Appendix B

MiniC Compiler

B.1 Software Files

The compiler for MiniC shownin thisappendix isimplemented using lex for the
lexical analysis and yacc for the syntax analysis. The syntax phase puts out afile of
atoms, which formsthe input to the code generator, written as a separate C program. The
code generator puts out hex charactersto st dout (the standard output file), one
instruction per line. This output can be displayed on the monitor, stored in afile, or piped
into the Mini simulator and executed.

This software is available in source code from the author viathe Internet. The
filenamesincluded in this package are, at the time of this printing:

nk Shell script to compile software using make utility

makefil e Input to make utility

M ni C. | Input tolex

Mni C.y Input to yacc

Mni C. c Recursive descent parser

gen.c Code generator

mni.c Target machinesimulator

mni.h Header filefor simulator

M ni C. h Header filefor compiler

cos.c MiniC program to compute the cosine function

bi sect.c MiniC program to compute the square root of two by
bisection

fact.c MiniC program to computethe factorial function

| ocate Shell script to find file containing specified source code

readnme Updated information regarding the software
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The sourcefilesare available at:
http://ww. rowan. edu/ ~ber gmann/ books/ i ni C

The unix/linux make command can be used to generate executables.

FigureB.1 Flow Diagram to Generate the Compiler and Simulator
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After copying thesefiles to anew directory, simply invoke the make command to
compile and link the software. If you make any changes to the source code, again invoke
nmake to compile only those moduleswhich need to be compiled.

To compile the cosine program and view the output on the monitor, use the
command:

$ Mni C <cos.c

To compile the cosine program and store the output in afile named cos. m ni , usethe
command:

$ Mni C <cos.c >cos. mni

Torunthisprogram onthesimulator, first compilethe mini simulator:

$ ccnmni.c -0 mni

then run the cosine program using the command:

$ mini <cos.mni

To compilethe cosine program, and execute it on the simulator with one command:
$ MniC <cos.c | mni

A flow graph indicating the relationships of thesefilesisshownin FigureB.1in
which input and output file names are shown in ovals and executing programs are shown
in rectangles.

B.2 Lexical Phase

Thelexical analysisphaseisimplemented withthe Unix lex utility. Theinput tolexisthe
sourcefileM ni C. | , and the output isthefilel ex. yy. ¢, whichincludesthe

yyl ex() function. Thisfunction reads MiniC source code from st di n (the standard
input file) and returnstokensto the parser. ThetokensarelistedintheM ni C. y file
(though single character tokens are not listed there). In addition to key words, the lexical
phase finds comparison tokens, the assignment token, comments, numeric constants, and
identifiers. White space and newline characters are taken as token delimiters, but ignored
otherwise.

Thefunctionsear chl dent () isusedtoinstall and look up identifiersina
hash table, which formsthe symbol tablefor thiscompiler. Thesear chl dent ()
function checksfor the use of undeclared identifiers and multiply-declared identifiers and
puts out an appropriate error message.
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Thefunction sear chNuns () isused to install numeric constants into a binary
search tree so that constants used more than once in the source program are stored only
once in the run-time program. The value of the constant is stored as a floating-point
number in thetarget machine’ smemory.

Thefunctional | oc(si ze) alocates the specified number of words of
memory for use at runtime. It isused to allocate space on the target machine for declared
identifiers.

Asexplained in Appendix B.3 below, the parser stack may store three different
types of data: atarget machine address (addr ess), aninteger code (code), and a
structure of three label numbers (I abel s). Consequently in our lex sourcefilewhen we
assign avalue to the global variableyyl val , we must indicate which of the three types
isbeing returned, because it will be pushed onto the parser stack. For example, when a
numeric constant isfound, we assign itslocation in the target machine memory to
yylval: yylval.address = searchNunms();.

