@ AL =19y lyetol® where y s
Y spelied batkwards$

oll0 € PAL
Ol & PAL

M = (Q, i‘{o,li, P'fﬂ;'.@ > S) %0) %“)%“3)
Q9% > ‘{6?




FORMAL DEE'N OF ACEPTANCE

DEF'N_ A ONFIGURATION OF A TM IS A (OMPLETE |
DESCRV(TION Of THE CuRRENT stTAte Of (WMPVTATION

FORMALLY A CONEIGURATION oF M Is A TRIRLE (1,w,v)
(ALSO WRITTEN wqu) , MEANING

[w, ] - (Wl (U - - ugmﬁgﬁb‘.
and state is q

W= N.N‘.,N‘
t u‘“‘. . “’.

(4w, \‘t“ a (% W' \LB IF (N A SINGLE STEP
OF M WE TRANSION FROA (i) To ({,W,u).

(W) LN (1;»"“,&‘3 If N k stefs of M
WE TRANSITON FROM (qww) 10 (g,w\u).

(qw,w) &.( w W) IF 3K SuCh THAT WE
TKANsmoN FROM (i) TO QW) N K STER.

DEF'N Qg.eﬂm@

M S W \F THERE €w\stS A SEQUENCE OF
NHG\S ATIONS ¢ ¢ .. €, sT.
0) € s THE STAKT CoNFie OF M O W  (c=q,H)
) Vi<k G YEWS G,
@) & s AN A«.enmg <oNflcv

(@) Viek c \s th A :gsecfwg LONFI§-
L(M) 1S THE SET OF AL STRINGS TUAr M AWEPTS,




TMS FOR (OMPUTING A FUNCTION

WE CAN EASILy MODIFY OuR DEFN OF A TM
SO TUAT T PUTES A FUNCTION AS FOLiows

A TM  (CoMPUTING A FUNCTION) IS A 6-TUPRLE
M = (Q)i) F)S) %0) %ﬂﬂ\l!.)

Now, WHENEVER M ON x ENTERS = qualue,
THE COMPUTATION STOFS AND M3y
WHERE N 1S THE (LARGEST (ONSECUTWE
STRING ON THE TAPE BESINNWG- AT THE
LEFTMOST CELL, AMD NGT (ONTAINING ANY
BLANL (W) S\yMBoLs.

THE TUNCTioN (OMPUTED BY M IS
£ TS e MAT (T WE MY

TF M OoeS NOT WALT ON AW INWTS
ANEN £ e > vl and

SL‘F) 5\‘ 16" ﬂ(‘&):y
It M) = A (amever hu\l:g)l then R")‘J—




CLASSIFICATION OF LANGUAGES / FUNCTIONS

TNeeaLly €= P r10,1,u}

QEF'N eT LT BE A LANGUAGE.
M AcCEPTS OR RQELOONITES L \f Vxel

MG) = Y¢S AND Ve &L MW :=No or M=/
L 1S TURING- REWQANIIABLE OR ELECURSWELY ENUMBRABLE
(RE) 3¢ SOME TM ACCEPTS L.

DeE'N A DECDER 15 A TM THAT HALTS ON
ALL WNPVTS. (Vx MUx)syes or M) = o)
L 1S DECIDABLE OR RECURSWE I SOME
OEC\DER MLEPTS L.

EAsj CLAWM L RECURSWE =H L s RE

DEEN LeT $: T > S AND LET M BE A
T WiTW ALPTRABET €. TAEN ™ WMPUTES f
1f VyxeZ® MU¥) =)

IE sUch AN M Ewsts TUEN £ s A
- REQIR (2 N .

Cyomgl 4 THE SET OF ALL TALINDROMES
ovER O\ s N RECURSWE LANGUASE.

