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ABSTRACT

A compiler for ADPESO standard HYPO=-COBUL has been im=
plemented on a microcomputer. The implementation provides
nucleus level constructs and file options from the ANSIT
COBUL package alona with the PERFORM UNTIL construct from a

higher level to aqive increased structural control. The

lanquage was implemented throuah a self=-hostea compiler and

run=-time package on an 8080 microcomputer=paseag Systém.
Both compiler and interpreter can be executead in 1ZK bytes

of user storaage.
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I. INTRODUCTION

A. HISIORY OF COROL

As indicated 1in the name, COBOL = COmmon DBusiness
Oriented Language =~ was intended to be a common standard
computer programming languaqé with consistent imolementa=
tions on various machines. Backed heavily by the Uepartment
of Defense, COB0L has become a widely accepted language for
data processing aoplications. Over the fifteen years of its
existance the language has undergone several revisions and

still continues to be upgraded and changed (1].

The evolution of CUOBOL has resulted in a large language
containing numerous capabilities, many of which are not ap-
propriate for a given machine nor desired by a class of
userse. For this reason the COBUL language is broken down
into modules wnich may be implemented at various levels.
The minimal stangarg COBOL, as currently definedys contains
only the lowest levels of three modules out of the pcssible

®

twelve modules which currently exist.

']




TR

e TS

T R T S T

T

F——————

——————————

e .

B. MOTIVATIONS OF HYPO=-COBOL

None of the existing standard sets of COBOL modules fit
the reaquirements of the Department of the Navy, ana thus
HYPO=-COBOL was developed. Rather than taking one of the im=~
plementation Jlevels qescribed in the standard, another sub~
set of the complete instruction set was developed which in=-
cludes only parts of modules. HYPO=-COBUL was desianed :o
impose minimal requirements on a system for compiler sup-
port. Nhere possible, short constructs were used in tne
place of longer ones. Where mulfiole reserved words serve
the same function in CUBOL, the shortest form was used.

is no optional verbage in the lanquage, and there are

icate constructs performing the same function.

Limits were placea on all statements that have & vari-
able input format sc that all statements have a fixea max~=
imum length. Where possible, such constructs were removed
completely from the Jlanguaaqe. In adcition, user defired
names were limited to twelve characters to reduce svmbol

table storaqe requirements.

Rather than include the standard levels of imolementa=-
tion for all of the modules, constructs were inciuced only
as required. In aadition to low level constructs, the FPER=-
FORM UNTIL construct was included to allow better progranm
structure. Further justification for the manner of subses;

ting and a highlv cetailed description of each element of

the language is containea in the HYPO=CObOL Manual ([10].
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C. MICROCOMPUTERS

Current technological advances in the desian of in-
tegrated computer components have lead to the proliferation
of single chip central processors known as microcomputers.,
The anber of chips produced and the varying capabilities of
each oroduct make generalizations very difficult. The term
microcomputer, however, is generally used to describe a sys=
tem built around one of these orocessors. Such a svystem

would have memory, inoput and output capavilities, and timing

circuts as well as a central processor. One <chip systems
with all of these capabilities are currently becoming avail-
able.

1. Hardware

The most sianificant factor 1n the proliferation of
microcomputer=-pased systems has been their cost. Reasonably
powerful central processors can currently be purchasea for
less than twenty docllars, resulting in the appearance cof
many new applications. Along with the low cost of the cen-
tral processor have come low cost peripheral gevices that
are well suited to the speeds ana capabilities of‘the micro=
computers. In the case of traditional users of computers,
the low cost of microcomputer hardware has led to new uses
ana to distributed processor retworks. Changes in the cost
ana capabilities of microcomputers have peen dramatic over

the Jast several years, with more and more capabilities he=

ing offered at lower prices.




2. Software

Software has laaged far pbehind the developments 1n
hardware for microcomputers. Most of the currently avail~
able systems do not support high level languages at all, andg
where supported., the languages are oftenr systems languaaqges
rather than applications oriented Jlanguages. Une of the
restrictions imposed by many nigh level languages has been
the requirement for cross=compiling on a more powerful
machine l;). In addition, some of the resident compilers
regquire large amounts of memory. Recent work on versionrs of
BASIC however, has led to quality resident compilers for

scientific type calculations [o].

To allow the use of microprocessor systems in many
of thne proposed applications, languages need to be developed
that will run on mijcrocomouters without placing unreasconable
demands on their capabilities and size. If the gevelopments
in hardware continue at their present rate, software will
almost certainly continue to laa behind. However, current
compiler construction techniques do seem to make it possibie
to provide the reauired languages, at least or the current

types of hardware (3].




D. OBJECIIVES OF MICRO=-COBOL

The major objective of this project was to implement
HYPU-COBOL on an 8080 microcomputer-based system. As steps
toward that objective, the following underiying goals were
established: first, cefine HYPO=-COBOL as an LALR(]l) grammar
{12}, Secona, construct a compiler pased »n a table~driven
parser for that LALR(1) grammar. Third, implement an inter=
preter to run the intermediate lanquage instructions pro-=

ouced by the compiler.

while 1t was recognized that tnere would be a1fficulties
in aisplaying the complete capabilities of the nYPO=CUBUL
Ianqugge on the eauipment currently availaple at the Naval
Postgraduate School, it was considered feasible to implement
a major portion of the subset with the current eguioment and

software.

One of the justifications for tnis oproject was the
current standard policy of the Department of Defense to re=
quire all computers used in nor=tactical environments to Le
capable of executina CUBUL. In the case of the Lepartment
of the Navy, the stancard that would neea to be met for a

microcomputer~based system is HYPO=-COBOL.

Finaliy, it shoula be noted that there was no attempt to
add to the HYPU=-COBOL gefinition. One area of investigation
was to test the feasibility of the subset. In defining tne
grammar, areas were found where aaditions could have teen

made, and future users may require enhancedo capapilities to

i
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make the language fit their requirements. Indications have

been made, in the following sections, of places where

changes seemed appropriate.
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b I1I. MICRO=-COBOL MACHINE

A. GENERAL DESCRIPTICN

The following sections describe the MICRUO-COBOL opseudo=-
machine architecture in terms of allocatea memory areas and
pseudo~machine operations. IThe pseudo machine was the tar=
get machine for the compiler and was implemented through a
programmed interpretation. The MICRO=-COBOL machine has been
given first, since all other <system components can oe

described in terms of the target machine.

There were several ways to design the pseudo machine.
The parser used produces operations in the order convenien:t
for a stack machine, and other applications have used a
simulation of a stack machine to interpret the output of tne
compiler (6]. The operations reaquired for HYPU=-COBOL did

not require the use of a stack but could pbpe designeug as re=

latively indepenaent coperations. It would ©be possible to

produce an interpreter that consisted of a set of

subroutines which would be called directly by machine level

operations on the 8080, The emitted code would then consist
of instructions to load parameters ana calls to the
x supbroutines. This second idea was rejected due to the lim=
ited time available for the productiorn of the project and
because the code generation would then be very closely tied

to the exact implementation of the interpreter. It was de=

13




cided to produce output code for a pseudo machine that
would be defined to have all of the needed operations as
basic instructions. Ihe machine operators chosen contain all
of the 1information required to perform one complete action

required by the language.

The machine contains multiple parameter operators and a
program counter that addresses the next instruction to be
executed. Three reaisters are provided which hold eighteen
digit numoers used for arithmetic operations along with a
supscript stack that is used to compute subscript locations
along with a set of flags that are used to pass branchina

information from one instruction to anmother.

Addresses in the machine are represented by 16 bit
values. Any memory address greater than 20 hexadecimal 1s
valid. Addresses less than 20 hexadecimal will be inter=
preted as having special significance. For example, aa-
aresses one through eight are reserved for 5ubscriot stack
references. All other addresses in the machine are atsolute

adgoresses.

fhe arithmetic reqgisters allow for the manipulation of
signed numbers of up to eighteen decimal digits in length.
Included in their representation is a sign indicator and the
position of the assumed decimal point for the currentliy
loaded number. #hile the form of the representation is not
specified in the HYPO=-COBOL document, it is necessary that

there be no loss of precision for operations on numbers hav=

14




ing a full eighteen digits of significance.

There are two major types of numbers defined 1in the
machine. The first is numbers in the DISPLAY mode. These
numbers are represented in memory in the standard 1i1nforma=-
tion exchange code for the peripherals. For microcomnuters,
the common representation would be in ASCII characters.
These numbers may have separate signs indicated by "+" and
S=teoln Fay have a "zone" indicator added, genoting a nega-
tive sign. Packed decimal format is also availatle with
numbers carrieu as seauential digit pairs stored in memory.

The sign is indicateg in the right=most positione.

The following flags exist in the machine and can ve
checked by the instructions for a true or false value:
BRANCH flag == indicates if a branch is to be taken; ENU OF
RECURD flag == indicates that an ena of input conaition has
been reached when an attempt was made to reag input; OVEr=
FLOW flag == indicates tne loss of information from a regis=
ter due to a number exceedirg the available size; INVALID
flag == indicates an invalid action in writing to a girect

access storage device.

The fellowing rescurces are required for a minimal im=~
plementation of this machine: a system input device capabie
of receiving low volume input, a system output device capa~
ble of displaying low volume output, and a direct access

storage device capable of storing, reading, ana writina

files and programs.

i "l o R




B. MEMORY ORGANIZATION

Memory is divided into three major sections: (1) tne
data areas defined by the DATA DIVISION statements, (2) the
code area, (3) and the constants area. No particular order
of these sections is reauired. The first two areas assume
the ability to both read and write, but the thira only re=

quires the ability to be read.

The aata afea contains variables defined by the UAJA
DIVISION statements, constants set in the WORKING STORAGE
SECIION, and all file control blocks and ouffers. These
elements will be manipulated by the machine in accordance

with the code instructions.

C. MACHINE OPERATIONS
1. Format

All of the machine operations consist of an opera-
tion number followed by a list of parameters. The sections
that follow descrioce the various instructions, list the re=
quired parameters, and describe the actions taken by the
machine in executing each instruction., As each instruction
is fetched from memory, the program counter automatically

increments oy one.
2. Arithmetic operations

fhere are five arithmetic instructions which act

only on the registers. In all cases, the result is placed

16




in register two. Uperations are allowed to destroy the in=
put values during the process of creatina a result. There=-
fore, a number loaded into a register will not be available

for a subsequent operation.
P4

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

Parameters: no parameters are recuired.

SuB: (subtract). Subtract register one from register
zZero.

Parameters: no parameters are reauired.

MUL ¢ (multiply). Multiply register zero by register
one.

Parameters: no parameters are required.

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

Par;meters: no parameters are requireag

RND ¢ (round). Round register two to the last signi=
ficant decimal olace.

Parameters: no parameters are required.
5. Branching

All of the branching instructions are accomolished
by changino the value of the proaram counter. Some are ab=
solute branches and some test for condition flags that are

set by the other instructions. Branches may also test the




state of the registers or perform direct comparisons on

memory fields.

