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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 Systt~m. 

The compiler consists of four passes over the 
source code or its equivalent, accomplished in 
four phases, called A, B, C, and DIE. (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" 
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 built. 

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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Phase C, 0, E Tasks 

Phases C and DIE are a two pass assembler .. The 
output from Phase B is read. Index registers are 
optimally assigned. One word relative addressing 
is maximized. Relocatable binary output with futures 
and an assembly listing are produced. 

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 is executed; this provides 'a complete 
syntax check without producing machine code which 
is not wanted. Similarly, only phase A will be 
executed if 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 'pl 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. 

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., lABS or AND). 

5.. A comprehensive analysis of IF statements is 
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 ['0 • 
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PHASEA Routine and Related Subroutines 

2.2.2.1 
2.2.2.2 
2.2.2.3 
2.2.2.4 
2.2.2.4.1 
2·2.2.5 
2.2.2.6 
2.2.3.2 
2.2.3.3 

Subroutine GNST 
Subroutine TYPE 
Subroutine PEQVS 
Subroutine PLABEL 
Subroutine RDLABL 
Subroutine OPTIONS 
Subroutine OUTENT 
Subroutine ENDDO 
Subroutine SAVEID 

2.3 General pass Routines 

2.3.1.1 
2.3.1.2 
2.3.1.3 
2.3.1.4 
2.3.1.5 

Subroutine SYMBOL 
Subroutine STORE 
Subroutine GETSYM 
Subroutine CNVT 
Subroutine SYMSCN 

Field Processing Routines 

2.3.2.1 
2.3.2.2 
2.3.2.3 
2.3.2.4 
2.3.2.5 

S ubrouti ne GETF 
Subroutine GETC 
Subroutine GPUT 
Function IGETCF 
Subroutine STCHAR 

Special Field Analyzing Routines 

2.3.3.1 
2.3.3.2 
2.3.3.3 
2.3.3.4 

Subroutine CONSUB 
Subroutine CFIVOC 
Subroutine CKIVC 
Subroutine CKNAME 

Diagnostic Haridling Routine 

2.3.4.1 
2.3.4.2 
2.3.4.3 
2.3.4.4 
2.3.4.5 
2.3.4.6 

Subroutine DIAG 
Subroutine CONV 
Subroutine PACK 
Subroutine PUNT 
Subroutine PRNTNM 
Subroutine IOPR 

2.4 Statement Specific Phase A Routines 

AA 3777 

DIMENSION Statements - Subroutine DIMPR 
COMMON Statements - Subroutine COMNPR 
TYPE Statements - Subroutine TYPEPR 

PRINTm IN USA 

.----...... 
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2.4.4 BYTE, EQUIVALENCE Statements - Subroutine 
BYEQP.R 

2.4.5 SUBROUTINE, FUNCTION Statements - Subrou­
tine SUBPPR 

2.4.6 DATA Statements - Subroutine DATAPR 
2.4.7 FORMAT Statements 

2.4.8 
2.4.9 
2.4.10 

2.4.11 

2.4.12 
2.4.13 

2.4.7.1 
a.4.7.2 
2.4.7.3 

Subroutine CHECKF 
Subroutine FORK 
Subroutine FGETC 

ASSEM Statements - Subroutine ASEMPR 
ASSIGN Statements - Subroutine ASGNP~ 
EXTERNAL & RELATIVE Statements - Subroutine 
EXRLPR 
REWIND, ENDFILE·, BACI{SPACE Statements -
Subroutine ERBPR 
READ, WRITE Statements - Subroutine ~OSPR 
DO Statements - Subroutine BDOPR 

Special Subroutines for Common Allocation 

3.3.1 Subroutine ARAYSZ 
3.3.2 Subroutine CPLOOP 

Arithmetic Expression Processors ~ 

3.4.1 
3.4.2 
3.4.3 
3.4.4 

ARITH 
SUBSCR 
TREE 
MODMXR 
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PHASE A TASKS AND SUBPROGRAMS 

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 
code, given a sequential statement number, and stored 
in the buffer ISORS {routine GNST}. The statement type 
is computed {TVPE}. The statements are sent to their 
appropriate processors, syntax checked, itemized into 
an output buffer {see 7.S}, and output {routine OUTENT}. 
Upon encountering the first ~xecutable statement {or 
an END statement}, the EQUIVALENCE statements, which 
are in a tabulated form in core, are processed and the 
IEQV table is formed {routine PEQVS}. Control is re­
turned to FTN through the routine GOA, which either 
proceeds to read in and execute Phase B, or restarts 
Phase A to read the next source program. J: 
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2.2 

2.2.1 

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 curried 
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.) In 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. 

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 i.n 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 IJOCAL, 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, if the desired subroutine is already 
in core, LOCAL is bypassed; if not, the routine 

--- .-.. "-,,---------,,. __ .,,-------_.-
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2.2.1.0.1 

2.2.1.1 

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 
(FORTB1) 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 FORTDI at the start of phase D/E, and the 
phase DIE local routine decides whether to use 
the D or E local routines. (The 0 and E roots 
are identical.) In the 20K compiler, GOC 
tests the options and makes an alternate return 
to FTN such that FORTDI or FORTEI is read. 

FLOWCHART OF PROGRAM FTN 

VERSIONS OF 'GO' ROUTINE 

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

...... 
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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 LOCL!Z, 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 tne2.0A version, 
causes the phase B local files to be generated; 
calls phase B; and upon return, finishes the 
phase as GOA did. 

GOC, in the2.0A version, is similar to GOB. 
In the 2.0Bversion, after return from PHASEC 
(There is no SKIPIT entryk 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 (PHASE6), 
there is no scratch page to be output; and, if 
the list device is a magnetic tape, an end of 
file is written. 
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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 DIE 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 value the length of the 
current load-and-go output. (Also see dis­
cussion of disk allocation in description of 
subroutine IOPR.) 

FLOWCHARTS OF SUBROU'r INE GO 

VERSIONS OF 'LOCAL' ROUTINE 

References to non-resident subroutines (in 
phases A, B, D and E of the 2. OA compi ler and 
phase A of the 2. 09 pass through the subrou­
tine LOCAL. Subroutines to be piaced 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 LOCLIZ 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 call~ the state saving and 
file reading is repeated; the number of levels of call 
allowed is limited by the size of the pushdown stacks. 
Upon return from a local file~ the stacks are popped up 
one level. The calling file is read back in {except~ 
in 2.OB~ if the call was from the root}~ 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.oA phase A~ FLAG=l means that the calling file has 
finished execution~ and need not be read back in; for 
example~ PHASEA in file A1 calls ARITH in file A2; just 
before returning~ ARITH calls TREE in file A3; and just 
before returning~ TREE may call MODMXR in file Ab. 
There is no reason to reload TREE and ARITH after MODMXR 
is done~ so the stacks are popped up three levels and 
control goes directly from MODMXR to PHASEA. 

In 2.OA phase 8~ parameters must be passed to local 
routines; here~ FLAG=l means that the following word is 
a parameter address to be passed on. 

In 2.08 phase A~ almost all calls are from PHASEA in the 
root~ to local routines; there FLAG=1 signals the case 
of a local-to-Iocal call~ where a different algorithm 
is needed to find the proper return address. 

In the 3.0A and 3.1A compiler~ routines STCHAR and GETC 
must be loaded at the same point in files FORTA1 and 
FORTAb in order to have externals inSAVEID patched prop­
erly for both files. This is accomplished by a small 
8SS in DUMYAb which is followed immediately by ER8PR to 
equal the length of DUMYA1. 

2.2.1.2.1 Flowcharts of the "Local" Subroutines 

CA UI-\ REV \0-67 
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INPUT 
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2.2.2 PHASFA 

Phase A operates as follows: 

1 •. Perform PHASEA Initiatization. 
2. Read a statement. 
3. Process the label. 
4. Determine statement type. 
5. Branch to process the statement type by either 

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 

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. 

2.2.2.0.2 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) 

'--' 
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2.2.2.0.3 Format of Input Entry 
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The GNST routine will read a source statement from a 
card and store it in its int9rnal buffer {ISRS}· The 
characters which make up the source statement are 
recorded.in the ASCII code as follows: 

Character ASCII Code 

Digits: 0-9 $30 - 39 
Letters: A-Z $41 - $5A 

Special Characters' 

Dollar Sign $ 
Period 
Plus 
Minus 

+ 

Equal Sign = 
Left Paren { 
Right Paren } 
Comma 
Slash 
Asterisk 
Space 

I 

* 
Statement Terminator 
Single Quote ' 

$24 
$2E 
$2B 
$2D 
$3D 
$28 
$29 
$2C 
$2F 
$2A. 
$20 
$20 
$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 
Digit: 0-9 
Letter: A-Z 

Special Characters 
Dollar Sign 
Period 
Plus 
Minus 
Equal Sign 
Left Par en 
Right Paren 
Comma 
Slash 
Asterisk 
Space 
Statement Terminator 
Single Quote 

Internal FORTRAN Code 
0-9 

10 - 35 

:36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

Following the code conversions, the entire statement 
is transferred to the source buffer {ISORS}· 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 ISORS, and its length is 208. 
Upon return from GNST, ISORSX contains the number ·of 
words in the source statement. 

2.2~2.0.4 Processing Label 

The PHASEA subroutine will call the subroutine whose 
name is PLABEL. This subroutine will determine whether 
or not there is a label and; if so, process it. 

2.2.2.0.5 Identifying statement Type 

CAl :u- 1 fit E V 10· e 7 

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, ari identi­
fying number giving statement type is recorded in the 
third word of the output buffer. {Refer to items 
2.2.2.0.6.2 and 2.2.2.0.6.2.1}. 

There are 47 type nu~bers used to identify FORTRAN 
source statements: 

Type Number statement 

0 DIMENSION 
1 COMMON 
2 INTEGER 
3 REAL 
4 INTEGER FUNCTION 
5 REAL FUNCTION 
6 PROGRAM 
7 SINGLE 
8 BYTE 
9 SIGNED BYTE 

10 EXTERNAL 
11 RELATIVE 
12 EQUIVALENCE 
13 BLOCK DATA 
14 SUBROUTINE 
15 FUNCTION 
16 DATA 
17 FORMAT 
18 Replacement statement 
19 Statement function 
20 ASSIGN 
21 CALL 
22 RETURN 

0 

Ci 
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23 NOT USED 
24 UNCONDITIONAL GO TO 
25 COMPUTED GO TO 
26 ASS::GNED GO TO 
27 CONTINUE 
28 STOP 
29 STOP n 
30 PAUSE 
31 PAUSE n 
32 END 
33 END FILE 
34 REWIND 
35 BACKSPACE 
36 READ {unformatted} 
37 READ {formatted} 
38 WRITE {unformatted} 
39 WRITE {formatted} 
40 BEGIN DO 
41 END DO 
42 ARITHMETIC IF 
43 LOGICAL IF 
q4 ASSEr1 

·45 OPEN 
46 DOUBLE PRECISION 
47 DOUBLE PRECISION FUNCTION 

2.2.2.0.6 Branching to Process Statements 
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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 
th~ source statement· does have a label, a call is made 
to the ENDDO subroutine. If this statement label 
terminates a DO loop, ENDDO will generate the necessary 
intermediate language for the DO loop termination 
procedure. Prior to calling ENDDO, the statement label 
is recorded in ILLABL. 

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~ 
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Source statement 

DIMENSION· 
COMMON 
SINGLE 
INTEGER 
INTEGER FUNCTION 
REAL FUNCTION 
REAL 
BYTE 
SIGNED BYTE 
EXTERNAL 
RELATIVE 
E:QUIVALENCE 
FUNCTION 
SUBROUTINE 
DATA 
FORMAT 
ASSIGN 
CALL 
ENDFILE 
REWIND 
BACKSPACE 
READ unformatted 
READ formatted 

'WRITE unformatted 
WRITE formatted 
DO 
ASSEM 
OPEN 
DOUBLE PRECISION 
DOUBLE PRECISION FUNCTION 

Subroutine called from PHASEA 

DIMPR 
COMNPR 
TYPEPR 
TYPEPR 
SUBPPR 
SUBPPR 
TYPEPR 
BYEQPR 
BYEQPR 
EXRLPR 
EXRLPR 
BYEQPR 
SUBPPR 
SUBPPR 
DATAPR 
CHECKF 
ASGNPR 
ARITH 
ERBPR 
ERBPR 
ERBPR 
IOSPR 
IOSPR 
IOSPR 
IOSPR 
BDOPR 
ASEMPR 
IOSPR 
TYPEPR· 
SUBPPR 

2.2.2.0.6.2 Statements Processed in the PHASEA Routine 

Several statement types are processed in the PHASEA 
subroutine. These are PROGRAM~ BLOCK DATA~ RETURN~ 
GO TO~ IF~ CONTINUE~ STOP~ PAUSE~replacement statements~ 
statement functions, and END. 

2.2.2.0.6.2.1 Program 

CAI31·IAEV lo-e7 

The PHASEA routine verifies the correct format of the 
statement, then records the name of the program in the 
symbol table as a program name. In the event of a 
format error~ an indication is made by a call to the 
DIAG subroutine. The PHASEA subrouti'ne then reads and 
processes the following sourc~ statement. 

o 

o 
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2.2.2.0.6.2.2 Block Data 
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The PH A S E j' r 0 uti n eve r i fie s the cor r e c t for mat 0 f the 
statement. In the event of an er~or~ an indication 
is given by a call to the DIAG routine. The switch 
named ISUBP is set to a ftl" to indicate the compiler 
will generate object code for COMMON~ DATA~ BYTE~ 
EQUIVALENCE & DIMENSION statements. only. 

'A RETURN statement is legal only if the source program 
is either a FUNCTION or SUBROUTINE. If the RETURN 
statement is used legally, 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 
and it is passed on as intermediate language to be 
processed by a subsequent phase. 

The GO TO type is determined. Depending on the type~ 
the statement is syntax checked and converted to list 
notation. Computed GO TO causes a call to ARITH. 
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2.2.2.0.6.'2.5 IF 

For both logical IF and Arithmetic IF st~te­
ments, the expression in parentheses is 9ro­
cessed by a call to the ARITH subrollt.ine. /\ft~~r 
this call if the statement is an a.rithme~i(: .i.F, 
PHASEAwill process the three statement. labt:':'s 
following the arithmetic exprcs~~ion in the 
source statement. Statemont J.aD~ls :roll::)win~1 
the expression must be separat.cd frurt' l'3Ch 

other by commas, and the last onc mU~3~ be fa] 10I;oJ·­

ed by an BpS. There must be exactly 3 state­
ment labels in an Arithmetic IF sta.i:ep1cnt. ~'ho 
statement labels are processed as fo:_lov.: s: 

PHASEA calls the RDLABTJ subroutine in 
order to extract·the statement ldb0.1 
from the source buffer. If I::~'lc .(;tdt(~·­

ment label does no·t appear .i. n the ~;yllt­
bol table, it is entered thC'r(~in by 
a call to the STORE ~.;ubroutine. Upon 
return from STORE, the - en try in the' 
symbol table is assigned the cltlf;si­
fication for a statement label b~ -

7 --~ ICLASS(ISYMX) 

An entry is made into the output when th(~ point­
er to the symbol table entry is recorded as 
part of the intermediate langu~ge by -

(ISYMX) + (ISYMP) -'7 IBUF2 (ITE1'I1Pl) 

(Upon return from ARITH and prior to processing 
the 1st statement label, the tally register 
IBUF2X was recorded in ITEMPI. IBUF2X was 
then incr'eased 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 len·:}th c f 
the output buffer by -

(IBUF2X) - I ~ IBUF2 (1) • 

The PHASEA subroutine will check for and gi_ve 
diagnostics uport occurrence of any of the 
following errors: 

o 

·n I 
"-../ '! 

------- _._------------
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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 1st 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 "In when processing the 1st 
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 
fc;>llowing: 

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 ITEMP9, otherwise, (ITEMP9) = O. 

The second half of the logical IF statement is moyed 
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 th~ 
fact that - (LOGIF)=l. 

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 1st part. Afterward, the switch LOGIF is 
set to a 2. Then if (ITEMP9) ~ 0, the label in 
ITEMP9 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 (ITEMP9) = Q, 
PHASEA proceeds immediately to process the next state­
men~ 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 

CA \38-\ REV 10-&7 

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 

~\ 
I . 

' ........ .-//. 

r--- ~, 
\ 

I . 
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on Eor ~ ::'. ocessinq iY'! (1 subs~qtlellt F,husc. 

2. The stat.(:mcnt. is d 

STOP n 

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

IBUF2(3)+l ~ IBUF2(3). 

3. The statement is a 

PAUSE 

STOP n 

where either "nil is s'-'-Hneth.i.ng other than 
an octal integer or an octal integer f{-::_low­
ed by something other than a legal tel.:'ll!Lnator. 
An error diagnostic is produced by a call to 
the DrAG subroutine. The·in~-""T.n18dia'tc 
language for the statement i~,<,,:<,':,~d on. 

PHASEA determines whether or not the PT!~'r;': ~:t.dtC!ment 

is a 

PAUSE n 

in which lin" represents an octal integer, fo,;: ul,.~~d 
by a legal termina tor (EOS character). One o~,: 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~'f,se. 

2. ;'I',',! statement is a 

PAUSEn 
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wherein lin II is an octal integer fO;.lowed 
by a legal terminator. The type nllmber 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 .... 1.f:; t i 1C last 
word of the output entry for the state­
ment. ' The intermediate langua.9c~ f)r the 
statement will be passed on for pr~cess­
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 by a eel 1 
to the DIAG subroutine.. The intcrmedictc 
language for the statement is passed Of .• 

2.2.2.0.6.2.9 Replacement Statements and Statement Functions 

CA 1311-1 RE\( 10'01 

PHASEA reads the first field of the st~tement using 
GETF. If the field is not a variable, array, or 
unassigned name, an error is output and the stai.e­
ment ignored up to the equal sign. 

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

The field terminator is then checked. If t.he tt!r­
minator is nei ther a left parenthesis nor e.n l qlIal 
sign, an error is output and the statement igno}~cd 
up to the equal sign. 

If the terminator is left parenthesis and t:he name 
has not get been classified as a variable or ar.··n.y 
and we have not yet encountered the first exec-u·­
table statement, the name is assumed a statemen-;': 
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 t.his poin': in ~, 
the program or the name has previous ly been deb:!rmined ',-,.i 
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a variable or array, PHASEA resets ISORSX 50 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 •. 

2.2.2.0.6.2.10 END 

2.2.2.0.6.3 

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: 

GO 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 

-----------_ .. _--------------------
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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 o.f that statement. 
If word 2 is positive, the coded information 
appropriate to the statement type begins in 
word 5. 

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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Subroutine GNST 

The GNST SUbroutine reads the source statements which 
are to be processed by the PHASEA subroutine. 

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

STAGE 1. 

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 buffer, ISRS, occupies 41 
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. 

o 

The contents of the ISRS buffer are printed and 
transferred to the source buffer ISORS, which occupies c=) 
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 

I 

code {see 2.2.2.0.3}. 

Continuation records are processed through all th~ee 
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 input, at least 
two consecutive source records will be processed during 
a single call to this subroutine. 

2.2.2.1.1 Normal Flow of Subroutine GNST 

CAl 3 a· 1 REV 1 O· e 7 

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 ~ecord has been 
read. At entry to GNST, the input buffer ISRS will contain 
the initial record of a Fortran statement that has pre- r-\ 
viously been processed through stage .1. The first task ~) 
of GNST is to process this ISRS buffer through stage 2; 
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that is~ to print the record {if the list option 
switch~ IL~ is on} with an internal statement number~ 
and then move the record to ISORS. A full seventy-two 
characters {36 words} are transfered to ISORS to allow 
for later continuation cards. The location of the 
rightmost non-blank word in the record~ formerly saved 
in LENGTH~ 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 changecrto blank {$20} and the location of the right­
most non-blank word is ISRS is stored in LENGTH. ' -
After processing the new input record through stage 1~ 
GNST checks for th~ee special cases - a blank record~ 
a comment record~ or a continuation record {not zero 
or blank in character #6}. 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} Comment 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} Continuation 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 'flow~ 
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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2.2.2.l.2.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 ·~ero until a non-comment state­
ment is read. When LENSAV is equal to zero, the 
printing and transfer of ISRS at the beginnirig 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 IS,oRS,ISRS is tested for the presence of 
an END record. If' the card in ISRS is an END card 
no more input~records are read and the END card is 
immediately cot;lverted to internal code. 

2.2.2.1.3. 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~ 

2.2.2.1.3.i.End statement as first non-comment record. 

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 t6 subroutine SKIPIT. 

2.2.2.1.3.2. 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. 

D 
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2.2.2.1.3.3. More than 5 continuation cards. 

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 ... ·Wi1en the next initial statement 
card is read, the diagnostic is printed. 

2.2.2.1.3.4. 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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AA 3777 

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 wil I 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 cal ling routine. 

Entrance to TYPE 

Entrance to the TYPE subroutine IS made by the fol lowing 
statement: 

CALL TYPE {error flag} 

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 °error flago. 

Initial ization for TYPE 

Immediately after entrance is made to the TYPE subroutine, 
the fol lowing steps of initialization occur: 

1. The error flag is cleared. 
o -4 TX], 

2. The prn"pnt-.hpf;pE;: IPVDI tJ~llv rpqj~t~pr I!; clq,=p'~rl. 
II .. _) 1. T~ 1 

J. The column counter is set to the character position 
in the source buffer at which scanning of the 
source statement begins. 

7 ~ ISORSX 

Identification of Source Statement 

If the TYPE subroutine is able to identify the source 
statement as a replacement statement, it wil I place the 
appropriate type number in the holder IBUF2{3} and exit. 
{See item 2.2.2.2.3.1} 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} 

PRINT!D IN u.s.A. 
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2.2.2.2.3.1 Replacement Statement 

The TYPE subroutine begins a scan of the source statement beginning 
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 "=" sign not enclosed in paren­
thesis which is not followed by a comma not enclosed il .. L-E.~-
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 -

DOl 0 I I S 

the TYPE subroutine sees only the significant character and not the 
intervening s.,paces which causes it to appear as -

DOIOI=I,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 lOHX=A(I,S) 

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·stat~ment wherein -

1. The name FORMATlOHX is illegal since it is 10 characters 
long, and -

2. the expression consists of an element of an array, ACl,S). 
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However~ 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. Therefore~ 
TYPE counts characters according to the number preceding 
the "H"'and beginning with the character following the 
"H". 

In order to count characters~ the TYPE subroutine sets 
the switch JBLANK to 1. It then calls the GETC routine 
the number of times specified by the numeric field pre­
ceding the "H". Each time GETCis called~ the column 
counter is increased by·l. Since {JBLANK} = 1~ spaces 
in the field~ following the "H" are regarded as signifi­
cant characters. When the end of the Hollerith string 
is encountered~ JBLANK is reset to 0 and the column . 
counter is positioned for the character following the 
Hollerith string. 

When slewing t.he Hollerith. string~ the TYPE subroutine 0 
does not recognize the equal sign it encounters. There-
fore~ it will not erroneously regard a FORMAT statement 
as a replacement. 

2.2.2.2.2.3.2 Other Statements 

C A U8-\ REV \o·e1 

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 word~ 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 
IS TN table. If the space occupied by the ISTN table is 
regarded as a one dimensional array, 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 characters~ the ISTN table 
entry has K+2 elements {or words}. The 1st ISTN table 
entry is as. follows: 

{ISTN{l}} = 12 pointer to next table entry; next 
entry begins at ISTN{12}. 

~ ----~- ~~-- ---- -----------~--------- ----------------- - --- - --- ------- -------------_ .. _------

o 
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D 
I 
M 
E name 
N 
S 
I 
o 
N ° type number; type number is stored 

at· {ISTN{l°}}-l • 

The 1st ISTN table entry occupies storage·reserved for 
elements ISTN{l} through ISTN{ll}. The second ISTN 
entry begins at ISTN{12}. 

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} = ° enabling PHASEA to process 
specification statements, the entire ISTN table is 
searched in order to identify the source statement. 
If {ISPEC} = 1 indicating that nri subsequent specifi­
cation statements will be processed"the search of the 
ISTN table begins with the 1st 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 search, the type 
number is read from the last word of the matching entry, 
placed in IBUF2{3}. An exit is made from TYPE. 

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

1 ... IX1, 

and an exit is made from the TYPE subroutine. 



A 

B 

c 

o 

TYPE ~_----,c J FLAG I _ LEVEL TALL 
CLEAR ERR 0. ~i 1. (LEAR PAREN 

1 0 -=i' IXl I 0 ~ITSl 

RECORDPREV 
CHARACTER I 

,) b\l e-"" ITEMP1" I ~ 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART ~ 
DECISION TABLE 0 
OTHER [J 

AAUal5 (I"Oftt.lCRLY CA127-1) 

o 

{JCHAR~IT 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

NUMBER 

DRAWN BY 

IMS 
TYPE 

MACH. 
TYPE 

PAGE1 

ISSUE 
DATE 

DATE 

- -- - ... _--_.-.- ---_._-. __ ..... _ .... 

GETC 
GET NEXT 

CHARACTE 

1700 I PROJECT NO. 

PROJECT MGR. 

OF 8 PROJEC T NAME 

TASK NO. 

TASK NAME 

o 

SET COLUMN 
COUNTER 
7-7ISORSX 

YES 

IRE\t 

RE( ORD DUMf1.Y 
( H A R A ( T E R = QI9 Q 
IN J(HAR 

43~"JCHAR 

YES 

APPROVED DATE 

PRINTm IN USA 

(] 
-------------------------~ --.--~--------. -_.- ---.--- -

ru 
I 

[J"" 

.c 



A 

B 

c 

o 

o 
2 

GETC 
bET NEXT 

) r>l ~ CHARACTER 

~-,-", 

~-1 

CONTROL DATA-CORPORATION 
SOFTWARE DOCUMENT 

ADD BlN. VA 
IGIT . 

TEMP2} t4 10+ 
JCHAR}~I1E 

, ""---t 

I r 
L_ --1 

1'--

i 

, 
L .. _ 

DOCUMENT 
It'lS CLAS' 

DOCUMENT TYPE TITLE 

. -.. -
f 

L-

MACH. 
TYPE 

- ,r') 
~,~---" 

3 

$2 res:esQ = 

4 5 

.(\ 
'-----..l 

CHARACTER W 
,/ ~ \.. n fH' • = ~ n Y) NO t4 T HIS C H A RAe ER 

<: - -- - - - {JCHAR} ~T MP1 

T • 

YES 

-1 
~ 

---.l 

..... _'4!: . 

r • __ J 

PROJEC T NO. 

PROJr:C T Man. 

I-­
I • 

·L 

r-­
I 
l 

; 
.. ----4 

IN.E. 
ERITH 

B~ 

I 
~-, 

, 
L __ 

APPROVeD 

.i 

DATI: 

PAG~ OF 8 PROJECT N~Mr: FF NUMDCR 
IS~UE lrr 
DATE TASK UO. .f.n 

SAMPLE CODE o 
FLOWCHART ~ 
DECISION TABLE 0 
OTHER 0 DATE I TA:~ NAME ==, . .,JI~~========:6==== I D~AWN DY . ~ .. =~.;.-.:= ~~ ____ ("N ~~l. -~_=-~~~-".. 

f;:-f,~ I~l US,'\_ 



A 

B 

c 

o 

SET SWITCH' 
GETC TO REC 

~) lid 8 LAN K AS' S r'-" , .......... , e-,-; -R.alb!! ..... 

SET INDEX crR 
TO LOOP 
l~I CHARACTER 

w;: , A iii •• -' 

COHTROLDATACORPORATION DOCUMENT 

SOFTWARE DOCUMENT 
CLASS IMS 

DOCUMENT TYPE 
~ 

TITLE 
SAMPLE CODE 

FLOWCHART 

DECISION TABLE 0 NUMBER 

OTHER 0 
D .. AWN BY 

AAlsee ,"OllMEIILY CA127-tI 

() 
\ ./ 

MACH. 
TYPE 

CLEAR SWITe 
O·~JBLANK 

1 . ..,nn PROJECT NO. 

PROJECT MCR. 

PACE":f OF A PROJEC T NAME 

ISSUE, 
TASK NO. DATE 

DATE TAlK NAME 

( ) \~ -

{I}+l-~I 

o ~ JBLANK 

I~ APPROVED I DATIi 

jru 
]~ 
.0-

PRINTED IN USA. 
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PEQVS - The Equivalence Table Builder 

This routine is called by Phase A upon encountering an 
executable statement or the END line. EQUIVALENCE 
statements, which have been saved, in a different form, 
in the buffer KEQV, are merged into equivalence classes' 
and stored, in a shorthand form, in the equivalence 
table KEQV. Each entr*,in KEQVis four words. A symbol 
table pointer, followe by three words containing 
subscript values, if any. 

This routine has three logical parts or phases. In the 
first part it checks the subscripts for validity, and 
calculates a single value for the subscript, if any. 

In the second ~art, all equivalenced v.ariableor array 
parameters {ca led a chain} plus the single calculated 
value are moved into an intermediate table MEQV by chain. 
Each entry in MEQV has two words, a pOinter-ro-the name 
in the symbol table, and the slngle calculated value. 

o 

In the third part, each chain is sorted by increasing 0 
increment Slze, and the ordered chains are then moved 
to IEQV. Each entry in IEQV is two words and has the 
same format as MEQV. 

KEQV 

1 SYMTAB Pointer 

2 Subscript Values if any 

3 

4 

M'EQV 

1 I SYMTAB Pointer 

2 I Calculated Value 

IEQV {Sorted} 

1 SYMTAB-- Pointer 

'2 o 

------------------------ ---------- -- - ..... _--_ ... _ .. _-------------------- ----
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18. Merge set s 0 f 1 18 
equivalence chains 

l'~ JEQVX, into equivalence 
LEQVX, classes. Start by 

finding unused chain MEQVX, 

for new equivalence lIEMPl 
class. 

19. Jump if end.of entries 
to YES leg.: 

o. Jump if this chain has 
not previously been 
removed. 

l. Move to next chain. 

2. Move chain to MEQV, 
deleting illegal Yes 
entries. 

3. ITEMPI is index to 
KEQV, LEQVX is index .IL 
to MEQV. -1~ 

4. Back to 13 if not MEQVX(LEQVX) 
end of cha in. LEQVX..a, MEQV S 

o 

(e) 
3 4 

12 20 762 22 

ITEMPI 

-.-?ITEHP2 

Z 

21 13 M----KEQV KEQV (0) 
~ MEQV (0) (ITEMPI + 2) 

. KEQV (+1) I No 
~ITEMP1 

~ MEQV (+1 

~ 
14 

~P ITEMPI 

+ 4 

No 

r 

r\ 
\ ) 
'-.-j 

r40 ) 
KEQV (ITEMP2 

. +1) 

Bump 

lTEMPl + 1 

lTEMP1 ~ 

KEQV(ITEMP2 
+2) 

Yes 

~':_~~::71£ 
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)~. Jump if lhcre are 
MEQV class elements 
left. 

6. Set end of class 
mark. 

l<t 

i\o 

7. Try to find equivalent 
chain, equivalence 
established by MEQV. 

8. Go to 18 if not end 
of entries. 

iJ9. Jump to 19 if some-
thing left in 
KEQV. 

Jump to 54 if not 
end of chain. 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 
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FLOWCHART 

DECISION TABLE 

OTHER 

C A ~ fl.: J ~ 1 C) 

~~ 1 
~ r-i 
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-1 

MEQV (0) 
Bump LEQVX 
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DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

NUMBER 
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MEQVX 

26 
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ISSUE 
'DATE 

DATE 

1 ~) 27 
11t:MPl ~ 

JEQVX 

o I Et\DFG 

"'-..:'~~'''/ 

+ 
Bump 
MEQVX 

+ 2 
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PROJECT NO. 

PROJEC T MGR 

PROJEC T. NAME 

TASK NO. 

TA4i1'( NAME 

(J 

Bump 

JEQVX .•. 1 
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29 
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31- Jump to S2 if chain J"'t 52 21 34 

has nct been assigned JEQVX~ 
to cIa ss. 

32. Jump to next chain. 

33. Jump to 21 if not 
end of chain. 

34. Is MEQV (MEQVX) 
an element in this 
chain. Jump to 20 
if so. 

CONTROL 0 AT A CORPORA T ION 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART ~ 
DEC!S!ON TABLE ~ 

OTHER ~ 
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[~~;~QVX 
+2 

DOCUMENT 
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TITLE 

No 
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M .... CH. 
TYPE 
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-1 No 

Bump JEQVX 
+1 
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PROJEC T NO. 

PROJECT MGR. 

"'KEQV(O) /' Yes 
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JEQVX 

+4 

R APPROVED DATE. 

~ ",u;AGE .'omT NAME EI I :3 ru 
DATE TASK No'1 

ORAWN BY om,,.; <0.' TASK'A"'E ~ :. _~ ~ NUMBER 
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35~ Integrate chain into 
partial class. Must 
adjust common incre­
ment. At this point 
KEQV indexed by 
JEQVX, MEQV indexed 
by MEQVX. 

36. Remove this chain 
from KEQV. 

37. Jump to 766 if 
illegal entry. 
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Bump 
ITEMP2 
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End 
of chain 

I 

Yes 

23 W 36 
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38. Set up IEQV by ordering 
increments correctly 
and deleting illegaJi­
ties. Sort class by 
increasing increment 
size. 

39. Not end chain for 

40. 

primary scan, go to 
30. 

2 

26 

Yes 

41. 

Not end of chain for 
secondary scan, go to 
30. 

Go to 763 if class 
empty. 

•• ~RN 

42. ITEMPI and ITEMP2 
are pointers to MEQV 
entries to be inverted. 

Bump 

ITEMP1+2 

38 

Yes 
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l~ITEMP1, 
I TEMP 4 

O~IOFFG 

31 

Bump 
ITEHP2 
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41 
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No 

es 

28 42 
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29 
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50. DO loop to 35 with 

induction variables: 

I TEMP 7=1 TEMP 7 ,. 
1TEMP5, 2. 

Jump if item been 
deleted to 35. 

51. Test is: 

MEQV( ITEMP6) =1= 

MEQV(ITEMP7) true 
means no. 

~2. Test is: 

MEQV(ITEMP6+l) 
MEQV(ITEMP7+l) true 
means yes. 

53. Print out names for: 
MEQV(ITEMP6) and 
MEQV( ITEMP7). 
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54. Jump to 31 to process 
more classes. 

155. Prepare to set up 
IEQV tables. 

56. Jump to 41 if class 
contains two or more 
names. 
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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 ~here by a call to STOR~. 
If it is, a check is made to see if the label 
has been previously defined. If it ha~, an 
error is output and the routine exits with ILLABL = 0 
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). 

-------------------------------
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Subroutine RDLABL 

RDLABL is called to read a label. It reads the label and checks 
to see if it is a number- If it is not, it prints out di'agnostic 
~4- If the label is legal, RDLABL packs the label into JSYM and 
returns. 
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·2.2.2.5 Option Selection - Subroutine OPTIONS 

AA 3777 

OPTIONS is the routine~ written in 1700 assembly language, 
which processes option selection in 1700 Mass Storage 
Fortran. It is entered from GOA~ Upon entrance, OPTIONS 
clears the option selection holders in the DATA block 
{IR~ IK~ IP~ IA, IL~ IM~ IXLGO}~ backgrounds its input buffer 
and solicits input from the standard input device. If there 
was no Q OPTQ card~ the standard options LPX are assumed 
and the option selection holders in the DATA block IP, IL, 
and IXLGO are set ¢O. If no options are listed on the 
Q OPTQ card~ OPTIONS solicits input from the input comment 
medium by outputting OPTIONS and waiting for a carriage 
return. 

Upon receipt of a carriage return or finding options on 
the Q OPTQcard~ OPTIONS interrogates each character input. 
If it is recognizable {R~K~P~A~L~M,X} the corresponding 
holder is marked selected {¢O}. Unrecognizable characters are 1 gnorea. ' 

OPTIONS then returns to GOA. 

PftINTfD IN USA 
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subroutine OUTENT 

OUTENT is the subroutine used to output a record to 
the scratch output device. If an error has occurred 
in the statement~ 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. 

o 

o 

o 
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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 IOSPR to terminate DO, 
loops and complete the LOOPT table. ' 

If there are no DO loops open, 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 is completed. This DO entry is then erased 
from the LOOPT table {DO nesting} and the check of label 
vs. innermost DO is repeated. 

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

o 

If any DO loops rave terminated at the current statement 
label, ENDDO checks the statement associated with this 
label. If the statement is'of a type illegal for DO c=) 
termination an error is output and the statement changed ' 

CA 131-1 "EV 10·87 

to a CONTINUE. 

Subroutine SAVElD 

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, rir BLOCK DATA} on the binary NAM card. If 
no slash and no comments appear on the source card, the 
binary NAM card will be punched entirely with blanks. 
If there is no slash, but comments do appear on'the , 
card, diagnostic #66 will be issued, and the binary NAM 
card will contain blanks. A continuation card may also 
be used. 

c=) 
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2.3 General Pass 1 Routines 

symbol Table Manipulating Routines 

SYMBOL 

To locate a name in the symbol table, store the name in 
the three cell array, JSYM. If the name is not a con­
stant, pack it into JSYM{1} and JSYM{2} by calling (NVT. 
The name may be a statement label. If the name is an 
integer constant, the constant's value should be in 
JSYM{1} and the constant 242416 should be in JSYM{3}. 
If the name is a real constant, the constant's value 
should be in JSYM{1} and JSYM{2} and the constant 252516 shOuld be in JSYM{3}. If the name is a double preci­
sion constant, the constant's value should be in JSYM{l}, 
JSYM{2}, and' JSYM{3}. The common variable JMODE should 
equal 6 for double precision constant. Issue the state­
ment 

(ALL SYMBOL 

Upon exit, if the common variable ISYMD is zero, the 
symbol is not in the table. If-ISYMD is non-zero, the 
COMMON variable ISYMX indexes the symbol entry, that 
is, each item in that symbol's entry may be obtained as 

item name {ISYMX} 

If ISYMD is zero, ISYMX points to the n~xt available 
symbol table entry. There are two versions of SYMBOL, 
as follows: 

Phase A: If SYMTAB paging is necessary, only the current 
page is written on disk before being overlaid; 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. 
Iri this case SYMBOL does not search the symbol table 
but returns with ISYMX pointing to the next available 
entry. 

Subroutine STORE 

Assume that JSYM{l}, 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 

o 

o 

(I' 

o 
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entry in the symbol table. SYMBOL will set ISYMX in 
this manner if an entry is not in the tabl~. Then the 
symbol in JSYM will be inserted into the symbo~ table. 
ISYMN {current size of symbcl table} will be incremented. 
If J~YM{3} is 242416 or 252516 , or if JMODE is 6 for 
double precision constants, ICLASS and ITYPE will be 
set. Issue the statement 

CALL STORE 
Thus, 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, 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 necessary, and adjusts ISYMX to the 
in-core subscript of the desired symbol table entry 
{ISYMX = ISYMX - ISYMP}. 

There are five.versions of GETSYM, distinguished as 
follows: 

Phases A and B: 

If !SYMX is positive on entry and paging is necessary, 
the current symbol table page is written on disk before 
the desired page is read. If. ISYMX is negative, it is 
set positive and the current symbol table page is not 
saved. 

The symbol table page size is 960 words. The current 
ISTABX page {96 words} is read and written along with 
the SYMTAB page .. ,therefore ele~en sectors are read and 
written for each page • 

Phase C and Phase DIE 2.oB version. 

The symbol table page size is 2400 words. When reading 
and writing the l~rge page every el~venth sector {for­
merly an ISTA~X page} is skipped. The current symbol 
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table page is always saved on disk before a new 
page is read. 

Phase 0 local l, 2.0 A version: 

This version reads and writes the compressed symbol 
table with a page size of 1000 words (see Assembler 
Output Phase, section 5.2). The current symbol table 
page is a~ways saved~ 

Phase 0 local 2, 2. oA version: 

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

Phase E,2 io OA version: 

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, y, z, a, b, and c be the internal Fortran codes 
for X, Y, Z,'A, B, and C. Then the name XYZABC is 
stored as: 

JSYM (1) = l521x + 39y + z 
JSYM (2~ = 152la + 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 arc 
no more entries. GETSYM is called just before return. 

o 

o 

o 
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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.DA version references the compressed symbol 
table (see Assembly Output Phase, 5.2). The other 
three version·s differ only in the dimension of thL 
array SYMTAB in common. 
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Field Processing Routines 

Subroutine GETF 

GETF is the subroutine which extracts a field from the source 
input in ISORS*. The column at which to start is given in 
ISORSX*. If the field is alphabetic {first character is A-Z}, 
the field is placed left-justified 'in JSYM and JMODE set to 
7. JESWT is set to indicate the implicit type of the ,name 
{1 = integer, 2 = real}. If the field is a fixed, floating 
point, or double precision floating point constant, it is 
converted and placed in JSYM. JMODE is set to indicate the 
mode of the constant. Integer const~nts are placed in JSYM{l} 
converted as if they were decimal unless OCT ¢ 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 

o 

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} = 242416. Real constants are placed in JSYM{l} and 
JSYM{2} and JSYM{3} is set to 252516. Double precision float- 0 
ing point constants are placed in JSYM{l}, JSYM{2}, and 
JSYM{3} and common variables JMODE and JFLOT are set to 6 and 
3 respectively. 

If the field is null, JMODE is set = O. 

SYMBOL is called for alphabetic or numeric fields if NERR = 0 
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,$lO} is not zero, input is in IBUF2 
{IBUF?X}. In 7.0A, there are two versions of GETF. o 
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GETF switches 

JESWT' 

JFLOT 

JOCHAR 
J01 
JCHAR 
JE 
JE1 
JCT 
JCT1 

constant analysis indicator 
o digits only encountered 
1 decimal point encountered 
2 E or D encountered 
3 exponent is + 
4 exponent is -

mode of constant 
o - 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 error, JERR may 
be set ¢ O. 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 

OUTPUT Parameters 

JSYM 
JTERM 
JMODE 

convert integer constant as octal if O(T~O. 
If field is not an octal integer, an 
error is assumed. 

column of input at which to start 
source input table 
¢ 0 says don't print errors, don't 
call SYMBOL. 

3 word holder for field 
1 word holder for field terminator 
mode of JSYM 
o = null 
"2 = alphabetic 
3 = integer - only JSYM{l} is significant 
5 = real - JSYM{l} and {JSYM{2} contain 

value 
6 = double precision - JSYM{l}~ .J~YM{2}, 

JSYM{3} contain value 
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digits 

ISORSX 

JERR 
JESWT 

CHARACTER 

1700 

0-9 · 

updated to reflect start of next field 
or end of input 

error switch 
for JMODE = 2~ implicit type of JSYM 
1 = integer 
2 = real 

INTERNAL CODE 

CODE {Decimal} 

· · · · · · • · · · · • • · 0-9 

letters A-Z .. · · · • · • · · · · · · · · 10-35 

dollar sign $ · · · · · · · · · · · · · 36 

period · · · · · · · · · 37 

plus sign + · • · · · · · 38 

minus sign · · · · · · · · · 39 

equal sign = · · · · · 40 

I'e ft parenthesis {. • · · · · · · · · · · 41 

right parenthesis } · · · · · · · · · · · · · 42 

comma , · · • · · · · · · · · 43 

slash I • · · · · · · · · · · 44 

asterisk * · · · · · · · · · 45 

blank 

End of 

single 

LJ · · · · · · · · · · · · · · · 46 

statement LI · · · · · · · · · · · · · 47 

quote · · · · • · • • · · · · · · · 48 

Subroutine GETC 

GETC gets one character from ISORS'. The column to get is 
given in ISORSX. If JBLANK is zero upon entrance to GETC, 
blank characters are skipped. If AND {IFLAGS,$10} is not 
zero, the character is from IBUF2 {IBUF2X}. In 2.0A there 
are two versions. JBLANK is not initialized upon exit. 

INPUT Parameters 

card column at which to start 
source input table 

o 

0 

ISORSX 
ISORS 
JBLANK present blanks switch. 0 = skip blanks; 0 

# 0 - present blanks 

C A 131" I lit E V 10· e 7 
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OUTPUT Parameters 

JCHAR 

ISORSX 

next significant character {right 
justified} 

updated 

2.3.2.3 GPUT 

CAUl· 1 REV 10-87 

GPUT packs the character in JCHAR into the three word buf­
fer JSYM into the.8 bit byte signaled by the current setting 
of JeTl {character number}. 

The characters are packed two per word. 

t •• 
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INITIALIZE 

q.~ GETC 
GET A 
CHARACT R 

I = 
JMODE:' +1 

CA IU-I AEV 10-(\7 

GETF 
Page 1 of.14 

SET JESWT 
=3 EXPONEN 
IS POSITIV 

SET JESWT 
=Li EXPONEN I 
IS NEGATI E 

DIGITS 
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LETTERS 

5 

CA \31·\ fIIEV \0-87 

GETF 
Page 2 ,of 14 

SET FIELD 
MODE SWITe 
TO INTEGER 

~''''''--'''204 ~. SET I~TEGE 
NO 

SET FIELD 
MODE SWITC 
TO HEXADEC MAL 

ASTERISK 

4 5 

CO~TANT 
FLAG IN FIE D 

SET FIELD 
TERMINATO 
= JCHAR 

SET JCHA 
TO BLANK 

o 

o 

o 
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GETF 
Page 3 of 14 

DECREASE 
CHARACTER 
COUNT BY 

SET FIELD 
TERMINATOR 
= J CH AR 

CA 138-1 AEV lo-e7 

E 

SET FIELD 
TERMINATOR 

= J CH AR 

SET FIELD 
MODE SWITCH 
TO ALPHA 

SET FIELD 
CHARACTER 
COUNT = 6 

SET IMPLIED 
TYPE SWITCH 
TO INTEGER 

DECREASE 
CHARACTER 
CO~NT BY 

~ ..----~--~ ~ GPUT 
PACK CH R 
IN FIEL 
TABLE 

SET IMPLIE I 
TYPE SWITC 
= REAL 

VARIABLE 
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PACK 2 CH RJTERM= 
INTO FIEL 
TERMINATO JTERM*256+ 

SET FIELD 
MODE SWITC 
TO INTEGER 

CA13I-'''EV'O'e7 

JCHAR 

YES Q 
'e 

SET FIELD 
CHARACTER 
COUNT TO 

4 

SAVE JCHA 
IN FIELD 
TABLE 

DIAG 
{1} 

.. 

GETf 
Page 4 of 14 

SET ERROR 
INDICATOR 
TO 1 

SET FIELD 
TABLE TO 

o 

SET SERIOU E 
ERROR OCURRED 
FLAG.TO 1 

. G\'--S-E-T ....IFI-.I-E-L-D~ 
MODE SWITe 
TO ERROR 

o 

o 

o 
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PACK HEX 
CHARACTER 
IN FIELD 

CA 131-1 REV 10-67 

DIAG 

{8195} 

GETF 
Page 5 of 14 
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DIAG 
{1} 

SET ERROR 
INDICATOR 

SET FIELD 
MODE SWITe 
TO ERROR 

SET SERIOU E 
ERROR OCUR ED 

SWITCH 

CA 131-\ REV 10-67 

PACK A 
CHARACTER 
INTO FIELD 

' Qt, -3!> 

I 

GETC 
GET A 
CHARACTE 

PACK 2nd 
; CHARACTER 

INTO FIELD 
TERMI ATOR 

• 
GETF 
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PACK A 
CHAR ACTER 
INTO FIELD 

GETC 
GET A 
CHARACT R 

JTERM=JCHAR*256 

PACK A 
CHARACTER 
INTO FIELD 
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GETC 
GET A . 
CHARACTE 

JTERM 
* 256 

-
JTERM=JCHAR 

PACK'A *256 
CHARACTER 
INTO FIELD 

GETF 
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GETC 
GET A 
CHARACTE 

PACK A 
CHARACTER 
INTO FIELD 
TERMINATOR 

GETC 
ET A 
HARACTER 
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SET· CHARA 
INTO FIEL 
TABLE 

DECREASE 
CHARACTER 
COUNT BY 

DIAG 
{4} 

GETF 
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SET FIELD 
MODE SWITC 
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SET CONSTA T 
MODE TO 
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PACK CHAR CTER 
INTO TEMP ARY 
FIELD TAB 

SET CONSTANT 
OVERFLOW 
SWITCH 

SET CONSTA T 
~_-.J"''''''' MODE TO 

DOUBLE PR 

GETF 
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. SET CONST NT 
ANALYSIS 
INDICATOR 

SET CONSTA T 
ANALYSIS 
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ADD ~ TO 
FRACTION 
COUNT 

SOURCE 
POINTER 

---t> I 

GETC 
GET A 
CHARACT 

SET CONST NT 
ANALYSIS 
INDICATOR 

GETF 
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SET CONS'T NT 
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GET A 

CHARACTER 

SET CONSTA T 
ANALYSIS 
INDICATOR 

SET CONSTA 
MODE TO I--lt~ 

REAL 
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RESTORE 
SOURCE 
PQINTER 
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GETF 
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YES 
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IN FIELD 
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EXPONENT 
~----"'DI COUNT= 
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~ RACTION 

COUNT + 
EXPONENT UNT 
~~~~~~N COUNT 

TEMPORARY 
FIELD TAB E -. 
FIELD TAB E 

EXPONE NT 

DIAG 

GETF" 
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FIELD MOD 
SWITCH = 
REAL 

SET FIELD 
T ABLE FLAG 
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FIrLD MOD 
SWITCH = 
DOUBLE 
PRECISION 
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DIAG 
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DIAG 
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MODE OF 
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FIELD MOD 
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REAL 

MODE OF 
CONST ANT = 
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PRECISION 
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GETF 
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FIELD' MODE 
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DOUBLE 
PREC S 

SAVE CHARA TER 
IN FIELD 
TERMINATOR 

SOURCE 
POINTER 

--+ I 

GETC 
GET A 
CHARACTE 
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CLEAR 
ERROR 
FLAG 

FIELD 
MODE 
IS ALPHA 

FIELD 
MODE 
IS ERROR 

GET,F 
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2.3.2.4 

2.3.2.5 

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 

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 



A 

B 

c 

o 

~~ ____________________ ~ ____ ~ __ ~~~~ __ '~~~ __ ~~ __ ~ __ =a __ ~~ 

IGETCF 

STCHAR 

WORD IN 
STRING = 
COLUMN + 1 

2 

blORD= 
COLUMN.+ 1 

2 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

DOCUMENT 
CLASS 

y 

IGETCF = 
UPPER 8 BIT 

256 

RN 

ST~RE IN 
RIGHT BYTE 

IGETCF = 
LOWER 8 
BITS OF 
WO RD 

STORE IN ' 
LEFT BYTE· 

IMS ~~~'1700 PROJECT NO. APPROVED DATil 

SAMPLE CODE 

~ 
DO<;'~~~;T IGETCF., STCHAR PROJECT MGR. ru 

FLOWCHART PAGE 1 OF 1 PROJECT NAME FO RTR AN ~ 
DECISION TABLE 0 

o OTHER 

ISSUE W 
NUMBER DA TE T ASK NO. ():I 

DRAWN BY DATE TASK NAME 

AI> ISle IrORMUH.Y CA 1a1·U PRIHTm IN USA 

() C) \ 
j 
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2.3.3 Special Field Handling Routines 

CONSUB 

Given an element of an array, 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,J,K}, 

and the element 

A {Il, Jl, Kl} 

the increment is computed and recorded in IVCFLG as follows: 

The resulting value in IVCFLG is such that 

A{Il, Jl, Kl} = the IVCFLGth element in the array 
A{I, J, K}. The original dimensions of the array A 
{I, J, 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: 

1. An element with no subscripts, 
2. an element with more subscripts than the array of 

~hich it is a member has dimensions, . 
3. an element with a subscript which exceeds the value 

of the corresponding dimension for the array of 
which it is a member, 

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

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

Errors L,'2, 4 & 5 will cause CONSUB to terminate operation. 
Following the error indication, the holder IVCFLG is set to 
zero, and an exit is made from CONSUB. Error 3 will not 
c a use the CONS U B '0 pe rat ion' to t e r min a t_e follow i n g the err 0 r 
indication. . 
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GETf 
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CONTROL OATACORPORATION DOCUMENT MACH. 
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SOFTWARE DOCUMENT +" -) 
DOCUMENT CONSU B TITLE 

SAMPLE CODE 0 
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1;;t;SVt:. DECISION TABLE D 'NUMBER OATE 
OTHER 0 

DATE DRAWN DY 
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SET ITEMP3 
POINTER TO 
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YES 
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I PROJECT MQR. 
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CONTROL DAT ACORPORATIOH 
SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

~ 

RECORD SUB­
SCR.IPT 

{JSYM{l}} 
IDIM {ICOU 

T .. ---·f! 

L __ 

NO 

NO 

YES 
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[{I]) IM1{3l:}-:-11. M{ISTAB{IfEtJP2'+1}}Mo 
{I~AB{ITEMP2 }+ • 

[iIDIM1{2}}i11N{ISTABi! EMP2}}+1 COMPUTE 
{IDIM:t{1}} 3,1VCFLG" _.. . _ THE' INC~EMEIT 

-FROM SUBSCR" PTS' 
AND RECORD N IVCFLG 

L.._~ 

DOCUME.NT 
CLASS 

DOCUMENT 
TITLE 

IMS 
CON-SUB 

MACH. 
TYPE 1700 PROJECT NO. 

PROJECT MGR. 

DIAG 
ERR DIAG= 

°25 0 

APPROVE.D DATIt 

PAGE 30Jlr 3 PROJECT NAME ru 
ISSUE I 

NUMBER DATE TASK NO. I::-' D 
O· .r: 

I DRAWN BY DATE TASK NAME . ru 

AA 'SUI (,.Oft~['H.Y CA 127-1) 
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PftINTED IN USA 
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2.3.3.2 

2.3.3.3 

2.3.3.4 

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 

o not integer variable or constant 
1 = constant 
2 = variable 

CKIVC -Checks for Integer Variable or Constants and Provides Diagnostics 

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

CKNAHE - Checks for Integer Name 

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

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

. SAMPLE CODE 

FLOWCHART 

DECI~ION TA8LE 

OTHER 
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5 \..----_// 2 3 4 

*'RETVRN 

No 
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DOCUMENT .z-MS MACH . 17LJeJ C LA5S TYPE J PROJEC T NO. 

OOCUMENT 
~K.z-VC TITLE PROJEC T MGR. 

~~~~~~~~~~==~~~~~~ru iR4 APPROVED DATE I ~ 
PAGE OF / PROJECT NAME 

ISSUE 
NUMBER DATE T A!K NO. 
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2.3.4 

2.3.4.1 

CA 138-1 REV 10-e7 

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 
1 = don't print statement number 

Bit 13 0 = fatal error 
1 = non-fatal error 

Bit 12 0 = Print ISORS characters 
1 = Don't print ISORS characters 

If this is a fatal error, IERR is set ~ o. 

If DIAG is entered wi th JMODE = 4 .. (errpr mode in 
GETF), no error is output and JMODE is set = O. 
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 XFLAGS. 

C I
, ...... ./~-' 
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2.3.4.2 

(A 138 1 

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: 

IXI 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, 
\Y'hile the version used in PI-lASE E can convert any 
binary integer. 

c~ 
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2.3.4.3 

2.3.4.4 

Subroutine PACK 

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

Input parameters: 

IXl Location of buffer 

IX2 number of words to pack 

Subroutine 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. 

2.3.4.5 Subroutine PRNTNM 

CA 1.18·' REV lO'IP 

PRNTNM is called by subroutine PEQVS when an illegal 
equivalence chain is encountered. PRNTNM converts the 
name of the illegal variable to external code (ASCII) 
and outputs it through the use of subroutine IOPR 
(entry point WRITE). 
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2.3.4.6 Subroutine IOPR 

2-154 

This assembly-language routine performs all I/O 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.oA 
and 2. DB} 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 storag~ 
I/O. 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 ih phase D/E~ it performs a logical 
"rewind" of a scratch file. 

EXIT issues an EXIT request to MSOS. 

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 lIn 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 
local files will share the "prime" SYMTAB cylinder. 

CA 138·' REV 10-67 
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I\ft ('r the symbol table, the rcmaindc'r of the scrutch ,1r('.:1 

is dvailable for the two scratch files. 'l'hcsc files, likl' 
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, In­
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 is 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 WR!TE 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 is important to note that on scratch-file I/O, the logical 
record length is. controlled only by word I of the record; 
The record-length parameter of the call to READ or WRITE 
is ignored. 

Unit record buffering 

Phase A unit record I/O ••• 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 
IOPR to hold one line of input and one or two lines of out­
putieach 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 

.;" I ll1' \ R l \ \". t.! 
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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, filis it, issues an FWRITE request for it, 
and returns. 

The READ routine does not reissue the FREAD request if 
the buffer contains an END or MONcard. 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 al1d the current sett i ng of ISORSX wi thi n 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
cessed, ICOM {common block indicator} and ICOMTX {thread of 
variables and ~rrays in common block} are 'set in the symbol 

o 

table and ICOM8X in the common table {ICOMT} is updated to 0 
reflect the current thread of the chain of variables and 
arrays in a specific,common block.' 

If a Type statement is being processed, the symbpl t~ble en­
try is set to the appropriate type {ITYPE = 1 for INTEGER 
or SINGLE, 2 for REAL, 3 for DOUBLE~ ISNGL = 1 for SINGLE}. 

Throughout its processing, DIMPR checks the syntax of the 
statement it is analyzing and outputs diagnostics if errors 
are encountered. It also checks for conflicting information, 
and outputs diagnostics if such information is encountered. 
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COMMON Statements - Subrout i ne COMNPR 

COMMON Statements are processed by the routine COMNPR. The common 
block is entered in ICOMT, if it is not already there. DIMPR is 
called. DIMPR returns to COMNPR to search for another common block. 
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TYPE Statements -ISubroutine 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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2.4.4.1 

. t 
BVTE,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» 
(IBUF2(3» 
(IBUF2(3) ) 

= 8 for BYTE statement. 
= 9 for SIGNED BYTE statement. 
= 10 for EQUIVALENCE statement. 

KEQV Table 

BYEQPR generates entries for ,the KEQV table as a result of Pl)­

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 initially 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 BYEQPR. 
Entries are made to KEQV using the storage index LEQVX. ~here are 
four words per entry to KEQV. For each entry made to l<EQV, LEQVX 
is increased by the number of words per entry 

(LEQVX) + 4 -~LEQVX. 

Entries made to the KEQV table have the following format: 

WORDl: 
WORD2 : 
WORD3 : 
WORD4: 

pointer to symbol table entry containing name of variable 
1st subscript or 0 if subscript not specified 
2nd 'subscript or 0 if subscript not specified 
3rd subscript or 0 if subscript not specified 

Consecutive 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) + l-t:> 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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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: 

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 no~ 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 -

o ~ KEQV(KEQVX), 

O~ KEQV(KEQVX+l), . 
and O~ KEQV(LEQVX-l). 

/~.-......., 

.. ........... -
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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, BYE.QPR 
encounters a right parenthesis followed by a comma, it will proceed 
to process the next field. 

Proc;ess!.ng BYTE Statements 

BYTE or SIGNED BYTE statements of the form: ..-

{ ~i~ED BYTE} (al,b l , (cl=d l })'···, (ai' b i , (ci=d i » 

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 1st entry 
is made for the byte name a i followed by the entry for the second 
variable b

i
• This entry is fo llowedby an end-of-cha in mark of "_1". 

The b variable may or may not be subscripted. However, the a. 
varia~le must not 'be subscripted •. 'Therefore, the 2nd, 3rd and 1 4th 
words of the KEQV entry for a i must contaii zeros. 

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 c
i 

and di must both be integer constants and maintain 
the relationship - , 

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

a. 
b. 

l---s;.. IPART( ISYMX) if a is not a signed byte, or -
2~ IPART(ISYMX) if a~ is a signed byte. 

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

1. 
2. 

c ~ IPARTL( ISYMX) , and -
d~~IPARTR(ISYMX). 
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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 en'closed in 
parenthesis. 

2. An element, either a i or b is not alphanumeric. 
3. Some byte name a i appears in the symbol table ei~her 

4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

12. 

a. typed as something other than an integer variable, 
b. indicated to be a dummy variable, or -
c. previously ~pecified as a byte. 
The byte name a i is subscripted. 
The second variable b. is not alphanumeric. 

1 The second variable bi has more than three subscripts. 
The second variable b. has a non-integer subscript. 
The second variable b~ has a subscript _ O. 
The subscripts for b

i 
are not enclosed within parentheses. 

Either of the byte lImits c i or di is not an integer constant. 
The byte limits c i and d i are not enclosed in parentheses 
and/or the limits c i and di are separated by something 
other than equal s~gn. 
The byte limits c i and d i do not satisfy the condition -

15 ::;;;p. c i ~ d i ~ o. 

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 ci and 
a 0 for d. and proceed as if no error had occurred. 
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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 fie Id 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 di~gnostic is printed. The terminator is ·check~d. 
If not a left parenthesis, SUBPPR ret~rns to PHASE 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 be produced in the output 
buffer for the names and constants which appear in the 
source statement. The output buffer is named IBUF2. 
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 
table~ it is r~corded 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: 

{JESWT} ~ ITYPE{ISYMX} 
where JEWST is set as a res~lt 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{ISYnX} 
If the symbol is"unclassified~the indicator in the 
symbol table entry is set to show that this symbol is 
classified as i variable name~ 

1 ~ ICLASS{ISYMX} 
If the entry containing this name indic~tes that the name 
is classified~ it must be classified -as a variable name." 
The variable may not be used as a "byte~ a dummy variable~ 
or variable assigned to blank common. 

If the name is an element of an array, a call is made 
to the CONSUB routine in order to compute the increment 
from the subscripts of the el~ment. Upon return from 
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CONSUS, the value in IVCFLG indicates that the element 
is the IVCFLGth member of the array. If each element 
of the arra~ occupies one storage cell, 

{IVCFLG} - 1 
is the increment in words which must· be added to the 
base addre~s of the array in'order to reference the 
element in the array. Each element of the array occupies 
one storage cell if either -

1. The name is typed as an integer, 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 
{ISNGL{ISYMX}} ¢ 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 bf the array occu­
pies 2 storage cells if either -

1. The name is typed as real, or 
2. the ASA option is chosen but the integer 

element is not typed as a SINGLE. 

In other words -
ITYPE{ISYMX} = 2 or {ITYPE{ISYMX} = 1 and either 
{IK} = 0, or {IK} ¢ 0 and {ISNGL{ISYMX}} = 0 

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 and the last name in the list must be followed 
by a slash. When DATAPR encounters the slash, it ter­
minates processing the list of names and proceeds to 
process the list of constant~. {Refer to item 2.4.6.2} 

o 

() 

Members of the name list may be variables, array elements, 0 
ar~ays, and implied DO's. When an array name is found, 
it is reduced into a series of array elements. When an 

C,. \31-\ .. lEV 1o-e7 
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implied DO is analyzed~ a series of array elements is 
also generated. 

2.4.6.1.1 Intermediate Language Generated as a Result of Processing 
the Name List 

The starting position in IBUF2 of the intermediate 
language is recorded in ITEMP1 prior to processing the 
1st name in the list. As each member of the list of 
names is processed~ the following intermediate language 
is generated: 

WORD 1: 

WORD 2: 

1. 
2. 

3. 

4 • 

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

{IBUF2{IBUF2X+1}} = 

o if the variable is not an element of an array~ 
{IVCFLG}-l if the variable is an element of an 
array where each element of the array occupies 
1 storage cell"! . 
IVCFLG*2-2 if the variable is an element of an 
array where each element of the array occupies 
2 storage cells~ and 
IVCFLG*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 type}. 

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 encounter~ a slash indicating 
the end of the name list"! an end of output mark is 
generated in the intermediate language buffer by 

-1 ~ IBUF2{IBUF2X} 

2.4.6.1.2 Error Checking While Processing Name List 

C A I 31- I .. IE V I 0- G 7 

Diagnostics will ·be given for the follbwing 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. 
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3. The member of the name list appears in the 
symbol table~ but an indicator is set to show 
this symbol is a byte. 

4. The member of the name list appears in the 
symbol table~ 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 commas~ 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 errors~ processing of the source 
statement is resumed following the output of the error 
indication. 

Processing Constant List 

In a DATA statement~ there must be a one to one cor-
respondence between the members of the constant list c=J 

CAUl· I .. lEV lo·e7 

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 double~ real~ 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 integer~ and it must be separated from the 
constant by an asterisk. In order to comply with the 
one to one correspondence rule as stated above~ the 
following condition must be satisfied when a member of 
a constant list is preceded by a repeat count: 

where 

C+RC=V 

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

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

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

When using literal constants~ the number of characters 
must be taken into consideration. If the variable type 
is: 

o 
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Single or Integer 
Real 
Double Precision 

it holds 
it holds 
it holds 

2 characters 
4 characters 
6 characters 

Trailing blanks are used to fill a variable entry that 
has been started and an end of literal quote is en­
countered~ that is: 

D is a double precision variable. 

DATA D/'ABC'I 
The variable D will be initialized as if the DATA 
statement were: 

DATA D/'ABCbbb'l b = blanks 

Since a numeric constant may be double precision~ real 
or' integer~ it must agree in type with the va'riable 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 EOS~ processing of DATA statement terminates when 
processing of the current constant list terminates. If 
the list terminates with a slash and a comma~ DATAPR 
proceeds to process the list of names which follow in 
the manner describe by item 2.4.6.1. 

Completing the Intermediate Language in the Output Buffer 

The tally register IBUF2X is set to the value recorded 
in ITEMP1 prior to processing the list of names prec~ding 
the list of constants. {See item 2.4.6.1.1l The DATAPR 
subroutine calls GETF, to extract a member of the list 
of constants from the source buffer. Prior to calling 
GETF~ the repeat ICOUNT is set to 1. Upon return from 
GETF~ one of the followi~g con~itions has occurred: 

CONDITION 1: The operand is not preceded by a repeat 
count~ or a quote~ or a leading algebraic 
sign. Upon return from GETF -
JTERM = comma~ slash~ or EOS 
JMODE = 3 for integer constant~ 5 for 

real constant and 6 for double 
preCision constant 

JSYM{l} = value of integer constant 
JSYM{1} and JSYM{2} = value of real constant 
JSYM{l}~ JSYM{2} and JSYM{3} = value of 

double precision constant 
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The numeric constant and the name from the preceding 
list to which the constant is assigned .must agree in 
type such that -

CONSTANT JMODE IBUF2{IBUF2X+2} 
double precision 6 agrees with 3 
real 5 agrees with 2 
integer 3 agrees with 1 

The constants are entered into the intermediate language by -

integer JSYM.{l}~ IBUF2{IBUF2X+2} 
real JSYM{1}~JSYM{2}~ IBUF2{IBUF2X+2}~ 

IBUF2{IBUF2X+3} 
double precision . JSYM{l}~ JSYM{2}~ JSYM{3} ~ IBUF2 

{IBUF2X+2}~IBUF2{IBUF2X+3}~IBUF2 
{IBUF2X+4} 

The tally register is increased by 3~ 4, 5 accordingly. 

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

JTERM = either "+" or "-" 
JMODE = 0 indicating a null field' 
A second call is made to GETFto 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} -) JSYM{l}~ 
- 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 a~ if it had 
no leading algebraic sign. {See condition 1} 

CONDITION 3: The constant is preceded by a repeat ~ount. 
The 'repeat count must be an integer sepa­
rated from the constant by an asterisk. 
Upon return from GETF -
JTERM = "*"~ JMODE = 3~ and JSYM{1} = value 
of repeat count, 

The repeat count is recorded in ICOUNT by -
JSYM{l} ~ ICOUNT 

o 

o 

A second call is made to GETFto obtain the constant. 0 
If it is a literal constant~ it is proc~ssed as condition 
5. The numeric constant is assigned t.o a number of 

I 
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consecutive names from the preceding name list until 
ICOUNT = o. The constant must match "type wise" each 
of the consecutive names to which it is to be assigned. 
The constant is inserted into 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 ~~tisfied. 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} = -1 
A flag IVBUF is checked to see if the name list has been 
exhausted. If IVBUF = 1 then more intermediate language 
will be gen~rated and IBUF2 will be written out and re-· 
filled. If IVBUF = 0 and the end of the intermediate 
language is encountered~ then the end of the name list 
will have been reached. {See item 2.4.6.1.1} 

CONDITION· 4: The numeric constant is preceded both by 
a repeat count and has a leading algebraic 
sign. First, 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 quote, 
indicating a literal constant. Literal 
constants must have a terminating single 
quote. Upon return from GETF -
JTERM = "'n 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 
Integer 
Real 
Double precision 

No. of CHARACTERS 
2. 
4 
6 
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Characters are assigned to consecutive names until the 
literal is terminated. If assignment has begun and 
the literal terminates, the remainder of the name is 
assigned with blanks. {That is, if a name, whose type 
is real, 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 ea~h name assignment .by: 

Type of Name ~ IENTRY 
IBUF2X+IENTRY+2 ~ IBUF2X 

2.4.6.2.2 Error Conditions Check for While Processing Constant List 

Diagnostics will be given for the following errors: 

1. 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. 

o 

3. The numeric con?tant does not agree in type with 0 
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 members 
of the constant list. This could be caused by 
a repeat count which is excessive in value, it 
could also be caused by an incorrect number' of 
characters i.n the literal constant. 

5. The last member .of the constant list is not 
followed by either a "I" or-a "/EOS". 

6. 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 1, 4, 5, 6 and 7 will cause processing of the 
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 constants, zeros 
will be substituted in their place. 

o 
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2.4.7 

2.4.7.1 

o 

o 

FORMAT Statements 

Subroutine CHECK~ 

The routine CHECKF is entered. The statement is syntax checked, 
but remains a string of ASCII characters. It is noted whether E or 
F conversion is used so entry points for these conversions will or 
will not be created. 

CHECKF is a routine to syntax check a FORMAT statement. If it 
discovers an error in the format specifications CHECKF calls 
DlAG, the diagnostic routine. 

INPUT 

CHECKF uses the FORK routine to check fields in the FORMAT state­
ment. The first field it receives should always be null with a 
( terminator (the leftmost left parenthesis). The field preceding 
the last must always terminate with ); the last field must be null 
with an end of statement terminator. CHECKF assumes that each 
successive call to FORK picks up the next field scanning left to 
right, in the FORMAT statement. 

OUTPUT 

As the check proceeds FORK (using FGETC) converts the FORMAT state­
ment to external code (BCD or ASCII) and places it into IBUF2 start­
ing at IBUF2(6). The last character placed in IBUF2 (banning an' 
error) will be the terminating right parenthesis. The FORTRAN 
statement pl.=iced in IBUF2 will not include extraneous blanks or 
the EOS character. 

Upon exit IBUF2(X) will be at the number of words in IBUF2. 

Subrou tine s u sed.: FORK, FGETC, GETC, DIAG 
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2.4.7.2 Format Handling Routines - FORK 

Syntax checks a format statement. Input parameters: holders for 
output. 

Output parameters: 

1. 11 field type 

1 = nu 11 or repeat count only 
2 =X 
3 = H 
4 = A 
5 = R 
6 = $ 
7 I 
8 = f 
9 = E 

10 = Error 

2. 12 field terminator 

° = none (X,H fields) 
1 -- ( 
2 ) 
3 , 
4 / 

-13 = E05 

3. 13 repeat count 

4. 14 = W 

5. IS = D 

Modes: 1 initial 
2 = repeat 
3 = f, E aux switch = 5,6 
4 = A,R,$,I 
5 = error aux switch = 0,1,2,3 

Subroutines used: FGETC 
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2.4.7.3 Subroutine FGETC 

AA 37n 

Subroutine FGETC usually delivers one character from ISORS. 
The character is converted to ASCII and output. However, 
if the character is an asterisk indicating a Qfree field Q 
Hollerith string, FGETC counts the number of characters in 
the literal stririg and:makes up an appropriate Hollerith 
declaration. . 
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2.4.8 

2.4.8.1 

2.4.8.2 

ASSEM Statements - Subroutine ASEMPR 

The ASEMPR subroutine will generate intermediate language for each 
member of a parameter list in an ASSEM statement. The meaning of 
the intermediate language generated for a particular constant 
depends on the type of constant the ASEMPR subroutine encounters 
in the parameter list. The constants may be either numeric constants, 
address constants of statement labels. 

Output of Intermediate Language 

The intermediate language is generated in the output buffer 1 am2d 
IBUF2. The tally register used for the word length of the '1utput 
entry is IBUF2X. IBUF2X is set initially prior to entering ASEMPR, 
and is increased by the number of words of intermediate language 
gen·erated for a parameter when the parameter is processed. An i.l. 
entry generated fOt" a parameter ·begins at IBUF2 (IBUF2X). 

Numeric Constants 

A numeric constant must be an integer of the form: 

$hhhh, 

implying a hexadecimal number •. The GETF subroutine is called to 
extract th~ numeric constant from the source buffer. If, upon 
return from.GETF, the operand is other than an -integer, the flag· 
JMODE will not contain a "3". An error diagnostic will be made 
followed by an exit from ASEMPR. 

If the numeric constant is legal, the following 2 words of inter­
mediate language will be generated in the output buffer: 

WORD 1: (IBUF2('IBUF2X» = I; = the number which identifies the 
parameter as a' numeric constant. 

WORD 2: (IBUF2(IBUF2X+l» = the value for the numeric constant. 

Address Constants 

An address constant may be either an alphanumeric operand in which 
case it is a name or it may be a numeric operand in which case it is 
regarded as a statement label. The, name or label is extracted from 
the source buffer by a call to GETF. If the name or label does not 
appear anywhere in the symbol table, a call is made to the store 
routine to read the operand and its class. 

--_____ '_&_'_.,0_' __________________________________ _ 
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Either name or label is assumed to be used with the 
relative mode of addressing unless the operand is 
preceded by a "+". It is then regarded as to be used 
with the absolute mode of addressing. If either ope~and 
is to have an increment, the increment must foflow the 
oper~na and be enclosed with parentheses. Th~ increment 
must be an integer constant. The GETF subroutine is 
used to extract the increment from the source buffer. 
If, upon return from GETF, either -

1. {JMODE} ¢ 3 indicating that the constant is 
not an integer, or 

2. {JTERM} ¢ 42 indicating that the increment is 
preceded by a left parenthesis but not followed 
by a right parenthesis, an error diagnostic 
will begin. 

o 

Upon return from GETF, the value of the increment is 
recorded in JSYM{l}: If {1} the switch IK is set non­
zero indicating that the ASA option is selected, {2} 
the parameter is a name, and {3} the name does not 
appear in the symbol table typed as SINGLE, the value 
of the increment is doubled. This is to accomodate the 0 
fact that if the ASA option is selected, integer and 

CA 131·1 AEV 10-«17 

real names require 2 storage cells each while SINGLE 
names require 1. In other words: If {IK} ¢ 0, and 
ISNGL {ISYMX} = 0, 

{JSYM{1}}*2 ~ JSYM{l}. 

Triple size of increment if double precision elemeht: 
{JSYM{1}}*3 ~ JSYM{l} 

The following 2 words of intermediate language will be 
generated for an address constant using absolute addres­
sing and having no increment: 

WORD 1: {IBUF2{IBUF2X}} = 2 

WORD 2: {IBUF2{IBUF2X+l}} = pointer to name or label 
in symbol table. 

The following 3 words of intermediate language will be 
generated for an address constant using the absolute 
mode of addressing and-having an increment: 

WORD 1: {IBUF2{IBUF2X}} ,= 4 

WORD 2: {IBUF2{IBUF2X+l}} = pointer to name or label 
in symbol table. 

------------------. ---
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WORD 3: {IBUF2{IBUF2X+2}} = value for increment re-
corded in JSYM{1}. 

The follo~ing 3 words of intermediate language will be 
generated for an address· constant using the relative 
mode of addressing and having an increment: 
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2.4.9 ASSIGN Statement - Subroutine ASGNPR 

ASGNPR is called directly by PHASEAto process ASSIGN statements. 
It reads the next field in ISORS using RDLABL and ascertains that it 
is a label. ASGNPR locates the label in the symbol table and places 
this symbol table pointer into the output buffer. The next two characters 
of ISORS are checked for T~ 0 - if they are not, a diagnostic is 
printed. ASGNPR reads the next field and checks that it is an integer 
variable name. If so, the.name is located in the s~b6l table and 
its symbol table pointer is placed in the output buffer. The number 
of words in the record is put into the first word of the output record 
and ASGNPR exits to PHASEA. 
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2.4. 10 EXTERNAL and RELATIVE Statements. - S':A,brouti ne EXRLPR 
. lj 

EXRLPR is called by PHASEA to process EXTERNAL and RELATIVE state­
ments. It scans ISORS, ch~cking the legality of each name it picks 
up, putting the name in the symbol table, and checking whether it has 
previously been declared as other than an external name. If it has 
been declared as other than an external, an error is output. 'If not, 
lEXT in the symbol table is set to one and, if EXRLPR is processing 
a relative statement, lREL is also set to one. Upon encountering the 
end of the statement, EXRLPR exits to PHASEA . 

Ii 

._------.. _._- ..... _----'-----.:...=. ----_. __ ... 
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2.4·11 

AA 3777 

REWIND, ENDFILE, BACKSPACE Statements - Subroutine ERBPR 

ERBPR is called directly by PHASEA to process REWIND, 
BACKSPACE, or ENDFILE statements. It reads the 
next field of ISORS and verifIes that it is an integer 
constant or variable name. After verification ERBPR 
sets up the output entry and return. 

In the 3.0A compiler the length of ERBPR is crucial. 
Any increase in ERPBR must be accompahied by a 
corresponding decrease in the BSS buffer at the end of 
DUMYA6. {See page 2-9} 
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2.4.12 

CA 138-1 

IOSPR - Tree Builder for I/O Statements 
A ° 

This routine is called by PHASE~' ~pon encountering a READ or 
WRITE. It builds the trees for the calls to Q8QINI, Q8QX, and 
Q8QEND, as required in IBUF2. Calls to Q8QX are built as new source 
statements which will be processed by ARITH. Other calls are b~ilt 
in the form of ARITH output and will be processod next by PHASES 

For a READ, WRITE statement the first tree generated is for Q8QINI. 
If there is a list, a Q8QX call is generated for each element, 
and a call to Q8QEND i& generated after the last element • 

---------~.------- ----------------------- ----~- ~ 
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2.4.13 

. 2.4.13.1 

2.4.13.2 

CA138-1 

BDOPR 

The BDOPR subroutine is called to process DO statements of the 
form: 

DO label induc = lbeg t lend t incr 

The parameters for this statement are as follows: 

1. "label" is the statement label assigned to the finai 
statement of the do loop. 

2. "indue" is the induction parameter. 
3. "lbeg" is the beginning parameter. 
4. "lend" is the end parameter. 
5. "incr" is the increment parameter. 

"label" 

A call is made to the RDLABL subroutine in order to extract the 
label from the source language input. Upon return from RDLABL the 
following is true: 

. 1. Either (ILLABL) = 0 if either -

a. the label is missing, or -
b. the labe I is i llega 1, 

or (LLABL) f ° if the label is present and legal. 

2. Either (ISYMD) = 0 if the label does not appear in the 
symbol table, or (ISYMD) F ° if an entry for the label 
is present. If (ISYMD) = 0, a call is made to the STORE 
routine to insert this label in the symbol table. 

3. If (ISYMD) f 0, the statement label must either be undefined, 
or it must occur subsequent to the DO statement. If-

"indue" 

(ISNOL(ISYMX» = 0, 

the label is undefined, and if 

(ISNOL( ISYMX) ) :> (ISTNO) 

the label occurs subsequent to the DO statement where -

(ISTNO) = the statement number for the source statement 
currently being processed. 

The restrictions on the induction parameter are as follows: 

-_ .......... _-_._----_ .. _ ... _-----_ ... _ ..... _---------------_._._--_ .. .. 
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2.4.13.3 

2.4.13.4 

1. It must be an integer variable. 
2. It may not be preceded by an algebraic sign. 
3. It must be followed by an equal sign. 
4. This parameter must not ~e used as any parameter in another 

DO statement if the do-loop for that statement contains 
the do-loop of the statement currently being processed. 

