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AT a—) BE (FE)

B ZENEDLBERE (1) : 2 2EIR&E (12/3)
* HERD=0DkE? (12/10)
B #EN EDLBEE (2) : 3 2EEE (12/17)
* ZHARZE (12/24, 31)
i FEMEHLED SRR (1/7)
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SHOBR

,kwéﬁsﬁ,_\%iiﬁﬂ' %
> ,bE‘JﬁE'&Fﬁ% (SAT), k FERRFTREMRIRE (k-SAT)
> LEI*TE}I:/I m*ﬁ—%ﬁ/
» ZIEARFESZHN—IFEZAWVT,
ROBEN NP TLTH S E%FAT S
3 KR ATANERIE (3-SAT)
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OO ETHEE

® TR REMREE

© k TR ATREMERIE

0 SHADEED & RADFE

B sBLERR (3)
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(2) FtE%E/TBZ L

ZILTY X LNBEBRERICE TS 5HEE-THZ &)
A 7)0L3) XLEKEDHEAEILITE &
B 7)) ILaBEHTEIE

7)I/:l U 7\-L\DX|:|'|'0)7J_£+ t th 9
» ZANBEFEET S [ETRKE] & XEYREEE] ORE

»ﬁa# &T%éf% TERE & TXEYEEE] OBTE

FRIC ISTEAKBETRITSI L] NERTEZ2HDEID?
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922 P &R, I2EARET7IVT) XLATRITZHERE] 246056

7
» [PJ (& TPolynomial] DEEXTF
» VAP WD EEE, HIEBMELMERICLTUVARW

72 A PICFIE Y % ¥IERE DB

iy

N

» A1 BEH a(#£0),b,c
» H7: Yes 5 No

> & TRARR ax? + bx + ¢ = 0 BNREERE F T Yes,
%5 TRIFNIE No
(ZERBETILTY XL

» b2 —4dac > 072 51F Yes 2 H A,
F5TRITNIENo KA

A =R (BEK) AR BLERR (3) 2019 % 10 A 29 H



72 A NP

9ZZNP &iF, ROMEZBmLTHERELRDES

ABICHTBELWVWHAD Yes TH % & &,
FTNAESZEARE CRIET 27-ODLHIIEFET %

AR
» [NPJ (& 'Non-deterministic Polynomial] (DEEXZF
» JZANP WD & EF, HERBELMIRICLTLAEW
» JZZANP T, TAAICRETZELWHANNo THZEE] %
EZ 120
» TIELWHAD Yes THD AN DT &%&5E<
MYes AJ31, TYes BIREM] (Yes-instance) &R EDH S

SE#L = certificate, witness
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7 Z2ANPICFIEY 2 HIEREDH (1)

s, t EAEMEH E RIE
» AN EBASS7 G=(V,E), 2IlB&A s, tc V
» H7: Yes H No

> R sHS EAEBZRED G ICHNIK, Yes,
sHS t NEDZRED G IZiThiE, No

Yes AN AWM S 2 ZEABF/[7ILT) X A
o Yes AJIDEEML : s 'S t NEDRE P
PHshS t "EDZRETHNIL, Yes ATE L THREEKRT
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7 Z2ANPICFIEY 2 HIEREDH (1)

s, t EAEMEH E RIE
» AN EBASS7 G=(V,E), 2IlB&A s, tc V
» H7: Yes H No

> R sHS EAEBZRED G ICHNIK, Yes,
sHS t NEDZRED G IZiThiE, No

Yes AN AWM S 2 ZEABF/[7ILT) X A
o Yes AJIDEEML : s 'S t NEDRE P
PHshS t "EDZRETHNIL, Yes ATE L THREEKRT
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ZIEARKEZN—IFE

