AD=AO4T7 128

UNCLASSIFIED
| k2

NAVAL POSTGRADUATE SCHOOL MONTEREY CALIF F/6 9/2
THE DEVELOPMENT OF A COBOL *CALCULATOR' FOR HIGH=PERFORMANCE BI==ETC(U)
SEP 77 E K CONLEY:» R W MODES




Qo
o\
—

0DC FiLe copy

AD No._

NAVAL POSTGRADUATE SGHOOL

Monterey, Galifornia

THESIS

The development of a COBOL "Calculator" for
High-performance Bit-slice Micrecprocessors

by

Elizabeth K. Conley
and
Ronald W. Modes

September 1977

G. A. Kildall

Thesis Advisor:

approved for public release; distribution unlimited

. " § 1 ay ¢ K < »Mows ¥ ~ ’:"!
0 55 kil
H < PRy S V] s

L

0 Fuili Lovieek PRGCUOTION

= C
= i
=




SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
REPORT DOCUMENTATION PAGE SR e
. REPOART NUM 2. GOVT ACCESSION NO. s.ﬁ'tnws CATALOG NUMBER 2
G i
£
ERED )

ST

bt S fandoSubiitlo). .. e —
The development of a CO&QﬁQ"Calculator“L‘
or‘ylgh—performance Bit- sllce Mlcro-
processorsg

= O]

_Elizabeth ./[conley
Bonald W, Modes

i 2 G 1Qp GO
eptember 10

6. PERFORMING ORG. REPORT NUMBER

ONTRACT OR GRANT NUMBER(e)

e
10. PROGRAM ELEMENT, P!OJECT TASK
AREA & WORK UNIT NUMBER

AND ADDRESS

Naval Postgraduate School '
Monterey, California 93940

T1. CONTROLLING OF FICE NAME AND AOORESS @W—m

Naval Postgraduate School
Monterey, California 93940 g
111

T4, MONITORING AGENCY NAME & ADDRESS(I! different from Controlling Otfice) 18. SLCCU.ITY CLASS. (of thie répert)

Naval Postgraduate School ,x/;i ) Oaclagsifind
Monterey, California 9394Q'/ﬁ/C/J/J/j/ = sty

e.
SCHEDUL

oo e ab et s
16. DISTRIBUTION STATEMENT (of thie Repeort)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the sbetrect entered in Block 20, Il differsnt from Report)

16. SUPPLEMENTARY NOTES

fy by block number)

19. KEY WORDS (Continue on reverse side If y and |

COBOL Interpreter
Bit-slice Microprocessors

y and idontily by bleck mamber)

20. K‘"ACT (Centt an eree elde If

The design of a COBOL editor and interpreter is explored

which uses simple, straightforward algorithms similar to the

approach found in programmable calculators. The algorithms ) "

DD ,'5n'5: 1473  eoimiow oF 1 nov s8 13 oRsoLETE
S/N O =014- 6601
= : SECURITY CLASSIFICATION OF THIS PAGE ote Bnt

ASLYSH




fecumTY CLASSIFICATION OF TWIS PaGE "hen Neta Entered.

\€>are designed to be implemented using the microinstructions
of a high-performance bit-slice microprocessor. A possible

machine design using a family of microprogrammable four-

bit-slice bipolar circuits is outlined.

DD  Form_ 1473

2
Sb} %%%5-014-6601 SECURITY CLASSIFICATION OF THIS PAGEWhen Dete Entored)




\
Approved for public release; distribution unlimited

The Development of a COROL "Calculator" for
High=performance, Bit=slice Microorocessors

by

Elizabeth K, Conley
Lieutenant, United States Navy
R.A., Marhattanville Colleqge, 1971

and
Ronald W. Modes

lLieutenant, Unitea States Navy
R.S., Yniversity of lltah, 1971

Submitted im partial fulfullment of the
recuirements for the degree of

4 MASTER OF SCIENCE IN COMPUTER SCIENCE
from the

MAVAL POSTGRADUATE SCHOQL
Septemper, 1977

| il e L e
| Bl

Aoproved by

Thesis Advisor

-
- éééézf:f)‘

Secona reader

! Ch of Comrnuter Science

A I g S P

Nean of Informati and Poliecy Sciences

.l a T




ABSTRACT

The gesign of a COB0OL editor and interpreter is explored

which uses simple, straightforward alaorithms similar to the

aoproach found in proarammable calculators. The
algorithms are desianed to bhe implemented using the
microinstructions of a hich=performance bit=slice

microprocessor. A rossible machine gesign usina a family of
microprogrammable four=bit=slice bioolar circuits is

outlined.
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[. INTRODUCTION

The objective of this thesis was to investigate
the feasibility of a specialized microcomputer: a "COROL
calculator,.”™ This CUROL calculator woula interpret onlyv
L08O0L proarams anc was to be Adesianeg wusing simole
algorithms, similar to a proarammable célculator. which
would be imolementec in microcode on a high-performance
microporocessor,

COBOL was chosen as the source languace because it
is used throughnut the Mavy and tne businmess worla. The
version of CUBROL useao for this machine is MICRU=-COEOL, which
was develooed by LT A, S. Craig aurina the course of his
thesis work at the Naval Postoraduate Schoo! (see Reference
1). MICRO-COBOL is an extension of the U.S. Navv defined
Hvpo=CUBOL, which represents the mimimum acceotable workinag
subset of CNOBOL withim the Navy,

Ihe use of a nure interpreter to execute CUROL
proarams can be considered feasible since CNBCOL is heavily
[/0 gependent. Thus the time required to interoret the
source code 1s small in comparison to the [/0 gelays.

The oreliminarv specification of the machine
hardware was completed usimrg the Advanced Micro Devices
Am29v0 family of micreprooramable highe=performance circuits.
This family 1is centered around 3 bipclar, four=hbit=slice

microorocessor LST chnip. Fiaure 7 contains a svstem @gesign




using this family of circuits. Tn adagition, the use of a
highly flexible "meta-assembler,"” which simplifies the
gesigners' task of creating microinstructions, is

introduced.

ihe last rajor qgoal was the design of tne

algorithms to be used to 1interoret COBOL imn the machine

AN R P R 0

microcode. This was accomolished wusing the lanauage C,
which is available on the UMIX ogceratina system at the Navya!
Postgraduate School. The software which was implemented
includes a workinag editor and interoreter. The desiqgn of the
editor and the interpreter stressea simolicity rather than
efficiency. Concepts such as reolacina pointers with a
linear search, ASCIT character arithmetic, anrd storage of
variable values within the source ccde were used. These
algorithms must now we conrverted *o microcode and run on 2a
development system to determine 1f the execution times are
- fast enough to make the cosoL calculator concept

ooerationally feasikle,




Il. SOFTWARE

The COBOL machine gescribed here consists of the
following software rmrodules: a monitor, an editor, a pure
interoreter, and a debuager. Nf these, the editor and the
interpreter were desianed and imolemented as part of this
thesis. Both the editcor and the interoreter were written in
ther systems proaramming lanauage 'C' and were comoiled and
tested on the UNIY onperatina system. The skeleton monitor,
which was necessary for testing éurposes. has not been
included. The decugaer will be brieflvy described as a simole
extension of the interpreter.

The editor and the interpreter were cdesianeag for
simplest imolementaticn. Fn general, each module consists of
a string of subroutires which are as independent as
possible. The objective was to develoe simple,
straiahtforwara, linear proaram modules that would eait and
interoret COROL arag be short ermrough to be storea in Read

Only Memory (R0OM).

OPRTNSERES
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A, THE EDITUR=--COED

The editor is the user's means of communicatinag
with the COBOL machire. Aside from accepting COBOL proarams
line=by=line from the console and providing the stancard
edit functions, the editor performs some functions normally
performed by an interpreter/compiler, These functions
include creating and maintaining a symbol table and
replacing the C08NL scurce words in the oprecedure division
with token numbers. This greatly simplies the
interpretation ohase anra does not create a substantial
overnead during editing.

when invokec, the editor either creates a new
file, or opens an already existina file bv loadina it into
memory from a random access device. tach COBUL statement to
be entered into this file must heaoin with a five character
line index. Thé first character of this ingex depmenas upon
the division of tne COBOL proaram which is being editted
(see APPENDIX C).

The Identification and Envirorment Qivisicns are
stored as tney are entered from the user's console in lower
case ASCII code (extemsion to allow uoper case will be
discussead later) with the UNTX newline character (CK) keina
replaced with a special 'FGL' character for ease of
getection.

The Data Aivision is also stored 1in lower case
ASCII code. Yhenever an identifier is declarea, however, an

entry is made in the symbo! table. The sympool table is




simply a list of orintnames, each a maximum of 16 characters
lonag. The printnames cf all COBOL reserved words are entries
in the symbol table. For a completed (OBOL orogram, there
exists a one-to-one corresoondence between (COBOL reserved
words, acceptable punctuation, all orngram identifiers,
literals and symbol table entries. The relative adaress of a
printname within the symbol table 1is the entry's token
number, allowinc simple conversion between token numbers and
printnames.

The Procedure agivision is converted entirely to
token numpers by the editor exceot for the five character
line number that must preceea every (OBOL statement., Al
identifiers must be declared in the Data division, ana,
aside from comments, cnly reserved worcs ana literals are
allowea in the Procedure division. Thus, anry unogeclared
identifiers, or tvpinc and spelling errors are cauaht here
in the edit chase where they can be easily corrected., It is
mandatory, therefore, to enter the entire Data agivision
oefore entering the Procedure division.

The editor cperates in memory 1n the followinag
way e When invoked, tne editor initializes two memory
pointers, col ard col (see Fiaure 1). Col is the pointer in
low memory which always addresses tne last bvte accessed.
This byte was either rewlv aaded, moaified, or just examined
by the wuser. The cointer in high memory is col, which
addresses the remainirg COBOL proaram, if it exists, or thne
last available byte ir memory (see Fiaure 2). Memory is thus

divigea into three areas: area T in low memerv, area I[II in
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high memory, and the work soace in the middl'e. Console input
characters are queuecd in a3 line buffer until a period and a
carriage return character are entered, At this time, the
entire line is written into memory, beoimnina with the last
accessed byte (the one addressed by col). Characters (bytes)
are constantly beina moved up or down in memory as necessary
to open the work space at the point in user's COBCL erogram
where editina 1s takina oplace (see Fiaqure 3). The symbol
table is storeag in a temporarv data area during tne edit
phase.

Ahen the user terminates the egit phase, the work
scace is closed by moving the entire orogram down 1nto low
memory. Ihe svmbol table is then written at the end of the
COBOL proaram, directly following its end of file (FUF).

The editec cnBCL orogram consists of
Identification, Fnvironment, and Data divisions i1n their
oriainal source coce, the toxenized Procedure aivision, and
the symool tahle. Ir this form, it can either pbe storea on
some random access “device for subseauent interpreting, or be

interoreted cirectlyvy followina the termination of edit.

11
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MEMORY DIAGRAMS

CPl—i

& CP2

A0000id division.AO0O0
lOprogram-id. test.Al Area I
0020author.
‘"‘--___- Pl
Work
Space
Area II
b CP2

Figure 1.

Initially, all of memory
is viewed as work space.

CpPl

CcpP2

Figure 2.

CPl is the byte offset of
the last character entered

by the user. CP2 stays at
its initialized value until
the first search.

A0000id division. } Area I
Rt
Work
Space
= A0OlOprogram-id
. test.AQ020author. Area II

Figure 3.

When the editcr must access

a particular line, in
case A0010, bytes are

this
moved

between Area I and Area II
until the line is found.
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Identification and
Environment divisions

7N

colo00 03 identifie
cP1 rl pic 9.99 value 0=2.30. beginning Data division
s <
Work Space
CPZ/ C0110 03 identifier2 <::: remaining Data division
Procedure division
<

Symbol Table

Figure 4.

Memory as viewed by the interpreter
after storing a value into identifierl.
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8. THE INTERPRETER==COTIN

Nhen the interpreter is invoked, if the edited
CObOL proaram does not already exist in memorv, it is loaded
one byte at a time beainnina with relative address 0. Mext,
the beainnina of the procedure division must be located. As
the search oroceeds, tytes are moved up in memory starting
with the last byte of the symbol table until the first line
number of the Procedure agivision has been - moved. The work
space in the mijdale of the memory array isS now defined.

The intercreter then initializes all the
identifiers whose initial value has been defined by the user
with tne VALUE optinn., Togentifier values are stored in the
Vata dagivision fcllowing its PTC anmd/or VALUF clause. Bytes
are moved up in memory until the work soace becins at the
ena of the particular declaration. Anv value not exceegina
the lenath of the wcrk soace can be stored nere. All
identifier values are stored in the Data agivision in this
manner., The intercoreter writes the gesired value into thne
work space, thereby making it 3 part of the Nata division
(see Fiaure 4).

A proaram ccunter isS initialized to the relative
adaress of the beginning of the Procedure division. This
counter 1S incremenrec hyte by byte as tne givision s
scanned for grammatical correctness. Fach compolete CUROL
statement i1s executeag as it is scanned.

The first bvte after each line number i1s the token

for A keyword that getermines the type of COROL statement

14




which follows. Rased upon this token, the intercreter calls
a subroutine to handle the statement form. The subroutine
scans the statement (token chain) for accepribility wuntil
the 'EOL' <character, inserted by the editor, and performs
the desired action. 211! embedded blank, tao, and comma
tokens are accented bv the interpreter,

If 3 arammatica)l error (misplaced or unexpected
token) 1is scanned, an error flag 1is set that causes
execution to stop with an aoprooriate error messaae sent to
the user, 4t this coint, a agebugaer could be enterea. Since
all identifier values are availaole in thne Nata division and
the current line number is alwavs accessible, amn error could
be corrected and scarnina/execution could resume At the
statement. Mormal executicn halts when the tokerm for STNP is
scanned.

