We il now  comvince 0urSelves thot Tur:ng
Maochine  can Occcmp‘?S\r\ any tosk.  thot o
"Yeal” veonventonal C;O\f‘ﬁ[wdc'ar con . One wey
o sep this (s to mote Fhat

Equivalent o

C- Program A'ssembly \cmj\wﬁe progrom

Equivalent to

Turmj MO.CINg P'mjmm.

AY\ &Ssem%l7 [Oﬂgb{&ae ngmm OPQYD:’»QS \/\)Y'Hf)

- Constantly  many Yweg:S‘rerS

— Memovy

~ Constanty  many  instyuckons (= elementary
opevotions)  such oS moving /fadding comtent
0f one WS:SJrex 1o ancthex, W@d;f\j/wﬁﬁnj
From ™Memovy, etc.

T4 can 1now be obseyved that 'Yegis)cers/

memmj, ond the hasic InStuckonS can all

bhe simulated bj o M I




To further moke this  point  lets see thaf

some  bosic +asks cop be e xecuted an a (M-

String Matching £, example, o ™ can decide

L= %‘X#\g l XY e {01\}*) ?(-c‘g})
1. MO\"Chl‘ﬂﬂ % ond g

Addition Foy examp\te) a M carn o(ec.’cle

| = zqibjck Hj =k 1.J'>L7/O}.
The mlc  first  checks thot the mPui 1S

of the form o™ b F  Then

Zw  AFb - blLZL £ Cl

the  mlc shuttes  back -and- forth  and

cvosses out @'s and b's and cvpsses out

one ¢ foy every @' or b cressed  oul .
14 QCCQ'O’B SE ol 8 b, s SQ,{E crossed
out N this  manner.




Multiplicahon oy example, & TV can decide

L = %&ijck

The TV

WQ"“%%”MZ{;{Q/C%;., c |

N————
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7 (vosses  out ol

7 Cap8S5¢eS o\JJ: CﬂL/C/ ‘FOY QWTJ /'b' (wh.‘ch ]S
also  cvossed  out).

= (oes bock and vestores all b s .

— Repeots these steps with  the mnext ’o(‘}
antl ol ‘@’ s are  cyoessed ouwt .
Accepts iff ol a's and TS get

cyvossed ouwf iy this manner.

The odditon ond mu?ﬁpl}c&%‘on as
descyibed opeYO\t@ oM inﬁgem emeSSQo,

in uf\ma. T+ 1S cevtoinly Possibte +o




Switch between  unawy ard bmaw TEPresenij\(

Exqmp\g A TM con decide
| = % CLYL B l K € 20,)}) e umsmh}

[dea 1S o crmoss out  evevy alteynate
' stavhng with the fivst one , €9

Hoglo o glo g

Dependﬁf\g ori. whether the lost o 36(‘5
crossed owt o mot  the mumbey of a's
iS odd oy even  and hence +he losk bit

con be checked

of « IS 1 or 'O ; +his

ond  the  losk bit of % 1S cypssed out -

The p’YDCeA\M‘e iS now erPeoSred With Hhe

a < +hal  have Survived and  with bits

of N from the end Ul

With these examples and  with  the analegy
+o ossembly lang: progvam, e }\OPQ Fhat




+the wveoader iS convinced thoat @& T™™ cap
do’ e\/ewj)rhmg a "veal comp\ﬁrw con do |
T+ 1S poss(b(e +s  enhante +the bosic

T™M  fnodel 1o allowd
— 9. Way infinite thLPe T 1 -

_  More than one w‘npes

— 2-dimensional mg/memay

Howevey +hese emhawcements do mot %eaﬂﬂ7
odd  Much POWEY, [, the bosic T\ Mode]
conN  Simulade them ot ( with some ”()cceplfmﬂlel1

loss of efficiency) -




Encodings | ComPquc\HOﬂa& Padblems , Alqorthms
Ne  tecall 4hat combinatenal o\od‘ecﬁ can be
encoded 05 SEwings. An encoding o ap object

O is denoted as <O), TThe Spec(F.‘c choice OY
ot «’mpoxhﬂ\’r’

wanney  of ehco&ir\j 'S

Encoo\im inlreﬁew(g

{ny = %mmj encodfﬁj o integey N
Enco&{(\ﬁ gyophs
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Wi Th 'lm‘eger coeﬁ«‘c?ems)

Encoding Po\yr\om‘»qig; (

(P> = () ¥yt oo )
# Coelf-, Coelty - - Coedf 4=

Wheve M = mumbey 5§ Varables
d’)“ )dﬂ =  MmMoxr deamag 1N Hhese \/an’ab\eg.