\ %
bvample 2 THE FuNciON £ 10 - 0,13
TAAT TACES A NUMBER N wruTEN N

BINARY AND RETUBNS @n (1N WNARY)
1S A RECURS\WVE FUNCTION,




VARIANTS OF TURING MACHINES

OUR NEAT GOAL s TO suow THAT THE

TM MODEL CAPTURES ARBITRARY COMPUTATION.
MOKE SPEUFICALLY WE WANT TO ARGUE THAT
ANY FUNCTION[LANGUAGE (OMPUTED BY SOME
OMIUTER CAN ALSO BE (OMPTED By A M.

T0 WORK TOWARD THIS GOAL , WE WILL ADD
SEEMIN FLYY MORE AND MORE POWEBRFVL TEATVRES
To OUR BASIL TM MODEL , ANN.  ARGUE THAT
THRE BASIC MODEL wWAS A\}EAD\, CAPARLE OF
S\WMULAT\W G THESE FEATURES,

WE WALL CoNSIDER TwWo SNCH FEATURES:

W NULTITAPE TURING MACHINES
) NONDETER MINISTIC TURIMG MACHINES

MULT\TAPE TM's

TRERE ARE K TAPES AND K-NEADS

%ltﬁlﬁﬂll (uju] - -- ‘ K=3
YT Y I N N O O =

1 111

m\u\u\‘-\-\-\\ |

o TWiT\ALLY INPUT 18 ON TAPE 4, ALL HEADS
N LEPTMOST POSITIONS

o M TAKES A STEP AKORDWG TO §; READ
(ONTENTS UNDEBR ALL HEADS sSimulANCoOVSLY,
EAUA WEAD TRiNts A WMBOL AND HBADS MovE




ONE CGLL LEFT OR RignT INDEPENDEATLY,
CHANGE STATE

| K
J: axrt a1}

it §(q 0,.0)= (g b.-b LR..L) MEANS
IF M N STATE q; AND HEAD L READING @,

THEN WRWE symBol b, (To RePLACE Q)
MOVE TO STATE Q. AND MOVE HEAD LR
As speauFIiED.

Evercise Show how to recogqnite lw&w\weiolt?z
with a simple mulbitage TM.

TWEOREM 3.3
EVERY MULTITAPE TM WAS AN GQUWALENT
SaNGLE TAPE TM,




PROOF SKETcH Ck=3)

LET M= (Q,£,F, § Q,, Qe 4, § BE A TTAPE  TM
- WE (ONSTRUCT A BASK i’M, K, ST LM UMY

LA u 2 ———_
nnnomne

TNWE 2
o [ ul . TAPE 3
-“. _ ]e - \ ®
M ol i|ilokfifili | wloli lofii j{e] --
~ TAPEQ 3 TAE 2 TAPE 3 |

M o INWT W2 (INFORMAL DESCRIITION)

I. Put M IN START CONFIGURATION °

K v‘w.w...w,.t:myt' | :
‘ TAPEL  WR1 TAPE3

2. To snmw.m'e ONE SreP Of M, M' SCANS TAPE
FROM FIRST ‘#' TO FOURTH ‘H , KEEPING TRACK OF
SYMBOLS UNDER THE 3 HEADS (VI STATE). THEN
M MALES A SECOND PASS TO UPDATE TAPES

AUORDING TO M.

¥ 2. IF w2 WE TRY © MOVE A VIRTVAL HEAD

ReHT TD A OVERWRITE WITH U AND SH;
 EVERYTHNG T0 RICAT 9y ONG tELL. | FT



Now 1o COWERT OVR INFORMAL DESCR (
To A FORMAL M1 PmoN oF M

M=(Q,E,758, o b
i. [ 3 |
p'= {c|cel'§\’i€,‘-¢"§“i”}

Q AND § ARE COMPLKATED HERE IS A HigH LEVEL
VIEW OF HOW To PEFINE ¢ AND §

THINK OF A STATE OF M AS A FINITE TVNLE oF
FOR
- [escn evTay mwasm TioW':

1‘) %a L ) 6 Q'
sret "“ m:ﬁ LUE UNDER N\ curRENT STATE
'8 i ?wg R “':iw-"‘ kM

E,lM\PLE TRANSITIONS
OIS o) {6, src‘,q,ﬁck )