Nhen a jump is requireg to execute a particular
statement, the orogram counter is reset to the first token
of tne Procedure division and the first toxen of each line
is scanned until the cesired destination is founao. Execution
of the PERPFORM verb involves a return jumo ara therefore
requires the return token to be saved., At present, an eiaqht
level software stack is imolemented which allows PERFORM
statements to be nested eight dgeeo. [his could be changea.,
however, since overall! machine memory size is the only
restriction,

Each time an jdentifier value 1is fetched or
stored, the following steps are executed:

1) The token rurber 1s mapped to 1its printname

15




(the token numbher is the inadex of the orintname in
the symbol table).

2) Bytes are moved seauentially up or douﬁ in
memory between Area T ana Area Il wuntil a
orintname match is found.

3) Scan continues from here until an eaqual sian
or 'EQL' character,

4) The value 1is then either written from a
‘scratch bpuffer into the work Soace at this point
or written from the Data division into a scratch

EAD or WRITE

X

buffer for further action. I[If a
statement 1is being orocessed, the PIC clause
determines the format in which the gata value is
written. Otherwise, it is simply cooied byte by

byte as it acpears in the huffer or memory.

The arithmetic routines operate wupon the ASCII
characters stored 1in the Nata division if the operand 1s 3
variable, or upon the svmhol! table in the case of a literal.
tach routine uses look=up tables to perform its operation of
addition, subtraction, multiplication, or givision. The
operands are loaded into twno variaole lenath buffers, called
x and y, and operated upon seauentially omre pair of bytes at
a time beginnirg with the riantmost byte of each butfer, As
defined by MICRO=CORUL, the result is written into the {ata
givision area correspcending to the secong ocreranrad. It should
be noted that as the LSI circuits are geveloped, the table
lookuo method can easily be renlacea by using four=hit

adaer/subtractor and multiplier chios.,

e




1. ThE TARGET MACHINE

One major development which makes a COBOL machine
feasible 1is the wige availibility of hian performance bit=
slice microorocessors on LST chips. A bit=slice micropro=
cessor is a circuit which has all the reauired inputs and
outouts of a basic orccessor function, such as the ALU, byt
is only two or four bits wige. Any number of these two or
four bit=slices are connected in parallel to allow process=-
ing of data words of anv desired width. Thus, the system

gesigner is able to scecify a processor which meets particu=

lar reauirements. Ihis flexihility is hiohly desirable in

many applications where the opotimum wora SizZe 1is areater
than the common eight pits availabhle on most fixed architec=
tured MiCcroorocessors.

The majoritv of bit=slice microorocessors achieve
their high oerformance usina binolar tecnmroloay. The commer=
cial develooment of pbipolar TTL, ECL, and Schottky tipolar
DTL chips represent a major step in increasing performance.
Bipolar switching circuitry is ten to a hundread times taster
than similar M0S switchina circuitrv,

The agisaavartage nf bipolar circuitry is that it
cannot yet bDe rackead as densely as the MOS eauivalent, thus
requiring more cnips for a aiven number of circuits. In manv
pit=slice apcplications this is not a sianiftficant Adisadvan=

tage wnen comoared with the increase in soeed.

17
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The second major development which effects the
COBOL “calulator" is the introduction of hit=slice micropro=
cessor families which are microorogrammable. Microporogram
loagic 1is olaced in Read Only Memory (ROM) ang replaces the
usual nardware random logic circuits. The advantages are
found in the more orgered approach to function implementa=
tion and the ease of replacina the loaic. The logic to de-
fine a function is stored in Programmable Read=0Only Memory

(PROM) as a block of microinstructions and, if a change s

gesired, a new PRUM is proarammed with aifferent microin=
structions. A further advantaae is the ability to define a
powerful instruction set, called macroinstructions for an
architecture wnere each instruction is actually imolemented
with several microirstructions. This increases the oerfor=
mance of the machine sianificantly since the access time for

KOM is two to ten times faster than Randcm Access Memory

(RAM) where macroinstructions are stored.

The most common uses for biteslice microorogramm=
able machinmes include diaqital filters anag emulators. Rit
slice processors are rarticularly well suitea for emulation,
since a given macroinstruction can be mapoed to a set of mi=
croinstructions which execute the desirea function.

Although emulation is effective, the COBCOL calcu=

lator does not emulate a3 machine Yanguaae. The necessary

logic to interporet a VICRN=COROL mrogram is in microcode in

the PROM, Hy imolementing the CNBOL editor and interpreter
1n microcoage, the machine pecomes a COBCL "caleculator" and

thus 1t will onrlv crocess MICRN=CORUL., The interoreter s

18




implemented in microccde to increase performance, and, as
noted previously, the algorithms were extremely simple. with
simple alaorithms, balanced by a hiagh performance processor,
it is possible to keep the overall length of the program
small enrough to write in microcode, while retaining a feasi=

ble execution time,




A, THE Am2900 FAMILY

The COBOL calculator was desianed within the limj=
tations of a widely available microproarammable four=pit=
slice bipolar microprocessor family, the Am2900 series,

developed by Advanceu Micro Devices (see Reference 2).

le. Am2901

The Am2901 is four DbDit=slice bipolar microoroces=
sor c¢chip which <can be easily cascaded to anv number of
chips. Fiaqure S is the black diagram ot this chip. The 2901
consists of 16 workinc reaisters, a U register, shift multi=-
plexers, and an eight=-function ALU. It features simultaneous
access to any two registers, and left and right skift opera-
tions inuependent of the ALU. The machine cvcle times, bhased
upon a two register add function, is 110 mamoseconras for the

Am29u1 and SS nanosecends for the new AmZ2900A,

e Am2909 and AmZ291]

The Am2909 is a four bit cascadable microorogram
sequencer. I[ts block diaaram is shown in Figure 6. The 2909
controls the executior seauence of a series of microinstruc=
tions. JThe address of the next microinstruction to be exe=
cuted can come from the proaram counter register, the stack,
the internal aadress reaister, or a direct inout. The latter
two sources allow for an mreway branch at any point in the
microprogram. The stack allows four levels of suoroutine
calls. The internal address register (IAR) can he connected

to the opiveline recister or the mapoing PPOM as shown in

20




Figure 7., The output can be set to the first microword
(0000) wusing the zerc inout. Each output bit c;n be "(OR'eg"
for conditional instructions.

The Am291! is similar, exceot the direct inout is

connected to the internal register and the 0K inmputs are re=

moved.

3. Additiomal Circuits

The Am2902 is a high-speed look=-ahead carry gen=
erator providing a3 look=ahead carry for up to four Am2901
chios. The Am290S anrd Am2906 are quad two=input open=
collector bus transceivers. Additional chips which are
available include four=bhi* registers, counters, multi=
plexers, aaders, and multipliers. Read=0Only Memory (RAM) and
Proarammed Read=0nlv Vemory (PRNM) are availabie in several
sizes and access sceeds. Chios wnich will soon become
available include a Uirect Memory Access. Reference 2 con-

tains a detailed explanation of these and other circuits.

1
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Am2901

MICROPROCESSOR SLICE BLOCK DIAGRAM

RAM Shift A
l Q Shift
A addr.—> RAM AR
(R) 16 Registers 9 Reg.
B addr.—>» A R Q
(R/W) out out
Direct Zero
Input — w vV &
D A B 0 Q
ALU Source Selector
R S
R S l— P
—Q
Carry— |—>» carry
: sign
8 Function ALU — overflow
F F=0000
41 E
Output Data Selector
D g
@ Data Out
Figure 5.
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J———

Mapping
PROM
enable — Stack
A push/pop— Pointer
Instr/Addr
Register
4 x 4
Stack
4
4 4 4 4
Direct ___l i
Select D IR s PC

Control ==t Multiplexer Microprogram
Counter Reg.

X
: A
OR 4

Zero

t Incrementer

4‘1, ge

Output

Figure 6. Am2909 Microprogram Sequencer
Block Diagram
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B. MACHINE DESTGN

Figure 7 is a detailed block diagram of the pro-
posed COBOL <calculator. The machine 1is desianed around
several basic blocks: a 4096 by 2R=bit microproaram PROM, a
16=bit ALU, an R=bit cata bus, and a pipeline register,

The pipeline reaister holds the next instruction
to be executed. while an microinstruction is beina executed,
the next instruction is moved into the pioceline recister,
Within one machine cycle, the sequencer fields are decoded
and the next instruction adndress is available to PROM, This
fetch is concurrent with anv AL!l operations.

The size of the microorogram PKOM was determined
by the estimated size of the egditor anmg the interpreter,
This estimate was made by examining the size of tne PDP=]1
assembly lanauage version of these software modules (3000
lines of assembly code and tables). ahile the corresoondence
is not one=to=one, any increase 1n size due to microcoding
will be partially offset by eliminating routines and state-
ments which were inserted to oermit execution unrder the UMNIX
operating svstem.

-The data bus size was determined by the nature of
the interoreter. 0On'y ASCII characters ana Rebit token
numbers are manipulated. Thus, only an 8=bit data bus s
required.

The ALU hancles two tvypes of data. First, the ma-
jority of operations will 1nvolve characters and token

numbers of eiont bits, The second tvpe is memorv address da=-

24




ta, such as the proaram counter, This requires 16 bits for a
64K byte memory and 20 bits for a one megabyte memory. Ran=
dom Access Memory of €4K should be sufficient, but {if the
laraer memory 1is required another Am2901 ana Am29y2 can
easily be connected.

In the block diagram, Figure 7, the sugocested LSI
chins for the major blocks are noted alona with the number
required for the function in parenthesis. Table 1| lists the
total <circuits which are reauired to implement the CORUL
machine. The loocic diaagrams and detailea descriotion of
these circuits are in Reference 2.

Three blocks are not discussed in detail: Direct
Memory Access (DMA), Tnterrupt Control !nit (ICU), and the
Sync ana Control Loaic. Sugaested architecture may be found
in Reference 2 and a listina of the required circuits is in=
cluded in Table 1.

Cne family cof b\ocks'detaileo in the machine di=
aaqram are the bus tranceivers which interface between the
various blocks and the data and address busses. (hese may be

a combiration of AmP29N00 ama Am2907 or Am26510 chips.
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Table 1.

CHIP
Am2901
Am2902
Am2905/6/7
Am2909
Am2913
Am297061
AmQ140
Am2SLSO07
Am2SLS151

Am2SLS 1ol

LSI Chips reauired for the COBCOL Calculator

NUMBEK DISCRIPTION

a bipolar U=bit microprocessor slice
1 look ahead carry

12 “auad bus transceiver

3 microproaram sequencer

14 four bit register

S9 256 word x 4 bit PRQM

128 4096 word x 1 bit static K/w KAM

1 & bit recister

1 R inpur multiplexer

1 binary hexaaecimal counter

Interrunt Control Unit

Am2913
Am2914

Am2970S

1 oriority interryunt expanger
2 vectored prioritv interrupt encoder
1 1o word x 4 kit two=oort kAM

LDirect Memory Access

Am2SLSto!

Am25L 52541

A binary hexaagecimal counters

2 actal buffer

Svnc and Enable Logic

Am29750
Am2SLS157
AmSS5S
Am74LS112

Am74L5124

1 32 word x 8 bit PROM
1 2 inout multiplexer
1 timer

1 dual flio=flop

1 clock




C. AMDASM /7 RY

The next step in the develooment of the COBOL cal~-
culator s to convert the alaorithms to microcode usina the
"meta-assembler" AMDASM/B0., AMDASM/B0 is a microproaram as-
sembler which operates on the INTEL INTELLEC MDS=D0S system
unger the ISIS-T] operating system. A meta-assembler differs
from a conventional assembler in that the user must agefine
not only labels and symbols but also wora lenaths and for=
mats. Very little information is predefined in a meta-
assembler, allowing the user a3 areat flexibility in matchina
microorograms to a haraware confiaquration. AMDASM/80 is suf=-
ficiently general ana powerfuy!l to be used for nearly any
microorogrammable machine. However, it was gesigned esce-
cially for the Am29N0 family,

The assembler ocerates in two phases: the Defini=
tion phase and the Assemply phase. The Nefinition phase,
which is executed first, establishes the tables to maé each
user defined format and constant names to the corresponding
bit patterns., The lencth of each microinstruction word can
oe oefipeo from | tec 128 bits., A microinstruction word may
consist of one format, or seveheV overlapoing formats. A
format agefines the fields of a microinstruction and their
usaae. Fields may contain soecified numeric bit oatterns:
either hexidecimal, gecimal, octal, or binary. The field may
also contain a variaple field to he filled=in aurinag execu=
tion, or a "Hon't care" field to he ianored, which is usu=

ally a filler petween other fields. The "don't care" fielas
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are used when formats are overlapoed. That is, formats can
be overlappea if tne cefined fields of one format correspond
to "don't care" fielas of the other format,

The Assembly phase wuses the output ophase, and
operates similar to a more conventional assemoler. This
phase reads a svmbolic orogram, performs the common assem=
bler functions Aand croduces a binary output, listings, and
tables, which are retained for execution or post=-processing.

The Post=-orccessing phase uses the Assembly phase
outout to create nacer taces suitable for use in pregramming
PROM's, The user may cetfine the organization of the PROM ma=-
trix and then <create a3 tape for any particular row or
column, This will allow the user to organize the micropro=-
gram memorv as desired. Further, it is relativelv easy to
change 3 oarticular FROM by creatina a new tape for the
desired column or rowe.

The advantaces of a meta-assembler apcroach, such
as AMDASM/80, are flexibility and ease of use. The user may
gefine multiple formats with overlapoing fields and 1link
meaningful mneumonics with various bit oatterrns, Thus, the
assembler creates the bit strinas for microinstructions. The
user may also write crograms using strings of 1's and 0's ,

with 3 short Definiticn phase.
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D. TIMING ANALYSIS

y Practicalitv of the Cobol calculator decenas par-
tially upon the time which is required to execute a proaram,
The actual timing of the machine ocerformance will occur when
it is run in micrococe on the Intellec YDS=N0S system, HOw=
ever, several important factors can be assessed by using
manual methods and estimating the required cycles ang number
of references tc Panacm Access Memory (RAM),

Tavble 2 contains a list of the sequential process~
'\ng steps of the AUD vero. The si?e 0of the data ang pro-
cedure divisions are assumed to be 2000 bytes each, which
allows storage of a reascnahly complex oragram, A RAM access
time of 300 nannseconcs was assumea ftor these calculaticons,
and any processina which could te done simultaneously with
the RAM access was not incluced. The time ot 1,336 mile
liseconds for the tetcn, aad, ang store is ~ayite long, This
value includes 40S0 access to memory, most of which were
used in movina Aata givisior bytes through the working area,
The time used in moving these Dvtes represents 1.215 mile
liseconds or abou*t 9| percent of the total execution time.

