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GENERAL DESCRIPTION OF COMPILER

Summary

1700 Mass Storage Fortran is oriented toward the
users of medium-sized 1700's. Input is from
punched cards or paper tape; output is on a
printer or paper tape punch and is formatted
accordingly. Card-image input and line-image
output may be on magnetic tape. Intermediate
scratch files are on the disc. 1700 Mass Storage
Fortran is released in versions for 16K or 20K
machines, and runs under the Mass Storage Operat-
ing System,

The compiler consists of four passes over the

source code or its equivalent, accomplished in

four phases, called A, B, C, and D/E. (The

fourth pass is performed by either Phase D or

‘Phase E, according to whether the user wants an
assembly-language listing output.) Each phase

consists of a "root" which is core-resident

throughout the phase, and zero or more "local" e
subroutine groups which share the same core area

and are read from disc as needed.

Phase A Tasks

These tasks read the source input, convert it to
statements expressed in an internal code, and assign
a statement number to the statement.

The statements are syntax checked and itemized

into an output file. The loop structure table
(LOOPT), equivalence table (IEQV), specification
table (ISTAB), and much of the symbol table (SYMTAB)
are builék,

Phase B Tasks

PHASE B reads the output of PHASE A and generates
pseudo-code from it. Pseudo code is similar to
assembler input except that the index to be used
in an indexed instruction is not specified and the
addressing mode is not specified.
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1.4 Phase C, D, E Tasks

Phases C and D/E are a two pass assembler. The
output from Phase B iz read. Index registers are
optimally assigned. One word relative addressing

is maximized. Relocatable binary output with futures
and an assembly listing are produced.

1.5 Partial Compilation In Special Cases

The number of phases actually executed depends on
the options selected and success of the compila-
tion., If only a source 'isting is requested, only
phase A 1s executed; this provides a complete

syntax check without producing machine code which

is not wanted. Similarly, only phase A wiil be
executed 1f it detected a fatal error in the pro-
gram; a fatal error, by definition, precludes the
generation of correct machine code, so there is no
reason to generate the code. A third abbreviation
of the compilation process occurs with stacked
compilations when the 'X' option is selected but the
'A', "™M', and 'P' options are not. Detection of a
fatal error in a program clears the 'X' option for
the stack, and therefore all following programs will
be processed only by phase A.

1.6 Local Optimizations

Many local optimizations of the code generated have

been implemented.

1. Index registers are optimally assigned.

2. Relative addressing is used where possible.

3 Storage is allocated to maximize relative
addressing. For example, some arrays are
put into the middle of code.

4. All simple FORTRAN provided functions are
inserted in-line (e.g., IABS or AND).

5. A comprehensive analysis of IF statements 1is
made. In the code generated there is cogni-
zance of a transfer from the IF to the label
of the next statement and if this statement is
a @0 TO.

CA 11687 REV 10-67
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Special
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Subroutine
Subroutine
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GNST
TYPE
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PLABEL
RDLABL
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QUTENT
ENDDO
SAVEID

SYMBOL
STORE
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CNVT
SYMSCN

Processing Routines

GETF
GETC
GPUT

Function IGETCF

Subroutine

Subroutine
Subroutine
Subroutine
Subroutine

STCHAR

Field Analyzing Routines

CONSUB
CFIVOC
CKIVC

CKNAME

Handling Routine

Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine

DIAG
CONV
PACK
PUNT
PRNTNM
IOPR

DIMENSION Statements - Subroutine DIMPR

COMMON Statements - Subroutine COMNPR
TYPE Statements - Subroutine TYPEPR
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2.4.4 BYTE, EQUIVALENCE Statements - Subroutine
BYEQPR

2.4.5 SUBROUTINE, FUNCTION Statements - Subrou-
tine SUBPPR

2.4.6 DATA Statements - Subroutine DATAPR
2.4.7 FCRMAT Statements
2.4.7.1 Subroutine CHECKF
2.4.7.2 Subroutine FORK
2.4.7.3 Subroutine FGETC
2.4.8 ASSEM Statements — Subroutine ASEMPR
2.4.9 ASSIGN Statements - Subroutine ASGNPT
2.4.10 EXTERNAL & RELATIVE Statements - Subroutine

EXRLPR
2.4.11 REWIND, ENDFILE, BACKSPACE Statements -
Subroutine ERBPR
2.4.12 READ, WRITE Statements - Subroutine IOSPR
2.4.13 DO Statements = Subroutine BDOPR

3.3 Special Subroutines for Common Allocation

3.3.1 Subroutine ARAYSZ
3.3.2 Subroutine CPLOOP

3.4 Arithmetic Expression Processors
3.4.1 ARITH
3.4.2 SUBSCR
3.4.3 TREE
3.4.4 MODMXR

CA 138-1 REV 10-87
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Summary

The driver {FTN} is entered by the Job Processor control
statements. The driver indirectly calls the Phase A
main program {PHASEA}. The source lines are read in
formatted ASCII- converted to statements in an internal
codes given a sequential statement number. and stored

in the buffer ISORS {routine GNST}. The statement type
is computed {TYPE}. The statements are sent to their
appropriate processorsa syntax checkeda itemized into

an output buffer {see 7.5}s1 and output {routine OUTENTZ}.
Upon encountering the first executable statement {or

an END statement}. the EQUIVALENCE statementsa which

are in a tabulated form in core. are processed and the
IEQV table is formed {routine PEQ@VS}. C(ontrol is re-
turned to FTN through the routine GOA. which either
proceeds to read in and execute Phase Ba or restarts
Phase A to read the next source program. o

ey
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2.2 OVERLAY PROGRAMS

Each phase consists of a main section, or
'root', which is resident in core during the
entire execution of its phase, and, if neces-
sary, a number of subroutine groups, or

'local files', which are read in from the

disc as needed. The local files overlay one
another in core and are so programmed that

they are 'read-only'... no program in a

local file contains variables which are carried
over from one call to the next, so the i 'le

may be overlaid by another and recalled later
without being saved in the meantime. (Some pro-
grams which are in local files do have vari-
ables which must be preserved; these vari-
ables are placed in blank common, which is

not overlaid during a phase.) 1In effect, the
local files are an extension of the phase
concept, except that a program in one local
file can, with certain restrictions, call

one in another local file of the same phase.

2.2.1 FLOW OF CONTROL

The compiler is entered by calling the relocatable
program FTN from the system library. FTN in
turn calls the file FORTAl from the library
and transfers to the first instruction of the
routine GOA. From this point on control is
transferred by normal calling sequences from
GOA to the main routine of phase A, PHASEA,
and to various subroutines. When it is neces-
sary to use a routine in a different local
file, the subroutine LOCAL is called, giving
file number and entry number within file.
LOCAL reads the overlay portion of the speci-
fied file into the overlay area. The overlay
portion of each file begins with a list of

the addresses of its entry points; LOCAL
transfers to the n'th address in the list for
the new file. When the routine thus called
returns to LOCAL, LOCAL reads the original
calling file back in and returns control to
the program which originally called . it. (In
the 20K compiler, most calls are from PHASEA,
in the root, to local subroutines. In this
case, i1f the desired subroutine is already

in core, LOCAL is bypassed; if not, the routine

CA 138-1 REV 10-67
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C

is read and called by LOCAL, but when it
returns, its file is left in core. Inter-local
calls... between IOSPR and ARITH, and between
ARITH and MODMXR... are handled as in 16K.)

The local-file mechanicm is generally trans-
parent to the compiler programs.

At the end of phase A, the main routine (PHASEA)
returns to GOA, which in turn returns to FTN.
FTN reads in the first file of the next phase
(FORTB1l) and jumps to GOB. There are similar
linkages from phase B to C, and from C to D or
E.

In the event that compilation should be aborted
after phases A or B (see section 1.5), a call

is made to entry SKIPIT in subroutine GOA or

GOB. SKIPIT causes an alternate return from

GO to FTN, such that FTN re-initializes itself
just as though phase D/E had just been completed,
and reads FORTAl to start compiling the next
program (if any) on the input stack.

The choice between sub-phases D and E is based
on the user-selected options; D is used unless
an assembly-language listing is requested (A or
M option). In the 16K compiler, FTN always
reads FORTD1l at the start of phase D/E, and the
phase D/E local routine decides whether to use
the D or E local routines. (The D and E roots
are identical.) In the 20K compiler, GOC

tests the options and makes an alternate return
to FTN such that FORTDl or FORTEl is read.

2.2.1.0.1 FLOWCHART OF PROGRAM FTN
2.2.1.1 VERSIONS OF 'GO' ROUTINE

In each phase, the subroutine GO is called by
FTN; it calls the initialization entry of the
I/0 package, then the main routine of the phase;
then performs some I/0 clean-up and returns to
FTN. In addition to this, each GO has special
functions which will be detailed below.

CA 13R-1 REV 10-67
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GOA checks a flag set by FTN, to determine
whether this is the start of a stacked compila-
tion; if so, it STATUS'es the list device and
sets a flag telling whether the device can
accept standard carriage control; and it calls
OPANAL to request options from the typewriter.
If this is not the start of a stack, the first
source statement is read and checked for being
a MON; this saves rebuilding the phase A local
files just to read a MON. (The statement, if
not a MON, is left in the input work area for
later processing by GNST.) Whether or not
this is the start of a stack, the phase A
local files must then be prepared. (A flag
is tested to determine whether the files are
still intact in the disc scratch area, as they
would be if phase B had not been called; if
so, LOCALS is called at entry LOCLZ2, rather
than LOCLI2, to just rebuild tables in core

: rather than rebuilding the scratch area.)

(‘ PHASEA is then called. It will either return

_ normally, or call SKIPIT; GOA's return address

is adjusted accordingly. The WRITE entry in
IOPR is called to force out the last scratch
page, and GOA returns to FTN.

GOB clears the flag which indicates that the
phase A local files are intact in the scratch
disk area; interchanges the scratch file num-
bers so that the phase A output file becomes
the phase B input file; in the2.0A version,
causes the phase B local files to be generated;
calls phase B; and upon return, finishes the
phase as GOA did.

GOC, in thep2.0A version, is similar to GOB.

In the 2.0Bversion, after return from PHASEC
(There is no SKIPIT entry) it chooses alternate
returns to FTN depending on whether or not the
A and M options are selected.

GOOD and GOE are identical to one another in
function and are similar to GOB. However,
after return from the main routine (PHASE®6),
there is no scratch page to be output; and, if
‘ the list device is a magnetic tape, an end of
(M\ file is written.

CA 138-t REV 10-87
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The load-and-go file is built at the start of
~ the scratch disk area, if the X option was
specified, by the phase D/E routine NPUNCH.
The compiler's scratch area "floats" on the
growing load-and-go file; at the start of
each compilation, GOA saves the address of the
top of the file from the communication area
in low core, and at the end of each compilation
GOOD or GOE adds to that wvalue the length of the
current load-and-go output. (Also see dis-
cussion of disk allocation in description of
subroutine IOPR.)

FLOWCHARTS OF SUBROUTINE GO
VERSIONS OF 'LOCAL' ROUTINE

References to non-resident subroutines (in
phases A, B, D and E of the 2.0A compiler and
phase A of the 2.0B pass through the subrou-
tine LOCAL. Subroutines to be placed in

"local files" are written so that any variables
which must be preserved between calls are plac-
ed in blank common, so that the routine can be
overlaid without first being saved. The non-
resident routines are then grouped in files on
scratch disk, and references to them are inter-
cepted by dummy routines which call LOCAL.

That routine reads the file containing the
called routine, executes that routine, and
returns control to the dummy's caller.

At the start of a phase containing local sub-
routines, the entry LOCLI3 is called; it trans-
fers the local files from the library to scratch
disk, so that they can be referenced directly
rather than via GTFILE. Each file so transferred
contains: (1) one word containing the address

of ENDLOC, a dummy routine loaded at the end

of each file so that the file length can be com-
puted; (2) a list of words containing the address
of each "entry point" of that file; and (3) the
absolutized subroutines of the file.

A call to a local subroutine not presently in
core goes through a dummy routine and becomes a
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call to LOCAL with a file number and entry number. The
present state of the overlay system is saved in a number
of pushdown stacks. The desired file is read into the
overlay area and the desired entry point is called. If
that program causes a LOCAL callas the state saving and
file reading is repeatedi the number of levels of call
allowed is limited by the size of the pushdown stacks.
Upon return from a local filea the stacks are popped up
one level. The calling file is read back in {except-

in 2.0B+ if the call was from the root}s and the calling
program is returned to.

A "flag™ paramter is provided in LOCAL and has three
quite different uses in different versions of the routine.

In 2.0A phase Aa FLAG=1 means that the calling file has
finished executions and need not be read back ins for
example- PHASEA in file Al calls ARITH in file A23 just
before returnings ARITH calls TREE in file A3% and just
before returnings TREE may call MODMXR in file Ak.

There is no reason to reload TREE and ARITH after MODMXR
is dones so the stacks are popped up three levels and
control goes directly from MODMXR to PHASEA.

In 2.0A phase B+ parameters must be passed to local
routinesi heres FLAG=l means that the following word is
a parameter address to be passed on-.

In 2.0B phase A. almost all calls are from PHASEA in the
roots to local routinesi there FLAG=1l signals the case
of a local-to-local calls where a different algorithm

is needed to find the proper return address.

In the 3.0A and 3.1LA complilers routines STCHAR and GETC
must be loaded at the same point in files FORTAlL and
FORTAL in order to have externals in SAVEID patched prop-

erly for both files. This is accomplished by a small
BSS in DUMYAL which is followed immediately by ERBPR to
equal the length of DUMYAL.

Flowcharts of the "Local™ Subroutines
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2.2.2

PHASEA
Phase A operates as follows:

. " Perform PHASEA Initialization.
. Read a statement.

Process the label.

Determine statement type.

G W

a. calling the particular processor if the
statement type is not to be processed in
PHASEA, or -

b. branching to the in-line processing of the

statement type in PHASEA.

6. Repeat the procedure from step 2 to step 5
until an END statement is reached. Upon the
occurrence of an END statement, exit from
PHASEA.

2.2.2.0.1 PHASEA Initialization

2.2.2.0.2

CA 138-1 REV 10-67

The initialization procedure for PHASEA operation is
described in detail in the flow charts for PHASEA.
The Phase A Block Data routine contains all data
presets for labelled common.

