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ABSTRACT

A compiler for a subset of the Automated Data Processing
Equipment Selection Office (ADPESO) HYPC-COB0L has bdeen
implemented on a microcomputer. The implementation provides
aucleus 1level constructs and file options from the ANSI
COBOL package along with the PERFORM UNTIL construct from a
higher 1level to give increased structural control. The
language was implemented through a compiler and run-time
package executing under the CP/M operating system of an 808¢
microcomputer-based system, Both the compiler and
interpreter can be executed in 20K bytes of main memory. A
program consisting of 8.5K bytes of intermediate code can bde
supported on this size machine. Modification of the compiler
and interpreter programs can be accomplished to taxe
advantage of larger machines. The programs that make up the
compiler and interpreter package require S5@K bytes of disk

storage.
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I. INTRODUCTION

A. BACKGROUND

The NPS MICRO-COBOL Compiler/Interpreter was initially
(1976) developed to demonstrate that it was feasidle to
implement a COBOL compiler on a micro-computer. It was known
that the COBOL 1language used would have to be a subset of
ANSI COS0L because of the restriction imposed by the size of
a micro-computer memory. A subset of ANSI COBOL,
svecifically ADPSO HYPO-COBOL, was selected as the basis for
the implementation (3]. Additional motivation was provided
by the DOD requirement that all computers used in a
non-tactical environment be capable of executing COROL.

The previous work was directed towardi five major areas:
1.) selecting a suitadble COBOL subset to operate on, 2.)
develop the assocliated grammar for the language, 3.)
determine what type of compiler to design, 4.) design and
code the compiler, and 5.) design and code the interpreter.
The 1interpreter performs the functions of a classical
linking 1loader, resolving forward address references and
establishing the run time intermediate code environment, as
well as, executinag the intermedite code.

The establishment of a suitable 1language was easily
determined since HYPO-COBOL was a Department of the Navy
approved subset of COBOL, designed to place minimal

requirements on a system for compiler support. Where
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20ssibvle, short constructs were used in the place of longer
ones. Where more than one reserved word served the same
function in COBOL the shortest form was used. There is no
optional verbage 1in the 1language, and no duplicate
constructs perform the same function. Limits were placed on
all statements that had a variadble 1input format so that all
statements had a fixed maximum length. Where possible, such
constructs were removed completely from the language. In
addition, user defined identifier names were limited to
twelve characters to reduce symbol = table storage
requirements.

Rather than include the standard levels of
implementation for all of the modules, constructs were
included only as required. In addition to 1low level
constructs, the PERFORM UNTIL construct was included to
allow better program structure. Further justification for
the manner of subsetting ard a highly detailed description
of each element of the 1language is contained in the
AYPO-COBOL language specifications reference 3. For a
comparison of HYPO-CO30L constructs that are not supported
by MICRO-CCBOL see appendix G.

The grammar for the MICRO-COBOL language was defined as
LALR(1). The <compiler design was based on a table-driven
parser for the LALR(1) grammar. The algorithm used to
develope the parse tables for the compiler was developed by
V. Lalonge [17].

The bYasic design and coding of the compiler and
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interpreter was completed prior to the current thesis work
by Scott Allan Craig (2). Modification to the original
thesis work was conducted by Phil Mylet (15].

B. OPERATING ENVIRONMENT

The NPS MICRO-COBOL compiler and 4interpreter are
designed to run under the CP/M operating system on an 8080
or 788 ©based microcomputer with at least 20K bytes of main
memory. The compiler programs are designed to use no more
than 12K bytes of main memory, while the interpreter program
uses approximately 8K Dbytes. The compiler and interpreter
require 50K bytes of disk storage for the programs that make
up the compiler/interpreter package. For information on
creating MICRO-COBOL source programs and CP/M see references

4 and S.

C. GOALS AND OBJECTIVES

The primary goal of this thesis project was to complete
the implementation of an 8089 microcomputer based
compiler/interpreter, which could compile and execute a
subset of the  ANSI Standard HYPO-COBOL language
specification. To achieve this goal both the compiler and
interpreter would require testing, dedugging, modification
and implementatican (extension) of any necessary additional
language constructs. It was also decided that while testiag

and dedugging, the documentation of the compiler’s and

10




interpreter’s 1internal structures, memory organization,
interfaces and module functions would be accomplished.

Since the amount of testing and debugging effort could
not bYe accurately determined, several subgoals vere
estadblished which would be undertaken if adequate time was
available. These time dependent goals included the
validation of the compiler and interpreter and the inclusion
of additional language constructs not previously
implemented.

In addition to the above goals, it was considered
beneficial to update and 1incorporate all previous thesis
iocumentation into the present NPS MICRO-COBOL compiler and
interpreter documentation. This documentation is appended to

this thesis.

D. PRCBLEM DEFINITION

For software performance assessment, a series of simple
COBCL source programs and the Navy Automated Data Processing
zquipment Selection Office HYPO-COROL validation test
programs (HCCVS) were compiled and execution was attempted.
An evaluation of the test results indicated that the
compiler and interpreter could only compile and execute very
simple test programs. In particular, the compiler was unable
to compile past the flle section of the first validation
program.

A review of the compiler and interpreter documentation

led to several additional <conclusions. The compiler and

11
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interpreter were difficult to understand, and program logic
flow was hard to follow, because: 1.) modular functions were
not explained well, 2.) documentation on the module
interfacing was inadequate, 3.) complete specifications
descriding the internal structures and memory organization

did not exist, and 4.) few comments were included within the |

source code listings.




IT. NPS MICRO-COBOL COMPILER

A. GENERAL DESCRIPTION

The MICRO-COBOL compiler is a one pass compiler that
scans and parses MICRO-COBOL source programs, and generates
intermediate code (pseudo-instructions) for the 1interpreter
{(pseudo-machine). The scanner design is similar to most
other scanner implementations. The parser is an LALR(1)
table-driven design, implemented 1in the PLM8@ programming
language [8]. The parse tables, as stated before, were
generated using an algorithm developed at the University of
Toronto [171.

The compiler reads the source program from a disk file,
extracts the needed information for the symbol tadle and
writes the pseudo-instructions to an intermediate code file.
To accomplish this function, the compiler consists of three

modules: PART CNE, IREADER, and PART TWO.

B. SYMBOL TABLE

The symbol table 1s the key data structure in the
compiler. Information concernirg identifiers, files, and
records specified in the DATA DIVISION of the MICRO-COBOL
source program is stored in the symbol tadble, along with

lavels specified in the PRCCEDURE DIVISION.

The symbol table structure consists of: 1.) a sixty-four




address hash table, 2.) a fixed length field of thirteen
bytes for each symbol table entry, and 3.) a variable length
field to hold the name of each identifier. Since ' each

identifier name 1is 1limited to twelve ASCII characters the

symbol tabtle entry for identifiers can vary in 1length from.

thirteen to twenty-five bytes. The bytes of each symbdol
table entry are grouped into various fields of either one or
two bytes derending on the storage requirements. The
thirteen bytes of the fixed length field eantry are numbered
from zero to twelve and the variable 1length field Dbegins
with bdyte thirteen. In referencing a svecific field a bdyte
index with a value from zero to thirteen is utilized.

The symbol table entry for a single 1identifier could
contain wup to nine different attridutes of that identifier,
although not all identifiers required the <full range of
attribvutes. The various fields in the symbol tadble contained
different {information depending on whether, for example, an
identifier was a numeric or alphanumeric type. Four of the
fields contained the same information for all identifiers.
These fields were: 1.) field zero (bytes zero and one )
contained the <collision 1link, 2.) field one (byte two)
contained the type of the identifier, 3.) field two (bdyte
three) contained the length of the identifier name, and 4.)
field thirteen (byte thirteen) was the ©beginning of the
ASCII character representation. It should bde noted that an
identifier of type FILLER would not have a name associated

with it, so field two would contain a zero and field

_._.‘.-‘ 1.'_“‘& Y "'E‘
AaE "iké*
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thirteen would not exist.

Entry into the symbol table is accomplished by using a
HASHE function on the ASCII character representation of the
identifier name. This function eenerates an even numbder
between zero and 126. The number is used as an index into
the hash tabdle dy specifying an offset from the base of the
hash table. The hash table can hold sixty-four uniquely
determined address references to identifiers. The hash table
entry associated with each index reference heads a 1linked
list of identifiers with the same HASH function value. The
linked 1ist structure provides for additional identifier
storage and therefore the number of unique identifiers is
not limited by the sixty-four index values generated by the
HASH function. A zero entry inm the hash tadle indicates that
there s 1no identifier with that HASH function value. In
tracing throush the linked 1list of identifiers the most
recently declared variabdle appears at the end of the list.
See figure [II-1] for an example of the computation of a
hash value. See figure [II-2] for and example of the hash

table indexing and linking of hash values.




HASH VALUE COMPUTATION

HASH Function value: sum of identifier ASCII characters
logically and with 3FH then shifted left (SHL) one bit.
HASHBASE = 2009H

E.F.(AB) = RASHBASE + SHL(((41F + 42H) AND 3FE),1) = 2006H
H.F.(BA) = HASHBASE + SHL(((42H + 41H) AND 3FH),1) = 2006H

FIGURE II-1

HASH TABLE, SYMBOL TABLE LINKING

T

| TASH SYMBOL
3 TARLE TABLE

; | —————————-| 2128H | m—————————— '
P | ! i collisionj
P | PRI, | 2126H { 1ink for | (===
? | ommmm e 2124H [l TN
i - - - e L}
E o = = - \
s C e o |
5 - - - - |
| | edeeeee! 2p0@8H | —— digt. !
i | 21F2H | > > | collision| i
i | =——————e--! 2006H i link for | D>>=--|
| | - e g AB :

i ® - ! 21FQH
| e | 20008

FIGURE II-2
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1 [ Value

The symbol tadle entry for numeric values can
contain up to seven attributes of the variable. These
attridbutes are: 1.) identifier type, 2.) length of variabdle
name 3.) beginning address of variable storage, 4.) numeric
count (numder of storage locations required by the
identifier), 5.) 1level number, €.) number of digits to the
right of the decimal point, and 7.) the variadble name.
Figures [II-3] and ([II-4] 1illustrate, respectively, the
following two COBOL declarations:

@1 NUM PIC 9(9).
@1 NUM PIC 9(6).999 OCCURS 12 TIMES.

| 2. Numeric FEdit

& The numeric edit symbol table entry expands on the

; numeric sSymbol entry and utilizes bytes eight and niae to
hold the beginning address, in the constants area, of the
i edit field mask. This mask allowed for the insertion of the

§ followineg characters into and output display of a numeric

aumber: fixed and floating dollar sizns, credit(CR) and
k ded1t(DB) sizns, asterisk £i11, '2°' character £ill, and plus
; ("+") and minus ("-") signs. It should be noted that an

i{dentifier with a numeric edit field value can not de used

in an arithmetic statement.

R TR T T
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NUMERIC SYMBOL TABLE ENTRY.

BYTE ; SYMBOL TABLE VALUE
]
2-1 | collision link
E (200 00)
1
2 | type identifier
i (19)
]
3 | length of identifier
E name (@3)
-
! beginning address
4-5 ! of identifier
. | storage (@4 25)
3 {
6-7 i length of identifier
g; | storage (@9 0@)
= !
E | 8-9 i not used
]
| 18 i level entry (01)
==
11 ! decimal count (20)
]
k| !
i 12 i occurances (20)
r_ f
1 13-15 | identifier name
‘ E (4E 55 4D)
“f \

@1 NUM PIC 9(9).
FIGURE II-3
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NUMERIC SYMBOL TABLE ENTRY WITH DECIMAL
AND OCCURS CLAUSE

BYTS ' SYMBOL TABLE VALUE
]
g-1 { collision link
E (@9 2%)
]
2 | type identifier
E (192)
1
- i length of identifier
i name (03)
1]
i beginning address
4-5 ! of identifier stor—-
E age (@D 25)
1
6-7 | length of identifier
E storage (@9 290)
|
8-9 i not used
1
10 { level entry (@1)
- |
11 E decimal count (23)
-
12 i occurances (@C)
]
13-15 | identifier name
3 (4 55 4D)
!
@1 NUM PIC 9(6).999 OCCURS 12 TIMES.

FIGURE II-4
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3. Alpha or Alphanumeric

The alvha and alphanumeric symbol table entries
appear similarly in the symbol table except for their type
fields. Six entries appear in the symbol tadle for these
identifiers: 1.) {identifier type, 2.) length of identifier
name, 3.) bYeginning address of storage, 4.) numbder of
storage locations required by identifier, 5.) level entry,
and 6.) identifer name. Figure [II-5] illustrates an alpha
symbol table entry for the following identifier declaration:

@1 ALPHA PIC A(3).

4. Alpha zdit

The alpha edit symbol table entry expands on the
alpha and alphanumeric edit types and utilizes bdytes eight
and nine to hold the bdeginning address of the edit field
mask. These mask fields, which are stored in the constants
area of the pseudo-machine, contain the characters necessary
to edit an output so that, for example, slashes or blanks

can be interspersed in the display output.

20




ALPHA SYMBOL TABLE ENTRY

identifier name
(41 4C 50 48 41)

3YTE . SYMBOL TABLE VALUE
[}
2-1 | collision link
1 (@0 20)
]
1
2 | type identifier
\ (@8)
—— |
3 1 lenfth of identifier
1 (@5
|
]
{ beginning address
4-5 i of identifier
E storage (16 25)
]
6-7 | length of identifier
. i storage (@28 @90)
.! 1
i 8-9 | not used
(]
| ]
; 10 i level entry (21)
: ! ————————
1 11 i not used
| by
E | 12 | not used
. |
]
13-17 |
'
i

@1 ALPEA PIC A(8).
FIGURE II-S




S. Tabdles

NPS MICRO-COBCL was designed to support singly
indexed tabdles. These tables are established by using an
OCCURS clause with the PICTURE clause of an identifier. If
an identifier 1is specified as a table the number of
occurances of the table are placed in bdyte twelve of the
symbol table entry for that identifier. The table identifier
in COBOL 1s similar to the subscripted variable in other
programming languages. For example, the statemeat, @1 NUM
PIC 9(9) OCCURS 12 TIMES , genmerates the symbol table entry
illustrated in figure [II-4].

6. Labdels

b | Labels generate the simplest of all symbol table
?ﬂ entries, only four or five attributes are assoclated with
the label. The variability depends on whether the 1labdel is
declared in the source program before or after the label is
Lf referenced dy a GO or PERFORM statement. In the event a
labdel i1s specified ©vefore a GO or PERFORM statement
references it, the symbol tatle would contain the following
! 1.) the type associated with ladel, 2.) the length of the

F ( identifier name, 3.) the address of the first intermediate

code 1instruction <following the appearance of the latel in

the source program (dytes four and five), 4.) the last

executable instruction assoclated with the 1labdel (bytes

eizht and nine) This would be efither the 1last executabdle

instruction encountered before another ladel or the end of

22
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the program., and 5.) the label name.

In the event a 1label 1is referenced by a GO or
PERFORM statemeat bYefore the label actually appears in the
code, the symbol table entry performs a differeat function
than just 4indicating the beginning and ending of the
paragraph associated with the label. The same symbol tabdle
fields are wused, however their meanings are different. The
type is set to the unresolved label type of (@FFH). The
label remaircs unresolved until the bdeginning and the ending
addresses of the associated paragraph are determined.

If a label is referenced for the first time dy a GC
statement the symbol table is initialized with the
following: 1.) unresolved label type (@FFE), 2.) the address
of the GO statement (the intermediate code would de ERN @0
@@ where the zeros indicate where the address of the labdel
is to be bdackstuffed). See section III-D for specific
explanation of pseudo-machine instructions., 3.) the
remainder of the label entries would de the same except no
entry is made for the last executatle instruction associated
with the label. If an additioral reference is made to the
label by a subsequent GC statement the following action
would occur: 1.) the current address (bytes four and five)
would be placed in the bdranch address of the GO statement,
2.) the address of this bdranch statemeant would de placed in
bytes four and five of the symbol tadle entry. Tais
procedure facilitates linking together all unresolved

references to labels so that when the labdel are resolved the
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correct branch address could be placed into the intermediate
code.

Encountering a PERFORM statement before a label 1is
declared causes the following actions: 1.)bytes four and
five contain the address of the next bdyte of 4intermediate
code following the PER intermediate code instruction, 2.)and
bytes eight and aine contain the address of the third bdyte
following the PER {instruction. If a subsequent PERFCEM
statement 1is encounted before the label is resolved the two
address fields in the symbol table would be <copied to the
associated bytes following the most current PERFCRM
statement and the address of the first and third ©bytes
following the PEIR instruction would be copied into the
symbol table. It should be pointed out that any aumber of
PEEFORM and GO statements can be spec . fied before a labdel is

resolved.

7. Files

The symbol table entries for files are the most
1ifficult to understand. The complexity of the entries is
due to the way files and records are declared in a
MICRO-COBOL program. The symbol table entry for a file
consists of the following: 1.) byte two contains the type,
2.) bdbyte three contains the length of the file name, 3.)
bytes four and five contain the address in the symbol tabdle
of the first 01 level record associated with the file, 4.)

bytes eight and nine contain the bdegianing address of the

24
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file control bdlock and input/output bduffer for the file,
(this would be the actual address in the data section of the
pseudo-machine for the beginning of the 165 bytes associated
with the file), 5.) if the file has a key entry associated
with it (acces: via RANDOM or RANDOM RELATIVE) bytes tem and
eleven contain the symbol tadble address of the access key
variable, and 6.) the rest of the entry contains the file
name. Figure [II-€] 1llustrates a file entry in the symbol
tabdble.

8. Records

This entry contains seven attributes of a record.
Three are the same as all other entries type, name, and
length of name. While the other four are: 1.) bdytes four and
five contain the initial storage address for the record, 2.)
bytes six and seven contain the number of bytes of storage
for the record, 3.) bytes eizht and aine contain the symbol
tabtle address of the file associated with the record (this
facilitates referencing the file when the record is
written), and 4.) dyte ten contains the level eatry for the

record.




FILE SYMBCL TABLE ENTRY
SAMPLE SOURCE PROGRAM FILE DECLARATION

INPUT-QUTPUT SECTION.
FILE-CONTROL.
SELECT ROSTER-FIL
ORGANIZATION RELATIVE
ACCESS RANDOM RELATIVE NUM
ASSIGN CS81-FIL.

BYTE : SYMBOL TABLE VALUE
1
2-1 i collison link
2 | type file
(03)
3 length of file
name (@5)

symbol table

=
]
1
=
=
]
]
!
|
4-5 i address of first
! 21 level record
! (89 2E)
]
[}
6-7 E not used
| 1
- 8-9 | first address of
| ! FCB & buffer
i (@E 26)
]
, 19-11 ! symbol tabdble
| | address of key
o E (33 27)
....... -
| 12 ! not used
i -
| 13-17 E file name
l ! (52 4F 53 54 45 52
‘} i SF 46 49 4C)
f '

FIGURE II-6€
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C. COMPILER MCDULE 'PART ONE’
1. Purpose

This first module of the compiler performs several
functions. First, 1t establishes the interface between the
compiler and: 1.) the input source file (of type 'CBL"), 2.)
the output intermediate code file (of type "CIN"), and 3.)
the IRZADER module which reads and passes control to PART
TWO of the compiler. Second, it scans and parses the source
program statements up to the PROCEDURE DIVISION. Third, it
generétes output consisting of the symbol tadble entries

(saved in memory) and data initialization intermediate code.

2. Control Actions

By executing the command COBOL <source program>, the
object <code for PART ONE of the compiler is loaded into
memory starting at 100H (if necessary this can bde modifiad
for different machines) by the CP/M ogerating system.
Execution of PART ONE loads the program name associated with
the source program into the input file control block located
at 5CE. This allows the source program name to be saved
until actual source program compilation bdegins.

Next, the control program, IREADER, is moved to high
memory just belew the BDOS (see reference 4 for an
explanation of BDOS and other CP/M associated names). For
s«xample, using an INTEL Corporation 62X MDS microcomputer
system with the CP/M operating system, the IREADER routine
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is moved to high memory starting at 2LQ0@0H and continuing
through @DQFFH. This is done for two reasons: 1.) it allows
the symbol tabdble of the source program to begin at the next
address following the odject code for PART ONE, and 2.)
places IREADSR high enough in memory so that it is not
destroyed dy creation of the symbol table. See figures
[(I1-?] and [II-8] for illustrations of the PART ONE memory
organization before and after the IREADFR routine is moved.
The purpose of the IREADER routine will be explained in the

next section.
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MEMORY CRGANIZATION BEFORE IREALER ROUTINF MOVED
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MEMORY CRGANIZATION AFTER IKEAIZEE ROUTINE MCVED
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Next, the interface between the compiler and the
input file {source program) and the output file
{intermediate code file> 1is established. The {input file
control bdlock associated with the source file is initialized
and the input file is opened. The input file name is copied
to the output file control block (FCB) and if there is an
intermediate code file already residing on the disk, 1t is
erased. The output FCB is initialized and a file directory
entry established for the new copy of the intermediate code
file.

Prior to beginning the scanning and parsinz actions,
the first 128 bdyte record of the input file is read into the
input buffer, located at 80F (default I/C duffer for CP/M).
The scanner i{s primed with the first character of the input
program, and scanning and parsing actions contiaue from this
point in PART CNE until the PFOCEDURZ DIVISION of the source
program s encountered; at this time compilation is

suspendei.

3. Symbol Tabdble ZEntries

Entries made in the symbol table by PAPT ONE will
consist of all identifiers declared in the DATA DIVISION of
the source program. By refering to the Symdbol Table Section
above, an explanation may be odtained regarding the various

types of symbol table entries.
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4. Intermediate Code Generation

Pseudo-instructions are written to the intermediate
code file for several different reasons while PART ONE is
scannine and parsing the source program. The first
intermediate code generated occurs when the INPUT-OUTPUT
SECTION of a source program is nonempty. Within the FILE
CONTROL ©PARAGRAPH of this section, instructions are
generated to initialize the FCE for the file name associated
with the SELECT statement. The name associated with the
ASSIGN statement is placed in the FCB and 1is wused in
referencing the file on the disk.

Two other instances of intermediate code generation
occur in the WORKING STORAGE SECTION of a source program.
Anytime a record or elementary identifier entry has an
edited PICTURE CLAUSE, code to 1initialize the storasze
beginning at the address specified in the formatted mask
attribute of the symbol table entry will be written to the
intermediate code file. When a record or elementary
identifier entry has an associated 1aumeric or nonnumeric
VALUE CLAUSE, <code to initialize the storage bdeginning at
the address specified in the value location attritute of the
symbol tadle ehtry will be written to the intermediate code
file.

The fipal pseudo-instruction written to the
intermediate code file is the SCD instruction. This occurs
vhen the parser parses the word PROCEDURE in the source

proaram; control is then passed to PART TWO and compilation
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continues.
8. arser Actions

The actions corresponding to each parse step are
explained bdelow. In each case, the grammar rule that |{is
being applied 1is given, and an explanation of what program
actions take place for that step has been 4{included. In
descridbing the actions‘taken for each parse step there has
been no attempt to describe how the symdbol tabdble |{is
constructed, what pseudo-instructions are generated or how
the values are preserved on the stack. The intent of this
seéction is to describe what information needs to be retained
and at wvhat point in the parse it can be determined. Where
nc action is required for a given statement, or where the
only action is to save the contents of the top cf the stack,
no explanation 1is given. Questions regarding the actual

manipulation of information should be resolved dy consulting

the prozrams.
1 <(programd> ::= {id-div> (e-div> <{d-div> PICCEDURE

Reading the word PROCEDURE terminates the first
part of the compiler.

2 <id-div> ::= IDENTIFICATION DIVISION. PROGRAM-ID.

{comment> . <auth> <date> <sec>

3 <auth> ::= AUTHOR . <{comment)> .
4 | <empty>
5 <date> ::= DATE=-WRITTEN . {comment) .
6 | Lempty>
33




7 <sec> ::= SECURITY . <{comment)> .

8 | <empty>

9 <comment> ::= <{inputd

10 i <comment> <iaput)

11 <e-div> ::= ENVIRONMENT DIVISION . CONFIGURATION
SECTION.
{scr-ob J> <i-o>

12 <src-obj> ::= SOURCE-COMPUTER . <{comment> <debdbugd> .

OBJECT-CCMPUTER . <comment> .
13 <debug> ::= DE3UGGING MODE
Set a scanner toggle so that dedbuz 1lines will be

read.

14 | <empty>
15 <i-0> ::= INPUT-QUTPUT SECTION . FILE-CONTROL .
{file-control-list)> <ic>

1 16 | <empty>

b | 17 <(file-control-list> ::= {file-coatrol-entry>

'i i <{file-control-list>

{file-control-entry>

P 19 <file-control-entry> ::= SELECT <id> <attribute-listd.

3 At this fpoint all of the information about the file
has bYeen <collected and the type of the file can be

~ determined. File attributes are checked for

compatability and entered in the symhol tadle.

20 <attribute-listd> ::= <one attridd

o e

; 21 | <attridute=-1ist> <one attridd

22 <one-attrib> ::= ORGANIZATION <org-type>

P




23
24

25

26

27

28

29

30
31
32
33
34
35
36
37
38

——

| ACCESS <acc-type> <relative>
! ASSIGN <input)>
A file control dlock is dbuilt for the file using the
INT operator.
orz-type> ::= SEQUENTIAL
No information needs to be stored since the default
file organization 1s sequential.
i RELATIVE
The relative attribute is saved for production 19,
<acc-type> ::= SEQUENTIAL | |
This is the default.
! RANDOM |
The random access mode is saved for production 19.
{relative> ::= RELATIVE <id> ‘
The pointer to the identifier will be retained by
the current symbol pointer, so this precduction only
saves a flag on the value stack indicating that the
production did occur.
i <empty>
<{ic¢> ::= I-0-CONTROL . <same-1list>
! <empty>
{same=1ist> ::= {same-element>
| <same-list> <{same-element>
{same-element)> ::= SAME (id-string> .
{id=-string> ::= <id>
| <id=-string> <id>
<d=div> ::= DATA DIVISION . {file-section> <work>




<{link>
39 <file-sectiond> ::= FILE SECTION . <file-list>

A flag needs to be set to indicate completion of

the file section, so that the appropriate routine
will be called when parsing level entries in the
WORKING STORAGE SECTION.

40 | <empty>
The flag, indicated in production 39, is set.

41 <file-1list> ::= <{file-elementd

42 ! <file-1list> <{file-elemeat)>

43 <filesd> ::= FD <id> <{file-control> .

{record-description>

This statement indicates the end of a record
description, if there was an implied redefinition

of the record, then the level stack (ID$STACX)

must be reduced. The length of the first record
description and its address can now be loaded
‘i into the symbol tadle for the file name.

44 <{file-controld ::= <{file-list>

record describinz the file name is enterei iato an

attribute of the file name symbol tabdble entry,

~i The address of the symbol tadle entry for the
; vhile the address of the file names symbol table

; f entry is entered into an attridbute of the same

1B record.
‘ 45 | <empty>

Same as 44 abvove.
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46 <(file-list> ::= {file-element’

47 | <file-list> <file-element)

48 <file—-element> ::= BLOCK <integer> RECORDS
49 { RECORD <rec-count>
The record length is saved for comparison with

the calculated length from the picture clauses.

50 i LABEL RECORDS STANDARD
51 { LABEL RECORDS OMITTED
92 { VALUE OF <id-string>

é 53 <rec-count> ::= <{integer>

é 54 } <integer> TO <{integer>

3

The TO ortion is the only 1indication that the file

TR

will ©bve variabdle length. The maximum lenzth must be
saved.
55 <work> ::= WORKING-STORAGE SECTION . <record-description>
| If the level stack (ID$STACK) conmtains a record
identifier with a level numbdber greater than one,
{ then the stack must be reduced. The reduction
L'? depends on whether the identifier on the top of

the stack is a redefinition of *he item beneath

it or not. The primary action is to assign the
proper amount of storage to the last record in
the WORKING STORAGE SECTION.

i | 56 | <empty>

87 <link)> ::= LINKAGE SECTION . <record-description)
58 | <empty>

59 <record-descriptiond ::= {level-entry>
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60 i<record~descriptiond>{level-entry.
61 <level-entry> ::= <{integer> <{data-id> <redefines>
{data-type> .

The symbol table address for the level entry
identifier is loaded into the level stack
(ID$STACK). The level stack keeps track of the
nesting of field definitions (elementary items)
in a record im the FILE and WORKING STORAGE
SECTIONS. At this point there may bde no infor-
mation about the length of the item teing defined
and its attributes may depend entirely upon its
constituent fields. Within the FILE SECTION,

multiple record descripticns for a file are

j assumed to be redefinitions of the first record |
' description. In the WORKING STORAGE SICTION, if
there is a VALUE CLAUSE, the stack level to which
it applies is saved in PENDINGSLITERAL, the level
entry number is saved in VALUZSLEVEL and a flaz,

VALUESFLAG, is set.

62 <data-id> ::= <id>
L | 63 | FILLER
! An entry is built in the symbol tadble to record
: information about this record field. It cannot be
used explicitly in a proeram decause it has no name,
tut its attributes will need to be stored as part of

1
F} - the total record.
’ 64 <redefines> ::= REDEPINES <id>




65

The redefines option gives new attridutes to a
previously defired record area. The symbol table
pointer to the area bveing redefined is saved ia an
attribute of the redefining identifier”s symbol table
entry, so that information can be transferred to the
area by either identifier. In addition to the inform-
ation saved relative to the redefinition, it is nec-
essary to check to see if the current identifier’s
level number is less than or equal to the level aumber
of the identifier currently on the top of the level
stack. If this is true, then all information for the
item on top of the stack has bdeen saved and thre stack
can bve reduced. If the current identifier is a redef-
inition of another identifier, the stack entry for the
record heing redefined is not removed until the first
non-redefinition of a current identifier at the same
level.

! <empty>
4s in production €4, the stack (ID$STACX) is checked
to determine 1f the current level numbder indicates a
reduction of the level stack is necessary. In add-
ition, srecial action needs to be taxen if the new
level is 21. 1If an @1 level is encountered at this
production prior to production 33 or 43 (the end of
the file area), {t is an implied redefinition of the
previous @1 level record. In the WORKING STORAGE
SECTION, it indicates the start of a new record.




66 <data-typed> ::= <{prop-listd>

67 i <empty>

68 <prop-list> ::= <data-element>

69 i {prop-list> <{data-element>

76 {data-element> ::= PIC <inputd>
The <input)> at this point is the character string
that defines record field. It is aralyzed and the
necessary extracted information is stored in the
symbol table.

71 i USAGE CCMP
The field is defined to a tinary field; however,
COMP has not been implemented, therefore, if
there is an associated VALUT CLAUSE, the value is

entered into the associated identifier’s value

storage location in display format.
72 | USAGE DISPLAY
The DISPLAY format is the default, and thus no

special action occurs.

L' 73 i SIGN LEADING <separate>

| This production indicates the presence of a sign in
a numeric field. The sign will bde in a leading
position. If the {separate> indicator is true,
then the lengtk will be one longer tham the PICTURE
CLAUSE, and the type will be changed to signed

numeric leading and separate.

| SIGN TRAILING <separate)

The same information required by production ?3 must




—

75

76

77

78
79

81

82
83

be recorded, dbut im this case the sign is trailing
rather than leading.

| OCCURS <integer>
The type must be set to indicate multiple
occurrences and the numbder of occurrences saved
for computing the space defined bdy this field.

! SINC <direction>
Syncronization with a natural boundary is not
required by this machine.

{ VALUE <literald>
The field being defined will be assigned an initial
value determined by the value of the literal throuzh
the use of an INT operater. This is only valid in
the WORKING-STORAGE SECTION. Note that numeric and
signed numeric PICTURE CLAUSES will have a numeric
-— no quotes delimiting — VALUE CLAUSE, while
alphanumeric and alpha types will have a nonnumeric
—— literal delimited with quotes -— VALUE CLAUSE.

{direction> ::= LEFT
i RIGHT
| <empty>
{separate> ::= SEPARATE
The separate sign indicator is set.
| <empty>
{literal> ::= <{inputd>

The input string is checked to see i{f it is a valid

numeric literal, and if valid, it is stored to bve

-




used in a value assignment.

84 v <1itd
This literal is a quoted string.

85 i ZERO
As the case of all literals, the fact that there
is a pending literal needs to be saved. In this
case and the three following cases, an indicator
of which literal constant 1{s being saved is
all that is required. The literal value can be
reconstructed later.

86 ! SPACE

87 | QUOTE

88 <integer> ::= <{inputd
The input string is converted to an integer value
for later internal use.

89 <id> ::= <inputd
The input string is the name of an identifier and
is checked agianst the symbol table. If it is in the
symbol tadble, then a pointer to the entry is saved.
If it 1is not in the symbol tadble, thea it is

entered and the address of the eantry is saved.

D. INTERFACE ACTIONS

When compilation is suspendei in PART ONE of the
compiler certain key variables are saved for use in PART
TWO. These variables are declared sequentially in PART ONE

and are therefore 1located in contiguous memory 1ian the




variabdle area of PART ONE. These variables consist of
debugging toggles set when 1ianvoking the compiler , i.e.
sequence or token numdbers, a pointer to the next availabdle
address in the symbol table, a pointer to the next character
in the input source file, the output file coatrol block, the
next address in the intermediate code area, the next address
in the constants area, and the base address of the symbol
table. These key variables, consisting of 48 bytes, are
copied to the 48 bytes immediately bdbelow the IREADER routine
to insure they are not destroyed when PART TWO of the
compiler is bdrought 4{into memory. Since the memory area
required for PART ONE is larger than that required by PART
TWO the symbol table does not need to be relocated. Since
the symbol table 1is not altered when PART TWO of the
compiler is bdrought into memory only the base address of the
symbol table and the last address of the symbol tabdle need
be saved to insure that access to the symbol table can be
continued in P4RT TWO. See Figure [II-9] for an illustration
of the memory organization when control is transfered from
PART ONE tc IREADER. The IREADER rountine causes PART TWO of
the compiler to be dbrought into memory starting at 12@H and

then transfers control to PART TWO of the Compiler.

©. COMPILER MCIULE "PART TwWO"

1. Purpose

The second part of the compiler scans and parses the




MICRC-CCBCL source statements starting with the PROCEDURE

DIVISION and generates the necessary intermediate code.

2. Control Actions

The first action after control is transfered to PART
TWO0 from the IREADER routine is to copy the 48 bytes of the
information saved from PART ONE into associated variabdles in
PART TwO. After these variables are taitialized all
references to files, symbol table entries, etc. can be made
in PART TWO and compilation can continue. S2e Figure [II-12]
for an illustration of the memory organization at the time

PART TWO begins compilation.

3. Symbol Table Entries

Entries made in the symbol tabdle by PART TWO will de
those for paragraph labvels encountered within the PRCCEDURE

DIVISION of the source program.

4. Intermediate Code Generation

Por an explanation o2 the pseudo-instructions that
are generated by PART TWO refer to the compiler program
listings and the parser actions bdelow. Also, for general

information on pseudo-instructions refer to secticn III-D.
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MEMORY ORGANIZATION WHEN CCNTROL IS TRANSFERED TO IREADER
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MEMORY ORGANIZATION AFTER PART TWO IS COPIED INTO MEMORY
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5. Qarser Actions

The actions corresponding to each parse step in PART
TWO are explained bdelow. In each case, the grammar action
that is bveing applied is given, and an explanation of what
program actions take place for that step has been included.
In describing the actions taken for each parse step there
has been no attempt to describe how the symbol tabvle entries
are made, what pseudo instructions are generated or how the
values are preserved on the stack. The 1inteat of this
section is to describe what information needs to be retained
and at what point in the parse it can be determined. Where
no action is required for a given statement, or where the
only action is to save the contents of the top of the stack,
no explanation is given.
1 <(p-div> ::= PRCCEDURE DIVISION <using> .
<{proc=body> EOF

This production indicates termination of the

compilation. If the program has sections, then

it will be necessary to terminate the last section

with a RET @ instruction. The code will be ended

by the output of a TER operation.

2 <using> ::= USING <id=-string>

Not implemented.

3 | <empty>
4 <Jdi{d-string> ::= <id>

The identifier stack is cleared and the symbol

table address of the {dentifier 1is loaded into
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19
11
12
13

14

the first stack location.
| <id=-string)> <id>
The identifier stack is incremented and the symbol
table pointer stacked.
{proc-body> ::= <{paragraph)
i {prec-body> {paragraph>
{paragraph> ::= <id> . <{sentence-list>
The starting and ending address of the paragraph
are entered into the symbol tadle. A return is
emitted as the last instruction in the paragrajph
(RET @). V¥nhen the label is resolved, it may bde
necessary to oroduce a BST operation to resolve
previous references to the label.
i <id> SECTION .
The starting address for the section is saved. If
it is not the first, then the previous
section ending address is loaded and a return
(RET @) is output. As in production &, a BST may
be produced.
{sentence-1list> ::= {sentenced.
i <{sentence-list> <{sentence> .
{sentence> ::= {imperative)
i <conditionald
i ENTER <id> <opt-id>
This construct is not implemented. An ENTER allows
statements from another language to 1inserted in the

source code.




15 <imperative> ::= ACCEPT <subdbid>
ACC <address> <length>

16 | <arithmetic>

1?7 i CALL <1it> <using>
This is not implemented.

18 i CLOSE <id>
CLS <file control dlock address>

19 i <file-act>

29 i DISPLAY <1it/id> <opt-1it/id>
The display operator is produced for the first
literal or identifier (DIS <address> <length> <flag>).

If the second value exists, the same code is also

; produced for it. The only d4ifference in the two
| display outputs is the flag is set to zero oa the

first display to surpress the carriage returan and

line feed.
i v
f 21 ! EXIT <program=-id>
| RET ©
| 22 i GO <id>
: BRN <address>
\ 23 | GO <id-string> DEPENDING <id>
GDP is output, followed by a aumber of parameters:

{the number of entries ia the identifier stack>

{the length of the depending identifier> <the

|

i

1' address of the depending identifier> <{the address
| of each identifier in the stack>.

i

|




24

25

26

27
28

29

30

i MOVE <1it/i1d4> TO <subid>
The types of the two fields determire the move that
is generated. Numeric moves go through register two
using a load and a store. Non-numeric moves depend
upon the result field and may be either MOV, MED or
MNE. Since all of these instructions have long
parameter lists, they have not been listed in
detail.

{ OPEN <{type—action> <id>
This produces either CPN, OP1, or OP2 depending
upon the <type-action>. Each of these is followed
bty file control bdlock address.

i PERFORM <id> <thru> <finrish>
The PER cperation is generated followed by the
<dbranch address> <the address of the return
statement to be set> and <the next instruction
address>.

| {read-id>

i STOP <terminate>
I2 there is a terminate message, then STD is
produced followed by <{message address> {(message

length>. Otherwise STP is emitted.

{conditionald> ::= <arithmetic> <{size=-error> <imperative>

A BST operator is output to complete the branch around
the imperative from pfoduction S8
| <file-act> <invalid)> <imperative)

A BST operator is output to complete the dranch from




r— , _ —

production 64.

31 ! <if-nonterminal)> <condition)> <actiond

ELSE <imperative>
NEG will be emmitted unless <{coandition> is a
'NOT <cond-type>', in which case the two negatives
will cancel each other. Two 3ST operators are required.
The first fills in the branch to the ELSE action. The

second completes the branch around the <imperative)

which follows ELSE.

32 ! <read-id> <{speciald <imperative)

TR

A BST is produced to complete the bdranch around the

{imperative>.

| 33 <Arithmetic> ::= ADD <1/1id> <opt=1/1d> TO <sutvid>

<round>

PP

The existence of multiple load and store 1instructions
maxe it difficult to indicate exactly what code will
‘ be generated for any of the arithmetic 1{iastructions.

The type of load and store will depend on-"the nature

BT AR T

& : of the number involved, and in each case the standard

parameters will be produced. This parse step will in-
volve the following actions: first, a load will be em-

p; itted for the first number into regster zero. If

there 1s a second number, then a load 1into register

one will be produced for it, followed by an ADD and a

for the result numbder. Then ar ADD instruction will

be emitted. Finally, if the round indicator is set, a

1
|
i STI. Next a load into register one will be generated
I
|
|




END operatcr will be produced prior to the store.
34 ! DIVIDE <1/id> INTO <subid> <round>
The first number is loaded into register zero. The
second operand is loaded into register ome. A DIV
operator is generated, followed by a RND operator prior
to the store, if required.
35 | MOLTIPLY <1/id> BY <subid> <round>
The multiply is the same as the divide except that a
MUL operator is generated.
36 i SUBTRACT <1/id> <opt=-1/1d4> FROM
<{subid> <round>
Subtaction generates the same code as the ADD except
that a SUB is produced in place of the last ADD.
37 <file-actd> ::= DELETE <id>
Either a TLS or a DLR will be produced along with the
required parameters. '
38 ! REWRITE <id>
Tither a EWS or a RWR is emitted, followed d»y parame-
ters.
39 ! WRITE <id> <special=-act>
There are four possible write iastructions: WTF, WVl,
WRS, and WRR.
40 <conditiond> ::= <1it> <not> <cond-type>
One of the compare instructions is prnduced. They are
CAL, CNS, CNU, RGT, RLT, REQ, SGT, SLT, and S:Q.
Two load instructions and a SUR will alsc be generated

if one of the register comrvarisons is reaouired.
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41 <cond-type> ::= NUMERIC

42 | ALPHABETIC

43 i <compare> <1it/id>

44 <pot> ::= NOT
NEG is emitted unless the NOT is part of an IF
statement in which case the NEG in the IF

statement is cancelled.

.
7

fi &

46 <compare> ::= GREATER

49 <ROUND> ::= ROUNDED

59 | <empty>
51 <Kterminate> ::= {literald>
52 i\ RUN

o
(]

{speciald> ::= <invalid>
54 i END

An ERO operator is emitted followed ty a zero. The

-

zero acts as a filler in the code and will bde dack-

stuffed with a branch address. In this production

and several of the followineg, there is a forward
branch on a false condition past an imperative action.

For an example of the resolution, examine production 32.

55 <Kopt-id> ::= <{subid>

u

' 56 i <empty>

1 57 <actiond> ::= <{imperative)
1 % BRN ¢
|
!
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59
€
€l

62

63

€4

65

7a

i NEXT SENTENCE
BRN @
{thru> ::= THRU <id>
i <empty>
{finish> ::= <1/1d> TIMES
LDI <address> <length> DFC @
' UNTIL <condition>
| <empty>
<invalid> ::= INVALID
INV O
{size-error> ::= SIZE ERRO?
SER ¢
{special=act> ::= {when> ADVANCING <how-many.
' <empty>

{when> ::= REFCR

(5]

! AFTER
<how-many>::= <integer>
i PAGE
i 1-=0

{subid> ::= <{subscriptd

<1d>

{integer> ::= <input>
The value of the ianput string 1s saved as ad iaternal
number.

