MEEVSARDERZHETSHE...

HSAPDFE

=(5F)

EE5LMNISAPIZAS &

UTZiml=-9

ZIBAFFHEETE A

& X EXTTXELSOR(X)

AEIREERDNFTE:

D2 ANPDE

Z(EF&5.2)

EE5LMNISANPIZAS &

uTélﬁf’ﬁglﬁthglﬁﬁﬁﬁfﬁ n'l'ﬁ_.r ﬁl:.Lnl:l Rh\ﬁr

£ x ex*txeLe Iwe T w| = q(X)[R(X,W)]

5 & co-NPDE
E£E5LNYIS5Rco-NPIZAD &
LT ZimE-9 2N ZEXFREFTE AT gER ZBERMTFTE:

= (EE

85 5)

£ x ex*exeLevwe I jw| = q(x)[R(X,W)]




Observation of the definitions of the classes...

Def: Class P (Chapter 5)
Set L is 1n the class P <

There exists a poly-time computable predicate R such that
for each XEX*, XELER(X)

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

There exists a poly g and a poly-time computable pred. R s.t.
for each xEX", xeLe dwe X7 jw|=q(|XD[R(X,w)]

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.
for each xEX", xeLeVwe X7 jw|=q(X))[R(X,w)]
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$15.9: REFIE =R
[n] & PRIME <> 3m:1<m<n[ n mod m=0]

L1=A'>T, qy(n) =n&lL,
R,(X,W) <> [XgN]v[[wWeN]A[l<m<n]A[n mod m=0]]

(1=1=L, n, mlE & 4 x, whiR I B R,
NIZBAREBD2EREE£K)
EEERT DL,
IARTDXeZ*|TRXL, x&PRIME & 3g,WR,(X,W)]
ChIE, x € PRIMEIZX S SFEHL
&2T, PRIME € NP, ie., PRIME € co-NP
EFR, Q(X, W) <> — Ry (X, W) B Y
PRIME = {x: Vg,w [Q,(X, W)]}
ERES.

PRIME NP {5, FOIAIEE-EEH.
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Ex.5.9: Primality testing
In]¢PRIME <> 3m:1<m<n[ n mod m=0]

Theretore, for q,(n) =n,
R,(X,W) <> [XgN]v[[wWeN]A[l<m<n]A[n mod m=0]]

(where, n and m are natural numbers represented by X and w.
N is a set of all natural numbers in the binary form)
This definition leads to
for every X€ 2 * we have X¢&PRIME < 3q,W[R,(X,W)]
This 1s a witness to X € PRIME
Thus, PRIME < NP, ie., PRIMEE co-AP
In fact, using Q(x, w) <> —R (X, w), PRIME can be expressed as
PRIME = {x: Vg ,w [Q,(X, W)]}

We can also show that PRIME e NP, but its proof is more complex.
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NPRIRED B
- & FEH 7 1 RE(COMPOSITE)
A1 BAZN
B :nXEREHN? (FRMTELMN?)

T YU RIRE(KNAP)
AN BR#BDME<a,,a,,...,a,b>
B D, .a=b LEBRENESSC (1, . .nAHEM?

- FE R OO B RE(BIN)
AN BA#BDME<a, a,, ...,a,b k>
B :ARFOESU={1,..,n1ZU,, ..., UDKEIZHZIL

ZTY, , a<b LT BILEAMEN?

Eﬁmﬁﬁéwa —rre—
ﬁFnEJ G( kTE'Ed)TE'E?BZEb\ﬁEj’éb\O u,vw_j:i‘j:

SIZEENSD
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Examples of A’P problems

- Composite Number Testing Problem(COMPOSITE)
input: natural number n
question: Is n composite? (Is it not prime?)

- Knapsack Problem(KNAP)
input: n+1 tuple of natural numbers <a,, a,, ... , a, , b>

question: Is there a set of indices S & {1, ..., n} s.t. Z a, =h?

ieS !
Bin Packing Problem(BIN)
input: n+2 tuple of natural numbers <a,, a,, ..., a,, b, k>

question : Is there a partition of a set of indices U={1, ... , n}
into U,, ..., U, such thatZ:i L 8 S b for each j?
<

Vertex Cover Problem(VC)
input : pair of undirected graph G and natural number k <G, k>
question: Is there a vertex cover of K vertices over G?

Vertex Cover S contains at least one of U and v for each edge (u,v).
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GSTEE=V7ABOE R

FH56: pC cc cxp| |FEEEEGEE44):
EEOFIREE t), t, [TXL.