Reading Statements

Each FORTRAN source statement is assigned a statement
number by the PHASEA routine. ISTNO is the name of a
register which contains the number of the statement
about to be read and processed. ISTNO is set to

zero by Initialization. It is then increased by 1
prior to reading each source statement. In this manner
ISTNO contains the number of each source statement at
the time it is to be read. A source statement is

read by a call to the routine whose name is GNST. (See
item 2.2.2.1)

Branch to process the statement type by either
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Format of Input Entry

The GNST routine will read a source statement from a
card and store it in its intzarnal buffer {ISRS}. The
characters which make up the scurce statement are
recorded in the ASCII code as follows:

Character ASCII Code
Digits: 0-9 30 - 39
Letters: A-Z $4L - %5A

Special Characters
Dollar Sign % $24
Period . s2F
Plus + 2B
Minus - 52D
Equal Sign = 3D
Left Paren { 528
Right Paren % $29
Comma 2 $2C
Slash / s2F
Asterisk X 52A.
Space %20
Statement Terminator 520
Single Quote ' $27

The GNST routine will convert the code for each character
of the statement from ASCII to Internal FORTRAN. The
Internal FORTRAN code is as follows:

Character Internal FORTRAN Code
Digit: 0-9 0 - 9
Letter: A-=Z 10 - 35

Special Characters )
Dollar Sign 3k
Period 37
Plus 38
Minus 39
Equal Sign 4o
Left Paren 4L
Right Paren Y2
Comma 43
Slash 4y
Asterisk ‘ 45
Space 4k
Statement Terminator y?
~ Single @uote - 48

Following the code conversionsa the entire statement
is transferred to the source buffer {ISORSY}. The
buffer which is internal to the GNST
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routine and the source buffer are defined in the source

language of the compiler by COMMON statements. The name

of the source buffer is ISORSa. and its length is 208.
Upon return from GNSTa ISORSX contains the number of
words in the source statement.

Processing Label

The PHASEA subroutine will call the subroutine whose
name is PLABEL. This subroutine will determine whether
or not there is a label ands if soa. process it.

Identifying Statement Type

The type of the source statement currently being pro-
cessed is determined by the subroutine whose name is
TYPE. Upon return from the subroutine TYPE. an identi-
fying number giving statement type is recorded in the
third word of the output buffer. {Refer to items
2.2.2.0.k.2 and 2.2.2.0:k-2.1%}.

There are 47 type numbers used to identify FORTRAN
source statements:

Type Number Statement

0 DIMENSION

1 COMMON

2 INTEGER

3 REAL

4 INTEGER FUNCTION

S REAL FUNCTION

b PROGRAM

? SINGLE

8 BYTE

9 SIGNED BYTE
10 EXTERNAL
11 RELATIVE
12 EQUIVALENCE
13 BLOCK DATA
Iy SUBROUTINE
15 FUNCTION
1k DATA
17 FORMAT ,
18 Replacement statement
19 Statement function
20 ASSIGN
21 CALL '
22 RETURN

i:ﬁ

L 4
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23 NOT USED

24 UNCONDITIONAL GO TO

25 COMPUTED GO TO

2k ASSTGNED GO TO

27 CONTINUE

28 STOP

29 STOP n

30 PAUSE

31 PAUSE n

32 END

33 END FILE

3y REWIND

35 BACKSPACE

3k READ {unformattedl}

37 READ {formatted}

38 WRITE {unformatted?

39 WRITE {formatted}

4o BEGIN DO

Ul END DO

42 ARITHMETIC IF

43 LOGICAL IF

4y ASSEM

us5 OPEN

g DOUBLE PRECISION

Y DOUBLE PRECISION FUNCTION

2.2.2.0.6 Branching to Process Statements

Branching to process a statement is accomplished by
means of a Computed GO TO statement in which the index
ITEMPX contains the type number +1 for the FORTRAN
source statement. A jump is -made to a particular
statement number in the subroutine depending on the
value in ITEMPX. After processing each statement. a
test is made to see if the statement has a label. If
the source statement does have a labels a call is made
to the ENDDO subroutine. If this statement label
terminates a D0 loopa ENDDO will generate the necessary
intermediate language for the D0 loop termination
procedure. Prior to calling ENDDO. the statement label
is recorded in ILLABL.

2.2.2.0.b.1 Statements Not Processed in the PHASEA Routine
Each of these statements is processed by a call to its

processor subroutine. The call is made from PHASEA
subsequent to branching.

CA 138-1 REV 10-87
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.

Source Statement

DIMENSION
COMMON

SINGLE

INTEGER
INTEGER FUNCTION
REAL FUNCTION
REAL

BYTE

SIGNED BYTE
EXTERNAL
RELATIVE
EQUIVALENCE
FUNCTION
SUBROUTINE
DATA

FORMAT

ASSIGN

CALL

ENDFILE

REWIND
BACKSPACE

READ unformatted
READ formatted

"WRITE unformatted

2.2.2.0.5'2

WRITE formatted

DO

ASSEM

OPEN

DOUBLE PRECISION

DOUBLE PRECISION FUNCTION

Statements Processed in the PHASEA Routine

Subroutine called

DIMPR
COMNPR
TYPEPR
TYPEPR
SUBPPR
SUBPPR
TYPEPR
BYEQPR
BYEQPR
EXRLPR
EXRLPR
BYE@PR
SUBPPR
SUBPPR
DATAPR
CHECKF
ASGNPR
ARITH
ERBPR
ERBPR
ERBPR
IOSPR
IOSPR
IOSPR
IOSPR
BDOPR
ASEMPR
IOSPR
TYPEPR
SUBPPR

from PHASEA

Several statement types are processed in the PHASEA
subroutine. These are PROGRAM+ BLOCK DATA. RETURN-

GO TO+ IF+ CONTINUEa. STOP. PAUSEa. replacement statementsa.

statement functionsa and END.

2.2.2.0.b.2.1 Progranm

CA 1381 REV 10-67

The PHASEA routine verifies the correct format of the
statements then records the name of the program in the
name. In the event of a
format errora. an indication is made by a call to the
DIAG subroutine. The PHASEA subroutine then reads and
processes the following source statement.

symbol table as a progran

AW

'



CONTROL DATA CORPORATION

LA JOLLA RESOURCE CENTER DIVISION
(  oocument cLass NS ‘ PAGE NO. 2=25
“ PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUCT MODEL No,__€003%3-1 A/B MACHINE SERIES 1700

2.2.2.0.k.2.2 Block Data

The PHASEA routine verifies the correct format of the
statement. In the event of an errora an indicatinsn
is given by a call to the DIAG routine. The suitch
named ISUBP is set to a 1" to indicate the compilier
will generate object code for COMMON. DATA+ BYTEa
EQUIVALENCE & DIMENSION statements only-.

2.2.2.0.k.2.3 Return

A RETURN statement is legal only if the source program
is either a FUNCTION or SUBROUTINE. If the RETURN
statement is used 1legallys the intermediate language
is passed on for processing by a subsequent phase.

If the return statement is used illegally- an error
diagnostic is produced by a call to the DIAG subroutine.
A STOP statement is substituted for the RETURN statement
a and it is passed on as intermediate language to be
( ’ processed by a subsequent phase.

2.2.2.0.6.2.4 GO TO
The 60 TO type is determined. Depending on the typea

the statement is syntax checked and converted to list
notation. Computed 60 TO causes a call to ARITH.

CA 138-1 REV 10-87
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2.2.2.0.6.,2.5 IF

For both logical IF and Arithmetic II" state-
ments, the expression in parentheses 1is oro-
cessed by a call to the ARITH subroutine. After
this call if the statement is an arithmetic i¥F,
PHASEA will process the three statement labe’s
following the arithmetic expression in the
source statement. Statement labels following
the expression must be separatcd Lrom cach

other by commas, and the last one must bte follow-
ed by an EOS. There must be exactly 3 state-
ment labels in an Arithmetic II' statement. The
statement labels are processed as follows:

PHASEA calls the RDLABL subroutine in
order to extract  the statement labrl
from the source buffer. If iLhe stato-
ment label does not appear in the syn-
bol table, it is entered therein by
a call to the STORE subroutine. Upon
return from STORE, the entry in the

- symbol table is assigned the classi-
fication for a statement label bv -

7 —=> ICLASS (ISYMX)

An entry is made into the output when the point-
er to the symbol table entry is recorded as
part of the intermediate language by -

(ISYMX) + (ISYMP) ——=» IBUF2(ITEMP1)

(Upon return from ARITH and prior to processing
the 1lst statement label, the tally register

IBUF2X was recorded in ITEMPl. IBUF2X was

then increased by three for the three extra

words of intermediate language generated in IBUF2).

After all the labels are processed, WORD 1 of
the output buffer is set to the word length cf
the output buffer by -

(IBUF2X) - 1 —= IBUF2(1).

The PHASEA subroutine will check for and give
diagnostics upon occurrence of any of the
following errors:
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1., There are either fewer than or more than
three statement labels following the express-
ion in an Arithmetic IF statement.

2. A character other than a comma has occurred
between two statement labels.

3. A character other than an EOS follows the
last statement label.

4, Two commas have occurred consecutively in
the source statement with no statement label
between.

Each of the above errors will cause processing of the
Arithmetic IF statement to be terminated.

The LOGICAL IF statement is broken into two state-
ments by the PHASEA subroutine. Only the first of
the two subsequent statements is assigned a state-
ment number. There is an output entry generated

for each statement. WORD 2 of the lst output entry
contains the statement number for the LOGICAL IF
statement. A switch named LOGIF is at all times set
to the zero position except -

1. it is set to a "1" when processing the 1lst
half of a Logical IF statement, and -

2. it is set to a "2" when processing the
second half.

The second of the two statements may be one of the
following:

REPLACEMENT
CALL

GO TO
STOP
PAUSE
RETURN
READ
WRITE
ENDFILE
REWIND
BACKSPACE

The switch named LOGIF is at all times set to zero
except when processing a statement whose type number
identifies the statement as a Logical IF. Upon receipt
of a Logical IF statement, the LOGIF switch is set

to a 1. The input entry containing the Logical

IF is passed as intermediate language. If the state=-
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ment has a label, the label is recorded temporarily
in ITEMPY9, otherwise, (ITEMP9) = 0.

The second half of the logical IF statement is maved
to the beginning of the ISORS buffer so that it
appears to the PHASEA routine as an independent
statement. PHASEA then branches to the point just
after the call to GNST.

When the following statement is processed, it is
recognized as the 2nd part of a Logical IF by the
fact that - (LOGIF)=1.

" The input entry for the 2nd part of the Logical IF

is passed on as intermediate language for process-
ing by a subsequent phase in the same manner as

for the 1lst part. Afterward, the switch LOGIF is

set to a 2. Then if (ITEMPY9) # 0, the label in
ITEMPY9 is placed in ILLABL and a call is made to the
ENDDO subroutine. If this statement label is associ-
ated with the end of a DO loop, ENDDO will generate
the necessary intermediate language for termination
of the DO loop procedure. PHASEA will then process
the next statement in sequence. If (ITEMPY9) = 0,
PHASEA proceeds immediately to process the next state-
ment in sequence.

The LOGIF switch will be reset to a zero when pro-
cessing the next statement in sequence.

2,2.2,0.6.2.6 CONTINUE

A CONTINUE record is output. (See Output Format,
Phase A, Chapter 7, section 7.5).

2.2.2,0.6.2.7 STOP

PHASEA determines whether or not the STOP statement
is a
STOP n
in which "n" represents an octal integer, followed by
a legal terminator (EOS character). One of the follow-
ing three events will occur:
1. The statement is not a

STOP n

and the intermediate language will be passed

CA 138-1 REV 10-87
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on for  ressing vy a subsequent phasc.

2. The statv- ment 1s o
STOP n

where "n" 1is an octal integer followed by
a legal terminator. The type number in
word 3 of the output buffer is changed to
type number for a STOP n by -

IBUF2(3)+1 —= IBUF2(3).
3. The statement 1s a
STOP n
where either "n" is something other than
an octal integer or an octal integer - . ow-

ed by something other than a isgal ter:. 'nator.
An error diagnostic is produces by a call to

the DIAG subroutine. The int rmadiate
language for the statement is - ¢ or.
PAUSE
PHASEA determines whether or not the P77 «iatoment
is a
; PAUSE n
in which "n" represents an octal integesr, fo: o ..d

by a legal terminator (EOS character). One o7 the
following three events will occur:

1. The statement is not a
PAUSE n
and the intermediate language will be
passed on for processing by a subsequent
F'nse.

2. 72 statement 1is a

PAUSE n
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wherein "n" is an octal integcer followed

by a legal terminator. The type number in
word 3 of the output buffer is changed to
the type number for a PAUSE n by =

IBUF2 (3)+1 —> IBUF2(3).

The octal integer is recorded as the last
word of the output entry for the state-
ment., ' The intermediate languagce for the
statement will be passed on for process-
ing by a subsequent phase.

3. The statement is a
PAUSE n

wherein either "n" is something other than

an octal integer or an octal integer fcllowed
by something other than a legal terminator.
An error diagnostic is produced bv a cell

to the DIAG subroutine. The intermedicte
language for the statement i1s passed or..

2,2.2.0.6.2.9 Replacement Statements and Statement Functions

CA 138-1 REv 10-67

PHASEA reads the first field of the statement using
GETF. If the field is not a variable, array, or
unassigned name, an error is output and the state-
ment ignored up to the equal sign.

If the field is a legal name, it is entered in SYMTAB,
if not already there.

The field terminator is then checked. If the tor-
minator is neither a left parenthesis nor an c(qual
sign, an error is output and the statement igno:rad
up to the equal sign.

If the terminator is left parenthesis and the name
has not yet been classified as a variable or arr-ay
and we have not yet encountered the first execu-
table statement, the name is assumed a statement
function. The initial part of the output entry is
set up in IBUF2 accordingly, and the function para-
meters are entered in SYMTAB.

If a statement function is illegal at this poin: in
the program or the name has previously been determined

!:ﬁ

A ™

C
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a variable or array, PHASEA resets ISORSX so that
the first field will be reprocessed and calls

ARITH to process the information to the left of the
equal sign (ISTOP =2).

