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ABSTRACT:

AJAX is a computer program which
processes prograns written in DIGZITAL
FORTRAMN-IV PLUS language, and produces new
versions of these programs. The wmost
important feature of a program produced by
AJAX is that the numbered statements in the
program will be renumbered such that ‘they
will be monotonically increasing from start
to finish., Other formatting features are
available as options. AJAX is written in
VAX FORTRAN-IV PLUS language and runs on
version 1.6 of the VMS operating system.

g
DISTRISUTION OF TH€ RagUITRT IS UTU ‘%



PREFACF

PDuring the last fifteen to twenty years a number of
computer prcgrams have been published which do a satisfactory
Zob of cleaning up old FORTRAN orograms, primarily by
renuntering the statemenrts, so trat refererced statement
nJmbers are easy to locate in the 1listing of the progranm.
Most of these programs also eliminate statement numbers which
are not referenced.

Probably the best known of these programs is TIDY, which
was written by HARRY M, MURPHY, JR. of —he AIR FORCF
AFAPONS LABORATORY at KIRTLAND AIR FORCE BASE in ALBUQUERQUE,
N. M, TILCY was written for the large scale machines built by
CONTROL DATA CORPORATION. TIDY was made public in a report
"TIDY, A CCMPUTER CODE FOR RENUMBFRING AND EDITING FORTRAWM
SCURCF PROGRAMS", TECHNIZAL REPORT NO. A*W[.-TR-65H-95,
OCTOBER 1966. This program has been adapted for use on most
of the large scale computers in use since that time.

The current author found TIDY to be a very satisfactory
and valuable program while working on the CDC-56N0, the
IR¥M-7NQD, and the UNIVAC 1178. However, when confronted with
conversion to the mini-computers available in 19735, it was
decided that it would ©be m=more advisable to write a new
program.

AJAX was originally written in 1975 to run oz the DATA
GEMERAL MOVA-3 computer, and processed programsz written in
DATA GENERAL FORTRAN-IV language. In 1975 AJAX was converted
to run o>n the DATA GENERAL FECLIPSE computer and accept
prozrams written in the DATA GENERAL FOJRTRAN-V 1l=znguage as
input. The FECLIPSE version is still in us=2, bhut 1is
undccumenzed. AJAX was convarted to the VAX/VMS system in
the summer of 1979. AJAX has been corrected, modified, and
expanded when appropriate during the last year, and it 1is
presumed that this process will contirue for some time. It
is azaticiratad that AJAX willi be up-dated to t+tandle DIGITAL
ENUTPMENT CORPORATIOM'S VEX/VMS native mode =0RTRAN 77
language when this compiler is released.

The current author has been heavily influenced in this
area of programming by the author of TIDY as well as others,
(parzicularly Hans Andreson of IBM and Duare Jensen of
DIKEWOOD CORP.) In particular, a subroutine used in AJAX, to
analyse FORTRAN statements, is a direct descendant of a
routine <called CSCAM which was written by Duane Jensen
(deceased) of DIKEWOOD CORP. It is my impression that this
routine was part of a FOFTRAN compiler written for the
IBM=-7940 at Kirtland Air Force Rase 1in the early 1i960's.
This routine has been modified and expanded by the present
author, to the extent that he is completely responsible for
any dafects in the current version of this routine.
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USFE.

INPUT.

AJAX accepts as input either of the following:

a) A file containing one or more FORTRAN program

modules.

h) A file containing the '"names" of one or more
files as described in (a) above.

It is assumed that programs to be processed by AJAX
been compiled without diagnostics by the VAX/VMS

FORTRAN-IV PLUS compiler, distributed witn Vérsion 1.0 - 1.6
of VAX/VMS.
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1.2 OUTPUT (WITH EXAMPLES).

AJAX produces one or more files, (corresponding to the
input), <containing new versions of the input files. The
output version will usually be a more readable version of
the old program(s). The output program will always have the
referenced statements re-numbered SO that they are
monotonically increasing from the beginning to the end of
the program module. The base statement number and the
increment between adjacent statement numbers is selectable
by the user. At the option of the user, the output program
may be re-formatted in several available formats.

