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1 |static char lookahead;
2 |void parseS();
3 |void parseT();

4 |void parseU();

5 |void matchToken (char expected);

First(S) ={a,b,c,>}

First(T) = {a,c, >}

First(U) = {<,>}
Follow(S) = {a,b, <, #}
Follow(T) = {a,<}
Follow(U) = {a,b, <, #}

PS(S =T <U)={a,c,>}
PS(S —b>U) = {b}
PS(T — aS < S) ={a}
PS(T = cU) = {c}
PS(T —>1b)={>}
PS(U —>Ta) ={>}
PS(U —< Sb) ={<}
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PS(S =T <U)NPS(S—b>U)=0
PS(T — aS < S)NPS(T — cU) =)
PS(T —aS<S)NPS(T —>b)=10

) =10
) =10

PS(T — cU)NPS(T —>1b
PS(U —>Ta)NPS(U —< Sb

3. WFRR.

a b c < > #
S| T<U |b>U|T<U T<U
T|aS<S cU >b
U <Sb| >Ta

4. WRERIR.
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#ab > > ba# | VCECARTHURT Y Hi AFT5
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#a a# | VUL TR Y i ASF 5
# # 4h

switch lookahead {
case 'a':
case 'c':
case '>':

parseT () ;

CWTF R (RLHFRTFiEEmY)
void parseS() {

matchToken('<');

parseU(Q);
break;

case 'b':

matchToken('b');
matchToken ('>"');

parseU();
break;

default:

printf ("syntax error\n");

exit (1);
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Principles and Practice of Compiler Construction HW

Due: 10/28/2025

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

Q1. Can we design a definite top-down parsing process for the CFG G[S] as follows? If

possible, how many look-ahead tokens are needed?

1.
S—A|B
A—aAb|c
B — aBbb | d

2.
S — abA | €
A — Saa | b

Solution:
1. No.

2. Yes, with 2 look-ahead tokens.

Q2. Consider the following CFG GI[S]:

S—>T<U|b>U
T—aS<S|cU| >b
U—>Ta| <Sb

1. Calculate the FIRST and FOLLOW sets of each of the nonterminals.

2. Calculate the prediction sets (PS) of each production. Is the grammar LL(1)? Why or

why not?
3. Draw the LL(1) parsing table of the grammar.

4. Consider input string > b <>> ba, run the LL(1) parsing algorithm using the table, draw

the stack during the process.

5. Design a recursive descent program for the grammar. Declaration of global variables and

functions are given as follows, where the definition of matchToken(char) is the same as




in the slide. Give the definition of function parseS()

1|static char lookahead;
2 |void parseS();
3 |void parseT();

1|void parseUQ);

ot

void matchToken(char expected);

Solution:
1.
First(S) ={a,b,c,>}
First(T) = {a,c,>}
First(U) = {<,>}
Follow(S) = {a,b, <,#}
Follow(T) = {a, <}
Follow(U) = {a,b, <,#}
2.

PS(S =T <U)={a,c,>}

PS(S —-b>U)={b}
PS(T — aS < S) ={a}
PS(T — cU) = {c}
PS(T —»>b)={>}
PS(U —> Ta) = {>}
PS(U —< Sb) = {<}
The grammar is LL(1), because:

Pay attention to: we need the intersection of any two of T'’s production’s PS's, rather than

the intersection of all three, to be empty.

PS(S—=T<U)NPSS—=b>U)=10
PS(T = aS < S)NPS(T — cU) = 0
PS(T —-aS<S)NPS(T —>b) =10

) =10
) =0

PS(T — cU)NPS(T —>b
PS(U —->Ta)NPS(U —< Sb

3. As follows.

a b c < > #
S| T<U |b>U|T<U T<U
T|aS<S cU >b
U <Sb| >Ta

4. As follows.



Stack Remaining Symbols Next Action
#S > b <>> ba# | Use production S — T < U
#U < T > b <>> ba# Use production T" —> b
#U < b > > b <>> bat Match token
#U < b b <>> ba# Match token
#U < <>> ba# Match token
#U >> ba# | Use production U —> Ta
#al > >> ba# Match token
#aT > ba# Use production T" —> b
#ab > > ba# Match token
#ab ba+# Match token
#a aft Match token
# # End

5. As follows.

No need to concern the grammatical detail.

1|void parseS() {

2 switch lookahead A

3 case 'a':

4 case 'c':

5 case '>':

6 parseT () ;

7 matchToken('<');
8 parselU(Q);

9 break;

10 case 'b':

11 matchToken('b');
12 matchToken('>"');
13 parseU();

14 break;

15 default:

16 printf ("syntax error\n");
17 exit (1);

18 }

19|}

Q3. Consider the following LL(1) grammar G[S]:

S— P
P—ANPP| VPP|-P|id

Where A, V, - stand for operator tokens logic and, logic or, logic not, respectively, id stands

for identifier tokens. Consider the input string: V V a A bcV —a A cb,




1. During the table-driven LL(1) parsing process for this input string, what is the maximum

number of S and P that can appear in the parsing stack?

2. If an extra symbol appears in the input string due to some mistake, the new string being
V VaAbeeV —a Acb. When the parsing process comes to an error, which is the least
possible error info?

(1) missing operand (2) extra operand (3) missing operator (4) extra oper-

ator

3. If we want to resume the parsing process from where the error happens, what can we do?

Solution:
1.15,3P.

2. Missing operand. Explanation:
Error occurs when reading the second ¢, we can just throw ”extra operand” (the second c is
extra);
If we get an operator rather than the second ¢, no error will occur, so we can throw ”missing
operator”;
Besides, if the input ends after the second ¢, no error will occur, but the next input symbol is

an operator V, so we can also throw "extra operator”.

3. We can delete the current symbol ¢, and push the nonterminal P from the left-hand side of
the production rule used at the error point back onto the top of the parsing stack, and we can
continue analysing.

Maybe there are other manners, rational is ok.

Q4. Do grammar transformations as required:

1. Left factor:
ST |T+T|Tx*T

T—Ta|Tb|cU
U—U0|UL|e

2. Eliminate left recursion in the order of S, U, T"
S—=8S+S1|(S)|T

T—-UUb|Ta
U—TTc|c

Solution:



S —T15

S +T | «T |e
T =TT | U
T —alb
U—UU | e
U—0]|1

2. For S, eliminate immediate left recursion:

S = (9)s"| 175

S"— +55" | €

T—UUb|Ta

U—TTc|c
For U, no need to eliminate:

For T, first use T — TTcUb | cUb to substitute T'— UUD, and then eliminate immediate left

recursion:

S 5 (S)8' | TS’
S"— +55" | €

T — cUbT"

T — TcUVT' | aT' | €
U—TTc|c
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