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A BSTRACT

A com piler for ADPESO standard HYPO—COBOL has been im

plemented on a mi crocom puter. The im o ’leme ntatio n provides

nuc l eus level constructs and file options from the M~S1T

COBOL package alonc with the PERFORM UNTIL construct from a

higher level to give increased structural control. T m e

l anguage was imp lem en teu throuah a sei f—hostea com p iler and

run—time pac~ ege on an t~O8O micro com p uter~~ ese~ sy stern .

both compiler and in ter p reter can be execut ea in 1~~i( b ytes

of user storaae.
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I. INTR ODUCTION

A. HISIOWY OF COBOL

As indi cated in the name, CObOL — COmmon bu siness

Oriented Language — was intended to be a comm on standard

computer p rogrammin g l anguage w i th consistent imo lementa—

tions on various machines . Backed heavi l y by the L~epartrre nt

of Oefense , COdOL has become a widely accepted language for

data processing aop lica t ion s . Over the fiftee n years of its

ex istance the language has undergone several rev isio n s and

s t i l l  continues to be uograded and changed (11.

The evolution of COBOL has resulted in a large language

containin g numer ous ca p abil i ties , many of whi c h are not a~ —

pr op riate for a given machine nor desired by a class of

users. ~or t his reason the COBOL language is bro ken down

into mo (luies wnich may be impl em ente d at va rious levels.

The minimal Standard COBOL , as current l y defined ,~ Cont ains

onl y the lowest , levels of three modul es out of the FO SS 1hiC

twelve modules which currentl y exist. -

7
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B. MOTIVATIONS OF HY PO—CObOL

None of the exist ing standard sets of COBOL moøu l,s fit

the requ irements of the Department of the Navy, arc thus

HYPU CObOL was developed. Pather than taki ng one of the in—

p lementatio n levels cescribed in the stanoard, another sub-

set of the compl ete instruction set was developed wh i cri in-

cludes only parts of modules. HYPO—COB UL was oesiqneo :o

• impose mi n i m a l  reau ireme nt s on a system for com p iler sup-

port. ~here possi ole, short constructs were used in tn e

p lace of longer ones. ~ihere m u l t i p l e  reserved words serve

the same function in COBOL, the shortest form was usec.

is no op tional verbage in the l anguage, and there are

icate Constructs perf ormi ng the same function.

Li m i t s  were placeo on a l l statemen ts that have a vari-

ab le inpu t format so that all  statemen ts have a fix ea max-

imum length. fMhere possible , such constructs were removed 
- •

com p letely from the languaoe. rn ad o itio n , user def in ed

names were li m i t e d  to twelve characters to reauce svrrt’ ol

table storage requirem ents.

Rather than inc lude the standard levels of im ol em enta—

tion for a l l  of the modules , constructs were inc lucea on ly

as required. Zr, aadition to low level constructs , the PE~~—

FORM UNT IL construct was included to al l o w  bette r progra m

structure. Further justification for the manner of sub set—
/

tin g and a h i g h l y  oe t ai le d descr iption of each elemen t of

the language is contained in tne H’YPO—CObPL M anual NO].

B
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C. MLCHOCOMPUTERS

Current technological advances in the desion of in-

tegrated comouter Components have lead to the o r o l i f e r a t i o n

of sing le ch ip central orocessors known as microcom puters.

Ihe number of chic ’s produced and the varying ca p abilities of

each oroduct make generalizat ions very d i f f i c u l t .  The term

microcomputer , however , is generall y used to describe a sys-

tem bu i l t  around one of these orocessors. Such a system

w ould have m emor y, inou t and Output c ao a o i l ities , and ti m i n g

circu t s as well as a central orocessor. One chi p systems

with a l l  of these ca p abilities are currentl y beco m ing avail-

able.

1. hardware

T he most si a n i f i c a n t  factor in the p r o l i f e r a t i o n  o~

rnicrocomput ,r—Oaseo system s has been their cost. Reaso nabl y

powerful central oi~ocessors can currentl y be purcnasea ~or

less than twent y acliars , r esulting in the app earance of

man y new app l ications. Al ong w i t h  the low cost of m e  cen-

tral processor have come l~~w cost p eri ph eral aevices t h a t

are well suited to the speeds ana capabi l ities of the m icro-

computers. In the case of tra d itional users of computers ,

the ioN cost of microcomp uter hardw are has led to new uses

ano to distr ibuted processor networks. Chanoes in t~ e cost

and cac ’ab il st i e s of micro computers have oeen dramat i c over

the last several years , wi th  more and more c a p a b i l i t i e s  be-

ing offere a at lower prices.

- ~~~~~~~~~~~~~~~ - —~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •
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2. Sof tware

Software has l agged far oehind t h e  develo pm ents in

• hardware for microcom puters. Most of the currentl y ava il-

able systems do not support high leve l languages at a l l ,  and

whe re supported, the languaaes are often systems lanquaces

rather than app lications orie nted languages. One of the

restr ictions i mposed by many high level languages has been

the requireme nt for cross—co m p il ing on a more power 4ul

machine 7). In addition , some of the resident compil ers

requir e large amounts of mem ory. Recent work on versions of

BA SIC howeve r, has led to q u a l i t y  resident c o m p i l e r s  f or

scie n t i f i c  tyc’e c a l c u l a t i o n s  (ol .

To a l l o w the use of micro p rocessor Systems in many

of t rie proposed aop li cat ,ons , languages need to be developed

that w i l l  run on m icro com p uters without placing unreasonable

demands on their c a o abi li ties and size. If the aev elouments

in hardware cont inue at their present rate, soft .~are w i l l

almost certa inl y Co n tinue to lao be h ind. however, current

com p iler construction techni ques do seem to m a ke it po ss ibi~

to p rovide the required lanouages, at least on the current

types of hardware L3J

10
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0. OI~3J~ C IIV L S OF MI CRO—CO bOL

The major objective of this project was to im p lement

H Y P U CO~3UL on an 8O~ O m icrocovn outer—based system. A s steps

toward that ob jective , the f o l l o w ing underlying goals were

esta blished: first , cefine HYPO COBOL as an LAL R (l ) grammar

112 J . Seconc, constru ct a com p iler based ‘o a tab le drive n

• parser for that LALR (1) grammar. Third, imp lement an inter-

pret er to run the intermed iate language in s t ruCt io r .s pro-

duced DY the com p iler.

w h i l e  i t was recognized that toere would he ~ i f 1 i c u l t i e s

in jisolay inq the compl ete c a p a b i l i t i e s  of the hYPO— CuhuL

lanauage on the eauiprrent currently av ai la p le at the Nav a l

Postgraduate School, it was considered feasib le to imc l pm ent

a major portion of the subset w i t h  the current equiom ent and

software.

One of the j u s t i f i c a t i o n s  for t o i s  project W a S  t h e

current standard policy of the Uepartm ent of Defense to re-

quire a l l  corr outers used in n o n — t a c t i c a l  env ironm ents to Le

capa cle o f execu t inc COBOL . in the case of the ~epar~~m ert

of the Navy , the st-ari aar ci th at woul d neec to be met for a

microco mp uter—based system is P-$YPO—COBUL .

F i n a l l y, it shoul~ he noted th at there was no attem p t to

add to the MYPO COBOL a e f i n i t i o n .  One area of in vest i g~~t i cn

w as t o  test the f e a s t h i l i t y o~ t h e  s u b s e t .  in d ef i n i n g  ro e

grammar, areas were found where au dit i ons coul d have ceen

maae, and future users ray regui r~ enhancea c a p a o i l i t i e c  to

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~ -- -~~~~~—~~- - -
~~~-
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make the l anguaqe fit t heir requireme nts. Ind icat ions have
-

~ been made , in the following sections, of places where

I 
changes seemed appropr iate.

J
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II. MICRO— COBOL MACHINE

A. (,~NL~RA L DESC R IPTI ON

The following sections describe the MICR O—CO BOL oseudo-

machine architecture in terms of al lo catea memor y areas and

pseudo—m achine operati ons. The pseuao m achi ne w~ s th e tar-

get machine for the com p iler and was implemented through a

programmed interpretation. The ~4JCRO CObOL mac hin e has been

given fir st , s in ce a l l  other V. -y stem componen ts can oc

described in terms of the target machi ne.

There were several ways to design the pseuao machine.

The parser used proauces operations in the oraer conve ni en

for a stack machi n e, and other applications have used a

simulation of a stack machine to inter p ret the output of toe

com p i l er tb) . The operations required for HYPU—COBOL d id

not requ ire the use of a stack but could be designed as re—

• l a t i v e l y  indepenoent operations. It would oe poss ible to

produce an interpreter that consisted of a set of

• subroutines wh ich would be call e d  d i r e c t l y  by machine level

ope rations on the 80B0. The emitted code would then consist

of instructions to load parameters ana c a l l s  to the

suoroutines. Th i s second idea was rejected due to the li m-

ited t im e ava il able for the p roduction of the project an-i

V oecause the code generatio n woul d then be very closely tied

to the exact imolementat i on of the interp reter. It was de~

13
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cided to produce Output cnoe for a pseudo machine th at

would be defined to have all of the needed operatio ns as

basic instructions. Ihe machine ooerators chosen Contain al l

of the inf ormation required to perform one comp lete action

required by the l anguage.

The machine contains mu l ti p le parameter operators and a

program counter that addresses the next instruction to be

executed. Three reaisters are provided which hold eighteen

di git numoers used for arithmetic op erations alon g wi t h  a

suoscr ipt stack that is used to compute subscript locat ion s

along with a set of flags that are used to oass branch ing

inform ation from one instruction to another.

Address es in the m a chi n ’~ are representea by lb bit

values. An y mem ory address greater than 20 h exadecimal is

val i d. Addresses less than 20 hexadecimal w i l l  be int er-

pret ed as havin g scecia l si gnificance. For exam pl e , au—

aresses o”e through eight are reserved for sub scriot stack

refere nces. A l l  other addresses in the machine are arsolute

add resses.

(he arithmetic registers allow for the m a n i p u l a t i o n  of

signed numbers of um to eighteen decimal digits in len gth.

Included in their repr esentatio n is a sign ind i ca t or and tne

p osition of the assumed decimal p oi n t for the currentl y

loa ded number. v’i h i l e  the form of the repres entation is not

spec i fied in the IIYPO—CO BOL document , it is necessary th at

there be no loss of pr ecis ion for operati ons on numbers ha y—

1(1
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• m y  a ful l  ei ghteen digits of significance.

There are two major types of numbers defined in the

machine. The first is numbers in the DISPLAY mooe. These

numbers are represented in memory in the standard inform a—

tio n exchange code for the peripherals. For m icrocom puters ,

the common representation would be in ASCII characters.

Ihese numbers may have separate signs indicated by “1” and

‘ — ‘ or m ay h ave a “zo n e ” in d icator added, denoting a neoa—

tive sign. Packed decimal format is also availab l e wi t h

numbers carrie u as secuential digit p airs stored in mem ory.

The sign is indicatea in the right—most p ositio n.

• rhe fo l lowing flags exist in the machi ne and can oe

checked by the instructi ons for a true or false value:

BRANCH flag —— indicates if a branch is to be taken; t.t~1, OF

RECU~W fla g —— ind icates that an eno of input con ditio n hag

øeen reached when an attem p t was made to reao input O IEP

FL Ob~ flag —— indicates the loss of information from a reg is-

ter due to a number exceedi ng the a v a i l a b l e  size ; 1 a V A L I D

flag —— indicates an i n v a l i d  actio n in w r i t i n g  to a direct

access storage device.

The following resources are required f pr  a m i n i m a l  im —

p lem enta t ion of this mac hine a system inp ut devic e cariahi ,

of receivin g low vo lume input , a system outout device capa—

b le of di splaying low v ol ume outputs and a direct access

storage device caoable of storin g, readin g, ano w r i t i n a

f i l e s  and programs.

~~~~~~~~~~~~~~~~~~~~~~ 
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B. MIMORY ORG ANIZATIO N

Memory ~s divided into three major sections: (1) the

data areas defined by the DATA DIVISION statements , (2) the

c~~de area, (3) and the constants area. No particular order

of t hese sections is reouired. The first two areas assume

the a b i l i t y  to both read and write , but the th ir o onl y re-

quires the a b i l i t y  to be read.

The data area conta ins variables ~efinea by the UA IA

oIV ISION Statements , Constants set in the WORIcING STO~~~,E

SECIION , and all f i l e  control blocks and buffe rs. These

elements w ’ l l  be mani p ulated by the m achine in accordance

with the code instructions.

C. MACHINE OPERATIONS

I. Format

A l l  of the m achine operatio ns consist of an opera-

tion number followe d by a list of parameters. The sect ions

that follow descr ipe the various instructions , l i s t  the re-

quired parameters , and describe the actions taken by toe

machine in executing each instruction. A~ each instructio n

is fetched from mem ory , the Program counter aut omatica lly

increme nts oy one.

2. Ari t h m e t i c  ope ra ti or~s

(here are five ar i thm etic in structiOns which act

onl y on the registers. In all  cases, the result is placed

______
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in register two. Operations are allowed to destroy the in-

put values during the process of creatin o a result. There-

fore, a number loaded into a register w i l l  not be available

for a subseouent operation.

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

and register one.

Parameters: no parameters are recuired.

Sub: (subtract ). Subtract re gi ste v one from reg is t er

zero.

Parameters: no parameters are reouired .

MUL: (multip ly). M u l t i p l y  register zero by register

one.

Parameters: no par ameter s are required.

Dlv : (divide ). Divide register zero cv the value in

register one. The rem ainder is not retained.

Parameters: no parameters are requirea

NND : (round). ~ound register two to the last si gn i

fi cant decima l olace.

• Parameters: no parameters are required.

3. branchin g

• 
. u l l  of the branching instructions are accnm rilis h ed

oy changi ng t he  v a l u e  of  the proc ram c o u n t e r .  Some are  au—

solute branches and some test for con diti on flags that are

set by the other instruc t ions , branches may also test t he

- - - ~~~~~~~~~~~~~~~~~~ _ -_ - -~~ -~~~~~~~~~~~~~~~~ --,_ - •
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state of the registers or perform direc t comparisons on

memory fields.

Several instructions use the same co ndi tional

branching conventions. First, the branch flag is checked

for its current setting. If it is true, then a branch is

made by changing the program Counter to the value of the

<branch address> . Tne branch flag is then set to false. If

• the fla g was originall y false, the program counter is incre-

mented to the next secuentia l instruction.

Bl~N: (branch to an address). Load the program

counter with the <branch address> .

Parameters: <branch address>

The next three instructions share a common format.

the memory field addressed by the <mem ory address’ is

checked for the <address length > , ano if a l l  the characters

match the test con d ition , then the branch flag is compl e-

mented. A conditio n al branch is taken after the test.

Parameters: <memory address> <address length> <branch ac—

dress>

CAL: (co”~pare alohab etic ) . Compare a memory f i e l d

for alph abetic characters.

CNS: (compare num eric sianed ). Compare a fielo for

numeric characters a l l o w i n g  for a s ig n character.

CNU: (compare numeric unsigned). Compare a f ield for

numeric characters onl y .

18 
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DIC: (decrement a count and branch if zero). Decre-

ment the value of the <address counter> by one, and if the

result is zero, the program counter is set to the aadress

given. If the result is not -zero, then the orogram counter

is incremented by four. If the result is zero be fore aecre—

rnenti ng, the branch is taken.

Parameters: <address counter> <branch address>

~OR: (branch on end of records flac ), If the eno

of—records flag is true, it is set to false and the program

counter is set to the <bran ch adaress> . If false, the pro-

gram counter is incremented by two.

Parameters: <branch adress>

GOP: (go to — oeoendinq on). The memory location ao

dressed by the <number acress> is read for the numoer of

bytes indicated by the <memor y length> . This number m d i—

cates w hi C h of the <branch addresses> is to he used. Ihe

first parameter is a hound on the numoer of branch ao—

dresses. If the number is w i t h i n  the ranoe . the Program

counter is set to the indi cated adaress. An out of bouncs

value causes the procram counter to be advanced to the next

sequential instruction.

Parameters: <bouna number — byte> <memor y l ength> <memor y

address> <branch aadr— 1> <branch addr—d > ... <b ranch aadr—ri >

INV : (branch if i n v a l i d — f i l e — a c t i o n  flag true ). if

the i n v a l i d — f i l e — a c t i o n  fl a g is true , then it is set to

false , and the orogram counter is set to the branch ~o—

•~~~~~~~~~
•
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dress. If it is false , the program counter is incremented

by two.

Parame ters: <branch address>

PER: (p erform ). Ihe code address cointed to by the

<change address> is loaded with the value of the <return ec—

dress> . ihe orogram counter is then set to the <b ranch aa—

dress> .

Parameters: <branch address> <change address> <return ac—

d ress>

R~.T: (return). If the value of the <branch address>

is not zero, then the program counter is set to its value ,

and the <branch address> is set to zero. if the <branch ac—

dress> is zero, the program counter is incremented by two.

Parame ters: <branch address>

R~.u: (register ecual). This instruction checks for a

• zero value in register two. If it is zero, the br anch fla g

is complemented. A conditional branch is taken .

Parameters: <branch address>

RGI : (register greater than). kegister two is

checked for a negative sign. If present , the oranch fla g is

comp lemented. A co nditi onal branch is taken.

Parameters: <branch address>

• ~L1 : (recister less ‘nan). Register two is crieckel

for a positive sign , and if present , the branch fl a g is corn—

olem ented . A condit i onal branch is taken.

I 
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Parameters: <branch address>

S~ R: (branch on size error). If the overflow flag is

true , then the program counter is set to the branch address,

and the overflow flag is set to false. If it is false, then

the program counter is incremented by two.

Parameters: <branch address>

The next toree ins tructions al l perform the sane

function and have the same general format. They compare two

strtriqs ana perform a con dit i ona l branch. If the test con—

cl it ion is true , the branch flag is complemen ted p rior to

takin g the conditional branch.

Parameters: <strin g aa dr— 1> <Strin g aadr— 2> <len ath — ao—

oress> <branch address>

510: (strings equal). Comoare two string for equal

characte rs.

&GT: (string greater than). Compare str in g one for

greater than stri ng two.

SLI: (string less than). Compare string one for less

than string two.

~l . Moves

The machine supports a va rie t y of move operations

for various formats and tyoes of data. It does not suPport

direct moves of numeric data from one memor y f i e l d  to anotti —

er. Instead , a l l ~f the numeric m oves go throu gh the regis—

21
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ters. (h-i s greatly reduced the number of instructions since

all of the numeric types need to be suoported b y moves into

arid out of the registers for arithmetic operatio ns.

The next seven inst ructions a ll perfo rm the same

function. They load a register wit h  a numeric value and

differ on ly in the tyce of number that they expect to see in

memory at the <number address> . All  seven cause the program

counter to be in cremented by five. their common form at is

given below.

Parameters: <number address> <byte length> <b yte deci m al

count> <byte register to load>

LUD: (load a numeric l i t e r a l ) .  ~ote that the deci m al

point indi cato r is not set in this instruction format. Tne

literal w i l l  have an actual d eci mal p oi n t in it f re—

qui red.

Lot: (load a numeric fie ld ) .

L02: (load a numeric field w i t h  an inter nal t r a i l i n g

sign).

L03: (load a numeric fie l a w i t h  an internal lea aino

sig n).

LL)~l: (load a numeric field w i t h  a sep arate leaain q

sign) .

LOS: (load a numeri c fie l d  w i t h  a separate t r a i l i n c

s 4 gn).

22
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Lob: (load a packed numeric field ) .

MID: (move into a alphan umeric edited field). The

ed;t mask is loadea into the <to address> to set uo the

move , and then the <fr om address> inf ormation is loaaea . The

program counter is incremented by ten.

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

<edit mask address> <edit mask length>

MNI: (move into a numeric edited fie ld). First the

edit mask is loaded into the receiving fi e l d ,  and then m e

infor mation is loaded. A ny decimal p oint al1an m en t required

d i l l  be performea. if tru ncation of sian i f i c a n t  d i g i t s  is a

siae etfect , the over flow flag is not set. lh e Program

counter is incremen fec by twe lve.

Parameters: <to address> <f rom address> <address length of

move> <edit mask address> <addreSs maSk length> <byte to de-

ci mal Count> <byte from decimal count>

MOV: (move into an a lp h anum eric field ). The m em ory

field given by the <to address> is f i l l e d  by the from f i e l d

for the <move len gth> and then f i l l e a  with blanks in the

following p ositions for the < f i l l  count > .

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

len gth> <address f i l l  count>

SU: (store imme rna te  register two ). The contents of

register two are Stored in to reo ister zero and the dec im a l

count ana sign are in oic ~~tor s set.

Parameters: none.
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The store instructions are grouped in the same order

as the load instructions. Register tno is stored in to

memor y at the indicated location. Any alignment is per

formed, and if a non—zero leaaing di git is truncated by tri e

operation , the over flow flag is set. A l l  five of the store

instructions cause the Program Counter to be incre m ente d by

four. Ihe format for these instructions is as foll ows.

Par ameters: <address to store into > <byt e length> <byte de-

cimal Count >

Sro: (store into a numeric field ) .

51 1: (store into a numeric f ield w j th on in ternal

t r a i l i n g  sian).

S12: (store int o a numeric field w i t h  an internal

leading sign).

S13: (store into a numeric fie la w i t h  a separate

t r a i l i n g  sign).

5,4: (store into a num eric f i e l a  w i t h  a separate

leading sign).

5!5: (store into a packed numeric field ) .

5. Input—out out

The foll o w i n g  instructions p erform input and outout

operations. The recuirecj operations are sp ec i fied in th e  
•

hYPQ— COt3UL m anua l , but t t i ~~ exact def i n i t i o n s  of f i l e  formats

and access methods are not d e -f ir~ed. Fi les in t h i s  m a ch in e

24
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• are defined as ha ving th e f o l l o w i n g  character i stics: they

are either secuential or random, and, in general , f i l e s

c reated in one mode are not required to oe reaaab le in the

ot her mode. Standard fi l es consist of fixed leng Ph records,

and variable length fi les need not be readable in a random

mode. Further, there must be some character or charcter

str ing that a e l i m i t s  a variable length record.

ACC: (accePt). kead from th e system in~~ut n ev ice into

• memory at the lo catio n given by the <mem ory address> . Tri e

program counter is incremented by three. -

• Parameters: <memor y address> <byte length of read>

CLS: (close). Close the f i l e  ~h~ se f i l e  cont rol bl o c k

is addressed by the <f ch address> . The program counter is

incremented by two.

Parameters: <fcb address>

015: (disp lay) . Print the contents of the data f i e l d

pointed to by <memory address> on the system output ievi ce

for the indic ate a length . The orogram counte r’ is in crement-

ed by three.

Parame ters: <memory address> <byte length>

The re are three open instructions w i t h  the same for-

mat. in each case, the f i l e  defi n ed by the f i l e  control

block referenced w i l l  pm opened for’ the mode indicated. m e

program counter is incremented by two.

Parameters: <fcb address>

25
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OPN: (open a t i l e  for input ).

OPt : (open a f i l e  for output).

• 0P2: (open a f i l e  for both input ana output ). i h i s

is only va l i d  for files on a random access device.

T he following f i l e  actions all share the same for-

ma t. lach per forms a f i l e  action on the f i l e  referencea by

t he f i l e  contro l bl o ck. The record to be acted upon is

given by the <record address> . The program counter is in-

cremented by six.

Parameters: <fcb address> <record address> <rec ord len gth —

address>

OLS: (delete a record from a sequential file .’ . Pe—

move the record that was just reed from the file. The f i l e

is required to be ooen in the inp ut—out p ut mode.

ROF : (read a sequentia l file). Reaa the next record

into the memor y area.

~d (F: (write a record to a seguential fi l e ) .  Ap pend a

new record to the f i l e .

RvL: (read a variable len gth record).

~VL: (write a varia ol e length record).

R~~S: (rewrite sequent ial ) . The r ewrite op eration

- • writes a record from ‘remory to the fi l e ,  overla y in g the l a s t

record that w a S  read from the devi ce. The f i l e  must be open

26
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in t he inp ut—output mode.

The followin g f i l e  actions require random file s

rather than sequential files. They all mak e use of a random

• f i le pointer which Consists of a <r elative address> anu a

<r elative length > . The memory fi e lo holds the number to be

used in disk operati ons or contains the r e lative record

number of the last disk action. The relative record nun’t- a~

is the record count on the f i l e  startin g w ith one. A f re r

the f i l e  action , the orogram counter is incre m ent ed cv

nine.

Parameters: <fcp address> <record aodress> <record len gt h —

address> ‘relative address> <r elative lenoth — byte > .

DLH: (delete a random record). Delete the record aa—

dressed by the relative record number. 
- - - • -

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

relative to the record number.

R~fS: (read rancom sequential ). Read the next senuen—

t i a l  record from a random fi le. The relative recora number

of the record read is loaded into the memor y reference.

k~~R: (rewrite a random record).

~RR : (write random relative ) . n ri t e a record into

the area indicated by the memor y reference.

mRS: (write random sequent ial ) . v~rj - t e tri e next

sequential record to a random f i l e . The relative record

— •—~~ • -
~
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number is returned.

6. Special instructions

The remaining in structions perform sp ecial functio n s

• required by the machine that do not relate to any of t rim

previou s groups.

NUT: (neait ive test). Negate the value of the oranch

flag.

• Parameters: no par am eters are reouirea.

LOX : (load a code address direct ). Load the <code

address> with the number indicated by the <memory address> .

Parameters: <Code address> <memor y address> <len g th — ryte>

SCR: (calculate a subscript). Load the subscri pt

stack with the value indicated from memor y . The aadress

loadeø into the stack i5 the < i n i t i a l  address> pl us an

offset. Mul t i p l y i n g  the <fie l d length > by the num oer in tne —

<memory reference> gives the offset value.

Parameters: < i n i t i a l  address> < f i e l i  len gth> <m em ory -e f e r —

ence> <memory length> <stack leve l>

SW: (stop wi t h displ ay) . Dis p lay the irdu i catea in-

formation and then stop.

Parameters: <memory address> <l ength — byte>

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

Parameters: no parameters are require d .
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The following instructions are uSed in settin g uo

the machine environ m ent and cannot be used in the normal ex-

ecution of the mac hine.

BST: (backstuff ). Resolve a reference to a label.

Labels may oe referenced p rior to their definition , reauir—

ing. a chain of resolution addresses to be maintained in the

code. The latest locat ion to be resolvea is maintained in

the symbol table and a oointer at that location indicates

the next previous change . A zero p oi n ter indi cates no or ior

occurrences of the label. The code address referenced cy

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

loaded wi t h  the <new address> . If it is not zero, then tn e

contents are saved, and the process is repeated w i t h  t he

savea value as the change address a fter loading the <new aa—

dress> .

Parameters: <change address> <new address>

INT: (i n i t i a l i z e  memor y) . Load memor y w ith the <in-

put strin g> for the given lenqt h at the <memory address> .

Parameters: <memory address> <address length > <in p u t

strin g>

SCD: (start code). Set the i n i t i a l  value of the pro-

gram counter.

Parameters: < start address>

TtR : (terminate ). Ter min ate the i n i t i a l i z a t i o n  pro-

cess and start execut ina code.

Parameters: no param eters are regu i red.
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III. MICRO—CObO L IMP LLM ENTA T IL )N

A. COMPILER IMPLEMEhIA TLOtI

1. ~eneral method

The LALR parser—table construction programs used

here are based on the work of Knut ri L93 . hi~ wor k defines

two methods of testing a grammar to see i f i t is LR (x). One

of these m etho ds leads to the creation of a set of tau les

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

~h i l e  d i f f i c u l t  to imp ’em ent in the form given by bnuth, the

method has been developed in usable form for subsets of the

grammars that are LR (k). References 2 and cont a in de-

ta i l e d discussions of the me thods cur rently available. The

al gorithm usea to develoo the tables for the h~iCNO CUF3L~L

com oil er was developed by ~ . Lalon ci e ~12J .

rhe compiler was designed to read the source

la nguage statements from a diskette or other mass Storage

device , extract the needed information for the symbol table ,

arid write the output code back onto the diskette a l l  in one

pass of the source orogram . The qr amm ar was i n i t i a l l y  de-

fined for’ the entire l anguage , but the size constraint s

placed on the im p lementation reoui reo sm al l e r  tab les. Tri p

grammar was then defined in two parts .~h i ch run in succes—

• sion. Ihe m ajor m eth od of oassino information from ~he

31)
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first part to the second is by p lacing the information in

the symbol table.

The outout code from the com p iler consists of the

operations that have been p reviously defin ed. They were

designed as an intermediate language that would be executed

by the interpreter described in section B. the vast differ-

ences between the ooerations available for the target com-

puter and the ooerations necessary to supoort CObOL maoe

t h i s approach easier than dOdO m achine code.

2. Control flow

The como i ler has been designed so that the op er ation

of the t wo parts would he transparent to tri e user. .dhQn li e

first par t is loaded it orings in w i t h  its code a reader

• program w hi ch loads the second fi l e  a utomatically. p ri or to

c a l l i n g  the reader Program, the first part wri tes any oen~~—

ing code to the disk and loads al l  toggles to a conm cn area

ready to be read by the second part.

Internal l y, the control of the twp p are s is i o C f l t i —

cal. i he parser is called after i n i t i a l i z a t i o n  ana runs in—

t i l  i t either finishes its task or reaches an unr ecoverable

error state. The ma jor subroutines in the compil e r ar’ the

sca nner and the production case statement. Bo th ar’ con—

• t r o ll e ci in their acti ons by the parser.

31
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3. Inter nal structures

The major internal structure is the symbol table.

It was designed as a list where the element s in the list are

the descript ions of the various symbols in the oroyram. ~~

new symbols are encountered they are added to the end of the

list. Symbols already in the list can be accessed through

the use of a “curre nt symbol pointer. ” The loc ation of

items in the li s t is determined by checking tne identifier

against a hash table that p oints to the first entr y in th e

symbol table w i th that hash cooe. A c ha in of c o l l i s i o n  aci—

ciresses is m ainta in ed in the symbol table w n ic h l i n k s  en-

tries whic h have the same hash va lue.

A l l  of the items in the symbol table contain tne

• f o l low ing information: a c o l l i s i o n  field , a tyoe fie l a , the

length of the i d e n t i f i e r ,  and the address of the item. If

an item in the symbo l table is a data field, the f o l l o w i n g

infor mation is include d in the table: the length of trl e

• item , the level of th~ data f i e l d ,  an op tiona l deci m al

count , an op tional m u l t i p l e  occurrence count , and the ac—

dress of the ed it field, if reiuired. if the ite m is a f i l e

name then the following additional information is inc lu aeo :

the f i l e  record length , the file control olock address, and

the optional symbol table location of the relative record

pointer. If the item is a label, then the only adcii t io n al

informat ion is the loca t ion of the return in str u ct i gn at tr i p

eno of t he paragraph or section.
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In addition to the symbol table , two stacks are used

for storing information: the level stack and the identifier

stack. In both cases, the y are used to hold pointers to en—

tries in the symbol table. The identi fi er stack is usea to

collect mu l ti o le occurrences in such statements as the GO TO

— OEPENOING statement. The level stack is used to hold in-

formation about the various levels that make up a record

descri ption.

The parser has control nf a set of stacks that are

used in the manipulation of the parse states. In ad ci it ion

to the state stack that is reguired by the oarser , nart one

has a value stack and oart two has two different value

stacks that operate in p arallel with the r~arser state

stack. The use of these stac ks is described below.

LI. Part one

The first part of the com p iler is p r i m a r i l y  con-

cerned with buildin q the symbol ta ol e that w i l l  oe used by

the second part. The actions corres oonding to each r’arse

step are exp lained in the sections that follow. In each

case, the grammar rule that is bein g ap o lied is given , and

an exp lanation of what orogram actions take place for t~’at

steo has been include a , In describino the actions taken for

each parse step there has been no attem p t to describe how

the symbol table is constructed or how the values are

p reserved on the stack. rhe i nt mnt of this sect ion is t r

oescribe what information needs to be retained and at what

- - • 33 
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poin t in the parse it can be determine a . hhere no action is

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

to save the contents of the top of the stack , no ex p lain a—

t-ion is given. Questions reqaraing the actua l mani p ulation

of informati on should be resolved by consulti ng the pro—

grams.

1 <program> ::: <ia— div > <e div > <d oiv> PROCEOURF

Reading the wora PROCEDURE terminat es the first part

of the comp il er. 1 
*

2 <id— div > ::~ IDE NTIFICATION DIv ISION. PPOGRA i~— ID .

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

3 <auth > ::: AUThOR • <Comm ent>

<emp ty>

5 <date> : DATE—aRI TE EN . <comment >

6 1 <empty >

7 <sec> ::: SEC UR IT Y • <comment> •

8 <empty>

9 <Com ment> :~~ <in p ut>

10 <comment> <in p ut >

• 11 <e—div > ::: ENV IRO i~MENT DIVISION . CU N FIGUk AI IW J SLC1 !U~a .

<sc r— obj> <i—o >

12 <src—obj > ::~ SOURCE— COM PUTER , <comment > <debug>

O8JECT—C UJMPUTER . <comment >

13 ‘debug> :: DEBUGGING MODE

Set a scanner tog gle s~ th at aebug lin es w i l l  be

read.

1 <empty >

15 ci— o> ::= INPUT— OUTPUT SE.CTTUN . FILt.—CO 1~TRflL

3LI
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<file —control—list > <i c>

16 1 <emp ty>

17 < - f il e—control—list> ::~ <f i le—control—entry>

18 1 < f i l e — c o n t r o l — l i s t >  <fil e— contro l— entr y >

• 19 (fil e—control—entr y> ::: SELECT (id> < a t t r i b u t e — l i s t >

• At this point all of the in formati on about the f i l e

has been collected and the type of the f i l e  can oe

• determined. F ile attributes are checked for comoata—

D i l i t y  and entered in the symbol table.

20 < a ttr ibute ~~l is t > ::: <one attrib >

21 1 < a t t r i b u t e — l i s t >  <one a t t r ib>

22 <o ne—a ttr ib> :: ORGANIZATION orq—tyoe >

23 ACCESS <a cc— tyoe> <relative>

ASSIGN <inout>

A f i l e  conrol b locx is b u i l t  for the f i l e  using an I.~T

operator.

25 <org—type> ::: SEQUENTIAL -

No informa tion needs to be stored since the default

f i l e  organization is sequential.

26 : RELATIVE

The relative attribute is saved for production 19.

27 <acc—t yoe> ::: SEQUENTIAL

Th is is the default.

28 1 RANDOM

The random access mode needs to be saved for Produc-

tion 19 .

29 <r elative > :: RELATIVE <i a>

The p ointer to the i d entifier w i l l  be retained by tr~e

3~,
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current symbol p ointer , so this pr oduction onl y saves L

a flao on the stack in dicatin g that the pr oductio n di d

occu r.

30 1 <emp ty>

31 < ic > ::: 1—0—CONTROL • <s ame—list >

32 1 <empty >

33 < s a m e — l i s t >  :: : < s a m e — e l e m e n t >

3~ I <s ame—list > <same—eleme nt>

35 <same—elem ent> ::: SAME <id—strin g >

36 <i d—s trino > ::~ < ii>

1 <i d strin g> < id>

38 <d— d -tv > ::: DA. I’ A DIViSION • <f i le—s ection > <work> < l i n k >

39 <f ile—section > ::: FILE SECTION • < f i l e — l i s t >

A ctions w i l l  di ff er in production 64 depenaing ucon

wh ether this product ion has been compl eted. A flag

- 

needs to be set to indicate com pl etion of the f i l e

sect  ion.

I <empty >

The flag, indicated in Production ~~~~~~, is set.

41 (fil e—list > ::: <fil e—e lement> -
•

42 1 < f i l e — l i s t >  <file —element >

43 <f iles> ::~ FD < Id> < file —contro l ) . <recor d—desc r ip t ion>

This statement ind icates the end of a record descrip-

tion, ana the length of the record and its address can

• 
- 

now oe loaded into the symbol table for the f i l e

name.

L4L4 < f i le —control > ::: <fi l e — l i s t >

45 1 <empty>

36
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46 <f i l e — l i s t >  ::~ <fil e—element>

47 1 < - f i l e — l i s t >  <fil e—element >

48 (fil e—element > ::: BLOC~( <i nteger> PbCURDS

‘49 PECURO <rec count>

the record length can be saved for comp aris on wit h  the

calculated le ngth from the p icture clauses.

50 1 LABEL RECORDS ST AN DARD

51 1 LABEL RECORDS OMITTE ID

52 1 VALUE OF <i- i—strin g >

53 < rec— count> :: <integer>

54 1 <Intecer> TO < integer>

The TO oution s the only i n d i c a t i o n  that the f u n

w i l l  oe variable len~~i~h . rhe ma ximum l ength mus t oe

save a .

55 ‘wor k> ::: ~OR KI~~G—S TO RA GE SECTION . < rec ord—descr iotio n >

56 1 <em oty >

57 <li n k >  :: LIN;~AGE SLCTION • <r ecord— riescr ic ti on>

58 1 <empty >

59 <record—descri ption ) ~~ <l e v el entr y>

1 <r ecord—descri p tio n> <l eve l—entr y>

bi (ieve l—entr y> ::: <integer ) <dat a—i d > (redefines>

<data—t ype>

The level entr y needs to be loaded into the l e v e l

stack . The lev el stack is used to keep track of the

nesting of u cla d e f i n i t i o n s  in a record. Mt t h i s

time there may he no informatio n about t h e  leng th of

th~ item b eing defined, dna i t s  a t t r i b u t e s  m ay  oepeni

ent i rel y upon its constituent fie lo s. If there i s a
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pending literal, the stack level to which it app lies

is saved.

62 <da ta—id> ::~ <Id>

63 1 FILLER

An entry is b u i l t  in the symool table to record infor-

mation about this record field. It cannot be used ex-

p l i c i t l y  in a program because it has no name , but its

attributes w i l l  need to be stored as part of the total

record.

64 <redefines > ::= r~E UEF lNE S <ici>

The reoefines op tion gives new at t r i b u t e s  to a previ-

ousl y de fined record area. the symbol table p ointer

to the area being redefinea is saved so that in for ’~a—

tion can be transfere d from one entr y to the other .

in addition to the in 4or mati on saved re l a t i v e  t o tri e

re a efinition , it is necessary to check to see if t h~

curre nt level number is less than or equal to the lev-

el recorded on the top of the level stack. If thi s is

true , then al l  information for the item on the too of

the stack has been saved ana the stac~ can be re-

duc ed.

65 1 <emoty’

A s in production 64, the stack is checkea to see if

the current level number indicate s a reduction of the

level stack . in ad dition , special action needs to oe

taken if the new leve l is 01 . If an 01 level s en-

countered at t h i s  pr oduction p rior to production 3~ or

40 (the ‘nd of the f i l e  area ), i t is an im o l i e d  rede—

3o
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f iriit ion of the previous 01 leve l . In the workin g

storage sectio n , i t indic a tes the start of a new

• reco rd.

66 (data—type> ::~ <pr op—list>

67 1 <empty> 
- 

-

68 <p rop—list> ::: <data—e lem ent >

b9 1 <pr op—list> <data—ele m ent >

70 <data—element > :~~ PLC <i nput>

The <in p ut> at this point is the character s t r i n g  that

d efines the record field. It is anal yzed and the ex—

t a c ted infor m ation is stored i n  the symool table.

71 1 USAGE CU MP

The fie la is defined to be a oackea numeric fi e l a.

• 72 I USAGE DISPLAY

T he )TSPLAY format is the default , and thus no special

actio n occurs.

73 1 SIGN LEADING <seoarate>

Th i s oroduct ion indicates the presence of a sign in a

numeric field. rhe s-iqn w i l l  be in a leao ing ~os i—

tion. If th e <separate > in d i cator is true , then t~~e

l ength w i l l  be one longer than the P icture clause , and

the type w i l l  be changed.

74 1 SIGN TRAILING <separate >

t he same information reguired by oro~ uc tion 13 ~“ u s t  be

recorded , but in t h i s  case the sign is t r a i l i n g  rat h er

than leaaing.

75 1 OCCURS < int eger>

The typ e mus t be set to indicat e m u l t i p l e  occurrences,

• 39
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and the number of occurrenc es savea for comPuting the

• space defined by this fiel a .

76 SYNC <dire ction >

Syncroni zation wit h a natural boundar y is not required

by this machine.

77 1 VALUE < l i t e r a l >

The field being defined w i l l  be assigned an in i t i a l

value determinea by the value of the l i t e r a l  through

the use of an INT ~oerator . This is only v a l i a  i n  the

aOR~ jNG— 5TORAGE SECTION.

78 <direction> ::~ LEFT

79 ; kIGHT

80 1 <em ory>

81 -separate> :: SEP~~R~~TE

The separate siqn in d icator is set on.

1 <errpty>

83 < literal > ::: <inp ut >

The inp ut stri n c is checked to see if it is a v a l i d

numeric l i t e r a l ,  and if v a l id, it is storea to be used

in a value assionment.

84 1 < l i t ’

This l i t e r a l  is a quoted string.

85 1 ZERO

As is the case of a l l  l i t e r a l s ,  the fact that th ere is

a pending li t e r a~ needs to be savea . 1r~ tr~is case ani

the three followin g cases, an ina i c at or pi whi ch

l i t e r a l  constant is bein g savea is a l l  th at is re-

quired. The li t e r a l  value can be reconstructed

(10
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• l a t e r .

86 1 SPACE

87 1 QUOTE

• 88 <integer > ::~ <i nput> -

The inpu t stri ng is Converted to an integer value for

later inter nal use.

89 <id> ::: <input>

r The input string is the name of an identifier arid is

checked aginst the symbol tab le. If it is i n  the svm—

bol table , then a pointer to the en tr y is saved. If

it is not in the symbol table , then an entry is audea

ano the address of that entry is saved.

5. Part two

The second part incl udes all of the PROCEDURE DIVI-

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

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

how various pieces of information were retrieved but only

what informat ion was usea in oroducin g the output cooe.

I (o— div> :: I~ROCLD URE DIVISION <using > .

<O roC DOdy> ~.MO

This production indicates termination of the ccmoila—

tion. If the program has section s, then it w i l l  ce

necessary to terminate the last sect ion w i t h  a b El 0

instruction. The code w i l l  be ended by the output of

a TLR ooerat ion .

2 <us ing> ::~ USING <i d—strin g >

41
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3 1 <em pty>

£4 < ia—strin g> ::: <jo>

I he id e n t i f i e r  stack is cleared and the syirool table

address of the i dent i fier is loadea into the fi rst

stack location.

5 1 <i d—strin g> <id>

The identifier stack is incremented and the symbol

table pointer stacked.

6 ~oroc— body> ::: <Paragraph>

7 1 <Proc—body> <paranraph >

8 <paraqr~ ph > ::: <ia> . < sentence—list >

The starti n g ano ending address of the paragraph are

entered into the symbol tab le. A return is emitte d as

the last instruct i on in the paragraph (RET 0). ~;he n

the l abel is resolve d , it ma y be necessa ry to prrauce

a 8ST o pe r a t io n  to  r e s o l v e  o r e v i o u s  r e f e r e n c e s  to  tne

I abel.

9 1 <i -b > SECTION

The startin g address for the sect ion is savea. if it

is not the first sect ion , then the pr evious section

ending aadress is loaded and a return (PLT 0) is out-

pu t. A~ in production A , a f~ST may be procuced .

10 <sentence—list > ::: <sentence>

11 1 <sentence—list> <sent ence>

12 <sentence> ::: < imp erative>

13 1 < c o n d i t i o n a l >

1(& 1 ENTER <id> op t—i a >

This ro nstruct is not implemen ted. An .F’~Tc~R a l l o w s

‘42
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statements from another l anguage to inserted in ‘he

source code.

15 < imp erative> ::: ACCEPT <subid >

ACC <address> <length>

• 16 : < a r i t h m e t i c >

17 1 CALL < l i t >  using>

This is not implemented.

18 1 CLOSE <id>

CLS <f i l e  contr ol b lock address>

19 1 <file —act >

20 1 DISPLAY <Ht /i~~> < opt — l i t / i c ’

The dis p lay operator is produced for the first l i t e r a l

or identifier (DIS <address> < len gth>). If the second

v a l u e  exists, the same code is also produced for it.

21 1 E x I T  < o r o g r a m — i a >

R t 1  0

22 1 GO < id>

BP~N <address>

• 23 1 GO < i d — s t r i ng ’  DEPENDING < ia >

GOP is outout, followed by a numoer of p arameters:

<the number of entries in the identif i er stack> <~ r~e

length of the aep ’nding ide n tifier> <the adaress of

the decendin o identifier > <th e aadress of each i-ceo—

t i f i e r  in the stack> .

~OVt~ 
(l i t — i d >  Tu <Subi l>

The types of the two f i e l d s  deter~~i n, th e move t r a t  i s

gene rated . N um eric moves go t b r e~uah reg ist e r t~~c us-

ing a load and a store. Non~ nu~ eri c m ove s d~ pen , ucc~
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the result field and may be either MOV , M~ D or MN~~.

Since all of these instructions have long Param eter

lists , they have not been listed in a etail.

25 1 OPEN < t y p e — a c t i o n >  cid>

T h is  produces e i t h e r  OPN , aPi,  or 0P2 depenuina uoon

the <type—action> . Each of these is foll ow ea by a

file control block address.

26 1 PERFORM < id> <thru > (finish >

The frER o o e r a t i o n  is ge nera ted  f o l l o w e d  by tne  <o ranC h

add ress> < the  add ress of t he  retu r n  s t a t e m e n t  t o  be

-
• set> and <the next instructio n acoress> .

27 1 <r ead—id >

28 1 STOP <t erminate >

If there is a term inate message , then SPO is produced

f o l l o w e d  by <messa g e adaress > <mess ag e lengt h> . Utri —

e r w i s e  SIP is e m i t t e d .

29 <~~ n Øiti ~~na~ > ::~ <ar it hm etic > < size—error > <im p erative>

A 651 operator is output to comp lete the branch around

the imp erative from p roduction bS.

30 1 < f i l e — a c t >  < i n v a l i d >  < i m p p r at i~~e>

A 8ST operator i~ output to com olete the branc h from

pr oduction 64.

31 ; IF < co -i ditio n > <action> ELSE <imperative>

Iwo bST operators are required. The first l i l l s  in

the br anch to t~~e ELSE action. !he second co -rpl etes

the oranch arauri d the <im p e rative> .

32 1 < read— i d> < sp e cial > <im p e rative>

A bST is orOducCo to complete the branch aroun~ th e

- • 
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<im p erative> .

33 <Arithme tic > ::: ADD < I/id ’ < op t— i /ia> TO <suh id> <round>

The existence of m u l t i p l e  load and store instructions

make it d i f f i c u l t  to indica te exactl y what code d i l l

be generated for any of the arithmetic instructi on s.

The type of load and store w i l l  aepend on the natur e

of the riumoer involved , and in each case the stanjard

parameters w i l l  be oroduced. This  parse step w i l l  in-

volve the following actions: f i rst, a load w i l l  be em-

itted for the f irst number into regs~~er zero. if

there is a secona number, then a load into regi ster

one w i l l  oe oroduced for it , fol l owed by an AL)1- and a

511 . Next a load int o register one w i l l  be generated

for the result numoer , Then an ADD instruction w i l l

be emitted , Fi n all y, i f the round indicator is set, a

RND operator w i l l  be oroduced pri or to the Store.

1 DIVIDE <l~~i~~> fl~TU < su h i ci> (round>

The first number is loaded into register zero. The

second or)erand iS loaded into rm~jiste r one. ~ fl IV

operator is produced, foll owed by a ! c N O  operator O r i o n

to the store, i f reauire o .

PULTIf’L’t (1/ia > ~Y <subid> <rouna>

The m u l t i o l y  is the same as the d i v i d e  excep t that ~

MUL is ocoduced .

36 1 SU’3IPACT < I /ia> (00t 1/ id > FROM

<S upid ’ <round>

Subtact ion generates t r i e s a m e  coce as the A~~D excep t

th at a SUR ~~ croduced in pl ace of the l ast ~~~~

(15
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37 <file—act ’ ::: DELETE <id >

E i t h er a OLS or a DLR w i l l  be produced along w i t h  tne

requ i red parameters.

38 1 RE~ RITE < id>

Either a R~ S or a R~ R is emitted, followed by parame-

ters.

39 1 wR ITE < id> <special—act>

There are four possible w rite instructions: aTF , ~VL ,

eRS, and WRR .

‘40 < co n d iti on > ::= c l i t / i a >  <n ot> <cond—ty p e>

One of the compare instructions is oroduced . I hey are

CA L , CMS, CNU, RGT , PLI, t~EO, SL,T, SLI, and SEO . 1.0

--  load instructions and a 5013 w i l l  also be emitted i f

one of the register comparisons is recu-i red.

41 <Con-b—type> :: NUMERIC

‘42 1 A LPMAAETI C

‘43 1 <compare> (ii t / i ~~>

44 <not> ::~ NOT

‘45 1 <emo ty>

‘46 (co mpa re> ::: GREATER

‘47 1 LESS

‘48 1 EOUAL

49 ROUNU> ::: ROUNDED

50 1 <em Pty>

Si <terminate > ::: (liter al >

52 1 NUN

53 < sp ec Ial> :: <i nvalid>

‘40
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54 l END

An END operator is oroducea foll owe d by a zero. m e

ze ro  a c t s  as a f i l l e r  in the  co ae and w i l l  oc hack—

stuffed w ith a branch address. In ch is oroauc tion and

several of the follo wing , there is a forward branch on

a false condition past an imp erative action. For an

exampl e of the resolution , examine oroduction 3?.

55 <opt—id > ::: <subid>

56 1 <empty >

57 <action > ::: <impera t iv o >

BRN U

58 1 NEXT SENTENCE

8RN 0

59 <thru > ::~ THPU <ia>

60 : <empty >

61 <f inish> :: < l / i d >  TIMES

LOL <address> <length > DEC (1

62 1 UNTIL <conditio n>

o3 1 <emp ty>

64 <invalid> :: INVA LID

INV 0

65 <size—error > :~~ SIZE ERROR

S~ R 0

66 <sp ec ia l— act > :: <when> A DVA N C ING <h ow—man y>

67 1 < e m p t y >

68 <when) ::: BEFORE

1 AFT ER

70 <how—man y >::: inteoe r
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71 1 PAGE

72 <typ e—actio n > ::: INPUT

73 1 OU I PUT

74 1 I—U

75 <subid> :: <subscript >

76 1

77 <-integer> ::: <input >

The value of the inp ut strin g is saved as an internal

number.

78 id> ::: <inpu t>

The id e n t i f i e r  is checked aciinst the symbo l table , if

it is not oresent, i t is enterea as an unresolved la—

oel .

79 <1 /ia> ::: <input ’

The input value may be a numeric li t e r a l .  If so, it

is pla ced in the constant area wi t h  an INT ooerand .

If it is not a numeric l i t e r a l ,  then it must oe an

identifier, ana it is located in the symb ol tacle.

80 : <su o scrict >

81 1 ZERO

82 (subscript> ::: < 1 >  ( <in p ut > )

If the identi fier was de fined w i t h  a USING gp ti p n,

then the inou t strina is checked to see i f i t is a

number or an ident i f i e r .  If it is an ide n t if i er ,~~then

an SCR operator is produced.

83 (opt—I /id> ::: < I /id>

84 1 (empty>

85 c n n — l i t >  ::: (lit>

413 •
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The lite r a l  strina is placed into the constan t area

using an TNT operator.

86 1 SPACE

87 1 QUOTE

88 <l iteral > <rin lit >

89 
- 

1 <input >

The i nput value must be a numeric l i t e r a l  to he v a l i d

and is loadea into the constant area using an INl.

90 1 ZERO

91 <l i t / i d >  ::: < 1/ i a >

92 1 < o n — l i t >

93 <opt—lit /id > ::: < lit / i d >

9’~ 1 <empty>

95 <p rogram—i d> ::: <id >

96 : <emptj >

97 <read—id > ::: r~EAD <id>

[here are four read ooerations: RUF, PVL, PNS, and

RRR.

The output code f i l e  is the on ly orocuct of the corn—

p i l e r  that is retained. ~ l 1  of the needed i n f o r m a t i o n  ~as

been extracted from the symbol table , and it is nnt required

b~ t he interpr eter. Code w i l l  be generated for a l l  proarams

including those that con tain errors and can be exam ined

t hrough the use of the decooe program. This program

tra nslates the output f i l e  into a l i s t i n g  of code operators

f o l l o w e d  by the parameters.

- - --~~~~~~~~~~ --~~~~~~~~~ p — ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---.- --- •~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~
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~~. LNTL Rt ETER IMPLE’~EN TA T IUN

1. General structure

T he format tnat has been presented for tne cutout

code determine s the aeneral form of the interpre ter. If it

had not bee n oossible to transform the instructions from tne

com p iler into a set of c a l l — l i k e  commands, it wou lo have

been necessary to impl eme nt a stack in the interpr eter. In

general, the interpreter Contains a large ‘case statereri t ”

which decodes each op eration and eit her c a l l s  Suorout ine s to

perform the required actions or acts d i r e c t l y  on the run—

time environ ment to control the actions of th e inter pr eter.

A l l  communica tio n between instructions is done throuon cnm—

mon areas in the orogram where information can be stored for

later use.

[he design of the inter pr eter has been m odu la rized

i n an attem ot to allow easy transition to other haridware

confi gurations and operating systems. If desired, any sec-

tio n of the instructions could be implemented in as sembly

l anguage modules or could be passea to th, operatin g system

for action. Tri e entire system has been coded in PL/~ for

consistenc y, ease of cevelo oment , and maximum o or t aoi li t -v

Iii .

2. Coae modules

[he followi n g sections exn ain the interpreter oy

noting the spec i fic manner in w h i c h  the mac h ine inst ru cti on 5

50
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defined in section Il—C have been im olem ente d . The divi-

sions are the same as those in sectio n II C.

a. Arithm e t i c  instructions

Since the machine was cefinea as having only one

set of arithmetic registers, it was necessary to Convert all

numeric input to one form. The packed deci m al form at was

chosen as the format that would be used in the registers.

[his conversion process slows down the a r i t h m e t i c  op erat ions

sli g h t l y ,  hut the reduction of the inter pr eter m em ory size

was considered more imp ortant.

A l l  of the ari t hm etic op erations take place i~~ a

set of three work areas or registers. Each of tnese areas

is ten bytes long and can contain an eighteen d i g i t  number

with one f - i l l  character on each end. The extra soace facil-

itates checking for overflow and also makes roun o iria oPera-

tions easier. The l ancuage ‘does not Supp ort the CU~~r IJTE

verb , so no storage of inter mediate results is re qu ire d fr’ -~ ii

one instruction to another.

Al l  of tne arit hmetic instructions use ~r~e

packed deci ma l feature of the ~0~ O as a basis for their ac-

tions. Each of the instructions depends on th e ua sic oPera-

tio n of addin o two registers: ~uh tr ac t iori is accom p lishe d

using nines com olem ent arithmetic, m u l t i p l i c a t i o n  is uone

through a s hift anc add algorithm , and division oy a s hif t

arid subtract method.

-- -— -- .  -- - 
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If the amount of computat ions reQuired by a

given applicati on make it necessary to speed up tnese in-

structions , they cou lo be replaced by a package in assembl y

language. Extendin g tne orammar to in c lude the COh~PUTt. verb

would require changes in the com p iler to allow for temporar y

locat ions, but it coula be included.

b. 13ranc h irig

The operation of the interpreter is con t rolled

by a orogram counter that points to the next op eration to ce

performed. A l l  branching is done by changing the normal

sequential order of executio n of instructions. In ~d ai t io n

to act ing directl y on the program counter , branchi n g in —

structi ons use the orarich flag to determine when chances

should be made. A l l  of the addresses that ooint to coce are

absolute addresses an-b can be loaded a i r p c t l y  into the pro—

gram counter.

c. inpu t—out p ut op erations

A l l  of the inPut and output op erations use the

CP/M interface ca p abi l ities (5). The program expects to see

t he files in the form that the CP/M editor would have creat-

ed them. The ph ys i ca l records on the disk are assumed to be

128 bytes in length and have a l l  l o g ica l records end ing ~,i t h

a carriaqe return and a line— feed sequence. There is ~n 1y

one type of f i l e  under CP/M , so al l  r e s t r i c t i o n s  on ~ i~~~ nc~

moces of files are remov ed for f i x ~~~~d lpn ith fi l e s .  F i l e s

created in one progra~ as sequential can he accessed as ran—

- ———-—- — •-----—— -—j - .- -—- — -  - -----—- — ~~~~~-~ —•-— —---—~‘ ~—~~~~~—— “—~—— --- •~~- • — • — • • •~ —~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—- —s ~~~~~~~~~~ ~—~~ ——~~~~~- -
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• dom files in another Program. Variable length f i l e s  cannot

be accessed in a random fashion Decause there is no way to

compute the startin g address of each record.

~ehere possible, the interface routines have been

localized in the program s to s i m p l i f y  transport a t ion to

another operatin g environ ment. Items relating to f i l e  co n-

trol blocks , disk record l engths, and other system parame-

ters have been established as l i t e r a l s  in the orograms ,

rat her than entered as numb ers, so that changes w i l l  not

have to be made throughout the code.

a. Moves

As no ted p reviously , the mac hine lac ks numeric

moves , t here were two major reasons for lea vin g out tne

various moves of num eric data . The first was that the aeded

moves would have required more program space, and the second

was to sim p l i f y  the coaina and checking of the proqr .am .

Since all of the num eric tyPes are supported w i t h  reg iste r

loa d and store opera tions , any move can oe accomplished by a

load into register two ana a Store into the result f i e lo .

A l p h a—numeric moves are suoported as direct

moves from memory to memory. if speed is required for a

numer ic move , the fiel d s concerned can he redefined as

al pha—numeric and the m em ory move used . however , t h i s  type

of move w i l l  only nork on two numbers that have exactl y the

sa m e rep resentation ir’ tne Com puter.
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Ed ited moves also are from memory to memory , hut

t hey involve several additional steps. The edit mask is

loa ded into the result f i e l d  before any characters are b aa—

ed, and each character in both the receiving f i e l d  and toe

sending f i e l d  is examine -b to dete rmi n e what actio n Should be

take n in addition to a move.

3. Lim i t a t i o n s

The M ICRU— CObOL implementation did not lend its e l f

to support of the inter orog ram Communicatio n s Moaule . There

was no c a p a b i l i t y  in the operating system to dump the rremo rv

image onto the disk or to restore it. It would be p o ss ib l ’~

to impl ement such a supervisor C Q l l ,  or a one way c a l l  could

perhaps be im olemen ted from one program to another w i t h o u t

the p o s i b i l i t y  of a return to the c a l l i n g  proaram. If re-

quired by an ap p lication where m o d i f i c a t , o n  c~ toe operat inc

system was not p ractical, a small overlay program could ce

written as an indep endent functio n to be boaaea w i t h  the in—

tero reter. If large systems are to ce run on mic r ocom ~~utp r s

w i t h m i n i m a l  memory, some type of int erp ro o ram comm unic a-

t ions would greatly f a c i l i t a t e  th .ir riesion .

C. SOF 1v~A RE TOOLS

As in any software develo pm ent, one of the things t h at

was most i rno ortant to the success of t h i s  project Wd S to e

software suoport fo r the develo pment effort. T h i s  svste”

was developed on th e 3f’-u/hl rather they’ on the 8080. Usinci

______________________ 
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the Intel INIERP program 181 and the CP/M sim ulator

developed by at tPi e Naval Postgraduate School 11 (1, it WaS

possi ble to both com p ile programs on CP/CMS ana run the gen-

erated coce. This f a c i l i t y  removed the necessity of tran—

oort inq code from the 3ô0 to the ~U8U f~~r testing and

greatly improved the o roducti vi t y .

Using the simulator did not result in exactly the same

product as would have been develo Ped if the p roject had been

aone enti rely on the 80R0. It was not possi ole to lcaa a

program on the simulat or w i t h o u t  destro ying th e core image

curre nt ly in the simula to r. In p a r t i c u l a r , the first part

of t he compiler could riot leave the symbol table for toe

second part if t~ie second part was loaded py a normal loai .

T his p roblem was resolved py w r i t i n g  a set of small programs

t hat read in the sequence of compiler comoonents from simu-

lated memory image files. These Programs nav~ been included

in t n -is document so that, if future work is done, the simu-

lator co uld be used again.

r •1
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LV. CONCLUSIONS

Ih -i s project demonstr ates the feas i b i l i t y  of aopl y i nq

modern comp iler construction techni ques to the imp lementa-

tion of a lan guage developed p rior to the work on formal

grammars. ~ot only is it possible to construct a com pil er

for HYP (J—COBUL using an L4LR(1) parser, but the resu l ti n g

pro grams are hi g hly comoact. ih i s  a l l o w s  the im p l em e n t a t i o n

of the compiler on smaller ma chines arid increases the numb er

of tar get systems.

Onl y a l i m i t e d  number of programs have been wr i t t e n  us—

iri g the comp iler, ana no attempt has been macic to train oth-

ers in i ts use. l-1owever, adapting to the subset sno ulci not

be a major p roblem for a orogrammer experienced in w r i t i n g

standard COBOL . There have been no extensive t i m i n g  tests

of the system , but current indications are that coth toe

como iler  and interpreter operate at an acceo table rate.

t here are several areas that c~~ub d O~ enhancei in t h i s

im pl ementation of HYPO—COBUL. One of these areas is the in —

terpro gram Communication module. Uue to the l i m i t a t i o n s  or’

core size usual ly imposed by m icrocom p ute r systems , it wo u ld

be very heb øfu l to be able to com rii b e a set of orograms th a t

could be usea together as a sing le m oou le. Severa l laces

were presented in the body of this paoer which indicate how

the inter orogram commu n i cation m odule could be deveb ooed .

Sb
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Ihe GIVING option for ari t h m e t i c  statements could oe

addea to the grammar. Th is option would imp rove com ptation—

al programs, and coula be supported w i t hou t change to the

existing interp reter. As discussed orev ious ly , the CuP~Pli1E

ver b could be added if desired , but it would recuire greater

changes both to the grammar and to the interpr eter.

\

Programmers that have used COBOL in a standard imple-

mentat ion w i l l  find the appearance of the ~UR~~Ii~G—S lO r~~y,E

SECIIO N quite aif ferent due to the b ac K of the 77 level. ‘~o

restriction waS placea on the size of the l evel numbers oth-

er tha n they mus t be less then 255. T h i s  a l l o w s  f o r  the

standard pr actice of level skinpin g . In ada it~~on, i t would

not be d i t i c u l t  to make the 77 level per form i n  a ri~~rm al

manner , )nere is no aiffere n ce in the way that the lanciuage

c o n s i d er s  an 01 level ana a 77 level it em , hut thc com oat a—

b i l i t y  wi t h common usaoe would be very ~e l o f u l  t~ a CUfIUL

programmer.

It is hoped t h a t  the  r e s u l t s  o~ t h i s  p r o j e c t  a re  in a

fo rm that w i l l  a l l o w  others to use the compiler as a w or k i ri -i

sy s t e m . It is recognizea that ma n y undiscovered problems

w i l l  plague the i n i t i a l  users , but every e ff ort has b een

made to describe what the system should dO Cfld to  i s o l a t e

the functio n s w i t h i n  the int e rpreter to f i i c i l i t a t e  coanoes .

57
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APPENDIX A — MICRO—COBOL USERS MAN UA L

This manual is written to ex p lain the imo l iment e t i on of

HYPU—CObUL done at the Naval Postqraauate School for the In-

tel 8080 microcom puter runnin g w i th CP/M (Control Program /

Mi crocomputer) , it is not intended that th i s manua l take

the pl ace of the HYPO—COBOL sp eci fi cation out that it supp ly

information on the manner in which this im p l ime n tat i o r was

aone. Ther e is no attem pt to teach CObOL ; however , someone

~ho has a working knowledge of the language should he able

to produce Programs from the information contained in t h i s

manu a l.

I h is manual contains a brief overview of the just i fi ca-

tion for ItyPO—CO8OL and the organi zation of this im r ’l im e nt a

tio ri . It contains a brie f exp lanation of each of the con-

structs avai laol e in the language and shows samol es of their

use. It ex o l ains the interactions between the var ious oarts

of the com oiler and inter pr eter arid how they interfa ce ~it h H

the operatin g system . It also includes a l i s t  of references

that might he useful to someone wh o w i s h e d  to  m o d i f y  the

comp iler.

One of the major goals of this ~iocument is to e xolai n

hpw t he ooer~at 1ri q system usea e ffect s the operation of toe

compiler , I t is recognizea that if the i m p l i m e n t a t i o n  is to

be useful i t w i l l  neeg to be m od i fi ec to run on Other c~~n f i —

~ ~~~~ - --~~~~~~~~~~~~~~~~ -— -~~~~~~~ - - - - - ~~~~ - 
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— gurat ions pf hardware and on other operatin g sistems . ~lh ere

- it was possib le, the inter action w i t h  t he  o o e r ac i n g  e nv i r o n —

merit was insulated fr -~m the other parts of the orogram, but

in the case of the f i l e  structure certain asSumot ions naa to

be made that could recuire modifica t i on.
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I. HYPO—COBOL OVE P~V IE~

In order to provide a standard CObOL subset that cou li

be im p l imented on a small compute r system, the Department

of the Nav y has aefined rIYPO—COBOL. loi s d e f i n i t i o n  is in

ten ded to give the m i n i m u m  subset of the COBOL language that

w oula be useab le as a working product. T h i s  subset ic’es ‘-tot

agree w i th the lowest level of COBOL as aefinea by the CU—

DASYL group and in some cases in cludes only a portion of one

of the CU~~OL levels as def ined in the current stanuards . £ r

is defined to in clude a port ion of the NULLIUS and both

SE~ UENIIA L 1—0 and REL~~T IV€ I—U. A smal l por tion of tne (~it.~~

bUG modu le was inc luded along wi t h  some 1N1E F~PF~OGPAM CUMhi(J~-

ICA IION instructions.

~dnere possi ble, short orms were included rat~ter tk an

long for ms, end i - - f two forms existed for toe same instruc-

tion , only one was in cluded. For example , the shortened PlC

is used rathe r than the f u l l  word PILTuRL . A ls o GO is not

followed by the op tional word 10. Thi s does a l l o w  t he ic—

fir i ition to ~e a oroper subset of the standard CUBuL, Lut ,

at the same tim ø , reduces the imp act of t’te wordiness o-’

CO8UL on a small system. -

A s an exce p tio n to the general ru le , PEb FURNI uN T IL w~*s

included from level 2 of the NUCLEUS in order to provi ri e ~ r’

add-it?o r ,al control structure to support structu red orocr~~~—

~
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ming technigues. Further information on HYPO—CO bOL can be

found in reference b.

-~~~
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11. ORGA NIZAT ION OF THE IMPL IMENTATI Oi~

l he compiler is designed to run on an RO~~Q system i n art

i nteractive mode through the use of a telety p e or console.

It requires at least 12k of RA M m emory and a mass storage

aev-ice for reading ari d wr it ing. The com p iler is composed

of t wo parts or passes, each of wh i c h  reads a portion of t h~~

input file. Pass one reads the input program anc bu i l d s  the

sy mbol table. A t the end of the DA t A DIVISION , pass one is

over layed Dy oass two w h i c h  uses the Symb ol t able to nrctduce

t he coae. The output code is w r i t t e n  as it is produc ed to

m i n i m i z e  the use of internal storage.

ihe first orogram of the inter p reter builds the core

im a ge of the code and performs such funct ions as bac K—

stu ffing addresses. This first orogram loads the second

program in and rele nquisnes control to the run time environ—

ment. I he interpreter is con tr ol led by a larae case state-

me nt that decodes the inst ructions and perform s the required

act i on s.

A~ a tool for dehuqginq the compiler a seperate orogram

was created th at w i l l  read the output Code arid t ra n slate the

opera tions back into the mn emonics that are useu in th~

second oass of toe compiler. l h i s  “aecoae ” program has Op en

inclu ded ~it h the other pr ccrams in order that anyone w i s h —

i ng to make chances to the Output code or to the actions of

— - -  - — - ~--——----- ~~~~ - - - - ~~~~~~~~~~ —- - -~ -~~~~~~ — --- ---- —~~~
- - — ---~ --- ----- --- ~~~~~~- ‘- - —~~~~~~~ -~~~-~-.~~~~~~~
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the inter p reter can use this tool.
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I I •I. M ICRO— COBOL ELEMENTS

!h is section contains a descri p tion of each element in

t he language and shows simpl e examples of i - ts  use. The f ’ l—

low in g conventions are used in e x p l a i n i ng the formats: Ll e—

mer its in closed in broken braces < > are themselves comnl et - ’~

entities and are describ ’ed elsewhere in the manual. ~ le— - :

merits inclose ~ i n stacks of braces I } are cho iCes , one of

the elem e nts which is be used. Elem ents ir t close d in  br act—

ets I are opt ional. A l l  elements i-ri c a p i t al letter -c are

reserve d words and must be sp elled exactl y .

Use r names are indicated as lower case. these nanes

have been restricted to 12 characters in length. There a re

no restr ictions in the compiler on wnat Characters C d V  he in

a user name. Some restrictions cc neec to be made to-~ aSsure

that they are not taken as l i t e r a l  numbers woen usei ir tne

DA TA DiVISI ON . For example a record cou ld be jefinea i~ tne

DATA DIVISION w i t h  the name 12314, but the comnand MOVE 1~~~4 
-

TO RICURL)1 would result in the movement of the l i t e r a l

number not the data stored. The l-4YP0—CObOL description re—

quires that ea_ h name start w i t h  a lett e r. T h i s  r e s t r i c t i o n

was not impl emented because it v i o l a t e s  comm on p rog r am m i r t o

pr act ices.

lP t e inout to the c o m p i l e r  does not need to con form to

sta ndard COBOL format. Free forrr inp ut w i l l  be acce Pt—cl -~s

68
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the default cond ition. If desired, sequence numoers can oe

en tered in the first six ~.osit ionS of each line. however, a

- toggle neeas to be set to cause the comb -il e r to ianore those

lines.

L 
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IDE N T IFICA T IO i~ DIVIS IuN

ELEME NT : 
-

IDENTIFICATION DIVISION For mat

FON MA I :

iUE~N 1 I FICATI O N DIVISION .

P~~U (RAM— ID . <comment > . 
•

L A UIMOR . <comment > .l

LDAtL — ~ PITTEN. <comm ent > .l

(SECURITY. <corn rrent ’.J

DESCRIPI ION :

Ihis d i v i s ion pr ovides information for proaram iceri-

t i f i c a t i o n  for the reader. The order of the lines i s

H xea .

EXAMPLES:

IOL N II F ICA T ION DIVISION.

P~~UL~~A i— ID. SAi’4PLE .

AUTHOR. A S CRAIG.

I
I
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t.NV IR8N M~ NT D IvI~~IUN

ELEMENT:

ENVIRONMENT DI VIS ION Format

FORMAT:

ENVI RONM ENT DIVIS ION .

CON FIGURATION SECTION.

SUURCE— CUM PIJTER. <comme nt> (DEuUGGING MODE)

ObJ~~C’NCOMPUIER. <commen t> .

(I NPUT—OUTPUT SECTIOi- ~.

F I L~~—CO NTRUL.

< f i l e ~~co nt ro l~~en~~ry> . .
(I —0— CD NT RU L

SAME f ile — n a m e — i  fi l e—nam e— 2 ( fi l e riame— 3j

If i le—n am e— 4 ] N ile—name— SI • 1 3

DESCRIPIIUN:

i h i s  d i v - i s -ion determines the external nature of a

f ile. In the case of CP/M al l  of the f i l e s  used can

be accesse d either se quentially or randoml y except for

var iable length f i l e s  w h i c h  are senuential only. The

debugging mode is also set by thi s  sect ion .

71
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<file —co ntr o l—e ntry>

ELEM~. N I :

<t il e—control—ent ry>

FORMA ~~:

S~ L~ CT file—name

ASSIGN impl e rr entor —nam e

IUR GA NI LAT ION SEQUEI’~T I A LI

(ACCESS SEQUENTIA L 1

d.

StL~ CT file— n ame

A~3SIGN i m pl em entor—name

ORGANIZATIO N RELAF IVE

(ACCESS {SEQUL~JTIA L (RELAT I VE dat a— n am e i }J.
{RANOOM RELATIVE data—na m e }

UE~~LRIP lIUN:

The file—contro l—entry defi nes the tyPe of f i l e  t h at

the program expects to see. There is rio d i ffer ence on

the diskette , but the tvoe of reads and wr ites th at

are performed w i l l  differ. ~or CP/M the im ol em erttor

name needs to confo rm to the n orma l soecific at io rs.

—.--—- 
_ __

~
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EXAMPLt.s:

S~ L1CT CARDS

ASSIGN CAR D.FIL .

S~ L~ CT RANDOM—FILE

ASSIGN A .RAIM

ORGANIZATION RELA T IVE

ACCESS RAND OM RELATIVE RA ND— FLAG.

I:: 
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DATA DlV 1S IO i~

ELEME NT:

DATA DIVISION Format

FORMAT:

DATA DIVISION .

(FILL SECTION.

IFO f i l e — name

tbLOC I~ integer—i RECORDS1

(RECORD Iirt t ege r— d TO] integer— 31

(L ABEL RECOMD (STAND AR D ~ 3
{UMITIED }

LVALU E OF jmp lem er ,tor name— 1 li t e r a l - i

(imp lem entor— name— 2 l i t e r a l — 2 1  ... I.
I < record — desc rip tior i—entr y> ] .. .3
[v~ORKING—STORM.7E SECTION .

L<record— desc r i - c t ion—entr y>)

(LI Nr~AGE SECTION .

(<record— descript i ori— ent ry> ) ... I

DESCRI PI1U N:

This is the section that describes h Ow  the cata is

structure d . There are no major differences from stan—

dard COBOL except for the followin g : 1. Label

records make n~ sense on the diskette so no entry i

