


































































































































































































































































































































































































































































































































































































RES/EGU/Referencing Variables 

14.12 RES Directive 

Label Field Operation Field ArQument Field 

(label] RES n [a] 

The RES directive causes the location counter to be advanced n times of size a. n is a 
positive integer constant designating the number of units to be reserved. If a is omitted, 
n is interpreted as a byte count. a can be B for byte reservation, H for halfword 
reservation, W for word reservation, and D for doubleword reservation. Halfword, word, 
and doubleword reservations �~�i�l�l� be forced to the correct boundary. 

14.lJ EGU Directive 

Label Field Operation Field Argument Field 

symbol EQU integer constant 

The EQU directive allows the user to equate any valid symbol used as a label to the 
integer constant as an absolute logical address value. The symbol in the label field is 
mandatory and cannot be redefined or match any FORTRAN 77+ variables. Reference 
the symbol only in the address field of a memory reference instruction or �~� the 
argument of an AC directive. The address value of this symbol has byte attribute unless 
the context of the reference indicates otherwise. (A symbol beginning with letters C or 
X in column 1 results in the line being considered a comment line.) 

14.14 Referencing Variables in Local Storage, COMMON, GLOBAL COMMON, 
orOATAPOOL 

Variables in local memory, COMMON, GLOBAL COMMON, or DATAPOOL can be 
referenced in INLINE assembly code by referring to the item by name. For example: 

INLINE 
LW 3,1 
STW 3,J 
ENOl 

is equivalent to the FORTRAN 77+ statement J=I. 

14.15 Referencing Dummy Variables 

Reference dummy variables, except extended dummies, as indirect. For example in: 

SUBROUTINE SUB(A,B) 

the sequence: 

INUNE 
LW 4,*A 
STW 4,*8 
ENOl 

would be equivalent to the FORTRAN 77+ statement B=A. 

14-6 
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Referencing Variables/Setting and Clearing Extended Addressing 

r' T a reference an extended dummy variable, load its address (by referring to the variable 
name) into an index register, then reference the item by indexing with a zero offset. For 
example, in: 

( 

( 

SUBROUTINE EXSUB (X, Y) 
EXTENDED DUMMY X, Y 

the sequence: 

IN LINE 
LW 3,X 
LW 2,Y 
SEA 
LW 7,0,3 
STW 7,0,2 

CEA 
ENOl 

would be equivalent to the FORTRAN 77+ statement Y=X. 

14.16 Referencing Variables in Extended Memory 

To reference an item in extended memory, first load an index register with the base of 
the extended block, then index each reference to the variable with its extended block 
base. Given the data structure: 

EXTENDED BLOCK /IBLOCK/Il,I2 
EXTENDED BASE /IBLOCK/256 
EXTENDED BLOCK /KBLOCK/Kl,K2 
EXTENDED BASE /KBLOCK/257 
INTEGER IBLOCKAD,KBLOCKAD 

IBLOCKAD 
KBLOCKAD = 

= 256*2048 
257*2048 

the sequence: 

INLINE 
SEA 
L W 1, IBLOCKAD 
LW 2, KBLOCKAD 
LW 3, 11,1 
STW 3, Kl,2 
CEA 
ENOl 

would be equivalent to the FORTRAN 77+ statement Kl=l1. 

14.17 Setting and Clearing Extended Addressing Mode 

The user is responsible for setting extended addressing (SEA) mode or clearing extended 
addressing (CEA) mode in any inline coding. The user is also responsible for making sure 
that the addressing mode in force by the compiler when inline code is entered is still in 
force when exitin'g inllne code. -
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Q-lAPTER 15 

USING THE FORTRAN 77+ COMPlLER 

15.1 Introduction 

This chapter describes how to use options, job control language, devices, and assembler 
language routines with FORTRAN 77+ programs. It also describes how to call 
FORTRAN 77+ subroutines from assembler language programs. 

Refer to Appendix B for examples. 

15.2 Logical File Code Assignments 

The following are the logical file codes (LFC) associated with the FORTRAN 77+ 
compiler and their default assignments. 

LFC 

51 

LO 

BO 

GO 

*U1 

*U2 

*U3 

*U4 

Default 

$A5 51 TO 5YC 

$A5 LO TO 5LO 

$AS BO TO 580 

$AS GO TO SGO 

$AS *U1 TO TEMP SIZE=250 8LOC=Y 

$A5 *U2 TO TEMP SIZE=250 8LOC=Y 

$A5 *U3 TO TEMP 5IZE=100 8LOC=N 

dynamically allocated by FORTRAN 77+ 

Function 

source input 

listed output 

binary object output 

binary object output 

temporary utility file 

temporary utility file 

temporary utility file (for 
cross reference) 

input for INCLUDE directive 
files 

15.3 Compiler Options 

The following FORTRAN 77+ compiler options can be specified in an $OPTION statement 
using job control, or they can be specified or changed within a program using the" 
FORTRAN 77+ OPTION directive (refer to Chapter 2). 

Option Result 

1 

2 

3 

4 

5 

6 

FORTRAN 77+ 
Reference Manual 

Suppresses listed output on logical file code LO. 

Suppresses binary output to 580 file on logical file code 80. 

Suppresses storage dictionary on logical file code LO. 

Suppresses symbol cross reference on logical file code La. 

Enables general object output on logical file code GO. 

Lists generated code on logical file code La. 
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CompUer Options 

Option 

7 

8 

9 

Result 

Allows mismatched argument lists when passing arguments to 
subprograms. Causes arguments to be processed using F .PR instead 
of being processed inline. For more information refer to processing 
of arguments for subprogram calls in Chapter 9. 

Suppresses the flagging of duplicate type declarations as errors. 

Compiles source records containing a Y in column 1 as if the Y were a. 
blank. If this option is not set, these records are treated as 
comments. 

10 Character constant actual arguments are treated as Hollerith 
constants instead of character constants when passed to a 
subprogram. 

11 Code for DO loops is generated to execute all DO loops at least once. 

12 Enables the compiler to run in compatible mode even though native 
made was selected at installation. 

13 Enables the generation of subroutine calls for real-to-integer and 
integer-to-real conversions (non-hardware assisted) even though the 
hardware FIX. and FLOAT op tions (hardware assisted) were selected 
at installation. 

14 Utilize the CONCEPT 32/67 Scientific Accelerator for math intrinsic 
functions ALOG, ALOGI0, SIN, COS, ATAN, SQRT, and EXP. 

15 Includes compilation date and time in object modules (refer to 
Chapter 2). 

16 Utilize the operating system to find big blocking buffers. 

17 Enables the compiler to run in native mode even though compatible 
mode was selected at installation. 

19 Outputs symbolic table information for use by the symbolic debugger. 

20 Compiles source records containing an X in column 1 as if the X were 
a blank. If this option is not set, these records are treated as 
comments. 

Rules for Use 

• Options 1, 2, 3, and 4 may be changed within a program only if they have DEl been set 
in a $OPTION job control statement. 

• Options 7, 8, 11, 12, 13, and 16 may not be changed within a program. 

• Options 6, 10, and 15 may be changed within a program regardless of their having been 
set or not set in a $OPTION job control statement~ 

• Options 9 and 20 can be changed within a program only if it has been set in a $OPTION 
jab control statement. 

15-2 Using the FORTRAN 77+ Compiler 
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Run-Time Options! Job Control Language 

Changes to options 1, 4, 6, 9, 10, and 20 will take effect at the point in the program 
where they occur and will remain in effect until changed by another OPTION 
direc tive. 

Option 2 can be changed only before any declarations and all executable statements in 
a program unit. Option 2 can be changed before or after a PROGRAM, SUBROUTINE, 
FUNCTION, or BLOCK OAT A statement. 

• Options 3, 15 and 19 will be considered on or off for an entire program unit according 
to the last OPTION (or $OPTION job control statement) directive seen before the end 
of the program unit. 

15.4 Run-Time Options 

Option Result 

7 Minor errors that might abort· a program are ignored (refer to I 
Appendix 0 for a list of minor errors). 

8 The default for the BLANK specifier becomes zero for formatted 
input. 

Options 7 and 8 may not be changed within a program by means of the FORTRAN 
OPTION statement. 

15.5 Job Control Language 

Job control language (JCL) specifies the desired run-time environment. Some of the 
most common JCL statements used with FORTRAN 77+ programs are listed below (refer 
to the MPX-32 Reference Manual for a complete description). 

$JOB jobname Specifies the start of a batch job. 

$EOJ Specifies the end of a batch job. 
$$ 

$OPTION opl,op2, ••• ,opn 

$RUN program 

$EXECUTE program 

$ALLOCA TE size 

$ASSIGN lfc TO file 
or 

$ASSIGN lfc TO DEY: device 
or 

$ASSIGN Ifc TO LFC= alternate lfc 

Specifies the options for the next 
batch program to be executed. 

Executes a cataloged program in 
current working directory. 

Executes a cataloged program in 
system directory. 

Allocates the memory size (in bytes) 
needed for program execution. (The 
FORTRAN 77+ compiler dynamically 
allocates its required memory. 
Therefore, the $ALLOCATE state­
ment should not be used for compiler 
execution.) 

Assigns a file, device, or another 
logical file code to the logical file 
code (unit) used in the next program 
to be executed for I/O. 

FORTRAN 77+ 
Reference Manual Using the FORTRAN 77+ Compiler 

Change 1 
15-3 



Compiling, Cataloging, and Executing 

Do not code the character $ in column 1 of the source program or input data passing 
through the SYC stream. Doing so causes premature termination of compilation or 
execution with unexpected results. 

15.5.1 Compiling 

The following is an example of the JCL needed to compile a FORTRAN 77+ program 
under MPX-32. 

$JOB COMPILE TESTl SLOF=E.SORT 
$ASSIGN SI TO S.TSORT 
$EXECUTE FORT77 
$EOJ 
$$ 

15.5.2 Compiling, Cataloging, and Executing 

The following is an example of the JCL needed to compile, catalog, and execute a 
FORTRAN 77+ program under MPX-32. 

15-4 

$JOB COMPILE YOUNG SLOF=E.SORT 
$NOTE COMPILE CATALOG AND EXECUTE A PROGRAM 
$ASSIGN 51 TO S. TSORT 
$ASSIGN SO TO O.TSORT 
$ASSIGN LO TO L.TSORT 
$EXECUTE FORT77 
$ALLOCA TE 10000 
$ASSIGN SGO TO O.TSORT 
$EXECUTE CATALOG 
ASSIGN 51 TO SYC 
ASSIGN LO TO SLO 
SUlLO WORDSORT 
$RUN WORDSORT 
0010 
MANIC 
SEVERAL 
FULFILL 
COMIC 
SLATE 
REVISION 
MOOD 
APPLE 
STALWART 
REFLECT 
$EOJ 
$$ 

NOTE: 
$ASSIGN SI TO S.TSORT 

$ASSIGN SO TO O.TSORT 

Assigns the logical file code SI to the source input 
file S. TSORT. 

Assigns the logical file code SO to the object file 
O.TSORT. 

Using the FORTRAN 77+ Compiler 
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Compili~ and Cataloging/Usi~ a T ap~ File 

$ASSIGN LO TO L. TSOR T Assigns the logical file code LO to the output file 
L.TSORT. 

$ASSIGN SGO TO O. TSORT Assigns the logical file code SGO to the object file 
O. TSORT for the cataloger. 

$ALLOCATE 10000 Provides adequate core space for the loader and the 
execution of the program. 

ASSIGN SI TO SYC Assigns the program's logical file code 51 to the 
SYC file. 

ASSIGN LO TO SLO Assigns the program's logical file code LO to the 
SLO file. 

$RUN WORDSORT Loads and executes the program WORDSORT. 

OOlO ••• REFLECT Data for the program. 

15.5.3 Compiling and Cataloging 

The following is an example of the JCL needed to compile and catalog a FORTRAN 77+ 
program for future execution. This job involves two steps: 

1. $EXECUTE FORT77 Compiles the program and places the 
resulting object code in the SGO file. 

, 
2. $EXECUTE CATALOG Catalogs the object code from the SGO 

file and places it into the newly created 
disc file. 

$JOB COMP&CAT TEST1 SLOF =E.SORT 
$NOTE COMPLE AND CATALOG A PROGRAM 
$OPTION 5 
$EXECUTE FORT77 . 

• (Note: FORTRAN source statements go here) . 
$EXECUTE CATALOG 
ASSIGN 51 TO SYC 
ASSIGN LO TO SLO 
BUILD WORDSORT 
$EOJ 
$$ 

15.6 Using a Tape File as a Data Source 

The following sequence uses the library format tape file SORTDATA. (A previously 
cataloged FORTRAN 77+ program uses logical file code 51 for input.) 

$JOB T APE.IN . 
$NOTE READS WORDS FROM A TAPE FILE 'SORTDA T AI 
$OPTION 8 
$ASSIGN S11 TO DEV=MT BLOCKED=N 

FORTRAN 77+ 
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Usirg a Disc File 

Note: 

$EXECUTE UPDATE 
ISKIP SORTD'A T A 
IEXIT 
$ASSIGN SI TO DEV=MT BLOCKED=N 
$RUN WORDSORT 
$EOJ 
$$ 

$OPTION 8 

$ASSIGN SIl TO DEV=MT BLOCKED=N 

$EXECUTE UPDATE 
/SKIP SORTDATA 
/EXIT 

$ASSIGN SI TO DEV=MT BLOCKED=N 

$RUN WORDSORT 

Option 8 specifies that the SIl file 
will be unblocked. 

Assigns the iogical file code SIl to a 
magnetic tape drive. The operator's 
console will receive a message 
requesting that the tape be mounted 
when this job is executed. 

Advances the tape to the file with 
header SOR TDA T A. 

Assigns the logical file code SI (from 
the cataloged FORTRAN program) to 
the tape drive, thus overriding the 
cataloged assignment for 51. 

Executes the cataloged program. 

15.7 Using a Disc File for Output Data 

The following example places the output of WORDSORT in the disc file OUTSORT. 
WORDSORT uses logical file code (unit) LO for output. 

15-6 

$JOB DISK. OUT OWNRNAME 
$NOTE WRITES SORTED WORDS TO USER DISC FILE 'OUTSORT' 
$EXECUTE VOLMGR 
CREATE FILE OUTSORT 
$ASSIGN LO TO OUTSORT 
$RUN WORD SORT 
0010 
MANIC 
SEVERAL 
FULFILL 
COMIC 
SLATE 
REVISION 
MOOD 
APPLE 
STALWART 
REFLECT 
$EOJ 
$$ 
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Note: 

$EXECUTE VOLMGR 

CREATE FILE OUTSORT 

$ASSIGN LO TO OUTSORT 

$RUN WORDSORT 

15.8 Using Data from Cards 

Using Data from Cards/Calling Assembly Routines 

Executes the volume manager. 

Creates the user file OUTSORT in the 
user's current directory. 

Assigns the logical file code LO of the 
cataloged program to the disc file 
OUTSORT. 

Executes the cataloged program 
WORDSORT. 

The following is an example of using the card reader as an input device. The FORTRAN 
program WORDSORT uses logical file code (unit) 51 for input. 

$JOB CARD.IN OWNRNAME 
$NOTE READS WORDS FROM CARD READER 
$A551GN 51 TO DEV=CR 
$RUN WORD50RT 
$EOJ 
$$ 

Note: 

$A551GN 51 TO DEV=CR 

$RUN WORD50RT 

• 
Assigns the logical file code 51 from 
the cataloged program to the card 
reader. When this job is run, the 
operator's console will print a message 
asking for the cards to be placed in 
the reader. The user must place an 
EOF card (2-3-4-5 multi-punch in 
column 1) behind the last card. 

Executes the cataloged program. 

15.9 Calling Assembly Routines from FORTRAN TI+ Programs 

The FORTRAN n+ compiler generates three different types of calling protocols for 
CALL statements. The code generated is determined by the number of parameters in the 
CALL statement. The three types of calling protocols are associated with the following: 

• Calling the assembler routine with no parameters. 

• Calling the assembler routine with one parameter. 

• Calling the assembler routine with more than one parameter. 

The code generated must follow protocols for: 

• Parameter locations (addresses) 
• Return address 

FORTRAN 77+ 
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Calling Assembly Routines 

When parameters are passed by FORTRAN 77+, the parameters are formatted as shown 
in Table 15-1. 

15.9.1 Assembly Routine with No Parameters 

To be called by a FORTRAN 77+ routine, the assembly routine must: 

• Declare the name of the assembler entry point (DEF directive). 

• Return to the FORTRAN 77+ routine by a transfer register to the program status word 
instruction (TR5W) using the content of Register a upon entry to the routine. 
Alternatively, the return address can be stored in a memory location and return is 
effected by an unconditional branch indirect (BU *' RETAODR). 

15.9.2 Assembly Routine with One Parameter 

For a FORTRAN 77+ program to call an assembler routine with one parameter, the 
assembler routine must: 

• Declare the name of the assembler entry point (DEF directive). 

Use the value in Register 1 (one) as the address of the single parameter from the 
FORTRAN 77+ program that called the routine. 

• Return to the FORTRAN 77+ routine by means of the link address in Register o. 

15.9.3 Assembly Routine with Two or More Parameters 

For a FORTRAN 77+ routine to call an assembler routine with more than one parameter, 
the assembler routine must: 

• Declare the name of the assembler entry point (OEF directive). 

Use the parameter area in the FORTRAN 77+ routine pointed to by the address in 
Register 0, as illustrated in the foHowing example. 

Calculate the return address and transfer to it (as illustrated in the foHowing 
example). 

15.9.4 Parameter Area 

Example 

word 0 
word 1 
word 2 

word n 

number of parameters*'4 (pointed to by register 0) 
address, possibly indirect, of parameter one 
address, possibly indirect, of parameter two 

address, possibly indirect, of last parameter 

Each of the entries in the parameter area is one word long on a word boundary. 
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Calling Assembly Routines 

15.9.5 Calculation of the Return Address 

The assembler routine can calculate the address within the FORTRAN 77+ routine to 
which control should return. This address is that of the first word after the parameter 
area. If the PSW (received upon call of the assembler routine) is still in Register a, then 
the following assembler code will update Register a and return to the correct return 
address: 

TRR 
ABR 
ADMW 
TRSW 

Examole 

RO,R1 
RO,29 
RO,0,R1 
RO 

The following sequence shows a FORTRAN 77+ routine calling an assembler program to 
print the addresses of specific 'C.DOTS'. 