DN
I

EELY, AH. Ve >0,V n[ct,(n)’ <t,(n)
JTFE}E5.7: D % 5C¢ SXYP. —>TIME(t1)§TIME(t2)
ST BR: N

1) Pg &

t,(n)=2",t,(nN)=2"&9 5 &, [EEEELY,
TIME(2") & TIME(23")
—7, P < TIME(Q2") ¢ TIME@2*) < £fZh'b,
PS &
2)B E k.

Ak BA
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5.3. Relation in the Complexity Class

Theorem 5.6: P < £ © £XP.| |Hierarchy Thm. (Thm. 4.4):
For any times t;, t, ,

Obvious from the definition. ve > 0,vn[ct (n)’ <t,(n)
Theorem5.7. P G & G EXP. %TIME(tI)gTIME(tz)
Proof: \/

(1) P& £

For t,(n)=2", t,(n)=23", from the hierarchy theorem we have
TIME(2") & TIME(2%")

On the other hand, since P © TIME(2") ¢ TIME(2’") < &
P <% &

(2) 1s similar.

Q.E.D.
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EHE5.8.
()P S NP, PSS co-NP(.-P S NP N co-NP)

Q)NP S EXP, co-NP S EXP (NP U co-NP S EXP)

ZEER: (1) P S /\/77 (P S co-NP £ EHR)
L. E=EDPRE
9 L(j: IETH#FHﬁ—CEL nﬁk_.r

&0 T, yIE‘tH#FaEln'fﬁ_IﬁbLnnP’éFﬁL\’C«k@J:')L%Hé
VxeX*:[XeLPX)] or P= ={x: P(x)}
Rx,w)=PX)EEE (F25I18ILER)
> E%‘O) ZIETqlZDLVT,
= {x: 3 W[ R(X,wW)]}
J:o'C NPDEZEKLY, L€ NP ie, P S NP.
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L'\f\f\ m O
neoren

( P = N P S co-NP (P S NP N co-NP)
QNP < EXP, co-NP © EXP (NP U co-NP & EXP)

Proof:
()P S NP (P < co-NP is similar)
L: arbitrary P set
=>» L is recognizable in polynomial time
Thus, we have the following description using a polynomial-time

computable predicate P.
VxeZ*:[xeLo P(X)] or P={x: P(X)}

We define R(X, w) = P(x) (neglecting the second argument)
—> for any polynomial ,

L = {x: W[ R(x,w)]}
Thus, from the definition of NP, Le NP ie., P S NP.
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Q) NP € EXP(co-NP < EXP)
41 = mNP’E

IEth IR FT E Al AE RN FEL T,
= (X3 WRX WS = x: I W wi= q(] X [) AR(X, W)

q&RéﬁﬁL\—C L& &2 nﬁk-d_éj 0o S LS.
prog L(input Xx);
begin

for each W e 2™ do
if R(x, w) then accept end-if
end-for;
reject
end.

ESIOAAIZw TS0 S LOBRETE=:
RIZZIEXEGHEETERIREZ =05, HAHZIEXpIIXIL,
RO ETERME=p(x| + w|) <p(+q() «~— | DZIEXK
KT, {pd+g()) + cq()} 290 + d = O(2 Hab)
£OT, Le&XP > NP C EXP sIEAA#%




(2) NP S EXP (co-NP S EXP) 10/12

L: any NP set
=» There is some polynomial g and polynomial-time computable
predicate R such that
L= {x: 30RO W)T} = £X: 3w WIS q(1 X ) A RO W)}
prog L(input Xx);
begin

for each W e 2™ do
if R(x, w) then accept end-if
end-for;
reject
end.
time complexity of the program for an input of length I:
Since R 1s polynomial-time computable, for some polynomial g
time of R=p(|x| + [w]) <p(l +g(l)) «— polynomial of |
In total, {p(l+qg(l)) + cq()}29D +d = O(2 a)
Hence, L e EXP > NP C EXP Q.E.D.

program recognizing L using q
and R
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TEHES.0.

(D) NP S co-NP > NP = co-NP
(2) co-NP S NP > NP =co-NP
BYNP# co-NP 2> P« NP.

#E: Q) &KY, NP #co-NPDIEBAIK, P# NPOEEBAKXYZELLY.

