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I had to  have a com p iler  for  m y  h o m e  com p u ter.
There w as n o  d o u b t a b o u t it:  after program m ing  

nearly  every  day in  B L ISS and th en  reading abou t C, P A SC A L , 
LISP, and all th e  other  various languages b ecom in g  availab le, it  
m ade n o  sense at all to  con tin u e  program m ing in assem bly  
language.

H ow ever, the q u estio n  arose: W hich language?
Surprisingly, th e  d ec is io n  w as n o t  d iff icu lt . S ince I do m o st

ly  system  typ e  program m ing (ed ito rs , m usic-b oard  drivers, 
m o d em  talkers, faster versions o f  L IFE , e tc .)  rather than  
app lica tion  program m ing (a cco u n tin g  program s, solar eclipse  
p red ictors, e tc .) ,  th e  ch o ice  b o iled  dow n to  tw o : C or BLISS. 
B esides having the m o st eso ter ic  nam es o f  th e  group, b o th  
possess th e  strengths o f  sy stem  program m ing languages. W hich  
is to  say th e y  b o th  have a s ligh tly  b etter  n o tio n  o f  com puter  
arch itectures than  str ictly  app lication  or ien ted  languages in  
term s o f  accessing b y te s  and w ord s, and neither w a stes tim e  
d oing “ garbage c o lle c t io n ”  or keep ing  track o f  legal array 
subscrip ting. B o th  are in ten d ed  to  produce fairly fast (usually  
in lin e) cod e  to  get th e  jo b  don e w ith  the least am ou n t o f  
overhead .

A fter  lo o k in g  around the m arketp lace, I decid ed  C was the  
appropriate ch o ice  i f  I e x p e c te d  to  produce co d e  usable by  
oth ers. H ow ever, another th ing also becam e obviou s: the C 
com pilers available e ither co st a lo t  o f  m o n e y , ran o n ly  o n  
C P/M , or b o th . H aving neither a lo t  o f  m o n e y  nor CP/M  
(th e  seco n d  b y  c h o ic e ) , I had to  th in k  o f  an alternate  
approach .

T he first step  cam e b y  w a y  o f  the T in y-C  Interpreter  
o ffered  b y  T in y -C  A ssocia tes. F or a m ere $ 4 0 , I w as able  
to  b u y  th e  source co d e  o f  a w orking C in terpreter. I in ten d ed  
to  use it  to  run th e  C program s I w o u ld  w rite u n til som eth ing  
bigger and b etter  cam e along . I sen t o f f  th e  m o n e y , go t the  
huge w h ite  n o te b o o k  in  the m ail, and after a cou p le  w eek s o f  
ty p in g , had it up and running. L et m e be another o f  m any  
praising th e  p ro d u ct. The d o cu m en ta tio n , clarity  o f  print, 
and ease o f  im p lem en ta tio n  o f  the th ing  w ere all ex ceed in g ly  
g o o d .

It gave m e a fe w  w eek s to  evaluate the C language as w ell as 
the in terpreter. It becam e obviou s after very little  tim e that 
the language w as very easy  to  use and  to  fo llo w . It also  becam e  
obviou s th a t the in terp reter , th o u g h  an e x ce llen t  
im p lem en ta tio n , w as to o  slow  for m y  need s. M odem  
to  disk program s like to  th in k  in  term s o f  m icrosecon d s, 
n o t  m illiseco n d s, and the form er was n o t to  be had w ith  
an in terpreter. C learly, a third approach  w as n eed ed .

The so lu tio n  w as o b v io u s. I had  to  w rite the com piler  
m y se lf. I said o b v io u s, n o t  easy .

S o , after gathering to geth er  a th ick  stack o f  paper and  
gettin g  ready to  produce the (h o p e fu lly )  last vast 8 0 8 0  
program m ing e ffo r t , I w rote  a fe w  lin es , and , . . .  r eco n 
sidered .

H m m m . W hat b etter  use o f  a sy stem s program m ing  
language cou ld  there be than to  w rite  a com piler?  A n d  w hat 
b etter  language cou ld  be used than  th e  on e  the com piler  
w o u ld  u ltim a te ly  support?  Ideas began to  ge l, and p ieces  
began to  fit to geth er . I already had the interpreter. Even  
th o u g h  it w as slo w , it m ight be just the t ick et to  b ootstrap  
m y  w ay o n to  th e  m ach ine. A n d so  it  began.

C onsidering the fa c t I had never even  seen a com piler  
before  and had n o t d on e any len g th y  program s in C, the  
th ing  w en t togeth er  in  a rem arkably short period  o f  tim e. 
C halk th a t up to  the ease o f  use o f  th e  language. T he ab ility  
to  have variables loca l to  ind ividual routines m ade the  
recu rsive-d escen t ex p ression  parser f it  to geth er  litera lly  in  
hou rs. A  fe w  w eek s o f  a co u p le  hours a n igh t saw  th e  com piler  
begin to  take shape. A  few  obstacles appeared a long  the w ay; 
probab ly  the w orst being  the p o in t w here I d iscovered  I d id n ’t 
have en o u g h  m em ory for  the entire com piler  to  reside in  
m em ory a long  w ith  the interpreter. O ne d em on ic  session  w ith  
the ed ito r  deletin g  all co m m en ts (g u lp ), and sh orten ing  all 
n am es, brought it  to  size and so lved  that prob lem . The co m 
piler’s still recovering from  that early traum a. E ventually , 
there cam e an even ing w h en  all such  little  problem s w ere  
so lv ed , and th e  co m p iler , running under th e  in terpreter, 
accep ted  a sm all C program  and p rod u ced  an 8 0 8 0  program .

A t that p o in t, I refined  the co m p iler , rem oved  su btle  errors, 
and d iscovered  I still d id n ’t have en o u g h  m em o ry  for th e  c o m 
piler, the in terp reter, and the sy m b o l table a program  as large 
as the com p iler  it s e lf  required. S o  I a sk ed  around , even tu a lly  
got access to  a U N IX  sy stem , and sp en t a co u p le  m ore w eek s  
refin ing the com piler  w ith o u t regard to  m em ory  or in ter 
preters. This exercise  h e lp ed  rem ove som e o f  th e  less obvious  
sy n ta x  errors n o t  caught b y  th e  interpreter and necessita ted  
m o d ify in g  the com piler  to  accep t th e  true C sy n ta x  rather 
than th e  slig h tly -m o d ifie d  sy n ta x  used  b y  the interpreter. 
A fter th is upgrade, the com piler  w as beginn ing to  to o k  like a 
true C co m p iler , and there cam e a tim e it ran under U N IX  and  
accep ted  as inp ut itse lf.

S o , f in a lly , I w as able to  take th e  equ iva len t 8 0 8 0  cod e  for  
the com piler  b ack  to  m y  m ach ine at h o m e  to  co m p lete  it . The  
generated  co d e  was assem b led , run, and once  again the co m 
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piler w as su b m itted  to  itse lf . The results o f  this inbreed ing  
highli gh ted  errors in the generated  8 0 8 0  code  w h ich  had  thus  
far been  h id d en . I set th o se  aright, co m p iled  the com piler  
once  again, th en  used th e  o u p u t to  com p ile  the com piler  
again, and th en  on e  m ore tim e (sou n d  like an in fin ite  lo o p ? )  
com p iled  th e  com piler. W hen the co d e  generated  b y  this 
great-grandson  w as b y te - fo r -b y te  id en tica l to  the code  
generated b y  U N IX  w ay  b a ck  w h en , and all su bseq uent  
offsp ring  p rod u ced  such  tw in s , I dec id ed  the th ing  cou ld  
be considered  w orking.

O nce it  w as w ork in g , I dec id ed  it w o u ld  save p eo p le  in  a 
sim ilar situ a tio n  a lo t  o f  parallel e ffo r t i f  I m ade the th ing  
available. A n d  i f  I so ld  it ,  I w o u ld  probab ly  get caught up in  
supporting  it on  a num ber o f  m ach in es, w h ich  w as n o t  m y  
in te n tio n  b eh in d  w riting it .  G iving it  aw ay  for  free seem ed  like  
an ex ce llen t w a y  to  m ake C available to  h o b b y ists  w h o  m ight 
otherw ise  n o t  have b een  able to  get it . W hat b etter  w a y  to  add  
users to  the C com m u n ity ?  So here it  is.

F or th o se  o f  y o u  w h o  are in terested  in gettin g  a com piler  
for a structured language o n  y o u r  h o m e m ach in es, I ’d feel 
fla ttered  i f  y o u ’d consider th e  on e  pu b lished  here. A n d  i f  y o u  
are th e  sort w h o  is lo o k in g  for a system s program m ing  
language, y o u  are u n d o u b ed ly  the sort w h o  w o u ld  m o d ify  the  
th ing  to  f it  y o u r  o w n  n eed s. T h erefore, a few  vital sta tistics are 
in  order.

In a n u tsh ell, th e  com piler:

1. Is w ritten  in  C.
2 . A ccep ts as in p u t a te x t  file  w r itten  in  C.
3 . P roduces as o u tp u t a te x t  file  o f  8 0 8 0  m n em on ics.

The sy n ta x  it  a ccep ts is a subset o f  the standard C language. 
W ithin th is su b set, it  d oes n o t  depart from  the standard  
sy n ta x , w h ich  m eans the listin g  sh ow n  here w ill com pile  and  
run under U N IX . A lth o u g h  the su bset is lim ited  to  m ake the  
com piler  sim pler and w ill therefore n o t  accep t ju st an y  p r e 
ex istin g  C program , the program s y o u  can write w ith  it are 
a u th en tic  and w ill b e  com patib le  w ith  m ore co m p lete  
com pilers.

R ight o u t fro n t, so that U N IX  freaks can groan and keep  
their h o p es from  gettin g  to o  h igh , let m e te ll y o u  the features  
o f  standard C th is com piler  does N O T  support:

1. F lo a tin g -p o in t data ty p es.
2 . Structures (or  un ion s).
3 . M ultip le d im ension  arrays.

The aim  w as n o t  to  support the fu ll C language, b u t rather 
to  support en o u g h  o f  a su b set to  be able to  create C program s 
w h ich  w o u ld  be com patib le  w ith  standard C. T h en , as the  
com piler ex p a n d ed , m ore and m ore features cou ld  be added to  
bring it c loser to  th e  real th ing .

