 G01)=0,8
#a30 00 4 K=1,NOBS
#A31 4 GLIYEGLID+ACK, 1) (FO(KI-FC(K))
c
c CALCULATION OF S(1.,J) FOR UPPER TRIANGULAR MATRIX
c
ae32 D{1,1)=SQRT(D(1,1})
2033 0o 5 J=2,N
en34 5 D(1,J)=001,J1/D(1,1)
B35 1=2
2936 6 K=f-1
en37? X=D(I. 1)
en3a DO 7 L=1,K
2039 7 X=X-D(L,1)eD(L.1)
8040 IFIX.LE,2,8) 60 TO 100
ae41 DO, FY=SORT(X)
8042 RS
an4s [F(M.GT.N} GO TO 19
p044 00 9 J=M,N
2645 X=0(1,J}
oR46 D0 8 L=1,K
247 8 X=X-D{(L,1)#D(L,J)
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FORTRAN 1V G LEVEL 28 NLRP
2048 9 DUI,J)=X/D(I,1)
aa49 =1+l
a050 6o TO 6
€
c CALCULATION OF K(1)
C
2051 10 G(1)=G(1}/D(1,1)
f@52 Do 12 [=2,N
@853 K=1-1
2054 X=G(ID)
@855 00 11 L=1,X
2856 11 X=X=D(L,I)eG(L)
8057 12 G(II=X/D¢1, 1)
c
c
¢ .
0958 GINIZGINY/DININ)
pas9 MzN-1
2as0e DG 14 Jz1.M
epr61 1=N=-J
pa62 X=G¢1)
an63 Kslel
2064 DO 13 L=K.N
20965 13 X=X=D{1,L)=G(L)
2268 14 GUIY=X/DAI,T)
c
c APPLY SHIFTS FOR NEXT CYCLE
c
867 00 15 I=1,N
LB 15 PC1I=P(1)+G(1)
0869 @p—— CALL DBGOFF{'INITARIT®)
ea7o 6o TO ¢
c
c END OF REF INEMENT
@871 2@ IF(NCYC.EQ.®) GO TD 48
T
c
c
8472 DIN.N)=1,8/D(N,N)
p673 Hi=N-1
oa74 D0 22 K=1,M1
8a75 I=N-K
ean74 DI, 1)=1.8/D(1, )
ear7 M2z 141
o783 M3=H2+N
2079 DD 22 HzM2,N
ense J=M3-H
ggal X=0.8
eoa2 00 21 L=H2,J
g083 21 X=X-DU(1,L)#D(L,J)
2as4 22 DUI,Jd=X8DCL, 1)

CALCULATION OF SOLUTIONS WHICH OVERWRITE ORIGINAL K{I}

c2

DATE

CALCULATE R(1.J4) HHICH OVERWRIYE S(],J)

73292

19744757



C3

FORTRAN IV G LEVEL 20 NLRP ' DATE = 73292 19744757
c CALCULATION OF INVERSE WHICH OVERWRITES D(1.,J)
c
ea8s 00 24 1=1,N
@286 0o 24 Jy=1{,N
@es7 X=0.0
g086 D0 23 L=J,N
2a89 23 X=X+D(I,L)*0(J,L)
A9 24 DL, Jd)=X
C
A PRINT PARAHETERS AND ESTIMATED STANDARD DEVIATIONS
c
P91 WRITE(3,1083)
ea92 $iG2=SI1G2/{NOBS-N)
2093 00 25 I=1,N
22394 G(I)=SART{(S1G2=D(1,1))
2995 25 WRITE(3,1004)1,P(1),G(1)
Ba9s WRITE(J3.,10085)
ea9e7 DO 26 1=1,N
2098 HRITEL3,10B7)1
2a99 Do 26 J=1.N
g10a X=D(1, ISIG2/(G(IYeGlI})
2191 26 WRITE(3,1006)X
f102 40 WRITE(3,1003)
2123 HRITE(3.1008)
pia4 00 41 1=1,NOBS
2185 X=FOC{1)-FC(I)
g1pé 41 HRITE(3.1009)FO(I),FC(]3,X
2187 WRITE(3,1003)
2198 RETURN
21a¢9 18 WRITE(3,141Q)
g119 §ToOP

9111  @—-——»DEBUG INIT

g112 END



FORTRAN IV G LEVEL 289

*OPTIONS IN EFFECT»
#0PTIONS IN EFFECT»

Cc4

NLRP DATE = 73292

1D,EBCDIC.SOURCE.NOLIST,NODECK,LOAD . NONAP

NAME = NLRP » LINECKT =

55
112.PROGRAH SIZE = 5878

#STATISTICS» SOURCE STATEMENTS
*STATISTICS® NO DIAGNOSTICS GENERATED
*STATISTICS* NO DIAGNDSTICS THIS STEP &
1D=0.633 HL= 51.9
N=3
NOBS = 11
NCYC = 5
CYCLE (FO-FC)=n2 PARANETERS
8 DB.186622E+09 P(1)=@.459000E~-01
P{2)=0.40P000E~B6
P(3)=20Q,400000E-689
o(1) = p.@
0(1) = O@.684179BE+11
N(1) = B,13494P0E+12
D{1) = B.1957997E+12
(1) = @&,2499333E+12
NCL) = B.2974586E+12
D(1) = P.3417390E+12
Dl1) = B.3681495E+12
DC1) = @.3844487E+12
D1y = @.3914156E+12
0(1) = B.3948546E+12
NE1) = P.3958975E+12
Di4) = .9
N(4) = @.6496204E+16
D(4) = 0,1491798E+17
D(4) = P.24549@3E+17
D(4) = B.34829090E+17
N(4) = @,4535645E+17
D(4) = @,.5589745€+17
D(4) = P.6534306E+17
D{4) = 9.7319818E+17
0D(4) = @.7809721E+17
D{4) = B.B136255E+17
D(4) = B.8285459E+17
niz7y = @.8
D(7) = P.2371480E+18
D(7) = @,6470616E+18
D(7) = PA.1233833E+19
D(7) = P.1983577E+19
D(7) = @.28B0292E+19
D{7) = @.3844859E+19
N{7) = B.5143656E+19
D{7) = B.6566670E+19
Ni{7) = Q.7938700E+19
0(7) = 0.9138734E+19
D(7) = B.99514P3E+19
G(1) = @.9
G{1) = ~-A3.5520154E+89
Gi1) = -@.1485663E+10
Gl(1) = ~A.2467159E+12
Gil1) = -@,35@2838E+1p
Gi{1) = ~-P.4531601E+10
G{1) = -P.S5447709E+182
G(1) = ~A,6181179E+1p

19744757



Gi1)
G(1)
61
G(1?
D{s?
nis)
nis)
0(5)
D(5)
D(5)
nis}y
ni{s)
D{5}
D(5)
nis)
0(s)
Dta)
nead
neg}
nesg)
0ca)
nea)
oea)
nia)
1§}
DeRd
oia)
nig}
6(2)
G(2)
G(2)
G(2)
Gl2)
6(2})
GL2)
G(2)
G(2)
G(2)
G(2)
G(2)
IND
o)
ot
118"
Di9)
0(9}
0(9)
nie)
n(9}
Dt9)
Di9}
0{9)
G(3)
G(3)
G{3)
G(3)
Gi3)
GL3)
G(3)
Gt
Gt3)
Gt3)
G(3)
G(3)
ne1)
nea)

