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A 8STRA C 1

The design and im o lem e rl tatio n ~ f an extensio n to tri e

8 a s i c  O r o g r a m m i r l o lar ~quaoe for use on the P [P—lI/5i) comp u ter

s y s t e m  has been de s c r i b e d .  The i mo l e m e nt a t i o r ,  c o n s i s t s  c # a

co mp f le r  w h 1~~h ge n e r a t e s  code to  be a s s e m b l e d  and lo a d e d

into  t h e  c o m o ut e r  s y s t e m .  A r ’  i n t e r f a c e  w i t h  C orograns j n

the  s y s t e m  l i b r a r y ,  w h i c h  a l l o w s  ex tended Basic to oerfor-

as a., exte n sive graph ics language, has beer, discusseo. T r ’ - e

design qoa ls , solut i ons, ani recomm en dat ions for further c x —

cansior’ of the system have been oresented. The c om p i l e r  w i S

im o l em e n ted in th e C or oq ramm jn a lanauage w i t h  the L i f x

ope rat ing system as Suoported by the PDP—l1 /50 at rh e N ava l

P o s t g r a d u a t e  School Co’wuter Laborator y .
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I. IN TRODUCTION

A . HISTORY OF THE BA SIC L~.NGUAGE

The Beg inner ’ s A l l — P u r p o s e  Sy m b o l i c I ns t uc t i on  Code

( BA S IC) w a s  d e v e l o pe d  at D a r t m o u t h  C o l l e g e  to  P r o v i d e  a s i~~—

o l e ,  i nt e r a c t i v e  lanauage f~~r l i b e r a l  a r t s  s t u d e n t s  w i t h

sp ecific ap o l i c a t i o n s  in s c i e n t i f i c  com p utatio n . In order

to meet th i s  goal , on l y a l i m i t e d  vocabulary ol i n s t r u c t i o n s

was included in th e o r i g i n a l  d e f i n i t i o n  of  ~3 a s i c .  There was

no c o n c e c t  ~ f data ty p in g and ther e were no de fau lt condi-

tio n s to memor ize. The i n t e r a c t i v e  nature of pr o gra m ming

p r o v i d e d  an i dea l  m a n / m a c h i n e  i n t e r f a c e  f o r  c r e a t i n g  ana o e—

bucgi nq p rograms, w h i l e  th e features of the langua ge w ere

w e l l — s u i t e d  for the exp r ession of en g in e e r in g and mat~~,m at—

ics p roblems. Sinc e t h i s  environ rr en t s a t i s f i e g  th e needs of

a wide range of po t e n t i a l  c o m p u t e r  u s e r s ,  3 a s i c  w a s  P r o c u r e d

f o r  a d a pt a t i o n  by a number  o f  u n i v e r s i t i e s  and co m m e r c i a l  -

firms. In o a r t i c u l a r ,  t i m e s h a r i n g  service bureaus exr~and ed

comp uter usage among n on— comp uter s p e c i a l i s t s  by P r o v i d i n ~

i t s c u s t o m e r s  w i t h  t he  B a s i c  la nguage.  T h i s  le a  t o  t n e

d e v e lo p m e n t  o f  nume rous d i a l e c t s  o f  Ba s i c  and to — a n y  e x t e n -

s i o n s  in t ende g  t o  s a t i s f y  t r ’e  un ia’je reeds ~ f v a r i o u s  users

(11.
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A g th e use of Basic increased and extensions to th e

language became more wides p read, the need for st an ia rd -i za—

t ion beca me an i n d u s t r y  w i d e  c o n c e r n .  In 1974, th i s  conce rn

f i n a l l y  led to the formation of t he  x 3J2 committee of tne

Am erican Nationa l Standards I n s t i t u t e  w h i c h  was tasked w t h

f o r m u la t i nc ’  a pro posed  s t a n d a r d  f o r  t h e  Basi c p r o g ram m in g

language. The result of an exte n s ive effor t was the Pro-

posed Am e r i c a n  Natio n al Stindar os I n s t i t u t e  (AN SI ) rep crt on

a p roposed standard for ~
1 i n i m a l  Basic (21. The Proposed

standard establis hed a m i n i m u m  set of features w h i c h  sho u ld

be included in the in p l e m e n t a t i o n  of a basic language crc—

cesso r. t~h i 1 e  the proposed standar d p r ov i d e d a r i t h m e t i c  ani

very si m p l e  Strin g orocessi rlo c aoah i l~~t ies , it d i c not con-

sider the m ore extensive featur e s , i .e. m u l t i— o rogra r r in ter-

facing and extens ive p redefined functions, w h i c r ’  hag ini-

t i a l l y led to the neec for standardization. In a recent ar-

t i c l e  (3], Lien t z compared the di ff erent c o m m e r c i a l l y  avail-

able Basic lang ua~ e p rocessors. Th i s  surve y i n d i c a t e d  t h a t

most basic orocessors p rovided s i m i l a r  features and i n c l u e1

extensive f a c i l i t i e s  ~eyo nd those i n  th e croposec ANS I stan-

dard.

B. OBJECTIVES OF THE EXTENDED BA SIC LAN GUAGE

Ex tended ~asic was designed t o  orov ic e a l l  the a r i t ’~n~~1 —

ic processin g features of the oroposed standar i for ~as ic as

we l l  as exte n sions ano enhance m ents to the lanouaq e for use

a t t he  Naval Postgraduate School. These extensions i~~c l ud e d

P
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m u l t i — d i m e n s i o n a l  arrays , l o g ical operators for numeric and

s t r i n g  q u a n t i t i e s ,  s t r i n g  m a n i p u l a t i o n ,  and s e g u e n t i a l  ac-

cess to ext e rnal file s . Fur ther , extend ed B asic retaine d

the original concePts of Dartmouth b asic w h i l e  freei ng the

p rogrammer from m any of th e o r i g i n a l  l i m i t a t i o n s .  Er,h arice

m ents in cluded imorove d co n tro l structures and features to

enhance inc r e a s e d  r ea d a b i l i t y.  E x t e n o e d  F~a s i c  a l s o  a t t e m pt -

ed to m a i n t a i n  g r a m m a t i c a l  com p at i~~i l i t y  w i t ~’ e x i s t i n g  ex—

t e n s i o n s  to  B a s i c ,  o a r t i c u l a r l y  t h o s e  i n  use a c  the Na val

Pos tgraauete School.

An ad ditional qoal of extended B as i c was to Provi d e

non—com p uter s c i e n t i s t s  w i t h  a m ore ‘ranagable high lev el

lanquaqe cap able of i n t e r f a c i n g  w i t h  ot h er subsyste m s Suo

por ted on the PO P— il at N aval Post graduate SChnol . E x a m p l e s

of  suc h s u b s y s t e m s  are  t he  p ro c e d u r e s  -w h i c h  d r i v e  t he  va n —

ous graphi cs devices found in th e comp ute r labo r ator y . The

o r i m a ry  UN IX s y s t e m  g r a p h i c s  lang uage is  C [ 1 1 )  w h i c h  c~r’D

v i d e s  suppor t  f o r  t~~e s u b s y s t e m s  in t h e  P O P — I l .

Currently included w i t h i n  UN IX are a d i a l e c t  cf Fo rtran

112 ], the F o r t r a n  p r e p ro c e s s o r  1 1 3 )  P A T F O ~~, an i n t e r p re t e r

for a h i g h l y  sp ecia li zed d i a l e c t  of B as ic (1 141 , oroduced by

Bell Lab oratories [4], D i q i t a l  Eou ic m ,n t  Cor p orat ion ’s ~
- O i

~~~
—

IRAN IV PLUS, and t h e  UNIX a s s e m b l e r  ( 7 )  . None pf t h e s e

lang uages were e n t i r e l y  sui ted to t h i S  spe c i a l g ra p h i cs C r —

viro nm ent as the y existed in the system . Ext en ded B a si c ~s

an eas i l y  lear n ed language w h i c h  is r e a d i l y  a da p table tO t~~e

to  

~~~~~~~~~ 
• ~
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student envi r o nment and enhances tne graphics c a p a b i l i t i e s

in the laboratory.

U n l i k e  many e x i s t i n g  i ” p l e m e n t a t i o n s ,  e x t e n d e d  B a s i c  w a s

no t imp lemented as a purel y i n t e r p r e t i v e  languace. A source

Program is com p i l ed, generating an assem b ly language f i l e .

This code is then assembled and loaded w i t h  the Basic i i —

brar y, and other l i b r a r i e s  a~ sp ecified by the user, i n c l u d

ing the C l i b r a r y ,  t h e v arious g ra p hics device l i c r a r i e s ,

and any user des igned  l i b ra r i e s  w h i c h  may e x i s t  f o r  p a r t i c u —

lar i m p l e m e n t a t i o n s .  The c o m p i l a t i o n ,  a ssem c ly and load i n g

actio n s are c a l l e d  by a pr ogram , L B A x , w h i c h  is resident in

the UNIX system . Usage of th e p rooram i s  ce scnih ed ir .~ p —

oen dix II.

11
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It . LANGUAGE SPECIFIC AT IO N

I n  the f o l l o w i n g  section, th, Dartmouth ~3asic language

and the ANSI oroposed standard w i l l  he reviewed, followe d by

a discussion of the features of extended b asic w h i c h  d i f f e r

from Dartm outh Basic and the oroposea A N S I  standard. These

features include extended a r i t h m e t i c  p rocessin g, imp roved

r e a d a b i l i t y ,  expandec co n tro l st ru ctures , s t r i n g  m a n i c u l a ’

tio n, ext e rn al f i l e  access~ and p rogra m access to sy stem

s o f t w a r e  f o r  g r a o h i c s  i n t e r f a ce .

A . TH E PROPOSED S T A N D A R f l  FO P B A S I C

I. Dart m out h Basic

Dar tmouth Basic is a state m ent o r i e n t e d  lanuuage.

Each state m ent consists of a l i n e  number and a comma nd. Da-

ta is e ither num eric real or c h a racte r S t r i n g  w i t h  np ~ i S

t i n c t i o n  being made between t ypes of n ume ri c data. L~e n t i f _

iers ter m in ated oy a c o l l a r  sian ref er to s t r i n g  v a r i a r l e s ,

w h i l e  a l l  o t h e r  i de n t i f i e r s  r e f e r e i ce n u m e r i c  Q u a n t i t i e s .

I d en t i f i e r s  C o n s i s t  o f  o n l y  a s i ng le  l e t t e r  or a l e t t e r  f o l —

lowe d by a d o l l a r  sign. A r i t h m e t i c  o o e r a t io n s ,  d e f i n e r ~ on

numeric data on l y, are represented b-v the i n f i x  operato rs + ,

— , * , I , and ? (exp onent iat io n ) . Una r y op eratio n s are ~e—

fin ed by the p r e f i x  ocerators + and —
• ‘3otb da ta tyo~~S ‘ray

12
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he compared using the i n f i x  r e l a t i o n a l  op erat ors < , < , > ,

> , and <)- • One and two d imensiona l num eric an rays are sup-

po rted. F i n a l l y ,  a l i m i t e d  number p f p r eaef in ed a l g o r i t h m s

pe rfo rm elementary functi o n e v a l u a t i o n  (51 . These in c l j i e

AB S, A IN, COS, EXP , INT, LOG, PND, SGtJ , SI~~, 
S(~I~, and TA ~~.

A com ol ete desc ni otion of these ore d ef inea fun c ti o n s is

p resented in A pp endi x I.

Dartmouth Basic is iriten de ri to ~~e an i n t e r a c t i v e

language w i t h  both e d i t i n g  and p r cqra m execution occu ri n a i n

the same environm en t. There fore , m ost Da rt m o u t h  s t y l e  f~a s i c

i m p l e m e n t a t i o n s  rely on line num bers to o l ay an im p ortant

part in the e d i t i n a  function of Basic.

2. The Proo osed A NS I  Staniar~

The orooosed A N S I  standard (2) inc or Porates a l l  t~~e

features of Da rtmouth Ba sic anc adcs t h e  f o l l o w i n g  st ’t e—

men t s:

ON RAN DOM IZE DEF

OPTION STOP

W i t h  the exception of th e OPTION statement, most e x i s t i n q

Basic i m p l e m e n t a t i o n s  in c lude a l l  of these a d d i t i o n a l

features. These extensi ons are desc rib ed as th ey e x i s t  i n

t h i s  im p l e m e n t a t i o n  in A pp endix I. The OPTIOt ’~ stat em en t is

used to sp ecif y wh et h e r th e lowe r bound of an arra y is zero

or one.

13
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Most e x i s t i n g  Basic language orocessors ao we l l

beyond the proPosed AN SI standard to cr ovid e f i l e n a n n l i n q

a b i l i t y ,  formatted out p ut , strin g m a n i p u l a t i o n ,  m at r i x

op erations , and a m u l t i t u d e  o~ ored e fir iec fjr .cti ~~p5. The

survey by L ie ntz (3) oocum ents these extensions for m any

large and m i n i — c o m p u t e r  m anu fac turers , and for a number of

ti m es h arin g services.

B. FE ATURES OF THE EXTENDED BASIC LANG UA G E

E xtended Basic was desi gned to m a i n t a i n  c o m p a t i b i l i t y

w i t h  th e proposed A.\4S1 standard w h i l e  extend ing the language

to incor p orate such featu res as str i n g  pr ocessi ng and exte r-

nal f i l e  access. Enhancements were also included to p r ov i d e

additional control structures and increased reaoa~~i l i t v .  In

t h i s  section the features a# extended Basic w h i c h  do not ao—

pear in the ornoosec AN SI stan dar o w i l l  be ~ iscusse d . 
Ap-

p endix I includes a comp le t e description g f tn e language.

1. A r i t h m e t i c  Processing

Ex tended t3asi c adds to a r i t h m e t i c  oroceSsi ng r~y sup-

p ortin g m u l t i p l e  dimensi onal arrays. A l l  arr ay s m ust b e

d imensioned p rior to usage in th e orogram and the sam e iden-

t i f i e r  m ay not Serve as bot h an arra y, whose ele m ents are

subscri p ted , and a si m p l e  n on—sub scr ip t ed v a r i a b l e .  L n ’ i c a l

binar y operators AND, OR , XOR (e x c l u s i v e  or), and th e una ry

ope rator t.OT are orovi leri for t~~e l ogica l  e v a l u a t i o n  of

num e ric and strin g expres sions. I~’e r e l a t i o n a l  ooerat~~rs ~~

14
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and (not ecual) have heen adoed to th e set of l o g i c a l

op erators for c o m o a t a p i l i t y  w i t h  e x i s t i n g  lanauages. Use r—

de fined functions, d e fine d usi ng a DEF state m ent, may ~‘ave

any number of p aram eters. Howe ve r , as i t h  F URT PA r 4 , every

function must have at least one Parameter. Functions m ust

be defined prior to appearance. ~h i l ~ functions m a y  refer

to other fun ctio n s w i t h i n  t h e  body o f the a e f i n i t i o n , recur-

sive re feren ces are not p ermitte d .

The OPTION state m ent is not im p l e m e n t e d .  Since th e

lower bound of every arra y is always zero and th ere are n + l

eleme n ts a llo cated by th e c o m p i l e r  for every arr ay, the user

is pr ovidea th~ O PTION feature by o ef a u l t . Due to th e

manner in w h i c h  the UN IX  sy stem e ffe cts ex t ernal sy stem

c a l l s ,  undi ’nen sione d subscri p ted v a r i a b l e s  sh ou ld not ~-e

used, as is c o n d i t i o n a l l y  allowed in D a r t m o u t h  b asic a~~o t~~e

oroposea AN SI standa rc.

A r i t h m e t i c  constants may he w r i t t e n  in e i t h e r  i n

teger or o eci m al form . A l l  cons t ants are v iew ed i n t e r n a l l y

as double p recision f l o a t i n g  ooi n t numb ers. S c i e n t i f i c  no

tat i or i is not impl em en ted. N u m eri c constants are outr ~u t  i~~

deci m al form only. The col umnar w i d t h  o’ num e ri c outp ut ~av

be sp ecified using th e CCL function . If columnar w i d t h  ~ S

not sp ecified , CDL defau l ts to 10 columns. If th e value

exceeds the orescribe .1 w i d t h , the fi e l ~ , is f i l l ~~~ ~.it n  a

st r ing 0f au esti on m ar ks.

15
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2. R ea d a b i l i t y

R e a d a b i l i t y  has been impr oved r y  in creasing v a r i a b l e

name len gth, P e r m i t t i n g  free form inp ut w i t h  state m ent con-

tinuation , and by not requiring l i n e  numbers on al l  stat e—

m ents in the p rogram . H i s t o r i c a l l y ,  ba sic p e r m i t t e d  vari-

able names consisti ng of a single l etter  or a lette r  fol-

lowed by a number. Thi s make s large programs c i f f i c u l t  to

understa n o and debug. Extended Basic a l l o w s  v a r i a b l e  names

to co nsist of uo to four a l p h a — n u m e r i c  characters ~ f hot~

upper and lower case, exceot Strin g v a r i a b l e s  w h i C h  shou ld

incl u de ‘
~~~~~

‘ in the second or t h i r d  character p o s i t i o n .

Predef ined functions may he w r i t t e n  in uPper or lower cas~~

however, a l l  characters in the nam e must be of the same

case.

Basic t r a d i t i o n a l l y  has rm s t r i c t e d  each stateme nt to

one line. Extended Basic Provides th e “ at ” s ign C ~ i ) as a

c o n t i n u a t i o n  ch aracter , a l l o w i n g  m u l t i p l e  p rogram line s  ~o

aooear as one state m ent to the c o m p i l e r . T h i S  i s P a r t i c j—

la r l v  v a l uable w h e n  using neste d IF state m ents w i t ~ the ELSE

c lau se fol l o w e d  by an ot ner F statem ent. A l l  o f  t he  m e m c e r s

of t~~e p ri m a r y  IF statement could not ~e 
p h y s i c a l l y  con-

ta ined on one l i n e on conventional t i m e s h a r i n g  inpu t /out p ut

de vices. The f o l l o w i n g  exam p le dem onstr ates the imp rove d

r e a d a b i l i t y  or ov ided by c o n t i n u a t i o n :

L I - -
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i f x y then dl

z x ( i , i )  1

else ~D

if x > y th en ajl

2 w (i , i )  — x

e l s e ;ç)

z w ( j , i )  — y

Both Dart mo uth ang th e oronosed A NS I Basic i n c l u a e

man dator y state m en t l a b e l i n g  because of th e i n t e r a c t i v e

e d i t i n g  feature of Basic. Ext ended basic loes not use

internal i n t e r a c t i v e  e d i t i n g  and subs ecuent oroaram exec~~—

tion. C hanges are made to the pr ogram source Code, usin g

the UN IX text e d itor and sub secue ntl y reco’r~’i 1 i r ~g the nrc—

gram. Thus l i n e  labels are only necessar y for use i n  con-

tro l structures. Exa m p les of l i m i t e d  l i n p  l a b e l i n g  a-r e

found in the exam p le proa ram s at the end o f t h i s  sect ,cn .

The T AB fu nction has not been im p lem ented. T”~ use

of com mas and s e m i c o l o n s  to f:rc~ c o l u m n a t i o n  is not e 4~~ec—

t ive. Pa r t i a l  consista n cy w i t h  th e cr000sel Stanc arl N-a S

been maintained by Providing a c o n t i n u a t i o n  fla q fcr out nut .

ahen a sem icolon appears at the end pf a pn i - ’ t statement ,

n e w l i n e  is not invoked, and the n ext out Put ~rnm a p r i n t

s t a t e m e n t  w i l l  i m m e d i a t e l y f e l l o w the e x i s t i n g  cutout.
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3. Control Structures

Extended Basic has exoandea t~~e control stb uc tures

inclu ded in standard Basic. These structures consist of t’ e

F O R , IF, GOlD, GOSUB , ON, STO P and RANDOMIZE statem en ts.

Extended Basic s i g n i f i c a n t l y  increases t~~e Powe r of the IF

statement by p r ovidi ng an op tional ELSE clause and by al l o w -

ing an executable state m ent to f g l l o m  the IhE~ and t he  ELSE.

An executable statement is furt n e r defined in ~cDend~~x I.

Any such ex ecuta n le state m ent ~av be uSe’l ~~i t h i n an I F

stateme n t. A d d i t i o n a l l y ,  th e IF st a te m en t , ~ b i c h  i 5 Classi -

fied as a s i m p l e  s t a t e m e n t ,  m ay h e usel in t h e sam e — a r r b r

as an executable st a tem ent in the ELSE clause. Th~~S ~F

sta tements ma y be nesreo to an i n f i n i t e  geo th ; HOw eve r , on l y

one executable State m e n t ma y e x i s t  at t h e  oeecest ~ev,l .

4. Stri ng Process ing

Extended B asic contains featu res ~~ ic~ Cro v ic e  ‘or

general stri ri q m a n i o u l a t i o n . St rin g s are create d gyna~~ic a l —

l y, m ay var y in length to a m a x i m u m  C ’ 255 ch a ra cte r s , ani

may be subsc rip te d to one d im e n s i o n  to create a vector of

strings. The oredefi n ed function LEl returns the Curre n t

len gth of a string. A l l  st - ng v a r i a p l e s  and s t r i n g  a r r a y  -

elements are i n j t i a l i z e i  as n u l l  s t r i n g s  w i t h  a len g t h ~ f

zero. St rin g s may re created and associated w i t h  a v a r i a t ~le

us ing the re p lacement op er ator ( :) , an I~~P~JT state m e n t , or a

~EA D ~state m e n t . A st r ing ente red from the cons ole er reag

f r o m  r~ e x t e rn a l  f i l e  ma y not re en closed in g u o t a t irD n

1R
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mar ks, but should be a e l i m i t e d  by n~~w l i n ~~s. A strin g en-

tered from t,he console or redire cted by  S y s t e m  e d i t i n g

throug h an external f i l e  ma y be terminated by a ou ota tion

mar k or the ne w line symb ol , ‘\n ’, w h i C h  iS e g u i v a l e n t  to t~~e

A SCI I li n e  feed contro l character . St r i n gs app earin g in a

data statem ent w i t h i n  the proaram m (jst be enclosed in au ot a—

tion marks since the y form an int e g ral part of the oregram .

An additional feature of ext ended Basic a l l o w s  cori icariso n of

st ring v a r i a b l e s  and ext r a c t i o n  of suhs t ri n g segm ents.

Strin g s are com oared usin g th e same r e l a t i o n a l

ooerators used for numeric data. Tw~ strin g s are equal if

and onl y if the strin g s have P-he same length and c o n t a i n

identical characters.

Su bstrin g extraction is acco mpli shed using substri ng

n otati o n , i .e. A~~~— 1n ) . This expr ess ion retur ns the sub—

str i ng of string v a r i a b l e  ~~~~ begin ning at char a cter p o s i t i o n

m and extendin g for a l ength of n characters.

Other prede finec , fun ctio ns are nr ov io ed to f a c i l ’

tate orocessing stri ng s. The ChR~ f unc t i o n  con verts a

numeric argum ent into a si ngl e A SCII ch aracter w h i l e  ASC

conve rts the first char acter of a s trin g argument i n t o  a

num eri c value.

5. F i l e s

Data m a y  b~~ t r a n s f e r r e d  b e t w e e n  an ex tende g b a s i c 
-~

p rogram and ex t e r n a l sto rage using the f i l e  p rocessi n g

10  
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feature. The OPEN statem ent i d e n t i f i e s  f i l e s  and pr ep ares

t hem for access. The gene ral form o~ an OPEN state ment is:

OPE N (<external f i l e  numh er> ,< access m ode>) < f i l e  nam e>

where th~ 
<fj le name > i s a character strin g , w h i C h  is ca l led

a p athname in the UN IX h ei r arch i c a l f i l e  system . I~ a ‘i le

e x i s t s  in the ex ter nal f i l e  system w i t h  the nam e represer’te-,

by the p athnam e , then th at f i l e  i 5 opened. Ot h e r w i s e ,  a

f i l e  is created - w ith th a t name p r ovi d ed th e <access m ode >

sp ecifies w r i t i n g .  Each f i l e  c&jrr e~’tlv in use is ass i~~neo a

un ique < externa l f i l e  numb er> by tb , p ro gramm er. Th is f i l e

number is used for a l l  f urt h er re f erences to the f i l e  ~ h j  l~~

it remains open for access. Data is t r a n s m i t t e d  between tn ~

externa l f i l e  and the exten ded Basic Pro gram u sin g the ~EA D

and PRINT state m en t s w i t h  th e < f i l e  op tion>:

READ ~ <f i l e  Potion> ; <reag l i s t >

PR INT a < f i l e  op tion > ; < ex p ression l i s t >

Th~ < f i l e  op tion > sp e c i f i e s  th e f i l e  d e s ired by r e fer enci n d

the < exte rnal f i l e  numb er> de fine d b Y  a p rec eed in o OPE~

statem ent. A cce ss tp a f i l e  ma y he t e r m i n a t e d  b y  the CLGS~

statement. E n d — o f — f i l e  m ay be deter min e d w i t h  an IF E\-D

stateme nt w h i C h  nas t h e  f o l l o w i n g  fo rm :

IF END # < exte rnal f i l e  number> ThEN < v a l i d  Stat em e n t >

The < v a l i d  statement> ma y be an-v sta t eme n t or ex p re ssi on

w h i C h  1 5  p e r m i s s i b l e  w i t h  a standard IF state m ent.

20 
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b. Standard Inout /Out n u t

Standard inp ut and Out p ut f i l e s  are organized

seq u e n t i a l l y .  The standaro inp ut f i l e  is a linear seQuence

of numer i c and string data items separated by commas ani

n ew l i n e s .  Each reference to a segu ential f i l e  retrieves th e

next data item w i t h  REA D * , ~ r writes another data ite m w i t h

PR I N T  ~~. i~it h  each REA D, the vari ap le s in the read l i s t  are

assioned values from th e inp ut. Li n e t e r m i n a t o r s  are t r e a t —  
-

ed as record terminators. Th ere is no concePt o f a tradi-

t i o nal record since each record m~~y be p f m a c fin ite lena tn ,

l i m i t e d  only by  t h e  m e d i u m  thr oug h wh iC h th e reco rd is

c reated.

L ike w ise , w i t h  each PPT ’~T comm and , values from t~~e

exp ressio n l i s t  are wr i t t e n  to the f i l e .  The expr ess io n s

are wr i t t e n  to the staniard Ou tP ut 39 A SCII stri n gs separat-

ed by spaces except for the l a s t data i t e m  in the l i s t  w h l c n

is f o l l o w e d  by a n ew li ne. The use pf n e w l i n e s  in t h i s

man ner al lowS f i 1 es to be di Spi ayeci us ing system ut i I i t  i es

ano also a l l o w s  f i l e s  created ~ it ~ a t e x t  e d i t o r  t o  ne r e a d

by extended Basic Program s.

Since data t y p e — c h e c k i n g  is not acco m p lished, t~~e

seque nce of ite m data types in the exp ression l i s t  S h culO

match th e seouence of item data tyoes in the external f i l e .

‘~1 i sma t che d data tyce s w i l l  re t u rn u n d e s i r a b l e  values.

Numeric data tyces readin g strin g values w i l l  r e tu r r~ a s e —

luence of zeros. Stri n g  data t y o e s  reading numeric v a l u e s

21 
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w i l l  return a st rin g p f num bers.

Da ta may be appended to ex t e r nal f i l e s  by spe ci f y ing

th e append access mode when an OPE~ state m ent is used. Tb i~

allows addit i o nal data items to be w r i t t e n  at the end of the

sp e c i f i e d  f i l e .  A n OPEN sp ecif y i n g w r i t e  access ~ i 1 l  c r e a t e

a ne w f i l e  jf one does not alread y e x i s t ,  or w i l l  reopen an

e x i s t i n g  f i l e ,  o v e r w r i t i n g  and destroyin g any o r e — e x i s t i n g

data.

7. External Interface

Th~~ version cf exte nded Basic was des iqn ed o ri ’r a ri—

lv to ennance user a p i l i t v  to Program w i t ”  a s i m p l i s t i c

languace wh~~Ch could int ’r face w i t h  o th er subsystem s avail-

ab le w i t h i n  th e UNIX environment. T h i s  was a c c o m p l i s h e d  by

creati ng the EX TER N and CALL Statements.

The E XTE PN state m ent defines , w i t h i n  th e ~a si c pro-

gram , those e x i s t i n g  exter nal subrouti n es w h i c h  w i l l  be used

for an-v so ftware i m p l e m e n t a t i o n .

Exam p les of subrouti n es w h i C h  m ay ~‘e used a re t~O~

ano PPINTF (~~l • PO;~ re tur ns the v a l u e  ol t h e  v a r i a b l e  x

raiseg to t h e  po w e r  o f  y ,  ~ p r f n r m inç f l o a t i ng  po i nt  ex o c ne r ’ —

t i a t i o n i . PQI’JTF Converts , fo rm a ts and p r i n t s  a l l  arguments

a fte r the f i r s t  arqum~~nr , and under t h e  control of the f i r s t

argum ent.
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These subroutines would he defined in a Basic p ro—

g r a m  by

extern cow (douh le ,doubl e )

extern o r i n t f (~.ch ar, -d ou bl e ,inteqer )

~ h i l e  t hese examp le oroced ’ares e x i s t  in the u N IX

system l i b r a r y ,  it  is not necessary to use on l y  e x i s t i n g

Proce dures. The user may Create pr ocedures for s p e c i f i c  -

neeas by w r i t i n g  and c o m p i l i n g  u ni q ue p rocedures in t h e  C

language (11 ], and i n c l u d i n g  th e lo a d a b l e  versi on o~ tb p

orocedure as a p arameter when th e system c o m p i l e  command f o r

Bas ic, LBA X , is issueo . 
—

Once a p rocedure has been define d as e x t e r n a l ,  i t

m ay be used in the Basic Program by usi ng tn e CALL state-

men t. It would apoear in th e Program as:

c a l l  oow (x ,y)

cal l p r intf (a$, sum, p rod ) —

Ex am o le s o f progr ams u sing t~’e Ex1Ek~- ~ ng C A L L

statements are p rovi iea in th e nex t section.

C. EXAMP LE PPOGPA~1S

I .  Q uad r atic Factors

Th is e x a m p l e  pr ooram com p utes t h e  1a c t c r s  o f  a o u a —

drat i c equat ion.
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rem duad factors of 5th dearee oc ’lynomi &, Bairst ov. m et h od
dim a (9),b(9),c (9)
data 0, 1 ,— 1 7 • 8,99. ~ I , 2b1 . ? 1 B
aata 352.b11 , —1 3 L~.10o
data 0,0, .00001,20,5
prin t “Demonstration program out p ut ”
for i 3 to ~

read a (i)
next i
read r i , si , test, u r n , n
prin t “T he o r i g i n a l  p o l y n o m i a l  — ‘

pr int “Power of x C o e f f i c i e n t ”
j : 9 — n
for = j to 9

m : 9 . i
prin t ii, ” “ , ~ ( j )

next i
p r i nt “The quadratic factors are — “

o (I) 0
o (2) 0
c ( 1 )  0
c(2) 0
r nl
S si

5 knt 1
S for j 3 to 9

b (j) a (j) 4’ r * b ( j 1)  + s*b (j 2)
c C )  h(j) t r* c (j— 1) + s*c (j—2 )

n e x t
dn r’i = c (7)1~2 

—

i f dnm 0 qoto 1
r l  r l + 1
s i sl  4’ j
goto 5
iel r = ( t ~(8)*c (7)+c (S)*b (Q ))/r1nm

dels (—c (7)*b (9)+b (~~)*c (8))/dnm
r delr + r
S ae l s + 5
if (abs(delr) + ans (dels ) — test ) <~~ 0 c~o t o 3
if (knt — J i m )  < 0 go to 2
orint “Does  not c o n v e rg e  a f t e r  “ , l j m , ” i t e r a t i o n s . ’
s t oo

2 knt ~ nt  + I
go to S

3 orint “ x l2 + “ , r , ” x + “ ,s
n :n — 2
t v al n — 2
i f tva l < 0 the n ~iJ

p r i n t  b (S),” x + “ ,h (7)
if tva l = 0 then -i~

p r i n t  b (S),” xt2 + “ ,h(b ), ” x + “ ,b (7)
if tva l > U go t o  ~4
stoP

L~ f- o r k 3 to 9 
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a (k) b (k—2 )
next k
go to S
eno

2. ~‘aq ic Fi gures

Th i s ~oro qram draws random s y m m e t r i c  f i a ures on t~~e

TE~(TRONIX grachics device. It uses four e x t e r n a l l y  o e fi n ” o

graph ics routi n es w h i c h  are located i n th e rE~~T R O N I X  li-

brar y . The y are ~~~~~~~ A ’i~.1flDE, I NI TT , arid F I N I T T  ( 0 ] ~~

NEn PA G erases the screen and returns the a l p h a n u m e r i c  c u r s o r

t o  t h e  HOME p osit i on , the uPper l e f t  b an d corner o f t he

scree n 1 10 1 . AN~ ODE se ts the cursor to t~~e a lp na r ’u me r ic

m ode.  IN ITT reQu ires one argument Parameter sp e c i f y i n g  t h e

character tra nsmission rate between the com p uter arc ter mi-

nal to dete rm ine the cela y to t h e  s c r e e n  w n e n  e r a s u r e  i s  ~ e —

m g  per form ed. FINI TT clear s th e h u f f e~~s ana mo ves t” e

p o int e r to the p o s i t i o n  indicated o-~ ~be t~~o p aram eters.

The ex t e r n a l l y  cefinea p rocedure PLOT m oves the p o i n t e r  t~

the x ,y coordi n ates indi cated by th e argu m ents and p l o t s  a

po int at t h at l ocation. The s i i t - h e x t e r n a l l y  d e fi ne d

routine is ~4OVE . These Procedures are user d e fin e a , and arp

located in the user ’ s external f i l e  area. ~‘3vE causes t~~e

p ointer to be m oved acros s the screen w i t h o u t  dr3~~l n r~ on tn e

su rface.

e x t e r n  new b ar i ( )
e xte r n anmo de ()

25
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e x t e r n  i r i i t t ( i n t e g e r )
extern f i n i t t ( i n t e g e r , integer )
extern p lot (integer, int eger )
e x t e r n  m o v e ( i n t e g e r , i n t e g e r )
pr int “w el com e to M~~gi~ —— enter your two num be r s ”

100 input “n umber one “ ;frr

inp ut “n umber tw o “ ;fm2
c a l l in i t t (~~b 0)
c a l l  new oag ()
d ’ O
h
c fm
z:0
i =0

3 h rad (z— 90)
x :cos (b )*d+512
y:Si n (b) *d+380
i f i <>0 go to ~c a l l  m o v e ( ’ 4 * x , L4* y )
go to 5

14 c a l l  p lo t (’4 *x,1 4-*y)
5 z=2+C

c:(—1 )*c-*fm2
fm2:1 / frr 2
i:1
d d +  fm /90
a~~a+ fm
if a <27500 go to 3
c a l l  iiove (0,a*780)
cal l  anrnode ()
go to 100
ena

26 