<id> ::= dinput)
The identifier is checxed aginst the symbol table, if

it 1is nct present, it is entered as an unresolved

B ST e R e e e
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30
g1
92

lavel.
<1/1d> ::= <{inputd
The input value may be a numeric literal. If so, it
is placed 1n the constant area with an INT operand.
If 1t 1{s not a numeric literal, then {t must bde an
identifier, and it 1s located in the symbol tabdle.
! <subscript>
| ZERXC
{subscript> ::= <id> ( <input> )
If the identifier was defined with a USING option,
then the 1{input string 1is checked to see if it is a
number or an identifier. If it is aa identifier,
then an SCR operator is produced.
<opt=1/1d> ::= <1/1d>
i <empty>
{an=1it> ::= <1litd
The literal string is placed into the <constant area
usine an INT operator.
! SPACE
! QUOTE
{literal> ::= <an-lit>
! <input>
The input value must be a numeric literal to be valid
and 1s lcaded into the constant area using an INT.
! ZERO
<lit/13> = K1/1idD
I <an=11t>

35




93 <opt-lit/idd ::= <1lit/1dd
94 | <empty>
98 <program-id> ::= id>
Q€ : ! <empty>
97 <read-id4> ::= READ <id>
There are four read operations: RDF, RVL, RRS, and

RRP.

ce {{f-nornterminald::=IF

W




IIT. NPS MICRO-COBOL INTERPRETSER

A. GENERAL DESCRIPTION

The following sections descrite the NPS MICRO-COBOL
pseudo-machine in terms of the {imrplementatiorn, memory
orzanizatior, interface actions and interpreter
instructicns. The pseudo-machine, which 1is constructed in
the transient program area of CP/M, is the tarzet machine
for the compiler and is implerented through a programmed
interpreter. The {interpreter decodes each operatior and
2lther calls subroutines to perform the required actions or
acts directly on the run time environment to control the
actions of the interpreter. All communications between
instructions 1s dome tkrough <common areas in the program
where information can be stored for later wuse. See figure
(I11-1] for an {llustration of the pseudo-machine
orzanization.

The machine contains a program counter and multiple
parameter operations which <contain all the information
required to perform one complete action required by the
languagze. Three eigzhteen digit registers are used for
arithmetic operations, alon2 with a subscript stack used to
compute subscript locations, and a set of flags are used to
pass bdranching information from one instruction to another.

Addresses in the pseudo-machine are represented by 16

bit values. Any memory address greater than 22 hexidecimal




ts wvalid. Addresses 1less than 22 hexidecimal will be
interpreted as having special significance. Tor example
addresses one through eight are reserved for subscript stack
references. All other addresses in the machine are absolute
addresses.

The registers allow manipulation of signed numbers up to
eighteen 13iigits in length. Included in their representation
is a sign indicator and the pesition of the assumed decimal
peint for the currently 1loaded number. Numbers are
reoresented in standard CCBOL “Display  format. These
numbers may have separate signs indicated by "+  and "= or
may have a "zone” indicator, denoting a negative siga, in
the most significant bdyte of a numder’s storage location.
Before operations occur on any numter, it is coaverted to a
packed decimal format and entered {ato one of the

pseudo-machine registers.

B. MEMORY ORFANIZATICN

The memory of the pseudo-machine is divided into three
mator areas: 1.) the da*a area is established by the DATA
DIVISICN statemeats of the source program, 2.) the constaats
area which is established by both the DATA and PROCEDURE
DIVISICNS of the source program, and 3.) the code area which
is established by the PROCEDURE DIVISION.

The data area is the lowest area in the pseudo-machine.
This area contains the storage for identifiers declared 1in

the TDTATA DIVISION. Additionally, the data area contains the

S8
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File Control Block (FC3) and the buffer space (128 bytes)
for all files declared in the source program.

Immediately following the data area is the code area.
This contiguous area of storage contains all executable code
@enerated. The constants area is located in high memory of
the pseudo-machine. This area contains all edit field masks
as well as all numeric and non-numeric literals. Figure

[ITI-1] ilustrates the memory organization of the

pse2udo-machine.
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C. INTERPRETER INTERFACE

The interpreter consists of two interface routines and
the main interpreter program. To execute the interpreter tae
command ZEXEC <filename.filetype>, (where file type is CIN),
is typed at the terminal. This action causes the two
interface routines, BUILD and INTRDR, to te brought into
memory. See figure [III-2] which illustrates the memory
organization immediately after 3RUILD and INTRDR have bdeen
copied 1inato memory. The BUILD routine reads in the
intermediate code, initializes all memory locations
requiring initalization, and resolves all uaresolved address
references. The INTRDR routine reads the interyreter program
into memory and transfers control to the interpreter
program.

The intermediate code instructions fall 1{into twe
categories: 1.) instructions used by BUILD to establish the
run time environment and, 2.) instructions to be executed bdy
the interpreter,. The following four 1instructions are
gererated in the compiler for use by the BUILD routine; SCD,
INT, BST, and TER.

The SCD (start code) instruction is the last instruction
zenerated by PART ONE and 1indicates where the first
executable instruction for the intermediate code is to bdve
loaded. This <corresponds to the address immediately
following the data area in the pseudo-machine. 3See Figure
(III-1] which 4illustrates the relative location of the

address that is associated with the SCD instruction.
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The INT (initialize) dinstruction causes the BUILD
routine to 1initialize the data area with the values
associated with those identifiers in the DATA DIVISION of
the source program that had VALUE CLAUSES. In addition, the
INT instruction causes the BUILD routine to initialize the
constants area with all the edit masks for those ideantifiers
of the numeric and alphanumeric edit type, and all 1literals
ercounted in the PROCEDURE DIVISION of the source program.

The BST (tackstuff) instruction resolves all unresolved
references, i.e. branches to 1labels defired after the
respective PERFORM or GO statement was encountered in the
source program.

The TER (terminate) instruction is the last <instruction
generated bty PART TWO of the compiler and indicates the end
of the intermediate code file. Upon encountering a TER
instruction in the 1intermediate code the BUILD routine
inserts a ST? instruction in its place. The STP instruction
will cause the interpreter to terminate interpretation of
the program whea eacountered.

All cther code generated by the compiler is copied 1into
the code area of the pseudo-machine bty the BUILD routine.
See Figure [III-3] for an {illustration of the memory
organizaticn at this point in the initialization routine.
The final action taken by the 3UILD routine is to move the
INT?DR routine into the 4input dbuffer at 80H and transfer
control to INTRDR. This frees the area from 100H to the bdase

of the data area for the interpreter.
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The INTRDR routine reads the interpreter program into
memory starting at 1¢@H and transfers contol to it. From
this point on the 1interpreter program executes the

intermediate code that was loaded into the pseudo-machine.
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D. PSEUDO-MACEHINE INSTRUCTIONS

This section briefly covers the pseudo-machine
instructions used in the interpreter, their format, and the

actions which they accomplish.

1. Format

All of the interpreter instructions consist of an
instruction number followed by a list of parameters. Tae
following sections describe the instructions, list the re-
quired parameters, and describe the actions taken by the
machine in executing each instruction. In each case, parame-
ters are denoted informally by the parameter name enclosed
in brackets. The BRN branchinz instruction, for example,
uses the single parameter <{vranch address> which is the tar-
get of the unconditional bdranch.

As each 1instruction number is fetched from memory,
the proaram counter is incremented Yy one. The program
counter is then either iacremented to the =2aext instruction
number, or a branch is taken.

The three eighteen digit registers which are used bdy
the {instructions covered in the following sections are re-

ferred to as registers zero, one, and two.

2. Arithmetic Operations

There are five arithmetic instructions which act
upon the three registers. In all cases, the result is

placed in register two. Operations are allowed to destroy




the input values during the process of creating a result,
therefore, a number loaded into a register is not availatle

for a subsequent operation.

ADD: (addition). Sum the contents of register zero
and register one.

Parameters: no parameters are required.

SUB: (subtract). Subtract register zero from register

one.
Parameters: no varameters are required.

MUL: (multiply). Multiply register zero by register

one.
Parameters: no parameters are required.

DIV: (divide). Divide register one by the value in
register zero. The remainder is not retained.

Parameters: no parameters are recuired

RND:(round). Round register two to the last signifi-

cant decimal place.

! Parameters: nc parameters are required.

S Eranching

used by the conditional instructions in this section.

i
:
| } The machine contains the following flags which are
!
i BRANCH flag — indicates if a dbranch is to be taken;

END OF RECORD flag -— indicates that an end of

input condition has been reached when ac attempt was made

to read input;

i OVERFLCW flag -- indicates the loss of information




from a register due to a number exceeding the available

sizej

INVALID flag =-- 1indicates an invalid action in
writing to a direct access storage device.

411 of the bdranch instructions are executed by
changing the value of the program counter. Some are uncon-
ditional ©branches and some test for condition flags which
are set by other instructions. A conditional branch is exe-
cuted by testing the ©bdranch flag which is initialized to
false. A true value causes a branch by changing the pro-
gram counter to the value of the dranch address. The branch
flag is then reset to false. A false value causes the pro-
gram counter to be incremented to the next sequential in-
struction;

3RN: (branch to an address). Load the program
counter with the <dranch address>.

Parameters: <braach address>

The next three 1ianstructions share a common format.
The memory field addressed by the <memory address> is
checked for the <address length>, and if all the characters
match the test <condition, the branch flag is complemented
Parameters: <memory address> <address length> <branch ad-
dress>

CAL: (compare alphabetic). Compare a memory field
for alphabetic characters.

CNS: (compare numeric signed). Compare a field for

numeric characters allowing for a sign character.
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CNU: (compare numeric unsigned). Ccmpare a field for
numeric characters only.

DEC: (decrement a counter and branch if zero).
decrement the value of the <{address counter> by one; if the
result is zero tefore or after the decrement, the program
counter 1is set to the <branch address>. If the result is
not zero, the program counter is incremented by four.
Parameters: <address counter> <branch address>

EOR: (branch on end of records flag). If the end-
of-records flag is true, it is set to false and the program
counter is set to the <{branch address>. If false, the pro-

gram counter is incremented by two.

Parameters: <bdranch address>

3DP: (go to - depending oa). The memory location ad-
£ dressed by the <number address> is read for the number of
bytes indicated ty the <memory leagth>. This aumber indi-
cates which of the <{bdranch addresses> is to be used. The
first parameter is a bound on the naumber of bdranch ad-
,' dresses. I# the numder {s within the raaze, the program
E | counter is set to the indicated address. An cut-of-bounds
value causes the program counter to be advanced to the next

sequential instruction.

Parameters: <bound numder - byted> <{memory leagthk> <memory
address> <bdranch addr-1> <branch addr-2> ... <dranch addr-a>

INV: (tranch if iavalid-file-action flag true). If
the 1invalid-file-action flag 1is true, then it is set to

false, and the program counter i{s set to the branch ad-

e ———— et e
i e ¥ S —— - J




dress. If it is false, the program counter 1is incremented
by two.
Parameters: <bdranch address>

PER: (perform). The code address addressed by the
{change address> is loaded with the value of the <{return ad-
dress>. The program counter is then set to the <dranch ad-
dress>.
Parameters: <branch address> <{change address> <returna ad-
dress>

RET: (return). If the value of the <branch address>
{s not zero, then the program counter is set to its value,
and the <dranch address> is set to zero. If the <branch ad-
dress> is zero, the program counter is incremented by two.
Parameters: <tranch address>

REQ: (register equal). This instruction checks for a
zero value in register two. If it is zero, the branch flag
is complemented. A conditional branch is taxen.
Parametars: <dranch address>

RGT: (register greater than). Fegister two is
checked for a negative sign., If present, the braanch flag is
complemented. A conditional bdranch is taken.
Parameters: <tranch address>

RLT: (register less than). Register two 1{is checked
for a positive sign, and if preseat, the branch flag is com-
vplemented. A conditional bdbranch is taken.
Parameters: <branch address)

SER: (branch on size error). If the overflow flaz is




true, then the program counter is set to the branch address,
and the overflow flag is set to false. If it is false, then
the program counter is incremented by two.
Parameters: <branch address>

The next three instructions are of similar form in
that they <compare two strings and set the branchk flag if
the condition is true.
Parameters: <string addr-1> <{string addr-2> <{length - ad-
dress> <dranch address>

SEQ: (strings equal). The condition is true 1if the
strings are equal.

SGT: (string ereater than). The condition is true if
string one is greater than string two.

SLT: (string less than). The condition is true {if

string one is less than string two.
4. Moves

The machine supports a variety of move operations
for various formats and types of data. It does not suoport
direct moves of numeric data from one memory field to anoth-
er Instead, all of tke numeric moves 20 through the regis-
ters.

The next seven 1instructions all perform the same
function. They load a register with a numeric value and
differ only in the type of number that they expect to see in
memory at the <aumber address). All seven instructions

cause the proearam counter to be incremented by five. Their
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common format is ziven below.
Parameters: <number address> <byte 1length> <byte decimal
count> <tyte resister to load>

LOD: (load literal). Register two is loaded with a
constant value. The decimal point indicator is not set in
this instruction. The literal will have an actual decimal
point in the string if required.

LD1: (load numeric). Load a numeric field.

LD2: (load postfix numeric). Load a numeric field
with an internal trailing siga.

LD3: (load prefix numeric). Load a numeric field
with an internal leading sign.

LD4: (load separated postfix numer! .c24d a numer-
ic field with a separate leading sign.

LDS: (load separated prefix numeric). Load a numeric
field with a separate trailing sign.

LD6: (load packed aumeric). Load a packed numeric
field.

MED: (move into alphanumeric edited field). The
edit mask 1s 1loaded into the <{to address> to set up the
move, and then the <from address> information is loaded. The
program counter is incremeated by ten.

Parameters: <to address> <from address> <length of move)
<edit mask address> <edit mask length>

MNE: (move into a numeric edited field). First the
edit mask 1s loaded into the receiving field, and then the

information is loaded. Any decimal point aliznment required
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will be performed. If truncation of siznificant digits is a
side effect, the overflow flag 1is not set. The program
counter is ircremented by twelve.

Parameters: <to address> {from address> <address length of
move> <edit mask address> <{address mask length> <bdyte to de-
cimal count> <byte from decimal count>

MOV: (move into an alphanumeric field). The memory
field given by the <to address> is filled by the from field
for the <{move length> and then filled with ©bdlazks 1{in the
following positions for the <fill count).

Parameters: {to address> <from address> <address move
length> <address fill count)

STI: (store immediate register two). The contents of
register two are stored into register zero and the decimal
count anrd sign indicators are set.

Parameters: none.

The store instructions are grouped in the same order
as the 1load 1instructions. Register two 1is stored into
memory at the irdicated location. Alignment is performed
and any truncation of leading dizits causes the overflow
flag to be set. All five of the store instructinas cause
the program counter to be incremented by four. The format
for these tnstructions is as follows.

Parameters: <address to store into> <bdyte length> <byte de-
cimal countd

STO: (store numeric). Store into a numeric field.

ST1: (store postfix numeric). Store into a aumeric
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field with an internal trailing sign.

ST2: (store prefix numeric). Store into a numeric
with an internal leading sign.

ST3: (store separated postfix numeric). Store into a
numeric field with a separate trailing sign.

ST4: (store separated prefix numeric). Store into a
aumeric field with a separate leading sign.

STS: (store packed numeric). Store into a packed

numeric field.

5. Input-OQutput

The following 1instructions perform input and output
operations. Files are defined as having the following
characteristics: they are either sequential or random
and, 1in general, files created in one mode are not required
to be readabdle in the other mode. Standard files consist
of fixed length records, and variadle length files need not
be readadble in a random mode. Further, there must be
some character or character string that delimits a variable
lenzth record.

ACC: (accept). Read from the system iaput device
memory at the location given dy the <{memory address>. The
program counter is incremented by three.

Parameters: <memory address> <byte length of read>
CLS: (close). Close the file whose file control

block i1s addressed by the <{fcb address>. The program counter

is incremented bdy two.
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Parameters: <fcb address>
DIS: (display). Print the contents of the data field
pointed to by <memory address> on the system output device
for the indicated length and advance the 1line output if
{flag> is set. The program counter is incremented by four.
Parameters: <memory address> <byte length> <{flaz>
There are three open instructions with the same for-
mat. Ir each case, the file defined by the file control
block referenced will be opened for the mode indicated. The
I program counter is incremented by two.
w Parameters: <fcb address>

OPN: (open a file for input).

?1 CP1: (oven a file for output).

OP2: (open a file for both input and ocutput). This
is only valid for files on a random access device.

The followineg file actions all share the same for-
mat. zach performs a file action on the file referenced by
; the file control block. The record to be acted wupon {is
. giver Yy the <record address>. The program counter i{s in-

cremented by six.

|
l Parameters: {¥CB address> <record address> <record length -
i

address).

‘ PLS: (delete a record from a sequential file). Ee-
move the record that was Jjust read from the file. The file
is required to be open in the input=-output mode.

RDF: (read a sequential file). Read the next record

into the memory area.




WTF: (write a record to a sequential file). Append a
new record to the file.

RVL: (read a variadle length record).

WVL: (write a variable length record).

RWS: (rewrite sequential). The rewrite operation
writes a record from memory to the file, overlaying the last
record that was read from the device. The file must be open
in the input-output mode.

The following file actions require random files
ratker than sequential files. They make use of a random file
pointer which consists of a <{relative address> and a <re-
lative lengthd. The memory field holds the number to be
used in disk operations or contains the relative record
number of the last disk action. The relative record aumbder
is an index into the file which addresses the record being
accessed. After the file action, the ©program counter
is incremented by nine.

Parameters: <FCB address> <{record address> <{record length -
address> <relative address> <relative length - bdbyted.

DLR: (delete a random record). Delete the record ad-
dressed by the relative record number.

RRR: (read random relative). Read a rardom record
relative to the record aumber.

RRS: (read rardom sequential). Read the next sequen-
tial record from a random file. The relative record aumber

of the record read is loaded into the memcry reference.

RWR: (rewrite a random record).

PTRa—"




WRR: (write random relative). Write a record 4{nto
the area indicated by the memory reference.

¥RS: (write random sequential). Write the next
sequential record to a random file. The relative record

numdber is returned.

6. Special Instructions

The remaining instructions perform special functions
required by the machine that do not relate to any of the
previous groups.

NEG ¢ (neéate). Complement the value of the branch
flaz.

Parameters: No parameters are reaquired.

LDI: (load a code address direct). Load the code
address located five bytes after the LDI instruction with
the contents of <{memory address> after it has bdeen converted
to hexidecimal.

Parameters: {memory address> <length - byte>

SCR: (calculate a subscript). Load the sutbtscript
stack with the value 4indicated from memory. The address
loaded into the stack {s the <initial address> plus an
offset. Multiplying the <field length> by the pﬁmber in the
{memory reference> gives the offset value.

Parameters: <initial address> <{field lerngth> <memory refer-
ence> <{memory length> {stack level>

STP: (stop display). Display the indicated informa-

titon and then terminate the actions of the machine.
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Parameters: <memory address> <length - byted

STP: (stop). Terminate the actions of the machine.
Parameters: no parameters are required. The following in-
structions are used in setting wup the machine environment
and cannot be used in the normal execution of the machine.

BST: (backstuff). Resolve a reference to a labdel.
Labels may be referenced prior to their definition, requir-
in2 a chain of resolution addresses to be maintained in the
code. The 1latest location to be resolved is maintained in
the symbol table and a pointer at that 1location indicates
the next previous location to be resolved. A zero pointer
indicates no prior occurrences of the label. The code ad-
dress referenced by {change address> is examined and if
it contains zero, it is loaded with the <{new address>. it
it {s not zero, then the contents are saved, and the
process is repeated with the saved value as the change ad-
dréss after loadirg the <new address>.
Parameters: <change address> <new address>

INT: (initialize memory). Load memory with the <in-
put string> for the given leangth at the <memory address>.
Parameters: <{memory address> <address length> <{input
string>

SCD: (start code). Set the initial value of the pro-
gram counter.
Parameters: <start address>

TER: (terminate). Terminate the initialization pro-

cess and start executing code.




. Parameters: no parameters are required.




Iv. SYSTEM DFBUGGING METHODS AND TOOLS

Initially it appeared that the debugging of the compiler
and interpreter would be straight forward. However, it
became apparent that a systematic approach would have to be
adopted in order to meet the objectives. As previously
stated, the first step was to determine the degree to which
the compiler had been developed. After accomplishing this
task, the next step was to identify the means by which
errors could bde located ard the methods dy which solutions
could be implemented and tested.

The method used to identify errors within the compiler
consisted of the following: 1.) compiling test programs aad
denoting any compilation errors and 2.) examirnation of tre
symbol table construction and intermediate code instructions
generated by compiling through the DATA DIVISION of a source
program.

A minimum cf forty-five minutes was required to
recompile either module -- PART ONE or PART TWO -- of the
compiler after making changes, becauses the object code
produced dy the compiler had to be linked and 1loaded. This
indicated a need to find and use an alternative approach for
testinz proposed changes. The approach used, was to test
cempiler and interpreter modifications by usinz interactive
debuzging tools bvefore changing the compiler’s source code

and recompiling. This reduced the amount of time that would
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otherwise have teen required by reducing the total number of

recompilations.

A. DERUGGING METEODCLOGY

The debugging methodology utilized, consisted of steps
similar to those suggested by Polya’s prodlem=solving
technique [16]. First, upon encountering an occurrence of an
error, the approack was to understand why the error
occurred. This included determining what the compiler or
interpreter had done right in its compilation or execution
of a source progzram, fcllowed bty an analysis of what the
compiler or interpreter had done 1incorrectly. Second, a
theory was devised to explain the nature ¢f the error(s),
along with a devised method, such as a paper and veacil walxk
through using different variables or combinations of
variables, to confirm the theory. Next, the plan councerninz
the error was implemented, usually this was accomplished 1y
a paper and pencil code walk throueh followed ty
recompilation and reexecution of the program. Finally, a
solution was determined, reviewed, and implemented.

It was observed, as in other program debugging =offorts,
that a few errors gave most of the difficulties eancountered
when debugging. Upon several occasions, it was thought that
the origin and all side effects of an error had been
iiscovered; later however, after having made a subdstantial
coding change, it was realized that there was either another

boundary condition, circumstance or combinatorial problem
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giving rise to the error. The result was that of havinz tec
restudy and refix the error, which required additional time
and effort.

To facilitate the testing and debugging of the compiler
and interpreter several different software tools were
utilized. It 1is difficult to say which was the most
beneficial; however, when thev were used together the task

0f testing and debuzging was significantly enhanced.

3. INTSRACTIVE TICOLS

Zecause the MICRO-COEOL compiler and interpreter were
implementedi under the CP/M operating system, two CP/M
debugging facilities were used. First, the Dynamic Debugging
Tocl 71, DDT, is a dynamic interactive program which allows
testiag and debugging of programs in the CP/M operation
system enviromnment. The second was the Symbdolic Irstruction
Detugger [6], SID, which expands upoa the features of DIT.
Specifically, SID 1includes real-time Dbreakpoints, fully
monitored execution, symbolic 4isassemdbly, assembdly, and
memory display and fill functions. Bath debdbuggers were
iesigned to operate in an interactive mode and each had
several features and facilities in common which enhanced the
dedugging effort., One feature which allowed the setting of
breakpoints at actual memory locations correspondinz to a
program’s source lines and symbolic names was used quite
srxtensively. Another useful facility was the abdility <o

fispiay and alter the programs symbolic values, which

e2




enabled the substitution of values to check a proposed

solution to an error.

C. CROSS REFERENCE LISTINGS

Another useful facility which eased the debugging effort
was the cross reference 1listings —crroduced by the PLM8@
ccmpiler used to compile the MICRC-COBCL compiler and
interpreter. There were three different listings produced
after each compilation: 1.) a line numbered source 1listing,
2.) a symbol address table, which included the name and
actual memory address assigned for all symbcls ieclared, and
3.) a line address table whica cross referenced every line
in the source 1listing with the 8360 code generated by the
PLMED compiler for that varticular line. These listings were
almost indispensable with regard to testing and debugeging,

and their contribution candot e overemphasized.

D. VALIDATION T®STS

At the onset of this thesis jproject it was very
Aifficult to decide how to test various constructs and
features of the MICRO-COBOL compiler and interpreter and
there were questions regarding test case design. During
earlier work (18], the HYPO-COBOL Compiler Validation System
(HCCVS) Tape (frcm the Automated Data Processinag Equioment

Selection Office (ADPESO)) was acquired =— to be used in

validating the MICRO-COBOL compiler. However, the HCCVS was




never used and the tape had not been transferred teo the
approrriate media. This transfer was accomplished later
(12]. 3y using the HCCVS as the evaluation package, the
auestions regarding test case construction and design were
resolved and testing proceeded. The HCCVS was used primarily
as a test bded for PART ONE of the compiler, having as an
objective the goal of easuring the prover construction of
the symbol table and data initialization. Because some of
the PFYPC-COBOL <constructs were not 1implemented 1in the
MICEQO-COBOL compiler (see Appendix E), the compilation of
any HCCVS program past the PRCCIDURE DIVISION statement was

not successful.
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V. CCNCLUSICNS AND RECOMMENDATIONS

A significant portion of the MICRO-COBOL
Compiler/Interpreter has been tested, debugged and
documented. The following specific 1language features and
facilities previously not implemented, or implemented
incorrectly, have been successfully implemented, tested and
detugged during this project: 1.) the compiler”s ability to
handle any sequence of MICRO-COBOL language constructs
(PICTURE CLAUSE, VALUE CLAUSE, OCCURS CLAUSE, and USAGE COMP
CLAUSE) in the declaration of an identifier, 2.) record
identifier declarations with up to ten levels of elementary
field items, 3.) record and elementary field identifier
redefinitions, 4.) nested redefinitions, and S.) error
message Zeneration for duplicate 1identifier declarations
vithin the DATSY DIVISION.

Testing and debtugging has tbteen accemplished for all
presently implemented MIC20-COBCL language constructs
occurring in the DATA DIVISION of a source progranm.
Specifically, testing was perfcrmed by compiling through the
DATA DIVISION of the first ten HCCVS test orograms.

In addition, the MICRO-COBCL compiler has been
completely documented. This documentation 4{includes the
following: 1.) module organization, 2.) module 1interfaces,
3.) memory organization of the Interpreter, 4.) construction

and data initialization of the symbol tadble, and 5.) key

— — - e p—————




internal data structures.

Several areas remain which could be improved, developed
and implemented, to enhance the MICRO-COBOL
Compiler/Interpreter system, these include: 1.) correction
of the numerical algorithms in the interpreter to allow for
signed-fractional arithmetic, 2.) implementation of numeric
editing capabilities, 3.) implementation of a printer
control feature and interface, and 4.) testing and debugging
of the compiler”s ability to compile the PROCEDURE DIVISION

of the HCCVS test programs.
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I. ORGANIZATION

The compiler is desigzned to run on an 8@8¢ system in an
interactive mode through the use of a teletype or console.
It requires at least 24K of main memory and a mass storaze
device for reading and writing. The compiler is composed of
two parts , each of which reads a portion of the input file.
Part One reads the input oprozram to the end of the Data
Division and builds the symbol table. At the end of the Data
Division, Part Cne is overlayed by Part Two which uses the
symbol table to rroduce the code. The output code is written
as it is produced to minimize the use of internal storage.

The BUILD Program bduilds the core 1image for the
intermediate code and performs such fuactions as
backstuffing addresses. BUILD then 1loads the INTERPRETER
addresses. BUILD then transfers coatrol to the INTRDR
routine. The INTRDR routine copies the interpreter into
memory and traasfers control to the Iaterpreter. The
interpreter 1s controlled by a large case statement that
decodes the instructions and performs the required actions.

As a tool for debugging the compiler the DECOPE Program
was created; it reads the 1{ntermediate code file and
translates the instructions 4iato mnemonics followed Dby

parameters.




II. MICRO-COBCL ELEMENTS

This section contains a description of each element in
the language and shows simple examples of their use. The
following conventions are wused in explaining the formats:
Elements enclosed in bdroken braces < > are themselves
complete entities and are described elsewhere in the manual.
Elements enclosed in braces { } are choices, one of the
elements which is to be used. Elements enclosed in brackets
{ 1 are optional. All elements in capital letters are
reserved words and must be spelled exactly. '

User names are indicated in lower case. These names have
been restricted to 12 characters in length. There 1is only
one restriction on user names, the first character must be
an alpha character. The remainder of the user name can . have
any combiration of representabdle character in {it.

The 1input ¢to the compiler does not aneed to conform to
standard COBCL format. Free form input will be accepted as
the default condition. If desired, sequence nunbers can be
entered in the first six positions of each line. However, a
toggle needs to be set to cause the ccmpiler to ignore the

sequence numbers.
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IDENTIFICATION DIVISION

ELEMENT:

IDENTIFICATION TIVISION Format

FORMAT:

IDENTIFICATION DPIVISION.

PROGRAM-ID. <comment>.

[AUTHOR. <comment>.]

(DATE~WRITTEN. <{comment)>.] ‘

{(SECURITY. <comment).]

DESCRIPTION:
This division provides information for program iden-
tification for the reader. The order of the lines is
fixed.

EXAMPLES:
IDENTIFICATION DIVISION.

PROGRAM-ID. SAMPLE.

AUTHOR. MICBAEL-L-RICE.
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ENVIRONMENT DIVISION

ELEMENT:

ENVIRONMENT DIVISION Format
FORMAT:

ENVIRONMENT DIVISION.

CONFIGURATION SECTION.

SOURCE-COMPUTER. <comment> [DEBUGGING MODE].

OBJECT-COMPUTER. <comment>.

(INPUT-OUTPUT SECTION.

iﬁ FILE-CONTROL.

) <file-control-satry> . . .
(I-0-CONTROL.
SAME file-name-1 file-name-2 [file-name-3]

[file~name-4] (file-name-=5]. ] ]

DESCRIPTION:
This division determines the external nature of a
file. In the case of CP/M all of the files used can
be accessed either seouentially or randomly except for
variadle length files which are sequeatial oaly. The

dedbugging mode is also set dy this section.
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{file-control-entry>
ELEMENT:
<fiie—control—entry>
FORMAT:
1.
SELECT file-name
ASSIGN implementor-name
(ORGANIZATION SEQUENTIAL)]

[ACCESS SEQUENTIAL].

| SELECT file-name
ASSIGN implementor-name

ORGANIZATION RELATIVE

[(ACCESS {SEQUENTIAL (IELATIVE data-namel}].
{RANDOM RELATIVE® data-name }

DESCRIPTION:

The file-control-entry defines the type of file that

the program expects to see. There is no difference on

the diskette, but the type of reads and writes that

are performed will differ. For CP/M the implementor




name needs to conform to the normal specifications.
EXAMPLES:
SELECT CARDS

ASSIGN CARD.FIL.
SELECT RANDOM-FILE

ASSIGN A.RAN

ORGANIZATION RELATIVE

ACCESS RANDOM RELATIVE RAND-FLAG.

- " s aiy

—

94

s TR R e
PRGN L AR 4 A
' ‘1%12.&:&%3&?‘11




DATA DIVISION

ELEMENT:

DATA DIVISION Format

FORMAT:

DATA DIVISION.

(FILE SECTION.

[FD file-name

ey

3 [BLOCK integer-1 EECORDS]
'
’% (RECORD ([integer-2 TO] integer-3]
[LABEL RTCORDS {STANDARD}]
{OMITTED }
[TALUE OF implementor-name-1 literal-1
(implementor-name-2 literal-2]

.

({record-description-entry>] ...] ...
[WORKING-STORAGE SECTION.
[Krecord-description-entry>] . . ]

(LINKAGE SECTION.

({record-description-entry>] ... ]
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DESCRIPTION:
This is the section that describes how the data is
structured. There are no major differences from stan~-
dard COBOL except for the following: e Label
records make no sense on the diskette so no entry is

required. 2. The VALUE OF clause 1likewise has no

meaning for CP/M. 3. The linkage section has not been ii
implemented.
I a record is given two lengths as in RECORD 12 TO 3!
128, the file is taken to be variadle length and can ‘5
only be accessed in the sequential mode. See the sec~-

tion on files for more information. |
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{ccmment>
ELEMENT:
{comment>
FORMAT:
any string of characters

DESCRIPTION:
A comment is a string of characters. It may include
anything other than a period followed by a bdlank or a
reserved word, either of which terminate the string.

Comments may bVe empty if desired, dut the terminator

is still required by the program.
EXAMPLES:

this is a comment
| anoctheroneallruntogether

8080% 16K
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<{data-description-entry>

ELEMENT:
<{data-description-entry> Format
FORMAT:
level-number {data-name}
{FILLER }
[REDFFINES data-namel
(PIC character-string]

[(USAGE {comMP 1}

| {DISPLAT}
(SIGN {LEADING} [SEPARATE!]
| i {TRAILING}

[(OCCURS integer]

p—

(SYNC (LEFT ]]

(RIGHT]

[(VALUE literal].

DESCRIPTION:

This statement describes the specific attributes of

the data. Since the 8087 is a tyte machine, there was
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no mearing to the SYNC clause, and thus it has not
been implemented.

EXAMPLES :
@1 CARD-RECORD.

@2 PART PIC X(S).

@2 NEXT-PART PIC 99V99 USAGE COMP.

22 FILLER.

@3 NUMB PIC S9(3)V9 SIGN LEADING SEPARATE.

23 LONG-NUMB 9(15).

23 STRING REDEFINES LONG-NUMB PIC X(15).

@2 ARRAY PIC 99 OCCURS 102@.
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PROCEDURE DIVISICN
ELEMENT:
PROCEDURE CIVISION Format
FORMAT:
1.
PROCEDURE DIVISION [USING namel (name2] ... [name5]].
section-name SECTICN.

(paragraph-name. <{sentence> [<seatence> ... 1 ... ] ...

PROCEDURE DIVISICN [USING namel [name2] ... [name5]).
paragraph-name. {sentence> ([<seantence> ...l ...

DESCRIPTION:
As is indicated, if the program is to <contain sec-
tions, then the first parazraph must de in a section.
The USING cption is part of the interprogram communi-

cation module and has not been implemented.

12¢




{sentence>

ELEMENT:
{sentence>

FCRMAT:
{imperative-statement>
{conditional-statement)
ENTER verd

DESCRIPTION:

All sentences other than ENTER fall in one of the two
main catigories. ENTER 1s part of the interprogram

communication module.

101




{imperative-statement)

ELEMENT:

{imperative-statement>

FORMAT:
The following verbs are always imperatives:
ACCEPT
CALL
CLOSE

{ DISPLAY

e

EXIT

GO

MOVE
OPEN
PERFCRM
! | STOP

The following may bde imperatives:
' arithmetic verds without the SIZZ ERRCR statement
| and DELETE, WRITE, and RFWRITEZ without the INVALID option.

o i
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{conditional-statements>

ELEMENT:

{conditional-statements>

FORMAT:

IF

PEAD

arithmetic verts with the SIZE ERROR statement

and DELETE, WRITE, and REWRITE with the INVALID option.
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ACCEPT

ELEMENT:

ACCEPT

FORMAT:

ACCEPT <identifier)

DESCRIPTION:
This statement reads up to 255 characters from the
censole. The usage of the item must be DISPLAY.
EXAMPLES:
ACCEPT IMMAGE

ACCEPT NUM(3)

104




ELEMENT:

ADD
FORMAT:
ADD {identifier} [{identifier-1}] TO identifier-2
{literal } {literal }
(ROUNDED] (SIZE EFROR <imperative-statemeat>]

DESCRIPTION:
This instruction adds either one or two numbers to a
third with the result being placei in the last loca-
tion.

SXAMPLES:
ADD 12 TC NUMB1

ADD X Y TO Z ROUNDED.

ADD 122 TO NUMBER SIZE FRROR GC ERROR-LOC




CALL

ELEMENT:

CALL

FORMAT:

CALL literal [USING ramel [name2] ... [name5]]

DESCRIPTION:
CALL is not implemented.
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CLOSE

ELEMENT:

CLOS®E
FCRMAT:

CLOSE file-name

DTSCRIPTICN:

Files must be closed if they have been written. How- |
ever, the normal requirement to close an iaput file 3

prior to the end of processing does not exist.
EXAMPLES:

CLCSE FILEL

CLOSE RANDFILE

AR T N TR T WT. SRR WS W e e 7w



DELETE

SLEMENT:

DELETE

FORMAT:

DELETE file-name [INVALIT <imperative-statement)]

DESCRIPTION:
This statement requires the file-name of the item

to be deleted. The record is logically removed by

filling 1t with a high value character, which is not
displayabdle to the console or line printer. The loz-
ical record space cac be used again by writing a
valid record ir its place.

EXAMPL

(€3]

S
FLETE FILE-NAME

o
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DISPLAY
ELEMENT:
DISPLAY
FORMAT:
DISPLAY {identifier} [{identifier-1}]
{literal } {literal }

DESCRIPTICN:
This displays the <contents of ar 1identifier or

displays a 1literal on the console. Usage must be

DISPLAY. The maximum length of the display is 8@ char-
acters for literal values and 235 characters for
identifiers. Only twec identifiers/literals are
allowed for each DISPLAY command.

ZXAMPLES:

DISPLAY MESSAGE-1

DISPLAY MESSAGE-3 12

DISPLAY °TEIS MUST RE TH® END°
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ELEMENT:

DIVIDE

FORMAT:

DIVIDE {identifier} INTO identifier-1 [ROUNDZL]

{literal }
(SIZE FRRCR <imperative-statement>]

DESCRIPTION:

The result of the division is stored in
any remainder i{s lost.

SXAMPLES:

DIVIDE NUM3B INTO STORE

DIVIDE 25 INTO RESULT

112
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ENTER

FORMAT:

ENTER language-name [routine-name])

DESCRIPTION:

This coastruct is not implimented.
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EXIT

FCORMAT:

EXIT [PROGRAM]

DESCRIPTION:

EXIT

The EXIT command causes 20 actionm by the 1interpreter

but allows for an empty paragraoh for the construc

of a common return point. The optional PROGRAM st

tion

ate-

ment is not implemented as it is part of the interpro-

gram communication module.
SXAMPLES:
RETUAN.

EXIT.
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ELEMENT:
GO

FORMAT:

GO procedure-name

GO procedure-1 [procedure-2] ... procedure-2¢
DEPENDING identifier
DESCRIPTICN:
The GO command causes an unconditional bdraaca to the
routine specified. The second form causes a forward
tranch dependiing on the value of the contents of the
identifier. The identifier must be a numeric integer

value. There can be no more than 27 procedure names.

EXAMPLES:

GO PREAD-CARD.

GC READ1 REZAD2 READ3 DEPENDING READ-INDEX.

113
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ELEMENT:
Ir

FORMAT:

IF <condition> {imperative } ELSE imperative-=2

{NEXT SENTENCE}

DESCRIPTION:

This is the standard COBOL IF statement. Note that
there is no nesting of IF statements allowed since the
IF statement is a conditional.

SXAMPLES:

| IF A GREATEP B ADD A TO C ELSE GO ERPOR-ONE.

IF A NCT NUMERIC NEXT SINTENCEZ ZLST MOVE ZZRO TO A.




MOVE

ELEMENT:

MOVE

FORMAT:

MOVE {identifier-1} TO identifier-2

{1iteral }

DESCEIPTION:
The standard list of allowable moves applies to this
action. As a space saving feature of this implementa-

tion, all numeric moves go througk the accumulators.

f This maxes numeric moves slower than alpha-numeric

| moves, and where possible they should be avoided. Any

move that involves picture clauses that are exactly

the same can be accomplished as an alpha-numeric move

]
l
ai if the elements are redefined as alpha-nrumeric; also

all group moves are alpha-numeric.

EXAMPLES:

,ﬁv.—n.vnv;—‘_—A

E ? MCVE SPACE TO PRINT-LINE.

g | MOVE A(12) TO B(PTR).
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MULTIPLY

MULTIPLY

FORMAT:
MULTIPLY {identifier} BY identifier-2 [ROUNDED]
{literal }
[SIZE TRRCR <imperative-statement>]

DESCRIPTION:

The multioly routine requires enougn space to calcu-

late the result with the full number of decimal digits
2 prior to moviné the result 1into identifier-2. This

means that a number with £ places after the decimal

multiplied by a number with 6 places after the decimal

will generate a number with 11 decimal places which

would overflow if there were more than 7 digits before

& the deciral place.
TXAMPLES:

£ | MUZTIPLY X RY Y.

MULTIPLY & BY 3(7) SIZE TRROR GO OVERFLOW.

116
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ELEMENT:

CPEN

FORMAT:

OPEN {INPUT file-name }

{OUTPUT file-rame}

{I-0 file~name }

DESCRIPTION:
The three types of OPENS have exactly the same effect
on the diskette. However, they do allow for internal
checking of the other file actions. Tor example, a
write to a file set open as input will cause a fatal
error.

EXAMPLES:
OPEN INPUT CARDS.

OPEN OUTPUT REPORT-FILE.




PERFORM

ELEMENT:
PERFORM
FORMAT:
)

PERFORM procedure-name (TERU procedure-name-2]

PERFORM procedure-name [THRU orocedure-rame-2)
{identifier} TIMES

{integer }

PERFORM procedure-name [THRU procedure-name-2]
UNTIL <condition>

DESCRIPTION:
All three options are supported. Branching may be ei-
ther forward or backward, and the procedures called

may have perform statements in them as lonz as the end

points do not coincide or overlap.
IXAMPLES:

PERFORM CPEN-RCUTINE.




PERFORM TOTALS THRU END-REPORT.

PERFORM SUM 1@ TIMES.

PERFORM SKIP-LINE UNTIL PG-CNT GREATER 6@.

;
:




ELEMENT:
READ
FORMAT:

1,

READ file-name INVALID <imperative-statement)

READ file-name END <imperative-statement>

DESCRIPTION:

The invalid condition is only avplicabdble to files in a
random mode. A1l sequential files must have an END

statement.

| EXAMPLES :

RFAD CARDS END GO END-OF-FILE.

READ RANDOM=-FILE INVALID MOVE SPACES TO REC-1. ]




REWRITE
ELEMENT:

REWRITE
FORMAT:

LEWRITE record-name [INVALID <imperative)]

DESCRIPTICN:
REWRITE is only valid for files that are open 1in the
I-0 mode. The INVALID clause is only valid for random
files. This statement results in the current record
being written ©back 1into the place that it was just
read from, the last executed read.

EXAMPLES:
REWRITE CARDS.

EZIWIITE RaND-1 INVALID PERFORM ERROR-CHECK.




STOP
ELEMENT:
STOP
FORMAT:
STOP {RUN }
{1iteral}

DYSCRIPTION:
This statement ends the runnine of the interpreter.
If a 1literal 1is specified, then the 1literal is
| displayed on the console prior to termiration of the
program,
EXAMPLES:
3 STOP RUN.

STOP 1.

STOP "INVALID FINISH".
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SUBTRACT
ELEMENT:
SUBTRACT
FORMAT:
SUBTRACT {identifier-1} [identifier-2] FROM jdentifier-3
{literal-1 |} (literal-2 ]
(ROUNDED! [SIZE ERROEK <imperative-statement>]

DESCRIPTION:

Identifier-3 s decremented by the value of

identifier/literal one, and, if specified,

identifier/literal two. The results are stored back

F | 1n  identifier-3. Roundinz and size error options are
availadle if desired.

EZAMPLES:

»ﬂ SUSTRACT 12 FROM SU3(12).

Y

SUBTRACT A B FROM C ROUNDED.
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WRITE

ELEMENT:
WRITE
FORMAT:
:
WRITF record-name [{BIFORE} ADVANCING {INTEGER}]

{AFTER } {286}

WRITE record-name INVALIT <{imperative-statement>

DESCRIPTICN:
The record specified is written to the file
specified in the file section of the source
program. The INVALID option oaly apolies to

i random files.

, EXAMPLES:
bl WRITE OUT-FILE.
F' WRITF FAND-FILE INVALID PERFOCRM ERROR-RECOV.
&
|
b |
| %
1
124
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<condition>
ELEMENT:
{conditiond>
FORMAT:
RELATIONAL CONDITION:
{tdentifier-1} [(NOT) {GREATER} {identifier-2}
{literal-1} {LESS } {literal-2 }
{EQUAL }
CLASS CONDITION:
fdentifier [NOT] {NUMERIC } gy

{ALPEA3ETIC}

4

DESCRIPTION:
It 1s not valid to compare two 1literals, The class
condition NUMERIC will allow for a sizn if the iden-
tifier is signed numeric.

EXAMPLES:
A NCT LESS 10.

LINT GREATER 'C°.

