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Darts (n) {
k — 0;
fori—1tondo{
X <— uniform(0, 1);
y < uniform(0, 1); // BEHLFZ4E 5(x,y)
if (x2+y2<1)then k++; //[BA

}

return 4k/n:

}

e
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k — 0;
fori—1tondo({
X < uniform(0, 1);
y <— uniform(0, 1);
if y Sf(x) then k++;
}

return k/n:

}
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Crude (f, n, a, b) {
sum «— 0;
fori—1tondo{
X <— uniform(a, b);
sum «— sum + f(x);

}

return (b-a)sum/n;

}
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3! RoRFEHRRAGAE

D (vneN)(vxe X )Vre AT (X)) =v(r, fux )]
WG AR J5 2 7 0y IR i T AR e SRy o iR SR XD i

@ EHURVERIF R TR H R .



§ 3.2 fEA RO TRALEE

TRBERE(X)AIEEHSherwood & iA:
RH(x) {

/I ASherwood &L THET(X)

n < length[x]; // xBYsize An

r — uniform(A.); // BEHLEN—IT &

y < u(x, r); /[{&REFIxEAL FBEHSEHly

s «— f(y); // BB R ERyI#s

return v(r, s); // ¥&sRIT I x HY &
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§ 3.2 FEA AV TRALTER

i1 : IEFEFHFEISherwood HIE
RFEHATREH FAL
HHASEFIPITRITALEIA, B Fith#
BB T/ IHIT
RERARBENEERSLEH TREE:
Shuffle (T) {

n — length[T];

fori—1ton-1do{
/I ZET[i..n]PBENLIE L TTRIMIET(I] £
j < uniform(i..n);
T[i]—>T[jL
}
} 51




EEMNEVREEMEETATEREZE, BHFEEF

EX: % a=g* mod p, ig log,,a=x, #RxAaki(LlgHEIRER
P)X#. Mp, g, altBExFAFH A ER.

B R EE

® BT ERIX, ﬁ§1+§20<x< p-1 3% 1sx<p, BEAPFxR
FERHX#<g>—RIEME

@ HiiEa=g* mod p EEEE;L
dlog(g, a, p) { // AXHFHM YA FER, FiEREp

X—0;y—1;
do{ Xx++; #llog, , 3TCHE, AAFAE
y «— y*g; I/ i+ Ey=0* x{#3=2*mod 7

} while ( a # y mod p) and (x # p);
return x

} 52



f2: BEHENHITHE

B)fR: RIFO(p)
EIRRBMEATAR, 2Hi#E—EFHFFIFEIp/22k
SHp=2401HFI %, EFL020R, FRZR/FE (100R/F) KAEL
£F (10%Fb/£F)
GApEBBE AT ? BEHIEFEE AT 88 T A AT TRORTIE RSk i
BR&EE— LI E 4 EREF, ERFRBERENTWEERZEKI0g, a,
E#ASherwood B &R MRiZo)RE ?
’®p=19, g=2

i ‘123456789101112131415161718‘19

a=g'mod19 ‘ 24816137149181715113 6 125 10 1 ‘2
Ha=14, 6B, log, 414 =7, l0og,,,6=14, BIAdlogk14F6HIEEL
AT, DREBEREIF7ML4R, PITHRBISapEEMEX.
Fsherwood B ZNiZEB S5akxx, AEHITLENSZHTE

log, ,a




§ 3.2 BRIV FRALTE

EI(Wp877, § 31.6)
@ log, ,(stmod p) = (log, , s+log, ,t)mod(p-1)
@ log, ,(g" mod p)=r for O<r<p-2

dlogRH(g, a, p) { // Klog, ,a, a=g*mod p, 3Kx
/I SherwoodE %
r — uniform(0..p-2);
b — ModularExponent(g, r, p); /3K E12b=9"mod p
c — ba mod p; /((g" modp)(g*modp))modp=g**modp=c
y — log, .c; // FERfAEMHZEKIog, ,C, y=r+x
return (y-r) mod (p-1); // 3kx

}

Ex. #rdlogRHE TEIREE, #EHiZEHEMEMA UV
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§ 3.2 BRIV FRALTE

P AL 28

Rt T —MinE T E R sEtE

BEMFRBITEEANSEFIx, BEfX)IHTHE, BR®%RE
HEENZERZENE L, M AFHNAITTEEEN,
BEAFRTE(MRSIWERE), EREEINABRITEHE,
EBRABEMBREMAIGX, (RIGaNMEH?

A REAL FAL

O &

E

BEE AR AT E L
] e B U X IR A K —BEHLSC fily

@ ByRITLHTERI(Y)RIE

@ f&

] e BV EE IR A1 (X)

LiRiZ1E, MABRT HERBISEGIKR DI, SHIE

4 ks

IEERY) R

5 R,

P

AuxNBEESH(RE 245

_XEIJ

55



§33BRAFE

@AM iehval(L..n]Faptr[1..n] head IR —
MEFFHIBSHER

val[head] = val[ptr[head]] = val[ptr[ptr[head]]]
< ... Sval[ptrr-i[head]]

HHT— A 2T if val [iHERAHS

-4 | H
E“WW% if vallil REAKHT
E
I 1 2 3 5 6 7
val[if 2 3 13 1 5 21 8
ptri] 2 5 6 1 7 0 3
rank 2 3 6 1 4 7 5



§33BRAFE

=

MNEERkKey, BFEAOIgN).
IRF&E: BiltRAREN, WRIFFEZQ (n),

REwit,

7 0(n)
8 B2 B Sherwood B 3 Y HAEE B} 8] & O(Vn)
RHAELREME AR, (BiiERR T RIFLH.

BERPILEREAHER, BKBXBFERT

G

1<i< no

(=

{aT SEIAT 1L

, MGEX, BMNAKRTERI, fEvalli

BB — T HEMEZE, S

cEH: HBval[l.n|&xBEFRF, THITEEREE

Z 351 Av} [

RS HAE:

ORI EH A 5

@xB9rank

=x, X8

|:|

y /=




§33BEAFI
S BFANMHTINES, RAR— I BEME

(1) tp(n, k, 8 )RAFIZEAKPATEE], HEEEHE
RITERIRRK, bLRvalWHES] 6 Mok, HAR— M
BEW, Wta(n, k, §)RBRAEERNHEE. CREE
R ERIIERBERE, w,a(n)HAIm,(n) a5 R &R
H—‘I‘IET.]*H—AIVJHTIEH, ‘[Hﬁﬁ

(2) w,(n) = max{t(n K,0)|1<k<nand 6€S_}

m,(n) = ZZt (n,k,5)

nxnl 5eS, k=1

12, O R N, 75 AR R L

n!




