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e tuwring machine con be commected with the  fimite  contiol 4
the ~ead fwvite dape.The  turi

g mothine conset of @ finite conty
whidh con be n anyy of the fintte set of stokes.

6 o tope divided ko cells. Each cell can hold {mé one of
fintte vambey of

Theve

%mboLG.Euch cel\ can store Qg one symbol. g

mput to and output fvom the fintte stote automation aye affected
by the unite o7 veod head which tan examine ome cell at a tine,
In one mMoOVe, the wachine examines the pesent Gambgl undey the
vead (o1) wyite heod on the tope ond the present state of
autormation 1o detevrmine

»a new %meL to e written on the tape n the cell,

a)y emotion of veod or wnite heod ﬁ‘m% the tape ,tne
el eft (L) or one cell Tight (R oy 5{3{-{;}11116 (8)

Hthe net stake of outomadion

Wy uhethey 4o halt of vet, 4 vege

ead maves one
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eod [ wite
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Finite

contvol
A {m'in% machine M i o seyen tuple otation M:(@ 7 S,q. Bf
whete §,3.90,F © some Qs finte automata T

T ~epresents  finite nan- empA - set

Q[’ {'&PE Sumbo L
B wpweemtB a blank adm\ml and A

belongs, oy 1
§ 5 O bovetion 4uncion  hich fakes “tux cn%;.ments and
yebutn thvee O nis.
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. Oe%n N tm’mta madane o D.LLl’.Pt the .follu.-imﬂ Lcmaw)ﬂe L’i€1“|ﬂ2\-%.
goow the TD moves fov tne 5t-r'ma 00\1,0001), ond dvaw the
poneition diua‘iam fov the same.
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=>Vaviante of Tuing Machines:-

The voviants of tu":?r\a machines (TM) ave:
» Multi - tope Tuxing ynachine
11y Non - dekexrinistic 'Tuﬂn& vnachine

1. Mulkl -tope Turing Madhine +-

A mulk '-tape tuving rmachine is mﬁ\iﬂa bt a stondord Tm‘v.ra
Machine with mate “number of tapes .Each tope s cortolled
indepen dmﬂ% with  indeperdend  vead - urite heod. The pictorial
Yepyesertotion of mukki —tope Tu\ﬁ.n% ‘madhine with n tapes is
Shown  below.

Tope-|

lope-a ' Yoo -n
ln. bl...| L. f’p‘td\jiiehiﬂ‘
.. N |
k ool unk | j

The vaiious  components of m\ﬁ—’c&pe 'Tuﬁn% madnne ove :
i) Fintte cortyol

-—

iy Mutiple Yeod [wite (RIW) veads whete each tape having its
ouwn %mbol.s ond  Yeod| unite heod.

Obseyve the follo m'm% povrts fom obove Turing Machine -

5 Eachyg ope | dvided | into ells which cn any %nbd
notéSiontu.i
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gould be skt stote g
it e ¥ sod[wiite head po'mﬁra 4o tope-! moves towards -;18,.\45 e
Jeod Junite head foirting o tape-a and tape-3 Moy mow touods

'ri%hi o etk dq)em:\ir\& on Hne tanckions
The move ot the raulti -tape wam% Mathine deperds on fre cuvvent shote

and the sranned b\dmbnl by each of the fope heods., For example if

numbey of toped n 'Tw'u-% mochine. 16 3 a3 chown n the {-i%wre

theve © O anettion.

§(a,00,0)- (p. XY, 2.L,RS)

15 the curvent stoke “The tvamsition on be 1n1:e,1p‘1d:ed 04

and

will be moééd ko dote P 01‘\'&&

fxst vead /urvite ead ponte to o, the second Yeod-uriite

heod pointe o b and the trivd—veod/wiite  head points bt c.
Stne vead fuvite head will, be moved to left in dhe fost cose ond
<okt 0 dhe setond cabe. But the ead/unite head uith vespect
to trnd tape will ot e oteved.
%mbub a,b ond ¢ il e veploced

A the some time, the
by X4 ond %, _
> Definition &
The Multi-tope 'Tmlna
M=(Q,5,18,00,8F)
wheve Qi oet of finke skates
T & =t of nput ulphabeif:
r io et of tope a&rﬂbob ' |
§ o tyonsition funckion for gxr" to gy x{L a

q, 1o the ohoxt stote
R v & 5ped&l %mbo’t md\uxhna blank choractey

FCQ i st of finol stotes.
I oon be easily drown Yot the n-tope "I'ual'w'«aj Machine i {act

1% _eqgivalert gko the single YA Tuot Chine..
NOtEEfo PV T e T

i, f , e i
Mochine, 15 an n-tope madhine
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b 1hecrfem Ewew% Loon e O.Lc,e § o mulki- mpe wrin
Machine & QCLE&EG] btﬂ 64&11‘1"60&6 lu‘rma moachine with 5trat_.1
Jtoqae.

Note »-The theavermn cleavly ndicates thak ew@r L&n e awcepted
bﬂ o ki -tape Tul ma Madhine & aleg Qttep‘ced %ﬂ

Tu‘{m& Madhine. "

Proof=-The pioot o by Cnstiuding o news machine. This con be
ghown b& surnuladion . Foy examp &Dﬁﬁ".d&n‘ o 'wa'm& machine with

130 Jco.pea
Too. Yo u

'3:—5;‘\“

o stondayg
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_)] 2 ooy W |

d I o '“‘i Multi -tope
= g

{ | o

The above A-tope tning modine con be SWloz’ced Wing Single
tope 'tLL‘\"Lﬁ& mm,hme, mhmh b&s foux tiocks & Wﬁ

\o u D} |
b |0 |v \ | f
- c |1 (W O_\
EL{_—H ) d |0 \‘x 1(} \ 51\"}&1& -h:Lpe,_ll Multiple tvacks
~ Perlelyloel
F o |z

S>The fivet ond ﬁ'\'\'.‘id' tocks corgist of 6&“\'03\5 from first ond
secord tope -fe&.pectwe\é TThe second and fourdn rack Onsists
of the posttions of the ~eod/uite ead uith Tespeck 4o

fixet ond cecond  tope 19.6 ﬂcﬁvel.%
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_ne wolue | wdicodes the postion of the Yeod/wite head. Tk 6 (legy

fvom the oloove figuie thot, Lohen the madhine is in stote q

fist vead/wvite head points to the 5l6mbol ¢ ,the second Yead wiite

heod poirte o the eymbol 2.

e mathne on entey from one stote 4o other,if ond t:mla Y this
honsikion 16 defined fov Twing Mochine ukth wultl —tapes.

- 6o, uhoteney tometions hove been applied for multi-tope T\nln&
Machine i wse mpp\& the come bompitions for the new madhine
ot we hove constyucked then the two madhines e equivalert:

8. Non- dekerminiatic, Tuing Madhne :-
The diffeverxe bebulean non - deteyministt
deterministic "'fuﬁv\a Mochine ies le%

Definttion :-The  non- deteyminstic Tmiwa Moachine M:=(8.2Y,%.90 8,

L Twing Mochine and
n e dekinition of &.