NUME1 NCT NUMERIC

S
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EXAMPLES: |

Subscripting

ELEMENT:

Subscripting

FORMAT:

data-nrame (subscript)

DYSCRIPTION:
Any item defined with an OCCURS may bde referenced by
a subscript. The subscript may be a literal integer,
or it may be a data item that has been specified as an
integer. If the subscript is signed, the sign must be

positive at the time of its use.

A(19)

ITEM

~

SUB)
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III. COMPILER TOGGLES

There are four compiler toggles which are cortrolled by
an entry following the compiler activation command, COBOL
{filename>. The format of the entry consists of following
{filename> by one space and then entering a "$" followed
immediately by the desired togesles. There must be only one
space after <filename> and no spaces between the ¢ and the
tozgles. The following i{s an example of a typical entry:

COBOL EXAMPLE $ST
This entry would cause the compiler to iznore the sequence
numbers entered at the beginning of each input file line and
print the token numbers to the output device. In each case

the toggle reverses the default value.

$L =-- 1ist the input code on the screen as the program
is compiled. Default is on. Error messages will bte difficult
to understand 1f this togzle is turned off, bdut if the
interface device is a teletype, it may be desired in certain

situations.

$§S -- sequance numbders are in the first six positions of

each record. Default is off.

$P -- list productions as they occur. Default is of?.

$T -- list tokens from the scanner. Default is off.




IV. RUN TIME CONVENTIONS

This section explains how to run the compiler on the
current system. The compiler expects to see a file with a
type of CBL as the input file. In general, the input is free
form. If the 1input 1includes sequence naumbers then the
compiler must be notified by setting the appropriate tozgle.
The compiler is started by typirg COBOL <file-name>. Where
the file name is the system name of the input file. There is
no 1interaction required to start the second part of the
compiler. The output file will have the same <{file-name) as
the i{npput file, ard will be 2iven a file type of CIN. Any
previous copies of the file will be erased.

The iaterpreter is started by typing EXEC <filemamed.
The first oprogram 1is a loader, and 1t will display “LOAD
FINISHED ' to indicate successful completion. The run-time
package will ©bve bdrought 4ia by the INTRDR routine, and

execution should continue without interuption.
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V. ERILE INTZRACTICNS WITH CP/M

The file structure that s expected by the program
imposes some restrictions on the system. References 4 and 5
contain detailed information on the facilities of CP/M, and
should be consulted for details. The information‘that has
been included in this section is intended to explain where
limitations exist and how the program interacts with the
system.

All files in CP/M are on a random access device, and
there 1is no way ¢for the system to 4distinguish sequential
files from files created in a random mode. This means that
the various types of reads and writes are all valid to any
file that has fixed lenzth records. The restrictions of the
ASSIGN statement 40 prevent a file from bdeing open for doth
random and sequential actions during one prozram.

Each logical record is terminated by a carriage return
ard a 1line feed. 1In the case of variadle length records,
this is the only end mark that exists. This convention was
adopted to allow the various programs which are used in CP/M
to work with the files. Files created by the editor, for
example, will generally bve variatle 1length files. This
convention does remove the capability of readirg variable
len2th files in a random mode.

All of the physical records are 128 bdytes in leagth, and
the prosram sucrplies ©buffer space for these records 1in

addition to the logical records. Logical records may be of
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VI. ERROR MESSAGES

A. COMPILER FATAL MESSAGES

BR Bad read -- disk error, no corrective action can be

taken in the program.

CL Close error =— unable to close the output file.
MA Make error -- could not create the output file.
MO Memory overflow —-— the code and constants generated

will not fit in the alloted memory space.

¥

oP Open error -—— can not open the iaput file, or no such

St Lt o e 4

b | file present.

| SO Stack overflow ~— the LALR(1) parsing stack has exceeded

| its maximum allowatle size.

ST Symbel tabdle overflow -- symbol tadle is too large for
the allocated space.

WA Write error -— disk error, could 1ot write a code

record to the disk.

i
l
l B. COMPILER WARNINGS
[
¢ |

|
k| Cz Close error -- attempted to close a non-existing file.
5 DC Decimal count error =-- decimal significance is greater

!~ 5 than 18 digits.
|

DI Duplicate identifier -— the identifier name has bdeen

f‘
|
|




IA

ID

IS

IT

A

LV

MD

MS

NF

previously declared in the WORKING STORAGE area of the
program.

Excess files —--— the number of files declared in the
source program exceeds 24.

Extra levels =-- only 10 levels are allowed.

File type —— the data element used in a read or write
statement 1s not a file name.

Invalid access — the specified options are not an
allowable combination.

Identifier stack overflow — more than 20 items in a
GO TO -- DEPENDING statement.

Invalid subscript -- an item was subscripted but it
wvas not defined by an OCCURS.

Invalil type -—- the field types do not match for this
statement.

Literal error — a literal value was assizned to an
item that is part of a group item previously assigned

a value.

Literal value error -- the PICTURE clause field type
does not match the VALUE clause literal type.
Multiple decimals -- a numeric literal in a VALUE
clause contains more than one decimal point.

Multiple signs —— a signed numeric literal in a VALUE
clause contains more than one sign.

Ne file assigned —— there was no SELECT clause for

this file.
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NI Not implemented ~- a production was used that is not
implemented.

NN Non-numeric -— an invalid character was found {21 a
numeric string.

NP No production -- no production exists for the cuurrent
parser configuration; error recovery will automatically
occur.

NV Numeric value — a numeric value was assigned to a
non-numeric item.

OE Open error -- attempt to open a file that was not de-
clared; or attempted to open a file for I-0 that was
not a RELATIVE file.

PC Picture clause — an invalid character or set of

characters exists in the victure clause.
PF Paragraph first -- a section header was produced after
, a paragraph header, which is not ia a section.
A Rl Redefine nesting -- a redefinition was made for an
item which is part of a redefined item.
R2 Redefine length -- the length of the redefinition item
was greater than the item that it redefined. This error

message may be printed out one identifier past the

R3 kedefines misplaced -— a redefines was attempted in the
E | FILE STCTION of the source program.

SE Scanner error == the scanner was unabdle to read an
identifier due to an invalid character.

|
|

E |

‘ 1 redefiaing identifier record in which it occurred.

{
i
|
|
' SG Sign error -— either a sign was expected and not
!

SR




A

SL

UI

WL

CL

NF
w1

w2

found, or a sien was preseat when not valid.
Significance loss -- the number assigned as a value is
larger than the field defined.

Type error — the type of a subscript index is not
integer numeric.

Undeclared identifier -- the identifier was not
declared in WORKING STORAGE area of the source program.
Value error -— a value statement was assigned to an
item in the file section.

Wrong level error —-- program attempted to write a
record other than an @1 level record to an output

file.

C. INTERPRETER FATAL ERRORS

Close error ~— the system was unadle to close an output
file.

Make error -~ the system was unable to make an input
file on the disk.

No file — an input file could not be opened.

Write non-sequential -- attempted to WRITE to a file
opened for INPUT or a file opened for I-0 when ACCESS
was SEQUENTIAL.

Wrong key -- attempted to change the key value to a
lower value than the number of the last record writ-

ten.




w3

We

w5

w6

w7

=4
4

GD

IC

SI

Write input — attempted to WRITE to a f‘le opened
for INPUT.

Write non-empty -— attempted to WRITE to a non-empty
record.

Read output -— attempted to READ a file opened for
CUTPUT.

Rewrite error -— attempted to REWRITE to a file

not opened fo I-0.

Rewrite error -— attempted to REWRITE a record before
reading the filej or multiple REWRITE attempts with-

out doing a READ between each.

D. INTERPRETER WARNING MESSAGES

End mark -- a record that was read did not have a
carriage return or a line feed in the expected location.
Go to derending -- the value of the depending indicator
was greater than the number of available dranch
addresses.

Invalid character -- an invalid character was loaded
into an cutput field during an edited move. For example,
a numeric character into an alphadetic-only

fie1a.,

Sign Invalid -- the sign is not a "+ ora "= .

Write Error -- attempted to write to an output file.

— g————




APPENDIX B

LIST OF MICRO-COBOL RESERVED WORDS

The following is a 1list of reserved words for
MICRO-COBOL. The reserved words are the same as those
specified for the HYPO-COBOL language, except where noted

with an asterisk (*).

ACCEPT ENVIRONMENT MULTIPLY 20N
ACCESS EOF * NEXT S AME
ADD ECUAL NOT SECTION
- ADVANCING ERROR NUMERIC SECURITY
! AFTER EXIT OBJECT-COMPUTER SELECT
fﬂ ALPEABETIC D OCCURS SENTENCE
3 ASSIGN FILE OF SEPARATE
3 AUTHOR FILE-CONTROL OMITTED SEQUENTIAL
| BEFORE FILLER OPEN SIGN
; BLOCK FROM ORGANIZATION SIZE
BY GO OUTPUT SOURCE-COMPUTER
CALL GREATER PAGE SPACE
CLOSE 1=Q PEIFORM STANDARD
_ COBOL [-0-CONTROL PIC STOP
E | COMP IDENTIFICATION PROCEDURE SUBTRACT
‘ CONFIGURATION ITF PROGRAM SYNC
DATA INPUT PROGRAM=ID THRU
DATE-#RITTEN INPUT-OUTPUT QUOTE TIMZS
DE3UGGING INVALID RANTOM TO
JDELETE INTO READ TRAILING
DEPENDING LABEL RECORD UNTIL
DISPLAY LEADING RECCRDS USAGE
k| DIVIDE LEFT RFDEFINES USING
a DIVISION LESS RELATIVE VALUE
ELSE LINKAGE REWRITE WCRRING-STORAGE
END MODE RIGHT WRITE

| INTER MOVE ROUNDED 2ERO

|
1
y
|
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APPENDIX C

The MICRO-COBOL compiler and interpreter source files
currently exist in the high level language PLM8C and are
edited and compiled under the ISIS operating system on a
INTEL Corporation M™MDS system. This is a description of the
procedures required to compile and estadlish the programs to
compile and interpret a MICRO-COBOL program. The MICRO-COBOL

compiler and interpreter run on any 8080 or Z-80 Dbased

microcomputer that operates under CP/M. The execution of the
following four files will cause a MICRO-CCBOL program to be

compiled and executed:

1. COBOL.COM
2. PARTZ2.COM
3. EXEC.COM

4. CINTER?.COM

These four files are created from the following six

PLM8@ source programs.

1. PART1.PLM
2. PART2.PLM
3. BUILD.PLM
4. IREADER.PLM
5. INTRDR.PLM
6. INTERP.PLM

The procedures used to create the four object files (COM

files) 1involve compilinz, linking, and locating each of the
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six source files under ISIS. The SID program is then used
under CP/M to construct the executable files. Tach of the
following steps describe the action(s) to be taken and,
where appropriate, the command string to be entered into the
computer.

1. An ISIS system disk containing the PLM8@ compiler is
placed into drive A and a non-system disk containing the
source orograms 1s placed into drive B. It should be noted
that drive A and B are the CP/M reference names for the
drives while F1 and F2 are the I[SIS reference names used for

the associated disk drives.

2. Compile the PLM source program uader ISIS using the

the following command:
PLMB? :F1:<{filename>.PLM DEFBUG XREF

DTRUG saves the symbol table and line files for later
use durirng dedbugging sessions. XREZF causes a cross-reference
listing, of all 4{dentifiers 4in the source program, to be
created. The cross-reference listing includes each
identifier and the associated 1line number where the
identifer was declared and the line number of each occurence
of the identifier in the source program (9].

3. Link the PLM8@ object file.

LINK :F1:<{filename>.0BJ, TRINT.OBJ, PLM8Z2.LIB, TO
tFl:{filename>.MOD

See reference 10 for an explanation of PLME@.LIE. The

138

T e <




: |
|
i
|
|
|
{
b |
|
-
[

TRINT.OBJ prcgram ianterfaces the MON1 and MON2 functions of
CP/M to the source program, allowing for the use of absolute
addresses in referencing these functions.

4. Locate the object file.
LOCATE :F1:{filename>.MOD CODE(org address)

The “org address 1is the address where the program will
begin to bde loaded into memory. The following are “org

addresses for the associated prozram:

PART1.MOD 1908
PART2.MOD 100QH
INTERP.MCD 1008
INTRDR .MCD 801
BUILD.MOD 108

IREADER.MOD  D@@0H

The "org addresses’ above represent the ones used with a 62X
byte CP/M system. The oaly address that would 2eed to be
changed if a different size system was used would be the one
for IREADER.MOD. See appendix £ for specifics on the address
to use for IREADER. :

4a. The two files INTRDR and IREADER just created by the
LCCATE command must be converted to HEX FILES . By using
thke ISIS command OBJHEX <filename> the file will be
converted to the "HEX file” <filename).HEX.

5. Replace the ISIS system disk in drive A with a CP/M

system disk and reboot the system.

A oo oand
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6. Transfer the located ISIS file from the ISIS disk on
drive B to the CP/M disk on drive A.

FROMISIS <filename>

6a. When transfering the "HEX files" to the CP/M disk
use the following:

FROMISIS <filename).HEX
7. Convert the ISIS file to a CP/M executable form.
ORJCPM <filename>

7a. The "HEX files” are not coverted to a CP/M format,
but are left in the HEX format.

At this rtoint the object file is in machine readabdle
form and will run under CP/M when called properly. PART2.COM
and CINTERP.COM are called by PART1.COM (COBOL.COM) and
EXEC.COM, respectively and need no further work. PART1.COM
and EXEC.COM need to be constructed from the remaianiagz four
files.

PART1.COM is created by entering the followirz commands:

1. SID PART1.CCM

2. IREADER.HEX

3. R6200

4. AZA9A

5. JMP @Deee

6. Control-C

7. Save 52 COBOL.COM




See reference 6 for an explanation of the 'I’, "R, and
"A" commands used above and ref 4 for an explanation of the
"SAVE" command. Steps four and five above are used to patch
the JUMP to IREADER referred to imn the PART1.PLM program
into the PART1.COM program.

EXEC.COM us created by entering the following commands:

1. SID BUILD.COM
2. INTRIR.EEX

3. RLCOV
4. ALCBS
5. JMP 5
| 6. A1cC1
7. JMP 5

8. CONTROL-C
‘1 9. SAVE 31 EXEC.COM

Statements 4, 5, 6, and 7 above are used to patch the
JUMP to BDCS referred to in the INTRDR.PLM program into the

| INTRDR.HEX program.
NPS MICRO-COBOL programs may now be executed in the
following maaner. The source program is named ,

{filename>.CRL. The command COBOL <filerame)>', causes the

MICRO-COBOL source program to be read 4into memory and
compiled. Durinz the compilation, the intermediate code
file, <{filename>.CIN, is written out to the disk as the code

is generated. The commanrd 'EXEC <filename>', causes the

file, <{filename>.CIN, to be executed.




APPENDIX D

PART ONE AND PART TWO INTERNAL DATA STRUCTURES
AND SIGNIFICANT VARIABLES

Within PART ONE and PART TWO, many significant data
structures are used by the procedures which constitute the
scanner and parser. Descriptions are given below for those
structures regarded as important and necessary for future

compiler develoopment.
1. Interfacing Structures

ADDSEND =-- this variable is used to hold the end of
file filler for the end of the source program.

BUFFER(11) -- byte array used to hold the filename
and filetype if declared, of an input or output file in the
SELECT CLAUSE of the FILE SECTION of a MICRO-COBO0L source
program.

BUFFERSEND -- address variable which marks the last
byte of the compiler input duffer which is a 128 byte duffer
used for reading the source program.

IN$ADDR -- address variabdle, default file control
block wused 1initially to hold the <filename.C3L)> of the
source program to be compiled.

INSBUFF -- literal value, marks the first byte of
the comgiler input buffer.

INPUTSFCE -- bdyte value, dased at IN$SADDR(33), the

base address of the default file corntrol block of the source




grogram.

OUTPUTS$RUFF(128) -- byte array, used as a 128 byte
output ©buffer for loading the generated output (pseudo
instructions) when writing to the intermediate code file.

OUTPUTS$CEAR ~-— byte value, based at the OUTPUTSPTR;
used to identify the particular bdyte of the output buffer
(OUTPUT$BUFF) to which the next 1intermediate code
instruction is to be written,

OUTPUTSEND ~-- address variable, pointer to the end
0o? the output buffer (OUTPUTSRUFF).

OUTPUTS$FCB(33) =-- ©byte array, the FCB for the
intermediate code file <filename.CIN> established in PART
ONE of the compiler and pasted to PART TWO of the compiler
by IREADER module.

OUTPUTS$PTR -- address value, used as an irdex into
the output duffer (OUTPUTSEUFF).

POINTER -- address value, the address of the byte

holding the next input character of the source program.
2. Debugging Structures

DRBUGGING =-- 1logical byte value, toggle used in
cenjunction with ":" in a MICRO-COBOL source program text;
allows for the compilation or non-compilation of the
deugging staterents following the ":".

LISTSINPUT -- logical bdyte value, toggle used to
display or not display a source program to the CRT during

compilation.
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PARMLIST(9) -- bdbyte array used to hold the toggles
set by the compiler developer or user upon execution of the
command: COBOL <filename.CBL)> $TOGGLES.

PRINT$PROD -- logical byte value, toggle used to
print, in chromnological order, at the CRT the production
numbers of the compiler grammar rules wused during a
compilation of the source program.

SETOSNUM === 1logical bdyte value, toggle used to
indicate the presence of sequence numbers in the first six

positions of each line of a source program being compiled.
3. Memory Structures

EOFFILLER -- 1literal value, used to test for the
occurrence of an end of file character ("1AE" in CP/M), when
reading the source program.

FREESSTORAGE -- first free address following PART
ONE of the compiler; utilized as the bdase of the symbol
tadle. This is the same value as HASH$TABSADDR in PART TWO
of the compiler.

INITIALSPCS - address value, the initial location
0of the IREADER module before it is copied to high memory at
location MAX$MEMORY.

MAX$MEMORY =-- address value, the location in high
memory where the IREADER module is to be moved.

NEXTSAVAILABLE —— address value, the pseudo machine
memory address for the next machine ianstruction.

PART1$LEN

= the number of bdytes of information
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saved in high memory after execution of PART ONE and used to
initialize PART TWO module variables of the compiler.

PASS14$TOP —— this address is wused 1ia conjunction
with PASS1$LEN for 1locating the fourty-eight bytes of
information saved in PART ONE for use in PART TWO of the
compiler.

RDESLENGTH - 1literal value representinz the 255
bytes of the IREADER module to be moved from INITIALSPOS to
MAX$MEMORY.

4. Scanner Structures:

ACCUM(51) =-- an array of 51 bytes; the first bdyte

contains a count of the total number of characters currently
in the accumulator. This structure holds tokens as they are
scanned, and will hold either a reserved word, a user
4 iefined identifier, or a literal.
COLLISICN -- address varidle, contained in first two
i bytes of ar identifier’s symbol table entry and indicates
k| | wvhether there is another identifier which hashes to the same ‘
hash table address. This address points to that identifier’s
address in the symbol tabdle.
DISPLAY(74) — an array of 74 bytes; the first bdyte

contains a count of the total number of characters (1-73)

currently in the disvlay bduffer. Every line within a source
orogram is loaded into this . structure for subsequent

printing to the CRT terminal during compilation.

EDITSFLAG =-- 1logical flag which denotes the fact




that a “$” symbol has been loaded 1into the DISPLAY array
during compilation. When set the characters within DISPLAY

will bde printed one at a time, until the entire 1line {is
orinted.
EASHSTABLESADDR ~-- the bdase of the symbol table
2enerated in PART dNE, used as the base of the hashtabdle.
HASH$TABSADDR -- this was the address of the bottom
of the symbol table generated in PART ONE of the compiler,
ard saved fer Part two.
g INPUT$STR — 1literal value (32), returned to the
7 LALR(1) parser anytime the token contained in the ACCUM {is

not a reserved word or literal.

[
ﬁ LITERAL -- 1literal value (15), returned to the

LALR(1) parser anytime the first character encountered by
4 the scanner is a quote (“), prior to loading the ACCUM.

‘% MAX$LEN -- 1length of the 1longest reserved word
allowed by MICRO-COBOL.

5. Parser Structures:

’t BUFPER(31) =-- bdyte array used to store edited
PICTURE CLAUSE characters for subsequent intermediated code

generation.

COMPILING -- logical bdyte value which indicates that

compiling s taking place or not in PART ONE or PART TWO;
set to FALSE whenever the statestack of the LALR(1) parser

SR -

4F. is reduced to a recognizadle finished state.

CURSSYM -- address variable that holds the address
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of the current symbol being accessed in the symbol tabdble.

DUPSIDEN$ARRAY(24) -- address array that holds the
symbol address for all files 4eclared in the INPUT-QUTPUT
SECTION of a source program. When the FILE SECTION entry for
the file is encountered the array is searched to determine
if the file was declared and to insure that a FILE SECTION
entry had not deen previously made.

FILESDESCSFLAG -—- 1logical bdyte value; 1indicates
whether the compiler is compiling the FILE DESCRIPTION
SECTION of a source program or not.

FILESSFECSEND —logical byte value set whenever the
parser has parsed passed the FILE SECTION of a source
program.

HOLDSLIT(51) —— byte array, first bdyte contains a
count of the total number of characters currently stored in
E | the EOLDLIT buffer which is used to hold characters for a
b | VALUE CLAUSE.

ID$STACE(12) -- address array which functions as a
stack and is used to hold the addresses of identifiers at
both the record and elementary levels. Whenever a record
identifier has nested elementary field identifiers it |is
saved on the ID$SSTACK. Also, anytime a record identifier has

succeeding record identifiers redefining it, it is saved on

the ID$STACK. In the case of multiple record descriptions in

a file description of ¢the FILE SECTICN, the record

descriptions following the first record are assumed

redefinitions.




IDSSTACX4PTR =- a bdyte 1index variadle 1into the
IDSSTACK array.

MAX$IDSLEN -- a numeric value (12), maximum length
of any user defined identifier.

MP -- byte index variable into the VALUZ array.

MPP1 -- byte index variadle into the VALUE array,
one byte above MP index.

NEXT$SYM -—- this address 1indicates the next
available free space for a symbol table entry.

PENDINGSLITERAL -~ byte value k0,1.2.3.4.5).
indicates the category of the target input to a VALUE
CLAUSE.

PENDINGSLIT$ID — tyte value (92,1,2,3,4,5), which is
saved tc irndicate the category of the most recently
encountered target input to a VALUE CLAUSE.

PRODUCTION == ©bdyte value, determined by the parser
and {ndicates the next semantic action to be taken by the
compiler.

RETEF — logical bdyte value which allows the testing
0f an 1identifier’s storage value size against the storage
value size of a second identifier that redefines the first.
Set to TRUE when there are multiple record descriptions
within a FD BLOCK in the FILE SECTION, or whea a record or
elementary {identifier declaration {in the WORKING STORAGE
SECTION contaias a REDEFINES CLAUSE.

REDEF$FLAG -- logical dyte value, used to denote the

scanning and parsing of the FILE SECTION of a source
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program, helps 1in identifying duplicate ideantifiers within
this section.

REDEF$ONE ~- address variable that holds the symbol
table address of the identifier being redefined by another
identifier.

EEDEF$TWC -— an address variable that contains the
symbol table address of an identifier which redefines
another identifier.

SP -- a byte index for the STATESTACK array and ¢the
VALUE array; poirts to the top of the STATESTACK array.

STATE — a bdyte value numeric quantity that
indicates the current parser state.

STATESTACK(3@) -— a bdyte array which stacks the
states (production sequences) the parser passes through
while compiling a source program.

TREUNCSFLAG -- logical byte value that 1indicates
aumeric truncation of an ideatifier”s VALUY CLAUSE input
hasn’t occurred, because the identifier’s associated PICTUFE
CLAUSE has not been scanaed and parsed.

VALUE(32¢) -- ar address array that holds addresses
of identifiers, specific attridbutes of these identifiers and
attributes of the current source program statement or
sentence being parsed.

VARC(51) -- a bdyte array, the first bdyte holds the
count of the total number of characters withia it, used to
hold all the ASCII characters of tokens scanned within the

source program, excluding reserved words; for sudbsequent
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analysis and processing.

VALUESFLAG -- a logical bdyte that is set anytime an
identifier has ar associated VALUE CLAUSES used primarily to
recognize the occurrence of a PICTURE CLAUSE before the
VALUE CLAUSE or when a record entry has a VALUE CLAUSE, tut
no associated PICTURE CLAUS®E except °for those in 1its
elementary field identifiers.

VALUESLEVEL -- a byte value which saves the level

number of a record identifier which doesn’t have an

associated PICTURE CLAUSE.

b UL T Y :  ——
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APPENDIX F

The NPS MICRO-COBOL compiler/interpreter is designed to
overate on any 8@80 or 280 based microcomputer operating
under CP/M with at least 2¢K bdytes of memory. The PLMS8@
source files have been written in such a way, that certain
variables must be altered in the source code to take
advantage of the machine that the programs are going to be
operating on. This appendix covers those oprograms and the
variables that must be altered.

1. PART1.PLM

This program has two variables that are memory size
dependent, MAX¢MEMORY and MAXSINTSMEMCRY. The variabdle
MAXSMEMCRY 1{is set to 100H bytes below the bdase of the 3ICS

and {s used for the Yerinning address of the IREADER

routine. The variable MAXSINTSMEMORY 4is set to the dase
address of the RDOS and is used as the upper limit for the
intermediate code file,

2. PART2.PLM

This program also has two variables that are memory size

1ependent, MAXSMEMORY and PASS1$TOP. 1In this program
MAXSMEMORY is set to the base address of the BDOS while
PASS15TOP? is set to 12¢H bytes telow the base of the 3D0S.

3. IREADER.PLM

Altrhough, this program does not have any memory size
dependent variables the program must de modified to execute
properly. Wken wusing the LOCATE command, under ISIS, this
routine must be located 120H bytes below the 3LCS of the




system. This address would <correspond to the values of
MAX$MEMORY in PART2.PLM and MAX$INTSMEMORY in PART1.PLM.

4. INTERP.PLM, INTRDR.PLM, and BUILD.PLM

These three programs have no variables that need to ©be
altered.

S. GENERAL INFORMATION

The current version of the NPS MICRO-COBOL
compiler/intergreter is designed for continued development
and certain variadbles are not set to make optimal use of

memory. The variatle NEXT$AVAILABLE, in PART1.PLM, is set to

3C02E and CODESSTART, in INTERP.PLM, 1is set to 390CH.
Normally, CODESSTART would be set to the address immediately

followinz the last address in CINTERP.COM and NTXTSAVAILABLE

would de set twc bdbytes above that éidress. These address are
currently set approximately Q9S@E bytes above where they
E | should be located, to allow for testing and expaasion of the
interpreter. As soon as implementation 1s completed these

tvo addresses can be reset to appropriate values.




APPENDIX F
MICRO-COBOL Parse Table Generation

The parse tadles for NPS Micro-Cobol were zenerated on
the IBM 360 wusing the LALR(1) parse table generater
described 1in reference 17. There are basically two steps
involved in generating the tables. First, a deck of cards

containing the grammar 1{s entered into the computer using

the following JCL:
//G0 EXEC PGM= LALR,REGION=22¢K
//STTPLIE DD DSN=F@S€3.LALR,UNIT=2314,
VOL=SER=LINDPA,CISP=SHR
//SYSPRINT DD SYSOUT=A,DCB=(RECFM=FE,
LRECL=133,BLKSIZ5=3325),

//SPACE=(CYL,(1,1))

//NONTERM DD SPACE=(CYL,(1,1)),UNIT=SYSDA

//FSMDATA DD SPACE=(CYL,(1,1)),UNIT=SYSDA

//PTAELES DD SYSOUT=B,

DCB=(RPECFM=FB,LRECL=8¢,BLXSIZE=3¢7)

//SYSIN DD *

The ouput from this run is a listing and a card deck
containing the tables ir XPL compatadble format. This deck is
then translated into PLM compatidle format using the
following JCL and an XPL orogram which is availadle 1in the

card deck lidrary in the Computer Science Department at the
Naval Postgraduate School.

//EXEC XCOM
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//COMP.SYSIN DD *

//GO.SYSPUNCH DD SYSOUT=R,
DC3=(RECFM=FB,LRECL=80,BLKS IZE=8002)

//GO.SYSIN DD *

The tables are then transferred to a diskette and edited

into the PLM8@ source program using the ISIS COPY
features on the INTEL MDS System.
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APPENDIX G
LIST OF INOPERATIVE CONSTRUCTS

The following 1is a 1list of MICRO-COBOL elements that

either have not been implemented or have ©been implemented
incorrectly.
LINKAGE SFCTION
USAGE COMP
{LEATING}

SIGN SEPARATE
{TRAILING}

ADD

DITID®

DELETE

EXIT

MOVE

MULTIPLY

SU3TRACT

The following BEYPO-COBOL elements are part of
MICRO-CC3CL only to the extent that they are defined in the
grammar. No code has been written to support them.

USING

CALL

INTER

L
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{BEFORE} {INTZGER}
WRITE record-name ] ADVANCING
{AFTER}. {PA3E
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COMPUTER LISTINGS

PART1:
DO;
/* NORMALLY ORG’ED AT 100H */
/* COBOL COMPILER - PART 1 */

/% GLOBAL DECLARATIONS AND LITERALS */
DRCLARE LIT LITERALLY “LITERALLY®;

DECLARE
PARMS LIt ‘6DR’,
PARMLIST(9) BYTE INITIAL( g
EOFFILLER LIT “1AE°,
/* END OF RECORD FILLER */
4 MAXSMEMORY Li? ‘0D@0O2R’,
i /* TOP OF USEABLE MEMCRY */
3 INITIAL$POS LIT ‘32008,
1 RDR$LENGTH LIT ‘2557,
2 PASS1S4LEN LIY ‘48”°,
t\ CR LIT 387,
o LF LIT ‘18°,
| QUOTE LIT ‘2787,
E | POUND LIT ‘238°,
' TRUE LIT - Tl
FALSE LIT ‘e,
FILESDESCSFLAG BYTE INITIAL(FALSE),
] REDEF$FLAG 3YTE INITIAL(FALSE),
1 DUPSIDENSARRAY(24) ADDRESS
b | INITIAL(O,0,0,0,0,23,0,0,0,0,0,0,2,0,0,9,0,0,0,8,0,3,3,0),
FOREVER LIT ‘WHILE TRUE';
2 DECLARE MAXRNO LIT ‘104 °,/* MAX READ COUNT */
32 MAXLNO LIT “129°,/* MAX LOOK COUNT */
MAXPNO LIT ‘1457 ,/* MAX PUSH COUNT */
MAXSNO LIT ‘234°,/% MAX STATE COUNT */
STARTS LIT “1°;/%* START STATE */

DFCLARE RXZAD1 (*) BITE

DATA(Q,57,48,5€,32,8,25,59,2,16,17,22,29,53,58,11,32,32,39
,38,34 ,44,9,19,32,37,6,33,3,14,15,18,20,32,28,49,32,1,42

b | ,38,36,43,1,1,1,1,1,1,1,1,1,1¢4,1,39,1,1,1,38,40,49,38,39,1

E | ,1,38,23,24,55,52,41 ,35,46,1,7,50,1,32,1,32,32,45
: ,1,32,1,32,1,32,47,37,4,26,32,54,40,1,1

: ,32,5,12,13,21,22,2?,1,6¢,1,23,24,55,30,51)3

E | DECLARE LOOK1(*) BYTF

| DATA(9®,8,0,25,0,9,19,0,42,0,42,0,1,2,52,0,41,0,35,0,1,0,47

E | ,0,4,7,54,0,40,0,35,46,60,2,1,0,32,02,1,0,1,0,11,0,69,0,7,0

E | 32,0,32,0,32,08);

k| DECLARE APPLY1 (*) BYTE

E | DATA(@,0,0,2,0,0,9,10,12,14,19,0,0,0,02,2,0,101,02,¢,100,0

| ,2,0,2,2,0,97,0,27,0,0,0,69,0,91,92,0,0,91,92,0,0,2,0,13
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,17,0,102 ,103,104,0,0,0,0,0,95,0,0,54,0,2,23,30,38,39,0
,21,40,52,56,87,93,94,0);

DECLARE READ2(*) BYTE
DATA(@,65,57,64,154,26,37,67,21,30,31,33,39,61,66,27,234
,215,51,45,108,109,223,224,233,43,216,217,22,230,229,232
,231,228,173 ,172,169,9,226,47,196,195,7,8,11,13,15,2,3,185
,14,158,4,50,20,12,18 ,48,171,170,44,49,19,10,46,35,36
,63,60,53,42,146,16,25,58,106,155 ,148,155,155,55,15@,155
,152,15%,157,155,56,193,23,208,234,62,52,206

,180,234 ,24,28,107,32,34,38,17 ,68,164,35,36,63,40,59)
DECLARE LOOK2(*) BYTE
DATA(O,5,130,6,131,29,29,132,41,133,54,134,135,69,71,136
,72,137,73,138,139,80,84,140,86,198,88,141,89,142184,184
,184,91,189 ,92,93,197,211,95,143,96,97,176,99, 144,145,101
,102,200,103,202,104,188);

DRCLARE APPLY2(*) BYTE
DATA(®,0,77,111,112,147,79,114,81,82,83,78,76,117,75, 156
,126,163,162,1920,166,165,167,118,168,160,124,179,178,94
,121,74,125 ,120,119,187,187,186,98,192,192,191,194,113
,183,128,129,127,205,205 ,205,274,115,123,9¢,122,214,213,221
,219,218,222,199,85,222,116,87 ,110,72,174,209,207,182
,182,181)3

DECLARE INDEX1(*) RYTE
DATA(@,1,2,3,4,5,6,7,8,4,4,24,4,24,4,13,14,24,109,4,15,16
,16,24,17,18,1¢,16,20,22,24,25,26,28,29,34,36,37,24,24,16
,38,39,40 ,42,43,44,45,46,47,48,49,16,5¢,38,51,16,52,53,54
,55,56,57,56,¢€0,61 ,62,63,64,8,65,68,69,79,71,72,73,74,75,77
,79,81,83,85,87,88,29,90,92 ,93,%4,8,8,16,95,97,97,15,103
.104,105,1¢9,24,24,24,1,3,5,8,12,12,14 ,16,18,20,22,24,26,28
,30,34,35,38,492,42,44,46,48,50,52,185,149,225
,227,227,190,151
,182,203,159,21¢,161,175,212,2¢1,177,1,2,3,3,4,4,5,5 ,6,6,12
,13,14,14,15,15,1¢€,16,17,19,19,22,29,20,22,22,23,23,24,24,25
,25,26,26,27,29$,29,31,32,32,33,33,35,38,38,33,33,39,39,39
,39,39,42 ,42,43,43 ,44,44,45,45,48,52,52,53,53,54,54,55,55

,56 ,56,56,56,56, 56 ,56,56,58,58,58,59,53,61,61,61,61,61
'62.67)3
DECLARE INDEX2(*) RYTE
DATA(®,1,1,1,1,1,1,1,5,1,1.1,1,1,1,1,1,1,1,1,1,1,1,1,1,1
'1.1.2'2'101'2.1'5'2'1l1'1'1.1'1'1'2'1’1.1'1'1'1'1'101'1'1
abededelsl Al BeRols1a0:1.3:5.5:1.0.1.1.1.1,1.2.8. 8.3 5.8
,1,1,1,2,1,1,1,5,5,1 .2,6,6,1,1,1,4,2,1,1,1,2,2,3,2,2,2,2
12.2,2.,2.2.2.2.4.2.2,2,2.2.2.2.2  .2.2.5.6.29,41.54,60.71,72
,73,80,84,88,85,96,99,101,3,9,2,0,3,0,3,0 ,0,1,7,8,1,0,6,8
,0,1,3,06,1,1,2,1,0,4,0,0,1,9,2,0,9.1,2,0,1,5,3,0.0,1 .4,0.0
10,1,2,1,2,2.2.0,2.3.0.3,0.0.1,4.0,0.1.0.0.8.0,1.1.1,1.2.2.1
1,1.0.0.0.0.0.26.0.0.0.0.8.8); /% END OF TABLES */
DECLARE

/* JOINT DECLARATIONS

THESE ITEMS ARE DECLARED TCGETHER IN TEIS SECTION
IN CRDER TO FACILITAT® THEIR BEING SAVED FOR
THE SECOND PART CF THE COMPILER. */

OUTPUTSPCB (33) BYTE




INITIAL(Q, " ‘y°CIN,0,0,2,0),
DEBUGGING BYTE INITIAL (FALSE),
PRINTS$PROD BYTE INITIAL(FALSE),
PRINTSTOKEN BYTE INITIAL(FALSE),
LIST$INPUT BYTE INITIAL (TRUE),
SEQ$NUM BYTE INITIAL (FALSE),
NEXT $SYM ADDRESS,

POINTER ADDRESS INITIAL (100H),

NEXTSAVAILABLE ADDRESS INITIAL (3022H),
MAXSINTSMEM ADDRESS INITIAL (@D1oeH),
FREESSTORAGE  ADDRESS,

FILESSEC$END BYTE INITIAL (FALSE),

/¥ 1 O BUFFERS AND GLOBALS */
INSADDR ADTCRESS INITIAL (5CH),
INPUTS$FCB BASED INADDR (33) BYTE, J
OUTPUTS$PTR ADDRESS,

OUTPUTSBUFF (128) BYTE,

OUTPUTSEND ADDRESS,

OUTPUTSCHAR BASED OUTPUTSPTR BYTE;

MON1: PROCEDURE (F,A) EXTERNAL;

DECLAKRE A ADDRESS, F BYTE;
END MON1;

i 4 ol

1 MON2: PROCEDURE (F,A) BYTE EXTERNAL;
b | DECLARE F BYTE, A ADDRESS;S :
£ | END MONZ2;

; B0OT: PROCEDURE EXTERNALj;
' DECLARE A ADDRESSS
END BOOT;

| PRINTCHAR: PROCEDURE (CEAR);
DECLARE CHAR BYTE; 1
CALL MON1 (2,CHAR);
END PRINTCEAR;

CRLF: PROCEDURES
CALL PPINTCEAR(CR);
CALL PRINTCHAR(LPF);
END CRLF}$

PREINT: PROCEDURE (A);
DECLARE A ADDRESS;
CALL MON1 (9,A);

END PRINTS

PRINTSERROR: PROCEDURE (CODE);
/* THIS PROCEDURE IS USED TO PRINT COMPILER ERRORS TO
CONSOL */
DECLARE CODE ADDRESS,
I BYTE,
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COLE1(6) ADDRESS3
IF CODE = FALSE THEN
DO;
DOI =@ T0 53
CODE1(I) = 0
END;
I =0;
END;
ELSE
IF CODE = TRUE THEN
DO;
I =03
DO WEILE((I <> 6) AND ( CODE1(I) <> 92));
CALL CRLF;
CALL PRINTCFAR(HIGH(CODE1(I)))
CALL PRINTCHAR(LOW (CODE1(I)))
CODE1(I) = 23
I =1+ 1;
END;
I = 23
END;
ELSE
IF (CODE = “NP°) OR (CODE = “SL’) OR (CODE = “NV’) THEN
DO;

.
L

°
’

CALL CRLF;}
CALL PRINTCHAR(HIGH(CODE));
CALL PRINTCHAR(LOW(CODE));
END3
ELSE
DO;
IF I <> 6 THEN
DO;
CODE1(I) = CODE;
I =1+1;
END;
END;
END PRINTSERROR}

FATALSERROR: PROCEDURE(REASON);
DECLARE REASON ADDRESS;
CALL PRINT$SERROR(REASON);
CALL PRINTSERKOR(TRUE);
CALL TIME(12);

CALL 300T3

END PATALSERROR;

OPEN: PROCEDURE;

IF MON2 (15,IN$ADDR)=255 THEN CALL FATALSERROR(’OP”);
END OPEN;

MORESINPUT: PROCEDURE BYTE;
/* READS THE INPUT FILE AND RETURNS TRUE IF A RECORD
WAS READ. TFALSE IMPLIES END OF FILE */
DECLARE DCNT BYTE;




IF (DCNT:=MON2(20,.INPUTSFCE))>1
THEN CALL FATALSERROR('BR”);
RETURN NOT(DCNT);
END MORESINPUTS

MAKE: PROCEDURE;
/* DELETES ANY EXISTING COPY OF THE OUTPUT FILE
AND CREATES A NEW COPY*/
CALL MON1(19,.0UTPUTSFCB);

IF MON2(22,.0UTPUT$FCB)=255 THEN CALL FATAL$ERROR(’MA”);
END MAKES

WRITE$OUTPUT: PROCEDURE;
/* WRITES OUT A BUFFER */
CALL MON1(26,.00TPUT$BUFF); /* SET DMA */
IF MON2(21,.0UTPUTSFCB)<>@ THEN CALL FATALSERROR(‘WR’);
CALL MON1(26,80H); /* RESET DMA */
END WRITE$OUTPUT;

MOVE: PROCEDURE(SOURCE, DESTINATION, COUNT);
/* MOVES FOR THE NUMBER OF BYTES SPECIFIED BY COQUNT */
DECLARE (SCURCE,DESTINATION) ADDRESS,
(SSBYTE BASED SOURCE, D$BYTE BASED DESTINATION, COUNT)
BYTE;S
DO WHILE (COUNT:=COUNT - 1) <> 255;
D$BYTE=S$BYTE;
SOURCE=SOURCE +1;
DESTINATION = DESTINATICN + 13
ENDj
END MOVE;

FILL: PROCEDURE(ADDR,CHAR,COUNT);
/* MOVES CEAR INTO ADDR FOR COUNT BYTES */
DECLARE ADDR ADDRESS,
(CEAR,COUNT,CEST BASED ADDR) BYTE;
DO WHILE (COUNT:=COUNT -1)<>255;
DEST=CHAR;
ADDR=ADDR + 1;
ENDS
END FILL;

. % 8 3 % % SCANNRR LITE &= = & ®» W
DECLARE

LITERAL LIT 18,
INPUTSSTR LIT? R
PERIOD LIT "y
INVALID LIT ‘075

/% % % % % SCANNER TABLES * * * * 4

DECLARE TOKEN$TABLE (*) BYTE DATA
/* CONTAINS THE TOKEN NUMBER ONE LESS THAN THE
FIRST RESERVED WORD FOR EACH LENGTH OF WORD */
(6,7,1,4,5,15,22,32,38,44,47,49,51,55,56,57),




TABLE (*) BYTE DATA(’FD’, “OF‘,‘TO", “PIC”, “COMP’, “DATA’, ‘FILE"

» "LEFT’, "MODE”, “SAME”, “SIGN“, “SYNC”, “ZERO”, "BLOCK “, “LABEL "

, 'QUOTE’, ‘RIGHT”, "SPACE”, “USAGE”, "VALUE", “ACCESS”, "ASSIGN”

» "AUTEOR’, ‘FILLER", “OCCURS”, "RANDOM’, “RECORD“, “SELECT”

, ' DISPLAY”, LEADING , “LINKAGE’, "OMITTED’, "RECORDS *

, "SECTION’, “DIVISION’, "RELATIVE’, "SECURITY’, “SEPARATE"

» "STANDARD’, “TRAILING’, "DERUGGING*, “PROCEDURE’, "REDEFINES *

, 'PROGRAM-ID’, “SEQUENTIAL’, "ENVIRONMENT°, "I-0-CONTROL "

o 'DATE-WRITTEN’, “PILE-CONTROL’, "INPUT-OUTPUT ", "ORGANIZATION"
, "CONFIGURATION”, ‘IDENTIFICATION’, “OBJECT-COMPUTER

, "SOURCE-COMPUTER *, “WORKING~STORAGE’),

OFFSET (16) ADDRESS
/* NUMBER OF BYTES TO INDEX INTO THE TABLE
FOR EACH LENGTH */
INITIAL (2,0,0,6,9,45,80,128,170,218,245,265,
287,335,348,362) ,