§33BRAFE

BB AO(n) B EJ A
ik

wx2val[i] BxERP, MAALEI;

Search(x, 1) {
while x > vall[i] do

}

£

| — ptr[i]'

return I;

REIK-§vi

B XEIEA:

Feval[l..n]F

A(X) {

return Search(x, head);

}

MERXNEE N

59



§33EBFIR
HEBE ST

®rank(x)=k, M-

ta(n, k) — EEAEN DT ENERE R T ERNISEISA
TEMRE, ER50 %

wa(n) BURARIRBTRY T BDRH
@ BUEAE IR 1R 3

@D vneN,vk e[L,n], ta(n, k) =k
@ vne N, #k = il HEIRER, HEfwa(n) =n
® VneN,i%k =1,2,..., nfAIREZAHEE, |
1 n+1
mA(n)—HkZ;tA(n,k)—T

é/%ﬁﬁﬁji, T (n) = O(n) 60



§33REREBFR
BB 30(n) R R E X
LB
D(x) {
i <— uniform(1..n);
y < val[i];
case {
X <Vy: return Search(x, head); // casel
X >y: return Search(x, ptr[i]); // case2
otherwise: returni; // case3, x =y

}
}
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§33IMEFFF
T4 88 3 #r(Dif R #LR R #)
® —f1ER
&rank(x)=k, rank(val[i])=]
#k<j, W to(nk)=k, BFcasel, MkiEH
k>, Mio(nk)=k-j, BFcase2, MirB/ITZ/FIEE
B k=j, MW ty(nk)=0, BFcase3

@ =IFER
vne N,wp(n)?

Hj=Lk=nkf, Search# /7% n-1, wo(n)=n-1

62



§33EBFIR
@FHIER

vne N,mp(n)?

j=12,...,nkk=12,.., nE‘Ji‘%%ﬁji’gi

ZZtD(n )= Z(Zm Z (k- )

nxnllkl j=1 k=1 k=j+1

Mo (N) =

_n__z_

2 3n 3
T, ﬁi&—d’JHﬂEﬂ MR T e Sk

__Z(J(J —1) (n—J+1)(n—J))_1 1 n




§33REREBFR
SEIIRFIE 9 o(Vn) MIERE
b3
B(x) { //i&x7Eval[1..n]
| — head;
max « val[i]; // maxf{E=F=val P& /ME
for j — 1to| n | do {// ZEvallIaT | n [ M E AR EFATFx
y — val[j]; Il B REEHy tH R RY TSR
if max <y sx then {
| — J;
max « y;
} llendif
} I/ endfor

return Search(x, i); // M\yFFi&4keEi¥ &




§33MEB/FR
4 B8 53T

forfEsFAIERY: RABIXHWRKERY, FEEREMNYFF
5, HBEval[l.n]PEnNMNEHEERIISMENSHE, N
#FEval[l. ARy ERES TENNZH D, FEYEA Y,
zziz//\@an KX RAKEHY.

— N SANEXHBENEER S, EFENTH

!zuT
N PMEBHTIBE: a, <a,<..<a,
HHFDRAXIE:

N CRRNETS N CYRS
I I I |

1> X [H]




§ 3.3 EREAFI<

SN Bk R RIS, NEHES
XEhHEB 1IN TE GEE: Eival B s
¥, XERBNAMA AL TFvalll. /e |
il Tibx B EM— X, EPHHTHE
ol

) HEXHE—XEPRBINENTFFTX, WE
B8Ekdhpyy, BBAaSearchByEbB R BA BT X G
KEn/l,

i) HEXRE—XEPRBIRBKTX, MEXH
—XEPRRBINBLA AT EZDRY, EXEN
Fx, BExFMyRIEEFAn/, EERfSearchBYEEE:
)ﬂ?&slzi'ﬁ%nllo 66




§33BRAFE

AR, ESearchRIFBHITIXTEIS, B

mB(n)=I+|ﬂ

7 (1 +Iﬂ)' =1—Iﬂz, (|+Iﬂ)" >0

1o Iﬂ — 0,E[1 = /i me (n) &2/, A8 Hy2+/n

Hitt, HEMEZPfordxE A/, HEEZERN
SEI5RF18] 2 /n B/

Ex. E—Sherwood&3%C, 5&3xA, B, DL,
ML E R




Ch.4 Las Vegas HJjk
Las VegasFASherwood B ikEL %

{Sherwoodiiz"i R A EEAEH B B E BER M sE 40
Las Vegas—REERBFERVRNEZE, AHNEZENEN
SE5 S 4Rtk
Sherwood BER LT E H —14a E SEHIRIBITEI 8 L7

ULas VegasMAMETE L RATSRAEE, AERHE IR
ﬁﬂﬂgﬂﬂiﬂﬁl‘ﬂl AR 3ot 455 0l FE BT B SE 51 RO 3R 2/ A 2 BE AN
AR
Las Vegas 45

AREA R ETERARBRNE, FEEE2IREIERRIMRE,
ZLBENRRSH—NMER.

HRZEBANER, NERAR—XFIE1TR—&.:, M
R Ih BV B2 BEE TR B RO 1E T & hn




Ch.4 Las Vegas HJjk
BEAN—RIER

LV(X, Yy, success)

X RHNISEE], yRIER

&, successBH/RIE, trueTmmkIh, false

RREM

p(x) — X FEHx, FERTIRIHTER

s(X) — B ERIhAT RO HAEE B )
e(x) — B M BT By HAEE B )

— P ERNESE, ZXRIFELHX,
FRRARE:

AHEES >0,p(X) =0

p(x)>0, &



Ch.4 Las Vegas HJjk

Obstinate(x) {
repeat
LV(X, y, success);
until success;
return vy;

}
‘t(x)mE ZobstinatedX Bl— N EfABEROHAEERTE], M
t(x) = p(x)s(x) + (@ — p(x))(e(x) +t(x))
LV DML LV DT M

£0x) = s(x) + P X o)
p(x)

EEe/MEt(x), MFEEp(X), sx)Fle(x)ZzBFHITEMITER,
flan, B/ EMARTE, NarRERRINBIBEZEED (X).



§4.1 S8IFIo)A

& G 1Y [B] 39 3%

B~ W N

1 2 3 4

i+j 135X ALK: F—FKXT
M4 LRITTRBATE S Z M
e

i-jERj-i 45BN AL [Fl—%
A% ERTTERITIISZ
ZH%
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§ 4.1 8JFIo]RA

EHATHAELT, HIIASELS, Bli—j—1;
whilei £8do {// HEI{TSIi< 8
BELHT: NYAFjERFZEIIRE, SERREHS;
if 2| =235 then {
HEER, BISREAZR, HRET—ITERHRITI+);
j<1; IEaFE A1
} else {
B E¥3) E—1T, Bi--;
BEZITEHENER, UZERMETINT—IHERS
A1 ;

72



§ 4.1 /5 |a)fA

2.Las VegasF &

< [EEtry[1. 8] PFHER

try[i]

REBNERWE (i, try[iDIEL

< try[1..K]FRAK-promising+s :
BHKPE2RMNALE(0sk <8): (1,try[1]), (2,try[2]), ...,

(k,try[K) EHHA B

7, MIFRtry[1. k] Rk-promisingid.

