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Min-Dnf – daná je formula φ a č́ıslo k ; existuje ekvivalentná
formula vel’kosti ≤ k?

3-Coloring-Extension – daný je graph G ; dá sa každé
3-ofarbenie listov rozš́ırit’ na 3-ofarbenie celého grafu?

1Lta-Grammar-Inequivalence – dané sú bezkontextové
gramatiky G1 a G2 nad 1-ṕısmenovou abecedou; je
L(G1) 6= L(G2)?

VC-Dimension – daná je kolekcia C = {S1,S2, . . .}
podmnož́ın konečnej množiny U (Si sú reprezentované
úsporne booleovskými obvodmi); je VC (C )≥ k? T.j. existuje
X ⊆ U, |X | ≥ k , ∀S ⊆ X : ∃i : S = Si ∩X?
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formula vel’kosti ≤ k?

3-Coloring-Extension – daný je graph G ; dá sa každé
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Min-Dnf:

∃ formula ψ

∀ ohodnotenie x : φ(x) = ψ(x)

3-Coloring-Extension:

∀ ofarbenie listov

∃ ofarbenie grafu

1Lta-Grammar-Inequivalence:

∃ slovo w a odvodenie v G1 alebo G2

∀ odvodenie v tej druhej gramatike nedostaneme w

VC-Dimension:

∃X ∀S ∃i také, že dačo plat́ı
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Defińıcia (ATS)

Alternujúci Turingov stroj je 7-ica A = (Q,Σ,Γ,δ ,q0,F , typ), kde

δ (q,a)⊆ Q×Γ×{−1,0,+1}

typ : Q→{∃,∀}.
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Defińıcia (ATIME, ASPACE)

Nech f : N→ N je funkcia. Hovoŕıme, že alternujúci stroj pracuje v
čase/pamäti f (n), ak každý výpočet na každom slove x zaberie
čas/pamät’ f (|x |). Definujeme ATIME(f (n)) a ASPACE(f (n)) ako
triedy jazykov rozhodnutel’ných na alternujúcom Turingovom stroji
v čase, respeḱıve priestore O(f (n)). Špeciálne

AL = ASPACE(logn) – alternujúci logaritmický priestor,

AP =
⋃

k ATIME(nk) – alternujúci polynomiálny čas,

APSPACE =
⋃

k ASPACE(nk) – alternujúci polynomiálny
priestor,

AEXP =
⋃

k ATIME(2n
k
) – alternujúci exponenciálny čas.
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AP =
⋃

k ATIME(nk) – alternujúci polynomiálny čas,
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Aká je sila alternovania?

Aká vel’ká je trieda AP?

Aká vel’ká je trieda AL?
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P⊆ NP ⊆ AP
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AP⊆ PSPACE

23 / 40



QBF ∈ AP

=⇒

PSPACE⊆ AP
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∃ cesta z A do B na k krokov?

paralelne vyskúšaj všetky M (∃) a rekurźıvne zisti, či ∃ cesta z
A do M a zároveň (∀) cesta z M do B na k/2 krokov

25 / 40



∃ cesta z A do B na k krokov?
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Aká vel’ká je trieda AL?
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L⊆ NL⊆ AL
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AL⊆ P
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pamät’ s =⇒ 2O(s) možných konfigurácíı
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P⊆ AL
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test(i , j ,x) – je v i-tom kroku na j-tom poĺıčku hodnota x?
tipni si poĺıčka j−1, j , j + 1 v predchádzajúcom kroku i−1 (∃)
a rekurźıvne (∀) zavolaj test
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Veta

Pre t(n)≥ n, s(n)≥ logn časovo/páskovo konštruovatel’né plat́ı

ATIME(t(n))⊆ DSPACE(t(n)), (rek. vyhodnocujeme strom výpočtov)

DSPACE(s(n))⊆ ATIME(s(n)2), (
”

paralelný Savitch“)

ASPACE(s(n))⊆ DTIME (2O(s(n))), (prehl’. grafu konfigurácíı)

DTIME (t(n))⊆ ASPACE(log t(n)). (
”

paralelný Cook-Levin“)
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Dôsledok

L ⊆ P ⊆ PSPACE ⊆ EXP ⊆ EXPSPACE ⊆ ·· ·

= = = =

AL ⊆ AP ⊆ APSPACE ⊆ AEXP ⊆ ·· ·
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