~~~~~~~ ~~~ T~111~ 
F

:~~~
~’



- -  -
~~~~~~~~~~~~~~

1. IM PLE~~E N T~~T I O N

A. SYSTEM DESIGN

The extended B a s i c  c o m p i l e r  w a s  designed around a

table—driven oarser ..hich chec ks state m en ts fp r cor re ct syn-

t a x ari a g e n e r a t e s  assembly code w r i t t e n  into a U 1i I X f i l e .

T his code is assembled and loaced together w i t h  reQueste d

and requ ired l i b r a r i e s ,  and oth er user defined Program seg-

ments, by the assembler and loader when c a l l e a  by the exec~~—

tive  program , LBAX, located in the system l i b r a r y .

The decision to c o m p i l e  the source p rogram and t h e n  as-

sem bl e the in termed i at e language was based on th e f o l l p w i ” q

co nsi deratio n formal parsing tec hn ia ues could be used to

anal y ze the syn tax of th e source pro gram ma~~in q exte n sio n s

to the language r e l a t i v e l y easy . I n t h i s  case, an L~~LR

p arser— gen erato r YACC (b) , was used to auto r ’at ic a l l v  cen—

er-ate the parse tables for th e langua ge.

m e  f o l l o w i n g  sections d i sCuss the design of the extend-

ed i3 a sic c o m p i l e r  anc the im p l e m e n t a t i o n  of th e sy stem exe-

cu t i v e  Program. Source l i s t i n g s  p f the orocrams are con-

ta ined in the Program L i s t i n g  sec t i on ~ f t h i s  thesi s.

2 7
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8. CO’~PILE R STRUCTUR E

1. Co m p i l e r  Organization

The com p iler structure r eg u i r e s  one  ~~ass t h roug r i  t n-c

s o u r c e  p r o g r a m  t o  p r o d u c e  an i n t e r m e d i a t e  assem bly l- .arqu.3 r]e

f i l e .  T his oass writes a l l  num eric constan ts to the n’jr’eric

constant l i s t ,  deter mine s the size of t he  sym bol table ang

inserts symbols w i t h  associated a t t r i b u t e s ,  out PutS inte r-

me d iate level code to a f i l e  based upon parse actions a~~d

semantics , resolves exter n al c a l l s  and pr oduces the code ‘or

a c c e s s  t o  e x t e r n a l  f i l m s .

The intermediate level cone is th e Ur’J X a ssembl y

language. The form ate d out out pro gram , to be loaded and ex-

ecuted, is in the oroper form at for -an assemb l y proara~~.

The format consists of t e x t ,  data , and ess segments (7).

The t e x t  s e g m e n t  c o n t a i n s  a l l  the executa p le in-

structions ari d u n m o c i f i e d  data. rhe data segment may con-

t ain  text, but always con t a ins i n i t i a l i z e d  data - w h i C h  m a y

m odified duri n g execution. The hss segm ent co ntains m i n i —

t i a l i z e d  data areas and is an extension of the data segmen t.

The data segment contains the buffers for e x t e r n a l

f i l e  m a n i p u l a t i o n  as i l l u s t r a t e d  in F ig u re 1. The n um rer o ’

buffers may not mx ceec f i f t e e n  and is d eter m in ed ry the ~~ P E d

a c t i o n s  i n  the oarser. The len gth of each ou f fer is S1~

by t e s ,  s i x  o f  w h i C h  a re  u t i l i z e d  by t~~e s y s t e m  Innu t / O u t n j t

co mmands and 512 of w h i c h  c o n t a i n  t he s t r i n q  of data.

~ 
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Co mo ile r O ut p u t
M e m o r y  Mao

co un ters 
)

and
u n i n i t i a l i z e d
symb ols

__________________ bss
stack p ointer -

stack

i /o bu ffers
for
e x t e r n a l
f i l e s

i n i t i a l i z e d  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

)
sym bols data

strin g data

numeric data 
—

i n S t r u C t i O n S  text

Figur , I

29

kr. ~~~~~~~~~~~~~~~~~~~~~~~  -



_~~~
-
~~ :- - -— T ~ — — — ---— ------ - —

~~~
--

~
-- -

~
----—-

~~~~
- - -— --- -- -

m e  basi c run t lm e  “ stac k ” is e s t a b l i s h e d  in the hss

segm ent by the com oi~~~r and is f i f t y  b y tes in l e n g t h , it

uses th e “la st in , f i r st out ” conc ep t and grows do w nw ar d to—

ward t~~e lata seom ent .

1. sc anner

Th e scann er ar ’al y z~~s the source orogram , returning a

seguence o f  t r~kens to th~ p arser . in r icl it i on , th e scan ner

crocesses ~,ar a s t a t e m e ’ t S  and reco gni zes co n tirl u a P io n ch a r-

acters. A n a l i s i s  0~ the fi r s t  n o n— p lank Ch a racter in th e

inp ut stream d eter m in es t”e genera l c lass of th e ne xt toke n .

m e  re~raina e r of th e token is th e n scanned, ol aci n c eacn-

successive ch aracter in t o  one of th e a c c u m u l a t o r  vectors , I D

or NUMST’~, used for i o e n t i f i ~~r and numeric ite m s res o ect iv e—

l y .

I’ th e scanner recogni zes an i~i e n t i f ie r , i t s e a r c h e s

tne reserved word l i s t  to dete rm i n e if t~~e i- ~e n t i f i e r  ic a

rese~~ved word. If founc, th e to~~en associated w i t h  ~ ba~

reserved wor d is returned to t h e  p arser .

In the event the token is not a reserved w or d , it  1 5

v a l u ated f~~orn the Symbol table ret u rn nd an error cone, i f

not le fine d, or the Sym bol tab l e l o c a t i o n  index n um p e r ,  i f

de fined. In order to he a v a l i d  m em be r of t~~e S y m b o l  t a L l e ,

an i- c e n r i f i e r  -m ust be a nu m - er i c i o e n t l f i e r , s t r i r o —

i d e n t i f i e r ,  f~~n C t ion ~~il. n ti f i~~r , arr ay i- ~e n t i f i e r ,  or

h u f l t — l n  function. .~Ihene ver a SV m r ~O 1 riot d e f i n e d  j n  t h e

30
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sym bol table is encountered, it is v e r i f i e d  to be a prooer

id e n t i f i e r ,  occurring in a v a l i i  P ositi o n in th p i n p u t

str in g , and is then inser ted in to the symbol table.

If the scanner recogn izes a to~~en as a numeric con-

stant, the number l i s t  is searched to deter mine if t re

num ber is alread y stored. If the num ber is not an element

of  the l i s t ,  it is i n s e r te d  i n to  t he  l i t e r a l  numb er s tab l e

w j th its appr op riate i d e n t i f y i n g  a t t r i b u t e s .

2. Symbo l Table

Th e Symb Ol ta p - le c o n t a ins a t t r i t u t e s  o f p r o g r a m  and

comp i l e r  generated e n t i t i e s  ,uch as i d e n t i f i e r s  and f u n c t i o n

names. The i n f o r m a t i o n  stored in th~ Sy ”hOI tab l e is creat-

ed and referenced by the c o m p i l e r  to v e r i f y  th at tn e croa~~am

is s e m a n t i c a l l y  correct and to assist in code ~,ner a t i o n .

A ccess to the symbo l tab l e i- s Provided th r ough a numr e r of

procedures op erati n a on the g l o b a l l y  ce 4in ea sym nol t a b l e

var i a~~l es.

The ~ymh~~l tat 1, is a C lar-gu ace s t ru cture as i 1 l u S —

trated in Fig ure 2. It ma y C o n t a i n  uo to 2~~0 i n d i v i d u a l  e l A —

m ents whi c h  are accessed as m em bers of an arra y , or m ay re

i o e n t i f u e ~ b-i th e a t t r i b u t e s  storol in eac ” S t r i c t u r e  ele-

men t vector.

The fina l ele m ents of the sv ”hol tacle c o n t a i n  ~~e -

names pf th e b u i l t — i n  (or orege fined ) ‘un ctior ’s . The symp o l

t ab l e ~ ro ws downwar d w ? t h  Subsedu ent SV— O T S  p rec eed i~~o

31
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Sym bol Table Structure

s t r u c t u r e  “s ym tab l e ” “ .att r i b u t e ’

C address i ____________

d
______________ 1 enot h

______________ dnov

______________ “ .attribute ”

r address i 

~~
j c y m~~m i  i

______________ 
t V P P

_____________ 
Ii men

____________  
lengt h

_____________ ~ m t
______________ dingy

Figure 2

32
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the b u i l t — i n  function symbol names. In d i v i g u a l  ele ments of

the symbol table -are located by any of a number of a t t r 1 ~

b u t e s  as i l l u s t r a t e d  in Figure 2. Eacn entr y in the sym bol

arra y refers to a structur e consist ing of si x  ele m e n ts.

Symb ols m ay he se lected based upon the entries in any or-e of

th e elements or any combination of elements.

The attributes of a symbol are:

Syrrio ol . The n u l l  t e r m i n a t e d  s t r i n g  of c ar ac—

t e r s  r e p r e s e n t i n g  t h e  symbo l.

Tyoe. A numeri c va lue w h i c h  characterizes a

sym bol Ni thr ough 10)

— the n u l l  parameters of ext e r n a l  v a r i a p l e s

— a numeric i d e n t i f i e r

— a numeric arra y

— a s t r i n g  i d e n t i f i e r

— a s t r i n g  a r r a y

— a o ogramrn er oe fineci f u n c t i o n

— a nu m eric b u i l t — i n  f u n c t i o n

— a s t r i n g  b u i l t — i n  fu n ctio n

— a sim p l e format

— a n u m e r i c  f o r m a t

— a n u m e r i c  5 t r i n g  p u i l t — i r ’  fu ’ct~~on

— an exter n a l v a r i a b l e

D i m e n s i o n .  Th e di m e n s i o n  o f an ar r~~y, th e

n umb er of p a ram ete r s for .~ function .

3;
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Len gth. The l enoto of a strin g .

Dope ve ct o r , The index of th e f i r s t  e l em e n t gf

the arr-a l- ’ s dooe vecto r as found in the done arra y c a l l e ~

Oop~.

Amo unt. ~‘,hen useo w i t h  b u i l t — i n  functions, t h i s

indicates whet her or not the b u i l t — i n  f u n c t i o n is bei ng

use d. For arra y s, t b l s  Contains th e numbe r of el em en ts i n a

n um eric array, or the number of b ytes in a string array .

The symb ol table is operated on us i ng sp ecial i ze a pro-

ced ures . LOOKUP us c a l l e d  w i t h  a p ointer w h i C h  i d e n t i t i e s  a

symbol st ring. It invokes COM PA R rep eate dl y, ~o r k 1 n d  up ward

from the first  symbol through th e b u i l t — i n  f u n ctio n l i s t .

COMP AP compares two st ring argum ents. If th e st r i r - a  is

found, LOO ’< JP returns the element numbe r of the svmh ~~l .

Othe rwise —I is returned. IN SERT is c a l l e a  w i t h  a p oi n t e r

argume nt to a sym riol stri n g. The string is cop ied into the

next a v a i l a b l e  ta~~1e element and - a l l  t h e a t t r i b u t e  e l em e n ts

are set to zero. •men th e scanner determines the syn rol

typ e , th e a t t r i n u t e s  are set to t he  a P Pr o p r ia t e  v alues.

3~4
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1. Consta nt List

The constant l i s t  stores l i t e r a l  numbers in a C

langua ge structure as i l l u s t r a t e d  in Fi gu re 3. It m ay con-

tai n  UP to 200 dif ferent l i t e r a l  numbers wh i c h  ma y re ac-

cesse d as members of an array, or by deter mi ning the charac-

te r i s t i c s  of each elem ent ’s un icue attributes. Each en t ry

i n  the constant l i - s t  refers to a structure of fi v e  eleme nts,

-wh ich C o n tain the various a t t r i b u t e s .

Th e a t t r i b u t e s  of a constant are:

Value. The ac tual v a l u e  of th e c o r - stant , s?ored

in both double orecision f l o a t i n g  o oint and integer fo rm .

Decla r at ic n . This i d e n t i f i e s  the context in

whi C h a number was fir s t  encountered w h i c h  m ay ce o f tyPe

f l o a t i n g  P o i n t ~ r integ e r , ae ter m ined oy th e pr esence of a

dec im al Point in the ir - Put strin g . For coae ge n eration cr~~y

the f l o a t i n g  co int form is used.

Use. T h is  determines whet h er th e value ha s  r~eer-

used as a num p er , a stateme n t labe l , .~h i C h  may Precede any

stat em ent, or a labe l , w h i C h  ~S the st a te me n t la t el t o  w h 1 C ~

a branc h statem en t or co ntr o l structure refers.

In th e C envir onm ent , a real num p er w h i C h  15 read as

data for an inte ger v a r i a b l e  is truncated to in teger for ’ .

S i m i l a r l y ,  an inteaer numo er read as data for a r ea l var i

ap le is tra nsf orm ed t o  rea l n o t at ion. -p4 h en a val u e  is

35
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Constant Tab l e Structure

structu re “n umbers ” “ .att r ioutes ”

a

c add res s  i

______________ 
______________ number f

____________ nu m t e r i
_______________ lI SP

_____________ 1 u se
______________ d~~c

F ig u r e  3

3o
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stored in the 8asic con sta nt l i s t ,  i t is Stored in bo th

forms, thus requiring a fl a g i n d i c a t i n g  the proper form t o

he accessed when th e nu rrh er is used du ri ng e x e c u t i o n  of th e

program . ~dh i l e  the c o m p i l e r  p roduces Out p ut - w hi C h p erfor m s

- a r i t h m e t i c  op eratio ns w i t h  nouhl e p recision f l o a t i n g  c oi n t

numbers onl y , la be l~)and state me n t l a b e l s  Sho u ld be ~ f i-i — -

teger form .

1. Exte rnal F i l e s

External f i l e  m anaa eme nt is im p le m e n ted usin a t h e

U NIX  system c a l l s  OPE~’i and CLOSE, and syst em routines I ETC

and PUIC (9J

Each t i m e  the parser encounters an OPEN state m ent, a

flag is set in an element of the c o m p i l e r  arra y FDS, ~ h i C n

cont ai ns a f i l e  desc ri p tor sta tus for each exte r n a l  f i l e .

The elemen t number corresp onds d i r e c t l y  to the referenc oc -

external f i l e .  In th e event a comman d to CLOSE a p r e v i o us l y

unopened f i l e  occu rs, an error fla g is set ‘o r t - e

Corres Ponding f i l e .  S i m i l a r l y ,  eff orts to PE~~D from or

PRINT to an unopened f i l e  w i l l  cause an error f l a g  to ~‘e set

in the FDS array. These errors are rep orte d a fter t~~e

scanner com ol etes its function , during t e  accep tance ac—

tions of the c o m p i l e r .

~lh i l e  the par ser j~ gene rating asse mb ly co-oe, the

string nam e ~ f each referenced f i l e  is i n serte d as a con-

s t a n t  in t he  a s s e m b l y  s o u r c e  Pr o g r a m . T h i s  p rovi d es ~ -e

37 
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s t r i n g  a r g u m e n t  w h i c h  i s  r eg u i r e d  as  one of the nara~ eters

for the UNIX system routine OPEN.

2. Parser

T h e  p a r s e r  i s  a t a b l e — d r i v e n  p u s h d o w n  a u t o ” a t o n .  It

r e c e i v e s  a s t r e a m  o f  t o k e n s  f r o m  t - ~e s c a n n e r  and an al y zes

t hem to determine if they form a sentence in the exte nded

Bas ic grammar. A s the parser acceots to ken s , ore of th ree 
-

act ions ~ i 1 1  be p erf orm ed. It m ay stac K the toKen ana con-

t i nue to anal y ze the source p ro gram by f et c h i n g  anot her t c—

ken, or  the oarser may det e r rr in e t h a t  it has  r e c og n i z ed  t n e

right part of one of the p r od uctions of the lanqua ’~e and

Cause a reduct ion to take mi ace. F i n a l l y ,  th e p arser ~ ev

determine that the curre nt s t r i n g  of tokens does not Produce

v a l i d  right oart for a Pro d u c t io n  and thus produces a syn-

tax error message.

3. Code Gene ration

In a d d i t i o n  tI, v e r i f y i n g  t~~e s y n t a x  o f  s o u r c e  s t a t e —

ment s, the parser also acts as a t ra n sducer by a s s o c i a t i n ~

s e m a n t i c  a c t i o n s  w i t h  rCiuc~~icnS . Each t i m e  t h e  pa r s e r

d e t e r m i n e s  t h a t  a reduct ion Sh O u l d t a K e  o l a c e ,  t h e  p ro c e d u r e

SEY AN T i - S C a l l e d  w i t h  the number of the P ro d uctio n Passed as

a p a r a m e t e r . The con sta nt l i s t  c o n tains th e i n f o r m a t i o n  re

gu i-red to p erf orm the sem an tic action associated w i t h  th e

selected p roduction. Th e action m ay i n c l u d e  generation - 0’

asse m bl y l an ouag° cone and op erat i ons such as sym r~o 1  t a~- l e
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m a n i p u l a t i o n s  and updating of th~ oarse arra y s. Some pro-

ductions have no sem an tic a ctions associate d w i t h  them.

In t h e  f o l l o w i n g  sec t ion, the sy n tax o 4 the lang ua ge

is l i s t e d  in 5NF n ot - at ion [8). .
~ l i s t i n g  of tn e gra mm ar

w i t h  app ropri ate sem a n tic actions is o r o vi d e d in th e pr ogra m

l i s t i n g  f o l l o w i n g  the app endices of t h i s  thesis. The toxen

‘Cr ’ means carria g e return.

a. Extended 8-a si c Language Structure

The over a l l  structure of t h e  e x t e n d e d  ~ a s i c

language is defined by th e f o l l o w i n g  s y n t a x  e g u a t i o n s :

(1) <prog ram> < sta t e~~en~ l i s t> <end state m ent>

(2) <st atem ent l i s t ’  ::: < si m p l e  state m e n t >
(3 ) < st a t em e nt l i s t >  < s i m p l e  state m ent>

( q )  < end S t a t e m e n t >  ::~ < s t a t e m e n t  l a p e l >  E~~D cr
(5) END cr

(b) <s ir r o l e state m e n t > ::~ <statement l a n e 1 >  < exec state> cr
(7) :<s ta te m en t l a p el >

< if st a teme nt > cr
(8) < st ate m ent la n e )>

<data state m ent > cr
(9) < statement la b e l >

<def state m e n t > cr
(lu ) <sta terrent l a b e l >

<r em st ate m e n t > cr
(11 ) < sta t em ent l a n e 1 >

< e x t e r n  s t a t e m e n t >  c r
(12) < fo r sta tem ent ’
(13) ~< c 1 i m  state m ent >
(1~~) <ex ec state > cr
(15) :< i f  s t ate m en t > c r
(ib ) < d a t a state m e n t > cr
(17) <ie f stat em ent > cr
(1 8) :<rem state m e n t ’ cr
(1°) <ex ter n statement > cr
(20) < e r r o r >  c r
(2 1) cr

3°
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(22) <exec state > <read state m ent>
(n3) :<restore state m ent >
(2’4) :< o pen s t a t e m e n t >
(25) :< clos e state m e n t >
(2b) Kinpu t  s t a t e m e n t >
(27) :<r eadf statem ent ’
(29) <orin t State m en t >
(30) Kw rite st a r emen t >
(31) <stoo stat em ent >
( 3 2 )  <on st ateme n t>
(33) :<bran ch statement>
(31.1) :< le t statement >
(35) :< c al l statement >

b . A ssignment Sta t em ents and Exo ressio ns

The f o l l o w i n g  syn tax e quatio n s are for p r o ce n ’ v

f o r m e d  a s s i g n m e n t  statemen ts and ex o ressions. The ty ces of

operands w h i c h  are acce p table w i t h  e a c h  o f  t he  b i n a r y  o pe ra -

t o rs  i - S Shown in Table 1. The operanc for th e un - any coera—

tors + and — must he numeri c q u a n t i t i e s .  The oceran~ t g r

th e unary opera to r f~U T  - m u s t  b e - a  l o g i c a l  d u a n t i t y .  The

grammar rules cause a ch eck to be m ade , in s u r i n g  t h at the

-above sem an tic rules are f o l l o w e d.

Ch ecks are also made to insure t h a t  s u b s C r i n te i

v a r i a b l e s  a r e  d i m e n s io n e d  b e f o r e  pe i ng  u s e a,  t h a t  t~~e

c o r r e c t  number o f  s u b s c r ip t s  i s  p r o v i de d ,  t n - a t  e a c n  s u n —

sc r i p t  i s  of t y Pe  n u m e r i c ,  ana t h a t  a s u h s c r i c te g  v a r i a r l e

i s  no t  use - i  as  a FOR b o o  index . Li k e w i s e ,  checks are r’a e

on t h e  number and ty o e  of p aram ete r s in a f u n c t i o n  c a l l  t o

insure they m atc h the function d e f i n i t i o n . In rule (4~~) t h e

app ea r s  l i t e r a l l y  in t h e  e o ua t  i on .

(3d) <l et state ment> ::: < str i n g  let>
(37) :<n umeric ‘et>

~~~~~ ‘~~~~~~±:~~L~~~ — —St — -.,--~~--—
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(38) < string let > ::~ LET <strin g ref> < string exp>
(39) < st n inq ref> <string exp>

(40) < strin g ref> ;: < string id>
(41) < substrinq ref >
(1.12) < st n in g array ref>
( 4 3 )  : < s a r r a y  suhSt r e t >

(144) < substrin g ret > :: <string ref lo> < sub str ing spec>

(1.15) < string ref lo> ::~ < stri ng id>

(146) < sub strin g spec> : <numeric e~ o> I <numeri c exp> )

( 4 7 )  < n u m e r i c  e x p>  :: : < term>
(48) < nu m e r ic  e x O >  + <t er m>
(49) <n um e ric exo> — < ter m >
(50) ~ <te rm>
(51) 1 — <ter m>

(52) <t erm > ::~ < p rim ar y>
(53 ) :<term> * ~or i m a r y >
(54) :<te rm> / <p rimar y>

(55) <p r imar y > ::: <p rima r y element>
(Sb) <o ri rn a ry > t < p r i m a r y  element>

(57) <pri m a r y  element> ::~ <n um eric re f>
(58) <numbe r ’
(59) <b i f >
(50) K <n umeric exo>
(bi) < func ret>

(Sd) <numeric ref> ::: <n um eric id>
(63) <arr ay re- f>

(54) <arra y ref> ::: <arr ay ref head> <nu m e r i c  exo>

(55) (a rray ref head> ::~ < - arra y id>
( S b )  < a r r a y  ref neao> <n u m eric exp >

(57) < p i t >  ::: <s tr i n g b i - f  ref> < S t r i n a  exo>
(58) :<num erfc b i t  r et >  < n u m e r i c  e x c >
(59) :<num er ic b i f  noarm>

(70) < strin g h i - f  re f> ::~ < str i n g  p i f >
(71) < nu me ri c b i t  r e t >  < n u m e r i c  e x p >

(72) <n umeric h i - f  ref’ ~~~~: <n um eric b i t >
(73) ~<n um e ri c h i f  re- f> < n umeric exr >

(74) < s t r i n g  e xo ’  < S t r i n g  r e - f >

(75) ~< stri n g >
(7e) < str num p i - f >  C < n um e ri c exp>

L i t
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(77) <numeric b i t  np arm > ::: <n ume ri c h i - f >

I
- (78) <func ret > ::~ <f unc r~~ f head> <numeri c exo’

(79) <tun c ref head ’ ::~ <f u nct ion id>
(80) < func ref head> <nu m er ic exo>

(81) < string array ret> ::: < str i n g  re f lp > < n u m e r i c  e x p >

(82) <s -arra y subst ret > ::~ <s -arr ay subs t lc>
<S u bs t r i n o spec>

(3) <sarra y sub st lo> ::: < stri n g array ref> (

(84) <numeric let> ::~ LET < nu m e ri c ret> <n u m er ic exo>
(85) <nu m e ric ret> < n u m e r i c  e x o >

(8s) <rel exo> ::~ <re- b exr’> ~OR <re-- I t er m >
(87) <rel exo> OP <r el term >
(88) I< re b term>

(89) <rel term> ::~ < reb term> ~~JD <re l P r i m a r y >
(9 0 ) < r e l  p r i m a r y >

(91) < re - i p r i mary> ::: <num e ri c e~~p> <re l> < n u m e r i c  e x o >
(92) <srri ng elo> <rel >  < s t r i n g  exo>
(93) ( <r e l exo>
(94) ~N O T  C <re - b e x o >

(95) <r e - I> ::.~
(96)
(97) 1 >
(98) 1
( 9 9 )  1 <:
(100) 1 >~~
(101 )
(1 02 ) 1
(1 03) 1 <r eb sp e c>

c. Co n trol St atements

The con tro l st atem ents in exten gea Fias ic are ce—

fin ed by the f o l l o w i n g  syn ta x equations:

(1 01.4) < fOr Statement > ::~ < state m e n t lab e l >  <f or claus e>
< state m e nt l i s t >  <nex t claus e >
< for c lause > < stateme n t lj ~~t>

< n e x t  c l a u s e >

(105) < state m en t l a b e l >  ::: <num b e r>

,

~~~~- 
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(106) <for clause > ::~ <f or head> cr
(1 07) <for head> STEP < n u m e r i c  e x p ’  c r

(108) < for head> :: FOR <f or i - n i t >  To < n u m e r i c  e-xp’

(10 9) <next clause > :: < state m en t 1 - a b e l >  N E X T
<numeric i - c >  c r

(110) 1 NExT <numeric i >  cr
(111 ) NEXT Cr
(112) 1 < s t a t e m e n t  l a p e l> A4EX T cr

( 1 1 3 )  < f o r  i - n i t >  :: : < n u m e r i c  id > < n um e r i c  e x p >

(113) < i - f sta temen t> ::~ < i f c l a u s e >  < e x e c  s t a e’
(115 ) < i f  c l a u se > < e lse cl au se >

< e x e c  s t a r e >
(Its ) <i f clause> < e l se - clause >

< if st at em ent >
(117 ) < i f  head> < d ot o >  <n .~m r C r >
(118) < i f  clause > <n u~~oD r >

(119) < i f  claus e> <else claus e > <n~~— r e r >

(120) <else cla use> ::: <exec state > ELSE
(121 ) Knumber> ELSF

(122) < i f  clause > ::~ < i f head> Tr1 E~

(123) < if head’ ::~ IF <r el exp >
(124) KF E~4D ~ <nu m oer>

(125) <stop statement > ::: STOP

(12 5) <rem state m ent> RE’~

(127) <on state m e nt> ::~ <On ~ e ad > < l a b e l >

(128) -<on head> <on be gin>
(129) <on heal> < l a b e l >

(130) <On b eg in> ::: CN <n ume ric cxc > <O n case se l>
(131) :c r ~ <n ume ri c exp > <on se lecto r>

(132~ <o n case sel> ::~ GOSU9
(l33~

’ 1 GO SU~
(1314) <on selec to r> ~~ THE N
(135) 1 GOTO
(13o) 1 Gfl TC

(137) < l a bel > ::: <number>

(138) <branch state m ent ) ::~ <-oos ub> <la p el )
(139) ~<aoto1 ’ < l a r e l >
(1~40)

143
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(141) <gosub> ::: GOSU~I(142) GO SUB

(14 3) <goto l> ::~ Qoto

( 1 4 1 4)  <aoto> ::~ G O T O
(1145) G0 TO

d. Decl ra t ic n St at e rr erits

A l l  subscri p ted q u a n t i t i e s  in Basic sho u la re

aec lared p rior to use in th e pr o g ram . Tb~ c m c b a r a t m o n

statements in extencle g 8asi~ are give n py the f o 1 l o ~~ina 5-~ r~~

t a x  e q u a t i o n s :

(14 5) <dim state m ent> ::~ <sd im head > cr
(147) 1< 1 - rn head> cr

(14 8) < d i m  h e a d >  ::: < ‘li -n sarr ay head> <num p er>
(1149) < di m head a lp > number>

(ISO) < slim head> ::: <di m bead s b >  <nu m ber >

(151 ) <d im sarra y heac> ::~ <s di- ~ heac> (

(152) < dim head bo ’ :~ < st ate m ent labe l >  CI’A
( 1 5 3 )  D I~
( 15 4)  <sd im head>
(155) < c i r  head>

(155) < di m head sip ’ ~~~ <-d im head lp > < s t r in g i- c> C

(157) < d i m  nead al p > :: <l i- r n  bead lp > < n um e r i c  io’
(158) < di m head a b c >  <numn er>

(159) <da ta statement > ::~~ < d a t a  h e a d >  < n u m b e r >
(15 0) <data minus> <n umb er>
(151) <da ra  head> < s t r i ng >

(152) < d a t a  h e a d >  ::: D A T A
(1 53) <data head > <n umb er>
(1514) <dat a minus> <number>
(165) <da ta h e a d >  < s t r i n g >

(155) <cata m in us > ::: <dara head> —

(167) <de f state m ent > <def l e f t  p a rt> <n umeric ,xp>

(158) <def l e f t  p art > ::~ DEF <c~et h ea-i> < n umeric i- I>

~~~~ ~~~~~~~~ -
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(159) <def head> ::~ < fu n ction id > C
(17 0) <de f head> <numeri c 1>

e. Inp ut /Out p ut St atem ents

The inp ut /out p ut state m en ts i - n extended b asic

are  c o n s i s t - a n t  ~. i th  t h e  A N S I proposed standa rds . Care

should be exercised in the use of p unctu a tion in

in Put/output statements -as defined by the fo l l o w ing syntax

ed ua t  i o n s :

(171 ) <ope n state m ent > ::~ <o p e n  h e a d >  <n u m b e r >  ) < s tr ir- ~~>

(172) <ope n head> ::~ OPEN C <number>

(173) < read state ment> ::: <re -ad head> <n u meric re f>
(1 74) <read head> < s t r i ” q  re +>

(175) < read head> ::~ READ
(176) < rearl he -ag > < n u m e r i c  ret>
(177) <real head> < stri n g re t>

( 1 7 8 )  < in p ut statement > ::~ < inp ut be ad> < ‘u m e n i c  re f>
( 1 7 9 )  < inpu t  he a a >  < s t r i m q  re t >

(1 80) < inp ut head> ::~ INPUT
(181) < in p u t  head > < 5 t r i n g  ex r >
( 1 8 2 )  < i r m o u t  Ne al> <— u — e r i c  ret >
(183) < inc ut  h e a d >  < s t r i n g  re f>

( 18 14 ) < r e a d f  s t a t e m e n t >  ::~~ <re f hea c~> < n u m e r i C  e~~’
( 1 8 5 )  <reaaf heal>  < s t r i n g  r et >

(185) <readf head > ::: <read f i l e >
(187) <rea~jf he ad> <n~ m P ri c n et>
( 1 8 8)  : c r e a - d t head > < stri n g ret>

(1 89) <read f i l e >  ::~ ~EA O ~ <n umber> , <n umeri c exo> ;
(190) PEA D ~ <n um ber> ;

(191) <pr i n t state m e n t > ::: PR IN T
(192) 1<o r in r head> < n J m e r i C  P x o >
(193) <p r j n t  bead> < s t r i - ~q exp>
(1~~4) < p r i n t  heal> < f o r m - a t  e l e m e n t >
(195) <prin t t ’ ea l >  < n u m e r i c  ex r> ;
(19s) Kp r i - n r  n e a a >  < s t r i n g  e x o >
(197) < p ri n t heal> <f o rm at e l e m e n t >  ;

‘45
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(198) < p rin t  head> ::~ PR INT
(1~~9) 1 (orint b e a d >  (rr J r r e r i c  e x p >
(200) 1 < o r i - n t  read> < S t r i n c  e x r >

(2 01) :< o r in r Ne -ad> <for — at e l e — e n t >
(202) (oni -n t he-~ ci> (num err c Px p >

(203) : < o r i n t  b e a d >  < s t r i n g  e x o >
( 204 )  :< p r i n t  head> (form at cxc> ;

(2 0 5 )  < wr i t e  sta t em ent~ ::~ < -w r i t e  b ead> <nu m eric e x p >

(206) < w r i t e  head > < s t r i n g  cxc >

( 2 0 / )  < w r i t e  h.ad’ ::= <w i t e  f i l e ’
(208) :< - ~r i - te  h e - -ag> (num eric exo>
(209) <w r i t e  head> < s t r i n c  exo>

(2 10) < w r i t e  f i l e >  ::~ PQ I - 4 T ~ <n um ber > , cn~~— e r i c  exo>
(211 ) PR IN T # <nurn oer >

(21 2) <f or m at e l e m e n t >  ::: <si m p l e  for m - a t >
( 2 1 3 )  < # o r m a r  l e 4t p a r t >  < n u m e r i c  e x o ’ )

(2 14) < for m a t l e ft p art> ::: <m u— e r i c  f o- — at >

(2 15) <re store St a t e m e n t >  ::: ~EST~~~E( 2 1 o )  R A t ’~D O M r Z E
( 2 1 7 )  R A N D O M I Z E ( < n u m e r i c  cxc>

(2 1 8 )  < close s t a t e m e n t >  :: : CLOSE C <m um m e r >  )

f . Ex ter n al State m ents

Ib e - e x t e r n a l  ari a c a l l  sta t em ents in exter ’aea

Basic a r e  t~~, b asis o f  t b e  uni Qu en ess o f t h i s i~~o l e r ~e r - t a —

t i - o n .  These s t a t e m e n t s  o r c v i d e  i n t e r f 3 c e  c a c a c i  I i t y  .~i t~

ot h er svste p r ogram s and oroceuures. Th e y are g e fin e g oy

the f o l l o w i n g  syn tax eguatio ns:

(2 19) < ex ter rr s tate m en t > ::: <ext e rn he~~~>

( 2 2 0 )  < e x t e r r i  head>  ::: EXTEP N TYPE <n u m eric ii > <carm ae~~>
(221) :EXTEP N (num eric i-I’ <C rm d e f >
(222) E X TEP N s TYPE <nw- eric i - I>

<oarm le +>
( 2 23 )  (e x t e r n  b e - a d >  , < n um e r i c  i- I >

(ea r n  le t >

( 2 2 4 )  < c r a rm  let> :::

hi’— 
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(2 2 5 ) 1 (
(220) : oarm head> TYPE )
(2 2 7 )  <parrr head> ~, TYPE

( 2 2 8 )  < p arm hea d> ::~ C
(2 2 9 )  < c a r m  head > TYPE
( 2 3 0 )  <oarm h ead> S. TYPE

( 2 3 1 )  < ca l ! statement > ::~ <ca ll  b ead>
(2 3 1)  < c a l b  nhead>
(232) < c a l l  head>  <numeric c x c >
( 2 3 3 )  :< c a ll head> <array i- I>
(2314) < c al b  he -ad > < string exp>
(235) <c a l b  he -ad > ~ <n um er ic ic> )

(23b) <cal l head> ::: < cal l  rrheed> C
(237) <ca ll nheal> <nu m e ri c ia > C
(2 3 8 )  <cafl sheal> <n um eric i - I >
( 2 3 9 )  < c a l l  head> <num eric cxc>

(2140) K c a l b  head> <array i - a>
( 2 1 4 1 )  < c a l b  head ) < strin g i - a >
(2142) 1<c al 1 b~~~~~~j >  ~. <n um e ri c i - - i >

(243) < ca l l  nhead> ::~ CA LL <n umeric id >

(21414) < cal l  srread> ::: CA LL < stri ng r e t >
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Table I

Permissab le V a r i a b l e  Typ es .~i t h  8in ar y Op erato rs

s t r i n g  n u m e r i c

st ring ~yo e 1 error

n um eric err or tyee 1, tyce 2

t y Pe  1 oceranos t y Pe  2 o pe r a n d s

>= t

< <> — and

> = * g r

(ass ignment) / x cr



—~~ —_ — 
- -.- — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
.. -~~~ -- - -- --

I. R E C O M M E N D A T I O N S  FO R F UTURE DEv ELOP ~~E r J T S

A number of ac l i t i o n a b  extensions to t h i s  ~3a si c

languaoe could be made. These inc l u d e  formatted —

inout /out out , a TRA CE st atem ent for debuag ina , a d d i t i o n a l

strin g e r o c ,s s i - ’ g features, s c i e n t i f i c  n o t a t i o n ,  and randr’—

access for ext e r n a l  f i l e s .

