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ABSTRACT

A MICRO-COBOL interpretive compiler has been implemented
on an 8080 micro-computer based system running under CP/M.
The implementation is a subset of ADPESO standard HYPO-COBOL
in that the interprogram communication module has not been
included. HYPO-COBOL provides nucleus level constructs and
file options from the ANSII COBOL package along with the
PERFORM UNTIL construct from a higher level to give increased
structural control. MICRO-COBOL can be executed on an 8080
or Z-80 micro-computer system with 16K of memory. Although
largely completed and tested, all features are not implemented.
File I/O features have not been tested and the numeric edit

instruction has not been implemented in the interpreter.
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I. INTRODUCTION

A. BACKGROUND

MICRO-COBOL is an implementation of ADPESO standard
MYPO-COBOL with the major exception that the interprogram
communication module is not included. It has been imple-
mented as an interpretive compiler in that the compiler
itself generates intermediate code which is then ekecuted

by a separate interpreter program. Both compiler and inter-

preter run under CP/M on an 8080 or Z-80 micro-computer system

with 16K of memory. Much credit for this work goes to Allen
S. Craig who did the original design and implementation of
MICRO-COBOL for his thesis submitted in March 1977. Craig's
work is contained in Reference 1. Most of the coding had
been completed, but many of the constructs did not work or
worked incorrectly. Since much of the compiler'had not been
debugged and some areas not completed, thesis work was con-
tinued in March 1978 with the goal of producing a working

MICRO-COBOL compiler and interpreter.

B. APPROACH

As a first step, the program listings and thesis were
studied to gain familiarity with the original project goals
and resolve several areas of conflict between the thesis and
the listings. The remaining effort consisted of running test

programs, isolating bugs, and making additions, corrections
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and small design changes. The problems discovered were
primarily errors in the code, however, there were also
missing routines and grammar problems which necessitated
reconstructing the original grammar. Appendix D lists the
features that did not work at the start of this project and
the bugs that are known to remain.

The HYPO-COBOL Compiler Validation System (HCCVS) was
obtained from the Automatic Data Processsing Equipment Selec-
tion Office (ADPESO) to be used in testing the compiler.

The HCCVS is intended to determine the degree to which the
individual language elements conform to the HYPO-COBOL
Specification. The validation system is made up of audit
routines, their related data, and an executive routine which
prepares the audit routines for.compilation. Each audit
routine ;s a HYPO-COBOL program which includes tests and
lupportihg procedures that print out the results of each
test. The audit routines collectively test the features of
the HYPO-COBOL Language Specification. Since MICRO-COBOL
does not support the interprogram communication module
feature of HYPO-COBOL, the HCCVS is not useful in its existing
form; however, it contains numerous routines which can be
used to create small test programs that should run on MICRO-
COBOL as it currently exists.

A language construct in question was tested by writing
a test program, compiling it, and executing it on the inter-

preter. If problems were encountered, the intermediate code




was examined to determine if the difficulty was in the com-
piler or the interpreter. Having made this determination,
the program was examined to isolate the bad code using SID
{(see Reference 12). Changes were then made and the source
program recompiled using the ISIS editor and the PLM80
compiler on the INTEL MDS System. Appendix B describes the
procedpro used to construct the executable compiler and
interpreter files from the edited PLM80 source files.

The following sections describe the implementation of
the compiler and interpreter. This material should be read
in conjunction with Reference 1 which contains additional

background information.




II. MICRO-COBOL INTERPRETER

A. GENERAL DESCRIPTION

The following sections describe the MICRO-COBOL pseudo-
machine architecture in terms of allocated memory areas and
pseudo-machine operations. The machine operators contain
all of the information required to perform one complete
action required by the language. The machine contains mul-
tiple parameter operators and a program counter that
addresses the next instruction to be executed. Three
eighteen digit registers are used for arithmetic and logic
operations. A subscript stack is used to compute subscript
locations, and a set of flags are used to pass branching
information from one instruction to another. The registers
allow manipulation of signed numbers of up to eighteen
decimal digits in length. 1Included in their representation
is a sign indicator and the position of the assumed decimal
point for the currently loaded number. The HYPO-COBOL
specification requires that there be no loss of precision

for operations on numbers having eighteen significant digits.

Numbers are represented in "DISPLAY" and "packed decimal" formats.

DISPLAY format numbers are represented in memory in ASCII
and may have separate signs indicated by "+" and "-" or may
have a "zone" indicator, denoting a negative sign. 1In
packed decimal format the numbers are represented in memory
as sequential digit pairs and the sign'is indicated in the

right-most position.

10
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B. MEMORY ORGANIZATION

Memory is divided into three major sections: (1) the
data areas defined by the DATA DIVISION statements, (2) the
code area, (3) and the constants area. No particular order
of these sections is required. The first two areas assume
the ability to both read and write, but the third only
requires the ability to be read. The code area requires
write capability because several instructions store branch
addresses and return addresses during execution.

The data area contains variables defined by the DATA
DIVISION statements, constants set in the WORKING STORAGE
SECTION, and all file control blocks and buffers. These
elements will be manipulated by the machine as each instruc-

tion is executed.

C. INTERPRETER INSTRUCTIONS
1. Format

All of the interpreter instructions consist of an
instruction number followed by a list of parameters. The
following sections describe the instructions, list the
required parameters, and describe the actions taken by the
machine in executing each instruction. In each case,
parameters are denoted informally by the parameter name
enclosed in brackets. The BRN branching instruction, for
example, uses the single parameter <branch address> which

is the target of the unconditional branch.

11
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As each instruction number is fetched from memory,
the program counter is incremented by one. The program
counter is then either incremented to the next instruction
number, or a branch is taken.

The three eighteen digit registers which are used
by the instructions covered in the following section are
referred to as registers zero, one, and two.

2.. Arithmetic Operations

There are five arithmetic instructions which act
upon the three registers. 1In all cases, the result is
Placed in register two. Operations are allowed to destroy
the input values during the pfocess of creating a result,
therefore, a number loaded into a register is not available
for a subsegquent 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 parameters are required.

MUL: (multiply). Multiply register zero by register
one.
Parameters: no parameters required.

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

Parameters: no parameters are required.

12




RND: (round). Round register two to the last signifi-
cant significant decimal place.
Parameters: no parameters are required.

3. Branching

The machine contains the following flags which are

used by the conditional instructions covered in this
section.

BRANCH flag -- indicates if a branch is to be taken;

END OF RECORD flag -~ indicates that an end of input
condition has been reached when an attempt was made to read
input;

OVERFLOW flag -- indicates the loss of information from
a register due to a number exceeding the available size;

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

All of the branch instructions are executed by

changing the value of the program counter. Some are uncondi-

tional branches and some test for condition flags which are
;set by other instructions. A conditional branch is executed
by testing the branch flag which is initialized to false.
A true value causes a branch by changing the program counter
to the value of the branch address. The branch flag is then
reset to false. A false value causes the program counter
to be incremented to the next sequential instruction.

BRN: (branch to an address). Load the program counter
with the <branch address>.

Parameters: <branch address>

13
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The next three incstructions 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
address>

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.

CNU: (compare numeric unsigned). Compare 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 before or after the decrement, the program
counter is 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
program counter is incremented by two.

Parameters: <branch address>

GDP: (go to - depending on). The memory location
addressed by the <number address> is read for the number of
bytes indicated by the <memory length> . This number

indicates which of the <branch addresses> is to be used.

14
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The first parameter is a bound on the number of branch
addresses. If the number is within the range, the program
counter is set to the indicated address. An out-of-bounds
value causes the program counter to be advanced to the next
sequential instruction.
Parameters: <bound number - byte> <memory length> <memory
address> <branch addr-1> <branch addr-2> ... <branch addr-n>

INV: (branch if invalid-file-action flag true). If the
invalid-file-action flag is true, then it is set to false,
and the program counter is set to the branch address. If it
is false, the program counter is incremented by two.
Parameters: <branch address>

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

RET: (return). If the value of the <branch address> is
not zero, then the program counter is set to its value, and
the <branch 'address> is set to zero. If the <branch address>
is zero, the program counter is incremented by two.
Parameters: <branch 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 taken.

Parameters: <branch address>

15
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RGT: (register greater than). Register two is checked
for a negative sign. If present, the branch flag is comple-
mented. A conditional branch is taken.

Parameters: <branch address>

SER: (branch on size error). If the overflow flag 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 branch flag if
the condition is true.

Parameters: <string addr-1> <string addr-2> <length -
address> <branch address>

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

SGT: (string greater 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 support
direct moves of numeric data from one memory field to another.
Instead, all of the numeric moves go through the registers.

The next seven instructions all perform the same

function. They load a register with a numeric value and

BARSA 435 om0 NG & dhll e it sl gt s




L e i i g A o o R O S e B G i B il i R B b Y it S DA

differ only in the type of number that they expect to see
in memory at the <number address>. All seven instructions
cause the program counter to be incremented by five. Their
common format is given below.

Parameters: <number address> <byte length> <byte decimal
count> <byte register 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.

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

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

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

LD4: (load separated postfix numeric). Load a numeric
field with a separate leading sign.

LD5: (load separated prefix numeric). Load a numeric
field with a separate trailing sign.

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

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

Parameters: <to address> <firom address> <length of move>

<edit mask address> <edit mask length>
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MNE: (move into a numeric edited field). First the
edit mask is loaded into the receiving field, and then the
information is loaded. Any decimal point alignment required
will be performed. 1If truncation of significant digits is a
side effect, the overflow flag is not set. The program
counter is incremented by twelve.

Parameters: <to address> <from address> <address length of
move> <edit mask address> <address mask length> <byte to
decimal 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 blanks 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 and sign are indicators set.

Parameters: none.

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

Parameters: <address to store into> <byte length> <byte

decimal count>

18




MNE: (move into a numeric edited field). First the ;
edit mask is loaded into the receiving field, and then the
information is loaded. Any decimal point alignment required
will be performed. If truncation of significant digits is a
side effect, the errflow flag is not set. The program
counter is incremented by twelve.
Parameters: <to address> <from address> <address length of
move> <edit mask address> <address mask length> <byte to
decimal 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 blanks in the
following positions for the <fill count>.

STI: (store immediate register two). The contents of
register two are stored into register zero and the decimal
count and sign are indicators set.
Parameters: none.

The store instructions are grouped in the same order

as the load instructions. Register two is stored into memory
at the indicated location. Alignment is performed and any
truncation of leading digits causes the overflow flag to be
set. All five of the store instructions cause the program
counter to be incremented by four. The format for these
instructions is as follows. é
Parameters: <address to store into> <byte length> <byte

decimal count>

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

ST1l: (store postfix numeric). Store into a numeric
field with an internal trailing sign.

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

S13: (store separated postfix numeric). Store into
a numeric field with a separate trailing sign.

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

STS5: (store packed numeric). Store into a packed
numeric field.

S. Input-Output

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

ACC: (accept). Read from the system inéut device into
memory at.the location given by the memory address . The
program counter is incremented by three.

Parameters: <memory address> <byte length of read>

19
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CLS: (close). Close the file whose file control block
is addressed by the <fcb address>. The program counter is
incremented by two.

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. The program counter is incremented
by three.

Parameters: <memory address> <byte length>

There are three open instructions with the same
format. In each case, the file defined by the file control
block referenced will be opened by the mode indicated. The
program counter is incremented by two.

OPN: (open a file for input).

OPl: (open a file for output).

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

The following file actions all share the same format.
Each performs a file action on the file referenced by the
file control block. The record to be acted upon is given by
the record address . The program counter is incremented by
six.
Parameters: <fcb address> <record address> <record length -
address>

DLS: (delete a record from a sequential file). Remove
the record that was just read from the file. The file is

required to be open in the input-output mode.

20




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 variable 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
rather than sequential files. They all make use of a random
file pointer which consists of a <relative address> and a
<relative length>. 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 number
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 - byte>.

DLR: (delete a random record). Delete the record
addressed by the relative record number.

RRR: (read random relative). Read a random record

relative to the record number.

21
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RRS: (read random sequential). Read the next sequential
record from a random file. The relative record number of the
record read is loaded into the memory reference.

RWR: (rewrite a random record).

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

WRS: (write random sequential). Write the next sequen-

tial record to a random file. The relative record number

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: (negate). Complement the value of the branch
flag.
Parameters: no parameters are required.

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 been converted

to hexidecimal.
Parameters: <memory address> <length - byte>

SCR: (calculate a subscript). Load the subscript stack
with the value indicated from memory. The address loaded
into the stack is the <initial address> plus an offset.
Multiplying the <field length> by the number in the <memory
reference> gives the offset value.
Parameters: <initial address> <field length> <memory ;

reference> <memory length> <stack level>

22
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STD: (stop display). Display the indicated information
and then terminate the actions of the machine.
Parameters: <memory address> <length - byte>

STP: (stop). Terminate the actions of the machine.
Parameters: no parameters are required.

The following instructions are used in setting up
the machine environment and cannot be used in the normal
execution of the machine. :

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

Parameters: <change address> <new address>

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

SCD: (start code). Set the initial value of the
program counter.

Parameters: <start address>

23




TER: (terminate). Terminate the initialization process
and start executing code.

Parameters: no parameters are required.

|
|
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III. MICRO-COBOL COMPILER

A. GENERAL

The compiler is designed to read the source language
statements from a diskette, extract the needed information
for the symbol table, and write the output code back onto
the diskette all in one pass. The compiler is defined in
two parts which run in succession. Part one builds the
symbol table and leaves it in memory to be used by part two.
“The output from part two of the compiler is the intermediate

code file.

B. CONTROL FLOW

After part one of the compiler has completed its task
it loads part two without operator intervention. Internal
control of the compiler is the same for both part one and
two. The parser is called after initialization and runs
until it either finishes its task or reaches an unrecoverable
error state. The major subroutines in the compiler are the
scanner and the production case statement which are both

controlled by the parser.

C. INTERNAL STRUCTURES
The major internal structure is the symbol table, which
was designed as a list where the elements in the list are

the descriptions of the various symbols in the program. As
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new symbols are encountered they are added to the end of the
list. Symbols already in the list can be accessed through
the use of a "current symbol pointer". The location of items
in the list is determined by checking the identifier against
a hash table that points to the first entry in the symbol
table with that hash code. A chain of collisicn

addresses is maintained in the symbol table which links
entries which have the same hash value. All of the items in
the symbol table contain the following information: a colli-
sion field, a type field, the length of the identifier, and
the address of the item. If an item in the symbol table is

a data field, the following information is included in the
table: the length of the item, the level of the data field,
an optional decimal count, an optional multiple occurrence
count, and the address of the edit field, if required. If the
item is a file name then the following additional information
is included: the file record length, the file control block
address, and the optional symbol table location of the relative
record pointer. If the item is a label, then the only addi-
tional information is the location of the return ineftruction
at the end of the paragraph or section.

In addition to the symbol table, two stacks are used for
storing information: the level stack and the identifier
stack. In both cases, they are used to hold pointers to .
entries in the symbol table. The identifier stack keeps

track of multiple identifier occurrences in such statements

26
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as the GO TO DEPENDING statement. The level stack is used
to hold information about the levels that make up a record
description.

The parser has control of a set of stacks that are used
in the manipulation of the parse states. 1In addition to the
state stack that is required by the parser, part one has a
value stack while part two has two different value stacks
that operate in parallel with the parser state stack. The

use of these stacks is described below.

D. PART ONE
The first part of the compiler is primarily concerned with

building the symbol table that will be used by the second

part. The actions corresponding to each parse step are explained

in the sections that follow. In each case, the grammar rule
that is being applied is given, and an explanation of what pro-
gram 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 table is constructed
or how the values are preserved on the stack. The intent 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. Questions regarding the

actual manipulation of information should be resolved by

consulting the programs.

27




=Y

o O

10
11

12

13

14

15

16

17
18
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<program> ::= <id-div> <e-div> <d-div> PROCEDURE
Reading the word PROCEDURE terminates the first part
of the compiler.
<id-div> ::= IDENTIFICATION DIVISION. PROGRAM-ID.
<comment> . <auth> <date> <sec>
<auth> ::= AUTHOR . <comment> .
| <empty>
<date> ::= DATE-WRITTEN . <comment> .
| <empty>
<sec> ::= SECURITY . <comment> .
| <empty>
<comment> ::= <input>
| <comment> <input>
<e=div> ::= ENVIRONMENT DIVISION . CONFIGURATION SECTION.
<scr-obj> <i-o>
<src-obj> ::= SOURCE-COMPUTER . <comment> <debug>
OBJECT-COMPUTER . <comment>
<debug> ::= DEBUGGING MODE
Set a scanner toggle so that debug lines will be
read.
| <empty>
<i=-0> ::= INPUT-OUTPUT SECTION . FILE-CONTROL .
<file-control-list> <idc<
| <empty>
<file-control-list> ::= <file-control-entry>
| <file-control-list> <file-

control=-entry>

28
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19

20
21
22
23
24

25

26

27

28

29

<file-control-entry> ::= SELECT <id> <attribute-list> .
At this point all of the information about the file
has been collected and the type of the file can be
determined. File attributes are checked for compata-
bility and entered in the symbol table.

<attribute-list> ::= <one attrib>

| <attribute-list> <one attrib>
<one-attrib> ::= ORGANIZATION <org-type>
| ACCESS <acc-type> <relative>
| ASSIGN <input>
A file control block is built for the file using an INT
operator.

<org-type> ::= SEQUENTIAL
No information needs to be stored since the default
file organization is sequential.

| RELATIVE
The relative attribute is saved for production 19.
<acc-type> ::= SEQUENTIAL
This is the default.
| RANDOM

. The random access mode needs to be saved for produc-
tion 19.

<relative> ::= RELATIVE <id>
The pointer to the identifier will be retained by the
current symbol pointer, so this production only saves
a flag on the stack indicating that the production did

occur.
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30
3l
32
33
34
35
36
37
38
39

40

41
42
43

44
45
46
47

| <empty>
<id> :i= I-O-CONTROL . <same-list>
| <empty>
<same-list> ::= <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>
<file-section> ::= FILE SECTION . <file-list>
Actions will differ in production 64 depending upon
whether this production has been completed. A flag
needs to be set to indicate completion of the file
section.
| <empty>
The flag, indicated in production 39, is set.
<file-list> ::= <file-element>
| <file-list> <file-element>
<files> ::= FD <id> <file-control> . <record-description>
This statement indicates the end of a record descrip-
tion, and the length of the record and its address can
now be loaded into the symbol table for the file
name.
<file-control> ::= <file-list>
| <empty>

<file-list> ::= <file-element>

| <file-=list> <file-element>
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<file-element> ::= BLOCK <integer> RECORDS
| RECORD <rec=-count>
The record length can be saved for comparison with the
calculated length from the picture clauses.
] LABEL RECORDS STANDARD
| LABEL RECORDS OMITTED
| VALUE OF <id-string>
<rec-count> ::= <integer>
| <integer> TO <integer>
The TO option is the only indication that the file
will be variable length. The maximum length must be
saved.
<work> ::= WORKING-STORAGE SECTION . <record-description>
| <empty>
<link> ::= LINKAGE SECTION . <record-description>
| <empty>

<record-description> ::= <level-entry>

| <record-descrption> devel-entry>

<level-entry> ::= <integer> <data-id> <redefines>
<data-type> .

The level entry needs to be loaded into the level
stack. The level stack is used to keep track of the
nesting of field definitions in a record. At this
time there may be no information about the length of
the item being defined, and its attributes may depend
entirely upon its constituent fields. If there is a

pending literal, the stack level to which it applies




62
63

64

65

is saved.

<data-id> ::= <id>

] FILLER
An entry is built in the symbol table to record infor-
mation about this record field. It cannot be used ex-
plicitly in a program because it has no name, but its
attributes will need to be stored as part of the total

record.

<redefines> ::= REDEFINES <id>

The redefines option gives new attributes to a previ-
ously defined record area. The symbol table pointer
to the area being redefined is saved so that informa-
tion can be transfered from one entry to the other.
In addition to the information saved relative to the
redefinition, it is necessary to check to see if the
current level number is less than or equal to the lev-
el recorded on the top of the level stack. If this is
true, then all information for the item on the top of
the stack has been saved and the stack can be re-
duced.

| <empty>
As in production 64, the stack is checked to see if
the current level number indicates a reduction of the
level stack. In addition, special action needs to be
taken if the new level is 0l1l. If an 01 level is en-
countered at this production prior to production 39 or

40 (the end of the file area), it is an implied
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66
67
68
69
70

71

72

73

74

75

redefinition of the previous 01 level. In the working
storage section, it indicates the start of a new
record.

<data-type> ::= <prop-list>

| <empty>

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

| <prop-list> <data-element>

<data-element> ::= PIC <input>

The <input> at this point is the character string that
defines the record field. It is analyzed and the ex-
tracted information is stored in the symbol table.

i USAGE COMP
The field is defined to be a packed numeric field.

l USAGE DISPLAY
The DISPLAY format is the default, and thus no special
action occurs.

‘ SIGN LEADING <separate>
This production indicates the presence of a sign in a
numeric field. The sign will be in a leading posi-
tion. If the <separate> indicator is true, then the
length will be one longer than the picture clause, and
the type will be changed.

| SIGN TRAILING <separate>
The same information required by production 73 must be
recorded, but in this case the sign is trailing rather
than leading.

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

Fl 76 | SYNC <direction>

Syncronization with a natural boundary is not required

by this machine.

77 | VALUE <literal>
The field being defined will be assigned an initial
value determined by the value of the literal through

the use of an INT operator. This is only valid in the

WORKING-STORAGE SECTION.
78 <direction> ::= LEFT
79 | RIGHT
80 | <empty>

81 <separate> ::= SEPARATE

The separate sign indicator is set on.
82 | <empty>
83 <literal> ::= <input>
The input string is checked to see if it is a valid

numeric literal, and if valid, it is stored to be used

in a value assignment.
84 | <1lit>
This literal is a quoted string.
85 | ZERO
As is 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 ofﬁvhich

v \
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literal constant is being saved is all that is re-

quired. The literal value can be reconstructed
later.

86 | SPACE .

87 | QUOTE

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

89 <id> ::= <input>
The input string is the name of an identifier and is
checked against the symbol table. If it is in the sym-
bol table, then a pointer to the entry is saved. 1If
it is not in the symbol table, then an entry is added

and the address of that entry is saved.

E. PART TWO
The second part includes all of the PROCEDURE DIVI-
SION, and is the part where code generation takes place. As
in the case of the first part, there was no intent to show
how various pieces of information were retrieved but only
what information was used in producing the output code.
1 <p=~div> ::= PROCEDURE DIVISION <using> .
<proc-body> EOF

This production indicates termination of the compila-

tion. If the program has sections, then it will be

necessary to terminate the last section with a RET Q

instruction. The code will be ended by the output of

a TER operation.
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2

Not implemented.

3
4

6
7
8

10
11

<id-string> ::= <id>

<proc-body> ::= <paragraph>

<paragraph> ::= <id> . <sentence-list>

<gsentence-list> ::= <gentence>.

<using> ::= USING id-string |

| <empty>

The identifier stack is cleared and the symbol table
address of the identifier is loaded into the first

stack location.

| <id-string> <id>
The identifier stack is incremented and the symbol

table pointer stacked.

| <proc-body> <paragraph>

The starting and ending address of the paragraph are
entered into the symbol table. A return is emitted as
che last instruction in the paragraph (RET 0).. When
the label is resolved, it may be necessary to produce
a BST operation to resolve previous references to the

label.

| <id> SECTION .
The starting address for the section is saved. If it
is not the first section, then the previous section ‘ {
ending address is loaded and a return (RET 0) is i

1
output. As in production 8, a BST may be produced. 1

| <sentence-list> <sentence> . 1
3




12

13
14

15

16
17

18

19
20

21

22

23

<sentence> ::= <imperative>
| <conditional>
| ENTER <id> <opt-id>
This construct is not implemented. An ENTER allows
statements from another language to be inserted in
the source code.
<imperative> ::= ACCEPT <subid>
ACC <address> <length>
| <arithmetic>
| CALL <lit> <using>
This is not implemented.
CLOSE id
CLS file control block address
| <file-act>
| DISPLAY <lit/id> <opt-lit/id>
The display operator is produced for the first literal
or identifier (DIS <address> <length>). If the second
value exists, the same code is also produced for it.

| EXIT <program-id>

| GO <id>
BRN <address>

| GO <id-string> DEPENDING <id>
GDP is output, followed by a number of parameters:
<£he number of entries in the identifier stack> <the

length of the depending identifier> <the address of
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the depending identifier> <the address of each

identifier in the stack>.

| MOVE <lit/id> TO <subid>

The types of the two fields determine the move that is

generated. Numeric moves go through register two

Non-numeric moves depend upon

using a load and a store.

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 OPN, OPl, or OP2 depending upon

the <type-action>. Each of these is followed by a

file control block address.

| PERFORM <id> <thru> <finish>

The PER operation is generated followed by the <branch

address> <the address of the return statement to be

set> and <the next instruction address>.

| <read-id>

| STOP <terminate>

If there is a terminate message, then STD is produced

followed by <message address> <message length>. Other-

wise STP is emitted.

29 <conditional> ::= <arithmetic> <size-error> <imperative>

A BST operator is output to complete the branch around

the imperative from production 65.

| <file-act> <invalid> <imperative>




31

32

33
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A BST operator is output to complete the branch from
production 64. '
| <if-nonterminal> <condition> <action>
ELSE <imperative>

NEG will be emitted unless <condition> is a

"NOT <cond-type>", in which case the two negatives
will cancel each other.

Two BST operators are required. The first fills in
the branch to the ELSE action. The second completes
the branch around the <imperative> which follows ELSE.

| <read-id> <special> <imperative>

A BST is produced to complete the branch around the
<imperative>.
<Arithmetic> ::= ADD <1/id> <opt-1/id> TO <subid> <round>
The existence of multiple load and store instructions
make it difficult to indicate exactly what code will
bé generated for any of the arithmetic instructions.
The type of load and store will depend on the nature
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-
itted for the first number into register zero. If
there is a second number, then a load into register
one will be produced for it, followed by an ADD and a
STI. Next a load into register one will be generated

for the result number. Then an ADD instruction will
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34

35

36

37

38

39

40

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

RND operator will be produced prior to the store.

|' DIVIDE <1/id> INTO <subid> <round>
The first number is loaded into register zero. The
second operand is loaded into register one. A DIV
operator is produced, followed by a RND operator prior
to the store, if required.

| MULTIPLY <1/id> BY <subid> <round>
The multiply is the same as the divide except that a
MUL is produced.

| SUBTRACT <1/id> <opt-1/id> FROM

<subid> <round>
Subtraction generates the same code as the ADD except
that a SUB is produced in place of the last ADD.
<file-act> ::= DELETE <id>

Either a DLS or a DLR will be produced along with the
‘required parameters.

REWRITE <id>
Either a RWS or a RWR is emitted, followed by parame-
ters.

WRITE <id> <special=-act>
There are four possible write instructions: WTF, WVL,
WRS, and WRR.

<condition> ::= <lit/id> <not> <cond-type>

One of the compare instructions is produced. They are

CAL, CNS, CNU, RGT, RLT, REQ, SGT, SLT, and SEQ. Two

40
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load instructions and a SUB will also be emitted if
one of the register comparisons is required.
41 <cond-type> ::= NUMERIC
42 | ALPHABETIC |
43 | <compare> <lit/id>
44 <not> ::= NOT
NEG is emitted unless the NOT is
part of an IF statement in which case the NEG in
the IF statement is cancelled. 1
45 | <empty>

46 <compare> ::= GREATER

47 | LESS

48 | EQUAL

49 <ROUND> ::= ROUNDED |
50 | <empty> ﬁ

51 <terminate> ::= <literal> .

52 | RUN

53 <sgpecial> ::= <invalid>

54 | END
An ERO operator is emitted followed by a zero. The
zero acts as a filler in the code and will be back-
stuffed with a branch address. In this production and
several of the following, there is a forward branch on
a false condition past an imperative action. For an
example of the r;solution. examine production 32. 3

55 <opt=-id> ::= <subid>

56 | empty
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57 <action> ::= <imperative>
BRN 0

58 | NEXT SENTENCE
BRN 0

59 <thru> ::= THRU <id>

60 | empty
i 61 <finish> ::= <1/id> TIMES
‘\ IDI <address> <length> DEC 0
62 | UNTIL <condition>
63 | empty
64 <invalid> ::= INVALID
INV 0
65 <size-error> ::= SIZE ERROR
SER 0

66 <special-act> ::= <when> ADVANCING <how-many>

67 | <empty> .
68 <when> ::= BEFORE

69 | AFTER
\ 70 <how-many> ::= <integer>
71 | PAGE

1 72 <type-action> ::= INPUT

‘? 73 | ouTPUT
A 74 | 1-0

75 <subid> ::= <subscript>

76 | ia

77 <integer> ::= <input>




79

80
81
82

84
85

86
87
88
89

90

The identifier is checked against the symbol table, if

it is not present, it is
bel.
<1l/id> ::= <input>

The input value may be a

entered as an unresolved la-

numeric literal. - f so, it

is placed in the constant area with an INT :perand.

If it is not a numeric literal, then it must be an

identifier, and it is located in the symbol table.

| <subscript>

| ZERO

<subscript> ::= <id> ( <input> )

If the identifier was defined with a USING option,

then the input string is checked to see if it is a

number or an identifier.

If it is an identifier, then

an SCR operator is produced.

<opt-1/id> ::= <1l/id>
| <empty>

<nn=lit> ::= <lit>

The literal string is placed into the constant area

using an INT operator.
| SPACE
| QUOTE
<literal> ::= <nn-1lit>

| <input>

The input valuq must be a numeric literal to be valid

and is loaded into the constant area using an INT.

| 2ERO
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91 <opt-lit/id> ::= <lit/id>

924 | <empty>

95 <program-id> ::= <id>

96 | <empty>
97 <read-id> ::= READ <id>
There are four read operations: RDF, RVL, RRS, and

RRR.
98 <if-nonterminal>::=IF

;-; The intermediate code file is the only product of the
compiler that is retained. All of the needed information
has been extracted from the symbol table, and it is not re-
quired by the interpreter. The intermediate code file can

be examined through the use of the DECODE Program which

translates the output file into a listing of mnemonics fol-

lowed by the parameters.
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I. ORGANIZATION

The MICRO-COBOL compiler is designed to run on an 8080
system in an interactive mode, and requires at least 16K
of RAM memory along with a diskette storage device. The
compiler is composed of two parts, each of which reads a
portion of the input file. Part one reads the input
program and builds the symbol table. At the end of the
Data Division, part one is overlayed by part two which uses
the symbol table and the Procedure Division of the source
program to produce the intermediate code which is written
to the diskette as it is generated.

The BUILD Program reads the intermediate code file and
creates the executable code memory image which is used by
the interpreter. After the memory image has been created,
the BUILD Program loads and passes control to the inter-

preter which then executes the intermediate code.




II. MICRO-COBOL ELEMENTS

The procedure to compile and execute a MICRO-COBOL
source program is covered in the next section. This
section contains a description of each element in the
language and shows simple examples of its use. The follow-
ing conventions are used in explaining the formats:
elements enclosed in broken 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 [ ] are optional. All elements in capital
letters are reserved words and must be spelled exactly.

User names are indicated as lower case. These names
have been restricted to 12 characters in length. The
HYPO-COBOL specification requires that each name start
with a letter. There are no restrictions in MICRO-COBOL
on whag characters must be in any position of a user name.
However, it is generally good practice to avoid the use of
number strings as names, since they will be taken as
literal numbers wherever the context allows it. For
example a record could be defined in the Data Division
with the name 1234, but the command MOVE 1234 TO RECORD1
would result in the movement of the literal number not

the data stored.




The input to the compiler does not need to conform to
standard COBOL format. Free form input will be accepted
as the default condition. If desired, sequence numbers
can be entered in the first six positions of each line.
When sequence numbers are used, a compiler parameter must

set to cause the compiler to ignore them.
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IDENTIFICATION DIVISION

ELEMENT:
IDENTIFICATION DIVISION Format

FORMAT:
IDENTIFICATION DIVISION.
PROGRAM-ID. <comment>.
[AUTHOR. <comment”.]
[DATA-WRITTEN. <comment>.]

[SECURITY. <comment>.]

DESCRIPTION:
This division provides information for program
identification for the reader. The order of the

lines is fixed.

EXAMPLES:
IDENTIFICATION DIVISION.
PROGRAM-ID. SAMPLE.

