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the design and p artial i m p l e m e n t a t i o n  of the PASCAL

p rogr amming language for use on a micro p rocessor—based

system is described. The framework for the imp lementat ion

is comprised of two subsystems , a com p i l e r  w h i C h  generates

c o d e  f o r  a hypothet ical zero—address machi ne and a

translator that generates code for the target 8080

micro computer. The Dortion s of the system whic h  are

imp l emented are w r i t t e n  in the PL/M orogramm in o language to

• run in a d i skette—based enviro nment w i t n  at least 3~ Pc bytes

of memor y .
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I. INTRODUCT ION

A . AN I N T R O D U C T I O N  TO THE. PA S C A L  L A N G U A G E

PASC AL was t he  f i r s t  p ro g r a m m i n g  lang uage to embody the

conceot of StruCt urcO pro grammin g define d by Edsger Uyks tra

and C. A. R . Hoare 171 , and was deve looed by N i c k l a u s  W i r t h

at E~~oenossisch rec hni sch e M oC h schule in Zurich ,

Switzer l and. P r e l i m i n a r y  versio n s of the PASCAL language

were drafted in 1968 f o l l o w i n a  the s p i r i t  of the A LGO L— 6O

and A LGO L—~ p ro gr amm in g languages (101. The fi r s t  PASCAL

c o m p i l e r  became op erationa l i n  1~~7O and its p u b l i c a t i o n

fo ll owec a year later. In 1973, a revise d PASCAL rep ort was

oubl i s ri ed c o n s o l i d a t i n g  r e v i s i o n s  r e s u l t i n g  from two ,‘m ars

of use ano experience.

I~~e neve loome nt of tn e language PA SCA L ~as based upon

two pr i n c i p a l  aim s: to ~e more p owerful th an its

predecessors and to p r ov ide a su i t a b l e  language to teacrl

struct ure a p rogramming. The extensions of PASCAL r e l a t i v e

to ALGOL —b O l ie  in the aata structuring f a c i l i t i e s  that

expand its range of a p p l i c a b i l i t y .  PASCA L introduces record

and f i l e  structures that make it p ossible to program bo t h

commer cial and s c i e n t i f i c  
ap ol i c ations. 8



6. OB JECTIVES O~ N PS—PA SCAL

The major ob jective of the project describe a here was to

pr ovide the bas i s for an  i m p l e m e n t a t i o n  of the PASCAL

language on an Intel 8080 mi croco m outer syst em. PAS CAL ~.as

chosen because of its f l e x i b l e  tyne a ec l aratio n s as we l l  as

its Struc tured p rogra mming constructs. The rapid

develo pm ent and decreasing costs of microcom p uter hardware,

coup led w i t I~ so phi sticated c o m p a t i b l e  software is a l l o w i n g

the microcom outer to be used in a lar ge number of

ap p licat i ons. The a v a i l a b i l i t y  of another hi a n level

lang uage for these systems can onl y increase th e i r

use fuln ess and a c c e p t a b i l i t y .

~‘JPS—PASC AL ~as cevelop eg to run on an 6080 based

mi crocom p ute r System us ing the hi gh level language PL/M (91.

PL/M is imp l eme n ted th r ough a cross c o m p i l e r  for 8080

microprocessor systems , and executes on the Naval

Postgradu ate Sch ool s IBM 3~~O computer. The a v e i l a p i l i t y  of

the 8080 based CP/M ~ is k op erat in g system s i m u l a t o r  (CPSYM)

on the IBM 3b0, w i t h  i t S  p ower ful deouggiri g c a p a b i l i t i e s ,

was also an important factor in the choice of the 8080

microprocessor and th e CP/M op erating 

system.9



11 . N PS—P ASCAL LANGUAG E DESCR IPTION

A. l3AC~~GROUND

NPS— PASCA L is an im p l e m e n t a t i o n  of PASCAL w i t h  s l i g h t

devi a tions to a l l o w  N PS—PA SCA L to be sp ecified by an LA LR (1 )

grammar form. This oerm it t e d the use of the U n i v e r s i t y  of

To ronto ’s c o m p i l e r — c o m p i l e r  parse table generator (1~~).

NPS— PA SCAL a l l o w s  s i m p l e  conversio n s to PA SCAL and back

w h i C h  w i l l  become increasin g ly important as the number of

a v a i l a b l e  PA SCAL a o c l i c a t i o n  p rograms increases. The

-ji fferences oetween the PASCAL structure ang N PS— PASCAL are

g iven b elow.

8. FEA TURES OF THE N PS— PASCA L LA NGU A GE

1. N P S — PA S C A L  De c l a r a t i o n s

NPS— PASC .A L re cuires that a l l  la b el s. constants, user

ae fined tyoes, and v a r i a b l e s  he declarea orior to t h e i r  use

in t he program body . Th i s  is accom pl ished by a s e r i e s  o f

dec larations arid d e f i n i t i o n s  in sequence at the beginning of

the Program . The oroqram he ad ing is used to dec lare th e

inp ut and outout f i l e s  w h i c h  can be accessed by the progr am.

The inp ut arid out out cec l arat i ons are discussed in section

5. Procedures fun ctions , w h j c h  ma y Contai n lo cal

decla ra t i ons , m ust also be defi n ea pri or to t h e i r  invocation

in the program . A l thouo h procedure and function c a l l s  were

10



not imp lemented in NPS—PASCAL, it was intended that these

s t r u c t u r e s  w o u l d  he r e c u r s i v e .

a. La bel Declarations

L a b e l s  are used by NPS— PASCA L as the target of

a l l  GOlD statements in the program . Lab el s can be any

p o s i t i v e  integer value up to t h i r t y  d i g i t s  in leng th. Th is

d i f f e r s  f r o m  P A S C A L .  N P S — P A S C A L  t r e a t s  t he  l abe l  as a

i d e n t i f i e r  w h i l e  PASCAL recognizes it as an integer value.

~hen l a b e l s  a re  useO in the program th e i r  de c ’ara t ion mu st

apPear i m m e d i a t e l y  f o l l o w i n g  the program heading. The only

factor that restricts the number of labels in a given

prog ram is  the  a v a i l a b l e  mem ory  o f  t h e  m i c r o c o m p u t e r

executin g the \JPS— PA SCAL com o i ler. S u f f i c i e n t  memory must

~e a v a i l a b l e  after the c o m o i l e r  is loa~ ei for the symbol

t a b l e  e n t r i e s  ge ne r a t e d  cv eac h  la o e l  d e c l a r a t i o n .  T h i s

size restriction al so appli es to a l l  aec larations.

b. Constant Declarations

C o n s t a n t  c e c l a r a t i o n s  enable the p rogrammer to

introdu ce an i d e n t i f i e r  as a synon ym for a v a l i d  constant.

A constant is either a number, a Constant i d e n t i f i e r

(possibl y signed ) or a strin g . Constant i d e n t i f i e r s  u s ually

a l l o w  a nroqrammer to w r i t e  more readable and self—

• documenting Programs.

c.  lyce D e c l a ra t i o n s

One of t h e  greatest s t r e n g t h s  of the PASCAL

language is the a b i l i t y  to define uni que data types. In

11



NPS—PASCAL there are four standard types: boojean , Integers
A

Char (character ), and Real. integers ma y be any v a l u e

be tween —32,768 and +32,767 . Real values are represented

i n t e r n a l l y  in an ex p o nential format and can take on any

p ositive or negative value consisti n g of fourteen di g i t s

‘n u l t i o l i e c i  by ten to the — 6 (4th po,4er through ten to the

+63rd p o w e r .  Characters may be any v a l i d  ASCI I character.

The two i d e n t i f i e r  Const ant value s of TRUE and FALSE can be

assigned to a var i a b l e  of type Boolean .

In addition to the above scalar types, tnere

e x i s t s  the c a p a b i l i t y  of decl a ring a user defined scalar

t y p e .  A series of i d e n t i f i e r s  in sequence can be g iven an

ia e n t i f y i ng  name, m a k i n g  uo t h i s  user d e f i n e d  t ype .  A type

may also be defined as a suorange of any orev iou sly defined

scalar type , except Booleari and real , by i n a i c a t i n g  the

small est and lar gest value in the subranqe. The order in

whiCh the user defined scalar type i d e n t i f i e r s  are declared

determines the highest arid lowest values of that type. The

first i d e n t i f i e r  becomes the lowest value of that type,

w h i l e  the last becomes the hig hest.

Structu red types are defined by descr ibing the

individual types of their components and by indicating whiCh

structurin g m ethod is to be ap olied. This determines each

• component ’s l o c a t i o n  in the structure. NPS PASCAL Supports

the four tyPe structures of PASC#L array struc tures , record

s t r u c t u r e s ,  Set structures , arid f i l e  structures .

12



(1) A rray Structures

A rray structures contain two or more

components of the same declared type. Arr ay s are indexed

wit h  up to five dimensions. Each dim ension is define d by a

uSer de fined sca lar type or a subrange of the integers.

Components ‘nay he declared as any v a l i d  tyoe. If arrays are

nested (the components of the array are arrays) then a

maxim um of f ive  lev els are allowed.

(2) Record Structures

Un l ike the array structure , the record

structure ’s components, called fiel a s , are not necessaril y

of the same type. Each fie l d  in the record structure must

be assigned a v a l i c  type , wh i ch po ssibl y could he another

• record. Nesting of recoras is allowed uo to four levels of

dec laration. ia ent i f i ers are associated w i t h  each f i e l a ,

and are used for selection rather than a comp utable index

lik e  that of as, array . Records may vary in leng th w i t h  the

restriction that the va r i a b l e  part pf each record must be

the last p ortion of that record. The variant part of a

record cannot contain another record w i t h  a v ariant part.

(3) Set Structures

The set structure defines a set of values ,

• wh ich is the power set of  a declared base type. The base

type is usua lly a user de fined sca lar tyce or a subranqe of

the type integer. Th e m a x imum number of elements in the set

cannot exceed sixtee n inc l uding the ri u l l  set.

13
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(LI ) Fi l e  Structures

A f i l e  structure is a sequence of  comp one nts

of t h e  same t y o e  w h o se Position in the f i l e  defines the

element ’s order. Onl y one element is accessible at any one

ti m e durin g execution of a program. Subsequent items must

be a c c e s s e d  s e q u e n t i a l l y .  ihe m a n i p u l a t i o n  of f i l e

s t r uc t u r e s  was not imp lemented in NPS— PASCAL.

d. V a r i a b l e  D e c l a r a t i o n s

NPS— PASCAL supports hotn static and dynamic

var iables. Every variable is bound to a particular type

during declaration. Dynami c v ariables are re ferred to as

po inter type variables. T hey each may point to only one

decl ared typ e wh i c h  pr ovides data p rotection. • Pointer

v ari acl es may also occur in structures , as in record

struc tures , w hi c h  are themselves d y n a m i c a l l y  generated.

2. Ar i t h m e t i c  Proces sino

Integer and binary coded decimal (8CO) a r i t h m e t i c

are supported by NP S—PA SCAL. In addit ion, the set

o p e r a t i o n s  in ( S e t  m e m b e r s h i p ) ,  + (union ), * ( i n t e r s e c t i o n ) ,

— (set di fference ), and a l l  of the r e l a t i o n a l  op erators are

also defined. The relati o nal ooerators p rovide d in

PASCAL are : (equal ), > ( n o t  equ al) , < (less than or

• equal), >: (g re a t e r  or equal ), ‘ ( l e s s  ~ ‘a n) ,  an~~ ( g r e a t e r

than ). The three lo gi cal ~oo leen Ooer~~~t~~~~~S ~~~~ i ’~ • ara ~i01

are 31s0 de fined.

_____ ________________ -



— — -  - I - .

3. Control Structures

NP S — P A S C A L  e m p l o y s  s e v e r a l  u s e f u l  con tro l structures

consisting of BEGIN — END blo cks for compound statements , IF

THEN and IF TrIEN ELSE conditional statem ents , CA SE—OF

selec tive statements, REPEAT—UNTIL, WH ILE, and FOR

re p etitive statements , and procedure statem ents. NPS P AS C A L

is a block structured lariguaae~ much l ike A LGUL— 6O in tha t

eac h block is bracketed by a BEGIN ana an END. Blocks may

be ne s t e d  w i t h i n  o t h e r  b l oc k s  uo t o and inc lud ing  t h e  t e n t h

level of nesting. This nesting restriction also appl ies to

co ndi tio n al arid repetitive statements.

Unl i k e  AL GO L—b0 , BEGIN—END blocks do not restrict

the scooe of defined variables w i t h i n  the program. A M

variable procedure and function names must be uni qu ely

decl ared g l o b a l l y  in the program. ~Iar i ab l e s declared w i t h i n

a Procedure or fun ction , however , have their scope l i m i t e d

to the range of that Procedure. Procedure nestin g is

al lowed w i t h  the same var i able scooe restrictions ap p licable

to inner procedures or functions. Storage fcr s t a t i c a l l y

declared variables remains allocated thro u ghout the program.

Storage for local variables w i t h i n  procedures and functions,

as wel l as dynamically generated variables , is allocated as

required. The storage for the d y n a m i c a l l y  assigned

variables is returned to free storage at ‘iun time for

reassignment when no longer in use. The run time storage

a l l o c a l i o n  management rout ines were riot imp lement ed in NPS—

PASCAL.

15
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LI . Proceaures An o Funct ions

Statements w h i c h  can he given user defined

i dentifiers are ca lled procedures. A procedure is invoked

in the  p rog ram by i t s  id e n t if i e r .  Procedures and functions

are dec lared irs the declaration portion of the program.

Each m ay contain local v a r i a b l e  declarations , as expl a i ned

above, in addition to formal parameters~. There are three

types of acceptab’ e formal param eter so ecificat io ri s: value

parameters , variable parameters , and procedure or function

pa rameters. va lu e parameters (call by value ) are

expressions in the c a l l i n g  statem ent that are evaluate a once

at activation of the procedure. The actual parameter is the

ev aluated expression. Ihe formal p arameter repres ents a

local va r i able w i t h i n  the procedure. Va r i a b l e  carameters

(call by reference ) are aadreSSeS of v a n i a c l e s  in the

• c a l l i n a  program. The actual parameter is a v a r i a b l e  whose

indic es are evaluated, i f reouired , pri or to the execution

of the p rocedure. The formal p arameter is given the same

address and must be of the same tyoe wr’en used. Procedure

~ r func tion parameters are evaluated each time they are

used. The actual oarameter is a function or procedure

ide n t i f i e r .

Fu n ctions and orocedures are d e c l a r e d  in the  same

manne r e x c e o t  t h a t  each f u nc t i on  has an a s s o c i a t e d  ty pe .

When a functio n is referenced in an expression, the function

pro duces a value wh i ch is returned in pla ce of the c a l l .
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5. Input A nd Out put

N PS—PASC A L has four separate statements which

accomplish a l l  inout and output for the program. REAL) and

PIADLN statements are used eit her to read from the console,

the aef au lt input oevice, or from a f i l e  when one is

specified. If a f i l e  is sp eci fied, the f i l e  name must be

declared in the program headin g, and the f i l e  tyoe m u s t  be

sp ecified in a f i l e  t ype  d e c l ar a t i o n .  T h e s e  r u l e s  a p p l y  to

output  f i l e s  as w e l l .  text f i l e s  declared to be of t y pe

character are a special case. For this, a c a l l  to the

procedure READL N w i l l  read the characters specified end then

skip to the next l i n e  (the character f o l l o w i n g  the next

carria ge return and li n e  feed). W R ITE and W R ITEL N are used

to e ith er w r i t e  to the console , or to a f i l e  specified in

the program heading . The data to be read or wri t t e n  is

sp ecified by variables or strings in quot ation marks wh i c h

are e n c l o s e d  w i t h i n  par e n t h e s e s .  A ny c o m b i n a t i o n  of  i n t e g e r

v a r i a b l e s  or  q u o t e d  s t r i n g s  m a y  be placed between

pa rentheses ari d seoarated by commas. A a ouotea string in a

read statement is treated as a comment. The ma x i m u m  number

of characters orinted on a line is 80. ~hen the outout from

a given W RITE, or WRIT ELN specifica tio n reaches 80

characte rs, a carriage return ari d a li n e  feed character are

au t o m a t i c a l l y  issued. If the W R ITEL N statement is used, the

ca rriage return and line feed are generated after processing

the fin al parameter in the statement.

The b u i l t — i n  functions of PUT and GET were not

imo leme nted jn NPS PASCAL . in addition , the predicate EOF ,

17



wh i ch is used to mark the end of a f i l e  being processe d , was

also omitted.

_ _ _  
_ _ _



Ill. IMP L EM ENTA T ION

A .  COMP ILER I M P L E M E N T A T I O N

1. Com p iler Organization

Th e c o m o i le r  was  des igned t o  read  s o u r c e  language

statem ents from a ciskette and to produce an i n t e r m e d i at e

language f i l e  w h i l e  Printing an op tional source l i s t i n g  at

t h e co n s o l e .  A one pass aooroacn was used to p rovide a fast

c o m p i l at i o n ,  as we l l  as to  reouce the  rea u i r e d  w o r k  and s i z e

of the comp iler. Ia e l i m i n a t e  the need to perform a

compl ete second oass of t he  sou rce  f i l e,  l a b e l s  are pl aced

in t h e  i n t e r m e d i a t e  code a t  t h e  po s i t i o n  w h e r e  t he  e x e c u t i o n

o f  the p rog ram i s  t o  c o n t i n u e  a f t e r  a b r a n c h .  This was done

be cause t he  e x a c t  l o c a t i on  of  each b ranch  is  not known

du ring the c om p i l a t i o n  phase. The resolutio n of label

locations is acco m ol ished by the code generatin g program as

it scans the intermediate code. The code generating program

is hereafter refered to as the translator.

Th e s i ng l e  oass  of the como iler builds the symbol

tab le, C o n v e r t s  a l l  numbers in the  source program to t h e i r

internal representat ion , generates the intermediate f i l e  on

the dis k, and provides an op tional l i s t i n g  of the source

s t a t e m e n t s  at  t~~e c o n s o l e .  Token and oroduct ion numbe rs are

also listed for each l i n e  if desired. If program errors are

a n t i c i o a t e d ,  t he c o m o i le r  can a l s o  su ro ress  the  g e n e r a t i o n
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of the in ter m ediate f i l e  by the setting of sp~ c i f j c  toggles

at the be ginning of the orogram .

2. S canner

The scanner anal y zes the source Program character by

c h a r a c t e r  and sends a sequence of tokens to the parser. The

scanner a l s o  p r o v i d e s  a l i s t i ng  of  the source stateme nts

when directed , eli m i n a t e s  comments, and sets the c o m p i l e r

togg les.

The scanner is divided into four main sections which

are selec t i v e l y  executed deoendinq on t he  first non—blank

c h a r ac t e r  of  t h e  t o k e n .  A f t er t h e  f i r s t  ch aracter is

scanned, the i n d i v i d u a l  section involved scans the remainder

pf t he  token  and o l a ces  i t  in the accumulator (ACCUM ). Ihe

first b yte of ACCU~ contains the leng th of the token. In

t he  c a s e  of t o k e n s  t ha t  e x c e e d  the size of ACCUM (32 byte s )

a c o n t in u a t i o n  f l a g  is set w h ich p ermits the scanner and

pa r s e r  to  s u bs eq u e n t ly  a c c e pt  t h e  r e ma i n i na  po r t i on  of  the

t oke n .

Th e four  se c t i o n s  of  t h e  scanner  hand le  s t r ing s ,

numbers, ide n t i f i e r s  or re s e r v e d  w o r d s ,  and s pe c i a l

c h a r ac t e r s .  The s t ri r i a p r o ce s s i ng  S e c t i o n  i s  i n v o k e d

whenever the first Character of a token is a single

q u o t a t i o n  m a r k .  The process then analyzes each succeeding

c h a r ac t e r  u n t i l  a second q u o ta t i o n  mark  i s  scanned

indicating th e end of the str ing. The pro gram section that

mani p ulates number s dete rmine s the tyoe of number be ing

scanned as it orocesses each character. Th is determination

20



is used by subseguent routines t h at p er form typ e checking

and c o n v e r s i o n  to  i n t e r n a l  r e p r e s e nt a t i o n . w hen t h e  scanne r

r e c o g n i z e s  an i d e n t i f i e r  it searches the voc abu lary table

(VOCAB ) to deter min e i f the i d e n t i f i e r  is a reserved word.

If a reserved word is matched, the scanner returns the

p osition of the word in the V OCAB table to the parser. Th is

pos i t i o n  co r res ponds  to  t h e  a s s ia n ed  t o k e n  number .  The

V O C A B  t a b l e  is  one of  t he  t a b l e s  pr o v i d e d  by the  LA L R ( 1 )

pa r se  t a b l e  genera to r  (15) .

Spe c i a l  c h a r a c t e r s  are h a n d l e d  s e pa r a t e ly ,  e x c e p t  in

two cases. If a period is followed by numeric characters

w i t h o u t  i n t e r v en i n g  s pa c e s ,  t he  o rog ram s e c t i o n  w h i c h

processes soecial characters assumes tha t a real number is

be ing scanned. Th is pro gram secti on handl es the number in

the same manner as does the number secti on.

If a pa ir ~ f soecial characters are scanned one right

a fter another, the scanner w i l l  pass both characters as a

singl e token after assigning the token number from the VOCA B

tab 1 e.

3. Sym bol Table

T he symbol table is used to store the attributes of

labels, constants , tyPe d e c la r a t i o n s ,  v a r i a b l e  ident i fi e rs ,

procedures and functions, and f i l e  declarations. The main

function of the symbo l table is to veri f y p rogram semantics

and t a b l e  sym bol  c h a r a c t e ~- i s t i cs  w h i c h  are used in the

generation of the interm ediate code f i l e .  Ac cess to t he

symbol table is accomo )ished through various pri m i t i v e
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subrouti nes using based glo bal variables to uniquely address

t h e  e l e m e n t s  o f  each  e n t ry .

The sym bol table is modeled after the A LG U L— M symb ol

t & l e  (51. It is ~n unor dered linke d l i s t  of entr ies ~ h i r ~~

grows toward the top of mem ory. I n d i v i q u a l  entries are

eit he r accessea v i a  a ch ained hash add ressin g tech ni que as

i l l u s t r a t e d  in Figur e 1, or by means o f  add ress  po i n t e r

f i e l d s  c ontaine d in other entries. The later method of

access is required since not a l l  entries in the symbol table

have an i a e r s t i f i e r ,  called the p r in t n ame, associated w i t h

them.

Each l oc a tion in the hash  t a b l e  heads a l i n ke a  l i s t

of entries whose p r iri tname , when evaluated , results in the

same hash v a l u e .  A zero in any l ocatio n in the has h t ab le

indi c a t e s  t h a t  t h e r e  are no e n t r i e s  w h o s e  ~ r i nt n a m e  pro auces

t h at  v a l u e .  Dur ing  sym bo l  t a b l e  c o n s t r u c t i o n  or a c c e s s ,  t he

g lo bal variable PRIN rNAME contains the address of a vector

whose first element is the length of an i d e n t i f i e r  in a

si ngl e by t e ,  f o l l o w e d  b~ the i d e n t i f i e r ’s characters

represented in A SCI I format. The v a r i a b l e  SYMMASH contains

the hashcode value , the sum of the ori n tr iame ’s ASCI I

c h a r ac t e r s  moa ulo 12g . Entries that produce the same hash

code v a l u e a re  linked together in the symbol table by a

chain w h i ch is accessed via the i n d i v i d u a l  entry ’s coll i sion

field. The chain is constructed irs such a way as to have

the latest entr y constructed at the head of the chain.

There are eight different types of entries that can

be found irs the NPS— PA SCaL symbol table. Each entry
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HASHING FUNCTI ON: SUM OF PRINTNAME S A SCII CHARA CTERS
4ODULO 128

H.F.(AB) (41 + 42 )  MOD 128 83

H.F.(BA) = (42 + 41) MOD 128 g 8 3

HASH SYMBOL
TABLE TABLE

127 
___________

126 
__________ __________

Collision
Cha in

—
____________ 

1030 ~~83 
__________

82 

~~~~~~~~~~~~~ Iin~~~~~~T~~~~~~ 

ENTRY 4

ENTRY 3
1020

prev ious
Symbol Table C ENTRY 2 

1010entry2 C “A B” 100 8~ ”
1 ENTRY 1
0

SYMBOL TABLE ACCES S

FIGURE 1

BYTE
NUMBER 1 2 3 4 5

1 F ORM[ COLLISION I PRV$SBT BL$ ENTRY I BYTEADDRESS %~ARIA BLE 
~ 
ADDRE SS XAR IABLE ~~~~~~~ I

COLLISION ADDRESS PREVIOUS SYMBOL FORM OF
TABLE ENTRY SYMBOL TABLE

LOCATI ON ENTRY

FIRST THREE FIELDS OF A SYMBOL TABLE ENTRY

FIGURE 2
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con tai n s a numbe r of fields , some of w h i c h  are common to a l l

entries, and some of w h i c h  a~ p l~ onl y to p a r t i c u l a r  typ es of

en tries. A l l  e ntries have the same f i r s t  three f i e l d s :  the

c o l l i sio n f i e l d  (first t~ o bytes), the previous syr rb ol tabl e

entry adires s f i e l o  (P~~V~ S~~ThL~~LNTRY — located in the thi r d

and fou r th bytes ), and the form fi e l d  (FORM — the f i f t h

byte ), as shown on Figure 2. The remaining fie l d s  are used

to un i q u e l y  describe each entr y ’s attributes and p a r t i c u l a r

i dent i f y i ni Char a cter i St i Cs.

a. Labe l E n t r i e s

The form f i e l d  p f a label entr y has the Constant

by t e  v a l u e  of  z e r o .  A s i n g l e  b y t e  f o l l o w s  t h e  f o r m  f i e l d

con t a i n i n g  tn e len gth of the l a b e l ’ s pr int name. The

i n d i v iq u a l  n r i n t n a m e  c ha r a c t e r s  a ppear  a f t e r  t h e  l e n g t h

f i e l d .  A t wo b yte f i e l q  f o l l o w i n g  th e orint r ’am e characters

contai n s a se q u e n t i a l l y  generated integer value w h i c h  i s

assignea as the l a b e l ’ s inter n a l  label number. This value

is used as the target for branching in the intermediate

code. An exampl e of a label dec lara tion w i t h  its associ ated

symbol table entry is shown in Fi gure 3.

b . Constan t Entries

The form f i e l a  of a Constant symbol tabl e entry

not onl y i d e n t i f i e s  the type of entry , i t also designates

t he  oa r t i c u la r  t y o e  of  c o n s t a n t .  The f i v e  v a l i d  types of

c o ns t a n t s  a r e :  unsigned i d e n t i f i e r  (FORM Q 1M ), signed

i d e n t i f i e r  (FORM qlh ), integer (FORM 09H), real value

(FORM = tIM ), and string constant (FORM 1~~h). Each entry

— S —~ — 
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EXAMPLE LABEL DECLARATI ON:

LABEL 10 , 6000;

SYMB O L TABLE ENTRY FOR AB OVE DECLARATI ON

ME MO RY SYM BOL F I E L D
ADD R E SS TABLE

3415H OOH ILABEL NUMBER
34l4H O1H 1
3413H 30H ASCII Cl-lAP 0

3412H 30H ASCII CHAR 0

3411H 30H ASCII CHAR 0

EN TRY 2 
3410H 36H ASCII CHAR 6

340FH 04H P R I N T N A M E  LN GTH
340EH OOH FORM

34 0 DH 34H JPREVIOUS SBTBL
340CH OOH 1.ENTRY A D D R E SS

340BH OOH fcoLLIsIoN
340AH OOH 1~ADDRE SS

3409H OOH JLABEL NUMBER
3408H OOH

3407H 30H ASCII CHAR 0

3406H 31H ASCII CHAR 1

ENTRY 1 
3405H 02H P PTNTNAM E LNGTH

3404H OOH FORM
3403H O1H fPREVIOUS SBTBL
3402H 0611 jENTRY ADDRESS

340111 0011 JCOLLISION
3400H 0011 1.ADDRE SS

LABEL ENTRY SBTBL

FIGURE 3
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jn the symbol table haS a unique three hi t code in its one

b yte form f i e l i .  (he three bit Code for constant entries,

for exam p le, is 001. The remaining b i t s  in the I ORM v ariable

descri b e th e p articula r chara cter i stics of the type

inv o l v e d .

F o l l o w i n q  the form f i e l d  of the constant entry

are the pr ir stnam e length f i e l d  and the pr i ntna ni e characters.~~

The value o~ the constant follows the p r in t name characters.

The v a lue f i e l d  may Consist of another lengt,h f i e l d  and

orintname characters in the case of i d e n t i f i e r  and string

constants, or it may con tain the internal reoresentation of

a Constant number (two bytes for integer va lues and eight

bytes for real values ).

c. Type Entries

There are two kinds of type entries that can he

found in the NPS—PASC A L symbol table , a sim p l e  type entr y or

a type declaration entr y. Simole tyPe entries either

indicate th a t a basic type is bei ng assigned , or that a

de fin ed compl ex type cec l a r ation is to be evaluate d . In the

l a t e r  c a s e ,  t he  s i m p l e  t y o e  e n t ry  w i l l  contain a pointer to

a type declara tion entry. Type declaration entries are

generated from user defined tyoes found in the source

program . In some cases, a chai n of type dec larations can be

de fined. A n exam p le of this would be an array of the type

• ar ray whi c h is i t s e l f  of type i n t ege r .

The form fi e l d  of a simple type entry indicates

wh i Ch basic type is being entered or accessed. An integer
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tyoe has the FORM value of 421i, a real type has the FORM

v a l u e  o f  ‘-lA M , a character tyoe has a FORM value of 521-1 , and

a boolean t yoe has a FO I~’~ v a l u e  of  5~ H. A FORM value of 7AM

indicates that a tyoe declaration entry must be accessed to

dete rmine the compl ete tyPe of the entry. The f i e l d

f o l l o w i n g  the form is a one byte f i e l d  c ontaining the length

‘of the p rintnar n e, wh i c h  is followed by the pr iritn am e

cha racters of the type i d e n t i f i e r .  The last two bytes

contain the address of the sp eci fied type. A n example of a

sim p le type entr y is found in Figure 4.

A t-yoe declaratio n entry is constructe d for any

of  the Seven different user definable types in NPS— PASCA L,

consi sti ng of scalar types , subrange types, array types,

record tyoes, set tyoes , f i l e  types , ano p ointer types.

Onl y the sca la r entry contai n s an accessible orint ri am e. The

rest of tr s e entries m ust be accessed v ia  a pointer f i e l d

found in other entries. The format of these type

aecl a ra t ion entries is found in Tab les I through 7.

c~. V a r i a p l e  E n t r i e s  
-

The form field pf the variable entry contains a

value w hi ch describes the type of the variab l e. The values

of th e FORM and their associated tyoes are Shown in Table 8.

Following the form f i e l d  are the fields wh i ch contain the

varia ble i g e n t i f i e r ’s p rin tn ame length ana p rintname

c h a r a c t e r s .  A two byte f i e l d  which con tai n s the address of

the va riable ’s starting address in memory appears after the

p r in tn ame characters. This address is a rela t i v e  offse t
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Simple Type Entry Example:

TYPE INT • INTEGER;
MEMORY SYMBOL TABLE FIELD
ADDRE SS .

340AH 0111
___________________  

Address of
Integer ty pe

340911 06H

340811 5411 ASCII Char I

3407 11 4EH ASCII Char N

3406H 49H ASCII Char I

3405 11 03H Leng th  of
_____________________ Pr in tname

340411 42H Form

340311 3311 Previous
Symbol Table
Entry Address

340Th PIN

340111 0011
Collision
Address

3400H OOH

4
’ p

SYMPLE TYPE SYMBOL TABL E ENTRY

FIGURE 4

______ 
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Scalar Symbol Table Entry Forma t

Byte Number Pi.ld Description

o - 1 Collision Address
2 - 3 Previous Symbol Table

Entry Address
4 Form Field (Cons tant Value 0711)
S Prin tname Length (LPN)

6 - 5.LPN ASCII Representation of Printname
6.LPN Ordinate Number Of Scalar Ident .

7.LPN - Address Of Parent Type
8.LPN

SCALAR SYMBOL TABLE ENTRY FORMAT

TABLE 1

29
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Su brange Symbol Table Entry Format

Byte Numb er Field Description

0 - 1 Collision Address
2 - 3 Previous Symbol Table

Entry Address
4 Form Field (Value Type of Su brange)

OPH Ordina te Elmt .
4FH Integer Elmt .
8PM Ch aracter Elm t .

S - 6 Parent Address Field
7 - 8 Low Value Of Range
9 - 10 Hig h Value Of ~~nge

11 - 12 IDE fference • 1

SUBRANGE SYMBOL TABLE ENTRY FORMAT

TABLE 2
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Array S~abo 1 Table Entry Forma t

By te Number Field Descr iption

0 - 1 Collision Address
2 - 3 Previous Symbol Table

Entry Address
4 Form Pield(Const . V .1. 1711)
5 Number Of Dimensions

6 - 7 Address Of Component Type
8 - 9 Total Storage Required (No. Byte s )
10 Basic Type Of Componen ts

Value Type
OOH Ord inate
010 - Integer
0211 Character

- 030 Real
- 0411 Comp lex

0511 Boo l ean
11 - 12 Address Of Dimension I
13 - 14 Address Of Dimension 2

ARRAY SYMBOL TABLE ENTRY FORMAT

TABLE 3
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Set Symbol Table Entry Format

Byte Number Field Description

0 - 1 C o l l i s i o n  Address
• 2 - 3 Previ ous Symbo l Tab le

Entry Address
4 Form Field (Const. Val 2711)

5 - 6 Add ress O f Set Type

SET SYMBOL TABLE ENTRY FORMAT

TABLE 4

File Symbol Table Entry Format

Byt e Number Field Descrip t ion

0 - 1 Collisibn Address
2 - 3 Próviou~ Symbol Ta ble

Entry Address
4 Form Field (Const. V al . 2PH)

S - 6 Address Of Vile Type

PILE SYMBOL TABLE ENTRY FORMAT

TABLE 5

32
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Pointer S~ mbo1 Table Entry For.~ t

By t e Num be r F i e l d  Des cr ip t ion

0 - 1 Collision Ad d ress
2 - 3 Previous Symbol Table

Entry Addre ss
4 Form Field (Const. V .1 37H)

S - 6 Address Of Pointe r Type

POINTER SYMBOL TABLE ENTRY FORMAT

TABLE 6

Record Symbol Table Entry Forma t

Byte Number Field Description

0 - 1 Collision Add ress
2 - 3 Previous Symbol Table

Entry Address
4 Form Field (Const . V .1. 1FH)

S - 6 Maximum Record Offset (Allocation )
7 - 8 Address Of Las t Rec ord Field

RECORD S~~~ O~ ~ ABL! ‘ENTRY FORMAT

TABLE 7

33
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Record Fixed Field Symbol ‘able Entry Format

Byte Numbe r F i e l d  D e s c r i p t i o n  -

0 - 1 Collision Address
2 - 3 Previous Symbol Table

Entry Address
4 Form Fie ld (Const. V .1. SFH)
5 Length Of Printname ‘ LPN)

6 - 5+LPN Printname Characters in ASC II
6.LP N - 7.LPN Addres s Of Parent Record
8.LPN - 9.L.PN No. Of Bytes (Storage) in Field

l0 .LPN -ll .LPN Address Of Type Of F i e l d
12- .LPN -l3 .LPN Offset From Record Base

RECORD FIXED FIELD SYMBOL TABLE ENTRY FORMAT

TABLE 7A

Record Tag Field ~ Vari ant Field Entry Format

Byte Num ber Field Descriptio n

o - 1 CollIsion Address
2 - 3 Previous Symbol Table

Entry Address
4 Form : Vari ant (Const. V .1. DPH)

Tag (Cons t. V .1. 9PH)
S Length Of Prin - name (LPN)

6 - 5.LPN Printnaae Characte rs in ASC II
6.LPN - 7.LPN Address ’ Of ~Parent Record
8.LPN - 9.LPN No- . Bytes i~ Field (Tag: No of Cases

Cases)
lO.LPN -11.LPN Address Of Field Type
12 .LPN -l3 .LPN Offset From Record Base

REC ORD TA G FIELD ~ VARIANT FIELD ENTRY FORMAT

TABLE 78
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f rom the base of the va r i a b l e  area assigned by the

translator. The lenr )th ol th e va r i a b l e  is determined t y  the

variable ’s type. The com p i l e r  keeos a Count of the total

amount of storage ar~~ racses this va lue to the translator at

the comple tion of the com p il ation. The translator

subseguentl .y con ’~.erts the r e l a t i v e  addresses in the

intermediate code to abso lute addresses in the final target

mac h ine code. An ex ampl e of a variable entry is given in

Figur e 5.

e. Procedure and Function Entries

Al though the grammar of NPS—PASC AL supp orts

orocedures and functio n s , the construction of thei r symbol

table entr y WaS npt implemente o . Their im pl ementat ion,

howe ver, w ou la oaral )e ) the same format of a l l  the other

entries iii the symbol tab le. The FO~~M values of (J L4 1-1 , and

05H were reserved for t h i s  puroose.

4 . Symool Table Construction and Access

Several standard Construction and access

procedures were clevelooed for the man i p u l a t i o n  of the symb ol

table. The procedure EP4 TE R SVAR -SID js used by al l  routines

which construct a symbol table entry containing an

access ible p rin tnam e . This procedure c a l l s  ENTER$L1Nt~S to

assign the c o l l i s i o n  and previous symbol tabl e entry address

fiel d s. The procedure ENTER$PN$ID is then called to enter

the orint nam e length and prin tn am e characters. EN IER SVA R$I D

is called w i t h  the value of FORM to be in cluae o w i t h  the

sy mbol. The c a l l i n g  routines must subsequently enter the

35 
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The Form Field of Variable Entries

Va lue Meaning (Type of V a riab le )

03H Scalar -Ordinate
0811 Integer
13H Charac ter
iB M Real
23H Comp l ex
2BH Boolean

FORM FIELD OF VARIABLE ENTRIES

TABLE 8
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Varia ble Ent ry Example

VAR ABC : Boo lean ;

MEM ORY • , SYMBOL TABLE ~ : FIELD
ADDRES S

340CM 0111
Address of

Type
340BH A4H

340AM OOH
Offset from
re la t ive star t

3409H O OH of Var iable Sto.

3408H 4311 ASCII Char C

340711 4211 ASCII Char B

340611 410 ASC II Char A

Len gth of
340511 03H printname

34040 2BH Form

340311 33H
Previous Symtbl
Entry address

340211 P111

340111 OOH
Collision
Add ress

340011 0011

VARIABLE SYMBOL TABLE ENTRY

FIGURE S
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additional aesc ri oti ve f i e l ds for the oart i c ul ar ent ry under

con stru ction .

Sym bol table access is acco mplished throug h the use

of the standard lookuo orocedures , and p ointers contained

w i t h i n  entries. lhe procedure LUOKUP~ UNL Y can be ca l l e d

w i t h  the address of a p rintna rn e as a parar reter . The

p rocedure c a l l s  CHECK$P RINT$NAME to compare the symbol table

entry ’s p ri nt n am e w i t h  that of the parameter. The hashtable

index of the p arameter is used along w i t h  the symbol table

c o l l i s i o n  field s to access the correct entries in the table.

The orocedure LOO’~uPSPNSID was designed to accomplish the

sa m e t as k as L O O I~UP$ONLY wi t h  the additional feature of

che cking the form field of the entr y w i t h  a secona

oarameter. If either procedure fin ~~s a m atch in the symool

table the glob al variable LOOKUP~~ADD R is set to the location

of the startin g address in the symbol tab le of the ma tche d

entr y, and the valu e TRUE is ceturr ~ed to the c a l l i n g

routine.

5. Parser

The oarse r was taken from the A LGOL— M co m p i l e r  (51 ,

a table driven pushdown automaton w i t h  parse tables

generated using the LALR(k) parser generator 11,1 . It

receives tokens from the scanner and analyzes them to

determine if they are oart of the NPS— PA SCAL grammar. If

the oarser acceo ts a token, one of the f o l l o w i n g  two actions

is t-aken it may save the token and conti nu e to reauest

tokens for the lookahead state , or it may recogn ize the
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right p art of a v a l i d  pro du ct ion and aoply the pr oduction

st~~te causing a reauct ion to ta ke plac e. If the parser

determi ne s that the token received does not constitute a

v a l i d  rig h t p art of any pr odu ction in the NPS— PASL A L

gramm ar , a syntax error w i l l  be printed at the console and

the RECOVLR procedure is c a l l e d .

When the RECOVER procedure is called , the parser

backs uo a state ana attem ot s to continue parsing from that

state. If t h i s  f a i l s ,  the parser w i l l  continue to backup

u n t i l  the end of the currentl y oendinq reauction is

encountered. A t that p oi nt the i n v a l i d  tokens are rejected

and an atte m p t to parse the next token is made. This action

continues u n t i l  an accep table token is found.

The ma jor data structures i,~ the parser are the LALR

(1) parse tab les anci t -~e ~‘arse stacks. The oarse stacks

consi st of a state stac k and a crir i t riame character stack.

The pr intr ,ame character stack contains the i n d i v i d u a l

cha racters of the tokens oassed by the scanner.

6. Code Generation

The parser not onl y verifies the syntax of the

source sta tements , but also control s th e generation of the

intermediate code by associating semantic actions w i t h

p rodu ction reductions. ~lhen a reductio n takes place, the

SYNTHES IZL procedure is c a l l e d  w i t h  the orodu ction number as

a pa ram erer. The SYI~THES1lE procedure conta ins an exte n sive

case statemen t keyed by the oroduct ion number to perform the

appro priate semantic action. The syn tax o f  the language,
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and the sem antic act ions for each reduction are listed in

A pp endix 0.

8. TR ANSLATOR ORGANIZATION

The ze ro—address machine code translator for NPS—PASCAL

is a too down, m odula rized, program w r i t t e n  in PL/M (91 and

designed for easy mo d i f i c a t i o n .  Mo du l e s  wh ose f u t u r e

i m p lementation are requir ed for the com ple tion of a fu l l

compiler were in clude a in a stub form to indicate their

absence in the orogram. A s w i t h  any other program executed

under the CP/M system, the translator is loaded, and starts

exec O tion at address 100 he xadecimal (lOOM ). Its input is

the int ermediate f i l e  < f i l en ame > .PIN generated and stored on

disk by the com p iler . The tran slator makes two como lete

passes of th i s  f i l e .  the in ter mediate f i l e  contains one

byte numbers wh i c h  represent eith e r opcoces of the pseudo

machine or operands sent from the compiler to the

translator. The num er i cal va lue of the opcode is used to

determine the proper entr y oo int into a large case

statement. Each case statement in the translator generates

the port -ions of object code required to produce the output

obj ec t  module .  A s i m o l i f i e d  flowchart of the intermediate

code handling routine is shown in Figure 8.

On the first pass, the translator oct - er mi n es th e size

of the object m odu le to be generated by summing the required

number of bytes of object code needeo to ocr-form the

in str u CtionS of each oocode used in the intermediate fil e.

L40
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PROGRAM RE-I NITIALIZE
CALCULATE OFFSET I
SET SECOND PASS

I N I T I A L I Z E  CLOSE INT . F I L E  1

GET NEXT
OPCODE 

___________________

M INTFILE ERASE INTFILE
CLOSE OBJECT FILIJ
TERMINATIN G MSG. I

- END OF PROGRAM J
INCREASE CODECOUJT= 0 ?  ~ BY TOTAL NUMBER L
BYTE S TO

N

OP CODE

ND
F PROG?

CO~ E. 
ROUTINE

HORT ADD TOTAL OF
(JTINE ? ~~ BYTE S TO COD

COUNT
SET CALL FL G

N

st CALL? -

ADD 3 BYTES
LONG y N TO CODEC OUNT

ROUTINE ’  St PASS?
N.  CODE FO

ROUTINE AND
N VE ADDRE SSN

st CALL? ET FL G
OPCOD E OUT
OF RANGE

EN. CODE FO
ALL TO SAVEEL
DDRESS J

FLOWCHART OF TRANSLATOR CASE STATEMENT

FIGURE 6
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In addition , the tra n slator ’s first oass also determines the

r e l a t i v e  addresses of a l l  branching label (LbL) instructions

whic h are generated by th e compiler. The label number

serves as an index into a label ta b le, constructed ~ y the

trans lator , where each label’ s re l a t i v e  l ocation in the cooe

a rea  of the  o b j e c t  f i l e  is s t o r e d  ano r e t r i e v e d .  Label

number zero- is locatec in the two bytes followin g the end of

t~~e translator program in mem ory, denoted by .MLMURY in

PL/M , wh i l e  the location of the nt - h label is at byt es 2*n 4-

•MEMORY and 2*,, + .MEMORY + 1. Thus the label table is

l i m i t e d  on l y by the size of the unused oorti on of memory in

th e host microcom p uter.

Upon reachi ng the end of the fir s t  pass of the

inter mediate f i l e ,  the translator r e — i n i t i a l i z e s  the

p rogram , closes an d re— opens the in termediate f i l e ,  opens

the object module f i l e ,  and begins the second phase of the

machine code translation.

Aft er the object f i l e  is i n i t i a l l y  opened, the

tra nslator generates the SO~~O code to load the stack pointer

(SP) to the maxi m u m  a v a i l a b l e  address at execution time,

which is the last byte of the CP/M Trans ient Program Area

(TPA). A branch instruction iS  then genera ted  to  the  f i r s t

byte of the code area.

The object f i l e ’s work area and Variable Storage Area is

located between the branch instruction end the first byte of

the code area. These two areas are i n i t i a l i z e d  w i t h  
zeroH



h exa d ec imal values. The work area, s i x t y  byt es in length ,

- 
is used for p er for -v ’inq real a r i t h m e t i c  and as a scratch area

for tempora ry variables. The V a r i a b l e  Storage Area is used

for the storage of v a r i a b l e s  dp c la r~~r1 in the source program.

The sy mb ol table , .~h ich was generated by the com p iler , is

not a v a i l a b l e  for use by the translator. Therefore , the

access  to va ri ao le s  in th e V a r i ab l e  S t ora ge A rea i s

accompl i s hed us ing the operands in the intermediate f i l e .

On t he second pass of the intermediate f i l e  object code

is generated at adoress t’40H olu s the number of bytes

allocated for program v aria bl es. Figure 7 ShOw S the object

f i l e  as it appears at ex ecution time  in the memory of the

m i C roc ompu t e r .

the inter m ediate f i l e  co nta in s two separate addressing

schemes. The var ia ol e adaresses are converted to absolute

addresses by adding the offset 0f the work area to each

add ress. The label addresses are evaluated on the first

pass by counti ng the number of bytes of object code which

must be generated pr ior to the appearance of the labe! in

the intermediate f i l e .  On the second pass, the translator

adds the offset of the work area size and the variable

alloca tion size to the prev i ously stored address.

Tw~ methods of code generation are used by the

translator. Simole inte rmedi ate in structions , whi ch require

ten or less bytes of object code, are qenerat ec~ i n— l ine.

Com p lex instructions re q uiring more than ten bytes are



CP /M
— — BASE

STACK
. MM —4#~ V~Wt— VARIABLE S IZE

STACK

VARIABLE SIZE

—*———-*W’—~ —— PR OC ~ FUNCT
PARAMET E 1~S STORAGEPROC ~ FUNCT

PARAMETER STORAGE
A R F A  !ROGSIZE

CP/M TPA
CO DE ARE A

____________________  140H + VARC OUNT

VARIABLE STORAGE

AREA

14 OH

WOR K AREA
100H

CP /M
YSTEM PARA Pd~ETERS OOH

OBJECT CODE IN TARGET COMPUTER

FIGURE 7
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generated once when fi r s t -  encountered. Subsequent

occurrences of the same in te rm ed ia te f i l e  o~ cooe causes the

generation of a ca l l  to the code generated for the f i rst

invocat ion . Thi s results in the generation of three bytes

of oojec t code for each succedin~ occu rrence.

there are three routines ’ usea to generate tne or~~ect

modul e code. GENERAT E is ca l led for single byte generation,

GE N$F IVE generates five bytes o f  code, ano G $ThN aenerates

ten bytes.

A t th e completion of the second oass the translator

closes the object mo cule f i l e ,  erases th e intermediate f i l e

and generates a com p letion message at the console. If an

error is detecteo durin g transl a tion, an error message is

genera te-J at the console and the program terminates.

1. A l l o c a t i o n  of Storage Space

The opcooe ALL is generated bY the compiler to

soecify the number of bytes to be allocated in the object

mo dule ’s Variab l e Storage Area. In additio n , each oPcode in

the inter m ediate f i l e  indicat es the size and type of data

that is to be operated upon .

a. l3yte Data

By te cata items in the object m odule have

two storage modes. The data is stored in byte lo cat ions

when in memor y . However, when a byte va lue is loaded into

the stack, the r~y te data is preceeded by a zero value byte

ama loaded in the stack in a two b yte format. A description



of the b yte storaae modes is shown in Figures ~ and 9. Byte

data va lues are ooer~ite -l ucon by the tr ans l ator in b yte

format routines generated in the object fi )e , byte date may

represent characters , numbers , or boo lean data.

b. Integer Data

Integers are represented b~ two byte values

and are stored ~ri memory and the system stack in the same

format , The h~~qh order byte i s  Stored first followed by the

low order b yte of the integer number. The storage of

iritecer numbers in memory and the stack is shown in Figures

8 and 9. The storage f o ll o w s  the orocessir i g requir ements of

the ~O8O Microp rocessor L81 to comolete moves of data from

memo ry or the stack into the processor double byte

registers. An exam pl e of the POP and PUSH op eration is

shown in Figure 10. Integers are represented in two ’s

comolem eni t form . They may take on values from 36,768 to

.38,7o7 , The high order bit of the integer reoresentat ion

is the sign b i t .  A zero h iah order bit indicates a p ositive

integer value and a one indicates a ne gative value.

c. Oec imal Data

Dec imals in the NPS— PASCAL compiler are

represented in n inar y coded deci mal (8CD) format. Lvery

deci m al number is represented by 1’4 d i g i t s  and is stored in

eight conti guous bytes. The first byt e , located at the

lowest memor y address location , contains the sign of the

number along wi t h  the sign and m aariituae of the exponent.

Succeeding bytes represent two deci mal di gits. The b yte

_______________  _ _  _ _ _ _



ADDRE SS MEMORY TYPE OF V A L U E

4
1002H BYTE BYTE VAL UE

1001H H I G H  ORDER BYTE INTEGER
VALUE

1000H LOW ORDER BYTE

U .

BYTE AND INTEG ER VALUES IN MEMORY

F I G U R E  8

A D D R E S S STACK ~ TYPE OF VALUE

S P - 3  O O H 
1’

_____________________  BYTE VALUE

S P - 2  BYTE

SP - 1 HIGH ORDER BYTE
____________________  INTEGER

VALUE
STACK POINTER LOW ORDER BYTE

(SP)

BYTE AND INTE GER VALUES IN STACK

FIGURE 9
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ADDRESS ~ STACK

POP
OPERATI ON

SP - 1 HIGH ORDER BYTE

STACK LOW ORDER BYTE
POINTER

I
I

HIGH ORDER BYTE LOW ORDER BYTE

8080 Microproc ess or Double Re gis ter

pa
ADDRESS STAC K

STACK
POINTER H IGH ORDER BYTE

SP + 1 LOW ORDER BYTE PUSH
OPERATION

I p I pa

POP AND PUSH OPERATIONS

FIGURE 10
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closes t to the exoonent b yte represents the la st two d i g i t s

of the number w h i l e  the last b yte contains the first two

d i g i t s  of the number. Figure 11 shows a BCD numb er stored

in memor y .

The sion information b yte uses the hi gh

order b it to indicate the sign of the number. A high order

one bit indicates a negative numbe r w h i l e  a zero bit

represents a p ositive number. the remaining seven bits

rePresent the exoonent and its sign, w i t h  a bias of  6~4.

Val ues larger than b4 represent a biased oosit ive exponent ,

w h i l e  the values less than b~4 represent exponents of

negative sign wit h  a result equal to the difference between

b’4 and th e value. This reference p oint a l l o w s  a range of

exponent values from 64 to 4-b3. The decimal p oint of the

number is alwa ys assumed to be before the f ir s t  d igit.

—I. String Data

Strings in NPS PA SCAL are stored in memory .

seouenti~~l l y .  The fir s t  byte locate d at the starting

aiiress locatio n ino icates the length of the strin g. The

st ri n g of ASCI I characters that f o l l o w  the lengtn byte is

a r b i t r a r i l y  l i m i t e d  to 80 characters, which is the len gth of

an outout l i ne  to the console.

• 
~~. 

4r i t ~~m e t i C  Ocerations

• 
~~~. Lo oi ce ls

