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FEES T AIBTAHENLETOBENHAF L LT, Cook DR L7 Turing &L (<h) & Karp
B L Levin DR L7: many-one BT (<B) 2¥h 5. MEBDENIOWTE, BlzE, EX NE O
T <P - 5,’;-9—3%1*titrw%%%m%h&miﬁmnwvcng. % 7z, Ladner, Lynch, Selman (&
[P#NP < <P iE <P LDEICHVETLTHL] 2L %%*ﬁ L7z GRfEE) AT, ToTEL
B 18T, THRBHERICBI2ROGELER TS (<5, <5y DEHIT Levin 12{€7.)

P#NP < %% NP Sif A L ZHEAMREETRL O p, v PHFELT, (A, 10)<54(A4,v)
20 (A, ) €m (A v) £ D,

1 Introduction

FEE S I AIBIT ARRN L BRILOB DT E LT Cook [CooTl] DEA L7z Turing ETT (<f) &
Karp [Kar72] 8 £ U Levin [Lev73] #2018 L 7= many-one =7t (<) »’H 5. H#E A, B C ¥* (¥ = {0,1})
IZDOWT, A D' B2 Turing BILAEETH S (A<LB) &I, A A4 7 7 VAt 3 SHARHEIER M(B)
WX DAL E (A= M(B) £ &7, X0, ERMEHE @HEIRE LETE T, 7220
DESHRICRE L 2BTTE <B, TET. E5I23 <, A2 B (2 many-one RILTHE (A< B) Thb &
ETIcA(Ier) DHENFSEXBHMAETHEEE f 2> 2AL T f(I)e B DHELRAEILLRS
Zt(JeA < f(I)eEB)TH5.

HEE/NS ZEER 7 T AOHRT <B (HHVIE ® <B)) & <P, OBEVERET L% OMEER
2% B ([LLS75, Sel79, KM81, Wat87, LY90, WT92, LM96]). Bl 7%4:F & LT, Ladner, Lynch,
Selman [LLS75] 51, 2" BB CEIETEA AR A 12DV T AR A %FEH L. ZTHUE, EIZBWT <P
A<h A DEICHNI L2 BERT 5. E51Z, Selman [Sel79] & E# NE 7% 6 1F NP U coNP @FPT“ <B
2 <B LD EIZHRVI L AR L7 Ko, Moor [KM81] (¥ E OHIT -EL&72)° <R-EE& TR WS L HK
L, Watanabe [Wat87] & Buhurman, Homer, Torenvliet [BHT90] i3 E > NE 0)‘?“( <G TEEEH <P -
f-“’f T BVEFEEMWB L. 8512, Watanabe, Tang [WT92] i3 PSPACE O T <RPP-5E@ & < -

ENELZNE<B-EeL <P-5eebBR% 5T LERL. Longpré, Young [LY90] IZEENLZENX p I2
ow’(, 55 NP-24ASHE A B 2L, A<S,B I3 O(n) BETTE B4 A<EB i Q(p(n)) BRLL
EXdoTLE D Z L% L7 Lutz, Mayordomo [LM96] & NP %% p-measure 0 TZiF1Ud <f-5t&
1EH <P -SEA&THW NP BHEAIHET LI LR LA

NS DOMEDOEEMT DU & DIZ, Ladner, Lynch, Selman [LLS75] DRD T8 (KFR) Hd 5.

F48 1 ([LLS75]) P #£ NP % 51F, A<RB D A¢P B THhb L)% A, BE NP HHHET 5.

LTI, FHREEEFTEED 7 7 A Dist(NP, P-comp) (24! % many-one L <P &5\ Turlng
TG <By DEVIZOWTEET 5. Levin [Lev86] (& FHRMEI A EERZZHEE T 512572 ) many-one
TOEZRD L HIZEAL, ZRIZDWTD Dist(NP,P-comp) EE&EEDHFEER L.

Wi e

T2 1 (Levin[Lev86]) #/ift X (A, p) & (B,v) 122WT, (A, ) »* (B,v) |2 many-one G fE
Th b [Lev86] & i3, LHABMEIE LRI f & semi-distribution n £ ZHRK p BHFAEL T, ROEMN
o TREE VW, (4, )<k (B,v) <.