A call is made to the CKNAME subroutine to extract the parameter 
from the source language input. 

Upon return from CKNAME either -

1. (IVCFLG) =2 if the parameter is an integer variable, or -
2. (IVCFLG) + 2 if not. 

If 1 is the case an error diagnostic is given prior to the return 
from CKNAME. Therefore, following the return from CKNAME, only 
an exit is mede from BDOPR. 

"lbeg" 

The restrictions on the use of the beginning parameter are as 
fo llows: 

1. It must be either an integer variable or an integer 
constant. 

2. It may not be preceded by an algebraic sign. 
3. It must be separated from the preceding parameter by an 

equal sign. 
4. It must be followed by a comma. 

A call is made to the CKIVC subroutine to extract this parameter 
from the source buffer. Upon return from CKIVC, either -

1. (IVCFLG) = ° if the parameter is non integer, 
2. (IVCFLG) = 1 if the parameter is an integer constant, or -
3. (IVCFLG) = 2 if the parameter is an integer variable. 

If (IVCFLG) = 0, an error diagnostic is given by the CKIVC subrou­
tine. Therefore, after returning from CKIVC, only an exit is made 
from BDOPR. 

"lend" 

The restrictions for the use of this parameter are the same as 
those for the "lbeg" parameter. The CKIVC subroutine is used to 
extract this parameter from the source buffer the same as for the 
"lbeg" parameter. 
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Viner" 

The restrictions for the use of this parameter are 
the same as for the Olbeg9 parameter with one 
exception: 

The increment parameter may be preceded by a 
minus sign. This parameter is also followed 
by an EOS. This parameter is optional and 
may be omitted. If so, the °lendo parameter 
is followed by an EOS. A value of 1 is sub­
stituted for the increment parameter. 

Output of BDOPR. 

The BDOPR subroutine will generate a 5 word output 
entry for the do-loop table and a·l word output 
entry for the output buffer. 

Do-Loop Table Entry 

"LOOPT" = name of table 
{LOOPTS} = capacity of the table 
{LOOPTB} = length of a table entry 
{LOOPTX} = pointer to the entry in the table 

A DO-LOOP table entry is five words long. The 
format of the DO-LOOP table is as follows: 

WORD1: LEND = bits 0-15 of LOOPT{4}. 
{LEND} = pointer to symbol table entry 

containing the °lendo 

parameter. 

WORD2: 1. LID 
-[LID} 

= bit 15 of LOOPT{5}. 
= 1 if the "incrv parameter is 

preceded by a minus sign. 

WORD3: 

WORD4: 

2. LINDUC = bits 0-15 of LOOPT{l}. 
{LINDUC}= pointer to the symbol 1 table 

entry containing the vinduco 
parameter. 

LBEG = 
{LBEG} = 

LINC = 

bits 0~15 of LOOPT{2}. 
pointer to the symbol table 
entry cQntaining the Vlbeg" 
parameter. 

bits 0-15 of LOOPT{3}. 

._------............. _---------_ .. _... .. .......... _ .. _. __ . 
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{LINe} = pointer to symbol table entry 
containing the °incro 
parameter. 

WORDS: LLABL = bits 0-14 of IDOTB{S}. 
{LLABL} = pointer to symbol table entry 

containing the °labelo 
parameter. 

CA ,,,., Aav 10-87 

\, . "'-... ~~/ 
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Output Buffer Entry 

An entry made in the output buffer consists of 1 
word, a pointer to the LOOPT entry for this DO 
statement. 

{LOOPTX}~ IBUF2{IBUF2X} 

Errors 

Error diagnostics are given by BDOPR for the 
fo II ow i ng: 

1. An illegal label or a missing label-
2. The label occurs prior to' the DO statement. 
3. Overflow of the DO-LOOP table-
4. Overflow of the NESTED-DO-LOOP table. 
5. The induction parameter is currently in 

use as an induction variable in a do-loop 
containing the do-loop for the statement 
currently being processed. 

b. Illegal characters separating the parameters 
in the DO statement. 

------ .. __ ._--_ .... _._- .. - .......... _._._--------
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Errors It 2 & 5 will cause termination of the DO statement processing t 
and an exit will be made from BDOPR following the printout of the 
error diagnostic. Following the printout'of the error diagnostic 
for errors 3, 4 & 6, processing of the DO statement will be resumed. 

Induction Variables 

Indicators are to be set i~ each of the symbol table entries con­
taining the "lbeg", "lend", "indue" and "incr" parameters to 
show that these are induction variables. These indicators are 
reset when the statement' label is encountered that marks the end 
of th~ do-loop. Such an indicator is set by -

1 ~ INDUCV(ISYMX) 

~-LOOPS Originating in I/O Lists 

A DO statement in the source buffer is terminated by an EOS. A 
do loop may originate in an I/O list such as -

WRITE (unit, format statement label)(A(I),I=l,lO), ••• 

If so, an indicator is set prior to ent~ring BDOPR. This indicator 
is recorded in ITEMPX. If the origin of the do loop is in an I/O 
list, (ITEMPX) = -1. If this is the case, a right parenthesis 
replaces an EOS as the end of the statement in the processor. 

r----
\, ........ / 

c' 
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3.3 

3.3.1 

C" 1311- 1 REV 1 O~67 

Special Subroutines for Common Allocation 

Subroutine ARAYSZ 

A RAY S: Z i s call edt 0 de t e r min e the n u m b e r 0 f w 0 r d sin 
any given array· The number of words is determined by 
the number of elements in the array times the number 
of words per element. If the array is real or integer 
with ASA options selected~ the number of words per 
element will equal 2; if the array is double precision, 
the number of words per element will equal 3. ARAYSZ 
determines the number of words per element and sets the 
element size in the symbol table {KELSIZ}. It then 
picks up the number of dimensions and the index into 
the ISTAB table. The number of words in the given 
array is calculated and the array size is transferred 
to the ISTAB table at the first "e"ntry f or the array. 
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ARAYSZ 
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3.3.2 Subroutine CPLOOP 

CPLOOP is called by PHASE A' It allocates, in consecutive order, the 
space needed for each common block. CPLOOP operates in two passes, 
the first of which determines the size of. each array in common, and 
the second of which allocates space. Two· passes are necessary because 
common is strung in the reverse direction from which the COMMON 
statements came in. CPLOOP takes into ac(!ount any EQUIVALENCE 
statements to variables and/or arrays in common, and lengthens the 
COMMON BLOCK if necessary based oil these EQUIVALENCES. 
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• KBKSTZ 
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..bCLA.!! ___ .L 
bCTAQL{LCTA~)~=~WDS 

CALL 

r ~~1 
· 18 I 
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GETSYM __ -l --'- NO 
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ARAYSZ 

INITIALIZE 
BLOCK SIZE 
EXCHANGE HOJ-DERr 
AND LCTAB 

.KBKSIZ=O 
lHOLD=1 

TABX= 

PICKUP FIRS 
ENTRY 
ICOMBX{INDX[L} • 

._---------_ .. 
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RETURN . 
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SET SWITCH 
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SAVE POINTE 
TO LOOK UP 
ENTRY IN CH 
ITEMP=ICOMT 

NTERS 
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}=IHOLD 
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100 

PWT AWAY 
BLOCKSIZE FF-I_.;..:...._--I 

USE BY NEXT 
KBKSTZ 

{ INDX1} 

50 

PICKUP INDEr INTO 
EQUIVALENCE TABLE 

SET SWITCH 

KSW=O' ...,. ''aW Dt IEQVX{ ISYMX 
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KOMP YES 
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UPDATE TO ~EXT 
ELEMENT IN 

v~.~s~ w EQUIVALENC CLA'S 
INDX3= INDX 

KBKSIZ=KOMP 

CALL ICOMTX{ISYMK} SET IRSA TO 
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IHOLD 
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3.4.0 

3.4. 1 

C" •.• "., R I \' 'I"'" 

~rithmetic Expression Processors 

Subroutine ARITII 

ARITH is the Phase A subroutine which itemizes and 
syntax checks arithmetic expressions. 

ARITII processes an expression found in ISORS (ISORSX)* 
to either end of statement or zero parenthesis level, 
dependent on the setting of ISTOP. 

The itemization and syntax check arc done concurrently 
and an itemized reconf~~uration of the 'source input 
is built in IBUFI. If syntax errors are encountered, 
error diagnostics are output. 

If a subscript of a variable is encountered, a call 
to SUBSCR is made to expand the subscript to a poly­
nomial. 

When the scan of ISORS* is complete, IERR is checked. 
If IERR f. 0, ARITH exits. If IERR = 0, ARITH calls 
subroutine TREE to reconfigure the items in rBUFI 
into a tree structure representing the arithmetic 
expression. In the 2. DA version, ARITH passes a 
mixed-mode flag to TREE in the common variable LSI. 

Upon rpturn from 'l'RgE, l\HI'rJl exit~r, to ih~ rnl.1pr. In 
til,. 2.0Svntcdnn, l\PIT11 r""l'lc:; ~1nl)~1:v:" jll(;1 I,t\fnt'f~ p}~if 

i I III i :;, . .\ 1\1." I, . ;11 i t III lin , i,' II., c: I" " . I It' I" "1111' t· I I'" . 

ISORSX* 
ISTOP 

IBUF2 

ISTNO 

I III J J '·,1 i II ""II j • ,I, 1" 

til it t s t d t t_~ nil' n t t.. CJ 

analyzQ 
Indexer into iSORS 
Switch signalling 
when to stop analysis 
o = end of statement 
I = zero parenthesis 
level (If statement 
2 = process single 
variable (READ,WRTTE) 
Set to the next avail­
able word (relative 
to start) in the out­
put buffer (IBUF2) 
Current statement 
number 

......... .-#/ 
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output parameters: IBUF2 Contains thp. expression 
in tree form 

\ .\ • .~. .. I. I \ ~ • '. t •• 

Subroutines used: 

IBUF2X Set to.next available 
word in I13UF2 

IERR - .Switch signalling 
syntax error 

ISORSX Updated to reflect 

GETF 
GErl'SYM 
SYMBOL 
STORE 

end of expression or 
character following. zpro 
parenthesis lovel. 

Get one field from ISORS 
Get symbol table page 
Search symbol table 
Store symbol in symbol 
table 

* If AND (IFLAGS,$lO) is not zero, input is in IBUF2 
(IBUF2X). In2.dA, there a~e two versions of 

ARITH. 
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ARITH Switches and Tables 

Switches and tables for Syntax check 

IBUFI 
IBUFlX 
LSI 

TERR 
LPHEN 
ISORS 
ISORSX 
LSWITC 
ISTOP 

MODE 
IWORK 

IMSW 
ITEM 
LO 
LRELRQ 
I.HELEN 

Operators 

CROUP 

comma 
OR 
,\NU 
t\OT 
Relational 

Table where reconfigured expression is built 
IBUFl index 
Prior symbo 1 
o = beginning of expression 

-1 = illegal 
Syntax error switch 
Parenthesis counter 
Table containing input expression 
ISORS indexer 
Subroutine or function call in effect switch 
Input switch signalling where to stop analysis 
o = end of statement 
1 = zero parenthesis level 
2 = after processing one variable 

Mode of current expression 
Mode table for exponentiation or functiqn calls. 2 
word entry. 
Word 1 = mode 
Word 2 = LPREN setting for return to mode in word 1 
IWORK index 
Temporary holder 
Lo g i cal 0 per a tor s w 1. t c h 
Relational operator required switch 
R l' 1 a t jon it lop era t. 0 r <.m co u n l ~~ red !-i w ftc h 

LEVEL 

o 
1 
2 
3 
4 
5 
6 
7 
8 

GROUP MEMBERS 

comma 
OR 
AND 
NOT 
LT, GT, LE, GE, EQ, NE 
+,-
*, I 
** 
(,), function 

Function is a special variable treated like a set of parentheses. 
It and its par~meters are not reorderable, and can be looked 'at only 
just as it sits. 

(-----
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RELAT 

OR 

AND 

NOT 

VAKIABLE 

·k /'1;-/( 

+-

CONSTANT 

BEGINNING 

FUNCTION 

3.4.2 

CA 138·\ 

INVERSE operands 

If operator: Operand is 

.J( divisor 
-Jd: thing to exponentiate (co effic ien t) 

SYNTAX LEGALITY TABLE (p - permissible) 

REL OR AND NOT VAR 'Ie /-;"* +- ( ) EOS CONST. 

P P P P 

P P P P P 

P P P P P 

P P P P 

P P P P P P P P P 

P P P 

P P P 

P P P P P 

P P P P P P P P 

P P P P 

P P P P P P P P 

P P P P P P 

P P P 

Subroutine SUBSCR 

SUBSCR expands ~ subscript of a variable into one of the following 
po lynomia ls: 

one dimensional array: 

subscript = (Cl*Xl + Dl) *E 

two dimensional array: 

subscript = (C l*Xl + Dl + A-;"C2*X2 + A'kD2 ± A) *E 

FUNC 

P 

P 

P 

P 

P 

P 

P 

P 

P 

--------------_ .... ", ...... " .. _-----------------_ .... _------
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three dimensional array: 

subscript = (Cl*XI + Al*C2*X2 + AI*A2*C3*X3 + 01 
± Ali~D2 - Al ± Al*A2*D3 - AI·kAi) *E 

Where Ai is the dimension of the variable being subscripted, E is 
the numBer of words in an array element, and the permissible form 
of a subscript dimension is: 

to a maximum of three dimensions. 

Depending on the type of resulting polynomial when all constant 
terms are collected, the variable is set to incrementally s~bscripted 
(the polynomial has no variable terms), variable subscripted 
(the polynomial has only a single simple variable), variable and 
increment subscript (the polynomial has a single simple variable and, 
a constant term), or complex subscript. The subscript is moved to 
IBUF 1. 

Subroutines used: SYMBOL 
STORE 
GETF 

Switches and Tables 

ISS 

ISSX 

JV 
IVM 
101 
IC I 
IXl 
ISFLAG 

1 'Nt) r d t Cl b 1 e con t a i n i n g d i TTl( ~ n ~; i (Hl ~ j 0 f sub s c r j pte d 
v .. rl;lbl(~ 
cur r (. n l d I flU.' 11 S I (.) II 

IBIIFI index of variabJt! a!:isucialcd with :-iubscript 
Word length of variable associated with subscript 
3 word table of c,onstant terms in subscript 
3 word table of constant multipliers in subscript 
3 word table of variables in subscript 
+, - flag for subscript terms 

",-,,/ 
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CALL s~aterne:it. 

Error i!'. field. 

Set to ~ull field. 

This rcutine sy~tax checks the source 
statemer.t and stores it in pre-tree 
form in 1BCFl for TREE to process. 

IBUFI Form --
WORD 1 Type 

WORD 2 level 

WORD 3 symbol table 
po inter (if 
necessary) • 

I\, 
\_-j 

,r-~-~~- 0 
~ T • 

~RJ.TH- . 

T 
JDl'M( 1)~, 1=1, 
LOGEX = 0 
lWORK( 200)=0 
MODE = 0 

I 
IMSW = 0 
Nuun = 0 
IBUFIX = 1 
/1XMf)) cO 

GETF 

Get first 
\ field 

L-----
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4. IF statement if ISTOP=l. 

5. IF must start with "(" 
diagnostic 7. 

6. Bump left parenthesis 
count and set .. ( :, 

I 7. 

8. 

9. 

10. 

rl. 
12. 

operand type. 

Set operator level; 
set last symbol to 
"("; increase index 
by 2. 

ISTOP=2 means pro­
cess a variable. 

Null character. 

JMODE=2 means field 
is alphanumeric. 

Illegal operator 
or operand. 

o means unassigned 
1 means variable or 
function definition 
name. 
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IBUFl(IBUFIX) 
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IBUFl(IBUFIX+t) 
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IBUFIX=IBUFIX+2 
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9 

y 

DIAG 

Diagnostic 
10 

4 

Assign 5 

to lAD 

20 

MACH. -r/l 
TYPE !VZ./ PROJEC T NO. R APPROVEO OA TE W 
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ISSUE 
DATE 

DATE 

PROJEC T MGR. ~ 
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T ASK NO. 
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13. If dimension and "(", diag­
nostic and slew to ")". 
Otherwise class is 
a variable. 

14. Not a null character; 
process the s)~bol. 

15. Not !I(", process 
other terminator. 

16. Unmatched paren­
thesis. 

17. Matched parenthesis 
- check for exit. 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE '0 
FLOWCHART :}(J 
DECISION TABLE r- 1 

c. I 
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DOCUMENT 
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DOCUMENT 
TITLE 

NUMBER 
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13 

MACH. 
TYPE 

PAGE 

ISSUE 
DATE 

DATE 
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\ I 

'- " 
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PREN=LPREN+ 1 
BUF1(IBUFIX) 
= 6 
S1 = 16 

/rV!1) I PROJECT NO. 

PROJEC T MGR. 

PROJEC T NAME 

TASK '~O, 

... /" T ASI<. NAME 

4 

IBUF 1 (IBUF IX) 
= 8 

Set operator 
level 

tJ 

16 

17 
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IRE-.I 

5 

501:;;.:;J3;....... __ ~ 
DIAG 

Diagnostic 

16 

IBUFIX = 
IBIFIX+l 

APPROVED 
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\ J 
'---" 

DATE 

W 
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18. If error set 
last symbol to 
nonsubscripted 
variable and 
go to identify 
terminator. 

19. Must be symbol 
field or go to 
constant pro­
cessor. 

20. Put symbol in 
symbol table if 
not already 
there. 

21. Check for ll_" 
terminator •. 

CONTROL DATACORPORATION 

SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

AA13e~ , .. OH .... t(--)-A1Z;.,I 

~ r~ L-l 
LJ 

2 

GETF 

Get next 
field 

N 

LSI = 24 
NULMl = 0 
(Clear kw",I.A...S 

switch) 

DOCU .... ENT 
CLASS 

18 

~ 

N 

N 

NULMl = 0 
Assign 
149 to lAD 

19 

20 

PROJECT NO. 

4 

NUU11 = 0 

(Clt:ar hI;~ 
switch) 

21 

y 

RE 

:) 

NULMI=LSI 
(Set switch 
to last 
syrobo 1) 

APPROVED DATE 

DOCU .... ENT AnI_II 
TITLE~'7N PROJECT .... QR W 

ISSU;AGE ~F ... :r~ PROJECT NA .... E ~ 
NU .... BER DA T E T ASK NO. a-
DRAWN BY . DATE, TASK NA .... E 
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22. If the field is not 
in SYMTAB, check for 
11(". 

23. If class is not a 
variable, must be 
"( " , ")", or " ., , . 

24. If class is unassigned 
and symbol is ~itrer 
relative or external, 
a variable has been 
used as a subpro-
gram name. 

25. Set class = variable. 

CONTROL DAT ACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE CJ 
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oO~~':sEtT INS 
DOCUMENT ~O,/ 

TITLE ~IlJ. 

22 

23 

24 

,./\ 
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25 
ICLASS(lSYMX) 
= 1 

Assign 
147 to lAD 

lBUF1(lBUF1X) 
= 24 

(Variable 
operand) 

PROJEC T NO. 

PROJECT MCR. 
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IBUFIX = 
IBUFIX+l 
(Bump index) 
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lBUF 1 ( I BUF1X ) 
=lSYMX+lSYMP 

(Set symbol 
table entry nb.) , 
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26. Check partial 
variable. 

27. If dimensional 
or ,,(., go check 
predecessor. 

28. Dimensioned so 
set to increment 
only variable. 

29. Two words/entry 
if non-integer or 
integer and ASA 
selected and 
SINGLE not selected. 
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DOCUMENT 
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DOCUMENT 
TITLE 

NUMBER 

ORAWN BY 

26 

27 

'-./ 

y 

PAGE 

ISSUE 
OATE 

28 

IBUFlOBUFlX-H JSYH (1) 
lBUFl(IBUFlX- = ITYPE 
+2 (ISYMX) 

___ __ _ _ _ Set type 

29 
IBUFI 

( IBUF lX-O ! ~(I~ = 29 & IK:fO 
Partial Varia Ie) IS. (IS )=0 

l~ 

.. 

Assign 146 

to lAD 

PROJEC T NO. R 

PROJEC T MGR. 

PROJEC T NAME 

T ASK NO. 

DATE:X·i / TASK NAME 

r) , 

JSYM(l) 

APPROVED 

( \ 
, I 
\ / 

CA.~1. 

u.J 
I 

:::-' 
;J:: 



o 

C) 

TITLE 

DRAWN BY 

CSD203 

IBUF1(IBUF1X 
=JSYM (1) 
(CONSTANT 

VALUE 

DIAG 

DIAGNOSTIC 

10 

J PROJ. 

. L A J. 0 L L.A F A elL IT Y 

ARITH 

ASSIGN 16 

TO .:tAD1 

@~--~I 

MXMOD .. 1 

IOATE 

LA JOLLA RESOURCE CENTER 
IM·S Page 3-19 
1700 MASS STORAGE FORTRAN 
~OD5*3.1 .A/B 

MODE == 
>----{;)J>-l I TYPE (I SYMX) 

(SET 'ARITHMET C 

MODE 

TYPE 

ORG. NO. 

REVISION 

SHEET L OF ~? 
•• J 



B 

35. Illegal pr2decessor. 

36. Single variable if 
ISTOP=2. 

37. Undimensioned vari­
able or left paren­
thesis. 

38. Check against termi-

/~ 
( 106 ) 

"-~ 
I 

nator table for I = 1, 18. 

/' DIAG \ 

(\ Diagnostic 

10 \ ' ____ --...J 

LSI = ITEM 
(Set prede­
cessor) 

n 
i JI-------o---' , 

IBUFIX -.- 1 

N 

N 

36 

37 

0J--J 18 

N 

N 

IBUFl(IBUFIX) 
= I 
ITEM = I 
(Internal levJl) 

y 

y 

ContinuE: 

DO 100 p 

PUNT 
Fatal over­
flow of 

buffer 

~~G 
~ 

511 
503 
504 
517 
505 
512 
514 
516 
502 

50 1 
500 

CONTROL OATACORPORATION 

SOFTW,L\RE DOCUME1'.T 

SAMPLE CODE 

Fl.OWCHART 

GEe !5i:JN TABLE 

OT'HER 

. \ .' ! . I B~' . t l"~ ..... 1 t 1.1:..... yeA 1 ~ ,. ~ I 

o 

.~ 
• - j 

DOCUMENT 
C I,ASS 

DOCUMENT" 
TITLE 

NUMBER 

ORAWNBV 

MAC'" J 

1 Y FE l.rlc- PROJEC T NO. 

PROJEC T MGR, 

RE' APPROVED DATE 

W 
I 

PAGE8 CI='~1 PROJECT NAME I I I ~ 
'55L.; E 
C'A"-E TASK NO, 

DATE .... T ASK NAME 

":) \\ '-- ' 10 



A 

B 

c 

o 

39. 

40. 

n 
t 

r;;0 
DO Loop fall-v 
through- if not 
legal terminator. 

End of expression 
(E05 detected). 

41. Expression ends 
illegally. 

42. Check for matched 
parenthesis. 

43. Unmatched paren­
thesis. 

44. Relational opera­
tor is missing. 

45. Set statement type 

46. 

47. 

to continue. 

Logica 1 ex­
pression and 
logical if. 

I 11 eg a 1 use 0 f 
relational opera­
tion. 

CONTROL DATACORPORATION 
50F T hARE OOCU~ENT 

5,0. .... p:_ f_ CCJij E 

2 

ITEM = -1 
111ega 1 
Expression 

n 
\ -

N 

N 

4 

N 

2.0 '8: 
011 \1 ! 

RETUlt~ 

45 
.('.OA 

r c- ,~"'r 
) ---\ RETI'RN ) 

- I ,-----_./ 

n 
5 

I DrAG 

4114 

~.')A Qn I 

L~.L = MX/iOJ) 

IlUF:2X = S" 

1I --.J 

DOC~MENT MACH 
CL" 5S :z::iIfS T'tPE-,dPO pqOJECT ~O_ RE' APoP",r:,C I :;-"' .. £ j W 

I 
COCl..~ENT P ---1----- I 

TITLE 4&lll ,--O}c-'Ji..C T M(;R t ru I e",_,,~:3S- _~--::~~.~- ------ -- ---- .. f- - - --- --- ~ ., " p~,,-. ------ __ .. l~_:l._. ___ .:-: .• .-:,-, - .. ' .. - ... - - l' -.. ---
-------

;.;~ __ ... _ ... ~r;T )-'-

~_- r:.. ,':; ~ -:- A":..: '... ~ 



4H. ..)" detcctt.:u. 

4~. Parenthesis ·level 
A the same? 

50. No entries in mode 
control table? 

52. Check predecessor, 
variable,constant, no 

(~)~~ 
4tS 

~ 

LP~E:: .­
LPRE~-l 

(Decrease 
Par-en counter)) 

I 

LSWITC = 0 
parameter function or y Clear sub or 

B 

c 

o 

subroutine lega 1-

53. I llega 1 operator 
or operand. 

CONTROL 0 AT A CORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

A.A.'J8~ .rO ..... !:R .. ' CA127-\; 

() 

C] 
.8J 

~ _J , -, 
L~ 

DOCUMENT 
C L.ASS 

DOCUMENT 
TITLE 

NlJMBER 

ORAWN BY 

fun call 
switch 

y 

N 

8 
"'.C'"1. 
TYPE /r'7/J.r\ JPRO.lECTNO. 

PROJEC T .... eR. 

P"GE/OOF~I PROjECT NAME 

ISSUE I TASK NO. .:>. T E 

/ 
DATE. .: '~I I TA.SK NA.ME 

() 

DIAG 

Diagnostic 

10 

LSI = 17 
Last symbol 
right paren­
thesis 

,I 

OATE 

) 

w , 
ru 
ru 



A 

B 

c 

o 

54. 

55. 

56. 

n 

Test for end of statement. 

IBUF(3)=21 means CALL 
sta tement. 

Parenthesis level the 
same? 

57. Yes. Set mode and 
decrease IWORK index. 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART ~ 
DECISION TABLE C] 
OTHER r~J 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

NUMBER 

2 

MACH. 
TYPE 

PAGE 

ISSUE 
DATE 

() 
.) 

N 

55 

N 

PROJECT MGR. 

PROJEC T NAME 

TASK NO. 

4 

N 

MODE= 
IWORK(IMSW-l) 
IMSW= 
IMSW-2 

R 

5 

APPROV£D 

() 
~ 

DATE 

DRAWN BY DATE /'L TASK NAMI: 
-~·D""'';::~~~F~~~~~'''~~''!l~·r: ... 3iW&l 'A-~:Z;;:;:Z " ~,~-!.:;.~.-!:.-~~~ 

W 
I 

ru 
w 



A. 

B 

c 

o 

I 

I 

58. Left parcnth~sis processor. 

59. Check predecessor a 
variable. 

60. Predecessor is a variable. 
Is it a numeric constant? 

61. Dimensioned variable? 

62. No. Check if not read, 
write, or replacement, or 
replacement and processing 
to end of statement. 

63. Undi~ensioned subscripted 
variable. 

CONTROL OATACORPORATION 
SOFTWARE DOCUMENT 

~OCUMENT 
. CLASS 

SAMPLE CODE 

~LOWCHART 

.DECISION TABLE 

OTHER 

o 
~ 
[J 

DOCUME"'T 
TITLE 

NUMBER 

DRAWN BY 

~ A : ~ e!l l f" O'"f "-4 k FO Y C l ... 1 .: 7·, I 

() 

MACH. 
TYPE 

PAGE 

ISSUE 
~"TE 

C' ... TE 

IN 

1 60 

""" I 
N 

ISYMX = 
IBUF(IBUFIX-l 
Set symbo 1 
table index 

PROJEC T NO. 

PROJEC T MGR. 

PROJEC T NAME 

TASK NO. 

TASK NAME 

() 

IN 

DIAG 

Diagnostic 

6 

IERR = 1 
Set error 
flag 

APPROVED 0 ...... £ 

.:: 

f) \. 



o 

64. Slew to right parenthesis. 

65. End of statemrint? 

66. Right parenthesis. 

67. * assumed. 

68. Set level 6 and bump 
index. 

CONTROL OATACORPORATION DOCUMENT 

SOFTWARE DOCUMENT 
CLASS 

DOCUMENT 

SAMPLE CODE C] TITLE 

FLOWCHART 

~ DECISION TABLE NUMBER 

OTHER [ ~l 
DRAWN AY 

-+ ... ~--.--.-. ... ~ ~.-. - ...... ---"'" 

2 3 
() 

65 

, 

N 

66 

N 

G 
MACH. 

/?/1/1 I PROJEC T NO. TYPE 

PROJECT MGR. 

PAGE PROJECT NAME 

ISSUE 
DATE TASK NO. 

, 
DATE. - T ASK NAME 

4 

. IBUFl(IBUFlX) 
=13 
LSl=13 
Set multiply 

I 

/'... 

/' 
IN 

IBUF1(IBUFIX) 
=6 
IBUFIX= 
IBUFlX+2 

Y 

IRIN 

n 
5 '--

~ Buffer 
overflow 

\ 

APPROVED DATE 

tlJ 
S 

ru 
lJl 



69. 

70. Entry if nonvariable 
prececessor. 

71. Check predecessor is 
** or mode is integer. 

72. Go make IWORK entry. 

CONTROL DATACORPORATION DOCUMENT 

SOFTWARE DOCUMENT 
CLASS 

DOCUMENT 

'1 
TITLE 

SAMPLE CODE 

FLOWCHART ~ 
DECISION TABLE n NUMBER 

OTHER 0 
DRAWN BY 

AA138~ !f"OR .... tRLY?CA127.'. 

() 

Assign 

to IADl 

MACH. 
TYPE 

PAGE 

ISSUE 
DATE 

DATE --

N 

12 

72 

PROJECT NO. 

PROJEC T MGR. 

PROJEC T NAME 

TASK NO. 

TASK NAME 

() 

A APPROVED DATE 

(-j 

W 
I 

ru 
;r 



o 

73. AND processor. 

74. Oniy OK in logical if. 

75. Relational operator 
encountered switch ori? 

76. Check if last symbol 
I')" or constant or 
variable. 

77. I llega 1, operator or 
operand. 

CONfROL DATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE CJ 
FLOWCHART ~; 

DOCUMENT 
C L.ASS 

DOCUMENT 
TITL.E 

NUMeER 

2 

MACH. 
TYPE 

PAGE 

ISSUE 
DATE 

3 

r\ 
" I 

Set AND opera 
tor level 

IBUFIX 

= IBUFlX+l 

74 

N 

75 

1 N 

) 

PROJEC T NO. 

PROJEC T MGR. 

PROJECT NAME 

TASK NO 

4 

LRELEN = 0 
(Clear rela­
tional opera­
tor switch 

ODE = 0 
Clear Mode 
LRELEN=l 
Set switch 

5 

APP'ROVED 

,(') 
"-

DATE 

DECISION TABLE 0 
OTHER [l 

"~ ..... ,,.~~:N Oy--=".-~~.,,_ DATE ~:=.,~J,~! NAME ,PJ ~ 

W 
I 

ru 
u 



78. 

79. 

80. 

81. 

Relational operator 
missing. 

OR processor. 

Same as A~D. 

> , ~, ~, >-,. =f 
Processor. 

82. Set logical switch, 
Relational operator 
encountered switch. 
Clear relational opera­
tor required switch. 

83. Same as AND and OR at 
this point. 

CONTROL 0 AT A CORPORA T ION 
SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

AA1)!I'I ,FORMER., c/·~'. 
\. / 

~ 
f] 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

NUMBER 

ORAWN B v 

2 

• ..... c-
-,. CO£. 

C:A .. E 
:55...;£. 
~."E 

="".£ 

"3 

I ,Set last I symbo 1) 
~ ______ ---J 

/ 

OF,3!s-

" 

PROJEC T NO_ 

PROJEC T MGR_ 

PROJECT NAME 

T A5K NO. 

T-ASK NAME 

( --,\ 

" J 

q 

79 

IBUF 1 (1 BUF lX)ft-l 
=1 
Bump index 

80 

81 
IBUFI( IBUFIX+lP 
=4 
Set operator 
level 

74 

LOGEX = 1 
LRELEN = 1 
LRELRQ = 0 

L 

IBUFIX = 
IBUFIX-l 

APPROVEO 

82 

83 

OATE 

/- ) 

tlJ 
I 

ILJ 
.b 



A 

B 

c 

D 

1 2 ? 4 5 n n ~ 
~,' Q0 ~~I' 

84. Comma ProcessoL - 211 
Illega I if not function 84 ~ I· 86 
or sub r 0 uti n e . h BUF I ( I BU FIX) I 

85. -Check for f~nction or 
subroutine without 
argument. 

86. Plus processor - first 
field. 

87. "-of- , processor. 

88. Check illegal predecessors 
+, -, -1..""*, *, I. 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

AAI)6~ 'f·OR .... (RLl CAI;"'" 

-, 
L_J 

~ 
~l 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

DRAWN BY 

N 

MODE = a 
IBUFl(IBUFlX+l 

level a 
BUF IX~I BUF IX 

85 

N 

Set + 
operator 

ITEM = 
IBUFl(IBUFlX) 
Hold temp­
orarily 

IBUFIX= 
IBUFIX+l 
IBUFl(IBUFIX) 
=5 level 5 

88 

APPROVED DATE 



89. '-!:,/" processor. 

90. Check for **. 
91. Clear symbol table 

pointer. 

92. Check mode unassigned 
or integer. 

93. ,,**,. processor. 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISIO!-4 TABLE 

OTHER 

AAtJS~ \.C"Ml".· CA1~" , 

() 

~ .Pi 
\,. __ J 
r -, 
l _.J 

DOCUMENT 
CLASS 

DOCUMENT 
TlTi...E 

"lUMBER 

DRAWN BY 

C\l' "---\:) 

MACH_ 
TYPE 

PAGE 

ISSUE 
DATE 

DATE 

I BUF 1 ( IBUF IX"!­
=6 
(Ieve 1 6) 

90 

N 

91 
IBUF1X = 
IBUFIX + 1 
IBUFI( IBUFIX+l) 
= 0 

92 

y 

PROJECT NO_ 

PROJECT MGR. 

OF j'S- PROJEC T NAME 

T A5K NO_ 

... T ASK NAME 

('\ 
'. / 

- ---! 

=~ 
leve 1 7 

BUF 1 (IBUF lX+ 1 

= 1 

RE' APPROVED =a.TE 

n 

W 
I 

W 
o 



) 

n ,-" 

94. "NOT" processor. 

95. Must be if s~atement. 

96. Legal predecessors are 
AND, OR, left parenthesis. 

97. Dimensioned variable. 

98. Check for end of 
statement. 

99. End of parenthesis means put 
statement in TREE. 

100. Go process next field. 

CONTROL DATACORPORATlON 
SOFTWARE DOCUMENT 

DOCUMENT 
CLASS 

t .. ".,~,·· 

SAMPLE CODE 0 
FLOWCHART ~ 
DECISION TABLE '0 
OTHER [~1 

DOCUMENT 
TITLE 

NUMBER 

DRAWN Oy 

2 

(;77' 

MACH. 
TYPE 

PAGE 

ISSUE 
DATE 

in 
3 '---

!level 3 

95 

N 

96 

N 

~RELRQ=l 
Set relational 
I operator re-
quired switch 

?:n;\ 

PROJEC T NO, 

PROJEC T MGR. 

PROJEC T NAME 

TASK NO 

DATE / .• T ASK NAME 

4 5 

98 

N 

100 

R£ APPROVED 

'~ 
\ i 

'---' 

DATE 

W 
I 

W 
l:-' 



101. CALL statement processor. 

102. Check for s}~bGl. 

103. If SYMBOL '!'"10t in symbol 
table, put it in. 

104. Is CALL to same name as 
SU BROUT INE be i ng comp i 1 ed ? 

105. Check class unassigned. 

106. Check class external. 

107. Illegal subprogram reference. 

CONTROL 0 AT A CORPORA TION 
SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

AA!:!9~ .J-0R"'4t..1o(~'t CA121·,' 

(-..... 
\ ' 
'- / 

[j 
gJ 
~_J 
[] 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

NUMBER 

DRAWN H Y 

MACH. 
TYPE 

PAG 
ISSUE· 
DATE 

OA.TE 

101 

I BUF 1 ( I BU FIX) 
= 0 

N 

102 

N 

103 

t 

PROJECT NO. 

PROJEC T MGR. 

F~I PROJECT NAME 

T ASK NO. 

. /,. :.' I T ASK NAME 

Cj 

.~ l04 

~-l~".r\ 

~ 
'~ 

105 

y 

N 

IC(ISYMX) 
= 6 

EXTERNAL 
subroutine 

APPROVED = .. ~£ 

r-\ 
( 1 
\. ,/ 

W 
I 

W 
ru 



,3 

I 

I 
I 

, ... 

::> 

lj 

108. Check for next field starting 
with,left parenthesis. 

109. End of statement? 

110. No previous error detected 
means a variable has been 
used as a subprogram name. 

Ill. Check for argument flag set 
for no arguments. 

112. Number of arguments differ 
in references to same sub­
program. 

CONTROL 0 AT A CORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE [1 
FLOWCHART k1 
DECISION TABLE 1~1 
() -f" l- \ E pI. 1 

DOCUMENT 
CLASS 

DOCUIo4ENT 
TITLE 

NUMBER 

-. r~ .. "1. V·:"A f\ T 

2 

MACH. 
TYPE 

<. 

--3 

N 

N 

(r-~ 
\-

T~DD~ 

RETURN 

109 

110 

~ 
Y 

'tIo PROJECT NO. 

PROJEC T MGR. 

PAGF-7/n~_"');;,:~ I PROJECT NAME 

ISSUE 
DATE I TASK NO. 

4 

IBUF l( IBUF IX) 
= 23 

Subroutine wit 
no argument 

111 

() 
-,-.... _.-' 

5 

IARGNO( ISYMX) 

~ Y 1= 1 
(Set no argu~ 
ment flag 

N 

I DIAG r Diagn'ostic 

21 

.J IY 

RE APPROVED OATE 

W 
I 

.. _ . __ ._-~"-,,.~- .'. ,,,,,~,", .. ~"",,~:~.-- .:-.~~~=~-wt.:~( .. r:!"~~ .. _-~=- _,.J7"",.-,L=",,,_~~==_, .l~ ~ 



1 1 'j. Ma k e 1 WO In: '::'; t r v for t his 
Lalling sequence param~tc~ 
list. Set switch on and 
equal to 8192 -~ no. of 

. left parentheses. 

114. Set parenthesis level. 

lIS. 

116. 

5,,-\:'vo'A~ , .... ~ 
, 

"1''''' , .. ,..,\ 

Go Pr<1Ce&_s ,,(::. 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE n 
FLOWCHART ~ 
DECISION TABLE TI 
OTHER [J 

AA.1V3~ ,,"O'H_.£RL' CA127-1) 

r) 

DOCUMENT 
CLASS 

DOCU .... ENT 
TITLE 

NUMBER 

ORAWN BY 

TAI.S· 
AP/7i(/ -,-

\ 
17 ,...~-----.., 

1 L1 
LS\.JITC=8192 
~ LPREN 
IHSW=2 
Set index 

.-i.;. ..... ll4 

WORK{2):;'· 
. LPREN 

-.. ~-: .~. I WORK.{ J. }-.~ O· . '-' ~- . ," "i...:"i 
. ~ -

~l 

.. 

I BUF I ( I BUF 1 X-Ip 
=ISYMX-' I SYMP 
Set symbol 
table pointer 

·.:;;-.116 
.,-:::... ~ 

.. 
--: ~0'~'4?:. 12,' ~~~ 

:.t:,,;.;, ... -. .. 

:~ r"~:' :So-<~.; 

-~-·t-'·~~··~~··::,,~ ,,' ::~_ .. ~~ .. ~~i·:~~: 
• ft,~--<'~';"'~~ .-+~ -~ -'~ ... lear .. mOdEr· 

.. ~;: .. "-- ~t;; ~ ::~~:,:- :-: '~~:":8< ~~~f:~1" i~~- ,. . 

... r~ '-its 

~ 
BUF 1 ( lBUF IX) 
= 20 

ubroutine 

f:
UFl(IBUFIX+l 

level 8 
BUFIX = 
BUFlX+3 

--(0) 
~~~~'/~LJ PROJECT NO. 

7 

PA G E229 F ~33 
ISSUE 
DATE 

DATE 
7 

~. f..?' 

PROJECT MGR. 

PROJEC T NAME 

TASK NO .. 

T ASK NAME 

(" ,~/ 

... :~. "':. "~~i': .~ .- : -.j ..... ~ ~ .. -

RE'i 

-;.01. 

~.'~i.' ~r··~~;~ ~f 

APPROVEO CAT£ 

(~\, 

\ j 

LJJ 
~ 

lJ.1 
..I: 

:t 

... ~~ 

•• 4". ~ .... ~~-..: 
~;p.~~~ 



o 

l16. Process alphanumeric or 
numeric portion of first 
field. 

117. Put symbol in symbol 
table if not already 
there. 

118. Check not symbol or if 
unassigned. 

119. Must be constant so set to 
constant analysis indicator 
(JESWT) • 

120. Set to 260 if 1st field, 
otherwise 149 i~ set in 
norma 1 loop. 

CONTROL OAT A CORPORAT ION 
SOFTWARE DOCUMENT 

SAMPLE CODE C:1 
FLOWCHART ~ 
DECISION TABLE 1.J 
OTHER r-l 

DOCUMENT 
CL.ASS 

DOCUMENT 
TITL.E 

NUMBCR 

2 

MACH. 
TYPE 

PAG 

ISSUE 
DATE 

.~ 

Assign 260 

to lAD 

BUF l( lBUF1X) 
o Clear 

type ho lder 

rj 
"'--/ 

y 

PROJECT NO. 

PROJECT MGR. 

PROJECT NAME 

r ASK NO 

4 

STORE 

Symbol 
symbo 1 

RE 

5 
;0 

et to constan 
na1ysis indichtor 

120 

A.PPROVED DATE 

• ____ ~_. - •• ___ ~.....".. __ >~ __ ~ ____ .,.~,,,J";>~~ D ATE , T ASK NAME ,~!.=-- =' 

W 
I 

W 
Ul 



A. 

i8 

c 

D 

1 2 1 • C h l' C k for s ym b 0 1 .' 

122. Computed go to based on 
symbo 1 in syrnbo 1 tab Ie. 

123. Numeric constant. 

124. Check for buffer overflow, 
then recycle. 

{J 
1 .. I SYM[)4-l 

(Set up compu­
ted GO TO) 

N 

Assign 230 

to lAD 

121 

122 

y 

CONTROL DATACORPORATION 

SOFTWARE DOCUMENT 

~OCUMENT 
CLASS ~~~'7:: //}'t1C) PROJECT NO. 

SAMPLE CODE '-j 
DOCUMENT 

TITLE 

FLOWCHART .' . 

PROJECT MGR. 

PROJEC T NAME 

(-J. _----" 
MODE = 

ITYPE(ISYMX) 
Set mode 

LSI = 
IBUF1(IBUFIX) 
Set last 
symbol 

Assign 18 

to lAD 

124 

R APPROVED DATE 

~
~' ~AG 

DECISION TABLE l~ NUMBER g':~~ TASK NO. W 
OTHER I -1 I 

,_I DRAWN BY DATE TASK-NAME W 

AAt385 ifORMlRLY CAl':]'" 

n c) / '\ 
\ ) 

a-



.! 
<:. 

A 

B 

~~ 
-;;. 

c 

o 

0' 

132. Name is in table of i~trinsic 
functions. 

133. Check if number of parameters 
the same. 

CONTROL 0 AT A CORPORA T ION 
50J;Y..,ARE DOCL,..cE ...... 

::;OC:';ME"" 
CLASS 

2 

M.6.CH_ 
"'YPF.; 

~ v" ( ! 
'---.....-J 

4 

:t.oB .nJ ~oM ns-
, i 

_]'DB bJ 

.oA 
prLaJe 

--.....--...... Hl. 

y 

C:>RO;EC ~ "'0 

tltlF;J.X == J 

ITYPE(ISYMX) 
= 1 
Set integer 
type 

5 (-j 
,----"-' 

APPROVEO OATt" 

>'-·LO""':r-1AP'T .~ , -----:;-t - - £=E-]~ 
~ 
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A 

B 

c 

o 

125. Check for left parenthesis. 

126. Set symbol table entry to 
function. 

127. Check for symbol in table 

2 

of intrinsic functions. J=1,3 
and 1=1,16,4. 

128. Found matching name in table 
of intrinsic functions. Deter­
mine if it is an intrinsic function. 

129. Imbedded character a left parenthesis? 

130. Imbedded character a right parenthesis 
on end of statement? 

131. Imbedded character a comma? 

J= I$tJf~X -----. 

( 

~.oA lMse RS" 
.,.4 ~.ciB 

CONTROL 0 AT A CORPORATION 
SOFTWARE DOCUMENT 

OOCUNENT 
Cl.ASS 

N 

Assign 280 

to lAD 

N 

K =·0 
Clear comma :> I 

126 

128 

counter. \"l.?.o.4rh". Rl. I J = ISORSX J dd .;l.oB 

MACH. 
TYPE PROJEC T NO. 

4 5 

129 

N 

N 

131 

K = K+1 

APPROVED OATE. 

o SAMPLE CODE 

OOCUMENT 
TITLE PROJEC l' UGR W 

I 
FLOWCHART 5a 
DECISION TABLE 0 

PAG PROJEC T o.;"'~E W 
!5SUE ():::> 
OATE ... ·.v9Ef; T AS~ .... 0. 

OTHER 
~-., 

/ 

n· :;1011. " .... BY -:::.> • -,' - ,.,. A., 0( N A ... e: 
OA~E~ - -- rj (~-. 

\ / 



~ 

I 

Ie 
I 
I 
I 
! 

I 
:. 

) 

n 
'----" 

2 

134. Check for end of statement. 

135. Check if past imbedded parenthesis. 

CONTROL OATACORPORATION DOCUMENT 
CLASS 

SOFTWARE DOCUMENT 
DOCUMENT (/ TITLE 

SAMPLE CODE ,$l 
FLOWCHART ,. J 

DECISION TABLE [=-1 NUMBER 

O'THER r -1 
l_ I 

(, 

·3 

Kl = 1 
Imbedded 
blank counte 

GETC 

\ parenthes . 

I 

N 

y 

":~~HE r/.I'I/'} I PROJECT NO. 

PROJEC T MGR. 

C'4.~ PROJECT NAME 

'SS~E 
~.LT'E T ASK NO. 

4 

I N 

Kl = Kl - 1 

(Subtract for 
right paren) 

Dn~·.·I~~ B' . _ . ::'~~E - ~ / l TASK NAMl. 
>-T'~""~~---: -'~--::: • ...I ..... :'_-_""::.,~'-.... :!,,"o!."_=~~~:--_ - -",-.~-:,<~~_ .... ~:~_c;:;:<t'·"'-""'~--;:r:;.;l:I_!-->.. ... '~_'-"~~'~-~""''''''"'''''''~'--:~' _~~..Iio.~~.~~.A-= ... =_=.--=-_-L-:-...... 

RE 

n 
5 

Kl = Kl + 1 
(Add for 
left par en) 

APPROVED DATE 

w 

L_~==.=~=J ~~ _':'; .... ~::z...-:-::.: '':<':=~;:;;:='''''''----



A 

·8 

c 

o 

136. Set class. 

1137. 111~gal subprogram reference. 

138. Check if class unassigned. 

13<). Check if class variable. 

140. Other check for left 
parenthesis. 

CONTROL 0 A.T A. CORPORA TION 

SOF'TWARE DOCUMENT 

DOCUMENT 
CLASS 

SAMPLE CODE 

F'LOWCHART 

DECISION TA8LE 

OTHER 

AA138~ (F"ORM(R:.V CAI;!'-l) 

n 

:-=1 

~ 
r--l 
L_....i 

DOCUMENT 
TITLE . 

NUMBER 

DRAWN BV 

\ 2~ Sj 
~ 

"' ... .:­
-'.c::e: 

., .... 
15S~E 
OA-E 

136 

~CL-\SS( ISYMX) 
I = 5 
kExterna 1 

function) 

IBUFl (IBUFIX) 
= 20 

,subroutine 

PROJECT NO. 

PROJEC T MGR. 

PROJEC T NAME 

T ASK NO. 

,-
::"&.'-E - ,,:. ~J'. TASK NAME 

(~-) 

138 

N 

139 

N 

APPROVED DATE 

(j 

W 
I 

..t: 
o 



(\ 
'-.-) ---=r----

141- Check if terminato~ o~ first 
field -t. 

142. Check if terminator of first 
field -. 

143. Check if terminator of first 
field end of statement. 

144. Terminator a -. 

145. Left parenthesis encountered. 

146. Check for external. 

CONTROL DATACORPORATION 

SOFTWARE DOCUMENT 

DOCUMENT 
CLASS 

SAMPL E CODE 

FLOWCHART 

DECISION TABLE 

OTHER 
~ 

DOCUMENT 
TIT L E 

NUMAl II 

! [1~" l '''i:': r, '" 

2 

"'0 
3 

N 

142 

N 

143 

y 

4 

144 

145 

LSWITC = 8192 
LPREN 

(Set subr or fUn 
all switch) 

G----
146 

~ I , 

'---- ' 

(= RETURN ) 

MACH. 
TYPE PROJEC T NO. 

PROJEC T MGR 

APPROVED DATE 

P A G E:.2}7'? r..:l...) I PRO J E C T N AM E. • 

:;'!~~ WK NO. i I I i ~ \. I I.e 
T/\5K NAMI' ~ .1:-' 

,,,....,....,. .. ~~~ .. ~_~~~~~~ __ ~~~r.._-".:.:a;._:-~t.;.;.~~- ~""-;',:- .. _.,:c.~..."..-- -- -~_: .• ~_·~_G-:-~·."""'S~_:-:-__ -"'--L 

DATE 
,._~--~~ -,",;;-~~","T"~_...:-~::"''' 



141. 

148. 

Save type in ITEM. 

Bump index, check· for 
overflow and set SYMTAB 
entry number. 

149. Check mode. 

150. Set mode.and level of 
parentheses in intrinsic 
functIon work table. 

CO .... TROL OAT A CORPORATIO .... DOCUMENT 

SOFTWARE DOCUMENT 
CLASS 

DOCUMENT 
;.- , TITLE 

SAMPLE CODE 

~ FLOWCHART 

DECISION TABLE NUMBER 

OTHER 
- - , 

DRAWN BY 

AA1J8!- .fuJ4~'IR~ 'f CA'.';'~' 

() 

8 - I' 

296 

IBUFl( IBUFIX) 
= 18 
function 

.... 
I 

Assign 296 0 

to lAD 

n148 
V 

8---j 
Assign 306 

to lAD-I 

PAG 

ISSUE 
DATE 

DATE":; . 

-~---.--. 

e 
I BUF 1 ( I BUF IX ) 
= 8 
Set level 8 

I Assign 297 

. to lAD 

8 r­ I 
I Ass igll 3011 l to lAll! 

153 

148 

144 303 

Jf\ 

301 

150 

IWORK(IMSW+l) 
J.. j = MODE 
~ JWORK(IMSW+2) 

= LPREN 

t PROJEC T NO. 

PROJEC T ""GR. 

PROJEC T NAME 

TASK NO. 

TA5K NAME 

n 

IMSW=IMSW+2 
~ _______ ~~ Bump work 

71 table lndex 

IRE\t 

149 

APPROVED DATE 

W 
I 

..c 
ru 

(l 



o 

TITLE 

DRAWN BY 

CSD 203 

MODE = 0 
CLEAR MODE 

I PROJ. 

ARITH 

LA JOLLA FACILITY 

JSYM (1) lZ 

-JSYM (1) 
(COMPLEMENT 

SYMBOL 
CHECK FOR 
SYMBOL IN 

SYMTAB 

LA JOLLA :\'E~OUR([ ([f'.ffF\ 
IMS Page 3-43 
1700 MASS STORAGE FORTRAN 
COD5*~.1 AlB 

JSYM (2)= 
-JSYM (2) 

(COMPLEMENT 

JSYM (3):: 
-JSYM (3) 

(COMPLEMENT 

IBUF1 (IBUF1X- ) 
=ll(SET 

OPERATOR +1) 

ORQ. NO. 

REVISION 

I DATE SHEET 3 OF -.. 



A 

B 

• 
c 

o 

155. Last symbol not ")"? 

1 56. Symbol not in symbol 
table? 

157. 1 s type in teger? 

CONTROL D""'T A CORPORATION 

SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

/.1,1385 ,.FORMI'lLY CAI27·,1 

o 

\) 
~ I , 
L~ 

CJ 
NUMBER 

DRAWN BY 

[2 

I NULMI = '­

i (Clear 
holde:-\ 

Assigr. ~323 

to 1Al' 

~~ 
i~"_ 

~ ... ~ 
:SSL.' E 
D"-O:-( 

155 

y 

156 

D"'''E,'''' / y,1 

1BUFIX = 

1BUFIX - 2 
(Decrease 
I index) 

ITYPE(1SYMX) 
= JMODE - 3 

Type is set. 

157 

PROJECT NO. 

PROJEC T MGR. 

PROJECT NAME 

TASK NO" 

T ASK NAME 

o 

1TYPE(1SYMX) 
y "> I = 1 (Set 

type to 
in teger 

RE "",PROVED D.TE 

(j 

JJ 
I 

..;= 

.: 



A 

e 

c 

::> 

.n 
2 

158. Go check predecessor. 

159. Class is function. Check 
for function indicator set. 

160. Not left parenthesis: Yes, go 
to variable processor. 

161. Process arguments as in 
subrou tine ca 11. 

V 

n 
~ 

lCLASS(ISYNX) 

= 2 

lBUFl(IBUFIX) 
= 35 
Operand to 
constant 

Assign 15 

I to lAD 

158 

l 
I 0) 

~ 5 

159 

160 

IN 

161 
I Assign 142 

I to lAD 

-~~~~~-"""'-~~~-----:S'i'£~ r-?--=-ss-~-:.~~~~-=-==-Fi: ~~~_~~~~_~ _____ ~ __ =-~ __ -...,.'---....~-.._ 
COtnr.OLDf\Tt~COnpORATlOU DOCUMENT MACH. :.6' ...... ,n I f::RC~ APPROV£:,D 

CLAS!I TYPE "'/00 .PROJECTNO. P 
SOFTWARE DOCUMENT /~ I ~'.' 

~OCUMeNT 
,- TIT L E PRO J E C T M G R 

:n 
\' 

DATI:: 

FLOWCHART . p~. PAGcBOF PROJECT N-"M£ I, --------- 1 
DECISIOt~ TABLC ~4 NUMflf f< ~!~~ TA<;t< NO : ..t:' 

SAMPLE CODE I J ~" 

___ ~ ____________ ----.::.....:.. ___ .:..,--,-,-_.-,,--_.-::,:,,-:_-____ -_____ ,-,---= . _[L:~~,--t'~_~-'_------ - -!---~----- (fl ., 



162. Determine if class is 
set and external is set. 

163. Check for left parenthesis. 

164. Check for right parenthesis 
or comma. 

165. Illegal subprogram reference. 

166. Check if class says external 
subroutine. 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

AA138~ \FOR .... tRLy CA127·,. 

n /' 

n 
~ 
,-_J 

LJ 

DOCUMENT 
CLASS 

OOCUMENT 
TITLE 

NUMBER 

DRAWN BY 

N 

163 

N 

164 

__ ~_--it65 

PAC 

ISSUE 
DATE 

, 
.DATE ... ~ r:;.'" 

IBUF1( IBUF IX) 
= 22 
Function with 
no· argument 

166 
I BUF I( IBUFIX) 

~ • I =IBUF I( IBUFIX 
+1 Set type 1:0 

subroutine 

v 
r 

Assign 76 

to·IAD 

ITEM = 
IBUF I( IBUF IX) 
Save in 
ho Ider) 

PROJEC T. NO. 

PROJ EC T MGR. 

PROJEC T NAME 

T ASK NO. 

T ASK NAME 

f) 
\. / 

APPRO"ED C' .... £ 

(--) 

W 
I 

.I: 
{J 



o (\ o 
2 3 4 f 

,167. 

1168 • 

Check for predecessor a 
comma or right parenthesis. 

Check for REL~TIVE, statement 
function or Intrinsic function 

y 

. ___ ---=.169 
DIAG 

8214 

(22) 
E 
I 

and externa1. Relative external 
is illegal as an argument. 

169. Subprogram name does not 
appear in external statement. 

170. Run-anywhere option produces 
relative externals. 

N 

f'nX)=3 

IEXT( ISYHX) 
= 1 
Set external 
flag 

='2""-ZC-_ - ; -, __ =) 
-- -=-"'==<; "~;,r===-= ~n"'" APPROVED DATE ~ 

----=-""=- =.......-= z== ~- EB"" _ ~ ---~==~ ~x ""= .. - =~ MACH_/'-7 I P"O'ECT NO. ~ I _ I ~""""~.~~" ORPORATION DOCUMEOn 7 L/) TYPE_;"'20 ! _ E=J. 
COIHROLDt.TAC , CLAS> -'~",,' I P"O'ECT MG" II 

SOFTI'If.RE DOCUMENT OOCUMENT A£'!.17' /_1,_ I ~ 
TOTLE a.fi~..L;L "'--oc "'r P"OhC' NAME r I _ ~.Ie SAMPLE CODE . PAG'j~'A ! , I I ~ 

'v' OSSUE T ASK NO. i ". .. 
FLOwe HART L;_~ I I DA T E -....::....=---:.:~~=~~:::::::::.::::.-.:.::::..L:..:....::..:?~.::.::.....:....:..:::...:...:=--~:..:.::..:. __ --_~ _______ _ DECISION T ABLE I I NUMOC" . ./ , as.. NA M'._.,",_~,_"", 

. OAT~ OTHEf~ ._., !'_ 



A 

B 

c 

o 

CONTROL D AT A CORPORA. TION DOCUMENT IMS 
SOFTWARE DOCUMENT 

CLASS 

DOCUMENT 

D 
TITLE SUBseR 

SAMPLE CODE 

FLOWCHART CJ 
DECISION TABLE [J NUMBER 

OTHER [J 
ORAWN BY 

AA13115 t"ORM£RI.Y CAI27-" 

r-
'- ) 

r 
IV=ISYMX 
ISfLAG,IX1{~} 
IX1{2},IX1{B} 
ID1{1},ID1{~} 
*~~)~f' !~~) ~.}_ 
.I.~~ ~'-J --. .l.ww ~.J}-O 

IVM=TVPE 
IVM=TVPE 

-J, 

Two 
word Yes 

intege~ 

'3 , 
ISS{1} ----) 

ISS{3} = 
DIMENSIONS 

-J 
IC1{1} ~ 
IC1{3} = 
IVM 
IV=IBUf1Xc.>2 

A 
MACH. 1700 TYPE PROJEC.T NO. 

PROJEC T M~R. 

PAGE loF b PROJECT NAME 

ISSUE 
OATE TASK NO. 

DATE TASK NAME 

C-j 

, IVM=2 , 

I 

RE'o APPROVED 

r) 
\ ~ 

DATE 

W 
I 

.c 
Ot 



() 

A 

I 
I 

I c 

o 

_ ____ ~~--~4----- n 
5 '--~-

--.------ ~ 

2 

(\ 
\ 
'----3 

----y 
,('-- / 

/l~"-h12 ~~IO r-" 
, fte-alre~ /~ '~h~~e all' ~Rri.=' .<~,oo ~~ ~~ ~R/' 

~ Y 

t\ 

r::;., N /~ ~.~ 
'-62~4rERr: = }"" ~~~!~N!' ~ ./ I ,{JMODE=3} 

Q 

[J 
r- , 
: . I 
[-:-] 
[ ~ J 
~~--~~~~~~-~._-~~~~~~ .. ~~~~~-=r-..L~~~c?~~~.~ .. ~~.~~~"":.~~.;:,~~~t<;._~':!==~~~~~ ____ ~_ ..... 

TY PE BY 
FIRST 
LETTER 

---r--J-~ 

~ 
1 __ 

APPROVED D.c.TE 



A 

B 

c 

o 

CONTROL D AT A CORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART [] 

DECISION TABLE 0 
OTHER [] 

AA1385 t,.ORIlAERLY CAt27·11 

(~) 

ly 
/.,' , 

/ ~~~N~' 

ID1 {ISSX} 

= C{,INSTANT 

1 

~ 

~fY 

1(1 {ISS.x} 
= 1(1 {ISSX 

* CONSTANT 

> .. '~211 

............ 

'~,~0~ 

y 

.... )El 
IBUF1{IBUF1l} = IVM 
IBUF1{IV} = 
CONSTANT ON Y 
sllsseR I PT 

IBUF1X = I L:1 
IBUF1X + 1 ~~~ 

DOCUMENT MACH. 
CL.ASS IMS TYPE 1701] PROJECT NO.. RE 

~ 

24 = 
ILLEGAL 
SUeSCRIP, 

J . 

A 

APPROVED DATE 

DOCUMENT 'B 
TITL.E SLi SCR PROJECT MGR. ~ 

NUMBER 

DRAWN BY 

~ ~~~--~- ---------

PAGE ~ OF b PROJECT NAME ~ 
ISSUE 
DATE 

DATE 

(~ 

TASK NO. 

TASK NAME 

{:-) 



A 

B 

c 

D 

n '--~ 1 
n 

2 ~,----

Y 
IX1{ISSX} = 
ISYM = 
ISYMP 

~o 

4 

ISFLAG 

5 

CONSTANT = 
- CONSTANT 
ISFLAG - 0 

(\ 
'---

A A Yes 

l~~-L _ L~ . r; 

- =- RE\ APPROVEC ~"'TE J COHTROLDATJ.CORPORATION DOCUMENT Ir",S ~~~~. 1700 PROJECT NO. [W 
CLASS I I 

SOFTWARE DOCUMENT DOCUMENT SUSSCR PROJECT MGR . '1J1 
TIT L E \ : 'l:-' SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

o o 
[] 
(
--1 

_..1 

NUMBER 

PAGE 4 OF 6 PROJEC T NAME ~ 
ISSUE 
DATE TASK NO. 

>-"=~--=~ =z=",,' DRAVIN BY ..... =--. OAT.: .J.!;,..,T_A."S,.,..,K .. N""'"'A ...... _I""E __ -="'_~ ______ ~ _____ _ ,..J 'xr= _=z==::~ 



A 

B 

c 

o 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART [] 

DECISION TABLE 0 
OTHER [] 

AA13t1!5 {FORMERLY CA127-1l 

() 

~6[4' 

)/ 
101 {ISSX} 

IC1{3}=ICl{3} 
*mS{l} *ISS{2f} 

*IVt'1 
Icll{2}=IC1{2}* 

ISS{1} *IVM 

OO~i:!~s~NT I MS 

JSU M-{ISS{l 
{ID1{2}+ID1 
*ISS{2}}+ 
ID1{3}*IVM 

MACH. 
TYPE 1700 

8 

J = NO. 
CONSTANT 

MUL TIPLIERS 

PROJECT NO. 

~'N 
IBUflX = 
IBUf1X + 2 
IBUf1{IV} = 

,"'W"""''s''.' --L..J PE 
i 

IBUf1{IBUf1 } ~
BUfl{IBUfli-+1} 

= VARIABLE 

= VARIABLE YPE' 

~ .-, 
~/~"~~ 

--, 

" - - ... ! ib.~ ~':"I~I~l't 

.. ~.~-
lIB U F 1 { I B U =- ~ l: :. 
I = JSYM 

APPROvE.:- = .. ~ 

00c,.y~~~T SU BSCR PROJECT ""GR. 

~ 
PAGE 5 OF 6 PROJEC T NAME . I 

ISSUE In 
NUMBER OA T£ T ASK NO. I1J 

DRAWN BY DATE 

(\ 
"- ) 

TASK NAME 

;, 
\ ) 



fO 
2 

A 

, 

8 

c 

o 

CONTROL DATACORPORATION DOCUMENT 

SOFTWARE DOCUMENT 
CLASS 

DOCUMENT 

SAMPLE CODE 0 TITLE 

FLOWCHART 0 
DECISION TABLE [J NUMBER 

OTHER l~J 
DRAWN BY 

(0 
~ 

~ 
IBUFl {IBUF 

IBUF1X 
~X} 

IBUFl {IBUF ~X+l}' 

IBUr~5~~UF1 K+1} 

J 
IBUF1X = 
IBUF1X + 1 

~ 
IBUF1{IBUFl K} 
+FF = C1+1+ 
C2+2*C3+3 

~ 
IBUF1{IV=3} 
JMODE IN 
COMPLEX PAR~ 
OF SUBSCRIP tr 

~ 
IBUF1 {IV} 
= SUBSCRIPT 

TYPE 

~ 

R~ 
IMS MACH. 1700 TYPE PROJECT NO, 

SUBSCR PROJEC T MGR, 

PAGE 6 OF 6 PROJECT NAME 

ISSUE 
DATE TASK 1-.10. 

DATE TASK NAMl: 

4 

" 

~ 

RE' 

5 

APPROVED 

o 

DATE 

W 
I 

In 
W 

J 



CON·TROL DATA CORPORATION· 
__ -=L.:..:.A-.:.J-=-O.::.L.::.L~A _R:.:.E:.,;S:::.,. O.;...U::;.:R~·C.:.:E=--C;:.::E:..:N..:...T~E:..:.R..:..-______ DIVI SION 

DOCUMENT CLASS IMS PAGE NO. ___ 3 _-_S_4 ___ _ 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES ____ .=1~7..;;;;.0..;;;;.0 ___ _ 

CA 131-1 "EV 10-87 

Subroutine TREE 

This routine picks up from IBUF1 an arithmetic expression 
that has been initially processed by ARITH and converts 
it into a tree form in IBUF2 for output. In order to 
make a tree~ multiple passes are made over the statement. 
Each pass finds the primary operator and its related 
operands. If the operand is a subexpression~ it~ in 
turn~ is broken up in a similar fashion and represents 
a lower level or branch of the tree. Each level of the 
tree is ordered by operator followed by its operands. 

For example: 

xa * a + b * c 
is scanned and broken into the subexpressions: 

x a * a 

and b * c 
The operator + is output 

x a * a 

is scanned. The operator * and the variables x,a and 
a are output then 

b * c 
is scanned. The operator * and the variables band c 
are output. 

The form of the Arithmetic tree set up in IBUF2 is as 
follows: 

example 

WORD 1 -1 
WORD 2 10 

WORD 3 2 

WORD 4 11 
WORD 5 2 
WORD 6 4 . 
WORD {N} . 

WORD {Z} 

= C+D -
Tree indicator 
n = words in expression {from word 4 

to end} 
Mode of expression {l=integer~ 2=real~ 

3=double} 
Operator {see list} 
n = number of oper~nds 
Pointer to 1st operand 
Pointer to next operand~ etc. 

N = {S + number of operands} 

Operands follow operand P9inters 
{see list} 

o 

c 



o 

o 

o 

CONTROL DATA CORPORATION 
__ -=L:.:.,.:A--:,J..:;.O.=,L.=,L.:.,:.A -.:.:.R::.E S=-=-O U;::,;R:.:,.C.:.:E=--C.:.:E:.,;N:..:..,T.:...:E:.,:R..!.-______ 01 VI SION 

DOCUMENT CLASS IMS PAGE NO. ___ 3_-_5_4_A __ _ 
PRODUCT NAME 1700 MASS STORA GE FORTRAN 
PRODUCT MODEL NO. C005*3.1 A/B MACHINE SERIES _____ 1_7_0_0 ___ _ 

CA \31·1 IItEII 10-67 

example {cont'd} 
WORD 7 7 Pointer to second operand 
WORD 8 0 Normal/inverse switch 
WORD 9 24 Operand type {see list} 
WORD 10 -+ SYMTAB Pointer to D 
WORD 11 0 Normal/inverse swjthc 
WORD 12 24 Operand type 
WORD .13 -+ SYMTAB Pointer to C 

Operand pointer = first word number of operand - word 
number of operator 

that is, 4 = 8 4 
that is, 7 = 11 4 

Note: An operator on a lower level is treated as an 
operand by a higher level operator, therefore, 
an operator may be both an operator and operand 
depending on which level is being processed. 



o 

o 



C.-, 

CONVIlOL IOAVA (OClf?<OIJAVION o o 

DOCUME NT CLASS IMS 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT NO. Co05 VERSION 2.0 MACHINE SERIES __ ~1 ..... 7-",O .... Ll ______ _ 

CA 138 I 

TREE is called by the subroutine l\H ['rJl. In tho 2. OA v('Irs i on, 
i. f ARI'rH detected mixed mode ari thrnc .. t.i c in tl1l'" l'xprC'ss ion, 
'l'HJo:Jo: calls MODMXH iust be for· .. " t"C't11Y1Iinq ~'o l\HI'I'II. 

Subroutines used: DIAG, GETSYM, PLJN'r, MODMXR. 

Switches and Tables during tree building 

IPERAT 
T BUF2 
I BUF 2X 
I BUF I 
IBUFIX 
LS I 
LPREN 

NOOP 
MINUS 
NLP 

ISAV 
LSWITC 
lSSX 
IVM 
lSFLAG 

IWORK 

ISTWK 
1...0 
IMSW 

LRELRQ 
tRELEN 

Current operator 
Table where output entry is built 
I BUF2 indexer 
Table containing input expressiort 
I BUF 1 indexer 
.NOT. operator in effect switch 
IBUFIX value on which to stop current subexpressioll 

analysis 
Number of operators this level 
Leading variable preceded by an operator swtich 
First non-left parenthesis operator has been l!ncounter't'd 

switch - used in determining existence of leading 
sign 

IBUF2 inde~c of operator this level 
Last operator was a function switch 
Level of current operator 
Start of expression in IBUF2 
First operator switch - used in counting leading 

left parens 
History of expression being built in IBUF2 

Four words per entry 
Word I IBUFI index on which to stop subexpr 
analysis (Dunnuy entry indicator for .NOT if 0) 

Word 2 IBUFI index for operator, this sUbexpression 
or: Assumed operator indicator (-operator ill upper 
six bits and IBUFI index in lower 10) 

{.ford J IBlIF2 index of operand pointer, this operand 

t>lord 4 IBUF2 indeA of operator this level 
IWORK index where entries, this level, start 
Class of prior operator 
Integer divide operator switch 

o = no prior operator 
I = logica 1 
2 = relational 
3 arithmetic 

IWORK index 
IBUFI index at which to start current subexpressiol1 

analysis 

NOTE: Each operdnd (operator) except the first is preceded by d 

normal/inverse indicator. 

--_ .. _--_ .. - .... _----



CONTROL DATA CORPORATION • 
POCUMENT CLASS TMS 

DEYILOPME NT DIY o SOFTWARE DOCUMENT 

PAGE NO 3-5b 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT NO. COOS VERSION 2.0 MACHINE SERIES_--"-17'-JO .... O ....... ______ _ 

Operand Types within Trees (Operators are Also Operands) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15., 
16. ' 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
35. 
36. 
37. 

COMMA - does not appear in File 2 
AND 
OR 
NOT - does not appear in file 2 
LT 
GT 
LE 
GE . 
EQ 
NE 
+ 

does not appear in File 2 - represented by inverse + 
* ( +.inverse *) 
non-reorderable 7 (integer) 
** 
( does not appear in File 2 
) does not appear in File 2 
Function 
unused 
subroutine 
unused 
function with no argument 
subroutine with no argument 
non-subscripted variable 
variable only sbuscripted variable 
increment only subscripted variable 
variable and increment subscripted variable 
complex subscripted variable 
non-subscripted partial variable 
variable only subscripted partial variable 
increment only subscripted partial variable 
variable and increment subscripted variable 
complex subscripted partial variable 
numeric constant 
calling sequence label - pass 4 generaged 
material constant 

Types 22 - 24, 29, 34, 35 are two word entries 

WORD 1 
WORD 2 

operand type 
symbol table pointer 

Types 18 - 21 take two words tp express type 
WORD 1 operand type 
WORD 2 symbol table pointer 
WORD 3 no. operands etc. 

' .......... ... 



('"'"-. 

~-j 

o 

CONVQOL DAVA COClL'OQAViOt'--3 o () 

DOCU ME NT C LASS ___ ~~~"P"I"I'I',.:.,TM'j f.;.,...Sr-r-oy-~~-..o~r--__________ PAG E NO '- 3 - 5 (' 
PRODUCT NAME __ ~J~7Q~Q~_M_A~S_S __ S_1 __ O_R_A_G~E~f~O_R_I_R_A_N ________________________________ __ 
PRODUCT NO. COOS VERSION 2.0 MAC':! I NE SERIES _ .... J""'"7-.Q~Q ________ _ 

Types 25 -
WORD 1 
WORD 2 
WORD 3 
WORD 4 

30 are of the following form 
25,30 
symbol table pointer 
24,29 for subscript variable 
symbol table pointer 

Types 26 and 31 are of the following form 
WORD 1 26,31 
WORD 2 symbol table pointer 
WORD' 3 constant subscript 

Types 27 
WORD 1 
WORD 2 
WORD 3 
WORD 4 
WORD 5 

Types 28 
WORD 1 
WORD 2 
WORD 3 
WORD 4 
WORD 5 

and 32 are of the following form 
27,32 
symbol table pointer 
constant portion 
24,29 for sub~cript variable 
symbol table pointer for subscript variable 

and 33 are of the following form 
28,33 
symbol table pointer 
constant portion 
operator (+ or *) 
no. operands pointers operands 

.... _----------
------._-------- '----._ .. _-_. 



J 

1. 

ord 
1 
2 

3 
4 
5 
6 

7 
8 

This routi~~ picks up 
an arithmetic ex­
pressi~n that has 

1 

been initially pro­
cessed by ARITH from 
IBUFl, converts it to 
tree for~, and places 
it in IBUF2 for output. 

--
LSi-

Tree Form 

. Tree indicator(-l) 
f! of words in 
expression 
Mode of expression 
Operator 
# operands 
pointer base operator 
this level 
Operand normal/invers 
Operand 

Etc. 

Initialize 
switches and 
buffer indece 

Set tree 
indicator(-l) 
into 1st word 
of IBUF2 

MODE ~ 

IBUF2(+2) 

CONTROL 0 AT J.. CORPORATION DOCUMENT 

SOFTWARE DOCUMENT 
CLASS 

DOCUMENT 
r-, TITLE 

SAMPLE COCE -.i 
FLOWCHARi iii 

. --
DECISION TABLE 

-~ 
.... U ... BE~ 

OTHER 
DRAWN By 

AA 138!) , "lOu' I ,. , ) , 

n 

. Bump I BUF 2X 
...!. 3 and 

save in IYM 

1002 
OIS~ 

JDUM area 

current 
operator) 

1004 

IBUFl(O) 

~ ITEM 

MACH. 
TYPE "'''"O.JECT NO. 

PRD.JEC T M~R 

P.t.<:;E PROJEC T NAME 

!SSUE 
DATE T.t.SM "'0 . 

OA.TE TASK NAME 

C) 

Yes 

No 

Yes 

No 

1--7. NPL 
(first non left 

parenthesis OP 
ncountered 

1004~ 

lAD 

.t.PPROYEO : .. -, 
W 

(.n 

~ 

(~ 



A 

B 

c 

D 

2. 

3. 

4. 

o 
If operator is 24 or 29 1006 
go to statement 1007 and 
bump +4. If operator 
is 25, 30; go to 
1008 and bump ~3. If 
operator is 26, 31; go 
1009 and bump +1. No 

This return (LAD) is ini­
tially made to 1004 to pick 
up next operand from 
IBU~l. 

Add fixed increment 
at IBUF1 (IBUF1X+3) 
to IBUFIX setting +3 
and return to IBUFIX. 

2 

IBUF1( +3) 
+IBUFlX+3 

;>IBUFIX 

4 

f\ 
"3 "- _} 4 

3 
Bump IBUF1X 

> " +2 (to pick ~ 
-, up next opera /' lAD 

from IBUF2) 

Bump IBUFIX tl 8 
71 bypa:s t~ree > lAD 

-,.'>-----:;/1 en t r 1. e s 1.n 

IBUFI 

'-----------~~ 

f\ 
5 

I , 
',--,-

- COt~TROLDl~TACORPORAT"'IO'Nt-~~~:== = == -===-'=-. ==,£=:=r =1 
APPROVCD DAT~ ~~~~. /~[/?~ DOCUM"- ... , 

CLASS 
SOFTWARE DOCUMENT 

SI .. MPLE CODE 0 
~OCUMENT 

TITLE 

PROJECT NO. 

PROJEC T 1.1GR. 

FLOWCHART 0 PAGE 2-0F 2-1'.- PROJECT NAME 

DECISION TABLE 0 NUMBER gs!~~ TA.SK NO. 

"-=<r<~:~'~.~~~,".-~_'-~==-~~~~'== ~'~~~:c-~"=~~.,,~-====--==-="-=~~;~.-=~~:k?- T AS K N A. M-E-. ---------------- ~~fI==_ ___ ~ 
.=t w 

I t1, mr-e-= -. !ZiLOo-D 



A I 

B 

c 

o 

5. Operator is less 1020 5 
than 22 to come here. 

6. ISSX = level of 
current operator, , .L,,--.Lv.Jrt./ 

initially 128. 

7. ISFLAG = first opera- N 
tor switch used in counting 01 
lead ing left (. 

CONTROL 0 AT A. CORPORA T ION 
SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

n 

o 
~ 
o 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

NUMBER 

DRAWN BY 

No 

Yes 

Yes 

Yes 

No 

WA: .... 
-~::J'E 

ISSU~ 
OA~E 

Yes 

PROJECT NO. 

PROJECT MeR. 

PROJECT NAME 

TASK NO. 

TASK NAME 

() 

1025 

., ,~U&. <tL'~~-7 
Yes 

Yes 

1017 

1004~ 

IAD 

No 

No 

APPROYED 

!~ 
'- - / 

DATE. 

-..l 
I 

a-
........ 
---' 



A 

B 

c 

o 

·c~ j 

8. Illegal use of relational 
operator. 

9. Illegal use of NOT. 

; 100 LRELRQ = IHORK index. 

- Ii. Error - IWORK table 
exceeded. 

12. NOOP=number of operators 
this leve l. 

2 

No 

Yes 

1/-

RETURN 

(': 
\ __ / 

Yes 

w 

DlAG 

9 

,-I 

RETURN 

--- ._- -. --------
4 5 -n 

'--

10 

No Yes 

No 

J122 W 

lBUF1X 
-~ 

IHORK(l) 

',' 12 

Bump LRELRQ 
+ 4 

Bump NOOP 
+ 1 

\/ 

lBUF1(O) 
;;>IPERAT ... 

(Current ,/ 

operator) 
(0 

CONTROL DATACOf!PORAT10N 
SOFTWARE DOCUMENT 

SAMPLE CODE o 
CJ 

MACH. _ 
DOC UMEN T -'-11/5 TYPE /'I:.tlI2. CLASS .F- __ ~-. • _ 

DO~Y~C~T i/?£~ 

S 'PPAOVCO~ ~~ r onE 
PROJEC T NO. 

PROJECT MGR. 

FLOWCHART PAGE Q.OF PROJECT NA.ME 

DECISION TABLE 0 NUMOER ~1~~ T ASK NO. 

OTHER 0 U 
DRAWN OY _ D"TE TA!:K NAME r, 

~1:,-3·;m.~~;.s.t..~·~_-..,_-~=_ ==-=r..?~'tio~~.,",l'_~~~~~~-=tr7 _~,:,'::;z-'- --

l.L 
I 

[j 
I::-



A 

S 

c 

o 

I 

I 

13. 

14. 

15. 

IPERAT = 14 
.AND. 
I aUF 1 ( ~ 2) 1= o. 

NPL = non left par en- \..D~ 

thesis operator for 
determining leading 
sign. 

ISTWK = IWORK index where 
entries for this level start 

NOOP = number of opera-
tors this level. <I"eorderable.:> 

1015 

1004 ~ 

lAD 

on 

CONTROL OATACORPORATION 
SOFTWARE DOCUMENT 

DOCUMENT 

SAMPLE CODE 0 
TITL.E 

FLOWCHART 1m 
DECISION TABLE 0 NUMBER 

OTHER 0 
DRAWN BY 

AA139S (FORMERLY CAt27-" 

() 
-- -- . __ .. _. -

--------_ .. -

~ l~IDSW 

MA.CH 
/Ij'AA. J PROJEC T NO. TVPE 

PROJEC T MGR. 

PAGE PROJEC T NAME 

ISSUE 
DATE TASK NO. 

DATE J. '7 TAlK NAME 

/\ 
\ ) 

"'~ll, ~y 

Yes 

V 
Yes 

l~MINUS 

1028 

l~ISFLAG 

NLP 

No 

No 

1RE'd 

lBUFl(+l) 

·~ISSX 

15 

ISTWK > 
LRELRQ 

O~NOOP, 

IDSW 

APPROVED 

r 

DATE 

W 
I 

rr 
ru 

\ 



A 

e 

c 

o 

o z 

~6. LPSWIT is count of non- 1027 
imbedded ). 

'17. Is this end of 
expression? 

~8. Reset level back 
to maximum. 

i.9. LRELEN = IBUFl index 
at which to start 
current subexpression 
analysis. 

LPREN = IBUFlX value 
at which to stop 
current sUbexpression 
analysis. 

CONTROL Of"T ACORPORATION. 
SOFTWARE DOCUMENT 

IBUF 1 (0)= 
17 
) 

No 

\'! 

O-~~ 

HINUS 

8 1028 

D02~~ESNT f~.s 

DOCUMENT 

Yes. 

':l(\ 
'--- -,' 

1040 16 

l~ 

LPSWIT 

1042 

No 

Yes, 

~I 

Bump IBUF1X 
+ 2 

Bump LPSHIT 
+ 1 

es 

No 

~~~~. liftJ6 I PROJEC T NO. 

