SECTION 8.1

ALGo RITHMS



ALGORITHMS

Aggrithin: A clearly Specified mehod (or procedure Jor

So\vm(j Qa prob\em.
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PROBLEMS
W dishinguish between o and an of & problam
ProsLeM |NsTANCE
Motrix mbigbcation| (51 )(T1)

’FGNQ[\‘N} salesman Whad is B most effcient
rouke for my mail cavrier [
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Gudoku :é‘;x@




COMPLEX(TY

G{\/e,n an alﬂori)(l'\m, we can ask about 1ts

The CDS‘lZ wrll be /3 Func‘b\on o{'\ ‘H'ULSI'EC or ‘H‘IL fﬂpu‘t.
eq. muHipllfn‘nq tuwo numbers.

Comp,exf'bj {:’ N - R
sizeof ., Cost $or running
inpu‘t the algarrthm on
nput o that size.
(Wo rst case Scenan o)

for Hhisto make sense., we nead o Specily what we Mean
BU\ size angl cost. Owr answer il i:)enol on the Pq({{w\af
Pro‘o\m, as well as our parbicular Needs



COMPLEX(TY

EXamPle: Wha't 'S ‘tlne cost o‘F Gdol\'rxa ‘l',wo n 0“3& num'oerrs I‘VI
toms op ‘H‘l:. V\M‘G\e{ oF Sing[e oll'ﬁit add&l’ons?
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Ansuer Qg
SSOHOE — s
0 <«— Gtart here,
(22

1 or 1 additions \ | addhion

A~ fin) =1+ 2 (n-1) = ]n-1



THE BIG QUESTION
|5 there. o etter woy to oo Jc]m'r\g57

GiVM two ot lﬂ'lms which s more emcjm{;?
Gléﬁt Otrm\_&?f‘thm T @ problum, 75 there o befler one
\/‘]l’\ﬂ'k Olo we meown b\t \oe;e(@(‘?

Trt-51.~ n"

but n<n
T better than



EXAMPLE: MULT IPLYING TWO NUMBERS

Poblem: What is the omolexi of multiplyin Hwo n cligit
Aumbers n {;}fwfs 0;‘1% mm‘ozr\{o single digi‘?

mulﬁp[ica{ 1ons
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{S ‘H’terc a lye.ff u)ouxj.




DIVIDE AND CONQUER

dea: Break Hre problam into more manageable - subproblums.
[ his usua”g leadds to . recursive, ralahion for the.
Covnplexi’tg, snce the cemplexijc\/, O)C the long%w/ prolybfn/[

1s given N trms of Hh c_emp[exijq of the smalle problbms.

ls Here such an algon”(hm qfor Mul{iplw‘r\g Ho fumbers ?



MULT IPLYING TWO NUMBERS

Divide and - Conguerr Algorthm - The idea 1 4o bresk up bt
n dligit numbers to two Vi digit numbers gnd mul{ipl\f

those

o= L&

Iv
Qv \: Orion +

b= ,..-LZ' | b"]: bl'mnh + b,
()b-’al‘o.(On + I:Chlm.‘" OL’L,bl_X lon/l + azbz_

Examgle: 101(-1213 =(10-12)10* +(130+|3L)- |0" + 143
= 12200000 + 26100 + 143 =727 (34%.

Comp[exi%j: {?(n) -4 {?(n,,)

AC‘tlLdll\j, can iMPfOV& g'\rom A[ ‘fo%, e (a‘IOQ.“' az,h) = (afl'az\(bf%z

~—

—~ F(n)=3f{n-1). "O\‘On‘azbo_



MULT IPLYING TWO NUMBERS

So we $ind the Covnf)le)(iJ(\j of the divide and! conquer aloorithm

5\1 %o\vf r\q 't['le recurvence. l’&[ajclbn
An 5an/t

We solve this recursion reladion b% uow\(ing bockowd (see last
Po.%z ofr\ Lecjtufe. 5 .

7 K K
O\n‘:zanlt‘:—éanm_: T :5 a| :3
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/\Aan::éj :nﬂ

This is é’f_{w than i’lq'/



COMPARISON

# mul%ifll'ca‘ffons
\ Grock school | Divide & congquer”
Kdigits clgorbo | ol factor
[0 (00 19 2.5
{00 0000 (479 (.76
[,ooo |,000,000 56,11 [7.58
10,000 [00000000| 2,181,007 45.1L
|00, 000 |0000000000 | 84,103,197 118.90
1,000,000 | |xl10" 2,734,260,557 | 309.19



MORE E XAMPLES
@Ma*l:rfx mul%{FlfcaJc{on Usual altaov’l’dnmt n* mul’cu,alfcmh‘aﬂs
Divide & conguier = n'e’
{dzat Divide_ motrices iﬂfo 4‘ Submwtriczs, 'H’W\ 0{0 7 mu[%p'ica}ioni
@ Evoluathon of pol\/lnom{a\s Usuol alaan:fhmt In-1 muHiPl;CUthOV\S
Horm/'s methodl l/\/ff’te pix) as X-q(x1+C
~ fecursive relation tor 4 of mul‘ﬁplico\’tl‘or\si

fin) = F(in-N+1 ~ Fn)=n

@Gfm‘lﬁ&i’t Common du\/fsof

@ Searcjn{r\% & List



A MILLION DOLLAR PROBLEM

A problem s of chpe? iF it s a polyromial solution.

A Pfoblzw\ 's of {—qpe NP it handed @ solution 4o an
instonce of the problem, thee s a pol\tnom{al time
algon"tkm to check it rCa((j 'so. Soluhon.

QuEsTloN . P=NP /

If P = NP, then the world would be a profoundly different
place than we usually assume it to be. There would be
no special value in "creative leaps," no fundamental gap
between solving a problem and recognizing the solution
once it's found. Everyone who could appreciate a
symphony would be Mozart; everyone who could follow a
step-by-step argument would be Gauss...

— Scott Aaronson, MIT



NP-COMPLETE PROBLEMS

[ hee | (ku !) list Og? roble -H,L,(: “cormtpin’
all o‘l'skui Problems, /i\rflugs\q:ﬁs A e

Cudoku Mf Nes)
/Ba‘fulshlp F(-QLQCQ,&Q.‘W
“etrs ete.

o provwe ?=NP, Show any one OF ‘HMSE Prololems has o
poynomial - Seluior.

75proVe ?¢NP, Show any ofe GF these prololo_ms has no
odynomial - Selution.



