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Appendix C
Cocol grammar for the Clang compiler/interpreter

This appendix gives the Cocol specification and frame file for constructing a compiler for th
language as developed by the end of Chapter 18, along with the source for the tree-buildin
generator.

clang.atg cgen.h| cgen.cpd clang.frm

----- clang. at g --------m o m e

$CX
COWPI LER C anP )
/* C!_ANlGIeved I4 grammar - function, procedures, paraneters, concurrency
spl ay nodel .
Bui | ds an AST for code generation.
P.D. Terry, Rhodes University, 1996 */

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

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

typedef Set<7> cl assset;
bool debug;

int bl ocklevel;

TABLE_i dcl asses bl ockcl ass;

extern TABLE *Tabl e;
extern CGEN *CGen;

/* __________________________________________________________________________ */
| GNORE CASE
| GNORE CHR(9) .. CHRng)
COWENTS F "(** TO "
CHARACTERS
cr = CHR(13
| f = CHR(10) . B
lett er = " ABCDEFCHI JKLMNOPQRSTUVW\KYZabcdef ghi j kI mopqr st uvwxyz"
digit = "0123456789" .
instring = ANY - "*" - ¢cr - If
TOKENS
identifier = Ietter { Ietter | digit }
nunber = digit digit f . ] )
Strlng =lI1l (Instrlng II1!I|) { InStrlngl msy o on } maIn
PRODUCTI ONS
Cd ang
= (. TABLE entries entry; TABLE index index; .)
" PROGRAM'
| dent <ent ry. nanme> (. debug = (strcnp(entry name, "DEBUG') == 0);
entry.idcl ass TABLE_pr ogs;
Tabl e- >ent er(entr , index);
Tabl e- >openscope(¥' )
VEAK " "

Bl ock<entry | evel +1, TABLE_ progs, 0>

Bl ock<i nt bl kl evel, TABLE_ i dcl asses bl kclass, int initialfranesize>
= (. int framesize = initialfranesize;
CGEN_| abel s entrypoint; )
CGen- >Lurrp(entryp0| nt, CGen->undefi ned);
if (blklevel > CGEN Ievnax) SenError(213); .)
SYNC
{ ( Const Decl ar ati ons
| VarDecl ar ati ons<franesi ze>



| ProcDecl aration
) SYNC } (. /* bl ockclass, blocklevel global for efficiency */
bl ockcl ass = bl kcl ass; bl ockl evel = bl kl evel;
CCGen- >backpat ch(ent rypoi nt L;
/* reserve space for variables */
CGen- >openst ackf rane(franesi ze
- initialfranmesize); .)
ConpoundsSt at enent (. switch (bl ockcl ass)
{ case TABLE progs :
CGen- >| eaveprogramn(); break;
case TABLE procs :
CGen- >| eavepr ocedur e( bl ockl evel ); break;
case TABLE_funcs :
CGen- >f uncti oncheck(); break;

|}f (debug) /* denonstration purposes */
Tabl e->printtabl e(stdout);
Tabl e- >cl osescope(); .)

Const Decl ar ati ons
= "CONST" OneConst { OneConst }

OneConst ) ) )
= E TABLE entries entry; TABLE index index; .)
| derl1<t <entry. nane> . entry.idclass = TABLE consts;

Nunber <entry. c. val ue> (. Table->enter(entry, index) .)

1

Var Decl ar ati ons<i nt &f ranesi ze>
= "VAR' OneVar<franesize> { WEAK ", " OneVar<franesi ze> } ";"

OneVar <i nt &franesi ze>

= (. TABLE entries entry; TABLE index index;
entry.idclass = TABLE vars; entry.v.ref = fal se;
entry.v.size = 1; entry.v.scalar = true;
entry.v.offset = franesize + 1; .)

| dent <ent ry. nanme>
Upper Bound<entry.v.size> (. entry.v.scalar = false; .)
(. Table->enter(entry, index);

framesi ze += entry.v.size; .)

Upper Bound<i nt &si ze> )
= "[" Nunber<size> "]" (. size++; )

ProcDecl aration ) ) )
= . TABLE entries entry; TABLE index index; .)

" PROCEDURE" . entry.idclass TABLE procs;
" FUNCTI ON' . entry.idcl ass TABLE_ft uncs; ]
) ldent<entry. name> . entry.p.parans = 0, entry.p.paransi ze = 0,

entry.p.firstparam = NULL;

CGen- >st orel abel (entry. p.entrypoint);
Tabl e->enter(entry, index);

Tabl e- >openscope({ J)

Lormal Par anet er s<ent ry> (. Tabl e->update(entry, index) .)