R Mvijellk], Hi+/B
%ﬁlﬁﬁﬁ, )HJJ:
@ i',ﬁ_'}l::l?"é: %ﬁ%fgy

GV

|—1TASAMER

N

K RSB EEHESIAT,

73



§ 4.1 /5 |a)fA

@ FZHHZE: ENEEAEBNAITI. j, BAERTIIE
ZERKO, HEEHERATEER—FI L.,

@ 135° Mm%z a,,.,,Ma;,,, MEEE:
i+mi]=j+mj] B) en[il—enyj]1=j—i
BIERERTSTELS° Mk EhsE,

@ 45° X FLkTcHhoE:

A1) T D5t ) FRSERTH i—tmlil=j—-m]|J]
Bltry[i]-try[j]=i-j
BIEFREFTSTELS° MakEhzE,

2 FATiR, R1RIZEFtry[1. K]Ek-promising.

B, Bk<1, MmEEtry[1. k]Bk-promisingf, Xt

SIFIo)R, fER=S-promisingf.

o2 % }‘iE

*

74



QueensLv (success){ //&ZLHILVEE:, MBERHEMBIINE
/IZESuccess=true, Mtry[1..8]8 & 8/FE1&H—ME.
col,diag45,diag135—®; /| EAEN ALEESVERS
k —0; /175
repeat //try[l. k]Rk-promising, FZBREBEK+INMNER
nb «—0; /i1 #EE, nbfEA (k+thEFMopeniiE 2
fori«<1to8do {/iZFE, XX (k+1,i) £ZLH?

If (i¢col) and (i-k-1¢ diag45) and (i+k+1¢ diagl135) then{
5% (k+1) thEFAHAH, BA—ES LIEHBESEIF
nb <—nb+1;
if uniform(1..nb)=1 then /2 IFHIEEIF

j—i; IGEEE—Xuniform—EiEE1, Bji—EH{E

Hlendif

Yiendfor, FEnbMNEEME FFEHLEFIMIEHEZ
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§ 4.1 8/F|o)fA

if(nb > 0) then{ //Inb=0FF L E(ME, Fk+1PEREMERBEF
IFEFRBNbANREMEE, (k+1)thEFEFMERMHEH1/ND
k—k+1; //try[1. k+1]&(k+1)-promising
try[k] —j; //HEK+DthMER
col «—colU{ | };
diag45 «—diag45 U{ |-k };
diag135 «diag135 U{ j+k };
} llendif
until (nb=0) or (k=8) ; /HEIEEHRAEGENMUESRIryE
/I 8-promising AR .

success «— (nb>0) ;
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§ 4.1 8f5|a)ER

< ST
WPpRAINEIEER (—XAIh)
s: RIMFERENERN AR (I EFHFERBZER LN ER)
e: KMITHRENSE SEIEIIH.
FRs=9 (ZBEEtryBER) |
pFleIBig LTt HE, BSSIEATENTLLTR:
0p=0.1293...
e=6.971...
EEE LAEE, EERMIIF(MHZ TobstinateRUBTE]) , ERRZERAY

G R
t=s+({—-pe/ p=55927...

ARMRTEE, BEIEAARINEGERAERE—1 .

ExJERR: HHE (k+IthEFMR, MU ERAF B WEZE
QueensL Vit H e {F—(I B T REEF.




§ 4.1 8[FI0)/R

e 10 A Ui
> LVESE S TFiEH, —BLl, MBXK

> R BIEISTERM, —BHERNERKM, ®iHt
ITRGEIR—IHREE, MmiX—H1 ET —EB

> SEHFE? —ER T AL,
FHLVAZEIRENE TSR, flankt.
%FE%D%%HEE%?¢%§,E$%$Emﬁwﬂﬁ

I\\\

HHHRMEHEFMEA T, TERESFEERHOMNESKI,
MEMATERMNMAERL 3

BEHSERN SRS, N EEEE M e E Rk,
R MHBE R




§ 4.1 8[5[0]@
> HOREE

TP EEREEQueensLVI R EHIT A -
until nb = 0 or k = stepVegas;

if (nb>0) then /BB FstepVegasPEF

backtrace (k, col, diag45, diag135,success);

else

SUCCESS

—false;

stepVegas——

ZHIBERE 2R, WITERE?

BT RN AR -

79



StepVegas D
0 |
| |
2 0. 875
3 0. 4931
4 0. 2618
5 0. 1624
6 0. 1357
7 0. 1293
8 0.1293

114
39. 63
22. 953
13. 48
10. 31
9. 33
9.05

ati[o) 38 : 40ms

stepVegas=2 or 3: 10ms (3i3)
“SHOLV: 23ms (F)
W E ISP E B

g —ag

39. 67

15.10
8.79
7.29
6. 98
6. 97
6. 97

t

— BRI AL

114 <« 5E5[aR
39.
28.
29.
35.
46.
53.
55.
53.

63
20
01
10
92
50
93
93

«— 5eEFENL



§ 4.1 /5 |a)fA

EREL: A ANBETR—T 2R, HA
RIS AKX T2 /f"

[1.0]-D

e

[1.3] [1.,4] [1.5]

;" /N

He i & [1,5 2] [1 5.7]

1
N

9% W 25 )ﬁ
FR 2

81



§ 4.1 8/F Q)
B8R FRSERENIELNEEHE RIF?

HATREBRZNEE (EPEERBAFT4k+2, KAFEEYHY
i), BUK HistepVegastI RLERME, B2 ?ﬂz?lJ—/\?inl?‘ (A~
—E&:M) HBistepVegasil =2 AT LAY

12E5:

StepVegas p S e t i+ ]
0 1 262 — 262 125ms
5) 0.5039 33.88 47. 23 80. 39 37ms

12 0. 0465 13 10. 2 222.11 FEAR545[BEHH[E



§ 4.1 8J5Io]RA
EApple INELE, 20MNEF:
EMRE J‘ﬂ%ﬁi % B E —MERE B KT 214

INGT

H$§3£ FEHL M ERTI0MNER : 59k 2|
A EIHIRR.
ZEL R & KL 10004Z !

-
i
?‘l‘t
7)

-Obstinate B A ERIB TCPRIEI ?
H )N FEERRERT .

MNTnElE, EXn>=4, Eﬂlﬂf@i""ﬁ-ﬁ\ RIFEERT,
ObstinateEE A H A 4E4E 5.

B5—8%, kn=12~-200F&{iBIStepVegasiE.




§42 IRpEFIR

1 ENL: @pR—AERM, HEHxS(1p-1EH

ETTER B’ =y mod p)

NFRx BEp B =k F 4 (quadratic residue) ,
&y €[1,p-1], MyFRAXEpHIFESR.

< f5]: 632554210389 SR, 5521038 X FIK.
» 55mod103=55 63 mod103=3969mod103 =55

" 55=63"(mod103),

2. EX2: FEY z<[lLp-1], BzAREpRI=R
g, MzRRpHIIEZIRFIFR



§42 IRpEFIR

3. EHE1: F—PMEpH-RFRELBENMNEINESIR
pf: BXEBEpHZXFEK, yXiZpHEFIR.

HH (p—y)’ =p’—2py+y° =y*(mod p)

g x=(p—y)(mod p)
REEp-y#y B 1<p-ysp-18 A iEfAp-y B ETyRIx#EpHY
HF—MEFR
CPEEE, . p-yry, BNpEEH.
5—FH,
ASysSp-1, ..p-y 2p —(p-1)=1/lysp-1
p-ysSp-1 /ly21




4.