1.&zll20wTzred < f(z)EB Thh.



141

2. % y 2oV T g(f~Hy) < v(y) Tha.
3.% 2 122w T u(e) < pllel) - n(=) THB.

S & FEMO <P, BT ARICERS NS,

EFE2 (A,p) ¥ (Bw) 12 <, BLEWUEETH S L, ZHARMETETR, 3 HikE R, LHARBE
%;Té‘ﬁ&ﬁ@i& fi, f2, semi-distributions 0y, £ ZHK p1,ps PHFEEL T, ROLE %L TEHZ VY,
(A, m)<5y(B,v) TRT.

1. & 2 I22WT A(z) = R(z, fi(z), fa(z)) TH 5.
2.% 2,1l l2VwTzed < fi(z)e B Thhb.
3.% y,i 22T ni(f7 ' (y) < v(y) TH5.

4% 2,1 K2WT p(z) < pille]) -mi(e) TH%.

AFm T, Dist(NP,P-comp) {28175 <b, & <P DEVEZRDOETIHEHT .

EE1P#NP %256IE, % Ae NP LSHARMEAETRLSH pv PHEELT, (4,15, (4,v)
2D (A p) € (Av) £ 5.

2 Y

XFEEGE T ={0,1} & L, ZH2BRIRSAROXTIDESGEZ T L §5. ¥ LOEEXIET
TRELT S (0(0)=0,0(1) =1,0(00) = 2,0(01) = 3, ---.) 72, BE n OXFFHILEDES £ L@ﬁ‘%
KNEF% 0, TRELT A (0(0") =0,0(0""11) = 1,0(0"210) = 2,0(0""211) = 3,---,0(1") = 271 — 1)

PHRHETEETIE, SFE L5 (distribution) DL (A, p) % 7 fF & R (distributional problem) &
MUY, 2D EBMESZ p DHETA ’i'm.ﬁ‘&@"éo) ILEPOTGR CEYRR BHEELED L. BT
b ZOPHRMSERIETARRCEASNDS. ST TOHM p i % 2HEXE [0, 1] ~O BN
BT u(E%) = limg (gy—oo () = 1 22T B 0)'(&)5 (u(Z*) <1 D& &3 semi-distribution & Xi¥h
B.) 0 p DFE 3 p0) = pw0), f(z)=pz)—plz-1) (>0 DEE) LERSIND.

Levin 3ZHARHEETELSMD 7 T X (P-samp) XKD L HITEA L.

E%E 3 (Levin [Lev86]) u #° P-sampTdh 5 &3, 2LHAMNM DTM M PHEELTE z,i (22WT
lu(z) — M(z,19)| <278 LB ETHS.

Sin A PRERGEETCHELZSIE, BRELDH u (T2 OME (A,u) DEBETHLHETHS. Cai,
Selman [CS99] LD KD ERF T DEFLWHRET LI L %R L1

TEFE 4 ([CS99]) i p REETHDHLIE, HHE s > 0 PHELELT, p(E") = Q(1/n®) Zilil-Th
). '

ARIBVTHRER PsampZH D H . FRZ, Bz e T IZ20T p(x) = Q1/2"n*) DE ST p i3
flat THBHE VT,

3 EH 1 OirHH

VERIIHLPTH B2 5, 0% (OB DA %XFEHT S, CNF R TEHOFD ) 77 VOMED 3
Bob D% 3-CNF R, FETHEZ 3-CNF % 3-SAT X &R, 3-SAT REEKDES 3-SAT (& NP 52
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£Th%b. 3-CNF R F IENLEKOBEEE n(F) EELTAH. 72 R(F,w) = F(w) (we M) &5

5 &
3-SAT = {F ((Fw) 0 < oppy(w) < 2"F) and R(F,w) = 1}

Thb.
SEBHICAH WS NP S
A= {(F,y,i) : (Fw) onpy(y) < onry(w) < onery(y) + 27x() and R(F,w) = 1}~

THb. 22CTwye{0,1}" k= [log,(n(F))] »2ie{0,1} ThHs. /1 F DLy RIE

ip1=2- (U D) ogy gy

THbh LI K (Fy,d) 20T z<w<z+2 2T & wBVI>j+2(w=2) 20T
¢(F’y7l) = <F(l’1:---,1’j+1,2j+Qa'--1zn(F),y,i>

ETBL (Fyi)eA < ¢(Fyi) EATH5.

p % 3-CNF EO flat & ZEABFEFETRSA, o £ FHEARMFETRLBZHAANEE L TER
CEET S, FEBICAVS {(Fy,i) : F € 3-CNF,y € 2" i € o}, k = [logy(n(F))] LT (2%

P-comp) & p,a HLLTO L ) IHERT 5.

