Compilers and Compiler Generators © P.D. Terry, 2000

Appendix D
Sour ce code for a macro assembler

This appendix gives the complete source code for the macro assembler for the single-accu
machine discussed in Chapter 7.

assemble.cppmisc.h|set.h| sh.s| sh.cpp|la.h|la.cpp]| sa.h| sa.cpp| st.h| st.cpp]| st.h| st.cpp|
mh.h| mh.cpp| asmbase.has.h| as.cpg mc.h| mc.cpp

----- assenble. Cpp ---- - cmcmm e -

/1 Macro_assenbler/interpreter for the single-accunulator nachine
/1 P.D. Terry, Rhodes University, 1996

#i nclude "nt.h"
#i ncl ude "as. h"

#defi ne version "Macro Assenbler 1.0" )
#defi ne usage "Usage: ASSEMBLE source [listing]\n"

void main(int argc, char *argv[])
{ bool errors;
char reply; )
char sourcenane[256] i st nane[ 256] ;

/1 check on correct paraneter usage
if (argc == 1) { prlntf usage) exit(1); }
strcpy(sourcenane, ar 1

if (argc > 2) strcpyg |stnane argv{Z])

el se appendext ensi on( sour cenamne |'istnane);
MC *Machi ne = new MO) ;
AS *Assenbl er = new AS(sourcenane, |istname, version, Mchine);
Assenbl er - >assenbl e(errors);
i f (errorsz )
{ prlntf( nAssenbly failed\n"); }
el
{ prlntf "\ nAssenbly successful\n");
while (true)
{ prlntf("\nlnterpret? (y/n) ");
do
{ scanf("%", &reply?
} while (toupper(rep y) 1= "N && toupper(reply) '="Y");
1 f (toupper(re ly) == "N) break;

scanf ("% [~\n]"); getchar();
Machi ne- >|nterpret );

}

del ete Machi ne;
del ete Assenbl er;

/1 Various comon itens for macro assenblers for the single-accunul ator nachi ne
/1 P.D. Terry, Rhodes University, 1996

#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 boolean int
#define bool int
#define true 1



#define false 0

#define TRUE 1

#define FALSE 0

#define maxint I NT_MAX

#if _ MSDOS__ Ll MSD% [| WN32 || __WN32__

# define pathsep

#el se

# define pathsep '/’

#endi f

static void aPpendextenS| on (char *oldstr, char *ext, char *newstr)
i/_ Changes filename in oldstr from PRI MARY. xxx to PRI MARY.ext in newstr

int i;

char ol d[ 256] ;

strcpy(old, ol dstr)
= strl en(oI d);

i
whi | i 0) && (old[i- I=".") && (ol - = h
iflE(ei((;O)> &)&(O|(FI-H :]:’ ")) 2)|d£ (O [:0] pathsep)) |

if (ext[0] ==".") sprlntf(newstr "O/s/s" old, ext);

el se sprintf(newstr, "%. %" ol d, ext)

}

#define ASM al ength 8 // maxi mum | ength of menonics, |abels )
#define ASMslength 35 // maxi numlength of conment and other strings

typedef char ASM al fa[ ASM al ength + 1];
typedef char ASM strings[ASM slength + 1];

#i ncl ude " . h"

enum ASM errors {
ASM i nval i dcode, ASM undefi nedl abel, ASM i nval i daddr ess,
ASM unl abel | ed, ASM hasaddress, ASM noaddress,
ASM excessfi el ds ASM i smat ched ASM nonal pha
ASM badl abel , ASM i nval i dchar, ASM i nval i dquot e,
ASM over f | ow

b
t ypedef Set <ASM overfl ow> ASM errorset;
#endif /* M SC_H */

/1 Sinple set operations

#i fndef SET_H
#define SET _H

tenpl ate <int maxEl en>

class Set { /1 { 0 .. maxElem}
public:
Set () /1 Construct { }
{ clear(); }
Set(int el) /1 Construct { el }

{ clear(); incl(el); }

Set(int el, int e2

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

Set(int el, int e2, int e3) /1 Construct { el, e2, e3}
{ clear(); incl(el); incl(e2); incl(e3);
Set(int n, int el[]). ) /1 Construct H_e{O] .. e[n-1] }
{ clear(); for (int i =0; i <n; i++) incl(el[i]); }
void incl(int e) /1 Include 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 nenmbership for e

{if (e >0 & e <= maxElen) 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<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) /! Difference 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 Symretric difference with s
{ Set<maxEl env r;

for (int i =0; i <length; i++) r.bits[i] = bits[i] ™ s.bits[i];
return r;
private:
unsi gned char blts[(rraxEI em+ 8) / 8];
i nt | engt h;
int wd(int i) return(i / 8); 1}
int bitmask(int i) return 1 << (i 0o )); }
voi d clear() length = (maxEI +8) / 8
for (int i 0; i < length; i++) bits[i] = 0;

}
}s

#endi f /* SET_H */

/1 Source handl er for assenblers for the single-accunul ator nachine
/1 P.D. Terry, Rhodes University, 1996

#i fndef SH H
#define SH H

#i ncl ude "m sc. h"

const int |inemax = 129; /1 limt on source line length
class SH {
public:

FILE *Ist; // listing file
char ch; // | atest character read

voi d nextch(void);
/1 Returns ch as the next character on current source |ine, readi ng a new
/1 1ine where necessary. ch is returned as NUL if src is exhaust ed

bool endline(void { return (charpos == linelength); }

/!l Returns true en end of current |ine has been reached

bool startline(void) { return (charpos == 1); }

/! Returns true if current ch is the first on a line

void witehex(int i, int n) {f p ntf(lst "02XW ", i -2, 7 ),
fil

: )
/1 Wites (byte valued) i to |st as hex pair, left- justlfled in n spaces

void witetext(char *s, int n) { P_rint_f(lst, "%*s", n, s); }

/I Wites s to Ist file left-justified in n spaces

SH() ;

/1 Default constructor

SH(char *sourcenane, char *listname, char *version);

/1 Initializes source handl er, and di splays version information on Ist file.
/1 Opens src and Ist files usi ng gi ven names

~SH() ;
/1 oses src and Ist files

private:



source file
charact er ﬁOlnter
line | engt

|ast line read

FI LE *src;

int charpos;

int |inelength;

char line[linemax + 1];

~——
—~———

}
#endi f /*SH H*/

/'l Source handl er for assenblers for the single-accunul ator machine
/1 P.D. Terry, Rhodes University, 1996

#i ncl ude "sh. h"

voi d SH: : next ch(voi d)

{ if (ch =="\0") return; [/ input exhausted
if (charpos == l|inel ength) /1 new |ine needed
{ linelength = 0; charpos = 0; ch = getc(src);
while (ch I'="\n && !feof(src?)
{ if (linelength < linemax) { line[linelength] = ch; linelength++ }

ch = getc(src);

?f (feof(src))

IIine[IineIength] ='\0"; /1 mark end with an explicit nul
el se
line[linelength] =" "; /1 mark end with an explicit space
) i nel engt h++
ch = line[charpos]; charpos++;, // pass back uni que character

}

SH: : SH(char *sourcename, char *listnane, char *version)
{ src = fopen(sourcenane, "r");
if (src == NULL i ) )
{ printf("Could not open input file\n"); exit(1); }
!?t = fopen(listname, "wW');
i

(I'st == NULL)
{ printf("Could not open listing file\n"); Ist = stdout; }
fﬁrintf(lst, "os\n\n", version);
) ch ="' "; charpos = 0; linelength = 0;
SH: : SH()
{ src = NULL; Ist = NULL; ch =" '; charpos = 0; linelength = 0; }
SH: : ~SH()
{ if (src) fclose(src); src = NULL;
) if (Ist) fclose(lst); Ist = NULL;

/1 Lexical analyzer for macro assenblers for the single-accurul ator machine
/1 P.D. Terry, Rhodes University, 1996

#i f ndef LA H
#define LA H

#include "m sc. h"
#i ncl ude "sh. h"

enum LA syntypes { .
LA unknown, LA eofsym LA eolsym LA idsym LA numsym LA conmsym
LA commasym LA plussym LA m nussym LA starsym

struct LA synbols {
bool isTabel
LA syntypes sym
ASM strings str;
int num

if infirst colum
cl ass

| exene

value if nuneric

~———
~———

class LA {
public:
voi d get sym( LA synbols &YM ASM errorset &errors)
/1 Returns the next synbol on current source line
/1 Adds to set of errors if necessary and returns SYM sym = unknown
/1 if no valid synbol can be recognized



