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CHIPPEWA FORTRAN COMPILER - RUN

Section 1

GENERAL DESCRIPTION

INTRODUCTION

"RUN", the Chippewa Laboratory's FORTRAN compiler for the 6000 series
computer systeﬁs, generates binary object code directly from FORTRAN II
and FORTRAN IV source programs. The compiler also accepts programs
written in a subset of the ASCENT assembly language, and -in the MACHINE
assembly language. The compiler also accepts certain Control Data 3000
series FORTRAN statements, such as ENCODE, DECODE, BUFFERIN, and BUFFEROUT.

The memory layout of the compiler is shown in Figure 1-1. The combiler
routines are loaded into memory at location RA, and occupy 24,0008
locations. Memory space for the compiler buffers and tables, which
require approximately 63008 locations, is allocated downward from
location FL. The minimum space required by the compiler is therefore
approximately 32,3008 locations. Unless adequate space has been res-
erved for the compiler (by specifying the proper value on the job card),

the compiler will exit without attempting to compile.

The Inﬁut and Output buffers are used by the compiler in conjunction with
the Chippewa Operating System's CIO peripheral package to read in source
cards and to list the source and object programs. The transmittal of
data between the various buffers is illustrated in Figure 1-2. Source
cards from the input file on the disk are read into the Input buffer,
which is 10018 words in length. As source cards are processed they are
transferred, one at a time, into a 108-Word card buffer. Within the
card buffer, the source card is examined to determine if it is a state-
ment card or a comments card. A statement card is transmitted to the
string buffer, where it is initially packed one character per word, and
another card is'brought to the card buffer from the Input buffer, If
the next card is a continuation card, it too is transferred to the
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string buffer. This process is repeated until an entire statement has
been loaded into the string‘buffer. Since the size of the string buffer,
in which a statement is initially packed one character per word, is

24608 or 132810, the number of continuation cards is limited to 19. All
source cards, including both statement cards and comments cards, are
transmitted directly from the card buffer to the Output buffer for sub-
sequent listing. Depending upon the mode of compilation, object code
instructions may be converted and placed in the line buffer (108 words),

and from there transmitted to the Output buffer for listing.

Once a statement has been transmitted to the string buffer, the first
four characters of the statement are examined to determine the statement
type, and the apprupriate suibcwutine is called to process the statement.
Since the souing buffer is packed one character per word, im most cases
Lie next step is Lo assemble the contents of the string into a sequence
of variables, constants and separators. Since memory assignments

cannot be made until all source statements have been processed, variables
and constants are replaced in the string by various types of tags, and
the variables and constants stored in the compiler tables. (The compiler
tables are expanded as entries are made.) The statement is then analyzed
and the generated object instructions are packed one instruction per
word., In all instructions referencing memory, the K portion of the
instruction will at this point contain a tag. Thus, during the
compilation of a program, the generated object code expands upward from
RA+240008, and the compiler tables expand downward from FL-60008. When
an END card is detected, the generated instructions are packed and memory
assignments made. All tags other than those defining external references
are replaced with addresses, and the compiler tables are reduced
accordingly. Subsequent subprograms are read from the input file and
compiled, the object code for each beginning where the object code of

its predecessor ended. When the end of the input file is reached,
library subroutines are loaded and all subroutine references are replaced
with memory addresses. The compiled program is then written on the disk,
and the compilation procéss terminated., Since the string buffer, card
buffer, and line buffer are not required for the loading of library
routines, the tables are moved up to overlay these buffers before the

library routines are loaded (see Figure 1-2).

In processing MACHINE or ASCENT subprogréms, the compiler transfers source
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VVVVVVVVV cards to the string buffer in the manner described earlier. A subroutine
is then called to process the assembly language record., Memory references
are tagged, and the appropriate compiler tables entered. The assembled
instructions are packed in the object program area. During the processing
of the END card, the tags are replaced by memory addresses and constants

are transferred from the appropriate table to the program area.

COMPILER TAGS AND TABLES

As constants, variables, subroutine and function names, and statement
numbers are encountered in the processing of the source language state-
ment in the string buffer, they are entered in one of the compiler tables
and replaced in the string buffer by tags. The tags are entered in
tables also, and their relative position within these tables corresponds
to the table position of the comstnat, variable, external name or state-
ment number which the tag replaced. Many of the compiler tables are

used in pairs: the address-dependent quantity is entered in one table,
and the tag which replaces it in the string buffer is also entered in

the corresponding location in the following table. For example, the
Constant Value Table (Table A) and the Constant Tag Table (Table B)

are paired tables. When a constant is encountered in the source state-
ment, it is converted to its binary equivalent and entered in the Constant
Value Table. A Constant Tag is generated and entered in the string buffer,
and also in the Constant Tag Table. Thus, if the constant was entered in |
location 35 of the Constant Value Table, the tag which replaced it in

the string will be entered in location 35 of the Constant Tag Table.

ihe nine different types of tégs used by the compiler are uniquely
identified by the value of the high-order five bits of the tag. Tags

are advanced as they are assigned: the current value of each tag is
maintained in a temporary (TGA, TGB, etc.). All tags, with the exception
of library tags, are re-initialized prior to the compilation of each
subroutine. Library tags are initialized only when the compiler is

first loaded. Tags are usually advanced by one, although they may be
advanced by two when a double-precision or complex value is entered in

a table. Library tags are advanced by 1008. The types of tags used by
the compiler, and the numeric ranges which these tags may assume, are

listed below.