AUTHOR. PHIL MYLET.
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ENVIRONMENT DIVISION

e

ELEMENT:

ENVIRONMENT DIVISION Format

FORMAT:
ENVIRONMENT DIVISION.

CONFIGURATION SECTION.

SOURCE-COMPUTER. <comment> [DEBUGGING MODE] .
OBJECT-COMPUTER. <comment>.
[INPUT-OUTPUT SECTION.
FILE~CONTROL.
<file-control-entry> . . .
[I-O~-CONTROL.
SAME file-name-1l 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 sequentially or randomly

except for variable length files which are sequential

only. The debugging mode is also set by this section.
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<«ile-control-entry >

ELEMENT:

<file-control-entry>

FORMAT:

X,
SELECT file-name
ASSIGN implementor-~name
[ORGANIZATION SEQUENTIAL]

b [ACCESS SEQUENTIAL].

SELECT file-name
ASSIGN implementor-name
ORGANIZATION RELATIVE

(ACCESS {SEQUENTIAL (RELATIVE data-name]l].

{ RANDOM RELATIVE data-name }

DESCRIPTION:

The file-control-entry defines the type of file

Y NN T A ) -

? 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: -
N | b
SELECT CARDS
i ASSIGN CARD.FIL.




SELECT RANDOM-FILE

ASSIGN A.RAN

ORGANIZATION RELATIVE
ACCESS RANDOM RELATIVE RAND-FLAG.
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DATA DIVISION

ELEMENT:

DATA DIVISION Format

FORMAT:

DATA DIVISION.
[FILE SECTION.
[FD file-name

[BLOCK integer~l1 RECORDS]

[RECORD [integer-2 TO] integer-3]

(LABEL RECORDS {STANDARD!]

{oMITTED!}
[VALUE OF implementor~name-l literal-l
[implementor-name~2 literal-z| ... ].

[ record-description-entry ] ...] ...
[WORKING-STORAGE SECTION.
[<record-description-entry>] ... |
[LINKAGE SECTION.

{<record-description-entry>] ... ]

DESCRIPTION:
This is the section that describes how the data is
structured. There are no major differences from
standard COBOL except for the following: 1. Label
records make no sense on the diskette so no entry
is required. 2. The VALUE OF clause likewise has
no meaning for CP/M. 3. The linkage section has

not been implemented.

T




If a record is given two lengths as in RECORD 12 TO
128, the file is taken to be variable length and can
only be accessed in the sequential mode. See the

section on files for more information.
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<comment”>

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 blank or
a reserved word, either of which terminate the
string. Comments may be empty if desired, but the

terminator is still required by the program.

EXAMPLES:
this is a comment
anotheroneallruntogether

8080b 16K
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<data-description-entry> ;

ELEMENT:

<data-description~entry> Format

Al i il wei

FORMAT: '
level-number {data-name!
{FILLER!}

(REDEFINES data-name]

[PIC character-string]

(usage {comp} )
{pIspLAY!

(SIGN {LEADING}! [SEPARATE]] s

{"RAILING!

[OCCURS integer]

[SYNC (LEFT ]]
(RIGHT]

(VALUE literal].

DESCRIPTION:
This statement describes the specific attributes of
the data. Since the 8080 is a byte machine, there
was no meaning to the SYNC clause, and thus it has

not been implemented.




EXAMPLES:
01 CARD-RECORD.

02 PART PIC X(5).

02 NEXT-PART PIC 99V99 USAGE COMP.

02 FILLER.
03 NUMB PIC S9(3)V9 SIGN LEADING SEPARATE.
03 LONG-NUMB 9(15).
03 STRING REDEFINES LONG-NUMB PIC X(1l5).

02 ARRAY PIC 99 OCCURS 100.

FGIPI—— .
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PROCEDURE DIVISION

ELEMENT:

PROCEDURE DIVISION Format

FORMAT:

1.

PROCEDURE DIVISION ([USING namel (name2] ... [name5l].
section-name SECTION.

([paragraph-name. <sentence> [<sentence> ... ] ... ] ...

PROCEDURE DIVISION [USING namel [name2] ... [name5].

paragraph-name. <sentence> ([<sentence”> ...] ...

DESCRIPTION:

As is indicated, if the program is to contain
sections, then the first paragraph must be in a
section. The USING option is part of the inter-
program communication module and has not been

implemented.
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<sentence?>

ELEMENT:

<sentence’

FORMAT:
<imperative~-statement>
<conditional-statement>

ENTER verb

DESCRIPTION:
All sentences other than ENTER fall in one of the
two main categories. ENTER is part of the inter-

program communication module.




<imperative-statement”

ELEMENT:

<imperative-statement>

FORMAT

The following verbs are always imperatives:
ACCEPT

CALL

CLOSE

DISPLAY

EXIT

GO

MOVE

OPEN

PERFORM

STOP

The following may be imperatives:

arithmetic verbs without the SIZE ERROR statement
and DELETE, WRITE, and REWRITE without the INVALID

option.
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<conditional-statements>

ELEMENT:

<conditional-statements”>

FORMAT:
IF
READ
arithmetic verbs with the SIZE ERROR statement
and DELETE, WRITE, and REWRITE with the INVALID

option.

‘
2
1
!
A
|
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ACCEPT

ELEMENT:

. ACCEPT

FORMAT:
ACCEPT <identifier>

DESCRIPTION:
This statement reads up to 72 characters from the

console. The usage of the item must be DISPLAY.

EXAMPLES:
ACCEPT IMMAGE

ACCEPT NUM(9)
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ELEMENT : | 3

ADD

FORMAT:

f_ ADD {identifier} [{identifier-1}] TO identifier-2

{literall {1literal }

[ROUNDED] [SIZE ERROR <imperative-statement> ]

DESCRIPTION:
This instruction adds either one or two numbers to
4 a third with the result being placed in the last

location.

1 EXAMPLES :

(

ADD 10 TO NUMB1

1 ADD X Y TO 2 ROUNDED.

}

1 ADD 100 TO NUMBER SIZE ERROR GO ERROR-LOC
3

|
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CALL

FORMAT:
CALL literal ([USING namel

DESCRIPTION:

CALL is not implemented.

[name5])
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CLOSE

{ ELEMENT: !
| CLOSE ’
% FORMAT: : :
i CLOSE file-name
; DESCRIPTION:
3 Files must be closed if they have been written.
However, the normal requirement to close an input
3
i | file prior to the end of processing does not exist.
4t
& | EXAMPLES :

CLOSE FILEl

CLOSE RANDFILE
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! DELETE
i

a ELEMENT:

b DELETE ‘
‘ FORMAT:

Eﬁi DELETE record-name [INVALID <imperative-statement>]
]

1 DESCRIPTION:

gf This statement requires the record name, not the

3 file name as in the standard form of the statement.
!

| : Since there is no deletion mark in CP/M, this would

normally result in the record still being readable.
It is, therefore, filled with zeroes to indicate

that it has been removed.

EXAMPLES:

DELETE RECORD1

e
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DISPLAY

ELEMENT:

DISPLAY

FORMAT:
DISPLAY {identifier} [{identifier-11})

{literal } {literal }

DESCRIPTION:
This displays the contents of an identifier or
displays a literal on the console. Usage must be
DISPLAY. The maximum length of the display is

72 positions.

EXAMPLES:
DISPLAY MESSAGE-1

DISPLAY MESSAGE-3 10

DISPLAY 'THIS MUST BE THE END'
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DIVIDE

ELEMENT:
DIVIDE

FORMAT:
DIVIDE {identifier} INTO identifier-1 [ROUNDED)
{literal }

[SIZE ERROR <imperative-statement>)

DESCRIPTION:

The result of the division is stored in identifier-1;

any remainder is lost.

EXAMPLES:
DIVIDE NUMB INTO STORE
DIVIDE 25 INTO RESULT




o772 ~

EXIT

ELEMENT:
EXIT

FORMAT:
EXIT (PROGRAM]

DESCRIPTION:
The EXIT command causes no action by the interpreter
but allows for an empty paragraph for the construction
of a common return point. The optional PROGRAM state-
ment is not implemented as it is part of the inter-

program communication module.

EXAMPLES:

RETURN.
EXIT.
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ELEMENT:

GO

FORMAT :
1.

GO procedure-name

-
GO procedure-1 [procedure-2] ... procedure-20
DEPENDING identifier

DESCRIPTION:
The GO command causes an unconditional branch to the
routine specified. The second form causes a forward
branch depending on the value of the contents of
the identifier. The identifier must be a numeric
integer value. There can be no more than 20 procedure
names.

EXAMPLES:

GO READ-CARD.
GO READ1 READ2 READ3 DEPENDING READ-INDEX.
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E 1 IF
b |
B E . ELEMENT:
zi | IF
FORMAT:
i IF <condition> {imperative!} ELSE imperative-2
: {NEXT SENTENCE!}
: DESCRIPTION:
i This is the standard COBOL IF statement. Note that
!
there is no nesting of IF stat~ments allowed since
j the IF statement is a conditional.
EXAMPLES:
ﬁ IF A GREATER B ADD A TO C ELSE GO ERROR-ONE.
R IF A NOT NUMERIC NEXT SENTENCE ELSE MOVE ZERO TO A.
b
k||
1
4
|
\
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ELEMENT:

Rl

MOVE

FORMAT:

MOVE {identifier-1} TO identifier-2

{literal }

DESCRIPTIQN:
The standard list of allowable moves applies to this
action. As a space saving feature of this implementa-
tion, all numeric moves go through the accumulators.
This makes numeric moves slower than alphanumeric
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 if the elements are redefined as

alphanumeric; also all group moves are alphanumeric.

EXAMPLES:

MOVE SPACE TO PRINT-LINE.

MOVE A(10) TO B(PTR).




MULTIPLY

ELEMENT:

MULTIPLY

FORMAT:
MULTIPLY {identifier} BY identifier-2 [ROUNDED]
{literal }

[SIZE ERROR <imperative-statement” )

DESCRIPTION:
The multiply routine requires enough space to calcu-
late the result with the full number of decimal
digits prior to moving the result into identifier-2.
This means that a number with 5 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 decimal place.

EXAMPLES:
MULTIPLY X BY Y.

MULTIPLY A BY B(7) SIZE ERROR GO OVERFLOW.
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OPEN

ELEMENT:

OPEN

FORMAT:
OPEN { INPUT file-name 1}
{ouTPUT file-name!

{1-0 file-name }

DESCRIPTION:

All three types of OPENs have the same effect on
the diskette. However, they do allow for internal
checking of the other file actions. For example,

a write to a file set open as input will cause a

fatal error.

EXAMPLES:
OPEN INPUT CARDS.

OPEN OUTPUT REPORT-FILE.
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PERFORM

ELEMENT:

PERFORM

FORMAT
R
PERFORM procedure-name [THRU procedure-name-2]
> 4
PERFORM procedure-name [THRU procedure-name-2]
{identifier} TIMES

{integer !

PERFORM procedure-name [THRU procedure-name-2]

UNTIL <condition>

DESCRIPTION:
All three options are supported. Branching may be
either forward or backward, and the procedures
called may have perform statements in them as long

as the end points do not coincide or overlap.

EXAMPLES:
PERFORM OPEN-ROUTINE.
PERFORM TOTALS THRU END-~REPORT.

PERFORM SUM 10 TIMES.

PERFORM SKIP-LINE UNTIL PG-CNT GREATER 60.

P




ELEMENT:
READ

FORMAT:
1.
READ file-name INVALID <imperative-statement>
2.

READ file-name END <imperative-statement>

DESCRIPTION:
The invalid condition is only applicable to files
in a random mode. All sequential files must have

an END statement.

EXAMPLES:
READ CARDS END GO END-OF-FILE.

READ RANDOM-FILE INVALID MOVE SPACES TO REC-l.
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4 REWRITE

ELEMENT:
4 REWRITE

FORMAT:
4 REWRITE file-name [INVALID <imperative>]

DESCRIPTION:
REWRITE is only valid for files that are open in
the 1-0 mode. The INVALID clause is only valid

for random files. This statement results in the

i o sl b il Tl S

current record being written back into the place
that it was just read from. Note that this requires

a file name not a record name.

EXAMPLES :

REWRITE CARDS.
REWRITE RAND-1 INVALID PERFORM ERROR-CHECK.

7
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i, STOP
|
’A; ELEMENT:
;; STOP
i FORMAT:
STOP {RUN }
i {literall
3
4 DESCRIPTION:
, This statement ends the running of the interpreter.
| If a literal is specified, then the literal is
displayed on the console prior to termination of
the program.
1# EXAMPLES :
: . STOP RUN.
© STOP 1.

"INVALID FINISH"

STOP
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SUBTRACT
ELEMENT :
SUBTRACT
FORMAT:

SUBTRACT {identifier-1} [identifier-2] FROM identifer-3
{literal-1 !} [literal-2 ]

[ROUNDED] [SIZE ERROR <imperative-statement” ]

DESCRIPTION:
Identifier-3 is decremented by the value of
identifier/literal one, and, if specified,
identifier/literal two. The results are stored
back in identifier-3. Rounding and size error

options are available if desired.

EXAMPLES:
SUBTRACT 10 FROM SUB(12).

SUBTRACT A B FROM C ROUNDED.
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WRITE

ELEMENT:

WRITE

FORMAT :
o
WRITE file-name [{BEFORE} ADVANCING {INTEGER!}]

{AFTER ! {PAGE }

WRITE file-name INVALID <imperative-statement>

DESCRIPTION:
There is no printer on the 8080 system here, so the
ADVANCING option is not implemented. The INVALID

option only applies to random files.

EXAMPLES:
WRITE OUT-FILE.

WRITE RAND-FILE INVALID PERFORM ERROR-RECOV.

8l
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<condition> |

ELEMENT:

<condition>

FORMAT:

RELATIONAL CONDITION:

{identi.ier-1} [NOT] {GREATER!} {identifier-2}
{literal-1 } {LEss } {literal-2 }

{EqQuaL }

CLASS CONDITION:
identifier [NOT] {NUMERIC }

{ALPHABETIC!

DESCRIPTION:
It is not valid to compare two literals. The class
condition NUMERIC will allow for a sign if the

identifier is signed numeric.

EXAMPLES:

A NOT LESS 10.
LINE GREATER "C".

NUMB1 NOT NUMERIC.
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Subscripting )

ELEMENT:

Suhscripting

FORMAT:

data-name (subscript)

DESCRIPTION:

Any item defined with an OCCURS may by 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.

EXAMPLES:
A(10)

ITEM(SUB)
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III. COMPILER PARAMETERS

There are four compiler parameters which are
controlled by entries on the first line of the program.

A parameter consists of a dollar sign followed by a letter.

$L -- list the input code on the screen as the program
is compiled. Default is on. Error messages will be
difficult to understand with this parameter turned off,

but it may be desirable when used witha slow output device.

$S -- sequence numbers are in the first six positions

of each record. Default is off.
$P -- list productions as they occur. Default is off.

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




IV. RUN TIME CONVENTIONS

This section explains how to compile and execute
MICRO-COBOL source programs. The cqmpiler expects to see
a file with a type of CBL as the input file. In general,
the input is free form. If the input includes line numbers
then the compiler must be notified by setting the appro-
priate parameter. The compiler is started by typing
COBOL <file-name”>. Where the file name is the system
name of the input file. There is no interaction required
to start the second part of the compiler. The output file
will have the same file name as the input file, and will
be given a file type of CIN. Any previous copies of the

file will be erased.

The interpreter is started by typing EXEC <file-name”.

The first program is a loader, and it will display "LOAD
FINISHED" to indicate successful completion. The run-time
package will be brought in by the build program, and

execution should continue without interruption.
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V. FILE INTERACTIONS WITH CP/M

The file structure that is expected by the program
imposes some restrictions on the system. References 3 and
4 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 is no way for the system to distinguish 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 length records. The restrictions of
the ASSIGN statement do prevent a file from being open for
both random and sequential actions during one program.

Each logical record is terminated by a carriage return
and a line feed. 1In the case of variable 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 be variable length files. This
convention does remove the capability of reading variable
length files in a random mode.

All of the physical records are assumed to be 128

bytes in length, and the program supplies buffer space for
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records in addition to the logical records. Logical

ke records may be of any desired length.

O At
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VI. ERROR MESSAGES

A. COMPILER FATAL MESSAGES |

ST RS SR

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 input file, or no

such file present.

ST Symbol table overflow -- symbol table is too large

for the allocated space.

WR Write error -- disk error, could not write a code

record to the disk.
B. COMPILER WARNINGS
EL Extra levels -- only 10 levels are allowed.

FT File type -- the data element used in a read or j

write statement is not a file name. .

IA Invalid access -- the specified options are not an i

allowable combination.
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ID Identifier stack overflow -- more than 20 items in ;

a GO TO ~- DEPENDING statement.

IS Invalid subscript -- an item was subscripted but

it was not defined by an OCCURS.

IT Invalid typs -- the field types do not match for

this statement.

LE Literal error -- a literal value was assigned to an

item that is part of a group item previously assigned

a value. '

NF No file assigned -- there was no SELECT clause for
this file.

NI Not implemented -- a production was used that is

not implemented.

NN Non-numeric -- an invalid character was found in a

numeric string.

NP No production =-- no production exists for the
current parser configuration; error recovery will

automatically occur.

NV Numeric value =-- a numeric value was assigned to a i

non-numeric item.

PC Picture clause -~ an invalid character or set of

characters exists in the picture clause.
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PF Paragraph first -- a section header was produced

 § after a paragraph header, which is not in a section.

Rl Rl Redefine nesting -- a redefinition was made for an

1 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.

= SE Scanner error -- the scanner was unable to read an

3 identifier due to an invalid character.

fg SG Sign error -- either a sign was expected and not

found, or a sign was present when not valid.

SL Significance loss -- the number assigned as a value

is larger than the field defined.

TE Type error -- the type of a subscript index is not

integer numeric.

VE Value error -- a value statement was assigned to an

;\ item in the file section.
9 C. INTERPRETER FATAL ERRORS

CL Close error ~-- the system was unable to close an

;‘ i output file.

ME Make error - the system was unable to make an

3 . input file on the disk.
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NF No file -- an input file could not be opened.

WI Write to input -- a write was attempted to an

|
h; input file.

D. INTERPRETER WARNING MESSAGES

3 EM End mark -- a record that was read did not have a 3

carriage return or a line feed in the expected

1
4

k. location.
i

k| GD Go to depending -- the value of the depending
£ indicator was greater than the number of available

branch addresses.

IC Invalid character -- an invalid character was loaded

into an output field during an edited move. For

example, a numeric character into an alphabetic-only

field.

f[ SI Sign invalid -- the sign is not a "+" or a "=".
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APPENDIX B

MICRO-COBOL FILE CREATION

The MICRO-COBOL compiler and interpreter source files
currently exist in PLM80 and are edited and compiled under

ISIS on the INTEL MDS System. This is a description of the

procedure used to create the executable files required to

compile and interpret MICRO-COBOL programs. The MICRO-COBOL

coﬁpiler and interpreter run under CP/M by executing the
following four object code files.

l. COBOL.COM

2. PART2.COM
. 3. EXEC.COM

4. INTERP.COM |

These four files are created from the following six '
PLM80 source programs.

1. PART1.PLM

2. PART2.PLM

3. BUILD.PLM

4. INTERP.PLM

5. INTRDR.PLM

6. READER.PLM ' | j

The procedure used to create the four object files *
involves compiling, linking, and locating each of the six
source files under ISIS. The DDT program is then used under

W : CP/M to construct the executable files. Each of the

Ry b st




following steps describe the action to be taken and, where

appropriate, the command string to be entered into the
computer.

1. An ISIS system diskette containing the PLM80 compiler
is placed into drive A and a non-system diskette containing
the source programs is placed into drive B.

2. Compile the PLM source file under ISIS.
PLM80 :Fl:<filename>.PLM DEBUG

DEBUG saves the symbol table and line files for later
use during debugging sessions.

3. Link the PLM80 object file.

LINK :Fl:<filename>.OBJ, TRINT.OBJ, PLM80.LIB TO

:Fl:<filename>.MOD
4. Locate object file.
LOCATE :Fl:<filename>.MOD CODE (103H)

5. Replace ISIS system diskette in drive A with a CP/M
system diskette and reboot the system.
6. Transfer the located ISIS file from the diskette

in drive B to the CP/M diskette ip drive A.
FROMISIS <filename>
7. Convert the ISIS file to CP/M executable form.

OBJCPM <filename>
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At this point the object file is in machine readable

SEE RS s

-

’x; form and will run under CP/M when called properly.

INTERP.COM and PART2.COM are called by EXEC.COM and PART1.COM ;

and need no further work. EXEC.COM and PART1.COM need to
be constructed from the remaining four files.

o EXEC.COM is created by entering the following commands

under CP/M.
1. DDT BUILD.COM

2. IINTRDR.HEX

R s S s W S G S

3. R1C00

4. AICBS

j 5. JMP 5
;r : 6. AlCCl
ji 7. JMP 5

8. CONTROL-C

A 9. SAVE 29 EXEC.COM
PART1.COM is created by entering the following commands
under CP/M.

1. DDT PART1.COM
2. IREADER.HEX
b 3. RFB0O

| 4. AlF90

5. JMP 3100

6. Control-C

* 7. SAVE 44 COBOL.COM
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MICRO-COBOL programs may now be executed in the following
manner. The source program is named, <filename>.CBL. The
command, "COBOL <filename>", causes the MICRO-COBOL source
program, <filename>.CBL, to be read in from diskette and
compiled. During the compile, the intermediate code file,
<filename>.CIN, is written out to diskette as it is generated.
The command, "EXEC <filename>", causes the file,

<filename>.CIN, to be executed.
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APPENDIX C
Hl LIST OF INOPERATIVE CONSTRUCTS

The following is a list of MICRO-COBOL elements that
were not implemented at the beginning of this project. 1In
most cases code had been written to implement the element

but is was either incomplete or incorrect. The elements

R R T
i il

marked with an asterisk still have bugs and need additional
work.

MULTIPLY

S il
g b e

<condition>
STOP <literal>
IF

PERFORM <procedure 1> THRU <procedure 2>

PERFORM <procedure> <n> TIMES
PERFORM <procedﬁre> UNTIL <condition>
k| FILE I/0 *
Numeric Edit *
}‘ The following HYPO-COBOL elements are part of MICRO-
COBOL only to the extent that they are defined in the
grammar. No code has been written to support them.
USING
Bl CALL
ENTER

\ <when> ADVANCING <how-many>
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It must be pointed out that this information is based
only on informal testing with very simple programs. MICRO-
COBOL is only now at a stage at which it is appropriate to
conduct exhaustive testing using the HYPO-COBOL Compiler
Validation System.
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APPENDIX D
MICRO~COBOL PARSE TABLE GENERATION

The parse tables for MICRO-COBOL were generated on the

360 using the LALR(l) parse table generator described

in Reference 1l1. There are basically two steps involved

in generating the tables. First, a deck of cards containing

the

JCL:

grammar is entered into the computer using the following

//GO EXEC PGM= LALR,REGION=220K
//STEPLIB DD DSN-F0963.LALR,UNIT=2314,
VOL=SER=LINDA,DISP=SHR
//SYSPRINT DD SYSOUT=A, DCB=(RECFM=FB,
LRECL=133,BLKSIZE=3325),
//SPACE=(CYL, (1,1))
//NONTERM DD SPACE=(CYL, (1,1)),UNIT=SYSDA
//FSMDATA DD SPACE=(CYL, (1,1)) ,UNIT=SYSDA
//PTABLES DD SYSOUT=B,
DCB= (RECFM=FB, LRECL=80, BLKSIZE=800)
//SYSIN DD *

The output from this run is a listing and deck

containing the tables in XPL compatible format. This deck

is then translated into PLM compatible format using the

following JCL and an XPL program which is available in the

card deck library in the Computer Science Department at the

Naval Postgraduate School.
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//EXEC XCOM
//COMP.SYSIN DD *
//GO.SYSPUNCH DD SYSOUT=B,
DCB= (RECFM=FB, LRECL=80,BLKSIZE=800)
//GO.SYSIN DD *
The tables are then transferred to a diskette and edited
into the PLM80 source program using the ISIS COPY and EDIT

features on the INTEL MDS System.
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IS1S=11 PL M+88 V3 1 COMPILATION OF MODULE REALER
OBJECT MOOUALE ALACED [N L READER OBJ
COMPILER INVORED BY  PLNAD FL READER PN

 PASELENGTN. 30>
1 READER
00

7o COBOL COMPILER -~ PART 2 READER <~

.Nl‘mll LOADED IN WITH THE PART )

AND 1S CALLED WeEN PART L (5 FINISHED munounn
OPENS THE PART2 COM FILE THAT CONTAINS THE COOE FOR
PART 2 OF THE COMPILER. AND READS (T INTO CORE AT
ThHE ENO OF THE READ OPERATION. CONTROL (S PASSED TO
THE SECOND PART PROGRAM .

e 3100m LOAD POINT =

3 i ECLARE
START LITERALLY 100W° . ‘= STARTING LOCATION FOR PASS 2 =
ADR ADDRESS INITIALISTART,

FCB (33> BYTE INITIALLO. PASS2 COM . 9. 0.9.0.0.3.0.9:0.9:0.0.0.0.0. 0. 3. 0. 0. 0. 0.
t ADORESS.

3 i MONL  PROCEDURECF. A) ENXTERNAL.

< 2 CECLARE 7 BVTL. A ACORKSS.

s 2 END MONL.

L i MONZ . PROCEDUREF. AXOVTE EXTERNAL.

r 2 OECLARE F BYTE. A ADODRESS.

] 3 END  MONS

A 8007 PROCEDURE DATERNAL.

e 2 END.

AL Y OPEN  PROCEDURE (FCB> BVTE.
a2 2 OECLARE FCB ADODRESS.

3 2 RETURN MONZ (13, FCB),

FC T ENO:

A3 A READ  PROCEDURE (ADDR> BVTE.

1é 2 OECLARE ADOR ADDRESS.

AT 2 CALL MONA (26. ADOR): = SET DMA ADORESS
p¢ ] 3 RETUAN MONZ2 20, FCB): = READ. AND RETURN ERROR COOE <~
9 2 IND.

9 i ERROR  AROCEDURE < COOE) .

24 a OECLARE CODE ACORESS.

a2 a CALL MONALZ. mxm\mnn

a3 2 CALL MONAUE CLOMCCODE )
¢ i CALL TIMECL®).

as a CALL BO0T:

¢ 2 ENO ERAROR.

ar 2 CALL MONL (26, J108m):

e OPEN PASSR COM o/
as i 17 OPENL. FCB)=2SS THEN CALL ERROR. 027 ).
/e READ IN FILE «-

39 I 1 & 2008 /e INITIAL ADDRESS o

3L 0O WMILE READ D> = @ ‘e READ 1 SECTOR =
3a 2 1 o1 « 330N e BUMP DMA ADDRESS -
33 B

34 Y CALL MONL (26. dOOON). 7o RESEY DMA ADDREES o
3s by CALL ADR.

3¢ A &ND,

MOOULE TNFORMAT [ON

COOE AREA 512K L) ASTO
VARIABLE AREA 512X = uun 30
MANTIIUM STACK SIZE & 200w %

T LINES READ
O AROGRAM RROR. § -

B0 OF AL M=30 COMPILATION
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tlll-ll PL M=48 V3 L COMPILATION W MOLWLE INTROR
T MOOULE PLACED IN  #L (NTRCR 08J
IOMPILER INVOKED BV ALISO  FL INTEOR ALN .

SPAQRLENATH. 20
Y INTROR - se NANE OF MODULE o
00,

e COBOL COMPILER = [HTERP REACIR o
se THIS PROGAAN (3 CALLED BV ThE BUILD FROGARN AFTER

CINTERP COM WAS BEEN OPENED. AND AKADS ThE COUE INTQ MEMORY
-

‘a MM = LOAD POLINT .

STARY WITRRALLY “L00M . . STARTING LOCATION TOR MASS I o

INTERP  ADORESS INITIAL\START).
I AOOARSS INITIAL 000N«

3 ) MONA . PROCEDURE R, A),

¢ 2 CECLARE * BVTEL. A ALORESS.

s 2 L0 TO L se  PATCH TO =5 “JMP B0OS" .
¢ 2 MONA:

t % MONS  PROCEDURELF. A BVTE.

¢ 2 OECLARE # BYTE. A ADIAKLSS.

? 2 .00 TO se  PATCH TO => “JNP  BOOS" .
W 2 +«  RETURN & /e TAP > “NO-OP" .

4 2 END MOND.

FS N Y 00 WMiLE A

IS CALL MONA (38, <1 ole0089m) ). se SET OMA ADORESS -
2 (P MONG (26, SCN» O 9 THEN

S 2 CALL INTERP,
i a2 [

PR Y ENO:

VQ4TH 7i0

N0 OF AL N=34 COMPILATION
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|

ISIS=11 AL M=gd (3 L CONPILATION OF MODWLE BUILL
ORJECT MODULE PLACKD N FL BUILD OBJ
COMPILER INVOAED BY AU FL BUILE PN

APAJELENDTH: 30
i Wi
L
e NORMALLY QRO KD AT L08m =

‘e THIS PROGAAM TALES ThE CONE QUTPUT FROM Tid COBOL COMPILER
AND BUTLOS ™E ENVIRONNENT FOR Thll COBOL INTERPRETER o

2 i CECLART
T CITERALLY LITERALLY .
s00T ur ‘0.
8008 T ‘s
™UR (93 A,
TALSE ur L
FOREVER o ‘WMILE TRUR .
e ADORES S INITIAL (30N,
FCBABY TR BASED O AVTR 1
FCRAOVTRAA BASED FCO 33> BVTE. 4
1 "re.
AR AOCRES S INITIAL (408,
SRR SASED ADCR AVTE
BUEF SEN ur L8N .
INTERPOFCS 33> SYTE INITIAL\Q. ‘CINTER® COM . 3. 9. 9. 9.
COOEMNOTISET BvTE INITIAL « TRUEN.
REACERSLOCATION 193 ACEON |

INTERPOADIRESS ACCRESS  INITIALC20D0N) .
INTERPOCONTENT SAZEC INTERPSALORESS ADORESS.
LaavTR SASEC INTERPIADDRESS 2. VTR

CagvTe SASED cO0gCTR  BVTE.
sASE ADORESS.

SAADLR sAss ADCRESS.
Sa0vTE SASED GASE 4 BVYTL.

MONL . PROCECURE (7. A) ENTERNAL.
OECLARE * gVTE. A ADORESSE.
END MONL.

@
~

MONZ  PROCEDURE <(F. A) BYTE INTERNAL
CECLARE * SVTE. A ALORESS.
MONS:

LT
L

£
f
2
¢

14
L

CRLF  PROCECURE.
CALL PRINTICHAR. L3>,
CALL PRINTHCHAR LD
0O CRLF.

ie
AS
e

R
™
f
?

-

4 M AL VTR
OECLARE A ACORESS. i
RETURN MONG . u.au b

N0 OPEN. .

REBOOT  ACCEDLASE g
AOR ® BOOT. CALL ALCR.
0O RERNT.

e PR

e b i

F BASEL PR C BASEC CEST: BVTE. !
50 MILE COUNT ST SmRREn

Ly —

TUE ¥Z GNZ by pEses

e -~

_‘__- =
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EREB331242032368 RLIOLR2ER2S8RGLE BPg  SENRLLLLZENE

£38582838%22 rzz: 338%282

~ WAL e

LR R R

R N R

L LT

LR e

LESTS0EET
0o MOVE
QETICHAR  FROCEINRE OV TE.
;;.\m SAODR + L OeRUETAEND THEN
ALM\N- PSR THREN

SALL BRINT. « END OF INMUT 0 0N
CALL REBOOT.

Mo
AR SR
L
RETURN Crmi,
RO QBT oCreAR.
NEXTICHNAR  PROCEDLAE.
CHARSIET OCIAR
N0 NENTICIAR) .
STORE  PROCEDURE . COUNT Y.

OECLARE COUNT BvTR.
IF COOEMOTHSET ThlN

o
CALL PRINTC « CODE ERAORS ),
CALL NENTOCHAR.
_RENARN,
00 lei TO COUNT,
SOV TR eCHAR.
CALL NEXTOCHAR.
CODEOC TReCODEIC TRe |
[
00 sToRd.
SACK aSTUPY
OECLARE «MRLD. STLFP ) ADDRESS.
ASEe MO,
LR I )
SEOVTE! | )=QE T SCNAR.
o
00 FOREVER,
SASE oD\
e Tl
SOADORE T\ IS .
17 e pmd THEN
Y
CALL NEXTSCNAR:
agTuRN.