GEBA: (1) NP S co-NP > NP =co-NP ((2)DEERRH [E4k)
EE®DLe co-NPIZHLTL e NPHOARENIL,
co-NP & NPHOEEEATESD T,
REDNP S co-NPEEHHE TNP =co-NPHEZ 5.

L € co-NP —’I e NP (EFES5.3&Y)
“Leco-NP (NP S co-NP&KY)
~Le NP (E&ES5.3&L=L&KY)
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Theorem 5.9

(D) NP S co-NP > NP = co-NP
(2) co-NP S NP > NP =co-NP
B)YNP# co-NP > P NP.

Note: from (3) the proof for NP # co-N'P is harder than that
for P# NP.

Proof: (1) NP S co-NP > NP =co-NP (proof of (2) is similar)
Since co-NP S NP is shown if we prove LENP for any L€ co-N'P
Combining it with the assumption NP € co-N'P, we have
NP=co-NPandso
L € co-NP — L ENP (by Definition 5.3)
—L€co-NP (NP S co-NP) —

—LENP (Definition 5.3 and L=L)
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B)NP #co-NP > P = NP.

XH&: P= NP > NP =co-NP
P=NPERET HE, TRTOLIZHL

LeNP € LeP (P=NP &Y)
< L_GP (/EEIFI:IEJDE:ESS)
ST ENP (P=NP &Y)
<L(=L)€co-NP (E&E53&LY)
-+ NP = co-NP A BA#E
NP # co-NPMIELLVE

57§
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B)NP #co-NP > P= NP.

Contraposition: P = NP 2> NP =co-NP

If we assume P=NP, for any L we have
LeNP < LeP (P=NP)
< Lep (Exercise 5.5)
< LEANP (P=NP)
<L(=L) €co-NP  (Definition 5.3)
- NP =co-NP Q.E.D.

If NP #co-NPis true,

OFEING
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FO0E ZIERHEEFTFEAIEED D
6.1. SIETBEAN;R T A AL

TE&6.1:

ALBEZEEDEE LT S.

(1) F';E]’y"ﬂ h: A>B: % I8 = B E 1= JT(polynomial-time reduction)
(a) h [EZ*MHI ~DEEHIRE K

—| (b)xeX*[xe A<> h(x)eB]

(o) h [FZEA R R A EE.

2) ADBBADZIEXFFRIRTNFET HET,
AlE B % I8 T B E] 1= 7T Al BE &L VD (polynomial time reducible).
—DEE, RDEIIZEL:

A<’ B




Chapter 6. Analysis on Polynomial-Time
Computability

6.1. Polynomial-time Reducibility

Def.
Let

6.1:
A and B be arbitrary sets.

(1) function h: A>B: polynomial-time reduction

—

(a) h is a total function from X* onto X*
b)yxeZ*[xe A< h(X) e B]

_(¢) h is polynomial-time computable.

(2) When there 1s a polynomial-time reduction from A to B,
we say A is polynomial-time reducible to B.

Then, we denote by

A<’ B

1/14
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NTIL, ADZLS < BOZLS

=t)
+

A< B ZEAKMOHE

FHE6.1. A< BDEE,

(H)BEPS>AEP,

(2)B € NP> A€ NP,

(3) B € co-NP 2> A € co-NP.
(4)B € EXP 2> A €&EXP.

I DIREEHIS. —RRICIK, BeED> A e EEIFTEBTELY.

1516.2: ONE= {1} EEET HEE, ITAPDITRTHOESLIC
DL\T L< ONE

MAYILD. = { 1, X€LDEE,
0, ZTDmDLE
EEETDHE () hFZ DI AN HIBEE
(2) xeX*[xe L <> h(x) e ONE]
Q) hFZIERFREETETEE(Le PoxcLOHIEL ZIER BEREIA)
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A SE B  within polynomial time, hardness of A < that of B

FH6.1 A< B leads to,

(1)BEP>AEP.

(2)B € NP> A< NP.

(3) B € co-NP > A€ co-NP.
(4)BE EXP > A € EXP.

