Compiler Construction

L ecture 9 — Semantic Analysis and
| ntermediate Code Generation

I ntermediate Code Generation

» The semantic processing procedures need to create some
intermediate representation of the program.

» One such representation is called guadruples or three-
address codes.

— Quadruples contain an assembler-level operator and
three operands which do not depend on any particular
machine architecture.

— These can include:
» assignment (for scalar values or array €l ements)
* the arithmetic operations
» conditional and unconditional gotos and their labels
* identifying arguments and calling procedures




Quadruples

» Quadruples consist of four fields: one
operation and up to three operands.

» Quadruples also known as three address
codes.

» Quadruples can be implemented using an
enumerated type to represent the operations
and pointers to symbol table entries to
represent the operands.

Sample Program in JASON

PROGRAM Sanpl e;
| NTEGER i ;
REAL X, v;
PROCEDURE ReadNuns( | NTEGER i; REAL y);
BEGA N
READ i ;
READ y
END;
BEGA N
CALL ReadNuns(i, vy);
SET x :=i+y;
WRI TE x
END.




AST for Sanpl e

 Program
/ \
I nt eger Real Procedure Begi n
Id Id Id cal ot Wite
ReadNurrs | | |
Real Bel' Readhuns = Id
| nt eger a gin
| RN /N / \
| d ld Read Read ld 1d ld +
| | 7\
Id Id Id Id
Quadruplesfor Sanpl e
arg i ReadNuns:
arg y param i
call ReadNumns paramy
tl .= float(i) arg i
t2 :=tl1 +y call Read
X =12 arg y
arg x call Read
call Wite return
return




Generating Quadruples for Expressions

/‘E\ 4
//::~\\\
> N
t1l * Z/l//><+ S
'= a X 2 N
t2:=b*y . {ﬁﬁg \>§}5
t3 :=tl1 +t2
Z =13 a/\x b/\

Generating Quadruplesfor | F-THEN-ELSE-ENDI F

IF x >y THEN SET z := X
ELSE SET z : =y
ENDI F;
if x <=y goto L1
| F Z =X
\ goto L2
_—/ L1:
> THEN ELSE z =y
7Y | L2:
S?T S?T
/N /N




Generating Quadruples for | F-THEN-ENDI F

IFy >0 THEN SET z := x/y

ENDI F;
if y <=0 goto L3
= z = xly
> THEN
7\
y 0

Generating Quadruples for WHI LE-DO

VWHI LE x > 0 THEN SET x := x/2.0

ENDVWHI LE
L4:
\ X :=x/2.0
goto L4
> DO .
PN | L5:
SET
|
/N
X /
/




Generating Quadruplesfor Cal |

CALL Procld(x,

Cal |

Procld

/A
X oy

y),

Procld(X, y)

arg x

arg y
cal l

Procl d

Generating Quadruples for A Procedure

PROCEDURE Procl d(| NTEGER x; REAL y);
BEG N ... END;

Procld

| nt eger Real

Begi n

/7 \\

Procl d:

param x
paramy

retur

n




Semantic Actions in a Recursive-Descent Parser

void ProcHeader (void)
{
/* Header ::= programidentifier ; */
if (thistoken != tokprogram
error (" Expected reserved word *

"\"program"", linenum;

t hi st oken = gettoken(ifp, &tabindex);
if (thistoken != tokidentifier)
error("Expected identifier",

i nenum ;

/* Set the identifier's attributes as
program */
i nstal | dat at ype(tabi ndex, stprogram
dt progran;

/[* Initialize the record thisproc
to indicate the main program */
thisproc = initprocentry(tabindex);
t hi st oken = gettoken(ifp, & abindex);
if (thistoken != tokseni col on)
error("Expected \";\"", linenum;
t hi st oken = gettoken(ifp, & abindex);




Semantic Actions and Recursively Parsing
Expressions

struct addressrec Pr ocExpr essi on(voi d)

{

struct addressrec opl, op2, op3;

enum optype optor;

/* Expression ::= Term Rest Of Expressi on */

/* The expression's address */

opl = ProcTerm();

/* Get the operator and the second operand */

ProcRest O Expr essi on(&opt or, &op2);

Semantic Actions and Recursively Parsing
Expressions
/* If the operator is not null, generate the
necessary instructions */
op3 = (optor !'= opnull)?
CGenAri t hQuad(opl, optor, op2): opl;
return(op3);




Pro

Changing The Parsing Algorithm TO
Accommodate Semantic Actions

cessing context -free expressions requires the use of astack. The
Parsing algorithm uses a stack:

Place the start symbol in anode and push it onto the stack.
Fetch atoken

RE

UN

PEAT

Pop a node from the stack

IF it contains aterminal, match it to the current token (no match
indicates aparsing error) and fetch another token

EL SE IF it contains a nonterminal, look it up in the production table
using the nonterminal and the current token. Place the variablesin
REVERSE order on the stack

ELSE IF it contains an action, call the appropriate procedure to
perform the action

TIL the stack is empty

/*

The Parser Driver

Parse() - This procedure checks the production table

to
make certain that there is a production for
whi ch this nontermi nal can be expanded that
begins with this token. |If there isn't, this
is a fatal syntactic error; the conpiler wll
term nate execution.