CALL STORE. S .CMAR. L) « 9,
END  QOS0EPEND tha.

INITIALIZE  PROCENRE.
OECLARE (COUNT. NealiRE. MOMANANY \  ADCRESS.
. WNERE
00 lee N 3
SORVTE. | =QETCNAR,
NG
SASEeERE - L\
DO COUNT & L TO MONSIANY.
SOV TELCOUNT \ aJE T aCHAR

CALL NENTICHAR,
B OINITIAIIR.
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wer 3 SUILD  PROCEDURE.
CECLARE

e 2

LS 3 .
L TS ¢ A ()
L oI a1
M LIT e
ré T 32
e LIY 3
L4 ] LIT 49
Flo LIT e
L WUIT e
A3 WIT ér’
P WUIT e
INT LIT [ >
ST uIT (2
TRR LIT $3S°
SCO  LIT  éé
o0

IF CHAR <

3
2
z
A
7

CALL

8 GR® PLRRRREGEERREE

A 11131311313133343
[ o e e A e L )

END:
END BUILDY

:
£

-
-
i
[ B N RN o R R SR eR SR R
e
e

SHEE LR

i

Baidef

.

y d43adaki

CALL STORE %)
CALL STORE(Y>:
CALL STORE$):
CALL STORE ™),
STORK\9).
STORE\ 102
STORE 110
STORE 13,
JOSOEPEND [ NQY
BACKSISTUFF,
INITIALIZE

FEEFERE

FINISHEDS ) ),

IF CNAR » SCO THIDI CALL STARTSCOOL

Q.

IF CHAR O OFFM THEN CALL PRINTC. < LOAD ERRORS‘)):
NEXTSCHAR;

/e PROGRAM DXECUTION STARTS NERE

t:: i FCBSBVTESAC D), FLBSOYTE=.
i
134 1 IF OPENCFCE 2SS THEN
183 4 0.
138 3
ST 2 CALL REBOOT:
is8 2 END:
159 4 CALL HEXTSCHAR,
16 3 CALL BUILD:
6k 3 CALL MOVEL INTERPSFCA. FCB. 33).
143 3 FCBSQYTESACID) = O
i3 i IF OPENCKCE)> 2SS THEN
ié< i 00,
163 2
iés 2 CALL REBOOT:
8T 2 O
16 1
6 1
i

ENO;

5 MOODULE TNFORMAT ION

COOE AREA 312K . Q43N
VARIABLE AREA SIIE = O08«3N
MAXTMUM STACK SIZE = QOU3N
23T LINES READ

O PROJAAN ERROR. $>

CNO OF PL/M-99 COMPILATION

4938l
0
il
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CALL MOVEL C'CINY. Q. 3 3. 02.FCO « 3, ™)

CALL PRINTC. « "FILE NOT FOUND 700

CALL PRINTC < INTERPRETER NOT FOUND  8°>).

CALL MOVE(READERSLOCATION. 80k 39M).
ADOR = 390; CALL ALDR. /= BRANCH TO 30M o~




IS1S=11 PL M=80 V3 L COMPILATION OF MODULE PARTL
OBJECT MOCUALE PLACED IN FL PARTL 08J
COMPILER INVOKED 8y PLIG® FL PARTL PLM

"N

10

SPAGELENGTH. 30

PRRTL

oo,

7o NORMALLY ORG ED AT 100 =~/

/. COBOL COMPILER - PART 1 -

/e GLOBAL DECLARATIONS AND LITERALS =/

1 DECLARE LIT LITERALLY “LITERALLY'.
Y DECLARE
MAXSMEMORY LI ‘3100H°, /e TOP OF USEABLE MEMORY =/
INITIALSPOS  LIT " 2C00H"
RORSLENGTH LT ‘2537,
PASSLSLEN LT ‘48’ L
cr LIT ‘a3,
F LIT ‘107,
QUOTE LT ‘22H°,
POUND LIr *23M7,
TRUE LT 47,
FALSE LIT ‘e,
FOREVER LT ‘WHILE TRUE";
1 DECLARE MAXRNO LITERALLY "1047./# MAX READ COUNT =/

MAXLNO LITERALLY 4297, /% MAX LOOK COUNT «/
MAXPHNO LITRRALLY “143°, /% MAX PUSH COUNT =/
MAXSNO LITERALLY “2347./= MAX STATE COUNT «/
STARTS LITERALLY ‘17, /= START STATE </

i OECLARE READL <(+) BYTE
DATACQ, 57, 48. 5, 32, 8, 2%. 59, 2. 16. L7, 22. 29. 53. 58, 11. 32, 32. 39
+ 38,34, 44. 9, 15, 32, 37, 6. 33, 3. 14, 15, 18. 20, 32, 28. 49, 32, L, 42, 38, 18, 43. 1
SALLLLLLLLILIGL 39,1, 1, L 38, 40, 49, 38, 39, L. 1. 38, 23, 24. S5, 52, 41
435,46, L, 7,58, 1,32, L.32, 32,45, 1.3, 1,32, L. 32, 47, 37. 4, 28, 32, 54, 48, L. 1
. 32,8, 42, 13, 24, 22, 27. L. 8@. 1. 23, 24, 5%, 30, 52);

i ODECLARE LOOKi<=)> BVTE
DATACA. 8.3, 2%, 0. 9, 19,9, 42, 2, 42. 2, 1, 2, 52, 0, 41, 2. 2%. 2. L @, 47
10:4,0,54,0,40. 0,39, 46.60.0,1.0,32,9.1.8,1,2,11.0.63,0. 7. 0. 22, 0. 3. @
» 32,00 s

i DECLARE APPLYL (%) BYTE
DATACS. 0. 8. 9,0, 0. 9, 10, 12, 14. 19. 2. 0. 2. 3, 2. 8, 101. 2, 2. 100, 2
,8,8,0,0.0.57.0,27.9,0, 0,63, 9, 51, 32. 9, 0. 91, 3%, 2, 0.0, 3, L3, 17, @. 182
+ 103, 104, 0, 8. 8, 2, 3. 3%, 3, 9. 5S4, 3, , 23, 32, 38, 39, V. 2L, 42, T2, 56, 87, 3. 54
2@

i OECLARE READ2(=) BYTE
DATALS, 83, ST, 84, 194, 28, 37, 67, 21, 30. 34, 3. 39, 61. 6. 27, 234
» 245, S1. 49, 108, 109, 222, 224, 233, 43, 216, 247, 22, 230, 125, 232, 231, 228. 173
. 472, 165, 9, 226, 47, 196, 195, 7. 3, L1, 13, 15, & 3. 10%, 14, 138, 4, 53, 20, 12. 13
48, 171, 470, 44, 49, 19. 10, 46. 33, 16, 63. 62, T2, 43, 146, 16, 2%, S8, 106, 153
» 148, 133, 1353, S5, 150, 153, 152, 1S5S, 197, 159, 56, 153, 23, 208. 234, 62, S2. 206
» 18Q, 234, 24, 28, 107, 32, 34, 18. 17. 3. 184, 33, 3§, 83, 40, 59>,

1 OECLARE LOOK2<(+) BYTE
DATACR, S, 130, 6, 131, 29, 29, 132, 41, 132, 54, 124, 133, 89, 71. 13§
2 72,437, 73. 138, 139, €0, 34, 140, 33, 198, 83, 141, 89, 142, 134, 134, 194, 71, 187
» 92, 93, 197, 211, 9%, 143, 96, 37, 176, 99, 144, 145, 101, 182, 200, 103, 202, 10«
. 188

i OECLARE APPLY2(=) BYTE
DATACR, 0, 77, 114, 112, 147. 79, 114, 81, 32. 83. 78, 76, 117, 73, 156
» 126, 163, 162, 100, 166, 163, 167, 118, 168, 160, 124, 179, 173, 94, 121, 74. 135
. 420, 119, 137, 187, 196, 98, 192, 132, 191, 194, 113, 183, 128, 129, 127. 20%. 203
., 208, 204, 113, 123, 50, 122, 244, 243, 221, 219, 218, 222, 199, 85, 229, 116. 87
» 340, 70, 174, 203, 207, 182, 182, 181);

1 DECLARE INOEX1<(*) BYTE
DATACO, L. 2. 2.4, 5.6, 7.8, 4. 4, 24, 4, 24, 4, 13, 14, 24, 109, 4, 13, 18
» 16, 24, 17, 18, 15, 16, 20. 22, 24, 23, 36, 28. 29. 34, 26, 37. 24, 24, 16, 35, 15. 4@
) 42 43, 44, 45, 46, 47, 43, 49, 16, %0, 38, TL. 18, 52, 3. 54, 3T, 56, 57, 8. 80, 61
+ 82,63, 64,8, 8%, 88,69, 70, 7L, T2, T3, 74, 7S, 7T, T2, 8L 85, 85, 37. 38, 35. 3. 52
, 93, 34, 8, 3, 16, 95, 37, 97, 15, 103, 104, 103, 109, 24, 24, 24, L. 3. S 6. 10, 12 14
16, 18, 20, 22, 24, 26, 25, 30, 34, 36, 38, 4, 42. 4<, 44, 48, %0, 52, 185, 149, 223
, 327, 22T, 199, 151, 153, 203, 159, 219, 464, 179, 312 2L 47T L . 3. 5. 4 4.5, S
+ 8. 86,12, 13,14, 14, 15, 15, 16, 16, 17, 19, 15, 2. 20, 20, 22, 22. 22, 23, 24, 24, 38
» 25, 26, 26. 27, 29, 2%, 34. 32. 32. 33, 33, 3%. 38, 38, 23. 33. 29, 39, 39, 39, 35, 42
» 42, 43, 43, 44. 44, 43, 435, 48, SI. 52, T3, 53, %4, 34. I8, ST, 56, %6, 56, 56, 56, 56
,» 56, 56, 53, $8. 56, 9, 59, 6L, SL. 6L, 61. 1. 62, &7,

1 DECLARE [NDEX2(=, 3¥vTE
CATAWD LL LLLLLSLLLLLLLLLLLLLLLLL
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2 B85 K42552 SUBURY vURp SUIY [WYE KRS L

1

NRNE BB NN

= BN NNNRENE NNNRNNE BN E NN RE DNN

T i Sl VN Y ol 8 o VI RO 2

L2222 LLALNUALLLLLLLLLLLLALLLLLLALLLLLY
ML LLLLLLILLLLLLLLALA2GLLALLALLLLSS
e LLLALLLLLLIAZLZ22V22338242022000022
0205 6.20, 41, %4, 69, TL, T2 T, 30, 64, 38,89, 946, 99, 101 1. 9. L. 9. 3. 0. 3.0
LT 000600 L3000 0000000300L20105300,
9000 L22402022.023.03.0004000000000000200
3:0:9:.9:0:0.9.0.9.8.9,0.9),
7o END OF TABLES </
CECLARE
#e JOINT OECLARATIONS
THESE ITEMS ARE OECLARED TOOETHER [N THMIS SECTION
IN ORDER TG FACILITATE THEIR BLING SAVED FOR
THE SECOND PART OF TME COMPILER
i
OUTPUTSFCS <33% BYTE INITIAL(O. ~ W ’CINY. 0, 0. 0. 0.
OgBUAS I NG svYTL INITIAL (FALSED.
PRINTSPROD YT INITIACCFALSES.
PRINTSTOKEN YTk INITIALCFALSE),
LISTSINAUT TR INITIAL <TRUED.
SEOsNUM vYTR INITIAL (FALSE).
NEXTSSYM AOORESS.
POINTER AOORESS INITIAL (100M),
NEXTSAVAILABLE ADURES: INITIAL (2082¢).
MAXS INTSMEN ADORESS INITIAL (3208M).
FILESSECSDIO BYTE INITIAL CFALSE).
FREESSTORAGE  ADORESS INITIAL <2500M).

Z= 1 0 BUFFERS AND GLOBALS =/

INSADDR ADORESS INITIAL (SCH).

INPUTSFCS BASED INAOOR (33> BYTE.
SPTR  ADORESS.

QUTPUTSSUFF (128) BYTL.
QUTPUTSEND ADORESS.
QUTPUTSCHAR SASED OUTPUTSPTR BVTL

MONL : PROCEDURE (F,A) EXTERNAL;
OECLARE A AOORESS. F BYTL
END MONL,

MON2: PROCEDURE <F.A) BVTE EXTERNAL,
OECLARE F BYTE. A ADORESS:

&o

8007 EXTERNAL,
OECLARE A ADORESS.
END 800T)

PRINTCHAR . PROCEDURE <(CNAR))
DECLARE CHAR BYTE
CALL MONL <2, CHAR))

END PRINTCHAR:

. PROCEDURE,

CALL PRINTCHARCCR))

CALL PRINTCHARILF) )
ENO CRLF

CALL MONL <9, A);
END PRINT,

PRINTSERROR . PROCEDURE <(COODE))
OECLARE COOE AOORESS.
CALL CRLF:
CALL PRINTCHARCHIGHCOOE) )
CALL PRINTCHARCLOWCCOOE )i
END PRINTSERROR, i

FATALSERROR PROCECUREREASON)
OECLARE REASON ACORRS!

3
CALL PRINTSERROR(REASON.
CALL TIMEC10)

OPEN . PROCEDURE,
IF MONQS 1S, INSADOR)>=2%SS THEN CALL FATALSERRORC "OP”);
[

MORES INPUT

PROCECURE BVTL
7o READS THE [HPUT FILE ANC RETURNS TRUE [F A RECORC
WAS PEAL  FALZE IMALIER ENC OF FILE o
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OECLARE g
IF (OCNT eMONIL20. [NPUTSFCE) )24 THEN CHLL FATALSERROR. BR ),

MAKE . PROCECAURE.
/e DELETES ANY EXISTING COPY OF THE OUTPUT FILE
AND CREATES A NEW COPve,
CALL MONAIL9. OUTPUTSFCS ),
IF MONZC22. . QUTPUTSFCED =298 THEN CALL FATALSERROR: MA ‘),
MAKE.

WRITESOUTPUT . PROCEDURE.
se WRITES OUT A BUFFER «/
CALL MONAC2E, QUTPUTIBURF ), 7o SET OMA o/
IF MONZC2L, QUTPUTSFCEID@ THEN CALL FATALIERROR. ‘WR ).
CALL MONA 26 000D se RESET OMA o/
END WRITESQUTPUT

MOVE: PROCEDURE.SOURCE. OESTINATION, COUNT):
/e MOVES FOR THE NUMBER OF BYTRS SPECIFIED OV COUNT o
OECLARE <mo¢ﬂxmnom ADDRESS.
C(ESEVTE BASED SOURCE. OSBYTE BASED OESTINATION. COUNT) BVTE.
00 WMILE (COUNT =COUNT = 1> O 388
OsBYTE=S0VTE,
SOURCK

- ol
OESTINATION o DESTINATION « 4
END)
END MOVES

'm. m\m CHAR, COUNT
mmxummmmtwm-/
AODR ADORESS.

m
CCHAR, COUNT. DEST SASED ADOR)> BYTE,
0O MMILE (COUNT =COUNT =1)<>28S,

€ND)
ENO Il
/e « & ® @« o SCANNER LITS ¢« o & @ o/
LITERAL ur ‘49°,
INPUTSSTR (933 ‘32,
PERIOO T 47,
INVALID wr ‘s

/e w e e o SCANNER TABLES = ¢ & = L4
OECLARE TOKENSTABLE (=) BYTE OATA
/e CONTAINS T™HE TOKEN NUMBER ONE LESS THAN THE FIRST RESERVED WORD
FOR EACH LENOTM OF WORD o/
(00 L 4 S A8, 22, 32) 30, 44, 4T, 49, 84, 89, 56, ST,

TABLA (=) BYTE ODATAC FD ., OF’, “TO", ‘FIC", "CONP~., "DATA", "FILE"
WEFTC, CMODE L SAME . “STAN ', ‘SYNC’, ‘TERO. ‘BLOCK ', ‘LABEL
AOTE . RlMY’ “SPACK *, uwu vq.\l noens » "ASSTON"
’ ucono ‘SELECT

“TRATLING ‘. ml ‘PROCEDURE * . 'RETEF INKS

‘PROGRAM- (D Mflﬂ.’ "ENVIRONMENT -, * 1 =0=CONTROL
‘”ﬂ-ﬂlm ‘FILE-CONTROL . “ INSUT=OUTPUT . “OROANIZATION"
‘CONFIQURATION, [DENTIFICATION'. mt d
" SOURCE-COMPYUTER *, MIN-‘M .

+ “SECTION'. ‘OIVISION . manvr SECURITY . "SEPARATE . “ STANODARD

enm 46> wu!
NUMBER OF wmmtmxnwmmmmmw-«
lNITI& (0: 0, 0. 6. 5, 48, 09, 139, 170, 218, 248, 263,
207. 338, 340, 342,

HORDSCOUNT <(e) BVTE OATA
/o NUMBER OF WORDS OF EACM SIIR =~
9:0.3.487.0663.2.2, 4403

‘A6 .
m.—» wTE M" L PROCEDURE ),
LOORED owrE INITIAL @),
OLO VTR,
SUFFERSENC ADORESS  INITIAL  CA00N),
NEXT SASED POINTER OVTE.
INBUFT ur I
CNAR VTR
ACCUNSLEN (B34 0.

ACCUNSLENSPSL  LILT R Se @ TO ACCUMSLENG PLUS L o
ACCUN ACCUMELENSF L BVTE.
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CISPLAV(TS) [ A1 4
TOKEN BYTE.

INITIAL <),
/oRETURNED FROM SCANNER o/

‘e e ® s e PROCEDURES USED BY THE SCANNER « & = o/

NEXTSCHAR . PROCEDURE BYTL.
IF LOOKED THEN
o0

LOOKED=FAL ST
RETURN (CHAR: =HOLD):

END:)
IF (POINTER oPQINTER + 1) = BUFFERSEND THEN
)
IF NOT MORESINPUT THEN
00,

SUFFERSENO= MEMORY)
POINTER= ADDHSEND:

END
CLSE POINTER= INSUFF,
&N
RETURN (CHAR : sNEXT) )
END NEXTSCHAR)

SCHAR - PROCEDURE,
/e THIS PROCEDURE IS CALLED WHEN A NEW CHAR 1S NEEDED WITHOUT
THE OIRECT RETURN OF THE CHARACTERe.

SCHAR,

CHARSNEXT
ENO JETSCHAR,

OISPLAVSLING  PROCEDURE.
IF NOT LISTSINPUT THEN RETURN:
DISPLAVC(DIZPLAY(O) » 1) = 8%,
CALL PRINTC DISPLAYCL))
DISPLAYCO) = O

END DLSPLAYSLINK

LOADSOISPLAY - PROCEDURE.
[F OISPLAVCO) < 72 THEN
DISPLAVIDISPLAYCA) «DISPLAYC(E) + 1) ® CHAR,
SCHAR,

CALL OFT
END LOADSOISPLAY)
PUT: PROCEDURE.
IF ACCUMCO) < ACCUMSLENG THEN
ACCUMCACCUMLD) =ACCUMCD) *1)=aCHAR)

CALL LOADSOLISPLAY)
€0 PUT,

EATSLING. PROCEOURE,
0O WHILE CHARCOCR,
CALL LOADSOI3PLAY:

0o
ENO EATSLING,

GETSNOSBLANK . PROCEDUKREL:
DECLARE (M. 1> BYTE.
DO FOREVER:
IF CHAR = ° ° THEN CALL LOADSO[SPLAY)

sy
IF CHAR = “: ° THEN
00

IF NOT OEBUGQING THEN CALL EBATSLING
ELSE CALL LOADSOLSPLAY;
ENO:

ENO)

st

RETURN:

END) /e ENO OF DO FOREVER «/
END  QET SNOSBLANK.

. PROCEDURE BvTE.
RETURN (CHAR®: - OR (CHARSCR)
END SPACK.

OELIMITER PROCEDURE BYTK.
Je CHECKS FOR A PERIOS FOLLOWED BY A SPACK OR CRw.
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CHARe i
RETURN FALSE.
END DELINITER,

ENCSOFSTOREN  PROCEDURE 8VvTE)
RETURN SPACE OR DELIMITER
END ENOSOF 8 TOREN:

QETSLITERAL PROCETLURE OVTLL
CALL LOADSO LSPLAY)
00 FOREVER:
IF CHARe QUOTE THEN
oo

CALL LOADSD I SPLAY,
RETURN LITERAL.
D
CALL AUT:

END,
END GETOLITERAL,

LOOKSP  PROCEDURE BYTE.
DECLARE POINT ADORESS,
HNERE BASED POINT 40 BYTL
1 [ LAl 8

MATCH  PROCEDURE OVTY,
CECLARE J BvTE.
00 Jei TO ACCUM\ @)
IF NERELJ = 1) O ACCUMCS) THEN RETURN FALSE.
END»
RETURN TRUK.
END MATCM)

POINTeOPPEET CACCUND) 2o TABLE:

00 =i TO WORDSCOUNT(ACCUMIG) 51
IF MATCH THEN RETURN 1
POINT =& POINT + ACCUMCO):

RESERVEDSMORD  PROCEDURE BvTES
/e RETURNS THE TOKEN NUMBER OF A RESERVED WORD [F THE CONTENTS OF
THE ACCUMULATOR (S A RESERVED WORD. OTHERWISE RETURNS IERO =
OECLARE VALUK 8V TE:
DECLARE HUMNG BYTE:
IF ACCUMCE) > MANSLEN THEN RETURN &)
IF \NUMB osTORENSTABLEACCLINGS) | Yug THEN RETURN O
IF (VALUE =LOOKSUR ) ed THEN RETURN &)
RETURN (HUMS * VvALUE
ENO RESERVED SWOR(

GETSTOREN PROCEDURE BVTR.
ACCUNC @) ed)
CALL QETONOSBLANK:
IF CHARSQUOTE THEN RETURN QETHL [ TERAL:
1F DELIMITER THEN

0Qs
CALL AUT,
RETURN PER 100
€O,
00 FOREVER:
CALL PUT:

IF ENDSOFETONEN THEN RETURN [NPUTSSTR:
END: /e OF DO FOREVER o/
END OQETOTONEN:

[P TOREN sQETSTOREN) = INPUTESTR THEN
IF (CHECK eRESERVECONORD : (N O THEN TORENeCNECK.

CALL PRINTIERROR . SK .

DO WHILE NOT ENOSOF 8 TOREN:
CALL DETICHAR,

110

Pory

4
;
i
2
:




11

GRAPARIPTLLT 22

$33 GOVRERRETERRE ¥

i ¥

Ny

NRHHE L LU BN »

NHE WHEURRNNRNNNNNN -

LTS

€N,
&NO,
END  SCANNER.

PRINTSACCUN  PROCEDURE.
ACCUMCACCUMLD oL e 87
CALL PRINTC ACCUMCL )

END PRINTSACCUN

PRINTSNUMNBER  PROCEDURE (NUMB >/
OECLARECNUMG. [, CHT. XY BYTE, Jie) BYTE DATACLDS. 10D
00 =9 TO 4
CNTedu
DO WHILE NUMB D>a (K. =JiI))
NUMBeNUMg - K.
CNTeCNT » L,

END:
CALL PRINTCHARC '0° + CNT),

ENOD:
CALL PRINTCHARC “0° « NUMB),
END PRINTSNUMBER.

INITSSCANNER . PROCEDURE,
OECLARE CONSCBL (=) BYTE LATA “CBL
‘- INITIALIZE FOR INPUT - QUTPUT OPERATIONS -
CALL MOVE ( CONSCBL. INSADOR +« 9. 1)/
CALL FILL\INSADOR + 12. 0. 9,
CALL OPEN.

CALL MOVEL INADOR. . QUTPUTSACS. 9)

QUTPUTSFCEL32) = 3,

QUTPUTSENOS (QUTPUTSATR = QUTPUTSBUFFE -~ 1) « 420)

CALL MAKES

CALL OETSCNAR, #w PRIME THE SCANNER -

0O WMILE CNAR = ‘87,
IF NEXTCHAR = ‘L  THEN LISTSINPUTSNOT LISTAINPUT.
ELSE IF CHAR «’S’ THEN SEQONUMe NOT SEQeNUM,
CLSE IF CHAR o ‘P’ TNEN PRINTSPROD o NOT PRINTSPROD.
CELSE [F CHAR o "T* THNEN PRINTSTOKEN = NOT PRINTSTOKEN
CALL QETSCHAR,
CALL KT

ENO) p
ENO INITSSCANNER. E
/e » ® e ENO OF SCANNER PROCEDURES = = » o/

/e @ @ e w SVMBOL TABLE ODECLARATIONS = » = o/

OECLARY

CURSSYM ADORESS. /eSVMBOL BEING ACCESSEDe-
SVMBOL BASED CURSSVM (L) BVTE.

SYMBOL SA0OR BARED CURSSYM (1) ADDRESS.
NEXTSSYMSENTRY OASED NENTESYM ADORESS.

HASHSF TR ADORESS.

DISPLACEMENT Ltr A2

HASHAMASK (W4 “3FWC.

SSTYPL wir ‘2%

OCCURS Wit EC O

ADDR2 wr ce’,

PSLENGTH (W3 3%

SSLENGTH LIy 3.

LEVEL (934 10,

LOCATION (S 2%,

RELSLO iy % W

START SNAME LIy ‘A, el LESSes
MAXS IDSLEN LI ‘A2

/e @& @ w @« TYPg LITERALS @ & & & & ¢ & »/

oECLARE

SEQUENTIAL  LIT 4% |
RANOOM T 3%

SEQSRELATIVE  LIT *3", :
VARTABLESLENG LIT rEn 4
aROUP uIr 'S q
come it PYEN ,

/e @ @ e SYMBOL TABLE ROUTINES + = « o

INITOSYMBOL  PROCEDURE,
CALL FILL (FREEISTORAQL. 0. 420N
‘@ INITIALIZE WASH TABLE ANC FIRST COLLISTION FIRLD
NENTS3VHarREESSTORAME 1IN, %

111
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P 88 2 NEXTSSYMSENTR Y=Y,
» 287 2 END INITSSYMBOL.
88 i GETSPSLENGTH  PROCEDURE BYTL
W’ 2 RETURN SYMBOL CPSLENGTH
ave < END GETSPSLENOTH,
o> an i SETSACORESS . PROCEDURECAODR):
[ 3 292 2 DECLARE ADUR ADORESS.
293 2 SYMBOL SADOR CLOCAT ION) =ADDR:
3 a2 ENO SETSACORESS:
29% 1 GET SADORESS : PROCEDURE ADORESS:
i 2% 2 RETURN SYMBOLSADDRCLOCATION,:
237 2 END GETSADURESS:
298 1 GETSTYPL: PROCEDURE BYTE
299 2 SYMBOL (SSTVYPE),
3@ 2 END GETSTYPL
381 1 SETsTYPE. PROCEDURECTYPE),
o2 2 DECLARE TYPE SVTL
383 2 SYMBOL (SSTYPE ) aTYPL,
304 2 END SETSTVPL,
308 1 ORSTYPE. PROCEDURE(TYPE);
306 2 CECLARE TYPE BYTE
307 2 SYMBOL(SSTYPE)aTYPE OR GETSTYPL
308 2 ENO ORSTYPEL,
309 1 GET#LEVEL. PROCEDURE OYTL
310 2 RETURN SHR<SYMBOLILEVEL ). 4>
311 2 ENO GETSLEVEL.
312 1 SETSLEVEL . PROCEDURE <LVL):
313 2 OECLARE L\L BYTL:
214 2 SYMBOL (LEVEL > ®SHLILVL, 4> OR SYMBOLILEVEL))
s 2 ENO SETSLEVEL.
316 i GETSOECIMAL . PROCEDURE
317 2 ETURN SYMBOL(LEVEL) AND OFM
318 2 IND GETSOECIMAL.
319 1 SETSOECIMAL . PROCEDURE <OEC).
320 2 OECLARE OEC SYTE
2 2 SYMBOLCLEVEL) = DEC OR SYMBOLILEVEL):
322 2 END SETSOECIMAL.
323 1 SETSSSLENGTH: PROCEDURE (HOWSLONG)
32¢ 2 OECLARE HOMWSLONG ADDRESS.:
32 2 SADLRCSHLENGTH) = HOWSLONGS
32 2 END SETSSSLENGTH
327 i GETSSSLENGTH: PROCEDURE AOORESS:
28 2 RETURN SYMBOLSADORSSLENGTH)
329 2 END GETSSSLENGTH:
330 1 SETSADORZ: PROCEDURE <ADDR>:
331 2 DECLARE AOLR AOORESS:
332 2 SYMBOLSACORCADOR2 > =ADOR;
3 2 oo
334 i GETSAOOR2: PROCEDURE ACORESS.:
333 2 RETURN SYMBOL #ADORADDR2) )
336 2 ENO GETSAOORZ;
337 1 SETSOCCURS < PROCEDUREQCCUR);
338 2 QCCUR BYTE:
33 2 SYMBOL < OCCURS > mOCCUR;
340 2 ENO SET i
341 2 GETSOCCURS  PROCELURE SYTL.
342 2 SYMBOL (OCCURS)>)
343 2 ENO GETSOCCURS.
/@ @ @ « PARSER CECLARATIONS = = o o/
344 1 OECLARE
INT LT ‘€3, /e CODE FOR INITIALIZE =~
sco LT ‘68, se COOE FOR SET COCE START w/
PSTACKSIZE oI ‘307, /e SIZE OF PARSE STACKS~/
STATESTACK (PSTACKSIZE) OYTE. /+ SAVED STATES «
VALUE (PSTACKSIZE?  AOORESS. Jo TEMP VALUES -
VARC ¢+ 9 SYTE. /oTEMP CHAR STORE«~
I0sSTACK <10 ADORESS INITIAL <O,
IOSSTACKSPTR YTk THITIALC),

i adde s St o e ey
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HOLLSSYM ACORESS,

PENC INGSL I TERAL BYTE [NITIAL.FALSE).
PENOINGSLITSID ADCRESS.

REDEF YTk INITIAL <FALSED.
REDEF sONE ADCRESS.

REDEF 5TWO ADORESS.

TEWPSHOLD ADORESS.

TEMPS TO AROORESS.

comPILING wTE INITIALCTRUED .

P BYTE  INITIAL (388D,

[ SYTE.

ey SYTL.

NOLOOK SYTE INITIALCTRUED .

1. J. KD SYTE. #«INDICIES FOR THE PARSER=/
STATE VTt INITIALCSTARTSY

/e e @ o PARSER ROUTINES = * « o w/

SVYTESOUT  PROCEDURECONESSYTE))
/e THIS PROCEGURE WRITES ONE BYTE OF OUTPUT ONTO THE CISK
IF REQUIRED ThE WT’U‘!‘ BUFFER 1S OUMPED TO THE DISK =/
OECLARE ONESOVTE BY
;;‘\W”ﬂ -NWT"TI * 1)) QUTPUTSEND THEN

CALL WRITESOUTPUT,
OUTPUTSPTR= OUTPUTSBUFF,

END.
OUTPUTSCHARSONESBYTE.
END BVYTESOUT.

STRINGSOUT : PROCEDURE C(ADOR. COUNT))
DECLARE (ADDR. [, COUNT> ADDRESS. (CHAR BASED ADDR) BYTL
00 lwi TO COUNT.
CALL BYTESOUTICHAR)
ACODR=ADOR+1.

END:
END STRINGSOUT:

ADDRSOQUT : PROCEDURE (ADOR > )
OECLARE ADOR ACORESS.
CALL BYTESOUT(LOWNCADOR) >
CALL BYTESOUTIHIGHCADORY )
END ADODRSOUT:

FILLSSTRING: PROCEDUREICOUNT. CHARD
OECLARE

ENO»
END FILLSSTRING:

STARTSINITIALIZE: PROCEDUREADOR. CNT))
DECLARE <AOOR, CNT) AODRESS:
CALL BYTEOUTUINTY,
CALL ADDRSOUT(ADDR) )
CALL ADDRSOUTICNT))
ENO STARTSINITIALIZE,

SUILDSSYMBOL . PROCEDURT (LEN)
ONCLARE LEN OVTE. TEMP

TEMPeNEXTSSYM
1 uonuvn e SYMBOL (LEN : oLEN+D I SPLACEMENT >
> MAXSMEMORY THEN CALL FATALSERROR( “$T ),
CALL FILL <TEMP. 0. LEN).
END BUILDSSYMBOL.

MATCH. PROCEDURE ADDRESS.