C urrently, the a llow able data ty p es are:

1. char—8 b it data e lem en t.
2 . in t —1 6  b it data e lem en t.

O bviou sly , th is m eans th e  com piler  is an in teg er -o n ly  
subset o f  th e  language. W hich m eans it  w ill n o t  handle  
f lo a tin g -p o in t num bers. A ctu a lly , all in tern al arithm etic  
op eration s assum e 1 6 -b it in tegers, m eaning  8 -b it character  
e lem en ts are s ig n -e x te n d e d  prior to  use.

A llow ab le  m odifiers o f  the tw o  basic ty p e s  a re :

1. ty p e  *nam e —declares nam e to  be a po in ter  to  an e lem en t  
o f  the sp ec ified  ty p e .

2 . ty p e  nam e [ ] —sy n ta ctica lly  id en tica l to  th e  above po in ter  
declaration .

3 . ty p e  nam e [co n sta n t] — declares an array o f  “ co n sta n t” size  
w here each  array e lem en t is o f  th e  sp ec ified  ty p e .

I f  y o u ’ve w orked  w ith  C b e fo re , y o u  k n o w  ju st about 
everyth ing  is d on e w ith  p o in ters. It le ts  y o u  e x p lo it  the archi
tectu re  o f  the cp u  b y  giving access to  all addressable m em ory . 
U n lik e  standard C, y o u  can ’t use m ore than o n e  m od ifier  per 
d eclaration , m eaning it  w ill n o t  accep t so m eth in g  lik e  “ in t  
( ’'‘n a m e) [ ] ” . This does n o t present a terrible restr iction , 
b u t it  m ust be m en tio n ed . S in ce n o  runtim e check in g  is m ade  
o n  th e  lega lity  o f  p o in ter  usage, it  is a trivial m atter to  access  
an y  b y te  in  m em o ry , and a n o t-a t-a ll- tr iv ia l prob lem  find ing  
w h ich  routine is c lob bering  som e random  lo ca tio n . Y o u  can  
see w h y  po in ters have been  lum ped  w ith  “g o to ’s” as th e  bane  
o f  the code  m aintainers and m odifiers.

A llow ab le  prim ary ex p ression s are:

1. A  local or  g lob a l variable nam e. A n y  nam e w h ich  has been  
declared previously  m a y  be used as an ex p ression . The  
nam e can be an y  len g th , but o n ly  the first 8 characters are 
used b y  th e  com piler. P resen tly , variable nam es are n o t  
fo ld ed  to  u p per-case  prior to  be ing  used  in  the o u tp u t file . 
T h erefore, the variable “ x ” w o u ld  exp an d  in the expression  
“ x  = 0 ” to:

LXI H ,0
SH L D  x

I f  the assem bler y o u  in ten d  to  use can n ot handle lo w e r 
case nam es, d o  n o t use lo w er-ca se  nam es in  y o u r  C 
program s.

2 . C on stants. T hese can be either:
a. A  decim al num ber.
b . A  single or pair o f  A SC II characters en c lo sed  in  single  

q u o tes , such  as ‘a’ or ‘T X ’.
c. A  string en c lo sed  in  dou b le  q u o tes , such  as “ th is is 

a string” . The value su ch  a con stan t y ie ld s is a po in ter  
to  the first character o f  the string w h ich  the com piler  
stores in m em ory .

3 . F u n c tio n  calls. T hese are d efin ed  as an y  expression  
fo llo w ed  b y  an o p en  paren. T hus, a fu n ctio n  can be to  a 
nam ed ro u tin e , such as “p r in t( ) ” , or to  the results o f  
som e ex p ression , su ch  as “ 1 0 0 0 ( ) ”  (w h ich  calls lo ca tio n  
1 0 0 0  d ec im al), or “ array [ i ] ( ) ” w h ich  calls the lo ca tio n  
w h ose  value is fo u n d  in array [ i ] . F u n ctio n s alw ays return  
a value in  H L , th o u g h  it does n o t  have to  be used . A rgu
m en ts to  fu n ctio n s  appear b etw een  th e  parentheses and are 
pushed  o n to  the stack  in  the order th e y  appear. H en ce , 
“ p r in t(x ,y ,z );”  w o u ld  e ffe c tiv e ly  do:

PU SH  x
P U S H y
PUSH  z
C A L L  print 

A n y  num ber o f  argum ents m ay be passed.
4 . Su bscrip ted  e lem en ts. E ither an array nam e or a po in ter  

m ay be subscrip ted  to  refer to  th e  appropriate e lem en t. 
Subscripts are assum ed to  start from  zero . T herefore, legal
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expressions a re :
array [ 0 ]  -  th e  first e lem en t in  array, 
array [x  + 3 1 ] — the e lem en t at th e  address given b y  

adding x  to  31 and th en  to  array, 
poin ter  [ i ]  — the e lem en t at the address given b y  

adding i to  the co n ten ts  o f  po in ter . 
O nly  single d im ension s are a llo w ed . Subscrip ting e ither an 
in teger array or a po in ter  to  an in teger w ill cause th e  su b 
script exp ression  to  be d o u b led . T h erefore, i f  y o u  declare  
“in t * p tr” , the exp ression  “ ptr [ 3 ]  ” refers to  the e lem en t 
at p tr + 6 .

A llow ab le  unary exp ression  operators a re:
1. — form s th e  tw o ’s co m p lem en t o f  the expression

(m inus).
2 . “ * ” — refers to  th e  e lem en t p o in ted  to  b y  th e  expression

(providing th e  exp ression  is a po in ter).
3 . “& ” — evaluates the address o f  the given exp ression ,

providing i t  has o n e . H en ce , & count y ie ld s  the
address o f  the e lem en t “ c o u n t” . & 1 0 0 0  is an 
error.

4 . increm en ts the exp ression  b y  o n e . I f  th is appears
before  th e  ex p ression , it  increm en ts before using
it . I f  it  appears after i t ,  it  w ill increm en t it a fter . 
O nly lvalues (exp ression s w h ich  can appear on  the  
le ft-h a n d  side o f  an equal sign ) are a llow ed . 
H en ce , assum ing “ c o u n t” conta ins a 5 , + + count  
w o u ld  evaluate to  a 6 , and “ c o u n t” w o u ld  conta in  
a 6 . C o u n t++ w o u ld  evaluate to  a 5 , and count  
w o u ld  co n ta in  a 6 . 1 0 0 0 + +  is illegal. I f  this 
operator is app lied  to  an in teger poin ter , it w ill 
increm en t b y  2 .

5 . — decrem ents the exp ression  by o n e . This w orks just
like + +  b u t subtracts on e  rather than  adding.

A llow ab le  binary operators are:

1. “ + ” — adds the tw o  exp ression s ( i.e . co u n t + to ta l)
2 . — subtracts th e  tw o  expressions.
3 . “ * ”  — m ultip lies th e  tw o  expressions.
4 . “ / ”  — divides th e  first exp ression  b y  th e  seco n d .
5 . — y ie ld s the rem ainder after dividing the first ex p res

sion  b y  th e  seco n d  (m o d u lo ).
6 . “ I”  — y ield s th e  log ica l inclusive “ or”  o f  the tw o  ex p res

sions.
7 . — y ie ld s th e  log ica l exclusive  “ o r ” .
8 . — y ield s the log ica l “ an d ” .
9 . “ = ”  — assigns th e  value o f  the exp ression  on  th e  right to

the on e  on  the le ft .  S ince eva lu ation  is d on e  right 
to  le ft  in  th is case , sy n ta x es  like: 

x  = y  = z = 0 ;  
are legal.

C om parison operators com pare tw o  expressions and y ie ld  
e ith er a zero or a o n e  depend ing  w h eth er  th e  result o f  the  
com pare is false or tru e , resp ectively . T hese include:

1. tests for eq u a lity .
2 . te sts  for  in eq u a lity .
3 . “ < ” — tests for less than .
4 . “ > ”  — tests for  greater than .
5 . “< = ” — tests for  less than or equal to .

C om parisons involv in g  a po in ter  (w h ich  is an address) are
done as unsigned com pares. A ll o th er  com pares are signed. 

Program  co n tro l is accom p lish ed  b y  th e  fo llo w in g  allow able
statem en ts:

1. expression; An exp ressio n , n o  m atter  h o w  co m p lex , is c o n 
sidered a sim ple sta tem en t.

2 . i f  (exp ress io n ) sta tem en t; I f  the exp ression  is n o n zero , the 
sta tem en t is e x ec u te d , o therw ise  it  isn ’t.

3 . if (expression) statement; else statement; T his form  o f  the  
“i f ”  sta tem en t a llo w s th e  “e lse ”  c lau se. A s is th e  case w ith  
m o st “ dangling e lse ”  am bigu ities , all “e lse ’s ” pair w ith  the  
nearest u n m atch ed  “i f ’.

4 . while (expression) statement; T he sta tem en t is perform ed  
u n til the exp ression  b eco m es zero . Since the te st  is m ade  
before  th e  sta tem en t is ex ecu ted  th e  first t im e , it  need  n o t  
be e x ec u te d  at all.

5. break; This sta tem en t w ill cause co n tro l to  be transferred  
o u t o f  th e  in n er -m o st “ w h ile”  lo o p .

6 . continue; T his sta tem en t, used w ith in  a “ w h ile ” lo o p ,  
w ill transfer co n tro l back  to  th e  to p  o f  th e  lo o p .

7 . return; T his sta tem en t does an im m ed ia te  return from  the  
current fu n ctio n . I f  a fu n ctio n  d o es n o t en d  w ith  th is  
sta tem en t, on e  is perform ed regardless.

8 . return expression; T his sta tem en t a llow s a fu n ctio n  to  
return a value ex p lic it ly .

9 . ; A  sem ico lo n  b y  itse lf  is considered  a nu ll sta tem en t w h ich  
does n o th in g  but take the place o f  a s ta tem en t. Y o u  see th is 
in form s such as: “w h ile  (  * ip tr+ +  = * j p t r + + ) ;” w here the  
te st i t s e lf  conta ins all th e  necessary  parts o f  the sta tem en t.