WORDS$COUNT (*) BYTE DATA
/* NUMBER OF WORDS OF EACH SIZE */
(a'g'sil'9'7’8’6'6’3’2'2'4'191 '3) ’

MAXSLEN LIT 16",

ADDSEND(*) BYTE DATA (“PROCEDURE °),
LOOKED BYTE INITIAL (@),

HOLD BYTE,

BUFFER$ END ADDRESS INITIAL (1008H),
NEXT BASED PCINTER BITE,
INBUFF LIT ‘8eH’,

CHAR BYTE,

ACCUMSLENG LIT ‘50 °,
ACCUMSLENSPS1T LIT g

/* = TO ACCUMSLENG PLUS 1 */
ACCUM (ACCUMSLENSPS1) BYTE,

DISPLAY(74) BYTE INITIAL (@),
TOKEN BYTE, /*RETURNED FROM SCANNER */
EDITSFLAG BYTE INITIAL(FALSE);

/* * % ¥ *  PROCEDURES USED 3BY THE SCANNER * * * *x/

NEXT$CHAR: PROCEDURE BYTES
IF LOOXED THEN

DO}
LOOKED=FALSE;
RETURN (CHAR:=HOLD);
END;
%g.(POINTER:=POINTBR + 1) >= BUFFER$SEND THEN
’
IF NOT MORESINPUT THEN
DOj
BUFFER$END=.MEMORY;
POINTER=.ADDSEND;
ENDj
1€2
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ELSE POINTER=INBUFF;
END;
IF NEXT = EOFFILLER THEN

DO}

BUFFERSEND = .MEMORY;
POINTER = .ADDSEND;
END;

RETURN (CHAR:=NEXT);
END NEXTSCHAR;

GET$CEAR: PROCEDURE;

/* THIS PROCEDURE IS CALLED WHEN A NEW CHAR IS
NEEDED WITHOUT THE DIRECT RETURN OF THE CHARACTER*/

CEAR=NEXT$CHARS
END GETSCEAER;

DISPLAYSLINE: PROCEDURE;
DECLARE I BYTE;
IF NOT LISTSINPUT THEN RETURN;
IP NOT EDITS$FLAG THEN
DO
DISPLAY(DISPLAY(@) + 1) = “$°;
CALL PRINT(.DISPLAY(1));
END}
ELSE DO I = 1 TO DISPLAY(Q);
CALL PRINTCHAR(DISPLAY(I));
END)
DISPLAY(?) = @3
EDITSPLAG = FALSE;
END DISPLAYSLINES

LOADSDISPLAY: PROCEDURE;
IF DISPLAY(@) < 72 THEN
DISPLAY(DISPLAY(Q):=DISPLAY(@) + 1)
IF CHAR = “$° THEN EDITS$FLAG = TRUE;
CALL GETS$CHAR;
END LOADSTISPLAYS

PUT: PROCEDURE;
IFP ACCUM(@) < ACCUMSLENG THEN
ACCUM(ACCUM(@) :=ACCUM(@)+1)=CEAR}
CALL LOAD$DISPLAY;

END PUTS

EATSLINE: PROCEDURE;
DO WHILE CHARCDCRS
CALL LOADSDISPLAY;
ENDj
SND EATSLINE;

GET$NOSBLANK: PROCEDURE;
DECLAR® (N,I) BYTEj
DO FOREVER;

IF CRAR = ° ° THEN CALL LOADS$DISPLAY;

= CHAR;




ELSE
IF CHAR=CR THEN
DO;
CALL DISPLAY$LINE;
CALL PRINT$ERROR(TRUE);
IF SEQ$NUM THEN N=8; ELSE N=2;
DO I =1 TO Nj
CALL LOAD$DISPLAY;
END; I
IF CEAR = “*° THEN CALL EAT$LINE;
ELSE
IF CHAR = “:” THEN
’
1F NOT DEBUGGING TEEN CALL TATSLINE;
ELSE CALL LOADSDISPLAY;
END;
END;
ELSE
RETURN;
END;  /* END OF DO FOREVER */
END GET$NOSBLANK;

SPACE: PROCEDURT BYTE;

RETURN (CHAR=" ") OR (CEAR=CR);
END SPACE;

DELIMITER: PROCEDURE BYTE;
/* CHECKS FOR A PERIOD FOLLOWED BY A SPACE OR CR*/ |
IF CEAR <> “.° THEN RETURN FALSE; |
HOLD=NEXTSCHAR; |
LOOKED=TRUE; i
IF SPACE THEN
DC} i
CHAR = “.°; ;
RETURN TRUE: i
ENDS 1
CHAR="."; |
RETURN FALSE;
END DELIMITER}S

ENDSOFS$TOXKEN: PROCEDURE BYTE;

RETURN SPACE OR DELIMITER;
END ®END$SOF$TOKENS

GETSLITERAL: PROCEDURE BYTE;
CALL LOADSDISPLAY;
DO FOREVERS
IF CHEAR= QUOTE THEN

DO;
CALL LOADSDISPLAY;
RETURN LITERALS
END;
CALL PUT;
END}




END GETSLITERAL;

LOCK$UP: PROCEDURE BYTE;
DECLARE PCINT ADDRESS,
HERE BASED POINT (1) BYTE,
I BYTE;

MATCH: PROCEDURE BYTE;
DECLARE J BYTE;
DO J=1 TO ACCUM(2);
IF HERE(J - 1) <> ACCUM(J) THEN RETURN FALSE;
ENDj
RETURN TRUE;
END MATCHS

POINT=OFFSET(ACCUM(@))+ .TABLE;
DC I=1 TO WORDSCOUNT(ACCUM(@));
IF MATCH THEN RETURN I3
POINT = POINT + ACCUM(Q);
END;
RETURN FALSES
END LOOKSUP;

RESERVEDSWORD: PROCEDURE BYTS;
/* RETURNS THE TOKEN NUMBER OF A RESERVED WORD IF THE
CONTENTS OF TEE ACCUMULATOR IS A RESERVED WORD, OTHERWISE
RETURNS ZERC */
DECLARE VALUE BYTE;
DECLARE NUMB BYTE;
IF ACCUM(@) > MAXSLEN THEN RETURN 3;
IF (NUMB:=TOKENSTABLE(ACCUM(®d)))=0@ THEN RETURN @;
IF (VALUE:=LOOK$UP)=@ THEN RETURN @}
RETURN (NUMB + VALUE);
END RESERVEDSWCORD;

GETSTOXEN: PROCEDURE BYTES
ACCUM(0)=0;
CALL GETSNOSBLANK:
I[F CHAR=QUOTE THEN RETURN GETSLITERALS
IF DFLIMITER THEN
DOj
CALL PUT;
RETURN PERIOD;
ENDS
LC FOREVER;
CALL PUT;
I[F ENDSOF$TOKEN THEN RETURN INPUTS$STR;
END; /* OF DO FOREVER */
END GETSTOKEN;

SCANNER: PROCELURE;
DECLARE CEBECK BYTE;
DO FOREVER;
IP(TOKEN:=GETSTOKEN) = INPUTSSTR TEEN
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IF (CHECK:=RESERVEDSWORD) <> @ THEN TOKEN=CHECX;

IF TOXEN <> @ THEN RETURN;

CALL PRINTSERROR (°SE”);

DO WHILE NOT END$OFS$TOKEN;

CALL GETS$CHAR;
END;
END3$
SND SCANNER;S

PRINTSACCUM: PROCZDURE;
ACCUM(ACCUM(@)+1)="8"3
CALL PRINT(.ACCUM(1));

END PRINTSACCUM;

PRINTSNUMBER: PROCEDURE(NUMB);
DECLARE(NUMB,I,CNT,X) BYTE, J(*) BYTE DATA(10@,10);
DO I=0 TO 1}
CNT=@;
DO WHILE NUMB >= (K:=J(I1));
NUMB=NUMB - K3
CNT=CNT + 13
END;
CALL PRINTCHAR(’®" + CNT);
END3
CALL PRINTCEAR(°@" + NUMB);
END PRINT$NUMBER;

INIT$SCANNER: PROCEDURE;
/* INITIALIZE FOR INPUT - OUTPUT OPERATIONS */
; DECLARE CONSCEL (*) BYTE DATA (°CBL’),
- 1 BYTE,
TESTFLAG BYTE;
CALL MOVE(FARMS, .PARMLIST,8);
IF PARMLIST(@) = “$° THEN
WH
1 = 9;
DC WHILE (TESTPLAG:=PARMLIST(I:=I+1)) & ° *;
IP TESTPLAG = ‘L’ THEN LISTSINPUT=NOT LISTS$INPUT;
, IFP TESTPLAG = S’ TEEN SEQSNUM= NOT SEQSNUM;
| IP TESTPLAG = P’ THEN PRINTSPRCD = NOT PRINTSPROD;
; IF TESTFLAG = “T° THEN PPINTSTOKEN = NOT PRINTSTOKEN;
| END;
s END;
' CALL MOVE (.CONSCBL, INSADDR + 9, 3);
CALL FILL(INSADDR + 12,0,5);
CALL OPEN;
CALL MOVE(INADDR,.OUTPUT$FCB,9); i
OUTPUTSFCB (32) = 0;
OUTPUTS END=(OUTPUTS PTR:=. CUTPUTSBUFF - 1) + 128}
CALL MAKE;
CALL GET$CRAR} /* PRIME THE SCANNER */
IFP SEQSNUM THEN
DOI =1 T0 63
CALL LOADSDISPLAY;

166

;
|
P |
B W .
AN .




ENDJ

END INIT$SCANNER;

/% % » %

J* * * =

DECLARE
CURSSYM
SYM3CL
SYMBOL$ADDR
NEXT$SYMSENTRY
HASHSPTR
SAVES$ADDR
DISPLACEMENT
RASHSMASK
SSTYPE
OCCURS

ADDR2

1 PSLENGTE

k| SSLENGTH
LEVEL
DECIMAL
LOCATION
RELSID
STARTSNAME
MAXSIDSLEN

| & /* * x *

. DECLARE

i ' SEQUENTIAL

E : STQSRELATIVE

& RANDOM

{ VARIABLESLENG
' GROUP

COMP

LIT
LIT
LIT
LIT
LIT
LIT

[¥* * *x =%

END OF SCANNER PROCEDURES

IF CHAR = “*° THEN CALL EATSLINE;
CALL GETSNOSBLANK;
CALL PRINTSERROR(FALSE);

/¥ INITIALIZES ERROR
MSG OUTPUT */

* ®* *x x/

* SYMBOL TABLE DECLARATICNS * * % %/
ADDRESS, /*SYMBOL BEING ACCESSED*/
BASED CURSSYM (1) BYTE,

BASED CURSSYM (1) ADDRESS,
BASED NEXT$SYM ADDRESS,
ALCDRESS,
ADDRESS,
LIT i .
LIT ‘3FR°,
LIT 2 .
LIT i AN
LIT ‘4 .
LIT . il
LIT S
LIt ‘197,
LIT ‘117,
L1T o ™
LIT 3,
LIT ‘12°, /*1 LESS*/
LIT 12"
* TYPE LITERALS * * * # = % & =%/
1
>
!30.
04:.
06 :
!214;
SYMBOL TABLE ROUTINES * =* =*x =/

INIT$SYMBOL: PROCEDURE;

E | /¥ INITIALIZE HASH TABLE AND FIRST
' FREESSTORAGY = .MEMORY;

CALL FILL (FREE$STORAGE,2,130);
NEXT4SYM=FREESSTORAGE+128;
NEXTSSYMSENTRY=9;

END INITSSYMBOLS
SETSP4LENGTH:

COLLISION FIELD */

PROCEDURE BYTE;
RETURN SYMBOL(PSLENGTH);
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END GET$PSLENGTH;

SET$ADDRESS: PRCCEDURE(ADDR);
DECLARE ADDR ADDRESS;

SYMBOLSADDR(LOCATION)=ADDR;
END SET$ADDRESS;

GET$ADDRESS: PROCEDURE ADDRESS;
RETURN SYMBOLSADDR(LOCATION);
END GET$ADDRESSS

GET$TYPE: PROCEDURE BYTE;
RETURN SYMBOL(SS$TYPE);
END GET$TYPE;

SETSTYPE: PROCEDURE(TYPE);
DECLARE TYPE BYTE;
SYMBOL(S$TYPE)=TYPE;

END SETS$TYPES

OR$TYPE: PROCEDURE(TYPE);
DECLARE TYPE BYTE;
SYMBOL(SSTYPE)=TYPE OR GETSTYPE;
END ORSTYPE;

GETSLEVEL: PROCEDURE BYTES
RETURN SYMBOL(LEVEL);
END GET$LEVEL;

SETSLEVEL: PROCEDURE (LVL)j
DECLARE LVL BYTE;
SYMBOL(LEVEL)=LVL;

END SETSLEVELS

GET4DECIMAL: PROCEDURE BYTE;
RETURN SYMBOL(DECIMAL);
END GETSDECIMALS

SET¢DECIMAL: PROCEDURE (DEC);
DECLARE DEC RYTSE;
SYMBOL(DECIMAL)=DEC;

END SETS$DECIMALS

SET$S$LENGTH: PROCEDURE(EOWSLONG);
DECLARE HOWSLONG ADDRESS;
SYMBOL$ADDR(SSLENGTH) = HOWSLONG;

END SET$SSLENGTH;

GET$S$SLZNGTH: PROCEDURE ADDRESS:
RETURN SYMBOLSADDR(S$LENGTH);
END GET$S$LENGTH;

SET$ADDR2: PRCCETURE (ADDR)}
DECLARE ADDR ADDRESS;
168
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SYMBOL$ADDR(ADDR2)=ADDR;
END SET$ADDR2;

GETSADDR2: PROCEDURE ADDRESS;
RETURN SYMBOLS$ADDR(ADDR2);
END GET$ADDR2;

SET$0CCURS: PRCCEDURE(OCCUR)}
DECLARE OCCUR BYTE;
SYMBOL(OCCURS )=0CCUR;

END SET$O0CCURS S

GET$OCCURS: PROCEDURE BYTE;
RETURN SYMBCL (OCCURS);
END GET$OCCURS;

SET$I0$ADDRS: PROCEDURE;
SYMBOLSADDR(LOCATION) = NEXTS$STM;
SAVESADDR = CUR$SYM;
END SET$IO$ADDRS;
/¥ % % * PARSER DECLARATIONS * * * x*x/

DECLARE
INT LIt ‘63°, /* CODE FOR INITIALIZE */
4 SCD LIT “66°, /* CODE FOR SET CODE START */
1 PSTACKSIZE LIT “3@°, /* SIZE OF PARST STACKS*/
4 STATESTACK (PSTACKSIZE) BYTE, /* SAVED STATES */
4 VALUB (PSTACKSIZE) ADDRESS, /* TEMP VALUES */
- VARC (51) BYTE, /*TEMP CHAR STORE*/
ID$STACK (10) ADDRESS INITIAL (@),
4 IDSSTACK $PTR BYTE INITIAL(D),
| HOLDSLIT (ACCUMSLEN$P$1)  BYTE,
BOLDSSYM ADDRESS,
PENDINGSLITERAL BYTE INITIAL(FALSE),
. PENDINGSLITSID ADDRESS,
; REDEF BYTE INITIAL (FALSE),
. REDEFSONE ADDRESS,
1 REDEFSTWO ADDRESS,
E | TEMPSHOLD ADDRESS,
; TEMP$TVO ADDRESS,
| COMPILING BYTE  INITIAL(TRUE),
l SP BYTE INITIAL (255),
' MP BYTE,
! MPP1 BYTE,
| NOLOOK BYTE  INITIAL(TRUE),
‘ {1.4,K) BYTE, /*INDICIES FOR THE PARSER*/
\ STATE BYTE  INITIAL!STARTS),
VALUESFLAG BYTE  INITIAL(FALSE),
VALUESLEVEL BYTE  INITIAL(D),
TRUNCSFLAG BYTE  INITIAL(TRUE);

/* % % % PARSER ROUTINES * % =#» & w/

BYTE$OUT: PROCEDURE(ONESBYTE);
/* THIS PROCEDURE WRITES ONE BYTE OF OUTPUT ONTO THE DISK




L

IF REQUIRED THE OUTPUT BUFFER IS DUMPED TO THE DISK */
DECLARE ONESBYTE BYTE;
IF (OUTPUTSPTR:=QUTPUTSPTR + 1)> OQUTPUTSEND THEN

DO}
CALL WRITESOUTPUT;
S OUTPUTS$PTR=.0UTPUT$BUFF;
ND3

OUTPUT$CHAR=ONE$BYTE;
END BYTESOUT;

STRING$0UT: PRCCEDURE (ADDR,COUNT);
DECLARE (ADDR,I,COUNT) ADDRESS, (CHAR BASED ADDR) BYTE;
DO I=1 TO COUNT;
CALL RYTESOUT(CHAR);S
ADDR=ADDR+1;
END;

END STRINGSOUTS

ADDR$OUT: PROCEDURE(ADDR);
DECLARE ADDR ADDRESS;
CALL BYTESCUT/LOW(ADDR));
CALL BYTESOQUT(ZIGH(ADDR));
END ADDRS$OQUT;

PILL$STRING: PROCEDURE(COUNT,CEAR)S
DECLARE (I,COUNT) ADDRESS, CHAR BYTE;
DO I=1 TO COUNT;
CALL BYTESOUT(CHAR);
ENDS

END FILLSSTRING;

STARTSINITIALIZE: PROCECURE (ADDR,CNT)3
DECLARE (ADDR,CNT) ADDRESS;
CALL BYTEOUT(INT);
CALL ADDRSOUT(ADDR)S
CALL ADDP$OQUT(CNT);
END STARTSINITIALIZE;

BUILDSSYMBCL: PROCEDURE (LEN);
DECLARE LEN 3YTE, TEMP ADDRESS;
TEMP=NEXT$SYM;
IF (NEXT$SYM:=.SYMBOL(LEN:=LEN+DISPLACEMENT))
> MAX$MEMORY THEN CALL FATAL$ERROR('ST’);
CALL PILL (TEMP,3,LEN);
END BUILDSSYMBCL;

DUPSIDENSTEST: PROCEDURE;
DECLARE I BYTE;

IF REDEFSFLAG THEN
DO
REDEFSFLAG = FALSE;

RETURNS
END;




ELSE
IF FILESDESCSFLAG THEN
DO}
gtnzgnnscsrLAc = FALSE;
= 03
DO WHILE DUPSIDENSARRAY(I) <> 9;
IF DUPSIDENSARRAY(I) = CUR$SYM THEN
DO;
CALL PRINTS$ERROR(’DI’);
RETURN;
END;
I =1+ 13
IF I > 23 THEN
DO;
CALL PRINTSERROR( ‘EF’);
RETURN; ;
END; |
ENDS ‘
DUPSIDENS ARRAY(I) = CURSYM;
RETURN;
END;
ELSE
CALL PRINTSERROR(’DI‘);
END DUPSIDENSTESTS

MATCE: PROCEDURE ADDRESS)
/* CRECKS AN IDENTIFIER TO SEE IP IT IS IN THE SYMBOL
TABLE. IF IT IS PRESENT, CURSSYM IS SET FOR ACCESS.
OTHERWISE 5 NEW ENTRY IS MADE AND THE PRINT NAME
IS ENTERED. ALL NAMES ARE TRUNCATED TO MAXSIDSLEN*/

DECLARE POINT ADDRESS,
COLLISION BASED POINT ADDRESS,
(gOLD,I) BYTES

IF YARC(@)DMAXSIDSLEN

THEN VARC(@) = MAXSIDSLEN;

/* TRUNCATE IF REQUIRED */
ECLD = @3
DO I=1 TO VARC(@); /* CALCULATE HASHE CODE */

: BEOLD=BOLD + VARC(I);

END;
POINT=FREESSTORAGE + SHL((HOLD AND HASHSMASK),1);
DO FOREVER;

IF COLLISION=@ TEEN

DO;

IP FILESDESCSFLAG THEN

DOS
FILESDESCSFLAG = FALSE;
CALL PRINT$ERROR(UI");
ENDj
ELSE
IF REDEF$FLAG THEN

LOs
REDEFSFLAG = FALSE;
CALL PRINT$ERROR(‘UI”);
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END;

CURSSYM,COLLISION=NEXTS$SYM;

CALL BUILD$SYMBOL(VARC(9));

/¥ LOAD PRINT NAME */

SYMBOL(P$LENGTH )=VARC(@)}

DO I =1 TO VARC(9);
SYMBOL(STARTSNAME + I)=VARC(I)j;

ENDS
RETURN CURS$SYM;
ENDj
ELSE
DO;
CUR$SYM=COLLISION;
IF (HOLD:=GETS$P$LENGTH)=VARC(@) THEN
DO}
I=135
DO WEILE SYMBOL(STARTSNAME + I)= VARC(I);
;g.(I:=I+1)>HOLD THEN
?
CALL DUPSIDENSTEST;
RETURN (CUR$SYM:=COLLISION);
ENDS
END;
ENDS
ENDj
POINT=COLLISION;

END;
END MATCHS

ALLOCATE: PROCEDURE(BYTES$RTQ) ADDRESS;
/* THIS ROUTINE CONTROLS TEE ALLOCATION OF SPACE
IN THE MEMCRY OF THE INTERPRETER. ¥/

DECLARE (HCLD,BYTES$REQ) ADDRESS;
| HOLD=NEXT$AVAILABLE;
{ IP (NEXTSAVAILABLE:=NEXT$AVAILABLE + BYTES$REQ)
' >MAXSINTSMEM
THEN CALL FATALSERROR('MO”);
RETURN HOLDj;
END ALLOCATE;

DIGIT: PROCEDURE (CHAR) BYTE;

DECLARE CHAR BYTE;

RETURN (CHAR <= “9”) AND (CHAR >= ‘¢7);
END DIGIT;

SETSREDEP: PROCEDURE(OLD,NEW);
DECLARE (OLD,NEW) ADDRESS;
REDEPSONE=0LD;
REDEFSTWO=NEV;
REDEF=TRUE;
END SETSREDEF;

SETSCURSSYM: PROCEDURE;

e
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CURSSYM=IDSSTACK(ID$STACKSPTR);
END SET$CURSSTM;

STACKSLEVEL: PROCEDURE BYTE;
CALL SETSCURS$SYM;

RETURN GETSLEVEL;
END STACKS$LEVEL;

LOAD$LEVEL: PROCEDURE};
DECLARE HOLD ADDRESS;

LOADSREDEF$ADDR: PROCEDURE;
CUR$S YM=REDEFSONE;
HOLD=GET$ADDRESS;

END LOADSREDEFSADDR;

IF ID$STACK(@) <> @ THEN
DO;
IF VALUE(SP-2)=@ THEN
DO}
CALL SETS$CURSSYM;
JOLD=GET$SSLENGTH + GET$ADDRESS;
END;
ELSE DO;
IF FILE$SECSEND THEN
DO}
IF IDSSTACK(IDSSTACKSPTR) <> REDEF$ONE
THEN
DO
CALL PRINTSERROR(‘R1°):;
REDEFSONE=IDSSTACK(IDSSTACKSPTR);
END;
END;
CALL LOADSREDEF$ADDR;
END;

%g (ID$STACKSPTR:=IDSSTACKSPTR+1)>9 THEN
’

CALL PRINTSERROR(‘EL’);
IDSSTACKSPTR=9;
END;

END;

ELSE HOLD=NEXTSAVAILABLE;

ID$SSTACK!IDSSTACKSPTR)=VALUE(MPP1);

CALL SET$CURSSTYMS

IF (GETSLEVEL = 1) AND (NOT FILESSECSEND) THEN

CALL SET$ADDR2(SAVESADDR);
CALL SET$ADDRESS(HOLD);
END LOADSLEVEL;

REDEFSORSVALUE: PROCEDURE;
DECLARE BOLD ADDRESS,
(DEC,K,J,SIGN,CEAR) BYTE;
IP REDEF THEN
DOS




IF REDEF$TWO=CUR$SYM THEN
DO;
HOLD=GET$SSLENGTH;
CURSSYM=REDEFSONE;
IF BOLD>GET$SSLENGTH THEN

DO;
CALL PRINTSERROR(‘R27)}
HOLD=GET4SSLENGTH;
CURS$SYM=REDEFS$TWO;
CALL SET$SSLENGTH(HOLD);
END;
END;
END;
ELSE IP PENDINGSLITERAL=¢ THEN RETURN;
IF (PENDINGSLITSIDKDIDSSTACKSPTR) OR VALUESFLAG
TEEN RETURN;
IF PENDINGSLITERAL <> @ THEN
CALL STARTSINITIALIZE(GET$ADDRESS,HOLD:=GET$SSLENGTH);
IF PENDINGSLITERALD2 THEN
DO;
IP PENDINGSLITERAL=3 THEN CEAR='0";
ELSE IF PENDINGSLITERAL=4 THEN CEAR=" '}
ELSE IF PENDINGSLITERAL = S5 THEN CHAR = QUOTE;
CAgL FILLSSTRING(HOLD,CHAR);
END;
ELSE IF PENDINGSLITERAL = 2 TEEN
DO;
IF HOLD <= HOLDSLIT(@) THEN
CALL STRINGS$OUT(.HOLDSLIT(1),HOLD);
; ELSE DO;
, CALL STRING4OUT( .BOLDSLIT(1),BOLDSLIT(@));
| CALL PILLSSTRING (HOLD - HOLDSLIT(@),” °);
END;
END;
ELSF IF PENDINGSLITERAL=1 THEN
DO;
/%* THE NUMBER HANDELER */
DFCLARE (DEC,MINUSS$SIGN,I,J,LIT$DEC,NSLENGTH,
NUMSREFORE,NUMSAFTER, TYPE) BYTE,
ZONE LIT “10B°;

IF((TYPE:=GETSTYPE)<16) OR (TYPED21) THEN
CALL PRINTSERROR('NV’);
NSLENGTH=GET$SSLENGTH;
| DEC=GET$DECIMAL;
| MINUSSSIGN=FALSE;
. IF HOLDSLIT(1) = “-° THEN
D03
’ MINUSS$SIGN=TRUE;
| J=13
| ENDS
\ ELSE IF HOLDSLIT(1) = “+° THEN J=1;
l ELSE J=0)
E | LIT$DEC=0;
|
|
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DO I=1 TO HOLDSLIT

(2)3
IF HOLDSLIT(I)=".

“ THIN LIT$DEC=I;

END;
IF FOLDSLIT(@) <> @ TEEN
DO;

IF LIT$DEC=@ THEN
DO}

NUM$BEFORE=HOLDSLIT(0)-J;
NUM$AFTER=0}
ENDS
ELSE DO;
NUH$BE!ORE=LIT2DEC -J=13
NUMSAPTER=EOLDSLIT(@) - LIT$DEC;
END;
END}
ELSE IPDHOLD$LIT(0) = @ THEN
03
NUH?BEPORE = 03
NUMSAPTER = @)
LIT$DEC = @;
ENDS
IF (I:=N$LENGTH - DEC)<NUM$BEFORE THEN
CALL PRINT$ERROR(“SL”);
193 I)ggv$BEFORE THEN
»

I=I-NUM$BEFORE;
IP MINUSSSIGN THEN
Do;
I=1-1;
%agy BYTESOUT( 3" + ZONE);
1
CALL FILLSSTRING(I, @");
END;
ELSE IP MINUSS$SIGN THEN FOLDSLIT(J+1)
=HOLDSLIT(J+1)+ZONE;
CALL STRINGSOUT(.BOLDSLIT(1)+J,NUM$BEFORE);
IF NUMEATTER > DEC THEN NUMSAFTER = DEC;
CALL STRINGSOUT( .HOLDSLIT(1) + LITSDEC, NUMSAPTER);
IF (I:=DEC - NUMSAFTER)<>@ THEN
o CALL FILLSSTRING(I, @°);
]

IF NOT VALUESFLAG THEN PENDINGSLITERAL=0;
END REDEFS$OR$VALUE;

REDUCESSTACK: PROCEDURE;
DECLARE HOLDSLENGTE ADDRESSS
CALL SETSCURSSYM;
CALL REDEF$ORSVALUE;
HOLDSLENGTH=GRT$S$LENGTH;
IF GETSTYPE > 128 TEEN
DOj
e HOLDSLENGTH=HOLDS$LENGTE * GET$OCCURS;
’

ID$STACKSPTR=IDS$STACK$PTR - 1;
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CALL SETSCURSSYM;
CALL SETSSSLENGTH(GETSSSLENGTH + HOLDSLENGTH);
CALL SETSTYPE(GROUP);

END REDUCESSTACK;

ENDSOF$RECORD: PROCEDURES
DO WHILE ID$STACK$PTR <> g;
CALL SETS$CURSSYM;
CALL REDEFSORSVALUE;
IDSSTACK(IDSSTACKSPTR)=0;
ID$STACKSPTR=IDSSTACKSPTR - 1;
END;
CALL SETS$CUKSSYM;
CALL REDEPSORSVALUE;
IDSSTACK(2)=0;
TEMPSHOLD=ALLOCATE( TEMP$TWO:=GET$SSLENGTE);
END ENDSOF$RECORD;

CONVERTSINTEGER: PROCEDURE;
DECLARE INTEGER ADDRESS;
INTEGER=0;

DO I =1 TC VARC(2);
IF NOT DIGIT(VARC(I)) THEN CALL PRINTSERROR(’NN’);
/* ERROR RECOVERY FOR AN ‘0° WHICH SHOULD
HAVE BEEN A ZERC--' 9" */
IP (VARC(I) = “0°) THEN VARC(I) = “2°;

INTEGER=SHL(INTEGER,3)+SHL(INTEGER,1)+(VARC(I)="2");
END3

VALUE(SP)=INTEGER;
END CONVERTSINTEGER;

OR$VALUE: PROCEDURE(PTR,ATTRIB);
DECLARE PTF BYTE, ATTRIB ADD3ESS;

VALUE(PTR)=VALUE(PTR) OR ATTRIR;
END ORSVALUE;

BUILDSFCB: PROCEDURE;
DECLARE TEMP ADDRESS;
DECLARE BUFFER(11) J3ITE, (CHAR, I, 3} BYTE;
CA%L FILL(.BUPFER,” “,11);
J' ’0;
DO WHILE (J < 11) AND (I VARC(@));
IF (CHAR:=VARC(I:=1I+1))="." THEN J=8;
ELSE DO;
BUFPER(J)=CHAR}
J=J+1;
END;
END;
CALL SETS$ADDE2(TEMP:=ALLOCATE(165));
CALL STARTSINITIALI ZE(TEMP,37);
CALL BYTESCUT(Q);
CALL STRINGS$OUT(.BUFFER,11);
CALL PILLSSTRING(25,0);
CALL ORSVALUE(SP-1,1);




END BUILD$FCB;

SETSSIGN: PROCEDURE(NUMB);

DECLARE NUMB BYTE;

IF GETS$TYPE=17 THEN CALL SETSTYPE(VALUE(SP) + NUMB);
ELSE CALL PRINTSERROR( “SG’);

IF VALUE(SP)<>@ THEN CALL SET$SSLENGTH(GETSSSLENGTH + 1);
END SETSSIGN;

NUM$TRUNC: PROCEDURE;
DECLARE I BYTE,
J BYTE,
TRUNCSTYPE BYTE,
TRUNC$ZERO BYTE,
SIGNSFLAG  BYTE,
DECSFLAG BYTES

TRUNC$ZERO = TRUE;
SIGNSFLAG = FALSE;
DECSFLAG = FALSE;
HOLDSLIT(Q) = @;
J =13
I = 0;
IF ((TRUNCSTYPE:=GET$TYPE)=16) OR (TR"NCS$TYPE=17) OR
| (TRUNCSTYPE = 21) THEN
3 DO WHILE J <= VARC(@);
2 IP (VARC(J) <> “+%) AND (VARC(J) <> “-") THEN
DO
IF (VARC(J)="9") AND TRUNCSZERO THIN J=J;
ELSE IP ((VARC(J) >= “@°) AND (VARC(J)
<=’9")) OR
(VARC(J) = “.°) THEN
DO;
| ' IF DECSFLAG AND (VARC(J) = “.”) THEN
: CALL PRINTSERROR('MD”);

E | ELSE DO;
E | HOLDSLIT(HOLDSLIT(@) :=HOLDSLIT(3)+1)
b | =VARC(J)}
! IF VARC(J) <> ‘@’ THEN TRUNCSZERC = FALSE;
$ IF VARC(J) = “.” THEN DECS$FLAG = TRUEZ;
k| I =1+ 13
5 END;
' END;
ELSE IF ((VARC(J) <€ “@°) OR (VARC(J) > “9°)) AND
(VAPC(J) <O “.°) THEN CALL PRINTSERROR("NN’);
END;

ELSE IF SIGNSPLAG THEN CALL PRINTSERROR( “MS’);
Eng IF (VARC(J) = “+°) OR (VARC(J) = “=") THEN

y

IP TRUNCSTYPE = 16 THEN CALL PRINTSTRROR(’SG’);

ELSE DO;
HOLDSLIT(HOLDSLIT(@) :=HOLDSLIT(@)+1)=VARC(J);
SIGNSFLAG = TRUE;
I =1+ 1;
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END;
END;
J=J +1;
END; /* DO WHI
HOLD$LIT(@) =
§(HOLD$LIT
HOLDSLIT(
DO;
HOLDSLIT(Q)
BOLDSLIT(1)
END;
END NUMSTRUNC;

PICSANALIZER: PR
DECLARE /*
FLAG
FIRST
COUNT
BUFFER (31)
SAVE
REPITITIONS
J
DEC$COUNT
CHAR
I
TEMP
TYPE
EECS?LLG

/* * * MASKS

F——-——"—'—" -

LE LOOP *
I3
0) =.1)

/
AND
J= ="} 0

.
'
o
!

OCEDURE;
WORK AREAS AND VARIABLES */
BYTE,
BYTE,
ADDRESS,
BYTE,
BYTE,
ADDRESS,
ACDRESS,
BYTE,
BITE,
BYTE,
ADDRESS,
BYTE,
BYTE,
BYTE,

***/
ALPHA £IT 1
ASEDIT LIT ‘2
ASN LIT ‘4
EDIT LIT ‘8
NOM Lir "3
NUMSEDIT LIT
DEC LIt
SIGN LIT ‘1287,

NUM$MASK
NUMSEDSMASK
SSNUMSMASK
ALPHASMASK
ASESMASK
ASNSMASK
ASNSESMASK

/* TYPES */
NETYPE LIT
NTYPE LIT
SNTYPE LIT
ATYPE LIT
AETYPE LIT

‘10101111(8°,
‘1000010138°,
‘90101111B°
‘1111111037,
11111100387,
“1110101038°,
‘1112000038 °,




ANTYPE LIT ‘97,
ANETYPE LIT ‘7373

INCSCOUNT: PROCEDURE(SWITCE);
DECLARF SWITCE RBYTE;
FLAG=FLAG CR SWITCE;
IF (COUNT:=COUNT + 1) < 31 THEN BUFFER(COUNT)
= CHAR;
©ND INCSCOUNT;

CEECK: PROCEDURE (MASK) BYTE;
/* THIS ROUTINE CHECKS A MASK AGINST THE
FLAG RYTE AND RETURNS TRUE ID THE FLAG
HAD NO BITS IN COMMON WITE THE MASK */
DECLARE MASK BYTF;
RETURN NOT ( (FLAG AND MASK) <> 2);

END CHECK;

PICSALLOCAT®: PROCEDURE(AMT) ADDRESS;
DECLARE AMT ADDRESSS
IF (MAXSINTSMEM:=MAXSINTSMEM - AMT)
< NEXTSAVAILABLE
THEN CALL FATALSERROR (“MO07)3
RETURN MAXSINTSMEM;
END PICSALLOCATE;

/* PRCCEDURE EXECUTION STARTS HERE */

CURSSYM = HOLDSSYM;
IF (GETSLEVEL = VALUESLEVEL) THEN VALUZSFLAG = FALSE;
DECSFLAG = FALSE;
COUNT,FLAG,DECSCOUNT=2;
/% CHECK FOR EXCESSIVE LENGTY */
gr VARC(@) > 3@ THEN
0;
CALL PRINTSERROR('PC”);
RETURN;
END;
/* isr FLAG BITS AND COUNT LENGTH */
DO WHILE I<=VARC(Q);
IF (CHBAR:=VARC(I))="A" THEN CALL INCSCOUNT(ALPHA);
ELSE IF CHAR ="B° THEN CALL INCSCCUNT(ASEDIT);
ELSE IF CHAR =°9° THEN CALL INCSCOUNT(NUM);
ELST IF CHAR =X THEN CALL INCSCOUNT(ASN)}
ELSE IF (CHAR="S”) AND (COUNT=@) THEV
FLAG=FLAG OR SIGN;
ELSE Irnégnan = ‘yY°) AND (DECSCOUNT=@) THEN
’
DECSCOUNT = COUNT;
DECS$FLAG = TRUE;
END;
ELSE IF(CHAR="/") OR (CHAR="0") THEN
CALL INCSCOUNTS(EDIT);
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ELSE IF
(CHAR="2") OR (CHAR=",") OR (CHAR=’*") OR
(CHAR="+") OR (CHAR=‘-") OR (CHAR="$") THEN
CALL INCSCOUNT(NUMSEDIT);

ELSE IF (CHAR='.°) AND (DECSCOUNT=@) THEN

DO}

CALL INCSCOUNT(NUMSEDIT);

DECS$COUNT=COUNT;

DECSFLAG = TRUE;

END;

ELSE IF ((CHAR="C”) AND (VARC(I+1)="R”)) OR
((ggans’n’) AND (VARC(I+1)=°B")) THEN
’

CALL INCSCOUNT(NUMSEDIT);

CHAR=VARC(I:=I+1);

%ﬁ%L INCSCOUNT(NUMSEDIT);

’
ELSE IFDéCEAR='(') AND (COUNTC>@) THEN
’

SAVE=VARC(I-1);

REPITITIONS=0;

DO WHILE(CEAR:=VARC(I:=I+1))>")"
REPITITIONS=SHL(REPITITIONS,3)
SHL(REPITITICNS,1) +(CHAR -"97)

END;

CHAR=SAVE;

DO J=1 TO REPITITIONS-1;

CALL INCS$COUNT(@Q);

END;

END;

ELSE DO;
CALL PRINTSERROR(’PC‘);
RETURN;

’

+
.
’

END} /* END OF DO #HILE I<= VARC */
/* AT THIS POINT THE TYPE CAN BE DETERMINED */
IF NOT CHECK(NUMSEDIT) THEN
DO}
DIF CHECK(NUMSEDSMASK) THEN TYPE=NTTYPT;
END;
ELSE IF CHECK(NUMSMASK) THEN TYPE=NTYPT;
ELSE IF CHECK(SNUMSMASK) THEN TYPE=SNTYPE;
ELSE IF CHECK(ALPHASMASK) THEN TYPE = ATYPE;
ELSE IF CHECK(ASESMASK) THEN TYPE = AETYPE;
ELSE IF CHECK(ASNSMASK) THEN TYPE=ANTYPE;
ELSE IP CHECK(ASNSESMASK) TUYEN TYPE=ANZTYPE;
IF TYPE=@ THEN CALL PRINTSERRCR(’PC’);
ELSE DO
IF (GETSTYPE=128) THEN CALL SETSTYPR(12R”+TYPE);
ELSE CALL SETSTYPE(TYPE);
CALL SETSSLENGTH(COUNT + GETSSSLENGTH);
IF (TYPE AND 64) <¢> @ THEN
DO}
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CALL SET$ADDR2(TEMP:=PIC$ALLOCATE(COUNT));
CALL STARTSINITIALIZE(TEMP,COUNT);
CALL STRINGSOUT(.BUFFER + 1,COUNT);
END;
IP (DECSCOUNT <> @) OR DECSFLAG TEEN

DC3
IF (COUNT - DEC$COUNT) > 18 THEN
CALL PRINT$ERROR(“DC”);
CALL SET$DECIMAL(COUNT - DEC$COUNT);
END;
END;
IFDé§0T TRUNCSFLAG) AND ((TYPE = 16) OR (TYPE = 17)) THEN
’
DO XK = @ TO HOLDSLIT(@)
VARC(K) = HOLDSLIT(K)
END}
CALL NUM$TRUNC;
TRUNCSFLAG = TRUE;
END S

.
’
.
’

END PICSANALIZER;
SETSFILESATTRIB: PROCEDURE;

DECLARE TEMP ADDRESS, TYPE BYTE;
IF CUR$SYMCCVALUE(MPP1) THEN

DO3
TEMP=CURSSYM;
CUR$SYM=VALUE(MPP1);
5 SYMBOLSADDR{(RELSID)=TEMP;
END;

IF NOT (TEMP:=VALUE(SP=-1)) THEN CALL PPINT$RRROR ('NF’);
ELSE DOj
IF TEMP=1 THEN TYPE=SECUENTIALS
ELSE IF TEMP=15 THEN TYPE=RANDOM;
ELSE IP (TEMP=5) OR (TEMP=13) THEN
TYPT = SEQ$RELATIVE;
ELSE DO;
CALL PRINTSERROR('IA");
TYPE=1;
END;
ENDj
CALL SETSTYPE(TYPE);

END SETSFILESATTRIB;
LOADSLITERAL: PROCEDURE(LITSONE);

DECLARE I BYTE,
LITSONE  BYTE,
LITSTYPE BYTES

LITSTYPE = GETSTYPE;
IF LITSTYPE <> @ THEN VALUESFLAG = FALSE;
ELSE DOj

VALUESFTLAG = TRUE;

VALUESLEVEL = GETSLEVEL;

END;

181




IF PENDINGSLITERAL <> @ THEN CALL PRINTSERROR (’LE”);
ELSE IF (LITSONE = @) OR (LITSTYPE = @) THEN
DO;
DO I =@ TO VARC(@);
HOLDSLIT(I) = YVARC(I);
END;
IF (LITSONE = 1) AND (LITSTYPE = @) THEN
TRUNCSFLAG = FALSE;
END;
ELSE IF (LITSONE = 1) AND ((LITSTYPE
(LITSTYPE = 17) OR (LITSTYPE
CALL NUMSTRUNC;
ELSE IF (LITSONE = 1) AND ((LITSTYPE <> 16) OR
(LITSTYPE <> 17) OF (LITSTYPF <> 21)) AND
Déyxrsrrps <> 2) THEN
1
CALL PRINTSERROR('LV’);
DO I = 2 T0 VARC(2);
BOLDSLIT(I) = VARC(I);
END;
PENDINGSLITERAL = 2;
END;
END LOADSLITERAL;

16) OR
21)) THEN

| REDEF$TEST: PROCEDURE;
4 DECLARE SAVESREDEF BYTE,
| SAVESREDEF4ONE  ADDRESS,
- SAVESREDEFSTWO ADDRESS;
SAVESREDEFSONE = REDEFSONE;
» SAVESREDEFS$TWO = REDEFSTWO;
b | REDEF$ONE = CUR$SYM;
: CALL SETS$CURSSYM;
REDEFSTWO = CURSYM;
SAVE$REDEF = REDEF;
REDEF = TRUE;
CALL REDEF$OR$VALUE;
IDSSTACK (IDSSTACK$PTR) = @;
ID$STACKSPTR = IDSSTACK$PTR - 1j
REDEF$ONE = SAVE4REDEFSONE;
| REDEF$TWO = SAVESREDEFSTWO;
| REDEF = SAVESREDEF;
|

END REDEFSTEST;

CHECKSLVLSFILES: PROCEDURE;
DECLARE NEWSLEVEL 3YTE;
HOLDSSYM,CURSSYM=VALUF(MP-1);
‘ CALL SETSLEVEL(NEWSLEVEL:=VALUR(MP-2));
, 183 NgwsLaan = 1 THEN

| DO;
| IFP IDSSTACK(@) <> @ THEN
‘ DOj
; DO WHILE STACKSLEVEL > 1;
| CALL REDUCESSTACK;

: END;
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DO WHILE IDSSTACKSPTR <> 03
CALL SETSCURSSYM;
CALL REDEF$ORSVALUE;
ID$STACK(IDSSTACKSPTR) = @3
IDSSTACKSPTR = IDSSTACKSPTR - 1;
END;
CURSSYM = HOLDS$SYM;
CALL SETSREDEF(IDSSTACK(Q@),VALUE(MP-1));
VALUE(MP) = 1;/% SET REDEFINE FLAG */

END;
END;
ELSE DO WHILE STACKSLEVEL >= NEWSLEVEL;
CALL REDUCESSTACK;
END;
END CHECKSLVLSFILES;
CHECKSLVLSWORK: PROCEDURE;

DECLARE NEWSLEVEL BYTE,
SAVESSYMSLVL  RYTE,
STACKSREDUCED 3YTE,

S AVESREDEF BYTE,
SAVESSYM ADDRESS;

SETSVALUESCLAUSE: PROCEDURE;
SAVESREDEY = REDEF;
REDEF = FALSE;

CALL SETSCURSSTM;

CALL REDEF$ORSVALUE;

REDEF = SAVESREDEF;

CURSSYM = HCLD$STM;
END SET$VALUESCLAUSE;

TRUNCSFLAG = TRUE;
STACKSREDUCED = FALST;
BOLD4SYM,CURSS YM=VALUE(MP-1);
CALL SETSLEVEL(NEWSLEVEL:=VALUE(MDP=2));

IF NEWSLEVEL = 1 THEN

D03
DO WHILE STACKSLEVEL > 1 AND ID$STACK(IDSSTACKSPT:) <>0;
SAVESSYM,CURSSYM=IDS$STACK (IDSSTACKSPTR - 1)3
SAVESSYMSLVL = GETSLEVEL;

Igo§AVE$SYH$LVL = STACKSLEVEL THEN

]

CURSSYM = SAVESSTYM;

CALL REDEFSTEST;

END;

ELSE IF STACKSLEVEL > 1 THEN
DO

CALL REDUCESSTACK;

IF VALUESFLAG AND (VALUESLEVEL = STACKSLEVFEL) THEN
DO

VALUESPLAG = FALSE;

CALL SETSVALUESCLAUSE;

END;
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END;
END3/* DO WHILE LOOP */
IF STACKSLEVEL = 1 AND IDS$STACKSPTR <> @ THEN
DO;
CUR$SYM = IDSSTACK(IDSSTACKSPTR - 1);
gﬁ%L REDEFSTEST;
’
IF VALUE(MP) = @ AND IDSSTACK(ID$STACKSPTR) <> @ THEN
DO
CALL ENDSOF$RECORD;
REDEF = FALSE;
END;
IF (VALUE(MP) = 1) AND (IDS$STACK(IDSSTACKSPTR) = REDEF$ONE)
THEN CALL SETSVALUESCLAUSE;
CURSSYM = HOLDSSYM;
END;
ELSE IF STACKSLEVEL >= NEWSLEVEL THEN
D03
IF (STACKSLEVEL = NEWSLEVEL) AND (VALUE(MP) = 1) AND
(IDSSTACK(IDSSTACKSPTR) = REDEFSONE) THEN
CALL SETSVALUESCLAUSE;
DO WHILE NOT STACK$REDUCED;
SAVESSYM,CURSSYM=IDSSTACK(ILSSTACKSPTR - 1)
SAVESSYMSLVL = GETSLEVEL;
IP SAVESSYMSLVL = STACEKSLEVEL THEN
DO}
CURSSYM = SAVESSYM;
CALL REDEFS$TEST;
END;
ELSE IF (STACKSLEVEL >= NEWSLEVEL) AND
(VALUE(MP) = @) THEN
DC3
DO WEILE STACKSLEVEL >= NEWSLEVEL;
CALL REDUCESSTACK;
IF VALUSSFLAG AND (VALUESLEVEL=STACKSLEVEL)
AND (VALUESLEVEL = NEWSLEVEL) THEN
DO;
VALUESFLAG = FALSES
CALL SETSVALUESCLAUSE;
END;
END;/* LO WHILE LCOP */
ST%CK$REDUCED = TRUE;
END;
ELSE IF (STACKSLEVSEL >= NEWSLEVEL) AND
(VALUE(MP) = 1) THEN
DO;
DO WEILE STACKSLEVEL > NEWSLEVEL;
CALL REDUCE4STHCK;
IF VALUESFLAG AND (VALUESLEVEL = STACKSLEVEL)
THEN DO;
VALUESFLAG = FALSE;
CALL SET$VALUESCLAUSE;
ENDS
END; /* DO WHILE LOOP */
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STACKSREDUCED = TRUE;
END;
END;/* DO WHILE LOOP */
END;
CUR$SYM = HOLDS$SYM;
END CHECKS$LVLSWORK;

CODESGEN: PROCEDURE(PRODUCTION);
DECLARE PRCDUCTION BYTE,
LIT$TYPE BYTE;
IF PRINT$PROD THEN

DO}

CALL CPLF;

CALL PRINTCHAR(POUND);

CALL PRINTSNUMBER(PRCDUCTION)}
END;

DO CASE PRODUCTION;
/¥ PRODUCTIONS®M®

/* CASE @ NOT USED .