- ~~~~ -~~~ - 
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I
required. 2. The VALUE OF clause likewise has no

meaning tor CP/W . 3. The linkage Section has not been

imp limente a .

If a record is given two l engths as in RECORD 12 10

1d8, the f i l e  is taken to be va r - i - ab l e length and can

only be accesseo in the sequential mode. See the sec—

t-ion on files for more information. -

~
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<comment>

ELEME NT:

<comment>

FORMAl:

any str ing of  characters

DESCRIP lI ON:

A comment is a string of characters. It may ind uce

an ything other than a oeriod followed by a blan K or ~

reserved word, either of w hich terminate the st ri nt ~j.

Comments may he emp ty if desired , but the terminator

is s t i l l  recuired by the program.

EXAMPLES:

tb - i s is a comment

anothe ronea llruntogeth er

~O8Ob 16K

7b 

________ ________________

d

~ 
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<dat a—desc r i pt on—entr y>

ELEME NT:

- 

- <data~ descripti on entrY> Format

FO RMA l :

level —numbe r (dat a-name)
(FILLER )

(~~LOLFINES data-namei

[PLC characte r st ri r~g1

(USAGE (COMP I]
(DISP LAY)

(SIGN (LEADING) [SEPARATE))
{TMA ILI NG)

(OCCURS inte gerl

(SYNC (LEFT 1]
(RIG HT)

(VALUE l iteral ] .

DESCRIPTION:

Th i s statement oescribes the soeci fic attr ibutes of

the oa t-a . Since the ~U8O is a byte mac hine, there was

no meaning to the SY’4C clause , and thu s it . has not

been im p li rn ente a . 

———~ —~~~~~~~~~ -~~~~~-—— - — - -—-—~ — ~~~_ 
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EXAMPLES:

01 CARD—RECORD.

02 PART PlC X (5).

02 NEXT—PART PlC 99V99 USAGE COMP.

02 FILLER.

03 NUMB PLC S9(3)V9 SIGN LEAD iNG SEPARATE.

03 LONG—NUMB 9(15).

03 STRING REDEFINES LONG—NUMB PLC X (15).

u2 ARRAY PlC 99 OCCURS 100.

Ii
II

78
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PR OCEDURE DIVI~~IUN

ELEMENT:

PROCEDURE DIVISION Format

FORMAl:

1.

PROCEDURE DIV IS IU Fi (USING namel (name2i ... tname5]].

section—name SECT ION .

(paragraph—name. <sentence> (<sentence> . • .  I ... I

d .

PROCEDURE DIVISION (U5jN ~, namel (name2) ... (nameS))
paragrap h—name. <sentence> [<sentence> ...J ...

DESCRIPtION:

As is indicated, i f  the prooram is to con t ain sec-

t ions, then the fir st paragraph must be in a section .

The USING oPtion is part of the interprogra m c o nr n u ni -—

cation module ana has not been imp l iment e d .

—~~~~~
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<sentence’

ELEMENT:

<sentence>

FORMA T ;

<imp erative—state ment>

< con o it iona — stat eme nt >

ENTER verb

DESCRIP I ION:

~ l l sentences otner than ENTER fal l  i n one  o f  t he r~~o

ma -i n cat igories. ENTER is part of the inter p rogra m

com municatio n module.

I
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(imp erative—state m ent>

ELEME NT:

<imp erative—statement>

FORMAT:

The following verbs are always imp eratives:

AL C~.PT

CAL L

CLOSE

DISPLAY

EX I !

GO

MO\~~

OPEN

P~ RF OR M

Slop

(he f o l l o w i n g  may be i m p e r a t i v e s :

arithmet i c verbs without the SiZE ERkO~ sta i~em ent

an d L.~ELETE , t~R ITL , and RLMRIT E without the INVALID n~~t io n.
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— I
< con u itio na l—statements>

ELE MENT:

< conditional—statement s>

FORM AT:

i F

~tA U

arithmetic verbs with the SIZE ERROR statement

and DELETE , i~iRITE , arid REWRITE w i t h  the 1NVA LI L ) option.

P2
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ACCEPT

ELEMENT:

A CC EPT

FOR MA l :

ACCEPT < identifier >

DESCRIPtION: -

This statement reads up to 72 characters from the car

sole. The usa ge of the item must be DISPLAY.

EXAMPLES:

ACCEPT IMMA GE

ACCEPT NUM (9) -

R3

___ 
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AuD

ELEME NT:

A DD

F O RMA l :

ADD (ident i fier ) ((id er itifi er—1 }j TO i d en ti fi e r—2
(l iteral } (lite r a l  }

(ROUNDED) (SILE ERROR <imperative—sta tem ent > ]

DESCRIPtI oN:

Tb - i s i nstructi on aads either one or two numbers to a

third w i t h  the resul t being placed in the last b c-a —

t ion.

EXA Mi”LES:

ADD 10 TO NUM BA

A DD x V TO Z ROUNDEr).

ADD 100 TO NU’~1BER SIZE ERROR GU ERROR— LOC.

~ 
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CALL

ELEME NT:

- CAL L

- FORMA!:

- I CALL l iteral [USI~ G namel [name2j ... [nameS))
DESLNIP i 1u~~: 

-

CALL is not imp l imen ted.

Li 
_ _ _
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CLOSE

ELEME NT:

CLOSE

FORMA l :

CLOSE f i l e name

DESCRIP tION:

Files must be closed if they have been written. hpw

ever, the norm - al regu irement to close an input f i l e

pr ior to tne eno of processing does not exist.

EXA MPLES:

CLOSE FILE 1

CLOSE RAN DF ILE

t

I

~

‘

~
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~DELETE

ELEMENT:

DELETE

FOR MA l :

DELETE record—name (INVALID <im p erative—statement> )

DES CRIP I ION:

This sta tement reauires the record name, not the t i l e

name as in the standard form of the statem ent. Sin ce

there is no ae l et i on mark i n  CP / M , this wou b o n o r m a l l y

result i n the record s t i l l  be -m a reacable . It is,

therefore, f i l l e a  wi th zeroes to indicate that it has

been removed.

EXA MPLES:

DELEIE RECORDI

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

-
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DISPLAY

ELEMENT:

DIS P LAY

FOR MA! :

DISPLAy (iøentifier ) [(identifier—i))
(l itera l ) (literal }

DES CRIP I LUN:

This diso lays the contents of an identifier or

d i splay s a literal on the console. Usage ‘rust oe

DISPLAY. The maximum length of the displa y is 72 cosi—

t ioris.

EXAMPLES:

— DIS PLAY  MESSAGE- i

DISPLAY ME SSAGE— 3 10

DISPLAY ‘THIS MUST BE THE ~ND’

88 
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D I V I D E

ELEME NT:

DIVIDE -

FORMA l :

DIVIDE (identifier ) into id e n t ifi e r— i (POUNDED)
(literal }

(SIZE ERROR <imperative—statement>)

DESCRIP lION:

The result of the d i v i s i o n  is stored in i o e n t i f i e r — t ;

any remainder is lost.

EXA MPLES;

DIVIDE NUMB INTO STORE

DIVIDE 2 INTO RESULT

Pg
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ENTE R

ELE MEN T: 
—

- J ENTER -
-

ii FORMA l :

-
‘ - 

ENTER language—name (routine—name)

DESCR iPt ION:

- 

i h i s  Construct is not impli m en t ea .

I 
-

~

00
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L) IT

EL ME NT

EXI t 
-

FOR MAl:

EXI 1 (PROGRAM ) M

DESCRIP lI ON:

The EXIT command causes no action oy the inte rpr eter

but allows for an empty paragraph for the constru ct ion

of a common return Point. The opt iona l PROGRAM state—

— ment is not imp bi m ent e~ as it is oart of the interpro —

gram communica tion module.

EXAMPLE S:

RET URN.

EXIT . 

. f- - — ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ELEMEN T :

GU

FORMA I:

1.

GO procedure—name

GO p rocedure—i (procedure— fl ... procedure—2 0
DEPENDING i u e n t i f i e r

DESCRIP t I ON:

The ~o command causes an unconditio nal br ancn to the

rout ine specified. The second form causes a forI.~ard

b ranch depending on the value of ~he Contents of the

i o e n tif i er. rhe identifier must ce a numer i c inte ger

va lue. There can oe no more than 20 orocedure names.

EXA MPLES:

GO NEA D—CA RD.

GO READ ] REA D2 REA D3 DEPENDI~4G REA D—INDE X.

02
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IF

ELE ME N T:

FOR MA I:

IF < co n d i t i o n >  ( i m p e r a t i v e  } ELSE i m p e r a t iv e — 2
(NEXT SENTENCE )

DESCRIP iON :

T his is the standard COBOL IF statement. Note th at

there ~s no nesting of IF statements a l low ed since t r i e

IF statemen t is a conditiona l- .

4

EXA MPLES:

IF A GREATER B ADD A TO C ELSE GD ERROR— ONE.

I~ A NOT NUMERIC NEXT SENTENCE ELSE ~O~ E ZERO tO A .

-

~~~~~~~~~ 
- 
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MOvE

ELEMENT:

MOVE

F O R M A l :

MDVI. (identifier—i ) 10 id en tif i e r—2
(literal }

DESCRI Pt IUN :

The sta ndard l i s t  of a l l o w a b l e  moves ap nl ies to t h i s

act ion . A s a scace savino feature of this i m p l i m e n t a —

tion, al l  numeric moves go through the accumulators.

This makes num eric m oves sl~~wer than a lp ha—numeric —

moves, and where Possible the y shoul d be avoided. Any

move that inv o lves picture clauses that are e x a c t l y

the same can be accom oli shed as an al p ha—numer i c m ove

if the elements are redefined as alph a—numeric ; also

all  group moves are alph a—numeric.

EXAMP LES:

MOVE SPACE TO PR INT—LINE.

Muv .. A( 10) TO B(PTRI . 

~~~~~~~~ 
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M ULT i PLY

ELEMENT:

MULl IPLY

F O R M A l :

MULTIPLY (identifie r ) BY i -a ent i fier— 2 (ROU1~DEDi
(literal }

[SIZE ERROR < imperative—statement> )

DESCRIP I ION :

The m u l t i p l y  r ou ti n e reou ires enough space to calcu -

late the result w i t h  the f u l l  rrjmher of dec ima l a ic1i ts

pr ior to moving the result into i d e n t i f i e r 2. ib i s

means that number with 5 places aft er the dec im al

m u l t i p l i e d  ~
-y a number w i t h  ô pl aces after the deci~~ - ]

w i l l  generate a number w i t h  ii aec ima l pl aces ~.hi ch

wOu l d overflow if there were more than 7 d i c i t s  t;e~~ore

the d ecimal p lace.

EXA MPLES:

MUL t IPLY X BY Y .

MUL tI PLY A BY P3 (7) SIZE EPkQR ufl OV F~~FLO~~. 
-

~ 
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OPE.N

EL~ Mt~NT :

U ~‘ E ~

FO~ MA I :

OPEN (INPU T file— nae e I
(OUTPUT fi l e—name l
(1-0 ffle—r’ame I

UE~~L .RIPI ION :

These three types of opens have the exact same effect

on the diskette. However, they do all o w  tor in ternal

checkino of the other f i le  act ions. Ior exam ole,

write to a f il e set onen as input w f l l  cause a fat a l

error.

~XAMPLe.S :

O~ LN INPUT CA9DS.

LWEN OUTPUT NEPO~ T— FILL .

9°
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P~.PF(ThM

ELEMENT:

PLR~ ORM

I
FOR MA I:

1.

P~ RP URM procedure—name (THRU oroceaure name 2l

P~j*ORM procedur e—name (1HRU proceoure—na me—~~1

(ide n t i f i e r k  TIMES
(integer }

P~ R P ORM orocedure—r~ame [1HRU orocedure—nam e— ~~)

UNTIL < condition>

DESCRIPI LUN :

A l l  three or’t ions are supoorted. eran chin g may be ei-

ther forward or backward , and the proceoures cafled

may have cerfor ir statements in them as long as til e end

po ints do not cc ’incide or overlap.

EXA MPLES :

P~
p
~t URM QPEN QUUITNE.

PtN P~uRM TOTALS T i-iPu ENO—~ EPORT.

P~~kI ORM SUM 10 lIMES.

P~.I*O~ M Sl<IP— L1NE UNTIL PG—CNT G kEA TER bQ .

97



REA D

ELEMENT:

NtA U

FOM MA1 :

I.

RtAU f ile—name I~IVAL ID < imp erative—state ment )

c~~.

r~L A D  fi l e_ name END < ,mp erat ive stateme nt >

DESC~~1P !IUN:

T he i n v a l i d  conoi tio n is onl y appHcable to f i l e s  in a

ran dom mode. A l l  sequential f i l e s  must have an

state ment.

EXA MPLES:

RtA l) CMRDS E~’1D GO END—O F—FILE.

RtAU RANDOM—FILE I,~VAL ID MOVE SPACLS TU REt.— !.
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PLt~iMI TE

ELEMENT:

N~~~l~l1E

FOR MA l :

R~ v~I~ITE f i l e — name (iNVALID <imperative ’)

DESCNIP I IUi’J:

N~~~k1TE is only v a l i d  for fi l e s  that are open in the

I— U mooe. The INVAL iD clause is only v a l i c  for random

f iles. This statmm ent results in the current record

oeing written bac k into the p~~ace t hat it was just

read from. Note th at this requires a f i l e  name not a

recor d name.

EXAMPLES:

R~~~MITE C ARDS.

R1~r~~ITE RA e~D— 1 TNV AIO PERFORM ERkOR CHEC I~.

99
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~TUPI
ELEMENT:

S!Ot~

r

FOR MA l :

SIDE’ (RUN }
( l i t e r a l)

DESCRIP lION:

Thi s statement ends the run n iri~j of t he irite rrr etp r .

It a li teral is soecifiea , then the l i t e r o l  is

di sp laye a on the console p rior to termination of  ~the

prooram.

EXAMPLES ;

SlOP’ PUN.

SlOP ’ 1.

SlOP ’ ~INVA L ID FINIS HTM .

100
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SUb 1k AC I

ELEMENT:

Sub RACT

FOR MA I:

SIJdIRA C T (ide ntif ier—i) (id ent i fi e r—d i FROM ide ri t i fie r—3
- 

(l i t e r a l — i  } L li t e r a l — 2  I

LROUNOED ) (SIZE ERROR <imp era t iv e— sta temen t> 1

DESCRIP iLUN:

Iden t i t i e r — 3  is decremented by the value of

i d e n t i f i e r / l i t e r a l  one, and, i f sp eci fieu,

i d e n t i f i e r / l i t e r a l  two. The results are stored back

in id ent i fi e r—3. Rounding and size error opt ions are

• a v a i l a b l e  if  des i r ed .

• EXA MPLtS:

SUbI NA C T 10 FRO M SUB(12).

• 
S U B I R A C T  A B FROM C ROUNDED.

101
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~RI T E

ELEMENT:

*i~MI IE

FOR MA l :

1.

M~jIE f i l e — name ((bEFORE) AD VA~~CjNG (Ii~T EG ER }]
(AFTER } (PAGE }

d.

w~R L t E  fil e—name INVALID < imner at iv e_ stat erne nt ,

There is no pr in ter on the 808u system here, so tne

ADVA N CING Op tion j~ not i m olim ented . The I~~VA L JD op-

t ion onl y aop lies to random fil e s.

• EXAMPLES:

A MII E OUT—FILE .

n~~L iE RAND— FiLE INVALIi ) PERFOR~1 ERROR— RECOV . I

102

Itiiriiiiirs.A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • & •;, _ _ .,, ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I



______ ~~~~~~~~~~~~~~~~~~~~~~~

<co nd it i on >

ELEMENT:

<conditio n>

FOR MA I:

RELA! 1UNAL CONDITION:

{iaen tif ie r— 1 ) (NOIl (GREATER) (i dent i fier 2}
(lit e r a l — I )  (LESS } fl i t e r a l — 2  )

• (EGUAL }

CLASS CONDITION:

i dentifie r (NOT) (NUMERIC
(ALPH AB ETIC )

• DESCRIPIIUN:

• It is not val i d  to compare two l i t e r a l s .  The class

con ditio n NUMERIC w i l l  aflow for a sign if the iden-

t i f i e r  is signea numer ic.

EXA MPLES:

A NUT LESS 10.

LI NE GREATER “C” .

NUMl~1 NOT NUMERIC

~lrii.i • 
103
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Subscr ip tin g

ELE MENT:

Sub scrip tin9

FOR MAl:

. 
data— name (subscript ) 1

DESCRIP lION:

A ny item dci thea with an OCCURS many be referenced cv

a subscript. The subscr ipt may he a l i t e r a l  inte ger,

i t may be a data item that has been spec i fie r . as an

‘~er. If the subscrip t is signed, the sign m ust om

posi t ive at the time of its use.

EXA MPLES:

I.
4(10) k

IIEM(SUB )

10L4
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IV . COMPILER TOGGLES

I here are four toggles in the compi l er. They are en-

tere d on the first line of the program as a d ollar sign fo l—

lowea by the given letter. In each case the toggle reverses

the aetau lt value.

$1 —— l i s t  the input coae on the screen as the program

is com pil ed. Default is on. Error messages w i l l  be a i f f i —

c u lt to unoerstar i d if t his toog le is turned off , hut if tne

i nterface device is a telet ype, it may be aesirea in certai n

situations.

— — seauence numbers are in the first six Do si t io n s

of each record. De fault is off. H

SE’ —— l i s t  pr oductions as they occur. Oe fau lt is off .

SI —— l i s t  tokens from the scanner. O ef au lt is off .
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V. RUN lIME CO NVENTIONS

I hi s section ex pl ains how to run the compiler on toe

curre nt system. The compi ler expects to see a f i l e  w i t h  a

type of C~~L as t he inout ~~~~~ In general , the input is

f ee form, If the input in cluaes I the numbers then the corn—

p i l er  must be n otifieø by sett ing the aopro~~ri~ete toggle.

l he comp i ler is started by tyo in o COBOL <f i l e — n a m e > . ~.riere

the f i l e  name is the system name of the input f i l e .  The re

is rio interactio n required to start the second part ~ f t ne

co m p i l e r .  Tile output f i l e  w i l l  have the same f i l e  name ~is

the inpu t f i l e ,  and w i l l  be given a t i l e  type of CIN . A n y

previo us copies of the f i l e  w i l l  be erased.

The interpre ter is started by typin g CBL Ii~sT <fi l e-

name> . lhe first  program is a loader, and i t w i l l  d is pl ay

“LO AD FINISHED” to indicat e successful compl etion. Toe

run—time package w i l l  he brought in by the b u i l d  pr oara rn,

and execution should conti nue without inter up tion.
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VI. FILE INTERACTIO NS WITH CP/ M

(he t i l e  structure that is expected by the program im-

poses some restrictions on the system. References 2 and 3

contain detailed inf ormation on t~~e fac iK t i e s  of CP/M , and

shoul d be consu lte ci for detai l s. The infor mat ion that has

been included in t h i s  section is intendea to e x p l a i n  where

I i m i t a t ~~ons exist ar~a how the program interacts w i t h  the

syste m.

A l l  t i l e s  in CP/~ are on a random access ae~ ice, and

there is no way ~or the system to d i s t i n g u i s h  seauer’tial

f i l e s  from f i l e s  created in a random mode. This means that

the various types of reads ari d writes are a l l  v a l i a  to any

f i l e  that has fixed length records. Toe restrictions of tri m

A SS L~~N statement uo prevent a f i l e  from be ing open for bo th

• random and sequential actions during one orogram.

Each logical record is term inated by a car riag e return

ana a l in e feed. In the case of v a r i a b l e  len gth records,

this is the only end mark that exists. This convention was

addooted to al l o w  the var ious programs wh i ch are used ir- ’

LP/M to work w i t h  the fi les. t - i l m s  created by the eo i t r r,

for ex am ol e , w i l l  g e n erally he variable lengtr i f i l e s .  T h i s

conve ntio n does remove the c a o a b i t i t y  of reaainq v a r i a b l e

lerio th f i l e s  in a random mode.