FORTRAN 77+ 
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CALLER 

I 
2 
J 
II 
5 
6 
7 
8 
9 
10 
II 
Ii! 
IJ 
III 
15 
16 
17 
18 
19 
?O 
21 
22 
2J 
211 
2'5 
2" 
27 
28 
29 
]0 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 

c 

c 
c 
C 
70 
11 

,-, 

PAOGR AM CALLE R .. _-----._---------------_.---------------------------._.-.-.-.. _. 
• THIS PROGRAM IS AN [XAMPLE OF , FORTRAN PROGRA~ CALLING 
• AN ASSEMBLER PROGRA~ TO PRI~T THE ADDRESSES OF SPECIfIC 
* 'C.OOTS'. .. _._-----_._----------------------.-._.------_._.-_.-------------
INTEGER NA~E,VALUE,BLANK 
nATA BLANK /IIH / 

LOOPI GET NAME, CALL COOT, PRINT RESULTS 

DO I 00 fOREVER 

READ (*,FMT:'(AII)') NAME 
If (NAME.fQ.BLANK) STOP 
CALL COOT(NAME,VALUE) 
IF (VAlUE.EG.O) THEN 

WRIT~ (*,70) NAME 
ELSE 

WRITE (*,71) NA~E,VALUE 
ENOIF 

ENDOO 

LA6ELED FORMAT STATEMENTS 

READ IN A NAME 
BLANK INDICATES LAST INPUT 
SEARCH FOR 'C.' 
IF lERO I NOT FOuwn 
IoRITE NAME ONLY 

ELSE 
~RITE NAME AND AOPRESS 

FORMAT (IX,I"C.',III,·" DOES NOT EXIST') 
FORMIT (lx,'C.',III,·zl,lB) 
END 

" 

U,10521 

1~-1l/1~-12 I 





~: 

rOOT 

00007 
~OOOIl 

00009 
(lOOIj) 
oon II 
00012 
00011 
oooia 
00015 
00011> 
00017 

00011' 
ooolq 
00020 
0002\ 
00022 
(10021 
00021.1 
00025 
0002f> 
00021 
00028 
00029 
00030 
00(131 
OOOH 
OOOH 
00031.1 
00035 
(1003& 
OOI)H 
000\1\ 
00039 
oooao 
000111 
000112 
0004] 
0001.1/1 
000115 
000111> 
00047 
00041\ 
(looaq 
(100')0 
00051 

Pl)foOOO 

:>1) nt)O 0 
POOO(lO 
POOOOII 
PI)OOO~ 

POOOOC 
rOOOIO 
porOl1l 
1'000Itl 
POfJOIC 
P00020 
Pu00211 
Pli002" 
POOO2C 
POOOlO 

POOO]O 
POOOlO 
POOOlll 
POf'03l' 
POOOl( 
POOOI.IO 
POOOIIU 
POliO"" 
pnOOliC 
P00050 
P(lOOSI.I 
Ponosi:' 
P(II)OSC 
PO~O&O 

"Il.Ib1.lC51 
II11.1E5957 
1.121.195<120 
q3llS4ESI.I 
IllS5S252 
111111\511"5 
1l1.11115920 
11II51S511S 
IIbS21lSU5 
lIeliFIlCilll 
QOll91.14l1C 
SOQfqf'lC 

000800llE 
00080908 
oooeOl8C 
000eOd08 
0008081: 8 
OOOI\OI\()O 
000801106 
00080UII 
0001101100 
0001l09CC 
00080AOO 
OO(lIlOAFI.I 

OOOOE 
00908 
OOASC 
00808 
008E8 
00800 
OOIlOR 
OOAAIl 
1108011 
1I09CC 
OOAOO 
OOAF Il 

-

PROGRAM COnT 
I'EF conT 

•• ***** •• ** ••• * •• **.*.**.* •• *.~ ... **.*.****.**.*.***** •• _*.**.**a*a_*_ •• 
• 
• 
• 
• 
• 
• 

CDOT - HETIJIll'lS YAUE (AflO~ESSI Of A C,XXXl( 

~JOTEI All COOT NA"f!l "uST BE rCtlR ASCII CHARACTERS, LHT­
JUSTIfiED, ~LAN~ FILLfD. Th[ ADOIlESS OF THf YA~IA81.E 
CONTAl~ING THE ~A~E MUST ~E ON A WORD dOUNDARY, THIS 
SIIIIROllTJNf. IS fORlPlN cn~ PAT A6LE, 

•• ********************* ••• *********.*.* •••• ***.* •• **** **.*******~** •••• * 
M,fYUS 

• 
• 
* NAf.AES 

[NOM 

NAMES Of 4-CHARACTER couTS 

EO'J 
OAThl 
OATh, 
OAl Ail 
"HAw 
OATAw 
OAU~I 

OATA'" 
nAUw 
DAThl 
OATA,.. 
OATAW 
OUAI\ 

ENONAIIES rail 

S 
C'AfLr!' 
C'ANYv.' 
C'IIIT ' 
C 'Cf'Il' 
C'CURR' 
C'OATE' 
C'OAY , 
C'OUIlE' 
C'FREE' 
C'n(lLD' 
C'''IOL' 
C'POOL' 
f 

• 
• 
* 
OLIJES 

E.rWVAL 

VALUES Of q-CkA~ COOTS IN SAME ORDER AS Nl4ES Of 'I-CHAIl COOTS 

EOU 
ACII 
lCR 
ACa 
ACR 
ACB 
ICIi 
ACII 
lCIl 
ACK 
A(II 
ACq 
ACU 
fQU 

, 
C,AfL\'. 
C.ANYI\ 
r .R IT 
e.CENT 
C.CURf! 
C.OAH 
C.OAY 
C.OQUE 
C.fIlEE 
C.~OlO 

C."IOL 
e,POoL , 

U~u~J2l::i 

1,)-13/15-14 I 





~. ~ "..---., 

conT 

000'11 * 
0005" * fXfClITABLE COilE 
0011<;5 * 
000510 POOObO ocollooeo POOOCO COOT STF RO,SAVEREGS 
00057 POOObli 2CI.!0 TRR RO,RI 

POOOf,b 0002 
000511 POOOb8 153000011 000001 LA A2,*II'4,AI ACTUAL ArDA[SS OF FIRST PAR~(~A~£) 
00(159 POOOH AFIIOOOOO 00000 L~' Rb,0",R2 LOAD COOT NAME 
OoobO * 
OOObl .. FINO ~ATCH OF II-CH.A NAME TO GET OFfStT INTO VALUE TABLE . 
000b2 * 
OOOB POOO70 CAlIOFFno FOURC LJ R5,NA~ES·E~O~AMES GET NEGATIVE • ~OROS I~ NAME TARLE 
O(lObQ POO!'ll1 OORO lR A] 81AS fOR LOOP 

POOOlb 0002 
000b5 POOO71! 9]1>00000 pnoooo LOOPII CAlAI\ Rb,N"04ES,Rl CO NA~ES MATCH 1 
00066 PII007C ££000091 POO090 AEQ "'ATCHII IF SO - IIRAI-ICH 
000b7 poooeo 221'] ABA R],29 ELSE - INCAE~ENT 81AS 

PonllS2 0002 
OOObll POO0811 FbCOOO79 POO071.! AI!' R5,LIlOPIi INCREMENT Alln TRY AG'IN IIIILESS ZERO 
000b9 * 000711 Or NAVES DON'T "'ATCH 
00071 .. 
00072 pOOoe8 06800008 0011011 STw R5,.21't,RI STORE ZERO USING PARAMETER AnDRESS 
00011 POO08C ECOOO090 pI)00ge BU AYE GO RETURN TO CALLER 
000711 .. 
00015 • GET VALUE OF Ii-CHAR N'~f AND STORE AS PARM TO CALLER 
00076 • 
00077 POII090 AEE 000]0 POOO]II MATCHII LI'o R5,vaLlJES,R] GET vaLUE USING OFFSET 
0007" POO0911 IE51 IBR AS,,2 lEAD BYTE-ADDRESS-INDICATOR ~IT 

POOOqb 0002 
0007q POOOqf!, "6ROOOOI! 00008 ST'" R5,·21'o,AI STORE VALUE USING PARAMETER ADDRESS 
oon80 .. 
OOO!U PGOl)qc BII2001101 00002 8YE ADMH RO,IH,RI ADO PARAMETER COUNT dlAS 
00082 POOOAO e('IIIOooq ADI RO,lw ADO O~£ ~ORD 81AS 
00081 POOOAlo 0110000(0 POOOCO STw RO,SAVEREGS SAVE HrTuR~ ADDRESS 
000811 POOO~8 ccooooeo pooocn LF Ro.saVEREGS RESTORE REGI~TER CONTEXT 
0008'5 POOOAC 2800 TASI'o RO AETUR~ TO CALLING PROGAA~ 
001186 .. 
00081 ponoeo flOI)ND IF 
00086 POO(\CO SAVfAEG5 PES IF 
00089 PO(lOEII ENn 

• ooon EPAflAS IN CI'OT 
JEOJ 

H·UJ!...~\.1 

lS-1~/lS-16 I 
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Calling Conventions 

15.9.6 Function Calling Conventions 

Arguments to the function are passed just as they are for subroutines. The function 
value (if not of CHARACTER data type) is returned in one or more registers as follows: 

Value Returned 
Function T YRe in Register(s) Number 

INTEGER*I,*2,*4 
INTEGER*8 

7 
6,7 

(value is right-justified in R7) 

REAL*4 . 
REAL *8,COMPLEX*8 
COMPLEX*16 
LOGICAL*I,*4 

7 
6,7 

4,5,6,7 
7 

A CHARACTER type function value is returned in a memory area, the address of which 
is supplied with the calling .parameter list. This memory area and its address are 
established by the compiler transparently to the user. 

15.10 Calling FORTRAN 77+ Subroutines from Assembly Language Programs 

The FORTRAN 77+ compiler generates three different types of calling protocols for 
. CALL statements. The code generated is determined by the number of parameters. 
Thus, for an assembler program to call a FORTRAN 77+ program, the assembler program 
must use the same calling protocol as the FORTRAN 77+ program. 

Function and subroutine calling conventions are the same, except the function value is 
returned in one or more registers. 

15.1D.l FORTRAN 77+ Subroutine with No Parameters 

To call a FORTRAN subroutine with no parameters: 

1. Declare the subroutine name external (MACRO statement EXT). 

Z. Branch and link to the subroutine (MACRO operation BL). 

The FORTRAN 77+ subroutine will return control to the assembler routine at the word 
following the branch and link. 

15.10.2 FORTRAN 77+ Subroutine with One Parameter 

To call a FORTRAN· 77+ subroutine with one parameter: 

1. Declare the subroutine name external (MACRO statement EXT). 

Z. Load Register 1 (one) with the parameter address. 

3. Branch and link to the subroutine (MACRO operation BL). 

FORTRAN 77+ 
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Calling Conventions 

The FORTRAN 77+ subroutine will return control to the assembler routine at the word 
following the branch and link. 

Start the parameter storage location in the assembler routine on a boundary compatible 
with the type of FORTRAN 77+ variable associated with the parameter. 

15.10.3 FORTRAN 77+ Subroutine with Two or More Parameters 

To call a FORTRAN 77+ subroutine with two or more parameters: 

1. Declare the ·subroutine name external (MACRO statement EXT). 

2. Set up a parameter area immediately after the branch and link (refer to the 
following examples). 

3. Branch and link to the FORTRAN 77+ subroutine (MACRO operation BL). 

Example 

PARAMETER AREA 

BL 
DATAW nW 
ACx 
ACx 

ACx 

FORTRAN subroutine name 
number of parameters 
address of first parameter 
address of second parameter 

address of last parameter 

15.10.4 Parameter Lists Generated by the Compiler 

The preceding information is adequate for normal FORTRAN 77+ subprogram calls where 
extended memory parameters are not involved. For other cases, it may be necessary to 
duplicate the full parameter word content as generated by the compiler; this content 
includes parameter type information with descriptor flags for array and for extended 
memory parameters. Table 15-1 describes the full parameter word content. 
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** 

Bit(s) 

o 

1* 

Z* 

4-7 

Table 15~1 
Compiler Parameter Lists 

Usage 

A pseudo-indirect flag indicating that a parameter word points to a 
remote parameter word containing the Z4-bit address of an 
extended memory entity. 

An extended memory flag indicating that a parameter word has a 
244Jit address field. 

A pseudo-F -bit flag (when bit 1 is set) indicating that a byte is 
addressed. 

A bit parameter flag (when bit 1 is set) indicating that a specific 
entity is of type bit. 

A type code (when bit 3 is reset), as explained in Table IS-Z. 
or 

A bit position within a byte (when bits 1, 2, and 3 are set). 

8 An array flag indicating the parameter is an array (used by 
argument transfer routines A. TF and A. TU). 

9-10 Unused. 

11 An indirect flag indicating the parameter address is to be ob tained 
by indirect reference. 

12-31** An address field, including format bits for halfword or doubleword 
entities. 

Bits 1, 2, and 3 are only present in a remote parameter word pointed to by an actual 
parameter list word in which bit 0 is set. 

When the format bits are set and indexing takes place, the format bits will alter the 
instruction. To prevent this, either remove the format bits before the address is 
used or place the address into a storage location and access the parameter value 
indirectly through that location. However, the indirect method must not be used 
for extended addresses. 
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Type Code (Hexadecimal) 

a 
1 

2 

3 

4 

5 

6 

7 

B 

9 

A 

B 

Table 15-2 
Type Code 

Type 

INTEGER*l 

INTEGER*2 

INTEGER*4 

INTEGER*B 

REAL*4 

REAL*8 

COMPLEX*8 

COMPLEX*16 

BIT 

LOGICAL*l 

LOGICAL*4 

CHARACTER 
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A.l Input/Output Terms 

APPENDIX A 

I/o USlNG MPX-32 

The following is a list of FORTRAN 77+ and MPX-32 terms that relate to input/output. 

• Formatted - A FORTRAN 77+ term applied to those records read or written under the 
editing direction of format, e.g., READ (6,99). 

• Unformatted - A FORTRAN 77+ term applied to those records read or written without 
format editing, e.g., READ. Note that the Scientific Run-Time Ubtary applies its 
own blocking scheme to the physical transfer and this blocking scheme is distinct from 
MPX-32 file blocking. 

• Asynchronous input/output (BUFFERIN/BUFFEROUT) - A FORTRAN 77+ term that 
describes a method of performing a read or write directly to or from a user's buffer by' 
use of CALL BUFFERIN or CALL BUFFEROUT, respectively. No formatting or 
padding is done. No-wait input/output is used; the user is responsible for insuring 
input/output completion before buffer content is used or altered. 

• Blocking - An MPX-32 term that describes the MPX-32 Input/Output Control System 
capability of placing multiple logical records into a 768-byte physical record, along 
with record control information. Applicable to all spooled files and optionally to disc 
oT magnetic tape user files. Independent of formatted, unformatted, and asynchronous 
I/O. 

• Compressed - An MPX-32 term meaning a format for source information that removes 
superfluous space codes and replaces them with count control bytes. It is supported by 
assembler, source update, and editor. Independent of blocking. 

• No-Wait I/O - The MPX-32 capability to start (or merely put into queue) an 
input/output request and to immediately return to the requesting task. 

• Direct I/O - The MPX-32 capability of permitting a privileged task to issue its own 
actual machine language input/output instructions. (Unrelated to the term direct­
access input/output.) 

• Logical File Code - An MPX-32 term meaning the one- to three-character 
alphanumeric field used in all file assignments. With the exception of logical file code 
'UTI, this field has absolutely no fixed system-wide relationship to the permanent file 
name, the system file, the physical device assignment, and another logical file code. 

Logical file code 'UTI is automatically connected to user terminal by the operating 
system for interactive tasks. 

FORTRAN 77+ 
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A.2 General Observations 

• If one writes a file in a particular combination of method and format, then one 
generally must read it using the same method and format. 

• Some of the methods and formats can be combined. 

Formatted and unblocked 

Unformatted and unblocked 

Asynchronous and unblocked 

Formatted and blocked 

Unformatted and blocked 

Asynchronous and blocked 

• Some methods are generally more time-efficient than others: 

Asynchronous more than synchronous 
Unformatted more than formatted 
Unblocked more than blocked 

• Blocking is requested by using the OPEN statement with BLOCKED = . TRUE.. If too 
many (31) blocked file codes are opened, an 'RT99' abort code is issued. 

• In MPX-32, assembly language programmers can specify random I/O to 192 words in 
length by setting bit 4 of word 2 of the' file control block (refer to the MPX-32 
Reference Manua!). This method is also available as nonsupported FORTRAN-callable 
subroutines in the SORT package, ISAM package, and in the user's group library. 

A.3 End-of-File Detection 

End-of-file detection is performed for all blocked and/or unformatted files. End-of-file 
detection is also performed for formatted/unblocked disc and magnetic tape files, card 
and paper tape reads. In the default detection method, used by the FORTRAN 77+ 
compiler, X'OF' detected as the first byte of a formatted, unblocked record means end­
of-file. 

Because of possible conflicts between data patterns and the end-of-file code on 
formatted/unblocked magnetic tape and disc files, an optional end-of-file method is 
available. A call to the SRTL routine X:MPXEOF causes the optional method of end-of­
file detection to override the default method. In the optional method X'OFEOFEOF' 
indicates end-of-file when detected as the first word of a record. 

This optional method provides a better means of discriminating between data patterns 
and EOF indicators, but does not completely eliminate ambiguities. If closer 
discrimination is necessary, blocked files should be used. 

I A.4 Maximum Sizes 

MPX-32 assumed disc sector size: 192 words (768 bytes) 

MPX-32 assumed maximum record lengths: 

Magnetic tape 
Cards 
Line printer 
Teletypewriter or CRT 

Change 1 
A-2 

8190 bytes 
120 bytes 
144 bytes 
80 bytes 
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Formatted I/O logical record lengths 

Unblocked files 

Blocked files 

SBO 
SGO 
SLO 
SYC 

Unformatted I/O logical record lengths 

Unblocked files 

Blocked files 

SBO 
SGO 
SLO 
SYC 

768 bytes 

254 bytes 

80 bytes 
254 bytes 
133 bytes 
80 bytes 

3,128,580 bytes* 
(4095 physical records of 192 words: 
191 words of user data plus 1 header word) 

736 bytes excluding all header words 

116 bytes excluding header word 
116 bytes excluding header word 
250 bytes excluding header word 
116 bytes excluding header word 

* Record lengths can be further restricted by physical device characteristics. 

( I A.5 Unformatted I/o Records 

r 

For unformatted I/o records, the first word of each physical record is a control word 
with the following format: 

Bits 

o 78 1920 31 

Record Physical Byte Physical Record Number 
Type Count Within This Logical Record 

The physical byte count includes the header record itself. 