Moo A H MWl W HH N MWW Mo

LUR U T I (I U N T T T [/ B}

[ T U I I T T IO 2 I B T 1 }

-@.6784882E+10
-@.7197331€+18
~8.7473046E+10
-8.7528292E+10
2.8
P.6168223E+21
2.1683009E+22
2.3287123E+22
2.5159288E+22
0.7491643E+22
B.108BA49E+23
B.1337B646E+23
D.1787992E+23
A.2064858E+23
#.2374906E+23
8.258B8361E+23
2.0
#.2251721E+23
8.7441227E+23
B.1671423E+24
B.30986707E+24
2.5883378E+24
B.7379127E+24
0.1202421E+25
0.1888720E+25
R.2862099E+25
8.3993933E+25
A.5187965E+25
2.8
-7.5241385E+14
~8.17086136E+15
-0.3259354E+15
-8.52261085€+1%
~B.7505329E+15
-@A.9685742E+15
-B.1238897E+16
-8,1518270E+16
~@.1813866E+16
-0,2075658E+16
~B.2154694E+18
p.9
2.8219946E+24
B.3347909E+25
P.8989786E£+25
2.1939583E+28
B.3631682€E+26
A.5732556E+26
6.1211968E+27
0.2454954E427
B.5153858E+27
P.9285639E+27
@.1574295¢8+28
2.8
~03,1913377E+16
~R.7666572E+16
-B.1711665C+17
~R.3147599E+17
-2.5@89014E+17
-0.7084228E+17
~A.1969125E+18
~@.1595752E+18
~0.2408658E+1R
-0.3364332E+18
~0.3799040E+18
6792835.9
A.1316816€+12

C5



D(7) = @A.1581584E+14
D(S) = D.9243145E+11
DAY = B, 3337940E+14
D(9) = B.,1449032E+14
G(1) = =11964,79
G(2) = =-6265.734
G(3) = 1275.0448
G(3) = P.B799304E-10
G(2) = ~P.9956443E-07
G(1) = -@,.3994450E-03
P(1) = @,4468955E-91
P(2) = P.3884355E-D6
P(3) = A.4879928E-09
1 9.762321E+87 P(1)=0.4446096E~-P1
P{2)=0,.300436F~-06
P{3)=0,487993E-8¢
D{1) = @.0
D{1) = @.1105624E+12
D{1) = @.2258562E+12
D{1) = ©@.3344803E+12
Di1) = @.4347897E+12
Ni1) = @,.5246533E+12
Dl1) = @.60905227E+12
Di1) = B.66092382E+12
D1} = B.6912156E+12
D{1) = P.7035314E+12
D(1) = B.78931210E+12
0i{1) = P.7185783E+12
Di(4) = p.0
N(4) = QP.194979BE+17
Di(4) = P,2499282E+17
0(4) = P,4238918E+17
D(4) = @.6135795E+17
D(4) = P.B126724E+17
Ni4) = P, 1913548E+18
D(4) = P.1196612E+18
D(4) = @,1344266E+18
D(4} = P,1432359E+18
D(4) = @P.1485432E+18
D(4) = P.15P6166E+18
D(7) = @.8
DE7y = @.3832276E+18
D{7Y = @.1088747E+1¢
0(7) = #,2142308E+19
D{7) = @.3533065E+19
D(7) = B.5228912E+19
D{7} = B.7067055E+19
D(7) = 0.9584241E+19
D(7) = @.1229008E+20
D(?) = @,1471271E+20
N(7) = B.1665016E+22
NE7)y = #8,1779856£+20
G(i} = p.0
G(1) = @.2336891E+09
Gi1) = B.2536317E+p9
G(1) = @A,3832934E+99
G(i) = DP.5277148E+p89
G(1) = §.7859812E+99
Gl1) = @.1833957E+10
G{1} = (,138683DE+10
G{1) = @.1614917E+18
G{1) = DP,1645912E+10
G(1) = D.1613349E+10
G{1) = O(.1646457E+19
nis) = p.@
Nis) =z P.9967758E+21



Dis)
D(s)
n(s)
D{(%)
Dis)
D(5?
D{S)
0{5)
n{s5)
nies)
nia)
D{g)
pig)
D(8)
nea)
D(8)
nia)
Dia
D{a)
D(a)
Deal
oia)
G(2)
G(2)
G(2)
6(2)
G(2}
G(2}
G{2}
G(2)
6(2)
G2}
G2}
Gi2}
D(9}
D9}
D(9}
Di9)
o)
D(9}
[LERD]
0(9)
D)
Di9)
nt9)
1 18-}
63
G(3}
G(3}
6(3)
G(3)
6(3)
G(3)
G(3}
G(3}
G(3}
G(3)
G(3)
D1}
D4}
D7)
n{s)
0{8)
0{9)
G{1)
G{2)

LT T T T N L 2T T 2 T TN N TUE T N T I I T U N U TN TUNT O I TN U L T U T I LU N O O T INTO L L R UI T O L ONI TR RN TIN U R TI RN R )

2.2831833E+22
9.5572146E+22
?.91895P5E+22
@.1360041E+23
P.1838142E+23
9.2492861E+23
2.3196658E+23
@.3826777E+23
?.43307P6E+23
8.4627323E+23
2.8
@.35638745E+23
#.1257061E+24
8.2924322E+24
B.5565370E+24
8.9322520E+24
2.1369745E+25
B.2270082E+2%
@.3559736E+25
2.5292622E+25
8.7132226E+25
P.B763657E+25
2.2
9.2218877E+14
0.2471351E+14
8.4523250E+14
@.7265815E+14
@.1121531E+15
2.1982138E+15
0.3164179E+15
P.4251341E+15
?.4473034E+15
0,4163863E+15%
@.4637502E+15
p.@
9.1328329E+25
#.567579E+25
9.1581973E+26
2,3518211E+26
2.6710501E+26
#.1071383E+27
§.2309265E+27
B.4672782E+27
P.9438316E+27
?.1615383E+28
p.25126B9E+28
v.a
0.8102045E+15
0.9326924E+15
2.21813P8E+16
P.41836564E+16
@.7547787E+16
B.14469084E+17
0.3204416E+17
8,5196726E+17
B.5806400E+17
#.4677771E+17
@.7282842E+17
842953.3
@.1786772E+12
$.21195B83E+14
2.1197819E+12
3.4168133E+14
2.18164@5E+14
1953.201
958.,0562
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6(3) -458,.4326

6(3) = -8,2523845E~-10
6(2) = @,1678A74E-37
G{1) = -@.6879539L-B3
P(1) = ¢,4400159E-21
P(2) = B.3172162E-86
P(3} = 9,4627543E-09
2 0,269235E+07 P(1)=2.4482016E~-01
P{2)=p.317216F~-B6
P(3)1=0.462754E~-09
p(1) = 0.8
D(1) = ©.1054112E+12
D{1) = B.2129083E+12
D(1) = ©.3145432E+12
D(1) = @.4070122€+12
D1} = @.4894248E+12
N(1) = B.5666726E+12
Ni1) = B.6133014E+12
D(1) = @.6416404E+12
D(1) = @.6531941E+12
D(1) = B.6584084L+12
D(1)} = ©.6598341E+12
Di4) = @,
D(4) = @.1000879C+17
D(4) = G.2361793E+17
D(4) = @0.3978166E«17
D(4) = B,5726151E+17
D(4} = B.7551982E+17
D{4) = 0.93985568E+17
D(4) = P.1185821E+18
D(4) = D.1242899E+18
D(d4) = @B.1322896E+18
Dt4y = P.1373260E£+18
Dt4) = @.1393656E+18
pi7) = 9.8
BL?) = ©@.3653724E+18
D(7) = P.AB27TTTE+19
D{7) = P.2006343E+19
D{7) = MH.3288393E+19
D(7)Y = ©@,4043616E+19
D(7) = @.6526830E+19
D(7) = B.8819107E+19
D(7} = 0.1129448E+20
D(7) = B.1354948E+20
D(7} = @.1538808E+20
D(7) = @.1650964E+20
G(1} = 8.0
G{1) = 02.1323960E+09
G{1) = 3995776,
G(1}) = -B.5876808E+08
G(1) = ~@,1304328E+09
G{1) = -3,1814996E+09
G(1) = -3.9172838E+88
Gl1) = @.4688134E£+08
G¢(1) = @.1147705E+29
G(1) = §,6952240E+28
G{1) = 2554736,
G{1) = @.3032432E+08
D{5) = 0.8
D(5) = G.9503350E+21
0{5) = @M.2673251E+22
N(5) = PB.5218501E+22
n{5) = P.B553115E+22
D{5} = @.1259825E+23
N(S) = @.1697427E+23

nes? @2.2293850E+23



Di{sS)
D)
D{S}
0(s)
nea)
0(8)
048}
0{8}
Dia}
D(R)
nea)
nia)
08l
D{(8)
0i{8)
0ia)
Gt2)
G(2)
6(2)
G(2)
G(2)
Gt2)
G(2)
G(2)
G(2)
GL2}
G(2)
G2}
N
0(9}
049}
D(9}
iy
I}
De9)
D(9}
0{9)
B(9)
D{9}
D9
G(3}
G(3}
G(3}
G{3}
G{3)
G(3)
G(3)
G{3)
6(3}
G(3}
G(3}
G¢3)
N1}
Da4)
D7)
D(s)
D(a)
n(e)
6(1)
6(2)
G(3)
G(3)
G(2)
Gi1)
P(1)
P(2)

