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Appendix B
Sour ce code for the Clang compiler/interpreter

This appendix gives the complete source code for a hand-crafted compiler for the Clang lar
as developed by the end of Chapter 18.

cln.cpp| misc.h| set.h| srce.h| srce.cpd report.h| report.cpp scan.h scan.cpgd parser.h
parser.cpptable.h| table.cpp cgen.h| cgen.cpfd stkmc.h| stkmc.cpp

[/ Cang Conpiler/Interpreter
/1 P.D. Terry, Rhodes University, 1996

#i ncl ude "m sc. h"
#i ncl ude "srce. h"
#i ncl ude "scan. h"
#i ncl ude "parser.h"
#i ncl ude "table. h"
#i ncl ude "report.h"
#i ncl ude "stknt. h"
#i ncl ude "cgen. h"

#defi ne usage "USAGE: CLN source [listing]\n"
static char SourceName[ 256], ListNanme[256], CodeNane[ 256];

TABLE *Tabl e;
CGEN  *CCen;
STKMC *Machi ne;
REPCORT *Report;

cl asgI clangReport : public REPORT {
public:
cl angRepor t (SRCE *S) { Srce = S; }
virtual void error(int errorcode)
~ { Srce->reporterror(errorcode); errors = true; }
private:
) SRCE *Srce;

cl asgI cl angSource : public SRCE {
public:
cl angSour ce(char *snane, char *| name, char *ver, bool 1w
. SRCE(snare, |name, ver, lw {};
virtual void startneV\Alne() { fprlntf(lst "0d : ", CGen->gettop()); }

voi d mai n(| nt argc, char *argv[])
{ char reply;
int codel ength, initsp;

/[ check on correct paraneter usage

if (argc == 1) { printf usage) exit(1l); }
strcpy(SourceNane, argv[1]);

if (argc > 2) strcpyELl st Nane, argv[ ;
el se appendext ensi on( Sour ceNane st", ListNane);

cl angSource *Source = new cl angSour ce( Sour ceName, ListNane, STKMC version, true);

Report = new cl angReport ( Sour ce);

CCen = new CGEN( Report);

SCAN *Scanner = new SCAN( Source, Report);

Tabl e = new TABLE( Report);

PARSER *Par ser = new PARSER(CGen, Scanner, Table, Source, Report);
Machi ne = new STKMZX();

Par ser - >par seE)
CCen- >get si ze(codel ength, initsp);

appendext ensi on( Sour ceNane, ".cod", CodeNane);



Machi ne- >l i st code( CodeNane, codel ength);

if (Report >anyerrors())
printf(" Oorrp?/ lation failed\n");

el se
{ printf("Conpilation successful\n");
while (true

{ printf("\nlnterpret? (y/n) ");
do

1= "N && toupper(reply) '="Y");

1 f (tougg)e == N) br eak;
scanf( N n] etchar();
) Machi ne- >| nt erpret codel ength, initsp);

del et e Source;
del et e Scanner;
del ete Parser;
del ete Tabl e;
del et e Report;
del ete CGen;
del et e Machi ne;

/! Various comon itens

#i fndef M SC H
#define M SC_H

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <string. h>
#i ncl ude <stdarg. h>
#i ncl ude <ctype. h>
#include <limts. h>

#define bool ean
#define bool
#define true
#define false
#define TRUE
#define FALSE
#define maxint I NT_MAX

#i f _l\/BD(B_LI MSDOS || WN32 || __WN32
# define Dpathsep '\\’

#el se

# define pathsep '/’

#endi f
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stat ic void aPpendextenS| on (char *oldstr, char *ext, char *newstr)
/1 nges filename in ol dstr from PR MARY. xxX to PRI MARY.ext in newstr

{i
oId 256]
py(old, oldstr)
strlen(old);
e ((| > 0) &&(old[l- 1 '=".") &&(old[l-l] = pathsep)) i--;
(i >0 &&(old[l-l] ="'.")) old[j 0;
ext[ 0] ) sprlntf(newstr %s/os”, oId ext);
se spri ntf(newstr "9%. %", ol d, ext);

#endif /* MSC H */

/'l sinple set operations )
/!l Thanks to E.P. Wentworth for useful ideas!

#i fndef SET_H
#define SET_H

tenpl ate <int maxEl en>

class Set { /1 { 0 .. maxEl em}
public:
Set () /1 Construct { }

{ clear(); }



Set (int el) /1 Construct { el }
{ clear(); incl(el); }

Set(int el, int e2

; /1l Construct { el, e2}
{ clear(); incl(el); incl(e2); }

Set(int el, int e2, int e3) Il Construct { el, e2, e3}
{ clear(); incl(el); incl(e2); incl(e3);
Set(int n, int el[]) /1l Construct { e[0] .. e[n-1] }
{ clear(); for (int'i =0; i <n; i++) incl(el[i]); }
void incl(int e) /1 1nclude e
{if (e >0 & e <= maxElen) bits[wd(e)] |= bitmask(e); }
voi d excl (int e) /1 Exclude e

if (e >0 &% e <= maxElem) bits[wd(e)] & ~bitmask(e); }
int menb(int e) /1 Test nmenbership for e

{if (e >0 & e <= nmaxElen) return((bits[wd(e)] & bitmask(e)) != 0);
el se return O;

int isenpty(void) /1 Test for enpty set
{ for (int i =0; i <length; i++) if (bits[i]) return O;
return 1;

Set operator + (const Set &s) /1 Union with s

{ Set<maxEl ene r;
for (int i =0; i <length; i++) r.bits[i] = bits[i] | s.bits[i];
return r;

Set operator * (const Set &s) /1 Intersection with s

{ Set<maxElenr r;
for (int i =0; i <length; i++) r.bits[i] = bits[i] & s.bits[i];
return r;

Set operator - (const Set &s) /!l Difference with s

{ Set<maxEl env r;
for (int i =0; i <length; i++) r.bits[i] = bits[i] & ~s.bits[i];
return r;

Set operator / (const Set &s) /1 Symretric difference with s
{ Set<maxElenr r;

for (int i =0; i <length; i++) r.bits[i] = bits[i] ”~ s.bits[i];
return r;
private:

unsi gned char bits[(nmaxElem+ 8) / 8];

int | engt h;

int wd(int i) return(i / 8); }

int bitmask(int i) return(l << (I %8)); }

voi d clear() Iength = (maxEl em + 8) ! 8;

for (int i =0; i <length; i++) bits[i] = 0;
H }

#endi f /* SET_H */

/1 Source handl er for various parsers/conpilers
/1 P.D. Terry, Rhodes University, 1996

#i f ndef SRCE_H
#define SRCE_H

#i ncl ude "m sc. h"

const int linemax = 129; // limt on source line length
cl ass SRCE {
public: )
FI LE *I| st; /1 listing file
char ch; /1 latest character read



voi d nextch(void); ]
// Returns ch as the next character on this source |line, reading a new
/1 1ine where necessary. ch is returned as NUL if src is exhausted.

bool endline(void i return (charpos == Iinelenﬂth);
/!l Returns true en end of current |ine has been reache

void |istingon(void) { listing = true; }
/'l Requests source to be listed as it is read

voi d |istingoff(void) f listing = fal se; }
/! Requests source not to be listed as it is read

void reporterror(int errorcode);
/1 Points out error identified by errorcode with suitable nessage

virtual void startnewline() {;}
/1 called at start of each line

int getline(void) ) { return linenunber; }
/1 returns current |ine nunber

SRCE( char *sourcenane, char *listnane, char *version, bool |istwanted);
/1 Qpen src and I'st files using gi ven nanes.

/Il Resets internal state in readiness for startln? to scan.

/1 Notes whether |istwanted. Displays version information on Ist file

~SRCE() ;
/1 close src and Ist files

private:
FI LE *src; Source file
int |inenunber; Current |ine nunber
i nt charpos; Char acter pointer

int mnerrpos;

i nt Ilnelength

char Ilne[llnenax + 1],
bool listing;

Last error position

Line length

Last line read

true if listing required

~ e —
—~—— i — —

}s
#endi f /*SRCE_H*/

----- ST CE. CPP == == === == === m s m e aooaooooa-oo--

/1 Source handl er for various parsers/conpllers
/1 P.D. Terry, Rhodes University,

#i ncl ude "srce. h"
v0|d SRCE: : next ch(voi d)

{if Ech == "'\0") return; /1 input exhausted
if (charpos == linel ength) /'l new |ine needed
{ linelength = 0; charpos = 0; minerrpos = 0; |inenunber++
startnew ine();
do
{ ch = getc(src);
if $c l="\n’ &&'fed(src)
{i gll sting) ﬁUt c(c | st
) if (linelengt |nenax) { line[linelength] = ch; linelength++; }
while (!I(ch =="\n’ || feof(src)));
?f listing) utc( \n’' t);
if (feof(src ?
IIine[IineIength] ='\0"; /1 mark end with a nul character
el se
line[linelength] =" ’; /1 mark end with an explicit space
) I'i nel engt h++;
) ch = line[charpos]; charpos++;, // pass back uni que character
/1l reporterror has been coded |ike this (rather than use a static array of
[/ strings initialized by the array declarator) to allow for easy extension
/1 in exercises
void S :reporterror(int errorcode)
{if (charpos > n1nerrpos) /] suppress cascadi ng nessages
{ startnew ine(); rintf(lst, "%c", charpos, ""');
switch (errorco ef
{ case 1: fprintf(lst, "Inconplete string\n" L br eak;
case 2: fprintf Ist, ": ected\n"); brea
case 3: fprintf(lst, "Inva idstart to block\n") br eak



case 4 fprintf , "Invalid declaration sequence\n"); break;
case 5: fprintf , "Invalid procedure header\n"); break
case 6: fprintf , "ldentifier expected\n"); br eak;

case 7: fprintf yoni = in wong context\n" br eak;

case 8: fprintf , Nunber expected\n ); break;

case 9: fprintf "

= expected\n” ; br eak;
] expect ed\ n" breah
, or ) expecte '); break;

case 10: fprintf a\
"Inval1d factor\n"); bre
to

case 13: fprintf
case 14: fprintf
case 15: fprintf
case 17: fprintf
case 18: fprintf
case 19: fprintf
case 20: foprintf
case 21: fprintf
case 23: fprintf
case 24: fprintf
case 25: fprintf
case 31: fprintf
case 32: fprintf
case 34: fprintf
case 35: fprintf
case 36: fprintf
case 37: fprintf
case 38: fprintf

ak;
"I'nvalid start st at ement\ n" ); break;
") expected\n" g br eak;
"( expected\n"); break;
"Relatlonal oper at or expected\n") br eak;
" Operat or ex ected\n ); break;
"= expected\n ); br eak
" THEN expected\n ); break;
"END expected\n ); break;
" DO expected\n"); breah
or ; expected\n"); break;
"Invalld synbol after a statenent\n") br eak
"BEG N expected\n"); break;
"Invalid synmbol after block\n"); br eak;
" PROGRAM expect ed\ n"); break
. expected\n"); break
" CCEND expected\n"); break;

case 200: fprintf "Constant out of range\n"); break;
case 201: fprintf "ldentifier redeclared\n"); break;
case 202: fprintf "Undecl ared identifier\n"); break;
case 203: fprintf "Unexpect ed paraneters\n"); break;

case 204: fprintf
case 205: fprintf
case 206: fprintf
case 207: fprintf
case 208: fprintf
case 209: fprintf
case 210: fprintf
case 211: fprintf
case 212: fprintf
case 213: fprintf
case 214: fprintf
case 215: fprintf
case 216: fprintf
case 217: fprintf
case 218: fprintf
case 219: fprintf
case 220: fprintf
case 221: fprintf
case 222: fprintf
case 223: fprintf
case 224: fprintf
de;ault f(l Conpi | \n"); f (" Conpi | \n");

rint st, " iler error\n' rint npiler error\n’

iP (Ist I'= stdou?? fclose(lst); eth(l)