Record Type 
(Hexadecimal) 

FF 
DF 

OF 

Description 

Indicates unformatted record 
Indicates last physical record 

in the logical record 
Indicates end-of-file for run­

time routines 

This information pertains to magnetic tape as well as to disc units. 
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Unblocked physical records contain 192 words. For blocked files, each physical record is 
equal to one blocked record. The physical byte count for a blocked record cannot exceesl 
255 bytes. Logical records can span mUltiple sectors, while physical records within the 
logical record cannot. 

I A.6 Device Type Codes 

The following are the device type codes used for the FORTRAN 77+ OPEN statement, 
INQUIRE statement and the callable MPX-32 subroutines. 

Device 
Type Code 

(Hex) 

00 
01 
02 
03 
04 
05 
06 
07 

08 
09 
OA 
08 
OC 

00 
OE 
OF 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
lA 
18 

Change 1 
A-4 

Decimal 
Eguivalent 

00 
01 
02 
03 
04 
05 
0.6 
07 

08 
09 
10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

Two-
Character 

Device 
Mnemonic Device Descrietion 

CT Operator console (not assignable) 
DC Any disc unit 
OM Any moving-head disc 
OF Any fixed-head disc 
MT Any magnetic tape unit 
M9 Any nine-track magnetic tape unit 
M7 Any seven-track magnetic tape unit 
CD Any card reader or card 

reader/punch 

CR Any card reader 
CP Any card punch 
LP Any line printer 
PT Any paper tape reader/punch 
TY Any teletypewriter (other than 

console) 

CT Operator console (assignable) 
FL Floppy disc 
NU Null device 
CA Communications adapter 

(binary synchronous/asynchronous) 

UO F or user-defined application 
Ul For user-defined application 
U2 F or user-defined application 
U3 For user-defined application 
U4 For user-defined application 
U5 For user-defined application 
U6 For user-defined application 
U7 For user-defined application 
U8 For user-defined application 
U9 For user-defined application 
LF Lineprinter / floppy controller 

(used only with SYSGEN) 
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APPENDIX 6 

USTING EXAMPLES 

6.1 Source Usting 

The FORTRAN 77+ source listing facility provides a sequenced listing of the 80 byte 
program source input records and generated statement markers for use with the Symbolic 
Debugger. Specifying $OPTION 1 or FORTRAN 77+ directive OPTION 1+ suppresses this 
listing. 

B.l.l Source Usting F annat 

The source listing begins with the name of the source module, whether it is a program, 
subroutine, function, etc., in the upper left hand corner of the listing. If listed output 
(LO) is assigned to system listed output (SLO), the module name appears in the upper left 
hand corner of every page in the listing. 

The listing of the 80 byte input source records appears below the name. The format for 
each line on the page is as follows: 

A compiler generated line sequence number appears at the left margin. 

A statement marker for use with the Symbolic Debugger under MPX-32, if 
applicable, appears to the right of the sequence number. The statement 
markers have the form S.n where n is a compiler assigned statement number. 
The numbers are always in ascending order, however, they may not always 
appear in consecutive order since some source statements contain mUltiple 
statement constructs. In that case, only the first marker for that line appears 
in the listing. 

An 80 byte source input record, displayed as read from the assigned inputs for 
the FORTRAN 77+ compiler, appears several spaces to the right of the 
statement marker. 

This format is maintained throughout the compilation of the entire program unit, unless 
the generated code listing is also selected. In that case, the two listings will appear to 
be interspersed. 

A source listing is provided for a program, EXAMPLE. This program is not meant to be a 
program having any utility or to suggest any recommended 'programming practices. It 
was written to show a few FORTRAN constructs and how the elements of the constructs 
relate between the various listing formats. The comments appearing on the right side of 
the source listing lines have been added to aid in comparison of the other listing 
formats. They are not generated by the compiler. Also, the relative addresses will 
change between versions of the compiler. It is important to be able to relate the various 
listing elements for a given compiler. . 

The source listing should be compared with the storage dictionary in section B.2, the 
symbolic cross-reference in section B.3, and the generated code listing in section 6.4. 
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EHHHE 

1 
2 
) 
4 
S 
6 
7 

• 9 
10 
11 
12 
15 
14 
15 
16 
11 
18 
19 
20 
21 
22 
n 
24 
2S 
26 
21 
28 
29 
30 
]1 
12 
H 
14 
15 
36 
)7 

18 
39 
40 
41 
U 
4] 
44 
45 
U 
47 
48 
49 
SO 
51 
52 
n 
54 

~~ 

NAIIVE HOOE 

PROGRAM HAMPlE 

(----- THIS EXAMPLE PROGRAM WAS DESIGNED AS AN AID TO UNDERSTANDING 
(----- TilE WAYS IN WHICH THE SOURCE LISTING, THE SIORAGE OICIIONARl, 
C----- IHE SYMBOLIC CROSS REfERENCE, AND THE OPTION 6 GENERATED CODE 
C----- LISTING RELATE TO'EACH OTHER. fOR CLARifiCATION, THE COMMENTS 
C----- HAVE aEfN ADDEO ON THE STATEMEHT LINES TO PROVIDE A MEANS Of 
C----- VfRlfYING RELAIED IIEMS. 

C----­C----­C-----
C----- oaSERVE IN THE SlORAGE DICTIONARY THE 
C----- aELATlvE ADDRESSES ASSIGNED fOR THE 
C----- VARIAILES AND CONSTANTS. 

c----- DeSERVE IN IHE SYMaOLIC CROSS REfERENCE 
C----- HOW THE OCCURRINCES Of THE VARIOUS 
C----- SYHIOLS ARE LOGGED. 

C----- OISERVE THE CORRELATION IN IHE '5." 
C----- STATEHENT LAIELS fOR THE SYHIOLIC 
C----- D~IUGGER USAGE IE1WEEN THE SOURCE 
C----- LISTING AND THE OPTION 6 GENERATED 
C----- CODE LISTING. 

INTEGER'I REG6lSAV 
JNHGU-I I¥ARt 
INTEGU.4 IVAU 
INHGU'Z IVU) 
INTEGER'I IVAl4 
CHARACTER'IO CVA.' 
CHARACTER'I CVAaZ 
REAL" RVUl 
AUL'4 IUal 
LOGICAL*4 LVUI 
LOGICAl'1 LvU2 
INTEGER" IADORESS 

C----- DeSERVE HOW THE EQUIVALENCE CAUSES THE 
C----- TWO VARIA'LES 10 HAVE 'HE SAME ADDRESS. 

EQUIVALENCE CIVAR4. CVARI) 

C----- OBSERVE HOW THE COMMON STATEHENT AffECTS 
C----- THE RELAIIVE lOORESSES Of THE ITEHS 
C----- DEfiNED TO IE IN COMHON. 

INUGER-' CIVAU 
INtEGER" CIVAH 
INUGU'2 (JUU 
INtEGER'1 C I VAl4 

COHHON I CEXAH'LE I CIVlII.ClvAaZ, 
A CIVAa3,ClvAR4 

IELATIVE Of.UGGEI 
lOOIESS SYHBOLS 

'00001 
'00000 
,OOOEC 
,OOOFS 
,00000 
'00000 
,OOOCI 
POOOEO 
POOOF4 
POOOfO 
,OOOU 
POOOU 

I '00000 

COOOOO 
COOOOI 
COOOOC 
COOOOE 

COOOOO 

0004.000 
OOOS.OOO 
0006.000 
0001.000 
0008.000 
0009.000 
0010.000 
0011.000 
0012.000 
0011.000 
0014.000 
0015.000 
0016.000 
0017 .000 ' 
0018.000 
0019.000 
0020.000 
0021.000 
0022.000 
002).000 
0024 .000 
0025.000 
OOU.OOO 
0021.000 
0021.000 
0029.000 
OOSO.OOO 
00]1.000 
OOH .000 
OOH.OOO 
OOH.OOO 
OOlS.OOO 
0016.000 
DOn .000 
OOH.OOO 
0039.000 
0040.000 
0041 .000 
0042.000 
0043.000 
0044.000 
0045.000 
0046 .000 
0047.000 
0041.000 
0049.000 
0050.000 
0051.000 
OOH.OOO 
0053.000 
0054.000 
005S.000 
0056.000 
0057 .000 

U'lO'J~U 

B-J/ll-4 
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EKAHPL£ 

109 
ttO 
ttl 
112 
11] S.22 
114 s.n 
115 
116 S.24 
117 
118 
119 
120 
121 
122 $.25 
12] 
124 S.U 
tzS 

-

NAlIVE HOOE 

ENOl 

C----- OISERVE IN THE GENt RATED CODE LISTING 
C----- HOW THE LOGICAL VARIAILES ARE LOADED. 

LVAlI •• TRUE. 
LVAlZ • .ULn. 

WRITE'"LO·,100'ENO·~5,£RR.'5) CIVAR1, 
• CIVARZ, CIVARl, CIVAR4 

C----- DeSERvE IN 'HE GENERATED CODE LISTING 
C----- HOW 'HE INLINE FUNCTION "LOC," IS 
C----- GENERATED. 

IAOORESS • LOCf(IVAA1) 

55 5101' 
END 

'001 DC 
,00U4 

,OOUI 

P0021C 

POOU4 
1'00224 

s.U 
5.23 

S.24 

S.H 

5.26 
S.26 

011 Z.OOO 
0113.000 
0114.000 
01U.000 
0116.000 
0117.000 
01U.000 
0119.000 
0~20.000 
0121.000 
0122.000 
O~B.OOO 
OU4.000 
0125.000 
Ot26.000 
OU7.000 
OUI.OOO 

,.....---..." 

r--
j 

U"IJ~~lJ 
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6.2 Storage Dictionary 

The storage dictionary facility provides a listing of symbolic names f statement numbers, 
and compiler-generated names contained within a program. Specifying $OPTION 3 or 
FORTRAN directive OPTION 3+ suppresses this listing. 

6.2.1 Storage Dictionary Format 

Under the heading of SYMBOL in the listing, the order is as follows: 

1. Statement labels (each preceded by a right parenthesis) and compiler-generated 
symbols beginning with a right parenthesis. 

2. Compiler-generated names for constants. 

3. Symbolic names (user and compiler-generated) beginning with alphabetic 
characters. 

Symbolic names are .listed generally according to the ASCn collation sequence. Each 
listed item is identified under the following headings: 

USAGE 

MODE 

Indicates the manner in which the specific item is used within a 
program; an item may be a constant, variable, array, label, common 
block, extended block, procedure, or namelist. 

Indicates the type of an item, i.e., character, logical word, integer 
full word. A statement number is listed as transfer or format 
depending upon its use. 

STORAGE Indicates whether the specific item is local or external to the 
program, or if it is an inactive, entry, or dummy item. For a common 
block, the size of the block is listed. If an item is within an extended 
block, the name of the extended block is listed. 

LOCA TION Indicates the internal storage location of an item. The location is 
specified as a five-digit hexadecimal address containing one of the 
following prefixes: 

P signifies that the location is local to the program. 

X signifies that the location is external to the program. 

C signifies that the location is within a common block. 

I signifies that the location is an inactive item. 

+ signifies that the location is an offset within an extended block. 

An asterisk (*) before one of the prefixes indicates that the location 
contains the address of the item rather than the item itself. 

A storage dictionary listing is provided for the program, EXAMPLE. This should be 
compared with the source listing in section B.l. 
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FORTRAN 11. RELEASE 4.1.1 NATIVE MCDE 

S¥MIIOL USAGE MODE STORAGE LOCATION 

)100 LAin fORMAT LOCAL '00050 
155 LUn TUNSfER LOCAL ,00U4 
C.0001 CONSTANT REAL LOCAL POOUO 
C.0002 CONstANT INtEGER fULL WORD LOCAL P002S4 
C.OOO) CONSTANT INTEGER fULLWORO LOCAL poona 
C.0004 CONSUNT INTEGER DOUlLE LOCAL ,OOUI 
A. IF PROCEDURE REAL EXTERNAL 100200 
CUAHPLE COHMON non 500000f 
ClVAR' VARlA8LE INTEGER DOUlLE CEXAM'LE COOOOO 
ClVAA2 VARIULE INtEGE' fULLWO'D CEUMPLE COOOOI 
ClVAR] VARlA8LE INtEGE' HALf WORD CUAH'LE COOOOC 
ClVAR4 VARlAlLE INtEGER IYtE CEXAM'LE COOOOE 
CVAR1 VARlAlLE CHAUCtER"IO LOCAL '00000 
CVAU VARIAILE CHARACtER .. I LOCAL POOOCI 
E.XI PROCEDURE REAL EXTERNAL 100224 
EXAMPLE PROCEDURE REAL INtlly ,000fC 
IiDORESS VARlA8LE INTEGER fULLWO.O LOCAL ,OOOEI 
IVAA, VARIABLE INTEGU DOUILE LOCAL '00000 
IVAU VARlA8LE INtEGE' fULL WORD LOCAL POOOlC 
IVAIl] VARlAlLE INtEGER HALf WORD LOCAL POOOU 
IVAIl4 VARIAILE INTEGER ute LOCAL '00000 
LVAIl' VARlA8LE LOGICAL WO.D LOCAL ,000fO 
LVARZ VARlAlLE LOGICAL lYlE LOCAL POOOFA 
REG675AV VARIAILE INTEGER DOUILE LOCAL POOODI 
RVAR. VARIAILE DOUBLE LOCAL POOOED 
RVAR2 VARIABLE .EAL LOCAL POOOf4 
, .If PROCEOURE REAL EXTERNAL 100211 
W.lf PROCEDURE REAL ExtERNAL Kooua 

ti·UI~!;)l 

6-11/0-12 
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8.3 Symbolic Cross-Reference 

The symbolic c:-oss-reference facility provides all the symbolic names and statement 
numbers within a program, listed side-by-side with all the source line numbers at which 
they are referenced. To suppress this listing specify $OPTION 4 in job control or specify 
the OPTION 4+ directive. 

B.3.1 Symbolic Cross-Reference Format 

Symbolic names are listed in alphabetic order. Statement numbers are listed in sequen­
tial order, sorted on the leading (i.e., leftmost) significant digit. For example, statement 
number 100 precedes statement number 20, which precedes statement number 3. 
Statement numbers with a common leading digit are listed in descending numerical 
sequence. Nonsignificant zeros and spaces are suppressed. For example, references to 
00600, 600, and 6b10blO will all be listed under symbol 600. 

The symbolic name and statement number items that are included in text strings or in 
comments are not listed in cross-reference output. 

Multiple occurrences of a symbolic or statement number within a single source line are 
all listed. Continuation source statement lines are identified separately from the initial 
source statement line. 

Symbolic names occurring in EQUIVALENCE statements are identified by the code EQV 
instead of a source line number for each occurrence. 

A symbolic cross-reference listing is provided for the program, EXAMPLE. This should 
be compared with the source listing in section B.1. 
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FORTRAN llt RELEASE 4.1.1 NATIVE HOOE 
CROSS REFERENCE FOR EKAMPLE 

SYM80L SOURCE LINE 

100 0015 0001 DOn 0116 
55 0015 0075 Don oon 0116 0116 OtH 

CEXAMPLE ODS) 
elVARl 0041 Don Don OOlS 0015 Don 0101 0116 
ClVAR2 0049 0051 0064 Don 0081 0091 010] 0116 
eIVAR] 0050 0051 0065 0016 0090 0094 0105 otll 
ClVAA4 0051 0054 0066 0016 0091 OOU 0101 0111 
eVARl OOH 0041 
eVAAl 0034 
EXAMPLE 0001 
IAODRESS 0039 OUZ 
IVUl 0019 0056 Don 0100 0122 
IVAAl 00]0 0056 0064 0102 
!VAAl 0011 0056 0065 0104 
IVAA4 Don Don 0051 0066 0106 
LoeF 0122 
LVARI 0057 0115 
LYUl 00)8 0114 
REG61SAV ooze 0099 0101 
AYUl 0015 0061 
nUl 0016 0068 

U'llJ~~L 
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8.4 Generated Code Ustings 

The generated code listing facility provides a listing of relative addresses, hexadecimal 
machine code instructions and data area contents, statement labels and compiler 
generated statement markers for use with the Symbolic Debugger, and instruction 
equivalent assembler code. Specifying $OPTION 6 or FORTRAN 77+ directive OPTION 
6+ enables the output of this listing. The absence of $OPTION 6 or the presence of the 
FOR TRAN 77+ directive OPTION 6- suppresses this listing. 

8.4.1 Generated C;ode Usting Format 

The generated code listing begins with the name of the source module, whether it is a 
program, subroutine, function, etc., in the upper left hand corner of the listing. If listed 
output (La) is assigned to system listed output (SLO), the module name appears in the 
upper left hand corner of every page in the listing. 

The listing appears below the name. The format of each line of the page is as follows: 

A relative memory address is slightly indented from the left margin. 

. The hexadecimal contents of the memory address appear to the right of the 
address. This may be machine coded instructions or data. 

• The statement labels or the compiler generated statement markers for use with the 
Symbolic Debugger under MPX-32 appear to the right of the memory contents. 
Statement labels have the form n where n is the statement number contained in 
the input source record. The statement markers have the form S.m where m is a 
compiler assigned statement number. Not all lines in the generated code listing 
have statement labels or markers. Data areas such as those generated from 
FORMA T statements and executable instructions may contain statement labels. 
Statement markers appear only on the first executable instruction for a set of 
instructions which were generated from aFaR TRAN 77+ source statement. 

The instruction equivalent assembler code appears to the right of the statement 
label and marker field. The field is made up of the assembler instruction mnemonic 
followed by the operand for the particular instruction. For example, LD 6,IVARl. 

This format is maintained throughout the compilation of the entire program unit unless 
the source listing is also selected. In that case, the two listings appear to be 
interspersed. 