Log ical ooeretio n s or boo lean op erations act

on byte values of zero a-’id one onl y . A zero value indicate s

L19
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REPRESENTATION OF 12.3456789

1.23456789 X 10

f123456789 E2
I

100 AK

1009H 1K 2H

1008K 3H 4H

1007H 5K 6H

1006K 7H 8K
__________ __________ BCD NUMBER

8 BYTES
1005K 9K OH

1004H OH ‘ OH

1003K OH OH

1002H 0 42 K
______________________ ‘ P

1001H

BCD NUMBER IN M EMORY

FIGURE 11
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a f a l se w h i l e  a n o n —z e r o  v a l u e  i n d i c a t e s  t r u e .  L og i c a l

op erat ion s re quirin g compa rison between two elements return

the result of the operation in the form of a true or false

va lue. Logica l ooerations are also performed using booleari

• values to dete rmine logical uni ons , disjunctions , or

compl em ents.

h. Integers

Op erations w i t h  integers are

straightf o rward. Both integers are removed from the stack

and placed in double byte registers in the 8080

micro p roc essOr where the requested op eration is carried out.

Op erations w i t h  integ ers in clude ad dition , subtraction ,

~i ult i ol i c a t i o n ,  d i v i s i o n,  lo o i ca l  c o m pa r i s o n s ,  and

t r a n s f o r m a t i o n s  t o hCD f o r m a t .  E xc e pt  f o r  t r a n s f o r m a t io n s ,

a l l  results of inteaer ooerat ions are returned to the stack

in the  t w o  py t e  int eger f o r m a t .

c. Dec im a l s

A r i t h m e t i c  op erations w i t h  i3CD numbers are

more comp lex than w i t h  integers. However, the 6080

microproc essor Provides the use of the DAA operator which

si m p l i f i e s  the additi on operation. BCD numbers and

temp orar y res ults are stored in the work area during all

real operations. C a l c u l a t i o n s  are carried out by moving

de c i m a l  number pa i r s  int o  the 080 r e g i s t e r s .  The req u i red

op eration is aco liec reoeatedl y to successive bytes u n t i l

compl e tion. The result in g value of the opera tion is

returned to the NPS PASCAL stack in its eight byte bCD

SI
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format.

Sin ce t h e  d e f a u l t  po s i t i o n  ri f the decimal

p oint in a BCD number is assumed to e x i s t  be fore the fi rst

d i g i t,  a l l  o pe r a t i o n s  m ust  l e f t  j u s t i fy  ea ch result. The

functions of addition , subtraction , m u l t i p l i c a t i o n ,  arid

d i v i s i o n  were not included in the i m p l e m e n t a t i o n  at t h i s

point. However, the operati ons of complementing,

trans form a tion to inte ger format , and sore log i cal

compari sons were imp lemented.

3. Strin g Ooerat ions

String ooerations were imp lemented for output and

for comp arison to determi n e lo gi cal e q u a l i t y  or ine q ualit y.

Comoar i sons t a k e  p l a c e  e i t h e r  i m m e d i a t e l y  be t w e e n  a s t r i n g

passed in the intermediate f i l e  and a str in g in memory or

between two strin g s located in memory. P~e Su ltS of th e

co mpar i son are re tu rned  to  the  S ta C K  in boo leari form.

q • Inøut — Outo u t

Inout as we l l  as out Put is done in t e r a c t i v e l y

th r ough t h e  c o ns o l e .  The t r a n s l a t o r  reads input numbers

f rom the  c o n s o l e  ari d t r a n s f o r m s  them i n t o  the  i n t e r n a l  f o r m

of e i t h e r  an in teger or a BCD number. S i m i l a r l y ,  the work

area is  used to  co nve r t  numbers i n t o  a p r i n t a b l e  f o rm  fo r

outout to the console . the routine M R ITESS TRNG is used to

oenerate the object code which p er forms a l l  output

op erations , w h i l e  the routines ~EA!)$INT and REAO$RCD are

used to  pe r f o r m  a l l  inout ooe ra t io r is .
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S. NPS -PASCAL Pseudo Qoerators

the oseudo code used in NPS PA SC 4L , wh i c h  d iffers

f rom th e PA SCA L— <P > code (13) , is l i s t e d  be low .

a. L i t e r a l  D a t a  R e f e r e n c e s

L ITA : (L iteral Addre ss) . Thi s  operator

generates 8080 code to p la c e  t h e  f o l l o w i n g  t w o  b y t e  i n tege r

value on the stack.

h , A l l o c a t i o n  Op erato rs

ALL: (Allocate ). T h i s  operator generates

code t h a t  i n i t i a l i z e s  the  number of b ytes of storage

r eq ui red  f o r  t he  V S A . T he s i z e  of t h e  V S A  is  p r o v i d e d  in

the  t w o  by t e  ope rand.

LBL: (Label). Thi s op erator is used on the

first oass of the trans l ator to c a l c u l a t e  the aodress of the

la b e l  in the  code a rea  and s av e  i t  in the  l a be l  t a b l e  us ing

the nex t  t w o  by t e  in teger  number as t he  lab e l  number.

LDIB: (Load I m m e d i a t e  3 C 0 ) .  t h i s  operator

g e n e r a t e s  code to  p l a ce t h e  f o l l o w i n g  e i g ht  b y t e s  on t he

stack.

LDII: (Load Imme d~ ate Integer ). This

operato r generates code to p lace the follow i n g  two bytes on

t he s t a c k .

LOD: (Load B y te ) .  t h i s  o p e ra t o r  g e n e r a t e s

code to  move t he  top t w o  by t e s  on t h e  s t a c k  i n t o  the  8080 HL

re g is t e r .  t h e by t e  is then  moved f r o m  i t s  l o c a t i o n  in

memo ry to the st-ack oreceeded by a hi g h order zero b y t e .

LOOb : (Load BCO). T h i s operator generates
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cod e t o  move t he  top t w o  by t e s  on the  s t a c k  i n t o  t he  8080 HL

r eq i s t e r.  i t  t hen i n c r e m e n t s  t he  r m q i S t e r  by e i g ht arid moves

eiaht b y tes in decenr lir iq  o rae r  f r o m  memor y  on to  t h e  s t a c k .

LOD I: (Load I n t ege r ) .  T h i s  o pe r a t o r

gene ra tes  code to  move t he  too  t w o  by t e s  on t h e  s t a c k  i n t o

the 8O~~O HL reo ister ; it then moves twc ’ oytes from that

lo c a t i o n  onto the  s t a c k .

c. A r i t h m e t i c O pe r a t o r s

CNv 8 : (C o n v e r t  F 3 C D ) .  T h i s  o p e r at o r

generates code to repl ace the F3CD value of the too eight

bytes in the stack bY a two b yte integer value. Conversion

of the number takes p lace in the work area.

CNv I : (Convert Integer ). Th is operator

generates coae to rep l ace the two b yte integer value on to~

of the stack by its eight byte 8CD value. Conve rs~~or of the

number t a k e s  o l a ce in the  w o r k  a rea .

CNAI: (Convert Integer Preceedi rig Address).

Th i s o pe r a t o r  g e n e r a t e s  code to  move t he  top  t w o  by t e s  f r o m

the too of the stack into a save area then to  move the

f o l l o w i ng  in teger  i n to  the  w o r k  a r e a .  Code is  then

ge ne r a t e d  t”  ..onv er t  t he  in teger  to  a BCD e igh t  b y te  f o r m a t .

The r~~su l t ing SCO number is  then re tu rned  to  the  s t a c k

to ’ low ed b~ the twO by t e s  f r o m  the  save  a r e a .

CN2I : (Convert Integer Preceeding ~CD ).

T h i s  ooe r a to r  gene ra tes  Code to  move the  t w o  by t e s  f rom the

too of t he s t a c k  i nto  a save area t hen the f o l l o w i n g  BCI)

number in to  the wo rk  a rea .  Code is  t hen gene ra ted  to
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convert the 8CD numb er to an integer number. The resulting

int eger number is  then  re t u r n e d  to  t he  s t a c k  f o l l o w e d  by the

t w o  by t es f r o m  t h e  save  a rea .

ADD’~: (Add F3CD). Th is op erator generates

code t o move the  t w o  f3 CO v a l u e s  f rom the  top of the stack

into th e wor k area where the sum of the twO numbers is

c a l c u l a t e d  and re tu rned  to  the  s t a c k  in BCD f o r m a t  (not

imp lemented ) .

A DDI: (A dd  I n t ege r) .  T h i s  o pe r a t o r

gene ra tes  code to  move t h e  t w o  integer values on the too of

the  s t a c k to  t h e  8080 r e g i s t e r s  where  the  sum of the  t w o

numbers i s  c a l c u l a t e d  and re tu rned  to  the  too  of  the  s t a c k .

SU86 : (Sub t r ac t  B C D ) .  T h i s  o pe r a t o r

generates code to move two BCD values from the too cf the

stack into the work area where the first 8CD number is

subtracteo from the second BCI) number. The resulting BCO

number i s  r e t u rned  to  t h e  top  of  t he  s t a c k  (not

imolemented ) .

SUBI : (Subtract Integer). This operator

gene r a t e s  code to  move the  t w o  in teger  v a l u e s  on too of the

s t a c k  to  the  8080 r e g i s t e r s  w h e r e  the  f i r s t  i n t ege r  is

subt ra c t e d  f rom the  second i n teger .  The r e s u l t i n g  in teger

numb er i s  re turned to  the  s t a c k .

MULB : (Mu l t ip l y  BCO). This operator

generat es code to  move t w o  BCD v a l u e s  f r o m  t h e  top of t he

s t a c k  i n t o  the w o r k  a rea  w h e r e  t h e i r  product  i s  c a l c u l a t e d .

The re s u l t i n g  ~CD number is  re tu rned  to  the  top of  t he s t a c k

(not imp lem ented ) .
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MULl: ( M u l t ip ly  In tege r) .  T h i s  o pe r a t o r

oe n e r a t e s  co de to move the two inte g er values on too of the

stack to the wor king area where the pr oduct is calculated.

The re s u l t i n a  i n t ege r  number is  re tu rned  to  the top of the

s t a c k .

DLV B : (Divide BCD). T h i s  o p e r a t o r

ge n e r a t e s  code to  move t w o  BCD values from the top of the

s t a c k  i n t o  the work area w h e r e  t he  second BCD is divided by

t he  f i r s t  BCD number. The quo t i en t  is  re tu rned  to  the  top

of  the  s t a c k  in BCt) format (not implemented).

D lvi: (D ivide Integer). This operator

gen e r a t e s  code to  move t he  t w o  i n t ege r  v a l u e s  at t he  too of

the stack to the work area where the second integer is

divided by the fir st integer. The Quo tient js returned to

the too of the stack in integer format.

LSSL3 : (Less Than BCD). This opera tor

genera tes  code to  move t he  t w o  BCD v a l u e s  at t he  too of the

st ac k to  t ne  w o r k  a rea  w h e r e  the  t w o  numbers are com pared.

I f the second BCI) number is  s m a l l e r  t h a n  the  f i r s t  BCE )

numb er, a one is  re tu rned to  t he  s t a c k .  O t h e r w i s e  a ze ro

is  re tu rned (not i m p le m e nt e a ) .

LSSI: (Less Tha n I n t e g e r) .  T h i s  ope ra to r

gene r a te s  code to  move the  t w o  i n teger  v a l u e s  at the too of

the stack to the 8080 regi sters where the two numbers a r e

co mpared.  If the  second in teger  is  s m a l l e r  than  the  f i r s t

int eger ,  a one i s  re tu rned  to  the  s t a c k .  Ot h e r w i s e  a ze ro

is re turned.

LEQFi : (Less Than or Equal BCD). Thi s

Sb
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o pe ra to r  genera t es coae to  move t h e  t w o  v a l u e s  at the  too  of

the  s t a ck to  t he  w o r k  a rea  w h e r e  t he  t w o  numbers are

co m pared .  If the second bCE) number i s  s m a l l e r  t han ,  or

equal to, the first SCO number , a one is returned to the

s t a c k . O t h e r w i s e  a z e r o  i s  r e tu rn ed (r iot i m p l e m e n t e d ) .

LEO I: ( Less  Than or E.gual Int ege r) .  T h i s

ope r a t o r  ge ne ra tes  code to  move t he  t w o  in tege r  v a l u~~s at

t he  to P of t he  s t a ck to  the  8080 re g i s t e r s  w h e r e  t he  t w o

numbers are  com pared .  If t h e  second i n tege r  removed f r o m

the s t a ck is  s m a l l e r  than , or equal to ,  t he  f i r s t  i n teger  a

one is re tu rned  to  the  s t a c k .  O t h e r w i s e  a z e r o  is returned.

EQL8 : (Equal to  8C P) .  t h i s  o pe r a t o r

gene r a t e s  code to  move t he  t w o  BCD v a l u e s  on too of  t he

s ta c k  to  the wor k  area where  the  t w o  numbers are compared.

If the t w o  8CD numbers are equal a one i s  r e t u r n e d  t o  t r ~e

s t a c k .  O t h e r w i s e  a ze ro  i s  re turned .

EQLI: (Equal to  Int ege r) .  T h i s  o pe r at o r

gene ra tes  code to  move the  t w o  i n teger  v a l u e s  at the too of

the  s t a c k  to t he 8080 r eg i s t e r s  w h e r e  tne  t w o  numbers are

compared.  If the  t w o  i n t eg e r s  are  equal a one is  re tu rned

to t he  s t a c k .  O t h e r w i s e  a zero  is re turned.

NEQB: (Not Equal to  S C O ) .  T h i s  opera to r

gen e r a t e s  code to  move the  t w o  BCD v a l u e s  at the  too of the

• s t a c k  to  t he w o r k  a rea  w he r e  t he  t w o  numbers are  compared.

If the numbers are not equal a one is re tu rned  to  the  s t a c k .

O t h e r w i se a ze ro  is  re turned.

NEQI : (Not Equal to Integer). This

o pe ra to r  g e n e r a t e s  code to  move the  t w o  i n teger  v a l u e s  at

S7 ¶
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the  too of t he  s t a c k  t o  t h e  8080 registers where the two

numbers are com p a red .  If t h e  numbers a re  not equal a one i s

re tu rned  to  tne  stac k. Otherwise a zero is returned.

GEOB : (G reater Than or Eaual BCE)). This

operator generates code to move the two BCE) v a l u e s  at t he

too of the stack to the work area where the two numbers are

compared. If the second number is greater than or equal to

t he f i rs t  number a one is  re tu rned  to  t h e  s t a c k .  O t h e r w i s e

a ze ro  is r e tu rned .

GEQI : (Gre ater than or Equal Integer).

T h i s  o pe ra to r  generates code to move the two integer values

at the  too of  t he  s t a c k  to the 8080 registers where the two

numbers are  c o m o a r e d .  If the  second number removed f r om  t he

s t a c k  is  g re at e r  than , or equal to, the fir st inte oer a one

is returned to the Stack. Otherwise a zero is returned .

CR18: (Greater Than BCD). Thi s op erator

generates code to move the two BCE ) values at the top of the

s t a ck to  t he  w o r k  a rea  w h e r e  t he t w o  numbers are comoared .

If the  second BCE) number is  g r e a t e r  than  the  f i r s t  BCE)

number a one is  r e tu rned  to  the  s t a c k .  O t h e r w i s e  a ze ro  is

re tu rned (not i m p l e m e n t e d) .

GR r I: (G r e a t e r  Than I n t ege r) .  T h is

o pe ra to r  aene ra tes  code to  move t h e  t w o  i n tege r  numbers at

t h e too of the  s t a c k  to  the  8080 r e g i s t e r s  w h e r e  they  are

compare d. If th e second number is greater than the first

int eger a one is  r e tu rned  to  t he  S t a C k .  O t h e r w i s e  a z e r o  is

re tu rned .

NEG B: ( Neaa te  ~CL)). Th i s ope ra to r
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generates code to move the too two bytes on the stack to the

8080 r e g i s t e r s  w h e r e  it  c o m p l e m e nt s  the si gn b- i t of the BCD

si on by t e  then  re tu rns  t he  t w o  o v t e s  to  the  s t a c k .

N E r ,z : ( N e g a t e  Int ege r) .  T h i s  ope rato r

ge nera tes  code to  move the in teger  number f ro m the  s t a c k  to

• the 8080 reg isters, com p le m ents the number to its negative

number and returns it to the stack.

COMB : (Comp lement BCE)). this operator

generates code to move the too ei gh t b yte ~CO number from

the stack int o the work area, finds the nin e ’ s com plement  of

t he number and r e tu rn s it to t i-i c stack.

COMI : (Complement Integer ). This operator

generates code to move the too two byte integer number into

the 8080 regi sters , finds the two ’s comp lem ent of the number

and retu rns tne value to the stack.

d. Boolea n Operators

NOT: (hoolean Net). Th is operator

generates code to move the two bytes at the too of the stack

into the 8080 registers and compares the low order byte. If

t he  byt e is  ze ro  i t  r e tu rns  a t w o  by t e  v a l u e  of one to the

s t a ck . If the by t e  is  one i t  re tu rns  a t w o  by t e  v a l u e  of

zero.

AND: (Boolean And). This operator

generates code to move the next two integer ~iumbers into the

. 080 registers for log i cal AND comoarison of their low order

by te s. If the r e l a t i o n  is  t r ue,  a t w o  by t e  v a l u e  of one is

returned to the stack. If the rel a tion is not true a two

SQ



byt e v a l u e  of  ze ro  is  re tu rned  to  the  s t a c k .

BOR: (Boolea n Or). th i s  operator generates

code to move the next two integer numbers into the 8080

re gisters for logical OR comoarison of thei r  low order

bytes. If the relation is true , a two byte value of  one is

returned to the stack. If the relation is not true, a two

by te value of zero is returned to the stack.

e. S t r i n g  O pe r a t o rs

EQ LS: (Eo ual  S t r ing ) .  T h i s  o pe r a t o r

generates code to compare a str ino whose length is given by

the f o l l o w i ng  byt e .  It moves  t he  t w o  by t e s  at the  top of

the  s t a ck into  the  8080 IlL r e g i s t e r  ari d compa res  the  s t r i n g

one by t e  at the  t i m e  f o r  e a ua l i t y .  If the  s t r i n g  in the

snecified memor y location is eoual to the strin g in the

i n t e r m e d i a t e  f i l e,  a one is  re tu rned  to  the  s t a c k .

O t h e r w i s e  a ze ro  is  re tu rned  (not imp l e m e n t e d ) .

NEO S: (Not Equal S t r i n a) .  T h i s  o p e r a t o r

gene ra tes  code to  com pare a strin g w h o s e  l eng th  is given by

t he f o l l o w i n g  byt e .  It moves the t w o  by t e s  at t he  top of

ti- ic s t a ck i nt o  the 8080 HL reg ister and compares the strings

f or e a ua l it y .  If the  s t r i n g  in the s o e c i f i e d  memor y

l o c a t i o n  is  equal to  the s t r ing  in the i n t e r m e d i a t e  f i l e,  a

zero  is  re tu rned  to  the s t a c k .  O t h e r w i s e  a one is  re tu rned

(riot i m p le m e n t e d ) .
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f. Stack Ope rators

DCR8 : (Decrement Stack BCE)). This operator

generates code to decrement the si.’e of the stack by ei ght

b y t e s .

D C R L :  ( D e c r e m e n t  S t a c k  I n t e g e r) .  T h i s

opera to r  ge n e r a t e s  code t o  dec re m en t  t h e  s i z e  of  t he  s t a c k

by t w o  by t e s.

DCl~I: (Decrement Stack Byte). This

operator generates code to decrement t he  s i z e  of  t he  s t a c k

by two bytes.

g. Program Cont r ol Op erators

BRL: (Branch to Label). Th i s operator

c a l c u l a t e s  the label address in the label table using the

nex t two b yte label number and moves the codecount stored at

the lap el ta ble adoress and adds to it the address of the

start of the code a r e a .  It then generates code ~o branch to

the  c a l c u l a t e d  add ress .

BCL: (Branch Conditional Label). This

o Pe r a t o r  c a l c u l a t e s  the b r a n c h i n g  address  in the  same manner

a s t he  BRL cooe above.  It then gene ra tes  the  Code to  move

the t w o  by t e s  on top of  the s t a c k  to  t he  8080 r e g i s t e r s  to

c hec k  the  co n d i t io n .  If the l o w  order  byt e  removed f rom the

s t a c k  i s  a ones t he  b ranch ing  i n s t r u c t i o n  i s  e x e c u t e d .  If

t he  l o w  order b y t e  is  a zero the program c o n t i n u e s  without

b r an ch in o .

ENDP: (End of Program). A t the end of the

f i r s t  cass  of t he  t r a n s l a t o r  t h i s  code r e i n i t i a l i z e s  the
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program , closes the intermediate file , and sets the secor i c

pas s C o n d i t io n  to  t r ue .  On the  second pass t h i s  opcode

generates code to ter m inate the object code f i l e  arid

te rmina tes co,rpi l at ion.

r • Store (Jp
~~rators

STO8:  ( S t o r e  BC D ) .  T h i s  o pe r a t o r  g e n e r a t e s

code to  move the  t w o  by t e s  at t h e  too the  s t a c k  i n t o  the

RO BO PIL re g i s t e r  then moves  t he  n e x t  e i gh t  b y t e s  f r o m  the

s t a c k  t o  memory s t a r t i n~ at t he  addre ss i n d ic a t e d  by the IlL

r e g i s t e r .  T he v a l u e  o f  the  A C E) number i s  o r e s e r ve d  in the

stack by increm entin g the stack Pointer by eig ht.

STOI : (S tore Integer). Fni s operat or

generates code to move the two bytes at the too of the stack

into the 80~~0 ~IL re qist er then moves the next two b ytes from

the Stack to m emory starti n g at the address indicated by the

i-IL register. The val ue of th e integer number is preserved

in the stack by in crementi n g the stack pointer by two.

STOI : (Store Byte ). This operator

generates code to move the t w o  by t e s  at t he  too  of  the  s t a c k

into the 8080 ML r e g i s t e r,  t hen m oves  t he  n e x t  b y t e  f r om the

s t a c k  to memory at the address  i n d i c a t e d  by the  ML r e g i s t e r .

The va lue  of the  by t e  v a l u e  is p re s e r v e d  in the s t a c k  by

inc r e m e n t i ng  the  s t a c k  p o i nt e r  by t w o .

S T DB: (S t u r e  D e s t r u c t  BC E ) ) .  Th is  o o e r at o r

gener a t e s  code to  move the  t w o  by t e s  at t he  too  of  the  s t a c k

into the 8080 ML register then moves the next eight bytes

from the stack to mem ory at the address indicated by the ML
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register.

STDI : (S tore Dest ruct Integer). This

o pe r a t o r  ge n e r a t e s  code ~~ move t he  t w o  by t e s  at the  top o f

the stack into the 808() ML register then moves the next two

bytes from the stack to memor y st a rt in q at the adaress

indicated by the ML register.

STD: (S tore Destruct Byte). Tn is operator

generates code to move the two bytes at the too of the stack

into the 8080 ML regist er then moves the next b yte from the

stack to memory starting at the address indicated by the ML

r eg i s t e r .  -

i. Input — Output Operators

ROVB : (Read Var i a b l e  8C0). This operator

ge n e r a t e s  code t o read a BC E) number f r o m  the  c o n s o l e ,  change

it in to i ts acceptable storage form, and place the ei ght

by t e  i n t e r n a l  f o r m  on top of the  s t a c k  (not i m p l e m e n t e d) .

RDV I : (Rea d Variable Integer ). This

o pe ra to r  g e n e r a t e s code to  read an integer number from the

console, change it into its accep table storage form, arid

pla ce the two byte number on top of the stack (riot

imp lemen ted) .

R D V S :  (Read V a r i a b l e  S t r i n g) .  T h i s

o pe ra to r  g e n e r a t e s  code to  read a s t r i n g  v a r i a b l e  f r om  the

c o n s o l e  and s t o r e s  it at a locat ion in memory indicated by

t h e t w o  too by t e s  on t he  s t a c k  (not i m p l e m e n t e d) .

~RV 8: (~~r ite V a riable BCE)). This  operator

generates code to move the ei oh t byte ~CI) number at the top
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of the stack into the work area, changes the numoer into its

p rint able form and p rints the numb er to the console.

~1RV I : (v~r ite Variable Integer). T h i s

operator generates code to move an integer number into the

work area, change the number into its printable form and

pri nt the number at the console.

~RV S : ( h r i te  V a r i a b l e  S t r i n g) .  T h i s

ope ra to r  genera tes  cod e to  pr i n t  a s t r i n g  var i able at the

console equal in length to- the next one byte integer. The

string variab le follows the size byte.

DUMP: (Start New Outp ut Line ). This

o pe r a t o r  ge n e r a t e s  code to  send a c a r r i ag e  r e t u r n  and l i ne

feed to t h e  c o n s o l e .

j .  Ro u t i n e  O pera t ors

PRO : (Procedure  C a l l ) .  T h i s  operator

generates code to save the oresent address loaded in the

orogram coun te r  ( PC) r e g i s t e r  and loads the PC register w i t h

the address contained in the next two bytes (not

imp lemented).

RIN : (Return From Procedure). This

oPerato r generates code to retrieve the address stored by

the prev iously executed orocedure and loads the PC register

t o con t i nue  the program at t h i s  l o c a t i o n  (not i m p l e m e n t e d) .

SA VP: (Save Parameters ). Th is operator

generates code to save the present value of the parameters

in the next a v a i l a b l e  area above the end of the object code

(not implemented ).
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UNS P: (Unsave Parameters). Th is operator

generates code to return the parameter values from the area

above the object code (not imp l emented).

.
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Iv. CONCLUSIO NS AND RECOMMENDATIONS

The NPS—P A SCAL project described here is t he  f i r s t  s t a q e

of a fu l l  PASCAL implementation for Intel 8080 based

microcom puters. Alth ou gh in comol ete , the comoiler

structures are essentiall y in tact , and the code generator is

formu l ated.

Seve ral features of the PASCAL language have not been

imol em ented and are indicated in the pro gram listin o s. li - i c

structure of the heap, whi ch is required for recursive

p rocedures and functions , as well as record mani p ulations ,

has not been designed nor im p lemented. Integrated program

testin g, including t i m i n a  tests, w i l l  also be necessary to

determine the Correctness and ef f i c i e n c y  of the overall

sys tem. Enhancements , such as formatted I/O, external

subrout ine librar y access, and run—time debuqqin q, must also

be aesianed and implemented. The structure of the symbol

table should make run-ti m e debugging rela t i v e l y  easy.
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APPEND I X A — COMPILE R ERROR MESSAGES

DE 
-- - Disk error : Re comoi le.

TO S-’mbo l table overflow : Reduce number
of declare tior is .

EE Exponent size error : See user manual.

IE Integer size error : See user manual.

IS Invalid subrariqe error : Check tyoe and
l i m i t s  of declared subrange.

IT In va lid type error : A r r a y  component t y pe
sp ecification i n v a l i d .

jA Invalid array index : A rray index types
must be sca lar — INTEGER or REAL types are
in v a l i d .

NP No p roduction : Syntax error in source line.

IC Invalid constant variable : Constant entry
in ~vm bol table i n v a l i d  — -probabl y due to a
p rior error.

IE In v a l i d  expr ession tvoe : The types of
var iables usec in an exp ression are
incom p atible.

ES Expression stack overflow : S i m p l i f y  program.

IR i nvalid read variable : Only INTEGER or REAL
values can be read.

LS Label s y n t a x  e r r o r  : A l l  l abe l s  must be
in tegers .

DC D up l i c a t e  Cons tan t  name : C o n s t a n t  i d en t i f ie r s
mu st be unique.

O T D up l i c a t e  type  name : T yoe i d ent i f ie rs  must be
unique.

TI Inv a lid type identifier : Type i d e n t i f i e r  riot
prev i o u s ly  dec la red .

AN A r r ay  nest o v e r f l o w  : S~ mp) if y de c l a r a t i o n .
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AD A rray dimen sio n stack over fl ow : Si m p l i f y
a r r ay  dc c l  a ra t  ion.

IV Variant stack over flow : Reøuce the number
of va riant cases.

RN Record fi e l d  stack overf low : Reduce the number
of fi elds sp eci fied.

VN Variable declaration stack overflow : Reduce

- 
the numb er of  v a r i a b le s  d e c l a r e d  per l i ne .

UI Undef in ed label  e r ro r  : Label not d e c l a r e d
in label statement.

AT A ss griment t ype  error : Type of expression not
c o m pa t i b l e  w i t h  ass ignm e nt  v a r i a b l e  ty pe .

CE Invalid expre ssion : The variable types w i t h i n
the expression are not comp atible.

UO Invalid uriary ooerator : Variable typ e mus t be
INTEGER, REAL , or subrange of INTEGER .

SO State stack over flow : Si m p l i f y  program.

VO Variable stack overflow : Reduce the length of
va n able pn i ntnames.

10 If statement stack overflow : Si m p l i f y pro gram.
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APPENDIX B — TRANSLATOR MESSAGES

MESS A GE S

D isk f i l e  close error.

D isk f i l e  create error.

Disk f i l e  w r i t e  error.

No internal f i l e  found.

10 Integer overflow.

E0 Exponent overflow.

EU Exponent unde rflow.

DZ Division b~ zero attempted.

II Invalid Console Input

En d of com p ilation. No proaram errors.

Com p ilation terminated due to error(s).

bq
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APPENDI X C NPS— PA SCA L LANGU AGE MAN UA L

Th i s section describes the  v a r i o u s  e l e m e n t s  of t he

NPS—PASC AL language. The format of the element w i l l

be shown, followed by a desc ript ion and examp les of

i t s  use. The f o l I o - w i n g  no t a t i o n  i s  used:

Braces  U i n d i c a t e  an o pt i o n a l  e n t ry .

A v e r t i ca l  bar  : indicates altern ate choi ces , one of

which must appear.

R e s e r v e d  words  a re i n d i c a t e d  by c a p i t a l  l e t t e r s .

Rese rved words ano other sp ecial symb ols must appear

a s shown .

I tems  apoear ing in s m a l l  l e t t e r s  are  e l e m e n t s  of  the

language wh i ch  are defined and exp lained elsewhere

in the l anguage manual.
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ar i t hmet i c expr ession

ELE MEN T:

a r i t h m e t i c  e x p r e s s i o n

FORMAT:

integer de cimal

var  i ab 1 e

(U ar ithmetic expression binar y operator

arithmetic exp ression I))

(C) unary oPerator arit hmetic expression 1))

DESCRIPTION:

A r i t h m e t i c  exp ressions consist of basic data elem ents

combined w i t h  a r i t h m e t i c  operators in algebraic

notation.

EXAMPLE:

(A + B)
—A
C 12.6
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A r r a y  Oc c i a r a t  ion

ELE MENT:

A rray Dec laration

FOR MAT:

VA R id entifier: ARRAY (* index—t yp e—string *)

OF c o m po n e n t — t y p e

VA R identifier: ARRAY (* i n d e x — t y p e — s t r i n g

(, index t y p e — s t r i n q )  * )

OF compo nent-t ype

DESCRIPT ION:

Arr a y types Consist of a fixed number of declared

com p onents ; w h e r e  a l l  t he  com ponen ts  a re  of  t he  same

tyPe .  Each co mponent  of t he  a r r a y  v a r i a b l e  can be

dir e c t l y a c c e s s e d  by the name o f  th e a r r ay  v a r i a b l e

followed b~ i t s  index l o c a t i on  in the  a r r a y  e n c l o s e d

in the (* notation. See assignment statement.

EXAMPLE:

V A R  tem p e r a t ur e :  A R R A Y  ( *  l..10 * )  OF REAL ;
V A R  grades:  A R R A Y  (*  1..5,2..8 *)  OF INTEGER ;
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assignment statem ent

ELEMENT:

assignment statem ent

FOR MA T :

v a r i a b l e  :~ ex p res s ion

DESCRIPT ION:

A ss ignment statements indicate a value to be assigned

to a variable or a va lue to replace the present value

of a var iable. The symbol : is the assignment

operator and must not be confused w i th the re lationa l

operator = i n d i c a t i n g  ecuality. T he resulting value

of the exoression on the right sid e of the assignment

s t a t e m e n t  mu st be c o n s i s t e n t  w i t h  t he  type  of  v a r i a b l e

being assigned the new va lue. The on ly excep tion is

that INTEGER expression tyPes w i l l  be converted to

H REAL in the assignment to a real variable.

EXAMPLE:

t e m pe r a t u r e(*  2 * )  :: 103. 7;
y := (15 DIV £ 4 ) * 2;
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ba lanced  s t a t e m e n t

ELEME NT:

balanced statemen t

FORMAT:

simpl e statement 
-

IF (C) boo lean—e xpression U} THEN b alanced—statement

ELSE bala nced—stateme nt

DESCRIPTION:

Simple statements are statements of wh i ch no part

con stitutes another statement; therefore, it is

considered a balan ced statement. The IF conditional

statement has parts constitutin g other statements.

However, if the IF clause is balanced by an ELSE

balanced—statement the statement is balanced.

EXAMP LE:

IF x > 0 THEN flag := TRUE ; ELSE a :: 2;
x := (y * 10) / b;
ooto  300;

7’4
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b 1 oc k

ELEMENT :

block

DESCRIPT ION:

ihe block preceeded by a program—heading f o rm s ‘ti-ic

PASCA L prog ram. S i m i l a r l y ,  the bloc k preceeded by a

procedure— heading or a function—headin g forms parts - of

t h. Procedure and Function Declaration Part. The block

Consists of Label Declaration Part , Constant

Definition Pert, Type De f i n i t i o n  Part, Variable

Declaratio n Part, Procedure and Funct ion Dec laration

Part, and Statement Part. A l l  of the parts li sted may

he empty except the last.

EXAMPLE:

See individual part descriotions for specific information
on each part.
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bo o lean  e x p r e s s i o n

ELEME NT:

hoolea n exp ression

FORM AT:

NOT boolean—expressjon

boo lear i-expression ON hoolean—exp ression

b oo ) e a n — e x p re s s io n  AND bo o le a n— ex p r e s s i o n

(() exoression relational—operator expression U)

DESCRIPTION:

Comparison of Constant to Constant , INTEGER to

INTEGER , RE AL to REAL, RE AL to INTEGER , and Strin g to

strin g are allowed in Nip S— pAsCA L . Comp ariso n of

numbers of  c i f f e r e n t  types  are a c c o m p l is h e d  by

changing the INTEGER number to REAL pr ior to

comparison. the results of the comoarison are recorded

as a I if the comp arison is TRUE and as a 0 if the

compari son is FALSE.