/e CHECKS AN IOPNTIFIER TO SER IF IT IS IN THE SYMBOL
TABLE. IF [T IS PRESENT. CURSSYM [$ SET FOR ACCESS
OTHERWISE A NEW ENTRY (S MADE AND THE PRINT NAME

1S ENTERED. ALL NANES ARE TRUNCATED TO MAXSIOSLEN=-

DECLARE POINT AOORESS.
COLLISION BASEDL POINT ms.
<HOLD, 1>

IF VARC(0)>MAXSIDSLEN
THEN VARCIO> e MAXSIOSLEN:
#« TRUNCATE IF REQUIRED </

HOLD = O

00 lwi TO VARCCO: 7o CALCULATE HASH COOE +/
HOLDSHOLD * VARC(I))

&NO,
POINTOFREESSTORAGE « SHL((HOLL AND HASHSMASK ). 1))
FOREVER:
IF COLLISION=S THEN

CURSSYM. COLL [ STONSNEXTSSYM,
CALL BUILDSSYMBOL . VARC(D) +.
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“w LOAL PRINT NAME -
SYMBOL \ FOLENQGTH  oVARC (D).
00 [ = 1 TO VARC Q.
SYMBOL (STARTSNAME + [2evARC 1),
(-2
RETURN CURSS VM.

ENDy

nse

w‘
CURSSYM=COLL [ SION.
IF (HOLD =QETSPOLENGTHI®VARC(D) THEN
00,

1wy,
0O WHILE 3VYMBOL\STARTSNAME <+ 1)e VARC(I>.
IF (1 81+31)0H0LD THEN RETURN (CURSSYM sCOLLISION).
ENOD,
END.

ND,
POINT=COLL ISTION:
ENDy
END MATCM.

ALLOCATE  PROCEDURECBYTESSREQ> AQDRESS:
7w THI$ ROUTINE CONTROLS THE ALLOCATION OF SPACE
IN THE MEMORY OF THE INTERPRETER =/

DECLARE (MOLD. BYTESIREQ) ADORESS.
HOLDSNEXT SAVALLABLE.
IF INEXTIAVAILABLE  sHENTSAVAILABLE + BYTESSREQ) DMARS INTSMEM
THEN CALL FATALSERRORY "MO“);
HOLD

RETURN i

ENO ALLOCATL.

STTSREDEF PROCEDURE (OLD. NEW >
ogcLARE

COLD. NEN) ADORESS.
IF (REDEF =NOT REDEF> THEN

REDEF SONE=0LD)
G REDEF § TWOSNEW

i
ELSE CALL PRINTSERRORC“R1‘ ),
END SETSREDEF.

SETSCURSSYM: PROCEDURE:
CURSSYMe [DSSTACK IDSSTACKSPTR) )
END 3ETICURSSYM: 4

STACKSLEVEL . PROCEDURE OVYTE:

CALL SETACLRSSYM,

RETURN OETSLEVEL,

END STACKSLEVEL. q
LOADSLEVEL . PROCEDUAE.

OECLARE HOLD ADORESS.:

LOADSREDEF SADOR PROCEOURE:
CURSSVHMaREDEF SONK.
NOLL=QETSADORESS.

ENO LOADSREDEF SALOR:

IF IDOSTACKD> <O O THEN
00

i

IF VALUE(SP=2>ed THEN
00

CALL SETSCURSSYM
MOLDOSQETSSALENOTH » QETSADORESS.

END:
EL3E CALL LOACSREDF $AOCR.
IF (IDSSTACKSPTR =(DESTACKSPTR+1.>9 THEN

00
CALL PRINTSERROR( ‘&L )
1DS3TACKSPTR=Y,
END:
€ND:
ELSE HOLDSNEXTIAVA [LABLE:
IOSSTACK [DSSTACKSF TR avALUE \ MPPY ..

REDEF SORSVALUE  PROCEOURE.
OECLARE HOLD AODRESS
«DEC. K. J. SIGN> BYTE.

IF REDEF THEN ,
[N !
IF REDEF STWOSCURSSYM THEN 3
0o,
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HOLD=GET $SSLENGTH:
CURSSYM=REDEF SONE.
;;‘ HOLDLGETSSSLENGTH THEN

CALL PRINTSERROR! ‘R2”);
HOLD=GETS$SSLENGTH;
SONES
. CALL SETSSSLENGTHCHOLD):
3
REDEF =FALSE,
0o,
[ -]
ELSE IF PRIOINGSLITERAL=0 THEN RETURN:
IF PENDINGSLITSIDCOIDSSTACKSPTR THEN RETURM
CALL STARTSINITIALIZECGETSAOORESS, HOLD : sGETSSSLENGTHY:
&mxmxmz THEN

IF PENOINGSLITERAL=3 THEN CHAR=‘Q~;
ELSE IF PENDINGSLITERAL=4 THEN CHAR=’ *;

ELSE CHAR=GUOTE:

CALL FILLSSTRINGCHOLD, CHAR):
END;
ELSE IF PENDINGSLITERAL = 2 THEN
00:

IF HOLD <= NOLDSLIT(®) THEN
CALL STRINGSOUTC. HOLDSLITI1), HOLD):
ELSE 0O;
CALL STRINGSOUTC. HOLDSLITCL), HOLDSLITC@) 2:
. CALL FILLSSTRINGCHOLD =~ CHOLDSLITC@) + 13,7 “J;
2]

00;

/= THE NUMBER HANOELER =/

OECLARE COEC, MINUSSSIGN, I. J. LITSOEC, NSLENGTH,
NUMSEEFORE. NUMSAFTER, TYPE) BYTE. ZONE LIT “10H”;

IFCCTYPR : mGETSTYPE)ICAS) OR (TYPED20> THEN
CALL PRINTSERRORC NV’ )
SSSLENGTH)

NSLENGTH=GET:
DEC=GETSOECIMAL,
MINUSSSIGN=FALSE,

IF HOLDSLITCL) = “=/ THEN

00s
MINUSSSTGN=TRUE
Joy;

END;
ELSE IF HOLDSLIT(1)> = “+’ THEN Je,
ELSE Jeas &
LITSORC=a:
DO 1=1 TO HOLDSLITC(®):
IF HOLDSLIT(I)=’. - THEN LITSOECs=I;

END;

IF LITSOEC=@ THEN

00;
NUMSBEFORESHOLDL IT(1)=T)
NUMSAFTER=Q,

END;

ELSE 00:
NUMSSEFORE=L[TSOEC ~J-1
NUMSAFTER®HOLDSLIT1> - LITSOEC,

END:
IF (I:oNSLENGTH - DECO>CNUMSSEFORE THEN
CALL PRINTSERRORC“SL‘);
IF IDNUMSSEFORE THEN
00
1=1=-NUMSSEFORE.
IF MINUSSSIGN THEN
00

Imf=1;
CALL BYTESOUT(’0” + ZONE>;
| -7
oo CALL FILLSSTRINGCI. "97);
)
ELSE IF MINUSFSIGN THEN HOLDSLITJ+L)®HOLDSLIT(J+1)+3
CALL STRINGSOUT(. MIT\L} * J. NUMSBEFORE):
IF NUMSAFTER > DEC THEN NUMSAFTER = OEC,
CALL m:m:ou‘r\. na.oq.:ru; + LITSOEC, NUMSAFTER):
IF (1:=0EC - NUMSAFTER)OS THEN
CALL FILLSSTRINGCI, '0°);
ENO;
PEND INGSL I TERAL wQ;
N0 REDEFSORSVALUE

PROCEDURE:
CECLARE HOLDSLENGTH ACDRESS:
CALL SETSCURSSYM:
TALL PELEFROFLSALLE
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WHOLLSLENGTHeOET S8, KNG TR,
IF JETETVYAE > 138 TWEN
00
WOLDOLENG THeMOLD SLENITH GETSOCCURS.

0o
lblﬂ&hl’mtblﬂ'wﬁﬂﬁ -3
CALL SETSCURSSYIM
AL SETSSALANGTHLDET SSSLENGTH * HOLOSLENQTH
CALL SETSTYARIOROUP .
DO REDUCESSTACK,

ENOSOF SAELOAD  PROCEDURE.
£O weiLE [LSSTACKSPTRIY)
CALL REDUCESSTACK.
oo

CALe SETICURSSVM,

CALL ELEFSORSVALUE:

ILESTACA 0oy

TENP SO 0eALLOCATE: TEMPSTHO =OKT I FALENATHY,
END  ENOSOF BRECIRDY

SONCERTALILTESER  PROCETVRE
CECLAAE INTEGER ADIRESS.
INTEGER =
90 1 = 4 TO VARC.DM.
. INTEOER= L T1TEQER. 32 oFmu: INTROER. Loe VARG D = D
VALUE . §P e INTEOER,
B CONVERTSINTROER.

JASVALUE  PROCEDURE #TR . ATTRIN .
DECLARE TR BvTE, ATTRIB ADLAELS.
VALUELRTRY avALUE ATR ' OR ATTRIE.

£ ORVALLE.

BUILDSFCE  PROCEDUAR.
CECLARE TEMNP ALIRESS:
TECLARE SUFFERCLL) OVTE, (CHAR, . I #YTE
ChAue FILLG BUFFRR. LML
3. ledn
0O WHILE W7 < LA AND VIS VARC Q2
IF (CHAR ®\ARC I efel) =’ * ThEN Ind,

03E 00
BUFFERL J) =CHAR)
Jajels

END

SETHADCRICTENS  @ALLISATE L 1
STARTSINITIALIZE TENP, 18
SYTESOUT ),
STRINGSOUT. BUFFER. L1))

CALL FILLSSTRING 4. 00

CALL ORIVALUE3P=2, 1)
0L SUTLLeRFCE.

FFEEe

SETESION PROCEDURE . 1UMS ).

CECLARE NUME BYTE)

IF GETATYACeAT TWEN CAw SETATYREUVALUR 3R « NUNB.

ELFE CACL FRINTAERADR. §O M

1F VALUECSP iy TREN CALL SETSSSLENGTHCOET FESLEIQTR = Lo
EN SETARION.

PICAANALIZER PROCEDURR.
OECLARE = HO":: AREAS ANO VARTABLES <
"

FLAG

FIRST BVTE.
COUNT ACLRESS.
BUFFER (31 EVTE
SAV VTR,
REPITITIONS ACORESS.
J OvTE.
OECACOUNT  BYTE.
CHAR VTR,

t VTR,
e ADLRESS.
e BNTR

e % w MASKS « v =

ALPHA (W S B
ASEDLT WwiT a2
ASN WIT e
0iT Wit 8.
M LIt e
NUMSEDIT LIT 33 .
[ LIT e
SION WIT Ll
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INCSCOUNT - PROCEDURE . SWITCH)

CECLARE SWITCH 8VTE

FLAGaFLAG OR SWMITOM

IF (COUNT =COUNT + 1) < 21 THEN BUFFER\COUNT) = CHAR;
END INCBCOUNT.

CHECK  PROCEDUAE 'MASK) BVTL
/= THIS ROUTINE CHECKS A MASK AGINST THE
FLAG BYTE ANC RETURNS TRUE [0 THE FLAG
NAD NO BITS IN COMMON WITH THE ™ASK =/
CECLARE MASK BVTE.
RETURN NOT | (FLAG AND MASK) O Q).

ENO CHECN.

PICSALLOCATE PROCEDURE(AMTY ADDRESS.:
OECLARE AMT ADORESS:
IF CMAXSINTSHEN SMANSINTSMEM = AMT) { NENTSAVAILABLE
THEN CALL FATALSERROR ( 'MO” >,
RETURN MAXS INTSMEM:
END PICSALLOCATE.

/e PROCEDURE ENECUTION STARTS WERE =~

COUNT, FLAQ. DECSCOUNT

<o CHECK FOR mssw( LENQTH =
IF VARCCO) > 30 THEN

00

CALL PRINTSERROR. “PC”);
RETURN,

END:
“ SET FLAQ BITS AND COUNT LENGTH =/

-y
0O WHILE I<svARCC(O):

IF (CHAR: =VARC(I))="A” ncn CALL INCBCOUNTALPHA)

IF CHAR =°B° THEN CALL INCSCOUNTIASEDIT).
IF CHAR = 9° THEN CALL INCSCOUNTINUM);
IF CHAR = X" THEN CALL INCSCOUNTIASNY,
IF (CHAR®S”) AND (COUNT=®) THEN
FLAQGaFLAG OR SIGN.
IF (CMAR & “\'“) AND (OECSCOUNT=Q) THEN
OZCSCOUNT=COUNT

\a-m-:'\on\cvﬂ- “) OR (CNARe- ‘) OR

CALL INCSCOUNT (NUMSEDIT):
OECSCOUNT=COUNT,

IF ((CMAR® C’ ) AND (VARC(Iei)e R )) OR
CCCHAR® ‘D7) AND (VARCUIei)e“@ >) THEN

CALL INCSCOUNTINUMSEDLT),
CHARSVARC (L " aled)d;
CALL TNCSCOUNTUNUMSEDITY:

IF (CHAR=( ") AND (COUNTLO@) THEN

§g8 8 EE k BREES

ENO)
00.

SAVESVARC T=1),

REPITITIONS=Q)

00 WHILELCHAR oVARCL(I @leg)> D),
REPITITIONS=SHLREPITITIONS. 3> «
SHLIREPITITIONS. L) «(CHAR = 9" )

CHAR=SAVE.
00 Jei TO REPITITIONS-L.

CALL INCSCOUNTI 3.
ENO.

;l‘\crﬂ-'."': OR (CHAR®“3“) THEN CALL INCSCOUNTIEDIT:




END)
IF NOT (TEMP «VALUEC(SP=1)) THEN CALL PRINTSERROR ('NF-);
0LsSE 00

IF TEMPey THEN TYPEeSEQUENT 1AL

ELSE [F TEMP=1S TREN TVYPE=RANOOM:
ELSE IF TEMPe? THEN TYPEeSEQSRELATIVE.
st

00
CALL PRINTSERROR! ‘A" ),
TVPEay,
oo
END:
CALL SETSTVPEITVRD)!
END SETSFILESATTRIS.

ey

IF PENOINGSLITERAL > J THEN CALL PRINTSERROR . L& ).
ELSE OO ! = O TO VARC.(D):

(233 3 ELsE 00
-3 + CALL PRINTIERROR. PC .
L3 I RETURN.
[ 323 < [ L <N
(35 3 Teley,
93 3 END: = END OF DO WMILE IS= VARC =
* AT THIS POINT THE TYPE CAN 6E OETERMINGED =/
L3 ) & IF  NOT CHECKINUMSEDIT> THEN
9 2 00.
(3] 3 IF CHECKHUNSEDSMASK ) THEN TYPEenETVeE,
(3] 3 Do,
(32 ] N CLSE [F CNECKA (NUMSMASK) THEN TVYPEaNTVYPE,
oL 2 GLSE [F CNECK(SNUMSMASK » THEN TYPEeSINSTVPL,
o3 2 RLEE IF CHECKINOT(ALPHA) ) THEN TYPE=ATYRE,
Tos i CLSE [F CHECK ASESMASK) THEN TYPE =AETYPE,
N 2 ELSE [F CHECK (ASNSMASK ) THEN TYPEeANTVPE,
ToY 2 ELSE [F CHECK (ASNSESMASK) THEN TYPEeANETYRE, |
IF TVPEed THEN CALL PRINTSERRORC PC . |
M3 2 wsg 00 |
Tie 3 IF REDEF THEN CURSSYM=REDEF$TWO. i
Tié 3 ELST CURSSYM = WOLDSSVYTL
T 3 CALL SETSTVPELTVYIE),
T8 3 CALL SETS#SLENGTHICOUNT + QET#SSLENGTN),
Ty 3 IF (TYPE AND é4) O O THEN
T 3 o0,
T - CALL SETSADORI(TEMP «PICSALLOCATECOUNTY 1
T2 4 CALL STARTSINITIALIZE. TEM. COUNT),
™ . CALL STRINGSOUTC BUFFER « 1, COUNT:,
T 4 N,
T2 3 IF DECSCOUNTCOD THEN CALL SETSOECIMAL (COUNT-OECSCOUNT ». ]
" 2 [T 1
b 2 END PICSANAL ITER,
72 4 SETSFILESATTRIB PROCEDURE.
T30 2 OECLARE TEMP ADORESS. TVPE BVTE
™ 2 IF CURSSYMOVALUEMPPL ) THEN
3 a (<1 p
33 3 TEMP=CURSSYM, 3
T3¢ 3 CURSSYMaVALUE PP L),
s 3 SYMBOL SADOR(REL S ID) ) = TEMS;
3
2
2
3
3
3
3
<
.
-
3
N
2
1
a
a
a
3
3
2

HOLDSLITC 1Y eVARC( 1),
~ss ENO.
réd END LORDSL I TERAL.
7L 1 CHECKSFORSLEVEL . PROCEDURE.
62 2 OECLARE NEWSLEVEL OVTL,
63 2 HOLDSSYM, CURSSYMRARLUECMP=1)
T4 2 CALL SETALEVEL (NEWSLEVEL  eVALUE MP=2) ),
ré: 2 IF NEWSLEVEL=1 THEN
T 2 00,
r6r 3 IF IDSSTACK(O)O@ THEN
Tés 3 00y
Téy o IF NOT FILESSECSEND THMEN
T 4 oQs
™ S CALL SETSREDEF ( IOFSTACK (D). VALUELMP=1) ),
e 9 VALUEMP o, s SET REDEFING FLAG =
o 8 ENO,
™ e CALL ENDSOF SRECORD:
™S e ENO) i
™ 3 ENO.
~ 2 ELSE DO WHILE STACKSLEVEL >= NEWSLEVEL. |
s 3 CALL REDUCKSSTACK. :
™ 3 ©o. |
O 2 ENC CHECAAFORSLEVEL
s, T} CODESAEN  PROCEDURE < PROGUCTIONY |
n: g OECLARE RRODUCTION BVTE.
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IF PRINTSSROD ThEN

©o.

CALL CRLF.

CALL PRINTCOMAR: POUND

CALL nxn\‘m\mnm,,
ENO,

00 CASE PROOUCTION.

‘o PRJIDUCT IONS =

e

r-

.

-

-

CASE O NOT USED

L NPROGRAMY = ® JID=OIVD (E=QIVD D=0IVD> PROCEOULRE
COMPIL INGeFALSE,
2 JID=0lv> e JDENTIFICATION DIVISION  PROGRAM-ID
2 <COMMENTY> SAUTHO CDATE> (SEC
/e NO ACTION REQUIRED =/
3 OCAUTRY e AUTHOR  (COMMENT
7@ NO ACTION REQUIRED <~
< N JENPTYD
. /e NQ ACTION REQUIRED =-
3  CDATED @ DATE-WRITTEN  CCOMMENTD
/e NO ACTION REQUIRED =
é N JEMNPTY>
se NO ACTION REQUIRED =~
7 JSECY e SECURITY  JCOMMENTY
' se NQ hc?tou lem -

CEMPTY
* NO ACTION uuuxm o/
$  SCOMMENTY> = JINPUTY
/= NO ACTION REQUIRED =
EU] N CCOMMENTY> CINMYTD
' 7o NO ACTION REQUIRED =
1 <E-0IV = ENVIRONMENT DIVISION  CONFIGURATION
1 SECTION  (SRC-OBJ> (10>
' /e NO ACTION REQUIRED e«
12 CSRC-Q8J> = SOURCE-COMPUTER  JCOMMENT> (DEBUGD
12 OBJECT-COMPUTER  JCOMMENTD
i /e NQO ACTION REQUIRED =~

3 e
OEBUOA 1 HGe TRUL. /e SETS A SCANNER TOOOLE =
i N CEMPTVD
’ /e NO ACTION REQUIRED =/
48 JI-0> = INPUT-OUTPUT SECTION  FILE-CONTROL

13 CFILE-CONTROL-LIST> <IC>
. 7% NO ACTION REQUIRED e/
ié N ENPTYVD

' 7o NO ACTION REQUIRED e«

A7  JFILE-CONTROL-LISTY = JFILE-CONTROL-ENTRYD
' 7o NO ACTION REQUIRED =/

1 N FILE-CONTROL-LIST>

18 <FILE-CONTROL ~ENTRYD
. s NO ACTION REQUIRED -

19 CFILE-CONTROL -ENTRYD e SELECT CIDD CATTRIBUTE-LISTY
CALL SETSFILESATTRIR

20 JATTRIBUTE=LISTY = JONE-ATTRI>

‘e NO ACTION REQUIRED <~

21 \! CATTRIBUTE=LIST> CONE-ATTRIE>
VALUECMP o VALUE(SP) QR VALUE (M),

22 CONE=ATTRIB = ORGANIZATION JORQ-TVveD

VALLE MNP aVALUE SP

a3 \! ACCESS <ACC-TYOLD J(RELATIVED
VALUE (MR  avALUE(MPRY > OR VALUESP):

2 N' ASSION CINSUT
SALL SUILDeFCR.

23 JORO-TVeEY = SEQUENTIAL
/= NO ACTION REQUIRED - DEFALLT =

¢ ' RELATIVE
CALL ORSVALUE SP. 4.
37 JACCSTVAED | e SEQUENTIAL
‘ /e NO ACTION REQUIRED =« DEFALT =/
2e \! RANDOM
CALL ORSVALUE SP. 2,
29  IRELATIVED ® RELATIVE 10>
CALL ORSVALUEMP. 3>,
39 N JEMATY

‘e NO ACTION REQUIRED - DEFALL
SICY = 1-0-CONTROL \!“-Ll!""\

< N KEMPTVY
33 SAMESLISTY = (SAME-TLEMENTD
34 N CSAME-LISTY J(SAME-ELENMENT

38 CFAME-ELEMNENT = SAME JID-STRINGD
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FILESSECSEND = TRUE:
-0

s L1D=STRINGZ = {102
37 Nt LI0-STRING> {IDD
38 O=0Iv> = DATA LIVISION CFILE-SECTIONS CHORKY
38 L IO
‘% RO ACTION REQUIRED <~
s FILE-SECTION s FILE SECTION SFILE-LIST>

NYOCEMPTYD

FILESSECSEND=TRUE,

00,

END:

’

41 CFILE-LIST> = JFILESY

7w NQ ACTION REQUIRED =/

2 N CFILE-LISTY CFILESS
7w NO ACTION REQUIRED =~

43  CFILES> = FO CI0> CFILE-CONTROL
43 CRECORD~DESCRIPTIOND

CALL ENOSOF SRECORD:
CURSSYMuVALCUE (MPPL))

CALL SETSADORESS TEMPSHOLD):
CALL SET#SSLENGTH(TEMPSTWO),

44 CFILE-CONTROLD = CFILE-LIST>

/e NQ ACTION REQUIRED <~

42 N CEMPTYD

/e NQ ACTION REQUIRED =

46 CFILE-LISTY o JFILE-GLEMENTY

7w NQ ACTION REQUIRED =~

Ehd N! CFILE-LIST> CFILE-ELEMENTY

7w NO ACTION REQUIRED =/

8 CFILE-ELEMENTY  « BLOCK JINTEGER> RECORDS

r- NO ACTION REQUIRED -~ FILES NEVER BLOCKED =/
\! RECORD <REC-COUNTY

CH.I. mtmmw&u\vn.

i

00

N' LABEL RECORDS STANDARD
“» NO ACTION REQUIRED =/

\¢ LABEL RECORDS OMITTED
/e NQO ACTION REQUIRED -
2 N! VALUE OF (1D-STRINGD
/e NO ACTION REQUIRED =/
3 CREC-COUNTY> . ‘= JINTEGER>
/e NO AGCTION REQUIRED -~ VALUE(SPY CORRECT =/
S4 \' CINTEGER> TO CINTECER>

VALUECMP aVALUE(SPY, -« VARIABLE LENGTH w/
CALL SETSTYPE <), /e SET TO VARIABLE =/

ENO:

33 SHORKD = WORK ING-STORAGE SECTION

ss <RECORD-DESCRIPTION>

/e NO ACTION REQUIRED e/

& N CEMPTYD

#w NO ACTION REQUIRED «/

= L IO ® LINKAGE 3SECTION CRECOROOESCRIPTIOND

CALL PRINTSERRORC Nl“)>; .« INTER PROG COMM =/
38

vo.

22

)

0o

£ 3
/-
837 2
-
F-
329 3
s-
2 3
S-
830 3
‘e
831 3
S-
832 3 .
s
s-
33 b4
834 +
833 <
336 b4
837 <+
s$38 4
-
333 3
-
¥ 3
s-
41 3 '
e
342 3
s.
943 3
‘-
844 3
’.
343 3
s-
¢ 3
r-
947 3
=)
] 3
o -
$ 849 3
339 <
384 .
es2 4
-
s
833 3
i d
334 3
-
8ss 2
-
3% 3
s-
3 st 13
b\ s-
-
sse 3
/.
/-
335 3
! %0 4
i [ 38 +
- 4
r e d
] 864 3
.
: 383 3
s <
8T 9
‘ 363 4
.
(o34 :
870 -+
7L
t ot +
7T 4
. /.
A 7« 3
Y -
7s 3

N\ CEMPTYD
/e NO ACTION REQUIRED o/
S  (RECCRD-OESCRIPTION> = JLEVEL-ENTRY>
#e NO ACTION REQUIRED «~
[ N CRECORD=-DESCRIPTIOND
- <LEVEL-ENTRY>
/@ NO ACTION REQUIRED =/
84  CLEVEL-ENTRYD> @ CINTEGER: COATA-ID) <REDEF INESD
ol CDATA=TYPED

CALL LOADSLEVEL.
IF PENDINGSLITERALLO THEN PENDINGSLITSID=DSSTACKIPTR,

2 <DATA=ID> - 10>
/% NO RCTION REQUIRED =/
3 N! FILLER

CURSSYM, VALURSPISNEXTSSYM
CALL BUILDSSYMBOL ‘0>

$4  CREDEFINES> = REDEFINES <ID>

CALL mm VALUEC(SP), VALUB(SP~20 )

) /sw SET RECIFING FLAG ON =/
N CEMPTYD

éé CDATA-TYRED e (PROP=_IST>
- 10 ACTION REQUIRED »/
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[ 14 N CEMPTYD
‘ sw NQ ACTION REQUIRED =/
3 PROP=_ 1STD e JDATA=-ELEMENTD
' /e NO ACTION REQUIRED =/
(3] N! CPROP=LISTY CDATA-ELEMENT>
‘ /% NO ACTION REQUIRED «/
« PIC CINPUTY

12y \! USAGE COoMe
CALL SETETV#EICOMP),
e \' USAGE DLSPLAY

i /e NQ ACTION REQUIRED « OEFALT «/
N SION CLEADING JSEPARATED

\! SION TRAILING CSEPARATED
\! OCCURS CINTEQER>

b 3

CALL SETSSIONCAO):
e

CALL SETSSIGNCLT):
s

00
CALL ORSTYPE(129))
CALL SETSOCCURS(VALURCSP) ),

[ {-1)
7e N' SYNC CDIRECTIOND
) /% NO ACTION REQUIRED = OYTE MACHINK =/
& i N OVALUE SLITERALY
i

IF NOT FILESSECSEND THEN
o0
CALL PRINTSERRORC “VE~ )
PEND INGEL I TERAL =:
END:

79 C(DIRECTIOND =« LEFT
' /% NO ACTION REQUIRED =/
e ] \! RIONT
‘ /e NO ACTION REQUIRED =/
\l

»
' /% NQ ACTION REQUIRED o~
81 (IEPARATED | o SEPARATT
VALUESP )2,
e N! APTVD
' /% NO ACTION REQUIRED =~
TERAL>

€8 &l = JINPUTO
00

-/

CALL LOADSLITERAL,

PENDINGSL I TERAL o1,
)

™ N\t

CALL LOADSLITERAL,
PENOINGSLITERAL =2,

'
\' IERC
\! SPACK

A

[ )

PENO INGSL I TERAL =3
»

M:M’ I TERAL na;

\! GUoTE
PEND INGAL [ TERAL » S,
88  CINTEQERD = JINSUTY
CALL CONVERTSINTEQEN,
o  JI0> e (INMUT
VALUESP ) aMATCN) /e STORE SYMBOL TABLE POINTERS «/

END: /» ENO OF CASE STATEMENT o/

END  COOESAEN:
GETING . PROCEDURE BYTE.
RETURN

OKTING .

o

INDEXALSTATE))
QETING,

PROCEDURE BYTE,
RETURN [NOEX2CSTATED,
OKTING,

INCSP  PROCEDURE:

PagP « L,

IF 3P S5 PETACKSIZE THEN CALL FATALSERRORC “$0° ),
VALUE(SP 1l /e CLEAR VALUR STACK o/

INCSP)

LOOKAHRAD PROCEDURE.

IF NOLOOK THEN

nl
CALL SCANNER)
NOLOOK=#ALSE)
IF PRINTSTOKEN THEN
OO
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CALL CRLF)
CALL PRINTONUMBER TOREN)
CALL PRINTOCHARY © )
CALL PRINTSACCLM

€ND:

ENOu
END LOOAAMERD;

NOSCONFLICT PROCEDURE (CSTATE) BVYTE:
OECLARE (CSTATE. 1. J. N> OVTL
JuINDEXALCSTATE Y,

KeJ + INODENZICSTATE) - L
00 leJ TO N,
IF READAN I )=TOREN THEN RETURN TRUK.
ENO
RETURN FALSE,
END NOSCONFLICT)

RECOVER  PROCEDURE BVTE,
OECLARE (TSP, RSTATE) BYTE,

TSPesP)
0O WMILE TSP O 288,
1P NOSCONFLICT(RSTATE wSTATESTACKITSP)) THEN
001 ‘e STATE WilL READ TOKEN =/
T JF SPOOTEP THEN SP e TSP - 4,
RETUSN RSTATE,

END»
TSP = TSP - 4,
&ND.
CALL SCANNER, = TRY ANOTMER TOREN =~

ENO
END RECOVER
ENDePASS PROCEDURE.
“e THIS PROCEDURE STORES TME INFORMATION REQUIRED BY PASE2

IN LOCATIONS ABOVE THE SVMBOL TABLE THE FOLLOMING
INFORMATION 1S STORED

CALL BVTESOUTSCD))

CALL ADURSOUT (NEXTSAVATLABLE) /

00 WMILE OUTPUTSRTRC) OUTPUTSOURE,
CALL BVYTESOUTIOFFN),

ENO

CALL MOVEC QUTPUTSFCE, MAXSMENORYV-SASSLSLEN. PASSLSLEN
L 00 Tow se PATCH TO “JM®  J100W" -
ENO ENOSPRSS,

/e e e @ = PROORAM EXECUTION STARTS WERE « « o~

CALL MOVE! INITIALSPOS. MANSHEMORY, RORSLENITN)
CALL INITSSCANNER:
CALL INITSSVYMOOL,

. .

/e @& & @& ® e w PARSER « * * * @ =/

00 WHILE COmPILING,
IF STATE (= MAXRNO THEN /e READ STATE «
00

CALL INCSP;
STATESTACK(SP) = STATE, = SAVE CURRENT STATE =/

00 tef YO s
IF READACIY = TOKEN T™EN

0O
7o COPY THE ACCUMULATOR [F IT 8 AN INPUT
STRING IF (T (S A RESERVED WORC [T 0OKS
NOT NEED TO 8K COPIED o
IF (TOKENaINAUTSSTR) OR (TOKENeLITERAL) THEN
00 Keg TO ACCUMIO):

VARC (K ) *ACCUMIK ) ¢
END)
STATESREAORC 1Y
NOLOOK = TRUE
tel)

END:
(1%
IF ey THMEN
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1000 . (]}
1001 S CALL PRINTSERRORC ‘NP "),
1002 S CALL PRINTC (° ERROR NEAR 873,
1083 ] CALL PRINTSACCUM,
1004 S IF (STATE sRECOVER )=d THEN COMPIL INQeFALSE.
1004 s &NO:
ENO)

1000 3 [ (L0 so END OF READ STATK o/

wse
1009 H IF STATEDMARPNO THEN se APPLY PRODUCTION STATEK o/
1040 3 o0
944 3 MPegP - QETIND
1012 3 MPRLetP o L,
4043 3 CALL CODESQOENCSTATE = MANPNO),
1004 3 SPere;
1S 3 [=0LTINL,
104¢ 3 JeSTATESTACKC(SP Y,
1047 3 00 WHILE (K. =APPLYL(1)) O 0 AND JOK,
1019 < lel » L
1049 . &Ny ’
1020 3 IF (K eAPPLY2(]1))=8 THEN COMPILING=FALSE.
0232 3 STATR =R,
FUTS S [ ()

wse
102+ 2 IF STATECSMAXLNO THEN oL OOKANEAD STATEw/
w2 2 0.
102¢ 3 1=QCTINL,
T 2 CALL LOOKANERD:
1020 3 00 WMILE (K S_LOOKiCI>)>CO8 AND TOKEN ON
1039 4 leless
1030 < ENO,
1034 3 STATE=LOOKZ( I
w32 3 KN

[ (%"
1033 2 00 /eBUSH STATES=/
1034 3 CALL INCSP,
1033 3 STATESTACK(SP)=QETIND,
103¢ 3 STATE=QETING,
93> 3 END)
1038 2 ENO) /= OF WMILE COMPILING o/
103 CALL CRLF)
1040 2 CALL PRINTC. < “PROCEDURES ) )
1041 i CALL ENOSPASS.
1042 1 END:

MOOULE INFORMATION

CODE AREA SIZE = LK%M
VARIABLE AREA SIIE = O2FCH
MAXIMUM STACK SIZE = J01CN
ASAT LINES READ

PROJRAM ERROR(S)

ENO OF PL/M=80 COMPILATION

79250
640
280
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LS18=11 PL H=6d V3 L COMPILATION OF MOOULE INTERM
\ QBJECT MOOULE PLACED [N FL INTERP O8J
} COMP ILER [NVORED BY  PLMED  FL INTERP PLM

SPAQELENOTH. 90
i INTERP ‘e MODULE "I NTERP .
00,
- COBOL INTERPRETER -
‘- NORMALLY ORQED TO X 1087 ./

/e GLOGAL CECLARATIONS AND LITERALS o/

3 s dECLARE
4 oy CITERALLY LITERALLY .
008 ur ™. /e ENTRY TO OPERATING SVSTEM =/
s00T v o,
cR (N3 3.
¥ 4 uir 10°.
1 U T 1%,
Ll T “
“ongvER T WHILE TRUE .