.'.3| 90k<enf ry.level +1, entry.idclass, entry.p.paransize + CGEN_headersi ze>

1

For mal Par amet er s<TABLE_entri es &proc>
= (. TABLE index p; .)
"(" OneFormal <proc, proc.p.firstparans
{ VWEAK "," OneFornmal <proc, p>1} ")"
OneFor mal <TABLE entries &proc, TABLE index & ndex>
= (. TABLE entries fornal;
formal.idclass = TABLE vars; formal.v.ref = fal se;
formal .v.size = 1; formal.v.scalar = true;
formal .v. of fset = proc. p. paransi ze
+ CCEN_headersize + 1 .)
| dent <f or mal . nane>

| I (. formal.v.size = 2; formal.v.scalar = fal se;
formal .v.ref = true; .
] (. Table->enter(formal, index);

proc. p. paransi ze += formal .v. si ze;
proc. p. parans++; .)

OonpoundSt at enent
= "BEG@ N' Statenent { WEAK ";" Statenent } "END'

St at ement )
= SYNC [ ConpoundStatenent | AssignmentOrCall | ReturnStatenment



Whi | eSt at enent
Cobegi nSt at enent Semaphor eSt at ement
ReadSt at enent WiteStatenment
" STACKDUWP" (. CGen->dunmp(); .)

| f St at enent

]

Assi gnment Or Cal |
= (. TABLE entries entry;

AST des, exp;.
Desi gnat or <des, cl assset(TABLE vars, TABLE procs), entry, true>

* a53|gnrrent */ (. if (entry idclass != TABLE_vars) SenError(210); .)
": =" Expression<exp, true>
SYNC . CCGen->assign(des, exp); .)
| /* procedure call */ (. if (entry.idclass < TABLE procs)

SenError(ZlO?< return;
CGen- >mar kst ack( des entry | evel ,
entry p. entrypoi nt) )
Act ual Par anet er s<des, entry>
| (. CGen->call (des); .)
Desi gnat or <AST &D, cl assset ?I | owed, TABLE entries &entry, bool entire>

TABLE al fa nane;
AST index, size;

bool found;
D= CGen->enﬁtyast()
| dent <nane> (. Tabl e->search(nane entr found) ;

if (!found) SerrError(202
if (!'allowed. nenb(entry. |ch ass)) SenEkrror(206);
if (entry.idclass != TABLE vars) return;
CGen- >st ackaddress(D, entry. IeveI entry v. of f set,
entry.v.ref
( " (. if (entry.v.scalar) SerrError(204) 2)
Expr essi on<i ndex, true>
(. if (lentry.v.scalar)
/* determ ne size for bounds check */
{ if (entry.v.ref)
CCen- >st ackaddr ess(si ze, entry.level,
entry.v. of set + 1, fal se);
el se
CGen- >st ackconst ant (si ze, entry.v.size);
CGen->subscript(D, entry.v.ref, entry.|evel,
- entry.v.of fset, size, index);

| (. if glentryvscalar)
{ i gentrre) SenError (205);
if (entry.v.ref)
CCGen- >st ackaddr ess(si ze, entry.level,
entry.v.offset + 1, false);
el se
CCen- >st ackconst ant (si ze, entry.v.size);
CGen- >st ackr ef erence(D, entry v.ref, entry.level,
entry.v. offset, size{;

P
)
Act ual Par anet er s<AST &p, TABLE entries proc>
= int actual = 0; .)
(" . actual ++; .
OneAct ual <p, (*Tabl e).i srefparan( pr oc, actual)>
WEAK ", " . actual ++; .
eActual <p, (*Table).isr ef par an( pr oc, actual)>1} ")"
(. (act ual = proc. p. parans) SenError(209); .)

OneAct ual <AST &p, bool byref> AST
- Expressi on<par, !byref> E: i f (Eyref && | CGen- >i sr ef ast(par)) SenError (214);
CGen- >l i nkpar anmeter(p, par); .)

Ret ur nSt at enent
= (. AST dest, exp; .)
" RETURN'
( (. if (blockclass != TABLE funcs?( SerrError(219)
CGen- >st ackaddr ess(dest, bl ockl evel fal se) )
Expr essi on<exp, true>
CGen- >assi gn( dest, F
CGen- >| eavef uncti on(b ockl evel ) L)
| /* enmpty */ (. switch (bl ockcl ass)
{ case TABLE procs :
CCGen- >l eavepr ocedur e( bl ockl evel ); break;
case TABLE progs :
CCen- >l eaveprogram(); break;



c?se TABLE _funcs : SenError(220); break;
| .

| f St at enent
= (. CCGENI abel s testl abel;
AST C .
"I'F" Condition<C> "THEN' (. CGen->j urrﬁonf al se(C, testlabel, CGen->undefined)
St at enent . CGen-> patch(testlabel); .) .

Whi | eSt at enent
= (. CSEN Icabel s startloop, testlabel, dummyl abel;

"VH LE" . CGen- >ét orel abel (startl OOP ? )
gondl tion<C "DO' . CGen->jumponfal se(C, test abe CGen- >undef i ned)
t at enent

CCGen- > rrE(du nmyl abel , startl oop)
CGen- >backpat ch(testl abel) J)

Condi ti on<AST &C>
= (. AST E;

CGEN operators op; .)
Expressi on<C, true>
(  Rel Op<op>

ExpreSS|on<E true> E CGen->conparison(op, C, E); .)
)| /* Mssing op */ . SynError(91) .)

