














Step 9

Step 10

Step 11

Step 12

blank tape. The punch must be on. Depress CONTINUE. The Assembler
punches a partial binary output, displaying all ACCUMULATOR lights ON
when it is finished. Should an error occur during the assembly procedure, the
Assembler prints a message on the teleprinter. For a summary see Chapter 8

An error printed by the Assembler usually is the result of an original program
not detected by FORTRAN.

Depress CONTINUE to finish punching the binary output. Undefined symbols
in the source program (symbols which never appear on the left-hand side of an
arithmetic statement, in an input statement or as the argument of a subroutine
call, orin aCOMMON statement) are printed with a relative location auto-
matically assigned by the Assembler. Any statement number which is referred
to but never used as a statement label will be printed also. When finished, all
ACCUMULATOR lighis will again be ON. If an error occurs during this step,

repeat the assembly process (Step 8) before accepting the error diagnosis.

If a printout of the relative locations of program symbols is desired, put the
rightmost switch of the ACCUMULATOR switches (bit 17) to the up position
and press CONTINUE. If the printout is not desired, leave the switch in the
down position and press CONTINUE to restore the Assembler for the next
assembly. The ACCUMULATOR lights will all be OFF at this stage.

If more programs are to be assembled, place the next tape in the reader and
return to Step 8. If several programs were compiled together, be sure that

the blank tape area separating them is under the reader light before confinuing.
Since the Assembler uses a buffered loader, the end of one program and the
beginning of the next program are likely to be read info the same buffer. It is
usually necessary to withdraw a portion of tape which has already been read in
order to start reading at the beginning of the second and succeeding programs on

the same paper tape.

Remove the assembled programs from the punch. Each program will have its
title punched in readable format at the beginning. Since the FORTRAN
Assembler is a one-pass assembler, the title will be the last item punched on

the tape.
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NOTE: The following steps describe the loading process. After each tape is
loaded into memory the ACCUMULATOR lights will display the first memory
address not used.

Step 13

Step 14

Step 15

Step 16

Step 17

Step 18

Load the main program through RIM start. |t is important that the main program
be loaded first since the Linking Loader is punched on the main program tape
only. The loader is a lengthy strip of tape immediately following the title
with the eighth hole punched in every line. The RIM Loader, through use of

a Bootstrap Routine, loads the Linking Loader which, in turn, loads the main

program.

Place any subprograms in the reader (readable title is always in the leader),
and load through RIM start. The Linking Loader will handle the problems of
linking between programs. The first instruction executed by the RIM Loader

is a jump to an entry in the Linking Loader.

To obtain a printout of the absolute locations in memory of subprogram symbols
and/or to determine if library subroutines are required, place 58 in the
ADDRESS switches and depress START. If a subroutine or library function has
been called but not yet loaded, its symbol will be preceded on the line by a
minus sign followed by the address of the first reference to this symbol. If

further subprograms are needed, they should be loaded as in Step 14 above.

Load the LIBRARY I/O tape; i.e., place the library tape in the reader, set
ADDRESS switches to 68, and depress START. If any subroutine names are
preceded by " " load the 6DD or 9DD LIBRARY tape; i.e., set ADDRESS
switches to 68 and depress START. When all called functions have been loaded,
the loader halts, perhaps part way through the library tape.

Load the tape labeled "FORTRAN Operating System" through RIM start. If
paper tape input to the FORTRAN program is used, this should be ready in the

reader.

Place 228 in the ADDRESS switches and depress START to execute the program.

NOTE: TheLinkingloader does not detect when the user has loaded a program
over common storage (assigned backward from the last address in memory). To
guarantee an overlay has not occurred, the first program address not used as
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indicated in the AC lights after loading should always be equal to or smaller
than the lowest address in common storage necessary to store the arrays and
common variables used in the program.

General Notes:

1. The first word of every FORTRAN program (main or subroutine) has a relative address

of18.

2. The initial relocation constant is 21,.

8

3. After each program is loaded, the AC lights display the address of the next free
location. This address is also the relocation of the next program to be loaded. (One

location is unused between programs.)
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CHAPTER 7

DIAGNOSTICS

The following diagnostics may be printed during compliations followed by the offending statement with a
line feed after the last character processed. Each diagnostic is identified by a three-letter name, and a
two-digit number. For all errors except those which indicate storage capacity exceeded, processing con-

tinues. The diagnostic error print (below) is followed by the current statement number.