"Unexpect ed subscript\n"); break;

"Subscript requiredin”), break
"Invalld cl ass of |dent|f|er\n") br eak;
"Variabl e expected\n"); break;

"Too many fornal paranEters\n ; break

VVonP nunber of paraneters\n . break
"I'nvalid assignment\n"); break;
"Cannot read this ty e of varlable\n"); br eak;
"Programtoo | ong\n” br eak

"Too deeply nested\n" ): break;

"Invalid parameter\n"), break;

"COBEA N only allowed In nmain Progran\n br eak;
“Too many concurrent processes ); break;
"Only gl obal ﬁrocedure call's all owed hereln” ); break;
"Type m smat ¢ ); break;

" Unexpect ed expreSS|on\n L break

"M ssi ng expression\n") rea

" Bool ean expression reqU|red\n ); break;

"I nval i d expression\n" ;; br eak;
"Index out of range\n br eak;

"Division by zero\n"); break;

NunLLLOLOOLOLLLOOOOLLLOLOOOOLOLOLLOLOLOOOOLOOLLOLOLOOHOOLOLOLLOLLOLOOOLOLLLOLOOOOLOLOOnOn
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m nerrpos = charpos + 1;

SRCE: : ~SRCE()

if ésrc 1= NULL) { fcloseésrcg; src = NULL; 1
if (Ist !'= stdout) fclose(lst); Ist = NULL;
SRCE: : SRCE(char *sourcenamnme, char *listnane, char *version, bool |istwanted)

{ src = fopen(sourcenanE " ')
i f (src == NULL) { prlptf( Coul d not open input file\n"); exit(1l); }

Ist = fopen(llstnane w');
if (lIst == NULL) { prlntf( Coul d not open listing file\n"); Ist = stdout; }
Iistlng = |istwant ed;
if (Ilstlng) fprlntf( , "o%\n\n", version);
) charpos = 0; linelength = 0; linenunber = 0; ch =" ";
----- [R=T o o] G A ¢ B e e e T

/1 Handl e reportln of errors when parsing or conpiling C ang prograns
/1 P.D. Terry, Rhodes University, 1996

#i f ndef REPORT_H
#defi ne REPORT_H

#i nclude "m sc. h"



cl ass REPORT {
public:
REPORT () { errors = false; }
/1 Initialize error reporter

virtual void error(int errorcode);
/1 Reports on error designated by suitable errorcode nunber

bool anyerrors(void) { return errors;
/! Returns true if any errors have been reported

pr ot ect ed:
bool errors;

#endi f /* REPORT_H*/

----- FEPOIt . CPP === - == - = m o mm o m o m oo

/1 Handl e reportln of errors when parsing or conpiling C ang progranms
/1 P.D. Terry, Rhodes University, 1996

#i ncl ude "report. h"

voi d REPORT: : error(lnt errorcode; )
{ printf(" Error %\ n", errorcode errors = true; exit(l); }

/1 Lexical analyzer for dang parsers/corrpl lers
/1 P.D. Terry, Rhodes University,

#i f ndef SCAN_H
#define SCAN H

#include "m sc.h"
#i ncl ude "report.h"
#include "srce. h"

const int lexlength = 128;
t ypedef char | exeme[l exl ength + 1];

const int alfalength = 10;
t ypedef char aIfaFaIfaI ength + 1];

enum SCAN _synt ypes {
SCAN_unknown, SCAN becones, SCAN | bracket, SCAN tines, SCAN sl ash, SCAN pl us,
SCAN i nus, SCAN | eql sym SCAN negsym SCAN | | sssym SCAN | eqsym SCAN gtrsym
SCAN_ ?eqsym SCAN thensym SCAN_dosym SCAN_rbracket, SCAN_rparen, SCAN_conmm,
SCAN T paren, SCAN nunber, SCAN stringsym SCAN identifier, SCAN coendsym
SCAN_ endsym SCAN i fsym SCAN whi | esym SCAN_stacksym SCAN readsym
SCAN_wr i tes?/m SCAN returnsym SCAN cobegsym SCAN waitsym ~ SCAN_ SI gnal sym
SCAN seni co SCAN _begi nsym SCAN _constsym SCAN varsym SCAN_procsym
SCAN_f uncsym SCAN | peri od, SCAN progsym SCAN eof sym

s
struct SCAN_synbols {

SCAN_synt ypes sym /1 symbol type
int num /1 val ue
| exemre name; /] | exenme
cl ass SCAN {
publi

voi d get syn( SCAN_synbol s &SYM) ;
/1 Cbtains the next synbol in the source text

SCAN( SRCE *S, REPORT *R);
/!l Initializes scanner

prot ect ed:

REPORT * Report; /1 Associated error reporter
SRCE *Srce; /1 Associated source handl er
static struct keyword {

alfa resword,

SCAN_s rnypes ressym
} tabl e[i/ /1 Look up table words/synbols
i nt keywords /1 Actual nunber of them
SCAN_synt ypes singl esyni256]; // One character synbols



#endi f /*SCAN_H¢/

----- SCAN. CPP === = === === m i m e oo

/1 Lexical analyzer for C ang parsers/conpilers
/1 P.D. Terry, Rhodes University, 1996

#i ncl ude "scan. h"
SCAN: : keyword SCAN: :table[] = { [// this nust be in al phabetic order

"BEG N', SCAN_be Insym},
" COBEQ N, SCAN_cobegsym },
" CCEND", SCAN_coendsym },
" CONST", SCAN_constsym },
"DO', SCAN _dosym
"END", SCAN_endsym }
" FUNCTI ON', SCAN_f uncsym }
"l F, CAN_i fsym },
" PROCEDURE" , SCAN | procsym
" PROGRAM', SCAN pr ogsym
" READ", SCAN_r eadsym
"RETURN", SCAN r et ur nsym 1
"SI GNAL", SCAN si gnal sym
STACKDUI\/P SCAN st acksym },
"THEN", SCAN_t hensym },
"VAR', SCAN varsym },
"VAI T, SCAN wai t sym }
"VWHI LE", SCAN_whi | esym
"VRI TE", SCAN Wi t esym

}s

void SCAN: : getsyn{ SCAN_synbol s &SYM

{ int | engt [ index into SYM Nane
int digit; /1 value of digit character
int I, r, |ook; [/ for binary search
bool overfl ow, // in nuneric conversion
bool endstring; /1 in string analysis

while (Srce- >ch =="'") Srce- >nextch() /1 lgnore spaces bet ween t okens

SYM nane[O] Srce >ch; SYM nan*E[ 1} ='\0; SYMnum = 0; length = 0;

SYM sym = si ngI esy Srce- >ch] ; 1T Initial assunpti on

if (isalpha(Srce->ch)) /1 ldentifier or reserved word

{ while (isalnun(Srce->ch
i

{ if (length < |exlengt 3 { SYM nane[l ength] = toupper(Srce->ch); |ength++;
) Srce->nextch();
SYM narre[length] ='\0"; /1 Terminate string properly
I =0; r = keywords - 1;
do /1 Binary search
{ look = (I +r) /
if EstrcnpéSYMname t abl e[ | ook .resword; <= Og r = look - 1;
if (strcmp(SYM nane, table[look].resword) >= 0) | = look 1;
} while (I <=71);
if (r-1> r)
SYM sym = tabl e[| ook] . ressym
el se
SYM sym = SCAN_i dentifier;
else if (isdigit(Srce->ch)) /1 Numeric literal

{ SYM sym = SCAN_nunber;

overflow = fal se;

wm le (i Sdl gi t(Srce >ch))

{ digit = Srce->ch -
/| Check i nm nent overfl ow
if (SYMnum<= (maxint - digit) / 10)

SYM num = SYM num * 10 + digit;

el se
~overflow =
if (length < IexI engt h) { SYM nane[l ength] = toupper(Srce->ch); |ength++;
Srce->nextch();

:jf (overfl ow) Report >err0r(200)

SYM nan®e[ | engt h] \ O’ 71 Terminate stri ng properly
el se SWItCh (Srce->ch)
case '’
Srce- >nextch()
if (Srce->ch = =)
5 SYM sym = SCAN becomes; strcpy(SYM nane, ":="); Srce->nextch(); }
/ else SYM sym := SCAN_ unknown SYM nane := ":"

br eak;



case '<':
Srce- >nextch()
if (Srce->ch ?
{ SYM sym = SOAN eqsym strcpy(SYM nanme, "<="); Srce->nextch(); }
else if (Srce->ch ==

{ SYM sym = SCAN neqsym strcpy(SYM name "<>"); Srce->nextch(); }
/1 else SYMsym := SCAN_| sssym SYM n =<
br eak;
case '>':
Srce- >nextch()
if (Srce->ch =
5 SYM sym = SCAN geqsym strcpy(SYM nane, ">="); Srce->nextch(); }
/| else SYMsym:= SCAN gtrsym SYMnane := ">"
br eak;
case '\’ ’: [l String literal

Srce->nextch();
SYM sym = SCAN stri ngsym
endstring = false;
do
{ if (Srce->ch == "\"") )
{ Srce->nextch(); endstring = (Srce->ch !="\""); }
1f %'endstrlng)
(length < I exlength) { SYM name[l ength] = Srce->ch; |ength++; }
Srce->nextch();

{ i
} \}l\ln e (!(endstring || Srce->endline()));

1f (lendstri ng?1 Report - >error5
SYM nane[l ength] = "\0’ I’ Terminate string properly
br eak;

case '\0:

SYM sym = SCAN_eof sym br eak;

defaul t:
/1 inplenentation defined synmbols - SYM sym : = singlesyni Srce->ch]
} Srce->nextch(); break;
}

SCAN: : SCAN( SRCE *S, REPORT *R)
{ Srce = S; Report = R,
/1 Define oneochar synbol s

for (int i = 0; i <= 255; i++) si ngl esynfi] = SCAN_unknown;
singlesynf’+ ] = SCAN pl us; si ngl esy - = SCAN_nmi nus;
singlesyn’*'] = SCAN_tines; singlesyn{' /'] = SCAN sl ash;

si ngl esyn{’ E = SCAN_| par en; si ngl esy } = SCAN r par en;
singlesyn]'['] = SCAN_I racket; si ngl esyn]’]’'] = SCAN_rbracket;
singlesyn]’'="] = SCAN _eql sym singlesyn]’;’] = SCAN_seni col on;
singlesyn{’,’] = SCAN _comg; SI ngl esyn]’ .’ ] = SCAN peri od;
singlesyn]’ <] = SCAN_I sssym inglesyn'>"] = SCAN gtrsym
keywords = sizeof (table) /  si zeof(keyword)

Srce- >nextch();

----- Parser. h -----cm e e e i

[/l Parser for Clang source
/1 P.D. Terry, Rhodes University, 1996

#i f ndef PARSER_H
#defi ne PARSER_H

#i ncl ude "scan. h"
#i ncl ude "report.h"
#i ncl ude "table.h"
#i ncl ude "srce. h"
#i ncl ude "set.h"