The source code forming theinput to lex, taken fromthefileM ni C. | ,isshown
below:

INT [0-9]+

EXP  ([eE][+-]?{INT})

NUM  ({INT}\. 2{INT}?|\. {I NT}){ EXP}?
A

#i ncl ude <stdlib. h>

ADDRESS sear chl dent (voi d);

ADDRESS sear chNuns(voi d) ;

ADDRESS al | oc(int size);

%

%start COMVENT1 COMMENT2

%%

<COMMVENT1>. + ;

<COVWMENT1>\ n BEGA N 0; /* end comrent */

<COMMENT2>[ A*] +
<COMMVENT2>\ *[A/]  ;

<COWVMENT2>\ *\ / BEG N 0; /* end conment */
" BEG N COVVENT1;

A BEG N COVVENT2;

i nt {yylval .code = 2; return INT;}

fl oat {yylval .code = 3; return FLOAT,;}

for return FOR;

whi | e return VWH LE;

i f return I F;

el se return ELSE;

t==" {yylval .code = 1; return COVPARI SON, }
\ < {yylval .code = 2; return COVPARI SON, }
> {yylval .code = 3; return COVPARI SON, }
"<=" {yylval .code = 4; return COVPARI SON, }
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">=" {yylval .code = 5; return COVPARI SON, }

= {yylval .code = 6; return COVPARI SON, }

[a-zA-Z][a-zA-Z0-9_]* {yyl val . address = searchldent();
return | DENTI FI ER }

{ NUM {yyl val . address = searchNuns(); return NUM }
[ \t] ; /* white space */

\n i neno++; /* free format */

. return yytext[0]; /* any other char */

%W

yywap ()

{return 1; [/* terminate when reaching end of stdin */}

ADDRESS sear chl dent (voi d)
/* search the hash table for the identifier in yytext.
insert if
necessary */
{ struct ldent * ptr;
int h;
h = hash(yytext);
ptr = HashTabl e[ h];
while ((ptr!=NULL) && (strcnp(ptr->nane, yytext)!=0))
ptr = ptr->link;
i f (ptr==NULL)
if (dcl)
{ ptr = nmalloc (sizeof (struct Ident));
ptr->link = HashTabl e[ h];
strcpy (ptr->name = malloc (yyleng+l), yytext);
HashTabl e[ h] = ptr;
ptr->nem oc = alloc(1);
ptr->type = identType;
}
else { printf ("% \n", yytext);
yyerror ("undeclared identifier");
return O;
}
else if (dcl)
{ printf("% \n", yytext);
yyerror ("multiply defined identifier");
}

return ptr->nenl oc;

}

int hash(char * str)
{ int h=0, i;
for (i=0; i<yyleng; i++) h += str[i];
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return h % HashMax;
}

ADDRESS sear chNuns(voi d)
/* search the binary search tree of nunbers for the nunber
in
yytext. Insert if not found. */
{ struct nums * ptr;
struct nums * parent;
doubl e val
sscanf (yytext,"%f", &al);
i f (nunmsBST==NULL)
{ numsBST = mall oc (sizeof (struct nuns));
menor y[ numsBST- >menl oc = alloc(1)].data = val;
nunsBST- >l eft = nunsBST->ri ght = NULL
return numsBST->nmenm oc;
}
ptr = nunmsBST,;
whil e (ptr!=NULL)
{ if (menmory[ptr->mem oc].data==val) return ptr->nmeni oc;
parent = ptr;
if (menmory[ptr->mem oc]. data<val) ptr = ptr->left;
el se ptr = ptr->right;
}
ptr = malloc (sizeof (struct nuns));
menory[ptr->mem oc = alloc(1)].data = val;
ptr->left = ptr->right = NULL
i f (menory[ parent->meni oc] . data<val ) parent->left = ptr;
el se parent->right = ptr;
return ptr->nenl oc;

}

ADDRESS al l oc (int size)
/* allocate words on the target machi ne nmenory */
{

ADDRESS t;

t = avail;

avail += size;

return t;
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B.3 Syntax Analysis

The syntax analysis phase isimplemented with the yacc utility and is stored in thefile
MiniC.y. Thisfile containsthe main program, which showsthat control isinitialy given
totheyypar se() function, which callstheyyl ex() function when it needs a token.
Theyypar se() function creates afile of atoms, and when there are no moretokensin
the input stream, it callsthe code generator. ThefileM ni C. y isshown below:

%

#i ncl ude <stdi o. h>
#i ncl ude "mni.h"
#i ncl ude "m ni C. h"

%
%uni on {
ADDRESS address;
i nt code; /* conparison code 1-6 */
struct {int L1,
int L2;
int L3;

int L4;} |abels;
}
% oken <address> | DENTI FI ER
% oken <code> | NT
% oken <code> FLOAT
% oken FOR
% oken VHI LE
% oken <code> COVPARI SON
% oken | F
% oken ELSE
% oken <address> NUM
/* nonterminal types are: */
% ype <code> Type
% ype <address> Expr
% ype <address> Opt Expr
% ype <l| abel s> Wil eSt nt
% ype <l| abel s> For St nt
% ype <l abel s> |fStnt
% ype <l abel s> Label