In order to demonstrate the several output formats the
following rather typical FORTRAN function has been
congtructsd strietly for demonstration purposes. This
program is written in VAX FORTRAN-IV PLUS and the
indentation is typical of many such programs. The statement
nunbers have bheén deliberately scrambled and there is one
which is superfluous, since it is never referenced in the
program. The program compiles without diagnostics.

INTEGFER FUNCTION FIND(A,B,N)
LOGICAL*1 A,B(N)

300 IF(A.LT.B(1))THEN
FIND=(=1)
FLSE IF(A.GT.B(N))THEN
ETMD=0
EL3E
DO 33 I=1,N
IF(A,EQ.B(T))THFN
FIND=T
GO TO R
ENDIF
33 CONTINUE
ENDIF
R _ RETURN

END
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1.2.1 STANDARD FORTRAN OUTPUT. -

When the user selects this mode of output, the new
version of his program(s) will be formatted in the
historically conventional FORTRAN format. All leading tabs,
and blanks will be removed, giving a program with no
indentation properties. The program will have the general
appearance of a card oriented program. Meedless to say,
using this mode of output will destroy any existing attempt
at indentation by the user.

This output option would convert the demonstration
program to the following:

INTEGER FUNCTION FINDC(A,B,N)
LOGICAL*1 A,B(N)
IF(A.LT.R(1))THEN
FIND=(-1) :
ELSE IF(A.GT.B(N))THEN
FIND=0
ELSE
DO 100 I=1,N
IF(A.EN.B(I))THEN
FIND=I
CO TO 110
ENDIF

100 CONTINUE
ENDIF

110 RETURN
END



PAGE 7

"1.2.2 USERS INPUT FORMAT. -

This is the default output mode in AJAX, and results in
a program which 1is formatted 1in approximately the same
manner as the input. Specifically, all 1leading tabs are
retained in each statement, and breaks between adjacent
continuation statements usually are not changed. The
intent, in this case, is to simply renumber the statements
and leave everything else, as much as possible, the way the
programmer wrote it.

The demonstration program, when processed with this
option yields the following program:

INTEGER FUNCTION FIND(A,B,N)
LOGICAL®1 A, H(N)
IF(A.LT.B(1))THEN
FIND=(=1)
FL3E TF(A.GT.R(N))THEN
FIND=0
ELSE
NN 100 T=1,N
IF(A.FQ.R(I))THEN
FIND=I
GO TO 110
ENDIF
100 CONTINUF
FNDIF
110  RETURMN
END
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1.2.3 BLOCK STRUCTURED OUTPUT. -

This output mode represents an attempt to present the
program with a maximum ammount of block structure consistent
with the available language constructs. The "DO LOOP" is
indented in a manner similar to the "IF", "THEN", "ELSE"

construction.

With the use of this option, the demonstration program
comes out as follows:

INTEGER FUNCTION FIND(A,B,N)
LOGICAL*1 A,B(N)
IF(A.LT.B(1))THEN
FIND=(=1)
ELSE IF(A.GT.B(N))THEN
FIND=0
ELSFE
DO 100 I=1,N
TF(A.FO.R(T))THEN

FIND=I
GO TO 110
EMDIF
100 CONTINUE
ENDIF
110 RETURM
END ~

Tt should be noted that the number of indentation
spaces for each level of indentation is an option, and may
vary from 0 to 8. When 8 is used, tabs are inserted instead
of groups of blanks.  The example above uses the default
value, which 1s four spaces per indentation level. '
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1.3 DIGITAL CONTROL LANGUAGE (DCL).
Two lines of DCL are required to execute AJAX:

$ AJAX:==%device:[directory]AJAX.EXE (1)

$ AJAX/opt1/opt2/~--/0optn pname (2)

The first command line need be executed only one time
per session and would probably be included in the user's
LOGIN.COM file. The '"device™ and "directory"™ will be
different for each user installation,

The second line contains the actual command to execute
AJAX. OPT1,0PT2,-=~-<0OPTN are defined below. The name of
the program to be processed is "pname" as in the wusual DCL
command .

pname may take any of the following forms;

NAME
NAME.TYP
@NAME
AMAMFE.TYP

Where .TYP is a file type such as .FOR, .COM, .FTN etc.