As previously noted the occurrence of an error will necessitate correction of the error and recompilation.

Error Error Reason for Error
Name Number
CON CONTROL STATEMENT

1 Illegal conirol statement.

2 - Upper case character in control statement.
COM ‘ COMMON STATEMENT

1 [llegal entry in list.

2 Symbol appears twice in COMMON.
ASG ASSIGN

1 N not a fixed-point number.

2 Number not followed by "to."

3 No fixed-point variable.

4 tlegal format - variable.
SUB ‘SUBROUTINE AND FUNCTION

1 Name not a variable.

Dummy symbol not a variable.

3 Dummy symbol used twice.
DIM DIMENSION

1 Array name not a variable.

Array dimensioned twice.

Dimension not a fixed-point number.
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Error Error
Name Number

Reason for Error

DO

oy

AOWN

ILF

—

N O O hAWON

11

17

20

22

24

26
ICH

DIT

10
11
12

DO STATEMENT

First two letters not do.

No statement number.

No end test value specified.

Too many characters.

ILLEGAL FORMAT

Nonstatement number at left margin.

Missing left parenthesis.

Missing right parenthesis.

Missing left parenthesis.

Missing right parenthesis.

Comma missing in goto.

Variable missing in arithmetic statements.
[llegal device number in input or output statement.
Illegal format in accept statement.

Extra right parenthesis.

Extra characters in statement,

Comma missing in repetitive element in 1/O list.
Illegal format in I/O list element.

Illegal format statement number in an 1/O statement.
ILLEGAL CHARACTER

Illegal character.

Hllegal upper-case character.

No more characters after an illegal one.
Miscellaneous errors. Cannot proceed.

Logic error.

Wrong place in table.

Dispatch number too big.

Too many cal's.

Ilegal cal.

Too many exifs.

If any of the errors labeled DIT occurs, correct all other errors and recompile; if DIT
errors still occur, note any pertinent data and send to DEC Programming Group.
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Error Error

Reason for Error
Name Number

UFX UNSEEN FIXED POINT

1 Fixed-point number expected; punctuation
character or no character appeared.

2 Floating point quantity appeared where fixed-
point number expected.

3 Fixed-point number expected; decimal number
appeared.

FOR FORMAT STATEMENT

Character missing.

—

Illegal format.
Characters missing.
lllegal control character.
IHegal punctuation.

Specification letter other than I,F,E, X, H.

N O 0 A WON

N too large in H format
IFU ILLEGAL FUNCTION USAGE

1 Function name on left side outside function
definition.

SCE STORAGE CAPACITY EXCEEDED
Processing may not proceed.
1 Polish stack exhausted.
Table exceeded.
Table exceeded.
Symbol generator exhausted.
Table exceeded.

Statement too long.

N O AN

Push down stack exceeded (too many nested do's).
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CHAPTER 8

ERROR MESSAGES (FORTRAN ASSEMBLER)

The following error messages refer to the object program code generated by the compiler. Familiarity

with this code is necessary for an understanding of this chapter. See the Assembler Program Description

(Digital-7-3-5) for details.

With the exception of SCE (storage capacity exceeded) and ILP (illegal parity), assembly continues after

the error message has been printed unless assembling a library tape. An error message may occur in one

of three formats.

Format A

ERROR PREVIOUS VALUE SYMBOL NEW VALUE

Format A indicates errors in the redefinition of symbols. ERROR represents a three-letter code for the

particular error. Whether the symbol was redefined depends upon the particular error.

Error

MDT
RSP
RDA

Format B

Meaning

The symbol was redefined with a comma.
A permanent symbol was redefined.

An attempt to redefine a symbol was made.
The symbol was not redefined.

ERROR OCTAL ADDRESS SYMBOLIC ADDRESS

The general error message is printed in Format B. It includes both the octal address and the symbolic

address at which the error occurred.

Error

IFP

IFC
IFQ
IFY
IFZ
LiQ

Meaning

Illegal format in parameter assignment.
illegal format in a symbolic address tag.
Illegal format in library list.

lllegal format in internal declaration.

More than one symbol in internal declaration.