LT I L O T O T T (IO L T T O O I T O T2 T O T OO U £ I O | OO (T U T Y T O T I T BT T (IO T T T LI O L (IO OO I T N DO T (OO IO (O IO O T VI T IO T O (IO O O '}

0.2937695E+23
0.3524219E+23
P.4002433E+23
0.4294298E+23
n.0
B.3469211E+23
P.1185525E+24
0.2734185E+24
B.5166720E+24
B.8614317E+24
R.1261859E+25
P.2081965E+25
B8.3261858E+25
2.4874824E+25
R.6629554E+25
@.822535BE+25
.8
2.1257100E+14
~P.3798406E+13
-0.1358836E+14
~P.2719749E+14
“R.3851133E+14
~B.1714506E+14
A.3242798E+14
B.6478725E+14
8.3249329E+«14
«P.3118749E+14
2.8539116E+13
2.0
P.1266439E+25
?.5348224E+25
2.1477009E+26
B.3254538E+26
0.6189443E+26
#.9853611E+26
0.2113d32E+27
B.4275244E+27
0,8711016E+27
A.15@6383E+28
0.2391039E+28
2.0
A.4589060E¢15
-3.,3378507E+15
~3.9334907E+15
~0.1927899E+16
-0.2890797€E+16
~0.935649BE+15
2.5680789E+16
2.1181082E+17
2.2929790E+16
~@.2831699E+17
8.1533993E+16
812301.8
@.1715687E+12
0.2032474E+14
B.1162166E+12
R.4077897€+14
B.1776719E+14
37.33134
18,36423
1,441758
2.8114722€E~13
0.1295493E-99
A.1656459E-04
0.4481816E-01
N.3173458E-06
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P{3)
3

D1}
o)
D1}
Di{1)
oe1)
D(1}
DS
n{1)
0(1)
N1y
D(t)
0(1}
0(4)
D{4)
Dt4)
D{a)
Di4y
004}
De4)
0(4)
D{4)
0ia4)
n{4)
o{4)
0it7)
0i7}
De7)
07}
ne?)
0(7)
D{7})
D(7)
07}
D(?7)
D(7}
Dz}
G{1)
6{(1)
61}
G(1)
G{1}
G(1)
G(1)
Gt1)
GiL)
G(1)
Gl1)
[ 8
ns)
Dis)
0s)
D{5)
B{5)
D(s)
ns)
0(%)
nesy
D{5)
nisy
0ts)
Dea
nial

llll“llIIIIIIl|llllIlll"!lll"llllllll"llﬂllllllll“llllllIlllllSlIIIIII-II"IIIIIIIIIIIIIIIlllllllll'lll"““llll“ll“

0.4628353E-09
269960E+07 P(1)=0,449182E-91
P(2)=P,317346E-86
P(31=0,462835E~09
2.0
6.1952490E+12
8.2125810E+12
@.3140602E+12
A.4083B79E+12
P.4886746E+12
B.5658868E+12
0.6123658E+12
B.6406637E+12
0.6521114E+12
2.6574B87E+12
B8.6580326E+12
8.8
B.9993401E+16
@.2358163E+17
P.3964071E+17
A.5717375E+17
B.7540430E+17
@.9376216E+17
#.1104148E+18
a.1239822E+18
0.1320906E+18
P.1371204E+18
0.1391574E+18
a.0
0.364B187E+18
A.1026198E+19
2.2B803264E+19
@.3283357E+19
9.4836216€+19
2.651608PE+19
0.8885757E+19
P.1127755E+20
8.1352942E+20
#.1536557E+20
B,1648596E+28
2.9
8.1292261E+p9
-3565744,
-8.6922352E+@8
~B.1447397E+029
~0.1996179E+@9
~A.1137974E+89
9.2168515E+08
8.8719696E+28
2.,4855611E+048
-8.,2735530E+28
168640.00
A.a
2.9488735E+21
2.2669143E+22
0.5210489E+22
9.0540809E+22
@.1257900E+23
P.1694832E+23
8.2299377E+23
A.293372B9E+23
#.3519002E+23
N.3996583E+23
P.428B7999E+23
8.0
P.3463877€+23
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Dia)
D(a)
ota)
D¢a)
oe)
nia)
Dia)
nig)
08}
pcal
G(2)
6(2)
6(2)
G(2)
6(2)
G(2)
G(2)
G(2)
G{2)
G(2)
G{2)
G{2)
nig)
Di9)
Di{9)
Dte)
0(9}
D(9)
nee)
0(9}
Di{9)
118"
N9}
0{(9}
G(3)
6(3)
G(3)
G{3)
G(3)
G(H
GI(I
G(3)
[ 33
G(3)
G(3)
6(3)
ne1)
D4}
017}
N(s)
nDeas
Do)
G(1}
G(2}
G(3)
Gi3)
G2}
G(1)
P(1)
P{2)

PL3)
4

D)
01

N R R I I L I LU L IO L U L T T T TSN I T O T 1IN 1 T U © I U O VLI I LU L L U I U DI U LN L LI DI I LI )

B.1183704E+24
B.2729911E+24
2.5160800€+24
#.8601169E+24
2.1259937E+25
8.2078827E+25
8.3257003E+25
?.4867748E+25
B.65611166E+25
#,8213985E+25
#.0
3.1227802E+14
-0.4541429E+13
~2.1493177E+14
~0.2927230E+14
~B.4143055E+14
~P.2098316E+14
B.2743925E+14
9.5062240E+14
0.2532514€+14
-0.3915678E+14
2.3825205E+10
e.0
P.1264493E+25
@.5340010E+25
B.1474744E+26
B.3249549E+26
P.6180082E+26
P.9838613E+26
0,21098B61E+27
@.42560940E+27
#.86985B1E+27
8.1586296E+22
#.2387864E+28
0.8
0.44791086E+15
~B.3703540E+15
-B.1002523E+16
-0.2849530E+16
-0.3285153E+16
~0.1214B898E+16
P.5444129E+16
@.1115064E+17
B.2001674E+16
-0.2153756E+17
@.12274066E+13
811685.1
0.1714425E+12
0.2831078E+14
2.1161355E+12
6.4074424E+14
B.1775511E+14
B.2296457E-01
-0.9635133E-23
@.4488257E-01
2.2527868E-14
“B.8951570E~12
2.1541108E-028
2.4491831E-81
B.3173449E-06
8.4628378E-29

J269961E+87 P(1)=0.440183E-01
P(2)}=8.317345E~26
P{3)-B.462838E~09

8.9
P.1052487E+12

Cil



D1}
neL)
D(1)
D1}
D(1}
Dy
D1}
0(1}
D(1)
01}
D(4})
D(4}
D(4)
ne4)
ni4)
04}
D(4)
ne4)
D(4)
Dee)
D(4)
ne4)
D{7)
D7}
DLz}
D{(7?
D7)
D7)
Di7)
0(?7)
nery
0¢7)
DERS]
D(7)
Gi1)
G6{1)
Gl1}
G{1)
6{1)
Gi1}
6i{1)
G(1}
6{1)
6(1)
6(1)
G{(1)}
nis)
0es)
0t5)
0(s)
0es5}
nis}
n{s5)
n(s)
Dis}
0{s)
0is)
0(s)
[ X8}
D{8)
[ RE:3)
D8}
D8l
n¢s)
0{ga)
nes)

LTI T T T N T I T T O T O U | B IO OO IO DT OO T DY IO T A O U O T IO L 1 I (IO LD T S T | |

[ O I T T T T T T A T I L I LI I )