SAMPLE CODE 0 TITLE r. MGR, 

FLOWCHART 0 PAGE NAME 

4 

1041 

LPREN - 2 * 
~LPSWIT 
\ '\ ~ LPREN 

~! 19 

I LRELEN + 2 * I LPSIHT . 
--? LRELEN 

1019 18 

I O~MINUS 
..., 
II 128-> ISSX 

"J 
1017 

5 
() 
'\. 

>f 101 
~ 

l~T APPROVED DATE 

DECISION TABLE 0 NUMOER NO. 

OTHER [J W 
DRAWN D Y NAME I 

~~ __ ~~~ __ ~~=-~-= __ ~~=o~~~aa~n=~~~~~ ~___ 0-
W 

AA13B5 {F"!''''''HRlY CA1~"-1' 



A 

B 

c 

o 

1011 
20. End of expression comes 

here. 

21. IVH = start of ex­
pression in IBUF2. 

22. Subroutine with 
no argument. 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART II 
DECISION TABLE 0 
OTHER [] 

AA'3e~ II'OIH.4£"LY CAI27-U 

n 

OOCUMENT 
CLASS 

DOCUMENT 
TITLE 

NUMBER 

OR.t.WN BY 

20 

MACH. 
TYPE 

PAGE 

ISSUE 
OATE 

OATE 

LRELEN. 

~BUFIX 

Bump IBUFIX 

+ 2 

PROJECT NO. 

PROJECT MGR. 

PROJECT N"ME 

TASK NO. 

TASK NAME 

() 

Ye'S 

1060 

1091---.,. 

lAD 

Yes 

22 

No 

11 )r 

lBUF2(0) 

I~IBUF2(1) 

No 

3 --7' I BUF ( - .:: , 
O~ IBUF(~3~ 

Bump IBUF2X 
+ 4 

APPROVED 

C) 

OAT" 

W 
I 

cr 
~ 



A 

B 

c 

o 

0 2 '3,,\ 4 5 

lj: :n 
1160 23 24 27 

23. Put variable type and 
IBUF 1(0) IBUFI (+2) 

s)~bol table pointer 
/ty;> into IBUF2. ---}IBUF2(0) )~E 

·.·24. Subscript is at least I 
1~31 Yes 

1\ 
one word longer. 

25. Complex subscripted 
~ variable. ( 
~ 

126. 1002 same as 1004 except ,I, I, 
I JDUM is zeroed out and 

ISSX set to 128. IBUF1( 1) Bump 

I I 
I IBUFl(+3) 

127 · ~/IBUF2( 1) IBUF2X ---7" IBUF 2 (0 ) Increment to subscript + 1 
variable. 

28. Variable only No 
operator. 

I \V I 

Bump Bump IBUF I( +4}--7 
IBUF2X IBUF2X IBUF2(0) 

I + 2 + I Bump IBUF2X No 
+ I 

26 

8( Yes No 

Bump 
IBUF1X 

+ 4 
I
IBUF1X 

t----~'. -;> LRELEN 
/ ~---------~ 

'?7:!"~' ~ =rF - -

COHT~OLDATACORPORATIONC<-~ "====~----==~ . ==-== ~ -iJ<CS MACH. / A I . I 

SOFTWARE DOCUMENT CLASS -Ln', , TYPE 'lOt) PROJECT NO. IlRZ 
APPROVEO OATE 

SAMPLE CODE 0 PROJECT MGR. 

PROJECT NAME FLO\"'CHART [] I PACE t!l. 0' Z{-
DECISION TABLE 0 NUMBER ::,s:~~ 
OTHER [l J 

I. =ORAYiN ov ~~",,"~I.TE ... '--~.:t. TASK NAME . I' 't' . ...-.~~ ='tt7 J"':nr:1 ~-=--~ j ~ U-

TASK NO. 

In 
f.AI365 troRMlRI..Y CAI27-I' 



29. Last operator was a 
func tion switch. 

30. ISQV = index to 
operator this. level. 

1161 

l063~ 

lAD 

31. Get page and symbol 
table pointer that ISYMX 
points to. 

32. Number of arguments 
differ in references to 
same subprogram. 

CONTROL OAT It.. CORPORATION 
SOFTWA.RE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART • 

DECISION TABLE 0 
OTHER [] 

AAIJ8!1 ;'-ORM("RLY C(2~1' 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

NUMBER 

DRAWN BV 

-30 

BUF2( ISAV 
+l)~ 

No 

MACH. 
TYPE I 

PA.GE 

ISSUE 
DATE 

DATE 

ISYMX 

GETSYM 

true 

PROJECT NO. 

PROJEC T Mc;R. 

PROJECT NAME 

TASK NO. 

TASK NA .... E 

2~IARGNO 
( ISYMX) 

O--.,LSWITC 

-n----
·,~:{:2:~---2~~~":~&·_~_.:-! 

R APPROVED c ..... r. 

(~ 
\. ,. 

W 
I 

0-
cr-

_ ... _0 



IA 

B 

c 

D 

o 2 '(~ 
-_/ 

4 5 :'r) 
'- ~~ 

.----~----------~--~~------~------------~~------------------~---~~~ 

33. We found an 
imbedded (, slew to 
) . 

34. Non-reorderable. 

~3S. End of expression. 

I 
j 
~ 

~ 

) 

I 
~ 

I 
~ 
~ 
Ii 

! 
i 
i 
11 

G 

~ r 

1030 31 

l----'i' I T EM 

1031 \ l 

Bump 
IBUF1X 

+ 2 

1032 \'l 35 

<::UFIX~ LPREN No 

Yet 

\'/ 

(9 

Yes 

! 

1032-> 

lAD 

No 

~BUFl(/ 
~ 22 Yes 

No 

8 1016 

e:-------1 
/t\ 

L 

= 

/' 

G 

Bump ITEM 

+ 1 

1-' 

\'l 

8 

~c:7"3'~--~-=-~~~ ~-. --.-.. -;:-,--~~-"'~TJ. ~ ~~-AG 3......""...~~ ... ~~~~ 1-. w:r::., 

CONTROLOt .. TACOf'{PORATION DOCUMENT MACH. le- td APPRoveD i DATe. i 
SOFTWARE DOCUMENT CLASS Z!j> TYPE 2£26 PROJECT NO. r -, .: 

DOCUMENT ':R I I O TITLE: -r~';::r PROJECT MGR- ". SAMPLE CODE F n~ . 
FLOWCHART ~ PAGEL10F r-?? PROJeCT NAME ,I 

t-, IS"UE· :i J , DECISION TABLE.-1 NUMOER DATE TASK NO. i-,_ w 

~.~ OT~~_ C] ~~r:J.\;:'~ oy .===-~--:_3.!_~;,.?'~~{l~=~A.~K N~,~E !..~J_""~ -=.~ J ~ 
.-. f<. t .' f' ~ I f ::-~ ~ ~ .. r J.( l" CAl" 7 - • I 



A 

B 

c 

10 

CONTROL 0 AT A CORPORA TION 
SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

AA1385 \f"OIlMER:"Y CA127'1) 

(') 

~ 
o 

1034 

Yes 

Decrement 

ITEM - 1 

Yes 

DOCUMENT 
CLASS 

DOCUMEN~ 
TITLE 

NUMBER 

DRAWN BY 

1035 

No 

~~~~. / 

PAGE 

ISSUE 
DATE 

DATE 

l032~ 

lAD 

PROJECT NO .• 

PROJECT MGR. 

PROJECT NAME 

TASK NO. 

T4SK NAME 

n 

Yes 

No 

f:J 

R' .APPROVED 

() 

OA"-E 

W 
I 

cr­
~ 



A 

s 
I 

\: 

o 

36. Gotten to by assign 
LA.D. 

37. IWORK index. 

38. ~OT operator in 
effect switch. 

CONTROL OAT ACORPORATION 
SOF'T"'ARE DOCUMEt...IT 

2 

O~LO 

Yes 

in expression 
in lBUF2 

/i~I/:1.·v· 

DOCl..'MENT 
C L.ASS 

o 

(~ 
\ . 

':a 

r-1 Decrement 
LRELRQ 

- 4 

;(.oA~" Iy 

MOJJMXR 
R d.d .-; e t! J L. d 

FI-tfiT '-A Ii "5 

MAC~. 

TYPE ~~':';EC T '40. 

SA~PLE ':OOE =J . 
~l..a~CHART ~ P"'G~ =.4. 

DOCUMENT 
TITL.E PRO.JEC T MGF< 

pp~.JECT '.A'w1E 

CEr:!SIQ~~ TABLE~] "4Ut.4BE"< ~!~~ T A. ~... • .. 0;' 

~·o 
4 5 

, ,,"""'--"'{ - /" No 

Yes 

38 

Decrement 

LSI - 1 

R APPR'jVEO OATE 

----~ -----
--- 4-O-; .. Ep .-=:; t-,-

~ =--=-=~~=~.,...~~~ DATE~!!," TA'K "4 ..... £ 
~~ ~"'~I~~~.&-.o:' ___ ..-:'"~~~ ,~~1:.~<.w.:~~~~ 

W 
I 

rr­
-D 



39. Number of operators have 
just been found to 1050 39 1051 

be NZ· (NOOP). ~ ~ ~ Bump LSI 
40 •. ISSX = level of ISSX = 3 + 1 

current operator. No (NOT operator No 

Level Operator 
o Yes Yes 
1 OR 
2 AND 
3 NOT 
4 relational 
5 + -
6 * I 
7 ** "- /' Yes 
8 ( ) function 

No 

3----7LO · 

No No 

Yes Yes 

CONTROL DATACORPORATION DOCUMENT MACH. 
~'7AA I PROJEC T NO. IRE'oI APPROVED DATI!. 

CLASS TYPE 
SOFTWARE DOCUMENT 

DOCUMENT 

SAMPLE COOE 0 
TITLE PROJEC T MQR. 

FLOWCHART 

~ 
PAGE PROJECT NAME 

DECISION TABLE ISSUE 
TASK NO. NUMBER DATE liJ 

OTHER 0 ~ ~~ I 
DRAWN BY DATE TASK NAME ,J 

Il 

AAI3B~ ,rORM(RLY CAI27-,·, 

() () (\ 
\ ) 



n 

41. Illegal operator 
or operand. 

42. Get page U and 
symbol position. 

43. U of arguments differ 
in references to same 
subprogram. 

2 

false 

true 

CONTROL OATACORPORATIOH 
SOFTWARE DOCUMENT 

SAMPLE CODE C] 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

9 Yes 

(:J 
"i 

No 

I 

IBUF2(ISAV+D) 

--7ISYMX 

No 

~~~~. /'7"-'6 PROJEC T NO. 

PROJEC T MGR. 

PROJEC T NAME 

4 

41 

DrAG 

10 

Yes 

l150~ lAD 
ISAV+l ~ 

IBUF2X 
0-7 LSWITC 

Yes 

No 

'(0 
5 

NOOP+2--7 

lARGNO( ISYHX 

APPROVED DATE 

FLOWCHART ~ 

ISSUE I I DECISION TABLE NUMBER DA T E TASK NO. I w 

0, HER [J -: ".""! 0 y OA TE ...... ::r -~~ T A!lI( NAME_._~_~_ .. ,, ___ . ,_. ____ . ___ • J_.~._,_ .. ____ ~. J._ _."..,.,-" .-=-~.~ 



I" 

B 

c 

D 

44. Look for odd numbers 
(nested nots). 

COHTROLDATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART ~ 

1251 44 

I = LSl/2 

Yes 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

DECISION TABLE 0 
OTHER l~ 

NUMBER 

DRAWN BY 

AA138~ \FORMERLY CA127'11 

() 

MACH. 
TYPE 

PAGE 

ISSUE 
DATE 

DATE 

Yes 

No 

3 ') 

IPERAT 
OR 

PROJECT NO. 

PROJEC T MGR. 

PROJECT NAME 

TA.SK NO. 

TASK NAME 

(~ 

2 ~ 
IPERAT 
and 

R APPROVED 

r-\ 
\ / 

OATE 

lJJ 
I 
~ 
ru 



A 

B 

c 

o 

() 

5. ISSX contains a rela­
tional operator (page 
13). 

6. If written, AiRL, B, 
to .RL. A + B, else 
make it .RL. A-B. 

CONTROL DAT ACORPORATION 
SOFTWARE DOCUMENT 

2 

1052 45 

No 

<. opera~or 

< operat:or 

DOCUMENT 
CLASS 

SAMPLE CODE 0 
DOCUMENT 

TITLE 

Yes 

? 
Yes 

> 

3() 
"----,' 

25' 
Bump 
IPERAT 

4 +1 

Decrement 
IPERAT 

!!!-.! 
/I 

-1 

~~~~. /.,/O~ PROJECT NO. 

PROJECT MGR. 

--------~----
4 :) to 

1252 

Yes 

No 

'I 

lBUF2X 
2 -?> 10 

rump 
r +4 

:I 

IPERAT--7 

IBUF2(0) 

1 
1---7IBUF2( +1 < 

3~IBUF2(+2U 
0-7 IBUF 2(+3 

146 
I lWORK( -3) 

1---7 I 

G 
APPROyeD DATE. 

FLOWCHART cg PA.GE/£ OF 21- PROJEC T NAt-it: 

DECISION TABLE 0 NUMBER :;!~~. TASK NO. . ~ 
OTHER 0" ~ 

I DRAWN ~y DA.TE ~---d TASK NAME . W 

A A '38!1 IF OR M[ R Lye A , 27 -, 1 



A 

B 

c 

o 

CONTROL DATA CORPORATION 
SOFTWARE DOCUMENT 

SAMPLE COCE 

FLOWCHART 

DECISION TABLE 

OTHER 

10.10.13815 IF"ORM(r)':AI27-11 

C] 

~ 
o 

No 

1057 

12 ", 

IBUFl( I) 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

1053 

11(+)~ 

IBUFl( I) 

11--7 I BUF 1 ( I) 

1058 

11 ) 

> '1111-7- IBUF 1 (1+')1) 11 IPERAT 

MACH. 
TYPE 

PAGE 

Ot::J PROJECT NO. 

PROJEC T MOR. 

PROJECT NAME 

1054 

5 ::> 
IBUFl( 1+1) 

R APPROVED DATE 

ISSUE 
INUMBER DATE 7 I TASK NO. I I w 

DRAWN BY TASK NAME 

() (~ 
\ ) 

, 
'" ~ 



A 

e 

c 

0 

,0 
2 

47. Check number of para- 10552 47 
meters this call vs. 
number of parameters 
for any prior call. 

48. Operator = 1, MINUS 
set NZ, NOOP = 1. 

CONTROL DATACORPORATION 
SOFTWARE DOCUMENT 

o 
~ 

No 

~ 

'" 

No 

DOCUMENT + '/,I~ 
CLASS z:-A

j 
C. 

DOCUMENT 
TITLE 

NUMBER 

MACH. 
TYPE 

PAGE 

ISSUE 
DA.TC 

'0 
~ 

2 > 
IARGNO(O) 

1056 

-

0--7 

LSWITC 

-~ 
yel 

( 1() C;Q) 

No 

/I"/A'- I PROJECT NO. 

PROJEC T MGR. 

PROJEC T NAME 

TASK NO. 

4 

48 

Yes 

Yes 

,-.-.. ~~ - / No 

V 

115'2~ 

IAD 

5 

Decrement 
operator 
-1 
(IPERAT) 

APPROVCD 

fr-\ 
. \, , 

'-------

DATE 

w 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER o 
. ;~~.I.~~~~===---,~=-=>==-= DAT~=,~ TASK NAMe 

.~.~!~.~"":"~-..-~~-,......~ - __ =~l~~L l===J ~ 



A 

B 

:c 

o 

(-

.. 

1170 49 
49. NOT operator set up in 

lWORK but not in 
IBUF2. 

50. Back to start. 

, 

CONTROLDATACORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART ~ 
DECISION TABLE 

OTHER 

AA'38!1IFORM[RL~ CA,27-1I 

( \ 
\/ 

[J 

... 1 ) 

IWORK(4) 

'II 

IWORK(-3) 
+2 ----7 

LRELEN 

1171 ," 
!LRELRQ~ 

ISTWK 
tLRELEN ---7 

IBUF1X 

50 
V 

1102 

DOCUMENT IU5 
CLASS 

00c,.~~~;T rA~ 

NUMBER 

DRAWN BY 

MACH. /.!'LtYl. TYPE 
~ 

P AGE ~t.o Fcl4. 
ISSUE . ' . 
OATE 

'- - - - -.,;,.." 
DAT_E ~_-~I 

-1151 

Bump NOOP 

+ 1 

,II 

lWORK 
ble exc 

No 

'w 
IAD 

PROJECT NO. 

PROJECT MGR. 

PROJECT NAME 

TASK NO. 

TA'K NAM£ -

(-)---

'-

ed Yes 

i~ 

PUNT 

APPROVED 

, 

DATE 

._---\ 
. \ ) 

W 
I 

""\oJ 
0-



IA 

8 

c 

o 

.0 
2 

1059 51 
5l. Operator was function 

or subroutine. 1---7 LSW1TC 

I 52. 
1BUF2X~SAV 

Are we at start of 1PERAT~ 
this levels entries 1BUF2(0) 
in IWORK. 

53. 1STWK = start of this 
1eve 1 in n·lORK. 

PUNT ..., 
~---ye-s 

CONTROL D AT A CORPORATION 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOVICHART 

~ DECISION TABLE 

OTHER 0 
. ___ ti"'~.-.~-'~ .. "!JI'!\L---' 

'1/ 
lWORK(-3)+2 
--1» I 

I lBUF1(J)-~ 
IBUF2(1) 

-

Bump :l IIBUF2X 

+1 

1075 ~ 

BUF2 
exceeded 

DOCUMENT .,Z/Jcr 
CLASS 

DOCUMENT 
TITLE 

NUMOER 

DRAWN BY 

J 

NO 

MACH. 
TYPE 

ISSUE 
DATE 

DATE 

.f'\ 
~) 

'3 4 

LRELRQ - 3 
NOOP~ ---7> I 

1BUF2(+1) IWORK(1) 

, I 

Bump 
I BUF2X 

+2 

I 
Yes 

~ J > 
No Il-lORK( I) 

Yes 

1172 ~/ 53 

ISTWX+2 

'------~~ ---7 I 

I PROJEC T NO. 

PROJECT MC#R. 

PROJECT NAME 

TASK NO. 

((;: 
"~ 

5 

Decrement 1-4 
to pick up 
next prior 

J 
operand 

I" 

~Move operand 
in IWORK up 

No 
one position 
in If..T()RK 

t------~}{ 1073 

ifW APPROVED DATt;; 

~ I TA.SKNAMI'" 

r GO"""; ::w::-... _ ~';'~~;~~--'"'tw:so<'c::;:::===:IIl 

W 
I 
~ 
~ 



A 

B 

c 

o 

I 

I 

54. Put in IBUF2, settings 1073 54 
for operand + operator Decrement 
in lWORK. 

55. Put in stop pointer. 

56. Clear out last 
stop pointer. 

57. J = location of PTR 
in lBUF2. 

58. Set new starting 
item. 

CONTROL OAT ACORPORATIOH 
SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

o 
~ o 

NOOP - 1 

IBUF2X + 
NOOP-I)"IWORK(l 
lSAV---? 

IWORK( 1+1) 

~ 55 

lWORK( 1+3) 
-7 
IWORK(l-2) 

.v 
Bump I 

+ 4 

DO~:::~S~NT .:eMs 
DOCUMENT ~li~ 

TITL.E :- 11J!ic.. 

NUMBER 

DRAWN BY 

AAI385 (F'ORMEP'-"'"CAI27"1 

( ) 

Yes 

lBUF2X + 
lBUF(--l) 

---? IBUF2X 

\jf 56 

O~IWORK 

(1-6) 

'" Decrement 
LRELRQ 

- 4 

~~~~. Pl'/Mj PROJECT NO. 

PAC; FcI/o FCII;/4-
ISSUE 
DATE 

DATE3~7 

PROJECT Mc;R. 

PROJEC T NAME 

TASK NO •. 

TASK NAME 

n 

1074 

~~Q~ ISTWK 
lWORK(+2) 
~ ) 

1BUF2X -
lWORK(+3) 

IBUF2(3) 

\II 58 

1WORK( +1) 
.AND. 

1023 I 

(1076 

". 

Yes 

,<WORK(+1 

"'" <:.0 

IRE'! 

No 

'" 
1+2~ 

LRELEN 

:t. 
E 

APPROYED DATE: 

(~ 
. ) 

W 
I 

-\oJ 
Q:I 



A 

Ie 
I 

c 

o 

(') 

5~. Set new IBUFl index. 

60. LO = class of prior· 
operand. 

CONTROL 0 AT A CORPORAT ION 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART ~ 

2 

\1.1" 

If operator i 
IBUFI ) or 14 
bump LRELEN 

+ 1 

59 

LRELEN 

----;nBUFIX 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

NUMBER 

MACH. 

No 

r'1 
\. j 

3 . 

!J 

O-~ 
IBUF2(0) 

No 

Yes 

TYPE /'7~o PROJECT NO. 

PAGE 

ISSUE 
DATE 

PROJECT ·MGR. 

PROJEC T NAME 

TASK NO. 

4 

077 

l~ IBUF2(0) 

No 

6 
V 

DECISION TABLE 0 
OTHER [J 

~~~...,....r~=-~= m",,;zu:,,-.!DRAWN BY DATE ...;'-~7.-1.TASK ~AME .ll ... 

!\" 
5 

1 ----? LO 

APPROVED DATE 

W 
I 

"'"' -D 
~------------------------------------------------------------------------------------'.--. 



A 

B 

Ie 

'0 

61. Shift right 10 
pos it ions. 

62. Back to beginning. 

CONTROL OAT A CORPORATION 
SOFTWARE DOCUMENT 

o 

-IWORK( ~l) 
11024 

--? J 

I > 
LRELEN, 
IBUFIX 

Yes 

DOCUMENT 
CLASS 

DOC UMEN T-ro~ 
TITLE 

o 

o > 
lBUF2(O) 

o ~~~~o /' PROJECT NO. 

PAOJEC T MGA. 

No 

1079 

3~ LO 

Bump 

IBUF2X + 1 

62 

Yes 

A APPROVED DATE 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 
~ 

P4G PROJECT NAME 

ISSUE 0 

NUMBER DATE TASK NO. W 

o I 
DRAWN BY DATE TASK NAME ():l 

o 0 

A""3'~ (FORMERLY CA127'11 

(--'j (-
( OJ 



o 

·63. This location assigned 
lAD on page 18. 

64. Error - only one 
operand a Il0wed. 

65. Prior operator switch; 
o = none. 

2 

No 

Yes 

1 

-16384~ 

lWORK(+1) 

64 

No 

CONTROL DATACORPORATION DOCUMENT 

SOFTWARE DOCUMENT 
CLASS 

DOCUMENT 

SAMPLE CODE 0 
'TITLE 

FLOWCHART 

~ DECISION TABLE NUMBER 

OTHER 0 
DRAWN BY 

---

Yes 

MACH. 
TYPE 

PAG 

ISsUE 
DATE 

DATE 

/c\· ! I 

./ 
'3 

11 > 
IPERAT 

(+) 

IPERAT* 
(-1024) 

-) IWORK( +1) 

~4,..~ I PROJEC T NO. 

PROJEC T MGR. 

~ PROJECT NAME 

TASK NO. 

T ASK NAME 

4 

-l2288~ 

IWORK(+1) 

~ lWORK(+1 

Bump· 
LRELRQ 

+4 

Yes 

-----

IRE'" 

5 

IBUF2X 

~ISAV 

IPERAT 
----? 
IBUF2(O) 

14' :> 

IPERAT 

APPROVED 

,-0 

DATE 

------

W 
I 

'CP 
l:-' 



I' 

I 

CONTROL DATA CORPORATI·ON 
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PRODUCT NAME 1700 MASS STORAGE FORTRAN 
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Subroutine MODMXR 

This routine is called from TREE only if a mixed mode 
expression is being processed. It transforms the t~ee 
form generated in IBUF2 to indicate calls to function 
operators as necessary- Mixed mode expressions and 
their related calls are as follows: 

INTEGER - REAL 
INTEGER - DOUBLE PRECISION 
REAL - DOUBLE PRECISION 

call 
call 
call 

FLOAT 
DFLT 
DBlE 

Please refer to section 3.4.~ for a description of the 
tree form generated by TREE. 

One or two lower levels may be inserted in the tree at 
each mixed mode level. If the mixed mode expression 
is REAL and there is more than one integer branch on 

c' 

the same level~ these branches are grouped so that the 
integer operation is performed before the call to FLOAT. 
If the mixed· mode expression is DOUBLE PRECISION and 
there is more than one integer branch or more than one c=; 
real branch on the same level~ these branches are grouped 
respectively so that the integer operation is performed 

CA 13'-1 "EV 10-67 

before the call to DFlT and the real operation is per-
formed before the call to DBlE. Integer divides are 
not reorderable. The call to a function becomes the 
operator of a single branch on the previously mixed 
mode level. 

For example: 
, . 

D is a double precision variable 
R is a real variable 
I is an integer variable 



o 

o 

CONTROL DATA CORPORATION 
__ l;;...A_J_O....;.l;...;.;.L;.-.A _____ R_E_S_O_U..;.R_C_E _C_E_N_T_E_R _______ 01 VISION 

DOCUMENT CLASS IMS PAGE NO. __ 3_-_8_3 ___ _ 
PRODUCT NAME J,700 MASS STORAGE FORTRA N 
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CA 131-1 REV 10'87 

The expression: D + I + R*I + J + R 
generates the mixed mode tree. 

level 1 

level 2 

MODMXR trans"forms this tree into the following form: 

+ 

/I~ 
D DFlT DBlE Level 1 

I I 
+ + Level 2 

/\ /\ 
I J R * Level 3 

/~ 
R FLOAT level 4 

I 
I Level 5 



CONTROLOATA CORPORATION 
__ . .=,L:..:.A -=..J .:.O=.L =.L A:..:......;R:.!,;E:.;S:..O:..;U::...:R..:..C::...:E::...-..;C::...:E::..;,N.;;.,,;T:...:E:.;.R:...-_' _____ 01 VISION 

DOCUMENT CLASS IMS PAGE NO. __ 3_-_8_4 ___ _ 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 AlB M~CHINE SERIES _____ 1_7_D-.,.0 ___ _ 

MODMXR 

INITIALIZE 

0a.,--_...-._-
FIND START 
OF LAST TRE 
IN IBUF2 

STORE POINTE 
TO NUMBER OF 
WORDS IN 

l ..... 
LEVEL IN 

TREE . 

STORE POINT 
TO OPERATOR 
AT THIS LEV 

FUNCTION CALL 
SKEIttoN 
... IBUFl 

~ SAVE OPERATO Process one 
THIS LEVEL 1 evel of tree 

NOP (LEVEL) 

SAVE POINTER 
TO OPERATOR 
THIS LEVEL 

L EL 

COMPUTE 
POINTER TO 
NUMBER OF 
OP NDS THIS 

SAVE NUMBER 
OF OPERANDS 
THIS LEVEL 

1 -> 
OPERAND 
COUNTER 

IBR 

Go one level 
deeper in tre 
(level + 1) 

PUNT 

MODMXR 
Page 1 of 17 

COMPUTE POIN ER 
TO THIS 

OPERAND 
LO 

INCREASE 
LEVEL BY 

1 

c 

o 



CONTROL DATA CORPORATION 
_--!L:.!A:!... . ..!J~O~.L:.!:L~A~· ~R:.:E~S~O~U.!.!.R.!:.(:::..E_.::.;(E~N:.:..T.:...:E:.:.R~ ______ DIVISION 

C) .... ~'-'. 

. 3-85 DOCUMENT CLASS IMS ". PAGE NO. ______ ~_ 

PRODUCT NAME 1700 MASS STORAGE'FORTRAN 1700 
PRODUCT MODEL NO. (005*3.1 AlB MACHINE SERIES _________ _ 

MODMXR 
Page 2 of 17 

COMPUTE UNPACK M~DE 
POINTER TO OF OPERANDS 
NE~P FROM NORMAL 

~ 
PACK MODE 0 OPERATOR MODE = OPERAND IN 

iCIP OR (OPERAND OPERAND NO I MODES) 

~ U r 

Process next CLEAR INCREASE Ope;-and. 
NUMBER OF MODE 

o 

OPERAND BY 

INCREASE 
OPERAND 

COUNTER BY 
. 1 

POINTER 
TO OPERATO 
-> LO 

CA \38-\ REV 10-&7 

SWITCH 

PUNT 



CONTROL OATA CORPORATION 
LA JOLLA ·RES(}UJt~.=-E_(~E=-:N:.:...TwE~R.l--______ DIVISION 

DOCUMENT CLASS IMS PAGE NO. __ .;;;..3_-.=8 __ 6 ___ _ 
PRODUCT~AME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO, (005*3.1 AlB MACHINE SERIES ____ ...;;;;;;.1_7.=0.-..0 ___ _ 

8 --I\tIo 
DBLE 
LENGTH 

COMPUTE POIN 
TO OPERAND 
NORMAL/INVERS 
FLAG 

&---------. 
MODE -
MODE OF 
COEFFICIENT 

Flag set in­
R verse ident~l---------; 
fies operand ERANDt> 0 

ff ' i t OP .N • cae 1C en. FOR FLOAT F 
SKELETON 

1 - INTEGER 
2 I:: REAL 
3 - DOUBLE 

['ION 

MODMXR 
Page 3 of 17 

o ---. 
FUNCTION 
INCREMENT 
FOR FLOAT 

MODE = 
REAL 
-2-

2~ 
.. ~. OPERAND NO. 

FOR DBLE FUNC 
SKELETON 

~ r-' -6 -~--+-----, 
~ FUNCTION 

'INCREMENT 
FOR DBLE 

MODE I: 

DOUBLE 
-3-

c 

ASSIGN '0 
700 
~ 

IFLOAT 

CA 138-1 REV 10-67 

---------- --------- ----------------~ -~- --- -- ---



o 

o 

.,' CONTROL DATA CORPORATION 
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DOCUMENT CLASS IMS PAGE NO. __ 3_-_8_7 __ _ 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES ____ l_?D_D ___ _ 

1 --c> 
OPER AND 
NUMBER FOR 
DBlE FUNCT ON 

1 --t> 

OPER AND 
NUMBER FOR 

~", ------1..-----, 

~ MODE = 
MODE OF 
COEFFICIEN 

MODMXR 
Page 4 of 17 

2 ---e»OPERA D 
NUMBER FOR 
DFlT FUNCT ON 

SKElHON 

w.w. ....... -&.pl~Ioo..o.oI-oI.." N 
~SKEl£; 

4 ----.. 
DFlT FUNCT ON 
INCREf1E NT 

CAI31-1REV 10-e7 

* 
Q, __ ~-J5---...... 

~ ASSIGN 
11!I]J' --> 
IF lO AT 



CONTROL DATA CORP'ORATION 
___ la.A ........!LJ O~L'-JLI&!A::l-!.RuE:.::SWiO:..l::U!..UR~C:.!::E........:C.=.E.:.:.N..!..T =..E R~ ______ 01 VI SION 

DOCUMENT CLASS IMS PAGE NO. __ 3_-_8_8 ___ _ 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 AlB MACHINESERIES ____ 1_7_D_D ___ _ 

I =' NUMBER 
OF. OPERAND 
THIS lEVEL 

GET AN 
OPERAND AN 
SET FUNCTT 
I 

6 ---I> 
FUNCTION 
INCREMENT 

{DBlE} 

CA 131-1 REV 10-87 

o = FLOAT 
4 = DFlT 
6 = DBlE 

'- -- ...... ----~---- --~~--.-."---.- .-.-.--,-.--.--.. ----~-- '-_ .. _--_._-- ------ -------------------._-

MODMXR 
Page 5 of 17 

O~ 

FUNCTION 
INCREMENT 

RESTORE 
MODE 

,4~ 

I=UNCTION 
INCREMENT 
{DFlT} 

c 

o 

o 



o 

o 

o 

CONTROL DATA CORPORATION 
__ ..=.L!:!.A~J ~O=-L=LA~R~E::..:S=-O:..:U::::..!R..!,..;(~E::-...:(~E:..:.N.:...:T:..!:E:.!.Rl.--______ 01 VISION 

DOCUMENT CLASS IMS PAGE NO. __ 3_-_8_9 ___ _ 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. (005*3.1 AlB MACHINESERIES _____ 1_7_0_0 ___ _ 

C A I 3 a· IRE" I O· e 7 

CORRECT . 
UNINDlCATED 
INTEGER 
DIVID 

MODMXR 
Page 6 of 17 



CON T RO L DA T A CORPOR AT ION 
__ =L.!!A~J~O.=.L . .=.L!.:!.A .....;R~E:::.:S~O~U~R~(:=..:E::.........;(=-=E::.!N.:..T:...:E::..!.R.!.-.. ______ 01 VI SIOto{ 

DOCUMENT CLASS !MS PAGE NO. __ 3_-_9_0 ___ _ o PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. (005*3.1 AlB MACHINE SERIES_" ____ 1_7_0_0 ___ _ 

REPARE ONE 
EVEL HIGHER 
N TREE 

SAVE MODE 
IN CURRENT 
OPERATOR'S 

NORMAL/INVER 

CA13I·1I1tEV 10-e7 

(LEVEL-i) 

COMPUTE 
POINTER TO 
BRANCH 
ISPLACEMENT 

LEVEL 
~ 

LSi 

MODMXR 
Page 7 of 17 

o = FLOAT L~) 
4 = DFLT 
6 :II DBLE 

o 



(j 

I~ 
U 

CONTROL DATA CORPORATION 
_-.JL .... A~J~OIUL ..... L..cA1-J.RuE_SiUOu.Uu.:Ru,C .... Eo..-l,C .... E..uNu.T.J;.EonRo....-______ 01 VI SION 

DOCUMENTCLASS_~I~M~S~~~~~~~ ____ -------
PRODUCT NAME 1700 MASS STORAGE FORTRAN 

PAGE NQ. _--.:3_-_9:..::1~ __ _ 

PRODUCT MODEL NO. C005*3.1 AlB 

POINTER TO 
END OF BRANC 

--(j> IN 

PREPARE ONE 
~EL HIGHER 
IN TREE 

POINTER TO 
THIS LEVEL'S 
O~ 

C4 130-1 REV 10-67 

(LS1-l) 

MACHINE SERIES ____ 1_,7_D_D ___ _ 

COMPUTE 
POINTER TO 
END OF THIS 

8 

COMPUTE 
POINTER TO 
END OF THE 

COMPUTE 
POINTER TO 
BEGINING OF 

POINTER TO 
TRANSFER 
LOCATION 

MODMXR 
Page 8 of 17 

ADD 1 TO 
DFLT COUNT 
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CA 131-1 .. EV 10-e7 

TRANSFER 
BRANCH FROM 
IBUF2 ...... 

ADD 1 TO 
>------1 DBLE COUNTER 

COMPUTE 
LENGTH FOR 
DBLE BRANCH 

MODMXR 
Page 9 of 17 

o 
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o DOCUMENT CLASS IMS PAGE NO. __ 3_-_9_.3 ___ _ 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. COO 5* 3.], A 18 MACHINE SERIES ____ =-17...:.....=..0.=..0 ___ _ 

Adjust Ibuf2 for 
transfer of previouse 
'br~nch-not for current 

transfer 
IBUF2 POINTE~ . . 
TO END OF {BegInnIng of.br~nch 
BRANCH PRE to be moved wIthIn 
VIOUSLY Ibuf2} 
TRAN E.R£D_+.1.~XJ - - - - ---

In= pointer to ADJUST o POINTERST 
- NEW END '0 

end of last 
branch in Ibuf2 

Ibuf2 {LOX}= number 
of words left in 
tree . ~ _T_R_E_E A..-__ 

~ "'-F-I-L-L..JiL-.G -A p-" 
LEFT BY 
PERVIOUSE 
BRANCH TR NSFER 

o 

NUMBER OF 
WORDS IN 
GAP JUST 

N~ ADJUST THE 
AFFECTED 

~~~~~~~N DISPLACEME 
VALUES 

A­
t) 

CA UI'\ REV \0-67 

IBK 

NDBK 
IXT 

K 

IN 

IBUF2 

} 

MODMXR 
Page 10 of 17 

Gap left by 
previouse 
transfer 

Branch not 
transfered 

Branch currently 
transfered 

Other branches 
left to be 
processed 

IBUF2 ~US THROUGH 

\iV 
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PRODUCT MODEL'NO. (005*3.1 AlB MACHINE S·ERIES ___ ---=1::....:7:....,:0=...=0:,..,-""""---__ 

o 
MODMXR 
Page 11 of 17 

POINTER TO POINTER TO SEE IF ALL 

START OF END OF IBUF DBLE OPERANDS 

NEW GAP IN ~ IBUFl INVERSE 

~ SYMTAB 
OPERATOR 
--6> 

POINTER TO 

IBUF;L (7) 
DBLE -+ 
IBUFl (3) 

POINTER TO C 
LAST WORD ..... 
TRANSFERRED 
...... NDBK . 
. " 

CLEAR 
DISPLACEMENT 

SET ALL DBLE 

VALUE OF 13 CH 
OPERANDS TO 

TRANSFER NORMAL 

~ 

o 

CA 131-1 IItEV 10-e7 



o 

o 

o 
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Q_-~--., 
~ ~'IND A 

DFLT 
OPERAND 

CA 1;,.·\ AEV \0·e7 

3 -C> 
NUMBER OF 
FUNCTION 

=iT 
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PHA~.iE B 

C:ENEHAL DESCRIPTION 

Phase 13 Function Within Compiler 

Phase JJ is the instructi.on generation pass of the 1700 Tape 
FORTlu\N compiler, or, what is termed the pr~-assembly phase. 
lts n~sponsibility is translating FORTRAN statements iTltu 
instructions. Other peripheral tasks relevant to the prc­
aSSl'mbly and assembly phase (PhaseC) are carried out by 
Phase 8. 

Input Description 

lnput to Phase B is of two types: 

1. Pertinent inform;ition residing in that portion of tht! 
compill>r's common blocks which remains intact from 
one pass to the next pass. (LABELLED COMMON) The 
information contained therein is discussed in dt!tail 
in 4.5. 

2. An input file on di.!.k corres-
ponding to the output file of Phase A. It consists 
of a consecuti.ve stri.ng' of logical records the last of 
which represents the END line. The logical records in 
the Phase 8 input file correspond one to one, and in 
the same physical order as the 1700 Tape FORTHAN source 
statements, with the following set of exceptions. 

a. Only executable statements reach the Phase 8 input 
fil~ with the following additions and exceptions: 
Statements which are not classified as executable 
but whi.ch l!!£ passed: 

( 1 ) SUBROUTINE 
( 2) FUNCTION 
(3) DATA 
(4) FORMAT 
( 5) END 
(6) Statement Function 

Statements which are classified as executable but 
which are not passed comprise the set of Inputl 
Output and Auxiliary Input/Output statements: 

(1) READ ( forma t. ted) 
(2) WRITE (formatted) 

,( 3) READ (un format ted) 
( 4) WRITE (unfo rma tt ed) , and ... 
( 5) REWIND 
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(6) BACKSPACE 
(7) ENDFILE 

b. Certain conditions in compilation cause thL' 
creation of additional executable statements in 
conjunction with those which appeared in the 
original source input. 

1. Input/Output and Auxiliary Input/Output 
statements as noted in paragraph a, ar.e replaced 
in the same relative position within the source 
input, with an expanded set of statements con­
sisting of one or ~ore statements of type 
CALL, BEGIN DO, END DO. (Sec discussion of 
END DO be low. ) 

2. When two conditions are satisfied, a STOP 
statement is created and inserted immediately 
prior to the END line. First, the program 
being compiled is a main program, and second, 
the last executable statement of the program 
is neither a STOP, STOP n, or any nther uncon­
ditional transfer statement. (Unconditional 
transfer statements which comprise the latter 
(truth) portion of a logical IF do not qualify.) 

3. For each DO statement in the source input the 
Phase 8 input file contains a BEGIN DO state­
ment record. But add it iona 11 y, a spec ia 1 
statement, END DO, internal to the compiler, 
is generated uniquely for each BEGIN DO and 
located logically in the input file sO as to 
aid Phase 8 in DO-loop instruction generation. 

c. The Logical IF statement appears in the Phase B 
input fIle as two separate statement-s. 

The figure below illustrates the format of a record 
of the Phase 8 input file • 

Word 
. ...... _- ... ~ 

n i 
--.--.- -.--.-~ , 

2 SN -.~J --.--
I 

3 ST _··· __ ·_·----1 
4 not usedl 

t 

( 5) SL i 
-.~.-- --.... I 

(5 or 6) I l - .. I 

I 
i 

1 n L._: ___ ~ __ . -~ _ ... 1_'/ 

p-word s 

I~ .... >_ .. 
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Where: 

n 
SN 

ST 
SL 

-
-

--
--

the number 0 f words in the record (n ~ 4) 
s.n. or -s.n., where s.n. is the statement 
number 
the statement type 
the symbol table poi.nter of the statement 
label p ? 0 

The statement label is optional and its existence 
is indicated by SN being negative. When SN is 
negative, the remaining p. words of the record 
begin at word 6 and ~~d at word n. When SN is 
positive, the remaining p words of the record 
begin at word 5 and end at word n. 

The interpretation of the last p words of any 
record by the Phase B processors is primarily 
determined by ST, the statement type. Each state­
ment type designates what information, if any, 
follows in the remaining p words. 

Table 4-1 lists all statements processed in the 
1700 Tape FORTRAN compiler. Each statement is 
cross-referenced with its statement type code and 
its disposition by Phase B. Refer to the following 
key for further explanation: 

(n.u.) - this ST code is not used in 1700 Tape 
FORTRAN 

(n.r.) -this statement type is not received by 
Phase B in its input file. 

"processed by XXXXXX II - Phase 8 driver calls upon 
subprogram (named XXXXXX) which is designed to per­
form the appropriate processing (usually generdtion 
of instructions) for that particular type of state­
ment. 

"processed by Phase 8 driver" - indicates that the' 
appropriate processing for that particular type of 
statement is performed ~ithin the Phase driver 
and no subprogram is called which is specifically 
designed to process that statement type. 

.. _ ... " ......... __ ... _ .... __ .. __ ..... _--
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TABLE 4 - 1 

Statement Types and Phase a Dis po sit ion 

Iypy Code Statement Name Dispo sit ion bv Phase B 

() D1MENS lON (n.r. ) 

COMMON (n.r.) 

2 INTEGER (n.r.) 

:3 REAL (n.r. ) 

4 (n.u.) 

5 (n.u.) 

6 (n.u.) 

7 SINGLE (n.r.) 

8 BYTE, SIGNED BYTE (n.r. ) 

Y. (n.u.) 

10 EXTERNAL (n.r.) C 
1 1 RELATIVE (n.r.) 

12 EQU IVALENCE (n.r.) 

11 BLOCK DATA (n.r.) 

14 SUBROUTINE processed by SUBFUN 

15 FUNCTION processed by SUBFUN 

In DATA processed by NOPROC-

17 FORMAT processed by NOPROC 

18 Replacement Statement processed by ARITHR 

19 Statement Function procC'!;scd by Pit!)')£' /I P ~ IV t. I( 

20 ASSIGN processed by Phase f:J driver 

21 CALL processed by Phas~ 8 driver 

22 RETIJRN processed by Phase t3 driver 

23 (n.u.) 

24 GO TO (unconditional) processed by Phase B driver 

25 GO TO ( computed) processed by CGOTO 

26 GO TO (assigned) processed by Phase tl driver 

27 CONTINUE processed by Phase 8 driver C 
28 STOP processed by Phase 8 driver 

;.!4 STOP n processed by Phase B driver 

(~1)8 , 
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T.YEC Code Statement Name DisEosition b~ Phase B 

30 PAUSE processed by Phase 8 driver 

31 PAUSE n processed by Phase 8 driver 

32 END processed by END 

33 ENDFILE (n.r.) 

34 REWIND (n.r.) 

35 BACKSPACE (n.r.) 

36 READ (unformatted) (n.r.) 

37 READ ( formatted) (n.r.) 

38 WRITE (unformatted) (n.r.) 

.34 WRITE ( formatted) (n.r.) 

40 BEGIN DO processed by BGINDO 

41 END DO processed by BANANA 

42 Arithmetic IF processed by PI!/N/.t:· Ii j) It! l,./~? 

C) 43 Logical IF processed by f'H;9.5EB /J Ii' I i/ f";f' 

44 ASSEM processed by ASSEM 

o 

(A IJii I 
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4. 1. 'j 

(10')8 , 

Phase 8 specifications will not give a general 
surranary of the detailed formats of th~ input 
record s for each sta tement type. Refer to 7< 05-
for H detailed description. References will 
be made to such formats as may be appropriate 
in clarifying explanations. 

Output Description 

Output fn.1m Phase 8 is of two types 

1. Pertinent informat'ion (either retained from previous 
passes or set by Phase 8~ residing in that portion of 
the compiler's common blocks which remains intact 
from Phase B to Phase C. (The information contained 
therein is discussed in detail in 4.5.) Use and 
definition of the information is discussed throughout 
Phase B description. 

2. An output fl Ie on d /.$ x correspond ing 
to what will become the Phase C input file. It consists 
of a consecutive string of logical records, the last 
of which is indicative of the end of the file. 

The figure below i11ustrates the general format of a 
record of the Phase B output file: 

Word 1 r=~~~~=l 2 

3 

4 I I 

I 
(5 ) I SL 

11 
I 
1,_- " 

S or b; 

p-words 

r I 

n J 

(,. 
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4.1.1.1 

Three cases of the general format occur: 

Case 1: 

to/her e: 

n :..= the number of words in the record (6"" n L.. 9) 

SN - (not used) 

ST - 1+9 

SL = (does not exist) 

the next p words begin with word 5 

2 ~ p ~ 5 

Case 1 is the instruction record. The p words 
describe a single instruction generated by Phase 8. 

Case 2: 

Where: 

All definitions are the same for the Phase B input 
records (see 4.1.2 P 2c). Case 2 occurs for the 
case in which the processing of an input record 
by Phase 8 prlmarily is the transfer of that 
record to the output file exactly as it was read 
without modification. Records which fall into 
this category are DATA and FORMAT (ST :.-: 16 or 
ST ~=: 17) 

Case 3: 

instructions 

Where: 

n ~. 1 

Case 3 is a flag to Phase C to indicate that the next 
record is a case 2 type record. 

Till' '2 to ') words in the case 1 record format describe a sing Ie 
illstt"llction generated by Phase B. This format is as follows: 

._-------_._--_ ... _._ .. _.... . ..... _ .. __ .- ---------------------_. __ .... _-
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Word I 

2 

(3) 

(4) 

( 5) 

Indicator Word 

I 

0 

A f--._-

S 

Word 1 is always the INDICATOR word. It consists of a series 
of flags and indicators which describe the pseudo instruction 
and imply the existence and meaning of the words following 
the INDICATOR. The format of this word follows: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 cr-- f--·-r 
I -.-...- .--...... _.. .. . ... , 

T A S 0 R Q F 

1. T is a special flag to indicate whether or not this 
pseudo instruction is a label item. 

T - 0, this any type of instruction except a label. 

1\ c I II ~ I ,. , rJ , I r. I I I e., II I n I. e. 'Q I I.,,~ I .. Q I III. I I.... J 111111 c.1 I rJ I c J '/ 

IcolI4lwtl'H,_ A Mic"S" 1Ir- twu 01 ulll[e::. 'dlJcl I'Cillo which 
tH I til 1'4JII~)t~("I1' f vc~.J y 01 ~ cons1der~d UI IH': equiva tent 
and label the Illstruction innnediatt!ly following the 
group of labels. 

2. ~ specifies whether or not this in$truction has an 
additive. An additive is an adjustment of the operand 
address. For example: 

I = J(7) 
would result 1.n pseudo code: 

LOA J -ttl ----
STA 1, where the value +6 is the additive. 

PlIilse 8 must pass this additive on to the next phase which 
after assigning an address to J must then increase the 
reference to it by 6. 

A = 0, no additive 

A = 1, additive •. 

C~ 

C--' ~ .. 
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3. S specifies whether or not the operand address 
is subscripted. 

S = 0 not subscripted 

S = 1 subscripted 

4. D tells whether instruction is to be made 
indirect or not. 

D = 0 not indirect 

D = indirect 

5~ R Decision whether instruction is to be made 
1 or 2 words. 

R = 0 decision is left to next phase which 
will make any such command 1 word 
whenever possible, dependent upon the 
size of constant operands and distances 
of relative addresses, etc. 

R = 1 force instruction two words, regardless 
of operand size. This is usually done 
where operand has to be plugged. 

6. Q&F These two bits are set aside for the next 
phase as working spa~e in its index 
register assignment, one for index Q and 
one for FF. In special instances, Phase 4 
may set Q and generate its own instructions 
to load Q. 

7. ¢ operand type 

A. For instruction code I 2 

¢ = 0 normal case, operand is a symbol 
table pointer. Addressing mode is 
assigned by assembly pass (Phase 5) 

¢ = 1 Operand is an absolute value. For 
the instruction code being a storage 
reference instruction, the operand is 
less than 256

10 
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¢ = 2 Operand is an absolute value. For 
the instruction code being a storage 
reference instruction, Phase 5 assigns 
two-word constant address mode. 

¢ = 3 Not used 

¢ = 4 Operand is relocatable address constant 
(biased) 

¢ = 5 Operand is absolute address constant 
(unbiased) 

B. For instruction code = 2 

¢ = 0 not used 

¢ = I This address constant is in a table of 
addresses used in a Computed GO TO 
statement. The address is self relative 
and is calculated using l6-bit arithmetic. 

¢ = 2 This address constant is a parameter 
in a calling sequence to the floating 
point subroutine. 

¢ = 3, 4, 5 refers to parameters in a calling 
sequence to a subroutine other than the 
floating point subroutine. 

¢ = 3 Address self relative computed in 
IS-bit arithmetic with 15 bit set to 1. 

¢ = 4 Relocatable, address. Address is 
location of referenced operand. 

¢ = 5 Same as type 4 except address is 
unbiased. 

Word 2 is always the instruction code except when the 
instruction is a label (bit T=l). Instruction codes 
are shown in table below: c 
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CODE CODE CODE CODE 

1 1 BSS 41 33 INQ 

2 2 ADC 42 34 LRS 

3 3 CON 43 35 LLS 

4 4 END 44 36 QRS 

5 5 PST 45 37 QLS 

6 6 STN 46 38 ARS 

7 7 47 39 ALS 

CJ 
~ 10 8 50 40 AJLGZ 

11 9 51 41 AJEZ 

12 10 JMP 52 42 AJLZ 

13 11 RT,J 53 43 AJGEZ 

14 12 LDA 54 44 AJLEZ 

15 13 AND 55 45 AJGZ 

16 14 STA 56 46 

17 15 STQ 57 47 QJEZ 

20 16 RAO 60 48 

21 17 AOD 61 49 QJGEZ 

22 18 SUB 62 50 

0 23 19 LDQ 63 51 
'- ':"'-" 

24 20 DVI 64 52 FCM 

25 21 ADQ 65 53 FSB 

26 22 MUI 66 54 FMU 
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CODE CODE CODE CODE 

27 23 [OR 67 55 FDV 

30 24 70 56 ° FLD 

31 25 71 57 

32 26 72 58 FST 

33 27 73 59 FAD 

34 28 KLDQ 74 60 CAQA 

35 29 KSTQ 75 61 TCQA 

36 30 ENA 76 62 TRAQ 

37 31 INA 77 63 TCAA 

30 32 ENQ 100 64 TCQQ 

-
110 72 DCM 

111 73 DSB r,,\ 
l,; 

112 74 DMN 

113 75 DDV 

114 76 DLD 

115 77 

116 78 DST 

117 79 DAD 

c 
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Each instruction corresponds uniquely to one actual 
1700 instruction with the noted exceptions: 

1. END~ PST, STN are discussed where appropriate in 
other sections. 

2. fCM~ FS8, FMU~ FDV~ FLD~ FST~ FAD and DCM~ DS8~ DMU~ 
DDV~DLD~ DST~ DAD are single precision and double 
precision floating point instuctions used only within 
Phase 8. Phase C doesn't encounter floating commands 
as such~ but rather the floating calling sequences: 

RTJ FLOT 
CON 
ADC 
ADC 

• • 
etc. 

or 

RTJ DFLOT 
CON 
ADC 
ADt · 
etc. 

3. "Place holding"--pseudo instructions 8SS~ ADC and 
CON. 

4. Conditional Jumps 
Phase 8 has occasion to generate code to test the 
accumulator or Q-register for 6 possible conditions: 

Acc or Q < 0 {less than zero} 
" = 0 {equal to zero} 
" > 0 {greater than zero} 
" <0 {less 'than or equal to zero} 
n > 0 {greater than or equal to zero} 
n ~ 0 {less than or greater than zero} 

The 1700 Instructions Test--The condition in such 
a manner that if the condition is true~ control is 
transferred to the operand address and if the con­
dition is false~the program continues in its normal 
sequence. 
The conditional jump instructions {for the A-register} 
in the 1700 operate in the following manner: 

A. SAZ~ condition is satisfied if all 16 bits of 
A are O. 

8. SAN~ condition is satisfied if any or all of 
the 16 bits of A are # O. 
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c. SAP, condition is satisfied if bit 15 
(sign bit) of A is 0 .. 

D. SAM, condition is satisfied if bit 15 
of A is I o. 

Problems in testing arise from the manner in which 
these instructions operate: 

1. -0, will not be detected by SAZ. 
2. -0, will falsely satisfy SAN. 
3. SAP, does not exactly,test'for greater than ° 

but for A = +0 or A) O. 
4. SAM, does not exactly test for less than 0 

but for A = -0 or A ~ O. 
(The same holds true for the analogous Q-register 
tests, SQZ, SQN, ••• etc.) 

To aid in effective code generatio~, eight special 
conditional jumps have been created. Each cor­
responds to a specif~c test needed by Phase B to 
test the accumulator. Each results in the genera­
tion of some group of real instructions. The 
resulting group of real instructions is left to 
Phase C due to information which is unavailable 
during Phase B operations. (Specifically, the 
distance of the operand address from the test 
instructions affects the type of code generation.) 

The table below cross-references the special codes 
with the code that will be generated by Phase C 
depending upon the noted conditions: 

.C 

o 

c 
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Phase C will generate 
the following code: --- _ .. - --- ... _.- _ .. _-_._...... . 

PAGE NO 

1700 

Meaning If operand address ADD 
is not more than 15 

If address Add is 
more than 15 cells 

~ -].7 

PfI.IIS£ B 
pseudo 
code I cells distant in a 

forward direction 
distant in a forward 
direction, or is in 

i from its references: a backward direction: 

AJD,LZ ADD A < :!:.O 
j 

I 
AJP,.EZ ADolA - +0 

AJP,GZ ~D-!A·;-~~ 
! 

AJP,LEZ 

I 

SAM ADD-*..:l 

I 

! SAZ ADD--:l--l 

. I. .... __ .~ __ .. _ , 
J SAZ 
I 

1 
I SAP ADO-*-l 

SAM ADD-*-l 
SAZ ADD-*-l 

SAP (1 or 2) 
JMP* ADD 

SAN (1 or 2) 
JMP* ADD 

.... - .. .. .. . . 

SAZ (2 or 3) 
SAM (1 or 2) 
JMP ADD 

SAZ 1 
SAP (lor 2) 

A.1P ,GEZ ADD iA > +0 

JMP* ADD 

SAM (1 or 2) SAP ADO-*-l 
I 

I JMP* ADD 
._- --··--~---I···-----· -". ---... ----------- _. ---.- -_.... . .. ~ 

A:JP ,LGZ ADD ~·A ;1 +0 SAN ADD-*-l SAZ (1 or 2) 
JMP* ADD 

(NOTE: Operands in parenthesis are two alternatives depending 
upon whether JMP* ADD is a one or two-word command, 
respectivelYe) 

CAl 138 I 

There is limited use of Q-register testing. Only 
the two instructions QJP,EZ and QJP,GEZ (analogous 
to AJP, EZ and AJP,GEZ) are needed, thus the 
total number of conditional jumps is eight. 

Word 3: 

1~ Whenever the instruction code is an instruction 
which has an operand, the operand is in word 3. 
The meaning of the operand, whether its a constant 
or n symbol table pointer is dependent upon field 
~ in the indicator wurd. 

.. --



· :..-.~ - ...... 

,'-----
I 
',,-, 
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2. Whenever the instruction code is an instruction 
which has no operand, word 3 will contain no sig-
nificant information. 

Word 4: 

Whenever field A in the indicator word is set 10 
word 4 will contain the additive value to the 
operand contained in Word 3. 

Word 5: 

Whenever field S in the indicator is set #0 word 5 
will contain the symtab pointer to the variable 
which subscripts the operand. 

4.2 OPERATION OF THE PHASE B DRIVER (PHASE B) 

4.2.1 

o 

CA I 38'1 

PHASE 8 is the driver which controls the'overall 
operation of Phase 8. Its functions are: 

1. Initialize all flags and switches necessary 
to begin the phase. 

2. Generate special program-wide labels. 
3. Generate all internal arrays, constants and 

variables by calling HELEN. 
<1. Where program is run-anywhel.-e, generate special 

instructions which compute relocation address 
ill obj('ct-time. 

s. (',"111 lU';l\DIH to read input records. Make dccis-
i_on on which processor to call based upon the 
statement type. Call that processor. Statement 
functions, arithmetic IF statements, and logical IF 
statements are processed in PHASEB as described 
in 4.2.2-4. 

6. In case of logical IF reset input buifer pointers 
and output special labels as is appropriate. 

7. Monitor the processing of statement functions and 
reinitialize flags and generate certain labels as 
.E~\ppropriate • 

Program Structure 

Program structure is a function of the program type 
c.'.nd the run-anywhere switch. The illustration below 
~ill clarify how these conditions interrelate to produce 
the program structureo The ordering of the various 
el.ements of the program is equivalent to the ordering 

in the table. 

------------------ .. _.----_._-
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on lABEL TOP , I 

code generated 

(label of top of 
program. Relo 
address 0000) 

---~~-- -----------------~---------------------------------~ 
x 

I ------ --~-------
x I x x 

I --.,-------
I 

f 
t 
I 
I 

\ i 
; j' I 

jx j .. x 

------------- --
x 

LABEL Q8QNAM (generated name of 
main program) 

JMP* MBEGIN (jump from first 
cell of program to 
first executable 
instruction) ~ 

-------------------~---------------------------( , 
generation of all programmer-
defined arrays, variables, 
and constants in this FORTRAN 
program. (structure of this 
code is elucidated in section 
on program HELEN) 

code generation for 1st 
statement function, 

code generation for 2nd 
statement function, 

• 
• · , 

code generation for n-th 
statement function 

(structure of this code is elucidated 
in section dealing with statement 
function processing, PH.4S~8 ) 

'---" 
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x x x 

code generated 

LABEL MBEGIN (label of first 
executable instruc­
tion in program) 

----- -------~--~-----------------------------------------------------
on 

CO; 
~. 

RTJ* BIAS 
ADC T¢p 

BIAS BSS 1 
LDA BIAS 
ADD BIAS -1 
STA BIAS 

(this code computes a value representing 
the value of the relocation address of 
the program and places that value in 
BIAS. Run-anywhere considerations require 
that the bias must be computed at run 
time.) 

_____ . _______ ~L-~------------------------------------------- _________ _ 
x x x main budy of proCJram includes code 

generation of all executable statments, 
and generation of jumps around format 
statements. 

----- -------~--~-----------------------------------------------------
x x LABEL RETIJRN (label referenced 

by jumps which 
are the result of 
RETURN statements) 

~----l-------~--~------------------------------------- ----------------I 

I x x code to restore indexes 

I 
I 

(structure of this code is elucidated 
in section on-program INXRST) 

-------------------------
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code generated 

x LDA or FLO of value of function into 
accumulator or floating point accumu­
lator respectively. 

-----~--.----~- ------------------------------------------------------
x x JMP* (KPRNAM) 

KABEL KPRNAM 

(indirect 
jump to 
entry point) 

-----.--~----~- ------------------------------------------------------
X x entry code. code which is responsible 

for picking up parameters and plugging 
them into the program with the proper ~ 
increments. The code also includes ~_' 

the entry point BSS 1 and the jump 
to the first executable statement 
(structure of this code is elucidated 
in section on program ENTCOO) 

-----.--~----~-~-----~------------------------------------------------
x x x x NEND (terminating 

pseudo instruction) 

c 

CA 138-1 
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PHAS [l) processes the statement function in the 
following steps: 

1. Generates and outputs a label to tag the first 
executable instruction of the statement function. 

2. Places the sYDltab pointer of the statement 
function name into holder. 

3 0 Initializes table KSFAT ~~th the statement function 
arguments. Upon completion o:f this operation 
the table appears in its initialized state as 
shown 

KSFAT (1,1) 
KSFAT (2,1) 

KSFAT (n,l) 

KSFAT (12,1) 

KSFAT (12,2) 

ptr 1 0 KSFAT (1,2) 
ptr 2 0 

0 

• 
0 

ptr n 0 
0 
0 

III» 

0 

• 
• 
• 
· 

I----

where ptr l-n are the symtab pointers of the 
statement function arguments. The 0 at 
KSFAT (M+l,l) signifies the logical end of the 
parameter list. The second word is, used later 
to contain pointers to assigned temporary storage 
(See KPCSTK) 

Update NDPRS (number of' argument-increment pairs) 
by the number ox arguments. 
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5. Determine' if th~ mode of the right side of the 
statement function expression is different from 

.the mode of the function and generate instructions 
to call the appropriate conversion routines 
{integer to real~ real to integer~ integer to 
double precision~ etc.} where necessary. 

6. Generate instructions to restore indexes~ the exit 
command {indirect jump through the entry point}~ 
the entry point~ and sets up and calls ENTCOD to 
generate instructions for parameter pickup. 

7. Decrement KSFCNT {# of statement functions} by 1. 
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Processes the Arithmetic IF statement. For purposes 
of discussion, the Arithmetic If can be described 
as follows: 

IF (E) Kl, K2, K3 
L (statement) 

where, E is the arithmetic expression 
Kl is the address for E 0 
K2 is the address [~! E = 0 
K3 is the address for E 0 

and L is the label of the next statement following 
the Arithmetic IF. 

Processing takes place in two basic steps: 

1. The expression (E) is given to subroutine 
ASUPER for processing. PHASEB does not 
directly call ASUPER ho'.vever, but goes 
through routine AFIDL which in turn calls 
ASUPER and is responsible for insuring that 
after the expression has been evaluated that 
-0 is eliminated thus simplifying the conditional 
testing. 

2. One or more conditional and/or unconditional 
jumps are generated sllch that testing is per­
formed in the most effi.cient manner. Two 
indexes are used IDTI and IDTJ whose values 
are dependent upon various considerations about 
the values of Kl, K2, etc. The values of these 
indexes then determine the most efficient code 
to be generated. The settings and their meanings 
Elre shown: 

IDTI = 1, KI=K2 
IDTI -- 2, Kl=K3 
IDTI - 3, K2=K3 
IDTI :... 4, Kl=iK2=.tK3iKl 

IDTJ - 1 Kl=L , 
IDTJ -_. ? K2=L (KlIL) -, 
IDTJ -- 3, K3=K (Kl=iL, K2/L) 
JDTJ -- L .. , KIlL, K2=1L, K3/L 

-------,-" 
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1 

2 

IDTJ= 

3 

4 

After values for IDTI and IDTJ have been computed, 
then instructions are generated according to the 
following table: 

IDTI= 

1 2 

AJP,GZ K3 AJP, EZ K2 

AJP,LGZ Kl 

AJP,LEZ Kl 

AJP,LEZ Kl AJP,LGZ Kl 
.IMP K3 JMP K2 

3 

AJP,GEZ K3 

AJP,LZ Kl 

AJP,LZ Kl 
JMP K2 

4 

AJP,LZ. Kl 
AJP,ZR K2 
JMP K3 

AJP,LZ Kl 
AJP,ZR K2 
JMP K3 

·AJP,LZ Kl 
AJP,ZR K2 

AJP,LZ Kl 
AJP,ZR K2 
JMP K3 

----'. 
( ..... j. 
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LOGICAL IF STATEMENT PROCESSOR 

PHASE8 is the processor of the Logical IF statement. 
For reference, the Logical IF is defined: 

where: 

IF (e) S 

e is a logical expression 
S is any executable statement except a D¢ 

statement or anoLher Logical If. 

The logical expression becomes a "tree structure" in 
Phase A and is processed as such in Phase B. "Level" 
tables are employed in the processing of the tree 
similar to those used in the processing of arithmetic 
expression~. For illustration the following 
logical expression will be used: 

( (I. LT • J . OR. K. LT • J) . AND. (L. N E • 5 ) • AND. (M. EQ. 6 ) ) 

The tree structure becomes: 

AND 

oIR . ~ 
L T L T ~-- ~~~. r~l~--l 

r-"] [ J L 5 

Relational expressions (.I.LT.J,. L.NE.5 ••• etc.) are 
treated simply as arithmetlc expressions where the' 
operator is + and one of the two variables is made 
an inverse. The table below indicates which variable 
is made the invel.-se: 

...... _-----_ ..•. _--
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relational expression is interpreted: 

I.LT.J I-J 

I.GT.J J-I 

I.LE.J J-I 

I.GE.J I-J 

I.EQ.J I-J 

I.NE.J I-J 

The order is immaterial in the EQ and NE cases. But 
in the other 4 cases the order of subtraction is 
determined such that the fewest number of test 
instructions are required to determine whether or 
not the condition has been satisfied. 

Every logical and relational operator is treated 
as a binary value; that is either true or false. 
According to the true or false condition of the 
operator there is a corresponding branch to either 
of two possible points. 

All logical and relational operations are assigned 
"truth" and "false" addresses which are based upon: 

1. The type of logical operator of which they are 
a branch. 

2. Whether or not the branch is the last branch 
of the logical operator. 

The following table shows how assignments are made: 

-----" .. "., ---'---.. _--
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The type of This ope~~~;;~-:--:~-th~~:;op~ra;o-r~s the 
logical oper- last branch last. branch 
ator of which --_.. 1.. 

this operator truth false truth false 
is a branch address address address address 

i 

AND 

0R 

the next 
ibranch of 
:the AND 

the same 
as the 
false 
address of 
the AND 

. operator 

the same 
as the 
truth 
address of 
the AND 
operator 

. I . 

the same as 
the false 
address of 
the AND 
operator 

.. ~ -- . _. ~ _. __ ......... -+- .. _----_ .. _----_ .... - .. ---

the same 
: as the 
! truth 

the next 
branch of 
the OR 

I the same 
as the 
truth 

address of address of 
I the OR the OR 

the same as 
the false 
address of 
the OR operator 

: operator I operator 
__ 1 ________ -1 __ . ________ ... _____ . ____ . __ ................ . 

Processing proceeds as follows. 

1. The 2nd statement of the Logical IF (S) is also 
read into the input buffer and it is determined 
whether or not that statement is an unconditional 
G¢ T0 or RETURN statement. 

2~ If the 2nd statement ~ a G(/J T0 or RETURN the 
truth address of the highest level operator is 
set to that address. (LOGIF is set to 2) 

3. If the 2nd statement ~ not a GO TO or RETURN, 
the truth address is a generated label. 
(LOGIF is set to 1) 

4. The fal.se address is a generated label. 

5. In th .. ~ actual level tables the highest (1st) 
level operator is actually an artificial one 
based upon the follo'toling cr~teri.on: 

B. If the 2nd statement was a GO TO or RETURN, 
the operator is set to ~R. 

b. If not, the operator is set to AND. 

c 
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L 

Th~ actual logical expression then becomes 
the first branch of an artifically ~reated 
AND or 0R operator: 

I 
AND 

I - --.------
I 

- - -- - - - - - -, 
r 
t 

N E 

L 

I J 

orR 
I _.-

I 

G0 T0 
or RETURN 

I 

I 

ANY OTHER 
STATEMENT 
IN 2nd 
PART OF 
LOGICAL 
IF. 

6. The processing then proceeds to cycle through 
all the branches of the logical operator 
(from left to right) when a branch is itself 
a logical operator, the level tables are updated 
to the next level down and the processing pro­
ceedsat that level with the first branch. 
When a branch is encountered which is a relational 
operator (and therefore an arithmetic expression) 
the code is generated via subroutine ASUPER to 
compute the value of the expression. 

Next, a conditional jump command is generated. 
Each relational expression has associated with 
it a "truth" condition and a "false" condition 
and likewise a corresponding conditional jump 
connnand: 

_ .. _. __ ... _--_ •. _------



CONTIOL DATA CORPORATION •. DEVELOPMENT DIV • SOFTWARE DOCUMENT 

DOCUMENTClAS5 ~~~~~T~M~S~~~~~~~~~~~~~~_~GENO 4-30 
PRODUCT NAME ---1,(00 Mass Storage FORTRAN 
PRODUCT NO. COOS Version. 2.0 MACHINE SERfES __ I_I_O_U ______ _ 

relational arithmetic conditional jump 

I true false 

I.LT.J I-J I AJP,LZ AJP,GEZ 
I.GT.J I 

J-I 
I 

AJP,LZ AJP,GEZ 
I.LE.J i J-I 

f 
AJP,GEZ AJP,LZ 

I.GE.J I-J AJP,GEZ 
, 

AJP,LZ I ! 
I.EQ.J I-J 

r 
AJP,EZ AJP,LGZ 

I.NE.J I-J i AJP,LGZ AJP,EZ 
J I 

Only ~ of the two condi.tional jumps is actually 
generated. It is always true that either the 
truth address or the false address is the next 
expression to be computed (graphically, left to 
right across the tree, the "next" expression is 
the one to the immediate right; henceforth called 
the "fall-through address. TT ) Therefore, if the 
truth case is actually the "fall-through," 
the conditional jump is the jump to the "false" 
address. If the false case is actually the T!fall­
through" the conditional jump is the jump to the 
"truth" address. 

Returning to the example code is generated in the follow­
ing order: 

1. 

2. 

3. 

4. 

5. 

6. 

Test if I is less than J. 
compute I-J 

If true, go to the next branch of the AND 
AJP,LZ LABEL 1 

If false, fall through. 
test if K is less than J 

compute K-J 
If false, go to the address of the statement 
after the Logical If. 

AJP,GEZ LABEL 2 
If true, fall through. Output label LABEL 1 
test if L is not equal to 5 

compute L-5 
If false, go to the address of the statement 
after the Logical IF 

AJP,EZ LABEL 2 
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7. If true, fall through. 
Test if M is equal to 6. 

compute M-6 _ 
8. (If 2nd .halfof Logical If is neither a G0 T0 

or RETURN) , 
If false, go to the address of the statement 
after the Logical IF. 

: AJP, EZ LABEL 2 
If true, fall through to the statement which 
is the 2nd half of the Logical IF 

9. (If 2nd half of Logical If is a G0 T0 or RETURN) 
If true, go to the address specified in the 
G0 T0 or implicit in the RETURN. 

AJP,NEZ X 
If false, fall through to.the statement after 
the Logical If. (The G0 T0 or RETURN is then 
ignored.) 

Level Tables 

Index NDTYP NBRNS ICBRN KOP KTRUT KFALS KFATH 
LIFTX--.. 

where: 
NDTYP --
NBRNS = 
ICBRN = 

~0P = 
KTRUT = 
KFALS = 

KFATH = 

type of operator (AND,0R) (node type). 
number of branches 
current branch 
(working pointer) 
holder of "truth" address symtab ptr. 
holder of "false" address symtab ptr. 
holder of "fall-through" address 
symtab ptr. 

.._---_._._------

level 1 

level 2 

level 3 

level n 
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CA 13'-1 

PHASES checks the LOGIF switch whose settings are: 

LOGIF = 0, no Logical IF statement 
has occurred 

= 1, 2nd statement of Logical IF 
was not· a G~ T0 or RETURN 

= 2, 2nd statement of Logical IF ~ 
a G0 T0 or RETURN 

IF 1.,0GIF = 1 PHASEB sets up its buffer and buffer 
index for processing of the 2nd half statement of 
the 

Logical IF and outputs the level I "fall-through" 
label If LOGIF = 2 PHASES ignores the 2nd half 
statement and outputs the lead 1 "false" label. 
It 'then returns to proceed with normal processing 
and read in the next statement. LOGIF is set to O. 

After the completion of any other statement processing, 
LOGIF is tested for =1. If so PHASE outputs the 
level 1 "false" label, then sets L0GIF = o. 

r"­
( 
\ 
~ ..... ~ .. " . 
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4.3.1 

CA 138-1 

PHASE 13 STATEMENT PROCESSORS 

SUBFUN 

This.routine processes both the SUBROUTINE and 
FUNCTION statements. Its primary task is to t~ansfer 
the arguments of the subroutine or function subprogram 
(in the :form of symbol table pointers) to KSUBAT, the 
Subroutine Argument Table. (A detailed outline of 
the statement formats will be found in 4.4.20) Completion 
of this process leaves KSUBAT in its initialized form 
as shown: 

KSUBAT (1) 

(2) 
(3) 

(4) 

(2n-l) 

(2n) 
(2n+l) 

ptr 

1 
ptr 

1 

• 
• 
• 
• 
• 

ptr 

1 
0 

• 
• 
• 
• · . 

1 

2 

n 

symtab pointer of 1st 
argument 
pointer tp next argument 
symtab pointer o:f 2nd 
argument 
pointer to next argument 

~ymtab pointer o:f nth 
argument 
pointer to next argument 
indicates no more arguments 

The generalized form of this table is found under 
the di'scussion of subroutine interface. 

In addition to transfer of a~guments SUBFUN also per­
forms the following additional operations: 

... _._-------" _._-----
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10 transfers the subroutine or function name 
into the standard holder KPRNAM. 

2. In the case of a function subprogram, creates 
a new holder to contain the results of the 
function" 

Flowcharts: 

I r----.-, 
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4.3.2 NOPROC 

NOPROC's basic function is to transfer from the input buffer to the 
output file of PHASE B records of those statements which require no 
direct processing. 

Operating is as follows: 

1. If statement is a format and if the last instruction generated 
by PHASE B was not an unconditional jump: generate a label 
and output a jump to that label. 

2. Output special flag record which indicates that the record 
following is a DATA or FORMAT (see output description) .. 

3. Output the DATA or FORMAT record exactly as it was input., 

4. If a jump around a FORMAT was generated, then output the label 
that was generated to jump to. 

Flowcharts: ( 
' ... ~, . 
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C A lSI- I. fltEV 10-87 

ARITHR 

ARITHR is the routine to process the arithmetic replace­
ment statement. It first checks for the special case 
I{J}=I{J}+l or 2, meaning that a non-partial variable 
is increased by eith~r one or two. This allows for the 
use of one or two RAO 'commands in place of the normal 
sequence of commands. Otherwise the processing proceeds 
as follows: The subscript of the variable on the left 
of the equal sign is processed through the subscript 
expression processor SUBPR1. The variable or expression 
on the right side of the equal sign {=} is processed 
through the arithmetic expression processor, ASUPER· 
Finally, the STA, FST, or DST is generated 'into the left 
side variable preceded, if necessary, by a necessary 
call to a conversion routine {real to integer, integer 
to real, integer to double precision, etc.} whenever 
there is a difference between the mode of the right 
side expression and the left side variable- When the 
left side variable is a partial, code is generated to 
store the value into that partial. 

Flowcharts: 
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4.3.5 

C~~ processes the computed GO:TO statement in the 
rollowing manner: 

1. Creates a label to label the table of addresses 
in the instruction generation. 

2. Tests if the GO TO expression is only a variable. 
If SOi a LDQ command is generated. If not, the 
instructions are generated to compute the value 
or the expression followed by a TRAQ command 
to place the value in Q. 

3. Instructions are generated to index into and 
jump through the proper table entry. 

4. The label for the address table is generated 
followed by the table of addresses corresponding 
to the label list in the computed GO TO. 
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4.3.6 END 

END processes the END statement in the following manner: 

1. For block data and main programs~ the "end n pseudo­
instruction is generated signifying the end of the 
Phase B output and Phase ( input. 

2. For subroutines and function subprograms~ the label 
of reference for all return statements is output 
followed by instruction generation of instructions 
t~ restore index register~~ 

3. For function subprograms~ another instruction is 
then generated to load the value of the function 
{either LDA~ FLD~ or DLD}. 

4. For subroutines and function~~bprograms~ then a 
jump command through the entry' point is generated 
follo~ed by output of the entry point label. Then 
the partamtethers are tset u~ kand ~NT(tOD ti: executed to '0, 
genera e e parameer P1C up lns ruc lon sequence. , 
Then the "end" is gene~ated as in step 1. 

c.to I 3'- I fit IE v I 0- e 7 

5. Finally the SYMTAB points to the program name is 
transferred to holder for use by Phase (. 

C) 
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4 0 3.7 BGIND¢ and BANANA 

D~ statements are reorganized by Phase 1 into two 
separate statements Begin Do and End Do processed 
in Phase 4 by BGINDO and BANANA respectively. 
Detailed descriptions of the philosophy and pro­
cessing of the DO statement can be found in Phase 1. 

The Begin Do occurs physically in the same position 
in the Phase' 4 input rile as the DO st~tement does 
in the FORTR~N source input. The END q¢ corres­
ponding to a BEGIN D¢ rollows the terminal statement 
or the associated D~ and precedes the next statement. 
When more than one DO statement has the same terminal 
statement the End Do's will occur consecutively in 
the output file, the first one corresponding to the 
innermost Begin Do, etc. 

Both BOINDO and BANANA generate executable instructions 
which work together to perform the loop. In generating 
executable instructions both core space and execution 
time was taken into consideration. Several factors 
enter into the analysis: 

1. Class of the initial parameter (i.e.'constant 
or variable). 

2. Class' of terminal parameter. 
3. Class of the incrementation parameter. 
4. Whether the loop is an incrementing or decre­

menting loop. 
S. In certain cases, whether or not the initial 

parameter is a constant or 1. 
6. In certain cases, whether or not the terminal 

parameter is a constant or 1. 
7. In certain cases, whether or not the incre­

mentation parameter is.a constant of 1. 