Another exarple o0f a lTarge amount of ¢time spent
manipulatina data 1s the initjalization of the proaram 1n
memory. The interoreter, COIM, must finag *the tep of tne
proceduyre aivision anc then locate the too of the cata divie-
sion. For the simple example proaram in Apoenaix A, the in=
itralization requires RO0 RPAM accesses ana 1000 machine cy=

cles. txecution of *his orogram wil! reguire about 2S00

30
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accesses to memory anc 5500 machire cvycles. Thus, execution
time is about 1.05S milliseconds, of wnich 71 percent is ab-
sorbed in memory access.Aaain this is quite lona for a sim=-
ple proaram,

It must be remembered that these estimates are
very rouah,., Fstimaticn errors will be found in countina the
number of machine cycles which corresponag to a aiven line of
assembly code.

using these estimates as a rough ocuige, it is evi=
agent that the reference time to Random Access Memory is a
major factor in the sreed of nrogram execution. Cue to this
problem, two possiole changes to anv future gesign snould be
considered. First, Rardom Access Memory with an access time
of under 200 ranoseconrds should be used. Memory with this
access speéd is available, althouah it is more expensive
than the slower RAM, This change could imorcve execution
time by one~fourth. The secord sugaestion is to acevelop 2
oipeline technicue for byre§~access. much like the techniaue
used in the sequencer. This could be done in microcode’ 't
would consist of loagina the next sequential byte aurina the
processina of a given byte. Since a majority of RAM
accesses occur during a linear search of the user's proaram,
this simple technigue could cut the execution time oy 25

percent.
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TABLE 2. SAMPLE TIMING FOR AN ADD STATEMENT

TIME ACTION
410ns map token nurper to symbol table entry
660us search data civision for a variable nrintname

(assuming 1000 character compares)

35Sns fetch next tcken number==-does it eaual 'T0'?
300ns fetch next tcken number
660us search data civision for second variable printname

(assuming 1000 cnaracter compares)

1.2us align decimal points==assume two 2eros

4.5us access arithmetic tables==assume lonaest ooerang
nas 10 ciagits * .45 us/qgigit

Sus transfer gata from buffer to memorv a cpl

1.330 ms/add
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I. RECOMMEMDATIONS

This thesis represents only the first half of the
implementation of a COROL <calculator. The next phase in=
cludes the finmal machine desian and conversion of the 'C'
lanauage orogram modules to microcode. AMDASM/80 would be an
aoprooriate |lanauage.

The followirg are items which can ce considered if
an expansion of ¢the COBOL calculator is desirea. Each of
these items w~was consicered Auring the 1nitial cgesign of the
algorithms; al!) should be relatively straignttorwara to ime=
plement.

First, the arithmetic packoece could be exmandged to
handle exponhentials. As oresently written, the routines are
ingependent of decimal point oosition once the location s
known, A routine to cetect and manipulate the exponents can
be aaddec to both the rmultiply and divice routines. For the
add/suotract routine, the secticn which alians the decimal
pcints must be expanded to adijust the exponential values.

Second, expansion to allow for ©both uoper Aand
lower case ASCIT characters has some value since it would
improve readibility. The agitor, CUED, will presently allow
uoper case characters anywhere in the Identitication and Fn=-
vironment divisions, If the token routine 1is modified to
getect uoper case letters when lnoking for a symbol mame 1n

the Cata divisioen, all usepr gefined svymhols can contain ei=
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ther upper or lower case characters.. In the Procedure divi=
sion, however, all reserved words must contain only lower
case characters because thev are entered in the symbol tabhle
in lower case. This can be easily chanaed to upper case, or
a mixture of the two, bv chanaging the svmbo! tahle entries.
However, it may not be not oractical! to allow the user any
mixture of upoer and lower case characters for the reserved
words, due to the limitea size of the symbol table,

A thirg iter of expansion could be a character
editing ability, This could be accomplished relatively easi=
ly since the line to bte moagified is in the |line buffer. A
significant numoer cf revisions to the moaify and inout
routines would be required, however, and it was not 1mple=
mented at this time.

The fourth area of improvement is the inclusion of
a debua facilitv. This is probakly the most irportant area
of imorovement. The debug routine would have the value of
all declared variables available since they remain with the
program until reinitializeg, Thus if a tatal error occurs

gquring the interoretation ohase, the error routine needs to

insure that the subroutine stack and the orogram counter are

saved. The debuager weuld use the various search, match, and
find routines which have alreadv heen implementea to geter-
mine Fhe value of any desired variable., A restart could ope
easily accomplishead by massina the in*terpreter's initializa=-
tion routine,

In corclusicn, *the first nhase is complete, In

the course of thi1s thesis, several imoortant concepts were
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implemented. It was shown that a (08B0OL Calculator wusino
simole algorithms tc interpret a basic version of COBOL is
technically feasible. Tt was also shown that there are some

unresolved Qquestions as to the operational feasibility of

this desian.




APPENDIX A, SAMPLE TERMIMAL SESSTON

COED:Cobo! Editor. Version 1.1l
=AQ0000 Tdentification Division,
*A0010 Proaram name. test.
xAQ0N20 Aythor.
Conley.
*R0000 Enviromnment Division,
2RY010 Cenfiaquration Section.,
Source computer, 1
PPP=11/S0.
*B001S This line will be celetea later.
*R(O01S A
*xC0000 NData Division.
*xCU010 File Section.
*xC0020 fe file=in
gata record 1S emp=in,
«C0UN30 01 emp=in,

«xC0040 03 name=in pic x(10).
*C0050 U3 nrs=in pic 99,
*CV060 U rate=in pic 999,99,

*xC0N70 fc file=out
data record 1S emo=ou’.
*xC0080 J1 emp=oute.

*xCQ09n 03 name=out pic x(10).

«xC0100 03 filler pic x(10).

*C0110 V3 pay pic 9.99,

xC0110 m

*xC0110 03 pay pic 999,99,

xC0120 03 tiller pic x(10).

x£0130 V3 total pic %9,999.99 value V.
*xD0000 Preccedure Nivision.

£#ND0010 010=main.

*xDU020 read emp=in.

*ND0N30 if name=in numeric ao U2V=-enctest.
*NDY03S cerform 030=process.

*00040 f20=endtest.

*xD004S stop.

*D00SO 030=-process.

xD00NSS Tove name=in to name=out.

*D0060 rultiply nrs=in by rate=in,

xD006S rove rate=in to pave.

*NV070 aad pay fto total.

xDU0BO write emp=out.
£D0090 (030=exi1*. exit,
*AQ03N

*80020

*xCO140

*x40N2S rerarks., This 15 a test prooram to

36




calculate the pay of an emplovee
based on his pay rate and the
heurs worked,

*D000S * this is an example comment,

which can be inserted anywhere.

*AQ0000,F

A0000 Identification Division.

A0010 Proaram name. test,

A0020 Author.

Conlevy.

A002S remarks. This is a test orogram to
calculate the pay of an employee
based on his pay rate anra the
hcurs worked,

A003%0

B0U00 Environment Division.

80010 Coanfiquration Section.

Source computer,
PDP=11/SV.,

80020

CNO0O0 Data DPivision.

C0010 File Section.

co0020 tc file=in

data record 15 emeo=in,

C0030 V1 emp=in.

coo49 03 name=in pic x(10).

Cnoso 03 hrs=in pic 99.

CNo60 V3 rate=in pic 999,99,

co007¢0 fc file=out

gata record 1s emp=out.

C00RO 01 erp=out.

CNo9Q 03 name=out pic x(10),

Co100 V3 filler pic x(10).

Coltlv 03 opay pic 999,99,

cnt2e 03 filler pic x(10).

co130 03 total pic $9,999.99 value 0.

cniluag

DNONVU Procedure Uivision.

0000S * this is anm examole comment,
which can be inserteg anywhere,

D0010 N10-main.

D0O20 reag emp=in,

D0030 ifs mame=in numeric go 020=-endtest.

DNo3S cerform 030=prncess.

voYaQ 020-endatest.

D004sS stop.

DPOSVU O03N=orecesse.

DOVUSS rove name=in to name=out.

D00EO rultiply nrs=in by rate=in,

D0V6S rove rate=in to pav.

LDOO7v add pav to total.

DO00RY write emp=out.

V0090 O030eexit. exite.

ENF

*auit

RE—
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APPENDIX B. GRAMMAR RULES IM BNF FORP MICRO-COROL

<program> $:= <ig=div> <e=div> <d=giv> <p=div>

<ig=div> 2:= IDENTIFICATION DIVISION. PROGRAM=ID.

<comrent> , <auth> <date> <sec>

<auth> := AUTHOK . <comment> .,

! <empty>

<date> ::= DATE=-wRITTEN . <comment> .

' (empfy)

<gsec> ::= SECURTTY . <comment> .,

i <emoty>

<comment> ::= <inout>

|\ <corment> <inout>

<e=div> ::= ENVIRONMENT DTVTISTUN . COMFTIGURATIOM SECTION.

<scr=cbj> <i=0>

<src=opj> ::= SOURCE<COMPUTFER ., <comment> <debua>

ORJECT-CUMPUTFR . <comment> .,

<debuyc> ::= DFBI'GGING MNDF

38
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14

15

16

17

1R

19

20

21

22

23

24

2s

26

27

2R

\ <emoty>

<i=0> ::= INPUT=-QUTPUT SECTIOM . FILE-CONTROL .

<file=ccntrol=list> <ic>

<empty>

<file=centrol=lis

<file=control=-ent

<attribute=list>

.o
oo

<one=attrib>

<ora=tyoe> ::= SECUENTIAL

i PELATIVE

ihe relative at

<acc=typre> !:2 SEGUFNTIAL

This is the gefault.

! RANDOM

The random access mode needs to be saved fer oproduc=

t> ::= <fyjle=control=entry>

! <file=control=list> <file=control=entry>

ry> t:= SELECT <ig> <attribute=list> .

<ome attrib>

<arttribute=list> <one attrib>

CRGAMIZATION <ora=tyoe>

ACCESS <acc=-type> <relative>

ASSIGN <input>

tribute is saved for production 19,
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29

30

31

32

s4

35

tion 19,

<relative> ::= RELATIVE <ig>

! <empty>

<j¢c> ::= [=0=-CONTROL . <same=list>

! <empty>

<same=list> ::= <sagme=-element>

)

i <same=list> <same=-element>

<same=element> ::= SAME <ig=strina> .

<jd=strine> ::3 <ig>

i <id=strina> <ig>

<d=civ> ::= DATA CIVISINN . <fijle=section> <work> <link>

<fijle=section> ::= FILE SFCTINON . <file=list>

! <empty>

<file=]list> ::= <file=glement>

i <file=list> <file=element>

<fijles> ::= FN <jc> <fjle=contronl> . <record=descrintion>

<file=control> 2:= <tjle=list>

! <empty>

<file=ligt> ::= <file=element>

49




47

48

49

50

51

S2

55

S4

55

56

57

58

S9

o0

ol

62

1 <file=]list> <fjle=element>

<file=element> ::= BLOCK <integer> RECORUS

'\ REEORD <rec=count>

The record length can be saved for comparison with the

calculated length from the oicture cjiausese.

! LABEL RECOPDS STANDARD

! LAREL RECOPDS NOMITTED

! VALUE 0OF <ig=strinag>

<rec=count> ::= <jntecer>

i <inteaer> T0 <integer>

<work> ::= WUPKING=STNRAGE SECTIOMN . <record=descriotion>

¢ <emoty>

<link>

LIMKAGF SECTTIGN . <record=descrintion>

! <empty>

<record-descripticnd> !:= <levej=entry>

'\ <recnrd=descriction> <level=entrv>

<level=antry> (:2 <inteaer> <data=id> <redefines>

<data=tvpe> .

<data=id> ::= <jg>

uy
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63

o4

66

67

o8

09

/0

71

72

73

+ FTILLER

<redefines> ::= REDEFINFS <iag>

The regefines ootion aives new attributes to a previ-=

ously defined record area,

| <emptv>

<data-type> :!3 <croo=-list>

« <emoty>

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

<crop=list> <data-element>

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

The <input> at tnhis point is the character string that
agefines the record field.

! USAGE COMP
The tield is defined to be a packeg numeric fiela.

! MSAGF DISPILAY
The DTSPLAY forrat is the gefault, and thus no special
action occurs,

! SIGN LFADING <sevarate>
This produc*inn ingicates the presence of a sign in 2

uc




74

75

716

77

78

numeric field. The sign will be in a leading posi~=
tion. If the <separate> indicator is true, then the
lenath wili be cne longer than the picture clause, and
the tvpe will be chanaed.

¢ SIGN TRAILING <separate>
The same information reauired by production 73 must pe
recorded, but in this case the sian is trailing rather
than leadgina.

! OCCURS <integer>
The tvpe must oe set to indicate multiple occurrences.

' SYNC <Airection>

v VALUE <literal>
The fielo being adefined will he assianea an initial
value determinead by the value of the literal.
<direction> $:= LFFT
{ RIGHT
i <emptv>

<semarate> ::= SEPARATE
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! <erpty>

<literal> 2:3 <inmput>

Po<lie>

This literal is a Quoted string.

! 7ERO

{ SPACE

! QUOITE

<p=div> ::= PRUCECURE DIVISTON <ysing> .

<oroc=bondv> END .

<ysina> ::= USING <iag=-strina>

<emoty>

<ig>

<jg=strina>

<id=string> <id>

<proc=opndy> ::!= <caraaraph>
i <croc=bndv> <paraaraph>
<paragraph> ::= <ig> , <sentence=list>

i <id> SECTTIOM .
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99 <sentence=list> ::= <sentence>

100

101

102

103

104

105

106

107

108

109

110

112

113

! <sentence~-list> <sentence> .

