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int a0, b0, a2; 12 | }
void foo() { 13| void baz () {
int al, bil; 14 int a3;
void bar () { 15 a3 = a0 *x bO;
int a2; 16 if (a2 !'= a3) foo();
a2 = al + bil; 17 | }
if (a0 !'= b0) baz(); 18|a0 = 1;
} 19| b0 = 2;
al = a0 - b0O; 20(a2 = a0 - bO;
bl = a0 + bO; 21 | baz () ;
if (al < bl + a2) bar();
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1 |static char lookahead;
2 |void parseS();
3|int parseA();
4|int parseB();

5 |int parseR(int R_i);

6 |void matchToken (char expected);

A— AaB { A.x

S — A { print(A.x) }
= __(1)_
A— B { A.x :=B.x}
B —bA {B.x := __
B—-c{B.x=01}

L SR SCe GETh w4 a8 Py o IROH , IRIRILIE SCb 4 (1) (2) PIALTEAD.
2. MTHAH cabe, THEHHARERITEIR DA
3. MIGEREHE LB, FeyRMH LLQL) 2. EHERSGET 2SI (gl ARAE

4. EFXPIE R ZC B I G BB A 1 R I TR TR e, R TENZE T A 24 R AR s R R AL
MR, Hp matchToken(char) M)E X 5iRF—2, i/l lookahead F/RIMHIEFM
5. 2 AR B IGETRIMARE LL(1) ik, 4oRiB 2T aeag b R &NE

BHER:
1. (1) Al.x + B.x; (2)A.x + 1,

2. TR HTRAN R B .

|
B (z=0)
|




3. AR R
S — A { print(A.x) }

A—-B{R.i:=B.x} R{Ax:=R.s}

R—aB {R1.1i :=R.i +B.x} R {R.s :=Rl.s }
R—e¢ {R.s :=R.i}

B—>bA {B.x :=Ax+ 11}

B—c¢{B.x=01%
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1|int parseR(int R_i) {

2 int R1_i;

3 switch (lookahead) {

4 case 'a':

5 matchToken('a');

6 R1_i = R_i + parseB();
7 return parseR(R1_i);

8 case '#':

9 return R_i;

10 default:

1 printf ("syntax error\n");
12 exit (1);

13 }

14|}
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S — D { print(D.width) }
D — Dy;T { L.type := T.type; L.offset := Dl.width; L.width := T.width } L
{ D.width := D1.width + L.num * T.width }
D—T { L.type := T.type; L.offset := 0; L.width := T.width } L
{ D.width := L.num * T.width }
T —int { T.type := 'int'; T.width := 4 }
T —real { T.type := 'real'; T.width := 8 }
L — { Li.type := L.type; Ll.offset := L.offset; Ll.width := L.width } Li,id
{ foo(id.name, L.type, L.offset + Ll.num * L.width); L.num := Ll.num + 1 }
L —id { foo(id.name, L.type, L.offset); L.num := 1 }
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S — D { print(D.width) }
D — Dy;T { L.type := T.type; L.offset := Dl.width; L.width := T.width } L
{ D.width := Dl.width + L.num * T.width }
D — MNT { L.type := T.type; L.offset := M.width; L.width := T.width } L
{ D.width := L.num * T.width }
T —int { T.type := 'int'; T.width := 4 }
T —real { T.type := 'real'; T.width := 8 }
L — { Li.type := L.type; Ll.offset := L.offset; Ll.width := L.width } Li,id
{ foo(id.name, L.type, L.offset + Ll.num * L.width); L.num := Ll.num + 1 }
L —id { foo(id.name, L.type, L.offset); L.num := 1 }
M — e { M.width := 0 }
N—ed{ }

W FR

S — D { print(v[top].width) }
D — Dy;TL { vitop-3].width := v[top-3].width + v[top].num * v[top-1].width }

D — MNTL { v[top-3].width := v[top].num * v[top-1].width }

T — int { v[top].type := 'int'; v[top].width := 4 }
T — real { v[top]l.type := 'real'; v[top].width := 8 }
L%Llam

{foo(v[top] .name, v[top-3].type, v[top-5].width + v[top-2].num * v[top-3].width);
v[top-2] .num := v[top-2].num + 1 }

L —id { foo(v[top] .name, v[top-1].type, v[top-3].width); v[top].num := 1 }

M — € { v[top+1] .width := 0 }

N—-ed{ }
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Principles and Practice of Compiler Construction HW

Due: 11/30/2025

If you have any suggestions, feel free to contact the TAs.

Q1. The following is a code section of a simple language. Its grammar is basically the same

as C, but it enables nested function declaration and global statements as Python does. We do

not need to consider the scope of if statements.

10

11

int a0, b0, a2;
void foo () {
int al, bil;
void bar() {
int a2;
a2 = al + bil;
if (a0 != b0) baz();

}
al = a0 - bo0;
bl = a0 + bO;

if (al < bl + a2) bar();

1. If the compiler of the language uses a global stack structure of single symbol table. Please
point out: When analyzing lines 11 and 16, respectively, how many open scopes are there?

What symbols are there in the open scopes? The a2 accessed is declared in which line?

owns its own symbol table. The compiler uses multiple-pass scanning technique, when
doing static semantic check, all the table entries of all the scopes are already generated.
Point out: When analyzing lines 11 and 16, how many open scopes are there? What

symbols are there in the open scopes?
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If the compiler of the language uses multiple symbol tables, which is, each static scope

}
void baz () {
int a3;
a3 = a0 * b0;
if (a2 != a3) foo();
}
a0 = 1;
b0 = 2;
a2 = a0 - bo;
baz () ;

Solution:

1. When analyzing line 11: Open scopes: global scope (containing symbols a0, b0, a2, foo),

scope of foo (containing symbols al, b1, bar), a2 accessed is declared in line 1.