______________ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
• • -

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•-—

~~~~
••

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



~ r . - 
~~~~~~~~~~~~~~ • • •- -~~~~~~~

- -
~~~~~~~~- • _ _ _ _ _

— 
- I

~~
-:F

~

A l l  of the phy sical records are assumed to be 1~~R bytes

i n length, and the orogram supplies buffer space for these

records in addi tion to the logical recoras . Logical recoras

may be of any desirea lenath . 
-
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ERROR MESSAGES

COMl~ILE~ FA T AL MESSAGES

bR Bad read —— disk error , no corrective action can be

ta ken in the program.

CL Close error —— unab le to close the output t i l e .

MA Make error —— could not crea ’ the output fi l e .

MO Memor y ov erf low —— the code and constants generated

w i l l  not fit in the al lote d memory space.

OP Ooeo er ror —— can not ooen the input f i l e ,  or rio such

f i l e  present.

ST Symbol table overflow —— symool table is too large for

the allocate d soace.

~rite error —— disk error , could not w rite a coae

record to the ais k.

CO M)~’ILE K ~A R~1 INGS

EL Extra levels — — onl y 10 le vels are allowed.

109
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FT File tyoe — — the data element used in a reaci or write

state ment is riot a f i l e  name.

IA Inva l id access —— the soecifiea op t ions are not an a l —

• lowab le comb in ation ,

ID loen t i f i e r  stack overflow —— more than 20 items in a

tiU !0 —— DEPENuING statement.

IS Inv a li d subi criot —— an item was sub scri Pted hut it

was n~ t defined oy an OCCURS.

11 Invalid type —— the field  types ao not mat ch for t h i s

statem ent.

LE Literal error —— a li t e r a l  value was assigned to an

item that is p art of a group item orev iou sl y assigned

a v a l u e .

NF No t i l e  assignec —— there was no SELECT clause for

this f ile.

NI Not i m pli m en t ea —— a o roduc t ion  was  used that is riot

imp l~~merit,~~.

NN r~on—nu m eric —— an i n v a l i d  char acter was fo u n~j in  a

numeri c string.

110
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NP No production —— no production exists for the cuurr ent

parser configuration; error recover y w i l l  automatical-

ly occur.

NV Numeric value —— a numeric value was assionea to a

non—numeric ite m.

• PC Picture clause — _ ar-i i n v a l i d  character or set of char-

acters ex ists in the oictur e clause.

PF Paragraph first —— a section heacier was produced afte r

a paragraph header , wh i ch is riot in a section.

Ni Re define nesting —— a redefinition was made for an

• i tem which is part of a redefined item .

R2 Redefine len gth —— the length of the redefini tion item

was greate r than the item that it reaefinea.

• SE Scanner error —— the scanner was unabl e to read an

i d enti fi e r due to an i n v a l i d  character.

SG Sign error —— e ither a sign was expected anu riof

found, or a sign was oresent when not v a l i d .

SL Si gnificance loss —— the  number ass igned  as a value is

la rger  than the  f i e l d  de f ined .

L _ _ _ _ _  
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TE Type error —— the type of a subscri pt index is not in—

teger numeri c.

yE val ue erro r —— a value Statem ent was assigned to an 
-

ite m in the f i l e  section.

1NItRPRET~~R FAT AL ERRORS

CL Close error —— the system was unable to close an out—

put fil e .

• 1E Make error —— the system was unable to make ar, input

• f i l e  on the aisk.

NF No file —— an input f i l e  could not be ooeneri .

/dI .irite to input —— a w rite was attemot ea to an inp ut

file .

INTtRPR~~IER ~A RN ING MESSAG ES •

EM End mark —— a record that was read did riot h ave a car—

riage ret~’rn or a l in p feed in the expected location .

• 
~D (~o to depending —— Ph~ ~ialue of th e aepending indica-

tor was greater th an the number o f  a v a i l a b l e  b ranch

lid
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addresses.

IC Invalid character —— an invali a character was loaded

into an outøut field during an ecited move. Fo r exam—

• pi e , a numeric character into an al p habetic—o n ly

field.

SI Sign Invalid —— the sign is riot a “ t ” or a

/ •

113
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OCOOI 1 CCBCL COMPILER — PART 1 *1
00002 I
00003 1
0C004 6 LOOK : I’ LCAC POINT *1
OCOOS 1
00006 1 1* GLO8AL CECLARAT IONS AND LITERALS •I
OCO C7 1
0C008 1 CFCLARE LII LiTERALLY ‘LITERALLY’;
00005 1 DECLARE
COOlO 1 8005 LIT ‘5K’ , /~ ENTRY TO OPERATING SYSTE M */
0C011 1 PAX$MENCRY LIT ‘3100K’ , 1* TOP OF USE46LE MEMORY ~/0C012 I INITIAL *ROS • LIT ‘ZCOOH’,
0C013 1 RCRSLENG1I~ LIT ‘255’ ,
00014 1 PASSLSLEN LIT ‘46’,
0C015 1 BCCT LIT ‘0’,

• 00016 1 CR LIT ‘13’ ,
00017 1 LF • LIT ‘10’ ,
0C018 1 GUOTE LIT ‘22K’ ,
OCOZS 1 FCUNC LIT ‘23K ’,
CCO2O I YRLE LIT ‘1’ ,
0C021 1 FALSE LIT ‘0’
00022 1 FOREVER LIT ‘WHiLE TRUE’;
0C023 1
0C024 1
00025 1
CCO2B 1
0C027 1 DECLARE HA~ RNO LITERALLY ‘104’,/* wAx READ CCUPs T *1
0C028 1 MAX INO LITERALLY ‘129’,/” MAX LOOK COUNT *1
0C029 1 - MAXPNO LITERALLY ‘145’ ,/* WAX PUSH COUNT ~f
00030 1 MAXSNO LITERALLY ‘234’./* MA X STATE CCLNT *-
00031 1 - STARTS LITERALLY ‘l’;/* START STATE *1
00032 1
00033 1 DECLARE REA C1 CATA (0.57 48,56,32.8.2E.59,2,16,17,22,25,53,58,11,32,32.39
00034 1 ,38,34,44,5,19,32,3L6,33,3,14.15,ta,2O,32,28,49,32, 1,42,38,36.43,1
00035 1 .1 1,1,1,1.1,t,1.10,I,39,1,1,1,38,40,49,38,39,L,1 .38 ,23,24.55,52 ,41
00036 1 ,3~ ,46.1,7,53,1,32.1,32,32,45,1,32, 1,32,1,32,47,37,4,26,32,54,43,1.10C037 1 .32,5, 12, 13,Z1,22,27,1,60,1,23,24,55,30,51);
02038 1 CECLAR E LUCKI CATA (O .9,O .25,O,0, L9.~J.42,0,42,C,1,O,52,O,41,0,35,C,1,O,47O~ O35 1 ,0,4,O,54,0,40,0,35,4o,60,3,L.0,32,0,1,0, 1,O,1t,0,é0,O,7,0,3~~,C,32,CC0040 I .32,0);
00041 1 DECLA RE APPLY ! CA TAI O O,0,0,0,O,9,1O ,12,14,19,C,0,3,0,3,0,131,O,3,130,0
00042 1 ,C,0,0,0,0,97,0,2’(,O,0,O.69.O,91,92,0,0,91.92,O,O,O,C, 13,17,0,102
00043 1 ,103,1C4,C,070,0,O,95,O,0,34,0,Q,23,30,38,39,0.21 .40,52,56,87,93,94
00044 1 .0);
0C045 1 DECLARE REAO2 CATA (O,65,57,64,L54,26,37,67,21 ,iO,31 .33,35,61,66,27,234
00046 1 .215,51,45 ,ICd,209 ,223,224,233,43,216,217,22,230,229 ,232.231 .223 .173
00047 1 ‘‘72

t~I~d 226 ’ 47 ’ 196 ’ l5 ’7 L ’  11.13, 15,2[?,i0~~, 14, 15E,4,50,~~0, 12,1800046 1 ,48 ,44,4S,l5,10,4h ,,5,36,&3,60,~~j,42,146. 16.25,5~~, 106~~L5500049 1 , 14~~.1~~~,1E5 55,15C 1155,152,I55,I~i?,155,5~~,1~ 3,23,206,234,62, 2,206CCO5O 1 ,18O,234,24,~ 8, IO~~,~ 2,34,38,17,68.164,35.36.33, 40.55 
)

00051 1 DECLARE LOCK2 CATAIO,5,130,6,131,29 ,2’2,132,41 .133,54, 134,L35.69,1I,136
00052 1 ,72,13?,73,136,139,80,&4, 140,’36, AS3,88, 141,09,142,184,1U4,184,S[,189
00053 1 .92,93 ,151 ,211. 5.143,90,9?,176,99,144,145,101,102,2C0,103,202,104
C0054 1 ,188);
00055 1 DECLARE APPLY2 CATA(O,3,77,111,112,147,79,114,31,82,83,76,76,117,15,[56
0005o I ,126,163,162 .200,166, 1A5,167,118,168 ,160 ,124. [79,178.94,121,74,125
00057 1 ,120.11S,187,1E7,186.98, 192,192,191, 194,113,133,128, 129, 121 ,2C5,2C5
00058 1 ,2O~~,2O4,LL5,123,9u,L22,214,Zi3,22I,2[9,21d,Z22, 199,65,220, 116,37
00059 1 ,11C,70,liA,2C9,207,182,182,18L1;
00060 1 DECLARE INCEX I DATA(3,1,2,3,4,5,6,7,8,4 4,24,4,24,’, 13,1’.,24.10S,4,L5,16
CCO 6L 1 .16,24,17, 1 ,L9,16,2O,22,24,25,26,2~~,29,34,3b,3f,24,24,16,~~d,39,4O
00062 1 ,42,43,44,45,46,47,4~ ,4~ , Ae ,50,38,31,Ló,32,53 .54,5S,56,57,~~6,60,6100063 1 .62,63 .64,8,65,6~~,69,7O, 71,72.73,74.75.77,79,81,83,85. 87, 0d,89,9C,5200064 1 ,53,94,e

6
8,L6.s5,9?,97,15,103,104,105,x09,24,24,24,1,3,5,a, 10, 12,14

00065 1 .I6~~L8~~~~1
?2,24. 26,28,33,34 36,38,40,42,44,~ 6,4d,50,52,185,149.2250C066 1 .22 9C,151,153.2O3, [5~~,21O,1ó1,175,212,23L,177,1,2,3,2,4,4,5,500061 1 ,6,6, 12,13, 14, 14,15,15,16,16 17, 19,19,20,20,20,22 .22 .23,23,24,24,25

0C068 1 .25,26,26,21,29, 29,3t,32,32,~~3.33, 35,38, 38,33,33, 3c,3S,39,3~~,3;,42CCO 6S 1 - ,A2,43,43,44,44,.5,4~,,43,52,~~2,53,53,54,54,55,S5,56,56,i6,56,5t,5ó00070 1 .56,56,58,58,58, C9,59,bL, 61,61,61,6L,62,67);
00071 1 DECLARE 1NCEX2 OATA(~~,1, [,L,1,L,1,1,5,[,[,l,l 1,1,1,1,1 1 1,1,1,1,1,1,1
00072 1 .1,1,2.2 ,1,1,2.1 ,~~,2.1,1,1,1.1.I .1.2,1,1,1,1.1,1 ,t,1,1,i,i. 1,1.1,1,1
00073 1 ,l,1,l,2,1,1,1,1, I,5,3,1,1,1,1,1,1,L,2,2,2,2,2,2,1,l .1,2,1,1,1,5,5.1
00074 1 .2,6,6 ,1 ,1,1,4 ,2 .1 ,1,1,2,2,3,4.•2,2,2,2,2,2,2,2,2,2,4,2,2,2,2,2,2,2,2
00075 1 .2,2 .5,6,25,41, 54,69,7L,72,73,4Q,C4 ,88,8~~,S6,~~9, 101 , 3,~~,3,O,3,C,i.O00076 1 ,3,I,7,E ,1 .0.6,3,3,1,3,3, 1,1,2,1,3,3,3,3, 1,.,2, ~ . ,1 .2.3,1.5,3,3,3,1
0C077 1 ,4,C,C,C, 1,2,1,2,2,2,O,2,3.0,3,O,O,1,4,0,0,1 .0,0,0,0,1,1,1,1.2.2,1,1
00078 1 ,I,0,C,C,0,C,C,O,O,O.O,o,0 i ;
CCO7S 1
(COED 1 ,* END CF TABLES ~f0(08! 1 CEC LAR E
00002 1 1* JCI (~T DECLARATIONS0CO83 1 THESE ITEMS ARE DECLARED TOGETHER IN THIS SECTION
00084 1 IN ORCER IC FACILITAT E THEIR BEING SAVED FCR
OCO 8S 1 I)E SECCtID PAR T CF THE COMPILER.
0C086 1 */
00067 1
00088 1 CUTPUTSFCB (33) BYTE INITIA L CO , ’ ‘,‘CIN’ ,O,O,O.O ),
0CC89 1 CE8UCGING BYTE INITIAL (FALSE),
CC090 1 PRINT SFROC BYTE INI TI A L IFALSE I,
OCO 9L I PRIP. TSTCK Et~ eYTF IN ITTA L (FILSE),
0C092 1 L IST IINRUT BYTE INITIAL (FALSE ),
0C093 1 SEQ$NIJM BYTE INITIAL (FALSE),
0(C94 I NEXISSiW A 3ORESS,
0C095 I PCINTER ACO RISS INITIAL (LOOK)
0(056 1 NEXflAVAILAELE A DOPESS INITIAL (2002K1,
OCOS? I NAX $IN T * MEP’ AOORc SS INITIAL (3200K),
0C098 1 FTLE %SE CSENC BYTE INITIAL (FALSE),
OCOOS 1 FREE SSICHAGE ACLIRESS INIT IAL (2500K),
CC100 1
00101 1 I’ I C BUFFERS AN C GLOBAL S ~/OCLC2 I IA$A CCP APCHESS INi T IAL (5Ci ~1,00103 1 IN PUTSFCB BA~~€ ( IKAO OR (33) BYTE,
0(104 1 CLI PIJTI PTR ACOR ESS.• OCIOS 1 CLYP LI SBUFF 112d ) BYTE,
00106 1 CLTPUTIEtIC ACU~ C5S,0~ IO7 1 CUTPUT%C)-AR QA SEC 3UTPUT$PTP BYTE;
0(108 1
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0C109 1
(0110 1 MCNI: PROC Ct t jP E ( F , A ) ;
DCLII 2 CECLA RE P BYTE. A ACORES$;
00112 2 CC IC BCCS;
0(113 2 END VI CEIL ;
0(114 1
00115 1 MCN2: PROCEDLRE (F,A ) BYTE;
00116 2 CECLARE F BYTE, A ACDRESSI
0(111 2 CC IC BCCS ;
0(118 - 2 END WCN2;
00115 1
CC I2O 1 PR I NT CHAR:  PRCEECUP.F (CHAR);
001 21 2 CICLARE CHAR CY T E
00122 2 CALL WCI ~1 (2,CKARh00123 2 END PR INTC HAP;
0C124 1
00125 1 CRLF : PROCECURE;
0C126 2 CALL P R I $ IC N* R ( C R ) ;
0012 7 2 CALL P R I NT C I - A R ( L F ) ;
00128 2 END CRLF;
00129 1
CG1 3O 1 PRINT : PROCECUPE (A);
00131 2 DECLARE A ADCRESS;
00132 2 CALL MCNI (S,A1;
00133 2 ENO PRINT;
OCt34 I
00135 1 PRINTIERROR: FRCCEDURE (CODE);
00136 2 LE CL ARE C O- CE ADDRESS;
OCt 37 2 (ALL CRLF ;
00138 2 CALL PRTNTC )-AR(HIGH (CODE) );
00139 2 CALL PRINTCNAR (LCW (000E));
CC14O 2 END PRINTSE RRCR ;
OCt 41 I
0C142 I FATAL$ERRCP : PPCCEDJRE (RCASONI;
00143 2 CECLARE REASCN AODRESS
00144 2 CALL PR INTIERROR IREA SON );
00145 2 CALL TI WE(10);
00146 2 CD TO 0001;
00147 2 END FA TAL IERROR;
OCt 48 I
OC1~~ 1 OPEN: PROCECURE;
0C150 2 IF MCN2 ([5,!N$ACCRI.255 THEN CALL FATAL$€RROR( ’Op ’);
0(151 2 END OPEN;
OCt 52 1
OC!53 1 MCREI!NFuT : FRCCECUR E BYTE;
0C1~~4 2 /* READS THE INPLT FILE AND RETUFNS TRUE IF A RECCRC
00155 2 WAS REAC. FALSE IMPLIES Ei:O OF PiLE •I
OCt56 2 CECLARE DCI~T BYTE;00157 2 IF (DCNI:.MCN2 (20,.INPUT$FCB))>L THEN CALL FATAL$ERRCP(’SR’I ;
OCt5 8 2 RETURN NOT (CCNT);
Od ES 2 END ~ORESIN FLI ;CCI6O I
0C161 1 WAKE: PROCECURE; • -

OCt62 2 1* DELETES ANY EXISTING COPY OF THE OUTPUT FILE
00 163 2 ANt CREATES A KE.~ COPY*/00164 2 CALL NCNI (19 .CuTPuTsFCB);
00165 2 IF M0N2(22,.I1UTPLTSFCSI.255 THEM CALL ~A IALSERR0R (’MA ’);
00166 2 ENC MAKE;
00167 1
00168 1 WR IIEBOU IPUT : PROCEDURE;
00169 2 1* WRITES CUT A BUFFER *~
CCI7O 2 CALL MCNL(26,.OLTPUTSBUPPI; /~ SET DMA *1
OC 11L 2 IF MON2(21 •CUTPUT$FCa)<>0 THEN CALL FATALA ERROR( ’W R’);
OCt7 2 2 CALL MCN1(~ b,8GH); /* RESET DMA •/
0C173 2 END InR)(E$CLTFLT;
0(114 1
00175 1 MCVE: PROCECLIRE($DURCE, DESTINATION COUNT);
OCt 16 2 /* MOVES FOR THE NUWSER OF BYTES SPECIFIEC BY COUNT ‘I
00177 2 CECLAR E (SOURC E OESTINATIO’4) AOORESS
OCt78 2 (S68YE5 EASE C SOURCE . OSSYTE BASED DESTINATION, COUNT) BYTE;
CCL7S 2 00 WHILE (CCLJNT :.CCuNT — 1) <> 255;
CC180 2 OABYTE.SI3YIE;
00181 3 SCLRCE.SOURCE +1
00182 3 DESTINATION DE~ TIKATICN + 1;
00183 3 END
OCt 04 2 END i’Cv~~;0(105 1
00186 1 FILL: PROCECURE (AODR CHAR,COUNT);
00167 2 /$ MOVES CN4P !N~ D AOOM FOR COUNT BYTES */
OCt 88 2 CECLAR ~ AOC R AGO RESS,
(0189 2 (Ch8 .~~CUNT CEST BASED AODR ) BYTE;
(0190 2 DC WHILE (C~ UNT:.CCUNT —1)4)255;001St 2 OEST .CNAR ;
00162 3 AC CP .AC C R + 1;
0(163 3 END :
0(194 2 END FILL;
00 165 1
0 0196 1 ~‘ * * * * * SCA NNER L ITS  * * * * *1
CC !57  1 CECL AQE
0C 158 1 L I T E R A L L IT  ‘15’ ,
OC ’ 9 9  1 IPIPUTI SIR L IT  ‘32 ’ ,
CO~ 0O 1 PERI O D L IT .  ‘1’ ,
0020 1  1 IP..VAL IC L IT  ‘0’ ;

00234 1 1* * * * ‘ SCANN ER TABLES • * * * */
0020 5 1 DECLARE T O K E N I T A B L E  C A T A
00206 1 1* CONT A INS THE TOKEN NUMBER ONE LESS THAN THE F I R S T  R E S E R V E D  WORD
u~~ 07 I FCR EAC H LENGTH CF WORD */
00208 1 (0 ,0 ,1  ,* . 5 . I 5,2 2 , 32 , 38 , 44 , 4 7 , 4 9 , 5 1 , 5 5 , 5 6 , 5 1 )
~C2 C9  I
0C210 I TABLE 0ATA( ’FC’ ,bDF ’ ,hIO’ ,’PIC ’ ,’CDMP’ ,’OAT *’ ‘FILE’
00211 1 ,‘LEF T’ ‘MCf* ’ ‘SAME’ ‘~~IG~1 ,‘SV’IC ’,’1ERO ’ ,’(TLOCK’ ‘LABEL ’
00212 1 ,‘CUOTE 1 ‘PR,Hf’,’SPA ~ E’ ‘USAuC’ ‘ V A L U E ’  ‘ACCES~~’,

t A53jGN’
OO2D I ,‘AUtHCR (,’FIS L (P’ ,1UCC1J~~S’ .’~~ANóOM’ .’r~~~ChC’ ‘SELECT’
002(4 1 ,‘01S PIAY’ ,’LEAOI W~~’ ‘LL KA ’, ’~ M ITTF 3T ‘PCCIJR’)S’
0C2 15 1 .‘S(CIICN’ ‘CIVI S ICN s

~~r L A T  1v~~ , ‘5~ CU’ I fY ’ , ‘c~ PARATE’ ,’S1ANDAR0 ’
00216 1 ,‘IRA ILINC ‘CE’TuCGIN~ ’ 2PP.UU Uk€’ ,’’ cC E FII ~.ES’0021? 1 ,‘PP3GW Aw— IF’ ,’sF2urPlT I~~L’ ,’E ;1YIkUuI4 F~-.T’ ‘I—U—CO ’4TROL ’ 

-
•

00218 1 . ‘ D A T E — K P I T I ( ~. ’ , ’F I L E — ( C N T R C L ’ , ’ T N P t ’ t — O U 1 (~uI’ , ’Ok C . A N I Z A T ; O N ’
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0021 9 , ‘CONF!CURA TICN ’ ,‘IOEN TI F ICAT IQN’ , ‘OBJECT—COMP UTER’
00220 ,‘SCURCE—CCVPU TER’ ,’WORN (NG— STORAGE ’ 1,
0C22 1
00222 OFFSET (1 6) A CCRESS
00223 1* NU M BE R CF BYTES TO INDEX INTO THE TABLE FOR EACH LENGTH */
00224 INITIAL (O ;O.O .6.9.45.80. 128,170,218.245,265,00225 287,3.5,348,3621,
OC22 6
0C22T W ORCICOUN T (*1*
00228 ~* NUNEER CF WOR CS OF EACH SIZE •/
0 2 9  (0,0,3.1.9,7,8,6.6,3.2.2,4 ,1,1.3),

0C231 -

0C232 PAX $L EN LIT ‘1 6’
00233 ACO SENC DATA (‘PRoCEDURE ‘1,
0(234 LOCKED BYTE INITI6 L (0),
0C235 I-OLD BYTE
00236 EUFPERSEND ADDR eSS IN IT IAL  ( lOO M) ,
00237 NEXT BASED POINTER BYTE,
00 2 38 INBUFF • 

- LII ‘80K ’,
0C239 C PA R  • BYTE,
CC240 ACCUP$ LEN G LII ‘50’ ,
00241 ACCUM BYTE ,
00242 P AA CCU V (ACCUN SLENG ) BYTE,
0C24 3 C ISPLA ~ BYTE INI TIAL (0),
00244 CISPLAVI REST (7’) BYTE,
00245 TOKEN BYfE; /*RETUPNED FROM SCANNER •/
0C246
00241
0C246 /s * * * * PRO CECURES USED BE IKO S~ AN NER * * * 5/
00245
C0250 NEX T A C H A R :  FRCC FC URE BYTE;
0 C251  IF L C C KE C T HEN
0C252 CC;
0C253 2 L C C K E C . FA L S E ;
0C254 R E TLP N (CHAR :—HOLD);
0C2 55 END
00256 IF ~PC1N TEP: PO1NTER + 1) >. BU F FER IEN D THEN
CC25 7 CC;
00258 IF NO T M CRE $ INPUT THEM
00254 DC;
(0260 BL FF ER $EN O a .MEM ORY ;
00261 4 PCINIER..A QDSEND;
0C262 4 ENC;
0C263 ELSE PCINTFR.INBUFF;
00264 END;
00265 R ETURN I C H A R : . N E X T ) ;
00266 END NEX IA C I -AR;
0C267 I
0(268 1 GE T SC HA P : P PCC E CL R E;
00269 2 iS THIS PROCEDURE IS CALLED WHEN A NEW CHAR iS NEEDED WITHOUT
0C270 THE DIRECT RETURN OF THE CHARACTERS !
0(271 2 C HA R~ HE XTSCI-AR ;
0C272 2 END CETICI’AR ;
0C273
0(214 DISPLAYSLINE: PROCEDURE;
00275 2 IF NOT L !$T 8INPUT THEN RETURN ;
0(216 OISPLA’ v t D I E P L A Y  + 1) • $ 5 ’ ;
00211 CALL P R I N T ( . D I S P L A Y $ R E S T ) ;
00273 2 CISPLAY .0
CC27S END DISPLAV$ L INE;
0C2 80
3C201
0C282 LOAO IDISPLAV : FRCCEC ’LRE ;
0C283 IF DISPLAY ( 72 THEN
00204 2 DIS PLA Y (D IS PLA Y :~~O ISPLAY + 11 — CHAR;
0(265 CALL GE1$C)-AR ;
0C286 2 END LCADJDIS PLAv;
0C 2 0 ?
0C288 PLT: PROCECURE ;
C0289 2 IF A CC LP 4 ACCU MO LENG THEN
CC2SO • ACCIjM (ACCLH :.ACCLM+1)aCHAR;
0C2 91 CALL LCAO (CXS PLA Y;
0(292 END PUT;
0(263
00264 EATILINE : PROCECL-RE
0C255 CC WH ILE CH*R ()CR
0C256 CALL LCAD $D 1~ PLA ’f;
0C2S7 END ;
00268 END EATSLINE ;
CC 25 S
CC 300 OE T *N C$ BL A NK: FRCC TOURB;
00301 CEC I .A R B ( N , ! )  BYTE;
00302 CC FOREVER;
00303 IF C HAR — ‘ • THEN CALL LOADS O I SPLAY;

THEN
0C306 C ;
OC3C1 CALL OIS PLAYS L IN E;
003C8 IF SEQINUM THEN N—B ; ELSE N 2 ;
0(305 4 CC I • 1 TO N;
0C310 CALl . LOALI SD IS PLAY;
00311 - END;
00312 1, IF CHAR a ‘*~ THEN CALL EATSLINE;
00313 4 ELSE
00314 4 IF CHAR — ‘ z ’  THEN
00315 4 DC;
00316 4 I~ NO T DEBUGGI NG THEN CALL EA T SL INE;
0C317 ELSE CALL L 0AO SD ISP LAY;
OC ALO END ;
0C315 INC
0C320 EL5C
00311 R E I L A N ;
00322 END ; /5 END OF DC FOREVER 5/
00323 END C E T $ N C I I L A H K ;

SPACE ; PROCEDUPE EVT !
0O3~ 6 RETLNH (CHAP.’ ‘I OR (CHAR .CR);
0C3 27  END S P A C E ;
0(32 8
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(0329 1 DELIM ITER ;  PROCEDURE BYTE ;
00330 2 /S  C H ECKS P0k A PERIOU FOLLOWED 8Y A SPACE CR CR*/
00331 2 IF CHAR C> ‘.‘ THEN RETURN FALSE;
00332 2 I -CL U— NEXTS C HAR ;
00333 2 LGOKEC-TR UE
0C33 4 2 IF SPACE IH~~N0C335 2 CC;
00336 2 CHAR • ‘.‘
30337 3 RE TU RN TRUC ;
0C338 .3 ENO ;
00339 2 CHAR .’.’;
0(340 2 RETURN FALSE;
00341 2 END CELIM I1EP; -
00342 1
0C343 I END SCF$ TOK EP ,: FRCCEOLJRE BYTE;
00344 2 RETUR N SPACE CR DELIMITER;
0C343 2 EN D ENO SCF $ICKEN ;
0(346 1
0(347 1 G E T S L I T E R A L :  PRCCIDURE BYTE;
00348 2 CALL LCAD$DISPLAV;
0C 349 2 CC FOREVER;
C0350 2 IF CHAR . QUOT E THEN
0(351 3 DC;
00352 3 CALL LCADSD ISPLAY;
00353 4 RETURN LITERAL ;
0C354 A EPIC;
00355 3 CALL PUT ;
,3C356 3 END;
0C35 7 2 END C - ET $ L I I E RA L ;
00358 1
003 56 1
00360 I LCCKSLP: PRCCECLRE BYTE;
0C361 2 CECLAR E PCIPcI ADDRESS,
00362 2 (HERB eASEC PC 1NT,I) BYTE;
003 63 2 -

0C364 2 PATCH : FFDCEDURE BYTE ;
0 C 36 5  3 DECLARE J 3 V T E ;
00366 3 DC J-I TO A CCUM;
00361 3 IF )- ERE(J — 1) 4) A CCL ’ M(J )  THEN RETURN FALS E;
0C3 6B  4 EN C;
C0364 3 RETURN TRUE ;
CC37O 3 EPIC MATCH;
0C311 2
00372 2 PO INDCFF !ET(ACCU M) l  .TA BLE;
00373 2 C C I-i TO kCR CS CG U NT ( ACC IJM ) ;
00314 2 IF MATCH TI- EN RETURN I
00375 3 POINT — POINT + ACCUM;
0C376 3 - END;
0(377 2 R ET U RN F A L S E;
0 C 3 7 8  2 END LC CK SUP;
0 0 3 7 6  1
CC3 BC I RE 5 E RVECSI . C C D :  PPOCECU RE BYT E
00381 2 /5 ROTURNS TI-F TOKEN NUM8ER OF A RESERVED W O RD IF THE CONTENTS OC
00382 2 THE ACCUMULATOR IS A RESERVED WORD, OTHERWiSE RETURNS ZERO */
00323 2 CECLARE VALUE BYTE ;
00384 2 EECLARE NUNS BYTE;
00385 2 IF ACC IM ~ MAX E L EN TH E N PET UR~1 0;00386 2 IF INLMB:.TOKENSTABLE (ACCUM )J=O THEN RE7URN 0;
0(387 2 IF IV ILU?:- LOC KSUP)aO THEM RETURN 0~OCIOB 2 RETURN (NUMB + VALUE);
C03~~ 2 INC RESERVECIWCRC;
C0360 1
0 C 351 1 C E T S T C K E P 4 : PROCECU SE BYTE ;
00362 2 A C CL,4—O ;
00363 2 CALL GET%NC$I3 LANK ;
0(354 2 IF CHAR .QUCTE THEN RETURN GETSLITERAL ;
CC3SB 2 IF CELID’IIER THEN
0~ 3S6 2 CC;
0C3 4 7  2 CALL PL’ ;
OC T98 3 RETURN PERIOD;
OCr~ 3 END
00400 2 CC ~OREVER;O CA O 1 2 C A LL PUT;
00402 3 IF ENC ICESTOKEN THEN RETURN P(PUTSSTR
0 C40 3 3 END ; /5 CF CC F O R E v E R  S/
0C40 4 2 END C ET SI C K E P. ;
OC A CS 1
00406 1
004C1 1
0(400 1 SCANNER: PPCCECLPE;
00409 2 CE CLA R E C H ECK BYT E ;
C C 4 L O  2 C C FC R E V E R ;
0C411 2 IF(TCKEN :.GETSTOKDN ) INPUTSSTR THEN
00412 3 IF (CIIECK :—PESERVEDSWORD ) 4> 0 THEN TOKEN—CHECK;
OC4t3 3 iF TCKEN 4> 0 THEM RETURN;
00*14 3 CALL PKIMT SE RR rR (‘SE’) ;
00415 3 DC W H ILE NOT Et0SO F S T OKE N;
00416 3 CALL GETSCP4AR ;
004 17 4 ENC;
00418 3 END;
OC 4)9 2 END SCANN ER;
CC 42 O &
0(421 1
00422 I PPINT $ACCLM : PRCCE0URE ;
00423 2 ACCUM(ACCUW ,1) .’1’;
OC4Z4 2 CALL PPINT (.RSAC CuM) ;
0C425 2 610 PRINT S*CCUP;
0(426 1
00427 1 PR INTS P4 UMBER :  FPCCE1I:~~E(~~uMB);
0C428 2 CE CL A RE (N LME ,I ,C N T ,KJ BYTE, J DATA(100, 10);
OC*29 2 CC 1 0  TO I;
3(430 2 CA l— C ;
00431 3 00 WHILE NuMB 3. (4 :.J (II);
0C 4?2 3 MUMe .NUMB — K;
00* 33 4 CNT’- CNT i 1;
0043* 4 EPIC;
00435 3 CALl . PRINTCH AR (’3’ • CNT I ;
0(436 3 (MD ;
00437 2 C ’ L L  P P I NT F H A C ( ’o ’  • NUMB); -

30438 2 (NO cRt sRLMe6 s~
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OC439 I
CCA4O 1
0C44I 1
0C442 1 INIT ISCANNEP : PRCCEDUR E:
00443 2 /5 IN ITIALIZE FOR INPUT — OUTPUT OPERATIONS 5/
00444 2 CALL MCVE (.‘CSL ’, LNSAOOR + 9, 3);
00445 2 CALL FTLLUITSAUUR 4 12 3,5);
00446 2 - CALl. CP EN
00447 2 CALL MCVE1INAOCR ,.OUTPUTSFCB,9);
00448 2 OUTPUT$EUD— (CU TPUTS PTR;— .OuTPLT 5BUFF — 1) + 128;
0(445 -2 CALL MAKE;
0C450 2 CALL GETACI-AR ; /5 PRIME THE SCANNER 5/
00451 2 CC WHILE CHA R • ‘S’ —
00452 2 IF NEXICHAR • ‘U’ THEN LISTS !NPUT—NOT LISTSINPUT;
0C453 3 ELSE IF CHAR •‘S’ THEA SEQSNUM NOT SEQ$NUM
00454 3 ELSE IF CH*R “ ‘P’ THEN PRINTSPROD — NOT PR1NT SFR cQ;
00455 3 ELSE IF CHAR — ‘T’ THEN PRINT ITOKEN = NOT PRIPT ~ TC K E N ;
0C456 3 CALL CETACHAR ;
00451 3 CALL GETSNOS 8LANK ;
0C 450 3 END ;
00459 2 END INIIASCANNEP ;
0C460 1
00461 1 /* • * * END OF SCANNER PROCEDURES * * * 5/
00462 1
00463 1
0C464 I /~ * * * * SYMBOL TABLE DECLARATIONS * * * 5/
0C465 1
00466 1 DECLARE
0C467 1
00468 1 CURAS YN ADDRESS, /*SYMBOL BEING ACCESSEC*/
0C465 1 SYMBOL BASEC CURSSYM BYTE
00470 - 1 SYP4BCL$AODR BASED CURSSYK ADDRESS,
00471 1 NEXT ISYMSE N TR Y BASED PIEXT A SYM ADDR E SS,
0C472 & HASI-SPIR ADDRESS,
00413 1 DISP LACEME NI LIT ‘12’ ,
00414 1 HASH(PA SK LIT ‘3FH ’,
CC475 I ~S1’1PE LIT ‘2’
00476 1 ~CCUPS LiT ‘11’ ,
00477 1 ACCR2 LIT ‘4’,
00478 1 P* LEN GTII LIT ‘3’ ,0C419 1 S A L E N G T H  LIT ‘3’
C0480 1 LEVEL LIT ‘10’,
0C481 1 LOCATION LIT ‘2’,
00482 1 RE L SIC LiT ‘5’
CC 483 I SIARISNAME LIT ‘11’ , /*1 LESS*/
00484 1 MAX *ICSLEN LII ‘12’;
0C485 1 -
OC ’,06 1 /5 * * * 5 TY PE L IT ERAL ~ * ~ * * * * * 5/00401 1
0C488 I DE C L A R E
CCAE 9 1 SE QUENTIAl . lIT ‘1’,
(0490 1 RAND O M LIT ‘2’ ,
0C491- 1 SEO SRELA T IVE LIT ‘3’,
0C492 1 VARI3EL E $L SNG LIT ‘4’,
0C 493 1 GPCUF LIT ‘6’
OCAS 4 I CCMP lIT ‘21
0C465 I
00496 1 /5 a * * SYMBOL TABLE ROUTINES * * * */
0(447 1 -
0C498 1 INIT$SYMBOLt PROCEDURE
00495 2 CALL PILl. (FFEESST ~ RAGE O,1307
00500 2 I’ INIT IALIZE HASH TABL& AND FIRST COLLISION FIELD 5/
00501 2 NEXT$S’rM—F PEES$TCRAGE+123;
0C502 2 NE X I SS YM$ E N T PY—O ;
OC503 2 END INITISYMEOL ;
0(504 1
OCSOS I GETA PSIENGI)- : PRCCEDIJRE BYTE;
00506 2 RETURN SYMECL(p$LEMGTHI;
OCSC7 2 END C-ETSPSLENGTH ;
0C508 1
0(509 1 SE’SACDRESE: PP0000URE(AODR);
CCBIO 2 DECLAR E ACC R ACCRES5
00511 2 SYMBcILIAOCR (LOCA IION) ADDR;
0(512 2 END SETSADORESS;
0C5 13 I
00514 1 GET$ADORES5 : PRCCEDURE AOORES5;
00515 2 RETURN SYMECL$AODR (LOCATIQN);
0C516 2 END CETSAD CRE SS;
00517 1
00518 1 GETOTYPE : PROCEDURE BYT!
0(515 2 RETURN SYMb CL ISSTY PEI ;
CC 5Z O 2 END C • E T S T Y P E ;
0C52 1 1
00522 1 SETIIYPE: PROCEDURE(TYPE);
OO~ 23 2 CECL APE TYP E BYTE;
0C!24 2 SVMBCL (CSIYPEI .TYPE;
00525 2 END 5ETSTVP~~;00526 1
00527 I OPSl~~PE: PPCCECIPEI TYDE);00528 2 CECLAQE TYPE 5Y1E
C0525 2 MBCI.(SSTYPE7”TY~’E OS GET STYPE;CCS3O 2 EPIC ~R$TY PE;00531 1 -

00532 1 GET ILEVE L: PPCC€CURE PYTE
0C 533 2 RETURN 5HPUYNBGL(LEV~ l.),4)0(534 2 END C E I S L EV E L ;
0C535 1
0C536 1 SEISLEVEL : PROCE Du RE (LVLI;
00537 2 [ECLAPE LVL BYTE ;
0C538 2 SV MBI3LLL EVEL I .SHL (LVL ,4) CR $YM 8QL (LEVELP ;
00539 2 END SETSL EVE L ;
CCB4O 1
0C541 1 GET$0ECIMAL: PRCCEOU PE BYTE ;
0(542 2 RETURN SYMOCL(LEVtLI AND 0TH;
00543 2 END C E I S C E C I M A L ;
0C544 1
0Cc45 I SE T ICECI M AL t PRO CEDu RE (OEC )
305*6 2 ((CLAN . CCC 8Yt1
00541 2 5 Y M B D L I L S V ~ L ) — ~EC OR SYMBC L IIEVEL ) I

7 END ‘p l s r c r ; M a I
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00546 I
0(550 1 SETS$ SLENGT)- : PROCEDURE(P’OWSLONG);
0C551 2 DECLARE HGhSLUMU ADDRESS;
00552 2 SYNBOLSA CCR(SSLENGTH) • HCW$LONGI
00553 2 END SETISSLENGT H;
00554 1
0C555 1 GET ISILEMGTH: FRCCEOURE AD O RESS
00556 2 RETURN SYMOC LSADC R( SS L ENG T H
0(537 2 END CETSSSLENGTH;
0C558 - -
CC5~~ 

-

0(560 1 SETS*ODRZ: PRCCECuRE (ACOR);
0C561 2 CECLARE AD CP ADDRESS;
0C562 2 !YNeCLSA0CR (AC R2 aADOR ;
0C563 2 END SETSADCR2; -

OCSE4 1
0C565 1 C-ET$AOCR2 : PROCEDURE ADDRESS
00566 2 RETURN SYPECLSAOOR(AO0RZS ;
00567 2 END CETSAD CR2;
OC56B 1
0C564 1 SETSOCCURS: PRCCEDURE (CCCUR);
00570 2 CECLAPE OCCUR BYTE ;
0C571 2 SYMBOL (CCCUPS)—CCCIJR;
0(572 2 END S E T S O C C L R 5 ;
00573 1
0C574 1 GET$CCCURS : PROCEDURE BYTE;
0(575 2 RETURN SYMBOL (OCCURS);
0(576 2 END GET$CCCLRS ;
0C577 1
00578 1 /* * * * PARSER DECLARATIONS * * * 5/
C0579 I DECLARE -
CC5 60 1 INT LII ‘63’, /5 CODE FOR IN ITIA LIZE *1
00501 1 SOD LIT ‘66’, /~ CODE FOR SET CCCE START 5/
60582 1 PETACK SIZE LIT ‘30’ , /5 SIZE C-F PARSE STACKS*/
CCEE 3 1 STAILE TAC K (PSTACXSIZEJ BYTE , /5 SA V E D  STATES *1
00584 1 VALUE (PSTACKS&ZC1 ADDRESS, 1 TEMP VA LUES *1

• OCSE5 1 VAR C (51) BYTE, /*TEMP CHAR STORE~’f00586 I. ICSSTLCK (10) ADDRESS INITIAL (0),
C0587 I I C S S T A C K S P T R  BYTE INZTIAL (D),
0(588 1 HCLCTL IT BYTE,
0C509 1 RE STAH OL OS LX T (ACCUMSLENG) BYTE,
CC5 00 1 HCLC 1~ YM ADDRESS
0C591 1 P6t~DIM SLIIE RA L DYTE IN!T1AL (FALSE),
0(592 1 PENCINGIL ITIID ADDRESS,
00553 1 REDEF BYTE INITIAL (FALSE),
0C564 1 REDE FIONE ADDRESS,
0C595 1 REDEPS IWO ACORESS,
0(596 1 IEMPAH OLO ADDRESS,
0(597 1 TEM FITNO ADDRESS
00558 1 CCMPILING BYTE INITIAL(TRUE),
0(595 I SP BYTE INITIAL (2551,
0C600 I MR BYTE,
00601 I MPP1 BYTE,
00602 I NCLCCK BYTE INIT IAL (TRUE)
0C603 1 (J,J, K) BYTE, /*INOICI~~S FOR THE PARSER*/
0(604 1 STA TE BYTE INITIAL (START SI;
00605 I
00606 1 /5 * * ‘ PARSER ROUTINES * * * * *1
0C6C 7 1 

V

00608 1 BYTESCUT: PROCECLjRE(CNESBYTE);
00609 2 /* THIS PRCCEDURE ~RITES ONE BYTE OF OUTPUT ONTO THE DISK
(ColD 2 IF RE QLIREC THE OUTPUT BUFFER IS DUMPED TO THE DISK 5/
00611 2 DECLARE CNESBYTE BYTE;
0(612 2 iF IDUTPUTTF?R:=CUTPUTSPTP + 1)> OUTPUTSENC THEN
OC613 2 CC;
00614 2 CALL I,RITESOUTPUT;
00615 3 CUTPUIS PTR= .OUTPUT SBUFF;
DC 616 3 END;
00617 2 CUTPUT ICI-AR=CNESBYTE; - -

0C618 2 END BYTE$CLT ;
OC6IS 1 -

00020 1 STRINc .SCUT: PRCCEDURE (AODR ,COUNT);
00621 2 DECLARE (ACCA ,X,COUN ~ ) AOONESS, (CHAR BA SEC *0051 BYTE;
0(622 2 CC 1—1 IC CCUNT;
00623 2 CALL BYIESOUT(CHAR);
0(624 3 AC (R-*CDR+1;
00625 3 EMD
0C626 2 END STiTIN GSOU T;
0(627 I
00628 1 ACCR SCUT: PPCCECURE(ADDR );
0(624 2 CECLAR E A DCR ADDRESS;
CCA3O 2 CALL BYTE SCLT(L3h(AOOR))
0063 1 2 CALL BYT ES C UT IH IG H IAD O R )
00632 2 END A 0CRSCLT ;
0(633 1
00634 1 FILL ISTRIAG : PRCCEDURE (CDUNT CHAR);
0C635 2 CECLARE (I COUNT ) ADDRESS, CHAR BYTE;
0C636 2 CC I I  TO COUNT;
00637 2 CALL eYIESOUT(CHAR);
0(638 3 END ;
0C639 2 EPIC F I L LS S T P I A G ;
CC 640 1
00641 1 STMTIIN ITI*LIZE: PRCC EDURE(ADDR ,CMT )l
00642 2 DECLA R E (A(CR CNfl -~I)0RESS;00643 2 CALL BYTICUIIINT);
0(644 2 CA LL ACCP$ fLT (A OOP~~;00645 2 (ILL Ar (PICUT(CMT) ;
00646 2 0-ND STAR T SIN1 T IA LXZE ;
0064 7 1
00648 1 2LILC*SYMB~~L: FRCCEOURE (LEN)
OCA~ 9 2 CECLA PE LEN BYTE, TEMP A~uORE SS;CCASO 2 T (MP.NE>l$5’,M;
0C6~~1 2 IF (NEXTSSYM:~~.SYMBCL (LEM: .LCN4O1SPLACEMEMTPl
00452 2 3 PAX IWEI4CRY THEN CALL FATAL$EKROR (’ST’ );
OC653 2 CAL L R ILL (TLMP ,C,LCN );
00654 2 (NO eUtLOSS’,YecL;
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0(655 1
0C656 I MATCH : PROCEDURE ADDRESS;
0C657 2 /5 CHECRS AK IDEN TIFIER TO SEE IF II IS IN THE SYMBOL

- 00658 2 TABLE. IF IT  IS PRESENT, CUHSSYM IS SET FCR ACCESS,
00659 2 CT)-ERWISE A NE W ENTRY IS MADE ANO THE PRINT NAME
00660 z (S ENTERED. ALL NA 4C S .155 TPUUCATtD TO )4AXS D$LEN*/
00661 -2 DECLARE (PGINT ,COLLI$I 014 BASED POiNT) ADDRESS,
0C662 2 (MCLO,j) BYTE;
00663 2 - IF VARC )MAAS IDSLEN
0C664 2 T I-EN VARC • MAX SI DS LEN
00665 2 /4 TRUNCATE IF SEQUIREI5 4/
00666 2 HOLD • C-
00667 2 CC i-t rã VAP C; /5 CALCULATE HASH CODE */
00668 2 HOLD—HOLD + VARC(I) ;
00664 3 E N D ;  -
00670 2 FC1N T—FREE$ST ORA GE + SHL ((HOLO AND HA3HSMASK),1);
OCAT1 CC FOPE~ ER;
00672 2 IF C04.LISION O THEN
0C673 oc;
00614 CLRSSYM CCLLISICN=NEXTSSYM;
00675 4 CALL 8UILDSSYMBOL(VARC);
30676 4 /5 I-CAD PRINT NAME 5/
00677 4 SYMBOL (P$LENGTI-4)=VARC ;
00678 4 CO I- — 1 TO VARC
OCt79 4 SYM8CL (STARf$NAME + I)=VARC (II;
C0680 END;
00681 4 SETURN CUR$SYu4;
OCt 82 ENC
0C683 3 - EL5~00664 DC;
00665 CLRSSYM= CL-LLI SIGN;
00686 4 IF (HOLD:=GETSPSLENGTH)=VARC THEN
00667 4 CC;
0C688 4 1=1 ;
0O68~ DO W HILE SYMBOL (STARTSNAME • I)= V A RC( I J
CC 6SO IF (I:=i+L)>HCL O THEN RETURN (CURS$YM :=COLLISICN);
0C691 E N D ;
0C652 EPIC;
OCt53 END;
0C654 3 POIN T— CCLL ISICN;
0C695 EPIC;
0(696 END MATCH;
0C697 1 -
OC~ 98 1 ALLCCATE : PFO-CEITURE (BYTESSREQ) ADDRESS;
0C699 2 /5 THIS ROLT!NE CONTROLS THE ALLOC A TION CF SPACE
(0700 2 IN THE MEMORY UP THE INTERPRETER. 5/
DC? 01
0C70z DECLAR E (HOLC BYIESSREQ& ADDRESS;
0C703 HCLC N E XT SA V A1 LAE L E ;
00704 IF (MEXTSA ’V AI LABL E:= ’-EXTSAVA ILA BL E + BYTESSREQ)>MA X SINTSMEM
00705 THEN CALL FAT4LSERRDR( ’MO’ );
0C7C6 RETURN I-d c;
OC7C? END ALL OC A T E;
CC7CB
CC7O9 1 SEISREDEF : PRCCEDURE (CLC ,NEWI;
0(710 DECLAR E (CLC NEW) ADDRESS;
00711 IF (RECEF :~~PI~ T REDEF) TI-ION
0(712 CC ;
OCT13 RECEFICNE— QLD;
0C714 REC E FA TNO— NEW;
0(715 END;
00716 ELSE C A LL PRINT$ERRCR (’RI ’);
0(711 END E E T S R E C E F ;
CC7 18
0(719 SETICLRSSYM : PROCEDURE;
OC/20 CURSSYN=IC (STACK (IDSSTACKS PTR) ;
0C721 END SET $CURIS’VM ;
0C722
OCT23 SIACA SLEVEL: PROCEDURE BYTE;
0C7 �4 CALL  S ET $ C L S ( SY M ;
0C725 RETURN CE TE LEV E L;
OCT26 END STACI(SLEVEL;
0(727
CC 728 LCACSL EV E L : PROCEDURE;
0(729 DECLARE HCLC A DDRESS:
0(7 30
0C73 1 LCA CSPECEF SACDR : PROCEDURE ;
00732 CLRSSYM=R EOE FSCNE ;
OCT33 HCL0—GET$A 0O .~E S S ;
0(134 END LC A C SR EC EF - SA C C R ;
0C735
0( 736 IF ID( S 1AC K< 0 THEN
00 731 DC;
OCT38 IF VALLE (SP—21.O THEN
0C729 DC;
0 C740 CALL SET IC IJ RSSY M ;
0C 741 A P4CLD GtTSSSLENGTH + DETSA DORESS;
0(742 ENC
00743 ELS~ CALL LC ACIREDEESACDR :
00744 IF (1C$STACKSPTP:=IDSSTACK$PTRi-1))9 TI-EN
0C745 CC;
00746 CALL PRINT$ERROR (’EL’) ;
0074? ID$ST&CKSPTR— 9;
CC7-~8 EPIC ; -
CC?”, ENO
0(750 FLS~ I-CL0 — AE XT SAVA T LABLE ;
00151 I0SSTACF (ICI~ TACKs PTR) .vALUE (MP PI);
0C 75 2 CALL S E 1 $ C L I ~1SYM ;
0C753 2 CALL SEISACCPESS (HOLO) ;
0(754 2 LAO LCAO $LEV E L;
OCT55
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0C 655 1
0C656 1 MATCH : PROCEDURE ADDRESS;
0C657 2 /5 CHECKS AN IDEN TIFIER TO SEE IF IT IS IN THE SYMBOL

- 00658 2 TABLE. IF IT IS PRESENT. CUR$SYM IS SET FOR ACCESS.
00659 2 CTI-ERI.ISE A NEW ENTRY IS MADE AND THE PRINT NAME
00660 2 IS ENTERED. ALL NAM~ S ARE TRUNC ATED TO I4AXSID$LEN*/
00661 -2 DECLARE (POINT ,COLLISION BASED POINT) ADDRESS,
0C662 2 (HCLO,1) BYTE;
06663 2 - IF VARC )MA~ $IL)$LEN
OC6t4 2 THEN VAR C — MAXSIDILEN
OCt65 2 F’ TRUNCATE IF REQUIRED 4/
0C666 2 HOLD — C
00667 2 CC I-i Ta VAR C; /5 CALCULATE HASH CODE ‘F
0C668 2 HOLD—HOLD + VARC (I);
00664 3 END ; -
00670 2 PCINT FP(EISTDRAGE + SHL ((HOLD AND HASHSMASK),1);
Oct71 2 CC FOREVER;
00612 2 IF COLL ISIDN—O THEN
OC t73 3 cc;
00614 3 CLRSSYP’ CCLLISICN—NE XTSSYM;
00615 4 CALL BUILD$SYMBOL(VAPC );
30676 4 /5 I-CAD PRINT NAME 5/
00617 4 SYMBOL(PSLENGTH )~~VARC;COC,78 4 CO I- — 1 TO VARC ;
OCt79 4 SYMBCL(START*NAME + I )— VARC UI ;
C0680 S END;
0C681 4 RETURN CUR$SYM;
OCt82 4 ENC
0C683 3 - EL5~00684 2 DC;
00685 3 CLRSSYM=CULLISION;
OC686 4 IF (I-(OLO:=GET$PSLENGTHJ VARC THEN
00667 4 CC;

V OC688 4 1=1;
0060~ 5 DO WHILE SYMBOL (STARTSN~ ME + II— VARC( I)
CC6SO 5 IF (I:=L.L)>I’OLO THEN RETURN (CURSSYM :=~ 0LLISICN ) ;
0C691 A END;
0C642 5 EPIC;
0(693 4 END;
0C654 3 POIKT .CCLLISICN ;
0(655 3 EPIC;
0(656 2 END MATCH:
0(697 1 -

0C658 1 ALUCCATE: PRCCEDTJRE (BYTOSSREQ) ADDRESS;
OC t99 2 I’ THIS ROLT INE CONTROLS THE ALLOCATION CF SPACE
(6700 2 IN THE MEMORY UP THE INTERPRETER. ‘/
OCT11 2
OC7OL 2 DECLAR E (MOLD BYIES$REQ) ADDRESS;
OCT03 2 I-CLC= NE XT SAVA1LAELE;
00704 IF (ME~~ISA VA ILABLt :~~NEXT SAVA ILA BLE + BYTESSREQ)>MAx~~INT$NEM00705 TI-EN CALL PATALSE ERDR( ’MO’I;
00706 RETURN I-C l_ C; ~~ ‘—..., .
OC7C1 END A LLCC AIE ; -

CC7C5 1
CC 1O9 1 SETSREDER: PRCCEDURE (CLD NEW I;
0 d b  DECLA HE (CUD NEW) ADDRESS;
00711 2 IF (RECEF:—M ~T REDEF ) TI-ION0C7 12 2 CC;
0C713 RECE F~ CNE— QLD;
0(714 RECE F *ThG—NE W;
0(715 END ;
0(716 2 ELSE CALL PRINT $ERRCR (’RL’);
0(71? 2 END SET IRECEF;
CC? 18
0(719 1 S E T S C U R S S Y M :  PROCEDU RE;
0C720 2 CURSSYM .ICBSTA CK (IDSSTACKSPTR);
0(721 END SETSCUS~ S Y M ;
OCT22 1 -

0C723 1 ST4CK~ LEVEL : PROCED URE BYTE;
0C7�4 2 CALL 50T$CLRSSYM;
OCT25 RETURN CETI LEVEL ;
OCT26 END STAC KSLEVE L ;
0(727 1
CC728 1 LCACSLEVEL : PPCCEDUR E~OCT29 2 DECLARE HCLC AODP~~SS;
OCT30
OCT11 2 LCAC$PECEFSACD R : PROCEDURE ;
00722 CUR S YM—R EUE FS NE ;
0C733 3 PCLO— 6ETSA OO~ ESS;
0(734 END LCA($RE CEFSACCR;
0(735
0C736 2 IF IDISTACK<)O THEN
00737 2 DC;
OCT 38 IF VALL E(SP—23~~O THENOCT36 3 DC;
OC74O 3 CALL SET ICIJRSSYP4 ;
OC741 4 HCLD—GETSSSLENGTN + GETSAODRESS;
0(742 4 ENC
00743 -. E L S~ CALL LCAC SREDEFSACDR :
00744 IF (ICSSTACKSPIP :—IOSSTACKSPTR+1)>9 TI-EN
OCT45 3 CCI
OC T 46 3 CALL PRTNTSERROR (’EL’ );
0( 74 ? 4 IDS ST4C KS PTR — 9 ;
CC 148 4 E PI C;  -
C0744 END ’
0C750 2 FLS~ H C L D — N E X T $ A V A I L 6 B L E;
00 751 2 I D S S T A C K ( I C I S T A C K S P T R ) — v A L U E ( M P P 1 ) ;
OCT52 2 CALL SE1 *C LI~SSYMOCT53 2 CAL ). SET SACCPtSS1PIDLD) ;
0(754 2 END LCAO SLE V EL :
OCT55 1
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0(756 1 REDEFIOR$VA LUE : PROCEDURE ;
00757 DECLARE HOLD ADOROSS ,
00758 (CE~. K J,SIGN ) BYTE;
OCT59 2 IF REDE F
((160 CC;
0C761 IF RECEF$TWC=CUR$SYM THEN -
OCT62 3 cc;
OCT63 3 IICLO—GETSSSLENGTH;
00764 -4 CURSSYP’ R€OEF$ONE
00765 4 IF HOLC>GET$SSLENGTH THEN
OCT66 4 Cc;
00767 4 - CALL PRINT$ ERR- )R( ’ R2’ ) ;
CO768 5 HCLD—GETSS$LET4GTH ;
COlts 5 CUR$SYN—REOEFSGNE;
00170 5 CAL L SETSSSLENGTH(HDLD);
0( 771 5 END’0(772 4 RECêF FALSE ;
00773 4 EPIC; -

OCT14 2 ENO
00775 2 ELS~ IF PENDING SLITER~ L—O THEN RETURN;
OCT76 2 IF PENCIN’GILITSIC<>IDSSTACKSPTR THEN RETURN;
OCT7 1 2 CALL START)INITIALIZE (GETSADDRESS,HOLC :—GETSSSLENGTI- );
C0T78 2 I-F PENCIN~ 1LITERAL )2 THENOCT75 2 cc;
CC780 2 IF PENDINGSLITERAL 3 TI-lEN CHAR— ’O’;
OCT11 3 ELSE IF PENO ING S LIT ERA L— 4 THEN CHAR— ’ ‘;
OCT82 3 ELSE CI-AR—C UCTE;
OCT83 3 CSLL FILLSSTRINGIHOLD ,CHAR );
OCT84 END;
OCT15 2 ELSE IF PENCI NGSL ITE RAL = 2 THEN •O C 7 8 6  C C;
0C7 8 7 IF I-OLD < HCLDS LIT THEN
0C78 8 3 CALL STR IN G $ OUT ( .RE ST SH CLD S L IT , I- CLD ) ;
00789 ELSE DC;
DC790 3 CALL STR1NGSOUT( .RESTSHOLCSLIT,HCLDSLITI;
OCT91 4 CALL FILLSSTRI NG(HCL O — (HOLOSLIT + 1),’ ‘);
OCT92 4 - EPIC;
OCT 43 END
OCT14 ELS~ DC I
OCT95 /4 TI- F NUMBER HANDELER ‘I
OCT46 DECLARE (DEC MINUSSSI(N,I,J LITSCEC N$LENGTH,
00797 3 KUM$BEF6RE,NUMSAFTER, fYPE) 3YfE, ZONE LIT ‘iON’ ;
OCT58 3
0(759 3 IF ((TYPE:—GETSTYPEI<16I CR (TYPE>201 THEN
0(800 3 - CALL PRINT $ERROR (’NV ’);
0C801 3 NSLEN GT I- =G EIS SS L ENGTH;
0(802 3 CEC CE ISDECIMAL
0C803 3 MINL- S$SIG N— FALSE ;
0C804 3 IF RESTSHOLCSLIT ’— ’ THEN
OC8C5 3 DC;

- 0 0 8 0 4  3 MTNUS$SIGN—TRIJE;
O C E C 7  4 J—1 ;
0C808 4 EPIC’
CC809 ELS& IF RESTSNOLOSLIT= ’+’ THEM J~~L;
0(810 ELSE ~~C’CC81I LITSCEC— 6;
00812 CC 1 1  TO HOLCILIT;
0C813 IF hOLDSL1T (I)~~’.’ THEN LITSDEC—I ;
0C814 END;
0C815 IF LZ T S C E C O  THEN
0(816 CC;
OC blT NUI4$5EFCRE—R EST$HOLDSLIT— J;
0C8 I8  PIUI’SA FTER — O;
(0815 EPIC;
CC82O ELSc CC;
0C821 PILWS8EFCRE LITSDEC — J— l ;
0C622 4 PI UMS AFT E R— PESTS HC LDSL IT — LITSOEC;
0C823 4 EPIC ’
00824 IF 1I:=P~SLSNGTH — DEC )<InJMSBEFORE THEN
OC825 - CALL P R I N T S E P R O R ( ’ S L ’ )
00826 IF I>KUM$BEFORE THEN
CCBO 7 DC;
0C 828 I.I—NUMSBEFORE ;
CC 829 4 IF M INUSASIGN rHEN
CC8 30 cc;
0C831 I—I—I ;
0(832 CALL BYT !SO UT( ’O’  + ZCNEI;
0C 833 END; -

00834 CALL FILLSSTRING(I , ’O’);
0C835 END’
00636 FL 5~ IF MINUS ISIGN THEN RESTSHOLCSLIT (J )—RESTSHCLDSLIT (J)+ZONE;
00837 CALL !TRINGSOUT( .PESTSHOLDSLIT + J, NL’MSBE FORE );
00838 IF NUPSAFTEW ) DEC THEN •~UMSA FTER — CEO’
00809 CALL STRINGSOUT( .RESTS I’OLOSLIT + LITSOE)~, NUM SAFTER );

— 0(640 IF (1:—CEO — NUM$AFTER) ()0 THEM
0C64$. CALL FILLISTR1NG (I, ’0’);
OC843 END ;
00843 cENCINC~ L ITER *L—O ;
0C844 END REDEF ICR I VALUE ;
00845
CC846 REDIOCE SSTACKI cRCCEDURE ;
0C84T CECLA RE HCLCSLENGT H ADDRESS;
00848 CA LL SETS CLRSS YM;
CCB4S CALL P E C E F E C R S V A L U E E
CCBSO I-OLC SLEN GTH— GETSSSL MGTH;
0C851 IF G ET S1YPE 3 128 THEN
0C852 CC;
0C853 HOLD*LEPIGTH~ HOLC SLENGTH • GET$OCCURS;0(854 END’
CC 855 IoS~~IA çKsPIR—Ir )sbrAclcsPTR — 1;
CC856 (.ALL ScTSCLRSSYM ;
O C 6S T CALL ‘ E I S S l L E d G T h ( G E T S S I L E N G T H  + HUL DS LDNGTH );
OCese CALL ~El$IYPE(GRCUP);(C859 EPIC PEC U C E S S T A C K ;
CC 860
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OCeti 1 £NCSCF$RECGPO: PROCEDURE;
00862 2 CC WH ILE ICSSTACKSPTRO3;
CC863 2 CALL RECUCESSTACK ;
0C864 3 END ;
0C865 2 CALL SEI$CLP$SYM;
CC866 2 CALL RECEFICR$VALUE ;
CC86? 2 ID$STACK*c;
00868 2 TEMP$HCLD~ AtLDCATE (TEMPSTWC :—GETSSSLENGTH);
CC 869 2 END ENDS3FIRECORD;
CC870 1
00871 1 CCNVE PTSINTECE PZ PROCEDURE’
OC8~ 2 2 DECLARE INTEGER A DDRESS;
0C873 2 INTEGER .O;
CCB74 2 CC I — 1 TC VARC ;

E ND ;  INTEGER—SHL (INTEGER ,31 +SKL (INTEGER,1 )+(VARC ( I )— ‘O’ I;

0(817 2 VAL UE(S P)aINTEGER ;
0C8T8 2 ENO CcNVERT IIKTEGER ;
CCE7S I
CC880 I CRSV*LUE : PPOCFCLRE (PTR ATTRIB );
00b81 2 DECL A RE PIR BYTE A~ TR I6 AD LRES S ;
00882 2 VALU E(P1P)-VALUE~~PTR ) OR A TTR ZB;
0(88 3 2 END C RIV A LLE;  -

CC884 1
C CB E S I BUILC$FC B:  PRO CE DUR E;
OC886 2 DECLARE TEMP ACORESS I
OCB 8? 2 .CECLAPE B U FI - E P til) 8YTE, (CHAR, I, .1) BYTE;
30888 2 CALL F L LL ( . 8 U F F E R , ’ ‘,iI);CC881 2 J,I 0’
((890 2 CC W HILE (J < ill AND ( 1< V A R C ) ;
OCB”i 2 IF IçHAR :*vARc (i:=I+1n~~’.’ THEN J~ 8;
0C89 2 3 ELSE DC)
00813 3 eLPFER(JI=CHAR;
0(854 4 J~ J+t;
0(855 4 EPIC; -
0(896 3 END ;