Cobegi nSt at emrent

(. int processes = 0;
CGEN | abel s start; .
" COBEGQ N (. if (Dblockclass | = TABLE progs) Senktrror(215);
CGen- >cobegi n(start); .)
ProcesscCal | . processes++;
{ WEAK ";" ProcessCal | . processes++;
" COEND" (. CGen->coend(start, processes); .)
ProcesscCal |
= (. TABLE entries entry;
AST P; .
Desi gnat or <P, cl assset ( TABLE Procs) entr?/ true>
(. (entry.idclass < TABLE procs) return;

OGen >mar kst ack(P, entry.Tevel,

entry. p. entrypon nt); .)
Act ual Par anmet er s<P, entry>
. CGen->forkprocess(P); .)

Semaphor eSt at enent )
= (. bool wait;

AST sem .)
( "WAIT . wait = true; .)
) | "SI GNAL" . wait = false; .)
"(" Variabl e<senr (. if (wait) CGen->waitop(sen);
"y el se CGen->signal op(sem; .)

ReadSt at enent

= . AST V;, .
"READ' " (" Vari abl e<Vv> . CGen->r eadval ue .
i V\jEAK ", " Variabl e<Vv> CGen- >r eadval ue ;

Vari abl e<AST &V>
= (. TABLE entries entry; .)
Desi gnat or <V, cl assset (TABLE vars), entry, true> .

WiteStatenent
= "WRITE" [ "(" WiteElement { WEAK "," WiteEl ement } ")" ]
(. CGen- >neV\A|ne() )

Wit eEl ement
= (. AST exp;
char str[600];
CCGEN_| abel s startstring; .)
String<str> (. CGen->stackstri nggstr startstring);
CGen->writestring(startstring); .)
| Expression<exp, true> (. CCen->writeval ue(exp)

Expr essi on<AST &E, bool entire>
= (. AST T;
CGEN operators op;

= CGen->enptyast(); .)



( "+" TernxE, true>
"-" TernxkE, true> (.
TernxE, entire>

% AddQp<op> Ter nkT, true>(.
Ter nkAST &T, bool entire>

Faz:t or <|T,Openti re>

Mu <op>

/* mssing op */ .
) Factor<F, true>

Fact or <AST &F, bool entire>

(.

Act ual Par anet er s<F, entry>
Nurber <val ue> .
"(" Expression<F, true> ")"

AddOp<CGEN _operators &op>
= "t
| mo
wul quE:gEN_oper ators &op>
- | lI/ "
Rel Op<CGEN _oper ators &op>
" on
" oon
o

[N

| dent <char *nane>
= identifier (.

String<char *str>
= string (.

Number <int &nune
= nunber (.

CCGen- >negat ei nt eger (E) ;

CGen- >bi naryi ntegerop(op, E, T);

AST F;
CGEN operators op; .)

SynEr

ror(92); op =
CGen- >bi nar yi nt eger op( op,

CCEN_opmul ;
T, F);

TABLE entries entry;

|ntv

al ue;

) CGen- >errptyast()
Desi gnat or <F, cl assset (TABLE consts TABLE v

CGen- >st ackconst ant (F,

r
cas
cas

eturn;

-)

-)

)
ars, TABLE - funcs),
switch (entry idcl ass)
{ case TABLE consts :

e TABLE procs :

e TABLE fun

CS

CGen- >mar kst ack(F,
entry.p. entryp0| nt);

case TABLE vars :
case TABLE progs :

r

)

CGen- >st ackconst ant (F, val ue)

op =
op =

op
op

]
©
I

LexName(nane, TABLE al fal ength);

char
LexS;
int i

}
strcpy(str,

eturn;

CCEN_opadd,;
CCEN_opsub;

CCEN_opmul ;
CCEN_opdvd,;

CCEN_opeq! ;
CGEN_ opneq,
CGEN_opl ss;
CGEN opl eq;
CGEN _opgtr;
CGEN _opgeq;

| ocal [ 100
rin ( oca

i])
| oc
\O

char str[100];

si zeof (1 ocal)

entry.level,

)

)

)

/* strlp quotes */

a[|+1]

i ++:

}

/* find internal

local); .)

git, overflow = 0;
1);

|
7=
-
cal (1)

ocal [j +1];

j +t;

entry,

1);

entire>

entry. c.val ue);

br eak;

quotes */

}

int i =0, I, di

num = O;

LexStrlng(str S|zeof(str) -

I —strlen(str)

while (i <=1 &&lsdlglt(str[l])) {
digit =str[i] - 'O
if (num <= (nmaxint -

d| glt) / 10)



num= 10 * num+ digit;

el se overflow = 1

|}f (overflow) SenError(200); .)