10 . (statement; statement;. . .  ; statement;} T he use o f  curly  
brackets ( “  { } ” ) around any group o f  sim ple sta tem en ts  
is considered  a co m p o u n d  sta tem en t. A  co m p o u n d  sta te 
m ent can be used  anyw here a sim ple sta tem en t can. For 
e x a m p le :

w hile (1 )  { x  = 3; y  =  10 ; f u n c t (3 3 ) ; }  
or

i f  (x  <  y )
{ p r in t(x );  

to ta l (x );
— x;
}

else
{ ty p e  ( “ all d o n e ” ); 
x  = y;
}

The com piler  also accep ts som e p seu d o -o p  ty p e  sta tem en ts.
These a re :

1 . #include filename A n yw here th is sta tem en t appears in the  
program , the in d ica ted  filenam e w ill b e  o p en ed  and  
in serted . The “ in c lu d ed ” file m ay n o t conta in  an “ # in c lu d e ” 
sta tem en t.

2 . #define name string This sta tem en t w ill cause the given  
nam e to  be rep laced b y  the string th rou gh ou t the entire  
program . N orm ally , it  is used  to  define co n sta n ts, su ch  as:

#  define tab lesize 10 0 0
#  define m axlen gth  8

B ut it can also be used for any sort o f  tex t:
#  defin e  jprint 3crs print (1 2 );  p r in t(1 2 );  p r in t ( l2 ) ;
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T he rep lacem ent is pu rely  o n  a te x t  lev e l, and error 
check in g  w ill be perform ed o n ly  after th e  rep lacem ent.

3 . # a s m  . . .  #endasm T his structure is  n o t  su pp orted  b y  
standard C, b u t it  w as a feature I fe lt I n eed ed . It m ay  
appear anyw here a sta tem en t w o u ld , b u t it  passes every
th ing b e tw een  the w ord  “ # a sm ”  and the w ord “ # e n d a s m ” 
right through th e  parser w ith o u t in terv en tio n . It is in tended  
to  be used to  pass assembly language code through the  
parsing m echanism . S ince it  co u n ts as a single sta tem en t,  
allow able  (and  e x p e c te d )  form s are: 

i f  ( x  <  y)
# a sm
LH L D  T O T A L  
C A LL A D D  
CNC E R R O R
# e n d a sm  

else return;
This p seu d o -o p  con ceivab ly  a llow s an entire assem bly  
language program  to  be passed through th e  com p iler . Its 
in ten t is to  a llow  m ach ine dep en d en t features (like  the  
8 0 8 0 ’s “ IN ” and “ O U T ” instructions to  be used w ith o u t  
w riting separate program s).

In parsing th e  in p u t, th e  com piler  never tries to  be overly  
clever, w h ich  sim plifies the com piler qu ite  a b it and m akes  
th e  generated  code  qu ite pred ictab le , i f  som ew h at redundant.

The in p u t file  is scann ed  character-b y-ch aracter  le f t  to  
right. O nly  a single 8 0  character line at a tim e is b u ffered . This 
reduces the am ou n t o f  m em o ry  used  b y  the com piler  and  
m akes an y  kind o f  lo o k -a h e a d  im probab le . The expression  
parser (n a m ely  the routines h e i r l ( )  through  heir 11 ( )  and  
p r im a r y ( ) )  uses the m eth o d  o f  recursive-d escent to  evaluate  
an ex p ression , w h ich  m eans the routines call them selves w h en  
necessary (su ch  as en cou n ter in g  an o p en  paren). A ll ex p res
sions result in  a value in  the H L  register pair. Character values 
are s ig n -e x te n d e d  through  th e  H register. This m eans the  
lin e o f  c o d e :

x  := 5; 
generates the code:

LXI H , 5 
SH L D  x

N o tic e , H L  still con ta in s the 5 . The com piler  relies u p o n  this 
co n v en tio n  in  th e  form s: 

x  = y  = z  = 0; 
w h ich  generates th e  code:

L X I H ,0  
SH L D  x  
S H L D y  
SH L D  z

In fa c t, using an expression  as a sta tem en t is a g o o d  w a y  to  
lo a d  the H L  pair using th e  com piler. T he expression:

100;
pu ts 1 0 0  in to  the H L pair. O f m ore use m ight be the ex p res
sion:

& local;
w h ich  w o u ld  load  the address o f  the variable “ lo ca l” in to  H L.

W henever a binary operator is seen , and a secon d  value is 
n e e d e d , the H L  pair is pu sh ed  o n to  th e  stack , and th e  second  
operand is  load ed  in to  H L. T herefore, th e  expression :  

x  =: x  + 5; 
w o u ld  generate th e  code:

LH LD x  
PU SH  H 
L X I H,5  
POP D  
D A D D  
SH L D  x
O bviously , th is sh ow s th e  excessive  ca u tion  used b y  the  

com piler. It n eed  n o t  ac tu a lly  have pushed  th e  H L pair, bu t 
co u ld  m erely  have p u t it  in to  D E  w ith  an “X C H G ” in stru c
t io n . E x cep t fo r  th e  o n e  fact th e  com piler  had  n o  idea h o w  
invo lved  th e  seco n d  exp ression  w o u ld  b e . Consider: 

x  = x  + (5  * x )  /  fu n c t (x  * 3 );
O b viou sly , in  such  a case, push ing H w o u ld  b e  w ise . The 
com piler  m akes n o  d istin ctio n s , b u t generates b u lle t-p r o o f,  
rather than  o p tim a l, cod e .

G lobal variables (th o se  declared o u ts id e  o f  a fu n c tio n ) are 
assigned storage and can be referenced  b y  nam e. This m eans  
assem b ly  language co d e  can refer to  th e  global variables using  
the sam e nam e as the C program . L ocal variables, how ever, 
like fu n ctio n  argum ents, o c cu p y  a sp ot o n  the stack , and are 
referenced  b y  som e o ffse t  from  th e  current stack  poin ter . 
The sim ple routine:
m ain(arg) 

char arg;
{ in t lo ca lw o r d ; 
localw ord  = arg;

w o u ld  generate the c o d e : 
m ain:

PU SH  B 
LX I H ,0  
D A D  SP 
PUSH  H 
LXI H ,4  
D A D  SP 
C A L L  ccgchar  
POP D  
C A L L  ccp in t  
POP B 
RET

N o tice  a few  im portant item s. F irst, the address o f  
“lo ca lw o rd ” is evaluated as it  is en co u n tered . T hen it  is  
pu sh ed , since H L  m ust be used  for so m eth in g  e lse . The address 
o f  “ arg” is eva lu ated , and an o u tsid e  routine  “ ccgchar”  is 
called  to  read on e  b y te  from  the sp ec ified  address and to  sign- 
ex ten d  it .  T hen  the address o f  “ lo ca lw o rd ” is p o p p ed , and  
another routine “ ccp in t”  is called  to  store a 1 6 -b it value in  
H L  at the address in  D E . This m eans there is  a runtim e library  
need ed  for  the C program s produced  b y  th is com piler. It is 
n o t  lis ted  h ere , since it  is as lo n g  as the com piler  it s e lf  ( it  is 
in  8 0 8 0  c o d e )  and all th e  routines seem ed  fairly o b v io u s, 
since th ey  are all invok ed  b y  th e  code  generating ro u tin es at 
the en d  o f  the com piler. I f  there is en o u g h  response, perhaps 
Dr. D o b b s can print that to o  o n e  day.

I guess the b iggest q u estio n  rem aining is “H ow  can I ge t it  
o n  m y  sy stem ? ”

G o o d  q u estio n , and I’m  afraid y o u  k n o w  th e  answ er b etter  
than I d o .

O bviou sly , the C listing printed  here is  n o t  d irectly  usable  
o n  yo u r  h o m e  system . I f  y o u  had access to  a U N IX  sy stem ,
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y o u  co u ld  sim ply ty p e  it  in  as sh o w n , com p ile  it w ith  U N IX ’s 
C co m p iler , and have a running version . A t that p o in t, y o u  
cou ld  run the com piler  under U N IX , subm it it to  it se lf  for  
co m p ila tio n , and th e  o u tp u t w o u ld  be a co p y  o f  th e  com piler  
in  8 0 8 0  m n em o n ics. T hat o u tp u t is d irectly  usable o n  any  
8 0 8 0  m achine w ith  som e m ass-storage and an assem bler. 
This is ju st w h at I d id  in  b ootstrap p ing  th e  com p iler , so  
naturally  I have all th e  in term ed iate  files o n  f lo p p y  disk .

H ow ever, I am  n o t  a d istributor. I ca n ’t h an d le , nor d o  I 
w an t to  h an d le , requests to  p u t the files o n to  som e other  
m edia . I orig inally  released the first version  o f  th e  com piler  
som e m o n th s ago and have n o t  b een  able to  deal w ith  even the  
m oderate  num ber o f  requests.

It is m y  h o p e  som e o f  y o u  w ill e ith er go to  the e ffo r t  
y ou rse lves or get som e d istributor to  go to  th e  trouble  o f  
gettin g  th e  files o n to  th e  necessary flo p p ies or cassettes . Such  
group e ffo r ts  I w ill assist w here possib le .

A lready, a coup le  o f  d istributors or private parties have the  
th ing  w ork ing  o n  other m achines or are p lanning it .

Walt B ilo fsk y , Softw are C on su ltan t, 1 4 4 7 8  G lorietta  D rive, 
Sherm an O aks, Ca. 9 1 4 2 3 ,  has b een  in on  th is th ing  from  early  
o n , and has an ex trem ely  im proved  version running o n  his 
H ea th -k it . H is com piler  supp orts m u ch  m ore o f  the standard  
C language, and his runtim e library sports th e  a b ility  to  do  
I/O  red irection  like the U N IX  sh ell. I am  to ld  h e  is considering  
a CP/M  version , and w ill even tually  support o th ers. W hat is 
pu blished  here is free , i f  d ifficu lt to  transport d irectly  to  yo u r  
sy stem . B ut for a sm all fe e , I’m  sure h e ’ll be able to  supp ly  
y o u  w ith  a w ork ing  com piler.