§4.2 HpEHIR

EH2: F—EBpHZXFBKREZSERIAE
pf: & VaFbEXRpHIFFHR.
.+ a® =b*(mod p) a’=kp+r.b>=k,p+r
. a’—b’>=0(mod p)
Bl pl(a’—b") BR3L. a* - b =k-p
EHk=0, Ma=b
Hk>0, Ma#b
Rigka>b. - 1<a-b< p..pi@a-b)
X pl(a+b)a—b) , -HTh3L7E pl|(a+b)
B (a+b)=kp ~ (a+b)<2p - k=1

B a+b=p,a=p->

3

FtR

AL

BRERERRTIARNFLR, HIRBoM(p-b) WFHAE

o



§42 IRpEFIR

EI3: 18p-1Z BB EE—EEREHN R R,

pf: AEEBIMEE2H, F—EpHXEREEHRITTER
Szfj_ EI] - 1EH¥—/A$IJ% XE[I,p ] , /\ﬁyﬂlp yJXWiAT
qEﬁSZ?ﬂElé%p—ySp—l

y>=(p—y)*(mod p)

CFE[Lp-1]H e B (- 1) 2 ARRE SR, BXFFRITME
Tﬁpﬁ%ﬁ;&xﬂi?" E[1,p-1], B X E Fa A (p-1)24NEpHY
KR

A W Ve[l p-1], pRIE—F=H, & =tl(mod p)
BxEEpH = kR4 BRY x " =+1(mod p)
of: B (THEDEE)




§4.2 HpEHIR
7. WATHIEXERBRIEpH IRFEK?
QEFAEEIMTESEE "> mod p BIT,

8. BHIpERFTERH, xBEpM AR &, witEx
RpBIAE N FHFR?

= % p=3odd) B, BEEREK, HUR 0

B Yp=Ilmod4) B, HEFWMNHEMEE, R
BEfgEITLas VegasEH %,

T




§ 4.2 RpEHIR
9. Las Vegas& &
] x RAXBIFE N EHRAPEDRI—T
B Def: BpiiE CGRIUNTEHRFEE)
a, b, c, de|0,p-1]
(a+b\x)(c+dx)mod p
= (ac+ bdx + (ad + bc)Nx)mod p
= ((ac +bdx) mod p+ ((ad +bc) mod p)v/x)mod p
//See p.863,(31.18)Z




§ 4.2 WHpEHIR

s ;g p=>53=1(mod4),x="TR7HF I
o 7 =1(mod53)  //26=(53-1)/2

S HEEBAAH, 7TRIESIMTIREIR, K7TESIHWEFIR

R ERAESIFFE BT, (1+47)° mod 53 HEIZTRINT :

(1+37) =1+ V7)1 +N7) =8+ 247

1+7) =1 +V7)(8+27) =22 +1047
1+~ = (22+1047)(22+1047) =18 +16+/7
(14D = (18+16+7)(18+16~/7) = 49 + 467
(1+~DY =1 +7)(49+46~/7) = 0+ 427
(1+ D% = (0+42/7)(0+4247) =52+ 07




§4.2 RpEHR

F: (1++7)° mod 53 = (0+42+7)(0+ 42+/7)mod 53
= (42x42x7mod 53+ 0+/7) mod 53
— (12348 mod 53 + 0v/7) mod 53
= (52+0/7)mod 53

i, (1+47)% =-1(mod53) , -+ 26=(p—1)/2
CEHERAE, 1+7RAES3ME TR RIS
EIREEI A 1-+7 TREES3MIIE IR FIS.
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§42 IRpEFIR

EHEMY (a+37)° =c+dyT(mod53) B, B4
(a++7)mod53 #1 (a—7)mod53  th—4 2i&phy
ZXHEER, MBE—TMNRIAXHE, SEHER?

flan, BRE
c+d7 =1mod53) /B at7)mod 5352 RIS, EFE4

¢—d\7 =-1(mod53) //Bll (a—~/7)mod 5342 —EI4

mERMEME: 2c=0(mod53)
0<ce<52 ¢=0
ARXARS:  2d\7 =2(mod 53)
d7 = I(mod 53)

92



§42 IRpEFIR

f: SBEERE (2+V7)° =0+4147(mod 53)
ATHRBTH—1TELR, FERE—H—1EHyE
B 1<y<52 ,4ly=1mod53 ,
X AT F— A EuclidBERR
o 41x22 =1(mod53), y=22. 'CIETIE3 AT TR

© 7=22°(mod53), H—F IR AH3-22=31

5%
BXBEpH =X ER, pERHA
p =1(mod 4),%2)/2 = x(mod p)



§ 4.2 EpEHIR

rootLV/(x, p, y, success){//i+HEy
a <—uniform(1..p-1)://FNHA FHiEaN B % D
if  Z=xmodp) then{ /[ETEEMER/

success «<— true; y «— a;

}else{
HEc, dER 0<c,d<p—1(a+Vx)""? =c+dxmod p);
If d=0 then
success «— false; //FoiAK M/
else{ //c=0
success «— true;
HEYF d-y=1mod p),1< y < p—1//1E8Buclid 7y ER Ky
}
}

h
BIARIIRIEER>0.54%1r0.5. A # R BN AT K 1SXE) T AR



§ 4.3 BEH A 5 #E

WNB— 1T AKTIHNER, B9 @oEEREIn—
ME—: n= J 28 250y 74

XEm ZIEEH, Bp<p,<-<p BRTRH.
=a#, WEZLPHINTMEENLHNEH(AE1FMNnAE

&N
).
Iﬁ —1NEW, nREH S EEIE, BIERnRIIEEN
%I, EHEERS IR :

prime(n) —HIENR B AEH, TTHMonte CarloBEEHE.
split(n)——Zn A& AT, XnAI—NEEFLAIE




1.

§ 4.3 BEH A 5 #E

split(n) {

InNEZH,IR[E

N EMIsplitE X

1, BEMIREHBAnBHENIEFILE

for i—2 to [Vn| do
If (n mod 1)=0 then

return i;

return 1: /1R

F LB

N

1i22
)
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§ 4.3 BEH A 5 #E

MEESHT: T(n)=QWn) —BIRER.

SHng— TP FARNEY (K50 13tHIE
#) B, SMERRVTEEEIFATER,

iy m=|log,(n+1) ]
wofn 2102 Hm=50Rt, BREEREEZR 107

TEeRHREMNLEREHEN, SBEEEBES
IR ETE]O(p(m)) A4 f#n . DixonBIBEZEE L o i
NEYEE) ) o (2 V7 oz

Note: FTTiekFbRMIEE#, 9F:
O(mk) - 0(20(\/m10g10m)) - O(lom/b)




§ 4.3 BEH A 5 #E

2. AHHTXRFR (REHIIRSHAVHE)

"N E—IEEY, B¥xc[1n-1]. ExMnER, BfF
E—EHy<[1,n-1] Exsy?(modn), MFERxFFEnEI IR
&, MyAIxEEnBESR.

—MEPRIZIRFIR, HpRRHE, HBERINARERE
FR, Bphe&#H, BEVPEBRBIFZHE TR, FXBA
H. fl: 8=132=22>=27*=29(mod35), ;¥ E29N 535H &,
A B RE RIS IR RIR

EE: An=pg, p. AN EAHEHNES, WE—
RN 2R R B BAINEFIR

o8



3.