HIERE P MHEMRE Q ICZIERREEL N —IFERRETH S &Id
REERLIZEBEBABEB7ZILIY L FAREET S E

> FIE, TPOAA] EAAELT, TQDANI EHATS

> POASI D P D Yes AA = F(I) Id Q D Yes AS3

> POASI D P D NoAF = F(I) I QD No AA

IDEDRF ZZIAARKESZ N —REEERI ED'H D
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ZIEARKEZN—IFE

HIERE P MHEMRE Q ICZIERREEL N —IFERRETH S &Id
REERLIZEBEBABEB7ZILIY L FAREET S E

> FIE, TPOAA] EAAELT, TQDANI EHATS

> POASI D P D Yes AA = F(I) Id Q D Yes AS3

> POASI D P D NoAF = F(I) I QD No AA

IDEDRF ZZIAARKESZ N —REEERI ED'H D

A
e H ————»

input of P output of P
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REDME

ME (M)

» HIERE P NHIERE Q ICZHRAREZEN—IRE TR, »2,
HIERE Q M HIEME R ICZIRAKEZ N —IRETRE =
YIERE P IZHIERE R ICZEAKBEZ N —IFE T8

4..—“
input of P . input of @
4>.—>G
input of @ . input of R
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REDME

ME (M)

» HIERE P NHIERE Q ICZHRAREZEN—IRE TR, »2,
HIERE Q M HIEME R ICZIRAKEZ N —IRETRE =
YIERE P IZHIERE R ICZEAKBEZ N —IFE T8

4..—“
input of P . input of @
4>.—>G
input of @ . input of R

4>.—>.—>F G
input of P . . input of R
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JREIIAICERSH?

FEPHINEBQICIFETEDLE

JREDEWT (1)
B Q < 7T XabdbhiE, BIEP RT3

2FY, PILTYXLEFDEZHDY—ILELTHEZS

BEDFEWE (2)
BIRE P DMRITRWEDN>TWEDS, BE Q NMRITRVWZ EHE9HNS

DFY, BEOCEMMEZDINTHLHDDY—ILELTEAS
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JREIIAICERSH?

FEPHINEBQICIFETEDLE

BEDFEWEA (1)
BfE Q5 < 7O XLbrhbhik, BEP =RIT3

2FVY, 7L LR DEHDY—ILELTEHELD
BEDFEWE (2)

RIRE P ARIF AW EDDN>TWEDS, BEQMIREIFTAWVWI EE0HN S

SFY, FEOEMMEMMTT DOV —ILE LTERS
ERHAE WA (FER)

PizQ&EUEL AW

= N-CL= = b
FIRE P AR Q BB = b g @ & W )
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NP ST£fEE

NP SE£fIRE &1 7?

NP ICFiE ¢ 2 HIEMRE Q A NP 522 (NP-complete) T#H % & I,
22 ZNPICFIEY 2ERDHERE P H
QILZHAKEE N —IREIRETHD I &

» BIDREBEZRAWSIHEEEHY, TDEEI,
TOOREBICELTNP ELTHD] LEHET D

> REEFE INP-complete] (3XAF (BBI 5 Xz AETIRRW)
» B 6K, BAREE LTOEE INPELE] BEEHEA

BEMRERE (Cook '71, Levin '73)

NP 2 2FIBIIHET 5 (EEICHRTE 3)

SO : ZOFEXRICDWVWTOHRE ~ TEATEEMRE
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P vs NP FEﬁTEE'Et NP %éﬁ:ﬁ%

=1
H% NP TERENZHARRETHEITS = P=NP

B R
NP Z2fEREIZ IV 2 ANP OF CHHE# L LWEE

RNFRR IR
NP E£MB I LIRAE TRIT 20 ?