H oo i

(13 T TR T I 11

8.2125802E+12
P.3140593E+12
B.4063869E+12
N.48867386E+12
8.5650@851E+12
0.6123648E+12
B.6406628E+12
B8.6521105E+12
A.6574878E+12
9.6588317E+12
8.2
0.9993362E+16
8.2356154E+17
8.3964060E+17
#.5717362E+17
@.7540423E+17
@.9376209E+17
N.1104139E+18
0.1239021E+18
B.1329905E+18
2.13712P3E+18
2.1391573E+18
2.9
2.3646993E+18
6.1026195E+19
2.2003259E+19
2.32A3351E+19
B.4836210E+19
B.6516074E+19
6.8805753E+19
8.1127754E+20
@.1352942E+20
P.1536556E+28
#.1648595E+29
a.0
P.1292162E+09
-3581048.
-0.6924250E+08
-B.1447599E+89
~0,19963680E+89
-R.1137253E+29
7.2166896E+28
B.8709077E+08
N.4953992E+86
-0.2737229E+28
560.0000
a.0
0.9488699E+21
9.26691349E+22
P.5210480E+22
9.8540000E+22
M.,1257899E+23
0.1694832E+23
#.2290377€E+23
9.2933290E+23
@.3519083E+23
0.3996583E+23
0.4287997E+23
a.0
B.3463864E+23
#.1183699E+24
B.2729903E+24
B.516B799E+24
?.8661168E+24
B.1259937E+25
2.7078028E+25

cl2



Dis)
oia)
048}
0(8}
Gt2}
G2}
6(2)
G(2)
G{2)
Gi2)
GL2)
G(2)
G(2)
G(2)
G(2)
G{2)
i)
D9
D9
Di9}
D{9)
0i9)
0{9}
[118-3)
Do}
D(9)
1138
D{9)
G(3)
G{3)
G{(3)
G(3)
G{3)
(&}
G(3}
G(3)
G(3)
G(3)
G(3)
G(3)
0{1)
0{4)
0{7)
0(5)
ncal
09}
G(1}
G(2)
G(3)
GI(3)
6(2)
6i1)
LAS B
P{2}
PL3)

5

=
z
"
=
=
=

2.3257004€+25
B.4867749E+25
P.6611163E+25
8.8213975E+25
9.0
B.1226927E+14
-2.4543117€+13
~0.1493404E+14
-0.2927478E+14
“@.4143303E+14
-0.2098513E+14
B.2743793E+14
0.5862115E+14
8.7532382E+14
-9.3915884E+14
9.2P13266E£+09
.8
2.1264489E+25
2.5339992E+25
B.1474740E+26
0.3249545E+26
8.6179999E+26
0.983B613E+26
2.21090861E+27
R.426894BE+27
2.8698581E+27
6.1506295E+28
#.2387068E+28
8.a
B.4478915E+15
-6,.3704270E+15
«0,1002631E+16
-0.2849654E+16
-0.3085278E+16
-@.1214166E+16
0,5444142E+16
9.1115865E+17
?,2001687E+16
-0.2153782E+17
?,9448920E+11
811684.5
#,1714426E+12
9.,2031078E+14
?.1161354E+12
B.4074421E+14
2.17755Q@4E+14
2,.6899231E-03
9.7150655E-03
6.2891663E-82
@.1628643E-15
-3,5098199E-13
0.7542766E-88
0.4481832E-21
8,3173448E-86
A.4628378E-09
269062E+87 P(
Pt
P

p{1)= #.448183E-01
pi2)= 0.317345E-06
P(3)= @.462838E-09

11=3.440183E-01
2)=0,317345E-96
31=0.462838E-29

E.S.D.= B8.204765E-02
£.5.0.= 8,125001E-07
E.5.0.= 0.326632E-18

CORRELATION MATRIX {TRIANGULAR PART)

ROW 1

0.100000E+81

Cl3



-8.923484E+00
@.782893E+00
ROW 2

?.100009E+01
-98.916739E+00
ROK 3

9.100000E+21

Fo
B.241780E+85
2.289230E+05
9.316460E+05
2.338850E+05
9.354920E+95
0.35692PE+05
8.382720E+05
#.3926208E+05
2,391730E+05
@.377440E+45
0.318090€E+935

‘.‘.IDIIIi‘.!lIll.'llll...;lﬂl.'I!II'II"Q'."'...IIGI"I.."IIl..lIl'.'.'l"'......'I'Illll‘.l.ll‘l.l.l

FC
B.245763E+05
B.285176E+85
8.314399€E+85
0.336365E+05
#.353007€+05
0.360013E+05
2.,388995€+05
0.396509E+85
2.387379€+85
9.368109E+85
8.325344E+85

FO=FC
~8.398381E+03
6.405352E+03
0.206121E+03
2,.248531E+83
3.191389E+33
-0.309344E£+03
~B.627473E+D3
-F.308926E+03
0.435070E+03
P.933882E+03
-0.7254P46E+83

Cl4



APPENDIX D

USING THE DBGON AND DBGOFF SUBROUTINES IN DEBUG PACKETS

FORTRAN IV G LEVEL

ege1
geaz
2803
oae4
2005
peas
a087
8008
g@a9
aale
ga11
#a12
9@13
2214
aa1s
ap1s
2a1z
aa18
eaLe
en2o
pA21
eez22
20923

2924
#0225
8026
@027
gozs
gez9
aaje
2831

2832
2033
2934
2935
2836
Ra37
2038
@839
#0409
0a41
8a42
2043
0244
aa45
2046
0047

1geg
1p01
1802
1983
1884
18085
1806
1887
19086
1e89
1910

H—99%0

&—991

rEx N x]

oan

28 NLRP DATE = 73292 18/27/55

SUBROUTINE NLRP(FO,FC.A,P,N,NDOBS,NCYC}

DIMENSION FO(NOBS), FC(NOBS’pA‘NOBS.H).P(N)-B‘3n3)16|3}
FORMAT(1H®, 'CYCLE (FO=FC)ue2 PARAMETERS ")
FORMAT(1H ,13,2X,E12.6,' P(1)=',E12.8}

FORMAT(1H ,19X,'P(*,11,.")2",E12.6)

FORMAT(1H }

FORMAT(1H ,*PL', 11, )x",E13,6," £.5.0,2',E13.6}
FORMAT(1HO, *CORRELATION MATRIX (TRIANGULAR PART)'}
FORMAT(1H ,E13.6)

FORMAT(1H ,'ROW',12)
FORMAT(1HD,6X,'FO*, 12X, *FC*,18X,'FO=-FC"')
FORMAT(1H ,E13.6,2X,E13.6,1%,E13.6)

FORMAT{1HO, 'SINGULAR HATRIX')

CONTINUE

HRITE({3,10088)

NC=@

CALL FUNCFO,FC,A,P,N.,NOBS,S162)
WRITE(3,2@881)NC,SIG2,P{1}

DD 2 I=2.N

HRITEL3,16882)1.P(1)

NC=NC+1

IF(NC.GT.NCYC)} GO TO 20

CONTINUE

FORM A»aTeA AND A®eTeC

DD 4 I=1.N

DO 3 J=I.N

(L. J} =D

00 3 K=1,N0BS

DI NI=DUT, JY+ALK, [)®A(KLJ)
G(1)=B.0

D0 4 K=1,NOBS
GEII=G(T)+A(K [} #{FO(K)=FC(K))}

CALCULATION OF S{1.,J) FOR UPPER TRIANGULAR MATRIX

0(1,1)=SQRT(D(1.1))
00 5 Jz2,N
D(1,J3=D(1,J)/01(1,1)
1=2

K=]~1

KeD(1,1)

DO 7 L=1.K
X=X=D(L,1)=D(L, 1}
IF{X.LE.2.8) GO TO 1@0
D¢],1)=8S0RT(X}

M=]+1

IF{M.GT.N) GO TO 1@
DO 9 JzsM.N

Xz0{(1.,J)

00 8 L=1,K
X=X=DCL,F)sD(L, )