[ PE) 2 () it2 < 0u(i) < n(F),
wF = {p'(F>-2—”<F>-(1— MO G(F)TH) 12 (i) =0, 1
o (E) 27 a(|F)m s if 1 < 0x(i) < n(F),
vBea) = {p'(F)‘z—"“‘)‘(l— O () i o) = 0.

1 (A4,0) <5y (Av).

(HWENDIERA) & (F,y,0) I2DWT(F,y,i) €A < (F,y, 2" )V (Fy+27L27Y) P H Lo £2T
fi(F oy i) = (Fy+20-00=0 221y i (Fy,6) = p/(F,y,0)/2, pi({Fy,0))) =2 (G=0, 1) &35 &, &

%2 O (H3) EHLPITHYLL, £H(2) 13 & (G, 2,5) IK20wT
W (fH(Fzi=1) = 0 (Fzi)+q(f1(Fz-2711)
= n'(F,z,i)+n'(f‘1(F,z—2i_1,i))
= p(Fz,0)/24 0 (f Y (F,z =271 0)/2
< V(F,y,i—1). :

HOTHE DD,

(A, )<B (A, ) PEEHENOT, ELY (A4 p)<E(4,v) TRINEER SRV, bbb, SHAN

BIEHE T RERAEL £, semi-distribution n, ZHRK p> 0 B’HFEL T, & (F,y,9), (F,z,i—1) 22T
(F,y,i) € A < f(F,y,i) € 4,
W(FHEFzi= 1) SV(Fzi- 1),

W(F,y,1) < p(F,y,9) ' (F,y,1)
DY LD, OB THD. & (Fy, i) IZ2WT L((Fyi) =t £35E, ROFHEIY LD,
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ﬁ%ﬁ 2 % (F,y, 2): 22 27 L:;('T LT, I3(¢(F)y72)) > IB(f(¢(F1 Y, Z))) —C&)Z)
(HEDIEM) f(¢(F y,1) =(G,2,5) £FHE, RELDY
W ($(F,y,1)) < 6(F,y, )|V (G, z,4)

Thabb
pI(F) - 27 a(|F) T < |o(F,y, ) - '(G) - 279 - of|G]) 7

THRITNER LRVDT, p i flat 220 o WBELERZZ D5 n(G) <n(F)-2=i-1F/Fj<i-1
TRITHUER LT, WTFHIZLTH L(o(F y,4) =i > L(6(G,2,5) L% 5. |
EoT, g(F,y,1) = ¢(f(F,y,4) L T5EK Fc3-CNF IZDWTH5D k(F)<n(F) PHEELT

I3(¢(F,0,n(F))) > I3(g(#(F, 0,n(F))) > --- > Is(¢*FV(¢(F, 0,n(F))) € {0,1}
&%, F € 3-SAT < IL(g*UI(¢(F,0,n(F))) € 3-SAT % 2T, I3(¢*FD(4(F,0,n(F))) € 3-SAT
BEHEHARMRETEL LS. F € 3-CNF 3EEXTH o720 T 3-SAT € NP »#&»h, P=NP &
5h.
Appendix
FHH, $HE 99 F£E D LA [AT99] KBV TROEELTH L 7.

T 2 15 1| OFYBE—HRREEAEE UL, 0L S 2 SEABMAETEMTLML 5Nk
Wk S d b SERBEMAR TR A AHAET .

COIEIHDRE LTRDEREL 257,

% 1 EEOZHEARRMAEK TR 2D 2 SHASHEETRIMG TR oWz % b, EEOSHARHE
BE D -2 OV TER K >0 058 T n i220nT

> 1 Timew (£(), 1)9 _
2n n
lol=n |11 (2)=1]

&b,
ARFHETIE, EBH2OMIRELT, 131 EVIHIREEZT LIZROBRERET 5.