EXAMP LE:

NOT errfl aa
C X — 3 > 0) OR ( errflag)
( V > 0 ) AND ( V < 10)
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case  s t a t e m e n t

ELE MENT:

case  s t a t e m e n t

FOR M A T :

CA SE e x p r e s s io n  OF c a s e — l i s t — e l e m e n t s — l i s t ;  END;

DESCRIPTION:

The case exp ression of the case statement is the

sel e c t o r  for  the  c a s e — l i s t — e l e m e n t s — l i s t .  T h i s  l i s t

pr ovides the choices of statements to select from. A

s t a t e m ent w hose labe l  is eaual to the current value of

th e s e l e c t o r  is  ex e c ute d .

EXAMP LE:

C A S E i OF
1: x :: 0;
2: x : x;
3: x : 2x

x : li m i t ;
END
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constant def. part

ELEMENT:

costant defi nition part

FORMAT:

em pty

CONST constant— cef i n i t i o n — l i s t ;

DESCRI PTION:

Constant Definition Part introduces identifiers as

synonim s for constants. The constant may be a number ,

signed or unsigned constant identi fi er , or a string.

EXAMPLE:

CONS T l e a s t  = 0 most so; nex t  a;
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conditional statement

ELE M E N T :

condit i onal statement

DESCRIPTION:

Conditional statements for NPS PASCAL fall  in two

c a t eg o r i e s ,  the case s t a t e m e n t  ama the IF statement .

Language modification to have N PS—PASCA L parsable wit h

one look aheao forced a dis t i n c t i o n  between two IF

statements. See bala nced statement and unbalanced

statement. The case statement was included in the

simple statements.

EXA MPLE:

See case stateme nt , b alanced statement,
and unbalanced statement.
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com pound s t a t e m e n t

ELE MENT:

compound statem ent

FOR MAT:

BEGIN sta tement-list END

DESCRIPTION:

Compound statements speci f y that the statem ’nts are

executed i n the same seguence ~s they are written, The

BEGIN and END reserved words are the statement

delimiters. A compound statement can be used whenever

a statement is required.

EXAMPLE:

BEGIN
a : leas t;
b :: a t 2;
c most

END
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d a t a  t ype  d e f i n i t i o n

ELEMENT:

data type ‘je finiti or ’

DESC RIPTION:

A da ta  ty oe  c e t e r m ines  the  set  of  v a l u e s  w h i c h

v a r i a b le s  of that typ e ma y assume. It also associates

an identi fi er w i t h  the type Type.

EXAMP LE:

See s im p l e t ype ,  s t r uc t u r e d  ty ne~ and po i n t e r  ty pe .
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d e c l a r a t i o n s

ELE MENT:

de c 1 a r a t  ions

DESC R IPI IU(’~:

In NPS—PASCAL al l  the variables , l abels , functions,

procedures, constants, and data types to be used in

the orogram must be declared at the beginning of the

program .

EXAMP LE:

See b lo c k .



e x p r e s s i o n

ELEMENT:

e x o r e s s i on

DESCR1PT ION:

There are two types of expressions in PASCAL. The

boolean exp ression and the a r i t h m e t i c  expression.

EX A M P L E :

See arith m e t i c  expression and boolean expression.
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FOR sta tem ent

ELEMENT:

FOR statement

FO RMAT:

FOR i ndex—variable : in i t i a l — v a l u e  DOWNTO fina l — v a l u e

DO statement

FOR ind ex—va riable : in i t i a l — v a l u e  TO final—value

DO statement

DESCRIPTION:

FOR statements or FOR loops are iterative statements

in PASCAL. The exp ress ion to assign the i n i t i a l  value

to the index variable is onl y eva luated once before

t he  f i r s t  i t e r a t ion of  the  body of  t he  loop.  A t  each

iteration the value of the index varia ble is changed

au t o m a t i c a l l y  therefore the value of the index

variable can not be changed w i t h i n  the body of the

loo p. Index variables and the result of expressions

giving the i n i t i a l  value and final value must be of

type INTEGER.

EXAMP LE:

FOR i :: 10 DOWhTO 1 DO
to talt ax := sa)esC* I * )  * t ax r a t e

FOR r~ := ( 3x  + 2) to (2x + 20) 00
sum sum + n;
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f i l e  t yp es

ELE MENT:

f i le  types

FORMA F:

TYPE i d e n t i f i e r  = F I L E  OF t y p e ;

( i f  ty p e o f  f i l e  i s  C HAR the n f i l e  is  t e x t f i l e )

DESCRI PT ION:

NPS— PASCAL uses the word f i l e  to sp ecify a structure

consisting of a sequence of components al l  of which

are  of  th e same tyoe .  D e c l a r i n g  a f i l e  a u t o m a t i c a l l y

introduces a buffer variable pointer that indicates

the component to read or aopend in the f i l e .  A l l  the

operations of a sequential f i l e  generation and

inspection can be exoressed in terms of four p r i m i t i v e

f i l e  operators reset, rewrite s gets and put , wi t h  a

cont r o l l i n g  symbol EOF.

EXAMPLE:

TYPE socsecno FILE OF INTEGER
TYPE. text FILE OF CHAR;
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fun ctio n ca l l

ELEMEN 1:

funct ion ca l l

FO R MA T:

i d e n t i f i e r :: function—identifier

i d e n t i f i e r :: func t i o n — i d e n t i f i e r

( f o r m a l — p a r a m e t e r ( s ) )

DESCRI PTION:

Functions may appear as p rimary elements in arithmetic

or boolea n e x Pr e s s i o n s .  The type  of the fun c t io n  must

be scaler, subranqe, or p ointer type.

EXAMP LE:

Npt imolemented .
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ELEMENT: 
- - - - - -

GOTO statement

FORMAT:

GOTO labe l

DESCR I PT ION:

GOTO state ments serve to indicate that further

pr o c e s s i n g  shou ld  c o n t i n u e  at a n o t h e r  par t  of  the

pr ogram t e x t ,  at the l o c a t i o n  of t he  l a b e l .  GOTO

s t a t e m e n t s  are re s t r i c t e d  j umps w i t h i n  t h e i r  scope.  It

is not p o s s i b l e  to  jum p i n t o  o rocedu res .  A l s o, e v e ry

label must be ceclared in a label declaration p ortion

of the orogram. -

EXAMP LE:

G O T O  300
G O T O  50
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i d e n t i f i e r

- - 
ELE MENT:

identi  f i e r

FORMA T:

l e t t e r

letter K ietter or di g it Hletter or digit )}

DESCRIPT ION:

I d e n t i f i e r s  s e r v e  to  denote c o n s t a n t s ,  types ,

v a r i a b l e s,  pro cedures,  and f u n c t i o n s .  The y  must begin

w i t h  a lette r arid may be fo))~~wed by any combination

of letters anc/or dicits. Identi fiers may consist of

onl y one lette r. Onl y the first eiah t characters of an

id e n t i f i e r  are significant; althou gh, the len qhth of

an id e n t i f i e r  may be uo to 32 characters. Iwo s i m i l a r

identifiers may be distinguishable if different in the

f i rs t  e ight  c h a r ac t e r s .

EXAMP LE:

a
s o r t e d
t e s t  1
h2owe iq h t
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IF statement

ELEMENT:

IF s t a t e m e n t

FOR MAT:

IF boolean—ex pr ession THEN unbalanced—statement

IF boolean exp ression THEN balanced—statement

IF boolea n—express ion THEN balanced—statement

ELSE b a l a nc e d — s t a t e m e n t

DESCRIPTION:

IF statements are statements of conditional execution.

If the boolean exor’ession evaluates to TRUE the

statement f o l l o w i n g  the reserved word THEN is executed

and the ELSE statement is ignored if appli cable. If

the boolean expression evaluates to FALSE the THEN

statement is ignored and the ELSE statement is

executed i f appl icable.

EXAMP LE:

IF er ror flag THEN errorprocedure
IF (A + 8) < C THEN C :: A + 8

ELSE A :: C

89 



input 
-

ELEMENT:

i n ou t

FORMAT:

RE A D ( v a r i - a b l e — n a m e  { , v a r i a b l e — n a m e } )

REAO (fije—na m e , v ariab le—name :(,variah )e—name })

READLN (va riabl e l ist)

REA DLN (file—na m e , v a r i a b l e — l i s t )

DESCRIPTION : -

The  READ and R EAD LN s t a t e m e n t s  a l l o w  the  user a c c e s s

to the inp ut device t o  acce pt  da ta  f o r  use in t he

e x e c u t i on  of t he  NPS PA SCAL  program.  READLN a l l o w s  to

read and subs eq uen tly  ~kj p  to  the  beg inn ing of the

ne x t  l i ne,  bypa ss ing  any f u r t h e r  d a t a  on the  cu r ren t

l i ne.

E XAMP LE:

R E A D ( x )
READLN (x , ‘i, z )
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l abe l  de c l a r a t i on  par t

ELE MENT:

label declaration part

FORMAT:

LAB EL l a b e l — n u m b e r  { , l a b e l— n u m b e r }

DESCRIPT ION:

Any statement in a NPS PA SCA L program may be marked by

pr efixin g it w i t h  a nume rical label followed by a

colo n. Thi s  a l l o w s  the statement to be referenced by a

GOTO statement. A l l  labels must be de fin ed in the

label ri ecla r a tio n oart before th e i r  use. A l a b el i s an

unsianed integer consi sting of no more than 32 digits.

EXA MPLE:

L A B E L  3;
LABEL 5,15,20,25;
LABEL 123458789;
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I abel

ELE MENT:

l abel

FOR MAT:

uns-loned integer 32 di gi ts or less in length

DESCRIPTION:

See label  d e c l a r a t i o n  par t

EXAMP LE:

50: x := y t 3
234 568:  i f  x < 0 t he n f l a g  : TRUE
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output

ELEME NT:

Out out

FOR MAT:

W R ITE(f j le— name, v a r i a b l e — l i s t )

W R I T E ( v a r i a b l e 1 i s t)

W R ITELN(fi le—na rr e, v a r i a b l e — l i s t )

W RITELN(v ariab I e l i s t )

DESCRIPTION:

The W R I T E  and W R IT E L N  s t a t e m e n t s  a l l o w  t h e  p rogram

a c c e s s  to  the outPut devices. W RI T E LN terminates the

current li n e o~ the outout f i l e  after its Parameters

have been acted upon. WRITE and W R ITELN permi t

documentation cf the output by out p utting any

informatio n between ouotations l i t e r a l l y .

EXAMPLE:

WRITE (’ the value of x is ’,x)
WRITELN( x ,  y, ‘the ave rage is ’, z)
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program heading

ELE MENT:

program heading

FOR MAT:

PROGRAM i d e n t i f i e r  ( f i l e — i d e n t i f i e r  ~~,

fi le— id er i t i f i e r y ) ;

DESCRIPTION: 
-

P rogram heading g i v e s  the  NPS—PASC A L program a name

and l i s t s  i t s  input and output  pa r a m e t e r s .  The  name is

only used for i d e n t i f i c a t i o n  Purposes and is not

otherwise s i g n i f i c a n t  inside ~he program. The

parameters indi c a t e  the files /a ev i ces through w h i c h

the program communicates w i t h  its environment.

EXAMP LE:

P~lOGRAM bubbl e (input ,outp ut )
P R O G R A M p rimes (output);
PR O G R A M communica t e (inf I l e ,outf ile )
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proc . and Funct.

ELE MENT:

Procedure and Fun ction Declaration Part

FOR MA T:

not implemented

DESC RIPT ION:

Every orocedure or function used in a PASCAL—SM

Program must be defined before its use. Procedures are

sub rou t i nes  w h i ch are a c t i v a t e d  by procedure

stateme nts. Functions are subroutines that y ie l d a

resultant va lue, and therefore can be used as

constituents of expressions.

EXAMP LE:

See procedure c a l l ,  and f u n c t i o n  c a l l .
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point er t ype

1 LE M~ NT :

ocin ter tyne

FORMA T:

0

TYPE ide n t i f i e r  = $t ype—id en tifier

DESCRIPTION:

A po inter type is a variab l e bound to another

varia ble. It consists of an unbounded set of values

poi nt ing to its bound var iable. The val ue NIL is

a lways an element of a pointer var iable end points to

no eleme nt at a l l .

EXAMPLE:

TYPE li nk $r elat fve



Proce du re call

ELE MENT:

Proce dure cafl

FOR MA T:

CALL procedure— name ((oarameter (,parameter)))

DESCRIPTION:

Procedure calls are the statements which invoke the

executio n of a predefined orocedure. Upon comp letion

of the procedure the execution resumes at the next

statement followin g the call.

EXAMP LE:

CALL pr intname
CALL ‘argest (numberl, number2 )
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Reserve d words

ELEMENT:

Reserved words

DESCRIPTION:

Keywords used in NPS-PASCAL ore reaserved words and

are not allowed to be used as identifier s . The

fo l i w i n g  l ist are NPS— PA SCAL reserved words:

AND END NIL SEI

ARR A Y FILE NOT IHEN

BEGIN FOR OF TO

CASE FUNCTION OR TYPE

CONSI GOlO PACKED UNTIL

OIV IF PROCEDURE VA R

DO IN PROGRAM WHILE

DOWN TO LA BEL RECORD wITH

ELSE MOD REPEAT

__________
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Repeat statement

ELE MENT:

Repea t statement

EX AMPLE:

REPEAT state ment {;statefnent) UNTIL expression

DESCRIPTION:

The sequence of statements is executed at ‘east once
untfl the condition of the expr ession is met.

EXAMPLE:

REPEAT I UNTIL r~ 10
REPEAT & i n i t i a l i z e  arrays R~

A :: A + 1;
B(* a * )  0.0;

UNTIL A 1 0
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Repet i t i v e  statement

ELEMENT:

Repe t i t i v e  statement

DESCRIPTION:

Repeti t ive statements specify that certai n statements

are to be executed repeatedly. In some cases tfle

number of rep etitior ~s may be known before the first

rep etitive executio n . In other cases the condition to

stop repeating the execution is determine a after

execut ion of a statement.

EXAMP LE:

See W h i l e  statem ent, repeat statement , and
For statement.
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RECORD type-s

ELE MENT:

RECORD types

FOR MAT:

TYPE record—name = RECORD f i e l d — l i s t  END

DESCRIPTION:

A record is a tem pl ate for a structure whose parts may

have quite distinc t characteristics. It consists of a

fixed number of comoonents, called fields. Components

can not be directly indexed.

EXAMPLE:

TYPE date RECORD mo : (jan,aor,jul,oct )
day : 1..31

yea r : INTEGER
END
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rema rks

ELEMENT:

remarks

FOR MA T:

& comment &

DESCRIPT ION:

Rem arks are used to document programs. Any remark

p lace d between the delimiters can be inserted in a

orogram wit hout cau sino an alteration in the program ’s

meani ng.

EXA MPLE:

& begin nin g of executio n ph ase ~
& th i s routine changes integer si gns &
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RE AD / READ LN

ELEMENT: -~

REA D / READLN statements

FORMAT:

REAO (va riab le—l ~st)

RE A D (fi le name, v a r i a b l e — l i s t )

READLN (var iable ) ist )

REA DLN (fil e—n ame . vari ab l e li st )

DESCRIPTION:

The READ and READLN p rocedures allow i nput from

externa l files or the default inout device to the

program. The first parameter is the f i l e  from which to

access data. If t he first param~~t er is no t a f i le

i de n tifier then the default f i l e  is the default input

device. Read sta tements cause the next avai lable value

to be read from the f i l e  and assigned to the variable

w hose name is indicated as a parameter. When more than

one va riable value is read wit h the same statement the

variable names in the variable li s t  are separated by

• commas. See inPut.

EXA MPLE:

READ ( x )
READ (x,y,z)
READLN (x (5))
REA DLN (testl, x ,p,r )

-

. - 
- 
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SET tyoes

ELE MENT:

SET tyoCS

FO RMA T:

SET OF base—ty pe

DESCRIPT ION:

SET ty pes define a range of values which is the power

se t - of its base type. Base types must not be

structured types. Operators app licable to all set

• types are:

+ union

• — set di fferen ce

* intersect ion

IN membership

EXAMPLE:

SET OF week
SET OF family

t0~1
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scala r types

ELE MENT:

scala r tyoes

FOR M A l :

scalar— type—ident ( id enti f i e r  (,identif ier ))

DESCRIPTION:

Scala r type defines an ordered set of values by

enumeration of the identifiers w hich denote these

values. T he secuence in which the identi f iers are

declared is used in perform ing operations on the

vari ables assiqned t his tyPe.

EXAMP LE: -

color = (blue ,red ,white )
car d (jack,queen, kina,ace )



simp l e  types

ELEMENT:

simple types

FO RM A T:

scala r -ty pe

sub range t ype

id e n t i f i e r  -

DESCRIPT ION:

Simo le types in NPS—PASCAL are the basic elements of

all  t ype structures. They consis t of the identifiers,

INTEGER , REAL, CHAR, and HOOLEAN . Scalar de fined

types and subranges of INTEGER types, CHAR types , and

scalar types are also included as sim pl e types.

EXAMPLE:

See scaler types, subrange types ,
and identi fier.

I Ob



subrange types

ELE MENT:

subranqe t yc’es

FOR M AT:

TYPE ident i fier : constant..constant

DES CR1 P11 0 N:

Subranqe type is a subranqe of another alread y defined

scale r type called its associate scalar tyoe. Subranqe

i ndicates the smallest and the laroest value in the

subrange. Subranqes of REAL are not allowed.

EXAMP LE:

VAR small :
wo rkday : .mon ,.fry
i n i t i a l s  :
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type BOOLEAN

t LEwE PxT:

tyoe BOOLE AN

DESC RIPTION:

BOOLEAN types assume a BOOLEAN value, one of the

lo gical trut h valu es denoted by the pr edefi ned

identifiers TRUE or FALSE. Logical operators and

relatio nal operators yield BOOLEAN values when app lied

to BOOLEAN and arithmetic operands resp ectivel y.

EXAMPLE:

VAR err fl g : BOOLEAN;
VAR si qnx, exponx : BOOLEAN ;

ioq
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tyoe CHAR

ELEMENT:

t y p e  CHAR

FORMA l : 
-

TYPE type—identifier CHAR

VAR v a r i a b l e — i d e n t i f i e r  : CHAR

DESCRIPTION:

The val ue of type CHAR is an element of a fin i t e  and

orde red set of characters. For NPS—P A SCAL the CHAR set

is the ASCII character set. Chara cters enclosed in

sin g le quotatio n marks denote a constant type .

EXAMPLE:

TYPE te xt = CHAR
VAR text : CHAR

_ _ _  _ _ _ _ _ _ _ _ _ _  - -  _ _ _ _
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type INTEGER

ELEMENT:

tvoe INTEGER

FOR MAT:

TYPE type—iden t i f i e r  = INTEGER

VAR va r i a b l e — i d e n t i f i e r  : INTEGER

DESC R1PT ION:

The type INTEGER is an element of a defined subset of

whole numbers. In NPS—PASCAL the range of integers is

from —36,767 to 36,766. Ari t h m e t i c  operators with

inte ger operands y ield integer values. Rel ational

operators w i t h  integer operands yie l d BOOLEAN values.

EXAMPLE:

TYPE m t  INTEGER
VAR a,b,c : INTEGEfl

il l
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type REAL

ELE MEN I:

type REAL

FO RMAT:

TYPE type—identifier = REAL

VAR va r i a b l e — i d e n t i f i e r  : REAL

DESCRIPI ION:

A value of type REAL is an element of a defined subset

of REAL numbers , In NPS— PASCAL the range of real

numbers is expressed in BCD format, 14 de cimal digits

numbers, m u l t i p l i e d  by a corresponding power of ten.

The exponents of real numbers ranges between — 63 and

614. Inputs may be expressed in exp onential form, or

real format. Decimal period must be precedea by at

least one d ig it. A r i t h m e t i c  operations using REAL

number operands y ield  REAL value answers. R elatio nal

operators with  real number operanas yield BOOLEAN

va 1 ues.

EXAMPLE:

TYPE re REAL
VAR re,im : REAL
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type def. Dart

ELEMENT:

type d e f i n i t i o n  part

FO RM~U:

TYPE i dentifier = type { identifier = type)

DESCRIPTION:

Da ta types in r~1PS PA SCAL may be eit her described in

the v ariable declaration part or referenced by a type

i dentifier. The type definition allows the creatio n of

new tyoes. The definiti o n determine s a set of values

and associates an identifier with the set.

EXAMP LE:

TYPE da y = (mon ,tue ,wed ,thu ,fri,sat,sur );
TYPE color- : (red, wh ite , blue);
TYPE arr y = ARRAY (*  800LEAN,1 .. to *) OF

INTEGER

~

T -

-

. - . . -
- -
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unba lanced statement

ELE MENT:

unbalanced statement

FORMAT:

IF expression THEN statement

IF expr ession TJ’EN balanced —stateme nt

ELSE unba lanced—statement

DESCRIPTION:

Unbala nced statement are a form of the IF

conditio nal statement wit h  an equal number of THEN and

ELSE parts. Thi s dist i ctior i was needed to form a

LALR (1) parsable language.

EXAMPLE:

See IF state ment , and balanced statement.

11 14



varia ble dec. Dart

ELEMENT:

variab l e declarat ion part

FOR MAT :

VAR identi fi er (,identi fier ) type

(;id en ti fier (,identifie r)} type

DESCRIPT ION:

Every varia ble occurin g in a statement mus t be

declare d in the variable decla ration part prior to its

use in the program . The variable dec laration part

assoc iates the identifier wi t h  a data tyPe.

EXAMPLE:

VAR coun ter, l oop : INTEGER;
errfl g : BOOLEAN ;

VAR pi : REAL;
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APPENDIX D NPS-PA SCAL LANGUAGE STRUCTURE

The following section describes the NPS— PASCA L l anguage

in BNF notation as mocifie d to conform w i t h  the requirements

Q f reference (10), Pascal User M anual, and reference (13),

Use r ’s Gui de To The LA LR (k) Parser Generator. The

descriotion given describes the com p iler data structures and

t he code generatec. Numbered producti ons without a

p roduction result indicate em pty oroducti ons. Items

enclosed in brackets and separated by slants are alternative

sema ntic actions. This notation is the same as provided by

references 10 and 13. -

1 <program> :: (program heading> <block>
* <program heading> <block>
* ALL ; { number of bytes aHocated for variables }
* ENDP ; ( eof indi cato r )

• 2 <program heading > :: PROGRAM <prog ident> (
— 

- < f i l e  ideni t> ) ;
* <program ide n t ifi e r> < f i l e  identifier>

3 PROGRA M <prog ident> C
< f i l e  ident > , < f i l e  ident> ) ;

* <program id en tifier > < f i l e  identifier>
* (file identifier> 

-

L4 <orog iderit> ::: <identifier>
N/A

S <f i l e  ident> ::: (identifier>
* ( enter fi l e  identifier )

6 <block > :: <ldp> <cdp> <tdp> <vdp> <p fdp> <stmtp>
* label declaration part >
* < consta nt øec larat ion pert >
* < ty pe declaration part >

• * < variable øec laration part >

* < orocedure and function decla ration part >
* < program statement >

7 <Ido> :::
* < e m p t y  >

116
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8 LA BEL <la bel strin g> ;
* < l abel string >

9 <label string> :: <label >
* < l abel > ; ( enter label )

10 <l abel string> , <l abel>
* < label strin g > < label > ; I enter label )

ii <l abel> ::: <number >
* < number > ; I check number tyoe )

12 <cdp> ::
* < empty >

13 - CONST <conist def> ;
* < constant cefinit i o n >

ILl <const def> ::: <ideri t corist def>
* < i dentifier constant defi n ition >

is <con,st def> <ident const def>
* < constant cefi nii ti on >

* < i d e n t i f i e r  constant d e f i n i t i o n >

• lb <iden t const def> ::: <ident const> = <constant>
* < i de n t i f i e r  constant > < constant ‘
* I enter constant ~

17 <id ent const> ::: <id e n tifier >
* < i dentifier > ; I enter constant entry )

18 <constant> ::: <number>
* < number > ; I assign constant attributes }

19 <sign> <number>
* < sign > < number > ; I set constant attributes )

20 <constant ident>
* ( consta nt identifier > I set constant attributes )

21 <sign> <constant ident>
* < sign > < constant ide ntifier >
* I assign constant attributes }

22 <string ’
* < str ing > ; I assign constant attributes )

• 23 <constant icer,t> ::: <identifier>
* < ident i fier )

214 <Sign > :: : $
* I assign SIGNTYPE value }

25 -
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* I assign SIGNTYPE valu e

26 <tdp> :::
* < emoty > ; I set CASE $STMT to FALSE )

27 TYPE <ty n e def string> ;
* < tyoe d e f i n i t i o n  st ring > I set CA SE$STM T FALSE }

2B <type del strin g> ::: <typ e id>
* < tyoe id e n t i f i e r  >

29 <type clef strin g> ; <typ e id>
* < type def i n i t i o n  stri n g > < tyoe identi fier >

30 <type id> ::~ <type icis> : <type>
* < type identifie rs > < type >
* I alter type entr y )

31 <type ids> ~~ (ide n tifi e r>
* < i d e n t i f i e r  > ; I enter type )

32 <type> ::: <simpl e type>
* < si mpl e type >

33 <structured type>
* < struct ured type >

314 (pointer type>
* < poin ter type >

35 < sim pl e type> :: <s celar type>
* < scalar type >

36 <subranqe type>
* < subran ge tyoe >

37 <type ident>
* < type ide n t i f i e r  >

38 <type ident> ::~ <id entifier >
* < ide n t i f i e r  > ; I set TYPE$LOCT )

39 <scaler type> ::: C <t ident string> )
* < type identifier string >

40 <tide nt string’ :: <identifier>
* < iden t if i er >
* I enter type )

141 <tident strin g> , < identi fier>
* < ty pe identifier strina > ( identifier >

* I enter tyPe )

42 (subrange type> :: <constant> .. <cons tant>
* < constant > < con stant > ; I enter subranqe )

I
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143 < struct ured tyoe> :: <unpa cked structured type>
* < unpacked structured tyoe ‘

144 PACKED
<un packed structured type>

* < unoacked structured tyoe >

‘45 <unpacked structured type> :: <array type>
* < array type >

46 <record type>
* < record tyce > -

‘47 <Set type>
* < set type >

< f i l e  type>
* < f i l e  type >

149 <array type’ ::~ ARRAY <ip> <index type string>
<rp> OF <Component type>

* < lp > < m c c x type str ing > < rp >

* < component type > ; I enter array type }

50 <lo> :: (*
N/A

51 <rQ> ::: *)
N/A

52 <index type string> ::: <ind ex type>
* < i ndex type > ; I set array dimensions )

53 <ind ex type string > ,
<in dex type>

* < i ndex tyøe strin g > < index type >
* I Set array dimens ions )

54 <index type> :: <simp le type>
* < simp l e type ‘

55 <component type> :: <type>
* < type ‘

56 <record type> :: RECORD <fie ld list ’ END
* < f i e ld l i st ‘ ; I enter record type )

57 <field list > :: <fixed part>
* < fix ed oart >

58 <fixed oart> ; <variant par t>
* < f ixed part > < variant part >

<vari ant part’ 
-
•

* < varian t pert >

- 

19.



60 <fixed part ’ ::: <record section>
* < record section >

61 <fixed part> ; <record section >
* < fixed part > < record section >

b2 <record Section> ::: <f iel d  ident string> : <type>
* f ield i d e n t i f i e r  strin g > < type >
* (enter record attributes )

63
* < emp ty >

614 < f i e l d  ident strin g> ::: < f i e l d  ident>
* < f ield i d e n t i f i e r  >

65 <fi eld i cJent strin g> ,
<f ield ident>

* < fiel d identifier st rin a > < fi e l d  identifier >

66 < fie l d ident> :: <identifier >
* < ide n t i f i e r  > ; I enter record fi e l d  )

67 <variant part > ::: CASE <tag field> <type ident> OF
<v ariant string >

* C tag field > < type ide ntifier > < variant string >

68 CASE <type ident> OF
<v a riant string>

* < type identifier > < variant string >

69 <variant string> :: <variant >

* < v a r i a n t >

70 (variant string > ; <variant >
* < va riant strino > < variant >

71 < tag field> :: (field ident> :
* < fi el d identifier > ; I set TAGSFD to TRUE I

72 <~ arian t> :: <case label list > : ( ‘field list> )
* < case label l i s t  ‘ < field l ist ‘

73
* < emPty >

74 <case label list > ::: <case label ’
* < case la bel >

<case label l ist > ,
<case label >

* < case labe l l ist > < case label >

lb <case label> :: : <co ns ta nt>
* < Consta nt  > 

-
- -
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* I I set variant attributes } / I set CA SE SSTM I } I

77 <set type> :: SET OF <base type>
* < base type ‘ ; I enter typ e I

78 <base type> ::~ <sim p le type>
* < simpl e type >

79 < f i l e  tyPe > ::: FILE OF <tyPe>
* < tyoe > ; I e n t e r  type I

80 <pointer type> :: $ <typ e ident >
* < type i d e n t i f i e r  ‘ ; I enter type I

81 <vdp> ::
* < emp ty >

82 VA R <var dec lar string> ;
* < variable cec )aration strin g >

83 <var declar stri ng> ~~ < var declar >
* < varia ble declaratio n >

814 <var declar string> ,

<var declar >
* < variable ceclarat ion strin g >

* < variable oe cl aration >

85 <var declar> ::: <ident var String> : <type>
* < identifier variable string > < type >

* I set v a riab l e att ributes I

86 <ident var strin g> ::: < i den t i f i e r >
* C identifier > ; ( enter variable I

87 <ident var stri n g>
<i d e n t i f i e r >

* < identifier variable string > < i dentifier >

* I en te r  va r i ab le  I

88 <p fdp> ::
* empty > I not impl emented I

89 <oorf decla r>
* < orocedure or fu nction declaration >

* I riot imp lemented I

90 <port declar > :: <proc or funCt> ;
* I not imp leme nted I

91 <porf declar > <Proc or funct > ;