Code Generation for Clang | evel 4 conpiler/interpreter

AST version for stack nachi ne (OOP)

Di spl ay machi ne.
P.D. Terry, Rhodes University, 1996

/1
/1
H I ncl udes procedures, functions, paraneters, arrays,
/1

#i f ndef CGEN_H
#define CGEN_H

#i ncl ude "m sc. h"
#i ncl ude "stknt. h"
#i ncl ude "report. h"

#defi ne CGEN _headersi ze STKMC headersi ze
#defi ne CGEN_| evmax STKMC_| evimax

enum CGEN _operators {

concurrency.

CGEN opadd, CGEN opsub, CGEN opnul, CGEN opdvd, CGEN opeql, CGEN opneq,

CGEN [ opl ss, CGEN opgeq, CGEN opgtr, CGEN opl eq

struct NODE;
t ypedef NODE * AST;
t ypedef short CGEN | abel s;

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

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

AST enptyast (void);
/1 Returns an errpty (undefined) AST

bool isrefast(AST a);

/1 Returns true if a corresponds to a reference AST

voi d negatei nteger (AST & ); ]
/1l Cenerates code to negate integer i

voi d bi naryi nt eger op( CGEN operators op, AST &,

AST &)

/'l Generates code to performinfix operation op on I,

voi d conpari son( CCEN _operators op, AST &, AST &r);
/| Generates code to perform conparison operatlon oponl, r

voi d readval ue(AST i);
// Generates code to read value for i

void witeval ue(AST i); ]
/1l Cenerates code to output value i

void new i ne(void);
/1 Generates code to out put |ine mark

void witestring(CGEN_| abel s | ocation);

r

/1 Cenerates code to output string stored at known | ocation

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

voi d stackconstant (AST &c, int nunber);

// Creates constant AST for constant ¢ from nunber

voi d stackaddress(AST &, int level, int offset,
/I Creates address AST for variable v with known |evel,

voi d dereference(AST &a);

bool

byref);
of f set

/1 Cenerates code to repl ace address a by the value stored there

voi d stackreference( AST &base, bool byref,

int level, int offset, AST &size);



/] Creates an actual paranmeter node for a reference paraneter correspondi ng
/1l to an array with given base and size

voi d subscri pt (AST &base, bool byref,

int level, int offset, AST &size, AST & ndex);
/1 Prepares to apply an index to an array with given base, wth checks
// that the limt on the bounds is not exceeded

voi d assi gn(AST dest, AST expr);
/1 Cenerates code to store value of expr on dest

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

voi d | eaveprogran(voi d);
/1 Cenerates code needed to | eave a program (halt)

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

voi d | eavefunction(int blocklevel); ] ]
/1 Generates code needed to | eave a function at given bl ockLevel

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

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

voi d junp(CGEN_I abel s &ere, CGEN_| abel s destination);
/'l Generates unconditional branch fromhere to destination

voi d j unponfal se(AST condition, CGEN_| abels &here, CGEN_| abel s destination);
/1l Generates branch fromhere to destination, dependent on condition

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

voi d markstack(AST &p, int level, int entrypoi ntz); )

/] Generates code to reserve mark stack storage before calling procedure p
/1 with known | evel and entrypoint

voi d |inkparaneter (AST &P AST &par);

/1 Adds par to the actual parameter list for call to procedure p
void cal | (AST &p);

/| Generates code to enter procedure p

voi d cobegi n(CGEN_| abel s & ocation); )

/1 Generates code to initiate concurrent processing

void coend(CGEN_| abel s | ocation, int number); )

/1 Generates code to terminate concurrent processing

voi d forkprocess(AST &p);

/1l Cenerates code to initiate process p

voi d signal op(AST s); ] ] ]

/'l Generates code for semaphore signalling operation on s

voi d wait op( AST s); ) )
/'l Generates code for semaphore wait operation on s

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

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

int gettop(void);

/| Returns codetop
void emt(int word);
/!l Emts single word

private:
REPCRT *Report;
bool generati ngcode;
STKMC addr ess codet op, stktop;
voi d bi naryop( CGEN operators op, AST & eft, AST &ight);



#endi f /*CGEN_H*/

----- COEN. CPP = === - - == s m o s s oo m e ooooooo----

/1 Code Ceneration for Cang Level 4 conpiler/interpreter

/1 AST version for stack machi ne (OOCP)

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

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

#i nclude "m sc. h"

#i ncl ude "cgen. h"

#i ncl ude "report. h"
extern STKMC *Machi ne;
extern CGEN  *CGen;
extern REPORT *Report

/] ++++++++++++++ AST node cl asses +++++++++++++++++++++++++++++++++++++++++

struct NODE {

int val ue; /1 value derived fromthis node

bool defi ned; [l true if value is defined (for constant nodes)
bool refnode; /1 true if node corresponds to a reference

