QQcLuv\ﬂubur U;lﬁbyw\ Ml—omo\f—af

4, Pre Xz Ay <L

qive\n \ocd\'o»\ ?gg Rm&\aue 7



Vevigiwhcm PYoblem fvom loet |Qc¥uv€,
Output

Input = 6 Reclomgulay . Vfi

Hybid A uksmabon __1 %uamK’
locahon /

Can You —Ymol Such an
a\@oﬁﬁ.m ?

Nal’ deu Aa.ue, ’

.

—

Hem%‘nﬁev, kopke_, pun’, rVanrcu'_ya‘,a( 1§95
thjrs Dedalalo,(, A[c»aulL H‘jb‘vwl Au’vmaioj



Conhl shale 'Veo\chq\c»'s]ib Pwololem Fv
:Red'vmﬁu\ar Hjbﬂcl avlomada s UmdeUcla'o"e,

No clever SCa\'nnﬂ of clocks till make Qo FSM

NO OH'W,V l’\m“c,[(s [’0 umta, Qn\\j a\%oﬁ\’\’\m
A mnch faster §PU will not hely

t\o one 2lse. Con Come U\o WCW! dn:x A\td.

”}6(/0 cio 350\ prove a Yelul + ll)(e 4%53:7



Com{)ulablmn H’\QQY:[

Dedsim Pfo\olems. Af-ro\olem wheve we
2xpect  Yes/no oamswev on any in put .

Fq. ls X Gmposite?
S a verlex in T Yeachable
any verlex m S in the Odnph qG:=<V,EX

Think %, Decision PTUlolernS ag
Se/"sgj, S‘Hiv\j c;(e,fffininﬂ a Lcmjua&e

I alphqbe«l- 2-9q. 23 70,17

Z" sek £ shings of o or finile len&%.
w € Z* Pa'v]'ic,ulm/ 631”\5

W, H’ Snmbo] in the Sf}*ﬂr@

O = lloo 1l

EXamP\e, Le= {X € Z* l X s ComPosm')e,}

= {fo,100 , o, tooco, --- §

x iS an encedlin raph
Non ne%ahvg cat)clex }

AG



"rum‘v\j Machives
L Read on&

In P ut *ﬁfe,

| Wor k
[ :i fape g

Wr{kcn\bj




Delevminishic 'Turinﬁ machine_ CDTM)

M = <Q,Z,v, 8, O\/a,ol/a(’,c, q/'yp,\'l>

& “Haile Sek 0{" Contvol Slaules

> Fite input  alphabet

25 ¢ Fnile tepe gymbels Ll /2
G € ® inthal slle

Voo € B accept ghale

Arj €B  vejeck skle Voey T Aace

S (Q\ Teee, g F) X CF7 =
] xfL, s, RTx ([xfL,8RE ) x (Tt
transition ]Ewd,m
Example : I-dape TM for

checking L g =3 xxX'| xeZ*¢

PalindYOmeS



Exechms g o ™
Stale /C@YIGZMYC\ h'm

~ Con hol shale
— Gmlbents 3 oll wd‘(«la{peg
- Posu‘io’hs é al\ heQCQ_S
ce §xFo, -, Fx(THI*ICCT)S
inyY: A
Co '~ (Ol/o O,*LJ *u)...y-y_\) Sfecéol pos
Halhnﬂ Ccm),ﬁc\‘; l )} hexdh
Co\/ac(,,.- - ) OCR.
(q/"ye/\‘l"' - )

/—\Ccep\in3 Ccmfng Wheve Conhol Skle jshee

Fq. £ $(9,a,b) =(q,r, (L))
aVlO‘. iY\Pw‘]’ w Lon‘Hq w‘ - QU
Hen (Ob,i,dd *bp ) —

A|d|b]P

(a', i+, «*dc R)



An inpod'w = QCCe(oLeol b:] ™ M
iF + veaches am QCCQ\oHnj Con gn'ﬁurq%‘m
Lrom ini Hal C_dv\ftaurqhow C‘la

cC

M Yegec}.s or doec met QCC2P+ W
e M veaches CLY?(}
*M nevev halks

L(M) @ set & Shing< accepled by M

Cl’\urcb\ - Tu—rin\ol l—hesis .
ﬂn‘yhnm_a, solvalb le, USin& =] mulwanu’Ca]
pYDCQO(AAVQ/ Can be So\veol ’usims7 2N _(TV],

A Lo\nﬁu& L is QCC—MYS;V&(&, Enu'mLmllolL
or Som! - 3:0\ deble i—S" ‘H"\zve, :”'S aTm M
Such  Hhat L=1L1 CV\) ,

A Lomﬁqu,e, is L Recuvsive or o[ec.‘a\cx'o\g,
§ theve s a TM M Mot hallks on
all inpw‘\' and L = L(M),

L is umdecidable i§ il is no¥
decidalle.