A generated code listing is provided for the program, EXAMPLE. This should be 
compared with the source listing in section B.l. 
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fOAIRAN 11. AtltASt 4.1.1 NAIlVE KCot 

t XAHPlt 

00000 00000000 
00004 00000001 
DOOle 00000002 
OOOf, 000) 
00000 04 
OOOH 5.1 UIU , 
00050 ""01]0 )100 
00054 UU4f40 
OOOU 404f4lZ0 
ooose SHUH9 
00060 UUUU 
00064 ZOJUO)O 
00061 20110114 
0006e 00n1101 
00070 201£U., 
00074 4040"41 
00071 ZOSHIU 
aDore U4tH4C 
00010 4UOJUO 
00014 )020UOI 
00011 OIOOUl1 
oOOle ononn 
00090 4f404O" 
ooou 4U05641 
000 .. SU9UU 
000ge 4uuon 
OOOAO ZOIUOU 
ooou 010600U 
OOOU Honan 
OOOle 414'4040 
00080 4f4n056 
OOOU 41524941 
000 .. HUUZO 
DOOle JHUOZO 
oooeo 1E010UO 
000(4 oe 
OOOft AfOOOOOZ LO 6~I"UI 
00100 0700000Z Sto 6.UvUl 
00104 S.2 IQU • 00104 AflOOOle III '.IVAIl 
00101 07l0000e STII ',UVAU 
0010t S.J IQU • oOloe Af8000,9 lH , •• VAR) 
00110 07800000 STH ,.UVARI 
00114 5.4 EOU S 
00114 ueaoooo u~ '.IVAl4 
00118 0761000E ste ,.UVAU 
0011C 5.S EQU • DOlle AflOOOH UI '.avu2 
00120 naa0210 &01'11 7.t.000l 
00124 U70 1 fIR 7.6 
00126 OHO IR I 
001 Z8 070000n no 6 •• VARI 
0012t S., IOU • 

tl·IO~I~.J 

B-19/11-Z11 





( 

( ... 
Q 

'" >: 

... ,. 

... .. 
z 
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'" Q. 

z: 
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"'-""11 ... 0# 0_ 0_..... • 
~N"~ C. O~.4 4 _... a~ 0> ~» ... » ... 

o 

,. 
C 
~ ~ N ~ 
... .. • tv _ ~ • 

00 ... 
ClO"''''~ 

~ ... C<C~ ............. rat_ ~ 00 ... 
OCltft .... 