Several instructions wuse the same conditional
branching conventions. First, the branch flag is checked
for its current setting. If it is true, then a branch is
made by changina the program counter to the value of the
<branch address>. The branch flag is then set to false. If
the flag was originally false, the program counter is incre=

mented to the next seauential instruction.

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

Parameters: <branch agdress>

The next three instructions share a common format.
The memory field addressed by the <memory address> 1s
checked for the <address length>, ana if all the <characters
match the test concition, then the branch flag is comple=

mented. A conditional branch is taken after the test.

Parameters: <memory address> <address length> <branch aa-

dress>

CAL: (compare alpohabetic). Compare a memory field

for alphabetic characters.

CNS: (compare numeric sianed). Compare a fiela for

numeric characters allowing for a sign character.

CNU: (compare numeric unsianed). Compare a field for

numeric characters only.
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DeC: (decrement a count and branch if zero). Decre-
ment the value of the <address counter> by one, and 1f the
result is zero, the proaram counter is set to the aadress
given, It the result is not .zero, then the orogram counter
is incremented by four. If the result is zero before aecre=-
menting, the branch is taken.

Parameters: <address counter> <branch address>

EOR: (branch onr end of records flaa). If the eng-
of-records flag is true, it is set to false and the program
counter is set to the <branch adaress>. If false, the pro-
gram counter is incremented by two.

Parameters: <branch adress>

GOP: (go to = cepending on). The memory location aa-
gressed by the <number agress> is read for the numcer of
bytes indicated by the <memory length>. This numpber indi=
cates which of the <branch addresses> is to be used. The
first parameter is a bound on the numoer of branch aa-=
gresses. If the number is within the Eanqe. the orogram
counter is set to the indicated address. An out of bouncs
value causes the procram counter to be advanced to the next
sequential instruction.

Pargmeters: <pouna number = byte> <memory Jlength> <memory

address> <branch aadr=1> <branch addr=2> ... <oranch aadr=n>

INVe (branch 1f invalid=file=action flag true). iIf

the invalid=file~action flag 1is true, then it is set to

false, and the orogram counter is set to the branch ag=-




dress. If it is false, the program counter 1is incremented
by two.

Parameters: <branch address>

PER: (perform). The code address opointed to by the
<change address> is loaded with the value of the <return ad-
dress>. lhe orogram counter is then set to the <branch aag-
dress>,

Parameters: <branch address> <change address> <return ag-

aress>

RET: (return). 1If the value of the <branch adaress>
iS not zero, then the program counter is set to its value,
and the <branch address> is set to zero. I[f the <branch aag=
dress> is zero, the proaram counter is incremented by two.

Pargmeters: <pranch address>

REW: (register equal). This instruction checks for a

zero value in reqaister two. If it is zero, the branch flaaq

is complemented. A conditional branch is taken.

Parameters: <pbranch address>

RGT: (register greater than). kegister two is
checked for a negative sign. If present, the oranch flag 1s
complemented. A conditional branch is taken.

Parameters: <branch address>

RLT: (reaister less tnan). Reaister two 1is checked
for a positive sign, and if present, the branch flag is com=

plemented. A conditional branch is taken.
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Parameters: <branch address>

StR: (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>

fhe next tnree instructions all perform the same
function and have the same general format. They compare two
strings ana perform 3 conditional branch. If the test <con-
gition 1s true, the branch flag is complemented prior to
taking the conditional branch,
Parameters: <strina addr=l> <string aadr=2> <lenath = aag-

aress> <pranch address>

Sg@: (strings equal)., Compare two string for equal

characters.

SG6T: (string greater than). Compare strina one for

greater than string two.

SLT: (string less than). Compare string one for 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 anoth=

er., Instead, all of the numeric moves go through the regis=




ters. Ihis greatly reduced the number of instructions since

all of the numeric types need to be supported by moves into

and out of the registers for arithmetic cperations.

The next seven instructions all perform the same
function. They load a register with a numeric value and
differ only in the tyce of number that they expect to see in
‘memory at the <number address>. All seven cause the program
counter to be incremented by five. Their common format 1s
given below.

Pargmeters: <number address> <byte length> <byte decimal

count> <byte register to load>

LUD: (Yoad a numeric literal). Note that the decimal
point indicator is not set in this instruction format. The
litergl will have an actual decimal point in it if re=

quired.
Lot (load a numeric field).

Lve: (load a numeric field with an internal trailing

sign).

LD3: (load a numeric fielo with an internal leaging

Sign).

LDy (load a numeric field with a separate leaaing

sign).

LDS¢ (load a numeric field with a separate trailina

sign).

22




Loe6: (load a packed numeric field).

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

Parameters: <to aadress> <from adaress> <length of move>

<edit mask address> <edit mask length>

/
MNE: (move into a numeric edited field). First the
edit mask 1is loaded into the receiving field, ana then tne
information is loaded. Any decimal point alignment required
wil)l be performea. If truncation of sianificant digits 15 2
side eftfect, the overflow flag 1s not set. The orogram
counter is incrementedc by twelive.
Parameters: <to aadress> <from address> <address lenqth of
move> <edit mask address> <address mask length> <byte to de-

cimal count> <byte from decimal count>

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

Parameters: <to address> <from éddress> <address move

length> <address fill count>

St{: (store immeniate register two). The contents of
register two are storea into reaister zero and the decimal

count and sign are ingicators 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. Any alignment 1is per=
formed, gnd if a non=zero leading digit is truncated by the
operation, the overflow flag is set., All five of the store
instructions cause the orogram counter to be incrementedu by
four. 1The format for these instructions is as follows.
Parameters: <address to store into> <byte length> <byte de-

cimal count>
ST0: (store into a numeric field).

Sii: (store into a numeric field with an 1nternal

trailing sian).

St12: (store into a numeric field with an internal

leading sign).

S!S: (store into a numeric fiela with a separate

trailing sign).

Std: (store into a numeric fiela with a separate

leading sign).
S15: (store into a packed numeric fieid).
5, Input=outout

The following instructions perform input and outout
operations. The recuired operations are specified in the
HYPU=-COBUL manual, but the exact definitions of file formats

and access methous are not defined. Files in this machine

24
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are detined as having the following <characteristics: they

are either sequential or random, and, in general, files
\

created in one mode are not required to oe reaagable 1in the

other mode. Standard files consist of fixed length records,

anag variable length files need not be readable in a random

mode. Further, there must be some character or charcter

string that delimits a variable length record.

ACC: (acceot). Read from the system inout 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>

CLS: (close). Close the file whose file control block
is addressed by the <fchb address>. The proaram counter 1is
incremented by two.

Parameters: <fcb address>

DIS: (display). Print the contents of the data field
pointed to by <memory address> on the system cutput device
for the indicatead length, The program counter iS increment-
ed by three.

Parameters: <memory address> <byte length>

There are three open instructions with the same for=
mate. In each case, the file defined by the file control

block referenced will be opened for the mode indicated. The

proaram counter is incremented by two.

Parameters: <fcb address>




CPN: (open a file for input).
OP1: (open a file for output)e.

Qre: (open a file for both i1nput and output). This

is only valid for files on a random access device.

The following file actions all share the same for=
mat. tach performs a file action on the tile referenced by
the file control block. The record to be acted upon s
given by the <record address>., The procram counter is in=
cremented Dy Six.

Parameters: <fcb address> <record address> <recorg length =

address>

DLS: (delete a record from a sequential fileJ. Re=-
move the record that was just reaa from the file. The file

is requirea to be ooen in the input=output mode.

ROF @ (read a sequential file). Read the next record

into the memory area.

WIF: (write a recora to a seauential file). Append a

new record to the file.
RVL: (read a variable lengtn record).
WVl s (write a variaple lenath record).

RwWS: (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 reguire ranagom files
rather than sequential files. They all make use of a random
file pointer which consists of a <relative address> anu a
<relative length>. The memory fiela 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 the record count on the file starting with one. After
the file action, the orogram counter is incrementea Cy
nine,

Parameters: <fcb adaress> <record aadress> <record length =

address> <relative adcress> <relative lenath = byte>,

DLR: (delete a random record). Delete the record aa=-

dressed by the relative record number.

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

relative to the record nuhber.

RRS: (read rancom sequential). Read the next seauen=
tial record from a random file. The relative recorda number

of the record read is loaded into the memory reference.
KWR ¢ (rewrite a randem record).

WRR s (write random relative). write a record 1into

the area indicated by the memory reference.

WRS: (write random seauential). write the next

sequential record tc a random file., The relative record

el




number is returned.
6. Special instructions

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

previous groupse.

NOT: (negitive test)., Negate the value of the oranch

flag.

Parameters: no parameters are required.,

LDI: (load a ccde aadress direct). Load the <ccde
address> with the number indicated by the <memory address>.

Parameters: <code adoress> <memory address> <length = byte>

SCR: (calculate a subscript). Load the subscript
stack with the value <indicated from memory. The aadress
loaded into the stack 1is the <initial address> plus an
offset. Multiplying the <field length> by the numper i1n the
<memory reference> gives the offset value.

Parameters: <initial address> <field length> <memory refer=

ence> <memory length> <stack level>

SIb: (stop with display). Display the ingicatea in-
formation and then stop.

Parameters: <memory address> <length = byte>

SIP: (stop). terminate the actions of the machine,

Parameters: no parameters are requireq.

gk L pades

e MG | il Ut

achosk . SIS R tih et . | o

s A

sl i

shcailato, w5

.




The following instructions are used 1in setting up
the machine environment and cannot be used in the normal ex=

ecution of the machine.

BST: (backstuff). Resolve a reference to a label,
Lavels may be referencea prior to their definition, reauir=
ing a chain of resolution addresses to be maintained in the
code. The latest location to be resolvea is maintained in
the symbol table and a pointer at that location 1indicates
the next previous change. "~ A zero pointer ingdicates no orior
occurrences of the label. The code address referenced cy

<change address> is examined and if it contains zero, it s

loaded Wwith the <new address>. I+ it is not 2ero, then the

contents are saved, and the process 1s repeated with the
saved value as the change address after loading the <new ag=
dress>.,

Parameters: <change address> <new address>

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

string>

SCD: (start code). Set the initial value of the pro=
gram counter,

Parameters: <start addaress>

TER: (terminate)., Terminate the initialization pro=
cess and start executina code.

Parameters: no parameters are required.

29 \
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II1. MICRO-COBOL IMPLEMENTATIUN

A, COMPILER IMPLEMENTATION

1. General methocd

The LALR parser-table construction programs used

here are based on the work of Knutn [9]. His work defines

two methoos of testing a grammar to see if it is LR(k). One
of these methods leads to the creation of a set of tavles

that can be used to arive the parse actions of a compiler,

wnhile gifficult to implement in the form given by hnuth, the
method has been developed in usable form for subsets of the
grammars that are LR(k). References 2 and 3 contain de=

tailed discussions of the methods currently available. The

algorithm wuseo to develop the tables for the MICRO-CUBUL

compiler was developed by w. Lalonde [12]). 1

The compiler was designed to read the source

Janguage statements from a diskette or other mass storage

device, extract the needed information for the symbol table,
and write the output code back onto the diskette all 1n one

pass of the source orogram. The grammar was initially de=-

il R

fined for the entire languager, but the size constraints

placed on the implementation reauirea smaller tables. The
grammar was then defined in two parts which run 1n succes= ﬁ
sion. Ihe major method of passina information from the

i




first part to the second is by placing the information in

the symbol table.