§ 4.3 BEH A 5 #E

BRI xRS E*gpﬁg:>ﬂ§@“$&ﬁxquﬁ*ﬁm7’iﬁiﬁ
NEYHEE (J8rootLV) , HnE—

L TERT,

-

DixonE 431

S nFla+tb TR KA E

&%, BntdBEF45H

SIHEFEESR §5EEI’J§I>‘£ 1E|nE|’J B oK% ERT,
Hat &G aEEMRAXRT/T AR

REE
EAXBE, #BENSnERNERaFb, F o =5 (modn) B
a Zth(modn) BEE & -5 =(a—b)a+b)=0nodrn) BP n|(a+b)a-b)
fRXEnt(a+b) , nt(a-b), MnAIFRE—IEFLEFxHE :

x| (a+b),(n/x)|(a—b)

FlR IR XBFE TR

%Enm_AHESIZJ-L ES %o

Blan: a=8,b=13,n=35.

a+b =21 n=35["ged &x =7, x &350 — N FLIA




§ 4.3 BEH A 5 #E

Dixon (N, X, success){//[3FX B BN FE —IEFE LB Fx
if n2{BH# then{
X«—23; success «true;
telse{
fori —2to |log;n] do
if nli B then{
X «— n":  success «true; return;

YiEnBERB AT, HEMEEELA22MNT
a, b —mMESF a2 = b2 (mod n) BIEH
If a= 4b (mod n) then
success «false;
else{
X <—gcd (a+b,n); success « true;

}
}
}

A RHE




§ 4.3 BYARNEH R
WA RAEaFIbE & = 2 (mod ) , EINEH SR

Def. k-5

4.

HE—TEBHMARETFIEIK I REZH, U

xFRAK-FiEH .
B0 : 120 = 2° x3x SE3-FEBHY

35=5 X TR E3-EiBH, TREFON/MEHK
L EBrd-FEn, tES-EE...

HKBUMY, K-FRNEHARAMENSplitEEHXITEN

HIEE

B orfE. DixonFE AR A3EHEaFDb.



§ 4.3 BEH A 5 #E

Stepl: FE1~n-1zZ|B)FEHIEFEX
VEXHIISAEnE &, NMEXEIna— P IEFE LEF(BIRX)

iEN% y=x"modn, ZHyEk-FiF, MIExFyHIEH D RIR
FHERE.

S EEEH FRF Tk 1IN ENHEIRNER, FHXLSE
HHF HIRNEVE R E o7 R (SKBUNET, R split(n) 53 #%)

f5l1: %n=2537, k=7.

A7 N EE#H K 2, 3, 5, 7, 11, 13, 17
ZREHEEIx=1769, y =1769° mod 2537 =1240
o 1240=2° x5x%31

1240 2 7-FiEEY




§ 4.3 BEH A 5 #E

T8 XEYF HIRNZ7-F/EHY :

x, =2455,y, =1650=2x3x 5" x11

x, =970,y, =2210=2x5x13x17

x, =1105,y, =728 =2’ x7x13

x, =1458,y, =2295=3"x5x17

x, =216,y =990=2x3"x5x11

X, =80, y, =1326 =2x3x13x17

x, =1844,y. =756 =2°x3’x7

x, =433, y, =2288=2"x11x13
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§ 4.3 BEH A 5 #E

Step2: ZEK+HINFRZ FR—MESTFE, FHEEM
X 7 IR PRIk Z VIR ABE(EE0)
2. E LEHBIBINFERT, B7TIMRFEENK:

PV =2 x3 x5 x 7" x 117 x13% x17° (fif—)

PV VaVs VeV, =28 x3 x5 x TP x 117 x13° x 17 (i —)

ATLUIERR, Ek+1NMFRH, EOFEEXHE—ME,
Bl — 2

MWIE—10-1%EFA: (k+1) XK

RERERYITR RIk+11 Yy, FURT R AT E .
o v S R BIHR O AL
Tl AR BRSO AL




§ 4.3 BEH A 5 #E

CRERERIITEIR T AL

CER2ENT, EFERITZ B A gE 2 EIRIIAY.

Flan7E 2, F—PER L MEHEKEY:
y, =2'x3'x5" x7’ x11'x13" x17"
(1,1,0,0,1,0,0)+(1,0,1,0,0,1,1)+
(0,1,1,0,0,0,1)+(0,0,0,0,1,1,0) = (0,0,0,0,0,0,0)(mod 2)

{ FHGauss-JordaniB & A AT B & MEHE X8I T -

Step3: fEstep2rr kB HEHKXBITE:
1) LaAtErxHIFEIR
2) SbRyH IS

& aftbmodn) | N QDEka+bFIngy s K2 EFEIA] 3
SnBIEFEPLEF 105




§ 4.3 BEH A 5 #E

F3: XFTFHI2PRELNESR:
a = x,.x,x,x, modn =2455x970x1458x 433 mod 2537 =1127
bh=2"x3"x5x7"x11x13x17mod 2537 = 2012 # +a(mod n)
a+b=3139AIn=2537H & K 2 A F=243, E=NHI—T

JEFILE

¥

T2 E21ER -

a =X, x%x,x.x.x;, modn =564
h=2"x3"x5"xT7x11x13x17mod n =1973 = —a(mod n)
e FEAS BESKE T

SERR b a#+b(modn) pigEER 2= /0 41/2
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§ 4.3 BEH A 5 #E

5.8518) 34T
oAl IEFEK.

1)k K, x* modn EK-FE78 RO AT BB # K (x B FE#LEENEY)

2k, k-8 R E 5 By RIRTIEIEN, BAZEY,
TR EHRED, {Bx modn F2Kk-TiRAIHR
FHRMBIK

.i& L — e\/]nn]n]nn ,b c ]l)%

EEE k~VL BHEEF, HBIDixon &k Sinau SRt
B o(12) = Oy, BREHHIBRERZE D H91/2.




Ch.5 Monte CarloZE 3%

FEREEE, TRERENTEEMEHN, HEA
HAVEZRFEBNER.

Monte CarloB A {BARSILSE, {BEFTiLXTIScfiliy
BELUSERRBERE. HEZHER, SEEEE

1M 0

EXB=

B Defl: &pR—1E#, Bl/2<p<l, BE—1MMCEZ%
AR INFp ROBEER R B — N EFR R, MIiZMCHEIEFR
Hp-IEff, BEZEBEPE (advantage) = p-1/2.

B Def2: H—PTMCEZEME]—LFIRALH LN AR
IEffR, WiZEZEREHESBIM (consistent) zx—H
1Y,




Ch.5 Monte Carlo& 3k

FEMCHANSHANOBERBILA, TERFER

RN ER. B, XEFIEREIEHRR ALK/
52 ESLIE %"‘E‘J% LI

m EZISIL.M %Tiﬁﬂﬂ— —H Ay, p-IEFREEMIIHIER
?;, RFEZ XA .—%i*“z*i ARBIEFELI A HZZHY

fil: wMC(X)B—P—8l. 75%-correctlIMCE 3%, &
RTREE:

MC3(x){
t—MC(x); u—MC(x); v—MC(x);
If t=u or t=v then return t;

else return v;



Ch.5 Monte Carlo8 %

ZE SRR —HRIF27/32-correct B (£184%)
pf: HEMY (—HM) ZHiE.

vty Uy VIEFREIBEZEE A 75%=3/4=p

. SEIREIBEER "g=1/4.

1)&t, u, VIIEH, ~MCE—EH .. t=u=v, JMMC3
l@“ﬂgtl_‘ﬁﬁ HEBEZER S - (3/4)3 { ER#iif t=uort=v

t1
2)$t\ U Vl‘A’ﬁﬁAl:ﬁﬁ)ﬂ“MCBLﬂ Eﬁ%if U=y
LBER 202 =3%(3/47(1/ 4)

)&t uy VIRBE—NIEMH, MRABVIEFHE, MC3IRE
EWER, WHEN: ¢ =(3/4) (1/4)




Ch.5 Monte Carlo8 %

PR, HviEf, RARINMEENBIAMuLES
Bf, ABAEERLTH, FEIEMC3RRIhAIEER A .