NODE( ) { defined = fal se; refnode = false; }
virtual void emtil(void = 0;

virtual void emt2(void = 0;

virtual void |ink(AST next) = 0;

}s

struct BI NOPNODE : public NODE {
CGEN operators op,
AST Teft, right;
Bl NODNODE(CGEN operators O AST L, ASTR) { op=0C left =1L; right = R }
virtual void enmti1(void /1 | oad val ue onto st ack
virtual void emt2(void ;
virtual void |ink(AST next) ;

}s

voi d Bl NOPNODE: : eni t 1( voi d) ) ) )
/1 1oad value onto stack resulting frombinary operation
{ bool folded = fal se;

i f Sleft && right)

{ I/ Some optimzations (others are |eft as an exerci se?(
/1 These need i nprovenent so as to performrange checking
switch (op)
{ case CCEN opadd:
if (I’I?ﬁt >def|ned &% right->value == 0) // x + 0 = x

t->emt1(); folded = true; I
else if (left- >def i ned &&Ieft >val ue
{ right->emt1(); folded = true; }

br eak;

==0) // 0+x =X

case CGEN _opsub:
if (I’I?ﬁt >def|ned&&r|ght >value == 0) // x - 0 =X
t->emtl(); folded = true;

else if (left- >defined & | eft->val ue == ) I/ 0 - x =-x
b{ Ir(lght->emtl() CGen->em t (i nt (STKMC _neg)); folded = true; }
rea

case CGEN opmul :
if (r|1gﬁt >def|ned &% right->value == 1) // x * 1 = X
t->emtl(); folded = true; i
else if (left- >def|ned && left->value ==1) // 1 * x =
{ right->enmit1(); folded = true;
elsel (right- >def i ned &&rlght >val ue == =0)// x*0=0
?ht >em t1(); folded = true;
else i (Ieft->def|ned && | eft->val ue == 0) // 0* x =
b Left >emtl(); folded = true; }
rea

case CGEN opdvd:
if (right->defined &% r|ght->val ue =1) // x| 1 =x
{ left->emt1(); folde true;
else if (right- >defined && right- >value ==0) // x/ 0 =error
b{ Report >error(224) folded = true; }
r
/'l no foI ding attenpted here for relational operations

|
x

|
o

|}f_$'fod ed) ) _ ) _ _
{ it (left) left->emitd(); if (right) right->emt1();



\ CGen->enit (i nt (STKMC add) + int(op)); // careful - ordering used
if (left) delete left; if (right) delete right;

struct MONOPNODE : public NODE {
CCEN operators op; // for expansion - only negation used here
AST oper and;
MONOPNODE( CGEN_oper at ors (0} AST E) { o O operand = E;
virtual void emtl(void | oad vaI ue onto stack
virtual void emt2(void ;
virtual void |ink(AST next) ;

}s

voi d MONOPNODE: : emit 1( voi d)

/1 1oad value onto stack resulti ng fromunary operation

{ if (operand) { operand->enitl(); del ete operand; }
CGen->enit (1 nt (STKMC_neq));

struct VARNCDE : public NODE {

bool ref; [/l direct or indirectly accessed
int |evel; /1l static |evel of declaration
int offset; /1 offset of variable assigned by conpiler
VARNODEL{;} /| default
VARNCDE( bool byref, int L, int O

ref = byref; level = L; offset = Q
virtual void emt1(void); // |l oad variable value onto stack
virtual void enmit2(void); /1 load variable address onto stack
virtual void |ink(AST next) {;}

}s

voi d VARNCDE: : eni t 1(voi d)
/1 Toad variable val ue onto stack
{ emt2(); CGen->emt(int(STKMC val)); }

voi d VARNCDE: : emi t 2( voi d)

// load variabl e address onto stack )
CCen->emi t (i nt (STKMC_adr)); CGen- >emt(|eve|); CGen->enit (-offset);
if (ref) CGen- >emt(|nt(STKl\/C val));

struct | NDEXNODE : public VARNCDE

AST si ze; /1 for range checking
AST i ndex; [l subscripting expression
| NDEXNODE( bool byref, int L, int O AST S, AST I|)
ref = byref; | evel = L; offset = Q S|ze:S; index = 1; }
virtual void emt2(v0| d); /1 load array el enent address and check

) virtual void |ink(AST next) {;}

voi d | NDEXNCDE: : emi t 2( voi d)
/1 1oad array el enent address and check in range
CCen->em t (i nt (STKMC adr)); CGen->emnit(level); CGen->enit(-offset);

if (ref) CGen- >emt(|nt(STKMC val));
!¥ i ndex) { index- >emt1() del ete index; }
i

si ze) E si ze- >emt1(; del ete size;
CGen->em t (i nt (STKMC_ i nd));