1-5



Temporary Containing

Listing

Current Tag Value Tag Type Tag Values Indicator
| TGA Program Tag 200000-217777 L
TGI Indirect Tag 220000-237777 I
TGT Temporary Tag 240000-257777 T
TGK Constant Tag 260000-277777 C
TGF Function Tag 300000-317777 F
TGW Array Tag 320000-337777 A
TGV Variable Tag 340000-357777 v
TGH Statement Tag 360000-377777 N
TGL 4900000-600000 S

Library Tag

The listing indicdtor appears on the object code listing preceding the:

tag number as specified in the low-order 15 bits of the tag.

The tag

number as given in the low-order 15 bits may range from 0 to 177778.

Thus, the compiler permits up to 8192 tags of each type.

Constants, variables, subroutine and function references, and statement

numbers are entered in the compiler tables when they are encountered in

the string buffer, as are the tags which replace .these quantities. There

are 26 of these tables.

compiler layout illustration of Figure 1-1.

The location of these tables is shown in the

The size of each table is

initially set at 108 words: as .tables are filled, they are expanded

by lO8 words:

room for the increase.

tables at lower memory locations are moved down to provide

Associated with each table is a temporary which

contains the parameters required to enter, search, and expand the tables.

The format of these temporaries (which are labelled in the compiler as

TBA, TBB, etc.) is shown below.

B parameter
n k\ \ word address

starting
address

next entry
address

Note that this word contains its own address.

36

18

This permits table scanning

routines, which are entered with this word in an X register, to readily

obtain the parameter word for the succeeding table in memory (i.e., para-

meter word address + 1 = parameter word address for the succeeding table).
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TABLE ENTRY FORMATS

TABLE TAG TABLE NAME o 5 8 7 & .5 4 .3 2 |
TBA CONSTANT VALUE < CONSTANT
788 CONSTANT TAG K-TAG L
T8¢ TEMPORARY TAG H-TAG AOUINIIMIM A TN
TBD PERMANENT TAG A-OR K-TAG [ A
TBE FUNCTION NAME FUNCTION NAME AN :
TBF FUNCTION TAG F-TAG W ] AC ]AT /////// M rc-ﬁo:aﬁ:
785G DO NUMBER STATEMENT NUMBER AU VWY - COUNT
TBH DO PARAMETERS INDEX ADDRESS | INCREMENT o uMIT 77 anes
TBK STATEMENT NUMBER STATEMENT NUMBER ALTINI NI ANNNRNY - /v
TBL STATEMENT TAG AH-OR K-TAG r//////////////// I 4
TBM VARIABLE NAME VARIABLE NAME Al
TBN VARIABLE TAG 44 V5 OR W-TAG 1/ /7777777, ////K<\<<<\/\<\ \\(\\
COMMON NAME
TBO COMMON NAME { 7777077 T~
TBP  ARRAY TAG 1 a- 0r weras AN o
| 1 TS LeneTn
2ANNNNNNNNNY prmension 1 LENGTH
r8a , 3| DIMENSION 1 | DIMENSION I=2  LENGTH
AR | ) NANARN NN SRR
21 aas _A-TAG VARIABLE
I A-TAG A-TAG A-TAG DIMENSIONS
TBR DATA STATEMENT TRANSLATED DATA STATEMENTS
TBX EQUIVALENCE 20 namE SECONDARY NAME LY
TBY EQUIVALENCE 157 NAME PRIMARY  NAME BASE ADDRESS
TBZ EQUIVALENCE BIAS AT, 8145
T8S SUBROUTINE NAME SUBROUTINE NAME LENGTH
78T SUBROUTINE TAG L-TAG AWV ¢ | wewo. oF
TBU SUBROUTINE PARAMETER CODE LENGTH TOTAL LENGTH |STARTING ADDRESS| N | “CUMENTS
TBY COMMON BLOCK BLOCK NAME STARTING ADDRESS } 2-WORD
: 0 A it avoress ENTRY
TBW PROGRAM FILE NAME FILE NAME ARGUMENT ADDR, 2-WORD
L 0 A surrer LenaH ENTRY
rer’* ARGUMENT NAME FUNCTION ARGUMENT NAME Al
T* ARGUMENT TAG F-TAG ' /////////////// ////A M i
. 6 6 6
LISTING
TAG BASE VALUE TYPE __ INDICATOR MODE (M) TYPE
mime o omae  mmR : e
Eég §§§§§§§ gggégg g%%%‘r::?c g 9: THE I AND Jc::::: ARE USED AS UTILITY TABLES BY
COMPILER TABLES
| Figure 1.3
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The Zormat of the table entries is shown in Figure 1-3. Note that some
tag tables may hold more than one type of tag. Although there are 26
tables, several tables are used as paired tables (see table descriptions)
and so, counting these tables as single multi-word entry tables, we may

consider the compiler tables to be functionally fourteen in number.

