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1) AASiwg Rho Poffurd
1= S14L

2 '
Lot i(x)=x +L  ouv seed iy Ke=3 , Xy210, X2210), X3 = 5061, X4 = 1260

Se ScA( X2=%2,M) = ged ( (o1

"3, 514L) = 5cd (32 ,514L) =97
Sor 5-!_41_ s 3?- .53)

N= 262063
Lt Loz x20 dhe Seed is X35 225584 gy 20 Q4604
H

", 3ed (g3 -0, m) = 54 (110300, n) 2503

Fl‘nafly, }.2620(3 = 503 '-527_"}

n=252149
Let +he ?oﬂyhom;ug :{(x): X%+1
Sed Ao =1
Xi=2,%225,%322¢, i ‘Pollard’s Rho method)
Xs=2308,%6= 29 33% Xa-= ST

= 943, Xg2 ok, Xq = l4447 A hsit g infergol_goly nomial Esuit deyf 22
X 'MSUOMV {(X)- X +l 15 choSen {ov- S,me|c¢4y
o =

(q 615, Xy - 18 46, %122 204

Sa, QCJ(XG ?ﬁz,ﬂ) gcd( 227~ CZ)C}DDS!' a_ vowlom Jv |“+'1¢’“ W"‘o  the seed
20351 , n—) =412 and compute X -f(?(-) ?fﬂ.-—f('ﬁ)' ces X744 ffx_;,l

i fa\r ise, L2, .. .8 wl\ew the B bouwnd B s
Fina Y):g5,gzq-_- 13 -448” detevmined by S{f’r’(s)

(5) Sieve ‘H\Vou.gk ol 4 €fovonces Xi-X; modalan
untQ i# 15 detevmined Mhat
X‘R(é X} medw
but gj_m_m&‘? iwﬁ_smuxnl_ny_nvbw_
®>i%1 The:
SCJ( Xg-X;,m) 15 o mebwiviaf

_ divisar o€ n




‘3) SupPose @ 13 a qrimitive facan , 4 b1 . cleavly plcb'™ 1)
nce (B (6™ 1) Suppost @) 40et forcome o<k cam. Then Pl 8 ab%
soe 9| (b™, %) 6f comvse Py N k<m Py~ (b"'"‘u) so P/ (™ +.L)

ond O< M-k <M 55 p i€ not pvimitive {actow od b +!. |:£ k>m J-‘f“"’[&nﬁ

2 ?! (bbm-H-) ond ocKk-mem So ¢ iy pvinettive Lactr o4 NSy
anaﬂr‘ id k=m  then PIAS™, Which is jmpssible hecawte p s odd and p $b
Nov Sa@pose B iy primitive factor o L™y = (b™ 1) (b™41). Sine? P doesea’t
divide ™) it mass Jiv}Jc b™+1 . id pdivided b4t fov some 0 & ke —p
1t wondd divide p2% ) But ocakc2m o 1t youtdviof be a pvineitive

fachf ,l b-’m



8.6 Aoxhoeg

‘&, N ypnooromlel o shydprdpog tov Shanks yix tov UTOAOYLOUG
0L Btaxpizol Aoydpuduov tou 28 we npog Béon g péon oY opdde
Z311, brou g elven ) piepdrepn apyink plle xend uéspo 211,

- 2. O axépanog 347 elver mpdytog ven 173|346, No Peedel o wixpbrepoc
Yevvfitopag g g povaBoolg xuxhiele unoopddas G g Zsr tééng
173. Net deiydel o1 0 anépanog 243 aviixet oty G xou v unohoyotel o
Sexpitdg Aoydprdpos log, 243.

-/3/ Nat yenowonomdel o ahyberdpog tou Pollard yio tov unchoyioud
Tou Braxprtod) hoydpidou tou 507 we rpog Bdon 5 péos oty opdda
L7

/{ Nt Berydel 611 0 3 ebva 1) puiepbrepn opyind ela xatd uétpo 449 o
var urohoyiatel o Sipitdg Aoydpiliog tng hdong 13 wg npog Béan 3
uéou atny oudda Zj,g pe v uédodo tou hoyiauol Sencedv.

5. Ag eivar p npdyrog, ¢ évag mpatog pe glp — 1, v € Z éva arowyelo
ROV TOPAYEL TV uovedu opdbe G s g e € G, Tu 6 € G,

203313



xoholpe avanapdaracn tou § wg mpog ta 7y kat c, éva LebYOS exepohon
(r,8) pe 0 < 7,8 < g e § = 4"a®. No. berydolv o €&Hc:

(¢) Tier xdebe 8 € G, undpyouv axpifdy g avanopoa TEoEL (r,8) Tou §
WC TEOG TeL ¥ Xob & Xon petalh autdiv undpyes o oxpifos pe 8 = 0.
(B) Av elvor yvwoth pla avorapdotoon (r,8) Tou 1, ye 8 # 0, g
Tpoc 0. ¥ Xot @, Téte 0 Bienprde hoydpdpog log, o unohoyllztat oF
roluevopd ypbvo.