}
/1 void | NDEXNCDE: : enit1(void) is inherited from VARNODE

struct REFNODE : public VARNODE {

AST si ze;
REFNODE( bool byref, int L, int O AST S
{ ref = byref; level = L; offset = O size = S; refnode = 1;
virtual void emtl(void); /1 load array argunent address and size

virtual void enit2(void ;
virtual void |ink(AST next) ;

}s

voi d REFNCDE: : emi t 1(voi d)
// | oad array ar unent address and size
CGen->emi t STKMC_adr)); CGen->enit(level); CGen->enit(-offset);
if (ref) n >emit (i nt(STKMC val));
if (size) size->enit1(); delete size; }

struct CONSTNODE : public NODE {
CONSTNODE(i nt V) ; value =V, defined = true; }
virtual void emtl1(void); / |l oad constant val ue onto stack
virtual void emt2(void ;
virtual void |ink(AST next) ;



}s

voi d CONSTNODE: : emit 1(voi d)
// 1 oad constant val ue onto stack
{ CGen->emt(int(STKMC_|lit)); CGen->enit(value); }

struct PARAMNODE : public NODE {
AST par, next;
PARAMNODE( AST P } par P; next = NULL;
virtual void emtl(void); / Ioad actual paraneter onto stack
virtual void emt2(void ;
virtual void |ink(AST param next = param }

}s

voi d PARAMNODE: : emit 1( voi d)
/1 1oad actual paraneter onto stack
{ if (par) { par->emtl(); delete par; }
if (next) { next->emt1(); delete next; } // followlink to next paraneter

struct PROCNCDE : publlc NODE;
int |evel, entry oint; [/l static level and first instruction
AST firstparam astpar am // pointers to argunent |ist
PROCNODE(I nt L, int ent)
level = L; entrypoint = ent; firstparam = NULL; |astparam = NULL; }
virtual void emtl(void); [l generate procedure/functl on call
virtual void emt2(void); I Penerate process call
virtual void |ink(AST next); /1 Tink next actual paraneter

}s

voi d PROCNCDE: : emi t 1(voi d)
/1 generate procedure/functl on call
CCen- >emt(|nt(STKI\/C nst )
if (firstparam flrstr)aram>emt1() delete firstparam }

CGen->eni t (i nt (STKMC _ca
CCen->enit(level);
CGen->em t (entrypoint);

}

voi d PROCNCDE: : emi t 2(voi d)
/1 generate process call
CGen->enit (i nt (STKMC_nst));
if (firstparam %flrstﬁaram>emt1() delete firstparam }
CGen- >emt |nt(S KMC_f r k)
CGen->emi t (entrypoint);

~PROCNCDE: : | i nk( AST par am
i nk next actual par aret er

('firstparam firstparam = param else |astparam >link(paranm;
t param = par am

| +++++++++++++++ code generat or CONStruCt Or +++++++++++++++++tt+ttt++

CGEN: : CGEN( REPORT *R)
{ undefined = 0; /1 for forward references (exported)
Report = R
gener ati ngcode = true;
codetop = 0;
stktop = STKM:_rrerrsize - 1

void CGEN: :emit(int word)

/1 Code generat or for single word

{ f E gener atingcode) return;
codetoE >= stktop) { Rei)ort >error(212); generatingcode = false; }
i

i
if
el se ne- >menf{ codet op wor d; codetop++

bool CGEN: : |srefast¥AST a)
{ return a & a->refnode; }

/] +++++++++++++++ routines that build the tree +++++++++++++++++++++++++

AST CGEN: : enpt yast (voi d)
{ return NULL; }

voi d CCEN: : negat ei nt eger (AST &) ) )
{if (i &&|->def|ned) { i->value = -i->value; return; } // sinple folding
i = new MONOPNODE( CGEN_opsub, i);



oi d CGEN: : bi naryop( CGEN_operators op, AST & eft, AST &right)
if SI eft & right && left->defined && ri ght->def| ned)
{ Il si hrrpl e ;:onstant folding - better range checki ng needed
switc op
{ case CGEN opadd: |eft->value += right->val ue; break;
case CGEN opsub: |eft->value -= right->val ue; break;
case CGEN opmul : left->value *= right->val ue; break;
case CGEN opdvd:
if (right->value == 0) Report->error(224);
gl sekl eft->value /= right->val ue;
rea

v
{

case CGEN | opl ss: left->value = (left->value < right->val ueg; br eak;
case CGEN opgtr: left->value = (left->value > right->val ue); break;
case CGEN opleq: left->value = (left->value <= right->val ue); break;
case CGEN opgeq: left->value = (left->value >= right->value); break;
case CGEN opegl: left->value = (left->value == right->val ue); break;
case CGEN opneq: left->value = (left->value != right->value); break;

