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Howson'sTHM To check G Fg
H fg

Thm 7 BZ 19547
Gmt not Fg

If G It fg subgps Claim It is genby E ye
of Fn then Gmt is f g Stepy Ls normal

A Counterexample with Fn
To show gsg c s

replaced by anothergroup g gemfor 5 74 se S

Take Fax7L Fz Lx y 2 42
example ylxttlyt.ly Kx z y z

G Fz first factor step2 Ls EH

Its kerf5 2 z
Step3 Erik Ks 52

all 3gens1 1 Weget Fzx7L subject
to 11 7,4



Fax7L 1 4,47 2 427 Claim GNH is freely genby
G Fz first factor iy

i

H Ker 5 2072 example Xsy
5 3

y y Xall 3gens to 1

Remains Verysimilar to HW problem

GNH not Fg Ker Fz 722

on I ii

exponent sum 0 x yi Xiy j



HannaNeumann Conjecture 1957

rlc Gmt 1 S rk G 1 rk H 1

for G H S Fn

Proved in 2011 by Friedman Mineyer

Our proof of Howson's thm
Uses regular languages automata

Today automaton version of Howson's thm Thu Howson's thin



Languages

5 x Xn alphabet

s words of finitelength in S

Any subset Lss is called a language

Examples

S a Z Ls words inOED

5 9a L an 3h
s a b B h a bick i o j o K o

S gonsetforG h words in 5 that equal id in G



Automata f simplecomputer ThelanguageacceptedbyM is

S alphabet finiteset w tS't i w given by adirectedpath

An automatonM over S in M
vertices a

consists of a directed graph states ExamIesywith decorations L

some subset of vertices called
a
0 TO

start states
some subset Aofverticescalled L ai 31i

accept states
a edges labeled byelts of S

If thegraphis finiteM is a

finite stateautomaton



a D deterministic poll Is there a simplerautomaton for

µ
0
fb samelanguage deterministic

G Da ab
a

b of a C O Da
a b yes

L words with b exguonment even

a b'ab



Deterministic automata What's deterministicabout it

A det aut is a FSA with words paths

exactly one start state w

no two edges leaving same 0 a

vertexhave same label Theword b
wa

no edges with empty label corresponds to more than 1 path
inMeier empty E

It is complete if each vertex
To see if a word is in theaccepted

has departing edges with
language start at the start state
traceout thewordbath seeif landatacceptstateall possible labels
A language is regular ifacceptedby

a Det FSA



Automatonversionof Howson'sThin Lemmal L accepted by aDet FSA
Thm7 Say K L SS are reg i.e L is regular L accepted
languages Then so are by a completedel FSA

silk Pf exercise adddeadendsHailStates
KUL
K n L
KL wkWL i w kek wit L

Lemm 2 L acceptedby a nondet

L't s L U LL u LLL u FSA h acceptedby a DetFSA

reg lang is automaton versionof fg
Inotherwords startingwith a

non det FSA Lemma 2 converts

it to a DetFSA Lemma1 converts

to a completeDet FSA



Lemma2 L acceptedby a nondet Example b

FSA h acceptedby a DetFSA
a

a b

of
Pf Two steps

Get rid of arrows with h a bi i j o

emptylabels New vertices subsetsofoldvertices
Get ridof F a

Get ridof multiple
Newstart vertex setofall oldstartvertices

Start States
NewAccept vertices

allsets containing anaccept

Biagi
start b

a G



yw is in
vertex restrictionto V
of Tr G S Sym T gives

µ NiceG If you look all g G
Sym 54mA

ow andall gtv

µ get a finite
subsetof SymCT

Those are the finiteStates
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