%ight '='

% eft COVPARI SON
Weft "+ '-'
Weft "*' "/

%Weft UM NUS UPLUS
%80
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Functi on:

Ar gLi st Opt :

ArgLi st:

Arg:

Decl ar ati on:

| dent Li st :

Type:

Stnt:

For St nt :

Type | DENTIFIER ' (' ArgListOpt ')

ArglLi st
|

ArgList '," Arg

| Arg

Type | DENTI FI ER

Type
| dent List ' ;'

| DENTIFIER ',
| | DENTI FI ER
| NT

| FLOAT
For St m

| Wil eStnt
Expr ;'

I fStm
ConpoundSt nt
Decl arati on

I
I
I
I
I
F

ConpoundSt nt

{dcl = TRUE
i dent Type = $1;}
{dcl = FALSE;}

| dent Li st

{$$ = $1;}
{$$ = $1;}

/* null statenment */

{$$. L1 = new abel ();

atom (LBL, NULL, NULL, NULL, 0, $$. L1) ; }

R " (" Expr ';'
Opt Expr ' ;

Opt Expr ")

St nt

{$$.L2 = new abel ();
at om ( TST, $6, zer o, NULL, 6,
$<l abel s>$. L2);
$$. L3 = new abel ();
atom (JMP, NULL, NULL, NULL, O,
$<I abel s>$. L3);
$$. L4 = new abel ();
atom (LBL, NULL, NULL, NULL, O,
$<I abel s>$. L4) ; }
{atom (JMP, NULL, NULL, NULL, O,
$<I abel s>5. L1);
atom (LBL, NULL, NULL, NULL, O,
$<l abel s>8.L2);}
{atom (JMP, NULL, NULL, NULL, O,
$<I abel s>8. L4);
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| oop */

Whi | eSt nt :

[ fStnt:

El sePart:

Appendix B.3 Syntax Analysis 281
atom (LBL, NULL, NULL, NULL, O,
$<l abel s>8. L3);}

Expr {$3$
| {$$

$1;}
one;} /* default to inf

WHI LE {$$. L1 = new abel ();
at on{ LBL, NULL, NULL, NULL, 0, $$. L1) ; }
(' Expr ')’ {$$. L2 = new abel ();
atom (TST, $4, zero,
NULL, 1, $$.L2);}
Stm {at om (JMP, NULL, NULL, NULL, O,
$<I abel s>2. L1);
atom (LBL, NULL, NULL, NULL, O,
$<l abel s>6. L2);}

IF ' (" Expr ")’ {$$. L1 = new abel ();
atom (TST, $3, zero, NULL, 1, $$.L1);}
St mt {$$. L2 = new abel ();
atom (JMP, NULL, NULL, NULL, 0, $%.L2);
atom (LBL, NULL, NULL, NULL, O,
$<l abel s>5. L1);}
El sePart {at om (LBL, NULL, NULL, NULL, O,
$<l abel s>7.1L2);}

| ELSE Stnt

ConpoundSt nt : "{'" StntList '}’

StntList:

Expr:

StntList Stnt
I

| DENTI FI ER ' =" Expr {atom (MOV, $3, NULL,
$1, 0, 0);
$$ = $3;}
| Expr COWPARI SON Expr
Label {$$ = alloc(1);
atom (MOV, one, NULL, $$,0,0);
atom (TST, $1, $3, NULL, $2,
$4.L1);
atom (MOV, zero, NULL, $$,0,0);
atom (LBL, NULL, NULL, NULL, 0, $4. L1) ; }
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| '+ Expr %rec UPLUS {$$ = $2;}
| '-'" Expr %rec UM NUS {$$ = alloc(1);
atom (NEG $2, NULL, $$, 0, 0);
| Expr '+ Expr {$$ = alloc(1);
atom (ADD, $1, $3,$$%$,0,0);
| Expr '-' Expr {$$ = alloc(1);
atom (SUB, $1, $3, $%$,0,0);
| Expr '*' Expr {$$ = alloc(1);
atom (MUL, $1, $3, $$,0,0);
| Expr '/' Expr {$$ = alloc(1);
atom (DIV, $1, $3, $$,0,0);
| " (" Expr ")’ {$$ = $2;}
| | DENTI FI ER {$$ = $1; }
| NUM {$$ = $1; }
Label : {$$. L1 = newl abel ();}
; /* Used to store a label in
conpare expr above */
%%

char *prognane;
char * op_text();
int lineno = 1;
ADDRESS save
ADDRESS one;
ADDRESS zer o;

i nt nextlabel = 1;
#i nclude "l ex.yy.c"
#i ncl ude "gen.c"

main (int argc,

{

prognanme = argv[O0];

atomfile_ptr = fopen ("atons",

strcpy (yytext,"0.0");
zero = sear chNums();

char *argv[])