#i ncl ude "cgen. h"

t ypedef Set <SCAN eof syn» synset;

cl asgI PARSER {
pu
PARSER( CGEN *C, SCAN *L, TABLE *T, SRCE *S, REPORT *R);
/1 Initializes parser

voi d parse(void);
/1 Parses and conpil es the source code



private:
synmset Rel OpSyns, FirstDeclaration, FirstBlock, FirstFactor,
Fi rst Expressi on, FirstStatenent, EnptySet;
SCAN_symbol s SYM
REPORT *Report;
SCAN *Scanner ;
TABLE *Tabl e;
SRCE *Sr ce;
CGEN *CGen;
bool debuggi ng;
int bl ocklevel;
TABLE i dcl asses bl ockcl ass;
voi d Get Sym(voi d);
voi d accept SCAN_st ypes expected, int errorcode);
voi d test(synset all owed, synset beacons, int errorcode);
CGEN _oper ators op( SCAN_syntypes s);
voi d OneConst (vol d);
voi d Const Decl arations(void);
voi d OneVar (i nt &f ranesize);
voi d VarDecl arations(int &franesize);
voi d OneFornal (TABLE entries &procentry, TABLE_ index &parindex);
voi d Formal Par amet ers( TABLE _entri es &procentry);
voi d ProcDecl arati on(synset foll owersg);
voi d Desi gnator (TABLE entries entry, synset followers, int errorcode);
voi d Ref erenceParaneter(void);
voi d OneActual (synset foll owers, TABLE entries procentry, int &actual);
voi d Actual Par anet ers$ TABLE entries procentry, synset followers);
void Variabl e(synset followers, int errorcode);
voi d Factor(synset followers);
voi d Tern(synset follower s? ;
voi d Expression(synset followers);
voi d Condition(synset followers);
voi d CompoundSt at ement (synset fol |l owers);
voi d Assignnent (synset followers, TABLE entries entry);
voi d ProcedureCall (synset followers, TABLE entries entry);
void | fStatement (synset followers);
voi d Wil eSt at enent (synset foll owers);
voi d ReturnStatement (synmset followers);
void WiteEl ement (synset followers);
void WiteStatenent (synset followers);
voi d ReadSt at enent (synset fol | owers);
voi d ProcessCal | (synset followers, 1 nt &rocesses);
voi d Cobegi nSt at ement (synset fol | oners);
voi d Senmaphor eSt at enent (synset fol |l owers);
voi d Statement(synset followers);
voi d Bl ock(synset followers, int blklevel, TABLE idclasses bl kcl ass,
int initialfranesize);
) voi d C angProgran(voi d);

#endi f /* PARSER_H*/

----- Par SEr . CPP === == == == mm e m s m e eaoooaooo-n

/1 Parser for Clang level 4 - incorporates error recovery and code generation
/1 Includes procedures, functions, paraneters, arrays, concurrency.

/1 Display nachine.

/1 P.D. Terry, Rhodes University, 1996

#i nclude "m sc. h"
#i ncl ude "parser.h"
#i ncl ude "report.h"
#i ncl ude "table. h"
#i ncl ude "scan. h"
#i ncl ude "srce. h"
#include "set.h"

static int relopsyms [] = {SCAN eql sym SCAN neqsym SCAN gtrsym
SCAN _geqsym SCAN_| sssym SCAN_Peqsyn‘};

static int firstDeclaration [] = {SCAN constsym SCAN varsym SCAN procsym
SCAN_funcsynt;

static int firstBlock [] = {SCAN constsym SCAN varsym SCAN procsym
SCAN_f uncsym SCAN begi nsyni ;

static int firstFactor [] = {SCAN_identifier, SCAN _number, SCAN_| paren,
SCAN st ringsynt;

static int firstExpression [] = {SCAN_identifier, SCAN number, SCAN | paren,
SCAN pl us, SCAN_nmi nus};



static int firstStatement [] = {SCAN_identifier, SCAN begi nsym SCAN_ ifsym
SCAN_whi | esym SCAN r et urnsym

SCAN writesym SCAN readsym SCAN stacksym

SCAN_cobegsym SCAN wai t sym SCAN si gnal synt;
PARSER: : PARSER( CGEN *C, SCAN *L, TABLE *T, SRCE *S, REPORT *R)

Rel OpSyns(si zeof (rel opsyns)/si zeof (int), rel ops¥/ms),

Fi rstDecl aration(si zeof (firstDeclaration)/sizeof(int), firstDeclaration),
Fi rst Bl ock(si zeo §fi rstBl ock)/sizeof (int), firstBlock),

Fi rst Factor (si zeof (firstFactor)/sizeof(int), firstFactor),

Fi r st Expr essi on(si zeof#fi rst Expression)/sizeof (int), firstExpression),

Fi rst Statenent (si zeof (firstStatenent)/sizeof (int), firstStatenent),

Enpt ySet ()

{ CGn = C, Scanner = L; Report = R Table =T, Srce = S; }

voi d PARSER: : Get Syn{ voi d?
{ Scanner - >get syn( SYM ;

voi d PARSER: : accept (SCAN synt ypes expected, int errorcode)
{ if (SYMsym == expected) GetSyn(); else Report->error(errorcode); }

voi d PARSER: :test(synset allowed, synset beacons, int errorcode)
/1 Test whether current Symis Allowed, and recover if not
{ if (allowed. menrb(SYM synm)) return;
Report->error(errorcode);
synmset stopset = allowed + beacons;
ile (!stopset. menb(SYMsym)) GetSym();

CCEN_oper at ors PARSER: : op( SCAN_synt ypes s)
/1 Map symbol to correspondi ng code operator
{ switch (s)

{ case SCAN pl us: return CGEN opadd;
case SCAN mnus: return CGEN opsub;
case SCAN tinmes: return CGEN opmul;
case SCAN sl ash: return CGEN opdvd;
case SCAN eql sym return CGEN opeql;
case SCAN neqsym return CGEN opneq;
case SCAN gtrsym return CGEN opgtr;
case SCAN geqsym return CGEN_opPeq;
case SCAN [ sssym return CGEN oplss;

) case SCAN | eqsym return CGEN opl eq;

}

/] ++++++++++++++++++++++++ Decl aration Part +++++++++++++++++++H+++++++

voi d PARSER: : OneConst (voi d)
/1 _OneConst = Constldentifier "=" Nunmber ";"
{ TABLE entries constentry;
TABLE_i ndex consti ndex;
if (SYMsym!= SCAN_ identifier) { Report->error(6); return; }
sprintf(constentry.nane, "% *s", TABLE al fal ength, SYM nane);
constentry.idclass = TABLE consts;
Get &/MN?:
if $SY sym == SCAN becones || SYM sym == SCAN eql sym
{ IGe gS;T((M sym == SCAN _becones) Report->error(7);
tsynm);
if (SYMsym!= SCAN numnber)
I{ constentry.c.value = 0; Report->error(8); }
el se
{ constentry.c.value = SYM num GetSyn(); }

el se Report->error(9); )
Tabl e->enter (constentry, constindex);
accept (SCAN_semi col on, 2);

}

voi d PARSER: : Const Decl ar ati ons(voi d)

/1 ConstDeclarations = "CONST" OneConst { OneConst }
Get Sym() ;
OneConst () _ e
while (SYM sym == SCAN_i dentifier) OneConst();

}
voi d PARSER: : OneVar (i nt &f ranesi ze)
/1l OneVar = Varldentifier [ UpperBound ]
/1 UpperBound = "[" Nunber "]" .
{ TABLE entries varentry;
TABLE_i ndex vari ndex;
if (SYMsym!= SCAN identifier) { Report->error(6); return; }
varentry.idclass = TABLE vars;
varentry.v.size = 1,
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varentry.v. scal ar = true;

varentry.v.ref faI se;

varentry.v. offset = franesize + 1;

sprintf(varentry.nane, "% *s", TABLE alfal ength, SYM nane);
Get Syn();

i f SSYM sym == SCAN_| br acket)

{ Il arra declaratlon

Get Sym(

varentry V. scal ar = fal se,

if #SYM sym == SCAN identifier | ﬁ SYM sym == SCAN_nunber)

{ if (SYMsym == SCAN identifier
Report - >error(8)
el se
varentry.v.size = SYM num + 1;
Get Sym() ;
el se

Report->err0r(8?<;
) accept (SCAN_r br acket ;
Tabl e->enter(varentry, varindex);
franesi ze += varentry. v. si ze;

i d PARSER: : Var Decl arati ons(int &franesize)
Var Decl arations = "VAR' OneVar { "," Onevar } ";"

Get Sym() ;

OneVar ( fr anesi ze);

while (SYM sym == SCAN conma || SYM sym == SCAN_i dentifier)
accept ( SCAN_commm, 31) OneVar (framesi ze) ;

accept (SCAN_senicol on, 2);

i d PARSER: : OneFor nal (TABLE entri es &procent ry, TABLE index &pari ndex)

OneFormal := Parldentifier [ "[" "]" ]

TABLE_ entries parentry;

if (SYMsym!= SCANldentlfler) { Report->error(6); return; }
parentry.idclass = TABLE vars;

parentry.v.size = 1;

parentry.v.scal ar = true;

parentry.v.ref = fal se;

parentry.v. offset procentry p. paransi ze + CGEN_headersize + 1;

spri ntf(par entry.nane, "% *s", TABLE al fal ength, SYM nane);
Get Syn() ;
if (SYMsym = SCAN | bracket)
{ parentry.v. 5|ze = 2
parentry.v.scal ar fal se;
parentry.v.ref = true'
Cet Sy
accept SCAN rbracket, 10);

Tabl e->enter (parentry, parindex);
procentry. p. paransi ze += parentry V. si ze;
procentry. p. par ans++;

i d PARSER: : For mal Par anmet er s( TABLE entries &procentry)
For mal Paraneters = ="(" OneFormal { "," OneFormal } ")"
TABLE_i ndex p;

Get Sym() ;

OneFor nai (procent ry, procentry.p.firstparan;

while (SYM sym == SCAN_commma Y SYM sym == SCAN identifier)
{ accept ( SCAN_ corma 13) OneFor mal (procentry, p);

accept ( SCAN_r par en, 17)

i d PARSER: : ProcDecl ar atl ong D{Jm;et fol | owers)
ProcDecl aration = RE" Procldentifier | "FUNCTI ON'
Fornal Paraneters ] ";"
Bl ock ";" .
TABLE entries procentry;
TABLE_i ndex pI‘OCI ndex;
if (SYMsym == SCAN funcsyn)
procentry.i ch ass TABLE_f uncs;

el se
procentry.idclass = TABLE procs;
Get Syn();
i f (SYMsyml— SCAN |dent|f| er)
{I Report->error(6); *procentry.name = '\0"; }
el se

Funcl dentifier )

{ sprl ntf(procentry.name, "% *s", TABLE alfal ength, SYM nane);

Cet Sym() ;
}



procentry.p.paranms = 0;
procentry. p. paransi ze = 0;
procentry.p.firstparam= NULL;
CCGen- >st or el abel (procentry. p. entr p0|nt)
Tabl e- >ent er (procentry, procindex);
Tabl e- >0penscope()
if (SYMsym = SCAN | | paren)
{ FornalParaneters(procentry)
Tabl e- >updat e( procentry, procindex);

test (synset ( SCAN_ sen1co|on) foll owers, 5);

accept ( SCAN_seni col on, 2

Bl ock(synset (SCAN_sem co on) + followers, procentry.level + 1
procentry.idclass, procentry.p. paransize + CGEN_header si ze);

accept ( SCAN_sem col on, 2);

}

[l ++++++++++++++++++++++++ EXpressi ons and Desi gnat or S+++++++++++++++++++

voi d PARSER: : Desngnator(TABLE entries entry, synset followers, int errorcode)
/1 DeS|gnator = Varldentifier "[" Expression ";"
{ bool i1sVariable = (entry.idclass == TABLE vars
if (isVariable)
ICG‘en >st ackaddress(entry.level, entry.v.offset, entry.v.ref);
el se
Report->error(errorcode);