In the absence of the A, NAME refers directly to the filec
containing the FORTRAN program(s) fto he processed, and in
the absence of .TYP, the suffix .FOR is implied. When 8 1is
present, NAMF refers to a file containing the names of

"several program files to be processed by AJAX., When the @

is present and .TYP is not specified, .COM is implied. 1In
all of the cases above, version numbers are not allowed,
since AJAX always processes the hizhest version present (n)
and creates a new file with version equal to (n+1).
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1.4 OPTIONS.

In specifying options, the first three characters are
sufficient to specify an option name. The options presently
available are:

1.4.1 BASE -
/BASE=nnn

nnn will be the number of the first numbered statement

in the output program. The default value is 100.

1.4.2 TINCREMENT -
/INCREMENT=nn

nn will be the difference between the nth and the
{n+1)th numbered statements. The default value is 10.

1.4.3 D_LINE or DLINE -
/D_LINE or /DLINE

Nebug lines (statements with D in column 1) are ton be
retained in the new program. To delete debug statements use
the option, /NOD LINE or /NODLINE. The default is /D LINE.
MOTE THAT IN THIS CASE THE "NO" PRECEDING D LINE OR DLINE
SIMPLY NEGATES THE  FOLLOWING OPTION. THE "TNO" MUST B8FE
FOLLOWED RY AT LEAST THREE CHARACTERS OF THE OPTION,
EXAMPLE;  "MNOD_L"™ OR "NORLTI". "NOD™ WILL NOT WORK!

1.4.4 OUTPUT - .
/OUTPUT=zaaaaaa

agaaaa 1s the format for the outnut program.
Acceptable values for aaaaaa are:

STANDARD for the output option gives an output progranm
with no indentation of statements as in old fashioned card
oriented FORTRAN.

INPUT for the output option will give an output program
formatted approximately the same as the input progranm.
However, most redundant or extraneous blanks will be
removed.

11
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BLOCK for the output format will produce a program
which is block structured, with respect to BLOCK IF and DO
LOOP statements.

The default output format is INPUT.

1.4.5 INDENTATION -
/INDENTATION=z=nn

This option 1is meaningful only if the option
/OUTPUT=BLOCK is Aalsn present. nn is the number of blanks
inserted before each statement for each level of
indentation. The level of indentation depends on the basic
structure of the input program. nn may be any number from 0
to 8. If nn=0,then the output format will be the same as
STANDARD (see above). If nn = 8, one tab will be inserted
instead of 8 blanks. The default for INDENT is 4.

1.4.6 TINSFRT -
' /INSERT=timer-routine

timer-routine is a user supplied subroutinc name.

The use of the INSERT= timer-routine option will result
in the following changes in the user's program.

a)Immediately before the first executable statement of
the program, the following statement will be inserted;

.CALL timer-routine('pname',1)

b)Immediately before all "RETURN" statements, the
tollowing statement will be inserted. :

CALI. timer-routine('pname',2)
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AJAX will correctly handle both of the
following situations: '

1)
100 RETURN
becomes
100 CALL timer-routine('pname',?)
RETURN
2) '
100 IF(A.EQ.B)RETURN
becomes
100 IF(A.EQ.B)THEN . :
CALL timer-routine('pname',2)
RETURN
ENDIF

The INSERT option was put in AJAX as an aid in
improving the execution time of AJAX. It is documented here
because it 1is felt that it may be of wuse to other
programmers in the same manner. The timer-routine (aptly
named TIMER) included as a part of AJAX may be used, since
it 1is written in such a way as to be independent of AJAX.
If TIMER is used, then the subroutines TIMEX and AJSORT must
also be 1linked with the executable program. TIMEX is the
"error exit" routine for TIMER, and AJSORT is a SHELL sort
routine. When the. TIMER routine 1included in the AJAX
package is used, the following call must be executed at the
end of a run, to obtain the run time statistics:

CALL timer-routine('pname',3)

1.5 DEFAULT OPTIONS,

The default values for the options are the same as
those obtained from execution of the following DCL command
line.