In the vast majority or cases the number of times 
a loop is executed is a function of the loop parameters 
(initial, terminal, and incrementation values). If 
n represents this number then the number of times the 
terminal value must be compared with the control 
variable is: 
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n, if the comparison takes place at the end 
of the range. 

n+l, if the comparison takes place at the 
beginning of the range. 

Thus, whenever it is possible, the instructions 
which perform this comparison are placed at the end 
of the loop. The following cases are t~ose where the 
comparison is made after the first exec'titian of the 
DO range: 

\ 

1. The beginning and terminal values of the loop 
are constants. 

2. Decrementing loops where the terminal value 
is the constant 1. 

3. Incrementing loops where the initial value is 
the constant 1. 

Clearly, these are cases which, by their nature, 
require that the loop be executed at least once and 
it is th(~refore not necessary to make a ~ check before 
beginning the loop. 

BGINDO communicates with BANANA through two tables 
KLLTB and LPTYP. KLLTB is a ten entry table with 
two words per entry and LPTYP is a ten entry table 
with one word per entry as shown: 

KLLTB 10,2) LDTYP (10) 

t 
KLLTBX 

1 

,,----... 

' ......... 

r-' 
\, 
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Both tables are indexed by KLLTBX. BG1NDO adds an 
entry and updates index KLLTBX for each Begin Do ' 
encountered. BANANA uses the information in an 
entry and decrements KLLTBX for each End Do encountered. 
The first word of the KLLTB entry is used to contain 
the symtab pointer to a generated label. This label 
is created by BGINDO to reference the end of a loop 
(i.e. the instruction to be executed when the loop 
has been satisfied). This label is only needed (and 
thus only created) when testing is done at. the 
beginning of 'the loop. The second word of the KLLTB 
entry is used to contain the symtab pointed to the 
top-oi-loop label, i.e. the label of the first 
instruction to be operated whenever the loop range 
is executed again. LPTYP contains a code that 
BG1NDO uses to communicate with BANANA and designate 
what instructions ~hQuld be generated at ~he end of the 
loop. 

Flowcharts: 
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4.3. 10 ASSEM 

ASSEM is the processor of the ASSEM statement. The ASSEM statement 
provides the facility for the FORTRAN programmer to generate hexa­
decimal constants, address constants, and statement labels. These 
are received by Phase B as a consecutive list and processing is 
simply a matter of generating CON and ADC commands as appropriate. 

(---
........... ' 
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PHASEB Subroutines 

AFIDL 

Subroutine AFIDL is an intermediate link between the 
PHASEB in-line processor of arithmetic IF statements 
and logical IF state~ents. 

AFIDL calls ASUPER and in addition performs certain 
checking and code generation. {ASUPER is responsible 
for generating code to evaluate arithmetic expressions.} 

1. AFIDL looks at the mode of the expression 
which was processed by ASUPER. If it is either 
a single precision or double pracision floating 
point expression AFIDL generates an instruction 
to load the upper portion of the pseudo-accumu­
lator {address C5} into the hardware accumulator 
so that test instructions may operate upon that 
value. 

2. If the expression type was integer~ AFIDL 
determines whether or not it is necessary to 
generate an 

INA 0 

command to insure that the value -,0 {FFFF 16} 

is not left in the accumulator. {Test instruc­
tions do not allow for -O~} If necessary~ 
AFIDL generates such an instruction. 
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4.4.2 

, .. ~._, 

ASUPER 
I , 

ASUPER is the arithmetic "tree" processor. It is called once by 
each statement processor where the statement being processed contains 
an arithmetic expression. The following statements contain arith­
metic expressions. 

1. Arithmetic Replacement Statement 

Processed by ARITHR which calls ASUPER for the expression 
on the right of the eqUal (=) sign. 

2. Statement Function 

Processed by P/J/)$EB which calls ASUPER for the expression 
on the right of the equal (=) sign. 

3. CALL Statement 

Processed in-line by Phase B which calls ASUPER for the 
CALL expression. (A CALL statement is put into the "tree" 
format where the,CALL is the highest level operator and its 
parameters are the operands. 

4. GO TO (Computed) 

Processed by CGOTO which calls ASUPER for the expression 
which follows the GO TO parenthesized label list. 

5. Arithmetic IF 

Processed by I'IIMED which ca lIs AFIDL and AFIDL ca lIs 
ASUPER in turn for the expression within the parenthesis 
of the IF. 

6. Logical IF 

Processed by PH~E8which calls AFIDL and AFIDL in turn 
calls ASUPER for each arithmetic expression within the 
parenthesized logical expression. 

The job of ASUPER is to generate executable instructions which 
perform the evaluation of an expression. This is performed in two 
steps. 

I. The arithmetic tree is stepped through, operand by operand, in 
a search for subscripts. The disposition of them is based upon 
their type and whether or not their operator is a CALL, non-inlin:: 
function call, or exponentiation (**). If the ope~ is a non 
subscripted variable or non-subscripted partial variable, it is 
passed over. 

A. Variable only subscr~pted variable (partial or non-partial). 

---------_."._._,. __ . ---------------------
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B. Increment only subscripted variable (partial or non-partial). 
C. Variable and increment only subscripted variable (partial 

or non-partia 1), 
D. Complex subscripted variable (partial or non-partial). 

Then one of two subscript processors (SUBPRl or SUBPR2) is 
called upon to further process the subscripted variable. 

A. If the variable is an operand of an operator which is: 

1. a CALL 
2. a non-inline function, or 
3. an exponentiation (**) 

then SUBPR2 is called. 

B. If the variable is an operand of any other operator then 
SUBPRI is called. 

II. Having completed the processing of all subscripts then ASUPER 
calls ACP which generates the instructions which evaluate the 
expression, 
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4.4.4 ENTCOD 

Refer to section 4.2.1 (Program Structure) 

ENTCOD is responsible: 

1. For Subroutines and Function Subprograms, generation of all 
instructions from the entry point to the transfer to the 
start of the routine (label MBEGIN). 

2. For Statement Functions (with Main Subroutine, or Function 
Sub~rograms) generation of all instructions from the state­
ment function entry point to the transfer to the start of 
the Statement Function. 

The Structure of the entry code (thus the instruction generated 
by ENTCOD) is as shown: 

CON 

STQ 
LDQ 
srQ 
RTJ 
ADC 

RTJ 

0 

QSAV 
FF 
FFSAV 

Q8PREP 
name 

Q8PKUP 

constant of 0 marks the entry point to the subrou­
tine or function subprogram or statement function'. 

instructions which save the value of Q and I 
indexes by storing in created storage locations 
QSAV and FFSAV. 

return jump to the parameter pickup routine (PARAMS) 
at the initialization entry Q8PREP with an address 
constant'of the entry point as a parameter. This 
code is generated only if there is at least one 
parameter to the subroutine or function that the 
entry code is bein~ generated for. 

return jump to the parameter pickup routine 
(PARAMS) at the pickup entry Q8PKUP which returns 
the address of the first parameter in the A regis­

(series of INA ter. 
and PST commands 
to plug this 
j!arameter) 

RTJ Q8PKUP 

(s'eries of INA 
and PST commands 
to plug this 
parameter) 

RTJ Q8PKUP 

(ser ies of INA 
dn9 PST co~nds 
to plug this 
parameter) 

pickup of address of second parameter. 

pickup of address of nth parameter. 

I 
\ 
\ 

".--, 

~--~ 
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JMP 

FFSAV 
SAV 

KEXEC 

BSS 1 
BSS 1 

jump to beginning of program. This jump actually 
initiates the execution of the subroutine or function, 
having completed the necessary index saving and 
arameter icku and lu 

storage cells to save Q and I index registers 

The INA and PST commands which follow each RTJ Q8PKUP are based upon 
the final se~tings of KSUBAT, the subroutine argument table (for 
subroutines ~nd function subprograms) or the settings of KSFAT, the 
statement function argument table (for entry code of st'atement 
func t ions) • 

1. Subroutines and Function Subprograms. At the point of 
operation of program ENCODE, KSUBAT has been completely 
built and it reflects each argument and each increment that 
has occurred with that argument throughout the compilation. 
The increments are sorted from lowest to highest and to 
each argument/increment pair is assigned a unique temporary 
storage cell. 

Having called Q8PKUP which returns with the addr~s of the 
argument in the accumulator ENTCOD then generates instruc­
tions which compute each resulting address (address of 
argument and increment) and a PST (Parameter store) where 
the operand of the PST is the temporary storage assignment. 

2. Statement Functions. At the point of operation of program 
ENTCOD, KSFAT has been completely built and it reflects 
each argument and a .unique temporary storage cell assigned 
to that argument. (Statement function argument can occur 
with only the nominal increment of ° since they may never 
be subscripted). 

Having called Q8PKUP which returns with the address of the 
argument in the accumulator ENTCOD then generates a PST 
where the operand of the PST is the temporary storage 
assignment. 

Section 4.4.20 on DUMMY contains a more detailed description of the 
structure and dynamics of KSUBAT and KSFAT and a more detailed 
description of' subprogram interface design. 
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FCMSTK 

FCMSTK is a subroutine used exclusively by KPCSTK for 
building floating-point call:ng sequences. The type of 
the floating-point calling sequence {single precision 
or doubl~ precisionY is transparent to FCMSTK. If the 
symbol table pointer is minus one, it indicates the 
special case of a double precision load from C5. FCMSTK 
specifically is responsible for monitoring the KFCET 
table. The structure of KFCET is shown: 

KFCET 

1,m BYTE WORD 

2,m INDICATOR WORD OPERAND 
3,m 

ADDITIVE 

r----~---r_----~--+---~---~ 
4,m 

r-----~------+_----~--~--~~--~ 
5,m 

The byte word {KFCET{l,l}} -is d"ivided into four 4-bit 
bytes in accordance with the floating point calling 
sequence format. KBYTX indexes the byte position as 
shown: 

byte word 

15 12 11 8 7 4 3 0 

and: 

KBYTX = 1, bits 15-12 
= 2'1 bits 11-8 
= 3'1 bits 7-4 
= 4'1 bits 3-0 

KFCETX indexes the rows of KFCET. There is space for 
from 0 to,4 entries in KFCET where each entry is 3 
words and comprises a row of KFCET {Rows 2 through 5}. 
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Parameters: There are two parameters to FCMSTK: 

KFl - floating instruction {see floating point 
package for a detailed list of floating 
commands}. The floating instruction is a 
4 - bit value. 

KF2 - operand for those floating commands such ~s 
FLD, DLD, FST, and DST where there is an 
operand; KF2 = ° for those commands which 
have no operands {FCOM, etc.}. 
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FCMSTK receives a call from KFCSTK with the parameter set for a 
floating command.(Hence, a request to add an entry to KFCET). 
FCMSTK adds the instruction byte to the byte word and updates index 
KBYTX. If there is an operand, FCMSTK updates KFCETX to the next 
entry and adds the operand to the table. (The indicator word and 
the additive are picked up from the original calling sequence to 
KPCSTK, KQ(l) and KQ(4) respectively. The exception is an indexing 
command, KFI = F 16 , -where the indicator word is created as a function 
of'the current addressing mode and there is not an additive.) 

If: 

1. All four bytes of the byte word have been filled with float­
ing commands, or, 

2. The last floating command entered was a stop (4) 

then FCMSTK "dumps" the KFCET table in the following manner: 

1. Generates the byte word as an integer constant. 
2. Generates each entry in the table as an address constant. 
3. Reinitializes all indexes to the table. 
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4.4.6 FINK 

FINK is a subroutine responsible for generating instructions of in­
line functions. The choice to make a function in lin~ or not in- . 
line was made on an individual basis for each function based upon: 

1. The number of locations which would be required to perform 
the function in line. And in contrast, 

2. The number of locations which would be required to execute 
a calling sequence. 

3. The overhead that must be paid to make a function a separate 
subroutine. 

The following functions were made in-line functions. They are listed 
with the instructions which are generated by FINK to execute them. 

1. IABS(I) 
LOA I 
AJP,GEZ SKIP 
TCA A 

SKIP 

2. AND (I,J) 
LOA I 
ANO J 

3. OR (I,J) 
LOA 1 
LOQ J 
TCA A 
TCQ Q 
CAQ A 

4. [OR (l,J) 
-LOA I 
EOR J 

5. NOT (1) 
LOA I 
TCA A 

6. ISIGN (I,J) 
LOA I 
MUI J 
LRS 31 
EOR 1 

All other functions are library subroutines. 
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4.4.7 INTRAM 

INTRAM is a routine used in conjunction with ACP to generate instruc­
tions •. 

IN TRAM , basically, updates the one-dimensional table INTRAX. The 
major index to the table, INTRAX, is .initialized to 0 by PHASE4 
prior to entry of each statement processor. 

Format of the table is shown: 

INTRA-STATEMENT TEMPORARY STORAGE TABLE 

Word 1 

2 

3 

INTRAS 

o 

o 

. . 

o 

"level" 0 

zero, "level" separator 

"t'eve 1" 1 

zero, "level" separator 

zero, "level ll separator 

"leve 1" N· 

(Where L is 
table length) L 

---_ .. __ ._-_ .... ------_._---- . _. _._._._._----_._----_._-=----------_._------_._---
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Elements are of three types depending upon the type of storage they 
identify. Information within the elements is generally organized 
from bottom to top since updating of the table proceeds downward but 
information is scanned and introduced in a backward direction. 

A. Temporary Storage Element 

Word 1 

Word 2 

where: 

If 

P is the symbol table pointer of the assigned temporary 
storage. 
N is the element designator. 

N = 3 the temporary storage was assigned to contain 
the results of a computation whose operator was not 
inverse. 
N = 4 the temporary storage was assigned to contain 
the results of a computation whose operator ~ 
inverse. 

B. Operand Element 

Word 1 

Word 2 

Word 3 

Word 4 

where: 

If 

C. Ca lling 

Word 1 

Word 2 

Ps 

A 

P 

N 

P is the symbol table pointer of the variable. 
A is the additive of the base address where the operand 
is an array element. A = 0 if additive is 0 £E. if 
there is no additive. 
Ps is the symbol table pointer of the operand sub­
script where the operand is an array element. Ps = 0 
if there is no subscript. 
N is the element designator. 

N = 5 the operand was not an inverse. 
N = 6 the operand ~ an inverse. 

Sequence Labe 1 Element 

E8 

....... 
.......... 

c' 

(~'," 
'--" 
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where: 

D. Constant 

Word 1 

Word 2 

P is a symbol table pointer assigned previously by 
the subscript processor to label the ce.11 containing 
the results of an address computatio~ whish must be 
stuffed into a calling sequence. 
N = 7 or 8. 

(non-symbol table pointer) Calling Sequence Element 

~ where C is a constant 

~N=-7 

Parameters 

Parameters are common locations KNTROL, IPTR, IADDlT, ISBSCP, and 
KINTYP. 

INTRAM performs 10 different functions depending upon the value of 
the controlling parameter KNTROL which can assume values -7 and 
+1 through +11. If KNTROL = ... 

1. INTRAS table is updated to next level: 

a. INTRAX is incremented by 1 
b. INTRAS (INTRAX) set to 0 

2.. INTRAS table is updated back to next lower level. 

a. INTRAX is decremented by 1 

3. Temporary storage element of type N = -+ 3 is added to current 
1 eve 1 0 f tab 1 e • 

a. INTRAX is incremented by 1 and INTRAS (INTRAX) set to 
IPTR. 

b. INTRAX is incremented by 1 and INTRAS (INTRAX) set to 
KNTROL. 

4. Temporary storage element of type N =+ 4 is added to current 
. level of table (as per N = 3). 

5. Operand element of type N = 5 is added to current level of 
tab Ie. 
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a. INTRAX is incremented by 1 and INTRAS {INTRAX} 
set to ISBSCP. 

b. INTRAX is incremented by 1 and INTRAS {INTRA X} 
set to IADDIT. 

c. INTRAX is incremented by 1 and INTRAS {INTRAX} 
set to IPTR. 

d. INTRA X is incremented by 1 and INTRAS {INTRAX} 
set to KNTROL. 

6. Operand element of type N = 6 is added to curr~nt 
level of table {as per N = 5}. 

7,8. Calling sequence label element is added to current 
level of table {as per .N = 3}. 

-7. Calling Sequence constant is added to current level 
of table {as per N = 3}. 

9. Dump instruction string~ add/SUbtract mode. The 
INTRAS table is scanned in a backward direction 
beginning at the current position of the index 
INTRAX at the last word of the latest entry added 
to the current-r2Vel. 
a. As each element is encountered~ an add or sub­

tract instructidn is generated which references 
the operand designated in that element as per 
the element designator specification of non­
inverse respectively. ADD~ FAD~ or DAD; SUB~ 
FSB, or DSB is decided upon by interrogation 
of parameter KINTYP. KINTYP is set to 1~ 2 or 
3 as computation is integer~ real or double 
precision respectively. 

b. If the element was temporary storage~ and ele­
ment designator was positive valued~ that 
temporary storage is released by call to the 
temporary storage allocation routine~ TSALOC. 
{NegatiVe valued element designator indicates 
that the temporary storage was assigned for a 
subexpression and therefore should not be 
released until the use count has been decremented 
to D.} 

c. If the element was an operand element containing 
a non-zero subscript pointer~ level 0 is searched 
for a temporary storage element containing that 
pointer. If found, that temporary storage is 
also released through TSALOC. {A subscript 
pointer may be a temporary storage yet not in 
level 0 because it contains a subexpression 
res u 1 tan d m us t not be reI e as e d.}· Up 0 nco m pIe -
tion of control function 8~INTRAXpoints to 
the 0 level break between the leve just processed 
and the preceding level of INTRAS. 

c 
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10. Dump instruction string~ multiply/divide mode. 
Exactly the same procedure as 8 with MUI/FMU/DMU~ 
DVI/FDV/DDV~ with following ~xceptions: 

a. Constant~ integer operands are checked to 
determine whether they should be replaced by 
shifts~ and shifts substituted where appropriate. 

b. Instructions for A-Q sign extension are appended 
preceding integer divides. 

c. Check is made to see if code is being generated 
for pass 1 of a floating multiply. If so~ 
inverses are, ignored and all FDV {or DDV} 
instructions become FMU's {or DMU's}~ 

11.' Dump parameter string. The INTRAS table is scanned 
in a backward direction beginning at the current 
position of the index INTRAX at the last word of 
latest entry added to the' current le'Ve'I'7 As each 
element is encountered a calling sequence entry is 
created. 

a. Temporary Storage Elements. An address constant 
is generated for the temporary storage as 
appropriate to run-anywhere switch. The tem­
porary storage is then released by call to 
TSALOC. 

b. Operand Elements. An a~dre~s constant is 
generated for the temporary storage as appro­
priate to run-anywhere switch. 

c. Calling Sequence Label Element., A label is 
generated as per the pointer in the element. 
This is followed by a. generated BSS 1. 

d. Calling Sequence Constant. A constant is 
generated. 

e. IREF bit is set in symbol table to show that 
operands have been referenced in a calling 
sequence. 

12. Backup over Parameter String. Function is exactly 
as in 11 except no actual code is output. This is 
performed whenever a function is done in-line and 
therefor'e~ there is no need to generate address 
constants for the parameter list. 
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KCPART 

KCPART is used in conjunction with KPCSTK in keeping a 
memory of the 'current' contents of the accumulator~ 
single precision floating point pseudo accumulator~ and 
double precision floating point pseudo accumulator. 
KCPART is called to clear either the accumulator portion~ 
sp pseudo accumulator portion~ or dp pseudo accumulator 
portion of the accumulator record table KART. 

PARAMETERS: 

IAR address of table KART 
K =1 clear accumulator record 

=2 clear sp pseudo accumulator record 
=3 clear dp pseudo accumulator record 
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4.4.10 KOUTPT 

KOUTPT is the routine called to write a PHASE4 pseudo instruction output 
record. It is called upon for all pseudo instructions but not for 
the special records such. as DATA and FORMAT. 

Steps: . 

1. Transfer the number of words in this record to OUTBUF(I) (the 
word in any output record which norma,11y designates the number 
of words in the record). This value is obtained by subtracting 
1 from KOBX the output buffer index. 

2. Call WRITE. 
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4.4.11 KPC3PR and LABKPC 

Both of these routines are simply a single call to KPCSTK. Most calls 
to KPCSTK are made through KPC3PR or LABKPC to reduce the number of 
parameters, hence the number of words in the call. 

KPC3PR handles all calls where the last two of the five KPCSTK pata­
meters are always O. LABKPC handles all calls to KPCSTK which are 
requests to output a label. (Only the second parameter varies from on~ 
call to the next). 
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4.4.12 LABLER 

LABLER is called by various PHASEB subroutines to create a symbol table 
entry which represents a label, i.e., a FORTRAN generated label. 

Parameters: 

I - returns the symbol table pointer of the entry created 
by LABLER. 

Flowchart: 
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4.4.13 ACP 

ACP is the rqutine which actually processes 
arithmetic trees. ACP scans each tree and 
generates commands. ACP is called by 
ASUPER and SUBPR3. ASUPER and SUBPR3 
are in turn called by individual statement 
processes. ACP calls INTRAN or KPCSTK 
di~ectly to output commands. 
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4.4 ... 4 PARTSB 

PARTSB is called upon to generate instructions which load a byte or 
signed byte into the accumulator. Recalling the bit designations of 
the 1700 l6-bit word: 

Bit II: 15 14 13 12 11 10 9 8 7 4 3 2 1 o 
I I I I I I I I 

Bytes are delineated in the symbol table by 

IPART(ISYMX) = 1, byte 
2, signed byte 

IPARTR(ISYMX)= the bit number of the right-most (least significant 
bit of the byte) 

IPARTL(ISYMX)= the bit number of the leftmost (most significant 
bit of the byte) 

In a given byte: 

15 L R o 

byte 

two basic instruction sequences are used: 

1. Byte (unsigned - except for the nominal case, L = 15, R = 0) 

2. Signed Byte 

Flowcharts: 

LOA X where X is the word containing the 
byte 

ARS m where m = IPARTR(ISYMX) (omitted 
when m = 0) 

AND MASK where the mask is a generated constant 

LOA X 

ALS m 

ARS n 

such that bits 15 through bit 
(L-R+1) are 0 and bits (L-R) through 
o are 1. The generated constants for 
the masks are entered in the symbol 
as they are required. 

where X is the word containing the 
byte 

where m = l5-IPARTL(ISYMX) (omitted 
when m = 0) 

where n =- 15-IPARTL( ISYMX)~ IPARTR( ISYMX) 
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4.4.15 

CA 138-1 

READIR 

READIR 1s the PHASE B subroutine fo1." reading an input record. It is 
called by PHAS~B. 

Parameters: 

Operation: 

I = the index to the input buffer (INBUFF(l)) designating the 
starting location to begin input. 

J = output parameter contains index to the input buffer 
(INBUFF(J» designating the' beginning of non-header infor­
mation.' of the record 1ust read in. 

1. Call READ and input a record beginning at INBUFF(I) specifying 
203-1 words. Since the buffer is 202 words long all inputs are 
through the last word of the inpu~ buffer even though most 
records do not require that much space. 

2. Compute J 

1. If· there is notstatement label, J = 1+5. 

2 •. If there is a statement label 

a. J = 1+6 
b. butput the label. 

3. Update ISTNO to new statement number. 

4. Output STN pseudo instruction (gives PHASE C indication that 
a new statement 1s beginning and what the statement number 
is. 

5. Check to insure that the statement just read was not too 
large,for the available input buffer. If so call PUNT. 

Jo·lowcharts: 
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4.4.16 

4.4.16.1 

SUBPR1 andSUBPR2 subscript processors. 

SUBPRI and SUBPR2 are called upon by ASUPER to process subscripts. (See 
discussion of subscript processing in 4.4.2, ASUPER). 

Both programs check for operand types 26 ("increment only subscripted 
variable) and 31 (increment only subscripted partial variable). No 
processing is performed on these two types. What then remains are types 
25, 27, 28, 30, 32, and 33, variable only, variable and increment, and 
complex subscripted partial/non partial variables. 

I 

Parameters: 

I - input parameter to both SUBPRI and SUBPR2 represent~ address of 
array which begins at the operand "type'! code 'of a "tree" 
operand. 1(1) = type code. 

SUBPRI 

SUBPRl processes subscripts which subscript variables that are not part 
of calling sequences. 

The subscript expression is then passed on to SUBPR3 which generates th~ 
instruction, which evaluate the subscript and leave the result in the 
accumulator. 

SUBPR3 sets its parameter 

11 = ° if no ac~ual evaluation was re~uired. (i.e. operand was type 
25, 27, 30 r or 32 and the variable in the subscript expression 
was not a partial. 

II = 1, or 2 if instructions for evaluation were actually required. 
(i.e., operand type was 28 or 33 (complex) or the variable 
in the subscript expression ~ a partial).--

SUBPRI then references the returned parameter II. If II - 0, processing 
is complete. If II ~ 0, then: 

1. A temporary storage location is allocated. 
2. A store instruction is generated to store the result of the 

subscript evaluation. . 
3. The variab Ie type in the subscr ipt express ion is 'set to 24 (non­

subscripted, non-partial variable). 
4. The temporary storage cell is added to INTRAS ··l,;ough a call to 

INTRAM (at this point INTRAS is at level 0, the level which 
contains subscript assignments. See discussion in 4.4.7, INTkAM). 
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:'.4.16.2 SUBPR2 

SUBPR2 is the onalogous processor to SUBPRl but processes subscripts 
which subscript variables that are part of calling sequences. 

As in SUBPRl, the subscript expression is passed on to SUBPR3 which 
generates the instruction which evaluates the subscript and leaves 
the' resu It in the accumu la tor. 

Then II is tested as in SUBPR2. 

If II = 0 no actual evaluation was required but the value of the sub­
script must still be in the A register so an LOA command is 
generated to load the subscript variable. 

Then an ADD instruction is generated to add the address of the sub­
scripted variable to the value of the subscript. (In the run-anywhere 
case the relocation constant is also added). . 

Finally, a label is created and a store instruction referencing that 
label is generated. The subscripted variable operand is then modified 
to become a "calling sequence label element" (type 36). 
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4.4.17 SUBPR3 

SUBPR3 is called by SUBPRI and SUBPR2 to generate the instructions for 
evaluating a subscript. Code generation is performed in three cases and 
the output parameter 11 is set accordingly: 

1. Partial variable only subscript, 11 = 1. 
2. Partial variable with increment subscript, 11 = 2. 
3. Comp Ie x subscript 11 = 2. 

When no instructions are generated, II =·0. 

\ 
.......... _ ... ' 
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4.4.18 TSALOC 

TSALOC controls temporary storage allocation'by updating 
and monitoring KTCAT"I !emporary .sell 1!,llocation table. 

Table structure is shown: 

KTCAT {20"l 2} 

PTR A 

where 'each row is a two word entry and: 

PTR = the symbol table entry 

A = available indicator: 

Parameters 

° = integer temporary storage 
1 - real temporary storage 
2 = double precision temporary 

storage 
3 = integer temporary storage 
4 = real temporary storage 
5 = do~ble precision temporary 

storage 

{unavailable} 
{unavailable} 

{unavailable} 
{available} 
{available} 

{available} 

KCELL input or output parameter containing symbol 
table pointer to temporary storage cell. 

------ ----_._,._------------

o 

c 



o 

o 

CONTROL DATA CORPORATION 
_-.IIL..:;A;J.......lIJc...:::O:.lllLIoot:ILr.J,;;lA~R-=E..:::.S~O.=.U .Ll.R.:,:C E=--C:::.:E=-=N~Tw:E:.!.R.l.-______ 01 VI SION 

, DOCUMENT CLASS IMS I PAGE NO. __ 4_-_1_6_1 __ _ 
PRODUCT NAME,,700 MAS~ STORAGE F<YRTRAN 
PRODUCT MODEL NO. (005*3.]J AlB MACHINE SERIES ___ ---..;;1~7.;;...;, O;;;...;O~ __ _ 

CA 13'-1 flltEV 10-e7 

N request parameter = 

1 integer temporary storage requested. 
TSALOC searches KTCAT for an available 
integer temporary storage {A=3}. If 
6ne is found, the'pointer is passed 
back in KCELL and availability indicator 
is set to O. If none is found a new 
one is created and KTCAT is updated. 

2 real temporary storage requested. 
TSALOCsearches KTCAT for' an available 
real temporary storage {A=4}. If one 
is found, the pointer is passed back 
in KCELL, and availability indicator is 
set to 1. If none is found, a new one 
is created and KTCAT is updated. 

3 double precision temporary storage 
requested. TSALOC searches KTCAT for 
an available double precision temporary 
storage {A=5}. If one is found, the 
pointer is passed back in KCELL and 
availability indicator is set to 2. 
If none is found, a new one is created 
and KTCAT is updated. 

4 release request. KCELL contains pointer 
of temporary storage cell to be released. 
It is looked up in KTCAT and availability 
indicator is set to available: 

o ~ 3 
1 ~ 4 
2 -. 5 
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4.4.19 HELEN 

I. Genernl 

Locations of several types of data and storage cells are not 
established implicitly in the source program. They include 
locations of: 

1. Variclble Arrays 
2. Variables 
3. Constants 
4. Format information 
5. Temporary cells assigned by Phase B to contain intermediate 

compu ta t ions. 

The emphasis of 1700 FORTRAN on conserving core sp2.ce and 
optimizing relative addressing, necessitates locati.on of this 
data in relation to the rest of the program such that space 
and speed are minimized. 

II. Implementation 

All programmer defined array~, variables, constants, etc., 
except format specifications will be output at the top of 
each program by Phase B Under certain conditions Phase C will 
take them from their place at the top of the program and relo­
cate them within the program body. 

A. Format Information 

See NOPROC 

B. Arrays 

1. Though placement of an array within the program body may 
shorten references to it, fac more references may be 
destroyed by so doing. 

2. Arrays are most often referred to in loops. Though there 
may be a great deal more references made to array elements 
during the logica I sequence of a program's operation 
there will be far fewer physical references; that is, 
less space will be devoted to array references :han to 
single va~iable refere~ces. 

3. Considering the non-subscripted references to arrays, it 
is likely t~at because of their size at least some of 
the elements would not be accessable through I-word 
commands regardless o~ the placement of the array. 

.-' 

---__ ~ ... _'_"a_' ___________________________________________ _ 
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4. Equivalence considerations may make optimum 
assignment of array positions a highly difficult 
analysis. Therefore, arrays will be located 
at the beginning of the program. 

C. Constants~ Variables~ Temporary Cells 

1. Phase 8 
Phase 8 will set a flag for a reference to any 
location which is a candidate for becoming a 
1-word command. The flag KRFCNT, will be kept 
in a portion of each symbol table entry. 8efore 
execution of Phase C, those counts ·will be set 
to 0 which refer .to any types of data which have 
already been located by Phase 8 {only special 
cases are located by Phase 8}. 

2. Phase C 
Phase C will take all those with the flag set 
and relocate them in the body of the program 
such that they immediately follow the first 
unconditional jump after the first reference 
which defines the lo~ation {i.e.~ STA~ etc.}. 
Phase C will also revise refer~nces in the 
foll~wing manner: 
a. The first reference to a cell which falls 

outside of a 127 cell distance between the 
cell and its reference is made a two-word 
command with a relocatable address operand. 

b. Every subsequent reference which falls out~ 
side of the mentioned range but within range 
of the relocatable address operand will be 
made a relative-indirect reference to that 
operand. . 

c. When a subsequent reference is found which 
is outside of both ranges, the process begins 
over again as in 1. 

d. Variables and constants used only in Calling 
Sequences or others whose references are 
never candidates .for l-word commands end up 
with KRFCNT = o. 

D. Temporary Cells 
1. 80th one-word~ two-word and three-word temporary 

cells will be generated by Phase 8 to contain 
integer~ real and double precision intermediate 
results respectively. Temporary storages are 
the result of three major functions of Phase 8. 
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a. Storage of intermediate computations in 
arithmetic expresslons. Such storage is 
reusable from one expression to the next 
and is never needed between expressions. 

b. Special temporary storages for such things 
as saving indexes, is in use from beginning 
to end and never usable for anything else. 
At any. rate~ the locations for these types 
of storage are decided upon by Phase B. 

2. Reuse 

Most temporary cells will be used for a brief 
time during computations and the~ become unused. 
It is therefore advantageous to reuse tempor~.ry 
cells as much as possible rather than create 
new ones. 

1 
Temporary storage which is in use or available 
for use will be kept in a table KTCAT, which 
will cross-reference their names {symbol table 
pointers} with information about their type and' 
use. The table will be regularly updated in 
the following manner: 

a. As temporary cells are needed, the table 
will be searched for an unused temporary cell 
of the same type {i.e., integer, real or 
double precision}. If one is found, it will 
be noted in use. If one is not found, a new 
one will be generated and noted in :use. 

b. As temporary cells terminate use, the table 
will be updated to show that that cell is 
no lohger in use. {See TSALOC 4.4.18, for 
further discussion.} 

3. PI acement 
a. Types 

1. Two-word Temporary Storage 
It is lik.ely that in most ,cases all 
references to twb-word temporary storage 
will occur only in single precision 
floating point calling sequences. If 
so, it will be advantageous {as in FORMAT 
and in most arrays} to place these cells 
outside of the program body. 

c 

o 
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2. One-word Temp~rary Cells 
It ,is likely that in most cases all 
references to one-word temporary storage 
will occur in instructions which are 
candidates for one word command and 
prop~r placement may improve efficiency 
to a very gre~t extent. 

3. Three~word Temporary Stor·age 

{Same. as.3.a.1 on page 4-~~6} 

b. Overlapping 
It is conceivable that when a real {two­
word} temporary storage becomes free for 
reuse, that it could be reused for two 
one-word temporary cells. 
Considerations: 
1. The ranges of two one-word temporary 

cells would have to very closely 
coincide such that they could be made 
consecutive cells. Such an an~lysis as 
this is not practical in Utility FORTRAN; 
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at any rate such a situation is rare. 
2. If it were done, the method of placement of one­

word cells (as the second word of constant 
commands) would be precluded and placement would 
become less efficient. 

3'. A typica 1 program wi 11 no t have 1 and 2-word 
temporary storages in equal quantities but 
rather will have mostly one or the other. 

Conclusion: 

Very little is gained by overlapping. FORTRAN does not attempt to 
overlap ~e-use of one-word and two-word temporary storage. 

III. Responsibilities of HELEN 

... -- ..... _-_ .. -._-------_ ... 

The responsibilities of subprogram HELEN, then, are as follows: 

A. To output BSS comman1s of arrays, va~iables, inclUding equiva­
lence considerations, and CON commands of constants. 

B. To process functions. 

1. Replace coded names of standard library functions with 
their library name. 

2. Set up index for in-line. functions for use by FINK 
(see 4.4.6) in generating in-line function instructions. 

---- ... -.. -"-' ------------- --
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4.4.20 out-MY 

Subroutine interface for programs calling subroutines or functions 
generated by FORTRAN or calling sequences generated by FORTRAN. 

I. Calling Sequences 

A. Genera 1 . 

Calling sequences written in assembly language and intended to 
communicate with FORTR~-generated subroutines, and those 
generated by FORTRAN from statements or expressions such as: 
CALL SUB (:I,P2,P3, ••• Pn) or FUNC(P I ,P2 ,P3, ••• ,Pn)' will have 
the followl.ng CD de: 

LOC RTJ7( SUB 

LOC+l address of parameter 1 

LOC+2 address of parameter 2 

LOC+3 address of parameter 3 

LOC-tN address of parameter N 

LOC~ 1-1 (return address) 

(If the RTJ requires a 2-word relative co~nd, then the first 
parameter will be at address LOC+2, etc., but this fact has 
no bearing on the logic of the interface.) 

In a]l cases, parameters are addresses of: 

1. variables 
2. constants 
3. storage locations containing results of computed parameters 
4. in the case of I/O calls, actu~l constants rather than 

addresses 

The CALL below contains examples of each of the first three types 
of parameters ~espectively. 

CALL SUB (VAR, 3.5, A+B) 

Addresses of parameters occur in consecutive locations following 
the RTJ command, one cell per address in the order that the 
parameters appear in the CALL or FUNCTION statement, left to 
right. 

(-" "-

'-- .... ',., 
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B. Floating Point 

Floating point calling sequences include othe~ special data 
interspersed in the parameter list. Consult floating point 
specifications for differences. Tney are, however, germane 
to the discussion which follows. 

c. Run Anywhere Case 

Parameters may consist of two types of addresses: 

1. Absolute addresses 

a. All variables which are in COMMON will be generated 
as absolute addresses. 

b. All variables which are also parameters to the routine 
which contains the calling sequence will be computed at 
object time and placed into the calling sequence as 
absolute addresses. (Excludes floating point calling 
sequence parameters.) 

2. Relative Addresses 

These will be generated by FORTRAN for all variables which 
do not fall into the categories for absolute addresses. This 
need arises from the necessity to compute effective addresses 
of parameters at object time. Shifting the location of 
blocks of code destroys the integrity of any absolute address­
ing which references variables internal to that block. What 
will be termed "self relative" addresses (which is what is 
meant by a relative address in a calling sequence) will be 
determined in the following manner: 

The address of the parameter (for example parameter 3) 
minus the location of the "se-lf relative" address in the 
ca 11 ing sequence (LOC+3), or: 

self relative address of parameter 3=(address of P3) 
- (address LOC+3) 

3. Bit 15 

Only tpe fifteen low order bits of a parameter (14-0) are 
absolutely necessary to express a parameter whether absolute 
or relative. 

a. Non~floating point calls 

In all calling sequences (except floating point) bit 15 
then, is used as a flag to distinguish between the two 
addressing modes in that: 
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bit 15 = 
bit 15 

0, if this parameter is an absolute address. 
1, if this parameter is a relative address. 

In cases of forward references, the bit 
would have to be set; in backward references, 
the bit would already be set. Thus part of 
the computation of a relative address (see 
entry routine) involves masking bit 15 off 
and extending bit 14 to the left. 

b. Floating point calls 

Floating point calls employ a different method of 
distinguisying between relative and absolute addresses. 
Bit 15, for relative addresses, is artificially set to 
0. Absolute address already have bit 15 = 0. 

D. Non-Run Anywhere Case 

1. Non-floating point calling sequences 

Parameters will consist only of absolute addresses as 
mentioned in 3a but will never require object-time 
computation, since programs will never enter memory except 
through the loader. Parameters still must be plugged by 
the entry routine but no computation of effective address 
is required. 

2. Floating, point calling sequences 

The contrasting design of the floating point package now 
takes advantage of the indirect addressing ability of the 1700. 
Parameters which are indirect addresses are given a 1 in 
bit position 15. Its precise use will be outlined under 
paragraph B. 

II. Subroutine or Function Entry 

A. Entry routines will have the following general responsibilities: 

1. Picking up parameters and, if necessary, biasing the ones which 
are relative and plugging the addresses wherever necessary. 

2. Computing and setting up the proper return address to the 
calling program. 

3. Initializing the execution of the main part of the subroutine 
or function. 

B. The task of properly linking up instructions and other references 
to external parameters begins at the start of instruction genera­
tion. The Subroutine Argument Table (KSUBAT) and the Statement 
Function Argument Table (KSFAT)' are built and updated in the 
following manner. 

(~ 
',---, ' 
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1. Initializing 

a. Function Subprograms 

b. 

The arguments are all placed in KSUBAT and made empty. 
(I.e., the table is'in~tialized to show no increments.) 

Since the name of the function subprogram logically 
applies to the value of the function, but physically must 
apply to the entry point, the following procedure will be 
used to create the distinction: 

Two 'separate symbol table entries will be created for that 
name by PASSI and both will be passed on to PHASE 4. The 
symbol table entry which refers to the entry point label 
will be differentiated from' the symbol table entry which 
refers to the label of the function value by having bit 
15 of ISYM(l) set to 1. In the latter ISYM(l) will be 
O. In fact, all symbol table entries which are entry 
points (i.e., to include names of subroutines as well) 
will have this bit set. 

Statement Functions 

Statement Functions do not compute their values into 
labeled locations nor are they external to the calling 
programs. Thus, only a single symbol table entry is used 
and bit 15 is O. 

All arguments (including the additional one if function 
is floating point) are initialized into the Statement 
Function Argument Table (KSFAT) in precisely the sam~ 
manner as described for function SUbprograms. 

c. Subroutines 

Subroutine name entries in the symbol table will also 
have bit 15 set as noted above. Since subroutines pass 
results back through parameters they need no extra label 
nor do they need an extra parameter. Oth~rwise all argu­
ments are initialized into KPCT precisely in the same 
manner as described for function subprograms. 

2. Updating (This is the function of subroutine DUMMY) 

2a. Updating KSUBAT 

Each time an instruction operand or a calling sequence operand 
is encountered which is an argument to the subroutine being 
compiled, it is paired with the additive (or increment) of 
that reference and considered unique from any other argument 
(or the same argument ~ut different additives). 

- ---------- ---- - ------------------------
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The unique argument additive is looked up in KSUBAT to see 
if it exists. If not, it is added to the table such that the 
additives are sorted lowest to highest. Also, a temporary 
storage cell is assigned to it and the reference to it is 
modified to a reference to the temporary storage cell as 
already described. 

When a temporary storage cell is assigned to replace argument 
references a special bit, KDUMY, is set in the symbol table 
entry for that temporary storage. 

2b. Updating KSFAT 

Updating KSFAT follows exactly the same procedure as outlined 
for KSUBAT, except that the instruction operands and c~lling 
sequence operands concerned are not those external to the pro­
gram being compiled but rather external to the Statement Func­
tion being compiled (i.e., dummy arguments of the function). 

3. Phase C 
Phase ( must perform the following functions for both run-any­
where and non-run-anywhere: 

a. When the first reference is encountered to a temporary 
cell (of the type described above, i.e., KDUMY = 1) 
it is made a two word command such that the operand is the 
contents of the address located in the second half of 
this instruction. The. address of the second word of the 
instruction is kept and cross-referenced with the 
temporary cell. 

b. All subsequent references (less than 128 cells distant) 
are made indirect references to the address portion of 
that command. 

c. When a reference is encountered outside of the range 
the process begins over again as in step 1. 

d. Whenever a reference is discovered in a calling sequence, 
the address of that parameter's location in the calling 
sequence is noted as in 1. Subsequent references may 
then refer back to this location subject to the same 
restrictions. 

e. When Phase( encbunters the pseudo-instruction PST, the 
operand portion will contain a pointer to a temporary 
cell (of the type described above). At this point, PHASES 
must generate a STA command into each one 0 f the addresses (', 
cross-referenced with that temporary cell. Phase 8 will 
already have generated all the preliminary code to compute 
the address of the parameter and its increment. 
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4. Entry Routines 

The entry routine is generated for each Statement Function 
and again for the whole Subroutine or Function Subprogram. 
(See ENTCOD 4.4.4.) 

........................ _ ..... _ .. _---- ---
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KPCSTK 

KPCSTK outputs pseudo code. KPCSTK updates the accumulator memory· 
table (KART). KPCSTK adjusts addresses to reflect additives and 
subscripts. Some optimization is performed by checking sizes 
of constants (conversion of LOA commands to ENA wherever possible). 

Input parameters: 

1. Indicator entry from .INDTAB 
2. Operation code 
3. Operand (constant or symbol table pointer) 
4. Additive value to operand 
S. Symbol tabl~· pointer to variable subscript of operand 

KPCSTK calls: 

KPOUT 
FCMSTK 
DUMMY 
GETSYM 
KCPART 
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4.4,,21 KSYMGN 

KSYMGN generates variable names used internally in the 
compilation of a routine as labels, temporary storage. 
or dummy parameters. The variables are stored .in th~ 
symb6l table and the pointer to the symbol table entry 
is passed to the calling routine in the parameter I. 

The generated names are of the form •. hhhhh where h denotes 
a hexadecimal digit and the first gene~ated name is .00000. 

KSYMGN calls: 

CNVT 
STORE 
SYMBOL 

C: 
" 

:.....;-
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5.1.1. 
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Assembler Phases C and DIE 

Phases C and DIE are the assembler phases of the 
FORTRAN compiler. Their function is to assign storage 
locations, assign index registers, optimize use of one­
word addressing and produce relocatable binary and list 
output. 

Phase C -is the input phase of the assembly process, 
and Phase DIE is the output phase. Subroutine PHASEC 
is the main processor for ~he input phase. The in­
termediate pseudo-instruction output of phase C is written 
on a disk scratch file, from which it is read by 
PHASE6, the main processor for the output phase DIE. 

Assembler Input Phase C 

Three types of records are handed to the assembler 
by the previous pass; pseudo instructions, data strings 
and format records. 

Pseudo Instructions 

Pseudo instruction records consist of 1700 commands, 
pseudo commands, labels and statement numbers. Sub­
routine PHASEC processes all pseudo instruction records 
except storage reference instructions, conditional 
skip instructions, BSS pseudo instructions, constants 
and labels. Those items not processed by subroutine 
PJlJ\SEC arc processed by call~, to the fn) 1 nwi TIC} sub­
routines: 

Storage Reference 
Conditional Skip 
BSS 
Constant 
Label 

Subroutine 
CL12 
SKIP 
BSS 
CON 
LABIN or LABEL 

The initial pseudo instruction records read in the 
input pass contain variables, constants and arrays to 
which the assembler must assign storage locations. 
Subroutine LABIN performs this function. 

When the first executable command is encountered, ex­
cluding the jump at the top of a main program, pseudo 
instructions are sent to the Index Optimization Sub­
routine, IXOPT. If an instruction is indexed, the 
subroutine decides which index to use. If the instruc­
tion is not indexed, it is checked for its possible 
effect on subsequent indexing. 
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An output record is constructed for each pseudo instruc-
tion and stored in the output buffer. Instructions with 
absolute operands 
are complete1y processed in the input pha~e. The output record 
is flagged as ready for output. Instructions with.relocatable 
operands are partially processed. Final assignment of the 
operand address is made after analysis in the output phase. 
Address modes are identified in the input phase. All instructions 
with two-word relative ~.addressing mode are flagged as one-word 
c'andidates. Instructions with no address mode field and those 
with a mode other than two-word relative are flagged as fixed 
length but not ready for output. 

Pseudo instruction records are placed in the output buffer by 
subroutine INOUT. When ~n END record is 
encountered control is passed fLomPHHSEC to the output phase. 

Data Strings 

Data strings are completely processed in subroutine DATAST. A 
separate output record,identified as an ORG record, is constructed 
for each datum in the same format as the pseudo instruction record. 

Format Rec,ords 

Format records are completely processed in subroutine PHASEC 
O,RG records containing two ASCII characters are constructed in 
the same format as the pseudo instruction record. 

Record Formats 

Input Record Instruction Codes 

Breakdown of Input Record Indicator 

Input Pseudo Instruction Record Formats 

Output Record Formats 

Assembler Instruction Type Codes 

Breakdown of Output Record Indicator 

- '" 

,'-""," 
I 

.,/ 
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INPUT RECORD INSTRUCTION CODES 

Instruction 

BSS 

ADC 

CON 

END 

PARAMETER STORE 

STATEMENT NO. 

JMP 

RTJ 

LDA 

AND 

STA 

STQ 

RAO 

ADD 

SUB 

LDQ 

DVI 

ADQ 

MDI 

EOR 

KLDQ (I 

KSTQ 

ENA 

INA 

ENQ 

INQ 

LRS 

LLS 

QRS 

QLS 

ARS 

ALS 

(I 

register 

register 

load) 

store) 

Code 

1 

2 

3 

4 

5 

6 

10 

11 

12 

1-3 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
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Instruction Code 

Conditional Jump 

A Jump +- 0 40 
A Jump = 0 41 
A Jump ~ 0 42. 
A Jump 2 0 43 
A Jump ~ 0 44 
A Jump" 0 45 
Q Jump =1= 0 46 
Q Jump = 0 47 

MQA 60 

TCQ A 61 

TRA Q 62 

TCA A 63 

LAQ Q 64 ( I 
1.. ..... _"", •• ./' 

,r---,\ 

/ 
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Bit No. 

15 

14 

13 

12 

11 

10 

9 

8 

7-2 

Instruction 

code :f 2 

Instruction 

code = 2 

1-0 

BREAKDOWN OF INPUT RECORD INDICATOR 

Holder Name 

NL 

NT 

NA 

NS 

ND 

NR 

NQ 

NF 

NTYPE 

=0 

= 1 

= 2 

= 3 

= 4 

= 5 

NTYPE 

= 0 thru 5 

NOWI 

Meaning 

Not used in input phase. 

This record is a label 

This record has an additive 

This record has an index 

, Use Indirect addressing mode 

'Use two-word constant 
Addressing Mede 

Assign index to Q register 

Not used in input phase 

Addressing mode to be assigned. 

Absolute operand. Use one-word 
direct addressing mode. 

Absolute operand. Use two-word constant 
addressing mode. 

Not used 

Operand is relocatable 
Address constant 

Operand is absolute 
Address constant 

Instruction is address constant type 
o through 5. See description of 
address. Constant types under 
Subroutine PHASE 5 (5.1.5.) 

Number of words in the record minus 2. 



~NSTRUCTION 

Holder Name 

!LABEL 

~SS 

~C 

~ON -

~ND 

Parameter Store 

Statement Number 

Storage Reference Instr 
Type Code * I or 2 
Type Code = I or 2 

Register Reference and 
Shift Instructions 

Inter-Register Instr 

( '\ 
\ ! 

INPUT PSEUDO INSTRUCTION RECORD FORMATS 

(Assembly Input Phase) 

WORD 1· WORD 2 WORD 3 

NOPC NOPT 

Indicator Label Pointer 

Indicator Instr Code Size 

Indicator Instr Code Address Pointer 

Indicator Instr Code Constant 

Indicator Instr Code 

Indicator Instr Code Operand Pointer 

Indicator Instr Code Statement No. 

Indicator Instr Code Operand Pointer 
Indicator Instr Code Operand 

Indicator Instr Code Operand 

Indicator Instr Code 

(J 

~~o t'\ 
XJXJO 0 00 ~ 
vOe Z 
CC~ 

... 
nn • ... ..:.m 0 

WORD 4 WORD 5 

NADD NXPT 

zz3 .. 
P>n a 
~~ ~ 
m> ... 

'" »-
-'" 

§Igi 
n 
0 • .. 
0 

Additive • ~ 
-4 -0 
Z 

• 
a .. 

Additive Index Pointer < .. .. 
0 

~ 
I 
lit 

> n Z 
:x: -4 

- a z -m < 
(J\ 
m 
~I t • m 
(It 

I 
.... va 
-....J 0 
0 .. 
0 -4 

I 
~ 

,. 
> III 

0 8 rn 

z n 
0 C 
1U'1 I 

I .. 
():J Z 

-a 

/' 
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INSTRUCTION 

l!iolder Name 

rs:EL 

Irnc 
CON 

END 

Statement Number 
I 

Storage Reference Instr. 

Type Code = 1 
Type Code + 1 

IIRegister, Reference, Shift 
! j and Inter-register 

instructions 

* 

Skip Instructions 
ORG 
Continuation ORG 

Operand Code = 0 
= 1 
= 2 
= 3 

OUTPUT RECORD FORMATS 

(Assembly Input Phase to Assembly Output Phase) 

WORD 1 

Indicator 

Indicator 

Indicator 

Indicator 

Indicator 

Indicator 

Indicator 
Indicator 

Indicator 
Indicator 
Indicator 
Indicator 

WORD 2 

NOPC 

Label Pointer 

Size 

Address Pointer 

Constant 

o 
Statement No. 

Binary Instr 
Bits 15-8 
Binary Instr. 
Bits 7-0 

*Operand Code 

Binary Instr 
Binary Instr 
Address Pointer 
Data Word 

WORD 3 

NOPT 

Additive 

2nd word of a 
Floating Point 
Constant 

Operand or 
Operand pointer 

o 
Data Word 

NOPT = pointer to operand in symbol table 
NOPT = pointer to operand in IDVTAB 
NOPT = pointer to operand in NDSTAB 
NOPT = Absolute operand 

WORD 4 

NADD 

Additive 

WORD 5 

NXPT 

Index 
Pointer 

."---
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

ASSEMBLER INSTRUCTION TYPE CODES 

Addre~sins Mode . Instruc tion 

One-word direct 

One-word indirect 

One-word relative 

One-wrod relative, indirect 

Two-word constant, 2nd word 
is an absolute address constant 

Two-word constant, 2nd word 
is a relocatable address constant 

Two-word absolute 

Two-word absolute, indirect 

Two-word relative 

Two-word relative, indirect 

--~--- ---- --_._._--_ .. _--------_._---- ----

Storage Reference 

Register reference 
and shifts 

Conditional Skips 
A register + 0 

A register = 0 

A register L.. 0 

A register ;z 0 

A register :S. 0 

A register "7 0 

Q register = 0 

Q register + 0 

Conditional Jumps 

A register +0 

A register =0 

A register L.. 0 

A register ~ 0 

A register £. 0 

,,~, ,,,..,' 

,~~ 
I I 
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25 A register 0 

26 Q register = 0 

27 Q register -' 0 r 

30 AAQ A 

31 TCQ A 

32 TRA Q 

33 TCA A 

34 LAQ· Q 

40 ass 
41 ADC Type 1 

42 ADC Type 2 

43 ADC Type 3 

44 ADC Type 4 

45 ADC Type 5 

0 46 Integer Constant 

47 . Real Constant 

48 Double Precision Constant 

50 Data ORG 

51 Data Continuation ORG 

52 Program ORG 

53 Program Continuation ORG 

59 Statement No. 

60 END 

o 
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Bit No. 

15 

14 

13 

12 

11 

10 

9 

8 

7-2 

1-0 

Breakdown of Output Record Indicator 

Holder Name 

NL 

NT 

NA 

NS 

ND 

NR 

NQ 
NF 

NTYPE 

NOWI 

Meaning 

Skip this record 

This record is a label 

Operand address has an additive. 

Operand address is indexed. 

This ~ecord is ready for output. 

This record is fixed length 

Flag for address constant sub-type •. 

Flag for address constant sub-type. 

Assembler instruction type code. 
See list. 

Number of words in the record 
minus 2. 

.. 
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LIST OF HOLDERS, COUNTERS, FLAGS BUFFERS AND TABLES 

IN PHASE C and DIE COMMON BLOCKS 

NAME 

lCFLAG 

rCOUNT 

lCT 

IDECR 

IDVTAB(3l2) 

IFIX 

INBUFF(203) 

INCT 

ISCOUN 

ITCOUN 

rUSE 

IV (5) 

IXC 

IXF 

IXFLAG 

IXQ 

lXSl(lO) 

IXS2(lO) 

USE' 

Change flag set in ADMAX 

Program counter 

Program counter increment 

Program address decrement set in ADMAX 

Table of address holders built in CHOP 

Fixed buffer indicator set in AMOUT 

Input buffer 

Index for INBUFF and NOBUFF. In phases DIE, 
circular buffer pointer to NOBUFF (always 
increases) 

Holder for ICOUNT saved from input phase 

Hdlderfor ICOUNT saved from output phase 

Flag indicating use of I register in object 
program 

Temporary storage 

Occurrence flag for index to be assigned 
set in CHKWD and IXOPT 

• 
Holder for contents of object time I register 

Decision flag set in CHKWD 

Holder for contents of object time Q register 

Table of saved indexes built in IXOPT 

Table of occurrence flags for saved indexes 
built in IXOPT 

-------_._------------"._,,_ .. _-- -"-,,._._---------,,--,,-_.--._._,,---- _ .. _---_. __ . -------- ----_._._--_ .. -----. --- _._-------_.----
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NAME 

IXS3(lO) 

IXSX 

LRS 

NA 

NADD 

NADX 

NASCI 

NATYPE 

NBFL 

NBINC 

NO 

NDFL 

NDSTAB (500) 

NOXJ 

NF 

NFTAB(l60) 

NL 
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USE 

Table of equivalence table indexes 
for saved indexes built in IXOPT. 

Index for IXSI, IXS2 and IXS3. 

Flag indicating instruction is LRS 16. 

Additive flag extracted from record 
indicator. 

Additive to instruction operand address. 

Index for IOVTAB. 

Holder for alpha output word used in 
SETPRT. 

Assembly instruction type code in input 
phase. Index to alpha opcode table 
in output phase. 

Flag for last word in binary output 
record. " 

Punch buffer index. 

Indirect flag extracted from record 
indicator in input phase. Flag {ndicat­
ing instruction is ready for output 
in output phase. 

Temporary holder for "ready for out­
put" flag used in CL12. 

Table of dummy parameter address 
holders built in CHOP. 

Temporary holder for ICOUNT. 

Flag in the record indicator used in 
PHASE 5 and ~OUT to indicate sub­
type of address constant. 

Table of futures built in AMOUT. 

Indicator flag to ignore this record. 
Used in AMOUT. 
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NOBW 

NOCT 

NOBUFF(2l0) C 
(1152) DIE 

NODS 

NOPS 

Nope 

NOPT 

NOUTOT 

NOWI 

NOWO 

NPCBF(57) 

NPTBF(55) 

NPTBFX 

NO 

NR 

Number of binary words currently 
in the punch buffer 

NOBUFF index used in input phase 
In output phase DIE, next avail­
able entry in circular buffer. 

Output buffer passed from the input 
phase to the output phase 

Index to NDSTAB 

Index to NFTAB 

Instruction code in input phase 
Partial or complete binary word 
in output phase 

Pointer to operand location in 
the symbol table 

Total number of words in NOBUFF 
In Phases DIE, last entry in 
circular buffer 

Number of words in the input re­
cord extracted from the record 
indicator 

Number of words in the output 
record. Used in the input 
phase 

Punch buffer 

Print buffer 

Print buffer index 

Flag extracted from the record 
indicator indicating the index for 
this instruction has been assigned 
to the 0 register. Used in the 
output phase as a flag for an 
ADC sub-type. 

Two word instruction flag extract­
ed from the record indicator in 
the input phase. Fixed length 
flag in the output phase. 
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Nl\ME 

NRCD(S) 

NRCl 

NRC2 

.NRM 

NS 

NSETX 

NSUMD 

NSUMDS 

NSTYPE 

NT 

NTYPE 

NSUMVS 

NW2 

NW2FL 

NX 
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USE 

Buffer for output record. Used 
in the input phase. 

Address relocation holder 

Address relocation holder for second 
word of a two-word instruction 

Program relocation holder 

F1qg extracted from the record 
indicator indicating the 
instruction address is indexed 

Print buffer index 

Total number of storages in 
IDVTAB 

Total number of storages in 
NDSTAB 

Flag set when first executable 
instruction of the object 
program is encountered 

Flag extracted from the record 
indicator indicating this 
instruction is a label 

Holder for address type extract­
'ed from the record indicator 
in the input phase. Used for 
assembler instruction type in 
the output phase. 

Total number of storages in 
NFTAB 

Holder for second binary word 
of a two-word instruction 

Flag indicating a two-word 
instruction 

Index for INBUFF and NOBUFF 
used in BKDWN 

(.~) 
. ./ 
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NAME 

NXCON 

NXPT 

IHEAD 

INOB 

INC 
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USE 

Holder for hex or decimal 
output word used in SETPRT 

Pointer to index address in 
the symbol table. 

Pointer to 'beginning' of 
circular buffer (always in­
creases). 

Size of NOBUFF, used to 
reference circular buffer in 
phases DIE 

Actual subscript in NOBUFF, 
calculated from INCT modulo 
INOB, by subroutine INDEX 
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5.1.5 Subroutine PHASEC 

Subroutine PHASEC is the first subroutine entered in the FORTRAN 
Assembler. Symbol table location holders, other than conunon, are 
backgrounded to 7'FF16 • The first input record is read here. 
Subsequent reco~ds are usually read in subroutine INOUT. They 
may be read in other routines if' a forward scan is initiated at 
the bottom of the 'current input buffer. 

If t:he input record is a data string or a format record the 
subroutine branches immediately to process the record. If the 
input record is a pseudo inst~uction record. subroutine BKDWN 
is called to dete~ine the type of pseudo instruction. 

Following are descriptions of the types of pseudo instructions 
encountered and their processing. 

LABEL - Subroutine CHKWD is called to destroy any indexes saved 

BSS -

ADC -

in subroutine IXOPT since they will not be valid after a 
label is encountered. If this is a statement label, sub­
routine LABEL is called. If this is a variable or constant 
label and the first executable instruction has not been 
encountered, subrou~ine LABIN is called. If the first 
executable instruction has been encountered, subroutine 
LABEL is called. 

Call subroutine BSS 

If the address constant is an external and' if this is 
the first encounter, the program counter is put in the 
symbol table. If this is not the first encounter, the 
output record is set up without recording the program 
counter. 

If the address constant is not an external, it may be 
anyone of five types. 

Type 1 - An entry in a table of addresses set up fo'r a 
computed GO TO. Address is relative to ref~r­
enced location computed in 16 bit arithmetic. 

Type 2 - A parameter in the calling sequence to a floating 
point subroutine when using ~elative addressing. 
By examining the run anywhere switch and the 
setting of the dummy argument identificmtion bit 
in the symbol table, type 2 is broken down into 
four sub-types. 

Parameter 1s not a dummy argument 

Address 1s relative to referenced storage computed. 
in 15 bit 4rithemtic with bit 15 set to zero. 
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Parameter is a dummy argument 

Run anywhere program - address is re1Citive to 
referenced storage computed in 15 bit arithmetic 
with bit 15 set to one. 

Non-run anywhere program - If the parameter has 
been referenced, this address is the location of 
the previous reference with bit 15 set. If the 
parameter has not been referenced, this location 
will be stuffed with the computed address of the 
dummy argument. 

Type 3 - Parameter in a calling sequence to a subroutine 
other than floating point. Address is relativ~ 
to referenced location computed in 15 bit arithmetic 
with bit 15 set to one. 

Types 4 & 5 are parameters in a calling sequence to a 
subroutine other than floating point or to a 
floating subroutine when absolute addressing is 
used. 

Typ~ 4 is the relocatable address of the referenced 
location. Type 5 is the absolute address of the 
referenced location. 

The actual address is not computed in subroutine PHASEC bits NQ 
and NF in the indicator are used to flag the setting of bit 15 
and the type of address to be used. 

CONSTANT - Call subroutine CON 

PARAMETER STORE - This is a STA command with a special type code 
that tells the assembler the A register contains 
a computed address to be stored in a dummy parameter 
address holder. The first holder is always in the 
symbol table entry for this dummy parameter. The 
dummy parameter table is searched for any other 
holder that may have been created to maximize the 
use of one-word relative, indirect address~ng. 
A store Address record is built for each holder. 
The first Store Address record contains a pointer 
to the entry iq the symbol table. Subsequent 
records contain a pointer to the entry in the 
dummy parameter table. 
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STATEMENT NO. - These are numbers generated consecutively 
by the FORTRAN Compiler for each FORTRAN 
source record. The output re~ord 
applies to list output only. 

STORAGE REFERENCE COMMAMD - Call subroutine CLI2. On 
return from subroutine CLl2, if the 
storage reference command is an un­
conditional jump, the symbol taole is 
searched for variable and constant 
holders and dummy parameter address 
holders ~hat are ready for output. 
Variable and constant holders are 
ready for output when they have been 
used as the operands in a store type 
command. Dummy parameter address 
holders are ready for output after 
the first reference. Holders are identi­
fied as ready for output in Subroutine 
CHOP. LABEL and BSS records are con­
structed for each holder to be output. 
The current program location is en-
tered in the symbol table. 

The dummy parameter table is also search­
ed f6rany additional dummy parameter 
address holders to be output. A BSS 
record is constructed for each holder 
to be output. The current program 
location is entered in the dummy 
parameter table. 

REGISTER, SHIFT and INTER-REGISTER COMMANDS - Since 
these three types of commands have 
absolute operands, the binary output 
word is completely' constructed •. The 
output record is flagged "ready for 
output" • 

SKIP -

If the command is an LRS 16 the 
assembler examines the next record to 
see if it is an indexed DVI. If it 
is, and if the index in the DVI record 
is not in the I ·register holder, sub­
routine QXLD is called to construct 
the necessary index load and store 
commands to be inserted in the output 
buffer prior to the Long Right Shift 
Command. The index in the DVI command 
is placed in the I register holder. 

Call Subroutine Skip 
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The symbol table and the dummy parameter 
table are searched for holders to be identi­
fied as described under Storage Reference 
Commands. A dummy ENA record is output to 
avoid a possible BSS as the last command 
in the program. 

In the 16K version of 1700 Fortran, the 
current symbol table page is written and 
the page size is changed from 2400 to 960. 
Control passes to the assembler output 
phases DIE. 
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Subroutine BLDLJP ano INOIJT art! ca lIed to compl~.·tt~ pruceS:'>l!lg of 
the output recoed. Subrouti.ne COUNT is called if the instruc.tiqn 
to .be output will occupy a storage location in the binary object 
program. 

Records placed in the output buffer from subroutine PR~SEC 
are flagged as "fixed length" or IIready for output". Bits t-JR 
and NO in the indication are used for this purpose. A fix~d 
length instruction that is not ready for output is cne with 
s forward storage reference that cannot be defined until Jft~r 
analysis in the output phase. 

Flow Chart of Subroutine PHASEC 

Subroutine BKDWN 

The function of subroutine BKDWN is to extract and stoLe the 
inform~tion in the pseudo instruction record. In the Asscnbly 
Input Phase, these are the records constructed in the prevlous 
FORTRAN Compiler pass. In the Assembly Output Phase, thes~ ar~ 

the records constructed in the Assembly Input phclsc. 

See 5.1.4 for a detailed list of th~ input record bl·~akd()T"':l. 

Flow Chart of Subrouti~e BKDWN 

Subr.outine BLDUP 

Subroutln..-:' BLnUp sets up the r(~cor.tls thClt ·jL~ O'JtpUl fro:: I.},' 

assl!mbl'_'r input rhu.~·.!. See 5.1..4 fOl- output r'~I_()rd ft);'-Hl!t. 

F 1 ()',,' C !t ;~ !' t 0 f S U ;Jr~ 0 uti neB L D U P 

Subroutine BSS 

Subroutine BSS constructs a BSS output record.Th~ progclr.,<:; 
counter is incremented by the size of the BSS. ThQ recor~ i~ 

flagged ready for output. 

A B S S s i z e 0 f m i tI U S (J n e i nth e in put r e C In- d i (1 .~. n t i f i ~ s t h t' T 
regi5t~r hold~r ~hi~h may b~ ~llminated in the ass~G~l~r 0~t~ut 
ph.lse. In this case, thl~ output· rccorJ is not flagg·~d r~:,.i\' 

for output. 

F l()\.f Chart 0 f Subrou tine BSS 

c' 
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5. 1.9 

5.1.9.1 

Subroutine CHKWD 

'Subroutine CHKWD is used in the input phase of the FORTRAN 
Assembler. It checks all pseudo instructions to determine what 
effect, if any, they will have on current or future index register 
assignments. CHKWD is called from subroutine PHASE 5 whenever a 
label record is encountered and from subroutine IXOPT in both 
its primary and secondary scans of the input buffer. 

The following pseudo instruction records may affect index 
register assignment: 

Label - All index holders are cleared 

Return Jump - Any index holders containing addresses in the 
COMMON area are cleared. If an address currently 
to be assigned to an index register is in the COMMON 
area, the decision flag is set. 

Address Constant - Any index holders containing this address 
constant are cleared. If an address currently to 
be assigned to an index register is this address 
constant, the decision flag is set. 

Store Instruction - Any index holders containing the address of 
the operand of the store instruction are cleared. 
If the operand of the store instruction.is in an 
equivalence chain, any index holders containing 
addresses in the same equivalence chain are cleared. 
If an address currently to be assigned to an index 
register is the same as the operand in the store 
instruction or is in the same equivalence chain, 
the decision flag is set. 

Q Destroying Instruction - The Q register index holder is cleared 
and the occurrence flag is set. 

The occurrence flag is set when an instruction affects index 
register assignment but is notdecisive~ The oecision flag is 
set when an instruction is encountered that decides the index 
register assignment. These flags have meaning only if there is 
an address currently to be assigned to an index register. 

Flow Chart of Subroutine CH~) 
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5.1.10 Subroutine CHOP 

The function of subroutine CHOP is to flag all defined operands 
for which no holder has been generated, to build tables of address 
holders, and to detenmine the addressing mode of all storage 
reference commands for which no address mode has been set in the 
previous pass •. 

An operand to be located within the body of the object program 
is flagged as defined if it is used in a store instruction or if 
it is an address constant. Holders for defined operands are 
generated following the next encountered unconditional jump 
instruction or at the end of the program. 

An operand whose address is not within the body of the object 
program that is, COMMON locations, externals, functions and 
dummy parameters, is flagged as defined on first encounter. 
Holders for the operand addresses are generated following the 
next encountered unconditional jump instruction or at the end 
of the program. 

Subroutine CHOP builds two tables of address holders, IDVTAB and 
NDSTAB. 

Entries are made in IDVTAB for instructions referencing operands 
within the body of the object program when neither the operand 
holder nor any previous table entry for this operand can be 
reached with one-word relative direct or indirect addressing mode. 
The address of the referencing instruction and the address of the 
operand hrilder are entered in the table. Addresses of instructions' 
referencing operands located in COMMON and a pointer to the operand 
address are also entered in IDVTAB on first encounter of the 
operand reference if the use count is greater than one. Subsequent 
references to the same operand are entered in IDVTAB if no previous 
reference can be reached with one-word, relative, indirect 
Addressing Mode. 

Entries are made in NDSTAB for instructions referencing operands 
outside the body of the object program (excepting COMMON locations) 
when neither the operand address holder defined in the symbol 
table nor any previous table ent~y for this operand holder can be 
reached with one-word, relative, indirect addressing mode. Entries 
consist of the address of the referencing instruction and a pointer 
to the operand address. 

------------ - - - ----------
- -------- -- ----- ----~-~- -- --- --"-"-_.' .. _,- --, .... 
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Addressing modes, for instructions referencing operands lo­
cated within the body of the object program are made one­
word, relative, direct if the operand holder can be reached 
or one-word, relati~e, indirect if a table entry for this 
operand can be reached. If this instruction address is 
entered in IDVTAB, the addressing mode is two-word absolute. 
If the operand has not been defined, the addressing mode 
is two-word relative, direct. 

Addr~ssing modes for instructions referencing operand 
addresses outside the body of the object 'program are made 
one-word, relative, indirect if a previously defined 
address holder can be reached. If this instruction is en­
tered in NDSTAB, the addressing mode is two-word, relative, 
indirect. In the case of an operand located in COMMON, the 
addressing mode is two-word absolute if the instruction is 
entered in IDVTAB. . 

5.1.10.1 Flow Chart of Subroutine CHOP. 

5.1.10.2 Formats of IDVTAB and NDSTAB 
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5.1.11 

5.1.11.1 

5.1.12 

5.1.12.1 

5.1.13 

5.1.13.1 

5.1.14 

Subroutine CL12 

Subroutine CL12 processes all storage reference instruction~. If 
the operand of the instruction is an absolute address or a constant 
the binary output word is completely constructed and the output 
record is flagged ready for output. If the operand is a reference 
to a relocatable storage, the operation code field and the address 
mode field of .thebinary. word are constructed. The address mode 
is determined :either by the previous pass or by a call to Subroutine 
CHOP. . 

Special type codes are assigned to compiler generated instructions 
to save, restore and hold the I register for use in Subroutine 
ADMAX in the output phase of the Assembler. 

Flow Chart of Subroutine CL12 

Subroutine CON 

Subroutine CON generates holders for constants as directed either 
by the previous pass or by Subroutine LABIN and CHOP in the Assembly 
input phase. 

Flow Chart of Subroutine CON 

Subroutine DATAST 

Subroutine DATAST processes a string of data. Holders for data 
defined within the body of the object program are generated at the 
beginning of the object program by subroutine LABIN. Locations of 
data defined in labeled COMMON are assigned by the previous compiler 
pass. 

An ORG record is constructed for each datum containing a pointer 
to the location of the array, the datum and address additive. 
ORG records are typed as program ORG or data ORG according to their 
location. A data word that is in a string of consecutively located 
data is typed as a program continuation ORG or a data continuation 
ORG according to the location of the array. ORG records are flagged 
ready for output. 

Flow Chart of Subroutine DATAST 

Subroutine INOUT 

Subroutine INOUT is the connecting subroutine between the input phase 
and the output phase of the FORTRAN Assembly pass. It reads records 
into the input buffer and writes records into the output buffer 
until the output buffer is full or an END record is encountered. 
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5.1.14.1 

5.1.15 

When the output buffer is full or an END record is encountered, pro­
gram control passes to the Assembly output phase through a call to 
Subroutine AMOUT. On return from Subroutine fMOUT program control 
is passed back to the assembly input phase unless an unprocessed 
END record is present in the output buffer. In this case, program 
control is returned to the output phase. , 

Subroutine INOur also reads forward in the input buffer or re-fills 
the input buffer if necessary, to check for an indexed divide instruc­
tion following a long right shift instruction. 

Flow Chart of Subroutine INOUT 

Subroutine IXOPT 

The function of Subroutine IXOPT is to assign index registers to 
indexed instructions. It is called from subroutine PHASE 5 for 
all pseudo instruction records except labels. 

If the instruction being processed is-not indexed, Subroutine CHKWD 
is called to determine its possible effect on future indexing. If' 
the instruction is a store address with no additive present,the 
operand pointer is saved in the A register holder. Otherwise, the 
A register holder is cleared. 

If the instruction being processed is indexed, any of the five follow­
ing conditions will result in index register assignment without 
further analysis of the input buffer .• 

1. This index has been assi. gned to the Q register by the pre­
vious compiler pass. 

2. This instruction is an indexed DVI. The index is assigned 
to the I register. 

3. This index is currently in the Q register holder. It is 
assigned to the Q register. 

4. This index is currently in the I register holder. It is 
assigned to the I register. 

No indexing instructions are generated in the above four cases. 

5. Subroutine CHKWD sets' the decision flag. This index is 
assigned to the Q register. An LDQ instruction is generated 
unless the index is in the A register holder. In this case 
a TRA Q instruction is generated. 

If none of the above five conditions is true, the input buffer is 
scanned forward until enough information is obtained to make the 
assignment. 

The forward scan stops and the index register under consideration 
for assignment is assigned to the Q register when one of the 

o --
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5.1.15.1 

5.1.16 

following conditions is true. 

1. The decision flag is set in Subroutine CHKWD. 

2. The same register as that in the I register holder appears. 

3. The same registe~ as that in the Q register ho lder appear s. 
A STQ I instruction is generated before the index load 
instruction. 

4. A different index appears twice. An index is counted as 
appearing twice only if its occurrence flag has been set 
since its last appearance. 

5. A OVI instruction with·no index or with an index different 
from the one under consideration is encountered. 

6. A label record is encountered~ 

7. The scan reaches the end of the input buffer with no 
decision. 

AntOQ instruction is generated except when the index is in the A 
register holder. In this case a TRA Q instruction is generateH. 

The forward scan stops and the index under consideration for 
assignment is assigned to the I register when one of the following 
conditions is true. 

1. The index under consideration appears again. It is counted 
as appearing again only if its occurrence flag has been 
set. 

2. A OVI is encountered with an index the same as the one 
under consideration for assignment. 

An STA I instruction is generated if the index under consideration 
is in the A register holder. LOA, STA I instructions are generated 
if the instruction being proce~sed is an LDA. Otherwise, the instruc­
tions generated are LDQ, STQ I. 

The occurrence flag is set for the index under consideration if a 
Q destroying instruction is encountered in the. forward scan of the 
input buffer. The occurrence flags for the index under consideration 
and all saved indexes are set when an index appears that has not 
previously been encountered either in the buffer or in the Q or 
~ register holders. 

Flow Chart of Subroutine IXOPT 

Subroutine LABEL 

Subroutine LABEL constructs output records for statement and variable 
labels. The program counter is stored in the symbol table entry for 
the label being processed. The record is flagged ready for output. 

----.... __ . __ .. _._._ ... _ ... _._._ ...•...•.••. _ .. _._._----_ .• _ ..•. _--._-
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5.1.16.1 

5.1.17 

5.1.17.1 

5.1.18 

5.1.18.1 

5.1.19 

Flow Chart of Subroutine LABEL 

Subroutine LABIN 

Subroutine LABIN is called from subroutine PHJ\SE C to assign storage 
locations to certain variables-holders, constants and arrays. 
LABIN is called only if the first executable statement of the object 
program, excluding the jump at the beginning of a main program, has 
not been encountered. 

Storage locations are assigned for all equivalenced arrays, all 
DATA arrays and all other arrays which occupy more than twenty­
locations. Arrays occupying twenty locations or less are assigned 
storage locations if their use count is less than one third the 
size of the array. 

Storage locations are also assigned to variable holders which are 
used only once and to referenced constants. 

All other variable holders, constants and arrays are ign~ed by 
subr~utine LABIN. Storage assignments will be made for these items 
after they are used in the object program. 

Flow Chart of Subroutine LABIN 

Subroutine QXLD 

The function of Subroutine QXLD is to generate indexing instructions. 

According to the input parameter, QXLD will generate a LDA, LDQ, 
STA I, STQ I or TRA Q. If the instruction to be generated is a 
LDA or LDQ, Subroutine CHOP is called to determine the addressing 
mode. Subroutines BLDUP, INOUT and COUNT are called to output the 
instruction and bump the program counter. 

~ 

Flow Chart of Subroutine QXLD 

Subroutine SKIP 

Subroutine SKIP generates one or two conditional skip instructions 
and a two-word relative unconditional jump instruction for every 
conditional jump instruction encountered in the input buffer. 

The skip records are flagged as fixed langth. The jump instruction 
is a candidate for reduction to one word or elimination in the 
Assembler output phase. 

Below are listed the conditional jUmp instructions received from the 
previous compiler pass and the corresponding instructions generated 
by the assembler: 

C: 
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Cond it iona 1 Jump Instruction Generated 

A Jump =1= 0 SAZ 2 
JMP 

A Jump ~ 0 SAN 2 
JMP 

A Jump (, 0 SAP 2 
JMP 

A Jump Z 0 SAM 2 
JMP 

A Jump ~ 0 SAZ 1 
SAP 2 
JMP 

A Jump 7' 0 SAZ 3 
SAM 2 

.... , .. JMP 

(~j Q Jump = 0 SQN 2 
JMP 

Q Jump =1= 0 SQZ 2 
JMP 

5.1.19.1 Flow Chart of Subroutine SKIP 
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5.2 

5.2.0.1 

First word 

of entry 

ASSEMBLER OUTPUT PHASE D/E 

In phase DIE the pseudo-instructions output by phase 
C are converted to relocatable code. Address opti­
mi~ation and final assignment take place in this 
phase. The 'D/E' notation is used because for a 
given compilation either phase D br phase E is exe­
cuted, but not both. Phase E is loaded and executed 
whenever the A or M options (assembly listing) 
arc requested, otherwise phase D is used. The 
relocatable code output by phase DIE is punched on 
cards and/or stored on the load-and-go file accord~ 
ing to the P and X options nespectively. 

Distinction between Phases D and E. 

Phases D and E are virtually indentical with two 
major exceptions. First, subroutine SETPRT and all calls 
to SETPRT are omitted from Phase D. Second, in the 
2.OA version of 1700 FORTRAN phase D uses a 'com­
pressed' symbol table requiring two words per entry, 
as opposed to the five words required by the normal 
symbol table. The structure of this compressed 
symbol table is: 

15 14- 11 10 - 8 7 - 5 4 - 2 1 0 

ICLASS I I ICOM ~ I I 
I 

KDUMY IREL IEXT 

Second word IRSA 

of entry' 

The meanings of the above variable names are found 
in the Chapter 7, where the normal symbol table is 
described. In the 2.0A version of Phase D, sub­
rountine BEGINO packs the normal symbol table into 
the compressed symbol table. Subroutines GETSYM 
and SYMSCN are altered to reference the compressed 
table, and all routines except BEGINO and FINISH 
have access only to the compressed symbol table. 
In the 2.0A version of Phase D, subroutine AMOUT 
stores the IRSA entries of externals into INBUFF 
after the END record is processed, and subroutine 
FInISH retrieves these entries from INBUFF rather 
than from the normal symbol table. 
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5.2.0.2 

">.2.0.3 
" 

C A 138-1 REV 10-67 

Circular output buffer 

Subroutine PHASE6 in phase DIE reads the output of 
phase C and stores it in the output buffer NOBUFF. 
For effective address optimization, NOBUFF must 
be filled at the 'bottom' as instructions at the 
'top' are converted to relocatable code and output. 
To speed this process the storage assigned to NOBUPF 
is referenced by 'circular buffer pointers' that 
always increase. The NOBUFF subscript is calculated 
by reducing: the given pointer modulo JNOB (NOBUFF size) 
using the function INDEX. In this way new information 
can be added to the output buffer. without moving the 
unprocesse.d information in core, and the virtual 
size of NOBUFF is infinite. Subroutine PHASE6 refills 
NOBUFF from the phase C di'sk output file as necessary, 
and initializes and maintains the major circular 
buffer pointers IHEAD ('top' of buffer), NOUTOT 
('bottom' of.buffer), and NOCT (next available buffer 
location). 