3 2/ 2
(3) +3[§j 1}3(1] _20, 3 520 ey
4 4)\a) a\4a) 32 64" 32
ZBIT2R (3K FERIIE 75% .784%

Theorem: 2N IESE# 2z fMe+5<0.5, MC(X)—=—1
— ¥ B . (0.5+e)-correct W R 45 F 8 & 7%,

WC =-2/lg(1-4¢) , XBR—H

MC()ZEA[Cleg(1/8 )] &, #iE

ESefil, HRAR

L

L

LB R =

RO, A8 3 — A8 5 4 S 6 — 3 (1-9)-

correctiIFTMCHE %



Ch.5 Monte Carlo8 %

HEE R EREART KEMSE,

AKA R, TREFEEMCX)MRE(LEE )02,

EERZNEZERS

AJEZHRIRRRD, AREEREN GEER) .

: & n>Clgl/ 0 BREARMCKX)R

p=1/2+¢ / /MCRR T By 1Bk 2
q=1-p=1/2-¢ / /MCE U {48 2

LMEEFHAMC(X)EsEn kBT,

¥, m= Ln/2J+1

Tal Tl

_‘ﬁﬁﬁﬁll\ﬂjfim IN

M EEIR B ‘/Fﬁaainﬂﬂﬁ@%%l_ﬁﬁﬁ H IEfAfR LI

BRBARBIEN/ 28, FEERIEFEERB TEMRE. E

S Pr [n3% i B o 90

C fif ¢ |




Cn.o Mlonte Carlo®.;A

S 1("]piqni )bk, M TETRREILRE < nif,
// TNO] BEIR O Etf#

— (pq)n/Z in_ [nJ(q / I:))n/Z—i

) )(cs/z) 1g(1/5)

J0<1-4¢* <1,HClg(1/3)H{Kn

e e /2=-1/1g(1-4 ) S HEEx> 0,xV'® =2
e = EHILTTH, EEMC(X) nRRINEIREED H1-5, 1




Ch.5 Monte CarloZE 3%

fl: BEE—NM—HHSYRENMCE X, EFERE—IHE
=EEERE DT 5%BE L, MHEZHTIE55%-correct BB R
BER95%-correct I E %,

LREREFIFEN: KAZFHMCEIZC00RX A BEILE
HEAEE (ER—=fE, n>Clgl/dé )

ERUERAR S RS, EARFMAIERARR

MRESFEA—N—BH, (1/2+¢)-correctIMCEE2m-1
o, eyt EIJ—/\(l -8)-correct IR H%, Hp:

)
on1/2 EZ[J[ ) 1 eJzn
m = (X/4 82—‘, AScExfPey/x > 1/(2 5\/;)




Ch.5 Monte Carlo8 %

2.8 REL

ES—1EZ/LaXRRSB/ I NHERRERAW
510, EEHh, REBMCHEZELIR EREEER R
1M, ERBEREKSER.

« Def: (IREHEZ)ABRER, ®MC(X)ZBFEAFIE E]
B, IHE[Ix, BFHMCKX)BEEtrueli@E 2IERE, X
HEiREfalseRf A BRI GEF L s5IRAVR, MIRLEZE R
RER(true-biased).

E?k EREXNMCEZRER, XAV EREHHZSH
g, BEA—xtrue@TEMEERfalse.

MTFREMNMCEZ, EEHAH4R, MAi§55%-1E#
B ERGHRO5%IEfH. 6XEEMAIERI09%IEFMNE
%, BXp>1/289F kv AR TR B p>080 ] .




Ch.5 Monte CarloZE 3%

Def:
zsﬁyoﬂg(yozei/\ﬁi #), MRFEECBSCHIRTEXE

13-

(

) E—IRE R A B IRE R T E [FI-E,

—1IMC

A

G E] xéX, MEZEMCx)REIRE S BIEFRR(T
1‘91_ yoJIIEE"EyO)

£ VxEX, l_ﬁﬁ LY, » {BMCHIAEXTEr & iX A9 S x
&1 [5] 1F fff fi

E?’iyozz,léﬁ%ﬂﬁﬂ@ BHEFEMRAXZEEXHIKGE, T
HEREEZEREY M, BEEEIERM.

BNE R Ely B2 2IERAY, REIFEY B LAp IR

Cff.




Ch.5 Monte CarloZE 3%

iﬁMCzE M. p- correctﬁﬂﬁyolﬁ%{ﬁ-ﬁ/ﬁﬁ
E, XE Ay—fﬁu yMCKX)IREIRIE, "I AT 2#
BHITie

Y =Y,
= & x$X, NEZEMCERREIEfHE, Eity MASEREIE
fEY .

= B xeX, BFRIREIRIEHEONERY,
XAMBERAIITEEESR: y2— 1 IEHHRE.
: Y F Y,
= &5 xéX, MyRIEMHR.

« B xeX, ARIEHRHERY, , WyREEE, HLHEH
$T:ﬂ1_1 -Po




Ch.5 Monte CarloZE 3%
BREZESAABAMC: kiR EY,
CRERMC ) BB E R V1Yo - -V )ﬂu-

HEREE Y Y, , NamsiFHeem, —ANE
TR (y = IETRR).

HEEIFIE YTV, , BFVMCR—HK, #w
ﬁXEX Alﬂ:' Eﬁl _miEyo

aﬁﬁﬁ’ﬁﬂﬁli’]«'ﬁy =y, BYFv,, Ny AETEER
IEfmf#E. =CpRE, & x X , My ZIEfHE, WAy
=8, HBREERAEE(1-p)

3J:uﬁE<Jrh1’»:‘I%u ESAA—1—8/, p-IEfERY,
Ry, BIMCE ZK)R, AIEE—11-1-p)Y)-EMINE X
HREEZETESR).

#l: p=0.55, k=4, AIARHEZEWmPRESHBN  °

~

AII




§5.1 TR0
Def: ET[L.n|@n N XENEE, BETHRPFTFRTENEKT
n2(B [(ilTli1=x]>n/2 ), WIFRxZHEATHETE.
(Note: HELE, MRAARFLINTERR)
1. FITRBRERE
maj(T) { /BN TR xecT BRBRTHIS
i—uniform(1..n);
x—T[1];
k<—0O:;
for «~1ton do
if T[]j]=xthen
k—k+1;
return (k>n/2);

S
S




§ 5.1 FJTE o]/

HHZIR[

true, MTEEETE, MEERTRA

REFTE, BEE—EIEH.

HE8 KR Efalse, MTNMEAESBETE, REMN
ﬂE?XTETE"J:EJE?ﬁﬁE
HTHXES—ITMERRE, MWENEES—TMEEER

HIBERNT1/2, IRAAETELSTH—FLLE.
FEAR—TMRER/2IEMIEE:

FmajiR[o

true, MTHAFERE, B—EIETH. FHHEHEH

ﬁﬂﬂ'_nimﬁgkﬂzvz BZE L= 1/2-correct.

