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Principles and Practice of Compiler Construction HW

Due: 11/11/2025

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

Q1. The following grammar G[S] describes the propositional formulas containing variables p,

q , connectives A (logic and), V (logic or), and — (logic not):

S—SvT|T
T—sTAF|F
F—-Flplq

Please point out all the phrases and direct phrases of the following sentential forms. If the

form is a right-sentential form, please also point out its handle.

1. "FV-qAp

2. “FVpA-FVT

Solution:

1. Phrases: - F'V =g A p,—F,—q A p,—q,q,p;
Direct phrases: —F,p, q;
Handle: —F.

2. Phrases: “FVpA—-FVT,~F\VpA-F,-F(first),p A =F, p, 7 F(second);
Direct phrases—F (first), p, ~F (second).

Notice: the same phrase occuring multiple times should be counted separately.

Q2. A student is designing a simple programming language.

1. First, he wants to include constant expression a and assignment statement a=b. Both left
side (L) and right side (R) of an assignment are identifiers (terminal 7). The grammar
can be written as G [S]:

S—L=R|R
L—i

R—1

Is this grammar an LR(0) grammar? Explain why with its LR(0) automaton.

Thought-provoking: Can you decide this problem without drawing the automaton?

2. G4]S5] is an SLR(1) grammar. Draw its SLR(1) parsing table.




3. He wants to include pointer into his language, for example, *a=**b. Therefore, he changes

the grammar into G[S]:

S—L=R|R
L— xR |i
R—L

Now, it is not an SLR(1) grammar, but still LR(1). Draw its LR(1) automaton.

4. Given G3[S] ’s LR(1) automaton, if in some legal case we face an input symbol =, and

the current stack top forms a handle, how many LR(1) states can we be in?

5. Given G5[S] ’s LR(1) automaton, if we face an input symbol = when an error occurs,

how many LR(1) states can we be in?

6. The student doesn’t want to implement the complex LR(1) automaton above, he wants
to simplify it. If we use LALR(1) automaton, which states can be merged in the original
LR(1) automaton?

7. Is G5[S] an LALR(1) grammar? We only need to consider one kind of conflicts here,
which one is it? (Shift-shift or shift-reduce?)

8. Draw the LALR(1) parsing table of G5[S].
9. Parse the input string #i = * % i based on your LALR(1) parsing table.

10. The student wants to include chained assignment such as a=*b=c into his language. Mean-

while, he removes constant expression a from it. So he changes the grammar into G3[S]:

S—L=R
L—=«R|i
R—L|L=R

He finds out that this is an ambiguous grammar. Please give a reasonable disambiguating
rule and explain what kind of changes this rule would cause in the LR parsing table.

Describe it appropriately; there is no need to construct the actual parsing table.

Solution:

1. The LR(0) automaton of augmented grammar G/[S’] is as follows. State I, has a reduce-
reduce conflict, so G[S] is not LR(0).
Thought-provoking: For any legal string, the first step must be shifting an ¢, then reduce-
reduce conflict (L — i vs R — i) will be faced, not LR(0).
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2. SLR(1) table of augmented grammar G/[S’] is as follows.

ACTION GOTO
Stacktop | ¢ = $ |S L R

0 s4 3 2 1
r2

sb
acc
r3 14
s7 6
rl
r4
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3. LR(1) automaton of augmented grammar G| [S’] is as follows.
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. There are 3 such states: Is, Is, I;. Stack top forms a handle means a reduction will occur.

. There are 5 such states: Iy, 14, Is, I11, I12. Notice: Such states cannot be reached by reduction,
because when about to reduce, the next symbol will be checked, and an error will be thrown

immediately if mismatch.

. There are 4 groups: (Iy, I11), (I, I12), (Is, Ig) as well as (Ir, I13).

. No reduce-reduce conflict involved in the merging process, so it is an LALR(1) grammar.