A lso , The C ode W orks has ob ta in ed  a version  and was 
considering m aking it  w ork  on  other  m achines. Their address is 
B o x  5 5 0 ,  G o leta , CA 9 3 0 1 7 .

W hich brings up in teresting p o in ts . If y o u  haven’t already  
m ade th e  in tu itive  leap a b ou t the pow er beh in d  w riting the  
com piler  in  the sam e language it  su pp orts, it  lies in  th e  ab ility  
to  com p ile  itse lf . This m eans a user w ith  extra  m em ory can  
add ad d ition al features to  the basic com p iler , com p ile  it  w ith  
the o ld  com p iler , and voila! A  n ew  and m ore p ow erfu l version  
w ill ex is t .

I f  y o u  have a w orking com piler  o n  on e  cp u  and w an t to  
bo o tstra p  y o u r  w a y  to  another k ind o f  processor, y o u  need  
o n ly  change th e  cod e  generating p o rtion s o f  th e  com piler  
(all grouped in to  the final sec tio n  o f  the listin g ) to  m ake code  
for  th e  n ew  m ach in e , com p ile  that com p iler , and on ce  again, 
y o u  have a n ew  b e a s ty . Sort o f  lik e  c lon in g .

P erson ally , I’ve develop ed  th e  th in g  a b o u t as far as I n eed  
to  begin using it for the th ings I orig inally  in ten d ed . A fter  all, 
I did w rite it for a reason . H ow ever, I am  still in terested  in  
hearing w h at m o d ifica tio n s are fo u n d  u sefu l, w hat m achines  
it  even tu a lly  w anders o n to , and any other  in terestin g  paths  
th is th ing  takes.

I f  y o u  get th is th in g  running o n  yo u r  h o m e sy stem , m ake  
m od s to  it ,  m ake it  run on  another cp u , or are in  a p o s itio n  to  
m ake cop ies o f  yo u r  w ork  for o th ers w ith  sim ilar cp u ’s, I 
w o u ld  appreciate hearing a b ou t it  in  Dr. D o b b ’s.

I th ing  i t ’s an ex ce lle n t o p p o rtu n ity  to  learn h o w  a c o m 
piler w orks and at th e  sam e tim e estab lish  th e  necessary  
groundwork for a C com m unity. I t’s already here, w ith  the  
T in y -C  interpreter and th e  other  C com pilers n o w  available.
I h o p e  to  see a lo t m ore C program s in the fu tu re .

rrvGSKFim
small-c compiler 

rev. 1.1 
by Ron Cain

Define system dependent parameters 
Stand-alone definitions

/* ^define NULL 0 */
/* ftdefine eol 13 * /
/* UNIX definitions (if not stand-alone)
^include <stdio.h> 
fldefine eol 10
/* Define the symbol table parameters
#define symsiz 14
#define syatbsz 5040
^define numglbs 300
#define startglb symtab
#define endglb startglb*numglbs*symsiz
tfdefine startloc endglb+synsiz
#define endloc symtab+syrotbsz-symsiz
/* Define symbol table entry format
ftdefine name 0 
#define ident 9 
#define type 10 
#define storage 11 
tfdefine offset 12

/* System wide name size (for symbols)
#define namesize 9 
tfdefine namemax 8

/* Define possible entries for "ident”
#define variable 1 
gdefine array 2 
#define pointer 3 
#define function 4

/* Define possible entries for "t¥DP"
^define cchar 1 
#define cint 2

/* Define possible entries for "storage"

tfdefine statik 1 
ftdeflne stkloc 2

/* Define the "uhile" statement queue
#define wqtabsz 100
^define wqsiz 4
#define wqmax uq+wqtabsz-wqsiz

/* Define entry offsets in uhile queue
#define wqsyn 0 
ftdefine wqsp 1 
({define wqloop 2 
tfdefine uqlab 3

/* Define the literal pool
tfdefine litabsz 2000 
^define litrcax litabsz-1

/* Define the input line
ftdefine linesize 80 
#define linercax linesize-1 
^define rapmax linemax

/* Define the macro (define) pool

#define macqsize 1000 
#define raacmax raacqsize-1
/ *  Define statement types (tokens)

#define stit 1 
#define stub lie 2 
#define streturn 3 
ftdefine stbreak 4 
tfdefine stcont 5 
Sdefine stasis 6 
tfdefine stexp 7

Now reserve some storage words
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char
char
int
int

char
int
char
int

char
char
int

symtabLsymtbszD;
*glbptr,*locptr;
uqCwqtabszD;
*wqptr;
1itqClitabszJ; 
litptr;
macqLroacqsizeJ;
macptr;

1ineClinesize]; 
mlineCllnesizeD; 
lptr,mptr;

Misc storage *
nx t lab,
1i tlab,
sp,
argstk, 
ncmp, 
errcnt, 
eof, 
input, 
output, 
input2, 
glbtlag, 
ctext, 
cmode,

char
char
int
/ •
/*
/*
/*
raa in ( )

lastst;

quoteC 2 1} 
*cptr; 
'iptr;
>>>» start cc 1 <<<<<<

Compiler begins execution here

/* symbol tatle * /
/ *  ptrs to next entries 

/* while queue */
/* ptr to next entry */

/* literal pool */
/* ptr to next entry */
/* macro string butter */
/* and its index */

/* parsing buffer */
/* temp macro buffer */
/* ptrs into each */

next avail label # */ 
label # assigned to literal pool */ 
compiler relative stk ptr * /  
function arg sp * /
# open compound statements */
H errors in compilation */ 
set non-zero on final input eof */ 
iob # for input file */ 
iob # for output file (if any) * /  
iob # for "include" file * /  
non-zero it internal globals */ 
non-zero to intermix c-source */ 
non-zero while parsing c-code */ 
zero uhen passing assembly code */ 
last executed statement type */

literal string for */ 
work ptr to any char buffer */ 
work ptr to any int buffer */

uhile(J— )
(outdecC (litqCk++DU27)); 
if ((J==0) I (k>=litptr))

/ •
/*
/*
dumpglbs() 

t

cnl(); 
break; 
}

outbyte( ', ');
>

Dump all static variables

/* need <cr> */

/* separate bytes */

int j;
it(glbflag==0)return; /* don't if user said no * /
cptr=startglb;
while(cptr<glbptr)

{it(cptrCident3!=function)
/ *  do if anything but function */ 
{outstr(cptr);col();

/* output name as label... * 
defstorage(); /* define storage */
J = ((cptrCotfsetU255)4

((cptrCoffset4l3^255)«8)); 
/* calc # bytes */ 

if((cptrCtypeD==clnt)|
(cptrCident3==pointer))

/ •
/•
/*
errorsummary() 

(

outdec(J);
n l ( ) ;
>

cptr=cptr*symsiz;
>

Report errors for user

/* need that many */

glbptr=startglb; 
locptr=startloc; 
uqptr=uq;
raac p tr=  /*
1i tptr= /*
sp = /*
errcnt= /*
eof= /*
input= /*
input2= /*
outputs /*
ncmp= /*
lastst= /* no 
quoteC13=o;
quoteC03='"'; 
cmode=1;
/*
/ *  compiler body
/*
ask(); 
openou t(); 
openin(); 
header(); 
par se(); 
duupli ts(); 
dumpglDs()/ 
errorsummary (); 
trailerC); 
closeout(); 
return;
>

/* clear global symbols */ 
/* clear local symbols */ 
/* clear while queue */ 

clear the macro pool */ 
clear literal pool * /  
stack ptr (relative) •/ 
no errors */ 
not eof yet */ 
no input file */ 
or include file */ 
no open units */ 
no open compound states 

/

/* see if anything left hanging... */ 
if (neap) error("missing closing bracket"); 

/* open compound statement ••• */
nl(); 
comment(); 
outdec(errcnt); 
outstrC" errors 
nl();
)

/* total ff errors */ 
in compllation.");

*/
last statement yet 

/

/*
/*
/*
ask( )

Get options from user

...all set to zero.... */
/* fake a quote literal */ 

enable preprocessing */
*/
*/
*/

get user options */ 
get an output file */ 
and initial input tile */ 
intro code •/ 
process ALL input */ 
then dump literal pool */ 
and all static memory */ 
summarize errors */ 
follow-up code */ 
close the output (if any) */ 
then exit to system * /

small-c compiler 
by Ron Cain");

clear input line 
clear the screen 
print banner * /

r *«);

/
/
/
/
/*
/*
p a r s e ( )

Process all input text
At this level, only static declarations, 

defines, includes, and function */ 
definitions are legal... */

(
while (eot==0) /* do until no more input */

i
if(amatch("charn,4))(declglb(cchar);ns();>
else if(aBatch(,,intw,3))Cdeclglb(cint);ns();>
else if(match("#asm"))doasm();
else if(match("#include"))doinclude();
else if(match("#define"))addmac();
else newfuncO;
blanksO; /* force eof if pending */
}

int k,numC13; 
kill(); 
outbyte(12); 
nl();nl();nl();
P l ( "  * *
n l ( ) ;
Pl("
nl();nl();
/* see if user wants to interleave the c-text 
/* in form of comments (for clarity) */
pl("Do you wish the c-text to appear? "); 
gets(line); / *  get answer */
ctext=Q; /* assume no * /
if((ch()=='Y')|(ch()=='y'))

ctext=l; /* user said yes */
/* see if user wants us to allocate static * /
/* variables by name In this module */
/* (pseudo external capability) */
pi("Do you wish the globals to be defined? 
gets(line); 
glbflag=0;
if((ch()=='Y ')I(ch()=='y*))

glbflag=l; / *  user said yes */
/ *  get first allowable number for compiler-generated */ 
/* labels (in case user will append modules) */
whiled)

Cpl("Starting number for labels? "); 
gets(line);
if(ch()==0)CnumC03=0;break;) 
if(k=number(num))break;
>

nxtlab-numCOJ; 
litlab=getlabel(); 
killO;
>

");

Dump the literal poc!