<sentence> ::= <imoerative>

! <conditional>

! ENTER <id> <opt=ia>

This construct is not implementeqg. An FNTER

statements from another lanauage to inserteg

source code.

<imperative> ::= ACCEPT <subia>

! <arithmetic>

! CALL <Vit> <usina>

This is not implementeda,

CLOSE <id>

<file=act>

CISPLAY <lit/id> <opt=1lit/ig>

EXIT <orogram=ia>

' GO <ig>

GO <id=strina> DFPENDING <ig>

! MUVE <lit=ja> TU <subid>

a4s
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in
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114 ! CPEN <type=action> <ig>
115 ' PERFORM <id> <thru> <finish>
1lo ! <read=ig>

117 ! STOP <terminate>

118 <conditional> ::= <arithmeti1c> <size=error> <imperative>

119 t <file=act> <invalid> <imperative>

A BSI ooerator is outout to comolete the ©branch from

production 64,

120 ¢\ IF <condition> <action> ELSE <imperative>

121 \ <read=1d> <special> <imoerative>

122 <Arithmetic> ::= ADD <1/ig> <opot=1/id> [0 <suoig> <rouna>

125 ! CIVIDE <1/id> INTQ <subid> <round>
124 ' MULTTIPLY <1/ig> BY <suybid> <round>
125 ! SURTRACT <1/ig> <oot=1/id> FROM

<subid> <rounag>
120 <tile=act> ::= VELETE <id>
1217 ! REWRITE <ia> |
128 ! WRITF <y14> <special=act>
129 <condition> :1:= <)lit/id> <not> <con9-tvpe>

46
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130

131

132

133

134

135

130

137

1338

139

149

141

142

143

144

145

E 146

; 1a7

<cond=type> ::= NUMERIC

t ALPHARETIC

! <compare> <lit/ia>

{ <emptv>

<compare> ::= GREATER

¢ LESS

i EAuAL

<ROUND> ::= RUUNDED

1 <emotvy>

<terminate> ::= <literal>

¢ RUN

<special> ::= <i1nyvalia>

<opt=14> 33 <sybid>

<action> ::= <imperative>

! NEXT SENTEMCE

a7
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148

149

159

151

15¢

153

154

155

150

157

158

159

160

161

162

163

164

165

166

<thry> ::= THRU <ig>

! <empty>

<finish> ::= <1/id> TIMES

! UNTIL <condition>

! <empty>

<inmnvalig> s:= ThvaL|iDP

<size=error> ::= ST2F ERROR

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

+ €<emotv>

<wher> ::= BFFCRE

' AFTER

<how=manv>::= <integer>

1 PAGF

<type=action> ::= TnPUT

i UUTPUT

[=U

<€suDiy> ::= <subscriot>

<integepr> ::S <input>

us
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169 ! <subscript>
170 { ZERO
171 <subscriet> ::i= <1d> ( <input> )
172. <oot=1/1d> ::= <1/ia>
173 ! <erpty>
174 <nn=1;3t> ::= <1it>
175 ! SPACE
1706 ! QUOIE
177 <literal> ::= <nn=1it>
178 ¢ <inout>
179 i LERC
180 <lit/id> ::2 <1/jiag>
181 ! <nn=lit>

182 <oot=lit/id> ::= <lif/id>
183 ! <empty>
184 <proaram=id> ::= <ig>
185 ! <empty>

a9
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READ <ig>

<read=ig> ::=
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APPENDIX C., COED USER'S MANUAL

This manual gescribes the facilities of the CUROL
editor, COED, which is desianed to run on the UNIX operatinqg
system at NPS, This eaitor is the first, and mandatory,
steo for writing a CORUL orogram to be executed by CUIN, the
COB0L interoreter which also run on UNIX at NPS,

The following items aoply to programs written us=
ing COED:

1) Lower case ASCIT characters are usead exceot for line
numbers, as nnted bDelow.

2) Each CURQL sentence must have a unique line onumoer,
which is entered by the user usina the formats noted below.
3) Periods, blanks, tats, and newline <cnaracters mav be
freelv inserted in a line to improve readibilyty., A period
followed by a newline cha;acter. however, is treated as an
enad of line indicator.

4) The COBOL sentence must be liess than 256 characters.

S5) Each CURQOL sentence must end with a period and newline
character ',(CR)°', No blanks are allowed between these
characters.

6) Lines may be entered in any orager:? the editor places
them in ascending numeric order.

7) Four lime numbers must bhe oresent with the followina
tormat:

ANQOU identification division.

Si
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80000 envircnment gdivision.

C0000 data civision.

00000 procecure division.
The following items acply to line numbers:
1) A line number consists of one of the uoper case ASCII
characters followed by four digits.
2) The ASCII alphabetic characters have special meanings
within the program. The character indicates the CUROL divi=-
sion into which the line will be insertea.

AXXXX represents the TDFNTIFICATION DIVISTUM

BYXXX represents the ENVIPOMMENT DIVISION

CXXXX represents the DATA DIVISTON

DXXXX represents the PRNCEDURE DIVISION
3) The four dicits indicate the position of the line within
the division.

When the edgitor is called '+ will respond with an
asterisk, '*'; it is then readv to accept a new line, Ihis

asterisk must always be followed by a line numper.,
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ELEMENT:

ADD A NEw LINE TO THE PROGRAM

FORMAT:

<line number> <COROL sentence> .(CR)

DESCRIPTION:
The editar will fingd the ocroper location
corresponding to the line number, The line

number and the COBUL sentence up to the ENL in=
gicator are ertered into the memory area. If
the sentence is 1n the Procedure division it s
converted tec token numbers before being enterea.
Utherwise, the ASCII <characters are 1nserted

dil‘ect]vo
EXAMPLES:

A0010 orogram=id.(CR) examole.
C0040 01 data=in nic x(R0Y,.(CR)

1900 add x to y.(CR)
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ELEMENT

ADD A BLANK LINE

FORMAT :

<line numher>(CR)

<line number> .((P)

DESCRIPTION:

A pblank line is inserted in the proaram. This is

usefu! to improve readibility and may be used

freely. Note that the first option will result

|
|
|

in a cleaner orinting.

EXAMPLES

A0100.(CR)

C0040(CR)
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ELEMENT:

COMMENT

FORMAT:

<line number> * <ASCIT string> .(CR)

VESCRTPTION:

If the 1ine number is followed by a sinale blank
and then an '*', tne interpreter will ianore the 1
rest of the line up to the oerioag=newline. C(om=
ments may be freely inserted in any division and

are always storead 3s an ASCTI strinag.

EXAMPLES:

DO100 « This is a sample comment. It may be a

maximum of 256 characters.
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ELEMENT:

DELETE A LINE
FORMAT:

<line number> a(CR)
DFSCRTPYION:

The line is fourad i1n the nreqram area ang all
characters or token numbers are deleted. iiote
that no blamnks are allowed between the

'a' and tme '(CR)'.
EXAMPLES:

80200 a(CR)

Se




ELEMENT

MODTFY AN GLD LTINE

FORMAT

<line number> m(CR)

DESCRIPTION: 4

The editor will print the line as written, then
print the line number and wait for instructions.
The ‘user has tnree options:

1) type <COBNL sentence> to renlace the cresent
sentence ending with a ',(CRP)"',

2) type 4(CR) to adelete the line,

3) tvpe (CR) tc l'eave tne line as written,

Note that no character egitina capability 1s

availavble.

EXAMPLES:

EPSPEPN

xD0040 m(CR)

D00U0 ada x to v.

*D0040 agd 2z to y.(CR)

®
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ELEMENT:

PRINT

FORMAT:

<line number>,<)line number> (CR)
<line number>,E (CR)

<line numher>, (CR)

DESCRIPTION:

The first format causes all lines to be &©orinted
startina at the first line number ana continuinag
until the secono Yime number has been printed.
The secona format causes all lines to be printed
startina at the first line anu continuina until
the end of file inmdicatior.

The thira format causes that line number only to

oe printed.

EXAMPLES:

A0010,B0000 (CR)
A0000,E (CR)

A0000, (CR)
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ELEMENT

QUIT FDITOR
FORMAT

Q(CR)
quit (CR)

DFSCRIPTION:

Edit is terminated. The rrogram is written i1nto

low memory, closing uo the work space. Ihe sym=

cnl taple is written directly following the

proaram's FUF, and anv deleted entries are set

to 'NUL',
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APPENDIX D, COTN USER'S MANUAL

This manual describes the subset of MICRO=CURUL
cu}rentlv accepted by the COBOL interporeter, COIN., The fol=-
lowina conventions are used in explaining the formats:

1) Elements enclosed in broken braces < > are complete ean=-
tities and are descrited elsewhere in the manual.

2) Elements enclosea in stacks of hraces { } are choices,
one of which must tce chesen,

3) ¢Elemerts enclosea in brackets [ ] are ontional.

4) All elements in capital letters are reserved words and
must obe spelled exactlv so that they can be mapped into the
correct token numbers. wnhen usinc CUFU and COIN however,
the entire CORUL croaram is entered in lower case charac=
ters.

User definec variables and naraaraph names are ine-
aicated as lower case. These names are restricted to 16
gharacters in lenath. Variable names must benin with an al=
ohab;tic character and must bhe declared in the Data divae

sion. Paraaraph names must begin with a3 numeric character.,
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ELEMENT:

IDENTIFICATIUN PIVISION Format

FORMAT

IDENTTIFICATION OIVISION.
PRUGRAM=IN, <corment>,
(AUTHOR, <comment>.])
(DATE=wRITTEN, <comment>.]

(SECUR[TY.<comment>.)

DESCRIPTION:

fhis division provides information for

identification for the reader,

EXAMPLES:

identification civision.

proaram=id,., samole.
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ELEMENT:

ENVIRONMENT DIVISIUNM Format

FORMAT:

ENVIRONMENT DTVTISTOM,
CONFIGURATION SECTION,
{SOURCE=-COMPUTER. <comment>.)
(OBJECT=-COMPUTER ,.<comment>.)
(INPUT=-0UTPUT SECTINN,
FILE=-CONTROL.

<file=control=ertry>,]

DESCRIPTION:

At present, this information is ignorerd. unce
the COBOL calculator is operational, it will bDe

needed for specifvirg 1mput and output files.

62




ELEMENT:

DATA DIVISION Fermat

FORMAT

DATA DIVISION.

(FILE SECTION.,
(FO filename

[<record=descrintior=entry) cce¢)l oe.

DESCRIPTION:

[his section describes how the data 1is struce=

turea.
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ELEMENT 3

x<comment>

FORMAT

* <any string of ASCIT characters>

DESCRIPTION:

If a space and an '*' directly follow the line
number, all characters until the ',(CR)' are ig-

nored bv the interpreter.

EXAMPLES:

DOU10 % this is a sample comment.(CR)
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ELEMENT:

<data=descripticn=entry> Format

FORMAT:

level=number {data=name} .
{FILLER}
(PIC character=string

(VALUE character=stringl]

DESCRIPTION:

This statement cescribes that soecific

butes of the data. The VALUF clause i1s used to

initialize A variable to a specific wvalue

the proaram begins execution.

EXAMPLES:

Vvl data=in.
02 part oic x(S),

02 num oic 99 value U,
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ELEMENT:

PROCEDURE DIVISTOMN Format

FORMAT

PROCCEPURE VIVTISION,

[paraaraph=name.)] <sentence> [<sentence>...] ...

DESCRIPTION:

This division centains all the executable CURUL

statements,
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ELEMENT s
<sentence>
FORMAT §
<imperative=-statement> §
<congition-statement>
|
:
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ELEMENT:

e

PPN

<imperative=statement>

FORMAT: :

ACCEPTY
ADD
CLOSE
DISPLAY
DIVIDE
GO

MOVE
MULTILIPLY
OPEN
PERFORM
READ
STOP

WRITE
DESCRIPTION:

ACCEPT, DISPLAY, OPEN, and CLOSE are currentlyv

ianored by the interpreter because they cgepend

on devices external to the machine,
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ELEMENT:

<conditional=statement>

FORMAT

IF
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ELEMENT:

ADD

FORMAT:

ADD {(identifier=1} TO identifier=2

{literal}

DESCRIPTION:

This instructicr adds i1dentifier=1/literal to
identifier=?2 ara stores the result in identif=

ier=2,

EXAMPLES:

ada 10 to total.

70




ELEMENT:
DIVIDE
FORMAT:

DIVIDE {identifier=1} INTO {identifier=2}

{literal?}
DFSCRIPTION:

This imstructicn divides identifier=1/1literal
into identifier=2 and stores the result into

identifier=2.
EYAMPLES:

divide S into tetal.
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ELEMENT:

GO

FORMAT:

GO paraaraph=namre

DESCRIPTION:

h The GO instruction causes an unconditional

oranch to the scecified paragraph name.
EXAMPLES:

go 10=-pegin.
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ELEMENT:
IF
FORMAT:
IF <condition> {imperative=1} (FLSE impera=-
tive=2)
{NFXT)
DESCRIPTION:

I1f the congitiorn evaluates true either impera=
tive=1 or the next sentence in the procram 18
executed. If the éOndition is false, either im=
perative=2 is executed, or the next sentence is

skippea.
EXAMPLES:

it a areater b co l0=heain else go 3U~=end.

if x numeric next.
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ELEMENT

MOVE

FORMAT :

MOVE {identifier=1} 10 identifier=?

{Viteral}

DFSCRIPTION:

Either the value storeg in igentifier=1 cor

literal value is storad into igentifier=2,

EXAMPLES:

move 10 to subtctal.

move sub=total to total,
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ELEMENT:

MULTIPLY

i FORMAT 3

MULTIPLY (identifier~1} BY identifier=2

{literal)
DESCRIPTION:

The multipmly instructior causes identitier=1 to

bpe muyltiplied Py identifier=?, The result must

be able to be stored into 11dentifier=2.