_N". ... C .. C • C 
•••• ~ c » c » c ~ 
CCC4. * » _ ~ ... ~ ... 
~»>>>_. u _ u _ w 

~~~»~ ~~ y~ ... ~ ~~ -. 
2 
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y .... .-. ...... 

........... ",. ".. .... ''''' . .... ~'" . ........... '" '" .. '" '" '" '" 
~WWW~_ •• _~~.~~.~~~~ W .... "' .... C 

YYWW __ ._._._~_~_~_~_ 

0000 0000 QOOCI 
... C¥~ 
0000-' 
2:122 • 

~~ •• ~ 0= 3= := .~ 
OOOO_gQ~Q~~Q ... _o ... ~a~ 
22~3.~~MW_~W_~W_~w. 

OOQ .. 
•••• 0000-' 
2~22_ 

c ••• =CI~ ~Q= ~2~ =%~ 
aoao~a~aQa~a2g~O%g~O 

2222_ .... ~ ... *"'~· ... ~"'~ ... *-~ 

... O ... Q"'.,.. .. ON«tO ...... 
a_..,,,,NNO_QQQQQ 
ClCJNONNClQCtCCCQ 
OClQOOClClQOQOOO 
QCO_OOCOClCO_C 
_Oc:tClOQ_OOOCO. 
.ONQ ...... eOtl"t"" .. O. 
... OClOOO""OOOOO" 

... . ... 
CN 
NO 
... co 
ClQ 
00 
00 ..... 
C~ 

-. ... 

--"'0 
NO 
CIa 
00 --..... 
C~ 

.. . ... 
... 0 
... 0 
... CI 
"0 
00 --. ... ... ~ 

. ... 

...... 
"'0 
CIa 
00 
0---. ... uO 

. 
'" 

ClO.,Ollfttft .... ON.a_a 
N ..... W'f'lltN., .. oaOOwt 
_ONQNN_CCc»C)C'" 
0000000000000 OOo_ooooCloa_o 
_oocoo_aOQCla. _CNO ... __ C~N_O_ 
... OOOOOtO.OOOOO ... 

N ... .. '" .. .... .. • .. . . . . . . . . 
... WI tf't WIt tit tit '" lit 

c N ... U - ... 0 
0 0 CI 1M 0 ... a 
a a 0 a CI 0 a 
a a a a a a a 
a a a a 0 a a 
0 a 0 -- • -... to. ... .. ... ... ... 
0 C ~ C .. C 0 

UQ~_UO~_UQ •• ~CC. __ UC04 __ ~OO~_UC4_UO~_UO.~._UUOO~~._UUO 
N~~~~4~~~~~~~~ ••••• ~~~~~~. ___ •• ~~~c.cc •• _ ••• _UUUW~~~~Q 
--~~~ _______________________ ~ ________________________ _ 
QQQOCOCOOOOOCOQOOOOooooooaOOCOOOOCCOOOOCOOOOOOQOOOOOQO 
OQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOO 
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fORIAAN 77. RflEA5f 4.1.1 NAlIVf "OOE 

fXA"Plf 

00100 Af880000 1I ',IVAU 
00104 S.20 EOU , 
00104 O'IIOOOE STB l,CIVAU 
0010. S.it EOU • 00101 AfOOOODA LD 6,REG61UV 
oOlOe s.u EQU • oOlOe CIIOOOff LI 1,255 
001£0 07l000fO STW l,UA" 
001E4 s.u EQU , 
OOIU flOIOOfA 1MB LVAU 
OOIU S.H EQU , 
OOIU 'IIOOUI IL W.lf 
OOIEC 00000010 
001fO OZOOOZJ4 WORD C.0002 
00lf4 00010050 WORD )100 
OOlf, OIOOOHS WORD U5 
OOlfe OIOOOHS WORD US 
00200 f1800199 IL A.1f 
00204 00000010 
0020. 01000002 IIORO ClVUI 
0020e 02000001 WORD ClVAU 
00210 01000000 WORD ClVARJ 
00214 OOO.OOOE WORD ClVAl4 
00211 fUOOUI IL I.Ef 
OOite s.n EQU • OOZle 57.00002 LA " IVA" 00220 Duooon STII l,UODIEU 
00224 S.26 EQU • 00224 fllOOOOI US Il I.U 
00221 7fff"ff 
0022e ffffffff 
00210 411UH1 
00214 4Ufl020 
OOUI lffffff' 

lH09~u 
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HEX 

00 
01 
02 
03 

04 
05 
06 
07 

08 
09 
OA 
DB 

DC 
00 
DE 
OF 

10 
11 
12 
13 

14 
15 
16 
17 

18 
19 
lA 
IB 

lC 
10 
IE 
IF 

FORTRAN 77+ 
Reference Manual 

DEC 

0 
1 
2 
3 

4 
5 
6 
7 

8 
9 

10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 
26 
27 

28 
29 
30 
31 

APPENDIX C 

Ascn CODE SET 

ASCII· CARD CODE 
GRAPHIC (IBM029) 

12-0-9-8-1 
12-9-1 
12-9-2 
12-9-3 

9-7 
0-9-8-5 
0-9-8-6 
0-9-8-7 

11-9-6 
12-9-5 
0-9-5 
12-9-8-3 

12-9-8-:4 
12-9-8-5 
12-9-8-6 
12-9-8-7 

12-11-9-8-1 
11-9':1 
11-9-2 
11-9-3 

9-8-4 
9-8-5 
9-2 
0-9-6 

11-9-8 
11-9-8-1 
9-8-7 
0-9-7 

11-9-8-4 
11-9-8-5 
11-9-8-6 
11-9-8-7 

ASCII Code Set 

INTERNAL ASCII 
BINARY NAME 

00000000 NUL 
0000 0001 SOH 
0000 0010 STX 
0000 0011 ETX 

00000100 EDT 
OOOOOlDl ENQ 
00000110 ACK 
0000 0111 BEL 

0000 1000 BS 
0000 1001 HT 
0000 1010 LF 
0000 1011 VT 

0000 1100 FF 
0000 1101 CR 
00001110 SO 
0000 1111 SI 

0001 0000 OLE 
0001 0001 Cl 
00010010 DC2 
0001 0011 DC3 

0001 0100 DC4 
0001 0101 NAK 
00010110 SYN 
0001 0111 ET6 

0001 1000 CAN 
0001 1001 EM 
0001 1010 SUB 
00011011 ESC 

0001 1100 FS 
0001 1101 GS 
0001 1110 RS 
00011111 US 

C-l 
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ASCII 
HEX DEC GRAPHIC 

~----
20 32 
n 33 ! 
22 34 " 
23 35 II 

24 36 $ 
25 37 % 
26 38 de 
27 39 , 

28 40 ( 
29 41 ) 
'l.A 42 * 
28 43 + 

2C 44 , 
20 45 -
2E 46 · 2F 47 I 

30 48 a 
31 49 1 
3Z 50 2 
33 51 3 

34 52 4 
35 53 5 
36 54 6 
37 55 7 

38 56 8 
39 57 9 
3A 58 · · 38 59 ; 

3C 60 < 
30 61 = 
3E 62 > 
3F 63 ? 

40 64 @ 
41 65 A 
42 66 B 
43 67 C 

44 68 0 
45 69 E 
46 70 F 
47 71 G 

C-2 

CARD CODE INTERNAL 
(I8M029) BINARY 

0010 0000 
12-8-7 0010 0001 
8-7 0010 0010 
8-3 0010 0011 

11-8-3 0010 0100 
0-8-4 0010 0101 
12 0010 0110 
8-5 0010 0111 

12-8-5 0010 1000 
11-8-5 0010 1001 
11-8-4 0010 1010 
12-8-6 0010 1011 

0-8-3 0010 1100 
11 0010 1101 
12-8-3 0010 1110 
0-1 0010 1111 

a 0011 0000 
1 0011 0001 
2 0011 0010 
3 0011 0011 

4 0011 0100 
5 0011 0101 
6 00110110 
7 0011 0111 

8 00111000 
9 00111001 
8-2 00111010 
11-8-6 ' 0011 1011 

12-8-4 00111100 
8-6 00111101 
0-8-6 0011 1110 
0-8-7 0011 1111 

8-4 0100 0000 
12-1 0100 0001 
12-2 0100 0010 
12-3 0100 0011 

12-4 0100 0100 
12-5 0100 0101 
12-6 0100 0110 
12-7 0100 0111 

ASCII Code Set 

ASCII 
NAME 

SP 
Exciamation Point 
Quotation Marks 
Number Sign 

Dollar Sign 
Percent 
Ampersand 
Apostrophe 

Opening Parenthesis 
Closing Parenthesis 
Asterisk 
Plus 

Comma 
Hyphen 
Period 
Slant 

Zero 
One 
Two 
Three 

Four 
Five 
Six 
Seven 

Eight 
Nine 
Colon 
Semicolon 

Less Than 
Equals 
Greater Than 
Question Mark 

Commercial At 
Uppercase A 
Uppercase B 
Uppercase C 

Uppercase 0 
Uppercase E 
Uppercase F 
Uppercase G 
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HEX DEC 

48 72 
49 73 
4A 74 
4B 75 

4C 76 
40 77 
4E 78 
4F 79 

50 80 
51 81 
52 82 
53 83 

54 84 
55 85 
56 86 
57 87 

58 88 
59 89 
5A 90 
5B 91 

5C 92 
50 93 
5E 94 
5F" 95 

60 96 
61 97 
62 98 
63 99 

64 100 
65 101 
66 102 
67 103 

68 104 
69 105 
6A 106 
6B 107 

6C 108 
60 109 
6E HO 
6F" 111 

F"ORTRAN 77+ 
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ASCII 
GRAPHIC 

H 
I 
J 
K 

L 
M 
N 
0 

P 
Q 

R 
S 

T 
U 
V 
W 

X 
Y 
Z 
[ 

\ 
] .. 
-
\ 
a 
b 
c 

d 
e 
f 
g 

h 
i 
j 
k 

1 
m 
n 
0 

CARD CODE INTERNAL ASCII 
(IBM029) BINARY NAME 

12-8 0100 1000 Uppercase H 
12-9 0100 1001 Uppercase I 
11-1 01001010 Uppercase J 
11-2 0100 1011 Uppercase K 

11-3 0100 1100 Uppercase L 
11-4 0100 1101 Uppercase M 
11-5 01001110 Uppercase N 
11-6 01001111 Uppercase 0 

11-7 01010000 Uppercase P 
11-8 0101 0001 Uppercase Q 
ll-9 01010010 Uppercase R 
0-2 0101 0011 Uppercase S 

0-3 01010100 Uppercase T 
0-4 0101 0101 Uppercase U 
0-5 01010110 Uppercase V 
0-6 010101ll Uppercase W 

0-7 01011000 Uppercase X 
0-8 0101 1001 Uppercase Y 
0-9 0101 1010 Upper.case Z 
12-8-2 01011011 Opening Bracket 

0-8-2 01011100 Reverse Slant 
11-8-2 01011101 Closing Bracket 
11-8-7 01011110 Circumflex 
0-8-5 01011111 Underline 

8-1 01100000 Accent Grave 
12-0-1 01100001 Lowercase a 
12-0-2 01100010 Lowercase b 
12-0-3 01100011 Lowercase c 

12-0-4 01100100 Lowercase d 
12-0-5 01100101 Lowercase e 
12-0-6 01100110 Lowercase f 
12-0-7 01100111 Lowercase g 

12-0-8 0110 1000 Lowercase h 
12-0-9 01101001 Lowercase i 

, 12-11-1 01101010 Lowercase j 
12-11-2 0110 1011 Lowercase k 

12-11-3 01101100 Lowercase 1 
12-11-4 01101101 Lowercase m 
12-11-5 0110 1110 Lowercase n 
12-11-6 01101111 Lowercase 0 
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ASCII CARD CODE INTERNAL ASCII (.-\ 
HEX DEC GRAPHIC (I8M029) BINARY NAME I 

\i;.~j/ 

70 112 P 12-11-7 0111 0000 Lowercase p 
71 113 q 12-11-8 0111 0001 Lowercase q 
72 114 r 12-11-9 0111 0010 Lowercase r 
73 115 s 11-0-2 0111 0011 Lowercase s 

74 116 t 11-0-3 01110100 Lowercase t 
75 117 u 11-0-4 0111 0101 Lowercase u 
76 118 v 11-0-5 01110110 Lowercase v 
77 119 w 11-0-6 01110111 Lowercase w 

78 120 x 11-0-7 01111000 Lowercase x 
79 121 y 11-0-8 01111001 Lowercase y 
7A 122 z 11-0-9 01111010 Lowercase z 
78 123 { 12-0 01111011 Opening Brace 

7C 124 I· 12-11 01111100 Vertical Line 
70 125 } 11-0 01111101 Closing Brace 
7E 126 11-0-1 01111110 Tilde 
7F 127 12-9-7 01111111 DEL 

80 128 11-0-9-8-1 1000 0000 
81 129 0-9-1 10000001 
82 130 0-9-2 1000 0010 
83 Pl 0-9-3 1000 0011 

" 

84 132 0-9-4 1000 0100 "" .. ./ 
85 133 11-9-5 1000 0101 
86 134 12-9-6 1000 0110 
87 135 11-9-7 1000 0111 

88 136 0-9-8 1000 1000 
89 137 0-9-8-1 1000 1001 
8A 138 0-9-8-2 1000 1010 
88 139 0-9-8-3 1000 1011 

8C 140 0;'9-8-4 1000 1100 
80 141 12-9-8-1 1000 1101 
BE 142 12-9-8-2 1000 1110 
SF 143 11-9-8-3 1000 1111 

90 144 12-11-0-9-8-1 10010000 
91 145 9-1 10010001 
92 146 11-9-8-2 10010010 
93 147 9-3 1001 0011 

94 148 9-4 10010100 
95 149 9-5 10010101 
96 150 9-6 10010110 
97 151 12-9-8 1001 0111 

(\ 
"--/ 
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C-4 ASCII Code Set Reference Manual 





ASCII 
HEX DEC GRAPHIC 

CO 192 
Cl 193 
C2 194 
C3 195 

C4 196 
C5 197 
C6 198 
C7 199 

C8 200 
C9 201 
CA 202 
CB 203 

CC 204 
CD 205 
CE 206 
CF 207 

DO 208 
01 209 
02 210 
03 211 

04 212 
05 213 
06 214 
07 215 

08 216 
09 217 
DA 218 
DB 219 

DC 220 
DO 221 
DE 222 
OF 223 

EO 224 
El 225 
E2 . 226 
E3 227 

E4 228 
E5 229 
E6 230 
E7 231 

C-6 

CARD CODE 
(IBM029) 

12-11-0-9-6 
12-11-0-9-7 
12-11-0-9-8 
12-0-8-1 

12-0-8-2 
12-0-8-3 
12-0-8-4 
12-0-8-5 

12-0-8-6 
12-0-8-7 
12-11-8-1 
12-11-8-2 

12-11-8-3 
12-11-8-4 
12-11-8-5 
12-11-8-6 

12-11-8-7 
11-0-8-1 
11-0-8-2 
11-0-8-3 

11-0-8-4 
11-0-8-5 
11-0-8-6 
11-0-8-7 

12-11-0-8-1 
12-11-0-1 
12-11-0-2 
12-11-0-3 

12-11-0-4 
12-11-0-5 
12-11-0-6 
12-11-0-7 

12-11-0-8 
12-11-0-9 
12-11-0 .. 8-2 
12-11-0-8-3 

12-11-0-8-4 
12-11-0-8-5 
12-11-0-8-6 
12-11-0-8-7 

ASCII Code Set 

INTERNAL 
BINARY 

1100 0000 
1100 0001 
1100 0010 
1100 0011 

1100 0100 
1100 0101 
1100 0110 
1100 0111 

1100 1000 
1100 1001 
1100 1010 
1100 1011 

1100 1100 
1100 1101 
1100 1110 
1100 1111 

11010000 
1101 0001 
11010010 
11010011 

11010100 
1101 0101 
11010110 
1101 0111 

11011000 
1101 1001 
11011010 
11011011 

11011100 
11011101 
11011110 
11011111 

1110 0000 
1110 0001 
1110 0010 
1110 0011 

1110 0100 
1110 0101 
1110 0110 
1110 0111 

ASCII 
NAME 
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HEX DEC 

E8 232 
E9 233 
EA 234 
EB 235 

EC 236 
ED 237 
EE 238' 
EF 239 

FO 240 
Fl 241 
F2 242 
F3 243 

F4 244 
F5 245 
F6 246 
F7 247 

F8 248 
F9 249 
FA 250 
FB "251 

FC 252 
FD 253 
FE 254 
FF 255 
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ASCII CARD CODE INTERNAL ASCII 
GRAPHIC (IBM029) BINARY NAME 

12-0-9-8-2 1110 1000 
12-0-9-8-3 1110 1001 
12-0-9-8-4 1110 1010 
12-0-9-8-5 1110 1011 

12-0-9-8-6 1110 1100 
12-0-9-8-7 1110 1101 
12-11-9-8-2 1110 1110 
12-11-9-8-3 11101111 

12-11-9-8-4 1111 0000 
12-11-9-8-5 1111 0001 
12-11-9-8-6 1111 0010 
12-11-9-8-7 1111 0011 

11-0-9-8-2 1111 0100 
11-0-9-8-3 1111 0101 
11-0-9-8-4 1111 0110 
11-0-9-8-5 11110111 

11-0-9-8-6 11111000 
11-0-9-8-7 11111001 
12-11-0-9-8-2 11111010 
12-11-0-9-8-3 11111011 

12-11-0-9-8-4 11111100 
12-11-0-9-8-5 11111101 
12-11-0-9-8-6 1111 1110 
12-11-0-9-8-7 11111111 

ASCII Code Set C-7/C-8 
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APPENDIX 0 

DIAGNOSTICS 

0.1 Compile-Time Diagnostics 

The compiler generates error messages when rules of the FORTRAN 77+ language have 
been violated. These violations, in areas such as syntax, parameter usage, storage 
requirements, and variable typing, are reported as either source line errors or context 
errors. 

When the compiler's interaction with the operating system causes abnormal termination 
of compilation, "FTxx" abort codes are generated. Source line errors, context errors, and 
abort codes are described in the sections that follow. 

0.1.1 Source Line Errors 

Errors detected by the compiler in FORTRAN 77+ source input statements are reported 
with program-listed output messages that generally precede the source line affected. 

The descriptive message qualifies the error as to: 

• Terminal (T) or warning (W) in nature. 

• Source program line number and column number where the error was detected for 
errors in source syntax. 

A brief description of the error type and the last eight nonblank characters scanned 
before error detection are listed as part of the error message or, in some cases, a 
relevant symbolic name is listed. 

Warning (W) errors result in a continuation of statement scan by the compiler and an 
attempt to compile the statement. 

Terminal (T) errors result in termination of statement scan for the source program 
statement in which the error was detected. 

For certain errors encountered in EQUIVALENCE statements, line numbers are identified 
in the listed output message. Generally, however, the word EQUIVALENCE, followed by 
the symbol involved in the error, is specified. 

0.1.2 Context Errors 

Syntactically correct statements that result in context errors because of interaction with 
other program elements are detected during the code generation phase of compilation. 
The listed output message for these types of errors specifies relative object code 
location rather than source statement line and column number. The erroneous symbol 
involved is also specified. 

FORTRAN 77+ 
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The total number of error messages issued, if any, is listed when compilation is 
complete. This error summary has the following format: 

*ERRORS nn 

nn The total number of terminal and warning errors detected during program 
compilation. 

The error OPTIMIZER LOST POINTER is an internal compiler error resulting from loss of 
essential register contents during the code optimization phase. If this error occurs, 
submit a Software Problem Report (SPR) to Gould CSD along with a copy of the code 
that produced the error. 

A sample listed output with error messages follows: 

GOULD C5D FORTRAN 77+ (84 APR 02/ RELEASE 4.1) 

MAIN 

*"** W ERR FOUND AT LINE 00001 
1 
2 
3 

COL 12 DIMENT 
DIMENTION A(2) 
COMMON B,C 
EQUIVALENCE (B,C) 

ST A TEMENT MISSPELLING 

*"** W ERR FOUND AT LINE 00004 COL 14 FORMAT ( ST A TEMENT NUfvlBER 
MISSING 

COL 27 UMBER',N ILLEGAL CHARACTER FOR 
SYNTAX . 

*** W ERR FOUND AT LINE 00004 

*"** W ERR FOUND AT LINE 00004 COL 28 MBER' ,N) ILLEGAL CHARACTER FOR, / 
SYNTAX 

4 FORMAT ('NO NUMBER',N) 
*"** W ERR FOUND IN EQUIVALENCE C A TTEMPT TO EQUIVALENCE 

TO PREVIOUSLY USED 
COMMON ITEMS 

5 DATA AlII 
6 DATA B/l.O/ 
*"** W ERR FOUND AT LOC. 00000 B 

7 00 99 1=1,10 
8 GO TO 100 
*** W ERR FOUND AT LINE 00009 COL 10 STOP 

9 STOP 
*** W ERR FOUND AT LINE 00010 )99 

*"** W ERR FOUND AT LINE 00010 COL 72 END 
*** W ERR FOUND AT LOC. 00030 )l00 
10 END 
*ERRORS IN MAIN 10 

0-2 Diagnostics 

A TTEMPT TO INITIALIZE 
BLANK COMMON 

NO PATH TO THIS 
STATEMENT 

MISSING DO LOOP TERMINAL 
LABEL 
ALLOCA TION OVERFLOW 
UNDEFINED SYMBOL 
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0.1.3 Abort Codes - FT 

CODE 

FTOI 

FT02 

FT03 

FT04 

FTOS 

FORTRAN 77+ 
R,eference Manual 

DESCRIPTION 

PHYSICAL END-OF -FILE ENCOUNTERED ON 'NRITE TO THE 
FORTRAN SCRATCH FILE *Ul. 

If logical file code *Ul is assigned to temporary disc space, the 
maximum number of extends was reached. Specify a larger size 
TEMP file to reduce the numb'er of extends needed. 

PHYSICAL END-OF -FILE ENCOUNTERED ON WRITE TO THE 
FORTRAN SCRATCH FILE *U2. 

If the logical file code *U2 is assigned to temporary disc space, the 
maximum number of extends was reached. Specify a larger size 
TEMP file to reduce the number of extends needed. 

PHYSICAL END-OF -FILE ENCOUNTERED ON WRITE TO THE 
FORTRAN BINARY OUTPUT (BO) FILE. 

If logical file code BO is assigned to the system binary output (S80), 
then the maximum number of, extends were reached. SBO can be 
increased by specifying the S80=size on the $JOB directive. 

If logical file code BO is assigned to a permanent disc file, the file 
was too small and could not be extended, or the maximum number of 
extends was reached. Recreate the file with a larger size so it can be 
extended. 

PHYSICAL END-OF -FILE ENCOUNTERED ON WRITE TO THE 
FORTRAN BINARY OUTPUT (GO) FILE. 

If logical file code GO is assigned to the system generated output 
(SGO), then the maximum number of extends were reached. SGO can 
be increased by specifying the SGO=size on the $JOB directive. 

If logical file code GO is assigned to a permanent disc file, the file 
was too small and could not be extended, or the maximum number of 
extends was reached. Recreate the file with a larger size so it can be 
extended. 

PHYSICAL END-OF -FILE ENCOUNTERED ON WRITE TO THE 
FORTRAN LISTED OUTPUT (LO). 

If logical file code LO is assigned to the system listed output (SLO), 
then the maximum number of extends were reached. SLO can be 
increased by specifying the SLO=size on the $JOB directive. 

If logical file code LO is assigned to a permanent disc file, the file 
was too small and could not be extended, or the maximum number of 
extends was reached. Recreate the file with a larger size so it can be 
extended. 
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CODE 

FT06 

FT07 

FToa 

FT09 

FTIO 

FTll 

FT12 

FT13 

Change 1 
0-4 

DESCRIPTION 

COMPILA TION ERRORS WERE DETECTED. ERRORS DESCRIBED 
IN LISTED OUTPUT (LO). 

Source line and/or context errors were detected during compilation. 
Their description and location in the source code is described in the 
output from logical file code LO. This abort code is available for 
conditional job termination. 

REALLOCATION OF INCLUDE FILE WAS DENIED SY M.ASSN. 

In attempting to reallocate an INCLUDE file from within a nested 
structure, the file was no longer av'ailable for allocation. This could 
indicate that the file is in use, has been deleted, or the access rights 
have changed since the last time it was used by the compiler. 

COMPILER STACK AREA OVERFLOW. PROGRAM TOO LARGE TO 
COMPILE. 

The 32K area in the compiler for the symbol table and compiler 
stacks has been exceeded. The program source module must be 
divided into smaller compilation units (subroutines, functions, etc.) to 
be compiled. 

COMPILER F AUL T. TRYING TO ALLOCATE EXCESSIVE MAPS. 

An internal logic error in the compiler has caused it to try to allocate 
an excessive number of memory maps using the M.GD service. Please 
submit a Software Problem Report if this occurs. 

COMPILER ALLOCA nON EXCEEDS PHYSICAL MEMOR Y. ' 

This is most likely an internal logic error in the compiler using the 
M.GD service, but it could be caused if at least 256KW of memory 
was not sysgened into the system. 

COMPILER FAULT. M.MEMS SERVICE IN USE. 

An internal logic error in the compiler has caused a conflict between 
the M.GD service and the M.MEMS service. Please submit a Software 
Problem Report if this occurs. 

M.OPENR could not be performed for LFC (SO). 

This indicates that the file assigned to LFC (SO) was in use at the 
time the compiler attempted to open it. 

M.OPENR could not be performed for LFC (GO). 

This indicates that the file assigned to LFC (GO) was in use at the 
time the compiler attempted to open it. 
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FT14 M.OPENR could not be performed for I,...FC (La). 