The output code from tne compiler consists of the
operations that have been previously defined. They were
designed as an intermediate lanquage that would be executed
by the interpreter described in section B. The vast diffter=-
ences between the operations available for the target com=
puter and the operations necessary to supoort COBOL mace

this approach easier than 8080 machine code.
2. Control flow

The compiler has been designed so that the operation
of the two parts would be transparent to the user. when thne
first part is loaded it prings in with 1its code a reader
program which loads the second file automatically. Prior to
calling the reader orogram, the first part writes any cena=
ing code to the disk and loads all togales to a common area

ready to be read by the second part.

Internally, the control of the two parts is icenti=
cal. The parser is called after initialization ana runs un=
til it either finishes its task or reaches an unrecoverable
error state., The major subroutines in the compiler are tne
scanner and the production case statement, Both are con=-

trolled in their actions by the parser.
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3. Internal structures

The major internal structure is the symbol! table.
It was designed as a list where the elements in the list are
the descriptions of the various symbols in the program. As
new symbols are encountered they are added to the end of the
list. Symbols already in the list can be accessea through
the wuse of a "current symbol pointer." The location of
items in the list is determined by checking tne identifier
against a hash table that points to the first entry in thne
symbol table with that hash code. A chain of coilision ag-
dresses 1is maintained in the symbol table wnich links en=

tries which have the same hash value.

Al)l of the items in the symbcl table contain tne
following information: a collision field, a tyoe field, the
length of the identifier, and the address of the item. I+
an 1item 1in 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 ac-
dress of the edit field, if required. If the item is a file
name then the following additional information is incluqeo:
the file record length, the file control block address, and
the optional symbol table location of the reljative record
pointer, If the item is a label, then the only additional

information 18 the location of the return instruction at tne

engd of the paraaraph or section.

TR
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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 en-
tries in the symbol table. The identifier stack 1S useg to
collect multiple occurrences in such statements as the GO TO
= UVEPENDING statement. The level stack is used to hold in-
formation about the various levels that make up a record

description.

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

stack. The use of these stacks is described below.
4, Pgrt one

The first part of the compiler 1is orimarily con=-
cerned with building the symbol table that will pe usead 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 aqiven, and
an explanation of what porogram actions take place for that
step has been includea. In describina the actions taken for
each parse step there has been no attempt to gescribe how
the symbo! table 1is constructed or how the values are
preserved on the stack. [he intent of this section is to

describe what information needs to be retained and at what

33
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point in the parse it can be determinea. wnhere no action is

required for a given statement, or where the only action i:

to save the contents of the top of the stack, no explaina=

tion 1is given. AQuestions regarding the actual manipulation

of information should be resolved by consulting the pro=-

gramse.

1 <orogram> 2!= <ig=div> <e=div> <d=ogiv> PROCELURE

Reading the wora PROCEDURE terminates the first part

of the compijer.'

)

<id=div> ::= JDENTIFICATION DIVISION. PROGRAM=ID.

<comment> . <auth> <date> <sec>
<auth> ::= AUTHOR ., <comment> .
<empty>
DATE-wWRITTEN . <comment> .,
<empty>

SECURITY . <comment>

i <empty>

<comment> = <input>
i <comment> <input>

ENVIRONMENT DIV?SION « CONFIGUKATIUN SECTIUN.
<scr=obj> <i-o0>
<src=obj> ::= SOURCE=-COMPUTER . <comment> <debuqg> .
OBJECT=CUMPUTER . <comment> .
<debug> ::= DEBUGGING MODE
Set a scanner toggle so that aqebug lines will be
read.

i <empty>

INPUT=0UTPUT SECTTUN . FILE=CONTROL

34
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17
18

19

20
21

22

T Y

23

24

b 25

26

27

28

T

29

<file=control=list> <ic>
i <empty>
<file=control=list> ::= <file=-control=entry>

{ <file=control=list> <file=control=entry>

<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 ve

determined. File attributes are checked for compata-

oility and entered in the symbol table.
<attribute«list> ::= <one attrib>

{ <attribute-list> <one attrib>
<one=attrib> ::= ORGANIZATION <org=type>
i ALCESS <acc=type> <relative>
' ASSIGN <input>

A file conrol block is built for the file using an INT

operator.
<org=type> ::= SEGQUENTIAL =

No information needs to be stored since the default

file organization is sequential.

t RELATIVE

The relative attribute is saved for production 19.
<acc=tyoe> ::= SEQUENTIAL

This is the agefault.

t RANDOM
The random access mode needs to be saved for oroduc=
tion 19,

<relative> ::= RELATIVE <iag>

The pointer to the icdentifier will be retained by the
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31
32
33
34
35
36

37

39

490

41
42

43

44

4s

1
S

current symbol pointer, so this production only saves
a flaa on the stack indicating that the production did
occur.

! <empty>

<ic> ::= I[=-0-CONTROL . <same=list>

! <empty>

<same=list> ::= <same=-element>
{ <same=list> <same=-element>
<same=-element> ::= SAME <id=strinag> .
<id=strinag> ::= <ig>
{ <id=string> <ig>
<d=div> ::= DATA DIVISION . <file-section> <work> <link>
<file=section> ::= FILE SECTION . <file=list>
Actions will differ in production 64 depencing upDON
whether this gproduction has been completed. A tlag
needs to be set to indicate completion of the file Q
section. i;
! <empty>
fThe flag, indicated in production 39, i1s set.
<file=list> ::= <file=-element>
i <file=list> <file=element>

<files> ::= FD <310> <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 tile
name.

<file=control> ::= <file=l1st>

i\ <empty>
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47

48

i 49

50
i 51
52
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E
g. 53
i 54

55
S6
. S7
58
59
60

ol

<file=list> ::= <file=-element>
i <file=list> <file-element>
<file-eiement> ::= BLOCK <integer> RECURDS
! RECORD <rec=count>
The record length can be saved for compariscn with the
calculated length from the poicture clauses.
{ LABEL RECORDS STANDARD
' LABEL RECORDS OMITTED
 VALUE OF <id=string>
<rec=count> ::= <integer>
H <inteoer> TO <integer>
The TO ovtion is the only indication that the file
will pe variable length. The maximum length must De
saved.
<work> ::= WUORKING=STORAGE SECTION . <record=descriotion>
' <empty>

<l1ink> ::= LINKAGE SECTION . <record=descriction>

<empty>
<record=descripticn> (:= <level=entry>
{\ <record=descriotion> <level=-entry>
<level=entry> ::!= <integer> <dgata=id> <redefines>
<data-type> .
The level entry needs to be lnaded into the level
stack, The level stack is used to keep track of the
nesting of fielag definitions in a record. At this
time there may be no information atout the length of
the item heing defined, anag 1ts attributes may aepend

entirely wupon its constituent fielas. If there 15 a
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pending literal, the stack level to which it applies

TS ARSI vy e

3 is saved.

62 <data=id> ::Z <jd>

: 63 + FILLER

i An entry is built in the symbol table to record infor=

; mation about this record field. It cannot be used ex~- ;
F plicitly in a program because it has no name, but its E
% attributes will need to be stored as part of the total L

i record.

vy e

64 <redefines> ::= REUEFINES <ig>

The regefines option aives new attributes to a previ= é
ously defined record area. [he symbol table pointer g

to the area being redefinea is saved so that informa=

e T

tion can be transfered from one entry to the other,

In addition to the information saved relative to tne

s ey oy

redgefinition, it 1is 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 1s
true, then all information for the item on the topo of

b the stack has been saved ana the stack can pe re=

re
P e

% duced,
65 | <emoty>

As in production 64, the stack is checkea to see y

EaLE k-

the current level number indicates a reauction of the

T

level stack. In addition, special action needs to be
taken if the new leve! is 01. If an 01 level 1s en=

countered at this production prior to production 39 or

T . T

40 (the end of the file area), it is an implied rede=
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!
;

finition of the previous 01 leve). In the working

storage section, it indicates the start of a new

record.

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

67 <empty>

68 <data=element>

<prop-list>

09

<prop=list> <data=-element>

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

is the character string that

The <input> at this point

defines the record field. It is analyzed and fhe ex=

tracted information is stored in the symool tatle.

71 i USAGE COMP

is defined to be a packed numeric fiela.

The fiela

72 i USAGE DISPLAY

The DISPLAY format is the default, and tnus no special

action occurs.

73 t SIGN LEADING <separate>

indicates the presence of a sign in a

This oroduction

numeric field. The si1gn will be in a leaaging oosi1-

indicator is true, then the

If the <separate>

tion.

length will be one longer than the picture clause, and

the type will be changed.

74 ' SIGN TRATLING <separate>

information required by oroguction 73 must be

fhe same

recorded, but in this case the si1gn .is trai1ling rather

than leading.

75 i+ OCCURS <integer>

The type must be set to indicate multiple occurrences,
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and the number of occurrences saved tfor computing the
space defined by this field,
16 " { SYMC <direction>

1 Syncronization with a natural boungary is not required
by this machine.

77 ! VALUE <literal>
The fielad being defined will be assigned an initial
value determinea by the value of the literal through
the use of an INT operator. This is only valig in the
WORKING=STURAGE SECTION.

78 <girection> :3= LEFT

79 v RIGHT

80 \ <empty>

81 <separate> ::= SEPARATE
The separate sign inadicator is set on.

82 ! <empty>

83 <literal> ::= <input>
The input strinc is checked to see if it is a valid
numeric literal, and if valid, it is stored to be used
in a8 value assignment.

84 HER SRR
This literal is a quoted string.

85 t ZERO
As is the case of all literals, the fact that there 1s
a pending literal needs to be savea. In this case ani
the three following <cases, an inagicator of which
literal constant is being savea is all that is re=

quired. The literal value can be reconstructed

40




86
87

88

89

later.
! SPACE
¢ QUOTE
<integer> ::= <input>
The input string is converted to an integer value for
later internal use.
<id> ::= <jinput>
The input string is the name of an identifierA and is
checked aginst the symbol table. If it is in the sym=
bol table, then a pointer to the entry is saved. it
it is not in the symbol table, then an entry 1s auded

ang the address of that entry is saved.

Se Part two

The second part includes all of the PROCEDURE DJ[VI=-

SION, and is the part where code aeneration takes place. As

in the case of the first oart, there was no intent to show

how

what

1

2

various pteces of information were retrieved but only
information was used in producinqg the output cooce.
<p=div> ::= PROCEDURE DIVISION <using> .
<proc=pbody> END .
This production indicates termination of the comoila~
tion. If the program has sections, then it will ce
necessary to terminate the Jast section with a kEI 0
instruction. The code will be ended by the output of

a TFR operation.