B NN

EXAMPLES:

mu‘t'n‘v Saq bY Soqoo




ELEMENT :

PERFORM

FORMAT:

l. PERFORM paragraoh=name (THRU paragraoh=-
name=2]
2. PERFORM paragraoh=name (THRU paragraoh=
name=2)

{igentifier} TIMES

{inteqer}
3. PERFORM paragraoh=-name [(THRU caragraoh=
name=2]

UNTTL <coragition>

DESCRIPTION:

This instructior causes an uncongitional branch
to the specifiea paraaraph name. When the return
conditions are ret, execution resumes at the in=
struction followina the PFRFORM statement. At
present, PERFORM statements can be nested eiaht

levels deep.

EXAMPLES:

perform 10-beain.
perform 10=reaa thru 20=ena=read.

perform 10=read until card=in numeric.
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ELEMENT

READ
FORMAT:

READ file=name
DESCRIPTION:

Data is read frecm some external gevice into the

Data division entries for that file-name.
EXAMPLES:

read data=in.
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ELEMENT:
STOP

{ FORMAT

STOP (RUN)

DESCRIPTION:

This statement causes the interpreter to halt

and return control to the monitor.

EXAMPLES:

stoo.




wRITE

FORMAT:

WRITE file=name

CESCRIPTION:

This statement causes the values in the Data

division associated with the specified file name

N SR ——

to be printed on the lire printer.

EXAMPLES:

write total.
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ELEMENT:
<condition>
FORMAT:

RELATIUNAL CONDITION:

‘{ioenrifier-l} {NOT) {(GREATFR} {identifier=2}

{literal=1} {LFSS} {literal=2}
{EQuUAL}

CLASS CONPITION:

identifier [NOT1 (ALPHARETIC}

{MUMERIC}
DESCRIPTION:
[dentifiers are tested as specified.
EXAMPLES:

total greater 100,
number no*t numeric.

character ecual beta.
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SOURCE LISTING -- COED

of line charac ter

/% size of memrry area

/% unamber of reserved wnrdes

#dofine EOL 9177 /% end
#del ine MEMSIZE 4996
#daf ine RWORDS 33
#defl ine SPACE (i}
#define TAB 1
*def ine PERIOD 2
#def ine FILLER 32
#def ine ERR 0
#de f tne ADDLINE 1
#def ine MODIFY 2
#def ine DELETE 3
#def ine BLANK 4
#def ine PRINT 5
#2def ine QuUIT )
2def ine LESS 3
*def ine EQUAL 2
#daf ine GREATER 1
#def ine TRUE |
#def ine FALSE 8
#jef ine CR St
#inc lude "table"

/% The following characters have special significance in COED

line entry

line entry

e

"XKXIXXX * <ASCII string>.CR " comment 1lin

/%* "q CR" or

s® NOTE: LOWER CASE ASCI[ characters will be
except for commente and the

/®

"quit CR"

quit

line entry

items 'CR’ is the newline character for UMIX

number.

/% 'A0009° the first llne nuuber and mandatery "IDENTIFICATIONR
/% DIVISION.® line entry.

/% 'BO99®° mandatory "ENVIRONMENT DIVISION. "

/%  ‘C0009°' mandatory "DATA DIVISION. "

/% °"DOO09°' mandatory "PROCEDURE DIVISION. "

/% For the following

/x and 'XXXXX' is a correctly formed line

/% ",.CR" end of )ine

/% "XXXXX dCR" delete this

/% “XXXXX mCR" modify this

e

the editor

/% .This version will generate sequentlial line

/% user wishes to change the !ine number,
/% immedintely following the
/% increment the numbers by one.

/% with a least significant digit of | thru 9,
char 1b{2361: *®
char tb( 2861 ; ‘®
char ot{ 4096] s
char cInl(3]1: 5
char tempt ¥
char mewl MEMSIZE] ; s
Int 11.ps ‘;
int tbp: =
int sbp: "
int onl: st
int epd: "
int netion: e
int L Lo
Int am: ‘R
int dole o
Int cent (11 -

s% ETNOR o/

31

used by the progr:umer
Ist char in the line cunbher.

numbers. If the

type the new line nurber
fst number. It the user wishes t:
instead of 10,

type a line nurder
i.o. not 0.

input line buffer
token buffer

print name table

current line ¢ buff
teamporary char boff
memory slize

line buffer rointer
token huffer pointer

4/
®/

e
is

x*/
*/
x/
x/
*/

R

¥/
xs
*/
*s

*/
*x/

*/
*®/
*/

X/

*/
X/
x,
rs
x/

.0

*®/
X7

st char of <vm in lb*x/

top of area |1
hottom of ar~a 2
editor action

top of eymbol talle
top of memors
deltete flag

line # ipcrepent

* /7
*/
*/
*7
t 30
*/
°$r




error(s)
char *s: (

/% When an error is detect:d, a '~' is inserted at the point x/
/% that the error was detvcted and the appreprinte message is */ 11
/% printed. */ ‘i
int n: |
action = ERR: ;
for (u=0: nllbp: n++) /% insert an ~ at error %/

putchar (' '):
putchar (° ')
‘putchar (CR); ’ |
printf ("%s CR",s): 7 print the error msg */ |

<% INPOT %/
inpnt (mod)
int mod; (

/% This routine accepts characters from the console and moves *x/

/% them to the input buff:r, LP. It then will analyse the */ : 4
/% input to determine wha' action the editor will take. */ :
/% The parameter MOD indicates if the action invclves a new */

/% llnpe or a modification of anmn old line. */

int next.digit,number,i;
patchar ('%x7), /% input request char *,
action = ADDLINE:

if (mod == @) ( /% input a new line */
1bp = 9 |
if (1b(0) >= *A' 88 1b(A] = *'D') ( /% line # in line buff *x~/

if C(1b(4) !'= '0")
7% if the last dizit of the line # is not '0' increment
the line number by 10 otherwise by 1. */
digit = 4;
else
digit = 3:
next = TRUE:
while (next) (
next = FALSE;:
nuamber = 1bldigitl+1: % increment line # x/
if (number>'9' 88 digit!=0" ( .k check for overflow %/
number = '0';:
next = TRUE:

)
1b(digit] = number: “% put number in buffl x/
digit = digit=1;
)
for (1bp=0: 1bp<3: lbp++) /% print the new = */ :
putchar (1b( 1bpl): :
else /7% print curr line # *x/ ;
for (Ibp=@; 1bp<5: Ibp++) 1
putchar (clinl Ibpl):
b}
Ib( I1bp]l = gatchar(); 7% read the lst char x/
If CIbl1bpl>="A"' 88 (bl lhp' ="D") ( <% check if a line # x/
15001 = 1b(1bpl: /% write over lst # */
for ( 1bp=1: (bp‘T: Ihn++) ( 7% read the rest of # »/
1bl 1bp) = getchart .
if CIbC1bpl<°O° i (bl 1bpl>'2")
error( "INVALID LINFE NUMBER"):
)
IGf Ibp] = getchar!);
while 1bl1lbp) == * ") . % skip blanks */
1b(++1bpl = metchar: :




else (
for (1bp=9; 1bp<3;: 1bp++)
putchar (1b(1bpl):
1b( 1bp]l = getchar();

if (action == ADDLINE) (
/% the first characters were a line

while (1b{1bpl==" " || Ibl ibpi=="")
1b(++1bp] = getchnvrf:

switch (1b{1bpl) (

case CR:
action = BLANK:
break:
case ',':
action = PRINT:
while (1b(1bp] '= CR)
I1bl++1bpl = wxe ' har();
break;

case 'd°':

1b( ++1bp] = getchari):

if C1bl1bp]l == CR
action = DELETE:

break;

'n0=

1b( ++1bp]l = getchar‘):

if (1b(1bp) == CR»
action = MODIFY;

break:

case

case 'q':

action = QUIT;

1b(9] = 'E':

for (1bp=1:; 1bp<5:
1bl Ibp]l = "0

1bl 1bp] = getchar(

lbp++)

)

if (actlon == ADDLINE) (
while (1)
Ib(++1bp] = getchar():
if (ibp > 284) ¢

retarng
)
If (1bl1bp) == *. " {

Ib{++1bp]l = gatchar():
if CIbl 1bp]l == CR
break:

)
)

)

while (1b{ Idp) !'= CR)
Ibl 1bp) = getchar():

Ibl 1bp]l = EOL:

;0(-rn¢

/% COMPART, -
compire ()

r /% comparee the currenut l|ine samber
/% pumber In the lst {ive char in th
7 if CLN > LB then C =
S CLN = LB C =
an

‘* print the line #

nuehsr ~= no errors

/% walt for lst non-blank

7% depends on Ist nom-blank *

7% onter a BLANK LINE

7% PRINT a bleck of lines

* read 2nd line number

/% DELETE a line

/% n2xt char must = newlline °

~* print and MODIFY a !line

/% next char muet = new!ine

7% QUIT the editor

/% put 'E000Q' in LB
/% get next char

7% ADD a new line

% read the console

error( "LINE CRFATT.R THAN 256 CHARACTERS")

*/

*/

*/
*/

x/

x/

/7% If '.' 1ls read. check

if it is the EOL

+% g ".(cr)" js ENL

/7% walt for newline

baffer, CLN, «ith the I . ne

e {pat line baffer. LH

2

*/

*/

r/

»/
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TORORIAR WO e = 5

Vg d CLN ¢ LB C =3 E
int c.k:
for (k=0: k<(3; k++) (
if (clnlk] == 1b(k]) /% char are equal: cont »~/
c = FQUAL;
else if (clnlk] ¢ Ibl(k]1) ( * not equal: halt */
c = LESS;
break;
3
else If (clnlk]) > 1biklY ( /% not equal: halt */
¢ = GREATER:
break:
]
)
returnic);
)
/% UPLIMNE =~
upline() (
% Finds the next larger !‘ne number and moves the curremt line *.- H
/% to the low memory area. v/ :
int J: i
temp = 'O’
while (temp '= EOL) ( /% move char until end =x/
temp = meml ++cpl] = m rlcpl++]; 7% of the line */
)
for (J=0: j<5; j++) 7% move next line # to x/
cinly] = memlicp2+)!: /% curr line buff */
retarn:
)

7% DOWNLINE x~
downline() (

/7% Finds the next smaller !ine number and makes it the current */
/7% line In the high core area. The pointer cp2 indicates the =x/

' /7% begining address of the current line. x/
int J3
meml( --cp2] = memlepl--1]: /% move EOL char ¥/
temp = memlcpll;
while (temp '= EOL) ( ~%* move char until EOL x/

mem( -~cp2] = temp:
temp = meml--cpll:

for (3=0: J<3;: Jy++) /% move line # to curr */
cin(y] = memlcp2+)]: d line number buff */
return:

/% SEARCH *.~
search() (

/7% Saarches the memory arep until the line number is found, x/
7% ( or the next larger |line number for an add request). x/
: /% This line ls made the rnurrent llne number and polnter cp2 */
/% indicate«s the first aldrees. *s
int c;
if (action '= ERRY ( /% no arror has been detected */
¢ = compare(): 7% compare New and Current LN's *x/

awlitch () (
'

case GREATER: * NLN ¢ CLN */
while (¢ == GiIr\TTR f move dowvn in memery ¥
down'ine’ .
e = coawmpan Yok




if (¢ == LESS} ‘* passed line move up I1*/
upline(
break;

case EQUAL: = NLN = CLN halt *x/
break:

case LESS: ¢ NLIH > CLN meve wup */
while (¢ == LESS) (
upline ()
¢ = comprrelig

)

if (Caction==ADDLINE ' action==BLANY) &A4 c==EQUAL)
& duplicate lire number for a new line */
error( "DUPLICATE i.INE NUMBFR"):

else
1f ((action==MODITY 1 action==DELETE || action==PRINT)
88 ¢ != EAQUAL:
/7% a modify. ‘elate, or print request and the
line is not found. */
error( "LINE N'IMOER NOT TOUND")

)
re turn:

/% GETSYM %/
getsym() (

/% Finds the length of the <ymbol print name in the line buff. *x/ |
R SBP indicates the lst character of the symbol */ |

/R LBP indicates the lst blank, tab, or period */
int 1; |
sbp = 1bp: |
|
for (1=0; 1¢17; 1++) [
if C1b{ 1bpl==" * ti 1bllIbpl==""' || Ibl1lbpl==".")
return(1):
else
lbp++;
)
return (1); '* return the length */
)
7% MATCH *x/
match (1)
int 1: (

/% Compares the symbol print name indicated by the SBP to all =,
/% the print names in the s;mbol table until a match is found. *x/
s% The parameter "|1" is the length of the print name. */

int addr.eq,k.tn:

addr = -16;: 7% begining of sym tab x/
del = 0: /% delete is false *x/
eq = 0; % equal is false */
while (eq == @ 88 addr < =n) (
<% compare untll equal is trune or the eni of the eymbol table x/
addr =+ 16 “* next addrese in S.T. */
eq * 1;
if (eat(addr] < 9) ( t the delete flag i= setx/
st{addr] =8 0177:
del = 1
) . 4
for (k=9; k<1l: k++) ¥ cempare all char */ ! 3
if (Iblsbp+k] '= atiaddr+k]) i
sq = O 3 L
If (eq =2 1) :
/% Inanre that the pe<t e In e3m tab ie "' (ond of noame) ¥/ q
H
on




i1f (k<13 38 stliaddr+k+1] != '.7')
eq = 0;

if (del == | 85 eq == M (

7% fouud a deleted nam= and it doesn't match: restore flag *x/
del = O
st!iaddr) =1 0200;

)

if Ceq == 1D (
/% narme matched, retnrn the token number x/
ta = addr >> 4:
raturn (tn):
)
alse
return (=1);

7% EMNTERPN %/
enterpn( 1)
tnt 1: (

/% Coples the symbol prin¢ name from the line buffer, located x/

/% at SBP with length '1°, iuto the next empty symbol table *x/
/% location. *x/
int a,k;

a = 0:

while ( stlal '= /') (
/% Find the lst entrv where the Ist char is '/', l.e. empty x/
a =+ 16;
iIf (a >= ea)
return(=1):