6asic erocessors have t r a d i t i o n a l l y  imclem ent e a forma t -

ted inp ut /out p ut by m o d i f y i n g  the c r i n t  statemen t as ShQ~.n

he !  o w :

PR INT USING <form - a t s t ring> ; < exoression>

The format s t r in a contains a descr iot ion o f  the form at i~~ t o

- w h iCh the values in the exp re ssion l i s t  are to be c lac el. -

T h i s  m i g h t  be im p lemented using the PRIN TF routine in th e

UNIX l i b r a r y  or ~y a l l o w i n g  ~- h ~ u s er  to  d i r e c t l y  use FRI~~TF

vice the CA LL nl EX TE RN state m e n ts.

A TRACE i n s t r u c t i o n ,  s i m i l a r  to that crovioed in m any

COBOL im p l e m e n t a t i o n s ,  w ould l i s t  the source Program l i n €

numbers as each state m ent W a S  executed ama o p t i o n a l l y  p r i n t

t h e  c u r r e n t  v a l u e s  o~ s e l e c t e d  v a r i a b l e s .  A n  acco— canv ing

UNTR A CE statement ..Oull di s a b l e  th e trace. T h i s  c o u b a  ~~

ea s i l y  i m pl em e n ted using flao s.

A d d i t i o n a l  str in g o pe r 5~t o r S  c o u l~~ i nc l u d e  a S e a r c b

‘un c tion w h i c h  woul d l eter - ni -n e the C O S i t i ~~m ~~f one St r ,n ~ — 

—
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w i t h i n  another , and a suh st rir ,q rep lace m en t op e r atio n w h i c r

would rep lac e a Sub st ri n g w i - t b  anot h e r (r ,oss ib ly n u l l )

string. Strin g concaten a tion could be impl em e n t e d  for use

i - n c u i l d i n a  strings by buffered in c ’ut /out cut and usi n g th e

UNI X routines GEIC and PUTC .

R andom -access to ele ment s of ext e rnal f i l e s  wou ld he

en h anci ng for f i l e  manag em ent, but w o u b o  not greatly in-

crease th e f l e x i b i l i t y  of th e e x i s t i n g  f i l e  ma name -r e -- t

methods usea in g rap h ics w ork. T h i s  m i g h t  be aCCofr~~l i s h t ~l

by c r e a t i ng  an a r r ay  of  loPe v e c t o r s  a t  t he  b e qinni n a ~~~~

e a c h  e x t e r n a l  f i l e .  E a c h  v e c t o r  w o u l d  cont a in the b e g i n n i n g

address of each record and th e l era t r of t h e  r e c o r d .

Scien t i f i c  n o t a t i o n  w gul d enhan ce n u m e r i c  outp ut ny ex-

p andin g the range of num bers w h i c h  c o u l d ~e co m f o r t a m l y

p r i n t e d  on an output cage.
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II . CC NCLUS IONS -

The ex tended Basic c o m p i l e r  pr esente d in t h i s  t h e s i s  i s

a worki n g so ftw are package. It has ‘iemom stratea t h at  i t  is -

caoaol e of perf~~-m inq ~ ra p h i cs work in the Nav a l Postgradu-

ate School Com p uter Laborator y , arid w i l l  c r o v i Q e  a m ea sur— -

able im p rovement to g r ap hics e ff ort s o f both Com p uter Sci-

ence and non~~
’bm put er Science students than was p r e v i o u s l y

a f f o r d e d  by t h e  UNIX System l i b r a r y  of p r o g r a m m i n g

l a n g u a c e s .

Imp rovem ents noted in the R eco mmendati ons section uc -

not represen t aM cossi b b e  im p r ove ments, Cut  o n l y  t h o s e

d e v e l o o e d  or gen~~~atea durin g develo pm en t and testing of -

t h i s  Ba sic com p iler.

Si
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APP ENDI X I — EXT ENDED P4SIC LANGUAGE ‘4A ~~U 4 L

-iEleme nts of extende d Basic are li s t e d  in a l p h ahet ic ~~l

o rde r  in t h i s  sectio n of the t n esis. A syno o si - s o f  e a c r i

e l e m e n t  i s  g i v e n ,  f o llowed by a descri p tion ar ia e x a m p l e s  o f

its use. The in tent is to p r ovi d e a re ’erence for tn e

f e a t u r e s  o f  t h i s  i m p l e m e n t a t i o n  ~ f t~AS IC and not  t o  te acn

the BA SIC language.

A pr ogram C onsists of one or m or e p r o p e r l y  form ed e~~-

te nded Basic statem ent s. A n END st a t e m e n t ,  w h i C h  m us t re

pr e S e n t ,  t e r m i n a t e s  t h e  p r o g r a m , and a d a i t i o n a b  s t a t e - e r t s

are ignored. The ASCI I char acter subset , c o n s i s t i n g  of al-

pha num er ics and the sp e c i f i e d  scecia l characters , is accept-

ed.

In t h i s  section , th e “ synop s is ” pres ents the a e n e r a l

form of the element. Sauare b r ac ket s , 1 ), d e n o t e  an c c t i c n —  —

a ! f e a t u r e ,  w n i l e  b r a c e s ,  { ) ,  i n d i c a t e  t h a t  t h e  e n c l o s e - j

sectio n may ~e receated z e r o  or more  t i m e s .  T e r — ~ en c b o s e ~

in < > a r e  e i t h e r  - o n — t e r m i n a l  e l e m e n t s  o f  t h e  la r i c~u ac e ,
I

w h i C h  are further defi - ne rl in t h i s  section , or t e r m i n a l  Sv~-

bol s. A l l  so ecial Characters and C a p i t a l i z e d  ~.o ras are ter—

m i -n a ! synip ols.
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AfI S

ELE h’ENT :

A B S o r e d e f i n e d  f u n c t i o n

SYNOPSIS:

A~~S ( <exp ression>

DES CR 1 P110 N:

The ABS fu n ctio n retur n s th e ab s obut e value of the
< ex pr essio n> . The argument sh o u l d  evaluate to a
fl oati ng  point number.

E XA V PLES :

A~~5(X ) 
-

At3 S(X *Y)

I
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A SC
ELEME NT:

ASC pr ede fined f u n c t i o n

S Y N UPS IS:

ASC ( <exp ression>

DESCRI PT ION:

The A SC fu n ct i c n returns the ASCI I numeric value of
the f i r s t  Chara cte r of the <ex p ression > . The argu m en t
Sh O u bd evaluate to a Strin g .

EX A - ’IPLES:

A SC (A 3)

A SC C “ x ”

SLI 

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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A T A .~
ELEME NT :

ATAN  pr ed e fin ed f unction

S V N OP S IS:

A lA N ( < e x p r e s s i o n >

DES CR1 P 110 N :

The A lA N  function returns the arct an a en t p f t h e  <ex -

p ression > . i~~e argument sh ould e v a l u a t e  to a f lo ~~~ir g
p oint number.

EXAM PLES:

A TA N ( X )

ATA ~~(SQRT(SIN (X)))

PROGRA fr~M I i4G NOTE:

A l l  other inv erse t r i g o n o m e t r i c  functions m ay re com —
puted from the arc tang en t using s i - n p l e  i d e n t i t i e s .
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CA L L
E L E M E N T:

CALL st atem ent

SYNOPSIS:

(<li n e number >) CALL C < v a r i a b l e >
< i d e n t i f i e r >  C ( <exp re ssion>

{
~ < e x p r e s s i o n > )  ) )

DESCRI PT IUN :

The C ALL state m ent references an  e x t e r n a l l y  de f~~- e ~ C
orocedure or functio n . The n o t i o n a l  < v a r i a b l e >  m y
e ither a nu m e r i c  i d en t i f ie r  or a s t r i ng  r e f e r e n c e .
The CALL < i d e n t i f i e r >  may be u~ to ~ ch a racte r s i~~
length . If the < v a r i a b l e >  is p resent, th en the < i d ~~ h~~
t i f i e r >  references a function and retu rns a v a l ue. t f
the < variable > is absent, the < i d e n t i f i e r >  re f erences
a Procedure and retu rns no value.

A CALL statement shou ld be preceeded by an
s t a t e m e n t  d e f i n i n g  t r ie  f o r - n  ano natur e of the c i d e n —

t i - f  i - er > .

A CALL statement may h - ave an i n f i n i t e  n um b e r  ~ f arq-j —
me rits w h i - C h  shouLi each be v a l i o  < ex r ’ressic - s ’
e v a l u a t i n g  to n umeric or ch a racter v a lues. Arg ume n ts
m ay further e valuat e to -ar r a y p o i n t e r s  i~~ p r e v i o u s l y

dec lared as SuCh in the EX T E R N state m e n t. If t~~e ar-
gum ent is de clared to be gf typ e char, th en the argu-
m ent value ma y consist of one ch a r a c t e r . lo oass a
s t r i n g  of characters as an argu -ent, th e arour ent m a y

he of tyoe X. c h a r ,  w h i C h  i m p l i e s  a vecto r of c r a r a c—
ter s , or a char acter St ring .

If a CA LL state m ent h S  no argume nts, then t h e e n t i r e
argum ent l i s t  ma y be om i t t e d  fro~ th e s t a te men t.

EXA ~4PLES:

C ALL j tes t I (“ tes t X ” ) -
‘

c a l l  s i n m ~( sr i p

c a l l  a~~(3 5) strg ( less

C ALL l i s t

ca ll  mo vabS (x ,y)

_ _ _ _ _ _ _ ___



PROGR AMMING NOTE:

< i d e n t i f i e r s >  m ay be uo to nine ch aracters i - r i  le n g th .

S7
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Cb~~
ELEA EN T:

CHRI p redefine d function

S V N UPS I ~:

CHP3 C < e x p r e s s i o n >

DESCRI PT ION:

The CHR$ functi on returns a charact e r stri ng of l e n g t h

I co nsisti ng of the cha racter whose A SC II e g u i v a l e n t
i s  t~~e < e x p r e s s i o n >  t r u n c a t e d  t o  an i n t e g e r  r ro iul~~
128. The argument ma y evaluate to a f l o a t i n g  p o i n t
number.

EXAMPLES:

CHR$ C A )

CHR .fl12) -

ChRS ((A +B /C )*SIN (X))

PROGRAMM ING NOTE:

ChR~ ca n be used to Send th e standard A S C I I  c o n t r o l
c haracte rs suCh as a form feed to t h e Out put d ev i ce.
The • f o l b o w i n g  s t a t e m e n t  w o u l d  a c c o - p l i s h  t h i s :

PRINT CHR~~(10)
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C LOSE
ELE MENT:

CLOSE statement

S V N UPS IS:

(<l ine number’) CLOSE (<constant >)

DES C R 1 P 110 N :

Th~ CLOSE state m ent causes the f i l e  s o ec if i e i by i t s
<Const ant ’ to be closed . lefore the f i l e  —a v re

referenced agai n it sh o u b o  be reopenec usi n g ar
s t a t e m e n t .

A t e r m i n a l  error occurs if th e sp e c i f i e g  f i l e  ~as ~ot
p r e v i o u s l y a o o e a r e d  in an OPEN st at e— en t .

E X A ~ P L E S :

CLOSE (1)

PRO GRA MM ING NOTE:

On nor m a l c o m p l e t i o n  Q f  a or ~~g r m  a l l  open f i l e s  are
close d . I f the oroaraa te rm i n a t e s  a c n o r n a l l y  it I S
p ossib l e triat f i l e s  create d oy t h e  P r o g r a m  m a y  be
los t.

SQ

L. 
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CUL

E L E ME N T :

COL p rede fined fu nction

S V N UPS IS:

CDL ( <exp ressio n>

DESCRI PTION:

T h e  CDL f u n c t i o n  d e f i n e s  t h e  c o l u m n  . w i O t~ fo r a num er-

ic output. m e  de faul t ~ i i t h  v a l u e  is H) a i q i t s ,  i n —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p o in t.

The CDL function sh ou ld he used gn l y i n  a P RI -~ T s tate-

m e n t .

EXAMPLES:

p rint CtJL (12)

o rint COL (i*j)

Ô~
)
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<con stant>
ELE MENT:

< constant >

S Y N O P S I S :

(<s ian>] <int eger ’ (.1 ( <int eger > ]

(“1 < C h arac ter strin g > C”)

D E SC R I P T I ON:

A < CO nst ant> ay he e i t h e r  a n u m e r i c  con stant o r  a
strin g Co nstant. A l l  numeric co n sta n ts -are store d as
f l o a t i n g  p o i n t  numo er s. S t r i n g s  m ay c o n t a i n  any A S C I I
character exce Pt > , ~ h i C h m ay be rep res ented as > .

Num eric Constants m ay re e i t h e r  a signe d or unsi gne d
intege r or dec ima l number. Str in g const ants ma y oe
up to 255 cha racters in length. S t r i n g s  entered fr nm

the conso le for an INPUT st a t em e n t may n ct c o n t a i n
q u o t e s,  h o w e v e r ,  a d o u b l e  c u O t e  or a n e w l i n e  may  ce
used to ter min ate a s t r i n g  du rin g IN PL. T or P E A ) .
Strings entere d from a aata statement sh o u l d  ~e en-
closed jr cuotes, sin ce t hey are found i n  the cro qra rr .
Strin g s re~~ frcn a f~~7e may r i o t  c o n t a i n  guctes.

EXAMP LES:

10

—1 00. 75o39

“T HIS IS THE AN S- ’.E R”

PPO GPA ~~MING NOTE:

The li n e  c o n t i n u a t i o n  characte r (fl -‘ay nOt rie used in
th e orogram for C a r r y i n g  S t r i n g  Consta nts to an ot h~~r
ii ne.

- —~~~~~~~~~~~~ : -~~~-~-~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



G US
ELE MENT:

COS oredef i-ned funct i o n

SYNOPSIS:

COS ( <e xpressio n > )

DESCRIPTION :

COS is a function w h i c h  returns the cosin e of the <ex-
p ression> . The argument sh ould e v a l u a t e  to a f b o t i n g
po int number exp ressed in radia ns.

EXAMP LES:

COS (8)

CUS (SQRT (X-1))

-
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Cu  S ~
ELE ME N T:

COSH prede fin ed function

S V N OP S IS:

C O S H C < e x o r e s s i - o n >  )

DESCRI PTION:

COS H is a fun ctio n w h i c h  re turns th e hype r r’- o l iC cosi n e

o f the <ex ore ssi -ori> . The argument sn oul a eva luate to
a floating p oin t number .

ExA ~lPLES:

COSH(X )

CUSh (X t2+Y~~2)

F -
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D A T A
ELE MENT:

DATA statement

SYNUPSIS:

( < l i n e  n u m be r >]  DATA <constant> {, < c o n s t a n t > )

DESCRIPT i ON:

DATA statements de f ine f l o a t i n g  P oint and string con-
stants ~h i~~h are assigned to v a ri acJ e s using a ~E~~-J
statement. Any number of DAT A  stat e— ents m ay occur i n
a program. Strings and numeric e l e m e n t s  are stored
sepa r a t e l y .  I-he orderin c of s t r i n a  and number ele-
m ents in a data state m ent neea not mat c h  the o r d e r i n g
in the corres oondin g read stat em ent. Tn e f i r s t  c cc i—
rance of an eleme nt typm w i l l  be re-ac when cier-anc~ea.
The consta n ts a re Stored co n s e c u t i v e l y  f or  each tyre
i - n a data area as the y app ear in t h e  o r o a r a m  a r c  a r e
not syn ta x checke d b~ the c om p i l e r .  Character s r n i r i a s
sr tould be enclosed in guotes. Data ele m ents S h O u l d  re
separ ated by comm as.

Should e ither typ e of data be ex h a uste d , a restore for

that tyPe onl y i s  g e n e ra t ed .  I f  a t ioe is reQ ueste d
when no cata is defined, a t e rm M a l  error results.

EXAMP LES:

10 DA T A  10 .0,11 .72,100

D A T A  “T h-i s i s  a s t r i ng . ” , 5, 10 . 4 ,” T h e  Ena ”

PR QGpAM~~I\~G NOTE:

The RESTORE com ma nd m y  re used to rerea n a data l i n e .

bL4 
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D ~ F
ELE MENT:

DEE statement

5 Y N O ~~SIS:

(<l ine numb er>) DEF < f u n c t i o n  name > (< v a r i a n l e >
( ,  < v ariabl e>)) < e xpr essi on>

DESCRI PTION:

The DEE state m ent sp ecifies a user d e f in e a  f u n c t i - ~n

w h i c h  returns a f l o a t i n g  co in t n um b e r .  One or ~ ore

arguments are oassed to the function and are used in

e v a l u a t i n g  the exp ression . The va lues m ay r e  in

f l o a t i n g  o o i n t  f o rm . Recu rsive c a l l s  a r e  not p e rm i t -

ted.

The <e xpr ession > in the define state m ent ma y refe r~ nce
<vari ab l es > other than the dummy ar guments, i n  wr ,1C~
case th e current value of th e < v a r i a b l e >  i s used in
e valuating th e <exoress sion ’.

The fir s t  two al p han um e ri cs o~ th e <t un C t i o n  rane>

should be F’J, En, fN or fn. The < f u n c t i o n  name> -~av
not exceed a total of four ch aracters.

EXAMP LES:

ii) DEF FN.A (X,Y) X + V — A

DEE F NC (A ,~~) A + — FNA(A ,5) + D

bS
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CE~
ELE MENT

DEG p redefined funct ion

SYNOPSIS:

DEG C <exp ression>

DESC R I PT ION:

The DEG f u n ctio n con verts the f l o a t i n g  p o i n t  v a l u e  of

the <exp ression> into degrees. Tre < exp r ess ion>
shou ld evaluate to a f l o a t i n g  P oint v a l u e  i n ra ai ans.

EXAM PLE . :

DEC ( 3.14159 * )



___________________________________________ 
_____________ ________ - -

D I  ~
E L EM E N T:

DIM statement

SY NOPSIS:

1) (<line number >] DI~ <i g en t i f i e r >  (<su t-sc rio t l i s t > )
(,< i a e n t i l i e r >  (<su c scri ot l i s t > ) )

2) (<lin e number >) DIM < i d e n t i f i e r >  (<con stant >)
(<subscri p t l i s t > )

(, < i c e n t if i e r >  ( < C o n s t a n t > )
(<subs cri ot l i s t > )  I

DES C R1 ~ T 10 N :

Tre d im ension state me n t s t a t i c a l l y  a l l o c a t e s  soace f o r
f l o a t i n g  p oi n t or string arrays. S t r i n g  ar ra y ele-
men ts m ay he of any le ngth uo to 327b7 ch ar act ~~rs.
Strin g arra y len g t h shou ld ce sp ec i fieca. 1 n i t i . ~l l y,
a l l  f l o a t i n g  p oint arra ys are set to zero and 3 1 )
str i n g arra y s are n u l l  strin g s. A n a r r a y m y  re

dim e nsi on ed e x o l i c i t l y ;  no a e f a u l t  op tio n s are p r o v i~~ —

ei exceot for strin g arra ys ~ r i i c h  ae f a u l t  to 1 e l em e n t
if th e <s ubscrict l i s t >  i s absent. A r r a y s  are sto re -n
in row major orler . The <sup sc ri o t l i s t >  m 3y c o n s i s t

of in tege rs. A l l  s ubscri p ts have a l o w € r nouno of ()

and an upoer pound ~~f n, for a total o f n + j  ele m e n ts.

The typ e 1 DI~.i st a t em en t aoov .e refers s p e c i f i c a l l y to
an ar rai of n u m e r i c  e l em e n t s .  Type 2 ref e rs to st r i - n - a

a r r a y s .  doth types o~ arra y s — a i be C o mb in e d  i~~ one
DIM statem e n t , h ow ever a l l  the reQ uired e l em erts in
the synop sis ~“~~y he r resent for each tyPe.

< constant > m ay be i n c l u d e ~ for a l l  s t r i n g  ar ra y s anj
m ay not be ores ent for f l o a t i n g  p o i n t  arra y s. ~ t r i n n

a rray elements p oin to vectors of ch a r a c t e r  St r i m s
w i t h  a m a x i m u m  num ber of ch araCters , or strin g l e n g t h ,
ecual to <Cons tant > . The <su bscri p t l i s t >  t cr a
s t r i n g  arra y may not have more th an one element.

EXAMP LES:

DI ’~ A(1 O ,20), ~ (l0 )

D I A  ~3$ (2) (5) ~C (7)

b7
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E N D
ELE MENT:

END State m ent

S Y N U PSI 5:

(< l~~r~e n u m b e r > ]  E N D

DESC PIPT1Wi :

A~ END statement indi cates the end of the source Pro—

~ram. If any st atm en ts f o H o w  th e END stat em ent the y
are ign ored.

EXAMP LES:

10 END 
- -

E N D

PROGRAMMING NOTE:

If a STOP Sta tem ent aoes not oreceed an ENi) state m en t
somewhe re in tn e program , a STOP sta tem ent is .~urc rii a t—
i c a l l y inserted be fore the END state m ent . 

- ~
- ~~~~~~~ - _ -
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< e x e C  s t a t e m e n t >

ELE MENT:

< e x e C  s t a t e m e n t >

SYNOPSIS:

(<l in e number> ) CALL state m ent <Cr >
[<line numbe r>) CLOSE state m en t <Cr>
(<line number> ) END Statement <Cr>
[<l ine numb er>) EXTE Ra statement <cr>
(<line number> ] GOSUB state m ent <Cr>
(<l ine number> ) GOTO state m en t <Cr>
(<line number> ) INPUT state m ent <C r>
1 < l i n e  number> ) LET state m ent <Cr>
(<line number> ] N Exr stat ~~me nt <Cr )
(<l in e number>] ON state m ent <Cr>
(< li n e number>) OPEN st at em ent <Cr>
(<li n e rumb e r > l PR INT st ate m ent <C r>
(<l ine number> ) PR INT # st a tem ent <C r>

(< l i - n e  numbe r>] RAN DOMI ZE stateme nt <Cr >
(<l in e number> ] READ state m ent <cr>
(<li - n e num b er> ) REA D # state m ent < C r>
(<l ine numb er> ] ~ESTO~ E st at em ent < Cr>
(<l i - n e number> ] RETU RN state m ent <Cr >
(< l in e number>) STOP stat em ent < C r >

DESCRIPTION :

An <exec statement > is t he  ~n l v al lo .. ec- l e e x e c u t a o l e
statement in an IF statement con struct. <ex ec state-
me n t s >  may a p p e a r  as  < s i - m o l e  s t a t em e n t s >  t h r o u g h o u t
t h e  o r o g ra m .

NOTE:

See <statement> .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



EX P
ELE MENT:

EXP pr ed efin ed function

SYNOPSIS:

EXP C <ex pr essio n>

DES CR 1 PT 10 N:

The EXP function returns e (2.7182g ....) raised to th e
Po w e r  o f  t h e  < e x p r e s s i o n > . T h e  ar gum ent sh oul d eva lu -
ate to a f l o a t i n g  Point number.

E XAMPLES:

EXP ( X)

EXP (LOG CX ))

70
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< e x p r ~~s s i ~~n>

ELEMENT:

< e x p r e s s i O n >

DES CR 1 PT I U N :

E x o r e s s i o n s  c o n s i s t  of  a l g e b r a i c  c o m b i n a t i o n s  c f  v .~ r i —
ao le s ,  c o n s t a n t s ,  and o pe r a to r s .  Th e h i e r a r c h y  of
o p e r a t o r s  i s :

I ) C )
2)
3) * , /
LI) + , — , u na ry  + , una ry —

5) relational oos < , <~~~, > , > ~~~‘ 
<> , ~~~~~‘

L T , LE, CT, GE, Er), NE
b) NO T ( < e x p r e s s i  o n > )
7) AND
8)  OR , XOR

Re l a t i on a l  O p e r a t o r s  re s u l t  in a 0 i f f a I s~ and
non zero (1) if  t r u e .  Str i n g v a r i a b l e s  m ay he c r e r a t e d
on o n l y  b y r e l a t i o n a l  op enators. ‘~‘ixe a s t r i n g  an- i
n umeri c com p a risons are not p e r m i t t e d .

Th e thr ee tyPes of expr essio n s are str i n c ,  ar~~t r rr et ic
and hoo lean .

EXAM PLE S:

X I V

(A <~~ ~
) OR (C3 > Dfl / (A — B A~j) 0 )

71
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Ex TER N
ELE MENT:

E XTE RN stateme n t

(<l ine number > ] EXT ERN (<tyPe>) < i d e n t i f i e r >  [ (<type>
( ,  < t y p e >  }fl

DESCRIPTION:

The EXT ERN statement declares the tyoe of procedure or
f u nc t i on  r e f e r e n c, a  by t h e  < i d e n t i f i e r >  in  a C A LL
Statement. The < i d e n t i f i e r >  is from an e x t e r n a l l y de-
fined l i b r a r y  and cannot be i n t e r n a l l y  re ge fin ed by
the user. The E x T E P ~I state m ent snou l d creceed , and
m ay  ao n e a r  a t  an -v  p o i n t  p r i o r  t o ,  t h e  CA LL state m en t.

If the f i r s t  o o t i o n a l  <type > is m i s s i n g ,  then t h a t
<type> defaults to inte ger.

T h e  f i v e  v a r i e t i e s  o f  < t ype >  a re  i n t e c e r,  f l o a t ,  dou-
b l e ,  c h a r and addr .  T h e s e  t y o e s  may a l t e r n a t e ly  be
declared as arrays by oreceedin g th e type by ~~~ , as  i - n

~ integer, ~. float, % double, ~ ch ar and ~, adar.

The EXIE RN state m ent ma y declare an iri~~i n i te num b e r o #

arguments for th e procedure or fun c t i o n .

EXAMP LES:

e x t e r n  g i n i  tt (integer)

ex ter n inte ger m o ve C in te g er , int ege r)

ext e r ri & Ch ar A m t (  & f l o a t ,  ~ char )

ex ter n qerase (

ex ter n newP~3g
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F r~ ~
ELE MENT:

FUR sta tement

SY NOPSIS:

(< l i n e  n u m b e r > )  FOR < i n d e x >  < e x p r e s s i o n >  10
< e x p r e s s i o n >  (STEP <exp ress ion> )
< S t a t e m e n t  l i s t >

(<l ine number> ] NEXT (<in dex>)

DESCRI PTION:

E xecution of a l l  st atements between tn e FOP state m e nt
and its corresp onding NEXT state m e n t i - s rer’eatea u n t i l
the indexing v a r i a b l e  reaches the e x i t  c r i t e r i a .  If
the steo is p o s i t i v e ,  the loop e x i t  c r i t e r i a  i s  t h a t
tr i e index e x c e e c s  t h e  v a l u e  of the TO < expr ession > .
If the steo is negative, the inaex sh o ul g he less t h a n
the TO < e x p r e s s i o n >  f o r  th e e x i t  c r i t e r i a  to be m et ,

The <index> m~~y be an un suhsc rirte a v a r i a b l e  and is
i n i t i a l l y  set to th e value cf the f i r s t  < exor~~ssio n > .
If the e x i t  c r i t e r i a  as me~ on i n i t i a l  e n t ry, 0 ex ecu-
t ions of the b o o  are perfor ’nea. If th e STEP clause
is o mitted, a de f aul t  value of i is assum ed . A steP
of 0 m ay  be use d  to  T o o p  i n d e f i n it e l y .

EXA M PLES:

FQ R f I TO 10 STEP 3

FOR INDx J *K—L TO 1O *S IN (X )

FL~R I I TO 2 STEP 0

; 
~~~~~~~~~ 
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< f u n c t i o n  name>
E L E M E N T :

<f unctio n name>

SYN OPSIS:

FN < i d e n t i f i e r >  or f n < i d e n t i - f i e r >

DESCRIPTIO N:

Any < i d e n t i f i e r >  startin g w i t h  In, f N ,  ~~~ or
refers to a use r d e fine d f u n c t i o n . The < f u n c t i c n
n ame> sho u ld appear in a DEE sta t em ent p r i o r  to ac—
oea n i - no in an <exp ression> .

There ma y not be any sPaces betwee n the FN or In and
the < i d e n t i f i e r > .

ExAMP LES:

F N A ( x J xt2

f n A r (i , j )  j k j

~~~~ - 
_ _  _ _
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GOSUb
ELEMENT:

GUSUb statem e nt

SY NOPSIS:

(<lin e numbe r> ] GOSU~ < l i n e  number>
(<l ine numb er> ) GO SU~ < l i n e  numbe r>

DESCRIPTION:

The address of the next se guentia l i n s t r u c t i o n  i s
s a v e d  on t h e  r u n — t i m e  stac k , and c o ntrol i s
t r a n s f e r r e d  t o  t he  s u b ro u t i n e  l a b e l e d  w i t h  t h e  < l i m e
number > f o l l o w i n g  the GOS LJB or GO SUn .

EXA ~1PLES:

10 G O S U B  300

GO 5u8 100
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G O T O
ELE MENT:

GUTO state ment

SY NOPSIS:

(<l ine numbe r>] GCTO < l i n e  num b er>

(< l i - n e  number>) GO TO < l i n e  number>

DES CR 1 PT 10 N:

Executio n Continues at the s t a t e m e n t  la ce l e g w 1 t ~ t~~e
< l i n e  number > f o l l o w i n g  the GO TO or GO TO.

EXAM PLES:

100 GOTO 50

GO TO 10

l b

~~~ -

, 
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<ide n ti li - e r >
ELEMENT:

<i - dent if i e r’

SYNO PSIS:

< letter > <letter > or <number > } C ~

DESCRIPT ION:

An ide n t i f i e r  be q ins w i t h  an’ a l p h a b e t i c  C h a r a C t e r  1 g b —

lowe d by thre e al p han u m eric char a cters. If t~~P seco nd

or t h i r d  character is a d o l l a r  sign tne associated
v a r i a b l e  is of tyPe stri n g , ot herwise it is of type

f l o a t i n g  p oi n t.

EXAMP LES:

A

X yb

PROGRAM M ING NOTE:

A l l  non—rese rved i i e n t i f i e r s  m ay C o n s i s t  of any ~‘i x

ture of upp er an~ lowe r case le t t e r s  and nume ri cs.

77
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I F

~~ s t a t e m e n t

SvN U ’~S I S :

t’ c l i ,e n u m b e r > )  IF < e x p r e s s i o n> GO TO < l i n e  number>

(< l i n e  number >) IF <exp ression > T~iEN <exec s t a t e m e n t >

(< l i n e  number > ) IF <ex p ression> THEN <exec st a tem en t >
ELSE <e~~ec state m ent >

or
ELSE IF state m ent

D E S C~~IPT T U - ’i:

If th e va l ue of th e < ex p ression> is not 0, th e f ol Ion —
i ng occurs

1) the GOTO causes an u n c o n d i t i o n a l  b ra n ch to
< l i n e  numbe r> , or

2) the <exec s t a t em e n t >  f o l l o w i n g  the T~-n E (’~ is
executed.