Summar¥ of Phase DIE Flow 

Records flagged ready for output are sent through 
the output routines starting with the first record 
in the buffer and continuing u~til a record is en­
countered that is not flagged ready for output. 
If this record is not sitting at the 'top' of the 
buffer, it is pushed to the 'top'. If no end record 
is present in the buffer, control is returned to 
PHASE6 to refill the buffer 'at the 'bottom.' On 
return, a forward Scan of the buffer is initiated 
to find instructions that are one-word candidates. 
When a one-word candidate is encountered,. subroutine 
ADMAX is called to decide whether or not to reduce 
the instruction to one word. The methods used to 
delete commands, maintain the program counter and 
make final assignment of operand addresses are 
fully detailed in the description of subroutines 
AMOUT and ADMAX. The scan of the output buffer is 
repeated once. At this point the record at the top 
of the buffer plus any following records flagged 
ready for output are forced out of the buffer. If 
no END record is present in the output buffer, control 
is returned to PHASE6 to fill the output buffer and 
the process is repeated. 

.- ----_ .......... -._-_ .. __ .••... _ .. _ ..........•..•. _---------------
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5.2.1 

5.2.1.1 

5.2.2 

5.2.2.1 

5.2.3 

Subroutine PHASE6 

Subroutine PHASE6 is the main processor for phase DIE. 
It initializes the circular buffer pointers, calls 
subroutine BEGINO, fills the output buffer NOBUFF, 
and calls subroutine:.AMOUT. At every return from AMOUT, 
subroutine PHASE6 refills the output buffer at the 

'bottom', overlaying the pseudo-instructions that have 
been processed by AMOUT. After AMOUT has processed 
the END record" and returned, PHASE6 calls subroutine 
FINISH, puncheS the transfer card at the end of the 
relocatable output, and returns. 

Flowchart of Subroutine PHASE6 

Subroutine BEGINO 

Subroutine BEGINO prints and punches the initial 
records of the final compiler output. It prints 
the length of labelled and blank common, converts 
the name of the program being compiled to ASCII 
code, prints (phase E only) and punches the NAM 
record and the OAT and COM list. In the 16K version 
of 1700 FORTRAN, subroutine BEGINO halves the symbol 
table page size and packs the full symbol' table 
into the two-word entry compressed table used by 
phase D. 

Flowchart of Subroutine BEGINO 

Subroutine AMOUT 

Subroutine AMOUT is the main processor for the output 
phase of the FORTRAN Assembler. Its function is to 
maximize use of one-word instructions, eliminate un­
needed instructions, and send binary and ASCII out­
put to the punch and list routines. 

AMOUT makes a primary scan throu~h the output buffer 
sending all instructions that are ready for output 
through processing and to the output routines until an 
instruction is encountered that is not ready for out­
put. The output buffer is then moved up to elimi­
nate the processed instructions and PHASE6 is re­
entered to fill the buffer. 

If the instruction at the 'top' of the buffer is not 
ready for output, a secondary scan is initiated in 
which no output is generated. Every instruction that 
is a candidate for reduction to one word or elimina-

, .......... ,,/' 
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tion is sent to Subroutine ADMAX. ADMAX sets a 
change flag if any instruction is reduced or eliminated. 
The entire output buffer is scanned once. The pro­
gram counter is initialized for each scan and kept 
current throughout the scan. 

In the 2.oA version, AMT is used to cal I AMOUT. 



CONTROL DATA CORPORATION 
DIVISION 

DOCUMENl CLASS .. __ . __ 1MS_____ . PAGE NO_ 
5-66 

PRODUCT NAMf- . ___ 17QQ MA~~_J?rORAGE FQ.B.TW\N _____ ._._._ . _____ .. __ '_'" 
PRODUCT MODEL NO . .J;POS V. 2. 0 MACHINE SERIES __ 17.O'.Q. ___ .. __ _ 

C &.l t S '/ft1 h" I 
+0. b Ie f' A j e 

:)1 z.t! In ha.lf 

.S·c! f 'II' 
CIt'"C."'/tJ.'" 

b~ f{e~ f O:Hfe ,., 

y 

"''IIVe " .., ~ 
pse", dD .. I H S t-r .. 
rec.,,~J '1-" 

NbIJUFF 

f'rc Ce~ 'S 

. c:.."r~t..4 Jtt#-­

J,,,, ffe.,. 

Set ~flEH.j} 

+c l+-cl" c f 
(..- ,'J<-&. lila... 6'4 ffe" 

X F (( Ctt v-J 
tv r ult1 (..h 

Pu ffer 

Nf'v#c I 

c 



r' p.'" I 0 J 

----------------------------- ... - .. ------.. -- -----

CONTROL DATA CORPORATION 
. __ . ________ ._ . - -.--------.. -.----.--______ . DIVISION 

INS 5-b7 DOCUMEN 1 CLASS _ .. ________ PAGE NO. _______ _ 

PRODUCT NAME 11.QO . . 'MASS STORt\GE rOR1'RAN 
PRODUCT MODEL NO.COq.~~~::.9~.:-:-E006~.~~ ___ MACHINE SERIES_l:700::...-______ _ 

Xet:\d OS"1 a II 
S Y I~ b 0 I f ().. 6 /~ 

ret.:J e 

/,,.. ,. rl t 
~ IlJ ' 
(. t) M /V1 0 IV 

/, . ." e.. 

.OA C C t1 "'e. r'" t 
dAre.. IC:J1~tJ, 

to Jec.;"'1d..1 

'lab(!/' ethd 

cia. t-A I<! t1 'j ,I, 
f" I',,:n + /; ,( ffey 

C:"nver-T 
en ... ttl 0" Ie n~ f/, 

-It; t:I <! c. ,. ., .. , t\. I 

CC'l"~!""t- J1ttme 

-1-" . t1 s C. /1 . 

sa vi:!. if (c r 
en d r-ec. & .-4 

6=£r COr!' /f/~rrL. 

IN;; 0 ANd 

.s rc":&: I /r' r,' 
~"T~9Jr ~'I/V'OI 

OI/~r6~ 

SETF-X r 
p.,. , .• , t 

--J;--

fl-;,.,t .1JH7' 

""tit COM 
/'·5 -r 

5 YIJ7SCr) 
6,e1- f!...:tc:..h syt>16oi 

f·,-D.." ~Yh1t~ I 
7&t61t!. 
~_~ ___ J 

C ('" \I e r t· tt.\ 4 
s ttJo,-t! tl.o...c.1, 

symbol ;11 
C " I"?' /' , . .:! :. S ~ d 

f ,e I + 

._-------_._._.-.......•... _-



CONTROL DATA CORPORATION • DEVELOPMENT DIV • SOFTWARE DOCUMENT 

DO CU M f N Tel A 5 S._-=---:-::::-;-;:;-:;::;--;:;-~l~M;=;S"'"';:";:---;=-:--:::;:;:;-;::;a~ __________ PAG E NO --2- 6 8 
PRODUCT NAME 1700 ClASS STORAGE FORTRAN 
PRODUCT NO. --~C~DnD~5~~V~E~R~S~IO~N~~~2~.O~~~M--A-C-H-IN---E-S-E-R-IE-S--~1~70~O~---------------

---....-....-------------------

5.2.3.1 

5.2.3.2 

5. 2.1f 

CA 138-1 

1-7/t~r -fhft!. 0f,t/ h ,/ Z 4t/~17 Sc..d.11 , the 
instruction at the top of the buffer must be output. If the addreJs 
reference has not yet been identified or if the distance from the 
current location to the address reference is more than "1256

10
, the 

instru~tion is stored in the future table. A binary output r~cord 
to be rend in at the current location at object time execution will 
be genernted when the referenced location appears at the top of 
the output buffer. 

If the distance from the current location to the address reference is 
equal to or less than I 2561(' the output buffer is fixed to the point 
of the forward reference. this is accomplished by storing the location 
of the forward reference in IFIX. The number or size of instructions 
to be output may not be changed as long as the location of the instruction 
or the location of its forward reference is less than or equal to 
IFIX. 

Processing of the instruction at the top of the buffer is completed 
and the record is flagged ready for output. AMOUT then goes back to 
the primary scan. 

When the END record appears in the output buffer, IFIX is set nega­
tive at the end of the secondary scan to force all instructions out 
of the buffer. 

Flow Chart of Subroutine AMOUT 

Format of the Future Table, NFTAB 

Subroutine ADMAX 

Subroutine ADMAX analyzes the instructions sent to it for possible 
reduction in size or elimination from the object program. It is 
called from subroutine AMOur when a record is encountered that is 
not flagged as fixed length or ready for output. 

There are three situations which may produce reduction in size or 
elimination of an instruction: 

1. The I register is not used in the object program. The 
compiler generated instructions to save and restore the I 
register and the I register holder are eliminated. 

2. The program counter is not fixed and the distance to the 
address reference is less than 128 10 • The type of the two­
word instruction is changed to the corresponding one-word 
type; that is, two-word relative direct or indirect becomes 
one-word relative direct or indirect. 

o 
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DOCUMENTClASS ______ ~~-I~M~S-----------------------------------PAGENO __ ~2 
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5.2.4.1 

5.2MS" 

3. The pro8ram counter is not fixed, the instruction 1s a 
conditional jump and the distance to the address reference 
is less than 16 • The jump instruction is eliminated and 
the preceding si~p or skips are changed to reflect the elimina­
tion of the jump. 

The fifteenth bit of the indicator is set in a record con­
taining an instruction to be eliminated. This will cause 
subroutine AMOUT to ignore the record. 

A decrement count 1s set for instructions reduced in size 
or eliminated. Sub~utine tABDEC is called to decrement 
all affected storage addresses. 

Flow Chart of SubroutineADMAX 

Subroutine CONV 

Subroutine CONV converts a binary word to decimal format. It is 
handed two parameters by the calling program. The first is the loca­
tion of the word to be converted; the second is the location into 
which the converted word is to be stored. ('"-,\, 

'-...,/ 

5.2.' 

5.2.'1 

5.2.10 

Subroutine COUNT 

Subroutine COUNT increments the program counter. The increment 
holder, lCT, is always set at one unless re-set by the calling 
program. 

Subroutine FINISH 

Subroutine FINISH lists the program length, referenced externals, and 
undefined symbols, i~ any. It also generates binary external records. 

Flow Chart of Subroutine FINISH 

Subroutine lACON 

Subroutine lACON converts a two-word symbol name (ISYM -
packed by CNVT) to ASCII format and stores it in the 
print buffer. 
Subroutine IHeON 

Subroutine IHCON converts a binary word to hex format and stores it 
in the print buffer. 

Function INDEX (INX) converts the circular buffer pointer 
INX (which always increases) to a subscript of NOBUFF. 
That is, INDEX (INX) is equal to INX modulo lNOB (NOBUFF 
'size). 
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5.2.15' 

5.2.16 

5.2. 16 .1 

5.2.1'1 

,." , .... , 

Subroutine LABOUT 

Subroutine LABOur puts labels in the print buffer by calling subrou­
tines lACON or IHCON as applicable. It also checks the future table, 
NFTAB, for references to this label. If any references are found, 
LABIN outputs a binary record origined at the location of the instruc­
tion referencing the label. The binary record contains the location 
of the label or the distance from the label to the reference depending 
on the addressing mode of the instruction. 

Flow Chart of Subroutine LABOur 

Subroutine NPUNCH 

Subroutine NPUNCH outputs binary records from the ~nch buffer and 
clears the buffer. 

Subroutine NP20UT 

Subroutine NP20UT sends one or two output images to the 
binary output routine and to the list output routine 
(Phase E only) according to the size of the instruction 
The program counter is bumped for each image that is output. 
Flow Chart of Subroutine NP20UT 

Subroutine NWRITE 

Subroutine NWRITE outputs one list record from the print buffer and 
sets the buffer to ASCII blanks. 

Subroutine PACK 

Subroutine PACK is called from subroutine NWRITE to .pack ·the output 
image in the print buffer. 

Subroutine RBDX 

Subroutine RBDX is called from subroutine RBPK to compute the location 
and position·of a binary word and its associated relocation byte in 
the binary output record. RBDX is called from subroutine UNPUNC 
to compute the location and position of the "last word flag" in 
the binary output record. 

Flow Chart of Subroutine RBDX 

Subrout ine RBPK 

Subroutine RBPK packs one binary word into the punch buffer. When ~, 
the buffer is full, subroutine UNPUNC is called to empty the buffer. "-.-, 
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5.2.18 

5.2. 19. I 

5.2.1~ 

5.2.1'1.1 

5.2.20 

5.2.ao.l 

CA 138-1 

Flow Chart of Subroutine RBPK 

Subroutine SETPRT 

Subroutine SETPRT constructs the opcode and address fields of 
a list output record and calls Subroutine NWRITE to output the 
record. SETPRT is in Phase E only. 

Flow Chart of Subroutine SETPRT 

Subroutine TABDEC 

Subroutine TABDEC is called frc~ subroutine ADMAX to decrement 
addresses that are .affected by a change in the output buffer made 
in ADMAX. The· symbol table, and the two tables of address holders, 
IDVTAB and NDSTAB, are searched for program addresses that are greater 
than the current program count. All such addresses found are decre­
mented by the amount handed from ADMAX to TABDEC in the decrement 
holder, IDECR. 

Flow Chart of Subroutine TABDEC 

Subroutine UNPUNC 

Subroutine UNPUNC calls subroutines RBDX and NPUNCH to output 
the contents of the punch buffer. 

Flow Chart of Subroutine UNPUNC 
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6.4.18 Subroutine Q8EXP1 
6.4.19 Q8DFIO Routine 
6.4.20 IFALT Routine 
6.~.21 Subroutine Q8DXP9 
6.4.22 Subroutine Q8DXP1 

Calling Sequence 

----- --------

I 

I 
I 
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6.5 I/O Restrictions 

6.5.1 Structure of Unit History Table Entry 

6.6 Error Message 

6.6.1 
6.6.2 
6.6.3 
6.6.4 
6.6.5 

6.6.7 
6.6.8 
6.6.9 
6.6.10 
6.6.11 
6.6.12 
6.6.13 
6.6.14 

6.7 Records 

General Discussion 
An Error in the FORMAT Statement 
Illegal Character in the Input Field 
Input Data Exceeds Limits of 1700 Word 
Improper Use of Unit 

Illegal Formatted Input 
Illegal List 
File Defined Twice 
Parameter Negative or Zero 
Secto~ Address Too Large 
File Not Defined 
Logical Unit Not a Mass Storage Device 
Record Number in READ ~r WRITE Request 

6.7.1 Binary READ-W.RITE Statements 
6.7.2 Formatted READ-WRITE Statements 

Incorrect 

o 



, \ ( ) 
\,;.-:.: 

CONTROL DATA CORPORATION 
_____________________ DIVISION 

PAGE NO. __ b_-_3 ________ _ IMS 
DOCUMENT CLASS 1700 MAss STORAGE FORTRAN 
PRODUCTNAME ___ ~~~~~~~~~~~~~-------------~------------
PRODUC T MOD E L NO • ....:C::.!O~O::=..:5=-'___=2::...;.:...:O=__ _________ MAC H IN E SE R IE S _-=1w.7-=0W::O~ _________ _ 

6.0 OBJECT TIME I/O ROUTINES 

6.1 GENERAL DESCRIPTION 

6.2 

AA 37n 

I/O Requests of the fol lowing forms are handled by the I/O 
routines: 

READ {LJ,f}L WRITE {u,f}L READ {k{n},f}L WRITE {k{n},f}L 

READ {u,f} WRITE {u,f} READ {k{n}f} WRITE {k{n},f} 

READ {u}L W~ITE {u}L READ {k{n}}L WRITE {k{n}}L 

READ {u} REWIND u READ {kin}} WRITE {kin}} 

BACKSPACE u ENDFILE u OPEN {k, i,j,u,x} 

[OF {u} rOCK {u} IFALT {m} 

where u is the logical unit number of an input/output device, 
f is the number of a format statement, L is a I ist of 
parameters to be input or output, k is a file number, n is 
a sector number, i is the number of sectors per record, 
j is the number of records per file, x is a starting sector 
number, and m is the type of floating point fault. 

CALLING SEQUENCE FOR I/O REQUESTS 

Three Request I/O 

I/O requests with parameter 1 ists generate cal Is to three 
routines: the initial ize routine, the transmission routine, 
and the terminate routine. 

Initialize Routine 

The initial ize routine is named Q8QINI and has th~ fol lowing 
cal I ing sequence: 

RTJ Q8QINI 

1. flag word 
2. I/O request number 
3 .. unit number or address of unit number 
4 .. format statement address or address of 

format statement address. 

for disk files, words 3 and 4 are: 

3. file number or address of file number 
4. sector number or address of sector number 
5. format information as in 4 for non-disk 

The bits of the flag word are designated to represent the 
following information: 

BIT 
15 

SETTING 
Not Used 

PRWTm IN USA 
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BIT SETTING 

14 .1 formatted 
0 unformatted 

13 1 unit number 
0 address of unit number 

12 1 format statement address 
0 address of format statement address 

11 1 list 
0 no list 

10 1 read 
0 not read 

9 1 write 
0 not write 

8 1 disk I/O 
0 no disk I/O 

7 1 sector number address 
0 address of sector number address 

6-0 not used 

Transmission Routine 

The transmission routine is named Q8QX and has the 
following calling sequence: 

RTJ Q8QX 

1. address of list element 

Terminate Routine 

The terminate routine is named Q8QEND and has the 
following calling sequence: 

RTJ Q8QEND 

One Request I/O 

1/0 requests without parameter lists generate only a call 

I" _-., ,,/ 

to the initialize routine. The calling sequence is the ,~, 
same as described for Q8QINI above. .,' 

PRINTED IN USA 
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Auxiliary Input/Output Statements Calling Sequence 

REWIND u 
RTJ Q8QWND 

1. address of u 

BACKSPACE u 
RTJ Q8QBCK 

1. address of u 

END FILE u 
RTJ Q8QFLE 

1. address of u 

OPEN - allocate disk addresses and open disk file 
RTJ Q8QDFNF 

1. I/O request·number 
2. address of file number 
3. address of number'of sectors per word 
4. address of number of records per file 
5. address of logical unit number 
6 •. address of starting sector number 

Basic External Functions 

End of file check EOF 

RT J EO F. 

1. address of u 

I/O error check rOCK 

RTJ lOCK 

1. address of u 

Floating point error condition check IFALT 

RTJ IFALT 

1. number 0, 1, 2 in binary 

Special Calls 

Pause and stop statements 

PAUSE 

RTJ Q8QPSE 

AA 37n PRINTED IN USA 

I 
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PAUSE n 

RTJ Q8QPSEN 

1. octal number n in binary 

STOP 

RTJ Q8STP 

STOP n 

RTJ Q8STPN 

1. octal number n in banary 

DISCUSSION BY STATEMENT TYPE 

READ and WRITE 

I/O requests of the form READ and WRITE are handled by the 
same I/O routines. The initialize routine, Q8QINI, 
interprets the information in the calling sequence and 
initializes the required routines. The transmission 
routine transmits the address of the element to the pro­
cessing r~utine. If no FORMAT statement is involved, 
the processing routine in Q8BINB; otherwise Q.8IFRM is the 
processing routine. When all the elements have been 
processed, Q8QEND is called to terminate the input or 
output. 

READ and WRITE requests without a list are handled by the 
initia1ize routine, Q8QINI. After the ca1ling sequence 
has been interpreted, Q8QINI calls the required processing 
routine. When the request has been processed, Q8QINI 
ca1ls Q8QEND to terminate the input or output. 

Auxiliary Input/Output Statements 

A REWIND u statement is hand1ed by the routine Q8QWND. A 
status request is made to determine if the unit may be 
rewound. If the statement is illegal, error message b 
is typed and exit is made to the Utility System. If the 
statement is lega1, a rewind request is made. 

A BACKSPACE u statement is hand1ed by the routine Q8QBCK. 
A status request is made to de~ermine if the unit may be 
backspaced. If the unit may not be backspaced, error 
message 6 is typed out and exit is made to the Operating 
System. 

PRINTED IN USA. 

(~ 
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An END FILE u statement is processed by the routine Q8QFLE. 
A status request is made to determine if the unit is capable 
of writing an end of file {EOF}. If an EOF may not be' 
written, error message 6 is typed and exit is made to the 
Operating System. 

Q8QWND, Q8QBCK, and Q8QFLE are grouped together in the 
program names TAPCON. They make use of common subroutines. 

An OPEN d, i, j, u, x request is handled by the routine 
Q8DFNF:which is in the program Q8DFIO. A table entry 
containing the file number, logical unit, and starting 
sector'number is set up and the file space used is 
allocated. Several err,ors can result if the parameters 
are incorrect. The table entry is used by subsequent 
READ or WRITE requests for that file. 

BasiC External Functions 

EOF{u} function is serviced by the routine EOF. If bit 
12 of the unit history iable entry for u is set, an end 
of file has been written by the previous WRITE request. 
The A register will contain one upon exit from EOF. Bit 
12 not set results in the A register conta~ning two upon 
exit from EO F. .. 

EOF is grouped with Q8QFLE, Q8QWND, and Q8QBCK in the 
program TAPCON. 

IOCK{u} function is serviced by the routine lOCK. If bit 
2 of the unit history table entry for u is set, an error 
occurred during a previous I/O operation. The A register 
contains one upon exit from lOCK. Bit 2 not set results 
in the A register containing two upon exit from' lOCK. 

IFALT{I} function is serviced by the routine IFALT. The 
inptit parameter I may tak~ on the following meanings: 

I = 0 Check for overflow 
I = 1 Check for divide fault 
I = 2 Check for underflow 

The values that the parameter may return are: 

I = t Co'ndition occurred 
I = 2 Condition did not occur 

PRINTm IN USA. 
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Special Calls 

A PAUSE statement is handled by the routine Q8PSE. The 
message PAUSE is typed out and a typewriter read is executed. 
The program continues when a carriage return is typed in.· 
PAUSE n is handled by the routine Q8PSEN w~.ich is the same 
as Q8PSE except PAUSE n, where n ·is a 5 di~it octal number, 
is typed out. 

A STOP statement is handled by the routine Q8STP. The 
message STOP is typed out and an exit request is m~de to 
the Operation System. STOP n is handled by Q8STPN which 
is identical to Q8STP except STOP n, where n is a 5 digit 
octal number, is typed out. 

Q8PSE, Q8PSEN, Q8STP, and Q8STPN are grouped together in 
the program named PSSTOP. 

DISCUSSION BY ROUTINE 

Q8QINI Routine 

The purpose of this routine is to interpret the calling 
sequence and initialize the appropriate routines- The 
routine is written in 1700 assembly language. 

Three entry points are declared: Q8QINI, Q8UNIT, and 
Q8SKTP. The calling sequence to Q8QINI ;s described 
in 6~2-1. Q8UNIT contains the unit number of the I/O 
request. Q8SKIP is called whenever the next record for 
formatted I/O is to be input or output. 

The following externals are declared: 

Q8ERRM in Q8ERRM 
Q8INTB in Q8RWBU 
Q8EREM in Q8ERRM 
Q8TOM in Q8QX 
Q8CMPO in Q8CMP 
Q8MAGT in Q8MAGT 
Q8QEND in Q8QEND 
Q8IfRM in Q8IFRM 
Q8IGP in Q8FGET 
Q 8CMPl in Q 8CMP 
Q8QlJN~ in Q8QUNI 

Q8QX Routine 

The purpose of this routine is to transmit the address of 
the element· and call the appropriate processing routine 
{bin~ry or format}. The routine is written in 1700 Assembly 
Language. 

PRINltD IN USA. 

......... ----­I 
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The following entry points are declared: Q8QTOM, 
Q8QX{Q8QTRM}, Q8QY, Q8QZ, and Q8MOVE. 

Q8QTOM calling sequence: 

LDA flag word 
RTJ Q8QTOM 

Q8QX {Q8QTRM} is described in 6.2.1. 

Q8MOVE calling sequence: 

RTJ Q8MOVE 
ADC value 
ADC switch 

For Binary Transmission the following rules apply: 

A.. . RT J' Q8QX {o.ne word transmission} 
1. address of integer list element 

B., RTJ Q8QY {two word transmission} 

(.' RTJ 

1. address of single precision floating 
point element 

Q8QZ {three word transmission} 
1. address of double precision floating 

point element 
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6.4.3 

6.4.4 

For read, value is moved to the address of the list element plus 
switch. For write, the list element plus switch is moved to the 
address of value. 

The following externals are declared: 

'. 
Q8IFRM in Q8IFRM 
Q8BINB in Q8RWBU 
Q8QUNl in Q8QUNl 
Q8UNIT in Q8QINI 

Q8QUNI Rout ine 

This routine is composed of three subroutines to insert data into and 
fetch data out of the unit history table. The routine is written in 
1700 assembly language. The following entry points are declared: 
Q8QUNl, Q8QUN2, .and Q8QUN3. 

Q8QUNl calling sequence: 

LOQ unit 
RTJ Q8QUNl 

Return with A register containing unit history table entry 

Q8QUN2calling sequence: 

LOA value 
LDQ 'unit 
RTJ Q8QUN2 

Value is logically ORed into the unit history table entry 

Q8QUN3 calling sequence: 

LOA value 
LDQ unit 
RTJ Q8QUN3 

Value is stored in the unit history table entry 

The following external is d~clared: 

Q8EREM in Q8ERRM 

Q8CMP Routine 

The routine is written in 1700 assembly language. Q8CMP has 2 entry 

-------------

.0 
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points, Q8CMPO and Q8CMPl. Q8CMPO initializes the input/output 
request. Q8CMPl implements the input/output request retaining a 
composite error history which is left in the A register upon return, 
when entry is from Q8QENO. 

Q8CMPO calling sequence: 

LOA flag word 
LOQ unit 
RTJ Q8CMPO 

Q8CMPI calling sequence: 

LOA indicator (non zero if entry from Q8QENO, otherwise 0) 
RTJ QaCMPl 

Return with A = composite error history (if indicator non zero) 

The following externals are declared: 

Q8EREM in Q8ERRM 
Q8BEGB in Q8RWBU 
Q8LOCB in Q8RWBU 
QaCLRB in Q8RWBU 
Q8RINT in Q8RWBU 

Q8RWBU Rou tine 

This routine is written in 1700 assembly language. Q8RWBU has seven 
entry points: Q8IBUF, Q8INTB, Q8LOCB, Q8BEGB, Q8CLRB, Q8RWBU, and 
Q8BINB. Q8IBUF is the first word in the physical record buffer. As 
such Q8IBUF is zero for all physical records except for the last 
physical record when Q8IBUF is equal to the number of physical records 
in the logical record. 

Q8INTB initializes buffer counters and, if the request is a READ, 
inputs the first record from the I/O device. Q8LOCB. loads the address 
of the current buffer location into the A register. Q8BEGB loads 
the address of the first buffer location into the A register. Q8CLRB 
backgrounds tht~ buffer with zeros for binary I/O and ASCII blanks 
for formatted I/O. Q8RINT reinitializes the buffer counters. 

Q8RWBU loads a character from the conversion routine into the buffer 
for WRITE requests and from the buffer to the conversion routine for 
READ requests. 

Q8BINB loads a binary ~rd from the list. into the buffer for WRITE 
requests ·and from the buffer into the list for READ requests. 

------------.---------------.. _----------
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Q8INT8 call ing sequence: 

LDA flag word' 
RTJ Q8INT8 

Q8LOC8 calling sequence: 

RTJ Q8LOCB 

Return with A c address of current buffer location 

Q88EGB 'cal ling sequence: 

RTJ Q8BEGB 

Return with A = address of beginning buffer location 

Q8(LR8 cal I ing sequence: 

RT J Q8C.LR B 

Q8RINT call ing sequence: 

RTII Q8RINT 

Q8RWBU cal I ing sequence: • 
CALL Q8RWBIJ -rCHAR} or RTII Q8RWBU 

ADC CHAR 

CHAR is the location of the character to be stuffed into the 
buffer {WRITE} or the location to stuff the next buffer 
character into {READ}. 

In a statement of the form 

CALL Q8RWBU {CHAR} 

C~AR may be a decimal number whose corresponding hexadecimal 
number gives the ASCII symbol to be stuffed into the buffer 
{WRITE}. 

Q8BINB cal I ing sequence: 

RT IJ Q8RINB 

The fel lowing externals are declared: 

Q8(MPl in Q8CMP 
Q8EREM in Q8ERRM 
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Q8FGET Routine 

This"routine is w~itten in 1700 assembly language. Q8F('ET 
consists of four entry points:Q8LOCF, Q8I!;P, Q8F('ET, 
and Q8FPUT. Q8LOCF loads the character counter into the 
A register. Q8IGP clears the 
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character counter and stores the FORMAT statement address. Q8FGET 
fetches a character from the FORMAT statement. Q8FPUT stores a 
character into the FORMAT statement. 

Q8~CF calling sequence: 

RTJ Q8LOCF 

Return with A = character counter 

Q8IGP calling sequence: 

LOA format statement address 
RTJ Q8lGP 

Q8FGET calling sequence: 

CALL Q8FGET (ADR, SAVE, REP) 'or RTJ 
AOC 

Q8FGET 
AOR, SAVE, REP 

Where AOR is the address where the FORMAT statement character is 
to be stored; SAVE is a flag - 0 means ignore, 1 means save the 
current character count less I in FR, 2 means save the current 
character coont less 1. in GR; REP is a flag - 0 means ignore, 
1 means set the character count to FR, 2 means set the charadter 
count to GR. 

Q8FPUT calling sequence: 

CALL Q8FPUT (ADR) or RTJ 
AOC 

Q8FPUT 
AOR 

Where AOR is the address of the character to be stored into the 
FORMAT statement. 

There are no externals declared by Q8FGET. 

Q8ERRM Rout ine 

The routine is written in 1700 assembly language. The purpose of 
this routine is to process error messages. Three entries are declared: 
Q8ERRM, Q8EREM, and Q8FERM. Q8ERRM converts the I/O request number 
and uni t number from binary to ASCII dec ima 1. Q8EREM processes 
error messages from 1700 assembly language routines. Q8FERM pro­
cesses error messages from 1700 FORTRAN language routines. 

c 
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Q8ERRM ca~ling sequence: 

LOA I/Oreq~est number 
LDQ unit 
RTJ ,Q8ERRM 

! , 

Q8EREM calling sequence: 
I· , 

LOA le~ror~ype 
RTJ I Q8EREM .' 

. Q8FERM ca 11 ing sequence: 
I . 

qALL Q8FERM (1) or RTJ 
ADC 

Q8FERM 
I, . 

Wher~ I is the error type number. 

The following externals are declared~ 
i 

Q8I1)CF in' 'Q8FGET 
Q8LOCB in Q8RWBU 

Q8MAGT Routine 

The purpose of this routine is to check the status of the magnetic 
tape unit specified for the READ/WRITE request. The routine is written 
in 1700 assembly language. There is one en try: Q8MAGT. 

Q8MAGT calling seque'nce: 

LDQ flag word 
LOA unit 
RTJ QaMAGT 

The following externals are declared: . 

Q8EREM in Q8ERRM 
Q8QUN2 in Q8QUNI 
Q8COMI in PSSTOP 
Q8QWND in TAPCON 

Q8IFRM Routine 

I 

The purpose of this routine is to initialize certain cells and call 
either the format scanner (Q8FS) or th.e conversion and' transmission 
routine (Q8TRAN) based on the setting of the input' parameter IENTY. 
It is coded in FORTRAN and is defined as fo llows: 

I" i 
\--j------------~--------------------------~------------------------~----------------------
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SU8ROUTINE Q8IFRM {IENTY, lRW, ILIST} 
The input parameters hav~ the following meaning: 

IENTY - Switch which determines the phasing' 
of the call. 0 = I/O list just 
beginning to be processed {entered 
from Q8QINI}. 1 = I/O list being 
processed {entered from Q8QX~. 

IRW - Read/Write Switch. 0 = Read, 1 = Write. 
ILIST - Any list associated with this I/O. 

1 = lisi, 0 = no list. 

Q8FS Routine 

The purpose of this routine is to scan the FORMAT. state­
ment, interpret individual subfields, and pass the 
resulting field specification parameters to the conver­
sion and transmission routine, Q8TRAN. It is coded in 
FORTRAN and is defined as follows: 

SU8ROUTINE Q8FS {IRW, IFW, IND, ITYPE, IRF, IRG, 0 
18CT, ISWR, ILIST, IANYL} 
The input parameters have the following meaning: 
IRW - Read/Write switch. 0 = Read, 1 = Write. 
IFW Number of characte~s in I/O field. 
IND - Number" of characters to right' of decimal 

point. 
ITYPE Type of conversion to be done 

1 = A 
2 = R 
3 = E 
4 = F 
5 = $ 
b = I 
7 = D 

IRF Number indicating the number of times the 
current· f iel d is to be repeated. 

IRG - Number indicating the number of times the 
current group is to be repeated. 

18CT - Nu~ber indicating the parenthesis count. 
+1 for all { and -1 for all }. 

ISWR - When this switch = 2 a new I/O is performed, 
otherwise not. It is a delayed read/write 
switch. 

ILIST - 0 = no list; 1 = list ~ssociated with this 
I/O statement. 0 

IANYL 0 no conversion specification exists in 
FORMAT statemen~~ Non-zero = at least 1 
conversi6ri specification exists. 
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6.4.11 

6.4.12 

6.4.13 

Q8TRAN Rout ine 

The purpose of this routine is to convert the next subfield for I/O 
based on the appropriate FORMAT specification and transmit the subfield 
to or from core. It controls all I/O done under FORMAT control. 

It is coded in FOR~RAN and is definep as follows: 
, . 

SUBROUTINE Q8TRAN (IRW,IFW, !ND, ITYPE, IRF, IRG, IBCT, ISWR, 
ILIST, IANYL)· 

The input parameters have the same meaning as described in section 
6.4. 10 for Q8FS. 

Q8QEND Rout ine 

The purpose of Q8QEND is to terminate the READ/WRITE request and store 
the cumulative error history into the unit history table. The routine 
is written in 1700 assembly language. The only entry is Q8QEND. 

Q8QEND calling sequence: 

RTJ Q8QEND 

The following 'externals are declared: 

Q8CMPI in Q8CMP 
Q8QUNl in Q8QUNI 
Q8QUN2 in Q8QUNI 
Q8UNIT in Q8QINI 

TAPCON Routine 

TAPCON consists of magnetic tape function routines. The routine is 
written in 1700 assembly language. Entries are Q8QBCK, Q8QFLE, Q8QWND, 
and EOF. Calling sequences and functions are described in 6.2.3, 6.2.4, 
6.3.2, and 6.3.3. 

The following externals are declared: 

Q8EREM in Q8ERRM 
Q8CMPO in Q8CMP 
Q8CMPI in Q8CMP 
Q8QUNI in QaQUNI 
Q8QUN2 in Q8QUNI 
Q8QUN3 in Q8QUNI 
Q8IBUF in Q8QINI 

._---------------------------------_._--_._ .. __ . 



CONTROL DATA CORPORATION • DEVELOPME NT DIV • SOFTWARE DOCUMENt 

OOCUMENTCLASS~~~ ____ ~IM~S~ __________________________________ PAGE NO 6-18 
PRODUCT NAME 1700 Mass Storage fORTRAN 
PRODUCT NO. 5 COOS YE:RSION.-.I2-..wO _____ MACHINE SERIES_--.-;1;;..;7...,;;0..;;,0 _______ _ 

6.4.14 

6.4.15 

6.4.16 

6.4.17 

lOCK Routine 

The routine is written in 1700 assembly language. lOCK is a routine 
to check for any I/O error. It is described in 6.2.4 and 6.3.3. It 
has one entry point: lOCK. 

The following externals are declared: 

Q8QUNl in Q8QUNI 
Q8QUN3 in Q8QUNI 

PSSTOP Routine 

PSSTOP consists of the special calls Q8PSE, Q8PSEN, Q8STP, Q8STPN, 
describ~d in 6.2.5 and 6.3.4 plus the entry Q8COMI. The routine 
is written in 1700 assembly language. Q8COMI reads the teletype­
writer for one character. 

Q8COMI Calling Sequence 

RTJ Q8GOMI 

One external is declared: Q8PANO 

Q8PANO Routine 

The purpose of Q8PANO is to type PAUSE or STOP followed by 5 octal 
digits if specified. The routine is written in 1700 assembly language. 
It has one entry point, Q8PANO. 

Q8PANO calling sequence: 

LOA NUM 
LOQ AOR 
RTJ Q8PANO 

Where NUM is a binary number to be converted to 5 digit ASCII 
octal, or, if NUM 0, to be ignored. AOR is the address of 
PAUSE or STOP in ASCII. 

There are no externals. 

Subroutine Q8EXP9 

Routine converts a binary integer and decimal exponent into a 
floating point number. The integer is assumed to be greater than 
O.Exponents may be positive, negative, or zero. 
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6.4.18 

Input parameters: P address of 2 word binary integer 
P contains most significant 16 bits 
P + t' contains least significant 12 bits, right 

justified 
PI address of decimal exponent 

Output parameter.s: P, P+l contains floating point number (0 if. 
, underflow has occurred, $7FFF, $FfFF if .over-

. ~ flow has occurred) 

Routines Used: 

Used by: 

PI error indicator 
o implies no error 
~ implies error 

FLOT 

Q8TRAN (FORTRAN object time conversion routine) 

Language: 1700 Assemb 1 y Language-

Subroutine Q8EXPl 

Converts a floating po-int number to an octal fraction with decimal 
exponent. 

Input parameter: P address of ~ word table P+l, P+2 contain 
floating point number to convert 

Output parameters: P+l, P+2 contain octal fraction (lower 12 bits 
of each word) 

P+3 value of decimal expOnent 

Used by: Q8TRAN 

Routines used: FLOT 

Other externals: Q8EXPT (in Q8EXP9) 

Language: 1700 A'ssemb 1 y Language 

--- .. - ........ _., ..•• ,---, 
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Q8DFIO Routine 

Q8DPIO which is written in 1700 assembly language, handles 
the disk I/O necessary for OPEN statement. This routine 
may be sp1it into two separate parts. 

The first part, which has the entry point Q8DFIN, is called 
by Q8QINI to initialize the disk I/O. 

Q8DFIN calling sequence: 

RT J Q8D FIN 

where 

A contains the file number 
Q contains the flag word shifted 7 left 

This routi'ne finds the corresponding fi le table entry, 
computes the starting sector number and places it in 
Q8DFAD {in Q8CMP} and returns with the logical unit in A. 

The second part, which has the entry point Q8DFNF, 
is entered by a compiler generated call from the user~s 
program when executing an OPEN statement. 

Q8DFNF calling sequence: 

RTJ Q8DFNF 
1. address of file number 
2. address of number of sectors per record 
3. address of number of records per file 
4. address of disk 10gical unit number 
S. address of starting sector number 

The disk file table starts in the low address of unused 
core and extends upwards. Three words are created for 
each file. The format is as fo1lows: 

WORD ° :. file number 
WORD 1: logical unit number 
WORD 2: starting sector address {x} 

The following externals are declared in Q8DFIO: 

Q8ERRM in Q8ERRM 
Q8EREM in Q8ERRM 
Q8QINI in Q8QINI 
Q8DFAD in Q8CMP 
Q8QENS in Q8CMP 

PRINT£O IN u.s.A. 

• I 

c' 
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IFALT Routine 

'This routine checks for a floating point error condition. 

The i~put parameter I may take on the following values: 

1=0 
1 
2 

Check for overflow 
Check for divide fault 
Check for underflow 

The parameter I may return the following values: 

I = 1 ' 
2 

Condition occurred 
Condition did not occur 

This routine~ which is written in 1700 Assembly Language~ 
uses the contents of loca~ion.C~ in checking for the 
above conditions. The routines FLOAT and DFLOT-store 
their error condf~ion information in this low core location. 

There are no externals. 

Subroutine Q8DXP9 

This routine converts.a binary integer and decimal 
exponent into a double precision {3 word} floating point 
number. The integer is assumed to be greater than zero. 
Exponents may be positive~ negative, or zero. 

Input parameters: P address of 4 word binary integer 
P contains the most significant 

Output parameters: 

4 bits" 
P+1 contains the next intermediate 

significant 12 bits right 
justified 

P+2 contains the next intermediate 
significant 12 bits right 
justified 

P+3 contains the least significant 
12 bits right justified 

P1 address of decimal exponent 

P }Contains th, e double precision 
P+1 point number ,{O if underflow 
P+2 has occurred $7FFF~ $FFFF~ 

$FFFF if overflow has occurred.' 
o implies-no error 
¢O i~plies error 
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6.4.22 

CAUl· 1 ".V 10-.7 

Routines Used: DFLOT 

Used by: Q8TRAN {FORTRAN object time conversion 
routine} . 

Language: 1700 Assembly Language 

Subroutine Q8DXPl 

This routine obtains a double preclslon floating point 
number and converts it to an intermediate form of a 
decim~l integer and a decimal exponent. 

Input parameter: P address of 6 word table 
P+ 1} con t a i n the do ubI e pre cis ion 
P+2 floating point number to be 
P+3 converted. 

Output parameter: P+1} contain the intermediate binary 
P+2 fraction {Lower 12 bits of each 
P+3 word} . 
P+4 {only the upper 4 bits of the 

lower 12 bits are used} 
P+5 contain~ the decimal exponent 

Used by: Q8TRAN 

Routines Used: DFLOT 

Other Externals: Q8DXPT and Q8DXP2 {in Q8DXP91 

Language: 1700 Assembly Language 

1/0 Restrictions 

The number of logical units which may be used in one 
program is limited to 30. This number is intrnduced 
to limit the number of cells necessary for storage 
of the unit history table. The unit history table must 
be available to give information on the EOF and lOCK 
requests. 

c 

o 
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6.5.1 

6.6 

6.6.1 

Each time a new logical unit is used in an I/O request~ an entry 
will be 'made in the table. Wh.en use of more than 30 units is attempted, 
an error message will by typed. The transmission information on the 
I/O request is placed in the table upon completion.of the request. 

Structure of Unit History Table Entry 

BIT 

,15 Not used 

·14 1 Formatted 
a Unformatted 

13 1 Rewind 
a Non rewind 

12 1 EO~ Read 
0 No EOF Read 

11 I Backspace 
a Not backspace 

10 I Read 
a Not read 

9 1 Write 
0 Not write 

8-3 Not used 

2 1 Error occurred 
a Error ,free r eque s t 

1-0 Not used 

ERROR MESSAGE 

General Discussion 

Error messages will be output on the standard comment medium. The 
message form will be one of the following three types: 

Type 1: 

Type 2: 

Type 3: 

N 
I/O RQST n 
ffff· 

N 
I/O RQST n 
ffff 
gggg 

N 
I/O RQST n 
XX 

,I 

-.,.../ 

~', 
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1. N is an error number whidh corresponds to an error message. 

2. n is the I/O request statement number. 

3. ffff is the current value of the format statement pointer. 
This value is in decimal. 

4. gggg is the current value of the input field pointer. This 
value .is in decimal. 

5. xx is the decimal unit· number of an improperly used device. 

An Error in the FORMAT Statement 

MESSAGE: 1 
I/O RQST n 
ffff 

Illegal character in format statement 

Action: ,program termination 

Illegal Character in the Input Field 

MESSAGE: 2. ' 
I/O RQST n 
ffff 
gSg8 

Action: program termination 

Input Data Exceeds Limits of 1700 Word 

MESSAGE: 3 
I/O RQST n 
ffff 
8g8g 

Action: program termination 

Improper Use of Unit 

MESSAGE: N 
I/O RQST n 
unit number 
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,N 

4 

5 

6 

7 

8 

9 

10 

-
6.6.7 

AA 3771 

Description of Improper Use Action 

Attempt to read on a write unit Program termination 
or write on a read unit 

Read or write request after an Program termination 
end of fi Ie has been written 
without first doing an EOF 
check. 

Attempt to write an EOF, rewind, Program termination 
or backspace any unit other than 
a magnetic tape 

, Wr i te attempted on magnetic tape Typ~ @ to continue 
with no write enable 

- . 

Attempt to use logical unit Program termination 
number greater than 30 

Backspace at load point Program termination 
------

End of magnetic tape sensed Rewind tape. , 
Type @ to cont i nue 

II legal Formatted Input 

More elements are given than are contained In an input 
record. 

MESSAGE: 12 
I/O RQST n 
ffff 

Action: program termination 

I I I ega I List 

A list is given but there are no conversion codes In the for­
mat statement. 

MESSAGE: 13 
I/O RQST n 
ffff 

Action: program termination 
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6.6.10 

6.6.13 

, AI. '5771 

File defined twice 

More than one OPEN request given for the same file. 

MESSAGE: 14 
I/O RQST n 
fi I e number 

ACTION: Program is terminated. 

Parameter negative or ze~o 

One of the parameters in an OPEN statement is negative or 
zero. 

MESSAGE: 15 
I/O RQST n 
fi I e number 

ACTTON: Program is terminated 

Sector address too large 

The starting sector address or ending address exceeds 
215-1. 

MESSAGE: 16 
I/O RQST n 
fi I e number 

ACTTON: Program is terminated 

F i I e not def i ned 

A READ or WRITE request was given for a file which was 
not defined by an OPEN statement. 

MESSAGE: 17 
I/O RQST n 
fi I e number 

ACTION: Program is terminated 

Logical unit not a mass storage device 

MESSAGE: 18 

ACTION: 

I/O RQST n 
fi I e number 

Program is terminated 
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Record number in READ or WRITF request incorrect. Re­
sulting sector address is out of the range of the fi Ie 
or is zero. 

MESSAGE: 19 
I/O RQST n 
fi I e number 

ACTION: Program is terminated 

PRINT8) IN USA 

(-----' 

\ 
'-...._ .. 
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6.7 

6.7.1 

RECORDS 

Binary READ-WRITE Statements 

A binary write produces a logical record which may be composed of 
any number of physical records. 

A READ (u) statement spaces the tape one logical record. 

A WRITE (u)' statement is illegal. 

The first word will be interpreted 
represent data. A WRITE (u)L will 
~ecord ,as follows: 

1st word 

2nd word 

last word 

1st word 

2nd word 

last word 

1st w:ord 

2nd word 

last word checksum 

as a control word and does' not 
produce on paper tape a logical 

86 word physical recor( 

86 word physical recor{ 

86 word physica l reCOl"'l 

The mode is binary. The checksum when added to the sum of all the 
data words and' the header' word will result in zero~ Overflow is 
ignored in the computation of the checksum. 

-----_ ...... _-_ ..... _ .... _ ..... __ ._----------



CONTROL DATA CORPORATION 
______ ...;..-_______________ DIVISION 

DOCUMENTCLASS __ -=I~M=S __________ ~------------------
PRODUCT NAME 1700 MASS STORAGE FORTRAN 

PAGE NO._ 6--.:2:..18 ___ _ 

PRODUCT MODEL NO. _....;C;;,.:0;;,.:0:..,;;5;;.....-....;.V,.:;:2_. • .,;;;;0 _______ MACHINE SERIES 1700 

AA 3777 

A READ {u}L wil I read one logical record with the above for­
mat. The header word and checksum are not read into the 
buffer. 

A WRITE {u} will produce on magnetic tape a I'ogical record 
which has the same form as the paper tape record except 
a record gap replaces the checksum and header word. 

Formatted READ-WRITE Statements 

A 1 I formatted read-wr i te statements pr'oduce a record 'of 60 
or less words, 2, ASCII characters per word. Attempts to 
read more than 60 words {120 character's} ina record resu It 
In an error message and progrAm termination. Attempts to 
wr i te more than 68 words { 13~ characters} ina record re-
sults in truncation of the record at the 136th cha~acter. 
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1. Flag word bit 14 off means 
this is the address of the 
unit number. 

2. 

3. 

A negative address means this 
address is relative to the 
given address. 

Location F9 1n is the start of 
the System commun i ca-
tion region and contains the de­
vice code for standard input, 
standard binary output, stan­
dart list output· and comments, 
consecutive ly. 

Shift for 
8 i1't 8 -
Disk IIO 
Indicator 

m 

Q8QINI 

Save Q, I. 
FLG = flag wo 
NR = request 
TEMP = unit n • 

Add this addr 
to {Q8QINI} 
and mask off 
the sign . 

Store address 
in TEMP 

Load unit in­
directly from 

(TEMP) 

Transfer to Q 

o 
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4. Bit 1 on for read 
unit; bit 2 on for write 
unit; bit 3 on for read 
or write. 

5. Flag word bit 9 on 
means write request. 

6. Flag word bit 10 on 
~eans read request. 

7. Flag word bit 14 on 
means format request. 

S. FSAD can contain the 
address of the fo~at 
statement direct, in­
direct or relative. 

9. A negative address 
means this address 
is relative to the 
given address. 

SSFLG = SFLAG 

bits 1, 2, 3 

System 

o 

~ OK . 

I Jump to INITA 

routine 

statement 
address 

y 

Add this adr. 
to (Q8QINI) & 
mask off the 
sign. Store i 

o 
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10. Flag word bit 12 off 
means this is the 
address of the format 
statement address. 

11. A negative address 
means ~his address 
is relative to the 
given address. 

'"l.. ~~~ b 0)' \0 1.1o""a1 

o1t\, 'f..:..<)e.. Ol "-{ 

lu..\~l FoRh\.. 

10 

CALFRM 

Set Read/Writ 
switch for IF 
o for read, 1 
for write (RO 

Set list no 
list switch f r 
IFRMAT. 0 for no 
list/not 0 fo list. 

INDIR 

FSAD·= (FSAD) 

y 

dd this adr 
to (Q8QINI) & 

sk off the 
sign. 

Store in FSAD 

o 
1;1 
> o 
a: 
II. 
~ 

'" 

.... _ .. _ .... _ ....... _ ......... _ .......... _---------------
--------
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12 • Bit 11 is on i f an end 
of file was sensed by 
the magnetic tape status 
check. . 

13. LONL non-zero means 
this request has a 
list. Flag word bit 
11 means list. 

14. Bit 12 in the unit 
history table is 
used to flag end of 
file status on the de­
vice. 

IS. A formatted write 
request without list 
is a fatal error. Error 
message 11 is typed out. 

m 

routine 

y 

STATUS 
Obtain mag. 
tape hardwar 
status 

OUT 

Restore Q, I 
registers ,------1t( RETURN 
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1. Q8SKIP is an entry point 
in Q8QINI but is,an inde­
pendent subroutine called 
by the format routines to 
skip to the next record. 
It is called whenever a 
slash occurs in the for­
mat statement or deamed 
necessary by the,format 
routines. 

m 

Q8SKIP 

Save'Q register 

I 

j Q8CMPI \. 

~ImPlement ) 
read/write 

Restore Q 
register 

RETURN 

o o 
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o 
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CONTROL DATA CORPORATION 
LA JOLLA RESOURCE CENTER DIVISION 

DOCUMENT CLASS IMS PAGE NO. 6-38 
FORTRAN PRODUCT NAME 1700 MASS STORAGE 

PRODUCT MODEL NO. ~005*3.1 

1. If the history table 
entry for this unit 
has bit 12 on, an end­
of-file is indicated. 
All transmission is 
ignored. 

2." A negative address 
means this address 
is relative to the 
given address. 

3. Flag wo%d bit 14 on 
means format request~ 

Q8QZ 

AlB 

Q8QTOM 

Save Flag. 
Store Read/ 
Write Switch 

RETURN 

Q8QX 

Save Q, I 
Registers 

MACHINE SERIES 

Restore Q, I 

RETURN 

Q8QY 

Add to (Q8QX 
arid Mask Off 

Sign 

1700 

RQST 

Transfer 
Element 

Address to "Q 
& Save in ADR 

RETURN 

REnJRN 

Q8QX 
Page 6 of 89 
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It 
o 
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• fit 

1. Flag word bit 9 on 
means write. 

2. Q8HOVE is an entry 
point in Q8QX. 

, 

, 

- ______ .. __ .. __ -----'c ______ " ... , .... m 

Q8MOVE 

l! 

ADS = address 
of value. 
ADS + 1 = 
ADR + switch 

=it> 
Move- list ele· 
ment + switch 
to address in 
ADS 

XIT 

READ J/ 
Move value 
whose address 
is in ADS to 
list element ., 
__ • .1 .. • \. - -

EXIT 

RETURN 

o o 
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Q8QUN1 
l-
e 
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\,,:-~., 

0 

CHECK \II 
> 
0 
II: 
0. 

CHECK Q8QUN3 D. 
e 

III 
II: 

Load A with CHECK 
History tab e" 
entry for 
unit 

RETURN reg-
into histor 
table entry 

a: III 

0 
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u e 

Subtract 
z l z III 

l l- t- t- o e u u u z z Q8QUN2 w w III 
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52 
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() 
',- I 2. 

3. 

o 

" 

0 

Flag word bit 14 on 
means formatted I/O. 

Flag word bit 10 on 
means read request. 

Hagneti~ tape trans­
fers must be at least 
9 words in length due 
to hardware constraints. 

Save flag &. 
unit. Clear 
COUNT &. TFLG 

ETYPE = 
equipment 
type 

Set bit 12 of 
I/O request 
for ASCII 

Set write 
request for 
I/O 

RETURN 

Q8CMPl 

Save ENDFLG 
&. transfer 
. to Q. 

NRI = current 
location -
LOCl+1. Trans 
fer to Q 

NRI = 9 

RED, 

Set read 
request for 
I/O 
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Q. 
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J III 
4. ENDFLG indicates entry .. 

c 
from Q8QEND if non- N c 

zero. \ 

'T s. Compo~ite status consist c 
of bits 9-10 of the flag 

., 
> 

word for read/write and c 
It 
Q. 

bits 13-14-1S of the I/O e II. 
4 

request status. 

II: 

Ii III 
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I I 

~. I (') Flag word bit 14 on 
I 

means format request • . -

8. . All binary I/O requests 
are in logical records 
of 86 words each. 

The first word of each 
86 word record is zero 
for all records except 
the last which contains 
the number of physical 
records per logica 1 
record (COUNT). 

9. Clear 1st word of 
binary physical 
record. 

10. 1st word zero means 
more physical records to 
follow. Q8QEND requires 
input of all physical 
records until entire 

(') logical record has 
been read. - ;,1 

CD 

Increase phy-
sical record 
count by I 
(COUNT) 

LOC 1 = LOCl-l 

86 word phy-
sical record 

NRI = number 
of words per 
record 

8 

o 

- ... _- .-------

Clear A 
register 

Store A regist 
in 

END 

(LOCI) 

Continue 
reading 
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11. Q8QEND means terminate 
the write request. For 
binary this means the 
physica 1 record count is ; 
stored in the first word 
of this, the last, record. 
For format, output the 
record. 

<---- --- m 

COUNT into 
the A 
register 

Form~ requYl 
No 

Store COUNT 

into (LOCI) 

i RORW 

, 1 

\ 

~rite the i last record 
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C) RORW 

0 

WRITE 1£1 
> 
0 

RQSTl a: 
Q. 

mplement 
Q. 
~ 

write thro gh 
equest 
processo a: 

y 
READ 

Q8CLRB Q8CLRB 
Clear the Clear the 
buffer buffer 

Q8RINT Q8RINT 
Reset 
buffer ai 111 
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counters u ~ 
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CQaINTB 

w 
1. LOC+II is the current ... 

C 

location of the input/ Q8LOCB c 
! 

output buffer. 

I c 
[Store 11/ 

flag. LOC+II .> 
0 

c. . --' 

Clear SAVQ, II, in A register It 
0. 

CC, RWF. Ini- Q = CC. 0. 
C 

,tialize buffer I I , .... 
.&,"' .... g ......... ... 

I 
~ 

I FOY ( :) ··'.~~~.~est 
RETURN 

N 

, 

LNGTH = 86 
r--

(physical 
record size 
for binary) Ii 

III 
~ -- 0 " C 

Jt Z ::I Z w 
... ... t- o ::I 
u u u C 

I.NGTH = 60 w W iii Z Z .., .., ., x :.:: 
(record size 0 0 0 II WI 

II: II: II: C C 

for ASCII) 0. 0. 0. .. .. 
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CONTROL OAT A CORPORATION DOCUMENT 

SOFTWARE DOCUMENT 
CLASS 

DOCUMENT 

0 TITLE 
SAMPLE CODE 

FLOWCHART 0 Q8RWBU 
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OTHER 0 
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An FFl6 will be 
encounfered when 
a read was termina­
ted at an odd num­
bered character. 
The I/O drivers 
fill the word with 
FF 16. 

RWF flags more than 
120 characters 
transferred. On a 
Write request 
truncation occurs 
at 136 characters. 

Save Q, I 
registers. 
AIBUF = addre 
of character 

II = CC/2 
(buffer inde ) 

Right-justify 
the buffer 
indexed chara 
ter 

Mask off all 
but right-mos 
8 bits 

Set character 
to ASCII 
blank 

m 
-_ .. -------..• - - "--

II = CC/2 
(buffer index 

Mask off the 
left 8 bits 
in the indexe 
buffer word 

Or 'in the 
character & 
store back in 
the indexed 

CC = CC+l 
(character 
counte.r) 

0 

RIGHT 
Mask off the 
right 8 bits 
in the index 
buffer word 

RWX 

Restore Q,I 

registers 

RETURN 
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5. When the binary buffer 
is full, the 1/0 
request is imple­
mented.. A physical 
record is read or 
written. 

y 

Set RWF 
non-zero 

m 
... - ..... __ .. , .. --.... _, ... _---_._-.. _-- ----

Q8BINB 

DR = addres 
f element. 
register = 

uffer index 

Store inde 
buffer wor 
in element 

EXIT 
SAVQ = 

SAVQ + 1 
II = II +1 

N 

RETURN 

o 

Store eleme t 
in indexed 
buffer word 

5 
Q8CMP1 

Implement 
lID reques 

o 
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1. 

2. 

.A negative address 
means this address 
is relative to the 
given address. 

Loading the Q reg­
ister with CC and 
shifting right one 
place has the effect 
of loading Q with 
the format state­
ment word index 
and leaving a 
pOinter to the 
right character. 
ce, the character 
counter, 1s odd 
for right char­
acters, even for 
left character s. 

Store address 
of format 
statement 
char. in ADR 

Load SAVE 
flag 

m 

Load repeat 
flag 

2 

CC/2 in 
Q and A 
registers 

N 

o 

SAVCC 

GR = CC-l 
(Save charact r 

Lcounter-ll 

EXIT ----'---..... 

<., Re:to:e Q, I 
Leg1sters 

RETIJRN 

REPCC. 

CC = GR 
(Restore char 
counter) 
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Mask off al 
but right­
most 8 bits 
from format 
statement 

Store in 
character 
address 

CC = cc + 1 

Q8FPUT' 

m 

Right-justi y 
format stat -
ment . 
character 

ADR = char. 
address + 
{FPUTC} 

CC/2 in Q 

and A 
registers 

statement 

PLEFT 
CHAR = 
left­
justified 
character 

Mask off 
left 8' bits 

t of format 

re 
at 

statement 

cc = CC +1 (RETURN) 

u o 
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Enter with 1/0 request 
number in A and ------------
unit number in Q. ERRMSG 

LORL is a flag; 
1 for right half 
store; 0 for left 
half store. 

$30 is ASCII zero. 

TEMP' = unit 
number 

1· 

-----'-----, 
A,Q,I ~ 
N ,N+l ,N+2 
(6 character 
result) 

A,Q,I --+ 
UNIT ,UNIT+l, 
UNIT+2 

RETIIRN 

CNVT 

BINARY = bin­
ary number 
TEMP 3=$ 2000 
RORL = 1 

1 = -5 
COUNT = a 
CNTR = 0 

..--..1!HP'1H!J'oo""""~- -----._. -'-

COUNT -
BINARY/IO

i 

i = 1, 5 

BINARY = 
remainder 
I ;= I + 1 

RORL = I 
TEMP3 = COUNT 
+$30C(shifte 
to left half) 

I----~ 

RORL = a 
TEMPl, CNTR 
= COUNT+$30 

+T EMP 3 

CNTR=CNTR+I 

_____ c( __ o 

I = TEMPl+2 
A = TEMPI 
Q -- TEMPl+l 

RETIlRN 
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4. 

5. 

6. 

7. 

8. 

o. 

------------------------------_. __ .. _ .. _----

FERMSG is entered 
from the forma t 
package which is 
coded in FORTRAN. 
The flag, ENTER, 
is set non-zero 
to indicate FERMSG ENTER + 0 
was entered. 

A negative add­
ress means this 
address is rela­
tive to the given 
address. 

ERRMSG is entered 
from the 1700 
machine language Add this adr. 
routines of the to (FERMSG) 
I/O package. and mask off 
ETYPI is the error the sign 
types 1, 12, 13. 

ETYP2 is the error· 
forma t for error 
types 2 and 3. 

Loe = address 
BlUDP FERMSG 
for return 

NUM = error 
type (1-13) 

( Q8ER0 
NUM = error 
type (1-13) 

ENTER = 0 

COMMON 

Save Q,I. 

Q register 
= NUM 
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cter no. 
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9. ETYP3 ,is the 
error format for 
error types 4, 5, 
6, 7, ,S, 9, 10, 
and 11. 

c( 

number 

0 1 

RETURN 

II) 

A,Q,I 7 
NUM,NUM+l 
NUM+2 

RETURN 

TM2 

o 

( "" TFORM 

out 

;L 
(, RETURN) 

TIFLD 

Q8LOCB 
Fetch input 
string char-

RETURN 

0 
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C) ,., . 

C-··, 
~ 

C) 

o. CMPL is the com­
pletion address 
entry point from 
the System 
request. 

RQST 

Clear 
completion 
flag (FLG) 

RETURN 

N 

RETURN 

FLG = 1 

10 

(Set comple­
tion flag) 

Restore 
Q and I 
registers 

N 

RETURN 
(FERMSG 

_. __ m _____ . __________ .... ___ <:? __ _ 

RETURN 
(EREMSG) 
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1. 

2. 

If no magnetic 
tape operation has 
occurred,s do­
nothing request 
must be executed 
to obtain magnetic 
tape status. 

Bit 9 of the 

Q8MAGT 

FLG = ,Flag 
MUl = unit 
MlJ2 = unit 

flag word set means'~----~------~ 
a write request. 

3 • Bit 15 0 f ha r d­
ware status word 
set mea.n~: wr ite 
is enat:lLd. 

4. No write enable 
results in type­
out of error 
message 7. 

5. Bit 9 of hardware 
status word set 
means end of 
tape. 

6. End of tape re­
sults in type­
out of error 

't ~ message 10. 

7. Wait for opera­
tor to mount a 
new tape. 

Save Format 
status bit 
in A (bit 14) 
Q = unit 

1st time 
=1= o. 
FNSH = O. 

ware status 

RETURN 

RETURN 
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AAI385 IJ'Or-'\u, CAI27-1l 

t i 
.~-

1. This routine is called from Q8QINI 
A I and Q8QX. The calling sequence to 

this routine has two par~eters. 
They are: 

B 

c 

o 

IENTY - 0 if routine called 
from Q8QINI 

IENTY - 1 if routine called 
from Q8QX. 

2. Call format scanner. This rou­
tine interprets FORMAT state­
ment parameters and sets them 
up in a form that the trans­
mission routine can use. 

3. Call transmission routine. This 
routine converts the next I/O 
field according to the format 
specifications. 

CONTROL DATACORPORATION 
. SOFTWARE DOCUMENT 

SAMPLE CODE 

FLOWCHART 

DECISION TABLE 

OTHER 

AAI3B~ II"O'H.'Envy CAI27-I' 

o 
~ 
o 

, 

DOCUMENT 
CLASS J. 1·0. 

DOCUMENT 
TITLE 

NUMBER 

DRAWN BY 

MACH. 
TYPE 

PAc.E 

ISSUE 
DATE 

(\ 
~~jJ 

o --+IRG, 
IRF, IBCT, 
ISWR, !ANL 

PROJECT NO. 

PROJEC T Mc.R. 

PROJEC T NAME 

TASK NO. 

DATE _-: -Co'" . TASK NAMIr 

RETURN 

APPROVED 

'f) 
.. I 
/'-----, , 

DATE 

cr 
I 

LJ1 
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is I 

c I 

o 

2 

1. This routine is called from Q8IFRH 
and Q8TRAN. Its function is to 
interpret the FORMAT statement and 
put subfield parameters into boxes 
accessible by the transmit routine 
Q8TRAN. The parameters passed are 
as follows: 
IFW = fie ld width 
IND = no. decimal places 
ITYPE = type of conversion 
IRF = field repeat count 
IRG = grout repeat count 
IBCT = bracket count 
ISWR = I/O switch 
ILIST,= FORMAT statement 

accompanied by I/O list 
IANYL = switch to denote existance 

of some conversion speci-
fication. 

2. Gets next character from read 
buffer or puts next character 
in output buffer. Its 3 para-
meters are: 
13 = next character loc. 
14 = save char. position/ or No. 
15 = reposition/or no 

3. Routine initiates I/O. 

CONTROL DATACORPORATION DOCUMENT 

SOFTWARE DOCUMENT 
CLASS 7 ~/<" 

DOCUMENT 

SAMPLE CODE 0 TITLE 

..... ACH_ 
TYPE 

3 

I 08FS \ ~ 

~ere field~ 

IFWI ~ IFW 
INDI -+ IND 
IFSEP = 1 

.r: PROJECT NO. 

PROJEC T MGR. 

4 5 

IFW = 0 

<'" ISFLG > I '> Yes{ Q8SKIP 

o -? ISFLG, 
I TYPE , IND, 
IXH 

3 
o ~ ISWI, 
ISW2, IFWI 
INDI 

R APPROVED DATE 

FLOWCHART ~ 
DECISION TABLE 0 INUMBER 

\(W- L/ ISSU;AGE 2~89 I PROJECT NAME I I I 
01. Tit T ASK NO. 

OTHER D 
-() 

I DRAWN Bv D ATE _ ~ - r.~ , / I T ASK N AM £ 

() /(r--\ 
. \ ~/ 

0"" 
I 
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o /"" 
l"--) ((\ 

\ J 

'--

2 3 4 5 

4 

I3 = 0 
I4 = 0 

A IS = 2 

, V 2 

Q8fGET 
13,I4,IS} 

B t yeO VPE= 
& 

BCT) 

No 

c 0 
o 

CONTROL DAT ACORPORATION DOCUMENT IMS MACH. 
1700 I~ APPROVED DAT& 

CLASS· TYPE PROJECT NO. 
SOFTWARE DOCUMENT. 

DOCUMENT ~ 

0 TITLE PROJECT MGR. 
SAMPLE CODE 

PAGE270F 89 FLOWCHART 0 Q8FS PROJECT NAME 

DECISION TABLE 0 ISSUE 
TASK NO. NUMBER DATE 

OTHER D 
DRAWN BY D"T~ TASK NAME 
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4. Error 1 - Invalid character 
in FORMAT statement. 

CONTROL OATACORPORATION DOCUMENT 

SOFTWARE DOCUMENT 
CLASS 

DOCUMENT 

SAMPLE CODE 0 TITLE 

FLOWCHART jgJ oBFS 
DECISION TABLE 0 NUMBER 

OTHER 0 
DRAWN BY .. "'---"---

L) 

2 

.:£/JIS 

5 

·1 

13 = 0 
14 = 2 
15 = 0 

ITYPE = 0 

~~~. /~J'/-./) I PROJEC T NO • 

PROJEC T MGR. 

PAGE ~89 PROJEC T NAME 

ISSUE 
TASK NO. DATE 

DATE .3 -t·'! TASK NAME 

\~~) 

4 5 

IRE\! APPROVED I DATE 

T T 1- ] 0-, 
0-
0 
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o 

n \,-' 

CONTROL DATACORPORATIOH 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART [] 

DECISION TABLE [] 

OTHER [J 

DOCUMENT 
CLASS 

2 

IMS 

7 

(0 
3 

ILf = 0 
IS = 0 

~~~~. 1700 PROJECT NO. 

Q8FERM 
Error 1 

4 

Lf 

(() 
'~ 

5 

APPROVED OATB 

DOCUMENT ~tr 
I TITLE PROJEC T MGR. I 

I Q8FS PAGE 2~F 89 PROJECT NAME ~ 
ISSUE 
DATE NUMBER TASK NO. 

DATE DRAWN OY TASK NAME ....!::.~....... """""""""",,,,", 
~-;;O-·"'~OJCZ 
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5. Error 13 - I/O list with READ, 
WRITE statement but no con­
version specification in 
FORMAT statement. 

CONTROL DATACORPORATION 

2 

DOCUMENT 
~i .JI~ 

SOFTWARE DOCUMENT 
CLASS 

DOCUMENT 

SAMPLE CODE 0 
TITLE 

9 

:~ 

IRG - 1~ 
IRG 

IBCT - 1~ 
lBCT 

o~ lSW3 

~~~~. /'/rr- PROJECT NO. 

PROJECT MGR. 

FLOWCHART 

~ 
ogl;'C yv~ ... PAGE 300F 89 

ISSUE --

PROJEC T NAME 

DECISION T~~BLE OATE TASK NO. 

q 
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95 

1~lSW3 
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,NUMBER 
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CONTROL 0 AT A CORPORATION 
DOf ~~sE,N T 2/r,1 ~ 

SOFTWARE DOCUMENT 
DOCUMENT 

SAMPLE CODE 0 
TITLE 

FLOWCHART 

~ nAF~ 
DECISION TABLE NUMBER 

OTHER D 
DRAWN BY 

A~,]' ;0·".(L:.QLY CAt~~·'1 
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1--7ISWR 

1~ISWR2 

O~IBCT 

ISI·N 
No "'-

lANYL = 0 
, 

Yes 
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Q8FERM 
(13) 

MACH, ~ 
TY PE /. /'""~ PROJECT NO, 

PROJEC T MGR, 

PAGE31~9 PROJEC T NAME 

ISSUE 
DATE TASK NO. 

DATE .. ;5'?,'/ TASK NAME 
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CONTROL DATACORPORATIOH 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
FLOWCHART ~ 
DECISION TABLE 0 
OTHER 0 

f) 

DOCUMENT 
CLASS 

DOCUMENT 
TITLE 

7U~ 
MACH. 
TYPE 

10 

2~ISWR 

IBCT + l~ 
IBCT 

PROJECT NO. 

PROJECT MGR. 

APPROYED - OATIt 

QaFS ISSU;AGE 3~9 I PROJECT NAME I I 
INUMBER OATE 

- DRAWN BY OATE ~. 

TASK NO. 

TASK NAME 
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CONTROL DATACORPORATIOH 
SOFTWARE DOCUMENT 

SAMPLE CODE 0 
, FLOWCHART [RJ 

Oe;CISION TABLE 0 
OTHER 0 

AA138!5 IrO~I.1[RLY CAI27-" 

2 

DOi::~~NT 1.A'(~ 
DOCUMENT 

TITLE 

OaFS 
NU .... BER 

DRAWN DY 

.1/" 
(~,; 

B 
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6. Error 1"- two consecutive commas 
in FORMAT specification is not 

A I allowed. 
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7. This routine gets the next character 
from the input buffer or puts the 
next character into the output 
buffer. 

8. ~his routine puts a character into 
the next position of the FORMAT 
statement. 

CONTROL D AT ACORPORATION DOCUMENT 
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9. This routine gets the nex~. 
character from the FORMAT 
statement. 
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1. This routine controls the conversion 
and transmission of list elements 
from READ and WRITE statements, to 
and from core. 

2. Call format scanner to pick up 
conversion parameters for next 
subfie1d. 
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2 5 
3. Pick up next character from input 

I O~ IWO~ string or'on output, place next 
)~W~ >t) A character into output buffer. 

4. This routine moves one word to or 
from core based on nature of I/O 
currently being executed. The 
first parameter is the word to 
be moved, and the second parameter No 
is the increment to be added to the 3 'V 3 
base location to determine the 
actual core location. 

\ Q8RWBU B I 5. A and R input core - versions comes {ICHAR} 
here. 
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CONTROL DAT ACORPORATION DOCUMENT IMS MACH. 1700 I PROJEC T NO. CLASS TYPE 
SOFTWARE DOCUMENT 
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b. Error 2c Bad character in 

7. 
input string. 
Integer input conversion 
comes here. 
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TITLE 
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ISSUE 
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8. Error 3. Magnitude of number being pro­

cessed exceeds the full specification. 
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CONTROL 0 AT A CORPORATION 
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DOCUMENT 
TITLE 
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SAMPLE CODE 0 
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DECISION TABLE 0 
OTHER [] 
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DOCUMENT 
CLASS 

OOCUMENT 
TITLE 
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9. Hexadecimal input conversion 
comes hereo 

A 

e 

c 

--

o 

CONTROL DATACORPORATIOH DOCUMENT IMS CLASS 
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DOCUMENT 
TITLE 

SAMPLE CODE 0 
FLOWCH!'RT 0 Q8TRAN 
DECISION TABLE 0 NUMBER 

OTHER 0 
DRAWN BY 
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9. E and F input conversions 
come here. 
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10. This routine picks up a dec~l 
integer at IWORD(2), IWORl(3), 
IWORK(4), and IWORK(S) and the 
corresponding decimal exponent 
at IWORK(6) and converts these 
values into thebinary.equivalent 
in the real number form required 
by the floating point package. 

11. If magnitude of number to be 
converted is excessive, IWORK(~) 
is set to non-zero. 
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in the form required by the floating 
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CONTROL OAT ACORPORATION 

SOFTWARE DOCJMENT 

SAMPLE CODE 0 
FLOWCHART ~] 
DECISION TABLE 0 
OTHER 0 

(j 

DOCUMENT 
C L. ... ss 

DOCUMENT 
TITL.£ 

/ i/' 
M~ CH. 
T'" Pc. 

78 j - - -------- 'l 
I If value zero~ 
I make IC=l & 
,48 IDIG( 1) 

l ---1 
I 

1 
Put out field! 
of*'sif 
Field width 
too small 

1 
i 

I 
I 

1 

r 
t 1 

Put out 

I ~~~~~;8 .. J 
I 
I 
; 

\it ,--- I r 

if integer __ ~ 
Put out -j--
value nega-
tive 

PROJEC T NO. 

PROJEC T MGR. 

Put out dec­
ima 1 digits 
required 

~- ~, 
';;;of\ 150 I 

RE' 

'- .. ,,-----' 

APPROVED 

081'~AN t-' ___ ~~;;.... ____________ P..;.A...;G:..E:;:.,:7 8 0 F 89 I PR OJ EC T NAME I 
ISSUE 
DATE INUMBER TASK NO. 

- DRAWN BY DATE :.(.' TASK NAME 

(j 

DATI[ 

/--\ 

( \ 

a-
I 

b-' 
I::-' 
CJ 
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18. Hexadecimal output 
All 1.A conversion comes here. 

A 
O---)Kl 

~v 4 
8MC'VE 
{Jl, Kl} 

B 

'v 
J1----7K1, 

K3 

'v c 
O~K2., K3., 

K4, K5, 
IC 

K3 = 0 Nn' 

o 

lU 
CONTROL OAT ACORPORATION DOCUMENT IMS MACH. 

]1700 C'L-ASS TYPE PROJECT NO. 
SOFTWARE DOCUMENT 

DOCUMENT 

0 TITL-E PROJECT MGR. 
SAMPLE CODE 

FLOWCHART 0 Q8TRAN PAGE? 90F 81: PROJEC T NAME 

DECISION TABLE 0 NUMBER 
ISSUE 
DATE TASK NO. 

OTHER 0 
DRAWN BY DATE TASK NAME 

~ ..,;e~.=~. 

4 

AL. J, 

Ie + 1~ 

IC 

Kl/NI-:{IC} 

.AND.15 
~Kl 

.. ~ 

K1 + 48 

K1 

ADD + 7 IF 
CHARACTER 
~. THRU F 

87 ... 
K3.AND. 
NHiIC} - 1 

~ Kl 

5 

I 

~G 

RE'o APPROVED 

r\ 
t\ j 
~ '-_/ 

DATE 

I a-
I 

t.-J 
t:-' 
~ 
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B 

c 

o 

CONTROL OAT ACORPORA nON ~OCUMENT IMS CLASS 
SOFTWARE D8CUMENT 

DOCUMENT 
TITLE 

SAMPLE COO:~ [J 
9.s>rtf'All FLOWCHART ~ 

DECISION TABLE 0 NUMBER 

OTHER D 
DRAWN BY 

AA'3ee I'O'HA['HY CA127-,l 

n 

~:) 
YES 

,'" 
K1.AND.1 
~K3 

,~ 

K3=O NO 

YES 
949 

PUT OUT 
LEADING 
BLANKS 

... 1./ 

PUT OUT 
4 ZEROS 

~~~~. /7tJO PROJECT NO. 

PROJEC r MGR_ 

--~AG~"'F 1'9 PROJEC T NAME 

ISSUe: 
TASK NO. OATE 

CATE TASK NAME 

~\. 

(.'. ) 

" 94 

~ 
RE'o APPROVED 

PRINTID IN USA 

-r----\ 
(\ ' 

/ 

CAT!; 

a-
t 

I:-' 
I:-' 
nJ 



I ,- o 
2 

88 

K1 -t K3 

A 
o ~IC 

... 11 
Position ch ~rs · 
In IMAN{I} 
eli m i nat i ng 

B leading O"s 

. -

92 , I 
Put Out 
leading 
blanks 

c .. -.~-. " 

. . 

~.- ... " 

~~ 

Put out 
( 

characters D£ 150 
number 

o 
~-

C'ONTROlOATACORPORATION DOCUMENT IMS' CLASS 
SOFTWARE DOCUMENT 

DOCUMENT 

0 TITLE 
SAMPLE CODE 

(;(J'rRAAI FLOWCHART ~ 
DECISION TABLE 0 NUtwCBER 

OTHER 0 
DRAWN BY 

- . 

94 

. -

; 

f,\. 

(~ . 
. ~ 

IFW < 4 

NO 

946 ,[;, 

"PutOut 
Leading 

- Blanks 

.... _-_ .... 

\. 1/ 
Put out 

4 F"s 

- -.- . 

