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How we will use

extension -by - Zero ,
and

you will sneer at it .
"

-

"

Last class I mentioned

extension -by -zero ,
and you

-

sneered at it .

"

Running joke of

Prof
.

Raoul Bott

(1923-2005)



Is there a suba_time

algorithm to factor an

integer
7

C

What is a
"

subrt

algorithm
" ?

mm

Input !

7543 I 27 1 89

←

factor ?
just reasonable to
look at each digit



1st poss : you don't actually have

to look at all input digits !

e-s '

{ see / 1st > 2 }Ls

L= {
*

or
L -

- ¢
[

DFA with one state

E →⑧ ¢ →

ofa
,

abbrrate

-

Soy DFA is a partial

poatrder I



→ o→→é→⑨ae
f
" →

02s
→

agg )"

source
"

"

sinks
"

i s

-

Could ye
- footer a number

IN :{ 1,33 , - - } in sub- liner

time
,
or solve problem where

you have to examine all

the symbols / letters in the

input strings/words ? ? ?



In chit
,
we talk about

④ space reductions

poly- time it

=

You could take about trees

representing amputation

•

✗ is

✗ 1
,
f) } depth
: three



You

Idea : I can
read mint

•

input appears here 72158329

you can read size n

input computation :

CLI :
"

input
"

- NFA
←

- Turing machinei*i-
Could you factor an integer

in sub - liner time ?



What if i 12 base to

you wrote

•

mmmm -

-

aaa aaa aaa aaa

12 in unary

"e12 in decimal writesthen
run usual naive

factoring .

-

Unary ! always
" bleats

"

the

input sitter - - -



Do not sneeze at

E- { a}

a single - w/ alphabet

we'll spend more tiene

this year or

E. = { a} single letter



CPSC 4211501 Oct 7

-

My office hours now
3:45 - 5:15pm on Tuesday .

-

NÑhn] to 2021 :
More discussion of DEA 's

and regular languages over

E-- { a} .

( Don't sneer at
a

one
- letter alphabet )



( wait until we make use

of
unary notation to

give a short proof that

NP - SNEAKY

=

{ ( M ,w, It) / M is a non -def TM

that accepts w

within time t
}

Np-complete )
t expressed in UNARY

,
i.e. over a

one - letter alphabet . Does not



work in binary ,
base 10

, etc .

-

Review

DFA on E={a}

f
period

p#stntes=no_p&



Today : mostly talk about

{ a?as}* set
could

something regular but requires,

many mere states
.

Thin If L Ts regular , then
so is L*

.

The most convenient to prove

this is non-deterministic FA
,

NFA 's ( section 1. 2)
.



Last time :

DIV - BY -3 ! over

{ = { 0,1 , - ya} .

You could say DIV - BY - 3

%:# 3,6, 9,12 , 15,18 , - - }
$93,6, 9,12, - - ]

{⑤ 936,9 , - - }
{⑤ 93,59 , 03106,0412,- ]



Simplest machine

¥¥
May far

have smote

" " 9

( accept)
extra

stuff is divisible by }

¥h
"""

o.uaHy
← µ , , no , ,

←µ ,

793,49
⇒ ⇐⇒



5mmbralglot12-10.tl?-hGapHW
# 4 !

6. 1. 1- 6.1.5 , EXERCISE

section in Myhill-Merode

hmd
which is simpler ?

Roughs
{ E

,
as
,
as
,

as
,
- . } analogue

of
"

{ a} as a
"

,
.
. } DN.BY-3

quest in



Question :

K : foil , a
"} looks

easy to understand
.
- -

•

a . - a⑧?⃝☒a
14 edges

what about recognising

L*= { aa
,

a
"}* as a

DFA



•
mm ④ rmoa④Ñ④

no
a

q
"

c- L

¢(
?

a

"
c- L 7

¢ L '

(* = { words that are
concatenations of

lag 's Gigs }
= ? ??



Say that

① we can jump to more

thin once place on a

given symbol , or to
places

.

.④
→ 0

no,ÉP ⇒0Tc Jb
0

determinism
"

E- { a, } ,}

"

non -



② also we have an

E-jump

o→
meaning you reading anything
-

So

L : →⑧m•④→•⑧→ggNew conventions^ifLK
we

want



More generally ?

if L has DFA ?

→o -0=0;②
¥5 @ d

L
@5

→od.io#E00

<
±
I
⇒⑥ d

empty
%@J

word

E C- (
*



G- ample 2 ! Vending Machine

Input coins $0.10 = a AaB
r$0.25 = b

añhÉ↳ñ
→①→0

y

"?
:b

↳
wants☒ c.35 ooh

%obor



↳ = { words in {a,b } above
where machine is not

ask
]
for mere

money ,
i. e. showing 0 cents }

→⑧É→
z?

"

↳
zoc
at

30



→⑧ÉT#BB*-

↳
wants