* ( nor imple m ent ed I

92 <proc or funi ct> :: <procedure declaration >
* I not imp lemented 1
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-
~~~~~ <func tio n d ec laration>

* not imp lem ented I

9t4 procedure ceclar atio ri > :: <pr ocedure headin g>
<b lo c ; k>

* ( riot implemented 1

QS (orocedure heading > <Proc id> ;
* I not im p lem ented I

96 <proc id> C
<f ormal oara sect list>  ) ;

* ( not imp lem ented I

97 <proc id> :: PROCEDURE <identifier >
* I not imp lemented I

98 <forma l øara sect list> ::: <formal pare sect>
* ( not imp lemented I

99 - <formal pare sect list>
; <formal pare sect>

* I riot imo lemented I

100 <f ormal pare sect> :: <para group>
* I riot im oleme nt ed I

1 01 VAR <pare group>
* I not imol em ented I

102 FUNCTION <para group>
* I riot imp lemented }

103 PROCEDURE <proc i dent list ’
* I not imp lem ented I

1014 (proc ident list > :: < identifier>
* 1 riot im olem ented I

105 <proc ident list> ,

<id eri ti fier >
* I riot imp lem ented I

106 <pare group> :: <pare ident l ist ’ : <type ident>
* I not imp lemented I

107 <pare ident lis t > ::= <i dentifier >
* I not imolerrente d I

108 ‘pare Ident list> ,

< identi fi er >
* I not Imo lement-e d I

109 <functio n declar> ::: <function head ing> <blo ck>
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* I not imp lem ented I

110 <f unction headi ria> ::: <fun ct id> : <result type> ;
* ( riOt im p leme n ted I

I l l  < funct id> (
< formal pare l i s t >  )
: <r esult type> ;

* I riot imp lemented I

112 <func t id> ::: FUNCTION <id enti fier>
* I not imp lemented I

113 <r esult type> :: <type ident >
* I not implement ed }

Il t I <s tmtp > :: <compound stmt>
* < compound statem ent >

115 < st ri t > ::: <bal stm t>
* < bal a nced statement >

116 <u nba ) stmt >
* unhalancec statement >

11 7 Jabe J def> <stmt >
* la bel d e f i n i t i o n  > C statemen t >

118 <ba) stmt > ::: <if clause> (true part> ELSE
<hal stmt>

* LBL ; I If Label address2 I

119 <s impl e stm t>
* C sim pl e statement >

120 <unbal stmt > :: < if clause> <stet>
* LBL I If Label addressl I

121 < i f clause > <true par t> ELSE
<uribal stm t>

* LBL ; I If Label address2 I

122 < i f clause > ::: <if> (expression’ THEN
* NOT ; BLC ; I If Label addres~~1 I

• 123 <If’ :: IF
N/A

124 <true pert> : <bal stmt ’
* < balanced sta tement >

V 
* BRL ; I If Label address2 I ; LBL ;
* I If Label addressl I

125 <label def> ::= <la bel > :
* C labe l > ; LBL ; I label address I

__________  ________  
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126 < sim pl e stmt > :: <assi gnm ent stm t >
* < assi gnment statement >

1c~l <procedure stmt >
* < Procedure statement >

128 <repe t i t i v e  Stm t >
* < r e oc titive statement >

129 <case stmt >
* ~ case statement >

130 <with stmt >

* ( w i t h  statement >

131 <read stet>
* < read statement >

132 <write stmt >
* < w rite statement >

133 <goto strrt>
* < 9oto statement >

1314 <compound stmt >
V * < compound statement >

135
* < empty statem ent >

136 <assignment stm t> :: (variable > <expr essio n>
* C var iable > < expression > ; LIT ;
* I variable address I
* I STD/STDI/STDB/ C CNAI/STDB ) I

137 <variable > :~~ <entire variab le>
* < entire variable >

‘138 <v ariab le> $
* I not imp lemented I

139 <variable > <lo> <express list > <rp>
* I riot imp lem ented I

140 <variable > • <fi eld Ident>
* 4 not imp lemented I

1 141 <ent ire variable > :: <variable iderit>
* < var iab le identifier >

1142 <variable icent> :: <identifier>
* < identi fier ‘ ; I set variab le location /type I

143 <express list> :~~ <expression>
* I not imp lemented I
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1 1414 (express li s t >  , <expresSiOn >
* I not imp lemented I

ILl S <expression> ::: <sim pl e expression>
* C sim pl e exp ression >

1 46 < s im p le exp ression >
< re l ational operator>
< sim ol~ expression>

* C sim p le expre ssion > r e l a t i o n a l  operator >
* < simoYe expression > ; ( EQLI/NE (~L/LE @1/GEUI/
* LSSI/GRTI/ ( IN not implemented ) /EQLB/NEQb/
* LE0A/GEOI~/LSS 8/GRTR I -

147 <r ela t io n al operator> ::~
* I set operator type }

1148 < >
* I set operator tyoe I

1 149 - < =

* I set operator type I

150 >

* I set operator type I

151
* I set operator type I

152 >

* I set ooer~ to r type I

153 IN
* I set ooerator type I

1514 <term > :: <factor >
* < factor >

155 <term> <multi p lying Operato r> <factor>
* < term > < m u l i t p l y i n g  operator > < factor >
* ( MULI/MULB/ C CNVI ; CN2I ; DIVB ) /DIVB
* DIV I/DCR I/AND I ; I MOD not implemented I

156 <mult i p lying Operator > ::: *
* I set operator type I

157 /
* I set operator tyoe I

158 DIV
* I set operator type I

159 MOD
* I set ooerator type I
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160 AND
* ( set ooerator type I

161 < sim p le expression > :: <term>
* < term >

162 <si gn> <term >
* < sian ‘ < term > ; t NEGI/NEGB I

163 <sim p le exp ression>
<adding operat or> <term >

* < sim p le expressi on > < adding ooeretor > < term >
* C AOD I/AO DB/SUBI/SUBR/BOR

1 614 <adding ooerator > ::: +

* I set operator type I

165 -

* I set operator type I

166 OR
* I set operator type I

167 (factor> :: <variable >
* C va riab~ e > ; C LOll ; I interger value 1/
* LDI8 ( HCD real value 1/
* NEGI/NEGB/LITA ; I variable address I-
* , LOD/LODI/L008 I

168 <v ariab le> ( <actual pare list ’ )

* I not imp lemented I

169 C <expression> )
* < expression >

170 <set >
* I riot imp lemented 1

171 NOT ‘fac tor>
* ( factor > ; NOT

172 <number >
* < number >
* C 1011 ; I inte ger va lue I /
* 1018 ; I BCD real value I I

173 NIL
N/A

174 <s tr Ing>
* I not imp lem ented I

175 <actua l pare list > :: <actual pare>
* I not Implemented I
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176 <actual oara list >
< actual pare>

* ( not im p lemented I

177 ‘set> ::: < l p> <element li s t >  <rp>
• I riot imp lem ente d I

178 <ele ment lis t >  ::
* < empty >

179 <xe lem eri t list ’
* I not imp lem ente ,~ I

180 <x elem en t lis t > :: <elem ent >
* I not imp lemented 1

181 <xe )em ent list > , <element>
* I riot imp lemented I

182 <element > :: <expressi on>
* I riot imo lem ented I

183 <expression> • •  <ex pression>
* 4 not imp lemented I

1814 <goto stm t> :: <qoto> < labe l>
* < qoto > C label >
* I label address I

185 <qoto> ::: GOlD
* BRL

186 <compound stmt> :: <begin > <stmt lists > END
* < begin > < statement l i sts ‘

187 <begin> ::: BEGIN
N/A

188 <stmt list s ’ ::: <stmt ’
* < state ment >

189 <s~ mt lists> ; stmt>
* C statement lists > C statement >

190 <procedure stmt> :~~ <procedure ident>
* I not imol emented I

191 <procedure ident > C
<actual oara list > )

* I not imp lemented I

1~ 2 <orocedure i dent> ::= < identifier >
* I not imp lem ented I

193 <actual pare> :: <expression >
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* I not imp l emented I

1 914 <rec variable l is t >  :: (variable >
* 4 ~~~ imp lemente d I

195 <rec variab l e l i s t >
<var iabl e>

* I riot imp lem ente d I

19ö <read stmt> ::: <read head> C <io l i s t >  )
* < rea d head > < io li s t  >

1 97 <read head> ::= READ
* I set ~RITE$STMT to FALSE I
* I set ALLOCATE to FALSE ( don ’t skio to new line ) I

198 REA DLN
* I Set WRITE$STMT to FALSE I
* I set ALLOCATE to TRUE ( skip to new line ) I

199 < w rite stmt ’ :: <write head> C <io l i s t >
* < wri te heaa > < io list >

* I if ALLOCATE then DUMP I

200 <wri te head>
* C wr ite heeo >

* ( if ALLOCATE then DUMP I

201 <write head’ :: W RITE
* ( set W R ITE $STM T to TRUE I
* I set ALLOCATE to FALSE I

202 wRITELN
* I set WRITE$STM T to TRUE I
* I set A LLOCATE to TRUE I

203 <io li s t >  :;: <fi l e  iderit’ * , <var list ’
* I riot imp lemented 1

20 4 <var l i s t >
* < varia ble list >

205 <var lis t > :: <v a r i a b l e >

* < var i able ~ ; C WRV I/WRVB /RDV I/RDVR
* C SIDI/STOB - read statements only ) I

206 <strin g ’
* < strin g ‘ ; WRVS ; I strin g I
* I write statement onl y I

207 <var list> , (variable>
* < variable li st > C var i able >
a ( wRVI/~ RVB / RDV I/RDVB C STDI/STDB —

* read statement onl y ) I

_
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V
~~~~~~~
_

~~~~~~~ 
- 

128 

V V~~~~~~~~~ _ _ _ _



208 <var lis t >  , < strin g>
a C variable l i s t  > < string >
* wRVS ; 4 strin q I C w r i t e  statement cnly )

209 <Case stmt > : <Case express’
<case li s t  el em r list ’ END

* I riot imol em ent ed I

21 0 <case express> :: CASE <expression> OF
* I not impl em ented I

211 <case list elem t list> ::: <case l ist elem t >
* I not imp lemented I

212 <case l ist elemt li st ’ ;
<case list  d ent’

* I riot i m p le m e n te d  I

213 <case list d ent’ ::
* < emoty >

2114 <case label list > : cstmt >
* I not imple m ented I

215 <r ep etitive stint ’ :: <whi l e  stint>
* < w h i l e  statement >

21 6 <repeat . stint’
* < repeat statement >

217 <for stmt >
* < for stateme nt >

218 <wi t h  stint’ ~~ <with > <reC variable list > <do>
<be) st in t>

* I not implemented I

219 <wi th> ::: ?~ITH
* I not imp lemented I

220 <do> ::: DO
* I not imp lemented I

221 <whil e stint> :: (while> <expression> (do>
<bel st in t>

* I not imo lem erit ed I

222 <while > ::: WHILE
* I not imp lemented 1

223 (fo r stint> :: <for> <control variable> :
<for list ’ <do> <bal st in t >

* I not imp lemented I

2214 <for> ::: FOR
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ft 4 not imo lem ented I

225 <for list > ::: <in i t i a l  list > <to> <final va lue>
* I riot imple m en ted I

226 < i n i t i a l  va lue> <downto > <final value>

* I not imo leme nt ed I

227 <control variable ’ :: <identifier >
* I not impl emented I

228 < i n i t i a l  value > ::: <exp ression >
* I not im p lemented I

229 <final value > :: <expres sion>
* I not imolem ented I

230 <repeat stm t> 2::  <repeat> <stin t lists > < u nti l >
<expr ession>

* < repeat > < statement lists > < u n t i l  >

* ( expression > ; NOT ; BLC ; 4 set REPEAT$LBL I

231 <repeat> ::: REPEAT -

* LBL ; I REPEAT$LBL I

232 <until> :: UNTIL
N/A

233 (to> ::: TO
* I not implemented I

234 <downto> :: DO~ NTO
* 4 not imp lemented I
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MPG-PASCAL PROCRAfl LISTINGS

*lOOh: /*lo ad poi n t for compi ler*~

,*** s y s t e m  l i t e r a l s
,***********************u***** ’~ c*****************~**********~c**********
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

dec lare lit literally ‘literally ’.
cr l i t  ‘13’ ,
if  l i t ‘Oah’ ,
dc l  l i t ‘declare ’,
~~05 l i t ‘0’,
neg lit ‘1’ ,
tab l i t ‘09h’,
proc l it ‘pr ocedure ’,
bdos lit ‘5h’ , /*entry point to disk. op. sys*/
boo t lit ‘0’ , /* exit to re turn to op. eye . *
true lit ‘1’
addr l i t ‘address ’,
viinusx lit ‘2dh’ ,
r f t l e  l i t ‘20 ’.
fa l se u t  ‘0’
inazint li t  ‘32767 ’,
bcd size It t ‘8’ ,
audeign lit ‘26h’ ,
fii eeof lit ‘1 ’ ,
eolcha r l i t ‘Odh’,
max$nest l It ‘3’ ,
foreve r lit ‘while true ’,
comment lit ‘0’ ,
varcs lze li t  ‘ 100’ ,
has hmask l i t  ‘ 127’,
formmask Ut ‘7’ ,
type0entry lit ‘2’ ,
varOentry Lit  ‘3’ ,
type0dcle lit ‘7’ .
typeniask. l i t  ‘OOillOOOb ’,
contcha r lit ‘Sch’ ,
codee ize addr , /* uaed to coun t s ize of code area *.~
ident ai ze lit ‘32’,
eof f i l l er lit ‘ lah’ ,
sta tes i ze lit ‘addr ess ’,
indexsize lit ‘address ’,
petaclc.size lit ‘48’, /*‘etack. size for parser */
fir e tO tmm e byte Initial (true),
Iden tifier lit  ‘62’ ,
Intrec eize lit ‘128’,
fu le Cent ry lit ‘6’ ,
labl8en try l i t ‘0’ ,
conaSe n t ry l it ‘1’ ,

nzaxoncount lit ‘23’.
conbuffe ize lit ‘82’,
stringde l mm it t ‘27h’,
ba~ htb Ls 1za l i t ‘128’.
questlonisark lit ‘3fh’ ,
inax0numOarry dimen lit ‘5’ ,
arry$n.st lit ‘4’ ,
con.aetretype lit ‘3’ ,
coneOnumOtypa It t ‘0’,
conaCldentStype lit ‘1’ ,
cons0eidentStype lit ‘2’ ,
.ourc.r.csiz. lit ‘l28’i

/* number types 5,
dcl ord3typo lit ‘0’,
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eharOtype l it ‘2’ , V

integerQtype lit ‘1’ ,
realOtype lit ‘2’ ,
uns ignOexpon lit ‘3’ ,
signe d~ expon lit ‘4’ ,
complexOtype lit ‘4’,
stringO type l It ‘4’ ,
boo lean3 type lit ‘5’ ,
sigatype byte ,
constQtype byte; .‘* type of consta nt 5/

dcl mazrno lit ‘ 192’ , /5 m~x read count */
iriazino lit ‘23 1 ’, /* max look. coun t */
maxpno lit ‘276’, /5 wax push coun t 5/
maxano lit ‘510’ , /* max state count 5/
starts lit ‘1’ , /5 start state 5/
prodno lit ‘234’. /5 number of pr~ duc t ions */
eofc li t ‘25’, /* eof */
nnznberc lit ‘58’ , /5 number 5/
stringc lit ‘59’, 1* string 5/
termno li t  ‘62’; /5 termina l coun t */

dcl sbloc addr lnitial (BOh ) ,
form byte,
expon byte ,
vecptr byte ,
i lneno addr ,
typenum byte,
rfcbnddr addr Initial (Sch) ,
const$ptr byte ,
s tartbdos addr ini tial (6b ) , /*add r of ptr to top of bdos*/
lablco un t addr initlal (0) , /5 number of labels need */
max baned startbdo e addr ,
errorcoun t addr initial (0),
typeOaddr
typeOloc t addr ,
vnrCp tr byte.
vnr3type(10) byte.
varOs ign( lO) byte.
ezpCtype (1l) byte, /5 type of express ion 5/
exp3type i3addr (l1) addr . /5 addr of scalar parent type 5/
exp3ptr byte initial (0) ,
opotype(l0) byte,
op0ptr byte initial (0) ,
caseOstm t byte Initial (false ), /5 in case atn t 5/
wrl te5atm t byte initial (false), ~~* in w r it e  stint 5/
re peat 3ib l ( 10) addr ,
repeat Optr byte InItia l (0) ,
allocate byte, /5 true or false 5/
a l lcgbae icS type byte ,
ar ry O qty ( max0nuni0a r ry f d  imen) ad dr ,
var 3ba se(i0) addr ,
vnr Cba eel( 10) addr ,
typ eO ind x byte ,
.1 lc~~qty addr ,
type for m byte ,
a iloc5a d dr addr I n i t i a l  (0) ,
typeCordOnum byte ,
pa re nt3ty pe adir ,
co ns t ~~indx byte ,
lookup3addr addr ,
con.tlvec (4) byte ,
cona tOy. lue ( 162) byte ,
con.tSpn5bnah (4) byte,
con.tSpn3ptr byte ,
conatSpn5.ize (4) byte ,
ta tegerOdiff *ddr ,
.u.brSv.l(2) addr ,
.nbr$typ. (2) byte,
.ub r $ptr byte,
.ubrSty p.Cadd r add r ,
.ubrSform byte,
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subr 3pnOs ign byte ,
arryGbase addr ,
arryOpt r byte ,
arry0dimOptr byte,
pt rptr  byte ,
l i’Optr byte I n i t i a l  (255) ,

i f U l b l (  1) ad dr , /5 If s t a t emen t  s tac k.  */
tng0fd (max0nest) byte .

var0casOtp(max0nes t) addr,
var5can0val (ma x~nest) addr ,
rec~ varCtyp (max9nent) byte,
recOns t byte initial (255),
recoz’d3ptr byte,
rec0addr (6) addr,
rect3par3adr ( maxOnes t) addr ,
variant$part(maxOnest) byte ,
fxd0o fs tObse C maxi3nes t) addr ,
var~ ofst3b se (rm x0nest) addr ,
cur0ofst (ma xCaest) addr,
num~arry3d lmen ( iimax3num3arry$d m en) byte,
arry0dimen (25) addr ,
ary0dmCadrSptr byte,
cons t~ nun0type (4) byte, V

bcdnurn ( bcds lze ) byte ,
r fcb  based rfcbad dr (33)  byte,
nolook byte ,
lineptr byte Initial (0),
buffptr byte ini t i a l  (255),
wfcb (33) byte initial (0 , ’ ‘ , ‘p in ’ , O , O , O, O) ,
sourcept r byte i n i t i a l  (source re cs ize) , -

no intf il e byte init i al (false ) ,
sour cebuf f based sbloc  (sourcerecs ize)  byte ,
product ion byte ,
pr v6ebtb l0entry addr .
cursourcerecaize byte initial (sourcereesize) ,
linebuff(conbu ffsl ze) byte,
d i sk o u t b u f f (  i n t r e c a i z e ) by te ;

dcl initQsymb~~tb l data(0 ,0,0,0,42h,7, ‘I’ • ‘n’ , ‘ t’ , ‘e ’ , ‘g’ , ‘e ’
r ‘ . 0 , 0 ,0 ,  0 , 4ah, 4, r ‘ , ‘ e , ‘ a ‘ , ‘ 1 ‘ , 0 ,0 , 0, 0 , 52h, 4 , ‘C , ‘Ii’ , a
r ’ , 0, 0 , O ,  0, Sah ,7,  ‘ b’ , ‘o ‘ , ‘ o , ‘ 1’ , ‘ e ‘ , ‘ a ’ , n ’ , 0, 0 , 0, 0, Oeh,

5, 1~ , ‘ a’ , p ’ , ‘ u ’ , t ,0,0,0,0, leh ,6, ‘o ‘ , ‘ U ’ , ‘ t , ‘ p ’ , ‘n ’ , ‘ t
0,9,0,0, 09k, 4, t ‘ , ‘ r ‘ , ‘ U ’ , ‘a ’ ,~~~~, 0,0,~~,0, 0,0,0,09h , 5,

t f’ , ‘ a ’
‘1’ , ‘s ’,’e ’ ,0,0,1,0);

,**********************:K***********************************************
scanner g loba l  va riab l e s  *5*

/************************************************X*********************
d cl  token byte , /* type of toke n Jus t scanne d *

hashc ode byte , /5 has value of current token *
neitcha r byte , /*current character fin getchar *
coat byte , /*indx f u l l  accu m. s t i l l  more *
accum( ida n t . ize)  byte; /5 holds current token 5/

/55* symbo l table globa l va r I ab le s  *5*

,**********************************************************************

dcl base addr , /*base of current entry 5/
hashtable (hashtbls ize ) addr ,
sb t b i t o p  addr , /*current top of t a b l e  (syin) 5/
sb t b l  addr ,
ptr b .sad base byte , /* 1st byte of entry 5/
ap traddr addr, /5 u t I l i t y  variable to access table 5/
addrp tr based aptraddr addr ,
bytept r based aptrsddr byte,

133

-~ VV ~~~~~



V V — ,V -
~~ 

V V

printname addr , /5 set prior to lookup or enter 5/
syinhash byte;

declare read l dnta (0,56,25,12,14,62,62 ,34,60,6i,62,59,62,62,ll ,8,8,8,13
.62,62,62, 62,62,59 ,62, 59, 62, 14, 3.4, 9,58,59 ,62, 3, 4,5 ,9, 33,37 , 43,51 ,5
.58,59 ,62,3,4,9,58,59 ,62,3,16 ,31 ,32,58 ,59 ,62 ,22,62,62.6~~,3,4,9, !‘~,,3,32,58,59,62,22,62, 16,62,58,33,a7,43,53,35,62,62,62,62,62,2O,29,,~,
,38,39,42,44 ,48,49,52,54 ,57,62,22,4l,62,-~i ,34,60,6i,58,62,6, l0,2~.,2,30,62 ,20 ,29,35,38,39,42,44 ,48,49,52,54 ,57,58,62, 1 , 13,44,7,7,3,8, 15
,3, 13,14,11 ,1,5,16,18, l,~~,5, 16,8,3,36,36,22 ,40, 19 ,7, 15 ,28,7,7,11 ,7,
,3,3,8,28,8,47,22,22,3,i1,l7,l3 , i4,8,D, 1?,3,l1 ,2-:-,~3o ,B,a,7,l1 , I1 ,a
.11 ,13 ,11,13, Il, 13, 11 ,3,46 ,8.7, 11 ,7.1 1 ,18, 11 ,13 , 11 ,17 ,11 , 19 , 2 , V~L, 9 , 1
, 1 4 , 21 , 23, 4 , 9 , 23 , 8, l l , 13 , 8 , 28 , 7 , 8, 7 , 8 , 0 , 0 , O, 0, 0) ;

declare looki dnta (0 , 12, 14, 0, 35, 62, 0 , 62, 0 , 62 , 0, 62 ,0,3 5 , 6 2 , 0 , 8 , 28,47 ,0 , 3
,28,O,7,8,28,0,14,0,8,20,0,7,8,28.0,7,8,28,0,8,28,36,47 ,0,36,0,35,6
,O ,l5,O,l, 5,16,18,0,13,0,6,0,O,3 ,O ,17 ,0,41,0,45 ,0,34,0,44,O,6,l0,26
,27 ,30,0,6, l0,26 ,27 ,30,O ,6, lO ,26,27,30,0,3,28,0,8,47 ,0,36 ,O , 11 ,0, 11
,O, l , 3,5,l6 ,0,ll ,lO ,0,7 , l l ,0,l l ,l9 ,0,7 ,li ,O ,8,28,36,47,0,36 ,O,8,23
,47,0,15 ,0,8,0,3,0,44 ,0,8,23,n ,ll ,0,0,0,8,0,1 l ,0,3 ,0,46 ,0,46,0,46 ,0
2,4,9 , 12, 14, 21, 23,0, 4,9, 23, 0)

declare app iyi data (0,0,0,0,5,30,0,179, 182,0,0,0,29 ,75 ,97 ,O,O,O,21,O,O
,27 ,28,37,52,54,60,62 , l58,0,93,0,27,28,35,37,45,47,52,53,54 ,58,59,6
.61 ,62 ,87, 158,0,O,0.22,0,0,45,47,59 ,61 .0,35,58,87,0, 15 ,46,48,50,67
,132,0,0,0,O,0,76,0,0,73, 121, 122,123,124,125,126,0,152,159 ,0,0,35,0
,0,0, 14,0,0,24 ,0,0,3,33, 67 ,O,24 ,0,62,0 0 ,28 ,0,27, 158,0,37,0,0,0,0,0
.0,0,23,0,0,0,0, 155, 0,0,0,0,8,0,26,O ,0,66 ,80 ,0,0,0,0,0,50,0,0,25,49
,128, l30 ,0,69,70,83,84 ,85 , 123 ,129 ,0,69,0,70,83,84 ,85 ,l29 ,0,O,l29,0,
,0,0,10,1l,25 ,36 ,41,43,49.69,70 ,83,84 ,85,103,104,lil, 128, 129,130,0,
,0,0,9,39,40,55,56 ,57 ,68,86,89,89,9l , 108, 109 ,110,0,0,99, 168,0,0,188
,0,0,63,190 ,0, 13,0,0,3,0,39,0,0,0,107,0,0,lli,0 ,0,0,42 ,0,0,0,0,0,0
• il ,0,43 ,0,0,0,0,27 ,0,0,0,0, 116 , 137,0,0,0,0,0,0,0,0,110 ,0,0,0,0,0,0

dcl read2 (236) addr init ial
(O ,78,277,424,425,23l,3l6 ,66,60,82,383,482,212,314,43

,273,279,372,30,363,3l7,342,384,381,484,418,432,418,426 , 194 ,300,301
.294,298,299,6.300. 15,301.64,71 ,73,75 ,208,294 ,298 ,209,6,300,301,294
,298,209,9,326,449,63,448,450,410,58,362,383,21l,9,300,30 1 ,326 ,449
,63 ,448,450,418,59,307,326 ,293,287,64,71, 73,208,67 ,342,280,388,373
,380.399,500,68,461,473,495,463,498,477,474 ,507,478,2 10 ,61,72 ,503,7
,65 ,79.31,295,299,432,433,’i36,434 ,433,418,399 ,300 ,68,46 1 ,473,495 .46
,498,477,474 ,507 ,478,287,210 ,2,401,463,472,475,7,371,54 ,8,46,53,4 1 ,
.414,326 ,56 ,3,13,414,326 ,195 , 10 ,206,207,486,398,496,445 ,55 ,332,348
,17 ,30. i8, 16,198,5,199,462,199 ,508,204 ,205 ,11,40 ,327,347,52,386,387
,327,284,29,509,5l0,366 ,367,315 ,32,39,20l ,37 ,203,37 ,51 ,34 ,48,38, 12
.75,196 ,467,42,444,42,57,31.45 ,35 ,327 ,36,496, 193,440,441 ,202.423,42
,442,440,4’ê l ,442,197,33 ,47 ,200,485, l9,26 ,20,26 ,0,O ,0,0,0);

dcl look2( 171) addr initia l
(0,4,4,427, 14. 14,252,21 ,289,22,303,23,358,24,24,253

, 254,254 , 254,25 , 255 , 255 , 27 , 256, 256,256 , 26 , 44, 428, 257,257 , 49, 258,258
,258,68,259,259,259,62,260 ,260,260,260,69,26l,70 ,77 ,77 ,262,299,314
, 4 l8,4 l8 , 4l8,4 18 , 468,342 , 314 , 28 l , 4l8 , 83, 84 . 85 . 263, 88, 92,264, 94,265
.95,266 ,267,96,100, 100 ,100 ,100,100,437 ,101 ,101, 191 ,101,101,438,192
.102,102.102 , 102,439 ,268,268, 104,269 ,269, 111,400 ,391,119 ,480 ,120 ,47
.122 , 122 , 122 , 122 ,443,470,470, 123,481,481 ,124 ,471 ,471,125 ,483,483,12
.270,270,270,270,128,27 1,129 ,272,272,272 ,139 ,139 ,458 , 145 ,333,151.47
,365, 155 ,273 ,273, 158 ,165 ,455 , 166 ,344 , 167 ,343, 172,379 ,173 ,466 , 174,27
.179 ,275,102,276 ,184,184.184, 184 , 184 , 184, 184 ,421 , 183 , 185 , 183,422);

dcl apply2 (273) addr initial
(0,0,247,146. 142 , 143, 144 ,385 ,370 , 105 ,218, 160,286 ,285

.460,106 ,217,127,291 ,290, 154,352,352 ,352 ,292 ,318,352 ,352 ,352, 115 ,29
,296,90,98 ,98,98,98,98,98,98,98,90,98,98,98,98,98,98,99 ,2 19 , t7N ,305
.304,1 18,361,338,355,331 ,306 ,330,354,330,308,356 ,389 ,382,389, 149 ,15
.313,311 , l64,312 ,309 ,320,3l9 ,32l ,87,89 ,89 ,89,89,89,89 ,216,415 ,453,9
,i5l,329 ,328,325 ,322,14i,140 ,238,337 ,336 , 187,416 ,341,133 ,349,334 ,33
,244,243 , 132,346 ,345 ,169,169 , 170,351 ,350 ,323 ,353,324,310 ,220, 186.36
.359 ,180, 107 ,240,163,162 ,368,249 ,114 ,192 , 191 ,375 ,374,245 ,377 ,378,37
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dcl  f byte , a addr;
go to bdos ;

end mon2 ;

mon3 :proc; /*used to return to the system *
goto boot;

end nion3;

move: proc (a, b,l); /*nioves fin a to b for I bytes *
dcl (a,h) addr , /5 1 < 235 bytes */
Cs based a , d based b ,l) byte;
do while (L ::l — 1) <> 255;

d~ s;b~~b + I;
a a  + 1;

end;
end move;

f ill : proc (a,char,n); ‘5 move char to a n t imes */
dcl a addr,(cha r,n,dest based a) byte;
do while (n : t~ 1) <> 255 ;

dest char;
a a + is

end ;
end fill;

read: proc ;
d cl  togg le(3)  byte;
toggle 1;
call inonl (10,.toggle);

end read ;

prlntchar: proc (cbar)-:
dcl char byte;
call monl (2,char);

end pr intcba r ;

pr in t :  p r o c ( a ) ;
dcl a addr ;
call monl (9,a);

end print;

diskerr : proc;
do;

call prlnt (.’de 0’);
5 go to boot ;

end ;
end diskerr ;

setup Oin tOf lie :proc ;
If no intf ile then /5 only mak. file if this toggle off 5/

re turn;
ca ll move(.rfcb,.w’fcb,9 1;

wfcb(32) ~ 0;
• call ,nonl(19,,wfcb);

I f  mon2(22,.wfcb) • 255 then
c a l l  diskerr ;

end se tupOlnt0 file ;

wrl te0t nt 5file: proc ;
i f no in t f i l e  then

r. turn;
cal l monl (26,.diakou tbuff ) ;
if mon2 (2l,.wfcb) (> 0 then

call diskerr i
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call ,nonl (26 ,80h); /5 rese t dma addr 5/
end write 3in t3flle;

emi t: proc (objcode );
dcl objcode byte;
if  ( b u ft pt r  :~ b u f f p t r + 1)  > in t rec eIze  then
/5 write to dIsk 5/

do:
call write0intj :ile;
buffptr = 0;

end ;
dIjkou1~~uff (buffptr) objcode ;

end emit;

generate: p roc (ob j co d e) ;
dcl objcode byte ;

codesiz e • codeslze+1 ;
c a l l  e s n i t (o b j c o d e) ;  

V

end generate;

c l os e8 in t O f i l e :  proc ; ..‘

/5 cl oses a f i l e  5/
if mon2( 16 , .w f c b )  = 255 then

call dIakerr; 
-

end c lose0int0flle ;

openOsourcef I le : proc ;
call move (.’pa.’,r fcbadd r+9.3);
rfcb (32) ,rfcb ( l2) • 0;
if iaou2(l5,rfcbaddr) * 255 then
do;

c a l l  p r l n t ( . ’no source f i l e  8 ’) ;
go to boot;

end ;
end ope nOsourcef I le;

rawindCsource3file proc; /5 cp/m does not require any ac t ion */
return; /5 prior to reopening 5/

end rewjnd$source9f lie;

readSeourceOf I Ia :proc byte;
dcl dcnt byte ;
if (d cnt : mon2 (rftle ,rfcbaddr)) > fileeof the n

ca l l  d iskerr ;
return dent;

end readOsourceOf l ie;

crlf : proc;
call printehar (cr);
call pr in tchar (lf) ;

end crlf ;

printdec : proc (value) ;
dc l va lue addr , 1 byte, count byte;
dcl deci (4) addr initisl (l000 ,100 ,10,l);
dci flag bytes
f l a g • f a l s e ;
do I a 0 to 3;
count • 30k;

do whi le value >* deci (i) ;
vain. • value — deei(i );
fla(~ true ;
coun t • coun t + I;

end ;
if flag  or (i> 3) then

c*l1 prin tchsr (aount);
• 1..
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call printcbar (’ ‘ ) ;
end ;
return;

end printdec;

~r intOprod : proc;
cal l pr in t (. ’ prod = 0 ’) ;
call print.~uec(productiou);
call crlf;

end pr intOprod;

printtltoken :proc ;
call print (.’ toke n = 0’);
call pr lntOdeoC token);
c a l l  c r l f ;

end printt3token;

c learOl Lne3buft :proc ;
call fil l (.linebu ff, ’ ‘,conbuffsize);

end c learOl ineObuff ;

l l a t l in e : p r oc(length ) ;
dcl (length, I) byte;
call prlnt0dec( lineno);
call prtntCobar (’ ‘) ;
do 1 0 to length;

call pr intchar ( linebuff ( I));
end ;
c a l l  cr l f ;

end listl ine ;

,**********************************************************************/
/5*5 p a r s e r  v a r i a b l e s

/*************************************************5********************/

dcl li stprod byte initia l (fal se ) ,
lowertoupper byte initial (true ),
Ilstsource byte initi al(f ais e ),
debuglu byte Initia l (fslse ) ,
li .ttoken byte initial (fslse ) ,
compiling byte ;

/5*5 s c a n n e r  p r o c e d u r e s

ge tchar: proc byte;
dcl addeof data (‘eof’ , eolchar ,lf) ; /5 add to end If left off 5/

nextSsource5c bar : proc byte ;
re turn •ourcebuff (sourceptr) ;

end nezt0source5char;

che ckf i le : proc byte s -

do forever;
If (sourcep tr s .ourceptr+l)>Icursourcerecsize the n

do;
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sourcep tr O ;
If read0eourceCfile flleeof then

return true ;
end;

if (nextchar: nezt0souree0char)<> if then
retu rn f a l s e ;

end ;
end checkf i le ;

i f  checkfl ie  or (nextcha r = eoff il ler) then
do; /5 eof reached */

call move (.addeof,sbloc,5);
sourceptr 0;
nextcba r next0sour ce$char ;

end ;
l i n e b u f f ( l i n e p t r : ltneptr  + l) nextchar ; /*output l ine*/
If  nextchar = eolcha r then

do;
llneno = I lneno + 1;
if llatsource then

c a l l  l i st l i n e ( l l n e p t r — l ) ;
i l nep t r  = 0;
call c learlinebuff ;

end ;
If nex tchar = tab then

nex tcha r • ‘ ; -

return nextcbar ;
end getehar;

getnoblank : proc;
do wbile ((getcha r ‘ ‘ )  or (nextcha r e o f fi l l e r ) ) ;
end ;

end ge tnoblank ;

t i t ie: proc ; /5 compiler vers ion 5/
call crlf;
call prin t (.’toggles setS’);
call crlf ;
call print( .’pascsl— m vet’s 1.00’);
call crlf ;
call crlf; V

end t i t l e ;

prin t5error:proc;
call prin td ec (erroroonnt);
call printchnr (’ ‘) ;
call prlat (. ‘error(s) detectedS ’);
call crlf;

end prin tOerror;

error : proc (errcode);
dcl errood . addr ,

byte;
errorcouut~ .rrorcount+l ;
call print ( .
call priut0deo ( lin eno);
call prlnt (.’ error 0’);
call prlatcbar ( ’ ‘) ;
call printcbar(high(errcode))s 

V
call prin tchar ( low (errcode));
call pr int (.’ near 0’);
call printchar (’ ‘) ;
do 1 • I to accun ;

call prlntcbar (accun ( i));
end ;
call crlf ;

139



- — V. — — V  — - •

call prtn t (.’at error 3’);
call printchar (’ ‘ ) ;
cull printOtoken;
call prlnt(.’at error 3’);
call prlntchar (’ ‘ ) ;
c a l l  pri n t O prod;
if tokeu:eofc then

do;
call printOerror;
ca l l  mon3;

end ;
end error;

initial ize8scanner proc ;
dcl count byte;
call openS.ourcefi le ;
lineno ,llneptr = 0;
call clear0lineObuff;
sou rceptr 128;
call getnoblank;
do whi le  nextch a r ‘0’ ;

c a l l  getOno O blan k ;
If (count : (nextchar and Sfh) — ‘a ’) < 4 then

do case count;
ilstsonrce true ;
llstprod true ;
nointfile = true;
llsttoken = true ;
debug ln true ;

V end ; /* of case */
call ge tnoblank;

end ;
end initial izeOscanner ;

/**********************************************************************,
s c a n n e r

scanner proc ;
dcl f l ag  byte;

pntinaccum proc ;
If not cont then

do;
accum (accum : accum + I) • aextcbar ;

V hashcode • (hashcode+nextchar) and hashmask;
if accun • 31 then coat • true ;

end ;
end put inaccum;

pu tandget: proc ;
ca l l  pu t lnaccum ;
call g.tnoblank;

end putandget;

putandchar: proc ;
call putinaccun ;
n.xtcbar a ge tcha r ;

end puta ndch ar ;

numer ic: proc byte;
re turn (n.ztebar — ‘0’) (5  9;

end numeric;
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lowercase: proc byte;
return (nextchar > 6lh) and (ueztcha r < 7ah);

end Lower0caae;

dec ima ipt :proc byte ;
return nextchar ’.’;

V end d e c l m a i p t ;

conv0to3upp er :pro c;
if lowercase and lowertoupper then

nentchar nextch a r and Sfh ;
end convO to Supper;

le tter:. Proc byte;
c a l l  convO to Suppe r ;
return ((neutcha r — ‘ a ’)  < 25) or lowercase;

end letter;

alphanum: proc byte;
return numeric or letter

end a iphanum;

spoo lunmer Ic: proc ;
do while numeric;

call putandchar;
end ;

end spoo ln um erlc ;

setup 0nezt8cal 1: proc ;
if neztchar = ‘ ‘ then

c a l l  ge t nob lank;
coat = false;

end se tup $nezt~~ca i i ;

lookup : proc byte;

dcl .nazrwlng lIt ‘9’;

dcl vocab da taCO , ‘ . ‘ , ‘ ( ‘ , ( , + , ‘0’ , ‘ *‘ , ) ‘ , ‘ ; ‘ , — ‘ , 
,/ ‘ , ‘ , $ >

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• and ’ , ‘d lv ’ , ‘end ’ , ‘for ’ , ‘mod ’ , ‘nil’ , ‘not ’ , ‘set’  , ‘vat ’’ , ‘case ’

,‘els e ’, ‘f i l e ’, ‘goto ’ ,‘read’,’ then ’,’ type ’ ,‘wi th’, ‘array’ ,‘begin ’
‘coas t ’ ,‘i abe l’ , ‘until’ ,‘whl le ’, ‘write ’, ‘down to ’ ,‘packed’
‘readin ’ ,‘record ’, ‘repea t ’ ,‘<empty > ’ , ‘program ’, ‘wr i t e l n ’
‘func t ion’ , ‘ procedur e ’) ;

dcl vloc data (0, 1 ,13,35 ,65,97, 132 , 162,183, 191, 200);

dcl vuum data (0 ,l ,l5 ,25,35,43, 50,55 ,60,6l);

dcl count data(0,13,9,9,7,6,4,2,0,0);

dcl ptr addr , (field based p tr) (9) byte ;
dcl I byte ;

compare : proc byte;
dc l  I by te ;
1 • 0;
do while (field (i) = accum (i :s I + I ) )  and i (s  accum;
end ;
return I > accum ;

sad compare;

If accum > mezrwlng then
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re turn false ;
ptr v loc(  accu m) + . vocab;
do i vnum(accu m) to ( v-num( acc um )+cou nt (a ccum )) ;

If compare then
do;

token 1;

~f ~ 53 then

/5 the following code sets up storage 8 5/
/5 po inters for record entriee In the 5/
/5 symbo l table .

do ;
recOns t~ rec9ns t+ I ;
ap traddr , rec~ par0adr ( recOns t) sb tb 1;
addrp tr 0000h;
apt r ad dr ap t r addr+2 ;
addrptr p rv 3sbtb lO entry;
prv0ab tb l8entry sb tb  1;
aptraddr aptruddr+2 ;
byteptr lfh;
sbtbl sb tbi+9 ;

/5 record initiazations */
varlanti3part (recCnst) ,tag0fd(rec$net):falge ;
fxd0ofs tObse C recOna t) 0000h;
varOof . t0bse( recOnat) :0000h;
cur0o fa t( recOna t) 0000h;
varOcasOva IC recOns t) 0000h;
record8ptr :— 1;

end;
re turn  true ;

end ;
ptrzptr+sccum;

end ;
return false ;

end lookup;

/*** scanne r — main code 5*5/

/*************** ******* ********** 5****** *************** **************** /

do forever;
accum , hashcode, token = 0;
do while neztchar~eolchar;call ge tnoblank ;
end ;
If (ne ztcha r • stringdelim ) or coa t then

do; /5 found string 5/
toke n stringc ;
coa t • f a l s e ;
do for.ver;

do while getcher <> strtngdellm ;
call putinacc um ;
if coat then return;

end ;
c a l l  getnob la nk ;
if neztchar () stringde lim than

re turn ;
c a l l  pu tOlnOaccum ;

end ; ‘5 of do forever 5/
end ; /5 of recognizing a strin g 5/

else  i f  num eri c thea
do; /5 have d i g I t  5/
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token = numberc ;
typenum integerStype ;
do while neztcbar ’O’ ; /*el im lead ing zeros*/

neztchar getchar;
end ;
c a l l  spoolaumeric ;
if decimaipt then

do;
ca l l  pu tandchar;
typenum = realOtype ;
call spoolnumeric;

end;
/5 this takes care of expon. form 5/
If nextchar 2 ‘e ’ then

do;
typenum unslgnOexpon ;
call putandchar;
if nextohar = ‘ ‘  or nextchar = ‘+‘ the n

do;
call pu tand char;
typenum = signedOerpon;

end ;
ca ll .poolnumerlc ;

end ;
If accum = 0 then
bashcode,accum (accum: 1) * ‘0’ ;

call se tupOnextOca 11;
re turn;

end ; /5 of recognizIng numeric constant 5/

else If letter then
do; /* have a let ter */

do while slphanum;
call putandchar;

end;
If not lookup then

do;
token = identifier;
call se tup8neztOca 11;

V re t urn;
end ;

else /5 Is a rw but  if  comment skip 5/
do;

c a l l  setSupOnextOcal i i
re turn;

end ;
end ; /5 of recognizing rw or ident 5/

else  /* special character 5/
do;

if nextchar • ands ign then
do;

nextoha r getchar ;
do w h i l e  nextcba r < >  ande ign ;

nexteha r = getcha r ;
end ;
call getOnoOblank;

end ;
else r

do;
If nexteha r ‘:‘ then

do;
cmlI putandchar;
If  nextcha r ‘~~~~‘ then

call putandget;
end ;

else
if nex tcha r ‘ .‘ then

do;
c a l l  puta ndchar;
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If neztchar • ‘.‘ then 
V

call putandget;

e l se
If numeric then
do;

token = nuntherc
typenum 2 real~~type ;
call spoolnumeric

/5 check for exponent 5/
if nextchar = ‘a ’ then

do;
typenum unsign0expon;
èa l i  putand char ;
if nex tcbar = ‘— ‘ or nex tcba r = ‘4’  the n

do;
typenum~e igned0expon;
call putandchar:

end ;
call spoolnumerlc ;

end ;
call set8upGnezt8call
return;

end ;
end ;

else
if nextcbar = ‘ C ’  then

do;
call putandchar
i t nextchnr • ‘5’ thea

call putandget;
end ;

else
If nex tcbar z ‘*‘ the n

do;
call putandchar
If nextcbar = ‘ )‘  then

call putandget
end ;

else
call putandget ;

if not lookup then
ca l l  errorC ’ ic ’);

call setup 3next0call ;
re turn ;

end ;
end ; /* of recognizing spec ia l  char 5/

end ; /5 of do forever 5/
end scanner; /5 end of scanner 5/

,*********************************************************************,
,*********************************************************************,
/55* procedures for syn thesizer

l n lt i a l i ze0 sy at t b l $  proc ;

dcl a ymba se add r ;

do;
call fIll (.ha shteble ,0,shl (hashtblsize ,2));
symba.e~~. Ini tSsymbltbl ;
sb tb l~ .memory;in lt Sa ymb Stb lC l5)~~highCsymb sse) ;
Ini tSaymbStbi ( l6)sIow(symba.e);
init0syiab $tbl (25) hIgh( syiuibase+13) ;
ln1 t 0symbStb l(26 )~ low( synt base+13) ;
1nlt Sa ymb Stb l(3 5 )~~high(aymbas e+23) ;
in it 5sym bSt blC3 6)~~low( symbase+23) ;
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m l  i3symbQtbl (48) hlgh (symbase+33);