$ AJAX/BASE=100/INCREMENT=10/D_LINE/FORM=INPUT PNAME.FOR

13
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5.0 FERROR CONDITIONS.

In most cases of error in processing, AJAX will crash,

.and produce the following results:

2.1 PASS1

2.1.1 ERROR INFORMATION FROM AJAX. -

If in passi1, some information concerning the cause of
the c¢rash will appear on the terminal and will also appear
in a file named PNAME.JAX where PNAME is the name of the
file being processed,

2.1.2 FILFE STATUS. -

If in pass?1 the input file will remain the hizhest
cycle or version number with the ziven name.

- 2.2 PASS2.

2.2.1 ERROR INFORMATION FROM AJAX. -

If in pass2, the error information will appear only on
the Lerminal. .

2.2.2 FILE STATUS. -

If in pass2, AJAY will be in the proecess of creualing
the (n+1) version of the input file, and will leave this
file in the user's directory. This file must be deleted
before proceeding with any other action,
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3.0 GENERATING THE EXECUTABLE ELEMENT.

AJAX will be distributed on a tape produced by the
BCK/RST wutility. The internal tape label is BONAMI. This
tape should be 1loaded 1into an appropriate mass storage
directory, with a set of commands similar to the following:

$ ALLOCATE MTAO:

$ MOUNT MTAO: BONAMI
$ ASSIGN MTAO: TAPE:
$ MCR RST ¥*.*¥/SL=MTA0:AJAX

$ DEASSIGN TAPE

$ DISMOUNT MTAD:

$ DEALLOCATE MTAOD:

The COMPILATIOM, LIBRARY BUILD, and the LINK operations
are accomplisned by executing the following command:

3 AAJAX.SSG

The command file, -AJAX.SSG, executes several other
command files, which are also included on the distribution
tape. At the conclusion of the generation run, all the
listing and object files will 'be in the directory. If
desired, these may he deleted.

13
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.0 KNOWN DEFICIENCIES.

It is likely that the last bug in AJAX has not been

found. To believe otherwise would be naive. The author
welcomes the submission of programs which cause AJAX to
fail. There are at least two known problems in the use of

AJAX, for which no immediate solution is available,

4,1 EMBEDDED COMMENTS.

The following examples of programming were not
anticipated in the design of AJAX, and modification of AJAX
to handle them is not trivial. Some thought has been given

to the problem, however, and it is expected that a future
version of AJAX will be capable of handling them properly.

4,1.1 EYAMPLE 1. -
DIMENSION A(3)

DATA A/ 1.0, 1 A(1)=1.0
1 2.0, ! A(2)=2.0
2 . 3.0/ I A(3)=3.0

4.,1.2 EXAMPLE 2. -
GOOD ERROR

GO TO( 100, 110,
c 1XNDFTLE
1 120 ) ,ISTAT

4.2 DANGLING CODE.

While testing AJAX on as many programs available from
as many sources as possible, this phenomenon was encountered
fairly often. The programmer inserts code which he probably
intends to make use of at a later date. The code starts
with a numbered statement, but the statement 1is not
referenced 1in the program module. Many FORTRAN compilers.
would detect the fact that the statement is never referenced
and will never be reached. The VAX FORTRAN-IV PLUS compiler
does not even issue a warning that the situation exists. If
this type of program 1is processed by AJAX, the statement
number that is never referenced will be deleted, leaving the
statement '"dangling". Subsequently, when the program is
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compiled with VAX FORTRAN-TV PLUS, a warning message 1is
issued to the effect that there is no path to the statement.

For the following two reasons, no attempt will be wmade
to modify AJAX to take care of this situation:

a)AJAX does not attempt to analyze the program
sufficiently to detect that the code can not bhe reached.

h)0On several occasions, this trait of AJAX has been the
means of solving difficult debugging problems. If a
statement, or group of statements, can not be reached, the
programmer should be aware of this.

17
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