STEP 2 TASSA LoOKiNG fOR WEAD 3,60WN¢ R
CL UNDGR WRADS 1 ¢ 2 RESPECTMLY CURRBAITLY

LOOKING AT D,
(ONTNOE 1O LDk FOR WEAD 3 coweé R

(X' YYS 13 0 )—~((3,n5409), 0 L)
ouND WEAD 3. FEMGMEER D UNDER WEAD 3
g LueT Lookié FoR w8




*fﬁ'i A
MMF‘:&“M “mi smnl.&

d '((1;l.3l,(n‘z(5 1 ) ,-r# ) —er’% '{,C\.C,C, Q)J#J R)
‘ ‘:‘!":r | u:c‘?:\ 's head xz i ual,gim,k

5((1,@'%3 )& ) = (@, 1“.9%1\4. L)
] fOUND }bz:-l / o gt ,o)a.

S'((t,% ‘.an\c )"’@/.zrc.sst\.c','l) |

#mi mesd'
S‘((% %sﬁs )"«151"-.‘.‘;‘:‘)‘3‘— )

! Rare W|! a
’ 't. “Om. M ﬁ “’

) doadr., d,, L)[_' R)

AsSSYymg
S( 1:‘!;‘1,,‘3) "’({




NONDETERMINISTIC TVRING MACMINE S

MelQErS g, “"t. Qni')

§: axP > Q(Qul‘ iu.ﬂ)
\powuset

M awepts a string x W there s some
swquwne of tansititns of Mon x l!dfn, to qo, -

i(ﬂ\' Tl M accepts x §

Example,  Leiytly [y,yeion*}

ﬂ““.‘. P- S' %’-%‘“l %} qzi"'tﬂ“' h}
EALRE T}




A NONDETERMiNIsTIC (OMPUTATION (ofnoux) s
A COMPUTATION ms-

w2 (0110

M AMKEPTS ¥ \FF SOME PATH OF (OMPYTATION
TREE (OF M OM X) LEADS TO Qg

IF L 15 NCGPTED 3 SOME
NONOETERMWETI. TM N, THEN L 1S AKEPTED BY
A BASIL TM D.

FURTAER , D ALWAYS RALTS IF N AuwAYs RALTS
(oN ALL COMNTATION ?m\s)




r

ROOF TCH

LET Nt (R,zr§ $.u.qlq)\
SNCE 1Q) 1] ARE FNTE | |Q(QxP L RD | = b

IS ALSS PINITE . TWEREFORE ON ANY IAMPVT X,
COMPYTATION TREE NAS FANOUT AT MOST b.

D WILL WAVE 3 TAPES . (TNEN VSE SIMULATION OF
A ASLTITAPE TM BY A BASK TM.)

m [T - INPVT TAPE

O v\l ) --

S\MULATION) TAPE

MO HE - ADDRESS TAPE

ADDRESS TAPE SPECITIES A PARTKULAR NODE
N OMPUTATVON TRES:




Mien LEBEL DESCcRifMoN OF D

1 ImTiALLy  TAIE 1 CONTANS W TAPE 2,3 EMeTY

T. COPY TAPE ¢ 70 TAPE 2
INTIALIRG TAPE 3 70 4

3.USE TAPE 2 T SIMVLATE N (ON W) On OWE
SRANCE OF WMPUTATION. SEE WHKN (NOXE TO MAXE
W OMULTING NEXT Sym80L OF TAPE 3.
T¢ NO sMBOLS LEPT o~‘MP8 3, R MWDETERMINISTIC
COMPYTATION K WVALID OR ummeo
(o 10 s1GP 4. If 1“ 6NV S Awd AKEFT.

4. REPLACE stawgoN TAXE 3 Du g LA
NEXT STRING. 'Y $ ‘w'

(ORDSRWG: 1,1,...b W 0z, Ik W, 2 . bb
" nl. coeeas N.b c,k)

Q Wow T moD P sommuanm
oN W TIFf N RALS oV W 2