’
/; 1 <PROGRAM> ::= <ID-DIV> <I-DIV> <D-DIV> PROCEDURE */
05

COMPILING=FALSE;
DISPLAY(DISPLAY(Q)+1)="%"3
CALL PRINT(.DISPLAY(1))}
END;

/¥ 2 <ID-DIV> ::= IDENTIFICATION DIVISION . PROGRAM-ID ,*/
/* 2 {COMMENT> . <AUTH> <DATE> <SEC> */
i /* NO ACTION REQUIRED */
/¥ 3 CAUTHEY ::= AUTHOR . <COMMENTD . */
7 /* NO ACTION REQUIRED */
/* & \1 CEMPTY> */
t /% NO ACTICN REQUIRED */
/* 5 CDATED> ::= DATE-WRITTEN . <COMMENT> . */
; /% NO ACTION REQUIRED */
/* 6 \! <EMPTY> */
7 /®* NO ACTION REQUIRED */ ﬁ
/* 7?7 (SEC> ::= SECURITY . <{COMMENT) . */
3 /* NO ACTION REQUIRED */
/* 8 \! <EMPTY> %/
3 /% NO ACTION REQUIRED */
/%* 9 CCOMMENT> ::= <CINPUDD */
5 /* NO ACTION REQUIRED */
/*10 \! <COMMENT> <INPUT> »/
3 /* NO ACTION REQUIRED */
/%11 <E=DIV> ::= ENVIRONMENT DIVISION . CONFIGURATION */
/*11 SECTION . <SRC=0BJ> <I-0> */
$ /% NO ACTION REQUIRED */
/*12 <SRC=~0BJ> ::= SOURCE-COMPUTER . <COMMENT> <DERUG)> .*/
/*12 OBJECT-COMPUTER . {COMMENT)> . =/
3 /% NO ACTION REQUIRED */
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/¥13 <DEBUG> ::= DEBUGGING MODE »/
DFBUGGING=TRUE; /* SETS A SCANNER TOGGLE */
/*¥14 \! <EMPTY> */

3 /% NO ACTION REQUIRED */
/%15 <I1-0> ::= INPUT-OUTPUT SECTION . FILE-CONTROL . */

/*18 {FILE-CONTROL-LIST> <IC> */
+ /% NO ACTION REQUIRED */
/*¥16 \! <EMPTY> */

3 /% NO ACTION REQUIRED */

/*¥17 <FILE-CONTROL-LIST> ::= <FILE-CONTROL-ENTRY> */
+ /% NO ACTION REQUIRED */

/*18 \! <FILE-CONTROL-LIST> w/

/*18 {FILE-CONTROL-ENTRY> */
3 /* NO ACTION REQUIRED ¥/

/*19 <FILE-CONTROL-ENTRY> ::= SELECT <ID>

{ATTRIBUTE-LIST> . */
CALL SETSFILESATTRIB;

/*20 <ATTRIBUTE-LIST> ::= <ONE-ATTRIB> o
v /®* NO ACTION REQUIRED */
/%21 \! <ATTRIBUTE-LIST> <ONE-ATTRIB> */

VALUE(MP)=VALUE(SP) OR VALUE(MP);
/*22 {ONE-ATTRIBD ::= ORGANIZATICON <ORG-TYPE> */
VALUE(MP)=VALUE(SP);
/%23 \! ACCESS <ACC-TYP®> <RELATIVED> */
VALUE(MP)=VALUE(MPP1) OR VALUE(SP);
/%24 \! ASSIGN <INPUTD> */

CALL BUILDSFCB;
/*25 <ORG-TYPE) ::= SEQUENTIAL */

$ /* NO ACTION REQUIRED - DEFAULT */
/%26 \! RELATIVE ®/

CALL ORSVALUE(SP,4);
/%27 <ACC-TYPED ::= SEQUENTIAL */

3 /* NO ACTION REQUIRED - DEFAULT */
/*28 \! RANDOM *®/

CALL ORSVALUE(SP,2);

/*29 <RELATIVED> ::= RELATIVE <ID> .y
CALL ORSVALUE(MP,8)}
/*38 \! <EMPTY> o
3 /* NO ACTION REQUIRED - DEFAULT */
/*31 <IC> ::= I-0-CONTROL . <SAME-LIST> -
’
/*32 \1 <EMPTY> */
’
/*33 <SAME=LIST> ::= {SAME-ELSMENT> o
/*¥34 \! {SAME-LIST> <SAME-ELEMENT> */
/*358 <SAME-ELEMENT> ::= SAME {ID-STRINGD> . ®/
’
/*36 <ID=STRING> ::= <LID> */
’
/*37 \! <ID-STRING> <ID> *f
’
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/*38 <D=-DIV> ::= DATA DIVISION . <FILE-SECTION> <WORK)> */
*

/*38 <LINKD>

3 /* NO ACTION REQUIRED */
/*39 <FILE-SECTION> ::= FILE SECTION . <FILE-LIST> */
FILE$SEC$END = TRUE;

/*40 \! <EMPTY> ®/
FILE$SEC$END=TRUE;

/*41 <FILE-LIST> ::= <{FILES> */
3 /* NO ACTION REQUIRED */

/*42 \! <FILE-LIST> <FILES> */

; /* NO ACTION REQUIRED */
/%43 <FILESD> ::= FD <ID> <FILE-CONTROL)> . */
/%43 <RECORD-DESCRIPTION> */

DO;

DO WHILE STACKSLEVEL > 13

CALL REDUCES$STACK;

END;

CALL ENDSCF$RECCRD;

REDEF=FALSE;

END;
/*44 <FILE-CONTROL> ::= (FILE-LIST> e 4
CALL SETSIO$ADDRS;
/*45 \! <EMPTY> */

CALL SET$IO$ADDRS;

/*46 <FILE-LIST> ::= <FILE-ELEMENTD> »®/
7 /* NO ACTION REQUIRED */
/*47 \! <(FILE-LIST> <FILE-ELEMENT> ®/

3 /* NO ACTION REQUIRED */

/*48 <FILE-ELEMENT> ::= BLOCK <INTEGER> RECORDS ' 4
3 /% NC ACTION REQUIRED - FILZS NEVER BLCCKED */
/*49 \! RECCRD <REC-COUNT> ny

CALL SET$SLENGTH(VALUE(SP));
/*50 \! LAREL RECORDS STANDARD b 4

7 /* NO ACTICN REQUIRED */
/%51 \! LABEL RECORDS OMITTED wy

y /* NO ACTION REQUIRED */
/%52 \! VALJE OF <ID-STRING> wy

7 /* NO ACTION REQUIRED */
/*53 <REC-COUNT> ::= <INTEGERD .y

i /* NO ACTION REQUIRED - VALUF(SP) CORRECT */
/*54 \! <INTEGER> TO <INTEGER> */

DOS

VALUE(MP)=VALUE(SP); /* VARIABLE LENGTH */

CALL SET$TYPE(4); /* SET TO VARIABLE */

ENDj
/*55 <WORK> ::= WORKING-STCRAGE SECTION . */
/*88 <RECORD-DESCRIPTIOND> */

DCS

DO WHILE STACKSLEVEL > 1;
CURSSTM = IDSSTACK(IDSSTACKSPTR - 1);
IF GETS$LEVEL = STACK$SLEVEL THEN
CALL REDEFSTEST;
ELSE IF STACKSLEVEL > 1 THEN
CALL REDUCE$STACK;




END;
IF STACKSLEVEL = 1 AND IDSSTACKSPTR <> @ THEN
D0;
CURSSYM = IDSSTACK (IDSSTACKSPTR - 1)}
IF REDEF THEN CALL REDEFSTEST;
END;
CALL ENDSOFSRECORD;
END;
/*¥56  \1 <EMPTY> */
/% NO ACTION REQUIRED */

/%¥87 KLINKD ::= LINKAGE SECTION . <RECORD-DESCRIPTION> */

CALL anntsvnnoa( NI“); /% INTER PROG COMM */
/*58 \! <EMPTY> */
5 /* NO ACTION REQUIRED */
/*59 <RECORD-DESCRIPTIOND ::= <LEVEL-ENTRY> L
3 /* NC ACTICN REQUIRED */
/*60 \! <RECORD-DESCEIPTION> */
/*€0 CLEVEL-ENTRY> */
$ /* NC ACTION REQUIRED */

/®¥61 <LEVEL-ENTRY> ::= {INTEGEF> <DATA-ID> <REDEFINES> */

/*61 <DATA-TYPED> . */
Lo}
CALL LOADSLEVEL;
IF (PENDINGSLITERAL <> @) AND (NOT VALUE$PLAG) TEEN
PENDINGSLITSID = ID$SSTACKS$PTR;
END;
/*62 <DATA-ID> ::= <ID> e’
3 /¥ NO ACTION REQUIRED */
/%63 \! FILLER i
D05
CURSSYM, VALUE(SP)=NEXT$STM;
CALL BUILD$SYMBOL(Q);
SND;
/*64 <REDEFINES> ::= REDEFINES <II> g
DO;
CALL SETSREDEF(VALUE(SP),VALUE(SP-2));
VALUE(MP)=1;F /* SET REDEFINE FLAG ON */
IF NOT FILE$SECSEND THEN
CALL PRINTS$ERROR( R37);
CALL CHECKSLVLSWORK;
END;
/;gﬁ \! <EMPTYD */
4
IF NOT FILE$SECSEND THEN
CALL CHECKSLVLSFILES;
SLSE CALL CHECKSLVLSWORK}S
END;
/*66 <DATA-TYPE> ::= (PROP-LIST) */
3 /* NO ACTION REQUIRED */
/*67 \! <EMPTY> */
3 /* NO ACTION REQUIRED */
/%68 <PROP-LIST> ::= (DATA-SLEMENT> ®/
7 /* NO ACTION REQUIRED */
/*69 \! <PROP-LIST> <DATA-ELEMENTD *®/
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7 /% NO ACTION 2EQUIRED */
/*70 <DATA-ELEMFNT> ::= PIC <INPUT> */
CALL PICSANALIZER;
/%71 \! USAGE cOWMpP */
CALL SETSTYPE(COMP);
/*72 \! USAGE DISPLAY */
$ /% NC ACTION REQUIRED - DEFAULT */
/%73 \! SIGN LEADING <SEPARATE> */
CALL SETS$SIGN(17);
/*74 \! SIGN TRAILING <SEPARATE) */
CALL SETS$SIGN(18);
/;g§ \! OCCURS <INTEGER> */
9
CALL ORSTYPE(128);
CALL SET$OCCURS(VALUE(SP));

END;
/*76 \! STINC <DIRECTION> ®f
3 /* NO ACTION REQUIRED - BYTE MACHINE */
Y Gt (4 \! VALUE <LITERAL> *®/
DO;
IF NOT FILESSECSEND THEN
DOj

CALL PRINTSERROR(VE");
PENDINGSLITERAL=0;

END;
END;
/*78 (DIRECTION> ::= LEFT =/
s /* NO ACTION REQUIRED */
/*79 \! RIGHT i
3 /* NO ACTION REQUIRED */
/*80 \! <EMPTYD> i
' /* NO ACTION REQUIRED */
/*81 <SEPARATED> ::= SEPARATE .y
VALUE(SP)=2;
/*82 \! <EMPTY> .7
7 /* NO ACTION REQUIRED */
/%83 <LITERALD> ::= <INPUTD ./
DOj

IF ((LITSTYPE:=GETSTYPE) <> 16) AND
(LITSTYPE <> 17) AND (LITS$TYPE <> 21) THEN
DO;

CALL PRINTSERROR(’NV’);
CALL LOADSLITERAL(Q);
PENDINGSLITERAL = 2;
END;

ELSE DO;

CALL LOADSLITERAL(1);
PENDINGSLITTRAL = 1;
ENDS

END;

/*84 \1 <LID */

DO;

CALL LOADSLITERAL(Q);
PENDINGSLITERAL=2;




END;
/*85% \! ZERC */
PENDINGSLITERAL=3;
/¥86 \! SPACE »/
PENDINGSLITERAL=4;
/%87 \! QUOTE o |
PENDINGSLITERAL=5;
/%88 <INTEGER> ::= <INPUT> */
CALL CONVERTS$ INTEGER;
/¥89 <ID> ::= <INPUT> i 4
VALUE(SP)=MATCH} /* STORE SYMBOL TABLE POINTERS */

END; /* END OF CASE STATEMENT */
END CODESGEN;S

GETIN1: PROCEDURE BYTE;
RETURN INDEX1(STATE);
END GETINLS

GETIN2: PRCCEDOURE BYTE;
RETURN INDEX2(STATE);
END GETINZS

INCSP: PROCEDURE;

SP=SP + 1;

IF SP >= PSTACKSIZE THEN CALL FATALSERROR("SO”);
VALUE(SP)=@; /* CLEAR VALUE STACK */
END INCSP;

DUPSIDENSFLAG: PROCEDURE;
IF TOKEN = 92 THEN FILESDESCSFLAG = TRUE;
IF TOKEN = 47 TBTIN REDEFSFLAG = TRUE;

©ND DUPSIDENSFLAGS

LOOKAREAD: PRCCEDURE;
IF NCLOOK THEN
DO
CALL SCANNER;
CALL DUPSIDENSPLAGS
NOLOOK=FALSE;
IF PRINTSTOKEN THEN
I DCy
£ CALL CRLF;
E‘ CALL PRINTSNUMBER(TOKEN);
| CALL PRINTSCHAR(™ 7)3
CALL PRINTSACCUM;
‘ END;
B ENDS
END LOOKAHEAD;

NOSCONFLICT: PROCEDURE (CSTATE) BYTE;
DECLARE (CSTAIF,I,J,K) BYTE;




J=INDEX1(CSTATE);
K=J + INDEX2(CSTATE) - 1;
DO I=J TO K3
IF READ1(I)=TOKEN TEEN RETURN TRUE;
END;
RETURN FALSE;
END NOS$CONFLICT;

RECOVER: PROCEDURE BYTE;
DECLARE (TSP, RSTATE) BYTE;
DO FOREVER;
TSP=SP;
DO WHILE TSP <> 2553
IF NOSCONFLICT(RSTATE:=STATESTACK(TSP)) THEN
DO; /* STATE WILL READ TOKEN */
IF SPKD>TSP TEEN SP = TSP - 13
RETUEN RSTATE;

END;
TSP = TSP - 13}
END;
CALL SCANNER; /* TRY ANOTHER TOKEN */
ENDj

END RECOVER;

END$PASS: PROCEDURE;
/* THIS PRCCEDURE STORES TEE INFORMATION REQUIRED 3Y
PART2 IN LOCATIONS ABOVE THE SYMBOL TABLE. TEE FOLLOWING
INFORMATION IS STORED:

OUTPUT FILE CCNTROL BLOCK

COMPILER TOGGLES

INPUT BUFFER POINTER
THE OUTPUT BUFFER IS ALSO FILLED SO TEE CURRENT RECCRD.
IS WRITTEN */

CALL BYTESOUT(SCD);

CALL ADDRSOQUT(NEXT$AVAILABLE)S

DO WHILE OUTPUTSPTR<>.OUTPUTS$BUFF;
CALL BYTES0UT(QFFH);

END}

CALL MOVB(.0UTPUT$FCB.MA§$MEMORY-P%SS1$LEN,PASSI$LBN):
L: GO TO L; /* PATCH TO JMP 319@H */
END END$PASSS

/% % % % ® PROGRAM EXECUTION STARTS HEPE * * x/

CALL MOVE(INITIAL$POS,MAX$MEMORY ,RDRSLENGTY);

CALL INITSSCANNER;
CALL INIT$SYMBOL;

/% % % % % & & DARSTR % % ¥ % % %/

D0 WHILE COMPILING;
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IF STATE <= MAXRNO THEN /* READ STATE */
DO;
CALL INCSPj
STATESTACK(SP) = STATE; /* SAVE CURRENT STATE */
CALL LOOCKAHEADS
I=GETIN1;
J =1 + GETINZ - 1;
DO I=I TO J}
IF READ1(I) = TOKEN THEN
DO;
/* COPY THE ACCUMULATOR IF IT IS AN INPUT
STRING. IF IT IS A RESERVED WORD IT DCES
NOT NEED TO BE COPIED. */
IF (TOKEN=INPUT$STR) OR (TOKFN=LITERAL) THEN
DO K=@ TO ACCUM(@);
VARC(K)=ACCUM(K);
END;
STATE=READ2(I);
NOLOOK=TRUE;
I=J5
END;
ELSE
IF I=J THEN
DOj
CALL PRINTSERROR('NP”);
CALL PRINT(.(” ERROR NEAR $7));
CALL PRINTS$ACCUM;
IF (STATE:=RECOVER)=0 THEN COMPILING=FALSE;

ENDj
END;
END; /* END OF READ STATE ¥/
ELSE
IF STATEDMAXPNO THEN /* APPLY PRCDUCTION STATE */
DO;

MP=SP - GETIN2}
MPP1=MP + 1;
CALL CODESGEN(STATE - MAXPNO);
SP=MP;
I=GETIN1;
J=STATESTACK(SP);
DO WHILE (K:=APPLY1(I)) <> @ AND JOOK;
I=I + 1}
END;
IF (K:=APPLY2(I))=@ THEN COMPILING=FALST;
STATE=K;
END;
ELSE
gg.STATE<=HAXLNO THEN /*LOCKAHEAD STATE*/
’
I=GETIN1;
CALL LOOKAHEAD;
DO WHILE (K:=LOOK1(I))<>@ AND TOKEN <>X;
I=1I+1;
ENDj
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STATE=LOOK2(1I);

END;

ELSE

DO; /*PUSH STATES*/
CALL INCSP;
STATESTACK(SP)=GETIN2;
STATE=GETIN1}

END;

END} /* OF WHILE COMPILING */
CALL ENDSPASS;
END;

-
e




T ——

PART2: /* MODULE NAME */
D03

/* COBOL COMPILER =~ PART 2 ¥/
/* 10@H = MODULE LOAD POINT */
/* GLOBAL DECLARATIONS AND LITERALS */

DECLARE LIT LITFRALLY “LITERALLY’; DECLARE
PASS1$LEN LIT “48°,
MAX$MEMORY LIT ‘@D12@H”,
PASS1$TOP LIT “@D@@OR ",
CR LIT ‘13°,
LY LIT ‘10°,
QUOTE LIT ‘27H°,
POUND LIT ‘23H°,
TRUE LIT ‘1°,
FALSE LIT ‘07,
FOREVER LIT °‘WEILE TRUE’,
ALPHASLITSFLAG RYTE INITIAL(FALSE),
IFPSFLAG BYTE INITIAL(FALSE); DECLAKE MAXRNO LITERALLY
‘82°,/* MAX READ COUNT */
MAXLNO LITERALLY ‘185°,/%* MAX LOOK COUNT */
MAXPNO LITERALLY “120°,/% MAX PUSE CCUNT %/
MAXSNO LITERALLY “218°,/%* MAX STATE COUNT */
STARTS LITERALLY “17;/* START STATE */
DECLARE READ1(*) BYTE
DATA(Q,63,5,6,9,14,16,2¢,22,24,26,31,32,41,42,44,45 ,49,53
,54,58,60,48,28,48,29,28,29,36,37,48,59,11,35,46
,34,13,28,29,3€6,37 ,46,3,1,40,23,48,57,1,56,2,30,43,27,19

»33,5¢,52,64,18,4,38,28,39,48 +61,585,1,1¢8,7,12,1¢,51,5,9
,14,16,20,22,24,26,31,41,42,44,45,49,53,54
+58,60,51,7,17,1,1

v5.9,14,16,2¢,21,22,24,26,31,41,42,44,45,42,53,54

£4,58,60,48,62,8,48,25,0,9);

“7C759? LCOKI(*) EYTE
D#TA(2,48,0,42,0,2,2,4%,2,1,15,0,4R,0,30,43,04,2,2,27,0,7
3 17 ¢,1,1%,9,55,9,55,0,55,0,55,8,1,15,9,12,0,1,2,51,0

G)v.ﬁ 25,9,3,48

DFCLARE A?PLYI(*) BITE
Dart:(2,0,22,0,6,0,0,7?7,0,0,81,0,11,66,68,74,79,0,2,3,31,0
v3,81,0,25,0,0,2,0,57,52, 59,0.0.0.0.@.0.2 69,0 @ 2,0, G @

v2,7,8,13,14 v44,0,02,2,5,6,7,8,12,13,14,18, 21 2 24,26
s T 28 29,33,3%,40 44.75,76 y77,84,8,9,30,37,38,49,52,54
W, 5 7.2 13 14.2 8,32,2,20,2,2,15, ,32,53.65.0.0.0,3,
81.0.?)5

DECLARE READ2(*) BYTE
DATA(Q,41,6,212,9,10,83,15,17,18,20,23,24,27,28,29,30,32
133,34, 37 38 31,271,85,84,271,205,207,226,85,178,194,192
193,185 y172,210,225,207,206,229,202,129,26,191
,197,86,3,35,4,199,188,21,167 ,168,166,161,162,14,5
,181,2¢1,25,85,39,169,2,11,7,164,174,184,6,9,12 v83
,158,17,18,2%,23,27,2¢€,29,30,32,33,34,37,38,164,8,13,130
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»131,6,9,10 ,83,15,16,17,18,20,23,27,28,29,30
v32,3%,34,37,38,19,8,40,121,198,19,@,2);
DECLARE LQOK2(*) BYTE
DATA(Q,12,106,22,107,158,199,36,108,142,142,124,44,109,45
y45,110,46,19€6 ,47,111,112,49,113,52,114,114,54,56,115,57
»116,58 ,117,59,118,119,119,63,64,120,147,67,69,139,75
,122,78,136,128,128,81) 3
CECLARE APPLY2(*) BYTE
DATA(O,0,137,60,76,103,7?7,127,126,105,73,72,151,150,152
,177,149,132,133,1¢4,104,136,102,102,139,182,74,160,48
+65,155,153 ,156,154, 148,68,134,61,94,146,66,173
»79,159,55,186,80,96,144,97,98 v95,175,135,190,42,99
,87,90,90,215,50,90,217,179,138,88,124,89,99 v157,91
,158,143,90,125,125,42, 145,43,92,5¢,51,93,203,203,53,211
»195,195,195,195,195,195,195,222,71,70,208,212,171,62
,99,213,163,120 ,149,141,101,101,147,82);
DECLARE INDEX1(*) BYTE
DATA(G,1,115,2,22,115,115,115,115,23,256,73,115,115,115,
,26,31,32,115,35,36,115,44,115,115,26,115,115,115,115
123,42,26,115 0115,43,44,23,23,45,115,47
y48,504,115,51,50,53, 54,23,59,64,23,61,62,65, +6€,66,66
,66,67,68,69,26,70,26,7?3,71,73,91,92,93,94,95,96,115,115,117
v119,75,115,2,26,1,3,5,7,9,12,1¢,17,19,21,25,25,28,30,32
,04,36,39, ,41,43,45,47,49,216,123,123,176
,187,120,204,204,183,170,170,170,170 »214,165,1,2
v2,4,4,6,6,7,7,9,9,12,10,10,12,12,12,12,12,12,12,12,12,12,
v12,12,12,12,18,18,18,18,19,19,19,19,22,22,22,25,27,27,27
»28,28,29,29 ,29,30,3¢9,34,34,35,35,36,36,37,37,38
v38,39,39,39,47,42,43,43,44,44 v45,45,46,46,46,47
,47,54,55,80,89,82,88,96,96,98,98,98,120,1¢9,1020
,101,101,106,106,107,127,108,111);
DECLARE INDEX2(*) BYTE

DATA(Q,1,1,20,1,1,1,1,1,2,1,18,1,1,1,5,1,3,1,1,6,1,1,1,
ke Vs Ll 29l S5l sl b e b @iye sl sl s @ o gl s B sk s lin 5385 1y 142
v1,3,,1,1,1 1,1,1,1,1,5,1,5,18,2,18,1,1,1,1,1,19
sy ] 1B 320 ,0:2.2,2:209525% P~ O R
v2,2,2,3,2,2,2,2,2,3,12,22,36,44,45,47,49,52,54,56,57,
'58'59.63'64.5’1.“'@.1'e'1.2'2'102'?QQOZ'1'602'1|GDZ'1'1
s, 0 TP~ TN, [ G 1292:4,2,5,4,4,%5,1,1,2,2,0
v0,1,0,2,0,0,0,0,0,0,0,0,2,2,0,2,1,1,0,1,1
v2,2,1,2,9,2,¢,0,9,0,0,¢,0,0,0,0,¢,2,9,3,¢,0,%,2,0,0,0,0
,0,0,0,0,@,0 olve);

/* ®END OF TABLES */
DECLARE
/* JOINT DECLARATIONS */
/¥ THE FOLLOWING ITEMS ARE DECLARED TOGETH®ER IN THIS
GEOUP IN ORDEF TO FACILITATE THEIR BEING PASSED FROM
TsE FIRST PART OF THE COMPILER.
3
OUTPUTSFCB (33) BYTE,
DEBUGG ING 3YTE,
PRINT$PRCD BYTE,
PRINTSTOKEN BYTE,




TP T T, T ™

RSN —

LISTSINPUT BRYTE,

SEQ$NUM BYTE,

NEXT$SYM ADDRESS,

POINTER ADDRESS, /* POINTS TO THE NEXT BYTE
TO BE READ */

NEXT$AVAILABLE ADDRESS,

MAXSINT$MEM ADDRESS,

HASH3TARSADDR ADDRESS, /* ADDRESS OF THE BOTTOM OF

THE TABLES FROM PART1 */

/¥ 1 0 BUFFERS AND GLOBALS */
INSADDR ADDRISS INITIAL (SCH),
INPUTFCB BASED INADDR (33) BYTE,

OUTPUTSBUFF (128) BYTE,
OUTPUT$2TR ADDRESS,
OUTPUTSEND ADDRESS,

OUTPUT$CHAR BASED OUTPUTSPTR BYTE;
/* MESSAGES FCR OUTPUT */

DECLARE
ERROR$NEARSS (*) BYTE DATA (° ERROR NEAR $°7),
END$OFSPARTS$2(*) BYTE DATA (° END CF COMPILATION

/¥ GLOBAL COUNTERS */
DYCLARE

CTR BYTE,

ASCTR ADDRESS,

BASE ADDRESS,

34BYTE BASED BAS® BYTE,

B$ADDR BASED BASE ADDRESS:

MON1: PROCEDURE (F,A) EXTERNAL;
DRCLARE P BYTE, A ADDRESSS
END MON1;

MON2: PROCEDURE (F,A) BYTE EXTERNAL;
C*CLARZ F BYTE, A ADDRESS;S
END MONZ;

200T: PROCEDURE EXTERNAL;
END BCCT;

PRINTCHAR: PROCEDURE (CHAR);
DECLARE CHAR BYTE;
CALL MONL (2,CHAR)S

END PRINTCEARS

CRLF: PROCEDURE;
CALL PRINTCHAR(CR)S
CALL PRINTCHAR(LF);
END CRLF;

PRINT: PROCEDURE (A)j




DTCLARS A ADIRESSS
CALL MON1 (9,4);
END PRINT;

PRINTS$ERROR: PROCEDURE (CODE);
/* THIS PROCIDURE IS USED TO PRINT COMPILER ERRORS TO
THE CONSOL */
DECLARE CODT  ADDRESS,
I BYTE,
CODE1(6) ADDRESS;
IF COPE = FALSE THEN
DO;
DOI =@ TO 5}
CODEL(I) = @}
END;
1 =9;
END3
ELSE
IFT CODE = TRUE THEN
D03
I =@
DO WHILE((I<>6) AND (CODE1(I) <> @));
CALL CRLF;
; CALL PRINTCEAR(HIGH(CODE1(I)));
‘ CALL PRINTCHAR (LOW(CODE1(I)));
1 CODEL(I) = @3
3 i=1 =+ 1
| END;

; I = 23
| ELSE
; IF (CODT = “NP°) CR (CCDE = °NV’) OR (CODE = “SL’) THEN
DO;
CALL CRLF;
CALL PRINTCHAR(HIGH(CODE));
CALL PRINTCHAR( LOW(CODE));
END;
ELSE
DO}
: IFP I <> 6 TEEN
E | DO}
3 ; CODE1(I) = CODE;
; ! I =1+ 1;
! END;
, END;
| END PRINTSERROR;

S ——

. PATALSERAOR: PROCEDURE(REASON):
15 ] DECLARE SEASON ADDRESS;
4 CALL PRINTSERROR(REASON);
| CALL PRINT4ERROR(TRUE);
T CALL TIME(10);
; CALL BOOT;
| END FATALSERROR;




.

CLOSE: PROCEDURE}

IF MON2(16, .OUTPUTS$FCB)=255 THEN CALL FATALSERROR(’CL’);
END CLOSE;

MORES$ INPUT: PROCEDURE BYTE;
/* READS THE INPUT FILE AND RETURNS TRUE IF A RECORD
WAS READ. FALSE IMPLIES END OF FILE */
DECLARE LCCNT BYTE;
IF (DCNT:=MON2(20,.INPUTSFCB))>1 THEN
CALL FATALSERROR(“BR”);
RETURN NOT(DCNT);
END MORESINPUT;

WRITE$SOUTPUT: PROCEDURE (LOCATION);

.+ /* WRITES CUT A 128 BYT® BUFFER FROM LCCATION*/
DECLARE LOCATION ADDRESS;
CALL MON1(26,LOCATION); /* SET DMA */
[F MON2(21,.CUTPUT$FCB)<>@ THEN CALL FATALSERROR(WR’);
CALL MON1(26,80H); /*RESET DMA */

END WRITESOQUTPUT;

MOVE: PROCEDURE(SOURCE, DESTINATION, COUNT);
/* MOVES FOR THE NUMBER CF BYTES SPECIFIED BRY COUNT */
DECLARE (SOURCE,DESTINATION) ADDRESS,
(S$BYT® BASED SOURCE, DSBYTE BASED DESTINATION, COUNT)
BYTE; -
DO #HILE (COUNT:=CCUNT - 1) &> 255;
D$BYTE=S$3YTE;
SOURCE=SOURCE +1;
DESTINATICN = DVSTINATION + 1;
END;
END MOVE;

FILL: PROCEDURE(ADDR,CHAR,COUNT);
/* MOVES CEHAR INTO ADDR FCR COUNT BYTES */
DECLARE ADDR #DDRESS,
(CHAR,COUNT,DEST BASED ADDR) BYTE;
DO WHILE (CCUNT:=COUNT -1)<>255;
DEST=CEAR;
ADDR=ADDR + 1;
ENDS
END FILLS

/% % % % ¥ % SCANNER LITS * * % * %/
CESCLARE

LITERAL LIT ‘297,

INPUT$STR  LIT ‘487,

PERIOD LIT i g
RPARIN LIT g
LPARIN LIT o4
INVALID LIT ‘0%

/% ® ® % & SCANNER TABLES * * * * x/




DECLARE TOKEN$STABLE (*) BYTF DATA
/* CONTAINS TEE TOKEN NUMBER ONZ LESS THAN THE FIRST
RESERVED WORD FOR EACH LENGTH OF WORD */
(0,0,3,7,13,29,41,48,56,60,63),

TABLE, (*) BYTE DATA('RY’,"GO’,’IF’,’TO", EOF’, "ADD’, END’
, 1I-0 s NOT®, RUN", CALL", ELSE’, “EXIT’, 'FROM’, INTO’
» 'LESS’, "MOVE " s 'NEXT’, "OPEN’, “PAGE’, "READ", "SIZE’, 'STOP”
» ‘THRU, “ZFRO’ , v APTER’, “CLOSE’, "ENTER’, "EQUAL’, "ERROR’
» TINPUT ", “QUOTE", "SPACE” » 'TIMES®, "UNTIL", “USING’, "WRITE’
, "ACCEPT’, "BEPQORF ", "DELETE" , 'DIVIDE’, “OUTPUT’, ‘DISPLAY”
, '"GREATER’ , "INVALID’, “NUMERIC’, "PERFORM’, ‘REWRITE"
, "ROUNDED”, “SECTION" o DIVISION®, “MULTIPLY’, "SENTENCE"
, "SUBTRACT”, “ADVANCING”, “DEPENDING “, “PROCEDURE ’
, "ALPHARETIC”),
OFFSET (11) ADDRESS INITIAL
/* NUMBRER OF BYTES TO INDEX INTO THE TABLE FOR

EACH LENGTH */
(2,7,0,8,26,86,146,176,232,264,291),

WORD$COUNT (*) BYTE DATA
/* NUMBER OF WORDS OF EACE SIZE */
(0'@|4'6915'12'5'8'4'3,1)‘

MAXSIDSLEN LIT 3 -

MAXSLEN 51T ‘187,

ADDSEND (*) BYTE DATA (°EOF °),
LOOKED BYTE INITIAL (@),

EOLD BYTE,

EOFFILLEF LIT ‘1AR°,

FUFPERSEND ADDRESS INITIAL (1900H),

NEXT BASED POINTER BYTE,
INBUFF LIT ‘80H°,
CHAR BYTE INITIAL(® °),

ACCUM (82) BYTE,
DISPLAY (82) BYTE INITIAL (0),
TOKEN BYTES /*RETURNED FROM SCANNER */

/* PROCEDURES USED 3Y THE SCANNER */

NEXT$CHAR: PROCEDURE BYTE;
IF LOOKED THEN
DO;
LOOKED=FALSE;
RETURN (CEAR:=HCLD);
END;
IF (POINTER:=POINTER + 1) >= BUFFER$TND THEN
DO;
IF NOT MORESINPUT THIN
D0;
BUFFSRSEND=.MEMORY;
POINTER=.ADDSEND;
END;
ELSE POINTER=INBUFF;

- ag———— e
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END;
%r NEXT = EOFFILLER THEN
0;
BUFFERSEND = .MEMORY;
POINTER = .ADDSEND;
END;
RETURN (CHAR:=NEXT);
END NEXTSCHARS

GETSCEAR: PROCEDURE;
/* THIS PROCEDURE IS CALLED WHEN A NEW CHAR IS
WITHOUT THE DIRECT RETURN OF THE CHARACTER*/
CHAR=NEXTS$CHAR;

END GET$CHAR;

DISPLAYSLINE: PROCEDGRE;
IP NOT LISTSINPUT THEN RETURN;
DISPLAY{DISPLAY!®) + 1) = “$°;
CALL PRINT(.DISPLAY(1)):
DISPLAY(Q)=0;

END DISPLAYSLINE;

LOADSDISPLAY: PROCEDURE;
IF DISPLAY(@)<€3 THEN
DISPLAY(DISPLAY(@) :=DISPLAY(Q)+1)=CHAR}
CALL GETSCEARS
END LOADSDISPLAY;

PUT: PROCEDURE;
IF ACCUM(@2) < 8¢ THEN
ACCUM(ACCUM(@):=ACCUM(@)+1)=CHAR;
CALL LOAD$DISPLAY;

END PUT;

EATSLINE: PROCEDURE;
DO #EILE CHARSDCR}S
CALL LOADSDISPLAY;
“ENDj;
END EATSLINE;

GET4NOSBLANK: PROCEDURE;
DECLARE (N,I) BYTE;
DO FOREVER;
IF CHAR = ° ° THEN CALL LOADSDISPLAY;
ELSE
IF CHAR=CR THEN
DO;
CALL DISPLAYSLINE;
CALL PRINT4ERROR(TRUE);
IP SEC4UM TEEN N=8; ELSE N=2;
DOI =1 T0O N;
CALL LCADSDISPLAY;
END;
IF CHAR = “*° THEN CALL EATSLINE;

NTEDED




i e e

- "

| S AR

EIND;
ELST
ég CHAR = “:° THEN
’
IF NCT DEBUGGING THEN CALL EATSLINE;
ELSE
CALL LOAD$DISPLAY;
ENDj
ELSE
RETURN;
ENDF /* END CF DO FOREVER */
END GET$NOSBLANK;

SPACE: PROCEDURE BYTE;
RETURN (CHAR=" °) OR (CHAR-CR)»
END SPACE;

LEFT$PARIN: PROCEDURE BYTE
RETURN CHAR = “(7;
END LEFTSPARINS

RIGHT$PARIN: PROCEDURE BYTE;
RETURN CHAR = “)73

END RIGHTSPARIN;

DELIMITER: PROCEDURE BYTE;
/* CHBECKS FCR A PERIOD FOLLOWED RY A SPACE OR CR*/
IF CEAR <> “.” THEN RETURN FALSE;
HOLD=NEXT$CHAR;
LOCKED=TRUE};
IF SPACE THEIN
DO;
CEAR = “.°;
‘ETURN TRUE;
END;
CHAR=".";
RETURN FALSE;
END DELIMITER;

ENDSOFSTOKEN: PRCCEDURE BYTE;
RETURN SPACE OR DELIMITER OR LEFT$PARIN OR RIGHTSPARIN;
END ENDSOF$TOKEN;

GETSLITERAL: PRCCEDURE 3YTE;
CALL LOADSDISPLAY;
DO FOREVTR;
IF CHAR = QUOTE THEN
DO5
CALL LOAD$DISPLAY;
RETURN LITERALS
ENDS
CALL PUT;
END;
END GETSLITERAL;




LOOK4UP: PROCEDURE BYTE;
DECLARE POINT ADDRESS,
EERE BASED POINT (1) BYTE, I BYTE;

MATCH: PROCEDURE BYTE:
DECLARE J BYTE;
DO J=1 TO ACCUM(Q)};
Ngr HERE(J - 1) <> ACCUM(J) THEN RETURN FALSE;
END;
RETURN TRUE;
END MATCH;

POINT=0FFSET (ACCUM(@) )+ .TABLE
DO I=1 TC WORDSCOUNT(ACCUM(Q))
IF MATCH THFN RETURN I}
POINT = PCINT + ACCUM(Q);
ENDS
RETURN FALSE;
END LOOKS$UP;

o
’
.
’

RESERVEDSWORD: PROCEDURE BYTE;
/* RETUENS THE TOKEN NUMBER OF A RESERVED WORD IF THE
CONTENTS OF THE ACCUMULATOR IS A RESERVED WORD,
OTHERWISE RETURNS ZERO */
DECLARE VALUE BYTE;
DFCLARE NUMB RYTE;
%g ACCUM{@) <= MAXSLEN TEEN
4
%g.(NUMB:=TOKEN$TABLE(ACCUM(G)))<>Q THEN
’
IF (VALUF:=LOOKS$UP) <> @ THEN
NUMB=NUMB + VALUE;
ELST NUMR=@;
END;
END;
ELSE NUMB=@;
RETURN NUMB;
END RESERVEDSWORD;

GETSTOKEN: PRCCEDURE BYTES
ACCUM(0Q)=0;
CALL GETSNOS$BLANK;
IF CFAR=QUOTE THEN RETURN GETSLITERAL;
IF DELIMITER THEN
DO;
CALL PUT;
RETURN PEPIODj;
ENDj;
I? LEFT$PARIN TEHEN
DO;
CALL PUT;
RETURN LPARIN;
END;




IF RIGHTSPARIN THEN
DO;

CALL PUT;
RETURN RPARIN;
END;
DO FOREVER;
CALL PUT;
IF ENDS$OFSTOXEN THEN RETURN INPUTSSTR;
END; /* OF DO FOCREVER */
END GET$TOKEN;
/* END OF SCANNER ROUTINES */
/* SCANNER EXEC */
SCANNER: PROCEDUKE;
IF(TOKEN:=GET$TOKEN) = INPUT$STR THEN
IF (CTR:=RESERVED$WORD) <> @ THEN TOXEN=CTR;

END SCANNER;

PRINTSACCUM: PROCEDURE;
ACCUM(ACCUM(2)+1)="%";

CALL PRINT(.ACCUM(1));

END PRINTSACCUM;

PRINTSNUMBER: PROCEDURE (NUMB);
DECLARE(NUMB,I,CNT,X) BYTE, J (*) BYTE DATA(122,12);
DO I=3 TO 1;

CNT=03
DO WHILE NUMB >= (K:=d(I));
NUMB=NUMB - X;
CNT=CNT + 1}
END;
CALL PRINTCEAR(‘@" + CNT);
END;
CALL PRINTCHAR('2’ + NUMB);

END PRINTS$NUMBER;

/% % % ¥ END OF SCANNER PROCEDURES * * % x/
/% % ® % % SYMB0L TABLE DECLARATIONS * * * %/

DECLARE

CURSSTIM ADDRESS, /*SYM30L BEING ACCESSED*/

SYMBOL BASED CURSSYM (1) BYTE,

SYMBOLS$ADDR BASED CURSSYM (1) ADDRESS,

NEXT$SYMSENTRY  BASED NEXTSSYM  ADDRESS,

HASESMASK )W o ‘3FR°,
S$TYPE LIT 2
DISPLACEMENT LIt g o
OCCURS 11T 28
PSLENGTH LIT - i
FLDSLENGTH L1y 37
LEVEL LIT ‘1¢°
DRCIMAL LIT T
RELSID LIT -
LOCATION LIT .
START$NAME LIT ’12'. /*1 LESS*/
FCBSADDR LIT ‘a’,
AN EES IO TYPE LITERALS * * % % % % %/
UNRESOLVED LIT *255°

LABELSTYPE LIT '32'.