“COQHUI iﬂ¥e3€7 coefficients J(] oMU

mOﬂomm\S listed in Somre

COMN onicol  orded,

X

A vmj ir\’rereS)rm§ Loct
models  (eq. finile outomeda,  PPAs, - ond ™s ] )

s tHhad Compu’mﬁonaﬁ

can be encoded o5 wekl,

,. Encoding  Finitt A\ﬂ@ma&
M= (@&, 2, %y, J, F)

Suppose  [@]=m = [Z] = L,

The st+otes can be token QS

The LHPM‘ gymbo\s ("
State numbered 1 16 the start otate by

convention.

The Sek Fc @ can be Tepresented by

0 bt stying  ¢Fd e fou} whose [T bit
D

is 1 or 'O depend?fﬁ on whethex Ytate 1
(S an occepk state oy  nott The FA

'/&r(b'")(n’
,19\/3’"/1"

can nNow be encoded 08 :




Iy = ey # Uy # (PO HEHH

Here (8> waill be the encoding g the
Hooshon  funchon &1 @x 2 G

—

S(r\CQ @(ﬁ SL‘f;{,’sn,ll) Z'; j‘;)‘oz' ('/’O;

- nyd matix with
iotegey enties
befween 1 g Y\‘;
<g> = mn-{ integers listed in some
Cancmical ovder (Qﬂ- YOW by Wvd)'

Enco&iﬂq (e S G=(V,Z, 5 YR) |
N w vanabley (V[=n
¢ termunoh. [Z]=4

Suppose @ grammat hos

Vaviabler can  be  denoled ‘fij integes 1,3, M

TQY(YuﬂOiS 4 N+, ,—,'Y\J(Q.‘
A vwle AW, We (\/uzyx can  be ng)run”m%

en coded bJ encoding A and Sambﬂ\s in W \0:/

theiv  n fegex "mpmgen)ra%’ Vey -




The staxt  wvarviable S numbeved 1 loj
Convention,

Dyovided there are MM Wes)

G) = () # U5 #
(e T dule,> 1o 2 dule 7 +#

Finally, we note o most 3mpov+cm’( Lack
that  Tuving  mlc descriphons (= pv(ogfoms)

can be emcoded as  SETIngs

Encoding TMs

M = (Q/ Z*/ r" Q’Shﬁ; (LO‘CCQP}' QLYQJ‘QQ‘,/ g>

Suppose  lal=m, |z} =4, |0} =k,

> < W/ e "N
States in @ oave Tepmsemed by integers 1, M
Symboels in 3 ’ &, A
Symbols in T\ X | Lri, -, ko
Symbol "Lt" s numbered  L#) by comvenhon.

States q,sh{}) ‘LQC v Lpeecr  QTE numbered  1;2,3 by
- conventiom -




Note that  transition  funckon & s

Soax — ax X fLRE,
It can be en coded bj M-k mahi X
With é’ﬂ‘l’ﬁés of  the type (1’3’)’)
O (’UJ,K).

|£ 14N

J_k

<5> = ey df  the nk enmmeo ] Hhig
mohx  (say  ToW by YOW ) -
FEOQU/\(/ +he, ™ QﬂCOolmj (':: descen PHOW)

) = Vg Ly b Lk H 8D 4

Thanks o the emochﬂas, decision walems

can be phyased as Yongug\cjg vecognihion Pmblgmsp

FOY QXOMPIE, (pmb\ems ancb cofrresPof\chrlj lo“ﬁ‘)

) Ts %wen 3\(&()% B _ %(Cﬁ) G 1S Q cmmeckgl
conne ched groph-




Iﬂ%eYeSﬁﬂﬂi\/) one  can POSQ decision pmblems
ol 0wt Qompm’raHOY\&l models,  Foy example

@ Does a given DFA D is o DFA %

accept of leask  Fpea 1407 4 Loy 4 ¢

one input slm'ngz
(1) Does a given c.f.

