AEEVSARIEDEE)

P = TIME(p())

P:ZIEK

€ = o> TIME(2)

= TIME(2°r0)
exp=U L TIME@)

(E#E5.2) RELBNIVSANPIZAS®

1/5

LT zimt=9 ZIENqL SRR R AR ERNF A

£ x €l txeLeawe I w=q(x)[R(x,w)]
fgEc: Iwe 27 [R(xw)]
(EIE5.5) EELMITRCO-NPIZASD®

1'I'I

LT zimt=9 £ qL SRR R AR ERNFE:

£ x €l txeLevwe 2w =q(x)[R(x,wW)]
gEC: Vwe 27 [R(x,w)]
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Complexity Classes

= TIME(p(l
P et P.polynomial (p( ))
E =U c>1 TIME(2¢)
exp=J TIME(2P0))
P-polynomial

(Def 5.2) Set L is in the class VP&
There exists a poly g and a poly-time computable pred. R s.t.
foreach xe 2", xeLe® Iwe 2 ":|w|=q(Ix])[R(X,wW)]
Abbr. 3 w& 27: [R(x,w)]

(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.
foreach xe 2", xeLeVvVwe 2 ™:|w|=q(x])[R(x,w)]
Abbr. V. w& 2 7: [R(x,w)]
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TE HE5.8.
(1) P € NP, P < co-NP(&2T, PE NP N co-NP)
(2) NP S EXP, co-NP S EXP (£2T, NP U co-NP € EXP)

E 5.9, T

(1) NP S co-NP > NP =co-NP|(3)kY, NP # co-NPOEERAIL,
(2) co-NP & NP > NP =co-NP | p: A/POEFB LY EEL LY.

(B) NP CO-NP > Px NP

NP #co-NPHIELLYE

OFEING
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Theorem 5.8.
(1)P € NP, P S co-NP (thus, P S NP N co-NP)
QNP S EXP, co-NP S EXP (thus, NP U co-NP € EXP)

Theorem 5.9. Note: from (3)

(1) NP S co-NP > NP =co-NP | the proof for NP~ co-NP
(2) co-NP S NP > NP =co-NP| is harder than that for P=NP.
(3) NP = CO-NP > P = NP

If NP #co-NPis true,

57 XE



AMMREVSARDERZHERT HE. ..

DSAPNDEZEGBE)
EELAYSAPIZAD ©
LT Zimf-9 ZIEX R E e EBRNFE:
£ X € L"TXELSR(X)

3/5

D2 ANPDE = (E #E5.2)
EALNISANPIZAS &

LT Zif-9 IR qE SRR R TR ZBRMFE:

&Zx e TxeLeawe 27 \w=q(x)[Rxw)]

95X co-NPD 7E & (7 HH5.5)
£ E5LAYS5Rco-NPIZAD &

LT Zif-9 218 qE SRR TR TR ZBRMFH:

K x el txeLevwe 2w =q(x)[R(x,wW)]
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Observation of the definitions of the classes...

Def: Class P (Chapter 5)
SetLisintheclass P <
There exists a poly-time computable predicate R such that
foreach x€ 2, x€L&R(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.
foreachxe 2", xeLe® Iwe 2 ™:|w|=q(|x])[R(Xx,wW)]

Def: Class co-N'P (Theorem 5.5)
Set L is in the class co-ANP &

There exists a poly g and a poly-time computable pred. R s.t.
foreachxe 2", xeLevwe 2™ |w|=q(Jx])[R(x,w)]
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X, A%, IXg [R(X,Xp.X5)] @ FW(=<X1, X5, %5>) [R7(W)]
VX VX, V X3 [R(X1,X0,X5)] €V W(=<Xq, %, X5>) [R7(W)]

LREZE IxvyIw[RKX,Y,wW)] 127
VIR 2L ={x:3,wiV wa.. D W[R(X, Wa,..., wk)] }
VAT L={x:V w3 w2.. P W[R(X, ws,..., Wk)] }

(LEERED) T CHM D ER:
2o =1l =P II

2 = NP PNy
P =co-NP

P P
Iy, nx .,
P P
..L..Lk_i_l mZk_'_l

N 1N
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X, A%, IXg [R(X,Xp.X5)] @ FW(=<X1, X5, %5>) [R7(W)]
VX VX, V X3 [R(X1,X0,X5)] €V W(=<Xq, %, X5>) [R7(W)]

...How about, e.g., AxVy3Iw[R(x,y,w)] ??

Class 2} : L ={x: 3wivVwz.. D W[R(x, wWs,..., w«)]}
ClassII} : L ={x: Vwidwz.. D Wk[R(X, Wx,..., Wk)]}

It 1S not difficult to see that...

2o =1l =P 11
2, =NP )
P =co-NP

P P
- k+1 M Zk+l

P P
- k+1 M Zk+1

-l
-l

) ~ o



(LB T oD DR

2, =NP —Xb —37 —>"

/
5p=Tp =P

5/5

4
\82(73

/

MY =co-NP-I1P —I1) —II7
PH= 2! = JT?
K K

F H®DEE

8(1991): PH S PPP
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It 1S not difficult to see that...

Toda’s Theorem(1991): PH < PFP




5%l D F 7E (Schedule)

11/16 (Fri): BABGEBI S F— D=8 KR5E(Canceled
for pre-job interview)

11/20 (Tue): &z ELHR— D EEER (Lecture (12) &
answers and comments on reports 4 and 5)

11/27 (Tue): &%= (Lecture (13))

11/30 (Fri): #i>R&ER (Final Exam.)
o T4 RT T—IELR—FEERERDFRE LR ER (&R EAN?)

Reports g f (dist.) Y (deadline) | f#%Z(ans.)
Report 4 - 11/16 (12:30) |11/20

Report 5 - 11/19 (12:30) |11/20

Report 6 11/20 11/30 (12:30) |11/30 (13:30-)