Hlegal term punctuation in library list.
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Format C

Error

MDT

TUA

ILF
LIT
IFL
IFS
IFl
SCE
INS
IFX

Meaning
The location counter and address disagree in an
address assignment .,

Too many undefined symbols in a symbolic address
tag.

Illegal format in a pseudo-instruction.

Illegal terminator in a PUNDEF or EXTERNAL list.
lllegal format in a PUNDEF or EXTERNAL list.
lllegal format in a START.

lllegal format in an input pseudo-instruction.
Storage capacity exceeded.

A nonsymbol appeared in a PUNDEF list.

External symbol preceeded external declaration.

ERROR OCTAL ADDRESS SYMBOLIC ADDRESS CAUSE

Format C is an expanded version of Format B. CAUSE is additional information to help the programmer

ascertain the cause of the error. For example, in the case of an error caused by an undefined symbol,

the symbol will be printed.

Error

ILP

usT
UAA
UPA
ICH
SYS
UPN

Cause

character

symbol
symbol
symbol
character
symbol
symbol

Undefined Symbol Assignment

At the end of assembly before the loader is punched, the undefined symbols and their definitions are
printed. Each undefined symbol used in a storage word will be defined as the address of a register at the
end of the program, and the definition printed. If the symbol was not used in a storage word, the symbol
is printed and not defined. An example of the latter is a symbol which appears to the right in a parameter

assignment only.

Meaning

[llegal parity (place correct character in ACS and press
CONTINUE). May also be caused by reading tape in

backward order.

Undefined symbol in a START or PAUSE.
Undefined symbol in an absolute address assignment.
Undefined symbol in a parameter assignment.
lllegal character.

Previously defined symbol in internal declaration.

Undefined symbol in a punch pseudo-instruction.
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APPENDIX 1

CHARACTER CODE EQUIVALENCES

The two text handling modes (A, H) use character code sets for which the octal equivalents differ in some
respects for the two formats. Under A format, characters are stored in a 6-bit, é4-character code called
"line printer FIODEC" (PDP-7 Users Handbook, F-75, page 178). Under H format, characters are stored
in a code called flexowriter FIODEC, which includes a case shift, indicated by u in the table. The

upper case escape code is 74; the return code, 72.

When providing a dummy string of text for a READ Hollerith operation, the user must remember that the
code is compiled directly into the format control list. This requires that the number of core locations
occupied by the dummy text correspond exactly to the text read in at run time. Since this may vary in

content, the following rules are necessary:
1. The dummy string and the inpuf string must be the same length.

2. Corresponding characters in each sfring must agree in case; i.e., both the
characters in the dummy string and the character in the input string must be from the

set which is flagged by a u or both be from the set which is not flagged.

NOTE: If a character equivalence is indicated by NA in the table, the char-
acter is not available for use in the indicated format. On the model 33, a
shift with the letters M, L, K produces the characters1, \, [ respectively.

TABLE 5 CORE REPRESENTATIONS OF
THE ASCII CHARACTERS, A AND H FORMATST

Character ASCII 'A'  Format 'H' Format
Space 240 0 0
: 241 15 u 05
" 242 32 u 01
# 243 56 56
$ 244 60 u 40
% 245 NA NA

TThis table applies when typing a FORTRAN program either off-line or using the Symbolic Tape Editor.
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TABLE 5 CORE REPRESENTATIONS OF
THE ASCII CHARACTERS, A AND H FORMATST (continued)

Character ASCII 'A'  Format 'H'  Format
& 246 NA NA
: 247 12 u 02
( 250 57 57
) 251 55 55
* 252 72 ] 73

+ 253 74 u 54
, 254 33 33
- 255 54 54
. 256 73 73
/ 257 21 21
0 260 20 20
1 261 01 01
2 262 02 02
3 263 03 03
4 264 04 04
5 265 05 05
6 266 06 06
7 267 07 07
8 270 10 10
9 271 11 11
272 NA NA
; 273 NA NA
< 274 17 u 07
= 275 53 u 33
> 276 34 u 10
? 277 37 NA
@ 300 NA NA
a 301 61 61
b 302 62 62
303 63 63
d 304 64 64

This table applies when typing a FORTRAN program either off-line or using the Symbolic Tape Editor.
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TABLE 5 CORE REPRESENTATIONS OF
THE ASCII CHARACTERS, A AND H FORMATST (continued)