1S Q C"pfﬁ-
gvommar  genevole C,:Cr {< >

st. L)
ak [eost one Sy‘n‘rg(z re

@ [s a given code %< 71 ic o }

o Syntocticolly ijmm Syn- comrect

Covyect (- pyogvom 7 Copregret™
Ore can phvase  Problem G also  in termsS
| Turing  machine ( which are e%\p\mteﬂ&
T C- progvams ) )

@ Is o given SJm‘nj

QL lid di = { ) MR
) va %ncO ng LTM M) Tuving e
a Tung mlc 9




All - the PWb\emS/)aﬂgwjes above -© )
ledecio\ub\@/. We can alsgo Say that

N

Hf\ej can be So\\rGO‘ bj an algoﬁ%'mk,

Def  An  algovithm is a T™M  thot  halts
. on vy inpod and gives  the Coreck

ans V\I‘QY.

However, i+ dawns owt that some problems
ove undecidable , ie. there 1S no Odgofﬁ)rhm
Ehot  solves  them |

Emmples gl  undecidable pmb?em/lanwgw
( though  we  will nNot pyove theiv undecida-
bility in old coses)

(O Does a given TV

M s a ™
g -3
occelo’r ot least ™ {<M>)S.L () = qﬁ}

One Shmﬁ ?

m is o 1M
s+ M halks
on input € ]

@ Holhing Paoblempn €. parr* ¢{<m>)
Does & given 1M e

haolt on  inpwt €.




(3) Does a given cf G is a iy
gyammoy 3en€m+e AilF(: %<G>) St LCG)’_Z#}_
oL ¢hings ?

PE——

@ Does o given pc\ynomla) <P>’ o i
with ’m’regef Coefficients LJH%QY; {Polymommﬂ with
hON an ')TWLQge‘( m)r() ('Y\wle,ger %of}

Problem @ i¢ known os  Hilbevts o™ Problem.
T+ furns owt to be undexdable. To clonfy
Neve one S M\kir\j adoout pol\/nomlods
i multiple vavnables and owb;’nrmD dggm)

50 | Q
<9 6 '787 — %x\(jz + jgﬂt Z - 15§,
I+ does have @ YUOJL) eg9. A=2 \3:5/ E =

thaﬂt mokes Flhe Pg\\/ﬂow\‘,OJ Q\fg\[\,\odP "‘0 Len .

> ——

In  +his course, we  will  indeed  show

thot  Problems @, &) are  undecidable -




Pq{bb\ems @) @/ and ™Mmany move  are Hhen

shown Jo be undecidable by o veduction

fyvom  (say)  Paoblemt @& . We will sShow
Uﬂdec(d&bii}"ry sl Problem @ [ Fme Pernf\ih-

Church- Turing T%egi

Our inhative mohon o} an ”alﬁoﬁﬁnmm oy
"solvability o o pablem”  (seemingly) comresponds
to  Turing machine p o OmS - So oave TMs
a " universol© model op| COW’P‘**UHO‘A ? Yes, :
iF s believed SO, Church and Tumlg Staded
the hypathesis that

“ Any  Physscally yealizalble compdo&%‘om%
device can be gmulaled by Cstandard) TV

up fo o po\yr\omd loss M. efff(:iemjjm.

So FoY/ Phes  thesis hos  been ho'olﬁrﬁ Up
comect  but  vecenHy the  modd vl




Quantun computer g pmse’n%‘ﬂﬁ Q cl/xaller\je,

I+ is sfil an open 7uesh’cw to  Settte
this  moker  one way or  the Other; we
Wil Mot pursSue +hnis  fopic here .

To clanfy the phvose " polynoral  loss of
.‘ @??“.c}eﬁQj “) t+he phmse, indicotes Hood :}F
o problem s solwed in fme T (=T
as a Funchos 0/3 MP\HL Size TL) on

physically  veolizable device, them fhere IS

o simulabon  on @ M thaf  quns i T

pol\momd T re T, T"L/ T? ol

This i$ 'Y\eceggayy. Foy exqmpleJ ¥ eCogniing
palindvomes  on  Standad  i-tepe) TN fakes

L S
time YL wWhereas on o 2-tape 1M, A

can be done in  tHme ’h(how?)'
congidered

pOlynowﬁal loss in Hme efﬁ'c?emy B e phable b
e |
we will see  laker why. P