If the value of the <expressio n> is 0 , th e f o l l o - w i -’-u
o c c u r s :

1) e i t h e r  the <exec st ate m e n t > or th e IF s t a t e
m er it f o l l o w i n g  the E L S E  i s  e x e c u t e d ,  o r

2) the next segue n tia l s t a t em e n t  in te e p rp ar am
is executed.

E X AM P L ES:

IF A~ < 8$ THEN X: Y*Z

IF (A3 < B -~) AND (C OR 0) GO TO 300

IF J AN D ~ THEN GOTO 11 ELSE GOlD 12

PROG RAMM ING NOTE:

T h e  l i n e  c o n t in u a t i o n  s y m b o l  (i. ) m ay be used f o l l o w i n g
th e T’~EN or ELSE s y m b o l s  t o  p r o d u c e  m o r e  r e a d a b l e
c o d e :

if x y then ‘nI
z z t l d )

e l se ~
or- nt x — v

7~
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IN PUT

ELE M E N T:

tNPUT statement

SYNOPSIS:

(<line number>) INPUT (<prompt s t r i n g >  ;)
<var i a b l e >  ( ,  < v a r i a b l e >  }
U <pr ompt st ri ni g > < v a r i a b l e >
{ ,  < var ia b l e > } }

DESC R IPT ION:

The <p rompt strin g > , j f p re sent, is p r i n t e d  om t h e

co nsole. A prom p t stri ng may he fo l b o w e c i  oy a
colo n . A l i n e  of in out data is read fro— the conso l e
and assigned to the v a r i a b l e s  as they app ear i~’ th e
v a r i a b l e  l i s t. Data items preceedeci by oromp t st r i n .~s
should ne seoarateo by a car ria ge return. Str i n g s -a y
not oe enclosed i - n Q u o t ation m ar s.

EXAMPL ES:

10 INPUT A ,B

INPUT “SIZE OF A P Q A Y ?~~; N , “DEFA ULT VA LU E? ” ; ~

IN PUT “V A LUES ?” ; A (I),B (1 ),C (A (I ))

input  a$ ,  a ( i )  

- -

-
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. - -
~~~~~~~- -



—~~ .L.~L . --- --- .-— -, --——-.- -— — -~~=-.-

I ~- 1
ELE MENT:

tNT ore d ef im e d funct i o n

SYNOPSIS:

T N T  C < e x p r e s s i o n >

DESCRI PTION:

T h e tNT f u n c t i o n  r e t u r n s  t h e  l a r g e s t  i n t e g e r  l ess  th an

or eaual to th~ val ue of the <e xor e 3Sion~~. The arcu—
ment s h o u l d  e v a l u a t e  t o  a f l o a t i n g  po i n t  number .

EXAM PLES:

tN T (A ’.INT / 100)

INT (3 * X * SINCY) )

- -~~i~~~~~L



LEN
ELE MENT:

LEN p redefi ned fu n c t i o n

- SYNOPSIS:

LEN ( <expr ession >

- DESCRIPTION:

- The LEN fun ctio n ret urns the actua l len g t h of th e
string <exp ression> oassed as an ar gum en t. Zero is
returned i f the ar ,urnent is the n u l l  str in c .

EXAM PLES:
- 

LEN (AS)

I

P-I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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LET
ELEMENT:

LET statement

SYNOPSIS:

(<l ine number >) (LET) < v a r i a b l e >  <ex p ression>

DES CR 1 PT ION :

Th e <exp ression> i s  e v a l u a t e d  and a s s i g n e d  t o  t h e
<var i a b l e >  app earin g on th e lef t  side gf th e ,oual
sign . Th e tyoe of t h r < ex p ression > , e i t h e r  f l o a t  in q
p oint or strin g, sh ould m a t ch  the tyoe p-f the <var i-
able > .

EXAMP LES:

100 LET A l~ + C

X (3,A ) 7.32 * Y + X(2,3)

73 (A<5 ) OR (C~~>D~~)

P2
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<l in e nurr ç’er>

EL E ~l EN 1:

< l i n e  nu mber>

SYNOPSIS:

< d i g i t >  { < d i g i t >  }

DESCRIPTION: -

< l i n e  numbers > are op tio nal em a l l  statements and are
ignored by the c o m p i l e r  exce p t when t h ey app ear ~r a
G O T~ - , G O S U R , o r ON state m en t. In tnes e cases, the

< l i n e  nurr~per> shou l d apcear as th e l a b e l  of one an~
on l y  one < st a t e m e n t >  i - n t n e p ro g ram .

<l i n e  numbers> sboub ~ he less than 327o7.

EXAMPLES:

100

L4b35

-- 
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LOG
ELE MENT:

LOG or ed e fine l function

SYNOPSIS:

LOG ( <exp ression>

DESCR IPT ION :

The log functio n returns the n a tura l l o g a r i t h m  o f  t n e
value of th e < expr ession > . The argument shoubo e v a l u —
a t e  to a non-zero f l o a t i n g  p oint nurn~ er .

~ n e g a t i v e  v a l u e  w i - I l  oreouce undesirable results.

EXAM PLES:

LOG C X )

LOG ((A + 8)/0)

L O G 1 O  ~~ LOG (X)/LUG (1O)

84 
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MOD

ELE ME N T:

MOD pr edefined f u n Ct i on

S Y N OP S IS:

MOD ( < e x p r e s s i o n >  , < e x p r e s s i o n >

DESCRIPTI ON:

The ~OD f u n c t i o n ’  e v a l u a t e s  t h e  f i r s t  < e x c ’ r e s s i o n >
mod ulo tn e secor’-, <ex p ression> and retur n s a flo a t
p oint value. ~cth < expr essio ns> gh~~u l d  eval uate to

fl oa t ing poi n t  numbers.

EXAMPLES:

MOD ( x , y )

MOD (SQRT (LOG ( A ) ) , X + Y)

_ _ _ _ _ _ _ _ _ _ _ _  
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ELE MENT:

NEXT st atem e nt

SYNOPSIS:

(<line number >] NEXT [< i g e n t i f i e r > ]

DESCRIPTION:

A NE XT state m ent d e n o t e s  t r ’ e ena of t~~e c l o s e s t  un-
match ed FOR statement. I’ t~’-e opt i o n a l  < i d e n t i f i e r >
i s  p r e s e n t  i t  s hou ld m atch th e in d ex v a r i a r l e  p f t n e
FÜR state ment ceing te r m i n a t e d .  Th e < l i n e  num ber> of
a NEXT state m ent may appear in an ON or GOlD state-
me nt, in A h i c h  case execution ~ f th e FO~ loop Con ti n-
ues w i t h  the loop v a r i - a b l e s  assu ming t h e i r  cur rent
values.

i4h i l e  it is oo ssibl e to branc h i n t o  a b oo, i t i s  un-
d e s i r a b l e  s i n c e  t h e  b o o  w i l l  not he p r o p e r l y  execut -
ed. T hose state m ents o ccu r in g at and after the ac—
dressed stateme n t -w i l l  be e x e c u t e d ,  and the N EX T
s t a t e m e n t  w i l l  be i gnored.

EXA ’IPLES :

10 NExT

NEXT I

Ph
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ELE MENT :

ON statement

SYNOPSIS:

(1) (<line number> ] ON <ex oression> GUtU
< l i n e  number> { ,  < l i n e  number >~

(2) (<line number> ) ON <expression > GO TO
< l i n e  number> ( ,  < l i n e  num ter> }

(3) (<lin e num h e r> l ON <expr ession > GOSUt~
< l i - r e  numoe r> {, < l i n e  n u—ne r > )

(4 )  ( < l i n e  n u moe r > ]  ON < exp ression > GO Sub
< l i n e  number> U <l i n e  nu oCr >)

(5) (< l i n e  numb er> ] ON <ex p re ssio n> THEN
< l i n e  number> U <l i n e  nun~~er>~

C ES C R I PT ION:

T he <ex p ression> , t r u n c a t e d  t o  t h e  n e a r e s t  i n t e ~ie~
v a l u e ,  i s  used to select th e < l i n e  num ber > at , .bicb
execut ion w i l l  conti n ue. If t h e <e xp r ess ion> ev alu-
ates to 1 the f i r s t  < l i n e  num b er > i s selecte a and so
forth. In the case of an fl!’~ ~~•• GOSU8 statement t~~e
address of the next i n s t r u c t i o n  becomes the retur n a~~—
dress. ON ... THEN oroduces the s a m e  r e s u l t s  as  ~~

GO TO

If t h e  <exp ression> after t r u n c a t i n g  is l ess t h a n o e
or greater tha n the number of < l i n e  numbers > in t r ~~e

l i s t ,  the n ro gr am c o n t i n u e s  w i - t h  t k e n e x t  e x e c u t a r l e
s t a t e m e n t .

EX AMPLES:

10 ON I 6010 10, 20 , 30 , 40

ON J*$~— M GO SU b 10 , 1,  1 ,  10

~~~~~~~~~~~~~~~~~ ~~~ --— -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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OPEN

ELE MENT:

OPEN statement

SYNOPSIS: 
-

(<l i n e  number> ] OPEN ( < f i l e  num be r> ,<m ocle >) < f i l e
name )

DES CR1 PT ION :

Th e OPEN state m en t oPens the < f i l e  numr e r> for ran c~o’~
access (<mo de> U), readi ng ( < r n c s a e >  1), ~ r i t i n Q  (<— ocp >
2), apPe ndin g (<node> 3). < f i l e  n a me >  i s  a s t r i n g  o~
A SCII char acters w h i c h  repre sents tn e f i l e  s r e c i f i e g
by <fi le number> . ~ f i l e  is created by th e f i r s t  CPE~
state m ent for < f i l e  name > and < f i l e  number> w i t h  t~~e
w r i t e  <mode> sp eci fi ed. A t t e m p t s  t c  open a ~~.o r’ —

e x is t a ri t f i l e  ~or reading w i l l  cause a f-~t al e r r or.

A i t h o u g n  tn e p ro g ramm e r m ay h-ave Jn courtao l y ‘-any
f i l e s ,  l i m i t e d  only by the nu ”he r p - f < f i l e  -~a’-es>
a v a i l a b l e ;  a m a x i m u m  p - f 15 f i l e s  may be open- at any
one time. < f i l e  numbers> are r e s t r i c t e d  to the s~~—
Quence 0— 14 i n c l u s i v e l y .  N~ two < f i l e  numn er s> fç r
open f i l e s  --“a-v be the same , hut Sho ul d be un iQue for
each open f i l e .

The < f i l e  number> w i l l  be usea for in p ut /ou t p ut an~
closing of files. It is th~ so l e u n i f o r m  re ference
bet ween th e above sta tem ents.

EXAMP LES:

lu ooen (1 ,1 ) ” d a t a l ”

ooen (5,0) “ f i e l i ”

I

~
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f~ A , E
ELE MENT:

PAGE p r e d e f i n e d  f u n c t i o n

SYNOPSIS:

PRIN T PAGE

DESC R IPT IO ’~:

The PAGE function causes a new page com m an d to oa is-
sued. The oaqe o r - n t  f u n c t i o n  s h o u l d  n~c t be uSe~i on
the conso le, since it w i l l  cause un o e s i r a b l e  e ff ects
on th e  CR 1 screen.

EXAM PLES:

print page

PROGRAMMING ‘JUTE:

PRINT PAGE is the same as P RI - i T CH~~$(10). It ShOu~~O
he used in the same ma nn er as TAB or CCL, w h i c h  i s
on l y i-ri a PRINT s t a t e m e n t .

• -
~~

. -~~~
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P~~TNT
ELE MENT:

P R I N T  s t a t e m e n t

S V N OP S 1 5:

(< l i n e  n u m b e r > )  PRINT <ex p ression> <~ie !i~~>

~ <e x ~~r e s s io r >  < - ~~~h i - m >

DESC R IPTION:

A P R I N T  s t a t e m e n t  s e n a s  t h e  v a l u e  o f  the exp ress ions
in t h e  e x p r e s s i o n  l i s t  t o  t h e  c o n s o l e .  A s c a c e  i s  a~
oen ded to a l l  n ume ric values anc j# the r~um e ri c i t e m
exceeds th e right r ”ar qi n th en the p r i n t  b u f f e r  is
dump ed before the it e m  is p r inted. Th e < -~e l i m >
between the <e xpr essions > ~ay he ei t h e r a comm a or a
sem i cob on.

If t he <del i’ , > is a co-~rna, t he out p u t  of e l e m e n t s  i s
s e g u e n t i - a b  on an o u t p u t  l i n e .  If the se i c c l o n  i s
used, the p r i n t  n u f f e r  i s  dump ed upon e n c o u n t e r i n g  t~~e
semi co l on, ana the n ext l i n e  i s  beoun.  If , how ever ,
t h e  s e m i — c o l o n  o c c u r s  a t  t h e  end p - f th e l i s t  of ele-
m ents to be p rin te d , no n e w l i n e  i~ iss ued , and SUb Se~
o uent  P r i n t i n g  w i l l  b egi n at t~~e next ~ o 5 i t i O n  on
line.

E X A ~ P L ES:

PR INT A , 13, “THE A~-i5aER is ” ; ~

90
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PRF~I
ELE MENT:

PR INT ~ state m ent

S V N UPS IS:

(<line number>) PRINT ~ < f i l e  number> ;

<exp ression> ~~, < ex o res sio r>}

D ESC ~~IPT I UN :

PR INT ; causes the cutout for a Progra m to be a l r ec t o l
to the indicated f i l e  num ber . Be for e a t r a n s a c t i o n
may tak e p lace, a f i l e  shoul’ i  be o pe ned  u s i n ~ tne ~ PE~
comm and w i t h  moge 2 or 3. The f i l e  is an ex t e r -a l
f i l e  in the user ’s d ire ctor y, t hi s a l l o w s  t n e  user r o
s t o r e  o r o g r a m  r e s u l t s  e x t e r n a l l y ,  a r-a to ev~~n t L J a l l v
out put the results to an ext e r n a l  ‘~ev ’ce , such as t~~e
l ine p r i n t e r .

EXAM PLES:

PRI NT ~ 2

ii
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E L E M E N T :

PAD orede fi -ned functi on

SYNOPSIS:

PAD ( <expression> )

DESCRIPT ION:

The PAD fu n c t i o n  converts the value p- f th e < ex~~re s—
s i p- n >  i n t o  a radi an v al ue. The <e xp r e ssi on > ~~cu l~
e v a l u a t e  t o  a f l o a t i n g  p oint numb er .

EXAM PLES:

PAD (ibO * i)

92
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P A NO UM I L F
ELE MENT:

RANDO MI ZE St ateme nt

S Y N O P S I S :

(<l ine numb er>] c~A tJDOl ’lIZE ( ( < n u m e r i c  e x p r e s s i o n > ) )

DESC R I P T I O N :

A R AN DOMIZE statemen t seeds  t h e  r a n do m  n u m pe r  c e n e ra ~
tor w i t h  1301 , if no <numeri c e xpres sio n> a r- ~um ent i~~
s uo p l i e d ,  ano < n u m e r ic  e x p r e s s i o n >  ‘-c~-~~j b o  2*~~1~ — 1 1
s p e c i f i e d .

EXAM PLES:

10 RANDO M IZE

R A NDOM IZE (1013 )
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ELE’~lEN T :

READ state ment

S Y N UPS! S:

( < l i - n e  n u m b e r >]  PEAD
< v a r i a p l e >  I ,  < v a r i a b l e >

DESCRI ’~T ION :

A READ state -r ent assi gn s v a lues to v a r i a c l e s  in th e
v a r i a b l e  l i s t  fr om D A T A  sr at e rr e n ts. F i e l d s  ‘-ay ce
f l oa t i n g  p o i n t  or s t r i n g  co nstants and are a e l i ’— i t e i
by a comma.

D A T A  s t a t e m e n t s  -a r e  p r o c e s s e d  s e a u e n t i a l l y  as  t h e y  a c —
oea r  in t he  p r o g r a m .  A n  a t t ” - ’~o t  t o r ea a  ra s t  t h e  eno
of the last lata st a fem ent p r - T ~uces an error , an’i a u—
t o m a t i c a l l y  qener~~tes an aoc r ccri~~te -~EST fl R E. ~~~~ a t ~~
t empt  t o  read  n o r i — e x i s t a n t  d a r a  ,.i 1 1  ono -~uce a te~~~~~
nab error.

EXAM PLES:

100 READ A , B , C~

94
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ELE MENT:

READ ~ statem e nt

SYNOPSIS:

(<line number >] REA D S < f i l e  nur”~~e r>
< v a r i a b l e >  I, < v a n i a n l c ~>}

DESCRIPTION:

A REA D a state m en t assicns values to v a r i a n l e s  i~ t~~e
v a r i a b l e  l i s t .  Values are read from s e Q u e n t i a l
records fr om t h e  external f i l e  s o e c i f i e~ cv th e < f i l e

number> . F ie l d s  may ce f l o a t i n - ~ po i n t  or st r in as .

E XA M P I ES:

200 READ a j; PA Y ° , PAV O ,  ~-‘~~SP , H’RS~J

R E A D  ~ 2; x , y,z~

I
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ELEMENT:

RE.1 statem ent

SYNOPSIS:

C< Hr i e number>) PE~ (<rem ar~~>J

(<line number> ) RE (< remark> )

D E S C R i P T I O N :

4 R E ~ s t a t e m e n t  is  i c ~norea bi tn e c o r o i l e r  ann cc~~r ’ —
atio n co n ti n ues w i t h  t h e  sta t~~rre nt f o ) l o ni r , ’~ t~~ e ne%t

car r iaoe retur n. Th ~ PE~i state m e n t m a y  ~e used to do—
current a oroaram . PE~A st at~~mer~ts dc not e f f ect t~~e
size o f  orogram that may be co~ o i l e n  or executea.

~ PE’4 statem en t ~ray oe the  o r l e c t  of  e i t ~~er a ~~~Iu  C r

GOSUB stateme n t.

EXA ~1PLES:

1 0 REM THIS IS A RE M A H K

20 REMAR K Thi s is another rem a rk .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~



reserveo ~..Or1 1 i st
ELEM ENT:

reserved word Hst

SYNOPSIS :

<l e t t e r >  { <l etter > ) ( $

DESCRI PTION:

The f o l l o w i n g  words are reserved by exte nd ed ba si c and
l ray not be used as < ide n t~~fje r s>:

A BS A N D  #SC ~T~~N C A L L

CHR$ CLOSE COL COS CuS F ’

DATA DEF DEC [jI
~ ELSr

END E Q EXP FILE

GE GO GOSUb 6010 OF

IF I NPUT I\I T LE LE~’;

LET LOG LI NE

N E X T  NOT ON OPE N

PAC E PR INT RAD R~ . NI)O~~IZE R h A C

PL~ R ESTORE RET U RN RND S I N

S INH S U RT STE P S T O P  T A b

T A N  TH EN TO V A L

R e s e r v e d  w o r d s  may be o rec e e de d  ana f o l l o w e d  by e i t b ~~ra s pe c i a l  c h a r a c t e r  or a s o ac e .  S o a c e s  r’av not  be e~~—
oedded w i t h i n  r e s e r v e d  w o r d s .  ~e s e r ve d  w o r d  ~~e n t i f —
i ers  s h o u ld  c o n s i s t  of  upper or l o w e r c a s e  l e t t e r s  e x —

c i  us i v e l  v .

Q7
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E L E M E N T :

~ND p redef in ed function

SY NOPSIS:

RND

DESCR IPT IO N:

The PND function generates a u r ’ i f n r r r l y  d i s t r i r • u t e 3
ran com number b e t w e e n  0 and I

EX A M P L E :

RND

10 0  j
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<s i m p l e  stat em en t>
ELE MFN T:

<s i m p l e  st ate rre n t>

SYNOPS IS:

(<li ne number >) DATA state- ’ent <C r>
(<l ine number> )  DEF s t a t ~~rrent < C r >
(<line numb er > ) DIM sta tement <Cr>
((line number >) <exec sta tement > <Cr >
(<l ine nurn~’er>) FOR st ateme n t <Cr>
((l ine num t~e r> l IF state m en t <Cr>
(<lin e number >) RE~ S t a t em e n t  <Cr >

DESCRIPTION:

A l l  < s i m p le stateme nt s> are el e~
.
~ents of a <st ate r~e~’t

l ist> and are ex ecu ta ol e. Al l < s i - c l e  st at e~r ert s> e-~ci
w i t h  a car r ia ge retu rn <Cr > .

- - . 
_ _
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S I N
ELE MEN T:

SIN oredef ined fun c ti on

SYNOPSIS:

SIN C < exp ressio n >

DESCRIPTIO N:

SIN is a p re d efi n ed fun ctio n w h i c h  returns the sine nf
the <ex p ress ion > . The a rqu-r~~rrt shou ld eva l uate to a
fl o a t i n g  point number in raa ian s .

E x AMP LE 3:

x SIN(Y)

S I N (A  — b/C)

102 
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EL E .
~~ EN T:

S LNI-s p r e de f i n e d  f u n c t i o n

SY N S IS:

SINH C < e x p r e s s i o n >  )

D E S C R I P T  I O N :

SINH is a function w h i c h  returns the h y pe r b o l i c  s i r e
of the <exp ressi on > . The ar -~umen t S h C u i d  e v a l u a t e  to
a f l o a t i n g  p oi n t number.

E x AM P L ES:

SI’J H (Y)

SINH (’~3 i~ C)

103
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s p e c i a l  C h a r a c t e r s
ELE M E NT :

spec ial characters

D E S C R I PT I O N :

Th e  f o l l o w i n g  spe c i a l  c h a r a c t e r s  a re  use’~ Py e x t e n o e d
Ba s i c :

t c i r c u m f l e x
oPen pa re n t h esis
c losed p are n t h esis
open sa ua re  b r a c k e t
c l o s e d  S Q u a r e  b r a c k e t
doub le  auo te

* aste ri sk
+ p l u s
— m in us
/ slant

s e mi c o l o n
les s—than

> gr eat er— t~~an
enua l
Co m ma

CR carn i ace return (ne~. l i n e )
ex c l a m a t i o n  poi n t

& l ine c o n t i n u a t i o n
t i l d e
Substri n g
soac e
number sian
d o l l a r
a m pe r s a n d
pe r i o d

An y  s p e c i a l  c h a r a c t e r  in t h~ A S C I I C~~a r a c t ~~r Set e~~—
ce ot  > , w h i C h  may apoea r  as \ ) , may a ppea r  in a
str ing. Sp ecial ch a r a cters otn e r t h a n  t h o s e  l i s’ ~e1
above , i f the y acoear outs il e a st ri n g, w i l l  gen e r ate
an error.

I o~



SQ RT
EL E~iE N I :

S~ RT p r edefi ned function

SYNOPSIS:

SI,~RT C <exp ression> )

DESC R I PTI O N:

SORT returns th e sauare root ~ f the absolute value o+
t h e  <exp ression> . The argum ent shou lo e v a l u a t e  to a
fl oa ti ng point nump er . N e g at i ve numb ers ~ i l l  return
0.

EXAMP LES:

SQ RT ( Y )

S(~P T ( X C 2  + Yt2)

105
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U,

<state m en t l i s t >

EL E ME tJ I:

< state ment l i s t >

S Y N O P S IS :

<S i  mpl e s t a t e m e n t >
(<sim p le srate m ent >}

DESC RIPTION:

A < s t a t e m e n t  l i s t > i s  a seg ue nce o f e x e c u t a b l e  s t a t e —
mer it s .  A l l  e x t e n d e d  Ba s i c  s t a t e m e n t s  a r e  t e r ’ r i na t e a
by a c a r r i a g e  r e t u rn  ( < c r > ) .

I 06
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S T f~P
ELEMENT:

ST OP stat em ent

SY~JCJPSiS :

(< li r e  number>) STOP

DESCRI~~T ION :

Upon e x e c u t i o n  o f  a <STOP s t a t e m e n t > , p r o g r a m  execu -
t i o n  t e r m i n a t e s  and a l l  ooen f i l e s  a re  c l o s e o .  The
pr in t  b u f f e r  i s  e m pt i e d  ari d C o n t r o l  r e t u r n s  to t e

hos t  syster . Any n u~ her ~ f S T O P  s t a t e m e n t s  “av  ~c r ea r
in a program.

A S T O P  s t a t e m e n t  i s  ~prendel to  a l l  pro~~ram s by t e
c o m p i l e r .

EX A M P L E S :

10 ST O P

S T O P

107
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< subscri p t l i s t >
ELEMENT:

< sub scri~~t l i s t >

SYNOPSIS:

<in teger > (, < in tege r> )

DESCRI PT ION:

A <su bscri p t l i s t >  may be used as part of a <D Ii~
st ate m ent > to sp ecif y the number of oi~’en sic n s aria ex-
tent of each di m en s io n of the arra y h e in a dec la rec or
as oart of a < sub sc rip ted v a r i a b l e ’  to i n d i c a t e  ~.h ic r’

ele ment of an array is being r ef e r en ce J .

Eleme nts of a subsc ri p t l i s t  in a CI ’~ st ate - r ent ~~~
i ri t eqe r S.

EX A’~PLES:

X( 1O ,20,20)

10~
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I ~b
ELE ’~FNT :

TAB o re de fine d function

S Y N O P S IS:

TAB (<e xp ression >)

DESC RIP I ION:

TAB moves th e te x t p ointer to the absolute colu mn in-

dicated by th e eva lua ter i < ex p ressio n > . I f  t he  e x r r e s —
sion e v a l u a t e s  to a v a l u e  gr eater than 80, the T A t ~
value i s  de f a u l ted to < exp ressi on> — ~ 0 ana w i l l  no t
c a u s e  t e x t  to  w r a P  a rouna on t ri e same l i n e  at the cc ~~—
sole.

E X A ~l P L ES:

TAB (10)

T A P  Ci + j )

I
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I A N
EL E ~ EN T :

TAN orec ,€ fined f u n c t i o n

5 Y N O~ SI S:

TAN ( < e x p r e s s i o n >

DESC R IPTIO N : -

T A N  i s  a f u n c t i o n  w h i c h  r e t u r n s  t h e  t angen t  o f  the e’-
p ression. The arcu~~ent sh ou lo e v a l u a t e  to a f l o a t i ~~q
oo int number in rad ian s.

If t h e  < e x p r e s s i o n >  i s  a r.~j l t i o l e  o f  o i/ 2 r a o i a n s ,  t h e
va l ue retur ned is tn e laroe st or sm al lest num r~er in
t h e  system , dep en di n g upon w n i C h  siae p f zero is ao—
p roached by the function.

E x A ~ 2L ES:

10 T A N ( A )

T A N ( X  — 3 * C 0 S ( Y ) )

1 1 0
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V A L
ELE MENT:

VA L p r e d ef in ei func tion

S Y N OP S IS:

V AL C <expression>

DESCRI PI ION:

The VAL f uncti o n con verts the s t r i n g  number in A S CI I
oassed as a p ara m eter int o  a f l o a t i n g  ooi t nutrrer .
The <express ion> Sho uld evaluate tn a S t r i n g .

Conversio n C on tinues u n t i l  a character is enc ountp re ’J
that is not p art of a v a l i d  number or u n t i l  t h e  end c +
th e strin g is encountered. The m a x i m u ’~ le n g t n ~or a
string is 22 di g i t s .

EXAM PLES:

IAL  C A ,~)

V AL (“3.78 ~4”)

V A L C ” T h i s  returns zero ”)

1 1 1
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< v a r i a b l e >
ELE ME N T:

< var ia b l e >

SYNOPSIS:

< i d e n t i f i e r >  (( < sub scri o t l i s t > ))
<st rin g i d e n t i f i e r >  (<b e g imnin o p o s i t i o n >  : < stri ~~~
len gth >)

DESC RIPT ION:

A < v a r i a b l e >  in ext an o ed s i c  may e it r. e r rep r esenl~ ~
f l o a t i n g  p oi n t num be r or a st r in ’l ‘ieoenain gn t~~e
tyce of t h e  < i d e n t i f i e r > . ~ l l s t r i n a  v a r i a b l e s  s~~oui~
app ear in a DI~ st a t em ent be 4 ore bei n c uSe’~ as a
< var i able > .

Str i n g  v a r i a o l e s  m ay be b roken down in t o  s u b st r i r o  un-

i t s  py i n d i c a t i n a  s~~r inc nam e , st a r t i n c  cha r acter a~~
length of substrin g . The elem e n t  < b e g i n n i n g  P o s i t i o n >
is an <exp resSion > and re fers to th e f i r s r ~ c~’a ra ct e r
oos~i t i o n  of t he subs tr in o. It sri ou lo e v a l u a t e  to a
number. T he e l e m e n t  < s t r i n g  l e n g t h >  i s an < ex a res—
siorl > and s h o u lc  e v a l u a t e  to  a num per .  It i s  t~~e a n—
solute length of the su bs tri na . S t rin g  cn a r a c t e r
Count be gin s at 1.

E X AM P L ES :

X

V S  ( 3H  0

48~ (S :20)

ABS I C  x ( I) , Y ( I)  ,S ( I  — 1 ) )

112
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A P P E N D I X  II — O P E R t ~T 1 N G  IN U ! J IX  b IT H  Ex T E N I ) E D  ~~A S r C

Lhax is the sh e l l  Command c a l l  for the exte nd e l i b.~s i C
c o m p i l e r  i n  the PD P— 11 /5 0 U N I X  Comp uter sy stem at th e N a v a l
Pos tgradu at e School. It is of the for rr :

ib a x (—C ] (—S I (—ci E — o )  (—r i (— t) (—v i f i l e

The system c a l l  accepts three tyoes ~ f argument s:

Flaos def ined belo w ; an ar gum ent whose na me  en-~s w i t n
‘ .o ’ w h i C h  ~S take r ’ to ~e a ~3a sic source p ro g ram and is c c——
p i l e d .  a rguments endin o i n  ‘ .o ’ ~ r ’i~~b are taken as cn ject
f i l e s  to be passed to t~~e loader.

The f~~l l o w i n q  f l ä ~~s are in teroreted by i b a x :

— C Ind uce t h e  s t a n d a r d  C l i b r a r y  wh en l o a d i n g  th e
resu l t s  gf the c o m p i l a t i o n .

— S C o m p i l e  t h e  nam ed Basic p r oqran , ana leave tn e
ass em b lv— larr aua g e Out p ut on a co rre sco n air ’c f i l e
s u ffixed ‘ .s ’.

— c Include the g r ap h ics l i o r a r y  for th e CO~ OG~~AP H IC 5
grap h ics device.

— r Include the g r ap h i c s  l i b r a r y  for the PA ~V TE~ crao i cs
device.

— — o Com p i l e  the named Basic p roaram , and le ave the or—
ject f i l e  on a corres Ponding f i l e  s u f f i x e g  ‘.0 ’ .

— t Include th e cra o hi cs l i b r a r y  f~~r the T - oy t r o r ’ics
g raph ic device.

— v Include the gra ph ics l i b r a r y  for t~~e ve cto r G~ ner~~i
g raphi cs device.

l~hen ever a grap h i c s li b r a r y  is i n c l u d e d  for 1o~~~ i n - ~
w i t h  the com p iled source Program , t~~e Stan ca ri C l i o r a r v  is
appended to the b aler l i b r a r y  l i s t .  Other arcumen ~~s are
taken to be either C c o m p a t i b l e  object nrcararrs, t y p i c a l l y
oroduced by an e a r l i e r  C c o m p i l a t i o n ,  or p er hap s l i b r a r i e s
of Bas ic or C com o a t i cb e ro utines. Th ese orcoram s , toQe t~~er
w i t h  the r esults of any sp ecified c o m p i l a t i o n ,  are lo ~~~e~
(in the order g iven) to produ ce an e x ecutable croc,ra— i t n
the name a.out. Li b r a r i e s  w i t h  t~~e same f i l e  name as t~’e
source Program , and w h i c h  end in ‘ .o ’ , shoul d not oe usel
sin ce th ey w i l l  not be ret a in ed uPon cr e a t i o n  of f i l e .o  r v

the executive Program .

basic p ro gram s m ay not he co mriil ~~c for fu tu re use as
l i o r a r i e s  since ever y c o r o l i l e d  B asic p ro g ram ,ri c~~ur1es a
“m ain ” sec t i on , w h i c h  g r i v e s  the p r ogram. Thus a - i a i t io r ’ a l

1 1 3



l i b r a r i e s  ma y be created in the C lar ’qu~ g~~, co rr o i l e g u si n O
th e —c op tio n for out Put as ‘ .o ’ f i l e s ,  and then inc l u g ec in
the ‘ .o ’ form as object l i r r a r i e s  fo r the ~3asic loa aer (c).

I f the —o op tion is exerc i s e d , tn e Subse quent f i le.o
may be invoked by LB AX and w i l l  retur n an e x e c u t a b l e  a.out
f i l e .  The effect of the —o o Ptio n is to p roduce the source
oro qram in ob ject cooe, wh i c h  is f u l l y  l oa dab le. C a u t i o n
sho uld be exercised to p reve n t usage of a —o op tion ou~ cut
as a l i b r a r y  f i l e .

In addition to th e features sup Ported in s t a n j a r i
Basic , a number of sp ecial features are found in the riPS
versio n of extended Basic. These incl u d e :

ca ll Re ferences an ext~~r n a l l y y  1efi n e ’~ C lan cuace
orocedure or fu n ction .

chrS Return a ch aracter s t r i n g  of le n c t b  I a e t e r— i n e J
by the ASCII e q u i v a l e n t  o~ an ex p ression arriu—
m e rit.

close Ca uses the e x t e r n a l l y  referen ce -I f i l e  to r e
close d.

col Spec i f i e s  c olu m n wid ~~b gf s-jbs ea u ent l v p r i n t e d
n u m eric values.

d i m  In a d d i t i o n  to numeri c arra ys, r e r m i t s  c r e a t i c n
of a vector of s t r i n g s .

extern Declares type ari d ar gume n ts of e x t e r n a l  crc—
cedure or fun ction refere n ced by a c a l l  s t ate—
merit.

len Returns the lenc,th of a stri ng expression .
mod E va luates an expr essio n w i t h  m o du bo a r i t h m e t i c .
open Causes the e x t e r n a l l y  re f er ’enceci ‘i le tn ~~

opene d ano in d i c a t e s  the mode for o ce nin ~ t~~e
f i b e.

read f i l e  Reads s e o u e n t i a l l y  fro— th P so ec ,fie ’i ~ x t e r n a l
f i l e .

va l Co nver ts a s t r i n g  ~ f numh~~rs to a 1b o a t i rig o c i ’ t
number.

w r i t e  f i l e  ~r i t e s e a u e r i r i a l l y  i n t O  t h e s ce c i 4ie a e x t e r n a l
f i l e .