Get Syn();
if SSYleynl SCAN | bracket)
{/ subscrlpt
if (|sVar|abIe && entry.v.scal ar) Report->error(204);
Get Sym(
Exp FESSIOH(SYHBGI(SCAN rbracket) + followers);
if §|svar|ab
{ if (entry.v.ref)

lCEEn >st ackaddress(entry.level, entry.v.offset + 1, entry.v.ref);
el se

CCGen- >stackconstant(entry v.size);
CCen- >subscript();

}
accept (SCAN_r bracket, 10);

}
else if (isVariable & !entry.v.scalar) Report->error(205);

voi d PARSER: : Varlable(synset followers, int errorcode)
/'l Variable = VarDesignat or
/| Var Desi gnat or = Desi gnat or
{ TABLE entries entry;
bool found;
if (SYleynllz SCAN i dentifier) ort->error(6); return; }
Tabl e- >sear ch( SYM nane, entry, foun f
if (!found) Report- >err0r(202)
Desi gnator(entry, followers, errorcode)

}

voi d PARSER: : Ref er encePar anet er (voi d)
{ TABLE entries entry;
bool found;
if (SYleynll SCAN i dentifier)
Report->error(214);

el se
{ Tabl e->search(SYM nane, entry, found);
if (!found)
Report->error(202);
else if (entry. idclass != TABLE vars || entry.v.scalar)
IReport >error(214);
el se

{ CGen- >stackaddress§entry.level, entry.v.offset, entry.v.ref);
/1 now pass size of array as next paraneter
if (entry.v.ref)
lCEEn >st ackaddress(entry.level, entry.v.offset + 1, entry.v.ref);
el se
CCen- >st ackconstant (entry. v. si ze);

}GetSer();
) }

voi d PAﬁSER::CneActual(synset foll owers, TABLE entries procentry, int &actual)
act ual ++;
if (Table >i sref param(procentry, actual))
IReferenceParanEter()
el se



Expr essi on(synset (SCAN_comma, SOAN_rPar en) + followers); ] o
test (synset (SCAN _comma, SCAN rparen), followers - synset(SCAN identifier), 13);

voi d PARSER: : Act ual Par amet er s( TABLE_entries procentry, synset followers)

/1 Actual Paranmeters = [ "(" Expression { "," Expression "1 .
int actual = 0;
i f (SYM sym == SCAN_| par en)
{ GetSym();
OneActual (fol l owers, procentry, actual);
while ((SYM sym == SCAN conma) || FirstExpression. nenb(SYM syn))

{ accept (SCAN commm, 13); OneActual (followers, procentry, actual); }
accept (SCAN_rparen, 17);

if (actual !'= procentry.p.paranms) Report->error(209);

voi d PARSER: : Fact or (synset foll owers)
/1 Factor = Val Designator | Constldentifier Nurber
/1 | Funcldentifier Actual Paraneters "(" Expression ")"
/1 Val Desi ghat or = Desi gnat or
{ TABLE entries entry;
bool found;
test(FirstFactor, followers, 14);
switch (SYMsym
{ case SCAN identifier:
Tabl e- >sear ch( SYM nane, entry,
if (!found) Report->error(202);
switch (entry.idclass)
{ case TABLE_consts:
CCen- >st ackconstant (entry. c. val ue); GetSyn(); break;
case TAE%)E_funcs:
Get Sym() ;
CCen- >nar kst ack() ;
Act ual Par amet er s( ent r?/, foll oners);
CGen->call (entry.level, entry.p.entrypoint);
br eak;
defaul t:
Desi gnator(entry, followers, 206); CGen->dereference(); break;

found);

r eak;

case SCAN numnber:
CCGen- >st ackconst ant ( SYM num) ;

br eaki

case SCAN | paren:
Get Syn();

Expr essi bn(sym;et(SCAN rparen) + followers);
gcceEt(SCAN_r paren, 17);
reak;

case SCAN stringsym
Report->err0r?14);
Cet Slrr();
br eak;

def aul t:

Report->error(14);
br eak;

}
}
voi d PARSER: : Tern}symset fol l owers)

/1 Term = Factor ("*" | "/" ) Factor }
{ SCAN_syntypes opsym

Fact or (synmset (SCAN ti nes, SCAN sl ash) + foll owers?;
while (SYMsym== SCAN tinmes |[ SYM sym == SCAN sl ash || FirstFactor.menb(SYM synj)
{ if (SYMsym== SCAN tines || SYMsym == SCAN_ sl ash)

I{ opsym = SYM sym Get Sym(); }
el se
{ opsym = SCAN tines; Report->error(20); ?
Fact or (synmset (SCAN_tinmes, SCAN sl ash) + followers);
) CGen- >bi naryi nt eger op(op(opsym) ;
}

voi d PARSER: : Expressi on(synset fol | owers)
" +Il | n - n ] Ter m { ( n +II | n - n ) Ter m }

//S(E:XAIF\)lr ession = |
| synmtypes opsym
if (SYM sglm == SCAN_pl us)
{ GetSym();



Ter m(synmset (SCAN_pl us, SCAN_mi nus) + followers);

else if (SYM sym == SCAN_ni nus)

{ GetSym(); .

Tern(syrrset(SCAN pl us, SCAN m nus) + followers);
CGen- >negat ei nt eger () ;

}

el se
Tern%sym;et(SCAN pl us, SCAN mi nus) + foI | owers);

Whl l'e (SYM sym == SCAN pl us |T SYM sym == SCAN m nus)
opsym = SYM sym GetSyng)
Tern(s%rrset(SCAN pl us CAN_mi nus) + followers);

) CGen- >bi naryi nt egerop(op(opsyn))

}

void PARSER: : Condi tion(synset followers)
/1 Condition = Expression Rel op Expression .
{ SCAN_syntypes opsym
symset stopset = eI OpSyns + foll owers;
pressi on( st opset
|f ('ReIQo yNs. e (SYMsyrr)) { Report->error(19); return; }
opsym = SYM s?/m Cet Sy
) Expression(fo Iowers) CGen->conpar| son(op(opsym);

/] ++++++++++++++++H++++++++ Stat enent Part  ++++++ bbb bbb+

voi d PARSER: : ConpoundSt at enent (synset fol | owers)
/1 ConpoundStatenent = "BEG N' Statenent { ";" Statenent } "END'
{ accept (SCAN begi nsym 34),
St at enent (symset(SCAN sem col on, SCAN endsym) + followers);
while (SYM sym == SCAN_semi coI on || FirstStatenent. merTb(SYM sym)
{ accept (SCAN seni col on,
St at enent (sym;et(SCAN sem col on, SCAN_endsym) + followers);

}
accept (SCAN_endsym 24);

voi d PARSER: : Assi gnnent (synset followers, TABLE entries entry)
/1 Assi gnmant = Var Desi gnator ":=" EXpI’eSSI on .
[l Var DeS|gnator = Designator .
Desi %nator(entry, synmset (SCAN_becones, SCAN eql sym) + followers, 210);
YM sym == SCAN_becones)
Get Sym(
el se
{ Report - >err0r(21g if (SYMsym == SCAN eql sym) CetSym(); }
Expression(fol | oners
CCen- >assign() ;

}

voi d PARSER: : Pr ocedur eCal | (synset followers, TABLE entries entry)
/1 ProcedureCall = Procldentifier Actual Parameters .

{ GetSym();

CCen- >nmar kst ack() ;
Act ual Par aret er s(ent r foll oners); ]
CGen->cal | (entry. | eve entry. p.entrypoint);

void PARSER: : | f Statenent (synset foll owers)
/1 1fStatement = "IF" Condition "THEN' Statement
{ CGEN_| abel s testl abel;

) ;
Oonds?/tl on(symset(SCAN t hensym SCAN dos%/n) + foI | owers);
CGen- >j unponf al se(testl abel, CGen->undefi ned)
if (SYMsym == SCAN t hensyn)
&G

Report->error(23); if (SYMsym == SCAN dosyn) GetSym(); }
St at enent (fol | owers) ;
CGen- >backpat ch(testl abel );

}

voi d PARSER: : Wi | eSt at enent (synset foll owers)
/1 \WhileStatemrent = "WH LE" Condition "DJ' Statenent
{ CGEN_| abels startloop, testlabel, dummyl abel;
Get Syn() ;
CGen- >st or el abel gst artloop);
Condi ti on(synset ( SCAN dosyn) + foll owers);
CGen- >j unponf al se(t estl abel, CGen->undefi ned);
accept (SCAN_dosym 25);
St at enent (fol | owners);



CCGen- >j (dumyl abel , startl oop);
CGen- > angat ch(testl abel);

voi d PARSER: : Ret ur nSt at enent (synset fol | owers)
/1 ReturnStatenent = "RETURN' Expression ]
{ Getsym():
switch (bI ockcl ass)
{ case TABLE funcs:
i }‘ (! Fi rst Expressi on. nenb(SYM syn)) Report->error(220); // an Expression i s nandato
el se
{ CGen->stackaddress(bl ockl evel, 1, false);
Expressi on(fol | oners);
CCGen- >assign();
CGen- >| eavef unct i on( bl ockl evel );

Lr eak;

case TABLE procs: /1 simple return
CCGen- >l eavepr ocedur e( bl ockl evel ) ;

if (FirstExpression. nenmb(SYM synj) /1 we may NOT have an Expression
{ Report->error(219); Expression(followers); }
br eak;
case TABLE progs: /1 okay in main program- just halts

CGen- >| eaveprogrant();

if (FirstExpression. rrenb(SYM sym) // we may NOT have an Expression
b { Eeport >error(219); Expression(followers); }

rea

}
}
void PARSER : Wit eEl enent (synset followers)
/1 WiteEl ement = Expression | String .
{ CGEN | abels startstring,
if (SYMsym!= SCAN stringsymn
{ Expressi on(symset (SCAN_conmma, SCAN rparen) + followers);
) CCen->writeval ue();
el se
{ CGen->stackstring(SYM nane, startstring);
CGen->writestring startstri ng) ;

Cet Sym() ;

id PARSER: : WlteStatement(sym;et fol | oners) ]
WiteStatement = "WRl TE" [ "(" WiteElenent { "," WiteE ement } ")" ]

)
SYM”? m == SCAN_| par en)
tS
i t eEl enent (followers);
while (SYM sym == SCAN comma First ExPressi on. menb(SYM sym))
{ accept (SCAN_conms, 13) Wi teEI enment (fol l owers); }
accept (SCAN_rparen, 17);

}&JGen- >new i ne();

}
voi d PARSER: : ReadSt at enent (synset fol | owers) )
ilesea&c:ﬁ{?terrent = "READ' "(" Variable { "," Variable } ")"
t
IGE (SP;(I\/; sym ! = SCAN | paren) { Report->error(18); return; }
t
Vari abl e(serset ESCAN_corTma, SCAN rparen) + followers, 211);
CCGen- >r eadval ue()
while (SYM SKIm == SCAN comma || SYM sym == SCAN_ i dentifier)
{ accept (SCAN_comma, 13);
Vari abl e( synset 2SCAN comma, SCAN rparen) + followers, 211);
) CGen- >r eadval ue()
) accept (SCAN_r paren, 17);
voi d PARSER: : ProcessCal | (synset followers, int &processes)
/1 ProcessCall = Procldentifier Actual Paraneters .
{ TABLE entrl es entry;

bool Tound;
if (LFirstStatenent. menb(SYM synm)) return;
if (SYMsym!= SCAN i dentifier
ERe port->error(217); Staterrent(followers) return; } // recovery
Tabl e- >sear ch( SYM nane, entry, found);
if (!found) Report- >err0r(202)



if (entry.idclass != TABLE_procs)