'" 150 

-

YES 

-. 

~~~~' /700 PROJECT NO. 

PROJEC T twCQR. 

PAoJ>loFP9 PROJECT NAME 

ISSUE 
DATE TASK NO. 

DATE TAlK NAME 

4 

83 

Put out *rJs 
to field , 

• 

. 

.--

RE' 

("\ 
(\_ .i 

5 

15 
I 

APPRO .... ED 

rn"'iif) IN L' ~ ~ 

DATE 

cr-
•• 
~ 
~ 
w 

--I 
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1. Bit 12 in unit history 
table entry set means 
an end of file was 
detected during this 
1/0 request. 

2. Q8QEND entry when 
an end ·of fi Ie 
has been read is 
to be ignored. 

m 

Q8QEND 

1 

y 

2 

RETURN 

RETURN 

u 0 
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1- The history table entr 
C-"/ word for the indi- e -- cated unit will Q8QFLE EOF Q8QWND 

have bit 12 set if an 
end of file was read. 

2. The A register SAVE contains T when 
ave register EOF returns to 

the calling pro- obtain stat 
& his. tbe. gram. 

3. The history table 
entry word for the 
indicated unit will WEOF 
have bit 13 set Write end after a rewind 

of file is. implemented. 

y 

2 

T = 1 Mask Set bit 13 
off bit 12 in in history 
history table table entry 
entry word word 

~ C-) 
.~- WEOF 

NOEOF 
RQST register A 

rite end 
of file on = 2 

mag tape 

RETURN 

I 

(1 
, 

c( m U ,; 
.... _ .. __ ._ .. _-_ ..... _._---., .. ;._---- o 

) 

s 
s 

3 

.. -.---- ._ ... 

III .. 
~ 
0 

0 ... 
> 
0 
It 
Q. 

A. 
~ 

It 

0 
z 
l-
u 
W 
"'I 
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a: 
Il. 
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\. 
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ull. 
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11-
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ZIII 
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. 4. Bit 10 in the rna g­
netic tape hard­
ware status word 
(STAFLG) set 
means the tape 
i sat loa d po in t •. 

-5. The previous read/ 
\ ... ~ i te request type 
is contained in bit 
14 of the history 
table entry for the 
indicated unit. Bit 
14 set means for- Y 
mat request (1 
physica I record) 

6. Th e :\ reg is t er 
now contains the 
history table 
entry with bit 
10 set to indi­
cate read to Q8C 

/. Bit 11 of the 
hardware status 
word (STAFLG) se 
means an cnd of 
f i Ie wa 5 to ead • 

8. 

9. 

10. 

For binary 
record s Q81 BUF 

contains the I 
number of phy-
sical records pe 
logica 1 records. 

Hit 11 set in I 
the history tab1t 
entry indicates 
baikspace. I 
Backspace at 
load point 
results in 
error message 
9 and program 
termination. 

c( 

Q8QBCK 

STFLG = 
his. tbe. ent 
word for indi 
cated unit 

Set read 
flag in 
A register 

m 

Q8IBUF=1 
(backspace on 
physical reco 

u 

Q8IBUF 
= Q8IBUF-I 

~
'o 

8Q 
K2 

9 

11 in 
history table 
entry word in 
A register 

EM9 10 

Set A registe 

= 9 

I 
I 

~ +1 

o 

III ... 
c 
o 

o 
III 
> 
o 
a: 
Q. 
Q. 

'" 

III 
a: 

o 
z 
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G. 

11. A negative address 
means this add­
ress is relative 
to the given 
address. 

12. Bits 15, 14, 13 
contain the follow­
ing: Bit 15 set 
if error occurred; 
bit 14 set if too 
few words trans­
ferred; bit 13 
set if device 
failed. 

13. Entered from 
completion rou­
tine after mag­
netic tape 
operation imple­
mented. 

ct 
-.--~ ,--- ____ ,, __ ,''''''H_ ., .. 

T+1 - Q reg. 
T+2 = I reg. 
RETIJRN=return 

of 

Add this adr. 
to (RETIJRN) 
& mask off 
the sign 

LU = UNIT 
- (address) 

(unit number) 

RETURN 

m 

I 

COMD = tape 
operation 

WAITFL = 0 

A register 
= STFLG 

12 

bits 15,14,13 

A register 

= T 

EXIT3 

Restore Q, I. 

Bump RETURN 

RETURN 
= operation st tus 

RETURN 

13 

Set complete 
flag 
(WAITFL=l ) 

u 0 

III ... 
c 
o 

o 
III 
> 
o 
a: 
CL 
CL 
C 

0 
Z 
... 
u 
W , 
0 
a: 
a. 

, , 
.' 

i w 
ua. 
e(> 

l .... 

l-

ZIIl 
WII! 
l~ 
:J.J 
Uu 
0 
0 

z 
52 
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~ z 
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0.. ::J 
c:: U 
0 0 
U a 
-c w 
~ II 

0( 
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t- V) 

z 
0 
u 

6-117 

Ii 
11.1 
l 

I) ~ 
1 Z W 

... ... l 
0 ~ u u Z Z W W , , 11: X 

0 0 ., ., 
a: a: c( ~ 
a. a. l- I-

~ 
co '. .-
"- ", 
~ 
co 

W ... ... 
I) c( 
~ 0 a. ww 

:Jf-
IIIe( 

~o 

I- z 
ZII.I 0 > 
W.J U m 
1 ... p... cr 
::>- ~ w z 
u'" f-1 m ~ 

1 c( 
0 J a: 
0 Z 0 

LJ~~}~ 
UJ 
...J 

W m 
a I- oct 
0 II I-
U oct Z 
W 1: 0 
..J U 

VI 
II 

0.. 3; W 
:f 0 U 1: 
0( ..J LLJ l-
V) u.. 0 0 



14. System Status 
request results .in the 
Q register containing 
the device code in bits 
4-7. Mag tape device 
code is 9. 

15. Device not a mag 
tape results in error 
message 6 and pro­
gram termination. 

STATUS 

STAFLG = 
Hardware 
status 

~ 

STFLG = 
history table 
entry word 

RETURN 

. -~- -.-.- ... -~ 
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-' 

.,. 
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c 
c 

1. 

2. 

A negative address 
means this address 
is relative to the 
given address. 

Bit 2 in the unit 
history table 
entry word set 
indicates an I/O 
error occurred. 

Save Q 
Register 

Add this 
address to 
(lOCK & mask 
off the sign 

Store addres 
of unit 
in ADR 

Store in 

STAT 

A register 

= 2 

Turn off 
STAT bit 2 

A register 

= 1 

Bump return 
address; 
Restore Q 
register 

-------------_ .... __ .. __ ._._._---

RETURN 

III ... 
<C 
D 

D 
iii 
> 
0 
ex: 
a. 
a. 
<C 

III 
ex: 

0 
Z ,.. 
u 
W ... 
0 
a: 
a. 

i~ 
ua. 
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1'" 

z 
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..J t­
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I. A register nega­
tive flags no 
digit con~er~ion 
for Q8PAND. 

2. A register con­
tains n as a hexa­
decimal number. 

1. COMIN is equiva­
lenced to Q8COMI. 
They are the same 
en try po in t • 

Q8PSE 

Set A regist 
negative 

RETURN 

( Q8PSEN ) 

2 

QSAV Q reg. 

Load n into 
A register 

Bump 
return 
address 

( RETURN ) 

( PAUSE 

ISAV = I 

register 

Restore Q,I 

RETURN 

3 

COMIN 

RETURN 

) ( Q8STP 

Set A 
register 
negative 

Q8STPN 

Load n into 

A register 

I e 

1 
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o 
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c--~~ 1. Either PAUSE or 
STOP is typed 

'C..,./ 
out. 

2. T 0 means no n 
is required. 

, 3. CNTR is a flag 
indicating left 
or right half of 
ASCII equivalent 
of the octal 5 
digit number. 
CNTR=O for left 
half. 

4. Conversion to 
ASCII octal 
complete? 

5. PAUSE, PAUSE n, 
STOP, STOP n. 

Q 

T=n or -0 
PlKUP+1 = 
address of 
comment 

Move comment 
to BUF, BUF+l 
BUF+2 

. Ch~ar' 
CNTR,J, TEMP 
WRFLG 
Q= -5 

STRT 

Store shift 
indexed by Q 

2 

Mask appro­
priate octal 
digit (masks 
indexed by Q) 

m 

Shift and 
store in 
TEMP 

CNTR = 1 
BUF, I=TEMP 
+$3000 
(ASCII Conv) 

ODD 
CNTR = 0 

. BUF, I = 
TEMP+$30 
(ASCII Conv) 

I = I + 1 

Q = Q + 1 

Add blank 
($20) to 
last char­
acter 

y 

'RETURN 

Blank out 
BUF where 
n ,is stored 

u 0 
... _ .... _-----,- - -------------.-----------_.--_ .. _-_._-_._---
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Q8DfNf 

Q register 
Save Q 

I register 
SaveQ +1 

SECT = 
1/0 request 

number 

error 
message 

lye, s 

~ 
~ 

m 

Ie 

HIGH=high limit 
LOW=low limit 
START=start 
of table 

exit 
request 

u 

/10 E7 

0 
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(~~:~/ PI 
t_ 

N 

In 

Store secto S 

per record n 
SECT and in 
the table 

I 
1 

lMuitiply 
I rc:cords/f i I 
by sectors/ 
record to 9 t 
number of 
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TCOMTX 

IEXT 

ISNGL 

lREL 

INDUCV 

<. A I \/4 I 

PHASES IN 
WHICH SET 

R 

R 

!lIE 

f/ 

R 

fl 

R 

R 

H 

PHASES IN 
WHICH USED 

ilrB)cJ~ E 

~.B 

11/2 

E 

fl 

DESCRIPTION AND liSE 

If ICLASS is 7, the statement number 
of this label. 

If ICLASS is 2, non-zero means the 
constant is to be materialized. 

rCOM is the index to the ICOMT entry 
for the COMMON variable. If zero, 
this entry is not in COMMON. 

IEQVX is the IEQV table index for this 
equivalenced entry. Used in generating 
definition points and for storage a 110-
cation. 

This entry is a dummy argument-incre-
ment entrx-

·If non-zero, the variable was initial-
ized in a data statement. 

The relative storage location df this 
entry. 

The SU1TAB index to a thread of the 
variables and arrays in a COMMON 
block. The first array of the thread 
,is ICOMBX in the table ICOMT. ICOMTX 
is the SYMTAB index to the array 
declared prior to this array. 

If non-zero, this symbol appears in 
an EXTERNAL statement. 

If non-zero, this symbol appears in 
a SINGLE statement~ 

If non-zero, this symbol appears in 
'a RELATIVE statement. 

Non-zero if variable is currently an 
indunction variable. 

..... 

'i 



~. u 

o 

o 
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ITEM PHASES IN 
NAME WHICH SET 

IARGNO A 

ISFARG A 

KELSIZ A,8 

ITILF A 

Note 1: 

PHASES IN 
WHICH USED 

A,8 

A 

DESCRIPTION AND USE 

Number of arguments in function call. 

Set for statement function argument. 

If ICLASS is 1, the element size 
minus one. 

If ICLASS is 3, is the index to the 
in-line functions tableo 

Double precision constants are 3 words long and are 
stored in the symbol table as follows: 

Double Precision Const'ant Sy'mbol" .. Iab I.e Entry 

Word 

CA 138-1 AllY 10-67 

15 0 15 5 4 3-0 

; I C' i I 
World 1 r C· I 

2 j 
L 

3 C ISYM·1 
15 14 0 4 A ISYM 

5 8 ISYM+1 

C' = High order bit of word 3 which must be preserved in 
the high order bit of IPART. 
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7-6 PAGE NO. _______ _ 
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7.2 

7.2.1 

WORD1 

WORD 2 

WORD 3 

WORD 4 

WORD 5 

.7.2.2 

ITEM 

LINDUC 

LBEG 

LINC 

LID 

LLABEL 

AA 3777 

Loop Structure Table {Loopt} 

Loop Structure Table Format 

15 0, 
I LINDUC I' 

1: 0 
I LBEG I 

15 0 
I LINC -, 

15 0 
" ct:fJn I 
15 14 0 [blD ., LLABEL ) 

LOOP Structure Table {LOOPT} 

The loop structure table is available in pass A. A 
BEGIN DO entry is entered in it when Pass A encounters 
a DO statement. An END DO entry is entered upon 
encountering a label which terminates the loop. LOOPT 
al lows room for 30 loops. \ The LOOPT index i~ LOOPTX. 

BEGIN DO ENTRY 

NO. BITS DESCRIPTION AND USE 

15 The SYMTAB ihdex to the induction 
variable. 

15 The SYMTAB index to the initial value. 

15 'The SYMTAB index to the increment. 

1 ~O.decrementing loop 

14 The SYMTAB .index to label entry for 
terminating statemat. 

PRIN1!D IN USA. 

~', 

D 

c 

------------.----~------------
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FORTRAN Internal Code 

CHARACTER :' CODE {Decimal} 

Digits 0-9 · • · · · · · · · · 0-9 
Letters A-Z · · · · · · · · 10-35 
Dollar sign $ · · · · · · · · . . . 36 
Period · · · · · · · · 37 
Plus sign + · · · · · · · · 38 
Minus sign · · · · 39 
Equal sign = · · · · · · · · · · 40 
Left parenthesis { · · · · · · · · · · 41 
Right parenthesis } · · · · · · · · . . 42 
Comma .. · · · · · · · · 43 
Slash / · · · · · · · · · · 44 
Asterisk * · · · · · · · · · · 45 
Blank 
End of 
Single 

7.4.1 

CA 13D-1 RIIY 10-07 

Ll · · · · · · 46 
statement. Ll · · · · · · · · 47 
quote · · · · .' · · · · · 48 

All other characters should be translated to blank and an 
appropriate message output. 

Other Tables 

Specification Table {ISTAB} 

The current index for this table is ISTAB2. The maximum 
table size {to be compared against ISTAB2} is ISTABS and 
is 150. The entries are pointers to integer constants 
which are dimensions. For a given symbol, its SYMTAB 
entry is used to compute the entry in ISTABX table 
{ISYMX/{2*ISYMFL}+1} which gives the index to ISTAB of 
the first dimension. The SYMTAB entry IDIM gives the 
dimensionality. 
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AA 37n 

Table of Symbol Table Presets {ISET} 

Entry 

1 
2 
3 
4 
S 
6 
7 
8 
9 
10 
11 
12 
13 
14' 
lS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 

Pointer To 

constant 1 
constant 1.0 
Subroutine Q8QFLT 
Subroutine Q8QFIX 
Subroutine-FLOT 

.constant 0 
Subroutine- Q8QF2F 
Subroutine Q8QF21 
Subroutine Q8QI2F 
Subroutine Q8STP 
Subroutine Q8STPN 
Subroutine Q8PSE 
Subroutine Q8PSEN 
Subroutine'Q8PKUP 
Subroutine Q8PREP 
SubroutineQ8QFLE 
Subroutin~ Q8QWND 
Subroutine Q8QBCK 
Subroutine Q8QINI 

.Variable Q8QXl 
'Variable Q8QX2 
\}ariable Q8QX3 
Subroutine Q8QX 
SJbroutine Q8QEND 
Subroutine Q8DFNF 
Subroutine Q8QY 

PRINTm IN USA 

/~-. 

Si 

·n 
'-,:---

o 
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7.5 

7.5.1 

OUTPUT FORMAT, 

Statement Format of flllljF FI Output Files 

The first four words are the same for :a11 statements. Word 1 
contains the number of words in this entry. This is zero for the 
first entry of the file. Word 2 is the generated statement number. 
Word three is the .type number of the statement. Word 4 is a 
switch used to signal the generated statement or statements which 
comprise the second half of a logical IF. The file is terminated 
by an END card entry. 

Statements with statement labels will have a negative statement 
number (its absolute value being sequential in the file). Word 5 
wi 11 then be the ·SYMTAB index to the labe 1. 

The remaining words in each entry are described below. Statement 
labels, variables, and arrays are represented by their SYMTAB 
indices. 

ASSEM 

BLOCK DATA 

SUBROUTINE and 
FUNCTION 

DATA 

parameter
l

, parameter
2

, ••• , parameter n 

no additional file entries 

SYMTAB pointer to SUBROUTINE name (in complemented 

SYMTAB to FUNCTION (if applicable) form) 
SYMTAB pointer to formal parameter 1 

SYMTAB pointer to formal para~eter n 

pointer to entry to be set 
value 
pointer 
value 

FORMAT - contains the part of the FORMAT STATEMENT beginning with 
the first left parenthesis and ending with the last right paren­
thesis. This is represented in internal code, two characters per 
word. 

REPLACEMENT 

where tree
l 

is the tree of the variable to be stored into 

tree
2 

is the tree of the arithmetic expression 

w ______________ _ 

--------------- ------_._------
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STATEMENT FUNCTION 

ASSIGN I to n I 

n 

CALL 

RETURN 

Unconditional GO TO 

COMPUTED GO TO 

Assigned GO TO 

CONTINUE 

STOP 

STOP n 

PAUSE 

PAUSE n 

END FILE n 

REWIND n 

BACKSPACE n 

END 

CA 138" REV 10'(\7 

SYMTAB pointer to statement function 
name 

SYMTAB pointer to formal parameter 1 

SYMTAB pointer to formal parameter n 
tree 

SYMTAB pointer to ASSIGN variable . 
SYMTAB pointer to entry assigned 

tree 

no additional fi Ie entries 

SYMTAB pointer to label 

SYMTAB pointer to label 1 

SYMTAB pointer to label n tree 

variable 

no additional file entries 

no additional file entries 

SYMTAB pointer to n 

no additional fi Ie entries 

SYMTAB pointer to n 

translated to CALL Q8QFLE{N} 

CALL Q8QWND{N} 

CALL Q8QBCK{N} 

no additional file entry needed 

If END is not directly preceded by 
STOP or RETURN, a STOP or RETURN 
statement. is generated before. END. 

r" 
\ 
\"'-....-,.~ 
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7
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11 
____ _ 
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BEGIN DO 

END DO 

ARITHMETIC IF 

AA 3777 

SYMTAB indices for index variable •. 
initial increment and final values, 
termination label 

Index to LOOPT END DO 

SYMTAB index to 1 abe.l 1 

SYMTAB index to label2 

SYMTAB index to label3 

tree 
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LOGICAL IF 

Statement Types 

TYPE 

o 
1 
2 
3 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
lS 
16 
17 
18 
.19 
20 
21 
22 
23 
24 
25 
26 
27 
28 . 
29 
30 
31 
32 
33 
34 
3S 
36 
37 
38 
39 
40 
41 
42 

tree 

STATEMENT NAME 

DIMENSION 
COMMON 
INTEGER 
REAL 
INTEGER FUNCTION 
REAL FUNCTION 
PROGRAM 
SINGLE 
BYTE 
SIGNED BYTE 
EXTERNAL 
RELATIVE 
EQUIVALENCE 
BLOCK DATA 
FUNCTION 
SUBROUTINE 
DATA 
FORMAT 
Replacement Statement 
Statement Function 
ASSIGN 
CALL 
RETURN 
UNUSED 
GO TO {Unconditional} 
GO TO {Computed} 
GO TO {Assigned} 
CONTINUE 
STOP 
STOP n 
PAUSE 
PAUSE n 
END 
ENDFILE 
REWIND 
BACKSPACE 
READ {Unformatted} 
READ {Formatted} 
WRITE {Unformatted} 
WRITE {Formatted} 
BEGIN DO 
END DO . 
Arithmetic IF 

c 
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TYPE 

~J 
44 
45 
46 
47 

STATEMENT NAME 

Logica(l IF 
ASSEf"l 
OPEN 
DOUBLE PRECISION 
DOU,SLE PRECISION FUNCTION 

ARITHMETIC. TREE 

General Form of Aritpmetic Tree 

WORD 1 
WORD 2 
WORD 3 
WORD 4 
WORD 5 
WORD 6 

WORD 
WORD 

NOTE: 

Example 

WORD 1 
WORD 2 
WORD 3 
WORD 4 
WORD 5 
WORD 6 
WORD 7 
WORD 8 
WORD 9 
WORD 10 
WORD 11 
WORD 12 
WORD 13 
WORD 14 
WORD 15 
WORD 16 
WORD 17 

Tree 'Indicator {~1} 
No. words in expression {from WORD 4 to end} 
Mode of expression {O=?, l=integer, 2=real, 3=double~ 
Operator {see list} I 

{assuming operator takes only one word} No- Operands 
WORD 6~{word 5}-1 operand pointers {base operator 
this level} . 
{NEXT} operand normal/ope~.and inv~r)se.j{O~O¢O} 
{NEXT}+l} operand {see list} 

each operand {operator} except the first is preceded 
by a normal/inverse indicatpr· 

5 

I+R+D 

-1 
14 

3 
11 

3 
5 
8 

11 

° 24 
D 
o 

24 
R 
o 

24 
I 

6+{OPERAND POINTER}{l} d operan 
= 11 
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8 
6+{OPERAND POINTER}{2}operand 
= 14 

11 
6+{OPERAND POINTER}{3}operand 
= 17 

Types 22 - 24, 29, 34, 35 are two word entries 

WORD 1 
WORD 2 

operand type 
symbol table pointer 

Types 18 - 21 take two words to express type 

WORD 1 
WORD 2 
WORD 3 

operand type 
symbol tabl~ pointer 
no. operands etc., 

Types 25 - 30 are of the following form 

WORD 1 
, WORD 2 

WORD 3 
WORD 4 

25, 30 
symbol table pointer 
24, 29 for subscript variable 
symbol table pointer 

Types 26 and 31 are of the follo~ing form 

WORD 1 
WORD 2 
WORD 3 

26, 31 
symbol table pointer 
symbol table pointer for constant subscript 

Types 27 and 32 are of the following form 

WORD 1 
WORD 2 
WORD 3 
WORD 4 
WORD 5 

27, 32 
symbol table pointer 
symbol table pointer for constant portion 
24, 29 for subscript variable 
symbol table pointer for subsc~ipt variable 

c 

c 

o 



C@NVQO!' ID>AVA (f!t:>(lDO[lAVDO~~ 0 DuVaL@~!'\9~at'J7 OIV 0 $OvVWAtll! OO(UC~uNV 

DOCUMENT CLASS_:-:-:-:--t~. _.:;;.;IM':8S~-=--::-=":~~ _____________ PAGE NO '-' 5 
PtlODUCT NAME J 7()(, nj.\~-S-sfOtrAGE fORTRAN -.,L.;;.,U 

PtlODUCT NO. C005 VeRSION 2.0 MACHINE SEfUES ___ l .... 7_00 _______ _ 

7.5.3.2 

Types 28 and 33 are of the following for,m 

23,33 
s~ubol table pointer 

WORD 1 
WORD 2 
WORD 3 
WORD 4 

symbol table pointer for constant portion 
operator (+ or *) 

. t-l0RD 5+ff no. operands, pOinters, operands 

Operand Types (Operators are Also Operands) 

1. CO~lA - does not appear in File 2 
2. AND 
3. OR 
4.' NOT - does not appear in 
5. LT 
6. GT 
7. LE 
8. GE 
9. EQ 

10. NE 
+ 
- does not appear in File 2 represented by inverse 

* 
+ 

11 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

I does not appear in File 2 represented by inverse * 
*·k 
( does not app'?ar in File 2 
) does not appear in File 2 
function 
unused 
subroutine 

21. unused 
22. function with no argument 
23. subroutine '-lith no argument 
24. non-subscripted variable 
25. variable only subscripted variable 
26. increment only subscripted variable 
27. variable and increment subscripted variable 
28. complex subscripted variable 
29. non-subsc~ipted partial variable 
30. variable only subscripted partial variable 
31. increment only subscripted partial variable 
.32. variable and increment . subscripted variable 
33. complex subscripted partial variable 
34. Hollerith constant 
35. numeric constant 
36. calling sequence label .. 
37. material constant 

( . 
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Mass Storage Fortran 3.1A Loader Maps 

Phase A1 

FTN 
GOA 
CNVT 
CONV 
DIAG 
DXP9 
DFLOT 
DUMVOL· 
GETSYM 
GPUT 
IOPR8A 

'PACK 
Q8PRMS 
STORE 
SYM80L 
SAVEID 
LOCLA1 
DUMYA1 
STCHAR 
GETC 
ENDDO 
GETF 
GNST 
IGETCF 
OPTION 
OUTENT 
PHASEA 
PLA8EL 
Q8Q8DS 
RDLA8L 
TYPE 
ENDLOC 

Phase A2 

FTN 
GOA 
CNVT 
CONV 
DIAG 
DXP9 
DFLOT 
DUMVOL 
GETSYM 
GPUT 

3E63 
4515 
4576 
4588 
45EE 
4686 
47AF 
49EA 
4A1A 
4A53 
4A7C 
4CD8 
4DOO 
4D1A 
4D60 
4E21 
4EC6 
4F75 
4FDC 

·500E 
5027 
512C 
5472 
564E 
5667 
56D5 
5709 
5C31 
5C87 
5(87 
5D25 
5F52 

3E63 
4515 
4576 
4588 
45EE 
4686 
47AF 
49EA 
.4A1A 
4A53 

o 
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lOPRBA 4A7C 
PACK 4CDB 
Q8P~ f'IS 4DOO 
STORE 4D1A 
SYMBOL 4D60 
SAVElD 4E21 
LOCLA2 4EC6 
DU tlY A2 4f78 
ARlTH 4F85 
COMNPR 55FE 
GETC 569A 
GETF 5683 
DIMPR 59F9 
SUBSCR 5BA7 
TYPEPR 5E6C 
ENDLOC 5E83 

7 .. 6.1113 Phase A3 

FTN 3E63 

0 
GOA 4515 
CNVT 4576 
CONV 45BB 
DIAG 45EE 
DXP9 4686 
DFLOT 47AF 
DUf-1VOL 49EA 
GETSYM 4A1A 
GPUT 4A53 
lOPRBA 4A7C 
PACK 4CDB 
Q8PRMS 4DOO 
STORE 4D1A 
SYMBOL 4D60 
SAVElD 4E21 
LOCLA3 4EC6 
DUMYA3 4F78 
BVEQPR 4F85 
CHECKF 517C 
CONSUB 521F 
DATAPR 52A6 
OUTENT 5777 
FGETC 57AB 
FORK 586F 
GETC 5A09 
GETF 5A22 

0 STCHAR 5D68 
'fREE 5D9A 
ENDLOC 6-2B9 

CA 130-1 Rav 10'07 
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7.6.1.4 Phase A4 

FTN 3E63 
GOA 4515 
CNVT 4576 
CONV 45BB 
DIAG 45EE 
DXP9 4686 
DFLOT 47AF 
DUMVOL 49EA 
GETSYM 4A1A 
GPUi 4A53 

. IOPRBA 4A7C 
PACK 4CDB 
Q8PRMS 4DOO 
STORE, 4D1A 
SYMBOL 4D60 
SAVElD 4E21 
LOCLA4 4EC6 
DUMYA4 4F78 
ARAYSZ' 4F7F C:I ASGNPR S'OOl 
BDOPR BOll? 
CFIVOC 5184 
CKIVC 51E3 
CKNAME SlF3 
CPLOOP 5203 
ENDDO 52BO 
GE,.C 53B5 
GETF 53CE 
IOSPR 5714 
OUTENT 5DE7 
RDLABL 5E1B 
STCHAR 5EB9 
ENDLOC 5EEB 

7.6.1.5 Phase AS 

FTN 3E63 
GOA 4515 
CNVT 4576 
CONV 45BB 
DlAG 45EE 
DXP9 4686 
DFLOT 47AF 
DUMVOL 49EA 
GETSYM 4A1A C,I' GPUT .4A53 
IOPRBA 4A7C 

CA 131-1 .. lEV .10-87 
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PACK 4CDB 
Q8PRMS 4DOO 
STORE 4D1A 
SYMBOL 4D60 
SAVElD 4E21 
LOCLA5 4EC6 
DUMYA5 4F75 
ARITH 4F82 
GETC 55FC 
GETF 561:5 
SUBSCR 595B 
ENDLOC 5C20 

7.6.1.6 Phase A6 

FTN 3E63 
GOA 4515 
CNVT 4576 
CONV 4588 
DIAG 45EE 

0 
DXP9 4686 
DFLOT· 47AF 
DUMVOL 49EA 
GETSYM 4A1A 
G·PUT 4A53 
IOPR8A- 4A7C 
PACK 4CD8 
Q8PRtlS 4DOO 
STORE 4D1A 
SYM80L 4D60 
SAVElD 4E21 
LOCLA6 4EC6 
DU~lYA6 4F78 
ER8PR 4F89 
STCHAR 4FDC 
GETC 500E 
CFIVOC 5027 
CI(IVC 5086 
GETf 5096 
MODrnCR 53DC 
RDLABL 5841 
SU8PPR 58DF 
TREE 5C93 
ENDLOC 6182 

7.6.1.7 Phase A7 

0 FTN .3E63 
GOA 4515 

CA 130-1 RFlV 10-07 
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DOCUMENTCLASS~~lM~S~~~~~~~~~~~~~_ PAGE NO. __ 7_-2_0~_~~ 
PRODUCTNAME ____ ~1~7~0~0~M~A~S~S~S~T~O~R~AG~E~F~0~R~T~R~A~N __ ~ ______________________ ~ 

. PRODUCT MODEL NO._C,;:.;0~0;;..;:5:...*_=3;...;.._=1~A/:....:8==_____.;.... ______ MACHINE SERIES __ ...:;:;1....:..7=.,00=--___ _ 

CNVT 4.576 
CONV 4588 
DlAG 45EE 
DXP9 4686 
DFLOT 47AF 
DUMVOL 49EA 
GETSYM . 4A1A 
GPUT 4A53 
lOPR8A 4A7C 
PACK 4CD8 
Q8PRMS 4DOO 
STORE 4D1A 
SYM80L 4D60 
SAVElD 4E21 
LOCLA7 4EC6 
DUMYA7 4F78 
ASEMPR 4F78 
EXR LPf~ 5141 
GETC 51A1 
GETF 518A 
IGETCF 5500 

0 PEQVS 5519 
PRNTNM 593A 
PUNT 59C9 
RDLA8L 5AOt 
SYMSCN 5A9F 
ENDLOC 5A88 

7.6.1.8 Phase 81 

FTN 3863 
G08 457F 
CNVT 4597 
DUMMY 45DC 
FCMSTK 46EF 
GETSYM 478D 
lOPR88 47C6 
KCPART 4997 
KOUTPT 49C8 
KPCSTK 49DA 
KPC3PR 4F87 
KSYMGN 4F9F 
LA8KPC. 4FE7 
LABLER 4FF8 

,PUNT 5019 
Q8PRMS 502F 
STORt8 5049 0---
SYM80L ,507D 
TSALOC 511A 



CONTROL DATA CORPORATION 
LA JOLLA RESOURCE CENTER DIViSioN 

0 DOCUMENT CL.ASS IMS PAGE NO. 7-21 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 A/8 MACHINE SERIES 1700 

LOCL81 51B5 
DUMVB1 5248 
ARA'.'SZ 5271 
ASSEM ·52F3 
BANANA 535C 
BGINDO 5426 
END 5536 
ENTCOD 5587 
HELEN 5636 
INXRST 5'790 
NOPROC 57A4 
PHASEB 57D5 
READIR 5C7b 
SU8fUN 5CCE 
SYMSCN 5D35 
ENDLOC 5D51 

7.6.1.9 Phase B2 

FTN 3E63 
GOB 457F 

0 CNVT 4597 
DU~lMV 45DC 
FCMST~< 4bEF 
GETSV~l 478D 
IOPR8B 47C6 
KCPART 4997 
~OUTPT 49C8 
KPCSTK 49DA 
KPC3PR 4F87 
KSVMGN 4F9F 
LABKPC 4FE7 
LAJ3LER 4FFB 
PUNT 5019 
Q8PRMS 502F 
STORE8 5049 
SYMBOL 507D 
TSALOC 511A 
LOCLB2 51B5 
ACP 524A 
AFIDL 5759 
ASUPER 578A 
CGOTO S875 
FINK 58D6 
INTRAM 598C 
PARTSB 589B 

0 SU8PR1 5C4F 
SU8PR2 5C93 
SU8PR3 5D21 
ENDL~C 5D68 

CA IIlO-1 Rav 10-G7 



CONTROL DATA CORPORATION 
LA JOLLA RESOURCE CENTER DIVI·SION 

DOCUMEN T CLASS . -111S PAGE NO. 7-22 C· PRODUCT NAME 11DD ~ASS -SIQ~AGE EORI~AN 
PRODUCT MODEL NO. C005*3.1 A/8 MACHINE SERIES 1700 

7.6.1.10- Phase B3 

FTN 3E63 
GOB -457F 
CNVT 4597 
DUMMY 45DC 
FCMSTK 46EF 
GETSYM 478D 
IOPRBB 47C6 
KCPART 4997 
KOUTPT 49C8 
KPCSTK 49DA 
KPC3PR 4F8i2 
KSYMGN 4F9F 
LABKPC 4FE7 
LABLER 4FFB 
PUNT 5019' 
Q8PRMS 502F 
STOREB 5049 
SYMBOL 507D 
TSALOC 511A 

0 LOCL83 5185 
ACP 5248 
ARITHR 5757 
ASUPER 59(7 
FINK 5A82 
INTRAM 5B38 
PARISB 5D47 
SUBPR1 5DFB 
SUBPR2 5E3F 
SU8PR3 5ECD 
ENDLOC 5F14 

7.6.1.11 Phase C1 

FTN 3E63 
GOC 4A55 
BKDWN 4A6C 
BLDUP 4ACB 
8SS 480E 
CHKWD 482C 
CHOP -4C86 
CL12 4EE1 
CON 4FD7 
COUNT 5031 
DATAST 5048 
GETSYM 5130 CO INOUT -51D4 
IXOPT 5243 

, ; 



CONTROL DATA CORPORATION 
LA JOLLA RESOURCE CENTER DIVISION 

0 DOCUMENT CLASS IMS PAGE NO. 7-23 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 A/8 - MACHINE SERIES 1700 

PHASEC 5384 
LABEL 5734 
LAB:!:!\! 5756 
QXLD 578C, 
REED 584C 
SKIP 5880 
SYMSCN 5906 
IOPRBC 5922 
Q8PRMS 5BAD 
ENDLOC 58C7 

7.6.1.12 Phase D1 

FTN 3E63 
GOOD 42D5 
INDEX 42FA 
IO,PR8D 4316 
NPUNCH 45C7 
Q8PRMS 470f 
PHASE6 4729 

Cj LOCLD1 47D1 
DUMYDl 4895 
AMT 48A3 
AMOUr 48AC 
ADMAX .... 4E86 
8KDWN 50B9 
COUNT 5122 
LAB OUT 5139 
NP20UT 521C 
R8DX 5248 
R8PK 528D 
TA8DEC 5287 
UNPUNC 5341 
GETSYM 5357 
SYMSCN 5393 
ENDLOC 53BA 

7.6.1.13 Phase 'D2 

FTN 3E63 
GOOD 42D5-
INDEX 42FA 
IOPRBD 4316 
NPUNCH 45C7 
Q8PRMS 470F 
PHASE6 4729 

0 LOCLD2 47D1 
DUMYD2 4896 

C:A 130-1 Rav 10-07 



CONTROL DATA CORPORA,'ION 
LA JOLLA RESOURCE CENTER DIVISION 

OOCUMEN T CLASS IMS PAGE NO. 7-24 C~ PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES 1700 

AMT 489D' 
GETSYM 48A4 
lACON 41~D2 
IHCON 492C 
NWRITE 4959 
PACK 4994 
SYMSCN 498-9 
BEGINO 49D5 
FINISH 4BB9 
ENDLOC 4D91 

7.6.1.14 Phase E1 

FTN 3E63 
GOE 42D5 
INDEX 42FA 
IOPRBD 4316 
NPUNCH 45C7 
Q8PRMS 470F, 
PHASE6 4729 

,I LOCLD1 47D1 
0 DUMYD1 4895 

AMT 48A3· 
AMOUT 48AC 
ADMAX 4EBB 
BKDWN 50BE 
COUNT 5127 
LABOUT 513E 
NP20UT 5260 
RBDX 5298 
RBPK 52DB 
T ABDEC 5305 
UNPUNC 538F 
CONV 53A5 
GETSYM 53DE 
lACON 542B 
IHCON 5485 
NWRITE 54B1 
PACK 54EC 
SETPRT 5511 
SYMSCN 5699 
ENDLOC 56B5 

7.6.1.15 Phase E2 

FTN 3E63 
GOE 42D5 CI INDEX .42FA 



CONTROL DATA CORPORATION 
____ ..::L~A~J.::..O:.=.L 1:::.:-A:;;:.....:.R.:.::E:..:::S:..::O~LJ:.:.lR~C.::E.....::.C=_E u..N T.:..:E:.!R.l..-____ 01 VISION 

() DOCUMENT CLASS _.:.I.:..:..MS=--___ ~_~ _______ _ 
PRODUCT NAME ],700 MASS STORAGE FORTRAN 

PAGE NO. __ 7_-2_ 5 ___ _ 

PRODUCT MODEL NO. (005*3.1 AlB MACHINE SERIES __ 1_7..;;..D..;;;..,D ____ _ 

IOPR8D 4316 
NPUNCH 45C7 
Q8P:; i1S 470F 
PHASE6 4729 
LOCLD2 47D1 
DUMYD2 4896· 
AMT 489D 
CONV 48A4 
GETSYM 48DD 
lACON 492A 
IHCON 4984 
NWRITE ·4980 
PACK 1·~49E8 

SETPRT 4Al0 
SYMSCN 4898 
8EGINO 4884 
fINISH 4D3E 
ENDLOC 4EEA 

7.6.2 Mass Storage 'Fortran 3.18 Loader i1aps 

7.6.2.1 Phase A1 

FTN 3E63 
GOA 4519 
CFIVOC 457A 
C«NAME 45D9 
CNVT 45E9 
CONV 462E 
DIAG 4661 
DXP9 46F9 
DFLOT 4822 
DUMVOL 4A5D 
GETC 4A8D 
GETF 4A88 
GETSYM 4E22 
GPUT 4E58 
IG£TCF 4E84 
IOPR8A 4E9D 
PACK 51Af 
Q8PRMS 51D4 
RDLABL 51EE 
STORE 528C 
Syr180L 52D2 
ENDDO 5393 
GNST 5498 

o OPTION 5674 
OUTENT .56E2 
PHASEA 5716 

CA 130-' AIlV '0-G7 



CONTROL DATA' CORPORATtON 
LA JOLLA RESOURCE 'CENTER DIVISION 

DOCUMENT CLASS IMS PAGE NO. 7-26 ,C) 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 A/8 MACHINE SERIES 1700 

PLA8EL 5C3E 
STCHAR 5C94 
TYPE 5CC6 
SAVEID 5EF3 
LOCLA1 5F9'8 
DUMYA1 6056 
Q8Q8DS 608D 
ENDLOC 608D 

7.6.2.2 Phase A2 

FTN 3E63 
GOA 4519 
CFIVOC 457A 
CKNAME 45D9 
CNVT 45E9 
CONV 462E 
DIAG 4661 
DXP9 46F9 
DFLOT 4822 
D'UMVOL 4A5D 

(J GETC 4A8D 
GETF 4A88 
GETSYM 4E22 
GPUT 4E58 
IGETCF 4E84 
IOPR8A 4E9D 
PACK 51Af 
Q8PRMS 51D4 
RDLA8L 51EE 
STORE 528C 
SYM80L 52D2 
ENDDO 5393 
GNST 5498 
OPTION 5674 
OUTENT 56E2 
PHASEA 5716 
PLA8EL 5C3E 
STCHAR 5C94 
TYPE 5CC6 
SAVEID 5EF3 
LOCLA2 5F98 
DUMYA2 6056 
8YEQPR b08D 
CHECKF 6284 
COMNPR 6357 
CONSU8 63F3 0 DATAPR ,b47A 
DIMPR 6948 



CON'TROL DATA CORPORATION 
, __ ....LL:a..!:A:I.-.IoI.Ju:;O ... 1 Jal .c.A ....,jRwE",,:;S:a.JoOUlUwRu..C..,I;Q,E---.C Ekl.lr\1JL.1 T.u;E::.J.Rlo-' _--=--__ 01 V I SION 

lj DOCUMENTCLASS_~I~M~S~~~~~~~~~~ __ ~ PAG~No._7_-~27~ ___ ~ 
PRODUCTNAME~. __ ~17~0~0~M~A~S~S~S~T~OR~A~G~E~F~O~R~T~R~AN~ ________ ~~~ ________ __ 
PRODUCT MODEL NO. _C.;...D_O.;...-5_*_3_._1 __ A/_B ________ MACHI N E SERI ES __ 1_7_00 _____ _ 

EXRLPR 6AF9 
FGETC 6B59 " 

FOR~ 6C1D 
PEQVS 6DB7 
PRNTNM 71E5 
SUBPPR 7274, 
SYMSCN 731C 
TYPEPR 7338 
ENDLOC 734F 

7.6.2.3 Phase A3 

FTN 3E63 
GOA 4519 
CFIVOC 457A 
CKNAME 45D9 
CNVT 45E9 
CONV 462E 
DIAG 4661 
DXP9 46F9 
DFLCT 4822 
DUMVOL 4A5D 
GETC 4A8D 

o 
GETF 4AB8 
GETSyr1 4E22 
GPUT 4E6B 
IGETCF 4E84 
IOPRBA 4E9D 
PACK 51AF 
Q8PRMS 51D4 
RDLABL 51EE 
STORE 528C 
SYMBOL 52D2 
ENDDO 5393 
GNST 5498 
OPTION 5674 
OUTENT 56E2 
PHASEA 5716 
PLABEL 5C3E 
STCHAR 5C94 
TYPE 5CC6 
SAVEID 5EF3 
LOCLA3 5F98 
DUMYA3, 6056 
ARAYSZ"~ 608D 
ASEMPR 613F 

o ASGNPR 6308 
BDOPR 634E 
CHECKf 648B 

CA l:SO- I REtV 10-07 



CONTROL DAT'ACORPORATION 
LA JOLLA RESOURCE CENTER DIVISION 

DOCUMEN T CLASS IMS PAGE NO. 7.-2'8 0'· 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 AlB MAcHINE SERIES 1700 

CKlVC 652E 
CONSUB 653E 
CPLOOP '65C5 
FGETC -6672 
FORK 6736 
ERBPR 68DO 
MODMXR 6923 
PUNT ·7088 
ENDLOC 70CO 

7.6.2.4 Phase A4 

FTN 3E63 
GOA 4519 
CFlVOC 457A 
CKNAME 45D9 
CNVT 45E9 
CONV 462E 
DlAG 4661 
DXP9 46F9 
DFLOT 4822 

0 DUMVOL 4A5D 
GETC 4A8D 
GETF 4AB8 
GETSYM 4E22 
GPUT 4E5B 
lGETCF 4E84 
IOPRBA 4E9D 
PACK 51AF 
Q8PRMS 51D4 
RDLABL 51EE 
STORE 528C 
SYMBOL 52D2 
ENDDO 5393 
GNST 5498 
OPTION 5674 
OUTENT 56E2 
PHASEA 5716 
PLABEL 5C3E 
STCHAR 5C94 
TYPE 5CC6 
SAVElD 5EF3 
LOCLA4 5F98 
DUMYA4 6056 
ARITH 60BD 
SUBSCR 6769 
TREE 6A2E 0 ENDLOC 6F43 

CA 131-1 REV 10·e7 



, CONTROL DATA CORPORATION 
LA JOLLA RESOURCE CENTER DIVISION 

,C) DOCUMENT CLASS IMS PAGE NO. 7-.29 
PRODUCT N~1E 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES 1700 

7.6.2.5 Phase A5 

FT~~ 3E63 
GOA 4519 
CFIVOC 457A 
CKNAME 45D9 
CNVT 45E9 
CONV 462E 
D'IAG 4661 
DXP9 46F9 
DFLCT. 4822 
DUMVOL 4A5D 
GETC 4A8D 
GETF 4AB8 
GETSYM 4E22 
GPUT .4E58 
lGETCF 4E84 
IOPR'BA 4E9D 
PACK 51AF 
Q8PRMS 51D4 

0 
RDLABL 51EE 
STORE 528C 
SYMBOL 52D2 
ENDDO 5393 
GNSr 54P18 
OPTION 5674 
OUTENT 56E2 
PHASEA 5716 
PLABEL 5C3E 
STCHAR 5(94 
TYPE 5CC6 
SAVElD 5EF3 
LOCLA5 5F98 
DUMYA5 6056 
BDOPR 60BD 
CKIVC 61FA 
IOSPR 620A 
ENDLOC 68fl -" ...... -- .~- ---

7 .. 6.2 .. 6 Phase B1 

FTN 3Eb3 
GOB 4583 
CNVT 4599 

0 

CA laO·1 Ra:V 10-07 



CON'TROLDATA CORPOR'AT'ION 
______ L-.:,A--:.J O ..... L:.:L::.:,A.:.....:.;R:.:;E..;::,S .... O.:,:UR:.:..C:.:E=-· -.::C:.:::E::.:.;N~T-=E.:.:.R ____ 01 VISION 

DOCUMENTCLASS~~IM~S~~~~~~~~~~~~ __ PAGE NO.~ __ 7-_3_0 __ ~ 
PRODUCTNAME~ __ ~1~7~0=0~M~A~S~S~S~T~O~R~A~GE~F-.::O~R~T~R~A~N ____________ ~~~ ________ __ 
PRODUCT MODEL NO~_C __ O;;;..;;D;;....;5 __ *_3~ • ..;;;;;1~A/;....B~ _______ MACHINE SERIES __ 1_7_O...;:;,0 _____ _ 

DUMMY 45DE 
FCMSTK 56F1 
GETSYM 478F 
IOPRBB 47C8 
KCPART 4D52 
KOUTPT 4D83 
KPCSTK 4D95 
KPC3PR 5342 
KSYMGN 535A 
LABKPC 53A2 
LABLER 53B6 
PUNT 53D4 
Q8PRMS 53EA 
STOREB 5404 
SYMBOL 5438 
TSALOC 54D5 
ARAYSZ, , 5570 
ASSEM 55F2 
BANANA 565B 
BGINDO 5725 
END 5835 C) 
ENTCOD 5886 
HELEN 5935 
INXRST 5A8F 
NOPROC 5AA3 
PHASEB 5AD4 
READIR 5F76 
SUBFUN 5FCE 
SYMSCN 6035 
ACP 6051 
AFIDL . 6560 
ASUPER 66C1 
CGOTO 667C 
FINK 66DD· 
INTRAM 6793 
PARTSB 69A2 
SUBPR1 6A56 
SUBPR2 6A9A 
SUBPR3 6B28 
ARITHR bB6F 
ENDLOC 6DDF 

7.6.2.7 Phase C1 

FTN 3E63 
GOC 4A59 0 BKDWN .4A77 
BLDUP 4AD6 
BSS 4B19 

c. lie· 1 pta:v 10-07 



CONTROL DATA CORPORATION 
LA JOLLA RESOURCE CENTER DIVISION 

0 DOCUMENT CLASS IMS PAGE NO. 7-31 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES 1700 

CHKWD 4B37 
CHOP 4CC1 
CLJ.2 4EEC 
CON 4FE2 
COUNT 503C 
DATAST 5053 
GETSYM 513B 
INOUT 51DF 
IOPRBC '"524E 
IXOPT 60FC 
LABEL 623D 
LABIN 625F 
PHASEC 62C5 
Q8PRMS 6626 
QXLD 6640 
REED 66DO 
SKIP 6734 
SYMSCN 678A 
ENDLOC 67A6 

r ...... 7.6.2.8 Phase D1 
~) FTN 3E63 

GOOD 4A59 
AMOUT 4A7C 

"ADMAX 507A 
GEGINO 527D 
Bt<DWN 53C5 
COUNT 542E . 
FINISH 5445 
GETSYM 55F1 
lACON 5695 
IHCON 56EF 
INDEX 571C 
IOPRBD 5738 
LABOUT SCE6 
NP20UT 5DC9 
NPUNCH 5DF8 
NWRITE 5F40 
PACI< 5F7B 
PHASE6 5FAO 
Q8PRMS 6043 
RBDX 605D 
RBPK 609F 
SYMSCN 60C9 
TABDEC 60E5 

0 UNPUNC 616F 
ENDLOC .6185 

C A 13C-1 RtIV 10-07 



CONTROL DATA CO.RPORATION 
____ ..:L:..:;;:A:-, .:::.J.:,.O =..L L~A~R.:.::E::.::S:..:O:...=U:.:..:R~C-=E~C=-E .:.:.,N T.:...:E:.:R..:.-____ 01 VI SION 

DOCUMENTCLASS~_~IM~S~~~~~~~_~~ ___ ~ PAGE No.~~_7-_3_1_A~~~ 
PRODUCTNAME ___ ~1~7~0~0~M~A~S~S~S~T~O~R~A~G~E~FO~R~T~R~A~N~ ___________________ __ 
PRODUCT MODEL NO. _C;:;;..;;0;;..;;0;..::5;....*...;:;;3_ • .=.1~A/~8~ _____ MACHI N E SERI ES _~_' ..;;;.;.1~7 O;;;..;O~~~~_ 

c' 
7.6.2.9 Phase E1 

FTN 3E63 
GOE 4A59 
AMOUT 4A7C 
ADMAX 5088 
8EGINO 528E 
8KDWN 540A 
CONV 5473 
COUNT 54AC 
FINISH 54C3 
GETSYM 566F 
lACON 5713 
IHCON 576D 
INDEX 5799 
IOPR8D 5785 
LAB OUT 5D63 . " 
NP20UT 5E85 
NPUNCH 5E8D 
NWRITE 6005 
PACK 60t.J0 
PHASE6 6065 
Q8PRMS 6108 o 
R8DX 6122 
R8PK 6165 
SETPRT 618F 
SYMSCN 6317 
TABDEC 6333 
UNPUNC 638D 
ENDLOC 63D3 

c 

CA "1·1 .. lEV 10-81 

----- ._---_ .. _------_._------- ._---- ---------



• 

o 

o~ 

CONTROL. DATA CORPORA-nON 
DIVISION 

IMS PAGE NO. 7 u ;J£:! 
1,700 Mass Storage FORTRAN 

DOCUMENTCLASS ____ ~~ __________________________ __ 
PROOUCT NAME ____ I.L..L.J,..I.U.-..LU~~l...&ot.J,.""'-'~::.....J.-U,.1;~u.u.l1.._ ___ ___. __________ _ 

PRODUCT MODEL. NO. 
I . 

COg5"*3A1-Ega.h~YaO MACHtNE SERIeS l1gg 
I ' 
I 

"". ~J 5C29 f?oRiKAI~ 3;013 SUi~~1ARVQaH[L 2UF l..O .. L .. 
OUI"IY~j !:>CE7 FO~fHAN j ~ O'tj SgMt-1ARV~H~L 2iF 
ARAY~l ~[)4J: PORTRAN 3~·.oB S~~1r.1ARY"'R~L '~2A 

..... I 

i . 
I , 

Fo~i'HAj\j A~t:.I..,t-Ik :;DLlG .:JoOti SUMMARV~REL 40A 
AS~I~~H !::)F6H FORTRAI~ 3~ Otj S9.~"1MARY -REL J?A J 

i 

I 
I 

I 
I 

i 

I 
! 
I 
I 
I 

I 
I 
I 
i , 
i 
I 
t 

I 

I, 

.- .. - . 
BovjJr< !lFH1. fOR r HAI'J J~.Od SUMMARYMRc.L '33A 
cr1t::C~F 6\.H:1-j f.0~!~A~ 3!otj S 9 (\t1 ('.1 A R V ~ R E L 2t:'A 
C ~ v~· oltSE: FORT~AN 3.0e:! SU~~ARY"'REt 35A' 
C~I S~d 619E" . FORTRAI,'J 3;oa s~ ARy .... RE 30A, - . _., , 

Cp'r0u~ 6225 FO~TKAN :3 a ~Jl'3 SU~MARV~REt 4JA 
OA":A~H 62~1~ EO~!~AN 3_c~Od S~ ~1I'4Af~VqRt; . 31A 
FGETI.. 64~8 FORlt<AI" 3GQB SUMt~AR t"'"REL 2IA 
FORK b4tR FORTRAi\l 3;0& SgMMAR'ImREL 22A - . ", . 
EkdjJK 66dR FOHTKA'l\1 3QuB SUM~~ARY"'REL 3tiA 
r~OUMAr< 66 Uh EORT~AI~j 3~Ot:l S~"'1MARY"REL 3~/~ 
PUI"r blj3C FOH l RAI'J J CI 06 SUI~j\1ARY-REL 27A 
EI'J~Ll~C . 6d?5 ~O~I~Ar~1 j~OfJ S9Mt-1ARV-REL l?F 

*NIlFURI~.3"9t,; 
iN -
~K,Io 

IN 
~p 

F TI\~ 
GlJA 
CFIVvC 
C K 114 J\ "It. 

30(;4 
4~7A 
44 UR 
4539 

COPyRIGrlT COI\jTHOL DATA CORPo 1972 
FORTRAN 3QG~S0MMARY-REL Q2F 
~o~fAA~ ~;O~ SJMMARV-N~L 3~A 
EO~!~A~ ~~08 SgMMA~y_HEL 36A 

CN'IT 
COI~V 45d1 FORTHAN j~08 S0MMARY-Rt~ alA 

FOR!~A~ 300~ SgMMARY~REL O~F 

_ ... _ ... _ooy-'---- .. -----.-.-.- ...... -~-.- -......... -_ ...... -.- .... _ ..... --_.- ...-,._- -.. .., 

DIAG 45dA EOHT~AN 300~ S~MMARV_REL 

EXF~ 464A FO~THA~ 3008 'S0MMARY-REL 
FLOAi 46~1 ~ORT~AN 3~u8 SqMMARY.REL 
GEic '+~.jj) FO~!~AN ::(~U8 S~MN1ARY<DRt.:L 
Gt. r F ,+-do~ ~ORTKAI\J.3~' 08 SLJMI'''"ARy-~EL 
Gt.: r Sf :'1 i+H o·~ FgR T F< A I 'oJ j ~ 0d SOlvlfl.1 A R Y-Ri::L 
GPOT . 4cl4~ ~ R!~AN 3~OB S~MMARV-REL 
1 {:;t:. r\"'~ 4 rjC S FORTRAI'J 3J.~o. ~~ SUMlvtARY .. I·H~~L 
lOr. K ~ .l\ 4 d D E ~ 0 R T. ~ A 1\1 .. v (~ S W M M A F~ Y co R E. L 
~A~~ ~EC~ FO~TRAN 300b SUMMARY-~fL 
QdF :~i'''I~ 4F d~ FORTt~AN 3 o~ ()tj SUMt-4ARY-J-<E.L 

04F 

05F 
ubF 
14F 
O~~A 
07F 
02A 

:.f bar 
. __ .... _ .... _-_ ....... __ .. _------ .. _-- -.-~ -- _ ... _- .. -- -----.... - ..... -- - ...... -.- - .... - -- - _ ....... - -_. __ .- .. _ .... _ ... - _._. "-

AA '5777 PftINTfD fN USA 

---./ 



o 

o 



CONTROL DATA CORPORATION 
______________________ DIVISION 

.---.. DOCUMENT CLASS IMS PAGE NO._7.-..::--3""""3 ____ _ 
C~PROOUCTNAME------l~17~O~n-M~a~s~s-S--t~o~r~a~g~e~F~O~R_T~R~A~N _________________________ __ 

rROOu.CT MODEL NO. (005*3 00-E006*4 00 MACHINE SERIES ______ J ..... ,7:...;:0-=O=--____ _ 

" 

I 

I 
! 
f 

! 
j 

i , 

C/i 
! 

RDL..AUL l+F2'i 
STURt:.. ltF~1 
~ yr-lduL 4FF7 
"jUI)~ :;0 9 9 

GI'J~r :")LV) 
OP I 1 ~JI-J "S301 
OU1E,'JT ::>3CC' 
Pti~St:.A :54J 1 

PLAot:.L :> ri r" .~ 
STCHAR :>~~F 

rY~t. ~9cJ:' 
SA~,E.LU ~fjd1 

Ll)~L ~4 5C29 
Ol.Jt~IY ~4 5Ci:7 
ARIT~ ~D'+r.;~ 
SU~S~k' o]U, 

T~~c:.:E Ob9~·1 
ENJLuC b~~? 

1 j'~ 

*K,Id 
{!'oJ 

~ I'~ , fUR j A 4- , , , ~ 

J.I~ 

~p 

. FTI'l 
GU~ 
CFlvuC 
CKI\JAI",E 
CNVT 
COI~ 1/ 
UI~G 

E"~ 9, 
FLCJAi 
GE1C 
Gt::TF 
GETSYi1 
GPur" 
IGt.T~f­
IOrK;;J\ 
PAti\ 
Qd~ I:.(,"'S 
ROC.A~L 
STuHr.. 

.3uC4 

.:f4 I /~ 
44LJh 

tfSJI) 
4!:)'tg 

q.5 b 7 
,+5 ci /,,\ 

46'+ /\ 
4b~3 
'+d 3 (" 
'f/jo)4 

q.tj?3 
4H\)C 
4tH':C:; 
4t:3 Ut: 
4EE(:­
tot F IJ ~~ 
<+F2s 
-+F~i 

- .... -
FOHTHAi'.J 3.()tj 
FORTRAN 3;O~ 
.. - . ,- .' 

F 01-< T~At\j 3.01j 
~ OHI ~AI~ 3.08 .. , 

. FOHTr<At-..J J.Utj 
FORTRAN j~U8 .-
FORTkAt~ 3.0d 
FO~!~AI'J 3.0~ 
FORTHAN 3.ut::l 
FORTRAI~ 3;()8 
FORfHA'~ 3 .. 0d 
FORfR~I~ j;ud 
~O~ T RAi'~ j.Od 
FORTRAN 
~ORT~Af~ 

j.,Ot;j 

j:Ud 
FOR TRAt" ..3~0~ 
FOR ft~AN 3 ou /:$ 
FORTRAN 3:0d - --"" 

.," 

SUMMARY-REL 
59MMARY-REL 
SUMMARY-REL 
S~MI'''1ARY'''REL 
Sut-1MAHY-REL 
SgMMARY-H~L 

SUMMARY-REL 
S~MMARY-REL. 
t)uMM~RY"'REL 
59fv1f¥1ARY-kEL 
S~MMARY-REL 
S~t-1Iv1AKY"'kEL 
~uMMARY-K£L 
SUMMARY-REL 
SUMMARY-RE:L 
S~MMARY"'REL 
SUMMARY-REL 
SUMMARy ... Rl:L 

lOA 
llF 
Q3A 
29A 

O~A 
l?F 
ObA 
O~A 
Oti~ 

1r4 
l~A 
l.3A 
22F 
2.3F 
li+A 
1 Of A 

41A 
1 7F 

~OP~~I~H! CONTHOL DATA CORP- 19?4 
FO~T~AN 3 0 ua SJMM4Ry_REL 02F 
EORT~AN 3~08 S9MMARY-HEL 3~A 
FOkTRAN 3.Ud S0MMAHy_REL 3bA 
EO~!RAN 3~Od S~MMARY-REL O~A 
FORTRAN j.Od SUMMARY-REL O~E 
~O~!~AN 3~0~ S9MMARY-R~L U4F 
FO~ TRAI~ 30 ub SUMMARY ... REL 05F 
~O~!~A~ 3~0B S~MMARY_REL O~F 
FOK!RAN J.Ob S~MMARY~R~L 14F 
FORT KAt\! j~" 08 SUMtv1ARY-REL 04A 
FORTRAN j~08 S~MMARY-HfL 01F 
~oRf~AN j~o~ S0MMARY~~EL O~A 
f"OR'f~At~ 3~Od SjMt~ARY"REL 15F 
~O~fHA~ 3~0d SGMMARY-REL O~F 
~o~t~A~ 3~Od S~M~ARY-H~L O~F 
F () ~ t ~ A I\J J I) uti SUM I", A H Y - R t-~ L 1 u F 
~ (;H~ ! H A j~ ~ ~ U 8 S ~ M (111 A R Y .. R t: L l. 0 A 
FORTRA,\J 3.08 S~Mr-1ARY-REL IlF 

----,,-_ ... _ ... __ ._-----_. --••• ~ .... ¥ ... _-- ..... _--_ .. _.,-.-_. -----~ ---.--- --_ ...... -....._._ .... --, .,- - ••. ~~ .• - ........ --- ...... ~ •• _.- ." •.• --.-.-._ •..• 

AA 37n PRImED IN USA 
-------------------'------'-----

! 
I 
II 
i 

! 

i 
, i 

t 
f , 
~ I 

'I 
J 
I 
I 



CONTROL DATA CORPORATION 
--__________ . _________ DIVISION 

DOCUMENT CLASS IMS PAGE NO._.--.J,.7..;;,. .... 3 ...... 4 ___ _ 
PRODUCTNAME ______ ]~!7uO~O~M~a~s~s~Sut~n~r~a~g~e~E~OuRuT~R~A~N~ __________________ ~ ______ _ 
fROOUCT MODEL NO. C005*300-'006*4.0 MACHlNE SERIES_-..I1 ..... 7J..,J0~O~ ____ _ 

SYI"ld~L .. FF7 EOR ~ ~AI'.J 3· 0 t; S ~ M iv1i\ R Y woo R t:: L 03A 
-

Ej~lJUJ ~y9q FORTRAI\I 3·0d SUMMARY-REL. 9 
GI~:; 'f !:J Af) ~ORTRAN 3 '; Uti SUMMARY-R~L g5~ 
OP i'l V I'll :i3 b l Fo~l~Ai~ 3.va SgMMARY-RI:L lbF 
Ou !E:~ r 53CF FORTRAN 3~Od SlJ r-.1M/\Ry-REL ObA 
PH~Sc.~ ::;?403 FORT ~AI~ 3!Ot::) SJMM/~ RY"Ht::.L. OlA 
PL~8C.L 58FI'~ FORIR.A~ ~.,O8 SQMMARY-~EL O~A 
s TCrli-\~~ ~94E FORTRAi~ 3.08 SUMMARY-REt.. llA 
TY~E" 598/l FORTRAN 3:!Ot3 S~MMARV-REL l?A .... ..~. - .. 
SAvE u 58v~ FORT~AI'.J 3.0d SlJMf\1I'\RY -REL lJA 

C As ~C2~) F.ORTRAN 3;O~ SUMMARV-REI.. 24F LO.L ~. 
FORT AAi~ 

.~ .-. 

DU'·.,y ~~ ::>Ct:7 3.08 SUM~ARV-REL 25F 
r;Oupi=< 50 /+F. ~ORTRAI~ 3;08 SQMf"1 ARY-REL 33A 
CK 1, v~ :, E ti;1 FgRfRAN 3.ud SJ~11~/~R Y "'REL 3:;A 
IlJ~r'~ 5E~f~ F R fr<AI\j 3~Otj S~Mtv1~RY-REL 37A 
EI~LJL ~C ~5l"5 ~o8T8Ar~ ~.O8 Sl.JM''1ARV_KEL 1-( F 

IN 

~K,Id 

IN 

* r~ , F \) R I A ~ , 9 , 0 
Il~ ..... 

~K'I~ 
IN 

*p 
FT,\I 3DC4 
GOd 4404-

C(1PYHIGHT COI'JTROL DATA CORP. 1972 
~O~I~AN"3~68 S~MMARY';'R~L 2~F 

Cf\JVT 44tA 
ULJMr~ ( 452B 
FCi"lS't'K 4+631.1 
GET Sri'" 46~2 
IU~R~o 4-eF~4 
KCeA~T 4 ~'""' 
K u~~r 4C ti 6 
K~~'!K 4C~t) 
KPCJ~ r< 'j U 'oj 9 
KSYf-1ul'lj :>Udl 
LAt:H\~C 5\J~9 
LAOLL:-R :,1 J D 
Put.., r ~ 12~., 

. I 

I 

I , 

I 
I' 
I 
I 

! 

F8RTRAI~ 3.08 SlJ~~ARY"REl: O!A 
~ RiRAi. 3;08 sO I ARV-RE 018 
FORTRAN 3.0ti SgMMARy_REL 028 
~ORT~Ai~ 3.0t:i SUMMARy-REL 07F _. 

r--ORT~A'~ 30UB S9MMARV-REL 27F 
~oRTt:<AI\j 3';013 S~MMARV-REL Oj8 

~8~t~~r~ 3out:i §UMMA~V-~EL 0'408 
3!:O8 ~MMA y- EL 0 58 --

FO~t~AN ::S.08 §UMMA~V-~EL. Otl8 
FO Ai~ 3~()f; ~Mr~A . V- EL 070 
FOR r'~AN 3.()d S~MMARV"",RE:L oBe 
FOR r.~Ai··~ 3.0 S~Miv1ARV -REL. 09t3 . ... tj 
FORTKAi'-4 3.u!j S lJ ~Fv1 A H V - R E L 108 

lJH~t-<"IS :'l~' ~ORTkAI\l 3;01:) 5U fvitvtARV-Rt::L lOF 
STORr. ~l:)H 
5 '(i\~8 0L ~1~F' 

FORTRAN 3-0d SGIv1M~RV-R£L l.LF 
~Otrf~A 1'1 3;OB SWMMARY-REL 118 

TSA~uC b22C 
ARA.::l 52t:~7 

F ORtRAI'~ 3.08 SJMf~ARV""'R~L lGtf 
FO~T~A'" 3;0 SqMIv\ I~RY -Rt::L 4?A .. 1:3 
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CONTROL DATA CORPORATION 
DIVISION 

IMS PAGE NO.7.35 
',700 Mass Storage FORTRAN 
C005*300-E006*4 D O MACHINE SERIES,' ],700 C 

OqCUMENT CL~SS 
.,PRODUCT NAME , __ --11-L...U.I..l-J...l.,.d.;~~""-UJ~~--J-lL..U."L...U.l:LLl6.~--------------

PRODUCT MODEL NO. 
I 

~8~f~:I~ 
...... 

AS~t:I"1 5322 3.08 S0 A~Y-~E 13B 
BJ~NAI~A ~j!.hJ .3~08 S~~~A y... Et 1~t3 -",-" 

~GINUO ~~(.n FORT~AN j;8g SUMMARY .... R~L l~~ I~U . :)6 fOR f~AI-J S~MMARy ... R L 
- -- ... - .. , . 

EI'JTCu O ~5'iE f ORTRAI~ 3.ut:! SJMMARy-REL 1 7~ 
HECE,~ Sbt+8 FORTRAr-J 3.08 S~MI\1·~RY"'REL ldt:i 

I'-.JAK;;)T S7~1. FORTRAN 3.08 SUMMARy_Rt::L 191:3 
j\jiJ~ K9c ~7d~"I fORTR 1\1 .j~Oci S~MMARY-Rt:L 2 0 a _ . _ . A . 
Prli4St.d S7t::h FORTRAN 3.08 SUMMARY-REL 2.Lt:J 
RE~O IJ~ 5C 3C ~O~!~AN 3;' Ot; S~MMARY-REL 228 .. 

sutH·~~:-.J ~C'~(t ~ORTRAj\l jovb SU~IMARY-REL 23~ 
5 Y l"iS(,.i\J :'C~C FORTI"<AN 3~OCi S Q M 1'-1 A R Y ... f~ E L 28A 

- .~ ._.- - ---'" - ... - - ...... - -.-- ----...........---_._-- --_._- _.- .... _----_._.----_.- -

• I 
j 

C~I 

! , 
I' 

d 

ACF ~Ulq 

AF ,1.\)L blo4 
A5u. J t::R 61BE 
CGuTu 02.15 
F 1 hJt\" 62 0 q 

I i\j rt,U-\/vl b'3 d 
PARr~H b55~ 
Surj,lr<l bOV F SUt:S(Jr:<2 604 0 
SUdrJ~3 abUA 
~\ 1< 1 r t} H 67~1 

E'\juL ~C 6dt:5 
I 1\1 

fJoK, I~ 
11\1 

'"' j'J , F v I-< I t:) 1 , 9 , tj 

1 r~ 

'"'P 
FT,\I 
GUC .-
tjr\I.J~'Jli 
hLtJU~ 

dS~ 

C rl r\{J IJ 

CHUt J 

CL.L2 
COi~ 
cauI,I! 

3UC(~ 
4qd(1 

49 U9 
4143q 

'tA1C 
4 A 9 A 
4C 1 t~ 
'+EJri 
t+F2F 
4F6 M 

FORTkAi-.J 3o~t) S~MI~ARy"",Rt:L 240 .-
FOt-<TkAI\I :"·Od SUMMARY ... REL 208 
FORTRAN 30ub S9M MA RY-REL 268 - .... -" 
fORTKAN 3~.Oc SUMMARY-REL 2 1 1:j 
FORTRAi'J 3- b S9rJr.1ARY-RE.L 2~d _ ,_ 0#. . _,0 
FOkTHAN 3 0 08 SUMMARY-REL 29B 
FORT~A~~ ~~Od S~M/~ARY-Rt:L. 3,9s 
FORTRAN JQOt:) S~MMARY-REL 318 
FORTRAN j.' Ofj S9.t"MARY~REL . .328 
FORT HAi~ 3!Or3 S~MMARY-REL 338 

. FORfRAI~ joOb S~Mt.1ARY-RE.L 348 
E0R. !t:<AI~ 3.0ts S~MMARY-Rt:L l?F 

COPY~IGrll CONTROL DATA CORP. 1972 
EOR!RA~'~!6b 'S~~MARY-R~L 2~F 
FORTKAN 300b SUMMARY-REL Ole 
f.0~!~AI~ 3.08 S9"-IM4Ry_k£L O?C 
FORTRAN J:0d SUMMARy"~EL Q3C 
~oRT~A~ 3~O~ SgMMARY-R~L O~C 
PORTHAI'J .j. Uc; SUMMARY-REL u5C 
~O~!~A~ 3:0b S9MMARY_REL O~C 
FORTKAN ~;U~ SUMMARY-REL 07e 
FORTRAN 3~Od SOMMARY-REL oac 

1- _ ....... ___ ._. __ ._. __ ._. __ ._ ........ ___ •. ~._._._ •. _ ,. __ ,,_ ..... _ ........... ____ " .•. _ ....... _ •. _. __ ..... __ , .... _. _" __ ,, __ .,, •.. _ . __ • ____ .... _, __ ,. 
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CONTROL QATA C;ORPORATION 
__________ -.,;..~--_:__~~-- DIVISION 

PAGE NO._....;..7_ • .;;;;..36 ____ _ DOCUMENT CLASS __ .J.IJ:M~S~~ _____ -=:-:-::::-::-:-:-:~ __ 
PRODUCTNAME ______ l~,27nUan_ttMaassss~s;t~a~r~a~g~e~F~o~R~I~R~A~NL·----~~~--~~U1-----------
PRODUCT MODEL NO. (q05*3 00-E006*4 .0 MACHINE SERIES ___ 11H..7LJ:0~o:!.--o. ______ _ 
I 

I 
i 

i 

--
UAIA'::'T 
GE!S~t"i 
INUul 
IIJ~kaC 
r XU;J I 

LA'H::~ 
LJ\oI'~ 
PHASt:.C .... ' 
LJd~ HI-'S 
~ACO 

R~t:.:u 
SK If; 

4F7F 
504[) 

sOr 1 
t>l~f 
b\)Jr 
614H 
01 6 D 
blU4 
b529 
t?5~~ 
b5 U 3 
66~(-, 

- ..... ~ . 
FOR1RAN 
FORTRAN 
FORTRAt~ 
FOR-RAN ._ " T _ 
fORTRAN 
~oRft-<AI" 
FORfRAI-.J 
FORTRAN - - .. , 
FORTRAN 
FORTRAN - .. -. - .. 
FORTKAN 
FORTRAN - ., - .. 

-
3.0B SUMMARY-REL 
:3 ';08 S~MMARY-REL 
J·!.08 'S~MMARY-R£L 
;;.00 SU Mtv1AR y.REL., 
3~' Od S'?MI~tARY"RE.L 
3.0t:l'S~MMARY-Ht::L 
3~()~ SUMMARY"'REL 
3!U~ SQMMARY-R~L 
300t:i SUMlYJARY-REL 
~~08 SgMMARY-~EL 
3.0b SUMMARY-REL 
3;Ot:s SQMMARY-REL 

-
09C 
lOC 

'~~~ 
12C 
l'+C 
15C 
13C 

I ' SYt'-'IS\...,\j 
t>JULqC 

o6 d 6 
b6A3 

FgL:lT.kAI 
F RT~AI~ j.0d SUMMARY-REL 

3~Oa S~MMARY-REL 

lOF 
l~C 
17C 
l~C 
19C 
l?F 

I 
I 
I 
j 

I 
I 
! , 
I 
I 
i 

I 
I ., 

I 

*r< , 1 d 
I !\J 

*K,lo 
l,\j 

F fl\j 
GUvO 
AMVU! 
AUivIA" 
fjE(:) I 1-10 

RKlj'I'H~ 

C0~1'J! 
Fli~l~H 

GE ISYM - .-
lACON 
I HtOI~ 
II'Jut. )i.. 
IOF'Rt>t.) 

LAoUuT 
Np.2u9T 
(\I~UN~rl 

Nwt<I!t:: 
PA~K 

PH~~l:.b 
Gdf! R,::tS 

3f)C4 

490;:1 
491)(,) 

4FC5 
51C7 
53 UF 
53"!!! 
539? 
55-?H 
~5LJF 
56~8 

56Q 
500

6 
... 3 

SC31 
So r 1 
50~O 
SEdl 
SE t3 c 
SEt:. 
5F'7~ 

~Of:1X~I~H! COI\JTROL DATA CORP. 1972 - . ..... 

FORTRAN 3.0t3 SUtV1~ARY-REL 30F 
FORtRAI~ .3;Ot3 S9.JI.1MARV-REL O!D 
FOHTHA,\j 3.013 S0f'.1MARy-HEL 02D 
FOR'_ ~AI~ ~.O8 S~~H4ARY-REL 03 .. D 
FORTRAN j.O!::j SUMMARY-t~tL 04D FORTRAN 3;08 SgrvtMARY-REL 050 - -- .... 
fOKT RAI'.J 310108 SUMMARY-f~EL ObD 
F ORtHAi~ 3;00 SQMMARY-REL lOC 
FORTRAN 3.0t; SUMI>1A RY-REL O-tD FORTRAN 3-08 S2M MA RY_REL 08D "', - . 
FOR TRJ\N 3"Otj SUfvlMARY-REL 09D 
~O~~~AI" ~~Ob S2MMARY-REL 3lF 
fORTHA'\J 3.08 S lJ ~1 MAR Y .. R ~ L 160 
FOR!~AI-J 3 ~'O8 S~Mr·1ARY~REL l!D FORTRAN 3.wS SUMf'.1J\RY -REL 120 f"ORTRAN 3~O8 SOMMARY .. REL 130 
FORfRAI\I joUB SUI'-1MI4RY _REL 09F FORTRAN 3f1 0tj SUMtvlARY"'REL 140 FoRiHAI\j 3~oa SUMMARY-REL lOF 

~---~---.------------- ..... -.-.-,--.~,-... -.,- .. ---, "--- -.-- ... __ .•.. _---_._ ............... - ,_.-._----_ ... -.-... _ ........ - ... '" -_._ ............ - ....... _- ... ".- .. 
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CONTROL DATA CORPORATION 
__ .:::.L:;:.A...::.J O~L=.:L=.:A~RJ.::E::.:S:..::O~U=-:.:R:..::C:.::E:.....::C~E..:.;:N:..:..T.=.E.:.:.R _______ 01 VISION 

DOCUMENT CLASS IMS" PAGE NO. __ 7_-_3_7 ___ _ 
PRODUCT' NAME JI700 MASS STORAGE FORTRAN" 
PRODUCT MODEL NO. (lJlJS*3.]J AlB MACHINE SERIES ____ =.1...;..7=.lJ=.lJ ___ _ 

7.7.4 

CA 130-1 Rav 10-07 

Phase 4 Labeled Common Block 

1.. INDTAB 

2. INFTB 

3. NBSS, NADC 

4. INFTBL 

S. INFTBN 

6. INFTB)( 

7. KODNAM 

9. KFTYPE 

10. NLINE 

11. NPMTRS 

12. KSPTAB 

preset table of conS~ants. Those 
"indicator words {see output descrip­
tion} which are used several times" 
are preset in this table for easy 
reference. 

Intrinsic function table. A preset 
loopup table for determining whether 
a function is intrinsic {see HELEN}. 

constants preset to the instruction 
code values: i.e., NBSS = 1'1 
NINA = 31'1 NTRAQ = 62'1 etc. 

INFT B' -"£ ahfe-- -e-ntry length. 

INFTBN table length. 

index to INFTB table {not preset}. 

part of INFTB entry containing 
function name as coded. 

part of INFTB entry containing 
function type: 

1 = integer 
2 = real 
3 = double precision 

part of INFTB entry containing 
in-line/non-in-line,flag. 

part of INFTB entry containing 
number of parameters of function. 

preset table of special pointers to 
sybmol table; e.g., 0 constant, 1.0 
constant, and pointers to implied 
subroutines. 



COl'li'ROL DA T A CORPORATION 
__ .:--________ :-_~~---- DIVISION 

. OqCUMENT CLASS IMS PAGE NO.-..a..7_..e3 .. 8 ____ _ 

'" 

• I 
l 

I 
i 
I 

I 
i 
I 
I 
I 
I 
I 
I 
I , 
1 
i 
: 
i 

PROOUCTNAME ____ --~J,~7~O~O-uM~a~s~s~S~t~o~r~a~g~e~E~O~R~T~R~A~N----------------~~ ________ __ 
rROCUCT MODEL NO., (005*3 aO-E006*4 .OMACH.INE SERIES_-...1 ... 7a...aDIIoOIO=-------
! 
I 
I 
I 
I 
: . 

; 

-
t.1..,UL.V(, 

1'" . 

*K,lo 
!N 

*1\1 , F uR I t:.L , , ,d 

11\1 

*L.f11\ 
r r'.J 

*V.1J. 
I r~ 

i.i 

.'~. . 

-
17 -F 
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CONVClOL DA"fA CO£1t'OClAT ION o o SOfYWAClE DOCUML:NY 

DOCUMENT CLASS 
PRODUCT NAME. 
PRODUCT NO" 

, ______ .... loA.lM~S:.._ _______________ PAGE NO] ~ 39 

CA 138-1 

liOO MASL.S.IQRAGE FORTRAN 
COOS Vf:RSION 2.0 MACHINE SERIES __ 1 ..... 7:..L,.(}LL.0'--______ _ 

15. ,l.TYP 

16. MBEGIN 

17. IADDIT 

19. INTRAX 

20. IPTR 

21. ISBSCP 

22. JXX 

23. KBEGIN 

24. KBIAS 

25. KBYTX 

26. KENTER 

27. KEN TRY 

28. KEXEC 

29. KEXTYP 

30. KFCE.TX 

31. KFCSW 

32. KFFSAV 

33. KFINDX 

34~ KFLAM 

35. KINTYP 

working cell of BGINDO and BANANA_ 

working cell- of PHASE 4 ho Ids labe 1 of first 
address of statement function 

parameter 'to INTRAM (additive) 

INTRAS table index 

parameter to INTRAM (operand pointer) 

parameter tolNTRAM (subscript pointer) 

index to input buffer set by READIR 

working cell of PHASE 4 holds label of first address 
in program 

hold label of cell containing program base (PHASE4) 

byte index for constructing floating point 
calls (FCMSTK) 

working cell of PHASE 4 

working cell of PHASE 4 

working cell of PHASE 4 

set by ACP as flag to give expression type of tree 
just processed 

used for KPCSTK 

floating calling sequence switc:t't (FCMSTK) 

contains label of cell used to save index FF 

index used in building floating calling sequences 
(FCMSTK) 

current floating addressing mode (FCMSTK) 

instruction type (parameter to INTRAM) 



CONTROL DATA CORPORATION 
_---"L=.:A:.:-...:J~O~LI:ot.&IL&:oA~R;a.=:E=_=S~O;..::U;.uR~C_=E_.:.C_E.u.N..&..T E::..Ru-______ 01 VI SION 

DOCUMENT CLASS IMS PAGE NO. __ 7_-_4~0 ___ _ 
PRODUCT NAME 1700 MASS STORAGE fORTRAN· 
PRODUCT MODEL NO. C005*3.1 AlB MACHINe SERIES ___ ---=1~7;...;;0~0:...__ __ _ 

36. KLLTBX KLLTB. table index 

37 • KNTROL control parameter to INTRAM 

38. KOBX output buffer index 

39. KPRNAM program name. Working cell of PHASE 4 

40. KQSAV contains label of cell used to save 
Q register 

41. KRETRN contains label of first cell of 
RETURN code sequence 

42. KRTNS set in PHASEB 

45. KSFNAM statement function name holder c 

47 • KSTYP set in PHASEB 

48. KTCATX KTCAT index 

49. LEVEL index to level tables for ACP 

50. LIFTX index to level tables for LOGLIF 

51. LOGIF logical if switch {LOGLIF} 

52. IDMM Holder for local variables 
equivalenced to common 

53. IDPFLG Indicates location of 'current' dp 
value .. 

0' - dp value is in dp pseudo-
accumulator 

1 - dp value is in locations 
C5-C7· 
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7.7. 6 

7.7.7 

CA 138-1 

Phase C, 0, E Labelled Common Block 

NPCBF 
lovrAB 

NPTBF 

, lXS 1 
- ISX2 

binary output buffer 
table of pointers to places in program where addresses of 

variables may be found 

print image 

index history of program being compiled 

Phase C and DIE Blank Common Block (some array dimensions 
d~ffer in phase DIE) 

IN BUFF 
NOBUFF 
NRCD 
NFTAB 
IV 
NSUMO 
NDFL 
NAOX 
NSUMVS 
lXC 
IXFLAG 
IXF 
IXQ 
IXSX 
lUSE 
IFlX 
NOUTOT 
NOWO 
NL 
NT 
NA 
NS 
NO 
NR 
NQ 
NF 
NTYPE 
NOWI 
NOpe 
NOPT 
NADD 
NXPT 
NATYPE 
lCT 
INCT 
NOeT 

input buffer 
intermediate output buffer 
intermediate record holder 
future table 

·table of temporary holde'rs 
maximum length 0 f IOVfAB 
modify, don't modify addressing switch 
IDVTAB index 
maximum size of future table 
current index 
effect of current co~nd on index 
current contents of $FF 
current contents of Q 
index history tables index 
$FF has been used switch 
point to which addressing is fixed 
number of words in intermediate output buffer (circular in DIE) 
number of words in current imtermediate output record (-2) 
ignore record switch 
record is label switch 
record has additive switch 
record has subscript switch 
don't modify addressing switch 
2 word instru~tich switch 
command uses Q register switch 
ADC type indicator 
command type - second phase 
number of words in input record (-2) 
opcode 
address pointer 
additive pointer 
variable subscript pointer 
command type - first phase' 
number of words command occupies 
input buffer index; in phase DIE circular buffer index 
out pu t buffer index; in phase DIE, next avai lable 
circular buffer location 
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NSTYPE 
LRS 
NOBW 
NBINC 
NPCl' 
NSETX 
NRM 
NPTBFX 
·NRCI 
NN.C2 
NW2FL 
NW2 
NBFL 
NXCON 
NASCI 
ISCOUN 
ICOUNT 
NOFS 
NODS 
NDXJ 
NX 
IHEAD 
INOB 
INC 
NDSTAB 
IXS3 

first executable instruction encountered switch 
long right shift 16 needed indicator 
no. words in binary output, this record 
current index into binary output image 

top of list out.put buffer 
relocation of current command 
list output buffer 

relocation - words 1, 2 of current command 

p+ocessing second half of 2 word command 
second binary word of 2. word command 
last word flag - binary output 
constant value - used by SETPRT 
pointer for address field - used by SETPRT 
address counter - second phase· 
address counter - both phases 
future table index 
NDSTAB index 
temporary holder for ICOUNT 
INBUFF, NOBUFF index 
'top' of circular buffer NOBUFF 
size of NOBUFF 
NOBUFF subscript (not 'circular') 
table of references to dummy parameters 
Index history of program being compiled 

I 
\'- -
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7.7.8 

CA \]8-\ RE.V 10-87 

Compressed Symbol Table Blank Common Block 

ICSYFL 

ICSYNS 

ICSYMP 

ICSYPC 

ICSYPS 

CSYMTB 

(phase D 2.0A only) , 

Length of compressed symbol table 
entry 

Number of sectors needed for com­
pressed symbol table page 

Compressed symbol table page 
indicatur 

Current compressed symbol table 
page 

Compressed Symbol table page 'size 

Compressed Symbol Table 

-----_._--_._-------_. __ .,-,----_ .. ,--------------_ ... "'--'-'-' 
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CHAPTER 8 

TABLE OF CONTENTS 

8.0 Objee~ Time Arithmetic Routines 

8.1 Introduction 

8.2 General Description 

8.2.1 Temporary Storage 
8.2.2 Calling Sequence 
8.2.3 Returning Sequence 

8.3 Function Description 

8.3.1 Trigonometric Sirie (SIN) 

8.3.1.1 
8.3.1.2 

Range Reduction 
Series for SIN(X), with X '5::.:"1"/2 

8.3.2 Trigonometric Cosine (COS) 

8.3.2 • .1 Temporary Storage for SIN and COS 

8.3.3 Hyperbolic Tangent (TANH) 

8.3.3.1 If 0 </X/<~ . 
8.3.3.2 Temporary Storage for TANH 

8.3.4 Arctangent (ATAN) 

8.3.4.1 
8.3.4.2 
8.3.4.3 

Range Reduction 
Series for Arctan(X), X~ tan (".,.,/16) 
Temporary Storage for ATAN 

8.3.5 Exponential (EXP) 

8.3.5.1 Range Reduction 
8.3.5.2 Series for eX for X~ 1n/2 
8.3.5.3 Temporary Storage for EXP 

8.3.6 Natural Logarithm (ALOG) 

8.3.6.1 Range Reduction l+X 8.3~6.2 Series for In (I-X) for /X/.s:;: 3 - 2 V2 
8.3.6.3 Temporary Storage for ALOG 

8.3.7 Square Root (SQRT) 

8.3.7.1 ~ange Reduction 
8.3.7.2 Iterative Method 
8.3.7.3 Temporary Storage for SQRT 

8.4 Type Out Message 

8.4.1 Routine Argument Answer 

8.5 References 

8.6 Exponentiation - Subroutine Q8EXPN 
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8.0 OBJECT TIME ARITHMETIC ROUTINES 

8.1 Introduction 

This chapter deals with the following object time routines: 

External Function 

Trigonometric sine 
Trigonometric cosine 
Hyperbolic tangent 
Exponential 
Natural logorithm 
Arctangent, 
Square Root 

S mbolic Name 

SIN 
COS 
TANH 
EXP 
ALOG 
ATAN 
SQRT 

The above routines are designed to operate under the 1700 Mass 
Storage Fortran. They are written in 1700 Assembly Language for 
optimization of code and time of execution. However~ they can 
be used by any other program working under the 1700 Operating 
System as long as the proper calling sequence is generated, and 
cells $(5 and $E5 are reserved for the floating point package r-' 
and temporary storage. ~~. 

8.2 General Description 

AA 37n 

The argument to any of the functions is a real value number 
written in the 1700 Mass Storage Fortran floating point not~tion. 
The result is also a real value number in floating point notation. 

8.2.1 Temporary Storage 

These routines use the unprotected communications area from 
$D8 to $E2 as temporary storage area. 

8.2.2 Call'ing Sequence 

Each object time routine is entered via an RTJ instruction 
to its symboliC name~ followed by a cell containing the 
address of core wh~re the value 6f the argument can be 
found in floating point notation. 

PRIN'T'fD IN USA 

C~ 
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8.2.3 

8.3 

8.3.1 

8.3.1.1 

8.3.1.2 

Returning Sequence 
I 

Each object time routine will return control to the user at the 
program location immediately following the parameter address with 
the calculated value of the function in the floating point 
pseudo-accumulator. 

1 

FunctiQnDescription 

The mathematical method used to approximate the functions will be 
found in Appendix A of this document. Basically it is a trun­
cated Taylor-Mclaurin series with Chebyshev expansion for the 
higher terms of the series. 

Trigonometric Sine (SIN) 

Range Reduction 

Let Z be the value of the argument. 

If /Z/ ') 221 then the answer will be assumed zero. 

If: 

Z<O 
Z)O 

Let I 

let U = -Z and sin (Z) 
let U = Z and sin (Z) = 

be integral part of U/2'T1 

sin (U) 
sin (U) 

and let 

y = U - I . 2'TT" , then Y f 2.".. and , 

If: 

y>".., let T = Y -Tf then sin (y) - -
y.(. 'T1, let T=Y then sin (Y) = 

If: 

T > 'f"f/2, let X ='T1'- T 
T<-rr/2, let X = T 
and sin (T) = sin (X) , with X ~ 'If /2 

Series for SIN (X) with X ~ '«/2 

SIN (X) 
3 5 C X? + = COX + C1X + C2X + 3 

with Co = 1.0 

Cl = -:16666647 

C2 = .83328836E-3 

C3 = ~ 1979932?E-3 

sin 
sin 

C X9 
4 

sin (U) 

(T) 
(T) 

= sin (Y) 

.. ------c--=_-.'_IlB5144 5 E~6 _____ . ___ .. __ . _______ . .....::..:. .. __ . ______ . _________ . __ ._. __ 
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8.3.2 

8.3.2.1 

8.3.3 

8.3.3.1 

Trigonometric Cosine (COS) 

Since eos(z) = SIN(Z + ~2) then object time routine COS will simply 
be a second entry to the SIN routine. 

Temporary Storage for SIN and COS 

Eight cells of temporary storage are required by either SIN and 
COS. They are: 

PARADD 
. RETADD 

FLAG 

for parameter address $DE 
for return address $09 
for sign indicator $08 

X and X2 QS 
for temporary floating point .numbers, $OA to SOD 
for saving Q $E2' 

Hyperbolic Tangent (TANH) 

If 0 <lxl£~, 

TANH (X) = X + A~'(X**3 + A ~\"X** 5 + A *Xk*7 + A *X**9 
-1 2 3 4 

where 

Al -0.33333227 

A2 0.13337246 

A3 -0.053388615 

A 
4 

0.025628253 

TANH(X):=' 1.0 - 2.0/(EXP(2.0";\"X)+1.0). 

1 f I xl 2 10, TANH (X) = ± 1 • 0 

If X = 0, TANH(X) = 0 
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8.3.3.2 

8.3.4 

8.3 .. 4.1 

Tempor~ry Storage for TANH 

Eight cells of temporary storage are required. 

They are: 

QS 
J 
X, XS, TI '2 

$D D '1 $D A '1 $D 8 ~ 

Arctangent (ATAN) 

Range Reduction 

for saving Q $E2 
for indexing in series 1000 $D F 
for floating point numbers, two cells each 

Let Z be value of input argument. 

If: 

Z (0, let U= Z, and arctan(Z) - - arctan(U) 

Z....: 0, let U = Z, and arctan(Z) = arctan(U) 

If: 

U '. 1, let Y = U, A = 0, and B= 1 

U ... 1, let y = l/U, A = -/2, and B = -1 

If: 

y~ tan (-11'/8) let T = ,:'/ 16 

Y > tan (r/B) let T = 3 .' /16 

... _ ... _ .... _---_._._._._-_ ... _._------_. __ ._---------_ .... -._--_. 
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8. ".4.2 

8.3.4.3 

H. '~. ~) 

H. 'J. ). 1 

and arctan (U) ~ A ~. B (T + arctan(X» 

where 
Y - tan ('r) 

x = 1 + Y tan (T) 

Series for arctan(X), X ~ tan(~/16) 

arc tan ( X) :c C X + C X 3 + C X 5 o 1 2 

with Co .99999900 

C 1 = : 33313333 

C2 = • 19000000 

Temporary Storage for ATAN 

Eleven cp1 ls of temporary storage are required. 

They are: 

PARADD 
ARCRET 
ARCFLG 
X ,X

2 
,AF, BF 

for parameter address $E2 
for return address $OY 
for path decision $08 
for floating point numbers, $OA to $El 

Exponen t ia 1 (EXP) 

Hange Reduction 

Lt,t Z bt' input vnlue of argument 

1 f: 

Z /. () let y Z, and z 1/eY - - e 

Z / 0 let Y Z, and z eY e 

Z () put answer equa 1 to and exit. 

Now eY 2
Ne

x 
if X and N are defined as 

Y 11n2 Let T 
N 
W 
X 

T t ~ take integral part 
T - N 
\-1 1 n 2' 

follows: 

Therefore the maximum absolute vnlue for Y is equal to 88.02968 
which will generate the maximum floating point number. If input 
value is greater than this maximum value t~en a message will be 
typed out and the answer is given as the maximum floating number 
permissibl~ in 1700 Fortran. 

c 
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8.3.5.2 

8.3.5.3 

8.3.6 

8.3.6.1 

8.3.6.2 

x 
Series for e for X ~ In 2/2 

Series is normal Taylor-Mclaurin series truncated at n - 7; i.e., 
6 

eX=~' Xn 
~ n! 
n=O 

Temporary Storage for EXP 

~even cells of temporary storage are required. They are: 

PARADD 
RETEXP 
FLAG,N 
Y 
QS 

Natural Logarithm 

Range Reduction 

for parameter address $EO 
for return address $DA 
for indicator $DE~ $OC 
for floating point number, 
(~~OG~aving Q $El 

Let Z be input value of argument. 

$08, $D9 

If Z ~ 0 then the answer wi 1 L be the lllaximum, floating point number 
possible in 1700. 

Now Z = 2N y 

and In(Z) = (N - ~) In2 + In ( 

where X Y - ./272 
- Y + '12/2 

Thus IXI ~ 3 - 2 V2 

1 + X ) 
1 - X 

( 1 + X) Series for In 1 _ X for /x/ ~ 3 - 2 ff 

with Co = 2.0312500 

C
1 

= 0.41666667 

C
2 

= 0.90000000 
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e.3.6.3 

B.3.7 

8.3.7.1 

8.3.7.2 

Temporary Storage for ALOG 

Nine cells of tempordry sbcr~ge are required. 

They are: 

for parameter address $[0 
for return address $DB 

PARADD 
LNRET 
N,X,X2 for floating point numbers $D9 to $DE 

Squa~~ Root (SQRT) for saving Q $El 

Range Reduction 

Let Z be input value of argument 

If Z c_. a let y = - Z and v'Z-= - ./y--

also type out error message. 

If Z 2 a let Y = Z 

2N r; 
Now Y = 2 X and II" Y = 2N Ix _. where -t ~ x.I... 1 

The Pade approximation for a first estimate with a maximum rela­
tive error <2.3 (E-4) is 

5000 (X +12 ) 
i 
I 

25 343 49 
I Yi =-

7 
: (X + Z~) + 235 400 (X ) J L 49 2401 

Iterative method 

The square root is computed via a Newton-Raphson it~raticn start­
ing with a first approximation, y. above. Successive approxima-
tions ~re found from: 1 

1 (Y i + X ) 
Yi+ 1 '2 

Yi 

untill Yi +1 " 2 -23 = y. ...::::... 1 

c: 

c 
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B.3.7.3 

8.4 

8.4.1 

8.5 

Temporary Storage for SQRT 

Ten cells of temporary storage are required: 

They are: 
PARADD 
QS 
SQRET 
SQEXP 
SQFLC 
X, YO, Y1 

Type Out Message 

for parameter address $(0 

for saving Q $E2 
for return address $DA 
for value of N $DC 
for negative input $DB 
for floating point numbers, $DO to $EO and $OB,$09 

Any illegal input value will cause a predete~ined value to be 
given as an answer and the program will exit norma.lly. It is left 
to the user to take corrective action. 

Routine Argument Answer 

SIN or COS /Z/> 221 ° EXP /zl> 8B.02968 a:J 

ALOG Z..sO 0' 

SQRT Z ~ ° - /Z 

References: 

CONTROL DATA 6600 Computer System, Programming System/Library 
Functions·, A Study of Mathematical Approximations, Pub. No. 
60114500. 

HANDBOOK OF MATHEMATICAL FUNCTIONS, National Bureau of Standards 
Applied Mathematics Series-55, Library of Congress catalog number 
64-60036. 

--_ ..• _-_._-----
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AA 3717 

Exponentiation {MH} Subroutine Q8EXPN 

This subroutine is cal led by programs which use ~he 
exponentiation operator, i.e. the symbol HM. This 
routine is written in 1700 Assembly Language. It 
has the following entry points: 

Q8QF2I 
Q8QI2F 
Q8QF2F 
RETAD 
QSAVE 

floating number to integer power 
integer number to integer power 
floating number to floating power 

The following externals are declared: 

FLOT 
ALOG 
EXP 

The calls required for temporary storage are: 

FLOFLG 
FRESLT 

SIGN 
COEFF 
EXPO 

XLOGC 
MLTPR 

IRESLT 

FLOVEL 

FLACC 

for floating/fixed flag $DC 
for intermediate results {floating} 

$DD to $DE 
for sign of exponent $DF 
for address of coefficient $E1 
for address or val ue of exponent 

$E2 
holds intermediate results $E1 
holds powers of coefficient $E3 

{floating point number - 2 
words} $E4-L & G saved 

for intermediate results {fixed} 
$ES 

for floating point package overflow 
$C8 

$CS 
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Q8QI2F 
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,1I 

SaVe Q 
register 
In QSAVE 

t 
I 

,lI 

Place word 
mark In 
A register 

I 

\.lI 

Place +1 
In 
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APPENDIX A 

1700 Mathematical Approximations 

Introduction 

This paper will derive approximations for object time 1700 Fortran 
programs which will allow fast evaluations with necessary accuracy 
and uncomplicated range reduction. 

Accuracy 

Since all approximations are to be in floating-point, it shall be 
required that 

R(2-23 = 1.192E-07 

which is the basic round off due to the size of significant digits 
in 1700. 

General Description of Method 

The method will combine truncated Taylor-Mclaurin Power Series and 
Chebyshev Polynomials. 

Truncated Taylor-Mclaurin Power Series 

A function will be expressed as a truncated Taylor-Mclaurin series 
such that the error produced is less than R. i.e., 

m (n) 
f(N)=~f (0) 

L.... nl 
n=O 

n 
x , 

and m is chosen such that 

Chebyshev Expansions 

Inl '" a 

Denote by Tn(x) = cos(nt) the Chebyshev polynomial of degree n in 
x = cos t. Note that Ix/~ 1 and that /Tn(x)/~ 1. Writing 

.......... --_ ... _------_._------------_ .. _ .. _---



CONTROL DATA CORPORATION • DEVELOPMENT DIV • SOFTWARE DOCUMENT 
8-30 

DOCUM~NT ClA~5 __ . INS _____________________ PAGE NO __ _ 

PRODlJ( .. l NAMJ 1700 Mass StoCgge FORTRAN 
PRODU( r . NO, , COOS ,I' I 'j 2.0 MACH I NE SERIES _ ..... 1 7~(:.....;){J~ _______ _ 

2.1 

n 

Tn(x) = ~ Ci x i 
~n 
i=O 

the coefficients Ci are computed from 
n 

C i :::= 0 if (i + n) is odd 
n 

c~ = 2i
-
1 [2(:~::~:) -(::::~;~/~(-l) n-i 

2 

:. f (i + n) is even. 

n-1 

Thus xn = Tn(x) - 2=: ~~ xi). --~---1 
ieO 2 

Table of Ci is given at end of paper. 
n 

Use of Chebyshev Expansion 

2
~~J, (m) n 

f(x) -= f x 
-.----.::::.. , + 
n~ n. 

m-l 

(m) m 
f x 

m! 

m-l . i 
Cl. X 

m = 2 '. /n)x
n + 'lln(x) -L ---.--

- n'. m 1 n=O 2 ,- i=O 2m- l m! 

(m) : 
1 f : R <. ITm( x) f ! 

'2m-1 I 
I m. I 

then term involving Tm(x) can also be neglected and series now 
becomes 

m-l 

f(x) =- ,",/f(n) 
W':n T 
n:.-=O • 

f (m) ) 
---~. c

m
n xn 

T 2m- 1 
m. 

This process can then be repeated as long as the total error does 
not exceed R. 

'''-... ... ' 
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3.0 SIN (X) for X( 71'/2 

The Taylor-Mclaurin series truncated at n = 6 is 

5 
SIN (X) =~ (_I)n 2n+1 L (2n+l)I x 

n=O 

with Re lative Error at x = .,.,./2 
1 

(17'/2)131 = < 13! 5.692E-8 

Le t x = (."./2) Y, wi thy ~ 1 
4 

11 11 
Y 2n+l (w-/2) 2n+1 _ (""/2) y 

11 ! 
~ (_I)n 

SIN.{X) = ~ (2n+1)! 

11 T Now y = 11(y) 
C 2n+l 2n+l 

11 y n=O , 1,..., 4 

2
10 

2
10 

Error occasioned in omitting T(y) term is 

Rc <: ~/2)11 T11 (y) = 3.511E-9 

II! 2
10 

Total error so far is 6.043E-8 and series becomes 

or 

y 

4 
. \ ~_1)n 2 +1 11 2n+1 ., 2n+l 
S IN (X) = f __ ~ 2n+ 1 ) ! • ( 1f /2) n + (7T / 2 ) II C 11 : • y 

. n=O II! 2 10 j 

~ ~ l)n 2 +1 11 2n+1 ] 2n+l 
SIN(X) = L~2n+l)! • (1T/2) n + (71/2) • ell • y 

n=O 11!2
10 

9 
T 

= 9~I~ 
C2n+1 

9 

2
8 

2
8 

2n+l 
.y 

9 
Cli \ 9 

10 "). y 
11!2 

, n = 0,1,2,3 

Error caused in omitting T9(y) is 6.6E-7 and therefore cannot be 
neglected • 

.. ... _ .• __ ...... _-----------------------
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Thus using (j) and y = (2/n)X we get 

4 2n+l 
~""'I1_l)n Cll 

SIN(X) ~~~2n+1)! + 11! 210 
n=O 

4 
....---p 2n+l 

,l1erefore: SIN (X) "-L A X 
n 

n=O 

f'efine B =" ('1T/4)? then 

B5 
AO = 1 - -10-!--

5B
4 

1/3! + lOr 

= 0.99999998 

= -.166666468 

(71'/2) 1O-2J. x 2n+1 

7B3 
A2 = l/~! - 10 ! 

= .83328836E-2 

4 B2 
A3 = - 1/7! + 10! = -. 19799328E-3 

B A4 = 1/9! - - = .25857445E-5 
10 ! 

C~ 
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4.0 TANH (X) for x ~7f/8 

Taylor-Mclaurin series for TANH(X) is -
TANH(X) = [ _...,.;;(2~)-2-=-n--:(~2~2n---:;;1~) . B (0) X 2n-l 

(2n)! 2n 
n=l 

where B
2n

(0) is the Bernoulli-Euler number B2n(X) evaluated at 

x = o. -
= (- 1) n- 1 2 (2n)! • L co S 2N."X 

B2n(X) 2 2 
('2.",ry n N n 

N=l 

( n-l 
B ( 0) = - 1 ) 2 (2n)! • R 

2n (2'71) 2n 2n 
.... 

where R = ~ 2n ~ 
-2n is the Riemann-Zeta function. 

N=l 

2n R2n 

2 1.64493407 

4 1.08232323 

6 1.01734306 

8 1.00407736 

10 1.00099458 

12 1.00024609 

14 1.00006125 

so that series can be written as: 

~ ( 2n) TANH(Xl: ) 2 2 -1 
L--. 71'2n 
n=l' 

.' R 2n 

X 2n-1 
.(_l)n-l 

._-------_ .... __ ._.-...... _ .. _--_ ......... _--_._._------
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Let X =(~/~.y and truncate series at n = 7 

6 
\ 2(22n_ 1) 2 1 

TANH(X) = L · R Y n-
~ !i11-3 2n 

n=1 

i.897E-8 

5 
~-,. 

2(22n_1) 2n-l (2 12 _1) 
TANH(X) =: ) 

4-~ 

.--.;..--..... • R 'y + t n-3 2n 
• R • Y 

( 2) 32 12 

11 
The Chebyshev expansion for y is 

TIl (y) 2n-l 
1 1 - GIl 2n-1 

y 
2

10 210 . 
. y 

and error in omitting T (y) term is 
11 

.1212 _ 1 I 
.~'~ I---~' R12 C~ 2.965E-IO 

2 

and total error so far 1.927E-8 and series is 

11 

5 ] , --'71 ~ 2 n (212 _ 1 ) 2 n - 1 
TAN(X)=L (2 -1) . R _ . R12 . ell • y2n-J 

_ 26n- 4 2n ( 2) 42 
n=1 

9 
Even though similar expansion for y only gives a total error 
3.84E-8 the value of 

tan(y) ( r'2+ 1) + tan(x) 
= 

1. - ( [2 + 1) tan (x) 

becomes very cri.tica1 as y ..... "7T/2 and tan(x)4 J2 - 1. 

Ther~fore series will noi be reduced any further. 

/1 . / 

/;,-'--"" 

c· 
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Substituting y = X S/71' in CD we get 

5 2n-1 

TANH(X) = L [2(22n -l)~n E. C11 
.....;;...~-~--. 

11' 2) 30-6n 
n=l 

(2 12 - 1)· 11 wher e E = ...::....;;;.--~---.;;;;..... 
( 2) 15 

Define 0 = 71- 2 then 

Ai = o· [6R
2 

+ E· 2-24J = 1.0000001 

A2 = 02. [30R
4 

-5E- 2- 16] = -.33333227 

A3 = 03 . [126R
6
+ZE.2-

8
] = .13337246 

A
4

=04.[s10R
S 

- 4EJ ='.053388615 

AS = 05 • [2046R10+Ee 2
8
J= .025628253 

X 2n-1 

2n 

----------- ............. _ ............ _----_ .. _--------------
----------_.- ..... _-
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Arctan(X) for X C: tan (71'/16) 

Taylor-Mclaurin series is 

\ n 2n+l arctan(X) = L (-1) X 

n~ 2n+1 

ince X",= tan (-rr/16) <.2 then error caused by replncing X :.: .2y 
:s greate.r than true error. True value of tan (-rr/16) = .19891237. 

?'2 

-:'hen arct~n(X) ~2.~ 
'~., n:.::() 

(_1)n2 2n+l 2n+l 
• y 

(2n+ 1) ( 10) 2n+ 1 

truncation at n = 4 causes error 

<; 2
9 

= 5.6888E-8 

9 10 
9 

TZ(Y) 
C 2n+l 

2n+1 in 7 7 
Using y 

2
6 

2
6 Y 

2 
,----•. ;1 

arctan(X) ~-= l 

2n+1 
(-1 )Tl2 . 2n+1 • y 

(2n+l)( 10)2n+l 

27 7 
--- Y 
( 7) 10

7 
n=O 

wi 11 give error ~ 1 __ 2_1 = 1.857E-8 if T7 term is omitted. Then 
Zx10

7 

tota 1 error so far is ~ Z. 545E-8 and series becomes 

~ !<_1)n22ri+l 
3LC.:tan(X) -L 

- .--30 ( 2n+ 1) ( 10) 2n+ 1 
n=O L 

+ 
2. C 2n+ 1.1 

7 I. y 2n+l 

(7}10
7 J 

lOX 
:..=-

2 
gives 
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2 C7 
2n+l 10 2n-6] =k r( _1)n 

arctan(X) 
L( 2n+l) 

+ 
7 22n 

or 

2 
~ 2n+l Arctan(X) 

= L~ A nX 
n=O 

and 

-6 AO = I - 10 = .99999900 

Al - - 1/3+ 2-(10- 4) = - .33313333 

A2 = 1/5 - 10 -2 = .19000000 

2n+l 
·X 

-------_.-_ .. ,.,,,.,-,-_._----,,,,-,---------------------------
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6.0 
x In 2 

Exponent ia 1, e for x ~ -2-

Taylor-Mclaurin series is 

x 
e E

~ n 
x 

- ---
• _.-.1> n! 
n::::() 

In 2 
;1t X -: --- and n = 7 error is 

2 

= 1. 1916E.7 

Therefore series is normal series truncated after n = 6, i.e., 

eX = f-- x" 
1.--1> n' 
n=={) • 

Now X and N can always be found such that eY 

I~ ~: In.1 ~! '.rt' defined as follows 

then 

Let t .. y /1 n 2 

N t I I:,. l n t eg r n I pH r t 

w=- l - N 

x = W In 2 • 

x = (t--N)·ln 2 -- t-ln 2 - In(2~ 

eX:.:: r. y • 2 - N 

and eY = 2N eX 
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7.0 t~atura 1 Logarithm X for /X/<.{3 - 2 v12) 

~e Tay10r-h~laurin series for In is 

l~ 0 ~ ~)= 2L x~::~ 
n=O 

truncating series at n = 4 causes error 

\2.(.171~7287)9 \ = 2.86E-8 

3 
+ x)= \ 2X

2n
+

1 

X L (2n+1) 
Let X = aY 

and 

3 

::: L 
n = 0 

y 
7 

n=O 

2(aY) 2n+1 

2n+l 

C
7

2n+1 .y 2n+1 

2
6 

error in omitting T7(x) term is 

/' \ ( • 17157287) 
7 

\ = , 5 1.954E-8 
7 • 2 

Total error so far < 4.81E-8 

Attempt at further Chebyshev reduction will cause too great an 
error. Therefore final series is after substitution of Y = X/a 

in ~ ~ ~ =t r 
n~ l 

2 
2n+1 

6-2n 2n+1 
a G7 
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2 
1 1 + X 

,---' 
X2n+1 

n T-:x =L A 
n 

n=D 

AO = 2 + 2 
-5 

a 
6 = 2.0000008 

"I 2/3 -2 4 = 0.66645003 2 a 

A = 
2 

2/5 +a
2

/
2 

=0.41471862 

Given y ... 2
N

Z where 1/2 ~ Z<1 

Then 1n(Y) = N·ln 2 + In Z. 

If X is defined as 

then /X/<,3 - 2 j2 
and In Z 

In 2 
2 

Z _,,/2/ 
2 

X = ------
~ 

Z + /2 

+ In 1 + X 
1 - X 

Finally In y ;5..' (N - 1/2) -In 2 + In 
If X 
1 - X 

,- -.-
( 

\ ...... , . .; 
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9.0 FLOATING POINT PACKAGE 

9.1 Gen~ralDescription 

AA 37n 

Each floating point number requires two consecutive 1700 
Computer words. The first word, containing the most significant 
bits of the number, is the one addressed. Normalized floating 
point format is as follows: 

WORD1 WORD 2 
~~.~___ 716 0 I ~~ 5 __________ , jO 
i ,- --E:<po"pnt:~L---Normal ized Coefficient - --' 
I {8biLs}. {23 bits} 
'-5 iqn of number 

,'\ f :oat·ing j':h:Jint number X is in the range given below and is 
~ignificant to one part in 8X106. 

_2 127 {1_21 / 23}" X 412127 {1_21 / 23} 

If the most significant word is zero {16 bits of zero or one}, 
a ·floating point zero is assumed. 

9.1.1 Exponent 

The floating point exponent is an 8-bit quantity with a 
value ranging from 00 to FF1b . Through biasing by 8016' 
this range expresses both positive and negative exponents. 

9.1.2 Coefficient 

The coefficient consists of a 23 bit number n, 1-2-23~ Inl 
~ O. The high order bit position of the first word is 
the coefficient sign bit. 

A zero denotes a positive coefficient and a one denotes a 
negative coefficient. When the coefficient is negative, 
the entire floating point number is stored in complement 
form •. 

9.1.3 Calling Sequence 

FLOT uses an interpretive calling sequence. It does not 
save Q or FFi it uses the communications locations $(5 
and ~C6 AS a pseudo accumulator.' The pSt~lldo accumulator 
i~ retained b~tween calls to FLOT. 

The interpretation of the calling sequence is based on a 
string of 4-bit bytes representing the operations,followed 
by the operand addresses. The leftmost 4-bit byte is the 
first operationi the operand addresses, if they exist, 
follow -in the same order as the opt=~ration bytes, one word 
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per byte. As many bytes may exist as desired, but the 
terminating byte must be 4, the operation FEND. 

Example: 

RTJ 
addres_~ of FLOT· 
01 I O2 I 03 04 

Al 

A2 

A4 

OS I 06 I 4 

AS 

A6 

~ser,ls program 
resumes 

--.-..~ 

The oi,ls are the operation codes; the Ai,lS are their 
operand addresses. An operand address is not need~d by 
all operations, for instance, operation code 03 does not 
have a corresponding A3. 

9.1.4 Operations 

The following operations are used by the floating point 
package. 

Operation 

CHMD 

INDX 

4-bit 
Code 

5 

Meaning 

Change of mode operation. All operand 
addresses following this operation 
code in the calling sequence are made 
relative if the preceding addresses 
were absolute, or absolute ,if the 
preceding addresses were relative. 
Addresses are initially absolute. 
No operand is needed. 

Index. The operand corresponding to 
INDX is used to increment the operand 
of the following operations: FLDD, 
FLST, FADD, FSUB, FMPY, and FDIV. 

PRtNTm IN USA. 
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FSUB 
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FEND 
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6 

7 

8 

9 

4 
{a1so 1, 

2,3} 

Each succeeding INDX supersedes the 
1ast. No index is initia11y assumed. 

No index. The succeeding operands do 
not have indexing increments. NIDX 
supersedes any preceding INDX, and is 
superseded by any fo11owing INDX. 
NIDX is assumed initially. No operand 
is needed. 

F10ating 1oad. The floating point 
number in the corresponding effective 
operand address is transferred to the 
pseudo accumu1ator. 

F10ating store. The floating point 
number is transferred from the pseudo 
accumulator to the corresponding effective 
operand address. . 

Floating complement. The pseudo 
accumulator is complemented. No 
operand is needed. 

F10ating add. The contents of the 
effective operand address is added 
to the pseudo accumu1ator, and the 
sum is left in the pseudo accumulator. 

Floating subtract. The contents of 
the effective operand address is 
subtracted from the pseudo accumulator~ 
and the result is 1eft in the pseudo 
accumu1ator. 

F10ating mu1tip1y. The pseudo accum­
u1ator is mu1tip1ied by the contents 
of the effective operand address, and 
the resu1t is left in the pseudo 
accumu1ator. 

F10ating divide. The pseudo accumu1ator 
is divided by the contents of the e 
effective operand address, ~nd the 
resu1t is 1eft in the pseudo accumu1ator. 

End of ca11ing sequence. This operation 
terminates the ca11ing sequence. No 
operand needed. 
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9.1.5 Operands 

All operand addresses, absolute or relative, Are placed 
in bits 14-0. Bit 15 is a flag set to distinguish 
between direct and indirect addresses. 

9.1.5.1 Absolute Addressing 

An absolute address may be either direct or 
indirect. All indirect addressing is executed 
prior to indexing. Only one level of indirect 
addressing is allowed. 

9.1.5.2 Relative Addressing 

A relative address may be indirect to one level 
of indirectness. The relative address is computed 
by subtracting the location of the address in the 
calling sequence from the address contained in 
that location. For instance, if the relative 
address, A~, is contained in location L+3, where 
L is the flrst word of the calling sequence, the 
relative address = A1 - L + 3. 

9.1.5.3 Example 

Compute the floating point arithmetic statement: 

X=-{A{I}+B{I}}MC{I}+D{J}~E{J} 

Assuming that X, J, D, E, and the temporary location 
TEMP are absolutely addressed, and the other 
operands relatively addressed, the generated calling 
sequence would be: 

RTJ FLOT 
I 

F16 1 B16 I 9 I 6 

absolute address J 

absolute address D 

absolute address E 

D16 I 5 I F16 1 816 

absolute address TEMP 

relative address I 

PRINTED IN USA 
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relative address A 

E16 I 9 I 7 I 6 

relative address B 

relative address C 
I 

5 I E16 I D16 I 4 

absolute address TEMP 

absolute address X 

Fault Conditions 

Fault conditions are flagged in a communication 
location {$C8} whenever they occur during execution. 
The following bits are set to one: 

BIT Fault Condition 

15 Exponent overflow; the exponent in an 
arithmetic operation exceeds the 
maximum range limit. 

14 Divide fault; division by zero is' 
encountered. 

13 Exponent underflow; the exponent in 
an Arithmetic operation is less than 
the minimum range limit. 

If exponent underflow occurs, a floating point 
zero results. If exponent overflow occurs, the 
largest word of the appropriate sign results. A 
divide fault is treated as overflow. These error 
conditions may be tested with the IFALT function. 

9.2 FLOATING-POINT ARITHMETIC WITH 23-BIT NUMBERS 

9.2.1 Introduction 

Consider the double precision floating-point number: 

F = f·2~ {1} 

where If I lies in the range 

AA 3171 
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We have a machine with a ~ord length of 16 bits and that 
the 32 bits in the double length word are divided in the 
following way: 

9 bits J 7 most significant bits of f 

binary point 

16 least significant bits of f 

The leftmost block of nine bits is divided into three prrts: 

1. The first {leftmost} bit represents the sign of F. 
2. The second bit represents the sign of~ • 
3. The next 7 bits represent the magnitude of~. 

This allows 23 bits for the representation of f. We 
shall assume that the binary point lies at the left 
and of the 23 bits representing f so that the 7 most 
significant bits of f are stored in the first word of 
the pair, and the 16 least significant bits of fare 
stored in the second word of the pair. 

If we write 

\l/hnt,p ,. 1 i r?~':; ; n th~ rr'l nqE='. 

and where d lies in the range 

1/2 ~ d ~ 1 -2-16 

l41 

{S} 

then c represents the 7 most significant bits of f and d 
represents the 16 least significant bits of f. 

We wish to condiser the four basic arithmetic operations 
using floating point numbers of the form discussed • 
Consequently, in order to have notation for two operands, 
let us consider a second floating point 
number. 

S 
G = g.2, 

where Igl lies in the range 

1/2~ Igl! 1 - 2-23 

-----.. _ .. _----- .. -

{6} 

{7} 
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If we write 

I g I = a + b .2-7 

where a lies in the range 

1/2 6 a:! 1 -2-7 

where b lies in the range 

{9} 

{10} 

then a represents the 7 most significant bits of Igl and 
b represents the 16 least significant bits of Igi. 

The machine represents negative numbers using a °one~s­
complement O system. In fact the procedure for changing 
the sign of a floating point number is to perform a bit­
by-bit complement of the entire 32 bits {including the 
9 bits representing the sign and exponent}. 

9.2.2 THE FOUR AR~THMETIC OPERATIONS 

A. Multiplication 

F- G = {f. 2,d} {g. 2J } A ~ { } 
= {s i gn 0 f F. G} I fl. I g I • 2 P +.J 11 

The computational procedure is ,Qr,Ynarily concerned with 
the formation of If I • Igi • 2 P + since {sign F.G} can 
be recorded in ~vance and used later to apply the correct 
sign to the product. In addition to recording {sign F.G} 
we record the exponents~ and~ until after the product 
If I . Igi is formed. In fact, we propose the following 
algorithm for multiplying F by G. 

1. 
2. 
3. 

4. 

Determine and record {sign F.G} 
Form IFI and I~I. 
Record the leftmost"Jline ~its of 
in effect, records~ and~ • 
Shift the 23 bits of If 1 and Igi 
the bit pattern: 

+ I 15 most significant bits 

1 F I and I G I • Th is, 

left until each has 

C 

o 8 least significant bits " 7 zeros I D 

If this procedure is followed, If I is no longer 
represented by {3} during the computation is step 
5, below, but has the form 

PRINTED IN USA 
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where ( lies in the range 

1/2:!:C~1 -2-15 

where D lies ih the ~ange 

o ~ D ~ 1 -2- 8 

likewise Igl has the form 

Igl = A + 8.2-15 

and where A lies in the range 

1/2 ~ A ~1 -2-15 

and where B lies in the range 

{12} 

{14} 

{15} 

{lb} 

{17} 

5. Use fixed point operations in forming the product 

If I Igi = {C+D.2-15} {A+B.2-15} 

= CA +{C8 + DA}.2-15 + D8.2-30 

= CA +{CB + DA}.2-15 

Notice that the term D8.2-30 may be ignored 
because once the product is placed back in 
standard form only 23 bits are retained. Notice, 
also, that {18} is written in such a way that ~ 
it exhibits the efficiency of the following 
choice of computational steps: 

a. Form CA giving a double length product. 
b. Form (8 and retain the most significant half 

of the double length product. 
c. Form D A. 
d. Add the most significant half of DA to the 

most significant half of C8. 
e. Add the least significant half of CA to the 

sum obtained in {d}. This result is the 
second half of the double length product. 
The first half of the double length product 
is the most significant half of CA which was 
formed above in a. 

b. Next, 'round and normqlize the product obtained 
using {18} in Step 5. Any adjustment in the 

PRlNTB) IN USA. 
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exponent~ +...:;$ which is necessary because of the 