The compiler tables, and the manner in which the tags and tables are

used in the compilation process, are briefly described below.

Constant Value Table;

Constant Tag Table: When a constant is encountered in the translation

of a source language statement, it is converted to its equivalent binary
form and entered in the Comstant Value Table. A Constant Tag (K-tag)

is generated, and entered in the corresponding location in the Constant
Tag Table. The Constant Tag replaces the original constant in the string.
The instruction compiled to fetch the constant will be of the form SAi =
K-tag. Constants which are integer or octal in mode, and less than

216

(unless they are subroutine arguments). The instruction compiled for a

-1 in absolute value, are not entered in the Constant Value Table

constant of this type will be of the form SXi = K, where K is the constant
vélue. The Constant Value Table is also used to store format statements
during compilation. The format descriptors are packed in consecutive
words of the Constant Value Table, 10 characters per word, and a Constant
generated and entered in the Constant Tag Table for each word. Sub-
sequent references to the format statement will be compiled with the
Constant Tag associated with the first word of the format statement.

Prior to entering a constant in the Constant Value Table, the table is
scanned to determine if a constant of the desired value has been defined
earlier and, if so, the tag associated with the earlier entry is used

rather than generating a new tag and a new entry.

Temporary Tag Table;

Permanent Tag Table: These tables are most commonly used when a source

program statement references another part of the program which has not
yet been compiled, e.g., a GO TO n statement where statement n has not
yvet been processed. Reference points within the compiled program are
defined by program tags (A-tags). The Temporary Tag Table provides a
means of recording references to points as yet undefined in the program:

The manner in which this is accomplished is illustrated in Figure 1.4.

1-8



— ———

F1dNVX3 :SFTEVL OV ININYNITd 3 JIVEOGIWNIL IO IS

(9vL-v) VL
WV¥00¥d STHL HIIM YHEWNN INIWALVLS HHI OL ONIANOJSTYNOD AWINA
dTIVI OVL INHWALVLIS HHI NI (HVI-H) OVI INIWALVLIS HHI ADVIdTd

dTIVL OVI LNANVRIIJ

JHL NI NOILVDOT ONIANOdSHJI¥0D HHI NI (9V1-V) 9V1 Wvio0ud

HHI ¥AINZ ‘ANNOd NFHM :ITIVLI OVI INIWIIVIS HHL RO¥d QEANIVIEO
(DVL-H) DVI INIWALVIS HHI Y04 TTAVI HVL AIVIOARAL FHL HO¥UVIS

HTEVL OVI INAWILVIS WOYA AMINT ONIANOJSAN™OD 19D ‘annod
NIHM  *YEEWON INIWALVLS SIHL ¥0d FTEVI WHIHON ININIIVLS HOJVES

INIRILVLS SIHL

904 QITIJHOD NOIIONYLSNI ISHId ¥Od (9VL-v) 9VL RVIO0¥d FLVIANED e

QHYEINNOONT ST OT INAWHIVIS NHHM

9VL-H 00%0 ‘NOTLONYISNI ATIAW0OD

(@ a14vi) 479vL OVL INAINVWYEd HHI NI A¥INA ONIANOJSIMMOD HANIASTH
$(0 T9VL) ETIVI DVI AYVIOIWHL FHI NI OVL INIRALVLS STHI YdINA

(7 279V1) FT1EvL HVI INAWAIVLIS FHI NI NOTIIVOOT ONIANOJSHII0D
dHL NI LI ¥HINd ANV (OVI-H) DVI INIWAIVIS V FAIVIANIO

(M 479VL) TTEVI IDRNN INIHALVIS FHL NI uwOTu ¥HINI

ONISSED0¥d INIWIALVLS TVILINI

Ol OL @9

1-9



Function Name Table;

Function Tag Table: When an arithmetic statement function is encountered,

the function name is entered in the Function Name Table, and a Function
Tag is generated and entered in the Function Tag Table. Subsequent
references to this function name are replaced in the string by the
Function Tag. When this tag is processed, instructions are compiled to .
'pass the arguments, and then an RJ F-tag is compiled to enter the

coding compiled for the arithmetic statement £function.

