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ABSTRACT: 

DISCLAIMER 

' This book was prepare:! as an account of work spomored by an agency of the United States Govtrnment. 
' Neither the United Sutes Governmcn: nor any age,cy thereof, nor any of their employees, mskesany 
~ warranty, express or implied, or assumes any !legal liGbility or responsibility for the c::ct~racy, 
, completeness. or usafulness of an•1 informatiOo,, appa~atus, product, or process disct~sed. or 
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represents that its u~ v.ould not ir.fringe privat·~ly owned rights. Reference herein to a,.,. specific 
1 commercial product, process, or service by trade "lame. trademark, manufacturer, or otherv..ise, does 

I 
not necessarily constitute or imply its endorsenent, re-:ommendation, or favoring by tt-e United 
States Government a any agency thereof. The vl•-ws and ·Jpinions of authors expressed heren do not 

i necessarily state Of reflect those of the United State Goverrmem or any agency thereof, 

:-- - ------~------- ---~-- ---------

~JAX is a computer program which 
processes programs written in DIG~TAL 

FORTRAN-IV PLUS language, and produces new 
versions of these programs. The most 
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 formattin~ features are 
available as options. AJ~X is written in 
VAX FORTRAN.IV PLUS language and runs on 
version 1. 6 of the VMS operatin~ systerr:. . ~ 

Lff; 
!!!STfl!SUTIOt~ OF T:~::;; r.uC'Y~f~r: '~ :::·~:~:1l'M:i 

1 



2 

PREFACF 

rurin~ the last fifteen to twenty years a number of 
computer prc~rams have been publisherl which do a satisfactory 
:ob of cleaninR up old FORTRAN progra~s, primarily by 
renu~teri1g the statements, so t~at refere~ced statement 
nYnbers ai'e easy to locate in the listing of the pro~ram. 
Most of these pro~rams also eliminate statenent numbers which 
are not refe;enced. 

P r ::> b a b 1 y t he b e s t l< ::1 own o f t he s e p r or; r am s f s T I D Y , w h i c h 
was ~vritten by HARRY ~~. I--1URPHY, JR. of :.he AIR FORCF. 
,vJ:APONS LABORATORY at KIRTLAND AIR FORCE BASE i:1 ALRUOUEROUE, 
~.M. TICY was writte1 for the large scale machines built by 
CONTROL nATA CORPORATION. TIDY was made public in a report 
''TIDY, A CCMPUTER CODE FOP RENln1BF.F~Ir-IG AND EDITHIG FORTRAN 
SC1URCF. PROGRAi,1S", TECHNICAL REPORT NO. A::;WL-TR-6n-96, 
OCTOBER 1966. This pro~rc-m 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 
ana valuable program while working on the CDC-5600, the 
JR~-7090, and the UNIVAC 11~A. However, when confronted with 
conversion to the ~i::ti-computers available in 197~, it was 
decided that it would be :-nore advisable to '"'rite a new 
pro~ram. 

A.JAX was originally wri.tten in 197') to l"''Jn o:-: the DAT.I\ 
GE~ERAL MOVA-3 computer, and processed pro~ram~ w;itten in 
DATA GF.NERAL FORTRAN-IV language. In 1976 AJAX was converted 
to run ~n the DATA G~N(RAL ECLIPSE computer and accept 
pro~rams written in the DATA GENERAL F~RTRAN-V l2nguage as 
inp:1t. The ECLIPSE vers.ion is still in us-:, l')ut is 
undccumen:ed. AJAX was converted to the VAX/VMS system in 
the summer of 1979. AJAX has been corrected, modified, and 
expanded ~Jhen appropriate du;!'inp,; the last year, and it is 
presumed that this process will contirue for sene t~me. It 
is a1tici~ated that AJAX will be up-dated to ~andle DIGITAL 
F0UI~MENT CORPORATION'S V~X/VMS native mode ~OR7RAN 77 
lan~uage when this compiler is released. 