F) wheve
q is et of finite dhates
S o st of input alphabets
Y o et of *tope %mboka
§ is traveiion funcion whidh is o subset of Gxrx{L,RY

G, L& the ctovt etote

B i o special S%mbol urdmdm’a PHonk chovackey

FCq W sek of fnal stoies,
Tk & ey from the definttion of § that for each state g and
tope s&mbal X,§(a,X) & o ek of biples: |

$0,,%,0), (4, % D), (A5 X3 D.- - .. (4, % DNy

Wheve M & o dinite i af

4D s the divection uith'L ‘er{ccdc'irﬂ \eft ov 'R’ indicati

g b

—Tne machine ©n choose oy & e triples ag the next move.
The lnn&m%e OLLEP’c‘Ld bﬁ T‘-’“ﬂﬁ% machine 15 defined 06 fdlows.
Definition:- Let M= (8,5 ¥,6,9,,8,F) be o non-determingtic

R it ie) frd s 0] e
= o ol a't ete We ¥ per and ¥ Naer*




The lom e 165 thus o set of all those wovds W in s* wihich
VTN o move fom stort state %‘{D the frol egato p.

A non-deteyministic 'Tuﬂn& macthine may Hove AN MOVES ot

does vot lead 4o o final Tekoke But, W ave 'ml:éw.c_;’ce_d n GM%
those roves that leads to the 4inal stokes. A non - detevimine;
Tm“\rva Machine n fock s no o poukvful thon the detevminggy,
"i'mrln% Machine - P\'n& Lcmgu.gae Qccepted btﬂ NN~ determrnnistic
'Tmh‘\a Machine o be M&Pﬁd bkd deteyoninistic o ooth
e equivalent.We n gimulote a deteyministic Tuﬂh% Mackine
fom o non-detexministic Turlr% Machine .
=Linear Bounded Autorrata (LBAY:-
Definhion ;-
The  Lineor Bourded Autorrotion is o 'T\ni\—& Machine,
M=(Q.5r,8,0,,8.F

wheste
=-Q 15 oo ot of ke slokes
2 15 seb of input olphobets LiMdh alss has o speciol Sldﬁbnl!)
‘T oond 'Y
Y b b of tope syrnbols
-8 5 subset of §XY to QXY XL RY witth two rove Horeitions o the
forms
(0,0 = (a5, )
8002 =(a5,1 1)
fmr-:,i_na the, Ye.o.:gl [uxite heod o be within e boundaries [ and ")
.J‘,.Qm & the  stoot stote '
B io o opedol eymbol ind ra Blonk chevockey
—>‘FC_:':3. » 6&7’6 cﬁ- F\'ﬁ(l'l- EAD&EEL
Obgetve the follouing paints: .
VS cortoing tun epeciol gymbols 'L and '1',
iy The amml 'L i6 called the left ~end wnavker which 5 enteved N

n@ t §t qm e ;‘nj\btie m::mnﬁnﬁ vead /write heod

Hom




v

iy The S mbol ‘1" s colled tne "%""‘t -end matkey which 5 enteved in e
vghtrnost cell of the nput tope p'f&‘fefﬁﬁﬂg the vead/wiite head from
qetting off tne vight -end of the tope-
Wy Both the end - movkers should mot oppear on any other cell within
e Inpu:t mPQ' ‘
vhReod Juvite heod should not pvint  ang other b
il pY a 0 S ol ovey both
It 5 cleay frgm the defindion thot the vead/uwite heod commot gg out
of the boundodiies opecified oo ‘L' and "1 Now,the string con be_a
actepted ba LBA cml& Y theve s o sequence of moves “such that

Yolwl H[xquz] fov some qc€F and x,2 €T~

2 Tednnigues  for Tuxing Madhine  congtyuckion »-

The voxlous kenhﬂiq“:s used for mrr_-,-t-(uc:tinﬂ o Tmriﬂa Machine ocre
05 followds

@Tm'ina Mochine with &;Jmﬁarm& heod

oy Eﬂa:rraae i the stote

oy Mulht P\e tock Tm’i"‘a Machine

d3 Gulbroutines.
Muving Madhine wuatth E:‘\ZO.ﬁmé heod:-
In Gondoad Tw'tng Machine § s defined 0s:

50,0 (py D) _ '
whee D stonds 407 divectlon %0,D cn be Rft o 'n%‘rft dencted by -

L o R. Atk consuming the npuk  spgmbol o, the Yead /wiite heod
moves eithey toulaYds left OF toudvds vight - An option such that
e ~eod/unite heod vemoing n the some cell for some input
smbols can be LmPLe,meﬂted.Thls o be 'meLamEﬂ’ced uslr\a the
tronsition s

5(a,0) = (P4, 9)

s means Hhok ,the Tudin

Mackine n state q,, oftey (.UT:MT"I-I'\&
the nput eymbol o, Yeplace” the input symool . by o ond chonges -
i stote fiom q © P with ouk updml:ﬁ'\g ~ead [unite hec«d‘ either
\-\i‘fdf, lefy, oy fowaYds "'l'l%\'\t Jhe -{m\ deﬁﬁiﬁﬁﬂ 'oF Tud'.'ﬂa

ko
Nete sfeivEd [{n

&,i,r, S.ofo,%lF) Ll}h'e.‘fﬁ




e

. . : nput  alphobets ¢ &

3 ite ctates, S 16 set of wpul 0P X6 set
?opte E:tm(é(}&né & Hansdion Lunckion fHom XY to @Xrx EL,R,sﬂl
indicating the “Tusing Mochine oy Move towods left oy Taht g,
doy, N Gome posikion  Ofte updating the B&m\:?k on\ e age,
o:tja the otoxt stote , B © 5peci&l S&mbd md“-QJar‘& blank

chavackey, FCQ st of final states.

a> 5}:010.%9_ n the stake s~ |
Tn oll owl machines auch os: Fintte Automat oY Push Down Ay
(PDA) or Tmrlna Machine we used stokes +o vemembey 4 : Apot
for this,ue Can use Q state 40 stove O 5Ldmbcl 05 well. &, mflmina
Mackine uwWhere we atore 1 0 dhake the stoke becomes o paiy
(9,00 whete q & the state and A & the tape %mboL sturedl
in the stote (q,00).50the new set of stokes s given ba