FmajiR[o

false, MTAIEERBETTE. ZHAR, FEEE

tE, MAiRME falses




§ 5.1 T E|0JfH

SEPRIERES, S0%RISERBEREAATRZR.

mx B wmEE, LS

AR R PR B (TR,

maj2(T) {
If maj (T) then

bui ¢ -R':)

return true: /1% ERTH

else //1R 5T 5

J B 2)R

return maj(T); /A2

H B AR KAE
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§ 5.1 T E|0JfH

2. G

E2TXERE, Mma BB Efalse, maj2fFEEIR
olfalse. LEATEIRIREMEIER (LD .

HETHEERE, -

F—REAmMaIREXMBERZp>1/2, tkEImaj275iR
O Eo

F—2XiEHAmMajiRElfasleFIBEEE A 1-p, E2XXIFAmMa]
ML EpiREltrue, maj27rREIR, HEEZER:(1-p)p.
HETERKIREEIER (LI .

B4 TRERF, ma2ilRBEIREMNRKEE:
p+(1-p)p =1-(1-p)?>3/4.
Bl: maj22— MRERS/AEMPIMCHEE.




§ 5.1 L EOIfR
3. Bk

B EEEIER /), TEEERREE IR
Hmaj WSR2 EMSIR, Bl: XE—EHIT,
KX majiRElfasle, AT M4kEFHIRE
true L ZR

e, STEEEREN, KREEFEAMaj

1R[E falseEﬁ#E%$IJ\$2 k
5—FH, EKXGARTR, REF—XXmajiR[E

H, EI]_I#IJET«'IE ERE.




§ 5.1 T E|0JfH

B HEEFHEZEOESENT0R, HNEEAAmMaRY

KA 1
e=2"> k‘[lg——‘
g

majMC (T, €) {
k—|1g(1/e)];
fori <1 to k do
if maj (T) then return true; //RIN
return false; //AIBESM

}
ZEZERIEEA0(nlg(1e). AR, XEREH kv
Eggiiﬁ, SEFR EXFFHIEE T RBFEO(n)KITEE




§ 5.2 RN EFBIRMENE)
FE—TRENBEESTAEY, BHAALLEKRZE
AYURBEMEZEDLas VegasHiZ-
1. BPRNHERE.
prime(n) {
d «<uniform(2..|Vr | );
return (n mod d) =0;

}

B FHiR[Efalse, MEZZEHIXE)Tn—PMNEFENLEF, n
REH.

B FHiREltrue, MXVHEEZH. XEPrL, BEnEEH, prime
IR SRR Etrue.




§ 5.2 RENE (BRI E)

Bifm:  n=2623=43x61, | 2623 |=51
primefE2~51AREHLIE—EHd

“EIN: d=43, EiEiREfalse(BiFER2%) , HRIE
L5 d#43, EiRREtrue(BiZER AH98%), &R EIR
HniE@ KR, BRAEE.

2. Fermat/pEIR
EnE&xY, MVac[1, n-1], Ha" 'mod n=1
B TG (EEEE)

WnFlaREY, £3a € [1, n-1fF " mod n=F1 , Mn
TRERH.
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§ 5.2 RENE (BRI E)

" RENEEZE (REY) -

Fermat(n) {
a —uniform(1..n-1);
if 4" mpodn=1 then
return true; //IRWAIERH, nRKORAEH
else

return false; //IEf#f, n—E =&

}
B FermatEIRHY LRI ?

BIEAZRE a" 'modn=1for all a€[1, n-11/3I, nftE
FH? BAAFEENARIL, EEARRERIET a=20)7,




§ 5.2 RENE (BRI E)

WnhA%, MVaell, n-1], & a" 'modn=1 m@?
£/, MAENEAY, Vaell,n-1],3Fa" modn -1
BMNNAZY . BRI GEIFASEIL.

SLER: -

RS BETE

54N -

GHEa I modn BB/ RIFKFIENREARAEH

"' 'modn=1 for all n>1
(n—=1)"modn=1 if n>3.
B2 ac[2,n-2] BR?
#n=15(&8%), a=4, 4*modl15=1.

128



§ 5.2 REWZE (BRI E)
3 BB

Wo<a<n-2, —ANEE  a" 'mod n =(EPnErERa 1) BA
%&nﬂﬁﬁuajﬁaﬁﬁ@%?& afR AN RME(AIESE .

EfRrt, FEeRD)IEBRYEGHENE, BRNMAUER
(Probable Prime) . BIEH—ERH, —2HiRH.

ERBFFFATFES—ERYMRNEGENSBIRIRER
m ARFZFZD?

ERTLOZAN B AR, F50,847,53440MF#, MU2KHIKRHE
XM AA550740, EEENER 1HERT, HIaHK
BH <X B 5597/(5597+50847534) = 0.00011 ,

mFEANERZELL2F3IARBARY, MIFL27249 . Hitkn
SIR AT LB R 201 -1 FEE R3] 1EI<J'I‘*/RT i EE¥BINS
EEﬁET A 1272/(1272+50847534) = 0.000025.

ERALZMRT K ELMBE, SRSERIDERONLME
K, 2f&EZ0L? %!

—




§ 5.2 EENEFBIEMENE)
A Fermat i 2 A9 M 2~n- zzlajlﬁﬁm&a, N RFEB)—1
(BEHERT, &AM LM GREltrue).
B hiEESZ?
> BEBEARMIEREEISD
}JQOOZWE@ﬁéﬁﬂﬂﬁtﬁaﬁﬁﬁqs%o nBKF, BEE

> BLEAHMERLHIESS

ns61, F3184RiEHE, #idiiE: E%IEKJ—- (2~559) .
WM I : Fermat(651693055693681) iE [ true kY i &
>99.9965%

ﬂﬁtlbhsn‘w >0, FEEXFZNEH, EHBFermatiilin %k
M2 A S Em=EFo

Bp: XHERMIP>0, FermatfiXEF Zp- EﬁﬁE(Jo H 1t
Mg FermatiA ES B R %, HA ﬁu% %Bﬁl 1T

N EA




§ 5.2 B E (BHIRMENE)

4. Fermatilin X
B EAEH

BNE— N ATANTEH, sMEFESF —1=#ERY,
HPtAFH, &B(n)zEﬁIJTEXE(J%%I%A

ac€ B(n) HH{NE2<asn-2 B E k21 EH2Z2—:
a ‘mod n=1 //a =1 (modn)

17
3 B, 0<i<sii@a’ ‘modn=n-1/a**=-1(modn)

HnARYHT, va€[2,n-2], ¥)FaEB(n)

SAnHEHE, FacB(n), MERnA—LlaBRRIEI R,
FRadan R IERIE DT,

nRER, HATHFERSNENES. Lo




§ 5.2 MU E (BRI RIENE)

Btest(a, n){/InAFH, ac[2,n-2],1R[E true<>aeB(n). EIR[E
IBREAnZ@ A REHEY
s—0; t«n-1; //tHFIEAEH
repeat
S++; t— t+2;
untilt mod 2 =1; //In-1=25t, tAETFH
X <—a' mod n;
if x=1 or x=n-1then return true; //i#HEDor®@, ae B(n)
fori <1 to s-1 do{ //Z&iF a* ‘modn =n—1
X < X2 mod n;
if x=n-1then return true; //5BE®,ac B(n)

}

return false;
} 132



§ 5.2 RENE (BRI E)

;158 € B(289)?
on—1=288=2"x9  /289=17x17NEHN
C.s=5,1=0.
HE x=a'modn=158" mod289 =131
W ITforfEEHR 4R (RE3R).
a”’ modn=131"mod289=110
&' modn=110> mod289 =251
&' modn=251>mod 289 =288
158 € B(289). 158525k
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§ 5.2 |REUNE (BRI FEMENE)
sEAEREB EEEMERBEBEPRS

sE(AIEE R {RIERE, (BRZARK.
f5l: ARISEYFM(RIERE 4" modl5=1
HEAR—NR{AIERE, " 4'mod15=4

//a &B(n)

5618318MMAiEHE, {BER B8 2m{AIERE.
IJ\$1000E|<J§%§&= , BEHLIZEB]—ANRODIER RT3

INF1%

FEENE, NE—FTSH, Ak

BELBIERIR /.
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§ 5.2 RENE (BRI E)
. ThLgnEBE—KT4SER.