. UTILITY VARIABLES

3 . OMCL e
| soOTER ~0ORES S INITIAL (08N>
1 D& VTR,
ASC TR
cre YT
sasg ADORESS.
sVl GASED BASE (L) evTL.
LIl s ] BASED BASE (1>
el ADDRESS.
“agv TR BASRL MOLD (L) ovTL.
HOROOR BASRD WOLD A ACORESS.
/e CODE POINTRRS «-
CODEsSTARY ur ‘3008M .
PROQRAMSCOUNTER ACORESS.
casvry SASED PROORANSCOUNTER (1>  BVYTL
Campor PMASED PROGRAMSCOUNTER 1> ADDRESS.

‘e e e e e OLOBAL INPUT AND QUTPUT ROUTINES = © = « «/

< 1y
CURRENT SFCB AOORESS.
STARTOFFSET (W44 ‘34
s @ MONL  PROCEDURE (F,A> ENTERNAL.
¢ 2 DECLARE F BYTE, A ACORKSS.
* $ ENO MONL,
y [ MONZ . PROCEDURE (¥, A) BVTR ENTERNAL.
\ s 2 OECLARE ¥ BYTE. A ADDRESS. ]
3 0 2 END MONZ, |
i
[% % Y PRINTOCHAR PROCEDURE (CHAR). |
13 2 OECLARE CHAR BVTE.
k| 3 2 CALL MONL (2. CHARD, |
| e 2 END PRINTSCHAR, |
3 3
! TR CRLF  PROCEDURE: |
: 16 2 CALL PRINTSCMARICR): !
) S CALL PRINTOCHARILE)) i
19 2 END CALF, |
13 1 PRINT PROCEDURE (A1, |
e 2 OECLARE A ADCRESS: |
TR CALL CRLF)
I 2 CALL MONLLS. A),
3 2 END PRINT,
M REAO  PROCEDURELA { d
i’ 2 CECLARE A ACCRESS: !
4 W 2 CALL MONLU1O: AY, |
® 2 ENO READ:
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PRINTSERROR = PROCEDURE <(CODX).
OECLARE CODE ADORLSS.

CALL 4

CALL PRINTSCHARCHIGHCOOE) )

CALL PRINTSCHARCLOWCCODED )
ENO PRINTSERROR:

FATALSERROR : PROCEDURECODE>:
OECLARK

CODE ACORESS:
CALL PRINTSERRORCODE):
CALL BOOTER:
ENO FATALSERROR:

SETSOMA: PROCEDURE.
CALL MONA (2¢. CURRENTSFCS +» STARTSOFFSET)
ENO SETSOMA

OPEN: PROCEDURE (AODR)> BYTL
OECLARE ADOR ADORESS:
CALL SETSOMA) /e INSURR DIRECTORY READ WON‘T CLOBBER CORE =~
RETURN MON2<1S. ADOR))

END OPEN.

CLOSE: PROCEDURE <AOLR))
CECLARE ADDR ADORESS:
IF MON2(16. ADDRYa2SS THEN CALL FATALSERRORC “CL ‘).
END CLOSE.

OELETE: PROCEDURE.
C MONL (19, CURRENTSFCB);
END OELETL.

MAKE: PROCEDURE C(ADDR);
OECLARE ADOR
IF MON2(22. ADOR> =233 THEN CALL FATALSERRORC ‘ME“).
END MAKE)

OISKSREAD: PROCEDURE BYTE.
RETURN MON2<20. CURRENTSFCS))
END DISKSREAD:

DISKSWRITE: PROCEDURE BYTE.
RETURN MON2CIL CURRENTSFCE): |
ENO OISKSWRITL

/% & @ @ e ¢ 40w w UTILITY PROCEDURES * « « = & o o o o = = & & u/

OECLARE
SUBSCRIPT (8 ADORESS.

RES PROCEDURKADOR) ADORESS:
/e THIS PROCEDURE RESOLVES THE ADODRESS OF A SUBSCRIPTED
IDENTIFIER OR A LITERAL CONSTANT =/

ADOR;
IF ADOR < 9 THEN RETURN SUBSCRIPTCADOR):
00 CASE AOOR - 9,
RETURN . <“@°))
o RETURN C* %),
RETURN . ¢ ),
END:
RETURN &
NG RES)

MOVE . PROCEDURE (FROM, DESTINATION, COUNT>:
CECLARE (FROM. DESTINATION, COUNT) AOORESS.
CF BASKD FROM. O BASED CESTINATION BYTL.
[} H‘g (COUNT ' mCOUNT = L) O IFFFFW,

’
FROMFROM + L,
OESTINATION=OESTINATION + L

€N
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AT ST e ————— e ju S e R e T e Y e e b S B e e
|
§
i
E ,
1
” e END MOVEL
1 [ 1] i FILL. PROCEDURE . CESTINATION. COUNT, CHAR ),
| » 2 CECLARE DESTINATION. COUNT) ADORESS.
1 CCHAR, O BASED OESTINATION) BVYTL.
» 2 00 WHILE (COUNT wCOUNT = 1)C> QFFEFM
" 3 DaCHAR,
” 3 OESTINATIONSOESTINATION =+ 1,
3 3 ENDs
4 2 ENO FILL,
b} 1 CONVERTSTOSMEN . PROCEDURECPOINTER. COUNT) AQORESS. 3
”»” 2 OECLARE POINTER ADODRESS. COUNT BvTL 1
! 7 2 ASCTR=Y, 1
| » 2 SASE=POINTER, ‘.
”» 2 DO CTR = & TO COUNT=1L
100 3 ASCTRESML \RSCTR. 3> + SHLIASCTR. 1> » BSBYTE(CTR) = 07, :
01 3
' (= 102 2 RETURN ASCTR) 3
w2 END CONVERTSTOSMEN: ]
/e o ® % e v e e e w CODE CONTROL PROCEDURES = » © @« = & & o o/ !
E! 104 1 ogCLARE 3
i BRANCHSMLAD [ a4 INITIALCFALSE ) ;
FCC I INCIPTR: PROCEDURE (COUNT): !
e 2 OECLARE COUNT BVYTL.
! wr 2 PROG OUNTER OOR? OUNTER + COUNT:
108 2 ENO INCHPTR)
A09 Y TSOPSCOOK. PROCEDURE BYTL. 3
130 2 CTR=CIBYTECD)
BEEY 2 CALL INCAPTRIL,
e 2 RETURN CTR)
3 2 ENO QETSOPSCOOL.
1
* FEL) 1 CONDSORANCH PROCEDURE CCOUNT Y, 1
sw THIS PROCELCURE CONTROLS BRANCHING INSTRUCTIONS =/
s 2 OECLARE COUNT BVTE.
A%é 2 IF  BRANCHSFLAQ THEN
ur 2 o0
e 2 BRANCHIFLAQaRAL SR,
1w 3 PROGA INTER=C CCOUNTY:
120 3 ENDs
A2 2 EL3E CALL INCSATRCSMLICOUNT. Loed):
123 2 ENC  CONDSBRANCH:
223 [NCRSORSORANCH  PROCEDURE CMARK ) |
123+ 2 OECLARE MARK BVTE. .
233 2 IF MARK THEN CALL [HNCAPTRU2:
r 2 CL3E PROGRANSCOUNTER=CSADORD)
x 120 2 END  [NCRSORSORANCH:
A /o ® e e weseeesCOMPARISONS @ » » ¢ @ ¢ ¢ ¢ a0 v ¢ oo w
3
| 129 CHARSCOMPARE PROCEDURE BVYTE.

00 ASCTRe=Q fo CHADOR DY = L
IF BSOVTECASCTR) > HOBYTE(ASCTR) THEN RETURN L.
IF BSBYTECASCTRY { WSOYTECASCTR) THEN RETURN O

ENO:
RETURN 2.
END CHARSCOMPARE.

“
L

L STRINGICOMPARE . PROCECUREPIVOT),
ey 2 DECLARE PIVOT BvTE.
42 2 1F CHARSCOMPARE P [VOT THEN BRANCHOFLAGSNOT BRANCHSFLAG.
1 L4 2 CALL CONOSORANCHI 3,
¢ ECL I § ENO  STRINGACOMPARE.
)
\ 4 ) NUMERIC "ROCETURE.CHAR . BVTR.
wr 2 CECLARE CHAR BvTE
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RETURN (CHAR »e’Q°) AND (CHAR (= '9°);
ENC HUMBRIC.

LETTER PROCEDURELCHAR) BYTL.
OECLARE CHAR SYTE.
RETURN (CHAR =“A°) AND (CHAR (e 2°))
ENO LETTER:

SIGN. PROCEDUREICHAR) BYTE,

OECLARE CHAR BYTE.

RETURN (CHAR®+‘) QR (CHAR®’="),
END SION

COMPSNUMSUNS IONED ©  PROCEDURK:
BASE=CSADOR D)
00 ASCTR=@ TO CSADDR(2>=1,
IF NOT NUMERIC(BSSYTECASCTR)) THEN

00
BRANCHSE_AGaNOT BRANCHSFLAG)
RETURN:

€N
ENDy
CALL CONDSBRANCHIQ),
ENO  COMPSNUMSUNS I GNED:

COMPSNUMSSION  PROCEDURE.
BASE=CSACOR 0) )
00 ASCTR=@ TO CSADORC2)=1,
IF NOTINUMERIC(CTR:=888YTECASCTRY)
OR SION(CTR)) THEN

BRANCHSKLAGaNOT BRANCHSFLAG)
RETURN,
ENO:
ENO»
CALL CONDSBRANCHI2),
ENO COMPSNUMSSION)

BASE=CSADORD):
0O ASCTR=@ TO CSADORC2>=-1;
é:‘ NOT LETTER(BSSYTECASCTR)) THEN

SRANCHSFLAGeNOT BRANCHSFLAG)
RETURN,

ENOD)

ENO.

CALL CONDSBRANCHI2),
ENO COMPSALPHA)

/e @ @ & e e e e e sNUMERIC OPERATIONS = = @ w & & & & &« = w/
OECLARE
RO, RL, RD) 10> BYTE, /= REQISTERS =/
SIANGCD) VTR
(DECSPTO. OECSPTL, DECIATD) evTL.
OECSPTA (3> OYTE AT ( DECsPTO).
OVERFLOM SYTE.
RSPTR vTL
SITCH oYTR.
SIGNIFSND SYTE.
I0NE Lir “A0M.
POSITIVE utr .
NEQITIVE Luir i A

CHECKSFORSSIGN PROCEDURELCHAR» BYTE.
OECLARE CHAR BYTE,

IF NUMERICCCNAR: THEN RETURN POSITIVE
IF NUMERIC(CHAR = 20ME> THEN RETURN HEQITIVE.
CALL PRINTSERRORC ‘$1 ),
RETURN POSITIVE:
ENO CHECKSFORSSION:

STORESIMMEDIATE. SROCEDURE.
00 CTRw® TO
ROCCTROI®RI(CTRY .
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CECSPTO=OECSPTZS

SIGNACO)=SIGNOC2))
END STORESIMMEDIATE.

ONESLEFT . PROCEDURE,
DECLARE (CTR, FLAG)> BYTE;
IF (CFLAG: =SHRCBSBYTECD), 4> =8> OR (FLAG=9)> THEN 4
0o: :
0O CTR=Q TO &
BSSYTECCTR)®SHL(BSBYTEC(CTR). 4> OR SHR(BSBYTE(CTR <+ 1),4),;

END;
BSBYTE()=SHL(BSBYTE(3),. 42 OR FLAG,
END)
ELSE OVERFLOW=TRUE,
END ONESLEFT:

ONESRIGHT: PROCEDURE:
DECLARE CTR BYTE:
CTR=1Q;
0O INDEX=1 TO 9
CTR=CTR=-L;
BSBYTE(CTRI=SHR(BSBYTECCTR), 47 OR SHLIBSBYTECCTR=1), 43

END;
BSBYTE(Q)=SHR(BSBYTECQR), 4

IF BSBYTECQ) = O9M THEN
BSBYTECO) = 39

[2-7]
ENO SHIFTSRIGHT;

SHIFTSLEFT: PROCEDURE <COUNT);
DECLARE COUNT BYTE

ALLIGN: PROCEDURE.
BASEs=. RO;
1F DECSPTO > DECSPTL THEN CALL SHIFTSRIGHTC(DECSPT@=DECSPTL).
GLEE CALL SHIFTSLEFTC(DECSPT1-OECSPTO):

END ALLIGN:

ADOSRY: PROCEDURE(SECOND. DEST):
OECLARE :3ECOND. OE3T)> ADDRESS., (CY.A.B.1.J> BYTE
HOLD= SECOND.

BASE = DEST;
Cy=d;
CTR=9;
00 Jwi TO 10

A=RGCCTRY )

B=HSBYTECCTR);

1=0ECCA=CY))

3

I=0ECCI +» B

Cy=(CY OR CARRY) AND L,

BSBYTE(CTR)=1)

CTR=CTR=-1,

END:
IF Cv THEN
00

CTR=S;

00 J = 1 TO 1O
1=8S8YTECCTRY:
1=DEC 1+CY>:
CYsCARRY AND 1.
BSBYTELCTR)=L;
CTR=CTR-L;

END:

[ L)
ENO ACOSRO:
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COMPLIMENT  PROCEDURE CHNUMS » .
OECLARE nUMS OVTE.

SICNOCNUMNG) = SIGHOCHUME: XOR L. e COMPLINENT SION =~

0O CASE ure.
HOLD= RO:
HOLD= R1,
HOLDe R2,

0o,

0O CTR=® TO 3
HOGYTELCTRI=99N - HEBYTEICTR),
ENDy

END COMPLIMENT:

R25ZERO. PROCEDURE BVTE.
OECLARE !

IF (SMLCRR(D), 4,00) OR (SHRCR2(S). )OO0
THEN RETURN FALSE,
ELSE ©Q [wi TO &

1F RICIICO THEN RETURN FALSEL

CHECKSRESULT PROCEDURE.
IF SHR(R2(O). 4)e9 THEN CALL COMPLIMENT(2).
IF SHR(R2(D): 4550 THEN OVERFLOWsTRUL.
ENO CHECKSRESULT.

CHECKSSION: PROCEDURE.
IF SIGNOCD)> AND SIGNOCL) THEN
00

SIGNOC2)aPOSITIVE,
RETURN)

END,
SIGNOC2>=NEQITIVE:
IF NOT SIONGCQ) AND NOT SIGNOCL) THEN RETURN:
[F SIOGNOCD) THNEN CALL COMPLIMENTI(LM
ELST CALL COMPLIMENTD):
END CHECKSSION

LEADINGSZEROLS . PROCEDURE <(ACOR) BVTL
OECLARE COUNT BYTE. ADOR ADORESS.
COUNT =0,

SASE=ADOR;
00 CTRe) TO 3
IF (BSEYTELCTR) AND SFOM> <O 9 THEN RETURN COUNT.

COUNT®COUNT + 1,
IF (BSBYTECCTRY AND @FW) < 3 THEN RETURN COUNT.
COUNT=COUNT + L,

CHECKSOECIMAL . PROCEDURE.
;; DECSPT2LO(CTR =CS@YTEL3) ) TNEN
)
BASE=. R2,
IF OECSPTZ > CTR THEN CALL SHIFTSRIGHT(OECSPTZ-CTR),
ELST CALL SHIFTSLEFTICTR-DECSPT2).

€ND
IF LEADINGSIEROESC R2) < 19 = CSOVTELL) THEN OVERFLOW « TRUL
CHECKSOECTMAL,

Z

:

0

VERFLOWaFALSE,
CALL ALLIGN:

CALL CHECKSS1ON.
CALL ACOROC. Ry, R2),
CALL CHECKSRESULT.
&0 ATO:

ADOSSERIES PROCEDUREICOUNT .
CECLARE (1, COUNT> SYTE.
00 ey TO COUNT.
CALL ADLSROC R2, RZ .
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SETOMULTACIY  PROCEDURE.
OVERFLOW=SAL SE.
SIGNO 2 = (NOT (STGNO ) NOR SIGNSC12)) AND 81N
CALL FILLL #2.10.0).

END SETSHULTSOLV:

'RASOREATER . PROCEDURE BVTE,

CECLARE | BVTE.

00 CTRe@ TO 9
1IF RACCTROIDCT w99N=-ROCCTRY: THEN RETURN TRUE.
IF RALCTROICI THEN RETURN FALSE.

&0
RETURN TRUE.
ENO RLSOREATER.

MULTIPLY PROCEDURE. VALUEY:
CECLARE VALUE BYTE.
IF VALUECOO THEN CALL ADDSSERIESVALUE):
ASE= RO:
CALL ONESLEFT.
ENO MULTIPLY:

OIVIDE PROCEDURE.
OECLARE (1. J. K. LIO. L2L, X) YT
CALL SETSMULTSOLV)
IF L3I0 =LEADINGSIEROLS . RQ) >
KN ® (L2L ® LEADINGSIEROES: R1..:)> TNEN
00,

IF L2ODLIL THEN
00,

BASE = RO,
CALL SHIFTSLEFT(I = L20-LI1),
CECSPTO=DECHIPTY » L.
X & L2
END:
EL3& 00
BASE = R3,
CALL SHIFTSLEFT (I =lI1-L20):
OECSPTA=0ECATL « 1.
X s 20
ENO:
00,
DECPTRe 18 - N + DECPTL - OECPTY
CALL COMPLIMENT ()
0Ol @« X TO 49
Jedi
00 WHILE RLISIREATER;
CALL ADOSROL RL, Ri),
IF RACO) = 99N THEN
CALL COMPLIMENT (i),
JaJei,
[ (Lo
NeSHRCT. A0
(F [ THEN R2CN)eRIK) OR T,
ELSE R2(N)>ERIIK) OR SHLIJ, &),
SASE= RO
CALL ONESRIONT,

€ND:
ENO OIVIDE.

LOAGSASCHAR © PROCEDURE (CHAR)
OECLARE CHAR BYTE.

IF CSWITCM: eNQT SWITCH) THEN g
BAOYTERIAPTR 'a@SOYTELRSPTR) OR SNLICHAR = I 4
OLSE BSBYTERASATR wRSPTR=1L)CHAR = I0W
ENC LOADSASCHAR,

LOADSNUMBERS  PROCEDURE L ADLR, ONT Y,
CECLARE ADOR ACORESS, (1. CNTI VTR,
HOLOSRES AOOR
CTRaCNT,

00 INDEN = L TO CNT.

CTRaCTR=L,
— CALL LOADSASCHAR CHSBYTELCTR ),
CALL INCEPTR S,
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END LOADSIAMBERS.

SETILOAD PROCEDURE (SIONSINY
OECLARE S1aNSIN BVTE.
00 CASE (CTR «COBVTE ),
ASE= RO,
SASEe R4,
A3k R,

oo
OECSPTALCTR I aCHBVTRII
SION\CTR =S IONSLIL
CALL FILL C(BASE. 13. 9.
RPTRwS,
SHITCHaSALSE.

OO SETHLOAD:

S e i

LOADSNUMERIC  PROCECURE,

CALL SETSLOADCL.

CALL LOADSHUMBERSCSADCRCD), CHOYTENZ) 1)
END LOADSHUMERIC.

LOADSNUNSLIT PROCEDURS.
DECLARELITSSITE FLAG) BYTL

CHARSSION PROCEDURE.
LITSSIZE=LITHSIZIE - L

WOLO=MOLD * 1
END CHARSSION. b
LITSSIZEeCIAVTRC2), 1
HOLOSC SADORS @) 4
1P HEBVTE(Or@’ =" THEN g
co.

CALL CHARSSTON.
CALL SETALOADINEGITIVEY,
END.
LS 0O
1F WSBYTE D)= "« THEN CALL CNARSSION
CALL SETSLOADIPOSITIVEM:

€NOs

FLAGe:

CTRw ITSSIZN.

00 INOENeL TO LITHSITE
CTR=CTR=-1,
IF HIBVTE(CTR. =" THEN FLAGSLITSSIZE = (CTRel.
ELSE CALL LUADSASCHARHSBVTELCTR)),

END:
DECHPTACIBYTE 4> »» FLAG,
CALL [HCSPTRCS);

NG LOADSNUNSLEIT)

STORESONE  PROCEDURE.
[PCSMITON oNOT SWITCH, THEN
BSBYTE(Q)=SHRIHSBYTELD), 4> OR Q7.
ELSE 00.

HOLDaHOLD =1,
—_— BSPYTE D) a NSBYTECE) AND 9N, OR "9
g
SASE=PASE-L,
END STORESONE.

STORESASICHAR  PROCEDURE L COUNT M
OECLARE COUNT BVTE.
SHITCHerALSE.

HWOLDe RZ * 3
00 CTRwy TO COUNT.
CALL STORESONE.

END.
END STORESASSCHAR.

SETHZONE  PROCECURE \ALLR .
CECLARE

AOSR  ADCRESS.
IF NOT SIONGCI) THEN
00! |
BASE=ALOR,

BABYTE D =888V TE LD OR 20NE)

CALL TNCSPTRUS
ENG SETSIONE.
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SETESIONSSEP PROCEDUAE (ADLR .
OECLARE ADDR ALCRESS.

SASE=AL0R!
IF F10M0 3. THEN BSBYTE D e =,
EL3T S48V TR O ~
CALL TNCIPTRU4).
ENCG SETSSIONSSEP)

STORESHUMERIC PROCEDUAE.
CALL CHECKSORC IMAL
SCSADORLO Y * CHBVTELD> -).
CALL FTORESASSCHAR. CBYTELZY ),
ENO STORESNUMNERIC.

/e s @ e w e e % a INPUT-QUTPUT ACTIONS © = ¢ v o @ = & o & = »

LECLARE

FLAGSOFFSET (S5 ‘33,

EATENTSOFFSET (S34 ‘a2

RECHND (%42 32 .

PYRSOFFSET (N33 L6

BUFFALENATH (984 ‘128,

VAR SEND T ‘CR°.

TERMINATOR uir TARAMT .,

ENOZOF SRECORL BYTE.

INVALID BYTE.

RANOONSFILE EvTE.

CURRENT sFLAG BVTE

FCBI8Y TR AASED CURRENTSFCS oYTE.
FCBIALIR SASED CURRENTS#CB ALLRESS.
FCRSOYTESA JASED CURRENTSFCE (1> BVTE.
FCBSADORSA RASEC CURRENTSFCE \L> AGDRESS.
BUFFSPTR ADORESS.

ST SENG ADORESS.

SUFFSTART ADORESS.

SUFE SSYTE SASED BUFF IPTR SYTE.
CONSOUrF ADORESS  INITIAL (OOW).
CONSSVYTE BASED CONSOUSF SYTE

CONS INPUT ADORES S INITIAL (83NN

ACCEPT  PROCECURE.
CALL CRLF.
CALL PRINTICHAR IFW).

co CALL CRLF. o/
CALL FILLICONSINAUT, (CONSBYTE =CSOVTE 2>y~ ")
CALL READ . CONSBLFF),
CALL MOVELCONSINAUT. RESICHADORLD ) » . CONSBYTE .
CALL TNCSPTRLD N

ENO ACCEPT:

DISPLAY  PROCEDURE.
DECLARE  BSCNT BYTE. BLANK LIT 20w,
BASECSADOR D
CALL CRLF.
BSCNT = CSBVTELDM
00 weiLd
o BIBYTECBSCNT «BSCNT = L = SLANA
00 CTR = O TO BaCNT,
CALL PRINTACHAR\BSBYTELCTR M
Q.
CALL INCHPTRII).
ENG DISPLAY:

SETHFILEASTVYRE  PROCEDURE. TYRE

Sa6v
ENG SRTSFILESTYRL.

SETSFILESTYRE PROCEOURE VTR
BAZERCSALLA D 1
RETURN B8+ TR\ FLAQSOFFSET .
TS AETIFILEETNRE

Siisifite s
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SETEI0  PROCEDURE.
EHCSOF SRECORC:, INVAL ILaFALSE,
IF CARDOR\Q 'aCURRENTSACE TrEN RETURN.

* STORE CURRENT PUINTERS AND 3E&T INTERNAL WRITE MARK =/

SASE=CURRENT S5CH.
FCBIALLRSAPTRIOFFESET ' »@UAF SPTR,
FCBSBYTESALFLAGSOFF SIT oL URRENT SFLAG
o LOAD NEW vALUES -

BUFFSEID  BUFFSSTART o CUARENTSFLE =CSADUR (D) »«STARTSOFFSET

> BUFFBLENGTH.
CURRENT SFLAGaFCBABYTESA\FLAGSOFFSET .
EUFF P TReFCRIALLRSALPTRIOFFSET -,
END SETSISO.

OPENSFILE . PROCRDURE TYPE ..
DECLARE TYPE BYTE.
CALL SETSFILESTYPE(TYPE..
CTReOPENL CURRENT SFCH . »CSADOR (D )4
GO CAST TYPE-L.
‘e INPUT o/
00,

IF CTRISS THEN CALL PRINTSERROR. NF .
FOBSALORSAPTRSOFFSET ) oCURRENT SFCB+100M,

END.
o QUTRUT o

CALL OELETE.
CALL MARECSADDRID. 2.
FCBSALDRSALPTRSOFFSET ) @ URRENT SFCB*START

so =0 a

IF CTReISS THEN CALL FATALSERROR:. & .,
FCBSADORSACPTRSOFFSET > wCURRENTSFCR « L
ENO.
&ND.
CURRENT 356w,
CALL 3ET150.
CALL [NCSPTRIQ)M,
ENC OPENSFILE.

= FORCE A PARAMETER LOAD =/

WRITESMARK FROCEILRE 8YTE.
RETURN ROL\CURRENTSFLAG, L)
END WRITESMARK.

SETSURITESMARK PROCEDURE:
CURRENTSFLAGaCURRENTSFLAG OR 30N,
ENC SETAURITESMARK:

WRITESRECORD PROCEDUAL.
IF NOT SHRCCURRENTSFLAQ. LW THEN CALL FATALSERROR. -
CALL SETSOMA.
CURRENT SFLAGaCURRENT SFLAG AND OFN.
IF (CTR sCISKSWRITEY =@ THEN RETURN.
INVAL [ { = TRUE.
ENG WRITESRECORD.

READSRECORD  PROCEDURE.
CALL SET#A
IF WRITESMNARK THEN CALL wRITESRECORD:
IF (CTR =0 ISKSREAL = THEN RETURN.
IF CTRe1 THEN ENOSOFSRECORDTRUR.

READSSYTE. PROCEDURE BYTE.
IF (QUFFSATR BUFRIATR « 1. D= BUFFEND THEN
0O,

CALL READSRECORD.
IF ENGSOFSRECORE THEN RETURN TERMINATOR.
BUFFSPTReBUFR SSTART.
o
RETURN SUFRSRYTE.
ENG REAOSBVTE.

WRITESOYTE PROCEDURE (ChAR -,
CECLARE ChAR BVTE.
IF (BUFFIPTR «UFFSaTRL . "o SUFFSEND THEN

CALL WRITESRRICAL

SOFFSET-L1.
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BUFFBATARBLFFE3TART.
[ (=8
CALL SETSWRITTINARKN,
BUFF $8 Y TESCHAR .
END WRITESOYTE.

WRITESENOSMARN  PROCEDURE.
CALL WRITESSYTE.CR.,
CALL WRITESBYTE.LF .,

END WRITESENUSHARK,

READSENCSMARY.  PROCEILUARE.
IF REACISYTECR TREN CALL PRINTSERROR. EM ..
IF READSBYTEOLF THEN CALL FRINTSERROR. &M 0.
EING READSENOSMARK.

REACSVAR IABLE PROCECURE.
CALL SETS130.
BASE=CIADORL .
00 ASCTR®Y TO C3ALGAL2 -1,
IF \CTR =(B#BYTE.ASCTR ' «READSSYTE: ' = VARSEND THEN

0.
CTRwREADSBYTE.
RETURN,
ENC
IF CTReTERMINATOR TwEN
oo
ENOSOF SRECORC=TRUR.
RETURN.
[ =0

&N
CALL READSENDSMARK,
END READSVARTABLEL

WRITESVARIABLE  PROCEDURE.
CECLARE COUNT ADCRESS.
CALL SETS1s0.
BASTCSACTRIL
COUNTACIADORL 2D/
0O WHILECESBYTELCOUNT sCOUNT=L.C " “DAND (COUNTOR.

ENO,
00 ASCTR=® TO COUNT,
CALL WRITESBYTE BSSYTELASCTRY ).
T
CALL WRITESENOSMARN,
ERO WRITESVARIABLE.

REACSTOSMEMORY PROCEDURE.
CALL 3&T4180.
SASEaCSADDR L)
D0 SCTR®Y TO CIALLR.I =1
IF (BSBYTE(ASCTR) »REALSSYTE «TERMINATOR THEN
00
EHOSOF SRECORO=TRUE,
RETURN.

IND.
CALL READSENDSMARK,
ENC READSTOSMEMORY.

WRITESFROMSMEMORY PROCELURE.
CALL SETSIsQ.
SASE=CSADOR L .

GO ASCTR=) TO CSALORLI =L,
CALL WRITESSYTE(BSOVTE(ASCTR M.
o
CALL WRITESENOSMARK,
ENO WRITESFROMSMENORY.

‘e e e emw e s ow RAKOM 1-d PROCECURES » = o w * = = w

SETSRAICOMSPOINTER  PROCECURE.
- . Ay
THI3 PROCECURE REACS THE RANCOM KEY ANG COMPUTES
WHICH RECORD MEEDS TO BE AVAILASLE I THE UFFER
THAT RECORC (3 MADE AVAILABLE AND THE POINTERS
SET FOR INPUT OR QUTPUT

-
OECLARE (BYTESCOUNT. RECOARTD  ALLRESS.
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TATENT BVTE
CALL SETsIs0.
SYTEACOUNTO CHADLR L ol ' wCONVERTSTOSHES  COADLR (I, CHOYTELS) !
RECORD@SHA L BY YESCOUNT, T .

EXTENTeSMRCRECURD, ™),
é;‘ EXTENTCOFCBABYTESARNTENTSOFFSET : THEN

IF WPITESMARK THEN CALL WRITESRECORD:
CALL CLOSE COADOR D )
FCROOYTEIA . EATENTSOFFSET - N TENT.
IF OPENLCAATORLY ., 100 THEN
oo,

IF SMR.CURRENTSFLAG, L) THEN CALL MAKE.CSADORCO) 4.
ELSE INVALIDaTRUL, .
END.