QXY

B Mmulkiple Track Tuving Machines:-
In a Stordadd Twing Modnine only one tope Was used to stre dato.m,
roultiple tvadk Turing Machine , s‘.nge, tope s assumed to e divided
into o numbex of Yvocks. 3f o single tope 1o divided nto k tiacks,
then the tope olphobets wngiete of “k-tuples of tape symbols. So,arly
diffevence behueen Stomdodd Tuiing machine and Turing Mockine with
mulliple tiocks s the set of tope sumbols. Tn case of stondaid
'rml_‘B Moadhine ,tope aymbols ave dencted _b}j Sprmbol 1™ whereos n cose
of |mri,na Machine with multiple tyacks, the tape symiols ave dencted
by ST ¥ The mn*fk'm& Temains same 06 thot of Gtondovd
Turing Machive .
HySubYoutiness.-
We know that subvoutines ae used in pmgmrm{ma Lcmaw“ﬂ%
whenevet 0 tosk hos 10 be dune vepeakediyThe same focilit con e
used W 'ib:i'u’va Mochine and complicoded, i

‘ : _ machine's ton be
orpe butt using gubyoutines . A Jc,mmg machine sulavoukine, s o aet of

stokes Hhok P?J"EQ"‘”‘& Qe ple-defined task,The Jtu'ﬂn&madwlm
.-, subjoutire hos & stoat stake and o stote wikhouwt Qany moves.
This, dote which hoS NO maves eevves 05 the yetuan e¥ote and

PasiRD he cordool o the Eit‘:kf& which colls e Subvoudine.

notesforvtu.in
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]
exarmples -'j)gbiﬂn o Tuing Machine o multiply two unory nurmbere, e LI
oy, tne delimiter 1. d 4 3 poted 1
golukion'~ Lot US 06BUME Wk have wo ey numbe’s X ond W BULh trok x
hos ' numbry of 0’6 ond Yoo n number of 0% separated btj the delirntes
| 05 srown kelow
O™ 10" {lm numbey of 0% ond N numbey of 0 ave sepooted by 1.

The produck of X ond 4 should be stored on the tape and the original
numbeys Should not be deahaﬂed.'ﬁlb an be visuolized 05 shduwn belows:
o™10Mo™
To stodt with leb us osbume x=00 ond H=0000 ond ove sepooded
delomdey 1. Assume 4 ends with | whiCh con ok 05 the delimitey
fov the nput el uc-éi(h wn tn 15 followed By infintte number
o} blanks (B's) a6 Shown below:
b

"DoioDooI BB B BBR....
Tre o\x‘:P*-ﬂ: E\.-:ﬂul_d '%e,df the -Sq_%‘f?‘n

20100001 50000000 BRBB....

2 ’Dedd&bi'd’t&%—

Definiion uo{ an olgarithm

- M Qlamﬂchm & delined 05 &P b& ctep procedude to colve a
a'wgm p*(ob\em TThe P‘{OL&d\L‘fQ- 15 o fintke sequence of Tnstruckions
ot hove o bR oxocuted o omgkte A toek.

‘*P\l&mi‘dﬂm ‘e tevminoted afteY finite numbey of steps for anH

npud .
Midub‘\l.l: o - | ‘ - - -
q’k)eddﬂ}j&ii & e %&ﬁ,’fu’c&r ol b@L\E' detided Qﬁﬂwj k%(l\::..na
neny i deteyr Wity ¢ ven

the pouer of on olgoithm N gekrrrining e volidiy of o g

ungft |
> When 0. TTuring mocdhine Teadnes a fival ekoke it hol.’r':a.
= Treve i€ 'Tm'm& oachines thot  mevey holk on some mpu&.

between the LONGUOHES auepked b\&l

ﬂg@ﬁﬁ@iu erl n nput stvngs and o qu'ﬁn%




o

moachine 4hot  never holds on &me input 5h1na5 6 decdabili,
- Decidable problem 6 the one {or which we tn do.s'u&n an
algaithm (solvable  prablern).
_y Undegidable problem & the One {or whith we con net dﬁﬁlﬂ.‘ i
Q'L%m"ﬁ?ﬂm (unsolvable PW'OLE m).
I Erumeiable UOPES S
-%:\mﬁg% e LCSK 6 Lié:g:e\.& enumerable f theve existe
Tuxino Modhine "M’ such trot LoT(M) whete TV 15 4he
'Lﬂn&\m,&g accepted b% Tuﬂn& rachine .
> ek M=(8,3,7,6,00,8F) = 0 ch‘m% maciine . Tre Lcmau&ae
L(M) ocepted oy ™M 15 defined a5 )
L(M)=§ N W 7 o Pedy wohere NEZ /PEF ond o, o, e
whete q W & kol ITD and ¥ Ped; 15 the fmol 1D

—->The ghing W — 16 the ahina to be stanred, should  end wih
infirike Snumber of Blanke!

_>'ln'cki.&l.hd,’d-£ machine will be N statt stode Q,» Litth Yead Jusite
heod puu'\’ﬂ"\a to first gybol of W from left.

- After same Sequence of moves,if the tuwing rnachine enters into
fimal stode ard halts ,then we S0 'E>’c‘f'm& W 5 ouepted th
‘tuﬂn& ymochines.

>Tre longquage accepied oy turing mackine s called Recunvsivelyy
ernurrevable Lmq_%wﬂg.

___;,Mable. Longuage -
>A lan uage T 15 decidoble (vecwrsive) i L is the set of stiing:
accepted by eamme 'T_uﬂna Machine thok Yalks on exméi.nput.
e, i WEL;then hw% machine halts in finol state (accept)
i WEL  Khen Luving rrachine. halks in vion- final stake (veject)
SDecidoble Longuage implies to the existorce of an effective
ak%m"-ﬁ'm which has the ﬂblﬁ&\ds to. deteymine whethey

an input s auep#&bkmm not

testorvius &ii"b%i"?&:e&“"‘
N % No . .




=

oncecidable \mw%gogfs o
sV QO . ) .

A language L 16 undeddable lanaun&e W theve ® no {m[m@
machine  which Qttegts the Lt}m&u&ae ond wakes o deciawn fo

e\RY & tnput 5{111'% W.
>Urdeddoble  LanQuages imply 4he non -existance (doest exist) of on
effective alpovrrm whidh hos the a’tixll’c% to deteymine whethey an
thgt E}C{L ) Q{.LQ'{-*&\"&')[E oY T\d’,
Exarnple 31y The hokHr\a problem of km'u’a machne
W The movtal mokrix problens
WyThe post ovfespmdante problem.
-+ Sometimes  unde Cdable U&a&b m& be p:rrl:iﬂl\.sé decidable
(Recm&:wek% Enumevolole 'L{:mgmﬂeg buk the\é will rewver be decidable
> Holking  pyoblerms In tuving moachine :-
S Q
->The problermn- Given o turing madhine, will ® hat when yun on
some paf o %w@,n input 5tﬁna W ?
n geneval ,we do ot always kngw . The best we wn do {5yun
the. Pmﬂ'fom and gee whebhey it olts.
+The output of the tuwring maching can e
s btk :-The mochine will” ralk (acept eject) ofter o fintrer it

of stotes. | _
N0 hatk-The modhineg UL nevey veoch hokt stoke Mo matkey how

Lcm% & Yuns.
Hul’dr\% pﬁo‘dwm e undeddoble and thevefore gt o anlided.