DO Number Table;

DO Parameter Table: When a DO statement is encountered, the statement

number which terminates the DO loop is entered in the DO Number Table.
Instructions are then compiled to initialize the DO index. The address
of the SA6 instruction compiled to store the initial value in the index
(i.e., the index store), and the Variable tags (or comnstants) for the
increment and limit values are stored in the DO Parameter_Table; Each
time a statement number is processed, the DO Number Table is scanned to
determine if the statement number terminates a DO loop. If it does,
the entry in the DO Parameter Table corresponding to the statement number
is obtained, and the limit and increment tags (or constants) used to
compile the index incremént and test instructions. When the index
store instruction was compiled, it was tagged with a Program tag (A-
tag). In processing the statement number which terminates the DO,

the address of the index store instruction is obtained from the DO
Parameter Table entry, and a Pﬂ or NG A-tag instruction compiled to

provide the loop return.

Statement Number Table;

Statement Tag Table: Whenever a statement number is encountered in a

source language statement, it is entered in the Statement Number Table
(unless previously entered), and a tag is entered in the corresponding
entry in the Statement Tag Table. This tag may be a Statement Tag, a
Program tag, or a Constant tag. If the first reference to the state-
ment number defines it (i.e., if it is first encountered in the
statement number field), a Program tag (A-tag) is entered in the State-
ment Tag Table. This Program tag will also be used to tag the first
compiled instruction for the statement which had this number. The case

where the statement number is referenced before it is defined was discussed
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earlier (see Figure 1.4). 1In this case, a Statement tag (H-tag) is.
generated and entered in the Statement Tag Table. This tag is later
equated to a Program tag through the use of the Temporary and Permanent
Tag Tables., If the statement number refers to a format statement, a
Constant tag is entered in the Statement Tag Table. This Constant tag
defines the starting location of the format statement in the Constant

Value Table.

Variable Name Table;

Variable Tag Table: When a variable is first encountered in a source

program, the variable name is entered in the Variable Name Table, and

a tag is entered in the éorre5ponding.1ocation in the Vafiable Tag
Table. If the variable is not dimensioned, a Variable tag (V-tag) is
generated and entered in the Variable Tag Table. If the variable is
first encountered in a DIMENSION statement, an Array tag (W-tag) is
generated and entered in the Variable Tag Table. Should the variable

be an argument in a subroutine, a Program tag is entered in the Variable
Tag Table, This Program tag will indicate where this value is located

in the subroutine argument list which follows the subroutine entry point.

Common Name Table: When a COMMON statement is encountered, it is

entered in the Common Name Table to be subsequently processed when the
END statement is encountered. Common block names appear in the lower

42 bits, while common variable names appear in the upper 42 bits.

Array Tag Table;

Array Parameter Table: When a variable is encountered in a DIMENSION

 statement, the variable name is entered in the Variable Name Table, and
an Array tag is entered in the corresponding entry in the Variable Tag
Table. This Array tag is also entered in the Array Tag Table, while the
dimension parameters are entered in the corresponding location in the
Array Parameter Table (see Figure 1.3 for the format for 1, 2, and 3-
dimensional arrays). If the dimensions are variables, the Array
Parameter Table will contain a Program tag (A-tag) for each dimension
parameter.' This program tag will indicate where this value is in the
argument list which follows the subroutine entry point. If the dimensions
are constants, the Array Parameter Table will contain the values of the

dimensions and (for 3-dimensional arrays) dimension product.,
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Data Statement Table: When a DATA statement is encountered, it is

partially translated (i.e., variables are replaced by tags, constants
are converted, etc.) and entered in the Data Statement Table to be

subsequently processed when the END statement is encountered.

Equivalence Second Name Table;

Equivalence First Name Table;

Equivalence Bias Table: When an EQUIVALENCE statement is encountered,

the variable names and bias values specified in the statement are
entered in the equivalence tables. The equivalence tables are processed

when the END statement is encountered.

Subroutine Name Table;

Subroutine Tag Table; _
Subroutine Parameter Table: When a SUBROUTINE, FUNCTION, or CALL

statement is encountered, or when a function subprogram reference is
found, the subprogram name is entered in the Subroutine Name Table.

A Library tag (L-tag) is generated and entered in the corresponding
location in the Subroutine Tag Table. When the subprogram is compiled,
the length of the compiled code, the total length (including compiled
code, constants, local variables, etec.), the starting address, and the
number of arguments are assembled into a single word and this word is
entered in the Subroutine Parameter Table entry which corresponds to the
subroutine name. The first entry made in each of these tables is for

the main program.

Common Block Table: The Common Block Table is one of the tables in which

entries occupy two consecutive locations. When the COMMON statement

is first encountered, the common name and the block name are entered

in the Common Name Table. During the processing. of the END statément,"
the block name, together with the starting and ending address of the
block, is entered in the Common Block Table in the format shown in

Figure 1.3.

Program File Name Table: When a PROGRAM card is encountered, the argu-

ments on the card are ‘'entered in the Program File Name Table in two

consecutive words., The first word contains the file name and the address



of the CIO parameters for the buffer assigned (the CIO parameters
occupy the first lO8 words of the buffer area). Tﬁe second word of
the Program File Name Table contains the buffer length for the file.
If no buffer length is specified, this length entry is set to 20108.
(This includes the space occupied by the CIO parameters.)