/*
/*
/*
openoutO

(

Get output filename

first label=literal pool 
erase line * /

*/
* /
*/

duraplits()
(int 3/k;
it (litptr==0) return; /* if nothing there/ exit...»/ 
printlabel(litlab);col(); /* print literal label */ 
*=0; /* init an index... */
while (k<litptr) /* to loop with */

IdefbyteO; /* pseudo-op to define byte * /
_)=1 0; /* max bytes per line */

kill(); /* erase line */
output=0; /* start with none */
pl("0utput filename? "); / *  ask...*/ 
gets(line); /* get h filename */
if(ch()==0)return) /* none given... */
if((output=fopen(1lne,"y"))==NULL) /* it given, open 

(output=0; /* can't open */
error("0pen failure");

Page 10 Dr. D obb 's Jou rnal o f C om puter Calisthenics & O rth o d o n tia , Box E, M enlo Park, CA 9 4 025 N um ber 45

181



killO; /* erase line */
>
/* */
/* Get (next) input tile */
/* */
openin()
(

lnput=0; /* none to start with */
uhile (input==0) /* any above 1 allowed */

(kill(); /* clear line */
if(eof)break; /* it user said none */
plC'Input filename? "); 
gets(line); /* get a name */
if(ch()==0)

Ceof=l;break;1 /* none given... */ 
if((input=fopen(line,"r"))==NULL)

(input=0; /* can't open it */
pi("Open failure");
>

i
killO; /* erase line */
)

/* */
/* Open an include file */
/* */
doinclude()
C

blanksO; /* skip over to name * /
if((input2=fopen(line*lptr,"r") )==NULL)

(input2=0;
error("Open failure on include file");
J

killO; /* clear rest of line * /
/ *  so next read will cone fron * /
/* new file (if open */

>
/* */
/* Close the output file * /
/* */
closeout( )
( if(output)fclose(output); /* if open, close it */

output=0; /* mark as closed */
)
/* */
/* Declare a static variable */
/* (i.e. define for use) */
/* */
/* makes an entry in the symbol table so subsequent */
/* references can call synbol by name * /
declglb(typ) / *  typ is cchar or cint * /

int typ;
( int k/j;char snaraeCnamesize3;

whiled)
(whiled)

(if(endst())return; / *  do line */
k=1; / *  assume 1 element */
if(matchC*")) /* pointer ? */

J=pointer; / *  yes * /
else 3=variable; /* no */ 

if (syraname(sname)==0) /* name ok? */ 
illnameO; /* no... */ 

if(findglb(snaie)) / *  already there? */ 
multldet(sname ); 

if (matchCt")) /* array? */
(k=needsub( ); /* get size */
if(k)J=array; /* I0=array */
else J=pointer; /* 0=ptr */
)

addglb(sname/J,typ,k); /* add symbol */ 
break;
)

if (match(",")==0) return; /* nore? */
>

J
/* */
/* Declare local variables */
/* (i.e. define for use) */
/* */
/* works Just like "declglb" but modifies machine stack */
/* and adds symbol table entry with appropriate */
/* stack offset to find it again */
declloc(typ) /* typ is cchar or cint */

int typ;
(
int k,j;char snametnaraesize3; 
while(1)

(whiled)
(it(endst())return; 
if(match("*"))

J=pointer; 
else J=variable; 

if (symname(snarae)==0)
IllnameO; 

if(findloc(sname))
multidef(sname); 

if (matchC'C"))
(k=needsub(); 
if (k)

(J=array;
if(typ==cint)k=k+k;
)

else
( J=pointer;

k=2;
>

>
e lse

if((typ==cchar)
&(j!=pointer)) 
k=l;else k=2; 

/* change machine stack */ 
sp=modstk(sp-k); 
add loc (sname,;),typ,sp); 
break;
)

if (uatch(",")==0) return;
>

>>>>>> start of cc2 < « < « «

Get required array size

/* invoked when declared variable is followed by "C" */
/* this routine makes subscript the absolute */
/* size of the array. */
needsub()

(
int numC13;
if («ratch(,,3"))return 0; /* null size */
if (number(nura)==0) /* go after a number */

(error("must be constant"); /* it isn't * /
nusC03=l; /* so force one */
)

if (numC03<0)
(errorC’negative size illegal"); 
nunC 03=(-numC03);
>

needbrack("3"); /* force single dimension * /
return numC03; /* and return size */
)

/* */
/* Begin a function */
/* */
/* Called from "parse" this routine tries to irake a function */ 
/* out of what follows. */
newfunc()

(
char ntnamesize3,*ptr; 
if (symname(n)==0)

(error("illegal function or declaration");
killO; /* invalidate line */
return;
>

if(ptr=findglb(n)) /* already in symbol table ? */
(i f(ptrt ident3! = function)nultidef(n);

/* already variable by that name */ 
else if(ptrCoffset3==function)oultidef(n);

/* already function by that name V  
else ptrCoffset3=function;

/* otherwise we have what was earlier*/ 
/ *  assumed to be a function */

)
/ *  if not in table, define as a function now */ 
else addglb(n,function,cint,function);
/ *  we had better see open paren for args... */ 
if(match("(")==0)error("missing open paren"); 
outstr(n);col();nl(); /* print function name */
argstk=0; / *  init arg count */
while(match(")")==0) / *  then count args * /

/* any legal name bumps arg count */
(i f (symnatre(n) )a rgstk=argstk>2;
else(error("illegal argument nane");Junk();>
blanksO;
/* if not closing paren, should be comma * /  
if(streq(llne+lptr,")")==0)

(if(match(",")==0)
error ("expected comma"); j O'*-*
)

if(endst())break;
)

locptr=startloc; /* "clear" local symbol table*/
sp=0; /* preset stack ptr */
whi1e(argstk)

/* now let user declare what types of things */ 
/ *  those arguments were */
(i f(araatch("char",4)){getarg(cchar);ns();> 
else if(araatch("int",3))(getarg(cint);ns();>
e l s e ( e r r o r ( " w r o n g  n u m b e r  a r g s " ) j b r e a k ; >

>
if(statenent()!=streturn) /* do a statement ,  but lf * f

/* it's a return, skip * /
/ *  cleaning up the stack */

(modstk(O); 
ret();
)

sp=0; /* reset stack ptr again */
locptr=startloc; /* deallocate all locals * /
y

/* *//* Declare argument types */
/* */
I *  called from "newfunc" this routine adds an entry in the */
/* local symbol table for each named argument */
getarg(t) /* t = cchar or cint */

int t;
(
char nCnanesizeJ ,c ; int  J;
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whiled)
Cif(argstk==0)return; /* no more args */ 
if(■atch("*w))J=pointer;

else J=variable; 
if (symnaae (n) ==0 ) illnameO; 
if(findloc(n))multidef(n); 
if(match("C")) /* pointer ? */
/* it is a pointer, so skip all */
/• stuff between "CD" * /

(while(inbyte()!=*3*)
if(endst())break;

j=pointer;
/* add entry as pointer */
>

addloc(n,j,t,argstk);
argstk=argstk-2; /* cnt down * /
if(endst())return;
if(aatch(",")==0)error("expected comma");
)

/* (for "break" statement) */ 
printlabel(wqCwqloop});col();nl(); /* loop label */
test(wqCuqlabD); 
stateroent(); 
jump(wqCwqloopJ); 
printlabel(wqCwqlab3);co 
locptr=wqCwqsym]; 
sp = nsodstk(wqCwqspD); 
delwhile();
>

/*
/*
/*
doreturn() 

(

"return" statement

see if true */
* if so, do a statement */
* loop to label */
();nl(); /* exit label */
* deallocate locals */
* clean up stk ptr */
* delete queue entry */

V
*/
*/

Statement parser
*/
• /
*/
*/

/* if not end of statement/ get an expression 
if(endst()==0)expression(); 
modstk(O); /* clean up stk */
ret(); /* and exit function */
}

called whenever syntax requires

a statement. */
this routine performs that statement */ 

and returns a number telling which one */ 
statement()

( if ((ch()==0) & (eof)) return;

else it(amatch("char",4))
(dec 11oc(cchar);ns( );> 

else if(amatch("int"/3))

(declloc(cint);ns();> 
else ii(match("("))corapound(); 

else if(amatch("if",2))
(doi£();lastst=stif;> 

else if(amatch("whileM,5))
(dowhile();lastst=stwhile;) 

else if(amatch(,,return"/6))
(doreturn();ns();lastst=streturn;) 

else if(araatch(,,break"/5))

(dobreak();ns();1astst=stbreak;> 
else if(amatch("continue",8))

(docont();ns();lastst=stcont;) 

else if(■atch(";")); 

else if (matchC'ftasm") )
(doasm();lastst=stasra;)

/* if nothing else, assume it's an expression * /  
else(expression();ns();1astst=stexp;) 

return lastst;

/*
/*
/*
dobreak() 

(

"break" statement
*/
*/
*/

int *ptr;
J * see if any "whiles" are open */ 
if ((ptr = readwhile( ))==0) return;

/*
/ •
/*
docont()

modstk((ptrC wqsp1 )); 
jump(ptrCwqlab3);
)
"continue" statement

/* else clean up stk ptr 
/* Jump to exit label */

*/
*/
* /

(
int *ptr;
/* see if any "whiles" 
if ((ptr = readwhile()) = 
mods tk((ptrCwqspD)); 
jump(ptrCwqloopU);
}

"asm" pseudo-stateoent

are open * /
=0) return; /* no */

/ *  else clean up stk ptr */ 
/ *  Jump to loop label */

*/
* /
* /

Semicolon enforcer
*/
*/
*/

ailed whenever syntax requires a semicolon */ 
ns() (if(Datch(";")==0)error("missing semicolon");)

*/
* Compound statement */
* */
* allow any number of statements to fall between "()" 

compound()
(
♦♦ncmp; /* new level open */
while(match(")H)==0)

if(eof) return; 
else statementO;

— neap; /* close current level */
)

*/
"if" statement */

*/

enters mooe where assembly language statement are */ 
passed Intact through parser */ 

do asm()
(
cmode=0; / *  mark mode as "asm" * /
while (1)

(inlineO; / *  get and print lines * /
if (matchC'flendasra")) break; /* until... */ 
i f(eof)break; 
outstr(line); 
nl ();
>

kill(); /* invalidate line * /
craode=l; /* then back to parse level */
>

/* >»>> start of cc3 « < « « < <  */

/•
/*
/•
doifO

Perform a function call

int flev,fsp,flabl,flab2;
flev=locptr; /* record current local level */
fsp=sp; /* record current stk ptr */
flabl=getlabel(); / *  get label for false branch */ 
test(flabl); /* get expression, and branch false */
statementO; /* if true, do a statement */
sp=modstk(fsp); /* then clean up the stack * /
locptr=flew; / *  and deallocate any locals */ 
if (amatch("else",4)==0) /* if...else ? */

