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BEQO L stack  pop 0 , L
LOADAN |n push
LOADLnN |n push CALL e e
STOREAn |stack top n RET stack top
STOREL n |stack top n
JUMP L L POPR n n pop push
CALL e e FRAMEn |n
PRINTLN s |s format  printin
RET stack top
ENTRY e
POPR n n pop push LABEL L L
FRAMEn |n
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tiny C
defineFunction declareVariable
— st_compile.h : header AST
— st_code.h : . main
— compiler_main.c : main yyparse
— st_compile.c:
— st_compile_expr.c :
— st_code_gen.c: main()
— st_code.c:
yyparse(Q);
return O;
* }
— DefineFunc,... parser
ForF: oIR8y Forsz »rEE8F
void initGenCode() P
* struct _code { { /// initGenCode
int opcode; n_code = 0;
int operand; 3 _ /‘ opcode
- } Codes[MAX_CODE]; void genCode(int opcode)
Codes[n_code++] .opcode = opcode;
}
* void genCodel (int opcode, int i)—"
Codes[n_code] .opcode = opcode;
Codes[n_code++] .operand = i;
. a } /
n code void genCodeS(int opcode,char *s) PRINTLN)
ﬁ - { cast

o o o0o©°

Codes[n_code] .opcode = opcode;
Codes[n_code++].operand = (int)s;
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. genFuncCode .
- SP: top
void genFuncCode(char *entry_name, int n_local);
- FP:
*
n_local) - PC:
*
Fors: o rEEas Fors: o rEEsE
Low c Low
int Stack[MAX_STACK];
#define Push(x) Stack[Sp--] = (X) ﬁ
#define Pop Stack[++Sp]
#define Top Stack[Sp+1]
SP
T e —sp
Top —
-—
SP
High MAX_STACK High
Fors: - rRITBEF Foriz o rEE8EF
Low Low
CALL FP
ﬁ CALL FUNC_LABEL
PC
— SP Jump
e FRAME
FRAME
FP SP
ush
SP
High High —
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*
] e FC (push)
m jump CALL
. FP (push)
FP FP
/‘ n = ‘ (FRAME )
:% LOADL/STOREL ) * stack
FP - Fp —
. FP
\‘ = (LOADA/STOREA
)
— FP+2+n . FP
High LOADA/STOREA (LOADL/STOREL )
70755 2y RIRE TOre LT ERAN
* stack *
. EP SP push ... ENTRY foo
EP _ 2 push ... FRAME
jump (RET S
) CALL foo
. pop POPR push R
push POPR . RET
caller) callee)
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*
M 1 ENTRY func
2.
Env
L 4 3.
4.

(linkage convention

calling sequence)

RET
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- Env
- Env
#define VAR_ARG O [::::::::::::]
#define VAR_LOCAL 1
VAR_ARG
typedef struct env 4 VAR LOCAL

Symbol *var;
int var_kind;
int pos;

} Environment;

& yyparse defineFunction
void defineFunction(Symbol *fsym,AST *params,AST *body)

int param_pos; ‘
initGenCode(); ‘ ‘
envp = 0;
param_pos = 0;
local_var_pos = 0; /‘
for( ;params != NULL; params = getNext(params)){
Env[envp].var = getSymbol(getFirst(params)):
Env[envp].var_kind = VAR_ARG;
Env[envp].pos = param_pos++;
envp++;

compi leStatement(body) ; Code

genFuncCode(fsym->name, local_var_pos);
envp = 0; /* rese

Forss o oREesy

FoFrF: o rRIEBE

¢ genFuncCode

case PLUS_OP:
compi leExpr(p->left);
compi leExpr(p->right);

"~ ¢ POP PUSHI, ADD,SUB
void genFuncCode(char *entry_name, int n_local)
{ .
int i /// ENTRY
printf(""ENTRY %s¥n",entry_name);
printf("'FRAME %d¥n",n_local); — FRMAE
for(i = 0; i < n_code; i++){
printf("%s ",st_code_name(Codes[i].opcode)); L 4
switch(Codes[i]-opcode){ — pUSh
case PUSHI: \\\\
case LOADA:
, J* pyt - push
printf("RET¥n"); -
} RET
Forss o REBE TorI: - TEBBE
+ st_compile_expr.c < st_compile_expr.c
void compileExpr(AST *p) case PLUS OP:
{ compi I6Expr (p- ;
. . i pileExpr(p->left);
|f§p == NULL) return; compi leExpr(p->right);
switch(p->op){ genCode (ADD) ; N
case NUM: return; [:::::::::::::::::]
genCodeI(PUSHI,p—>val)i/// case MINGS OP:
return; i 1eEx| H
: compi leExpr(p->left);
case SYM. compi leExpr(p->right);
compi leLoadVar (getSymbol (p)); genCode(SUB);
return; return; ’
case EQ_OP: = case MUL_OP:
compi leStoreVar (getSymbol (p->left) ,p->right); compi leExpr(p->left);
return; compi leExpr(p->right);