<using> ::= USING <ige=strina>

it s ot
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10
11
12
13

14

i <empty>
<jig=string> ::= <jig>
fhe identifier stack is cleared and the sympol table
address of the identifier is loadedg into the first
stack location.
{ <id=string> <id>
The identifier stack is 1incremented and the symbol
table pointer stacked.
<proc=body> ::= <oaragraph>
i <proc=body> <paraaraph>
<paragraph> ::= <id> , <sentence=-list>
The starting ano ending address of the paragraph are
entered into the symbol table. A return is emitted as
the last instruction in the paragraph (RET 0). vhen
the label is resolved, it may be necessary to prcauce
a BST operation to resolve previous references to the
label .
{ <ig> SECTION .
The starting address for the section is savea. If 1t
is not the first section, then the previous section
ending address is loaded and a return (RET 0) i1s out=-
put. As in production 8, a BST may be proguced.
<sentence=list> ::!= <sentence>
i <sentence-list> <sentence> .
<sentence> ::= <imperative>
i <conditional>
i ENTER <id> <opt=-iag>

This construct is not implemented. An  ENTER allows

u4e
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15

16

17

18

19

20

21

22

23

24

statements from another language to 1inserted in the i

source code.

<imperative> ::= ACCEPT <subid> 3

A;C <address>

This is not implemented.

CLS <file cont

]
L

<length> L

<arithmetic>

o

CALL <1it> <using>

CLOSE <id>

i i et

rol block adaress>
<file=act>

DISPLAY <lit/ia> <opt=lit/ia> |

The display omerator is produced for the first literal

or identifier

value exists,

RET 0O

BRN <address>

GUP is ocutput,
<the number
lenath of the
the dependina
tifier in the

The types of t

(DIS <address> <lenath>), It the second
the same code i1s also produced for ite.

EXIT <program=iag>

GO <id>

GO <id=string> DEPENDING <ia>
followed by a numoer of parameters:
of entries in the identifier stack> <the
dep2nding identifier> <the aagaress of
1dentifier> <the aadress of each igen=
stack>.
MOVE <1it=ig> TU <subia>

he two fields determine the move tnhat 1s

generated. Numeric moves qo thrauah register two us=

ing a8 load and

a store. Non=numeri1c moves deperda ucon
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26

27

28

29

30

31

32
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the result fielad and may be either MOV, MED or MNE.
Since all of these instructions have long parameter
lists, they have not been listed in agetail.

{ OPEN <type=action> <iag>
This produces either OPN, OPl1, or UP2 dependina upon
the <type=action>. Each of these is followea by a
file control block address.

! PERFORM <id> <thru> <finish>
The FER ooeration is generated followed by tne <oranch
address> <the address of the return statement to be
set> and <the next instruction aaaress>.

! <read=id>

! STOP <terminate>
It there is a terminate message, then SPD 1s produced
followed by <messaae adaress> <message length>. Uth=
erwise STP is emitted.

<conditional> ::= <arithmetic> <size=error> <imperatijive>

A BST operator is output to complete the branch arcund
the imperative from production 65.

i <file=-act> <invalig> <imperative>
b/ BST operator is cutput to comolete the branch from
production 64,

i IF <cendition> <action> ELSE <imperative>
fwo BST operators are required. The first fills 1n
the branch to the ELSE action. '!'he second completes
the branch around the <imperative>.

|\ <read=id> <special> <imperative>

A BST is produced to complete the branch arouna the

44
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33

35S

36

<imperative>.

<Arithmetic> ::= ADD <)1/id> <opt=1/ia> TO <subid> <round>

The existence of muitiple load and store instructions
make it difficult to indicate exactly what code will
be generated for any of the arithmetic instructions.
The type of load and store will gepend cn 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 1nto regster zero. [f
there 1s a second number, then a 1load 1into register
one will pe produced for it, followed by an AUD and a
SII. Next a load into reaister one will be generated
for the resuilt numoer, Then an ADD instruction will
be emitted. Firmally, if the round indicator is set, a
RND operator will be oroduced prior to the store.

' DIVIDE <1/iag> INTO <subia> <roung>
The first number is loaded into register 2zero. The
second operand s loadea into register one. & DIV
operator is produced, followed by a kNU operator crior
to the store, if reaquired.

i MULTIPLY <1/ig> BY <subid> <rounag>
The multiply is the same as the divide except that 2
MUL is oroducec.

i SUBTRACT <1/id> <opt=1/1d> FRUM

<supiad> <round>

Subtaction generates the same coae as the AUD except

that a SUB is produced in place ot the last ADU.

as




<file-act> ::= DELETE <id>
Either a DLS or a DLR will be produced along with tne
required parameters.
! REWRITE <ia>
Either a RAS or a RWR is emitted, followed by oparame-
ters.
! WRITE <id> <special=act>
There are four possible write instructions: alF, wvL,
WRS, and WRR.,
<conaition> ::= <1it/ig> <not> <cond=type>
One of the compare instructions is produced. I|hey are
caL, CNS, CNU, RGT, RLT, REG, SGbT, SLT, ano SEQ. Two
load instructions and a SUB will also be emitted f
one of the register comparisons 1s reouired.
<cond=type> ::= NUMERTC
{ ALPHABETIC

\ <compare> <lijit/ig>

<emoty>
<compare> ::= GREATER
i LESS
i EQUAL
ROUNDED
<empty>
<terminate> ::!= <literal>
t RUN

<gpec1al> ::= <invalid>

e ——————

!
3
§
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!
!
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et

5S4 i END
An ERO operator is oroduced followed by a zero. The
zero acts as a filler in the cooe and will De back=
stuffed with a branch address. In ¢chis proaguction and

3 - several of the following, there is a forward branch on

a false conditicn past an imperative action. For an
example of the resolution, examine oroduction 32.

S5 <opt=id> ::= <subid>

Sé6 ! <empty>

S7 <action> ::!= <imperative>

BRN 0

S8 NEXT SENTENCE
BRN 0
59 <thru> t:= THRU <ig>

60

<empty>

61 <finish> ::= <1/id> TIMES
LUI <address> <length> DEC 0
62 i UNTIL <condition>
63 ! <empty>
64 <invalid> ::= INVALID
INV 0
65 <size=error> ::= SIZE ERROR
SER 0

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

67 i <empty>
68 <when> ::= BEFURE
09 ! AFTER

70 <how=many>::= <jnteqer>
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\ PAGE
<type=action> ::= [NPUT
} QUIPUT
v I-0
<subid> ::= <subscript>
\ <ig>
<integer> ::= <inout>
The value of the input string is saved as an internal
number.
<ig> $i= <input>
The identifier is checked aginst the symbol table, f
it is not oresent, it is enterec as an unresolved la-
oel.
<1/19> :1:= <input>
The input value may be a numeric literal. If so, 1t
is placed 1in the constant area with an INT operand.
It it is not a numeric literal, then 11t must Dbe an
identifier, and it is located in the symbol taocle.
{ <subscriot>
+ ZERO
<subscript> $:= <ig> ( <input> )
If the identifier was defined with a USING option,
then the inout strina 1s checked to see if it is a

number or an identifier. If it is an identifier, then

an SCR operator is produced.

<opt=1/iag> :1:= <|/idg>
! <empty>

<An=lit> 1:= <lit>




The literal string is placed into the constant are3
using an INT operator.

86 i SPACE

87 ! QUOTE

88 <literal> ::= <nn=lit>

89 ; { <inpuyt>
The input value must be a numeric literal to be valid
and is loadea into the constant area using an INI;

90 i ZERO

91 <1lit/id> ::= <1/jag>

92 ! <nn=1it>

93 <opt=lit/id> 1:= <]it/id>

94 ! <empty>

95 <program=ig> ::= <id>

96 i <empty>

97 <read=id> ::= READ <id>
[here are four read ooerations: RULF, RVL, RKS, and

RKR .

The output coce file is the only proguct of the com=-
piler that is retained. All of the needed information has
been extracted from the symbol table, and it is not required
by the interpreter. Code will be generated for ali proarams
including thése that contain errors and c¢an be examined
through the wuse of the decode program. This program

translates the output file into a listing of code operators

followed by the parameters.
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B. INTER: ETER IMPLEMENTATION

T

1. General structure

The format that has been presented for tne output

code determines the aeneral form of the interpreter. Tt a1t

haa not been possible to transform the instructions from the

compiler into a set of call=like commands, it would have

been necessary to implement a stack in the interpreter., in

general, the interpreter contains a large "case statement"
which decodes each operation and either calls subroutines to

perform the required actions or acts directly on the run=

time environment to control the actions of the interpreter.

TR TR TR TS

All communication between instructions i1s done throuagn com=
mon areas in the program where information can be stored for

. later use.

! The design of the interpreter has been modularized
in an attempt to allow easy transition to other handware
E configurations and operating systems. It desired, any sec-
i tion of the instructions could be implemented in assembly

language modules or could be passed to the operating system

for action. The entire system has been coded in PL/M for
i consistency, ease of cevelopment, and maximum portaoility
(7).

2. Cooge modules

g The following sectinns expiain the interpreter oy

noting the specific manner in which the machine i1nstructions




——

R

et e = T

e e —

=

defined in section II-C have been imolemented. The divi=

sions are the same as those in section II-C,
a. Arithmetic instructions

Since the machine was agefined as having only one
set of arithmetic registers, it was necessary to convert all
numeric‘input to one form. The packed decimal format was
chosen as the format that would be used in the registers.
This conversion process slows down the arithmetic operations
slightly, but the reduction of the interpreter memory size

was considered more important.

All of the arithmetic operations take place 1n 3
set of three work areas or registers. Etach of these areas
is ten bytes long and can contain an eiahteen digit number
with one till character on each end. The extra space facil=-
itates checking for overflow and also makes rounding obera=
tions easier. The lanauage :does not support the CUMPUTE
verb, so no storage of intermediate results 1s required from

one instructiyon to another.

