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 !" #$%& '()*+),- .*/012 #$ 34!5#" 678" ! 9: ;$83<6& = > ?86#6 #" @A;"#" BCD =
 !" #$%& +E0+),- .*/012 #$ 34!5#" 678" ! BF ;$83<6& = G !"HAI6#6 #4 7" "JK #" @A;"#" BCD =
L$ @A;" F M" ;6#4N56! OP QRSTUVWX 5#$ Y"M;K 5"& = Z%8 !5#3#" ! 8" "[ !64\56#6 #$ ]4K8$ 5"& 5#" %J$]46^
_# !`3 MA;"#" `"! ;K8$ "8 J4$H"Y"786#6 8" "5]$HaM67#6 ;6 #$ F =

bc'* d ef '0ghi(2j k G !`" !$H$I675#6 # !& "J"8#N56!& 5"& 5#" "`KH$%M" 64_#N;"#" = (i) l5]?6!
coRP ⊆ EXP m (ii) l5]?6! BPP ⊆ EXP m
bc'* n ef '0ghi(2j k G !`" !$H$I675#6 # !& "J"8#N56!& 5"& 5#" "`KH$%M" 64_#N;"#" =
(i) op5#_ t, s : N → N

<?$ "?q$%56& 5%8"4#N56!& = r47s$%;6
Dtisp(t(n), s(n)) = {L ⊆ Σ∗ |

%J34]6! 8#6#64; !8 !5# !`N t = L =
M

a $J$7" "J$["5 7s6! #a8 L`"! #4A]6! 56 ]4K8$ O(t(n))
`"! ]\4$

O(s(n))}.
u$!" 678" ! a 5]A5a "83;65" 5#$

Dtisp(t(n), s(n))
`"! 5#$

Time(t(n)) ∩ Space(s(n)) m
(ii) v>w@pZ ow xpyGpZ m op5#_ "8"I_IN τ

"JK ;!" IH\55"
L1

56 ; !" IH\55"
L2

KJ$% a
τ
%J$H$^

I 7s6#" ! 56 ]4K8$ 2n. v8 L2 ∈ Time(2n),
#K#6

L1 ∈ Time(2O(n)).
(iii) v>w@pZ ow xpyGpZ m coRP ⊂ P/poly.

bc'* z ef '0ghi(2j k G 78$8#" ! s(n) ≥ log n
`"!

t(n) ≥ n.
G67q#6 J_& $J$ !"<NJ$#6 IH\55" "J$^

["5 7s6#" ! "JK ; !" ;a 8#6#64; !8 !5# !`N t = L =
N

a $J$7" #4A]6! 56 ]4K8$ t(n)
`"! ]\4$

s(n),
;J$467 8""J$["5 !5#67 `" ! "JK ;!" 8#6#64; !8 !5# !`N t = L = 56 ]\4$

s(n) log t(n).
p"8 ]46!"5#67 8" %J$MA56#6 `3J$!6& !< !K#a#6& I !" # !&

s(n)
`"!

t(n),
< !"#%J\5#6 #6& ;6 5"[N86!" =u 38#_& a !<"8 !`N H?5a <68 "J"!#67 6J !JHA$8 J64!$4!5;$?& =

bc'* { ef '0ghi(2j k G 67q#6 J_& #$ "`KH$%M$ J4KYHa;" 6!8" ! NP-complete.|}~���� � t a `"#6%M%8K;68$ I43[a;"
G = (V,E) � M 6# !`K& "`A4" !$& K ≤ |V |.

|������ � tJ$467 #$
V 8" < !";64 !5#67 56

k ≤ K
qA8" 5?8$H" V1, V2, . . . , Vk

A#5 ! \5#6 I !"
1 ≤ i ≤ k,

#$
%J$I43[a;" J$% 6J3I6#" ! "JK #$

Vi
8" 678" ! 3`%`H$ �<aH = 8" 678" ! <35$&� m

bc'* f ez '0ghi(2j k G 67q#6 J_& #$ "`KH$%M$ J4KYHa;" 6!8" ! NP-complete.|}~���� � Z%HH$IN
C

%J$5%8KH_8 68K& J6J64"5;A8$% 5%8KH$% S.
�GaH =

C ⊆ 2S .
�

|������ � G !"MA#$8#"& <?$ ]4\;"#" � ;J$4$?;6 8" ]4_;"# 75$%;6 #" 5#$!]67" #$%
S

�`3M6 5#$!]67$ ;6
A8" ]4\;"� � \5#6 `"8A8" %J$5?8$H$ #a& 5%HH$IN&

C 8" ;a8 678" ! ;$8$]4_;"# !`K m