1n1t3aymbQtbl (~..~))low (symbase+33);
init0syub0tbl(59) high (aymbase+46);
lnit3symb3tbl(60) low (symbase+46);
Init$sytnbotbl (71):hlghCsymbase+57);
m i  t0~ymb3tb IC 72) = low( symbase+57);
initQuytnb~~tbl(~~5) hIgh(syniba ’.e+69);
inIt0sy!nb~3tbl (86) lowC symbase+69);
ha,htabie( 14) symbase ;
hashtableC36) *syinbase+13;
bashtable (30) symbase+23;
hashtnb le(0) symbase+33;
bnshtableC 16) symbase+~ 6;
bashtable ( 1 l3)~ syinbase+57;
bashtab le( 64) symbase+69;
hashtable ( 107) .ymbase+B3;
prv3sbtbl0entry • symbase+83;

end ;
sb tbl top~max—2;vecptr 0; cons t3ptr O;
cons t0in d x~ 0;
cons tCpn0ptr O;
subrCptr O;
ary0dm0adrOptr — 1;
.rrySp t r~~- I ;
var iant0p ar  t false;
erry8qty o;
al  lo cSaddr O ;

end In it l a l i z e0 symt b i ;

,**********************************************************************/
/5*5 p a r s e r

do; /5 block for  parser 5/
dcl state statesize ,

var(patacka tze) byte,
baahC pstackaize) byte,
varc (vsrcsizo) byte,
war Index byte,
.tatestac kC pstacks lze) statea ize ,
( s p , m p , m p p l , no look) byte ;

/5 nmumonics for pascal—sm machine 5/

dcl endp li t ‘I’ ,lbl li t ‘2’ ,nop li t ‘O’,ldIb li t ‘3’,
l d iI  l it ‘4 ’,onvb lit ‘9’ ,cnv i lit ‘lG’ ,.lI li t ‘11’ ,
li t, lit ‘l2 ’,addb li t ‘l3’ ,add i l i t ‘14’ ,sub i lit ‘16’ ,
m u ll  l i t 18’,dlvi  l i t ‘20’,lss i l i t ‘22 ’,le ql l it ‘24’ ,
eqIb lit ‘25 ’,eq l i lit ‘26 ’,ne qb lit 28’,neql lit ‘29 ’,
ge qb lit ‘31’ ,geqi lit ‘32’ ,grtl lit ‘34 ’,negb li t ‘35’,
negi lit ‘36’ ,comb lit ‘37 ’,coml li t ‘38 ’,notx lit ‘39 ’ ,
.ndz li t ‘40 ’,bor lit ‘4l ’,stob lit ‘42 ’,stoi lit ‘43’ ,
s to l i t  ‘44 ’,stdb  l i t ‘45’ ,s tdl  l i t ‘46 ’ ,std l I t  ‘47’ ,
dcrb l i t  ‘48’,dcrl lIt ‘49 ’,dcr l i t ‘56 ’,br l li t ‘52’ ,
b ic  l i t  ‘53 ’ , lod l i t  ‘55 ’ , lodb l i t  ‘56 ’ , lod i l i t  ‘57 ’ ,
rdvb l i t  ‘58’ ,rdvi  l i t ‘59 ’,rdv. li t ‘60 ’,wrvb lit ‘61’ ,
wrv i l i t  ‘62’ , wr vs l i t  ‘63’ ,cn.i l i t  ‘51’  ,cn2i lit  ‘54 ’ ,

dump lit ‘64 ’,grtb lit ‘33’ ,lssb l i t ‘21 ’,leqb it t ‘23’ ,
mulb l i t  ‘ l7’ ,d ivb l i t  ‘ 1 9 ’ ;

I n I t I a I i z eD . y n t hesize : proc;
codes ize • 0;

end I u I t l a l I z e S . ynth ..ize;
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code generating procedures

syntheslze proc ; -‘5 synthesize local declarations 5/

se taddrptr 2 proc (offset ) ;
dcl offset byte ;
aptraddr = base + offset;

end s e t a d d r p t r ;

calcOvarc : proc(a) addr;
dcl a byte;
re t urn v a r (a)  + .varc; -

end calc0varc ;

setlookup : procCa ) ;
dcl a byte;
printna me = calc~ varc(a);
symhash = hash (a); /* bashcode of pa *~‘

end se t lookup ;

/* enter0 links  — this procedure entera in the 5/
/* next four bytes of the symbo l table the 5/
/* collision field and the prevIous symbo l 5/
/5 table entry addreøs fIeld for the next 5/
/5 symbo l table entry. C both in add ress war ) 5/

enterS l lnks: proc;
base ,aptra ddr • sbtbi;
addrp t r  = hnshtable(symhash);
c a l l  se taddrp tr (  2 ) ;
addrptr • prv0sbtblSentry;
prv~abtbl0 entry = sbtbl;
hauhtable (symhash) = base ;

end enterO l ink.;

checkQprlnt5na me : proc(e) by te;
/5 a is offset from base to prlutname 5/
dc l a based pr ln tname by te ;
dcl C len, a) byte;
call setaddrptr(a);

If C len a by t e p t r  ) • a then
do w h i l e  ( b y t e p tr (  len) n( l e n) ) ;
If C len a len— I ) • 0 then V

return true ;
end ;
re turu false;

end che ckSp r tnt 0aam e ;

/5 lookupSp r in t ne me3 ld ent l ty  — th is procedure 5/
/5 Ia passed the locatIon of an identifier In 5/
/5 the production rule, and i ts targe t  en t ry 5/
/5 type . if the Identifier ii found with the 5/
/5 correct type the procedure return true , *1
/5 else false I. returned . 5/

lookupspnSid : proc (., IdSentry ) byte ;
dc l ( a , id$entry ) byte;
c a ll  aet loo knp(a) ;
base • basht.ble(.ymhaeh);
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do wh i le base < >  0;
call setaddrptrC4 ) ;
I f  C C  b y t e p t r  and formmask I = Id3entry I the n
do;

if check0pr lat Oname(5) the n
lookup0addr~ base;
return true ;

end ;
else do ;
call setaddrptr (0) ;
base addrptr;

end ;
end ;

return false;
end iookupGpn0ld ;

/5 lImits this procedure ensures tha t the 5/
/5 symbo l table entry about to be entered
/5 will not exceed the upper limit of the */
/5 avaIlable symbo l table addresses . 5/
/5 the paraueter is the bytecoun t of the */
/5 entry to be entered.

limits: proc(count);
dcl count byte;
if sbtbltop ( (sbtbl + couut ) then
do;

c a l l  error( ’ to ’) ;
c a l l  mon3;

end ;
end l imi ts;

/5 enter 3pr tntname 0ldent ity — this procedur e 5/
/5 loads the symbo l table with the following ; */
/5 1. collision field
/5 2. previous symbo l table entry address *1
/5 3. form of entry ( prese t byte “form 1 5/
/5 4. the length of the printuame in one byte*/
/5 5. the prln tname characters 5/
/5 parame ter: printname I~ sat prior to call. 5/

enterSpnSld : proc;
dcl Ci,n based prin tuatne ) byte;
call Iim it sC i : n+6);
call enter9links ;
c a l l  setaddrptr (4) ;
bytept r • form;
c a l l  se ta ddrptr (5) ;
byt ept r ~~n;
ca l l  mov e(pr intn .me+l, sb tb l+6 , n ) ;
sb t b l ’e b t b l+ I ;

end enterSpuOld;

/5 en te r 5ver i .b leS lden t l t y  — this procedure 5/
/5 c a l l s  •nterS pnOI d to load the symbo l table 5/
/5 entr y current ly  being scanned , It also 5/
/5 generates the en try’s form ’ by performing */
/5 a boolean ‘or ’ operation on the idSan t ry 5/
/5 and the parameter a .

eate r $va r CI d * p ro c (a , b ,  Id$entry ) ;
dc l  (a,b ,Id$.ntry) byte ;
If  lookupOpaSld(b ,IdS.ntry) the n
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return;
/5 else enter var name 5/
form a or idoentry;
call enterOpnQid;

end enter OvarOid ;-

/5 set0iabe l — this procedure assigns a label  5/
/5 to the current dec lared labe l and incrainent*/
/* the labe icoun t C next to assign 1.

setSlabel : proc ;
addrp tr lablcount ;
lab lcount~ lab lcouut+ 1;

end se t 0 ia b e l ;

/* enterOi,be l — this procedure loads a labe l 5/
/5 entry Into the symbo l table . symhash and 5/
/5 prlntname mus t be set prior to calling */
,************************************************,

enterS label : Proc;
call limltsC2 ) ;
aptraddr = s bt b l ;
call setOla bel;
sbtb l • sbtbl+2;

end e n t er O l ab el ;

/5 lookup3o*aly — this procedure is passed the */
/5 posItion of a i d e n t i f i e r  just scanned in 5/
/5 the current production C sp,mp ,mpp l I and */
/* returns true if the identifier is found in */
/5 the symbo l table . *1 -

lookupQomly : proc (a) byte;
dcl a byte;
call se t looknp (a) ;
base~ haahtable(symhash);do while base < I 0 ;

if check5print 0na m e(5)  the n
do;

lookup$addr’base;
re turn true ;

end ;
else do;

c a l l  s e tad d r p tr C O) ;
batse 2addrp tr;
end ;

end ;
re turn false;

end lookupSon ly;

convrtbcd: procCa,b ); /5 aasp/mp/mppi, b pos/neg 5/

/5 this procedure converts a real 5/
/5 number in the program to a bed 5/,* representation.  5/

dc l  (L,j,dflag, etl.g,aflag ,a ,b,n based printname ) byte;
dcl (exponloop , exp.Ignloop) label;

call setlookup (.);
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/5 initialize varIables 5/
sflag fa lsa ; eflag true ; dflag true ; 1*1;
do ,j*0 to 7; bcdnum (J) 0; end ;
j0 ; expon 64; /5 e+00 5/

/5 remove leading zeros 5/
do while ((n(t) — ‘0’)  = 0) ;

1=1 +1;
If i~ (n+l) then goto exponloop;end ;

/5 load bcdnum with significant digits */
do while C (n ( I) — ‘0’ ) < 9 or n( 1) ‘ .

if nCi) * ‘ .‘ then
do; eflag false ;

if  ian  the n goto exponloop;
I = 1 + I ;

end ;
e lse

do;
do while ,j = 0 and dflag and (n(l) — ‘0’)  = 0;

expo n * expon-1;
if I = n then goto exponloop;
1 2 1 + 1 ;

end ;
if j C bcdsize—I ) then goto exponloop;
if dflag then /5 firs t bed pair 5/

do;
V bcdnum(j) rol (CnC I)— ’O’) ,4);

dfl.g fa lse ; 1= 1+1;
if ef lag then cxpon*expon+l;

end ;
else

do;
bcdnuin(j )~~b ednum (j )+ (n (  i ) — ’O ’) ;
j 3 + 1; 1 1 + 1;
dflag true ; If eflag then exponaexpon+1;

end ;
if i (n+i) then goto exponloop;

end ;
end ; - V

a xpon loop:
if I • (nil) then goto ezpslgnloop ;

if e f l a g then
do;
do while n (i) <> ‘ . ‘ ;

expon = ,xpon + 1;
I a 

~ + ~ ;
end ;
i = I + 1;

a ad ;
do while I < Cn +l~ and (nC I)— ’O ’) <a 9

I = ~ -+ 1;
end;
if typenum realtype then goto exps ignloop;
/5 n(1) a 5/ 1 = 1+ 1;
if typenum • aigned8~ xpon then

do; V
If nC i) • minuax tha n sflag • true ;
i~~~~i + l ;

end;
• I f  I • n+ l then

do;
call error ( ’ee ’);
re tu rn ;

and ;
d flag  a 0;
do j 5 1 to n;

d f la g  = (d f l a g *l S) + ( n (j ) ’ O ’ ) ;
end ;
if ef lag then /* exponent calculation 5.’

expon • expon df lag ;
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else expon = expon + dflag;

exps iguloop:
bcdnumC bcdsize l)=roi (b ,T); /5 sign of number */
if expon > 127 then
do;

call error( ’ee ’);
r e t u r n ;

end ;
else bcdnum (bcdsize—l ) bcanam (bcdslze—l)+expon;

end convrtbcd;

/5 converti — this  procedure is passed ‘a ” , the*/
/5 location of a constant In the production */
‘5 and ‘b” the ‘sign’ of the in teger,  the
~~* function generates a signed 16 bit repre— 5/
,‘* sentation of the number and re turns i t  in 5/
/5 an address variable.

convertl proc (a,b) address;
dcl (I,a, b,n based printname ) byte;
dcl  num add r ;

call setlookup (a); nwn O;
do 1*1 to n;

if (inaxlnt/lO) > num then
do;

if (maxlnt/lO) = nun and (nCI)— ’O ’) > 7 then
do;

call error (’ie ’);
r e t u r n  anal;

end;
num*(nujn*l0)+Cn( i) ’O’);

end ;
else do;

call errorC ’Ie ’);
return nun;

end ;
end ;
if b • pos then return nun;
if nun = maxint then
do;

ca l l  e r rorC ’ ie ’);
re turn nun ;

end ;
r e tu rn  C — num);

end convertl;

/ ********~~**********4’****************************/
/ 5  eonvart0con.etant — this procedur e is called 5/
/* with typenum set by the caller , the number 5/
/5 mus t be poin ted to by “ap ’ In the prod uc— */
/5 t ioa. the procedure returns with ‘conatS 5/
/5 nuinGtype’ and “cons t$value ” set wi th the 5/
/* number In It~ interna l form. 5/
,************************************************/

convrtSconst : procCa ) ; /5 aapos ,neg 5/
dcl a byte,int9addr sddr ;

if type num a integerStypa than
do;

int Saddr c o nv a r t l ( s p , a ) ;
cons tlnum$ t ypa (cons tSptr) • int eger Stype ;
cons tSp tr5 cons tSp tr + 1;
call move(.intSaddr ,.cona tSvaiue (cona t*Indz),2);
cons t0indx cona t*indx+2;

end ;
e lse do ;
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call convrtbcd (sp,a);
cons tCnum~~typeC cons t~ ptr) rea l3type ;
cons t0ptr con. t~ ptr+ 1;
call move (.bcdnuin, .conat3va iue(const3lndx),bcdslze);
cons t3iudx:cons tOlndx+bcds ize ;

end ;
end convr t~ const;

/** :~.
.l
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/5 enter3constQnt~Juumber 
— af t e r  the next e n tr y*/

/ 5  has had its l inks entered Into the symbo l 5”
/ 5  table, thir procedure enters the constant 5/
/5 value ii~to the symbo l table and set the */
/5 entry’s “form ” to the appropriate type. 5/

enter~cona0numb : proc;

cons t~ p tr cons tQptr 1;
if const3uum$ type(const0ptr) Integertype then

do;
call aetnddrptr (4); byteptr 8 or consVeutry;
call linitaC2 ) ; coust3indx eonst0indx—2;
call move (.const0valueCeonst0indx),sbtbl,2);
sbtbl:sbtbl+2;

end;  -
else do;

call setaddrptrC4); byteptra i0h or consOentry;
call llmltsCbcdslze); const$Indx const3indx bcda ize;
call inove (.const3value (const0indx),s b t bl ,bcds ize);
sb t b l sbtb l+bcds  ize ;

end ;
end enterCconsSnunib ;

/* enter~string — after the ‘l inks” and ‘form’ 5/
/5 are entered into the symbo l table, this 5/
/* procedure loads any identifIer along wi th 5/
/ 5  its length. C used wi th constant strings 5/
/5 and constant identif iers ) 5/
,************************************************/

enterSetrlng : procCa) ;
dcl (a ,n baaed prlntname ) by te ;

call setlookup (.) ;
c~~il lI mIts (n+1 );
call move (pr lntna me ,sbtbl ,(n +l));
.btb i~ .btbl+ (n+i);

end en terQstrlng ;

enter Sconuoldent procCa ,b ) ; /5 a pos’ne g , ba .p.’mppl/sp 5/
dci (a ,b ,c) byte;

c rol (a ,6);
call aet.ddrptrC4); bytaptr e or conuSentry;
c a l l  eater$ st r lngC sp) ;
cons t0pn $pt r ~ oona tlpa Spt r— 1;
con. t~~;ndxacon,t3in dr -coaa tSpu~ .I zeC cona t S pn$ p t r ) ;

end enter Scon.Sldent ;

en ter Scoua t 6entry : proc;
dcl  Ix lnd ex byte ;

vscptr 5 veep t r — 1;
do case con ,tSvoc(vecpt r ) ;

/5 case constant number 5/
c a l l  anter eona$numb ;
/* ease I d e n t i f i e r  constant 5/
c a l l  ea ter Scona Sld.n t ( poe, .p ) ;
/ 5  case signe d ld .ut lt i•r  oonr t snt 5/
c a l l  enter$c oa aSld ent Cn a g, sp ) ;
/* ease constant strIng 5/
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do;
c a l l  se ta dd r p t r(4 ) ; byt ep t r l3h or consOentry ;
call enter$strlng (sp );

- const3pnOptr cons t~ pu~p tr l ;
coust3lnd~~ const31ndx conat3pn$sIze(constOpnOptr);
end ;

end ; /5 of case constOtypa 5/
end enter~jconst.)entry;

/ 5  enterOcomplex~ type 
— this procedure Is 5/

/ 5  called to enter the “links ” and “form ” for */
/5 the ‘complex type ’ symbo l tnble entries. 5/
/ 5  noteS that this entry never has a print— 5/
/5 name ass igned. 5/

enter~comp lex~ type proeCa);
dcl  a byte ;

c a l l  i i m it s ( 5 ) ;
base ,aptraddr:sbtbl;
addrp t r 0000h;
call setaddrptr (2) ;
addrptr prvOeb tb lOentry;
prvosbtbltentry base ;
call setaddrptrC4);
byteptr:a;
sbtb l abtb l+5 ;

end enter0complex ~~type ;

/5 enterCstruc t3type — this  procedure Is
/5 called by the ‘type ’ productions :
/5 I. set t ype
/5 2. fIle type 5/
/5 3. poin ter  type 5/
/ 5  I t  c a l ls  en te rfcomp lexS t ype to set up i t s  5.’
/ 5  ‘links ’ and ‘form ’, the n It sets a pointer 5/
/* to the associated complex type. 5/

enterSs truc tStype proc (a);
dcl a byte ;

call enterOconiplexO typeCa);
call llinl ta (2) ;
call setaddrptr (5) ;
addrp tr~ typeOloc t ;
sb t b l sb tb l+2 ;
typeSloc t base ;

and enter0atruc t~~type ;

/5 lookup5iden tif ier — this procedure is cslled*.’
/5 with ‘symhash’ and printname set. it will *~‘
/ 5  re turn true i f the iden ti f ier can be found 5/
,************************************************/

Iookupcldent: proc byte ;
base baehtable (symhash);

do while base < 1 0;
if check~pr1ntSnsmeC5) then

do;
lookup$addr~b .ue;
return true ;

end ;
e lse  do ;

call ae tsddrptr (0) ;
ba.ezaddrp trs -

cad ;
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end ;
return false ;

end lookupOident ;

/5 lo okup~ pr Ia tna meSoaly - this procedure sets 5/
/5 the ‘symhsah’ and calls lookup$ident to 5/
/ 5  determine if the entry Ia in the symbo l 5/
/ 5  table, the address of the prlntname Is 5/
/5 passed as a parame ter. If the entry 1. 5/
“5 found , true is retur ned. 5/

IookupCpnSonly : procCa ) byte;
dcl a addr ; /5 sddr of print—name 5/
dcl (b ,n based a) byte;

hashcode O;
do b i  to n;
hashc ode a (has hcode#n ( b)) and has hmask;

and ;
symbash~ha.heode ;pr intname a;
If lookupSident then

return true ;
e lse re turn false;

end lookup$pnlonly;

,*************************************************,
- ‘5 storeSconatan t  i d e n t i f i e r  — this rou t ine is 5/
/5 called with prlntname ~et to load an 5/
/5 identifier in the ‘constant value’ varl*ble.*/
/5 * 5*5 *5*5* 5* 5* *5*55*5*5 * 5 5*5*5 *5* 5* *5* 5* 5*5*5* *5* /

storeScons tSiden t : proc ;
dcl n based printname byte;

ca l l  set lookup(sp);
call ,nove(printname ,.cons t~ value(constSindx) ,Cn+ l));
eons t$indx con. t$indx+C n+l);
cons tSpn$hash( cons t$pn$ptr) ~symhash;
cons tOpuSs IzeC cons tSpnSptr ) n+ 1;
cons tSpnSptr constSpn*ptr+l;

end s torelcons t$ldent ;

subrSerror: proc ;
call error( ’ls ’);
aub rStype (.ubr$ptr) integerStype ;
subrOva IC subr*ptr) ~0000h;

end subr Ser ror;

ordShl$lonIch.ck: proc ;
if  subr0ptr~0 then re turn;
if aubr$typa’subrStype(l)  then

do;
if subrSva l > subr*v .ICI) then return;

and ;
c a l l  e r r or ( ’ i. ’) ;

and ordlhiSlow*ohack ;

subrSintShl$low$check : proc ;
If subrSptr~0 the n return ;
if .ubrStyp. < >  sub r Ot ypaCi ) then

do;
ca l l  subrSe rror;
re turn;

end ;
if subr5vs l C 32768 and subrSval (l) > 32767 then

do;
In toger$dlff • subr$wal+( —suhrSvai( 1)1+1 ;
ia tur n ;

end;
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if subrOva l > 32767 and subrSva lC l)  < 32768 then
do;

call subrOerror;
re turn ;

end;
if subrOva l (32768 then /* both positive */
do;

i f ( sn b r Sv n l— ( s u br $ v a l C l ) + l ) )  < 32768 then
do ; integer Sdlff subr$val Csubr$vsl ( l))+l ;

return;
and ;

c a l l  subrSerror ;
re t urn;

end ;
else /5 both negatIve 5/

if  C — ~ubr$valCl)-C — aubr$vn l +1)) < 32768 then
do; -

int ege r0d iff ( — subr$val (l))— ( — suhr$vnl)+1;r e t u r n ;
end ;

c a l l  subr$error;
end subr$IutShiSlow check;

,*************************************************/
/5 subrange*identiferSprocedure — this routine 5/
/* Is called to de termine the offset ( number 5/
/ 5  of entries in a subrange ) sad the type of */
/5 anbrange , given tha t the subrange type is 5’
/5 a named I d e n t i f i e r .  V */

subr Sldant Sproc : proc ;
cons tBpn$ptracona t*pn$ptr— 1;
conat$ind x~conatSindx conatSpnSs 1ze (const$pn5p tr);
pr in tuame .conat Svalue(conet $ lndx) ;
synthash conat $pn$ hash(conat$pnSptr) ; 

-
if not lookupSident the n call subr8error;
else /5 found constant identifIer 5/

do;
baa e~ lookup add r;
call setaddrptr (4) ; /5 points to form (by teptr) 5,
subr Sfor m byt eptr ;
if subr$fom m C> 0Th and CsubrSform and forumask) <> conaSentry

then call subrSarror;
else do;

i f  .ubr0form = 07h the n
do;

snbr$ type(sub r~~ptr ) or d$type ;
c~~1l setad drpt r (5) ;
subrCform by teptr; ~~5 length of p.nama */
call se taddrptr (6+subrlform) ;
.ub rSval (subroptr )sdoub leCby taptr ) ;
call setaddrptrC7+subrSform ) ;
subrStype5addr (.ubrSptr) ~addrp tr;
call ord$hi$lowlchack;

end ;
e lse

do;
do while ((shr(subrlfomm,3) and 3h)’G);

if shr (subrSform,5) nag then
if •ubr Spn$s i gna pos than subr Spn$sIgn~ neg;
else subrSpnSs iguspos;

cel l .etaddrptr(5) ;
.ubrSform byteptr *
call s.taddrptrC6+subr$forin);
i f  not lookupS only( apt ra dd r ) than

do;
call .ubr*error;
subrIp tr~subr$ptr+ 1;return;

end ;
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e lse do;
bnsa lookup$addr;
call setaddrptr(4) ;
subrofo rmabytep tr ;
end ;

end ; V
if (shrCanbrSform,3)and 3h) • 2 then
do;

c a l l  subrOerror ;
snbrSp tr subr$p tr+l ;
return;

end ;
/5 here we have either an integer or char 5/
if (shr (subr$form,3) and 3k) 1 the n

- do ; /* integer */
call aetaddrptrC5 );

subr$fomm bytep tr;
call setaddrptr(6+anbrSfor*n) ;
if subr$pnGslgn = nag then
subr$val (subr$ptr) — addrptr ;

e lse subr3v al C s ubr0ptr) addrptr;
aubrStype (subrSptr) lutegerStype ;
call subrSint$hi$low$check;

end ;
e ise

do;
call setaddrptr (5);
subr$for m*by teptr ;
call setaddrptrC6+subrSforin);
if byteptr C> 1 thea

do;
c a l l  subr lerror ;
subrSptrasubrSptr+ 1;
return;

and;
call setaddrptr(7+subrSform);
if bytept i < 4lh or bytep ir > Sah the n

call subr$error;
else do ;

subrSval (.ubr$ptr)•double (byteptr 41h);
anbrStypa( snbr$ptr) char$type;
call ordOhiSlow eheck;
and;

end ;
and ;

end;
end ;

subrSp trs .ubrSptr+l;
end subr$lden tSproc ;

/5 subrangeSca.e — th is  procedure is used to */
/5 determine the number of entries In a .uhrsnge*~

subr ca.e ; proc ;
subrSpn*s ign pos;
do case oona tSveoCvecptr);
/5 case coust number 5/
do; eonstSptr ~ oonst Sptr l s

if eonstSnu~~ type(const8ptr)~~realStype thea
do;

ca l l  .ubr .rr or;
cons tSlndx con. t$indx- bcds isa ;

end ;
• lsa

do ; /5 integer type 5/
coast$Indx~cona tSIndx—2;
call .ove(.conat$’value(const*indx),.subr$valCsubr$Ptr),2);
subr*typ.(subr$ptr)~ intager$type ;
call subr$lntShiSlow oheck;
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end ;
aubr~ptr1.ubr$ptr+l; /* next to fill */

end ;
/5 case Ident  constant 5/
call subr5ident5proc;
~* case signed ident constant */do;

subrO paSe lgn neg;
c a l l  sub r Sldent $proc;

end ;
/ 5  case constant string 5/
do;

cons t$pn$ptr cone t$pn0ptr— 1;
cons tSindx~conat$indx—cons t~ pnSsize (constSpnSp tr) ;
printuame: .conatlvalue(conVstSindx);
If constSpn~size (eonstSpn*ptr) C> 2 the n

c a l l  subrSerror ;
else

do;
basezpr intanme ;
c a l l  s e t s d drp t r (  1) ;
if byteptr C 41k or by tep tr > 5ah than

call subrierror ;
else

do;
subr5val(subrSptr)~~dou b le (by t e p tr — 4 l h) ;
subrStype(subr$ptr) charStype ;
call ord$hi$low$check;

end ;
ends

subrSptr subrSptr+ 1;
end ;

and ; /5 of case constSvec(vecptr) */
end subr$c*se ;

/* aaterOsubrangeøentry — this procedure is
.‘* used to enter a subrange type entry into 5/
/5 the symbo l table. this symbo l table entry */
/5 has no printname assocIated with it.

enter$subrSentry proc ;
typeS b e  t sbtb I ;
cell llm ita (l4);
vecptr vecptr— 1;
call aubr$case;
vecp tr*vecptr 1;
call subr$case;
c a l l  ente r $complex$t ype(shl(subr$t ype, 6)or Ofh) ;
c a l l  a etad d rp t r (3) ;
if subrS typa lntegerStype the n
addrp trs . lii i tSeymbStb I;

if subrSt yp.$cbarltypa then addrptrsC.initSsyinbStbl+23) ;
if subrOtypesordOtype than addrptr subrStypeSaddr ;
call setaddrptr (7) ;
addrptr’subrSv.l ( I) ;
call •ataddrptr (9) ;
addrptrssubrSwa 1;
call sa taddrptr ( 11);

V if  subr Styp.~~integer Stype thea /* range 0 to 64k 5/
a ddr p t r slnta ger$d iff ;  /5 mey be greater than 32767 5/

else
addr ptr ~~C C sub r $val—subrSval ( I )  ) + l ) ;

snbrSp trsS;
.btb i sbtbl+8 s

and en ter$subr$entry;

type error; pro c ;
.llocat.’false ;
call arror (’it’) ;
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end typeL7error;

/* allocate offset — thIs procedure is called to*/
/5 de termine the number of bytes required for 5/
/* storage of a variable of the type give n in 5/
/* the paramete r  ‘n ’ . the v a r i a b l e ’s a I1c8~~ty 5/
/5 and aIIc~ fortn are set upon return. 5/

alleOoff set: proc(a); .‘* type3loct sr
dcl a addr;
dcl (allcOf orm ,b) byte;

base a;
call setaddrptr (4); /5 points to form of type */
allc3form byteptr and formmask.;
If alicOform C> typeGentry and ailc*florm C> typedele then
do;
call type3error;
a I lc0ct t y 1;
a I lcObas ic0type O;
re t urn;
end ;
do whl le ((shrCbyteptr,3)and forinmask) 7 and allcSform type$entry);
call setaddrptr (5);
call setaddrptrC6+byteptr) ;
base’addrptr; call setaddrptr (4);
allcOforni byteptr and formtnaak;
It ablcOfocm C> typeOentry and ollc$form C> typedcle then
do; call typeOerror;

a I lcsqty 1;
a l l c~ basIc$type 0; re turn;

end ;
end ;

/* here ex ists eithe r a basic type or a type declaration */
if allc )form typeCentry than
do; /5 basic type 5/
do case Cshr (byteptr ,3) and formmask);
/5 Integer 5/

do;
a I lc0~~tyz2;
al lcCbaslcGtype ’ integar Stype ;

end ;
/* bed rea l  5/

do;
a! lc3q ty’S;
ai lc5bss IcOtypasuns IgnS.zpoa;

end ;
/5 charac te r  5/

do;
ci  lcOqty” I ;
a 1 lcQbas ic0typa”charStyp.;

end;
/5 boo lean 5/

do;
aiioSqtr 1;
.1 lcSbas lc*typesboo leanStype ;

end ;
end ; /5 of case 5/
ab loca te ’  true ;
re turn;

and ;
/5 hare ex i s t s  a type declara t ion */

a l lcSform ’(shr (by tep t r , 3)a nd  formic ask) ;
if al loSfor m ’ O the n
do; /5 scaler  5/
all ocate’ true ;
al ic~ qty 4onbleCallc$fora+l);
*1 IcObas IcStype•ordStype; return;

end ;
If a lic*for m ’ l thea
do; / 5  subrange 5/ 

V
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a t loca te true ;
at leObas ic.~typezcompIexOtype ;
b :s b .r (b y t e p tr ,6 ) ;
if b = I then allcGqty’double (allcGform+l );
e lse allcSqty double (allc$form ); return;

end;
if atlcCform 2 then
do; /~~. array 5/

a t  loca te true ;
at icObas IcOtype :complex3typa ;
call setaddrptr (8);
allc3qty addrptr; return;

end;
b:2;
/ *  all o ther cases allocate an address field */
a l lc~~qty’do ub I e Cb ) ;
a l lc~ baa ic~~type’complex3type ;
a t  loca te ’ true ;

end allcOoffset;

/5 allc~~Indez~offset — this procedure Is called */
/5 to d e t e r m i n e  the number of bytes re~~ulred 5/
.‘* by an array to store the array ’s components */
‘x type~~1oct is set prior to calling this 5/
/ 5  routIne , an address variable containing the 5/
/5 byte count is r e t u r n e d .  5/

al lc3 l nd ex Oo f fs et :  proc addr ;
dci a addr,b byte;
a, base’ typeOloct;
call setaddrptrC4) ;
do while Csbr (byteptr,3) and formmask) ‘ 7 and

C byteptr and formm~sk ) typeSentry;
call setaddrptrC5 );
call setaddrptz’(6+byteptr);
base:addrp~ r; call setaddrptrC4) ;

end ;
/* here we have either a scalar ,subrange ,boolean, or char type 5/

b ebr (byteptr,3) and formmask;
if  C b y t e p t r  and formmask) type~ entry  then
do;

if b = 0 or b = 1 tha n
do;

call error(’ia ’);
b’ 2;
re turn doubleCb);

end ;
if b 2  then /5 character subrunge 5/

do;
b • 26;
recOvar3typ( recOns t) achar 8type ;
r e t u r n  d o u bl a (b ) ;

end ;
/5 boo lean 5/
recGvar0typ( rec~ ns t ) ‘boo leanS type s
b a 2; re turn double (b);

and ;
“5 complex type 5/

if (C byteptr and fommmask) C> t ypeSdc le or
(C b C> 0 ) and C b (> I ))) then

do;
call errorC ’ia ’);
b2 , return double (b);

end *
i f b’S then

do; /5 scalar  type 5/ V

recQvar5typ (recSnst) complax type *
call sataddrp tr (5) ;
call se taddrptr (6+bytaptr) ;
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re t urn d o ub i e C b y t e p tr  + 1);
end ;

/5 subrange type 5/
recSvar~~typ (recQnst) ord~ type ;
c a l l  s e t a d dr p t r ( i l ) ;
return addrptr;

end elicOlndexOoffset;

/ 5  aet.~var%able3type — thIs procedure is called */
/ 5  to set the variable type , variable sign,and 5/
/ 5  address of the basic type given, the address*/
/ 5  varIable ‘toolr.upCaddr ’ Is set prior to the 5/
/5 c*il .  5/

set~ varOtype proe;

var3ptr*varGptr+ 1; base’ lookup$addr ;
c a l l  se t add r p t r(  4 ) ;
if (byteptr and formmask) consOentry then

do; /* constant variable 5/
subr~ pn~s ignapos;do w h i l e  ( s h r(b yt e p t r.3 )  and 03k) 0;
if C shr(byteptr,5) and Olh) 1 then
do;

if subr~pn~sign poa then subr6pn~slgn neg;
else ~nbrGpnGs ign pos;

end ;
call setaddrpt r (5) ;
If not lookupOpnOonly(aptraddr) then
do;

call error( ’lc ’);
/5 put in default values to return with 5~
return;

end ;
call setaddrptr (4) ;
if (byteptr and fommnask) C> cons~ entry thendo;

call error (’ic ’);
/5 put In d e f a u l t  va lues to r e tu rn  wi th  5/

re turn ;
end;

end ;
/5 hare we have a n o n — i d e n t i f I e r  constant  var iab le  5/
if (ebr (byteptr ,3) and 3k) ‘I then
do; /5 integer or boole an constant 5/
If base < l000h then
do; / 5  boo iaan  */
call se taddrptr (5);
call setaddrptr (8+byteptr);
var3baseCvar3ptr)aaptraddr; vartlsignCvarSptr) pos;
varOtypeCvar0ptr)54h;

end ;
else do; /5 integer constant 5/

call setaddrptr(5);
call setaddrptr(6+byteptr);
var$baaeCvar~ptr) aptraddr; var0typeCvarSptr)’5h;
varOs Igu C var3ptr) asubrSpn0s ign ;

end ;
re turn ;
and *if (shr(byteptr,3) and 3k) • 2 then
do; /5 rea l constant */
call se t a ddrpt rC 5) ;
call setaddrptr (6+byteptr);
varøbaaeCvarSptr) ‘aptraddr; vsrCtype (verSptr)’6h;
var0e IguC varSptr) ‘snbrSpnSs ign ;
re turn;

end ;
/5 default constant of string */
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call se taddrptr (5); call setaddrptrC6+byteptr);
vnrQbase(varOptr) aptmactdr; varQtype(var~ ptr) 7h;
r e t u r n ;

end ; /5 of constant variables 5/
if Cbyteptr and forininask) = var3eatry then
do; / 5  declared varIables 5/
p~~~’tt~~nhr (byteptr,3) and forminask; /5 type of var 5/
cal l ~etaddrptr (~~); call se taddrptr (6+byteptr);var..üase(vat’Cptr)addrptr; /5 relatIve addr of var 5/
/ 5  sIgn is always ignored */
do case ptrptr;
/~c case C ord variable 5/
do;

vnrotype( vari3ptr) = lOh;
ap t raddr  up t raddr+2;
varCbasel(var~ ptr) addrptr; /5 addr of parent */

end ; -
/* ease I integer variable 5/
varOtypeCvarCptr)~~09h;/5 case 2 char variab le */
varCtypeCvarOptr)’Obh; -
/5 case 3 real variable */
varctype(varOptr) Oah; V

/ 5  case 4 complex variable */
do; /* not inpllmented */
‘a insert complex variable routines here 5/

end ;
/5 case 5 boolean varIable 5/
varotypeCvarCptr)aO8h; V

end ; /5 of variable case 5/
return;

end ;
if byteptr = 7h then

d o ;  / 5  scalar constant 5/
c a l l  se tu d d r p t r C5) ;  c a l l  s e t add rptr (6+bytept r ) ;
vari3base(var3ptr) aptraddr; aptraddr aptraddr+l;
varObaselCvarCptr) addrptr ; /5 parent type of scaler 5/
var otypeCvar o p t r )  1 lh ;
re turn;

end ;

end .e tSvarStype;

,**5**********************************************,
/ 5  load5varlable — this procedure generates the 5/
/5 intermedIate code to load the next variable */
/5 on the execution stack of the object file 5/

IoadSvar m b  Ic: proc ;

if varQtype (varCptr) C 08h then
do; /5 constant variable */
aptraddr vsr6base ( var$ptr);
if  varOtype (var~ptr)’04h thando ; /5 boolean constant 5/

call ganerate (ldiI); call generate (byteptr);
call generate(nop) ; /* high byte zero 5/
ezpStypa (exp5p tr) ‘boo l.anStype ;

end ;
if va r 0type( va r Sptr ) 05h the a
do; /5 intege r constant  5/
call gen era te (ldli)s call generato(byteptr) ;
ca l l  gener a te Ckl gh ( ad drpt r )) ;
if varSa IgnC varQptr)~~neg than
call generate (negi);
axp5typeCexp5ptr)’ integerStyp.;

end ;
If  varCtype(varSptr)’O6h thea
do; /5 bed cons tan t 5/
call generate( Idib);
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do ptrptr l to (bcdslze/2) ;
call generate (byteptr); call ~enerate(hIgh (addrptr));ap t r add r aptraddr+2 ;

end ;
If varoslgnC varoptr) neg thea
call generate (negb);

expOtype(exp~ p t r)  ‘inns ign3expon;
end ; /5 of load bed 5/
if varStype(var~*ptr) O7h then
do; /5 string constant 5/
colt generate (no p); /5 not lmplimented 5/
expCtype (expOptr) s trlngQtype ;
end ;

vnrOptr varCptr—l ;
return;
end ; / 5  of constant variable load 5/

if var9type(varOpt r)  C i lk  then
do; /5 sImple variables */ V

call geaerate(lita); /* load addr of variable 5/
call generate ( low(varCbaae (varOptr)));
call generate(high (varflbase (var0ptr)));
If vnrCtypeCvarOptr)’ 08k then
do; / 5  boolean variable 5/

call generate (bod);
expOtype Cexp Gptr)  ‘boo leanStype ;

end ;
if varOtype (vart~ptr )’09h then
do; /5 integer varIable 5/
call generateC lodi);
expCtype(expOptr)~ integer$type ;

end ;
if varCtypeCvar0ptr) Oah then
do; /5 real variable 5/
call geaerate ( lodb);
expOtype C expOptr) ‘inns lgn~expon;end ;

if varOtypeCvarOptr)’ Obh then
do; /5 char variable 5/
call generate (bod);
expCtypeCexp~ptr) char3type ;
end ;
if vnrotype(v.raptr) lOh then
do; /5 ord variable 5/
call generateC lod ) ;
ezpCtype(expSp tr) ‘ordStype ;
expCtype3addrCexpOptr)’var$basel(var3ptr);

end ;
varSp tr varSptr— I *
r e tu rn ;

end ;
if var3type(varSptr)’ llh then
do; /5 ord constant 5/
uptrnddr’varObaseCvarSptr);
call genera te (ldli );
call generate (byteptr) ; call ganerate(nop ) ;
expO typeCezpSptr)’ ordStype ;
expOtypeSsddr (expOptr)’ varSbaeel(var*ptr);
var5ptr’varOptr” 1;

end ;
and loadj ’varl able;

/5::::::: :: : : : : :::::::: S :: : S : : :: : : : : :5/
/ 5  thIs procedure checks the top two 5/
/5 va riables on the execut ion stack 5/
/5 for prop er type . 5/
/5: ::: : : : ; S : : : : :; : : : : ,‘:i::.’ : S t  Z Z  S $ : :5/

ch.ck$. xprsStypa: proc byte; - - -

if (azpOtyp. Cezplptr ) expS typ .(ezp $p tr —1)) and ezp 2type (exp 3p t r ) <> O h
tha n return true ;

if ezpStyp.(ezpCptr)’lh then
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do;
If enpCtype (e~pOptr-’l) 3h then
do;

call gernerateCcuvl ); /5 convert Int to bed 5/
ezp~ type (exp3ptn’)’3h;
re turn true ;

end $
elde i’eturn false;

end ;
if ezp3type(expQptr) 3h then
do;
if e:: type (exp~ ptr—1 ) lh then

do;
call generate(cn2i); /5 convert second m t  to bed 5/
e type(ezpQptr- 1) 3h;
re turn true ;

end ;
else re turn false;

~ ncl ;
If ezpQtypeCexpCptr ) Oh then
do;

if exp3type(exp3ptr’-l)<>Oh then
retur t  fa l s e ;

e lse
do;
if eypttypeOaddr (exp$~ptr)’exp~ typeQaddr(exp3ptr 1) then

return true ;
end ;

and ;
r e t u r n  f a l s e;  V

end cheekQexpraOtype ;

/5 writeOstring — this procedure writes *7
/* a string to the Interned, code 5/

writeCutring: proc;

dcl a based prlntascie byte;
call setlooknp (sp);
call generate(wrvs);
call genarate(n);
do ptrp t r  1 to a ;
call generate (n (ptrptr ))*

end ;
end wrlteSstrlug;

/5 wrlte3variabla — this procedure will 5/
/ 5  w r it e  a variable to the console via 5/
/5 the interued. code.

wrlteSvar;  proc ;
if axpCp tr 1 11 then

do;
call .rror(’es’);
c a l l  mon3;

end ;
exp~ptraezp$ptr+l;
call loadDvsriable;
do case exp5typa (exp$ptr);

call gen.rateCwrvi);
call generate (wrvi);
ca l l  generate (wrvi);
call generate (wr vb) ;
c a l l  genarate(wrvi);
call ga nerate (wrvl) ;

end ; /5 of expO t ypa case */
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exp~ p tr expOptr 1;
end writeOvar;

,* readCvarlable — this procedure generates 5/
/ 5  the intermedIate code to read a variable*/
/5 from the console. a.’

readQvar :  proc;
if vurCtype (vor0ptr) C 08k then
call error(’ir ’);

else do;
i f var~~typeCvar~ ptr) C liii  then
do;

if varOtypeC variptr) 08h then V -

do; /5 read boolenu not impllmented 5/
end;
If var~~typeCvarS3ptr)n09h then
do;
call generateCrdvi);
call generate (stdi);
call genera teC lowC var~base(varSptr)));
call generate (hIgh(varCbase (var~ ptr)));

end ;
If varOtype (vnr5ptr)’Oah then
do; /* real */
call generateCrdvb);
call generate (stdb);
call generate ( low(var~base (varSptr)));call generateChl gliC var0bnse(varSptr)));

end ;
if vnrOtype (varQptr):Obh then
do ; /5 read char not Impllmented 5/
end ;

If varCtype(varCp t r ) iOh the n
do; ‘5 read ord not i,nplimeuted 5/
end ;

end ;
if varCtype (varCptr)’llh then

call error (’lr ’);
varSptr’varGptr-’ 1;

end ;
end raadSvar;

i f  l i s t p r od  tha n
c a l l  p r ln tOprod ;

do case production;

,******************5************************,~**************************,

/5*5 p r o d u c t  I o n s

the following Is the Input gramma r *55/

/5 case 0 not used 5/

/ 5  1 < program> ::a <program heading> <block> . _ I_