Note: class £ is exceptional. Generally, B €& 2> A € £ is not true.
Ex.6.2: If we define ONE= {1}, for each set L in P we have

1 P AN

- )m UINLE

If we define h(x) = { (1)’ i)t;l)l(eer\xl;i’se

(1) h is a total function from X* onto X*.
(2) xeZ*[xe L <> h(x) e ONE]
(3) h is polynomial-time computable(so is computation Le P>x<L)
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TFIE6.2: A B, C:IEENES
(HA < A
2)A< BAB< C A< C

-m

FTEHE: A= B o A<

m -m

=" 13 FEES R

BAB< A
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Theorem 6.2: A, B, C: arbitrary sets

(DA <& A
QA< BAB<SC>A<C

Def:A=f B« A<"BAB<A

m -m

P . . .
- 1s an equivalence relation.
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I rn

3
5

eE i 2 2 0D It /€ Bl e tE R RE D R D B &

2SAT
3SAT
SAT

(neEmEX T R ERE : ZfiFFrX)
(neEmEX T EERE : = 1FF1X)
(AneBimE a_tfﬂ'fianﬁf'é)

ExSAT (¥hakaneBsmE (T 2 ERRE)
2SAT< 3SAT < =R k{E... BB

RIFRIZ,

3SAT

2SAT
—C

5 &HOEKE. ..

>RICUTIINZEE>TELVVGLREE,
PEDES. . EZTHES !

< SAT <° ExSAT SR

<" 3SAT < SAT <  ExSAT (6.1)

ExSAT <° 3SAT

ThHHdLErTrtEdHE,
3SAT = SAT = ExSAT

E155.
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Relation among satisfiability problems of propositional expressions

2SAT (propositional satisfiability problem)
3SAT
SAT

EXSAT (extended propositional satisfiability problem)

2SAT < 3SAT — e at most K. .. trivial

* exactly k...
Similarly, >easy if you can repeat the same literal.

P P »the other case ... good exercise!
3SAT <! SAT <" ExSAT =

2SAT < 3SAT <° SAT < ExSAT (6.1)

Here, 1f we can show
ExSAT <© 3SAT

then we have
3SAT =" SAT = ExSAT
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516.3: ExXSATHMBH3SATANDIZEITT

E (X, X, %) =[[X < X, ] =2 [X, A X ]V =X,
F(X,X,,%)=U AU, & U, v=x]]AU, U, > U,]]
/\[U3 (_)[Xl g Xz]]/\[U4 <_)[X2 /\X3]]

CDEE, [E\NFERERRE] © [F M FEEATEE (6.2)
FIE=FIFERKICELOTLEIZE-S TN S.

F.D\BREE
(1)\/ (1)V1 EV2V—|X3
(2) J N @V, =V oV

(BV; =[X, <> X, ]

FZERT 501, V.oULEL, VOEERE ATH A



Ex. 6.3: Reduction from ExSAT to 3SAT

EI(X19X29X3) E[[Xl < XZ] _)[X2 A X3]]\/—|X3

F(X,X,X)=U, AU, < [U, vax ]IAU, U, > U, ]]

AU & [X o X AU, < [X A XS]]

Then, [E, 1s satisfiable] <> [F, 1s satisfiable]

F, 1s easier to be converted to 3SAT form.
How to construct F,

(v
(2) _)/ \ﬁ

<3>/ \<4>A \

(L)V, =V, v =X,
2V, =V, > V,]
BIV; =[X © X, ]
(4V, =X, A X,

(6.2)

5/14

To construct F; we let V, =U,, and connect expressions of V, by A



F, DERAZEKY,

(HEU, DIEZEV(X,, X, X;)ELEWLRY, FIFXESIFAERDELY.
Q) BU.DIEZEV(X,, X,, X,)ELT=EE, F, =E,

6/14

LOHEEARYIDO LR, IFHEEZRNSEELTEERARTRE.

=fFEREX~NDOZTH

a—>b =7avhb

SEBAIL A RE.

a~>b = (a>b)Aa(b>a)=["aVb]["bVa]THH_EZALS.

Ul (_)[U2 \/—|X3] =[—|U1 \/U2 \/—|X3]/\[LJ1 \/_I[U2 \/—|X2]

=[-U, vU, v —=X,]

= :—|U1 VLJ2 V—|X3:

=[-U, vU, v —=X,]

fth 3 [l B

AN

AN

A\

|
U, v[=U, AX]]
U, v=U, AU, viX, ]

U, v-U, v=U, AU, v X, vX]

FOT, TRT=ZMREBRICERTELI LA DM S.



From the construction of F,

(1) F, 1s never true unless each U; 1s Vi(X,, X5, X3).
(2) If each U; 1s Vi(X,, X,, X;), we have F; =E,

6/14

The above properties are proved by using induction.