> Yes (ﬁmk‘&n& mc)mhlm halts on

T stﬁr\ﬂ(w Halk
s 2 mnéchlqe

PNO ( Holkingy vnochine does nat
holt on input W)
Hy - Block diu%mﬂ of ho&iﬂg mMachine. o
A veduckion technique 5 used O prove the w\de;xdc.\bt\t A
of \m&'mg problem of o Tm'ing rachine L}E)lr\(Q G |
e pmb\am A & Yedudble to problem B,if o

— e s e o

/

o §
n@f& @‘Wtu e used to solue the 'PTUb\emf:

;—A-ITF\E“,

8



B N © veducible to B ond B i decidable, then A 15 decidqy
Wik A 15 yeduGble t0 B ond 8 i5 undecidable then A 16 undecicyr|,
Trearerni- Prove ot HALT = § (MWDY 2 The mﬁn& rrachine "™ iy,
on input W & undecdable.
Prooki-We con OsBume that HALT,,, i decidable ,ond et o
comtyodiction. '
Slet W, be He twing mochine euch trak T(M)-par
ord let M, halt eventually on all (M,W).We wretyuck
buring, rochine My os Jollowss:
) ol My, (MWD 5 on input
Tre tuxtng mochineg M, adts on (M, W)
T M, wejects (MW) then My Yejecks (M, W)
WIE M, oLepd (MM), simulate the tu*rin% machine M on
Hre mpu’c S{ﬁix% W until M hals.
BT M s Gf.Cep’t'ed W, My owepts (MM abheywise My
Tejects (MWD,
Obeevve the following points +o  proves
Sihen M, acepts (M) (step-w) the duving mackine ™ hats
o W
3T the forst cose (fivet altevnative of step-5)my accepks (M)+
5T the secord case (the second atternadive of Step-5) Mg Yejects

(MWD,
Tt follows from the definitionof My that My hobts eventually
and also T (M@:{(M,W)\Tmrm% rochine accepts WY
- An,
e i wntadiction  since Ag, & undecidoble.

'notesforvtu.in J
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Iﬂ) M’C (orvespondence  PYoblem (p(p) i-

PP 15 0 PDPJ&M undecidable pYoblern.The PLP oveY on olphabet
s i5 stoded 05 follows.

- Giveny the {—olknw‘\n% wo sty XxY of nm-empl'& 5h1na5 over 2
X= (xin - - xh)
V= (- n)
PWe on soy Khat theve 16 o Post corvespondance solution, if for
MMe Ly, iy . ,__l.k whee | iLdé_n such thak the condition
Xa_o - _Xm= Bu- - - - Yim ooticfies.

I:lﬂ ﬁlmp\& woYds, leke,  QBBUME ywe hove fue lists both containt

N wovds , 0im 18 to find the wneatenabion of these weids in
sme  sequence Such that both Usts eld same vesult].

Exomples-
Lﬁ“@id@( un st X md Y
%=(0aa,bb,abb) and Y= (6ab,b0.b) Does the PP witth ko lisks

have o wlution?
Soluklons- Fov sequence 1,2,1,32 ,fivat list will uield cobbooobb.
cecomd sk will Ldi%\d cobbaaabb . &g the %nlu\%(nh to thiy PCP
ecomes  1,Q,\, 3.
= Applications of Turing Machines:-
'}Tuwilr\a Madhine & used o ealve Qemﬁive\\d Enumeoble prablem
B Used  fo km\ulr\& c.trmp‘xe;ﬂt% {'\'\QU{‘%
Hlsed for neuval netwatk mplermendadion.
W Ueed 4o alamijc'nmlr.,'mffm oo ’them§ ond  complexty)
chuddies, softuate testing, oh pefoimarice computing, sottuuate

&ngmw&n%.
SHUsed fov Yewognizng poktems us'm% Yegulay ex pessioN.

- Oy d%l(&'in% sequentiol Cf cuik .

notesforvtu.in
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3. Des i
5".0'}.” Q \U‘TU'\_ Mackhine 4gp Q(LEP'E the
L-.Eonhn&nllﬂz‘l
BOOOIVQ3AR i
»$(210) = (o,,,%,R)

Bx?\ﬂlh | 23R

{cltﬂwfna Mnﬂuaﬂe

q,
MH5(a,,9)= (9, ,0R)
BX00 1119238

4,

»8a,,V=(as v ) .
BXOO\*N W B

|
%A%

% 8(aq M= (a,,1,R)
'E:\(DDYl'l$QQB
Y%
5>' g(qﬁa;a): (OFE.JD*"-)

BXCOYIIPRAB

|
%

6y 8(a,,1)- CINS
onopma&g
43
B8(a5.5): (a5, ¥,L)
Bxc?w | P23R

QB
2> %(0,,0)- (4,,0,L)

%‘ii‘-@\’l \PARB
1

_gotesforvtu in
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ad g(q,gjx\:: [’qc,‘x,ﬂﬁ
pXOOY 1 PR
) ,
o
BxxO‘!HPQ&B
faY

!
4

BXXOXE\PQQB

l
Q,

© s(a,,Y)= (a, Y R)

BXXDY’“P&QB

|
O

L BXXOYY | Paa®

| 7

%

BXXOYV! ﬁaaB
l
A
" S(ova P=(a,,», B
BAXOYYIP22AB
T
%%
BXXQOY ‘H%P@

Q'B
ay 8(a,,P)= (05,9,
BXXOYV\PPQ
i
Oy
BYXOYY P28

1

Q3
RYXQYYIP22®

_ “Gtggpfbwtu.in




B”(;\{W‘-Pa&'% Bxxxww?gaﬁ

%o Qa
B““;\{\nmae pxxxYY YPPA®
a, %
RXXXYYYPRQB BxxxYYYPpPPB
A M
Y2 (M
%%
3% 5 (g0 ¥)= (4 YR
Bxxw;v PPPB
Ay

Iy Ss(q'u ) :(q,u b4 ,R)
5y $(a. ,P)- (QS,P,R)
1) % qus DE (0.-5 PR

> 3 (s ,8)= (ar B.S)
TD moved - 001122
Bq, 00113 | BXq,,Q11d2
-8%Q4q,112

|- BX0Yoq, 1 22

|- B X0OY\ 9,422

| BxOY1g,PaB
|- BXOYq, | PaB
2% 0q,,Y\ PaR
F 8%q.0Y1Pap

8o, x0Y1PaB

_notesforvttr.in




r, . e i

|- 8xxq,Y\P3B
|- B0, 1PaB

L gxrx YV, P38

L BxxYY P00

L gxxyY Pas’B
L BXXVYYa,PPB
|- BX xYo,,YPPB
I Bxx0,5YYPPE
{— BX0,;X yypPPB
L BY X,/ YPPR
I BXXYq,,YPPB