After ascertaining in all cases that ISORSX is
positioned to the field immediately following the
equal sign PHASEA recalls ARITH to process the
information in the statement to the right of the
equal sign (ISTOP = 0).

Upon return from ARITH, PHASEA voids the SYMTAB
entries for statement function parameters if it
has been processing a statement function.

END

If the program being compiled is a main program, a
check is made to see if a 'last executable statement®
must be generated. If the type number of the pre-
vious statement (stored in LEST) is not one of the
following, PHASEA will generate the 4 word output
record for a STOP statement:

GC TO
STOP
Arithmetic IF

If any DO LOOP remains 'open', that is, if the label
terminating any DO loop has not been encountered,

a fatal diagnostic is generated. A CONTINUE state-
ment is generated in IBUF2 and a call to ENDDO is
made for each missing label.

An output record for an END statement is generated
and output. Then CPLOOP is called to assign relative
addresses for elements and dimensions in COMMON
storage. If a fatal error has been detected in

Phase A, or if no assembly or execute options (X,M,A,P)

are set, compilation is terminated at this point
by a call to SKIPIT. Otherwise, an exit is made
from PHASEA.

Format of Phase A Output Records
An output record consists of the information neces-

sary to convert the statement to pseudo-assembler
instructions in Phase B. The format of the output



CONTROL DATA CORPORATION

DOCUMENT CL ASS

PRODUCT NAME

PRODUCT MODEL NO.

CA 138-) REV 10-67

DIVISION
IMS PAGE NO. e-3c ‘:@
1700 _MASS _STORAGE FORTRAN | W
Co0S5 v.2.0 MACHINE SERIES 1700

record for each statement type is listed in Chapter
7, section 7.5. The first 4 words are the same
for all output records:

Word 1 contains the total number of words in
the output entry, including words 1-4.

Word 2 contains the statement number for the
source statement (ISTNO).

Word 3 contains the statement type.

Word 4 is a switch used to signal the generated
statement or statements which comprise the
second half of a logical IF.

Word 5. If word 2 is negative, the absolute

value of word 2 is the statement number of the

statement, and word 5 contains the SYMTAB

entry for the statement label of that statement.

If word 2 is positive, the coded information )
appropriate to the statement type begins in o
word 5. S

Output record information is built in IBUF2, and
is written on the disk by a call to the OUTENT routine.
The starting address for the write operation is

specified as the only argument of the subroutine
call. ‘
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The GNST subroutine reads the source statements which
are to be processed by the PHASEA subroutine.

With the exception of comment cardsa each source card
read by GNST is processed in three stages-.

STAGE L.

The GNST subroutine calls the READ entry point in
IOPRBA to read an 82 character record from unit 1 in
the ASCII mode. The input buffers ISRS. occupies Ul
words of Phase A blank common. The GNST routine then
scans ISRS from right to left and stores in the variable
LENGTH the location of the right-most word containing
a non=-blank character {not equal to %2020%.

STAGE 2.

The contents of the ISRS buffer are printed and
transferred to the source buffer ISORSa which occupies
208 words of Phase A blank common.

STAGE 3.

The characters stored in the source buffer ISORS
are converted from ASCII code to the internal Fortran
code {see 2.2.2.0.3%.

Continuation records are processed through all three
stages during one call to GNST- The initial record of
a Fortran statement other than END is passed through
stage 1 on one call to GNST« and through stages 2 and

3 on the following call. Because GNST reads at least
one record ahead in the source language inputa. at least
two consecutive source records will be processed during
a single call to this subroutine.

Normal Flow of Subroutine GNST
This section describes the operations accomplished by

a single call to GNST after the first non-comment record
has been processed and before the END record has been

read. At entry to GNSTa the input buffer ISRS will contain

the initial record of a Fortran statement that has pre-
viously been processed through stage 1. The first task
of GNST is to process this ISRS buffer through stage 23

@

C
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that isa to print the record {if the list option
switcha ILa is on} with an internal statement numbera
and then move the record to ISORS. A full seventy-two
characters {3k words} are transfered to ISORS to allow
for later continuation cards. The location of the
rightmost non=blank word in the recorda formerly saved
in LENGTHa is transferred to LENSAV.

The subroutine GNST next reads a new input record into
ISRS and processes it through state 1. any characters
stored as $FF by the paper tape or magnetic tape drivers
are changed to blank {$20} and the location of the right-
most non-blank word 1s ISRS is stored in LENGTH.

After processing the new input record through stage 1.
GNST checks for three special cases - a blank recorda

a comment records or a continuation record {not zero

or blank in character #k}. These three types of records
are immediately processed as follows:

a} Blank record = ignored. A new input record
is read and processed through stage 1.

b} C(omment record - printed and ignored. If the
IL switch is on+ the comment record is printed without
a statement number and then a new record is read and
processed through stage 1.

c} J(ontinuation record = completely processed in
one call. The contents of ISRS are printed without a
statement number {if IL = 1}. Characters 7 through 72
of the continuation record are added to the end of the
statement in the ISORS buffer. ISORSX {set to 1 on
entry} is set to the beginning of the added record.
The variable LENSAV is reset equal to LENGTH so that
LENSAV contains the location of the rightmost non-blank
character in the last record added to the ISORS buffer.

If the record in ISRS is the initial line of a Fortran
statement other than END. further processing is deferred
until the next call to GNST. At this point in the flowa
a full Fortran statement {with all continuations?} is
contained in ISORS. The final step of the GNST sub-
routine is to convert this statement from ASCII code

to internal Fortran code. GNST exits with a full con-
verted Fortran statement in ISORS and the initial line
of a Fortran statement in ASCII in ISRS.
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First and last source records.

Until the first non comment record is read, stages
two and three are skipped in the GNST flow. The
variable LENSAV is set to zero by a data statement,
and therefore remains zero until a non-comment state-
ment is read. When LENSAV is equal to zero, the
printing and transfer of ISRS at the beginning of
GNST and the code conversion at the end are not exe-
cuted. Initial comment cards are printed as usual.

At the end of stage two, after ISRS has been trans=
ferred to ISORS, ISRS is tested for the presence of
an END reccrd. If the card in ISRS is an END card

no more input records are read and the END card is

immediately converted to internal code.

Errors

When processing a non-comment statement, GNST tests
for the following illegalities.

1. That the first non-comment record is
an END statement.

2. That the first non-comment record is
a continuation card.

3. That there are more than five continua-
tion cards for a source statement.

4. That characters illegal in Fortran occur
in the source statement.

1.End statement as first non-comment recoxd.

The variable LENSAV is set to zero until the first
non-comment card is read and processed. If the END
card is read while LENSAV =0, an error diagnostic
is given, and further processing of this program is
terminated by a call to subroutine SKIPIT.

2. Continuation card as first non-comment card of deck.

Error flag IERR35 is set, character number 6 is set to
blank, and the record is treated as the initial record
of a Fortran statement. After the record is fully pro-
cessed the appropriate error diagnostic is printed.

Y

o
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ITALLY is a tally register for the number of con-
tinuation cards per statement. ITALLY is set to
zero on entry to GNST and increased by 1 for each
continuation card read. When ITALLY exceeds 5

in value the error flag IERR47 is set. Continua-
tion cards in excess of 5 are printed but are not
added to ISORS.When the next initial statement
card is read, the diagnostic is printed.

Illegal characters

Characters not contained in the Fortran character

set are converted to blanks in stage 3, after printing
the record. A non-fatal diagnostic is printed for
each illegal character.
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TYPE

The TYPE subroutine is used by PHASE A to determine the
type number for the statement. If the TYPE subroutine

is able to determine the type number for the statement.

it will place the number in the location IBUF2{3} and exit.
If TYPE is unable to identify the statement. it sets an
error indicator and returns to the calling routine.

Entrance to TYPE

Entrance to the TYPE subroutine is made by the following
statement:

CALL TYPE {error flagl}

The subroutine statement which leads the TYPE subroutine
is as follows:

SUBROUTINE TYPE {IX1}

where IXl is the name of the formal parameter corresponding
to Yerror flag@.

Initialization for TYPE S

Immediately after entrance is made to the TYPE subroutine:
the following steps of initialization occur:

L. The error flag is cleared.
0—1IX1
2. The parentheses level tally register is ~leared.
IR 2 W O A
3. The column counter is set to the character position
in the source buffer at which scanning of the
source statement begins.
?—> ISORSX

Identification of Source Statement

If the TYPE subroutine is able to identify the source
statement as a replacement statement., it will place the
appropriate type number in the holder IBUF2{3} and exit.
{See item 2.2.2.2.3.1}F If the TYPE subroutine is unable
to identify the source statement as a replacement it will
search the ISTN table in order to obtain a tape number.
{See item 2.2.2.2.3.2%}
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2.2.2.2.3.1 Replacement Statement

The TYPE subroutine begins a scan of the source statement Heginning
with the 7th character from the beginning. The necessary and suffi-
cient conditions for identifying the statement as a replacement is
as follows:

The statement must contain an '"=" gign not enclosed in paren-

thesis which is not followed by a comma not enclosed i: p ren-
thesis.

For purposes of scanning, the GETC subroutine is used to extract a
single character from the source statement and place it in JCHAR.

If the switch JBLANK is set to zero when a call is made to GETC, the
space character, whose internal FORTRAN code = 46 is not treated as

a significant character. Therefore given a source statement -

D O 1011 =19.,1:5

the TYPE subroutine sees only the significant character and not the
intervening spaces which causes it to appear as -

DO101=1,5
This ordinarily would be regarded as a statement in which -

name = expression,
except according to the previously stated rule for a replacement
statement, the comma which is not enclosed by parentheses excludes
the possibility of this being a replacement statement.
Another special case occurs for the following statement:

FORMAT 10HX=A(1,5)
In this example TYPE encounters an "=" sign which is followed by

a comma which is enclosed in parentheses. Ordinarily it would
appear to the TYPE subroutine as a

name = expression
type of statement wherein -
1. The name FORMATIOHX is illegal since it is 10 characters

long, and -
2. the expression consists of an element of an array, A(1,5).
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Howevera as a result of scanning. the TYPE subroutine
encounters a numeric field terminated with an H. If

the value of the numeric field is less than some arbi=-
trarily large number {in TYPE it is 400} an assumption
is made by TYPE that it has encountered a FORMAT state-~
ment with a Hollerith Field Specification. Therefores
TYPE counts characters according to the number preceding
the "H"™ and beginning with the character following the
ﬂHﬂ .

In order to count characterss the TYPE subroutine sets
the switch JBLANK to L. It then calls the GETC routine
the number of times specified by the numeric field pre=-
ceding the "H"™. Each time GET(C is calleda the column
counter is increased by 1. Since {JBLANK} = 1. spaces
in the fields following the "™H" are regarded as signifi-
cant characters. UWhen the end of the Hollerith string
is encountereds JBLANK is reset to O and the column
counter is positioned for the character following the
Hollerith string.

When slewing the Hollerith stringa the TYPE subroutine
does not recognize the equal sign it encounters. There-
forea it will not erroneously regard a FORMAT statement
as a replacement.

2¢242:242.3.2 Other Statements

CA 138-1 REV 10-67

The TYPE subroutine attempts to identify statements other
than replacements by searching the ISTN table. An entry
in the ISTN table contains the name of a statement stored
1 character to a worda the characters represented by the
Internal FORTRAN code. The name of the statement is
followed by the type number for the statement- and pre-
ceded by a pointer to the start of the next entry in the
ISTN table. If the space occupied by the ISTN table is
regarded as a one dimensional arraya the pointer to the
start of the next table entry may be regarded as a sub-
script with which to reference the element {or word}
which is the start position of the next ISTN entry. If
the name of a statement has K charactersa the ISTN table
entry has K+2 elements {or words}. The lst ISTN table
entry is as follouws:

{ISTN{1}} = 12 pointer to next table entryi next
entry begins at ISTN{12%}.

S
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name

OZCHWUWzZ2M23IHY

type numberi type number is stored
at {ISTN{1}}-1.

The lst ISTN table entry occupies storage reserved for
elements ISTN{1l} through ISTN{11l}. The second ISTN
entry begins at ISTN{l2}.

The final ISTN table entry is for the end statement.
It appears as follows:

341

E

N

D

32 = type number

If the flag {ISPEC} = 0 enabling PHASEA to process
specification statementss the entire ISTN table is
searched in order to identify the source statement.

If {ISPEC} = 1 indicating that no subsequent specifi-
cation statements will be processeds the search of the
ISTN table begins with the lst entry containing a non-
specification statement name.

If the TYPE subroutine is able to identify a source
statement as a result of an ISTN table searcha the type
number is read from the last word of the matching entrya
placed in IBUF2{3}. An exit is made from TYPE.

If the entry containing the END statement is encountered
and no match is madea an error flag is set by -

L = IXla

and an exit is made from the TYPE subroutine.
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2.2.2.3 PEQVS - The Equivalence Table Builder
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This routine is called by Phase A upon encountering an
executable statement or the END line. EQUIVALENCE
statementss which have been saveda in a different forma
in the buffer KE@Va are merged into equivalence classes:
and storeds in a shorthand forma in the equivalence
table KEQV. Each entry in KE@V is four words. A symbol
table pointers fOlIowe5 by three words containing
subscript valuesa if any.

This routine has three logical parts or phases. 1In the
first part it checks the subscripts for validitys and

calculates a single value for the subscripta if any.

In the second partas all equivalenced variable or array
parameters {called a chain} plus the single calculated
value are moved into an intermediate table ME@V by chain.
Each entry in ME®RV has two wordss a pointer to the name
in the symbol tables and the single calculated value-.

. @M
In the third partas each chain is sorted by increasing ‘W

increment sizes and the ordered chains are then moved
to IEQV. Each entry in IE@V is two words and has the
same format as ME@V.

KEavV

1 SYMTAB Pointer

2 l [ Subscript Values if any

g |
‘o |

MeEav

1 SYMTAB Pointer

2 | | Calculated Value

IEQV {Sorted}

1 | SYMTAB Pointer ]

S l M:D
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f-\ _ A,
s 4 2 : 4 5 ;
50. DO loop to 35 with 833 ) 51 36 ,
induction variables: At MEQV( ITEMP7)
. _ MEQV(ITEMP7 - : =
ITEMP7=1TEMP7,. in same
ITEMPS, 2. ’ =0 No arra No = HSYMX
Jump if item been
deleted to 35.
51. Test is: Yes Yes
MEQV( ITEMP6) # Y 52 44
MEQV(ITEMP7) true PRNTNM
means no. 35 crements "\ MEQV(ITEMP6 )™
52. Test is: — the same No \ No
MEQV(ITEMP6+1) =
MEQV(ITEMP7+1) true Yes Yes
means yes.
53. Print out names for: "
MEQV(ITEMP6) and i ¥
MEQV(ITEMP7). DIAG
37 SSOSj
&4
0 MEQV ’
(ITEMP7) ; @
Loops 35 and
110 end here
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54.