Conversion to 3SAT form

a—b =7avhb

proof 1s omitted.

a<cb = (a—=>b)A(b—a) =[7aVb] A bV a]: useful relations

Ul (_)[U2 \/—|X3] =[—|U1 \/U2 \/—|X3]/\[LJ1 \/_I[U2 \/—lxz]]

=[-U, vU, v —=X,]

= :—|U1 VLJ2 V—|X3:

=[-U, vU, v —=X,]

Others are similar.

AN

AN

A\

U, v[=U, AX]]
U, v=U, AU, viX, ]

U, v-U, v=U, AU, v X, vX]

Thus, every 3SAT form 1s converted.
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6.2. ZIEXFEBLETAREEICEDIC(ELHE

6.2.1. EEMDERLLTDELRNHEE

EFE6.2: iTEEVIACITKL, EEANRDEHZiHT-9 LE,
FhzE (<L DTFT)C-REENS.

(a) VLeC[L <TA]

(b) Ae C

W EHFB-TESIIC-HE.
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6.2.Completeness based on Polynomial-time Reducibility

6.2.1. Definition of Completeness and its Basic Properties

Def.6.2: For a class C, if a set A satisfies the following conditions,
then it 1s called C-complete (under Sz)

(a) VLeC[L <TA]

(b)A< C

Note: Sets satisfying the condition (a) are called C-hard.
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6.2. ZIEXEBLETAIREEICEDICELHE

6.2.1. TEMEDEREZDELRNMEE

B6.5. 72ANPDTEERE DHI

3SAT, SAT, ExXSAT, DHAM, KNAP, BIN, VC7Zi &
DSREXPDTTEES

EVAL-IN-E, HALT-IN-EZ& &

EVAL-IN-E:
ANJj:<a,xt>
a: ATl T LD a— R xeX >0
Hi 77 :eval-in-time(a, x,2") = accept ?
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6.2.Completeness based on Polynomial-time Reducibility

6.2.1. Definition of Completeness and its Basic Properties

Ex.6.5. Examples of A’/P-complete sets

3SAT, SAT, ExSAT, DHAM, KNAP, BIN, VC, etc
EXP-complete sets

EVAL-IN-E, HALT-IN-E, etc.

EVAL-IN-E:
Input:<a,x,t >
a : the code of a program with linput, X e X" ,{ > 0
Output : eval-in-time(a, x,2") = accept ?
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TIE6.3. EEDC-FE

(DAeP>CCS P

2)A NP> CCS NP

4)AEEXP > C C

HES (B :C-TEESB)AITHL,
XHBIEX C “P > AEP

XHEIL CENP > Ag NP
(3)A €co-NP = C < co-NP X&EIL C%co-NP > A€ co-NP
EXP YHEIL CEEXP > AZEXP

AlEER -

() BZEEDCEEG LT HE, AlEC-RE=h b,
B<h A —A, AcsPOREXY, B< P (EH6.1)

(2), 3), (HBRIF%




Theorem 6.3. For any C-hard (or
(HWDAeP>CE P
2)AeNP>CS NP

(3)Ae co-NP = C < co-NP CP: CZco-NP > A& co-NP

4)A €EEXP D CC EXP

C-complete) set A,
CP: CaP > AgP
CP: CaNP > AgNP

CP: CZEXP > AgEXP

Proof:

CP: contraposition

(1) Let B be any C-set. Then, since A is C-hard,
B<" A and by the assumption A € P we have B € P (Th. 6.1)

(2), (3), (4) are similar.

9/14
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EH63 EEDC-RHEEES (F:C-E2EH)AITHL,
(WAEP>CCS P XHElL C 2P > A€P
(Q)AeNP>CS NP XHBIEX CENP > Ag NP
(3)A €co-NP 2> C<E co-NP xHAIL C%co-NP > A€ co-NP
(HASEXP>CC EXP XHEIEX CEEXP > AZEXP

$16.6. EH6.3IDEMR(VFANP) | =185 9.
AZNP-TEEELET S (1) NP S co-NP > NP =co-NP

TFEI6.3(HDFHBLY,
NP# P> Az P
6. 33)DFHMBETEES (D XHEXY,
A ¢ co-NP

DFY, NP-ZEE/IIP- NPTHARY,

9IETH#FEﬁ—C(j:nL. nﬁkf%ﬁb\

(]

€ 1
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Theorem 6.3. For any C-hard (or C-complete) set A,
(HDAeP>CE P CP: CaP > AgP
2Q)AeNP>CCS NP CP: CaNP > AgNP

(3)Ae co-NP = C < co-NP CP: CZco-NP > A& co-NP
4)AEEXPSCC EXP  CP: CZEXP > AgEXP

Theorem 5.9.