ENBRM, N Bn)={a|2<a<n-2}
ENESH, N |Bn)<(h-a)/4

i, énfj'é%lﬂ‘} sR{hEIRE E<1/4. Bk, Z§pEHliEa
B, ©iREfalsefVii®E>3/4, FiHRIBLE>75%,

N REHBE}, Btest2IR[E]E,
= Miller-Rabinliz,
MillRab(n) { //&n>4, IREIREKMRTREH, BETEH

a<—uniform(2..n-2);

return Btest(a,n); /[fiXn B AR{IEL




§ 5.2 RENE (BRI E)

WiBR: ZEER3/4-1EFH,

]‘[_il:l

RAT,

§$<1/4 Hj%f E‘%

ﬁl H-J- y

nREH,

CENEREY, HEE
NLER—TEH.
RepeatMillRob(n,k){
fori —1tokdo

miREY.

=hEH, BEMENEEIEAIEER

<1/4
BAIETH.

151, BAEIR

If MilIRob(n) =false then

B, £ a e B(n).

return false: /I—EES

return true;
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§ 5.2 REWE (HBRMEAE)

kXRZFiREtrue, HFIRMRRELEKRAEER
R, #E<(V4)<. RAEHK=10, BRMB<BAHZ—

ERAA

BRepeatMillRob( e, k)& (1-4%)-1

m g

EERMEEETBiTe, Makse,
RabinBXRE:  k=[lg(1/¢)

BXEH

MillRab B8] :

:ﬁﬁﬁ@MCﬁﬁio

2%k21/e, EE Miller-
/2]

EEEE 0 modn — ERFMELSEE RO 1)

S-1XFRS

25 EE: X modn —4&s

L SFERMN




§ 5.2 RENE (BRI E)

o lgn>lgn—1)=Ig2't=s+Igt
S —RMillRabHITRHEIEER#HITO(g n)RIETEE.

BEEENEIESKI, 1

AR TRES 18] 790(1g2 n).

L5 HREnEMEEE - o(1g3n1g§>

8] &

1@% H, nng::

" 'Miller-Rabinillix 2 R aY

- MR

iR

#lan, k=10, L

falseB EL

i, BIFIENES

e, e =107, rExLAE.

ETRRY .

ETTE]

RE, ReERn2UlEHEBARN.
EHER c=4 " =27 <BhNz—



§ 5.2 RENE (BRI E)

ALUHRNERY, ER2CHNBERETREE—NMIRER

(BB EES ARUL
*Ef-‘ﬁ-y .—IHBKEHBA
e ?

-53 4T :

BIF A% 1X 251 7 (8] BE A~ BE 100%
Ak, REEXHBEMEEEZESF

Hlk=150, HEREZHsEm=E 4 ~10".
A— I HENEALHRE SN AR ELERENRE

REH, BRKHEI

4-150

iz,

EBHEEETRS



§ 5.3 7B PEIE ;LI UE

- [a)ER

®A, B, CAnXn%EfE, FIEAB=C?EiT 4-B B%
R5CHE.

A5G 5% On)
-WnIERAR, HEBFEZENAE Q0)

RVCHE, TE) RIS, EEEE— IR
=ZEE€.

= MCEX%
BEXE—MKEANN_{EHEE0/11TER).
FIETAB=C A¥IHTXAB=XC?




§ 5.3 7B PEIE ;LI UE

S OMONC

St EXA X, A =1xnO&E
HitEXA5BREH.

HEXC

EHE: O(n’)

goodproduct( A, B, C, n){

fori<—1tondo

X [i] <—uniform(0..1);
If (XA)B=XC then
return true;:

else return false:

n’YREGR)
n*YR¥ Gk

-3 YRIEZ

n"RAGR
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§ 5.3 7B PEIE ;LI UE

T
-5 (1 23 (3 1 4] (11 29 37]
A=|4 5 6| B=|1 59| C=[29 65 91
7 8 9 2 6 5] 47 99 45
AB—)ll(gl 145
®X=(1, 1, 0)

XA TIHANSE ITME21TEM: XA=(5,7,9)

(XA)B=(40, 94, 128), #HITRABHIBLIT+HE21T.
(REERE).

XCHYTISCRIELITMEE2{THEM: XC=(40,94,128).
®kiREltrue, $Hiz!
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§ 5.3 7B PEIE ;LI UE

wX=(0, 1, 1)
XA=(11, 13, 15) (AB9SE21T+E8831T)
(XA)B=(76, 166, 236). (ABHIE21T+5E31T)
XC=(76,164,136).  (CHIZE2{T+E3{T)

"ABFICHIZE31TAE, HIAB#C

- E3kiB[Efalse, IFHf!

- EFHmIER

WAB=C, MFTiXAE, HBXAB=XC

WAB#C, EABSCHZEiIITARE, BX=0MHsE! Blir
;%J,QA;B =C, HEEErR<1/2; E)"lli'ﬁu’%ﬁaﬁﬁ ZS-A 0
_-I:l% 143




§ 5.3 7B PEIE ;LI UE

mELZMmER?
Ha LR Efalse, NMFFEREXE
XAB#XC => AB#C, #AIF#.,

HEFiREtrue, W
MAB=CH, 1
YAB=ECHY, 5%, KEMABSCHSEI{TAS, {Bx, =06

51 WM, 1/2-correct.
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§ 5.3 7B PEIE ;LI UE

- B
RepeatGoodProduct( A, B, C, n, k) {
for i<—1to k do //EEEkX
If GoodProduct(A, B, C, n) =false then

return false://{R{BH, B—xEHEEIAE[C

return true,

}
HEERmER(1-2%)-correctiy
k=10, 0.99-1Ff#.

k=20, HEBER<VUBA.
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§ 5.3 7B PG I ;ELUE
EHRNhsEEEERe, M2k=¢ .
GP(A, B, C,n, g) {

1
E

return RepeatGoodProduct (A, B, C, n, k);

}
o1
mHE: O(n log;)

CHHEXABRIXCEEINZRMFR, Hk=20, M3

X -
S EnRAEf(n>>60), BEERTRTHEMTEZE.

L 60Nn2



§ 5.3 3B RE e ;L LN E

e
PrintPrimes{ //FTER1 A LIRARER
print 2, 3;
n <5;
repeat
if RepeatMillRab(n, ngn_| ) then print n;
N «—n+2;
until n=10000;
}

EmEeMEEREs, H4H100~10000 L AR IRAIEE
1§IJ° 147