G SRﬁ(p;)rt >error(217); Staterrent(followers) return; } // recovery
t Sy

CGen- >nar kst ack() ;

Act ual Par anet ers(ent ry, followers);

CGen- >f or kprocess(entry. p. entrypol nt)

processes++;

voi d PARSER: : Cobegi nSt at enent (symset foll owers)
/| Cobegi nSt atenment := "COBEG N' ProcessCal |l { ";" ProcessCall } "COEND
/1 count nunber of processes
{ int processes = 0;
CGEN | abel s start
i f (blockclass != TABLE progs) Report->error(215); // only from gl obal [evel
CGet Sym(); CGen- >c0be%An(start
ProcessCal | (symset(S N seni col on, SCAN | coendsym) + followers, processes);
while (SYM sym == SCAN seni col on | | FirstStatenment. nenb(SYM syn))
{ accept (SCAN senicolon, 2);
ProcesscCal | (symset(SCAN sem col on, SCAN _coendsyn) + followers, processes);

CCen- >coend(start, processes);
accept (SCAN_coendsym 38);

}
voi d PARSER: : Semaphor eSt at ement (synset fol | owers) )
/1 SerraphoreStaterrent = ("WAIT" | "SIGNAL") " (" VarDesignator ")"
{ t()sgolS ﬁ(ral)t (SYM sym == SCAN wai t sym ;
tSy
if (SYMsym!= SCAN | paren) { Report->error(18); return; }
Cet Sy

) ;
Vari abl e(symset(SOAN r par en? + followers, 206);
if (wait) CGen- >wa|top() el se CGen- >signal op();
accept (SCAN_rparen, 17);

}
voi d PARSER: : St at enent (synset fol | owers)
/1 Statement = [ ConmpoundSt at ement Assi gnment | ProcedureCall
/1 |fStatenent | Wil eStatenent | ReturnStatenent
/1 WiteStatement | ReadStatenent | Cobegi nSt at ement
/1 Wait Statenent | Signal Statenment | " STACKDUWP" ]
{ TABLE entries entry;
bool found;
if (FirstStatement. menb(SYM sym)
{ switch (SYM synm)
{ case SCAN identifier:
Tabl e- >sear ch( SYM nane, entry, found);
if (!found) Report- >error(202)
if (entry.i1dclass == TABLE_procs
ProcedureCal | (fol |l owers, entry);
el se
Assignment (fol | oners, entry);
br eak;
case SCAN_l fs?/m | f Statenment (fol | owers); break;
case SCAN whi [ esym Wil eStatenent(foll owers) br eak;
case SCAN_returnsym ReturnSt aten’entgfol | owers) br eak;
case SCAN writesym WiteStat errent§ ol | owers) br eak;
case SCAN readsym ReadSt at enent (f ol | owers); break;
case SCAN begi nsym  ConpoundSt at enent gol | owers); break;
case SCAN stacksym  CGen- >dunp(); yn() break
case SCAN _cobegsym Cobegi nSt aterrent(fol ovvers) break;
case SCAN wai ts?/m
case SCAN si gnal sym SenaphoreStatenent (foll owers); break;

}

/| test(Followers - symset(SCAN_identifier), EnptySet, 32) or
est (foll owers, EnptySet, 32);

}
voi d PARSER: : Bl ock(synset followers, int blklevel, TABLE idclasses bl kcl ass,

i nt initialfrarresize?
/1 Block = { ConstDeclarations | VarDeclarations | ProcDeclaration }
/1 rrpoundSt at ement
{ int framesize = initialfranmesize; [// activation record space

CCEN_| abel s entrypoi nt;
CGen->j unp(ent rypoi nt, CGen->undefined);
test(FirstBlock, foll owers, 3);
|df (bl kl evel > CGEN_I evrrax) Report ->error(213);
o
{ if (SYM sym == SCAN _constsyn) ConstDecl arations();
if (SYMsym == SCAN var sy Var Decl ar at i ons(f ranesi ze) ;
while (SYM sym == SCAN procsym || SYM sym == SCAN funcsyn)
ProcDecl arati on(fol |l owers);



test(FirstBlock, followers, 4);
} while (FirstDeclaration. menb(SYMsynm)),;
/'l bl ockcl ass, bl ockl evel global for efficiency
bl ockcl ass = bl kcl ass;

bl ockl evel = bl kl evel; )
CCen- >backpatch$ entrme nt); reserve space for variables
CCen- >openst ackf rame(franesi ze - | nitialfranesize);

ConpoundSt at errent (f ol | owers) ;

switch (bl ockcl ass)

{ case TABLE progs: CGen->| eaveprogram); eak;
case TABLE procs: CGen->| eaveprocedur e( bI ockl evel ); break;
case TABLE funcs: CGen->functioncheck(); break;

test(followers EmptySet, 35); )
(debngl ng) Tabl e->pri nt t abl e(Srce->lst); // denpbnstration purposes
Tabl e->cl osescope();

}

voi d PARSER: : Cl angPro ran( v0| d)
[/ O angProgram = "P Pr ogl dentifier ";" Block "."
{ TABLE entries progent ry,
TABLE_ i ndex progi ndex;
accept ( SCAN_pr o%sym 36
if (SYMsym!= SCAN |dent|f| er)
Report->error(6);
el se
{ sprintf(progentry.nanme, "% *s", TABLE_ al fal ength, SYM nane);
debuggi ng = (str chp( SYM nanme, "DEBUG') == 0);
pro?entry i dcl ass = TABLE_progs;
Tabl e- >enter(pr ogentry, progi ndex);

Get Sym()

Tabl e- >openscope();
accept (SCAN_sem col on, 2);
Bl ock(synmset (SCAN_peri od, SCAN eofsyn) + FirstBlock + FirstStatenent,
progentry. level + 1, TABLE progs, 0);
) accept (SCAN_period, 37);

voi d PARSER: Cr)arse(vm d)
{ Getsym(); angProgran(); }

/1 Handl e synbol table for Cang | evel 3/4 conpiler/interpreter
/1 1ncludes procedures, functions, paraneters, arrays, concurrency
/1 P.D. Terry, Rhodes University, 1996

#i f ndef TABLE_H
#define TABLE_H

#i ncl ude "cgen. h"
#i nclude "report.h"

const int TABLE alfalength = 15; // maximum|length of identifiers
t ypedef char TABLE al f a[ TABLE al fal ength + 1];

enum TABLE i dcl asses
{ TABLE consts, TABLE vars, TABLE progs, TABLE procs, TABLE funcs };

struct TABLE nodes; )
t ypedef TABLE nodes *TABLE_i ndex;

struct TABLE entries {

TABLE_al fa nane; [/ identifier
int |evel; /[l static |evel
TABLE_i dcl asses idcl ass; /'l class
uni on {
struct {
int val ue;
C; /] constants
struct {
int size, offset;
booI ref, scalar;
} v /] variabl es
struct {
i nt parans, paransize,
TABLE index firstparam
CCGEN T abel s entrypoint;
}op; /1 procedures, functions

}s
}s



struct TABLE_nodes {
TABLE entries entry;
) TABLE_i ndex next;

struct SCOPE_nodes {
SCOPE _nodes *down;
TABLE_i ndex first;

cl ass TABLE {
public:
voi d openscope(void);
/1 Opens new scope for a new bl ock

voi d cl osescope(Vvoi d? ;
/1 Closes scope at bl ock exit

void enter (TABLE entries &entry, TABLE index &position);
/1 Adds entry to synmbol table, and returns its position

voi d search(char *nane, TABLE entries &entry, bool &found);
/1l Searches table for presence of nane. |If found then returns entry

voi d updat e( TABLE entries &entry, TABLE_index position);
/1 Updates entry at known position

bool isrefparan(TABLE entries &procentry, int n);
/!l Returns true if nth paraneter for procentry is passed by reference

void printtabl e(FILE *Ist);
/1 Prints synbol table for diagnostic purposes

TABLE( REPORT *R);
/1 Initializes synbol table

private:
TABLE i ndex sentinel ;
SCOPE_nodes *topscope;
REPCORT *Report;
int currentl evel;

}s
#endi f /*TABLE_H*/

----- tabl @ CPP - s s s mmm -

/1 Handl e synbol table for Cang | evel 3/4 conpiler/interpreter
/1 I ncludes procedures, functions, paraneters, arrays, concurrency
/1 P.D. Terry, Rhodes University, 1996

#i nclude "m sc. h"
#i ncl ude "tabl e. h"

voi d TABLE: : openscope(voi d)

{ SCOPE_nodes *newscope = nhew SCOPE_nodes;
newscope- >down = topscope; newscope->first = sentinel;
t opscope = newscope;
currentl evel ++;

voi d TABLE: : cl osescope(voi d)

{ SCOPE_nodes *old = topscope;
t opscope = topscope->down; del ete ol d;
currentl evel --;

voi d TABLE: : enter (TABLE entries &entry, TABLE index &position)
{ TABLE index | ook = toEscope- >first;
TABLE_i ndex | ast = NULL;
position = new TABLE nodes;

sprintf(sentinel->entry.nane, "%*s", TABLE alfalength, entry.nane);
ile (strcnp(l ook->entry.name, sentinel->entry.nane))

{ last = | ook; |ook = |ook->next;

I1f (look !'= sentinel) Report->error(201);

entry.level = currentlevel;

position->entry = entry; position->next = | ook;

I1f (!last) topscope->first = position; else |last->next = position;

voi d TABLE: : updat e( TABLE entries &entry, TABLE i ndex position)



{ position->entry = entry; }

void TABLE: : search(char *nane, TABLE entries &entry, bool &found)
{ TABLE i ndex | ook;
SCOPE_nodes *scope = topscope;

\?\,ﬁri ntf(sentinel->entry.name, "% *s", TABLE al fal ength, nane);

ile (scope)

{ ook = scope->first;
while (strcnp(l ook->ent r¥. name, sentinel - >ent r?/. name)) | ook = | ook->next;
if (look !'= sentinel) { found = true; entry = look->entry; return;

scope = scope->down;

ound = false; entry = sentinel->entry;

bool TABLE: :i srefparam TABLE entries &procentry, int n)
if (n > procentry.p.parans) return fal se;
TABLE_i ndex | ook = Er ocentry.p.firstparam
while (n > 1) | ook = | ook->next; n--; }
return | ook->entry.v.ref;

voi d TABLE: : printtabl e(FILE *Ist)
{ SCOPE _nodes *scope = topscope;
TABLE_i ndex current;
putc(™\n’, Ist);
whil e (scope)
{ current = scope->first;
while (current != sentinel)

{ fprintf(lst, "% 16s", current->entry.nane);
switch (current->entry.idcl ass)
{ case TABLE consts:
Lpri Etf(l’st , " Constant %d\n", current->entry.c.value);
reak;

case TABLE vars:
fprintf(Tst, " Variable %3d%td%id\n",
current->entry.level, current->entry.v.offset,
current->entry.v.size);
br eak;

case TABLE procs:
fprintf(Tst, " Procedure %8d%td%itd\ n", )
current->entry.level, current->entry.p.entrypoint,
b " current->entry. p. parans);
reak;

case TABLE funcs:
fprintf(Tst, " Function 9%3d%td%id\n",
current->entry.level, current->entry.p.entrypoint,
current->entry. p. parans);

br eak;

case TABLE_ progs:
fprintf(lst, " Program \n");
br eak;

current = current->next;

scope = scope->down;

}
}
TABLE: : TABLE( REPORT *R)
{ sentinel = new TABLE nodes;
sentinel->entry.nane[0] = '\0’; sentinel->entry.level = 0;
sentinel ->entry.idclass = TABLE_Er 0gs;
currentlevel = 0; topscope = NULL; /1 for level O identifiers
} Report = R openscope(); currentlevel = 0;

/1 Code Generation for Clang level 4 conpiler/interpreter

/1 Includes procedures, functions, paraneters, arrays, concurrency.
/1 Display nmachine.