A1l of ¢tne arithmetic 1nstructions use tne
packed decimal feature of the B0B0 as a basis for their ac=
tions. Each of the instructions depends on the Lasic ooera-
tion of addina two registers: subtraction is accomplished
using nines comolement arithmetic, multiplication s Gone

through a shift anc add algorithm, and division oy a shift

and subtract method.
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If the amount of computations required by a

given application make 1t necessary to speed up these in-
structions, thev coulo be replaced by a package in assembly
language. Extendina tne arammar to include the COMPUTE verb
would require changes in the compiler to allow for temporary

locations, but it could be included.
b. Branching

The operation of the interpreter is controlled
by a program counter that points to the next operation to oe
pertormed. All branching is done by <changing the normal
sequential order of execution of instructions. In addition
to acting directly on the program counter, branching in=-
structions wuse the obranch flag to determine when changes
should be made. All of the addresses that point to coce are
absolute addresses and can be loaded airectly into the pro=

gram counter,
Ce Input=output operations

A1l of the inpbut and output operations use tne
CP/M interface capabilities [S]. The program expects to see
the files in the form that the CP/M editor would have creat-=
ed them. The physical records on the gisk are assumed to be
128 bytes in length and have all logical records ending with
a carriage=return and a line-feead sequence. There is oniy
one type of file under CP/M, so all restrictions on mixinag
moades of files are removed for fixed lenagth files. Files

created in one program as sequential can be accessed 3s ran=
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dom files in another crogram. Variable length files cannot
be accessed 1in a ranadom fashion because there 1s no way to

compute the starting address of each record.,

where possible, the interface routines have been

loc;lized in the programs ¢to simplify transportation to

another operating eﬁvironment. Items relating to file con=-
trol blocks, disk record lengths, and other system parame=
ters have been established as, literals 1in the oprograms,
rather than entered as numbers, so that changes will not

have to be made throughout the code.
Q. Moves

As noted creviously, the machine lacks numeric
moves. fhere were two major reasons fcr leaving ocut tne
various moves of numeric data. The first was that the aaded
moves would have required more program space, and the second
was to simplify the codina and checking of the proagram.
Since all of the numeric tyoes are supoorted with register
load and store operations, any move can be accomplished by a

load into register two and a store into the result field.

Alpha=numeric moves are supported as direct
moves from memory to memory. lfbspeed is required for a
numeric move, the fields concerned can be redefined as
alpha=numeric and the memory move used. Hhowever, this type
of move will only work on two numbers that have exactly the

same representation in the computer.
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Edited moves also are from memory to memory, but
they 1involve several adéitional steps. [he edit mask is
loaded into the result field before any characters are loaag-
ed, and each character in both the receiving field and tne

sending field is examined to determine what action should be

taken in agdition to a move.
3. Limitaticns

The MICRU=-COBCOL implementation did not lend itself
to support of the Interprogram Communicatiors Moaule. There
was no capability in the operating system to dymo the memory
image onto the disk or to restore it. [t would be possible
to implement such a supervisor call, or a ocne way call could
perhaps be imolemented from one program to another without
the posibility of a return to the calling proaram. It re=
quired by an application where modification of the operating
system was not practical, a small overlay program could ce
written as an independent function to be loaded with the in=-
teroreter. If large systems are to pbe run on microcomputers
with minimal memory, some type of inrehorooram communica=

tions would greatly facilitate their desian.

C. SOFIwWARE TOOLS

As in any software development, one of the things that
was most imoortant to the success of this project was the
software support for the develooment effort. This system

was developed on the 360/67 rather than on the 38080, Using
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the Intel INTERP proaram [8] and the C(P/M simulator
gdevelopead by at the Naval Postgraduate School {111, it was
possible to both compile programs on CP/CMS ana run the gen=-
erated coage. This facility removed the necessity of tran=-
gporting code from the 3060 to the 808U for testing and

greatly improved the oroductivity.

Using the simulator did not result in exactly the same
product as would have been developea if the project had been
aone entirely on the 8080. It was not possiole to 1lcao a
program on the simulator without destroying the core image
currently in the simulator. In particular, the first opart
of the compiler could not leave the symbol table for tne
second part if the second part was loaded by a normal load.
This problem was resolved by writing a set of small programs
that read in the sequence of compiler components from simu=
lated memory image files. These orograms have been included
in this document so that, if future work is gone, the simu-

lator could be used again.
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Iv. CONCLUSIONS

This project ogemonstrates the feasibility of aoplying

modern compiler construction techniques to the implementa-
tion of a language developed prior to the work on formal
grammars. Not only is it possible to construct a compiler
for HYPU=COBUL using an LALR(!) parser, but the resultina
programs are hiaghly compact. 1This allows the implementation
of the compiler on smaller machines and increases the number

of target systems,

Only a3 limited number of proarams have been written us-

ing the comoiler, and no attempt has been mage to train oth=

ers in its use. However, adapting to the sutset snould not
be a major problem for a programmer experienced 1n writing
standard EOBUL. There have been no extensive timing tests
of the system, but current indications are tnat voth tne

compiler and interpreter operate at an acceptable rate.

Ihere are several areas that could be enhanced in this
implementation of HYPO~-COBUOL. One of these areas is the in-
terprogram communication module. Uue to the limitations on
core size usually imposed by microcomputer systems, it would A

be very helpful to be able to compile 3 set of programs that

could be used together as a single mooule. Several igeas
were presented in the body of this paper which indicate how

the interorogram communication module could be developed.

Se




Ihe GIVING option for arithmetic statements could ve
addea to the grammar. This option would improve comptation=
al programs, and could be supported without c¢change to the
existing 1interpreter. As discussed oreviously, the CUMPUTE
verb could be added if desired, but it would reauire greater

changes both to the grammar and to the interpreter.

Programmers that have used COBOL in a standard imple-
mentation will find the appearance of tne WURKIWG=SIORAGE
SECIION gquite aifferent due to the lack of the 77 level. o
restriction was placed on the size of the level numbers oth=
er than they must be less than 255. This allows for the
standard practice of level skipping. In adcition, 1t would
not be dificult to make the 77 level perform 1in a normal
manner. lnhere is no agifference in the way that the lanquage
considers an 01 level ana a 77 level item, but the compata-
bility with common wusaae would be very helpful to a CUBUL

programmer.

It is hoped that the results of this project are in 2
form that will allow others to use the compiler as a worxinag
system, It 1s recoqnized that many wundiscovered problems
will plague the initial wusers, but every effort has been
macde to describe what the system should do and to isolate

the functions within the interpreter to facilitate chanaces.
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APPENDIX A = MICRO-COBOL USERS MANUAL

This manual is written to explain the implimentation of
HYPU=-COBUL done at the MNaval Po;tgraauate School for the In-
tel 8080 microcomputer running with CP/M (Control Program /
Microcomputer). It 1s not intended that this manual take
the place of the HYPUO-COBOL specification out that it supply
information on the manner in which this implimentation was

gone. IThere is no attempt to teach CObBOL? however, someone

who has a working knowledqge of the language should be able

to produce programs from the information contained 1in this

manual.

fhis manual contains a brief overview of the justifica=

tion for HYPO=-COBOL ama the organization of this implimenta=

tion. It contains a brief explanation of each of the con=

; structs availaole in the language and shows samoles of their
use. It exolains the interactions between the various parts

of the compiler and interpreter and how they i1nterface with

the operating system, It also includes a list of references

that might be wuseful to someone who wished to modify the

compiler. &

Une of the major goals of this aocument is to explain
how the operating system usea effects the operation of the
compiler., It is recognizea that if the 1mplimentation is to

be useful it will neea to be modifiea to run on other confi=-
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gurations of haroware and on other operating systems. Where
it was possible, the interaction with the operating environ-
ment was insulated frum the other parts of the orogram, but
in the case of the file structure certain assumotions nad to

be made that could recuire modification.
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I. HYPO-COROL OVERVIEW

In order to provide a standard COBOL subset that could
be implimented on & small computer system, the Department
of the Navy has agefined AYPO=COBOL. This definition is in=
tended to give the minimum subset of the CUBUL langyuage that
woula be useable as a working product. This subset dces not
;gree with the lowest level of COBUL as aefinea by the CO-
DASYL group and in some cases includes only a pertion of one
of the LUBOL levels as defined in the current stanaards. it
is defined to include a portion of the NUCLEUS and wvoth
SEQUENTLIAL I-0 and RELATIVE I-0. A small portion of tne Dt~
BUG module was included along with some INTERPROGRAM CUMMUN=

ICAI1ON instructions.

Wnere possible, short ‘orms were included rather than
long forms, and if two forms existed for tne same 1nstruc-
tion, only one was incluged. For example, the shortened PIC
is wused rather than the full wora PICTURE. Also GU is not
followed by the ootional word 0. This does allow the de-
finition to be a oroper subset of the stangard COBUL, vut,
at the same time, reduces the impact of the worainess of

COBuL on a small system.

As an exception to the general rule, PErFURM UNTIL was
included from level 2 of the NUCLEUS in order to provine an

adaitional contro)l structure to support structured oprocram=
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ming techniques. Further information on HYPO=COBOL can
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found in reference 6.
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IT. ORGANIZATION OF THE IMPLIMENTATION

Ihe compiler is aesigned to run on an 8080 system in an

interactive mode through the use of a teletyge or conscle.

It requires at least 12k of RAM memory and a mass storage

gdevice for reading and writinge. The compiler is composed

of two parts or passes, each of which reads a portion of the

input file. Pass one reads the input program and builds the

symbol table. At the end of the DATA DIVISION, pass one 1is

overlayed by pass two which uses the symbol taole to produce

the coage. The output code is written as it is produced to

minimize the use of internal storage.

The tirst program of the interpreter builds the core

image of the code ana performs such functions as back=

stutfing addresses. This first orogram Jloads the second

program in and relenquishes control to the run time environ=

ment . Ihe interpreter is controlled by a larce case state=

ment that decoaes the instructions and performs the required

actions.

As a tool for debugging the compiler a seperate orogram

3 was created that will read the output code and translate the
E operations back into the mhemonics that are usead 1in the

4 second pass of tne compiler, 1lhis "decoce" program has been

included with the other prcarams in oraer that anyone wish=

ing to make chanaces to the output code or to the actions of

b6
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IiI. MICRO-CUOBOL ELEMENTS

This section contains a description of each element 1n
the language and shows simple examples of i1ts use. The fol-
lowing conventions are used in explaining the formats: Ele=
merits 1nclcsed in broken braces < > are themselves complete
entities and are described elsewhere in the manual. tle=
ments 1inclosed 1in stacks of braces { } are choices, one of
the elements which is be used. Elements inclosed in brack=-
ets Il ] are ontional. All elements in capital letters are

reserved words and must be spelled exactly.

User names are indicated as lower case. [hese names
have been restricted to 12 characters in length. There are
no restrictions in the compiler on what characters may be 1n
a user name. Some restrictions 0o need to be made to\assure

.

that they are not taken as literal numbers when used iﬁa tne
DATA DIVISIUN., For example a record couid be getinea in tne
DATA DIVISION with the name 1234, but the commang MOVE 1254
7O RECORLD! would result in the movement of the literal
number not the data stored. The HYPO=(OBOL dgescription re=
quires that eaih name start with a letter. This restriction

was not implemented because it violates common programming

practices.,

Ihe inout to the compiler does not need to conform to

standarg COBOL format. Freeform input will be acceptea as

68
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the defgu!t condition., If desired, sequence numopers can De

entered in the first six positions of each line. However, 2

toggle needs to be set to cause the combiler to ionore those

lines.




IOENTIFICATION DIVISIUN

ELEMENT:

IDENTIFICATION DIVISION Format

FOKMAT

IDENTIFICATION DIVISION,
PRUGRAM=ID. <comment>.
LAUIHOR., <comment>.]
(DAIE=ARITTEN. <comment>.]

lSEgURITY. <comment>.]