D2

FORTRAN 1V G LEVEL 28 NLRP DATE = 73292 18/27/5%
oo48 9 OUI,01=xX/0(01.1)
2049 l=]+1
gese GO TD &
c
c CALCULATION OF K(1)
C
2e51 18 G(1r=G{(1)/D0{1.1)
952 D0 12 1=2,N
2053 K=i-1
8e54 X=GtI}
Ba55 DO 11 L=1,K
pass 11 X=X=D{L.1)=G(L)
pes? 12 G(1)=X/D(1.1}
C
c CALCULATION OF SOLUTIONS WHICH OVERWRITE ORIGINAL K(I)
C
gasa GINY=GIN}/DINN) v
9959 M=N~1 :
gose DD 14 J=1,H
gasl I[=N=-J
de62 X=G{l)
2063 K=1+1
2064 00 13 L=K.N
doo5 13 X=X-D{I.L)=G(L)
256 14 G(Iy=sX/DC1,1)
C
C APPLY SHIFTS FOR NEXT CYCLE
c
gae7 D0 15 I=1,N
ag68 15 P{I)=P(I)+G(])
2069 (H——-—=992 CONTINUE
ae70 GO TO 1
C
c END OF REFINEMENT
c
0871 28 IF(NCYC.EQ.8) GO To 4@
c
c CALCULATE R(I,J)} WHICH OVERWRITE S(1.,J)
4
paz2 DIN,N)=1.8/D{N.N)
pa73 Mi=N=-1
0074 Do 22 K=1,M1
2875 I=N-K
@76 D(I.T)=1.8/D(1,1)
0077 M2=1+1
f878 M3=M2+N
eaz9 D0 22 Mz=M2,N
#0809 JzM3-N
¢a81 X=0.0
0982 00 21 L=H2.J
gess 21 X=X-D(1,L)#D(L,J)
2984 22 DU, Ja=XeD(T, 1}



D3

FORTRAN IV G LEVEL 29 NLRP DATE = 73292 18727755
c CALCULATION OF INVERSE WHICH OVERWRITES D(I,.J)
c
9085 DO 24 Iz1i,N
1T DO 24 J=z1.N
p287 X=8.0
2088 DO 23 LeJ,N
ana9 23 X=2X+0(1,L)D(J,L)
po9n 24 DUI,Jd)¥=xX
c
c PRINT PARAHETERS AND ESTIMATED STANDARD DEVIATIONS
c
BE91 WRITE(3,1883)
2092 S1G2=51627 (NOBS=N)
2093 DO 25 1=1,N
2094 G(I1)=SORT(SIG2+0(L,1}}
2295 25 WRITE(3.1284)1,P(1),G(1}
aa96 HRITE(3,10805)
8897 DO 26 l=1,N
aa9a WRITE(3,1087)1
0099 D0 26 Jzl.N
9100 X=DUL.JI#SIG2/(G(T1I#GLI))
0101 26 WRITE(3,1886)X
#1082 49 WRITE(3,1903)
9103 HRITE(3,1008)
g1e4 00 41 Is1,NOBS
@105 X=FO(1)-FCLD)
8106 41 WRITE(3,18991F0(1),FC(I),X
@197 KRITE(3,1383)
P108 RETURK
8189 10¢ WRITE(3,1810)
0110 STOP
a111 DEBUG INIT
g112 AT 998
9113 CALL DBGOFF('INIT®)
P114 @B 3AT 991
9115 CALL DBGON{'INITARIT')
8116 (sr 992

9117 ALL DBGOFF('INITARIT")
@118 END






FORTRAN [V G LEVEL

g9e1
ana2
2a83
0204
aaas
2906
ana7
gaen
2839
Baia
paLl
aa12
213
2aL4
2415
2816
2017
pa1e
219
2020
2921

00822
2923
2024
ga25
0826
pez7
2028
2929
2a30

2831
2R3z
2A33
Pa34
2035
ea36
2as7
2a3a
an3y
ga40
BA41
BR42
2A43
a044
2045
an4e
Ae47

aao

1008
1081
1082
1293
1004
1285
1206
187
iana
1289
1810

4
B 990
c

ao

APPENDIX E
USING THE DISPLAY STATEMENT

20 NLRP DATE = 73292

SUBROUTINE NLRP(FO,FC,A,P,N,NOBS.NCYC)

DIMENSIGN FO(NOBS),FCI{NNBS).A(NOBS,N),PI{N},D{3.3).G(3)
FORMAT(1HB, "CYCLE {FO=FCles2 PARAMETERS')
FORMAT(1H ,13,2X,E12.6," P(11z',£12.6)

FORMAT(1H ,19X,*P{',]1,")=*,E12.6)

FORMAT(1H )

FORMAT(AH ,*P{', 11, )= ,EL3.6,* E.S.0.2",E13.6)
FORMAT(1HA, "CORRELATION MATRIX (YRIANGULAR PART})')
FORMAT(1H ,E13.6)

FORMAT(1H ,'RON',12)
FORMAT(1HD,6X,'FO',12X,*FC*. 10X, 'FO~FC*)
FORMAT{1H ,E13.6,2X,E13,6,1X,E13.6)

FORMAT{1HB, *SINGULAR MATRIX")

HRITE{3,108280)

NC=D

CALL FUN(FO.FC,A,P,N.NDBS,S51G2)
HRITE(3,1@01)NC,SIG2,P(1)

Do 2 I=2,N

WRITE(3,1002)1,P(1)

NC=NC+1

IF(NC.GT.NCYC) GO TO 20

FORM A##TeA AND AsaTeC

DO 4 [=1,N

DO 3 J=I,N

D(1.,J)=0.0

DO 3 K=1,NOBS
DELsJY=DCT, D) +A (K LI ®A(K. J)
G(I)=0.2

00 4 K=1,N0BS
GUIY=G(IY+A(K, 1) #{FO(K)=-FC(K))
CONTINUE

CALCULATION OF StI,J) FOR UPPER TRIANGULAR MATRIX

D(1,1)=SQRT(D(1.1})
DO 5 J=2,N

D61, N=0(1,J)/D(1,1)
1=2

K=1-1

X=p{1, 1)

DO 7 L=1,K
X=X-D(L.IYsD(L.I)
IF{(X.LE.@.8) GO TD 140
D(1,13=SQRT(X)

H=]+]

IF(M,GT.NY GO TO 19
DO 9 J=M.N

X=0it, N

DO 8 L=1.K
XzX=0DCL.IY#D(L, )
DCI.JY=Xx/D01,1)

19/748/11



E2

FORTRAN IV G LEVEL 2@ NLRP DATE = 73292 18/27/55
ga48 9 DUL.JI=X/DCI. 1)
2049 I=1+1
ga59 GO 10D &
c
H CALCULATION OF K{1)
C
#0851 i@ 6(1)=G(1)/0(1,1)
ap52 Do 12 [=2,N
2053 K=]-1
9854 X=G{(1}
2a5s5 D0 11 L=1.K
pase 11 X=X-DiL,1)=G(L)
aas57 12 G{1)=X/D(1,1)
c
c CALCULATION OF SOLUTIONS WHICH OVERWRITE ORIGINAL K(])
C
2a58 GI(N)=G(N})/D(N.N)
ea59 M=N~1
dasn DO 14 J=1,M
20861 {=N=-J
ges2 X=G{1)
2863 K=1+1
2064 00 13 L=K,N
2865 13 X=X-D{l.L)=G(L)
2866 14 G(Ir=X/0C1, 1)
c
c APPLY SHIFTS FOR NEXT CYCLE
c
2067 Do 15 [=1,N
0068 15 POL)=P(1)+GL])
2069 (P——-»992 CONTINUE
go7e GO TO 1
c
C END OF REFINEMENT
c
ea71 29 IF(NCYC.EQ.@) GO TO 49
c
c CALCULATE R{1,J) WHICH OVERWRITE S(1,J)
C
aa72 DIN,NY21.8/DIN,N)
o073 MizN-1
aa74 Do 22 Kzi,M1
2875 I=N=K
2076 DCI,I)=1.8/D(1, 1)
8a77 M2=1+1
2078 M3=M2+N
8a79 DO 22 M=zM2,N
veso JEM3-H
2081 X=0.0
pae2 00 21 L=MH2,J
ges83 21 X=X-D(I,L}eD(L,J}
2684 22 DOl Jy=Xe0(1, 1)