55.

56.

Jump to 31 to process
more classes.

Prepare to set up
IEQV tables.

Jump to 41 if class
contains two or more
names.

63

Bump
ITEMP1
+1

ITEMP1
—_—
ITEMP4

1—>
1EQVN2,
ITEMP1,
ITEMP2

IEQVN2
—>ITEMP2

45

Yes B<:::>
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f-} ¢ _ o > _—
A / .
57. Set up number of 41 57
ejements in this (1TEMP2 - IEQV( ITEMP4 ) ITEMP2
class. IEQWN2)/2 —B > —
58. Set end of class —>I1EQV ISYMX —> IEQWN2
flag. (IEQVN2)
9. Return if all equiva-
lence entries have
been processed.
58 45
-1 Bump
1EQV(ITEMP2) ITEM?
_ 1
ITEMP2-1 1EQVN2
—>
—>ITEMP3 IEQVX(ISYMX)
é
DO loop start Bump
ITEMP4=IQVN2, ITEMP2 _ RETURN
ITEMP3, 2 +1
to 761
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to be deleted.

bl. Check for table
overflow. Jump
if none.

b2. Store name into
equivalence table.

pbO. Jump if entry is not

40

42 61

EMP2 = £

1EQVS-1

IOVFFG

DIAG
$5058
€2,

164

50 62

MEQV(ITEMP1)
TEQU(ITEMP2)

Bump
ITEMP2
+2

MEQV
ITEMP1+1)
IEQV(ITEMP2+1)

Bump
ITEMP1
+2
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CONTROL DATA CORPORATION

DIVISION
'DOCUMENT CLASS IMS , PAGE NO. 2-89
PRODUCT NAME __1700 MASS STORAGE FORTRAN
PRODUCT MODEL NO. coos v.2.0 MACHINE SERIES. 1700
2.2.2.4 Subroutine PLABEL

PLABEL is called by PHASEA to process the label
field of an input statement. If the label
field is blank, the routine returns immediately
with ISORSX = 7.

Otherwise, it uses the routine RDLABL to read

the field. If the field contains a label,

a check is made to see if this label is

currently in the symbol table (SYMTAB). If i’

is not, it is entered *there by a call to STOk..

If it is, a check is made to see if the label

has been previously defined. 1If it has, an

error is output and the routine exits with ILLABL = O
and ISORSX = 7.

Otherwise, ISNOL of the SYMTAB entry of this
label is set to the current statement number,
thus setting the label as defined.

The routine then exits with ILLABL equal to

the SYMTAB index of the label entry, ISORSX = 7
(the next column to process), IBUF2(5) = the
SYMTAB index for this label, and IBUF2(2) set
to indicate a labelled statement (negative
statement number).

CA 138-7 REV 10-67
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RETURN
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DOCUMENT CLASS IMs PAGE NO. 2-93
PRODUCT NAME 1700 MASS STORAGE FORTRAN )
PRODUCT MODEL No.__ €005 2.0 MACHINE SERIES 1700
2.2-2.4.1 Subroutine RDLABL
RDLABL is called to read a label. It reads the label!l and checks

to see if it is a number. If it is not:, it prints out diagnostic
S4. If the label is legal, RDLABL packs the label into JSYM and
returns.

AA 3777 PRINTED % USA.
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Option Selection - Subroutine OPTIONS

OPTIONS 1is the routine. written in 1700 assembly language,
which processes option selection in 1700 Mass Storage
Fortran. It is entered from G0OA« Upon entrance. OPTIONS
clears the option selection holders in the DATA block

{IR- IK~ IP. IA. IL- IMa IXLGO}. backgrounds its input buffer
and solicits input from the standard input device. If there
was no Y OPTY card. the standard options LPX are assumed

and the option selection holders in the DATA block IP. IL-
and IXLGO are set #0. If no options are listed on the

Y OPTY card. OPTIONS solicits input from the input comment
medium by outputting OPTIONS and waiting for a carriage
returne.

Upon receipt of a carriage return or finding opticns on
the Y OPTY card. OPTIONS interrogates each character input. )
If it is recognizable {R.K1P.A.L M.X} the corresponding

Qgéd?gngaeg§rked selected {#0}. Unrecognizable characters

OPTIONS then returns to GOA.

——

PRINTED IN USA.



CONTROL DATA CORPORATION

LA JOLLA RESOURCE CENTER DIVISION
DOCUMENT CLASS NS PAGE NO. 2-98
PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUCT MODEL NO.__C005%3.1 A/B MACHINE SERIES 1700

T 2.2:2.b Subroutine OQUTENT

OUTENT is the subroutine used to output a record to
the scratch output device. If an error has occurred
in the statements it is changed to a CONTINUE and the
error-in-statement switch {IERR} is cleared.

OUTENT calls subroutine IOPR {entry point WRITE} to
perform the output.
[
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Subroutine ENDDO - The DO Loop Termination Routine

ENDDO is called by PHASEA upon completion of processing
of a labeled statement and by I0SPR to terminate DO
loops and complete the LOOPT table.

If there are no DO loops opena ENDDO exits. If the
label of the current statement terminates the innermost
open DO, an ENDDO entry is output and the LOOPT for this
DO loop 1is completed. This DO entry is then erased
from the LOOPT table {D0 nesting} and the check of label
vs, innermost D0 is repeated.

When ENDDO encounters an open innermost D0 which does
not terminate at this statement labels the routine
searches the rest of the LOOPT table to ascertain that
no outer DO loops terminate here. If any dos an error
is output and the erroneous entry is erased from LOOPT.

If any DO loops have terminated at the current statement

label- ENDDO checks the statement associated with this

label. If the statement is of a type illegal for DO W
termination an error is output and the statement changed

to a CONTINUE.

Subroutine SAVEID

SAVEID was written to allow the use of up to 47 characters
of comments {copyright statement} on the source routine
identification card which will be output in a format
similar to Macro Assembler produced binary NAM blocks.

The format of the binary NAM card includes up to 47
characters of comments preceded by a slash from the
source routine identification card {PROGRAM. SUBROUTINE-
FUNCTION. or BLOCK DATA} on the binary NAM card. If

no slash and no comments appear on the source cards the
binary NAM card will be punched entirely with blanks.

If there is no slasha but comments do appear on the
cards diagnostic #bb will be issueds and the binary NAM
card will contain blanks. A continuation card may also
be used.



|

COMPLETE BEGIM DO

r
I

‘ Peeviovse f yes Aé‘l/ew i{;’g_ao' /7:46751; S- _
ENTER S e . S| EeMiove 100TAB| cwrey.
5&' Vi QUTPUT LADDO %
APREASZH STATEMEN 7. CLEA4C
A £ob P (AO v FOR
’ INDUCTIcH VALIABLES
Ne
i) > S B‘ fff”f// ’
Ves
DIAL !
I IFATAL
e
i ¥ DIAE  §
EEme L s Perr
<7 L/ ' ‘NI ST IC.
FECNINATE o DZI.;A 7
Trts £ABc4 . CLL
SNDUCY FOL T =2 IFATAL
QuOCTriCH. o
VALIABLES.
CONTROL DATACORPORATION [Gocument TS —— ===
SOFTWARE DOCUMENT oocc::f:m IAMS TYPE /7O PROJECT NO.
SAMPLE CODE ] iTie LNDOO PROJECT MGR.
FLOWCHART X pace / oF / PROJECT NAME
DECISION TABLE [ ] NUMBER 1sSUE U
OTHER 1 >

0T



CONTROL DATA CORPORATION
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DOCUMENT CLASS ____INS PAGE NO. 2-102
PRODUCT NAME 17200 MASS STORAGE FORTRAN
PRODUCT MODEL NO._€C005%3.1 A/B MACHINE SERIES 1700
2.3 ' General Pass 1 Routines
2.2.1 Symbol Table Manipulating Routines

2.3.1.1 SYMBOL

To locate a name in the symbol tableas store the name in
the three cell arrayas JSYM. If the name is not a con-
stant+ pack it into JSYM{l} and JSYM{2} by calling CNVT.
The name may be a statement label. If the name is an
integer constants the constant's value should be in
JSYM{1l} and the constant 2u2h4, should be in JSYM{3}.

If the name is a real constants the constant's value
should be in JSYM{1l} and JSYM{2} and the constant ZSZSLE
should be in JSYM{3}. If the name is a double preci-
sion constants the constant's value should be in JSYM{lZ}a
JSYM{2}~ and JSYM{3¥. The common variable JMODE should
equal b for double precision constant. Issue the state-
ment :

CALL SyYMBOL

Upon exita if the common variable ISYMD is zeroa the
symbol is not in the table. If ISYMD is non=-zeroa the
COMMON variable ISYMX indexes the symbol entrya that
isa each item in that symbol's entry may be obtained as

item name {ISYMX}

If ISYMD is zeros ISYMX points to the next available
symbol table entry. There are two versions of SYMBOL-
as follows:

Phase A: If SYMTAB paging is necessarya only the current
page is written on disk before being overlaidsi later
pages are simply overlaid. SYMBOL accomplishes this by
setting ISYMX negative before calling GETSYM after the
current page has been written.

Phase B: If it is known that the name is not in the
symbol table. SYMBOL may be called with ISYMX negative.
In this case SYMBOL does not search the symbol table
but returns with ISYMX pointing to the next available
entry.

2¢3.1.2 Subroutine STORE
Assume that JSYM{l}a JSYM{2}~ and JSYM{3} are filled.

probably by GETF. but possible by the programmer himself.
Also assume that ISYMX is pointing to the next available

CA 138-1 REV 10-67
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2.3.1.3
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entry in the symbol table. SYMBOL will set ISYMX in

this manner if an entry is not in the table. Then the
symbol in JSYM will be inserted into the symbol table.
ISYMN {current size of symbcl table} will be incremented.
If JSYM{3} is ZHZHLE or ZSZSLE or if JMODE is k for

double precision constantsa ICLASS and ITYPE wili be
set. 1Issue the statement

CALL STORE

Thusa the normal sequence of events leading to an
insertion in the symbol table is

CALL GETF
which then does
CALL SYMBOL

to see if the field is in the symbol table. Upon
return from GETF+4 the calling program does

CALL STORE

to insert the field in the symbol table if it is not
in it already-

Subroutine GETSYM

GETSYM insures that the symbol table page requested by
ISYMX is in core. updates the current symbol table page
holder {ISYMPC} if necessarya and adjusts ISYMX to the
in-core subscript of the desired symbol table entry
{ISYMX = ISYMX - ISYMP}.

There are five versions of GETSYMa distinguished as
follows:

Phases A and B:

If ISYMX is positive on entry and paging is necessarya
the current symbol table page is written on disk before
thedasired page is read. If ISYMX is negativea it is
set positive and the current symbol table page is not
saved.

The symbol table page size is 9b0 words. The current

ISTABX page {9Lt words} is read and written along with

the SYMTAB pagea therefore eleven sectors are read and
written for each page.

Phase ¢ and Phase D/E 2.0B version.

The symbol table page size is 2400 words. UWhen reading
and writing the large page every eleventh sector {for-
merly an ISTABX page} is skipped. The current symbol
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table page is always saved on disk before a new
page is read.

Phase D local 1, 2.0A version:

" This version reads and writes the compressed symbol

2.3.1.4

2.3.1.5
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table with a page size of 1000 words (see Assembler
Output Phase, section 5.2). The current symbol table
page is always saved.

Phase D local 2, 2.0A version:

This version reads the normal symbol table with a
page size of 480 words. Lvery eleventh disk sector
is skipped. The current symbol table page is never
saved.

Phase E,2.0Aversion:

The symbol table page size is 480 words. Every eleventh

disk sector is skipped. The current symbol table
page is always saved.

Subroutine CNVT

CNVT packs a six-character variable name into two
words for storage in the symbol table. Only alphanu-
meric characters and blanks can be packed. CNVT
packs the leftmost three characters into the first
word of JSYM and the rightmost three characters into
the second word as follows:

Let x, v, 2, a, b, and c be the internal Fortran codes
for X, ¥, 2, A, B, and C. Then the name XYZABC is
stored as:

JSYM (1)
JSYM (2)

1521x + 39y + z
1521a + 39b + c

Blanks, which are 46 in internal Fortran code, are
charged to 38 before packing.

Subroutine SYMSCN

SYMSCN gets the entry following the current entry from
the symbol table. Upon entrance, ISYMX = 0 requests
the first symbol table entry, and ISYMX =(an in-core
symbol table subscript) requests the entry (ISYMX +
ISYMP + ISYMFL). Upon return, ISYMP = 1 says there are
no more entries. GETSYM is called just before return.

A

LW
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DIVISION
( | DOCUMENT CLASS IMS PAGE NO. c-105
PRODUCT NAME 1700  MASS STORAGE FORTRAN -

PRODUCT MODEL NO. €005 V.2.0 MACHINE SERIES 1700

Input parameters: ISYMX (in-core subscript), ISYMP
set to current entry.

Output parameters: ISYMX (in-core subscript), ISYMP
updated to next entry.

There are four versions of SYMSCN. The phase D
local 1] 2.0A version references the compressed symbol
table (see Assembly Output Phase, 5.2). The other
three versions differ only in the dimension of thou
array SYMTAB in common.

CA 138~y REV 1067
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2.3.2 Field Processing Routines
2¢3:2.1 Subroutine GETF
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GETF is the subroutine which extracts a field from the scurce
input in ISORSx. The column at which to start is given in
ISORSXx. If the field is alphabetic {first character is A-Z}.

the field is placed left-justified in JSYM and JMODE set to

2. JESUT is set to indicate the implicit type of the name

{1 = integer. 2 = real}. If the field is a fixeds floating

pointa or double precision floating point constant. it is
converted and placed in JSYM. JMODE is set to indicate the

mode of the constant. 1Integer constqnts are placed in JSYM{1l}
converted as if they were decimal unless O0CT # 0 upon en-

trance to GETF. or if the constant is preceded by $. If

OCT # 0+ an integer constant is considered octal and non-

integer fields are considered errors. OCT is set to zero

upon exit from GETF. If the constant is preceded by %- the
constant is considered hexadecimal and the only permissible

digits are 0-9+ A-F. For integer constants: JSYM{2} = 0.