M B DAHE
PANP = &0NPZLMESZERBEETRIIAL
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I3 X LARREIRERRR & DRE%

() HEEETHZ &

7T ZLBIEERRRICH T2 T5TEA/-T3I &)

7)'/3”) 7:L\u2n+0)7.3_£+&_L—C%> &
TILIY X LEFZRESTEE

FILTYY ZLRET DA &7 (B)

» AN BERET D [RTKE] & TXEYHEEE] OFE

> FAMERTE S [ETHRE] & TXTYEHEZ] OBTE
— ZDEZEDOHA

|

NP SE£M DTS
WRET BEEN NP TLFETH 5 & DN

P#NP &EWSREDTT, («EEBERWRE)

ZIRABE TR I L] DERTERVEDD D

v

A =R (BEK) AR BLERR (3) 2019 % 10 A 29 H
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O RO E THEL

TR AR RAE

© k TR FIREMEEIRE

@ SHDEE® & REDTE
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SRIERIE

ZEAREMERER, WREEREANE T HRHE

ER : mIERERE 7

f DEmEEREIZN (boolean function) T#H % & I,
{0,1}" 55 {0,1} ~NDOREFD Z & (7=72L, n>1I3EH)

%Y, £:{0,1}" = {0,1}

Bl:n=3, f:{0,1}3 — {0,1}

f(0,0,0) =1, f£(0,0,1)=0, f(0,1
f(1,0,0)=0, f(1,0,1)=1, f(1,1
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SRIERIE

ZEAREMERER, WREEREANE T HRHE

EF : mIEEIE & (& ?

f DEmIEEIZL (boolean function) T#H % & I,
{0,1}" 55 {0,1} ~DOREFDZ & (7=72L, n>1(3EH)

o%Y, £:{0,1}" - {0,1}

X
S

x3 | f(x1,x2,x3)
0 1

fl

R R R PR OOOO
R =) OO+~ OO
H O, OF ORK
_— OO M=M= OO
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FERRFTREM - AR
mIERAEk F: {0,1}" — {0,1}

FEDES
B EE ac{0,1}"
» RREY : flay=1&%5&>%EH ac {0,1}"

> REAHEREE : fa)=1&R2dLDBadhHdf
> RRATHEREE : f(a)=1&hdLIRattRVSF

X1 X2 X3 f(Xl7 X2, X3)

0 0 O 1

0 0 1 0

0O 1 0 0 > a:x1— 1,0 0,x3+— 0I&
0 1 1 1 f DITEEIH

1 0 0 1 > ERERREH F X E TR

1 0 1 0

1 1 0 0

1 1 1 1
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TR ATREMEREE

/THE%EE )
» A1 E#in>1, wEREF: {0,1}" — {0,1}
» H77: Yes £7=13 No

> R FOFRRBRIRETHNIE, Yes
Z D TRIFNIE, No

X1 X2 X3 f(X]_7X2’X3)

0O 0 O 1

0 0 1 0 ~ Yes

0 1 0 0

0 1 1 1

1 0 O 1 RIBREM A AEDEDICAATEZON?
1 0 1 0 LR AERDEWNE WNIFRL

1 1 O 0

1 1 1 1
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FTRAREMREE: AHEZRELTEALL?

/THE%EE )
» A1 E#in>1, wEREF: {0,1}" — {0,1}
» H77: Yes £7=13 No

> R FOFRRBRIRETHNIE, Yes
Z D TRIFNIE, No

X1 X2 X3 I‘T(Xl7 X2, X3)

ORI : REBHELEDL 7% 1R TANT B
0o 1 0 0 > ROBHDIERS &,

0 1 1 1 ELVWHAD D2

1 0 o0 1 (<—7)|/:! VXB)

1 0 1 0 >~ ZIRARE 7T XA

1 1 0 0 (F: ANDOHAZ = (n+1)2")

1 1 1 1
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FTRAEMREE: < HBAN

EF : TR TR (satisfiability problem, SAT) & (& ?