DESLRIPIIUN:

This division provides information for proaram iden=-
tification for the reader. The order of the lines 1is

fixeo.

EXAMPLES:

IDENTIFICATION DIVISION.
PROGRAM=ID., SAMPLE.

AUTHOR. A S CRAIG.




ENVIRBNMENT DIVISIUN
; ELEMENT:

ENVIRONMENT DIVISIUN Format

FORMAT :

ENVIRONMENT DIVISION.
CUNFIGURATION SECTION.
SUUKRCE=COMPUTER. <comment> [DEBUGGING MOUE] .
08JECT-COMPUTER. <comment>.
(INPUT=OUTPUT SECTION.
FILE=CONTROL.
<file=control=entry> . . .
; (1-0=CONTROL.
! SAME file=name=1 file=name=2 (file=name=3]

[(file=name=d] (file=name=5]. ] )

DESCRIPIION:

| This division determines the external nature of a
file. In the case of CP/M 311 of the files used can
be accessed either seauentially or randomly except for

variable length files which are seauential only. The

gebugging mode is also set by this section.

el




<file=control=entry>

ELEMENT:
'

<tile-control=-entry> ; : ]

FORMA!: 3

1 1.
SELECT file=name )
ASSIGN implemrentor=name

LURGANIZATION SEQUENTIAL]

p—

LACCESS SEQUENTIALI].

SELECT file=name
ASSIGN implementor-name
URGANIZATION RELATIVE
LACCESS {SEGQUENTIAL [(RELATIVE data=~=namell}].
{RANDOM RELATIVE data=name }

VESCRIPIIUN:

The file=control=entry defines the type of file that
the program expects to see. There is no difference on
the diskette, but the type of reads and writes that

are performed will differ. ror CP/M the imolementor

name needs to ccnform to the normal soecifications.




f
:
' EXAMPLES :
SELECT CARDS
ASSIGN CARD.FIL.
i
l SELECT RANDOM=FILE
P ASSIGN A.RAN
| URGANIZATION RELATIVE
ACCESS RANDUM RELATIVE RAND=FLAG.
|8
| 3
| 8
|
5
i
|
|
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DATA DIVISIOW

ELEMENT

DATA DIVISION Format

FORMAT:

DATA DIVISION.
(FILE SECTION,
(FD file=name
IBLOCK integer=1 RECORDS]
(RECORD linteger=2 TO] integer=3]

[LABEL RECORD {STANDARD}]
{OMITTED }

}VALUE OF implementor=name=1 literal=1
[implementor=name=2 literal=2] ... J.

[<record=description=entry>] ...] ...

(WORKING=-STORAGE SECTION.,

[<record=descriction=entry>] ... ]

[LINKAGE SECTION.

(<record=description=entry>] <.. ]

DESCRIPIIUNS

This is the section that describes how the aata 1is
structured. There are no major differences from stan=
agard COBOL except for the following: 1. Label

records make no sense on the diskette so no entry 1§
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required. 2. The VALUE OF <clause likewise has no
meaning for CP/M, 3. The linkage section has not been

implimented.

It a record is given two lengths as in RECOKD 12 10

128, the file is taken to be variable length and can
only be accessec in the sequential mode. See the sec=-

tion on files for more information.




<comment>
ELEMENT @

<comment>

FORMAT :

any string of characters

DESCRIP1IUN:

A comment is 3 string of characters. It may incluce
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 reauired by the program.

EXAMPLES

this is a comment

anotheroneallruntogether

8080b 16K




<data=description=entry>

ELEMENT:

<data~description-entry> Format

FORMAL :

level=number {data-name}
{FILLER }

[REVDEFINES data=name)

lPIQ character=stringl

{USAGE (COMP }]
' {DISPLAY}

(SIGN (LEADING} [(SEPARATE])
{TRAILING}

lUCFURS integerl

(SYNC (LEFT 1]
[RIGHT]

(VALUE literall,

DESCRIPTIUN:

This statement gescribes the specific attributes of

the gata. Since the 8080 is a byte machine, there was

and thus 1t has not

no meaning to the SYNC clause.

been implimented.




EXAMPLES:

01 CARD=RECORD.
ve PART PIC X(S).
02 NEXT=PART PIC 99V99 USAGE COWMP.
02 FILLER.
03 NUMB PIC $9(3)V9 SIGN LEADING SEPARATE.
03 LONG=NUMB 9(15).,
03 STRING REDEFINES LONG=NUMB PIC X(15).

02 ARRAY PIC 99 OCCURS 100.




PRUCEDURE DIVISION
ELEMENT:

PROCEDURE DIVISION Format

FORMAL

i 1.
] PROCEDURE DIVISION (USING namel (mame2) ... tnameS]].
section=name SECTION,

lparagraph=name. <sentence> [<sentence> cee J eee J oeos

PROQtDURE DIVISION {USING mamel (name2) ... tnameS)i].

paragraph=name. <sentence> [<sentence® .eel oo

f DESCRIPIIUN:

As is indicated, if the proaram 1is to contain sec-
tions, then the first paragraph must be in a section.
The USING option is part of the interprogram communi=

A cation module and has not been implimented.

ra Sh s i e by

AR

e




<sentence>

ELEMENT:

<sentence>

FORMAT

<imperative=statement>
<congitional=-statement>

ENTER verb

DESCRIPIION:

All sentences otner than ENTER fall in one of the two
main catigories. ENTER is part of the interprogram

communication module.




<imperative-statement>

ELEMENT:

<imperative=statement>

FORMAT:

The following verbs are always imperatives:

ACCEPT

CALL

CLOSE

DISPLAY

ExI l

GU

MOVE

OPEN

PERFORM

SIop

The following may be imperatives:
arithmetic verbs without the SIZE ERKROK statement

and DELETE, wRITt, and REWRITE without the INVALID occtione.
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; ! <conditional=statements>

E | ELEMENT i

<conditional=statements>

FORMAT: :
s 8

s
Ir
READ i

arithmetic veros with the SIZE ERROR statement

and DELETE, WRITE, and REWRITE with the INVALIV ootion.
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ACCEPT
ELEMENT:

CACCEPT

FORMAT :

AQCFPT <identifier>

DESCRIPITUN: -

This statement reads up to 72 characters from the con=

sole. The usage of the item must be DISPLAY.

EXAMPLES::

ACCEPT IMMAGE

ACCEPT NUM(9)




ELEMENT:

ALD

FORMAI

AVD {identifier} [{identifier=1}] TO identifier=2
{literal } {literal }

LROUNDED) (SIZE ERROR <imperative=statement>]

DESCRIP1ITUN:

This instruction adds either one or two numbers to a

third with the result being placed in the last loca-

tion.

EXAMPLES:

ADD 10 TU NUMBI
ADLU X Y TO Z RUUNDED.

ADD 100 TO NUMBER SIZE ERROR GU ERKOK=LOC
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] CALL
. ELEMENT :
; CALL
1 FORMAI :

CALL literal [USI?G namel [name2)] ... [nameS)]

DESLRIPIION:

CALL is not implimented.




ELEMENT:

CLOSE

FORMAT

CLOSE file=name

DESCRLP I 1UN:

Files must be closed if thevy have been writtenr. How=
ever, the normal requirement to close an i1nput file

prior to the ena of processing does not exist.

EXAMPLES:

CLOSE FILEI

CLOSE RANDFILE




"DELETE

ELEMENT:

DELETE

FORMAT :

DtLtTE record=name [INVALID <imperative=statement>)

DESCRIPIIUN:

This statement reaquires the record name, not the file
name as in the standard form of the statement. Since
there is no geletion mark in CP/M, this woulag normally
result in the record still beina readable. It is,
therefore, fillea with zeroes to indicate that it has

been removed.

EXAMPLES :

DELETE RECORD1
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DISPLAY
ELEMENT:
DISPLAY
FORMAT :

DISPLAY {identifier}) ({identifier=1}]
{literal } {literal }

3 DESCRIPIIUN:

This disolays the contents of an idgentifier or
displays a literal on the console. Usage must pe
DISPLAY, The maximum length of the display is 72 posi=-

tions.

EXAMPLES:

DISPLAY MESSAGE-1
ULISPLAY MESSAGE=3 10

DLISPLAY 'THIS MUST BE THE eND'

|



DIVIDE
ELEMENT

DIVIDE

FORMAT :

DIVIDE {identifier} i1into identifier=1 (RUUNDEDI]
{literal )

LSIZE ERROR <imperative=-statement>]

DESCRIPIIUN:

The result of the division is stored in 1iagentifier=1;

any remainder is lost.

EXAMPLES:

DIVIDE NuUMB INTC STORE

DIVIDE 25 INTO RESULT




ELEMENT ¢

ENTER

FORMA!:

ENTgR lanquage=name (routine=name]

DESCRIPIIUN:

This construct is not implimenteq.




EXLT

ELEMENT::

ExIi

FORMAT

EXIT [PROGRAM]

DESCRIPITUN:

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 PROGKAM state=-
g ment is not implimentead as it is part of the interpro-

gram communication module.

EXAMPLES:

RETURN.

EXIT.

Dy MO D S e ST > A




ELEMENT:

6

FORMAT

1.

GU procedure=name

GU procedure=-1 [procedure=2] ... procedure=20

VDEPENDING igentifier

DESLRIPIIUN:

The 3o command causes an unconditional branch to the
routine specified. The second form causes a forward
branch depending on the value of the contents ot the

iogentifier. The identifier must be a numeric integer

value. There can be no more than 20 orocedure names.

EXAMPLES:

GC READ=-CARD.

GU READ! READZ2 READ3 DEPENDING REAu=INULEX.




ELEMENT @

1k

FORMA T :

IF <condition> {imperative } ELSE imperative=2
{NEXT SENTENCE}

DESCRIPIION:

This is the stardard CUBOL IF statement. Note that
there 1s no nesting of IF statements allowed since the

It statement is a conditional.

EXAMPLES:

Ir A GREATER B ADD A TO C ELSE GU ERKOR=UNE.

It A NOT NUMERIC NEXT SENTENCE ELSE MOVE ZERO 10 A.




ELEMENT:

MUVE

FORMAI S

MUOVE {identifier=1} TO identifier=2
{literal }

DESCRIPIIUN:

The standard list of allowable moves applies to this
action. As a srace savina feature of this implimenta-
tion, all numeric moves go through the accumulators.
This makes numeric moves slower than alpha=numeric
moves, and where possible thev shoula be avoided. Any
move that invclves picture clauses that are exactly
the same can be accompiished as an alpha=numeric move
if the -elements are redefined as alpha=numeric; also

all group moves are alpha=numerice.

EXAMPLES:

MUVE SPACE TU PRINT=LINE.

MUVL AC10) TU B(PTR),




MULTIPLY

ELEMENT:

MUL I IPLY

Lo

FORMAT :

MULTIPLY {identifier} BY jdentifier~2 [(ROUNDED])
{literal }

LSIZE ERROR <imperative=statement>)

AR A v e

DESCRLPIION:

The multiply routine reauires enough space to calcu-
late the result with the full number of decimal aiqits
prior to moving the result 1into identifier=2. This
means that a number with S places after the decimal
multiplied by a number with 6 places after the decimal
will generate a number with 11 gecimal places which
woulda overflow if there were more than 7 digits before

the decimal place.