/* instal

"wb");

t he constant 0.0

intable */

strcpy (yytext, "1.0");

one = searchNums();

yyparse();
fclose (atomfile ptr);

if (lerr_flag) code_gen();
}

yyerror

{

(char * s)

/* also 1.0 */

}

}

}
}
}
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fprintf(stderr, "%[%l]: %\n", prognane, |ineno, s);
printf ("yytext is <¥%>", yytext);

err_flag = TRUE;
}

new abel (void)
{ return nextl abel ++;}

/* testing only */ char me[4];

atom (int operation, ADDRESS operandl, ADDRESS operand2,
ADDRESS result, int comparison, int dest)
/* put out an atom destination will be a | abel nunber. */
struct atom out p;

outp. op = operation;
outp.left = operandl;
out p. ri ght = operand2;
outp.result = result;
out p.cnp = conpari son;
out p. dest = dest;

fwite (&utp, sizeof (struct atom), 1, atomfile_ptr);
/* testing only
printf ("% % % % % %\ n", operation, operandl,
operand2, result, conparison, dest);
decode (operation);
printf (" %\n", me);
*/
}

decode (int aton)
/* Convert an atom nunber to a readable menonic */

{

switch (aton
{ case ADD: strcpy (me, "ADD');

br eak;

case SUB: strcpy (me, "SUB");
br eak;

case MJL: strcpy (me, "MJL");
br eak;

case DIV: strcpy (me, "D V');
br eak;

case JMP: strcpy (me, "JM");
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br eak;

case NEG strcpy (me, "NEG');
br eak;

case LBL: strcpy (me, "LBL");
br eak;

case TST: strcpy (me, "TST");
br eak;

case MOV: strcpy (me, "MV');

}
}

Code Generator

The code generator is written in the C language; the main function is named

code_gen() andisstoredinthefilegen. c. Thereisa#i ncl ude statement in the
yacc programin M ni C. y, which incorporates the code generator into the MiniC
compiler. Thefunctioncode_gen() iscalledfrom the main program after the

yypar se() functionterminates. Code_gen() readsfromthefile of atomsand writes
instructions in hex charactersfor the Mini machine simulator to st dout , the standard
output file. This can be displayed on the monitor, stored in afile, or piped directly into the
Mini simulator asdescribed, above, in Appendix B.2.

The code generator output also includes a hex location and disassembled op
code on each line. These areignored by the Mini machine simulator and are included only
so that the student will be able to read the output and understand how the compiler
works.

Thefirst line of output isthe starting location of the program instructions.
Program variables and temporary storage are located beginning at memory location O,
consequently the Mini machine simulator needs to know where the first instruction is
located. The function out _nen{) sends the constants which have been stored in the
target machinememory to st dout . Thefunctiondunp_at on() isincluded for
debugging purposes only; the student may use it to examine the atoms produced by the
parser.

The code generator solves the problem of forward jump references by making
two passes over the input atoms. The first pass isimplemented with afunction named
bui | d_I abel s() which buildsatable of Labels (aonedimensiona array), associating
amachine addresswith each L abel.

Thefile of atomsis closed and reopened for the second pass, which isimple-
mented with a switch statement on the input atom class. The important function involved
hereiscalled gen(), andit actually generatesaMini machineinstruction, given the
operation code (atom class codes and corresponding machine operation codes are the
same whenever possible), register number, memory operand address (all addressingis
absolute), and a comparison code for compare instructions. Register alocation iskept as
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temporary locations.
The source code for the code generator, from thefilegen. ¢, is shown below:

S

truct atominp;
ong | abel s[ MAXL];

ADDRESS pc=0;

nt ok = TRUE;

code_gen ()