normalization of If/ • /gl must be performed. 

7. Finally, pack the 23 bits of the normalized 
product and the 9 bits representing the sign and 
the adjusted exponent into two 16 bit words. If 
{sign F.G} is negative, the two words must then 
be complemented to give the correct sign to the 
product. 

8. Division 
5 

~ = fL!.£6 F f.2 

={sign of 
S-(3 

G.F 1~1.2 

as a matter of fact, since we want 

. we scale the numerator and write 

~ = {sign G. n,m. .2.f;4 +1 

{19} 

{20} 

{21} I 

Thus we propose the following algorithm for dividing 
G by F. 

1. Determine the record {sign F.G} 
2. Form IFI and IGI· ~ 
3. Record the leftmost nine bits of IFI and IGI. 

this, in effect, records,8 and~ • 
4. Arrange the 23 bits of If I to give the bit pattern: 

[+ 115 most significant bits of If I I c 

I [)"I 8 least sign i ficant bi ts I 7 zeros I D 

and the 23 bits of Ig/ to give the bit pattern: 

[+ I 0 I 14 most significant bits of 19 II A 

I 0 I 9 least sign i ficant bi ts I 6 zeros I B 

Thus, If I is represented by {12}, {13}, and {14} 
as in the case of multiplication. However, in 
this case we have: 

PRINTED IN us.A.. - _ .. _-_._._-_ .•. -._-- - .. 
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'~I = A 

where A 1ies in the range 

1/4~A~1/2 - 2-15 

and where B 1ies in the range 

O~ B ~ 1 -2-9 {24} 

5. Use fixed point operations in forming the quotient 

+ ~. 2-1j [1 +~~2-15] =[A 

=(A - + ~.2-15J [1 - ~.2-15 + ~~.2-30 .•• J C 

AD2 +-­
(3 

-30 .2 + •• • 

= _A + [B _ ADI 2-15 [AD2 BD] 2-30 
C C C2· + cr - C2· +. • • 

= A+ ~ _ ¥- ] .2-15 
C {25} 

Notice that the terms beginning with 

[~~2 - ~~ 1.2-30 

may be ignored because only 23 bits of the quotient 
are retained. Notice, a1so, that {25} is written in 
such a way that it exhibits the efficiency of the 
fo11owing choice of comp~t~tiona1 steps: 

a. Form -AD giving a doub1e1ength product. 
b. Divide -AD {as a doub1e 1ength divident} by C. 
c. Form B - AD {rounded to sing1e 1engthl. 

C 

PRINTED IN USA 

-----------------------------~-. --- - ------_ ... -. 
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d. Form the double length dividend 

A + [B - ~ J .2-15 

{The sign of the second term makes this tricky.} 

e. Divide this double length dividend by C. 
f. To obtain the second half of the double length 

quotient, the remainder resulting from the 
division in the provious step must not be divided 
by C. 

The class of machines for which this procedure ;s 
efficient must have the feature that fixed point 
multiplication leaves a double length product which 
can be used as a double length divident for fixed 
point division. 

6. Next, round and normalize the quotient obtained using 
{2S} and the procedure of step 5. Any adjustment 
in the exponent which is necessary becaus~ of the 
normalization of ~ must be performed. 

2 
f 

7. Finally, pack the 23 bits of the normalized quotient 
and the 9 bits representing the sign and the adjusted 
exponent into two 16 bit words. If {sign F.G} i.; 
negative, the two words must then be complemented to 
give the correct sign to the quotient. 

C. Addition 

The basic problem in floating point addition is to adjust 
the exponent of F {or G} so that the binary points are 
lined up before the addition takes place. 

Let us introduce the notation L to represent a pair of 
cells containing the larger of the two numbers F and G, 
and the notation M to represent a pair of cells con­
taining the smaller of the two numbers. We shall say 
thdt F is larger than G if 

,!l ~ :5 {27} 

dnd F is smaller' than G if 

PRINTED IN U5.A. 

\ .••. -~.""'. 

c 



CONTROL DATA .CO.RPOORAIION 
3000/1700 DEVEL ~PME"NT DIVISION 

"'--" .. "'."-."---

9-13 
~OCUMENl CI.ASS ___ --- -{-~~-(rffA~--sTO~AGE fORTRAN PAGE NO. _______ _ 

RODUCT NAME __ .. __ . ___ . ________________ . 

PRODUCT MODEL NO. COOS V2.0 MACHINE SERIES __ --=:;.1~7_=O_=0~ ____ _ 

AA 37n 

We are not concerned about the relative magnitudes of 
f and g in case the exponents are equal. Using this 
convention, we propose the following algorithm for 
forming F + G. 

1. 

2. 

3. 

4. 

Record the leftm~t nine bits of F -and G. This, in 
effect, records,o and..5 • 
Determine the sign of ¢ -5} and thus determine whether 
F is smaller or larger than G according to {27}&{28}. 
Place f and g in Land M. If F is larger than G, then 
f goes t6 L; otherwise f goes into M and g goes into 
L. The following bit patterns should be formed 
{here s means Qsign bitQ}: 

+ Is Is I 13 most significant bits 

Lbinary point L 

+ 110 least significant bits 15 sign bits] 

sis I s 113 most significant 

It-.... binary point M 

10 least si nificant bits 

Shift M right 1)1-~ I places and put a Q+Q bit at the 
beginning of each of the two words. If ~ -.s I ~ 23 
then there is ~o need to continue since all signifi­
cant bits in M wi 11 be lost. 

I + I sJ st¥ -3 I "'filler'" bits 

. binary point 11 

Notice that the Itf-.$ I QfillerQ bits, between the 
binary point in M and the most significant bit of 
the fraction, are sign bits. This is mathematically 
correct in a one~s complement representation of 
negative numbers. 

5. Add the second halves of Land M. 

I c I I 
We call the first bit of this sum c. If it is a one 
we actually have a carry. If it is a zero we do not 

PRINTeD IN USA. 
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have a carry. However, it usually is easier to add 
c {see step b} than· to test to see whether or not 
it needs to be added as a carry bit in forming the 
sum of the first halves of Land M. 

b. Add the first halves of Land ,M and add the carry 
bit obtained from step 5. 

~le~'~s~l~v~I~ ________ -------------J 
If e = 1 then an end-araund-carry must be performed. 
This means that a one is added at the right erid of 
the word p~oduced in step 5. Since this might also 
produce a carry bit, the c in the diagram {see step 
5} must be cleared to zero before the end-around-carry. 
If a carry bit is again produced, then a one must be 
added at the right end of the word above. It can be 
shown that this last operation can never produce 
another e = 1. 

If v = s~then v is a sign bit. However, if v ~ s 
then there has been overflow during the addition, and 
and v is the most significant bit of the sum. In 
the latter case an adjustment of the exponent will 
be necessary to give the correct answer. 

7. Shift of second half of the sum left on~ place t~ 
clear out the carry b1t c. Then shift the double 
length sum left {n} one place if v ~ s; {b} two 
places if v = s. 

This leaves the sum in the following form: 

I s 115 most significant bits of sum' 

1 at least 8 bits of the sum Isign bits J, 

8. If'the double length sum was shifted one place left 
in step 7 {v ~ s} then the exponent must be adjusted 
to take care of the overflow. This means adding one 
to the exponentA?or-1~ whichever is larger. {This 
will be the exponent of the sum.} If the double 
length sum was shifted two places left in step 7, 
no adjustment of exponent is necessary. 

9. The form of the sum given by step 8 must be checked 
for normalization since it is possible that several 
of the leading bits of the sum may be zero. {Cancell-

AA 37n PRINTID IN us.A. 
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ation occurs ·when two numbers of opposite sign but 
nearly equal magnitude are added.} If the sum is not 
normalized then it should be normalized at this point 
and appropriate adjustments in the exponent should 
be made. If 23 left shifts are not sufficient for 
normalization then the sum should be made zero. 

10. At this point the normalized sum may be rounded 
although the extra coding involved may not be worth 
the gain. If rounding is desired then there are two 
cases to be considered depending on the sign of the 
sum. These cases require that care be taken in 
handling any carry bit produced by the rounding 
operation. 

11. Now pack the 23 most significant bits of the sum, 
along with 9 bits representing the sign and exponent, 
into two 16 bit words. If the sign of the sum is 
negative, then the first 9 bits must be complemented 
before the packing takes place. 

Subtraction 

No special subroutine is necessary since 

F - G = F + {-G} 

and one merely complements G before entering the addition 
subroutine. 

REFERENCES: 

Gregory, Robert T. and Raney, James L.; Floating Point Arithmetic 
With 84-bit Numbers, Communications of the ACM, Volume 11 Number, 11 
January 1964. 

9.3 Low Core Storage Location 

AA 3777 

FLOAT uses the low core location $C5 ,through $D7~they are assigned 
as follows: 

PRINTm IN USA. 
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Location Loca- Use Name tion 
, 

SIGN $(7 Sign register-sign of floating point 
number. 

ER RO RS $(8 Error bits to indicate exponent overflow, 
divide fault, exponent underflow-which ar 
used by IFALT to check for these float:ing 
point errors. 

~HIF(T $Dl Shift counter. 

P $D2 Pseudo program counter which is used by 
FLOAT to know where it is in the user,Js 
program when it wants to pick up more 
parameters or return. 

INDEX $D3 Effective address of parameter 

RELADR $D 4 Absolute/relative indication 
[-1 relative address 

RELADR =0 absolute address 

OPCNT $D5 Op counter - keeps track of which op code 
is being processed. 

OPCODE $D6 Op code holder - holds op codes in the Ca 

QS $D7 Saves Q register upon entry into FLOAT. 

G $C5 Pseudo accumulator - the two words of the 
G+1 $C6 floating point number are placed here · 

The pseudo accumulator is broken up into 
C, D and DELTA. 

e 

11 • 

._--
C $(D Most significant bits of the coefficient 

of the floating pOint number. 

D $CE Least significant bits of coefficient Dr-
floating point number. 

AA 31n PRimm IN us.A. 
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Location 
Name 

DELTA 

F 

F+l 

A 

8 

8ETA 

Loca­
tion 

$DO 

$C9 

$CA 

$C8 

$CC 

OCf 

Use 

Expon~nt of f10ating point number. 

1. Address of parameter 
or 

2. First word of a {two-word} f10ating 
point number - used in the same manner 
as G of the pseudo accumu1ator is 
used when two operands are needed, e.g. 
for an add. In this case, F and F+1 
are broken up into A, B and BETA. 

The second word of a {two-word} f10ating 
point number. 

The most significant ~its of the coefficient 
of the f10ating point number. 

The 1east significant bits of the 
coefficient of the f1oation point number. 

Exponent of f10ating pOint number. 

9.4 ·Entry Points and Externa1s 

The routine FLOAT has one entry point, FLOT, and no externa1s. 

9.5 F10wchart of FLOAT. 

AA 37n 

The fo11owing abbreviations are used: 

MSB = most significant bits 
LSB = 1east significant bits 

PRINT1!D IN USA 
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ZERO DELTA +1 IN SIGN 

,II ,1I 

~C STORE 0, 15 
MOST SIGN IF" CANT 
BITS OF NUME ER 
IN C {$CDl-

,1/ 

STORE 0,8 
ICANT LEAST SIGN IF 

BITS OF 'NUME ER AND 
7 ZEROS IN I {$CE} 

.. II 

~PC 

m u o 

9-26 

.., 

... 
e 
0 

0 
III 
> 
0 
It 
~ 
~ 
e 

~ 

I 
I 

I 
! 

I 
; 

j 

I I , 
I i 

Ii 
w 

0 
l 

0 oC 
Z l Z III 

... ... .. 0 l 
e u u u Z Z W W W 

..... ., ., ~ ~ 
0 0 0 III III 
IX It rr e oC 
a. a. a. .. .. 
0 I~ 0 
r'-
M 

Irr-
i w I ~ 

w .. ua. oC e> 0 11- , !I. ww 
:)1--
lIIe 
!!o 

E-

;5 
V) -.J 
E LL 
H 

.. .. 
ZWI Zw >-
WWl w.J IX 

II) 

le l .. w Z ::>.J :J-
ID ~ 

~u u" l e 
0 ::> rr 

0 0 z 0 

Z 
g ... ~ 

O~DD • z 
0:: W 
o l: 
0.. :; W 
0:: () .J o 0 l:J m 
U 0 o ~ of{ 

41( w o a: ~ 
!c a: u of{ Z 

Q ~ I!I :r 0 
I U - a: 

_J ~ it 3: ~ W 
o u. ~ 0 U J: 
cr! 0 of{ .J lLJ I-
... I,/) 1,/)11.00 
Z 
0 
U 

-
;.. 
<II 

II) . 
t') 

c 



REPACKING ACCUMULATOR 

1. IF C IS ZERO, THEN 
THE PSEUDO 
ACCUMULATOR IS 
ZERO 

YES 
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OPERATION CODE: -- 7 

FLOATING COMPLEMENT {FCOM} 

1. A JUMP TO THE LABEL 
ANXT TAKES YOU TO A 
JUMP TO THE LABEL 

~O NXTOPC-NEXT OP CODE 

\ 

CHANGE THE 
SIGN OF THE 
NUMBER TO 
THEOPOSITE 

i ....... "' .. 
~"'\.JI" 
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~ 
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III 

GET EFFECTIVE ADDRESS OF NEXT OPERAND .. 
• 0 

C~~I 1. ADDRESS IS DIRECT ~ 
:;j 

IF INDIRECT BIT ~ 
0 

~ 
It) {BIT lS} IS NOT I=' 

~'ND 
> 

SET. 0 
~ II: 

a. 
a. 

2. RELADR=l IF • 
RELATIVE ADDRESS ,II AND=O IF ABSOLUTE .~. 

ADDRESS. GET ADDRESS OF 
ADC IN USER~ \, 

3. ABSOLUTE AND PROGRAM i 

INDIRECT ADDRESS · 
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~.~ 

4. IS ADDRESS ABSOLUTE? 

r',: D Ir~ 

COMPUTE 
ABSOLUTE 

ADDRESS 

GO INDIRECT 
TO GET 
ADDRESS 

m 

RELDIR 

AS 

u 

S'f@RE ADDRE S 
IN F{$C9} 

MAKE CALLER 
RETURN 
ADDRESS 
NEGATIVE 

ADD CALLER S 
RETURN ADDR SS 
TO' ADDRESS F 
ADC 'OF PARA ETER 

0 

YES 
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s. RETURN WITH 
EFFECTIVE ADDRESS 
OF OPERAND-1 IN 
QREGISTER. 
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PICKUP 
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OPERATION CODE = 9 

FLOATING MULTIPLY {FMPY} 

1· GETS THE FLOATING 
POINT NUMBER AND 

.., 
c· 

STORES IN F AND F+1~ 
THEN UNPACKS THE 
NUMBER INTO 
A='O, 15MSB 
B=O,8LSB, 7 ZEROS 
BETA=EXPONENT 

/\ ~"1 iTO 
.J ~ ;" (\ 'J .,' C AU S E. S 
A tlUMP TO ARGO. 

m 

2 

UT 

CHANGE SIGN 
IF NUMBER 
IS NEGATIVE 
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COl ... 
"" 0 

3 . MULTIPLY THE MSB 
OF ONE NUMBER BY 

0 THE MSB OF THE '" 
~y 

> OTHeR NUMBER 0 
II: 
0. 
A. 

"" 

, 
JMPOUT ~ 

IS YES 

~B 2ND NUM R • 
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NOZERO ,II 3 
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4. UPON ENTRY THE A AND Q 

REGISTERS ARE: 

A={AMD{MSB}}+{CMB{MSB}} 
Q=CMA{MSB} 

IN THIS SECTION OF 
CODE, IF A IS NEGATIVE, 
CARRY INTO G; IF Q IS 
NEGATIVE, END AROUND. 

5. SAME AS #4 ABOVE 
EXCEPT THAT 

A=AMDfMS8} 
+-(MEJ~MS8} 

+(wAi.LSB} 

c( m 

~J 
,~ 

MULTIPLY 
A BY D 
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THIS SECTION ROUNDS 
AND TRUNCATES TO 23 
BITS. 

COEFFICIENT IS OF THE 
FORM 0, 15MSB, 
THE 15MSB ARE 
NORMALIZED SUCH 
THAT A ONE 
APPEARS IN THE 
FIRST LOCATION 
OF THE MSB WITH 
SHIFCT KEEPING 
TRACK OF HOW 
MANY PLACES 
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SHIFTED. 
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III .. 
• ,r-' , a 8. A JUMP TO 

~ 
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FMPXIT THEN :s _---' 
CAUSES A i! a 

~ JUMP TO III 
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a NXTOPC {NEXT IX IE 0.. OP CODE}. 0.. 
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FILL LSB WIT 
ZEROS. INC. 
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SET C=$4000 
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EXPONENT 
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NEGATIVEj 
ZERO : 

, 
NF 

u o 

9-37 

101 ... 
~ 
o 

o 
W 
> o 
a:: 
I\.. 
Q, 
~ 

a: 

·z 
Q 

[J"" 

FIt 
o 

'~ ~ 
U 4 
4 0 
a. Will 

::l'" .. ~ 
!!o 

>­
It: III 
III Z 
CI ~ 
:I ~ 
:> a: 
Z 0 

I- t-
04( z 
0:: W 
o ~ 
Q. ::::I 

0:: U 
o 0 
U 0 
c:( W 

O~DO' 

~ It 
Q ~ 
..J t-
O '" 0:: 0 
I- I/) 

Z 
o 
U 



1 • A contains the sum 
of the first word of 
one argument times 
the second word of 
the other argument 
and vice versa. 

2. If A is negative, 
carry into G. 

If G is negative, 
end around. 
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Operation Code = A 
Floating Divide {FDIV} 

1. GETS THE FLOATING 
POINT NUMBER AND 
STORES IN F AND F+l; 
THEN UNPACKS THE 
NUMBER INTO A=O,15 
MSB 
B=O .. 8LSB,7zeroes 
BETA=EXPONENT 
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10.0 Object Time Intrinsic Functions 

10.1 General Description 

The fol lowing Object Time Intrinsic Functions are included In 
this chapter: 

I~trinsic Functions 
ABS{X} 
SIGN{X, Y} 
IFIX{X} 
FLOAT{I} 

10.2 Q~AO Routine 

1/0 Routine 
Q8AB 
SIGN 
FXFL 
FXFL 

This routine, which is written in 1700 Assembly Language, 
computer the absolute value of a floating point number and 
leaves the 'result in the pseudo accumulation. 

The ca II ing sequence is: 

RTJ ABS 

1. address of argument 

The entry points are: 

Q8AB 
ABS {which is eqLSted to Q8AB} 

The 'externa I declared is: 

FLOT 

The low core locations used by this routine are: 

ABSPRM 

FLACC 

10·j SIGN Routine 

{$E3, $E4} for the parameter of the absolute 
value function 
{$C5, $Cb} pseudo accumulator 

This routine, which is written in 1700 Assembly Language, 
computer the sign of the second argument times the absolute 
value of the first argument and leaves the result in the pseudo 
accumulator. 

PRINTm IN USA 
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The calling sequence is: 

RTJ SIGN 

1. address of first argument 
2. address of second argument 

The entry points are: 

Q8SG 
SIGN {which is equated to Q8SG} 

The declared external is: 

FLOT 

The low core locations used by this routine are: 

A1 
A2 
FF 
QS 

{$D8} 
{$D9} 
{$E1} 
{$E2} 

used to save I register 
used to save Q register 

10.4 FXFL Routine 

C:A 130·1 RIIV 10-67 

This routine, which is written in 1700 Assembly Language, 
performs the conversion of a floating point number into 
an integer {Intrinsic Function IFIX} and of an integer 
into a floating point number {Intrinsic Function FLOAT}; 
it is also called by programs which have conversion 
cross equal signs. 

The entry points declared by this routine are: 

Q8QFIX 
Q8FX 
Q8QFLT 
Q8FLOT 
FLOAT {which is equated to Q8FLOT} 
IFIX {which is equated to Q8FX} 
DFIX {which is equated to IFIX} 

The declared external is: 

FLOT 
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The low core locations used by this ~outine are: 

CELL2 
CELL1 
QS 

{$D8} 
{$DA} 
{$E2} used to save .Q reg i ster 

The calling sequences for FXFL for the Intrinsic Functions 
'are: 

for IFIX{X,}: 

RTJ' IFIX 

1. address of argument 

The resultant integer is in the A register upon return to 
the user program. 

for FLOAT{I}: 

RTJ FLOAT 

1. address of argument 

The calling sequence for the conversion across the equal sign 
of a floating point nu~ber into an integer is: 

RTJ Q8QFIX 

In this case the argument is in the pseudo accumulator upon 
entry and the resultant integer is in the A register upon 
exit. 

The cal I ing sequence for the conversion across the equal sign 
of an integer into a floa~ing point number is: 

RTJ Q8QFLT 

In this case the argument IS in the A register upon ~ntry. 

PRINTED IN USA 
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11.0 DOUBLE PRECISION OBJEC1TIME ARITHMETIC ROUTINES 

11n1 Introduction 

This chapter deals with the following object time 
routines: 

External Function 

Trigonometric sine 
Trigonometric cosine 
Exponential 
Natural logarithm 
Arctangent 
Square Root 

Symbolic Name 

.DSIN 
DCOS 
DEXP 
DLOG 
DATAN 
DSQRT 

c· 

The above routines are designed to operate under the 
1700 Mass Storage FORTRAN. They are written in 1700 
Assembly Language for optimization of code and time of 
execution. However, they can be used by any other 
program working un~er the 1700 ~perating SYdstemdas long c=J 
as the proper call1ng sequence 1S generate , an cells 
$C5 and $E5 are reserved for the floating point package 
and temporary storage. 

11.2 General Description 

C A 1:18-1 REV 10'«17 

The argument.to any of the functions is'a real value 
number written in the 1700 Mass Storage FORTRAN floating 
point notation. The result is atso a real value number 
in floating point notation. 

Temporary storage 

These routines use the unprotected communications area 
from $C9 to $E3 as temporary storage area· 

Calling Sequence 

Each object time routine is entered via an RTJ instruc­
tion to its symbolic name, followed by a cell containing 
the address of core where the value of the argument can 
be found in floating point notation. 
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Returning Sequence 

Each object time routine will return control to the 
user at the program locatior immediately following th~ 
parameter address wi th the calculated····val ue of the 
function in the floating point pseudo-accumulator. 

11.3 .Function Description 

C A 13D-I RIIV IO-G7 

The mathematical method used to approximate the functions 
will be found in Appendix A of this document. Basically 
it is a truncated Taylor-Mclaurin series. 

Trigonometric Sine {DSIN} 

Range Reduction 

Let Z be the value of the argument. 

If IZ/> 221 then the answer will be assumed zero. 

If: Z < 0 
Z~O 

let U = -Z and sin {Zl = - sin {U} 
let U = Z and sin {Z} = sin {U} 

Let I be integral part of U/2 and let 

Y = U - I • 2.".., then Y~2""" and sin {U} = sin {V} 

If: Y>.".., let T = Y - iT then sin iY} = - sin iT} 
Yr:;;;.".., let T = Y then sin iY} = sin {T} 

If: T>."./2., let X = .".- T 
T~ 7r./2., let X = T 
and sin {T} = sin {Xl., with X~""/2 

Series for SINiX} with X~""/2 

Series is a normal truncated Taylor-Mclaurin series: 

8 i_1}n X 2n+1' 
SINiX} = L 

n=O {2n+1}~ 
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11.3.3.1 

CA 138·1 REV 10-67 

Trigonometric Cosine {DCOS} 

Sine COS{Z} = SIN{Z + 17"/2} then object time routine DCOS 
will simply be a second entry to th~ DSIN routine. 

Temporary storage for DSIN and DCOS 

Nine cells of temporary storage are required by either 
DSIN or DCOS. They are: 

RET ADD 
FLAG 

for return address $D9· 
for sign indicator $D8 

X and X2 for temporary floating point numbers, 
$DA to $DF 

QS for saving Q $E2 

Arctangent {DATAN} 

Range Reduction 

Let Z be value of input argument. 

If: Z< 0, let U = - Z, and arctan{Z} - - arctan{U} 
Z~ 0, let U = Z, and arctan{i} = arctan{U} 

If: U<l, let V = U, A = 0, and B = 1 
U>l, let V = 1/U, A = /2, and B = -1 

If: V< tan {71"/8} let T = 7T/16 
V> tan {71"/8} let T = 37T/16 

and arctan {U} = A + B {T + arctan{X}} 

V tan{T} 
where X = 1 

+ V tan {T} 

Series for arctan{X}, X<tan{7T/16} 

Series is a normal truncated Taylor-Mclaurin series: 

~ { .. _n X 2n+1 

Ar~tan{X} = ~ ----~-~-------n=O 2n+1 
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Temporary storage for DATAN 

Twelve cells of temporary stor~ge are required. 

They.are: 

ARCRET 
ARCFLG 
X,X

2
,AF,SF 

QS 

Exponential {DEXP} 

Range Reduction 

for return address $D9 
for path decision $D8 
for floatfng point numbers, $DA to 
$E2 
for saving Q $E3 

Let Z be input value of 'argument 

If: Z<O let Y = Z, and Z 1/eY 
""! e = 

Z>O let Y = Z, and e Z = e Y 

Z = 0 put answer equal to 1 and exit. 

Now eY = 2Nex if X and N are defined as follows: 

Let T = Y/1n2 
N = T + 1/2 take integral part 
W = T - N 
X = W 1n 2 

Therefore the maximum absolute value for Y is equal to 
88.02968 which will generate the maximum floating point 
number. If input value is greater than this maximum 
value, then a message will be typed out and the answer 
is given as the maximum floating number permissible in 
1700 FORTRAN. 

Series for eX for X< In 2/2 

Series is normal truncated Taylor-Mclaurin series: 



CONT·ROL DATA CORPO.RATtON 
__ -=L:.:.:A~J~O.=.L.=.L.:.:.A _R~E::.:S:.;O::..:U::.:.R.::C:.zEa-...;CII.CE;.&.:N~T..DEUoIR_·· _~ ____ 01 VI SION 

DOCUMENT CLASS IMS PAGE No. ___ 1_1_-_6 __ _ 
PRODUCTNAME ____ ~1:.;7~0~0~M~A~S~S_.=.S~TO~R~A~G~E~F~O~R~T~R~A~N __________________________ __ 
PRODUCT MODEL NO. (005*3.1 AlB MACHINE SERIES ____ -=1~7-=0-=0~ __ _ 

CA 131-1 REV 10-157 

Temporary Storage for nEXP 

Seven cells of temporary storage are required. They are: 

RETEXP 
FLAG .. N 
Y 
QS 

for retur.n address $DB 
for indicator $D( .. DD 
for floating point number $D8 .. $D9 .. $DA 
for saving Q $El 

Natural Logarithm' {DLOG} 

Range Reduction 

Let Z be input value of argument. 

If Z~ 0 then the answer will be the maximum floating , 
point number possible in 1700. 

Now Z = 2N Y 

and In{Z} = {N - 1/2} In2 + In {l+X J 
l-X 

where X = Y - y27? 
y + -y2/2 

Thus/XI < 3 - 2 V2 

Series for In {1 + X~ for IXI < 3 - 2Vz 
l-X 

Series is a normal truncated Taylor-Mclaurin series: 

8 
= 2:2 

n=O 

X2n+1 

2n+l 

Temporary Storage for DLOG 

Eleven cells of temporary storage are required. They 
are: 

LNRET 
N .. X,X2 
QS 

for return address $D8 
for floating point numbers' $D9 to $E1, . 
for saving Q $E3 

c 

c 
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Square Root {DSQRT} 

Range Reduction 

Let Z be input v~lue of argument. 

If Z<O let Y = - Z andYZ = -VV 
also type out error message. 

If Z> 0 let Y = Z 

Now Y = 22N X andVv= 2Nyxwhere 1/4<X<1 

The Pade approximation for a first estimate 

_ 25 ~5_~_~_~ ____ {_X_+ __ ~ .... ~_} __ ~ 
Yi - -:;- - {X + 15} {X + 235} _ ...:ill!! 

49 49 2401 

Iterative Method 

is: 

The square root is computed via a Newton-Raphson iteration 
starting with a first approximation, y. above. Successive " " ---------- -- .. - ---- .. --- ---- ----.. ----------------.. --- 1 
approXlmatlons are found 'from: 

Yl"+l = 1/2 {yo + K-
1 y" 

1 

until I Yi i -1 = Yi I < 2-
38 

Temporary Storage for DSQRT 

Twelve cells of temporary storage are required. They 
are: 

QSAVE 
SQRRET 
SQREXP 
ARG, Yl, 
TEMP, 
SQRFLG 

for saving Q $E2 
for return address $(9 
for value of N $CA 
for floating point numbers, 
$D8 to $E1 
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11.4 Type ·Out Message 

11.5 

Any illegal input value will cause a predetermined value 
to be given as an answer and the program will exit 
normally. It is left to the user to take corrective 
action. 

Routine Argument Answer 

DSIN or DCOS IZ/> 221 ° 
DEXP IZ/> 88. 02968 00 

DLOG Z<O 00 

DSQRT Z<O - IZI 

References 
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11.6 DEXPN Subroutine - Double Precision Exponentiation i**} 

Thissubrbutine is called by the FORTRAN compiler for 
programs that use the exponentiation operator, i.e., 
the symbol **, in performing double precision exponen­
tiation. This subroutine is written in 1700 Assembly 
Language. It contains the following entry points: 

Q8QD2I Double precision floating number to 
integer power 

Q8QD2F Double precision floating number to 
single precision floating power 

Q8QD2D Double preclslon floating number to 
double precision floating power 

c· 
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The following externals are declared: 

DFLOT 
DLOG 
DEXP 

The cells required for'temporary storage are: 

DFLOFG $E5 Floating/Fixed Flag 
DFRSLT $DB Intermediate DP Results $DB~$DC .. $DD 
SIGN $E1 Sign of Exponent 
COEFF $E2 Address of Coefficient 
EXPO $D7 Address of Exponent 
MLTPR $DE Powers of Coefficient 

{double precision floating point 
number - 3 words} 

DFLOVF $C8 Floating Point Package Overflow Flag 
DFLACC $CS Double Precision Floating Point 

Pseudo Accumulation {$C5~$C6~$C7} 
CZERO $22 Low Core Cell ,containing Zero 

The calling sequence is: 

RT J' Q8QXXX Where XXX is D2I~ D2F~ or "D2D 

1. address of coefficient 
2. address of exponent 
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Double Floating to Single Floating 

Q8QD2F 

Save Q 
Register 
in QSAVE 

Place Word 
Mark in 

A Register 

Place +1 
in 

Q Register 

DEXP 
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Double Floating to Integer 
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Q8QD21 

Save Q 
Register in 

QSAVE 

Place Wo~d 
Mark in 

A Register' 

Place -1 
in 

Q Register 

DEXP 
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Double Floating to Double Floating 
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Q8QD2D 

Save Q 
Register in 

QSAVE 

Place Word 
Mark in 

A Register 

Place 0 
in 

Q Register 

DEXP 
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Put Atley 
Calling Seq. 
Address in 

RETADD 

Pick Up 
Add~ess of 
Coefficient 

Compute 
Direct 
Address 

Store Address 
of Coefficient 

in COEFF 

PicIt Up 
Address of 

Exponent 

Yes 

DEXP 
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1- DFLOFG equals 

-1 D**1 ° D**F 
+1 D**D 

/2. From this place 
a jump is made 
to DLOGEX 

CA 130-1 REV 10-«17 

Compute 
Direct 
Address 

Store Address 
of Exponent 

in EXPO 

Compute 
Return 
Address 

1 

Set FLOFLG by 
Storing Type 

'of Exponentia­
tion Indicator 

Pick Up 
Exponent 

and Store 
in SIGN 

Yes 

D**F 
D**D 

D**1 

DEXP 
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3. Process D**1 

4. Process D**F 
or D**D 

CA UO-\ REV \0-67 

Complement 
Exponent 

STABS 

Store in 
,Exponent 
in EXPO 

Yes 

DEXP 
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Process Double Floating to Integer 

CA 138-1 REV 10-«57 

Clear Floating 
Point Overflow 

Indicator 
DFLOVF .. O' 

Place 
Coefficient 

in Multip lier 
TPR III COEFF 

Initialize 
Cumulative 

Result 
DFRSLT = 1.ODO 

Reset Exponent 
TSTBTO J-----{>lRight Shifted 

1 Bit 

No TST4ZR 

DEXP 
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5. Floating 
DFRSLT = 
DFRSLT*MLTPR 

6. Test exponent to see 
if all significant 
bits have been 
shifted out. 

TST4ZR 

CA 130-1 REV 10-CS7 

>----DoiuPMULT 

DEXP 
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7. Square floating 
multiplier 
MLTPR = MLTPR*MLTPR 
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DEXP 
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Process Double Floating to Floating or Single Float.ing to Floating 

8. First word into 
DFRSLT; 
Second lllord into 
DFRSLT+l 

9. Make result zero 
to avoid a fault 
in the natural 
log routine. 

10. Exit 

ell. 130-1 REV 10-07 

Transfer 
Value of 

Coefficient 
to Internal 
Working Cell 

~
'lO 

EXD-
FR 

8 

'>----r"::..I1 OG NAT 

DEXP 
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11. Take natural log 
of coefficient. 

12. Exit 

Raise E to 
Computed 
Exponent 

DEXP 
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13. Exit 

CAt 38- I A It V to- & 7 

Invert 
Floating 
Result 

Restore. 
Q Register 

Return 

DEXP 
Page 12 'of 12 



CONTROL DATA CORPORATION 
__ ...;;;L~A~J~O.;;;L.=.L.;.;.A-.:R;.;..:E;:;..;S:;..;O;...;;U~R:...;;C;.;;E:...-..=C=E.:.;.N..:..T;:.:ER~ ______ DIVIS'ION 

DOCUMENTCLASS~~~I~M~S~~~~~~~~~~~~~~_ PAGE NO.~_1_1_-_2_2 __ _ 
PRODUCTNAME ___ ~1~7~00~M~A~S~S~S~T~O~R~A~G~E~F~O~R~T~R~A~N~ ________________________ __ 
PRODUCT MODEL NO. _C::.:0::.:0::.:S::.;*~3::.;'.:..:.1=--=A~/~B=-_~ ___ MACH I N E SERI ES _' ___ ---=1::.,..:7:...,:0::..::0==--__ _ 

C A \30- \ REV \0-tl7 

APPENDIX A 

1700 Double Precision Mathematical A~proximations 

INTRODUCTION 

This paper will derive approximations for object time 
1700 FORTRAN programs which will allow fast evaluations 
with necessary accuracy and uncomplicated range reduction. 

Accuracy 

Since all approximations are to be in floating-point~ 
it shall be required that: 

R<2-39 = 1.819E-12 

which is the basic round off due to th~ size of signif­
icant digits in 1700. 

GENERAL DESCRIPTION OF METHOD 

The method will use normal truncated Taylor-Mclaurin 
Power Series. 

Truncated Taylor-Mclaurin Power Series 

A function will be expressed as a truncated Taylor­
Mclaurin series such that the error produced is less 
thanR. That is~ 

c 
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4.0 

5.0 
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SINiX} for X<1T'/2' 

The Taylor-Mclaurin series is: 

8 

SIN{X} = 2: 
n=O 

Which expands to: 

i-lln x2n+1 

{2n+l}~ 

ArctaniX} for X ~ tan {1T'/lb} 

The Taylor-Mclaurin series is: 

8 

Arctan{X} = 2 
n=O 

Which expands to: 

Arctan{X,} = 
x3 x5 x7 x9 Xll X13 X15 X17 

X -- +- --,+---+---+-
3 5 7. 9 11 13 15 17 

, 1 2 
Exponential, eX for X~+ 

Taylor-Mclaurin series is a normal series truncated 
after n = 9, that is, 

n~ 

Which expanded, gives: 

2 3 4' 5 6 7 8 9 
eX = X +L+L+L+L+2L+L+L.+L 

2! 3~ 4~ 5: 6; 7; 8~ 9; 
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Now X and N can always be found such that e Y = 2NeX 

where x~1!L1. -....: 2 

If X and N are defined as follows 

then 

Let t 
N 
w 
X 

= 
= 
= 
= 

y/1n 
t + 
t -
III 1n 

2 
1/2: integral part 
N 

2 , 

X = {t-N}'ln 2 = t'ln 2 - In{2 N} 

eX = eY , 2-N 

and ~Y = 2N eX 

Natural Logarithm X for I xf ~ {3-2m 

The Taylo~-Mclaurin series is: 

In{1+X} = 2 ~ 
1-X n=O 

Which expands to: 

X2n+1 

2n+1 

In{l+X~ __ 2X 3 2X5 2X7 2X 9 2X11 2X13 2X15 2X17 
',I" 2X +-+-+-+-+-+-+-+-

1-X 3 5 7 9 11 1315 17 

where 1/2~ Z< 1 

Then IniY} = N.ln 2 

If X is defined as X 

then /X/~ 3 - 2Vz 
. and In Z = _ 1!L1. + 

2 

finally .. In Y = {N -

, 
+ In Z, 

,h. 
=~ 
z~ 

In 1 +- X 

1 - X 

1/2}.ln 2 + In 1 + X 
1 - X 

~------ ----. ----------
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Each double precision floating point number 
consecutive words of 1700 Computer storage. 
containing the most significant bits of the 
one that is addressed. Normalized floating 
as follows: 

requires three' 
The first word, 

number, is the 
p01nt format is 

15 14 7 6 0 I I I EXPONENT '{8 BITS} NORMALIZED I 
L SIGN OF NUMBER 

15 o 
{:OEFFICIENT 

15 o 
OF 39 BITS , I 

Thus the numbers, X, express able are of the range _2 127 
..1... -.JL . 

{1-239}$ X$ 2127{1-239} and are sig~'ificant to one part in 

549 bill i.J~ n •.. ~_tbg_ mQ s t _? i 9 n i f i can two r~_J s z e r Q. __ :{:.l~ ___ i;!t~.? 
of zero or 1}, a floating point zero is assumed. 

Exponent 

The floating point exponent is an 8-bit quantity with a 
value ranging from 00 to FF16~;' Through biasing by 8016, 
this range expresses both posi~ive and negative expone~ts. 

(: 

Coefficient 

The coefficient consists of a 39 bit number n, 1-2-39 ~Inl 
. ~ o. The high order hit position of the first word -1S 
the coefficient sign bit. 

A zero· denotes a positive coefficient and a one denotes a / 
negative coefficient. When the coefficient is negative, / 
the entire floating point number is stored in complement 

. form. . 

--------_ .. _-- .. ---- --._-_._---. 

o 

0, 
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Calling Sequence 

DFLOT uses an i nterpreti ve ,call i ng seque nce • It saves the Q, 

A, and I registers in Temporary Storage; it uses the communi­
cations locations $C5, $C6, and $(7 as a ps~udo accumulator. 
The pseudo accumulator is retained in volatile or temporary 
storage between calls to DFL~T. 

Tbe interpretation of the calling sequence is based on a, 
string of 4-bit bytes representing the operations, followed 
by the operand addresses. The leftmost 4-bit byte is the 
first operation~ the operand addresses, if they exist, follow 
in the same order as the operation bytes, one word per byte. 
As many bytes may exist as desired~ but the terminating byte 
must be 4, the operation FEND. 

Example: 
-_._---------

---------- --

RTJ 
address of DFLO'T 
01 I °2 1 0 3 0 4 

A1 

A2 

A4 

Ps I 0 61 4 

AS 

A6 

user,ls program 
resumes 

- ~ 

The Oi,ls are the operation codes; the ·Ai,lS are their 
operand addresses. An operand address is not needed by 
all operations, for instance, op~ration code 03 does not 
have a corresponding A3. 
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Operations 

The following operations are used by the floating point 
package. 

Operation 

CHMD 

INDX 

NIDX 

DFLDD 

DFLST 

DFCOM 

DFADD 

4-bit 
Code 

5 

6 

7 

Meaning 

Ch~nge'of mode operation. All operand 
addresses following this operation code 
in the calling sequence are made relative 
if the preceding addresses were absolute, 
or absolute if the preceding addresses 
were relative. Addresses are assumed 
initially abs6lute. No operand is needed. 

Index- The operand corresponding to INDX 
is used to i~crement the operand of the 
following ope~~tions: DFLDD, DFLST, DFADD, 
DFSUB, DFMPY, and DFDIV. 
Each succeeding INDX supercedes the last. ~ 
No i n d ex is i nit i a 11 y ass u me d • C . .J 

No index. The succeeding operands do not 
have indexing increments. NIDX supercedes 
any preceding INDX, and is superceded by 
any following INDX. NIDX is assumed 
initially. No operand is needed. 

Double Floating load._ The floating point 
number in the corresponding effective op­
erand address is transferred to the pseu­
do accumulator ldcated in temporary 
storage. 

Double Floating store. The floating point 
number is transferred from the pseudo ac­
cumulator·to the corresponding effective 
operand address •. 

Double Floating complement. 
accumulator is complemented. 
is needed. 

The pseudo 
No operand 

Double Floating add. The contents of the 
effective operand address is added to the 
pseudo accumulator, and the sum is left in c=J 
the pseudo accumulator. 



o 

o 

o 

CONTROL DATA CORPORATION 
___ ~_L::::..A~J~O~L:::;...:L:.JA~R~E:.J:S"-JO~L",-J Rl..1CaJ;:E;...,.,:.Co.J;jEIoJ,;NuT ..... E;..I,lR _____ DIVISION 

DOCUMENTCLASS~I~M~S~~~~~~~~~~~~ ______ __ 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 

12-5 PA.GE NO. _______ _ 

PRODUCT MODEL NO. (005*3.1 AI8 MACHI N E SERI ES ~_.....;1=-7.:....;0=-0=--____ _ 

12.1.5 

DFSUB 

DFMPY 

DFDIV 

FEND 

Operands 

8 

9 

4 
{also 1, 

2,3} 

Double Floating subtract. The contents 
of the effective operand address is sub­
tracted from the pseudo accumulator, 
and the result is left in the pseudo 
accumulator. 

pouble Floating multiply. The pseudo ac­
cumulator is multiplie~ by the contents 
of the effective operand address, and the 
result is left in the pseudo accumulator. 

Double Floating divide. The pseudo ac­
cumulator is divided by the contents of 
the effective operand address, and the 
result is left in the pseudo accumulator. 

End of calling sequence. This operation 
terminates the calling sequence. No 
operand needed. 

All operand addresses, absolute or relative, are placed in 
bits 14-0. 8it 15 is a flag set to distingu'ish between direct 
and indirect addresses. 

12.1.5.1 Absolute Addressing 

An absolute address may be 
All indirect addressing is 
Only one level of indirect 

either direct o~ indirect. I 

executed prior to indexing~ 
addressing is allowed. I 

12.1.5.2 
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Relative Addressing 

A relative address may be i~direct to one level of 
i h d ire c t ne s s • The rei ~t.a..ve ... add res sis com put e. d by 
subtracting the location of the address in the cal­
ling sequence from the address contained in that loca­
tion. For instance, if the r~l~tive address, A1' is 
contained in location L+3, where L is the first word 
of the calling sequence, the relative address = 
A1 - L + 3. 

Example 

Compute the floating point arithmetic statement: 

X=-{A{I}+8{I}}*C{I}+D{J}*E{J} 

I 
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Assuming that X;,:J, .D, E, and'the temporary 
location TEMP are absolutely addressed, and the 
other operands relatively addressed, the generated 
calling sequence would be: 

RTJ 

, F16 I 816 r : 

absolute address 

absolute address 

absolute address 

D16 'I ® I 
absolute address 

, relative address 

relative address 

E16 I 9 I 
relative address 

relative address 

0 ~ E16 I 
absolute address 

absolute address 

9 

J 

D 

E 

F16 

TEMP 

.I., 

A 

CD 
8 

C 

D16 

TEMP 

X 

I 

I 

I 

'DFLOT 

® 

816 

® 

® 

A circle around 
the operator indi­
cates that the op-C) 
erator has no 
operand. 

Fault Conditions 

Fault conditions are flagged in a communication location {$C8} 
whenever they occur during execution. The following bits are 
set to one: 

8IT 

15 

F a u I t ,C 0 n d i t ion 

Exponent overflow; the exponent· in an ari th- C 
metic operation exceeds the maximum range limit. ) 

----'---------_ ... _-_._------ --------------
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BIT 

14 

13 

Fault Condition 

Divide fault; division by zero is encountered. 
Exponent underflow; the exponent in ari arith­
metic operation is less than the minimum range 
limit. 

If exponent underflow occurs, a floating point zero results. 
If exponent overflow occurs, the largest word of the appro­
priate sign results. A divide fault is treated as overflow •. 
These error conditions may be tested with the IFALT function. 

FLOATING~POINT ARITHMETIC WITH 39-BIT NUMBERS 

Introduction 

Consider the double precision floating-point number: 

where If I lies in the range 

1/2:51 fl:51 - 2-39 • 

{1} 

We have a machine with a word length of 16 bits and that the 
48 bits in the double length word are divided in the following 
way: 

9bi ts I .7 most significant bits of f 

/'. 
binary poi nt· 

16 intermediate significant bits of f 

16 l~ast significant bits of f 

The leftmost block of nine bits is divided into three parts: 

1. The first {leftmost} bit represents the sign of F. 
2. The second bi t represents the. sign of {3 • 
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3. . The n ext 7 bit s rep res e n t the mag 'n i t u d e off. T 11 is 
allows 39 bits for the-'representation of f. We 
shall assume that the binary point lies at the left 
and of the 39 bits representing f so that the 7 most 
significant bits of f are stored in the first word 
of the three, and the 16 least significant bits of f 
are stored in' the third word of the. three. 

If we write 

1 f I = c + C i x 2 -7 '+ d x 2 - 2 3 

where c lies in the range 

~/2 ~ c ~ 1 -2-7 

ci' lies in the range 

O~ci~l -2- 16 

and where d lies in the range 

o ~ d ~ 1 -2-16 

{3} 

{4} 

. {S} 

{6} 

then c represents the 7.most significant bits of f, ci repre­
sents the 16 intermediate significant bits of f, and d repre­
sents the 16 least significant bits of f. 

We wish to consider the four basic arithmetic operations using 
double precision floating point numbers of the form discussed. 
Consequently, in order to have notation for. two qperands, let 
us consider a second double precision floating point number. 

G ~ g.2 9 , 

where Igi lies in the range 

1/2 ~ 1 g 1 s 1 -2- 39 

If we write 

Igl = a+ ai x 2- 7 + b x 2-23 

where a 1 ies in the .range 

1/2 ~ a ~ 1 -2-7 

.,._-_ .. _---,_ ... , ----------------

{7} 

{8} 

{9} 

{10} 

c' 
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ai l~es in the range 

O . 1 2- 16' 
~ al ~ -

and b lies in the range 

o ~ b ~; 1 - 2 -16 

{11} 

{12} 

then a represents the 7 most significant bits of I~I, ai 
represents the intermediate significant bits of Igl, and b 
represents the 16 least significant bits of Igi. , 

The machine represents negative numbers using a "one's­
complement" system. In fact the procedure for changing the 
sign of a floating point number'is to perform a bit-by~bit 
complement of the entire 48 bits {including the 9 bits re-
presenting the sign and exponent}. 

THE FOUR ARITHMETIC OPERATIONS 

A. Addition 

F + G = f x 2~ + g x 28 {13} 

The basic problem in floating point addition is to adjust the 
exponent 6f F {or G} so that the binary points are lined up 
before the addition takes place. 

Let us introduce the notation L to represent three cells con­
taining the larger of the two numbers F and G, and the notation 
S to represent three cells containing the smaller of the two 
numbers. We shall say that F is larger than G if 

{14} 

and F is smaller than G if 

{3<8 {lS} 

We are not concerned about the relative magnitudes of f and 
g in case the exponents are equal. "Using this convention, 
we p~ocess the f61lowingalgorithm f6r forming F + G: 

1. Record the leftmost nine bits of F and G. This, in effect, 
records {3 and 8 • 
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2. Determine the sign of {~ - 8} and thus determine 
whether F is smaller or larger than G accorqing 
to {14} and {15}~ 

~I 

3. Place f and g in Land S. If F is larger than G~ 
then f goes into L; otherwise~ f goes into Sand 
g goes into L. The following bit patterns should 
be formed {here s means "sign bit"}: 

1 + 1 s 1 s 1 13 most significant bits 

1 
binary point 

I + 15 intermediatesignifi~ant bits 

11 least signficant bits 4 sign bits 

s s I s I 13 most significant bits 

b · 1. t lnary pOln 

I 16 intermediate significant bits I ISB 

[ 10 least significant bits 'I 6 sign bits 1 LSB 

4. Shift S right I~ - 8/ places and put a "+" bit at 
the beginning of each of the three words. If 
,~ - 81 = 39~ then there is no need to continue 
since all. significant bits in S will be lost. 

MSB 

ISB 

LSB 

s 

L 
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I + S s I,B - 81 "filler" bits MSS 

binary 
t 
point 

S 

1 
ISS 

·1 
LSB 

Notice that the L8 - 81 "filler" bits., between the 
binary point in S and the most significant bit of the 
function., are sign bits. This is mathematically correct 
in a one's complement represehtation of negative numbers. 

5. Add the LSS portions of Land S. 

c 

We call the first bit of this sum c. If it is a one., 
we actually have a carry. However., it usually is easier 
to add c {se~ step 6} than to test to see whether or 
not it needs to be added as a carry bit in forming the 
sum of the ISS portions of Land S. 

b. Add the IS8 portions of Land S and the carry bit from 
step 5. 

cl 

If cl is set to one., we have ~ carry and we will add 
cl to step 7 in forming the sum of the most significant 
bits of Land S. 

7. Add the MS8 portions of Land S and add the carry bit 
obtained from step 6. 

e s v 

C
; 
.' 
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If e = 1 then an end-around-carry must be performed. 
This means that a one is added at the right end of the 
word produced in step 5. Since this might also produce 
a carry bit, the c iM the diagram {see step 5} must be 
cleared to zero before the end-around-carry. If. a 
carry bit is again produced, then a one must be added", 
at the right end of the word produced in step 6. Since 
this might also produce a carry bit, the cl in the 
diagram ~see ~tep 6} must be cleared to zero before 
the end-around-carry. If a carry bit is again produced, 
then a one must be added at the right end of the word 
above. It can be shown that this last operation can 
never produce anothe~ e = 1. 

If v = s then v is a sign bit. However, if v ~ s then 
there has been overflow during the addition, and the 
v is the most significant bit of the sum. In the latter 
case an adjustment of the exponent will be necessary 
to give the correct answer. 

8. Shift the LSS portion of the sum left one place to clear 
out the carry bit c. Then shift the ISS portion of the 
sum left one place to clear out the carry bit c1. Then 
shift the LSS portion of the sum one place and put the 
bit shifted off into the right most bit of the ISS por­
tion of the sum. Then shift the triple length s~m left 
{a} one place if v ~ s; {b} two places if v = s. 

This leaves the sum in the following form: 

s I 15 most significant bits of the sum 

16 intermediate significant bits of the sum 

at least 8 bits of the sum I sign bits 

9~ If the triple length sum was shifted one place left in 
step 7 {v ~ s} then the exponent must be adjusted to 
take care of the overflow. This means adding one to 
the exponent /3 or 8, whichever is larger. {This will 
be the exponent of the sum.} If the double length sum 
was shifted two places left in step 7, no adjustment 
of exponent is necessary. 
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10. The form of the sum given by step 8 must be checked 
for normalization since it is possible that several 
of the leading bits of the sum may be zero. {Can­
cellation occurs when two numbers of opposite sign 
but nearly equal magnitude are added.} If the sum 
is not normalized at this poiht, appropriate adjust-
ments in the exponents shbuld be made. . 

If 39 left shifts are not sufficient fornormaliza­
tion, then the sum should be made zero. 

11. At this point the normalized sum mBy be rounded 
although the extra coding involved may not be worth 
the gain. If rounding is desired, then there are 
two cases to be considered depending on the sign 
of the sum. These cases require that care be taken 
in handling any carry bit produced by the rounding 
operations. 

c 

12. Now pack the 39 most significant bits of the sum, 
along with 9 bits representing the sign and exponent, C 
into three 1b~bit words {in the standard way}." If 
the sign of the sum is negative, then the first 9 
bits must be complemented before the packing takes 
place. " 

B. Subtraction 

No special subroutine is necessary since 

F - G = F + {-G} 

and one merely complements G before entering the addition 
subroutine. 

c. Multiplication 

F x G = {f x 2~}{g x 28} {lb} 

= {sign F x G} If 1 x Igi x 2(3+8 

The computational procedure is primarily concerned with the 
formation of If 1 x Igi x 2~+8 since {sign F x G} can be recorded 
in advance and used later to apply the correct sign to the 
product. In addition to recording {sign F x G}, we record 
the exponents {3 and 8 after the product If I x Igi is formed. Ci 
In fact, we propose the following algorithm for multiplying } 
F by G: 
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1. Determine and record {sign F x G} 

2. Form IF\ and IGI 

3. Record the leftmost nine bits of IFI and IGI. This, in 
effect, records /3 and 8. 

4. Shift the 39 bits of If 1 and Igi left until each has the 
bit pattern. 

+ 15 most significant bits ( and A 

I 0 15 intermediate significant bits Ci and Ai 

I 0 9 least significant bits 6 zeros D and B 

If this procedure is followed, f is no longer represented 
by {3} during the computation in. step 5, below but has the 
form: 

f = C + (i x 2-15 + D x 2-30 

where C, (i, andD lie in the following range 

2-1 S(Sl _ 2-15 

OSCiS 1 .- 2-15 

OSDS1 - 2-9 

likewise I~I has the form 

Igi = A + Ai x 2-15 + B ~ 2-30 

where A, Ai, and B lie in the following range 

2-1 SAS1 _ 2-15 

OSAiS1 - 2-15 

OSBS1 - 2-9 

{17} 

. {:L8} 

{19} 

{20} 

{21} 

{22} 

{23} 

{24} 
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5. Use fixed point operations in forming the product. 

f x g = {C + C i x 2 -15 + D x 2 - 3~} {A + A i x 2 -15 + B x 2.- 3 O} 

= CA + {CA i+ C iA}x 2-15 + {DA + CiA i + CB} x2- 30 

+ iDAi + CiB} x, 2- 45 + DB x 2- 60 

= CA + {CAi + CiA} x 2-15 + iDA + CiAi + CB} x 2~30 
{25} 

Notice that the terms {DAi + CiB} x 2-45 and DB x 2-
60 may 

be ignored because once the product is placed back in 
standard form~ only 39 bits are retai~~d. The following 
computational steps are pe~formed. 

a. Form CA giving a double length product. 
b. 

c. 

d. 
e. 

f.-

g. 

h. 

i . 

j . 

Form DA and retain the most significant half of 
the double length product. 

Form CiAi and retain the most significant half of 
the double length product. 
Form CiA giving a double length product. 
Add the most significant half of DA to the' most 
significant half of CiAi. 
'Form C8 and retain the most significant half of 
the double length product. 
Add the most significant half of DB to the sum 
obtained in {e}. 
Add the least significant half of CiA to the sum 
obtained in {g}. . 

Form CAi giving a double length product. 
Add the least significant half of CAi to the sum 
obtained in {h}. This result is the least signi-
ficant portion of the triple length product. 

k. Add the most significant half of CiA to CAi. 

1. Add the least significant half of CA to the sum 
obtained in {k}. This result is the intermediate 
significant portion of the triple lehgth product. 
The first half of the double length product is the 
most. significant half ofCA which was formed above 
in {a}. 

c. 

o 

o 
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D. 

As 

b. Nex~, round and normalize the product obtained using 
{25} in step 5. Any adjustment in'the exponent 
~ + 8 wh'ich is necessary because of the normalization 
of if} x {g} must be performed. 

7. 'Finally, pack the 39 bits of the normalized product 
and the 9 bits representing the sign and the adjusted 
exponent into three 16 bit words {in the standard 
way}. If the {sign F.G} is hegative, the two words 
must then be complemented to give the correct· sign 
to the product. 

Division 

G = G x ! = {g x 28} x { 1 
2f3 } F F f x 

IgI I ~ r x 
8-[3 

= {Sgn G x F} x x 2 {26} 

a matter of fact, since.we want 

111 < 1, {27} 

We scale the numerator and write 
1 

; = {Sgn G x f}x /g/ xj+lx 2
S

-{3+1 {28} 

Thus we propose the following algorithm for dividing G by F: 

C A., no-' A it V \0'07 

1. Determine and record {Sgn F x G}. 

2. Form {F}'and {G}. 

3. Record the leftmost eight bits of {F} and {G}.' 
This, in effect, records [3' and 8. 

4. Arrange the 39 bits of if} to give the bit pattern: 

1+ I 15 most signifiCant bits of if} A 

o 15 intermediate significant bits of{f} Ai 
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1·0 I 9 least significant bits f 6 zeros 

and the 39 'bits which represent the number 1.0 
to give the bit pattern: 

I + 101 ,14 most signi ficant bits of 1/2 $2000 a 

o 15 intermediate significant bits of 1/2 $0000 y 

o 10 least significant bi ts of 1/2 5 zeros $0000 € 

B 

5. Use fixed point operations in forming the quotient. 

1 

A + Ai x 2-15 + a x 2-30 

where: a = $2000 
Y = $0000 
€ = $0000 

a + Y x2 -15 + € x 2 - 3 0 

= ------------------------
A + Aix 2-15 + B x 2-30 

= g, + ! {Y _ a Ai::J- x 2-15 
A A A' 

+ ! {€ - ~} x 2-30 
A A 

_ & {y _ ill} x 2-30 
A2 A 

= f [ a-*, [Ai x 2-15 

- .2 
+ is _ A~ } x 2-30 ]] 

.- {29} 

o 

~--~--'.-~- -----------------
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Any terms beginning with 2-45 are ignored because oniy 
39 bits of the quotient are retained. The following 
computational steps are performed: 

a· Form Ai2 giving a double length product. 

b. Divide - Ai2 {as a double length dividend} by A. 
Ai2 

c. Form B - -r- {rounded to single length}. 

d. Form the double length dividend 

Ai x 2-15 + [{B - A! 2} x 2-30J 
{The sign of the second term makes this tricky}. 

e. Divide the double length dividend by A and multiply 
the result by a. The multiply is accomplished by 
shifting the result of the divide. 

f. To obtain the second half of the double length quotient~ 
the remainder resulting from the division in the 
previous step must now be divided by A. 

g. Form a {the most significant bits of 1/2} and the 
result obtained from step e as a double length dividend. 

h. Divide the double length dividend by A. The result 
is the most significant bits of the quotient. 

i. Form the remainder of step h and the result of step 
f as a double length dividend. 

j. Divide the double length dividend by A. The result is 
the intermediate significant bits of the quotient. 

k. Divide the remainder obtained in step j by A. The 
result is the least significant bits of the quotient. 

1. Next~ round and normalize the 3 word quotient using 
{29} and the procedure of step 5. Any adjustment in 
the exponent which is necessary because of normaliza-

1 
ticn of 2 must be performed. 

--r 
m. The 3 word quotient is then multiplied by Igi. 
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n. Next, round and norfualize the product. Any adjustment 
in the exponent ~+8 which is necessary due to the 
normalization must be performed. 

o. Finally pack the 39 bits of the normalized quotient and 
the' 9 bits representing the sign and the exponent into 
three 16 bit words {in the standard way}. If {Sgn F x~G} 
is ne·gative, the three words must then be complemented to 
give the correct sign to the quotient. 

RE~£R£N{ES 

Gregory, Robert T. and Raney, James L~'Floating Point 
Arithmetic with 84-Bit Numbers, (o.mmunications of the 
A(M, 'Volume 1/ Number 1/ January, 1964. 

12.3 Low Core Sto.rage Location and Temporary or Volatile Storage 

DFLOT sets the low core locations $(5' through $(8; they are 
assigned as follows: 

CA 13D-1 REV lo-e? 

~-- --_ .. _ •..•• __ .. 

Location o 
Name Location Use -

G $(5 Pseudo accumulator - the three words 
G+1, $(6 of the double precision floating 
G+? $(7 point number are placed here. 

ERRORS $.(8 Error bits to indicate exponent 
overflow, divide fault, and exponent 
underflow d' These error bits are 
used by IFALT to check for these 

. ,f 1 o.at i ng point errors • 

There are two versions -of DFLOT. The two packages are called 
by the same. name {DFLOT}, but one is reentrant and the other 
non-re~entrant. Both packages are usable by ru~-anywhere pro­
grams·. The re-entrant package must operate in protected core. 
The non re-entrant package may operate anywhere .• 

The non-reentrant version of DFLOT. utilizes tempo~ary~torage 
to perform its computations. The re~entrant version of DFLOT ~ 
utiliz.es. The volatil.e storage concept for temporary stora(~1 
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The non-re-entrant version of DFLOT requires the deck labeled 
DUMVOL which contains entry points AVOLA and AVOLR. This 
dec~ provides the simulated volatile storage or temporary 
storage required for DFLOT in the background. 

DFLOT uses 30 volatile o~ temporary storage locations; they 
are assigned as folltiws: 

Location 
Name 

Volatile or 
T.emporary Storage - "' 
Location 

"" 

Use 

O,I 

2,I 

G 3,I 

6+1., 4,I 

G+2 5,I 

SIGN 6,1 

ERRORS 7,I 

F 8,1 

C:. 130-1 Rav 10-07 

Contents of Q register 

Cont'ents of A regis~er 
I 

Contents of I regis;ter 
I 

Pseudo Accumulator - the three 
words of the double precision I 

floatin'g" poi.nt number are pla,-ced 
here. 'The pseudo accumulator is 
broken up into C, CI, D, and 
DELTA 

Sign register - sign double pre­
cision floating point number 

Error bits 
Bi,t 15 indicates exponent over­
flow 
Bit 14 indicates divide fault 
{divide by zero} 
Bit 13 indicates exponent under­
flow. These are used by IFALT to 
check for these floating point 
errors. 

1. Address of parameter 
or 

2. First word of a {three word} 
double precision floating 
po i nt number. 

It is used when two ,operands are 
needed, e.g. for an add. In this 
case F, F+1, and'F+2 are broken 
up into A, AI, B, BETA. 
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Volatile or 
- Location Temporary Storage 

Name Location Use 
I 

F+l 9,1 The second word of a {three 
. word} double precision floating 

point number. 
F+2 )'0,1 The third word of a {three word} 

double precision floating point 
; number. 

A 11,1 The most significant bits of the 
coefficient of the double pre-
cision floating point number. 

-
AI 12,1 . The intermediate significant 

bits of the coefficient ~f the 
double precision floating point 
number. o 

B 13,1 The least significant bits of 
the coefficiei1't"of"' the double 
precision floatl ngpo int number •. 

, , 

BE.,T A 14,1 Exponent of the double ·precision 
floa-ti ng point number ... 

" 

·C 15,1 Most sIgnificant bits of the co-
efficient of the double precision 
floating point number. 

CI 16,1 Intermediate significant bits of 
the double precision floating 
point number. 

.-

D 17,1 Least significant bits of the co-
I efficient of the double precision 

floating point number. 

DELTA 18,1 Exponent af double precision 
floating point number. 

-
SHIFCT 19,1 Shift counter.: 

o 

CA 138-' REV IO-lS7 
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Volatile or 
Location Temporary Storage 
Name Location Use 

P 20,1 Pseudo program address counter 
which is used by DFLOT to know 
where it is in the. users program 
when it wants to pick up more 

. parameters from the variable 
calling sequence or return to 
the calling program. 

RELADR 21,I Absolute/relative indication 

RELADR {~ 1 re I at~i-ve' addre'S's ° absolute address 

OP(NT 22,I Operation counter - keep~ track 
of which opera~ion cdde~is~being 

o proce,ssed. 

INDEX 23,I Effective address of parameter 

OPCODE 24, I Operation code h-older' . - holds the 
oper~tion {op} codes contained 
within the call. 

QS 2S,I Saves Q register __ upon -e-ntry into 
DFLOT 

TEMPQ 26,I Temporary Storage for many 
purposes 

TEMGP2 27,I Temporar.y Stora'ge for may 
purposes 

T1 Temp'orary Storage fo.r MSB of 
l/Divisor 

T2 Temporary Storage for ISB of 
l/Divisor 

T3 Temporary Storage for LSB of 
l/Divisor 

o MULDIV Multiply/Divide Flag; = 1 for 
Divide; .= 0 for· multiply. 

CA 138-\ REV \O'e7 
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12.4 Entry Points and Externals 

The routine DfLOT has one entry point~ DFLOT. DFLOT has 
two externals: AVOtA and AVOLR. 

12.5 Flowchart of DFLOT 

C.A 138-1 REV 10-e7 

The following abbreviations are used: 

MS8 = most significant bits 
IS8 = intermediate significant bits 
LS8 = least significant bits 

c 

c 
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SAVE Q; CLEAR 
THE ABSOLUTE/ 

RELATIVE ' 
INDICATOR 

CLEAR MULTIPLY/DIVIDE 
FLAG (MULDIV) ALLOCATE 

VOLATILE STORAGE 
INITIALIZE ERRORS TO 

CURRENT VALUE IN 
CELL :)C8 

DECREMENT 
INDEX TO 
EFFECTIVE 
ADDRESS OF 
PARAMETER 

STOREP 

SAVE RETURN 
ADDRESS 

IN P 

'INTERP 

CLEAR THE 
OP COUNTER 

OPCNT 

GET THE OP 
CODE AND sm 

IN OPCODE; 
INCREMENT P 

~ . .;y 
GET NEXT 
OPERATION 

CODE 

INCREMENT 

OPCNT 

ODE ~ 
SELECT LEFT 
OP CODE AND 
PlACE IN Q ' 

REST OF OP CODES 
APPEAR IN OPCODE 

SHIFTED TO FAR 
LEFT 

DFLOT 
Page 1 of 39 
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BRANCH 
ACCORDING TO 

OP CODE 

OP CODE t---------------
TO USER 

o 

1 

2 

TO USER 

TO USER. 

TO USER 

DFLOT 
Page 2 of 39 
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PAGE NO. ___ 1_2_-_2_7 __ _ DOCUMENTCLASS ___ ~I~M~S~~~~~~~~~~~rr-____ _ 
PRODUCTNAME ___ ~1~7~D~D~M~A~S~S~S~T~O~R~A~G~E-F~O~R~T~R~A_N _____ ~ ____ --~~~---
PRODUCT MODE L NO. __ .....:C:-,:D:-,:D:-5_*_3_._1_A_I_B ________ MACH I N E SER I ES _____ 1_7-0-0 __ _ 

OPERATION CODE a D 

DOUBLE STORE ACCUMULATOR (DFLST) 

1. .TEST FOR PROTECT 
VIOLATION. 

2. STORAGE ADDRESS 
IS PROTECTED. 

3. SIMULATE PROTECT 
VIOLATION. 

C A \30- IRE V 10-117 

SUBTRACT 
LOWEST UNPRO­
TECTED LOCA­
TION FROM AD .. 

SUBTRACT 
HIGHEST UNPRO 
TECTED LOCA­
TION FROM AD­
DUSS OF OPE 

3 

PICK UP CON­
TENT OF $22 
(zERO) AND 
STORE IN CAL-
LERS RETURN DRESS 

JUMP TO CALLE S 
RETURN ADDRES 

WHICH IS NOW 
ZERO 

DfLOT 
Page 5 of 39 



CONTROL DATA CORPORATION 
__ ~LA~J~O=-:L::.:L::.:.A~R~E:.::S:..:O-=U~R-=C:.=E--=C..:.E.:..:.N..:..TE::.:R:.=.-______ 01 VISION 

. DOCUMENT CLASS IMS PAGE NO. ___ 1_2_-_2_8 __ _ 
PRODUCTNAME _____ 1~7~0~0~M~A~S~S~~S~T~O~R~A~GE~F~O~R~T~R~A~N~ _____________ ~~~---
PRODUCT MODEL NO. C005*3.1 AlB ·MACHINE SERIES _____ 1_7_0_0 __ _ 

CA I3S·1 REV le·e7 

STORE 1ST WORD OF 
FLOATING POINT 

NUMBER IN CALLER'S 
RETURN ADDRESS +1 

STORE 2ND WORD OF 
FLOATING POINT 

NUMBER IN CALLER!S 
RETURN ADDRESS +2 

STORE 3RD WORD OF 
FLOATING POINT 

NUMBER IN CALLER'S 
RETURN ADDRESS +3 

DFLOT 
Page 6 of 39 
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OPERATION CODE ~ O~4 

END OF CALLING SEQUENCE {FENDi' 

1. RESTORE Q AND 

RETURN TO USER. 

LA JOLLA RESOURCE CENTER 
It1S Page 12-29 
1700 MASS STORAGE FORTRAN 
C005*3.1 AlB 
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~
EPACK AC;,MULATOR 
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FORM , 

I 

0 

, 

: 

0 

------

1·2~29 

br ... 
~ 
0 

0 
III 
> 
0 
a: 
Il. 
Q. 
~ 

G 
Q' 

t­
U 
U 
"l 
o 
c:: 
c. 

~. 

'% 
2 
... I-
~ z 
CI:! w 
0 ~ 
0. ::J 
cr U 
o 0 
u 0 
-< LIJ 
... a: < c( 
Q ~ 
..J l-
o U. 
cr 0 
t- I/) 

z 
0 
u 

! 

Ol)?J .[] 
!.IJ 
.J 

w CD 
at-"' o £r l-
u"' z 
W l: 0 
.J U - a:: 
n. 3: !!! LIJ 
~ 0 U I 
<.Jwt-
VI LL a 0 



CONTROL OAT.A CORPORATION 
__ -=L.:.:,A--=-J..;..O L=.:LIilL:A:..:-:R.:.:E:.;:S::..:O:;..::U:..:..;Rz...;::C::.::E:........;:C;.;:E~N~T-=E~R ______ 01 VISION 

PAGE NO. ___ 1_2_-_3_0 __ _ DOCUMENTCLASS ____ ~·I~M~S~~~~~~~~~~~------
PRODUCTNAME ____ ~1~7~0~0~M~A~S~S~.~S~T~0~R~A~G~E~F~OR~T~R~A~N~ ___ ~ ____ ~~ __ ~~~--__ 
PRODUCT MODEL NO. __ C_O_O_S_*_3_.1_A_I_B _____ ---- MACHINE SERIES _______ l_7_D_D __ _ 

OPERATION CODE - B 

DOUBLE FLOATING LOAD 
(DFLOD) 

1. FOLLOWING FIVE 
BOXES LOAD THE 
OPERAND .INTO G, 
G+1, AND G+2. 

ell. 138-1 REV 10-157 

PICK UP 3RD WORD 
OF· FLOATING POINT 
IiUMBER AND STORE 

IN G+2 

PICK UP 2ND WORD 
OF FLOATING POINT 
NUMBER AND STORE 

IN G+l 

PICK UP 1ST WORD 
OF FLOATING POINT 

NUMBER 

ELIMINATE 
MINUS ZERO 

BY INCREASING 
BY +0 

STORE 1ST WORD 
OF FLOATING 

POINT NUMBER 
IN G 

No 

STORE -1 
IN SIGN 

COMPLEMENT 
ENTIRE 
NUMBER 

STORE +1 . 
IN SIGN 

STORE 1ST WORD 
OF NUMBER IN 

LOCATION C 

DFLOT 
Page 8 of 39 
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CONTR'OLDA'TA CORPORATION 
__ --=L:.:.A..-..:..Jo.:..L=-:L::.:A:.:....-:.R~E::.;:S:;..;:O;..;::U~R;..;::C:.=E~C_=E....:.::N..:...T.=.E_.;.R ____ ' __ DIVISION 

PAGE NO. ___ 1_2_-_3_1_" __ DOCUMENTCLASS __ ~I~M~"S~~~=-==~~~~~~~ __ __ 
PRODUCTNAME ____ ~1~7~0~0~M~A~S-S~S~T-O~R-A-G-E--FO-R-T-R-A_N _________________ ~~~----
PRODUCT MODE L NO. __ C_0_O_S_*_3_-_1_A_I_B ______ MACH I N E SER I ES _____ 1_7_0_0 __ _ 

2. Unpack OPERAND into 
C. CI. D and DELtA. 

3. Floating Point number 
" is assumed to be zero 

since first word" is 
zero. 

CA 138-1 REV 10-157 

2 

S70RE 
EXPONENT OF 
NUMBERS "IN 

DELtA 

STORE 0, 15 
MOST SIGNIFI 

BITS OF NUMBER 

STORE 0, 15 
INTERMEDIA'm 

SIGNIFICANT BITS 
OF NUMBER IN CI 

STORE 0, 8 LEAST 
SIGNIFICANT BITS 
OF NUMBER AND 7 

ZEROS IN D 

3 

STORE ZERO IN 
C, CI"D, 
DELTA AND 
+1 IN SIGN 

DFLOT 
Page 9 of 39 



CONTROL DATA CORPORATION 
__ --=L.c.A~J.:!..:O Lta,;LI&.lAr.!-..J.R~E:.::S::..:O~U:J..:R~C:.t:IEt--::C:.:::E:.!.:N"-!..T.=.E~R ______ 01 VISION 

DOCUMENT CLASS 
PRODUCT NAME 

IMS 12-32 . PAGE NO.·,~'·'''"-' _______ _ 
1700 MASS STORAGE FOR1RAN 

PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES 1700 

REPACKING ACCUMULATOR 

1. If C is zero, then the 
PSEUDO Accumulator is 
zero. 

FLSTl 

PICK UP DELTA AND 
MANIPULATE BITS 

SUCH THAT 3 .! \ 

WORDS IN STANDARD 
FLOATING POINT 

FORM 

COMPLEMENT 
ENTIRE FLOAT­

INGPOINT "-
NUMBER' 

STORE FLOATING 
POINT NUMBER IN 

PSEUDO ACCUMULA­
TOR TEMP STORAGE~'-

• G+1 ANDG+2 

Yes 

S'IORE ZERO IN 
G, G+l, AND G+2 

THE PSEUDO 
ACCUMULATOR 

DFLOT 

o 

Page 10 of 39 
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FLOATING COMPLEMENT {FCOM} - 0 
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Il - Q. 
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1· A JUMP TO THE LABEL 
ANXT TAKES YOU TO A 
JUMP TO THE LABEL 
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C005*3.1 AlB Q ~ w 5 2 a: 
..J t- -[ ~ .~ UJ 
o l1. ~ 0 U I 
0:: 0 0(.Jl!Jt-
.... V) VI l1. 0 0 
% 
0 
U 

: 

m o a 



CONTROL DATA CORPORATION 
__ --=L.-.A.....;;.,J.;...o L=-L:;.;A;..;......:.R~E;;;..;;S;;...;O;...;;;U;;.;..R.;...;;(;.;;;E;...-.;;:(~E;..;..;:N~T.=E.-.R ______ 01 VISION 

DOCUMENT CLASS IMS PAGE NO. ___ 1_ 2_-_3_4 __ _ 
PRODUCTNAME ____ ~1~7~·D~O~M~A~S~S~S~T~0~R~A~G~E~F~OR~T~R~A~N~-----------------------
PRODUCT MODEL NO. (005*3.1 AlB MACHINE SERIES _____ 1_7_D_D __ _ 

. GET EFFECTIVE ADDRESS OF NEXT OPERAND 

1. Address is direct if indirect 
bit (Bit 15) is not set. 

2. RELADR-l if relative address 
and-O if absolute address. 

3. Absolute and Indirect address. 

GET ADDRESS 
OF ADC IN 

USERS PROGRAM 

STORE ADDRESS 

IN F 

PICK UP 
RELA'J:I.VE/ 
. ABSOLUTE 
INDICATION 

2 

ABSIND 

PUT '!'HE 
ADDRESS INTO 
Q REGISTER 

3 

DFLOT 

. (:J 

o 
Page 12 of 39 
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CONTROL DATA CORPORATION 
__ ..:::L.!.!,.A--.:::.J .:..0 L=..:L=.:A~R.!.:E::.::S:...:O~U:::.:..R:..:C:,.:E:.-=C:=E~N~T.=.E.:..:.R _______ 01 VI SION 

DOCUMENT CLASS IMS PAGE No. __ 1_2_-_3_5 __ _ 
PRODUCTNAME ___ ~1~7~0~0~M~A~S~S~S~T~0~R~A~G~E~F~OR~T~R~A~N~ ________ ~~~----
PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES ____ .... 1 __ 7_O_O ___ _ 

INDIR 

CA 138-1 REV IO-1S7 

COMPU'rE 
ABSOLUTE 
ADDRESS 

GO INDIRECT 
TO GET 
ADDRESS 

RELDIR 

.AS 

STORE ADDRESS 

IN F 

MAKE CALLER'S 
RETURN 
ADDRESS 

NEGATIVE 

ADD CALLER I·S . 
RETURN ADDRESS 
TO ADDRESS OF 

ADC OF PARAMETER 

DFLOT 
Page 13 of 39 
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.L2-'sb 
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( • • ~~~-r~ 

S. RETURN WITH 
'EFFECTIVE ADDRESS 

OF OPERAND-1 IN 
QREGISTER. 

PICKUP 
ADDRESS OF 
ADC OF PARAtETER 

OPADR 

LA JOkLA RESOURCE CENTER 
It1S Page 12-36 
1700 MASS STORAGE FORTRAN 
(005*3.1 AlB 

m 

PLACE EFFE.c~IVE 
ADDRESS OF 
OPERAND -1 
IN QREGISTEf 
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CONTROL DATA CORPORATION 
__ ..... L.aA--!tJ~OJaL.!aL£!.A--1l.R E!:::.S~O~U~RL.l..(==..!E=--.;(==..!E::..:N~T!...!E::.!R..!.-______ 01 VI SION 

DOCUMENT CLASS IMS PAGE NO. __ 1_ 2_-_3_7 ___ _ 
PRODUCT NAME __ --'l:!:1..7!....:0=..!0~M.!!..A:..:S=_=S:........:S:...:.T-=.O..:..:.R..:..:.A.=G.::.E~F..;:;..;OR:...:...1.:....:· R..;..;A..:-:N~_...:.....-.. ______ ___::;_; ......... :::;__--_ 
PRODUCT MODEL NO. (005*3.1 AlB MACHINE SERIES _____ 1_7_0_0 ___ _ 

OPERATION CODE a 9 

DOUBLE FLOATING MULTIPLY (DFMPY) 

1 •. Gets the floating point 
number and stores in F, P+1 
~nd F+2 then ~acks the 
number into 
A=O, 15MSB 
AI=O, 15ISB 
B=:O, 8LSB, 7 ZEROS 
BETAaEXPONENT 

2. A jump to .JMPOUT causes 
a jump to ARGO. 

C A 13 a- IRE V 10- e 7 

·GET ADDRESS 
OF NEXT 
OPERAND 

CHANGE SIGN 
IF NUMBER 

IS NEGATIVE 

DFLOT 
Page 15 of 39 



CONTROL DATA CORPORATION 
__ =LA~J=-O:..:L=.:L=:A.:.....:.R:..:E:.:S:...:O;..:U:.:..;:R:..:(:.:E--=(.::.E.:..:.N-=-T =.:E R:...:...-______ . 01 VISION 

DOCUMENT CLASS IMS PAGE NO. __ 1_2_-_3_8 __ _ 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. (005*3.1 AlB MACHINE SERIES ____ 1_7_00 ___ _ 

3. Multiply the MSB of one 
number by the MSB of the 
other number. 

NO ZERO 

MULTIPLY 
'C BY A 

STORE C*A 
IN TEMGP2 
STORE C*A 

IN G 

MULTIPLY 
D BY A 

STORE D*A 
MSB) IN TEMPQ 

(LSB) 

(MSB) 

(MSB) ·Rounded 

DFLOT 

o 

Page 16 of 39 
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CONTROL DATA CORPORATION 
......... --.:... . ..:::::;L.:...;.A--=.,;.J,.;;..:O L::.;L:::;:.;A~R.:.;E::.;S~O;...;;;U;..;..R;...;;C;;.;;;E---.;;;C~E..;..;;N..:..T.:;:;.E.:...;.R ____ ' ___ 01 VI SION 

DOCUMENTCLASS __ ,~~~M~S~~~~~~~~~~~ ____ PAGE NO. __ 1_2~-_3_9 __ ~ 
PRO DU C T NAM E _---:.......:1~7~0~0::--:..M~A;...::::S;.,.=S~S:_::_T..;;.O.:..;.R.;..:.A..:;.G=-E~F ..:;..:OR~T.;:...;R...:...;.A...:...;.N~_~ ______ --::-;:;-:-;;;--__ 
PRODUCT MODE L NO. ---.;.C_O_O_5_*_3_-_1_A_I_B ______ MACHI N E SER I ES _____ 1_7_0_0 ___ _ 

-15 4. Product a C*A+(C*AI+CI*A)X2 -30 
+ (D*A+CI*AI+C*B)X2 

5. This' routine checks for a carry 
in the 'A and Q registers. If A 
is negative, carry into Q. If 
Q is nesative, end around. 

DFLOT 
Page 17 of 39 

CA 138-' REV 10-67 

MULTIPLY 
CI BY AI 

STORE CI*AI 
INF 

MULTIPLY 
CI BY A 

STORE CI*A 
IN F+1 
STORE CI*A 

ADD DA TO 
CI*AI 

'STORE DA+CI*AI 
IN F+2 

STORE DA+CI*AI 
IN G+l 

MULTIPLY 
'C BY B 

4. 

USE FIXED POINT 
OPERATIONS IN 
FORMING THE 

PRODUCT 

(MSB) Rcunded 

(LSB) 

(MSa) 

, (MSB) 

(LSB) 

(MSB) 

(MSB) 

5 



CONTROL DATA CORPORATION 
__ ~L:.:..:A--=.J..:.O=-L =.;LA:.:.......:R..:..::E::.,;:S:::..,;o:..:U:.,:.R;,.;:C:,.=E=---=C;,.=E;..;,.:N:...;,.T.=E..:..:.R _______ 01 VI SION 

DOCUMENTCLASS ____ ~IM~S~ ____________________________ PAGENO. _____ 1_2_-_4_O ____ __ 
PRODUCTNAME _____ 1~7~0~0~M~A~S~S~S~T~O~R~A~G~E~F~O~RT~R~A~N~ ________________ ~~~ __ --~ 
PRODUCT MODE L NO. ---.:C:.,:0-.,;.0_5_*_3_-_1_A_I_B __________ MACHI N E SE R I ES ______ 1--'7_0_0 ____ _ 

6. This section rounds and 
truncates to 39 bits. 

7. Coefficient is of the 
form O~ 15MSB. but the 
15MSB are normalized 
such that a one appears 
in the first location of 
the MSB with SHlFCT 
keeping track of how many 
places have been shifted. 

.-_--.6 

STORE l5MSB 
OF PRODUCT IN 
G IN THE FORM 

O,l5MSB 

NORMLZ 

CLEAR THE 
SHIFT 

COUNTER 

STEP 6 

FIND THE POSITION 
OF THE FIRST 1 
BIT IN THE COEF­
FICIENT OF THE 
PRODUCT AND STORE 

IN SHIFCT 

STEP 6A 

PL.,,"CE 
NORMALIZED 
COEFFICIENT 

IN C 

STORE THE 
LSB IN D 
STORE THE 
ISB IN CI 

7 

ADD THE EXPONENTS 
OF THE 'lWO 

NUMBERS AND SUB­
. TRACT THE SHIFT 

COUNTER 

STORE RESULT IN 
DELTA, THE EXPO­

NENT OF THE 
PRODUCT 

DFLOT 

o 

o 
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CONTROL DATA CORPORATION 
__ ..:::L~A~J~O.:::.L.:::.LA~R~E::.:S::::..:O:..:U:::..!.R!...:C::.::E:.......::C:.=E:..:.:N~T..:::E~R _______ DIVISION 

12-41 
PAGE. NO.-------DOCUMENTCLASS ___ I~M~S~~~~~~~~~~~ ______ _ 

PRODUCTNAME ____ ~17~O~O~M~A~S~S~S~T~O~R~A~G~E~F~O~R~TR~A~N~ _____________ ~~-----
PRODUCT MODE L· NO. _C_O_O_5_*_3_._1 __ A_I....,;E3 ________ MACH I N E SER I ES _____ 1_7_0_0 ___ _ 

8. A jump to FMPXIT then 
causes a jump to NXTOPC 
(next OPcode). 

No 

CA 13D-1 REV 10-67 

No 

EXAMINE D­
THE LSB OF 

PRODUCT 

PICK OUT 
8LSB AND 

STORE IN D 

8 

DFLOT 
Page 19 of 39 
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FILL LSB WIT 
ZEROS. INC. 
MSB BY ONE 

S ETC=$4000 

INCREASE 
EXPONENT 
{DELTA} BY 

ONE 

SUBTRACT 
256-{~FF} 

FROM 
EXPONENT 

NO ... 

LA JOLLA R~SOURCE CENTER 
IMSPage 12-42 
1700 MASS STORAGE FORTRAN 
C005*3.1 AlB 

m 

STORE MSB 
IN C 

EL[MINATE 
NEGATIVE 
ZERO 
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CONTROL DATA CORPORATION 
__ -=L:.:.:A:.......=J..;:.O-=L-=L.:.;.A....;R:.:..:E::.;S=-O;;..;U::.:.R~C:..::E::...-.;:C:.::E:..:.N::..z.T-=E:.:..lR~ ______ DIVISION 

DOCUMENTCLASS __ ~I~M~S~~~~~~~~~~~~ ______ PAGENO. _____ 1_2_-_4_3 ____ __ 
PRODUCTNAME ____ ~1~7~00~M~A~S~S~S~T~O-R-A-G-E--F-O-R-T-R-A_N _______________ ~~------
PRODUCT MODE L NO. __ C_0_O_5_*_3_-_1_A_I_B _______ MACHI N E SE R I ES ______ 1_7_0_0 ___ _ 

1. A contains the sum of the 
first word of one ~rgument 
times the second word of 
the other argument and 
vice versa.. 

2. If A is negative, carry 
into Q. 

3. If Q is negative, end 
around. 

. CA 130-' REV 10-67 

PICK OFF 
ALL BUT 

HIGH ORDER 
BIT 

INCREASE 
Q BY ONE 

PICKOFF 
ALL BUT 

HIGH ORDER 
BIT 

INCREASE 
A BY ONE 

RETURN 

DFLOT 
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CONTROL DATA CORPORATION 
__ -=L:.:..;A~J __ O.:L.:L.:.:.A~R:..:.:E::.;:S=-O:...::U::.:.R.:...::C::.:E:..-.:C:.::E:..:.;N:...:.T-=E~R _______ DIVISION 

DOCUMENTCLASS ____ ~I~M~S~~~~~~~~~~~ __ ------
PRODUCT NAME 1700 MASS STORAGE FORTRAN 

PAGE NO. ___ 1_2_-_4_4 ___ _ 

PRODUCT MODE L NO. ---.;C~0;;..;;0~5;;...-*.....:;3;;...-• .....:;1~A~/.....:;8~ _____ MACHI N E SE R I ES _____ 1_7_0_0 ___ _ 

OPERATION CODE - A 

FLOATING DIVIDE (FDIV) 

1. . Gets the floating point 
number and stores in F, F+l 
and F+2, then unpacks the 
number into A-O,l5MSB 
AI-O, 15ISB 
B-O,8LSB, 7 zeros 
BETA-EXPONENT 

CHANGE THE 
SIGN--MAKE 
THE DIVISOR 
POSITIVE 

DFLOT 

o 

o 
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CONTROL DATA CORPORATION 
__ -=L:.:.:A--=-J~O.:::.L=LA:.:......:R..:.::E:.:S::..;:O:..:U:.:.R.:...:C:.:E:......:C:..:E:..:..:N:..:..T-=E.:..:.R ____ ---:-__ DIVISION 

DOCUMENT CLASS ·IMS PAGE NO. ___ 1 _2_-_4_5 __ _ 
PROOl.JCT NAME ___ 1~7.!...~0::::..:0~M...!.!.A.:...=S~S::.......:::S:...:.T.....::O...uR~A~G-=E--!-F-=-O:...:..RT~R:...:..:A:...:..;N:..:..-· ________ ----",-,==-:=-__ _ 

PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES _____ 1_7_0_0 ___ _ 

2. Round, Truncate and Normalize 
the results. 

CHANGE 
EXPONENT 

BETA := 

-BETA+1 

PERFORM mE OPERATION 

1 
....... _. -15 -30 

A+Alx2 +Bx2··~ 

CA \38-\ REV ~O·67 

DFLOT 
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'CO~T"ROL DATA CORPOR"ATION 
__ -=L:.!!A~J..:.O.!:::.L!:::.L:;;:A. ~R~E::.:S~O~U~R~C::.!:E:.....::C:.=E:...!.:N~T-=E..uR _______ 01 VISION 

PAGE NO. __ 1_2_-_4_6_~_ DOC U ME N T CLASS __ I~M=-S==--=---:-:-~:::-~=-=--=--=-::=---:~=-=-:~~ __ _ 
PRODUCTNAME ____ ~17~0~0~M~A~S~S~S~T~O~R~A~G=E~F~O~R~TR~A~N~ ________________ ~~~~~ 
PRODUCT MODE L NO. --..,;C;....0....;;:0;....5_*-.:.3_ • ....;;;1~A_/_B ______ MACHI N E SE R I E S _____ 1_7_0_0 ___ _ 

1. At ABGFO, the entire number 
is set equal to +0 
A-+O 
B-+O 
BETA-+1 

STEP 

STORE 3RD WORD 
OF FLOATING POINT 

NUMBER IN 
F+2 

STORE 2ND WORD 
OF FLOATING POINT 

NUMBER. IN 
F+1 

STORE 1ST WORD 
OF FLOATING ,POINT 

NUMBER IN F 

2A STORE 1ST 
WORD OF 

"NUMBER ,IN 
A 

PICK OFF 
EXPONENT 

AND STORE IN 
BETA 

Yes 

COMPLEMENT 
ENTIRE 
NUMBER 

1 

DFLOT 

c:' 

o 
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CONTROL DATA CORPORATION 
__ . =L.;,.:.A--=-J~OL:.;L::.;A~R..:..;;E::..;;S;;...;O;...;;;U;..;..R:....;:C;..:;;E~C~E..;,.;N..;...T..;;;;.E.;...;.R __ - _. _____ DIVISION 

DOCUMENT CLASS IMS PAGE NO. __ 1_2_-_4_7 __ _ 
PRO DU C T NAME 1 7 00 MA S SST 0 RAG E fOR T RAN 
PRODUCT MODEL NO. (005*3.], AlB MACHINE SERIES ____ -=1_7-=O-=O ___ _ 

c. 13 S- 1 REV 10- 67 

EXTRACT COEFFI-
CIENT FROM 

FLOATING POINT 
NUMBER SO THAT 
A=O,15MSB 
AI=0,15ISB 
13=0,8LSB"ZEROS 

LOAD 1ST WORD OF 
FLOATING POINT 
NUMBER INTO A 

RETURN 

DFLOT 
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/0-:. , 

N 

-DIVIDE CHECK WHEN DIVIDING BY ZERO 

LA JOLLA R~SOURC~ CENTER 
IMS Page 12-48 

SET 
Q=+l 

1700 MASS STORAGE FORTRAN 
C005*3.1 AlB 

< m u o 

!If 
t­
< 
o 

-< 

o 
III 
> 
o 
I: 
Q. 
Q. 
~ 

( "\, 
I~ 

I
"", -

.::: 

...... I z ... > 
::J"" .. 

::: ~ i ~ ... 
:::l..: ;:, =, i 
gu ~ !J ! 
o 0 1 3 

..... -'---- -.• -- .--- -

W 
.J 

W a:. 
o t- c( 
o c: t­
U c( Z 
W 1: 0 
..J U - c:: 
a. ~ ~ [ ~ 0 U) 
c( ..J W 
\I) II.. a 0 



o 

o 

o 

CONTROL DATA CORPORATION 
__ ..bLi..tJA-.l£J~O.JaL.JaL,!;!.A_' u.R =.,E S~O U::::.IRL.l..· C.llr.lEIa-C:a.:EI:..lNI.Z-T.L...:E~R.J--______ 01 V I SION 

PAGE NO. ___ 1_2_-_4_9 __ _ DOCUMENTCLASS_~I~M~S~ ___________ ~--------
PRODUCTNAME ___ ~1~7~0~O~, ~M~A~S~S~S~T~O~R~A~6~E~F~OR~T~R~A~N~ ________________ ~~~-----
PRODUCT MODE L N O. --=C:;,.;:0:;,.;:0:;,.;:5;,.-*-=3;,.-.-=1~A;..:../-=8~-.:-.. ____ MACH I N E SER I ES _____ 1_7_0_0_', __ __ 

1. If'A is positive, an 
overflow occurred. 

If A is not pooitive, 
an underflow occurred. 

CA 131S-1 REV 10-67 

OVERFLOW OR UNDERFLOt~ 

~ 
\I 

TRANSFER 
QTOA 

J 1 

EXAMINE 
A' 

SETE RR J, 
SET THE 

APPROPRLATE 
BITS IN 
ERRORS 

1 
SET C, CI, 

D, AND DELTA 
ACCORDING TO 

TABLE I 

NXTOP3 
I ' 

~ PC 

DFLOT 
Page 27 of 39 



CONTROL DATA CORPORATION 
__ -=L~A--=-J.:..O·L=-=:.:LA:.:.......:R.!.!E::.::S:..;:O:...:U:::.:..R~C::.:E=--=C:.:E:..:.::N~T=E.:.=.R _______ DIVISION 

DOCUMENTCLASS __ ~I~M~S=-~==-=~~~~~~~~ ______ PAGENO. __ ~_t_2_-_5_0 ____ __ 
PRODUCT·NAME _____ l=7~O~O~M~A~S~S~S~T~O~R-A~G~E~F~OR~T~R~A~N~ ________________ ~~ __ ~---
PRODUCT MODE L NO. _C_O_O_5_*_3_e_l_A_I_B ______ MACHIN E SER I ES _____ ,1_'_0_0 ___ _ 

,C 

~ rz.. r=. r=. 
~ r-- ...... ...... 

0- 0- (I'J-

~ I 

8 8 0 
0 

~ r.:c' rz.. 0 
r-- r-- 0 
(/)0 (I'J- (I'J-

0 , 
,.J 

rz.. E 0 

t: 0 .... 0 
c.J r-- r-- 0 

(I'J- (I'J- (I'J-

r.:c 
~ 

0 
r.:c 0 

c.J r.:c 0 
r-- r-- ..:t 
(/)0 (I'J- , <f> ' 

i~ SE-4 ~~ 
~~ S~ B~ 

DFLOT o 
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CONTROL 'DATA CORPORATIO'N 
__ ~L:.:;;:A~J:..:::O..!:=L:.I::IL~A--U.R.=.E:::.S..:..O~Uu.R .!:I.C DoE _CJI:I,;Et=..U..N T..L.JEIaJR~ ______ 01 VI SION 

DOCUMEN'T CLASS IM'S PAGE NO._~1=-2=--.-::5=-=1=--__ 
PRODUCTNAME ___ ~1~7~O~0_~MA~S~S~,S~T~O~R~A~G~E~F~OuR~TuR~AuNL-________ ~ ________ ~ ______ __ 
PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES ____ .=1...;..7.=0.=0 ___ _ 

OPERATION CODE = 8 

DOUBLE FLOATING SUBTRACT (DFSUB) 

1. Change the sign before 
entering the Add routine. 

C A 13 g- IRE V I 0-e 7 

GET NEXT 
OPERAND ' 
ADDRESS 

COMPLEMENT 
THE 'ENTIRE 

FLOATING 
POINT NUMBER 

1 

.. ' 

DFLOT 
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CONTROL DATA CORPORATION 
__ =LA:...:;....-J=-O;..:L::.;:L::.;.A.;,.--:.R.:..;:E;.;;;:S;...;;O....;;;;U..;..;:R:...;;C.;;;;;E.--;;;.C.;;;;;.E.;..;.N..;;...T E.;;;;.;R~ ______ 01 VI SION 

DOCUMENT CLASS IMS : PAGE No. __ 1_2_-_5_2 __ _ 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. C005*3.1 A /8 MACHINE SERIES _____ 1_7,0_0 ___ _ 

1. This section adds the 
floating point numbers 
in G and F and places 
the result in G. 

2. Jump out - back to NXTOPC, 
. get next OP code. 

OPERATION CODE • E 

DOUBLE FLOATING· ADD (DFADD) 

FADD2 

STORE 3RD WORD OF 
NUMBER IN F+2, 2ND WORD 
OF NUMBER IN F+1, AND 
1ST WORD OF NUMBER IN F 

COMPLEMENT 
1ST WORD 
OF NUMBER 

EXTRACT 
EXPONENT AND 
STORE IN BETA 

DFLOT 

C" 

o 

o 
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CONTROL DATA CORPORATION 
_~.' .. _'. ·.:;;.L;.;;.A_····,;;;"J 'O.;..; .. L;;;.;·L;;;.;A..;......;.R..;..;,;E:;..;S~O-.;;U;...;..;R;...;;C;...;;;E~C ...... E..;....N..;...T.;;;;..ER;..;..· _______ 01 VISION _ 

DOCUMENT CLASS IMS PAGE NO. __ 1_2_-_5_3 __ _ 
PRODUCT NAME 1700 MASS STORAGE FORTRA N 
PRODUCT MODEL NO. Co05*3.1 AlB MACHINE SERIES _____ 1_7_0_0 ___ _ 

CAI3D·IREV 10-87 

All 
MANIPULATE BITS SO 

THAT A=O, lSMSB 
AI=16ISB, B=8LSB 

8 ZEROS 

SHIFT D SO THAT 
D=8LSB, 8 ZEROS 
REMOVE BIT 15 FROM 
BOTH CI AND D 

FADD2l 

EXAMINE 
SIGN OF ONE 
NUMBER (G) 

COMPLEMENT 
C, CI, 
AND D 

.USE SECOND 
'VALUE AS 

ANSWER 

r:::J 
V 

DFLOT 
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· CONTROL DATA CORPORAT.ION 
__ ..... L..c:AI....-J,JuOu.L .... LIIJ:A~....L;R .... E ... SuO(,JilUu.:Rl..lIC-.JoEo.-..JIC-.JoEw.,NLlI-IIE ... Ra..-.. __ ' _____ 01 VI SION 

DOCUMENT CLASS IMS PAGE NO. ___ 1 _2 -_5_ 4 __ _ 
PRODUCTNAME ___ ~17~0~0~M~A~S=S~S=.T~O~R~A~G~E~F~O~RT~R~A~N~ ____ ~ ________ ~~~-----
PRODUCT MODEL NO. (005*3.1 A /8 MACHINE SERIES _____ 1_7_0_0 ___ _ 

3. This check is made by 
examining the difference 
of the exponents of the 
two numbers. 

C A 131- 1 .. E V 10· 6 7 

EXCHANGE EXPONENTS 
SO THAT THE ACCUMULATOR 

IS ALWAYS LARGER 
THAN THE ARGUMENT 

EXCHANGE 
COEFFICIENT 

C,CI,D,DELtA REPRESENTS 
THE LARGER NUMBER A, 
AI, B, BETA REPRESENTS 

THE SMALLER NUMBER 

ADDS3 

A REGISTER CONTAINS 
THE DIFFERENCE IN 
EXPONENTS WHICH IS 
A POSITIVE NUMBER 

COMPUTE 
DELTA -

BETA • 45 

DFLOI 
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CONTROL DATA CORPORATION 
~_-=L.:.;:.A~J.;:..;O L!:::.:L:.:A~R.l.!:E::.!;S::..!O~U~R~C:.!::E:.-...!:C~E~N~T..!::.E!.l.R _____ ~_ DIVISION 

DOCUMENTCLASS __ ~I~M~S~~~~~~~~~~~~------ PAGE NO. ___ 1_2_-_5_5 __ _ 
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODE L'~N-=O-. ~~C~0~0~5~*i3~.!1::~A~/1B::~~~~~~~~~~~..!.!M-A-C-H-1 N-E--SE-R-I-E-S ========:1=7:0:0======= 

4. RESULT is result of 
DEL~-BE~-45; is there 
"TOO" great a difference 
between the numbers. 

5. Shift smaller number 
right (DEL~-BEtA) and 
set the sign of MSB to 
positive. Shift LSB 
right 1 and set the 
sign of LSB positive. 
Clear the carry to bit 
15 and add 1 to MSB 
positive the smaller 
number. 

CAl 138-1 REV 10-67 

MANIPULATE BITS SO 
THAT ])::O,llLSB, 

4 SIGN BITS, Cm3 
ZEROS, 13MSB. 

AS3l 

MANIPULATE 
COEFFICIENT 

ADD LSB OF 
THE '!WO 
NUMBERS 

CLEAR OVER­
FLOW AND SET 

FLAG IN Q 
FOR A CARRY 

5 

LEAVE THE LARGER 
NUMBER IN THE 
ACCUMULA'l'ORAlID 

GO ON 

DFLOT 
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CONT-ROl DATA CORPORATION 
•. ___ ... LA:.:.-..... J·O~L ... L.Ill.iAu.......IR~E=-=S~O:...:U::.&.R~C::.llE--.::C:ucE.u.N;:...:T'-=E:..:.;R .... · _____ ...;..;..._-OI VI SION 

DOCUM·ENt CLASS __ I=.;M~S:::__~~~____,~~ __ ~~ ___ --- PAGE NO. __ 1_2_-_5_··6 __ _ 
PRODUCT: NAME _. __ ~1=7 =0:;...0 .....;M=-=A..:..;S:::-=S~S:;.:::T~O;..:..:R~A:...=G;,.=E~F-=-O.:.::.R..:...T~R:..:..A:..:..N _________ =--"=---__ _ 

PRODUCT MODEL NO. _C_O_O_5_*_3_e _1_A_I_B ______ MACHI N E SER I ES _____ 1 7_0_0 ___ . 

CA 138-1 REV IO-fS7 

AS6~ ____ ~ ___ __ 
ADD 1SB OF 
'!WO NUMBERS 

AND CARRY 
IF NECESSARY 

AS601 .,..;;.;-----"-----
ADD MSB OF 
TWO NUMBERS 

AND CARRY 
IF NECESSARY 

-DFLOT 
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CONTROL DATA CORPORATION 
__ ....J,;la..t:A~J~O~L .... L.cA---UR..I:::I.E.::::.S~O.:::=.U.u..R~C.!a.E~C.l:LE:..:..N...L.TEI:::.iR~ ______ 01 VISION 

DOCUMENTCLASS ____ ~I~M~S ____________ ~~~~~------- PAGENO. ____ 1_2_-S_7 ____ __ 
PRODUCTNAME_· ____ ~1~70~0~M~A~S~S~S~T~O~R~A~G~E~F~O~R~T~RA~N __________________ ~~------
PRODUCT MODEL NO. __ C;;;.-0_0_S_*_3_e_1 __ A_I_B __________ MACH I N E SER I ES _______ 1_7_0_0 ____ _ 

6. Result is result of 
addition. of MSB and 
carry bit. 

7. Minus zero is 
Q=7FFF 
AaFFFE 

C" \3D-\ RE V \0-e7 

AS6l 

CLEAR CARRY BIT 
AND ADD 1 TO 

LSB (END AROUlm 
CARRY) 

INCREASE MSB BY 
ONE ADD CLEAR 
CARRY BIT' IN 

LSB 

MANIPULATE BITS SO 
THATD=lOLSB, 6 SIGN 
BITS, Ccr3 ZEROS, 13MSB 

CIa 16ISB 

DfLOT 
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n 

8. IF S.£Q.V, THEN V IS 
SIGN EXT£NSION. 
IF S.NE.V, THEN RESULT 
OVERFLOWED INTO V. 

" 8 SAVE SIGNS 
AND OVERfLO ~ 
{V} IN BITS 
1 AND 0 

BRANCH 
ACCORDING 
TO. VALUES 0 ~ 
S AND V 

SV 

00 

01 

10 

..-.----.....,;; .. '~2 

.-----e1 

t-----~~E) . 
11 

LA JOLLA RESOURCE ENTER 
IMS Pag~ 12-58 
1700 MASS STORAGE FORTRAN 
C005*3.1 AlB 

c( 

to-___ ~2 

u o 

c: 
o u 
z ~ 

I ~ 

s 

o 
c:: 
Co 

~ ~ 
0: LI.J 

o ~ 
n. :) 
0: U 
o 0 
U 0 
-< W 
to- cr 
~ #( 
Q ~ 
~ ... o u... 
0: 0 
I- Vl 
Z 
o 
U 

I~I 
JJ 

C· 
i 

rn 
u ;: 
L" 0( 

« 
0. ~I 

« 

> 

-
... 

-c 

