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 !"#$% &'() *+&,-() -$#./0# 12#* & 34 5 6#0! 7.
NP -complete 8+$9%:-*7* , 10+$;#7* & (!* '.#*-1! 7$ -.,<-* '*& (!* 81+&=>$#7* & ! 7$ paper

7$"
Karp.

?@AB C DE AFGHIJKL 5 M%<,=) : N1"/=) O P &'* &$%$Q12! 71 7<# *8.#7<!< !*) R*S
coNL ⊆ PSPACE.

9 S
NP ∩ coNP ⊆ coPSPACE.

Q S
P/poly ⊆ EXP.

?@AB 3 DT AFGHIJKL 5 UV! 70 -2* Q%W!!*
A
< $8$2* 12#* & DSPACE(n)-hard.

M8$/12X71 80) < A12#* & '* &
PSPACE-hard.

?@AB E DY AFGHIJKL 5 V# (Z1& 7<) *#7 &8"+&':) 81+ &(/$" 7 2,17* & 7$ 1X:) 8+(9%<-* R [ *) /2#17* & =#*!;#$%$ 7$8$,1! &W# \ $ & -17*X; 7$") *'=+* &1) *8$! 7.!1&) \ '*,W) '*& /;$ *'=+* &$ & k, d > 0.
[8$+$;-1 #*18 &%=X$"-1 7$ 8$%; k

*8( 7 &) 7$8$,1! 21) Q &* 8"+$!91! 7 &'$;) ! 7*,-$;) \ =7! & '., 1 7$8$,1! 2* #* *8=>1&7$ 8$%; d
*8( 7$# 8%<! &=! 71+$ 8"+$!91! 7 &'( ! 7*,-( OP 12X71 (7 & 7$ 8+(9%<-* 12#* & NP -complete.

V 2#* &
strongly NP -complete

O

?@AB T DY AFGHIJKL 5 M8$/12X71 80) Q &* '.,1 Q%W!!* L
! 7$

NP
"8.+>1& randomized

*%Q(+&,-$)
A

8$%"0#"-&'$; >+(#$" 7=7$ &$) W! 71 ] *# x ∈ L, Pr[A(x) = yes ] > 0,
'*& *#

x 6∈ L, Pr[A(x) = no ] = 1.PW! 71 7$ '*%;71+$ '.70 ^+.Q-* 8$" -8$+1271 Q &* 7<# 8 &,*#(7<7* Pr[A(x) = yes ]
(7*#

x ∈ L.

?@AB 4 DY AFGHIJKL 5 [ *) /2#17* & =#* 8+(9%<-* *8$'+"87$Q+.^<!<) 8$" 9*! 2_17* & ! 7<# &/=* *#`7 &'*7.! 7*!<) >*+*'7:+0# R
abcdedf g *%^.9<7$

Σ,
%1X &'(

D = {d1, d2, . . . , dn}, di ∈ Σ∗, 1 ≤ i ≤ n,
'*& - &* % 2! 7* '0/&'$8$ &<-=#0#%=X10#

W = {w1, w2, . . . , wm}, wi ∈ Σ∗, 1 ≤ i ≤ m.ahijklm g n8.+>1& !"#.+7<!< f : Σ → Σ
7=7$ &* W! 71

f(W ) ⊂ D
O

o R> R *#
W = {WAKK, FHADS, POKK}

'*& 7$ %1X &'( 81+ &=>1& (%1) 7 &) *QQ% &'=) %=X1&) \ *#7 &'*`, &! 7W#7*) 7$
W
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O, 8*2+#$"-1 f(W ) =
{FALL, HEADS, ROLL}.P12X71 (7 & 7$ 8+(9%<-* 12#* & NP -complete.

V 2#* &
strongly NP -complete

O


