INTRODUCT N
@ WHT IS COMPITABLE AND WHAT ISN'T?

Example 4
FACTORING i GQIVEN %, OUTPUT ALL

- PRIME FACTORS OF X
1S COMPVTABLE

Example 2
HALTING PROBLEM: GWEN (P w)
WHERE P 1S A ¥ PROGRAM,
Dogs P HALT WHEN Run ON
INPYT W ?

NoT COMPUVTABLE

TO MAKE THESE G@QUESTIONS PRETSE
WE WILL FIRST NEED 70 DEFINE OVUR
MODEL OF COMPUTATION (TURING MACHINES)
AND ARGUE -THAT IT CAPTURES ALL
(ONCEIVABLE (OMFPUTATION,

USING OUR MODEL WE CAN CLASSIFY
PROBLEMS AS (OMPUTABLE oR NOT.




® WAAT 1S EFRUEMILY  compuTARLE
~ AND WHAT sN'T ?

Example d  FACTORING IS NOT xNOWN TO
WAVE AN EFFICIENT SOLUTION

Example 2 GRAPH REACHABILITY DOES
HAVE AN EFFICIENT SOLVTION . \’

EFFICIENT % POLYNOMIAL TIME
%, an algonthm that solves the
problem  witi, A" basic operations

Whet Kk s a small wnstand and
Nelx] s the input ltnaﬂr

THis GIVES RISE T0 A RiCM COMPLEXITY stRAchY:

% *ARE THE
INCLUSION S
PeoreR T7




SOUNDS NKE...
BUT How CAN WE (OME uP wWNW EFACIENT
ALQORITHMS  FOR IMPORTANT PROBLEMS T

SOMETIMES A POLYNOMIAL-TIME  ALYOR THM
WILL BE OBVIQUS.
BuT OTHER TMES TWe PROBLEM SEEMS

VERY PIFFWCULT, AND AN EFFICIENT SOLUTION
XEQUIRES A weve&/m“imws IDEA.

WE WILL STUPY TWO COMMON PASRADIGMS

TUAT ARE OFTEN USED T0 OBTAIN
EFFICIENT  ALgoRyTHMSS

o) GREEDY METHAD
E) OYNAMIC PROGRAMMING



PRELIMINARIES  (CHAPTER 0)

AN ALPHABET Is A FINRE SET
Exgﬂ,_les E‘-: 20, l}
ztg io')blc) . :YS‘I,"!I

A SIRING OVER AN ALPHARET 1S A FINKE
SEQUENCE OfF SYMBOLS FRoM THE ALTHABET

Examplt o100l is a string ovr g

THE LENGTH OF A SIRING W | Iw| , 1S THE
NUMBER OF SYMBOLS 1T CONTAWS.

€ DENOTES THE STRWG OF CLENGTH ZERO
" DENOTES THE SET OF ALL STRINGS OVER S

A IANGUAGE L OVER £ 15 A (PossiBly WFIvITE)
SUBSET OF S*

' DENDTES THE EMPTY LANGUME.

A FUNCTION S$:D R 1S A MAPPING FROM

ELEMENTS IN THE DOMAW D TO ELEMENTS IN
THE RANGE R.

%
WE USUALLY (ONSIDER FUNGTIONS §:20 >%
WRERE £ IS A STANDARD ALPHABET

A FuNctioN §:D>R )s ONTD IF EVERY
CLEMENT reR 1S MAPPED TO BY
SOME  deD.




A FUNCTION” £:DSR 1S |} IF EVERY
ELEMENT veR 18 MAPED TO BY AT MOST
ONE deD.

b3

= 5
= 3

ONTO

KX

I\ and ONTO

A RELATION R IS A FUNCTION WITH RANSE
R * $ TRUE, FAGES

A LANGUAGE CAN BE VIEWE) As A
FUNCTION FROM I* 710 TRUE, FALSES

Example (of o langquage)

PRMES = {013* @ we PRIMES (FF
: Y. VIEWED
AS A NUMBER IN BINARY S PRIME

TAE CARYESIAN PRODUCT OF 2 SETS A AND B AwB

IS THE SET OF ALL PARS () WHERE
oeh ond beB.

'Snmu\kuf FOR AxBxC) ETC.




TTURING MACWINE BASIcS  (CHAPTER 3)

OUR GOAL IS TD DEFINE A SMPLE MATHEMATRAL
MOODEL THAT WILL BE TOweRFuL ENOUGH TO
SIMULATE AN (OMPUTATION. THS wilL ALLOW
VS TO THINK ABOUT WHWAT FUNCTIONS quunges
ARE COMPUTABLE WITHOUT WORKY ABOUT
LoTS OF DETAILS OF ORDINARY (OMPUTERS.

WE FIRST Focus ON (OMPUTERS AS AKEPTORS
OF LANGUAGES. LATER WE WILL SEE THA

QUR DEF'NS EASILY MODIFY TO HANOLE
FUNCTIONS.

DET'N

A TM  (ACEPTING A [ANGUAGE) IS A F-TUPLE

M= (Q,&, S

(rduding U spalel »Q& ond R
f ond Nok (‘\u\ t 1.("#

trans hén func’clo-f\

$: er* Q‘_p{iL)R§




SEMANTVS OF A TMI

ol 1l0\t j1\ojofuiu lcﬂ%‘\h .« e

1) hﬁ. el
head

o TLatially on input x> Ol101100, we are
n the obove Smtwal’ (.Ot\f\aurqbon

e M takts a step according to & chanqing

state amd pr.nh:i ¢ symbol, ‘and thtn
mou\ tape h (curser)

o I¢ head on |ettmost cll /sgucrt readiy ‘a
in sta® ¢ and S( o.)-»(, L) +ht
hwad stays on '@ head
(a\\mg " et ond Tk wc,

®  Computation stops whenewr M oa «x
nters either Qoo O Qe

e 1¢ Mdnukal&shw -knnM(v) =\
T Monx halbs in g ), then Mods o,

I€ Monx does wot et on w dhea M= S
o L(M) = Ix | M)yes < ¥
language accepted by M




EXAMPLES Of TM's

O Lt
fwl welof* ond whas arewe
mmber of i'sn}

M- @Q € . §
” ) ) )%‘;%‘1, e
Q= 144 fee, §ud )
$:10,3 |
P - {o,u}

S & decrbed as follows:

g 1-11¢
Q’ 0->0 R

)

00 R
| U-4,R

WR



@ L =3xax | xiio,\'g‘z

FIRST WE QWE AN INFORMAL OESCRITION
oF A TM M  sucd THAT LM )=L,

M, on input W1

\. Scon inpwt 4o be sure t contains
one # symbsl. TE weot, reject.

2. Zia-taq acdss tage &0 posihens on
adher sde of % & check if posvtions
@ntain samt symbel. TF wot ryect,
Cross oK s\fmho\s as they ar hecked.

3. When all gymbols to et of 4 hawve
een Checkad ) check for any mmmmkj
squmibsls to ght of .

4 ary (ouﬂnl.) rgeck . Othrwise Q«th




IRANSITION FUNCTION EWR M, (p. 133)

0ax R , ok 1a5R {
AR -% /
U-"R