€N

BQUFFAPTRa(BYTESCOUNT AND: TFM) « BUSFSSTART =),

IF FCBSBYTESALRECSINO)COLCTR oLUWIRECORD )AND TRH) THEN

00,

FCBABYTESALZ2)«CTR,

oe CALL READSRECORD,

.
END SETSRANOOMSPOINTER,

QETSRECINUMBER  PROCEIDURE.
OECLARE (RECNUM. K: ADDRESS.
VDL CNT Y BYTE.
Jud) ADDRESS OATA (L0000, 1000, 109, 19).
BUFF(S: BYTL,

RECINUMSSHL \FCBSBYTESACEATENTSOFFSET ). ™  «FCRSBYTESACRECING ),
00O 1= TO 3.
CHT=Q,
CO WHILE RECSNUMDeLK wJil)),
RECSNUMaRECSNUM = K
CNTaCNT « L,

ENO»
BUFF(I )mCNT « Q7

ENC.
BUFF{4)aRECENUMe 0",
IF (1 =CIOVTE S8))><aS THEN
CALL MOVEL BUFFes-[, CSADORCI), 1))
ELSK 00,
CALL FILL(CSADDRC(Q), [=S, ~ ")
CALL MOVES BUFF, CSADORCI)«1-¢, ),

ENO»
ENC QETSRECSNUMBER.

HRITESZEROSRECORD PROCECURE.
00 ASCTRa=L TO CHACOR(2).
CALL WRITESBYTEID):

ENO»
END WRITESIEROSRECORD:

WRITESRANOOM PROCECURE,
CALL SETIRANOOMSPOINTER,
CALL WRITESFROMSMEMORY)
CALL INCERTR.$ ..

ENC WRITESRANDOM.

OACKSONESRECORD PROCECURE.
CALL SETSL80:

IF (BUFFSPTR «QUFFIPTR='CIAODRL 2, +2 . ) taQURRESTART THEN RETURN,
BUFF SR TR=QUEF SENG = BUFFSSTART ~ BUFFSPTR .,
‘1'; \FCRSOYTESARECSNG) =FCBSOYTESARECING =1, =288 THEN

FCBSOYTESA K TENTSOFFSET » aFCRIOYTESALEXTENT SOFFSET ) =1,
IF OPEN\CSACOR D)<Y O THEN

I
CALL PRINTSERROR OF“ ),
INVAL [DeTRUE,
L
FCBABYTESARECSNO 1 @llT,
END,
CALL READSRECORD:
EHO BACKBONESRECORD:

/R e mee s te e e e e MOVES * e e ee e e e oay

INCOMOLD  PROCEDURE.
HOLDeHOLD = L,
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LOADSING  PROCETURE,
HEBYTE. Q) a8V TR,
BASLo@ASE L
CALL NG 8D

END LOADS INC,

CHECKSEDIT  PROCEDURE (CHAR)Y
OECLARE VTR
IF (cHARe © ) OR (IMARe o THEN CALL  THCSNOLD:
BLSE (F CvaRe B THEN

[ 1)
HERVTRIQ)e
CALL  TNCHMOLD:

€Ny

&n te CHARe A THEN
(F NOT LETTER(B2BVTELG) THEN CALL PRINTSERROAL 1C M
CALL LOADS [NC,

[ 10

&“ IF CHARe ‘9 TMEN

IF HOT NUMERIC (BSBVTELO)) THEN CALL RRINTOERRORY I V0
CALL LORDSING,

€ND
ELSE CALL LOADSING,
ENO CMECKRSEDIT:

/-o.oot.-t..mlmmtl“-t PR R R T R
STOP  PROCEDURE:
CALL PRINTL ( ENO OF JOB 8 )
CALL BOOTER)
ENO STOR

/-.t.‘.‘Q...tl.‘..-0..-0..0....0...

THE PROCEDURE BELOM CONTROLS ThE ENECUTION OF THE CODE
l?Wlm*W“WM%HM

toctttttnttctoott.-.-.--....-UOOQQ,
ENECUTE  PROCEDURE,
00 FOREVER:
0O CASE QETHOPSCOOL:
se CASE IERO NOT USED o

Je 3 MDD »
CALL ROD:
e 2 B e
oo
CALL COMPL IMENT @),
I SIOND D) THEN S1ONOCO Y engO L TIVE.
st STONDLO ) WPUSTTIVE:
Sl O0:
“l
.- @3 ML e
00
OgCLARE [ evTR:
CALL SETAMATROLV.
CECATL, DECPTRRORCPTL « DECPTOL
CALL ALLTON
CALL MULTIALYUSHRIRALT w8, 4 Y
00 INDEN®A TO &
CALL MULTIPLVIRALT sl=is AND @FM),
CAL MATIPLVUSHALRAL T 4
| L0
| (L0
e 94 DIV e
CALL DIVIOE
- 08 HEG e
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PRANCHEFLAGSHOT BRANCHSFLAQ,
STP »/

CALL STOP,
STL =

CALL STORES IMMED IATE.

RHD =/
(S
CALL STORESIMMEDIATE)
CALL FILL. R2. 19,9
L1323
CALL ADD:
END
RET =
00
I® CSADDRCOICDO THEN
(o 1)
ASCTReCEAOLRD)
CSADOR(D) =9
- PROGAAMSCOUNTERSASC TR,
)
ELSE CALL INCSPTR.I).
[ 110
CLS =
00
CALL SETSISO:
IF WRITESHARK THEN CALL WRITESRECORD:
CALL CLOSE\CSADDRID} i
CALL INCSPTRID),
&ND»
SER =/
o0
IF OVERFLOW THEN PROGRAMSCOUNTER = CSADORNO N
CLSE CALL INCSPTRIZ):
END:
RN o/
PROGRAMSCOUNTERSCSADORN D)
OPH =/

CALL OPENSFILE L)
oy -

CALL OPENSFILE Q)
P2 w

CALL OPENSFILECI):

RAT »/
(SN}
IF NOT SIONOUZ THEN
BRANCHEFLAGENOT BRANCHSFLAG,
CALL CONOSBRANCHLY )+
ENO:
T e
o0
I® SIONOLZY THEN
BRANCHSELAGANOT BRANCHSFLAL,
CALL CONDSORRNCHIY ) ¢
| (L]
REQ =/
©Q
IF RISIERO THEN
BRANCHAZLANSNOT BRANCHSFLAG,
oo CALL CONODSBRANCNIY
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auuaas aanuuns,s auaws sauns

GUuAany s

/e 20

e 23

INV o/
CALL

CALL

CALL

. OIS o/

HE™ <7 O 7

ST o/

. STL w/

. STR =/

&NO)
T3 o

€Ney

(<+]]

[ {10
O =

TNCROOR SBRANCH TNVAL L))
INCREQRSSRANC M\ E1SOF SRECORD ).
ACCRPY,

OISPLAY;

CALL OISPLAY;
CALL STOP:

CSADORC 2) s CONVERTITOSNEX CHADDR D, CHOYTE 3D 2=l
CALL INCSPTR(3.)

IF CHAOORCOILO9 THEH CSADORLO»=CSADLRL Q=4
IF COADOR$)>ed THEN AROGRAMSCOUNTERSCSACOR Y 1)
ELSE CALL INCSATRI4);

CALL STORKSNUMERIC.
CALL INCSPTR4):

CALL STOREKSNUMERIC.
CALL SETSIONECSACORIQI=CSBVTELR)=4),

CALL STORKSNUMERIC.
CALL SETSIONZ.CAACORY), )/

CALL CHECKS0ECIMAL,

BASECSADOR(O: + COYTELD) - L,

CALL STORESASSCHAR\CIOVTELD) = LJ:

CALL BETSSIANSSEP(CSAOORII ! « CHBYTE(D? =4/

CALL CHECNSOECIMAL.
BASECSADDRY) + COOYTRIIM
CALL STORKSASSCHAR (CSOYTELI)>=~L))
CALL SETSSIONISEP \CADDR D)),

CALL CHECKSORCIMAL,

ROCP ORI S) OR SIGNOD) .

CALL MOVEL R2 « & =~ CHBVTE Q) CAACORID . CABYTE D) Ny
CALL INCOPTRIS):
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279

3333382

133343

JILERRERAEL

”e

3
>
auau,

”s
”e

VURAAUGKBLULUG,

VORAEMGUMKOVLAGU,

CALL LOADSNUMSLIT:
s 33 LDL e

CALL LOADSHUMERIC:
se 34 LDR e

0.

[F CHECASFORSSIONICTR oMSBYTEL] «CoBYTE2>=12> THEN

CALL SETSLOADCPOSITIVEY) 3
l=ley,

[ L-T]

€Sk
CALL SETSLOADCNEQGITIVE:
CALL LOADSASCHARC(CTR=ZONK >,

END:
CALL LOADSNUMBERS(CSADORCO). 1),
7o 3% LO3 e/

HOLD=CSADOR )
IF CHECKSFORSSIONINSOYTELDY ) THEN

oo
CALL SETSLOADPOSITIVE).
i CALL LOADSNUMBERS (CSADDR O :. CSOVTEIR) o,
b
ELSE DO,
CALL SETSLOADCNEGITIVEY:
CALL LOADSNUMBERS CSADORD)> 4, CABYTR 2=4).
CALL LOADSASCHARHIBYTE Q) ~ZONE >

s 38: LD4 o/

(L ])
HOLD=CSADDRC D))
IF HSRVTELCSOYTELD) = 1) "+’ THEN
CALL SETILOADCL)
EL3E CALL SETILOADO):
CALL LORDSNUMBERS CSADCARCD)>. CIBYTEL2) =1
END)

s 37 DS e

0o
HOLD=CSADOR D))
IFCHOQYTELD @ o ) THEN CALL SETSLOADIL).
EL3E CALL SETSLOADD.: .
CALL LOADSNUMBERS (CSADORL D). CABYTEL =00

/e 38 LDé =/

OECLARE I OvTR)

HOLD=CSAOOR D)

CALL SETSLOAD\NSBYTECI wCHBYTEL2)=1) 2

SASE=gASE - 9 - L,

COCT™R @« @ TO I,
BSOYTELCTROaMSBYTRICTR Y,

ENO,
SSEYTE.CTR a@SOYTELCTRY AND OFON;
CALL INCAPTR(S):

GASESCSAOCR LI *Ls
BSACUR (O »oCIALOR D )
PROGARAMSCOUNTER=CSAOCR O
s/ 48: CIU =/

CALL COMPENUMSUNS 1ONEL.
o 41 CHS =
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- e 4 CALL COMPNUMSSTON,

:

COMPSALANA,
e 43 RUS o/
CALL BACKSONKSRECORD,

CALL WRITESFROMSMEMORY)
CALL INCSPTRI S,

13113

o e OLS e

203 <+ 00
0 3 CALL BACKSONESRECORD:
T S CALL WRITESZEROSRECORD:
ses S CALL INCOPTRIE):
% S ENOs
/49 ROF o/
%0 L o0
S CALL READSTOSMEMORY:
992 < CALL INCSPTRI$):
9 3 0o,
‘e 46, WTE =/
94 < 00
s S CALL WRITESFRONSMENORY:
¢ 3 CALL INCIPTR(E),
7 S ENO:
Jo 4T RV »/
9 o CALL REACSVARIABLE
o 48 WV e/
: . s o CALL, WRTTESVARIABLE:
7 h Ze 49 SCR o/
1000 < o0
ICTTO SUBSCRIPT(CSBYTE2))e
CONVERTSTOSHEX CSAOOR0) . CHBYTEII) )4
002 S CALL INCHPTR(S);
003 S @,
Je 39 $AT «/
1004 o CALL STRINGSCOMPARELL))
| /e S3. AT o/
1088 CALL STRINGSCOMPARE(D))
7w 32 SEQ o/
A 1006 CALL STRINGSCONPARECS))
1 “e 3 MOV e/
| 1007 o oo i ;
1 1008 S CALL MOVECRESCCHROORCL: ). RES\CHADORND) ). CHAOORCS ) 1
| 1009 S IF CSMODRIIIOD THEN CALL
FILLCRES(CSACOR (L)) e k3. ©
i w4 8 CALL INCSPTRIS);
3 W 3 [ )
4 se 8 MRS o/
1013 ¢ 00,
1044 3 CALL READETOSNENORY)
i FCTU CALL QETSRECSNUMNSER:
1048 ¢ CALL INCSPTR(S),
1047 ] &NO,
/e S8 WRS o/
E 018 00,
FUTC CALL WR TESFROMSMEMORY |
1030 ¢ CALL QETIRECSUMBER)
\ 0ar ¢ CALL TNCEPTRUD),
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{
|
|
3 : 1022 3 0o '
1
| s S6. RRR =/ ‘
] ' |
| 1023 < o0 |
! 1034 S CALL SETSRANDOMSPOINTER
1088 S CALL REACSTOSHNEMORY:
102¢ ] CALL INCSPTR(®),
037 S ENO:
3 /e S7. WRR =/
2 1020 - CALL WRITESRANDOM
a1 /e 38 RNR =/
it 1029 L) CALL WRITTSRANDOM
1
j /e 39 OLR o
4 030 00
By 1034 S CALL SETSRANDOMSPOINTER)
10323 s CALL WRITESZEROSRECORD:
: 1033 S - CALL INCSATRC9):
(] 03¢ S €N
& o 8@: MED =/
] 1035« 00
t 103¢ S CALL MOVECCSAOORC3), CHADORL D). CHADDR4) ).
{ 37 S BASE=CSADDR L)
{ 1038 S HOLD=CAADDR D)/
1039 -] CTR=;
1049 S 00 WMILE C(CTRICSACORIL ) JANDLCTRICSADOR ) )
1044 s CALL CHECKSEDITIMSOYTELD) >,
1042 L3 ENO:
1043 S IF CTR < CSADDR(4) THEN
1 1044 3 CALL FILLCHOLD. CSADOR4)=CTR, ~ "M
1048 S [ & TR
e 81 MK o/
E 1048 o i /e L CASE =/
. 7o 2. QOP =/
1047 @ o0 3
1 1048 S OECLARE OFFSET OVTE
1049 S OFFSETECONVERTSTOSHEN (CSADOR(L >, CIBYTRIL)=1),
1058 s tF OFFSET > CSOVTE(D> + 1 THEN
1081 S 00,
10352 ¢ CALL PRINTSERRORC ‘GO Y,
i 1083 [ CALL INCSPTRUSML.CSRVTE D). L) « 8
28 103« ¢ N
: eSS S ELSE PROGRAMSCOUNTEReCSADOR (OFFSET « 2>
1058 s [ L)
1087 < ENG: 7« ENO OF CASE STATEMENT o/
1088 3 END: /e ENO OF 0O FOREVER =/
" 108 2 ENO EXECUTE.
\l /e @ 8@ @ e we e = s PROORAMN EXECUTION STARTS HERE = & & & = = =
! 180 2 PASE=COOESSTART:
1061 i PROGRAMSL.OUNTER=GSADDRLY ) )
) 1062 L CALL ENECUTE.
1 1063 by ENO
1
A}
MODULE [NFORNATION
CODE ARRA 313K e 108AN  TOSO0
VARTABLE AREA SIZE = OCIN 1930
MAXIMUM STACK SIZE = J01en &30
1543 LINES REAC
O PROGRAM ERROR:S>
END OF PL. M-09 COMPILATION
.
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ISIS=11 PL M=3Q V3 L COMPILATION OF NOCWLE FARTZ
QBJECT MOOULE PLACED IN KL FARTL O8J
COMPILER [NVORED 8v  PLNEQ FL PARTZ ALM

8 PAGELENGTHC 39>
1 PART2 e MODULE NAME =/
00

s- COBOL. COMPILER - PART 2 .’

se 408W ® MODULE LOAD POINT o~
J. GLOBAL CECLARATIONS AND LITERALS -

. OECLARE LIT LITERALLY “LITERALLY )
3 i OECLARE
HASHETAGSACOR LIT ‘2S0OH’. -/« ADDRESS OF THE BOTTOM.OF
THE TABLES FROM PARTL =/
PASSLSLEN uir ‘od.
MAXSMEMORY (%34 3200M°,
PASSLSTOP T ‘3400M 7.
CR (N34 3.
LF (B34 197,
QUOTE (S84 ‘aaM .
POUND WIT ‘23N
TRUE (Wag ‘.
PALSE LT .
FOREVER uIT WHILE TRUE .
1FsFLAQ YTE INITIALCFALSE) .
. 3 DECLARE MANRNO LITERALLY '82°. ‘e MAX READ COUNT o/

MAXLNG LITERALLY 10S°. /e MAX LOOK COUNT =/
i 2 & .

MAXSNO LITERALLY 218°
STARTS LITERALLY ‘L', /= START STATE =/
s OECLARE READL(=) BYTE
DATALY: €3. S. 6. 9. 14 16: 30, 22, 24, 36, 31, 32, 4L, 43, 44, 43, 43, 53
. 54, 38, 6. 48. 38, 48. 23, 26. 29. 36, IT. 44, SH. 11, 33, 46, 34. L3, 28, 29, 38. IT
S48 3. 4, 40, 23. 48, ST, L. 56, 2. 38, 43, 27, 19, 33, 30, 32, 4. 18, 4. 36. 26, 39

.64, 53, 4. 45, 7. 12, 10, 5L, 5. 9. 14, 16: 20, 22, 24. 26, 3L, 4L, 42, 44, 43, 49, 33,

LS8, 60, 5L T AT, L L S 9 140 16. 20, 21, 22, 24. 26, 31, 41, 43 44, 43, 49, ST

< 38. 69, 48. 62, 8. 48. 23. 0. 00, ' 3
¢ 1 OECLARE LOOKL(=: BYTE

CATACD, 48. 9. 40, 9: 2. 9. 40, 3, 1. 15, 0, 48, 0. 30, 43, 0. 2. 3. 27. . 7

47,0, 4,15, 0.53, 0,53, 0,33, 9. 53, 0. 1, 15, 8. 12, 0. 1, 9. 54, 9, 48, 3, 33, 3. 8.

N

CECLARE APPLvi.+) BYTE
DATAD. 9. 22. 0. 6. 0.0. 77, 3. 9. 31, 0. 11, ¢4. 68. 74, 79. 0. 0. . &1

-4
»

$3.00.0.2%.0.0.0,0.57.30.59. 0, 3.0, 0. 0.0, 9. 69 0. 0.0, 0,9, 2. 5. 7. & L3,
s, 20,356 T8 42 13, 14,10, 21, 23, 24, 26. 27, 26, 29, 33, 34, 49, 94, TS,
LTT. 30,0, 9.30,37. 38, 49, 22, %4, 3. 5. 7, 8, L3, 14 29, 44, D6 52, 0. 20. 0. 0,18,
63, 63, 0. 9, 0. 3. 81, 8. 3,
¢ CECLARE READI (=) BVYTE
OATALD. 41. 6. 218. 3. 10. 83, 13, 17. 16, 29, 33, 24. 27, 26. 29, 30, 32
n' 33, 34, 37. 38, 31, 304, 33, 94, 204. 203, 207, 206, 8. 176, 194, 132, 193, 163
. 340, 208, 207. 204. 209, 302, 1239, 26, 191 197, 84, 2, 33, 4. 109, 188, 2L, 16T
1468
+ 466, 164, 163, 14, S, 181 201, 2%, 3. 39, 169, &, 4L T 184, 174, 104, 6. 9. 10

£ 45,47, 18, 29, 23, 27, 28. 39, 30. 32, 33, 34, 3T, 38, 184, 8, L3, L33, L3L. 6. . W
+ 83, 1%, 46, 47, 13, 29. 23. 27, 20, 29, 30, 32, 33, 34, 37, 36. 196, 40, 121, 190, 1>

92,
" . OECLARE LOOK2(+> BYTE
DATACS. 12, 104, 32, 107, 196, 199. 36. 108, 142. 142, 134, 44, L0®

r' 48, 110, 46, 196, 47, L44. L12, 49, 113, B2, 414 104, S4, B4, L1S, ST, 116 S8
- 41
.89, 110, 119 149, §3. ¢4, 120, 147, 67, $9. 139, TS, 123, TS, 124, 126 036, AL
10 1 DECLARE APPLYZ( = BYTE
CATACS, 9. 137, 8. 76, 103, 77, 437, 126, 10S. 73. 72, 131, 130, 182
L ATT. 149, 432, 133, 404, 104, 156, 402, 133 439, 132 T4, 163, 48, @3, 133, u8T
496, 154, 148, 8. 134, 6L, 34, 144, 6. 173, 79, 159, IS, L86. A, 36, 144, AT 2
.98, 4TS, £33 130, 43, 80, 87, 20, 30, 2138, N M, 34T AT 138, 38, 134, 83,
L AST. PL. 458, 143, 39, L3S, L3S, 41, 148, ¢3. 92, 30, 34, 3. 203, 203, 83 AL
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e e

14

13

RhE NN

. 19%, 195, 199, 19S5, 193, 19%. 200, 1. TO. 208, 212, LTL. 62, #9. 243, 163, 100
+ 449

. A%, 104, L04. 447, 820
OECLARE INOCEXLCe? BYTE

OATACY. L 415, 2. 22, L45. 145, 118, 118, 33, 29, 73, 148, 148, 113,

26

.34, 32, 448, 3%, 36, 113, 44, L1, 115, 26, 418, 115, 448, 118, 33, 42, 26, 1138
+ A8

L 43, 44, 23, 23, 45, 415, 47, 48, S0, 113, S1, SQ. 51, S4. 23. 99, $d. 33. €1, é2. &3,
23

. 66, 66. 66, 6T. 88, €9, 36. 7O, 26, 73. 71, T3, IL, 92, 93, 4. 95, $6. 113, 115, 14T

L1319, 73,115, 2. 26, 4. 3. S, T 8. 12, 14, 17, 19, 21, 23, 23, 29, 30, 32, 34, 34. 39,
L3 Y

L 43, 4S5, 47, 49, 216, 123, 423, 176, 187, 180. 204. 204, 183, LTO, L70. 170, 170

. 234
165, 4,22 4.4. 6.6 7.7.9. 9,10, 10, 40, 12, 12,12, 12, 12, 12, 12. 12, 12 12,

L2, 42, 12, 18, 46, 18. 10, 19. 19, 19, 19, 22, 22, 22, 23. 27, 27. 27. 28. 28, 29. 29
. 29, 38, 39. 34. 34. 33, 33, 38. 36. 37, 37, 38, 38, 39, 39, 29, 49, 4. 43, 41, 44, 44
L 48, 43, 46, 46, 46, 47, 47, 34, S5, 83, 8. 30, 38, 36, 96, 38. 3. 8. 100, 100. 100
, 104, 104. 106, 106, 197, 107, 108, L11))

OECLARE [NDEX2 ) BYTE
DATAS. L L 20 L L L L L2 LML LLS LI LLELLL

>

S LLLLALSLLLLA22402002020%92200.3.032.0.0. 0
ALLLSLSANZIGLLLLL19.1L2.2.0.10.L20:5.22.2. 3. 3. 2.
22 223.2.22.23.2.2.22, 2.3, 42, 22, 36, 44, 43, 47, 49, 3, 54, T8, 5T,
199, 63. 64, 5. L0 LALIZLLLALILAILALLLLIILINL
22586022000 0.0000000009.20.00.L00012
1 9.02.0.000,0.0000.3.9.9.00.33.2.00.3.020,2.3.009029
SO
7= END OF TABLES «/
/@ JOINT DECLARATIONS =/
se TWE FOLLOWING ITEMS ARE OECLARED TOGETHER IN THIS
GROUP IN OROER TO FACILITATE THEIR BEING PASSED FROM
THE FIRST PART OF THE COMPILER.
OUTPUTSFCO (33> BYTL.

BYTE.

PRINTSTOKEN SYTE.

$.
POINTER AOORESS. ~» POINTS TO TME NEXT BYTE TO BE REAC </
MAXSINTSMEM  ADORESS.

/s 1 0 BUFFERS AND

ADORESS INITIAL (SCHO.

BASED [NADOR (33) 8YTR.
YTE

OUTPUTSEND
QUTPUT SCHAR

/« MESSAGES FOR QUTPUT o/

OECLARE

ERRORSNEARSS (+) BYTE DATA (' ERROR NEAR 5°>.
ENDSOF SPART 82¢+) BYTE DATA (° ENC OF COMPILATION 8°

MONL1  PROCEDURR \F.

OECLARE F BYTE.
MONL.

GLOBALS =«

429>
AOORESS.
ADORESS.
BASED OUTFUTSPTR BYTEL

ADURESS.

A> EXTERNAL,
A ACORESS.

MONZ  PROCEDURE F. A) BYTE ENTERNAL,

DECLARE F BVTE.
ENO MONS,
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SOOT PROCEDURE EXTERNAL.
&NO 800T)

PRINTCNAR  PROCEDURE (CHAR .,
CECLARE CHAR BYTR.
CALL MONL (3, CHAR),

ENO PRINTCHAR,

CRLF PROCEDURL.
CALL PRINTCHARCCR),
CALL PRINTCHARCLF)
O CRLF:

PRINT. PROCEDURE (M),
DECLARE A ADORESS.
CALL MONL (3. A))

ENO PRINT,

PRINTSERROR: PROCEDURE <COOEK>.
OECLARE CODK ADURESS:
CALL CRLF.
CALL PRINTCMNARCHIGHCOOE> ).
CALL PRINTCMARCLOWICODE >,
END PRINTSERROR.

FATALSERROR  PROCEDURE (REASON),
CECLARE REASON ACORESS.
CALL PRINTSERRORREASON>:
CALL TIMEC1D»

CALL 800T.
END FATALSERROR,
CLOSE

PROCEDURE.
IF MONQ(ié. OUTPUTSFCE)=2SS THEN CALL FATALSERRORC“CL ‘).
N0 CLOSE.

MORES INPUT . PROCEDURE BVYTE.
se READS THE INPUT FILE AND RETURNS TRUE (F A RECORO
WAS READ FALSE [MPLIES END OF FILE =
OECLARE DCNT BYTE

IF (OCNT =rMONIC20. INPUTSFCE) )DL THEN CALL FATALSERRORC ‘BR~ ).

RETURN NOTCDCNT ),
5D MORESINPUT,

HRITESOUTPUT . PROCEDURE (LOCATION):
o WRITES OUT A 129 BYTE BUFFER FROM LOCATIONe/
OECLARE LOCATION ADORESS.
CALL MONLC2¢, LOCATIONY: <e SET OMA =/
IF MONIC21, OUTPUTSFCEICO@ THEN CALL FATALSERROR! ‘WR“ ),
CALL MONAC2E, BON): oRESET DMA o/

END WRITESQUTPUT,

MOVE: PROCEDURE(SOURCE. OESTINATION. COUNT),
/e MOVES FOR THE NUMBER OF SYTES SPECIFIED BV COUNT o/
DECLARE (SOURCE. DESTINATION) MDORESS.
(SSBYTE BASED SOURCE. OSAYTE BASED CESTINATION. COUNTY BVTE
00 WHILE (COUNT &COUNT = 1) O 23S
Os8YTReSS8YTL
SOURCE=SOURCE +1,
CESTINATION = DESTINATION L
END
ENO MOVES
FILL PROCEDUREADOR. CHAR, COUNT
se MOVES CHAR INTO ADDR FOR COUNT BYTES e/
OECLARE ADOR ADORKSS.

(CHAR, COUNT. OEST BASED ACOR> BYTE
D0 WHILE (COUNT sCOUNT =1>{03SS)

ve w e a e wu SCANNER LITS « = « = o

LITERAL (N34 297,
INPUTESTR oIr 407,
PERIOO T ‘A%
RPARIN wir 3.
LPARIN T .
INVALID (%33 (I

‘e ® @ o « SCANNER TABLES o « o o o/
DECLARE TOKENSTAGLE (o> BYTE OATA

‘e CONTAINS THE TOKEN NUMBER ONE LESS TMAN THE FIRST RESERVED wORD

FOR EACH LENGTW OF WORD =

144




WD 3T A3, 29, 44 90, 960 6. 630

TABLE («> BYTE OATAC BY ', Q0. 'IF . 'TO . €OF' 'ACO . ENO . "t~
NOT . “RUN . CALL . 'ELSE . "EXIT ', "FROM , “INTO . LESS . ™MOVE"

« NEXT, OPEN‘. ‘PAQK . READ . SIZK . STOP . THRU . IERO
» AFTER, ‘CLOSE . 'ENTER’. "€QUAL . “ERROR". "[NPUT ', "'QUOTE . SPACK
< 'TIMES . 'UNTIL, USING . WRITE . ACCEPT , SEFORE'. OELETE
+ DIVIDE”. ‘OUTPUT ., 'DISPLAY ', "QREATER”
+ CINVALTID . NUMERIC . ‘PERFORN‘. REWRITE . ROUNOED . "SECTION’
+ DIVISION . MULTIPLY . SENTENCK . SUBTRACT . 'ADVANCING .
‘OEPENDING . 'PROCEDURE . “ALPHABETIC ).

OFFSET (11) ADDRESS INITIAL
Ao NUMBER OF BYTES TO INOEN INTQ THE TABLE FOR GACK LENQGTN
0 0 & 8. 36 34 1460 176 232 264, 2900,

WORDOCOUNT (e) BYTE DATA
/e NUMBER OF NORDS OF EACN SIIK =/
(L ALY FRL FR S 78 Y PR TS SR O

MAXS [OSLEN (844 ‘4%,

MAXSLEN (83 R :
AODSENO {s) BVTE DATA (‘§OF ), |
LOOKED SYTE INITIAL (@), !
OLD SYTE.

BUFFERSEND ADORESS INITIAL CA00M) .

NEXT BASED POINTER [ 141 9

INGUF T T oo,

Cretm YT INTTIALL ),

ACCUM (31> VL. i
OISPLAY (Te) YTk INITIAL (O, g
TONEN TR /eRETURNED FROM SCANNER <. §

se  PROCEDURES USED B THE SCANNER o/ 3

NEXTSCHAR . PROCEDURE OVTE.
IF LOOKED THEN
o0,

LOOKED=FALSE, :
RETURN (CHAR  =HOLD ) :

END:

IF (POINTER =POINTER « 1) Da BUFFERSEND THEN
IF NOT MORESINAPUT THEN
o

SUFFERSENOa. MEMORY)
POINTER= ADOSEND:

NO.
ELSE POINTER=INQUFF,

RETURN (CHNAR  sNEXT)
END NEXTSCHAR.

QETSCHAR | PROCEDURE.
Ze THIS FROCEDURE [$ CALLED WMEN A NEW CHAR [$ NEEOED WITHOUT
THE CIRECT RETURN OF THE CHARACTERe

% 8%23%2552888%23208
- RN AE L LUH NN N

% 2 CHARSNENT SCHAR.
n 2 ENO QETSCHAR)
e S, OISPLAVSLING . PROCEROURE.
e 2 IF NOT LISTSINAUT THEN RETURN.
e 2 DISPLAVIDISPLAVIO) + 1) w “8°,
106 2 CALL PRINT DISPLAYILY M
T 2 OISPLAVCO) @)
e 2 END OTISPLAVSL ING. 1
Y 4 LOADSOISPLAY
Al 2 IF OISPLAVIDICTE THRN
a2 OISPLAYIDISPLAVID) sDISPLAYIS)=L)eCHAR; b
u: 2 CALL OETSCHAR, 1
u3 H ENO LORDSO I SPLAY)
M4 L PUT  PROCEDURE.
s 2 1F ACCUMOY < 30 ™HEN
e 3 ACCUMCACCUMIS . =ACCUMI ) el ) alRAR;
AT ! CALL LOAC SO T SPLAY
-

NG AT,

CEATSLING . PROCECURE
00 WNILE CMARCICR:
CALL LOADSO LSPLAY,
NO
END EATALING.

QETILOIBLAN  FROCEDURE.