MULT$0CCURS 11T ‘1287,

GROUP LIT 0,
NON$NUMERICSLIT LIT A ‘77,
ALPHA LIT ",
ALPHASNUM LIT ‘97,
LIT?SPACE LIT ‘197,
LITSQUOTE LIT 1L,
LIT$ZERO LI? 127,
NUMERIC$LITERAL LIT 157,
NUMERIC LIT 18,
COMP LIT -
ASED LIT 2,
ASNSED LIT ‘v,
NUM$ED LIT ‘8073

/* * % % SYMBOL TABLE ROUTINES * * * %/
SET$ADDRESS : PROCEDURE(ADDR);
DECLARE ADDR ADDRESS;

SYMBOLSADDR(LOCATION)=ADDR;

END SETS$ADDRESSS

GETSADDKESS: PROCEDURE ADDRESS;
RETURN SYMBOL$ADDR(LOCATION);

END GETS$ADDRESS;

GETSFCBLADDR: PROCEDURE ADDRESS;
RETURN SYMBOLSADDR(FCB$ADDR);

END GETSFCBSADDR;

GETSTYPE: PROCEDURE BYTE;

RETURN SYMBOL(SSTYPE);

END GET$TYPE;

SETSTYPE: PROCEDURE(TYPE);
DECLARE TYPE BYTE;
SYMBOL{SS$TYPE)=TYPE;

END SET4TYPE;

GETSLENGTH: PROCEDURE ADDRESS:
RETURN SYMBCLSADDR(PLDSLENGTH);

END GETSLENGTEH;

GETSLEVEL: PROCEDURE BYTE;

RETURN SYMBOL(LREVEL);

END GETSLEVEL;

GET$DECIMAL: PROCEDURE BYTE;
RETURN SYMBOL(DECIMAL);

END GETSDECIMAL;

GETS$PSLENGTH: PROCEDURE BYTES;

RETURN SYMBOL(P$LENGTH)S

END GETS$PSLENGTH;

BUILD$SYMBOL: PROCEDURE(LEN);
DECLARE LEN 2YTE, TEMP ADDRESSS
TEMP=NEXTS$STM;

IF (Nnxrzsrnz-.srnBOL(LEN:aLEN + DISPLACEMENT))

> MAX$SMEMORY TEEN CALL FATALSERROR('ST’)}

CALL FILL (TEMP,2,LEN);

END BUILD$SYMBOL;

AND$SONUT$OCCURS : PROCEDURE (TYPE$IN) BYTE;
DECLARE TYPESIN BYTE;
RETURN TYPESIN AND 127;

g ——————
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END AND$OQUT$OCCURS 3
/% ® ® * PARSER DECLARATIONS * * * %/

DECLARE ;
PSTACKSIZE LIT ‘30°, /* SIZE OF PARSE STACKS*/
VALUE (PSTACKSIZE) ADDRESS, /* TEMP VALUES */

STATESTACK (PSTACKSIZE) BYTE, /* SAVED STATES */
VALUE2 (PSTACKSIZE) ADDRESS, /* VALUE2 STACK*/
VARC (100) BYTE, /*TEMP CHAR STOKE*/
ID$STACK (20) ADDRESS,

ID$PTR BYTE,

MAX$BYTE  BASED MAX$INTSMEM BYTE,

SUBSIND BYTE INITIAL (@),

CONDSTYPE  BYTE,

HOLD4SECTION ADDRESS,

HOLD$SEC$ADDR ADDRESS,

SECTIONSFLAG BYTE INITIAL (0),

LSADDR ADDRESS,

DISPLAYSFLAG BYTE INITIAL (FALS®),

LSLENGTH  ADDRESS,

LSTYPE BYTE,

L$SDEC BITE,

CONSLENGTE BYTE,

COMPILING BYTE INITIAL(TRUE),

SP BYTE INITIAL (255),
MP BYTE,
MPP1 BYTE,

NOLOOK BYTE INITIAL(FALSE),
(1,J,K) BYTE, /*INDICIES FOR THE PARSTR*/
STATE BYTE INITIAL(STARTS),
/® % % % % % % % CODE LITERALS * * % % * % % & % %/
/* THE CODE LITSRALS ARE BROKEN INTO GROUPS DEPENDING
ON THE TOTAL LENGTH OF CODE PRODUCED FOR THAT ACTION */
/* LEINGTH ONE */
’1'

ADD LIT o, /* ADD REGISTER 1 TO REGISTER @ */
SUB LIT “2°, /* SUBTRACT REGISTER 1 FROM SEGISTER @ */
MUL LIT °37, /* MULTIPLY RFEGISTER @ BY REGISTER 1 */
DIV LIT ‘4°, /* DIVIDE REGISTER @ BY REGISTER 1
(NO REMAINDER) */
N®G LIT “5°, /* NOT OPERATOR */
ST? LIP? ‘6°, /* STOP PROGRAM */ .
STI LIT “?°, /* STORE REGISTER 2 INTO REGISTER @ */
GTH TWO */

AND LIT ‘8°, /* ROUND CONTENTS OF REGISTER 2 */
/* LENGTH THRES */

RET LIT “9°, /* RETURN */

CLS LIT “10°, /* CLOSE */

SER LIT °11°, /* BRANCE ON SIZE ERRCR */

BRN LIT “12°, /* BRANCH */

OPN LIT “13°, /% OPEN A FILE FOR INPUT */

OP1 LIT “14°, /* OPEN A FILE FOR OUTPUT */

OP2 LIT ‘15’, /* OPEN A FILE FOR BOTH INPUT AND OUTPUT */

RGT LIT “16°, /* REGISTER GREATER THAN */

RLT LIT “17°, /* REGISTER LESS THAN */

REQ LIT “18°, /* REGISTER EQUAL */
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INV LIT '19'. /*BRANCH IF INVALID-FILE-ACTION FLAG TRUE*/
EOR LIT “20°, /* BRANCH ON END~OF-RECORDS FLAG */
/* LENGTH Foun */
ACC LIT “21°, /* ACCEPT */
STD LIT “22°, /* STOP WITH DISPLAY */
LDI LIT '23'. /* LOAD A CODE ADDRESS DIRECT */
/* LENGTH FIVE */
DIS LIT “24°, /* DISPLAY */
DEC LIT ‘25°, /* DECREMENT COUNT AND BRANCH IF ZERQ */
STO LIT '26', /* STORE NUMERIC */
STL LIT ‘27°, /* STOKE SIGNED NUMERIC LEADING */
ST2 LIT ‘28°, /* STORE SIGNED NUMERIC TRAILING */
ST3 LIT ‘29°, /* STORE SEPARATE SIGN LEADING */
ST4 LIT °“32°, /* STORE SEPARATF SIGN TRAILING */
STS LIT “31°, /* STORE A PACKED NUMERIC FIELD */
/* LENGTH SIX */
LOD LIT °32°, /* LOAD NUMERIC LITERAL */
LD1 LIT ‘337, /* LOAD NUMERIC */
LD2 LIT “34°, /* LOAD SIGNED NUMERIC LEADING */
LD2 LIT “35°, /* LOAD SIGNED NUMERIC TRAILING */
LD4 LIT “36°, /* LOAD SEPARATE SIGN LEADING */
LDS LIT “37°, /% LOAD SEPARATE SIGN TRAILING */
LD6 LIT “38°, /* LOAD A PACKED NUMERIC FIELD */
/* LENGTE SEVEN */
PER LIT “39°, /* PERFORM */
CNU LIT “4@°, /* COMPARE NUMERIC UNSIGNED */
CNS LIT “41°, /* COMPARE NUMERIC SIGNED */
CAL LIT “42°, /* CCMPARE ALPHABETIC */
RWS LIT “43°, /% REWRITE SEQUENTIAL */
DLS LIT “44°, /* DELETE SSQUENTIAL */
ADF LIT “45°, /* READ A SEQUENTIAL FILE */
WTF LIT “46°, /* WRITE A RECORD TO A SEQUENTIAL FILE %/
RVL LIT “47°, /* READ A VARIABLE LENGTH FILE */
WVL LIT “48°, /* WRITE A VARIABLE LENGTH RECORD */
/* LENGTH NINE */
SCR LIT ‘497, /* CALCULATE A SUBSCRIPT */
SGT LIT “58°, /* STRING GREATER THAN */
SLT LIT ‘51°, /* STRING LESS THAN */
SEQ LIT 827, /* STRING EQUAL */
MOV LIT °S3°, /* MOVE */
/* LENGTH TEN */
RRS LIT °“S4°, /* READ RELATIVE SEQUENTIAL */
WRS LIT °55°, /* WRITE RELATIVE SEQUENTIAL */
RRR LIT 56’, /* "EAD RELATIVE RANDOM */
WRR LIT ’S57°, /* WRITE RELATIVE RANDOM */
RWR LIT “S58°, /* REWRITE RELATIVE */
DLR LIT “59°, /* DELETE RELATIVE */
/* LENGTE ELIVEN %/
MED LIT “6@°, /*MOVE INTO AN ALPHANUMERIC EDITED FISLD*/
MNE LIT °“61°, /* MOVE INTO A NUMERIC EDITED FIELD */
/* VARIABLE LENGTE */
GDP LIT ‘62°, /* GO TO - DEPENDING ON */
/* BUILD DIRECTING ONLY */
INT LIT “63°, /* INITIALIZE MEMORY */

206




e o

P

oruin i s

BST LIT ‘64°, /* BACK STUFF */
TER LIT ‘65°, /* TERMINATE BUILD */
SCD LIT “66°; /* START CODE */
/% % % % PARSER ROUTINES * * * % %/
DIGIT: PROCEDURE (CHAR) BYTE;
DECLARE CHAR BYTE; :
RETURN (CHAR<="9°) AND (CHAR>="0");
END DIGIT;
LETTER: PROCEDURE (CEAR) BYTE;
DECLARE CEAR BYTE;
RETURN (CHAR>=°A") AND (CHAR<="Z");
END LETTER;
INVALIDSTYPE: PROCEDURE;
CALL PRINTSERROR('IT");
END INVALIDSTYPE;
BYTESOUT: PROCEDURE(ONESBYTE);
DECLARE ONE$BYTE BYTE;
Ig (OUTPUT$PTR:=OUTPUTSPTR + 1) > OUTPUTSEND THEN
DO}
CALL WRITELQUTPUT( .OUTPUTSBUFF);
OUTPUT$PTR=.0UTPUT$BUFF;
END;
OUTPUTSCHAR=ONESBYTE;
END BYTESOUT;
ADDR$OUT: PROCEDURE (ADIR);
DECLARE ADDR ADDRESS;
CALL BYTESQUT(LOW(ADDR));
CALL BYTESOUT(HIGH (ADDR));
END ADDRSOUT;
INCSCOUNT: PROCEDURE(CNT);
DECLAR® CNT BYTE:
IF(NEXTSAVAILABLE:=NEXT$AVAILABLE + CNT)
SMAXSINTSMEM THEN CALL FATALSERROR('MO’);
END INCSCOUNTS
ONE4ADDRSOPP: PROCEZDURE(CODE, ADDR);
DECLARE CODE BYTE, ADDR ADDRESS;
CALL BYTSSOUT(CODE);
CALL ADDP4OUT(ADDR);
CALL INCSCOUNT(3);
END ONESADDRSOPP;
NOT$IMPLIMENTED: PROCEDURE:
CALL PRINTS$ERROR ('NI“);
END NOT$IMPLIMENTED;
MATCH: PROCEDURE ADDRESS;
/* CHRCKS AN IDENTIFIER T0 SEE IF IT IS IN THE SYMBOL
TABLE. IF IT IS PRESENT, CURS$SYM IS SET FOR ACCESS,
OTHEFWISE THE POINTERS ARE SET FOR ENTRY*/
DECLARE POINT ADDRESS, COLLISION BASED POINT ADDRESS,
(ROLT,I1) BYTE;
IF VARC(@)DMAXSIDSLEN THEN VARC(@)=MAXSIDSLEN;
HOLD=0;
DO I=1 TO VA3C(2):
HOLD=HOLD+VARC(I);
END;




POINT=HASHSTARSADDR + SHL((HOLD AND HASHS$MASK),1);
DO FOREVERS
Igoconnlsron=e THEN
1
CURSSYM,COLLISION=NEXTS$SY
CALL BUILDSSYMBOL(TVARC(®)
SYMBOL(PSLENGTE)=VARC(3);
DO I=1 TO VARC(2);
SYMBOL(START$NAME+I )=VARC(I);
END;
CALL SETSTYPE(UNRESOLVED); /* UNRESOLVED LABEL */
RETURN CURSSYM;
END;
ELSE
DO;
CUR$SYM=COLLISION;
IF (ACLD:=GET4PSLENGTH)=VARC(@) THEN
DO;
I=1;
DO WHILE SYMBOL(STARTSNAMT® + I)= VARC(I);
IF (I:=I+1)>HOLD THEN RETURN(CURSSYM:=COLLISICN);
END;
END;
END;
PCINT=COLLISION;
END;
END MATCH;
SET$VALUE: PROCEDURE(NUMR);
DECLARE NUMB ADDRESS;
VALUE(MP)=NUMB;
END SETSVALUE;
SET4VALUE2: PRCCEDURE(ADDR);
DECLARE ADDR ADDRESS;
VALUE2(MP)=ADDR;
END SETSVALUE2;
SUB4CNT: PROCEDURF BYTE;
IF (SUBSIND:=SUBSIND + 1)>8 THEN
SUBSIND=1}
RETUAN SUBSIND;
END SUBSCNT;
CODESBYTE: PROCEDURE (CODE);
DECLARE CODE BYTE;
CALL EYTES$OUT(CODE);
CALL INCSCOUNT(1);
END CODES4BYTE;
CODESADDRESS: PROCEDURE (CODE);
DRCLARE CODE ADDRESS;
CALL ADDRSOUT(CODE);
CALL INCSCOUNT(2);
END CODESADDRESS;
INPUT4NUMERIC: PROCEDURE BYTE;
DO CTR=1 TO VARC(2);
IF NOT DIGIT(VARC(CTR)) THEN RETURN FALSE;
END;
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RETURN TRUE;

END INPUTSNUMERIC;

CONVERTSINTEGER: PROCEDURE ADDRESS;
ACTR=0;
DO CTR=1 TO VARC(2);

IF NOT DIGIT(VARC(CTR)) THEN CALL PRINT$ERROR( NN )3

ASCTR=SHL(ACTR,3)+SHL(ACTR,1) + VARC(CTR) =
END;
RETURN ACTR;
END CONVERTSINTEGER;
BACKSTUFF: PROCEDURE (ADD1,ADD2);
DRCLARE (ADD1,ADD2) ADDRESS}
CALL BYTESOUT(BST);
CALL ADDRSQUT(ADD1);
CALL ADDRSOUT(ADD2);
END BACKS$STUFF;
UNRESOLVED$BRANCH: PROCEDURE;
CALL SETSVALUE(NEXTSAVAILABLE + 1);
CALL ONES$ADDRSOPP(RRN,2);
CALL SETS$VALUS2(NEXTS$AVAILABLE);
END UNRESOLVEDS3RANCEHS
BACK4COND: PROCEDURE;
CALL BACKSTUFF(VALUE(SP-1),NEXTSAVAILABLE);
END BACKSCOND;
SET$BRANCH: PROCEDURE;
CALL SETSVALUE(NEXTSAVAILABLE);
CALL CODESADDRESS(Q);
END SET$BRANCEH;
KEEPSVALUES: PROCEDURE;
CALL SZTSVALUE(VALUE(SP));
CALL SETSVALUF2(VALUE2(SP));
END KEEPSVALUES;
3ST$RPCSADDRESS: PROCEDURE(RECORDSADDR) ADDRISS;
DECLARE (RECORDS$ADDR, EOLD$ADDR) ADDRESS]
CUR$SYM=RECORD$ADDR;
HOLD$ADDR=GETSADDRESS;
CURSSYM=GETSFCRSADDR;
RETURN HOLDS$ADDR;
END GETSRECSADDRESSS
GETSRECSLEN: PROCEDURE(RECORDS$ADDR) ADDRESS;
DECLARE (RECCRDSADDR, HOLDSLENGTH) ADDRESS;
CUR$SYM=RECORT4ADDR}
HOLDSLENGTH=GETSLENGTH;
CUR$SYM=GETS$FCR4ADDR;
RETURN HCLDSLENGTH;
END GETSRECSLEN;
STDSATTRIBUTES: PROCEDURE(TYPE);
DECLARE TYPE BYTE;
CALL CODE4ADDEESS (GETSFCBLADDR)S
CALL CODE$ADDRESS(GETSRECSADDRESS(GETSADDRESS));
CALL COTESADDRESS(GETSRFCSLEN(GETSADDPRESS));
IF TYPE=@ THBEN RETURN;
CUR$STM=SYMBOL4ADDR(RELSID);
CALL CODESADDRESS (GET$ADDRESS )
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CALL CODESBYTE(GETSLENGTH);
END STDSATTRIBUTES;
WRITESASRECORD: PROCEDURES
IF GETSLEVEL<>1 THEN CALL PRINTSERROR(’WL");
ELSE DO;
CUR$SYM=GETSFCBSADDR;
IF (CTRP:=GETSTYPE)=1 THEN
DO;
CALL CODESBYTE(WTPR);
CALL STDSATTRIBUTES(2);
END;
gg§z IF CTR=2 THEN
’
CALL CODE$BYTE(WRS):
a gALL STDSATTRIBUTES(1);
N L ]
sti IF CTR=3 THEN
DO}
CALL CODESBYTE(WRR);
CALL STDSATTRIBUTES(1);
END;
ELSE IF CTR=4 THEN
Do;
CALL CODESBYTE(WVYL):
CALL STDSATTRIBUTES(Q);
END;
A gxss CALL FRINTSERROR('FT’);
END;
END WRITE$ASRECOSD;
g | READSASFILE: PROCEDURE;
| IF (CTR:=GETSTYPE)=1 THEN
1 DO;
CALL CCDESBYTE(RDP);
j CALL STDSATTRIBUTES(2);
END;
3 ggsr IF CTR=2 TEEN
; :
| ' CALL CODESBYTE(RRS);
’ CALL STDSATTRIBUTES(1);
, END;
; ELSE IF CTR=3 THEN
- D0}
l CALL CODESBYTE(RRR);
CALL STDSATTRIBUTES(1);
END;
‘ . ELSE IFP CTR=4 THEN
a2 DOj
. ‘ CALL CODESBYTE(RVL)S
CALL STDSATTRIBUTES(Q);
| END;
TLSE CALL PRINTSERROR(’PT’);
END READSALFILE;
ARITEMETICSTYPE: PROCEDURE BYTE;
IF ((LSTYPE:=ANDSOUTSOCCURS(LSTYPE))>=NUMERICSLITERAL)
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AND (L$TYPEC=COMP) THEN RETURN L$TYPE - NUMERICSLITERAL;

CALL INVALID$TYPE;

RETURN @3
END ARITHMETICSTYPE;
DELETE$ASFILE: PROCEDURE;

gg (CTR:=GETS$TYPE)=3 THEN

’
CALL CODESBYTE(DLR);
CALL STD$ATTRIBUTES(1);

END;

ELSE IP CTR=2 THEN

DO}

CALL CODESBYTE(DLS):
CALL STDSATTRIBUTES(2);

END}

ELSE CALL PRINTSERROR('IT");
END DELETE$ASFILE;
REWRITE$A$RSCORD: PROCEDURES

IF GETSLEVEL<>1 THEN CALL PRINT$ERROR(WL’);

ELSE DO;

CUR$SYM=GET$FCBSADDR;
IF (CTR:=GET$TYPE)=3 THEN
DO;
CALL CODSSBYTE(RWR);
| CALL STDSATTRIBUTES(1);
F | END;
H ELSE IF CTR=2 THEN
1 DO;
CALL CODESBYTE(RWS);
i gALL STDSATTRIBUTES(@);
ND;
| ELST CALL PRINT$ERROR(‘IT’);
END;
| END REWRITE$AS$RECORD;
o ATTRIBUTES: PROCEDURE;
b CALL CODEZADDRESS(L$ADDR);

| CALL CODESBYTE(LSLENGTH);

CALL CODESBYTE(LSDEC);
iIND ATTRIBUTES;

LOADSLEID: PROCEDURE(S$PTR);

DECLARE S$PTR BYTE;

IP ((ASCTR := VALUE(S$PTR)) <= NONSNUMERICSLIT) OR

(ACTR = NUMERICSLITERAL) THEN

DO;

LSADDR=VALUE2(SPTR);
LSLENGTE=CONSLENGTH;
LSTYPE=ASCTR;

IF ASCTRC=LIT$ZERO THEN
DO}
LSTYPE,LSADDR=ASCTR;
L$LENGTH=1;
RETURN;




END;
CURSSYM=VALUE(SS$PTR);
LSTYPE=GETS$TYPE;
LSLENGTE=GETSLENGTH;
LSDEC=GETSDECIMAL;
IF(L$ADDR:=VALUE2(S$PTR))=0 THEN L$ADDR=GET$ADDRESS;
END LOADSLSID;
LOADSREG: PROCEDURE(REGS$NO,PTR);
DECLARE (REGS$NO,PTR) BYTE;
CALL LOADSLSID(PTR)S
CALL CODESBYTE(LOD+ARITHMETICSTYPE);
CALL ATTRIBUTES;
CALL CODESBYTE(REGSNO)S
END LOADSREG;
STORE$REG: PROCEDURE(PTR);
DECLARE PTR PRYTES
CALL LOADSLSID(PTR);
CALL CODE$BYTE(STO + ARITHMETICSTYPE -1);
CALL ATTRIBUTES;
END STORESZEG;
STORE$CONSTANT: PROCEDURE ADDRESS;
IF(MAXSINTSMEM:=MAXSINTSMEM - VARC(Q))<SNEXTS$AVAILABLE
THEN CALL FATALSERROR('MO”);
CALL BYTESOQUT(INT);
CALL ADDRSOUT(MAXSINTSMEM);
CALL ADDRSOUT(CONSLENGTH:=VARC(2));
DC CTR = 1 TC CONSLENGTH;
" DCALL BYTES$SOUT(VARC(CTR))S
ND;
RETURN MAXSINTSMEM;
END STORESCONSTANTS
NUMERIC4LIT: PROCEDURE BYTE;
DECLARE CHAR RYTE;
DO CTR=1 TO VARC(Q)}
IF NOT( DIGIT(CHAR:=VARC(CTR))
OR (CHAR=’-") OR (CHAR="+")
OR (CEA3=".")) THEN RETURN PFALSE;
END;
RETURN TRUE;
END NUMERICSLITS
ALPHASLIT: PROCEDURE BYTE;
DO CTR=1 TO VARC(9);
IF NOT(LETTER(VARC(CTR))) THEN RETURN FALSE;
END;
RETURN TRUE;
END ALPHASLIT;
ROUNDSSTORE: PROCEDURE;
IF.VALUE(SP)<>0 THEN

DOS
CALL CODESBYTE(RND)S
CALL CODESRYTER(LSDEC);
END;
CALL STORESREG(SP=-1);
END ROUNDSSTORE;




ADD$SUB: PROCEDURE (INDEX);
DRCLARE INDEX BYTE;
CALL LOADSREG(®,MPP1);
IF VALUE(SP-3)<>3 THEN
DO} ;
CALL LOAnanc(l.sp-a):
CALL CODESBYTE(ADD);
CALL CODESBYTE(STI)S
END;
CALL LOADSREG(1,SP-1);
CALL CODESBYTE(ADD + INDEX);
CALL ROUND$STORE;
END ADDSSUB;
MULT$DIV: PROCEDURE(INDEX)S
DECLARE INDEX BYTE;
CALL LOADSREG(@,MPP1);
CALL LOADSREG(1,SP-1)3
CALL CODESBYTE(MUL + INDEX);
CALL ROUNDSSTORE;
END MULTSDIVS
CHECK$SUBSCRIPT: PROCEDURE;
CURSSYM=VALUE(MP);
IF GETSTYPE<CMULTS$OCCURS THEN
DO;
CALL PRINTSEEROR(‘IS’);
1 RETURNS
f END;
Fl %g INPUT$NUMERIC THEN
| ]

ficadiiiing v

| CALL SETSVALUE2(GET$ADDRESS + (GETS$LENGTH *
4§ CONVERT$INTEGER));
F RETU3N;
E END;
CUR$SYM=MATCH;
IF ((CTR:=GETSTYPE)SNUMERIC) OR (CTRDCOMP) THEN
CALL PRINTS$ERROR('TE’);
| CALL ONZ$ADDRSCPP(SCR,GETSADDRESS);
| CALL CODE$BYTE(SUBSCNT);
CALL CODE$BYTE(GETSLENGTH);
CALL SET$VALUE2(SUBSIND);
END CHECKS$SUBSCRIPT;
LOADSLABEL: PROCEDURE;
q CUR$SYM=VALUE(MP);
| IF (ASCTR:=GET$ADDRESS)<>@ THEN
| CALL BACKSSTUFF(A$CTR, VALUE2(MP));
| CALL SET$ADDRESS(VALUE2(MP));
z CALL SETSTYPE(LABELSTYPE);
IF (4$CTR:=GET$FCBSADDR)<>@ THEN
| CALL BACKSSTUFF(ASCTR,NEXTSAVAILABLE);
* SYMBOLSADDR ( FCBSADDR)=NEXT$AVAILASLE;
CALL ONE4ADDR$OPP(RET,0);
END LOAD$LABEL;
LOAD$SECSLABEL: PROCEDURE;
A$CTR=VALUE(MP);
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CALL SETSVALUE(EOLDSSECTION):
HOLDSSECTION=A4CTR;
ASCTR=VALUE2(MP);
CALL SET$VALUE2(HOLD$SEC$ADDR);
HOLDSSECSADDR = ASCTR;
CALL LOADSLABEL;
END LOADSSECSLABEL;
LABEL$ADDRSOFFSET: PROCEDURE (ADDR, HOLD, OFFSET) ADDRESS;
DRCLARE ADDR ADDRESS;
DECLARE (HOLD, OFFSET, CTR) BYTE;
CUR$SYM=ADDR;
%g(CTR:=GET$TYPE)=LABEL$TYPE THEN
y
IF HOLD THEN RETURN GET$ADDRESS;
RETURN GETS$FCBS$ADDR;
END;
IF CTR<DUNRESOLVED THEN CALL INVALIDSTYPT;
IF BOLD THEN
DO}
ASCTR=GETS$ADDRESS;
CALL SET$ADDRESS(NEXTSAVAILABLE + OFFSET);
RETURN ASCTR;
END;
ASCTR=GETSFCB$ADDR;
SYMBOLSADDR(FCBSADDR)=NEXTSAVAILABLE + OFFSET;
RETURN ASCTR;
END LARELSADDRSCFFSET;
LABEL$ADDR: PROCEDURE (ADDR, HOLD) ADDRESS;
DECLARE ADDR ADDRESS,
HOLD BYTE;
RETUEN LABEL$ADDRSOFFSET (ADDR, HOLD, 1);
END LABELSADDR;
CODESFORSDISPLAY: PROCEDURE (PCINT);
DECLARE POINT BYTE;
CALL LOADSLSID(POINT);
CALL CNESADDR$OPP(DIS,LSADDR)S
CALL CODESBYTE(LSLENGTH)S
IF DISPLAYSFLAG THEN CALL CODES$BYTE(1);
ELSE CALL CODESBYTE(Q);
DISPLAY$FLAG=FALS®;
END CODESFORSDISPLAY;
ASANSTYPE: PROCEDURE BYTE;
RETURN (LSTYPE=ALPHA) OR (LSTYPE=ALPRASNUM);
END ASANSTYPE;
NOTSINTEGER: PROCEDURE BYTE;
RPETURN L$DECC>@;
END NOTSINTEGER;
NUMERICSTYPE: PROCEDURE BYTES
RETURN (LSTYPED>=NUMERICSLITERAL) AND (LS$TYPEK=COMP);
END NUMERICSTYPE;
GENSCOMPARE: PROCEDURE;
DECLARE (HSTYPE,H$DEC) BYTE,
(H$ADDR,HSLENGTH) ADDRESS:
CALL LCADSLSID(MP);
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LSTYPE=ANDSOUTSOCCURS (LS$TYPE);
IF CONDSTYPE=3 THEN /* COMPARE FOR NUMERIC */
DO;
IF ASANSTYPE OR (LSTYPEDCOMP) THEN CALL INVALIDSTYPE;
CALL SET4VALUE2(NEXTSAVAILABLE);
IF LSTYPE=NUMERIC THEN CALL CODES$RBYTE(CNU);
2LSE CALL CODESRYTE(CNS);
CALL CODESADDRESS(L$ADDR);
CALL CODESADDRESS(LSLENGTH);
CALL SETS$BRANCH;
END;
gg§n IF CONDSTYPE=4 THEN
y
IF NUMERICSTYPE THEN CALL INVALIDSTYPE;
CALL SET$VALUE2(NEXTSAVAILABLE);
CALL COD323YTE(CAL);
CALL CODESADDRESS(L$ADDR);
CALL CODESADDRESS(LSLENGTH);
CALL SET$RRANCH;
FND;
ELSE DO;
IF NUMERICSTYPE THEN CTR=1;
ELSE CTR=€;
b 3271?3=L$TYPE;
; HSDEC=LSDEC;
E | HSADDR=L$ADDR;
| HSLENGTH=LSLENGTH;
1 CALL LOADSLSID(SP);
‘ IF NUMERICSTYPE THEN CTR=CTR+1;
, gg CTR=2 THEN /* NUMERIC COMPARE */
; H
‘ CALL LOADSREG(Q,MP);

b | CALL SETS$VALUE2(NEXTSAVAILABLE-6);
| CALL LOADSREG(1,SP)}

! CALL CODESBYTE(SUB);
' CALL CODESBYTE(RGT + CONDSTYPE):
; CALL SETS$3BRANCH;
END;
ELSE DO;

/* ALPEA NUMERIC COMPARE */

3 IF (HSDECK>@) OR (HSTYPE=COMP)

. OR (I$DBC<>@) OR (L$TYPE=COMP)

OR (BSLENGTHSDLSLENGTH) THEN CALL INVALIDSIYPE;

CALL SETSVALUS2(NEXTSAVAILARLE);
CALL CODESBYTE(SGT+CONDSTYPE);
! CALL CODESADDRESS(ES$ADDR);
? CALL CODESADDRESS(LS$ADDR);

| CALL CODE$ADDRESS(E$LENGTH);
2. CALL SET$BRANCH;
. END;

= END;
END GEN$COMPARE;

| MOVE4TYPE: PROCEDURE BYTE;

| DECLARE

|

!
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HOLD$TYPE BYTE, :
ALPHASNUMSMOVE  LIT ‘87,

ASNSEDSMOVE BET ‘17,
NUMERICSMOVE  LIT ‘27,
NSEDSMOVE LI? ‘3%

LSTYPE=ANDSOUTSOCCURS (L$TYPE);
IF( (HOLDSTYPE:=ANDSOUTSOCCURS(GET$TYPE) )=GROUP) OR
(LSTYPE=GRCUP)
THEN RETURN ALPHASNUMEMOVE;
IF HOLDSTYPE=ALPHA THEN
IF ASANSTYPE OR (LSTYPE=ASED) OR (LSTYPE=A4$NSED)
OR ((ALPHASLITSFLAG) AND (LSTYPE = NONSNUMERICSLIT))
THEN RETURN ALPHASNUMSMOVE;
I HOLDSTYPE=ALPHASNUM THEN
D0;
IF NOTSINTEGER THEN CALL INVALID$TYPE;
RETURN ALPHASNUMSMOVE;
END;
IF (HOLDSTYPE>=NUMERIC) AND (HOLD4TYPE<=COMP) THEN
DO;
IP (LSTYPE=ALPHA) OR (L4TYPE>COMP) THEN
CALL INVALIDSTYPE;
RETURN NUMERIC4MOVE;
END;
%r HOLDSTYPE=ASNSED THEN
03
IF NOTSINTEGER THEN CALL INVALIDSTYPE;
RETURN ASNSEDSMCOVE;
END;
IF HOLDSTYPE=ASED THEN
IFP ASANSTYPE OR (LSTYPEDCOMP) OR (LSTYPE
= NONSNUMERICSLIT)
THEN RETURN ASNSEDSMOVE;
IF HOLDSTYPE=NUMSED THEN
IF NUMERICSTYPE OR (L$TYP.=ALPHASNUM) THEN
RETURN NSEDSMOVE;
CALL INVALIDSTYPE;
RETURN O3
END MOVESTYPE;
GENSMOVE:PROCEDURE;
D2CLARE
LENGTH1 ADDRESS,
ADDR1 ADDRESS,
EXTRA ADDRESSS
ADD$ADDSLEN: PROCEDURE;
CALL CODESADDRESS(ADDR1);
CALL CODESADDRESS(LSADDR)
CALL CODE$ADDRESS(LSLENGTH);
END ADD$ADDSLEN;
CODESFORSEDIT: PROCEDURE;
CALL ADDSADDALEN;
CALL CODESADDRESS(GETSFCBSADDR);
CALL CODESADDRESS(LENGTE1);
END CODE4FORSEDIT;




CALL LOADSLSID(MPP1);

CUR$STYM=VALUT(SP);

IF (ADDR1:=VALUE2(SP))=0 THEN ADDR1=GET$ADDRESS;
LENGTH1=GETSLENGTH;

DO CASE MOVESTYPE;

/* ALPHA NUMERIC MOVE */

DOj
IF LENGTHI1D>LSLENGTH THEN EXTRA=LENGTH1-L$LENGTH;
ELSE DOj
EXTRA=0;
LSLENGTH=LENGTH1;

vy
5. .L CODESBYTE(MOV);
LaLL ADDSADDSLEN;
CALL CODESADDRESS(EXTRA);
END;
/* ALPHA NUMERIC EDITED */
DO
CALL CODESBYTE(MED);
gALL CODESFORSEDIT;
ENDS
/* NUMERIC MQOVE */
DO;
CALL LOADSREG(2,MPP1);
CALL STORESREG(SP);
END;
/* NUMERIC EDITED MOVE */

DOs
CALL CODESBYTE(MNE);
CALL CCTESPORSEDIT;
CALL COCESBYTE(LS$DEC);
CALL CODESBYTE(GETSDECIMAL);
ENDS
END;
END GENSMOVE;
CODESGEN: PROCEDURE(PRODUCTION);
DECLARE PRODUCTION BYTE;
IF PRINT$PROD THEN
DOj
CALL CELF;
CALL PRINTCEAR(PQUND);
CALL PRINTSNUMBER(PRODUCTICN);
END;
DO CASE PRODUCTION;
/*PRODUCTIONS®*/
/* CASE @ NOT USED */

y
/* 1 <P=DIV)> ::= PROCEDURE DIVISION <USING> .