When analyzing line 16: Open scopes: global scope (containing symbols a0, b0, a2, foo, baz),

scope of baz (containing symbol a3), a2 accessed is declared in line 1.

foo (containing symbols al, b1, bar)

. When analyzing line 11, open scopes: global scope (containing a0, b0, a2, foo, baz), scope of



When analyzing line 16, open scopes: global scope (containing a0, b0, a2, foo, baz), scope of

baz (containing a3).

Q2. We have the following translation scheme of grammar G[S]:

S — A { print(A.x) }

A—sAaB{Ax:=__(1)__}
A—-B { A.x :=B.x }
B—-bA{B.x:=__(2)__1}

B—=c{B.x=01}

1. This translation scheme is to compute the number of symbol b in the string. Complete
the statements (1) and (2).

2. For input string cabe, draw the annotated syntax tree.

3. The grammar has left recursion, so we cannot apply LL(1) here. Eliminate the left
recursion here (the new nonterminal included here use symbol R). Give the translation

scheme after the elimination.

4. Design a recursive descent parsing program for the scheme after elimination. Some dec-
laration of related global variables and functions are given below. Where the definition
of matchToken(char) is the same as in the slides, lookahead stands for the look ahead
symbol.

Notice: the grammar after elimination may still be not LL(1), but we can design the
program by requiring non-empty production to have a high priority.
Give the definition of parseR(int).

1|static char lookahead;

2 |void parseS();

3 |int parseA();

4|int parseB();

wt

int parseR(int R_i);

6 |void matchToken(char expected);

Solution:
1. (1) Al.x + B.x; (2) A.x + 1.

2. Syntax tree as follows.
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. As follows.
S — A { print(A.x) }
A—-B {R.i:=B.x}R{A.x:=R.s}
R—-aB {R1.1i :=R.i +B.x } Ry {R.s
R—¢e¢{R.s :=R.i}
B—bA {B.x :=A.x+ 11}
B—c{B.x=01}

. As follows.

Grammar details are not important.

int parseR(int R_i) {
int R1 _i;
switch (lookahead) {
case 'a':
matchToken('a');
R1_i = R_i + parseB();
return parseR(R1_i);
case '#':
return R_i;
default:
printf ("syntax error\n");

exit (1) ;

:=Rl.s }

Q3. We have translation scheme of grammar G[S].



Notice: ; and , are terminals of the language.

S — D { print(D.width) }
D — Dy;T { L.type := T.type; L.offset := Dl.width; L.width := T.width } L
{ D.width := D1.width + L.num * T.width }
D —T { L.type := T.type; L.offset := 0; L.width := T.width } L
{ D.width := L.num * T.width }
T —int { T.type := 'int'; T.width := 4 }
T —real { T.type := 'real'; T.width := 8 }
L — { Li.type := L.type; Ll.offset := L.offset; Ll.width := L.width } Li,id
{ foo(id.name, L.type, L.offset + Ll.num * L.width); L.num := Ll.num + 1 }
L —id { foo(id.name, L.type, L.offset); L.num := 1 }
1. Transform the scheme, so that the semantic actions in the middle of productions only con-

tain copy rules, and all the inherited attributes can be accessed by synthesized attributes

in the analyze stack.

2. During the parsing process, the stack is v, stack top pointer is top. We can use
v [top+i] .width to access the width attribute of nonterminal at position top+i.
Write code sections for reducing each production. You do not need to consider the

maintainence of top.

3. For input string int id, id, what will be printed finally?
Although you can guess the answer by the semantic, we advise you calculate it by the

complete LR parsing process.

Solution:

The transformation is not unique. Reasonable is ok.

1. Only two productions of D need transformation. That’s because, in their semantic actions,

the inherited attributes of L may not be found definitely in the stack. One possible scheme



after transformation is as follows.

S — D { print(D.width) }
D — Dy;T { L.type := T.type; L.offset := D1l.width; L.width := T.width } L
{ D.width := D1.width + L.num * T.width }
D — MNT { L.type := T.type; L.offset := M.width; L.width := T.width } L
{ D.width := L.num * T.width }
T —int { T.type := 'int'; T.width := 4 }
T —real { T.type := 'real'; T.width := 8 }
L — { Li.type := L.type; Ll.offset := L.offset; Ll.width := L.width } L;,id
{ foo(id.name, L.type, L.offset + Ll.num * L.width); L.num := Ll.num + 1 }
L — id { foo(id.name, L.type, L.offset); L.num := 1 }
M — e { M.width := 0 }
N—ed{ }

2. As follows.

S — D { print(v[top].width) }

D — D;TL { v[top-3].width := v[top-3].width + v[top].num * v[top-1].width }

D — MNTL { v[top-3].width := v[top].num * v[top-1].width }

T — int { v[top].type := 'int'; v[top].width := 4 }
T — real { v[top].type := 'real'; v[top].width := 8 }
L — Lyid

{foo(v[top] .name, v[top-3].type, v[top-5].width + v[top-2].num * v[top-3].width);
v[top-2] .num := v[top-2].num + 1 }

L —id { foo(v[top] .name, v[top-1].type, v[top-3].width); v[top] .num := 1 }

M — e { v[top+1].width := 0 }

N—ed{ }

Ezplanation

For production L — Lq,id, the stack when reducing is as follows. At this time, L.type is
inherited from T.type, L.offset from D.width or M.width; L.width from T.width.

[ [poaM[;aN][T[L ], [id

For production L — id, the stack is as follows. The inherit relation is all the same, only stack

top symbols are different.

o [DoM[iaN[T]id
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