do;

call printCerror;
call printcbar (’ ‘) ;

163



— C - -

call crlf;
call print( .’ compilation complete .~~’);
c a l l  cr l f ;
if not (errorcount > 0) then
do;

call generate(all);
c~~l1 generate( Iow (aIIoc ’~addr));
call generste(hlghCallocUaddr));
cell generate (endp);

end ;
call writeCintOfile;
call closeOintO flle;
call nton3;

end;

2 <program heading> $- : program (prog ident> C 5/
/5 2 <f ile (dent> ) ; 5/

/ 5  3 I program (prog ident> C 5/
3 <file ident> , <f ile ldent> ) ; */

4 < prog ident>  :: < i d e n t i fi e r >  5/

/5 5 <file ident> ::‘ < Identifier> */
if f t rs t Ct im e  then

do;
flrst9time = false;
call enterGvarQidCO,sp,file0entry);

end ;
else

call enteri~var$ld( 16,sp,flleGentry);

/5 6 <block> S : < ldp> <cdp> < tdp> <vdp> < p~3f’dp> <atmtp> a,’

7 < flip> ::a

8 I labe l < labe l s t r i n g> ; 5/

/5 9 < labe l string> :: < label> 5/
if typenum ‘ IntegarStype the n
do;

call enterSvar$id (0,sp, lablOentry);
c a l l  en terSiabe l ;

and ;
/5 10 I < labe l string> , < label>

if typenun • IntegerOtype then
do;

ca l l  enter0var~~IdC0 ,sp , lab lOentry ) ;
c a l l  en t arOl aba l ;

end ;

11 < label> 5 : :  < number) 5/
If typenum C> IntegarStypo then

call error( ’ls ’);

/5 12 Ccdp> :$= 5/

/5 13 I coast <coast def> ;

14 <c oast daf> :: < Ident coas t d e f >  5/

/5 15 I <coast def> ; < ident coast def> 5/

/5 16 < ident coast def> : : < ident coast> • <constant> *1
call en terCconst0.ntry;
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/5 17 < ident  const>  $:: < Identifier> 5/
do;

If lookupOonly(sp ) then
c a l l  e rr or ( ’d c ’) ;

call enterOvarCidCO,sp,cons0entry);
end ;

18 < c o n s t a n t )  :: : < number>
do;
call convrt0const (pos);
cons t3vec( vecptr) cons5nnm8type ;
vecpt rivecpt r+1;

end ;
19 I <sign> < number>

do;
If  signtype’neg then

call convrt0const (neg);
else c a l l  convv t~ constCpos);
cons tilvec C vecptr) cons6num3type ;
vecptr vecp t r+  I ;

end ;
/5 20 I <constant ident> 5/

do;
cons t0vec( vecptr) conss3ident3type;
vecptr vecptr+l;

call stora~ constOident ;
end ;

/ 5  21 I <sign> <constant ident> 5/
do;
If slgntype neg then
cons tOvecC vecptr) cons~ s ident3type ;

else cons tCvec (vecp tr) consSidentStype ;
weep tr’vecptr+ 1;

call s toreOcons tO Ident;
end ;

/5 22 I <str ing>
do;

cons t0vecC vecptr) eonstls trOtype ;
vecptr’vecptr+ 1;

call storeOconst3ident;
end ;

#‘* 23 <constant Ident) $~~ < I d e n t i f i e r >  5,

/5 24 < s i gn> : : z  + 5/
sign type poe;

/5 25 I -  5/
a igntypa nag;

/* 26 < tdp > : :
caseOs tmt false ;

/5 27 I type <type def string> ; 5/
caseSs tnt ’  false ;

/5 28 < type def string> ::~ < t ype 14) 5/

/5 29 I < type def string > ; < type Id> 5/

/5 30 < type Id> :: < type Ida> • < type> 5/
do;

aptraddrs typa6addr;
addrptr’ typeS toe t;

end ;

/* 31 < type Ida) ::: < i d e n t i f i e r >  5/
do;

If lookuplonly (.p ) tha n
ca l l  e r r o r C ’ d t ’);

par ant Stype .b tb 1;
c a l l  enter Svar tldC78h,sp , typ eSantry ) ;
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c a l l  l i m it s C 2 ) ;
typei?addr eb tb I ;
sb t bl ’s b tb l +2 ;

end ;

/5 32 < t y p e >  :: <simple type) 5/

/ 5  
• 

33 I <structured type> 5/

/ 5  34 I < pointer type> 5/

/ 5  35 < s I m p l e  type> ::‘ <scalar type>

36 • I <aubrange type> 5/

37 I < type ldent> 5/

/5 38 <type  ident> ::: < IdentifIer> 5/
if lookup3pn~ ld(sp, typeCentry) then
typeCloct’ lookupOaddr ;

else
do;

call errorC ’tI’);
type~~loct’.Init5symb3tbI; /* integer default 5/

end ;

39 <scaler type> $ :  C <tident strIng> )

/* 40 <tident string> :: < identIfier> 5/
.10 ;

eype $ord9num O;
type$loct’sb tb l ;

if Iookup0onlyCsp) then
call error (’dt’) ;

call enter3vnrCld (0,sp,type$dcle);
call limlts (3) ;
ap traddr ’ab tb l ;
bytaptr 0;
aptraddr aptraddr+ 1;
addrp tr’parent8 type ;
sb tbl :sbtbl +3 ;

end ;
/5 41 I < tident string > , < i den t i f i e r>  *7

do;
t’ypeSordSnum: type~ ord$num+ I;
typaSloct~ abtbl;
if lookup9only(sp) then

c a l l  e rr o r( ’d t ’) ;
call enter’SvarCid (0~ap , typeSdc Ic);
call l imits(3) ;
aptr addr sb tb 1;
bytapt r ’typ e$or dSnu m;
aptrad dr ’a pt r addr+ 1;
addrptr pa rent 5typ a ;
a btb l .b tb l+3 ;

end ;

/5 42 <subrange type> 5 : ’  <constant> .. <constant> 5’
call antarCe ubrSan try ;

/ 5  43 <struc tured type> :: < unpacked structured type> 5/

/5 44 I packed 5/
/5 44 < unpacked struc tured type > */

/5 45 (unpacked struc tured type> ::a <array type)

/5 46 I < record type > *7
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/5 47 I <set type> 5/

‘~ 48 I <file type> 5/

/ 5  49 <array type> ::s array <lp > < Index type string) Crp>
49 of <component type> 5/

do *if arry6ptr = l then arry0ptr’O;
call enter~complexO type( 17k);
ary in~1adrQptrzury~doCadr0ptr num~arry0d Imen( arryOptr);
a rryObase base
call limita ((num3arry3d lmen(arry$ptr)*2)+3);
call setaddrptr (5);
byteptr’numOarryCd imenCarry*ptr);
call setaddrptrC6);
addr2 ptr typeOloc t;
call allc3off.etCtypeSloct);
basa’arry3base ;
c a l l  se ta d dr p t r C 8) ;
addrptr’ arry’3qty( arry3ptr) Sal Ic$qty;
call se taddrptr ( 10);
byteptr ’ol lcObas IcOtype ;
do suhrVform O to (nuin3arry$dimen (arry$ptr)—l );

call seteddrptrC ii+(2*.ubr8forin));
addrptr ’arryOd lmen(ary$dmsadrgptr+subr form+1) ;

end;
typeO b c  t base ;
sbtbl sbtbl+CCnum3nrryodimen (arry$ptr)*2)+6);
arry0ptr arry~ptr l;
end ;

7* 50 (Zp > (5 */

/ 5  51 < rp> ::= 5)  5/

/5 52 < index type string> :: ‘ < Index type> 5/
do;
If arryOptrzarrySnast—1 than
do;

call arror(’an’);
ary~dcaZadr5p tr ary$dmSadrlp tr—numSarry$d imenC arry$ptr);

end ;
e lse arrySptr ’ arry ptr+l;

arryOd iin$ptr O;
ary3dm0adr3ptr’ary dmladrlp tr+ i ;
arryOd ImanCaryOdmSadr$ptr)’ typeS b e  t;
arry3qty( arry0ptr) ‘a I leO iadez$o f feet;
num3arry0d imenC arry$ptr): 1;

and ;
/* 53 I < index type s t r ing> , */

53 < Index type> 5/
do;
if arryOd ImCptrsmex5nu~~arry$d m n— b the n

c a l l  error( ’ad ’) ;
else arry d im ptr arry$d im$ptr+ I;

aryOdw adrGptr ary dm adr*ptr+l;
arry d imenC ary dm$adrSp tr) typeSloct;
arryO4ty( arry ptr) ~arryOqtyC arry ptr) Sal let indattof feet;
nunilarryld Imen ( arrySptr)~ nucitarrytd inenC .rry$ptr) 

4.1;
end ;

/5 54 < index type) ::u <simple type> 5/

/5 55 <component type> $ $ ~~ < type> 5/

‘* 56 < record type) ::s record (field list> end 5/
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do;
war IantOpart ( rectns t) ‘false ;
base , typeaboct rec$par$adr(rec$nst);
if var5castvalCrec3nst) <> 0 then
call error ( iv ’);

call setaddrptrC5);
addrp tr’ fxd0ofe t$bae C rectns t) — 1;
call .etaddrptr (7) ;
add rptr’ prvtsbtbltentry;
reeOns t reetnst-1;

cud ;

/ 5  57 <field lIst> :: ‘ <fixe d part>

58 I Cf Ixed part> ; <variant part> *1

/5 59 I <variant part > 5,’

/5 60 <fixed part> $ 5 ’  <record  s e c t i o n >

/ 5  61 I <fixed part> ; <record sec t ion>  5/

/5 62 < record section> :: ‘ <field Ident string> : < type> 5/
do;
call allc$offsetCtype$loct);
/5 allc0basicttypa and allctqty are set 5/
do ptrptr 2 5 to recordtptr; -
base • rectaddr (ptrptr);
call .etaddrptr (5);
call se taddrptr (8+byteptr) ;
addrp tr ’a I lc$qty;
ap traddrsaptraddr+2;
addrptr’typetloc ti
aptraddr up traddr+2;
addrp tr cur$ofat(rec$nst);
curOofstCreclnat) ‘cnrtofst(recSnst)

+ allc*qty;
end;
recordtp tr’O;
if fxdCofat$bse (rec$nat) C curtofst(rectust)
then fxdOofst$bse (rec5nst) cur*ofstCrec$nst);

end ;
/5 63 I

/5 64 <f Ia 14 ident string> : :* (field Ident) 5/

/5 65 I <fie ld Ident string> • */
/5 65 <f ield Ident) 5/

/* 66 < f I e ld ident> :;~ < Identif ier> 5/
do;
if record$ptr C> 5 then recordSptr~ record$ptr+I;
e lse call errorC ’rn ’);
rac$addr ( recordSptr ) ~ebtb 1;
call enter$varlid (58h,sp , typelde la) *
call l imit.(8);
ap traddr sbtbl ;
addr ptr rectp ar tadr ( rect a. t ) ;
sb tblzabtb l+8;
If v.rlanttpartCrectnst) then

do ;
base~~rec SaddrC reoord t ptr ) ;
call llml ts (2);
call se t.ddrptr (4);
byteptr •tdfh ;

end ;
sad ;
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/5 67 < varIant part> :: ‘ case < tag field> < type Ident) of 5/
/ 5  67 < varIant string> 5/

/5 68 I ease < type Heat> of */
/ 5  68 <varIant string> 5/

/5 69 < v a r I a n t  s t r i n g >  :5’ <variant> 5/

/* 70 I <variant string> * < variant> 5/

‘* 71 < tag field> 5:’ <fIeld ident> : 5/
tag0fd( recOns t)’true;

/5 72 <variant> : 5 ’  <case labe l 1i~~t> C <fIeld list> ) */

/5 73 I 5/

74 <case label list> 5 : ’  <case l abe l>

/5 75 I < case labe l list> , <case l abe l>  */

/ 5  76 <case label> ;:= <constant> 5/
if caseOetmt then
do;

/ 5  insert case st mt  rou t ines  5/
end :

else
do;
If not varianttpart (rectnst) then
do;
varianttpart(rectnst)’tr’ue;
var8cnattp (rec$nst) typeS b c  t;
war5castvalCreo*net) allc$index$offset;
call allctoffset (typetloct);
If tag$fd (rec0nat> then
do;

tag$fd(rectnst):false ;
basesroc$addr (recordlptr ) ;
call setaddrptr (4);
bytaptr’9fh;
call setaddrptr(3);
call setaddrptrC8+byteptr);
addrptr v’ar$caatvalCrectnst);
ap traddr~ap traddr+2 ;
addrp tr var$casttp( rac$ns t);
aptreddr’ap traddr+2;
addrptr’cnrtofst(ree$na t);

curCof.t(rectnst)’cnrtofs t(rec~ nst)+al Ic$qty;
end ;
varSofe t$bse( reeSus t) ‘cur$ofs t( rec$nat);
fxdOofsttb.a(rectnat) cnr$ofst(roctnst);

end ;
/5 call comparetcoasttvariant; 5/
/* the rout ine above checks the case Iabie wit h the variant type 5/

cur3ofat (rec$nst)~~varSofs t$bsaCrec Snat ) ;
vecptr2wecptr 1 ;
cons t$ptr • cona t$Indx, eons ttpn$pt r ’t ;

end ;

/5 77 < s e t  type> ::~ set of <base type) 5/
c a l l  ent .rt s t rnct$type ( 27h) ;

/5 78 ( base type) ::s <simple type> 5/

/5 79 < f I l e  t ype) ~ file of < type > 5/
call en tert.truc t$typ .(2fh);
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/* 80 < p o I n t e r  type> :: $ < t y p e  ident> 5/
call enter0struct$typa (37h);

/* 81 < vdp> :: ‘

-82 I var <va r deelar string > ; 5/

/5 03 < var dec lar string> :: ‘ <var deciar> 5/

84 I < war deciar string) ; 5/
/5 84 <va r  dec lar> 5/

/5 85 <var dec lar> 5: ’  < Want var string) ; < type> */
do;
cell allctoffset (typatloct);
If not allocate then

do;
allc*qty l;
a 1 lctba s icttype’S;

end;
do whIle var$ptr C> — 1 ;

baaezvar$baseC vnr$ptr);
call aetaddrptr (4);
bytep t r ’sh l(  a l  lc5bas ic5type ,3) or varSentry;
aptraddr’varObase l( var$ptr);
addr pt r’al loc$addr ;
a 1 bocOaddr a  1 locOaddr+a 1 lc$qty;
aptraddr aptraddr+2;
addrptr typeS lee t;
var$ptr’var$ptr 1 ;

end ;
end ;

/5 06 < Ident var string> ::* < Identifier> */
do;

varOptr O;
varGbaae’sb tb 1;
call enterOvar$Id (0,sp,vartentry);
call l imits (4);
var 8ba se l~ sb tb I;sb tb l ’sb tb l+4 ;

and ;
/ 5  87 I < Ident var str ing >
/* 87 < identifier> 5/

do;
if vartptr C> 10 the n
do;
vartptr’vartptr+ l *
varOba.e( var$ptr) s.btb Is
cu l l  enter$v.rtid(0,sp .varSentry) ;
call li mits (4);
var$baee l(var$ptr) sbtbl;
sb tbl’sbtbl+ 4;

end ;
else call .rror( ’vn’);
an d;

#‘* 88 Cpt fdp > : :=

/5 * 
89 I < porf declar)

/5 90 <port dec lar> ::~ <proc or Inse t> 5/

* 91 I <port dec lar> <proc or fanct> ;

/5 92 (proc or func t> ;: < procedure declara t ion> a,-’
/5 93 1 < function dec ler> 5/

ii.

- —



V. -

/* 94 <procedure declarat ion> ~~~~‘ <procedure heading>
/5 94 <block > 5/

95 < procedure head ing> ::~ < Proc Id) ; 5/

96 I < proc 14> (
/* 96 <forma l par s  sect list> ) * 5/

/* 9’? < proc 14> ::‘ procedure < I d e n t I f i e r >  5/

/5 98 < forma l pare sect list> :: ‘ <forma l para sect> 5/

99 I < forma l pare sect list> * 5/
/5 99 <forma l pare sect> 5/

/5 100 (forma l pare sect> :: ‘ <pare group> */

/ 5  101 I war < peru group> 5/

~~ 102 I function < pare group> 5/

‘~~ 103 I procedure < proc ident list> 5/

i’* 104 <proc Ident list> : 5 ’  < I d e n t i f I e r >  5/

/* 105 I <proc (dent list> , < identIfier> 5/

/5 106 < pare group> :: <peru ident list> S < type Ident> 5/

/* 107 < pare idant list> :: < identifier> 5/

/5 158 I < pare idant list> , < identifier> 5/

/5 109 < func t ion  decla r> :: < function heading) <block) 5/

/* 110 < function heading ) ::‘ < func t Id> <result type> *

/5 111 I < func t H> C */
/5 lii < formal pare sect list) ) : 5/
/5 111 <result type> ; 5/

/5 112 < funo t 14> :: func t ion < identifier> *1

/5 113 (resul t type> : 5 ’  < type Ident> 5/

/5 1 14 <.t a tp > : 5  <compound st int> *7

/5 115 ~~~~~~~ ~~~~‘ (ba l •tmt> */

/5 116 I < unbal stin t> 5/

/5 117 I < labe l def> <st in t) 5/

/5 118 <ba l stat> ~ : ‘ < If  c lause> ( true part ) e lse <ba l stin t> */
do;
call gsn.rate(lbi );
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c a l l  generate ( l o w ( i f $ l b l ( I f $ p t r ) + l ) ) ;
call generate (high(ifOlb lCifSptr)+l));
i f G p t r ’I f *p t r —i ;

and ;
/5 119 I < simple stint> 5/

/5 120 < unba l stint> :: ‘ <if clause> < s t i n t )  5/
do ;
call genernteC lbl);
call generate (low( if$lbI(lfSptr)));
call genera~ e(high(ifOlbl (If$ptr)));
if3ptr’ ifSptr—l ;

end ;
/* 121 I <if clause> <true part> else 5’
/5 121 < unbel s t i n t >  5/

do *cull genereteC lbl);
call generate (low (lfOlbl (if$ptr)+l));
call generate (hlgh( i fOlblCifSptr)+i));
If$ptr’ iftptr—1 ;

and ;

/5 122 < if clause> :: ‘ < i f >  <expression> then 5/
do;
if axpttypaCexpSptr)’boolean$type then

do;
exp$ptr ’exp *pt r—l ;
call generate (notx);
call generate (blc);
call ga nerate (low (ItSlbl(If*ptr )));
call generete (high (ifOibl (iftptr)));

end ;
el eo ca l l  error ( ’ce ’) ,

end ;

/5 123 < if> : ‘ if 5/
do;

If If$ptrz9 then
do;
cc l i  error (’i o ’);
c a l l  mon3 ;

end ;
If$ptr’Iftptr+ls
iftibl ( ifSptr)•lablcount;
lab leount’ lab lcount 2;

end ;

/5 124 ( true part> : 5 ’  (ba l s t in t> 5/
do;

call generate (brl);
call generate( low(if$lblCIf$ptr)+1));
call generate (highC if$lbi (Iftptr)+l));
call genersta ( lbl) ;
call genereteClow (iftlblClftptr)));
call generateChigh(lf$lblClftptr)));

end *

/5 125 < labe l def> ::‘ ( label> 5/
if lookuptpu*id (mp, labl$eatry) than
do;
call setaddrptr (5) ;
call se taddrptr (6+byteptr) ;
ca l l  geuera te (lb l) ;
call gener.te( low( addrptr));
ca l l  generateCh lghC addrptr));

end ;
els, call srror (’ul’);

/5 126 (sImple stat) :: ‘ <assignment stat> 5/

/5 127 I <procedur e s t i n t >  5/
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/ 5  
• 

128 I <repetitive stint> */

/* 129 I <case stint> 5/

/5 130 I <wIth stint>

/ 5  131 I <read stin t> 5/

/ 5  132 I <write stint> 5/

/ 5  133 I < goto s t i n t >  5/

/5 134 I <compound st in t> */ 
V

/5 135 I •

/ 5  136 <assIgnment s tint> :: ‘ < variable) <expression> 5/
do;
call generateClita);
call generate ( low (var3basa(vartptr)));
call ganarateChighC varSbase(verSptr)));
do ease ezpttype (exp$ptr);
/5 case 0 — ord type 5/
if var$type(vartptr)<> Ith or exp*type8addr (exp$ptr)<> V

vartbaselCvarSptr)  the n
goto error$loop;

e lse call generate (.td);
/5 case 1 — integer type 5/
if vart typ.(ver$ptr)’09h then
call genarata (stdI) ;

e lse do;
If var*typ. (v.r$ptr)’Dah the n
do;
call genereta (cnai);
call generate (stdb):

end ;
alas gob errortloop ;

end ;
/5 case 2 — char$ type 5/
if varttype(vartptr)’Obh then
cell gener.te (atd);

e lse goto error$loop ;
/5 case 3 — real type 5/
if var$typa(varSptr)’O*h then
call generate (stdb);

else goto error$loop;
/5 case 4 - string type 5/

* /5 not iap ilmented 5/
/5 case  S — boo lean t ype 5/
if varttype( v.r$ptr) ’OBh then
call generate (.td);

a les goto erroriloop ;
sad ; / 5  of case 5/
goto secoedtloop ;
.rror$ loop : ca l l  err or ( ’a t ’ ) ;

aecondSloop$
exp$ptr’exptp tr—l;
var$ptr~ varSpt r—1 ;

• ad;

/5 137 (variable) :s <ent ire variable> 5/

/5 138 I <variable> S 5/

/ 5  
* 139 I < variable> <lp > <exprse l ist> (rp)

‘5 140 I (variable> • < f i e l d  ideal> a,

/5 141 (satire variab le> 5 : 5  (variab le ident> 5/

V 
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/5 142 < varIable Ideut> : 5 ’  < I d e n t i f i e r)  5/
If not bookupSonlyCap) then

call error (’dt ’);
else do ;
cull set8varStype ; /5 lookup0addr set here */

end ;

/5 143 <expres list> 5:’ <expression> 5/

/5 144 I <expres list> , <expression> 5/

/* 145 <expression> $ 5 ’  <simple expression> 5/

/* 146 I <si mple express ion) 5/
/5 146 < r e l a t i o n a l operator>
/* 146 <s imple expression> 5/

d o ;
op$ptr’op$ptr—l;
If check$exprs t type the n
do;
if (exp$ type(exp8ptr)<>4h)orCexpttype(expSptr)<>3h) then
do case (opStype (opSptr) 8h);
/5 case 0 — * 5/

call generete(eqll);
c e l l  g e n e r a t e(n e q i) ;
cell generate (ieqi);
cell ganerateCgeqi);
call generate (lssi);
ca l l  ge ne r a t e (g r t i) ;
/5 9~ not impllmented 5/

end; ~‘* of case for integers 5/if exp$type(ezptptr)’3h then
do case (op$ type (op$ptr) 8h);
call generate (eqlb);
cell genera te (neqb);
call generate (Ieqb);
cell generate (geqb);
call generate ( lssb);
c a l l  gen e r a t e C gr t b ) ;

/5 “in ” an t implimented 5/
end ; / 5  of case for  reals 5/
If expttype (exp0p tr)’4h then
do; / 5  tea ts for string. not lmpllmented 5/
end ;

exp$type C exp$ptr) boo leanttype *
end *
else call errorC ’ce ’);

exp$ptr’exp$ptr l;
end ;

/5 147 <rela tions l operator> ::a 5/
do;

op$ type(optpt r)  ‘08h ;
op$ptrsop$ptr+1; /5 next to fill 5/

end;
/5 148 1 < >  5/

do ;
opttypsCoptp tr) ‘09h;
op$pt r ’optptr+ l;
end;

/5 149 I ( ’  5/
do;

op$ type ( optptr ) ‘Osh;
op$ptr~ opSptr +1;
•nd ;

/5 150 I > ’
do *

opt typ.(op$ptr ) ‘tbh;
op*ptr~opSptr+l;
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and;
/* 151 I < */

do;
opStype (op$ptr) ‘Och;
op$ptr’opSptr+ 1;

end ;
/5 152 I >  a,

do;
op$type ( op$ptr) ‘Odh;
op$ptr ’op$ptr+l ;

end ;
/* 153 I in 5/

do;
op$typeCoptptr) Oeh;
op$ptr’optptr+ 1;

end ;

/5 154 <tern> 5 : ’  < fac tor> 5/

/ 5  155 I (term> <multiplying operator> < factor>
do;

op$ptr’op$ptr ’l;
if check$e xprs$type then
do;
if op3type(op3ptr) Ob then /5 multiplication 5/
do case exp$typa (ezpSptr) ;
call error (’ce ’); /5 case 0 — ord 5/
call generate (muli); /5 case 1 — integer 5/
call error (’ce );
call generate (mulb); /5 case 3 — real */
call error( ’ce ’); /* case 4 —  string 5/
call error (’ce ’); /5 case  5 — boolean */

end ; /5 of mul case 5/
if op$type (op$ptr)’lh then /5 real division */
do ease ezp$typeCexp$ptr) ;
call errorC ’ce ’); /* case 0 — ord */
do; .‘* case 1 — integer with real result */

c a l l  g e n e r at e (c n v i) :  /5 convert 1st integer 5/
call generate (cn2i); / 5  convert 2nd integer */
c a l l  gene ra t e(d ivb) ;
exp$typs(axp$ptr’-l)’unaign$axpon;

end ;
call error (’ce ’); /* case 2 — char 5/
call ganerateCdivb); /5 ease 3 — real */
call error (’ce ’); / *  case 4 — st r i n g  */
call error( ’ce ’); /* case 5 — boolean */

end ; /5 of d iv  case 5/
if opttype(opCptr) 2h then /* Integer divide */

I f  expStypeCax pt p t r ) ’  integarSty pe tha n
call generateCdivi);

else call error (’ee ’);
If opttype(optptr)’3h then /* integer mod 5/
if expttype (exp$ptr)’integer$type then
call generat,(dcrl); /5 “mod ” not Impllmented 5/

else call error(’ce ’);
If opttype(op$ptr)’4h thea /5 boolean and *7
It expStyp.(expSptr)~ boolean5type then
call ganerate (andx);

else call error (’ce ’);
end ;
else call arrorC ’ce’);
ezp$ptr’exp$ptr— I;

and ;

/5 156 < mu l t ipl ying operator> ::a * 5/
do;
op$type( optp tr) ‘Oh;
op$ptr*opSptr+ 1;

end ;
/5 157 1 /  5/

do ;
op$typeCop$ptr) ‘Sib;
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op8ptr ’op$ptr+ I;
end ;

/5 158 - I d l v  5/
do;

op$typeCop$ptr) ‘02h;
op$ptr ’op$ptr+ I;

end ;
/ 5  159 I mod

do;
op$type (optptr) ‘03h;
op$ptr’op*ptr+ 1 ;

end ;
/5 160 I and

do;
opt typeCop t ptr ) ’04h ; V

op$ptr’op$ptr+l;
end ;

/5 161 <sImple expression> :: ‘ < term>

/ 5  162 I <sign> < term> */
if algutype nag then

do;
if exp5typeCexp0ptr)’uns.ignSexpon then

call genera te ( negb);
elsa i f  expStype(exp 0pt r) ’ln tag a r$t y p e  the n

call genereteCnegi);
e lse call error ( uo );

end ;
/5 163 I < simple expression> 5/
/* 163 < ad d in g  operator> < term>

do;
optptr’op$ptr— 1;
If cheektexprs$type then

do ;
if op$type (op$ptr):5h then /* arith add 5/
do case exp$type (exp$ptr);

call error (’ce ’);
call generateCaddi);/* case 1 — Integer */
call error (’ce ’); /* case 2 — cha r 5/
call genarata (addb) ; /5 case3 — real *.‘
c a l l  errc~ (’ee ’); / 5  case 4 — string 5/
call error(’ce ); /5 case 5 — boolean 5/

and ; /5 case */
if op$type(op$ptr) ’  6h then /5 e rit h  subtrc 5/
do case exp$t ype (exp$ptr) ;

call error(’ce ’); /5 case 0 — ord type */
c a l l  gen ar a te (su b l) ;
call error(’ce ’);

/ 5  call generate (eubb) ; */
/5 not I mp lI m en te d  5/

c a l l  errorC ‘cc ”);
c a l l  error ( ce ” ) ;

end ;
if opO t yp.(op$ptr) ’7h then 1* boo lean or */
do;

If exp$type(exptptr ) ’boolean$ t ype the n
call generste (bor) ;

else call errorC ’ce );
end *end ;

•lsa  c a l l  er ror ( ’ca ’) ;
.xp$ptr’.zptptr— 1;
end;

/* 164 <addi ng operator) :1’  + 5/
do;

op$type(optptr) ’SSb;
op$ptr’op$ptr+l;

end ;
/5 165 I —  *7

do;
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op$typa( op8ptr) ‘06h;
op0ptr a opSptr+1;
end ;

/5 166 b r 5/
do *op$type (opOptr)~~O7lt,
op8ptr’opOptr+ 1;

end;

/* 167 < factor> ::‘ < variable> 5/
do;
if exp$ptr’ll then

do;
call error(’es’);
call aaon3;

end ;
exp$ptr exp5ptr+ I *
call load~ variable;

end ;
/5 168 I <variable> C <actua l pare h at> ) 5/

/5 169 I ( <express ion> ) 5/

/5 170 I <set>

/ 5  171 I not < factor> 5/
if exp5type(expOpt r) ’boo leanS t ype the n
call generate (no tx);
else call errorC ce );

/* 172 1 <number> 5/
do;
if exp3ptr’ll then

do;
cell error(’es’);
ca l l  mon3;

end ;
exptptr ’exp Sptr+ 1;
if typenum’integer8type then
do;
exp~ type( exp$ptr)’ integerStype ;
alleSqty’converti (sp.poe);
call genarataCldli );
call generateC lowCallc$qty));
call ganerate (high (alic$qty));

end *
else do;

expttype(ezptptr) ‘una igutexpon;
call convrtbcd (sp,pos);
call ganera te (ldIb);
do ptrptr’O to bcdsize i;

call generate (bcdnum (ptrptr))
end;

end ;
sad ;

/5 173 I nil 5/

/* 174 I <s t r ing > 5/

/5 175 (actual pare list> :: ‘ (actua l para> a,’
/5 176 I <ac tua l pare l i s t >  , 5/
/5 176 <ac tua l pars> 5/

/5 177 <set> :5 ’  Up > (e l ement  l i s t >  < rp> 5/

,‘* 178 <eleme nt list> ::a  5/

/5 179 I <ad amant l i s t)
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/5 180 <ze lemant list> ::s <element>

/5 181 I <xelement list> , <element>

/* 182 <element> ::n <express iou> 5/

/ 5  
* 183 I <expression> .. <expression> 5/

/ 5  184 < go to s tat> ::=  < gob > < label>
if lookuptpntld (ep labltentry) then

do; -

call setaddrp tr(5);
call setsddrptrC6+byteptr);
call generate ( lowC addrptr));
cell generete (high (eddrptr));
end ;

else do ;
call errorC ’ul’);
call generate (nop); call generate(nop); V

end ;

/5 185 < goto> ::‘ go to 5/
call generate (brl);

/5 186 <compound stint> ::: <begin> <stint lists> end

/* 187 <be gin> ::: begin a,

/5 188 <stint lists> :: <stint>

/ 5  189 I <stint lists> ; <stint> a~

/5 190 < procedure s tin t>  ::‘ < procedure ident> 5/

/5 
• 

191 I <procedure ident> (
~ ‘* 191 <a ctual pam list> )

‘5 192 < procedure Ident> :: < i d e n t i f I e r >  5/

• 193 (actua l pare> 5 : ’  <expressIon> */

• I~ 4 < r.c va riable  l i s t >  :: ‘ <varIable>

I <rec variable list> ,
• <variable) 5/

• 5 (re ad 5 t ~~~t >  5 * ’  ( read b .ad> C < 1 0  list> ) 5/

• ~~~ ,. ~~~ ~~~4) i a  read

V • • C.

• r..4 I~~ 5/

•. I - • •t  ) 5/
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If allocate then call generate (dump);

/5 201 <write head) write 5/
do *
a ll ocate’ false;
wr i teSs tint’ true ;
end ;

7* 202 I wrlteln 5/
do;
a 1 locate’ true ;
write$stint’ true ;

end ;

/5 203 <10 list> ::: <file ident> S , <var list>

/* no t Impl lmen ted  5/
/5 204 I <va r list> 5/

/ 5  205 (var list) ::n (variable> 5/
if writeSatint then call wrltelvar;
else call readOvar;

/5 206 I < s t r i n g)
if wrlte$stmt then call wrltetatring ;
els a do ; /5 not imp llmented 5/

end ;
/ 5  207 I < var list) , <variable> 5/

if writeOstint then call wrltelvar;
else call readVvar;

/ 5  208 I < v a r  li s t > , <strIng> 5/
If writeletait then cell writelstring;
e lse do; /5 not imphimented 5/

end ;

/ 5  209 <case  s t int )  :: ‘ <case express> <case list elenst list> 5/
/* 209 end 5/

/* 210 <case express> ::~ case <express ion> of 5/
do;
easels tmt true ;
end ;

/* 211 <case list elemt lIst> 5: ’  <case list element>

/5 212 I <C ase list elemt list> *
/5 212 <case list element>

/5 213 <case h a t  element> ::‘ 5/

/* 214 I < case labe l list> : <st int> a,’

/5 215 <repet itive .tmt> :5’ <while stint> 5/

/5 * 216 I (rep eat stint> 5/

/5 21? I < for s t a t >  5/

/5 218 <with stut> : 5 *  <with> <rec variable list> (do> 5/
/5 218 <ba l stint> 5/

/5 219 < w i t h >  5:’ w i t h  5/

/5 220 <do ) :: ‘ do

/ *  221 <while stint> : 5 *  <while> <expression) <do> <bs l stint> 5/
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/5 222 <whi le> ::‘ whI le

/ 5  223 < for stint> :~~ < for> <cont ro l var iable> :-~ <for l ist> */
/ 5  223 <do> <hal stint> 5/

/5 224 < f o r >  ::‘ for 5/

/5 223 <for hit t> 5 : ’  < Initial value> <to> <fina l value) 5/

/* 226 I < initIal value> <downto) <fina l value> 5/

/5 22? <cont ro l va r lab la> : :3  < identIfier> V

/5 228 <I nItial va lue> :: ‘ <expression> a,’

/5 229 <f ina l value > t :’  <expression> -

.‘* 230 < r e p e a t  s t i n t >  : 5 ’  <repeat> <stint lists> <until> a.’/5 230 <express ion> 5/
do;
repea tSp tr repea tlptr— 1;
if expStype (axpSptr)’booleanStype then
do;
exp$ptr’explptr—l;
call genernte (notx);
call generate(bhc);
call generate (Iow (repeat$lbl(repeat$ptr)));
call generate (hlgh (repcatSlbl (repeat$ptr)));
end;

else call error (’ce) ; -

end ;

/5 231 <r epeat> :: ‘ repeat
do;

call generate (lbl);
c a l l  genarate(  iow( lab lc o u n t) ) ;
call generate (high ( labicount));
repaat$lblCrepeatlptr)’ lablcount;
la b l c o u n t’l a b lc o un t +I ;  repeat lptr*repea t$p t r+i ;

end ;

/5 232 <until> ::‘ until 5/

/5 233 < t o >  5 : ’  to 5/

/5 234 <downto> :: ‘ dowato 5/

/5 235 not used , overflow indicator

end ; /5 of ease statement 5/

end syn thes ize ;

error recovery routines 5*5/
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noconf h ict: proc (estate) byte ;
dci catote stateslze , (I .j,k) Indensize ;
j ’ indexl (cstate);
k j  + index2 (cstate) — 1;
do I j  to K;

If readl(i) token then return true ;
end ;
return false;

end noconf l I c t ;

recoverS proc statesize ;
dcl tsp byte, ratate statesize ;
do forever ;

tap ‘ sp;
do w h i l e  tsp < >  255 ;

if noconf l ict (rs tate: statestack( tsp)) then
do; /5 state will read token 5/

if ap <> tsp then ap tsp 1;
return rstate;

end ;
tsp = tap  — 1;

end ;
ca l l  scanner;

end ;
and recover;

/5*5 l a I r  parser rou t ines *55/

do; /*b lock for declarations*/
dcl (I,j,k) indezslze , Index byte;

In i t i a l ize : proc;
call initiaiiza$scanner;
call initializelsynttbl;
call initlalize$syntheslze ;
cell title;

end initialize ;

getinl : proc Indezaize ;
return indexl (state);

end get m l ;

getin2: Proc indexa lze ;
raturn lndez2 (stete);

end getin2;

incap proe;
if Cap :* sp + 1) ‘ lengt h (s ta tea t a ck )  then

c a l l  arror C ’so’);
end Incsp ;

lookahead : proc;
if no look then

do;
call scanner;
nolook ‘ fa lse ;
If llsttoka n then

call printltokan ;
end ;
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end lookahead ;

setlvarcll: proc (i); /* set vare , and incrmnt varindex *./
dcl i byte ;
varc(varindex)’i;
If (-varlndax:’varindex+l) > length (verc) then

call arror (’vo ’);
and sat lva rc l i ;

/5 Initialize for Input — output  opera t iona  5/
call move (.rfcb ..wfcb.9); /5 put filename in write feb */
call setupllat$flle; /5 creates output file for generated code 5/
call initi a lize ; -

do forever;
do while true ; /5 InitIalize variables 5/

compiling , no look’ true ;
stata ’starts ;
spa255 ;
varindez,var 0;

do while compilIng;
if stete< mnxrno then /* read state */

do;
c a l l  incsp;
statestack (sp) atate;
i’getinl;
c a l l  lookahead ;
j’i+getln2—l;
do i’i to j ;

if reedl(i) token then /5 save token 5/
do; /5 copy accum to proper position 5/

varCsp) ‘va r index;
do index 0 to accum;

c e l l  se t$var cOl(accum( I n d e x) ) ;
end ;
hash(sp) = hashcode ;

- 7* save relative table location */
s ta te’read2( I);
no looks true ;
i=j;

and;
e lse If i j  then

do;
call error ( ’np ’);
if (state : recover)’O then

compiling 2 false;
end ;

end ;
end ;

else if state)maxpno then /5 apply production state 5/
do;

mp’sp—getin2;
mppl’ap+l;
production state—maxpno ;
call synthesize; V.

sp’ mp;
i’get m l ;
varindez’v.r (ap);
j’statestack(sp);
do while (kt’appiyl(i)) <> 0 and j <) K;

I’i+l ;
end ;
if (state:u apply2 (i))’O then compilIng • fa lse;

end;
els a if  state< s mazlno than /* lookahead state 5/

do;
I get m l ;
c a l l  lookahe sd ;

V 
do whi le  ( k t ’ l o o k l ( L ) )  (>  S and token C) k;
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l’i+l;
end ;
state’ look2 ( I ) ;

end ;
/5 push state 5,

else do;
call incep;
states tack(sp) getin2;
.tate get m l ;

end ;
end ; /* of while compilIng 5/

end ; /*of while true 5/

end ; /*of do forever*/

end ; V /5 of block for parser 5/

end ; /*of bl ock for dec larationa*/
eo f
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lOOh: /*load po int for translator*/

s y s t e m  l i t e r a l a

declare lit lIterally ‘literally ’,
dcl lit ‘de clare ’,
proc lit ‘procedure ’,
bdos l it ‘Sit ’, /*entry point to disk op. eys*/
boot lit ‘0’ , /* ezlt to return to op. eye. a,
true lit ‘1’ ,
addr lit ‘address ’,
false lit ‘0’,
bcdOlen lit ‘8’,
Int~~hen lit ‘2’,
fIleeo f lit ‘1’ .
coarecaize lit ‘128’,
eoffiller lit ‘lali’,
pinrecslze lIt ‘128’.
forever lit ‘while true ’;

dcl abb e addr iultial (80h) ,
codestrt addr initialCO) ,
vars trt addr initial(l4Oh ),
progOslze addr initial (S) ,
nextchnr byte ,
codecount addr Initial (S) ,
varcoun t addr initial(S) ,
genObuff (80) byte,
codesize addr initIal (lOOb.),/* adds bytes generated */
tempaddr addr,
tempbyte byte ,
combuff (comrecsize) byte ,
pinptr byte inltial (pinrecsfze) ,
errcount addr initial (S) ,
pincode byte ,
pinbuff based abb e (pinrecsize) byte,
startbdos addr initialC6h) , /*ptr to addr of bdos*/
base addr ,
max based startbdoe addr,
comptr byte initial (255),
curpinrecslze byte Initial (pinrecsize ),
rfcbnddr addr initial(Sch ),
loop byte ,
wfcb(33) byte inItIaltO, ’ ‘,‘com ’,O,O,O,O),
rfcb based rfcbaddr(33) byte ,
cspcC66) byte ,
cspaddr(66) addr ,
spomnx addr , /* stack pointer nez */
no look byte; -

dcl pesal addr Inltial (true),
pess2 byte initlal (fa lae),
nopinfile byte inlttel (felse);

g l o b a l  p r o c e d u r e s  *55/

moni : proc (f,a);
dc l  f byte ,
a addr ;
go to bdos;

and moni;
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inon2: proc (f,a) byte;
dcl f byte, a addr ;
go to bdos;

end mon2;

dale eCfile proc (a);
dcl a addr;
cail ,noni (19,a);

end d e l e t eO f i l e ;

:~~ V -~~~’f lie S proe (a) byte;
dcl  a addr ;
return mon2(22,a);

end innkeQflle;

setCdma : proc(a);
dcl a addr;
call monl (26.a);

end setOdnia ;

wrt0eom3rcrd proc (a) byte;
dcl a addr;
re tu rn nion2C2i,a) ;

end wrt0comCrcrd ;

eloseOfile : proc (a) byte;
dcl a addr ;
return mon2(l6,a);

end c loseGf l le;

open~ file : proc (a) byte ;
dcl a addr;
re t urn mo n2( lS ,a ) ;

end open~file ;

readOfile: proc (a) byte;
• dcl a addr;

return moa2(2O,a);
end readOf lie ;

d el e te 0p in 3 flh e  proc ;
call de leteOflle (rfcbaddr);

end deleteOpinOflle;

move : proc (a ,b , l ); /*moves fat a to b for 1 bytes */
dcl (s,b) eddr , /* 1 < 255 byte. 5/
(a based a,  d based b ,l) byte;
do while (15=1 — 1) <) 255 ;

d’s *
b’b + 1;
a a  + i;

end ;
end move;

print : procCa);
dc i a addr ;
c a l l  monl(9 ,a) ;

and p r i n t ;

printcbar: proc(~~~g);
dcl  ~~~g byte;
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c a l l  m o n l (2 , msg) ;
end priatchar;

error: proc (errcode);
dcl errcode addr ,
I byte;
errco~tnt errcoun t + 1;
c a l l  p r i n t ( . ’***~J ’ ) ;
call print (.’ erroriP);
c al l prlntchar (’ ‘) ;
call ~rintchar (itiç~h(errco~ie ) )
call ~rIntchar ( low (errcode))

end error;

diskerr : proc;
do;

call print (.’disk error
goto boot;

end ;
end diskerr;

/5*5 f I l e  m a n  I p u  h a t i n g  r o u t  I n c a

se tupOcomO f lie : proc ;
if noplnflle then /* only make file If this toggle off 5/

return;
call move (.rfcb,.wfcb,9);

wfcb(32) 0;
c e l l  de le te~ f ile( .wfcb);
if makeOfile (.wfcb) 255 then

call diskerr ;
end setupGcon~ f lIe;

writeGcom3file: proc;
if aopmnfibe then

re turn ;
c a l l  s e tC dm a C .c o nb u f f ) ;
i f  w rt O eo m 0r cr d ( .w f c b)  < >  0 the n

c a l l  diskerr;
call set~ dma (sbloc) ; /5 reset dma addr */

end wrtta3eom8flle;

em it: proc (objcode);
dcl objcode byte ;
if  (c o m p t r  : comptr+I) > comrecsize then
/5 wrIte to dIsk 5/

do;
c e l l  wr i t e S c om O f l i e ;
comptr ‘ 0;

end ;
combuff (coinptr) ‘ objeode ;

end emit;

genera te t proe (objcode);
dcl objcode byte;

code.lze = code.ize+1;
call emit (objcode);

and generate;

gonSfive ; p ro cCa . b , c .d , e ) ;
dcl (a,b ,c,d, a) byte;
codes Ize ‘ codes inc + 5;
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call emit (a)
call emit b)
call emit (c) ;
call einit (d) ;
call emit (e)

end gen5~five ;

gten: proc (n ,b.c ,d,e,f,g,h,I ,J);
dcl (a,b,c,d,e,f,g,h,i ,J) byte;
eodeslze codes ize + 10;
call eniit (a) *
call em itCh ) ;
call emit (c);
call emit (d);
call em lt (e);
call emlt (f);
call emit (g)
call emlt (h);
call emit (I);
call emit (j);

end gten;

c ioeeGcom3f i le proc;
/5 c loses a file 5/
if close0file (.wfcb) = 255 then

c a l l  dlskerr ;
end c loseocom0file ;

openOpinOf lie : proc ;
call move(.’pin ’,rfcbaddr+9,3);
rfcb (32) = 0;
if openOfileCrfcbaddr) a 255 then

do;
c a l l  p r in t ( . ’no I n t e r m e d i a t e  f i l e  found 0 ’) ;