Character ASCII 'A'  Format 'H'  Format
e 305 65 65
f 306 66 66
9 307 67 67
h 310 70 70
i 311 71 71
i 312 41 41
k 313 42 42
| 314 43 43
m 315 44 44
n 316 45 45
o 317 46 46
p 320 47 47
q 321 50 50
r 302 51 51
s 323 22 22
t 324 23 23
u 325 24 24
v 326 25 25
w 327 26 26
X 330 27 27
y 331 30 30
z 332 31 31
[ 333 77 u 57
\ 334 76 NA
] 335 75 u 55
t 336 35 u 11

- 337 NA NA
tab 211 NA 36
carriage return 215 NA NA

TThis table applies when typing a FORTRAN program either off-line or using the Symbolic Tape Editor.
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APPENDIX 2

USE OF EXTENDED MEMORY

The FORTRAN system operates autonomously within one 8K core bank. However, facilities have been
provided to allow the accessing of data outside the operative memory bank, with the restrictions that all
such data must be stored as arrays and common storage may not be used. For purposes of discussion, we
shall refer to data stored outside the operative core bank as being an extended array. Such arrays must
be declared in a dimension statement before they are referenced, and the dimension statement must be
accompanied by an extend-mode statement which is analogous to a common statement with the exception

that its variable list must contain only the names of extended arrays.

One of the definitions assigned for the FORTRAN Assembler is XND which defines the top of storage for
extended arrays. The normal definition for XND is 377778, the equivalent of an extra 8K core bank.
This definition may be changed at the discretion of the programmer either by changing the definition in

the assembler's permanent symbol table or by an S-coded parameter assignment in the FORTRAN program.

For example:

TITLE

SXND = OCTAL 27777 DECIMAL
DIMENSION KV(25), PKV(25), VK(25,25)
EXTEND MODE KV, VK

will declare KV and VK (but not PKV) as extended arrays.

Since the FORTRAN system always enables extend mode (EEM) in the hardware sense, S-coded subroutines
must be carefully programmed when referencing indirect addresses since 15 bits will be interpreted rather

than the usual 13 (see PDP-7 Users Handbook, F-75, page 71).
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APPENDIX 3

FORTRAN SUMMARY DESCRIPTION

In the following description of the language used by the PDP-7 FORTRAN compiler, some familiarity with
existing FORTRAN dialects is assumed.

CHARACTER SET (ASCI )

Basic: A-Z  0-9 | + | -+ /] =1,0.1]"1

Special: Space, tab, carriage return, dollar sign, parentheses, line feed, (form feed used with
paper tape)

PUNCHED PAPER TAPE CONVENTIONS

At most, one statement with two fields may occur per line. Field one is delimited by the left-hand margin
and on the right by a tabulation; field two begins at the tabulation and .is terminated by a carriage return=

line feed.

Legal Elements in Field One

Statement numbers.

Dollar sign (§) is the continuation character for FORTRAN statements which are too long for one physical

line.

S, the letter, causes the remainder of the line to be copied Into the output program verbatim, This allows

machine language programming in the source language tape.

C, the letter, initiates a comment.

Field Two

Field two constitutes the FORTRAN statement proper.

NUMBER REPRESENTAT|ION

Fixed-point numbers are allocated one storage word only and appear as integers, n, where

0<| n| <131071.
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Floating-point numbers have two internal representations possible: a packed version with approximately
six-digit accuracy requiring two storage words; and an unpacked version with approximately nine-digit
accuracy requiring three storage words. Normal representation is three-word, with two-word representa-

tion available by definition.

LIBRARY FUNCTIONS

Functions presently in the library are: XABSF, ATANF, SINF, COSF, EXPF, LOGF, SQRTF, and the
variant CLOGF which returns the common log of its argument. The argument may be a simple variable,
an array element, or an arithmetic expression. A function may be used as are variables; all are floating

point except XABSF.

FORTRAN STATEMENTS

There are four basic categories of FORTRAN statements: arithmetic, control, specification, and input/
output. Arithmetic statements are of the form V = E where V is a variable and £ a computable expression.
Control statements, such as IF, GOTO, DO, are those which (in general) direct program flow. Specifi-
cation statements such as DIMENSION and SUBROUTINE supply information to the compiler. 1/O state-
ments direct information fransfers and are divided into two subcategories: those which describe the
particular transfer desired (READ/WRITE), and those which describe the organization of the information
transferred (FORMAT).