)

for (k=0; k(1l; k++) /% Move the print name x/
etl{a++] = lblabp++]:

stlal = "7 /% Insert end of name char *x/

return (a>>4); /7% Return the token numbker */

/* TOKENIZE =*/
tokenize() (

/% Converts a line in the Procadure Divizion to token numhbhers x/
/% and puts them in the t~ken buffer, TB. The TB is then moved */
% to the memory area. If the llne is in the Data Division an ¥/
/% entry in the symbol table is made. Lastly, all lines in the *x/
/% ldentification, Environn.ut, and Data Divisions are copied x/
/% directly from the line buffer into the memory working aroa *.7
<% (l.a. in ASCID. x/
int J,.ta,length:

char t:

if (1b(AI=='D" 883 (1bL(1]?!="0" (1| 1b(21!'="0' 1| 1b(31!="0"' 11|

I1bi4)1'='0"') 88 1Ib(6] = 'x') C
/% line is in the Prors. Div and not a comment or the header */
tbp = 1bp = 0,

while (tbp < 3) 7% Move the line # to TBx/
tbhi thp++] = |b( Ihp+s:
while ¢ Ibl1Ibp] t= EOL) % find tokene until EOLx~
switch (1b(1bpl) <
/% mwitch le ! 20 on the next character in LR */
case '
tbl thp++" = <SPA\CH: 7% Token ¢ for blank */
Ibp++:
breaic:
case '’
tbl tbp++7 = VAD: ¥ Token # for TAD ¥t

ll\p+¢ .




break:
case '.':
tb( tbp++1 = FERIOD: /% token ¢ for PERIOD *x/
lbp++;
break;
case '0': ‘% Svmbol is a LITERAL: x/
case '1°: /% check the sym talle X~/
case '2': ‘* for a match else */
case '3': /% make a new euntry */
case '4°':
case '3°':
case '6':
case '7':
case '8':
case '9°':
case '+°:
case '-"':
length = getsym();
if (length == 17)
/% literals can be more than 16 char: reset lbp */
lbp-—:
tn = match( length);
if (tn ¢ M ( /% no match found *x/
tn = eunterpn(length):
if (tn < @) ¢
error( "SYMBOL TABLE FULL"):
retarn;
)
}
t = tn;
tb( tbp++] = t;
break:
defanlt: /% a symbol print name x/
length = geteym();
if (length == 17) (
error( "NAME GREATER THAN 16 CHAR"):
return:
else (
tn = match(length):
if (tn < 9) (
error( "NAME NOT IN SYMBOL TABLE"):
return;
)
else
t = tng /¥ put token In TB x/
tb( tbp++1 = ¢t;
)
)
)
)
tb( thp++] = EOL; /% insert EOL in TB x/
if ((cp2-cpl) > tbp)
/% Insure there is room In memory for the buffer t 74
for (J=9; J<{tbp: )++)
meml++cpl] = thiyl:
else
error( "MEMORY FULL"):
)
alme (
1t C(Ip(9] == 'C*) (
/* |ine jis in the Data Div x/
Ibp = 33 /% mearch fm line # x/
while CIbl1Ibpl== * ' || 1bl1bpl== "'
Ibp++:
if ClblIbp) == 'O 1! 1b(1Ibp) == "7 (
/% entry is a data definition x/
while (CIbIbnt: "a® 11 KL (pi>"=") 8& Ib[ Ihplt="_.")
s%ip to the 't alphebhetic char or EOL

g

:
! |
b
1
4
3
g




lbp++:
J = getsym():

if (g == 17) ( /% name is too long */
error( "NAME GREATER THAN 16 CHAR"):
return;

)
elee If () == 0 (
error( "INCOPRECT DATA DIVISION ENTRY"):

return;
)
else ( .
tn = match! ));
if (tn == -1) ( 7% NEV print name */
tn = enterpn(g):
if (tn © @) (
error({ "SYMBOL TASLE FULL"):
returng
)
)
else if (tn>=0 88 tn !'= FILLER) (
7/ found a wmatch and not the name "filler" *x/
error( ‘DUPLICATE SYMBOL NAME"):
re turn:
)
)]
)
b)
while (1b{1bpl != EOL) s% LBP to end of line *x/
Ibp++:
if (icp2-cpl) > 1hp) /% Insure room in memory%x/
for (3=0; g<=1bp: 2*+) 7% Move LB to memory */
meml ++cpl] = 1bl];
else
error( "MEMORY FULL");
)
return:
)
+* DECODE =/
decode( t)
char t: (
/7% finde the address of token number "t" and copies the print x/
/% name into the line buffer. LB. x/ |
int addr.m; {
adde = t << 4 /% address of the token */
m = addr+16;:
while (st{iaddr] '= */' &84 addr ¢ m) /% copy name until end */ :
Ib( Ibp++] = stliaddr++]; i
return: :
)
/% BLAMK x/
blank() (
/7% Inserts a blank line Intc any division. */
int J:
for ( J=0: J¢3: J++)
mem(++epl) = Ibl gl ‘% Move the line number *x/
mem( ++cpl] = EOL: * inesert end of line */
return:
)
/% PRINT #~
print() (
/% Printe the carrent line on console. {f the line I= in the */
/% Proe. D1v., it ir deciled bofore printing. This line is x/
Z% the curvrent line, i.e. Loth the CLE and G2 are unchonge.d, *

int :

1y




ir <

cin(@]==°"D" 88 (cInl(1)1='0" (| cln(2]1!'='0" (! cInl3 =" ||

cin(4112°0') 88 maml~p2+61'!='%")

(

/% line Is in the Proc Div and not a comment or the

)
e lse

)
pute

mbp = cp2:

ibp = 33

for (J20; J<3;: J++)
putchar (mem(sbp++]):

temp = memlobp++i:

while ( temp '= EOL) (
decode( temp) :
temp = memlsbp++]:

)
for ()=8: J<lbp: J++)
putchar (1b(g)):

(
sbp * cp2:
temp = mem(sbp++);
while ( temp != EOL) (
putchar (temp)
temp = mem(sbp++]:

har(CR) ;

return:

sx DELETE x*x/

delete(mod)

int

mod; (

SK

7%k

e 3

SR

X

hendar |[ine

print the line nrm

Decode token numier

print the LI

print line fm memory

decode the EOL char

/% Deletes current line from memory by moving CP2.
= in Data Div, the delete flag 1s set for the appropriate
DELETE was call=d from

must be saved.

/% |
/R 8

/% MODIFY routine and the line buffer,

int
if (

else

ymbol table entry. Ii MOD is true,

tn,J. length:

1b(@) '= 'C")

while (memicp2++] !'= EOL);:

(

1bp = O

if (mod) (
tbp = O;
while (1b(1bp]l != EOL)

tb( tbp++]1 = 1bl Ibp++1];

tb{ tbpl =1b(1bpl:

3 ibp = 0:

1b(0] = memlcp2++]

while (1b(1bp] != EOL)
1b(++1bp] = memlecp2++]:

LB,

e 3
X

/R

If the Jine

line i not in Data
so move CP2 to end

save the

move old

line buff

line t~ LB

Ibp = 5.
while (1bC1bpl == * * ] 1b(1lbpl == ')
Ibp++; ¥ skip blank char
t€ C1bCibpl == '@' 1} 1plibp) == "T") (
/7% not an FD entry, a comment, or a blank |:ine
while (1bl1bpl < ‘*a' I 1bl1lbpl > *z*)
I1bp++; ‘* skip to Ist ame
length = getsym():
tn = mmtch (length': * find symbol name
if (tn >= RWORDS) ( /% not a reserver word
J T tndc4;
stlygl =1 0200: * gset delete flag

)
)

lbp = 0;
if (ond) (
thp = 0

while C(tbl tbpl '= TOL)

Ib( Ibp++! = thi tbps+ly
ibi Ibp++] = tbhlthp :
Ihkp = 0,

rostore

line buyf

*x/

*/

*/

x/

*/

*/
*x,

*/

*/

x/
x/

®/

T




"V'“!f-—!lllllll-iun.mmm.5;‘

)

for (320:
elnly)

re turn:

JC3y g++) 7% gat CLN to next line ¥/

2 mem(cp2+y]:

/7% MODITY %/

modify() (

/% calls the routines to allow the modification of a line */

print();
inputf 1)

swltch (action) C

case ADDLINE: /¥ Replace old line with newx/
delete(l);
tokenize()

break:

case DELETE:
delete(0):
break;

BLANK:
lbp = 0:
break:

/% delete the old line */

case /% do not change the old line x/

default:
error{ "ILLEGAL ACTION FOR LINE MODIFICATION");

)
return:

/% PRINT BLOCK ¥~/

printbik(> (

/% Starts at the 1st line nunber in the LB and prints all lines *x/

/7% until the current line matches the 2nd line number in the LB.x/
7% If the 1st char following the comma is a CR, one line is */
7% printed. If the 1st char following the comma is a 'E', all */
/% linee avre printed until the End Of File is encountered. x/
7% Allowable forms: XXX, XXX CR

XXXXX.E CR

XXXXX.CR *x/
int c.1:
ir C1b(6] = EOL)

/% if not a newline, write the 2nd line number over the Ist ¥/
for (1=0; 1<(8; 1++) (
1b( 1] = 1bli+6];
if C1b(O) == 'E')
break:
)
¢ ®* compare();
while te 1= CREATER) (

/% print lines until the 2nd line number is found or exceeded x/
print():
upline();
¢ * compare():
if (eln(@) == *E’ 82 hf0] == 'E°) (
print(); /% print the EOF [ine */
break:
)
)
return;
p.
7% QUIT .
quit() ¢
7% The flle has been movet '» the low area of memory and cr.!

e

FHRP.




/% points to the last addr-ss of the file. The symbol table x/
/% musl be cjleaned up by sertting all delated p-names to zeros. ¥/
int a, J:
for (3=0; <63 J++) /% move End Of File line */
meml ++cnl) = memlcpl++1:
a = 0;
while (a < ea) ( /% Chack entire S.T. */
if (stlal < @) ( 7% |f the delete flag is set*x/
for (J=0; 3<161 g++) /% get the entry to '/° t V4
stla+y) = "/
)
a 3+ 16: /% next p—~name entry x/
)
return:
)
/% INIT =~
init() C
/% Checks If file is new. If <o, the top of file and end of x/
/% file lines are inserted. x/
/% If old or new, the EOF ie made the current |ine number *x/
int y.k.1;
1 = 0;
for (J=0; J<RWORDS: j++) /% initialize the symbol tahle */
for (k=0; k<16: k++?
st(1++] = sym (] [K]:
ea = 2048; /% set the length of swvm tab x/
J = RWORDSx%16;
while (j < ea)
stlg++] = ‘7%
)
cp2 = MEMSIZE: /® CP2 starts at top of memory */
if (epl == -1) ( /7% a new file, i.e. mo char.s *x/
mem({++cpl]l = EOL:
mem( ++cpll = "A' - 1: /% Set top of file x/
mem( ++cpl) = EOL:
menm( ++cpl] = 'E’; /% set end of flle line */
mem( ++cpl] = '0’;
mem( ++cpl] = 'F';
mem( ++cpll] = ' ';
mem( ++cpl] = * °;
mem( ++cpil] = EOL;
b}
downline() /% makes EOF the current line x/
return:
)
7% HEADIFG %/
heading() (
printf ("COED: Cobol Editor. Version 1.0 CR");
/% MAIN =
mmin()
int h:
epl 2 ~1: 7% for TEST only */
head ing() 2% prints heading line x/
Inttf): % initializing routine */
action = ERR;
while (action != QUITY ( > »ntll ueer sez "quit" */
Inpati( o * pvnd the console */
search(); “ “ind the desired line */
ewlitceh (action) £ action" {s set in input %~

(\l




case ADDLINE: /% ADD a new ]ine */
tokenize():
hreak:

case MODIFY: 7% MODIFY an old line */
mod ify();
break:

case DELETE: /% DELETE an old lire 8/
delete(9):
break:

ca<e BLANK: /% insert a BLANK LINE x/
blank():
break:

case PRINT: /% print a BLOCK of lineew */
printblk():
break:

case QUIT: /7% QUIT the editor ¥/
quit():

)

for (h=@: hi=cpl: ht+) /% move mem area to [ile X/
putchar(meml h]):

for (h=0: hi{ea; h++)
putchar (st{hl]):




.

#def ine
*def ine
#def ine
*lef ine
#def lne
#def ine
*def ine
*def ine
#def ine
#def ine
#def Ine
#def lne
#def ine
#def ine
#def ine
#def ine
*def Ine
#def ine
#def ine
#define
#del ine
#def ine
#def ine
#def ine
#def ine
#def ine
#def ine
#def ine
#def ine
#def ine
#def ine
#def ine
#def ine
#def ine
#def lne
#2define
#def ine
#2def lne
#define
#del ine
#def ine
#def ine
#def Ine
#def ine
*def ine
#def lne
#def ine
#*def ine
“lef ine
#def Ilne
#*def ine
2def ine
#def ine
#def ine
#def ine
#de f ine
*def ine
#def ine
*def ine
#def ine
#def ine
*def Ine
sdefl Ine

/2 The

SOURCE LISTING -- COIN

SPACE
TAB
PERIOD
NEWLIRE
COMMA
COMMENT
ACCEPT
ADD

TO
ROUNDED
SI1ZE-ERROR
CALL
CLOSE
DELETE
INVALID
DISPLAY
DIVIDE
INTO
ENRTER
EXIT
GO
DEPENDING
IF
NEXT
ELSE
MOVE
MULTIPLY
BY
OPEN
INPUT
OUTPUT
PERFORM
THRU
TIMES
UNTIL
READ
END
STOP
RUN
SUBTRACT
FROM
WRITE
BEFORE
AFTER
ADVANCING
PAGE
NOT
GREATER
LESS
EQUAL
NUMERIC
ALPHABETIC

<%  COBOL

fol!lowinrg tables are

= RN UNLII-D

—
-9

—— et b =
VDN N W

Wi
-

| =R &
Qe

2
>

91?7
4096
9236
A001
nane
0600
0N 1
ca
a

|

23

INTERPRETFER -= COIN  «~

neevd for the ar!'""metic routinee.

