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Dosud: vycislitelnost = které problémy Ize fesit na stroji a které ne?

Od ted’: slozitost = které z fesitelnych problémi |ze fesit efektivné a které
ne?
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Agenda

Agenda
@ Slozitost — ¢asova a pamétova
o Asymptoticka slozitost
o Tridy slozitosti
e Tridy P, NP
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Slozitost — uz znate uz z predchozich kurzi

Definice

T — TS, zastavuje pro kazdé slovo.

Casova slozitost = funkce f : N — Ny, kde f(n) je maximalni pocet
krokd pfi vypoctu nad jakymkoli vstupem délky n.

Pameétova slozitost = funkce f : N — N, kde f(n) je maximalni pocet
policek pouzitych pfi vypoctu nad jakymkoli vstupem délky n.

? vztah mezi Easovou a pamétovou sloZitosti?
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Casova slozitost

Y/Y —
0/0 —

X/X —
1/Y

0
TS: Y
urgime: f(1), £(2), £(3), f(4),...
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Casova slozitost

(1) 0:
0,1

(40,0,1) = (g1, X,2) F (-, X, 3) (2 kroky)
2

L: (g0, 1,1) F (g—, 1,2) (1 krok)
(1)

f(2): 00: (g0,00,1) F (g1, X0,2) F (q1,X0,2) F (¢, X0,4) (3 kroky)
01: (g0,01,1) F (g1, X1,2) - (g2, XY, 1) (g0, XY, 2) I (g3, XY, 3) I
(q+, XY, 4) (5 kroku)

10: (go,10,1) F (g_,10,2) (1 krok) 11: (go,11,1) F (g, 11,2) (1 krok)
f2)=5
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Casova slozitost

f(n) =% +n+1 (pro n sudé)

f(n) =% +n+3 (pron liché)
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Asymptoticka slozitost

Definice
f,g: N — R

g(n) je asymptoticka horni hranice f(n), kdyz existuji ¢,ng € N, t.z.
pro kazdé n > ng:

f(n) <c-g(n)

Notace: f(n) = O(g(n))
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Asymptoticka slozitost

Priklad:
fi(n) =503 +2n% +22n+ 6
fi(n) = O(n3) pro ¢ = 6,n9 = 10.

Ale taky:

fi(n) = O(n?)
fi(n) = O(n?)
filn) =02")
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Motivaéni tabulka

f(n) 20 40 60 80 100 1000

n 20ns 40ns 60ns 80ns  100ns 1lus
nlog(n) | 86ns 0.2us 0.35us 0.5us 0.7us 10us
n? 0.4us  1.6us 3.6us 6.4us 10us 1ms
n? 0.16ms 25ms 13ms 41ms 0.1s 16.8min
2m 1ms 16.8min  36.6let

n! T7let
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Motivaéni tabulka 2

vstup délky 100 jsme schopni zpracovat... zrychlime stroj:

fn) |n nlog(n) n? nt |27 nl

1x 100 100 100 100 | 100 100
100x 10000 5362 1000 316 | 106 100
1000x | 100000 43150 3162 562 | 109 101
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Efektivné fesitelné = Fesitelné s polynomialni asovou slozitosti.
Bacha! Nebrat to dogmaticky:

n0-0001

f(n) =21 vs. f(n) =2
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Tridy slozitosti

Definice
TIME(t(n)) = {L | L rozhodovany TS v ¢ase O(t(n))}.

SPACE(s(n)) = {L| L rozhodovany TS v paméti O(s(n))}.

{0F1% | k > 0} € TIME(n?)
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Slozitost a rozsifeni modelu TS

Slozitost a rozsireni modelu TS?
@ TS s oboustranné nekonecnou paskou,

@ vicepaskovy TS,

@ nedeterministicky TS.
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vicepaskovy TS

Ovladaci
jednotka
paskal]l | | [ | [I] [ |..

paska2| | [ | [ [ ] ] |.

Casova: vicepaskovy TS Casova slozitost ¢(n) ... TS Casova slozitost
O(t?(n))

Pametova: neméni se.
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vicepaskovy TS

Jak se to dokaze:

Ovladaci

jednotka \

paska 1

paska 2

Jan Koneény Uvod do slozitosti 12. listopadu 2013 16 / 27



NTS

Slozitost nedeterministického TS:
Definice

NTS rozhodujici jazyk.

Casova slozitost = funkce f : N — Ny, kde f(n) je maximalni pocet
krokii pouzitych v jakékoli vétvi jeho vypoétu pfi jakémkoli vstupu délky n.

Pametova slozitost = funkce f : N — N, kde f(n) je maximalni pocet
policek pouzitych v jakékoli vétvi jeho vypoctu pfi jakémkoli vstupu délky mn.
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NTS

Deterministic Nondeterministic
f(n) reject - fln)
' } _ accept
l _-accept/reject 1 - reject 1
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NTS

Casova: NTS casova slozitost t(n) ... TS Casova slozitost 20((%))

Pamétova: NTS pamétova slozitost t(n) ... TS asova slozitost O(t%(n)).
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NTS

Definice
NTIME(t(n)) = {L| L rozhodovany NTS v case O(t(n))}.

NSPACE(s(n)) = {L| L rozhodovany NTS v paméti O(s(n))}.
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Tridy P a NP

Definice
P = Y{TIME(n*) |k € N}

NP = [ ANTIME(n¥) |k € N}

Priklad: {0F1% |k >0} € P
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Definice
Verifikator pro jazyk A je TSV, t.z.

A={w|[w,c] €V pro néjaké c € &*

Rikame, ze ¢ je certifikat; V' verifikuje A.

Pokud V' pracuje v €ase t, fikame, ze A je verifikovany v Case ¢ (s tim, ze
se uvazuje jen délka slova w pfi urCovani slozitosti)

Definice

Jazyky verifikované v polynomialnim case = NP.
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Pikantnost: P /NP Policy

The JACM frequently receives submissions purporting to solve a
long-standing open problem in complexity theory, such as the P/NP
problem. Such submissions tax the voluntary editorial and peer-reviewing
resources used by the JACM, by requiring the review process to identify the
errors in them. The JACM remains open to the possibility of eventual
resolution of P/NP and related questions, and continues to welcome
submissions on the subject. However, to mitigate the burden of repeated
resubmissions of incremental corrections of errors identified during editorial
review, the JACM has adopted the following policy:

No author may submit more than one paper on the P/NP or related
long-standing questions in complexity theory in any 24 month period,
except by invitation of the Editor-in-Chief. This applies to resubmissions of
previously rejected manuscripts.

) et e 2 2



Co nas teda ceka priste?
@ Problémy, které jsou P,
o Problémy, které jsou NP,
o Vztah P a NP,
@ NP-aplné problemy
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Pojmy k zapamatovani:

Casova a pamétova slozitost TS, Casova a pamétova slozitost NTS,
asymptoticka slozitost, O-notace, tfidy slozitosti, tfida P, tfida NP, tfida
P-SPACE, trida NP-SPACE.
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© Ukazte, ze P je uzaviena vzhledem k: obraceni, sjednocenti,
konkatenaci, uzavéru, dopliku.

@ Ukazte, ze NP je uzaviena vzhledem k: obraceni, sjednocent,
konkatenaci, uzavéru.
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