» AB - B¥n>1, RERBE: {0,1}" — {0,1}
» 77 : Yes £71 No

> R fFDFREARETHNIE, Yes
Z 5 TRIFNIE, No

IERBDANEE LTE K HBFR

» WIEEIEE (boolean circuit)
» #EEI (boolean formula)
» ESIRER (conjunctive normal form) DFRIER
» BEIZEER (disjunctive normal form) DFRIE
ZITR, WEBXLTEERD.
» MIEBXTIIRBPERZAVS BEEOER : BF, &

i
52
il
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WEEH x DEEX FRTEESIND

X
0|1
0

x>0
x—D—xI

B RELERS (3)
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WIERE  ES

B DES (WM&, conjunction, AND)
2DDRMEBEH x,y DEEx Ay FRTERIND
X y ‘ XNy
0 0 0
0 1 0
1 0 0
1 1 1

XNy XNy

XYy X Yy
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IR DRERE (WEM, disjunction, OR)
2DDMEBEH x,y DEE xVy ZRTEHEINDS

X y‘x\/y

0 0 0

0 1 1

1 0 1

1 1 1
xVy xVy
Xy X Yy
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WIER T, RELHEREEEAEAEADETCTEZEHED
mEREE?

> FRIEEE x EERER

» SRR f,g ICXLT, f,fAg fVg BIRER

» ED2DODFRRATHELNS EDLUANITFRER TIEAL
BE, B, BEUNORBEREEZEZS (FF9) BEabHd

Bl: (xAY)VZ)V((xVZ)Ay)
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3OLUELDERDES &ES

KiREOYa— Ay b (BEE) LT, REED ZEAB0

3DLUEDEE &EE
XINANXo ANX3 N\NXqg = (((Xl /\X2)/\X3)/\X4)
x1VxoVx3Vxy = (((Xl \ X2) V X3) V X4)

e

X1/\X2/\X3/\X4 X1\/X2\/X3\/X4

X1 Xo X3 X4 X1 Xo X3 X4

2019 % 10 B 29 H

BB RS (3)



EERERORER

BERER (RARER, MRERER) &i&?

I HAESIRER (conjunctive normal form, CNF) 125 % & (1,
TN TYFIILDOEEDES] & LTERSINBZ L

V72 = IREZEH] & ®mEBZBOEE] OI&
» EEFEMORERZ CNFHREXEMERI DD B
» B EEOREEKIT CNFHREXLE LTRIRTE S

[BI]: (xVyVE)A(xVYVE)A(xVyV2)

M) TFSILDZEE] DT & %H (clause) &IFER
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EERERDOHENX

BERERY (INERERY, BNRER) & ?
MIER AV ESIZEER (disjunctive normal form, DNF) 1IZ4 % & 1,
TN TYFIILDOEEDES] & LTERSINBZ L
VFZI = THREBEH & THREEBOEE] OI&

» BEREFORER % DNF REXEMRZ DB D

» BE : FEORIEEHE DNFRIERXTRETE S

[BI]: (x Ay AZ)V(XATAZ)V (xAyAz)

B|EF?

M) TFSILDEE] O &%IEH (term) &R

s sE L ERR (3) 2019 4 10 A 29 H



CNF R eREMERIRE & DNF =2 rlRE R RE

EF : CNF Rl aetEfE=E (CNF-SAT) &3 7?

» A1 :E#n>1, CNF&#®ER f: {0,1}" — {0,1}
» H7: Yes £7=13 No

> X FDRRBEBETHNIE, Yes
ZI3 TRITNIE, No

£ : DNF T2 FTREMRIRE (DNF-SAT) & (& ?

» A1 :B¥n>1, DNF&@mER 7: {0,1}" — {0,1}
» 77 : Yes £71& No

» X FARRBEEETHNIE, Yes
ZS5 TRiThiE, No
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CNF R eREMERIRE & DNF =2 rlRE R RE

EF : CNF Rl aetEfE=E (CNF-SAT) &3 7?

» A1 :E#n>1, CNF&#®ER f: {0,1}" — {0,1}
» H7: Yes £7=13 No

> X FDRRBEBETHNIE, Yes
ZI3 TRITNIE, No

£ : DNF T2 FTREMRIRE (DNF-SAT) & (& ?

