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Conventions:
@ We do not differentiate between pushdown symbols and states
@ The rightmost / upper pushdown symbol represents the state

@ Every transition consumes / modifies the upper part of the
pushdown
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Chapter 2

Basics of Pushdown Automata

Definition: Pushdown Automaton

A pushdown automaton (PDA) is a tuple
M =(Q,T,$,q, F) with:

@ () afinite set of states;

@ T an input alphabet;

@ ¢y € Q the start state;

@ ['C @ the setof final states and

@ 0 C Q" x(Tu{e}) xQ* afinite set of transitions

Friedrich Bauer

Klaus Samelson
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... for example:

States: 0,1,2 [1) a4 ﬁ
Start state: 0 o Z 5
Final states: 0,2
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Pushdown Automata

CYK

Theorem:

For each context free grammar G = (N, T, P, S)
a pushdown automaton M with £(G) = £(M) can be built.

M. Schiitzenberger A. Ottinger

The theorem is so important for us, that we take a look at two
constructions for automata, motivated by both of the special
derivations:

@ 1% to build Leftmost derivations
o )% to build reverse Rightmost derivations

78 /288

81/288

Definition: Deterministic Pushdown Automaton

The pushdown automaton A/ is deterministic, if every
configuration has maximally one successor configuration.

This is exactly the case if for distinct transitions
(v1,2,72), (), 2',~v5) € 6 we can assume:
Is v, a suffix of v, then z £ 2/ A o # e # 2/ is valid.

i
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Chapter 3:
Top-down Parsing

A

O
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ltem Pushdown Automaton — Example

Our example:

S — AB A — a B — b

ltem Pushdown Automaton

The item pushdown automaton A% has three kinds of transitions:

Expansions: ([A—aeBjl,e,[A—aeBfS|[B— eq]) for

A—> aBB, B+~ € P
Shifts: B A—>aaef]) for A—aaB € P
Reduces: e,[A—~aBEp]) for

Items of the form: [4A — «ae] are also called complete
The item pushdown automaton shifts the bullet around the derivation
tree ...
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ltem Pushdown Automaton — Example

We add another rule or initialising the construction:

Start state: [S7— e 5§
End state: [ — S e §]
Transition relations:
[T = 5% 1[5~ e 53[5 — e AB] |
[[S— o AB]| €|[S— o AB][A— e d]]
[[A— eall a |[A—=ae]
|S%oAB[A%ao]| € S%AOBl
S—Ae € S—>AoB|[B—>ob]|
B— eb] | [0 [[B—be]]
9 A e R F%%h.” € S—)AB.]
S"— e SY[S—ABs]l| € |[[S"—=S o 9§
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ltem Pushdown Automaton

Discussion:

@ The expansions of a computation form a leftmost derivation
@ Unfortunately, the expansions are chosen nondeterministically

@ For proving correctness of the construction, we show that for
every ltem [A—ae Bg] the following holds:

([A—aeBf,w) " ([A—>aBefl, ¢) iff B —="w

@ LL-Parsing is based on the item pushdown automaton and tries
to make the expansions deterministic ...
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ltem Pushdown Automaton

Example:

S = S$

S —

elasSh

The transitions of the according Item Pushdown Automaton:

O[S — ¢S 9] FI CEEEIEED
[1[[S"— .S §] el | [S"— @S $][S— eaSh|
2[5 eaSh al|[S—>aeSh
3[1S—aeSh el [S—aeSbl[S— e
41[S—aeSh €| [S—aeSb[S— eaSh]
5(0[S—aeSb][S— e e|[S—aSeb
6|[S—aeSbh[S—aSbe] |e|[T—aSeb
7T1[S—aSebd b | [S—alSbe]
8| [S— oS §][S— 9] e|[99—S5e$
91 [9— eS§|[S—aShe] | e|[—5e$
Structure of the LL(1)-Parser:
| ”f
) —{ 11
o - Output
M

@ The parser accesses a frame of length 1 of the input;
@ it corresponds to an item pushdown automaton, essentially;
@ table 1M |[q,w] contains the rule of choice.
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Topdown Parsing

Problem:

Conflicts between the transitions prohibit an implementation of the
item pushdown automaton as deterministic pushdown automaton.

Topdown Parsing

ldea:
@ Emanate from the item pushdown automaton

@ Consider the next input symbol to determine the appropriate rule
for the next expansion

@ A grammar is called LL(1) if a unique choice is always possible

Definition:
A reduced grammar is called L1 (1), hilp Lews Richard Stearns

i for each two distinct rules| A —«, A—qo' € P and each
derivation| 5 —; u A[gith u € T~ the following is valid:

First; (@ 8) N Firsty(a’B) =0

-
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Topdown Parsing

Example 1:
S —

if (E)Selse s
while (E) S |
E;
id

is LL(1), since

&Nt

£ ¢

Wil

i

First: (1) = {id}

i) i
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Lookahead Sets

Definition: First;-Sets
For a set L C 7™ we define:

First;(L) = {e|ee L}U{ueT |JveT" :

wv € L}

aShb

Example: S —e

Fil’Stl(S)
€

ab
aabb
aaabbb
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