Argument Name Table;

Argument Tag Table: Although the nominal purpose of these tables is to

assist in the processing of arithmetic statement functions, the Argument
Name and Argument Tag Tables serve as compiler utility tables, and are
used for a variety of purposes. For example, these tables are used in
processing the EQUIVALENCE statement, in computing array references, and

in processing the END statement.

While most of the compiler tags define quantities appearing in a source
statement, the program tag (A-tag) is used to define locations within

the compiled objéct code. Dufing the compilation process, the generated
instructions are packed in the upper 30 bits of a word, one instruction
per word. °‘All address fields in the generated instructions contain

tags of various types. When the END statement is encountered, these tags
are replaced with addresses and the object code is then compressed.

When instructions are compiled for a statement which has a statement
number, a program tag is entered in the low-order 18 bits of the word

containing the first instruction compiled for this statement. For

example, a statement such as I 0 might be compiled as

SX6 0
SA6 = V-tag;

o

if it were an un-numbered statement. If, however, this statement had

a statement number, it might be compiled as

SX6 = 0 ! A-tag
SA6 V-tagg

This program tag serves two purposes. First, a source program transfer
of control to the numbered statement will result in the compilation of
a jump instruction in which the address field contains this program tag.

When the END statement is processed and the object code is compressed,
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the program tag in instructions referencing the first instruction compiled
for the numbered statement will be replaced with the address of this

first instruction. Seéondly, since the appearance of a program tag in

the low-order bits of a word containing a compiled instruction indicates
that this instruction is referenced elsewhere in the program,‘the
instruction must be forced to the upper parcel(s) of a word when the

object code is compressed.

Program tags are also used to define subroutine parameters. Since all
tags (with the exception of library tags) are initialized at the beginning
of subroutine compilation, there is a fixed relationship between the value

of the program tag and the parameter niumber, as shown below.

Subroutine Word No. - Contents Program Tag
1 Subroutine Name 100002
2 Number of Arguments  L00003
3 Parameter 1 L00004
4 Parameter 2 100005
n Parameter m. L0000 (M+3)
n+l Entry Line L00001

Since the first six parameters (i.e., argument addresses) of a subroutine
are also passed in a B register, there is a fixed relationship between
the parameter number, the register in which it appears, and the program

tag assigned to the parameter.

Register Associates

To assist in minimizing the number of fetches generated, the compiler
utilizes 19 temporaries called Register Associates. These temporaries
are associated with registers A0-A5, Bl-B7, and X1-X6. As instructions
are compiled for a source language statement, these Register Associates
are updated to reflect the contents which the X, A, and B registers will
have during the execution of the object program. For example, suppose
an SAZ instruction is compiled to fetch a variable. The address field
of the SA2 instruction will contain a variable tag (V-tag) which will be
replaced by an address during‘the processing of the END statement.. When

this instruction is compiled, this variable tag is entered in the X2 and
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A2 Register Associates, indicating that the X2 register contains the
value of the variable while the A2 register contains its address. Before
compiling a subsequent fetch, the Register Associates are examined to
determine if the value is already available or, failing that, if the
address is available and a 15-bit fetch instruction can be generated
(i.e., in place of a 30-bit fetch imstruction). Should subsequent ‘
instructions be compiled which use the X2 register as a result register,

the X2 Register Associate will be cleared.

Compiler Master Loop

The flow chart for the compiler master loop is shown on pages A-1 and
A-2 of Appendix A. The master loop may be considered as being composed
of an outer loop and an inner loop. The outer loop controls program
and subprogram processing, while the inner loop controls statement pro-
cessing. The main functions of the compiler master loop are described
below.
After clearing the Chain and Error indicators, the
compiler calls the peripheral processor package
"CHK" to determine the status of the QUTPUT file.
This status is subsequently used to determine what,
if any, repositioning of this file is required.
The compiler then picks up the field length from
the AO register and, unless a field length of at
least 320008 words was specified, immediately exits.
If the specified field length was adequate, the
Initialize for Input/Output (II0) routine is called
to set up the compiler buffers and to process the
COMPILER " compiler arguments from the RUN card. These
INITTALIZATION arguments aré passed to the compiler in locations
RA+2, RA+3, etc., during the loading of the compiler.
The order in which these arguments appear, and the
value assigned by the compiler if an argument is
omitted, are shown in Figure 1l-5. 1IIO also enters
the string buffer starting address (FL-6000) in the
AO register, where it will remain for the duration
of compilation. Next, the Read Next Card (RNX)

subroutine is called to bring the first card to the
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VALUE IF NOT

SPECIFED
RA+ 8 | LINE LIMIT 200004
‘RA+ 7 | OUTPUT FILE ‘ouTPUT”
RA+ 6 | INPUT FILE NPUT”
ra+5 | BUFFER LENGTH 20104
RA+4 | COMMON LENGTH AS PER MAIN PROG.
RA+3 | PROGRAM LENGTH JOB LENGTH
RA+ 2 | COMPILE MODE 6"
rA+ /| | O 0
RA 0 . 0

NOTE: THE FIELD LENGTH FROM THE JOB CARD IS IN AgON ENTRY.