Arithmetic Statements (V = E)

V must be a variable, either simple or subscripted (an array element). E consists of terms connected by

operators, where legal terms are:

a constant

a simple variable

a subscripted variable
a function call

an arithmetic statement enclosed in parentheses

and the legal operators are:

+  plus

-  minus

/  divide

*  multiply

t  exponentiation

= replacement
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For example:

DU, J,=A+B)*U=T+1.)/T

Use of Parentheses

Note the uses of parentheses in the example just given. They enclose the subscripts of the dimensioned
variable D; specify the concatenation of A, B (without the pdir (A + B) the expression would mean

A+ (B * J/T)); and delimit the internal arithmetic statement J=T+ 1.

Order of Computation

When a choice is possible, operations are performed in the following order:

expressions in parentheses
unary minus*
exponentiation
multiplication and division
plus and minus

replacement (equal sign)

Modes

The modes within an arithmetic statement may be mixed floating point and fixed point. The expression
J=T+ 1. could be safely written J =T+ 1 without the (floating) decimal point. If possible, combine

the fixed-point operands using fixed-point arithmetic; for example, in the statement:
A=B+ (I+J+K)/2,

I, J, K is added in fixed point before the conversion to floating point occurs.

Control Statements

Available Statements

GOTO
ASSIGN
IF

*A unary minus is preceded by an operator and has only one operand; e.g., A= -A+ (C * -D) -E is the
same as A= (-A) + (C * (-D)) - (E). The third minus is a proper (binary) minus.
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DO
CONTINUE
CALL
RETURN
PAUSE
STOP

GOTO

Unconditional transfer

GOTO n: n is a statement number

Computer GOTO - GOTO (nl, n2, n3,..nn), I: transfer to statement nj where | is the value of the

fixed point variable |.

Assigned GOTO Type One - GOTO | (n1, n2, n3,...nn): transfer to statement nj where nj was assigned

to | by an ASSIGN statement.

Assigned GOTO Type Two - GOTO |: where the value of | is the statement number last assigned to | by
an ASSIGN statement.

ASSIGN

ASSIGN n to i: n must be a statement number.

IF :

IF (A) n1, n2, n3: A may be a variable or an expression. nl1, n2, n3 are the numbers of statements to

which control will be transferred when the value of Ais <0, =0, >0, respectively.

DO

The general form of the DO statement is:
DO nl=ml, m2, m3

and it may be paraphrased as: "DO through statement n for | = m1; after statement n is completed, in-
crement | by m3; if | is less than or equal to m2, repeat the sequence; if not, continue on in the program."

An omitted increment (m3) will be taken to be 1.
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DO Loop Nesting - DO loops may appear within DO loops; however, the innermost DO must end on the

same statement (or one which occurs earlier) as that which terminates the next level (outer) DO loop.
Upon normal exit from a DO loop, the value of the DO variable (1) will be the one generated at the final

test, i.e., greater than m2,

CONTINUE Statements

Since a DO loop may not end on a statement which initiates a control transfer (such as an IF statement),
the CONTINUE statement has been provided. Though it does not cause instruction compilation by FOR-
TRAN, it may be labeled with a statement number and used to terminate DO loops (q.v.). It may be used

also as a dummy statement anywhere in the FORTRAN source program.

Subprogram CALLS

The CALL statement calls subroutines. The generdl forms are:

1. CALL NAME
2. CALL NAME (ARG1, ARG2,...ARGN)

where NAME is the name of the subroutine being called and the ARGi are the (variable) arguments of the
subroutine. The arguments may be arbitrary arithmetic expressions but must agree in type with those ex-

pected by the subroutine.

RETURN Statements

The RETURN statement has meaning only within a subroutine or function and indicates the point or points

at which control returns to the calling program. RETURN does not imply END.

PAUSE, STOP Statements

The general form of the PAUSE statement is:

PAUSE N

where N is an octal number which may be omitted. When the statement is encountered during the execu-
tion of a program the computer will halt, displaying N in the accumulator lights. Depressing the CON-
TINUE switch on the console restarts the program. STOP is equivalent to PAUSE except that program

operation cannot be resumed.
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