EE 3 FHRH—-AAERESFETHE, EOL) 2EHARMBETRSATINIONZVE I %
& B S EEERAR TR B VLT 5.

ZIC, PHYRE—-AAEEKE IO L) BB TH 5.
EE S5 B f: T — T PEHREE—AEMERIE (average-time one-way function) TH 5 L1, KOFEH
T EE RNV

1. f S EHARHMCEIETETH 5.

2. f71 WY 1 TEHETS (2F 0 F(M(f(2),1™) = f(z) PHEX 1 TRV D) &) REEOELERE
T X SEABEERE M LEEOEH A K IIHLT, +9KEZ £THDneN DOFT,

Z 1 Timen(f(2), 17)1/d

2n n
|zj=n

> K

N RIBASN
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ST, kD hash function Z ARERIZH WS,

56 ([Yam97)) M % mxn D 0-1475l,b & n RO 0-1 X7 h ¥ 2L X h% h(z)=Mzdb &
%3 L, 2% hash function EIER. DX )% h (Thbb M & b) O—HT7 V5 A=HHIZLoTE
¥ LEHY H, L 2L,
0-1 X7 Mz 2 LTz & 2 O i-bit prefix &5, hdz € X % i-adBlT5L3%F we X —{z}
IZ2oWnWT
h(z)—it1 # h(w)—it1
ThHI 28T, K, % {0,1,...,n} LO—REHSHELT 5.

BE3 H, ¥b5b s € X % Ko-BITBHEIE 1/4n Plbd 3.

Proof of £ 3: FEDLEARMERTIESHHH 2 SLEABMEETRIATHIONTES, G
BN SEARME £ 3" — I OMBEEAEHBEOERCEECFHHESATLE) JLEAHAT .
%9, f & hash function h € Y+ ps LEAB B ¢ KD &L D IHHT 5:
g(z,i,h) = {f(z), h, h(x)_:).
IDEE, g m=|(z ki) OFHEASBMTHETETH L. T2, K1 L) SECNEREER M- (F
X I22WT X = My (f(X)) D% 0 720) LM d, K >0 PFELT, EED n >0 1L T
Timeyr _ (g9(X))"/4
S ey e D g (W

| Xj=m
g~ g(X)I=1

Thb., ZOLEEED X = (z,h,i) I22VT M, (X) OFHEREIEE 4 200D TH 5,
KIS My BHEAD g IOWTHEL, ThbH% p(n) BIEY&bET [~ 2EETHT LTI X AL
Mjor (B 2 1200 T 2= My (f(2)) 7% 0 720) 2RO &) ITHERT 2 (p(n) 3BELEFIHN).

Step 1. AfJ% ye f(E") &T 5.

Step 2. p(n) BHOEIAD ~ Hy, kO ~ K, and v ~ U, (1< i< p(n)) 7 ¥ LBRLICERT 5.
Step 3. & i WL T, 2= (y,h®, 7 ) £F 5.
Step 4. RO p(n) MOEE
Mg_l(zl), Mg—l(ZQ), ceey Mg—l(zp(n))
ZDWT, ZOHDHD My-1(z) 2 (B LT) LT 2 T TEINCEHET 5.
Step 5. Step 4 THONIHNDE 1 B2 HIT 5.

WES LOVEED f(2) 200,

1
Pr{lg_l(f(x)aHn;Un-{-l,«-—K,,)I # 1} > E
b, Thbb, £TO 4 CHLT g7 (z)| # 1 ERAHEE (1- 1/4np) LD d/AS 0. ZOF
LR (1) ICE>T, BETM M;-: OFHFHERMOLRIZ, FEO n>0 IXHLT

mer_1(f(‘r)a 1n;,r.)1/d - 1 P O(n)
- <p(n)-K + 1—4n -2

1, Ti
Z P (r; f(z))
lz|=n
ThbH. IITplt, TOTLTYXLTHAEND p(n) BOEL RO, kD RV 7 OB ET 5.
p(n) > 4n? ThbH LI 7% p #ENE, FFHITFHESEABH THBTERTHA. O
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