The current author has been heavily influencec in this 
area of programming by the author of TIDY as well as others, 
(par:icularly Hans Andresen of IBM and Duane Jensen of 
DIKEWOOD CORP.) In particula~, a subroutine used in AJAX, to 
analyse FORTRAN statements, is a direct descendant of a 
routine called CSCAN which was written by Duane Jensen 
(deceased) of DIKEWOOD CORP. It is my impressi::>n that this 
routine was part of a FOPTRAN compiler written for the 
IAM-7~40 at Kirtland Air Force Base in the earli 1960's. 
This routine has been modified and expanded by the present 
author, to the extent that he is completely responsible for 
any defects in the current version of this routine. 
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1.0 USF. 

1.1 INPUT. 

AJAX accepts as input either of the following: 

a) A file containin~ one or more FORTRAN program 
modules. 

b·) A f i 1 e con t a in in~ the " names" of one or more 
files as rlescrihed in (a) above. 

It is assumed that programs to be processed by AJAX 
have been compiled without dia~nostics ~Y the VAX/VMS 
FORTRAN-IV PLUS compiler, distributed with V~rsion 1.0- 1.6 
of VAX/VHS. 

5 
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1.2 OUTPUT (WITH EXAMPLES). 

AJAX produces one or more files, (corresponding to the 
input), containin~ new versions of the input files. The 
output version will usually be a more readable version of 
the old proF~;rarn( s). The output pro~ram will always have the 
referenced statements re-numbered so that they are 
monotonically increasing from the beginnin~ to the end of 
the pro~ram 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 pro~Y,rarn 

may be re-formatted in several available formats. 

In order to demonstrate the several output formats the 
followin~ rather typical FORTRAN function has been 
constructed strictly for demonstration purposes. This 
pro~ram is written in VAX FORTRAN-IV PLUS and the 
indentation is ty~ical of many such pro~rams. The stRt~m~nt 
nu•JJLH:!r·::; have been deliberately scrambled and there is one 
which is superfluous, since it is never referenced in the 
program. The pro~ram compiles without dia~nostics. 

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

~00 IF(A.LT.B(1))THF.N 
FIND=(-1) 

~LSE IF(A.GT.R(N))THEN 
F P!D:(l 

EL3E 
DO 33 I=1,N 
IF(A,EO.B(T))THFN 

FTNn:T 
GO TO R 

ENDIF 
~~ CONTINUE 

F.NDIF 
A RETURN 

J::ND 
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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 leadin~ tabs, 
end blanks will be removed, Rlvlng a pro~ram with no 
indentation properties. The program will have the general 
appearance of a card oriented proRram. Needless to say, 
using this mode of output will destroy any existinr; attempt 
at indentation by the user. 

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

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:O 
ELSE 
DO 100 I= 1 , N 
IF(A.E0.B(I))THEN 
FJND:I 
CO TO 110 
ENDIF 

100 CONTINUE 
END IF 

110 RETURN 
END 

7 
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1 .?..2 USF.RS INPUT FORMAT. -

This is the default output mode in AJAX, and results in 
a program \..Jhi·~h is formatted in approximately the same 
manner as the input. Specifically, all leading 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: 

INT~GER FUNCTION FIND(A 7 8 7 N) 
LOGICAL* ·1 A, K( N) 
IF( A. LT. B( 1) )THEN 

FIND:(-1) 
EL3E IF(A.~T.8(N))TH~N 

FIND:O 

nn 1 oo I= 1 , N 
IF(A.~O.B(T))THEN 

FIND= I 
GO TO 110 

ENDIF 
100 CONTINU~ 

~NDIF' 

110 RF.:TURN 
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 $tructure consistent 
with the available language constructs. The "DO LOOP" is 
indented in a manner similr.~r to the "IF", "THEN", "FLSF" 
construction. 

With the use of this option, the demonstration pro~ram 
comes out as follows: . 

INTEGER FUNCTION FI~D(A,B,N) 
tOGICAL*1 A,B(N) 
IF(A.LT.B(1))THEN 

FIND=(-1) 
ELSE IF(A.GT.B(N))THEN 

FIND:O 
F.LSF. 

DO 1 00 I= 1 , N 
JF(A.FO.B(I))THEN 

F IH D= I 
GO TO 110 

F.NDIF 
100 CONTINUE 

ENDIF 
110 RETURN 

END 

It should be noted that the numbe~ of indentation 
spaces for each level of indentation is an option, and may 
vary from 0 to A. When .R is used, tabs are inserted instead 
of ~roups of blanks~ The example above uses the defaul~ 
value, which is four spaces per indentation level. 