CC 8ST 2 CALL S E I S A C C R 2 ( T E M P : = A 1) . O C A T E ( i 6 4 ) ) ;
0C898 2 CALL SIART $IHITLAL IZC(TtM P ,16);
CC6 99 2 CALL BYTESCC T(0I;
(09D0 2 CA LL S T R I P I c - B C UT ( . B U F P ES , 1 1 I ;
00902 2 CAL L FILL$STRING(4,0J ;
CCSO2 2 CALL CR$V ALL EIS P— L , 1I;
00903 2 END EU ILDS FCB ;
CC SO 4 1
CC9CS 1 SETSEIGN: PFOCEOUP.E(NUHB);
6C906 2 CE CLAR E NUMB BYTE;
0090 7 2 IF GE T ITY PE . 17  THl:N CALL SETSTYPE (VALUE(SP) + NUMB);

- - G ~C O 8  2 ELSE CALL FRINE $ERRCR (’SG’ );
0C509 2 IF VA LUE( SP ) >3 THEN CALL SETSSSLENGTH (GET$S$LENGTH + 1);
CCSIO 2 END SET SE IGN ;
(0511 I
0C512 1 PICSAKA L IZEP: PROCEDURE;
00913 2 DECLA RE / l WORK AREAS AND VARIABLES *1CCRI4 2 FL AG BYTE,
CCSI5 2 FIRST BYTE,
CC916 2 C C- L NT A D D R E S S ,
0G917 2 ELFFER (31) BYTE,
0(918 2 SAVE
CCSL9 2 REPIT ITICK S ADOR~~SS,CCS2O 2 J BYTE,
0C521 2 DECSCCUNT BYTE,
0(922 2 CHAR BYTE ,
OC923 2 1 BYTE
CC S2A 2 TEMP AC O Rk S ,
CC 525 2 TVME IIYTE ,
0C926 2
CCSE7 2 /‘ • * MASK S * * 5/
0C928 2 ALPHA LI~ ‘0’ ,
00929 2 AS EC 1T LII ‘2 ’
(C 930 2 ASH LII ‘4’
0(93 1 2 E C X T  LIT ‘8’
0C532 2 RUM LIT ‘16
0C533 2 NLMS ED IT LII ‘32 ’,
CC534 2 CE O LIT ‘64’
0C935 2 SiGN LIT ‘128’ ,
0C436 2

F 00937 2 KUNAMASK LIT ‘101011118’ ,
00538 2 IILW$E USPAS K LIT ‘100001015’ ,
00939 2 S5NL~4$MAS K LIT
0C940 2 ISESMA SK LIT ‘11111100.3’,
0(541 2 AINSMA SK LIT ‘111010103’ ,
0(942 2 A S~ sE$MASx LIT ‘111000008 ’,
CCSA3 2
CCS AA 2 I’ TYPE !  ‘I
0C945 2 RETYPE LIT ‘80’,
0C946 2 NTYP C L I T  ‘16’
00947 2 SNTY~ E L I T  ‘I i’ ,Q(’,4$ 2 I TY P E  LIT ‘8’
OCSA S 2 AETY PF LIT ‘72’ ,
C0950 2 ANTYPE LIT ‘V,
06951 2 APIETYPE LIT ‘73’;
CCSS2 2
00953 2 INC $C OLK T :  PROC ECLJ Q ( (SW I IC H) ;
0C954 3 DECLARE SWITCH SYTE;
0C555 3 FLAG —F L AG CR S,~ITCH;CC956 3 IF (CCUNT:.COUNT + LI < 31 THEN 8UFFERICOUNT) - CHAR;
0(457 3 END II -C ICC LPI T ;
OC SSC 2
C C959 2 CHEC K:  PRCCEO URE (MASK) BYTE;
CC 960 3 I’ TI - I S  PO U TIP IE  CHECKS A MA SK A d-INST THE
CC961 3 FLAG BITE AND RETURNS 18(08 ID THE PLAC
0C962 3 I-A C NC BITS IN COMMON ~dl III THE MASK 4/
CCSA 3 I DECLARE MASK BYTE’

3 RETU RN NUT ( (FLAt AND MA K) <> 0);
CC5 65 I (NC CI-FCK;
CCS6A 2
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00967 2 PICIALLCCAT E : PRCCECURE (AMT ) ADDRESS;
00968 3 CECLA PE ANT ACORESS;
((969 3 IF IYAXSIH TSME I’:—MAX SINT$MEM — AN TI < NEXTSAVA ILABLE
CC970 3 TI- EN CALL FA TALSERROR (‘MO’);
0(9 71 3 RETURN MA XC INT AM EM;
CC972 3 END PIC$A LLCCATE;
0(973 2
00574 2 1* PROCEDURE EXECUTION STARTS HERE 5/
CC515 2
00976 2 CCUNT,FLAG D€C SCCUNT-0;
OCST1 2 /* CHECK F~ R EXCESSIVE LENGTH •/
CCST8 2 IF VARC > 30 THEN
CCST9 2 CC;
0(580 2 CALL P R I N T S E R R C R ( ’ P C ’ I ;
CC981 I RETURN;
OCSE2 3 END’
CC983 2 1$ SET FLAG BITS AND COUNT LENGTH •/
0C984 I — 1 ;
0C985 2 CC W HILE I<-VARC ;
0(986 IF (CI-AR :~~V4RC (IU= ’A ’ THEN CALL !NCSCC UNT(ALP*-A );
0C987 ELSE IF CHAR ‘B’ TI-lEN CALL INCICOUNI (ASEDIT);
00488 ELSE IF CHAP ‘9’ THE~ CALL L~1C 1COUNT(MJM ) ;
CO9$9 3 ELSE IF CHAR •‘X’ THEN CALL INCSCCL~N~~(ASN);CC9SO ELS E iF (C HAR— ’S ’ )  AHO (CO U NT=3 )  TH EN
CC991 FLAG—FLAG CR SIGN;
OCRSZ 3 ELSE IF (CHAR — ‘V’ ) A ND (O E CSCCUN T- O)  THEN
00993 CECSCCUNT CCUNT ;
00994 3 ELSE IF (CHAR— ’/’I SIR (CHAR— ’O’) THEN CA LL ENCSCCUHT(FDII);
CC9SS ELSE IF
00956 (CHAR— ’Z’) OR (CHAR . ’,’) OR (cHAR s ’S’) OR
CCSS7 (CHAR— ’+’) (JR (CHAR— ’—’) OR (CHAR . ’S’I THEN
00998 CALL INCSCOUNT(NUMSEDIT);
00559 - ELSE IF (CHAR— ’.’) AND (OECSC3UNT=0I THEN
C1000 DC;
01001 3 CALL INCSCO UNT (NUMSEDIT);
01002 CECSCCLNT CCIJNT;
01003 END’
01004 3 EL SA IF ((CI-AR~~’C’) AND (VARC (1.1).’R’)) OR
01005 3 ((CHAR ’D’) INO IVAR C (I+L) — ’b’ fl THEM
01006 3 DO;
01007 3 (ILL INCSCCUNT (NUMSECIT);

10C8 4 C I - A R s V A R C ( I : — I + L ) ;
1009 4 CALL INC S CO UNT ( NUM$ E D IT) 1
1010 4 EPIC;
1011 3 ELSE IF (CHAR— ’() AND (COUNT<>OI THEN
1012 3 CC;
1013 2 SAVE— V IRC (I— i) ;

I v1014 4 PEPITIT IONS~ O;01015 4 CC WHI IE (CHAR :=VARC (I:—L +1) )<>’I’;
01016 4 REPITITIQNS=SP (L (REPITITIONS,3) S
01017 $HL(RtPITLTIQNS,1) + (CHAR -‘O’);
01018 END;
(101 9 4 CHAR—SAVE;
01020 CC J 1  TO REP (TITIDNS—U
0102! 4 CALL II4CSCOUNT (O);
01022 END;
01023 ENC -

01024 EL!~ C C ;  -
01025 CALL PRINTSEPROR (’PC’);
01026 4 RETURN ;

01029 EPIC; /4 EN~ CF DC WHILE 1<= VARC 5/
C1030 ~S AT TI-IS FC!NT THE TYPE CAN BE DETERMINED •/
01031 IF NOT CI-ECK (NUM$ECIT) THEN
01032 cc;
01033 IF CHSCK(NUMSEOSMASK ) THEN TYPE—NETYPE;
01034 ~NO
01035 ~L!~ IF C)-ECK (MU MSHA SK ) THEN TYPE— I-ITYPE ;
01036 ELSE IF Ct-ECK (SNUMSMLSK) THEN TYPE—SSNSTYPE;
0103 7 ELSE IF C ) - EC IC ( ND T(AL P 1-A ) )  T HEN TYPE—A TYPE;
01038 ELSE IF C I - E C K ( A S E S M A S K )  THEN TYPE = A ET Y P E ;
C1039 ELSE IF CHECK(A SNSM3SK ) THEN TYPE—AN TYPE;
C1OAO ELSE IF CHECK (A SNSEA ~lASN ) THEN TYPE—ANETYPE;
01041 IF TYPE O TI-EN C ALL PRINT$ERRCR (’PC’);
01042 EL SE CCI
01043 IF RECEF THEN CURSSYM .REDEPSTWC ;
01044 ELSE CLRSSYM — HQLDSSYM ;

— 01045 CALL SETA TYPEITYPO );
C)046 CALL !ETSSLENGTH(COUNT + GET S SS L E NGT I - - ) ;
0104 7 IF ( T Y P E  AND 64 ) c 0 THEN
01040 cc;
01045 CALL SCTSADDR2(TEM P :—PICSALLOCA TE (COUNT ));
01050 4 CALL S~ ART SINITjALIZE (TEMP,COUNT )’
01051 CALL STRING$OUT(.BUFFER + 1,000NTi:
01052 ENC
01053 IF ~ECSC0UNT<)O THEN CALL SE $OECIMAL(COUNT—DECS000NT ); -

01054 END;
01055 END F I C S A N A L IZ E R ;

p 01056
01051 1 SETSF ILESA T TRIB: PROCEDURE
01058 C ECLARE TE M P ADDRE SS, fYPE BYTE;
01059 18 CURIS’VMC >VALUE (MPPI) THEN
CIOAO cc;
01061 TEPP .CLRSSYM;
01062 CLP$~~YT’—VAL UE( MPP1);01063 SVP’C~ L$LOOR (RELSID )=TEM P;
01064 END ;
01065 IF PICT (TEPP:—VALUE (SP—L) ) THEN CALL PRINTIERROR (‘NF’);
01066 ELSE CC’
0)06 7 IF f E ? F - 1  THEN TYPF .SFCUEPJTIAL ’
C1068 FLq IF TEMP— iS THEN TYPEsRAN DÔN ’ —

0L069 (LIE IF TE MP — 9 IRON T Y P E — S E Q S R E L A T IV E ;
01070 E LSE CC I
01071 CALL FPIPIT$ERROR (’IA’);
01072 4 TYPE—I ;
0)073 4 EPIC;
0)074 3 (NC;

F 01075 2 CALL !E 1STYP~~(TYPE );
01C16 2 END 5ETSFI L ESA1 ~~~I B ;
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01077 1 -

01078 1 LCACSL ITER AL : PROCEDURE;
0)079 2 CECLAP.E I E’VTE
01080 2 IF PENCINGILIT~ RAL <> 0 THEN CALL PRINTSERROR (‘LE’);
01081 2 ELSE CC I • 0 TO VARC ’
01082 HCLD*LIIi I)VAR C~~I);01083 3 END;
010(4 END LCAO SLITER&L ;
0 10 ES
01086
010(1 C)-ECKSFCRSLEVEL : PROCEDURE’
01088 2 DECLARE NEI .$LEVEL BYT. ’
01089 I-OLDSSYM,CURSSYM—VAL UE (MP— 1) ;
01090 CALL SEISLEV EL (NEA SLEVEL :—VALUE (MP—2));
01091 IF NE~~*LI VEL I THEN
01042 CC;
01093 2 IF ICSSTACK<)0 THEN
01054 3 cc;
01095 3 IF NOT FILESSECSENO THEN
0)056 4 CD;
01097 4 CALL SETSREOEF(IO$STACK,VALUE(MP—1fl;
01058 5 VA L U E(M P)— 1 ;  /5 SET REDEFINE FLAG */
01099 5 END;
C1100 4 CALL ENDIOF$RECORD;
01101 4 END ,
01102 3 END’ -

01103 2 ELS~ C C WI - ILE $TA C KSL EVEL >— NEWSLEVEL ;
01104 2 CA LL PEDUCEISIACK; -01109 - E N D ;
011C6 2 END C I - E C K S FC R I L EV E L ;
O I L C 7  1
011C8 I
01109 1 CCOESGEN: FROCECLRE(PROCIJCTION );
Ch IC 2 CECLA RO PFCCLCTION BYTE;
01111 2 IF PRINI$ P PCC THEN
01112 2 CC;
01113 2 CALL CRLF ’
01114 - CALL PRINf CHAR ( POUUD)
01115 3 CALL PRINTSNUMBER (PRODUCTION) ;
01112 3 END ;
01117 2
01118 2 CC CASE PPCCUCTICN ;
01119 2
C1 120 2 /4 P R C 0 L C 1 1 0 N S 4/
01121 2
01122 2 /4 CASE 0 NC? ISED *I
01123 2
01124 3 /0 1 <~~PCGR AM> :zs <ID—OIV ) <E—D IV> <C—DIV) PROCEDURE
01125 3 COMPILI N G— FAL sE ;
01126 3 /‘ 2 <IC—O IV> ::— IQENTI FICAT IOM DIV ISICN PRO GRAM — ID , *1
0112 7 3 /* 2 <COMMENT > • <AUTH> (CAT E) <SEC) 4/
01128 3 /4 NC ACTION REQUiRED 4/
01129 3 /$ 3 (ALT I-> ::- AUTHOR • (COMMENT> • 5/
C1120 3 ; /0 NC ACTION AEQUIREOI *I
01131 3 1* 4 <EMPTY> 0/
01132 3 ; /4 NC A CTI ON REQUIRED 4/
01133 3 /5 5 <CITE> ::— OA TE— WPITT EM • <COMMENT> • *1
01134 3 ; /S NC- A C TICN REO IJ1RED 5/
01135 3 /4 6 (EMPTY> 0/
01136 3 ; /* HO A CTI ON REQUIRED 5/
01137 3 /S 7 <SEC ::— SECURITY • <COMMENT> • 5/
0)128 3 ; /4 NC ACT ICN REUUIRED *-
01129 3 /~ 8 <EMPTY> 4/
01140 3 ; /~ NC A CT ICN RE QUIRED S/
01141 3 /5 9 <COMMENT> ::s <INPUT> 4/
01142 3 ; /4 NC ACTIC N REQUIRED 5/
01143 3 /* 10 - <COMMENT ) <INPUT) 4/
01144 3 I /4 NC ACTION REQUIRED 5/
01145 3 /4 11 <E—DIV) ::— ENVIRONMENT DIVISION • CONFIGURATION 0/
01146 3 / 5  11 SECTIGN • <ARC—CBJ> (I—U> 5/
01147 3 ; II NO t-CTICN REQUIRED 4/
01148 3 /5 12 SRC—08J> ::s SOURCE—COMPUTER • <COMMENT> <DEBUG> • S.’
01149 — /~ 12 OBJECT—CO MPUTER • <CoMMENT> • 5/
01150 3 ; /4 NC ACTION REQUIRED ‘I
01151 3 /0  13 <01800) ::s CEBUGGING MODE 0/
01152 3 CEBUGGIRG .lRtjE; I’ SETS A SCANNER TOGGLE 5/
01153 3 /0 14 <EMPTY) 4/
01154 3 ; /4 NC ACTICN REQUIRED 4/
01155 3 /$ 15 <1—0> 1:~~ INPUT—OUTPUT SECTiON • FILE—CONTROL • 5/
01156 3 /5 15 <FILE—CON TROL—L IST> <IC)
01157 3 ; I’ NC ACTION REQUIRED SI
01158 3 /5 16 <EMPTY) 4/
01159 3 ; /4 NC ACT ICN REQUIRED 4/
0)160 3 /5 17 <FILE—C ONTROL—L IST> ::— (FILE—CCNTROL—ENTRY) 4/
01161 3 ; /~ NC- ACT I CN RE QUIRE D 4/
0116 2 3 /5  18 < FILE—C O NT ROl—LIST )  0/
01123 3 1* 18 <FILE—CONTROL—ENTRY ) SI
01164 3 ; I’ NC- ACTION REQUIRED •I
01165 3 /S 19 <FILE—C ONTR OL—ENTRY> ::. SELECT <10> <ATTRIBUTE—LIST)
01166 3 CALL $ETI FILESATT RI e;
011 67 3 /5 20 <A TT~TIBU1E—LIST> :1— <ONE—A ITRIB) 0/
01148 3 ; IS NC ACTION REQUIRED 5/
01169 — /0 21 <ATTRIBUTE—LIST> <ONE—A TTR IB> 5/
0 1170 3 V A L U E ( F F 1 • ’~A LU E ( S P )  DR VALUE (MP P;
01171 /~ 22 (CRE—A TTRLB > ::— CRG ANILATICN <0kG—TYPE) 5/
0) 1 72 3 bA L U E ( P F ) ’ V S L U E ( S P ) ;
01173 3 /5 23 ACCESS <ACC— TYPE> <RELATIVE ) 4/
01174 3 VAL UE(VP )—VA LUE4M PP1) OR VALUE (SP I
01175 3 /5 74 ASSIGN <INPUT) 5/
0117 6 CALl. BLILC IFCO ’
01177 3 /5 25 (CRG— ~ YPE) ::— SEQ UENTIAL 5/
01176 3 ; /S NC A C TI CN RE QUIRED — DEcAULT SI
01175 3 I’ 26 REL ATIVE 5/
CIlBO 3 CALL CFIV ALLE (SP ,4);
01181 3 /5 27 <ICC—TYPE> I:— SE~ UENT!AL 5/
01182 3 ; I~ NC ACTION RECUIRFU — DEFAULT 5/
01183 3 /0 2~ RANDOM *1
0)184 3 CALL CP)VALLF(S ’.2 );
01185 3 /5 29 <RELATIVE ) I:— RELATIVE <ID> 5/
01166 3 CA L L  C P IV A L L E ( M P , 8 I ;
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01187 IS 30 (EMPTY> 5/
01188 ; /‘ NO ACTICN REQUIRED — DEFAULT 5/
01189 /5 ai <Ic> :— 1—0—CONTROL • <SAME—LIST> 5/
01150
Oij~~1 IS 32 (EMPTY)

3 /S 33 <SAME—LIST> ::— <SAME—ELEMENT> 5/
01154
01155 /5 34 <SAME—LIST> <SAME—ELEMENT> 5/
01196
01197 /5  35 <SAME—ELEMENT> £ •  SAME <10—STRING ) • *-
01158
01199 /5 36 (IC—STRING) ::— <ID)
01200
fl12O1 /5 37 <ID—STRING> <10> - 5/
O1202 I
01203
01204 /5  38 <C—DIV) ::. DATA DIVISION • < FLLE— ~ E C TION ~ (WORK) ‘I
01205 /5  38 <LINK> 4/
01206 3 /5 NC ACTION REQUIRED 5/
01207 3 /5 35 (FILE—SECTION> ::— FILE SECTION • <FILE—LIST) 5/
01208 FILE SSECSENC — TRUE;
01209 /5 40 (EMPTY> 5/
C1210 FILESSECSENC TRUE
01211 /5 41 <FILE—L ILT> ::— <FILES> 5/
01212 ; /4 NC ACT ICN REQUIRED 5/
01213 /5 42 <FILE—LIST> <FILES) 5/
01214 3 ; Is NC ACT ICN REQUIRED 5/ -
0)215 /5 43 <FILES> ::• PD <ID> <FILE—CCNTRCL> • 5/
01216 3 ~ * 43 <RECORO—DESCRIPTLON> 5/
01217 CC;
01218 CALL ENCSOF$RECORD’
01219 4 CLPSSYM VALUE (MPPI
C 1220 CALL SEISADCRESSIT MPSI’OLD);
01221 CALL 5ET SSSLENGTH(TEMP$THO);
01222 ENC ;
01223 /5 44 <FILE—CONTROL> ::= <FILE—LIST> 5/
01224 ; /4 NC ACTION REQUIRED 5/
01225 /~ 45 <EMPTY) 5/
01222 ; Is NC ACTICN REQUIRED 5/
01227 3 /5 46 <F ILE—LiST) ::• <FILE—ELEMENT> *I
01228 3 ; /5 MC LCTICM REQUIRED s/
01229 /S 47 (FILE—LIST> <FILE—ELEMENT> 5/
CI230 ; /4 NC ACT ION REQUIRED */
01221 /5 48 <FILE—ELEMENT> BLOCK <INTEGER ) RECURCS 4/
01232 ; is NO ACTION REQU IRED — FILES NEVER BLCCKED 5/
01233 /5 49 RECORD <REC—COUNT> 5/
01234 CALL SETSSLENGTH (VALUE (SP) );
01235 /5 50 LABEL RECORDS STANDARC S-
01236 3 ; /* NC ACTICN REQUIRED •/
01227 /5 51 LABEL RECORDS OMITTED 5/
01238 ; /9 NO ACTION REQUIRED ‘I01239 /5 52 VALUE OF <ID—STRING> 5/
C1240 ; Is NC ACTIC N REQUIRED •/
01241 /5 53 <REC—CC UMT > :: <INTEGER> *I
01242 ; /5 NC ACTION REQUIRED — VALUE(SP) Cc-RRE CT ~I01243 /5 54 (INTEGER> TO <INTEGER> 5/
01244 CC ;
01245 VALU EIMP )— ~ ALUE(5 P); /4 VARIA BLE LENGTH •l
01246 4 CALL SEISTYF-E (4); /5 SET IC VARIA BLE 5/
01247 4 END;
01248 /4 55 <WCRK> ::s WORKING—STORAGE SECTICH • *-
01249 /4 55 <RECORO—OESCR1PTION> S/
C1250 ; /4 NC ACTICN REQUIRED 4/
01251 /5  56 <EMP?Y ) 5/
01252 ; /4 MC ACTICN REQu IRED 4/
01253 1* 57 <LINK> LINYsAG E S EC T IC N • <REcCRD—DESCQIFTION> 5/
01254 CALL PRINTIERROR(’NI ’); /5  INTER PROG COMM 5/
01255 IS 58 <EMPTY) 5/
01256 ; /~ NO ACTION REQUIRED •/
0)257 /5 59 <RECORD—DESCRIPTION> ::— <LEVEL—ENT RY ) 5,
0)258 ; /5 MC AC TICN REQUIRED 4/
01259 /5 60 <RE CORD—CEE CR IPT ICN> 5/
01260 /5 60 <LEVEL— ENTRY> S-

01221 1 /4 NO ACTICN REQuIRED 5/
012E-2 /5  61 <LEVEL—ENTRY> ::= <INTEGER> < DATA— ID> <REL E FINES> 5/
01263 /5  61 - - <DATA—TYPE> • SI
01224 CC;
01265 CALL LCAD$LEV EL;
01266 IF PENCINGSLITERAL< )0 THEN PEN0INGSLITS1D~ tDSSTAC KSPTR;
01261 4 END;
01268 /5 42 <CATA—I C ) ::s <IC) 5/
01265 1 /5  NC ACTION REQUIRED 5/
0127C /5 63 FILLER 5/
01271 CC;
01272 CLR 15’~M VALUE (SP)—NEXTSSYM ;
01273 CALL . ELILOSSYMBOLIO );
01274 END;
01275 /5  64 (REDEFINES> ::— REDEFINES <ID)
01274 CC;
01277 CALL SEISRECEV(VALUE (SP-),VALUE (SP—2fl’
0 1278 4 VA l UE (MP). 1 /5 SET REDEFINE FLAG ~N •I01215 4 CALL CFE C KS~ 0RSLEVEL
C1280 END; -

CI281 / 5  65 <EMPTY> 5/
01282 CALL C )-ECK$FCR$ LEVEL;
0)283 /5 66 <CAT A—TYP E> ;:— <PROP—LIST> 5/
01284 ; /4 NC A CTION REQUIRED S/
01285 I~ 67 (EMPTY> 5/
01296 ; /5 NC 4011CR REQU IRED •/
01287 /5 68 (FRCP—LIST> ::— <DATA—ELEME NT ) 5/
01288 I /4 NC ACTI O N REQUIRED •/
01289 /5 69 <PROP—LIST> <DA ’A— ELEMENT> 5/
0 12’~O ; / 4  NO ACTICN POQIJIRED ‘I
01291 /5 70 (DATA— ELEMENt> :~~~ PlC <INPUT) 5/
01292 CALL PIC SA N/ L IZEP ;
01293 I’ 11 USAGE COMP SI
0)294 CALL SE TST ’,PE (COMP))
01295 /S 72 USAGE DISPLAY 5/
01296 ; /4 NC ACTION RECUIRE D — DEFAUL I ‘I
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01297 3 /5 73 SIGN LEADING <SEPARATE> 5/
01298 3 CALL S ET S S I G N ( 1 8 1 ;
0)299 3 /5 74 SIGN TRAILING <SEPARATE ) ‘IC1300 3 CALL SET$SIGM(171;
01301 3 /5 75 OCCURS <INTEGER) SI
01302 2 CC;
01303 3 CALL CRSTYPEI128);
01304 4 CALL SETSOCCURS(VALUE (SP));
01305 4 END ;
01306 3 /5 76 SYNC <DIRECTION) 5/
01307 3 /5  NO ACTION REQUIRED — BYTE MACHINE 0/
013C8 3 /5 77 VALUE <LITERAL ) SI
0)309 3 cc ;

• 01310 3 IF MCI FILESSECSEND YNEN
01311 4 DC;
01312 4 CALL . PPINTSERRORt’VE ’);
31313 5 FENDING$LITERAL—O ;
01314 5 ENC;
01315 4 END;
01316 3 /4 78 (C1PECTION) ::— LEFT 4/
01317 3 ; / 5  NO ACTICN REQUIRED 5/
01318 3 /5 79 RIGHT Si
01319 3 ; /5  NC ACT ICI4 REQUIRED 5/
01320 3 /5 80 <EMPTY> 5/
01321 3 ; /5 MC ACTION RE QUIRED 5/
01322 3 /5 81 <SEPARATE> ::= SEPARATE 5/
01323 3 VAL.UEUF) .2; -

01324 3 /5 82 <EMPTY> 4/
01325 3 ; /4 NO ACT ICN REQUIRED 5/
01326 3 /5 83 <LITERAL) :~~= <INPUT) 5/
01327 3 CC;
01328 3 CALL LCADSLITERAL ;
01329 4 .PEN CIN G SLITERAL—1 ;
01330 4 END;
01331 3 /5  84 <LIT> 5/
01332 3 CC; -

01233 3 - CALL ICADA L ITERA L;
01334 4 PENCINGSLI TERAL Z;
01335 4 END;
01336 3 /5 85 ZERO 4/
01337 3 PENDI NCSLITERAL •3;
01328 3 /5 66 SPACE S1
01329 3 FEN DINGIL I1ERAL ~~4;C134D 3 /4 87 QUOTE SI
0)341 3 FEND INO-S L ITE PAL= 5;
01342 3 /4 88 <INTEGER> ::— <INPUT> 5/
01343 3 CALL CCNVE PTSIN TEGER ;
01344 3 /5 89 <IC) ::€- <INPUT> 5/
01345 3 VALUE (SP)rMATCH; /4 STORE SYMBOL TABLE POINTERS 5/
01346 2
01347 3
01348 3 ENC; /5 END OF CASE STATEHENT *-
01349 2 END COCESGER ;
C1350 1
01351 1 GETINI :  PRC CEC3 ~RE BY1E; -
01352 2 PET IRN INDE~~1( S T 3 T E ) ;
01353 2 END CET IN1 ;
01354 1
01355 1 GETIFs2 : PROCECIRE BYTE;
01356 2 RETURN 1N0112 ($TATE);
01357 2 END c-ETIN2; -0135 8 1
01359 1 INCSP: PROCEDURE;
01360 2 EF~ SP • ~ ;01361 2 IF SP ). PETACKSIZE THEN CALL FATALSERROR (’SO’);
01362 2 VALL.E (SF)-O; /4 CLEAR VALUE- STACK 4/
01323 2 END IPiCSP;
01364 1
01365 1 LCCKAI -EAO : PRCCEC URE ;
01366 2 IF NCLCCK lI-EN
01367 2 CC;
01368 2 CALL SCANNER;

— 01365 3 NCLC CI Cs FALSE ;
C1370 3 IF PRIRTA TOKEN THEN
01371 3 C C;  -
01372 2 CALL  CPLFI
01373 4 CALL PRINTSHLJMBERETQKEN 3;
01374 4 CALL  P R I N T $ C H A R ( ’  ‘)
01375 4 CALL PRINTSA CCUM ;
01316 4
01377 3 END ;
01378 2 END LCCKA I4EAC ;
C1379 1 -
01380 1 NCSCCNFLICI: PPCCEDURE (CSTATE) BYTE;
01381 2 DECLARE ICCIATE I ,4,K) BYTE
01382 2 ~J—INOE X1 (C !TATE1; -

01383 2 $—J + INDE~ 2 (CSTATE) — 1;
01384 2 CC 1-4 IC RI
01345 2 IF R E A C L ( I ) — T C K E N  THEN RETURN TRUE ;
01386 2 END ;

L 

01387 2 RETLRN F A L S E ’
3 1388 2 END R C S C C N F L I C T ;
01389 1
C1390 I REC OV E R :  PRCCECLRE 8YTE’
01391 2 CECL AR E ( T S P ,  R S T A T C )  BYTE;
01392 2 CC F O R E V E R ’
01393 2
01394 3 Co WHILE TSP <> 255;
01395 3 IF NOICCNFLICT (RSTATE:~~STAT4 STACK (T5PI) THEN
01356 4 CC; I’ STATE WILL RE$O TOKEN 4-
0139 7 4 IF 5D<)T~ P lI-EN SP • TSP — 1;
01398 5 - RET UI~N RSTAT E ;
01399 5 END;
OIACO 4 iSP - TSP —
0)401 4 ENC;
01402 3 CALL SCANNER ; /5 TRY ANOTHER TOKEN ‘I0)403 END ’
01404 2 END ~ ECI~V E1;
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01405
01406 ENC IPASS : FPOCECLRE;
01407 /S THiS PPCCICURE SYnRES THE INFORMATION REQUIRED BY PASS2
01408 IN LOCATIONS ABOV E THE SYM8CL TABLE. THE FCLLOWING
01409 INFORMAl ICR IS ~TCREDzC1410 OLWUT FILE CCNTROL BLCCK
01411 COM PILER TOGGLES
014 12 INFLI EUFFER POINTER
31413 ThE OUTFIT ELPFER IS ALSO FILLED SO THE CURRENT RECORD 15 WRITTEN.
01414 4/
01415
01416 CALL B YV E S C L T ( S C D ) ;
01417 CALL ACCP$CLT (NEXTSAVA ILABLE) ;
01418 CC WHILE CLTPUTSPTR< ).OUTPUT$BUFF;
01415 CALL EYTE SOUT (OFFH);
C1420 END ; -0 142 1
01422 CALL McvE( .OUIPUTSFCB ,MAXIMEMCPY— PASS 1SLEN ,PASSL5LEN);
01423 GO TO MAX DENORY ;
01424 ENC E R C S P A S S ;
01425
01426 /5 * S 5 5 PROGRAM EXECUTION STARTS HERE 5 * 5/
0142 1
01428 CALL MOVE ( IR IT IA L$P O S ,MAX SME MCRY ,RO RS LENGTH )
01425 CALL INIT ISCANNE R ;
C1430 CALL IN ITS SY NBCL;
01431
01432
01433 iS * 4 * * S * PARSER S * * S * *-
01434
01435 DC WI-ILE CCM PIL ING ;
31436 - IF STATE <- MAX RN n THEN /S READ STA TE 5/
01437 CCI
01438 CALL )KCSP’
01439 STATRS TACK~~SP) STATE; /5 SAVE CURRENT STATE 9/
01440 CALL LCCNAHEAO ;
01441 1.C-ET 1Is I ;
01442 J — I + GETIN2 — 1;
01443 CC I—I IC J;
01444 - iF REAC1 (I ) TOKEN THEN
01445 CC;
01446 /4 COPY THE ACCUMUIRTOR IF IT IS AN INPUT
01447 4 STRING . IF IT IS A PESERVEC WCRC IT DOES
01448 4 NCT NEED TU EE COPIND. *I
01449 4 IF (TDKENSINPUTSSTF- ) OR LTC K EN— L IT ERA LI THE N
01450 5 DO K~O 10 ACCUM
01451 5 VARC (K)~ AC~~UM (K);01452 END;
01453 SIATE—READZ (I);
01454 NOLOCK—TRUE ;
01455 5 I—J;
01456 5 END’
0145 7 4 ELS ~01458 4 IF I— J THEN
01459 4 CC;
01460 CALL PRINTsERPCR (’NP’);
0 1461 5 CALL PRINT (.’ ERROR NEAR s’);
01462 CALL PRINTSACCUM ;
01423 IF (STAT E:~~,~€C OVER I— O THEN COKP ILINGsFA LSE ;
01444 - END;
0146 5 E NC;
01466 END ; / S  ENC OF READ STATE 5/
01467 ELSE
C1468 if STATE>MAX PNO THEN /S APPLY PRCOUCT1CN STATE 5/
01465 2 CC;
01470 2 WPsEP — GETIN2;
01471 NPFI WP + 1;
01412 CALL CCCESGEN (ST&TE — MAXPNO);
01473 ‘ SP.MF;
01474 1.0-ETIR1;
0)47 5 J — S T A 1 E S T A C K ( S P ) ;  -

01476 DO WI - ILE ( K :— A P P L Y I ( I ) )  <> 0 AND J()K;
31477 ~ I—I + 1;
01476 4 ErsC’
01479 IF lK:-APPLY2 (fl)—0 THEN COMPILING— FALSE;
01480 STA TE—K;
0148 1 END’
01482 EL SE
31483 IF STAIE < . iAXL NC TH EN / * LO OKA HEA C STATE S/
01484 2 CC;
01485 I—GETIR1;
01486 ~ CALL  LCCKA NEAC
0 1481 DC W HILE (K :— LÔO K1( I ) I< )o  AND TOKEN <)K;
01488 1—1+1 ;
01485 CRC-
C1490 3 STATE~~LC~~K2 (I);01451 END;
01452 E L S E
01493 CC; /4PUSH STATESS/ -

01454 CAL L. INCSP
01496 STAT E— CE T INI ;
01457 END ;
01498 END; I’ C- F WHILE COMPILING 5/
01499 CALL CRLF;
CISDO CALL R ?)N1(.’ENC CF PART 1 1’);
0)501 CALL ENOS PAS S; -

01495 S T A T E S I A C K 1 S P ) S G E T I N Z

0)5 02  EC F
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00001 1 -

00002 1 /4 COeCL COMPILER — PART 2 0/
COCO3 1
OOCOA 1 - i
COCOS I lOCH: /5 LOAC POINT 5/
00C06 1
30007 1 /5 CICEAL. DECLARATIONS AND LITERALS *1 - a
00008 1
(0009 1 CECLAPE LIT LITERALLY ‘LITERALLY’ ;
COO lO I CECLA RE
00011 1 BCOS L1~ ‘SN’, /* ENTRY TO CPERAT I NG SYSTEM 5/
C0012 1 I-ASH$TAEIACCP L ‘25004-4 ’, / 5  ADDRESS OF THE 3CTTOM CF
00013 1 THE TABL ES FROM PAP T 1  S/
00014 1 PASS1SLER LIT ‘46’,
00015 1 NAXSNEt 4CRY LIT ‘3200H’ ,
COC 16 1. PASS1-STCP LIT ‘3100H’ ,
0001? 1 ECCT LIT ‘0’
CCOI8 1 CR LIT .13 2 ,
COOlS 1 LF LIT ‘10’ ,
COC2O CIJCTE L IT  ‘22 44 ’ ,
00021 PCL.ND LIT ‘23H’,
00022 1 IPLE LIT ‘1’ ,C0C23 I FAL SE LIT ‘0’ ,
00D24 1 FOREVER LIT ‘WHILE TRUE’ ;
0002 5 1 CECLARE MAX RRO L ITERALLY ‘83’ ,/* MA X R EAD COUNT *1
00026 1 PAXLNC LITERALLY ‘lOb ’ ,lS MAX LOOK COUNT 5/
0DC27 I MAXPRO LITERALLY ‘121’ ,I* MAX PUSH COUNT 5/
(0028 I HAX ENO LITERALLY ‘218’ ./* MAX STATE COLNT 4/

STA RTS LITERALLY ‘l’ ;/* ST ART STATE 4/C0C29 1 
EAC1 CATA (0,62,5.ø,8, 13,15.19.21.23.25,30,31,40,41,43,44,-,8,52(0030 1 DECLARE R

00031 1 .53 ,57 .55 ,41.27 26 .35 ,~~6 ,4?,2 7 ,47 , j ,Z8 , c8,1C, 34,~~ ,3~~.12.2I;2 B . 3 5 , 3 G
00032 1 .47 ,3, i .25,22 ,4 ’i ,56 ,L ,55 , Z , 29 ,4 2 , 2 6 , 18 ,32 , 4~, ,5j , 63,j 7 ,4 ,37 ,~~7 ,3 8 , 4 ?
00033 1 .60,54,1 14,11,7,5,50,5 o,13,15,15,21,23,25,30,40,41,43,44,48,52,53
30034 1 ,57,59,5~3,7.16,1. 1.5,8,13,15,19,20,21,23,25,33,43,41,43,44,48,52,5300035 1 .5 7 , 5 9 .4 7 ,6 1  5 47 ,24,0 ,0) ;
00C36 I C ECLA PE LOOKI C A fA i O , 47 , O , 39 ,0 , 2 ,O , 3 9 , 0 ,  1,14,0 ,47,0,29 ,42 ,3,2 ,3 ,26 ,C , 7, -3
00037 1 ,16,O, i,14,C,54,O,54,0,54,O,54,0, 11,0,1,14 ,C,1,0,50,O ,-.7,0,24,C,9,41
C0038 1
(0C39 1 CECL /RE A PPLV A C3TA (0,O,24,O,6,0,3,79,O ,3,83,~) .13,68,70,12,81,0,0.3,13.3(0040 1 ,3 ,83,O,2i,C,O,O,O,55,60,61 O,O,0,O,O,O,O.7L,O,3,O,Q,C,C,~~.8.9,j5, 16C0041 I ,46,C,D,2,5,2 .8,5, 14,15, LbJO,23,25,26,2$,29,30,31,35,36,42,46.ll 76
00042 1 ,75,82,0,10,32,39,43,S1,54,56,3,5,4,9,15, 16,33,46,C,54.0,22,3.C,L ’/
C0C43 1 ,34 ,66,27. C ,C ,03 ,83 ,O4 ;
00044 1 DECLARE REA C2 CITA(3,43,6.7,1O,12,84,17,19,20,22,35,26,25,30,31,32,34 ,75
C0C45 1 ,36,35.40,33,202,2C6,236.201,86 ,2Oz,86,122 85 11’,, 165.153, 194,136
00046 1 ,1i3,211,2C2,2C8,207 210,203,13O.28,L92,15~~,8

’?,3,37,4,193,LPs,23,163
00047 1 .169,167 2 142,143, t6,~~.1C2 ,232,27,86,-.1,L1J,2,L 3,1~~5,8,175,185,e~ 1Q
(0048 1 ,12,84,1,,15,2O,22,25,29,3o,3L,32,34.35,34,39,4o,t85,S,15,131,1~ 2,eC0049 1 ,1O,12.84,17,18,19,20.22,25,29 ,30,31,32,34,35,36,35,4C, 199,42,11,159
CO C~~ 1 

~
2
~~
,0,0);

1 CECL LOCK2 CATA (O ,14,1O7,24 108,199,200,38,1C9,143,143,125,46,110,47
1. ,47,11L, 4e ,  151,49,112, 1t3.~~1,1 14 .54.115,t15,56,58, 116 ,59,I1 .60,118

C0C53 1 ,61 .119,24,120, 121, 121,66,148,65,71,140,77 ,123 ,83, i37,12S ,1~~5,63300054 1 DECLARE AP PLY2 CATA(0 ,O,1.~8,62,78,iO4,79, 128,121,1O6,15,74,152,151,153C0C55 1 .178 , ISC,122,J, 34,1O5,105, 137 133,133, 143,163 76,161,5C,o7,156,154
00056 1 .157,155,145, rO,135,63,95,14’1,68.174,81, 16C,~~7,187,82,9?, )45,58 ,9600057 1 ,56,176 , 136,i51,44,91,88,91,91,216,91 ,91 , 18,LBC,135,19,125,50 161(0058 1 ,158,92,15S,144,91,12o,126,44,j46,45,93,52,53,94,2C4,234,55,21~~, 156C0C59 I • 1c6,IcA,1c.4,156,1sO ,196,20l,73,72,2U5,253,172 ,65 ,IO1 ,214,164, 100(0C60 1 .141 14;,1c ~~,Io2,1-4.6)’
00C61 1 DECLARE INOEXI CATA( 3,1,LI6,2 22,116,116,23,116,116,28,30,31,74,114,116
00062 1 ,116,23,32,23,116,36,37,116,45,116.116,23,116,116,116 •116,28,43,2i
00C63 1 ,1~~6~~l12 44~ 45,28 28,46,116,48,49,5L,11o~ 52 51,S4 55.28,63.61,28,6200C64 1 ,4~~, 6.61 .41,67,63,68,65,7O,71,23,23, 7~~ 2 4,92,~~3,94,c5,96,S1,11600065 1 ,116,ilE,12 (,74,1 16,2,1,3,5,7,9,12,14,1 ,2L,23,25,28,30.32,3-.,36
C0C66 I ,38,41,43,4~~,47,46,217,LZ4,124,L71,L89,l~,t,2C 5,235,184 ,i7j, 171,17100067 1 ,I1t,L62 ;21..,L,2.2,4.4,6,6,7,7,~~.9,1O 1O,1O~ 12,t2,12,12,12.12,12,12
00068 1 .12,12, 1~~,12,12, 12,1 8, 18,18, 18,19,19, ~9, L9,~~2,22,22,25,27,27,27,.~8C0C69 1 ,28,29,25 ,25,30,33,34,34,35,35,36,36,37,37,3€,38 , 35,34,3S,.,0,42,43
C0070 1 ,42,44,44,4_ ,45,46,46,46,47,47,54,55,80,80,6O,88,5t ,96,S6,98,S8,iOO
00C71 1 .1CC 1CC ,LCI,IC1,1CA,10 6,LC7,107,t 03)
03C12 1 OECLAR E INOEX2 CATA (0,1,1,20,i,1,1,5,1, t,~~,1, 1,16,1,1, 1.5,1.3,1,1,6,1,100013 1 .1,1,5.1, 1,1,1,2,1,5.L,1,l.1,2,2.2, I,1,2,1,1,2,t,1,5,2,1,1.2,1,2, 1,1
00C74 1 ,i ,1,i,L,L,i.1,5,5,18,2,18,1,1,i. 1,1,19,1,2,2,1,13,1,23,2,2,2,2,3,2
CCC~~ 1 ,,2 ,2, ,2, ,2,2,2,2,2,3,2,2,2,2,3,14,24,38,46.41,’,c ,51,54, 56,58,59
COC76 1 ,6C,61,64,66,6,1,O,Q,1,O,1,2,2,1,2,0,Q,2,l,C,2,1,0,2, i,t,3,2.2,3,C,1
00C77 1 ,2,~~,4,2.5,4,4,5,I,1.2,2,3,0,L,3,3,O,C,O,O,C,0,O,O,C,O,C,3, 1,1,0,1,1OOC1B 1 ,. .u,1,2,O,C,0,O,O,O,O,Q,0,0,O,O,O,0,O,3 ,0,0,G,0,0,C,C,0,3,0,O,C,0,0(0(79 1 ,iI; -

(0080 
~~ END CF TAE L E S 5/JO Ca 1

0CC82 I DECL AR E -

00C83 1 /‘ JOINT CE CLARATIC K S 5/
30064 1 /0 THE F(LLOWING ITEM S ARE DECLARED TOGETI-ER IN THIS
OCC8S I GRCUP IN ORDER TO FACILITATE THEIR BEING PASSED FROM -
00(86 14-f FiR ST PART OF TI- f COMPILER.
00(87 5/
COCSB OUTPUTSPCO (33) BYTE, -CCC8S CIE UGr.INC- BYTE,
CCCSO 1 PRIMTS PRCO BYTE,
00C9 1 1 P Q I N T S T C K E N  BYT E ,
OCC O2 1 L I $ T $ 1 N F L T  B Y T E ,
0CC 93 1 SE C S N LM BYTE
00094 1 NEXT ISYM AODRkS,
OCCS5 1 PCINTER AI CFESS, / POINTS TO THE NEX T BYTE IC BE R E AC 5/
COCS6 1 NEX TS AV AI LAE L E A~)CPESS,
OCC S 7 1 MAXI IN T IP E M ADDRESS,
CCCS8 1
C0C99 1 ‘5 I 0 FUFFEPS AND GLOBALS 5/
(0100 1 IN$A CCP ACCPESS I N I T I A L  (5CHI
00101 1 INPUTFCF EASE D 1~4ADCR (33 1 BY f E,
00102 1 CL T PUIAEL F F (1284 BYTE,
00103 I OLTRUTIPIR ADDP.95,
00104 1 CL IPUTATNO ADORE
L 0 0 5 F CUTPUT$CPAR BASED QUIPUhPTR SYTE;
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00107 1 /5 GLOBAL CCLRTERS *#
00108 1 DECLARE
COb S 1 CTR BYTE,
E0ILO 1 A$CTR AC CRE ’~~,OOi11 1 EASE Ao cpE c~~;00112 1 BIBYTE  EAS~~C EASE BYTE
28112 ~ B*ADCR BASED EASE ADOR&SS;

COIlS I MCNI : PRCCECLPE (F ,A );
00116 2 CECLARE F 8Y18, A ADDRESS;
00111 2 GC TO BCCS ;
03118 2 END MCMI;
COI lS  I
(0120 1 MCt~2: PR QCECLRE (F,A) BYTE;
00121 2 CECLARE F fy11, A ADDRESS;
00122 2 CC TC 8Cc!;
00123 2 END NCN2 ;
00)24 1
00125 1 PRINTC I-A~~: PROCECURE (CHAR);
00126 2 CECLARE Ct-A R eYTC;
00121 2 CALL MCR1 12,CHAR );
C0128 2 ENC PPI NT C I4A P;
C0129 1
(0130 1 CRLF: PROCECIRE;
00131 2 CALL PRIP,-T CI -AR (CRI;
00132 2 CALL PRI8. TCI-AR (LF );
00133 2 END CRLF;
00134 1 -
00135 1 PRINT: PROCEDURE (Al;
00136 2 CECLA TE A AC ORESS;
00337 2 CALL MCN1 I 5,A);
00138 2 ENC PRIN T;
(0135 1
80140 1 PRINT IERROR: PROCE DURE (CODE);
0014! 2 CECLARE COCE ADDRESS;
00142 2 CALL CRLF’
00143 2 CALL PQIR~ C FAR (HIGH (CDOE ));
00)44 CALL PPINTC t-AR( LCW (CCDE fl ;
00145 2 END PRINTSER RCR;
00146 1
00147 1 FATALIER ROR: PRCC ECU RE (REASC NI ;
00148 2 CECLARE RE A S ON ADDR ESS;
(0 14 5 2 CALL P P I N T A € P R C R ( R E A S 3 N ) ;
(0150 2 CALL T T M E ( 1 C ) ;
00151 2 GD TC SCCT ;
C3152 END FATA LSEII PCR;
00 153 1
00154 1 CLCSE: PRCCEC URE ’
00155 2 IF 4 - ’ C N 2 ( t 6 , . 4~UTP UT SF CB)~~255 TI-E N CALL FA TAL IERR QR (’CL’);
00156 2 CRC CLO SE;
00157 1
C0158 MGPE$ INPLT : PRCCECURE EYTE;
(0159 / 5  READS TI-F INPUT FILE AND RETURNS TRUE IF A RECORD
(0163 2 WAS REA C. FALSE IMPLIES E~IO OF FILE 5/
00161 2 CECLARE CCN1 BYTE ;
00162 IF (0CNT:~ MCN2(20,.INPUTSFCB)l)1 THEN CALL FLTAL SERRCF(’BR’ );
00163 RETURN NCT (CCF4T);
00164 ENC MCRE$INCLT;
00165 -

00166 WRITEICUTPUT : PRCCECURE (LCCATICN );
00167 / 4  W RITES CLI A 128 BYTE BUF FER FROM LOCAT !CN*/
00168 CECLAR E LC (ATICN AOCRE$S;
(0169 CALL MCN1(28 LCCA TION)’ /S SET DMA SI
(011 0 IF MON2 (21,.c~UTPUTSFCB1<>0 THEN CALL FATA LEEPRCR( ’WR ’);
00171 CALL MCNI (26,EOH) ; ISRESET DMA 5/
00172 ENC WR ITESC UTP L I ;
0017 3
00114 MCVE : PROCECL RE(SCURCE, 0ESTINAT !CN , COUNT);
00275 /~ MCVE S FOR TI- S NUMBER OF BYTES SPECIF IED EY COUNT 5 /
00176 CECLARE (SCLPCE,DEST IPsATI3N) ADDRESS
00177 (ESBYTE EAS EC SOL.PCE, D$8YTE BASED DhTINATION, COUNT ) BYTE;
00178 CC W H ILE (CCLNT:=CCURT — I) <> 255;
Col ic DSIYTE—5 IBYTE;
(0180 SCLPCE~~~CURCE •100181 OESTINAtICN — DE~~T INAT ICN + 1;
CC 182 END’
0C183 END
00 184
OCt85 FILL : PROCECLRE (ADOR CHAR COUNT);
00186 /5 MOVES C HA P III C AO6R FOR COUNT BYTES 5/
0C1 87 DECLARE A CC R AOCRESS
(0188 (Ct-AR CCLRT (1ST BA S~ O AODR ) BYTE;(0189 CC WHILE (C~ LNT .’CCUNT —1)<>255
(0190 DE’l.CPAR;
00151 AO~ P-ACC P 0 1~LCI S2 ENC ;
CC 193 END FILL:
00154
CC 1SS /4 S 0 * * S SCANNFR LITS * * * * S/
CCIS6 CECLAP E
OCIS7 LITE RAL LII ‘28’,
00198 INF U ESS IR LII ‘47 ’ ,
CCIS S PERICO LIT ‘1’ ,
00200 P PARI N L IT  ‘3’ ,
00201 LR* R IX LII ‘2’ ,
00202 INVAL ID  LII ‘0’ ;
00203
C0~ 0400205 /5 5 4 5 SCANNER TABLES • * * • •/
00206 DECLARE TOKEP ~$ T i e i 5 CA TA
00207 I’ CON TAI N S THE TCKEN NUMBER ONE LESS THAN T HE F IRST PE S E RVEC W C RC
C0206 ECH 16(1- L EN C - lI- CF WCRO 5/
00~ 09 (C,O,3,1,12,28,40,47,55,59,62),
(O~ 10
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(12.J g l I  TABLE cATa (’eY ’ ‘GO’ ,’IF’ ‘TO’ ,’AOO’ ‘ENO’ ,’I—C’
OO~~12 ,‘NOT’,’RUN 1 ,’CA LL’ ‘ELSE’ ‘EXIT 1 ,’FROM’ ‘INTO’ ,’LESS’ ‘MOVE’
OO~~13 ,‘N~ XT ’,’0PEN’ ‘P AG&’ ’h1A6’ ,’SIZE’ ‘ST’Tl’’ ‘T t4RU’,’ZER6’
00214 ,‘AFTEP’ .’(LC5~~’,’ENTFR ’,’EauAL’ ,’E~ RflR’ ,.INP UT’,’CLO1 E’ ,’5PACE’
00215 ,IT1M E SS ,*LN T IL I , ‘USING’ ,’WRIT E ’ ‘ACCEPT’ ,‘8EfOR ~~’,’DELETE’fl0216 ,•EIV IDE ’ , ‘CLTP UT’ ‘CISPLAY’ , ‘GR~~AT ER ’O0211 ,‘!NVALIC’ ,’P,UMEPIC’ ,’PERFOR M’ ‘NEWRITE’ RCUNDC3~~,~~SECIIO4-lICO~ 18 •CI v IS1Cp .’,’NuL1IPLY’-,’SENTENl~E’ ,’SueTRACT’ ,’ADvAr. CING’,O0~ l9 1 4CEPENO1RG’ ‘PROCEOURE’ ,’ALP HABETLC’),
(0~ 2O 1 OFFSET (111 ADD RESS INITIAL
00221 1 /4 NUMBER Cf BYTES TO INDEX INTC THE TABLE FOR EACH LENGTH 5/
00222 1 (0,0,0,8,23,63,143,173,229,261,288),
00223 -

00224 WOPOSCCUNT (616
00225 IS NUMBER CF WORDS OF EACH SIZE 5/
OO~~ 6 (C,O,4,5,15,12,S,8,4,3,L),

0228
C0225 MAX SIOSLEN LIT ‘12’, -

002 30 MA X S LE N - L IT ‘10’ ,
00 231 AC OSENC CATA (‘14-ID. ‘3
C0232 LCC KED BYTE INITIAL (6 ) ,
00233 I-CLC BYTE
00234 BL-FFER SEND ADCR~ SS INITIAL (IOOH),
00235 1 NEXT B4~ EO POINTER BYTE,
00236 1 INEUF F LIt ‘BOH’ ,
00237 CHAR BYTE IN ITIA L (’ ‘3,
00238 ACCUM BYTE,
(0239 PSACC JM (30) BYTE,
C0240 DISPLAY BYTE INITIAL (0),
00241 CISPLA YIREST (73) BYTE,
00 242 TOKEN BYTE; /ORETURNED FRCM SCANNER 0/
CO 243
00244
00245 /5 PROCECURES USED BY THE SCANNER 5/
00246 1 —
00247 PIEXISCI -AR : FROCECURE EYTE;
C3248 2 IF LOCKE D 14-Er.
C0249 2 CC;
00250 - LCC R EC . FALSE ;
00251 3 RE1LPR (CHAR:—HOLD );
00252 3 ENC;
00253 2 II (POINTER :—FOINTER • 1) ) BUFFER SENC THEN
00254 2 DC;
00255 2 IF 4-CT 4-CRESINPUT THEN
C0256 3 CC;
00257 3 ELF FE RSEN C ~~.M F MO RY ;
00258 4 FCINTER— .ACD SEFAO ;
(0259 4 ENC’
C0263 3 EL5~ pc 1NT ER~~INeuFF;
00261 3 ENC;
00262 2 RETURN (CI-AR :=NEXI);
C0263 2 END NEXTS C 4- 96P;
00264 1
0(265 1 GE1SCI-AR: PRCCE(LRE ; -

00266 2 /0 THIS FRCC FCURE IS CALLED WHE N A NEW CHAR IS NEEDED WITHOUT
00261 2 73- 1 DIRECT FETURN OF THE CHARACTER */
CC268 2 CI -AR -NEX1A C HA R;
(0269 2 END GET$C HA R S
00270 1
00211 1 DISPLAYSLINE: PROCEDURE;
00272 2 IF NOT LIS 1IIRPUT THEM RETURN;
C0273 2 DISPLAY (CI !FLAY + 1) — ‘ 5 ’ ;
00274 2 CALL PRI4-T (.CISPLAYSREST) ;
00275 2 CISPLAY .C’
(027 6 2 END DISPLAYSL INE;
00277 1
C0278 I LCADICISPLAY: FFCCEOU PE;
(0279 2 IF DISPLAY<1 2 THEN
C0280 2 OI5FLAY(CI SPLAY:—OI$ PLAY.1 )=CHAR;
00281 2 CALL G E I S C I -A R ;
00282 2 ENC LCADI O ISFLAV ;
00283
00284 I PLY : FPOCECLRE;
00285 2 IF ACCUM < 3C THEN
00286 2 ACCUM(ACCUM:=ACCUM+l1 .CHAR;
00287 2 CALL L CA C S O I ! P L A Y ;
(0288 2 ENC PUT ;
(0289 1
CC290 I E AT I L I N E :  P P C C E C I R E ’
0C291 2 CC WHILE C I -AF ( >C R ’
JC?92 2 CALL LCAt 5OI~~PLAY;CC~ 53 3 ENC;
0C294 2 INC EATILINE;
0C295 1
00256 GETSNC IBLANK: FROCEOURE ;
0C297 2 DECLARE (R,I) BYTE;
CC290 2 DC FCREVEP ;
CCZSS 2 IF CHAR — ‘ ‘ THEN CALL LOADSOISPLAY ;
(0300 3 ELSE
00301 3 IF CI-AP.CR THEN
00302 3 Dc;
00303 3 CALL OISPLAY SLINE;
C0304 A IF SEQINUM THEN N~ 8; ELSE 4-1-2;
00305 4 CC I — I IC N
00306 4 CALL LCAÔSDISPLA Y ;
C0307 5 E4-0
(0308 4 IF ~HAR = ‘5’ THEN CALL EATSL INE;
(0~ Oc 4 EN C I
COhO 3 ELSE
O 0 1~ 3 IF CHAR - ‘ : ‘ THEN

883
i ~ CC; 

IF NOT DEBUGGING Th EN CALL EAT SLINE ;
OO’14 4 ELSE
00 13 4 CALL LOAO SOISPLAY;
00316 4 14-C;
C0217 3 ELSE
C0218 3 RETtPN ;
(0’19 3 14-0’ /* 14-C CF DC FOREVER 5/

1 FloE GETbIOSPIAIP:
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I
OO~~ £ SPACE: PRI3CECURE eYTE ;
Cfl323 2 PETOIRN (Ct-AR— ’ ‘I CR (CHAR—CR);
cã324 2 INC sPAeE;
00325 1
00226 1 LEFTSFARIN ; PRCCECURE evIl;
C0321 2 RETURN Cl-A R =
(0326 2 END LEFISPARI). ;
C032 9 1
(0030 I RIC-H ISPARIN: PRCCEDURE BYTE;
00i31 2 RETURN CHAP — ‘I’;
(0332 2 INC RIGHIS PARIN ;
00233 1
00334 1 DELIMITER: PROCECURE fY11;
00335 2 /4 CI- ECKS FOR A PERIO D FOLLCWEO BY A SPACE CR CR5/
00336 2 IF Ct-AR C) ‘.‘ THEN RETURN FALSE;
00337 2 *‘CLD .NEXTSCHAR;
00338 2 LCC4-EO—TPUE -
(0335 2 IF SPACE T)-~ 4-
(0340 2 cc;
00341 2 CHAR • ‘.‘;
00342 3 RETLFN TRUE;
00243 3 14-C;
C0344 2 CFAR ’.’ -

00345 2 RE TU RN FhSE; - -

00346 2 END DEL IMIT ER;
00347 1
00348 1 ENOSCFSTOKEN: FRCCEDURE BYTE;
00349 2 RETURN SPACE OR DELIMITER OR LEFTSPARIN OR RIGHTSPARIN;
(0350 2 14-C ENCSOFSTCKE4 -;
0035 1 1
00352 1 GEISL IIERAL : PR(CEOURE BYTE;
CO3 53 2 C~ FOREVER;
00354 2 IF NE4-TSCHAP= QUOTE THEN RETURN LITERAL;
00355 3 CALL PUT;
00356 3 END;
00351 2 END C-EIS LITEPA L;
CO3 5~3 I
(035’; 1
C026C I LCCK*UP : PRCCECU PE BYTE;
00361 2 DECLARE POINT ADDRESS,
00362 2 (FIRE EASEC FCINI,I) BYTE;
00363 2
00364 2 MATCH: FFCCECLRE BYTE;
C0365 3 CEC LA R E J BYTE;
003 3 DO 3=1 TO ACCUM;
00267 3 IF t-ERE (J — 1) 0 ACCUM (J) THEN RETURN FALSE;
00360 4 EPIC ;
(036-9 3 RET LPN T RUE ;
(0372 3 END MATCH ;
0C37I 2
00372 2 PCiNT~ CfFSE 1(ACCUM )+ .TABLE;
03313 2 CC 1= 1 IC WCFC$CCUNT(ACCU M);
C0374 2 IF HA TCH THEM ROTURHI 1;
C0375 3 POINT • PCINT + ACC UM;
0337k 3 END;
CC277 2 RETURN FALSE;
10278 2 END LOCKSUP ;
(0315 1
(0380 1 RESER~ ECS WORC: PRCCEDLRE BYTE;
CC381 2 /~ RETUR NS T HE TONEN NUMBER OF A RESERVED WORD IF TI-I CONTENTS CF
00382 2 THE ACCUMULATO R IS A RESERVED WORD, OTHERWiSE RETURNS ZERO 4/ —

00283 2 CECLARE VALUE BYTE;
00364 2 CECLARE 4-UHf EYTE ’
C0285 2 IF ACCUM <— H3XA L~ N THEN
00286 2 CC;
00367 2 IF (NU4-f:=TCHENSTA5LE (ACCUM))<)0 THEN
(0388 3 CC;
CC2E-9 3 IF (VALUE:—LOCK$UPI C> 0 THEN
(0250 4 NUMB—NUMB + VALUE;
0C391 4 ELSE 4-UMB=O;
CC252 A EPIC;
0C 393 3 END;
0C294 2 RETURN NUMB ;
0C 395 2 END RE SE RV EC *WC PC;
CC256 1
(0397 1 GETSTCKEN : PRO CEDURE BYTE;
00398 2 ACCUM-0
C035~ 2 C A LL GE~~I4-CAE LA P. K;
(0400 2 IF CHAR .CIiC1E THEN RETURN GETSLITERA L ;
00401 2 IF DELI M ITER ThEN
COAC2 2 CC;
00403 2 CALL RUT ’
C04C4 3 RET URN c~ R10C;00405 3 14-C;
00406 2 IF LEF ISFA PI’- TI-TN
CO4C? 2 CC;
(0408 2 CALL FIT;
COACS 3 RETURN IFARIN ;
(0410 3 ENC;
00411 2 IF RIG IiTA PARI N THEN
00412 2 DC;
0fl413 2 C A L L  P11’
00414 3 REILPN PPAR IN;
0041 5 3 (4-0’
C0416 2 CC FOREVER ;
00417 2 CALL PUT’
CO4l8 3 II ENC (CFSTOKEN THEN RETURN INPUT$STR;
CO A LS 3 (4-C; /5 CF CC FOREVER 5/
(04 20 2 END c - E I I T C K E 4 - ;  -

00421 1
00422 1 /° END CF SCANNER ROUTINES •I
00423 1
00424 1 I’ SCANNER EXEC 5/
C0425 1
00426 1 SCANN ER : PPCCECLPE
00427 2 IF(TCKEN :— (1TS~ CKEF4) — TNPUT SSIR THEN
COAZI 2 I F (CIP:-~ ESE RVE05wDaO) C> 0 THEN TOKEP. CTR;( 04 29 2 INC SCANNER;
(0430 1
(0431 1
C0432 1 PRINISA CC UM : FPCCFCIJPE;
00433 2
00434 2 CALL pRi4-T (.C(,~CCUMI ;C0435 2 INC PRINT $A(LLJF ;
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00437 1 PRINTINUNBEF : PFCCEDURE(NUMB )
C0438 2 C E C L A R E (4 - U M E , I , C N T , I U  8YT~~, 3 DATA (100,10);
(0439 2 CC 1— 0 10 1; -

00440 2 CNT~ O ’
00441 3 DC l~HfLE NUMB )= (K:—J(I));
00442 3 4-1MB—NUMB — NI
00443 4 C4-T=CNT + 1;
00444 4 END;
C0445 3 CALL PRINTCHAR( ’O’ + CNT);
00446 3 END;
00447 2 CALL PRI4-ICHAR (’0’ + NUMB);
00448 2 END PRINT SNUMBEP; -
(0449 I
(0450 1
C04~il 1
00452 1 /0 S S I END OF SCANNER PROCEDURES * * * 5/
00453 1
00454 1
00455 1 /0 * * * 0  SYMBOL TABLE CECLARATIONS * * * 5/
C0456 I
00457 1 CECL A RE
C0458 1
00459 1 - CURSS’~M ADDRESS, /5SYMBOI. BEING ACCESSED*/
C0460 1 SYMBCL BASED CURSSYM BYTE
00461 1 SYMBCLSADOR - BASE D CUR$SYH ACCR~ SS00462 1 NE ) T I E Y M$ E N T PY  BASED NEXTSSYM - AO~ RESS,00463 1 HAS HIMASK LIT ‘3PH’
00464 2 S1IYPE LIT ‘2’ ,
C0465 1 DISPLACEMENT LIT ‘12’,
00466 1 CCCUR~ L I T  ‘11’60467 1 PS L EN~~TH • LIT ‘3’,
C0468 l FLCSLINGTI4 LIT ‘3’,
COABS 1 LEVEL LIT ‘10’ ,
COA 7C 1 REL SIC LIT ‘5’,
C0471 1 LCCA I!CM LIT ‘2’.
C04 72 1 S T A R T $ NA H E  LIT ‘11’ , 1*1 LESS*/
00473 1 FCESA CCR LIT ‘4’,
00474 1
00475 1
00476 1 /5 * * * * * 5 SYMBOL TYPE LITERALS S $ 5 0 * * 5/
00477 1
C0478 1
00479 1 LNRESCLVED LIT ‘255’ ,
004b0 1 LAE EL STYP E LIT ‘32’ ,
034E1 1 MLLT SCCCL JRS LIT ‘128’ ,
00462 1 GROUP LIT ‘6’,
6(483 1 NCN $NLME R ICSL IT LIT
00484 1 AL PHA LIT ‘8’,
C0485 1 ALF3-tA(4 -UM LIT ‘9’
00466 1 LLISSP4C€ LII ‘10
00467 1 LI TSCLCTE LIT ‘11’ ,
(0428 1 L I T A Z E R O  L IT ‘12’ ,
C04b9 I 4-UNERIC$L IIERAL LIT ‘15’,
C0490 1 NUMERIC LIT ‘16’,
0C 491 1 CCI’P LIT ‘21’ ,
0C492 1 ASED LIT ‘72’ ,
0C493 I AINSEC LIT ‘73’,
CC494 1 NUt-lIED LIT ‘80’;
CC495 1
0C496 1
00497 1 /0 * 5 S SYMBOL TABLE ROUTINES * * * 0/
CC 4SB 1
CC 4°9 I SETSACCRESS: PFCCECURE(A CDR J ;
(3500 2 DECLARE A C CR A DDRESS;
00501 2 E,MBOLSAC DR (LCCATION )—AODR ;
00502 2 END SET SA OBRES! ;
00533 1
06504 I GETSACCR ESS: PROCEDURE ADDRESS;
60505 2 RETURN SYMBC LSA DCR (LOCAT ION I;
005 36 2 END GETSA OCRE SS;
00507 1
00508 1 GET$FCBSAOCR : RPCCEOURE ADCRESS;
00505 2 RETURN SYMBCLSADC R(FCBSADDR I;
(0510 2 INC GEIIF CBSACCR;
00511 1
C C S I 2  1 G E T S T ~~FE: PACCEC IRE BYTE ;
00513 2 RETURN S’~M 9CL (55TYPEh ;
00514 2 END GE ISTYPE;
005 15 1
00516 1 S E T S T Y F E : PPCCECLRE (TYPE );
00517 2 DECLARE lYRE EYTE;
00518 2 SYMBCL (SIlYFE)— TYPE;
(0519 2 END SEISTYP ;
(0520 1
00521 1 GETSLE4-GTH: FRCCICURE ADDRESS;
00522 2 RETURN SYPECLSA CCR IFLOSLENGTI-U ;
00523 2 END G E I S L E N OT H ;
0052 4 1
C05 25 I GEISLEVEL: FRC-CECL RE BYTE’
00526 2 RETURN ~HR(5Y MeOL(LEVk),4);0O~ 27 2 INC C-ET$L!V~ L;