}
delete right;
return;

eft = new Bl NOPNODE(op, left, right);

voi d CCGEN: : bi naryi nt egerop(CGEN operators op, AST &, AST &)
{ binaryop(op, I, }

voi d CCEN: : corrparl son( CGEN_operators op, AST &, AST &)
{ bi naryop(op , )}

voi d CCEN: : stackconstant(AST &c, int nunber)
{ ¢ = new CO\ISTNODE(nunber)

voi d CCEN: : stackaddress(AST &, int level, int offset, bool byref)
{ v = new VARNODE( byref, level, offset); }

void CCGEN :|inkparaneter (AST &p, AST &par)
{ AST param = new PARAMNODE( par); p->li1nk(param; }

voi d CCEN: : stackreference( AST &ase, bool byref, int level, int offset,
) AST &si ze) )
{ if (base) del ete base; base = new REFNODE( byref, |evel, offset, size); }

voi d CCEN: : subscri pt(AST &bdase, bool byref, int level, int offset,
T &size, AST & ndex)
/1 Note the folding of constant i ndexi ng of arrays, and conpile tine
/1 range checking
{ |f_$'|ndex || Tindex->defined || !size || !size->defined)
{ if (base) del ete base;
base = new | NDEXNODE( byref, | evel, offset, size, index);
return;

|}f (unsi gned(i ndex->val ue) >= size->value) // range check i mediately
Report->error(223);

el se

{ if (base) del ete base;
base = new VARNCDE(byref, |evel, offset + index->value);

}
del ete i ndex; delete size;

}

voi d CCEN: : mar kst ack( AST &p, int |evel, int entrypoint)
{ p = new PR(I:N(])E(I evel, entrypoint);

[l +++++++++++++++ code generation requiring tree wal k ++++++++++++++++++

voi d CCEN: :j unponfal se( AST condl tion, CCEN_| abels &here,
CGEN | abel s desti nati on)

{ if (condition) { condition->enit 1(; del ete condition; }

) here = codetop; emt(int(STKMC bze)); enit(destination);

i d CCEN: :assign(AST dest, AST expr)
f Edest; I dest - >emi t28; del ete dest; }
if (expr expr->emt1(); delete expr; emt(int(STKMC sto)); }

if (i) { i->emt2(); delete i; } enmt(int(STKMC_inn)); }

0i ? CGEN: : writeval ue(AST i

v
{ i
}
}/oi d CCEN: :readval ue(AST i)
}/ (i) { i->emtl(); dele%el } emt(int(STKMC prn)); }



voi d CCEN: : new i ne(voi d)
{ emt(int(STKMC nln)); }

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

voi d CCEN: : stackstring(char *str, CGEN_|abels & ocation)
{ int I = 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 stktop] = O;

voi d CCEN: : deref erence( AST &a)
{ /* not needed */ }

voi d CCEN: : openst ackframe(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 ocklevel
{ emt(int(STKMC ret)); enit(blocklevel); enmit(1); }

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

voi d CCEN: : | eaveprocedure(int bl ockl evel)
{ emit(int(STKMC ret)); enit(blocklevel); enmt(0); }

voi d CCGEN: : cobegi n(CGEN_| abel s &l ocat i ong ) )
{ location = codetop; enit(int(STKMC chg)); emt(undefined); }

voi d CCEN: : coend( CGEN | abel s | ocation, int nunber)
{ if (nunber >= STKMC Procmax) Report->error(216);
el se { Machi ne->nenfl ocation+1] = nunber; emt(int(STKMC cnd)); }

voi d CCEN: : storel abel (CGEN_| abel s &l ocati on)
{ location = codet op;

void CGEN :junp(CGEN_| abel s &here, CCGEN_|abels destination)
{ here = codetop; enit(int(STKMC brn)); enit(destination); }
voi d CCEN: : backpat ch( CGEN_| 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: : dunp( voi dg
{ emt(int(STKMC stk)); }

voi d CCEN: : getsize(int &codel ength, int & nitsp)
{ codelength = codetop; initsp = stktop; }

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

----- clang. frm----c-c-moommme e e e
/* C ang conpil er generated by Coco/R 1.06 (C++ version) */

#i ncl ude <stdio. h>

voi d CCGEN: : cal | (AST &p)

{ if (p) { p->emtl(); delete p; } }

voi d CCEN: : si gnal opEAST s?

{ if (s) { s->enmit2(); delete s; } emt(int(STKMCsig)); }

voi d CCGEN: : wai t op( AST s) o

{ if (s) { s->emt2(); delete s; } emt(int(STKMC wgt)); }

voi d CCEN: : f or kprocess(AST &p)

{ if (p) { p->emt2(); delete p; } }

[l +++++++++++++++ code generation not requiring tree wal k ++++++++++++++

}



#i nclude <fcntl.h>
#i ncl ude <stdlib.h>
#i nclude <string. h>

#if _ MSDOS__ || MSDOS || WN32 || __WN32__
# include <io.h>

#el se

# include <unistd. h>

# define O _BINARY 0

#endi f

#i ncl ude "m sc. h"
#i ncl ude "set.h"
#i nclude "table. h"
#i ncl ude "cgen. h"
#i ncl ude "stknt. h"

t ypedef Set<7> cl assset;