String m a n i p u l a t i o n  is enha nced by J5~~ of s u n s t r i n q i ~~-~
Constructs. Strings may he refe”rei to in an A l o o l — l i k e
manner to produ ce Portions for re adi n g, .~r i t i r’~~, or a l t e r a —
t ion.

Since the U~II X environment does not sup Port some of th e
features of Stan dard B a sic w i t h o u t  c o n s i d e r a b l e  system ove r—
heaa (and in some cases, not at a l l ) ,  th e NPS v ersio n of ex-
tende d ba sic uses s l i g h t l y  d i f f e r e n t ,  a l t h o u g h  r’o less
sp e c i f i c ,  fo rmats in some star ’m en~ fo r m a t i o n s .
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Imp or t a n t l y ,  the NPS extended Basic is ~ comp i l e r  ver-

sion , and is not i n t e r p r e t i v e .  Thus, the use of l i n e
numb ers w i t h  every state m ent is not m an d ator y or reco en~~—
ed. Creatio n and subsequent e d i t i n g  o f oroq rdrr s is ef fe ct ei
by use of the UNIX e d ito r. E x e c u t i o n  of th e p ro~~ram is ac-
c o m p l i s h e d  thr ou gh the a .out f i l e ,  as ,ith ot h er JN I~ com-
o ile r s.

The f i l e s  w h i c h  are used by the sy st em w h i l e  e x e c u t i n o
the s h e l l  e x e c u t i v e  p rogram are:

f i b e . b  i nput f i l e
f i l e. o ob ject f i l e
f i b e . s  asse mbly — langu a g e out Put
a .out lo aded out Put
/u sr /b a sic / b ax co rr r’ c o m p i l e r
/us r /b a s i c / c a s i c l  io .a Sasic l i b r a r y
/u sr /grao h/c oni e .a Oco nocra~~k ic s l i b r a r y
/usr/g raoh/rm t ksu n .o ~ A~ 1IE~ l i b r a r y ,  car t I
/usr /-oraoh /m ore sub .o RA ~~TE K l i b r a r y ,  p art II
/usr /graoh /vq .a Vector Gen eral l i b r a r y
/usr /l i n / i  ir t .a T e k t r o n i c s  l i b r a r y
/ l i t ,/libc .a C l i b r a r y ;  see sectio n III
/ l i b / l i h a . a  A s s em n i e r  l i r r a r y  used ny Some

rout in es i n l i n c . 3 ar’i r a s i c l i c . a

The diagnostics r~ro1u ced by b a s i c  i t s e l f  are i n te n- 1 e~~
t o  ~e se lf e x p lanator y . ~ cc as i n n a l l v  essac~~s ~ ay be cr ’—
duced by th e asse m p l er or loac er. Of th es e t~~e ‘ ros r  m y S t i
fyi ng are frpm the assemr )er , jn r a r t i c u l a r  “ m ’~~, w h i c h  m e a n s

a mt.j l t i p l e ~~~e f i n~~d exter nal s ym O o l  (‘u n c t i o n  ~
r oata).
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PROGRA M LISTING — EX TEND ED ~ A SI C C 0M PILE~

PA p SI~JG RULES

a in clude “ ./hstruc.c ”

~ inclu a e “ ./bfun.c ”

Ztoken STEP r )A TA DEF UI~ ELSE ~~~ F O P  G USU r ~ GO TO G O T U  IF

~‘.token N EXT O N PR IN T READ R Ev RESTO~~E R E T i - ~N ST’1P T~~E~ TP
Z t o k e n  OP EN CLOSE SU B RAND O: . I IZ E  re l soec ~~ XU~ ~U T  ~ N1)

~ token num ber num er jc~~H d arr~~y~~id s t r i n q i - i c  f u r ’ c t i c n~~i~~
Zto k~~n numer i c + f o r ” a t  s t r i n g  s t n i n g - r i f  n u r - e r i c€ h i f
%toke n s imcl e 4 - f o rmat 5tr 4-num ~- hi f

~toke n E X T E~~N TYPE I~.PU T LET C A LL

Zle ft ‘4 ’ ‘ — ‘

~.le ft ~~~~ ‘ / ‘

Zi eft ‘t’

%% /* be g inning of the rules sect i o n *1
p rogram : st a te me n t 4 -li s t end~-s tatem ent

statem eri t 4 - l i s t :  simoie * - st a t em en t
1 st a t em e n t~~l i s r

end 4-statem ent sta te- r en t~-lat, e l E~~C ‘ )
END ‘0

sim ol e 4-state - ’ent state m e rt +i ahel exec ’-state ‘0
1 statem ent ,- l~~b el i’ 4-sta tem ent ‘0
1 state m e n t *~labe1 data *-st a t e-~ent ‘ U

1 stat em ent~- l a b e 1  de f - s t a t em e n t  ‘0
1 stat em ent s .lap el r,rr 4-s! ate rer t
1 stat em ent .lahel ext m r n .- sta te m e n t

f or4-s !atem ent
l im - s t a t e m e n t
exe c 4-st ate ‘0
if 4- staf em ,n t ‘0

1 d a t a - s t a t e n e n t

1 1~
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re~r4-Stat emer,t ‘U
1 extern ~~ct at eme nt ‘0

error ‘0
1 ‘0

exec ’-state : re ad + st a te m ent
rest o rel-st at em ent
open4-st atem en r
clo se 4- sta t em en t
i n p u t 4 - s t a t e r n e r ~f
read f~-s ta te me n t
ori r , t 4-st ate rii ent
wr it e~-S tat em en t
Stoo l-Sta tem ent
001-state men t
b r anch e- state m en t
le t e- s P a tem en t
cabl e - s t a t e m e n t

fore- st atem ent: st at em en t~- l a n e l for i-cl ause s t a t e m e n t e - l i s t  H

n e x t - c l a u s e  {sem ant (’41,~~2) ;
fo r - c l ause st a t em e n t l - l i s t  nex t 4 - c lau se =

seman t (‘4 1 , 51); }

stat em en t~- l a n e b :  numb er
( se-”ant (IQ ,$l );
if (numbers L ~1).use I)
nu r r b ers 5- 1J  .use~~2; )

latj e l num ne r =

semant (20,~~l) ; if (num oo r s (f ,1 ] .u sm 0)
riump e r s (Sl] .use l ; )

f o r e - c l a u s e :  fc-r ’-heao ‘0
{ t

~~~f o r c t r ;  sem ant (39 ,51 ) }
f ore-h eac STEP nu- n e r j c l - ex p ‘0
{ 35 :forct r; se-~ant (40 ,51 );}

fore-head : FO~ f o r - i n i t  TO nu r’ er i c +- exo s~~:~~2 ; }

ne xt 4- d lauS e s t a t e m e n t l - l a h e l  NE XT n u m e r i c— i c  ‘0
NEX T n u r r e r j c e - i d  ‘ 0
N E X T  ‘0
S t a t e m e n t l - l a b e l  N E X T  ‘ 0

;
f o r e - m i t :  n um e r i c i - i d  ‘ ‘

{ $5=S1 ;

d iml- st a t ,ment sd im l -hea d ‘0
1 l im e -b ead ‘0

1 1 7
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dime -h eaa: ~im 1 - sar r a ye -h e a d numbe r ‘ ) ‘  =

{ s y m t a h l e N - 1 ) . a m t
(numpers (~~2 b . n u m h p r i + 1 )  *

syrr t ab le (S 1 ] .l e n a th + 1
limI- he al l- al o r i t j m t er  ‘ ) ‘
( j ioceot++
sy m t ab l e (~~1) .dim en l- +

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

d im4-hea d d im e - hea d e - S l o number ’)’
svm t able ($1) . le r i qt h m u m b er s  ( $ 2 1  .nunher i }

;
di rn l- s~~rray 4-head sdi ’-e-hea cl ‘ C ’  =

{ s5 =~ i;
s y m t a h i e ( 5 1 1 . a i m e n l

d i - r+-head ’-lp : s t a t e - n e n t e - l a b e l  DI~I DIM
s l i m e - h ea d  ‘ , ‘

dim e - hea l ‘ ,‘

dim e-b eaa l- s 10 d im I - hea l e -b o s t r i n g e - i l  ‘C ’ 4 $~~=32;}

di m e - h e a d e -a l o dim+- he ad f-)O nurre r i c *- id ‘ ( ‘  
—

4 $ S = & 2 ;  sym!~~h b e (~~2] .dimeri ~~0
s y m t a h b e ( 3 2 J . t y o e l
s ym t a h b e (~~2].!jopv dopect )
d i m l - h e a d e - a b o  number ‘ , ‘

4 %~~=~~1; s y m t a b l e ( 5 l ) . o i r n e n + +
j—do oe~~r t * . doc,(~~) r,u’ i i berst$ 2 ) . numc e r i }

dat al- statem ent dat ae -h ea d num b er
4 d a t a (da t a ot+t ] n u m p e r s t ).nu r-re rf }

1 data l -mi n us num ber 4 ~ ata (-iata ct ++ i
—n ump ers[~~2) .nu’n~~er f }
dat-al-head s t r i n g  =

4 st rcop y (st ig ,d~~t a stp r ) ;
dat a sto r + s r i g l + l ;  }

d a t a l - n e a o  D A T A
da ta4-head number ‘ ,‘ { o a t a ( o a t a c t + + 1
numbers C $2) . numh~ rf ;
data e -m m n u s  num ber ‘ , ‘ = ~ia ta (gata p t ++ i
—n urn be r s ( 5 2 ) . num b er f }
data l-h ead string ‘ , ‘

{st r cocy (stiq,d at asto r); cat ast or ÷ s t i a l + 1 ;

da ta l -mi n us jata l-heal ‘ — ‘

de ’*- st at em en t d e f e - l e f r e - n a r t  ‘ ‘  nur r - e r i c e - e x o
(semant (37 , Si );

-d e f l - l eft 1 -p a rt DEF def’-head num e r iC ’-id ‘ ) ‘

4 se ma nt  ( 3 5 , t 2 )  $$~~~2

1 I R
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sem ant (3b,~~2) de~~v~~0

de f-hea c : fu n c t i o n e - i d  ‘ ( ‘  ( $~~~~~$ 1

sym ta h l e 1~~I).d i .~en 0 }
def e-head n j - ’e ri c e - il ‘ , ‘

sym t ab l e (~~1 1 .l e n g t h S 2
sym t a b l e ( $ 1 ) .d im e n + + ; }

re~ d*-state me ni t read e-hean numer-i c e - re f
1
read e-head s tr i n a ~-ref
I seman tC S ’4,—1 )

read e-head: READ
read e-head n um e r i c— r e f  ‘ , ‘

4 sem ant (33 , —1 )
re ad e-b ead s t r i r , g ø- r~~f ‘ ,‘

I semant (S~4 ,— 1 )  }

res tore e- stateme rit: RESTOR E =

4 s e - n a n t ( 3 2 , — I ) }
R A N D O M I Z E  =

4 sem ant(55, — l )
R A N D O M I Z E  ‘ ( ‘ nu—e ~~i c e -e x c ‘ ) ‘

4 semant (55,$3);

open e - sta tem en t: ocene-kead number ‘ ) ‘  s t r i r ~~
I sem ant (51 ,$2) }

ope ri l-head: OP E N ‘ ( ‘  n u - no e r  ‘ , ‘ =

4 j ntj r r b e r s [ 3 3 ) . nu m b er i  f a g ( j ]  = 1;
se cant ( S O ,  $ 3 )  ;

close e-sta t eme nt: CLOSE ‘C ’  number ‘ ) ‘

4 j : n u m b e r s ( ~~3J .n u—c e r l
i f (f d s (j b  0) f — s ( j ]  2;
sern ant (52,53) }

in o u t e - S t a t e m e n t :  iri p ut e -h e ad nume~~ic i— ref
I s e m a r ~t ( 1J 8, — 1 )
i no ut e -he ar~ s t r i n q e - r e f  =

I sem antC ’~9,—1 ) }

i nou t4 -he ~~g: INPUT
in ou t e-head s t r i n o l - e x o  ‘ ; ‘ =

I
s t i q l O st i o I s t i o l + t ] = ’ ‘ ;

st i g (St i q 1 ] ‘ 0’ ; se-rant (1 ~i , ;
se m a n t C 4 3 , — 1 )}
i np ut e -head n ijme ric +- r e f ‘ ,‘ =

I sem ant (4~~,— 1 )  }
inp ut e -he a r l s t r i n g e - r e f  ‘ , ‘

I serna ntN 4~~,— 1 );  }
;

l l ~~ 
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re aaf e - stat ene n t : readfe-h eac nu m eric — r e f =

I seman t (~~
g ,— 1) senant(7 1 , — 1 )  )

readf e-head strin g l -r ef
( secant (70 ,— 1) sem ant (7 1, — 1 ) }

read f*-head r e ad e - f j l e
rea df e -h e ad n u m e r i c — r e f  ‘ ,‘

sema nt (b °,—I ) }
readf l-head s r rinq 1 - r ef ‘ , ‘

I sema nt (70 ,— I )  }

r e a d e - f i l e  R EA D  ‘~~~ ‘ number ‘ , ‘ n u m e r l c e - e x c  ‘ ; ‘ =

I j nurn he rs  (
~~3l .nu’rner i ;

i f  C f d s ( j ]  == 0 )  f Is h ] 2 ;
sem ant (o~~,$3) }
READ ‘~~~ ‘ num ber  ‘ ;‘
( j~~nu rroe rs 1~~3l .nurnh er i
i f (fd sU ) = 0)  f d s ( j l  = 2;
s e m a n t C b 8 , 3 3 )  }

p r j n t e - s t a t e r n e n t :  PR INT
I s e m a n t ( L ~ 4, — 1 ) ~~~
p r i nte-hea d r ,un erjce-exr
I secant (u2, — 1 ); sem a n tC 4u ,—1 ); )
o rint e - he a d s t rir iq e - e x o
I semant (~~3,— 1 ) se ant (4~~,— 1)fl
pr in t e - h e ad f orrna t~~e lem e ri t
I se-r~an t (3Ll ,—1 );
o r i r’t l- hea d  f o r m a t4 - e l e r r e r’ t ‘ ;‘
orint e - he a d n u rr eric l - e - *o ‘ ; ‘

I secant (L~2,— 1);
o rint e - h ead s t r i n q e - e x p  ‘ ; ‘

I sernant (’43,— 1 );

or n t 4-~~ e ad: PP tN T
pr i n t e - h e a d  nu m e r i c l -ex o  ‘ ,

I sem ant
or iri t e- heac  s t r i n g e - e x o  ‘ ,

I sem ant (~i3, —1 );
p rin t e - head for ma t e - e l em e n t ‘ , ‘

p r i n t e - he ad nume ric l-ex o ‘ ;

I secant (‘42, —I ); se mant (’4 4,—I ); }
p ri n t e - h e a d str ing4- exo I; ’  =

C secarit(4 3 , —I ) seca nt (U~~,—1 );}
o r i nt e -hea d f o rm at e l e m e ri t ‘ ‘

w r i t e Stat emen t write l - he a d nul’pricl-,xc
I se-n arrtC 72 , — l ); sem a nt (7~

.
~,— 1);

w r i t e - h e a d  st ri n q e - e xo
I seman t (73,— 1 ) ; ser’iant (7u ,—l ); }

w ri te e-head: - w ri te e - f I I
w r it e e - hea d nu meri c e - ex p ‘ ,‘
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I sem ant (72 , — 1 );
wri te l-head srrin ql -exp ‘ I ’ =

I secant (73, — fl ;

w rite 4 - fi be: PRIN T ‘~~~ ‘ nu m b e r  ‘ , ‘ num eric 4- ex p ‘ ; ‘

I j riumh ers (33 ] .numh er i
i f(f ds( j ] == 0 )  f l s ( j )  2 ;
semantC7 5 ,I3) }
PRINT ‘~~~~ numo er ‘ ; ‘

I j numb ers (~~3 I .num h e ri
i f ( f d s ( j l  0)  t d s ( j l  2;
sema nt (75,$3)

format e - e lement : s i m o l m e - f o r m a t
I s e m r a n t ( b 2 , — 1 )
f o r c a t e - l e f t e - r ,~~r t  n1J m e r 1 c € e x ~ ‘ ) ‘  =

(sem ant (53,$1);

f o r m a t ’ - i e f t € o a r t  n u t r e r i c 4 — f o r m a t  ‘ ( ‘

4 35  $1 ;

i fe - sta t e— e n t : i f e - clause ex ec ’-state
I secant C28, — l ) )

1 i f e - c l a u s e  e l s e e -c l ause
I sem a ritC 2Q ,— 1); ~

1 i f e - c l a u s e  e l s e - c l a u s e  i f e - s t a t e m e r~t
1 ifI-hea c qotr’

I semant (30,$3); }
if e - c i - a u s e  nw~~ne r

I s e m a n t ( l h , — 1 )  se~r a n t ( 3 f l ,~~2 ) }
1 i f e - cla u se e l se l - c lause

I semar t( lh , — 1 );

el see-clause: exece-state ELSE =

I
I number ELSE =

I secant ( 1o, —1 ); se—a n t (30 ,~~I);)

i fe -c lause: i fe -h e aa T-iE~

if e -head: IF re le-ex o

IF END ‘~~~~‘ n um b er

rele - exp : re l4-exo ~OR r e l e -t er m =

I semant (5b, — 1);
1 rel e -ex o CR p ie - t~~~rc =

I sema nt (57, — i ); }
1 r el 4 -t e rm

r e l e - t e rm :  re ll - t er -n A’~D r e l e - p r i m a r y  =

I sem ant (5~~,— 1); }
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re l + - p r i r n ary :  r i u me r i c l -ex p  rel r iumeri c 4-ex p
I semant (25,$2);

st r i n q e - e x o  re l s t r i n q e - e x o
I semant c2a ,32 );
‘ ( ‘  re le -e xp ‘ ) ‘

N O T  ‘ ( ‘ re l 4e xp ‘ )

Ise m ant (59 ,—I ); }

rel: ‘ ‘  = { $~~=0 ;~
‘~~~ ‘ ‘ ‘  I $$:~4;}

1 ‘ > ‘ = 4
1 ‘ < ‘ I
1 ‘ < ‘ ‘ ‘  I

‘ > ‘ ‘ ‘  I 3 5 = 2 0 f l
1 ‘ < ‘ ‘ > ‘ C
1 ‘

~~~ ‘ ‘ ‘  I $~~= ‘J ;}
I relsp ec I

stope -sta~~ecent STOP
I se’r arit(2~4, — 1);}

rem— state -r en t: REM

on e - state m e n t: one-heap l a bel =

I sem ant (23 , —1 );}

one-head: on e-begi n
on e-he ap lap el ‘ , ‘

I sern ant (22 , —1 );~

one-be q in O’-l n u m en ic l- ex p cn e - case e - s el
Isema nt (21,0 );}
U i  n u m e r i c e - e x o  o n e - s e l e c t o r
Isecar i t (2 1 , — I) ;  }

one-selector: ThEN
GOTO
GO TO

one-case e-sel: GOSUB
GO SUB

br a nch e - s tat em ent: onsj~ l abel
I q o t o l  la b e l
1 RETURN =

122
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OoS ub GOSUR =

I sema”i t (1 7,— i);
1 GO SIB

Is e m a n t ( i 7 , — i ) ~~~

goto l : gotn

qo to: GOTO =

I s e m a n t C l b , — 1 ) }

C

le t 4- sta t e rr en t s r r i n q e - l e t
1 n u m e r i c — l e t

s t r i n qe - l e t :  LET s t r i n c - r e ~ ‘ ‘  s t r i n q € e x ~

st n in c e - r e f  ‘ ‘  st rino ’-exp
I sem ant (l 5, — 1 ) }

St ri ng4-exo : st r i nc— re f
s t r i ng
I se - ”a n t Cl ’ 4 ,i )

1 st r l -n urr e -bi f ‘C ’  n u -ne r lc 4- exc ‘ ) ‘
I s e m a n t ( 5 3 , 5 1 )

n u m e r i c e - l e t :  LET n u m e r i c l - r p f  ‘ ‘  nu r e n i c 4 - e x c  =

{ se -n an t (1 3 , — 1 ) )
nume ric — r e f  ‘ ‘  n u - r er i c e - e x o
I sema nt (13, — 1 ) }

numeriC e - ex o ter m
1 n u rne r i c l - e k p  ‘ 4 ’ t e r m

I
nu m eric e - ex o ‘ ‘  te r - n =

I secant C
‘4 ’ ter m
I
‘ — ‘ term
(secan t ( 12 , — i ) ;  ~

term p r i m a r y
1 term ‘ * ‘ p r i m a r y  =

4 serna n tC 7 ,— i ) }
1 ter m ‘ / ‘  pr im ar y =

I se-rant

o r irr -a rv p r i m a r y e - e l e m e n it
I pr im ar y ‘ ? ‘  ori -n ar y e - ,l e c e n t =

I s~~m ant (h, — I );

c i r i m a r ye - e l e m e n t :  n u rr ’e ri c e - ref
num ber =

(sem ant (3 ,fl ) n um be r s(~~1 1 . ’ use 1
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b i f
‘ ( ‘  n um erl c 4-exp ‘ ) ‘
fun d— r e f
Isem ant (1 ,51); )

n u r r eri c e - ref: n u m e r i c — i d
I sem ant (i,5 I ) ; }

~ rr~~y 4-re f
I se-rant (2, 51);)

arr a ye -r e f: a r ra y e - r e f e - h e d n u il eri dl-e x o ‘ ) ‘

I j d fu n ar [d o f u n a r — — ) + 1  secan!C~45,$2 );
if C j  s y r n t a b l e ( $ 1 I . d im e n )
e rror( s-~rr t a h l e (5 1 1 . s v m b o l , m sg (pi) )

arr~~ye-re f4~head: arr a y e- i I ‘ C ’

~~~~$1; d fun arH- +do f una rJ ~~0 )
1 arr ay l- ref e -r ea d n u m e r i c + - ex b  ‘ ,

I 5~~ :5 1 ;  c i f u n a r ( d o f u n a r b + +
sem an t (~lS ,$2); )

st ri n ge - ref: s t r i n q e - i d  =

(secant (‘46,$l);
1 substr i nq e - re f

I s t r i n a l - arra v e - ref
I sa rray e - subst e -r e f

st r in g e - r ef 4- bo : strinq 4 -il ‘ C ’  =
I semn a r .t(4b, $1); }

subs t ri n qe -r e f : st ri n o l - r e f e - l o  subst n i nQe-soec

s t r i n q e - a r r a y l- re f: s t r i n q e - r e f e - l o  n u m e r i c e - e x o  ‘ ) ‘

( i f  (s ym t a h l e ( ! 1 l .t v o e  3)
e r r o r (s v m t a h i e (5 1 i . s ym h o l , m s o f t i );
serr an t( h O, — I )  )

sa rray l- suost e-re f Sar r ay4- suhs t e -lc su ps tr i’q 4- s o ec

sarr ay l-subst~- bo str inqe-a rr a y ’-r e f ‘C ’

substr in-o +- sp ec nu rr e ric e - e -~p ‘ 1 ’  n ume r i c e - e xc ‘ )

I secant C b l , — i );

b i f :  stri rio e -b i f l - r e f  S t r i n g e - e x o  ‘ ) ‘

I i~ (dfunar (lo f u n a r— — )+ 1  s y r r t a b l e ( $ 1 I . c i r ~rn )

er ror (syrr t able (511 . sy r r~~o l ,  ~r- s g  (~~~) )

secan t C53, 51) ;
I n u r r p r i c 4 - b i f + - r e l n u c e r j c e - p x p  ‘ ) ‘  =

{ i f  (d funar (d p f u n ar — — 1 + 1 syct ,301 0 (Sib .
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err o r (s y r r t a h l e t $ 1 J . s y -rbo l , m s q f o i ) ;

(sem an tC S 3 ,51 ) )

st r ing 4 -oif e - r e f: string e - hi f ‘ ( ‘  =

C = 51 dfun a r (++ c jp funar j 0
1 st ringl -b i 44 -r~~f s t r i n g ~—re f ‘ , ‘

I ~$:$1 ;d funar (do funarl + * ; )

n u m e r i c e - n i f e - r e f :  nun ’er ic l -b j f ‘ C ’
1 5-5 = ~) ;  If un a r I f + d p f u n a r ) : 0

n um e r i c e -bi fi- r ef: nu rr eri c l- b if ‘ C ’
C 5$=s 1; d f un a r (a r f u n a r l + +  }

n u me r i c l -b i f l-np ar-r : r~u r r e r i c l - h i f
(se-mant (53, S1 ); ~

fun cl-ref. fun ce -n ef e -he ad numer ic ’-exo ‘ ) ‘

I if (d f u n a r ( i n f u n a r— — J + 1
syrr tab le (3I1 .dim en)

error Cs yrr t a bl e ($11 . s y m b o l ,  ~~~ (ol );
1~

semant C 3~~, 51);)

fu nc e - ref e -h ead fu ri cti o n 4-i d ‘ C ’
I 5 - 3 = 5 - 1 ;  a f u n a r [ + + d p f u n a r ] 0 )

1 func e -r e fe -b eao numeri c e - e xo ‘ , ‘ =

I afunar (iof un ar ]++ 5- $~~51 ; }

ca ll e - s t a t e m e n t :  c a b l e - h e a d  ‘ ) ‘

I sem arrt (66 , 5 i );
I ca ll e - nhe a d

C sem ant (f~~,5- 1 ) ;I c a b l e - h e a d  n u r n e r i c e - e x p  ‘ ) ‘

I dn Cn t ++ s em a n t C b 3 , 5 1 — o n c r i t ) ;  5- $ 5 - 1 ;
sem ant (hb ,5- 1) )

1 cab i l - h ead arr a y l - i d ‘

I on cn t + i- ; sem ant (03 ,$ 1—o n cnt) ; ss=S i ;
se-n ant (f,b ,$l) }

1 c a b l e - h e a d  st ri n q e - e x o ‘ ) ‘  =

I pncn~~++ s e m a n t (~~3 , $ 1— o n c c i t ) ;  5 -5 :51 ;
sema ri tC ôb ,$1 ) }

ca b l e - h e a d  ‘~~~ ‘ n u m e r i c — i n  ‘ ) ‘  —

C onc n t++ ; sem ant (63 ,$1—onc n t); $.-=$1 ;
se nt (o~~,5 - l); )

ca i l e - head c all l -n he a d ‘ C ’
C secarit (b ’~,— l ) ;  sem ant (b3 ,51 ); ~3= s1 ;

c a l 1~-n heap ‘:‘ n u m e r i c — i d  ‘ C ’  =

C se c an t C I ,~~3) sernan t(h 3 ,53); :~~3;
1 ca1l 4- sh ea d ‘ ‘  n um e r i c e - il • ( ‘
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I seman t (1 ,3fl sem ant (b 3 ,~~3); $5 = 53; }
1 c a b l e - h e a d  nu m eri c e - exo ‘ ,

C oncn t #+ sem ant (0 3 ,51—o n cnt ) 55:51; }
ca b l e - h e a d  a rr a ye - i d ‘ , ‘

I oncn t ++ ; sema nt( 03, fl— ori cri t); 5 - 5 = 5 - 1;
c a b l e - h e a d  s t r in q e - e x o ‘ ,‘ =
C oncnt+ + sem ant (b3 ,tI—o r-cr ’t ); 55 :5-i ;

1 c a b l e - h e a p  ‘
~~~~

‘ n u m e r i c — i l  ‘ , ‘
1 4  oncn t++ sema n t Cb 3, Sl on crit ); s~ = $ i ;  }

ca ll *-n h ea a : C -A LL n urreric e - i~i
I se r n a n t C l ,$ 2 ); ¶5:5-2;

c a l l ~-sneaa : C ALL s t r i n q - r e f
I se -nan tC ~~7,— 1 );

exter rr ’-stat em ent : extern +-h eaa

externl-ne a-I : EXT E ,RrS
~ T iPE n u c e r i c e - i c  na r-re -ae f

( symtatje ( 3).le noth S2*2
sy-n t a n l e  ( $ 3 )  •d i  r”er~~ori c nt ; ~5-= 52 *2 ;
symt abl e (~~3l . ty ne = 10; oncnt fl ; }

1 EXTE ’~N n u m e r i c — i d  carm e-de f
I sy -r tah l e (52 ).le n c t ri o;
symt ah l e (5- 2 1 .dim en on cn t ~$= 0;
symt a~~letS 2 ) .tyne 10; on crt O ; )

1 E X T E ’ T h  ‘
~~~~

‘ TYPE n u m e r i c — i l  p a r— e - I ef
4 s v m t a h l e (5 -~n. leri ath :~~3*2 +CD ISP;
sy m t a b b e ( $a )  .dim en:oncnt ; 5-$:53 *2#Cr j s P ;
sym t ab le (5 ’4l .tvo e = 10 ;  o r r c n t 0 ;
exte rn e -h ea d ‘ ,‘ n u r r e r i c - i d  o-~ rce-def
I sy m t a h l e ( 53 ] .l e n g t r ~~~ 1;
sym t a h b e ( 5 3 ) . a i - r eri:oncnt; 53 :5-1; oncr ’t :O;
s ym t a o l e (531 .tyce 10; ~

parce-aef:
I ‘V  ‘ ) ‘

I oa rm l-head TYPE ‘ ) ‘  =
I oncn t++ ; j ir .sert (” e-4- ”);
s ym t a b l e ( j] .l e n a t h 5d*2
sym t a b b e (j l . t v o e  — 1 ;  }
par me -hea l ‘