/1 P.D. Terry, Rhodes University, 1996

#i f ndef CGEN_H
#define CGEN_H

#i nclude "m sc. h"



#i ncl ude "stknc. h"
#i ncl ude "report. h"

#defi ne CGEN_headersi ze STKMC headersi ze
#defi ne CGEN_| eviax STKMC_| evnax

enum CGEN_operators {
CCEN_opadd, CGEN opsub, CGEN opnul, CCGEN opdvd, CGEN opeql, CGEN _opneq,
CCEN_opl ss, CGEN opgeq, CGEN opgtr, CCEN opleq

typedef short CGEN | abel s;
typedef char CGEN_| evels;

cl ass CGEN {
public:
CCEN _| abel s undefi ned; /1 for forward references

CGEN( REPCRT *R);
/1 Initializes code generator

voi d negat ei nt eger(voi d); ) )
/] Generates code to negate integer value on top of evaluation stack

voi d bi naryi nt eger op( CGEN_operators op); ]
/1 Cenerates code to pop two values A B fromeval uati on stack
/1 and push value A op B

voi d compari son( CGEN_operators op);
/1 Cenerates code to pop two integer values A B from stack
/1 and push Bool ean value A OP B

voi d readval ue(void);
/1 Generates code to read value; store on address found on top of stack

void witeval ue(void);
/1 Generates code to output value fromtop of stack

voi d new i ne(void);
/1l Cenerates code to output |ine mark

void witestring(CGEN_| abels |ocation);
/1l Cenerates code to output string stored at known | ocation

void stackstring(char *str, CGEN_|abels & ocation); )
/1 Stores str in literal pool in menory and return its |ocation

voi d stackconstant (i nt nunber); )
/'l Cenerates code to push nunber onto eval uation stack

voi d stackaddress(int level, int offset, bool indirect);

/1l Cenerates code to push address for known | evel, offset onto eval uation stack.

/1 Addresses of reference paraneters are treated as indirect

voi d subscript(void);
/'l Cenerates code to index an array and check that bounds are not exceeded

voi d dereference(void);

/] Generates code to replace top of evaluation stack by the value found at the

/! address currently stored on top of the stack

voi d assign(void);
/] Generates code to store value currently on top-of-stack on the address
/1 given by next-to-top, popping these two el enents

voi d openstackframe(int size); ] ]
/'l Cenerates code to reserve space for size variables

voi d | eaveprogram voi d);
/1 Generates code needed to | eave a program (halt)

voi d | eaveprocedure(int bl ocklevel); )
/1 Cenerates code needed to | eave a regul ar procedure at given bl ockl evel

voi d | eavefunction(int blocklevel); ) )
/1 Cenerates code needed as we |eave a function at given bl ockl evel

voi d functioncheck(void); ]
// Generate code to ensure that a function has returned a val ue

voi d cobegi n(CGEN_| abel s &l ocation); )
/1l Generates code to initiate concurrent processing



void coend(CGEN_| abel s | ocation, int number); ]
/1 Generates code to termnate concurrent processing

voi d storel abel (CGEN_| abel s & ocation); ) ) )
/1 Stores address of next instruction in |location for use in backpatching

voi d junmp(CCGEN | abel s &here, CCEN | abel s destination);
/1 Generates unconditional branch fromhere to destination

voi d j unponfal se(CGEN_| abel s &ere, CGEN | abel s destination);
[l Generates branch fromhere to destination, conditional on the Bool ean
/1 value currently on top of the evaluation stack, popping this value

voi d backpat ch( CGEN_| abel s | ocati on); )
/|l Stores the current |ocation counter as the address field of the branch
/1 instruction currently held in an inconplete format |ocation

voi d mar kst ack(voi d); ]
/'l Cenerates code to reserve mark stack storage before calling procedure

void call (int level, CGEN_|abels entrypoint); ]
/1 CGenerates code to enter procedure at known | evel and entrypoint

voi d forkprocess(CGEN_| abel s entrypoint); )
/'l Generates code to initiate process at known entrypoi nt

voi d signal op(void);
/'l Cenerates code for semaphore signalling operation

voi d waitop(void);
/1l Cenerates code for semaphore wait operation

voi d dunp(void);
/1 Cenerates code to dunp the current state of the evaluation stack

voi d getsize(int &codelength, int & nitsp); )
/1 Returns length of generated code and initial stack pointer

int gettop(void);
/1 Return codetop

void emt(int word);
/1 Emts single word

private:
REPORT *Report;
bool generatingcode;
STKMC_addr ess codet op, stktop;

#endi f /* CGEN_H*/

----- COBN. CPP === == === === m i m e eooaoooaoooo-

/1 Code Generation for Clang Level 4 conpiler/interpreter

/1 Includes procedures, functions, paraneters, arrays, concurrency.
/1 Display nachine.

/1 P.D. Terry, Rhodes University, 1996

#i ncl ude "cgen. h"
extern STKMC* Machi ne;

CCGEN: : CGEN( REPORT *R)

{ undefined = 0; /1 for forward references (exported)
Report = R
gener ati ngcode = true;
codetop = 0;

) stktop = STKMC nensi ze - 1;

void CCGEN: :emt(int word)
// Code generator for single word
{ if ('generatingcode) return;
if (codetop >= stkt opg
I{ Report->error(212); generatingcode = fal se; }
el se
{ Machi ne->meni codet op] = word; codetop++; }

voi d CCEN: : negat ei nt eger (voi d)
{ emt(int(STKMC neg)); }



voi d CCEN: : bi naryi nt eger op( CGEN _operators op)
{ switch (op)

{ case CGEN oprmul: emt(int(STKMC nul)); break;
case CGEN opdvd: emit(int(STKMC dvd)); break;
case CGEN opadd: emit(int(STKMC add)); break;
case CGEN opsub: emit(int(STKMC sub)); break;

}
}
voi d CCGEN : conpari son( CGEN_operators op)
{ switch (op
{ case CGEN opeql: emt(int(STKMC eql)); break;
case CGEN opneq: emt(int(STKMC neq)); break;
case CGEN oplss: emt(int(STKMC |ss)); break;
case CGEN opleq: emt(int(STKMC leq)); break;
case CGEN opgtr: enmit(int(STKMC gtr)); break;
y case CGEN_ opgeq: emt(int(STKMC geq)); break;
}

voi d CCGEN: : readval ue(voi d)
{ emt(int(STKMC.inn)); }

void CCGEN: :witeval ue(void)
{ emt(int(STKMC prn)); }

voi d CCEN: : newl i ne(voi d)
{ emt(int(STKMC_nln)); }

void CCGEN::witestring(CGEN_| abels |ocation)
{ emt(int(STKMC prs)); emit(location); }

voi d CCEN: : stackstring(char *str, CGEN_| abels & ocation)
int | = strlen(str);
if (stktop <= codetop + | + 1)
{ Report->error(212); generatingcode = false; return; }
| ocation = stktop - 1;
for (int i =0; 1 <1; i++) { stktop--; Machine->menistktop] = str[i];
st kt op--; Machi ne->neni st ktop] = O;

voi d CCEN: : stackconstant (i nt nunber
{ emt(int(STKMC Iit)); emt(nunber); }

voi d CCGEN: : stackaddress(int level, int offset, bool indirect)
{ emit(int(STKMC adr)); em't(levelg; emt(-offset);
if (indirect) emt(Int(STKMC val));

voi d CCGEN: : subscri pt (voi d)
{ emt(int(STKMC.ind)); }

voi d CCEN: : der ef erence(voi d)
{ emt(int(STKMC val)); }

voi d CCEN: : assi gn(voi d)
{ emt(int(STKMC sto));

}
voi d CCEN: : openst ackfranme(int size)
{ if (size >0) { emt(int(STKMC dsp)); emt(size); } }

voi d CCEN: : | eaveprogran(voi d)
{ emt(int(STKMC hlt)); }

voi d CCEN: : | eavefunction(int bl ockl evel g
{ emt(int(STKMC ret)); emit(blocklevel

voi d CCEN: : functi oncheck(voi d)
{ emt(int(STKMC nfn)); }

yoemt(1l); }

voi d CCEN: : | eaveprocedure(int bl ocklevel)
{ emt(int(STKMC ret)); enit(blocklevel); enit(0); }

voi d CCEN: : cobegi n( CGEN_| abel s &l ocati on;
{ location = codetop; enit(int(STKMC chg)); enit(undefined); }

voi d CCEN: : coend(CGEN_| abel s | ocation, int nunber)

{ if (nunber >= TKI\/C_Procmax) Report->error(216);
el se { Machi ne->nen{ | ocation+1] = nunber; enit(int(STKMC cnd)); }

voi d CCEN: : storel abel (CGEN_| abel s &l ocati on)

}



{ location = codetop; }

void CCGEN :junp(CGEN_| abel s &here, CCGEN_ | abel s destination)
{ here = codetop; emt(int(STKMC brn)); emt(destination); }

voi d CCEN: : j unmponf al se( CGEN_| abel s &here, CGEN_I| abel s desti nati on)
{ here = codetop; emt(int(STKMC bze)); em t(destination);

voi d CCEN: : backpat ch( CGEN_I| abel s | ocati on)
{ if (codetop == location + 2 &&
STKMC_opcodes( Machi ne->meni | ocati on]) == STKMC_brn)
codetop -= 2;
el se
Machi ne->meni | ocati on+1l] = codet op;

voi d CCEN: : mar kst ack(voi d)
{ emt(int(STKMC nst)); }

voi d CCEN: : f or kprocess(CCGEN_| abel s entrypoint)
{ emt(int(STKMC frk)); emit(entrypoi ntgl; }

void CGEN :call (int |evel, CGEN_|abels entrypoint)
{ emit(int(STKMC cal)); enit(level); enit(entrypoint); }

voi d CCEN: : si gnal op(voi di
{ emt(int(STKMC siq));

voi d CCEN: : wai t op(voi d)
{ emt(int(STKMC_wgt)); }

voi d CCEN: : dunp( voi dg
{ emt(int(STKMC stk)); }

voi d CCEN: : getsi ze(int &codel ength, int & nitsp)
{ codel ength = codetop; initsp = stktop;

int CCGEN :gettop(void)
{ return codetop; }

/1 Definition of sinple stack machine and sinple enulator for Cang |evel 4
[/ 1ncludes procedures, functions, paranmeters, arrays, concurrency.

/1 This version emulates one CPU tine sliced between processes.

/1 Display machi ne

/1 P.D. Terry, Rhodes University, 1996

#i fndef STKMC H
#defi ne STKMC_H

#defi ne STKMC version " ang
const int STKMC nensize = 512; /
const int STKMC | evimax = 5; /
const int STKMC headersize = 5; /
const int STKMC procnmax = 10; /

4.