9 
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1.3 DIGITAL CONTROL LANGUAGE (DCL). 

Two lines of DCL are required to execute AJAX: 

$ A .J A X : = = ~ d e v i c e : [ d i r e c t o r y l .ILJ .A X • F: X F. 

.'!; A.J/\X/opt1/opt2/---/optn pname 

(1) 

( ?. ) 

The first command line need be executed only 
per session and vJOuld probably be included in 
LOGPL COM file. The "device" and "directory" 
different for each user installation, 

one time 
the user's 

vJill be 

The second line contains the actual commRnd to execute 
AJAX. OPT1,0PT?,----OPTN are definecl below. The name of 
the program to be processed is "pna~e" as in the usual DCL 
com rna nd . 

pna~e rnay take any of the followin!S forms; 

NAME 
NAME. TYP 
~NAHE 
@NAMF..TYP 

VJhe1·e • TYP l ::; a file type such as . F'OR, . COM, . FTN etc. 

In the absence of the ~. NAME refers <iirP.~t-ly to the file 
containing the FORTRAN program(s) tn be processed, and in 
the absence of .TYP, the suffix .FOR is implied. lllfhen ~ is 
present, NAMF. refers to a file containing the names of 
several program files to be processerl by AJAX. When the @ 
is present ;:md .TYP is not specified, .COM is implied. In 
all of the cases above, version numbers are not allowed, 
since AJAX always processes the hi~hest version pre~ent (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. IL 1 BASI: -
/RASE:nnn 

nnn will be the number of the first numbered statement 
in the output pro~ram. The d~fault value is 100. 

1.~.? INCREMENT-
/IHCREMENT:nn 

nn will be the difference between the nth and the 
(n+1 )th nu'llbered statements. The default value is 10. 

1.4.3 D LINE or DLINE-
/D LINE or /DLINE 

Debug lines (statements with Din column 1) are to be 
retained in the new program. To delete debug statements use 
the option, /NOD LINE or /NODLINE. The default is /D LINE. 
NOTE TI-!AT IN THIS CASE THE "NO" PRECEDING D LINE OR-DLINJ: 
SH1PLY NEGATF.S THE FOLLOWING OPTION. THE ~~~tO" MUST BE 
FOLLOltJ'ED f?.Y 1\T LEAST THREE CHARACTERS OF THE OPTION, 

. EXAHPLE; "NOD L" OR "NODLI". "NOD" \rJILL NOT WORK! 

1. IL 11 OUTPUT -
/OUTPUT=a<Hlaaa 

aaaaaa is the format for the output program. 
Acceptable values for aaaaaa are: 

STANDARD for the output option ~ive~ an output program 
with no indentation of statements as in old fashioned card 
oriented FORTRAN. 

INPUT for the output option will .~ive an output progratn 
formatted approximately the same as the input program. 
However, :nest redundant or extraneous blanks Hill be 
removed. 

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

The default Dutput format is INPUT. 

1.4.5 INDENTATION-

I IN DENT A TIO t.!:nn 

This option is meanin~ful only if the option 
/OUTPUT=BLOCK is RlRo present. nn is the number of blanks 
i~serted 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 A. If nn=O,then the output format will be the same as 
STANDARD (see abo~e). If nn = B, one tab will be inserted 
insteact of A blanks. The default for INDENT is 4. 

1 • 4 • 6 I N,S F. R T -
/INSERT:timer-routine 

t i m e. r - r o u t .i n P. i .c; r:~ 11 $ e r s ll p p l i e d r. u ':l r o u t i n c n s m e • 

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

a)Immediately before the first executable statement of 
the pro~ram, the followin~ statement will be inserted; 

CALL timer .... rollt~.ne( 'pnarne', 1) 

b)Immediately before all "RETURN" stat.ement.s, the 
following statement will be inserted. 