3 EXAMPLES:

MUL 1 EPEY X BY Y,

MULIIPLY A BY B(7) SIZt ERKOR G0N OVEKFLOW,
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ANCLASSIFIED NL

202
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........ ®
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ELEMENT:

OPEN

FORMAI :

OPEN (INPUT file=name }
3 {OUTPUT file=name}
{I[=0 file=rame )

VESLRIPIIUN:

These three types of opens have the
on the diskette. However, they do
checkinag of the other file actions.

write to a file set open as input

errofre.

EXAMPLE§:

OPEN INPUT CARDS.

OPEN OUTPUT REPOKRT=~FILE.

exact
allow
For

will

same effect
for internal
example, a

cause a fatal




PERFOKM
ELEMENT ¢

PLRFORM

FORMA | 2
ke

| PtRfORM procedure~-name [THRU procedure=name=2)

|
; i PERFORM procedure=-name [THRU procecure-name=¢]
|

{identifier}t TIMES :
{integer }

PERFORM procedure=name [(THRU orocedure=name=2]

s v MuSas

UNTIL <condition>

——

DESCRIPIIUN: , | 4

All three options are supported. bBranching may be e1= | 4
ther forward or backward, and the procedures called
may have perform statements in them as long as the end

points do not coincide or overlap.

Bt o date

EXAMPLES:

PERFORM OPEN=RUUTINE. |
PLRFURM TOTALS THRU END=-REPORT. 1
PERFORM SUM 10 TIMES. | 3

PERFORM SKIP=LINE UNTIL PG=CNT GKEATER 60, :

97 4
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READ

ELEMENT:

RQAU

FORMAT :

1.

RtAp file=name INVALID <imperative=statement>

RtAp file=name END <imperative=statement>

DESCRIPIIUN:

The invalid congition is only applicable to files in a
random mode. A1l sequentijal files must have an FunD

statement.

EXAMPLES:

ReAD CARDS END GO END=OF-FILE.

REAU RANDOM=~FILE INVALID MOVE SPACES Tu RECL=-1I.




REWRITE

ELEMENT

REWRITE

FORMAT :

REWRITE file=name (INVALID <imperative>]

DESCRIPIIUNS

REWRITE is only valia for files that are open in the
I=0 moage. The INVALID clause is only valic for random
files. This statement results in the current record
peing written ©back 1into 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 INVAID PERFORM ERKkOR=-CHECK.




ELEMENT :

stop

FORMAT :

S10P {RUN }
{literal}

DESCRIP1ION:

This statement ends the running of the interrreter.
It a 1literal 1is specified, then the Jliteral is

the

\

displayea on the console prior to termination of
program,
EXAMPLE§:

SI10P RUN.

SIup 1.

S10P "INVALID FINISH",




e

SUBTKACT

ELEMENT

SUBIRACT

FORMAI

SUBIRACT {(identifier=1} [identifier=2] FROM identifier=3
¥ {literal~=-l } (literal=2 ]

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

DESCRIPIIUN:

Igentitier=3 s decremented by the value of
identifier/literal one, and, if specifiea,
identifier/literal two. The results are stored back
in identifier-3., Rounding and size error options are

available if desired.

EXAMPLﬁsz

SUBIRACT 10 FROM SuB(12).

SUBIRACT A B FROM C ROUNDED.
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WRITE

ELEMENT:

wRI!t

FORMAf 3
=

WRIIE file=name ({BEFORE)} ADVANCING {INTEGER})
; {AFTER } {PAGE }

WRIIE file=name [NVALID <imoerative=-statement>

DESLRIPIIUN:

There is no printer on the 808U system here, so the
ADVANCING option is not implimented. The INVALID op=

tion only applies to random files.

EXAMPLES:

WRLIIE OUT-FILE,

WRIVE RAND=FILE INVALIU PERFORM ERKOR-RECOV.




|

<condition>
ELEMENT @

<condition>

FORMAT:

RELAI1UNAL CONDITION:
{igentifier=1} [NOT] {GREATER} {identifier=2}
{literal=1} {LESE ) Liicaral=2 )
: (EQUAL }

CLASS LONDITION:
identifier [NDT] {NUMERIC )
{ALPHABETIC)
DESCRLP I TUN:

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

tifier is signed numeric.

EXAMPLES:

A NUT LESS 10.
LINE GREATER "C".

NUMB1 NOT NUMERIC

103
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Subscripting
ELEMENT

Subscripting

FORMAT :

data-name (subscript)

DESCRIPILUN:

Any item definecd with an OCCURS many be referenced ©y
a subscript. The subscript may be a literal 1nteger,
it may be a data item that has been specified as an
~ger. If the subscript is signed, the sign must be

ositive at the time of its use.

EXAMPLES:

AFIU)

I1em(suB)

s
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IVe COMPILER TOGGLES

!here are four toggles in the ccmpiler., They are en-
tered on the first line of the program as a agollar sign fol=
lowed by the given letter., In each case the toggle reverses

the gefault value.

5L == list the input code on the screen as the program
is compiled. Default is on. Error messages will be agiffi=
cult to ungerstand if this toagle i1s turnea off, but if the
interface device is a teletype, it may be agesired in certain

situations.

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

of each record. Default is off.

$P == ]list productions as they occur. Uefault 1s off.

$7 == list tokens from the scanner. Uefault i1s off.




Ve

RUN TIME CONVENTIONS

Ihis section explains how to run the

,,,,

compiler on the

current system. The compiler expects to see a file with a

type of CBL as the input fiie. In general, the input s

free form. If the input includes line numbers then the com=

piler must be notified by setting the appropriete toggle.

Ihe compiler is started by tyoina CUBOL <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 tne

compiler. The output tile will

the 1input file, and will be given a file

previous copies of the file will

The interpreter

be erased.

have the same file name as

type of CIM, Any

is started by typing CBLINT <file=

name>. lhe tirst program is a loader, and it will disglay

"LUAD FINLSHED"™ to

indicate successful

completion, Tne

run=time package will be brought in by the build proaram,

and execution should continue without

106

interuption.




vi. FILE INTERACTIONS WITH CP/M

fThe tile structure that is expected by the program im=
poses some restrictions on the system. References 2 and 3
contain detailed information on the faciliities of CP/M, and
should e consulted for details. The information that has
peen included in this section is intended to explain where
limitations exist and how the program interacts with the

system.

All tiles in CP/V¥ are on a random access device, and
there 3is no way tor the system to adistinguish seauential
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 fixea length records. Tne restricticns of tne
ASSLIGN statement uo prevent a file from being open for poth

random and sequential actions durina one orogram.

tach logical record is terminated by a carriage return
and a line feed. In the case of variable length records,
this is the only end mark that exists. This convention was
addopted to allow the various proqgrams which are used I1n
CP/M to work with the files. Files created by the eaitor,
for example, will generally be variable lengtn files. Th1s

convention does remove the capability of readging variable

lenath files in a random mode.




All of the physical records are assumed to be 1¢8 bytes
in length, and the program supplies buffer space for these

records in addition to the logical records. Logical recoras

may be of any desirea lenath.




ERROR MESSAGES

COMPILEK FATAL MESSAGES

BR

CcL

MA

MO

oP

ST

nR

Bad read == disk error, no corrective action can Dbe

taken in the program.
Close error == unavle to close the output file.
Make error == could not crea' : the output file.

Memory overflow == the code and constants generated

will not fit in the alloted memory space.

Open error == can not open the input file, or no such

file present.

Symbol table overflow == symbol table 1s too large for

the allocated space.

write error == disk error, could not write a coaqe

record to the agisk.

COMPILEK WARNINGS

eL

-

bExtra levels == only 10 levels are allowed.

109
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File type == the data element used in a read or write

statement is not a file name.

Invglid access == the specified options are not an al=

lowable combination.

Identifier stack overflow == more than 20 items

LU QO ~= DEPENVING statement.

Invalia subscrict == an item was subscripted but

was not defined by an OCCURS.

lnvglid type == the field types 0o not match for this

statement.

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

a value.

No tile assignec == there was no SELECT clause for

this file.

Not implimented == a oroduction was used that is not

implimented.

Non=numeric == an invalid character was founu

numeric string.




NP

NV

PC

PF

R1

R2

SE

SG

SL

No production == no production exists for the cuurrent
parser configuration; error recovery will automatical=-

ly occur.

Numeric value == a numeric value was assigned to a

non=numeric item.

Picture clause == an invalid character or set of char=-

acters exists in the picture clause.

Paragraph first == a section heaaer was produced after

a paragraoh header, which is not in a section.

Redefine nesting == a redefinition was made for an

item which is part of a redefined item,

Redefine length == the length of the redefinition item

was greater than the item that it reacefinea.

Scanner error == the scanner was unable tc read an

identifier due to an invalid character.

Sign error == either a sign was expected anu not

found, or a sign was present when not valid.

Significance 10ss == the number assigned as a value 18

larger than the fielag gefined.




TE Type error == the type of a subscript index is not in=

teger numeric.

vE vValue error == a value statement was assigned to an

item in the file section.

INTERPRETER FATAL ERRORS

CL Close error == the system was unable to close an out=
F put file.
ME Make error == the system was unable to make an input

file on the gisk.,

NF No file == an input file could not be opened.
nl Nrite to input == 3 write was attemptea to an inout
file.

INTLRPRETER WARNING MESSAGES

EM End mark == a record that was read did not have a car=

riage return or a line feed in the expected location.

(*1)) Go to depending == the value of the gepending 1indica=-

tor was greater than the number of available branch

112




addaresses.

Invglid character == an invaliag character was |loaded
into an output field during an edited move. For exam=

ple, a numeric character into an alphabetic=only

field.

Sign Invalid == the sign 1is not a "+" or

g
3
:
-
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303
¢ 2%; ?

09 §
(1310 4

% f
o135 /*
'c'
€1219

0
3 e
5
25
:13‘
) 28 "
¢ ..g ‘
81335 o
01334 5
01235 H
81335 32
ai3d 2
t13zs 3
01341 ’*
01242
01343
Cl344
01245 /"
01324¢
01347
C1348
01349 /%
(1350
e
8 33 /”
01354
C135S
G135¢
01357 /*
€1339

320
é €l /*

362
C1363 |
1365 i
01366 4
Q1384 ¢
01369 I
61377
133
¢1312 =
] 12
TR
c1378

75
.
§‘34
fage 3

88 !