Then it pushes its right sentential formon
the stack after linking themto their next
node.




void parse(void)

{

int i, lines = 0O;

i nitparsestack();
par setree = get parsenode(Nonterm, NTProgran ;
par sepush( parsetree);

do {
/*
* Look up the production in the production
* table. |If not there, terminate with an
* error nessage.
*/

t hi snode = parsepop();

switch (thisnode -> TernOr Nontern) {
case Term
/* If it's atermnal, match it to the
* | ookahead and get a new | ookahead token
*/
i f (matchtoken(thistoken,
t hi snode -> Parselten))
t hi snode -> syntabentry = tabi ndex;
else {
putchar('\"");
printl exene(thisnode -> Parselten;
printf("\" expected instead of \"");
printl exere(thistoken);
error("\"", linenunj;
}
| astt oken = t hi st oken;
ol dt abi ndex = tabi ndex;
t hi st oken = gettoken(ifp, & abindex);
br eak;
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case Nonterm
/* Expand the nonterm nal and push the
* itens on the right hand side in reverse
* order */
pr ocessnont er n{t hi snode) ;
if (thisnode -> Parseltem == NTHeader)
AddPr ogNane() ;
br eak;

case Action:
/* Performthe appropriate senmantic action */
processacti on(thi snode -> Parselten;

br eak;
defaul t:
error ("Encountered invalid production”
“itenmt, linenum;
}
} while(!parseenpty());
}
/*
* ProcessAction() - The driver for the
* semantic actions. It
* calls the appropriate
* function for the
* necessary senmantic action.
*/
void processaction(int actiontype)
{
swi tch(acti ontype) {
case AcAddProgNane: AddProgNane(); break;
case AcPushReal : PushReal (); break;
case AcPushlnt: Pushint (); break;
......... defaul t:
error("Invalid action", |inenum;
}
}

11



/*
* GenRead() - Generate the intermedi ate code
* for Read statenents
*/

void GenRead(void)

{

struct addressrec X;

* Generate two instructions: an arg

* instruction to pass the identifier as the
* one argunment and a call of the Read

* procedure

*/

if (!isvalidtype(oldtabindex)) {
printl exene(ol dt abi ndex) ;
error(" is an invalid type", linenum;

X = setaddress(opnvar, ol dtabindex);
next op = genquad(opread, X, no_op, no_op);
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*

*

CalcTerm() - Calculate a termin a
expressi on being parsed. The factor and
the rest of the termare on the semantic
actions stack along with the operator
which is the mddle itemon the top of the
st ack.

*/
voi d Cal cTerm(voi d)

enum t okentype tokoptor, tokopndl, tokopnd2;
enum opt ype opt or;
struct addressrec opl, op2, op3;

/* Pop the two operands and the operator */
t okopnd2 actionpop();
t okopt or actionpop();
t okopndl = actionpop();

/* Convert the operator's token into the
mat chi ng operation */

swi t ch(t okoptor) {
case tokstar: optor = opnult; break
case toksl ash: optor = opdiv; break;
defaul t: printl exenme(tokoptor);
error(" is an invalid operator”,
i nenum ;
}
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/*

* Convert the operand' s synmbol table entry
* into an address and generate the

* intermedi ate code

*/

op2 = getaddress(tokopndl);

op3 = getaddress(tokopnd2);

opl = GenArithQuad(op2, optor, op3);

actionpush(opl. opnd);
}
/*
* GenArithQuad() - Generate an arithnetic
* gquadrupl e instruction
*/

struct addressrec GenArithQuad
(struct addressrec op2,
enum optype optor, struct addressrec op3)

{
struct addressrec opl, op4,;
enum opt ype ot ype;
/*
* |f the two operands match, get a tenporary
* variable of matching type. |f not, convert

* the integer variable to real and get a rea
* tenporary variable.
*/
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if (data_class(op2.opnd) == dtinteger)

if (data_class(op3.opnd) == dtinteger)
opl = gettenpvar (dtinteger);

el se {

/* Convert the integer operand to real */
op4 = op2?,

op2 = gettenpvar(dtreal);

next op = genquad(opfunc, op2, func,
op4);

opl = gettenpvar(dtreal);

else if (data_class(op3.opnd) == dtinteger)
op4 = op3;
/* Convert the integer operand to real */
op3 = gettenpvar(dtreal);
next op = genquad(opfunc, op3, func, op4);
opl gettenpvar (dtreal);

}
el se
opl gettenpvar(dtreal);
next op = genquad(optor, opl, op2, op3);
return(opl);

{
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