JSYM{3} = 24243,. Real constants are placed in JSYM{l} and ]
JSYML2} and JSYM{3} is set to 25253,- Double precision float- (')
ing point constants are placed in JSYM{1l}. JSYM{2}. and W
JSYML3} and common variables JMODE and JFLOT are set to b and

3 respectively.

If the field is nullas JMODE is set = 0.

SYMBOL is called for alphabetic or numeric fields if NERR = O
upon entrance to GETF.

The field terminator is placed in JTERM.

JTERM settings for 3 character logical operators are:

«AND. = AD
«NOT. = NT

Error messages will be printed as errors are encountered if
NERR = 0 upon entrance to GETF.
NERR is set to zero upon exit from GETF.

JERR = 0 - no error encountered in field switch
JERR # 0 - error encountered

¥If AND {IFLAGS.%10} is not zero. input is in IBUF2
{IBUF?X}. In ?2.0A- there are two versions of GETF. C
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LA JOLLA RESOURCE CENTER DIVISION

PAGE NO.___2~113

(‘ DOCUMENT CLAss__IMS

PRODUCT NAME . 1700 MASS STORAGE FORTRAN

PRODUCT MODEL No.__€CO05%3.1 A/B

MACHINE SERIES 1700

1

GETF switches

JESWT

JFLOT

JOCHAR
JOl
JCHAR
JE
JEL
JCT

‘ JCTL

constant analysis indicator
0 digits cnly encountered

1 decimal point encountered
2 E or D encountered

3 exponent is +

4 exponent is -

mode of constant

0 - integer

2 = real

3 - double precision

character count

overflow indicator for constant conversion
character being looked at

fraction count

exponent count

JSYM character indicator

JSYM word count

If an error is encountered and NERR = 0. an error message
is output and depending on the severity of errors JERR may
be set # 0. If JERR # 0 upon exit from GETF. the contents
of JSYM and JMODE are meaningless. NERR is set = 0 upon

exit from GETF.

INPUT Parameters

OCT

ISORSX
ISORS
NERR

OQUTPUT Parameters

JSYM
JTERM
JMODE

CA 1381 REV 10-67

convert integer constant as octal if 0CT#0O.
If field is not an octal integera an
error is assumed.

column of input at which to start

source input table

# 0 says don't print errorsa. don't
call SYMBOL.

3 word holder for field
1 word holder for field terminator
mode of JSYM

0 = null

2 = alphabetic

3 = integer - only JSYM{l} is significant

5 = real - JSYM{1l} and {JSYM{2} contain
value

b = double precision = JSYM{1ll}a JdSYM{2Z}.

JSYM{3} contain wvalue



CONTROL DATA CORPORATION
LA JOLLA RESOURCE CENTER DIVISION
DOCUMENT CLAss ____IMS PAGE NO, 2= 11 \.
PRODUCT NAME 1700 MASS STORAGE FORTRAN SE O ' @
PRODUCT MODEL No._CO05%3.1 A/B MACHINE SERIES 1700
ISORSX updated to reflect start of next field
or end of input
JERR error switch »
JESUT for dMODE = 2. implicit type of JSYM
L = integer 4 _
2 = real

1700 INTERNAL CODE

CHARACTER : CODE {iDecimall}
digits D-':I e © e s e & @ -. o A- e e @ ) D":i
IEttEPS A-z N ° . L] . ® ‘. L] ® ° ® s ] . . ]JD-BS
dollar sign S . . ¢ e s s s s s e 8 e & = @ 3k
per‘iod [ L] ) L] [] ] ] [] [] ] ® ® @ L) ® ] 3?
plus sign L T T 38
miHUS Sign - L] . L] ] ® ® ® . O @ ® ® ® ° ® 3‘!
e{qual Slgl’l = L] ® ® ® ® ® @ o (] @ ® L] ® ® ® L{E [ﬂ(%
left parenthesis { ¢ ¢ ¢ ¢ s s e o s 8 5 e s = e 4L ‘
right parenthesis i L T T R R T R Y2
comma L] ® ® ® ® [ ] ® ® ® ® [} ® ) ® L) ) Li3
slash / L] - @ e L] L] a L] ] e L] L] L] L] L] qu
asterisk X & o o s w s s s o & s 8 o s @ 45
blank A ® ] [] L] @ ® ® L] L] - [ ® ® @ L[] L'h
End of statement A ®« ® © @ 8 ®© ® e ® @& © ® © © @ y?
Single quote . v L] @ L) ® I} ] '] L] ® [ ] ] ® [} ] ® '-i&
2e3.2.2 Subroutine GETC
GETC gets one character from ISORS. The column to get is
given in ISORSX. If JBLANK is zero upon entrance to GETCa
blank characters are skipped. If AND {IFLAGS.%1.0} is not
zeroa. the character is from IBUF2 {IBUF2X}. 1In 2.0A there
are two versions. JBLANK is not initialized upon exit.
INPUT Parameters
ISORSX card column at which to start
ISORS source input table
JBLANK present blanks switch. 0 = skip blankss
# 0 - present blanks @:D

CA 1381 REV 10-87
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(  DocuMeENT cLass INMs PAGE NO.__— 2=11LUA
PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUCT MODEL NO. __C005%3.1 A/B MACHINE SERIES 1700
QUTPUT Parameters
JCHAR next significant character {right
justifiec?
ISORSX updated

2.3.2.3 GPUT
GPUT packs the character in JCHAR into the three word buf-
fer JSYM into the 8 bit byte signaled by the current setting
of JCT1 {character numberl}.

The characters are packed two per word.

CA 1381 REV 10-87
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- LA JOLLA RESOURCE CENTER DIVISION
DOCUMENT CLASS____LMS PAGE NO. 2-115
PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUCT MODEL No._CO005%3.1 A/B MACHINE SERIES 1700

GETF
Page 1 of 14

SET JESUT
=3 EXPONENF
IS POSITIVE

INITIALIZE

GETC

GET A SET JESUWT

CHARACTH =4 EXPONEN
1S NEGATIV

¥

v

DIGITS
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LA JOLLA RESOURCE CENTER DIVISION
DOCUMENT CLAss ___ IMS | 2-11hb
PRODUCT NAME 1700 WASS STORAGE FORTRAN PAGE NO. O
PRODUCT MODEL No._CO005%3-1 A/B MACHINE SERIES 1700

~ GETF
Page 2 of 14

LETTERS

HEXADECIMAL _ @

SET FIELD
MODE SWITCH
TO INTEGER

() ¥
D

SET INTEGE
CONSTANT
FLAG IN FIELD

=N
4

SET FIELD
MODE SWITCH
TO HEXADECIMAL

1

SET FIELD
TERMINATOR
= JCHAR

ASTERISK }

SET JCHA
TO BLANK
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LA JOLLA RESOURCE CENTER DIVISION
(  oocumenT cLass___INS PAGE NO.____2=117
- PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUCT MODEL No, _CO005%3.1 A/B MACHINE SERIES 1700
GETF

Page 3 of 14

{
2§§§§Q§ER SET FIELD YES| SET IMPLIE]
COUNT BY TERMINATOR VARIABLENg| TYPE SWITCI
= JCHAR REAL = REAL
ﬂ ‘ VARIABLE
GPUT

PACK CON-
TENTS OF
JCHAR IN

IEOD TABLE

,

| DE CRE ASE
[ CHARACTER
SET FIELD ~ 5 COYNT BY
TERMINATOR SET FIELD %
= JCHAR MODE SWITCH
TO ALPHA GPUT
& PACK CHAR
IN FIEL
TABLE
SET FIELD
CHARACTER
COUNT = b

!

= ]

SET IMPLIED
TYPE SWITCH
TO INTEGER

CA 138-1 REV 10-67
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DIVISION
DOCUMENT CLASS ‘ _Ins i : PAGE NO. 2=118 @
PRODUCT NAME 1700 MASS STORAGE FORTRAN :

PRODUCT MODEL NO._CO005%3.1 A/B MACHINE SERIES 1700

GETF
Page 4 of 1Lu

t 9 ¢

INTO FrELY JTERN= SET FIELD | SET ERROR
TERMINATOR YTERM*25k+ | CHARACTER INDICATOR
JCHAR COUNT TO 70 1
y
@ '
SAVE JCHAR SET FIELD
IN FIELD TABLE TO
TABLE , 0
© | i
| SET SERTOURE Q;D
ERROR OCURRED
FLAG TO 1
SET FIELD
MODE SWITCH
TO INTEGER
SET FIELD
MODE SWITCH
TO ERROR

PACK JCHAR

DIAG
INTO TEM- _ {1} .
PORARY FIHLD v 3

TABLE ‘:@
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DOCUMENT CLASS

PRODUCT NAME

PRODUCT MODEL NO.

CONTROL DATA CORPORATION
LA JOLLA RESOURCE CENTER DIVISION
IMS PAGE NO. 2-1119
1700 MASS STORAGE FORTRAN
CO005x3.1 A/B MACHINE SERIES 1700
GETF
Page 5 of 14
GETC
GET A
CHARACTE

PACK HEX
CHARACTER
IN FIELD
_TABLFE

DIAG
{8195%}
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CONTROL DﬁT CORPORATION

LA JOLLA RESOURCE CENTER . DIVISION
DOCUMENT CLASS____ IMS _ __ PAGE NO. 2-120
PRODUCT NAME _ 1,700 MASS STORAGE FORTRAN -
PRODUCT MODEL NO._£005%3.1 A/B MACHINE SERIES L7ud
[ Y
GETF

Page b of 1Lt

DIAG ~ |PACk A JTERM = JCHAR
11} CHARACTER x 25k
INTO FIELD
SET ERROR e —»
INDICATOR .
@ SET FIELD GETC @)
| GET A W
MODE SWITCH R ACTER
TO ERROR

v

SET SERIOQUBE
ERROR OCURRED
SWITCH

5 ~ @ PACK 2nd

CHARACTER
INTO FIELD
TERMINATOR

v

GETC
GET A
CHARACTER
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LA JOLLA RESOURCE CENTER DIVISION
( DOCUMENT CLASS____IMS PAGE NO. 2-121
) PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUCT MODEL No._C005%3.1 A/B MACHINE SERIES 1700
GETF
Page 7 of 1Y
@ JTERM=JCHAR*2 5k
PACK A
CHARACTER GE$EIC
%gggj;fgtg CHARACTER
GETC
GET A
CHARACTHR

GETC
GET A
CHARACTE

GETC
GET A
CHARACTE

YES
@
| PACK A
CHARACTER
| INTO FIELD
JTERM = 'JCHAR
@ st TERMINATOR
JTERM=JCHAR*25k +
: o ~ GETC
PACK A PACK A *25h h AR ACTER
CHARACTER CHARACTER
INTO FIELD INTO FIELD
(M Bl
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LA JOLLA RESOURCE CENTER DIVISION
DOCUMENT CLASs ____INS PAGE NO.____2-122 @
PRODUCT NAME 1700 MASS STORAGE FORTRAN -
PRODUCT MODEL No._CO05%3.1 A/B MACHINE SERIES 1700
GETF
Page & of 14
NO
@ SET CHARAQTER
INTO FIELD
TABLE
YES
".D' |
I DECRE ASE
CHARACTER SET FIELD
' COUNT BY MODE SWITCH
e TO INTEGER
| y ~
SET CONSTANT' 'y
ANALYSIS |
| INDICATOR |TO
& | DECIMAL POINT
R ATAYARE S )
213
ROR
NDICATOR
SE] SET CONSTANT
[ NO MODE TO
' REAL
DIAG
Luy
223
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LA JOLLA RESOURCE CENTER DIVISION
' -123
DOCUMENT CLASS INS PAGE NO. e-1
PRODUCT NAME 1700 MASS STORAGE FORTRAN —
PRODUCT MODEL No._CO05%3.1 A/B MACHINE SERIES
GETF

Page 9 of 14

DECREASE
"FRACTION
NQOUNTERED COUNT BY 1
NO
2

PACK CHARACTER
INTO TEMPORARY
FIELD TAB

T PACK A
SET CONSTANT DIGIT INTO
OVERFLOUW EXPONENT
SWITCH g
v

SET CONSTANT

N, &l MODE TO
DROEUCBILSE]:ON DOUBLE PR ,CISION

NO ¥
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LA JOLLA RESOURCE CENTER DIVISION
DOCUMENT CLASS___ IMS _ PAGE No.___2-L24 , @
PRODUCT NAME _____ 1,200 . i
PRODUCT MODEL No._CO05%3.1 A/B MACHINE SERIES 1700
GETF

Page 10 of 14

¥

- SET CONST NT

ANALYSIS
INDICATOR \ ,
; ) SOURCE
POINTER
-.'I
v
: GETC , Q;D
. GET A | ‘
CHARACTHER
SET CONSTA
ANALYSIS
INDICATOR
T0 &
2

ADD 1 TO
FRACTION
NCOUNTERED COUNT
SET CONSTANT C
ANALYSTS |
INDICATOR
BY |

CA 1381 REV 10-87



' ’ CONTROL DATA CORPORATION '
LA JOLLA RESOURCE CENTER DIVISION

DOCUMENT CLASS___ IMS PAGE NO. 2-125
PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUCT MODEL No._€005%3.1 A/B MACHINE SERIES 1700

tl" 'qu

SET CONSTANT
MODE TO

GETF
Page 11 of 14

SET CONSTANT

DOUBLE ANALYSIS
INDICATOR
701
(442) SET CONSTANT
CONSTANR
MODE FLAG
DOUBLE TO REAL
RESTORE Y
SOURCE
POINTER
DOT'."
~3 JCHAR
GETC
GET A
CHARACTER
>o(u)
PACK INTEGER
CONSTANT |.
SET CONSTAN
ANALYS TS INTO FIELD
INDICATOR —-—*ﬁfkg——-
;; ‘ : 0 —
SET CONSTANT - ®ISECOND WORD
MODE TO | IN FIELD
REAL A
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CONTROL DATA CORPORATION