Figure 1-5
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Card Buffer. This routine is used throughout the
compiler to transfer a card from the Input Buffer

to the Card Buffer and, if the Input Buffer is empty,
to initiate a CIO call to fill the buffer. The
Initialize Prograﬁ Tables (IPT) subroutine is called
to initialize the Library tag, set the Short File
Start and Long File Start, and to set up the Subroutine
Parameter, Common Block, and Program File Name Tables.
These tables are initialized only at the beginning

of compilation: all other tables, with the exception
of the Argument Name and Argument Tag Tables, are
initialized each time a program or subprogram is
compiled. The Argument Name and Argument Tag Tables

are initialized as required.

The Initialize Subroutine Tables (IST) routine is
called next. This subroutine initializes the
remaining tables and tags, and sets A7 to the Short
File Start address. During compilation, the A7
register will always contain the address of the last
instruction compiled and X7 will be used to store
instructions as they are éompiled. (Note: the
return to compile the next subroutine is made to
this point in the master loop.) RNX brought the
first card into the card buffer: this card is

‘ examined to determine if it contains a + or - in

SUBPROGRAM column 1. If it does, then the following program or

INITIALIZATION subroutine is not a source program but a binary deck,

‘ ~ and control is transferred to the END statement
processor Which will load thé binary object deck,
extract any external réferences, and enter theserin.
theSubroutine Name Table. If the first card does

'not contain a + or - in column 1, the Assemble FORTRAN
Statement (AFS) subroutine is called. This subroutine
transfers source cards from the card buffer to the

String buffer, packing one character from the card
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into one word in the string buffer. AFS also trans-
mits the source card to the Output Buffer (via the
WNX routine) for listing. Next, AFS brings the

next card to the card buffer and examines it to
determine if it is a continuation card. If it is,
is also is loaded in the string buffer. If the next
card i1s a comments card, AFS transmits it to the
Output Buffer. This process is repeated until AFS
finds a non-comments, non-continuation card in the

card buffer.

The first.seven lettexrs of the statement assembled in
the string buffer by AFS are examined to determine if
they are ASCENTF, MACHINE, or FORTRAN. If these

letters are ASCENTF or MACHINE, the subprogram mode
indocator (and subsequently the program mode indicator, .
if this is a main program) is set to -2 or -1,
respectively. If these letters are FORTRAN, the next
two letters are examined to determine if they are I1I,
IV, or VI, and the mode indicator(s) set accordingly.

If the card does not begin with ASCENTF, MACHINE, or
'FORTRAN, a FORTRAN IV compilation is assumed. (This
mode is set by the Initialize Program Tables subroutine.)
If these letters appeared on the first card, they are
blanked out and the next seven letters are assembled.
These letters are compared with entries in the table

of Program Title Types: PROGRAM, SEGMENT, SUBROUT,

DETERMINING FUNCTIO, END, and BLOCKDA. If not found in this
COMPILATION table; the letters are examined to determine if they
MODE are the FUNCTION predecessors DOUBLE PRECISION, DOUBLE,

READ, INTEGER, LOGICAL, or COMPLES. If they are, the
function type iﬁdicator is set adcordingly, these
letters are blanked out, and the next seven letters
assembled and checked. The header card is passed on
to the inner portion of the compiler's master loop

for processing. If the card was a PROGRAM card, the
Program/Subprogram Indicator is set to zero: otherwise,

it is set to a non-zero value, This indicator is
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exémined.by the END statement processor to deter-

mine if tags should be replaced by absolute memory
addresses or by memory addresses relative to the start
of the subprogram when subroutines are separately

compiled,

The statement processing portion of the compiler
master loop is now entered. (The program title card,
or header card, is.passed on to this portion of

the compiler master loop for processing.) Various
statement-related flags and indicators are cleared,
and a program tag is generated and saved as the
Current Program Tag. The Get Statement Number (GSN)
routine is called to assemble the statement number,
if any, associated with this statement. Processing
of this statement number will be performed after this

statement has been compiled.

Column 1 of the source card is checked to see if it
contains an F (FORTRAN II external fumction) and,

if it does, the Process Function Name (FUN) sub-
routine is called to process the function. If the
statement is not a FORTRAN II external function, the
first two letters are examined and, if these letters
are DO. If they are, the Sense DO Statement (SDO)
subroutine is called to determine if the statement

is a DO statement and to initiate DO statement
processing. 1If the statement is not a DO statement,
the Sense Formula (SFO) subroutine is called to
determine if the statement is an arithmetic statement
and to initiate arithmetic statement processiﬁg. If
the statement is not a FORTRAN II external functionm,

a DO statement, or an arithmetic statement, the first'

four letters of the statement are assembled and used

to scan a Statement Letter group Table, If the state=-
ment is not found in this table, and the four letters
are not TYPE, a Format Error diagnostic is generated.

