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cidingempliness

Given an automaton M is LCM

M Q S O s F

if F then L M

no path from start state to final state
I

see FSM as a directed graph

run BFS from start node if atleast one f E F is in

the path L M



Given M is the set L M finite or infinite

Fact L M iff a string of length at most

k 1 such that n e LCM where k is

of states in M exam problem
t.ee

T
to

1 1 k x E L M

L M is infinite by Pumping Lemma



Fact 2 LCM is infinite if there exists a string of length

RIEMI
2 1 Pumping lemma pegionhole principle

1 2

If LCM is infinite there cannot be an upper bound on

the length of strings
Choose a E L M sit it has mi

ghg
k

jz1
no stringin
b w



If txt 2k we are done

If not 1h1 2k

x now to k
i o

u v w E L M
for i O

k law a at

MIT
will be
recognized

Contradiction to x being the
shortest string of length k
that is recognized by M



This gives us an algorithm to check if an automaton accepts

mighttakea language of
long but

infinite length will finish
in finite
time

How to check if twonot efficient but works machines recognize thesame

language Use above techniques

Efficientautomata

Relations Recap

Fix X R Xxx

a b e R a R b a b a b



reflexive a a E R a X

symmetric a b R b a R

transitive a b E R and b c E R a c E R

equivalence relation reflexive symmetric transitive

la nexim.ae R tfg



for b c either b c or b n c

proof by
contradiction

04Feb2025_
Assume that b c proof

suppose z b n c

Given a DFA M Q Σ 8 s F define the

following relation Rm on Σ

for any x y Σ

x y Rm 8 s x 8 s y



1 reflexive

2 symmetric
Rm is an equivalence relation

3 transitive

No of equivalence classes no of states in M

Note M is such that every state in M is reachable from s

Why is this needed

PropertiestfRI
Finite of equivalence classes Finite index

x y e Σ and a e Σ Right congruence

x y Rm ra ya RM



RM refines
Lentrepresents

the relation

2x y Rm

A refines β

equivalence equivalence

classes classes

w.at A w.tt B

CA cp

relation LCM x y both n.ge L M



EO mode

mod 2 NXN

a g mod2 if igx y mod 2

Food
2

mod 4 N x N

x y e mod 4 iff
n y mod 4

Myhill Nerode relation on L M

finite index Tednot be regular

any language
right congruence automaton is not required

refinement



i tIm equivalence classes

rel L x y eExEl net yet man

L
Nerode

index rel L 2 L
2

index R index rel L



canqnical.yrelatnq.fr
I

x y Re z e Σ

NZ E L yz E L

cnet.si
XZ E L and Yz L

or vice versa

reflexive

symmetrix

transitive



Lies
i right congruence

i

in RL refines rel L

E compilers

r e L y e L
check syntax

use regular language

Cam If h is regular then the following automata that

holds accepts a program

1 Ri is of finite index buildefficient

2 Every Myhill Nerode relation R for L one

refines RL



2 1 Myhill Nerode finite index

refines Re index R index Ra

index Rs is finite

2 size of the minimal automaton accepting L is

aft
index re

infact equal

Q x x e x equivalence class

S E of n wir t Ru

F x x L



8 x a ra

Q
If 8 a a 8 y a if n y

onᵗt5u
meetings

o a a

n g

i In



8 e y y F

y is accepted y EF

yet

finite index claim finite index only when his

regular

an b I n 0

ak at Re k