. LALR(1) table of augmented grammar G4[S’] is as follows.




ACTION GOTO
Stack top
) * = # 1S L R
0 s5-12  s4-11 3 1 2
1 s8 15
2 r2
3 acc
4-11 s5-12  s4-11 6-9 7-13
5-12 rd 14
6-9 5 1b
7-13 r3 13
8 s5-12  s4-11 10
10 rl
9. Parsing process as follows.
State stack Remaining string | Next action
0 «i = % % i# | ACTIONIO, %] = s4-11
04-11 i =x*i# | ACTION[4-11, i] = s5-12
0 4-11 5-12 = %% i# | ACTION[5-12, =] = r4, GOTO[4-11, L] = 6-9
0 4-11 6-9 =xxi# | ACTION[6-9, =] = r5, GOTO[4-11, R] = 7-13
04-11 7-13 =xxi# | ACTION][7-13, —] =13, GOTO[0, L] =1
01 =xxi# | ACTION]L, =] =
018 «x i# | ACTION[8, ] = s4-11
0184-11 xi# | ACTION[4-11, %] = s4-11
0184-11 4-11 i# | ACTION[4-11, ] = s5-12
0184-11 4-11 5-12 # | ACTIONI[5-12, #] = r4, GOTO[4-11, L] = 6-9
0184-11 4-11 6-9 # | ACTIONI[6-9, #] = r5, GOTO[4-11, R] = 7-13
0184-11 4-11 7-13 # | ACTIONI7-13, #] = r3, GOTO[4-11, L] = 6-9
0184-116-9 # | ACTIONI[6-9, #] = r5, GOTO[4-11, R] = 7-13
0184-11 7-13 # | ACTIONI7-13, #] =13, GOTOI8, L] = 6-9
0186-9 # | ACTIONI[6-9, #] = r5, GOTOI[8, R] = 10
01810 # | ACTIONJ10, #] = rl, GOTO[O S =3
03 # | ACTIONI3, #] =

10. We can require that operator % has a higher priority than operator

=. The original LR table

contains shift-reduce conflict when the input symbol is =. By adding this rule, we only choose

to reduce in such cases, and the conflict will be resolved.

Q3.

In class, we introduced the LR(0) parser, but without introducing the LL(0) parser.

Now let’s discuss the differences between LL and LR.

1. LR(0) parser uses an LR parsing table, and it will choose next action according to the

next symbol. If so, why do we say LR(0) ”does not need to look ahead symbols”?

Consider what different actions are there in LR(0) parsing. Do we really need looking

ahead to decide which action to take?




2. Explain why we did not mention LL(0) parser. Why is it worse than LR(0) parser?

3. The parsing process is a traversing process of the syntactic tree. For an internal node (a

nonterminal), we define "to visit it” means "to decide which production we use on this

nonterminal”. Given this idea, LL parsing is a (preorder/postorder) traversing,
LR parsing is a (preorder/postorder) traversing.
Solution:

1. In LR(0) parsing, shift and reduction are seen as different actions, so are reductions of different
productions. However, shifts of different symbols are the same action (there is NO shift-shift
conflict). As the rows in LR(0) parsing table consist of either only shifts, either the same
reduction, we don’t need to look ahead symbols to decide which action to take, we can do this
simply relying on the stack top state. We do jump to different states after different shifts, but

this happens after we read in the symbol, so it’s not a look ahead.

2. LL(0) parser decides the production only based on the leftmost nonterminal, so for any given
grammar, we either get a fixed string, either get into a dead loop. In comparison, although
LR(0) parser cannot look ahead, it maintains a state stack, and we can decide the action
based on the stack top state. Therefore, LR(0) is stronger than LL(0).

3. LL parsing is a preorder traversing, we choose production and then match tokens. LR parsing
is a postorder traversing, we shift in tokens and then match production.

Therefore, when deciding which production to use, LR has more information than LL.
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