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ef: Let & and be alphabets

A (string) bom
om

orphism
 from

 Ê to m
is a m

ap 4: 1*
>>* that preserves
concatenation. That is for any x,best
{ C

 (y) = 0 }
If SQ

(x)=1} then 9(xy)=vw
Basic fact: If 4 is a hom

om
orphism

 as above,
then 4(e) = E.
Proof: 9/ε) = Q

(EE) = Q
(E) 4(1),

length 28
length 2
Thus 1=22, is L=0, that is, (ele)) =t
4/8)=2- D
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Basic fact: 4 is com
pletely determ

ined by how
 it m

aps
uniquely
strings of length 1.
"Proof": W

EŹ'* arbitrary, w
=w, w

₂m
₂ (n=/w

),
M

EZ)
4(w

) = 9(~; ~₂---w
a) = 4(m

s)q(w
₂=-w

o)
= ((~;)9/22)9/23=12ra) = ·-- = ((~) --- 4(w

a). //
C

onverse: Any m
ap from

 Σ to pay is uniquely
extendable to a hom

om
. {1**/*.

Ex: { = {a,b,c}, ro{0,1}
4(a)=100)
4/6)=11
4/2) = 2
Q

(abacbea)
=10011100 11100
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4; Ex sm
ok hom

om
. La Ex

D
efine 9(2)=={4(w

): W
EL} = M

*
For any L'≤M

*, define
-hom

om
orphic, im

age of 2
¶¯) (L') := { w

²z¹ * = Q
(r) <L'},

in rease hom
am

.
im

age of Li
Thm

: Let 9:2*μ* be a hom
om

. and let Laz*.
If L is regular, then 4(2) is regular
Pf. By induction on regex syntax. Let r be any regex
říover ≤. W

e define r² regex over I such that (/(2(x))=L(r).
[Since I is regular, there exists an r souch that
L=2(r). Then <9/2) = 2 (p²) herse regular. ]



Table describing r¹ for
7's
neglexes
over 2.
(aɛz) a
s+ t
stfor any ri
regex
4(a) [concat of the
Sym

bols in ((^) ]
57 t'
s't'
s*| (s')*
[Skipping proof of correctness] //
Ex: 4/^)=100 r= (ab + bc)" (a+b)
9/8)=11
9 (c) = {
r² = ( 10011 + 11) * (100 + 11)
Ex: 9(a) =110
H

aft and rea
then r² = 110
(as a regex)



Thm
: 4:<*>py hom

om
. Lor* arbitrary

If L is regular, then 97(L) is regular.
Proof idea: C

onsider a D
FA D

 recognizing 2.
Build a D

FA D
' recognizing 9" (2)

DD1-0
v?>C9(a)=100
9(b) =11
>Ow

=abc
gr*** R

eading w, go to the sam
e

4(w
) = 10011 | state in D

 as if reading 4/or).
(4(c) = 2



Form
ally: Let D

=<Q
, r 5, q, F).

Then D
' := (Q

₂ 2, 8, 90, F)
w

here for any qEQ
 and a €

 2,
8' (q, a) == 8(9_4(4))
Proof by string induction that L(D

³) = Q
^"^ (11)=4" (2).

(skipped)
U

ses of regexes :- text search *.doc ex.
-token recognition in prog. Tang
int constants
fi}\indentifiers



Shorthands; E := 8* (m
atcher & and nothing eke)

})()
R

S regexez
R

|S := R
 +S

R
+ := R

R
* (1 or m

ore R
's)

R
² == R

 + 2
R

|""
C

haracter classes:
(optiona) R
0 or I occurrents
of R
[Abc] = (a + b + c)
[a-z] := (a+b+c+ · +Z
Identifiers: [_A-24-3][-_A-Z0-20-9]*
in C

, C
++, Java

Int constants: [0-9]+
(unsigned)



FP constants:=1 digits follow
ed by "," follow

ed by =1 digity
follow

ed by optional exponent (letter E follow
ed by signing and int const)

[0-9] + ","[0-9]+ ({e E ][ + -] ? [0-9]+)?
D

ef: Let L≤2x be language. Say that Liis
pum

pable if
there exists p>0
every.
sufficiently
can be
"jum

ped"
L1³1
long string for every string SEL shich that Islap
in L
there exista x, y, z such that
shich that
zhx=s=
(the prim

ping length)
- lxy! ≤ P
3 £h
such that for any i20, xy² ZEL.



1 Lem
m

a (Puroping Lem
m

a) :. Every regular language
is pum

pable.
D

 D
FA for L

let pi= # of States of D