/[ Limt on nmenory

[ Limt on Display

[/ Size of mninmumactivation record
/ Limt on concurrent processes

/1 machi ne instructions - order inportant

enum STKMC opcodes {
STKMC cal, STKMC ret, STKMC adr, STKMC frk, STKMC cbg, STKMC lit, STKMC dsp,
STKMC brn, STKMC bze, STKMC prs, STKMC wgt, STKMC sig, STKMC cnd, STKMC nfn,
STKMC nst, STKMC add, STKMC sub, STKMC mul, STKMC dvd, STKMC eql, STKMC neq,
STKMC | ss, STKMC geq, STKMC gtr, STKMC | eq, STKMC neg, STKMC val, STKMC sto,
STKMC i nd, STKMC stk, STKMC hlt, STKMC.inn, STKMC prn, STKMC nln, STKMC nop,

) STKMC_nul

t ypedef enum {
runni ng, finished, badnem baddata, nodata, divzero, badop, badind,
badf un, badsem deadl ock

} status;

typedef int STKMC address;

typedef int STKMC | evel s;

typedef int STKMC proci ndex;

class STKMC {
publi c: ) _ )
int men{ STKMC mensize]; // virtual machi ne nenory

void listcode(char *filenane, STKMC address codel en); ]
/1 Lists the codelen instructions stored in memon nanmed output file



voi d emul at or (STKMC _address initpc, STKMC address codel en,

STKMC address initsp, FILE *data, FILE *results,

bool tracing);
// Emul ates action of the codelen instructions stored in nem wth
/1l programcounter initialized to initpc, stack pointer initialized to
/1 1nitsp. data and results are used for I/O  Tracing at the code |evel
/1 may be requested

void interpret(STKMC address codel en, STKMC address initsp);

[l Interactively opens data and resuits files. Then interprets the
/1 codel en instructions stored in mem with stack pointer initialized
/1 to initsp

87K opcodes opcode(char *str);

/1 Maps str to opcode, or to NC nul if no match can be found
KNC() _ .
Initializes stack nmachine
private:

struct processor {

STKNC , opcodes ir; [/ Instruction register
int bp; [/ Base pointer

int sp; /] Stack pointer

int np; [/ Mark Stack pointer
|nt pc; /1 Program counter

ors
Shadow registers
Ri ng poi nter

struct processrec { // Process descrlp;
/
; Li nked, maltlnglon senmaphore
/
/

STKMC address bp, nmp, sp, pc;
STKMC pr oci ndex next ;

STKMC pr oci ndex queue

bool ready;

STKMC_addr ess_st ackmax, stackmi n;
int display[ STKMC | evhax];

Process ready
Mermory limits
Di splay registers

~—— e —

processor cpu;
status ps;

bool inbounds(int p);

char *mmenoni cs[ STKMC nul +1];

voi d stackdunmp( STKMC_ addreSS|rntsp, FILE *results, STKMC address pcnow);
void trace(FILE *results, STKMC address pcnow);

voi d postnorten(Fl LE *results, STKMC_addr ess pcnow) ;

int slice;

STKMC prOC|ndex current, nexttorun;
processrec process STKNC procnax + 1];
voi d swapregi sters(void

voi d choosepr ocess(voi d

voi d signal (STKMC address senaddress)
voi d wait (STKMC addr ess senmddr ess);

}s
#endi f /* STKMC_H*/

----- L 1 o o] e

/1 Definition of sinple stack nachine and sinple enmulator for Clang level 4
/1l Includes procedures, functions, parameters, arrays, concurrency.

/1 This version enul ates one CPU tine sliced between processes.

/1 Display machine.

/1 P.D. Terry, Rhodes University, 1996

#i nclude "m sc. h"
#i ncl ude "stknt. h"
#i ncl ude <tine.h>

#define random(num (rand() % (nun)
#define BLANKS " "

const int maxslice 8, // maximumtime slice
const int processreturn 0; // fictitious return address

STKMC opcodes STKMC: : opcode(char *str)

{ STKMC opcodes | = STKMC opcodes(O) )
for (|nt i = 0; str[ 1; i++) str[i ] = toupper(str[i]);
whil e g = STKMC nul * && strcnp(str, mmenonics[l]))

| TKMC > opcodes(long(l) + 1);

return



void STKMC: : | i stcode(char *filenanme, STKMC address codel en)
{ STKMC addr ess i, j;

STKI\/C oPcodes op

ename == '\0’) return;

FI LE *codefil e = fopen(fil enanme, "W');

if (codefile == NULL) return;
/* Theofol | owi ng may be useful for debugging the interpreter
(i < codel en)
intf(codefile, "%d", menii]);
(i + 1) %16 == 0) putc('\n’, codefile);

/putc('\n’, codefile);

] =

while (i < codel en) )

{ op = STKI\/C (o] codes(rren{l] %(lnt(STKI\/C nul) + 1)); // force in range
fprintf Ecoae ile, "940d %", i, mmenonics[op]);
switch (op)
{ case STKMC cal:

case STKMC ret:
case STKMC adr:
i = Ei + 1; % STKMC _nensi ze;

==
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i = (i + 1) % STKMC nensi ze;
br eak;

codefi
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case STKMC frk:

case STKMC chg:

case STKMC lit:

case STKMC dsp:

case STKMC brn:

case STKI\/C bze:
b = (kl + 1) % STKMC nensi ze; fprintf(codefile, "%d", menfi]);
rea

case STKMC prs
! = (i +1) %STKI\/C mensi ze;
= men{i]; fprintf(codefile, "
V\hl|e (men{j] 1'=0) { putc(rmenij], codefile); j--3}
Butc( \"’, codefile);
reak

|} = (i + 1) % STKMC_nmensi ze;
putc(’\n’, codefile);

%cl ose(codefile);

voi d STKMC: : swapr egi st ers(voi d)

/1 Save current nmachine registers; restore fromnext process

{ process[current].bp cpu. bp; cpu. bp process[ nexttorun]. bp;
process|[current].np = cpu.np; cpu.np = process|nexttorun].np;
process{current].sp = cpu.sp; Cpu.sp = process|nexttorun].sp;
process[current].pc cpu. pc; cpu. pc process[ nexttorun]. pc;

voi d STKMC: : choosepr ocess(voi d) ) )
/1 Fromcurrent process, traverse ring of descriptors to next ready process

{ if (slice!=0) { slice--; return; )
do nexttorun = process[nexttorun].next; } while (!process[nexttorun].ready);
if (nexttorun != current

) swapregl sters()
slice = random naxslice) + 3;

bool STKMC: :inbounds(i nt

/1 Check t hat menory pointer P does not go out of bounds. This should not

/1 happen with correct code, but it is just as well to check

{ if (p < process[current]. stackmi n || p >= STKMC_nensi ze) ps = badnem
return (ps == running);

voi d STKMC: : st ackdunp( STKMC address initsp, FILE *results, STKMC address pchow)
/1 Dunp data area - useful for debuggi ng
{ int online = 0;
fprintf results, "\nStack dunp at %d CPU: %d", pcnow, current);
fprintf(results, " SP:%d BP: %ld", cpu.sp, cpu. bp?(
f rintf(results, " SM %id", process[current].stac mn);
(cpu bp <inits ) fprlntf(results " Return Address: %d", nmen{cpu.bp - 4]);
utc results
or |nt | = processgcurrent] stackmax - 1; | >= cpu.sp; |--)
{ fprintf(results, "%d:%d", |, menil 2
online++; if (onllne %6 == O) putc('\n', results);



—h——

printf (results "\'nDi spl ay");
for (I 0; I < STKI\/C_I evmax; | ++

fprlntf(results '9%dd", process[current].display[l]);
putc(’'\n’, results)

}

void STKMC: :trace(FILE *results, STKMC address pcnhow)
/1l Simple trace facility for run tine Hebugg
{ fprintf(results, "CPU %ld PC. %d BP: %id" current pcnow, cpu. bp);
f rintf(results, " SP:%id TCS: ", cpu.sp);
(cpu.sp < STKMC _nensi ze)
Ifpr| ntf(results, "%d", nen{cpu.sp]);
el se

fprintf(results, "??2?2?");
fprlnthresuIts, " 9", mmenonics[cpu.ir]);
switch (cpu.ir)

{ case STKMC cal:
case STKMC ret:
case STKMC adr:
Lprl Etf(resul ts, "98d¥®d", menicpu.pc], menfcpu.pc + 1]);
rea
case STKI\/C_frk:
case STKMC chg:
case STKMC lit:
case STKMC dsp:
case STKMC brn:
case STKMC bze:
case STKMC
fpri ntf(resul ts, "99d", nenicpu.pc]); break;
/1 no defaul't needed

}
putc(’\n’, results);

void STKMC: : postnorten( FI LE *results, int pcnow)
[1 Report run tinme error and posrtlon
{ putc(’\n’, results);

switch (ps)
{ case badop: fprintf(results, "l Il egal opcode ); break;
case nodat a: fprintf(results, "No nore data" br eak:
case baddata: fprintf(results "l nval i d data" br eak;
case divzero: fprintf(results, "Division b?/ zero"g; br eak;
case badmem fprintf(results, "Menory violation br eak;
case badi nd: fprintf(results, "Subscript out of range"),; break;
case badf un: fprintf(results, "Function did not return value"); break;

case badsem fprintf(results, "Bad Serraphore operation"); break;
case deadl ock: fprintf(results, "Deadl ock™); break;

%printf(results, " at %d in process %\n", pcnow, current);

voi d STKMC: : si gnal (STKMC _addr ess senaddr ess)

{ if (men{senaddress] >= 0) /1 do we need to waken a process?
nmeni semaddr ess] ++ return; /1l no - si npl}l i ncrenent senmaphore
TKMC_pr oci ndex woken = -rren{ senaddress]; // negate to find index
meni semaddr ess] = -process[woken] queue; // bunp queue pointer
process[ woken] . queue = O; /1 renmove from queue
) process[woken] . ready = true; /1 and allow to be reactivated
voi d STKMC: : wai t (STKMC_addr ess senmaddr ess)
{ STKMC procindex |ast, now;
if (meni serraddress] > 0) /1 do We need to suspend?
{ men{semaddress]--; return; } /1l no - nﬁly decrenent semaphore
slice = 0; chooseprocess() /1 choose t he next process
process[current].ready = fal se; /1 and suspend this one
1f (current == nexttorun) { ps = deadl ock; return;
now = - neni sermaddr ess] ; /1l 1ook for end of semaphore queue
while (now !'= 0) { Iast = now, nNow = process[now . queue;
if (menisenmaddress] == 0)
Inen[ senaddress] = -current; /1 first in queue
el se
process[l ast].queue = current; /1 place at end of existing queue
process[current] queue = 0; /1 and mark as the new end of queue

}

voi d STKMC: : errul at or (STKMC _address initpc, STKMC address codel en,
STKMC address initsp, FILE *data, FILE *results,
bool tracing)
STKMC_addr ess pchow; /1 Current program counter
STKMC addr ess par ent sp; /1 Original stack pointer of parent
STKMC pr oci ndex nprocs; /'l Nurmper of concurrent processes



int partition; /1 Menory allocated to each process
int |oop;
srand(tPne(NULL ); /1 Initialize random nunber generator
process[ 0] . stackmax = initsp;
process| 0] .stackm n = codel en;
process| 0] . queue = O;
process|[0].ready = true;
cpu.sp = |n|tsp
cpu. bp = initsp; [l initialize registers
Cpu.pc = initpc; /1 initialize program counte
for (int I =0; | < STKMC | evrmax; | ++) process[O].dispIay[I] = initsp
nexttorun = O;
nprocs = 0;
slice = 0;
ps = running;
do
{ pcnow = cpu. pc; current = nexttorun
|r (unsi gned(nenf cpu.pc]) > int(STKMC nul)) ps = badop;
el se
{ c u.ir STKMC_opcodes( neni cpu. pc cpu. pc++; // fetch

);
(traC|ng) trace(results, ;
smntch (cpu.ir)

