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Fbit yz r{ q|}{v{ ry} ~s�uw}
< x, i > ��{�

x, i ∈ N
r�r{ �{ � wqrs r{

i
{qr� bit

r{� �suxv|rso{� �owr{� �xo�u{}rx r{�
x

sp}x � pq{ �s
1.�d� �}yop~{}rxz �yz Primes ∈ P, �sp�rs �yz Fbit ∈ NP ∩ coNP

0�f� (�{�sp�rs �yz x}
P = NP ∩ coNP , Factoring ∈ FP .

Factoring
sp}x � t q�}�ortqt �{� ��{v{u p~s� rt} �xoxu{}r{�{ptqt s}�z xo���{|

x
qs u �}��s}{ �owry}
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\ ]^_`abc f e� bghijklm n + o��vt�x �� 0� 0� x�� r{} +x�x�t�tro p{� � Strong nondeterministic
Turing machines.

\]^_`abc � e� bghijklm n �syospqrs r{} �xox��ry {o�q�� r{�
P/poly.�]��b^l

P/poly. L ∈ P/poly if there exists a polynomial-time Turing machine M, a polynomial
p() and a function h mapping numbers to strings, where |h(n)| ≤ p(n), such that for all strings x

x ∈ L ⇔< x, h(|x|) > is accepted by M.

�d� (�{�sp�rs �yz sp}x � �q{�|}x�{z �s r{} {o �q�� ��qy ���vy��ry} 0�f� ���t�sprs r{} {o�q�� r{�
NP.�]��b^l

NP . L ∈ NP if there exists a polynomial-time Turing machine M and a polynomial
p() such that for all strings x

x ∈ L ⇔ ∃y s.t. |y| ≤ p(|x|) and < x, y > is accepted by M.

" �x �o{�x}�z � �x�{o� x}��sqx qr{�z �|{ {o�q�{|z sp}x � �yz u �x �|{ x
p� �{� ���{�z � qr{ �s|rso{ {o��

q�� ��{osp rx x}r pqr{ ��x � �qr{�{ �tr ��� y
}x sp}x � � �x�{osr ��� 0 ( �r� ��yz �s} �xp}srx � }x xo�sp u �x }x

x�{�vspq{��s r{ usu{}�z �yz { {o�q��z r{�
P/poly

sp}x � s �� ��� �so p�ryqt r{� {o�q�{| r{�
NP . �/{

{�{ p{ �x q��x�}s �yz P/poly ⊆ NP .� + {�x sp}x � t �o pq ��t ��x�{o� x}��sqx qr{�z �|{ {o�q�{|z  
\ ]^_`abc � e� bghijklm n (�{�sp�rs rt q�}s�xuyu� P = NP ⇒ EXP = NEXP . ¡¢£¤¥¦§¨©
�{� ���qrs }x ª�{�q�wqsrs« rt q���{v{qs�o� s�q��{� 0



\]^_`abc ¬ e� bghijklm n , sp�rs �yz rx x��v{��x �o{�v��xrx sp}x �
NP-complete.�� , p}{}rx � �t �xrs���}��s}x uox���xrx

G � H.
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H
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G  ­� , p}srx � �t �xrs���}��s}{ uo��t�x
G = (V,E).
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G = (V,A)

�x� ~tr��s �}x ��{q|}{v{ A′ ⊆ A
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G = (V,A \ A′)
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}x sp}x � sv�� �qr{ 0 (�{�sp�rs �yz r{ x}r pqr{ ��{ �o��vt�x x���xqtz sp}x �
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L ∈ NR,

x} ���o�s� � ��x}{r ���z �{v�y}�����z xvu�o���{z V,
�x� �{v�w}��{ p(n)

r�r{ �x
wqrs
�� u �x ���s

x ∈ L,
���o�s� y ∈ {0, 1}p(n),

�rq � wqrs
Pr[V (x, y) = yes] ≥ 1/2,

�x�
­� u �x ���s

x 6∈ L,
�x� u �x ���s

y, Pr[V (x, y) = no] = 1."�{osprs }x q�q�sr pqsrs r{
NR

�s ���{ �x u}yqr� �v�qt  
\ ]^_`abc ° e® bghijklm n ±#qry L ∈ NSPACE(s(n)), s(n) = Ω(log n).
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M
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(i)
x}

x ∈ L, M(x) = yes
�s � ��x}�rtrxr{�v�� �qr{}

1/2
�x�

(ii)
x}

x 6∈ L, M(x) = no
�s � ��x}�rtrx 1.
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