~~~~~~~~~ I GETI CEC IMA L : PPCCECURE BYTE’
(0533 2 RETURN SY4-BCL (LEVELI AN6 OFH;
00531 2 END GET S DEC I4 -A L;
C0532 1
00533 1 GET$P8LENGTP’: F,ICCEDURE BYTE;
00534 2 RETURN SYMBCL(R$LE NGTI-) ;
00535 2 END GETIP SL(4-GTP;
00536 5
00537 1 BUILCISYMBCI. : FRCCECU RE (LEN);
00538 2 CE CLARE LEN eYTE, TEMP ADDRESS;
C0’39 2 TEM P .NEt-1SSTH ;
(0440 2 IF (NEXTISYM: — .SYH8CL(LEN:~~LE4-I • DISP LACEMC-NTTI
00541 2 ) MAX9H€MCR Y TI-CM CALL FATA LSERRO R(’ ST’ I;
00542 2 CJ% I,L FILL (TEHP ,0,LEN);
00543 2 INC BL ILDSSYMB CL ;
0054 4 1
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00545 ( ANOICLT$CCCURS : PROCEDURE (TYPESIN) BYTE;
00546 2 DECLARE TYPEflN BYTE;
00547 2 RE TURN TY P€31t ~ AND t21;
00548 2 END A N D S C L J T A C C C L P S ;
(0549 1
(0550 1
00551 1 /* * S * PARSER OECLARAT ICNS * * * 0/
60552 1 DECLA RE
OCBS3 1 PSTAC KSIZE LIT ‘33’, /1 SIZE OF PARSE ST A C K S* /
00554 1 VALUE (PSTACKSIZE ) ADDRESS, 1* TEMP VA LUES *1
CCBB5 I STAT ESTACI (  ( F S T A C X S X Z E )  8Y T E ,  1* SAVED ST .TES 0/
00556 1 VALUE2 ( P ST A C KS I Z E I  AD C F.ESS /0 VA LUE2 STACK*I
00557 1 VAR C (100) BYTE, /*TEMP CHAR STCRE*/
00558 1 IDIST ACK (2 0)  A DDRESS,
(0559 1 IDIPTR B Y T E
(0560 1 MAXSBYT E eAsEó MAX$ INTSMEM BYTE,
00561 1 SUSSIP.O BYTE INITIAL (3),
00562 1 CCNO *IYPE BYTE, -
00563 1 I-CLD *SECT ICN ADDRESS,
0056’, 1 HCLD~ SEC $ACCR A CCRESS,
00565 1 SECT ICNt FLAG BYTE INITIAL (0),
C0566 1 L$ADCR ADDRESS,
C0567 1 LSLENGTH ACCRESS,
C0568 1 LITYPE BYTE,
(0569 1 LIDEC BYTE,
(0570 1 CC4 -SLENGTH BY TE, -

005 71 1 CCM PIL IN G BYTE INITIAL (TRUE),
00572 1 EP BYTE INITIAL (255),
00573 1 NP BYTE,
00574 1 M PFI BYTE,
00575 1 NOLCC$ BYTE IN IT TALLFALSEJ ,
00576 1 11,3,1 (1 BYTE, /*INCLCIES FOR THE PAR SEP.*/
0057? 1 SlATE BYTE IN ITTAL(START$) ,
00572 1
(0579 1 /0 0 * 4 * * * S CODE LITERALS * * * * * * * * * 0/
(0580 1
C0581 I
00582 1 /4 THE CCDE L~ TERALS ARE BRO KEN INTO GROUPS CEPENDINC
00583 1 CN THE TCTAL LENGTH OF CODE PRODUCED FOR THAT ACTICH 4/
00584 1
C0585 1 /4 LENGTH Ct-I S/
00586 1 6CC LIT ‘1’ , /4 REGISTER ADDITION *I
00587 1 ‘UB LIT ‘2’, /~ REGIST ER SUETRAC TICN 0/
00588 1 ‘-UL LIT ‘3’ , /4 REGISTER MI ILT TPL ICA T ION 4/
(0589 1 01’.’ 117 ‘4’ , /5 R E G I S T E R  D I V I S I O N  0/
00590 1 MEG LIT ‘5’, /0 NOT OPERATO R 5/
0059 1 1 STP LIT ‘6’, I’ STOP PROGRA M 0/
C0592 1 51! LIT ‘7’, IS STCRE REGISTER I INTO REGISTER 0 0/
0C55 3 I
0C5 4 1 /* LENGTH TI~C 5/CC595 1 RND LIT ‘8’ , 1* ROUNC CONTENTS OF REGISTER 1 4/
0C596 I
0C597 1 /4 LENGTH THREE 4/
00598 1 RET LIT ‘9’, I’ RETU RN •/
00599 1 CLS LIT ‘iC’ , /0 CLOSE 0/
(0600 1 SEP LIT ‘11’ , /0 SIZE ERROR 0/
00601 1 ERN LIT ‘12’ , /0  BRANCH •/
00602 1 CFN LIT ‘13’, /5  OPE~4 FOR INPUT 0/
00603 1 DPi LIT ‘14’ , /0 OPEN FOR OUTP UT *1
COAO4 1 0P2 LIT ‘15’ , /~ OPEN FOR I—C ‘I
CCAO5 I. RGT LIT ‘1*’ , /0 REGISTER GREA TER THAN 0/
(0606 I RL T LIT ‘1?’ , /0 REG1STEP LESS THAN 1/
C0607 1 REQ LIT ‘18’, /5 REGISTER 5C!~.’.L *1
00608 1 INV LIT ‘1’;’, / S  INVALIO FILE ACTION 0/
CC6OS 1 EOR LIT ‘2C’ . /4 END CF FILE REACHED *1

— (O6LC 1
00611 1 I~ LENGTH FCLR 4/
00612 1 6CC LIT ‘21’, /5 ACCEPT •/
00613 1 DIE LIT ‘22’ , /1 DISPLAY 5/
00614 1 510 LIT ‘23’ , /5 STOP AND DISPLAY 0/
00615 1 LDI L1T ‘24’, /4 LOAD COUNTER IMEDIATE 5/
C0616 1
C0617 1 #4 LENGTH FIVE 0/
00618 1 CEC LIT ‘25’, /4 DECREMENT AND BRANCH IF ZERO *1
C02-19 1 510 LIT ‘26’,- /0 STO RE NUMERIC 0/
(0620 1 SIl LIT ‘27’, /5 STORE SIGNED NUMERIC TRAILING *1
00621 1 STZ LIT ‘2B’ , /4 STORE SIG NED \UMERIC LE A CI N G 4/
00622 1 ST3 LIT ‘2’;’, /0 STCRE SE PARATE SIGN LEA CI P. G S-
00623 1 $T4 LIT ‘3C’ , 1* STCRE SEPA RATE SIGN TRAILING 0/
00624 I ST5 LIT ‘31’ , /0 STORE COMPUTATI ONAL 5/
CO625 1 -
00426 1 1* LENGTH SIX 0/
C0627 1 100 L II ‘32’, /5 LO AD NUMERIC LITERAL */
00628 1 101 LIT ‘33’, /5 LOAD NUMERIC 5/
C0629 1 LD2 LIT ‘34’, /0 LO AD SIGNED NUMERIC TRA ILIN ’ 0/
(0630 1 LD3 L IT  ‘35 ’ , /5 LOAD SIGNED NUMERIC LEA D IN G 5/
00631 1 LDA LIT ‘36’ , /~ LO AD SEPARATE SIGN TRAILING *1
00632 1 LOS LII ‘31’ , /* LOAD SEPARATE SIGN LEADING “I
00633 1 LOB L i T ‘38’ , /4 LOAD COMPUTATIONAL SF
00634 1
00635 1 /5 LENGT H SEVEN •/
00636 1 PER LIT ‘3’;’, /~ PERFORM 0/
00637 1 CNU LiT ‘4C’ , /5 COMP AR E FOR UNSIGNED NUMI-PIC *1
00(38 1 CN$ LIT ‘41’, /~ CC MPA PE FOR SIGNED NUMERIC ‘I00639 1 CAL L IT  ‘4 2 ’ , /4 COMPARE FOR ALP I -AI ETIC 0/
(0640 1 RWS LIT ‘43’ , /5 RE WRITE SEQUENTIAL 0/
00641 1 015 LI T ‘44’, /* DELETE SE QUENTIAL •/
00642 1 RDF LIT ‘45’, /5 RE AD SEQUENTIAL 0/
00643 1 WTF LIT ‘46’, /4 WRIT E SECUE~ITIA L *-
00644 1 RVL LIT ‘47’, /~ RE AD VARTAE L E LENGTH SI
C0645 1 WVL LIT ‘48’, /0 WRITE VA R IABLE LENGTH 5/
00(46 1
C0647 1 /~ LENGT H NINE 5/
00648 1 5CR LIT ‘45’, /0 SUBSCRIPT CO MPUTATION SI
CC 6A S I SOT L I T  ~~~~~ /~ STRING G REATER THAN *1
(0(50 1 SIT L I T  ‘5 1’ , /4  STRI,WG LESS THAN •/
C065 1 1 SEQ LIT ‘52’, I~ ST RING EQUAL •/
00(52 1 NOV L IT  ‘53’ , /S MCVI 4/
00653 1
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00654 /5 LENGTH 10 S/
00655 PRE LII ‘54 ’ , /0 READ RELATIVE SEQUENTIAL 5/
C0$56 WRE LII ‘55’ , /0 WR ITE RELAT IVE  SEQUENTIAL 5/
00c57 RPP LIT ‘56’, /5 RE AD RELATIVE RANDOM If
00658 WRR LIT ‘57’, /4 WRITE RELATIVE RANDOM 5/
C0459 RW R L IT ‘58 ’ , /5 REWRITE RELATIVE 0/
(0660 DIR L IT ‘59’ , /5 DELETE RELATIVE 5/
C0661
00u62 /S LENGTH ELEVEN S/
00663 NEC LIT ‘60’, /0 MCVI EDITED 5I
00664
00665 /5 LENGTH THIRTEEN 5/
00666 (‘NE LIT ‘61’, /0 MOVE NUMERIC EDITED 0/
C0667
(0668 /5 VARIABLE LENGTH 0/
(0665 GOP LIT ‘62 ’ , I’ 0-0 DEPENDING ON 0/
(0610
00671 /5 BUILC DIRECTING ONLY S/
00672 INT LiT ‘63’, /5 INITIALIZE STORAGE */
00673 851 L IT  ‘64’ , /* BACK STUFF ADDRESS 5/
00674 TER LIT ‘65’ , - /4 TERMINATE BUILD 1/
C0675 5C0 LIT ‘66’; /0 SET CODE START *1
00676
(0677 /4 S * * PARSER ROUTINES * * * S 5/
CC 578
00679 DIGIT: PROCECLjRE (CHAP) BYTE;
00680 CECLARE CHAR BYTE’
0C681 RETURN (CH8R’ (~~’9 ’ J  AND ( CI- IAR >— - ’O ’ ) ;
C0682 INC CIGIT;
00683
00684 LETTER: PPCCECLPE BYTE;
00685 RETURN (CHAR)s ’A’ ) AND (CHAR<= ’Z’);
00686 INC LETTER ;
(0687
0C688
C0685 INVA LIC ITY PE: PROCEDURE; -
00590 CALL PRINT IERROR(’ IT’) ;
0C591 ENC 14 -VAL IDST Y PE ;
0 C 69 2
00693 BYTESCIT: PPOCEDLRE(C NESB YTE );
00694 CECLARE (NESBYTO BYTE;
00(95 IF (OUTPLTSFTR :=CUTPUTSPTR + 11 ) OUTPUTSE4-D THEN
0C696 CC; -
CC657 CALL l.PITESOUTPUT(.0UTPUTSBUFF);
00658 OI,TPUTIP1F .=.OUTPUT SBUFF ;
CC (9S END;
00100 CLTPUTSCHAF.~ CNE SBYTE;
00701 ENC BYTESCUT;
C0702 -
00703 AOCRSCLT : PRCCE CLR E (60CR);
C0704 DECLARE 80CR A&C PESS ;
COTOS CA L L OYTESCLTILOW(ACCR ))
00706 CALL BYIESCLT(HIGF- (ADDRh;
00707 END ACOR ICUT ;
(0708
(0709 INCSCOI_NT: FPOCECLRD-( CNT );
C0710 DECLARE 04-1 BYTE;
00711 2 IF(NE XT SA VAIL A E LE: —N EXT AAV AILL BL E + CNT )
00712 2 )MAXSINI$M EM TI-EN CALL HA TALSERRCR(’MC’);
00713 2 END INCICCINT;
00114 -
(0115 1
C O T t A
0071’ 1 CNE SACCR IOPP : PRCCEOURE (CODE,ADCR )’
CO i lS 2 DECLA R E CODE BYTE,  ADOR AO D RES ~.;(0119 2 C A L L  BY I E B C L T ( C O D E ) ;
CO72C CALL A CCR SCLI(ACCR );
00721 2 CALL INC1CCLNT (31
00722 2 INC CNESAOD R*OPF ;
00723
00724 NCTS HPL IMENI EC: PROCEDURE;
00725 2 CALL PRIF ~11EPRQR (‘NI’);
C0)26 2 END NOTSI M PLIKENTED;
00727 1
CC 728 1 MATCH: PROCEDUR E A CO RESS-
(0729 2 /5 CHECKS A N IDENTIF IER TO SEE IF IT IS IN THE SYMBOL
CD7 30 2 TABLE. IF IT IS PRESENT, CURSSYM 15 SET FCP ACCESS,
00731 2 CTI’ERWISE THE POINTERS ARE SET FOR ENIRY*/
C0732 2 DECLARE (PC !NT,COLLISICN BASED POINTI ADDRESS, (HOLD,I) BYTE;
00733 2 IF VARC )WAX SICSLEN THEN
C073’, 2 V A R C—M A 7IIDSLEN;
00735 2 HCLD=0;
00736 2 CC 1—1 IC V (RC; -
00737 2 HOLC=HCLD+VARC(t );
(0138 3 END;
(0739 2 PCINT—I- lASH *TAeSADOR + SHL( (HCLD AND HASHSMASK),1);
00740 2 CC FOREV EP ’ -
00741 2 IF CCLLIEI CN=0 THEN
00742 3 Do; -
00743 3 CI.P$SYM COLLISION=NFXT ISYM ;
C0744 4 CALL B U I L D S S Y M S O L (V A R C ) ;
C0745 4 SYMBCL(PSLENGTH ).VARC;
C0146 4 DC 1—1 IC VARC ’
00 747 4 S Y M B O L ( S T A R T S N A M E + I l — V A R C ( I ) ;
(0148 5 END ;
CoiRs 4 CALL SETITYPE (UNRESOLVED) /5  UNRESOLVED LABEL S/
(0750 4 RETURN CURISYM ;
00751 4 ENd
C0i5~ 3 ELSE -
00753 3 DO;
00154 3 CURSSYW CCLLI S ION’
00755 4 IF (HOLD:..GETSPSL ~ NGTH )~.VARr THEN
C95~ 4 CC; 

-

~~~O
1
~ HILE $YMBOI (ETAR TINAME 4 ‘I. VA RC (t);

00759 5 IF (I:—1 ,1I HCLO TI-EN RETURN~ CUR SSYM :.CGLLI$ICN) ;
C0760 6 END ;
00 761 5 14- C;
00162 END ;
00163 3 PC It~1aCCLI_j S IDN;
00764 3 ENd ;
CC 765 2 INC MA T C H ;

- 
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ô~~~i I SET$~.ALUE: FFCC (CURB (NUMBIT
(0768 2 DECLARE N%J(’I ACCRESS;
00769 2 VALUE (MF).ttLP’B;
(0779 2 INC SETSVALUE;

88~~~L~ I SET SVA LUE 2 :  PFCCE D URE(AD OR) ;
C0773 2 CECLARE ACCR AOCRESS;
00174 2 VALLE2 ()’F )~~ACCR ;00775 2 END SET$VA LLE2;
00776 1
00777 1
(0778 1 SL BSC NT:  PR C CE C LR E BYTE ’
00119 2 IF (SUBSINC:.$UBSIN6 + L)>8 THEN
CC7BC 2 SUB*INC .1; -

C0781 2 RETURN 518*14-0;
00782 2 END StB$CNT;
00783
(0784
00185 1. CCCE$BYTE: PRCCEDURE (CODE);
C0186 2 CECLARE CODE BYTE ;
00787 2 CALL BYTE S C L-T (C 006 J ;
(0788 2 CALL I4-C ICCL4-T (1);
(0189 2 END CCCES BYTE ;
((790 1
00191 1
0C792 I COCE*AD CRESS : PRCCEOLPE (CODE);
0C793 2 DECLARE CCCI A DDRESS;
CC194 2 CALL A D C R S C L T ( C O C E I ;
C0795 2 CALL I N O I C C L NT L2 ) ;
00796 2 ENL COCE$AOC RE S5 ;
OC7c7 1
(C798 1
CCTGS I INPLT 1MJMERIC: FRCC ECL- RE BYTE;
0C800 2 CC CTR=l IC VARC ’
00101 2 IF NOT DIGIt(VARC (CTR)) T HEN RETURN FALSE;
C0 802 3 END;
CD 803 2 RETURN TRUE’
03104 2 END IN PUT SI-UMERIC;
00105 1
Coeo6 1
00107 1 CCNVE RTSIN TEC-ER : PROCEDURE ADDRESS;
00 668 2 A CT R~ O;
(0809 2 CC CTR=1 TC VARC-
(0810 2 IF 4-UT CIG1f (VARC(CTRI ) THEN CALL PRINTSERROR(’NN ’);
00811 3 A5C1P 51-L (ACTR,3)+SHL (4CTR,l) 4 VARC(CI RI — ‘0’;
00012 3 END;
00113 2 RETURN AC TR ;
00814 2 ENd CONVERT IINTEGER;
00815 1 -

C0816 I
00817 1 BACKSTL-F F : PROCEDURE (ACD1 ,6D02);
00618 2 DECLARE (ACCI,AOCZ) ADDRESS;
(0819 2 CALL BY1ESCLT (BST);
00520 2 CALL AUCPSCIT (40CE1;
00621 2 CALL A DCR SCL-T (40C27;
00822 2 ENC 8ACKSSTLFF ;
0C 22? I
C0824 I
00625 1 UNRE SOLVE CSI RAN CH : POCCEDURE ;
00826 2 CALL SEi *VA LLE( MEXT SAVA ILAB LE + 1);
30127 2 CALL CNESACCRSCP P (BRN 3);
C0628 2 CALL SEI~ VAL L- F2(NEXTS1VAILABLE);
(0329 2 INC LNRESC LVEC8IPA NCH ;
(0830 1
00831  1
(0832 1 8ACK *CCNC : PROCEDIRE ’
00333 2 CALL BACKS1LFF (VhUE($P—IhNEXTSAVA IIABIE);
00134 2 INC eACICACONC;
CD 63 5
CO 13 6
3C837 1 SET-$ERANC I4 : PROCEDURE ;
C0638 2 CALL SET 8VALLE(NEXT SAVA ILABL E );
(0639 2 CALL C O C E S A C C P E $ S ( 0 ) ;
(0840 2 END SETSeRANCH ;
30841 1
00042 1
00843 1 KEEP SVALUE S: PPCCEDURE;
00844 2 CALL SETIVALLE(VALU !(SP));
C0845 2 CALL EET IVA LLE 2 (VALUEZ(Sp));
00846 2 INC KEE P$VALLE SI
00647 1
C0846 - 1
(0849 1 5TA NDAR cSA TTRI eLTE S: PROCEDLJRE(TYPEI;
00150 2 DECLARE TYP E BYTE;
00151 2 CALL CCCESACCRES S (GET SFCBSACDR) ;
00852 2 CALL CCCES*CCRESS(G€TSADORESS);
00153 2 CALL CCC~~$ADC RESS (GETSLENGTH) ;
00854 2 IF TYPE.O 1HEN RETURN-
00855 2 CUR$5YP~~5YNeCL SAOCR(~~~L$I07’00656 2 CALL CCCISACCRES5 (GET$ADDRE~ S7;
00657 2 CALL CCCESEVTE (GETILENGTH );
C0158 2 END STANCA Rc IATTPIBUT ES;
(0659 1
(0660 1
00861 1 REA DSbRIT E : PPCCEDURE (INCEXJ;
00662 2 CECLARE INCE~ BYTE;
00863 2
C0B64 2 - IF (CIR:’GET*TYPE).I THEN
00665 2 DC;
C0666 2 CALL CCCESBYTE (ROF,INDEX) ’
00161 3 CALL S T A N O A R C $ A T T R I B U T E S ( 6 ) ;
C0868 3 14-0;
(0069 2 ELSE IF CTR.2 THEN
(0110 2 CC;
00871 2 CALL CCCESBYTE (PRS .INDEX ’
00172 3 CALL STAN OAR CSATTRIB UTES (j) ;
OCF73 3 EPiC’
C0fl74 2 !LS~ IF CTR.3 TI-EN
00875 2 CC;
00616 2 CALL CCCESB YTE(R RR+INOEX );
00877 3 C A L L  S I A N C A R 0 S A P T R I B U T E $ ( t ) ;
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(0879 2 ELSE IF CTR.4 THEN
CCBBO 2 CC;
00881 2 CALL CCCESBYTE (RVL+INOEX);
00882 3 - CALL SIAPiDARCSATT RIBUTES (0);
00883 3 64-0’
00884 2 ELS~ CALL FRINTSERRG R (’FT’);
C0885 2 EPIC R EA C $ W R I T E ;
CC886 1
00(87 1
FC(88 I ARITI-METT C*IVPE : PROCEDURE BVTE
U0889 2 iF ((L1TYPE:.AND*CUTS0CCURS ~ LSTYPE))> NUMERICILITERA L)
CC 890 2 CR (LSTYPE<.COMPI THEN RETURN LA TYPE — NUMERICILITERAL ;
CC 8SL 2 CALL INVAL ICI1Y PE ;
CC892 2 RETURN C’
0(893 2 END ARITHt ’E1IC$1~~PE;00694 1