{ case STKMC cal:

pcno

nmen{cpu.np - 2] = process[current].disp
me cpu np - 3] = cpu bp;

nme np - 4] = cpu.pc + 2;
process[current] dlsplay[nen[cpu pc]] =
cpu. bp = cpu. np;

cpu. = menfcpu. pc + 1];

EC

br ea

case STKN[Lret:
process[current].di spl ay[ menf cpu. pc]

cpu. sp
cpu. np
cpu.Bc
PPU- p
if (cpu.p
{ n rocs--;
(nprocs
{ nexttorun
el se
{ chooseprocess();
process[current] ready = fals
1f (current nexttorun) ps

cpu bp - nen{c u.pc + 1];
cpu. bp - ;
cpu. bp - 4;
L cpu. bp - 3];
processreturn)
sllce = 0;
0;

= swapregi sters();

}

’dead

Lreah
case STKMC adr:

|P (|nbohnds§
nmenj cpu. sp

cpu. pc += 2;

cpu. sp))
= process[current]. dlspla
+ nenicpu. pc + L

reak;
case STKMC frk:
nprocs++, )
/1 first initialize the shadow CPU regi
process[nprocs].bp = cpu. np;
process|[nprocs].np = cpu. np;
process| nprocs sp Ccpu. sp;
process| nprocs]. n[cpu pcl;
process[ nprocs dlspla [O]
processFO] dlsplay[
process[ np rocs] di sp ay[l] = cpu. np;
/'l now |n|t|aI|ze actlvatlon record
nmenj process[ nprocs]. bp -
process[0]. dlsplay l]

ne process nprocs] ] = cpu. bp;
process[ nprocs bp - 4] = processre

// descriptor house keeping

process[ nprocs] . stackmax = cpu. np;

process|[ nprocs].stackmn = cpu.np - par

process[ nprocs].ready = true,

process| nprocs]. queue = 0;

process[nprocs].next = nprocs + 1,

Cpu.sp = cpu.np - partition;

cpu. Ec++;

brea

case STKI\/C_cbg:

/| execute

Iay[nen{cpu Pc]]

save di splay el ement
save dynam c |ink
save return address
¢pu. np,

update di spl ay
reset base pointer
enter procedure

meni ¢ bp -
restore dlspla¥
di scard stack frame

restore mark pointer

get return address

reset base pointer

kill a concurrent process
force choice of new process
reactivate main program

2];

conplete this process only
may fai

~~ ~———————
~— —— e~

| ock;

y[ men{ cpu. pc] 1]

sters and Displ ay

base poi nter
mar K poi nter
stack pointer

process entry point

~——
~———

| obal
oca

for
for

access

access
di splay cop
dynam c I|nK
return addr ess

~—
~—

turn;

menory limts
tition;
ready to run

cl ear semaphore queue
link to next descriptor
bunp parent SP bel ow
reserved nenory

~———— ~ ~——
—~————— -~ ~——



if (menfcpu. pc% > 0)

{ partition = (cpu.sp - codelen) / men{cpu.pc]; // divide rest of nmenory
parentsp = cpu. sp; /1 for restoration by cnd
cpu Ec++
br ea
case STKI\/C lit:
|P (| nbohnds(cpu.sp)) { men{cpu.sp] = nenfcpu.pc]; cpu.pc++; }

br eak
case STKI\/C_dsp:
_cPu. sp -= menfcpu. pc; ;
if (inbounds(cpu.sp)) cpu.pc++;
br eak;
case STKI\/C brn:

Ccpu. pc = rren{ cpu. pc]; break;
case STKMC bze
Cpu. sp++;
i $| nbounds( cpu. sp)}
é k(n*er’r{ cpu.sp - 1] == 0) cpu.pc = nenfcpu.pc]; else cpu.pc++; }
rea
case STKMC prs
if (tracin ) fputs(BLANKS results);
| oop = menj cpu. pc];
CpuU. pc++;
ile (i nbounds(l oop) && neniloop] !'= 0)
{ putc(rmenil oop], results) | oop--; }
|bf (tracmg) putc(’\n’ results)
case STKI\/C > wgt
if (current == 0) ps = badsem
el se { cpu. sp++; wait (menfcpu.sp - 1]); }
br eak;
case STKMC si g
if (current == 0) ps = badsem
el se { cpu.sp++; signal (menfcpu.sp - 1]); }
br eak;
case STKMC cnd:
if (nprocs > 0)
{ process[nprocs] next = 1; /1 close ring
nexttorun = randon( nprocs) + 1; /'l choose first process at random
cpu.sp = parentsp, /1 restore parent stack pointer
reak;
case STKMC nfn:
ps = badfun; break;

case STKMC nst:
i f (inbounds(cpu.sp-STKMC headersize)) //
{ men{cpu.sp-5] = cpu. np; I
Cpu. mp = cpu. sp; I
cpu.sp -= STKI\/C header si ze; I

reak;
case STKMC add:
Cpu. sp++;
(i nbounds( cpu.
br eak;
case STKMC sub:
Cpu. sp++;
i (inbounds(cpu.
br eak;
case STKMC nul :
c u. Sp++;
(Lnbounds(cpu

b
case STKMC dvd:
cpu. sp++;
i $|nbounds(cpu.
{1 (rrerr[cpu sp - 1] == 0)
ps = divzero;
el se
meni cpu. sp] /= men{cpu.sp - 1];

reak;
case STKMC eql:
c U. sp++;
(i nbounds(cpu. sp)) menicpu.
break
case STKMC . neq:
c u. sp++;
(i nbounds(cpu. sp)) menicpu.
break
case STKI\/C_I SS:

sp)) menfcpu. sp]

sp)) men{cpu.sp] -=

sp)) menfcpu. sp]

Sp)}

sp]

sp]

(menf cpu. sp]

(menf cpu. sp]

check space avail abl e
save nmark pointer
set mark stack pointer
bunp stack pointer

+= men{cpu.sp - 1];

meni cpu.sp - 1];

*= menfcpu.sp - 1];

nmenf cpu.sp - 1]);

I'= nenfcpu.sp - 1]);



voi d STKMC: :

i
p

cPu Sp++;
(| nbounds(cpu.
br eak;
case STKMC . geq:
cPu Sp++;
(| nbounds(cpu.
br eak
case STKMC > gtr:
c u(spg+ ds
i nbounds( cpu.
break
case STKI\/C | eq:
cPu Sp++;
(| nbounds(cpu.
br eak
case STKI\/C_neg:
if (inbounds(cpu.
br eak;
ca_sfe STKMC val :
i
rren[ cpu. sp]
bre

case STKI\/C st o:
c u. sp++;

sp))

sp))

sp))

sp))
sp))

(i nbounds(cpu. sp

men{ cpu.

nmeni cpu.

neni cpu.

meni cpu.

meni cpu. sp]

sp]

sp]

(menf cpu. sp]

(meni cpu. sp]

(menf cpu. sp]

(menf cpu. sp]

-meni cpu.

&&. i nbounds(menf cpu. sp]))

men{ cpu. sp] | ;

(i nbounds(cpu. sp) && |nbounds(rre]n{ cpu.spl))

men{ menf cpu. sp]]
Cpu. sp++;
br eak;
case STKMC ind:

if ((rrenfcpudsp + 1] <0) ||

ps bad

el se

{ c

p += 2

reak;
case SEgM: (stk
st ackdunp(i nitsp,
case STKIVC hlt:
ps = finished;
case STKMC. i nn:
dat a,

i f $|nb0unds
{1 (fscanf

ps = baddat a;
el se

Cpu. sp++;

reak;
case STKMC prn

results,

br eak;

"o,

if (tracing) fputs(BLANKS,

CpuU. Sp++;

i
if E
br eak;
case STKI\/C_nI n:
putc(’'\n’
case STKMC nop
br eak;
def aul t:
ps = badop;

tracing) putc(’

br eak;

n
e S == runni ng)

{ char fil ename[256

FI LE *dat a,

bool
char

prlntf(

i
{

f

t

0
ac
in
(

e
(
n

*resu]ts;
raC| ng,

eply

upper(reply) ="

= toupper(reply
tf "\nData]flle r
0

== 0’ )

fil enamsl;
data =

d
prlntf( tak| ng data fromstdin\n");
t TDOUT] 2 ")

f("\nResults file [S

i nbounds(cpu. sp

results);

\nTrace execut i on (y/INq
reply = getc(stdl n);
1le (dummy !=
STDI N|

open(f| | enane,

2) fprintf(results,
resul ts);

n,

=Y ;
? I|)
data =

)

pcnow) ;

men{ cpu. s
(rmenfcpu.sp + 1]

u.s
(i nbounds(cpu sp)) nenicpu. sp]

cpu. s && i nbounds(meni cpu. s
X P) &nen{ne%{cghgp]]

br eak;

1))

results);

br eak;

exttorun !'= 0) chooseprocess();

p ;
s !'= finished) postnorten(results,
i nterpret(STKMC address codel en,
?9 ll);

u =re
thi) “aumty = gbt it

" o%d",

pcnow) ;

getc(stdl n);

; gets(filenane);
NULL;

?

data = stdin;
get s(fil enane);

spl;

-= men{cpu. sp -

== 0)

nmenf cpu. sp -

}

< nmenfcpu. sp -

>= nenf cpu. sp -

> nenfcpu. sp -

<= menf cpu. sp -

>= men{ cpu. sp]))

1];

11);

STKMC_address initsp)

1]);

11);

1]);

11);



if(
el se
if (

}
}

filename[ 0]

STKMC: : STKMC()
{ for (int
// Initialize menoni

menoni
mmenoni
menoni
menoni
menoni
menoni
mmenoni
menoni
menoni
menoni
menoni
menoni
menoni
menoni
menoni
menoni
menoni
menoni

= 0; i <= STKMC nensi ze -

STKMC add
STKMC brn
STKMC cal
STKMC cnd
STKMC dvd
STKMC frk
STKMC

STKMC I nd
STKMC | eq
STKMC | ss
STKMC nul
STKMC_neq
STKMC nl n
STKMC nul
STKMC prs
STKMC si g
STKMC st o
STKMC val

T nnnnne

f =="\0 ? resu
| se results = fopen(fl

f (results == NULL)
{ printf("sending results to stdout\n");

emul ator(O codel en,

if (results I'= stdout

if (data != stdin) fc

enarne,

[ts = NULL;

W)

results = stdout; }

initsp, data, results, tracing);
? fcl ose(resul ts);
ose(data);

1, i++) menfi] = 0;
table this way for ease of nodification in exercises
"ADD'; mmenpni cs[ STKMC adr] = "ADR';
"BRN'; menoni cs| STKMC bze]l = "BZE";
"CAL"; mmenoni cs| STKMC cbg] = "CBG';
"CND'; mmenoni cs| STKMC_ ds[) = "DSP";
"DVD'; mmenoni cs|[ STKMC eq = "EQL";
"FRK"; menoni cs[ STKMC ge = "CGEQ';
"GIR'; menoni cs[ STKMC hlt] = "HLT";
"I'ND'; mmenonics| STKMC inn] = "I NN';
"LEQ'; menonics[STKMC |Iit] = "LIT";
"LSS"; menoni cs| STKMC nst] = "MST";
"MJL"; menoni cs[ STKMC neg] = "NEG';
"NEQ'; menoni cs[ STKMC nfn] = "NFN';
"NLN'; menoni cs| STKMC nop] =" "
"NUL"; menoni cs| STKMC prn] = "PRN';
"PRS"; menoni cs| STKMC ret] =" "
"SIG'; menoni cs[ STKMC stk] =" "
"STO'; menoni cs| STKMC sub] = "SUB";
"VAL"; menoni cs| STKMC wgt | = "WGT";