If the statement is found in this table, the Current

1-19



Jump and Continue indicators are processed, and a

jump table used to transfer control to the appropriate
statement processing routine. (Note that the

relative location of the statement within the State-
ment Letter group table indicates if the statement

is executable or non-executable.

Statement processing routines generally enter the

Process Statement Number (PSN) subroutine upon com-

RETURN FOR pletion of statement processing, and this routine
NEXT in turn returns control to the compiler master
STATEMENT loop. If the program title card called for a

MACHINE or ASCENTF assembly, the Process Machine/

Ascent Records (MAA) subroutine is called.
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Section 2

. STATEMENT PROCESSING

. INTRODUCTION

At the time the statement processing routine .is entered from the compiler
master loop, the source language statement in the string buffer is packed
one character per word. Most statement processing routines call the
Normalize Statement (TAB) subroutine.  The TAB subroutine (see TAB
description in Section 3) assembles the contents of the string buffer
into a series of words containing variable, constants (which may occupy
more than one word) and separators. The TAB subroutine also enters the
format statement in the Constant Value Table. Next, the Translate
Individual Quantities (TIQ) subroutine is called. TIQ translates the
contents of the string buffer into avsequenée of tags, separators, and
constants which can easily be manipﬁlated by the statement processing

routines. The TIQ subroutine is discussed in Section 3.

There are two indicators which are tested during the processing of most
executable statements as well as in the compiler master loop. One of
these.is the Current Jump Indicator, which is used in the processing of
arithmetic statement functions and logical IF statements. Since arith-
metic statement functions may occur anyplace within the source program,
it 1s necessary to compile a jump over the code generated for a function,.
Therefore, before compiling the instructions for the function, a
Statement Tag (H-tag) is generated and entered in the Temporary Tag
Table; the corresponding entry in the Permanent Tag Table is reserved,
and an 0400 H-tag instruction is compiled for the jump over the generated
code for the function. The Current Jump Indicator is set to the address
of this jump within the compiled code. Similarly, in ‘the case of the
Logical IF statement, a jump instruction over the coding generated for

the TRUE condition must be compiled. In this case, an 0200 H-tag is
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compiled and the Current Jump Indicator set to the address of this jump
instruction. The Current Jump Indicator is carried along during the
processing of non-executable statements and other arithmetic statement
functions. When an executablé statement is encountered, a Program tag
is used to tag the first instruction compiled for this statement. The
éddress contained in the Current Jump Indicator is used to obtain the
jump instruction, and the Statement tag (H-tag) is extracted from the
jump instruction. The Temporary Tag Table is then searched for the
entry containing this tag, and the Program tag (A-tag) entered in the | i
corresponding location in the Permanent Tag Table, t@us equating the
two tags. The use of the Current Jump Indicator is illustrated in

Figure 2.1.

A second indicator which must be examined when a statement is compiled
is the Continue Indicator. If a CONTINUE statement is encountered which
does not terminate a Db loop, the Continue Indicator is set., This
indicates that the A-tag which otherwise would be generated for the
CONTINUE stétement is instead to be assigned.to the first executable
statement following the CONTINUE statement. This is accomplished by

the compiler master loop which, during the initialization performed for
each statement, geherates a Program tag and enters it in the X7 register,
thus tagging the first instruction compiled for the next statement. If
'the‘Continue Indicator is set, this tag is left in X7 for subsequent
processing. If the Continue Indicator is not set, the X7 register is

cleared before a transfer to the statement processing routine takes place.

HEADER CARDS ‘ 1 _
Five different types of header cards are acceptable to the FORTRAN compiler:

PROGRAM, SEGMENT, FUNCTION, SUBROUTINE, and BLOCKDATA. All but the last

may have formal parameters included on the card. BLOCKDATA is a special

type bf;subprogram which contains only declarative statements. PROGRAM
and SEGMENT are closely related because the name appearing on the card

of éither is the identifying name of file on the disk containing the
object program as the first record. Each of these files may‘contain many

SUBROUTINE and/or FUNCTION subprograms.
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PROGRAM and SEGMENT differ in that numbered or blank common and the I/0
buffers are initialized with a PROGRAM declaration but not with SEGMENT.
Both are compiled to be read in from the disk beginning at RA. Any SEGMENT
called will completely overlay the main program and its subroutines, but
the I/0 buffers and common will not be disturbed. A SEGMENT may be called
repeatedly by any other segment or from the main file, and arguments may be
transferred through COMMON. Any SUBROUTINE or FUNCTION referenced within a
SEGMENT must be compiled with it because no portionAof the main program or
previous segment is available for use. The maximum number of I/0 files re-
ferenced by the main program or any segments called must be declared on the
PROGRAM card because only in this way is the buffer reserved for the file,

All segments to be chained must be compiled with the same file names.