This indicates that the file assigned to LFC (La) was in use at 
time the compiler attempted to open it. 

I 
the ~ 

I 
FT15 

FT16 

M.OPENR could not be performed for LFC (S1). 

This indicates that the file assigned to LFC (SI) was in use at the time ~ 
the compiler attempted to open it. 

M.OPENR could not be performed for cross reference. 

This indicates that the file assigned for cross reference was in use at 
the time the compiler attempted to open it. 

0.2 Execution-Time Diagnostics 

While running FORTRAN 77+ compiled user task (not to be confused with the actual 
compilation of that task) or while running a task that uses the Scientific Run-Time 
Library (SRTL), several potential error indications can be encountered. 

If the lOST A T parameter is used in the task's I/O statements, an integer value is 
generated when I/O is performed. These values are described below. 

When a task is forced by the operating system or the SRTL to terminate abnormally, 
IRTxx" and "RSxx" abort codes are generated. The RT prefix may be replaced by a W. 
or T. (indicating whether the error was warning or terminal, respectively). The abort 
codes are described in the following sections. 
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0.2.1 lOST A T Values 

F or all input/output statements, if an input/output status specifier ClOST AT =ios) is 
present, the status for the operation will be returned unless abnormal termination of the 
program results during execution of the operation. The input! output status will be 
returned as an integer word to the user-specified location. The value returned indicates 
status for the operation (with the exception of the OPEN, CLOSE, and INQUIRE 
operations) as follows: 

Integer Value 

ios = 0 

ios < 0 

o < ios < 100 

ios) 100 
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Status 

No error encountered, operation successfully completed. 

EOF /EOM encountered during I/O operation. See status bits 
below. 

Integer value corresponds to error code RTxx where IOS=xx. 

IOeS error detected. See FeB status bits below. 

Status Bits From the FeB Status Word: 

Bit 

0 

1 

2 

3 

4 

5 

6 

7 

8-11 

12-15 

16-31 

Meaning 

Set if EOF /EOM encountered (forces IOS to be 
negative). 

Error condition found. 

Invalid blocking buffer control pointers have been 
encountered during file blocking or deblocking. 

Write protect violation. I 
Device inoperable. 

Beginning-of-medium (BOM) (Ioad point) or illegal 
volume number (multivolume magnetic tape). 

End-of-file. 

End-of-medium (end-of-tape, end-of-disc file). 

Speci fies general testing status received from an 
8000 level test device instruction. 

Specified DeC testing status received from a 4000 
level test device instruction. 

Specifies a device status received from a 2000 
level test device instruction. These bits are not 
applicable 'for the X-Y plotter, paper tape, card 
reader, and teletypewriter. Bit meaning for a 
particular device can be found in MPX-32 
Reference Manual. 
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The following lOST A T values are returned only with the OPEN, CLOSE, and INQUIRE 
statements. 

Native Mode 

Integer 
Value 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

27 

28 

29 
30 

31 

32 

0-6 

Status 

No errors, operation complete • 

.A status of OLD was specified for a nonexistent file. 

A status of NEW was specified for an existing file. 

A status of OLD/NEW was specified but no FILE was given. 

Invalid start address; negative value illegal. 

Alternate unit is not connected. 

Spoolfile name and queue name both specified but do not match. 

Invalid DENSITY specification. 

Invalid access restriction. 

DENSITY was specified but DEVICE was not. 

Multiple assignment type (i.e., only one of FILE, DEVICE, 
AL TUNIT may appear at one time). 

invalid CONTROLBrts specification. 

UNIT specifier missing. 

No FILE,- DEVICE, or AL TUNIT was given. 

Invalid ACCESS specification. 

VOLUME was specified for a nontape device. 

An argument other than UNIT was specified with AL TUNIT. 

Invalid BLANK specification. 

Invalid FORM specification. 

REGL value too large. 

RECL specifier missing for direct access. 

RECL value must be positive. 

Invalid STATUS. speci fication. 

Invalid QUEUE specification. 

Disc devices may not be accessed. 

Pathname invalid. 

Pathname consists of volume only. 

Volume not mounted. 

Directory does not exist. 

Directory name in use. 

Directory creation not allowed at specified level. 

Resource does not exist. 
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Native Mode 

Integer 

Value 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

FORTRAN 77+ 
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Status 

Resource name in use. 

Resource descriptor unavailable. 

Directory entry unavailable. 

Required file space unavailable. 

Unrecoverable I/O error while reading DMAP. 

Unrecoverable I/O error while writing DMAP. 

Unrecoverable I/O error while reading resource descriptor. 

Unrecoverable I/O error while writing resource descriotor. 

Unrecoverable I/O error while reading SMAP. 

Unrecoverable I/o error while writing SMAP. 

Unrecoverable I/O error while reading directory. 

Unrecoverable I/O error while writing directory. 

Projectgroup name invalid. 

Projectgroup key invalid. 

FCB destroyed. 

Parameter address error. 

Resource descriptor not currently allocated. 

Pathname block overflow. 

File space not currently allocated. 

'Change defaults' not allowed. 

Cannot access resource in required mode. 

Operation not allowed on this resource type. 

-Required parameter was not specified. 

File extension denied; segment definition area full. 

File extension denied, file would exceed maximum size allowed. 

I/O error occurred when resource was zeroed. 

Replacement file cannot be allocated. 

Invalid directory entry. 

Directory and file not on same volume. 

Reserved. 

Replacement file is not exclusively allocated to the caller. 

Out of system space. 
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Native Mode 

Integer 
Value 

65 

66 

67 

68 

69 

70 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

Change 1 
D-8 

Status 

Cannot allocate FAT IFPT when creating a temporary file. 

Deallocation error in zeroing file. 

Resource descriptor destroyed. 

Invalid resource specification. 

Error from Resource Management Module (H.REMM). 

Attempted to modify more than one resource descriptor at same 
time or attempted to rewrite resource descriptor prior to 
modifying it. 

Unable to allocate resource for specified usage. 

Unable to locate resource (invalid pathname or memory 
partition definition). 

Speci fied access mode not allowed. 

FPT IF AT space not available. 

Blocking buffer space not available. 

Shared Memory Table (SMT) entry not found. 

Volume Assignment Table (VAT) space not available. 

Static assignment to dynamic common. 

Unrecoverable I/O error to volume. 

Invalid usage specification. 

Dynamic partition definition exceeds memory limitations. 

Invalid Resource Requirement Summary (RRS) entry. 

LFC logically equated to an unassigned LFC. 

Assigned device not in system. 

Resource already allocated by requested task. 

SGO or SYC assignment by real-time task. 

Common memory conflicts with task's address space. 

Duplicate LFC assignment attempted. 

Invalid device specification. 

Invalid resource id (RID). 

Specified volume not mounted. 

J.MOUNT run request failed. 

Resource is marked for deletion. 

Assigned device is marked off-line. 

Segment definition allocation by unprivileged task. 
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Native Mode 

Integer 

Value 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 
124 

125-132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 
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Status 

Random access not allowed for this access mode. 

User attempting to open SYC file in a write mode. 

Resource already opened by this task in a different access mode. 

Invalid access specification at open. 

Specified LFC is not assigned to a resource for this task. 

Invalid allocation index. 

Close request issued for an unopened resource. 

Attempt to release an exclusive resource lock that was not 
owned by this task, or a synchronous lock that was not set. 

Attempt to release an exclusive resource lock on a resource that 
has been allocated for exclusive use. 

Reserved. 

Attempt to exclude memory partition that is not mapped into 
requesting task1s address space. 

Reserved. 

Invalid J.MOUNT request. 

Timeout occurred while waiting for resource to become 
available. 

Reserved. 

Unable to obtain dual port resource lock (dual port only) 

Unable to release dual port resource lock (dual port only) 

Reserved. 

Resource is locked by another task. 

Shareable resource is allocated by another task in an 
incompatible access mode. 

Volume space is not available. 

Assigned device is not available. 

Unable to allocate resource for specified usage. 

Allocated Resource Table (ART) space is not available. 

Reserved. 

Volume is not available for a mount with requested usage. 

Shared Memory Table (SMT) space is not available. 

Mounted Volume Table (MVT) space is not available. 
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The following rOST AT values are returned only with the OPEN, CLOSE, and INQUIRE 
statements. 

Comeatible Mode 

Integer 
Value -

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

30 

31 

32 

33 

41 

42 

43 

44 

45 

46 

48 

49 

50 

51 

53 

54 

55 

56 

57 

0-10 

Status 

No errors, operation complete. 

A. file of the name specified already exists. 

A F" AST file was specified and collision mapping occurred with 
an existing directory entry. 

Restricted access was specified, but no password was entered. 

Disc space is unavailable. 

The specified device is not configured. 

The specified device is offline. 

A valid restricted file code was not specified. 

The specified device type is not configured. 

Invalid username specified. 

A status of OLD was specified for a nonexistent file. 

A filename was given for a SCRATCH (temporary) file. 

Permanent file is exciusively locked. 

F"Ue lock table is full. 

Nonshared device is busy (already allocated). 

Disc space is not available. 

Permanent file is nonexistent. 

Illegal file password specified. 

No F" A T /F"PT space available. 

No blocking buffer space available. 

Shared memory table entry not found. 

Invalid shared memory table password specified. 

Unrecoverable I/O error to SMD. 

SGa assignment specified by terminal task. 

No 'UTI file code exists for terminal task. 

Invalid RRS entry. 

Assigned device not on system. 

Dev ice is in use by requesting task. 

SGO or SYC assignment by real-time task. 

Common memory conflicts with allocated task. 

Duplicate LF"C allocation attempted. 
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Integer 
Value 

66 

74 

Status 

Timeout has occurred while waiting for resource to become 
available. 

Attempt to delete a file that does not exist or does not have I 
delete access. 

0.2.2 Abort Codes RS and RT 

RS-Error 
Number 

RSOl 

RS02 

RS03 

RS04 

RS05 

RS06 

RS07 

RS08 

RS09 

RSIO 

RSll 

RS12 

FORTRAN 77+ 
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Cause of Error 

Error occurred in the routine named in the 
extended abort code. See the named service for 
specific reason. 

Error occurred in the routine named in the 
extended abort code. See the named service for 
specific, reason. 

Error occurred in the routine named in the 
extended abort code. See the named service for 
specific reason. 

Error occurred in the routine named in the 
extended abort code. See the named service for 
specific reason. 

Error occurred in the routine named in the 
extended abort code. See the named service for 
specific reason. 

Error occurred in the routine named in the 
extended abort code. See the named service for 
specific reason. 

I/O error while reading load module. 

No free MIOL space. 

Insuff~cient memory. 

Error occurred in the routine named in the 
extended abort code. See the named service for 
'specific reason. 

Invalid send buffer address or quantity exceeds 
768 bytes. 

Invalid return buffer address. 
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RS-Error 
Number 

RS13 

RS14 

RS15 

RS16 

RS22 

RS29 

RS30 

RS32 

RS33 

RS38 

RS47 

RS48 

RS49 

RS50 

RS53 

RS60 

RS65 

RS66 

RS67 

RS68 

RS69 

RS70 

0-12 

Cause of Error 

Invalid no-wait mode end-action routine 
address. 

Memory pool unavailable. 

Destination task ql!eue depth exceeded. 

Invalid PSB Address. 

Missing file control block (FCB). 

Request denied, LFC not allocated. 

Request denied, specified LFC not assigned to a 
permanent disc file. 

Error occurred in the routine named in the 
extended abort code. See the named service for 
specific reason. 

Error occurred in the routine named in the 
extended abort code. See the named service for 
specific reason. 

Request denied, time out occurred while 
waiting to become lock owner. 

Invalid time interval request. 

Invalid task number. 

Invalid run request. 

Missing parameter. 

Invalid receiver. 

Invalid address specified. 

Invalid delete request. 

Invalid abort request. 

Invalid resource mark request. 

Taskname/tasknumber not found. 

File control block (FCB) not located. 

Allocation error (appears only if IOST A T & $N 
parameters have been omitted). 
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RS-Error 
Number 

RS90 

RS99 

RT -Error 
Number 

RTOl 

RT02 

RT03 

RT04 

RT05 

RT06 

RT07 

RT08 

RT09 

RTIO 

RTll 

RT12 

RT13 

RT14 

RT15 

RT16 
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Cause of Error 

Request denied, file lock allocated or 
exclusively locked. 

An attempt was made to mix calls between 
SRTL libraries. 

Cause of Error 

Unformatted read I/O error. 

Formatted read I/O errOf. 

Unformatted write I/O error. 

Formatted write I/O error. 

Reference made to non-existent device type Of 
address. 

Unit out qf range (0-999). 

No left parenthesis in format. 

Transfer index out of range (option 7 or 
M:ERRFLG can be used to avoid an abort). 

Format error. 

The I/O transfer requirements for the data 
buffer are incompatible with the amount of 
available data. 

Format parenthesis level in excess of two. 

Invalid descriptor in format table. 

Argument list exceeds logical read record. 

Incorrect descriptor in format. 

Integer descriptor but non-integer argument 
(option 7 or M:ERRFLG can be used to avoid an 
abort). 

Hexadecimal descriptor but non-hexadecimal 
argument (option 7 or M:ERRFLG can be used 
to avoid an abort). 
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RT -Error 
Number 

RT17 

RT18 

RT19 

RT20 

RT21 

RT22 

RT23 

RT24 

RT25 

RT26 

RT27 

RT28 

RT29 

RT30 

RT31 

RT32 

RT33 

RT34 

RT35 

0-14 

Cause a f Error 

O,E,F ,G, descriptor, not real or complex 
argument (option 7 or M:ERRFLG can be used 
to avoid an abort). 

Logical descriptor but non-logical argument 
(option 7 or M:ERRFLG can be used to avoid an 
abort). 

Attempt to read past EOF /EOM. 

Attempt to write past EOF /EOM. 

Attempt to read past EOF /EOM. 

Attempt to write past EOF /EOM. 

Attempt to backspace following EOF /EOM. 

Rewind after EOF /EOM. 

Formatted record read. 

Unformatted record read. 

Doubleword integer overflow (op tion 7 or 
M:ERRFLG can be used to avoid an abort). 

Byte integer input with negative sign (option 7 
or M:ERRFLG can be used to avoid an abort). 

Byte integer overflow (option 7 or M:ERRFLG 
can be used to avoid an abort). 

Halfword integer overflow (option 7 or 
M:ERRFLG can be used to avoid an abort). 

Fullword integer overflow (option 7 or 
M:ERRFLG can be used to avoid an abort). 

Illegal character in O,E,F ,G input (option 7 or 
M:ERRFLG can be used to avoid an abort). 

Underflow in floating conversion (option 7 or 
M:ERRFLG can be used to avoid an abort). 

Overflow in floating conversion (option 7 or 
M:ERRFLG can be used to avoid an abort). 

Argument list overflow (option 7 or M:ERRFLG 
can be used to avoid an abort). 

Diagnostics 
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RT -Error 
Number 

RT36 

RT37 

RT40 

RT41 

RT42 

RT43 

RT44 

RT46 

RT50 

RT51 

RT52 

RT53 

RT54 

RT55 

RT60 

RT61 

RT62 

RT63 

RT64 

RT65 

RT66 

RT67 

RT68 

FORTRAN 77+ 
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Cause of Error 

Argument list overflow (option 7 or M:ERRFLG 
can be used to avoid an abort). 

Not enough arguments were passed. 

Attempt to free busy 10CH/IOCB entry. 

Attempt to link busy 10CH/IOCB entry. 

IOCH/IOCB table .overflow. 

ADI wait I/o returned before I/O termination. 

Status parameter not linked to ADI device prior 
to I/o request. 

ADI table address not on halfword boundary. 

Missing parameter. 

Parameter out of range. 

End of search list reached. 

No unit connection. 

Service is n~t applicable for SYC. 

Error found in math library routine. 

Illegal random access. 

List-directed I/O (input) encountered, character 
string split between two records. 

Internal file read/write past EOF /EOM with no 
end option specified. 

Block number exceeds maximum block number 
in file. 

Record overflow. 

Record length exceeds maximum allowable. 

Record length not specified for random access 
or specified for sequential file. 

Implicit open not allowed or random access I/O. 

Reference to sequential operation on a file 
opened for direct access. 

Diagnostics 
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RT -Error 
Number 

RT69 

RT70 

IRT74 

RT82 

RT83 

RT84 

RT85 

RT86 

RT87 

RT88 

RT89 

RT90 

RT91 

RT92 

RT93 

Change 1 
0-16 

Cause of Error 

Error(s) encountered on open. 

File must be unblocked and opened for random 
access for bufferin/bufferout random I/O. 

Attempt to delete a file that does not exist or 
does not have delete access. 

Subscript error. (i.e., subscript not a decimal 
number, illegal punctuation, excessive sUb:­
scripts, or subscript out of range). 

Namelist identifier error (i.e., column 1 non­
blank, ampersand character not present, name 
does not immediately follow ampersand charac­
ter, or non-blank following name). 

Symbolic name error (no equal sign after 
variable/array name). 

Data item error (i.e., excessive values for 
symbol or expected to find symbol). 

Illegal value (i.e., illegal punctuation, missing 
comma, zero hollerith count, or illegal 
character in value). 

Attempt to read past EOF /EOM. 

Attempt to write past EOF /EOM. 

Symbolic name not defined in namelist 
statement. 

Repeat count error. 

Symbolic name exceeds eight characters. 