go to boot;

end ;
end open0p m n0fiI~~:

r ewind0p in0ft le :proe ; /5 ep/m does no t requIre any action 5/
return; / 5  prior to reopening 5/

end rewmndQpin0f lie ;

r ead0p ln Ofl le :proc  byte ;
dcl dent byte;
if (dcnt:zresdOf l le (rfcbaddr)) > flleeof then

c a l l  disker r;
re turn dent;

end read~ pin0file ;

getOnextObytat proc byte ;
dcl addeof data(’l’);
nezt0p in5char: proc by te;

return pinbuff (pinptr):
and noxtOpinOcher;

chackflle : proc byte:
do forever;

if (pInptr a plnptr + I) >‘ curplnraca ize then
do;

piaptr • 0,
if raad$p in Cfl le  ‘ f i leeof then

re turn true ;
end ;

naxtche r = nezt0pin0char ;
re turn false ;
end ;
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end checkf lie;

if checkfile or (nextcha r eoffiller ) then
do;

call .nove(.addeof, sbboe , 1);
pinptr 0;
nextehar neict0pinCchar;

end ;
re turn nextehar;

end getOnextObyte;

get0next 0addr:  proc addr ;
dcl (lowa.higha ,tadd) addr;
lown a d o ub l e (g e t0n e x t0byt e) ;
higha = doub le(getCuextCbyte);
todd shl (higita.8);
tedd todd + iowa ;
return todd ;

end get3next0addr;

/5*5 g e n e r a l  p r o c e d u r e s  ***,

/* pop0sv~addr removes the first two bytes */
/* from the stack and saves them In the */
/ 5  address indicated as a parameter. */
/ 5  total number of bytes generated • 7 5/

popGsv0addr: procCa) ;
dcl a addr ;
call generate (21W ; /* lxi *.‘
call generate (low (a)); / 5  storage place 5/
call generate (high (a)); 

-
call generate (Oclh); /5 pop b */
call generate (7lh); /* movat c 5/
call generateC23h) ; /5 m x  h */
call generateC7Oh); /5 movm b */

end popOsvOaddr;

/5 push0sv0addr returns the address from 5/
/ 5  the specified address to the stack.
/5 total number of bytes generated = 7 */

push0svSaddr: proc (a);
dci a addr;
call generateC2lh) ; /* lxi */
call generete (low (n)); /* retr ieving eddr 5/
call generate (high(a));
call generate (4eh); /* move at *~
call generateC23h); /* m x  h 5/
call generateC46h); /* mo vb at
call generate (OcSh); /5 push b 5/

end push0svSaddr ;

/* popOint removes the first two bytes  5/
/* from the stack and saves them in the 5/
/ 5  address i n d i c a t e d  as a parameter. 5/
/ 5  total number of bytes generated ‘ T 5/

popamatt proo(a);
dcl  a add r;
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call ~enerateC2lh) ; /5 lxi it 5/
call genot~ate(low (a)); / 5  addr of let 5/
call geuerate (hlgh(a));
call generate (Oclh); /5 pop b 5/
call generate (7lh); /* movm c
call generate (23W ; /5 lax h */
call ;enernte (70h); /5 movie b */

end popOlnt;

/~ S pusit.iut returns the integer from 5/
specified address to the stack. 5/

/5 total number of bytes generated = 7 5/

push~ Int: proc (a);
dcl a addr;
call generateC2ih ); /* lx i it */
call generate (low (a)); /5 addr of m t  5/
call genernte (high(a))
call generate (4eh); /* move m *7
c a l l  genera te(23h); /5 m x  h */
call generate (46h); / 5  movb a 5/
call generate (Oc5h); / 5  push b 5/

end push3int;

/ 5  popQbcd removes the len t 8 bytes from the 5/
/5 stack and p laces them In the working area 5/
/5 starting at address a which is passed as 5/
/ 5  a parameter by the user. 5/
/5 total number of bytes generated = 23 5/

popObed : procCa);
dci I byte, a addr ;
call generate(21h); /5 lxi h */
call generate (low (a)); /* addr of bed 5/
call generate (hlgh(a));
do i l  to 4;

c a l l  gener a t eC0clh ) ; /* pop b 5/
call generate (Tlh); /5 movie c 5/
c a l l  ge ner a te(23h) ; 7* m x  h 5/
call generate (70h); 7* movie b 5/
c a l l  gener ate(23h) ; . 7* m x  h 5/

end ;
end pop0bcd;

/ 5  puahObed places the 8 bytes of a bed nun— */
/* bar, whose last array address a is passed 5/

as a parameter by the user , Into the stack*/
/5 total number of bytes generated 23 5/

•
puabQbcdt proc (a);

dcl I byte , a addr;
call generate (2ih); /5 lx i h *7
cal l generate (low<a)); /* addr of bed 5/
cell generate (high(a));
do i’l to 4;

c a l l  generate(46h) ; /5 mo vb ni 5/
c e l l  gene rat a(2bh ) ; ‘* dcx h 5/c a l l  ge u e r e t aC 4 e h ) ;  /5 mo ve in 5/
call generate(2bh); /5 dcx h 5/
call generate(OcSh); /5 push b 5/

end ;
end pusbf3bcd ;

/ 5  complCbcd complements a bed number located */
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/5 at the working area In location of x, the 5/
/ 5  address a passed a~ a parameter is the ad— 5/
/ 5  dress of the firs t byte of the number array*/
/ 5  total number of bytes generated 43 5,

complCbcd proc (a);
del I byte, a n d d r ;
c rnii ~enera te (21h); /5 ixI b 5/
call generate(iow (a)); /~ addr of bed 5.’
call geaerate (hlgh (a));
call geuerate (3ah); / 5  ldi 5/
call genera:e(~~~a); / ;~ 1~ 000G00 5/
call genernte ’2S~ ); ~~* add in 5,’
call generate (77h); /5 movm a 5/
call generate (23h); / 5  ins h 5/
do i 1  to 7;

call generate (3ah); /5 Ida *7
call geuerate (9~ h): /u 99 u/
call genera ie(9(~ih); / 5  sub m 5/
call generate (77h); 7* movie a 5/
call generate (23h); / 5  lax h 5/

end ;
end complDbcd;

/5 aultOmnt pops two integer numbers from the */
/5 stack and multipl lee them toge ther . then 5/
/ 5  pushes the resulting Intege r back in the stack 5/
/ 5  total number of bytes generated = 40 5/

multillnt : proc (a);
dcl a addr;
call generate(Odlh); / 5  pop d 5/
call genernte (Oclh) ; / 5  pop b 5/
call generate (Oc3h); / 5  jiep 5/
call ~~~erate(bow(a + 2~ I~J ) ;
call ~e terate(high (a + 2~ h) ) ;
coil generate(79h); / 5  mo~ a c 5/
cn lt ;enerate(93h); 7* sub a 5/
call genernte (78h); /*mova b */
cell generate(9ah); /5 sbb d 5/
call generateCOf2h) ; 7* jp 5/
call generateClow (a + i lk));
call generate (high(a + Ilk));
call generate(60k); /5 movh b *7
call generote (69h); /* niovl e 5/
call generate (Oebh); /5 xehg 5/
call generate (44h); /* movb it
call generate(4dh); / 5  move 1 5/
call generate(2lh); 7* iti h 5/
call genera te(OOh);
call generate (OOh);
call generate (Oebh); /5 xehg *7
call generete (78h); /5 nova b 5/
call generate (ObIh) : /5 ore c */
call genera te(OcBh); .‘* rz 5/
call generateCOebh) ; .‘* xchg 5/
call generate (78h); / 5  mo ve b *7
call generats(lfh); /* rar 5/
call genernte(47h); 7* movb a */
c a l l  ge nera te(79h) ; /5 mo ve c 5/
c a l l  generate (lfh); / 5  rar 5/
call generate (4fh); /* move a 5/
call generate(Oc2h); /5 jnc 5/
call generate (l9h); / *  dad d *7
c a l l  geae ra te(Oebh ) ; / 5  xc hg */
cal l generate (29h); /* dad h 5/
c a l l  gener a te(Oc3h) ; 7* j mp  5/
call generate (Of8h) ; 7* call 5/
call generate (low (a + 5 ) ) ;
call generate (htgh (a + 5 ) ’ ) ;
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call genernte(OclSli); /5 push d u/
end multOint;

/5 div~ lnt pop.o two Integer numbers from 5/
/5 the stork, div ide r the second number 5/
,‘5 removed b7 t}~e ul rrt number remo ved 5/
/ 5  and returns tke result to the 5tac~. 5/
/ 5  total number of bytes generated = 54 -5/
/55*55****5* :~C55 <*******************5*****/
d i v O in t :  p r o c ( a ) ;

dci a addr;
call gten(Odlh.Oclh,OcOh, low(a+50),hlgh(a+50),7ah ,2fh ,57h,Tbh,2fh);
call gten(5uh ,l~lh ,2l’a,~~~h,COh ,3eh, llh ,OeSh, lOh ,Od2h);
call generate( low(a + 23));
call generate( high(a + 23));
cal l gten(Oe2h,~~e j1i,O f5h ,79h, 17h ,4fh,78h, l7h ,47h,7dh);
call ~~en( i7li,~’)fh,7ch , 17h ,6Th,0flh ,0dh ,0c~ it, low(a+17) ,high(a+17));
call gten (Cb7h,7ch, lfh ,57h,Tdh, l f h ,5 fh ,Oc9h,Ocdh, low(a+5));
call geaerateC hmg h(a + 5));
call generate(OcSh);

end divOint;

7* ltCint compares the next two integers in 5/
/5 the stack and re turns a 1 to the stack 5/
/5 if the comparIson Is true or a 0 If the 5/
/5 comparison is false. 5/
/ 5  total number of bytes generated 23 5/

lt~JInt: proc(a);
dcl a addr ;
call generate (Odlh); ‘5 pop d 5/
call generate(OcIh) ; 7* pop b 5/
call generate (79h); / 5  mova c 5/
call generate (93h); / 5  sub e 5/
call generate(4fh) ; 7* wove a ~/
call genarate (78h); 7* move b 5/
call generate (Oah); 7* sbb d 5/
call genera te (Od2h); / 5  jnc */
call generote (low(a + 18));
call generate (high (a + 18));
call generate (Oeh) ; 7* mvi c 5/
call genera te (Olh);
call generateC06h); /5 mvl b 5/
call generate(OOh) ;
call generate (Oc5h); / 5  push b */
call generate (Oc3h); 7* j aip 5/
call generate (low (a + 23));
call generateChighC a + 2 3) ) ;
call generateCOek); /5 mvi c */
call generate (OOh);
call generate (06h); /* mvi b 5/
cell generate (00h);
call generate(Oc5h); /5 push b 5/

end ItOInt ;

/ 5  le~~int compares the next two Integers In 5/
/ *  the stack and returns a 1 to the stack *7
/5 if the comparIson is true or a 0 If the */
7* comparison is false. */
/ 5  total number of bytes generated • 23 5/

l e C in t :  p r o c C a ) ;
dci a addr ;
call generate (Oclh); /5 pop b 5/
call generate (Odlh); “5 pop d 5/
c a l l  g e n e rat e( 79 h) ; 7* nova c 5/
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c a l l  ~enercte (93h); /* ~ub e */
call ~anerate(4fh)~ /* movc a */
call generate(78h) ; /* mo va b */
call generate (9ah); /* sbb d */
call generate (Odah); /* jc *~
call generate (low (a + 18));
call generate(high(a + 18));
call genorate(Oeh); ,* nwi c */
call generate (Olh);
call generate(06h); ,* mvi b */
call generate(OOh);
call geuerate(Oc5h); /* push b */
call generate (Oc3h); /* jmp */
call generate (low(a + 23));
call generate (high (a + 23));
call generate (Oeh); /* mvi c */
call generate(OOh);
ca l l  ~enerate (O6h); /* awl b ‘.‘~.‘

call generate (Oøh);
call generate (Gc5h); /* push b ~/

end leOlnt;

,********************************************** ,
/* gtt~int compares the next two Integers in */
/* the stack and re tu rns  a 1 to the stack */
/* if the compar ison is true or a 0 if the */
/* comparison La false.
/* total number of bytes generated = 23

gt0int  proc(a);
dcl  a addr ;
call generate (Oclh); /* pop b */
call geiierate (Odih); /* pop d */
call generute (79h); /* move c */
call generate(93h); /* sub e */
call generate (4fh); /* mo vc a */
call generate (78h); /* inova b */
call generate (9ah); /* ebb 4
call geuerate (Od2h); /* jnc */
call generate (low (a + 18));
call generata (high (a + 18));
call generate(Oeh); /* invi c */
call generate (Olh);
call generate (06W ; /* in-vi b */
call generate (OOh);
call generate (Oc5h); /* push b *J
call genera te(Oc3h); /* jmp */
call generate (Iow (a + 23));
cell generate(hlgh (a + 23));
call generate(Oeh); /* invi c *‘call generatoCOOb);
call generate (06h); /* awl b *�
call generete (OOh);
ca l l  generate (Oc5W ; /* push b *‘~

end gtOln t;

/* geCint compare . the next two integers in */
/* th. s tack and re t urns a I to the stac k *‘/* If the comparison is true or a 0 if the */
/* comparison Is fat...
/* total number of bytes generated ~ 23
,********************************************** ,
geSint: proc (s);

dcl a addrs
call g .nerat. (Odlh); ‘C pop d */
call geners te (Oclh) ; /5 pop b 5/
call gesera te(79h) s ‘* mo ve c 5,
call g.n.r.t.(93h); .‘* sub e 5/
call g.n.rat.(4fh); /5 mo vc a 5/
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call generate (78h); /* Inova b */
call ~enerate(9ah) ; /* sbb 4 *.‘
call generate (Odah); /* jc */
call generate (low (a + 18));
call generate (high (a + 18));
call generate (Oeh); ‘* mvl c */call aeuerate (~~~1~);c...il genera~~~~~~:); /* mvl b */
call generate (øOh);
call generate (Oc5h); .‘* push b */cell ~enerate (Oc3h); /* jmp */
call ~enerateClow (a + 23));
call geaera~~e (iii~~i(a + 23));
call generate (Oeh) ; /* awl c */
call generate (OOh);
call generate (06h); .‘* awl b */call generate (OOh) ;
call ~cnerate (3c5h); /* push b *~‘

end geCint;

‘* eq~ lnt compares the next two Integers In *~
“~ the atack and returns a I to the stack */
.‘* If  the comparison is true or a 0 If the *~
/~~ compar Ison is false.
1* t o t a l  number of bytes  generated = 24

eqoint : proe(a);
dcl a addr;
call generate (Odlh); ‘* pop d */call generate (Oclh); ~‘* pop b *~
call generate (79h); /* nova c */
c a l l  generate(93h) ; ~* sub e
call generate (41h) ; ~‘* move a */
call generate (78h); /* nova b *r
call geuerate (9ah); /* sbb d */
call generate (Cblh); /~ ora c *f
call generate (Oc2h); /~ jnz */
call geuerate (low (a + 19));
call geuerata (hlgh (a + 19));
call geuerate (Oeh); /* awl c */
call geaerate (Olh);
call generate (06h); /* mv-I b */
call generate (OOh);
call generate (Oc5h); /* push b */
call generate (Oc3h); /* jmp *~
call generate (low (a + 2 4) ) ;
call generate (hlgh (a + 24));
call generate (Oeh); .‘* rn-v t c
call generate (OOh);
call generate (06h); /* mv-I b */
c a l l  geuera te (OOh) ;
c a l l  ge nerate (Oc5h) ; /* push b *.‘

end eqOint ;

/* neOlut compares the nant two Integer . In */
/* the stack and returns a I to the stack */
.‘* If the comparison Is true or a 0 If the */
/* compar Ison Is false .
/* total number of bytes generated ~ 24

neQInt: proc (a);
dcl a ad4r ;
ca l l  generate(Od lh) ; /* pop d */
call generate (Oc lh); /* pop b */
call ge nerate (79h); r* mova c *~
call generate (93h); /* sub a
call geuerate (4fh); /* move a */
call generate (78h) ; /* nova b */
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call genernte (9ah); /* sbb d */
call generate (Oblh); /* ore c */
call generate (Oc2h); /* Jnz */
c a l l  gene ra te( low( a + 19));
call generate (high (a + 19));
call generate (Oei); /* awl c */
call generate (-~ l1i);
call generate (06h); /5 awl b 5/
c a l l  genera te( OOh) ;
call generate (Oc5h); /:c push b 5/
call generate (acah); /5 j~ p ~ /
call generate (low (a + 24)) :
call generate (hi~ 1i(a + 2-));
call generate (Oeh) ; /5 rn-v-f c */
cell ganerate (OOh);
call generate (06h); /* mvi b */
call generate (O~ h);
call generate (Oc~ h); /5 push b 5/

end neOlnt;

/* not Obool  negates a ‘0’ to a ‘1’ and a 5/
/* ‘1’ to a ‘0’ takIng the las t byte of the 5/
/5 stack and returning Its complement to the*/
‘~* stack, total number oi bytes = 19 5/

no tOboo l :  p r o c ( a ) ;
dcl  a addr;
call generate (Oc lh); /5 pop b */
call generate (79h); /5 mova c 5/
call generate (Ofh); /5 rrc 5/
call generate (Od2h); /* juc */

call generate (low (a + 14));
call generate (hlgh (a + 14));
c a l l  gene ra t e(Oeh) ; /* awl c 5/

~all generate (OOh);call generate (06h); /* mvl b 5/
call geuerate (OOh);
c a l l  generate(OcGh ) ; /5 push b 5/
call generete (Oc3h); /* jmp 5’
call generate (low (a + 19));
call generate (blgh (a + 19));
ca l l  generataCOek) ; /5 awl c
call ge nerate (OOh) ;
call generate (06h); /5 mvl b 5/
call g.nerata(OOh);
call generate (Oc5h) ; /5 push b 5/

end notObool :

/5 andOboo l pops the les t two tnte;ers f rom 5/
/5 the stack calculates their logical ‘and ’ 5/
/5 and re turns the new value to the stack. 5/
/5 total number of bytes generated 26 5/

andGbo ol : proc (a);
dcl  a addr ;
call generate (Odlh); /5 pop d 5/
c a l l  g e n e r a te (O clh ) ; /* pop b */
call generate(79h); /* nova c 5/
call generate (Oa3h) ; /5 ana e 5/
call generate (4fh) ; 1* move a 5/
call generate (78h); /5 nova b 5/
call generate (Oalh); /5 ana c 5/
call genera te(4?h); /5 nov-b a 5/
call generate (79h) ; /5 move C 5/
c a l l  g en e r a t e(O f h) ; /5 rrc 5/
call genera te (Od2h); /* Jnc 5/
call generate (low( u + 21));
call generate(hlgh (a + 21));
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call generate (Oeh); /5 mv-I c 5/
call generate(Oih)
call generate(06h) ; /5 rnvi b *~call generate(OOh);
call generate(~~c5h); /5 push b 5/
call generate(Oc3h) ; /5 jmp 5/
call ganerate(Iow (a + 2~ ) ) ;
call generate(higli (a + 2~ ));call generate(Oeh); /-~ awl c 5/
call generate(OOh);
call generate (~~~h); /5 mvl b */
call generate (C~h);
call generate (Oc5h) ; /5 push b */

end and~ bool;

/5 orOboo l pop.~ the las t two Integers from 5/
/5 the stack calculates their logical ‘or ’ 5/
/5 and returns the new va lue to the stack. 5/
/5 total number of bytes generated = 26 5/

orQbool : proc (a);
dcl a addr;
c a l l  ge n e rat e ( Od lh ) ; .‘* pop d *
call generate(Oclh) ; /* pop b “/
call generate (79h); /5 nova 5/
call generate (01 3h); /5 ore a
call generate (4fh); /5 nov, a 5/
call generate (78h); /5 move b 5/
call generate (Ob2h); /* ore d *,
call generate (47h); /5 movb a 5/
call generate (79h); /5 nova c 5/
call geuera te (Ofh); /5 rrc 5/
call generate (Od2h); /* jnc */
call generate (low(a + 21));
call generate (hlgh(a + 21));
call generate (Oeh); /5 awl c 5/
call generate (Olh);

• call generate (06h); /5 n-vt b 5/
call generate (OOh);
call generate (OcSh); /5 push b */
call generate (Ocah); /5 jmp Cf
call generate(low (a + 26));
call genarate (hlgh (a + 26));
call generate (Oeh); “5 awi c */
call generete (OOh);
call geuerate (06h); /* n-v-I b 5/
call generata (OOh);
call generate (OcSh); /* push b 5/

end orOboo l ;

/5 svfistack increses the size of the stack 5/
/5 by mov ing the s tack poin te r  (b )  t ime s 5/
/5 total number of bytes generated b 5/

sv5stack: proc (b);
dci (i,b) byte ;
do 1 l  to b ;
call generata (3bh); /5 dcx sp 5/
end ;

end sv$s tack;

/5 una v~ a tack decreases size of the a tack 5/
/5 by nov-lag the stack pointer (b) tIme s 5/
/5 tote l number of bytes generated = b 5/

unav s tack : proc(b);
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dcl (l,b) byte;
do 1 1  to b;
call generate ( 33h); ~ * Inn ap */
end ;

end uns vt~s tack;

/* sto3bcd stores eight bytes from the 5/
/* stack Into an address calculated from */
/5 the firs t two bytes taken from the stack 5/
/5 total number of bytes generated = 21 5/

s toGbcd : proc ;
dcl I byte;
call generate (Oelh); /5 pop h 5/
do 1 1  to 4;
call generate (Oclh); /5 pop b 5/
call generate (Tlh); /* movm c 5/
c a l l  genera te(23h) ; /5 Inn h 5.’
call generate (TOh); /* movm b */
call generate (23h); 1* Inn h SI
end ;

end s toCbcd ;

/5 lod3bcd re&no ves the first two bytes fron*/
/5 the stack , calculates the address of 5/
/5 the bcd number and moves 8 bytes into 5/
/5 the stack, total bytes generated * 21 5/
,*******************************************/
lod~ bcd : proc;

dcl I byte;
call generateCOeth); /5 pop h 5/
do 1=1 to 4;

call gonerate(46h); /5 inovbm 5/
call generate(2bh); ~ ‘* dcx h 5/
call geuerate (4ah); ‘5 move at */
call generate (2bh); /5 dcx h 5/
call generate(OcSh); /5 push b 5/

end ;
end lod0bcd ;

,*******.x************************************,
/* pr1nt~~lnt print, to the console the 5/
‘.5 Integer specIfied by the callIng routine 5/
/5 total bytes generated x 570 5/

prlntOint : proc(a);
dcl  a addr ;
call genOflve (Oc3h, low(a+3dh) ,high(a+34h) ,21h,Ofh);
call geaOflve (Olh,?lh,2ch ,73h,23h);
call gten(72h,Oc3h,OSh,00h,Oc9h ,21h , l2h,Olh,7lh,Oeh);
call gten (02h,Seh, l6h,00h,Ocdh, low(a+3h),hlgh (a+3h),21h.3fh,Olb);
call gten(34h.3eh,4fh ,96h ,Od2h, low(a+3ch) ,hlgh(a+3ch) ,Oeh,02h, leh);
call gten(Odh, l6h,00h,Oedh, low(a+03h) ,high(a+03b),Oeh,02h, leh,Oah);
call gten( 16h,00h ,Ocdh, low(e+03h) ,hlgh(a+03h) ,21b,3fh,Olh, 36h ,00h);
c e l l  gten( Oc9h ,2 1h, Oeh ,Olh ,36h, 00h,3eh, Of f h, 06h. 7fh) ;
cell gten(2eh,Oeeh,96h ,2ch,4fh,78h,9eh ,Od2h, low(a+66h) ,high(a+66h));
call gten (Oeh,2dh,Ocdh, low(a+Ofh) ,hlgh(a+Ofh) ,Oafh,21h,08h,Olh,96h);
call gten (2ch .4fh,3eh.OOh ,9eh,2dh.71h,23h,7Th,Oo3h);
call gencfIve( low(a+6bh) ,hlgh (a+6bh) ,Oeh,20h,Ocdh);
call geaCflve( low< a+Ofh) ,high(a+Ofh) ,llh, lOh,27h);

call gten (21h,08h,Olh,4eh ,2ch,46b ,Oc3h,iow(a+Oa4h),hlgh(a+Oa4h),7ah);
c e l l  gten(2fh,57h, 7bh, 2 f h, Sf h , l3h, 2 1h,00h, 00h, 3eh) ;
ce l l  gen 0 f lv e( I l h . OeSh, I9h ,Od2h, low(a+89h)) ;
call gea0ftve(hlgh (a+89h) ,Oe3h,OeIh,OfSh,79h);
call gten( 17h,4fh,TSh, l7h,47h,Tdh, ITh,6fh,7ch, l7h);

c al l  gt.n( 6?h , O f lh , 3dh, Oc2h, low(a+83h) ,hlgh(a+83h) ,Ob7h, 7ch, lfh ,57h) ;
call gten (Tdh, 1 fh,Sfh,Oc9h,Ocdb, iow(a+TTh) ,bl gh(a+77h),Oafh ,91h,Sfh);
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cell gten (3eh,O0h ,~~8h,Od2h, low(a+lOfh) ,hlgh(a+iOfh),21h,Oeh,OIh,361i);call gten (Olh , l lh , l~fli,27h,2 lh ,O8h,0lh,4eh,2ch,46h);
call gten (Ocdh, low (n+77h) ,high(a+77h) ,2lh,Oah,Oih,Tlh, llh ,lOh,27h);

call gten (2lh,Oah,Oih,4eh,Odii,00h,Oc3h, Zow(a+Of4h) ,hlgh(a+Of4h) ,79h);
call gten (93h,78h,9ah,Of2h, low(~~+0ddh) ,hlgh(a+Oddh) ,60h,69h,Oebh,44bJ ;

call gten (4dh.21h ,00h ,00h ,Oebh ,78h ,Oblh ,Oc8h,Oebh,78h);
call gten ( lfb, ’~7h,7~h, lth,4fk,Od2b, low (a+Oefh),hlgh(a+Oefh) . 19h,Oebh);call genOflve (29b,Oc3h, low (a+Oe lh) ,high(a+Oelh) ,Ocdh);

call genQflve(low(a+Odlh),high(a+Odlh),21h .08h,Olh)s
call gten (7eh,2ch.’~e6h,93h,4fh,78h,9ah,2dh,7 lh,23h);
call gten (77h,2eh,~~dh ,7eh,Oc6h,a0h,77h,4eh,0cdh , low (a+Ofh));
call gteu (high (a+Ofh) ,llh,Oe8h,03h.2Zh ,~~8h ,0lh,4eh.2ch.Ocdh);

call gten (Ocdh,low(a+77h),high (a+77k) ,Oafli,91h,5fh,3eh,00h,98h,Od2h);
call gten( low (a+ldOh),hlgh (a+160h),21h,Oeh,01h,36h,Olh, llh .OeBh,03h) ;
call gten (2lh.08h,Olh,deh,2ch ,46h,Ocdh, low(a+77h) ,hl gh(a+77h) ,2lh);
call gten (Odh,Oih.Tlh, I lh ,Oe8h,03h ,21h,Odh ,Olh,04h);

call gten(06h,Oøh.Ocdh. low(a+Odlh) ,hlgh(a+Odlh) ,2lh,08h,Olh,7eh,2ch);
call gten (46h,93~~.4fh ,7Bh,9ah,2dh ,7lh,23h ,77h,2eh);

call gten (Odh,7eh.Oc6h ,30b ,77h,4eh,Ocdh, iow(a+Ofh) ,high(a+Ofh) ,Oc3h);
call geu3five (low(a+l6dh) ,hlgh(a+l6dh),21h ,Oeh,Olh);
call genOfive(Teh,Ofh,Od2h , low (a+l6dh) ,hlgh(a+l6dh));
call gten (Oeh,30h ,Ocdh , low(a+Ofh) ,high (a4-Ofh) , leh,64h,  16h,00h,2 1h) ;
call gten (08h,Olh ,4eh ,2ch,461i,Ocdh , low(a+77h),hlgh(a+77h) ,Oafh,9Ih);

call gten (5fh,~~eh,00b.98h,0d2h ,low (a+lclh) ,hlgh(a+iclh),2lh,Oeh,Olh);
call gten (36h.Olh, leh ,64h.l6h,00h,2lli,08h,Olh.4eh);
call gten (2ch,46h,Ocdh,low(a+T7h),hl gh(a+77b),2lh ,Odh ,Olh,71h, leh);
call gten (64h,l6h,COh ,2lh ,Odh,Olh ,4eh,06h,00h,øcdh);
call gten ( low (a+Odlh) ,high (n+Odlh),21h,OBh,Olh,Teh,2ch,46h,93h,4fh);
call gten (78h,Oah ,2dh,71h,23li,77h,2eh,Odh ,7eh,Oc6h);
call gen3flve (30h,77h,4eh.Ocdh, low(a+Ofh));
call gen~ flve(high(a+0fh),0c3h, low(a+lceh),hlgh (s+lceh),21h);

call gten (Oeh,Olh.7eh,Ofh,Od2h,low(a+lceh),hlgh(a+lceh),Oeh,30h,Ocdh);
call gten ( low(a+Ofh),high (a+Ofh) , leh,Oah, I6h,00h,2lh,08h,Olh,4eh);
call gtan (2ch,46b.Ocdh,lowt a+77h) ,high(a+77h) ,O af h ,91h,5fh,3eh,00h);

call gten (98h.Od2h, low(a+2ldh),high(a+2Idh), leh.Oah,l6h,00h,2lh,08h);
call gten (Oth,4eh.2ch,46h,Ocdh, low(a+77h),high(a+TTh),21h,Odh,Olh);
call gten (7lh,leh.Oah, l6h,00h ,21h,Odh,Olh ,4eh,06h);

call gtea(OOh,Ocdh, low(a+Odlh) ,hlgh(a+Odlh) ,2lh.08h.OIh,Teh,2ch,46h);
c a l l  gt en(93h, 4fh, 78h, 9ah,24h, 7 lh, 23h, 77h,2eh, Odh) ;

call gten (7eh,Oc6h,30h,77h,4eh,Ocdh, low (a+Ofh) ,hlgh(a+Ofh) ,Oc3h,00h);
call gten (OOh,2 1h ,Odah.Olh,Teh,Ofh ,Od2h, low (a+22ah) ,hlgh(a+22ah) ,Oeh);

call gteu (30h.Ocdh , low(a+Ofh) ,high (a+Ofh) ,Olh,30h,00h,2ah,08h,Glh);
call gten (09h,Oebh ,21h.Oah,Olh,73h,4eh,Ocdh, low(a+Ofh) ,hlgh(a+Ofh));

end prlntOint ;

,*******************************************/
/* print0bcd prints to the console a Lcd Cf
/5 number moved to the working area by the 5.’
/5 calling routine . 5/
/* to tal number of bytes generated = 464 */
,*******************************************/
prlutGbcd: proc (a);

dcl  a addr ;
call gten (Oc3h, low (a+34h) ,hlgh(a+3dh) ,2lh, 13h,Olh,7’lh,2ch ,73h,23h);
call gten (72h,Oc3h ,05h,00h, Oc9lz,21h, 16h,Olh.Ylh,Oeh);
call gten (02h,5eh, l6h,00h ,Ocdh, low(a+3h) ,high(a+3h) ,2lh,3fh,Oth);
call gten (34h,3eh,4fh,96h,Od2h, lowCa+3ch) ,hlgh(a+3ch),Oeh,02h, uk) ;
call gten (Odh, l6h,00h,Ocdh , low(a+3h) ,high(a+3h) ,Oeh,02h, leh,Oah);
call gten ( l6h,00h,Ocdh, low(a+3h) ,hlgh(a+3h) ,2lh ,3fh,Olh ,36h,00h) 8
call gten (Oc9h,3eb,3oh,21h,3fh,O lh,96h,Gd2h. low(a+Sdh) ,high(a+Sdh));
call gten (Oeh,02h. leh,Odh, 16h,00h,Ocdh, low (a+3h) ,hlgh (e+3h) ,Oeh);
call gten (02h, Ieh,Oah, I6h,00h,Ocdk , low (a+3h) ,hlgh(a+3h) ,2lh,3fh);
call gten (Oih.36h.OOh,2eh,Ofah,36h,07h ,3eh, Tfh,2eh);
call genOflve (08h,96h.Od2h. low(a+78h) ,hfgh(a+78h));
call gen0flve(0eh,2dh~0cdh , low(s+Ofh) ,hlgh(a+Ofh));
call gten (2lh,08h,Olh , Teh,Oe6h,BOh,TTh,Oc3h, low(a+74h) ,high(a+7dh));
call gten (Oeh,20h,Ocdh, low(a+0fh),high(a+~ fh),2lh , l2h.01h,4eh,~~6h);
call gten (OOh,2eh,08h, 09h ,7eh, leh ,04h,ObTh, l fh , ldh);
call gten (Oc2h, low(a+89h) ,high(a+89h) ,Oc6h,30h,2lh, lOh,Olh,TTh,4ek);
ca l l  gten (Ocdh, low(a+Oth) ,high(a+Ofh) ,Geh ,2eh,Ocdh,
low(e+Ofh) ,high(a+Ofh) .21k. llh);
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ca l l gten (Oih,36h,Olh,3eh ,06h ,2lh,llh,Olh ,96h ,Odah);
call gten ( low (n+Oe’lh) ,high(Q+Oe4h),O2ch,4eh,06h ,00h,2eh,08h ,09h,7eh);
call gten (Oe6h,Ofh,Oc6h,30h,2lh, lOh ,Olh,77h,4eh, Ocdh);
call gten ( low(a+Ofh),high(a+Ofh).21h,12h.Olh,35h,4eh,06h,00h,2eh);
call gten (OBh,09h,Teh, leh,04h ,Ob7h, lfh, ldh,Oc2h, low(a+Ocdh));

call gten (hlgh (a+Ocdh) ,Oc6h, SOh.2lh, l~ h , 0 lh ,77h,4eh,0cdh, low(a+Ofh));
call gten (high(a~~~fli),2lh ,1lli,3lh,3’Th,0c2h , low(a+Oa3h) ,hlgli(a+Oa3h),
2eh,03h);
call gteu (23h.7eh,Oe6h.Ofla,Oc6h,30h,2 1h, lOk ,Olh,77h);
call gten (4eb,Ocdh, low(a+Ofh) ,higlz(a+Ofh) .Ofh,45h,Ocdh,
low (a+OIh) ,high (a+Ofh) .21k);

call gten(CSh,Olh ,Teb.Od6h,80h ,Od2h,low (a+lllh).high(a+lllh ).Oeh,2dh);
cal l gteu (Ocdh ,  low(a+Ofk )  ,h lghC a+Ofh) , 3eh, ’l lh,2 1h. OBh. Olh , 96h,77h) ;
call gten (Oc3h.low(s+Ildh),hlgh(a+lldh),Oeh,20b.
Ocdh, low (a+Ofh) ,high(a+Ofh) ,21h ,08h);
call gten (Olh,?eh,046h,4lh ,77h,leh,Oah,l6h,00h,2lh);

call gten (08h,Olh,deh,06h,00h,Oc3h. low (a+l5Th) ,hlgh(a+157h) .Tah,2fh);
call gten (57h,7bh,2fh,5fh,lSh,21h,00h ,00h.3eh,llh);
c a l l  g~en(0e~ h,l9k ,0d2h, low(a+l3cti) ,hlgh(a+l3ch) ,Oe3h,Oe lh,
0e~ h,79h. 17k);
call gten(4fh,78h, l7h ,47h ,7dh, 17h ,6fh ,7ch, l7h ,67h);
call gten (Oflh,3dh ,Oc2h , low (a+l36h),hlgh (a+l36h),Ob7h ,Tch,
l f h , 57h, 7dh) ;
‘~all gten ( lfli,5fh ,Oc9h,Ocdh, Low(a+I2ah) ,hlgh(a+l2ah) ,Oafh ,
91h, 5fh, 3eb) ;

call gten (OOh,98h,Od2h , low(a+lbeh) ,hlgh (a+lbeh) , leh ,Oah, 16h ,00h,21h);
call gten(08h,Olh ,4eh,06h,00h ,Ocdh , low(a+l2ah) ,
high (a+l2ah) ,2 1h, low(a+lf3h));
ca l l  gt e n(h i gh ( a+ l f 3h) ,71h, leh-, Oah , 16h, 00h, 2 1h. IOh ,Olh,4eh) ;

c a l l  gten (~~6h , 00h,0c3h, low( a+la4h) ,high( a+la4h) , 79h, 93h, 78h ,9ah, Of2h) ;
call gten( low(a+i8dh) ,high(a+l8dh) ,60h,69h,Oebh,44h,4dh.21h,00h,00h);
call gten (Oebh,78h,Oblh,OcBh,Oebh ,78h, lfh,47h,79h, Ifli) ;
c a l l  gt en(4 fh ,Od2h,  l ow(a +l 9fh )  ,high( a +l9 f h)  , l9h ,Oebh, 29h ,
Oc3h, low (a+l9lh) ,high(a+l9lh));

cell gteu (Ocdh, low(a+l8lh) ,hl gh (a+l8lh) ,21h,08h,Olh,7eh ,93h,4fh,3eh);
call gten (OOh,9ah,7lh,2eh. lOh ,7eh,Oc6h,30h ,77h,4eh);

call gten (Ocdh, low(a+Ofh) ,hlgh (a+Ofh) ,Oc3h, low(a+lc3h) ,high(a+lc3h),
Oeh,20h,Ocdh, low(a+Ofh));
call gten (hlgh(a+Ofh) ,2lh ,08h ,Olh ,7eh,Oc6h.30h,2eh , l0h,77h);
call generate (4eh);
call generate (Ocdh);
call generate ( low (a+Ofh));
call genera te (hlgh (a+Ofh));

end print0bcd;

/5 neObcd l o g i c a l l y  compares two bcd numbers 5/
/5 taken from the stack returns a value of oneS.’
/5 If the numbers are not equal, a zero If 5/
/5 equal. total number of bytes gen = 67 5/

neqbcd : procca);
dcl  a addr;
call gten (2lh, lah. l lh ,36h,00h,2dh ,06b,00h, 21h, 19k);
call gten( llh,7eh,Od6h,08h,Od2h, low(a+3eh) ,high(a+3eh) ,4eh,06h,00h);
call gten (2ah,08h,09h,Teh,21h, 19h, llh,Seh, l6h,00h);
call gteu (2eh, lOb, l9h,4fh,7eh,91h,Ocah, low(e+34h) ,hlgh(a+34h) ,2lh);
call gten ( lah, lIh,36h,Olh,2dh ,7eh ,Oc6h.08h,77h,Gc3h) I
call gten ( low(a+Bh),hlgh (a+Bh),2 lh ,IBh.llh,36h,00h,2dh,34h,Oc3h);
call gen0five( low(a+8h),hlgh(a+8h),2ch,4eh,Sbh);
call generate(OOh);
call generata (Oc5h);

end neQbcd ; 
-

“5 eqtlbcd logically compares two bed numbers 5/
/5 tn k ~ n f rom the s tack  r e tu rns a valu, of one*/
/5 If the numbers are equal, a zero if not. */
/*total number of byte. generated • 66 5/
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eqtlbcd: proc(a);
dcl a addr;
call gten (2lh , ink, llh,36h ,00h,2dh,36h,00h,2lh, 19k);
c a l l  gten (7eh,0d6h.O~h,~~d2li, low (a+3eh) ,high(a+3eh) ,4eh,06h.OOIz,2eW ;
call gten (08h,09h,Teh,2 1h, 19h , l i h ,Seh, l6h,00h,2eh);
call gten ( lOb, l9h, 4fh, Teh,9lh ,Oc2h,  lo w(a + 3lh ) ,h l g h( a+31h) .2 1k, lab) ;
call gten ( llh ,36h,Olh.2dh,34h,Oc3h, low(a+8h),hlgh(a+8h) ,21h,lah);
call gten (llh ,36h. li,.~ili,Teh.Oc6k,~~3h,77h ,Oc3h,Iow(a+8h));
call gen~ fIve (hIgh (a+~h),2ch.4eh,O61z,OOh);
call generate (Oc5h);

end eqObcd ;

/5 geSbed log ically com pares two bed 5/
/* numbers take n f rom the s tack  and */
/* returns a va lue of one If the let 5/
/* number Is greater or equal to the 5/
/5 second number. bytes generated~324*/
,*************************************/
ge8bcd proc (a);

dcl  a addr ;
call gten (Oc3h, low(e+Oech),hlgh (a+Oech),2 1h, leh, Olh ,
36h ,Olh ,2eh , ich);
c a l l  gt en(7eh ,Ofh , Od2h, Iow( a+80k) ,high(a+801i) , 2e h, l9h, 7eh, 2ch , 96h) ;
call gteu (Oc2h, low(a+67h) ,hlgh(a+67h) ,2 1h, leh ,Olh,7eh,Od6h,
OBh,Od2h);
call gten ( low (a+72h) ,high(a+72h) ,4eh ,06h ,00h,2eh,08h,09h,7eh,21h);
call gten (leh,Olh ,3eh , l6h,00h,2eh, lOh , l9h ,4fh ,Teh);
call gten (9lh,Oc2b, iow(a+3dh) ,hlgh(a+3dh) .21k, leh ,Olh,34h.
Oc3h, tow (a+lTh));
call gten (hlgh (a+17h) ,21h, leh ,Olh,4eh,06h,00h,2eh,08h ,09h);
cal l gten(Teh,21h, leh ,Olh ,5eh, l6h,00h,2eh, lOb, 19h);

call gten (4fh,7eh, 5fh ,79h ,93h ,Od2h , low(a+5dh) ,hlgh(a+Sdh) .21k, ldh);
call gtea (O1h,36h,Olh.22b, leh ,OIb,7eh,Oc6h,OBh,77h);
call gten (Oc3h, low(a+l7h) ,hlgh(a+l7h) ,2dh,7eh,2ch ,96h ,Od2h ,
low( a+72h) , high( a+72h));
c a l l  gt e n(2 eh , l dh, 36h,Olh,2eh . leh, Teh, Od6h .08h .Oc2h) ;
call gten ( low(a+Oebh) .high (a+Oebh) ,2dh,36h,Olh,Oc3h, low(a+Oebh),
higb(a+Oebh) ,2eh, 19k);

call gtea(Teh.2ch.96h,Gc2h. low(a+Od6h) ,hlgh(a+Od6h) ,2lh. teh,Olh,Teb);
call gten (Od6h,08h,Od2h, low(a+OeOh) ,hlgh(a+OeOh) ,4eh 06h,00h,
2eh,08h);
call gten (09h,7eh.2lh ,leh,Olh.5eh, l6h,00h,2eh, 10k);
call gten ( l9h,4fh,Tek,9lh ,Oc2h, low(a+Oeeh) ,hlgh(a+Oaeh) .21k,
leh,OIh);
call gten(34h,Oc3h. low(a+88h) ,hlgh(a+88h) ,2lh, leh, Olh,4eh,06h,00h);
call gten(2eh,08h,09h,7eh,2lh, leh, Olh,5eh,16h,00h);
call gten (2eh. lob, l9h,4fh,7eh,9lh,Od2h, low(a+Occh) .hlgh(a+Occh),
2lh);
call gten( ldh,Olh.36h ,Olh,2lh, lek ,Olh,?eh,Oc6h ,08h);
call gten (77h,Oc3h, low(a+88h) ,hlgh(u+88h) ,Teh,2dh,96h,0d2k,
low (a+OeOh) ,hlgh (a+OeOh));
call gtea(2eh, ldh ,36h,OIh,2eh. leh,Teh,Od6h,08h,Oc2h);

ca l l  gten ( low(a+Oebh) ,hlgh (a+Oebb) ,2dh,36h,Olh,Oc9h,21h, 1dh,0th,36b)~
call gten (OOh,2eh , lbh,36h ,00h,2ch,36b,Oøh,2eh,08h);
call gten(7eh,O.6h.7 9h,2eh, l9h,77h,2ek, lOh,7eh,Oe6h);
call gten(79b.2eh , lah,TTh,Oafh,Od6k,80h,9fh,2eh,08h);
call gten(Oa6h,Oth,OdZh, low(a+illh) ,hlgh(a+117h) ,2eh, lbh,36h,Olh,
Oafh) ;
call gten(Od6h,80h ,9fh ,2eh, lOh,Oa6h,Ofh ,Od2h, low (a+126h),
hIgh( a+ 126k));
call gt.n (2eh, lch,36h,Olh ,2eh , lbh,7eh,2ch,Oa6h,Ifh);
call gt.n(Od2h, low( a+135h) ,hlgh (a+135h),Ocdh , low (a+3h) .klgh (a+3h),
Oc3h , low(.+ l3dh) ,high( e4 l3dh) ,7eh);

ca l l  geen (Ofh ,Od2h, low (.+l3dh) ,hl gh (a+l3dh),lch,36h,Glh ,2lk, ldh,Olh);
call generate (4eh);
call genera t.(86h);
call gensrat.(08h);
call g.a.rat.(øcSh);

end geSbed;
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/5 writeOstring calls the routine tha t 5/
/5 prInts the characters followed by the */
/* opcode . total no. bytes gen = 61

wr l te~ strng proc;
dcl a addr;
a cspaddr(63) ;
c a l l  gten (Oc3h, low(a+2eh) ,hlgh(n+2eh) ,2lh,08h,Olh,7lh,2ch,73h,23h);
call gten(72h,Oc3h,05h,00h,Oc9h,2lh,Och.OIh.7lh,Oeh);
c a l l  g ten (02h,5eh ,  16h, 00h, Ocdh, low ( a — 1 2 ) , kigh( a -’l2) ,2 1h ,3fh , Olk ) ;
call gteu(34h,3eh ,4fh,96h,Od2h, low(a+2dh) .high(a+2dh) ,Oeh ,02h, leh);
call gten (Odh,l6h, 00h,Ocdh, low (a—l2),hlgh (a—l2),Oeh,32h , leh ,Oah);
call gten(l6h,00h,Ocdh.low(a—12) ,high(a—12),2lh,3fh,Olh,36h,00h);
ca l l  generate (Oc9h);

end wrlte8strng;

/5 convertSint removes the first two 5/
/5 bytes  f rom the s tack changes the m to*/
/* a bed number and re tu rns  8 byte. to Cf
/C the s tack,  t o t a l  bytes  • 383 5/

convert~~Int: proc (a);
dcl a addr;
call gteu (2lh.17h ,Olk.36h,Olh,3oh,07h,21h.17h,Olh);
ca l l  gten(96h,Odah. low(a+Idh) ,hlgh(a+idh) ,4eh,06h,00k,2eh,Osh,09h);
call gten (36h,00h.2lh, l?h,Olh,34h,Oc2h, low(a+5h) ,high(a+Sh) ,36h);
ca l l  gten (OOh.3ek ,04h,2lk , l7h ,Olh ,96h,Odah , low (a+37h) ,high (a+37h));
call gten (4eh.06h,00h ,2eb, 12h,09h ,36h,00h ,2lh, 17k);
call gten (Slk,34h,Oc2h, low (a+lth) ,hlgk(a+lfh) ,2ch,36h ,00h,3eh,Offh);
call gten (06h,Tfh,2eh,08h.96h,2eh,4fh.78h.9eh,Od2h);
call gten ( low(a+59b) ,hlgh(a+59h) ,2eh, l8h ,36h ,Olh,Oafh,2eh,08h,96h);
call gten (2ch.4fh,3eh,00h.9eh.24h,Tlh,23h,77h.2eh);
call gteu( lah,36h, lOh,23h,36h,27h,2eb, 19h,36h,Oih);
call gtea(2eh,Oah ,36h,45h,21h, 19h,Olh ,7eh,Ofh,Od2h);
call gten( low(a+Ocfk) ,high~a+0cfh) ,2eh,08h, Tch,2ch,46h,2eh, lah,96h);
call gten (2ch ,41h,78h.9eb,Od ak, iow(a+86h) .high( a+86h) ,2eh , l9h.36h);
c a l l  gten( OOh , Oc3h , low( a+68h) , high( a+68h) , leh,i)ah, l6h,00h,21h, lah);

call gten(Olk,4eh,2ch,46h,0c3h, low(a+OcOk) ,htgh(a+OcOh) ,7ah,2fh,57h);
call gten (7bh,2fh,5fh, l3h,2lh,00h,00h ,3eh, lih,OeSh);
call gten( l9h,Od2h, Iow (a+Oa3h) .hlgh( a+OaSh) ,Oe3h,Oelh,OfSh,79h,
17h,4fh);
call gten (78h, l7h,47h,Tdh, l7b,6fh,2ch, 17h ,6?h,Oflh) ;
call gteu(3dh,Oc2h, low (e+Ofh) .hlgh(a+9fh) .Sb7h,Tch, lfh.57h,Tdh, lfh);
call gten (Sfh,Oc9h,Ocdh , low(a+93h) ,high(a+93k) .21k, lah,0 1h, 71h,23h);
call gtea(TOh,2eh,Oah,35h.Oc3h, low(a+68k) ,h l gh(a+68h) ,2dh,Teh,Ofh);

call gten (042k, low (a+Odbk) ,hlgh(a+Odbh) ,2eh,Oah,7eh,Oc6h,80h,77h,2eh);
call gten( l7h,36h,00h ,Oafh,2lh ,  lah,Olh,96h, 2ch,4fh);

call gten (3eh,00b,9eh.Od2h. low (a+l3bh) ,hlgb(a+l3bh) ,2eh, l7h,4eh,06h);
c a l l  gten(OOh.2.b. l2h,09h,Oebh,21h,Oeah, 03h,73h,2ch);
call gten (72h,2lh, lah,Olh,Seb,2ch ,56h,2eh,08h,4eh);
call gten(2cb,46h,Ocdh, low(a+93h) ,hlgh(a+93h) ,2ah,Oeah,03h,?lh,21h);
call gten ( 17h,Olh,34h,21h, lah,Olh,5eh,2ch,56b.2eh);
call gten(08h,4eh,2ch ,46h,Ocdh, low(a+93h) ,klgh(a+93h) ,2lh ,08h,Olh);
call gten(73b,23h,72h, leh,Oah, l6h,00h,21h, lah,OIb);