If no length is specified on either the RUN card or PROGRAM card for the
buffers, then 20108 words are reserved for each file declared. An individual
buffer length may be specified on the PROGRAM card which will override that
specified on the RUN cérd, but neither length may be less than 10018 words.
Equivalenced files will utilize the same buffer. Instructions are compiled
to initialize buffer parameters, to set unused memory space to indefinites
and blank or numbered common area cleared to zero upon encountering the

PROGRAM card.

The mode of the FUNCTION is set from the preceding type declaration or by
checking the first character of the name. This mode must agree with the

type from a previous reference or the diagnostic "FUNCTION TYPE ERROR"
results. An "ARGUMENT COUNT ERROR" identifies a previous call requiring
more arguments than are béing compiled. All arguments on a SUBROUTINE or
FUNCTION card receive a location tag pointiﬁg to a reserved word beginning at
the third relative word of the subprogram. Since the addresses of the first
six arguments are passed to the subprogram via index registers Bl1-B6, instru-
ctions are compiled to pack the address, three per word, into two temporary
words. Bl and B4 occupy the lower 18 bits of the two words with B2 and B3
packed in the next 18 bit portioms of the first word. B5 and B6 reside in

the second word in the same relation as B2 and B3.

A more detailed discussion of this initialization process is contained
in the Process Name and Arguments (PPG) subroutine description in

Section 3.
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DO STATEMENT PROCESSING

In initialing the processing of a source language statement, the compiler

master loop checks the first two letters of the FORTRAN statement to

" see if they are "DQ". If they are, a routine called Sense DO Statement
(8DO) is called to determine if the statement is actually a DO statement.
The basic steps performed by SDO are tabulated in Figure 2.,2. SDO

scans the first part of the statement to determine if it has the sequence

[DO] [number} [variable] [=]

If this sequence is found, SDO scans the Variable Name Table for the
variable and, if found, examines the cérre3ponding tag from the Variable
Tag Table to determine if the mode indicator for the variable is a 2
(integer mode). If the variable is not in the Variable Name Table, the
first letter of the variable is checked to determine if it is I, J,

K, L, M, or N, If the above sequence is found, and if the variable is
an integer variable, SDO assumes that the statement is a DO statement,

and proceeds with DO initialization processing.

The TAB subroutine is called to normalize the statement. Since executable
instructions will be compiled to initialize the DO loop, the Current Jump
and Continue indicators are processed. If the DO statement itself was
numbered, a Program Tag (A-tag) is entered in X7 to tag the first
executable _ihstruction of the DO statement. Next, the TIQ subroutine

is called to translate the statement into a sequence of separators,

tags, and constants. TIQ will make any necessary entries in the

Variable'Name and Constant Value Tables.

The CDI (Compile DO Initial Iﬁstructions) subroutine is then called to
compile the DO loop initialization instructions. The basic steps
performed by this routine are illustrated in Figure 2.,2. CDI enters
the statement number (of the DO termination statement) in the DO Number
Table (Table G), and then examines the string entry for the initial
value (i.e., nl) to determine if the initial value is a variable or a
constant. If the initial value is a constant, CDI compiles an SX6 = K
instruction to set the initial value. Should the initial value be a

variable (i.e., as indicated by a variable tag in the string) CDI calls
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P the CIR (Compile Read Instructions) subroutine to compile a fetch instruction
for the initial value. It is possible that the variable used as the

initial value may (at execution time) be available in an X register.

In this case, CIR will not generate a fetch instruction, but will supply

CDI with the number of the X register in which the variable can be found

at execution time. Whether or not a fetch instruction had to be compiled,
CDI next compiles a BX6 = Xi instruction to bring the initial value to a

write register.

CDI next compiles an SA6 = Variable Tag instruction to store the ihitial
value in the index location. A program tag (A-tag) is set in the lower
half of the word in which this compiled instruction is stored, since
this instruction is the return point from the bottom of the DO loop.
Next, CDI examines the string to determine if an increment has been
specified. If an increment has not been specified, the increment value
is set to 1. If there is an increment entry in the string buffer, CDI
examines the entry to determine if it is a variable tag for an integer
variable or a constant. If it is not, an error exit occurs. The limit
field is similarly checked. An example of the initial code compiled

for the DO is shown in Figure 2.3.

Finally, CDI assembles the address of the index store instruction, the
increment tag or constant, and the limit tag or constant into a single
word (see Figure 1-3 for the format), and enters this word in the DO
Parameter Table, (Table H). When the statement number of the statement
which terminates the DO loop is encountered, these parameters will be
used to compile the index test instructions. Processing of the DO

1s now complete, and so CDI jumps to PSN (Process Statement Number) to
process the statement number, 'if any, associated with the DO statement,
and from there control is returned to the compiler master loop for

processing of the next statement.

Each time the compiler master loop processes a source statement, it calls
the GSN (Get Statement Number) to perform the initial statement number
— processing. GSN determines if the statement which is about to be
| processed has a statement number, and, if so, extracts this statement
number from the string buffer. GSN then scans the Statement Number

Table and the DO Number Table for this statement number: if the
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