LA(SH *S);
/'l Assocl ates scanner with source handler S and initializes scanning

private:
SH *Srce;
voi d getwor d(LA synbol s &SYM ;
voi d get number (LA _synbol s &SYM ASM errorset &errors);
voi d get comment (LA synbol s &SYM ;
voi d get quot edchar (LA _synbol s &SYM char quote, ASM errorset &errors);

}
#endi f /*LA H/

/] Lexical analyzer for assenblers for the single-accumul ator machine
/1 P.D. Terry, Rhodes University, 1996

#include "la.h"

void LA : ?etword(LA synbol s &SYM
é/ Asslenb ehl degtlfl er or opcode, in UPPERCASE for consistency
int length =
whil e (|sal nun(Srce >ch))
{ if (length < ASM sl engt h)
{ SYMsir[length] = toupper(Srce->ch); |ength++ 1}
Srce->nextch();

}
SYM str[length] = "\0";

voi d LA:: get nunber (LA_synbols &YM ASM errorset &errors)
g/ Asslenb ehnun‘ger and store its identifier in UPPERCASE for consistency
int length =
whi | e (|gsd| gi t(Srce >ch))
{ SYM num= SYM num* 10 + Srce->ch - '0’;
if (SYM num > 255) errors.incl (ASM_ overfl ow) ;
SYM num % 256;
if (length < ASM slength) { SYMstr[length] = toupper(Srce->ch); |ength++;
Srce->nextch();

}
SYM str[length] = "'\0";

void LA : ?etcomrent(LA synbol s &SYM
/1 Assemble comment
{ int length = 0;
while (I'Srce- >end| i ne()
{ if (length < ASM slength) { SYMstr[length] = Srce->ch; |ength++ }
Srce->next ch();

}
SYMstr[length] = '\0";

void LA : ?etquot edchar (LA_synbol s &YM char quote, ASM errorset &errors)
/1 Assenble si ngl e character address token
{ SYMstr[0] = quote;

Srce- >nextch(); SYM num = Srce->ch; SYMstr[1] = Srce->ch;

if (!Srce->endline()) Srce- >nextch()

SYM str[2] = Srce->c SYM str[ 3] = \0

if 2Srce >ch !'= quot e) errors. I ncl gASM i nval i dquot e) ;

if (!Srce->endline()) Srce->nextch()

voi d LA::getsyn(LA synbols &SYM ASM errorset &errors)

{SYMnum—O SYM'str[0] "\ O’ T/ enpty string
while (Srce- >ch == && |Sr(:e >endl i ne()) Srce >nextch()
SYMislabel = (Srce->startline() &% Srce->ch I=
&% Srce->ch != "' && Srce->ch !'="'\0");
if (SYMi sl abel && i sal pha(Srce >ch)) errors. |ncI(ASM badl abel ) ;
if (Srce->ch =="\10") { SYMsym= LA eofsym return;
if (Srce- >endI|ne()?1 { SYM sym = LA eol sym Srce- >nextch() return; }
if (isal pha(Srce->c

{ SYMsym= LA |dsym %etword(SYl\/p }
else if (isdigit(Srce->c

{ SYM sym = LA nunsym getnunber(SYM errors); }
el se switch (Srce >ch3,

case ';’:
SYM sym = LA consym getcoment (SYM; break;
case ', ’:
SYM sym = LA conmasym strcpy(SYMstr, ","): Srce->nextch(): break;

case '+ :



SYM sym = LA plussym strcpy(SYMstr, "+"); Srce->nextch(); break;
case '-':

SYM sym = LA minussym strcpy(SYMstr, “-"); Srce->nextch(); break;
case '*’:

SYM isym = LA starsym strcpy(SYMstr, "*"); Srce->nextch(); break;
case '\’
case '"':

SYM sym
defaul t:

SYM sym

br eak;

LA nunsym get quotedchar (SYM Srce->ch, errors); break;

LA unknown; getcomment (SYM; errors.incl (ASM.i nvalidchar);

}

LA: : LA(SH* S)
{ Srce = S; Srce->nextch(); }

/1l Syntax analyzer for macro assenbl ers for the single-accunul ator machine
/1 P.D. Terry, Rhodes University, 1996

#i f ndef SA H
#define SA H

#i ncl ude "m sc. h"
#include "la.h"

const int SA naxterns = 16;

enum SA ternkinds { ) ]
SA absent, SA nuneric, SA al phaneric, SA comma, SA plus, SA minus, SA star

struct SA terns
SA ternkinds kind;
int nunber; /[l value if known
ASM al fa nane; /'] character representation

struct SA addresses 5
char | ength; /I nunber of fields
SA terns ternf SA naxterns - 1];

struct SA unpackedlines {

/| source text, unpacked into fields
bool | abell ed;

ASM al fa | abfiel d, mmenonic;

SA addresses address;

ASM strings comment;

ASM errorset errors;

b

class SA {
public:
voi d parse(SA _unpackedlines &srcline);
/1 Analyzes the next source line into constituent fields

SA(LA *L);
/1 Assocl ates syntax anal yzer with its |exical analyzer L

private:
LA *Lex;
LA_synbol s SYM
voi d Get Sym( ASM errorset &errors);
voi d get addr ess{SA _unpackedl i nes &srcline);

#endi f /[ *SA_H+/

/1 Syntax analyzer for macro assenbl ers for the single-accunul ator machine
/1 P.D. Terry, Rhodes University, 1996

#i ncl ude "sa. h"
#incl ude "set.h"

t ypedef Set<LA starsyn> synset;



voi d SA:: Get Syn( ASM errorset &errors)
{ Lex->getsyn(SYM errors);

voi d SA:: get addr ess(SA_unpacked| i nes &srcline)
/1 Unpack the addressfield of line into srcline
{ synset all ovved(LA idsym LA nunmsym LA starsynj;

}

synset possible = allowed + symset(LA commasym LA plussym LA minussym;

srcline. address.length = O;
whil e (possible.me SYM sy
{ if (Vallowed. menb( YMsyrr)
srcline.errors.incl (ASM I nval i daddress);
if (srcline.address.!len tﬁ < SA maxternms - 1)
srcline. address. | engt
el se
srcline.errors.incl (ASM excessfi el ds);

sprintf(srcline.address.ter srcllne addr ess. length - 1].name, "%*s

ASM al ength, SYM str
srcline. address. tern{sr cline. address. | ength - 1] . nunber = SYM num
switch (SYMsym
{ case LA nunsym

srcline.address.tern{srcline.address.length - 1].kind = SA nuneri c;

br eak;
case LA i dsym ]
grcl i ne. address.tern{srcline.address. | ength
r eak
case LA \ pl ussym

1] . kind = SA al phaneri c;

srcline.address.tern{srcline.address.length - 1].kind = SA plus;

br eak;

case LA_m' nussym
srcline.address.ternisrcline.address.|ength
br eak;

case LA starsym
srcline.address.tern{srcline.address. | ength
br eak;

case LA \_conmmasym
grcl Lne address.tern{srcline.address. | ength

rea

al  oned = possible - allowed; o
Get Sym(srcline.errors); // check trailing comment, paraneters

if (!(srcline.address.length & 1)) srcline.errors.incl(ASM.i nvalidaddress);

voi d SA:: parse(SA _unpackedlines &srcline)

{

}

synset startaddress(LA |dsym LA nunsym LA starsym;

srcline. | abfield[0] \0';

strcpy(srcline. rmem)m c, " ");

srcl 1 ne. conment [O] ='\0;

srcline.errors = ASM errorset()

srcline. address. ter .kind = SA absent

srcline.address.ter 0 . nunber =

srcline.address.tern| 0 nama[O] = ’\0’;

srcline. address. | ength 0;

Get Syn(srcline.errors); /1 first on line - opcode or |abel ?
if (SYMsym == LA eof syn‘) { strcpy(sr cline.menonic, "END'); return;
srcline. | abelled = SYMi sl abel ;

if (srcline.|abelled) 11 must 1 ook for t he opcode
{ srcline.labelled = srcline. errors i sempt y(
sprintf(srcline.labfield, "%*s", ASM al ength SYM str);
) Get Syn(srcline.errors); /1 probabl—y an opcode
if (SYMsym== LA idsyn /1 has a mmenonic
{ spri ntf(srcl ine.Mmenmonic, "%*s", ASM al ength, SYMstr);
CGet Sym(srcline.errors); // possibly an addr ess
) if (startaddress. rrenb(SYM sym) ) getaddress(srcline);
i1f (SYMsym== LA consym|| SYMs m == LA _unknown)
{ strcpy(srcline.comment, SYMstr CGet Syn(srcline.errors); }
1f (SYMsym!= LA eol sym /1 spurl ous synbol
{ strcpy(srcline.coment, SYMstr); srcline.errors.incl(ASM excessfi el ds);
while (SYMsym!= LA eol sym && SYM sym!= LA eofsym
Get Syn(srcline.errors); /1 consunme garbage