- BXXYVYaq,,PPR
F ®XxYYPq PR
- BXXYYPPq, B

- BXXYYPPQ

h[lotesforvtu.in
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3 DE.‘; ) a .
'O g .
.ﬂ mﬂ mQLl‘\mt $ov [gm\{-_ll]‘qg |- 4.W5"]R|N-af{b' 1;'*':;
P—’mCDlOB i

' 8(a, 0)- (q,,8.9)

BB}TQO\DE

%2

3 ) &
5@s, 9= (3, 0.2) 5@, 1) = (a5,0,R)

BRAOCIOR
Ay

|
%A

M ;’(Q@B}‘: (0»3 B,L)
BBICDIOR

Q3
5>5(°‘3:0\‘ =(q,,8 L)

B®B\ ODLBB

t
Q,

€>‘5(°m.0)=[q’q 'O-L) ) S(q.u-"):(q.q-\!"-)
B%\Qm 1212}

M,
2 8(a,,®=(a,,8,L

BRIOC\BB
A

{
a,

BHs(a, )= (45,80

BRROCIBB
T

Y
|0>S(Q.f5, C:‘ B (Q,5,O,R> "'>S(@5,i): (qu;"'?p‘>
BBRCOI BB

# notesforvtu.in
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5(0;5‘9’\! ['qg,B,L\’
BeR0018BG
7
¥,
DNCWINRICMLAD

BRRBOOBRBEB
A

\
W

”'> 8(&\ [ B)T— (Ol,s_ rB;EJ}
BB%BBBB%
Ve

h-'De,bian Q -t\_brin% machine  foy  khe Lcmauaat
L={we {o,by" :W contains the 5ubstﬁna o,c\'b}

DEA L ",
p\b R o
B & ome @R
r‘- &
. blb,R ‘ ‘ %(Q,GIQ)T (0” '&,R)
; o |
( S : s(qu.b)r (Q'e,b:‘?‘)

q'c;. qn.JO-IR oﬂbnb*g
s (a,,0)= (e

§(01,9)= (A0 bR

50,0 (050.%)
$(a,,b): (ag,b:R)
§(a4,00= (ay,0,R)
$ (0, 0)= (Qq0,%)

Q,,‘ Obg;GrR OH-,J‘OIR

Qs q-ano‘*p‘ qB'b’R

Lf'qrgl q@i&lp' q"fS'O"R

| notesforvtu.in
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TR, B e

-

. _ _ i onvcokenotin
E'D%\W‘ “ m‘“—“\ machine which can LGmPUte o ¢ A

ovey 2 - 0y

T o poiy of wovd (Wi, W) & the mput, then the outpyg
Should be gWWa

Input —>BIIBIIIIR
Oukput —>B11111118B
%800,z (94.1,R)

a>$(a0.2)=(a,),R)

3§(a1)=(a,, LR
wy8(a,,8)= (95,1
5 % (94, ")_' (02,80
& 5(as,0)= (02, L)

Hs(as.8)= (a ,B,R)

6. 'Desi%n o Tuying Machine that %enem{:es, the stﬁn% WW tor
0. afwe,‘n 8‘{2{'\(\% \Al -_U.J'r'\E,TB WG of b

W=000 , WW=ooaooo -
%%MEBBB

Ao i
" S(OUDI o) :(Ql/:-a y R R)
2 3(00,8)=(a,,0,0)
3)8(0(,”70‘ (Qfa,ﬂaR)
W $(85,8)= (a,,,a,L)
5) %(q. , Q) = (q,,c_\,L)
&> §(q,,a) - (a,, 0 ,R)

# ¢ (a,,8)- (a4,8.9)
gnotesforvtu.in
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- = Vaviontks of Twaing Machines:-

The vaviants of quxtijr% machines (TM) ove:
> Multi - tope Tmrln% achine

ity Non - debeyrministic Tmrlng rnochine

1+ Mulld -tope Tuying Modnine +-
A mulk ‘-t&pﬂ_ twving moachine s mﬁ‘fma but o standard Tu:lna
Machine with mave “number of tapes . Each tape is controlled
1ﬂdepende.\’\‘l’i% with inde.perdend Yead - uxike heod.The P'ic.%oﬁu't

Yepyesentodion of multi ~tope Tmlr\% ‘madnine with n tapes s

Shown %;D:jl. s £ Toupein ‘
[Q b\l C’dlj -..efl#

Cortiol unik |

The vayious components of roult - tope ‘Tmiin% madhine ave :
) Finte contyol
i1> Multiple ~Neod

lwyite (RIW) \eods wheve each tape hcm'ma s

own %mbol.s and  Yead| uvike heod.
Olseyve the follo W.‘“a ports flom  obove Tuing Machine -
<6 divided ~into el which can anyy syrbdt

m:’;iz §fﬁ Qw w&mb stort  with the "Tm‘m& Mochine (W




I I
gould be n stat stote o :
i} the ~eod [wrike head © pointing to tope-l woves towards 1%&1{ e |
yeod Jwiite head Po‘mt’\n& to tope-a and tape-3 oy meve touwods
-xi&ht o etk d&peﬂ:}.'{r\% on the trorgikiong . .

e mnulti-tape 'Tufm% Matkine ceperds on the uarvent date

each of the tope heads, Fov example i I

chown n the figure and i

SThe ™move of Y
and the stanmed symbol oy -
vumbey of topes in Tm'w% rrochine. & 3 05
theve io a tronetion. !

Sl @b ey ol BLRIS)
where g, 1o the tuvvent stote [The angition can be interpreted 05

follows . e

3The Tuting Mackine in stote q ,will be moed to sote p orl
when tne’ fiet veod /unite head ponts to a,the eecond Yeod-utite
head pourte to b and the  thiyd ~eod [urvite | head ponts to . |

Sthe vead fuwtte head will be voved to left in the foet cose and .
<okt the seond (se. But the vead/unite head uith vespeck
o Hhnd tape will nok ‘oe otkeved.

S M the some dHime ,the %man&; 0,b and ¢ uwill be xv.ptmad
by %4 ond %. A =
'-’?"De{-iﬁﬂl.ﬁuﬁ‘rl gpes | o | |
The Mulki-tope 'Tw'm& Moghine, 15 an n-tape machine :
M=(Q,%,7 5,9, F) .
wheve §3s set of finte stokes
S 1o ot of toput alphobets
ry & et of tope 6%mb0\-5 ) | _
¢ 6 tranetion funckon fom §XT 4o gx ¢ ¥ {LRy
9, 1o tre govt stote
B is o specol 5%5‘“‘”“ mdxcc:tma hlank dhaadtey
FCQ is ot of finol stotes.
T oon be ao&;xta down that the n-tope ’l’uﬂn% Mochine in fact

1 eauivolert o the. single tope Stondavd Twing Mochine.
notéstorvtidin "




.
:pk

Theavern, Evew' Lan uoge occepted by o mulki - tope ‘U“"ﬂ
Modhine & GLL& ed ba e’condmd umna mockine With ‘nrﬂh

tope.

