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HESEISA(HERINED)
r= o2zt TIMER()
€ =l 1 TIME2?)
sxp= Up:§IEKT|ME(2p(D)

(B#E5.2) RELNYFANPIZASS
LT &&= 2ERqE S EXBRE BRI GEREERD FIE:
£Zxei txeleawe I w=q(x)RXw)]
B&FE: Iwe 7 [R(xw)]
(FEH5.5) EALMNYFRco-NPIZAD S
LT ZE-T 2ERqE S EXRET ERIAEREERD 1L
£ x €X' TxeLevwe 7 w=q(X))[R(x,w)]
B&EE: Vwe X7 [R(xw)]
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TEES 8.
1) P E NP, PE co-NP(&2T, PE NP N co-NP)
Q) NP S EXP, co-NP S EXP (&2T, NP U co-NP € EXP)

EEES.9. HiE:

(L) NP € co-NP > NP =co-NP|(3)kY, NP # co-NPDIEHIL,
(2) co-NP € NP > NP =Co-NP | P NPOIEBR LY LY.
B)NP# co-NP > Pz NP

NP #co-NPHIELL

QFGEANG
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HERISAHEDEZRZHERET HL...
ISAPHDEE(GE)
EELNISAPIZAS ©
LT #i-9 S EREM E a4 BRI
& x € L"TXELSR(X)

95 ANPDEE(E %5.2)
EEABLNISANPIZAD &

LIF &= 9 21ERqE SR B H A H AT BB ERANFTE:
£ xeitxeleIwe I w=q(x)[RXxw)]

95X co-NPDTE & (FEHS.5)

ALNIFRco-NPIZAD &

UTE#E-T 2EXqs SEXRE H A LR ERN A
£ xeirtxeLevwe I w=q(x)Rxw)]
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Complexity Classes

r={ TIME(p()

p:polynomial

€ =l .oy TIME(2®)

exp= Up:polynorrI&!lME(zp(l))

(Def 5.2) Set L is in the class NP+

There exists a poly g and a poly-time computable pred. R s.t.
foreachxe Z*, xeLe Iwe I *:|w|=q(x|)[R(x,w)]

Abbr. 3 we 27 [R(xw)]
(Theorem 5.5) Set L is in the class co-AP<

There exists a poly g and a poly-time computable pred. R s.t.
foreachxe€ L*, xeLevwe X :[w|=q(X|)[R(x,w)]
Abbr. V we 27 [R(x,w)]
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Theorem 5.8.
)P € NP, P S co-NP (thus, P € NP N co-A'P)
QNP € EXP, co-NP S EXP (thus, NP U co-NP S EXP)

Theorem 5.9. Note: from (3)

(1) NP S co-NP > NP =co-NP | the proof for NP« co-NP
(2) co-NP € NP > NP =co-NP| is harder than that for P=ANP.
B) NP+ co-NP > P # NP

If NP #co-NPis true,

OFEEANG
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Observation of the definitions of the classes...

Def: Class P (Chapter 5)
Set L isinthe class P <

There exists a poly-time computable predicate R such that
for each x€ X", xELR(X)

Def: Class NP (Def 5.2)
Set L is in the class NP &

There exists a poly g and a poly-time computable pred. R s.t.
foreachx€ X", xeLe Iwe ™ |\w|=q(|X|)[R(x,w)]

Def: Class co-NP (Theorem 5.5)
Set L is in the class co-NP <

There exists a poly g and a poly-time computable pred. R s.t.
foreachx€ L*, xeLeVwe Z*:|w|=q(x|)[R(x,w)]
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Ix, 3% T X5 [R(X1 X0 %5)] € FW(=<X,%,,%5>) [R*(W)]
V% V% ¥ X5 [R(X1 X0, X5)] €V W(=<X, %0, X5>) [R*(W)]
...How about, e.g., IxVy3Iw[R(x,y,w)] ??
Class £{ : L ={x: IwrVwa.. D W[ R(X, w,..., Wk)]
ClassIT{ : L ={x: VYwiIwz.. D wi[R(X, W,..., Wk)]
It is not difficult to see that...
Zg :ng :P Hl? ng?+1ﬁEE+1
le :NP EE gnfﬂmzfﬁ
TP =co-NP
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Ix, 3% X5 [R(Xy,%0%5)] € FW(=<%,%,,%5>) [R*(W)]
VX V%V X [R(X, X5 X3)] €V W(=<Xy %0, %) [R'(W)]
LW EZIE IxVyIwRXYwW)] 1£2?
D3R L)L ={x:3 WV Wa.. D Wi[R(X, w4, ..., Wk)]
DAL ={x:V w3 wa.. D Wk[R(X, W, ..., WK)]
(34 0) e oY AvY S S

zg :ng :7) HE QHEAGZI?A

2= NP E IR nER,

TP =co-NP
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(L8 E) I ChhHEIE:

SP=NP 3P %Py
~ N evp

)

Iy =TI} =P\
M} =co-NP~I1) —11§ —TII}

PH=|Jzp =Jm?
k k
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It is not difficult to see that...

3P = NP 5P 2P %D
sp=Te=p Neap
N /

! =co-NP-II} —II} —II}
PH=Jz ={Jm}
k k

Toda’s Theorem(1991): PH S PFP -