E3

FORTRAN IV G LEVEL 29 NLRP OATE = 73292 19/48/11
¢ CALCULATION OF INVERSE WHICH OVERWRITES D(I,J)
€

2885 DO 24 |=1,N
@ass D0 24 Jsl,N
ans7 X=0.9
@ARd D0 23 Lz2J,N
2ABY 23 X=X+DC1,L)D{J,L)
en9a 24 DUL, =X
¢
c PRINT PARAMETERS AND ESTIMATED STANDARD DEVIATIONS
c
2091 WRITE(3,108083)
9092 S162=5|G2/{NOBS=N)
2093 DO 25 l=1,N
0094 G(1}=SQRT(SIG2eD¢1, 1))
5095 25 WRITE(3,1084)E,P(1),6(1)
2096 WRITE(3,108085)
2097 D0 26 [=1,N
2098 WRITE(3,1007)1
209% D0 26 J=1,N
@100 X=D41, #5162/ (GCIIeG0Y)
a101 26 WRITE(3,1006)X
g1a2 4D WRITE(3,1003)
2103 WRITE(3,10088)
p104 On 41 [=1,NOBS
8105 : K=FOCI)=-FCLI)
2106 © 41 WRITE(3,1089)F0C1),FCCL),X
2107 WRITE(3,1883)
2108 RETURN
p1e9 100 WRITE(3,1018)
8119 STOP
B111 /DEBUG
P112 AT 999
P113 DISPLAY D,G
B114 AT 1B
$115 - sDISPLAY D
9116 /AT 991
0117 i DISPLAY 6
g114 . AT 992
p119 N DISPLAY 6

g12e END
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APPENDIX F
MACRO LISTINGS

MACRO

&HERE ARFAD 8L IST1.8LIST2

&K

. 8

(Z2 222222 L2 S22 2 22 22 2 RRSZ PR R 22 R YR SRS SIS RESRS 2 2 23

&CSN TABLE OF CSECT NAMES

4ALBN TABLE OF SAVE AREA NAMES

&0 EQUALS P - READ, 4 -~ WRITE, 8 -~ SECOND CALL. 12 -~ ARRAY,
16 - LAST CALL TO IBCOM

401 EQUALS @ - FNRMATTED, 20 - UNFORMATTED

400 DISPLACEMENT IN [BCOM

4UI UNIT TYPE @ - INTEGER, 1 - VARIABLE NANME

&P1 END=, ERR= OPTIONS @ - NEITHER, § - END, 2 - ERR, 3 - BOTH

2CHAR FIRST CHARACTER DF OPERAND

4K COUNTER

4T SYMBOL TYPE CODE

&L OPERAND LENGTH IN BYTES

&1 LOOP COUNTER FOR TABLES

AEFERRBERE AR R AR EP RO E AR ERENANENESRENERN DSBS IREOESRRRNREERASRRBES

GBLC 2&CSN(256),8LANI256)
GBLA 4D
LCLA 4D1
LCLA 8DD
LCLA 2Ul
LCLA &PI
LCLC &CHAR
LCLA 3K
LCLA 8T
LELA 4L
LCLA &l
SETA 1
CHECK FOR OPERANDS
ATF (K'&LIST1 EQ @) ,M0D9
CNOP &,4

~HODO1 ANOP

Al

SETA 81+1
ALF (*4SYSECT* EO *ACSNC2I)*).MODE2
ALF {'ECSN(&I)" NE *'),MODE1

4CSN{&I) SETC '&SYSECT®
81 BNC(RT) SETC *1HB',.*38SYSNDX'

8HE

RE 8 s+12

4LBNI&])Y DC 2A(d)

STH 14,15, &8LBN(3])
AGO MoDAS

-HODE2 ANOP

&HE

RE STH 14,15,8LANLST)

«MODB6 ANOP

4PI

L 15,=v{1BCOMK)

ALF (80 EQ 4).WT@2

AlF (K'&LIST1(4) EO @).WTOL
SETA 4P1e+2

B *++8

ERRASYSNDX DC A(SLISTi(4))
W78 ANOP

iP1

£OF

ALF (K'"8LISTL1(3) £0 2).WT@2
SETA &Pl+%
B *+8

ESYSNDX DC  ACALIST1(3))



F2

HTA2 ANOP
AlLF (K*BLIST1(2) NE B).WTO3
801 SETA 20
«NT23 ANOP
SCHAR SETC *&LISTi(1)'(1,1)
AIF (*EZCHAR® GE *B' AND 'SCHAR' LE '9*).HTS

&uJ SETA 1
AGO SNTE
HWTL ANOP
&0 SETA 8
P 18 SETA L"8SYSLIST(8K,1)

AlF (801 EQ 28).HTS

AlF (T*&SYSLIST(EK) EQ YE'),NT4
AlF (T*8SYSLISTISK)Y EQ *0'),WHT3
AlF (T*8SYSLIST(AK) EQ 'F').HNT2
ALF (T*8SYSLISY(&K) NE 'H'),NT4

.3 SETA 4

AGD +MTS
+HT2 ANOP
8T SETA 5

AGD JHTS
HT3 ANOP
LT SETA 6

AGO JHT5
HT4 ANOP
a1 SETA 7
+HTS AlF (N'S8SYSLIST(8K) ED 1).HWTé
8D SETA 40D+4
MTS ANQP
200 SETA 3D+2D1

BAL 14,800.(15)

AlF (8D EQ 8),HWT9

AlF (8D EQ 12).MT8

nc ALA*3PI',XL.4"8UI",ALI(ELISTLIIL))

AIF (801 Eq 20).WT7

oc ALL(Q1),AL3(FHTELISTL(2))
HT7 AlF (8P1 E£0 @).WT1D

AlF (aP] EQ 2).,MT75

oc AL4{EOFASYSNDX)

ALF (&P EQ 1)},.WT10
HT75 oc AL4(ERR&SYSNDX)

AGOD +HT10
«HTB oc AL1CB),AL3(ESYSLIST(&K,.1))
: oc ALLCBLY, XL.4°8T*,AL.20C8SYSLIST{AK,2))
¢ AGO JHT109
.WTG oc ALLCRLY XL 48T, XL . 4'B",SL2(8SYSLIST(8K))
WT10 ANOP
&K SETA &K+l

«* LOOP THROUGH OPERANDS IN LIST
AlF (K*3SYSLIST(&K) GT 8).WT1
«* LAST CALL TO [BCOM

400 SETA 16+8D1
BAL 14,8D0.415)
&80 SETA @
LM 14,15,8LONL&T)
MEXIT
.MOD9 MNOTE *#es WARNING - HACRO INSTRUCTION HAS NO OPERANDS wmes:
80 SETA @

HEND



F3

MACRO
SHERE AHRITE 8A1,8A2,8A3,8A4,8A5,8A6,8A7,8A8.8A9,8A,8B1,3062.8B3,849,%
&4B4,4B5,886.887,888,4B9,48,48C1,8C2,8C3.4C4,8C5,48C6,8C7.8X
C8,8C9,8C,80%,802,803,404,8D5,28D6.38D7.808,809,8K,8E1,8E2X
+8E3,8E4,8E5,48E6,8E7,4EB,869,8E,8F1,8F2,8F3,8+4,8F5,8F58,X
&F7,8F8,8F9,AF.461.4G2.28G3,8G4,8G5,866,8G7,8G8,869,46G,8HY
1,8H2,8H3,8H4,8H5,8H6,8H7 , 8HB , 8H9, 8H,811,812,.813,814,815X
+216,817.,418,819.81,8J1,802,8J3,8)4,805,306,807,848.8)
GBLA &0
80 SETA 4
SHERE AREAD  8A1,8A2,8A3,8A4,8A5,8A6.8A7,8A8,849,8A,881,882,28B3,8.49,X
404,885,.886,887,2888,2869,88,48C01.48C2,8C3,8C4,8C5.8C6,8C7,8X
C8,48C9,8C,8D1,202,8D3,8D4,305.4806,4D07,808.809,8K,8E1,48E2X
+8E3,8E4,8E5,8E6,867,8E0,869,.8E,48F1,48F2,8F3,8F4,8F5,8F6,X
aF7,8FB.8F9,8F,861,862,863.4G4.48C5,8G6,8G7,8608,869,8G,&8HX
1,8H2,8H3,8H4,8H5,8H6,8H7 ,8HB . 8H9, 8H. &11,812,813,814,231I5X
»816,817,818,819.,81,841,802,8)3,804,8)5,806,807.808,84
HEND