Note i-The theovern cleavly indicates thok e,ve*ra Lcm ¢ Ouepted
| b\d o mulki- ’c&pa Tu'fma Mochine 15 also (3‘-“1{3{?955i 5{2& “ondoy g

Tmrm& Mochine.

Proof:-The proof 16 by nstiuding o news modhine. This  «n e
Shown ba surnuladion . For exmnp\e congidex o 1u~rm& mochine Lm'd-.

tuwo topes
[o6. Yo u
I e qj \V
C_\ * 4 \J W
il T Matitape
: .Y
£ z

The olbove Q-tape tuing modhine con e S'W\;& |
I i E,d u&q .
tope Jc\mn& muphmg whicdh ';has foux tiocks g "EN’Yadg

laa [0 (u O\ |
- ¢ {vefwilol|
Ef-—-—-ﬁ d |0 F{ \(} Single tape Mulkiple tracks
r "')B"”OI\%\O ‘
flo \_'2—\;1

SThe fivst ond nod tvocks coreist

OF eymbols from forek and
secord tope 1&5pec£we\a TThe second ond fourdn el oriaks
of e posr’cmﬂ& of the eod/wite \"\egd Oeth Tespeck o

fnek ond_cecond tope Yespectively,

notesforvtu in
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_yhe wolue | dicotes the  posdion of the Yeod /e heod . Tk 16 clooy

fivgt vead/unite head points to the symbol ¢ /tne second ead wiite.
heod pourte {o the Bxdmbntih : :
e mathine on entey from one stete 1o otherif ond anlxd W this
Honsion 16 defﬁn&:‘- fov 'ﬁﬂina Machine uwitih multt -Jco.Pe::. o
- 6o, whokevey tomsdions hove lbeen applied for multi-tope luarma
Machine , i we Qpp\& the come horsitons fov the mews machine
thok We hove constyucked then the two madhines 0¥e equivalent.
a. Non - determiniahic, Tmira Madhine. s- :
The diffevente between non - determinisic Twing Mochine and
detexrministic Tu“fina Mochine \ies Gﬂhd n e deinition of §.

Definttion - The  non- deteyministic ’i'uyir% Mochine M= (8.3, 5.9,
F) wheve
g is ok of finite ckotes
T o stk of nput alphobets
Y o oot of tope symbols i
¢ & trorgition function which is o subset of gxrx SRy ;
Gy & the oot stoke |
B s O 5ped&l 5%mbo\ L\"dtﬂ(ﬂﬁl’a Blank dnovactey
FCQ & set of final ehotes. |
Tt & deoy om Hhe definttion of § that for each etgte q, and |
tope eymbol X,§(q %) o o ek of tiples: |
{(0.,, DY, (0,,&,‘)(& ,D>,(0L—._\,,'Y-3 DL 2 (Obl FY"';J-D)'E
Wheve X & o finite integey
5D 16 the divection Uith'l irdi(_&ﬁn% \eft or 'R ind ating
|

'ﬁ%ht.
—The machine n chooe any ¢k tne xiples ag the next move.
The Lnn&m%e oc_(e,Pfc&d b\t Tgw'm% machine 16 defined 06 fdlows. |
- Definition:- Lot M:(§ 2 ,0,8,0,,8,F) be o non-deteyminétic |
1& L oo () accepted by ™ {s defined :'

eve WE S ,pEF and ¥i,ea€Y




e ——— M T SOl e

The lom e & g o set of all those wavds W in ok which
QUGS o move om start stote %‘&3 the firol etate p.
A non-deteyministic Tunin "} mochine may hove mﬂﬂ% mMoves thot

does ot leod to o final “skoke.But, We o m’ce"re_a’ced [ Gnhd
o rooves that leods +o the 4inal etokes. A non - deteYtrinisti

Targ Machine in fock is no o pouwerful thon the determinisg,
1uarm% Machine - Pn lm\%mae accepted oy non-deberrminiistic
Imma Machine U::m be GLLEP’CEA b deteyministic ang ooth
oYe &quukent We cn simulote a d&te,‘fmthl@m— “—“"‘&M
flom o0 non-deterministic Iunr«& Machine .
= Lineay  Pounded Akﬂnmta (LBA)
Definikion ;-

The Lineoy Bounded Putornedion B o Iucmr& Machine
M=(8.5,r,8,0,,8.F

whexe
Q15 o eeb of firike etokes

—>Z i sek of} nput olphobets winich olso ha& w0 5p&mo.l Syrmools
'Uand 'Y

SV lo 6 of tope eymbols
78 & subset of QXY o GXY X
forms
»5(a; ,D (a,d R)
D2YCT? D=(q; 13,1

fwc,mg the yead/umite heod to be uiithin the boundavies ' and']
+q, (& the stk store
—+RB {5 o Spedol Eaml:nt u’ﬁm&ua Blnhk e
>FCQis 5ot o finol dotes, |
Observe the {ﬂl.\uwmﬂ points
iYS ontoing tun speciol mbo\5 C' ond 3
iiyThe apmbol T 15 “‘uw the left -end matker which is entered in

t mput tope mwm’cma -read!mnte, head
Nt

{LRY with tun wove HOretions o the



iy The S%mbn'l tJ-lib wolled the ﬂ&ht—md ma’ka‘Y whith & entered in 4he
ﬁ%h’cmob’t cell of the nput +ope pw,vmhn% the vead /write hend From
%Eﬁlﬂ& off the Ti&\'ﬁ-ﬂfﬂ 0{- the {ape,

W) Both the end - mavkers ehould Mot oppea on any other cell within
the 'LnPut {:&PQ, | d

V)Reod Juriite hrad should not print

other aymbol
end - mo ke N\a 4 over both

It & clear from the definttion that tne Teud/uﬂi’ta heoad comnot 0 out
of the boundodiies specitied as 'L and 1 Mow , the string con b@g

actepted b& LBA Ur-.l% i there s o sequence of moves ~such that
Yol F Ixaz) fov some %EF and x,z €T¥

= Tedhnigues  for Twlrx% Machine congtyuckion i
The voxious technt ; ). i
:: {:Liif echnigques used for mr&‘cmghna o Turing Mochine oce
G}Twin& Machine with 5%&1’&1% heod
by S’cﬂraae. N the stote
oy Multiple t0ck Toing Vochine
d> Gulorroutines.
1)Tmin& Mochine uith stotionory heod:-

In Sordoad Tw‘ina Mochine § s defined os:

8(0,0):(py D) |
uheve D' stonds 4o divedton $0,D wan ke left or vight denoted oy
L oy R. Pﬁ'\'&’f CONSAANMIN the I_\"\P_Lt Gy mbol G\,th&. "ﬂmd!wil\:e R
moves eHhey toylaYds “left o touavds Yi&ht. An Dpﬁtm auch thot
e ~eod/uiite heod Yemoing In the some cell for some npuk
HﬁrﬂbﬂLE: con be irY\PkemQr\’ced.This wn be tmplemented u.&,lna the
trongikion s :

| S(Q’JOL): (P'%;S)
This means hok ,the Twiing Madhine in stote g, ofter uﬁ,urrm&
the "_npu‘k mbol o.,w‘e.pluce the inpu\: %m'on't o b 9 ond chonau
s gote flom q to p without upclo\’cma\ ~ead [unite” head edier
touwords left oy {owaYds ‘fl'&ht ‘The forma definition lof T"“Tfnﬂ

netestemtoliin

B T M=(®.TV.5,00.8,F) uhete >




T S

S 6 %t of Hntte eates, T 16 st of nput alphabets F 6 set

tope epmbals, § s borgdion funckion from @xY" 10 BXKXL g )
ndicating the Twiing Mochine mayy move towatds \efb o Yight o
shoyy i some posikion  Oftey updcchna the ﬁ&m't{o‘u ory e {qce,
0, & the etork stote,B 6 special  Syrmbd indt(.d:ma blank
chavackey, FCQ 16 set of final stotes.

3 Brovage n the stoke:-

Tn oll ol machines auch oo Fintte Autorrada o7 Pugh Down Automoda,
(PDR) o Tm«lna Mochine ,ule Used stotes 4o Yemember 4 Apork
fom this,we com uge o stake 4o store o Skd’m'DDL 05 well. 8y inTwin
Machine uhere we gore ) O ghoke the stoke becomes o paby
(q,,0) whete q & the stote and A & the Jmpe 6ah'\b0L stured
i the shote (q 0050 the Mews sk of States s given by
; QXY '
3 Mulkiple Trock TTuving Machines:-
In a Stondand im‘f“& achne cﬂ% one tope WS used to stove data. T
routtiple tock Tufing Machine o ingle tope (s assumed to be divided
o o numbe c;i;r&vmks.jg o Single tope i divided o k ‘acks,
then the tope Olphobets wongicts of “k-tuples of tape symbels. So,onl
differerce bekuaeen Stomdedd Tuitng machine and Turng Mackine with
multiple tiacks 1o the eeb of tope sumbole. Tn case of stondad
Tuﬂrg Madnine ;tape aymbols ode dented By symbol 1 whereas in case
of imr'm& Machine watth mu,lﬁpu‘- tracks, the tope, 5\6m‘on\.5 e dencted
b& g,%mbnl ¥ The umkir\& 1emang sarme 06 thot of Sondovd
Turing Machine, ' -
HySubYoukineS - v
We know thoat subvoutines oYe used n PO O \on u&aﬁs
wirenevey O tosk hoo 4o be dene 1?.?9[:&@5\ The same facil\ity con be

el s -fmh-&m@;bh\e amd complieoded, Turtnd mockine's éfL’catm be
b butt uﬁ'\na subyoukines . A h-\"f'm% nochine sulavoutine, i6 o set ok
shokes rob pevforme @me pre-detined taskThe tui

modh
 eubjoutive hos O stork stoke ond o etate ﬁi‘chm:& e,

. any mMoves.
Thib doke  which NS N moves erwves 05 the Yelyan ';.Eéc\te. ond

ol togthe state whidh calls 4ne S\ubroudt
L notEsSToTvtu.in i




Example:-'Desian o Tuxin
b\d e delimiter 1.
Soluion'- Let LS 0B UME L have two um% numbeYs x ond
hos ™ numbey of 0's and 5?&5 n Numbey
I 05 ghouin elow

: 4 suLh that x '
of 0% Seporated bd the delirmger .

710" flm number of 05 ond 1 number of 05 ave sepavated oy 8

The product of X and Y Should be Stoved on the tape ond the orig;
ovl L :
numbeys Should not be dee-hmded-'i%ib wan be vizmlized as 6h§$2 belows:

Oml Q” \ Dm“

7o stort with let Us osbume X=00 and y-0000 ond ove SEP(UUctﬁd

by, delimitex 1, Acsume 4y ende with | mh%-\ N ot 05 the delimitey!
foY the nput ahving whidh n 4umn 15 followed oy infintte numbey .a
of blanks (B's) 05 Shown below:, |

X | 0.
— A

. T

HOIDOOOIrBRE BB BR.: . .
Tre output E:.:Dutd l%e. of the Jf“lm

001 Q0OQQ!I 0O0O0O00OBRRBRBB....

= Decidobility:-

Defindion of on olgorithm _
-5 An algovdhm 15 defined 05 step by step procedure to solve a
given problern. The protedure 15 o fintte sequence of Tnetiuckions

Prot hove to bR executed o mpkte a toek.
- P\l&(ﬁ thn & e minoted after {{n[‘kg numbey of B‘kﬂa@b for Cméi

nput- 1
mf%& the bty of oeung detided Cx-&,'m‘deb’c'\%d({\ng
the poum%gg on olgorthm 1 dete:*rrﬁ'mx_r_\g Ane m’ﬁdﬂ_r% of a given

npuk , '
= IWhen o Tmin& mochine Yeadhes @ final etoke ,& halts.

S . r revey holk on some inpuk.
S>Treve ode luy m& rrochines e P

Y, distin ({\on getween tre LONQUOGRS accepted by &
nmm Llsblcn oll imput Gt‘i'm%e and @ —t\m'ma
BE—— ' v -

’i
|
I
f




moacdhine thot  never holds an gome inpuk 5%1111&5 6 decdobility.
-»Decidoble problem e one for which we tan d%l%h an

agut ithm (solvable  problemn).
S Undegidable problern & Hhe ONe for whith Uk N not dp,g;lfg1 an

&\%Uﬁ)t‘ﬂm (unsolvable Pﬁb\tm)

Recury sively Erurmetoble Lox\&u(l%%-,- | |
A languoge LC <* 1o vecuvsively enumeble f theve exists o
il

Lo Nodhine ‘™' such Hrot L=T(M) where T(WD 6 the
Lm\&\.\oﬂg (l(.f_ﬁpjcﬁd b% Tuﬂ\& machine .
> Lok M=(8,3,Y,8,00,8F) = 0 ch'm& madnine . The Lan%ma&
L) ouepted by M dekined 05 P
L(M)=§ W o = o Py whete W?f— IPEF ond oy, 4y € %y
uwhere q W 15 initol ID and o Py 15 the fmal 1D

“»The ekfing W — 15 the &ﬂnir\a to be stonred, ghould  end with
infirike number  of Blonks!