LA JOLLA RESOURCE CENTER DIVISION
DOCUMENT CLAss ___IMS PAGE NO.___2=L2k
PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUCT MODEL No._005%3.1 A/B MACHINE SERIES g
GETF

Page 12 of 14

ORMALTIZE

EXPONENT FIELD MODE
COUNT= DIAG | CueTen
- EXPONENT {61963 SeAL
—cobiE—  OVERFL
151) | | %

a [ RACTION SET FIELD
COUNT + TABLE FLAG
EXPONENT COUNT 10 REAL

TUN COUNT CONSTAN
DXPY
NORMALIZH
CONSTA
+ DIAG
£81943
TEMPORARY UNDERFL Gu
FIELD TABLE |
—
FIELD TABLE ;
FIELD MODE
SWITCH =
DOUBLE
PRECISION
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LA JOLLA RESOURCE CENTER DIVISION

DOCUMENT CLASS
PRODUCT NAME _

Ins PAGE NO. 2-127

1700 MASS STORAGE FORTRAN

PRODUCT MODEL NO._CO05%3.1 A/B MACHINE SERIES 1700
GETF
Page 13 of 1t
SET FIELD
TABLE TO
32767,

CA 1381 REV 10-87

DIAG

MODE OF
1819k} CONSTANT
= REAL

v

FIELD MODE
SWITCH =
REAL

DIAG
L8197}

MODE OF
CONSTANT =
DQUBLE
PRECISION

Bk
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LA JOLLA RESOURCE CENTER DIVISION
DOCUMENT CLASS ____IMS | _ PAGE NO. 2-128 @
PRODUCT NAME 1700 MASS STORAGE FORTRAN _
PRODUCT MODEL No._€005%3.1 A/B MACHINE SERIES — 1700
GETF

Page 14 of 14

FIELD MODE I
CSWITCH = —

DOUBLE SOURCE

PRECISION POINTER

100 gtgﬁf CNVT | |YES
"PACK 3 WORIg.¢ TABLE
FLAG FIELD TABLE NUMERI
0 2 WORDE

NO |
® Syc
SYMBOL & il
SE ARCH AW
SYMBOL
SAVE CHARATER TABLE
IN FIELD
TERMINATOR
FIELD
¢ MODE @1
IS ALPHA
SOURCE -
POINTER v
—>
I
FIELD
l MODE
IS ERROR
GETC
GET A | v
CHARACTE ‘
CLE AR
ERROR -
FLAG ‘

CA 1381 REV 10-67

RETURN
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PAGES 2-129 THRU 2-135
ARE INTENTIONALLY LEFT BLANK




CONTROL DATA CORPORATION

o . e . DIVISION
DOCUMENT CLASS IMS : PAGE NO. e-13k

PRODUCT NAME ___ 1700 MASS STORAGE _ FORTRAN @
PRODUCT MODEL NO.__€005 V.2.0 MACHINE SERIES 1700 ,

HOB andf oy Fhase AR
r B

@E 7C 67-04-/1-@ | @E 7c (:qu)) GE rc (?-w@

T = IsoKs J= T BUF2
(I SoRSX — (T BUFZX~
TsoRSX, 1) T BUFAIX/2)

All Versions
r m

5
T BUFaX
02D

Gl
T= T e J= T 400
<v:._.__.____.m_ d
TCHAR = JcHAR =

AND( T, 3FF) AnD (T, $FF)

TsoRks X = | , T BUFax =
TSoKSX + L o CKETUK” ) TRUFaIX +L
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2.3.2.4 Function IGETCF

IGETCF is used by subroutine GNST +to get a specific character from
an input string.

Input parameters:
IMAGE - location of start of string
ICOLMN - character within string
2.3.2.5 Subroutine STCHAR

STCHAR is used by subroutine GNST to store an eight bit character
into a character string.

. Input parameters:

IMAGE - location of start of string
ICOLMN - character within string

ICHARC - character to store



, WORD IN IGETCF =
STRING = | LOWER 8
TGETCF COLUMN + 1 BITS OF
. s WORD
IGETCF =
UPPER 8 BIT}
25k

P PO

STORE IN
LEFT BYTE

~ WORD =
STCHAR COLUMN .+ 1
-

PET-2

STORE IN
RIGHT BYTE
RN
CONTROL DATACORPORATION oocc:.rsg'su-r IMS MACH.1 700 PROJECT NO. REY - APPROVED OATK
SOF TWARE DOCUMENT T = =
SAMPLE CODE viree IGETCFLSTCHAR PROJECT MGR.
FLOWCHART pace b or b |erosecT name FORTRAN
DECISION TABLE [ | NUMBER OATE TASK NO.
OTHER O
DRAWN BY DAYE TASK NAME
PRINTED IN USA.

AA1I308 (FORMERLY CA127+1)

P & | »
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DOCUMENT CLASS ___1MS PAGE NO.___ 2~ 131
PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUCT MODEL No._CO05%3.1 A/B MACHINE SERIES 2700
2.3.3 Special Field Handling Routines

2.3.3.1 CONSUB

Given an element of an arraya. the CONSUB subroutine is used
to compute the increment from the subscripts of the element
in order to reference the location of the element in the
array. The CONSUB subroutine requires that subscripts be
integer constants. It computes the nth element of an array.

Given the array defined by
DIMENSION A {I.JaK}a

and the element
A {Il. JL. K1Y

the increment is computed and recorded in IVCFLG as follows:
IVCFLG = {K1=1F}xIxJ+{Jl=-1FxI+Il

The resulting value in IVCFLG is such that

A{Il+ J1a K1} = the IVCFLGth element in the array
A{I. J+ K}. The original dimensions of the array A
{I. Ja K} are obtained from an entry in the ISTAB table.

2«3.3.1.1 Errors

The CONSUB. subroutine gives diagnostics for the following
errors:

L. An element with no subscriptsa

2. an element with more subscripts than the array of
which it is a member has dimensionsa .

3. an element with a subscript which exceeds the value
of the corresponding dimension for the array of
which it is a members

4. an element with a subscript which is something other
than an integer. and

5. a format error in which the subscripts are not sep-
arated by commas and/or not enclosed in parentheses.

Errors 1. 2+ 4 & 5 will cause CONSUB to terminate operation.
Following the error indications the holder IVCFLG is set to
zeros and an exit is made from CONSUB. Error 3 will not
cause the CONSUB operation to terminate following the error
indication. '

CA 138-1 REV 10-87



ASSIGN INITIAL
VALUE Te EACH @F
3 SUBSCRLPTS

1 >TOLMI (1}

I SLDINI(2)

‘> zDIM(3)

CLEAR HPLPER.
FPN IVCREMENT

O>ILVCFLG

SET Iremp To e,
OF SUBSKRIPTS FOR
ELEMENT

PIM(ISYMAY) >
I TEHF}

SET ETErP2 WITH
POINTER Td ISTAR

TABLE ENTRY gas-

Rebuce THE
SUBSCcRITFPT

TALNING PIMEMSTOAY)]
®F ARRAY

(LS TABX (L Sy M) T TEMF 2

) .

CLEAR TMNDEX

| COUVTER <
(ETEMP) 1> er O2TCouNT
ITTEMP)
ERR DrAG =
/
CLEAR HPLDER
FOR TNCREME
M ‘?
0 > TVCFLG :
CONTROL DATACORPORATION |"oocumenT WMACH. p— APPROVED DATE
SOFTWARE DOCUMENT cuass _ZAS Tvee (7@ |PROsECT No.
DOCUMENT@ PROJECT MGR
SAMPLE CODE [} AL A LT '
FLOWCHART pace / oF J PROJECT NAME
DECISION TABLE ~ NUMBER 'os:?f: TASK NO.
THER

OTHE 0 DRAWN BY DATE \ 2 —57 TASK NAME

AA13853 (FORMERLY CA§27-1)

>

AV
\t}’

OhT-2



DIAG
ERR DIAG =
VL{L’V

ThT-2

SET ITEMP3
POINTER TO
{ITEMPR2}+{I€ " 8
—> ITEMP3
ONTROL DAT ORFPORATION —
c chTv?AAREAEOCUMENT ::{‘E‘S‘:’:: Ins ee 1,700 |erosect no. REY APPROVED DATE
SAMPLE CODE D TITLE CONSUB PROJECT MGR. o
FLOWCHART =4 pace Cor O PROJECT NAME
DECISION TABLE [ ] NUMBER Save TASK NO.
OTHER ]
B s DRAWN BY DATE TASK NAME‘,’” ) o




RECORD SuB-
SCRIPT

{JSYM{1L}>
IDIM {ICOUNT+1L}

43
YES

[fI10IM1{33}<
I &
[fIpIn1{ar:=

{IDIMI{1}} > | VCFLG

g.n{ISTAB{I'
STABLITEMPE]
1] #{ISTAB{I]

4+

EMP2+133m.

TEMP23}+

COMPUTE

THE INCREMENT
1€ FROM SUBSCRIPTS
AND RECORD IN IVCFLG

X

DIAG
ERR DIAG=
vage

PORATION : .
CONTROL DATACORPOR DOCUMENT  TMg MACH. 1200 |erosect wo. | B APPROVED DATE
SOFTWARE DOCUMENT |
BocuMENT CONS UB : PROJECT MER
SAMPLE CODE :
FLOWCHART Page Jor J |PROJECY NAME
DECISION TABLE [ ] NUMBER Bave TASK NO.
OTHER O : :
ORAWN BY OATE TASK NAME
AA1386 (FORMERLY CA127-1) PRINTED B¢ USA
s & S
\ - Ed A f’;j

chT-2
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2.3.3.2 CFIVOC - Checks for Integer Variable or Integer Constant

CFIVOC reads the next field in ISORS. If the field is an integer
variable or constant, the field is stored in the symbol table (if
necessary), the type set to integer and the class set appropriately.
IVCFLG is set to signal the type of field

I

0 not integer variable or constant
1 constant
2 = variable

2.3.3.3 CKIVC -Checks for Integer Variable or Constants and Provides Diagnostics

CKIVC calls CFIVOC to read next ISORS field. 1f the field is neither
an integer variable or an integer constant (IVCFLG = 0), diagnostic 63
is output.

2.3.3.4 CKNAME - Checks for Integer Name

CKNAME calls CFIVOC to read the next ISORS field. 1If the field is not
an integer name (IVCFLG = 2), diagnostic 64 is output.



CKNAME

CONTROL DATACORPORATION [CocumenT MACH. im
MS . PROJECT NO. APPROVED DATE
SOFTWARE DOCUMENT ooi.:::m IMS TYPE /7Q_o. o
PROJECT .
SAMPLE CODE JITLE CrVAME MGR
FLOWCHART PAGE/OF / PROJECT NAME
DECISION TABLE NUMBER {,’:‘42 TASK MNO.
OTHER. O -
Jomawn sv OATE TASK NAME
cA 271
7 v - A

el
«

hhT-2
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{ 2 4 s
Ckive
DIAGNoSTLC) -
EETVEN
CONTROLDATACORPORATION [MoocUuenT MaCH T/ T REV APPROVED DATE
PE 39 |prosecT no
SOFTWARE DOCUMENT oo‘;:;’:ﬂ fM S TY 7 . e
TITLE k2 e PROJECT MGR
SAMPLE CODE ] e
FLOWCHART i rase for / PROJECT NAME .
DECISION TABLE ] NUMBE R iy E TASK NO
OTHER r
DRAWN BY DATE TASK NAME
SRS ) SN el

Sh1-2
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DIVISION
IMS PAGE NO. c-14b
‘1700 MASS STORAGE FORTRAN , , _
C005 V.2.0 MACHINE SERIES 1700 -

Diagnostic Handling Routine
Subroutine DIAG

DIAG is a multiphase subroutine which outputs error
diagnostics. The error message output is of the form:
*C E,S XXXXXX

Where C is F or N for fatal or non-fatal
E is the error number
S is the offending statement number
XXXXXX are six characters from the source
input buffer surrounding the current
setting of ISORSX

The input to DIAG is one packed parameter giving
the error number in bits 11-0 and flags in bits
14, 13, 12.

The flags are:

Bit 14 0 = print statement number an
1 = don't print statement number L
Bit 13 0 = fatal error
1 = non-fatal error
Bit 12 0 = Print ISORS characters
1l = Don't print ISORS characters

If this is a fatal error, IERR is set # 0.

If DIAG is entered with JMODE = 4. (errpr mode in
GETF), no error is output and JMODE is set = 0.
This is to minimize the output of redundant errors.

If this is a fatal error, the "X" option flag
IXLGO is cleared and bit 3 is set in IFLAGS.
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2.3.4.2 Subroutine CONV

CONV converts a binary integer to external code (ASCII) and puts
the result in an output buffer, one character per word. Its input
parameters are:

IX1 number to convert

IX2 output buffer - six words long
CONV is coded in assembler. The version of CONV
used in PHASE A cannot convert negative numbers,

while the version used in PHASE E can convert any
binary integer.
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Subroutine PACK

PACK packs a buffer which comes to it one character
per word into the form of two characters per word.

Input parameters:
IX1 Location of buffer
IX2 number of words to pack
Subroutihe PUNT
PUNT is called when a catastrophic table overflow
occurs in the compiler. It outputs error diagnostic
100 and calls SKIPIT. The Phase A version slews the
input to an END card before calling SKIPIT.
Subroutine PRNTNM
PRNTNM is called by subroutine PEQVS when an illegal
equivalence chain is encountered. PRNTNM converts the i
name of the illegal variable to external code (ASCII) L

and outputs it through the use of subroutine IOPR
(entry point WRITE).