(y) Aodévrog § € G, pall pe 0o Broxexpippeves GVUROpoo THOEK TOY
§ we TPOS T Y Xatt v, T6TE 0 Braxprede hoydpudpog log, a urohoylCeTo
Ot TOAUWVURIRO Y p6VO.

. 6. Ac clven n = pg, 6mov p xon g ebven B0O reptrtol TpwTOoL PE P # q.
Ottouue A = enm(p—1,¢—1). Trodérouue b Bierdérouue vy ahyd-
prduo o onolog BEyeton &g elooBo axepeloug a xen b pe a® = b (mod n),
drou 2 VeTivde oxépuog, xa uroloyllet Tov 2.

(o) New Sevydel o1t 0 obvoko

K = {z € Z)/ z*? = £1 mod n}

elvor yviiow uroopdde tov Zy.

(B) Ac ehven a € Zp, \ K xot = = ordn(a). No. Bewydel 6Tt undpyet uxé-
ponog k pe 1 € k < logy z éxat, wote va 1oylet a®/ 2* 2 41 (mod n)
xet (2%/2°)2 = 1 (mod n).

(y) Nee Serydel 6L o axépatog prd(a® 2X 4 1,n) elven # 1,n xen enopé-
veae v [ tetpipévos Sleupetng Tou n.

7. Ac eivan p npditog, a pla tpwroyevic pila xotd UETpo p xou 2 detnde
axéponog. Av o axépatos i = a* mod p elvor yvwaotds, T6TE vt Betydel
&1t elvor Buvatdy wt CUURERAVOURE GE TOMWVULIXG Ypbvo, av 0  efva

dpTiog v nepttée.

87 Ag elbvan n detixde axpatog. Not Betydolv 1o eBg:
(0) O widpatoc 2 elvar rpwtoyevc pia xotd pérpo 37
(B) Tt #&de a € Ziga, T0 TpdPAnUD TG EVpEOMS TOU Aoyeplipoy log, a
uéon atnv opdda Za elvor 10oBlvepto pe v enlvon e

4%¢ =1 (mod 3"),

érou e € Zya xen ¢ = 1 (mod 3).
(y) N Bpedel évag ohybprdyog exfhuang e nupomive wotipluc o
ve. unohoyto Tel 0 Ypbvog extédearic Tou.
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(2-"' 23 moA:aH-/ M}

Y=0 <23, O)
r=i (27" 23, 4) = (0% )
T2 -2

(7% 23 ) aif dedisp)
ye3 -3

(.Z '23/ 3) = ( 82/ 3)
r=4 (08 a8a0)
r=s (27%- 23, 5) 5“14)

¢ = (12¢,5)
Y= 6 gy ’

A g ie) z (¢3,6)
v=1 (07 <38 8) ez )
V8 (28-23,8) = (amage) ((74,8)
i (g’?'23;9) = (8%.9)
Y=o (1' -23,¢a] :__‘a_((q Lo)
r=14 -n e

(27" - 23,0) = (18p,11)
=12 223 42) g I
QoY (-2 i / i (QO,IZ)

(27 -93,13) = (4s,4)
LRl (P gy

2 ’ = (128, 1)

d=2"midan =14
q: L2

q
d iHLmn&zu Z 144
1 S
149" mod 2 =4¢
169> md 211 = 102
1499 “modan =

M(‘mh\zn z 3¢
ll(q’rw}e.ug 84
149" nody = 174
e "md e 2 g
168 ) 20 < 5
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¥ 149" madan - ),

149¢md gy, - ¢s
S md 50 - 104

X= 1«15+ 10=95
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3) COHCu.ouft fo s0} = 7 in  qgyouf 2643'
LP ; 9 ry
Sodution

The numbevn 643 is o pyime numben the G-Eulev iy GLe4d) =646

The {actors of é4cave 9 . 4}.]9
646

So 'H\' ov dmn o;f OVA“.? = 1646 |, becouse 5 z L modé4?

