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input: switch
output: light bulb
actions: flip switch

states: on, off
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actions: /for “flip switch”

states: on, off
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inputs: switches | and 2
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actions: 1 for “flip switch |”
2 for “flip switch 2”

states: on, off
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An alphabet is a set of symbols:
{0,1}
are strings of symbols:
0,1,00,01,10,1,...

A language is a set of sentences:

L = {000,0100,0010,..}

A is a finite list of rules
defining a language.

S —>» 0A B—>» 1B
A—> 1A B —>» OF

A—> 0B F — ¢

Image source: Nowak et al. Nature, vol 417, 2002

- it 5 Languages: “A
language is a collection of
sentences of finite length
all constructed from a
finite alphabet of symbols”

- ¥ Grammars: “A
grammar can be regarded
as a device that
enumerates the sentences
of a language” - nothing
more, nothing less

- - N. Chomsky,
Information and Control,
Vol 2, 1959
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1% Alphabet
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- AT EXFTFE, TATNTEETA

2, =1a,b,cd,..., z}: the set of letters in English
2,=10,1,...,9}: the set of (base 10) digits

2, =1{a,b, ..., z, #}:the set of letters plus the
special symbol #

N

2, = {(,) }:the set of open and closed brackets
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- ASCII, Unicode, {0,1} (
)3 {a9bﬁc}°

Manchu Alphabet

34



A f/455 H Sentences/Strings
FEESLN R SHHRE.

i, BN NORITT 5 iR, H1Fe
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abfbz is a string over 2, = {a, b, c, d, ..., z}
9021 is a string over X, = {0, 1, ..., 9}
ab#bc is a string over X, = {a, b, ..., z, #}
NO(() is a string over 2, = { (, ) }
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&5 Languages

16 S A HPRIR B Z0y “Se/m” BIHE R, Bilan.

The set of all strings over X, that contain
the substring “fool”

The set of all strings over 2, that are divisible by 7
{7,14,21, ...}

The set of all strings of the form s#s where s is any
string over {a, b, ..., z}

The set of all strings over X, where every ( can be
matched with a subsequent )



o5
- REFBRIRY, I L MMEE I )T
- Bl FHORI1H B B IELE 1R 5 B4,

-L={€ 0, 1, 00, 01, 10, 000, 001, 010, 100, 101, 0000,
0001, 0010, 0100, 0101, 1000, 1001, 1010, ...}

1IN N0, 20K N, 3NKE N2, s K
N3, 8PMKEE A4,
Z /DK E NS N6?
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1bi EngllSh nested embeddmg Sf"'ISS (:Crma-n
Chumash sibilant harmony Chomsky 1957 Shieber 1985

Applegate 1972
Applegate Yoruba copying

Kobele 2006

English consonant clusters Kwakiutl stress
Clements and Keyser 1983 Bach 1975

Primitive Recursive
Recursive
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- A5 BN ENRE S
- H 55 H3HL Deterministic finite automata (DFA)

- JEWE A 95 A 1Ml Nondeterministic finite automata (NFA)
- IENiE = Regular languages

- IEN LA Regular expressions (RE)

- IENE T #9HE 1457 Decision properties

- IENEE BB BT Closure properties
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- FHEEBIHLA LR CERIES
- R TERIES Context-free languages (CFL)

- R R I Context-free grammars (CFG)

- NHEB 31 Pushdown automata (PDA)

- HE A i Decision and closure properties
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» B RAVAN S A AT M 258 5

- BB IHE S A AT M 251E T Recursive and recursively
enumerable languages

- R M| Turing machines (TM)
- [a) @) A A 5 P Decidability of problems
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- N A A @ Intractable problems
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