~~~~~~~ t DELSR~~T: PRCCECLRE IFLAG );0C697 2 DECLARE FLA G BYTE -
00698 IF (CTR:.GETSTYPd.3 THEN
(0(99 CC;
C*3900 IF FLAG THEN CALL COOESBYTE (RWR);
0~ 4O1 ELSE CALL CDDESBYTE (DL R)’
O0’;02 CALL STANOARDSATTRIBUTES (t);
00903 RETIRN;
~0SO4 

~ IP9CTR 2) ANC (NOT FLAG) THEN CALL COOESBYTE (OLS);
C0506 2 ELSE IF ICTRO 4) AND FLAG THEN CALL COOESBYTE (RWS)
00507 2. ELSE CALL INVAL IOSTYPE
C0908 2 CALL STAN DAR C SATT RIBU TES (0) -C0’;09 END CELSRW T;
(CSIC 1
00911 1 -

00412 1 AT IRIELTES: PRCCECURE ’
30c13 2 CALL CCCE SACCPESS~ L 5ADOR );
C0 14 2 CALL CCCESEYT E(LSLE4-GTH );
COSt S 2 CALL CCDE$EYTE (LSCEC );
CC VL6 2 END ATTR !SL1E$;
00517 1
C0518 1
(0419 LOADILIIC : PPCCECLiRE(SSPTR);
(0920 2
00921 2 CECLAR E SSFTR BYTE;
00922 2 I F ( ( A $ C T R :  .~ A L U E(S5p T R) ) < NON $N U M ER IO S L IT ) OR
60523 2 (AC TR .NLM ER1CSLLTERAL ) THEN
03924 2 cc;
C0525 2 LSACDP .VALUE2 (EPTR) ;
00626 3 LsLE4-GTH=c c4-sLEN~,::,00527 3 ISTYPE .AS CTR;
00528 3 PPIILRN ;
009 25 3 (NC;
(0930 2 IF A SLTR C=L IT*ZERC TI-EN
00931 2 cc;
00932 2 h YPE LSACCR .ASCTR;
00933 3 L%LENCiH~ 1;00534 3
00535 3 END ;
00536 2 CLRS$YM.~ AL LE (51PTR);
00537 2 LSTYPE =C-E T STY FE ;
00538 2 LSLENGTH .C-E IALENGTH ;
C0639 2 LS CE C=0E1SCE C IMAL;
00540 2 iF(LSACCF :~~~ALUE2 (S*PTR ))~~) THEN L$AD CR=GET SADDRESS;C0641 2 INC LCACSLSI( ; -

C0542 I
00943 1
C0544 I LDAC$REG: PPCCECLRE (REGSNO, PTR );
00945 2 DECLARE (REC-84-O.PTR ) BYTE ;
C0S46 2 CALL LCAC *t*IC (PTR);
00947 2 CALL CCCESBYIE (LCC ,AR ITHMETIC$TYPEI;
00548 2 CALL AT IP IBLIES’
(0946 2 I~ALL C C D E S B Y T E ( t ~EO - S N C ) ;
(0550 2 INC LCAO SREG ;
GCS~~ 1
0C552 1
CC 953 1 STCRESREG : P~ COEDURE (PTR);00954 2 CECLA RE FIR BYTE ;
00955 2 CALL LCAC$LIIC( PTR );
005S6 2 CALL CCCESB’rl E(STO • AR ITHME TICETYPO —1);
3065 7 2 CALL A ITRIE LT E 5 ;
CC558 2 END STCRE SREG ;
CCS5S 1
~~S6O 1 -
CCS6I 1 ST~~RESC04-ST*F~T: PROCEdU RE ADDRESS;
00562 2 IFIMAX II4-T$PEM :.MAX SINT SMEM — VARC)<NEX T$A ’IAILABLE
00563 2 THEN CA LL FATALSERROR(’I’O’);
00664 2 CALL BYTESCLT (INTI;
00665 CALL AC CR $CLIIM AX *TN T SMEM I
0C566 CALL ACCRSCLT (CC4-SLENGTH :.VARC);
00967 DC CTR • 1 TC CCNSLENGTH
00568 CALL B’TESGLT(VARC(CTR ))
(0569 64-C;
((670 RETURN PAXU4 -TSM IM;
00571 INC STCRESCC NSTA4 -T;
00512
00573
00674 1 NUMERICSL IT: PPCCECURE BYTE;
00515 2 CICLA PE CH AR BYTE;
0C976 2 CC CTR .1 TC ‘~A RC
00977 2 IF NCT ( DI~~fT (CHAR :.VARC(CTR))00678 3 CR (CHAR.’—’) OR (CHAR.’.’)
(0579 3 CR (CHAR. ’.’)) THEN RETURN FALSE;
(0680 3 (NC;
0C 581 2 SFTURN 1PLE;
00 582 2 INC P,UMERIC ILI I ;
CCSB 3 1ccsa~ t
00685 1 RCIiNC$STCRF : PRCCEOURE;
CCS86 2 IF VALUE(SPI<)) THEN
0CS87 2 CC;
C0508 2 CALL CCCESBYTE (RNOI;
CC589 3 CALL C(CESBYTE(LIOECI;
(0990 3 ENd:
00591 2 CALL 5TCA FIPEG (SP—1 );
006)2 2 END RCLNC SSTCRE;
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0tS94 1
00595 1 AOCS !UB: PRCCECL PE (INDEX);
CCSO6 2 CECLAR E INDEX BYTE-
00597 2 CALL LCAESPEC-t O,M PPi );
00598 2 IF VALUE (SP— 3) >0 THEN
CC599 2 cc;
(1(00 2 CALL LCAOSREGU,SP— 3);
01C01 3 CALL CCCESBYTE(AOU );
01C02 3 CALL CCCESBYTE (STI);
01C03 3 END;
01C04 2 CALL LCAC$PEC( 1 SR—I):
O1COS 2 CALL CCCE *EYTE (~~OC • INDEX );

- Ci606 2 CALL RCLNDSSTCRE;
01007 2 INC ACCS SUB ; - 

- 
-

C1C08 1
(1(09 1
ClOLO 1 MULT$CIV : PRCCECLRE (INDEX); -

01011 2 CECLARE INDEX 6YTE’
01012 2 CALL LCACsR EC(O ,MP~~1);010 13 2 CALL L-CA CSFEG (1,5P— 1)-
01014 2 CALL CCCEAEYTE (PUL 4 iNDEX) :
OICI5 2 CALL RCL4-0(STCRE;
010 16 2 INC PLLT*CIV ;
010 17 1
CICIB 1
CICIS 1 CHECKISU8SCRIFT: PROCEDURE;
010.i0 2 CLR$SYI-~~ ALLE ((’P)’01021 2 IF GETS1YPECHLLTS~ CCURS THENC1022 2 cc;
01C23 2 CALL PPI4-TSERRCR(’IS’);
01024 3 RETL PN ;
C1C 25 3 END’
0 1C26 2 IF INPUIThUPERIC TH EN
01C27 2 c c ;
01028 2 CALl. SEISV AL UE2 ( G ET SA DCRES S + (GETALENETH * CCNVERTS INTE GERH ;
(1(29 3 RE LRN;
C1C20 3 END;
01031 2 CLRSSYM-PATCI’;
01032 2 If (tCTR:~~(E 1STYPE)<NUMER1C OR (CTR>COMP) THEN
01033 2 CALL F R !P~T SEPRC-R(’TE’) ;01034 2 CALL CNE*ACCP8OPP(SCR,60TSAOCRESS) ;
01035 2 CALL CCCESBYIS(SUESCNT);
01036 2 CALL Cc-CE (EYTE (OITSLENCTH) ;
010~ 7 2 CALL SE IIVALLE2 (SUSIINO );
C1C38 2 INC (HECKSSLES(RIPT;
C1C39 1
C 1C’s0 1
01041 1 LOAOSL/ .BEL: PRCCECU~ E;01042 2 C L RS5 Y H .~ A L L E ( M P )
01043 ~ I F  (4$CTR:.€EISAD ~ RESS)<>O TI-EN
01044 2 CALL BACKSSTUFF (A!CTS,VALUE2 (MP));
(1045 2 CALL SE11A CC~ ESS (VALUE2(MP));
01046 2 CALL SEI*IYFE(LA IIELSTYPE );
C1C4T 2 IF (ASCTR :~ c-ETSFCeSACDRK>0 THEN
01C48 2 C ALL BACK XSTUFR(ASC TR,NEXTSAVAI LAB LE) ;
(1049 2 3’~(’B0L SA C DR (FC 6SA CCR )~~NEXT SAVAI LA 8LE ;(1CSO 2 CALL CNE $ADC ~~3 O P P ( R E T , D ) ;
CLCSI 2 INC LCAC SLAEE L;
01C12 1
C 1C53 1
0LC54 1 LOAD *SECSLABE L: FROCECURE;
C1C55 2 ASC TR aVA LLE(w O) ;
01056 2 CALL SE1*VAL LE (HOLDSSECT ION I;
01057 2 HCL DSSECT1CN .4*CTR;
01058 2 AhCT R~ VA LUE 0 (MP);
C1CS9 2 CALL SEISVALLI2 (I-1CLCSSECSAOOR );
C1C60 2 HC LOSSF C~~A DCP • A *CTR ;
01C 61 2 CALL LOAC ILA8 EL ; —
01662 2 END LCA D SSE C ILACE L;
01C63 1
01C64 1
01065 1 LABELSADDR: FFCCECURE (ACDR,H0LD )ACDRESS ;
01066 2 DECLA RE 80CR ACCRESS ;
01C67 2 CEC 6R1 I-O LD BYTE;
C iC6B 2 CLR*SYH .ACCF;
C 1C6O 2 I F ( C T R : = G E T I I Y P E ) . L A 8 E L S T Y P E  THEN
(1(70 2 co;
08C71 2 IF HCLC THIN RETURN GEISADORESS;
0 1C72 3 RET UR N GE T SF C B$A DOR ;
01( 73 3 END’
01074 2 IF ~ TR< )LNRE5CLVE C THEN CALL INV ALIOSTYPE;
CIC7S 2 IF I-OLD il-EN
C1C76 2 CC:
01077 2 A SC1R .(ET$ADCRESS;
01078 3 CALL SETSAODR !SS (NEXTSAVAILAELE + 11;
CLC79 3 RE 1LPPS ~~CTR;C1C80 3 64-C;
OiC 81 2 A SCTR GE TSF CE SAO CR’
01C82 2 E’lM6OLSACD ~UP C B S A O ó R I ’ N E Y T S A V A i L A 8 L E  + 1.;
01C83 2 RETURN 4(CIR;
01C84 2 14-6 L A B E L S A O C R ;
01C85 I
C1C86 1
01(87 1 COCE $F0 P$C ISPLAY : PROCEDURE (POINT);
C1C88 2 dECLARE PO INT BYTE;
C1C 89 2 CALL LC ACS L II C~~PCINT I;(1090 2 CALL C4-c ACC RS C PP (CIS ,L SADCRI ;
(1091 2 CALL CCC %EY1E(L$LENGIH) ;
01C92 2 END CCCESFDP*DI5F !-AY;
01C93 1

~~~~~ t A$ ANSIY PE:  RRC C EC U R E evTI;
01 C96 2 RETURN (LSTYPE .A LPHA7 OR STYPE .ALPHASNUM );
01(51 2 ENd A $AN S1YPE:

_CLCS8 1
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I NOIIINTEGEP: PRCCECURE BYTE ;
01101 2 RETURN L*DECOO;
01102 2 END 4-CISINTEGE R;
C1103

~it 8s i NUY E PICS TYRE :  FPCC EDURE BYTE;
C1i06 2 RETURN ( LS T Y F E >~ NUMERiC) AND (LS TYPE<.CONP);
01107 2 END NL MER1 C$T YP E ;
01108 I
C1109 1
(1110 1 GE NSC C M PA RE :  PRCC EC UR E
01111 2 CECLARE (HS1’,PE ,I’I6EC) BYTE
01112 2 (H$ACCP,HSLENGTIi ) ADOR~~5S;01113 2
01114 2 CALL LCACS L IIC (MP);
01115 2 LSIYPE .AN0ICLTS0CCURS (LSTYPE);
01116 2 IF CCNOS1YPE.3 THEN /~ COMPARE FOR NUMERIC *1
Ou t? 2 00;
C11 18 2 IF AIANI TYPE OR (LSTYPE COMP) THEN CALL INVAL IOSIYPE;
C11t 9 3 IF LSTYPE .4-UMERIC THEN CALL CDOESBYTE(CNU);
C1120 3 ELSE CALL CODESBYTE(CNS)-
01121 3 CALL CCCESAC CRESS (LSADDRJ ;
01122 3 CALL CC C ESAD C R ESSILSLENG T H) ;
01123 3 CALL SETSeRANCH;
01124 3 END;
01125 2 ELSE iF CtNt$TYPE.4 THEN
01126 2 CC;
0112? 2 IF NUPEP!CSTYPE THEN CALL TNVALIDSTYPE;
(11 23 3 ‘CALL CCCESBYTE (CALI;
(1129 3 CALL CCtESAOOR ESSIL SAO D~~I;01130 3 CALL C (D E SAO C R ES$(L$LENG T H) ;
01131 3 CALL SETS8RANCH;
C1132 3 (NC;
01133 2 ELSE DO;
0113’. 2 IF NUPERIC$TYPE THEN CTR’l;
01135 3 ELSE CTR~ O;
0tl3~ 3 HS1’IPE.LSTYPE;
C1137 3 HSCEC’L CFC;
C1138 3 MSA C DR ’ LSA Q DR;  -

01139 3 HSLENGTI-’LSLENGTH ;
C1 1 4O 3 CALL LCAC SL$ID (SPI;
01141 3 IF NUWERIC A TY PE THEN CTR.CTR+I;
01142 3 IF CTR.2 ThEN 1* NUMERIC COMPARE *I
01143 3 DO;
01 144 3 CALL LCAC$REG(O,NP);
01145 4 CALL LCACSREO(1 ,SP);
01146 4 CALL C O C E S B Y T E ( S U 8 i ;
01147 4 CALL CODEAB YTE IROT + COND$T’FPE);
CI1 4B 4 CALL SEISERANCH;
(1149 4 14 - C ’
(1150 3 ELS~ DO :
C1151 3 /5 ALPHA NUMERIC CCM PARE 5/
C1152 3 IF (HSOEC<>O) OR (HSTYPE’COMP)
01153 4 OR (LS0EO< 0) CR (LSTYPE ~ CCMP)01154 4 OR (HSLEP4GTH<>LSLENGTH ) THEN CALL INVALI rS TYPE;
01155 4 CALL COOESBYTE (SGT+CO~;0STYPE);01156 4 CALL COCESAD QRESS (HSA DCR );
01157 4 CALL COCESA DDRESS(LSAD DR );
C1158 4 CALL CCOE$ADDRESSIH$LEMGTH ;
(115 5 4 ENC;
(1160 3 ENd ; -01161 2 INC C-ENSC0P PIPE;
01162 1
01163 1
01164 1 MCYESTYPE : PPOCECURE BYTE;
C1 165 2 CECLAR E
C 1166 2 )-CLD$TYPE ~‘iTE,01167 2 ALPHA *NL I’$M VE LIT ‘0’,
C1168 2 A *4-SEOSP CV E LIT ‘1’ ,
C1169 2 NLMER IC *POVE LIT ‘2(1170 2 N1EOSt’C~ E LIT ‘3’;
01171 2
01172 2 LITYPE.AP.CSCLT$OCCURS(LSTYPE):
01173 2 IF ((HOLC*TYPE: .ANO$CUT SCCCUR$ (GETSTYpE ))~~GRCu p) OR (L*IYPE=GPCUP)
01174 2 TI-E N RETURN ALPHASN (IM$NCVE ;
01175 2 IF HOLOSTYPE .ALP-A TI-EN
01176 2 IF A SANSTYPE CR (LSTYPE .ASED) OR (LSTYPE ~ ASNSED301 177 2 TI-EN RETURN AL PHAS4-UMSPOVE;
01118 2 IF HOLDSTYPE .ALPHASNUM THEN
(117 9 2 Cc;
ClIBO 2 IF NOT 8INTEGER THEM CALL INVALEDSTYPE;
01581 3 RETIRN ALPHA$NUM SMOVE;
Ci~~82 3 END’
01183 2 IF~~ HOLC*TYPE).NUMERICI AND (HOLDSTYPE<=C0PP ) THEN

2 CC, 
IF (L$TYRE.ALpHA) OR (LSTYPE>COM P TI-EN CALL II9VALID*TYPE ;

01186 3 REILRN MIMERIOSMOVE;
01187 3 END;
01188 2 IF HILDATYPEa*SNSEC THEN
(1t89 2 CC, 

IF 4-OT*IPiT~ GER THEN CALL INVAL IO STYPE;
0i :Ri 3 RETLR 4- ASNSECSMCVE ;

1 4 01081YP6 ’A S E D THEM
01194 2 IF A S A N S T Y P O  CR ( LSTY PE ) CO MPI  THEN RETURN ASNS EOSMCVE ;
01195 2 IF- PICLD*TYPE .NUMSEO TI-It;
01196 2 IF 4-Ut’ERICSTYPE OR (LSTYPE .ALPHASNUH) TI-EN
01197 2 RET URN N$E0$MOVE;
C1198 2 CALL I 4-~~*~~ICS 1YPE ;
(1199 - 2 RETURN C-
(1200 2 END PCVE $TYP~~;C1201 1
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012O~ I
01203 GE4-S~ CVE :PRCCECtRE;01204 CECLA RE
01205 2 LENGTI-1 AOCRESS,
C1206 2 SC C R 1 ACC RE
0120 7 2 E)1RA A CCR Ed~C1208 2
(1209 2 ACC$ AC OS LE4 - PROCEDURE;
(1210 3 CALL CCCESADDRESS (ADDR1);
01211 3 CALL CCCE$ADCRESS (LSAODR )
C1212 3 CALL CCC ESAOC R ESS( LS LE NGT I - i ;
012 13 3 ENC AOC*ACC$LEN;
012 14 2
01215 2 CCDE*FCR*ECII: PR CCECURE;
01216 3 CALL ACCSAOD SLEN ;
01217 3 CALL CCCE$ADDRESS (GETSFCBSADOR);
C1218 3 ~~~~ CCCESADORESS (LENGTI-1I ;
C1219 3 END C $FCRUDIT ;
(1220 2
01221 2 CALL LCACA L*1CI$PPII;
01222 2 CLRSSYP’~ ALtE (SP);
01223 2 IF (AODR1:.VALUE2 (SP))~~0 THEN ACCRL .GETSACCRESS;01224 2 LENGIH1’GETILENGTH

— C 1225 2
01226 2 CC CASE PC V E S T Y P E ;
01227 2
01228 2 /5 ALE HA NUPERIC MOVE *1C122 9 2
(1230 2 DC
01231 3 IF LENGTHI>LSLEMGTH THEN EXTRA .LENGTH1—LSLENGTH;
01232 4 ELSE DO;
C1233 4. EXTRA—a ;
C1234 5 L$LENGTH=LENGTHI;
01235 5 END;
01236 4 C A L L  C OO E$B YT F (M 0V ) ;
01237 4 CALL AO C SA D D$ LEN ;
C1238 4 CALL COCESAOORESS(EXTRA );
(1~~3S 4 EN-C;
(1~ 40 3
01241 3 1* A LP HA NUMERIC EDITED *1
01242 3
0124 3 3 - 00;
01244 3 CA LL  CD D ESBY T E( M E D) ;
01245 4 CALL CODESFORSEDIT;
01246 4 ENC;
01247 3
01248 3 /5 NUME°IC MCVE *1
C1249 3 - 

-
(1250 3 CC;
012 51 3 C A L L  L C A D S R E G (2 , M P P E) ;
01252 4 CALL STCRE$REG (SP);
01253 4 END;
01254 3
01255 3 /5 NUMERIC EDITED MOVE 5/
01256 3
0125 7 3 00;
01258 3 CALL CCDES8YTEIMNE );
(1255 4 CA LL CCO E$F CR SE DIT ;
(1260 4 LALL C ODE SB YTE ( l.S C E C ) ;
0-1 261 4 CA LL C C C E S B Y T E ( G E T S O E C I M A L ) ;
01262 4 (NC;
01263 3 64-C;
01264 2 END GENSMOVE;
012 65 1
012b6 1
01207 1 

-u1268 1 CODESCEN PPCCEDURE (PRCD TIONI
(1269 2 CECL A RE PRC CL CT I CN 8Y~~E;
(1210 2 IF P R ’ P .T IPR C C TI - EN
0127 1 2 cc ;
01272 2 CALL CRLF ’
012Th 3 CALL PRlN tCHAR ’~PCUplD);912 74 3 CALL PR14-T$4 -U~48ER (PRODUCTXCN);01275 3 £4-C;
01276
01277 CC CASE FR~~C LCT I0N,
(-1278
(1279 is P P 0 C U C I I C N 5 *1
(1280 2
01281 2 /5 CASE 0 4 - CT USED 5/
C1282 2 1 -
01283 3
01284 3 /5 1 <P—OIV> z:— PROCEDURE DIVISION <USING> • <PRCC—BOOY) •l
01285 3
C&~ 86 3 CC
O1~ 87 3 COPPILIN C, • FALSE;
01288 4 IF SECTICNS FLA ~G TI-lEN CALL L0AD SSECSLAEEL;
(1289 4
(1250 3
01291 3 /5 2 <USING> 1:— USING <ID—STRING> 5/
01292 3
01293 3 CALL NCTf l PFL IMENT E0; /5 INTER PROC COMM 5/
01254 3
01295 3 i~ 3 <EMPTY> 5/
C1296 3
01291 3 /5 NO ACTIC ” RECUIRED •/
C1298 3
01 299 3 /* 4 ( IC— STRING>  1:. (10) 5/
Ci 300 3
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/S 5 <IO—~ TRING> <10) ‘I1 3 5

~I324 3 cc;
C1’OS 3 Z F ( I D S F T R Z — I C P T R + 1 ) — 2 0  THEN
013U6 4 00;
Qu O? 4 - (A L L PRINT SERROR I ’ ID ’ ) ;
C1~ 08 5 ICIPTR—19;
Cl’09 S 64-C ;
C1310 4 I O I S T A C K ( I D $ P T R ) — V A L U E ( S P ) ;

— 
- 

4
ÔI’13 9 IS 6 <RRCC—800Y> Z 2  <PARAGRAPH> 5/
(1314 3
013 15 3 ; /~ NO ACTION RE QUIRED 5/
01216 3
01317 3 /5 7 <PRCC—BO0’V > <PARAGRAPH) 5/
(1318 3
~~219 3 /5 4-0 ACTION REQUIRED 5/

9 /S I <PARAGRAPH ) ::= <Ic> • <SENTENCE—LIST) 5/
01322 3
0193 

3 
cc; 

IF !ECTICN$FLAG—0 THEN SECTION SFLAG.2;
01325 4 CALL LCA CSLA EEL;

64-0;

01328 3 /4  9 <ID) SECTION • 5/
(1329 3
(1330 3 cc;
01331 3 IF SECT!CNSFLAC~~~l T HEN
0 1322 4 cc;
01333 4 IF SECTIONSFLAG 2 THEN CALL PR I N T$ E R R O R ( ’ P F ’ ) ;
01334 5 SECT 1ONSFLAG— 1;
01335 5 I-CLC5!ECTICN~ VALUE( MP);0133 6 5 HCLCISECSACORSVALUE2 (MP);
01337 5 END;
C133 8 4 ELSE CALL LCAD8SE CSLABEL ;
C1’~ S 4 £4-C’
~t~ Zo 3
01341 3 /5 10 <SENTENC E—LIST ) :~~. <SENTENCE) • 5/
01342 -
01343 ; /5 4-0 ACT ICN REQUIRED 5/
C1344 3
01345 3 /5 11 <SENTENCE—LIST> (SENTENCE> • 5/
01246 3
01347 3 ; /5 NO ACT ICN REQUIRED */
C1348 3
01349 3 /5 12 <SENTENC E> ::. <IMPERATIVE> 5/
(1350
012 51 3 : /5 4-0 ACTICN REQUIRED 5/
0135 2 3
01353 3 /5 13 <CONDITIONAL> 5/
01254 3 -
C1355 /5 NO ACTION REQUIRED 5/
61356 3
01j57 1* 14 ENTER <10> <OPT—IC> 5/
01358 -
(1359 3 CALL NOTS IPPLIMENTED; /5 LANGUAGE CHANGE 5/
(1360 3
012 21 3 /5 15 <IM PERAT IVE> ::‘ ACCEPT <SUBID>
01262 3
C1363 3 CC;
01264 3 CALL LCAC$L $iD (SP);
01365 4 CALL CNESA DOR$CPP (ACC,LSADCR);
01366 4 CALL CcCESBYTE(L$LENGTPII;
01367 4 END;
C1268 3
01369 3 /~ 16 <ARITHMETIC> *1

— C 137C 3
01371 3 ; /5 4-0 ACTIC N REQUIRED ‘/
01372 3
01273 3- /~ 17 CALL <LII> <USING> 5/
C1374 3
01375 3 CALL NOTSIPPLIMENTED; /5 INTER PROG COMM $1
0137 2 3
01377 3 /‘ 18 CLOSE <ID> 5/
C1378 3
(1379 3 CALL CNESACCRS)PP (CLS,GETSFCASAODR );
(1380 3
01381 3 /~ 19 - <FILE—ACT> 5/
01382 3
01383 3 ; /5 4-0 ACTICH REQUIRED 5/
C1384 3
285 ~ #5 20 DISPLAY <L IT / I D>  <O P T — L I T / I C )  *1

21386 3
C I3E 7  3 CC ;
C1388 3 - CALL CCD ESF O RSOI SPLA Y (MP P 1) ;
C1289 4 IF NALUE (SP)()0 THIN CALL C001$FCR$OISPLAY(SP);
Cj 390 4 ENO ; 

-

~L4~~ 9 /* 21 EXIT <PROGRAM— IC> SF
— 

1 /5 4-0 ACTIC N PECUIRED SI

~ /~ 22 GO <10) SF

813U 9 CALL CNE$ACCR*DPP (BRN,LABFLSAOOR (VALUE(SP),t) );
()-iqq S

_______ ~~~~~~~~~~~~~~~~~~~ 
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eI~ÔC 3 /5 23 GO <10—STRING> CEPENOING <IC) 5/

cc;
01403 CALL CCCESBYTE (GOP);
01404 CALL CCCE$BYTE (IDSPTR);
01405 CURSSYM .V ALUE(SP)’
Oi4C6 4 CALL CCCE$BYTEIGEiSLENGTH);
01407 4 CALL CCCESADUMESS (GETSADORESSI;
C1408 4 DC CTP•C 10 ICSPTR;
C1409 4 CALL CGOESADORESSILABELSADOR IIDSSTACK (IDSPTR),1)) ;
(1410 5 14-0;
0j41~ ENO; -

01413 /5 24 MOVE <LIT/ID) TO <SUSID> *-01414 3
01415 CALL GEN *MCVE;
01416
01417 /5 25 OPEN < ‘TYPE—ACTION) (1)> 5/
(1418
(1419 CALL CNESACCRICPP CPN + VALUE(MPP1), GETSFCBSADDR );
(1420
01421 /0 26 PERFORM <ID> <IHR~) <FINISH ) */
01422
01423 CC;
01424 dECLARE IACDR 2,AODR3 ) ADDRESS;
01425 4 IF ~ALUE (SP—11—O THEN ADORZ’LABELSADORIVALUE (PPPl),o);
01426 ELSE AOCRZ—LABELSAOOR (VALUE (SP—1) 01;
01427 4 IF (ACDR3 :—VALUE2ISP ))—0 THEN AD0~ 3.NEXT SAVA ILAB LE 5 7;
31428 4 ELSE CALL BACKSTUFFIVA LUE(SP),NE XT SAVAIL .IBLE + 7);
C1429 4 CALL CNEAADURSGP P4PER,LABEL$ADDN(VALUE (MPPL ),ifl;
(14 30 4 CALL CCCE$ADORESS (ACDR2);
01431 4 CALL CCCESADORESSIADDR 3);
C1432 END;
01433
01434 /5 27 <READ— IC> 5/
01435
01436 CALL NCT*II’PLIMENTEC ; /S GRAMMAR ERROR 5/
0 14 37
01438 /0 28 STOP <TERMINATE> 5/
C1435
(1440 cc;
01441 IF VALUE (SP).0 TI-EN CALL CODCSBYTE(STP):
01442 4 ELSE CALL C N E S A D D R S O P P ( S T D , V A L U E L S P ) ) ;
01443 £4-C;
01444
0144 5 /5 29 <CCNDITIONAL> :: <ARITHMETIC> <SIZE— ERROR> 5/
C1446 /0 29 <IMPERATIVE> *1
C1447 -

(1448 CALL bAC KSCC4-C
C1449
01450 /5 30 <FILE—ACT> <INVALID> ( IMPE RATIVE> ‘/01451
01452 CALL BAC KSCCNO;
01453
01454 /5 31 IF <CONDITION> <ACTION> ELSE 5/
01455 /0 31 <IMPERATIVE> 0/
01456
C1 457 CC;
C1458 CALL eACKSTuFF(vALUE (MPPLI.vALUE2 (SP—2 ));
C1455 4 CALL BACK STUFF(VALUE (SP—2 1,NEXTSAVAILAELEI;
(1460 £4-C;
01461
01462 1* 32 <READ— ID> <SPECIAL> <IMPERATIVE> 5/
01463
01464 CALL 8ACK SCC4-O ;
01465
01466 I’ 33 <ARITHMETIC) ::— 400 <LIID> <OPT —L /1 O> TO (StUD> *1
01467 /5 33 <ROUND> *1
(1468 3
Ci 469 CALL AOCSSUP(0);
(1470
01471 /5 34 DIVIDE <L/I C> INTO <SUB IC> (RCUNO> ‘I
01412
01 473 CALL MLLTIC lvii); -
C14 74
01475 /5 35 MULTIPLY <L/1D> BY (50910) <ROUND> 0/
01476
01477 CALL MU L1SO IV IO I ;
(1478 - -
01479 /5 36 SUBTRACT <L/tD> (CPT—L/IC) FRCM 0/
(1480 /5 36 <SUBIO> <ROUNO> 4/
C1481
01482 CALL ACC$SLEU) ;
C1483
01484 /S 37 <FILE—ACT> ::. DELETE <10>
C 148 5
01486 CALL CELSRhT(0I;
01487
01488 /‘ 38 REWRITE <ID) *1
(1489(1490 CALL O E L * P hT ( 1) ;
01491
01492 /5 39 WRITE <ID) <SPECIAL—ACT> 4/
01493
01494 CA lL REACIlRZTE(1) ;

/1 40 <CC4-DITICN ) ::. <LIT/ID) <NOT> (CCNC—TYPE) SI
01491

CALL GENICC PFA RE;

/5 41 <CCP.0—IYPE :z~ NUMERIC 5/

C(NDSTYPE 3;

4 /0 42 ALP HABET IC 5/

2
f~~ 

CCNC$TYPE- 4;

/5 43 <COMPARE) <LIT/IC) 0/
01509
(i• io ~ C O IL i F E C SVA L UES ;

1k2
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C1!11 3
C1512 3 /0 44 <4-CT) 1• NOT S/
01513 3
01514 3 CALL COCE$e~ 1E1NEG);
01515 3
31516 3 /5 45 (EMPTY) S/
01517 3
01518 3 ; /4 4-0 ACTICN REQUIRED *1
(1519 3
C1!20 3 /5 46 <COMPARE) ::— GREATER ‘I
.01521 3 -
01522 3 CC4-CSTYFE .0;
01U23 3
C1!24 3 /5 47 LESS
01525 3

3 CCNDST’VPE—l;

9 /5 48 EQUAL 0/
(1529 3 -
(1530 3 CCND$I’VPE.2;
01531 3
C1!~ 2 3 /4 49 <POUND) ::. ROUNDED *1Oi5~ 3 3
01534 3 CALL SETIVAL UEIII ;
01535 3
01536 3 / 5  50 <EMPTY> 0/
01537 3
01538 3 ; /5  NO ACTICN REQUIRED •/
(1539 3
01540 3 /5 Si <TERMINATE ) ::— <LITERAL> 5/
0154 1 3
Ci542 3 ; /5 NC ACT ION REQUIRED ‘I0 1543 3 -

C1544 3 /5 52 RUN 5/
015 45 3
01~ 46 3 ; /~ 4-0 ACTION RE QUIRED — VALUE(SP) ALREA dY ZERO *I0 1547
01548 3 /0 53 <SFECIAL> ::. <INVALID> 5/
01545 3
(1550 3 ; /* 4-C ACTICN REQUIRED 5/
01551 3
01552 3 /5 54 END *-
01553 3
C 1554 3 CC;
31 555 3 CALL SETSVALUE (?);
01556 4. CALL CCCESSYTEItOR );
01557 4 - CALL SETOBRANCH;
015 58 4 END;
(1555 3
(1560 3 /5 55 <C PT - I0) <50610> 5/
GL5#~t 3
01562 3 1 1* VAL LE AND VALUE2 ALREADY SET 5/
CI 563
C 1564 3 /5 56
01565 3
C1566 3 ; /5 VALLE ALREA DY ZERO 5/
0156 7 3
01568 3 /5 57 <ACTION > ::. (IMPERATIVE> - 5/
01565 3
C 157C 3 CALL UNRESCLVEDIERANCH ;
01571 • 3
01572 3 /* 58 NEXT SENTENCE *I0 1573 3
01574 3 CALL UNRESCLVED SPRANCH;
C1~~75 3
Oi.~76 3 /5 59 <TI-RL> ::~ THRU <10) 0/
01577 3
01578 3 CALL KE EF *VA LL E S ;
C1579 3
(1580 3 /‘ 60
0158 1 3
01582 3 ; /5 4-0 A CTI CN REQUIRED 0/
0 1583 3
C1584 3 /4 61 <FINISH> ::. <1/ID> TIMES 5/
01565 3
01586 3 CC; -
01 587 3 . CALL LCACSL SID(MP);
01588 4 CALL CNESADO RSCPP(LDI LIADOR );
C1 585 4 CALL CCCES8YTE(LSLENGTI-)
C15 90 4 CALL SET$VA LLE2thcXTSA VAi LABLE);
C159i 4 CALL CNESADDR$O PPID€ C ,OJ ;
Cl!42 4 CALL CCCESA UCRESS (Ot;
01593 4 CALL SETIVALUEI4 -ExTSAVA ILABLE );
01 594 4 84-C;
C 1595
01596 3 /5 62 UNTIL <CONDITION> 5/
01 591
01598 3 C A L L  KEEFIVAL UESI
(1595 3
(16CC /5 63 5/
01601 3
01602 3 ; - /5 4-0 ACTICN REQUIRED •/
C1 603 3
01604 3 /5 64 <INVALID ) ;:— INVALID *I
01605 3
C1206 3 cc;( 1601 3 CALL SEI SVALUEII) ;
C1 608 4 CALL CCDUBYTE (SNV );
C1 205 4 CALL SETIERANCH;
(UL0 84-C;

5 /0 65 <SIZE—ERROR> 2:. SIZE ERROR
01613 3
01 614 3 CC;
012 15 3 CALL CCCE$BYIE( SeR);
01616 4 CALL LNKE SCLVE DIãRANC H ;
CitIT 4 END;

1~43
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~~~ 3 /~ 66 <SPECIAL—ACT ) ::— (WHEN) ADVANCING <HOW—MANY) 0/
(1220 3
01621 3 CALl. NC1$IMFI.I$E4-TEO; /5 CARRAGE CONTROL S/
01622
01223 /5 67
01624 -
01625 ; /5 4-0 ACTICN REQUIRED 4/
C 1* 26

/0 68 (hI-EN) ::~~ BEFORE SI
01t~ 9 ~ CALL NO1$IPPLIMENTEO; 1* CARRAGE CCNTROL *101230 3
01221 3 /5 69 AFTER 5/
01632 3
01633 3 CALL NOTIIM PLIMENTE D /0 CARRAGE CCNTROL 5/ -

01634 3
C1*35 3 #0 10 <NOV—MANY> 2:. (INTEGER> SI
01636 3 -
01631 3 CALL NOTSIPPLII4EKTED; /0 CARRAGE CCNTRCL 0/
01*38 3
01439 3 /5 71 PAGE 5/
C 1*40  3
0164.1 3 CALL NCTSIMPLIMENTED; /0 CARRAGE CCNTRCL *-
01*42 3
01643 3 /5 72 (TYPE—ACTIGN) : z —  INPUT
01644 3
G1 645 3 ; It 4-0 ACTICN REQUIRED — VALUE (SP ) ALREACY ZERO 5/
(1246
(1647 /5 73 OUTPUT *1
01648 3
(1245 3 CALL SETSV*LUEIII;
(1650 3 -
01251 3 /0 14 I—C 5/
01652 3
01*53 3 CALL SEI*VALLE(2 );
01*54 3
01655 3 /5 75 <SUBID> ::. <SUBSCRIPT) 5/
0165a 3
C 1657 3 ; /0 uALLE ANC VA LUE2 ALREA DY SET ‘I0 1*58 3
01659 3 /5 76 <ID>
(1660 3
01661 3 ; /5 4-0 AC TICN REQUIRED 0/
01662 3
(1663 3 /0 77 <iNT EG ER> 2:. <INPUT> 5/
C1*44 3
01265 3 CALL S E T $ V A L U E ( C C N V E R T S I N T E G E R I ;
01*6á 3
C1667 3 /0 78 <IC) :: . <INPUT> SI
C166d 3
01*69 3 CC;
(1*7) 3 CALL SET$VALUE IMATC HI ;
01671 4 IF GET*IYPE.UNRESQLVEO TI-EN CALL SETSVALUI2 (NEXT$AVA ILABLE ;
C1672 4 £4-C;
C1*73 3
C1674 3 /5  79 <1110> ::. <INPUT> 0/
C1*75 3
C1 676 3 CC; -
01411 3 IF 4-UNERICSLIT THEN
01678 DC;
C1 t15 4 CALL SETSVALUE(NUME RICSLITERAL I;
(1680 5 CALL SET$VALUE2(ST0RE$CONSTANT);
01 681 5 ENC
01682 4 ELSE CALL SETSVALUE (MATCH );
01e 83 4 END;
01684 3
C1685 3 /5 80 (SUBSCRIPT) SF
01686 3
(168 1 3 ; /5 4-0 ACTICN REQUIRED 5/
(1688 3
(1289 3 1’ 81 ZERO 0/
(1*50 3 -

01691 3 CALL S E I6V ALUULITSZERO ) ;
C1692 3
01693 3 I’ 82 <SL8SC RIPT) :2— <ID> ( <INPUT> I S/
01694 3
01655 3 CALL CHECKUUBSCRIPT; -

C1696 3 -

C1697 3 /* 83 < O P I — L / I D >  2:~ <1/ID) 0/
C1658 3
01*55 3 ; /0 4-0 ACTICN REQUIRED SI
C1700 3
C1701 3 /5 84 <EMPTY> 5/
01702 3
01703 3 ; /5 VALLE AL REAC Y SET S-
01704 3
01105 3 /0 85 <4-N—LIT) ;s <LIT) 5/
01706 3

9 
CCI 

CALL 5ETSVALUEINONSNUMERIC$LIT );
(1709 4 CALL ZETSVALUE2 (STOA E ICCPiSTANT);

4 84-0;

5 /0 eo SPACE - 5,

CALL SETSVAL UEI LITSSPACE ):§ 
~~~~~~~ 

,. 87 QUOTE 0/

~ CALL SIUVALUE (lIT$QUOTE);

~ /5 88 LITERAL ::. <4-N—LIT> 5/

2 9 ; /0 4-0 ACTI ON REQUIRED •/
01723 3

1~1~4
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6i7~o 3 CC ;
01727 3 IF NOT NUNEPICSLIT THEN CALL !NVALICSTYPE;
(1728 4 CALL !ETSvALUE NUNERICSLITERAL );
01729 4 CALL SE1$VALUE2 (STDRESCC4-STANT I;
C1730 4 END;
017.31 3
01732 3 /5 90 ZERO 5/
017 33 3
01724 3 CALL SET$VALUE (LIISZEROI;
01735 3
01136 3 /4 91 <LI’T/IO> :2— (1/ID) *-
01137 3
(1738 3 ; IS NO ACTION REQUIRED 5/:g~ ~ /0 92 <NN—LIT) 0/
01741 3
01 142 3 ; /5 4-0 ACTION REQUIRED 5/

9 /~ 93 <CFT—L IT/I0) ::— <LIT/ID> 
- 

SI
01745 3
01146 3 ; /0 4-0 ACT ICN REQUIRED 5/
01147 3
C1748 3 /5 94 <EMPTY> 5/
(1749 3 -
(1150 3 ; IS 4-0 ACTICN RE QUIRED 0/
0 1751 3
01752 3 /5 95 <PF CGRAM — IC> 2 :— <ID) 5/
C1153 3
01754 3 CALL NOT *I4-PL IMENTEO; /5 INTER PROG COMM 0/
C1755 3
C 1756 3 /0 56 5/
01757 3 ; /5 NO ACTICN REQUIRED 5/
(1758 3
01159 3 /0 97 <PEA C—I0 ::— REA0 <IC) 5/
0176C 3
01161 3 CALL REAC AN RI TE IO ; ;
C1 162 3
01163 3 6N C /1 END OF C A S E  STATEMENT 0/
C1164 2 END CCC~ 5GEN;
C 1765 1
01166 1 GE’IINI: PROCEDURE ByTE :
C1 761 2 RETL IRN I N O E X I ( S T A T E 1 ;
(1768 2 ENC C- ET IN 1 ; -
Cu eS 1
01. 770 1 G ET I N Z :  FRCC EC L. PF E YT E ;
01111 2 RETURN L N C E X Z ( S T A T E % ;
01772 2 £4-C (-1114-2;
C1713 1
01714 1 INCSP : PROCECL IRE ;
01175 2 bAL U~~(SF:—SF + 11— 0; /5 CLEAR THE STACK W- IL E INCREMENTING 5/
01776 2 VALUE2 (5F)— C ;
01777 2 IF SR >~ PSTACKSIZE THEN CALL FA TAL SERRORI’ SO’l ;
(1778 2 £4-C INCSP;
(1775 1
C IT CO 1 LOC KAI -EAC: PROCEDURE;
01781 2 IF NCLCCK TI-EN
01782 2 (0;
01783 2 CALL SCANNER ;
01?~ 4 3 • N C L C C N = F A L S E
017d5 3 IF PRINTSTOK~ N THEN017d6 3 DCI
3L7~31 3 CALL CRLF
(1788 4 - CALL PRINTSNUMBER(TOKEN );
C17~ 9 4 CALL PR!NTSCI~AR( ‘I;
C1790 4 CALL PRINTIACCUM ;
01791 4 ENC;
01792 3 £4-C;
01 193 2 END LOCKAH EA C;
C1794 1
C17~~5 1 NCSCCNFLIC I:  PRCCEDURE ( C S T A T E )  BYTE;
C 1796 2 C ECLA ~~E I C S T A T E  I,J ,K)  BYTE;
017-T i 2 J—I NOEXL (CSTAT EI ;
01198 2 K-I • INOEX2ICSTATE) — 1;
C u S S 2 CC I.J IC IC’
(180.) 2 IF REA ~ 1(I)=TCKEN THEN RETURN TRUE ;
01601 3 E4-C
(1602 2 RETURN FALSE
(1803 2 £4-C 4-C $CCNFLICTN
01604 1
C18U5 1 RECOVER:  PRCC ECU RE BYTE -
01806 2 CECLAKE ISP BYTE, R~ TATE BYTE;
01207 2 CC FOREVER
C1808 2 TSP-S
01809 3 - CO 4-HUE TSP <> 255
01810 3 IF NOSCCNFLICTLQSTATE :.STA TESTACK(Ts pp I TI-EN
01811 4 cc; Is STATE WILL READ TOKEN 0/
01812 4 IF SP<>TSP THEN SP — TSP —

01813 5 RET URN RSTATE ;
01*14 5 84-0;
(1813 4 T S P  — TSP — 1;
(1616 4. END ;
01811 3 CALL SCANNER : /5 TRY ANOT HER TOKEN 5/
C1 818 3
(1819 2 INC REC6VER ;
(IR~ 0 I
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01821 /5 0 5 5 S PROGRAM EXECUTICN STARTS 4-lIRE 5 5 0/
(1822
C1623
01824 1. /0 INITI*LIZATICN ‘IC1825
01626 TCKEN-62 I’ PRIME . THE SCANNER WITH —PROCE DURE— 5/ -

01827 CALL MCV~ (PA5S1$TOP’.PA551$LEN, .OUTPUTSFCB,PASSI$LENI;(1828 1 .‘S THIS 2815
(1829 1 OUTPUT FILE CCNTROL. BLOCK
01830 1. TOGGLES
CIB il REAC PCINTER
C1832 NEJI $VMB0L TABLE POINTER
01833 0/
01E~4 OUTPU1$END .(CUTPIjT$PTR:— .OUTPUTSBUFF—u) +128;
C 1835
01836 /0 * 0 S S S I PARSER S S * * * 5/
0 1637
C1838 DO WHILE CCMRI L14-G ;
01839 IF STATE <— - MAX RNO THEN /5 READ STATE 5/
(1640 CC;
C 1841 CALL INCSP’
01842 STAIESTACK1SP ) — STATE; /5  SAV E CURRENT S T A T E  5/
01143 3 CALL LCCKAI’EAD;
C1644 3 I — G E T I 4 - 1
C1645 .1 — I • t~ETIN2 — 1;
01846 3 DO I I  TC J;
01647 3 IF READ1(I) • TOKEN THEN
C1848 4 DC;
01849 /0 COPY THE ACCUMULATOR IF IT IS AN INPUT
01850 STRING. IF IT IS A RESERVEC W0RC IT DOES
01651. 4. 4-CT NEED IC BE COPIED. SI
01652 4 IF (TOKEN-INPUTSSTR) OR (TOKEN—LITERAL) THEN
01853 5 - Do K—O TC ACCUM ;
C1854 5 - VARC (Kp =AcC UM (KI;
01855 6 END;
01556 5 STATE—RCAD2(I);