SA:: SA(LA * L)

{

Lex = L; }

1] . ki nd = SA_mi nus;
1] .kind = SA star;

1] . kind = SA comm;

}

[/ Tabl e handl er for one-pass macro assenbl er for single-accumulator machine
/1 Version using sinple |i1nked I|ist



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

#i fndef ST_H
#define ST_H

#i nclude "m sc. h"
#include "nt.h"
#i ncl ude "sh.h"

enum ST_actions { ST_add, ST _subtract };
typedef void (*ST_patch)(MC bytes nmeni], MC bytes b, MC bytes v, ST actions a);
struct ST forwardrefs { /1 forward references for undefined | abels
MC bytes byte; // to be patched
ST _actions action; /1 taken when patching
ST forwardrefs *nlink; // to next reference

b

struct ST entries {

ASM al fa name; /'l nane
MC byt es val ue; /1 val ue once defined
bool defi ned; /1 true after defining occurrence encountered
ST entries *slink; /[l to next entry
y ST forwardrefs *flink; // to forward references
class ST {

public:
voi d printsynboltabl e(bool &errors);
/[ Summarizes synbol table at end of assenmbly, and alters errors to true if
/1 any synbol s have renai ned undefi ned

void enter(char *nane, MC bKt es val ue);
/! Adds name to table wi th known val ue

voi d val ueof synbol (char *nane, MC_bytes |ocation, MC bytes &val ue,
ST actions action, bool &undefined);
/1l Returns value of required nanme, and sets undefined if not found.
/1 Records action to be applied later in fixing up forward references.
/1 location is the current value of the instruction |ocation counter

voi d out standi ngreferences(MC_bytes *mem ST_patch fix); )
/1 \Wal ks synbol table, applying fix to outstanding references in nmem

ST(SH *S);
/'l Assocl ates table handler with source handler S (for |istings)

private:
SH *Srce;
ST_entries *lastsym
void findentry(ST entries *&ynentry, char *name, bool &found);

#endi f /*ST_H+/

/[ Tabl e handl er for one-pass macro assenbl er for single-accunulator machine
/1 Version using sinply |i1nked I|ist
/1 P.D. Terry, Rhodes University, 1996

#include "st.h"

voi d ST::printsynboltabl e(bool &errors)
{ fprintf(Srce->lst, "\nSynbol Table\n");
fprintf(Srce->lst, "------------ \n");
ST _entries *synentry = |astsym
while (synmentry)
{ Srce->witetext(symentry->name, 10);
if (!'synmentry->defined) )
{I fprintf(Srce->lst, " --- undefined"); errors = true; }
el se
Srce->writehex(synentry->val ue, 3);
fprintf(Srce->lst, "%d", synentry->val ue);

putc(’\n’, Srce->lst);
symentry = symentry->slink;

}
putc(’\n’, Srce->lst);



void ST::findentry(ST_entries *&ynentry, char *name, bool &found)
{ symentry = |l astsym
found = fal se;
while (!found && synentry)
{ if ('strcnp(nane, synentry->nane))
found = true;
el se )
synentry = symentry->slink;

if (found) return;
synentry = new ST_entries; // make new forward reference entry
sprintf(synentry->name, "% *s", ASM al ength, nane);
synentry->val ue = 0;
synmentry->defined = fal se;
symentry->flink = NULL;
synmentry->slink = | astsym
) | astsym = synentry;

voi d ST::enter(char *nanme, MC _bytes val ue)
ST_entries *symentry;
bool found;
findentry(symentry, nane, found);
synentry->val ue = val ue;
synentry->defined = true;

}

voi d ST::val ueof synmbol (char *name, MC_bytes location, MC bytes &val ue,
ST actions action, bool &undefined)
{ ST_entries *symentry,;
ST forwardrefs *forwardentry;
bool found;
findentry(synmentry, nane, found);
val ue = synmentry->val ue;
undefined = !'synmentry->defi ned;
if ('undefined) return;
forwardentry = new ST forwardrefs; // new node in reference chain
forwardentry->byte = Tocation; forwardentry->action = action;

if (found) /] it was already in the table
forwardentry->nlink = symentry->flink;
el se /1 newentry in the table

forwardentry->nlink = NULL;
symentry->flink = forwardentry;

}

voi d ST::outstandi ngreferences(MC bytes nmen{], ST_patch fix)
{ ST_forwardrefs *link;
ST _entries *synentry = | astsym
while (synentry)
link = symentry->flink;
while (li nk?
{ fix(mem [Iink->byte, synentry->value, |ink->action);
link = Iink->nlink;

symentry = symentry->slink;
}

ST: : ST(SH *S?
{ Srce = S; lastsym = NULL; }

[/ Tabl e handl er for one-pass macro assenbl er for single-accunmulator machine
/1 Version using hashing technique with collision stepping
/1 P.D. Terry, Rhodes University, 1996

#i fndef ST H
#define ST_H

#i ncl ude "m sc. h"
#i nclude "nt. h"
#i nclude "sh. h"

const int tablemax = 239; /] synbol table size
const int tablestep = 7; /1 a prinme nunber

enum ST_actions { ST_add, ST_subtract };

typedef void (*ST _patch)(MC bytes nmen{], MC bytes b, MC bytes v, ST actions a);
typedef short tableindex;



struct ST forwardrefs { // forward references for undefined | abels
MC byt es byte; /1 to be patched
ST actions” action; /] taken when patching
ST forwardrefs *nllnk; /1 to next reference

}s

struct ST entries {

ASM al fa nane; /1l name
MC byt es value /1 val ue once defined
bool ~used; /1 true when in use already
bool deflned; /1 true after defining occurrence encount er ed
) ST forwardrefs *flink; // to forward references
class ST {
publi c:
voi d printsynbol tabl e(bool &errors);
/1 Summarizes synbol table at end of assenbly, and alters errors

/1 to true if any synbols have remai ned undefi ned

void enter(char *name, MC bﬁtes val ue) ;
/1 Adds nane to table with known val ue

voi d val ueof synbol (char *nane, MC_bytes |ocation, MC bytes &val ue,
ST _actions action, bool &undeflnea)
// Returns value of required nane, and sets undefined if not found.
/1 Records action to be applied later in fixing up forward references.
/1 location is the current value of the instruction |ocation counter

voi d out st andi ngreferences(MC_bytes men{], ST_patch fix);
/1 Wl ks synbol table, applying fix to outstanding references in nem

ST(SH *S);
/1 Associates table handler with source handler S (for listings)

private:
SH *Srce;
ST entries hasht abl e[ t abl emax + 1];
void findentry(tabl el ndex &synentry, char *nane, bool &found);

#endi f [/ *ST_H+/

[/ Tabl e handl er for one-pass macro assenbl er for single-accurul ator machine
/[ Version using hashing technique with collision stepping
/1 P.D. Terry, Rhodes University, 1996

#include "st.h"

voi d ST:: printsynbol tabl e(bool &errors)
{ fprlntf Srce->| st, "\nSynbol Table\n")
fprintf(Srce->lst, "------------
for (tableindex i =10; i < tablenax |++)
{ if (hashtable[i]. used%
{ Srce- >WW|tetext(has table[i].nane, 10);
if (!'hashtable[i].defined
{prrlntf(Srce >lst, " --- undefined"); errors = true; }
el se
Srce- >VW|tehex(hashtabIe[|L val ue
fprintf(Srce->|st 9%%d" ashtable[l] val ue) ;

) putc(’\n’, Srce->lst);

}
putc(’'\n’, Srce->lst);

t abl ei ndex hashkey(char *ident)

{ const int IarPe = (maxint - 256); // large nunber in hashing function
int sum=0 strlen(ldent)
for (int i = <I; |++) sum = (sum + ident[i]) %l arge
return (sum %tabl emax) ;

void ST::findentry(tabl ei ndex &ynentry, char *name, bool &found)
{ enum { Iooklng entered, caninsert, overflow } state;

symentry = hashkey(nane)

state = | ooki ng;

tabl ei ndex start = symentry;

while (state == | ookl ng)