CONTROL DATA CORPORATION

2-15%

e e ____ _ DIVISION
DOCUMENT CLASS __IMS PAGE NO.
PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUC T MODEL NO. €005 V.2.0 MACHINE SERigs . r70C¢

G)},Z[ (r, JD @W T [Phase @

@[//Vf[f’/}.st .BJ)

/

Fack T words [ WRITE \
frem army A IMoDE =0 message
o7 et £ Lo
[ 216\ IXtGo =0
( KETW?/V) Arm}gmﬁ’u (C/eak' X
F, 100 %?ion)
Slw l'n/cm'("
+o END
recoro/
Pl
<
[ Sk1PI T\

error exi i1
to GO roalne
fesTart /Fase A

CA 1381V REV 10-67



CONTROL DATA CORPORATION

L . DIVISION
DOCUMFNT CLASS . ___ 1MS PAGE NO.
PRODUCT NAME __ . _ 1700 MASS STORAGE FORTRAN ,
PRODUCT MODEL NO. coos v.2.0 MACHINE SERIES 1700

(PANTN I (v1m) (3 @
|

- Pack

TADY =0 /V//ong (L-€)
= L ‘nte

L MM BUF (2-9)

[ GETsSM \ | x7EMP= [ weirE \

= KreEme = | am BUF (U4,

&IS)’MX A/ﬂM) 30920 Q/v m BUF (1-9)

TADD =20 ( reTorw)

L IEMP (L)=0
TTEMP (2)=0

KTEMP =
T th word

0 'f namée
— ,.,.m_],_-_._.__..__.i

CA 1381 REV 10-67



CONTROL DATA CORPORATION

o _ —_ DIVISION
DOCUMENT CLASS . . IMS .. PAGENO._ ___ _ 271353
PRODUCT NAME 1700 MASS STORAGE FORTRAN o
PRODUCT MODEL NoO. €005 V.2.0 MACHINE SERIES__ 1700
iIT[MP(l) KTEMP =
| - KTEMP —
aLA’IEMF//sz/ TTEMP(L) #152!
|
KK = ITE/ZP(B’) TTEMP (2)
ITEMP(T) K prrmp — =
+TITADD TITEMP (2) ¥ 39 KTEMP /33
|
® ‘
;
L=L+ L
TAD D =0
|
i
|
JT=TJ+L ¥ LI=T+/
!{/vﬁoz:_y (L) e
‘13 CDTB (k¥ +1L)
No

|
®

CA 138-1 REV i0-67



- CONTROL DATA CORPORATION
- e .. ... DIVISION

(RTINS VR AR NN . IMS o ) PACE i 2-15Y )
PR 1 R I 700 MASS SIURAGE FORITRAN o Q{*u
FROLWE T e e b ﬂ'_' V. g 1 . MACHINE seERIES 11

8

2.3.4.6 Subroutine IOPR

This assembly-language routine performs all I/0 for the com-
piler. In order to optimize core and disk use, there is

a separate version of IOPR for each phase of each {2.0A

and 2.0B} compiler; but all versions share the following
functional description.

Entry points

IOPR is the entry called by GO at the start of each phase.
It allocates the disc scratch area, initializes pointers,
and begins input.

READ and WRITE perform both unit record and mass storage
I/0. Unit record I/O in phase A is buffered; records on
the scratch files are packed by WRITE and unpacked by READ.

RESET is available in phase D/E; it performs a logical
"rewind" of a scratch file.

EXIT issues an EXIT request to MSOS. QUQ

Disc allocation

The speed of the compiler is highly dependent on the place-
ment of its files within the MSOS-allotted disk scratch area.
This area is allocated starting at the first sector of the
first cylinder beyond the current top of the load-and-go
file; seek operations are minimized by never allowing a

file to "break" between two cylinders.

The first portion of this area is allocated for local files.
(Even though the present phase may not have locals, this
area must be stepped over in order to find the symbol table
and scratch files.) The partitioning of this area is
"customized" for each phase, generally leaving each file
several sectors more than it requires to allow for later
expansion.

Following the local files, an area is assigned to the

symbol table. Since the table is organized in eleven-

sector "pages", this area starts 1lln sectors from the

bottom of a cylinder and overlaps onto the next cylinder.

The disk allocation is such that only programs with a

very large number of symbols will use any of the SYMTAB

pages on the next cylinder, and so that the most-used N
local files will share the "prime" SYMTAB cylinder. Q:;

CA 1381 REV 10-67
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After the symbol table, the remainder of the scratch arca
is available for the two scratch files. These files, like
the symbol table, are organized in "pages" of several
sectors; in order to minimize length of seeks, pages of
file 1 are interleaved with pages of file 2. No effort

is made to keep scratch pages from crossing cylinder
boundaries, since the "broken" page would be referred to
only once per phase.

Scratch file packing

To minimize disk usage, the two scratch files are packed
into streams of logical records without regard for sector
boundaries. (The first word of each logical record « Hon-
tains the total record length.) The files are then broken
up into "pages" of several sectors; a "page" being as much
of the file as will fit into core. (In several cases, a
phase keeps only part of a page in core at a time; the
page size is chosen for maximum efficiency over all four
phases of a compiler version.) A call to READ causes
copying of a logical record from the unpacking area to

the user-designated address; if the end of the unpacking
area 1s reached before the entire record is moved, then
the next page of the input file is read into the unpack-
ing area and the copying proceeds. A call to WRITE simil-
arly loads the output packing area, which is similarly
emptied when full. (A special call is provided to force
the output onto disk at the end of each phase.)

It i1s important to note that on scratch-file I/0, the logical
record length 1is controlled only by word 1 of the record;

The record-length parameter of the call to READ or WRITE

is ignored.

Unit record buffering

Phase A unit record I/0...source statement input and listing...
is buffered, so that phase A execution time is overlapped

as much as possible. Space is provided in the phase A

TOPR to hold one line of input and one or two lines of out-
put; each line is associated with an FREAD or FWRITE request.
When the IOPR entry is called, at the start of a phase, it
activates the FREAD request that is to fill the input buffer.
Thereafter, a call to READ will: (1) wait until the request
is unthreaded; (2) copy the record just read,from the buffer

CTA vig-) REV 300
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to the user's area; (3) reissue the FREAD request.
Similarly, a call to WRITE waits for a buffer to be
available, fills it, issues an FWRITE requcst for it,
and returns.

The READ routine does not reissue the FREAD request if
the buffer contains an END or MON card. The buffer is
blanked before the request is issued. The requested
record length is 41 words so that, regardless of actual
record length, the operating system will store the actual
last~word-address-plus—-one outside the area to be pro-
cessed by Fortran.

Page ejection

If the list output device is not a teletype or paper

tape punch, IOPR issues a page-eject control ($3120) after
each 60 lines of output. The maximum and current number

of lines per page are held in labelled common and are set
by the phase A block data subprogram and subroutine PHASEA,
respectively. PHASEA is responsible for issuing page ejects
before the source and assembly listings.
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STATEMENT SPECIFIC PHASEA ROUTINES
DIMENSION Statements = Subroutine DIMPR

Subroutine DIMPR processes dimension information. It will
be called directly by PHASE A to process DIMENSION state-~
ments or as an auxiliary routine when processing COMMON

or Type statements.

Input to DIMPR is the ISORS image of the statement being
processed and the current setting of ISORSX within this
buffer. ‘

DIMPR builds entries in the symbol table {SYMTAB}. defin-
ing the arrays it processes. Entries are set to dimensioned
arrays {ICLASS = 1. IDIM = no. dimensions. ISTABX = index
into ISTAB to get dimensions}. The dimensions are entered
in the ISTAB table. If a COMMON statement is being pro-
cesseds ICOM {common block indicator} and ICOMTX {thread of
variables and arrays in common block} are set in the symbol
table and ICOMBX in the common table {ICOMT} is updated to
reflect the current thread of the chain of variables and
arrays in a specific common block.

If a Type statement is being processed. the symbol table en-
try is set to the appropriate type {ITYPE = 1 for INTEGER
or SINGLE+ 2 for REAL+ 3 for DOUBLEs ISNGL = 1 for SINGLE}.

Throughout its processings DIMPR checks the syntax of the
statement it is analyzing and outputs diagnostics if errors
are encountered. It also checks for conflicting informationa
and outputs diagnostics if such information is encountered.
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2.4.2 COMMON Statements =- Subroutine COMNPR

COMMON Statements are processed by the routine COMNPR. The common
block is entered in ICOMT, if it is not aiready there. DIMPR is
called. DIMPR returns to COMNPR to search for another common block.
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2.4.3 TYPE Statements - Subr'outme TYPEPR

The routine TYPEPR is entered. This routine, in turn, calls

DIMPR. DIMPR enters the symbols, with their appropriate type,
into the symbol table.
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2.4.4 BYTE+EQUIVALENCE Statements - Subroutine BYEQPR

The BYEQPR subroutine is used to process BYTE, SIGNED BYTE and
EQUIVALENCE statements. Upon entry to BYEQPR, the type number for
the statement being processed is contained in IBUF2(3) as follows:

(IBUF2(3)) = 8 for BYTE statement.

(IBUF2(3)) = 9 for SIGNED BYTE statement.

(1IBUF2(3)) = 10 for EQUIVALENCE statement.
2.4.4.1 KEQV Table

BYEQPR generates entries for the KEQV table as a result of p1-
cessing either of the three statements previously mentioned.
Prior to entering BYEQPR, KEQVX contains the word length for the
information in KEQV, and KEQVS contains the storage capacity for
KEQV. The KEQV table along with KEQVX are initiaily cleared to
zero as part of the initialization procedure of the PHASE 1 sub-
routine.

LEQVX is set to the value in KEQVX immediately upon entry to BYEQPK.
Entries are made to KEQV using the storage index LEQVX. There are
four words per entry to KEQV. For each entry made to KEQV LEQVX

is increased by the number of words per entry --

(LEQVX) + &4 —» LEQVX.
Entries made to the KEQV table have the following format:

WORD1: pointer to symbol table entry containing name of variable
WORD2: 1Ist subscript or O if subscript not specified ’
WORD3: 2nd subscript or O if subscript not specified
WORD4: 3rd subscript or O if subscript not specified

Congecutive entries made to KEQV correspond to related elements in
the source statement. (Refer to item 2.4.4.2 for an EQUIVALENCE
statement and to item 2.4.4.3 for a BYTE statement.) The last of
these entries is followed by an end-of-chain mark which is a word
containing a value of -1. When an entry is made to KEQV to indicate
the end of chain KEQVX is increased by the number of words added to
the KEQV table by -

(LEQVX) + 1—8> KEQVX.
When processing begins and the next chain of related elements in
the source statement, LEQVX will be set to the current word length of

KEQV information by -

(KEQVX)—$> LEQVX.
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2.4.4.2

2.4.&.2.1

Upon exit from BYEQPR, KEQVX will contain the word length of infor-
mation stored in the KEQV table.

Processing the EQUIVALENCE Statement
Equivalence statements of the form:

EQUIVALENCE (al,az,...,ai), (bl,bz,...,bi).,,,. (CI’CZ"°"C1)
are processed as follows:
A chain of related elements areenclosed in parentheses. The chains
separated by commas. The last chain is followed by an EOS. Within

the chain, the elements are separated by commas. A four word entry
is made to KEQV in the manner described by 2.4.4.1 for each element

in a chain. The last entry is followed by an end-of-chain mark. The

1st entry made for the next chain follows the end-of-chain mark for
the preceding entry, etc. A chain must contain at least 2 elements.

Processing Errors for EQUIVALENCE Statements

Diagnostics will be given for the following errors while processing
EQUIVALENCE statements:

1. A chain is not enclosed in parenthesis.

2. An element is not alphanumeric.

3. An element within a chain is already in the symbol table,
and either -

a. classed as something other than a variable name, or -
b. the name appears either on a RELATIVE or an EXTERNAL
statement.

4. An element has more than three subscripts. -

5. An element has a subscript & O.

6. An element has a non-integer subscript.

7. The subscripts of an element are not separated by commas.

8. The subscripts are not enclosed in parentheses.

9. A chain contains fewer than two elements.

After the error diagnostic is printed, the entries made to the
KEQV table are erased in the following manner:

Using the value in KEQVX to locate the starting point, each KEQV
word is set to zero by -

0 —&» KEQV(KEQVX),

0—8> KEQV(KEQVX+1),

-

and 0-—B KEQV(LEQVX-1).

©
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Once these entries are erased, BYEQPR will slew the remaining portion
of the chain, While slewing, an exit will be made from BYEQPR when
it encounters in the source buffer, either an EOS character or a
right parenthesis followed by an EOS. If, while slewing, BYEQPK
encounters a right parenthesis followed by a comma, it will proceed
to process the next field.

2.4.4.3 Processing BYTE Statements

BYTE or SIGNED BYTE statements of the form:

BYTE _ _
{SIGNED BYTE} (a)sby5(ey=d)2)yeee, (ay,by,(c;=d;))

are processed as follows:

For each byte name processed, two entries are made into the KEQV
table, each in the manner described by item 2.4.4.1. The lst entry
is made for the byte name a; followed by the entry for the second
variable b,. This entry is followed by an end-of-chain mark of "-1".
The b variable may or may not be subscripted. However, the a,
variaéle must not be subscripted. Therefore, the 2nd, 3rd and 4th
words of the KEQV entry for a, must contaii zeros.

If (c;,b,(c=d,))

may be regarded as a chain, the chain of the BYTE or SIGNED BYTE
statement must be separated by commas and the last followed by an
EOS.

The byte limits ¢, and di must both be integer constants and maintain
the relationship =

15 >ci>di>0.

An indicator is set in the symbol table entry containing the name
a, to show that it is a byte name by either -

a., 1—p» IPART(ISYMX) if a, is not a signed byte, or -
b. 2—» IPART(ISYMX) if a; is a signed byte.

The byte limits are recorded in the symbol table entry as follows:

1. ci-—B>IPARTL(ISYMX), and -
2. di-—G>IPARTR(ISYMX).
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2.4.4.3.1 Processing Errors for BYTE and SIGNED BYTE Statements

Diagnostics will be given for the following errors while processing
BYTE and SIGNED BYTE statements:

1. A chain (as defined in item 2.4.4.3) is not enclosed in
parenthesis. '

2. An element, either a, or b, is not alphanumeric.

3. Some byte name a, appears in the symbol table either -

a. typed as something other than an integer variable,
b. indicated to be a dummy variable, or -
c. previously specified as a byte.
4. The byte name a, is subscripted.
5. The second variadble b, is not alphanumeric. !
6. The second variable b, has more than three subscripts.
7. The second variable b, has a non-integer subscript.
8. The second variable b, has a subscript _ O.
9. The subscripts for b, are not enclosed within parentheses.
10. Either of the byte limits c, or d, is not an integer constant.
11. The byte limits ¢, and d, are not enclosed in parentheses £
and/or the limits ¢, and di are separated by something st
other than equal sign.
12. The byte limits ¢y and di do not satisfy the condition -

(SRR

Following the diagnostic output, the procedure followed for errors

1-11 is the same as the procedure described in item 2.4.4.2.1 con-

cerning errors in EQUIVALENCE statements. After printing the diag-
nostic, the procedure for error 12 is to substitute a 15 for cy and
a 0 for di and proceed as if no error had occurred.