genCode(MUL) ;
return;
case | T 0OP-
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case LT_OP:
compi leExpr(p->left);
compi leExpr(p->right);
genCode(LT);
return;

case GT_OP:

compi leExpr(p->left);
compi leExpr(p->right);
genCode(GT);
return;

case CALL_OP:
compi leCal IFunc(getSymbol (p->left) ,p->right);

*
Env
- Env LOADA
- LOADL
void compileLoadVar(Symbol *var) [:::::::::::::::::::]
{
int i; //////////
for(i = envp-1; i >= 0; i--) ‘ -
if(Env[i].var == var) var_kind
switch(Env[i].var_kind){
case VAR_ARG:
genCodel (LOADA,Env[i].pos); LOADA

return;
case VAR_LOCAL: /
genCodel (LOADL,Env[i].pos);

return; LOADA
return;
case PRINTLN_OP: b33 /
printFunc(p->left); error(“undefined variable¥n™);
For;: - rRE8F Fors:rEE8E
* void compileStatement(AST *p)
STOREA STOREL {
if(p == NULL) return;
switch(p->op){ ”//////
void compileStoreVar(Symbol *var,AST *v) case BLOCK_STATEMENT:
. . compi leBlock(p->left,p->right);
int i; //////’////‘ break;
compileExpr(v); case RETURN_STATEMENT:
for(i = envp-1; i >= 0; i--){ ’*
if(Env[i].var == var){ *
switch(Env[i].var_kind){ ny /‘ ‘
case VAR_ARG: STOREA, STOREL default:
genCodel (STOREA,Env[i].pos); compileExpr(p); /’/’/‘
return; compi leLoadVar genCode(POP) ;
case VAR_LOCAL: h!
genCodel (STOREL,Env[i].pos); 3 POP
return;
3
3
ForIz N8y Foriz o rEE8EF
IF
* JUMP LABEL L
TS BEQO 2. Lo BEQLO
pop 3. then
0 4. IF L1
* IF JUMP
5. 0
BEQO LO /* 0 o */ LABEL LO
...then . 6. else
JUMP L1 7. then L1
LABEL LO
. else .

LABEL L1
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void compilelf(AST *cond, AST *then_part, AST *else_part) * compiIeFuncCaII
int 11,12; \ | CALL
BEQO -
compi leExpr(cond); ‘ Q ‘
11 = label_counter++/
genCodel (BEQOD, 11) ; [_then | B CALL
compi leStatement(then_part);
12 = label_counter++; —_~ else ‘ - pop push POPR
if(else_part != NULL){
genCodel (JUMP, 12); ‘ elem ‘
genCodel (LABEL, 11);
compileStatement(else_part);
genCodel (LABEL, 12);
} else {
genCodel (LABEL, 11);
}
For;: - rRE8F Fors:rEE8E
void compileCallFunc(Symbol *f,AST *args) ¢ Block
€ int nargs; /|:| zoid compileBlock(AST *local_vars,AST *statements)
nargs = compileArgs(args); . .
genCodeS(CALL , F->name) ; > ::: \e/r’wp save:
genCodel (POPR,nargs); — | POPR B ’ VAR_LOCAL
3 envp_save = envp; =
for( ; local_vars != NULL;local_vars = getNext(local_vars)){
int compileArgs(AST *args) Env[envp].var = getSymbol(getFirst(local_vars));
Env[envp].var_kind = VAR_LOCAL;
int nargs; Env[en\_/p].pos = local_var_pos++; local_var_pos
if(args = NULL){ envp++;
narg§ = complIeAl_'gs(getNextgargs)); for( ; statements != NULL; statements = getNext(statements))
compi leExpr(getFirst(args)); compi leStatement(getFirst(statements));
return nargs+1; envp = envp_save; —
} else return 0; 3 ‘ ‘
}
ForIz N8y Foriz o rEE8EF
return While For
¢ RET top
*
& return
RET
void compileReturn(AST *expr)
{
compi leExpr(expr);
genCode(RET);
¥
expr NULL
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. ) tiny-cc-st
tiny-cc-st
*
declareVariable declareArray yyparse
- foo.c foo.i
% tiny_cc_st < foo.c > foo.i
. st_machine — st_machine
% st_machine < foo.i
% tiny_cc < foo.c | st_machine
Forsz L oRERE
*

- x86