{if (!hashtable[synentryL used)
{ state = caninsert r eak;
if (!strcnp(nane, hashtable[synentry] name))
state = entered; break;
s¥nentry (synentry + tablestep) % t abl emax;
) (synentry == start) state = overfl ow,

switch (state)
{ case caninsert:
sprintf(hashtabl e[ symentry].nane, "% *s", ASM al ength, nane);
hasht abl e[ synmentry] . val ue = 0;
hasht abl e[ synentry].used = true;
hasht abl e[ symentry].flink = NULL;
hasht abl e[ synmentry .defined = fal se
br eak;
case overfl ow
printf("Synbol table overflown");

exit(1);
br eak;
case entered: /1l no further action
br eak;
¥ound = (state == entered);

void ST::enter(char *name, MC bytes val ue)
{ t abl ei ndex symentry;
bool found;

findentry synentry nane, found)
hasht abl e[ symentry]. val ue = val ue;
hasht abl e[ symentry] . defined = true

}

voi d ST::val ueof synbol (char *name, MC_bytes location, MC bytes &val ue,
ST _actions action, bool &undeflned)
{ tabl ei ndex synentry;
ST formardre s *formerdentry,
bool found
f|ndentr% %nentr , name, found);
val ue table[s nentry] val ue;
undefined = !'hashta Ie[synentry] defi ned:;
i f (lundeflned) return;
forwardentry = new ST foruardrefs /1 new node in reference chain
forwardentry- >byte = Tocatlon
forwardentry->action = action;
if (found) it was already in the table
forwardentry->nlink hashtable[synentry] flink;
el se new entry in the table
forwardentry->nlink = NULL;
hasht abl e[ synmentry] . flink = foruardentry;

}

voi d ST::outstandi ngreferences(MC bytes nmen{], ST_patch fix)
{ ST forwar dr ef s *Ilnk
for (tableindex i = O i < tabl emax; i++)
{ if (hashtable[i used)
{ link = hashta Ie[|] flink;

while (li )
{ fix(mem link->byte, hashtable[i].value, |ink->action);
) link = I|nk >nl i nk;
) }
}
ST:: ST(SH *S)
{ Srce = S ) ) )
for (tablelndex i =0; i <tablenmax; i++) hashtable[i].used = fal se
----- 1T I e T

/1 Macro anal yzer for macro assenblers for the single-accunul ator machine
/1 P.D. Terry, Rhodes University, 1996

#i f ndef MH H
#define MH_H

#i ncl ude "asnbase. h"

t ypedef struct MH _nmacentries *NVH nacro;



class MH {
public:
voi d newnacro( MH_nacro &m SA unﬁackedl i nes header);
// Creates mas a new nmacro, gi ven header line that includes the
/1 formal paraneters

void storeline(MH nmacro m SA unPackedI ines line);
/! Adds line to the definition of macro m

voi d checkmacro(char *name, MH_macro &m bool & smacro, int &parans);
[/ Checks to see whether nane is that of a predefined macro. Returns
/1 ismacro as the result of the search. |f successful, returns m as
/1 the macro, and parans as the nunmber of fornal pararreters

voi d expand(MH_nacro m SA addresses actual par ans,

ASMBASE *assenbl er, bool &errors);
/1 ExPands macro m by invoking assenbler for each line of the macro
/1 definition, and using the actual ﬁararrs suEplled in place of the
/1 formal paraneters appearing in the macro header
/! errors I1s altered to true |f the assenbly fails for any reason

z

/1 1nitializes macro handl er

private:
IVH _macro | ast mac;
int position(MH nmacro m char *str);
voi d substituteactual paraneters(VH macro m
SA addresses act ual par ans,
SA _unpackedl i nes &nextli ne);

s
#endi f /*VMH H*/

/1 Macro anal yzer for nmacro assenblers for the single-accunul ator machine
/1 P.D. Terry, Rhodes University, 1996

#i ncl ude "m sc. h"
#i ncl ude "mh. h"

struct MH_lines {
SA unpackedl i nes text; /1 a single line of macro text
M—|I|nes *1 i nk; /1 link to the next line in the nacro

struct MH nacentries §
SA unpackedl i nes definition;
MH macro mink
MH_l i nes *flrstline, *| astline;

header |ine ) )
link to next macro in |ist
links to the text of this macro

~——
—~——

voi d MH: : newracro( MH_macro &m SA unpackedl i nes header)
{ m= new MH_nacentries;
m >definition = header
m>firstline = NULL
m >m i nk = | ast mac;
lastmac = m

store formal paraneters

no text yet

link to rest of macro definitions

and this becones the |last macro added

~———
~———

void MH :storeline(Md_nacro m SA unpackedlines |ine)
{ MH_lines *new ine = new VH | i nes;

new i ne->text = line; /1 store source line
new i ne->link = NULL; /1 at the end of the queue
if (m>firstline == NULL) [l first line of macro?
Im>f|rstI|ne=nev\A|ne /1 form head of new queue
el se
m >l astline->link = newine; // add to tail of existing queue
m >l astline = newine;
}
void MH : checknacro(char *name, MH_rmacro &m bool & smacro, int &parans)
{ m= | ast mac; ismacro = fal se; parans = 0;
whil e (m&&'lsmacro)
{ if (!strcnrp(nane, m>definition.labfield))
I{ ismacro = true; parans = m>definition.address.|length; }
el se
y m= m>nlink;



i ﬁosition(N+Lnacro m char *str)
/] Search fornmals for match to str; returns O if no match
{ bool found = fal se;

i = m >definition. address. length - 1;

i
while (i >= 0 && !found) )
{ if (!strcnp(str, m>definition.address.ternfi].nane))
found = true;
el se
i--;
return i;

voi d MH :substituteactual paraneters(VH nmacro m

SA_addresses act ual parans, SA unpackedlines &nextline)
// Substitute | abel, mmenonic or addr ess conponents into
/1 nextline mhere necessary

{int j =0, i = position(m nextline.labfield); // check |abel
|f (| >= 0) strcpy(nextline. |l abfield, actualparans ternfi].name);
p05|t|on(n] next | i ne. menoni c); /1 check mmenonic

|f ( >= 0) strcpy(nextline. menonic, actual parans.ternfi].nane);

j =0; /1 check address fields
while (j < nextline.address.|ength)
{i = p03|t|on(n1 next | i ne. addr ess. tern{]] nane) ;
if (1 >— 0) nextline.address.tern{j] = actualparans ternfi];
) j += 2 /'l bypass conmas

}

void MH: : expand(MH_macro m SA addresses actual parars,
ASMBASE *assenbl er, bool &errors)
SA unpackedl i nes nextline;
if (!'m return; /1 nothing to do
MH |ines *current = m>firstline
while (current)

{ nextline = current->text; Il retrieve line of macro text
substltuteactuahgaraneters(n] act ual parans, nextline); ]
assenbl er - >assennl el i ne(nextline, errors); /'l and asssenble it
current = current->link;
}
VH: : MH()
{ lastmac = NULL; }

----- ASMDASE. N - - - - o e

/| Base assenbler class for the single-accunul ator nachine
/1 P.D. Terry, Rhodes University, 1996

#i f ndef ASMBASE H
#defi ne ASMBASE H

#i ncl ude "msc. h"
#i ncl ude "sa.h"

class ASNBASE {
pub
V|rtual voi d assenbl el i ne( SA_unpackedl i nes &srcline, bool &failure) = 0;
/1 Assenble srcline, reporting failure if it occurs

#endi f /*A _H*/

/1 One-pass macro assenbler for the single-accunul ator machine
/1 P.D. Terry, Rhodes University, 1996

#i f ndef AS H
#define AS_H

#i ncl ude "asnbase. h"
#include "nt.h"
#i ncl ude "st.h"
#i ncl ude "sh.h"
#include "nmh. h"

class AS : ASMBASE {
publi c:
voi d assenbl e(bool &errors);



Assenbl es and |ists program
Assenbl ed code is dunped to file fo
i n pseudo-machi ne nmenory for i medi
Returns errors = true if assenbly f

I
/1 r later interpretation, and |eft
/1 ate interpretation if desir ed.

