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For reference, to follow the slides, the handout includes some grammars we repeteadly used
for illustration. These are various versions of the context-free grammar for expressions. The first
version is the “obvious” one. Also some definitions are added.

Some definitions

Definition 1 (First set) Given a grammar G and a non-terminal A. The first-set of A, written
FirstG(A) is defined as

FirstG(A) = {a | A⇒∗
G aα, a ∈ ΣT }+ {ε | A⇒∗

G ε} . (1)

Definition 2 (Nullable) Given a grammar G. A non-terminal A ∈ ΣN is nullable, if A⇒∗ ε.

Definition 3 (First set of a symbol) Given a grammar G and grammar symbol X. The
first-set of X, written First(X), is defined as follows:

1. If X ∈ ΣT + {ε}, then First(X) contains X.

2. If X ∈ ΣN : For each production

X → X1X2 . . . Xn

(a) First(X) contains First(X1) \ {ε}
(b) If, for some i < n, all First(X1), . . . ,First(Xi) contain ε, then First(X) contains

First(Xi+1) \ {ε}.
(c) If all First(X1), . . . ,First(Xn) contain ε, then First(X) contains {ε}.

Definition 4 (First set of a word) Given a grammar G and word α. The first-set of

α = X1 . . . Xn ,

written First(α) is defined inductively as follows:

1. First(α) contains First(X1) \ {ε}

2. for each i = 2, . . . n, if First(Xk) contains ε for all k = 1, . . . , i− 1, then First(α) contains
First(Xi) \ {ε}
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3. If all First(X1), . . . ,First(Xn) contain ε, then First(X) contains {ε}.

Definition 5 (Follow set) Given a grammar G with start symbol S, and a non-terminal A.
The follow-set of A, written FollowG(A), is

FollowG(A) = {a | S $⇒∗
G α1Aaα2, a ∈ ΣT + {$ }} . (2)

Definition 6 (Follow set of a non-terminal) Given a grammar G and nonterminal A. The
Follow-set of A, written Follow(A) is defined as follows:

1. If A is the start symbol, then Follow(A) contains $.

2. If there is a production B → αAβ, then Follow(A) contains First(β) \ {ε}.

3. If there is a production B → αAβ such that ε ∈ First(β), then Follow(A) contains
Follow(B).

Lemma 7 (LL(1) (without nullable symbols)) A reduced context-free grammar without
nullable non-terminals is an LL(1)-grammar iff for all non-terminals A and for all pairs of pro-
ductions A→ α1 and A→ α2 with α1 6= α2:

First1(α1) ∩ First1(α2) = ∅ .

Lemma 8 (LL(1)) A reduced context-free grammar is an LL(1)-grammar iff for all non-terminals
A and for all pairs of productions A→ α1 and A→ α2 with α1 6= α2:

First1(α1Follow1(A)) ∩ First1(α2Follow1(A)) = ∅ .

Definition 9 (Handle) Assume S ⇒∗
r αAw ⇒r αβw. A production A → β at position k

following α is a handle of αβw. We write 〈A→ β, k〉 for such a handle.
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