() NP € co-NP 2> NP =co-NP

Ex.6.6: Meaning of Theorem 6.3 (class N'P)
Let A be N'P-complete set.

By the contraposition of Theorem 6.3(1) we have

NP+ P=>AEP

By the contraposition of Theorem 6.3(3) and that of Theorem 5.9(1),

A ¢ co-NP

That is, N/P-complete sets are N'P-sets that cannot be recognized in

polynomial time unless P = N'P.




NP-EE2E B[P NPTHAHRY, NP~ co-NPIZIEALLELY

11/14
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N'P-compete sets are N'P-sets that do not belong to

./A\/FID a CO-JA\/FID unless 73 — ./A\/FID.

NP

co-NP
' co-N'P -complete
NP-complete
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#16.7. EEH6IDERR (I TAREXP)
DEEXP-STEEEET .

EEHCI(DDXMB(CZP > AeP, ZITIXEXPZP >D %P
P#EXP > EXPEP (~P < EXP)> DEP
EH6.32)D XA (CENP > AENP,
CCTIXEXPE NP >DENP)
NP* EXP > EXPZNP (NP S EXP) > DENP
EIE6.33)DFHE (C Zco-NP > Afco-NP,
CZTIXEXP “co-NP >D #co-NP)
cO-NP# EXP 2 EXP Lco-NP D€ co-NP
ECAMTEES. T PCEXP THHML, DeP.

EXP-EEREIILZEARFRE TIIEFEARTHE.



EX. 6.7. Meaning of Theorem 6.3 (class EXP)
Let D be an £EXP-complete set.

Contraposition of Theorem 6.3(1)
(CZP > AZP, where EXP “P D €P)

PZ#EXP > EXPEP (P S EXP)> DEP
Contraposition of Theorem 6.3(2) (CZNP = AENP,
Here, EXP Z NP >DENP)
NPFEXP > EXPZ NP (- NP S EXP) > DENP

Contraposition of Theorem 6.3(3)(CZ co-NP 2> Azco-NP,

here, EXP %co-N'P D ¢ co-NP)
co-NP# EXP 2 EXPZ co-NP 2D & co-NP

But, by Theorem 5.7, since we know P & EXP, we have
D &P.

EXP-complete sets are not computable in polynomial time.

12/14
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EE6.4 A FEDC-EEES
TATOD%ABUTL,
()A <'B >BIEC-H#.
(2)A < B AB eC > BlIC-EZ£.

nIE BH :
Z62kY VLeC[L<) Al

EEE6.2J:U, L<" AAA<" B> L<"B
L7=A2T, vLec[L<? B]

J75hHb, BIXC-HEE.
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Theorem 6.4. A: any C-complete set

For any set B we have
(1) A <'B B is C-hard.
(2) A SrF;B AB €C = B is C-complete.

Proof:
By Def. 6.2 VLeC[L <, Al
By Theorem 6.2, L<; AAA< B> L< B

Therefore, V0L e (C[L< B]
That 1s, B 1s C-hard.
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EXPC ={L: LIZEXP- xé}

NPC _{L |’+NP'J :|:;
ETHE ROFEMNKYILD.

TFEIE6.5.
(1) EXPCA P =6 /EXPON
(2) EXP - (EXPCY P¥ ¢ crp
TEIE6.6: P = NPERET HE
(HWNPCOP =6 P
)NP - (NP P¥ ¢
/NP
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EXPC ={L: L 1s EXP-complete}

NPC ={L:L is NP-complete}

Then, we have the following theorems.

Theorem 6.5.
(1) EXPC A P = ¢ JEXPO\
(2) EXP - (EXPCU P¥ ¢ cvp
Theorem 6.6: Assuming P # NP
(HNPCOP =¢ P
) NP - (NP&Y PF ¢
/PO




5% ) D F 7E (Schedule)
4/23(Thu) Office Hour:

— LiR—k(1) D #EE L#EEH (Comments on report(1))
4/27(Mon): Bx1& M i& 2= (Last class)
4/30(Thu): Office Hour:

— LIR—bhQ)DfEE L#EEH (Comments on report(2))

— AERICH T SR ERE (FoAH/EH)

— FDith
5/7(Thu): PR ER(Mid term exam)

— 4RBA0 R R