Invalid read/write operation. 

End-of-file status return pursuant to random 
access record. 

Random access partition number out-af-range 
(i.e., partition number not between 1 and 95 
inclusive). 

Random access record number out-af-range 
(i.e., record number not between 1 and 65,535 
inclusive). 

Diagnostics 
FORTRAN 77+ 

Reference Manual 



( 

RT -Error 
Number 

RT94 

RT95 

RT96 

RT97 

RT98 

RT99 

Cause of Error 

Random access transfer length (write/read) or 
record size definition (define) out-of-range (i.e., 
transfer record length not between 1 and 65,535 
bytes inclusive). 

Invalid random access argument list length. 

FCB table overflow (31) or maximum number of 
entries allowed in the allocation table (30) has 
been exceeded. 

Diagnostic output messages exceed 100 lines. 
To allow more diagnostic messages~ statically 
assign the "DO" file (i.e., $ASSIGN2 DO = SLO, 
saO). 

Denial return when attempting to allocate file 
for diagnostic output message. 

Insufficient blocking buffer space (each unit 
assignment to a system file requires one 
blocking buffer unless one file is assigned to 
another, i.e., $AS LFC TO LFC). 

The RT prefix can be replaced by a W. or T., which indicates whether ,the error is 
warning or terminal, respectively. 

FORTRAN 77+ 
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0.3 Minor Errors 

The following errors are considered minor in the sense that option 7 can be set at 
\'untime or the M:ERRFLG service can be used in the program to avoid an abort. 

Error Number 

RT08 

RT15 

RT16 

RT17 

RT18 

RT27 

RT28 

RT29 

RT30 

RT31 

RT32 

RT33 

RT34 

RT35 

RT36 

0-18 Diagnostics 
FORTRAN 77+ 

Reference Manual 

/ -



( 

APPENDIX E 

COMPARISON OF FORTRAN 77+ AND FORTRAN 77/X32 

E.l General Information 

The FORTRAN 77+ and the Scientific Run-time Library (SRTL) products together define 
both the FORTRAN and the MPX-32 system capabilities of nonbase register FORTRAN. 
The FORTRAN 77+ compiler is sectioned (i.e., sharable), and not overlaid. It generates 
object code in CATALOG form that is not sectioned. All data are statically allocated. 
The compiler FORTRAN 77+ accepts the FORTRAN language as defined by the ANSI 
X3.9-197B standard, and supports (in conjunction with SRTL), the MIL-STD-1753, IS A­
S61.1 and ISA-S61.2 standards. The language contains several extensions commonly 
found throughout the industry. The SRTL supplies the I/O and mathematical library 
support for the generated code. 

The FORTRAN 7.7 /X32 and FORTRAN RTL/X32 product consists of a compiler and a 
library for I/o and mathematical support •. The FORTRAN 77 /X32 compiler is overlaid 
and not sectioned. It produces an object module acceptable to Linker/X32 that is 
sectioned. Data are allocated both statically and on a stack. The FORTRAN 77 /X32 
compiler accepts the FORTRAN language as defined by the ANSI X3.9-197B standard, 
and with the support library, satisfies most of the MIL-STD-1753 standard and the bit 
manipulation functions of the ISA-S61.1 standard. FORTRAN 77 iX32 contains some of 
the extensions found in FORTRAN 77+. 

E.2 Similarities Between FORTRAN 77+ and FORTRAN 77/X32 

As both FORTRAN products are based on the ANSI X3.9-197B standard for the 
FORTRAN programming language, the greatest similarities between the two language 
products are found in those features specified in the ANSI X3.9-197B standard. The 
following language features are syntactically and semantically identical in both products: 

• Control Statements 
Block IF -THEN-ELSE-ELSE IF -END IF 
Logical and arithmetic IF 
DO 
Assigned, computed, simple GO TO 
CALL and RETURN 
CONTINUE, STOP, PAUSE, and END 

• Data Specification Statements 
DIMENSION 
COMMON and EQUIVALENCE 
IMPLICIT and PARAMETER 
EXTERNAL and INTRINSIC 
SAVE and DATA 
INTEGER, REAL, DOUBLE PRECISION, COMPLEX, LOGICAL, and CHARACTER. 
INTEGER*l and INTEGER*2 
NAMELIST 

FORTRAN 77+ 
Comparison of FORTRAN 77+· and 

FORTRAN 77!X32 
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• Subprogram Statements 
SUBROUTINE, FUNCTION, PROGRAM, ENTRY, and BLOCK DATA 

• Other Statements 
Assignment 

. Statement function 
FORMAT 

• Other Features 
Intrinsic functions 
Expressions involving standard data types 
Arrays, substrings, and dummy arguments 

In the area of input/output, ANSI X3.9-1978 is a permissive standard; that is, it allows 
wide latitude in defining the underlying system while specifying a language-level I/O 
model which can be used to write portable software. Both FORTRAN products satisfy 
the language-level I/O model and both support the syntax of the statements listed below. 

READ 
WRITE 
PRINT 
OPEN 
CLOSE 
INQUIRE 
ENDFILE 
BACKSPACE 
REWIND 
NAMELIST 

However, I/O implementation restrictions and I/O system-level capabilities differ. 

In addition to the features of ANSI X3.9-1978, both products support the following 
features, although some differences in syntax, semantics, and limitations may exist: 

• INCLUDE of source text 

• Symbolic name extensions 
Longer than six characters 
Underline allowed in name 

• Hollerith data type 

• Text form extensions (number of continuation lines, trailing comments, conditional 
compilation, mUltiple statements per line) 

• IMPLICIT NONE statement 

• Compiler directive statements (OPTION, PAGE, SPACE) 

• DO statement extensions (DO WHILE, END DO, LEAVE, DO FOREVER) 

• Debugging support (generated code listing and local symbol support) 

• Operating system service entry points (basic I/O) 

• Arrayed statement extensions (array as target of assignment statement) 

• Intrinsic function extensions (ANSI ax proposals and MIL-STD-1753 features) 

Hexadecimal and octal constants in MIL-STD-1753 forms 

I Change 1 
I E-2 
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• Data structuring features 
Boundary alignment of data in COMMON 
Mixing character and noncharacter data in COMMON 
EQUIY ALENCE - character and noncharacter 

• Datapool support 

E.3 Differences Between FORTRAN 77+ and FORTRAN 77/X32 

The major differences between the FORTRAN 77+ and FORTRAN 77 /X32 products are in 
the support for data types, I/O, control flow constructs, and system-level extensions 
(e.g., extended memory). 

The differences are more syntactic than functional. For example, specific extended 
memory support is provided in FORTRAN 77+, whereas the large memory address space 
of base mode is inherent in the design of the FORTRAN 77/X32 product. Where two 
features provide redundant capability (e.g., Hollerith and CHARACTER, 
ENCODE/DECODE and internal I/O) only the ANSI X3.9-1978 compatible feature is 
provided in FORTRAN 77 /X32. 

Note that the FORTRAN 77+ and FORTRAN 77 /X32 compiler options are not equivalent 
(e.g., the meaning of option 19 differs between the two compilers). 

The following features are present in FORTRAN 77+ but are not supported in FORTRAN 
77/X32. 

• Extended Data Type Support (Implied is support for the IMPLICIT statement, I/O 
statements, constants, operators, and conversions for each extended data type.) 

INTEGER*8 
LOGICAL BIT, LOGICAL*l 
COMPLEX*16 (Double Precision Complex) 

• I/O Extensions 
SKIPFiLE, BACKFILE, ACCEPT, TYPE, PUNCH statements 
Auxiliary I/O keywords 

• Control Flow Constructs 
DO UNTIL 
SELECT CASE 
Internal procedures (subroutines and functions) 

• System Features - functionally equivalent but syntactically different 

• Miscellaneous Intrinsic Function Extensions 
LOCF 

• Miscellaneous Features 
Integer character range for ICHAR: 0-127 
After PAUSE command, CONTINUE reactivates task in interactive mode; 

!CONTINUE reactivates task in batch mode 

FORTRAN 77+ 
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• FORTRAN-66+ Oriented Features (Obsolete) 
Extended DO Loop range 
Single trip DO Loop option 
ENCODE/DECODE 
Reduced dimensionality in array subscripts 

Symbolic Name Extensions 
8 significant characters recognized 
Colon allowed in name 

• Data Statement Extensions 
Use of Hollerith (beyond ANSI X3.9-1978) 
Use of CHARACTER (beyond ANSI X3.9-1978) 

• Hollerith and CHARACTER Extensions 
Hollerith beyond ANSI X3.9-1978 Appendix 
CHARACTER quote convention for non-printing characters 

Other Forms of Constants 
Hexadecimal constants: X'dl ••• dn' or nZdl ••• dn 
Binary constants: B'dl ••• dn' 

• Miscellaneous Extensions 
Inline assembly code 
Missing actual arguments in subroutine/function calls 
Multiple targets in assignment statement 
Use of alternate returns as labeled entry points (as used in SRTL) 
INTEGER constant data type determined by magnitude 

The following features are supported in the FORTRAN 771X32 product but are not in the 
FORTRAN 77+ product. 

• System Features 
Sharable code 
Use of stack default for data (i.e., default is not SAVE) 
Subroutine and function interface checking in conjunction with the linker, 
LINKER/X32 
Use of GLOBAL COMMON provided by the linker (LINKER/X32), not by the 
provision of a GLOBAL COMMON statement 

• Miscellaneous Intrinsic Function Extensions (beyond ANSI X3.9-1978) 
EVEN FRACTION VERIFY ADJUSTR CEILING 
ODD EXPONENT ADJUSTL FLOOR 

• Symbolic Name Extensions 
16 significant characters recognized 

• Miscellaneous Features 
Integer character range for ICHAR: 0-255 
After PAUSE command, carriage return from operator's console reactivates task 

I Change 1 
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E.4 I/o Differences 

Table E-1 summarizes the differences between FORTRAN 77/X32 and FORTRAN 77+ in· 
support for I/O features. 

Feature 

Extended keywords 
UNIT 

FILE 

BLOCKED 
OPENMODE 
READONLY 
SPOOLFILE 
VOLUME 
ALTUNIT 
DEVICE 

File creation 
attributes 

List-directed I/O 
Input 
Output 

Preconnections 

FORTRAN 77+ 

Table E-l 
I/O Features (Sheet 1 of 2) 

How supported 

FORTRAN 77 /X32 

Value must be a non-
negative integer 
expression in the range 
1-999. 

May be an MPX-32 pathname 
or an MPX-32 pathname 
followed by fields used 
in an MPX-32 ASSIGN line. 

Pathname field (BLOCKED=) 
Pathname field (ACCESS=) 
Pathname field (ACCESS=) 
Autoconnect 
Pathname field 
Pathname field (LFC=) 
Pathname field (DEV=) 

CREA TE string in 
OPEN. 

No differences. 
Format differences; 
multiple succeeding values 
are emitted with multiplicity; 
i.e., N* value 

Static assignments 
of units 1-999. 
Autoconnect units as 
specified in Table E-2 

Comparison of FORTRAN 77+ and 
FORTRAN 77 /X32 

FORTRAN 77+ 

Value mList be a 
3-character integer 
(0-999), or a 1- to 3-
character string, 
left-justified and 
blank-filled in an 
INTEGER variable. 

Must be an 
MPX-32 
pathname. 

Individual 
keywords in 
OPEN and 
INQUIRE. 

Individual keywords 
in OPEN. 

No differences. 

Uses MPX-32 
LFCs. 

Change 1 I 
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Table E-l 
I/O Features (Sheet 2 of 2) 

How supported 

Feature FORTRAN 77/X32 

Formats No Hollerith editing; 
No hexadecimal editing; 

o editing emits exponents 
as 'E+n' 

Scale factor -128 to +127 

F arms Control 0, 1, +, -

Unit 

1 

2 

5 

6 

11 

12 

I Change 1 
E-6 

>turn headers on 
<turn headers off 
= clear header this page 

Table E-2 
FORTRAN/X32 Autoconnect Units 

Equivalent MPX-32 File 
Assignment 

ASSIGN 1 to LFC=UT User terminal 

ASSIGN 2 to LFC=UT User terminal 

ASSIGN 5 to SYC System SYC 

ASSIGN 6 to SLO System SLO 

ASSIGN 11 to SGO System SGO 

ASSIGN 12 to SSO System SSO 

Comparison of FORTRAN 77+ and 
FORTRAN 77 /X32 

FORTRAN 77+ 

Hollerith editing; 
Hexadecimal 
editing; 
o editing emits 
exponents as 'O!.n' 

-77 to +76 

0, 1, +, -
(MPX-32, 
Release l.x). 
(For MPX-32, 
Release 2.x and 
3.x, same as 
FORTRAN 77 /X32.) 

Usage 

Input or output 

Input or output 

Input only 

Output only 

Input or output 

Input or output 

FORTRAN 77+ 
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A editing, 12-16 
noncharacter data types, 12-18 

Abort Codes - FT, 0-3/4 
Abort Codes - RS and RT, 0-11/17 
ABS intrinsic function, 9-7 
ACCEPT statement, 11-8, 11-12 
ACCESS specifier, 11-28, 11-44 
ACOS intrinsic function, 9-17 
ADDR intrinsic function, 9-11 
AIMAG intrinsic function, 9-7 
AINT intrinsic function, 9-7 
ALLOCATE specifier, 11-28, 11-44 
ALOG intrinsic function, 9-11 
ALOGI0 intrinsic function, 9-11 
Alphabetic characters, 2-6 
Alphanumerics, 2-7 
Alternate returns, 9-28/30 
AL TUNIT specifier, 11-29, 11-38 
AMAXO intrinsic function, 9-12 
AMAXl intrinsic function, 9-12 
AMINO intrinsic function, 9-12 
AMINI intrinsic function, 9-12 
AMOO intrinsic function, 9-12 
AND intrinsic function, 9-15 
ANINT intrinsic function, 9-7 
Apostrophe editing, 12-17 
Arithmetic assignment 

statements, 5-2/4 
Arithmetic expressions 

definition, 4-1 
evaluation, 4-6/7 
in assignment statements, 5-2/4 
rules for constructing, 4-1/3 
type determination, 4-4/5 

Arithmetic IF statement, 6-5 
Arithmetic operators, 4-1 
Arrays 

and EQUIVALENCE, 7-15/23 
assignment statements, 5-8 
declarators, 3-15, 7-2 
definition, 3-14 
dimensi ons, 3-15/16, 7-2 
elements of, 3-16 
establishing, 3-14 
in specification statements, 7-1/26 
processing in subprograms, 9-24 
storage, 3-17/18,7-15/16 

ASCII code set, C-1/7 

FORTRAN 77+ 
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INDEX 

ASIN intrinsic function, 9-17 
ASSIGN statement, 5-6 
Assigned GO TO statement, 6-4 
Assignment statements 

arithmetic, 5-2/4 
ASSIGN statement, 5-6 
character, 5-5 
full arra y, 5-8 
general considerations, 5-1 
logical, 5-4 
multiple, 5-7 

Asterisk as format identifier, 11-5, 
11-24 

Asynchronous input/output, 11-59/61 
A T AN intrinsic function, 9-17 
AT AN2 intrinsic function, 9-17 
Auxiliary input/output statements 

BACKFILE, 11-52/53 
BACKSPACE 11-51/52 
CLOSE, 11-39/40 
ENDFILE, 11-54/55 
INQUIRE, 11-41/43 
OPEN,11-27 
REWIND, 11-56/57 
SKIPFILE, 11-53/54 

BACKFILE specifiers 
ERR, 11-52 
IOSTA T, 11-53 

BACKFILE statement, 11-52/53 
BACKSPACE specifiers 

ERR, 11-51 
IOSTAT, 11-51 

BACKSPACE statement, 11-51/52 
Binary constants, 3-12 
Bit data type, 3-8 

. Blank character 
in symbolic names, 3-13 

BLANK specifier, 11-29, 11-44, 12-4, 
BLOCK OAT A statement, 10-1/2 
BLOCK DATA subprograms, 10-1/2 
BLOCKED specifier, 11-29, 11-44 
Block IF statement 

construct, 6-7 
ELSE, 6-11/12 
ELSE IF THEN, 6-9/11 

IN-l 



END IF, 6-12 
IF level, 6-14 
nested, 6-13 

BN descriptor, 12-3/4s 12~15 
BTEST intrinsic function, 9-15 
BUFFERIN subroutine, 11-59/61 
BUFFEROUT subroutine, 11-59/61 
BZ descriptor, 12-3/4, 12-15 

CABS intrinsic function; 9-7 
CALL statement, 9-22/23 
CALL STATUS service, 11-61 
Calling a FORTRAN subroutine from 

assembly language programs, 15-17/18 
Calling assembler routines, 15-7/18 
CASE statement, 6-26/27 
Cataloging a FORTRAN programs 15-4 
CCOS intrinsic function, 9-17 
CDABS intrinsic function, 9-7 
COCOS intrinsic function, 9-17 
CDEXP intrinsic function, 9-9 
CDLOG intrinsic function, 9-11 
CDSIN intrinsic function, 9-18 
CDSQRT intrinsic function, 9-13 
CEXP intrinsic function, 9-9 
CHAR intrinsic function, 9-8 
Character 

assignment statements, 5-5 
constants, 3-9, 8-2 
data type, 3-9 
expressions, 4-7/10 
format specifications, 12-16/17 
operator, 4-7 
relational expressions, 4-10/11 
set, 2-6 
strings, 3-9 
substrings, 4-8/9 

Character editing 
A editing, 12-16 
Apostrophe editing, 12-17 
H editing, 12-17 
R editing, 12-19 

Character expression 
definition, 4-7/6 
in assignment statements, 5-5 
operand, 4-7 
primaries, 4-7 
relational, 4-10/11 
substrings, 4-8/9 

CHARACTER statement, 7-6/7 
CLEAR specifier, 11-30 
CLOG intrinsic function, 9-11 
CLOSE statement, 11-39 

IN-Z 

CLOSE statement specifiers 
ERR,11-39 
IOSTAT, 11-39 
STATUS, 11-39 

CMPLX intrinsic function, 9-8 
Collating sequence, 2-6 
Colon descriptor, 12-27 
Comment Unes, 2-5 
Common block storage, 7-12 
Common JCL statements used 

with FORTRAN, 15-3 
COMMON statement, 7-11/13 
Compile time diagnostics, 0-1 
Compiler options, 15-1/3 
Compiler parameter lists, 15-19 
Compiling, cataloging, and executing 

a FORTRAN program, 15-4/5 
Complex constants 

complex doubleword, 3-8 
complex word, 3-7 

Complex editing 
I editing, 12-12 
Z editing, 12-13/14 

Complex constants, 3-7/8 
Complex data types, 3-6/7 
COMPLEX statement, 7-4, 7-8 
Complex word data type, 3-7 
Cqmputed GO TO statement, 6-3 
Concatenation, 4-7 
CONJG intrinsic function,9-8 
Constants 

binary, 3-12 
character, 3-9, 8-3 
character versus Hollerith, 3-10 
complex, 3-7/8 
double precision, 3-5/6 
hexadecimal, 3-11/12 
Hollerith, 3-10/11 
integer, 3-2 
logical or bit, 3-8 
octal, 3-12 
real, 3-3/4 

Context errors, 0-1 
CONTIGUOUS specifier, 11-30, 11-45 
CONTROLBITS specifier, 11-30 
Continuation field, 2-2 
Continuation lines and logical IF, 6-6 
CONTINUE statement, 6-24 
Control and interpretation 

of data, 11-7/8 
Control features of FORMAT 

statements, 12-22/28 
Controi information list 

definition, 11-4 
END=,11-4 
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'ERR=, 11-4 
FMT =, 11-4 
lOST AT =, 11-4 
REC=,11-4 
UNIT =, 11-4 

Control statements 
arithmetic IF, 6-5 
assigned GO TO, 6-4 
block IF, 6-7 
CALL, 9-22/23 
computed GO TO, 6-3 
CONTINUE, 6-24 
definition, 6-1 
DO, 6-15 
DO forever, 6-20 
DO UNTIL, 6-21 
DO WHILE, 6-22 
ELSE, 6-11/12 
ELSE IF THEN, 6-9/11 
END, 6-28 
END DO, 6-24 
END IF, 6-12 
END SELECT, 6-27 
IF THEN, 6-8/9 
LEAVE, 6-23 
logical IF, 6-6 
PAUSE, 6-29 
RETURN, 9-22 
SELECT CASE, 6-25/26 
STOP, 6-28 
unconditional GO TO, 6-2 

COS intrinsic function, 9-17 
COSH intrinsic function, 9-18 
CSIN intrinsic function, 9-18 
CSQRT intrinsic function, 9-13 

o editing 
and repeat specification, 12-24/25 
and scale factor, 12-22/24 
description, 12-7 

DABS intrinsic function, 9-7 
DACOS intrinsic function, 9-17 
DASIN intrinsic function, 9-17 
Data Conversion, 8-1 
DA T A statement, 8-1/6 
Data transfer input/output statements 

ACCEPT, 11-8, 11-12 
PRINT, 11-13,11-16/17 
PUNCH, 11-13, 11-17 
READ, 11-8, 11-11/12 
TYPE, 11-13, 11-17/18 
WRITE, 11-13, 11-16/17 

Data types 
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character, 3-9 
complex, 3-6/7 
double precision, 3-5 
for list-directed input, 11-25/26 
for list-directed output, 11-26/27 
for list-directed transfer, 11-26 
integer, 3-1/2 
logical, 3-8 
order of precedence, 4-3 
real, 3-3 

DA T AN intrinsic function, 9-17 
DA T AN2 intrinsic function, 9-17 
OAT APOOL statement, 7-14/15 
DBLE intrinsic function, 9-8 
DCMPLX intrinsic function, 9-9 
DCONJG intrinsic function, 9-8 
DCOS intrinsic function, 9-17 
DCOSH intrinsic function, 9-18 
DDIM intrinsic function, 9-9 
DECODE statement, 11-57/59 
DENSITY specifier, 11-30 
DEVICE specifier, 11-30, 11-45 
Device type codes, A-4 
DEXP intrinsic function, 9-9 
Diagnostics 

abort codes - FT, 0-3/4 
abort codes - RS and RT, 0-11/17 
compile time, 0-1 
context errors, 0-1 
execution time, D-4A 
iostat values, 0-5/11 
minor errors, 0-18 
source line errors, 0-1 