/* simple " i f . p r i n t  false label */ 
(printlabeKf labl);col ( );nl( ); 
return; /* and exit */
)

/* an "it...else" statement. */
juraptflab2=getlabel()); /* jump around lalse code * /  
printlabel(f4abl);col();nl(); /* print false label */
statementO; /* and do "else" clause */
sp=modstk(fsp); /* then clean up stk ptr */
locptr=flev; /* and deallocate locals */
printlabeKflab2);col();nl(); /* print true label */
>

called from heirll, this routine Hill either call */ 
the named function, or if the supplied ptr is * /  
zero, will call the contents of HL */

allfunction(ptr)
char *ptr; /* symbol table entry (or 0) * /
int nargs;
nargs=0;
blanksO; / *  already saw open paren */
if(ptr==0)push(); / *  calling HL * /
while(streq(line*lptr,")")==0)

(i f(endst())break;
expressionO; / *  get an arguirent */ 
if(ptr==0)swapstk(); /* don't push addr */ 
push(); /* push argument */ 
nargs=nargs*2; /* count args*2 */ 
if (iratch(",")= = 0) break;

needbracK(")"); 
if(ptr)call(ptr); 
else callstkO; 
sp=modstk(sp+nargs); /* clean up arguments */

3unk()
( if(antinbyte()))

khile(an(cb()))gch(); 
else while(an(ch())==0)

(if(ch()==0)break; 
gch();

/* */ i
blanks( );

/* "while" statement */ >
t* */ endst( )

dowhi1e() ( blanksO;( return ((streq(1ine+lptr,";")|(ch()==0)));
int wqC43; J* allocate local queue */ >
wqLwgsym3=locptr; /* record local level */ illnameO
wqCwqsp3=sp; r and stk ptr */ ( error("illegal symbol name");Junk();>
wqCwqloopD=getlabel(); /* and looping label */ multidef(sname)
wqCwqlabJ=getlabel(); /* and exit label */ char *snarae;
addwhile(wq); /* add entry to queue */ ( error("already defined");
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comirent( ); 
outstr(sname);nl();

)
needbrack(str)

char *str;
C if (natch(str)==0)

(error("misslng bracket"); 
connentC);outstr(str);nl();
>

)
needlvaK)
C error("must be lvalue");
>
fIndglb(snaoe)

char *sname;
C char *ptr;

ptr=startglb;
while(ptr!=glbptr)

{if(astreq(sname,ptr,namemax))return ptr; 
ptr=ptr*symsiz;
>

return 0;
)
findloc(sname)

char *sname;
( char *ptr;

ptr=startloc; 
while(ptrl=locptr)

(if(astreq(sname,ptr,nameraax))return ptr; 
ptr=ptr*syuisi z;
>

return 0;
>
addglb(snaroe,id,typ,value) 

char *sname,id,typ; 
int value;

C char *ptr;
if(cptr=findgib(snaoie))return cptr; 
if(glbptr>=endglb)

<error("global symbol table overflow"); 
return 0;
)

cptr=ptr=glbptr;
uhile( an(*ptr++ = *snaae++)); /* copy name */
cptrCident3=id;
cptrCtype3=typ;
cptrtstorage3=statik;
cptrCoffsetDevalue;
cptrCotfset*13=value>>8;
glbptr=glbptr+symsiz;
return cptr;

}
addloc(snarae,i d,typ,value) 

char *sname,id,typ; 
int value;

C char *ptr;
if(cptr=findloc(snarae))return cptr; 
i f(locptr>=endloc)

(error("local symbol table overflow"); 
return 0;
>

cptr=ptr=locptr;
while(an(*ptr*+ = *sname*+)); /* copy nane */
cptrCidentD=id;
cptrttypel=typ;
cptrCstorageJ=stkloc;
cptrtoffsetl=value;
cptrCoffset+l]=value>>8;
locptr=locptr+symsiz;
return cptr;

>
/* Test if next input string is legal symbol nare */ 
synname(snane)

char *sname;
( int k;char c;

blanksO;
it(alpha(ch())==0)return 0; 
k = 0;
whlle(an(ch()))snameCk*+D=gch();
snaseCk]=0;
return 1;
>

/* Return next avail Internal label number */ 
ge tlabel()
( return(**nxtlab);
)
/* print specified number as label */ 
pr IntlabeK label) 

int label;
C outstrC'cc");

outdec(label);
)
/• Test if given character is alpha * /  
alpha(c)

char c;
C c=c&127;

return(((c>='a'H(c<='z'))|
((c>='A*)i(c<=*Z'))|
(c== '_'));

)
/* Test if given character is numeric */ 
numerlc(c)

char c; 
f c=cil27;

return((c>='0')i(c<='9'));
>
/* Test if given character is alphanumeric */ 
an (c)

char c;
C return((alpha(c))|(numeric(c)));
>
/* Print a carriage return and a string only to console */ 
pl(str)

char *str; 
i int k;

k=0;
putchar(eol);
uhile(strCkl)putchar(strCk++l);

)
addwhile(ptr)

int ptrCD;
(

int k;
if (kqptr==wqmax)

(errorC'too many active whlles");return;J
k = 0;
while (k<wqsiz)

(*wqptr+* = ptrCk+*3;)
)
delwhile()

Cif(readwhile()) wqptr=wgptr-wqsiz;
>

readwhi le()
C

if (wqptr==wq)(error("no active whiles");return 0;) 
else return (wqptr-wqsiz);

)
ch()

return(llneClptr3&127);
nch()

ch()

UK)

if(ch()==0)return 0;
else return(lineClptr*lDfcl27);

if(ch()==0)return 0;
else return(1ineClptr+«]&127);

lptr=0;
1lnetlptr 3 = 0;

nbyte()

while(ch()==0)
(if (eof) return 0;
inline();
prep rocess();
>

return gch();
lnchar() 
(

if(ch()==0)inline(); 
it(eof)return 0; 
return(gch());

inline() 
C

int k,unit; 
whiled)

(if (input==0)openin(); 
if(eof)return;
if((unlt=input2)==0)unit=input; 
kill();
while((k=getc(unit))>0)

(if((k==eol)l(lptr>=llreaax))break; 
1ineflptr*0=k;
>

HneClptr3=0; /• append null */ 
if (k<=0)

Cfclose(unit); 
if(input2)input2=0;

else input=0;
if(lptr)

>
)
(if((ctextK(cBode)) 

<coraent(); 
outstr(llne); 
nl();
>

lptr=0; 
r e turn;
>

> » > »  start of cc4 <<<<<<<
keepch(c)

char c;
( mlineCmptr3=c;

if(mptr<mpioax)mptr*+; 
return c;

)
preprocess()
( int k;

char c,snaroeLnamesize]; 
if(cirode-=0) return;
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niptr = lptr = 0/ 
uhile(chO)

(1f ( (ch( )=='  ' ) lCch()==9))
(keepch(* '); 
while((ch()== * ')|

(chO=-9))
gehO;

>
e l s e  l £ ( c h ( ) = = ' " ' )

t k e e p c h ( c h O ) ;
gchC);
uhlle(chOI = '"')

(lf(ch()==0)
(error("raissing quote"); 
break;
)

keepch(gch() );
>

gch();
keepch(*"');
>

else if(ch()==39)
(keepchC39); 
gch();
while(ch()l=39)

(if(ch() = = 0)
(error("missing apostrophe"); 
break;
)

keepch(gch());
>

gch();
keepch(39);
>

else if((ch()=='/'H(nch()=='*'))
(lnchar();inchar(); 
while(((ch()=='*'H

(nch()=='/'))==0)
(if(ch()==0)inline();

else IncharO; 
if(eof)break;
>

inchar();inchar(); 
i

else if(an(ch( )))
(k=0;
while(an(ch()))

(if(k<namemax)snameCk++3=ch();
gch();
>

snameCk3=0; 
if(k=findmac(sname))

while(c=macqCk**3)
keepch(c);

else
(k=o;
while(c=snameCk+*3)

keepch(c);
I

)
else keepch(gch());
)

keepch(O);
if(cptr>=rapmax)error( "line too long"); 
lptr=mptr=0;
whi le( lineClptr*+3=ral ineCmptr♦♦!]); 
lptr=0;
)

addraac( )
( char snameCnanesizel;

int k;
if(symnane(snanie)==0)

(illnarae();
k i l l O ;
return;
>

k = 0;
whiie(putmac(snameCk++3));
whi le(ch()==' ' | ch()== 9) gch();
while(putnac(gch( ) ) ) }
if(macptr>=macraax)error("macro table full");
)

putmac(c)
char c;

{ macqtmacptr]=c;
i f (raacptr<macmax)®acptr++; 
return c;

>
findoac(snane)

char *snan»e;
( int k;

k=0;
while(k<nacp tr)

(if(astreq(sname/macq + k/nameniax)} 
(while(raacqCk++3); 
return k;
>

while(macqCk++3); 
while(tnacqCk* + 3);
}

return 0;
)
outbyte(c)

char c;

if(c==0)return 0; 
if(output)

(if((putc(c/output))<=0)
(closeout();
errorCOutput file error");
)

)
else putchar(c); 
return c;

>
outstr(ptr)

char ptrC3;
(

int k; 
k=0;
while(outbyte(ptrCk++3));

>
nl()

(outby te(eol) } )
tab()

(outbyte(9);)
col()

(outby te(58);> 
er ror(ptr)

char ptrCD;
C

int k;
comrrent();outstr(line);nl();coucent(); 
k = 0;
while(k<lptr)

(if(lineCkJ==9) tab();
else outbyte(* *);

++k;
>

o u t b y t e ( * ) ;

nl();coimient();outstr("****•* ");
outstr(ptr);
O U tS tr ( "  * * * * * * • • ) ;
nl() ;
♦♦errent;

)
ol(ptr)

char ptrCD;
(

ot(p tr); 
nl();