» A1 :B¥n>1, DNF&@mER 7: {0,1}" — {0,1}
» 77 : Yes £71& No

» X FARRBEEETHNIE, Yes
ZS5 TRiThiE, No

ELLNMNIZEABFRETRIT, E55MNMENP TE

BB RS (3) 2019 % 10 B 29 A



CNF-SAT (& NP 52£&

EIE (Cook '71, Levin '73)
CNF B2 AR IE NP 5t

ZDFEET, A LEGW
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CNF-SAT (& NP 52£&

(Cook '71, Levin '73)

eI
CNF JERHRERREIE NP T2

ZDFEET, A LEGW

» Pe NP = PIZCNF ERHREMRBICZEAKE CTRESND
> CNF TR I REMBENZHARE THRITS = P = NP

» CNF AR TJREMRIBE B 2ODYILNN—DZ L HEFEINTWDS

FIREARR IO S 2 IRHE
RE-VWEENNP ICFRET % =
CNF TR ATHEMRBED Y I N—%F>TRITZ (v Lniw)

~ SAT fF51t, SAT ERMb

2019 % 10 B 29 H 31/52
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DNF-SAT (& ZIRABE THRIT 5

EE
DNF ZR AR IRE 1L S IBA R TR 1T 5
C(XAYAZ)V (XAVAZ)V (X AXA 2)

BRI LERB (3)
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DNF-SAT (& ZIRABE THRIT 5

EE
DNF ZR AR IRE 1L S IBA R TR 1T 5
C(XAYAZ)V (XAVAZ)V (X AXA 2)

RREY :x— 1y~ 1,z07%4E

BRI LERB (3)
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DNF-SAT (& ZIRABE THRIT 5

ESES (BRICDNB)
DNF &R T REM B IE 2 TER BB TRIT 2

Bll: (x Ay AZ)V(XAYAZ)V (XAXAZ)

RREY :x— 1Ly 1,z 078

ZILIY X A
Z2E%ZIEICR 3
IBOHIC, HZIZEHEZTOREIEASENTULNIL, continue
ZF5TRITNIE, YesBEHADLTRRT
BRMIC, £2TDEEZRKRDY, Yes #HAL THRITNIL,
No=HHOLTKRT
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CZECRARTCELERAFTEDHB &

» CNF TR ATREMERIRE L NP 528
» CNF REFIREMRBEN L IRARFE THRIT5 = P = NP
» DNF TR ATREMRE L ZEHARE CTHEIT S
» EEOMRIEELIE CNFmERNE LTKRIRTE D
» EEDOHEREEIE DNFRERE L TKRIETES

INiE TP =NPJ ZEEBAL TH I &ICAHRWH?

CNF ZRATReMEBEE R 7ILT Y XL

B AJ®DCNF#ER%, DNF®RERE LTRIRTS

Z®D DNF#HREXAAHNE LT, DNF TR ABEMERE % fZ <
ZTOHEN%E TDEFEHNT S

BB RS (3) 2019 % 10 B 29 A



CNF i % DNF sRIExX & L TRIRT 2

l

CNF ;IR (X1 V y1) A (X2 V y2) B =2
$
DNF F#ER  (xiAx)V(xiAy2) V(i Ax)V(yiAy:) EDOE =4

BB ERR (3) 2019 & 10 A 29 B 34 / 52



CNF i % DNF sRIExX & L TRIRT 2

CNF ;IR (X1 V y1) A (X2 V yz) B =2
d
DNF F#ER  (xiAx)V(xiAy2) V(i Ax)V(yiAy:) EDOE =4

P E—Mtd 2 &, RDEL D% CNFRIEXNMEHRTE 2

CNF s ZEHO =2n D =n
1
DNF iR ZEHO =2n RO = 2"

L=
0 aff

BIDR—YDT7ILTY) AALIFZBEBAFE 7L Y XLTIEREWL
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R : CNF TR ATREMRIED NP ICFTE I 5 &

ROESEELDT, BT 2
G

CNF TR ATREMRIEIZ 7 S A NP ICFIB T %
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R : CNF TR ATREMRIED NP ICFTE I 5 &