_5‘-5—"'\"&5;“&“*6;{“"'2- machine will be W statt stote Q'D,ILL';I"C‘T\ Yeod Justite.
heod pinﬁ\’\& to fivek oymbol of W from lefk.

- Afey same sequence of mowes,if the -h_u'u’\% rachine enters into
fival etote ond halte ,then we SO\ 5‘1‘.‘17..,1\& W {5 ocepted b%
t‘wﬁﬂ& mMochines.

->The L e acrepked b& buing machine 16 colled Recuvsively
emrr:r%.\‘};% W\E\T\mg%- A E

=> Decidable Ltmg_m%&‘n- '
<A Lcmaug%e, L 5 decdoble (yecwisive) & L is the set of shmaﬁ
Qggptg_d by eame ‘T\xﬁna Modhine thok alks on evex put.
Qe, if WEL then g vachine halks tn final stote (accept)
i WEL then aving rmachine halks in von-final etate (veject)
+>Decidoble an%m%e, trnplies 0 _Jc’fw, existonce of an effective -
dlgrithm which has the ability 0 determine whetiey

¢ '« acceptoble of nob
on mput L P1J-CM M Dedision on halk

\ jdeY for L »Yed - qecopt
Ote > No-veject
Ea. luxia Modhone o Deddadle Wanguone.




e '1

- Undecidable \anguoges - )

A longuoge L 16 undeddable \.aﬂau&&& Lt there 16 mo mﬂ“@
mathne  which m;c.e.ptb the Loﬂ&uaat and vakes o decisisn for
e\m& nput shir% W.

»Undeddable  Longuoges tply the mom —existonce (doesr4 enist) of on
etfective Q\.%miﬂw whith s the aB\LH:% o deteymine whethey g
nput &’cﬁr% B aceptoble oy vyt
E'xmxp‘te:-l}’iﬁe ho&Hr\a PYoblern of tu

1 The ovtol rotrix problers

WThe post covfespondance oblemn
- Sametimes, undeCidable \ . G l

es b : .
(RQCLDI‘SNEL% ErumeYolo\e kﬁf‘%&m& m&l = thmk\é detidable

m‘g _ E.b) but H""—& Wil evey e decidable |
= Holting pryoblere tn twirg machine - ,
J U ' /

=>The problermn- Given o tutin mathine, will ® holt vhen Yun on *
Some. - pocrdulay %ium npuk Eﬁ:ﬁna W7 ;

In gpreval,we do vist oludys know . The best we cam do 6 yun -
the f)ma‘fmn and aee Wwhethey & halts.

—rThe output of 4he hmln@ machine ean \é)e !
T Halk :-The machine Wil halt (occept Iveject) after o finite v
o stotes.

HNo hatt:-The wadhine WL Never Yeoch halt stoke N0 matkey oy
Lcm% & Yuns. |

Hu'dcir\g probem & undeddable and thevefate | carmot B anival

Input stﬁng\(wg Ho&ﬁna . \'—Weﬁ ("};m& m%ﬁh'mt halts on
' : mmhwa, rNo (H&&ir% wnochine does, ot
k- halk on lﬁpt.d‘ N)
Hy- Block diuﬁm of ha&ir\a maochine. o 1
A A veduckion technique & used tQ prove the \Lﬂdﬂ;‘d‘:}b\\th&
of ko&'t.ng problem of o 'ﬂ.nrir\Q rochine, Vsng 4his | ,
technioue ; O wob\em A © Yedudble to problem B,fa

- ‘o solue the *;:riob‘\&wﬁ{i
0488 FOrVELE ki b v
Len,

J———

machine

e sl ey B — — W




B A & vedutible 4o B and B i decidoble, then A 1 decidobe
W A s veduGble 10 B and 8 i undecidable then A T undeciable
Treorerni- Prove Lot HALT = § (MWDY 2 The kmln% nachne M holts
on input W s undeddolble.
Prooki-We con Qesurme ok HALT,, 16 deddable ,and pet o
contyadiction. ¢
Slet M, be the tuing machine such thak T(m)-yaLT
™
ord let ™, haolt @,vm’c\m\% on ol (MW).We wrstyuck
buring rrochine My os dsllouss:
) FoY ma,(m,w) 5 on input ,
PTre tuvtrg vraching M, acks on (M W)
BT M, vejects (MW Ahen My Yejects (M, W)
W M, atcepts (MW), simulate the ’cmin% mochine M on
the nput Sy W until M nabts.
HTF M s occepted W, My atcepts (MWD ) otheywise My
TEEQLJ(ED EMJW)
Obeeyve the Jfol\c)mlng points +o  proves

>When M; acepts (M) (skep-u) the fuving mockine M halts
m\wl.

| > the foeb wse ({-‘x’f&'% altemnakive of step-5) My aepts (Mp
>Tn tne s @se, (Hne eecond abkomakive of step-5) My ejeds
(MWD |
Tt follows from the defintionct My thak My hotks eventuolly
and 0lso T(Mg) = (M, 1) Tining machine occepts WY
= A
This 15 Grtiadickion  since Ay, 1B undeddable.
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= %ﬂd&ﬂt& Problem (pep) -

PP B o popular undecidable
T i soked s heilows, pioblem. The PLP over om alphabet

7 &ven the fllowing g \
0 \ists XYy : .
X= ('Xn ' ir‘_G_ xh) L E"“P‘:& 5hlﬁ85 over 2

= (\é“* y _%ﬁ)

7We @ goy thot .
. Q) TNt thexe & a post “rvespondance solution, if oy
- -~ - L wheve | <1

. dEN Such thak the condition
B = cox B S e = Jim Soticfies.
[I_ﬂ simple. LA, (oke, Gosume e have tuw Lists beth containg

N wovds , aim 18 o find the n ‘
cxtenabion of h i
Me sequence suth that both Gists Yeld 0950:“: %e;i;jh i

Examples-
Conaidey two lsts X and Y
X=(0a,bb,0lbb) and Y= (0ab,ba 5).Does the PP ik kaws lisks

have a eolubion?
Soluklons-For sequence 1,3,1,3 ,first list will ield 0obbooabb .
eecord  lisk Wil k&ﬁ'\d oabbagabb . &g the eulu\étm to thin PCP
beomes |, Q,\,3.

= Applications of Tuwing Mathines:-
I>-TUNi.na MQLHT\E_ [ U-B\éd 'tQ E’:I{UQ ngﬁgivghd Enummblk& PYﬂbLe,m
ay Used fov knm'm& c_cmp\exl{:% {hem&
3y Used for neuvol netusotk wmplemerntodion.
1> Ueed 49 0.\%01 thmic, infovmodion theany ond complexityy
chudies, soptwate testing, Hxah perfoimarice U:mputina, eafkunare
m@neen‘m%. ‘
sy Used oY Yeeqiiin pottems using Yegulox expression
&) Foy d@m sequentiol cuik .
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