— 01257 NOLOCK—TRUE ;
01658 I—J;
(1259 END’
01660 ELSA
01861 IF 1— J THEN
01862 4 cc ;
01863 4 CALL PRINTSERRCR(’NP ’);
01664 5 CALL PRINT( . ’ ERROR NEAR 1’);
01665 5 CALL PRINTSACCUM;
01866 5 IF (STATE:—RECOVERI—0 THEN CCMP IL ING— FALS E ;
01667 5 - END;
C1868 4 END;
(1869 3 £4 - C;  /5 END OF READ STATE 5/
(1670 2 ELSE
01871 2 IF STATE)I4AXPNO TI-EN I’ APPLY PRODUCTION STATE 5/
0 1672 2 C C ;
01673 ‘ MP-5P — C-ETIN2;
01.874 3 MPPI.MP + 1’
ClUB 3 CALL CCCESG~ 4- (STATE — MAXPNO );
C1876 3 SP.NP’
01677 3 I GETI1 P
C1878 3 J~ STAiE5fACK (SP);
01879 3 DC W HILE ( K :— A P P LY I ( I ) I  <) 0 AND J<)K;
01880 3 1—1 + 1;
C1681 4 ENC ’
C1882 3 IF l K : .A P P LY 2 ( I) )~~O T I-EN COMPILING—FALSE;
01 883 3 STA TE— IC ;
01684 3 END’
0 1285 2 EL2 ~01886 2 IF STA T E —M AXLNO THE N /S LCOKAHEA C STA T ES/
C1687 2 CC’
C 1288 2 I-I~ET IM1 ;01689 3 CALL LCCKAI4EAD;
(1890 3 00 4-MILE (K :=LOCK1(I))<>O AND TOKEN <>K;
0169 1 3 1—1+1;
Ci892 4 

- 
£4-C;

01893 3 SlaTE—LCCK ZUI;
(1694 3 £4-C
C1 895 2 £1.2
01696 2 DC; / *PUSH STATES */
01 651 2 CALL INCSP
(1898 3 STA1E STACK~ SPi—GET IN 2:
(1899 3 5TATE—GE T IN I ;
(1500 3 END ;
C1901 2 END ; /5 OF 4 - R I L E  CC MPILING 5/
C1 902 CALL e~~TESCLT (TER )’01503 CC WH ILE CL1PUT1PT~ <> .CUTPUT$BUF~~;01904 CALL BYIE8CLT (TEk );
CR 605 ENCI
01506 CALL CLCSE;
01501 CALl . CRLF -
01508 CALL PFIP4 ~~t . Et.C CF PART 2 S . ) ;
01509 GO TC ecoT;
(1510 - LOF
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OOOO~ I’ COBOL INTERPRETER 5/
00003
00C04 10C M : /0 LOA C FCINT 0/

/0  GLOBAL CECLARATIONS AND LITERALS 5/
03C07
00008 CECLA PE
COCOS
COC1O LIT LITERALLY ‘LITERALLY’ ,
00011 BOGS LIT ‘SN’ , /5  ENTRY 10 OPERATING SYSTEM 0/
COCIZ BCCT LIT
COCL3 CR LIT ‘1.3’,
00014 LF LIT ‘1.0’,
COC1S TRUE LIT ‘1’,
00016 FALSE LIT ‘0’,
00017 FOF EV ER LII ‘WHILE TRUE’ ;
60C18
COO lS /5 UTILIT Y V A R I A B L E S  0/
C0C20
00021 CECLARE
00C22
00023 14-CE) EVIl
00C24 A SCTR ACCP~ SS,C0C25 CTR BYTE
CCC26 1 BASE A CCR ~ SSI00027 BSBYIE EASE D BASE BYTE
00028 8840CR E~-5FC BASE AOOR~ SS,C0C29 I-OLD ADDRESS,
C0030 H 8 E f T E  BAS ED I-OLD BYTE,
00031 4-4SACCR EASE D MOLD ADDRESS,
00C32
60(33
00034 J* CCDE POINTERS 0/
00035
COC36 CODE*STAR T LIT ‘2000H’ ,
00037 PPCCRAMSCCUNI(-P ADDRESS,
(0038 CAF YTE BASED PRCGRAMSCOUNTER BYTE
00039 C*ADCR BA SED PROGRAMACUUNTER ACCR. ~SS;
(0C40
CO 04 1
00042 /5 * S S * GLOBAL INPUT AND OUTPUT ROUTINES * 5 ~ 5 5/
00C43
COC44
00C45 DECLARE
C0C46 CURRENTSFCE A CORES S,
00047 STARI *GF FSEI LIT ‘36’;
COC48
00049 MONt : PRCC ECL RE (F ,A);
CCCBQ CECLARE F BYTE, A ACORESS;
00051 GD TC aCtS ;
CCC52 END P04-lI
CO C B 3
00C54 MO-N2 : FP.CCECLRE (F,A )BYTE;
00055 DE CLARE F B Y T E ,  A AC CRE SS ;
00(56 c-C IC ECCE ;
00(5 7 END F’CN2;
C OC 5B
C 0C SS PRINf lCHA R: P P CC ECLR E ( C l-AR) ;
OCC 6O CECLARE Cl-AR BYTE;
COC 6I CALL MC4-1 (2,CMAR) ;
COCB2 END PRINT SC I-AP:
00C63
00064 CRLF: PRCCECLPE-
00C65 CALL PR INT~~~l-AP.(CR);C0066 CALL PPI4-TSC J-AR(LF) ;
C0C67 ENC CRLF;

(0(69 PRINT: PROCEDURE IA);
(0070 CECLARE A AC CRESS;
00C71 CALL cRLF’

— GOC72 CA LL MC 4-1l5,A );
OCC73 64-C PRINT;

00 d b  READ: PRCCECLPE~~A) I
GOC?? DECLAR E A A DDRESS;
0(078 CA LL MCNI(1 C,A I ;
(0C79 END READ;

0CC 82 PRINT$ERRCP :- PRCC€ CU RE (CODE);
CCCB3 DECLARE CCCI ADDRESS;
00C 84 CALL CRLF’
CCC85 CALL PQ I 4-hCI-AR(I -IG4-4(CODE )I;
CCCBb CALL PRINTI C I- A R (LCW(000Efl;
0CC87 END PRINT SERPCR ;

CCCSC FATAL8E RR QR: PFCCEDURE(CCDE );
0CC 91 CECLA RE CCCI ADDRESS
C0C92 CA LL PRIN T 8ERP CR lCCC ~ );00C93 CALL TLPE(I C ); -
OCCS4 /5 CEBUG
CCCS5 CC IC BCCT;
CCC 96 DEBUG 0/
COCS? ENC FATA LS ERP0R ;

-~ CCC SP
(010 0 OPEN : PROCrCL RE (AIJCR ) BYTE;
COlOl CECLA RE 80CR A DDRESS;
~OIO2 RETUR N Pt4-2(l5,AOCR);
~O IO3 ENC OPEN ;

00107 DEC IAPE A C R  ArORES
C0108 IF MQN2L IS,ACCR )< )0 tHEN CALL R*TAL$ERROR(’CL’);
(0109 END CLCSE;

1L~7
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~~~~~~~~~ 1 DELETE: PROCEDIRE’
C0113 2 CALL MC4-1tj5,*!URRENTSFCB);
00114 2 £4-C CELETE;
00115 1
00116 1
00117 1 MA KE : PROCECLRE IAOOP )
00118 2 DECLARE ACER ADDRESS’
00119 2 IF MON2(22,AOCRR)D tHEN CALL FATALSERROR(’PE’);
(0120 2 END NAM E;
00 121
CO 122
00(23 1 SEIICI’/: PRCCEDLPE;
00124 2 CALL MCNII26,CURRENTSFCB+ STARTSOFFSET);
C0125 2 END SETSCMA;
C0126 1
00127 1
C0128 I CISK~ REA C: PPCCECURE BYTE;
CC129 2 RETURN PCN2(20,CUPRE4-TSFCB);
(0130 2 14-0 CISK IREAC;
00131 1
00132 1
C0133 1 OISK ShPITE : PPCCECURE BYTE;
00134 2 RE1URN PCN2(21,CURREMTSFCB) ;
00135 2 END CI$K $WRI1 E;
00136 1
00131 1
00138 1 /4 S 5 * * 4 * * * * UTILITY PROCEDURES 5 * * * * * * 5 * * * * * 5/
C0139 I •

(0140 1
00141 1 DECLARE - 

-
00142 1 SLBSCPIPT (8) ADDRESS;
C0143 1
00144 1
00145 1 PEE : PROCECL RE (/CCR) AD CRESS;
00146 2 /5 THIS FRCCEDUflC RESOLVES THE AO CRESS OF A SUBSCRIPTED
00147 2 IDENTIFIER CR A LITERAL CONSTANT 5/ - -

C0148 2
(0)49 2 DECLARE ACER ADDRESS;
(0150 2 IF ACOR ) 22 Il-EN RETURN A DOR ;
00151 2 IF 40CR < S TI-EN RETURN SUBSCRIPT(AODR );
00152 2 D~- CASE 50CR — 9;
C0153 2 RET URN ,‘O’;
00154 3 RE TL RN , ‘ ‘;
C0155 3 RET IRN .‘ ‘;
00156 3 EN D;
C0157 2 RET URN C;
C0158 2 INC RES;
C0159 1
(CR60 1
00161 1 MOVE: PRCCEDLRE( FRCM,CESTIN~ IION ,CGIJNTI;
00162 2 DECLARE tFRCM ,OES T INATI Cfl,COL’N T) ACERESS ,
00163 2 IF BASE D FROM 0 BASED OESTINA TICN ) eYTE ;
00164 2 DC WHILE (COLNI :=CCUNT — 11 <) OFFFF $l ;
00165 2 O~ F;
00166 3 FRC~ =FFCM + 1;
00167 3 DESTINATI ON—C EST INATI CN + 1;
00168 3 END;
00165 2 END MOV E ;
‘01-t o
00171
00172 FILL: PRC-CECLRE (CEST INA T !O4-,COLJNT CHAR);
00173 2 DECLARE (CESTINAT ION,COUNTI AOOR ESS ,
00174
00175 (CHAR ,C EASED DESTINATION) BYTE;
00176 DC WHILE tCCLNT :~~CCU4-T — 1R> QFFFFI-j ;
00177 C C I-A R ;
CO ilS 3 DESIINA TIC4--CEST INAT ION + 1;
(0175 END;
(0180 2 END RILL ;
00181

~~~~ I83 ~ CC NVERT S T OSI - EX :  FPOC EC UR E( POI NT ER CCUP IT) ADDRESS;
00184 CECLARE POINTE R ADDRESS, COUNt BYTE;
CCI8S A 8CTR—0 ;
C0186 EA SE— PC IN TER;
00107 CC C T R 0 TO CCU4-T;
00188 A S C T R = S I - L ( A S CTR ,3 )  + S H L ( A S C T R , l 1  + B6EYTE(CTR ) — ‘0’;
(0189 ENC;
(CISO 2 RETURN A 8CI’;
CC1 91 2 INC CCNVE R T *1C1l- EX ;
0C 192 1 -

0C194 1 I~ * ~ * * * ~ * S S CODE CCNTRCL PROCEDURES * S S * * * S * 0/
CCISB 1
C0196 1 CECLA RE

I BRANCI-iIFLAG BYTE IN ITIAL (TRUEI;
CCI 9’A 1
CO2CO I INC SFTR : PRCC EC LRE (CCUNTI;
00201 2 CECLARE (CUl T eVIE;
00202 2 PRCGRAM1 CDLN IER— PROGRAM $COUN TER + COUNT ;
00203 2 INC INCIPIR;
C0~~ 4 ~

1 GET SCPSCOCE : PPC(ECUP .E BYTE;
00207 2 C 1R— C $I~~1E;
C0208 2 CA LL I4-C8 PTR(l) ;
C0205 2 RE TURN C TR ’
(021.0 2 END C E 1 $ C P * C C C ~~;00211 1

148
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00212 1
00213 1 CC4-OITICNA L $E RAN CI - PRQCEDURE(CCUNT);
00214 2 /S T I- IS PRCC ECU PE CONT K0LS BRANCHING INSTRUCTIONS 5/
00215 2 CECLARE CCUNT BYTE;
00216 2 IF 4-CT eRANcI-IFLAG THEN
00217 2 CC;
C0218 2 BRA 4-C Ii FLAG— T RUE;
C0219 3 PRO G RAP1 COL~NTE R~ CSAD DR ( CCuNT) ;
(0220 3 £4 - C ;
002 21 2 ELS E CALL I NC SPT R(SH L( CCUNT, 1 )+21 ;
002 22 2 INC CC N DIT IC NALSE RANC I- ;
00223 1
00224 1
00225 1 INC REMEN T S0 R~ e RA NCH:  PRDCEDU RE(I IARK);
00226 2 CECLAR F PAR K BYTE;
00227 2 IF MARK il-EN CALL I I(CSPTR(2I;
00228 2 ELSE PROCRAMBC DUNTER CSADDR;
(02 29 2 ENC I N C R E M E N T S C P B E P A N C H ;
(0230 1
00231 1 /4 * * * * * * * * * *CCMPARISCNS * S * S * * S 5 * 5 * 5 5 5 5/00232 1
00233 1
00234 1
00235 1
00236 1 CIIARSCCMPA RE: PRCCECURE BYTE;
00237 2 eAS E~ C$4CCR;
C0238 2 HCLO=CSACC II(I) ;
00235 2 DO ASCTR=L IC CSACDR (2) — 1;
C0240 2 IF e (EYIE(AS cTR) > HSBYTE(A$CTS ) THEN RETURN 0:
CD24I 3 IF B I E Y T E ( A S C T R )  < HSBYTE (ASCTR ) THEN RETURN I;
00242 3 lI-C;
00243 2 RETURN 2;
00244 2 ENC C I-ARS CC PPA RE ;
00245 1
00246 1
00247 1 5TR ING~ CC MPAP E : FRCCECURE(PIVOr) ;
00248 2 DECLARE PIVCT BYTE’
C0249 2 IF CHAR$CCMF4PE<)P!VOT THEN BR1NCHSFLAG~ NCT ERANCI-IULAG;
C0250 2 CALL CCNOII ICNA L $BRAN CH(3 );
00251 2 14-0 5TR ING$CCM PAR E ;
C0252 I
00253 1
00254 1 NUMERIC; PFCCECLPE(CHA R) BYTE;
00255 2 DECLARE Cl- SR BYTE;
00256 2 RETURN (Cl-A R )— ‘0’) AND (CHAR <= ‘9’);
00257 2 INC NLM ERIC;
C0258 1
(02 59 1
00260 1 LETTER: PRCCEDUR E (Cl-AR ) BYTE;
00261 2 CECLAR E CHAR BYTE;
00262 2 RETURN (CHAR )— ‘A ’I AND (CHAR <~~‘Z’);00263 2 INC LETTE R ;
00264 1
00265 1
00266 1 SIGN: FROCECL RE (CI-AR) BYTE;
00267 2 DECLARE C l-AR BYTE;
00268 2 RETURN (Cl-AR~~’+’) OR (CHA R- ’— ’ ) ;
(0269 2 END SIGN;
(0270 1
00271 1
00272 1 CCMP$NLMS UNSI GNEC : PROCEDURE;
00273 2 BA SE ~ CS A CDR ;
00274 2 CC AS CT R-O IC CSACCR (2)—1 ;
00275 2 IF NOT 4-UMERIC(B$B YTE(A $CTR) ) THEN
0027 6 00;
002 77 ERA NC HSF LAG~ NOT BRA NCH S FLA G ;
C0278 4 RETURN;
(0275 4 END;
(0280 3 14-0;
0C2 61 2 CALL CONCITICNA LSBRAN CH (2) ;
00282 2 INC CCM PSNUMILI -SIGNED ;
00283 1
0C~ 8400285 1 CCM PI4-UMS SIC-N: FPCCEDURE;
00286 2 eASE .csacDR ’
00287 2 CC A SC TT—0 tc CSADOR(2 )— l;
00288 2 IF NOT( 4-UMERIC (CTP:r8$ByTE (4$CTRP)
(0289 3 CR SIGN (CTR)) THEN
CC2 SO 3 00;
00 291 3 ERANC HSF LAG—NO T BRANC HS FLAG ;
0C292 4 RETURN;
C C 2 53 4 E ND;
0C294 3 END;
CC2S5 2 CALL CC NC ITICNALSBRA KCH(2 );
00296 2 INC CCPP SNUMISIG N;
00297 1
0C 258 I
(C299 I CCMPSAL PIIS : PROCEDURE ;
(0200 2 eA SE. CsAC CR -
00301 2 CC A$C 1R’O iC CSA DDR(2)—i;
00302 2 IF NOT LETTER (BSSYTE (ASCTR)) THEN
00303 3 00;
00304 3 EPANCHSFLA C~ N0T BRANCH IFLAG;
00305 4 RETURN;
00306 4 ENC;
COlOl 3 END ;
(0308 2 CA lL CCNCI T ICNAL $ep4NCl - (2) ;
(0 305 2 INC C C M P $ A L P ) - A ;
(021 0 1
00311 1

1)49
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00312 1
00313 1 / * * S * S S S S S * * N U M E R I C O P E R A T I O N S S S S S S * * * * * * F
00314 1
00315 1.
0031.6 1 C E C L A R E
00317 1
(0318 1 IRC R1,R21 (10) B”TE, /5 REGISTERS 5/
00319 1 (SIG4-C SIGN 1 SIGN 2I BYTE,
C0220 1 (C EC$ P 1O ,0 EC ~ PT 1,C E C S F T 2 )  BYTE,
00221 1 CVERFLCW BYTE,
00322 1 P*PTR BYTE,
00323 1 S~~ITC I- BYTE,
00324 1. SICN IF 8NO BYTE,
00325 I ZEPOSFESULT BYTE,
C0~ 26 I ZCI¼ E LIT ‘EOH’ ,
0C327 I PCSITIVE LIT ‘1’ ,
C0328 1 NE G IT IVE LIT ‘3’;(0329 1
(0330 1
00231 I CI’ECKSFCRSS ICN : PRCCEDURE (CIIAR) BYTE;
C0332 2 DECLARE Cl-SR BYTE’
00333 2 IF NLMERI C (C l-AR ) tI-EN RFTURN POSITIVE ;
00334 2 iF NLMERI C(C l-SP — ZONE) THEN RETURN NEGIT IVE;
00335 2 CALL PRIN TSEPRO R (’S I’ );
00336 2 RETURN RCSITIV E;
00337 2 INC Cl-EC KS FC FSS ICN;
C0338 1
C0339 1
CC340 1 STC PESIMM ECTA TE : PROCEDUR E ;
C0341 2 CC CTR=O TO C ;
00342 2 R O ( C T R ) — R 2 ( C T R ) ;
C0343 3 END;
C0344 2 CECSPTO ’CECIRT2 ;
00345 2 EIGNO = 5IGNO ;
00346 2 END ETCRESIMM EC II - T I ;
C0347 1
C0348 1
(0349 1 ONESLEFT: PPCCECLRE ;
(0350 2 CECLA RE FLAG BYTE;
00351 2 IF ((FLAG :—Sl-P (SSBYTE,4))=O .) CR (FLAG—9) TI-EN
C0252 2 CC;
00253 2 DC (IF-C TO 8;
00354 3 B$BYTE(CTRI=SHL (BSBYTE(CTR),4) OR SHR (BSBYTE(CTR + 11,41 ;
CC 355 4 ENd;
30256 3 B$BVTE (S)—SHI(BSBYTE (9),4) OR FLAG ;
00357 3 END ’
C0358 2 E L S A  CV E R F L C ~~~TRU E ;
(0355 2 END CNESLEFI;
(0360 1
00361 1
00362 1 CNESRICHT: FROCEDURE;
00363 2 CIR~~10I
00364 2 CC II-CE)’l TO 9;
00365 2 CTR~ CTP—1 -
00366 3 BSBYTE(CTA)—SHR (BSBYTE(CTRh4I OR SHL (BSBYTE(CTR—1),41;
00267 3 END;
C0368 2 EIBY TE—S l-R (EIB YTE ,4);
C0365 2 ENC C4 - ES R IGI -1 ;
(0310 1
0037 1 I
00272 I EHIF IAR IGHT : PPCCEOURE (CCUNT);
C0373 2 DECLARE COUNT BYTE;
C037 4 2 CC d R— I 10 CC LNT;
00275 2 CALL CNEBR IG l-T ;
00376 3 END;
00377 2 INC El- IFT IR IG H T;
C03 18 1
00375 1
(0280 1 SI-IFTILEF I : FPCCECIJRE (CCUNT);
0C381 2 CECLAR E COU NT BYTE;
00382 2 CV ERF LC~~.FAL!E;00383 2 CC CTR•1 IC COUNT ’
00284 2 CALL CREILEFt ;
0C385 3 IF C’~EPFLCW THEN RETURN;
00386 3 14-C;
00387 2 INC El -IF ES LEF T ;
(02 88 1
CC385 I
CC390 1 ALLIG N : PROCEDURE;
00391 2 eASE— PC’
00392 2 IF DE~ SP10 3 CEC$PT I THEN CALL SHIFT$PIGHT (CECSPTO—CECSPTI);
00393 2 ELSE C A L L  5I-IFTSLEFT(OEC$ PTI—QECSPT3);
0C 35 4 2 ENC A L L I GN;
C029~ I
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0G~ 5 1
00~5~ 1 AOCIRC : PROCECLRE (SECCNC DEST);
00398 2 CECLA RE (SECOND, 01ST) ADDRESS, (CY,A,BII) BYTE ;
(C399 2 *‘CLD. SECC NC ;
C0400 2 CASE • CESI;
00401 2 C V O
00402 2 CIR . - -

00403 2 CC Il-6EX-1 TC 10;
00404 2 A RC (CIR)’
C0405 3 e— l’$BVlE (CTR);
00406 3 I CECIA- ICY );
00407 3 CY .CARPV;
(04CC 3 1—010 (1 4 B);
00409 3 C Y - ( C Y  CR C A R R Y )  AND 1;
CO4 IO 3 B S BV T E ( C T R ) . I ;
00411 CT R .CTR—1;
00412 3 El-C;
00413 2 IF CV TI-EN
00414 2 cc;
00415 2 CTR.9;
00416 3 00 INCEX — 1 TO to;
C0417 3 I—$2 (CTR);
C0418 4 I -C EC ( I + C Y ) ;
(0419 4 (V-CARRY AND 1;
(0420 4 R2(CTR )—I ;
00421 4 C1R—cTR— 1;
C0422 4 ENCI
00423 El-C;
00424 2 INC A CD $R 0 ;
C0425 1
00426 1
00427 1 COM PLIMENT: PPCCECURE (NUPB) ;
C0428 2 CECLA R E NUMB BYTE ;
(0429 2 C C CASE NUI’E;
(0430 2 HCL C . ,RC;
00431 3 HOLC= ,R1.;
00432 3 HCIC= .R2;
C0433 3 El-C’
00434 2 IF ~ IGN 80 (t’LMB) TI-EN SIGNOINUMB) • NEGITIV E ;
00435 2 ELSE SIGl-$0(NL- MB)~ POSIT IVE ;
C0436 2 CC CTR— C TC 5;
00437 2 IISBVTE (CTR)=SSH — H$BYTE (CTR);
C0438 3 ENO;
00439 2 END CCMPL IMENT;
(0440 1
00441 1
00442 1 Cl-ECK ZRE$LLT: FPCCEDURE ;
00443 2 IF 5I-R(R2,4)=S THEN CALL COPPLIMENT(21;
00444 2 IF SHR(R2,4) >0 TI-EN OVERFLC~~~TP UE;
00445 2 END Ol’ ECKSREEUL T ;
C0446 I
00447
(0448 CI-ECKISIGN : FPCCEC (JRE ;
00445 2 IF SIGl-0 A l-C SIGN 1 THEN
(0450 2 CC;
00451 2 SIGN 2—F CSIT IVE ;
00452 R ETURN;
00453 El-C ;
00454 SIGN 2— NE C-ITIV E;
00455 IF NOT SIC -NC AND NOT 5104-1 THEN RETURN;
00456 IF SIGNO TI-ER CAL L CCM PLIMENTU )
00457 ELSE C A L L  CCM PLIMENT (O1;
(0458 INC Cl-ECK$ S IGN ;
(0455
(0460
00461 LEADINC-SZERCE $ : FRCCEDURE (ADDR) BYTE;
00462 DECLARE COUNT BYTE, 40CR ADDRESS;
00463 COLN T—0 ; -

00464 2 eAS E=A CCP ;
00465 CC d R — C  IC 5’
C0466 IF (BseYte(CTP) AND QFOH) <3 0 THEN RETURN COUNT;
00467 CCLI.T .CCUNT + I;
C0468 IF (CSBYTE (CTR) AND OFH) <3 0 THEN RETURN COUNT;
(0465 CCLN1’CCLNT + 1;
(0470 END;
00471 RETURN CCLNT;
00472 INC LEAD ING A2 ERCES;
00473
00474
00475 Cl’ECK SCEC IPAL: FROCECURE’
00476 IF DEC$PI2<) (CTR:.CS~ YTE (3)) THEN
C0477 Cc;
(0478 BA SE .R2’
C0479 3 IF CECSFtz , CTR THEN CALL S l ’ I F T B R I G H T ( C E C S P T 2 — C T R ) ;
(0480 ELSE CALL SHIFT$LEFT(CTR—OECSPT2);
00481 El-C;
004 82 IF L EA D I 4 - G B 2 E R O E S ( . R 2 ) < 19 — CSBYTE(2) TI-EN OVERFLOW — TRUE ;
00483 INC Cl-E CKS DEC II’AL;
00484
00485
0C4 B6 4C C: FPC CE CLPE ;
00481 C’vE RFLC~~-FAL SE ;(0488 CALL AL LI GN ;
00485 CALL C I-EC KSE IGN ;
(0490 CALL AOCMO (,P1,,R2);
00491 2 CALL CI’ECKSRESULT ;
0C452 ENC 4(0;
GC493
0C494
00495 AOOI!EPIES: FRCCECU RE (CCUNTI ;
CC496 — CECI,A PE (I.CCLHTI BYTE;
(CR97 2 CC 1-1 10 COUNT ’
00498 2 CALL ACCSRÔ(.P2,.R2);
(CR59 3 (NC;
(0500 2 (NC AC C S S ER IES ;
flfl (flJ 1
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CC~03 SETSMLLT$CIV & FPCCECURE;
00504 CbERFLC~ — EAtS E ;
00505 IF ($104-C AND SIGNI ) OR
00506 INC1 SIONO 44-C NOT 5104-1) THEN SIGN2-PCS1TIVE;
00 07 2 ELSE SIGl-2-l -EG ITIVE;
00~08 2 CALL FILL (.R2,10,0); -
C0509 2 END SETIPULIICIV;
(0510
00511
00512 1 RISGPEATER: FRCCECURE BYTE;
00513 2 DECLARE I e’rIE;
00514 2 CC d R— C TO 5;
00515 2 IF PLI CTR I> (I:—99H—R0 (CTR)) THEN RETURN TRUE ;
00516 IF P1 (CTR)<I THEN RETURN FALSE;
00517 El-C;
00518 RETURN TRUE;
(0519 2 END R1.IGREAI ER;
C0 20
0052 1
00522 MULTI PLY: PRCCEC UF E(V A LU EI ;
00523 2 DECLA RE VALUE BYTE;
00524 2 IF VALUE<)0 TI-EN CALL AODSSERIES(VALUE) ;
00525 EA SE— .RC;
00526 CALL CNEILEFT;
00527 END RULTIPLY ;
0052 8• (052 5
(0530 DIVIDE : PROCEDURE;
00531 2 DECLARE (I,J, K,LZO,LZ1) BYTE;
00532 C A L L  S ET S P U L 1 S C I V ;
00533 IF (LZ0: .LEAC IT’GSZEROES(@ASE :=,R0))<>
00534 ( LZ I : — L EA O I N C $ Z E R O E S ( . R I ) I  THEN
00535 CC;
00536 IF LZC)LZE TI- EN
00537 00;
00538 CALL SHIFTSLEFT ( I :=LZO—LZI)
(0539 4 CECSPTO—OECSPTO i- I;
(0540 4 54-C;
00541 ELSE DC;
00542 CALL SHIFTSRIGHT (I :=L21—L ZOI ;
00543 4 CECSPTO=DECPTO —I;
00544 END;
C054 5 El-C;
00546 CECPT2— 20 — LZI + CECPTO — CECPT1;
00S47 CALL CCMFL IPENT (O);
00548 DO I~ LZl TO is;
(0545 J—0 ;
(0550 DC ~HILE RI SCREAT ER;
00551 CALL ADDSRO(.R1,.Rj);
00552
00553 END ; -

00554 K—Sl- R( I 1);
00555 IF I 1I-~ N R2(K)~~R2(N ) CR .1;
00556 ELSE R2 (K)=K2IK) DR SHL (J,4);
00551 El-C’
(0558 END CIVI DE;
00559
(0560
00561
00562
00563 LOAD S/SCHAR: PRCCECURE (CHAR );
00564 DECLARE Cl-AR EYTE;
C0565 IF ( SW I T C I - : - l - C T  SIiITCH) TH EN
00566 BSEYTE(RSPTR)—BSBYTC (RSPTR ) OR SI-L(CHAR — 30H,4);
00561 ELSE B$8VTE(FSPTR :— RSPTR— L )— CHAR — 331’;
00568 END LOA OSA1Ol- A~~;(0565
00 57 1 LOA C $ NLMBE RS :  PPC C E D U R E( * D D R , C N T ) ;
00572 D ECLA RE A D CR ADDRESS, ( I , C E IT ) B Y T E ;
C05 73 l - C L C — R E S ( A C C R ) ;
005 74 C 1R— CN T ;
C057 5 CO INDEX • 1 TO C4 - T ;
005 76 C T R = C T R — 1 ;
005 77 CALL L C S D S A $ C I - * R ( H S BY T E ( C T R H ;
00578 END;
(0 579 CALL I N CA P T R ( 5 ) ;
(0 580 ENO LCA C S N UM EE PS ;

00 583 S E T S L C A O : PP CCECLPE ( S IC - N S I N) ;F 0C584 CECLARE S I C — u N B Y T E ’
00585 CC CASE ( C T R : . C $ BY T E~ 4 ) ) ;
305B6 E A S f — .R O ;
00~ 8B BA~~E• ,P~~;
~058S END;
(0550 C E C S P T O ( C T R ) . C S B Y T E ( 3 ) ;
00591 S I G N O ( C I F ) — S I G N S I N ;
0C 552 CALL F ILL  ( E A S E , L O , Q ) ;
00593 RI PTR- q ’
0C 594 S l - I T C I 4 — F A L S E ;
C0!55 END S E I S L C A C ;
0c5s 7 -
0C 558 L0A C S? ~lJNE R I C :  P P C C E O U R E ;

• CC 599 CALL S E I I L CA C I I I ;
(0600 CAL l  L C A C $ l - L M B E P S ( C S A D O R , C S B Y T E ( 2 ) ) ;
00601 INC LCAOS N UP E R I C ;
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00603 1
0C604 I LOACINUMILIT: PRCCECLJPE ’
00605 2 CECLAREtL1TISILE ,FL~ G) BYTE;
00*06 2
(0607 2 CI’AR$$ICR : FRCCEDURE
00608 3 L1i*S22E—L1I SS;~ E — 11
00605 3 HOLC—)-CLO + I;
(0610 3 (4-0 CI4AR *SIENi
00*11 2
00612 2 LITS5IZE—CIEVTE (2 );
00613 2 4-OLC .C$ACCR;
00*14 2 IF HSBVIE .’—’ THEN
00615 2 cc;
00616 2 CALL CI-AR ISIGN;
C0617 3 CALL SETSLGAD(NEG1TIVE );
00*18 3 El-C’
00619 2 ELSE cc;
(0620 2 IF 1-IBYTE .’.’ THEN CALL CHARSSIGN ;
00*21 3 CALL SEISLOAD (PCSITEVEI;
00*22 3 END;
00623 2 FLAG.0
60624 C 1R— L I~~IS IZ E;
00625 DC INDEX-l  IC LI ISSIZE;
00626 CiR.CIR—1 ’
(0627 IF l-SBYTEkTR).’.’ THEN FLAG—LIT ISIZE — (d R i l l ;
C062 8 ELSE CALL LOACSASCHAR(h$BYIE (CTRI);
C0625 f l-C’
(0630 CEC~ PT0 (CsBvTE (4H~ FLAG;
00631 CALL INC IFTR (51;
00*32 INC LCAOSNLMI L IT ;
00633
00634
(0*35 STCRESCNE: FROCECUR E ;
00*36 2 1F(ShITCI- :~~NCT S~iITCH ) THENC0637 2 BSBVTE—SI -R(HZByTE,4 1 OR ‘a’;
C0638 ELSE CC;
00*39 i$0LC= l-CL C— 1 ;
C0*40 3 BSBV TE— (l-SBY1E AND OFH) CR ‘0’;
C0641 El-C; -
60642 EA S E — B A S E — l I
00*43 END S1C RE SCl -E;
60644
00645
(0*46 1. SICRE SAS ECHAP : PPCCEDUREICOUNT);
00647 2 DECLAR E CC UNT BYTE;
(0*46 2 S I I I C H — F A L S E ;
00649 2 HCLD .P2 4 5’
(0650 2 CC CIR I IC ~CUNT;
00251 CALL STCRESCNE ;
00*52 ENd ;
60653 2 END STCRESASSCI- *R ;
C0454 1.
00655
00656 S E T S ZC NE :  P R C C E C U P E  ( A C C R ) ;

— C0*5 7 2 CECLA RE scrp ADCRE 5S ;
C0658 2 IF NCT 51G 2 THEN
(0*59 2 Do;
(0660 2 845E=ACCR ;
00661 3 BSB’ vIE ’B-SBYTE CR ZONE ;
00262 3 El-C;
00*63 CA L L  I NC I P T P(4 ) ;
00664 2 INC SETSZONE;
00*65 1
C0666 1
(0661 1 SETSSIGNSSEP: PRCCEDURE (ADDRI;
00668 2 DECLA RE A CC R ACtRESS;
00665 2 BASE— A OCP;
(0670 2 IF 5 164 -2 T I-E l- BS BYT E— ’+’ ;
00611 2 ELS E SSBYTE— ’— ’;
00672 2 CALL INCIPTR (4);
00673 2 INC SET SSIGN *SE P ;
00674 1
60675 1
(0676 1 STC PE$l-UMERI C: PRCCECURE;
00677 2 CALL CHECK8 CEC IMAL ;
00678 2 B*SE— C $ACCR + CS8~~TE (2) — 1;00479 2 CA LL S T C P E $ 8 S S C H A R ( C S B Y T E I 2 ) > ;
(C28C 2 END SIGRE Sl-LPEPIC;
00281 1
00682 1
00683 1
C0684 1
60*85 1.
00686 1 /5 5 * * * * * 5 S INPUT—OUTPUT ACTIONS S * S * S * S * * 5 5 5/CC 687 1
CC*88 1
C0685 1 CE CL AP E
CC*90 1
00651 1 F L A G I C F F S ET  LI ‘33’ ,
OC*52 1 EX 1 E NI ICF FSE T LI ‘12’ ,
00693 1 REC$NC LII ‘32’,
(0694 1 FTR SC F FSE T LI ‘17’
CC*S5 1. BUFESLENGIN LI ‘120
CC 296 1 VAP SENC Lii ‘CR’ ,
00*57 1. TERM IP.ATCR LIT ‘ IAH’ ,
00658 1 ENC ICFSREC CRC BYTE,
CO 6SS 1 INVAL ID BYTE,(0100 1 *ANC C M* F I L E  B Y T E ,
00701 1 CLRRI 4-T~ FLA G BYTE
00702 1 FCB$P YTE 8AS’i~ CUPRENTI FCB BYTE
(0703 1 FC($*CC R BAS IC CURRENTSFCB ACCR E SS,
00104 1 BLFP,F1~ A DDRESS,
C0105 1 PLFFIINC A OC RCS$ ,
(0106 R U F F E I A R T  ROCRESS,
00107 1 e~~FFse VIE BA SED RUFFSPTR FY71,
(DICe 1 0(4-SCUFf AD~~~CSS INII 1AL t80I4)
(G1CS I CCP~SBV1E BASED rON$3 (,FF BVT~~,COlIC 1 0 (4-114-PUT AO1 R IS~ INITIAL 182I4I:
C C7I I  1
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1W
00713 ~ ACCEPT: PROCEDURE;
COJ IR ALL C R L F ’
00716 ALL. CRLF’
00717 ALL P I lL~ CCh1 iN PUT , ECON$ByT E:—C$5V1E (2 ) ) , ’ $ 7 ;
COiLS 

~

ALL PP I I’ f SCHA R(3F 14) ;

(0718 ALL RE &C(CCNSBU FFI ;
C0119 ALL . NCVE (CCNSINPLT,RES (CSADCR ),CONSBYTEI;
C0720 AL

~ 
INC*P1R(3 );

00721 (NC ACC PT:
00722 1
C0123
00724 DISPLAY PRCCECLPE
00725 BA S~ .CSbC CR;
60126 ~*LL CRLF;
00727 2 C CTR— 0 •EC CSBYTE(~~~~— i ~C0728 2 CALL FRINTA CHAR
C0129 3 END;
C0730 2 CAL l. INCIPIR (3);
C0131 2 END DISPLAY ;
00732
00733
00734 1 SETSFILEST~~FE: PRCCEOUR E (TYP-E);
00735 2 DECLARE TYPE BYTE;
C0136 2 e* !e— csuccp ;
00737 2 BSeYTEIFLAGICFFsEr) .yypE ;
(0138 2 END 5E1$ FILEI1VPE ;
(0739 1
CO 14O 1 

;0C74L 1 GETIFILE ITY FE PROCEDURE BYTE
00742 2 e*5e—csA ccR ;
00743 2 RETURN SIBVIE(FLAGSCFFSET) ;
00144 2 ENO GET$ FILEIIY cE ;
60745 1
(0146 1
0C141 CET IIIC PRCC~ C LP E
00748 El-D~ CF SRE~ CRC, IN VALIO— FALS E;
(0149 2 iF CIACCF .CLPRENT$FCB TI-EN RETURN;
00750 2 /S  STORE CURRENT POINTERS AND SET INTERNAL IiRITE MARK 5/
00151 2 BASE— CLNPENII FCA ’
00152 2 FC8$ADC R(P1PSCFF~~ET J~~8uFF5PTR ;00153 2 FceseYTicF LAoL cFR sE 1p~~cuRREN-t SFLAG;00154 2 /* LOAC I’EI~ V A L U E S  5/
(0155 2 eLFF1tNC~~(8LFFSSTART :- (CURRENT$FC B:—C SA DORJ ,STA4-TSCFF5ET )00156 2 • eLF FILE~lGTh;C0Thi 2 CLRRE l- ISF LA G .FCB SBYTE FLItG$CF FSETJ;
(0158 2 EIPFSDTR .FCESADCRIPIR$O FFSET);
C0159 2 END SET SIIO ;
C0160 1
00761 1
00762 1 CPENI F (LE’ PPOCRCUPE (TYPEJ;
00763 2 DECLARE 1YPE BYTE’
00164 2 CALL 5ETIFILEITV P~~(TY PE);
00765 2 CTR .OPEN(CLRRENTSFCB:~~CSADDR );C0166 2 CC CASE l i F E — i ;
00761 2 /‘ INPLT 5/
(0768 2 CC;
C0 764 3 IF CTR 255 THE N CAL L P R I N T S E R R O R ( ’ N F ’ ) ;
C0770 4 FCB$A0DR(PTgSOFF~ IT).CURRENT$FCB +100H;00771 4 (NC ’
C0772 3 /S ~LTF LT 5/
00773 3 CD;
00774 3 CALL DELETE;
(0775 4 CALL MA KE (CSADDR)’
00776 4 F(BSADDR1PTRS0FFS~ T)=CURRENT$FC8.5TARTS0FFSET—1;00177 4 (NC;
(0178 3 /* I—C SI
CC77 9 3 DC;
00180 3 IF CTR—255 THEN CALL FATA L$ERRQR(’NF’ I;
00781 4 FCBSADDR(PTRSGPFSET )—CURRENTSFCB + 100H;
00782 4 (MC;
C0783 

~t~~~ENT SFCB-C; /‘ FORCE A PARAMETER LOAD 5/C0784
6076 5 2 CALL 5118110;
00 786 2 CALL  I N C I PT R (2 ) ;
00787 2 INC CPENSFILE ;
(0788 1
C0?89 1
CC7SC 1 V R ITEIM A RK ’ PRCC ECURE BYTE’
0C791 2 RE’URN RCL(CURRENTSFLAt~,1 );0C792 2 END I~R ITESMAPK ;
00793 1
0C154 1
00795 ~ S E T S N R I T E S M A P K :  RPCC E0URE
CG796 ~ CL pRENTu FLAG— CUpRENTs~ LAG OR 801’;
0C 797 2 (NC SETSI ,RI IEINARK ;
00158 1
C C 799
(6800 bR ITEIP ECORC: FRCCEOU PE;
COBOL F NOT 5l-P(C I~RRENT SFLAG ,L ) THEN CALL FATA L$(RROR(’WI ’3;
C0802 ALL SETICM A ;

(0804 2 1 (CTR :.QISKIwRITE ) •0 THEN RETURN;00803 LR SE NTS F L* ( CURRENTSF LAG INC 3FH;
00805 2 INVA LIC — 1RL E ;
00( 06 INC h P IT E I P E C C P C ;
00807
60808
(0 809 REA DSRF ~~0RC FRCC ( CU RE

33(12 IF ICTR :’OIEKSREAD ).0 THEN RETURN;

C0810 ¶ALL SE T ICMA
Coall F W R IT€ SMAR K THEN CALL w~~ITE 1RECCR0 ;

00813 2 IF cm — i  1*-EN EPIDSOFS RECO RO.T RUE ;
00814 2 EL !c INVAI.  IC—TRUE ;
00615 2 14-0 REA D $R ECCRC ;
C0816 I
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30817 1
00818 1 READICYTE : PROCEDURE BYTE;
C0819 2 IF (BUFFIPIR :—BUFFSPTR + II )— BUFFENC THEN
(0820 2 Cc;
00821 2 CALL REAO SRECCRD;
30822 3 IF E4-C$CFSPECORC THEN RETURN TERMINATOR ;
00823 3 BUFFSPTR—8UFFSSTA RT ;
00(24 ~ (NC;
C0*25 RETURN ELFEIBYTE;
00826 END REA DIBYTE ;
00(27
(0828
00829 WRITEIBYTE: FPCCEDURE (CHAR);
C0830 DECLARE Cl-AR eYTE-
00631 IF (BUFFIPTR:—BuF ~~1PTR+1I )— BUFF$END THEN
00832 2 DO;
C0833 2 CALL hRITESPECORO ;
00834 DUFFSPIR—EUFF$START
00835 3 END;
00526 CALL SETIWRI TE SMAR K ;
30(37 eUFFSBY1 E— CI-Ap ;
C0838 2 INC NRIT E IBYIE ;
(0839
(0840
00841 *~R1TE*ENO SMARK: PROCEDURE;
C0842 CALL W R I 1 E S E Y T E ( C R) ;
00843 CALL NRIIEIE’ yTE (LF);
60844 END hRITEZEl-D II’AP K;
CO 845
C0546
00847 REA O IEP, DSMARK: PROCEDURE;
00848 IF R E A D I 8 Y T E < ) C R  TI-EN CALL PRINTSERROR( ’E*i’);
(0849 IF RIADIEVTE<)LF THEN CALL PRINTSERROR (’EM’);
(0650 EllO REA CSEN CIPAPIc ;
00651
C0€ 5 2
CC153 REACS’,ARIA ELE: PFCCEDURE;
C0554 CALL 5511180;
C0855 e*SE .CSACDR(t1 ;
00856 CC ASCT~ .0 IC CSADDR (2)— l;30857 IF (CTR :.(B$8YTELASCTR):.RE4DSBYTEI) — VAR$ENC TI-ER.
C0658 00;
00159 CTR— RIACSBYTE;
C0860 4 RETURN;
00861 4 (NC’

- C0862 3 IF ~TR .TERMINAT0R TH(N00163 3 DC;
C0E64 3 • ENCSOF $RECCRO—TRUE ;
00(65 4 RETURN;
C0866 4 14-C;
00867 3 (NO;
00(68 2 CALL R E A C I E RC I N A R K ;
(0869 END REA D$VA RIAO L E ;
COE 7C
00171
60172 hR1I E *VA RIAB L E : PROCEDURE;
CC 673 CE CL A R E CCU4 -~ ADDRESS;
CC E7R 2 CALL S ET I I I C ;
00875 e A S E.C I AC c R( I I ’
00876 C C U k T — C I a C C P( 2~~’006 77 2 cc b,HILE ( E IBVTEL CO URi T : —CO U NT—LI< ) ’  ‘ lAND (CCUNT OO ) ;
00870 (NC;
(0875  2 CC AS CT R. 0  TC CCU NT’
CC 88C CALL %,RITE$BYT~~(8SB YTE(A$C TRII;
00681 3 (IsC;
00882 2 CALL WRITEIE4 -OSM A RK ;
00083 2 END b R I T E I V A R I A B L E ;
00884
C0885
C0886 REAC ITOSMENCRY: PROCEDURE;
00687 2 - - CALL SEfl!IC-
C0888 885E—C$A(CP(1);
00889 2 DC ASCIRSO IC 6s100R 2)—t;
CC890 2 IF (BSRYTE(A SCTRI :—READ SBYTE ).TERMINATCR THEN
~~ 891 3 DC; 

END$OFSRECCRD=TRUE ;
OC8S’3 4 RETURN;
0C694 4 (MC ;
CCBS5 3 (NC;
0C896 2 CALL R (At8(RCSP’ARK ;
0C897 2 14-0 READ$T OIPIMCRV;
00858
(C 559
(0500 1 hP ITE I FR OM S MEMORVZ PRCCE DUPE;
00501 2 CALL ~E1I I $ C ;
0C502 2 BASE uC$ LCCP(Ll ’
00503 2 DC ASC Pq . a  IC ~1A D O R ( 2 I— 1 ’
00504 2 CALL N R IT E $ BY T E ( B S B Y i E (A S C T R I I I
00505 3 EPiC;
CO506 2 CALL WRZI E IEN D IMA RK ;
00507 2 END WRI I E$ FPC MIMEM C PY ;Focofi I
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(OclO /4 5 S S * I S S S RANDOM 1—0 PROCEDURES 5 5 * S S 5 5 5/
005
00S
005 SEISRA N0C MIPCINTE R& PROCEDURE;
00514 /SCOd s TI- IS PRCCEDLRE READS THE RANDOM KEY AND CC M PUTE S
00616 ~I- 1CH RECORD NEEDS TC BE AVA I LABLE IN THE BUFFER
00517 T I -A T  RECO RD IS MACE AVAILABLE £4-C THE POINTERS
005 18 5(1 FOR INPUT OR CUTPUT
COd S SI
(0520 2 CECLARE (CYIES CC UNT,REC O RD ) A DDRESS,
C0521 2 EXTENT CYTE;
00522 2 CALL SET IIIC’
(0523 2 eVTEsccL-l-T.(~~1AooR (2p.z)SCoNvERTsTosHEx (csAccp (3l,CeeyTE(elI;
00524 2 RECCRC .5b’R(IVTEScCUNT,7);
00525 2 (XIENT S*-RIPECORD 7)’
00526 2 IF EXTEN1C)(C8S8YtEl~~XTENT SCFPSET ) THEN00527 2 DC;
0C628 2 IF WRIT E IMARK THEN CALL WRITEIRECORD;
00929 3 CALL CLC5E (CSADOR );
(0530 3 FCBIBYTE (EXTENT$’DFFSET )—EXTENT ;
00531 3 IF CPEPi(CSAOOR ) <>O THEN
00532 3 DC;
30533 3 IF SHR (CURRENTSFLAG,lI THEN CALL MAKE(C$ADOP) ;
00534 4 ELSE INVALID-TRUE ;
CC535 4 14-0; -
00536 3 (RiD;
0053? 2 BUFFSPTR.(BYTESCCLNT AND 7FHI + 8 UFFS S TA RT —1 ’
C0538 2 IF FCBS8YTE(REC$4-OI()(CTR:.t0W (RECOSD)ANO 7FI’~ THEN
00535 2 CC’
(0540 2 FC~~$BY’E (22).CTR’00541 3 CALL RIACSR~ CORO ;C0642 3 El-C;
00543 2 END SETS RANC CI4 I FC I NT ER;
06544 1
C0S45 1
06546 1 GETSRECSNUMeEP : PROCEDURE;
00547 2 CECLERE (RECMM, N) ADDRESS,
60548 2 ( I , C l - T )  BYTE ,
C6549 2 4(4) ACtRESS INIT IAL (I0000,L000,lOO,LC),
(0550 2 BUFF( S) BYTE;
0055 1 2
00552 2 RECINUM— SHL (PCBSBYTEIEXTE4-TSOFFSET ),7I+FCBSEYTE(REC !NC);
00553 2 CC I— C IC 3;
C0654 2 04-1—0 ;
00955 3 DC IHILE RECSNUM>~~(K :— J (1));00556 3 RECSl-UM— RECSl-UM —
00657 4 CPi’T-CNT + 1;
0C558 A (NC;
CCS 5S 3 BLPF(I)-CNT + ‘0’;
(0560 3 END;
00561 2 BLFF (4l~~REC f 7iUM .’O’;0056 2 2 IF ( 1 : . C I B Y I E (8 ) ) < = 5  THEN
CCSA3 2 CALL MOVE (.ELFF+4—i,CSADDR(3),I);
00564 2 ELSE CC;
0C665 2 CALL  F I L L ( C I A C C R  1—5, ’ ‘7 ;
0058,6 3 CALL P CV C ( , S U F F ,C SA D D R ( 3 ) + I—6, 5) ;
0C567 3 El-c;
CC 568 2 14-0 CET1REC SNUPeER~0oc~ s 1
C C S7C 1
00571 1 WRITE8ZER0SR (CCPC~ PROCEDURE;
00572 2 CC AS CT R—1 IC CSACDR (2I;
CC673 2 CALL WR IIES8YTE(0I
00574 3 (P.0;
00515 2 INC hRITE$URC)RECORD ;
00576 1
06577 1
(0578 1 W R S T ESRA N C CV:  PROCEDURE;
00575 2 CALL SETIRA l-CCMS PCINTER;
(C580 2 CALL W R I T E I P P C N I M E M O PY ;
0068 1 2 CALL I N C S P T R ( 5 I ;
CC 582 2 END l.RITE$RAR.O CP;
C C S O 3  I
CCSE ’. 1
0 0585 1 BA C K $ C l - E I P E O C R C :  PRCC (DURE;
CC SB6 2 CALL I E T I I O C ’
00587 2 IF (eLFF%’~TR:.RIjFSPTR_IC1ACDR(2)+2))).8UFPSSTAPT THEN RETURN;
00588 2 Bl. FF 1RT~~.eLF PSEND— (SLPFSSTAR T — OUFRSPTR );
(0589 2 IF FCBIeYTE (RECSNO :—FCSSBYIE (RECSNO )— 1)—255 THEN
(0690 2 CC’
CCSS& 2 FC&SBYTE E%IENT$CFFSET .FCSSBYTEIEXTINTSOFFSETI— 1 ;
CC592 3 IF CPEN(CIADOR)(> 0 THEN
CCSS3 3 Cc;
0C594 3 CALL . P P I N T S E R R C R I ’ O P ’ ) ;
OCSSS A INVALID— TRUE ;