~~~~--~~~~~- -------
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CONTROL DATA CORPORATION 
__ -IoI..z.A~.'.uI·Qu.I ..... I.-..c:' A:a..-&,;R~E_SiUQ,"",Uol.LR~C ... E--.lC ... E ..... N.a...TI.o.IIE .... R.a...-____ ---:-_ 01 V I SION 

DOCUMENJ CLASS IMS PAGE NO. ___ 1_2-..;..,. 5_.9_~_ 
PRODUCTNAME ___ ~1~7~00~M~A~S~S~S~T~O~R~A~'G~E~f~O~R~T~R~A~N ____________ ~~ ___ __ 
PRODUCT MODEL NO. (005*3.1 AlB MACHINE SERIES _____ 1_7_O_O ___ _ 

cot. 138-1 REV 10-1S7" 

NO OVERFLOW 

SET C, CI, AND 
TEMPQ TO SIGN+39 
" BITS OF COEFFI­

CIENT +8 ZEROS 

OVERFLOW OCCURRED 

INCREMENT 
THE EXPONENT 
SINCE OVERFLOW 

SET CJ CI, AND 
TEMPQ TO SIGN-+­

OV+39 BITS OF 
COEFFICIENT +7 

ZEROS 

DfLOT 
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CONTROL DATA CORPORATION 
__ -=L:.:.,:A:.......::;J..;;.O..:L..=L.:.:,A-:..:.;R E:.;S=-O.:...;U::..:.R.:...;C::.:::E::.....-..;;C:.:E~N:...:.T-=E:.:..:R~ ______ 01 V I SI ON 

DOCUMENT CLASS IMS PAGE NO. ___ 1_2_-_6_0 __ _ 
PRODUCT NAME __ --"'-1...:.,..7.w..0w..O --,M!J.JA~SoL!:S~S:!..JT~OU-lRu:lAw:G~E~F~O.!.l.R...!...T.u.R!;!.A ~N _________ ~ ______ _ 
PRODUCT MODEL NO. C005*3.1 A /8 MACHINE SERIES ____ 0_1_7_0_0 ___ _ 

9. Save the sign and magnitude 
of the results. 
On entry 
C-SIGN+15MSB 
CI-=16ISB 
D-SLSB+8ZEROS 

CA. \38-\ REV \0-&7 

9 

SET SIGN TO 
-1 

(NEGATIVE) 

COMPLEMENT 
ENTIRE 

COEFFICIENT 

DFLOT 
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·:C.ONT ROL DATA CORPORATION 
__ -=L:;.;..A;;......;;J...;.O..;;;;;L;.;;;;L..;...;.A--.;..;.R·;;;..E;;;..S.;;..O U;;;;..;R~C;;;;..;E~C;;..;;E;;..;.N..;..;T __ E~R~ ______ 01 VISION 

DOCUMENTCLASS ___ ·~I~M~S~~~--~~~~~=_~------- PAGENO. ____ 1 _2 _-_6 _1 ____ _ 
PRODUCTNAME ___ ~1~7~0~0~MA~S~S~S~T~O~R~A~G~E~F~O~R~T~R..;...;.A..;...;.N __________________ ~~------
PRODUCT MOD E L NO. _C_O_O_5_*_3 __ -1._A_I_B _________ MACH I N E SE R I ES _____ 1_7_0_0 ___ _ 

10. Ca0+15MSB 
CIa16ISB 
l):r8LSB+8ZEROS 

CA US-I REV 10-67 

SET SIGN TO 
+1 FOR 

. POSITIVE 
NUMBER 

ADDS7 

STORE C IN 
10 

; STORE CI IN 
G+1; STORE D 

IN G+2 

ZERO OUT 
BETA 

DfLOT 
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CONTROL DATA CORPORATION 
__ ..!:L:.:;:A---=::.J..:.O=LL=-A:.:.-..:R:.!.:E=-:S:::..;O:..:U::..!.R~C::.=E=--::C:.::E:..:.:N:..:.T-=E~R_~ _____ 01 VI SION 

DOCUMENT CLASS IMS PAGE NO. ___ 1_3_-_1 __ _ 
PRODUCTNAME ____ ~1~7~0~0_M~A~S~S~S~T~O~R~A~G~E~F~O~R~T~R~A~N~ __________________________ __ 
PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES ______ 17..:.....;0!&.:0 ___ _ 

CHAPTER 13 

TAB L E o F CON TEN T S 

13.0 OBJECT TIME DOUBLE PRECISION INTRINSIC FUNCTIONS 
AND COMPILER SUPPORT ROUTINES 

13.1 " General Description 

13.2 Q8DAB Routine 

13.3 DSIGN Routine 

13.4 Q8DFLT Routine 

13.5 SNGL Routine 

13.6 Q8DBLE Routine" 

13.7 

CA 138-1 ~EV 10-67 

DRSTOR Routine - Double Precision Compiler Support 
Object Time Routine 



CONTROL DATA CORPORATION 
__ -=L:.:..:A--=-J.;;.O=LL~A ......:R~E:..:·S:...:O:..::U:..:.R.:..::C::.::E:.-.:C::..::E~N:..:..T-=E~R _______ 01 VISION 

DOCUMENT CLASS IMS PAGE NO. __ 1_3_-_2 ____ . ('. 
PRODUCTNAME_' ___ ~1~7~0~0~M~AS~S~S~T~O~R~A~G~E~F~O~R~T~R~A~N~___________________________ ~ 
PRODUCT MODEL NO. C005*3.1 AlB MACHINE SERIES ____ -'!!!1:!....:.7...=0:.:=0=--__ _ 

13.0 OBJECT TIME DOUBLE PRECISION INTRINSIC FUNCTIONS 

13.1 General Description 

The following Object Time Intrinsic Functions are 
included in this chapter: 

Intrinsic Functions 

DABS{X} 
DSIGN{X .. ,V} 
DFIX{X} 

DFLT{I} 
SNGL 
DBlE 

I/O Routine 

Q8DAB 
DSIGN 
FXFl {See Chapter 10 

for Description} 
Q8DFlT 
SNGL 
Q8DBLE 

13.2 Q8DAB Routine 

CA 138-' REV 10-&7 

This routine .. which is written in 1700 Assembly Language.. C, 
computes the absolute value of a double precision 
floating point number and leaves the result in the 
pseudo accumulator. 

The calling sequence is: 

RTJ DABS 

1. address of argument 

The entry points are: 

Q8DAB 
DABS {which is equated to Q8DAB} 

The external declared is: 

DFlOT 

The low core locations used by this routine are: 

DFlACC. {$C5 .. $Cb .. $C7} Double Precision pseudo 
accumulator 

MASKSB {$11} Mask $7FFF 

------------------------



o 

o 

o 

CONTROL DATA CORPORATION 
__ -=L;.;.;A.-..;;.J..;..O=.L=.L;..;:..A .....;R;..;..;E=..;S;;;..O;.,.;;U;:;..;.R..;...;C=E:.......;:C:.;:;E;..;:..N;..;.T-=E:.:...:R~ ______ 01 VISION 

DOCUMENT CLASS IMS PAGE No. ___ 1_3_---.;3~ __ _ 
PRODUCTNAME ____ ~1~7~0~0~MA~S~S~S~T~O~R~A~G~E~F~O~R~T~RuAuN~ ______ ~ __________________ __ 
PRODUCT MODEL NO. (005*3.1 ALB MACHINE SERIES ____ -=1~7-=0::..::0~ __ _ 

13.3 DSIGN Routine 

This routine, which is written in 1700 Assembly Language, 
computes the sign of the second argument times the 
'absolute value of the first argument and leaves the 
result in the pseudo accumulator.· 

The calling sequence is: 

RTJ DSIGN 

1~ address of first argument 
2. address of second argument 

The entry points are: 

Q8DSG 
DSIGN {which is equated to Q8DSG} 

The declared external is: 

DFLOT 

The low core locations used by this routine are: 

A1 
A2 
FF 
QS 

{$D8} 
{$D9} 
{$E:1} 
{$E2} 

used to save I "register 
used to save Q register 

13.4 Q8DFLT Routine 

CA 1311-1 REV IO-1S7 

Entry DFLT 

This routine, which is written in 1700 Assembly Language, 
performs the conversion of an integer number into a 
double precision floating point numb~r~ 

The calling sequence is: 

RTJ DFLT 

1. address of argument 

The external declared, is: 

FLOAT 



CONTROL DATA CORPORATION 
__ ... L;gA~J..xO ... L ... LIoI;;lA~--uR .... E~S:.&O ... U:..uR~.C .... E~C .... E...!.IN ...... T .... Ew.JR""""--______ . 01 VI SION 

DOCUMENT CLASS IMS PAGE NO. ___ 1_3_-_4_.· _~-'--
PRODUCT NAME 1700 MASS STORAGE FORTRAN 
PRODUCT MODEL NO. (005*3.1 AlB MACHINE SERIES ______ 1'-'-7 .... o~0 ___ _ 
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The low core locations used by this routine are: 

MASK {$11} MASK bit pattern $7FFF 
QS {$E2} used to save Q register 

'Entry Q8DFLT 

This routine, which is written in Assembly Language, 
performs the conversion {across the equal sign} of an 
integer into a double precision Floating Point, Number 
{DP=I}· 

The calling sequence is: 

LDA I {the integer value to be converted is in 
the A register upon entry} 

RTJ Q8DFLT 

The external declared is: 

Q8QFLT 

The low core location used by this routine is: 

QS {$[2} used to save Q register 

SNGL Routine 

This routine, which is written in 1700 Assembly Language, 
obtains' the most significant 32 bits of a double 
precision argument. 

The calling sequence is: 

RTJ SNGL 

1. address of argument 

The entry points are: 

SNGL 
Q8SNGL {which is equated to SNGL} 

The external declared is: 

FLOT 

-----~~--.-------'---------. 
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The low core location used by this routine is: 

MASK {$11} MASK word $7FFF 

13.6 Q8DBLE Routine 

This routine, which is written in 1700 Assembly language, 
expresses a single precision number {the 2-word argument} 
in double precision form {3-word result}. 

The calling sequence is: 

RTJ DBlE 

1. address of argument 

The entry points are: 

Q8DBlE 
DBlE {which is equated to Q8DBlE} 

The low core locations used by this routine are: 

DFLACC {$C5~$C6,$C7} Double Precision Floating 
Point Pseudo Accumulator 

MASK {$11} Mask utilizing the following 
bit 'pattern $7FFF 

ZERO {$22} low Core cell containing Zero 

13.7 DRSTOR Subroutine - Double Precision Compiler Support 
Object Time Routine 

CA \38-\ REV \0-157 

This subroutine is called by the FORTRAN compiler to 
perform double precision and single precision pseudo­
accumulator stores which are necessary to provide 
efficient generated code. This subroutine is coded in 
1700 Assembly language. It contains the following 
entry points: DSTOR1, RSTOR1, and DSTOR2. 

The low core locations used by this routine are: 

CZERO {$22} low Core cell containing Zero 
DFLACC {$C5,$C6,$C7} Double precision floating 

point pseudo accumulator 
MASK {$11} MASK bit ·Pattern $7FFF 
QS {$E2} Used to save Q registe~ 
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Entry Point DSTOR1 

This routine obtains values stored in $(5, $(6, and 
$(7 and stores them in the parameter argument. 

The calling sequence is: 

RTJ DSTOR1 

1. address of double precision argument 

The input to the routine is in cells $(5, $(6 and $(7. 
The output from the routine is the contents of cells 
$(5 and $C6 along with the value zero stored in the 
parameter argument. 

Entry Point RSTOR1 

This routine obtains values stored in $(5, $(6, and 
$(7 and stores only $(5 and $(6 in ,the parameter argu­
ment which is single precision argument. 

The calling sequence is: 

RTJ RSTOR1 

1. address of single precision argument 

The input to the routine is stored in cells $(5, $(6 
and $(7. 

The output from the routine is the contents of cells 
$(5 and $(6 into the parameter argument. 

Entry point DSTOR2 

This routine obtains values stored in the pseudo floating 
accumulator' {cells $(5 and $(6} and stores them in the 
parameter argument. The routine also stores a zero into 
cell $(7 as well as into the third word of the parameter 
argument. 

The calling sequence is: 

RTJ DSTOR2 

1. address of double precision argument 

c,~ 
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The input to the routine is stored in cells $C5~ $C6 
and $C7 .. 

The output from the routine is the contents of cells 
$C5 and $C6 and the value zero all stored in the 
parameter argument. Cell $(7 is also set to zero. 
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1. Is address negative? 

2. Do a 'double precision 
floating point load of 
argument into pseudo 
accumulator. 

C A 13 e·, A E V , 0-e 7 

DABS 

Pick Up 
Address of 
Argument 

Store Address 
of Argument 
in DABSPM 

Compute 
Return 
Address 

Pick Up 
Argument in 

Floating 
J?oint Form 

Yes Get Absolute 
Address of 

Argument 

Q8DAB 
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3. Do a double preclslon 
floating point complement 
of the argument of DABS. 

Yes 

CA 138-1 REV lo-e57 

RETURN 

Q8DAB 
Page 2 of 2 
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DSIGN 

Save Q and 
I Registers 

Q 4-QS 
I -+FF 

Zero Out 
I Register 

DSO 

DSl 

Pick Up 
Address of 
Argument 

Compute 
Direct, 
Address 

Store ... · 
Argument .. 
Addresses 
in Al,I 

Yes 

DSIGN 
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4. Have we just processed 
the first argument's 
address. 

5. Do a Double Precision 
floating point load of 
1st argument. 

CA 130-1 REV 10-&7 

Increment 
SIGN 

Pick Up 1st 
Argument in 

A.and 2nd 
. Argument in Q 

Eliminate 
Negative 

Zero 

Yes Increment 
I Register 

DSIGN 
Page 2 of 3 
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Ds4 

Restore Q 
and 

I Registers 

Return 

DSIGN 
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1. FLOAT the integer 
parameter argument. 

C A \38- t REV t 0-67 

Pick Up 
Address of 

Argument 

Store 
Address of 

Argument in 

Set Cell 
$C7 to 0 

Complete Return 
Address 

Return 

Set Cell 
$C7 to -0 

Q8DFLT 
Page 1 of 2 
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1. Perform conversion of 
an integer to a 
floating point number. 
Input is in A register. 
Output is a floating 
point number contained 
in cells (5 & (6. 

CA 138-1 REV 10-67 

Q8DFLT 

Save 
Q Register 

Set Cell 
$C7 to 0 

Restore 
Q Register 

Return 

Set Cell 
$C7 to -0 

Q8DFLT 
Page 2. of 2 
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1. Do a floating point 
load of argument 
into pseudo accumulator 
{Cells $C5 & $Cb}. 

CA 138-1 REV lo-en 

Save 
Q Register 

Pick Up Address 
of Argument 

Yes Get Absolute 
>----t>i Address of 

Argument 

Store Address 
of Argument 
in LOADAC 

Compute Return 
Address 

Restore 
Q Register 

Return SNGL 
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DBLE 

Pick Up Address 
of Argument 

Store Address 
of Argument 

in Q Register 

Store 1st Word 
of D.P. Argument 
into Cell $C5 

Set Cell 
$C7 = 0 

Store 2nd Word 
of D.P. Argument 
into Cell $C6 

Compute 
Return Address 

Set Cell 
$C7 = -0 

Return 

Q8DBLE 
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DSTORl 

Pick Up Address 
of Argument 

Store Address 
in Q Register 

ARG = C{$C5) 
ARG+l 1:1 C{$C6) 
ARG+2 = C{$C7) 

Restore 
Q Register 

Complete 
Return Address 

Return 

Yes Get Absolute 
Address of 

DRSTOR 
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RSTORl 

Store Address 
in Q Register 

ARG :: C($C5) 
ARG+l == C($C6) 

Restore 
Q Register 

Complete 
Return Address 

Get Absolute 
.Address of 
Ar ument 

DRSTOR 
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Store Address 
in Q Register 

ARG+2 == 0 
$C7 == 0 

ARG+l ::: C($C6) 

Restore Q Register 

Compute 
Return Address 

Return 

Get Absolute 
Address of 
Argument 

No ARG+2 m -0 
$C7 m-O 

DRSTOR 
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