call gt.n(4.h,2ch.46h,Scdk, low(a+93h) ,hlgh(s+93h) ,2lh , lah,Olh,Tlh),

call gten(23h,YOh,Sc3h, low(a+Odfh) .high(a+Odfh) .Olh,07h,00h ,2eh,Osh);
call gten(09h,Gebh,2lh. l2ü,Olh,7eh,87h,87h,87h,87h);
ca l l  gt.n(Od3h,4fh,OcSh .23h,Teb,Odlh ,83h,Se lh,77h,Olh);
call gtea (06h,00h,2lh,Oah,Olh,09h,Oe5k,Olh,02h,00h);
call gten (2lh, 12b, O l h ,09h,Teh,STh,8?h,BTh,87h, llh) ;
call gten (03h,OSh,2lh ,l2h ,Olh ,l9h,4fh,?eh,8lh ,Oe lh);
call gten (7Th,Slh,OSh,00h,2lh.Oah,Olh ,09h ,OeSh,Olh);
call gten (04h,00h.21h, l2h,Olh,09h.Teh,87h,87h.STh);
call generate (87h);
call geuerate (Selk) ;
call generate (7Th);

end conver t$I at ;
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/* convertCbcd pops the next eight bytes */

‘* from the stack, converts the bed nun 5,’
/5 to an Integer number and re turns it to*/
/5 the stack, bytes generated • 313 5/

convertObcd pj’oc(a);
dc i a addr;

call gteu (~lc3h,low (a+Ifh).high(a+lfh),2lh,l5h ,O1h,7lh,2eh,73h,23h);
call gten (72h,Oc3h,05h,00b.Oc9h,2lh ,  iTh.Olh,Tlh,23h);
call gten (70h,Oeh,09h,2dk,Seh,2ch,56h.Ocdh , low(a+3h) ,high(a+3h));
call gteu (Oc9h ,21h,12h ,Olh,36h,00h ,2eh, lOh ,36h,00h);
call gteu (23h.36h.OOh ,2eh,08h,7eh,Oe6h,Tfh,4fh ,3eh);
call gieu (45h,91h,Od2h, low(a+4dh) ,hlgh (n+4dh) ,Oc3h, low (a+44h),

high(a+44h) ,45h,52h);
call gten (52h,4fh.52h ,2Oh,49h.4fh,20h,24h.~~lh .3ah);
call gten (02h,Ocdh, low(a+Ofh),high(a+Ofh).Oc3h , low(a+I39h),

hlgh(a+l39h)  ,7eh ,Oe6h, BOb) ;
call gten (Od6h,80h .Oc2h , low(a+59h) ,high(a+59h),2eh,12h,36h,Olh,2eh);
call gten (08h.7eh,Oe6h.7fh,Od6h.40h,2eh, 13h,77h,3eh);
call gten (7fh,96h ,Od2h , low(a+6bh) ,high(a+6bh) ,36h,00h ,2c h ,36h ,OTh);
call gten (Oafh ,2lh, 13h,Olh ,96h ,Od2h , low(a+103k) ,hl gh(a+103h),

2ch ,4eh) ;
call gten (06h,00h,2eh,08h.09b,Teh. leh,04k,Ob7h, lfk);
call gten (ldh,Oc2h.low (a+80h).high(a+80b),06h,00h,4fh,2lh, l8h,Oih) ;
call gten (Tih,2ch,70h. leh,Oah, 16h,00h,2lh , lOb,Olh);
call gten (4eh.2ch,46h,Oc3h. low (n+Obfh) ,high(a+Obfk) ,79h,93h,

78h ,9ah) ;
call gteu (Of2h, low(a+Oa8h) ,hlgh(a+Oa8h) ,60h ,69h ,Oebh ,44h ,4dh,

2lh,00h);
call gten (OOh,Oebh,78h ,ObIh .Oc8h.Oebh,78h , l f h ,47h,79h);
call gten( lfh,4fh,Od2h , low(a+Obah) ,hlgh(a+Obah), l9h.Oebh ,29h ,

Oc3h, Iow (a+Oach));
call gten (high (a+Oach) ,Ocdh. low(a+9ch) ,hlgh(a+9ch) ,21h , 18h,Olh,

4eh,2ch,46h);
call gten (Oebh.09h.22h,lOh,Olh ,21h,Of9h,03h,35h,Oafh);
call gten (96h,Od2h. low(a+6eh) ,hlgh (a+6eh), leh.Oah, l6h,00h,2lh , LOb);
call gten(Olh,4eh.2ch.46h.Ocdh, low (a+9ch) ,high(a+9ch) ,Od5h,

21h, 14k);
call gten (Olk,4eh.06h,00h.2eh,08h.09h,Teh.Oe6h.Ofh);
call gten (06h,00h ,4fh,OdIh ,69h.60h,19h ,22h , lOh,Olh);
call gten (2lh, l4h,OJh ,35h,2db.35h,Oc3h, low(a+6eh) ,high(a+6eh) ,3eli);
call gten (Offh,06h,7fh ,2eh, lOh,96h,2ch ,4fh,78h ,9eh);
call gtan (Od2h,low(e+l24h),high(a+l24h).Oc3h. low (a+lleh),

high(a+ t leh) ,45h,52h.32h.4fb);
ca l l  gten (52h,20h,49h,4fh.20h,24h,Olk. low(a+114h),high (a+ l l4h),

Ocdh);
call gten( low (a+Ofh),hlgk(a+Ofh).2lh,l2h ,Olh ,Teh,Ofh,042k ,

low ( a+ l39h) , high( a+ 139k));
call gten(Oafh,2eh , lOh ,96h ,2ch,4fh ,3eh ,00h, 9eh,2dh);
call generate (7lh);
call generate (23h);
call gei~erate(77h);end convertObcd;

/5 dump generates code for a carriage ~/
/5 return and line feed character to 5/
/5 the screen to star t a new l ine . 5/
/5 total number of bytes generated~38*/

dump: proc;
dcl  a addr;
a • cspaddr (64) :

call gten (Oc3h,low (a+Ofk) .high (a+Ofh) ,21h.08h.Olh.Tlh,2ch,73b,23h);
call gten (72h,Oc3h,05h ,00h,Oc9h,Oeh,02h, leh ,Odh , 16k);
call gt.n(OOh,Ocdh, low(a+3h) .h igh(a+31i) ,Oeh,02h, leh ,$ah, l6h,00h);
call gen$five (Ocdh. low(a+3h) ,high (a+3b) ,2 lh ,3 f h);
call genarate (Olh) ;
call generate(36h);
call geaerete (OSh) ;
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end dump ;

/55* p r o c e d u r e s  c a l l e d  b y  c a s e  .tm t ***/

set~~flags : proc ;
dcl I byte;
do 1*1 to 65;

cspc (i) true ;
end ;

end ~eti~flags ;

endpl: proc;
passl false;
pass2 true ;
call setOflags ;
ca l l  se t upSconz3file ;
call rewind$p lnOflle;
call openOpinSfile;
codestrt = varstrt + varcount;
prog8size = codestrt + codecount;
pinptr pinrecelze ;
sp$max = man — 2;
call generate (3ih) ; /5 lx i  sp 5/
call generate (low (sp2niax)); /5 max stack ptr 5/
call genera te(hIgh(sp3max));
call generate (Oc3h); /* Jmp to code area 5/
call genera te (low (codestrt));
call generate (high (eodestrt));
do loop l to (vareount + 58); /* Initialize work area 5/

call generate (OOh);
end ;

end endpl;

endprog : proc ;
pa .s2 • f a l s e ;
call generate (Ofbh) ; /5 ci *1
c a l l  generate (76h) ; /5 h l t  5/
call generate (76h); /5 hit 5/
c a l l  de let e Sp l n Sft l e ;
call wrltelconSfile ;
call close$com$file;
if errcoun t • 0 then do;

call prlnt (.’end of compilation , no progran errors.5’);
call prlntchar (Odh); /5 cr 5/
call prlntohar (Oah); /5 lf */
end ;

else call prlnt (.’ compIlation terminated due to error (s). 5’);
call prlatchar (Odh);
call printchar (Oah);
goto boot;

end endprog;

eecSpaes: proc (a);
dcl a addr ;
call generato (Ocdh) ; /5 call 5/
call generate (low (a))s
call generate (hlgh (a));

end secSpass ;

lbl2 : prod
dcl (lblnumber, l bladdr , n based lbladdr ) addr ;
lb lnumbar • get5nextSaddr ;
lbladd r • .nemory + (2* lblnumber) ;
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n codecount ;
end lb 12;

Ldib3: proc;
dcl I byte, a addr;
do 1 1  to 4;
a ~e tOnext $addr ;
call gen3five (Oeh,low(a).06h,hlgh (a),Oclh);
end ;

end I d i b S ;

idil4: prod ;
dcl a addr;
a = get Onext Oaddr ;
call gen~five (Oeh, low(a),06h,hlgh(a),Oclh);

end ldii4;

cnvb9: prod;
dcl a addr;
call generate (Oc3h); /5 jmp 5/
call generate (low(cspaddr(9) + 358));
call generate (hlgh (cspaddr(9) + 358));
call poposveaddr( lO6h); /* 7 bytes 5/
call porQbcd( lO8h); /5 23 bytes 5/
a = cspaddr (9) + 30;
call convertObcd (a); /* 313 bytes */
call push$int(llOh) ; /5 7 bytes 5/
call push3sv5addz’(106h); /5 7 bytes */
call generate (Oc9k); /5 ret */
call generate (Ocdh); /5 call 5/
call generate ( low(cspaddr (9)));
call generate ( hlgh( cspaddr(9)));

end cnvb9 ;

cnv l.lO: proc ;
dci a addr;
call genernte (Oc3h); /5 jmp 5/
call generete (Iow(cspaddr (t0) + 428));
call generate (high (cspaddr (1O) + 428)):
call popOavSaddr (106h); /5 7 bytes 5/
call pop$lnt (lO8h); /5 7 bytes 5/
a = cspaddr (I0) + 14;
call convertSlnt (a); /5 383 bytes */
call push$bcd( lOah); /5 23 bytes 5/
call push5sv$addr(106h); /* 7 bytes */
cell generate (Oc9h) ; /5 ret */
call generate (Ocdh); /5 c a l l  5/
call generate ( low(cspaddr ( 10)));
call generate(high (c.paddr ( 10)));

end cavIlO;

iI tal2: proc;
dcl  taddr addr ;
taddr = getSnext$addr + varstrt;
call generate (Olk); /* lxi  b 5/
call genera te( low-C taddr));
call generate(hlgh (taddr));

- call generate (OcSh); ..‘* push b 5/
end l Ital2; -

eddbl3: proc ;

end addbl3;

add ll4: proc ;
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call generate (Oclh); /* pop b */
call generate (Oelh); /* pop h 5/
call generate (09h); /* dad b */
call generate (Oe5b); /* push Ii Ci’

end edd i l4 ;

subbi5 proc;

end eubbiS;

subll6 prod;
call generate (Ocih); /* pop b 5/
call generate (Odlk); /* pop d 5/
call generate (T9k); /* nova c */
tall g~enerate(93h); /5 sub e
call generate(4bh); /5 move a 5/
call generate (78h); /* nova b */
call genarate (9ah); /* abb b 5/
call generate (47h); /5 mo vb a 5/
call generste (OcSh); /5 push b 5/

end subii6;

inulbl?: proc;

end mulbl7;

mulilS proc;
dcl a addr;
call generate (Oc3h); /* ,jmp 5/
call generate (low(cspaddr (18) + 5 5) ) ;
call gencrate (high (cspeddr(l8) + 5 5) ) ;
call popCavGaddr (lO6h); /5 7 bytes */
a 2 capaddr(l8) + 7;
call multSint (a); /540 bytes 5/
call pushOsvOaddr (106h); /5 7 bytes 5/
call generate (Oc9h); /5 rtn 5/
call generate (Ocdh) ; /5 call 5/
call generate (cspaddr ( 18));
call geuerate (cspaddr (l8));

end mulil8;

dlvbl9: proc;

end di vb l 9 ;

d ivI2O : proc ;
dcl a sddr ;
call geaerate(Oc3h); /5 jmp 5/
call generate (low(cspaddr (20) + 69));
call generate (high(cspaddr(20) + 6 9) ) ;
c a l l  pop SsvSedd r ( lO6h) ; /* 7 bytes 5/
a • cspaddr (20) + 7;
call dlv$iat(a) ; /5 54 bytes 5/
c a l l  pu.hSsw$addr( 106k) ; /5 7 bytes 5/
c a l l  ge aerate(Oc9k) ; /5 r t n  Cf
call genorate (Scdh); /5 call 5/
call ge aerat .(espaddr (20));
call geaerate (c.paddr (20));

end 4iv120 ;

l.sb2l: proc;

end lssb2l;
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dc l a addr ;
call generste(Oc3h); /* Jmp */
call genarate(low (cspaddr(22) + 38));
ca l l  genera te (high (cspaddr (22) + 38));
call pop0sv$addr (lO6k); /5 7 bytes 5/
a cspaddr (22) + 7;
call lt8int(a); /* 23 bytes */
call pusb5av0addr(106h); /5 7 bytes ~/
ca l l  generate(Oc9h); -~ * ret 5/
call generate (Ocdb); /5 call 5/
ca l l  generate ( low (cspaddr (22)));
cell geaerate(high(cspaddr(22) ));

end las 122 ;

leqb23: Proc

end leqb23;

leql24 : proc~dcl a addr ;
call geaerate (OcSh); /* jmp */
call generate (low (cspaddr(24) + 38));
call generete(hlgb(cspaddr (24) + 38));
cell popasvsaddr(106k); /5 7 bytes */
a 2 cspaddr (24) + 7;
call lelInt(s); /5 23 bytes 5/
call push5av$addr(106k); /* 7’ bytes 5/
call generate (0c9b)s /* ret */
call generate (Scdh); /5 call */
call generate( low(c.paddr(24)));
call genera te(hlgla(cspaddr(24)));

end leq124 ;

eqlb2S: proc;
dcl a addr ;
cell generate(Oc3h) ; /5 jmp 5/
call generate(low(capaddr(25) + 81));
cell generate(h-igh (cspaddr(25) + 81));
ca l l  pop0sv addr ( l06h) ; /* 7 bytes 5/
a ~ cspsddr (25 ) ÷ 7;
call eqSbcd (a); /5 66 byte. 5/
call push5ev addr( 106k); /* 7 bytes 5’
call generate (Oc9h) ; /* re t  Cf
call generate (Scdh) ; /* call 5/
call generate (low(capaddr(25)));
c c l i  gene ra t e(h lgh (c spaddr (25) )) ;

end eqlb2S ;

.ql126: proc;
dcl  a addr ;
call genera te (Sc3h); /5 jmp 5/
cell generate(low(cspaddr(26) + 39));
call generete(hlgh (cspaddr(26 ) + 39));
call pop5sv eddr( 106h); /5 7 bytes 5/
a cspaddr(26) + 7;
c a l l  e~ S1nt(a) ; /5 24 byte. 5/
call pushlsv$addr( lO6h); /* 7 byte. 5/
call generate(Oc9h) ; /* ret 5/
call generste (Scdh); /5 call 5/
call genara t.( low(capsddr(26)));
call genera t.(high(c .paddr(26)));

end eqli26 ;

eqls27: proc;

end .ql.27 ;
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neqb2s: proc ;
dcl a sddr;
call generate (Oc3b); /5 jmp 5/
call generate (low (cspaddr (28) + 82));
call generate (hlgh (capaddr (28) + 82));
ca l l  pop3svSaddr(106b); /* 7 bytes */
a 2 capaddr (28) + 7;
call ne0bcd (a); i’s 67 bytes 5/
call pu.h3av0addr(106h); /* 7 bytes */
call generato (Oc9b); /5 ret 5/
call generate (Ocdh); /* call 5/
call generate ( low (cspaddr(28)));
call generate (high (cepaddr (28)));

cad neqb28;

neqi29: prod;
dc l  a add r;
call generate (Oc3h); .‘* ,jnp */call generate (iowtcspaddr (29) + 39));
call generate(hlgh (cspaddr (29) + 39));
call popOsv$addr( 106h); /* 7 bytes 5/
a * cspaddr (29) + 7;
call ne0lnt (a); /5 24 by tes 5/
call pusb$av0addr( lO6h);/* 7 bytes */
call generate (Oc9h); i’S rot 5/
call generate (Ocdh); /* call 5/
call genera te( low(cspaddr (29)));
call generate (hlgh(cspaddr (29)));

end neql29;

neqs3G; proc;

end ne qs3O ;

geqb3l: proc;

end geqb3l ;

geqi32: proc;
dcl  a addr ;
call generate (OcSh); /5 jmp C.’
call generate (low(cspaddr (32) + 38));
call generate (high(cspaddr(32) + 38));
c a l l  pop3sv$add r ( lOO h) ; /5 7 bytes 5/
a • espsddr (32) + 7;
call ge$lnt (a); /5 23 bytes */
call puab sv$addr (lO6k); /5 7 bytes 5/
call generate (OcOk); /5 ret  5/
c a l l  gener a t e(Ocd h) ; /5 c a l l  5/
call geae rate ( low(cspaddr (32)));
call genera te (blgh (cspaddr(32)));

end geqi32 ;

grtb33: proc ;

end grtb33;

grt 134:proc;
dcl  a addr ;
call geaerate (Oc3h) ; /5 Jmp 5/
call gsnsrate (low(c.paddr(34) + 3 8) ) ;
call ge nerate (hLgh (c.pa4d~ (34) + 38));
call pop$sv addr (iSSh), /5 7 bytes 5/
a ‘ c.psddr (34) + 7;
call gt$iat (a); /* 23 bytes 5/
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call puah3s’vSaddz’(lO6h); /* 7 bytes 5/
call generate(Oc9h) ; /* ret 5/
call generete (Ocdh); /5 call 5/
call generate ( low(cspaddr(34)));
call generate (hlgh(cspaddr (34)));

end grti34;

uegb35: proc;
call generate(Ocih); /5 pop b 5/
call generate (3ak); /* Ida 5/
cull generate(83h); i’S 10000000 *..‘
call generate (81h); /* add c 5/
call generate(4fh); /5 mow-c a CI
call generate (Oc5h); i’S push b 5/

end negb35 ;

negiS6: proc;
call generate (Oclk); /5 pop b 5/
call generate(Oafh); /* nra a 5/
call generate (9lh); /5 sub c */
call generate (4fk); /* mow-c a Si’
call generate (3ek); /* mvl a 5/
call generate (OOk); /5 ooh */
call generate(98h); /5 sbc b 5/
call generate(47h); /5 novb a 5/.
c a l l  generate (OcSh); /5 push b 5/

end negl36;

comb37: proc;
call generate(0c3h); /5 jmp 5/
call generate (low (cspaddr(37) + 104));
call geuerate(klgh (cspaddr (3?) + 104)) ;
call pop0svSaddr( lOch); i’S 7 bytes 5/
call popSbcd (106b1 ; /* 23 bytes Cf
call conpl0bcd (106h); /* 43 byte . 5/
call puahObcd (106h); /5 23 bytes 5/
call push$ev~ad4r( lOch); /* 7 bytes */
call generate(Oc9h); /* ret */
call generate (Ocdh); /5 call */
call generate ( low-C e.paddr( 3?)));
call generate(hlgh(espaddr(37)));

end comb37’;

com i38: proc ;
call generate(Oclh) ; /* Pop b 5/
cell generate(79h); /5 move c 5/
cali generate(Oeeh); /* in 5/
cell genarat.(Sffh); /5 111 11 1 1 1 5/
c a l l  genera te(4fh) ; i’S move a 5/
cell ganerate (78h); /* nova b */
call generate (Seeh); i’S xrl 5/
ca l l  generate (Sffh) ; “S 11111111 5/
call generate(47h); /* mow-b a *1
c a l l  gsner.te(GcSh) s i’S push b 5/

end comi38 ;

no t39: proc ;
dcl a addr ;
call generate (Sc3h); /* ,jmp 5/
call gen .rate (low (cspaddr (39) + 34));
call geaerate (hlgh(cspaddr (39) + 34));
call pop$svtaddr (lS6h) ; /5 7’ bytes SI
a • cspaddr (39) + 7;
call no t5bool (a) ; /5 19 byte. 5/
call pusb .vladdr(106h); /5 7 bytes 5/
call g.ner.te(Se9h); i’S ret  5/
call g.n.rate(Scdh); /5 call 5/
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call ganerate ( low(cspaddn(39)));
call genera te(klgh(cspaddr (39)));

end not39;

and4O: proc;
dcl a addr ;
call generate (Oc3h); /5 jmp *i’
call generate (low(c.paddr(40) + 41));
call generate (hlgh (cspaddr (40) + 41));
call pop0sv$addr(106k); 1* 7’ bytes */
a capaddn (40) + 7;
c a l l  and 5boo l (a) ; /5 26 bytes 5/
call puah3sv$addr(lO6h); i’S 7 bytes */
ca l l  generate(Oc9h) ; /5 r e t  Si’
call generate (Ocdh); /5 call 5/
call generate ( low(cspaddr (40)));
call generate (hlgh (cspaddr (40)));

end and4O;

bor4l : proc ;
dc l  a addr;
call generate (Oc3h); ~* jnip 5/
call generate (low(cspaddr (41) + 41));
call genera te (bigh (cspaddr (41) + 41));
call pop5sv~addr( lO6h); /5 7 bytes 5/
a 2 capaddr(4l) + 7;
call or8bool (e); i’S 26 bytes 5/
c a l l  push$svCaddr( l06h) ; /5 7 byte. */
call genarate (OcOh); /* ret 5/
call generate(Ocdk); /* call 5,’
c a l l  ge n e r a t e( low (c s pad d r(4 1) )) ;
call generate (high (cspaddr (41)));

end bor4l;

atob42 :  prod:
call generate (Oc3h); /* jmp Si’
call generate (low (cspeddr (42) + 44));
call generate (hlgh (cspaddr (42) + 44));
call pop0sv$addr(lO6h); /5 7 bytes 5/
call •to5bcd; /5 21 bytes 5,
call sv$stack (bcd$len) ; /5 8 bytes 5/
call pushlsv$cddr (lO6h); /5 7 bytes 5/
call generate (Gc9h) ; /* ret */
call generate (Ocdh); /* c a l l  5/
call generate (low(c .paddr (42)));
call generate (ki gh (cspaddr (42)));

end s tob42 ;

stoi43 ; proc ;
call generete(Oe lh); /* pop h 5/
call gsn.rate(Sclh); /* pop b 5/
call geaerete (7lh) ; /* mow-n c 5/
call geaerete(23b); /5 inn Ii S.’
c a l l  gen .rate(7Gh) ; /5 mo w-n b 5/
call sv$s tack (int len); i’s 2 byte. Sf

end stol43 ;

sto44: proc ;
call generate (Oe lh); 1* pop h 5/
call geaerate (Oclh) ; /S pop b 5/
call generate(71h); /* mow-u c 5/
call genarate (3bh); /5 dcx ap 5/
call generate (3bh) ; /5 dcx •p 5/

end s to44;

stdb45:proc ;
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c a l l  generate(OcSh) ; /* .j sip 5/
call generate (low (cspaddr (45) + 36));
call generate (hlgh (cspaddn (45) + 36)) :
call pop0ev5addr (lO6h); /5 7 bytes 5/
call sto5bcd; /5 21 bytes 5/
call pusk$sw-$addr(lO6h); /5 7 bytes */
c a l l  generate(Oc9h) ; /5 re t  5/
call generate(Ocdh); ~

‘* call */
c a l l  generate(low(c.paddr (45)));
call generate(hlgh (cspaddr (45)));

end stdb4S;

stdi46: proc ;
c a l l  generate (Oe lh); /5 pop h 5/
cell generate (Oclh); /5 pop b 5/
call generate (Tlh); /5 mo w-n c */
call generate (23h); i’S Inn h 5/
call generate (?0k); /5 mow-rn b 5/

end stdi46;

.td47: proc ;
call generate (Oelh); /5 pop h 5/
cell generate (Oclk); 1* pop b 5/
call generate(71h); /5 mow-n c 5/

end std47 ;

c na I5l :  proc ;
dcl  a addr ;
call generate(Oc3h); /5 jnp Si’
call generate ( low(cspaddr (5l) + 442));
c a l l  generate (hlgh(cspaddr (51) + 442));
call pop3.w-Saddr( 106h); /5 7 bytes 5/
call popSsv$addr (llbh); i’S 7 bytes 5/
call pop$lnt(lO8h); /5 7 bytes 5/
a • cspaddr(51) + 21;
call convert$int(a) ; 1* 383 bytes 5/
call push$bcd(lOah); /5 23 byte. 5’
call push$sv0addr (llbh); ‘5 7 byte. *i’
call push5sv addr(lO6h); i’S 7 bytes 5/
c a l l  geaerate(OcOh) ; i’S re t  Si’
call generate(Ocdh); /* call 5/
call generate( low(cspaddr(5l)));
ca l l  generate(high (cspaddr (5l)));

and cnal5l;

brl52 : proc ;
dcl (ib l ,to t , lb l a d d r ,n based lbladdr) addr;
lb l  a get$next$addr ;
lb laddr  = .me mory + (2 S lbl);
t o t  • n + codestrt ;
call gencrate(Oc3h) ; i’S Jmp 5/

• call generate ( low ( tot));
c a l l  genenate(blgh( t o t) ) :

end bnl52;

blc53: proc ;
dcl (lbl, tot,lbladdr,n based lbladdr ) addr ;
lbl • getSnext$addr ;
lblad dn ‘ .rnemo ry + (2 * lbl);
tot a + codeatrt;
call geaerat.(Sclh) ; /5 pop b 5/
call generate (79h) ; i’S move c */
call g.nerate (Sfh); /* nrc 5/
call gea.rat.(Sdah); /5 Jo 5/
call gea.rat.( low( tot));
call g.n.rat.(higk( tot));

sad blc53;
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cn2154: proc ;
dcl  a addr;
call generate (Oc3h); i’S jap 5/
call generate ( Iow(cepaddr (54) + 474));
call generate (high (capaddr (54) + 47 4) );

call popOsvSaddr (lO6h); i’* 7 bytes 5/
call pop$bcd(llbh); ‘* 23 bytes 5/call popOint (lOOh); /5 7 bytes *i’
a 2 cspaddr (54) + 37;
call convert$lnt(a); /5 383 bytes 5/
call push5bcd (lOah); /5 23 bytes *i’
call push8bcd (llbh); /5 23 bytes Si’
call pushOsv5addr(106h); i’s 7 bytes Si’
call generate (Oc9h); /5 ret Si’
call geaarste (Ocdh); /5 call 5/
call generate ( low(cspaddr (54)));
call generate (high(cspaddr (54)));

and cn2154 ;

1od55: proc ;
call generate (Oelh); IS pop h 5/
call generate (4eh); /5 move m *i’
call generate (06k); ~5 mw-I b Si’
call generate (OOh); /5 0 5/
call generate (OcSh); /5 push b *~‘

end lod5S;

lodb56: proc ;
call generate (Oc3h); /5 jmp */
call generate (low(c.pad.dr(56) + 36));
c a l l  genera t e(h lgk(cepaddr( 56)  + 36));
call popOsv9addr( lO6h); i’S 7 bytes Si’
call lodSbcd; /* 21 byte, 5,
call push3svSaddr(106h); /* 7 bytes Ci’
ecIl generata(Oc9h); /5 ret Si’
call generate (Ocdh); /* call Si’
call generate ( low(c.paddr(56)));
call generate (high(cepaddr (56)));

end lodbS6;

lodIS7 :  proc ;
call generate (Oelh); /* pop h 5/
call generate (4eh); /* mow-c nSf
c a l l  ga nerate(23h) ; i’S inn h */
call geaerate (46h); /5 mow-b m 5/
c a l l  ga nerate(OcSh) ; /5 push b 5/

end lodlS7’;

rdvb5B; proc ;

sad rdvb58;

rdvISO i proc ;

end r dviSO ;

rdvs6S* proc; 
-

sad rd r 60;

wr-wbél: proc ;
dcl a aUnt
call gsn.rat .(Sc3h); /* jup 5/
call gsn .rats (Iow(c.paddr (6l) + 502));
call gsn.rat.(hlgh (csp.ddr (61) + 5e2));

210



r’ - -

call pop5svGaddr(106h); /5 7 bytes Si’
call pop5bcd( lO8h): i’s 23 bytes Si’
a 2 capaddr (61) + 30;
call printObcd (a); i’S 464 bytes *1
call push3.v$addr (lO6h); i’s 7 bytes Si’
call generate(0c9h); /5 r e t  5/
call generato (Ocdh); /5 call Si’
call geuerate ( low (cspaddr (61)));
call gener’ate (high (cspaddr(61)));

end wr vb 6l;

wrvIO2: proc;
dcl  a addr ;
call generate (Oc3h); /5 jmnp 5/
call generate ( low(cspaddr(62) + 592));
call generate (higk(cspeddr (62) + 592));
call popOsvOaddr(lO6h); /* 7 bytes Si’
call pop$Int (108h); “5 7 bytes */
a = c,paddr (62) + 14;
call pr lut3lnt (a); /5 570 bytes *i’
call push$av3addr(106k); /5 7 bytes Si’
call ge~ erate(0c9h); /5 ret 5/
call generate (Ocdh); /5 cal l  Si’
call generate ( low (cspaddr(62)));
call genarate (hlgh (cspaddr(62)));

end wrvI62;

wrv.63: proc(n);
dcl (n ,l ,ch) byte;
1 0;
do whIle I < a;

cli 2 get$nezt$byte;
call generata (Oeh); /5 mow-I c 5”
call generate (ch);
call generate (Ocdk); /* call Si’
call ge narate ( low (cspaddn (63)));
cell generate (high (cspaddr (63)));
I • I + I;

end ;
end wr’va63;

dmp64: prod ;
call genarate (Oe3h); /5 jup Si’
call genarata (Low (c.paddr(64) + 39));
call genarate (hlgh(cspaddr (64) + 39));
call dump ; /* 38 bytes 5/
call genarate (Oc9h); .‘* ret */
call generate (Ocdh); i’s call S/
call generate ( low (cspaddr(64)));
call g.nerate (high(cspaddr(64)));

end dmpö4;

“*5* i n t e r p r e t e r  m a i n  p r o g r a m  *55/
/******55**** *****SS*S**** ******* *S***5***********S****** ****S****S**SS/
i’*********S******* ****S***********************SS**S*555*S************** ,

do;
call op.n$plnSflle ;
call .e tSflag. ;
do whIl ,  pass 1 or pass2;

pinoods • getlaextlbyte;
do case p incode;
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/5 0 flop no o p e r a t i o n  */

/5 1 endp — end of program Si’
If pass 1 then call endpl;
else call endprog;

/5 2 lbl — labe l */

If passl then call lbi2;
else

tempaddr = getSnext3addr;

i’s 3 ldlb — load Immediate bed number 5/
If pass I then do;

codecoun t • codecount + 20 ;
tenpaddr = get5next$addr;
tempaddr getlnext$addrs
tempaddr = get5nextSaddr;
tempaddr • getSnext5addr ;
end ;

else ca l l  ldlb3 ;

/5 4 idL i — load Immediate Integer 5/
if pass 1 then do;

codecouat • codecoun t + 5;
tempaddr • get$next$addr ;
end ;

e lse ca l l  l d I l4 ;

i’S 5 aavp — save par ameters (not implemented) 5/

i’s 6 unsp — unsave pai’ame tars (u ot  imp lement sd) *./

i’s 7 pro — procedure call (no t Implemented) 5i’

/5 8 rtn — return from procedure (not Implemented) 5/

i’S 9 cnvb — convert bcd to Integer */
If pa.sl then

do;
if cspc (9) then

do;
codecoun t~ codecoun t + 364;
capc(9) false ;

end ;
e lse  codecoun t • codecoun t + 3;

end ;
else If cspc(9) then

do;
csp addr (9 )~ codeslzo + 3;
c a l l  cnvb9;
cspc(9)• false;

end ;
else call sec5pass(ospaddr(9))i

/5 10 • cavl — convert integar to bod 5/

if pass1 the n
do;

If cspc( 10) then
do;

codeeount~ codecount + 434 ;
cspc(l0)~ fa lse ;

and ;
el .e codecoun t • codecoun t + 3;

and ;
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else if cspe(l0) then
do;

cspaddr( l0)~ codesize + 3;
c a l l  c nv i i O ;
c.pc(l0) fa lse ;

end ;
else c a l l  sec$pass(cspaddr( l O ) ) ;

/* 11 all — allocate varIable *i’

If pass l the n do;
tempaddr 2 get~~next$addr ;
varcount 2 varcount + tempaddr;
end ;

else tempaddr = getSnext$addr;

/5 12 l l t a  — literal address - 5/

If  pass l the n codecount 2 codeco~ nt + 4;
else c a l l  l It a l2 ;

i’s 13 addb — add bed ~umbars 5/

i’s 14 addi — add Intege r numbers Si’

if pass 1 the n codecoun t • codeco~~nt + 4;
el se c a l l  edd l l4 ;

i’s 15 subb — subtrac t bed number. S-

i’s 16 sub l — subtrac t Integer numbers Si’

it passi the n codecount codeco~ nt  + 9;
e lse c a l l  sub l l6 ;

i’S 17 mulb — multiply bed numbers SI

i’S 18 muli — multIply Integer numbers */

if  pau l the n
do;

if cspc(I8) then
do;

codecoun t~ codecoun t + 6 1;
c.pc(lB)~ false ;

end;
else codecoun t • codecoun t + 3;

end ;
else if cspc(l8) then

do;
cspaddr( 18) codesize + 3;
call mul ilO;
cspc(l8)~ false ;

end ;
else  c a l l  sec5pa .s(cspad dr C l8 ) ) ;

/5 19 d ivb — divIde bcd numbers Si’

i’S 20 dlvi — divIde iatagsr numbers Si’

if pas ul then
do;

If c.pc~ ”0) thendo;
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codecount codecoun t + 75;
cspc(20) false ;

end ;
else codecoizn t • codecount + 3;

end ;
else If cspc (20) then

do;
cspaddr(20) codesize + 3;
cspc (1) false;
ca l l  dIv i2O ;

end ;
else call saclpass (c.paddn(20));

i’S 21 lash — less tha n compare , bed Si’

/* 22 lssl — less than compare , Int eger */

if p*ss l then
do;

if cspc(22) then
do;

eodecount codecoun t + 44;
cspo(22) false ;

end ;
else codecoun t = codecount + 3;

end ;
else if cspc(22) then

do;
cspaddr(22)z codesize + 3;
call lssi22;
cspc(22) false;

end ;
e lse call sae3pass(cspaddr(22));

i’S 23 leqb — lass tha n or equa l compare , bed Si’

/S 24 leqI — less than or equal compare, Integer 5~

If passl then
do;

If cspcC24) then
do;

codecount• codecount + 44;
cspc(24)~ false ;

end ;
else codecount 2 codecount + 3;

end;
else If cspc(24) then

do;
cspaddr (24)~ codeslze + 3;
c a l l  l.g124;
cspc ( 24)~ false ;

end ;
els, call seclpa ss(cap ad dr (24)) ;

IS 25 eqlb — equal compare , hod SI

lt paul thea
do;

If cspc(25) then
do;

codecount’ codecoun t + 8?;
cspc (25)~ false ;

end ;
•l~ e codacount • codecount + 3;
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end ;
else If capc (25) then

do;
cspaddr(25) eodesize + 3;
call eqlb25;
cspc(25)2 false;

end ;
else call secQpass(cspaddr(25));

i’s 26 eqii — equa l compare , integer 5/

If pass 1 then
do;

If csp c (26) then
do;

codecount: codecount + 45;
cspc(26) false;

end;
else codecoun t codecount + 3;

end ;
else If cspc (26) then

do;
cspaddr (26): codesize + 3;
call eqIl26;
cspc(26) false ;

end ;
else call sectlpase(cspaddr(26));

27 eqls — equa l compare , string */

i’s 28 neqb — not equa l compare , hod 5/
if pass1 then

do;
if cspc(28) then

do;
codecount codecount + 88;
cspc(28) false ;

end ;
else codecoun t • codecount + 3;

and ;
e lse if cspc (28) then

do;
cspaddr(28) codeslze + 3;
c c i i  neqb28;
cspc(28)z false ;

and ;
else call sec3pass (cspaddr(28));

/5 29 neql — not equal compare , Integer S.-’
If pass 1 then

do;
if cspc(29) then

do;
codecoun t~ codecoun t + 45;
cspc(29)2 false;

end ;
e l sa codecount • codeco un t + 3;

and ;
e lse if cspc (29) then

do;
cspadd r (29)• codealze + 3;
call neqi29;
cspc (29)’ false ;

end;
else call seclpass (ospaddr (29));

/5 30 ne qs — not e qua l compare , str ing */
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i’S 31 geqb — greater or equa l compare , bed 5i’

/5 32 geqi — greater or equa l compare , integer Si’
if pass 1 then

do;
if cspc(32) then

do;
codecount codecount + 44;
cspc(32): false;

end ;
else codecoun t = codecount + 3;

end ;
else if c.pc(32) then

do;
cspaddr(32) codeslze + 3;
call geql32;
cspc(32) false;

end ;
else call sec3pass (cspaddr (32));~

i’s 33 grtb — greater than compare , bed S-

i’s 34 grti — greater than compare , Integer Si’
If peasl then

do;
if cspc (34) then

do;
codecoun t codecount + 44;
cspc(34): false;

end ;
else codecoun t = codacount + 3;

end ;
else if cspc(34) then

do;
cspaddr(34)z codesize + 3;
call grti34;
cspc(34)~ f a l s e ;

end ;
else call sec$pass (cspaddr (34));

i’S 35 negb — change sign of bed Si’
I f  pau l the n codecoun t 2 codecoun t + 6;
else call uegb35;

i’s 36 negl — change sign of integer C,

I f  pass I the n eodecoun t codecount + 9 ;
else call aegI36;

1* 37 comb — complement (9’s) hod Si’

If pa..l then
do;

If cspc(37) then
do;

codecoun t~ codecount + 110;
cspc ( 37)2 false ;

end ;
else  codecount • codecoun t + 3;

end ;
else if cspc(37) then

do;
cspaddr(37)~ oode.Iza + 3;

c a l l  coab37;
cspc(3?)~ fa lse ;
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end ;
else call ,ecSpasa(cspaddr (37));

i’s 38 coml — complement (2’s) Integer 5/

if passi then codecount • codecouiit + 10;
else call comi38;

i’s 39 not — boo lean negative *i’

if pass 1 then
do;

If  cspc(39) then
do;

codecoun t codecoun t + 40;
cspc (39) false ;

end ;
else codecount = codecoun t + 3;

end ;
else i f  cspc ( 39) the n

do;
c,paddr(39): codesize + 3;
c a l l  no t39;
c.pc(39): f a l s e ;

end ;
else ca l l  sec3paaa(cspaddr(39));

/5 40 *nd — logical end *i’
If pausi then

do;
If c.pc (40) then

do;
codecount: codecoun t + 4?;
cspc ( 40): fa lse;

end ;
else codecount : codecount + 3;

end ;
else if cspc(40) then

do;
cspadd.r(40): codesize + 3;
c a l l  and4O;
cspc(40) false ;

end ;
else ca l l  sec3pass(cspaddr (40));

/5 41 bor — logical or Si’

it passl then
do;

if cspc(4l) then
do;

codecoun t~ codecoun t + 4?;
• ospc (4l)• false;

end ; -
else codecoun t = codecoun t + 3;

and ;
else if cspc (41) then

do;
cspadd r (4l)•  codea lze + 3;
c a l l  bor4l;
cspc (4l)• false;

end ;
else c a l l  sec$pa ss(ospa ddr (4l)) ;

42 stob — store bed *i’

If  passi then
do;

If espc(42) then
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do~ codecounta codecount + 50;
cspc(42) false ;

and ;
else codecount codecount + 3;

end ;
else if cspc(42) then

do;
cspaddr(42): codesize + 3;
call stob42;
cspc(42) : f a l s e ;

end ;
else call soc3pass(cspaddr(42));

/5 43 stoI — atore integer 5/

If  pau l tha n codecoun t • codecoun t + 7;
else call atoi43;

i’s 44 sto — store byte Si’

if passl then codecount = codecount + 5;
else call sto44;

i’S 45 st db — store destruc t bed Si’

it passl then
do;

• If cepc(45) then
j  do ;

codecoun t~ codecount + 42;
P cspc(45) false;

else codecount = codecount + 3;
end ;

e l se If cspc (45) then
do;

cspeddr(45): codas ize + 3;
c a l l  s tdb45 ;
cspc(45) false ;

end ;
else call aec3pass(cspaddr (45));

i’s 46 s tdi  — store destruc t Integer Si’

It  ‘asa l then codoeoun t • codecoun t + 5;
e lsa ca l l  s tdI46 ;

i’S 47 std — store des truc t byte Si’

If  pass 1 the n codacount 2 codecount + 3;
else call std47 ;

i’s 48 dcrb -. decremen t stack bed 5/

If pa.sl then codecount • codecoun t + 8;
else c a l l  unsv$.tack (bcd$lea);

i’s 49 den — decrement stack integer 5,

If pass 1 then codecount • codecount + 2;
else c a l l  unav$.tack( In tS len ) ;

i’s 50 don — decrement stack byte 5/

if  pass l then codecoun t • codacoun t + 2;
else call unsv .tack(intSlen);

i’s 51 onsl — convert Integer preceeded by address S.’
If pass i then
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do;
If capc (51) then

do;
codecount: codecount + 448;
cspc(5l) false ;

end ;
else codecoun t codecount + 3;

end ;
else If cspc (5l) then

do;
capaddr (5I) codeslze + 3;
call cnai5l;
cspc (5l)2 false;

end ;
else call secSpaus(cspaddr (5l));

i’S 52 bnl — branch labe l absolute 5/

If paul then
do;
codecoun t • codecoun t + 3;
tempaddr get$uextSaddr ;
end ;

else call brlS2;

/5 53 blc — branch labe l conditIona l 5/

if ps.sl then
do;
codecount : codecount + 6;
tempaddr • getSnezt3addr ;
end ;

else call b1c53;

/5 54 cn2i — convert Integer preceoded by bed 5/
if pa.sl then

do;
if cspc (54) then

do; -

codacount~ codecount + 480 ;
cspc(54) false ;

end;
else codecoun t • codecoun t + 3;

end;
else  If cspc ( 84) then

do;
cspaddr (54) • codes 1~~. + 3;c a l l  cn2IS4 ;
cspc ( 54) fa lse ;

end ;
e lse ca l l  sec3pass (cspaddr (54)) ;

i’s 55 lod — load byte Si’

If pas. 1 then codecount • codecount + 5;
else call lodSS;

/5 86 lodb — load bed number SI

if pass i then
do;

It o.pc(56) then
do;

codacounts codecount + 42;
cspc (56)* false;

• ads
else codecoun t a codecount + 3;

•nd ;
e lse if cspc (56) then

do;
csp*ddr (56)• codes lze + 3;
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ca l l  lodb56 ;
cspe (5~): falue;

end ;
else call sec8pass(cspaddr(56));

57 lodI — load Integer number 5/

if pau l then co.lecount = codecouat + 5;
e lse call lodiST ;

i’s 58 rdvb — rend va riable bed 5/
It passl then

do;
If capc(58) then

do;
codecount: codecount + 1;
cspc(38): false ;

end ;
else codecoun t = codecount + 3;

end ;
else if cspc(58) then

do;
cspaddr (58)2 codeslze + 3;
ca l l  rdvb58;
cspc(58) false ;

end;
else call aec$pass(cspaddr (58));

i’S 59 rdvi — read variable integer Si’
ir pass I then

do;
if cspc (59) then

do;
codecounta codecount + 1;
cspc(59) false ;

end ;
else codecount = codecount + 3;

end;
else if cspc(59) then

do;
cspaddr (59) codes ize + 3;
call rdvIS9;
cspc(59) false ;

end ;
elsa call sec$pass (oapaddr (59));

/5 60 rdvs — read varIable string Sf

61 wrvb — write varIable bed 5/
if pass i then

do;
If cspc (6l) then

do;
codecount’ c~deoount + 508;csp c(6l)~ false ;

end ;
else codecount • codecount + 3;

end ;
else if cspc(61) then

do;
c.paddr(6l)• codeulne + 3;
c a l l  wrvb6l;
cspc(61)’ false;

end ;
else c a l l  .eclpass(o.paddr (61));
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/5 62 wrvl — write varIable Integer 5/
If  pass 1 then

do;
If cspc(62) then

do;
codecoun t~ codecoun t + 598;
cspc(62)~ fa lse ;

end ;
else  codecoun t • codacoun t + 3;

end ;
e lse If cepc(62) then

do;
capaddr(62) codesize + 3;
call wrvIó2;
capc(62)• fa lse ;

end ;
else call sec$pass(cspaddr(62));

/5 63 wrvs — write varIable string 5/
If pau l then

do;
if cspc(63) then

do;
tempbyte : get$nezt3byte;
codecoua t • codeeoun t + 61 + double (tempbyte)* 5;
cspc(63) false ;

end ;
e lse do;

tempbyte • get$nezt$byte ;
codecou.nt 2 codecount + doUble ( tempbyte) S 5;
end ;

do loop 2 0 to tempbyte ;
pincode • get$aezt 3byt e;

end ;
end ;

else  I f  cspc(63) then
do;

cspaddr (63) code .lze + Oflis
c a l l  wr lte Ss trng; /5 61 bytes S.’
tempbyte a get$nentSbyte s
c a l l  wrvs63( tempbyte);
cspc (63)• false ;

end ;
e lse do;

tempbyte = getSneztSbyte ;
call wrst63( tampbyte);
end ;

“S 64 dmp — s t a r t  new output l Ine S.’

if pas . i then
do;

If ospc(64) then
do;

codecount• codecount + 45;
cspc ( 64)~ fa l se ;

end ;
else codecoun t • cod.coun t + 3;

end ;
else if cspc(64) then

do;
cspsddr(64)~ codes Ize + 3;
c a l l  dnp64;
cspe(64)~ fa lse ;

end ;
else ca l l  s.cSpas.(c.pa ddr (64)) ;

/5 65 not used 5/

do;
ca l l  error(’oo ’); /5 coda overflow SI
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call •ndprog;
end ;

end ; /5 case pincode S.’
end ; /5 do while pau l 5/

cad ;
‘of
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