{

int r;
/* send target machi ne menory containing constants to
stdout */
end_data = alloc(0); /* constants precede
i nstructions */
out _nmem();
atomfile ptr = fopen (“atons”,”rb”); [/* open file of
atons */
pc = end_dat a; /* starting address of
i nstructions */
bui | d_I abel s(); /[* first pass */
fclose (atomfile_ptr);
atomfile ptr = fopen (“atons”,”rb”); /* open file of
atons for */
get _aton(); /* second pass */
pc = end_dat a;
ok = TRUE;
whil e (ok)
{

/* dunp_atom(); */

switch (inp.op) /* check atom class */
{ case ADD: gen (LOD, r=regalloc(),inp.left);
gen (ADD, r, inp.right);
gen (STO, r, inp.result);
br eak;
case SUB: gen (LOD, r=regalloc(), inp.left);
gen (SUB, r, inp.right);
gen (STO, r, inp.result);
br eak;
case NEG gen (CLR, r=regalloc());
gen (SUB, r, inp.left);
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gen (STO, r, inp.result);
br eak;
case MJL: gen (LOD, r=regalloc(), inp.left);
gen (MU, r, inp.right);
gen (STO, r, inp.result);
br eak;
case DIV gen (LOD, r=regalloc(), inp.left);
gen (DIV, r, inp.right);
gen (STO, r, inp.result);

br eak;
case JMP: gen (Cw, 0, 0, 0);
gen (JMVP);
br eak;
case TST: gen (LOD, r=regalloc(), inp.left);
gen (CWP, r, inp.right, inp.cnmp);
gen (JMVP);
br eak;

case MOV gen (LOD, r=regalloc(), inp.left);
gen (STO, r, inp.result);
br eak;
}
get _aton();
}
gen (HLT);
}

get _atom()

/* read an atomfromthe file of atoms into inp */
/* ok indicates that an atomwas actually read */
{ int n;

n = fread (& np, sizeof (struct atom, 1, atomfile ptr);
if (n==0) ok = FALSE
}

dunp_at om()
{ printf (“op: % left: 9%94x right: %94x result: %4x

cnp: %l dest: %l\n”,
inp.op, inp.left, inp.right, inp.result, inp.cnp,
i np.dest); }

gen (int op, int r, ADDRESS add, int cnp)
/* generate an instruction to stdout
op is the simulated machi ne operation code
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r is the first operand register

add is the second operand address

cnp is the conparison code for conpare instructions
is ==

is <

is >

is <=

is >=

is !=
junp destination is taken fromthe atom i np. dest

OO WNRE

*/

{union {struct fm instr;
unsi gned | ong wor d;
} outp;

out p.word = O;

outp.instr.op = op; /* op code */
if (op!=IMP)
{ outp.instr.rl =r; /* first operand */
outp.instr.s2 = add; /* second operand */
}
el se outp.instr.s2 = lookup (inp.dest); /* junp

destination */

if (op==CMP) outp.instr.cnp = cnp; /* conparison
code 1-6 */

printf (“%08x\t%04x\t¥%\n", outp.word, pc, op_text(op));

pC++;

}

int regalloc ()
/* allocate a register for use in an instruction */
{ return 1; }

bui | d_I abel s()
/* Build a table of |abel values on the first pass */

{

get _aton();
whil e (ok)
{

if (inp.op==LBL)
| abel s[inp.dest] = pc;
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/* MOV and JMP atons require two instructions,
all other atonms require three instructions. */
else if (inp.op==MOV || inp.op==JMP) pc += 2;
el se pc += 3;
get _atonm();
}
}

[ ong | ookup (int |abel_num

/* look up a label in the table and return its nmenory ad-
dress */

{ return | abel s[label _nun;

}

out _nmem()

/* send target machine menory contents to stdout. this is
t he begi nning of the object file, to be followed by the
instructions. the first word in the object file is the
starting address of the program the next word is nenory
location 0. */

{
ADDRESS i ;

printf (“%8x\tLoc\tDi sassenbl ed Contents\n”, end_data);
/* starting address of instructions */
for (i=0; i<end data; i ++)
printf (“%O8x\t%4x\t9%8l f\n", menory[i].instr, i,
menory[i].data);

char * op_text(int operation)
/* convert op_codes to mmenonics */
{
swi tch (operation)
{ case CLR return “CLR’;
case ADD: return *“ADD’;



case
case
case
case
case
case
case
case

SUB:

DI V:
JIVP:

LCD:
STO
HLT:

return
return
return
return
return
return
return
return

Appendix B.4 Code Generator

“8SuUB”;
“MILT;
“D v,
“CIMP
“ CMVP” :
“LOD";
“STO
SHLTT,
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