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Definitions Overview References

Context-Free Recognition (CFL recognition)

Let G = (Σ,N,P,S) be a Context-Free Grammar (CFG) with:
P ⊆ N → (Σ ∪ N)∗

S ∈ N
Define L(G) as the language of G .

Definition (CFL recognition)
Decide for a input word w and a fixed grammar whether w ∈ L(G).

Theorem
CFL recognition can be decided in O

(
n3

)
time, for a word w = w1 · · ·wn and

a fixed CFG G.
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PDA Emptiness I

Let A = (Q,Σ, Γ, δ, q0,Qf ) be a PDA with:
δ ⊆ (Q × (Σ ∪ {ε})× (Γ ∪ {ε}))→ (Q × Γ∗)
Qf ⊆ Q

Define L(A) as the language of the PDA A.

Definition (PDA Emptiness)
Decide for a PDA A whether L(A) = ∅.

Acceptance by empty stack: A := (Q,Σ, Γ, δ, §, q0) with § ∈ Γ as the
special initial stack symbol.
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PDA Emptiness II

Definition (Size of a PDA)
|A|1 := |Q|
|A|2 := |δ|, i.e. the number of transitions

We define further the standard size of a PDA as follows: |A| := |A|1 = |Q|

Theorem
PDA Emptiness can be decided in O

(
|A|32

)
= O

(
|δ|3

)
time, respectively

O
(
|A|4

)
time.
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Context-Free Reachability (CFR) I
Let G = (Σ,N,P,S) be a fixed CFG. Let H = (V ,E ) be a graph with:
V = {v1, . . . , vn}
E ⊆ V × (Σ ∪ {ε})× V

Definition (Definitions for CFR)

A-path from s to t: Path from s to t labeled by a word w with A→∗ w .
t is A-reachable from s. ⇐⇒ There is A-path from s to t.
Write G-path for S-path and G-reachable for S-reachable.

Definition (CFR)
Decide for a graph H, two nodes s, t ∈ V and a fixed CFG G whether there is
a G-path from s to t.
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Context-Free Reachability (CFR) II

Definition (Size of a CFR instance)

Fix the grammar.
Define the size of an CFR instance by the size of the graph.
The size of a graph is its number of vertices.

Theorem
CFR can be decided in O

(
|H|3

)
time. For a fixed CFG G.
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Context-Free Reachability (CFR) III

Definition (Dyck-k Reachability (DkR))
For DkR we fix the CFG Gk producing the Dyck-k language Dk.
Define Gk := (Σk ∪ Σk , {S},Pk ,S) with

Σk := {(1, (2, . . . , (k}
Σk := {ā | a ∈ Σk} = {)1, )2, . . . , )k}
Pk := {S → ε|SS|(1S)1| . . . |(kS)k}.

Gk
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k-CLIQUE

Let H = (V ,E ) with |V | = n be an undirected graph.

Definition
A k-clique is a set of k vertices, where each vertex is connected to each other
vertex.

Definition (k-CLIQUE)
Decide for an undirected graph G = (V ,E ) and a fixed k ∈ N whether there
is a k-clique in G .

Theorem
k-CLIQUE can be decided in O

(
nk)

time.
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Overview

CFR D2R

DkR

D1R PATH

CFR on DAGsCFL recognition

Shortest Path Transitive Closure

Types of MM

BMM

PDA Emptiness

OV

k-CLIQUE

RSM Reachability

RSM Reachability
with bounded

stack

∈
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[Val
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Questions?
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