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Formol Definttion

A  Turing Mo.cWN (S oo
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Fowept, §reject)
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C.ompo‘\'ins with. &« TM\

e The TM receives its
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beginning ot the Ft 2nd
of +the +eape. Rest of tupe blenl

e The tape heod be.a'ms on
+he left end of +he tape.
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A Very Important
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¥Vwel ond ewntrees §reject
Vw¢gct. |

Queston! Ave the recutsively enumeralle
lenguages e%-uo.k to tha reersive
lanavaael ©




L=falb el | ¢=13
is recursive ¥ Qi??\
rewc:sm

E.l

)’E'_- = {a,h,c.}

‘\“P ) 1 &\Pk QBQT
_ T
JT" = {o.,b,c.,o-,b,c.}

+A'e. a\p\u}oet
Om-bo. &

bl \B—b b, R
::b L . b-abA
oa—>a,R\ e
%fgw\l\* ‘_—{’ C... L



How Aboub...

L= T bi®bin | b isme
binary Tepre sedthon
of the wnuwmber 3 }

L3 = 1 b #b & Bg.j t

Are all languages recutsive, ©
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Questionn: I§ L s
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Question: I§F L is ¢.o.
S L re.?

Jd

Question: 1§ L ond Z

6T . whoel elge
conn be jafecced k¢



TN M
= 1< M,y |
= & accepts siring wi

M
= 1< M, wY | ™
T = fs\‘\'s‘ on 5""""3 w$



'y AS
o)
L 4 FA'S , P
D
fo
d«\& IN\S

= A
b
“
L -i < DY D S &
d“&.
DF A
g,

A
PD
T }
.s-g
>’p(P)-
{<i .

pPDA = <

Ly,

m
a
TM

e
.
(4 N

these

{.

Q

Widh

_U.l

|
' ble
“&euda
K.o,
([« N



. _j?

Rice's Theorem @
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Evefy nontrivial pmpef"i'y
of e | anguages occepted
by TMs is undecidable.

How do we Sormally define
“nondrivial property’?

EX
Linfinite = §<my| £(m) is nfinie}

P: { L.. ,L&,Ls)u.}

%'*Se)l' of all nfimnie (MS“&%S cLC(_Q,P‘iECL
oy TMS Call  whinide. Tf.e. ngumsz,s)

Def A progeﬁﬁ of the r.e.
langueqeS IS  any seY P of

¢. L. lo«\aumaes.

vef Property P is newlrivial
i$ P#@ ond P 3 all v.. lomgS.



An. Undecid-ablec

Tiling RProbleny

* (ivew HKnile nuwmber
of different +ypes of
Speu d.\ Hles,
OT\S\“ +\|Q.. ® Givew an e f\\l“h“
- Kes of eadn tyre.
e No rataling of KRS
allewed !
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most bhe



Claim : 1§ we coulds selve Me '
Hling problem then we covid,

solve +the halhing probiem 4
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Stote Minimizathon
for TMS

Theorem : Every recucsive\:’
enumecrahle language it accepted
by o« TM  with eonly 4
stetes (5 with exphcit “reeet ")
but o\dt(‘m‘mw\a i§ 3 (Y4 3 ) o
fewer Stexed gutha (8
undecdahle .
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claim:  Every recutsively enumerable
longuage, is accepted by o TM with
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TMS aos OGenerotoers

Generator TMs

(ol 1 [ J# T ToT®[ & <o
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ovtpud
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Work tapes

* Generator halts ¥ '““3""'3"
IS Anite, runs Forever iF
IAV\QUASQ s infhinite.

e Priats out every wocd in
. (amauaae N Rnile Hme .



Theorem 1.:

L iS recufsive i £5

L is generated in lexicoamwﬂ
order by some genecroting TM.



Theorem & °
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The Recursion: Theovem®

( How 4o construck o prograwns That  ociwks
Yse\§ ou:t and. why it's usesul )

f\@g
BuAa@t

Fiest, +he * Quote - O- Mo.‘i'\c

T impress your
input: werd, w friends !

@
@

owtc- o-Makc
< 03; I
LedvJofe]efo ]
;W
output! code K¢ o T™M
M s.t. when run, m

{. eroses its tape

2. stemps W ot on tape
3. halts



Now, tThe NEW +op-of-'|'1!\0.-
| ne
Suvper Quote-and-shist-~
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TM enthusiasts
ageS /g to '8 )

@ 'Thf‘buﬂ\‘\; e  micade, of
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output: The previous

TM  ( eveses tope, pevds W W e,
¢ halts) Rellowed imwediakely
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LkJauJ,f_ Tha. SuPeA" cg\..o-}e—md;-suﬁ‘
O Makic! T Wk owa




A Self-Prinking TMm !

Objective : Construet o TM

that , when run, '3“
its input , prints ‘*@,

itS oww TM <cod@ ow -h\e.
tope , ond, halts,



The Recursiow Theorem.
\{o-\\hs LM77 ,W

Let T bef oo TM that
takes <M,wy as nput

on d Computes some funcho

It is possible o consiruct
oo TM R s.t. whew
R, is rfun  on wnput w...

. R peints itself out
onv the Tope and
Shifts w over .

( <RLWY now on +qp€)
<RY,w
ao Rﬂ [ 4 COMm p\r"es ‘ -

Vh, gm, excsse

o are  yow it n e»dnnha,
wovrwal ¢ Did Yol S[ (
last Mg\\'\‘ o Perka.fs YQ&L»

need. o~ N PQAMMSP_
SapaKicadl U Rora. RoTa. .




Why it~s Usef\" eee

Exomple L
Recall LTM = { M,N , )
occeprs Wi

AsSSume Lom (S decidable.
Let Mo B & TM For Lom.



Recoll...

Lgia t <my | 2\ =g

A(N)  condmins
em:..“r\ka, 4o mQCo\S}
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The Doozy

Doy ” i tech:
(g AN o techineal

MIN o= L<M7?| There is

he TM with o
Sherter de suipﬂm

thet acapts Z(m)?

1s MINT recufsive ©
No!l TI%'s not even r.e..!

ASSUMR MINTm (S . Q.
Let G be o generator for it
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Whet iS e Sived paied ot o

funeion ?

Theotem .

bet F &Y 5 g* mep TM
CodeS tv TM codeS and \we
camputalble . ™Meaen 3 e« T™

N s.t. t (<mY) = <N?
whete M and M are c".u‘wa\ga‘\'.



Unresiticted Grammars

* Recall tThed .
a2’
L= @ ( v 1}

tecminal symhel
1§ NOT contenb-drse
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One Mot‘_ev thing
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oo V00 WY Tuﬁt\a Ma
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unresiricred gfammefs ofe txag‘\')d
The recufsively enmerable languages,
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Boa® 0a B
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Clawa 1 @ Every vunresicicted,
gtemmot hos o c.ocfesmv\dii\a TM.
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Mmey ast Welt on
shtings et 3«.«#0:’&*
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unceshic\cte gtammar,



Claw 1: Evefy uncestt icted gramm o
hes o cocrcs,:mo\ina TW



J(rec. eaum luw)
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