DOj
COMPILING = FALSE;

<PROC-BODY> */
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IF SECTIONSFLAG THEN TALL LOADSSECSLABEL;
END;
/¥ 2 <(USINGD ::= USING <ID-STRINGD> */
CALL NOTSIMPLIMENTED; /* INTER PROG COMM */
m 3 \! <EMPTY> */
3 /% NO ACTICN REQUIRED */
/¥ 4 <ID=-STRINGD> ::= <ID> */
IDSSTACK(ID$PTR:=0)=VALUE(SP)};
/* 5 \! <ID-STRINGD> <ID> */
DO
IF(IDSPTR:=IDPTR+1)=20 THEN
DO}
CALL PRINTSERROR(ID’);
ID$PTR=19;
END;
DID$STACK(ID$PTR)=VALUE(SP);
END;
/* 6 <PROC-BCDYD> ::= (PARAGRAPH> */
3 /% NO ACTION REQUIRED */
/* 9 \! <PROC-BODY> <PARAGRAPHE> */
3 /* NC ACTICN REQUIRED */
/* 8 <PARAGRAPHY ::= <IDD> . <SENTENCE-LIST> */
DO;
IF SECTIONSFLAG=@ THEN SECTIONSFLAG=2;
CALL LOADSLABEL;

INDj
o 9 \! <ID> SECTION . */
DOS
IF SECTIONSFLAGC>1 THEN
DOj

IF SECTICNSFLAG=2 THEN CALL PRINTSERROR(’PF’);
SECTIONSFLAG=1;
HOLDSSECTION=VALUE(MP)}
EN%OLD$SEC$ADDR-7ALUE2(HP):
1
1?Nng:x.ss: CALL LOADSSTCSLABEL;
= ’
/* 12 <SENTENCE-LISTD ::= <SENTENCE) . */
$ /% NC ACTICN REQUIRED */
/* 11 \! <SENTENCE-LIST> <SENTENCE)> . */
;7 /% NO ACTICN RTQUIRED */
/* 12 <SENTENCED ::= <{IMPERATIVED */
/* NO ACTION REQUIRED */
/* 13 \! <CONDITIONAL> */
5 /* NO ACTICN REQUIRED */
/* 14 \! ENTER <ID> <OPT=-ID> w/
CALL NOTS$IMPLIMENTED; /* LANGUAGE CHANGE */
/;o. 15 <IMPERATIVED ::= ACCEPT <SUBID> ®/
’
CALL LOADSLSID(SP);
CALL ONESADDRSOPP(ACC,LSADDR);
3 gALL CODESBYTE(LSLENGTH);
ND;

7”18 \! <ARITEMETIC> */

-e
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$ /% NO ACTION REQUIRED */
/* 17 \! CALL <LIT> <USING> */
CALL NOTSIMPLIMENTED; /* INTER PROG COMM ¥/
/* 18 \! CLOSE <ID> ®/

DO’

DECLARE TYPE BYTE;
TYPE=GETSTYPE;
IF (TYPED®) AND (TYPECS) THEN
CALL ONE$ADDR$OPP(CLS,GET$FCBSADDR);
ELSE CALL PRINT$ERROR(‘CE’);

END;

~ 19 \! <FILE-ACT> */

» /* NO ACTION REQUIRED */
/* 20 \! DISPLAY <LIT/ID> <OPT-LIT/ID> 0’ 4
DO}

CALL CODESFORSDISPLAY(MPP1)3
IF VALUE(SP)<>Q THEN

D0;
DISPLAYS FLAG=TRUE;
CALL CODES$FORSDISPLAY(SP);

END;
END;
/* 21 \! EXIT <PROGRAM-ID> * /
;s /% NO ACTION REQUIRED */
/* 22 \! 60 <ID> */
CALL ONEZ4ADDRSOPP(BRN,LABELSADDR(VALUE(SP),1));
/* 23 \! GO <ID-STRING> DEPENDING <ID> */

DO;

CALL CODE$BYTE(GDP);

CALL CODESBYTE(IDSPTR);

CURSSYM=VALUE(SP);

CALL CODE$BYTE(GFTSLENGTH);

CALL COD24ADDRESS(GETS$ADDRESS);

DO CTR=@ TO ID4PTR;

CALL
33%9E$ADDRESS(LABEL$ADDR$OFFSET(ID$STACK(ID$PTR).1.G))3
)

END;
/* 24 \! MOYE <LIT/ID> TO <SU3IDS y
CALL GEN$MOVES
Y \! OPEN <TYPE-ACTION> <ID> %/
DO;

DECLARE TYPE BYTE;

TYPE=GET4TYPE;

IF (TYPE=1 OR TYPE=4) AND (VALUE(MPP1)<>2)
THEN CALL ONESADDRSOPP{OPN+VALUE(MP®1),GETSFCBSAIDR)S
ELSE
IF (TYPE=2 OR TYP¥=3) THEN
CALL ONE4ADDRSOPP(OPN+VALUE(MPP1),GETSFCBSADDR);
ELSE CALL PRINTSERROR(’OE’);
END;
/* 26 \! PERFORM <ID> <THRU> (FINISH> */
hVH
DECLARE (ADDRP2,ADDR3) ADDRESS;
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IFP VALUE(SP-1)=0

THEN ADDR2=LABEL$ADDRSOFFSET(VALUE(MPP1),2,3)

ELSE ADDR2=LABEL$ADDR$OFFSET(7ALUE(SP-1),0,3)

IP (ADDR3:=VALUE2(SP))=@ THEN ADDR3=NEXT$AVAI
+ 73

ELSE CALL BACKSTUFFP(VALUE(SP),NEXTSAVAILABLE + 7)3

CALL ONESADDRSOPP(PER,LABEL$ADDR(VALUE(MPP1),1))3

CALL CODE$ADDRESS(ADDR2);

CALL CODE$ADDRESS(ADDR3);

H
’
LABLE

END;
m~ 29 \! <READ-ID> »/
CALL NOT$IMPLIMENTED; /* GRAMMAR ERRCR */
M”28 \! STOP <TERMINATE)> */
DOS
IF VALUE(SP)=0 THEN CALL CODE$BYTE(STP);
ELSE DO;
CALLONEZSADPDR$OPP(STD,VALUE2(SP))}
CALLCODES$BYTE(CONSLENGTH);
END;
END}
/®* 29 <CONDITIONALD> ::= <CARITHMETIC> <SIZE-ERROR> */
/* 29 <IMPERATI7ED> o
CALL BACKS$COND;
M~ 30 \! <FILE-ACT> <INVALID> <{IMPERATIVE) */
CALL BACKS$COND;
M~ 31 \! <{IF-NONTERMINALD> <CONDITIOND
CACTION> ELSE */
/;0. 31 <IMPERATIVED> */
’

CALL BACKSTUFF(VALUE(MPP1),VALUE2(SP-2));
DCALL BACKSTUFF(VALUE(SP-2) ,NEXT$SAVAILARLE);
ENDS
/* 32 \! <READ-ID> <{SPECIAL> <IMPERATIVED> */
CALL BACKSCOND;
/* 33 <ARITHMETIC> ::= ADD <L/ID> <OPT-L/ID> TO

<SUBID> */

/* 33 <ROUND> ' 4

CALL ADL$SUB(2)3

* 34 \! DIVIDE <L/ID> INTO <SUBID> <ROUND> */
CALL MULTS$DIV(1);

/e 38 \! MULTIPLY <L/ID> 3Y <SUBID> <ROUND> */
CALL MULTS$DIV(e);

/™ 36 \! SUBTRACT <L/ID> <OPT-L/ID> FROM */
/* 36 <SUBID> <KOUND> */

CALL ADD$SUB(1);

/* 37 <KFILE-ACT> ::= DELETE <ID> o 4

CALL DELETES$ASFILE;

/* 38 \! REWRITE <ID> ®/

CALL REWRITESASRECORD;
/* 39 \! WRITE <ID> <{SPECIAL-ACT> i

CALL WRITESA$RECORD;
gz. 40 <CONDITION> ::= <LIT/ID> <NOT> <COND-TYP= 55
’
IFP IFS$FLAG THEN
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DOS
IFSFLAG=NOT IFSFLAG; /* RESET IFSTLAG */
CALL COTE$BYTE(NEG)S
END;
CALL GENSCOMPARE;
ENDS
/* 41 <COND-TYPED> ::= NUMERIC */
CONDS$TY PE=3;
/* 42 \! ALPHABETIC */
CONDSTYPE=4;
/* 43 \! <COMPARE> <LIT/ID> */
CALL KEEPSVALUES;
/% 44 <NOT> ::= NOT */
IF NOT IFSFLAG THEN
CALL CODESBYTE(NEG);
ELSE IFSFLAG=NOT IFSFLAG: /* RESET IFSFLAG */
/* 45 \! <EMPTY® */
3 /% NO ACTICN REQUIRED */
/% 46 <COMPARE> ::= GREATER */
CONDSTYPE=9;
/* 47 \! LESS */
CONDSTYPE=1;
/* 48 \! EQUAL */
CONDSTYPE=2;
/* 49 <ROUND> ::= ROUNDED */
CALL SETSVALUB(1);
/* 50 \! {EMPTY> */
$ /% NO ACTION REQUIRED */
/* 51 <TERMINATEY ::= {LITERAL> */
5 /* NO ACTION RSQUIRED */
/* 52 \! RON */
7 /% NO ACTION REQUIRED - VALUR(SP) ALREADY ZERC */
¥ b 53 <KSPECIALY ::= <LINVALIDD */
5 /* NO ACTION REQUIRED */
/* 54 \! END */
DO
CALL SETSVALUE(2);
CALL CODESBYTE(EOR);
CALL SETS$BRANCHS
ENDS
/% 55 <OPT=ID> ::= <SUBID> ®/
/* VALUE AND VALUE2 ALREADY SET */
" 56 \! */

3 /* VALUE ALREADY ZERO */
/* 57 <ACTICN> ::= {IMPERATIVED */
CALL UNRESOLVEDS$BRANCH;
/* 58 \! NEXT SENTENCE */
CALL UNRESCLVED$3RANCE;
/* 59 <THRU> ::= THRU <ID> */
CALL KEEPSVALUES;
e \1! ./
3 /* NO ACTION REQUIRED */
61 <FINISH> ::= CL/ID> TIMES 7
DOS




CALL LOADSLSID(MP);

CALL ONESADDPSOPP(LDI,L4ADDR);

CALL CODESBYTE(LSLENGTH);

CALL SETSVALUE2(NEXTSAVAILABLE);

CALL ONESADDRSOPP(DFC,9);

CALL SETSVALUE(NEXTSAVAILABLE);
CALLCOLESADDRESS(@); END;

/* 52 \! UNTIL <CONDITION> */
CALL KEEPSVALUES;
/* 63 \1 */
3 /* NO ACTION REQUIRED */
/;0' 64 <INVALID> ::= INVALID */
]

CALL SETSVALUE(1)}
CALL CODESBYTE(INV);
CALL SETSRBRANCE;
END;
/;0. 65 <SIZE-EKROR)> ::= SIZE ERROR */
]
CALL CODE$BYTE(SER);
CALL UNRESOLVED$BRANCH;
INDS
/* 66 <SPERCIAL-ACT> ::= <WHEN> ADVANCING <HOW-MANYD> */
CALL NOTS$IMPLIMENTED; /* CAREAGE CONTROL ¥/
/* 67 \! */
3 /% NO ACTICN REQUIRED */
/* 68 <WHEND ::= BEFORE %/
CALL NOTSIMPLIMENTED; /* CARRAGT CONTROL */
/* 69 \! AFTER */
CALL NOTS$IMPLIMENTED; /* CARRAGE CONTROL */
/* 7@ <HOW-MANY> ::= <INTEGERD */
CALL NOTSIMPLIMENTED; /* CARRAGTE CONTROL */
/* 7 \! PAGE */
CALL NOTSIMPLIMENTED; /* CARRAGE CONTROL */
/% 72 <TYPE-ACTIOND ::= INPUT */
;7 /% NO ACTICN REQUIRED - VALUE(SP) ALREADY ZERO */
/*¥ 73 \! OUTPUT */
CALL SETS$VALUE(1);

/* 74 \! 1-0 */
CALL SETSVALUE(2);
/%® 7% <SUBID> ::= <SUBSCRIP™ */
3 /% VALUE AND VALUE2 ALREADY SET */
/* 76 \! <ID> */
3 /* NO ACTION REQUIRED */
/* 77 <INTEGERD ::= <INPUTD */
CALL SETSVALUE(CONVERTSINTEGER)
/®¥ 78 <KIDD> ::= LINPUD */
DO

"CALL SETSVALUE(MATCH);
IF GET¢TYPE=UNRESOLVED THEN

CALL SETSVALUE2(NEXTSAVAILAELE);
END;

/* 79 <KL/ID> s:= INPUT *®/
DO;




IF NUMTRICSLIT THEN
DO
CALL SETSVALUE(NUMERICSLITERAL)
CALL SETSVALUE2(STORE$CONSTANT)
ENDS
ENDELSE CALL SETSVALUE(MATCH);
’
/* 80 \! <SUBSCRIPT> */
$ /% NO ACTION REQUIRED */
/* 81 \! ZERO */
CALL SETSVALUE(LITSZERO);
/® 82 <SUBSCRIPTY ::= <ID> ( <INPUT ) */
CALL CHECK$SUBSCRIPT;
/* 83 <OPT-L/ID> ::= <L/IDD */
5 /* NO ACTION REQUIRED */
/* 84 \! <EMPTY> */
$ /% VALUE ALREADY SET */
/;o 85 <NN=LIT> ::= <LIT> */
1
ALPHASLITSFLAG = ALPEASLIT;
CALL SETSVALUE(NONSNUMERICSLIT);
CALL SET$VALUE2(STORESCONSTANT);

.
'
.
’

END}

/* 86 \! SPACE i 4

CALL SET$VALUT(LITSSPACE);

/M \! QUOTE "/

CALL SETSVALUE(LITSCUOTE);
/* 88 <CLITERALD ::= {NN~LITD ®/
i /% NO ACTICN REQUIRED */
/;o 8g \! <INPUD 7

’

IF NOT NUMERICSLIT THEN CALL INVALIDSTYPET;
CALL SETSVALUE(NUMERICSLITERAL);
. rcu.r. SPTSVALUE2(STORESCONSTANT);
ND3
/* 9@ \! ZERO %/
CALL SETS$VALUE/LITSZERO);
/* 81 LIT/IDY s:= LL/IDD */
7 /% NO ACTION REQUIRED */
M 92 \! <NN=LIT> */
3 /% NO ACTICN REQUIRED ¥/
/* 93 <OPT=LIT/ID> ::= LLIT/ID> ®/
7 /% NO ACTION REQUIRED */
/* 94 \! <{EMPTY> */
3 /* NO ACTION REQUIRED */
/* 95 <PROGRAM=ID> ::= <ID> wy
CALL NCTSIMPLIMENTED; /* INTER PRCG COMM */
/* 96 \! */
3 /% NO ACTION REQUIRED */
/* @7 <READ-ID> ::= READ <ID> */
CALL READSASFILE;
/* 98 <(IP=-NONTERMINAL> ::= IF */
IPSFLAG = TRUES /* SET IFSFLAG */
END; /% END OF CASE STATEMENT */
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ENDCODESGEN;
GETIN1 :PROCEDURE BYTE;
RETURN INDEX1(STATE);
ENDGETIN1S
GETINZ2:PROCEDURE BYTE;
RETURN INDEX2(STATE);
ENDGETINZ;
INCSP:PROCEDURE;
VALUE(SP:=SP + 1)=@3 /* CLESAR THE STACK WEILE
INCXEMENTING */
VALUE2(SP)=0;
IF SP >= PSTACKSIZE THEN CALL FATALSERROR(°S0");
ENDINCSP;
LOOKAHEAD:PROCEDURE;
IF NOLOOK TEEN
DOS
CALL SCANNER;
NCLCOK=FALSEj
IP PRINTSTOKEN THEN
D03 ‘
CALL CRLF)
CALL PRINTSNUMBER(TOXEN);
CALL PRINTSCHAR(® “)3
CALL PRINTSACCUM;
END;
END;
ENDLOOKAEEATS
NOSCONFLICT:PROCEDURE (CSTATE) BYTE;
DECLARE (CSTATE,I,J,K) BYTE;
J=INDEX1(CSTATE)};
¥=J + INDEX2(CSTATE) - 1;
DO I=J TO K;
IF READ1(I)=TCKEN THEN RETURN TRUE;
END;
RETURNFALSE;
ENDNOSCONFLICT;
RECOVER: PROCEDURE BYTE;
DECLARE TSP BYTE, RSTATE BYTE;
DO FOREVER;S
TSP=SP;
DO WEILE TSP <> 2855
IF NOSCONFLICT(RSTATE :=STATESTACK(TSP)) THEN
DO;j /* STATE WILL READ TOKEN */
IF SP<K>TSP THEN SP = TSP - 1;
RETURN RSTATE;

END;
TSP = TSP - 1}
END3
CALL SCANNER;? /* TRY ANOTHER TOKEN */
ENDS
ENDRECOVER;)

/% % % & ® PROGRAM EXECUTION STARTS HERE * * %/
/* INITIALIZATION */
TOKEN=637 /* PRIM® THE SCANNER WITE -PROCEDURE- */
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CALLMCVE(PASS14TOP-PASS1$LEN,.CUTPUTS$FCB,PASS1SLEN);
/* THIS SETS

OUTPUT FILE CONTROL BLCCK

TOGGLES

READ POINTER
y NEXT SYMBOL TABLE POINTZR

OUTPUTS$END=(OUTPUTSPTR:=.0UTPUT$BUFF~1)+128;
CALLPRINTSERROR(FALSE); /* INITIALIZE ERROR MSG OUTPUT */
/*#**#**pgasga***###/
DO WHILE COMPILING;
gg.srArs <¢= MAXRNO THEN /* READ STATE */
’
CALL INCSP;
STATESTACK(SP) = STATE; /* SAVE CURRENT STATE */
CALL LOOKAHEAD;
I=GETIN1;
J =1+ GETIN2 - 1}
DO I=I T0 J;
IP READ1(I) = TOKEN TREN
DO;
/* COPY THE ACCUMULATOR IF IT IS AN INPUT
STRING. IF IT IS A RESERVED WORD IT DOES
NOT NEED TO BE COPIED. */
IF (TOKEN=INPUT$STK) OR (TOKEN=LITERAL) THEN
. DO K=@ TO ACCUM(@);
4 VARC(K)=ACCUM(K)}
2 END;
4 STATE=READ2(I);

| NOLCOK=TRUE;
1 1=J3
b | END;

| ELSE
} IF I=J TUYEN
| DO}
8 CALL PRINT$ERROR(’NP’);
b CALL PRINT(.SRRORSNEARSS);
| CALL PRINTSACCUM;
IF (STATE:=RECOVER)=¢ THEN COMPILING=FALSE;

END;
i ENDj
gggé /* END OF READ STATE ¥/
IF STATEDMAXPNO THEN /* APPLY PRODUCTION STATZ */
DOS

MP=SP - GETIN2;
| MPP1=MP + 1j
| CALL CODE$GEN(STATE = MAXPNO);
| SP=MP;
I=GETINL;
J=STATESTACK(SD);
DO WHILE (X:=APPLY1(I)) <> @ AND J<OK;
I=1 + 1;
END;

‘_-‘_,,___‘__V‘,Vﬁ‘w__,v_,Au
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IF (K:=APPLY2(I))=0 THEN COMPILING=FALSY;
STATE=K;

END;

ELSE

IF STATEC=MAXLNO THEN /*LOOKAHEAD STATE*/

DOj

I=GETIN1;
CALL LOOKAHEAD;
DO WHILE (K:=LOO0K1(I))<>@ AND TOKEN <>K}

I=I+1;

END;

STATE=L00K2(I);

ENDS

SLSE

DOS /*PUSH STATES*/
CALL INCSP;
STATESTACK(SP)=GETINZ;
STATE=GETIN1;

END;

END;/* OF WHILE CCMPILING */
CALLBYTESQUT(TER)S
DOWEILE OUTPUT$PTR<>.0UTPUTS$BUTF;

CALL BYTESOUT(TER);

ENDj

CALLCLOSES

CALLCRLF;

CALLPRINT( .ENDSOF$PARTS2);
CALLBOOTS

END;




™

INTEZRP: /* MCDULE " I NTEZRP" */
DO}
/* COBOL INTERPRETER */
/% NCRMALLY ORG’ED TO X‘1g@° */

/* GLOBAL DECLARATIONS AND LITERALS */
DECLARE

LIT LITERALLY ‘LITERALLY ",
BDOS LIT ‘SH”, /* ENTRY TO OPEPATING
E STSTEM */
300T LIT ‘e’,
CR LIT .
LF L1y ‘18°,
TRUE L1t i
FALSE LIT 2%,
FOREVER LIT ‘WHILE TRUE’;
/* UTILITY VARIABLES */
DECLARE
BOOTER ADDRESS INITIAL (@@9eH),
INDEX BYTE, -
ASCTR ADDRESS,
CTR BYTE,
CTR1 BYTE,
BASE ADDRESS,
BSBYTE BASED BASE (1) BYTE,
B$SADDR BASED BASE (1) ADDRESS,
HOLD ADDRESS,
HB$BYTE BASED HOLD (1) BYTE,
H$ADDR BASED HOLD (1) ADDRESS,
/% CODE POINTERS */
CODE$START LIT ‘22Q00R”",
PROGRAMS CCUNTER ADDRESS,
C$BYTE BASED PROGRAMSCOUNTER (1)  BYTE,
CSADDR BASED PROGRAMSCOUNTER (1) ADDRESS;

/* ®* ® * %  GLOBAL INPUT AND OUTPUT ROUTINES * * * * %/

DECLARE
CURRENT$FCB ADLRESS,
STARTSOFFSET LIT ‘373

MON1: PROCEDURE (F,A) EXTERNAL;
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DTCLART F BYTE, A ADDRESS; |
END MON1; |

MON2: PROCEDURE (F,A) BYTE EXTERNAL; |
DECLARE F BYTE, A ADDRESS;
END MON2;

PRINT$CHAR: PROCEDURE (CHAR);
DECLARE CHAR 3YTE;
CALL MON1 (2,CEHAR);

END PRINTSCHAR;

CRLF: PROCEDURE;
CALL PRINTSCBAR(CR);
CALL PRINT$CHAR(LF);
END CRLF;

PRINT: PROCEDURE (A);
DECLARE A ADDRESS;
CALL CRLF;

CALL MON1(S,A); :

END PRINT; .

READ: PROCEDURE(A);} i
DECLARE A ¢DDRESS)
CALL MON1(10@,A);

END READ;S

PRINT$ERROR: PROCEDURE (CODE);
DECLARE CODE ADDRESS;
| CALL CRLF;
r CALL PRINT4CHAR(EBIGH(CODE));
CALL PRINTSCHAR(LOW(CODE));
END PRINT$ERROR;

| PATAL4ERROR: PROCEDURE(CODE);
| DECLARE CODE ADDRESS;
1 CALL PRINT$ERROR(CODE);
| CALL BOOTER;
| IND PATALSERROR;

| | SEIT4DMA: PROCETURE;
| CALL MON1 (26, CURRENTSFCB + START4OFFSET);
| END SET$DMA;

E 13 ! OPEN: PROCEDURE (ADDR) BYTE;

| DECLARE ADDCR ADDRESS;S

CALL SETSDMA; /* INSURE DIRECTORY RFTAD WON'T
CLOBBER CORE */




RETURN MON2(15,ADDR);
END OPENS

CLOSE: PROCEDURE (ADDR);

DECLARE ADDR ADDRESS;

IF MON2(16,ADDR)=25% THEN CALL
END CLOSE;

DELETE: PROCEDURES}

CALL MON1(19,CURRENT$FCB);
END DELETE;

MARKE: PROCEDURE (ADDR);

DFCLARE ADCR ADDRESS;

IF MON2(22,ADDR)=255 THEN CALL
END MAKES

DISK$READ: PROCEDURE BYTES
RETURN MON2(29,CURRENTS$FCB);
END DISKSREAD;

DISK$WRITE: PROCEDURE BYTE;
RETURN MON2(21,CURRENTSFCE);
END DISK$WRITE;

FATALSERROR(’CL”);

FATALSERPOR('ME");

/> 5% v UTILITY FRUCEOURES * * 5 3 % ¥ »/

DECLARE

SUBSCRIPT (8) ADDRESS?

RES: PROCEDURE(ADDR) ADDRESS;

/* THIS PRCCEDURE RESOLVES THE ADDRESS OF A
SUBSCRIPTED IDENTIFIER OR A LITERAL CONSTANT */

DECLARE ADDR ADDRESS;
IF ADDR > 32 THEN RETURN ADDRS

IF ADDR < 9 THEN RETURN SUBSCRIPT(A4DD&);

DO CASE ADDR - 93
RETURN .(‘@")
RETURN .(° %)
RETURN .(° 7)

e wo wo

ENDS
RETURN €5
END RESS
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MOVE: PRCCEDURE(FROM,DESTINATION,COUNT)}
DECLARE (FROM,DESTINATION,COUNT) ADDRESS,
(F BASED FROM, D BASED DESTINATION) BYTE;
DO WBIL; (COUNT:=COUNT - 1) <> OFFFFE;
D=F;}
FROM=FROM + 1;
DESTINATION=DESTINATION + 1}
END;
END MOVE;

FILL: PRCCEDURE(DESTINATION,COUNT,CHAR)S
DFCLARE (DESTINATION,COUNT) ADDRESS,

(CHAR,D BASED DESTINATION) BYTE;
DO WHILE (COUNT:=COUNT - 1)<> 2FFFPFH;
D=CHARS
DESTINATION=DESTINATION + 1}
END;
END FILL;

CONVERT$TOSEEX: PROCEDURE(POINTER,COUNT) ADDRESS:
DECLARE POINTER ADDRESS, COUNT BYTE;
ASCTR=0;
BASE=POINTER;
DO CTR = @ TO COUNT-1;

A$CTR=SHL(ASCTR,3) + SHL{ASCTR,1) + BSBYTE(CTR) - “2°

END}

RETURN ASCTR;
END CONVERT$TOSHEX;

/* ®* ® ® ¥ CODE CONTROL PROCEDURES * * * * =%/
DECLARE
BRANCHSFLAG BYTE INITIAL(FALSE)S

INCSPTR: PROCEDURE (COUNT);
DECLARE COUNT BYTES
PROGRAMSCOUNTER=PROGRAM$COUNTER + COUNT;
END INCSPTR;

GETSOPSCODE: PROCEDURE BYTE;
CTR=CS$BYTE(@);
CALL INCSPTR(1);
RETURN CTRjS

END GETSOP4CODE;

COND$BRANCH: PROCEDURE(COUNT);

/* THIS PRCCEDURE CONTROLS BRANCHING INSTRUCTIONS */




DECLARE COUNT BYTE;
IF BRANCHSFLAG THEN
DC3

BRANCHS$FLAG=FALSE;
PROGRAM$COUNTER=CSADDR(COUNT);
END;
ELSE CALL INCS$PTR(SHL(COUNT,1)+2);
END CONDSBRANCH;

INCRSCRSBRANCH: PROCEDURE(MARK);
DECLARE MARK BYTE;
IF MARK THEN CALL INCSPTR(2):;
ELSE PROGRAMSCOUNTER=C$ADDR(@);
END INCRSOR$BRANCEH;

J* ® % ¥ %X XCOMPARISONS * * % *x % % *x %/

- CEARSCOMPARPE: PROCZDURE 3YTE;

BASE=C$ADDR(2);

HOLD=C$ADDR(1);

' DO ASCTR=@ TO C$ADDR(2) - 1;

IF BSRYTE(ASCTR) > HSBYTE(ASCTR) THEN RETURN 1;
IF BSBYTE(ASCTR) < HSRYTE(ASCTR) THEN RETURN 9;

ENDj
| RETURN 23
' END CEARSCOMPARE;

; STRINGSCOMPARE: PROCEDURE(PIVOT);
; DECLARE PIVOT BYTE;
IF CHARSCOMPARPE=PIVOT THEN BRANCHSFLAG=NOT BRANCHSFLAG;
CALL CONDS$BRANCH(3);
END STRINGSCOMPARE;

|

! NUMERIC: PROCEDURE(CHAR) BYTE;
*; DECLARE CHAR BYTE;

|

- RETURN (CHAR >="@°) AND (CHAR <="97);
IND NUMERIC;

LETTER: PROCEDURE(CHAR) BYTE; ,
DECLARE CEAR BYTE;

RETURN (CHAR >="A") AND (CEAR <="2");
END LETTER;

SIGN: PROCEDURE(CHAR) BYTE;
DECLARE CHAR BYTEV -

RETURN (CHAR="+") OR (CHAR="=");

a4
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END SIGN;S

COMP$NUMSUNSIGNED: PROCEDURE;
BASE=C$ADDR(2)}
DO ASCTR=@ TO C$ADDR(2)-1;
IF NOT NUMERIC(BSBYTE(ASCTR)) THEN
DO;
BRANCHSFLAG=NOT BRANCHSFLAG;
RETURN;
END;
END;
CALL CONDS$BRANCH(2);
END COMPSNUMSUNSIGNED;

COMP$NUMSSIGN: PROCEDURE;
BASE=C$ADDR(Q);
DO ASCTR=2 TO CS$SADDR(2)-1;
IP NOT(NUMERIC(CTR:=BSBYTE(ASCTR))
OR SIGN(CTR)) THEN
DO;
BRANCHSFLAG=NOT BRANCHSFLAG;
RETURN
END;
END;
CALL COND$3RANCH(2);
END COMPSNUMSES IGN;

COMPSALPHA: PROCEDURE;
BASE=C$ADDR(Q);
DO ASCTR=2 TO C$ADDR(2)-1;
IF NOT LETTER(BSBYTE(ASCTR)) THEN
DO;
BFANCHSFLAG=NOT BRANCHSFLAG:
RETURN;
END;
END;
CALL CONDS$BRANCH(2);
END CCMPSALPHAS

/% ® % % % XNUMERIC OPERATIONS * * * * % %/

LECLARE

(Re,R1,R2) (10) 3YTE, /* REGISTERS */
SIGNG(3) BITE,

(DEC4PT@ ,DEC$PT1,DECSPT2)  3YTE,

DECSPTA (3) BYTE AT (.DECS$PT®),

OVERFLOW BYTE,




—

R$PTR BYTE,

SWITCH BYTE,

SIGNIF4NO BYTE,

ZONE LIT ‘108",
POSITIVE LIT 5 a
NEGITIVE LIT ‘e s

CHECK$FOR$SIGN: PROCEDURE(CHAR) BYTE;
DECLARE CHAR BYTE;
IF NUMERIC(CHAR) THEN RETURN POSITIVE;
IF NUMERIC(CHAR - ZONE) THEEN RETURN NEGITIVES
CALL PRINTS$ERROR(’SI”);
RETURN POSITIVE;
END CHECK$FOR$SIGNS

STORE4IMMEDIATE: PROCEDURE;
DO CTR=@ TO 9;
RO(CTR)=R2(CTR)j
END;
DEC$PT@=DEC$PT2;
SIGND(Q2)=SIGNB(2);
END STORESIMMEDIATE;

ONESLEFT: PROCEDURE;
DECLARE (CTR, FLAG) BYTE;
IF ((PLAG:=SHR(R$BYTE(?),
DO;

LO CTR=@ TO &3
B$BYTE(CTR)=SHL(B$BYTE(CTR),4) OX
% %HR(B$BYTE(CTR+1).4);
NDj
BSBYTE(9)=SHEL(B$BYTE(9),4) OR FLASS
END;
ELSE CVERFLCW=TRUE;
END ONESLEFTS

4))=0) OR (FLA3=9) THEN

ONESRIGHT: PROCEDURE;

DECLARE CTR BYTES

CTR=1@;

DO INDEX=1 T0 9j
CTR=CTR-1;
BSBYTE(CTR)=SER(B4BYTE(CTR),4) OR
SHL(B$BYTE(CTR-1),4);

ENDS

B$BYTE(@)=SHR(B$BYTE(Q),4);
IF BSBYTE(Q) = @9H THEN
3$BYTE(@) = 99H;
END ONESRIGHT;
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SHIFTSRIGET: PROCEDURE(COUNT);
DECLARE COUNT BYTE;
DO CTR=1 TO COUNT;
CALL ONESRIGHT;
ENDj
END SHIFTSRIGHT;

SHIFTSLEFT: PROCEDURE (COUNT);
DECLARE COUNT BYTES
OVERFLOW=FALSE;

DO CTR=1 TO COUNT;
CALL ONESLEFT;
IFT OVEPFLOW THEN RETURN;
END;
END SHIFTSLEFTS

ALLIGN: PROCEDURE;
BASE=.R0;
IF DECSPT@ > DEC$PT1 THEN
CALL SHIFTSRIGHT(DEC$PT@-DEC$PT1);
ELSE CALL SHIFPTSLEFT(DEC$PT1-DEC$PTQ);
END ALLIGNS

ADD$R@: PROCEDURE(SECOND, DEST);
DECLARE (SECOND, DEST) ADDRESS, (CY,A,P,I,J) BYTE;
HOLD= SECOND;

BASE = DESTS
CY=05

CTR=9;

DO J=1 T0 19;

A=RO(CTR)}

B=H$BYTE(CTR);

I=DEC (A+CY);

CY=CARRY;S

I=DEC(I + B);

CY=(CY OR CARRY) AND 1;

BSBYTE(CTR)=1I;

CTR=CTR-1;

END;
IF CY THEN
DOj

CTR=9;

DO J =1 TO 183
I=B$BYTE(CTR)}
I=DEC(I+CY);
CY=CARRY AND 13}
BSBYTE(CTR)=I}
CTR=CTR=-1;

ENDj

ENDS

END ADDSRO;
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COMPLIMENT: PROCEDURE(NUMB);
DECLARE NUMB BRYTES}

SIGNO(NUMB) = SIGNO(NUMB) XOR 1; /* COMPLIMENT

SIGN */
DO CASE NUMB;
HOLD=.RO;
EOLD=.R1}
BOLD=.R2;
END;

DO CTR=@ TO 9;
H$BYTE(CTR)=99H - H$BYTE(CTR);
END;

END COMPLIMENT;

R2$ZERO: PROCEDURE BYTE;
DECLARE I BYTE;
IF (SHL(R2(Q),4)<>8) OR (SHR(R2(9),4)<>9)
THEN RETURN FALSE;
ELSE DO I=1 TO 8;
IF R2(I)<>@ THEN RETURN FALSE;
ENDS
RETURN TRUE;
END R2$ZERCS

CHECKSRESULT: PROCEDURE;
IF SER(R2(92),4)=9 THEN CALL COMPLIMENT(2);
IF SHR(R2(2),4)<>9 THEN OVERFLOW=TRUE;

END CHECKSRESULT;

CEECK$SIGN: PROCEDURE}S
IF SIGN@(2) AND SIGN@G(1) TEEN

DC;
SIGN@(2)=POSITIVE;
RETURN;
END;
SIGN@(2)=NEGITIVES
IF NOT SIGN@(@) AND NOT SIGN@(1) THEN RETURN;
IF SIGNO(Q) THEN CALL COMPLIMENT(1);
ELSE CALL COMPLIMENT(@);
END CHECKSSIGN;

LEADINGSZEROES : PROCEDURE (ADDR) BYTE;
DECLARE COUNT BYTE, ADDR ADDRESS}
COUNT=¢;
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BASE=ADDR;

DO CTR=@ TO 9;
IF (BSBYTE(CTR) AND @F@H) <> @ THEN RETURN COUNT;
COUNT=COUNT + 1;
IF (B$BYTE(CTR) AND @FH) <> @ THEN RETURN COUNT;
COUNT=COUNT + 1;

ENDS
RETURN COUNT;
END LEADINGS$ZERCES;

CHECX$DECIMAL: PROCEDURE;

IF DEC$PT2<>(CTR:=C$BYTE(3)) THEN

DOj
BASE=.R2;
IP DECSPT2 > CTR THEN CALL SHIFTS$RIGET(DEC$PT2-CTR);
ELSE CALL SEIFTSLEFT(CTR-DECS$PT2);

END;

IF L%ADINGSZEFOES(.RZ) < 19 - C$BYTT(2) THEN OVERFLOW

= TRUES
END CHECK$DECIMAL;

ADD: PROCEDURE;
OVERFLOW=FALSE;

s CALL ALLIGNS

1 CALL CHECKSSIGN;

] CALL ADDRO(.R1,.R2)}

| CALL CHECKS$RESULT;

] END ADD;

{ ADDSSERIES: PRCCEDURE(COUNT);
! DECLARE (I,COUNT) BYTE;

' DO I=1 TO COUNT;

2 CALL ADD$R@(.R2,.R2)3;
| ENDS

END ADDSSERIES;S

| SETSMULTSDIV: PROCEDURE;

2 OVERFLOW=FALSE;
; SIGN@(2) = (NOT (SIGN@(@) XOR SIGN@(1))) AND @1H;
‘ CALL FILL(.R2,10,0);

END SETSMULTSDIV;

i ‘ R1SGREATFR: PROCEDURE BYTE:
! DECLARE I 3YTE;
DO CTR=@ TO 9;
IF R1(CTR)>(I:=998-RA(CTR)) THEN RETURN TRUE;
. IF R1{CTR)<I THEN RETURN FALSE;
END;
RETURN TRUE;
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END R1SGREATER;

MULTIPLY: PROCEDURE(VALUE)S
DECLARE VALUE BYTE;

IF VALUE<>@ THEN CALL ADDS$SERIES(VALUE);
BASE=.R0}

CALL ONESLEFT;
END MULTIPLY;

DIVIDE: PROCETURE;
DECLARE (I, J, X, L20, LZ1, X) BYTE;
CALL SETS$SMULTSDIV;
I®F (L2@:=LEADINGSZERCES(.RQ))

(X = (LZ1 := LEADING$ZEPOES(.R1)))
DO;
IF LZ2>L21 THEN
DO}
BASE = .RO;
CALL SHIFTSLEFT(I := LZ290-LZ1);}
DECS$PTP=DEC$PT@ + I;
X = LZ1;
ENDj
ELSE DOj
BAST = .R1;
CALL SEIFTSLEFT (l:=121-1L20);
DEC$PT1=DECPT1 + I;
X = L29;
ENDS
ENDS

DECPT2= 18 - X + DECPT1 - DECPT2;
CALL CCMPLIMENT(Q)}
DOI =X TO 19;
J=0;
DO WHILE R14GREATER;
CALL ADD$RG(.R1,.R1);
IF R1(@) = 993 THEN
CALL CCMPLIMENT (1)
J=J+1;
END;
K=SHR(I,1)}s
IF I THEN R2(X)=R2(K) OR J;
ELSE R2(X)=R2(K) OR SBL(J,4);
BASE=.RO;
CALL ONESRIGHT;
END;
END DIVIDE;

LOAD$ASCEAR: PROCEDURE(CH!R);
DECLARE CHAR PYTE;

TREN




IF (SWITCH:=NCT SWITCH) THEN
BSBYTE(R$PTR)=B$BYTE(KSPTR) OR SHL(CHAR - 32H,4);
ELSE BSBYTE(R$PTR:=R$PTR-1)=CHAR - 30H;
END LOADS$ASCHARS

LOAD$NUMBERS: PROCEDURE(ADDR,CNT);
DECLARE ADDR ADDRESS, (I,CNT)BYTE;
HOLD=RES (ADDR);

CTR=CNT;
DO INDEX = 1 TO CNT;
CIR=CTR-1}
. CALL LOADSASCHAR(HS$BYTE(CTR));
END;
CALL INCSPTR(S);
END LOADSNUMBERS;

SET$LOAD: PROCELURE (SIGNSIN);
DECLARE SIGNSIN BYTE;
DO CASE (CTR:=C$BYTE(4));
‘ BASE=.RO;
4 BASE=.R1;
BASE=.R2;
END;
DEC4PTA(CTR)=C$BYTE(3);
SIGNO(CTR)=SIGNSIN;
E | CALL FILL (BASE,10,0);
| R4 PTR=9;
| SWITCHE=FALSE;
END SETS$LOAD;

Y

LOADSNUMERIC: PROCEDURE;

! CALL SETSLOAD(1);

b | _ CALL LOAD$NUMBERS(C$ADDR(@),C$BYTE(2) )}
2 : END LOADSNUMERICS

L LOADSNUMSLIT: PROCEDURE;
g DECLARE(LITS$SIZE,FLAG) BYTE;

b | ; CHAR$SIGN: PROCEDURE;

: LITSSIZE=LITS$SIZE - 1;
i ' HOLD=HOLD + 1}

b | END CHARSSIGN;

LIT$SIZE=C$BYT
BOLD=C$ADDs(@)
IF BS$BYTE(2)="
DOj

£(2);
1' THEN

CALL CHARSSIGN;
CALL SETSLOAD(NEGITIVE);
END}




ELSE DCj;
IF E$BYTE(Q)="+" THEN CALL CHAR$SIGN;
CALL SETSLOAD(POSITIVE);
END;
FLAG=0;
CTR=LIT$SIZE;
DC INDEX=1 TO LIT$SIZE;
CTR=CTR=-1;
IF H$BYTE(CTR)="." THEN FLAG=LIT$SIZE - (CTR+1);
et ELSE CALL LOAD$ASCHAR(E$BYTE(CTR));
ND;
DECSPTA(CSBYTE(4))= FLAG;
CALL INCSPTR(S);
END LOADSNUMSLITS

STORE$ONE: PROCEDURE;
IF(SWITCH:=NCT SwITCH) THEN
B$BYTE(Q)=SHR(H$BYTE(@),4) OR “27;
ELSE DO;
HOLD=HCLD-1}
b B$BYTE(@2)=(H$BYTE(Q) AND @F%) OR “@7;
END;
BASE=BASE-1}
END STCRESONE;

STORESASSCHAR: PROCEDURE(COUNT);
DECLARE CCUNT 3YTES
SWITCH=FALSF;

EQOLD=.R2 + 9;
DC CTR=1 TO COUNTS
CALL STORE$ONE;
END;
END STORE$AS$CEARS

SET$ZONE: PROCEDURT (ADDR);
DECLARE ADTR ADDRESS;
IF NOT SIGN@(2) THEN
DOj
BASE=ADDR}
BSBYTE(Q)=B$3YTE(@) COR ZONE;
END;
CALL INCSPTR(4);
END SETSZONES

SET$SIGNSSEP: PROCEDURE (ADDR);
DECLARE ADDR ADDRESS;
BASE=ADDR;

IF SIGN@(2) THEN BS$BYTE(2)="+";
ELSE BS$BYTE(@)="-"}
CALL INCSPTR(4);




END SET$SIGNSSEP;

STCRESNUMERIC: PROCEDURE;
CALL CHEFECX4DECIMAL;
BASE=C$ADDR(Q) + C$BYT
CALL STORESASSCEAR(CSB

END STORESNUMERIC;

E
4

wo we
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/% % % % % INPUT-QUTPUT ACTIONS * * * * % x/

DECLARE
EQF$FLAGSOFFSET LIT ‘36°,
FLAGSOFFSET LIT °33°,
EXTENTSOFFSET LIT 127,
REC$NO LIT v W
PTRSOFFSET LIT g Tl
BUFFSLENGTH LIT ‘1287,
VARSEND LIT ‘R,
; TERMINATCR LIT “1AR°,
| BIGHSVALUE LIT ‘QFFHE’,
| INVALID BYTE,
; REWRITESFLAG BYTE INITIAL (@H),
r RANDOMSPILE BYTE,
E | CURRENTSFLAG BYTE,
' FCB$BYTE BASED CURRENTSFCB BYTE,
| FCB$ADDR BASED CUPRENTSFCB ADDRESS,
FCBSEYTESA BASED CURREINTSFCB (1) BYTE,
i FCBSADDRSA BASED CURRENTSFC3 (1) ADDRESS,
q BUFF4PTR ADDRESS,
; BUFFS$ END ADDRESS,
- BUFFSTART ADDRESS,
BUFF$BYTE BASED BUFF$PTR BYTE,
: CONSBUFF ADDRESS INITIAL (82H),
b CONSBYTE BASED CON$BUFF BYTE,
L CONSINPOT ADDRESS INITIAL (82H);
ACCEPT: PROCEDURE;
CALL CRLF;

CALL PRINTSCHAR(3FH);

/* CALL CRLF; */ N
CALL FPILL(CONSINPUT,(CONSBYTE:=C$BYTE(2)),  7);
CALL READ(CONSBUFF);

CALL MOVE{CONSINPUT,RES(C$ADDR(®)),CONSBYTE);
CALL INCSPTR(3);
END ACCEPT;

s e




DISPLAY: PROCEDURE;
DECLARE BS$CNT BYTE;
BASE=C$ADDR(2);
IF NOT C$BYTE(3) THEN CALL CRLF;
BSCNT = C$BYTE(2)S
DO CTR = @ TC BSCNT - 1;
CALL PRINTS$CHAR(BSBYTE(CTR));
END;
CALL INCSPTR(4);
END DISPLAY;

GETSFILESTYPE: PROCEDURE BYTE;
BASE=CSADDR(Q);
RETURN BSBYTE(FLAGSCFFSET);
END GETSFILESTYPE;

SETSFILESTYPE: PROCEDURE(TYPE);
DECLARE TYPE BYTES
BASE=C$ADDR(Q);
IF GETSFILESTYPEC>? THEN CALL FATALSERROR(“OE");
B$BYTE(FLAGSOFFSET)=TYPE;
END SET$FILESTYPE;

SET$I40: PROCEDURE;
INVALID=FALSE;
IF CSADDR(Q)=CURRENT$FCE TEEN RETUIN;
/* STORE CURRENT PCINTERS AND SET INTZENAL
WRITE MARK */
BASE=CURRENTS$FCB;
FCBSADDRSA:{PTRSOFFSET )=BUFF$PTR}
FCB4BYTESA(FLAGSOFFSET )=CURRENTSFLAG;
/* LOAD NEW VALUES */
BUPFSEND=( 3UFF$START:=(CURRENTS$FCB:=C$ADDRQ))
+ STARTSOFFSET) + BUFFLLENGTE;
CURRENTSFLAG=FCRSBYTESA(FLASSOFFSET);
BUFFSPTR=FC34ADDRSA(PTRSOFFSET);
END SETS$140;

OPENSFILE: PROCEDURE(TYPE);S
DECLARE TYPE BYTES
CALL SETSFILESTYPE(TYPE);
CTR=CPEN(CURRENTSFCB:=C$ADDR(D))}
DO CASE TYPE-1;
/* INPUT #*/
LOj
28D IF CTR=255 THEN CALL FATALS$ERROR(’NF’);
ND;

/* OUTPUT */
DO




CALL DELETE;
CALL MAKE(C$ADDR(Q));

ENDj
i /¥ CASE 2 NOT USED */
f® J=0 %/
DO} ,
IF CTR=255 THEN CALL FATALSERROR('NF’);
END;
END3
FCBSBYTESA (EXTENTSOFFSET)=0; /* ?ET gHE*§XTENT FIELD
N FCE
FCB$BYTESA (REC$NO)=03 /* SET THE RECORD NUMBER
IN FCB */

FCBSBYTESA(ECFSFLAGSOFFSET )=FALSE;

/* SET THE ECF INDICATCR CFF */
BUFFSEND=(BUFFS$START:=(CUXEENTS$FCB + START$OFFSET))
+ BUFF$LENGTEH;
CURRENTSFLAG=FCBS$BYTESA(FLAGSCFFSET);
BUFF$PTR,FCBSADDRS$A(PTRSOFFSET)=BUFF$START~1}
CALL INCSPTR(2);

END OPENSFILE;

WRITE$MARK: PROCEDURE BYTE;
RETURN ROL(CURRENTSFLAG,1);
END WRITESMARK)

SETSWPITESMARK: PROCEDURE;
CURRENTSFLAG=CURRENTSFLAG COR 20H:
END SETSWRITESMARK;

WRITESRECORD: PROCEDURE;
CALL SET$DMA;
CURRENT4FLAG=CURRENTSFLAG sND QFH;
IF (CTR:=DISK$WRITE) =2 THEN RETURN;
CALL PRINTSERACR{ 43°);
INVALID=TZUE;

END WRITE$RECORD;

READSRECOED: PROCEDURE;
CALL SETSDMA;
IF WRITESMARK THEN CALL WRITSSRECORD;
I? (CTR:=DISKSEEAD)=¢ THEN RETURN;
IF CTR=1 THEN FCBSEYTISA(ECF$FLAGSOFFSET)=TRUE;
INVALID=TRUE;
IND READSRECORD;

REZADSBYTE: PROCEDURE BYTE;
IF (BUFF$PTR:=30FF$PTR + 1) >= BUFFEND THEN
DO;

-




CALL READ$RECORD;
IF PCBSRYTESA(FEOFSFLAGSOFFSET) THEN
RETURN TERMINATOR;
BUFF$PTR=BUFF$START;
END;
RETURAN BUFF$BYTE;
END READSBYTES

YRITES$RYTZ: PROCIDURZE (CHAR);
DECLARE CHAR BYTT;
gg (RUFF¢2TR:=RUFF4PTR+1) >= BUFF$END THEN
?
CALL WRITESRECORL;
BUFFS$PTR=2UFF$START;
IF RENRITESFLAG THEN
DC}
CALL READ$RECORD;
FCRSBYTESA(RECSNO)=FCBSRERYTESA(ZECSNO)-1;
END;
END;
CALL SETS$WRITESMARK;
BUFFS2YTE=CHAR;
END WPITESRYTE;

4RITESENDSMARK: PROCEDURE;S
CALL WRITESBYTE(CR);
CALL WRITESBYTE(LF);
END WRITESENTSMARKS

FTAD$INDSMARK: PIOCEDURE;
IF READSBYTECSCR THEN CALL PRINTSERPOCR(7EM”);
IF RFADS3YTESOLF THEIN CALL PRINTSERROR.EM’);
IND READSENDEMOFK;