ROGREIZEEADT, AT S

Rl

CNF B sEEREIREIL 7 2 A NP ICFRE T %
S—EF, VS5ANPODEFRAES

7 2ANP &iE, ROMEZBmLIHEREERORES

ABCHTBELWHEAD Yes TH % & X,
TN aZBEARFE CTRILYT 27-ODIHUNEET 3

2%V, ZEHAKRB CTRIECTEZ 2N FERETDEILEEAIELWN
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HWE : CNF R THEMRIED NP ICAIBY 5 2 & — FE8A

T : CNF REEAEMERIZE (CNF-SAT) & 14 ?
» A1 E#n>1, CNF&#@mER F: {0,1}" — {0,1}
» HH : Yes £721 No
» F AT RATREETHNIL, Yes
%5 THRIFNIE, No

| Yes ANDIER|: f(a) =1 £7%% a e {0,1)"

ZIEANREMREE7 LT X A
» NS EB#in>1, CNF#®ER F: {0,1}" — {0,1}, ac {0,1}"
Hf(a)=1&R2ZEERALTHND, f(a) =1 &RBNIEHRITKIN

Yes AADBI|: (x VyVZ)A(xVYVZ)A(xVyVz)

~s BEHL a: x+— 0,y =1,z 0
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O RO E THEL

TR AR RAE

© k TR FIREMEEIRE

@ SHDEE® & REDTE

2019 % 10 B 29 H
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ZZETOFED & ZIHLDRN

ZZETDEED
» NP Z2MEDES & NP RLRIBEDEAE (CNF-SAT)

» 5ER NP R2RBERFBICLHIEFEELRVON?
» O% NP R2BBIEBZICEE! EEASZCDHES NP2 |

> BEN NP B2 THDZ &DILRE DERF

SHDEY 3B ABEMEREL NP T2 TH 2 I & DIEH

s sE L ERR (3) 2019 & 10 A 29 B 38 / 52



EERER (K RERER, kK MERLER)

MIBRA kESIEER (k-CNF) ICH 2 &1,
INHESEEHICHY, BHHPELYFSLOBN kUTTHBI &

2-CNF Dl : (x VY)A(yVZ)A (Y VZ)
3-CNF DB : (xVyVZ)A(xVzVWw)A(XAY)

M) FZIWDED kLTI TR TV FIILDBDE LD E k] &
TEIREELDHD
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k R AR (k-CNF %R ATAE MR EE)

BA k> 1

& k TRIUREMREE (k-CNF TR Y BEMERRE

B, k-SAT) &7
> A : BB n>1, kCNFHRER f: {0,1}" - {0, 1}
» 7 : Yes £721E No

> R f(a) =188 ac (0,1} AEETNUE, Yes
5 TRIFNE, No

kI EANO—BTERW (kDEICE ST, RBBHBENTE )
» k=1D&EE ~ 1-SAT
» k=2D& & ~~ 2-SAT
» k=3D&ZE ~ 3-SAT

B RELERS (3)
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k-SAT & CNF-SAT DR

> Z hk>1IRH LT, k-SAT DAAIL, CNF-SAT DAS
» £ k>1ICH LT, k-SAT DAA, (k+1)-SAT DAH

CNF-SAT

4-SAT

3-SAT

2-SAT

Bk>1ICRHLT, k-SATIENPICFRET % \
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3-SAT |& NP £

EIE
3-SAT [E NP E£

SEB DTN

B 3SAT NP (CFiBY 52 & 257 % (%)

CNF-SAT A 3-SAT ICZIEXRFE ST —IRE IR THD I & %
ST B
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3-SAT & NP E£

T

3-SAT £ NP =2

SEB DTN

B 3SAT NP (CFiBY 52 & 257 % (%)

CNF-SAT A 3-SAT ICZIEXRFE ST —IRE IR THD I & %
SIEAT %

B, INHDNPTEMDIRICARZDH ?
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