~~~~
‘ T Y P E  ‘ ) ‘  =

4 on cnt i- i- ; j j nsert ( “ I- .- ” )
s y m t a b l e (j J . b e n q t h i3*2+C DISP
sym t aol e (jb .typ e : — 1 ; ~

oa r-re-head: ‘ ( ‘
p ar c— b ea d TYPE ‘ ,‘

I 2o
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I o n c nt + + j inse r t (” l-l- ”)

sy’r tab l e(j ) .t yoe — 1 ; )
oarm 4-nead ‘

~~~~
‘ T Y P E  ‘ , ‘

4 on cnt++ j :in sert (” e-e-”)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
sym t a b l e (j l .t y o e l )

~ inclu d e “ ./bscan .c ”
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SEM ANT IC A C T I O ~’S

seman t (ca , i) m t  ca ,i
iri t k , x l

s w i t C h  (ca)
I

case 1: p r i r t f ( ” -npv 5S/.d, — C rlfl\n” ,i ) retur n ;
c ase ?: j s ym t a t — l e (i ) . t v c e

jf (j :: 0)
e rr- o r (s y r n t a r l e ( i) . s ym b c l ,m sa ( 5 ] ) ;

p r i n t  f (“ .al oh i DO PCA L\n ”)
p r i n t  f ( ” mov  $ S D ~.l, — ( r U ) \ n ”)
o r i n t f (” j s r  oc,00PC L\ n ” ,i);
ret urn

case 3: or i n t f y ’ cov ~ ‘~%d,— (r ’~1~~\ n ” ,i ); retu r n ;
c ase o: o r i n t f ( ’ —n v~ * (r4)+ ,f r l \n ’)

o r i n t f ( ” m ov f * ( r . U ) + , f rO \ n ’ )
p r i n t  ~ C ” •a bc b l oow \r ” )
o r i n t f ( ”j s r  oc,co~~\ r ”)
j tem o c n t + + V. 20;
p r i n t f( ” m ov $TZd, — (r’4 )\n” ,j );
p ri nt f C ” m ov f f rO , *( r4) \n ”
ret urn .

case 7: j te -in cnt +4 z 20;
p r i n t f C ” m ov f * (r’4)4,f r l \n ”);
pr i nt f (” m ov * * (r4)+ , f r ) \ r i” )
o r i n t f C ” m u b  f f r l , fr0\n ”)
p r i n t f ( ” mo v 3TZI, — Cr ’4 )\ri” ,j );
or int fV’ m ov l frO , *- ( r .j ) \ ~~~” ) ;

ret urn
c a s e  ~: j t e m n c n t + +  Z 20;

or  ~ n t I C ”  m ay I * C r ) + , I r 1 \ “ )
or i n t # ( ” rov f *(r ’4 )+ ,fr o \n”);
p r i n t  I C ” •g1 ~~~ FR PuP\~~”
pri nt f ( ” c r ” o f  5 0 ,  fr~~\r~”)
p r i n t f ( ” cfcc \nhn e 2f\r~” ) ;

~ r i r i t f ( ” j s r  r S , E ~~P f 2~~\r ~” ) ;
p r i n t f ( ” < r u n t r m e  e’- ror atte rr ot e a ”);
o r i n t f (’ ai v i s i o n  ‘v zero\\n\\O> ”)
pr~~n t f ( ” ; .even\ n2 :\r ”)
o r i n t f ( ” d i v f  4 r 1 , frO \ n ”);
or i n t f ( “ -roy ST Zi , — C r’4 ) \n ” , J )
o r i n t f (’ m ’-rvf f rO ,*C r4)\ri ”);
re turn

case 9: j te-r ocn r~~+ Z 20;
p r i m t f C ” cov 4 * (r4)4,frl \n ” );
p r i n t  f( ” -rp v f * ( r U ) + , f r - Q \ n ’ )
or i n t f ( “ dd I f r I , f r 0 — “

o r i n t  f (” m ov $TZa, — (r4)\-’ ’ , j ) ;
p r i n t f (” rro -y f fr f l ,*C r ’4 )\n ’);
ret urn

cas e 1 ) : j t e P r ac n t l - + ~ 20;
o r i r t f ( ” m o v f  *C r 4 )+ ,f r 1 \r ~” );

I2~
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p r i n t f ( ” m ov f * (r’4)s,frO \n ”)
o r i n t f (” sunf f r l , fro \n ”)
ori n t f C ” m ov $1.’i ,— (r’-4)\n ” ,j)
o r i n t f ( ” cov f fr0 ,*Cr ’4) \n ’)
ret urn

c a s e  II: j t e m o c n t + +  V~ 2 0 ;
c r i n t f ( “ rrpy f * (r~1)+ ,frO \n ”)
o r i n t f  (“ ahsf frO \n ”)
p r i n t f C ‘nov ST%d , — C r 4 )  \n ” i )
p r i n t  f C ‘-nov f r () , * ( r’4 ) \n ”
ret u rn

c ase 1?: j :t e-rp cnt+ + % 20;
p r i nt I (“ m p yf  * ( r . ’4 )  + ,f rO \nri eaf f rO \r- ’)

o ri r r t f (” m ov $TZd, — (r .4)\n ” , j ) ;
o r i n t f C ” m ov # rO, * (r-1)\n ”)
ret ur n;

c a se 13: o r i n r f (” rov f * (r’4)+,fr~~\r’ ”);
r r i n t f (” m o vf fr0 , * (r~4 )+\r’ ”)
return

case i’4: p r i n t f (” m ov 51 f ,—(r4)\~~or  2 + \ n ’ ) ;
or n t f (“I: <~~s \ \ 0> \n • even \ r ” st i q)

ori rr t f( ” 2: -nov
return

case 15: or i n t f C ” .q l o b l  s t r - v \ n ”)
or i 0 t f C “ j sr Pc , St  rmv  No ’ ) ;
return;

c a s e  1~~: p r i n t f C ” j m o  “ i ;  r e t u r n;
case  17: c r i n t f ( ”j s r oc, ” ) ret u r n ;
case 18: p r i n t  f (” rts cc\n ”)

return
case 19: j :num b er s (iJ .n umr) er ,

o r i n t  f (’\rL%d:\n ’,j ~ ; r e t u r n ;

case 20: j nurrpe rs (i i  .nu -m oer ,
p r i n t  f (”L%d\r ” ,j) r etu rm ;

case 21: on cn t O
p r jr ,t f (” m o v # * (r-.)+ ,fr U \ rr ”)
o r i r t  f (~~—o v fi fr O , r3\n ”)
c r i n t f C ” oec r3\ rr c -r o ~ U ,r3\~~”)
o r i n t f  (“jot Sf\n ’) ;
p n i n t f ( ” j m p  ~,f\n7: a sb r3\n ’) ;

i f C i :

r~r i n t 1 C ” jcp *~~fCr3) \n ”)
else I

or i r t I C ” j  sr oc , * ~ f C r 3) No” ) ;
o r i n t f ( ”j m o 5f\rr ’) }

on rit IC “\n~ : \n ” ) ;
ret urn

c~~se 22: o n c nt++ ; r e tu ’n
case 23: rri n t f ( ’\ n b :  c~~o S V.’I,r 3 \r ” ,o n c n t ) ;

p r i n t  f (”bge 7h\nS :\n ”);
ret urn

case 24: ~ r i n r f C ” j m r r  EN DEi ?\n ”);
retur n

case 25: o r i n t f ( ” rr-o v f * C r ~4)* ,fr O \n ”)
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pr i n t I ( “mov f * C r’4) * , f r i  \ n ” ) ;
p n i n t f (” mo v 5-~~o,r3\n ” ,i )
o r i n t f ( ’ c-m a f f n i , f r O \ n ”)
or i t I ( “c fcc \ n ” )
p ri nt ~ (“ .q b o h l  COM P k\r ”)
p r i n t f C ’ j s r  oc,C OA PA ~r\n ”)
ret urn

c ase 2b: c n i n t f ( ” .nb o h l  strcm o \n ”)
p r i n t  f(” is r nc ,s t  rc r rp\ n ”
p r i n t f ( ” rno v 5Z o , r3 \ r i ” , i) ;
or i n ~ f C “ C ‘np 50 , C r 4 )  + \ n ” )
o n i n t f  (“.q b c h l  CUMP~~P\n ”) ;
p r i n t f (” j s r  p c ,CC ’PAP \n ”)
re t urn;

c ase 27:
o r i o t f C ” ts t ( r~4 ) + \ nb e g  -~~f \ n ’ )
ret u rn

c a s e  2~~~: o r i r i t f C ” \ n 4 :\ n ’); retu rn;
case 29: c n i n t f( ” \ n 9 :\ n ” ) ;  retu rn;
case 30: j :numbers (i i •num b e ri

p ri nt f C “L%d\n\n ’4 : \n ” ,
ref urn

case 31 : o r i n t l ( ’ j m o  Qf\ri\n4 :\ri ” ); retu r n ;
case 32: p n i n t f ( ” m p v 5D A T A — ~~.,D t i T C N T \ n”);

p rir ,tf (” mp v !STPDA T A ,ST PN E X T \r ”);
rettj rn

c ase 33: c r i r r t f ( ” .abo hl danr ir\r ”)
o n i n t f C ” j s r  cc, aanr lr \n ”) r C tu r r ’

case 3’4: p rin tf Y ’j s r oc,F~~~i\r ” ,i); retur n;
case 35: ori nt f (”jmc , FX V.a\n\nF J~~a :\r\ n ” , j , i )

retur n;
c ase 3o: s y r r t a h l e F ~~J . i i c ~~r++ ;

i s ym t a b l e (i ] . ”ic e n
for ( ~:~~; j < j  ;

C p r - i n t f C ” m c v f * (r~~)+ ,fr ’)\n ’)
o r i n t f ( ” mn v $ S , —(~~-~)\n ” ,j);
ori n t f C ” m o v f f r 0 ,* ( r 4 ) + \ r-r ” )
ret urn

case 37: p r i n t f ( ” -roy f * C r 4 ) + ,frt) \n ”);
p n i r ~t +(” mp v 5-S~~d, — C r ’4 )\n ’ , I );
or i r~ t I ( “ roy I I rj , * C r  ‘~i ) + \ ri -, ) ;
p r i n t f ( ” rts oc\n \nFX ’/.d :\n\n” ,i);
k:i Sym t able (II .Ii en;
for (j= k; < m ;  j + + )

svm t a b le (fl .sycn ol( fl):’~~’
retu rn;

case 38: on i — ~tf (” rnp v f * C r u )+ ,$r O \n ”);
p r i nt f(” m o -v 5S~~i, (r4)\n ” , i );
p n i n t f ( ” — o v f  fr 0 , .(r4)+\n ”);
rC turn

c ase 39:
i:f o r c t r + + ;
o r i n ! f ( ’ m ov f • ( r ~4 ) + ,f r 1 \n ” ) ;
on nt f C” m nv A FI~~i,~~( r 4 ) \ n ” , ) ;
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p r i n t f (” i,ov f I n ,  * (rU )+\nbr i+ \n ”)
p ri nt
p ri nt I C  “— ov FSZa, — (  r 1

~ ) \ n ” , )
p r i n t  IC “ -nov SF I ~d, — C r 4 )  \n ” ,j);
p r i n t  f C “ c o y  I * C r ’4 ) 4- , f r i  \ n ” )
orir i t f (” m o v l * (n4),frO \n ’)
k 1 1 ock ~ I C  I • )

i f  (ki :— i )  I k 1 :i n s e r t n r C l , 1 )
n umber s( 11 .lu se j }
pn i n t f (” acjdf N~~d ,fr0 \n ”)
p n i n t f C ” mo v f rO ,* (r4)+\n ” ,K l )
o n i n t f ( ” l :  ~ m pf fr 0 ,f r l \ n ’)
ori n t f (” cfcc \nj Q t F5~~j\r ” ,j);
return ;

case ‘40:
fo rc t r+ + ~

pr i n t I ( “ rr- Q v f * ( r -i) + , # r 2 \ n ” ) ;
p r i n t  f (” m ov SFI~~1,— (ru )\r ” , I );
c n i n t f ( ” m o vf fr 2, * (r-4 )+\n ”);
c r i n t f (” ’-o vf * (r4)f ,fr l \p ’);
p ni n t f C ” cov $F~~~d, — (r4)\r ~” , j );
or i n t I C “ ccv I I n I , * C r Lj ) ~ \n ’
o n i n t f C ” m ov SSV.I,— (r ’4 )\n” ,i)
o n i n t f ( ” —’o vf * C r 4 )+ ,frO \n ”)
p r i n t  f C ” ~~r 1 f\n\rFb ~~a:\n\n ’)
p n i n t f (” r’ov 5S%~~,—C r4 )\n ” , j , i )
o n i n t  f (“ -nov $F~~1%~~~,— (  r - 4 ) \ r ~”
p n i r i t f (” -rov 5FIZ~i ,—(r -4) \n

’ ,j , j  ) ;
o n i n t l C ” -”cv f *Cr 4 )+ ,fr2\rY’)
p r i n t  # (“ m ov f *(r’4)+ , f n l \ n ’)
on nt IC “ ov f * ( r4 ) , f r J \ o ” ) ;
or i n t f C ” a~~df fr2 , frO \n ”)
o n i n t f ( ” .rovf fr 0 , * (r4)+\n ”)
k I = b o o ’n  IC (i • )
i f  ( k i  — 1 )  I k l i os ertn r (U,0 .)
n u mb p rs (kll .lu se l
p r i n t  IC ‘\nl : \ r c m o f  j

~~ o ,  f r2\— ”
onir r tf (” c 4cc \r-’j~3t ?‘\n ” ,<i );
o r i n t f ( ’ ccr, f frI) , f r 1 \ n c ~~cc\ r ’)
p r i n t  + (“jO t F5~~~\n ’, i )
p n i n t f  ( “  mp 3 f \ n \ n ” )
or i n t I ( “2: c np f f nO , I r 1 \n )
p r i n f f (” cfcc\ n i i t  F5V.g\n” , j ) ;
on i n t f C ” \n 3 :\n \ n ’)
return ;

c a s e  ‘41:
o n i n t f ( ” j r r o Fb~~d\ n\nF 5~~d:\o\n ” ,i ,i );
ret u rn;

c ase 42: o n i n t f C ” .qb o nl r i um o t r \- ” ) ;
case 42: on i n t f (” j s r  o c ,num nt r\ n ”);

ret urn ;
c ase 43: on i n t f (” .g b orl  strgm o \n ”)

p r i n t  f ( “ j sr r’c ,st n -Trr r)\r~”
return;
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c ase i’4: on i n t f ( ” .qlor- l l i n d m o \ n ’);
pr in t  f ( “  j sn oc, 1 I ndr ro \n ”
return ;

c ase L45: p r i n t f ( ” r~ov f * (r6)1- ,IrO\n ”)
o n i n t  f (” m o v f i  fro , — (r ’4)\ni”);
return;

cas e ‘4b: p n i n t f ( ” co v SSZa, — C r ’4)\r” ,i )
k sym t a b i e C i l . I e n q t h
p r i n t  f C ” m ov $V•o,— C r’4)\n” ,k)
return ;

c a s e  ‘48: o n i n t f ( ’ .qlob l n brr a r,atof \n ”)
p r i n t  I (”;sr ac ,nbrr d r \o ”)
or i n t f ( “ j sr cc , a to t \n ” ) ;
on i n t f (” mo v f I r U , * ( r 4 ) + \” ’ )
return ;

case ~4~~: oni n t l (” .oiop l St r r r l r\ r ’ ”)
o n i n t f C ” s r o c ,str r a r\ o ”)
r e t u r n ;

case 50: onir i t f (” -rg v ~% o , (~~-4 )\rY’,

ret urn;
c ase 51 :

n n i n t f (” m ov S I f ,— (r4 )Noor 21\n ”)
p r i n t f ( ”l :  <~~$\\ 0>\n .~~vPo\n ’ ,~~t i - ~)
p n i n t f ( ”2 :  coy

numr~e r s h i 1 . n um b ,ni *2 )
c n i n t f (” .abc b l OPEN \njsr o c ,U PEA r~”)
return;

c ase 52: o n i n t f C ” mc v SZo, — (r4)\n ’ ,
n u rrb er s(i i . n u r h e n i * 2 )

on ~~t I (“ .p l o hl CLOSE \o ”
o r i n t f (” j~~r oc ,CLOSE \n ”)
return ;

case 53:
S w i t C h  C syrr t ab 1 e r , • 1 enqt h )

case 0: II std c a b l i n g  frU and j s r  oc, ’
~

fl
I p n , r r~ f(” .al ob l ~~ \n ” ,

sy m t a n l e (i ) . s y m r p o l )
s v m t a b l e ( i i  .am t+ + }

on in t f ( ” rrpv f * (r4)+ , frU \n ”)
on i n t f C ” j s r  oc,~~s\n ” ,

sym t a b l e ( i ) . s y r r h o l )
j tem n cn t + + % 2~~;
pr i n t l  ( “rrov $TV,i, — C r 4 )  \n ” , j
p n j n t f ( ” m ov f f rO ,* (r4)\n ”)
net u rn;

c ase 1: // t~E~S
p r i n t  f (“ m o v l *(n4) , frO \n ”) :1

p r m n t f (” ab sf fr 0 \n ”);
p n i r i t f (” rr ov f fn O ,* (r4 )\n ”)
r o t ~ j r n

c ase 2:

I ~2
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i f C s y m t a h l e (i l .a r n t == 0)
I p n i n~~#(” .qb o o 1  Zs,atof\n ” ,

sym t a r - l e i i J . s y m o o ) )
s y r rtaol e (i) .ar r t ++ }

p n i n t f ( ”j s r  oc,%s\n ” ,
syc t an 1 e H) . sym~~o l )

pn i n t f ( ” j s r  c c ,atof \n ”)
j te rnoc nt ++ Z 20 ;
p n i n t f (” m p v $1%l, — (r’4)\n ” , j i ;
p r i n t f (” mn ov f lr o , * (nU )\n ”);
ret u rn

cas e 3:
if (s y r r t a h l e t i ] . a m t  :O )
I p n i n t f (” .q l o c l  V~~\ p ” ,

sy m f a b l e t i )  .s v — r o l )
s y m t a h l e ( i J . a r r t + i

pr i n t f C ’ j s r  oc ,Zs\rr ” ,
syct ab le(i1 .svm r ’o l)

j :terr ,cnt++ z 20;
p r i r t f ( ” rr~py srzo ,— (r ’4)\n” , ,);
pr ir ,t f (” r-rov f fr0 ,* C r ~4)’ n ”);
return;

case b : 1/ chr 5 un iaue Pecause S not v a l i a
// i n as
i f C s y m t a p l e H )  .a—t U)
4 p r i n t  I ( “ .ql oh 1 7.s\n” ,“ Cr r ” )

s ym t a b l e (i )  .a— t ++ }
o r i n ~ f ( 

“ j s r  cc , c h r \  n ” )
return

case 8:
i f (s y m t a h l e (i ) .a r r t :U )
( pn i n t l ( ” . a b n n l  Zs\ r ” ,

syc t a n l e l i )  .sv-rnol );
s y r r t a b i e [ ii . a ” t + +  }

p r i n t  f ( ” j s r  p c , 7.s \ n ” ,

svm t a b l p [ i ) . s~~m ho 1fl
return

de la u l t r e t u r n ;

cas e 54:
p r i n t f C ” .g lob l d atr dr \n ”)
o n i n t f ( ” jsr oc ,dat rp r\n ”)
return;

case 55:

~ f (~ — I )
on O t t  ( “ c o y  3 1 3 0 1 ,  rO \ n ”

e l se
or i n ~ f (“ -nov f * ( r L4) + , f r 0 \ ri ” )

p r i n t f (” m ov f i f r O , rJ \ n ”) ;
o n i n t f (” .alob l srana \n ’);
o n i n t f ( ” jsr p c ,srand \n ”); S
ret urn;

cas e So:
p r i n t  f(” .aio hl X~J R\ - ~” ) ;

1 3 3
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p r i n t  f (“  j ~ r PC, X~~R\n ”
retu rn

case S7:
p ri n t I C” .alo b l 0~~\nj ~~r
ret urn

c a s e  S8:
on nt I C ’  .nl an1 A ’40\n ”
p ni n t fV j sn  c’c,A~~D\n ”)
ret urn .

case 59:
o n nt  I C ”  •al p h i ‘~OT\n ”
p r i n t f ( ” j s r  oc, NOT\ n ”)
re turn;

case oO :
o r i n t fY ’ .alohl SDC8L\n ”)
pn i n t f (” j s r  oc ,SDCAL\ n ’)
ret u no

c ase 61:
p r i n t  f (” .a l o b l  SUr3STP \n ”)
p n i n t f ( ”j s r  cc,5u~~STR \n ”); return;

c a s e
or’ i n t f ( “ -nov if , — C r 4 )  \nb r 21 No ’)
on i r ’ t ’ (”l : .nyte ol2 ,0 ;” );
p n i r i t f ( ”  •even\r’2:\n ’)
pn i n i t f ( ”  .a1~ ’~~l stnam c\r ”)
p n i n t f Y ’ jsr oc ,str-1 --o\n ”)
ret urn;

c a se
o r i n t f C ” mo v 5-~~o,— (r4)\r ” ,

Sy mi able H ] - 1 enat ~ )
retur n;

case b’4:
p r i n t f (” c l r — (ro )\n ”);
ret urn

case ~6:
if  (oncot I: s vm t a b l e (i ) .i i m e n )

e rror (svm t a h l e  C i )  .svm ~~o l , m s~ (Pb );
i f (s ,mtacie (i i •acr 1))

{ syv - ’tahl e (i) .a ’-- t 1
or i r~ ~ I C ”  .a1 ocl e-Zs N n ”
s y rn t ahle (ii •symoo l ) ; )

on i n ~ 
f (“ -nov 5 ‘/.o, — ( r 4) \ n ”

sy rr ’t a hl e (i] .d i r n e ri )
pr i nt I C ”  .qlo ~~l CSET \ n ”
p r i n t f ( ”j s r  p c ,CSET\n ”);
p ni n t f ( ”j s r  oc,e-~~s\n ” ,

svm t a b l e ( i ) . sv r r h o l )
p n i n t f ( ” .p lob l C RE T\n ”);
o n i n t f ( ” j s r  r’c ,CPET\n ”);
return;

case 67: H

on~~n t f (” moy (r’4)+ ,r3\n ”)
p r in tf ( ” r rny  (n14 )÷ ,r2\n ”);
pr i n t  1 C ” --r c’v r2, — (r ’4)\n” ) ; H
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cni n t f C ” m ov r 3 , —(r4 )\n ”)
re tu rn;

c a s e  68:
p n i n t f (” rn ov 5~~o, — (n q )\n ” ,

nurnp e rs(i ] . n um b e n l * ? )
P r i n t  f (” .cilo b l PE A DF\n ”);
o n i n t  f( ” j s r oc,PEADF\ n ”)
r et  u r n

case b~~:pr i n t  f ( ” . alo b l  P EA D F ~~, a t o f \ n ” ) ;
o n i n t  f( ” j sr pc, P E F ~J\n ’)
on nt f ( “ j  sr oc , atof \n ’ ”) ;
p n i n t f (” m ov f l r 0, * ( r ~4)+ \n ”)

retur n;
c ase 70 :

p r i n t  I C ” .ainhl ‘REA DFS \n ”)
p r i n t  f ( ” j s r  nc ,QEA nF~~\n h’)

re t  urn
case 71:

p r i n t  f (” .~~l co l  READFE\ n ”)
pri nt f (”j sr cc ,RE -~DFE\ n ”);
ret urn

c ase 72:
p r i n t  I C ” .aiorl t~~ITF~j\n ”)
p r i n t  f (“i s r oc , ~‘~P I TF~~\n ”
re tur n;

c a s e  73 :
c n i n t  f ( ” .alool i~kITF S \n ”) ;
o n i n t f ( ” j s r  o C , ,’4 P I T F S \ o ’ )
return;

c ase 7 4 :
p n i n t f C ” .aiob l AP IT FE \n ”)
o r i n t f C ” j s r  oc ,1’,R ITF E \n ”);
ret u rr

c ase 75 :
o n i n t l (” -rov 5 - V.o, — C r Z 4 ) \ n i ” ,

nu rrrh e rs( i l .num ce ni* 2 )
o n i n t f ( ” .cilo b l ~ PIT~~\n ”);
o r i n t f V j s r  cc,~’i P ITF\ n ”);
ret urn

ca ldo o e (i,j l ,k ) m t  i , j i , k ; I
m t  iU dooe (dooeot] 1
syrr t a b l e ( i ) .am t l
f o r  C i  i dop eot—U ii > k; i i — — )

( s ymt ab l e (i ) .am t :* (c o p e r i l i f i ) ;
aooe ( i l l  :* dpo~ ( i i  + 11

s -v rr ta ol e (i) .ar ’- t :* (oooe (kJ+1 );
dop e (kJ :j 1

I i
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STRUCTURES

a d efine T’~U E
~ define FA LSE 0

~ defi n e EPRORF ILE 2

~ def ine SY~4SIZE 200
# define N IJM SIZE 200
# define NA ~~ELENGTH 1 4
U d efine SI .1LEN ’ 10

~ d e f i n e  CDISP 10
U define MAXFOP 10

c har f i l i n (5 1 8 1 ;
c har *f i )ei r ) f i l i n
ex tern m t  fout;
m t  f i i e o u t
char f i l n a m ( N A ~A ELE ’~G 1H +1)

/* th i s  arra y d efines the f u n c t i o n  of each cr a r a c t e r  jn

the -A S C I I  cb a r a c t e r  set fo r use in yy l e x

—2 ed and eni to ken Ion yacc
— 1 i l l e g a l  c h a r a c t e r s  to he d el e t e a
0 b l a n k s  and t a r s to be di sca r a e o
1 n e w l i n e  —— used to uodat e l i n e  cou r ter
2 : leq a l scecia l ca~’rac te ns
3 = a l l  let ters and th e d o l l a r  s i g n  ‘ 5 ’
‘4 d i a i t s  and th e d e c i m a l  p a i n t  ‘ .‘

5 = Quo te —— used to d e l i m i t  s t n i n c s  an~
lelete ci ‘ “ ‘

= —— c o n t i r u a t i o r ’

m t  charty oe (1281 4
—2 , —1 , —1 , — i , — l ,  — 1 1 — 1 1 — 1 , — i ,  0 , 1 , — i ,  — i
— 1 , — I ,  — 1 , — I , — i ,  — 1 , — i ,  — 1 , —i ,— 1 , — I ,  — 1 , — i ,
— 1 , —I ,— 1 ,—i ,— 1 ,— i ,0 , 2 , S ,  — 1 , 3 , — I ,
2 , —i ,2,2,2,2,2,2,14 , d , ’4,4,t4,4,’4,~4 ,4,4,

s.4, 4,
—l,2 ,2,2,d,— l ,o.
3, 3 , 3 , 3 , 3 , 3 , 3 , 3 ,  3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 , 3 ,
2, — i ,2,d, —1 ,—I
3,3,3,3,3,3,3,3,3,3, 3,3,3,3,3,3,3,3 ,3,5,3,3,3 ,3,3,3 ,

m t  yy l joe 1,enr orcn t ) II a i h i  l i r e  C n t r  fpr vacc
m t  c onf l aq 0,exf laq i // c a n t  and ex t e r n  re f 1 l a a
iri t c / /  t h e  p lo ha l  n€~~t ch a r a c t e r
c h a r  s t i q  1 25o1 ; / /  t h e  g l o b a l  s t r i n g  c o b  b e c t o r
iri t s t i q l II t~~e l e n q t h  cf t~~e s t r i n u  l i t e r a l
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j o t  di’n v 0 , e o f f b a o  0 j o t  def y 0;

r m t  f unccn t 0; // al ob al flap s and Counte r
m t  ~; / /  ge n e r a l  temp
m t  I d s [ 1 5J ;  // fds f o r  REA 0 /~~~ I T E  F I L E

s t n u c t  I
doub le  ~um be r f
l ot n umbe n i
l ot use;
m t  luse
m t  dec; } r’urrbers (NUMSIZE) ;

/ *  n u m be r s  i s a Structure used tO ~ol~~ l i t e r a l  n u m c e r s

— 1  f l o a t  ir~ p o i n t  d e c l a r a t i c r
0 i nteger d e c l a r a t i o n

luse 1 used as nurrhe r
use = 1 used o n l y  as  l 3 n e l

2 used as sta tem en t la oe l

nu m berf f l o a t i n g  o o i n t  v a l u e s
numbe ni i n t e g e r  v a l u e

m t  num ber n t 0; II index of num p ers
m t  dope (2001 ,‘/  v e c t o r  used  t o  h o l d  aoce v a l u e s
j o t  do pect  II n ext a v a i l a b l e  ieee P o s i t i o n

st ruct I
ch ar symbol CS I~’LE’)m t  t~,ioe;
j o t d i r r e n;
j o t  l e n g t h ;
j o t  a n t ;
l ot  ao pv } s y - n t a n i ’~ ( S Y ~i S I Z E ] ;

/ *  s y r n t a h l e  i s  a s t r u c t u r e  used as a s y c c o !  t a t ’ l e

sy m bol i c e n t i f i e r  v a l u e
tyPe : — 1  ru l l  o a r m s  p1 e x t e r n  v a r i a ~ IC S

0 r,,jm en jc id
I n u m e r i c  a r r a y
2 s t n i r i a ii
3 s t n i r i a a r r a y

— f u n c t i o n
S n u m e r i c  b i f
6 S t r j n a  b i l
7 s i m p l e  fo rm at

n u m e r i c  f o r m a t
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9 numeric s t r i n g  ~ j l
10 exte rnal v a r i a b l e s

d imen = i i c e ns i o n  o f  a r r a y
n umber of Par am et er s for funct ior-

len gt h len g h t of a s t r i n g
dopey = index of the f j rst ele m ent of

the arra y s dooe vecto r in dooe
a m t u s e  f o r b i f ’ s l usea O unused

numb e r of el em ents jr n u m e ri c ar r a y
number of bytes in a s t r i n a  array

*1

m t  symo t S YM S I Z E_ 1 ;  I/ p o i n t e r  i n t o  t h e S y m b o l  t a b l e
m t  t n u m , t s y m ;  1/ te m p oraries is s truc t ures
i r t R,~BA SE ; // base of reserve wo nas in s y m b o l  t a n b e

m t  fo r cn t 0; jot t e-np cn t 0 ,mn a x te r r o — 1 ;
r o t  irax for — 1 ;  jot oncri t 0;
j ot f o n c t r  0;

/~ forc nt c u r r e n t  d ep t h ~ f nested for io o~~
t emp cnt = v a l u e  used ~o man age th e t e r o o r a n ’ .-

pool used as t enp cn t~~20
ma x f o r  m a x i m u m  n u m b e r  of f o r  b oos -~es t ea

to t h i s  p o i n t  in th e Prog ram ——
used to p e t e r - m i n e  nu rrp er o~ for ~coo
v a r i a b l e s  needed

oncnt court ~ f ON s t a t e m e n t  l a b e l
forc t r current count cf a l l  FG R ’ s used ——

uSQi for l a b e l  d e f i n t i o n
*/

m t  d funan (20); m t  d of u na r  ~;

jot dat act 0; II o p i n t e r  to th e n e x t cat a v a l u e
doub le a~~ta (100] ; II data l i s t  to oe used as ‘ata to ~E~~D

cha r * m $ ~~ (1 I
“ **E PRQR ** atte m p t to rede ’ioe a oum~~n i c ii as a r r a y “ ,

“ **ER POR** at t e m p t  to r e d e f i n e  an array id “ ,

“ **E~~p Op ** atte mot to r e a e f im e  a s t n i n a  “ ,

“ **F~~QOQ * * attemP t to rede f i r e  f u n c t i o n  “ ,

“ **E~.~.~~P * *  a tte cot to n e ip fi ”e n j i l t  r’~ f u n c t i o n  “ ,

“ **EROUR ** a t t e m p t e d  use p1 ri u r-m ..nic 1~~, a s  a r r a y  “ ,

“ **Ek~~QP** in c o r r e c t  nu her of o-~r a - n et e r 3 ‘ ,
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“ **ERR Q~~** i l l e g a l  us~ p1 exter n al name ” ,
“ **ERQQP ** ii lea a l use of s t r i n g  ii as str i n g  arra y ” ,
0

ex tern Char *bi fs [1
jot o i ft ype() I

5,5,5,5,5,5,S,5,5,o,6,9 ,S ,S, 5 , b,5,5 , 8 ,~~, 7 , 5 ,— 1 ) ;
jot b i f a c t  (1 I

0,0,3,O,3,0,0,0,0,3,3,o,0,3,0,2,0,0,8,~3, — 1 , i , — 1 };

/* var i ables for dat a str in g c o l l e c t i o n  */

char da tast rioal ’400 1
c har *dataSt p r ~.ia t a st n jnat0l ;

U defi n e SY~~S I Z E  2 00
~ define NtJM SIZE 200
# define SI ’m LEN 10

S t r u C t  nu mbers I
couhi e oumb er ’
m t  n um b en i
m t  u se;
j ot bu se
j o t  dec }

extero struct numb ers nump ers ()

1* numbers is a struc ture uSe (1 to o d d  l i t e r a l  numb ers

dec = -1 f l o a t i n a n o jnt d e c l a r a t i o n
0 iO te p ~~r d e c l a r a t i o n

l u se = 1 uSed as rm urr her
u s e  = I used o n l y  as labe l

2 uSed as st atem e n t label

numh enf = f l o a t i n g  p o i n t  v a l u e s
niu mbe n i = in teger value

*1

Struct s yr r table I
Cha r Sym bol (SI~~LEN]m t  typ e;
m t  d ime n
jo t .len gth
m t  act;
j o t  c1 ’D~~v ;

extern stru c t sy n ta p l e sv r n t a n b o  ()

I 3~
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1* sym t aole is a St ru ctu re used as a SVr rbO~ t a n l e

sym b o l = i a e n t i f i e r  v a l u e
tyPe —1 n u i b  p arms 01 e~~te rn v a r i a b l e s

= 0 numeric id
numeric array

2 stri n g  id
3 strin g arra y
‘4 fu n c t i o n
5 numeric b i t
6 s t r m o ~ h i f
7 sim cle form at
8 n ume r i c  format
9 n um e r i c  s t r i n g  h i f

10 ex ter n a l v a r i a b l e s

i iren d i—e n s i o ri of array
num ber of oa r a—ete rs fp r f u n c t i o n

len g th = le n g h t of a st r i n g
dopey = inde x p1 th e f i r s t  ele m e n t of

the arrays doce vector in aooe
ant = use for h i f ’~ l u sed U uousec

n um ber o~ elem e n t s  jn n u m eric array
F number of bytes in a s t r i n g  array

the fo l l o - n i n g  d e f i n i t i o n s  are th e reserve w or ds o + 5-~5IC
resenve w or a s ca o i t o l  sp e l l i n a s

I reserve w orcs lower case soel 1 in g s
note the ‘ 4- ’ i n s e r t e d  t o  a l l  t e x t s
to a l l o w  “C ” to p ro cess t~~e v a l u e s
of i t s  o w n  r e s e r v e  ~~o r - ~ s .

ch ar *reservp,,crds Cl I
“ST tT P” ,
~‘ GO”
~t 1 ~ H

1. ~
“UN”
“ T 0 “
“ 0 E F” ,
~ D I ‘- “

“ E N D ” ,
“F U ~~~

“ ,

“ LET
“~~ E ‘~~I~

“0 A I A
“ELSE” ,
“ GOT U” ,
“F I L E “ ,
“ 

~ E x T 
“ ,

1’40
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“R EA D” ,
“ O P E N ” ,
“ S T O P ” ,
“ T t—i E “

“ G O S U R ” ,
“ IJ P UT “
“PR I N I “
“ CLOS E” ,
“i4 P I T E ”
“RE TURN” ,
“R ES TO R E” ,
“ S U B ” ,
“ R A ~~L ) O M I Z E ” ,
“ E (~ 

“

“ L I “
“ G T “ ,
“G E”
“L E”
“ N E ~‘

“R E MA R p( “

“C AL L ” ,
“E X T ER N “
“IN TE GE R ” ,
“FLOAT” ,
“DOUBLE” ,

“ADD k” ,
“ 0 P “
~‘ X OR “
“N 0 1 “
“AND”
0

char t ireservewo ni s I)
“4- S t e o “
“ 4— g o ” ,

4- i I
“ 4-On ”
“ 4- t 0”
“4-de l “ ,
“ 4- d i m ”
“ 4— e 0 a “
“ 4- f p r ”
“ 4— 1 e t “
“ 4- rem ”
“4-d at a ” ,
“~~e l se ” ,
“ 4-go ?• p “ ,
“ 4— 1 i 1 e “

“ 4-ri e x ~ “
“4-read ” p

“4-doer ”
“ 4- S t OP “

1 4 1
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4- t hen ”
“~-gosuo ” ,

4- i op u t “
“4-pr i n~~”

“4-c l o s e ” ,
“4-w r i t e ” ,
“4-ret u rn ”
“4-ne S t ore ” ,
“ 4 -s ub ” ,
“4-ra ridomi ze ” ,
~ 4— e o “
“ 4- 1 t “
“4-gt
“4-ge
“ ~ 1 e ~‘

4- n e ‘
“ 4- r e m a r k ”
“i -C a l l ” ,
“ 4- e x t e rn ”
“4-jot eger ” ,
“ ~ f 1 o a t “

“4-ppuh 1 e ”~“4-cha r ” ,
“4-add r ” ,

4- 0 r ‘

“ 4- x or ” ,
“ 4-no t “
“4-ana” ,
0

ch ar * r j f s r j  4
a t an “
e x o “

,, 1 0 0 ‘‘ p

r r d ~
,, 

S i 0 “
,, 

C 0 S ~

“ Sort “
‘ t a ri
‘~ 1 e n ‘~
“ a S c “
“C ~ r 5”
“Co s h ”
“ 

~ 0 ? “ ,

“ S i r~ h “
v a 1 “

r a I
I e g “

‘~ t a h “
“ c p 1 “ ,

I ‘4?

—
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“page ” ,
~ abs ~
0

I - ;

I ~ 3

~4l~~~~
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SC A N r E  R

/ *  th e f o l l o w i n g  are the user d e f i n e d  f u n c t i o n S  re p u i re d
to provide sca n ning *1

yy l e- x( )
I ex t ern i t  yy lvaU 1/ t h i s  v a l u e  is used to re tu rn

II val ues to vacc
dou ble atofO
c h ar id (l0) ,numst r(5 0 ); jot i , K , l ;  jou p l e a,b ;

w h i l e  (TRUE) 1/ ac foreve r or u n t i l  ret~jrn

s w i  tch (ch artv oe (c ] )

/ *  eof and the ~ n0

token for yacc —— c a se  — 2
i l l , a a l  characters —— case —1
b l a n k s  —— case 0
o e w l j n e —— case 1
leg al sp ecials —— case 2
l et te r s  —— case 3
d i p i t s  ana p e c i m a l  — — case 4

str in g s —— case S
co n t j n u a t i o o  -— c a se  ~

cjef aul t:
c ase —2: return Cc); II i f  ~e net here

/ 1  .~e ’ 1 p e t t e r  be ac ne
case — i: io (0 ] c; m a L i ] = ’ \o’ ;

error (il , ” i l l e g a l  cha ra cte r n’~l e tm a ”)
c :o etc (fi l e i o) ; prea~~

/1  t o r ow a~~ay ii  l e g a l cb a r a c t e r ~
case 3 c :aetc (file ,r r ); rr e ,~,;

// b la n~~S t~~rp w n aw a y

/* just update th e l in e C o u n t C r  a n d  r e t u rn

n e w l i r i e  to ~acc */

c ase I :
y y l i n e + + -  i c  c : o e t c ( f i l e i r~)
if (eofflaa ) c:0
if (I co ri flag )

I e x f l a q l d i rrv z O ; def v 0
i f(t emp cnt > m~~ x~~ e m r )

m axt em o t em pc o t
t e r~c c nt 0 r e t L j r r l ( i ) ;  }

c p n f l a ~~~0; br eak,
// c o n t i n u a t i o n  on n ext l i — e

case 2: i c  c g ~~~c (1 i l e i n ) ;
II re tur n th e legal cn d r a c t e r  as ~s

r etu rn C m ) ;

case 3: j=Q ; i d  Ii 4+1 c