({'”‘T\‘
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2.4.5 SUBROUTINE or FUNCTION Statement - Subroutine SUBPPR

SUBPPR processes SUBROUTINE or FUNCTION statements and is called
directly by PHASE A Tt sets a flag to distinguish between a
subroutine and a function. (2 = function, 3 = subroutine.)

The next field is checked to see if it is a name (JMODE = 2). The
name is checked for legality. If legal, it is put in the symbol
table. If not, a diagnostic is printed. The terminator is checked.
1f not a left parenthesis, SUBPPR returns to PHASF A If left
parenthesis, fields are checked until a right parenthesis is

found. Each name encountered is checked for legality and entered
in the symbol table. The symbol table pointer goes to output
buffer.
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DATA Statements = Subroutine DATAPR

The DATAPR subroutine is used td process DATA statements.
Intermediate language will b= Vroduced in the output
buffer for the names and constants which appear ir the
source statement. The output buffer is named IBUFZ2.

The tally register that holds the word count for the
information placed in the output buffer is IBUF2X.

IBUF2X is set to an initial value prior to entering the
DATAPR subroutine. Intermediate language generated for
each member of a name list in the source statement is
inserted in the output buffer beginning at

IBUF2{IBUF2X}.

The tally register IBUF2X is increased by the number of
words of intermediate language generated for the member
being processed. Upon exit from DATAPR. IBUF2X contains
the word length of the output entry.

Processing Name List

The DATAPR subroutine calls the GETF subroutine to
extract a member of the name list from the source
statement. A member of the name list must be alpha-
numeric. If the name does not appear in the symbol
tablea it 1is recorded therein by a call to the STORE
subroutine. If the name is untyped. an indicator is
set in the symbol table entry to the type number for
the name:

{JESWTY - ITYPE{ISYMXZ}

where JEWST is set as a result of the call to GETF.
Another indicator is set in the symbol table entry to
show that this name appeared on a data statement:

1 - IDATAS{ISYMXZ}

If the symbol is unclassifieds the indicator in the
symbol table entry is set to show that this symbol is
classified as a variable name:

L - ICLASS{ISYMX?}

If the entry containing this name indicates that the name
is classifieds it must be classified -as a variable name.
The variable may not be used as a bytes a dummy var1able=
or variable assigned to blank ccmmon.

If the name is an element of an arrayas a call is made
to the CONSUB routine in order to compute the increment
from the subscripts of the element. Upon return from
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CONSUB+ the value in IVCFLG indicates that the element
is the IVCFLGth member of the array. If each element
of the array occupies one storage cellas

{IVCFLGY - 1

is the increment in words which must be added to the

base address of the array in order to reference the
element in the array. Each element of the array occupies
one storage cell if either =

L. The name is typed as an integera or
2. the ASA option has been chosen and the name
is typed as a single.

In other words

either {ITYPE{ISYMX}} = 1. or {IK} # 0 and
{ISNGLLISYMX}Y # O.

If each element of the array occupies 2 storage cells =
{IVCFLG}*2=2

is the increment in words which must be added to the
base address of the array in order to reference the
element in the array. Each element of the array occu-
pies 2 storage cells if either =

¢
A =4

1. The name is typed as reala or
2. the ASA option is chosen but the integer
element is not typed as a SINGLE-.

In other words =

ITYPELISYMX} = 2 or {ITYPE{ISYMX} = 1 and either
{IK} = 0. or {IK} # 0 and {ISNGL{ISYMX}} = O

If each element of the array occupies 3 storage cells =
{IVCFLG}*3-3 |

is the increment in words which must be added to the base
address of the array in order to reference the element

in the array. Each element of the array occupies 3 storage
cells if it is double precision regardless of the ASA
option. :

The members of the list of names must be separated by

commas anhd the last name in the list must be followed

by a slash. When DATAPR encounters the slasha it ter-

minates processing the list of names and proceeds to

process the list of constants. {Refer to item 2.4.b.2%}

Members of the name list may be variablesa array elementsa .
arrayss and implied DO0's. When an array name is founda (j)
it is reduced into a series of array elements. UWhen an



CONTROL DATA CORPORATION

LA JOLLA RESOURCE CENTER DIVISION
( DOCUMENT CLASS____IMS PAGE NO. 2-209
PRODUCT NAME 1700 MASS STORAGE FORTRAN
PRODUCT MODEL NO. _C005%3.1 A/B MACHINE SERIES 1200

implied DO is analyzeds a series of array elements is
also generated-.

2.4.b.1.1 Intermediate Language Generaced as a Result of Proccessing
the Name List

The starting position in IBUF2 of the intermediate
language is recorded in ITEMP1l prior to processing the
lst name in the list. As each member of the list of
names is processeda the following intermediate language
is generated:

WORD 1: {IBUF2{IBUF2X}} = pointer to the name in the
symbol table. :

WORD 2: {IBUF2{IBUF2X+1}} =

L. 0 if the variable is not an element of an arraya
2. A{IVCFLG}=L if the variable is an element of an
array where each element of the array occupies
‘ 1 storage cella ’
‘ 3. IVCFLG%2-2 if the variable is an element of an
array where each element of the array occupies
2 storage cellss and
Y. IVCFLGx%3=3 if the variable is an element of an
array where each element of the array occupies
3 storage cells.

WORD 3: {IBUF2{IBUF2X+2}} = the number of storage cells
the variable occupies
{according to its typel.

The tally register is increased by the number of words
of intermediate language to be generated for this name
{IBUF2X}+2+{IBUF2{IBUF2X+2}} -» IBUF2X

When the DATAPR subroutine encounters a slash indicating
the end of the name lists an end of output mark is
generated in the intermediate language buffer by

-1 - IBUF2{IBUF2X}
2.4.b.1.2 Error Checking While Processing Name List
Diagnostics will be given for the following variables:
1. A member of the name list is not alphanumeric.

(' 2. A member of a name list appears in the symbol
‘ table as something other than a class 1 variable.

CA 138-1 REV 10-87
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3. The member of the name list appears in the
symbol tables but an indicator is set to show
this symbol is a byte.

4. The member of the name list appears in the
symbol tables but an indicator is set to show
this symbol is either in numbered common or
used as a dummy variable.

5. Either the members of the name list are not
separated from each other by commasa or the
final member in the list is not followed by
a slash.

Errors 1 and 5 will cause processing of the source
statement to be terminated by an exit from DATAPR.

For the remaining errorsa processing of the source
statement is resumed following the output of the error
indication.

Processing Constant List

In a DATA statements there must be a one to one cor-
respondence between tha members of the constant list
and the members of the preceding name list. The members
of the constant list may be numeric and literal. A
literal constant must be contained by single quotes-.
Numeric constants may be doubles reala or integer and
may have a leading algebraic sign of "+" or "=". If
the value of the constant is to be assigned to consecu-
tive variables in the preceding name list. it may be
preceded by a repeat count equal to the number of times
it is to be used. The repeat count for the constant
must be an integera. and it must be separated from the
constant by an asterisk. In order to comply with the
one to one correspondence rule as stated abovea the
following condition must be satisfied when a member of
a constant list is preceded by a repeat count:

C+RC=V
where

1. C represents the number of constants in the
list without repeat countsa

2. RC represents the sum of the repeat counts
occurring in the constant lista and

3. V reprasents the number of variables in the
preceding name list.

When using literal constantsas the number of characters
must be taken into consideration. If the variable type
isz: .

A Wﬁ,h‘
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- Single or Integer it holds 2 characters
Real it holds 4 characters
Double Precision it holds b characters

Trailing blanks are used to vill a variable entry that
- has been started and an end of literal quote is en=-
countereda that is:

D is a double precision variable.
DATA D/'ABC'/

The variable D will be initialized as if the DATA
statement were:

DATA D/'ABCbbb'/ b = blanks

Since a numeric constant may be double precisiona real
or integera. it must agree in type with the variable in
the preceding name list to which it is assigned-

The members of the constant list must be separated from
each other by commas. The final member of the list must
be followed by a slash which is followed by either a

( comma or an EOS. If the list terminates with a slash
and an E0S. processing of DATA statement terminates when
processing of the current constant list terminates. If
the list terminates with a slash and a commas DATAPR
proceeds to process the list of names which follow in
the manner describe by item 2.4.bk.1.

2.4.b.2.1 Completing the Intermediate Language in the Qutput Buffer

The tally register IBUF2X is set to the value recorded

in ITEMP1l prior to processing the list of names preceding
the list of constants. {See item 2.4.bL.1.1% The DATAPR
subroutine calls GETF to extract a member of the list

of constants from the source buffer. Prior to calling
GETFa1 the repeat ICOUNT is set to 1. Upon return from
GETF. one of the following conditions has occurred:

CONDITION 1: The operand is not preceded by a repeat
counts or a quotea or a leading algebraic
sign. Upon return from GETF -

JTERNM
JMODE

commas slasha or EOS

3 for integer constanta. 5 for
real constant and k for double
precision constant

- JSYML1> value of integer constant
(Wf ~ JSYM{1l} and JSYM{2} = value of real constant

JSYM{1}+ JSYM{2} and JSYM{3} = value of

double precision constant

1]

CA 1381 REV 10-87
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The numeric constant and the name from the preceding
list to which the constant is assigned must agree in
type sucn that -

CONSTANT JMODE IBUF2{IBUFcX+2}
double precision =~ b agrees with 3
real s agrees with 2
integer 3 agrees with 1

The constants are entered into the intermediate language by -

integer JSYM{1}-> IBUF2{IBUF2X+2%}
real JSYM{1}-JSYM{2} - IBUF2{IBUF2X+2}x
IBUF2{IBUF2X+3%}

double precision JSYM{1}.JSYM{2}.JSYM{3} > IBUF2
{IBUF2X+2}-IBUF2{IBUF2X+3}.IBUFZ2
{IBUF2X+4}

The tally register is increased by 34 4. § accordingly-.

CONDITION 2: The operand is preceded by a leading alge-
braic sign. Upon return from GETF -

JTERM either ™+" or "=" : i
JMODE D indicating a null fiel Y

A second call is made to GETF to extract
the numeric constant from the source
statement. If the algebraic sign was a
".", the value for the constant is com-
plemented by:

- JSYM{1} - JSYMN{1ZA
- JSYM{2} - JSYM{2%}.
and = JSYM{3}- JSYM{3}.

If the leading algebraic sign was a "+". the sign is
ignored. The constant is then processed as if it had
no leading algebraic sign. {See condition 1}

CONDITION 3: The constant is preceded by a repeat count.
The repeat count must be an integer sepa-
rated from the constant by an asterisk.
Upon return from GETF -

JTERM = "™%", JMODE = 34 and JSYM{1l} = value
of repeat count

The repeat count is recorded in ICOUNT by =
JSYM{1¥ - ICOUNT
A second call is made to GETF to obtain the constant. i::

If it is a literal constanta it is processed as condition
5. The numeric constant is assigned to a number of

CA 1381 REV 10-67
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consecutive names from the preceding name list until
ICOUNT = 0. The constant must match "type wise” each
of the consecutive names toc which it is toc be assigned.
The constant is inserted int2 the intermediate language
in IBUF2 for each of the names in the manner described
by condition 1. IBUF2X is increased by the number of
words of intermediate language for each entry made in
IBUF2. The repeat count is reduced by 1 for each entry
made into IBUF2. When ICOUNT = 0. the repeat conditions
are satisfied. The repeat count must not be so large
that it is not zero when the end of the name list is
encountered in IBUF2. The end of the intermediate lan-
guage is marked by an entry in which:

IBUF2{IBUF2X} = -k

A flag IVBUF is checked to see if the name list has been
exhausted. If IVBUF = 1 then more intermediate language
will be generated and IBUF2 will be written out and re-
filled. If IVBUF = 0 and the end of the intermediate
language is encountereda then the end of the name list
will have been reached. {See item 2.4.L.1.1}

CONDITION 4: The numeric constant is preceded both by
‘ a repeat count and has a leading algebraic
sign. Firsta the repeat count is processed
according to condition 3. Then the leading
algebraic sign is processed according to
condition 2.

CONDITION 5: The operand is preceded by a single quotea.
indicating a literal constant. Literal
constants must have a terminating single
quote. Upon return from GETF -

JTERM = "'" single quote
JMODE = 0 indicating a null field
The routine GETC is used to extract characters from the

source statement. Characters are extracted until a
terminating quote is encountered.

The characters are entered into the intermediate language
according to the following conditions.

Type of NAME No. of CHARACTERS
Integer ' | 2.
Real y
Double precision b
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Characters are assigned to consecutive names until the
literal is terminated. If assignment has begun and
the literal terminatesa the remainder of the name is
assigned with blanks. {That is. if a namea. whose type

is reala. was assigned a character and the end of literal
was encountered 3 blanks are assigned to fill up the

entry.} The intermediate language pointer is updated

after each name assignment by:

Type of Name - IENTRY
IBUF2X+IENTRY+2 = IBUF2X

Error Conditions Check for While Processing Constant List

Diagnostics will be given for the following errors:

L. The repeat counter is either non-integer or

is < 0 or both.

2. A member of the constant list is both non-numeric

and not a literal.

3. The numeric constant does not agree in type with
the name {from the preceding name list} to which

it is assigned-.

4. There is not a one to one correspondence between

the members of the name list and the
of the constant 1list. This could be
a repeat count which is excessive in
could also be caused by an incorrect
characters in the literal constant.
5. The last member of the constant list
followed by either a "/"™ or-a "/EOS"

members

caused
valuea

number

is not

L. The members of the constant list are not

separated by commas.

7. A member of the constant list is followed by

an EOS not preceded by a slash.

Errors 12 44 51 b and ? will cause processing of the

by
it
of

source statement to be terminated by an exit from DATAPR.
Processing of the source statement will be resumed
following the printing of the error indication for

errors 2 and 3. For illegal numeric constantsa zeros

will be substituted in their place.

q:ﬁ
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