Now we CU;" use 7%& ] all lapn “a g e
Seur ce.  Code. ddl a TM M

ao He input fo  ansthev
T™, L

/ =
Source codle S M s dencled (M) NF, Prrce

Theye are /anjaagvc Hat- ave no?~ KE
Ed. Ld=F<mM> | <m> &Lm) T

Proof : Suppose Lo is RE Then M,
such that L (M) =Ld
=7<m> | <m> ¢ Lm)T
Gueshm — <M,> € L(M,) ?
Swpose  M,> € L(M.)
by L4 <M> & L (M)
Suppsse  SM, 2> ¢ L (M)
by def Ld <M,> €L(M)

Theve is a lpthf)u_a L& RE/REC
Lhatt = 72’55 | M halks on € T

/’lla}vanj PY&[O/@WL 1S Undevdable



/7[000 o Zhowd LR#A N wna/ecja/aé/e'?

5Coc/mj of o RHA A ond moede 4 €|
5(404 #wl‘" ﬂ"’uoltes L
LR#A f <A 6> /ﬂfreaches j,j-

Te Solve b’em A we Use 4
Subro u/‘mb Solvin L/em 5.
53 /?eacftabl// % MRA' So’ve.c/
’/wmﬂq/-: RA h  ITA +
Reaohqb o4 174

l'\/& Cin use te Same toleq Lo
Shed have mess o poblems.

Could be u.(ea[ o Sel ve L haH
Hen  we could Comeluole  that  Lpyg 4o

also undeddable . 4t x ¢ Lewa £ GLTM



Reo(uOE"OY)S . A veductron ﬂmﬂn A/OB

IS a A om ins fovm ceo
A %ojle;”/ome szﬁzch that 4

Solvin A om X is Same Ao s’aiw'n&

/3 mﬁf (z). |
Algo o A 003

N Qe,oluvhm Oﬂ(m) A[jOTiHnM Tl
2 ] [ Reducken \Zof” P07 } }
L_/_— m -/ y4
) /Csil J N
RHA

Thus A is o hardev t amn B,

ALB
Ouv Applicatron
A /'/a/ﬁ'n? problem ]ﬁr 2CM

B:csR for RHA

@ALT L 2-Stack- halt <TZ- < RHA
**# = / = /




260(”17[27/ Mac,h,‘.qts CZCM)

5 | nstruchions

o Finile program S allaws e
¢ Two counters C, D INce, DECC
initialized Fo O NcD , DECD

JN2C , JNZD
F%amgle L 2CM program f?ﬁ 2x3 T

1. INCC

2. INCC / C< 2

3 INC D Cmst

&, /NCD R unfers — <

5. INCD ' S -

(. DECC "Prim e fachrizekon”
Z  INZC 3

8. // /—/a/‘/'inj /ch;?Ll’an

Decision. problem ' Given a 2CM T
does T ha/-l’?

L?CMHALT ! Undecidable [ Ming ky ¢t

QCM Can 5}mu,¢;f€, Cfrbhlm:j TMS



Reduckion
7 2cM-HALT ——> RHA

/

Pfroamm Counfey PC Locabions [medec
Countes C, D Cloclks ¢ol
[nshuehms  INcc, TN2D - Conshomt rale
Ha ””"’i? location Transitions

/—rla u—fr:? ,ocgr/-;‘m
/cfe,a\ ¥ reduchom

Twe clocks e, Ll will “Simalak?” fwo Crumlers
C.D.

D
. - R C = K
¢ = k, ('KTI’Z) o k' T‘;;)
C=0 & c =Fh
bhere WOk >R76 are Constom? rales jgrc/oc/@
Ctl .
INCC : ¢ < C+l czk,[k,') =CE
: - - Ko C-l. k)
DECC : C+C-l c-/;,_z) e

af ler chacking < <k,



2CM — f — AH A

e
C=x c=hz

N Vo -
auto mm'r(m, Fﬂ.ﬂ

(H-©

INCC

or wQAgx\‘

[
@ Ne hwe b provide widele for

INec, DECC, INCD , In2C, . --
ond then we are done.

A bui\dtnj block Wic\aﬂ" Bat presevves
Yhe value é, Clock c.

Pre ¢ =Wk

\ ‘E‘i Nh|—w‘: - W’.z-:
Y=(w-t) Rk =W~ WrIIE i, i
= X




Reduckm fom 2em o RUHA .



Pumhg ik all !'oa@H\zY

Condol Shate Readhaln \;l'lj o-f RHA s
Undeci cQalole.