~~~~~~ 
--

~~~~~~~
--

- - — - — — -
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//col lect id ’s ari~ r e s e r v e d  w O r d S
c getc ( f i l e i n ) ;

/* c o l l e c t th e f i r s t  q l e t t e r s  in jd — — no te no reserve d
word is lon g er than 9 and ii ’ s are l i m i t e - ~ to ‘4 */

w h i l e  ( ( ( C h a r t y o e ( c ) ~~~ 3) H
(crr a rt y oe E c ) :z4))
&~ i < 9)

id (i ++ )= c ; c g e t c ( f i l e i r m ) ;  }
i a (i)= ’\O ’ ; ~= j ;

/ 1  oad n u l l  to end s t r i n g
/ *  uPper case reserve w ords */
1 = l o o k  rs Cm d)
i f (1 1 ) II  return reserve i f v a l i d

sw i t c h (1 )
I
case 0: re t’jrn (STEP);
case 1: retur n (GO);
case 2: r~~tu r n (IF);
case 3: retur n (O~~)
case ‘4: r eturn (TO);
c ase S: aefv l ; r etu rn (DEF);
c a se 6: d i m v l r etur n (DIk ~)
case 7: e o f f l a g o; retur n (END);

I I  au~~rante~ e c f
cas e ~: return (FO ~~);
case 9: return (LET);
case 10:
case 35: w h i l e (c  I: ‘\n ’)

c a e t c ( f i le i n )  retu ro (~~E ) ;
case 11: re tu rn (DAT ~~);
case 12: return ( E L S E ) ;
case 13: re tu rn (GOTC);
case 1- ~ : return (FILE);
case 15: return (‘~E~~T);
c a s e  1c r e t u r n  (

~“E~~C ) ;
case 17: r et u r n (CPE~~);
c a s e  18: r e t u rn  (S T O P );
c ase 19: retu rn (T~~FN );
case 20: r eturn (GOSuR );
c ase 21: re~~ur-i (TN ~~UT );
case 22: return (PRINT);
case 23: return (CLOSE );
case 2/4 : return (,~R ITE ) ;
case 25: return (RETu ~~.);
c ase 26: retur n (~~EST fl~~E)
c ase 27: retu rn (SUB);
case 2’~: return (‘~A N DCA I ZE );
c ase 29: y y b v a l o; return (rel ~~cec);
case 30: y y l v a l :1 2 ;  r e t urn (rels oen );
case 31: yv l v a l ~~~; return (relsrec);
c a s e  3 2:  y y l v a l 2 O ;  r e t u r n  ( r e l s p p c )
case 33: y y l v a l lb ; re tur n (relcr ~~c);
case 34: y y l v a l 4 ret u r n  (re l sr~~c);
case 36: o r icnt :0 ;  ex ’laa O;

..,
—‘ -—-—-~~----
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re t  u r n ( C A L L )
cas e 37: oncnr 0 e x f l a c ~~O

re t  urn CE ~T~~~N)
case 3~~ :
c ase 39:
case ‘40:
c a s e  ‘41:
c ase U2:

y y l v a 1 1 38 retur r (TYPE )
case ‘43: ne tur n( OR );
case ~4 ’ 4 :  r et u rn(~~OP)
case ‘45: re tu nrr (N O T)
case ‘1 6: returr ’ (AND)

/ *  not a reserve wor d lo o k fp r an I~ if l e n g t h  pk *1

i f  C i  > 5 ~~ e x f l a a ) II L4 ch ar l i m i t  on s t j  i- ~ s
I error (id ,

“ i l l e g a l  ID name —— n u - - m en i c t~ u s ea ”);
i d N 4J = ‘\O’ ; j Iook jC (id )~~

else i :loo kup (ia )

/*
Any ID w h i c h  con for’~s to nor m a l  8~~S I C  ID  oe f i n i t i o n s  is
accepta ble —— thus the f o l l o w i n g  f o r — s  are reco~ nenaea

num eric id ’s —— l e t t e r
l e t t e r  cig~~t

s t r i n g  j j i ’ s —— l e t t e r  ‘
~~~~

‘

l e t t e r  cig i t ‘
~~~~

‘

f u n c t i o n  ia ’ s —— F N  l e t t e r
F~J l a t t e r  l j a i t

These forms a re recom-m ’en ced h c -~ever tre f o l l o w i n g  are
th e r e s r t i c t i o n s  w h i C h  a re  enforced.

1) lenat o 1 ’ 4 ch a r acte r s
2) the jd must be am w i t h  a l e t t e r ,

uooen or lower case
3)  rules fpr tri e r e c o g n i t i o n  pf  t y p e s

numeri c id ’ s wX y Z

~~~
x ~ N ,n , ~
y •• ‘= 

~

s t n i na  ii ’ s w x v z

~~ F ,f
x ~~

I — kb 



I— -: —‘.——,—
‘
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—‘II,

x or y m uSt = $

function id ’ s w xvz

w m u s t  = F ,f
x must  = r ,,~ ,

~4) id ’s m ay mi x u~ oe r and lower case fre e l y

* * * * * * * * * * * * *k * * * * * * * * * * * * * * * * * * * * * * * * *  * * k * * * * * * * * * * * * * * * * * *

N O T E

reserve words are acce p table as e n t i r e l y  UP PE r ~ CA S E or
LO W ER C A S E, h o w e v e r  t he y  may riot be MI~~ED1

i f  C i  — 1 )  II  r e tu r n  t yo e  i f  o receclared
I i f (a im v l : iefv :1)

swi t c h (s y m t a b l e (i J  .tyOe)

case 0:
case 1 0: if (~~efv 1)

4 y v l v a l i n s e r t ( j c )
r et urn( ou r ’e r ic 4 - id) }

e rr or (id , — sg (O) ) ;
return (ri u m e ric 4 - i d )

c ase 1: err o r (i d, -’sa (l));
ret urn C arra y 4-i g )

ca se 2: case 3: err o r (id, — sq (2] );
retu r n ( s t r m n a 4 - i d )

case a: erro r (m d , m siI 3 ) )
r e t u r n C f u n c t i c n ~~ia)

c ase 5: case 6:

• 
case 7: case -~~: c a s e  9 :  e r r o r ( i - ~ ,rr s a ( 4 )  ) ;
a e f a u l t : e r r c r( i d , msq 1 7 1 )

yv i val =i ;
Sw i t c h  (s y r n t a b l e C i  .tyce)

case 0:
case 10: re turn (n u’ r eni c 4 - i l )
case 1: ret urn (arr -av 4- ic ,)
cas e 2: retur n (s tn ina4-ia)
cas e 3: return (s t n io g 4 - i a );

~as e ‘4: r e tur n (fu nc ti o r 4 - i c );
case 5: re t u r n  (n um e r i c i -h i #);
c ase 6: retur n (s t n i n i € r i f ) ;
cas e 7: re tur n (s i r r o i e 4 - f o r— a t ) ;
cas e 8: rC tu r o  (n’j p r i c ~~fp r.’at~~c a se ~: r e t j r ’  (str 4-nu ’~4-ni f );

I ‘47
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/~~ ch ec k for a function d e f i n i t i o n  FN ,Fn, fN ,fn 4/

i f  ( C i  a ( 01  ‘ F ’  4 ( 01 ‘ f ’ j ~~( i d ( 1 1  ‘ N ’  ig ( 1 1  ‘ n ‘ )
(i i n s ert (id) vy l v a l i
sym t ab be Ii )  t

retijrn (furi ct ion 4 - l d ) }

/ *  no t  a fu nc t i o n  —— a string id?? x~~~, x v 3  */

i f  ( i d ( 1 1 == ‘ 3 ’  i d (2) = = ‘ ‘
(i:insert(i d ) yy l v a l i
i f  (dIr r v 1) 1
er r or( ml ,

“ ** ,~A p~~jING ** u n o e f i n e d  s t r i n c  ia ”)
e rro r( l d ,” assianel i~~f a u l t  l e nd t~ lh ”)
err o rc n t = e r r o r c r i t — 2 ;

II  bac~ out error on w a r n i n c
s y m t a b b e 1 i ) . len~~th Ib. }
Svmt ab b e  ( m l  . t yoe d;
return (stn in g 4 - i d ) }

/ *  not f u n c t i o n  or s t r i n g  rust he n u m e r i c  *1

i i nsert (i c ) y y l v a l i
retu rn (num e n i c 4- i i) ‘

~~

case ‘4: d 0.; b . 1  3 = 0 ;  i-= 0;
/ /  ou ” h e r s  ‘a l l  ~‘ere

/ *  aoes tri e number ~aain w i t h  a dec i-~’a C O j r t  ??? */

r,ijms tr (j+ +) c if  Cc::’ .’) i:1;
c get c C f i l  e i n ) ;

wh i le (c h a r t y o e (c I  : ‘4 ?,~ 3<49)
i # (C  ‘ ‘ )

{num str(j ~~+1 c c : a e t c ( f i l e i n )
e lse i f (i ~~~1 ) I hreak

else C i = I ; n u m s t r (j + + ) = c ;
c c e t c ( f , l e i n )  ~

i f (i :: ;<s n u m s t r u j = ’\o’;
else i f (3>5 : num str (0 ] > ‘3’)

I i= 1 ; ri u r r s t r [j + + J : ’ .’
- n ums tr(j) : ’\U ’

else { num st r (j] : ’\O’ ; }

(1 0) 4 3 a t o i (num str ) ~~~l o~~kni C i ) ;
I I  declared as integer lock up

if (k —1 )
4 1:3; k i n s e r t n r ( j  ,-g );

ou.rte r s (k ) . c e c O } )

else I o:a to f (numstr )

1 4 p



~~~~~~~~~~~~ ~~~~~~~~~~~~~~ --~~~~-~~~~~

//dec lared as real looku o
i = c,; k loo kn f( d)
if (k — 1 )

4 k :mn s e rt n r(j, d)
n umbers (ki - dec : — 1 ; ) }

/ *  return index in number table
in y y l v a b  and return number *1

y y l v a l k return (riur~r~e r ) ;

case S: sti gl O I/ strin g s f a l l  here
w h i l e  ((c a e t c (f i l e i n ) )  I:

~~ s t i q l  < 256)
st i a ( s t i g l  ++ l c;

/ 1  c o l l e c t  the s t r i n g  in s t i g
c:qetc ( f i l e  in ); st ~ Q (St i a l l  ‘\O ’

II out in t h e  n u l l  fo r s t r i n g
return (stnm n a );

case 6: // c o n t i n u a t i o n
con flaa :1 ; c :g e t c C f m l e i r D ; bre aK

II  fla p on n e x tc har
d e f a u l t :  return (0)

/ *  ena of yy l e x *1
1 ’ ) )

y y i n i t  (argc ,argv ) m t  arac char **arcv 4 m~~t i j ;
if (argc 2) 4 er r or (”AR G CO JN T ??” ,O); e x i t C 1 );~
j:0;
i :0;
wh i le (argv 11 1  Ii)  1: ‘\O ’ ~~ i i  < N A ’ ~ELE 1.JGTP, — 2 )

4 jI (ar qv (11 (j 1 == ‘ / ‘ )  I i j:0; 3 ÷ +; ~~~

II  set fi i e n a r ” e back
else f i l n a — i ( i j + + )  :ar qv ll ) (j+÷);

i I C I C I il  na~ [ii — 1 ) ‘ b
&~, f i l nam (ij— 21: : ’.’) H ’i< 3 )
C e n r o r C ” f i l e  type ’??” , 0); e x i t  (1);

1, ln am (i j~~I) :‘s ’ ;
I i  loam (ij I = ‘
fout = cre at (filn am ,0666);
if (fout : — 1 )

I er’ r or (fi lnam , ” cari not open??” ); e x i t  (1);
o r i n t f (” .q bo o l 4-main \n\n .t ex t \ri \n 4--rain :\n\r ”);
c n i n t  f (” setd \rim ov £ ST A C K , r L4\n ”)
secant (32~ —I );
sem ar~t (55,— 1 )  ;
for (tnum :0 b i f s (tr i um l :0 tn um++ )

I j insert (bi f~~ (t nu—1 ) ;
sy m t a b l e (j l .t y o e  :b i f t y o e (t r i u m l ;
s ym t a b l e (j l . d i~~e n : 1
Syc ta ble (3 1 • len g t h b i fact ( t nu r r i

I ‘.4~~

- ~~‘ ‘ 
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~m~~bA SE= j ;
j :lookuo (”-riod ”) sy rr t a c- le (j ) .ii—en :2,
j :lookuo (” rod ”) symt a h l eH l  .ii r ~en:0
j :lookup (” paqe ”) s v m t a h l e (j l  .d i r ~ e n O
jI (foo en(ar av( t1 , f i l e i n ) —1 )

(errorC ” c an not open ar ql ” ,O);
u n l i n k  Cf i i  nan’) ; e x i t (1)

c:ge t c ( fi l e i n )
// c a l l e d  f irs t t~y yacc qe t f i r s t  ch a r a c t e r

yyaccpt C ) l in t k ,l , rr ,n char *g a t ap tr , aouo le d . 1=0;
p r i n t f ( ” .g l o b l  DA T C N T , DA TA , DATAENO ”H
pn i n t f  C “ STR NE X T , ST REND , ST PDA T A\n “ )
o rm nt I C” .data\n\n ”) ;
k dat aot *~~;
p r i nt  f ( “DAT CNT : 0\n ”)
p r i r i t f ( ” D A T A :  \n ”)
for (3 0  j  < ca t a rt ; j++ )

nu rrbrcv (~.d a t a ( j J )
p r i n t  f (“DA T A END : 0; 0; 0; O\n ”)
p r i n t f ( ” S T P N E X T :  .:.+2\nS TQ DA T~~:\n ”);
if (datastp r I: d a tas t r i oo(0) )nri nt~~(”\n< ” H
for (data otr &dat as tri n q (0)

d a t ap tr < cat astor d a t a o t r + + )
j f (*dataptr ‘\O ’) or in t f (”\\O >\ o < ” )

else cutc har( *latao t r )
pr in t + (” \\ O> STREND: .0-yte 0 .bvte 0; .ever ’\n )
for (3:0; j<n unib er ct jts)

if (numoers (j] .cieC 1: 0 nu~ ’ b e n s ( j )  . lus e  1 )
l p n i n t f( ”NZd: ” ,j)

n u m h r c v ( & n u m b e r s ( j l . r ’ u m h e r f )  }
for (j:sympti’ U j<P.~B A S E ;  j + + )

C K S y m t a b l e ( j l  .tyoe
s w i t c h  (k)

case 0:
case lo: .

p n int f (” S%i : 0 0; 0; 0\t/ ~s\n ” ,
j ,5 ym t a h l e [j 1 . s v ~~t~o l ) h r e a K

case 1: l :sym ta hl e (j]. ioov;
m :sym taol e (j ] .Oime n
on i r i t f  (“SDZcj ; ~o\t \t /~~s\n ” ,

j , m ,sv m t a b l e ( j )  .çyr ~- p l ) 4
for Cn :l + 1; n 1 +~~; n + +  )

I if (k :1) doce (n1 * ~3;
- c r i n t f  C”

aope (r’I); }
b reak

cas e ? :  l :s y m t a b l e ( jJ . l p riat r l—1
p r io t I C” S 1.ci : 0; • - +z~ ; , j  , 1 );
p r i n t f (”  .even\ t \t /~~s\n ” ,

s v m t a h l e E f l  .5vmcol) br ea~~
ca s e ’4: o n i n t f ( ’ S 7 .d :  0; 0~ 0; 0\t \t ” ,j);

150
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p r i n t f C ” / Z s \ n ” ,sym t a r i e l j l . s y r n o o l )
br ea k

for (k:0- k< 15; k++)
i f (flg(k) 1= 0)

if C f d ~~(k) : 1) ~ + + ;
e lse

err orC ” m ore f i l e s  re fer enced than ocereu ” ,O)

i f C j i O )

p r i n t  f (“~~JF: .:.+%o \n ” , 3 *5~~~)
p n i n t f ( ” .alob l FD, FDO\riFD :\n ”);
1=0;
f o r ( k- 0  K<15 ; k++ )

if  (fis(k j 1: 0)

else o n i n t f (” \ t O \ n ”)
p ri r t f C ” F I ) f l :  ..+30 .\o ”)
o r i n t f ( ” .tex t\n .a i o b l  FCLOSE \n ENL E~~:\n ” );
pr i n t  f C” 3 S r  PC ,  FCLOSE\ n ”
p n i n t f C ” svs e xit \ r i ”)

else o r i n t f (” .tp x t \ri E~~0E R : sys e x i t \ n ”)

pri nt f (”\n \r .bss\ n\n ”);
p r i nt f (” STA C K TUP : ..+S0.\nS TA CK: • . ÷2\r ”);
for (j 0  < f o r c t r  ~ + #

p r int f(” FM Zd : ..+8.\nFI%a: , . +h.\n ” , 3 ,  j ) ;
i f  (m ~~x~~~mp < 20) ~~ ma xte-n p ; else k:20;
fo r (j:0;~~< k ;j + + )

pn,n t f(”T~~a • = _ + P- .\n ” , 3 ) ;

for C i = s y—ct ~ 1; j < R.~F~~5E ; 3 + +
4 <:s~~n t a b l e ( j )  •tvoe

l :s y r rt a b l e ( j l . a’ l t ;
s..~i t c n (

case 1: l = i * ~~;or i r - P f( ” SZa: • .~~Z~~\t \t /’.s\~~” ,
1 , s v m t  a b l e  ( j )  • sy rii bol)

hre a k
- case 3: or ,ntf (”S 7.cj: ..+%g .e v e ” \t \t / ’- s\’ ” ,

- j , 1 , s v - r t a h l e (j ]  . s v r r h o l )

1 5 1
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MA I , j  PPOGP A~’

~ define EPPO~ FILE 2

~ in c lu a e ”J bs truc . ri ”
exte rn m t  e r r o r cn t ,  # i l e o u t , fou t , y y i i n e ,  ~~~~~~~~

numhe rp t ,symo t ,j
extern char f i l n a m (1
main (arqc,argv )

j ot argc
ch a r *argv M ;

yy;n i t (arqc ,ar gv )
if(yyp arse () : : err orcnt >0)

I u n l i n k ( f i l r a r r ) e x i t C i ) ;
yva ccot (
fl us h ()
e x i t  (0);

como ar (sl,s2 ) // ccroa res tw o s t n i n a s  r e t u r n s  -
~ i f  n.e.

Char *s l , *s2

w h i l e  (*sI++ *s2)

~f ~~~~~~~~~~~ ‘0’) return C l )

return (0);

st rcopy( s,t ) 1/ t h i s  oroceaure cooies st n in as
c nar *s, *t; 4

w r ’ i l e ( * t + +

numbr Cv( st ) jot *st (1;
I i r t j ;

for (i=0 ; i< 3; ii -+ )
o r i n t f ( ”~~o “ ,s t h I  )~

p r i n t f ( ” ~~ o 0,st [3));

error (x, y) char *x , *y

fl u shO
f il  eou t :f Out
fo ut E kPO PF LLE ;
if (y == 0)

152
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p r i n t  f (“153s0, x
else

p r in tf (”153d: ~s: ZsO ,yyl io e , x ,y)
flush C);
lout : f i l e o u t
errorcn t ++;

yye rror (s) char *s I
extern m t  yy ct lar
extern ch ar *yv st er r r (I
flush C)
Ii leout fout
lo ut :ERROPF ILE;
o r j n t f C ” 1 5 3 s ” , s );
if ( yy l m o e ) o n i r t f ( ” , l j n e ’/.a,” , yy i i o e )
oni n tf (” on m n out: “ ) ;
i f ( yy char >: 0400

p rin t I C ”Z sO, yy ster m (yv cha r 0~400l
e lse switc h C yvchan ) I

c a s e  ‘ ‘ : p n j n t f (  “ \tO ) hrea ’
c a s e  ‘0: p n i n t f (  “ \r0 ) brpak
case  ‘0’ : o r i r t f (  “3endO ) prea k
de f aul t  p r i r t f (  ““~c O  , vyc h ar ) hrea~~

e rr o r cnt + +
f b u s h H
fout :fi leout

lookup (s) char *s; 4 /1 t h i s  orocecure v a l i a a t e S  id ’ s
j o t  m ; I/ r e t u r n i n g —i cr s v m b o l t a b l e  ind ex

for (i s ym pt+ l ; i PaBA SE ; i +÷)
if ( c o mo a r (s ,sym t a h l e ( i ] . sy m b o i )  > 0 )  r e t u r n  C i ) ;

/ *  h a n d l e  upPer ari d b o n e r  case reserve ~or~~s •/

for (i:R~~A A SE ;  m < s v~srZE ; itt)
i f C c o m p a r (s , s v m t a h l e ( il . s ym n o l )  > 0  H

bifco ’noar (s ,j ) > 0 )  r e t u r n C i )

return (—1 );

bi fcon ’oa r (s,i) char *5  jot ~;
I // check bi f~ by t r a n s l a t i n a  a l l  lowercase to uop~~rcas e

II  retu rns index or — 1 i f no m at c h
jot k l , k;
char t (SIMLE\J J

k 1 ’ a ’ — ’A ’  I I  d i f f e r e n c e  Petwe en uop ercaSe ano l c ase

for (K:O; s (kJ I: ‘0’~ + + )  t (ki = s [ K )  + k i
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= ‘0’ ;

ret urn (comca r C t , symt ab I e L i ]  . synco 1 ) )

loo k r s C s t r )  / *  resere word loo ku o — l is not found A ,

Char *st r I
j ot j ;

for (m:0 ;re se rve w o r-l s (il 0 i+ +)
jf (com o ar(str,reserve w or d s (i ) )

comoar (str ,~~I r e s e r v e w o r d s (i l  (1])) r e t u r n ( i )

return (— 1 )

boo k nf (of) //locates number s d e c l a r e d  as real
double nf I
m t  ~;

for (i= 0;i < ntj r r b e r O t  i t t )
if (oum bers (il.num oer f of ) return C i ) ;

retur n (— 1 )~ I I  return — 1 for no t f~~urg

loo kn i ( n i )  /1 t h i s  p r o c e l u r e  locates nu— ce rs
// dec la rec as inte d e r

jo t n i ; I
m t  i ;

for (i:O; i < r u r r b e r o t  i t t)
if (nun ’b e rs (il .nj-~b eni n j ) r e t u r n  C i ) ;

return (— 1 ); II return ~ f 0 r  no t

ins e rtCc c ) /1 t h i s  p roce du re i n S e r t S  n ew  10 ’ S ao’~
crar ~c c {  I I  zeros a l l  e n t r i e s  ——

j S vm0 t — // ret jr ns in d ex in
i f C j < O )

I er r o r (” fa t a l err or —— sy r r b c l  t a n l e  o v e r f l o w ” ,
“co m pi b a t  mo o ter~

r i n~~t~~-j ”
u n l i n k  C f i l  r a n ’ ) ;  e x i t  C l );

S t  rco ov Ccc , s y m r  a b l e  (3 1 . s ym n o l )

svm t ab le ( 3 ]  • tvoe :0
sy ri ’tac l,( jl •lirren :0
s ym fable ( j ) .le n d t h 0
svm tab 7e (j 1.1oc v O~
retur n (3);
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io se rtnr (jl ,d ) /1 t h i s  p rocedure aids new nurib erS to t~~e
double d m t  j 1 II  num b er table —— zero in g a l l  e n t r i e s
I i t  i ; /1 retu rns tn e index in the t a n l e

i number p t +-+ ;
i f (j>: NUM SIZE )

I error (” f a tal error —— number r able over fbo ,,, ” ,
“c o n c i l a t i o n  t e r m i n a t e d ”);

u n l i n k ( f i l o a r n ) ex i t (1 )

numbers Ci )  . n um t e r f d ,

nurr~,e r s ( m l .n um h e r i :j 1
numbers L i ) .use:0;
num b e rs (i ] .luse:0
numbers h i )  •dec O
return C i ) ;
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L IBRA RY

CU’ l M~.s
.qloo l CU ’~”PAR , AND,OP , XOP ,’~(JT
•te x t

CU M PA R:
jmp 31 (r3)

3:

beg L$ f
br Sf
boe ‘41
br 51
bqt ‘4f
br’ S t
b l t  41
br 51
b l e ‘41
br 51
bqe ‘If

5:
d r — C r 4 ) // FALSE into stack
r ts PC

‘4 :
‘nov $j,— (r 1-l) /1 T~~IJE i n t o  stac k
rts oc

NOT:
tst (r~4 )
bea i f /1 TRUE or FALSE in st a c K?
d r Cr 4) II  TRUE be fore Set FA LSE
rts cc

coy 51 , (r ’4) I / F ALSE before set TRUE
r t s oc

AN D:
dm0 (r4)f ,(r-’4)
bne if
rts cc II  both tre sam e so a- N D is cor re ct

cm (r’4) II d i f f e r e n t  A N D :> FA LSE
rts oc

OR:
cmo (r4)+ ,(r ’4)
brie if
rt s oc // bot h the same so flu i s co rr ect

m o v  ~ 1, (r4) II d i f f e r e n t  ~~ :> IPUr
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rtS PC

XOR:
cmp (r ’J)t ,(r ’4)
beg If
rnov 31,(r’4 ) I I  d i f f e r e n t  xOP ~~ Tk (JE

rtS oc

d r  Cr ’4 ) I/same XOR :> F A L S E

rts cc
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C S E T  .5
.cilobl CSE T, CRET
•ql o b l  .n d i a $ t , E R PO ~~,st r r v
.text

C S E T :
‘no-v (r4)+ ,n3
‘nov (s r,)+ ,rO
‘nov sp,st ack save / sa v~ old stac k P oi n ter for cnr C
crno $0,r3
beq 31
‘no v $h ere , rS

mo v (r ’4)+ ,r2
jmp *2fCr2 )

here:
sob r3 , 1 ’

3:
j -.,o * ‘ .( )

2: / tac le p f a c ” i o n s
i n tv al
float Va I
abl va l
cha r val
soec
i ntarra y
fl o a tar ray
db I aray
ch arstri na
soec j a 1

i n t v a l  :
movf *Cr l.I)+,l rO
‘novfi fr’0, r2
‘nov r2, —C s o )
jmo ~r5

I l oa t v a l
‘noy f * ( r ’ 4 ) + , f r f l

se t f
‘npv f fr0, — (so)
setd
jmo *rS

db l v a l
m ovf *C rLJ )+ , frO
rn ov f frQ , — (sp)
jn’p *rS

db la ra v
tst (r’4)+ /t h r owawav dooe vect n r i n # o
-‘no v (r4)+ ,— (sp ) / ~u t adaress i n  s t- ~cKj m p  * rS  H

f l o a t a r r a y
in ta rr - a y

jsr rS,ERQOR
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< * *Ep Rf Jp ** ij ni ’ol~~rne nt ed c a l l  oct ,on \O> .even
cha rv al

tst (r 14 )+ / th r O w ~~~~ le n gth
movb * ( r 4 ) + ,— ( s p )
jmp *r5

c h a r s t  r ing :
tst C rU-)+ / thr o w aw ay l e n g t h
mov C r4)t ,—C sp )
Jm ~ *~~5

scec i a 1 :
‘nov
jmo *r5

CRET:
c o y  ( s o ) t ,rl
coy  stac (say e,so
set d
t st 2 (r4)
beg If

‘n ov (r LI )l’ ,r2
j ’n p  *2f (r2)

2:
i n t ret
f l o a t  ret
dbl r et
oar ret

soec re t
jn to t r
I l o a to t r
~h 1p t r
charot r
soec re t

i ntr e t
t st C r L4 )t / th r owaw a y aun” y
m ovi f rO ,f r 0
coy1 fn0 ,*C r LI )+
jmp ‘ri

fl o a t r e t:
t s t  ( r 4 1 ) +  / t h r o w a w a y  d u mm y
se t f
c l r f  ( 4 C r~4 )

movf fr0 , * (n4)+
se td
j mp *ri

db I ret:
tst Cr4)-s ’ / t h r o w a w a y  ~ u m y
movf fr O , * (rLl )+
jrn p A r t

ch arr e t

I S~
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tst Cr4)+ / th row away dummy
m ovb rO , (r ’4 )
m oyb % ‘ \ O , i ( r ’4 )
cni p ( r 4 ) + , ( n U ) +  /th ro w away old len g t h and aoCr
jmp A r !

char ot r:
tst (r4)+ I t hr p w away dummy
may (r4)t ,r3 / get address
m ov (rU+ ,r2 / get O ld length
mov r3, — (r4) / res tore address on b otto ri
mo-v r2,— (r ’4) I res tore len g th on too
‘no v rO, — (r ’4) I new s t n m n a  address
coy 377777, — (r4) /dumn ,y len to force use p1 old len
jsr oc ,strrr v
jrr p t n t

soec ret:
tst Cr ’4 )+ I thr ow away ‘lu”r” y
m ov r~3, *C r 4 )+ / m ove p ointer in to o l ac e
j~rc tn

i o t p tr
fl o a t o tr :
db 1 ot r

js r r5,E~~ROP
(**ERpOp** u n i m p l e m e n t e d  c a l l  o oti o r~\t)>; •eveo

1: / proCedure c a l l s  cone here clea n stac k

cha ruse
charouse lb

cn’o (rfl, 5cbar-use / ch eck for ch ar c a l l  w j t h  ‘4 p arm s
bea 21
cm c (rU).,$cha rpuse / che ck f o r  char c a l l  w i t h  -~ ear S
beg 21
cmp ( r L I ) + , ( r 4 ) +  / t h r o w a w a y  unneede l  f u n c t i o r’  a d o rs
j m p  tn

2:
c’no (r’4)+,(r4 )+ I thr owawa y un ne eded  f u - ’ c t i o n  a a c r s
tst (r~~)+ / thr owawa y unneed ea f u n ctio n adar s
j iip A r )

stac ksave: .:,+2
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DOPC AL. s
.glob l OOPCAL
• t e x t

DOPCA L:

mov ~0,dctmp
coy * (n 14 ),rO /qet number of subscri pts
may (r4 )+ ,rl /m ove address of dooe vector into ri
inc ri /move to f i s r t  dope value
inc ni
coy ~8,r2 /the f i r s t  d i s p lace m ent is 1

TOPC:
‘nub (r4)+,r2
add r3 ,dctrn o
‘nov (ni )t ,r2
soc r O , T O P C
mo v dctmo ,r3
add (r4),r3 Iad-~ j n  th e nase of the array
ma y r3, (r ’4) /leave th e address in the stac K
r ts Pc

• data
dctmo 0 / t e m p o r a r y  f p r  c a l c u l a t i o n
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E PPIJ R - s
.g b ob l ERROP~

ER ROR:

coy $2 ,rO
moyb (r5)+ ,erch
bea 21
sys wr i t e ;  enC h 1
or lb

sys ex it
erch .:.t2

I bd
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‘ ) P F ? . s
.globl OPEN , C L O S E , S E RP O P,F CL PSE
•q l obb FD ,F D O , fope n ,fcrea t ,ERR 0~~,f l u s h
.tex t

OP E N:
mov (r4)+ ,nt /m ode
‘nov (r’4)+,rO /acjdress of nane
coy rO ,r2
coy $FDO,r3 /oceo fla p s
add (r’4),r3 /select correct f laa
t st C r3) /ooer, on cl ose - i
beg If -

jsr nS ,SER~~OP
<~~~temp ted to reopen: \0>; .even

in c C r3)
coy $FD,r3 /bu~~fer h-a s~
add (rL4 )+ ,n3 /selec t correct bu f f e r
j rn o *3f (r l ) /sel ect m ode

3: /tabl e of nodes
R~~ND0
ROPE N
C R EA T E
APPEND

P A ~, DO:
jsr r5,SERPOP
<unim p le m en ted ranoc— access: \0> .e v e o

ROPE”-J :
coy (r3),3f
jsr rS ,fooeni ; 3: 0
bes FILER POR
rts oc

C R E A T E :
coy (r3 ),3f
jsr r S ,fcrea t ; 3: 0
ces FILE PPOP
rts oc

APPEND:
mpy rO ,3f
sys oPen; 3: 0; 1
bes FILE APROR
coy r O , * ( r 3 )
‘nov $5 12 ., *2 (r3)
epy r3, r2
add ~6,r2
coy r2 ,’4(r3)
m dv •(nfl,rO
sys see’c 0; 2

1b3
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nt s oc

FILE RROR :
jsr rS, S E P R O R
< f i l e  open error: \0>

F IL E A R R U R :
is r r5,ERPOP
<erro r on open for aocend\n\0> , .even

SER WOR:

‘nov $2,rO
movb (rS)+ ,sec h

~eg 21
sys w n i t e  sech
br lb

2:
coy
m ovb (r2)+ ,sech
beg 31

~~~ write ; sech
br 2b

3:
no v $2,rO
cov $‘\n ,sech
s-is w r i t e ;  sech ;
s-vs e x i t

CLOSE:
‘no v $F°,n3
add (r4),r3
mo-v C r3),2f
jsr rS ,flus h 2: 0
‘nov  * ( r 3 ) , r( )
sys c lose
‘nov $FDO ,r3
add Cr 4 )+ ,r3
d r  Cr3 )
rts oc

FCLOSE:
‘no v $14 .,nl
cov %FD, r2
c oy  ~FDO , r3

tst (r3)
beg 21
coy (r2),31
jsr r5, f lu sh 3: 0
may
sys c lose

2:
add ~2, r 2
add ¶d ,rS

I 6’4
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Sob r l , l b
rt S PC

.dat a
sec~ : 0

I b~
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A F . s
•al~~b l QE4OF ~~~~~~~~~~~~~~~~~~~~~~~
•glo ~~l FD, FflU ,qetc
.text

REAOF:
coy $FD, rd
add (r4)+ ,r2
coy Cr ?), REA D FILE
rts oc

.dat a

~EAD F IL E: 0

.qb o b l  ERROR

• te x t
i~ E A D F N:

‘no v $rnurn p~~t , r 3
coy $23 •,nj /len q~~h p f number l i -m i t e o  to 23 d i o i t S
d r  r2

coy REA r )FILE ,2 f /stand arcj b out
jsr r5,getc 2: 0
bes nadread
‘no vb r O , r c h
crnoh $ ‘ Q ,rc’,
b i t  61
c’noh $ ‘O ,rch
bgt 21
moyp rch,(r3)+
Sob r l , I h
br b f

2:
c rr,ob - : ‘  ,rch
beg 3f
dmpb Y\t ,r ch
beq 3~
C- no b ~

- ‘ .,rch
beg Sf
cm ob $‘ — ,rch
beg 4 1
c mpo $‘ + ,rch
bea 3f
br 6f

3:
C’nP r 3, $ rn uc b st
beg l b
cm o r 3 ,3 r n umbs t +i
bne hf
tst r2
bne of
Sob n l , t b

‘4:
crn o r3,~~rn ucost
bne of

I 66
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moyb rch ,(r3)+
br lb

tst r2
ene ~ f
rrovb nch ,(r3 )+
inc r2
sob r l , l b

6:
tst r2
bne 2f
moy b $ ‘  •,(r3)s

2:
mo ve ~‘\0, (r3)
‘nov 5rnum bst , — C r ’4)
rts cc

bad read:
jsr rS ,ERROR

<E RROR baa system c a l l  NEA DF-N \o\0>

• even
.da t a

rnum bst •:.+24.