T~

In

x/

7




/% the implimentation of this interpreter on a microcomputer.
Thus the access time would be nppror-

/% tables would be in ROM.
/% imately equal to the memory cycle time.

char xaddtabl (10] (
"9123436789 ",
*1234367890",
42345678901 ",
"3436789012",
"4567890123",
"3678901234",
"6789012345",
7890123456 ",
"8901234567",
"9912345678",
(]

)s

char *xaddtab2 [10] (
"0900000000 ",
"9900000001 ",
9000000011 ",
"90000ea 111",
"9000001111",
"00009 1 .

"

—— - g

char *esubtab! [ 101 (
"9987634321",
"1998763432",
"2109876543 ",
"3210987654",
4321098765 ",
"5432109876 ",
"6543210987 ",
"7654321098",
"8763432199 ",
"9876343210",

"0900 1
90000 1
"000000 1
“00000001
"0000000011"
“900000000 1\ "
"9900000900 "
]

Y

char *multabi (10] (

"HOANNN0A09 ",
"9123486789 ",
"9246802468" ,
"'9369258147 ",
"0482604826 ",
“9%03950303 ",
"9628496284 ",
“9741832963 ",
"NR64298642 ",
"0997TAT4321L ",
0

74

7% addition sum tahle

these %/

b
*,

¥/

7% addition carrv tzble ¥/

/% subtraction table
% this table assun-s
% that subtab i <! | v]
‘X means X - Yy

/% borrow toble

7% LED of product

*/
*/
v/

e e s GRS s e i e - - e




char *multab2 (101 ( /7% MSD of product *x/
0000000000 ",
0000000090 " ,
"0000011111",
"9000111222",
"9001122233",
"0011223344",
"9011233445",
9012234456 ",
0012344367 ",
"9912343678",
4]
Y3
int length O
int errflg OFF:
char save Ltk
char mem( MEMSIZE]: /% byte acc=ssible memory array x/
int pc: #% program cntr~-byte offset in mem X/
int sptr: /% search buffer pntr--bhyte offset %/
char sbufl 161; /% gearch buffer *x/
char xe,ys: /% aign bytes for x and y buffers *x/
int x1,x2.x3.yl.y2,y3.n:
char xb(32]1,y5(321, templ 32],¢c[32]:7/% operand buff for math routines #/
int sp -1 /% stack pointer for PERFORM verb */
int cntr(81 : /% counter stack for PERFORM verb */
int rtn(8]1 7% rtn addr stack for PERFORM verb %/
int axt(81 : /% exit cond stack for PERFORM »urb x/
char psave:
int cpl,cp2: /¥ memory pointers-—-byte offsets */
int begproc: /% byte offset~—init to beginning of proc div t %
int begdata: /% byte offset-=—init to beginning of data div *x/
int base; /% byte offset~—init to beginning symbol toble */
int condptr: /% condition putr for IF ver)h A/
char 1b(236]: /% line buffer */
int lbp 1 /% line buff pntr——byte offset *x/
lat cinl(31: /% curreut line number *®/
int x U H
int v i:
7% READIN =/
readin() 4 /% This routine initializes 2 memory pointers--cme %/
/% at the beginning and one at the end--and resde *~
7% In a predefined input file until eof or the 2 L g
/% polinters meeat. ; x/
epl = -1;
cp2 = MEMSIZE:
snve = geatchar();
while (save '= EOF N8 cpl '= cp2) (
mem( ++cpll = save:
save 2 getchar();
)
if (epl = cp) (
meml ++cpl] = mave: 7% write EOF into remory %/

length = cpl:

)

e lae (
printf( "PROGRAM EXCEEDS AVAILABLE MEMORY"):
arrflg = ONy

)

returnt

) 4 end resadin X/

7%  WRITEOUT */

writeontt (
while ( eptl '= length)
meml ++~cpl] = memlcp2++]:
v-pl = 0
lanpa:
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whilefepl !'= length @3 memlcepl] !'= EOL)
putchar(memlcpl++1);

if (ep! !'= length) (
puichar('#’');
gnto loop4:

return;
/¥ end writeout x/

/% COMPARE =~/

~4

compare() { /* This roitine compares the current line namber x/
7% baffer, cln, with the first 3 characteres in the x/
/% line buffer, 1b. x/
<% If eln > 1b a 1 is returned; */
/% If ¢ln = 1b a 2'1s returned; x/
s7% If eln ¢ Ib a 3 is returned. */

int comp,K:
for (k=0: kiJ; k++) (

“if (clnfk]l == 1blk]) /% char are equal: ront %/
comp = EQUAL;
else if (clnl(k] ¢ 1bLK]) ( /% not equal: halt */
comp = LESS;
break:
)
else If (clnlk]l > 1blk]l) ( /% not equal: halt x/
comp = GREATER:
break:
b}
)
returu(comp) :
b ~#% end compare X/

s* UPLINE x/

upline() ( /% This routine finds the next larger line number and x/
7% moves the current line to low memory area. x/

int J. scratch:

scratch = '0°;
while (scratch = EOL) ( /% move char until «end =%/

scratch = mem(++cpl] = memlcp2++]; /% of the line */
)
for (j=20: j<(3: g++) /% move next line # to *x~
clnly]l = memlcp2+y]; /% curr line buff */
return;

] /¥ and upline »/
7% DOWNLINE =%/

dosmlinel) ( /% This routine finde the next smaller line number */
/% and makes it the current line in high core--cp2 x/
/% indicates the beginning addr of the current line *x/

int §j, scratch:

menl ~~cp2] = memlcpl--1: /% move EOL char t V4
scratch = memlcpll:
while (scratch !z EOL) ( /% move char until FOL x-

meml -=cp2] = scratch;
«crateh = meml--cpll;

]
for (J20;: <31 g++) /% move line # to curr %X/
clnf(yg! = meml(cp2+y]: Ir line number baff ®/
return;
3 /% end downline =*/
/% TOKEN x-/
token() ( /% This rontine returns the next token

unumber escanned. x/
while(menl pc++] < COMMENT
sk akip perlods. commas., tabe. and hinnks *x/

BT




—

ey
retarn(memipcl);
) /% end tokem */

/% FIND x/

find¢) ( /% This routine senrches the data division nuntil it
finds a match with the name in sbuaf. *x/

int i:

while (1 < 16 88 sbufii] !'= NUL 88 sbufl(il == memlcp2l' (
{++;
weml ++¥cpl] = meml~p2++];
)
if (1 '= 16 88 sbufli] !'= NUL) (
1 = 0:
menm( ++cpl] = memlicp2++1:
goto loopl:
)

/% copl now points to the last character of the identifler %/

for (iz0: <163 i++) /% zero ont sbuf .’
shufl i) = NUL;

returu:

] /% and flnd *x/
7% INITVAL =x/

initvalO) ¢ /7% This routine initializes variables in the da‘a
division that have the ‘value' clause. An '='
sign and the initial value is inserted directly
following the clause. »/
int 1
1b(0) = °'C*; 7% f1{11 Ib with line # of data division */
for(i=0: i ¢ §; i++)
1b(1] = "0's
while (compare() '= EQUAL’
/% move lines to low cor= til top of data div */
downline();
begdata = cpl +1: /% byts offset of first llne # of data div %/
sbufl( 0] =
esbufi 1] =
sbuf(2] =
sbufl(3] =
sbufl(4] =’
while ( cp2 begproc) (
find(): +* finds each occurance of VALUE clause *x/
while(!(memlcpl] >= '9° 35 mewlcpl] <= '9'))
mem{ ++cpl) = meml ~p3++];
sptr = cpl;
while (memlcpl]) '= EOL
mem( ++cpl) = memlep2++]:
memlcpl] = "=°;
while (memlepter) != '=')
meml ++cpl] = mem(aptr++);
mwew( ++cpl] = EOL:

]
re turni
b} /% end initval =/
/% LOAD -«
load(p) /% This routine loads xb or yb, depending on
the valne of r., with the value correspond-
ing with the token number In save. *x/
int v (¢
int 1:
sptr * save % 16 + basa:
if ((mem{eptr] ¢ ‘') 1| (memlaptr] > ‘0°)) (
il '"memleptr) 22 °=") ( /% negative literal ¥
s = ‘="
sptr+e:

——




else
il ‘mem(eptr] == ‘'+°) ¢ /% positive literal >~
'- 3 '+l=
Sptr+e+;

nit 7% glphnbetic==find value in dats div *-

while (cpl !'= begdata)

meml =~cpl] = memlcp2--]:
for (1=0; | ¢ 1Hh: Q++)

asbuf(i] = memlesptr++]:
find():
while(memicpl! = °=')

meml ++cpl] = mem(cp2++]:
sptr = cpl:

clse

b}
)
while((memlsptrl?='." " memlsptrl] !=EOL) A8(memlsptr] '=NUL))) (
xb[{ 1] = memlsptr!;
L 8 0
aptr++;
)
if (memlsptr] !'= ', .7 {
xil = 1
xX 3 vyl
x3 = 0:

else (
xl = 1
sptr++;
while ((mem(sptr: 'z EOL) 88 (mem(sptr] !'= 0)) (
xb( 1) = memlsptrl:
1++
sptr++;

x2 = vyl + 1;
x3 = i
)
it (r 2= 9 (
for( 1203 1 < x2: i++)
yb(1] = xb(i):

vyl = xl
v2 = x2;
v} = x3,;
¥S = x®:
cpl2 = cp2 + y2; /% volue will be overwritten by res«ult *x/
)
b
re turn:
) /% end load *x/
/% RELOAD =~
reload() ( 7% This routine reloads a value from yb into
the data divieion. x/
tnt 1:
1= 0;

If (ys 2= '=")
mem( ++cpl] = yot
if Cybl 1] == *0° 88 yt >
0 Sl
while (] "2 y1)
mem{ ++cpl) = ybli++);
if (y3 = @ (
mem( ++cpl] =
while (1 <= y2)
mem( ++cpl) = ybl i++];

| DI ;

)
mem{ ++cpti = EOL:
return:

) s/* ond reload *x/

/% NEXTLINT +*/

w§




nextline(' (

int 1i:
iIf (save != EOL)
while (token() '= EOL):
for (1=20; 1 < 8 i++)
clnli] = mem(++pcl;

) /7% end nextline *x/

7%  KEYWD =/

keywd() (
switch(save) (¢
case COMMENT :
nextline();
break:

case ACCEPT :
accept():
break:

coase ADD :
compute({add) ;
break;

case CLOSE :
close();
break:

case DISPLAY @
display();
break:

case DIVIDE :
divide();
break:

case CO :
gol();
break:

case MOVE :
move()
break;

coee MULTIPLY :
mult()g
break:

cnese OPEN :
open():
braak:

case PERFORM :
perform();
break:

ease READ @
read();
break;

case SUBTRACT ¢

compute(end)

break:

case WRITE @ 4K write atntement %X/
wite();
brenks

default: S¥ eyutax ervoar ¥/

errflg = ON;

e 4

R

7k

Ve

/R

R

/R

/R

/X

7R

SR

/R

ine. x/

/% load cln and skip

comment X/

accept statement

add statement *x/

close statement X/

display statement

divide statement

goto statement *x/

move statement X/

multiply statement

open statement *x/

perform satatement

read statement */

subtract statement

/7% This routine skips to the first token of
the next

line # =,

/% This routine calls routines by cobol key words. :/

x®/

x/

x/

»/

x/

x/

errmag( * INCORRECT ITm7WORD FOLLOWITG CONDITIONAL OR FLSE"):

wo
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) /% and switch statement */
return:
)
7% COND *x/
cond() ( /% This routine evaluates a conditional phrase and

returns true or falese. *x/
char templ, temp2:
save = token();

1f((temp2 = token()) == NOT) (
templ = NOT:
temp2 = token();

switch( temp2) (

case NUMERIC : /% numeric? »x/
sptr = save X 16 + base:
tf ‘memlaptr] <= "9
temp2 = TRUE:
else
temp2 = FALSE:
break:

case ALPHABETIC : /% alphabetic? *x/
sptr = save ¥ 16 + base;
if (memlsptr] > '9°)
temp2 = TRUE:

elge
temp2 = FALSE:
break:
case GREATER s /% xb > yb? %/
load(x);
save = token();
load(y);

if (size() == GREATER)
temp2 = TRUE;
else
temp2 = FALSE:
break;

case LESS @ /% xb < yb? =/
load(x%);
save = token():
load(y);
if (size() == LESS)
temp2 = TRUE;
else
temp2 = FALSE:
break:

case [LCQUAL ¢ /% xb = yb? =%/
load(x);
save = token():
load(y):
if ( size() == EQUAL)
temp2 = TRUE:
EXEL)
temp2 = FALSE:
break:

default: /% syntax error X/
errmeg( *INCORRECT VORD IN CONDITIONAL PHRASE®);
errflg = ON:

) 1 and switch statement %/
it (teampl == NOT (
it (te:p2 =2 TRUE)
temp2 = FALSE:
elan

tarp2 * TRUE:

199
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b}
return( termpl) 3

) /% end cond =%/
accept() <
nextline():
return:

) /7% end accept X/

close() (
nextline(?;
return:

b /7% end cloge *x/

display() C
nextline():
return:

b} /% end dieplay =/

7x GO *x/

go() C /% This routine searches the prccedure division
from the beginning for a token match. *x/
char ecratch; 3
save 2 tokeni);
pc = begproc:
while((scratch = token()) '= save 83 scratch != STOP)
nextline();
if (scratch == STOP) (
errflg = ON;
errmsg( "DESTINATION FOR GO STATEMENT NOT FOUND"):
b}
else
nextline():
return:
) /% end go X/