)
ot(ptr)

char ptrtD;
C

tab();
outstr(ptr);

)
streq(strl,str2)

char str1C 3,str2C3;
(

int k; 
k=0;
while (str2Ck3)

(if UstrlCk3)! = (str2Ck3)) return 0; 
k + +;
>

return k;
)

astreq(strl,str2,1en)
 ̂ char str1C 3,str2C3;int len;

int k; 
k = 0;
while (k<len)

(if ((strlCk3)l=(str2Ck3))break; 
if(strlCk3==0)break; 
if(str2Ck3==0)break; 
k+*;
>

if (an(strlCk3))return 0; 
if (an(str2Ck3))return 0; 
return k;

>
natch(l i t )

char *lit;
(

int k; 
blanksO;
if (k=streq(line*lptr,lit))

(lptr=lptr+k; 
return 1;
)

return 0;
>
amatch(lit,len)

char *lit;int len;
(

int k; 
blanks();
if (k=astreq(line*lptr,lit,len))

(lptr=lptr+k;
while(an(ch( ) )) inbyteO;
return 1;
)

return 0;
)

blanks()
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(whiled)
(while(ch()==0)

(inline( ); 
preprocess(); 
if(eof)break;
)

if(ch()== * ') gch(); 
else if(ch() ==9)gch(); 
else return;
)

>
outdec(nuciber)

Int number;
(

int k,zs; 
char c; 
zs - 0;
*=10000; 
if (number<0)

(number=(-number); 
outbyte(*-');
>

while (k>=l)
(
c=nunber/k ♦ 'O'; 
if ((c!='0')|(k==l)|(zs))

I zs=l;outbyte(c);> 
number=nuober%k; 
k=k/10;
J

)
/* > » > » >  start of cc5 < « « < <  */

expressionO
C

int lvalC23;
if(heirl(lval))rvalue(lval);

)
heirl(lval)

int lvalC3;
(

int k,lval2C23; 
k=heir2(lval); 
if (match("=*'))

(if(k = = 0) (needlvaI();re turn 0;> 
if (lvalC13)push(); 
if(heirl(lval2))rvalue(lval2); 
store(lval); 
return 0;
)

else return k;
)
heir2(lval)

int lvalC3;
( int k/lval2C23;

K = heir 3(lval); 
blanksO;
if(ch()!='|')return k; 
if (k)rvalue(lval); 
uhile(l)

Cif (natch(”|”))
(push();
if(heir3(lval2 )) rvalue(1val2);
pop();
or ();
)

else return 0;

heir3(lval)
int lvalCJ;

C int k/lval2C23;
k=heir4(lval); 
blanks();
if(ch()!='-')return k; 
if(k)rvalue(lval); 
uhile(l)

iif (matchC1'"))
(push();
if(heir4(lval2))rvalue(lval2);
pop();
xor(); ‘
>

else return 0;
>

)
heir4(lval)

int lvalC3;
C int k/lval2C23;

k=heir5(lval); 
blanksO;
if(ch()!='&')return k; 
if(k)rvalue(lval); 
uhile(1)

(if (matches."))
(push();
if(heir5(lval2))rvalue(lval2);
pop();
and();
)

else return 0;
)

)
heirSOval)

int lvalC3;

Int k,lval2C 23; 
k=heir6(lval); 
blanksO;
if((streg(line+lptr/"==")==0)L

(streq(line+lptr,"1=")==0))return k; 
if(k)rvalue(lval); 
whiled)

(if (match("==")) 
tpush();
If(heir6(lval2))rvalue(lval2);
pop();
eq();
>

else if (match(n l="))
CpushO;
if(heir6(lval2))rvalue(lval2);
popO;
ne();
)

else return 0;
)

)
heir6(lval)

int lvalC3;
(

int k,lval2C23; 
k=heir7(lval); 
blanksO;
if((streg( line+lptr,"<")==0K

(str eq( line + lptr,">")==0H 
(streq(line + lptr,"<=")==0H 
(streq(line*lptr,M>=")==0))return k; 
if(streq(line*lptr*">>"))return k; 
if (s tr eq( 1 ine-flp tr, "<<")) return k; 

if(k)rvalue(lval); 
whiled)

(if (match("<="))
(push();
If(heir7(lval2))rvalue(lval2);
popO;
if (cptr=lvali:03)

if(cptrCident3==pointer)
CuleO;
continue;
)

if(cptr=lval2C03)
if(cptrCldent3==pointer)
tule();
continue;
)

le();
)

else if (match(">="))
(push();
If(heir7(lval2))rvalue(lval2);
popO;
if(cptr=lvalC03)

if(cptrCident3==pointer)
(uge();
continue;
>

if(cptr=lval2C03)
if(cptrCident3==pointer)
Cuge();
continue;
)

ge();
)

else if((streq(line+lptr/M<"))i
(streq(line+lptr,"<<")==0))
(inbyte(); 
push();
if(heir7(lval2))rvalue(lval2);
popO;
if(cptr=lvalC03)

lf(cptrCident3==pointer)
(ult();
continue;
)

if(cptr=lva12(0 3)
if(cptrCident3==pointer)
(ult();
continue;
>

l t ( ) ;
)

else if (( streq( 1 ine+lptr,">") )(,
(streq(llne+lptr,"»")==0 )) 
(inbyte(); 
push();
if(heir7(lval2))rvalue(lval2);
popO;
if(cptr=lvalC03)

if(cptrCident3==pointer)
(ugt();
continue;
)

if(cptr=lval2C03)
if(cptrtident3==pointer)
tugt();
continue;
)

gt();
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)
else return 0;
)

)
/* > > » »  start of cc6 < < « «  */
he li:7(lval)

int lvalC3;
t

int V , lval2C23; 
k=heir8(lval); 
blanks();
if((streq( line-f lptr/">>n)==0)&

(streq(line+lptr/"<<")==0))return k; 
if(k)rvalue(lval); 
uhlle(l)

Cif (*atrti(N»")>
{push();
i f ( h e i r B ( l v a l 2 ) ) r v a l u e ( l v a l 2 ) ;

pop();
asr();
>

else if (Batch("«"))
(push();
if(heir8(lval2))rvalue(lval2);
pop();
asl();
)

else return 0;
)

)
helr8(lval)

int lvalCl;
C

int k, lva12C23; 
k=heir9(lval); 
blanksO;
lf((ch()!='♦')&(ch()I='-'))return k;
if(k)rvalue(lval);
uhile(l)

Cif (*atch("+n))
CpushO;
if(heir9(lval2))rvalue(lval2); 
if (cptr=lvalC03)

if((cptrCident3==pointer)i 
(cptrCtype3==cint)) 
doublereqO;

pop();
addO;
)

else if (match("-"))
CpushO;
if(heir9(lval2))rvalue(lval2); 
if (cptr=lvalC03)

if((cptrCident3==pointer)t 
(cptrC type3==cint)) 
doublereqO;

pop();
sub();
>

else return 0;
>)

heir 9(lval)
int lvaici;

C
int Y , 1val2C 23; 
k=heir10(1val); 
blanksO;
if(<ch()!=•**)&(ch<)! = '/')&

(ch()l='%'))return k; 
if(k)rvalue(lval); 
uhile(l)

(if (iratch("*"))
(push();
it(helr9(lval2))rvalue(lval2);
pop();
rault( );
)

else if (natch("/N))
(pushO;
ifCheirlO(lval2))rvalue(lval2);
popO;
divO;
>

else if (raatch("%"))
( p u s h ( ) ;
if(heirl0(lval2))rvalue(lval2);
popO;
mod();
>

else return 0;
)

)
he irl0(lval)

int lvalC3;
(

int k;
char *ptr;
if (n1atch(,,♦♦,,))

(i f((k=he irl0(lval))==0)
(needlval(); 
return 0;
>

if(Iva1C 13)push(); 
rvalue(lval);

inc();
ptr=lvalC03;
if((ptrC ident 3==pointer) k 

(ptrCtype3==cint)) 
inc();

storedval); 
return 0;
)

else if(isatch("— "))
(if((k=heirl0(lval))==0)

Cneedlval(); 
return 0;
)

if(lvalC13)push(); 
rvaluetlval); 
dec();
ptr=lvalC03;
if((ptrCident3==pointer)4 

(ptrCtype3==cint)) 
dec();

store(1va1); 
return 0;
)

else if (match("-"))
(k=heirl0(lval); 
if (k) rvalue(lval); 
neg(); 
return 0;
>

else if(natchC"*"))
(k=heirl0(lval); 
if(k)rvalue(lval); 
lvalC13=cint;
if(ptr=lvalC03)lvalC13=ptrCtype3; 
lvalC03=0; 
return 1;
>

else if(natch("&"))
(k=heirl0(lval); 
if(k==0)

(errorC'illegal address"); 
return 0;
>

else if(lvalC13)return 0; 
e 1 se

(lmmed();
outstr(ptr=lvalC03);
nl();
lvalC13=ptrCtype3; 
return 0;
)

)
else

(k=heirl1(lval); 
if(match("*^"))

(lf(k==0)
CneedlvalO; 
return 0;
)

if(lvalC13)push(); 
rvalue(1val); 
inc();
P tr = lvalC03;
if((ptrC ident3==pointer )& 

(ptrCtype3==cint)) 
inc();

store(lval); 
dec();
if((ptrC ident3==pointer)& 

(ptrCtype3==cint)) 
dec(); 

return 0;
)

else it(match("— "))
Cif(k==0)

(needlval(); 
return 0;
)

if(lvalC13)push(); 
rvalue(lval); 
dec();
ptr=lvalC03;
if((ptrCident3 ==pointer)lk 

(ptrCtype3==cint)) 
dec();

store(lval); 
incO;
if((ptrCident3==pointer)i 

(ptrCtype3==cint)) 
inc(); 

return 0;
>

else return k;
>

>
/* >>>>>> start of cc7 < < « «  * /
heirllClval)

int *lval;
C int k;char *ptr;

k = pr imary(lval); 
ptr=lvalC03; 
blanks();
if((ch()=='C')l(ch()=='(')) 
uhile(1)
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(if(match("C"))
(if(ptr==0)

terror("can't subscript");
Junk();
needbrack("3"); 
return 0;
)

else if(ptrCident3==pointer)rvalue(lval); 
else it(ptrCldent]I=array)