71313

-,
-

-
&
I
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CECLARE N [) 8YTE
0O FOREVER;
IF CHAR = © THEN CALL LOADSDISPLAV:

€LsE
IF CHARSCR THEN

00,
CALL DISPLAVSLINE
IF SEQsNUM THEN Neg: ELSE Ned.
0=y TON
CALL LOADSOISPLAY,
&N
IF CHAR = =  THEN CALL EATSLING

LsE
IF CNAR = ~ ° THEN
o0
IF NOT DESUGGING THEN CALL EATSLING
st
CALL LOADSO ISPLAY:
sk

RETURN,
&Ny /e END OF 0O FOREVER =/
END GETSNOSBLANK

SPACKE . PROCEDURE BYTE:
RETURN (CHAR®- ") OR (CHAR®CR).
END SPACK,

LEFTSPARIN PROCEDURE BYTL.
RETURN CHAR = ()
END LEFTSPARIN:

RIGNTSPARIN PROCEDURE BYTL
RETURN CHAR = )",
END RIGHTSPARIN:

OELIMITER: PROCEDURE OVYTE.
/= CHECKS FOR A PERIOD FOLLOWED 8y A SPACE OR CRe/
IF CHAR <O ° ° THEN RETURN FALSE:

RETURN FALSE.
IO ORLINITER:

ENDSOFSTOKEN . PROCEDURE BVYTE.
RETURN SPACE OR OELIMITER OR LEFTSPARIN OR RIGHTSPARIN
END ENOSOF 8 TOKEN:

GETSLITERAL = PROCEDURE BVTE.
CALL LORDSOISPLAY;
00 FOREVER

3
[F CHAR = QUOTE THEN
[~

CALL LORDSOISPLAY.
RETURN LITERAL,
[ )
CALL PUT,

END.
END GETSLITERAL,

LOOKSUP - PROCEDURE
OECLARE POINT ADORESS.
HERE GASED POINT (4> BYTE. [ BYTL

MATCH. PROCETURE BVYTR.
OECLARE J OVTL
DO Jei TO ACCUMIOD:
. IF HERECS = 1) OO ACCUMCI) THEN RETURN FALSE.
4
RETURN TRUE.
ENO MATCN

POINTeOFFSET ACCUMCO) )«  TABLE,

00 =i TO WORDSCOUNTIACCUMID )
IF MATCH THEN RETURN 1.
POINT = POINT « ACCUMKD).

END.
RETURN FALSE.
ENC: LOOKSUP:
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RESERVEDSWORD PROCEDURE OvTE.
<o RETURNS THE TOKEN NUMBER OF A RESERVED WORD [F THE CONTENTS OF
THE ACCUMULATOR IS A RESERVED WORD. OTHERWISE RETURNS TERO e
CECLARE VALUE BYTEL.
OECLARE NUMS BYTE.
;;‘m\‘.) <® MAXSLEN THEN
IF (NUMB o TOKENS TABLE CACCUMI®) ) )OO THEN
0o
IF (VALUE. sLOOKSUP) OO 9 THEN
HUMBaNUME + VAL
ELSE NUMB=Q,
END.
RETURN NN
END RESERVEDSHORD:
QETSTOKEN . PROCEDURE BYTY.
ACCUMC D =),
CALL

GET SNOSBLANK;
IF CMARWQUOTE ThEN RETURN QETSLITERAL.
IF DELINITER THEN
o0

CALL PUT:
RETURN PERIOD:

ENO:
IF LEFTSPARIN THEN
o
CALL PUT.
RETURN LPARIN:
ENO
IF RIONTSPARIN THEN
o
CALL PUT,
RETURN RPARIN:
END;
00 FOREVER.
CALL PUT. y
IF ENOSOFSTOKEN THEN RETURN [NPUTSSTR.
END: /e OF DO FOREVER =/
ENO GETSTOKEN
’e END OF SCANNER ROUTINES =~
. SCANNER EXEC o/
: PROCEDURE:
IFCTOKEN =GETSTOKEN) = INPUTSSTR THEN

IF (CTR «RESERVEDSNORD) <O 3 THEN TOKEN=CTR;
ENO  SCANNER.

PRINTSACCUN . PROCEDURE.
ACCUM L ACCUNCD Yot )m 87
CALL PRINTC ACCUNCL) )

SACCUML

PRINTONUMBER . PROCEDURE (NUMB) .
OECLARE(NUME. 1. CNT. K) BYTE. J (=) BYTE DATAL130. 10):
00 =0 TO L
CNTed,
DO WHILE NUMB Da (K ®JCID)N
NUBaNUME - N
CNTaCNT » 3,
END.
CALL PRINTCHAR: ‘@° « ONTY

oo,
CALL PRINTCHARC ‘" » NUMD)D,
END PRINTSNUMBER.

e @ = @ END OF SCANNER PROCEDURES « « e« o/

‘e @ e w @ SYMBOL TAELE OECLARATIONS « « =« o

CURSSVM ADORESS. SeSVMBOL BEIND ACCESSED=-

SA00OR BASED CURSSYM (1) ADDRESS.
NENTSSYMSENTRY PASED NENTESVM AOORESS.
ur pLUR
8 (833 H
QISP LACEMENT e i3
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LR F S

QCCURS uir EE O
POLENGTH (%84 3
FLOSLENGTH ir 3%
LEVEL LIr 07,
RELSID uir L i
LOCATION (5 ‘2%,
START shAvg (%33 ‘%3
EIpsADOR i ‘e,

/e a e e w e e SYMBOL TVPEL LITERALS v © = » o o o

UNRESOL VED uIr ‘239,
LABEL STYPE uir ‘327,
MU TSOCCURS =17 1287,
GROUP LIy ‘.
NONSNUMERICSL I T uir 2,
ALPHA uIr ..
AL PHAINUM Wiy *9?
LITSSPACE elr 19
L1TSQUOTE (834 11
LITSZERO uir 437,
NUMERICSL ITERAL LT ‘187,
NUMERIC (%44 ‘467,
core (%44 ‘2.
AsgD LI e
AsNSED LIy T2,
NUMSED ir [N

/e e = = SYMBOL TABLE ROUTINES

SETSAOORESS  PROCEDURE CACOR),
OECLARE ADOR ADORESS.

SYMBOLSADOR CLOCAT I ON > »ADDR;
40 SETSADORESS.

SETSAODRESS PROCEDURE ADORESS:
SYMBOL SADDR (LOCATIOND

ENO GETSADDRESS,

GETSFCBSADOR PROCEDURE ROORESS.
SYMBOL SADOR (FCRSADDR > )

END OETSFCBSAOOR;

GETSTYPE. PROCEDURE RvyTEL

RETURN SYMBOL (SSTYPE) .
END GETSTYPE,

SETSTVPE  PROCEDURE TYPE))

GETSLENGTN . PROCEDURE

END GETSLENGTH:

OETSLEVEL . PROCEDURE BYTE.
RETURN SHR(SYMBOL CLEVEL). 4>

END GETSLEVEL.

QETSOECIMAL . PROCEDURE BYTE.
RETURN SYMBOLILEVEL) AND FW;

END QETSORCIMAL.

SETSPSLENGTH  PROCEDURE

RETURN (PSLENGTH) .

NG GETSPSLENGTH:

BUILDSSYMBOL . PROCEDURELEN):
OECLARE LEN BYTE. TEMP AODRESS.
#

/o1 LESSe/

TEMPeNEXTSSYM,
IF (NENTSSYM:= SYMBOLILEN:oLEN + DISPLACEMENT)
> MAXSMEMORY THEN CALL FATALSERRORC ‘ST'),

CALL FILL (TEMP. Q. LEN):
ENO BUILOSSYMBOL.

ANDSOUTSOCCURS . PROCEDURE (TYPESINY BVTE,

OECLARE TYPESIN RVTE.
RETURN TYPESIN AND 127
END ANDSOUT SOCCURS:

/e e @ =« PARSER DECLARATIONS =«
CECLARE
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1) 1
| )
|
| PETACKSIZX utr 30 . ‘e $12€ OF PARSK STACKSe,
! . LUk \PSTACKE L 2K ADORKSS. Je TEMP VALURS o
| STATESTACK (PSTACKSIZEY  BYTE, = SAVED STATES
| vaLuea (PSTACKS(2E>  ADORESS. Je VALUEZ  $TACKe, :}
i VARG A [T /eTEMP CHAR STORES-
IDOSTACK 20 AODRESS.
L 10erTR VTR,
MANASYTE OASED MANS INTIMEN [ a1 ¥
SUSS IND evrL INITIAL (O,
COND 8 TVPL ovTE,
HOLOSSECTION  AOURESS. 3
HOLDOSECHADOR AOORESS.
SECTIONSALAG  BYTR INITIAL (@),
LeR00R ADORES $. [
LOLENOTH ADORESS.
LsTVPE Y7L, 1
Le0gC VTR,

cometLINg oTE INITIALCTRUKD .,
» wrE INITIAL (293,

[ 4 oYTR.
MRy VTR,
HOLOOK L AL s INITIAL FALSE).
E 1 LRy ALY ‘e [NOICIES FOR THE PARSERs/
> STATE avry INITIALLSTARTS),
{
E § /o @ & w @ e e e CODE LITERALS © @ & @ ¢ & @ & » o
¥
B ‘ se THE CODE LITERALS ARE BROKEN INTO QROUPE OEPENOING

ON THE TOTAL LENGTH OF COOE PRODUCKD FOR THAT ACTION =
s LENQTH ONE =

ADD LIT L. /e REQISTER ADOITION =~

$UB LIT 2. /e REGISTER SUBTRACTION =/

ML LET 3. = REQUSTER MULTIPLICATION =

OIvV LIT 4, e REQGISTER OIVISION o

NEQ LIT 'S’ e HOT OPEKRATOR =

STP LIT ¢, /e STOP PROGAAM =/

T LY T’ /e STORE REQGISTER L (NTO REUISTER @ <~

so LENQTH TWO o~
ANO LIT “#’, /= ROUND CONTENTS OF REQISTER L =/

#» LENGTH THRER =~
RET LIT “9°. e RETURN =/

CLs LIT 10 o CLOSE =/
SER LIT L. /e SIZE ERROR =/
oRN LIT (137, /% BRANCH =/
OPN LIT A3, sa OPEN FOR [NPUT =/
oFL LIT  “ae, o OPEN FOR QUTPUT
oP2 LIT 18, “o OPEN FOR [=0 =/
: ROT LIT 167, so REQISTER QREATER THAN =/
RLT LIT At /% REQISTER LEKSS THAN =/
! REKO LIT 0. /o REQISTER COUAL =
i I LIT 19, /% INVALIO FILE ACTION »/
] Ok LIT 30, /e ENO OF FILE REACHED
i
i e LENGTH FOUR o
] ACC LIT 31, ‘s ACCEPT s
{ ot$ LIT a3, v DISPLAY o
i | STO LIT 237, /a STOP ANO OISPLAY =/
\ | WOt LIT  “2ec, #% LOAD COUNTER [MEOIATE o
\u
5 o LENQTH FIVE o/
! . O€C LIT ‘2%’ % ORCREMENT ANO BRANCM 1F ZERO
$TO LIT 26, #e STORE NUNERIC =
$TL LIT ‘2P, /v STORK SI1ONKD NUMERIC TRAILING o/
$TI LIT 20, /= STORE $IONED NUMERIC LEACING w-
$T3 LIT 39, /% STORK SEPARATE SION LEACTNG =/
$Te LIT 30, #w STORK SEPARATE SI1ON TRAILING =~
$TS LIT I, “= STORK COMPUTATIONAL =/
/o LENGTH SIN
Lo LIT ‘33 . “w LOAD NUMERIC LITERAL
WL LIT '3 / LOAD NUMERLC =
W02 LIT ‘34, /% LOAD SIONED NUMERTC TRAILING o/
O3 LIT 38, Zw LOAD SIONED HUMERIC LEADING s/
e LIT 36 . v LOAD SEPARATE SION TRALILING w-
o8 LT 3T e LOAD SEPARATE SION LEADING =~
LOd LIT 38, 7o LOAD COMPUTATIONAL =
‘o LENGTH SEVEN
PER LIT ‘33 . Ce PERFORM =
CHU LIT w0 . Je COMPRRE POR UNSTONED NUMERIC
F CNS LIT  aL . « COMPARE FOR STOHED HUNERIC o
1 CAL LIT a2 « COMPARE FOR ALPHABETIC =
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RS LIT s REWNRITE SEQUENTIAL o
OELETE SEQUENTIAL =/
READ SEQUENTIAL o~
WRITE SEQUENTIAL =

READ VARIABLE LENGTH
WRITE VARIABLE LENQTH =/

SUBSCRIPT COMPUTATION =~
STRING QREATER THAN =/
STRING LESS THAN o/
STRING EQUAL =~

oS
ROF
ure
LS
A
SCR
sar
ST
s
MOV nOVE =/
7w LENOTH 10 «/
RRS LIT "Se°, /e READ RELATIVE SEQUENTIAL =/
WRS LIT ‘S3°, /e WNRITE RELATIVE SEQUENTIAL =~
RRR LIT “34°. /e READ RELATIVE RANDOM -/
WRR LIT 97, /e WRITE RELATIVE RANODOM «/
RUR LIT  ‘S8°, /e REWRITE RELATIVE =/
OLR LIT SS9, /e DELEATE RELATIVE o/
7w LENOTH ELEVEN o/
MED LIT 9. /e NOVE EDITED =/
/e LENQTH THIRTEEN o/
MNE LT CéL”. <= MOVE NUMERIC EDITED o~
e VARIABLE LENQTM =/
e LT Ce2. /e Q0 DEPENDING ON =~
/e BUILD OIRECTING ONLY =
INT LIT  “é3°. <o INITIALIZE STORAQK =~
BST LIT “é4°. /= BACK STUFF ADORESS o/
TER LIT “63°. 7% TERMINATE BUILD o
SCO LIT ‘éd’. /e SET COOE START «/

/e e w w PARSER ROUTINES = * o @« e/

OI1QIT PROCEDURE (CHAR) BVYTE.
OECLARE CHAR BVYTE.
(CHARC=“97) AND (CHARD®“®°))

. PROCEDURE 8VTE,
RETURN (CHARDM=‘AR“) AND (CHARCEZ )
END LETTER:

INVALIDOTYAE . PROCEDURE,
CALL PRINTSERRORC “IT’ )
GND  INVALIDSTYPL,

OVTEIOUT  PROCEDURE (ONESBYTE .
OECLARE ONESOYTE BVYTE.
(F COUTPUTSPTR aQUTPUTSPTR « 1) > OQUTPUTSEND THEN
00

CALL WRITESOUTPUT QUTPUTIOURF ),
QUTPUTSPTRe QUTPUTSBURF,

ENO,
QUTPUTSCHAR=ONES8YTE.
END BYTRSOUT.

ADORSOUT - PROCEDURE (AODR):
OECLARE ADOR ADORKSS:
CALL BYTESOUTCLOKLADOR) >
CALL BYTESOUTUNION (ADOR));
END ADORSOUT.

INCOCOUNT  PROCEDURELCNT!
OGCLARE CNT BVYTE.
IFCNEXTOAVATLABLE  =NEXTSAVAILABLE + CNT)

DMAKSINTOMEN THEN CALL FATALSERRORC ‘MO )
ENC  INCSCOUNT!

ONESAODRSOPP - PROCEDURE CODE. ADDR Y,

CALL INCSCOUNT(3IM
END  ONESACORSOPP

NOTS IMPLIMENTED . PROCRDURE.

CALL PRINTSERROR  'NI' i
END NOTS IMPL IMENTED:
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AL NN MATCH  PROCEDURE AQORESS)
/e CHECKS AN [OENTIFIER TO SEE [F IT IS (N THE $VMBOL
TABLE [F IT 5 PRESENT. CURSSYM 1S SET FOR ACCESS.
OTHERMISE THE POINTERS ARE SET FOR ENTRVe,

34¢ 2 DECLARE POINT AGORESS. COLLISION GASED POINT AOORESS. NOLD. 1) BYTL
347 H IF VARCLO)DMARSIDSLEN THEN \VARC (Q)=MAXS IDSLEN)
349 2 HOLD®Y,
35¢ 2 00 lei TO VARCIO): : e
3% 3 HOLD®HOLLDevARC (1)) N
332 3 END ™ R
3% 2 POINToHASHETABSADOR + SHLLCHOLD AND MASHSMASK ), 1)) ~ '
3% 2 00 FOREVER, - :
388 3 IF COLLISION®) TWEN =N
3% 3 00 ]
38T e CURSSYN, COLL I STONaNEXTSSYM,
338 ‘ CALL BUILDSSYMBOL \VARC(®) ),
3z o SYNBOL KPELENGTH ) =sVARC (8))
360 DO Ie=i TO VARC(OM
p{ 18 s SYMBOL (STARTSNAME+ [ YoVARC (1),
3 s END:
363 o CALL SETSTVPELUNRESOLVED): /= UNRESOLVED LABEL *-
364 o RETURN CURSSYM
363 < ENDy .

s

368 3 00,
367 o CURSSYNaCOLL I STON:
368 < 1F (HOLD =GETSPSLENGTH)aVARC(Q) THEN
369 < o
370 S te1,
bigY S 0O WHILE SYMBOL.STARTSINAME + [)= VARCCI))
T2 (] IF (1 . eled)DHOLD THEN RETURNCCURSSVM =COLLISIONY:
374 & &NDy
s s o,
76 o €NO)
3 3 POINT=COLLISION
e 3 ™o
I’y 2 ENO MATCH:
30 1 SETSVALUE . PROCEDURENUMB) |
3 2 OECLARE NUMB AOORESS)

. 382 2 VALUE CMP ) aNUMS)
3 2 N0 SETSVALULS®
384 1 SKTSVALUE2: PROCEDURK(ADOR),
388 2 OECLARE ADOR AOORESS:
306 2 VALUE2 (M ) eA00R)
387 2 ENO SETSVALUER,
380 1 SUBSCNT - PROCEDURE BYTK:
389 2 IF CSUBSIND «SUBAING * 1)>8 TNEN
3% 2 SUBSIND=L,
3 3 RETURN SUBS INO)
132 32 ENO SUBSCNT,
3933 1L COOESOYTE  PROCEDURE (CODE:
3 2 OECLARE CODE BVTH,
398 2 CALL BYTESOUTICOOE,
% 2 CALL INCSCOUNT<L),
7 2 ENO CODESBYTE:
3% L COOESAOORESS . PROCKDURE <COOK)
I 2 DECLARE COOK S
@ 2 CALL AOORSOUTCODE)
“wi 2 CALL INCSCOUNTI2),
w2 2 END * CODESADORKS S,
03 1 INPUTSNUMERIC  PROCEDURE SVTE
“ws 2 00 CTReL TO VARCI®);
Qs 3 IF NOT DIGITCVARCICTR)) THEN RETURN FALSE
“w 3 ENO:
w8 2 RETURN TRUE,
“wr 2 ENO TNPUTSNUMERTC,
M0 1 CONVERTSINTEQER PROCEDURE ADORESS:
“i 2 ACTR®O)
“wz2 2 DO CTRei TO VARC(O):
“t3 3 IF NOT DIQIT(VARC(CTR): THEN CALL PRINTSERROR. NN
“us 3 ASCTRESHLUACTR, 3)eSHLIACTR. L) & VARCICTR) = ‘@,
“we 3 0o,
“wr 2 RETURN ACTR,
4“8 3 €MD CONVERT S ENTEQRR,
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BACKSTUFF  PROCEDURE (ADDL, ADD2) !
OECLARE (ADDL. ADDY) ACORESS.
CALL BYTESOUTIBST):

CALL ADORSOQUTLIADOL)
CALL ADURSQUTIADO2):
END BACKSSTURF,

UNRESOL VEDSBRANCN PROC

EDURE.
CALL SETSVALUENEXTSAVAILAGLE + 1))

CALL ONESADORSOPP (BRN. O))
CALL SETSVALUEZ CNEXTSAVAILABLE):
ENO  UNRESOL VED SBRANCH,

BACKSCOND - PROC

EOURE.
CALL BACKSTUFF (VALUELSP=1), NEXTSAVAILABLE>:

ENO BACKSCOND,

SETSORANCH . PROCEDURE,
CALL 3ETSVALUECNEXTSAVAILABLEY:
CALL COD(SACORESS )

END SETSORANCH

KEEPSVALUES  PROCEDURE.
CALL SETSVALUEVALUE. $P ),
CALL SETSVALUE2\VALUEZ(SP) ),
END NEEFSVALUES.

STOSATTRIBUTES PROCEDURELTYRE)
OECLARE TVPE BYTEL

CALL COOTPACORES S GETSAODRESS)

CALL CODESAOORES S OETALENGTH ),

IF TYPRe® THEN RETURN.

CURSS'YMaSYMBOL SAOOR (RELSTO) )

CALL CODESADORESS COETSACORESS) !

CALL CODESOYTELOETSLENCTH),
ENO STOSATTRIDUTES:

READSWRITE . PROCEDURE INOEXM
OECLARE INOEX BYTE

IF (CTR «QETHTYPE) =y THEN
00

CALL COOESBYTECRDF = [NOEN) )
CALL STDSATTRIBUTESI(D)
END:
ELSE [F CTRe2 THEN
00!
CALL CODESBYTECRRS* INOEN)
CALL STOSATTRIBUTES L.
END;
ELSE IF CTRe3 ThEN

0.

CALL COOESRVTE(RRR+[NOEN).

CALL STOSATTRIBUTES (L
£HO %

ELSE [F CTRed THEN

(<N

CALL COUESAVTERVL*INDEN .

— CALL STDSATTRIBUTES Q).

E.3E CALL PRINTSERRORC “FY
END READSWNARLTES

AR ITHMETICOTYPE  AROCEOURE &VTE.

I CULBTVAE @AM SOUTSOCCURS . LITVIRE ) ) heNUMER ICSL I TERAL
AND LOTVAECeCOME « ThHEN QETURN LETVAR = NUMERICILITERAL.

CAuw TheALILSTVRE.
RETURL. 2.
§& ARIT<ETICSTYRE

CELARWT  PACCEC JAE FLAD L
CRESLARE FLAG BYTX
1T (TR «QETIT-3E ol THEN
e
IF ZLAY T=E
| (%1 Qe N

ILLENRYTR D L3
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CALL STLsATTRIBUTES L.,
RETURN

3

iF CTReZ, AND ‘NOT Fdi THEN CAal. CODESBYTE-DL3).
ELSE IF (CTALLS ALD FLAG ThZEN CALL COUESSYTE(RWI

SLIE CAul IiwALIDSTYSE.
CAne 3TUSATTRIBUTES O
END DELSRWT.

ATTRIBUTES . FEGCEDURE,
CALL CCOUEBADUREZSSCLSALIRY,
CALL COCESBYTECLSLENGTH -
CALL COLEISYTECLSDEC,
END ATTRIBUTES:

LOADSLSID: PROCEDURE(SSPTRY,
LECLARE SSPTR BYTE.

IF C.ASCTR s JALUZC(SSPTRY) I NONBIUIERICSLIT, OR

CACTR = NUMERICSLITERAL: THEN
00;
LBADOR=VALUE2C3FTR
LSLENGTHeCONSLENGTH:
STYPE=RSCTR;
RETURMN:
END,
IF ASCTRSSLITSZERO THEN
00;

L3TYPE, LBARDDRWASCTR:
LSLENGTHeL,
RETURI
END;
CURSSYMaVALUESIPTR);
LSTYPESGETSTYPE,
LILENGTHaGETSLENGTH)
L3CECaGETSORCIMAL,

IFCLSADDR =VALUE2(SSPTR) =@ THEN LIADORSGETSADORESS.

END LOAROSLSID:

LORDSREG: PROCEDURECREGSNO, PTRY:
OECLARE (REGSNO. PTR) BYTE
CALL LOADSLBIDCPTR);
CALL CODESBYTE(LOU+ARITHMETICSTYPE),
CALiL ATTRIBUTES.
CALL COOES8YTECREGSNG);:

END LOADSREG:

STORESREG: PROCEDURECPTR):
OECLARE PTR BYTR.
CALL LOROSLEIDCPTR);
CALL CODESBYTELSTO + ARITHMETICSTYPE -1
CALL RTTRIBUTES,
END 3TORESREG:

STORESCONSTANT : PROCEDURE AOURESS:

IFCMAXSTNTSMEM : SMAXS INTSMEM - VARC(O. ) CNEXTSAVAILABLE

THEN CALL FATALSERRORC ‘MO ),
CALL SYTESOUTUINTY:
CALL AOORSOUT CMAXS INTSMEM);
CALL ADCRSOUTCCONSLENGTH: sVARCLQ));
00 CTR = 4 TO CONSLENGTH:
o CALL BYTESQUTI(VARCICTR) J
L
RETURN MAXSINTSMEM;
ENO STORESCONSTANT.

NUMERICSLIT. PROCECURE BYTE:
CECLARE CHAR BYTE.
00 CTRei TO VARC();
IF NOTC DIQITCCHAR: sVARCICTR.)>
OR (CHAR®’="1 QR (CHAR® e’}
OR (CMARs’. ") THEN RETURN FALSE.
&ND:

RETURN TRUT.
ENO NUMERICSLIT:

ROUNCSSTORE . PROCEDURE.
éz YALUE(SPY ) THEN
s

CALL COLESEBYTERND .,
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CALL COCESSYTELLS0ES -
[ <8
CALL STOREFREQSP-1)
EHO ROUHOSSTORK.

ALOSSUB . PROCIDURE « THOEN )
CECLARE [NOEN 8YTL
CALL LOADSREGCD. MPFL),
IF VALURSP=3,000 THEN
oQ.
CALL LOADSREGIL, $P-3),
CALL CODES@YTELALD )
CALL CODESBYTE(STID,
END,
CALL LOADSREG. L. $SP=1))
CALL COCESBYTECADD + INDEN»;
CALL ROWLSSTORE,
ENO ADDSSUS:

MULTSUIY  PROCEDURE < INOEX)
DECLARE [NOEN BYTE,
CALL LUADSREGCD. MPRY ),
CALL LORDSREG(L. $P-1 ),
CALL CODESBYTER(MUL + 1HOEN).
CALL ROUNDSSTORE.

END MULTSOIVY

CNECKSSUBSCRIPT PROCEDURE.
CURSSYMavALUE NP )/
1F GETSTYPECMULTSOCCURS THEN
00,
CALL PRINTSERRORC 1S°).
RETURN

ENO,

IF INPUTSNUMERIC THEN

oy
CALL SETSVALUEZ(GETSALORESS « (QETSLENGTH = CONVERTSINTEGER ..
RETURN)

&ND:

CURSSYMaMATCH,

IF (CCTR:=QETSTYPEICNUMERIC) OR (CTROCOMP) THEN -
CALL PRINTSERROR: “TE’ )

CALL ONESADORSOPP(SCR. GETSAOORESS))

CALL CODESBYTESUBSCNT

CALL CODESBYTECGETSLENGTH):

CALL SETSVALUE2SUBSING>)

ENO CHECKSSUSSCRIPT,

LOADSLABEL . PROCEDURES
CURSSYMaVALUE (MP ),
IF (ASCTR: =QETSAOORESS ) O THEN
CALL BACKSSTUFF (ASCTR, VALUZ2(MP) ),
CALL SETSACORESSCVALUEZ MR 1 .
CALL SETSTYPRILABELSTYPE ),
IF (ASCTR: =sGETSFCBSALOR OO THEN
CALL BDACKSSTUFF(ASCTR, NEXTSAVATILABLE ).
SYMBOL SADOR C FCBSADOR ) sNEX T SAVALLABLE.
CALL ONESADORSOPPCRET, )
ENO LOADSLABEL.

LOACSSECSLABEL . PROCEDURE,
ASCTRaVALUE MR,
CALL SETSVALUE (MOLDSSECTION)
HOLDSSECT IONmASC TR,
ASCTReVALUEZ MNP,
CALL SETSVALUEZ(HOLOSSECSAOOR)
HOLOSSECSAOOR = ASCTR

LASEL SADORSOFFSET PROCEDURE (ADDR, MOLD, OFFSET) ADORESS.
OECLARE ACOR ADORESS.
OECLARE (MOLD, OFFSET. CTR) BYTEL.
CUR 3SYMarDOR
IFCTR . «GETSTYPE s LABELSTVPE THEN
00:
IF HOLD THEN RETURN GETSAOORESS.
& RETURN QETSFCRSADOR,
NO
1P CTRIDUNRESOLVED THEN CALL TNVALIDSTYPE.
IF HOLD THEN
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ASCTR=OETSADORKSS.
CALL SETSADCRESS (NEXTSAVAILABLE « OFFSET),
RETURN ASCTR)

END,

ASCTR=GET SFCBSADOR:

SYMBOL SACDRCFCBSALOR Y =NEXTSAVAILABLE + OFFSKT.

RETURN ASCTR;

END LABEL SADORSOFFSET,

CASELSFROOR . PROCEDURE (ADOR. HOLD> ADORESS.
OECLARE ADOR ADORESS.

HOLD BVTE.
RETURN LABELSADORSOFFSET (ADDR. WOLD. 1),
ENO LABEL SA0OR;

CODESFORSOISPLAY  PROCEDURE (POINT),
OECLARE POINT BYTE.
CALL LOADSLSIDCPOINT).
CALL ONESADORSOPP(DIS. LSADOR),
CALL CODESSYTEILILENGTHY:

END CODESFORSOISPLAY)

ASANSTYPE . PROCEDURE BYTE.
RETURN (LSTYPESALAMAY QR (LSTYPESALPHASNUM)
END ASANSTYPE,

NOTSINTEGER: PROCEDURE BVTL
RETURN LSOECLOQ
END HOTSINTEQGER:

NUMERICSTVPE PROCEDURE BVTE.
RETURN (LSTYPRDeNUMERICSLITERAL) AND (LSTYPEI=COMP),
END NUMERICSTYPL

GENSCOMPARK . PROCEDURE:
CECLARE HETYPE, KSOKC) SYTL
(HSACDR. HSLENGTH) AOCORESS.

CALL LOROSLSIDIM®)Y,;
LETYPEaANDSOUT BOCCURS (LSTYPE) .
IF CONDSTYPE=Y THEN /e« COMPARE FOR NUMERIC =/

00,
IF ASANSTYSE OR (LSTYPEDCOMP) THEN CALL INVALIDSTVRL
CALL SETSVALUEZ(NEXTSAVAILASLE .
IF LSTYPEaNUMERIC THEN CALL CODESSYTEICNUD.
CELSE CALL CODESBYTEICHS):
CALL COOKSAOCRESS L SADOR)
CALL COOESADORESS (LSLENGTN):
CALL SETIORANCH:

END/
ELSE IF CONDSTYPEed THEN
00,

IF NUMERICSTVPE THEN CALL INVALIDSTVYRL,

CALL SETSVALUEZ (HNEXTSAVAILASLE))

CALL COOESOVTECCAL>:

CALL COOESACORESS (L JAODR ) :
COOESADORESS CLILENGTH),

CALL SETSBRANCH;

00
IF NUMERICSTYPE THEN CTReL;
CTReQ;

st

HETYPEaLSTVPL,

HSOEC=L S0EC.

HEADOR=L SAOOR)

MSLENG THal SLENGTH,

CALL LOADSLSIDCSP) )

IF NUMERICSTYPE THEN CTReCTReL

{F CTReZ THEN se NUMERLIC COMPARE o~

00,
CALL LORDSREQCQ. MP) .
CALL SETSVALUER (NEXTSAVAILABLE=$)
CALL LOADSREQ. L. $P )i
CALL CODRSOYTRISUS !
CALL CODRSBYTE(RQT « CONDSTVRE),
SETSORANCN;

 ALFHA HUMER TS COMRARE .
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. 71 1IF (HSOECCL0) QR (HMSTYPESCOMP
' OR (LSDECCOO) OR (LSTYPE=COMP>
OR (HSLENGTHCOLSLENGTH: THEN CALL INVALIDSTYPE

&
&

END;
END:
ENO GENSCOMPARE.

71¢ < CALL SETSVALUER (NESXTSAVAILABLE);
747 < CALL CODESSYTESGT+CONDSTYPE):
78 4 CALL CODESADORESS (HSADOR)
o 749 L] CALL COOESADORESSLSADOR):
720 < CALL CODESADORESS (HSLENGTH),
721 4 CALL SETSSRANCH,
732 4
73 3
Tae 2

72 2 MOVESTYPE: PROCEDURE BVTE:
736 DECLARE
HOLDSTYPE BYTE
ALPHASNUMSMOVE LIT ",
ASNSEDSMOVE LT ca,
! NUMERICSMOVE LT c2-,
NSEDSMOVE (153 S T

LSTYPESAND SOUTSOCCURS(LETYPE
IF<CHOLDSTYPE : sANDSOUT SOCCURS(GETSTYPE) )aGROUP) OR (LSTYPE=GROUP®
THEN RETURN ALPHASIUMSMOVE:
IF HOLDSTYPE=ALAHA THEN
IF RSANSTYPE OR (LSTYPE=ASED) OR (LATYPE=ASNSED>
THEN RETURN ALPHASNUMSMOVE:
IF HOLDSTYPE=ALPHASNUM THEN
00;

IF NOTSINTEGER THEN CALL INVALIDSTYPE,
RETURN ALPHASNUMSMOVES

[ -]

IF (HOLDSTYPEDSNUMERICY AND (MOLDSTYPEC=COMP) THEN

00;
IF CLSTVPESALPHA) OR (LSTYPEDCOMP) THEN CALL INVALIDSTYPE
RETURN NUMERICSMOVE. 3

END:

IF HOLDSTYPE=ASNSED THEN

00 5
IF NOTSINTEGER THEN CALL INVALIDSTYPE,
RETURN ASNSEDSMOVE:

0o
IF HOLOSTYPE=ASED THEN
IF ASANSTYPE OR (LSTYPEOCOMP) THEN RETURN ASNSEDSMOVES
IF HOLDSTYPEanNUMSED THEN
IF NUMERICSTYPE OR (LSTYPESALPHASNUM) THEN
NSEOSMOVE,

RETURN
CALL INVALIDSTYPEL,
RETURN O
END MOVESTYPL.