MACRO
&N AFORMAT &LIST
FHTEN 11K CELIST
HEND

HACROD
SHERE ABACKSP &A
.
S RN RN AR BN BRSNS SRR NN RE RS IR RN R R,

RCSN TABLE OF CSECT NAMES

2LBN TABLE OF SAVE AREA NAMES

4D EQUALS @ -~ BASKSPACE. =4 - REWIND, =8 - ENDFILE.
&DD OISPLACEMENT IN 1BCOM

41 LOOP COUNTER FOR TABLES

&CHAR FIRST CHARACYER OF OPERAND

GRS RRTR SRR EAR AR R A AR E AR NB R RN AR RSB N SRR AR BN TR RN E RSB NERNEN

& & x x & ¥ & &

GBLC A&CSN(256),8LBN(256)
GBLA 4D
LCLA 40D
LCLA &I
LCLEC &CHAR
«* CHECK FOR DPERANDS
AIF (K*&A £0 @).M0D9

CNOP  @.4
DD SETA &D+4p
+M0ODE1 ANOP
1 SETA &l+1

AlF (*&SYSECT' EQ *&CSN(&I)*}).MODB2
AIF (*8CSN(&I)*' NE '*).MODO1
3CSN(&I) SETC ‘*&SYSECT'
4LBN{&I) SETC *IHB*,'&8SYSNDX®
SHERE B #4412
SLBa(&1Y» DC 2AC3}
STH 14,15, 8LBN(&T)



MO0z
AHERE
.HODOS

SCHAR

.B51
.BS2
a0

+MOD9
40

&HERE

4D
4HERE

SHERE

&0
SHERE

F4

AGO -M0DB6

ANOP
STH 14,15,8LBNC2])
ANDP
L 15,=v{IBCOMN)

BAL 14,800 (15)

SETC *&A'(1.1)

ALF {*8CHAR' GT *@' AND '&CHAR®' LE '9').BS1
[+ ALLIY1',ALICRA)

AGO .BSs2

11+ XL1'@',AL3(RA)
ANOP

SETA @

LM 14.15,8LBN(EY)
MEXET

MNOTE *«ss WARNING - MACRO INSTRUCTION HAS NO OPERANDS #ss!
SETA @
MEND

MACRO

AENDF ILE (1]
GBLA 2D

SETA @8

ABACKSP 1]

HEND

MACRO

AREMIND 1]
GBLA &0

SETA 4

ABACKSP L1

MEND



8HE
.
.
u

L]
L]
L ]
L]
-
-
-
L
L]
L]
-
a
.
L]
+*
2
»
=

s e s o

8K

F5

HACHD
RE SRFAD RLIST1.,8L 1572

X EREEZENRRESL SRR R AR RN RSS2 EEREEE NSRS Y]

4CSN TABIE OF CSECT NAMES

2LAN TABLE OF SAVE AREA NAMES

&D EQUALS @& - READ., 4 ~ WRITE, 8 - SFCOND CALL, 12 - ARRAY.
16 ~ LAST CALL T0O 18COM

&01 EQUALS ¢ -~ FORMATIED, 2@ - UNFORHATTED

ADD DISPLACEMENT IN 18CON

&U1 UNIT TYPE @ ~ INTEGER., 1 - VARIARLF NAME

&P1 FND=, fRR= OPTI{ONS @ - NEITHER, 1 - £ND, 2 - ERR., 3 - BOTH

ACHAR 1S THE &1CHAR*TH CHARACTER OF APEFRAND

&K COUNTER

&T SYMBOL TYPE CnoF

RL OPERAND LENGYH IN BYYES

RADDR INDIRECT ADDRESS FLAG

ALENGTH CHANGE OF LENGTH FLAG

&1 LNOP COUNTER FOR TABLES

[ EE RS RS SS NI SRR RR S RASNRRRRRASRAR N RSN EZ RS SRR R YY)

GHIC A&CSN(256),ALANI256)

GBLA &L
LCLA 4b1
LCLA 80D
LCLA RUE
LCLA &P

LCIA &ICHAR
LCLC A&CHAR

LCLA &K

LCLA &7

LCLA AL

[.CLA XADDR
LCLA SLENGTH
LCLA &1

SETA 1

CHECK FOR NPERANDS
ALF {K'&LIST1 EQ @).MHODY9
CNOP 9.4

L MONAL ANOP

&i

SETA 81+1
AlLF (*&SYSECT* EN 'ECSN(AI)*).MODB2
ALF (TRCSNCAT) " NE *'').MODRAL

LCSN(XIY SETC  *4SYSECT®
KL BNEATY SETC  “IHB*,*&SYSNDX'

&HE,

RE. B 412

&I BNLR] DC ?Al@y

STH 14,15.,8LPANI&])
AGO LHOD0é

JHODB2 ANOP

8HE

e STM 14,15.8LAN(E&])

SMODGA ANNP

g0 |

L 15,=v{1BCOMNR)

ALF (&0 EQ 4) . WTA2

AlF (K'&LIST1(4) EQ B).WTD1
SETA  AP[e?

] =+f

ERHESYSNDXY DC  ACALTIST1(4))



JHTa1 ANOP
AlIF
P SETA
2]
EOF&SYSNDX DC
.WYa2 ANOP
ALF
401 SETA
.MTB3 ANOP
3CHAR SETC
AlF
sul SETA
AGO
SHTL ANOP
49 SETA
4 ICHAR SETA
4ANDR SETA
SLENGTH SETA
AIF
8CHAR SETC
AlF
4A0DR SETA
3 ICHAR SETA
&CHAR SETC
LMCD1 ANOP
AlF
SLENGTH SETA
81CHAR SETA
4CHAR SETC
LMOong ANOP
AlF
LT SETA
4L SETA
AGO
+MOD3 ANDP
T SETA
8L SETA
HTS AlF
&0 SETA
AlF
LTS ANOP
300 SETA
BAL
AlF
ALF
114
ALF
oc
NT? AlF
AlF
]y
AlF
JHT?5 oc
AGO
«MOD6 ANNP
80D SETA
4CHAR SETC
MVC

BAL

F6

(K*8LIST1(3) EQ 3),WTE2
SPI+1

aeh

ACBLISTI(3N)

(K*aLIST1{2) NE B8).WTR3
29

*LIST1(1) (1, 1)

(*8CHAR' GE *9* AND *&CHAR' LE '9°).UT6
1

W76

SR Ao

(801 EO0 28),WTS
'8SYSLIST(EK,.1)' (1,1}
("2CHAR' NE '"¥').HOD1
1

4ICHAR+1
*4SYSLIST(8K,1)"(2,1)

(*&CHAR' NE *$').NOD2

1

S1CHAR+1
'8SYSLIST(EK,1)*(8ICHAR.1}

(*&CHAR' EO '1' OR ('&CHAR' GE *J' AND *ACHAR® LE 'N'}).X
HOD3

?=-2LENGTH

4+423LENGTH

LHTE

5+8LENGTH

4-2#3LENGTH

(N*&SYSLIST(&K) EQ 1 AND SADDR EQ ©),WTé
40+4

(2ADDR EQ 1).MOD6

40+8D1

14,200, (15)

(80 EQ B).HWTY

(80 EQ 12).WTH
XL.48P1",XL.4"8UT" ,ALICALIST1(1})
(801 EN 28).M77
AL1(BLY,ALI(FMTELISTI(2))
(4P EQ @) .WTL1D

(4P] EQ 2),HT75
ALA(EOFA&SYSNDX)

(&P EQ 1).WT1D
AL4(ERRSSYSNDX)

LHT10

80+28D1
*8SYSLIST(AK,1) ' (&ICHAR,S)
#+11(3),8CHAR+L
14,800.(15)



.HT8
+HTBS

.HT9
«MT10
&K

oc
AIF
bc
AGD
0cC
oC
AGO
g
ANOP
SETA

F7

AL1(@),AL3(B)