Cerror("can't subscript"); 
k=0;
)

pushf); 
expression(); 
needbrack("3");
if (ptretype3==cInt)doub leregO;
P o p ( ) ;

add();
lvalC03=0;
lvalC13=ptrCtype3;
k=l;
}

else if(natch("(")) 
t i f(ptr= = 0)

(califunction(0);
)

else If(ptrCident]I=functlon)
( r v a l u e ( l v a l ) ;  
califunction(O);
)

else calIfunctlon(ptr); 
k=lvalC03=0;
>

else return k; 
i

if(ptr==0)return k; 
if(ptrCident3==function)

(inmed(); 
outstr(ptr); 
nl(); 
return 0;
>

return k;
)
prlnary(lval)

int Mval;
C char *ptr/snaraeCnaDesize3;int numC13;

int k;
if(*atch("("))

Ck=heirl(lval); 
needbrack(")"); 
return k;
>

if(symname(sname))
Cif(ptr=findloc(sname))

(getloc(ptr );
lvalC03=ptr;
lvalC13=ptrCtype3;
if(ptrCident3==pointer)lvalC13=cint; 
if(ptrCident3==array)return 0; 

else return 1;
>

if(ptr=findglb(sname))
if(ptrCident3!=function)
(lvalC03=ptr;
lvalC13=0;
if(ptrCident3!=array)return l; 
iromed();
outstr(ptr);nl(); 
lvalC13=ptrCtype3; 
return 0;
>

ptr=addglbCsnaraeyfunction,cint/0); 
lvalC03=ptr; 
lvalC13=0; 
return 0;
>

if(constant(nun))
return(lvalC03=lvalC13=0);

else
(errorC'invalid expression"); 
imned();outdec(0);nl();
JunkO; 
return 0;
>

)
store(lval)

int Mval;
( if (lvalC13==0)putmen;(lvalC03);

else putstk(lvalCl3);
>
rvalue(lval)

int *lval;
C if((lvalC03 != 0) & (lvalC13 == 0))

getnemd valC03); 
else indirect(lvalC13);

)
test(labeI)

int label;
(

needbr ack("("); 
expression();
needbtacli(,,)")J
t e s t J u m p ( l a b e l ) ;

>
constant(val)

int valC3;
( if (number(val))

iraaed(); 
else if (pstr(val)) 

iraraed(); 
else If (qstr(val))

(iaaed();printlabel(lltlab);outbyte('-» );) 
else return 0; 
outdec(valCO 3); 
n 1 () ; 
return 1;

>
number(va1)

int valC3;
( int k,minus;char c;

k=minus=l; 
while(k)

(k=0;
if (watch("♦")) k=l;
if ( iratch( "-")) (minus=(-ninus);k=l;)
)

if(numeric(ch())==0)return 0; 
while (numeric(ch( ) ))

(c=i nbyte(); 
k=k*10+(c-'0');
>

if (irlnus<0) k=(-k);
valC03=k;
return 1;

)
pstr(val)

Int va1C3;
{ int k;char c;

k = 0;
if (match("'")==0) return 0; 
while((c=gch())!=39)

k=(k&255)*256 ♦ (cU27); 
valC03=k; 
return 1;

>*
qstr(val)

int va1C3;
( char c;

if (match(quote)==0) return 0;
valC03=litptr;
while (ch()t = '"*)

(if(ch()==0)break; 
if(1itptr>=litmax)

(error("strlng space exhausted"); 
whlle(match(guote)==0)

i f(gch() = = 0)break; 
return 1;
)

litqClltptr*0=gch();
>

gch();
litqClitptr*+3=0; 
return 1;

>
/* >>>>>> start of cc8 < « < « <  */

/* Begin a comment line for the assembler */ 
comment()
( outbyte( ';');
)
/* Print all assembler info before any code is generated *j 
header( )
( commentO;

outstrC'snal1-c compiler rev 1.1"); 
nl ();

>
/* Print any assembler stuff needed after all code */ 
trailer()
( /* olC'EKD"); */
)
/* Fetch a static memory cell into the primary register */ 
ge tmem(sym)

char *sym;
C i f((symC ident3I=pointer)&(symCtype3==cchar))

(otC'LOA "); 
outstr(sya+name); 
nl() ;
call("ccsxt");
)

else
(ot("LHLD "); 
outstr(syn+name); 
nl();
)

)
/* Fetch the address of the specified symbol */
/* into the primary register */
getloc(sym)

char *sy«;
( immed();

outdec(((syroCoffset3&255)+
((symCof f Set+13S. 255 ̂ S n 
ap)*

nl();
ol("DAD SP");
1

/* s tore  the primacy regis tec  into the speci f i ed */
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/* static memory cell */
putmem(sya)

char *sym;
C if((symCldent]|=pointer)&(syraCtypeD==cchar) )

ColC'MOV A,L"); 
ot("STA ");
)

else ot("SHLD "); 
outstr(sym+name); 
nl();
)

/* Store the specified object type in the primary register */ 
/* at the address on the top of the stack */
putstk(typeobj)

char typeobj;
C popO;

if(typeobj==cchar)call("ccpchar"); 
else call("ccpint");

>
/* Fetch the specified object type indirect through the */
/* primary register into the prirary register */
indirect(typeobj)

char typeobj;
C if(typeobj==cchar)call("ccgchar");

else cal1("ccgint");
)
/* Swap the primary and secondary registers */ 
swapO
( ol("XCHG»);
)
/ *  Print partial instruction to get an immediate value */
/ *  into the primary register */
immed()
C ot("LXI t i , " ) }
)
/* Push the primary register onto the stack */ 
push()
t ol("PUSH H");
 ̂ sp=sp-2;

/ *  Pop the top of the stack into the secondary register */ 
pop()
{ ol("POP D");

sp=sp>2;
)
/* Swap the primary register and the top of the stack */ 
swapstk()
C ol("XTHL");
>
/* Call the specified subroutine name */ 
call(sname)

char *sname;
C ot("CA LL

outstr(sname); 
nl();

)
/* Return from subroutine */ 
ret()
C olC'HET")/
)
/* Perform subroutine call to value on top of stack */ 
callstkO 
( immed();

outstr("$*5"); 
nl();
swapst k();
olC'FCHL");
sp=sp+2;
)

/* Jump to specified internal label number */
Jum?(label)

int label;
{ ot("JMP ");

printiabel(label); 
nl();
)

/* Test the primary register and jump if false to label * /  
testJumpClabel)

int label; 
t olC'XUV A, h" );

olC'ORA L"); 
ot("JZ "); 
printlabel(label); 
nl();
>

/* Print pseudo-op to define a byte */ 
de fbyte()
( ot("DB ");
>
/•Print pseudo-op to define storage */ 
defstorage()
< ot("DS ");
>
/• Print pseudo-op to define a word */ 
defuordO
C ot("DW ");
}
/* Modify the stack pointer to the new value indicated */ 
modstk(newsp)

int neusp;
( int k;

k=newsp-sp; 
if(k==0)return newsp; 
if(k>=0)

Ci f(k<7)
(If (kSil)

col("inx SP"); 
k ;
)

uhile(k)
Col("POP B"); 
k=k-2;
)

return neusp;
)

)
if(k<0)

Cif(k>-7)
C i f(k&l)

Col("DCX SP"); 
k++;
}

while(k)
Col("PUSH B");
k=k42;
)

return neusp;
)

)
swapO ;
lramed();outdec(k);nl();
ol("DAD SP");
olC'SPHL");
swapO;
return neusp;

)
/* Double the primary register * /  
doublereg()
C olC'DAO H");
>
/* Add the primary and secondary registers */
/* .(results in primary) */
add()
C O 1("DAD D");
)
/* Subtract the primary register from the secondary * /
/* (results in primary) */
sub()
C callC'ccsub");
)
/* Multiply the primary and secondary registers */
/* (results in primary */
mult()
C callC'ccnult");
}
/* Divide the secondary register by the primary * /
/* (quotient in primary, remainder in secondary) */
div()
C call("ccdiv");
i
/ *  Compute remainder (mod) of secondary register divided */
/* by the primary */
/* (remainder in primary, quotient in secondary) */
mod( )
( div();

swapO ;
>

/* Inclusive 'or' the primary and the secondary registers */
/* (results in primary) */
or()

Ccall("ccor");>
/* Exclusive 'or* the primary anc seconday registers */
/* (results In primary) * /
xor()

CcallCccxor");)
/* 'And' the primary and secondary registers */
/* (results in primary) */
and( )

Ccall("ccand");) •
/* Arithmetic shift right the secondary register number of * /
/* times in primary (results in primary) */
asr( )

CcallC'ccasr");)
/* Arithmetic left shift the secondary register number ot * /
I *  times in primary (results in primary) * /
as 1( )

CcallC'ccasl");)
/* Form tuo's complement of primary register */ 
neg( )

Ccall("ccneg");>
/* Form one's complement of primary register */ 
con()

Ccal1("cccora");)
/* Increment the primary register by one * /  
inc()

ColCINX H");)
/* Decrement the primary register by one */ 
dec()

Col("DCX H");>

/* Following are the conditional operators */
/* They compare the secondary register against the primary */ 
/ *  and put a literal 1 in the primary if the condition is */ 
/* true, otherwise they clear the primary register */
/* Test for equal * /  
eq()

Ccall("cceq");)
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/* Test 
neC)
/* Test 
lt()
/ *  Test 
le()
/* Test 
gt()
/• Test 
ge O
/* Test 
ultO
/* Test 
ul e()

/ *  Test 
ugt()

/ *  Test 
uge()

/*

1 or not equal */
Ccall("ccne");)
for less than (siqned) */

Ccal lC'cclt");)
tor less than or equal to (signed) */

(call("ccle");)
for greater than (signed) */
Ccall("ccgt");)
for greater than or equal to (signed) * /

CcallC'ccge");)
for less than (unsigned) * /

CcallC'ccult");)
for less than or equal to (unsiqned) */

(cal1("ccule");)
for greater than (unsigned) */

(call("ccugt");)
ior greater than or equal to (unsiqned) * /  

CcallC'ccuge");)

<<<<< End of compiler >>>>> * /
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