CALL timer-routine(' pname' ,2) 
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AJAX ~ill correctly handle both of the 
following situations: 

1 ) 

becomes 

2) 

becomes 

100 RETURN 

100 CALL timer-routine( 1 pname 1 ,2) 
RETURN 

100 IF(A.EO.B)RETURN 

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

The INSERT option was put in AJAX as an aid in 
i•nproving the execution time of A<JAX. It is ciocumented here 
because it is felt that it may be of use to other 
pro~rammers in the same manner. The timer-routine (aptly 
named TIMER) included as a part of AJAX may be used, since 
it is written in such a way as to be independent of AJAX. 
If TIMER is used, then the subroutines TIMEX an<i AJSORT must 
also be linked with the executable program. TI~EX is the 
"error exit" rout.ine for TIMER, and AJSORT is a SHELL sort 
routine. When the. TIMER routine included 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( 1 pname 1 , 3) 

1.5 DEFAULT OPTIONS. 

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

$ AJI\.X/R.A.SE:100/INCREMENT=10/D LINE/FORtvi:INPlJT PNAME.FOR 

13 



14 

PAGE 13 

~.0 ERROR CONDITIONS. 

In most 6ases of error in processing, AJAX will crash, 
and produce the followin~ results: 

2.1 PASS1 

2.1.1 ERROR INFORMATION FROM AJAX. -

If in pass1, some information con.cerning the cause of 
the crash will appear on the terminal and will also appear 
in a file named PNAi'-1E. .JAX where PNAlvlE is the name of the 
file being processed, 

2.1.2 FILF ·sTATUS. -

If in pass1 the input file will 
cycle or version number with the ~iven 

2.?. PASS?.. 

?.2.1 ERROR INFORMATION FROM AJAX. -

remain 
name. 

the hi;::r,hest 

If in pass2, the error information will appear only on 
tlt~ Lenulr1al. 

2.2.2 FILE STATUS. -

If in pass2, 1\Jl\X \vill hn in t.hP pro~e.ss of (;f't!::~Lln~ 

the (n+1) version of the input file, and will leave this 
file in the user's directory. This file must be deleterl 
before proceeding with 8ny other action. 
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l.O GENERATING THE E~ECUTABLE ELEMENT. 

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

$ ALLOCATE MTAO: 
$ M 0 UN T M T A 0 : B 0 N A l-11 
$ ASSIGN MTAO: TAPE: 
.$ 1v1CR RST *.*/SL:MTAO:AJAX 
$ DEASSIGN TAPE 
$ DISMOUNT MTAO: 
$ DEALLOCATE MTAO: 

The COMPILATION, LIBRARY BUILD, and the LINK operations 
are accomplished by executing the folloHing; command: 

.'J; !-VAJAX.SSG 

The c om m and f i 1 e , A ,T A X . SSG , ex e c u t e s s e v e r a 1 o the r 
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 m8y be deleted. 

1!5 
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If,() KNO\...rt-.r 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 ~t least two known problems in the use of 
A.JAX, for which no immediate solution is availr.Jble. 

4.1 F.MRF.:DDED 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 
ver·sion of A.TAX will b~ capable of handling them properly. 

4.1.1 EXM1PLF. 1. -
DIMENSION A(~) 
DATA A/ 1.0, 

2. 0' 
2 3.0/ 

4.1.2 F.XAMPLg 2. -
GOOD ERROR 

GO TO( 100, 110, 
c 1:: N Dl:' I LE 

120 ),ISTAT 

11.2 DANGLING CODE. 

A(1)=1.0 
A(2)=2.0 
A(3)=3.0 

While testing AJAX on as many programs available from 
as many sources as possible, this phenomenon was encountered 
fai1·1y oft~n. The progrmnmer ii1~erts corJe whlch t·1e probably 
intends to make use of at a later date. The code starts 
with a numbered statement, but the statement is not 
referenced in the program module. Many FORTRAN compilers 
would detect the fact that the statement is never referenced 
aud will never be reached. The VAX FORTRAN-IV PLUS compiler 
does not even issue a warnin~ that the situation exists. If 
this type of program is 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-IV PLUS, a warninR message is 
issued to the effect that there is no path to the statement. 

For the following two reasons, no attempt will be 1nade 
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 be reached. 

o)On several occasions, this trait of 
means of solving difficult debugging 
statement, or group of stat~ments, can not 
programmer should be aware of this. 

AJAX has been the 
problems. If a 
be reached, the 

17 
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