Se 4“.' foSS.'L!l'u OrJ‘r}S € i L.,0% 15’3(’38'323, 646}

Novs er H Subjwu/*'! 2:6}
L wme 4 WX 2o X Zase

So? X m&lém,'a‘; b+t peléusc

_» H xZsueX Zsuc

, X €S, @

Xf,u;ulzocmaleﬁe, 2bmidéte  xe Sy @

f( xlalb) =
5;«;“;‘34;:'»046«6, b X €53
| 'S‘\.;: 57(& Zzﬂ:x=3k+1_'$
We make he 4t L (1,00 | x
.‘ ‘51=ix.626‘4:x,—3l‘ll
L (Xi,ai,bi) ( X2:, d-zi,la“) 53‘[?(6 22”: x:_l,k-rz'a.
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e ity i e o

(X, ai,b) (K2i, i, bai
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32 (222,82¢ ¢3¢) (445,346, 14)
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> (884 0.3)  (%s¢ 1 3)

3 ‘l(‘l‘]ﬂ,_528,, ¢36) (162,2,34)

Y Gts 0,40 (02, 4,9

35(46, s28,¢3%) (233,14,66)

\5@4;4) (22, 4, 4)

36('3&8 s28, 63g) (405 28,123)

€ (526,1,5) (4o, 9, 28)

32(ls, Ulo, ¢30) (6, 29, 134)

T (48,4, c) (483, 3 30)

38 (%s, fuo ¢31) (2, uz,szte)

— 8 (302, 4,2) (291,36, 120)

— 3@, 5,31) (288 ?7. 241)

33(4!;3 nq cw) Csu ﬂ,_z;,L
40(304, 125, 61¢) , (382

to (22, 4, 44) (66o y 45,. 4g2)

4L(142,12s €12) (235,9.:5 33;.) A

u (g - 98) (252, 290,3%5)

12 ((w q 2g ) (490  s8l, 64o)

f2.(132 125, ¢ 18) (448 s(c,12)
43 (233,250, 582) (222,3s¢, ()

13 (223 q;zs) (553 s82 (41)

4 (124, 56, s54) (435 3es o)

14 (‘(63 9_30) (338 584 641

4‘(loj S, S34) CBQB I2g 42)

15(269 18 60) (242, szq ¢3¢)

46(258 s, s3¢) (s, 43o s:)

16 (231, 36, (20) (223 ,S26, 63¢)

41 (e, 54, 534) ( 3« 2¢¢, (7o)

'4(511 22 24o) (444 's 2 ¢3c)

(8 (3, tog_428) (13F,2¢, (22

8 (zee 22 ,241L) le«s 528, 63p)

“9(2, 21¢,210) @24 338,42)

13 (128, duq uaz) (2s 4ip 631)

zo(sao m; m) (%q A%Lgc)

50 (10, 913 . 10) (268,398 44)
U540 219, 211) 3¢, {50 50) |

11.(333 l4s , 4p3) (494 A?s 518)

s? (soezn ‘212) (1o, el 189)

22(252 290,220) (124, S¢ 534)

53(3s+ 434 “24) (606 301,192)

580 6lo 2686 S¢’ S3e

51,(312 222, 202) (3‘9 558, 92)

,'Ur(‘t?o s8L, eao) (36, log, 419)

)("I d’l— / bb Kz;,a,, ’b"‘

15(423 seLAc-'u.) CLo 2(%.20)

166551 339 GQL) (Ccic. 2(2,3(2 )

29 Cm sauu) (3(2 299 209_)

9.9(}38 534 64L) (39: 242 {¢2)

:uase s85,641) (33, suz, 164)

20 (zqz 24, €3¢) (1(88 «es, 323)

SL(S(_} s2$, CM) L 16, X:1 3}_q/)
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.l:)_o Z =z 336 modehe
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4) het @3 So

9033(3
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fp;(” Pvime
(449) = 444, -
3 maMM 350 modauq - 25 Y madnag ﬂj )= 449-1 =448
@< 21 moJMq
3% = 36 modtuq = g7 modaaq J
vV as=3 3 slde“H
& 494q = 2.11 prodiuq y =
z ¢« 2:3% uddy
3 z 138 moddkq = 2-3% (1 mudiuq JE;\'LM‘““““"‘”#«W
3 ‘= 135 pwd4eq 23543 moduug M M/MB.__)k_ 2,2
v 3 'QWJQQQ X(m)
; Bqtmoiﬁeq K ( to)
fot =oX@) , X0B), X<s), x(2), X(4) and X((3) 5 3 s M srmolp

Primite voots ..42‘
The distvecde _Qosav‘.“\m -”-P C,QaSJP.S' 2,3,8, F, U and 13 Y‘ﬂsa’ec{:u@yy'-‘i
Yo base 3 Thew X¢3)=)

X z w
X(2) + 2X(s) + X(2) = 42 (moddqp)

Xz) = X
X(3) -y

2 X(e) + 2 XG) = 62 medtuyg e
X(2) 2

X(2) + Xt = 70 Mod 448 X ) =k

X2 42X03) 4 X0u) 2 22 mdaxs Xi1s) = |

XO)+X(s) +X(13) = 212 ‘nagd ko

So Sagw‘-j Jhe qbove Systim o-f mod
X(2) = 30
X(3)=1
X(s) -o
Ri(#)= {2
X(1) =40
X(13)= Q4L

uﬂos we dake:
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