#i ncl ude -->ScanHeader
#i ncl ude -->Parser Header
#i nclude "cr_error. hpp"

static FILE *|st; )
static char SourceName[ 256], ListNanme[256], CodeNane[ 256];

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

cl asgI clangError : public CRError {
public:
clangError(char *name, AbsScanner *S) : CRError(name, S, MAXERROR) {};
virtual char *GetUserErrorMsg(int n);
virtual char *GetErrorMsg(int n)
~{ if (n <= MAXERROR) return ErrorMsg[n]; else return GetUserErrorMsg(n);
private:
static char *ErrorMsg[];

char *clangError::ErrorMg[] = {
#i ncl ude -->Error Header
::ILIJser error nunber clash",

}s

char *clangError:: GetUserErrorMg(int n)
{ switch (n)
/1 first Tew are extra syntax errors
case 91: return "Rel ational operator expected”;
case 92: return "Ml fornmed expression”;
case 93: return "Bad declaration order”;
/1 remainder are constraint (static semantic) errors

case 200: return "Constant out of range";
case 201: return "ldentifier redeclared";
case 202: return "Undeclared identifier";
case 203: return "Unexpected paraneters”;
case 204: return "Unexpected subscript";
case 205: return "Subscript required”;
case 206: return "lnvalid class of identifier";
case 207: return "Variabl e expected";
case 208: return "Too nmany fornmal paraneters”;
case 209: return "WonP nunmber of paraneters”;
case 210: return "lnvalid assignment”;
case 211: return "Cannot read this type of variable";
case 212: return "Programtoo |ong";
case 213: return "Too deeply nested";
case 214: return "lnvalid paraneter";
case 215: return "COBEG N only allowed in nain prograni;
case 216: return "Too many concurrent processes’;
case 217: return "Only global procedure calls allowed here";
case 218: return "Type m smatch";
case 219: return "Unexpected expression";
case 220: return "M ssing expression";
case 221: return "Bool ean expression required";
case 222: return "lnvalid expression”;
case 223: return "lndex out of range";
case 224: return "Division by zero”;
default: return "Conpiler error”;

}



cl ass cl angReport

publ i c REPORT ({

ace for code generators and other auxiliaries

/'l interf
public:
cl angReport (cl angError *E)
{ Error = E;
virtu

private:

al void error(int errorcode
{ Error->ReportError(errorcode);

clangError *Error;

void main(int argc,
el engt h,

{ int cod
int Ss
char re
Ist = s

/'l check on correct
if (argc < 2) { fprintf(stderr,

rc;

ply;
tderr;

/1 open the source file

strcpy(SourcehbnE
if ((S_src = open(Sourcehbne O _RDONLY
{ fprintf(stderr, "Unable to open input file %\n",

if (argc > 2) strcpy(ListNane, argv[ZJ
st"

char *argv[])
I nitsp;

par anet er usage

argv[1]);

el se appendextensron(Sourcehhne
t = fopen(ListName, "w')) ==

if ((ls

{ fprintf(stderr,

// instantiate Scanner,

-->Scand ass *Scanner

cl angEr
-->Pars
Repor t
CCen
Tabl e
Machi ne

Parser and Error

new -->ScanCl ass(S_src,

errors =

NULL

true; }

"No input file specified\n");
O BINARY)) == -
Li st Nare) ;

"Unabl e to open list f?le %\ n", ListName);

handl ers

-->|gnorecase)

ror *Error = new cIangError(SourcehbnE Scanner) ;
*Parser = new -->Parser d ass(Scanner, Error);
= new cl an Report(Error)
CCEN( Report);

erd ass
= new
= new TABLE Report)
= new STKMZX();

/1 parse the source
Par ser - >Par se() ;
cl ose(S_src);

/| generate source Ilstlng
Error->Set Qut put (I st);
Error- >Pr|ntL|st|ng(Scanner)

fclose(lst);

/1 list generated code for interest
CCen- >get si ze( codel engt h, |n|tsp);
appendext ensi on( Sour ceNane, cod"

Machi ne- >l i st code( CodeNane,

if (Error->Errors)

fprrntf(stdern

se
mﬁig

{pr
{

i f

tf(stde
true

rr, "Conpilation successful\n");

tf("znlnterpret7 (y/n) ™);

canf ("

(toup

%", &reply
whil e (toupper(rep

er(rem

scanf("@ﬁ Ml ')
Machi ne- >|nterpret

}
}

del ete
del ete
del ete
del ete
del ete
del ete
del ete

Scanner ;

Par ser;
Error;
Tabl e;
Report;
CGen;

Machi ne;

¢

deehbnE)

codelength)

"Conpilation failed - see %\n", ListNanme);

?y) I= "N && toupper(reply) !'="Y);
= "N) break,

et char () o

codelength initsp);

)
Sour ceNane) ;

exit(1); }
exit(1);
exit(1l); }

}