BRNNNRNNNNNHURNRNHWYD R HHWRON N Ny

QENSMOVE . PROCEDURE.
OECLARE
LENGTH1 ADORESS.
ACORL ACORESS.
EXTRA ADORESS: *

ADOSAODSLEN . PROCEDURE:

CALL CODESAOORESSCAOORL>.
CALL CODESAOORESS (L.SAOOR )
CALL CODESAOORESSLSLENGTH):
ADO SADOSLEN:

#8 JAAVABRIIIRERA SN S N

~ -

END
CODESFORSEDIT . PROCEDURE,
CALL ADOSADOSLEN
CALL CODESACORESSCQETSFCBSADDR)
CALL CODESAROCRESSCLENGTHL),
END COODESFORSEDIT:
CALL LOROSLSIDCMPPL);
CURSSYMRVALUE C SP

b
IF (AOORL : oVALUE2CSP)>=d THEN ADORL=GETSAODRESS:
LENGTHL=GET SLENGTH)

0O CASE MOVESTYPL
/% ALPHA NUMERIC MOVE «/

g
N NN WHEWGY WWUW

7 3 oo,
e 4 IF LENGTHISLSLENGTH THEN EXTRA=LENGTH1-LSLENGTW
] %1 st 00
‘ 82 S EXTRASS;
83 S LSLENGTHALENG THL
. T4 3 oo,
78S o

CALL CODESBYTRIMOV )
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CALL ADOSACOSLEN:
oo CALL CODESACDRESS EXTRA )
"

/e ALPHA NUMERLIC EDITED =~
CALL COOES@YTEMED):
CALL CODEAFPORSEDIT.

END:

/% NUMERIC .MOVE =/

oo
CALL LOADSREG(2, MPPL),
CALL STORKSREQ:SP>:

END:

/e NUMERIC EDITED MOVE =/

o0
CALL COOESOVTEIMNEY )

CALL CODESSYTE GETSORCIML Y

CODESGEN: PROCEDURE < PRODUCTION):
eYTE

OECLARE PROOUCTION
IF PRINTSPROD THEN

o0
CALL CRLF,
CALL PRINTCHARCPOUND);
e CALL PRINTSNUMBERPRODUCTION):
4

00 CASE PROODUCTION
/e PRODUCTIOQONS e
/e CASE O NOT USED </
.

e 4 <P=DIV> .= PROCEDURE OIVISION <USINGD . <PROC-800VY

COMPILING = FALSE:
IF SECTIONSFLAQ THEN CALL LOAOSSECSLABEL.

3

/e 2  <USINGD e USING <I0-STRINGD
CALL NOTSIMPLIMENTED: /e INTER PROG COMM =/
e 3 Nt EMPTY>
' /% NO ACTION REQUIRED =~
s 4 <JIO=STRING> = (10>
IOSSTACK IOSPTR : s )evALUE(SPY)
. s N CID=STRINGD <10
00,
IFCIDSPTR oIDPTRe1 020 THEN
00
CALL PRINTSERRORC * 1D/ ):
108PTReLY:
0o,
IDSSTACK IOSPTRISVALUESP)
[ -0
se ¢  PROC-B00V: = (PARAGRAPND
7o MO ACTION REQUINED o
’e 4 \' PROC=000VD CPARRGRAPKD

. /e NO ACTION REGUIRED *~
r. 8 PARAORAPND w (10D CSENTENCE-LISTY
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3

3533

LR Y

Lo

IF SECTIONSFLAGed THEN SECTIONSFLAG=Z:
. CALL LOADSLABEL.
ol

- ] \! SI0> SECTION

IF SECTIONSFLAGCOL THEN
oo

IF SECTIONSFLAGeZ THEN CALL PRINTSERRORL ‘PR-),
TONSFLAG=Y,
HOLDSSECT I ONaVALUEMP ) ‘.

HOLDSSECSADORSVALUE2(MP )

END»
ELSE CALL LORDSSECSLABEL.
END:

/e 10 <SENTENCE-LISTY ‘= (SENTENCE
i se NO ACTION REQUIRED =/

re S N CSENTENCE-LISTY CSENTENCED

. #e NO ACTION REQUIRED =/
s- 12 <SENTENCEY = CINPERATIVED
: /e NO ACTION REQUIRED =~

s. I \! CCONDITIONALY
i 7e NO ACTION REQUIRED =~
s- 1 \! ENTER <ID> <OPT-1DD>

CALL NOTSIMPLIMENTED: 7 LANQUAGE CHANGE «/
/. 13 <IMPERATIVED | = ACCEPT J(SUBLDY>

CALL LOADS_ SI0 ISP,
SADORSOPP ¢

CALL ONE ACC. LSRDOR),
CALL CODESBYTECLSLENGTH):
END:
/e 16 \! CARITHIMETIOY
' /e NO ACTION REQUIRED =~
/e ar Nt CALL AL USTNGD
CALL NOTSTMPLINENTED: /e INTER PROQ COMM =/
. 10 \' QoS <102
CALL ONESADORSOPP(CLS. QLT SFCBSADDR)
s i N\ SFILE~ACTY

/@ NO ACTION REQUIRED =/

/. 20 N! DISPLAY CLITA/TD> <OPT-LITAID>

CALL CODRSFORSO I SPLAVIMPSL),

IF VALUEISPICOO THEN CALL CODESFORSOISPLAVI(SP),

r. -3 \! EXIT CPROORAN=1D>
i /e NO ACTION REQUIRED =
’e 2 \' Q0 <10
CALL ONESAOORSOPS { BRN. LABEL SADOR VALURISP), 101

. 3 N! 00 JID-STRING OEPENOING CIDD

CALL COORSBYTEQDP)
CALL CODESBYTEL LOSPTR )
CURSSYMeVAY,

00 CTRed TO [OSPTR;
CALL
[ (L)

158

-/

CLABEL SACORSOFFSET . IDSSTACK L IOSPTRY. L, 82)4




T —"

-

SUR—

333111321 S

§

1325433

2

t

1388
~

20

”3

e

”ns

e

L8560

TR TR AR

s

s 2e N' MOVE LITAID> TO JSUBIDY> Ld
CALL OENSMOVE.
s. s N' OPEN CTVPE-ACTION> IO b

CALL ONESADORSOPP(OPN « VALUE(MPPL), GETSFCBSAQOR):
r. 2é \! PEREORM CID> <THRUD JFINISHKO .

OECLARE (ADORZ. ADDR3) ADDRESS: '

IF VALUESP=1)e@ THEN ADDRI=LABEL $AD FSETVALUE(MPPL ), @, 3D
CLSE ADORZSLABEL SADORSOFFSET \VALUECSP~1). 8. 30,

IF CADORZ  eVALUER(SP))=d THEN ACORI=NEXTSAVAILABLE + 7

ELSE CALL BACKSTURFVALUE!SP). NEXTSAVAILABLE + )

CALL ONESAOORSOPP ( PER, LABEL SADOR VALUEMPPL), 1)),

ENOy

CALL NOTSIMS, IMENTED) /= ORAMMAR ERROR </
’. kL \! STOP CTERMINATED .

00
IF VALUE(SP) =@ THEN CALL COOKSBVTEISTP).
ELSE 0O:
CALL ONESADDRSOPP(STD, VALUEZSP) ).
CALL COOESBYTELCONSLENGTH),

ENO.
ENOy

/. 29 CCONDITIONALD = CARITHMETIC) JSITE-ERRORD -/

’. 9 <IMPERATIVED Lo
CALL BACKNSCOND)

fad 38 N! SFILE=-ACTY CINVALLIDD JIMPERATIVED -
CALL BACK SCOND)

;: 33: \!.u(mlw \‘CGQ:XTXQD SACTIOND sﬂ Ld

CALL BACKSTURF CVALURIMPPL ), VALUE2SP=2) )

o CALL BACKSTUFF(VALUR(SP=2). NEXTSAVATLABLE) )

/. 33 \! CREAD=ID> <SPECIALY CIMPERATIVEY -
CALL BACKSCOND

- 33 CARITHMETICY = ADD <LAID> SOPT-LIDD TO <SUBIDY -/

s. 33 SROUNDD> o
CALL ADOSSUBC(OY)

r- 3« \! DIVIDE <L-ID> INTO CSUBIDY <ROUND> -
CALL MATSOLVCL),

giad 38 N'OMULTIPLY CLSIDD BY CSUBIDD SROUNDD L
CALL MULTEOLVID),

s. 3é \! SUBTRACT <L/ IDD <OPT-L/ID> FROM -

s. 3é CSUBIDY CROUNDY -
CALL AOOSSUBIL))

s. 37 SFILE=ACT> e DELETE <10 -
CALL DELSRWT9):

7. 3 \' REWRITE JI0> .
CALL DELSRWTLY.

’- 3 N' WRITE IO SSPECIML-ACTY -

CALL READSURITECL .

st
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47

LB LY

s. 49 SCONDITIOND @ SLITAIDD <NOTD SCOND=TYPED

()
IF IFOFLAG THEN
00,

IFSFLAQaNOT [FSFLAQ,
CALL Z00ESOVTENEQ).

/= RESET IFSFLAG =/

m‘

CALL GENSCOMPARE,

£ND.

J. L3S LCOND=TVP L = NUMERIC
CONDSTVPEa3;

se 2 \! ALPHABETIC
CONDSTVPE s,

. 43 N CCOMPARED LITAIDD>

CALL KEEPSVALUES.
s. 44  CNOT> e NOT
IF HNOT (FSFLAG THEN

. /& NQO ACTION REQUIRED =/
r- 46 <COMPAREY = = GREATER

CONDSTYPR =)

’- 7 \' LESS
CONDSTYPRal,

fad <8 Nt EQUAL
CONDSTVYPE=2,

se 49  <ROUND) = ROUNDED
CALL SETSVALUECL):

s se N CEMPTYD
i /¢ NO ACTION REQUIRED =/

<= RESET IFSFLAQ =/

/e SL  CTERMINATED e CLITERALY

. /e NO ACTION REQUIRED =
’e R N RUN

i /e NO ACTION REQUIRED =~ VALUEISP) ALREMOY ITERO =

s. S3  CSPECIALY> = JINVALIDY

’ 7o NO ACTION REQUIRED =/
s S4 N\t END
CALL SETSVALUE:2>:
CALL CODEagpvTEIEOR).
CALL SETSARANCH:

s- S8 JOPT-I0> = JSUBID>

' Ze VALUE AND VALUEZ ALREADY SET o

re ¢ W
, se VALUE ALREACY IERO =/

s. ST CACTIOND @ JIMPERATIVED

CALL UNRESOL VED SSRANCH,

‘- ss \! NENT SENTENCK
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~8 3 CALL UNRESOL VEDSBRANCH,

s 9 JTHRUW - = THRU CID2 L
M 3 CALL KEEPSVALULS:

s. ] Nt -
230 3 . 7« NO ACTION REQUIRED «/

s. [ $3 CPINISMO - = Q/ID> TIMES -/
%L 3 o
92 < CALL LORDSLSIDCMP):
’”3 o CALL ONESADORSOPP(LDL. LSADOR):
94 o CALL COOESBYTEILSLENGTH)
93 CALL SETSVALUEZ (NEXTSAVALILABLE>:
3% o CALL ONESADORSOPP(DEC. 3
*’s? L3 CALL SETSVALUECNEXTSAVAILABLEY:
9 < CALL CODESADORESS ). ENO:

s- [ \N! UNTIL <CONDITION> -
N 3 CALL KEEPSVALUES:

fad < N .
261 3 . #% NO ACTION REQUIRED =/

s S SINVALIDY = INVALID b
o2 3 0O:
93 < CALL SETSVALUECL);
o 3) < CALL CODESBVTE! INV),
NS o CALL SETSSRANCH)

- MNé o END:

rad €3 CSIZE-ERRORY> : = SIZE ERROR -
”7 3
8 < CALL COOESSVTE.SER):
269 @ CALL UNRESOLVEDSSRANCH:
78 <

r- (23 CSPECIAL-ACTY : ‘& JWNEND wlm CHON=MANY> -
”? 3 CALL NOTSIMPLIMENTED: /e CARRAGE CONTROL =/

’e (4 \! -
?2 3 i /7% NO ACTION REQUIRED =/

- £ SHMNEND | = BEFORE b4
”3 3 CALL NOTSTIMPLIMENTED: /e CARRAGE CONTROL =/

r. (1) \! AFTER -
”e 3 CALL NOTSIMPLIMENTED: /= CARRAGE CONTROL =/

. 78 HOM=MANYD | = JINTEGERD> d -
”s 3 CALL NOTSIMPLIMENTED: #e CARRAGE CONTROL =/

re 7 \! snag : -
”7¢ 3 CALL NOTSIMPLIMENTED: /e CARRAQGE CONTROL <~

r. 72 CTYPE-ACTIOND = INSUT -
 2ad 3 i /% NO ACTION REQUIRED - VALUEC(SP) ALREAOY IERO

. ke 3 \! ouTRYT -
s 3 CALL SETSVALUEI L)

’e e \! =0 { -
7 3 CALL SETSVALUE(D):

. 7S SSUBIDY = JSUBSCRIPTY -
e 3 ‘ /e VALUE AND VALUER ACREACY SET =~

re Te R 4 - > -
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|
{
E | - %1 3 . /e NO ACTION REQUIRED =/
i P 77 CINTEGERY = CINPUTY =
i 82 3 CALL SETSVALUECCONVERTS (NTEGER);
P 78 <I0> = CINMUTS -
%3 3 00
e o CALL SETSVALUECMATCH);
LS o IF GETSTYPESUNRESOLVED THEN CALL SETSVALUE2(NENTSAVAILABLE):
3 87 < END:
s- 79 AID> e CINSUTY )
ses 3 o0,
¥ 38 4 IF NUMERICSLIT THEN
% o 00:
{ 9 s CALL SETSVALUECNUMERICSLITERAL)
i 92 S CALL SETSVALUE2CSTORESCONSTANT):
93 s 00,
¢ 94 - ELSE CALL SETSVALUECMATCH);
95 o £NOs
re 30 \' CSUBSCRIPTY -
! 9% 3 e NO ACTION REQUIRED =/
: ’e o \' ZERO -
Al 97 3 CALL SETSVALUE ‘LITSZERO);
‘e 82 CSUBSCRIPTY = CID> ¢ <INSUTD ) Py
e 3 CALL CHECKSSUBSCRIPT;
re 83  <COPT-L/ID> = A/IDD -
& 99 3 i /e NQ ACTION REQUIRED =/
/e 3 Nt <EPTYD -/
1000 3 s /% VALUE ALRERDY SET =/
4 /e 88 CNN=LIT> = LITO -/
1001 3 00;
1002 CALL SETSVALUECNONSNUMERICSLIT):
1003 o CALL SETSVALUE2CSTORESCONSTANT);
1004 4 0o
/- 6 \! SPACE -
1008 3 CALL SETSVALUE(LITSSPACE);
re 87 \! QuoTE -
1006 3 CALL SETSVALUECLITSQUOTED:
.4 ’e 88 CLITERALD = CNN-LIT .
1007 3 ; /e NO ACTION REQUIRED =/
.
’e ) N CINSUT> -
1008 3
1009 o IF HOT NUMERICSLIT THEN CALL INVALIOSTYAL
WL ¢ CALL SETSVALUECNUMERICSLITERAL ) ;
1 1012 < CALL SETSVALUEZ(STORESCONSTANT);
' 1013« &NOs
e 0 \! ZERO o
101 3 CALL SETSVALUEILITSZEROY;
s 91 CLIT/ID> e LAI0B -
FUTCIN ; /% NO ACTION REQUIRED =/
. - 2 N! CNN=LIT> -/
1816 3 . /% NO ACTION REQUIRED =/
‘ ’e 93 COPT-LIT/IO> @ CLIT/I0> -
\ g w07 3 ' /e NO ACTION REQUIRED =~
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. ve * N CEMRTYY .
> Wi 3 ‘ s NO ACTION REQUIRED =
’. #S  (PROGRAM=IOY = IO .
1049 3 CALL NOTEIMAL IMENTED: se INTER PROQ COMM =/
.- “ N\ -y
1020 3 ) “e NO ACTION REQUIRED =/
ad ” CREAD-LD> = READ <10 -/
1033 3 CALL READSWRITECO):
J- ” CIM=NONTERMINAL> - Ir -
1033 3 IFerLAd = TRUK s SET IFOFLAQ o/
1033 3 END, /v END OF CASE STATEMENT =
102 2 ENO CODEOOEN:
1033 1 QETINL . PROCEDURE BVTE,
103¢ a RETURN [NOENALSTATED,
02T a ENO QETINA.
1038 L GETINZ PROCEDURE BVTE:
1039 2 RETURN [NCENZCSTATE),
1930 2 END QETING,
1938 4 INCSP  PROCEOURK.
1032 H VALUELSP ofP « L)eg so CLEAR THE STACA WHILE INCREMENTING o~
1033 2 VALUE<SP Y o)
03¢ 2 IF SP >e PSTACKSIZE THEN CALL FATALSERRORC ‘$3
1036 2 N0 (HCSP:
037 S LOONANEAD - PROCEDURE.
1038 a IF NOLOOK THEN
1039 2 (1}
1040 3 CALL SCANNER:
1044 3 NOLOOK o ALK,
1043 3 17 PRINTETORNEN THEN
1043 3 00
1044 9 CALL CRLF,
1048 o CALL PRINTONUMBER{ TOKEN)
L0486 L) CALL PRINTSCHARI” "))
1047 L} CALL PRINTeACCUM
1048 o (Y
1049 3 £€NO)
1088 2 END LOOKANEAD)
1094 1y NOSCONFLICT PROCEDURE (CSTATE) OVTR.
w082 2 DECLARE (CSTATE. L. J, K> BYTE: .
1083 2 JuINDENALCSTATE) )
1084 2 KeJ * INOENZ(CSTATE> - &,
w088 3 00 tes TO K
Wse 3 I READLCI)MTOKEN THEN RETURN TRUR,
1088 3 &NO)
108 2 RETURN FALSE:
1060 2 ENO HOSCONMLICT:
1068 4 RECOVER  PROCEDURE BVTE,
1062 3 OECLARE TSP BYTE, RSTATE BVTL
08 2 00 FOREVER:
l0de 3 TSPuse,
1068 3 00 WNILE TSP &> 288,
1048 o IR NOSCONFLICTCRSTATE «STATESTACKCTSRY) THEN
1087 o 00 /e STATE MILL READ TOKEN o
1040 s IF SPCOTSP THEN SP o TSR - o
wore 3 RETURN RETATE,
ery 8 ENO)
7z o TSP e TSP - 4,
073 ‘ ENO,
1074 3 CALL SCANNER: s« TRY ANOTHER TOREN o/
wors 3 ™o,
107¢ 2 00 RECOVER

/e e e e @ PROGRAM ENECUTION STARTS NERE « « o

se INITIALIZATION

warr TOKEN=43. & PRIME THE SCANNER WITH ~PROCEDURE= =/
wore L CALL M\‘:O:::;YMSLO\.IN- QUTPUTIFCE. PASELLEN)
Je THL

OUTAUT FILE CONTROL BLOCK
TOOOLES
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PR rrNr N UHUEN WU UHHUNN HUWSLVMUHNUHHUNNL W VUG ABs s

READ POINTER
NENT SVMBOL, TABLE POINTER

.
QUTPUTAENDS QUTPUTSRTR = QUTPUTSOUFF=L.+120,
‘e ® e @ ® e e PARSER ¢ * * *» w o/

00 WHILE COMPILING,
IF STATE <= MANRNO THEN
o0

CALL INCSP.
STATESTACA P> @ STATE, -+ SAVE CURRENT STATE «/

/e READ STATE w/

IF READALI> = TOKEN THEN
o0

<o COPY THE ACCUMULATOR IF [T 1S AN INPUT
STRING [F [T IS A RESERVED WORC [T DOKS

[P (TOKEN=[NPUTSSTR) OR (TOKENs, ITERAL) THEN
00 Kmg TO ACCUMC®).
VARC (K ) @ACCUMIK D

STATE=READZC L)/
NOLOOK = TRUL.,
tel)s

lo) THEN

CALL PRINTSERROR. ‘NP~ ),

CALL PRINT. ERRORSNEARSS).

CALL PRINTAACCUM

1IF (STATE «RECOVER ‘ud THEN COMPIL INGaFALSE.
END:

[ (-]
AND» “e GNO OF READ STATE o
onse
17 STRTEONAXPNG THEN /o APPLY PRODUCTION STATE o/
oa.

MPagP - QETING

MPPLeMP o 3,

CALL CODESQENCSTATE = MARPND)

SParp

[=QETINL,

JeSTATESTACK ISP,

DO WHILE (K =APALYACIY) O § AND JON.
lefl « 3,

oo
IF (K APALYVEC]) Ye@ THEN COMPILINOeSALSE.
STATE=, .
™oy
nse
é;. STATECOMANLNO THEN  ~oLOOKANEAD STATEs,
[eQETING)
CALL LOOKANERD:

00 WMILE (K sLOOKLID MO8 AND TOREN ON,
teley,

END»
STATR=LOOK2 1))
ENO,
st

/ePUSH STATESe/ )
CALL INCSP

'
STATESTACK $P \=OET INS,
STATR=OETINL.

END:

ENO: /e OF WMILE COMPILING w/

CALL BYTRSOUTITER)

0O WHILE OUTPUTSATRIY QUTPUTSOURF,
CALL BYTRSOUTI YRR

END:

CALL CLosE.

CALL CRLF,

CALL PRINT. ENOSOFSPARTSZ ).
CALL BOOT.

o

MODULE THIFORNAT ION

CODE AREA Il . 2030w 83Ti0
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ISIS=11 AL M=80 V3. 1 COMPILATION OF MOOULE LECOLE
OBJECT MOCMAE PLACED IN AL DECOLE. O8J
COMPILER INVOKED BY: PLMEY FL OECODE PLM

SPAGELENGTH 90>
ES ogcocE. 0oL

/e THIS PROJRAM TAKES THE CODE OUTPUT FROM THE COBOL COMPILER
AND CONVERTS [T INTO A READABLE OUTPUT TO FACILITATE ONBUGGING =/

e e w LB LOAD POINT «/
R LECLARE
(334 LITERALLY “LITERALLY .
800T (S84 ‘9.
8008 LI ‘9,
FCs ADORESS INITIAL (SCH),
FCesaYTE SASKD FCB (L) BVTL
1 VTR,
ADOR ACORESS INITIAL CL00M).
CHAR BASED BYTE.
CsADOR BASED ADOR .
BUFF SEND uIr ‘QFFN,
FILESTYPE (=) BVYTE CATA C“C", "I7. "N" M
3 MONL1. PROCEDURE (F.A).
4+ 2 OECLARE F BYTE. A ADORESS:
S 2 L. G0 TO L s. PATCH TO JMWP 5w/
¢ 2 ENO MONL
L MON2. PROCEDURE (F.A) BYTL
s 32 OECLARE ¥ BYTEL. A ADORESS.
L L0 TO W /e ee PATCN TO “JWP S * e @ o
e 2 RETURN
a 2 ENO MON2)
12 3 PRINTICHAR . PROCEDURE (CHAR. ) -
8 2 OECLARE CHAR BVYTE,
4 2 CALL MONLI2, CHAR)
3 2 - END PRINTICHAR)
i PROCEDURE,
2 CALL PRINTICHARLI :
2 CALL PRINTSCHARC(10)>: *
H ENO CARLF.

P PROCEDUREADOL ),
OECLARE ACDL AODRESS. C BASED ADDL (1) BYTL
CALL CRLF.
00 =@ TO 3,
CALL PRINTSCHARCCILN),

END)
CALL PRINTSCHARS “))
END Ay

QETSCHAR . PROCEDURE BVTE:
&(WWO&)W“W

éz‘m\'w FCRICHO THEN
CALL PC L 'BND? ) )i

sSUNRUTUNNENy NuLBEY  LENL
NN HHEELEHUNRIE R HWED N

CALL TIMECLON
w\-i 0 T W /e PATCHN TO “JMP 0000" = & « o/
)
ADOR=GDN,
&ND,
, RETURN CHAR,
ENC QETSCHAR)

3 OSCHAR  PROCEDURE . QUTPUTSOYTE),

2 2 OECLARE QUTPUTISYTE BVTE.

3 2 IF QUTPUTSBYTELLY THEN CALL PRINTICHARIQUTPUTSBYTE « J0M):
s 2 CLSE CALL PRINTSCHARCOUTPUTSBYTE * 37w,

“ 2 OSCHAR.

@ 0O PRUCEDURE (COUNT:.

9 2 CECLARE (COUNT. J+ ADCRESS:

o 3 0O Jeay TO COUNT
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s s R 0 Ty
L&¥H o L < 4 i S il e L i i

e 3 CALL DOCHARSHRCGETSCHAR, &) )
% 2 CALL DSCHAR(CHAR AND OFW),
2 3 CALL PRINTHCHARL ).
s 3 ENO.
Se 2 oo O
S 1 PRINTSREST PROCEDURK,
36
3 LIt 9
L S 3 S I
Fe LIT 227,
FS LT 3.
6 LIT -32°.
7 LIT 3.
£ LIT 49°.
10 LIT ‘S4°.
Fi1 LIT ‘68,
P13 LIT &L
T 62,
INT LIT 63",
OST LIT 6.
TER LIT ‘€3S, i
SCO LIT “¢é". i
:
s 2 IF CHAR < F2 THEN RETURN 4
S 2 IF CHAR < F3 THEN DO CALL Duils RETURN: ENO: i
é 2 IF CHAR < Féd THEN DO) CALL D2 ARETURN, ENO) :
o 2 IF CHAR < FS THEN DO: CALL D1 3): RETURN ENO) i
T2 IF CHAR < Fé THEN DO: CALL D<4)) RETURN, ENO: q
r 2 IF CHAR < F7 THEN DO CALL 0XS): RETURN: ENO» J
e 2 IF CHAR < F9 THEN 00: CALL Oi@): RETURN. ENO.
o 2 IF CHAR < F10 THEN 0O; CALL DC8); RETURN ENO.
™ 2 IF CHAR < FLL THEN 0O; CALL (<9): RETURN, ENO)
» 2 IF CHAR < FL3 THEN 0O CALL Ou10): RETURN. END.
i1+ 2 IF CHAR < GOP THEN DO) CALL D<12): RETURN: ENO.
1w 2 IF CHAR=QDP THEN 0O. 3
L 3 CALL Ol CALL DCSHLICHAR. 1)+3): RETURN: ENO)
us 2 IF CHAR®INT THEN 0O CALL 03>, CALL DICSAOOR + 1) RETURN, ENDi
w2 2 IF CHAR=BST THEN 0O0; CALL D<e)) RETURN: ENO.
26 2 IF CHARSTER THEN DO) CALL PC. ¢ BND“ Y
1239 3 L. GO0 TO W /% PATCH TO "JMP Q" = « =/ ENO)
3 2 {F CHARWSCO THEN 00 CALL OCQ)) RETURN: ENO:
336 2 IF CHAR OO OFFN THEN CALL PC C“XXX“))
38 2 END PRINTSREST
/% PROGRAM EXECUTION STARTS WERE «/
139 2 FCOSOYTEC32), FCBSQYTEI®) © &
1e0 1 00 1=9 TO &
192 2 FCRSBVTR. 1+9) el ILESTVAE 1),
w2 2 ™o,
143 3 IF MON2(LS. FCH)=2SS THEN DO: CALL PC <"TZ2°)>)
e 2 L. G0 TO L ENOs g
/e e = @ PATCH TO “JMP BOOT" = & & o 3
40 1° 00 WWILE L
e 2 IF QETICNAR <= ¢4 THEN DO CASE CHAR,
18 3 ; /= CASE 9 NOT USED =
as2 3 CALL P ("RDD’ ).
193 3 CALL PC. < SUB” Y ) ~
18« 3 CALL PC ("ML ") 2
188 3 CALL P < OtV
1% 3 CALL PC. <"NEG” )Y
17 3 CALL PC C/STP )
is8 3 CALL P C'STT )
199 3 CALL PC CRND D))
40 3 AL
6 3 CALL
62 3 CaLL
43 3 CALL §
64 3 CALL
168 3 AL 3
i 3 CALL
e 3 CALL 3
i 3 CALL
16 3 AL
A7 3 CALL
ims 3 A
7z 32 CALL
7 2 cALL
A?¢ 2 cALL
AT 2 CAaLL
iré 3 CALL
7 3 AL
166




178
17y
188
is1
is2
163

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
2
2
Y

3334

109
1%
191
192
493
194
193
194
197
1%
199
£l
2
262
203
204
208
204
87
208
J09
ue
AL
a2
us
34
us
aé
a?
218
s
220
21

MODULE INFORMATION:

END»

&ND
cAaLL NTSREST
END: e END OF DO WMILE o/

CALL P¢. C STA )
CALL P CSTR7Y)
P (ST 0N
P CSTR ) 0
PC C7STSON
P CPLOD7 D
AR S22
P CLDRTY
PC LD N
PC LD )
PC CLDS7 D)
PC <LDE Y
PC CIPERYD DS
P CPCNUYO )
P<. C’CNS” X))
PC CPCALY DD
P CRUS I
P COLS" O
. ROEZD
L COWTE )
LR
L SNV
. C"SCR7ON
. <’8aT 0N
L ST
. SEQ N
S, AR
. C'RRS‘2).
. C’WRS”
. C7RRRZ) 2
L CTWRRD D)
. C’RWR?I)
. C7OLR7ID
L <"MED N
L CMNEY DO
. <*aDP 2
L CHPINT? O
L C'BST
LC°TERD D
PC. <7$C07 2
OF CASE STATEMENT =/

’

it

BERRRRRRIRRRRRERRRRRRERRININ

23
i

16490
190
140

v oUuss——

i




5.
6.

8.
9.

10.

11.

12.

LIST OF REFERENCES ;

Craig, Allen S. MICRO-COBOL An Implementation of Navy 3
Standard Hypo-Cobol for a Micro-processor based
Computer System.

Aho, A. V. and S. C. Johnson, LR Parsing, Computing
Surveys, Vol. 6 No. 2, June 1974.

Bauver, F. L. and J. Eickel, editors, Compiler Construction —
An Advanced Course, Lecture notes is Computer Science,
Springer-Verlag, New York 1976.

Digital Research, An Introduction to CP/M Features and
Facilities, 1976.

Digital Research, CP/M Interface Guide, 1976.

Eubanks, Gordon E. Jr. A Microprocessor Implementation
of Extended Basic, Masters Thesis, Naval Postgraduate
School, December 1976.

Intel Corporation, 8008 and 8080 PL,i! Programming
Manual, 1975.

Intel Corporation, 8080 Simulator Software Package, 1974.
Knuth, Donald E. On the Translation of Languages from
Left to Right, Information and Control Vol. 8, No. 6,
1965.

Software Development Division, ADPE Selection Office,
Department of the Navy, HYPO-COBOL, April 1975.

University of Toronto, Computer Systems Research Group
Technical Report CSRG-2, "An Efficient LALR Parser
Generator," by W. R. Lalonge, April 1971.

Digital Research, Symbolic Instruction Debugger
User's Guide, 1978.

168




INITIAL DISTRIBUTION LIST

No. Copies

o 1. Defense Documentation Center 2
Cameron Station
Alexandria, Virginia 22314

2. Library, Code 0142 2
Naval Postgraduate School
Monterey, California 93940

3. Department Chairman, Code 52 3
Department of Computer Science
Naval Postgraduate School
Monterey, California 93940

4. Assoc. Professor G. A. Kildall, Code 52Kd 1
Department of Computer Science
Naval Postgraduate School
Monterey, California 93940

. 5. Lt. M. S. Moranville, Code 52Ms 1
Department of Computer Science
Naval Postgraduate School
Monterey, California 93940

6. ADPE Selection Office 1
Department of the Navy
Washington, D. C. 20376

7. P.R. Mylet 1
8005 Kidd St.
Alexandria, Va. 22309

169