READSVARIAELE :PRCCEDURE
CALL SETSISCS
EASE=CSADDR(1)3
DC ASCTR=0 TO C$ADDR§2)-1
IF (CTF:=(B4BYTE(ASCTR)
DO;

=EEADSBYTE)) = VARSEND THEN

CTR=READSBYTE;}
RETURNS

ENDS

IF CTR=TZRMINATCR THEN

DO
FCBSBYTESA(EOFSFLAGSCFFSET)=TRUT;
RETURN;S
END;
END;
CALL READSENDSMARKS




IND READSVARIAZLES

WRITESVARIABLE: PROCEDURE;
DEZCLARE COUNT ADDRESS;
CALL SET$IsC;
BASE=C$ADD3(1)}
COUNT=C$ADDR(2);
gODWHILE(B$BYTE(COUNT:=COUNT-1)<>' “)AND (COUNTS>2);
ND;
DC ASCTR=@ TO COUNT;
i CALL WRITE$BYTZ(34BYTE(ASCTR))S
9
CALL WRITESENDSMARK;
IND WHRITESVARIAZLE;

READS$TO¢MEMORY: PROCEDURE;
BASE=C$ADDR(1);
TC ASCTR=@ TC CS$ALDR(2)-1;
[F (B$RYTT(ASCTR) :=READSBYTE)=TERMINATOR THEN
D03
FCBSBYTESA{ECFSFLAGSOFFSET)=TRUE;
RETURNS

M 2, . %

END;

| END;
CALL READSENDSMARK;
IND READSTOSMEMORY;

#RITESFROMSMEMCRY: PROCEDURE;
BASE=C$ADDR(1);
DO ASCTR=0 TC C$ADDR(2)-1;
CALL WRITESBYTE(B$BYTE(A$CTR));
END;
: CALL WRITESENDSMARK;
E | END WRITESFROM$MEMORY;

/¥ % % X% & RANDOM I-0@ PROCEDURES * * * =/

SETSRANDOMSPOINTER: PROCEDURE;
/*
: ' THIS PROCEDURE READS TEEX RANDOM KIY AND COMPUTES
E | WHICH RZCORD NEEDS TC RE AVAILABLE IN THE 3UFFER
{ THAT ZECORD IS MADE AVAILABLE AND THE POINTERS
SET FOR INPUT OR OUTPUT
%

i | DFCLARE (BYTE$COUNT,RECORD) AIDRESS,

SE EXTENT BYTE;

E | IF WRITE$MARK THEN CALL WRITESRECORD;
BYTESCOUNT=(C$ADDR(2)+2)*(CCNVERTSTO$EEX(CS$ADDR(3)
+C$BYTE(R))-1);




RECORD=SER ‘BYTF4COUNT,?);
EXTENT=SER(RECORD,7);
%g.EXTENT<>FCB$BYTE$A(EXTENT$OFFSET) THEN

9
CALL CLOSF(C$ADDR(Q));
FCBSBYTESA(EXTENTSOFFSET )=EXTENT;
IF OPEN(C$ADDR(9) )<>D@ TEHEN
DO;
IT SHR(CURRENTSFLAG,1) THEN CALL MAXE(C$SADDR(3));
ELSE INVALID=TRUE;
FND;
END;
BUFF$PTR=( PYTESCOUNT AND 7FE) + BUFFS$START -~1;
FCB4BYTESA(32)=LOW(RECCRD) AND 7FH;
CALL READSRECORD;
END SET$IANCOMSPCINTZER;

JETSRECSNUMBER : PROCEDUHE ADDRESS;
DECLARE (RECORD,LOGICALSRECSNUM,BYTESCOUNT) ADDRESS;
RECORD=SEL(TCR$BYTESA(EXTENTSOFFSET),?)
+ FCBSBYTESA(RECSNO);
IF NOT SAR(CURRENT$SFLAG,1) THEN RECOERD=:ECORD-1;
RYTESCCUNT=SHL(RECORD,?) + ((RUFF$PTR+1)-BUFTFSSTART);
LOGICALSRECSNUM=(BYTESCOUNT/(C$ADDR(2)+2))+1;
RETURIN LOGICALSRECSNGM;

END GETSRECSNUMBER;

SETSRELATIVE4XEY: PRCCEDURE;

DECLARE (RTCSNUM, K) ADDRESS,
{I,CNT) 3BYTE,
J(4) ADDRESS DATA (1@¢20,1000,100,12),
BUFF(S) RYTE;

RECSNUM=GETSRECSNUMBER}

DO I=@ TO 3;

CNT=d;
DC WHILE RECSNUMD=(K:=J(1))}

RECSNUM=RECSNUM - X;
CNT=CNT + 1;

END;
BUFF(I)=CNT + ‘2°;

END;

BUFF(4)=RECSNUM+°0";

IF (I:=C$BYTT(8))<=5 THEN

CALL MOVE( .BUFF+5-1,C$ADDR(3),I);

ELSE DO;

CALL FILL(CS$2DDR(2),I-5," °);
CALL MOVE(.BUFF,C$ADDR(3)+I-€, 5);

END;

IND SEPSRELATIVESKTY;

WRITESEMPTYSRECORD: PROCEDURE;
DO ASCTR=1 TO CS$ADDR(2);
CALL WRITESBYTE(HIGHSVALUE);

END;




CALL WRITESENDSMARK;
END WRITESEMPTYSRECORD;

WRITESDUMMYSRECORDS: PROCEDURE(DIFFERENCE);
DECLARE DIFFERENCE ADDRESS, COUNT BYTE;
DO COUNT=1 TO DIFFERENCES;
CALL WRITESEMPTYSRECORD;
END;
END WRITK$DUMMYSRECORDS

BACK$ONESEXTENT: PROCEDURE;
CALL CLOSE(C$ADDR(D));
IF FCB$BYTE$A(EXTENT$OFFSET) :=
FCB$BYTES A(EXTENT$OFFSET)-1=255 THEN
CALL FATALSERROR(‘W?77);
IF CPEN(CSATDR(@))<>@ THEN
DO;
CALL PRINT$SERROR(‘0P7);
INVALID=TRUE;
RETUGNS
END;
FC2$BYTESA (RECSNO)=1273
END BACKSONESEXTENT;

BACKSONESRECORD: PROCEDURE;
IF(BUFFSPTR:=RUFF$PTR-(C$ADDR(2)+2))>=BUFF$START-1
D0j
FCBSBYTESA(RECSNO)=FCB$BYTESA(RECSNO)-1;
RETURN
ENDj
BUFFSPTR=BUFFSEND- (BUFF$START-BUFFSPTR);
[F PCB$BYTESA(RECSNC)=0 THEN
DOj
CALL BACKSONESEXTENT;
[F INVALID THEN RETURN;
CALL READSRECORD;
CALL BACKSONESEXTENT;
ENDS
ELSE
DO3
FCBSBYTESA(RECSNO)=FCBS$BYTESA(RICSNO )-2;
CALL READSRECOED;
l:PCI’SEY'!‘E$A(!‘IEC$NO)=1‘"CB$BY'X“E.‘$A(REC$NO)"1;
ENDS
END BACK4ONESRECORD;

REWRITESSEQ: PROCEDURE(FLAG);

PECLARE FLAG BITE;
CALL BACXSONESRECORD;
REWRITE$FLAG=TRUE;
IF FLAG THBYN CALL #RITE$FRCMSMEMORY;

/* TEIS IS A REWRITE */

ELSE CALL WRITESEMPTYSRECORD; /* THIS IS
A DELETE */

e w-m

THEN




CALL WRITE$RECORD;
FCE$BYTESA(RECSNO)=FCBSBYTESA(RECS$NO)-13
REWRITE$FLAG=FALSE;
CALL READSRECORD;

END REWRITES$SEQ;

CHECKSDIFFERENCE: PROCELURE;

DECLARE (DIFFERENCE,NEXTSRECORD,NEXT$KEY) ADDRESS;
NEXTSRECORD=GET$REC$NUMBER;
NEXT$XEY=CONVERT$TO$EEX(C$ADDR(3),C$BYTE(2))}

IF NEXT$RECORD > NEXT$KEY THEN CALL FATALSERROR('W27);
DIFFERENCE=VEXTSKEY-NEXT$RECORD;
IF DIFFERENCE > @ THEN
CALL WRITESDUMMY$RECORDS (DIFFERENCT);
ND CHECX$SDIFFERENCE;S

/% % & %k %k & % MOVES * % % % & % %/

INC$HOLD: PRCCEDURE;
HOLD=HOLD + 1)
CTR=CTR + 15

END INCSHOLD;

LOADSINC: PRCCETURE;

‘ H$BYTE(2)=3$BYTE(2);
BASE=BASE+1;
CTR1=CTR1 + 1}

CALL INCSHOLD;

END LOADSINC;

CHECK$EDIT: PROCEDURE(CHAR);
DECLARE CHAR BYTE;
IF (CHAR="0") OR (CYAR="/") THEN CALL INCSHOLD;
SLS® IF CEAR="3" TH:IN
D03
H$BYTE(2)=" °;
CALL INCS$HOLD;
END;
ggSE IF CHAR="A" THEN
’
IF NOT LETTER(BSBYTE(@)) TEEN CALL PRINTSERRCR('IC”)}
CALL LOADSING;
INDS
ELSE IF CHA2="9° THEN
DO;
IF NOT NUMERIC (3$3YTE(Q)) THEN
CALL PRINTSFRROR('IC”);
CALL LOADSINC;
INDj
ELSE CALL LOADSINC;
END CHECKS$EDITS
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/% % % ® * % MACHINE ACTIONS * * * % % %/

STOP: PRCCEDURES

CALL PRINT(.(“END OF JOB $°));
CALL BOOTER;
END STOP;

J%¥ % % %k & % X% Kk % 3k ¥ %k ¥ % % ¥ ¥

TEE PROCEDURE BELOW CONTROLS THE EXECUTION OF THE CODE.
IT PTCODES EACH OP-CODE AND PERFORMS THE ACTIONS

¥ % R % ok ¥ % k &k & X% ¥ ¥ X X% %k %/

SXECUTE: PROCEDUXE;
DO FOREVER;
DO CAST GETSOPSCODE;
H /* CASE ZERC NOT USED */
/* @1: ADD */
CALL ADD;
/* @2: SUB */

DO
CALL COMPLIMENT(2);
IF SIGN2(@) TEEN SIGNA(@)=NEGITIVE;
ELSE SIGN@(@2)=POSITIVE;
CALL ADD;
END}

/* 03: MUL */

D03

DECLARE I BYTES

CALL SET$MULTSDIVS

DECPT1,DECPT2=DECPT1 + DECPT3;

CALL ALLIGN;

CALL MULTIPLY(SHR(®1(I:=9),4));

DO INDEX=1 TO 9;
CALL MULTIPLY(R1(I:=I-1) AND @FH);
CALL MULTI®LY(SHR(R1(I).4));

(23]

ND;
END?

/¥ 24: DIV */

CALL DIVIDE;

!




/* @5: NEG */

BRANCH$FLAG=NOT BRANCHSFLAG;

/* 06: STP */
CALL

/¥ @7: STI */
CALL

/* @8: RND */
DOs

ENDS
/* @9: RET */
DOS

END;
¥ 18: CLS %r
DO

END;
/* 11: SER */

DCj

STOP;

STORESIMMEDIATE;

CALL STORE$IMMEDIATE;
CALL FILL(.R2,12,2);
R2(9)=1;
CALL ADD;

IF CSADDR(@)<>@ THEN

D03
A$CTR=C$ADDR(D);
C$ADDR(0Q) =0}
PROGRAM$COUNTER=4%CTR;

END;

ELSE CALL INCS$PTR(2);

CALL SET$I405
IP V%ITE$MARK THEN
03
IF NOT SHR(CURRENTS$FLAG,2) THEN
CALL WRITESBYTE(TERMINATOR);
CALL WRITE$RECORDS
END;
ELSE
CALL SETS$DMAS
CALL CLOSE(C$ADDR(@));
FCBSBYTZSA(FLAGSOFFSET)=03
CALL INC$PTR(2)3

ey e
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14:

16€:
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18:

19:

IF OVERFLOW TEEN PROGRAMSCOUNTER
= C$ADDE(Q);
ELSE CALL INC$PTR(2);
ENDS
BRN */

PROGRAM$COUNTER=C$ ADDR(Q);
OPN */

DO
CALL OP!NgPILE(l);
CALL READSRECORD;
END;

oP1 */
CALL OPENSFILE(2);
orP2 */

DO}
/* 4 1S USED SO EACE TYPE SETS ONLY
ONE BIT IN CUSRENTSFLAG */
CALL OPENSFILE(4);
CALL READSRECORDS
END}

RGT */

DC3
IP NOT SIGN@(2) THEN
BRANCHSFLAG=NOT BRANCHSFLAG;
xt CALL COND$3RANCH(D)S
END;

RLT */

DO}
IF SIGN2(2) THEN
BRANCHSFLAG=NOT BRANCHSFLAG;
B CALL CONDSBRANCH(Q):
y

REQ */
IF R2$ZERO THEN
BRANCHSFLAG=NOT BRANCHSFLAGS
CALL CONDSBRANCH(Q)}
ENDS

INV */
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/*

VA

/%

VA

/%

/%

/*®

/%

20:

CALL INCRSORSBRANCH(INVALID);

EOR */

CALL INCRSORSBRANCH(FCB$BYTESA(EOF$FLAGSOFFSET));
21: ACC %/

22:

23:

24:

pds 1

26:

27

CALL ACCEPT;

STD */
DO’

END;
LDI */
DO;

ENDS
LIS %/

CALL
DEC */

DCS

ENDj
STO */

END;
ST1 */
DOS

ENDS

C$BYTE(3)=0;
CALL DISPLAY;
CALL STOP;

CSADDR(2)=CONVERT$TOSHEX(C$ADDR(2)
4CSBYTE(2))+1}
CALL INCS$PTR(2);

DISPLAYS

IF C$ADDR(2)<>2 THEN C$ADDR(Q)
= C$ADDR(2)-1;

IF C$ADDR(J)=8 THEN
PROGRAMSCCUNTER = C$ADDX(1);

ELST CALL INCSPTR(4);

CALL STORESNUMERICS
CALL INCS$PTR(4);

CALL STORESNUMERIC;
CALL SET$ZCNE(C$ADDR(@))}




/*®

/%

/*

Vi

/%

/*

28:

29:

31:

32

33:

34:

ST2 */

DO;

CALL STORE$NUMERIC;

CALL SET$ZONE(C$ADDR(@)+C$BYTE(2)-1);
END;

ST3 */

CALL CHECKSDECIMAL;

BASE=C$ADDR(@) + C$BYTE(2)}

CALL STORE$ASSCHAR(C$BYTE(2) - 1)

CALL SET$SIGNSSEP(C$ADDR(3));
END;

-e

’

ST4 */

CALL CEECK$DECIMAL;

BASE=C$ADDR(@) + C$BYTE(2) -1;

CALL STORESAS$CHAR(C$BYTE(2)-1);

CALLSET$SIGNSSEP(CSADDR(@)+CS$SBYTE(2)-1);
END;

STS %/

DOj
CALL CEECK$DECIMAL;
R2(9)=R2(9) OR SIGN@(2);
CALL MOVE(.R2 + 9 - C$3YTE(2),C$ADDR(D)
,C$BYTE(2))}
CALL INCSPTR(4);
END;

LOD */
CALL LOAD$NUM$L;T?
LDl */ :
CALL LOADSNUMERICS
LD2 */

DOj
HOLD=C$ADDR(Q);
%S.CHECK$FOR$SIGN(H$BYTE(Z)) THEN
’
CALL SET$LOAD(POSITIVE);
CALL LOAD$NUMBERS(CSADDR(@),CSBYTE(2));
END;
ELSE DO;

CALL SETSLOAD(NEGITIVE);
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CALL LOADSNUMBERS (C$ADDR(@)+1
,C$BYTE(2)-1)}
CALL LOADSASCHAR(HSBYTE(@)-ZONE);
END;
IND;

/* 35: LD */

DO;
DECLARE I BYTE;
BOLD=C$ADDR(®);
IF CHECKSFORSSIGN(CTR:=HS$BYTE(I:=
C$BYTE(2)-1)) THEN
DO;
CALL SET$LOAD(POSITIVE);
I=I+1;
END;
ELSE DO;
CALL SETSLOAD(NEGITIVE);
CALL LOADS$ASCHAR(CTR-ZONE);
END;
CALL LOADSNUMBERS (C$ADDR(Q),I)}
END;
/* 36: LD4& */

DOj
HOLD=C$ADDR (@)}
' IF(HESBYTE(@)="+") THEN CALL SET$LOAD(1);
1 ELSE CALL SETSLOAD(@);
| CALL LOAD$NUMBERS(C$ADDR(?),C$BYTE(2) -1):
END$

; ! /* 37: LDS */

D03
" BOLD=C$ADDR ()}
IF HSBYTE(C$BYTE(2
CALL SET$LOAD
D
(

3 1) = “+° THEN
| | ELSE CALL SETSLOA

l

|

|

|

) -

i
CALL LOADSNUMBERS C$A6DR(@).C$BYTE(2)°1)3
END;

/* 38: LD6 */

' DECLARE I BYTE;
! HOLD=C$ADDR(Q);
; CALL SETSLOAD(HSBYTE(I:=C$BYTE(2)-1));
: BASE=BASE + 9 - I;

DO CTR = @ TO I
B$BYTE(CTR)=H4BYTE(CTR);

END;
BSBYTE(CTR)=BS3YTE(CTR) AND QF0QH};
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/%

/%

/*

/%

/*

/*

/*

39:

41:

42:

43:

44;

45:

CALL INC$PTR(5);
ENDS

PER */

DO}
BASE=C$ADDR(1)+1;
BSADDR(@)=CS$ADDR(2);
PROGRAMSCOUNTER=C$ADDR(@)}

END;

CNU */
CALL CCMPSNUM$UNSIGNED;
CNS */
CALL COMPSNUMSSIGN;
CAL */
CALL COMPSALPEHA;
RWS */

DC;
CALL SETS$I%0;
IP NOT SHR(CURRENT$FLAG,2) THEN
CALL FATALSEXROR('W6 )3
IF NOT FCBSBYTESA(EOFSFLAGSOFFSET) THEN
CALL REWRITESSEQ(1);
CALL INCSPTR(6);
END;

DLS */

DOS
CALL SETSISO;
IF NOT SHR(CURRENT$FLAG,2) THEN
CALL FATALSERRCR('W6");
I[P NOT FCBSBYTESA(EOF$FLAGSOFFSET) THEN
CALL REWRITES$SEQ(D);
CALL INCSPTR(6);
ENDS

RDF */

DC3
CALL SET$140;
IF NOT CURRENTSFLAG THEN
CALL FATALSBRROR(‘WS”");
IP NOT FCBSBYTESA(EOFSFLAGSOFFSET) THEN
CALL READ$TOSMEMORY;
CALL INCSPTR(6)}
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/%

/%

/*

/%

/*

/%

/*

/*

/%

46.

47

48

49:

54

END;
WTF */
DO;
CALL SET$IS0;
IF NOT SHR(CURRENTSFLAG,1) THEN
CALL FATALSERROR(W3’);
CALL WRITESFROMSMEMORY;
CALL INCS$PTR(6);
END;
RVL */
CALL READSVARIABLE;
WL */
CALL WRITESVARIABLE;
SCR */

DO}
SUBSCRIPT(C$BYTE(2

))=
CONVERT$TOSHEEX(C$ADDR(2),C$BYTE(Z));

CALL INC$PTR(4);
END3

SGT */

CALL STRING$COMPARE(1);
SLT */

CALL STRINGSCOMPARE(Q);
SEQ */

CALL STRINGSCCMPARE(2);
MOV */

DO;

CALL MOVE(RES(C4ADDR(1)),RES(C$ADDR(Q))
,C4ADDR(2));

IF C$ADDR(3)<>@ THEN CALL
FILL(RES{CSADDR(®)) + C$ADDR(2)
,C$ADDR(3),” ")

CALL INCSPTR(S);

ENDS
RES */

DO;
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CALL SETS$I40;
IF SHR(CURRENTS$FLAG,1) THEN
CALL PATALSERROR(WS’)}
IF NOT PCBSBYTESA(EOFSFLAGSOFFSET) THEN
DO;
CALL SETSRELATIVESKEY;
CALL READSTOSMEMORY;
END;
CALL INCS$PTR(9);
END;

/* 55: WRS */

DO}
CALL SET4$I%0;
IP NOT SHR(CURRENTS$FLAG,1) THEN
CALL FATALSERROR(W17);
CALL CHECKSDIFFERENCE;
CALL SETSRELATIVESKEY;
CALL WRITESFROMSMEMORY;
CALL INCS4PTR(9);
END;
/% 56: RRR */

DC;
CALL SETS$I%0;
IF SHR(CURRENTS$FLAG,1) THEN

CALL FATALSERROR(‘WS”);

CALL SETSRANDOMS$POINTER;
IFP NOT INVALID THEN CALL READS$TOSMEMORY;
IFP VALID THEN
FCRSBYTESA(EOPSFLAGSOFFSET )=FALSE;
CALL INCSPTR(9);

END;

/* 57: WRR */

DO
DECLARE DIFFERENCE ADDRESS;
CALL SETS$I%0;
IF SHR(CURRENT$FLAG,1) THEN
D03
CALL CHECKSDIFFERENCE;
CALL SETSRELATIVESKEYS
CALL WRITESFROMSMEMORYS
END;
ELSE
DO}
194 %Hn(cunasursrnac.Z) THEN
03
CALL SET$RANDOM$POINTER;
IF NOT INVALID THEN
DO}
I? (.BUFPSPTE+1)=HIGHSVALUE THEN
DO;
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REWRITESFLAG=TRUE;
CALL WRITE$FROMSMEMORY ;
REWRITESFLAG=FALSE;
END;
ELSE
CALL PRINTSERROR( ‘W4’);
END;
ELSE
CALL FATALSERROR(‘W3’);
END;
END;
CALL INCSPTR(9);
END;

/* 58: RWR */

DO}
CALL SETS$ISO;
IF NCT SHR(CURRENT$FLAG,2) THEN
CALL FATALSEKROR(‘W6°);

REWRITE$FLAG=TRUE;

CALL BACKSONESRECORD;

IF NOT INVALID THEN CALL WRITE$PROMSMEMORY;

REWRITESPLAG=FALSE;
: CALL INCSPTR(9);
b | END;

4 /* 59: DLR */

DO}
CALL SET$1%0;
IF NOT SER(CURRENT$FLAG,2) THEN
CALL FATALSERRCR(’W6”);
} | CALL SET$RANDOMSPOINTER;
g REWRITESFLAG=TRUE;
! : IP NOT INVALID THEN
3 { CALL WRITESEMPTYSRECORD;
i | REWRITESFLAG=FALST;
. | CALL INCSPTR(9);
,1 i END;
|
!
{
|
|

/* 60: MED */

D03
CALL MOVE(CSADDR(3),RES(CS$ADDR(Q))

,CSADDR(4));
i BASE=RES(CS$ADDR(1)

? i HOLD=RES(C$ADDR(®)
. | CTR=0;
b | i CTR1=0}
DO WHILE (CTR<CCSADDR(2))AND(CTR

! < C$ADDR(4));

CALL CHECKSEDIT(HBS$BYTE(@));s
END;

)
)$
)i




IF CTR < C$ADDR(4) THEN
CALL PILL(EOLD,C$ADDR(4)-CTR,” “);
CALL INC$PTR(10);
END;

/¥ 61: MNE */
H /* NULL CASE %/

/* 62: GDP */

DOj
DECLARE OFFSET BYTEj}
OFFSET=CONVERT$TOSHEX(C$ADDR(1),C$BYTE(1)-1);
IF OFFSET > C$BYTE(Q) + 1 THEN
DOj
CALL PRINTSERROR(GD");
CALL INCSPTR(SHL(C$BYTE(2),1) + 5);
ENDj§
ELSE PROGRAM$COUNTER=C$ADDR(OFFSET + 2);
END;

END} /* END OF CASE STATEMENT */
END; /* END OF DO FOREVER */
END EXECUTE;

/* % % % % % PROGRAM EXECUTION STARTS HERE * * * %/

BASE=CODE$START}
PROGRAMSCOUNTER=BS$ADDR(3);
CALL EXECUTE;

ENDj
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READER:
DO;

/* COBOL COMPILER - PART 2 READER */

/* THIS PROGRAM IS LOADED IN WITH THE PART 1 PROGRAM
AND IS CALLED WHEN PART 1 IS FINISHED. THIS PROGRAM
OPENS THE PART2.COM FILE THAT CONTAINS THE CODE FOR
PART 2 OF THE COMPILER, AND READS IT INTO CORE. AT
THE END OF THE READ OPERATION. CONTROL IS PASSED TO
THE SECOND PART PROGRAM. */

o 31008 LOAD POINT */
DECLARE

START LITERALLY “100B°,

/¥ STARTING LOCATION FOR PART2 */
ADR ADDRESS INITIAL(START),
FCB (33) BYTE
INITIAL(Q, “PART2 comM’,2,0,0,2,0,0,0,
INITIAL(@, "PART2 COM’,0,0,0,0,02,0,2,

,9,0,0,0,0,0,9,0),

I ADDRESS;

2,0,2,0,0,2,0,0,0),

MON1: PROCEDURE(F,A) EXTERNAL;
DECLARE F BYTE, A ADDRESS;
END MON1;

MON2: PROCEDUR=(F,A)BYTE SXTERNAL;
DECLARE F BYTE, A ADDRESS;
END MON2;

BOOT: PRCCEDURE EXTERNAL;
ENDj

OPEN: PROCEDURE (FCB) BYTE:
DECLARE FCR ADIRESS;
RETURN MON2 (15, FC3B);
ENDj

READ: PROCEDURE (ADDR) BYTE;
DECLARE ADDR ADDRESS;
CALL MON1 (26, ADDR); /* SET DMA ADDRESS */
RETURN MON2 (20, .PCE); /* READ, AND RETURN
ERRCR CODE®E */
ENDj

ERROR: PROCEDURE(CODE);
DECLARE COLE ADDRESS;
CALL MON1(2,(HIGH(CODE)));
CALL MON1(2,(LOW(CODE)));
CALL TIME(10)3
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CALL EOOT;
END ERRORjS
CALL MON1 (26, @10¢H);

/* OPEN PASS2.COM */

IF OPEN(.FCB)=255 THEN CALL ERROR(“027)j
/* READ IN FILE */

I = 01008H; /* INITIAL ADDRESS */
DO WHILE READ(I) = @; /* READ 1 SECTOR */

I =1 + 008¢H; /¥ BUMP DMA ADDRESS */
ENDS

CALL MON1 (26, 2080H); /* RESET DMA ADDRESS */
CALL ADRS

END;

v p
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BUILD:
DO;
/* NORMALLY ORG’ED AT 100H */

/¥ THIS PROGRAM TAEKES THE CODE CUTPUT FROM THE COBOL
COMPILER AND BUILDS THE ENVIRONMENT FOR THE COBOL
INTERPRETER */

DECLARE
LIT LITERALLY ‘LITERALLY’,
BOOT LIT g
3DOS LIT L
TRUE 117 “4%
FALSE LIT ‘?°,
FOREVER LIT ‘WHEILE TRUE’,
FCB ADDRESS INITIAL (5CH),
FCBSBYTE BASED FCB BYTE,
FCB$BYTESA BASED FCB (33) BYTE,
I RYTE,
ADDR ADDRESS INITIAL (10@H),
CHAR BASED ADDR BYTE,
BUPFS END LIT ‘10@8°,
INTERPSFCB (33) BYTE
INITIAL(Q, ‘CINTERP COM’,0,0,0,9),
CODESNOTSSET BYTE INITIAL (TRUE),
READERSLOCATION LIT “1C80H ",
INTERPS$ADDRESS ADDRESS INITIAL(2000H),
INTERPSCONTENT BASED INTERPSADDRESS ADDRESS,
I$BYTE BASED INTERPSADDRSSS (2) BYTE,
CODESCTR ADDRESS,
C$BYTE BASED CODESCTR BYTE,
BASE ADDRESS,
B$ADDR BASED BASE ADDRESS,
B4BYTE BASED BASE (4) BYTSE;

MON1: PROCEDURE (F,A) EXTERNAL;
DECLARE F BYTE, A ADDRESS;
END MON1;

MON2: PRCCEDURE (F,A) BYTE EXTERNAL;
DECLARE F BYTE, A ADDRESS;
END MONZ2;

PRINTSCEAR: PROCEDURS(CHAR)S
DECLARE CHAR BYTE;
CALL MON1(2,CHAR);

END PRINTS$CEHARS

CRLF: PROCEDURE;
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CALL PRINTSCHAR(13)3
CALL PRINTSCEAR(10);
END CRLF;

PRINT: PROCEDURF(A);
DECLARE A ADDRESS;
CALL CRLFj}

CALL MON1(9,R);

END PRINT;

OPEN: PROCEDURE (A) BYTE;
DECLARE A ADDRESSS
RETURN MON2(1%,A);

END OPEN;

REBOOT: PROCEDURE;
ADDR = BOQOT; CALL ADDR;
END REBOOTS

MOVE: PROCEDURE(FROM, DEST, COUNT);
DECLARE (FROM, DEST, CCUNT) ADDRESS,
(P BASED FROM, D BASED DEST) BYTE;
DO WHILE(COUNT:=COUNT=-1)<>@FFFFYH;
L=F)
FROM=FPROM+1;
DEST=DEST+1;
END;
END MQOVE;

| GETSCHAR: PROCEDURE BYTE;
1 ' IF (ADDR:=ADDR + 1)>=BUFFSEND THEN

DO;
| IF MON2(20,FCB)<>@ THEN
& 0O;
1 CALL PRINT(.(’END OF INPUT &°));
| CALL REBOOT;
E | ENDS
! ADDR=2¢H;
| END;

RETURN CHARS
END GETSCHARS

NEXTSCHAR: PRCCEDURES
CHAR=GETS$CRHAR;
END NEXTSCEAR;

STORE: PROCEDURE (CCUNT)}
DECLARE COUNT BYTE;




IF CODESNOTSSET THEN

DO;
CALL PRINT(.(“CODE ERRORS"));
CALL NEXTSCEHARS
RETURN;

END;

DO I=1 TO COUNT;
C$BYTE=CHAR;
CALL NEXTSCHAR};
CODESCTR=CODES$CTR+1;

END;

END STORE;

BACK$STUFF: PROCEDURE;
DECLARE (ECLD,STUFF) ADDRESS;
BASE=.HOLD;

DO I=0 TO 3;
BSBYTE(I)=GETSCEAR;
END;
DO FOREVER;
BASE=HOLD;
BOLD=B$ ADDR;
B$ADDR=STUFF;
IF BOLD=¢ THEN

| DO;

| CALL NEXT$CHAE;

| RETURN }

ENDJ
END;
END BACKSSTUFFS

f STARTSCODE: PROCEDURE;
e z CODESNOT$SET=FALSE;

2 : rsntrs(o)=cgr2caAa;

: [$BYTE(1)=GETSCHAR;

| 3 CODESCTR=INTERP$CONTENT;
; ; CALL NEXTSCHAR;
| END START4CODE;

, GOSDEPENDING: PROCEDURE;
i CALL STORE(1);
CALL STORE(SHL(CHAR,1) + 4);
END GCSDEPENDINGS

: INITIALIZE: PROCEDURE;
DECLARE (COUNT,WEERE,H04$MANY) ADDRESS;
i BASE=.WHERE;
c DO I=2 TO 3;
; s BSBYTE(1)=GETSCHAR;
1 4 END;
|
|




BeST=WHERE - 13}
DO COUNT = 1 TO HOWSMANY;
B$BYTE(COUNT)=GET$CHAR;
ENDS
CALL NEXT4CEAR;
END INITIALIZE;

BUILD: PROCEDURE;

DECLARE 3
e 1T ‘2,
) LIT B

¥ KT ‘a1,
F5 LIT ‘247,
6 LI? ‘32°,
F¢ LIY "398,
F9 LIT ‘497,
Fl¢ LIT ‘547,
Fi1 LIT ‘e0’,
13 LI1T “‘81°,
GDP LIT ‘627,
INT LIT °63°,
3ST LIT ‘647,
TER LIT ‘65,
STP LIT ‘@6°,
SCD LIT ‘66°;

DO FOEREVER;
IF CHAR < F2 THEN CALL STOR:T(1);

264

TLSE IF CHAR < F3 THEN CALL STCRE(2);

ELSE IF CHAR < F4 THEN CALL STORE(3);

F 1 TLSE IF CHAR < F5 THEN CALL STORE(4);
| ELSE IF CHAR < F6 THEN CALL STORE(5);
TLSE IF CHA2 < F? THEN CALL STORE(6);

TLST IF CEAR < F9 THEN CALL STORE(?);

ELST IF CEAR < F1@ THEN CALL STORE(Q);

. TLST IF CHAR < F11 THEN CALL STOXE(10);
k| ELST IF CHAR < F13 TESIN CALL STORE(1l):
2 ILST IF CHAR < GD? THEN CALL STORZI(13);

! FLSE IF CHAZ = GDP TFEN CALL GCSDEPEINDINGS

| ELSF IF CHAR = BST TFEN CALL BACX$STUFF;

| ELST IF CHAR = INT THEN CALL INITIALIZE;
E | ELSE IF CHAR = TER TFEN
| DO}
C$3YTE = STP;
CALL PRINT(.(‘LOAD FINISHEDS®));
RETURN ;

| SND}

| ELS® IF CHAR = SCD THEN CALL STARTS$CODE;
| ELSE DO;

L IF CHAR <> OFFE THEN

2 CALL PRINT(.(’LOAD ERROR$"));
9 CALL VEXTS$CHAR;

%i ENDS

|

u

.




B N N R —

i i abics e e

END;
END BUILD;

/* PROGRAM EXECUTION STARTS HERE */

FCBSBYTESA(32) ,FCBSBYTE=0;
CALL MCVE(.(°CIN,0,0,0,0),FCB + 9,7)}
IF OPEN(FCB)=255 THEN

DO;
CALL PRINT(.(“FILE NOT FOUND $7))3
CALL EEBOOT;

END;

CALL NEXTSCEHAR;

CALL BUILD;

CALL MOVE(.INTERP$PCR,FCB,33);

TCBSBYTESA(32) = @3

IF OPEN(FCB)=255 THEN

DOj
CALL PRINT(.( INTERPRETZR NOT FOUND $7))3
CALL REBOOTS

END3

CALL MCVE(READERSLOCATION, 8@R, 80H);

ADgR = §@H; CALL ADDE; /* BRANCH TO 871 %/

ENDS
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INTRDR: /¥ NAME OF MODULE */
D03

/* CCBOL COMPILER - INTERP READER */

/* THIS PROGRAM IS CALLED BY THE BUILD PROGRAM AFTER
CINTERP.COM HAS BEEN OPSINED, AND READS THE CODE INTO
MEMORY */

/¥ 80E - [LOAD POINT */
DECLARE

START LITERALLY “10@0H", /* STAKRTING LOCATION FOR
PART2 */

INTEKP ADDRESS INITIAL(START),

I ADDRESS INITIAL (2080RH);

MONA: PROCCEDURE(F,A)S
DECLARE F BYTE, A ADDRESS; ; :
$:50 70 L3 /* PATCH T0 -> 'JMP BDOS */
END MONAjS

MONB: PPOCEDURE(F,A)BYTE;
DECLARE F BYTE, A ADDRESS; i
L:5C TO L;y /* PATCH T0 -> “JMP 3LOS™  */
RETURN 2; /% ZAP => "NO-0P" %/
END MONB;

DO WwHILE 13
CALL MONM (26, (I:=I+@C8CH)); /* SET DMA ADDRESS */
IF  MONB (22, SCH) <> @ THEN
CALL INTERP;
END;
ND;
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PECOLE: DOj

/* THIS PROGRAM TAKES THE CODE OUTPUT FROM THE COBOL
COMPILER AND CONVERTS IT INTO A READABLE OUTPUT TO

FACILITATZ DEBUGGING */

/* % % 100H: LOAD POINT */

DFCLARE

117 LITERALLY ‘LITERALLY’,
BOOT LIT ‘e’

BDOS LIT ‘57,

FCR ADDRESS INITIAL (5CH),
FCBSBYTE BASED FCB (1) BYTE,

I BRYTE,

ADDR ADDRESS INITIAL (100%),
BYTESCOUNT ADDRESS INITIAL (2),
BYTESLOW BYTE,

BYTESHI BYTE,

CHAR BASED ADDR BYTFE,

C$ADDR BASED ADDR ADDRESS,
BUFFS$END 117 ‘@FFE’,
FILESTYPE (*) BYTF DATA (€ ' 1°."0" )5

MCN1: PROCEDURE (F,A);

DECLARE F 3YTE, A ADDRESS;

L: GO TO L} /* PATCH TO JMP S i
IND MON1;

MON2: PRCCEDURE (F,A) BYTE;
DECLARE F BYTE, A ADDRESS;

L:GO TO L3 /% % %  PATCH TC YJep s "

RETURN @5
IND MONZ3

PRINT$CHAR: PROCEDURE(CEAR)S
DECLARE CHAR BYTE;
CALL MON1(2,CHAR);

END PRINTSCHARS

CRLF: PROCEDURE;
CALL PRINTSCHAR(13);
CALL PRINTSCEAR(12)}
END CRLF;

P: PRCCEDURE(ADD1);

DECLARE ADD1 ADDRESS, C BASED ADD1 (1) BYTE;

CALL CRLF;
DO I=0 TO 2;

* % %/




CALL PPINTS$CEAR(C(I));
END;
CALL PRINTSCHAR(® 7);
END P;

GETS$CHAR: PROCEDURE BYTE;
IF (ADDR:=ADDR + 1)>BUFFS$END THEN

DO;
ég'nonz(ze,rcn)<>a THEN
’
CALL P(.(“END”));
CALL TIME(10@); ’ i
L: GO TO L; /% PATCH TO ~JMP goge  */
EIND;
ADDR=80H;
END;

RETURN CHARjS
END GET$CHAR;

D$CHAR: PROCEDURE (OUTPUTSBYTE);

DECLARE OUTPUTSRYTE BYTE;

IF OUTPUT$BYTE<1@ TEHEN

CALL PRINT4CHAR(OUTPUTSBYTE + 3QH);

SLSE CALL PRINT$CHAR(OUTPUTSBYTE + 37H);
IND D4$CHARS

D: PROCEDUFE (CCUNT);
DECLARE(COUNT,J) ADDRESS;
DO J=1 TO COUNT}
CALL D$CEAR(SER(GETS$CHAR,.4))’
CALL D$CHAR(CHAR AND @FH);
CALL PRINTSCEAR(® )3
END;
3IND D3

PRINTSREST: PROCEDURE;
DECLAR®
2 LI '8,
F3 LIT ‘97,
Ph - BT R,
I8 -LIT T8,
76 1Y ‘&°,
o R ) SR
FO LIT ‘49°,
F1¢ LIT ‘547,
Fi1 LIT ‘69@’,
IS Li? ‘&°,
¢DP LIT ‘62°,
INT LIT ‘€3°,
3ST LIT ‘647,
TSR 11T ‘e8’,
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§CT LIT “‘€6°;

IF CHAR < F2 THEN RETURN;

I® CHAR < F3 THEN DO; CALL D(1); RETURN; END;
IF CHAR < F4 THEN DO; CALL D(2); RETURN; END;
IF CHAR < F5 THEN DO; CALL D(3); RETURN; END;
IF CHAR < F6 THEN DO; CALL D(4); RETURN; END;
IF CHAR < F7 THEN DO; CALL D(5); RETURN; END;
IF CEAR < F9 THEN DO; CALL D(6); RETURN; END;
IF CEAR < F10 THEN DC; CALL D(8); RETURN; END;
IF CHAR < P11 THEN DO; CALL D(9); RETURN; END;
IF CHAR < F13 THEN DO; CALL D(1@); RETURN; END;
IF CHAR < GDPP THEN DOj CALL D(12); RETURN; END;

IF CHAR=GDP THEN DO;
CALL D(1); CALL D(SFL(CHAR,1)+5); RETURN; END;
IF CHAR = INT TEHEN
DO;
BYTESCOUNT = 2;
CALL D(3)3
BYTESLOW = CHAR;
CALL D(1);
BYTESHI = CHAR;
BYTESCOUNT = BYTESHI;
BYTES$COUNT = SHL(BYTESCOUNT,8) + BYTESLOW;
CALL D(BYTESCOUNT);
KETURN;
END;
IP CHAR=BST THEN DO; CALL D(4); RTTURN; END;
IF CHAR=TEX THEN DO; CALL P(.("SND7));
L: GO T0 L; /* PATCE TO 'JMP g =
IF CHAR=SCT™ THEN DOj CALL D{(2); RETURN
IP CEAE <> @FFH THEN CALL P(.(°XXX"));
END PRINTSREST;

* */ END;
i ENDS

/* PROGRAM EXECUTION STARTS HERE */

FCB$BYTE(32), FCB$BYTE(@) = @;
DO I=0 TC 25

FCBSBYTE(I+9)=FILESTYPE(I);
ENDS

IF MON2(15,FCB)=255 THEN DO; CALL P(.(°222°));
L: GO TO Lj END; _
/% ® ® % PATCH T0 "JMP BOOT" * * = %/

DO WHILE 15
IF GET$CHAR <= €6 THEN DO CASE CEAR;
’ /* CASE @ NOT USED */
CALL P(.("ADD"));
CALL P(.(°SUB"));
CALL P(.(°MUL"));
CALL P(.("DI7"));
CALL P(.(°NEG"));




i o

CALL P(.(°STP”));
i CALL P(.(°STI’));
CALL P(.( RND”));
CALL P(.(°RET’));
CALL P(.(°CLS"))s
CALL pﬁ.é:szn’});
CALL P(.(“BRN") )}
CALL P(.(°OPN”));
CALL P(.(°0P17));
CALL P(.(°0P2°));
CALL P(.(“RGT’));
CALL P(.(°RLT’));
CALL P(.(“REQ‘));
CALL P(.("INV"));
CALL P(.("EOR"));
CALL P(.{“ACC"));
CALL P(.(°STD’));
CALL P(.("LD1°));
CALL P(.(°DIS”));
CALL P(.(°DEC”));
CALL P(.(°STO"));
CALL P(.(°ST1°));
CRLL Pi{.{°S%2°));
CALL P{.(°ST3"));
CALL P(.(°ST4°));
CALL P(.(‘ST5°));
CALL P(.{LOD"))s
CAEL P{.("LD1°));
CALL P(.(°LD2%))3
CALL P(.(°LD3°));
CALL P(.(°LD&"));
CALL P{.(°LD4"));
CALL P(.(°LD6"));
CALL P(.(’PER"));
CALL P(.(°CNU’));
; CALL P(.(°CNS”))s
i CALL P(.(°CAL’));
CALL P(.(°RWS"));
f CALL P(.(°DLS));
; CALL P(.(’RDF”));
' CALL P(.(°WTF’));
i CALL P(.( RVL"));
i CALL P(.(°¥VL"));
! CALL P(.(’SCR”));
i CALL P(.(°S6?’));
: CALL P(.(°SLT"));
; CALL P(.(°SEQ’));
: CALL P(.("MOT7"));
CALL P(.(’RRS"));
CALL P(.( WRS"))}
CALL P(.(°RRR"));
P CALL P(.(°WRR"));
' CALL P(.(“RWR"));
CALL P(.(°DLR’));
270




CALL P(.(°MED"));}
CALL P(.(“MNE"));
CALL P(.(’GDP’));}
CALL P(.( INT'))?
CALL P(.(°BST"));
CALL P(.(°TER’));

CALL P(.(°SCD"));
END; /* OF CASE STATEMENT */
CALL PRINTSREST;
END; /* END OF DO WHILE */
END;
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