/1 ails

virtual void assenbl eline(SA unpackedlines &srcline, bool &failure);
/1l Assenble srcline, reporting failure if it occurs

AS(char *sourcenanme, char *listnanme, char *version, MC *M; )
/1 Instantiates version of the assenmbler to process sourcenane, creating
/1 listings in listname, and generating code for associated machi ne M

private:
SH *Srce;
LA *Lex;
SA *Par ser;
ST *Tabl e;
MC *Machi ne;
MH *Macr o;

struct { ASM al fa spelling; ¥tes byt e; opt abl e[ 256] ;

i nt opcodes; I nunber opcodes actually defi ned
struct objllnes { MC_bytes | ocation, opcode, address; };
objlines objline; current |ine as assenbl ed

MC_ byt es locat i on; | ocati on counter

bool ~assenbl i ng; noni tor progress of assenbly

bool incl ude; handl e conditi onal assenbly

\\\\
\\\\

MC byt es bytevalue(char *menoni c) ;
voi d enter{(char *menonic, M bytes t hi scode) ;
voi d ternval ue(SA terms tern1 MC bytes &val ue, ST _actions action
bool &undefined, bool &badaddress?;
voi d eval uat e( SA_addr esses address MC bytes &val ue,
bool &undefined, booi &nal or ned) ;

voi d Ilsterrors(ASNLerrorset allerrors, bool &failure);

void |istcode(void);

voi d Ilstsourcellne(SA unpackedl i nes &srcline, bool coderequired
bool &failure);

voi d defi nemacr o( SA_unpackedl i nes &srcline, bool &f ailure);

void firstpass(bool &errors);

}s
#endi f /*AS_H¢/

/1 One-pass macro assenbler for the single-accunul ator machine
/1 P.D. Terry, Rhodes University, 1996

#i nclude "as. h"

const bool nocodelisted = false;
const bool codelisted = true

enum di rectives 5
AS err = 61, [ erroneous opcode
AS_nul = 62, // blank opcode
AS beg = 63, // introduce program
AS_end = 64, // end of source
AS mac = 65, // introduce macro
AS ds = 66, // define storage
AS equ = 67, [/ equate
AS org = 68, // set l|location counter
ASif =69, // conditiona
y AS dc =70 /1 define constant byte
MC_bytes AS:: bytevalue(char *$menoni ¢)
{ Tnt Ioo0k, | = 1, r = opcodes;
do /1 binary search
{ look = (I +r) [ 2
if 2strcnp mmenoni ¢, optabl e[ | ook] . spel I'i ng; <= O; r = look - 1;
if (strcnp(menonic, optable[look].spelling) >= 0) | = look + 1;
} while (I < r);
if (1 >r 1) )
Ireturn (optable[look].byte); /1 found it
el se
return (optable[0].byte); Il err entry

void AS::enter(char *menoni c, MC_bytes thiscode)



// Add (mmenonic, thiscode) to optable for future | ook up
st ch?/(opt abl e[ opcodes] . Sﬂ I'ing, mmenonic);
opt abl e[ opcodes] . byte = i scode;
opcodes++;

voi d backpatch(MC _bytes nmeni{], MC bytes location, MC bytes value, ST_actions how)
{ switch (how)
{ case ST_add:
men{ | ocation] = (men{location] + value) % 256; break;
case ST _subtract:
meni | ocation] = (men{location] - value + 256) % 256; break;

}

void AS::termvalue(SA terns term MC bytes &val ue, ST actions action,
bool &undefined, bool &badaddress)
/1 Deternine value of a single term recordi ng outstandi ng action
/1 if undefi ned so far, and recordi ng badaddress if mal fornmed
{ undefined = fal se;
SWI tch gt erm Ki nd)
case SA absent:
case SA nuneric:
val ue = term nunber % 256; break;
case SA_star
val ue = | ocati on; break;
case SA al phaneric:
d ]:I'abl e->val ueof synbol (term nane, |ocation, value, action, undefined); break;
efaul t:
) badaddr ess = true; value = 0; break;

}

voi d AS::eval uat e( SA_addresses address, MC bytes &val ue, bool &undefi ned,
bool &nal f or med)
/1 Determine value of address, recordi ng whet her undefined or nalforned
{ ST_actions nextaction;
MC byt es next val ue;
bool unknomn
mal f or med fal se;
ternval uti(address ternf0], value, ST _add, undefined, nalforned);
int i =
while (i < address.|ength)
{ switch (address.ternfi].kind
{ case SA plus: nextaction
case SA minus: nextaction
defaul t: nextaction

ST _add; break;
ST subtract; break;
ST_add; malformed = true; break;

1 ++;

t er nval ue(address.ternii], nextvalue, nextaction, unknown, nalfornmed);

switch (nextaction)

{ case ST_add: val ue
case ST subtract: val ue

val ue + nextval ue) % 256; break;
val ue - nextvalue + 256) % 256; break;

}
undefined = (undefined || unknown);
i ++;
}
}

static char *Error Msg[] = {

- unknown opcode”,

" address fileld not resol ved",

invalid address field",
| abel nissing",
spurious address field",
address field m ssing"
address field too Iong
wrong nunber of paraneters
invalid formal paraneters”,
invalid | abel"
unknown character"
m smat ched quotes"
nurmber too | arge"”

b
void AS::listerrors(ASM errorset allerrors, bool &failure)
{if (aIIerrors isenpty()) return;
failure = true;
fprintf(Srce- >i st, "Next line has errors");
for (int error = ASMlnvalldcode error <= ASM overflow, error++
i

if (allerrors. rrerrb(error)) fprlntf(Srce->Ist,_ "os\n", ErrorMngerror]);



void AS::listcode(void)

/1 List generated code bytes on source |isting
Srce->writehex(objline.|location, 4);
if (objline.opcode >= AS err && objline.opcode <= AS if)

fprintf(Srce->Ist, " L,
else if (objllne.ogcode <= MC_hlt) /1 OneByt eOps
Srce->wr it ehex(objline. opcode, 7); )
else if (objline.opcode == AS dc) /1 DC special case
Srce->writehex(objline.address, 7);
el se /1 TwoByt eOps
{ Srce->mwitehex€objline.opcode, 3);
Srce->writehex(objline.address, 4);
}
void AS::listsourceline(SA unpackedlines &srcline, bool coderequired,

bool &failure)
/1 List srcline, with option of |isting generated code
{ listerrors(srcline.errors, failure);
if (coderequired) listcode(); else fprintf(Srce->Ist, " ")
Srce->witetext(srcline.labfield, 9
Srce->writetext(srcline. menonic, 9
int wwdth = strlen(srcline.address.tern{0].nane);
fputs(srcline. address.terni0].name, Srce->Ist);

for (int i =1; i < srcline.address.|ength; i++)
{ width += strlen(srcline.address.ternfi].nanme) + 1;
utc(’ ', Srce->Ist);

puts(srcline.address.tern{i].nane, Srce->Ist);

if (width < 30? Srce->writetext(" ", 30 - width);
fprintf(Srce->lst, "%\n", srcline.coment);

}

voi d AS:: definemacro(SA unpackedlines &srcline, bool &failure)
/1 Handl e introduction of a macro (possibly nested)
{ MC_bytes opcode;

MH_macro macr o;

bool declared = fal se

int i =0;
if (srcline.labelled) /'l name nust be present
decl ared = true;
el se
srcline.errors.incl (ASM unl abel | ed);
if (!(srcline.address.length & 1)) /'l must be an odd number of terns
srcline.errors.incl (ASM.i nval i daddress);
while (i < srcline.address. | ength) /1l check that formals are nanes
{ if (srcline.address.ternfi].kind != SA al phaneri c)
srcline.errors.incl (ASM nonal pha);
i += 2; /1 bypass comras

I stsourceline(srcline, nocodelisted, failure);

i
hf (decl ared) Macro->newnacro(macro, srcline); // store header
o]
{ Parser->parse(srcline); ] /1 next line of macro text
opcode = byteval ue(srcline. menonic);
it (opcode == AS nmc) ] /'l nested macro? ]
Ideflnenacro(srcllne, failure); /1 recursion handles it
el se
{ listsourceline(srcline, nocodelisted, failure);
if (declared &% opcode != AS end && srcline.errors.isenpty())
Macr o- >storel i ne(macro, srcline); /1 add to macro text

} &hile (opcode !'= AS_end);

voi d AS::assenbl el i ne( SA_unpackedl i nes &srcline, bool &failure)