7% [F8 =/

ifs() ( 7/* This roatine determines program flow by testing
a condition=-if true, the imperative directly
following the condition or NEXT SENTENCE is per-
formed; If false, the imperative following the
ELSE clause is performed, if present. *x/

if (cond()) L4
save * token();
if (save ?= NEXD)

keywd()
else
nextlinet
b}
else
while(((enve 3 token()) != ELSE)||(save = EOL)):
it (save =3 ELSE) (
save 2 token():
keywd () ¢
re tarn:
) 7% and 1(es %/
/% MOVE =/

move() ( /¥ Thie routine moves the value in the first identi-
fler or literal into the se~ond identifier. x~
int 1:
qave * tokenl():
load(x);
If (token'* = TO) (
arrmegt "TY) EXPECTED AFTER [DFNTIFIER IN MOVE STATEMCET '
) errfilz = ON;
save = toakenldy
spter = &a -~ % 16 + bage:
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for (120: i < 162 i++)
: sbufl{i) = memisptr++!;
find();
reload( )y /% store value from yb lato data divietlon */
nextline(): 4
re turn: ;
) /% end move X/ 1
/% NAME =7/
name() { 7% This routine handles the proccesine of paragraph and
section names. =~/
if (sp 1= -1 ~ ( !
/% then processing within PERFORM <!atemweant */
if ((ext(op] == save) i'(ext[op]l == 1)) (
iftentrispl == @ C
extl(spl] = 0:
pc * rtanlspl: 7% get pc to instr after PEAFNT™ x/
sp—=13
nextline():
2
else (
if (cntrispl !'= MAX) (
catrlspl] = cntrispl - 1:
/% perform proc a # of times */
pc = begproc:
while( token() !'= psave?
nextline();
nextline():
else < % UNTIL condition must be evaluated */
If (cond(V) (
pc = rinispl:
sp==:
next]line();
)
else (
pc = begproc:
while ¢ {nken() !'= pesave)
nextline():
nextl)ine():
)
)
)
)
)
else
nextline():
retarn:
) /¢ end name X/
open() (
nextliine();
re turn:
) /% end open */
7%  PERFORM =x/
perform() ¢ 72 Thie r ntine causee program flow to Jump to a
particnlear procedure and return to the state-
ment {u!lowing the perform statement. i/
int §;
1= 0,
rtal++spl] = pec: SR enve rurrent program counter X/
cntrl{epl = 0:
extlspl = 1: /% defanlt value=—exit implied at next prociame */
psave * token():
It (( save = token()) 'z 70> (
If (@ave == THRM) (
oxztispl = tokent):
enve 2 token! ),
)

If (@anva == UNTID!

w0l




errmng(err)

catrlspl = MAX:
condptr 2 pe

)
if (save 's EOL) ¢
Inad(x);
catrispl = xb(0) - '0':
if (y2 22 23)
contrlspl = (catrlsp] x 19) + (xb(1) - '6'):
it (y2 > 2) C
errmsg( "PROCEDURE CANNOT BE EXECUTED > 100 TIITES");
errflg = ON:
)
if (token() '= TIMES) (
errmsg( “TIMES EXPECTED I[N THIS PERFORM STATEMENT") ;
errflg = ON:
b}
}
)
if (save == EOL) C
ps = begproc; /% search for proc to be performed =/
while (token() != psave)
naxtline();
nextliae();
}
return:

/% enl perform ¥/
s* ERRMSG x~

/% This routine prints an error message corresponding
to errnum which is set at the time the error
occurred. ¥/ :

char *xerr: (

size() (

int 1:
printf( "ERROR OCCURRED AT LINE ");

for(1=0;1 < J;i++)
putchar(cinl 1]1);

printf( "= *la #" err);

return:

/% end errmsg */

s% SI1ZE =/

/% This routine returns GREATER if xb > yb
EQUAL If xb = yb and LESS If xb < yb. *x/
int @iz, 1
if (xt > y1) /% xl, yl contain the # of eignificant digi‘te *x/
siz * GREATER:
else ¢
if (x1 72 yl)
siz = LESS:
alse (
1 = 9
while ((xb(i] > yh{ji]) 88 (++i < y2)):
if (1 == y2)
siz = GREATER:
else (
i=0;
while((xb(1] == ¢b(1))88(++1 < y2)):
if (1 == y2)
slz = EQUAL:
alse
miz = LESS;

)
)

returnieiz=):
e end aize x .

7% FILDLE %

N0




filbuf() 4
if (2 2= O ¢
while (22 > 0) (
templn—-=] = xh[-—-<2]:
cinl = '0°;

b
b
else (
while (¥v2 > @) {
templn=-=] = ybl=--32:;
clfal = '0°:
)
b)
re turn:
) /¢ end filbaf */
/%  COMPUTE x/
compute(op) /% This routine sdds or subtracts 2 values
depending on the parame or op. X/
int ops (
int a,b,m.1.41f;
save = tokent):
load(x); /% loadse first operand into buffer xb =~
save = token();
if (op == sub) (
If (save = FROM {
errflg = ON:
errmsg( "FROM RFQUIRED HERE [N SUUBTRACT STATEMENT"):
b}
b}
else (
if (save '= TO) (
errflg = ON;
errmsg! "TO REQUIRLD #HERE IN ADD STATEMENT");
3
)
save = token():
load(y) /% lnads second operand into buffer yb *x/

iIf (x3 1= y3) ¢

*

x3, ¥3 contain the number of digits to
the right of the decimal point */
if (x3 > ¥v3) C +% zeapo (11! bufifer with shortest
mantissa to align decimal p-ints %~
dif = x3 - v3:

for C(I=13 1 <= dil: 1++)
ybly2++1 = 0.
¥v3 = x3:
else 4
dif = ¥y3 - x3:
for (1213 1 7= dif: (++)
xb[ x2++1 = 0:
x3 = ¥3:
)
)
if (x2>= y2) ‘% %2, v2 contain the total nurber
of digits in each operand
m 2 =2
elee
m = y2;
n = m
clal] = '0°;
If (op 2= enb) % to subtr-.~t. chonge sign of the
firet oparn-d and add %7
1f (xe == '4+%)
gy = "=y
elae
xe = "4';
)
If (xe 2= ya) (
clnl = "0°;:
whlla 1iy2 > 0) 88 (x2 > M) §

e i

]

SRS




o

a * xb(--x2] - *0O':

b = ybl--y2] - '0°;
temp(n--]1 = addtabi(allb]:
cln) = addtab2(allb’i;

b}
filbuf()
n * m:
while (n > @) {
a = temp(nl] - '0°:
b = cln] - '0°;
ybin=--]1 = addtabil:xlib]:

M
)
else (
switch(size()) (
case EQUAL: ‘2 xb = yb %/
ya = xs = Y4+
cl@) = '9’;
v2 = 1;
v3 = 0;
break:;
case CREATER: k  xb > vb *x/
vye = xs:
while (y2 > & (
a 2 xb(--221 - '0’;
b = ybl-—-v¥v2! - '0°;
tempin--] = subtabi(allbl:
cln] = subtabh2lallbl:
)
filbuf();
break;
case LESS: ‘% xb < yb %/
X8 = yw;
while (x2 > 0y (
a = xb(--221 - '0°;
b = ybl--y2i - '0°';
templn-=] = subtabl{bilal:
3 clin] = subtab2(bllal:
filbuf():
break;
) /% end switch statement x.°
n = m
while (n > @) (
a = tempin] - *0°:
b = cln] - '0°;
yb(n-=]1 = aubtablios (bl:
3
b)
yb(O®] = c(0)
¥2 = m:
vyl = y2 - y3:
re load():
raturn:
] ¥ end add */

/7% MULTIPLY »~

malt () ( /% This routine multipliee the !'st oparand by the 2nd
storee the resuli in the mecond vpersnd. *

char p.c1.¢2.¢3.~9;:
int a,b.?1,t2,2(,22,1,

save = token( )

load(x):

If (token‘> != PY) (
errfle = ON;

a=

and




errmeg! "BY RNQUIRED HERE N MULTIPLY STATEMERT");

)
«ave = toXent):
loadf.y) ;
zl = xl+yl: . % locatlion »f decimal pt in teup */
z3 = x2+yl: 7% nnigher+ of digits in product */
t2 = z2;
for (a=0; ad<l3: a++) /% set he output buff to zero */
temp{nl = "9
for( yl=y2-1: v1>=0;: yl-— ) ( /% for cacrh Jdigit in mmltipiier */
c2 = ~¢4 = 'O, /% set ~urry to ascli zero *x/
el = 2
forf xl=x2-1: x1>=0; zl-- » { /% for each digit in maltipiicankx/
o = xb[x1)3='0": b = vi yl'='0";
p =mu.tabl (al (bl 7% product of 2 digits */
cizmultabl (al (bl: /X save carvy x/
a = p-'0': b = c2-'0";
p =addtabl (al] [(b]; /% ald previous step carry X/
c2=add tab2 [(al] [(b]: /% €ave carry x/
2 2 c2-'0°3 b = c)-"0";
c2=add tabl (a) [bh]: +* add carryv for next step X/
a = tewp(tl]="0';: b = p="4";
p =addtabl [al (b]; 7k ald result to output *x/
c3=addtab2 (a) (b, /¥ save CArry x/
a = p-"0'y b = c4-'9",
templ t1--]1 =addtabl [al [b1: /% add previous carry. save X/
c+=addtab2 (al] (b]: /% @aave ~arrvy */
a = c4-"0'3 b = ~3-"0":
c4=addtabl (a] [bhl]; 7% add carry for next stap X/
)
t2=—1 /% Jecrement temp counter */
)
a = c2-'0';: b = c4-'0";
templ t1] =addtabl [(al]l [(b: /% carryv is MSD of outpnut *x/
vt = zl:
v2 = 232;
v3 =y2 - v1:

for (120: i <= 72; 1++)
vb( 1] = temp(il:
if (xe 'z yo)

L=

Y8 s

else
= ‘&',

re load():

returng
) /% end maltiply =~/

/%  DIVIDE

divide() (

#®This routine uses the gon-restoring technique to calculate
the quotient--xb l= Jdivided int» y» and the quotlent is
=tored in yb. v/

int a.J.lp.sc.21,22:

char ze: -

save * token(): * load operands *-
load(x):

if (tokent) '= [NTO) (

aprrflg = UN: !
errmeg! "INTO REQUIRED JERT (N DIVIDE STATEMENT"): /

) i
save = token():

load(y); }
se = O ~¥ divi«ion atep count n/ |
dp = 1: % jirit position in temp Evg

7zl = xl=¥1+1; v iz lite preceeding - »s

for ()=20: 37232:
templ( ! = °

J++) L owet tepp th Tero E 4 p
:




while (xb"@01 == '0") ( s% {f MSD is zero. shift *,/
for (320;: J7x2: J++)
xb{J? = xblg+1]):
if (x1 '=
El==3
x2==c
)

while (dp <= <2 88 a < 16) (
/% while the number of digite in the output is less thapn in the *x/

/7% dividend and the remainder (xh) is net equal to zZero */

ewitch (xs) ( /% ewitch on sign of remain.*/
case “+':

7% if the remainder is positive subtract the divisor *x/7

% until the sign of the remaini=t+ changes */

ac = '0°'-1;
while (xs == '+') [
compute(sub);

Sco++;
)
templdp++] = sc; /% atore ASCI] value in temr */
break;
case ‘-":
/% {f the remaindeor is negative. add the divisor urtil */
#* the sign of the reiminder changes */

sc = '9'+1;
while (xs == '=') |
compute (add’:

sc--:
)
templ dp++] = sc: /% atore ASCII valu- in temp*/
break;
b] 7% and of SWITCH stmnat *
for (3=13: 3>=0;: g-=) 7% shift divisor to richt £
vblg+1]1 = yblyl; /% for next cycle */
¥yl = xi; <% adjust char counters */
/X y2ee 290 x/
for (az@®: ac16; a++) /% test remainder f(xb) =qual*/
if (xhl{al] '= '0") /% to zero *x/
break:
) % and of WHILE stmt x/
if (xs !'= yw) 7k <ot sign of result */
eSSy
else
YS""'3
v2 = dp + 1; /% save length of outpnu!’ */
vl = zl:

vy3 = y2 - yl:
for(g=0: j ¢ y2: J++)
ybtgi = templgl:
reload():
return;:
b} /% end divide »/

7% MAIN ¥/
mein() (

/%2 This routine reads the editor ~ntput fil> into a char arrayv
called mem in memory: Initializes varinbh's vnluee in the datno
division: sacans the procedur. division ! Sen by token (byte hy
byte) for grommatical corv - tness and ox: ~ntes each compiete
statem nt ae it enconnters it: rmain ha! < n nll errore snxcept
fanlty panctnation or when !t <caus the * . "an tor 'stop’. Ll
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int 13 ;
‘printf( "COBOL INTERPRETER, Versiom 1.0 =");
readin():
if(errflg == ON):
goto eadmaint
downlipe(); 7% find last EOL--heg of svmbol tahle x/
base = cp2 *+ 5; /% 3¢t base to lyte offset of sym tahle *x/
1b(0) = *D’': /7% load 1b with Ist line # of proc viv */
for (1=1; i < COMMENT:; { ++)
“1bL1) = '0°;
while (compere() !'= EQUAL) /% move proc div into high ~ore %/ H
downline(): :

= op2; .
nextline()
begproc = pcj /7% pc and begproc now sct to Ist executable stat */
for (120; | <= 16; i++)

shufl1] = NUL; 7% zero fil! the search buffer : .-
initval(): /¥ jnitlalize identifier valuea :/

while (((save = token()) !'= STOP) 88 (errflg == OFF)) (
/% acan until token for stop or errcr %X/

switch(save) ¢
case COMMENT /¥ comment ¥/
nextline();
break:

case ACCEPT : /%X accept statement */
accept();
break:

case ADD : /% add =tatement %/
compute(add):
break:;

came CLOSE : /% close statement */
close();
break;

case DISPLAY @ /% display statement */
dieplay();
break:

ease DIVIDE : /% divide statoment X/
divide():
break:

case GO @ /% goto statement *x/
gol();
break:

case [F /7% {f slatement *x/
1fes() ¢
break;

case MOVE : /% move statement */
move();
break;

case MULTIPLY ‘2 maltiply statement *x/
mult():
break:

case OPEN : /% open staotement X/
opent) ;
break:

case PERFORM : 7/% perform statement &/
performt);
break:

cases READ : /%  real eatatement X/
read();




break;

case SUBTRACT : /% gubtract statemenmt ¥~
compute(sub);
break:

case WRITE : /% write statement */
write();
break:

default: +% label proc neme,section name or <«rror %X/
name ()3

3} /% end switch s'atement */
4 ?
endmain:
writeout();
) /% end main-—return to wwnitor X/ ]
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