(N*ASYSLIST(AK) GT 1).WTBS
ALL1CELY XL 44T, AL.20¢(1)

.HT1@

AL1(@),ALI(4SYSLIST(LK,1))

ALLCAL) - XL 48T ", AL.20(8SYSLIST(EK,2)}
WT1@

ALTCAL)Y XL 48T, XL .48, SL2(4SYSLIST(EK})

SK+1

+* LOOP THROUGH OPERANDS IN LIST

ALF

(K*ASYSLIST(AK! GT 03).WTL

+® LAST CALL TO 1BCOM

00
&D

+HOD9
8D

SHERE

8D
SHERE -

&N
FMTEN

SETA
BAL
SETA
LM
MEXIY
HNGTE
SETA

MEND

MACRO

16+8D1
14,80D.(15)

2

14,15, 8LBN(E])

‘ess WARNING - MACRO INSTRUCTION HAS NO OPERANDS #us’
2}

SHRITE ZA1,8A2,8A3.8A4,8A5,8A6.8A7,8A8,28A9,84A,8B1,882,8B3,8J9,X

GBLA

SETA

SREAD

MEND

MACRO

8B4,285.,486.4B7.288,8B89,4808,8C1,4C2,8C3.4C4.,8C5,4C6.4C7.8X
C8.,8C9,8C,8D01,402,403,2804,2805,806,307,800.,8D9,4K,8E1,8E2X
+8E3,8E4,8E5,8E6,8E7.8E8,.8E9,8E,8F1,8F2,8F3,8F4.4F5,8F6,X
AF7,8FB,8F9,8F.861,8G2,8G3,864,46G5,8G6,8G7,868,8G9,486.,28HX
1,8H2,8H3,2H4,8H5,8H6,8H7,8HB,&HY,8H,811,812,813,814,8]15X
+816,817,818,219,81,8J01,8J02,8.3,8.04,805,8J06,807.808.8J

8D

4
BAL1.8A2,8A3,8A4,8A5,8A6,48A7,8A8,8A9,48A,2P1,482,403,8J9,X
&tB4,885,486,2R7,408,4B9,268.,8C1.,8C2,4C3,48C4,8C5,8C6,8C7,4X%
C8.,4C9.4C,4D1,8D2,803,404,805.8D06,8D7,408,8D9,8K.4E1,8E2X
L8E3,8E4,8E5,8E6,8C7,8E8,809,8E,8F1,8F2,8F3,8F4,8F5,8F6,X
8F7,8F8,8F%,8F,2G1.8G2,8G3,864,865,866,8G7,8G8,8G9,2G,48HX
1,8H2,8H3, 8H4,8H5, 8H6 , &H7 , 8HB, 8HD,8H,811,812,813,814,815%
,816,817,218,819,81,8J1,402,8J03,8J4,845,4J06,807,48J8,8J

SFORMAT &LIST

0c
MEND

CALIST






APPENDIX G
USING THE MACROS IN AN ASSEMBLER LANGUAGE SUBROUTINE
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G113

FORTRAN IV G LEVEL 28 NLRP DATE = 73292 19/55/10

#QPTIONS IN EFFECT+ [ID,EBCDIC,SOURCE,NOLIST.NODEGK,LOAD,NOHAP

#*0PTIONS IN EFFECT® NAME = NLRP + LINECNT = 565
«STAYISTICS= SOURCE STATEMENTS = 64,.PROGRAM SIZE
#STATISTICS# NO DIAGNOSTICS GENERATED

#STATISTICS* NO DIAGNOSTICS THIS STEP @
I0=6.633 HL= 51.4

CYCLE (FO-FL)we2 PARAMETERS
@ 0.186622E+09 P{(1)=2.450000E~01
P(2)=D.400000E~A6
P(3)=0.4P0000E-09

Di1)= B.3958975E+12 D(2)=-0.938296BE+18 D(3)= B.1778772E+57
Di(4)= B.8205459E+17 Di{5)= P.2588361E+23 D{6)=-0.520646PE+19
DE7)Y= B,9951403E+19 D(B)= 0,5167965E+25 D{(9)= B.1574295E+28

G(1)=-B,7526292E+19 G{(2)=-P,2154694E+16 G(3)=~8.379904BE+18

Dl1)= B,6292039E+96 D(2)=-0,9382968E+18 D(3I)= D,1778772E+57
Did4)= RB.1316816E+12 D(5)= @.9243145E+11 D(5)=-P.5296460E+19
D(7)= 8,1581586E+14 D(8)= B,333794DE*14 D{9)= B,1449032E+14

G(1)=-9,1196479E+85 G(2)=-8.6265734E+04 G{3)= @,1275P048E+04

G{1)=-B.39P446BE-03 G(2)=-0,9956443E-87 G(3}= @.87993P4E-10

1 B.762321E+87 P(1)=0.446096E~-P1
P(2)=D,300436E-06
P{3)=0.487993E-09 )

D{1)= B.7185703E+12 0(2)=-0,938296BE+18 D(3)= B,1778772E+57
D(4)= B.1506166E+18 D(5)= 0.4627323E+23 D(61=-0,5206460E+19
D(7)= B.1779@856E+20 D(B)= @,8763657E+25 D(9)1= @.2512689E+28

G(1)= P,.1646457E+10 G(2)= 0,4637502E+15 G(3)= 0,7202842E+17

D{1)= B,.B429533E+86 D(2)=-0.9382966E+18 D(3)z B,1778772E+57
D(4)z @,1786772E+12 D(5)= B.1197819E+12 D{6)==0,52286460E+19
D(7)= 9.2110583E+14 D(8)= P, 4168133E+14 D(9)= 2.1816405E+14

G{1)= 0.1953201E+04 G{(2)= B.958P562E+083 G(I)==0.4584326E+03

G(1)=-0.6879539E-03 G{2)= D.16780874E-97 G(3)=-0,2523845E~18

2 @.269235E+97 P{1)zD.442P16E-P1
P(2)=@.317216E~B6
P{(3)=@0.462754E~09

D(1)= D.6598341E+12 D(2)=-0.,9382968E+18 D(3)= @,1778772E+57
D(4)= B.1393656E+28 D(5)= N.42942006E+23 D(6}=-0.5206460E+19
D(7)= B.16509B4E+20 D(B)= @.8225350E+25 D{(9}= B.2391939E+28

G(1)= B.3032432E+P8 G{(2)= 0.8539116E+13 G(3)= B.1533IA93E+16

D{1)= 8.8123018E+06 0(2)=-0,9382968E+18 D(3)= @.1778772E+57
Di4)= @.1715687E+12 D{S)= D.1162166E+12 D(6)=~0.5206460E+19
D(7)= @,2032474E+14 D(8)= P,4877997E+14 D(9)s B,1776T19E+14

G(1)= B.3733134E+92 G(2)= @.1836423E+02 G(3)= @,1441758E+01

G{l}= 9.1656459E-04 G(2)= B,1295493E-09 G(3}s @.8114722€-13

3 0.269068E+87 P(1)=P.442182E-01
P(2)=0,317346E-06
P{3)=0,462835E~09

DiL1)= 9,6588326E+12 D(2)=-0,9382968E+18 D(3}= @,1778772E+57
D(4)= @.1391574E+18 D(5)= B.4207999E+23 D(6)=-0.5206460E+19
D(7Y)= @.1648596E+20 D(O)= @,8213985E+25 D(9)= 2,2387864E+28

G{1)= 0.1864000E+85 G(2)= @.3825285E+1P0 G(3)= 9.1224866E+13

D(1r=z ©,B8116851E+86 D(2)=-0,9382968E+18 D(3)= P.1778772E+57
D(4)= ©0,17144256+12 0{(5)= B.11613I55E+12 D(6)=-0.5286460E+19
D(7)= @,2831078E+14 D(B)= @.4074424E+14 D(9)= B,1775511E+14

G(1)= P.2296457E~-81 G{2)=-0.9635133E-93 G(3)= D.4488257E-41

G(1)= Q.1541198E-86 G(2)=-9.B951578E-12 G(3)= B,252786BE-14

4 D.269061E+87 P(1)=2.449183E~-01
PI2)=9.317345E~-86

= 2534
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