.gl ob l ERROR

• text
R EADFS:

rroy (r4)+,rl /lenc tt ’ to ne read
‘nov (n L4)+ ,r2 I-address

‘nov REA DF ILE ,2 1 /d e fault in p ut
jsr r5,z~etc ; 2: 0
bes hadsread
‘novb rO ,sr’ch
cmp b $ ‘\n,src h
bea 21
Crfl pt) $ ‘“ ,srcp i
bea 21
rnovb srdh ,C r 2 )+ /out characte r i n cl ace
sob r l , l h  /s t ri ng f u l l  vet ?

2: m ovb $‘\0 ,Cr2 ) Fall strin g s pn~ 
jn n u l l

rtS PC
bads read:

isr r5,EPPOR
<ER ROR bad system c a l l  PEAD FS\n\0>; •even

srch .z.+2

REAQF E:

167
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mo v REA DFILE ,2f
jsn rS ,qetc 2: 0
bes 21
cmp h $‘\n,rO
boe lb
2:
rtS PC

1 ID~
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.qlo b b SDCAL
text

SDCAL:
m ovf * (r 14)+ ,frO
m o y f i  frQ,r 2
ma y (r4), rl II save le ng t h fpr l a r e r

inc (r4) II aua ment  l e n q t h  b y n u l l  cn enc

cub ( 4)+ ,r2 // m u l t i p l y oy lengt h
add r3, (rd ) II  aod i i s r l a ce ’n en t to rase

‘nov nl , — (r4) II  resto re th e len gtn
rtS pc

1 o~
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SU~~ST~ . s
.g bo bl SUBSTR
• text

SU~~S T R :
coy1 * (r-4)+ ,f nO // l~~r,a~~ c 1 suns tr
r no v f  * (n14)+,fr l // st ar t in~~ p #f s~~t
coy (r ’4)t- ,nl I I  len g th p 1 s t r i n g

r no y f ~ fr l ,r2
dec r2
ccc rd ,rl
bge if II  t o o  l o ng
mov f~ frO ,n3
add r3, n2
Crn O r2, r l
bge 2f 1/ s t a r t + l e n g t h  toc far

m~~yf i fr l ,r 2 II a l l  OK
dec r2
a-Jo r2,(r’4) 1/ a l t e r  address oy s t a r t i n a  r y t e
rnpy f j  fr0, —(r4) II  new l en a t h i n t o  stac k
rts pc

ada n l, (n ’4) II  po i n t  to end of st ri nn (~~ULL )
mov $1 , — (r4) II  len gth now I
rts PC

2:
Sub nt ,r2 /1 how  m uch too rig???

m o yf i f r l , r 3
add r3,( r L4) II  new S t a r t i n g  aggress
m o y f i fn0 ,r3 /1 get l en gt n again
Sub r2, r3
‘nov r3, —( r LI ) II  new lenath
rts PC

170

~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r 

- 
—

~~~~~~ 

— - - -  

~~~~

-

A ~ I T F - s
•qb o b l ~RI TF , .~R I T F N ,~~P I T F S ,  .‘i~~1 TFE
.gIoo ) FD,FDO ,putc
.tex t

~iRI 1~~:
mov $FD,r2
add (r’4)+ ,r2
mov (r2), nR ITFILE
rts pc

.da t a

~‘J R I l F j L E :  0

•al ob i nod i gi t- , f lo t en , ERF OR
.text

-~HI IFN :

mov $wnumb r ,r3
isr p c , fb o t e r

mo -v 3wnum h r,r3
‘nov no d i g i t ,r 2

inovb (r3H- ,rO
mov ~PITFIL E ,2f
jsr rS,putc ; 2: C-
sob r2,Ib
coyb $ ‘  ,rO
‘no v ~R ITF ILE ,2f
.i sr r5 ,put c 2: 0
rts PC

w n u rn b r  .:.-i24 .

.g 1o~~1 ERROR
• te xt

~ R I T F S:
ccv (r’4)s,rl

‘nov (r’4)+,r2

‘nov ~R I TFILE ,2f
m ovb (r2)+ ,rO
bea Sf
jsr r5,outc 2: 0
sob n l , l b

rts pc
5:
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movb S’ ,rO
m ov ~.P1TF ILE ,2 f
jsr r5 ,cutc 2: 0
sob ni ,Sh
rts PC

,~ RI IF E:

movb $‘Or O
coy ~1R IT FILE ,2f
jsr rS,outc 2: 0
rtS Pd

1 7?

- - --- ~~~~~~---~~~~~~~~~~~~~~~ - - -- . -~~~~~~~ -~~~~~~~ -- - - - - 5 - - -  --- -- 
_ _- ~~~~~--— - -—~~~~~-- ——- __- 4  —•-—.--— -~



— 
— 

i~~~Is

•g lo b l asc
• text

asc
tst (r L4)+ / pop s tac K
coy (n 14)+ ,nl / a-ldress of stri n g
cpyb (nl ),r2 / retrieve character
movi f r2,fr0 / Convert into a f l o a t i n g  ot nunher

rts cc / for retu rn

173
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ato f .s

f atof (o )
cha r *p

l dfos = l 7 O l O O t t s t
stfp s 170200tts r

.glo b l ato f

at of:
stIes — (so)
ld f~~s ~200
‘novf f n i , — (so)
d r — (so)
c l r f  frO
d i r  r2
mp v (rLl )+,r3

m ovh (r3)+ ,rO
cmp $ ‘  ,rO
beg lb
c”p b
bne 21
in c (so)

rnovb (r3)+ ,rO
2:

Su b $ ‘Q, rO
ccc rO ,~~9.
p h j  21
jsr pc ,d i g i t a f

br lb
inc r2
br l b

2:
ccor rO,$ - ’ .— ’ O
one 21

mp v b (r3)+,rO
sub $ ‘O ,rO
crn o rO,$9.

21
jsr pc, aia itaf

dec r2
br lb

2:
ccc b rO,$’ E— ’ O
beg 3f
c’nob rO,$’ e ’ O
bne If

3:
d r  r4

I 7-I
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cm r l
crnob (r3),$’—
bne 31
inc n4
i n c  r3

3:
‘noyb (r3)+ ,rO
sub $ ‘O,rO
c’np rO ,SP .
bhi 31
mu l $10.,nl
ad d rO ,nl
Or 3b

3:
tst r’4
bne 3f
rieg n i

3:
sub rl, r2

m ovf $one ,fnl
‘no v r2,— (so)
b ea 2f
ogt l f
neg r2

crn p r2,$38.
b ios i f
c m 1  frO
t s t  ( s o ) t
brn i outaf
coy f $huqe ,frO
o r out a f

m u l f  $te n, fnl
sob r 2 , l h

2:
tst Csp )+
bge if
d i v f  f n l , f r O
br 2f

m u l l  f n l , f r O
c fcc
bvC 21
movf $hu ge ,frO

2:
outa f :

tst (sp)+
bea if
neg f frO

c c v ’ (sc)+ , f nl
ldf c s (so)+

- -  L. .  ..~~~~~~~~
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rts oc
I
I
di gi ta f :

cccl $hig , fr0
C ICC
b i t  l f
m u i f  Sten, fnO
m ay if rO ,fnl
add f f n l , frt )
rtS cc

ad d $2, (so)
rtS PC

/
/
one 40200
ten 41O’4 0
b i g  56200
huge 77777

4

176
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C r r.S
.qlob l c hr

• t e x t
c r ’ r

mpy f *(r4)+ ,frO II  get number -je sirel
m o v f i frO ,r2
bit  $0177 ,r2 / guarantee a v a l i d  cr ’ar -a: t er
‘noy b r2,chr’-
‘nov $chni ,— (r4)
mo-v £l , — (r4) / leave address and len g t h 1 Cr ’ sta c K
r t s  PC

ch r4- : 0

I

1 7 7
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co l .s
.qb ob i doi
.gbob i n o d i g i t
.text

co b :
mo v f * (r4)+ ,frO
‘nov 11 f r O ,n i

‘nov nl , n od i g b t
rts PC

I
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C O Sh . s
•q b ob l Cosh
.q b oo l exp

cosh I I  cosh funct .S* (e *k u fe ** j)
m cvi frO ,coshsa ve
js r p c,exp
‘novf fr 0,cosha rql
mo v I  coshsave , fr 0
neg f frO
is r oc,exo
addf cosh ar gl, fr0
m u b f  one ri al f~- ,frC
rts pC

coshsave
cos ri arol: .• +~~•
oneha lf l- 040000; 0; 0; 0

I 79

~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~i:z~~~~-~~~—



—5 - - -~~~~~~ - ~~.~~~~~~~~~~~ —~~
-=5—.-

d anrl r .s
.glob l danrdr
.gl oci DA TCN T ,DAT A E N D ,DAT ~
• t e x t

danrdr
mov DAT CN T ,r2
add $8.,r2
cmp r2 ,3DA TAE N D
bi t  i f
mo -v $DA TA,r2
‘no v $2,rO
may $31, ’4f
sys w rite ; 4 :  0; 56.
br if

3:
<\n k**RU N ER ROR *** no num data nurr resto re 1S S ’j e d \ n \ O ’
even

m ovf *r2,fr 0
coy1 #rO, * (r4)+
ct,v r 2 ,DA TCNT
rt s cc

1~~0
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ia t r ‘1 r • s
.qb ob l p a t r dr
.gbob i 5TPNE XT ,STP DA TA .STQ F ~ND,S t r m v

• t e x t
dat rdr:

mo v (r4),r3
ado S T R ~iE XT, r3
cc-c $STRE~~D~~2 , r 3
b~ e If
may
may $3f ,4f
s y s  w r i t e ;  14:  0; 54.
coy $STRDAT.A ,STR~~EX T
Or If

3:
< \ n * * * R U N  E R R O P * * *  no s t r  da t a s t r  r e st o r e  issuea \n \O>

.e v e n

coy (r4),r3 II s a v e  l e n g t n
mpy STPNEXT , (r4) II m o v e  n e x t  data a la res s  into st a c~
‘no v r3 , — (r4) II d~j c l i c a t e  st r i n g  l e n a t h  for s t r— o v

j s r  c c , s t r m v  - -

dec rQ
tst h (rO)+ II d i d  we read a -a n i l e  s t r i r a ? ?

beg If
2:
tstb (rO )+ // NO lppk  f g r  ~~~~~~~ en-i p 1 t h i S  St r i n g

bri e 2b

may rO,SIRN EX T
rts ~c

—- — 5---
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I lo t er.s
l dfps l 7 O l O O t t s t
s t f p s  l7O200 tts t
/ ftoa —— basic g fo conve rs ion

.giobl no d i q i t

/ edvt converts f r - 0 i n t o  dec i m a l
/ the St ri ng of conve rted d i g i t s  is p oi n te d to by rO.
/ the number of d i - ~ i t s  are sp eci fie d fly n o -ligi t
/ r2 contains the deci m al P o i n t
/ ri Contains the sign

fcvt
d r efl a g
br if

ec vt :
‘nov 51,ef lag

st ie s — (so )
l c ~fos 3200
mo y f f r0, —(sp )
moy f f r l , — (so)
mov r3, — (so)
‘nov $buf,r l
d r  r2
d r  sign
t st f frO
c fcc
bea zer
bgt i f
inc sign
negf frO

m odI $one ,frO
t st f f ri
c f cc
bea Iss

gt r:
m oyf frO , — (so )
rrovf fr l , frO

‘nov $b uf top ,r3

m odf t e n t h , f r O
‘nov 1 f rO, 1r2
m ovf f n i , f r 0
addf $eosi lon , 1r2
mod f ¶ten , 1r2
m o y f i fr3 ,rO

1~~2
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add $‘ O, rO
coyb rO , — (r3)
Inc r2
t s t f  frO
C f cc
bri e l b

/
‘nov $bu f ,ri

m ov b
cmp r3 ,$buft oc
b l o  l b

I
coyf (so)-i- ,f rO
en pad

zen:
inc r2
br pad

b ss :
aec r2
m odf $te r i ,f rO
t stf f ri
c fcc
beg iss
Inc r2
jsr p c ,d iq~~t i

oad
jsr o c ,di g i t

br out
br cad

dia l t:
cm -c nl,$o uf t oo
b h i s  i f
add $2,(sc)
‘no~~f $t en ,fn0

di ~ i t i:
rn ov fi f r l , r O
add ~~O ,n0
mo vt , rO , (rl )+

rts cc
/
out:

coy $bu f, rO
add n o d i g i t , n O
tst e f la g
bne i f
all r2, rO

I 83
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cmp rO ,~~bu f
b lo outout
mo yb (rO) ,r3
aad $5,r3
movb r3,(rO )

crnpb
ble if
‘nOvb $ ‘O, (r-O )
cmp rO,$ bu f
b Ios 21
in cb —C r0)
br lb

2:
movb $ ‘l ,(rO )
in C r2

out out
coy s i gn ,nl
‘nov r io dig i t ,r O
tst ef l a g
brie if
add r2~~rOI :
c i r o  buf(rO)
may $huf ,rO
ma y (sp)+ ,r3
m ov f (sp)+ ,fri
cov f (so )+,fr0
i d les (sp)~
rtS Pd

eps ilon 03711 14
one ‘40200
ten ‘410140

.dat a
tenth: 03731 14 ; 114 63 114 ; l u o3i ’ 4 ; 1~i~,3l5
nod i g I t :1 u

.bss
bu f
bu ft co:
sign: .= .+2
efba g : .:.i2

• t e x t
/ C l i b r a r y — —  f l o a t i n g  out p ut

.aboel f lo t e r

h a t e r :

‘noyf * (r14)+ ,fr0
js r pc, f cv t
tst ri

i 8 ’4

L~ -
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beg i f
move

tst r2
bqt i f
rnoyh

cco rio di g it ,r2
j i e  61
coy r2, nI
ble if

2:
movb (rO)+, (r3)+
so b r i ,2b

coy ni o d i q i t , n l
be~ if
‘novh

neg r2
Ol e i f

2:
led rl
o b t  i f
movh
Sob r2,2b

tst r i
b~~e 2 1 - 

I
m~~

y b (rO )+ ,(r3)+
sob ri , l h

2:
r ts Cc

6:
may O $‘?,(r3)+
sob r2,bb
rts Pd

p sc i e n

‘nov rO , n odia it
tst r2
bri e if
m ov $b, n odi q it

mo yf (r14 )+, frO
jsr cd,eCvt
tst ri
bea i f
m ovh

coy b (rO)+ ,(r3)+
covb

i~~5
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‘nov n o d i g i t , r l
dec rI
b i e if

2:
covb (rO)+ ,(r3)+
sop r i , 2b

movb $‘e,(r3)+
dec r2
mo -v r2 ,n l —

bge if
mo y b
neg ri
br 2f

1:
m oyb

2:
d r  nO
div $1O., rO
add $‘Q,rO
move rO , (r3)+
add 3.’ O , r l
mov b rl, (r3)+
rts Dc

18b
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I nt •

•q i ob l m t
.text

one 040200
i nt :

rnov f *(n’4)1 .,frO

rnodf 3one, frO
m p yf fri , fr0
t st f frO
c f cc
bge if
sub 3one, fr0

rt s pc
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1 en • 5
.oiob i i en ,l e n o th
• t e x t

1 en:
1 erigt h:

tst (rLl)+ /poo of f default le ng t h
mo -v (r14 ),r2 /cocy address
d r  rt)

ts tb (r2)+
eeq 21
I n c r O
br lb

2:
mo y i f rO , 1 r0 I I  l ength r O w  j r  f r O  for re tur n
rts cc

188
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i i  n dmp - S

.alob i l i ridmp

.qb obl stdout

.text

1 indmp:
moy %i,rO
mo yb ¶ ‘ O i c h
s-is w r i t e ;  i c h ; 1
‘nov ¶80.,-stdou t +2
r ts pC

ic h: • . +2

1 89
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mod • 5

.q i-pbl mod
one 0140200
.te * t

mo1
‘nov1 *2 (n14 ),frO
d i v 1  * (r14 ),frO
mo~~f ~one , fn O
m u l l  * (r’4),fnl
t s t * (r LI) + II  roe stack
coyf * (r’4),fr0
subf fr l , fr0
r ts pc

190
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n~~r rdr • s
•g l ob i nbr r d r
.g b ob l numbSt ,E R R O R
.text

nbrrdr
‘nov $nu ”bSt ,r3
mo y 323 .,ri /ler ig th of riu ’noer l i m i t e d  to 23 d i g i t s
d r  r2

mov 30 ,rO /sta ridara in p u t
sys read . rch
bes badread
cmpb %‘Q ,rch

~ l t of
c mo e 3- ’O,rc h
cgt 21
m ovh rcri ,(r3 )+
sob r l , l b
br of

2:
cmce 3’ ,rch
eec 31
cmob $ ‘\t ,rch
bee 3 1
dmoh 3’ .,rcr~
beg Sf
crnph 3’ — ,rch
beg 4f
cmpo £ ‘ + ,rc h

beg 3f
br 61

3:
cmp r3, 3numbst —

eec l b
C YIP r 3 ,-~nu rrh st+ i
one of
tst r.~
brie of
sob r l ,i b

4’:
C rnP r 3 ,3numbst
brie 61
mov e rch ,(r3)+
br lb

5:
tst r2
brie 6f
mo yb rch, (r3 )+
in c r2
sob n i , l b

6:
t S t  r2
bri e 21
m o v O $ ‘ . , ( r 3 ) +

19!
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2:
rnoyb $‘\O, (r3)
coy $numbst p (r4)

rts cc
baciread

jsr r5,ERPOP
<ER$~OR bad syste ’n c a l l  nh rr dr \n \O>

• eve n
.dat a

rch
nu mbSt • . i140 •

19?
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n u n p t  r • s
.gbobl num otr
•g lo b l num br, no d i~~i t , s t d o u t , f l o t e r ,linaco,E Pl ’? 0~R
.text

nu?npt r
‘nov $numbr ,r3
jsr p c , f l o t e r

sub n od ig i t , stdou t i2
tst Std out +2
be t if
js r p c , l i n d m p
mov £80 .,stdout+2

may 3num br ,r3
‘nov n o iiq it ,n 2

2:
mov $1 ,rO
m ovh (r3 )-p ,nch
Sy S  w r i t e  ric h; I
sob r2,2b
coy c 1 ,rO
m ov b  3 ’  ,nch
sy s w r i t e  ; ncri 1
rt s pc

ric h: • . ÷2
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r a c .  s
,glob l rad,deq
• text

r aci :
r n u l f  pi. ,frO
rts PC

O3~,o1b; 0175065; 01122L~; 016~ 7Oo

deq
mu )f rd4 ,fr0
rts cc

O4i5L~S; 0273q0; 0151~~3b ; 07703

I 9’4
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m d  • s

•~~1ob1 rr~d
•glob I rar~d

max p~~usor~e = 0L4~I000
m d :

jsr pc,rand
m ovi f rO,frt )
d iv f Smaxo lu sone , frO
rts PC

I Q5
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$ i • s
•globl sinh
•ql ob l exp
• text

on ehai f 0L~0000
sinh // sinh fur’ct •5* (e**u~~e** u)

m ov f frO ,si nh save
neg f frO
jsr pc,exo
m ov f frO ,s jr~har q1
m ovf sinh save ,fr0
jsr pc,exp

~~bf sirtha rql ,fr0
mui f one h a l f ,fr0
m ts PC

sirhs ave
sir ,har Q l • :• +~~~•

I ~ b
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S t  rccp • S

•qIool strcmo

• text
St rCm p

rnov (r14 )+ ,r2
mov (m’4H~,rl
mov (r14)+,r3
mov (r’4)+ ,rO
d r r2
d r  r3

1:
movb (rO)+ ,r2
beq 2f
rrovb (rl)+ ,m 3
be~ Sf
c mpb r2,r3
bit ‘4f
bqt 51
br lb

2:
movb (rl)+ ,r3 /check to cake sure not equal

bne ‘41
mov $0, (r~4) 

/ se t fl ag to equal

r ts cc
‘4: *

mov $1, r3 / se t less tha n
neg r3 / —1 is less than
mov r3,— (r ’4)
m t s cc

5:
mov
r t s cc

197
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St rdrr p • S
.globl strdmc
•qlob l stdou t ,ch ,n umb r ,l~~ndmo, ER’~OR
•text

str dmo :
mov (r’4)+,r3
mov r3 ,rl
sub r3,stdout+2
tst stdout +2
bgt if / need a n ew line
jsr p c , lin dm p
,nov $80.,stdout+2

1 :mov (rt4 )+,r2
2 :

mov $1,rO
m ovb (r2)+ ,ch
beq 5f
sys w r i t e  ch
sob r l,2b

rtS pc
5:

mov $1,rO
movb $‘ P C I ’

sys w rit e  ; dh; 1
sob rl,St,
rtS PC

.dat a
numbr : •:.i20 .
ch
stdout 1; 80 •; 0

I 96
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St r mdi- • s
•qlobl strrdr
•glob l ERROR
• text

St rrdr

mov (r ’4)$,rl /len qth to be read
mov (r ’4)+,r2 /aridress

mov $0,rO /de fault incut
sys rea d ; srch 1
bes badread
cmpb ~ ‘\n,srch
oeq 21
cmo b $ ‘“ ,s rch
bep 21
movb srch, (r2)+ /our character in p lace
sob r l ,lb /str ina f u l l  yet?

2: movb $‘\O, (r2) /all stri ngs end in n u l l
r ts cc

bad read
jsr r5,ERROI~
<ERROR bad systec c a l l  strmi r \n \0> •e ven

sm ch

199
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tab • s
.glob l tab
.qlobl stdout
•text

tab:
rnovf * (rL4 )+,frO / 1  tab value
m o vf i fr0,r3

crno $80.,r3
ccc 2 1
sub SA 0.,r3
br lb

2:
mov stdout+2 ,r2 / 1  char left
mov S80.,rl
sub r3 ,rl / 1  char needed at enc
cmo rI ,r2
bi t  31 / 1  if ge or qt el rea ~~y th ere or caSt
mov r l ,stci out+ 2 // new end
sub rl ,r2 / 1  how many blanks?
mov s .tdout ,rO

‘4:
,rovb S’ ,tch
SYS w r i t e  tc~~; 1
sob r2,’4b

3:
rts DC

.dat a
tch :

200
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tan • s
•qlob l tan
•gl ob l cos ,siri
• text

tan : /1 tan funct ion sin/cos
•qlo bl cos ,sin

movf fr0 ,tan save
jsr pc,cos
m ovf fr0,tanco s
m ov f tar isave ,frO
jsr p c,sin
m ovf tar icos,fr l // test for li v by 0 ens i n f i n i t y
tstf fri
cf cc
bee if
d i v f  f rl ,fr0
rts cc

movf huqeest,f rl
t st f frO II plus or minus i n f i n i t y ? ?
c fcc
bce 21
rieg f fr i

2:
m ov f fr i , fr0
r t s cc

tansave • . s8.
tancos:
huqeest: 077777; 177777;177777; 177777

201
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v-a l .s
•globl va1
.text

v al :
nov ~num v St , r3
tst ( r~4 ) +  / coo stack
may (r ~4)+ ,r0 / get st a rt inq address
mov $22.,rl /ieng th of number l i n i t e d  to 22 d i a i t s
d r  r2
moyb $‘O, (r3)+ / in sure at least a zero

m oyb (rO )+ ,vch
cmob $‘ 9,vch
bit 6f
Cmo b ~ ‘0,vch
bet 21
movb vch,(r3)+
Sob r l ,lb
br 61 

P

2:
ceph ~~~

‘ ,vch
eec 3 f
cmp b $ l  ,vch
beq 3f
cmpb $ ‘ . , v ch
bee 51
cmp b ~ ‘ ,vch
beq ‘4f
cnpb 3’ *,vcI~
bee 3f
br 61

3:
cmp r3 ,Srium v st
bee l b
cmp r3 ,$numvs t + 1
brie bf
tst r2
brie 61
sob r l , l b

‘4:
cmo r3,~~numvst
brie bf
movh vch ,(r3)+
br lb

5:
tst r2
bri e bf
m ovb vch , (r3)+
inc r2 V

sob rl ,ib
6:

t s t  r2
bri e 2f
movb ~‘ .,(r3)+
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2:
movb ~‘0 ,(r3)
nov $numv st , (r*4)
r t s  Pd

.da t a
vch
numv St •:.12~4 .
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m t  cf l a g ;
m t  l fl ag
iri t of lag;
m t  rf iag;
m t  s f l a a ;
m t  t f l a c ;
m t vfl a q ;
cha r *~~~~~ (50)
char *bproq
c har * fli st (501;
cha r *gi “/uSr/graoh /Conie .o ” ;
char *~~2 “ /u s r / i i b / l i b t . a ” ;
char *q3 “/usr /gra cn /rmt K sub .o ”
char *g’4 “/usr/crach/coresub .o ” ;
cha r *q5 “/usr /grach /vq .a ” ;
cha r *passO “/usr /ba sic /baxcornoS”
char *oassl “/bir i/a s ”
cha r *oass2 0 /hi n /ld ”
c har *oass3 “Ibm /rn ” ;
char ts (10001 ;
char *tSp ts;

main (arqc, argv )
char *argv I I ; ~

char *t;
i ri t i , j , bf 1 ac, ci , nxo ;

I bf I ag:ril :nxo:0;
w h i l e  (ff1 < aroc ) {

i f (arqv (i] 10)
Sw i tc h Car ey (ii ( I i )

default:
qo t o c a s sa ;

case  ‘S’ : //rroduce as— langu age f i l ’~
sflag ++ ;
hf I ag++ .
bre ak

case  ‘o ’ : //croduce object f i l e
of 1 ac + + ;
break;

c ase ‘ C ’ : //aooenq C l i b r a r y  for loader
1 1
break ;

case  ‘c ’ : //a coend con ocrachi cs l i b r a r y
cf I ag++;
11 1  aa++ ;
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break ;
c ase ‘t ’: //aope na t e k t r o n i c s  l i b r a r y

t f 1 aq + + ;
11 1  eq + +
break ;

c a s e  ‘ r ’ : //apoena ram tek l i b r a r y
r 11 ag + 4 ~
I f l ac + +
break ;

c ase ‘v ’: //aooend v a l i o r a r v
v f I ag++ ;
1 f 1 ag + + ;
break ;

else {
passe:

t ar gv (i )
if (qetsuf (t) :: ’h ’) // is f i l e .b ar’ a r c ~ u~~~~r t ?

b f 1 aq+ + ;
berog =

setsuf (t , ’o ’); / / i f  so, create f i l e . o

if (n odu c (ll i st ,t ) ) ( I/does file.? ex i s t  as a
1 l i s t  In l++) = t ; II p revious argum ent ?
if (qetsu f(t ) ‘0 ’) // is ar qurn ent f i l e . o f

nxo +s ;

i f (lb flag )
goto nocom //nq f il e .b  source orogran

av (0I = “baxco m p ” ; 1/ a v a i l a b l e  for co rr o i l a t i o r ’
e v i l ]  boroq
av (2] = 0;
if (cal ls-ys (pass0 ,av ) :0)
p rin t f( ”Pr o cedu r e t~~rmina te d at c o r r o i l a t i o n  stat e.\r ”);

ex i t ( );

if (L (bf lag Ho fla q )) e x i t (  );
setsuf (bproq , ’s ’);

a v t O J  = “ -as ” ;

e v Il ) =
av (2] :
av (3] : 0;
ca l l s y s (oassl,av );
i f (oflag) I

se t suf (bpro~~,’o ’);
un l i n k  C t
if (1 i nk(” a.out ” , t ) )

p r i n t f ( ” l i n k  f . 3 i 1  ~-s\n ” ,t);
u n u m n k (” a.out ”);
ex i t  ( ) ;

riocom:
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= 0;
a v iO l =
a v i l i
if (lbf l aa )

av (2] :
e l s e

avi? ) : “a.ou t ” ;
av (3l “ /us r /b a sic lba Sicl ib .a ”

= 11;

w h i l e  (j< n l+ 3 )
av ii +~~) = l i i  St I++ i I

if (cflaq)
av (i +t 1 = g1

i f (t fla g ) I //three passes ace needed due to
a’ (j+ + J q2 // a r ch iv i rl q ol l i o r a r y
av (j+f 1 : q2
av (j++ I :

i f (rflaq ) I
a v t i  ii .)
av (j++) =

if (vflaa )
av (j++ ) : q5

if (!flag )
av (j+ + 1 :

a v ( j + + i  —

av i j+ + ) : 0;
i f (callsys (pass2 ,av ) 0) {

p r in t f(”Pr oce du re terminated at load state .\n ”)
exi t ( );

i f (sHag) exi t (  );
se t s u f C t , ’s ’)

a v IO J
a v E l l
av (21 :
ca l l sy s ( oass3 ,av ) //remove f ile .s since r-’ot s~~ec i f i e o
e x i t (  ) ;

qe tsuf (as)
cha r as (1

register m t  c;
register char *~~~;

reaister m t  t ;

s : as
c = 0;
w h i l e (t  * g + f )

if (t : ’/’ )
c = 0;

else 
V
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c++
s = —  3;
if (c< 1’4 ~.& c> 2  ~.&

ret urr i(  k s )
return (0) ;

s e t s u f ( a s ,  c b )
c h a r as 11
I

r eg i s te r  c har  A s , * s l ;

s sl c o o y ( a s )
whi le (*s)

j f (*s++ == ‘ I’)
s i s;

s I — l i
returri (sl ) ;

c a l l s y s ( f ,  v )
c har  1 (1 , *v L ) I

m t  t , s t a t u s

~f ((t forkO ) 0) I
execv (f, v);
orint f (”Ca ri ’ t fi nd ~s\n ” , f);
exit (1)

) e l s e
i- f (t —1 ) 1

pr i n t f ( ” T r y  aa a i n \ n ” ) ;
re t u r r i ( 1)  ;

}
whi1 e (t 1 :w a i t (~.status) )
i f ((t :(status ~~0377)) 0 && tl :1’4 )

jf (tl:2) /A inte rr uo t ~/
orin tf (” F .a t al error ‘in  ‘-s\n ” , f);

e x i t  (

retu rr i( (statu s>>~~) ~ 0377);
)

copy (as)
char as fl;

r e g i s t e r  cha r  *o t s p ,  *~~;

o t so  = tso;
S = as
wh i le (*ts o + +
returri (otsp) ;

r’ioduo (l, Os)
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cha r ~~ I, *~~5

regist er char *t , A s;
regis ter iri t c;

S os;
if (getsuf (s) 1: ‘o ’)

return(l );

~h i l e ( t  = *lf+) (
w~hj1e (c =

i f Cc 1: * t + f )
bre ak

if (*t: ’\O’ && C: ’\O’)
return (O ) ;

S os ;

return( 1);
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