~~~ IeY 1E(R (C$NO).j27;
CCSS8 3 EPiC;
CCSSS 2 CALL CEAC$ QECC RD;
(1(00 2 END CACKSCNESR(CCRD;
OICOI 1

~ iI~0~ t IS 5 S S S S S S S S S * * MCVES * S * * * * * * S * * S S A/
0I~ 04 I
CICOS
01006 INC II-CL D: PR CC ECL RE;  -

d c c ? l-C LO .P’CLC • 1;
~1C0• ClA.C’R 4 1;

(Mt Il-Oil -CUD ;

~1~U I LOIDSINC:
0 ~ I3 2 .-IEVTE.0teYlE;
01~14 2 CA SE— 8A56*1I
C101 5 2 CA ll. I Nt-lI -CLC; -01(16 2 (NC LCAC SINC;
CICI7 I
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Cl’ECICiEOIT: FFCCECURE(CHAR);
01020 CE CLA RF (I-AR BYTE’
01021 IF ICHSR. ’0’)  OR 1C IAR— ’/ ’)  THEN CALL 14 -CAL-O LD ;
01022 SE IF CKIR~~’B’ THENO1C2~01024 NIEVIE. ’ ;
01025 CALL INCIHOLO;
01026 (NO;
01C27 EL SE IF CI IP.’A’ THEN

DC; 
IF NOT LETTER ( B$BY T E) THEN CALL P R I N T S E R R C R ( ’ IC ’ l ;

(1030 3 CALL LCAOS INC;
01C3 1 3 (liD; -~ 

-

01032 2 ~~ SE IF C RA R - ’S’ THEN
‘ IF NOT NUMERIC (B$BYTE) THEN CALL PRINT$ERROR (’~~C’I;C1C35 ~ CALL LCACSINC;

01036 ~ El-c’
01037 2 EL5~ CALL LCAC$INC;
C1C3 8 2 (NC CI ’ (C KSEC IT ;
C1C35 I
01040 1 /5 5 5 * * * S S * * S MACHINE ACTIONS * * S S 5 5 * S S * S-
01041
OtC A 2 -
C1043 STCP: PROCECIRE;
01044 2 CALL PPIl - P (.’EOF A’ );
01045 CC IC BCCT ; - -
C1046 EPIC STOP;
01C47
C1C48
C1C49 I / * S * * * S S * S S * S S * S S 5 S S * S * * * S * * * * S S S * *
(1050
01051 liE PROCEDURE BELOW CCNTROLS THE EXECUTICN CF THE CODE.
01C52 I Ii CECOCES EACH OP—CODE AND PERFCRMS THE ACTIONS
01C53
01054 S * * S  * 5 *5  * * 5 * * 5 5 * S S * * S * * * 5 5 *  * * * 5  *5  5/
01C55
0 1056
01C57 EXECLTE : PRCCECLRE;
d OSS CC FO REVER;
C&C59 2 00 CASE CETSCPI000E;
CL C 6O 3
01C61 3 ; /5 CASE ZERO NOT USED 5/
01062 4
C1C63 /5 ACC S/
01C64 4
01C65 CALL . ADD;
C1C66 4- G1C 67 4 /5 SUB S/
C1CS 8
(1(69 CC;
01C70 CALL CONPLIMENIIO );
01071 IF SIGNO THEN SIG NO N EGL T IVE;
01672 ELSE S1UN0~~PC S IT I VE ;
01613 CALL AOD;
OlC74 -E l -C;

‘ C1C75 4
C 1C 76 4 /5 NIL 5/

— 01(77 4
CIC18 C C ;
01079 4 DECLARE I BYTE ;
C1C8O CALL SET$MULTSOIV;
01081 DECPTI,DECPT2.CECPTI + CECPTC;
01C82 C ALL ALLE GN ;
01C83 CALL NULTEPLY (SHR(R1 (I:— 91,4));
01084 00 INDEX—I TC 9;
01C85 CALL. M U L T I P L Y ( R 1 ( I : — I— 1)  AND O F H P ;
01086 6 CALL MULTIPLY (SHR (R1Ul,4));
01C87 EPIC;
C1C8O (NC;
C 1CBS 4
CLCSO /5 CIV ‘/
61C 91
01052 CALL CIVIOE;
01C 53 4 /5 NEC S/
G L CS4 4
01C95 4 IRANCH IFLAG— FALSE;
01056 4
01C97 IS SIP S/
01(58 4
C1(95 A CALL STCP;
(1100
0110k ~~ ~~~ S/

81183 4 CALL $TCRE$IMMEOIATE;
01104
C11O5 4
01106 4 5 INC S/
011C7

CC; 
CALL STCREAIMMED IATE

110 CALL FILL (.R2,1O,0);

llh
113 El-C ; -

J 14- /S RET SI

I Cc; 
IF CIAODROO THEN

f ~ 001 
A$CTR-C$ADDR;

I I - CSAOOR .O’
1 2 PRCGRAMSl~OUNTER A$CTR ;
1 3 END;
1 4 ELSE CALL I N C S PT R( 2 ) ;
I 5 EPiC ;
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01126 4
01127 4 /5 CLS 5’
01128 4

CC; 
CALL SETSI$O;

01131 5 IF WRITESMARK THEN CALL WR1TE$RECORD ;
01132 5 CALL CLOSEICSAODR );
01133 5 CALl. INCSPTR (2);
01134 5 El-C ;
01i~~5 4

4 /S SER *I
01127 4
(1138 4 - CC;
C1139 4 IF OVERFLOW THEN PROGRAMACCUNTER - CIADOR ;
(1140 5 ELSE CALL INCIPIR (2);
0114 1 3 EPiC;
01142 4 I* BIN 4/
01143 4
01144 4 ERCGRAI4ICCW4TER—C $AOCR;
C1145 A
(1146 4 /5 CR4- 5/
01147 4
01148 4 CALL OPENSFILE (1)(1149 4
(1156 4 /5 CP 1 5/
01151 4
01152 4 CALL OPENIPILEI2);
01153 4
01154 4 /* CR2 */
01155 4
01156 4 CALL OPEN$FILE (3);
(1157 4
01156 4 /* R~-T 5/
(1155 4
(1160 4 CC;
01161 4 IF NOT SIGN2 THEN
01162 5 BRAtICH1FLA1~ NCT BRANC I-SPLAG ;
01163 5 CALL CON0IT IC NALS~~~ANC H(0 J ;
(1164 5 (NC;
01165 4
01166 4 /5 RLT 5/
C1167 4
C1168 4 CC;
(1169 4 IF 5164-2 THEN
(1 170 5 ERANCH SFLLG~ NCT 8RANC I-$FLAG;
01171 5 CALL COF4D1TICMAL, $BRANCHIO);
01172 5 E R iC ;
61173 4
01174 4 /5 REC S,
61 675 4 -

61176 4 CC;
01177 4 II NOT ZE ROS R!SULT T I-lEN
61178 5 BRANCH AF LAG—PI CT BRANC HAFLAG;
C1 179 5 CALL CONDITICNALSBRAN CH(OI;
(1180 5 El-C;
01181 4
C1182 4 /5 Il-V 5/
C1183 4
01 184 4 CALL INCREMENT$ORABRANCH(INVALIO) ;
(1185 4
0 1686 4 /5 ICR 5/
01187 4
01188 4 CALL 1NCREMENT$ORSBRANCH (ENCSOFSRECORD);
(1169 4
(1190 4 /5 A CC 5/
01151 4
01192 4 CALL ACCEPT;
01193 4
01194 4 /5 CIS 5/
(1155 4
01156 4 CALL DISPLAY;
01157 4
01198 1, /5 510 5/
(1199 4
(1200 4 cc ;

— 6120 1 4 C ALL DIS PLAY;
01202 5 CALL. STOP;
01203 5 EPiC;
01204 4
0120 5 4 iS LC I S/
01206 4
01207 4 CC;
C1208 4 CAAD DR (3).CCNVERT$TOSHEX (CSACDR ,CSBYTE (2));
01209 5 CALL. INC$PTR(3) ;
(1210 5 EPiC;
01211 4 -01212 4 /0 DEC 5/
61213 4
01214 4 CC;
01215 4 IF CIAOOROO THEN CSA DOR—C SAC CR— L ’
01216 5 IF CIADOR O ThEN PROGR6M1CC~ N1ER~~~sA0OR(6 );C1217 S ELSE CALL INCIPTR (4);
(1218 5 (NC;
(1215 4
01220 4 /5 !1O S/ -01221 4
01222 A CC ;
01223 4 CALL STORE Sl- UNERIC ;
01224 5 CALL INCA PIRIAI ;
01225 5 - El-C;
C 1226 4
01221 4 /5 511 5/
C1221 4
(122 9 s CC;
01230 4 CALL STCRE$P.UMERIC ;
01231 5 CALL SET$LONc (CSAODR+C%eYTEU —1);
,,C1232 5 LP.C;
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012’3 4
01234 4 /S 512 SI
01235 4
3936 4 DCI
1 37 4 CALl. STORESNUNERIC.

Cl 38 5 CALL SETS LD NE( C$A DCR) ;
Cl 39 5 El-C;
At AO A -

41 4 /0 513 5/ -01 42 4
01 43 4 CC;
01244 4 CALL CHECKSOECIIIAL ;
01245 5 BASE—CSAOOR • CSBYTEI2) — 1’
01246 5 CALL. STORESASICHAR (CSBYTE (21 — L I’
C1247 5 CALL SETISIGN$SEP (CSAOCR + C$BYTE~ 2I — 1 );C1248 5 END;
C1249 A
C1250 4 /5 514 5/

4 - CC; 
-

01253 4 CALL CHECKS0ECIMAL ;
01254 5 BASE-C$ADOR + CSBYTE(2);
01255 5 CALL STORESASSCHAR(C SBYTE(2)—1);
01256 5 CALL SETSSSGNSSEP(CSADCR);
01257 5 END;
01258 4
01255 1, /5 515 5/
C1260 4
01261 4 CC;
61262 4 CALL CHECKSOECIMAL ;
01263 5 R2 (91—R2(91 CR SIGNZ’
01264 5 CALL MOVE (.R2 + 9 — ~SBYTE (2),C$A0OR,CS8VTE(2));01265 5 CALL INC$PTR (4);
01266 5 END;
01267 A
C1268 4 /5 LCD S/
(1265 4
C1270 4 CALL LCADSNUMSLIT;
01271 4
01212 A /0 LEl 5/

81h4 4 CALL LCAOSNUHER IC;
01275 4
C1216 4 /* LC2 */~01277 4 -- — - -- - - -

(1218 4 CC;
01279 4 DECLARE I BYTE;
(1280 5 HCLO—CSADDR ;
01281 5 IF CHECKSFOR$SIGN (CTR :—NSBYTE (I:~ CSB YTE(2)—1)) TI-EN
01282 5 DC;
01283 5 CALL SETSLCAD (POSITIVE );
01284 6 1— 1+1;

— 012(5 6 (MD’
01286 5 ELS E Do;
01287 5 CALL S E R S L CA D ( N E G T T I V E ) ;
C1288 6 CALL L3A OSA$ CHAR ( CT S— ZCN EI ;
C1289 6 - END;
C1290 5 CALL L .OAO S NUM B ERS( C$ADC R, I ) ;
01291 5 El-C;
C1252 A
C1293 4 /0 LD3 *I
01254 4
01255 4 CC;
01296 4 HOLD—CSA DDR ;
01297 5 IF CHECKSFORSSIGN (HSBYTEP TIEN
C1258 5 DC;
(1299 5 CALL SETSLCAD(P~ SITtVE)’
(1300 6 CALL LCADSNUM8ERS(CSACC~~,C18YTE (2)J;0120 1 6 END’
01302 5 ELSe 00;
01303 5 CALL SETSLCAC(NEGITIVE I ;
61304 6 CALL. LOADANUMSER SICSADCR .1,CABYTE 2)—L);
01305 6 CALL LOAO $ASCHAR(HSBYTE— ZQNE );
01306 6 END;
01207 5 END;
01208 4
C1309 4 /5 104 *1
C1210 4
01311 4 CC;
01212 4 MOLC.C$AODR’
01313 5 IF HSBYTE(C~ 8YTE (2) — 1) ~ ‘• ‘  TI-lEN
01214 5 CALL SET SLOAO (1);
01315 5 ELSE CA LL SET SL.0A0(0)’
01216 5 CALL LOAD$NUMBERS(CSAÔCR,CSBYTEIZ) — 11;
C1~~17 S El-C’ -
01318 4
C1219 4 /5 LCS 5/

CCI
01322 4 HOLDaCIADOR ;
01323 s IFSNSBYIE— ’.’) THEN CA LL. SEISLOA DII) ;
01324 5 ELSE CALL S ETSI,O A C ( 0 l’
01325 5 CALL LOAOSN UMBLRS(C$A6CR,CS .’rT S ( 2 ) — t ) ;
01326 5 ERi C;
0l~ 27 4
0i~ 28 4 /5 LC6 SI
01325 4
(1330 4 CC
01331 4 DECLARE 1 BYTE;
C1332 S - HOLD—CiACOR ;
01333 5 CALL SETSLOAO (HSBYTE(I: .CSBYTE(2)—1IJl
C1334 S BASE-BASE • 9 — 1;

3 J~~~~ 

DC tT
e$;Y?Ei21~~~~Hs8YTE(CTRl10 337 6 (PlO;

0 338 5 BSBYTE(CTRI— 8$OYIE (CTRJ ANC OFON;
~ 339 ~ 

/ CALL IPIC$PTR (51;
(I’AO S Flit:
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0134% 4 
—

01342 4 /5 PER 5/
C1343 A
(1344 4 DC;
01345 4 BASE .CSAOOR (1)+1;
01346 5 BSADOR*C$ADOR (21’
01347 5 PR0GRAM$COUNIER~~ $ADOR;01348 5 El-C;
(1349 4
C~ 350 4 /5 CNL 0/ -

4 CALL CCNPSNUMSUNSIGNED;
01153 4 —

01354 4 /5 Cl- ! 5/ -
01355 4
01356 4 CALL CCMP*NUMSSIGN;
0 1357 4
01258 4 /5 CAt . 5/
(1359 4 -
C1360 4 CALL CCMPSALPHA;
C1361 4
01362 4 /5 R~~5 5/01263 4 -
C1364 4 CC;
01265 4 CALL 8ACK$CNESRECORO;
01366 5 CALL WRITESFRCMSMENORY ;
C1367 5 CALL INC$PTR (6);
(1268 5 END;
01265 4
613 10 4 /5 OLS S/
01371 4
01372 4 CC;
31373 A CALL BAC KSCNE S REC ORC ;
Ct374 5 CALL WRITE SZERCSPECORO :
01275 5 CALL INCSPTR (6);
C1 376 S El-C;
C 1377 4
01378 4 /5 ROE 5/ —

(1279 4
(1380 4 CC;
01281 4 CALL REAOSTOSMENORY ;
6 1282 5 C ALL  INC$PTR (61;
01383 5 El-C;
01384 4
01385 4 /5 W TF *1
01386 4
01387 4 DC;
C1338 4 CALL WRITES FRCNSMEPDRY ;
C1389 5 CALL INCSPTR (61;
(1390 5 Il-C;
01391 4
01292 4 /5 RVL 5/
01393 4
C1394 4 CALL READ SVARXA 8LE ;
01395 A -

01396 A /S NVL 5/
0125 7 4
01398 4 CALL WRITESVARIA8 LE ;
0 1299 4
(1400 4 /5 5CR SI
C1401 4
01402 4 DC;
01403 4 SUBSCRIPT (CSBYIt (2))
01404 5 CONVE RTST05 HEX (C S~ O3R ,C A e Y T E ( 3 I ) ;
01405 5 CALL IPACSPTRI4);
0140* 5 ERiC;
014C7 4
01408 4 /5 5C-T ‘IC1409 A
01410 4 CAL). STRINGSCCMPAREII );
01411 4
01412 4 /5 511 5/
0l’13 4
01414 4 CALL STRINGSCCMPARELO) ;
01415 4
01416 4 /5 SEC 5/
01411 4
C14 15 4 CALL STPING$CONPARE (2);
(1419 4
01420 4 /5 NOV  5/
01421 4

CCI 
CALL MQVE (RES(CAAODR(lj),RES(CSAOOR),CIACDR(2));

01424 5 IF CSAOOR (31<>Q THEN CALL
01425 5 FILLIRES (CSADDR (11) 4 CAA DDRI2),CIACDRI3), 4 ’ );
01426 5 CALL I14C$PTR (8I;
01427 5 (NC;
C1428 4
01429 4 /5 II! S/
01430 4
C1431 A CC;
014’2 A CALL REAOS TO $MEM ORY
01 413 5 CALL GET $RE C$NUMB E R ;
01434 5 CALL INCSPTR (9)

5 El-Cl

01437 4 /0 WI! ‘I
01438 4
(1429 4 CC;
(14*0 4 CALL WPITESFROM$MENO ,Y’
01441 5 CALL GETSREC$P4UM8ER;
01442 5 CALL INC SPTR 05I;

_01443 S El-C;
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~~~~~~~~~~ I /5  TIlLS P1Cc-RAM TAKES THE CCOE OUTPUT FRCM THE COBCL COM PILER
00003 1 Al -C BUILCS THE ENVIRONMENT FOR THE COBOL INTERPRETER 5/
COCOA 1
00005 1 lOCH; /5  LOAD PCINT 5/
COCO6 I
000C7 DECLARE
00CC 8
CCCC9 LIT LITERALLY ‘LITERALLY’ ,
COC1O - BOCT LIT ‘0’,
00011 RDCS LIT ‘5’,
OCQ~~ TRUE LIT ‘1’ ,
C0O1~ FALSE LIT ‘0’,
00014 FOREVER- Lii ‘WHILE TRUE’ ,
00015 FCB ACtRESS INITIAL (SON),
00C 16 FCBSBYTE EASED FCB BYTE,
00C17 I E~ TE
00018 ACCR ACCRCSS INITIAL (1001,1 ,
00C19 CHAR EASED ADOR BYTE,
(0020 BUFFIENO LII ‘lOCH’ ,
CCO2 L INTLRPSF C8 (33 1 BYTE T NIT IA L (0 , ’C I NTERP CO4’ ,O,O,C,Cl,
00022 COCEft~OI$SET BYTE INITIAL (TRUE),
C0C23 REAC ER $LCCA TICN LIT ‘IC8OH’ ,
0CC 24 Il- TE RFOADORES S A DORESS INITIAL(200014),
00025 INTERPSCONTENT BASED INIERPSA DORESS ACORESS,
00026 IS9YTE eAsE C INTERPSACORE SS BYTE,
00C2 7 CCLESCTR A CCRESS,
COC2B C SBYTE eAsE c CODESCTR BYTE,
C0C29 BA SE AC tRESS
(0030 6580 CR - BASED 8~~SE ADDRESS ,
CC031 8 $ BYT E BA SED BASE BYTE;
00C32
00C33 MC— ! : PROC ECIRE IF,A l;
00034 CECLARE F BYTE,  A AC O RESS;
De C35 CC 10 8CCS;
C0C36 END MCN I;
06027
C0C38
COC3 S NCl-2 : PRO C EC LR E (F ,A) EYT E ;
COC6O DE CLARE F B Y T E ,  A AC O RESS;
COCAI c-C io
C0C42 END NCN2;
CO CA 3
00C44
00045 PI INISCHAR: FR CC EC URE( CH A R) ;
C0046 CE CL.AR E C l-A R 3YTE;
00 C47 CALL MC N I ( 2 , C I - A R ) ;
C0C48 ENC PRINT$CP’AR ; -
(0(49
(0650
COC5 L CRLF: PRCCE CLR E;
00C52 CALL PRI l-TSCI-AR(13 );
C0 C53 CALL P R I l- T !C I -A R( t C ) ;
00054 INC CRLF;
30(55
COCS6 -

00C57 PRINT: PROCECURE(A);
COC5S CECLARE A ACtRESS;
(0(5 5 CALL CRLF’
COC 6O CALL. M CN1j9,A );
OOCoI END PRINT;
00(62
00(63
00(64 CR14- : PRCCECLRE (A) BYTE;
30C65 CECLA RE A AC CPESS;
C0C66 RETURl- WCP.2 (15,A);
00(67 (NC CFEPI ;
C0C68
(0(69
COCTO MCVE: PRCCECL.RE (FRCP’ DEST COUNT);
OOC1 L DECLARE ( F RC N,  D~ ST ,  C6(%NI) ACOR ESS,
00C 72 (F BASED FROM , 0 BASED 01ST) BYTE;
00C73 CC WHIL.E (CCL.P~T :_CCUNT~ 1)<>3FFCFH;
00(74 C— F;
00(75 FRC M .FFCM+i;
C0C76 OES1-CESTSI ;
00C17 ENC’
C0C78 END
COC7S
(0(80
GOC81 GflSCI’A P : PRCCECU RE BYTE;
C0C82 IF (AOCR;—ACCR • L)) -BUFF SCNC THEN
CCC83 CC;
GCCO 4 IF i’CRi2(20,FCB)<)O THEN

Do; 
CALL PRINT( . ’END OF INPUT 5’ ) ;

30C87 GC IC BCOT;
CCC BB (NC’
(0(89 Ac t~~— e CI’ ;
(CC9 0 ENDI
OCC9I RETURN Cl -AR;
CC092 (NC C (TSCI4*Q;
0CC 93
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GCC94 1 - 
—

CCCS 5 1 NEXISCI-AR : PROCECURE;
00C96 2 CHAR— G ET *C l-AR ;
0CC S 7 2 END NEXT ICHA R;
CC CS 8 1
(CC55 1 -

00100 1 STORE: PROCEC URE(CCU l-T) ;
00101 2 LE CLAR E CCI, NT BYTE;
C0102 2 IF CODEAN GUSET THEN
00103 2 CD;
00104 2 CALL PRINT(. ’COCE ERRORS’ );
00105 3 CALL hEX1$CHA R ;
00106 3 RETLPN;
00107 3
COb B 2 CC !~~i IC CCLNT ;
(0109 2 CSBYTE .CI-AR;
(011 0 3 CALL l-EXTS CHAR;
00111 3 CC C ES C IR— CODE S CTR +1 ;
00112 3 El-C;
00113 2 END 5ICRE;
00114 1
00115 1
00116 1 BACK ISTUFF : PROCEDURE ;
00117 2 CECLARE (HCLC,STUFF) ADDRESS;
00118 2 BA SE— ,HCLC;
COIl S 2 CC 1—0 10 3’
(0120 2 8S8YTE~~I )=GETict1AR ;00121 3 El-C;
00122 2 CC F0RE~~ER ;00123 2 8151=1-OLD;
00124 3 HOLC— ESAC DR ;
00125 3 BSACCR .STUFF;
00126 3 IF I-CLC’O TI—EN
00127 3 DO;
CO 128 3 CALL NEXTICHAR;
(0125 4 RE1LRl -;
C0120 4 ENC;
00131 3 EPiC;
00132 2 ENC BACKS STL FF;
00133 1
00134 1
C0135 1 STARTSCODE : PRCC (DURE ;
CO136 2 COOESNOTISET=FAL SE;
00137 2 IS8YTE= (-ETS CI-AR ;
C0138 2 ISBVTE (tI—C- E 1SCHAR ;
(0135 2 (CDE$CTR—Il-TERPSCCNTENT;
00140 2 CALL NEX ISCl- /R ;
00141 2 END STARISCOCE ; -

00142 1
CO143 1
00144 1 GCSCEPENCING: PRCCECURE ;
00145 2 CALL STC E (1);
00146 2 CALL STCFEUI-L(CHAR ,l) + 4);
00147 2 EPIC C-C SC EP E l - C I l - C-;
(0148 1
CO lAS 1
(CiSC I INIT IAL IZE :  RICCEC UR E ’00151 2 C ECLARE (CC IP iT ,~~I’~~RE,HCW SMAN Y ) ADORESS;
0015 2 2 B A S E — .WI- !PE;
00153 2 CC I— O IC 2
00154 2 B S B Y T E h ) — G E T S C I4 A R ;
00155 3 (NC’
00156 2 eASC— MHE RE — 1’
00157 2 CC COUNT — 1 iô HOWANA NY ;
COl~~ 2 8se~ T E(CC tJN T )~~C ETS C HAR ;
(015 9 3 (NO ;
C0160 2 CALL NEX1S C 1-~ R;
00161 2 END IN I T I A L I Z E ;
C0162 1

L 
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00163 1
00164 1 BUILC : PROCECURE;
00 165 2 CECLARE
00166 2 P2 LIT ‘8’ ,
C0167 2 P3 LI-i ‘5’
C0168 2 F’, LIT ‘21’,
COI6S 2 PS LIT ~~~~~~~C0170 ‘ PA LIT ‘~~~~‘ ,00171 ~ F? L IT •~~9’ ,
00172 2 F9 LII ‘45’ ,
00173 2 FlO L I T  ‘54 ’ ,
00174 2 FlI LIT ‘AC’ ,
00175 2 P13 LIT ‘tI’ ,
00176 2 - C -C P LIT ‘82’ ,
00177 2 IRiT L IT ‘ t a ’ ,
00118 ~ (ST LII ‘8 4 ’ ,
00179 2 1ER LII ~85’ ,(0180 2 5CC LIT ‘u’;
CC I8 I  2
00182 2 C C F011’,Ep;
00183 2 IF Cl-AR < F2 TI-lEN CALL STORE (1);
00184 3 ELSE IF CHAR < F3 TI-lEN CALL STORE(2);
C0185 3 ELSE IF CHAR < F4 THEN CALL S T O R E ( 3 ) ,
C0186 3 ELSE IF CHAR < P5 THEN CALL STORE (4 ;
OCt 67 3 ELSE IF CHAR < P6 T I-lEN CALL STORE (5 ;
00186 3 ELSE iF CHAR < Fl THEN CALL STOREI6);
(0189 3 ELSE 11 CF:AR ( F9 THEN CALL STOP.E(7I ;
(0190 3 ELS E IF CHAR < FlO TH E~’ CALL ~ 1 O RE ( 9 I ;
00191 3 ELSE IF CHAR < Fit THEN C3L L S T 0 R E ( t 0 ) ;
0C192 3 ELSE IF CHAR < F13 THEN CALL 5TORE (t));
0(193 3 ELSE IF CHAR < GOP TH E~I Cj ILL S T O R I ( L 3 1 ;
0019’, 3 ELSE IF CHAR — GOP THEN CA LL GO SCEPEN C ING;
0C 195 3 ELSE IF CHAR = OST THEN CA LL  BA C K S S T U F F ;
OC 1~~6 3 ELSE IF CHAR = lil T T HEN CALL IN IT IAL IZE;
0CI97 3 ELSE IF CHAR = TER THEN
C C I S 8  3 Do;
CC 199 3 CALL PRINT( . ’ LOA D F INISHE DS’ ) ;
(0200 4 RETURN;
C02 0 1  4 EPIC’
C0202 3 ELS~ IF CHAR = SCD THFN CALL S T A R T $ C O C E ;
00203 3 ELSE CC;
C0204 3 IF CHAR ~> OFFil Tl EN CAL L P R X N T ( . ’LCAD E R R C P S ’ ) ;
00205 4 CALL NEXTSCHAR;
C0206 4 El-C;
002C7 3 El-C;
C02 C8 2 END EL.
C O 2CS I
(0210 1
00211 1 /5 PROGRAM EXECUTION STARTS HERE 5/
C0212 1
00213 1 FCB S PYTE =0 ;
00214 1 CALL ~‘CVE (,l’CIl- ’ ,0,C,0,0),FCB + 9,7);
00215 1 IF OPE N(FC B)—255 THEN
0 0 2 1 6  1 CO;
00217 1 CALL. PPII¼T (,’FILE NOT FOUND s ’ > ;
C02l8 2 CC TO BC C1;
(02 19 2 El-C;
(0 220 1 CALL. l- EXT S C I~A R ;
00221 1 CALL BU ILO ;
00222 1 CALL PCvEt.1l-IBRPIFCB,FCB,33);
00223 1 IF GFEN( FCBJ—255 11114-
C0224 1 CO;
00225 1 CALL PP I l - T ( . ’ INTERPR ETER NCT FOUND 1’);
00226 2 CC TO BCCT; -

00227 2 END;
C0228 1 CALL VCYE (REAOEP$LOCA TICN , Boil , 80H);
0022 9 1 GO TO 8011;
(0230 1 (CF
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00001 1
00002 1 /5 THIS FRCGRAM TAKES THE CODE OUTPUT FROM THE COBCL CCM PILER
00003 1 Al -C CCNVLR:5 IT INTO A READABLE OUTPUT TO FACILITATE CEBUGGING 5/
COCO A I
00005 1 100$: /5  L OAD POINT 5/

. 0Oc06 1
00CC? CECLA R E
CO 008
COCO9 LIT LITERALLY ‘LITERALLY ’,
COC IO BOCT - L IT ‘0’,
00011 BOCS LII ‘5’
00012 FCO ACtRESS INIT IAL (SC HI,
00013 FCB$8’ITE BASED F B  BYTE,
00014 1 BIlE
00015 ADCR A CC R~ SS INITIAL (10011),
COC16 1 CHA R EASED ADDR BYTE,
COC17 1 C$ACCR BASED ACOR ADDRESS,
COO 1B BUFFIEPID LIT ‘OFFH’ ,
(0019 FILESTYPE CATA ( ‘ C ’ ,’I’,’N’) ;
(0020
00C21 I’CtsI: PRCCECLRE (F,A);
00022 2 CECLARE F BYTE, A ADDRESS;
C0C23 2 C-C IC BCCS ;
00(24 END M(N1;
00(25
CO C2 6
00C27 MCl-2: PROCECLR ( (F,A ) BYTE ;
• (0028 2 DECLARE F EYIE, A ADDRESS;

COC2 S GC ID BCCS;
(CC3O END I’CN2;
COC3L
00C32
C0033 PI NTICI-’AR : PRC(ECIJRE(CHARJ ;

— C0C34 2 CE CLARE C l-A R BYTE ;
C0C35 CALL MC N I ( 2 , C HA R ) ;

END FF14-ISO-AR;
00C37
COC I8
CO C3S CRLF:  PRCC EC ~~R E ’
00040 CALL
OOC4 1 CALL PRi ~~T1CcA R (10)COC A 2 (NC CRLF;
CC (43
00044
C O D A S  P: PRC C E O U R E ( A C C 1 P ;

-- C0C46 CECLA RE 4001 ACORESS, C BA ED A001 BYTE;
00(4 7 CA L L C R L F ;
C0C48 CC 1.0 IC 2’
(0(46 CALL  P R 1 N T $ C H A R ( C ( I I )
(0050 END;
(0(51 - CALL P R I R T * C I - A R ( ’  ‘);
OCCS 2 END F;
CC C53
00054 GEl - 1-AR : P~ CCECLRE P YlE;
C0C55 IF IACCR :.*CCR • 1I>B UFF$E NC THAN
00C56 CC
COC 57 IF MCPi2(20 ,FCB) >0 THEN
C 0C 58 3 CC;
(0(50 CALL  P( . ’ E l- D’ ) ;
(0060 CALL T IME ILO );
00C61 C- C TO 8(01;
C0C 62 (NC;

- 60C63 A DCR—B C I- ;
JOC6A (NO;
00C65 RETURN C l -AR;
OOCbo 2 END (-(TIC—AR;
0cc67
CC (68
COC6S DICHAR : PRCCEC LRE (OLTPUTI8YIE);
COC7O CECLARE CLTPLIS8YIE BYTE;
000 71 IF C UT P UTSEYTE <1 0  THEN CAL!. PRINTSCHA R(OI f lPUTS BYT E +
00072 ELSE CALL PFINTSCHAR(OUTPUI$BYTE + 37$) ;
0CC72 2 END CSCI’A R;
CCC 74
300~~~00( 76 0: PICCEOURE LCCLl -T );
COO l? CECLAR F (CCL l-T ,Jl ADDRESS;
C0C78 CC .1—1 TC CCLl-T;
C0C79 CALL CSCIiAR(SHR (GETSCIIAR 4)!;
CC C8O CALL  C !C HA R(CHA R AND 0FIl~~;CCC BI 3 CAL L PR I I iT$CHAR (’  ‘);
CCC8Z 3 END;
CC083 2 END 0;
CCC 84 1
CCC 8 5  1
OCCR6 1 PRINT IRE ST : FPCCECURE;
C OCE ? 2 C E C L A R E
00(88 2 F 2 L IT  ‘ E’ ,
(0(8 9 2 P3 LIT ‘5 ’

• CCC SO 2 P4 L I T  ‘21
CCC 9I 2 PS LIT ‘~~5’,CCC92 2 P6 LI T ‘22’ ,
00C 93 2 * 1 L I T  ‘2 9 ’ ,
CCC94 2 FS LII ‘45’,
OCE9S 2 FIG I. 1 ,‘A’,
OCCS6 ~ P11 L I ‘~~(‘ ,OC~ 97 2 P1.1 i, 1 ‘4 1 ’ ,
C CC 9S 2 C -O P LIT ‘62 ’ ,
(CC 9S 2 lI-il LI’ ‘8’’ ,
COIO0 ~ P~ T LII ‘tZ’ ,
.~010l 2 1~ P L I T  ‘ 8 ’ ,
00)02 ~ 5CC LII ‘*~~‘;00103 2 —
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00104 ~ ‘F CHAR P2 111(11 RETURN; 
—

00105 2 F CHAR 4 F) lI-EN 00; CALL 0(1); RETURN; TNC;
C0106 2 F CHAR C PA TI-EN OC; CALL C (2); RETURN ; EPIC;
CObOl 2 F. CHAR F! TI-EN 00; CALL 0(3); RETURN ; El-C;
C0108 2 F CHAR FA THEN 00; CALL 0(4); RETURN; E l-C;
C0109 2 F CHAP F) TI-EN DO; CALL C(S); RETUI-N; El-C;
(0110 F CHAR PS TI-EN 00; CALL 0(b); RETURN ; El-C ;
00111 F CHAR PlC THEN 03; CALL. 018); RETURN; El-C;
00112 f~ CHAR Fi b TI-IN 00; CALL 0(9); RETURN; El -C;
00113 IF C l-AR P 13 TI~CN DO; CALL 0(10); RETURN; END:00114 IF CHAR C-OP THEN no; CALL. 0(12); RETURN; EPIC;
00115 IF CH AR (CF T I-E U CO CALL 0(1); CALL C (SHL (CHAR,I)55)’ RETURN; END;
00116 IF CHAR .INT TI-EN 00 CALL 0831; CALL C(CS4CCR • 1); R~~TLRN; El-C;00117 IF Cl -A R~~eST TI-EN CO CALL 0(4)’ RETURN’ EPIC;
00118 IF CIiAR TER lI-EM 00 CALL P(.’~~NO’l ; Go IC ECOT ; END;
00119 IF CI-IA R=SCC Il-EN DO CALL 0(2); RETURN; EPIC;
C0 120 IF CHAR <) CFFH THEN CALL P(.’XXX’);
00121 END FRINIS REST;
00122
00123
00124 /5 PROGRAM EXECUTION STARTS HERE 5/
C0125 ‘
00126 FCB$BIIE .0;
00127 CC I—C TO 2~00128 FCPS8YTE(I.5)—FILESTYPE(I);
0012 9 EPIC;
(0130
C0131 IF HCl-2115,FCB )-255 THEN DO; CALL P(.’ZZZ’); CC TO BOOT; END;
CO 132
00133 CO ~iI~ILE t;
00234 IF GEISCI-AR <= 66 THEN DO CASE CHAR;
00135 ; 1* CASE 0 NO USED 5/
00136 CALL P(.’ADO’
00131 CALL P(.’~~U8’(0138 CALL ‘(. ‘I-IJL ’
~O13S CALl . t. ’CI’l’
(0140 CALL (,‘NEG’
00141 CALL .‘4TP
00142 CALL P .‘STI’
00143 CALL •‘R NO ’
00144 CALL F .‘RET’
C0 14 5 CALL F( , ’C L S ’
00146 CALL (,‘~~ER’00147 CALL •‘PRN’
C3148 CALL ,‘CRN’ -

CALL .‘CPI’
(01 50 CA LL .‘0P2’
CO ISI CALL ,‘PGT’
001S2 CALL P •‘RLT’
00153 CALL P ,‘REG’

CALL P ,‘INV’
CC I 5S CALL F
00156 CALL (.‘ACC’ I
00157 CALL ,‘ClS ’
60158 CALL ,‘STO’
COlES CALL .‘I~DI•6C260 CALL .‘CEC’

C A L L  ,‘SiC’
60162 CALL .‘STI’ -

00163 CALL P .‘ST2’
00164 CALL P •‘ST3’ -

COLA! CALL P .‘ST’.’
C0166 CALL P ,‘ST5 ’
00167 CALL P~~.’LO 0’00168 CALL P(.’LOl’ )
CO LA S CALL (,‘LD2’
(0170 CALL (.‘L 03’
00171 CALL I.’L04’
0C372 CALL (.‘LDA’
00173 CALL (.‘L06’
~C174 CALL (,‘PE R’
~017! CALL (.‘CNU’
00176 CALL P(.’CNS’
30 177 CA LL P(.’CAL -
cOj(8 CALL P(, ’$l%, 5’
C017~ CALL (,‘CLS’ ;
(6180 CALL F ( . ’POF ’ ‘

0C181 CALL (.‘NTF’
cC182 CALL (.‘PVL’
00183 CALL •‘%iVL’CC 184 CALL ,‘S CS ’
00185 CALL .‘SGT’ -

CC 186 CALL P .‘~~LT’00187 CALL P~~,’SEQ’00186 CALL P(.’MCV ’
CCIH S CALL P(.PRS’
C C I ’ 0  CALL P( . ’hRS’ -

0019 1 CALL F6 . ’PR R’
00192 CALL P(.’hRR’
0G163 CALL  P( . ’ RWR ’
CCI9A CAL L P(,’DLR’
OCt95 CALL P(.’I-ED’
(0106 CALL Pt. I-P.Ei
00101 CALL F(.’GPD’ I
CC 198 CALL P(.’INT ’)
(0199 CALL F l.’B S T ’ ) ;
(0200 CALL P(.’IFR’);
00201 CALL F(.’SC O’ I;
00202 EPiO : /5 CF CA~~E STATEMENT ‘/
00203 CALL PR!P.TIPES ;
00204 (NC; I’ END CF CC WH ILE 5/
00205 - ~OF~
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ULA’.4 A
01445 4 iS RRR 5/
01446 4
01447 CC;
(1448 4 CALL SETSRANDC )ISPOINTER;
(1449 CALL READSTC$P4EMORY ;
(1450 CALL INCSPTR (9);
01451 El-C;
C1452 -
01453 4 /0 )~RR 5/
01454 4
01455 4 CALL WR !TESRAND0M;
01456 4
01457 /5 RI- P  5/
(1458
01455 4 CALL WRITESRANOOT4;
(1460
C1461 4 /0 CLR 5/
01462
01463 CC;
01464 CALL SETSRANOCMSPOINTER ;
01465 CALL WRITESZEPOSR ECORO;
01466 5 CALL. INC SPTR (9);
6146 7 5 El-C;
(1466 4
CL460 4 /5 MED 0/
C 1 4?O 4
01471 4 CC ;
011,72 4 CALL MOVE (C XADOR (3hC$400R,CSACOR (4));
01473 EASE CSADOR(1);
01414 HOL0—C$ACDR ;
C1475 CTR O’
01476 DO WHILE (CTR<CSAOOR (1))ANC (CTFc<CSAOCRL4 ));
0147? CALL CHECK$EDIT (I-ISBYTE);
(1418 END’
(1479 5 IF I~TR C CSAD0R (4) THEN(1480 5 CALL FILL (HCLD,CSADDR (4)—CTR, ’ ‘I;
01481 5 El-C;
01462 -,
01483 4 /5 FPIE 5/
01484 4
01485 4
01486 4
C 1487 4 /5 C - O P  5/
01488 4 -
(1489 4 CC;
(1490 4 DECLARE OFFSET BYTE’
01491 5 OFFSET CONVERT5TO$I-4~X (C$AOCR (1),CS8yTE(t)— 11;
C1492 5 IF OFFSET > CAA YTE + 1 THEN
01493 5 Do;
C1404 5 CALL PRINTSERRrJR ’GC’);
01495 6 CALL INCSPTRISHL (CS8YTE,1) + 6);
01496 6 END’
01497 5 ELS~ PR0 G RAM S C O UNT E R— C$A OORICF FS ET 4 2);
(1408 5 El-C;
C 1499 4
(1500 4 (NC- /0 END OF CASE STATEMENT 5/
01!01 3 (NO: /5 84-0 CF DC FOREVER 5/
C 1502 2 EPIC EXECUTE;
01503 1
01504 1. IS S I S * * 5 5 * 5 * PROGRAM EXECUTION STARTS HERE S * * * * 5
C1EO5 1
01506 1 BASE—CCDEISIART;
01507 1 PRCGRAM SCCLNIC -R—BS AC CR;
01508 1 CALL EXECUTE;
(1 505 (OF
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UU’.uL 1
60002 1 /~ COBCL CC PFILER — PaRT 2 REACER */
CO CO3 1
00 0L4 1 /~ T H IS PRCG RAM 15 LOA DED IN W I T H  TH~ PART 1 PRO GRA M
03C05 1 al-C IS CA LL EC l~I-(l- PA- 1 T 1 IS FINISHED, TH IS PROG RAM
0006 1 OPENS TIE PAAT~~.COM FILE THAT CONTAINS THE ~0DE FOR

‘iCCOl 1 PAR T 2 CF TI- E Ofr PILE~~, AND REA9~ IT IUTO C~ RE. AT
COCOa 1 THE EPIC CF TIE READ CPERAT LCN , 1~~hTROL IS PASSED TO
00009 1 11- 6 SECCNC FART PROGRAM. 5/
COCLO I
C0011
00012 1 3100)-: /* LCAC POINT */
COC 13 I
CCC 14 1 CECLAPE
OOC IS 1
00C16 1 

~~
Ci LI TE RA LLY ‘OH’ ,

C O O t ?  1 CS L I T E RA L L Y  ‘5)” , 1$ ENTRY T~ TH E O PERATING SYSTE M */
60018 1 START L ITERALLY ‘ LC O H’ , /* STARTING LO C AT IC N FOR PASS 2 */
(0019 & FCB £33 1  8Y15 i l- IT IALIO,’ PA SS2 CDM’ ,O,O, O ,O)
COC2O 1 LASTCMA £DCRESS IP,ITIAL(248OH1, /5 80 L.SS fl-AN HEMCPY S/
OOC2I 1 I ACC RESS ;
C0C22 1
00023 MCHA : PRCCECLRE(P 8A );
00(24 CECLAR E (YT~~, A IOCRESS;
00025 2 CC T O E C C S ;
C0026 2 EPIC MC~~~;— 00C21 1
00(28 MO-B: PROCEC LREIF A )BYTE’
C0C29 DECLARE F eYT~~, A ADORESS;
CUC30 2 GO IC BOCS;
C0C3 1 2 END PPCNB ;
C0C32 1
30C33 1 ERROR’ PPOCECURE (COCE);
(0(34 2 DECLARE CCCE A&ORESS;
COC3S 2 CALL MCFsA (2,(I-IG)-(CCCE)))
00C36 2 CALL MCl-4 (2,(LCW(C0CE)));
00C31 2 CALL T IME(I C);
00C38 2 CC IC BCCT ;
COC3S 2 EPIC ERROR;
COC4O 1

IS OPEN FAES2 .CC M 0/00041 1 
MoNeIt5, .Fce)~~2s5 THEN CALL ERRCR (’OZ’);00042 1 IF

0CC’.’. 00 I.IOOH TC LAST DMA BY BOH;00C43 I /t REAO IN FILE 0/

00045 CALL MCl-A(24,I); /S SET DMA 5/
00C46 2 IF ,WONB (2G,.FCBI(>0 ThIN CALL ERPCRI’P2’);
00(41 2 NO;
C0048 1 ALL T4CP8A (26,8C1-). /5 RESET DMA *1
00045 1 GC IC STAR T

— , COCS0 I (OF

COCO I 1 /0 COBOL COMPILER — INTERP REACER */00602 1
00003 /5 THIS FRCCRAM I~ CALLED BY THE BUILD PROGRAM AFTER00004 CBLJNT .CCM I-AS BEEN OPENED, AN D READS THE CC0E INTC MEMORYCOCOS 1 *100C06 1
00CC? 1
OC CO B 1 80)- : /5 LCA C PC INT 5/
60(09 1
(0C10 I DECLARE
00C11
00C12 B CT LI TEQALLY ‘OH’,
00C13 B~OS L iTERALLY ‘5)-’, /5 ENTRY TO THE OPERATING SYSTEM 0/60014 1 START LITERA L LY ‘ICOH’ , /5 STARTING LCCATICN FOR PASS 2 5/C O C&5 I ~A5TDMA ADCPESS INITIAL (1E80H3, FS 80 LESS TI-AN MENCRY SICOCI6 AOCRESS ;

8o~18 I N CNA I PRO CEO LRE (F A l
60619 DEC LARE F e’rTCOC Z O G~ IC BOOS A ADC RESS ;
00C~~1 2 EPiC F’ NA
C0C22 1 

-

00023 1 MON
• GOC2A 2 ~~ PPCCEC~ RE (P A IBYT E;
00625 2 CC C 80(5’ 

1~ A AOCRESS;DEC
~
AR E BY?

C0C26 2- - -E~ C~~ CNB; ‘

00(27 1
C0C28. 1 DO I ICOH IC LA STDMA BY 80H
C0C29 ‘ 4 CALL M CNA (26,fl ’ IS sEt DMA */COC3O ~ IF ?‘ONB (20 ,!Ch)bo THEN GO TO BOOT;
COC3 I 2 EPIC;
00(32 1 GO TO START;
00C33 1 ~~~~
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