/1 Assenbl e single srcline o

{if (Vinclude) { include = true; return; } /1 conditional assenbly
bool badaddress, found, undefi ned;
MH_macro macro;

int formal;
Macr o- >checkmacr o(srcl i ne. menoni ¢, macro, found, formal); )
if #found? /1 expand macro and exit
{1 2src ine.labell ed) Table->enter(srcline.labfield, |ocation);
if (formal != srcline.address.|ength /! nunber of parans okay?
srcline.errors.incl (ASM nm smat ched);
listsourceline(srcline, nocodelisted, failure);
if (srcline.errors.isenmpty()) /1 okay to expand?
Macr o- >expand(macro, srcline.address, this, failure);
return;

adaddress = fal se; ) o
objline.location = |ocation; objline.address = 0;



obj | i ne. opcode = byteval ue(srcline. menonic);
if (objline.opcode == AS err) /'l check various constraints
srcline.errors.incl (ASM.i nval i dcode);
else if (objline. opcode > AS mac |
obj line.opcode > MC hlt && objline.opcode < AS err)
{ if (srcline.address.length == 0) srcline.errors.incl (ASM noaddress); }
else if (objline.opcode !'= AS mac && srcline.address.length T= 0)
srcline.errors.incl (ASM hasaddress);
if (objline opcode >= AS err && objline.opcode <= AS_dc)
{ switch (obL i ne. opcode) /1 directives
{ case AS_beg:
| ocation = O;
br eak;
case AS org:
evaluate?srcline.address, | ocation, undefined, badaddress);
if (undefined) srcline.errors.incl(ASM undefinedl abel);
objline.location = | ocation;
br eak;
case AS ds:
if (srcline.labelled) Table->enter(srcline.labfield, |ocation);
evaluategsrcline.address, obj I i ne. address, undefined, badaddress);
if (undefined) srcline.errors.incl(ASM undefi nedl abel);
I ocation = (location + objline.address) % 256;
br eak;
case AS nul:
case AS err:
Lf (Ercline.labelled) Tabl e->enter(srcline.labfield, |ocation);
reak;
case AS_equ
eval uat e(srcline. address, objline.address, undefined, badaddress);
if (srcline.labelled)
ITable->enter(srcline.IabfieId, obj l'i ne. addr ess);
el se
srcline.errors.incl (ASM unl abel | ed);
if (undefined) srcline.errors.incl(ASM undefi nedl abel);
br eak;
case AS dc
if (srcline.labelled) Table->enter(srcline.labfield, |ocation);
eval uat e(srcline. address, objline.address, undefined, badaddress);
Machi ne->meni | ocati on] = objline. address;
| ocation = (location + 1) % 256

br eak;
case AS if: ) o )
evaluategsrcllne.address, obj I i ne. address, undefined, badaddress);
if (undefined) srcline.errors.incl(ASM undefinedl abel);
anlﬂde = (objline.address != 0);
reak;

case AS mac
defi nemacro(srcline, failure);
br eak;

case AS end
assenbl ing = fal se;

br eak;
el se /| machi ne ops
{ if (srcline.labelled) Table->enter(srcline.labfield, |ocation);
Machi ne->nmeni | ocati on] = objline. opcode;
if (objline.opcode > MC hlt /1 TwoByt eOps

{ location = (location + 1) % 256; )
eval uat e(srcline. address, objline.address, undefined, badaddress);
Machi ne->meni | ocati on] = objline. address;

) ocation = (location + 1) % 256; /1 bump | ocation counter
i f (badaddress) srcline.errors.incl(ASM.inval i daddress); ] ]
if (objline.opcode !'= AS mac) |istsourceline(srcline, codelisted, failure);

}

void AS::firstpass(bool &errors)
/1 Make first and only pass over source code
{ SA unpackedlines srcline
location = 0; assenbling = true; include = true; errors = fal se;
whil e (assenbling)
{ Parser->parse(srcline); assenbleline(srcline, errors); }
Tabl e->pri nt synbol t abl e(errors);
if (lerrors) Tabl e->outstandi ngreferences(Machi ne->nmem backpatch);

voi d AS:: assenbl e(bool &errors)
{ rintfg"Asseaning .o.\n");
printf(Srce->lst, "(One Pass Macro Assenbl er)\n\n");
firstpass(errors);



Machi ne->l i st code();

AS: : AS(char *sourcenane, char *listname, char *version, MC*M

{ Machine =
Srce = new SH(sourcenane, |istnane, version);
Lex = new LA(Srce);
Parser = new SA(Lex);
Tabl e = new ST(Srce);
Macr o = new ;

/1 enter opcodes and mmenoni cs in ALPHABETI C order

/1 done this way for ease of nodification |ater

opcodes = 0; /1 bogus one for erroneous data

enter("Error ", AS err); /1 for lines with no opcode

enter(" ", AS nul); enter("ACl", MC aci); enter("ACX', MC acx);
enter("ADC', MC adc enter("ADD', MC add); enter("ADl ", MC adi

enter("ADX", MC adx enter (" ANA" | MC_ana); enter("ANI", MC ani
enter("ANX", MC anx enter("BCC', MC bcc); enter("BCS', MC bcs);
enter("BEG', AS beg enter (" BNG', , -

enter("BPZ", MC bpz
enter("CLA", MC cla
enter("CMC', MC cnt
enter("CPX", MC_cpx
enter ("DEX', MC dex
enter("EQU', AS equ
enter("INA", MCina
enter ("I NH', MC.nh
enter("JSR', MCjsr

enter("CLC', MCclc); enter("CLX", MC clXx);
enter (" CWP", lVC_crrEn ; enter("CPI", MC cpi

MC _bng enter("BNZ", MC bnz
enter("BRN', MC_ brn); enter("BZE', MC bze);

enter("DC', AS dc); enter("DEC', MC dec);
enter("DS", AS ds); enter("END', AS end);
enter("HLT", MChlt); enter("IF', AS.if);
enter("INB', MCinb); enter("INC', MCinc

enter("IN", MCini);
enter("LDA", MClda);

enter ("I NX', MC.inx
enter("LD ", MCIdi

enter("LDX", MCldx); enter("LSI", MCIsi); enter("LSP', MCIsp);
enter("MAC', AS _nmc enter ("NOP", MC nop); enter("ORA", MC ora);
enter("ORG', AS org enter("ORl ", > orl); enter("ORX", MC orx);
enter("OTA", MC ota enter("OIB", MC oth); enter("OIC', MC otc);
enter("OTH', MC oth enter("Orl", MCoti); enter("POP", MC pop);
enter("PSH', MC psh enter("RET", MCret); enter("SBC', MC shc);
enter("SBI", MC sbi enter("SBX', MC sbx); enter("SCl", MC sci);
enter("SCX", MC scx enter("SHL", MC shl); enter("SHR', MC shr);
enter("STA", MC sta enter("STX", MC_stx); enter("SUB", MC sub);

enter (" TAX", MC_tax

/1 Definition of sinple single-accumul ator nachine and sinple enul ator
/1 P.D. Terry, Rhodes University, 96

#i f ndef MC_H
#define MC_H

#include "m sc. h"

/1 machine instructions - order inportant
enum MC_opcodes {

MC _nop, MC cla, MCclc, MCclx, MCcnc, MC.inc, MC dec, MC.inx, MC dex,
MC tax, MCini, MCinh, MCinb, MCina, MCoti, MCotc, MCoth, MC oth,
MC ot a, I\/C_Iosh, MC_pop, MC_shl, MC_shr, MCret, MC hlt, MC_|da, MC|dx,
MC Idi, MCIlsp, MCIsi, MCsta, MC stx, MC add, MC adx, MC adi, MC adc,
MC_acx, MC acl, MC sub, MC sbx, MC shi, MC shc, MC scx, MC sci, MC cnp,
MC cpx, MC cpi, MC_ana, MC_anx, MC ani, MC ora, MC orx, MCori, MC brn,
MC_bze, MC bnz, MC bpz, MC bng, MC bcc, MC bcs, MCjsr, MC bad = 255 };

typedef enum{ running, finished, nodata, baddata, badop } status;
t ypedef unsigned char MC_bytes;

class MC {
public:
MC_bytes meni 256] ; /1 virtual nmachine menory

void |istcode(void);
/1 Lists the 256 bytes stored in nemon requested output file

voi d ermul ator (MC bytes initpc, FILE *data, FILE *results, bool tracing);
/1 Emul ates action of the instructions stored in mem w th program counter
/1 initialized to initpc. data and results are used for I/0O

/1 Tracing at the code |l evel nay be requested

void interpret(void); ) )
[l Interactively opens data and results files, and requests entry point.
/1 Then interprets instructions stored in MC_nmem

MC byt es opcode(char *str);
/1 Maps str to opcode, or to MC bad (OFFH) if no match can be found



ND(?;