389 4
§;§°'
i
Q ie% /*
0 397
01398
1399

lb‘dCgbhllb.'l'\i‘ullvhkuc\ 5

3
-$TRING> <10>

cCs
LE(10SFTR:=1CPTR+1)=20 THEN
| GALL PRINTSERROR(*1D*);
engy 1C3PTR=19:
TDS4TACK(IDSPTR)=VALUE(SP);
END:
6 <FRCC-E0DY> ::= <PARAGRAPH>
: /% NO ACTIGN REGUIRED #/
7 <PRCC~-BODY> <PARAGRAPH>
: /% NO ACTION REQUIRED %/
8  <PARAGRAPH> 3= <IC> . <SENTENCE-LIST>
tc
' IF SECTICNSFLAG=0 THEN SECTIONSFLAG=2;
CALL LCACSLAEEL;
END;
9 <10> SECTION .
tcs
JE SECTICNSFLAGEL THEN
' IF SECTIONSFLAG=2 THEN CALL PRINTSERROR('PF');
SECTIONSELAG=L
FCLCS$SECTICN=VALUE (MP)3
END FCLCSSECSACDR=VALUE2(MP)
ELSE CALL LCADSSECSLABEL:
ENC;
10 <SENTENCE=-LISTY ::= <SENTENCED> .
3 /* MO ACTICA RECUIRED #/
11 <SENTENCE-LIST> <SENTENCE> .
: /% NO ACTICN REQUIRED */
12 <SENTENCE> ::= <IMPERATIVED>
: /* MO ACTICN REQUIRED #/
13 <CONDITIONALD>
3 /* MO ACTICN RECUIRED */
14 ENTER <ID> <OPT-1C>

" CALL NCTSIFPLIMENTED; /* LANGUAGE CHANGE =/

15 <IMPERATIVE> ::= ACCEPT <SUBID>
tcs
CALL LeaCsLSIOSPl:
CALL CNESADOR $GPP(ACC,LSADCR);
CALL CCCESBYTE(LSLENGTH)S
END;
16 CARITHMETIC>
3 /* NO ACTICN REQUIRED #*/
17 CALL <LIT> <USING>
CALL NOTSIMPLIMENTED: /* INTER PROG COMM #/
18 CLOSE <ID>
CALL CNE$AGCR$OPP(CLS,GETSFCBSADDR);
19 E <FILE=-ACT>
3 /% NO ACTICN REGUIRED #/
20 DISPLAY <LIT/ID> <OPT-LIT/IC>
cc
P CALL CCOESFORSDISPLAY (MPP1);
gnps 1F VALUE(SPIOD THeN CALL CODESFORSOISPLAY(SP):
21 EXIT <PROGRAM-ID>
3 /% NO ACTICN RECUIRED */
22 60 <10>

CALL CNESACCRSOPP(BRN,LABELSADDR(VALUE(SP),41));

*/

*/

*/

*/

*/

*/

*/

*/

*/

*/

*/

*/

*/

*/

*/

*/

./

»/
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$3= <LITERAL>
UNTIL <CONDITION>

/% NC ACTICN RECUIRED #/
NEXT SENTENCE

CALL UMRESCLVEDSERANCH;

A
>
=
a
x
w
v

1= <INVALIDD>

/% NC ACTICN REQUIRED */
ti= CIMPERATIVED>

<EMPTY>
t:1= <SUBID>
i3= CL/ID> TIMES

/% NO ACTICN RECUIRED */

46
CCNCSTYFE=03

::= THRU <ID>
<SI2E-ERROR> t:= SIZE ERROR

<RCUND> ::= RCUNDED
CIANVALID> s:= INVALID

<CCMPARED> ::= GREATER
CALL SETSVALUE(L1);

<NCT) ::s NOT
<TERMINATED
<SFECIAL>
<CFT-1D>
CACTICON>
<FINISH>

/% VALLE AND VALUE2 ALREADY SET =/
<THRLD

/% VALLE ALREACY ZERO »/

57

/% NO ACTION REQUIRED - VALUE(SP) ALREACY ZERG */
CALL UNRESCLVEDSERANCH;

/% NO ACTICN RECUIRED =/
/% NO ACTICN REQUIRED */

53
55
59
CALL KEEFS$VALLESS
61

51
64
65

44

CALL COCESBYTEINEG)S
. /* NO ACTICN REQUIRED */

CALL KEEFSVALUES;

CCADSTYPE=1;
CCNDSTYPE=Z;
49

3 ] INT S E LT PO I e
: ’
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————— piEaia e 2 ey —

T €1619 /% 66 <SPECIAL-ACT> ::s <WHEN> ADVANCING <HOW=-MANY> */
§1e5y CALL NCTS$IMFLIMENTED; /% CARRAGE CCNTRCL */
Eés ,* 67 Y
£25 ' /% NO ACTICN REQUIRED %/
4 23§ /" 68  <WHEN> ::= BEFORE ; */
£29 CALL NOTSINPLIMENTEDS /* CARRAGE CCNTROL */
1 I 69 : AFTER .
§.§ CALL NOTSINMPLIMENTED; /% CARRAGE CCNTROL */
‘ FER: " 70 <HCW-MANY> 3:= CINTEGER> */
z €31 CALL NOTS$IMFLIMENTED: /% CARRAGE CCNTRCL #/
£39 I* n PAGE Y
&4l CALL NCTSINPLIMENTEDS /% CARRAGE CCNTROL */
€43 I 72 <TYPE-ACTIGNY> :i= LNPUT Y
G1645 : /* NO ACTICN REQUIRED - VALUE(SP) ALREACY ZERQ #/
; §S§ Al 73 ouTPUT *
C 533 CALL  SETSVALUELL):
és1 /% 74 1-¢ ./
€23 CALL SETSVALLE(2);
| £5% )
: £55 1% 75  <SUBID> ::= <SUBSCRIPT> */
| 1639 : /* VALLE ANC VALUE2 ALREADY SET */
l 15 I IR <10> o
E g 2%3 i /% NO ACTICN RECUIRED */
i Cl1é63 /% 77 <INVEGER> ::= CINPUTY ./
F § 253 CALL SETSVALUE(CCAVERTSINTEGER);
i aées /" 78 <IC> 1i= <INPUT> Y
| C1664
f 563 ? %) CALL _SETSVALUE(MATCH) 3
E 01611 i IF GETSTYPE=UNRESOLUVED THEN CALL SETSVALUE2(NEXTSAVAILABLE};
i Clé72 4 ENC;
¢ 33% 3 /* 79 <L/I0> ti= <INPUT> : */
[ 6;: y ;
i €173 e NUMERICSLIT THEN
01678 0C;
CIETS 4 CALL SETSVALUE(NUMERICSLITERAL);
€1680 & . CALL SETSVALUE2(STGRESCONSTANT);
3168k 2 EVSE cauL seTsvaLue(matcHrs
01¢é83 4 ENC;
¢ §§§ /* 80 <SUBSCRIPT> ./
k g ¢el ; /* MO ACTICN REGUIRED */
1 c1eas /" 8l ZERO ! */
g1esi CALL SET4VALUE(LITSZERO); ‘
693 /" 82  <SULBSCRIPT> ::= <ID> ( <INPUT> ) »y 1
| 23 _ CALL CHECKS$SUBSCRIPT:
i C 693 I 83  <QPT-L/1DY ::= <L/ID> */
4 g ;%3 : /% NO ACTICN REQUIRED */
E : }8; ,* 84 CEMPTY> ./
1 703 : /% VALLE ALREACY SET #/
s igg " 85  <NA-LITY> t:= <LITD . %y
giist ccs
E cliss | CH SERVALE YR CH )
4 p ENCS
; /" 86 SPACE . Y
$ CALL SETSVALUE(LITSSPACE):
' ¢ " a7 QUaTE »/
: C ¥ i CALL SEYSIVALUE(LITSQUOTE);
(17 /9 88  CLITERALD f:= <NN=LIT> ./
i £'§ 3 % MO ACTION RECUIRED /
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*/
ENTRY TO CPERATING SYSTEM #/

/%

;
BYTE
ADDRESS,
BYTE,
ADDRESS

fLe TRUE!

’
THEN CALL FATALSERROR('CL');

‘LITERALLY',
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GLOBAL INPUT AND QUTPUT ROUTINES * * * 3 3/
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/% UTILITY VARIABLES */

CECLARE
/% CCDE FCINTERS ¥/

TEREER"
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.o.;

i
ADDRESS3

.
.

ADDRESS;
{E ADCRESS OF A SUBSCRIPTED
1PT(ADDR);
INITIAL(TRUE):

H
13) + SHL{ASCTR,1) + BSBYTE(CTR)
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GRAMSCOUNTER + COUNT:

URRENTSFCB)
13
=CESTINATICN + 1
TICN=CESTINATION + 13

RCCECURE BYTE;
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O
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CCECLRE;
§l(26.CURRENTSFLB+ STARTSOFFSET)
’
/% % % % % % % % % % UTILITY PROCEDURES * * % % % % % % % % # % & %/
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RES(CSAOCR) ,CONSBYTE?}

Ty
BYTE(2) = 1;
scuan?&sav%étcwn;);

CIPTR(I);
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CEDURE(TYPE) ;
YTE;
FSET)=TYPE;
RCCEDURE BYTE;
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/% FORCE A PARAMETER LOAC */

LAG CR 80F;

.HCGGUOOGOVOOOOCOOOOOCOOO0000000000

...... T €
oo 00000000 00oogoocooccoooooocccocscocgooooooooooaogo
V0VVOOVWVOOOVOOLVLOVVLOLOOVOOWVUWLOONDOVUOOVWOOODOVOUWWUOOO0OO0WOVWULOLOOWOOWUOOOLLLOOWLULOODOOWOOWWOOUVOOODWLLODODL

EDURE;
IKRENTSFLAG,1) THEN CALL FATALSERROR('WI');
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CALL WRITESRECORD;
?GRAHSCCUNTER = CS$ADOR

IF gVERFLOH THEN P
ELS ALL INCSPTRI(2
FRCGRAMSCCUNTER=CSADCRS

CALL OPENSFILE(1l);
CALL OPENSFILE(2)3
CALL OPENSFILE(3);

bCs
ENC3

»/

/% CLS #/
/% SER »/
/% BRN »/
/% CFN

/% CP1 */
/% CF2 %/
/% RCT »/

SFLAGS

L se
=
Zo
a—

TP T TN NN P T T e N N T P T T T T T T T T T T T T T T T T NN NI T T T NN T T T NN T I T T I T TSI T T I T ITI T T NNI T T T TNNT T I T TONNE T F $ TV & & 7 10N
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.
.

AMSCCUNTER=C SADOR(1) 3

?TSTOSHEX(CS‘CDR.CQBYTE(2))
DDR-ESACBR—I'
R

ER1
CiLSél’Cl!YTE(Z’-l't

CALL INCREMENTSORSBRANCH(ENCSOFSRECORD) ;

CALL INCREMENTSTRS$BRANCH(INVALIOD);

CALL ACCEPT:
CALL DISPLAY;

ENC S

/% RLT ¥/
/* REC %/
/% INV #/
/% ECR */
/% ACC %/
/% BIS */

SIC »/
/* LC1 */
/% CEC %/

€10 +/
/* $71 %/

/%
/*

P O000000000
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