DIM intrinsic function, 9-9 
DIMAG intrinsic function, 9-7 
Dimension range, -3-15/16 
DIMENSION statement, 7-2/3 
DINT intrinsic function 9-7 
Direct access input/output, 11-3 
DIRECT specifier, 11-45 
Disc files for output data, 15-6 
Disc sector size, A-I 
DLOG intrinsic function, 9-11 
DLOGI0 intrinsic function, 9-11 
DMAXI intrinsic function, 9-12 
DMIN1 intrinsic function, 9-12 
DMOD intrinsic function, 9-12 
DNINT intrinsic function, 9-7 
DO 

forever, 6-20 
index of, 6-17 
iteration control, 6-18/19 
loops and option 11, 6-18 
nested loops, 6-18/19 
statement, 6-15 
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terminal statement of, 6-17 
transfer of control, 6-19 
UNTIL statement, 6-21 
WHILE statement, 6-22 

Documentation conventions, 1-5/6 
Double precision constants, 3-5/6 
Double precision data type, 3-5 
Double precision editing, 12-7 
DOUBLE PRECISION statement, 7-3, 7-8 
DPROD intrinsic function, 9-9 
OREAL intrinsic function, 9-13 
DSIGN intrinsi~ function, 9-13 
DSIN intrinsic. function, 9-18 
DSINH intrinsic function, 9-18 
DSQRT intrinsic function, 9-13 
DT AN intrinsic function, 9-18 
DTANH intrinsic function, 9-18 
Dummy arguments 

in functions and subroutines, 9-1/2 
in internal procedures, 9-24 

E editing 
and repeat specification, 12-24/25 
and scale factor, 12-22/24 
description, 12-9 

Edit descriptors, 12-3/4 
Editing 

character editing, 12-16/19 
complex, 12-12 
logical, 12-20 
numeric, 12-7/15 

ELSE IF THEN statement, 6-9/11 
ELSE statement, 6-11/12 
ENCODE statement, 11-57/59 
END DO statement, 6-Z4 
ENDI statement, 14-1 
END IF statement, 6-1Z 
END INTERNAL statement, 9-25 
END SELECT statement, 6-27 
END specifier, 11-4, 11-9, 11-14 
END statement, 6-28 
ENDFILE specifiers 

ERR,11-55 
lOST AT, 11-55 

ENDFILE statement, 11-54/55 
I End-of-file d!!tection, A-2 

ENTR Y association, 9-27 
ENTR Y statement, 9-20/26 
EQUIVALENCE· 

" and arrays, 7 -17/19 
and "boundaries, 7-16/17 
and common interaction, 7-22/23 
and substrings, 7 -ZO/21 
statement, 7-15/16 

Change 1 
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ERR specifier, 11-4, 11-31, 11-45 
Evaluation of expressions 

arithmetic, 4-6/7 
logical, 4-1Z 

Exclamation mark, 2-7 
Executable statements 

arithmetic IF, 6-5 
ASSIGN, 5-6 
assigned GO TO, 6-4 

" assignment, 5-1/8 
auxiliary input/output, 11-27/56 
BACKFILE, 11-52/53 
BACKSPACE,11-51 
block IF, 6-7 
CALL, 9-22/23 
CASE, 6-26 
character assi9nment, 5-5 
CLOSE, 11-39/40 
computed GO TO, 6-3 
CONTINUE, 6-24 
control, 6-1/29 
definition of, 2-3 
00,6-15 
DO forever, 6-20 
DO UNTIL, 6-21 
DO WHILE, 6-22 
ELSE, 6-11/12 
ELSE IF THEN, 6-9/11 
END, 6-28 
END DO, 6-24 
END IF, 6-12 
END SELECT, 6-27 
ENDFILE, 11-54/55 
INQUIRE, 11-41/43 
LEAVE,6-23 
logical IF, 6-6 
OPEN, 11-27/28 
PAUSE,6-29 
PRINT, 11-13 
READ, 11-8 
RETURN, 9-27/28 
REWIND, 11-56/57 
SELECT CASE, 6-25/26 
SKIPFILE, 11-53/54 
STOP, 6-28 
unconditional GO TO, 6-2 
WRITE, 11-13 

Executing a FORTRAN program, 15-4 
Execution-time diagnostics, D-4A I 
EXIST specifier, 11-45 
EXP intrinsic function, 9-9 
Explicit CHARACTER statement, 7-6/7 
Explicit type statements, 7-4/6 
Exponentiation, 4-1, 4-6 
Expressions 
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arithmetic, 4-1/6 
character, 4-7/9 
character constant, 4-8 
character substring, 4-8/9 
in assignment statements, 5-5 
logical, 4-12/14 
relational, 4-10/11 
use of hexadecimal, binary, and 

octal constants in, 4-17 
use of Hollerith constants in, 4-15/16 
type determination, 4-4/5 

EXTEND specifier, 11-31, 11-45 
Extended addressing, 13-1/5 
EXTENDED BASE statement, 13-2 
EXTENDED BLOCK statement, 13-1 
EXTENDED DUMMY statement, 13-2 
Extended memory restrictions, 13-4 
EXTENDIBLE specifier, 11-31, 11-46 
External files, 11-2/3 
External functions, 9-1 
EXTERNAL statement, 7-23/25 

F editing 
and repeat specification, 12-24/25 
and scale factor, 12-22/24 
description, 12-10 

Field separators, 12-26/27 
File assignments, 15-1 
File positioning input/output statements 

BACKFILE, 11-52/53 
BACKSPACE, 11-51/52 
REWIND, 11-56 
SKIPFILE, 11-53/54 

FILE specifier, 11-32 
File system 

compatible mode, 1-1 
native mode, 1-1 

Files 
access methods, 11-3 
blocked, 11-3/4 
external, 11-2 
internal, 11-2 
record position within, 11-3 
unblocked, 11-3/4 

FILESIZE specifier, 11-32, 11-46 
FLOAT intrinsic function, 9-13 
FMT specifier, 11-4 
FORM specifier, 11-32, 11-46 
Format 

control list specification and record 
demarcation, 12-5/6 

specifications expressed as character 
constants, 12-2 
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specification methods, 12-1 
specifications stored in variables 

and arrays, 12-2 
FORMAT statement, 12-1, 
FORMA T statement control features 

colon descriptor, 12-28 
field separators, 12-26 
repeat specification, 12-24/25 
scale factor, 12-22/24 

Formatted 
input statements, 11-8/12 
records, 11-1 
output statements, 11-13/18 

FORMATTED specifier, 11-46 
Forms control on output, 12-6/7 
FORTRAN 

and job control language, 15-3' 
character set, 2-7 
compiler options, 15-1/3 
compile-time diagnostics, 0-1/2 
execution-time diagnostics, 0-5 
program, 2-1/12 
run-time options, 15-3 
statements, 2-3/5 

FORTRAN 77+ Release 4.1 Versus 
Release 4.0, 1-3 

FORTRAN statements 
ACCEPT, 11-8, 11-12 
ASSIGN, 5-6 
BACKFILE, 11-52/53 
BACKSPACE, 11-51/52 
BIT, 7-5 
BLOCK DATA, 10-1/2 
CALL, 9-22/23 
CHARACTER, 7-6/7 
CLOSE, 11-39/40 
COMMON, 7-11/13 
COMPLEX, 7-4, 7-8 
CONTINUE, 6-24 
DATA, 8-1/6 
DECODE, 11-57/59 
DIMENSION, 7-2/3 
DO, 6-15 
DO forever, 6-20 
DO UNTIL, 6-21 
DO WHILE, 6-22 
DOUBLE PRECISION, 7-3, 7-8 
ELSE, 6-11/12 
ELSE IF THEN, 6-9/11 
ENCODE, 11-57/59 
END, 6-28 
END DO, 6-24 
END IF, 6-12 
END SELECT, 6-27 
ENDFILE, 11-49/55 



ENTRY, 9-20/26 
EQUIY ALENCE, 7-15/16 
EXTENDED BASE, 13-2 
EXTENDED BLOCK, 13-1 
EXTENDED DUMMY, 13-2 
EXTERNAL, 7-23/25 
FORMA T, 12-1 
FUNCTION,9-19 
GO TO, 6-2/4 
IF, 6-5/14 
IMPLICIT, 7-8/9 
IMPLICIT NONE, 7-9 
INCLUDE, 2-7/9 
INQUIRE, 11-41/44 
INTEGER, 7-4, 7-8 
INTRINSIC, 7-25/26 
LEAVE,6-23 
LOGICAL, 7-4, 7-8 
NAMELIST, 11-19 
OPEN, 11-27/28 
OPTION, 2-10/11 
PAGE,2-9 
PARAMETER, 7-10 
PAUSE,6-29 
PRINT, 11-13 
PROGRAM, 2-1 
PUNCH, 11-13 
READ, 11-8 
REAL, 7-5, 7-8 
RETURN, 9-27/28 
REWIND, 11-56/57 
SAVE, 7-26/27 
SELECT CASE, 6-25/26 
SKIPFILE, 11-53/54 
SPACE, 2-11 
STOP, 6-28 
SUBROUTINE, 9-21/22 
TYPE, 11-13, 11-17/18 
USER, 2-11/12 
WRITE, 11-13, 11-16/18 

Full array assignments, 5-8 
Function reference appearing in I/O 

statements, 11-1 
FUNCTION statement, 9-19 
Function subprograms, 9-19/20 

G editing 
and repeat speci fication, 12-24/25 
and scale factor, 12-22/24 
description, 12-11 

Generated code listings, B-9/10 
I GLOBAL COMMON statement, 7-13 

GO TO statements 

Change 1 
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assigned, 6-4 
computed, 6-3 
unconditional, 6-2 . 

GOULD CSD FORTRAN 77+ Versus 
ANSI X3.9-1978, 1-3/5 

H editing, 12-17 
Hexadecimal constants 

definition, 3-11 
in expressions, 4-17 
in DATA statement, 8-2 

Hexadecimal type code, 15-15 
HFIX intrinsic function, 9-6 
Hollerith constants 

in expressions, 4-15/16 
versus character constants, 3-10 

Hollerith strings in argument lists, 4-18 

lABS intrinsic function, 9-7 
lAND intrinsic function, 9-15 
IBCLR intrinsic function, 9-15 
IBITS intrinsic function, 9-15 
IBSET instrinsic function, 9-15 
ICHAR intrinsic function, 9-10 
Identification field, 2-3 
101M intrinsic function, 9-9 
IDINT intrinsic function, 9-10 
IDNINT intrinsic function, 9-12 
I editing 

and repeat specification, 12-24/25 
description, 12-12 

IEOR intrinsic function, 9-15 
IF statements 

arithmetic, 6-5 
block, 6-7 
logical, 6-6 

IF block, 6-7/14 
IF level, 6-14 
IFIX ·intrinsic function, 9-10 
IMPLICIT NONE statement, 7-9 
IMPLICIT type statement, 7-8/9 
Implicit typing convention, 3-13/14 
Implied DO in DATA statement, 8-4/6 
INCLUDE directive, 2-7/9 
INCREMENT specifier, 11-32, 11-46 
INDEX intrinsic function, 9-10 
Index of the DO, 6-17 
Initial line, 2-6 . 
Inline assembly language coding, 14-1/7 

argument field, 14-1 
argument field directives, 14-4 
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. comment field, 14-1 
general instruction format, 14-2 
immediate operand instructions, 14-3 
interregister instructions, 14-3 
label field, 14-1 
memory bit and condition code 

instructions, 14-3 
memory reference instructions, 14-2 
operation control instructions, 14-4 
operation field, 14-1 
referencing dummy variables, 14-6 
referencing variables in extended 

memory, 14-7 
referencing variables in local 

storage, 14-6 
IN LINE directives 

AC,14-5 
BOUND, 14-5 
DATA, 14-4 
EQU,14-6 
GEN, 14-5 
RES, 14-6 

INLINE statement, 14-1 
Input/output definition, 11-5, A-I 

mUltiple data identifiers, 11-6/7 
single datum identifier, 11-6 

Input/output files, 11-2 
Input/output statements 

auxiliary, 11-27/56 
BACKFILE, 11-52/53 
BACKSPACE, 11-51/52 
data transfer, 11-8/15 
ENDFILE, 11-54/55 
file positioning, 11-51/56 
function reference appearing in, 11-1 
READ, 11-8/12 
REWIND, 11-56/57 
SKIPFILE, 11-53/54 
WRITE, 11-13/18 

Input/output record~ 11-1/2 
Input statements, 11-8/12 
Input using NAMELIST, 11-19/24 
INQUIRE by file statements, 11-41/42 
INQUIRE by file, native mode, 11-41 
INQUIRE by file, compatible mode, 

11-41/42 . 
INQUIRE by unit statements, 11-42/43 
INQUIRE by unit, native mode, 11-42 
INQUIRE by unit, compatible mode, 

11-43 
INQUIRE statement specifiers 

ACCESS, 11-44 
ALLOCA TE, 11-44 
BLANK, 11-44 
BLOCKED, 11-44 
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CONTIGUOUS, 11-45 
DEVICE, 11-45 
DIRECT, 11-45 
ERR, 11-45 
EXIST, 11-45 
EXTEND, 11-45 
EXTENDIBLE, 11-46 
FILESIZE, 11-46 
FORM, 11-46 
FORMATTED,11-46 
INCREMENT, 11-46 
lOST AT, 11-46 
MAXSIZE, 11-46 
MININCREMENT, 11-46 
NAME, 11-46 
NAMED, 11-46 
NEXTREC, 11-47 
NUMBER, 11-47 
OPENED, 11-47 
OPENMODE, 11-47 
OTHERACESS, 11-47 
OWNERACCESS, 11-47 
PROJECT ACCESS, 11-47 
QUEUE, 11-48 
QUEUED, 11-48 
READONL Y, 11-48 
RECL,11-48 
SEQUENTIAL, 11-48 
SHARED, 11-48 
SPOOLFILE, 11-48 
UNFORMA TTED, 11-48 

INT intrinsic function, 9-10 
Integer constants, 3-2 
Integer data types, 3-1/2 
Integer editing, 12-12 
INTEGER statement, 7-4, 7-8 
Internal files,1l-2 
Internal procedures 

and dummy arguments, 9-25 
INTERNAL FUNCTION, 9-24 
INTERNAL SUBROUTINE, 9-24 
referencing, 9-25 

Interpretation of blanks on 
input, 12-4 

Intrinsic functions, 9-5/6 
INTRINSIC statement, 7-25/26 
lOR intrinsic function, 9-16 
lOST AT specifier, 11-4, 11-8/10 

11-13/14,11-32.11-46 
lOST AT values, 0-5/11 
ISHFTC intrinsic function, 9-16 
ISHIF'T intrinsic function, 9-16 
ISIGN intrinsic function, 9-13 

Job control for batch jobs, 15-1 
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KEY specifier, 11-32 

L editing 
and repeat specification, 12-24/25 
description, 12-20 

LEAVE statement~ 6-23 
LEN intrinsic function, 9-11 
LGE intrinsic function, 9-14 
LGT intrinsic function, 9-14 
Lines, 2-5 
List .. directed formatting, 

definition, 11-24 
input, 11-25/26 
output, 11-26/27 

LLE intrinsic function, 9-13 
LL T intrinsic function, 9-13 
LOCF intrinsic function, 9-11 
LOGI0 intrinsic function, 9-11 
Logical assignment statement, 5-4 

. Logical data types, 3-8 
Logical editing, 12-20 
Logical expressions 

definition, 4-12 
evaluation of, 4-14 
operators, 4-12/14 
rules for constructing, 4-14 

Logical file code assignments, 15-1 
Logical IF statement, 6-6 
Logical operators, 4-12/14 
Logical or bit constants, 3-8 
Logical record length, A-3 
LOGICAL statement, 7-4, 7-8 

Main program, 2-1 
MAXO intrinsic function, 9-12 
MAX1intrinsic function, 9-12 

I Maximum record length, A-2 
MAXSIZE specifier, 11-33, 11-46 
MININCREMENT specifier, 11-33, 11-46 
MINO intrinsic function, 9-12 
MINI intrinsic function, 9-12 
Minor errors, 0-18 
Mismatched argument lists, 9-32 
MOD intrinsic function, 9-12 
Modes of installation, 1-1/2 
MPX-32 

datapoo4 7-14/15 
extended addressing, 13-1/5 
EXTENDED BASE statement, 13-2 
EXTENDED BLOCK statement, 13-1 
EXTENDED DUMMY statement, 13-2 

Change 1 
IN-8 

extended memory restrictions, 13-4 
global common, 7-14 
input/output terms, A-l 
maximum sixes, A-2/3 
observations, A-2 

Multiple assignment statements, 5-7 
Multiple statement, 2-5 

NAME specifier, 11-46 
NAMED specifier, 11-46 
NAMELIST 

data items in input record, 11-21 
input from user terminal, 11-20 
input from other than user 

terminal, 11-20 
output data formats, 11-22/24 
statement, 11-19 

Nested block IF construct, 6-13 
Nested DO loops, 6-18/19 
NEXTREC specifier, 11-47 
NINT intrinsic function, 9-12 
Nonexecutable statements 

BLOCK DATA, 10-1/2 
COMMON, 7-11/13 
DATA,8-1/6 
DIMENSION, 7-2/3 
END INTERNAL, 9-25 
ENOl, 14-1 
ENTRY, 9-20 
EQUIV ALENCE, 7-15/16 
EXTENDED BASE, 13-2 
EXTENDED BLOCK, 13-1 
EXTENDED DUMMY, 13-2 
EXTERNAL, 7-23/25 
FORMAT, 12-1 
FUNCTION, 9-19 
IMPLICIT, 7-8/9 
IMPLICIT NONE, 7-9 
INCLUDE, 2-7/9 
INLINE, 14-1 
INTERNAL FUNCTION, 9-24 
INTERNAL SUBROUTINE, 9-24 
INTRINSIC, 7-25/26 
NAMELIST, 11-19 
OPTION, 2-9/10 
PAGE, 2-10/11 
PARAMETER, 7-10 
PROGRAM, 2-1 
SAVE, 7-26/27 
SPACE, 2-11 

specification statements, 7-1/27 
statement function statement, 9-3/4 

SUBROUTINE, 9-21/22 
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USER, 2-11/12 SPOOLFILE, 11-35 
NOT intrinsic function, 9-16 ST ART, 11-35 
No-wait input/output, A-7 ST ATUS, 11-35/36 
NUMBER specifier, 11-47 UNIT, 11-36 
Numeric characters, 2-7 USER, 11-36 
Numeric editing VOLUME, 11-37 

and blank interpretation, 12-4 WAIT, 11-37 
and plus sign control, 12-14 OPENED specifier, 11-47 
and repeat specification, 12-24/25 OPENMODE specifier, 11-33, 11-47 
and scale factors, 12-22/24 OPTIOr'-l directive, 2-9/10 
complex editing, 12-12 Order of statements, 2-4 
D editing, 12-7 OTHERACCESS specifier, 11-33, 11-47 
E editing, 12-9 Output statements, 11-13/18 
F editing, 12-10 Output using NAMELIST, 11-19/24 
G editing, 12-11 OWNERACCESS specifier, 11-33, 11-47 
I editing, 12-12 
Z editing, 12-13 

PAGE directive, 2-10/11 
Parameter lists generated 

I Octal constants, 3-12 by the compiler, 15-18 
OPEN statement, 11-27/28 PARAMETER statement, 7-10 
OPEN statement specifiers PASSWORD specifier, 11-34 

ACCESS, 11-28 PAUSE statement, 6-29 
I ALLOCA TE, 11-28 Physical byte count, A-3 

ALTUNIT, 11-29 PRINT statement, 11-13, 11-16/17 

( BLANK, 11-29 PROGRAM statement, 2-1 
BLOCKED, 11-29 Program units 2-1 
CLEAR, 11-30 PROJECT specifier, 11-34 
CONTIGUOUS, 11-30 PROJECT ACCESS specifier, 11-34, 
CONTROLBITS, 11-30 11-47 
DENSITY, 11-30 PUNCH statement, 11-13, 11-17 
DEVICE, 11-30 
ERR, 11-31 
EXTEND, 11-31 
EXTENDIBLE, 11-31 QUEUE specifier, 11-34, 11-48 
FILE, 11-32 QUEUED specifier, 11-48 
FILESIZE, 11-32 
FORM, 11-32 
INCREMENT, 11-32 
IOSTAT,11-32 R editing 
KEY, 11-32 and repeat specification, 12-24/25 
MAXSIZE, 11-33 description, 12-19 
MININCREMENT, 11-33 READ statement, 11-8, 11-11 
OPENMODE, 11-33 READONL Y specifier, 11-34, 11-48 
OTHERACCESS, 11-33 Real constants, 3-4 
OWNERACCESS, 11-33 Real data type, 3-3 
PASSWORD, 11-34 REAL intrinsic function, 9-13 
PROJECT, 11-34 REAL statement, 7-5, 7-8 
PROJECT ACCESS, 11-34 REC specifier, 11-4 
QUEUE, 11-34 RECL specifier, 11-35, 11-48 
READONL Y, 11-34 Record 

(~ 
RECL, 11-35 demarcation, 12-5 
REEL, 11-35 endfile, 11-1/2 
SHARED, 11-35 formatted, 11-1/2 
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unformatted, 11-1/2 
REEL specifier, 11-35 
Relational expressions 

character, 4-11 
definition, 4-10 
operators within, 4-10 

Relational operators, 4-10 
Repeat specifications, 12-24/25 
Required OPEN statement 

specifiers, 11-28 
RETURN statement, 9-27/28 
REWIND specifiers 

ERR, 11-56 
lOST AT, 11-56 

REWIND statement, 11-56 
Run-time options, 15-3 

S descriptor, 12-14/15 
SAVE statement, 7-26/27 
Scale factors, 12-22/24 
SELECT CASE statement, 6-25/26 
Sequential access, 11-3 
SEQUENTIAL specifier, 11~8 
SHARED specifier, 11-35, 11-48 
SHIFT intrinsic function, 9-16 
SIGN intrinsic function, 9-13 
SIN intrinsic function, 9-18 
SINH intrinsic function, 9-18 
SKIPFILE specifiers 

ERR, 11-53/54 
IOSTAT, 11-54 

SKIP FILE statement, 11-53/54 
Slash descriptor, 12-26 
SNGL intrinsic function, 9-13 
Source line errors, 0-11 
Source listing, B-1/4 
SP descriptor, 12-14/15 
SPACE directive, 2-11 
Spacing descriptors 

T descriptor, 12-21/22 
X descriptor, 12-21 

Special characters, 2-7 
Specification statements 

COMMON, 7-11/13 
DIMENSION, 7-2/3 
EQUIVALENCE, 7-15/16 
explicit CHARACTER, 7-6/7 
explicit type, 7-4/6 
EXTERNAL, 7-23/24 
IMPLICIT, 7-8/9 
IMPLICIT NONE, 7-9 
INTRINSIC, 7 -25 /26 
PARAMETER, 7-10 

IN-I0 

SAVE, 7-25/26 
SPOOLFILE specifier, 11-35, 11-48 
SQRT intrinsic function, 9-13 
SS descriptor, 12-14/15 
START specifier, 11-35 
Statement 

field, 2-3 
functions, 9-2/3 

Statement label field, 2-2 
Statement labels 

of DO statements, 6~15, 6-21/22 
of ELSE IF THEN statements, 6-9/12 
of ELSE statements, 6-11/12 
of GOTO statements, 6-2/4 
of the arithmetic IF, 6-5 

Status indicator, 11-61 
STATUS specifier, 11-35/36 
STOP statement, 6-28 
Storage dictionary, B-5/6 
Subprograms 

and ENTRY, 9-26/27 
definition, 2-1, 9-1 
dummy arguments, 9-25 
mismatched argument list, 9-32 
processing arrays, 9-30 
processing of arguments, 9-31 
referencing, 9-20/21 
returns from, 9-27/28 

Subroutine 
calling conventions, 9-21/22 
definition, 9-1 
dummy arguments, 9-25 
internal, 9-24 
referencing, 9-22/23 
returns, 9-27/28 
subprogram, 9-21/22 

SUBROUTINE statement, 9-21/22 
Subscript expression, 3-16 
Symbolic cross-reference, B-7/8 
Symbolic names 

definition, 3-13 
in COMMON statement, 7-11 
in DATA statement, 8-1 
in NAMELIST statement, 11-19 
in PARAMETER statement, 7-10 

System directive lines, 2-7 

T descriptor, 12-21/22 
TAN intrinsic function, 9-18 
TANH intrinsic function, 9-18 
Tape 'files as a data source, 15-5/6 
Terminal errors, D-1 
Terminal statement of the DO, 6-17 

FORTRAN 77+ 
Reference Manual 

( \, 
, I 

) 

,/ 



( 

TYPE statement, 11-13, 11-17/18 
Type statements . 

explicit CHARACTER, 7-6/7 
explicit type, 7-4/6 
IMPUCIT, 7-8/9 
IMPUCIT NONE, 7-9 

Unconditional GO TO statement, 6-2 
Unformatted 

input/output records, A-I 
READ statement, 11-11/12 
records, Ii-l/2 
WRITE statement, 11-16/19 

UNFORMA TTED specifier, 11-48 
UNIT specifier, 11-5, 11-36, 11-48/49 
USER directive, 2-11/12 
USER specifier, 11-36 
Using data from cards, 15-6 

Value separator in list-directed 
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output, 11-26 
Variables 

definition, 3-14 
implicit typing conventions, :LL)i14 

VOLUME specifier, 11-37 

WAIT specifier, 11-37 
Warning errors, 0-1 
WRITE statement, 11-13, 11-16/18 

X compile option, 15-2 
X descriptor, 12-21 

Z editing 
and repeat specification, 12-24/25 
description, 12-13/14 
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