/1 Tnitializes accumul ator machi ne
private:
struct processor {
MC bytes a; [l Accumul at or
MC byt es sp; [l Stack pointer
MC bytes x; [l I'ndex register
MC bytes ir; [l lnstruction register
MC byt es pc; /1 Program count
bool "z, p, c; /1 Condition flags

processor cpu,
status ps;

char *mmenoni cs[ 256] ;
void trace(FI LE *results, MC > bytes pcnow);
voi d postnorten(Fl LE *results, MC byt es pcnow);
voi d setflags(MC_bytes MC register);
y MC_byt es i ndex(void);

#endi f /*MC_H+/

/1 Definition of sinple single-accumul ator nmachine and sinple emnul ator
/1 P.D. Terry, Rhodes University, 1996

#include "m sc. h"
#i nclude "nt. h"

/1 set break-in character as CTRL-A (cannot easily use \033 on Ms-DQOS)
const int ESC = 1;

voi d i ncrement (MC_bytes &x)
renent with folding at 256
(x + 257) % 256; }

voi d decrenent (MC_bytes &x)
enment with folding at 256
X + 255) % 256; }

inl
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MC. : opcode(char *str)

e linear search suffices for illustration

int i :0; str[i]; i++) str[i] = toupper(str[i]);
es | = MC nop;

(1 <= TMC_[sr &&strcnp(str menoni cs[1])) | ++;
<= MC_jsr) return |; else return MC bad;

y print all 256 bytes in 16 rows

}
)/?i d :listcode(void)
{ es nextbyte = 0;
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) 1f (listfile !'= stdout) fclose(listfile);

void MC: :trace(FILE *results, MC_bytes pcnow)

/1 Sinple trace facility for run time debuggl ng

{ fprintf(results, " PC = %2X A = %2X ", pcnow, cpu.a),
fprintf(results, " X = 9®2X SP = 992X ", cpu.X, cpu. sp)
fprintf(results, " Z =% P =%l C= %", cpu.z, cpu.p, Cpu.c),
fprintf(results, " OPCODE = 92X (%)\n", cpu.ir, mmenoni cs[cpu ir]);

void MC::postnorten(FILE *results, MC_bytes pcnow)
/1 Report run tinme error and p05|t|0n
{ switch (ps)
{ case badop: fprintf(results, "Illegal opcode"); break;



case nodata: fprintf(results, "No nore data"); break;
case baddata: fprintf(results, "lnvalid data" br eak;

printf(results, " at %\ n", pcnow);
trace$resu| ts, pcnow)
printf("\nPress RETURN to conti nue\ n");
scanf (" %E"\n] ); getchar();

i stcode(
}
inline void MC: :setflags(MC_bytes MC register)
/1 Set P and Z flags according to contents of register
{ cpu = (MC_register == 0); cpu.p = (MC_register <= 127); }
inline MC bytes MC: :index(voi d?
[l Cet |nEIexed address with fol di ng at 256
{ return ((menfcpu.pc] + cpu.x) % 256)
voi d readchar (FI LE *data, char &ch, status &pv\L
/1 Read ch and check for break-in and ot her ward val ues
{if (feof(data); { ps = nodata; ch =" ’'; return;
ch %etc(data
if E == ESC) ps = finished;
) if (ch <’ ' || feof(data)) ch =" ";
i nt _hexdi git(char ch)
/1 Convert CH to equi val ent val ue
{i ch >='a & ch <= '¢e’) return(ch + 10 - "a’);
|f ch >="A & ch <= "FE') return(ch + 10 - "A);
if |sd|g|tEch)) return(ch - 0");
y el se return(0)

int getnunber (FILE *data, int base, status &ps)
/! Read nunber in requi red base
{ bool negative = false;

char ch;

int num= 0;

do
readchargdata, ch, ps); )
while (! > |Ffeof(data) |1 ps !'= running));

1f $ pS == runni ng)
{i (feof(data))
ps = nodat a;

el se
{ if (ch == ") { negative = true; readchar(data, ch, ps); }
else if (c h == "+") readchar(data ch, ps);
if (!|sxd|g|t(ch))
ps = baddat a;
el se

{ while (isxdigit(ch) & ps == running)
{ if (hexdigit(ch) < base & num <= (maxint - hexdigit(ch)) / base)
num = base * num + hexdigit(ch);

el se
ps = baddat a;
readchar (data, ch, ps);
} .
if (negative) num = -num
if (num> 0
return num % 256;
el se

return (256 - abs(nun) % 256) % 256;

return O;

}
}/0| d MC:.:enul ator (MC_bytes initpc, FILE *data, FILE *results, bool tracing)

MC_bytes pcnow, /1 ad program count

MC bytes carry;, /1 Value of carry bit

cpu.z = fal se; cpupzfalse cpu.c false [/ initialize flags

cpu.a = 0; cpu.x = 0; Cpu.sp = [l initialize registers

cpu. pc = initpc; /1 initialize program counter

ps = running;
d

o]
{ cpu.ir = menicpu.pc]; /1 fetch
pcnow = cpu. pc /1 record for use in tracing/postnortem
|ncrement(c u. /1 and bunp in anticipation
if (traci ngS) trace(resul ts, pcnow;
switch (cpu.ir) /] execute



{ case MC_nop:
br eak;
case MC cl a:
cpu.a = 0; break;
case MC clc:
cpu.c = fal se; break;
case MC cl x:
cpu.x = 0; break;
case MC cnt:
cpu.c = !cpu.c; break;
case MC_inc:
increnent (cpu.a); setflags(cpu.a); break;
case MC _dec:
decrenment (cpu.a); setflags(cpu.a); break;
case MC_inx:
i ncrement (cpu. x); setflags(cpu.x); break;
case MC _dex:
decrenent (cpu. x); setflags(cpu.x); break;
case MC tax:
Cpu. X = cpu. a; br eak;
case MCini:
cpu.a = get nunber (data, 10, ps); setflags(cpu.a); break;
case MC_inb:
cpu.a = ﬂet nunber (data, 2, ps); setflags(cpu.a); break;
case MC_inh:
cpu.a = getnunber(data, 16, ps); setflags(cpu.a); break;
case MC_ina:

char ascii;

readchargdat a, ascii, ps);

if (feof(data)) ps = nodata;

gl se { cpu.a = ascii; setflags(cpu.a); }
r eak

case l\/Cotl
(cpu.a < 128)
fprlntf(results "0¢ ", cpu.a);
el se
fprintf(results, "% ", cpu.a - 256);
if ( acing) putc(’\n’, results);
br eak
case l\/Coth
fPrlntf(resuIts "op2X ", cpu.ag;
A (traC| ng) putc(’\n’ results ;
rea
case l\/Cotc
fPrlntf(resuIts "% ", cpu.a);
(tracn ng) putc(’\n’ results)

case I\/C_ota
putc(cpu.a, resul tsz;
1f (tracing) putc(’ results);
br eak;
case MC oth:
int bits[8];
MC_byt es nunber = cpu. a;
for (int loop = 0; loop <= 7; |oop++)
{ blts[loop] = nunber % 2; nunber /= 2; }

f or P 7; loop >= O; | 0o

fprlnt (results "o@", bits Ioop])

utc(’ ', resul ts)

1f (tracing) putc('\n', results);

br eak;
case MC psh:

decrenent (cpu. sp); menfcpu.sp] = cpu.a; break;
case MC pop

cpu.a = rren{ cpu.sp]; increment(cpu.sp); setflags(cpu.a); break;
case MC_ hI

cpu.c = gcpu a* 2 > 255); cpu.a = cpu.a * 2 % 256;

setfl ags(cpu. a); break;
case MC shr:

cpu.c = cpu.a & 1; cpu.a /= 2; setflags(cpu.a); break;
case MC ret:

I\/EC = men{ cpu.sp]; increnment(cpu.sp); break;

case

ps = |n|shed br eak;
case MC_ Ida

cpu.a = msrr[ nmenf cpu. pc]]; increment(cpu.pc); setflags(cpu.a); break;
case MC_| dx

cpuN% lzdrren{l ndex()]; increment(cpu.pc); setflags(cpu.a); break;
case

cpu.a = menfcpu. pc]; increment(cpu.pc); setflags(cpu.a); break;
case MC |s sp:

Cpu.sp = men{ men{ cpu. pc]]; increnment(cpu.pc); break;
case MC | si



cpu.sp = nenfcpu.pc]; increnent(cpu.pc); break;
case MC sta:

nmeni rrer’r{ cpu. pc]] = cpu.a; increnent(cpu.pc); break;
case MC stx:

menii ndex()] = cpu.a; increnment(cpu.pc); break;
case MC_add

cpu.c = gcpu a + ne meqcpu. ch > 255);

cpu.a = (cpu.a + ne cpu. pc %256

increment (cpu. pc); setflags(cpu.a br eak
case MC_adx:

cpu.c = gcpu a + nme |ndex8 > 255)

cpu.a = (cpu.a + nen|index ) %256

|ncrerrent(cpu pc); setflags(cpu.a); break;
case MC_ ad
cpu.c = Ecpu a + ne cpu pc] > 255)
cpu.a = (cpu.a + me upc)%256
i ncrenment (cpu. pc); set | ags(cpu. a); break;
case MC adc:
carry = cpu.c;
cpu.c cpu.a + ne :}‘{cpu ch + carry > 255);
cpu. a cpu.a + ne cpu. pc + carrK) % 256;
increnent(cpu.pc); setfl ags(cpu a); break;
case MC_acx:

carry = cpu.c; )
cpu.c = (cpu.a + nmenfindex + carry > 255);
cpu.a = (cpu.a + men|index + carr %256

mcrerrent(cpu pc); setflags(cpu.a); rea
case MC aci

carry = cpu.c;
cpu.c = (cpu.a + nmenfcpu.pc] + carry > 255)
cpu.a = (cpu.a + e Pu pc] + carryL %256
|ncrerrent(cpu pc); setflags(cpu.a) re

cpu.c = (cpu.a < nenfnenfcpu.
cpua—Ecpua- gl[cuch +256) % 256;
mcR/eCnEBt(cpu pc); setfl ags(cpu a); break;
case sbx
cpu.c = gcpu.a < ne |ndex8])
cpu.a = (cpu.a - nenfindex + 256) % 256;
|ncrement(cpu pc); setflags(cpu.a); break;
case MC _sbhi:

cpu.c = (cpu.a < me cp .pcl);

cpu.a = (cpu.a - ne u.pc] + 256) % 256;

|ncrerrent(cpu pc); set | ags(cpu. a); break;
case MC sbc

carry

= Cp
cu.c:cua<ma cpu. pc + carr
cBu a = csu a - merrq B b H - carry)+ 256) % 256;
|ncrerrent(cpu pc); setfl ags(cpu a); break;
case MC_scx

carry = cpu.c;
cpu.c = (cpu.a < ne index8] + carry);
cpu.a = (cpu.a - nenfindex

- carrg + 256) % 256;
|ncrerrent(cpu pc); setflags(cpu.a); bre
case MC sci:

carry = cpu.c;
cpu.c = gcpu.a < nmenj cpu. pc] + carry);
cpu.a = (cpu.a - nmenjcpu.pc] - carry + 256) % 256;

i ncremen t(cpu.pc); setfl ags(cpu. a); break;
case MC c

cpu.c = pu.a < men{nmenicpu. pc]]);
setfl ags Escpu a - nen{nen{cpu pc” + 256) % 256);
mcR/Ema nt (cpu. pc); break;
case X:
cpu.c = Ecpu a < man{mdex()”
setfl ags((cpu.a - meniindex( + 256) % 256);
i ncrement (cpu. pc); break;
case MC cpi:

cuc—gcpua<men10pu ]}
setflags((cpu.a - nmeni ch pc] + 256) % 256);
increment (cpu.pc); brea
case MC ana:

cpu.a &= neni menfcpu. pc]];

increnment (cpu. pc); setflags(cpu.a); cpu.c
case MC_anx:

cpu.a & nenfi ndex()]

mcremant(cpu pc); setfl ags(cpu.a); cpu.c
case MC ani:

cpu.a & men{c u. pcl;

i ncrenment (cpu. pc) setfl ags(cpu.a); cpu.c
case MC ora:

cpu.a | = nmeni menf cpu. J

increnent (cpu.pc); setf ags(cpu a); cpu.c

fal se; break;

fal se; break;

fal se; break;

fal se; break;



case MC_orx:

cpu.a | = manilndex()]

mcremant(cpu pc); setfl ags(cpu.a); cpu.c = fal se; break;
case MC ori:

cpu.a | = man{cpu pc 1;

|ncrerrent(cpu pc); setfl ags(cpu.a); cpu.c = fal se; break;

case MC br
cagguNEFb; nen{cpu pc]; break;

if (cpu z) cpu.pc = nenjcpu.pc]; else increnment(cpu.pc); break;
case

if ('cBu z) cpu. pc = nmenfcpu.pc]; else increment(cpu.pc); break
case

if (cpg p) cpu. pc = nenjcpu.pc]; else increment(cpu.pc); break;
case

if &&FBU p) cpu. pc = nenfcpu. pc]; else increment(cpu.pc); break
case CS:

if &EFE'C) cpu. pc = nenjcpu.pc]; else increment(cpu.pc); break;
case cc:

if (lcpu.c) cpu.pc = nmenfcpu.pc]; else increment(cpu.pc); break;
case MC jsr:

decrement(cpu sp);
nmenf cpu. sp] = (cpu c + 1) % 256; // push return address
cpu. pc = nmeni cpu. pc br eak;
def ault
) ps = badop; break;

} whi (ps == running);
if (p s '- fini shed) postrmrten(results pcnow) ;

}

void MC i nterpret(voi d)
{ char fil ename[256]
FILE *data, *results;
bool tracing;
int entr%/
printf("\nTrace execution (y/N/q)” ")
char reply = getchar(); scanf(" 0/Ef["\n] ); getchar();

if (toupper(repl y) I=

{ tracing = toupper(reply) =="Y;
printf("\nData file rSTD Nl ?"); gets(filenane);
| f (fllenanB£0] == '\0") data = NULL;
el se data = Een(fllenane "r");
if (data ==
{ prlntf( taklng data fromstdin\n"); data = stdin; }
printf("\nResults file [STDOUT] ? "); gets(fllenanE)
I f (fllenane[O] =="'\0 results = NULL;
else results = foEen(fl ename, "w');
if (results ==
{ prlntf( sendlng results to stdout\n"); results = stdout; }
printf(" Entry point? "
1f (scanf(" 9@96[A\n] , &entry) I=1) entry = 0; getchar();
emul ator (entry % 256, data, results, tracing);
if (results I'= stdout? fclose(results)
y if (data != stdin) fclose(data);
}
MC Iw%)
{ for (int i =0; i <= 255; i++) nenfi] = MC_bad,
/1 Initialize rmemonic table
for (i =0; i <= 255 |++) mmenoni csi ] "R,
mmenoni cs[MC_aci] = "ACl"; mmenonics NC acx] = "ACX";
mmenoni cs[ MC adc] = "ADC'; mmenoni cs|{ MC_add] = ADD;
menoni cs[ MC_adi|] = "AD " © mmenoni cs MC_adx] = "ADX";
menoni cs{ MC_ana] = "ANA"' menoni cs{ MC_ani|] = "ANI";
menoni cs| MC_anx] = ; mmenoni cs[ MC bcc] = "BCC';
mmenoni cs| MC bcs] =" BCS"' mmenoni cs| MC_bng] = "BNG';
menoni cs| MC bnz| = "BNzZ" mmenoni cs| MC_bpz] = "BPZ";
mmenoni cs| MC brn] = "BRN': nmenoni cs MC_bze] = "BZE";
mmenoni cs[ MC cla] = "CLA"; menonics[{MC clc] = "CLCH
menoni cs| MC ¢l x] = "CLX"; mmenonics| MC cnt] = "CMC';
mmenoni cs[ MC cnp] = "CWP"; menoni cs[{MC cpi] = "CPlL"S
menoni cs| MC_cpx] = "CPX"; menonics| MC _dec|] = "DEC';
mmenoni cs| MC_dex] = "DEX"; menonics[MC hlt] = "HLT";
mmenoni cs[ MC_ina] = "INA"; mmenonics[MC inb] = "INB";
menoni cs| MC_inc] = "INC'; mnenonics|MCinh] = "INH";
menonics[MC_ini] = "IN"; menonics[MC inx] = "INX";
menoni cs hK;{sr = "JSR'; menoni cs|MC | da] = "LDA";
menonics[MC 1di] = "LDI"; menonics[MC |dx] = "LDX";
mmenoni cs[MC Isi] = "LSI"; mmenonics[MC |sp] = "LSP";
menoni cs| MC_nop] = "NOP"; mmenoni cs[ MC ora] = "ORA";
mmenoni cs[MC_ori] = "ORI"; mmenonics[MC orx] = "ORX";
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