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Poditand modube n
Def: abe 7. Dokmame,  a Je KONGRUEMTNI. s b meduto n, Jestée
(a-t) je déttetn . Pleme a = b (med n).

Turzend :  Wlises Ma'sew(nan'o\’ Ity s elvivatlintng:
1. nl(a-b) € 2. asbrkn, keZ <> 3 ab mjl dejny 2bytex
po dELen

Retoce = (mod ) rezdft mmodine 2 nos gtehe digjwmkim’ch
poAmaciing — tav. thridy  ebviva ey,
retor ekvivalimee m, 7

Tvrzend -

Torsewd - Peloce = (mod ) e
DVllaz 1 reflovinmd | ‘l‘.FWL‘b:VM', ngbr\lck&'

Def.: Tridom elvivalemer Fllams zl?ftzofvc’ 'LF’erg motunlr 1
Laly, = $beZ, bza (med n)f ~tado. reprezotowmnd  prvkem. ae P
Mmwina. vicd bjtcovich tR4 s 2ot L, = £ Lal, acZ

PCO’t‘{ lZWl =h .




Napr: 2, - Lo], - §0,4,8, (v),..f, Z, ={lo],, (11, , ..., [a-1]1,} 11
Yﬂq z 21)51 3) ) -3, -7)---—?: 2-1”<*‘|, kéZj

Reloce = (mmod h) je zachaVana, pre setan’ a halsebend.}

Tirzend
o zctd (md n) & abz cd (mad )

Kays a =c (mdn), b=d (mal n), pak arb
Ullaz: Pledpoklod i o -c=td.n ke2 b-d=Cn,6 deZ pak
(a,+b) - (C"‘d) = (0(-" C.) + [6-0{) = iﬁ-n, sy /éff)h/ 9(’@+¢)5(b+d)(nq£u,)
a-b-cd=ab-ch+cb-cd *(a-¢)-b +c(b-A) = fp-b tcln = (kbre€)n->
- ac = bd (medl 1)
Dicsledek : 4 AZ azb (med w), p2k ta=rb (M:L)
2- Kdgi' a; = by (o 1) pro L= _,)"'jk /oal< 21 ﬁ_—a;s;rﬁb{ (mad n).

n

 Peusit — tedovas! knterca  pro- delite Onrl.
Nape: Glsle je adeiebod’ 3, fe& jcho ciferny soudd Aebieliy” S.
(2 A(mrd 3), 4210(md3), 1 = 40" (met 3)
¢ = ick~4o“ e i Ce- 1% (mod 3) = Cifcwg' soudek, C=(Co... G = iy
° ° ’ , Vet

Diesledek - Mehu Aefinorvat SGitam @ holsobenn nou Zbgtovych tidoch .

Def: Na Z, defimjeme ®, O : [AO[e], - [a+bl, ) [al, [l = [a-b],
Tor Je borektm!  defince | nebet yjsledel v jde stept re2dviel  nou volbe
repreemiomiad . [a] =[a,] > a = a, (moth “)*G+B.=_a,+b, (mod. n.)-)

[b] = [,61]"'7'55 b,(“‘"‘dh.) ‘_>[&1+E']

Nape: Z, :L27, = Lel, , [31, =177,
(270 [3] = 16T =[]y Stowdosdmd
(cTO[#] = [u2] - [2]) b

Unbwvan: Miso [23,O081 = [T, budi pst 243 =1 v 2, ~>Prime hog b

Z‘-l: -|0f419-l3 Tvrzem :  (Veostwesty G'),@ na Zh—)
% g 4o 0 : ® komatativad : Lol ®[6] = [b]1@®[a)
A BIGE asoviatiwn’ . (2] @([61@ [e1) = ([a1@[6]) @ [c]
B OREE mol radey’ preek = [0T:._ [aT+ [0] = [a]

ma!  vEechn “we’ : ;
y  opACKe ,bkaJ t o pro [a7] Je opac 4 [~a] = -~a
[aT®-aT =[o]aﬁ el

.o .
© Kowmkovm , aSpoptivm

ma' Jedwwﬂce-tg' prvele (1] - [alo] = [a]
® 06 dgtrebtivnd - [a] @([bj@[cj) = (@@[,ﬂ) @([a]o[ag)
Def: Hnedna, Kk Se  didwa, Bindrum operacemw -t Kx K —>K jes hop”

J

vfostwest. : + ~ gt
v Afve., Mol prvek e >
7 a Wech 4
—— cchuy  ofon cre /""‘{7
40~ Acstrcbk -
1T MR e haagua!  OKRUM.
Je-& G kovutotivan’ Ky j?O&wttmg'm prvkew Lik se te ;voz(y’vaf :

Lommtativm bk s [Comotkou, .

— - -




Definice : Kowtativad okrwh 3 i_/ (K, £, 0,1) ve kterene  kasdy” hetusLlowy” I]Z
pvek  «#0 ma' fwend prvek  se hozyia tetesy.

Kdy je (zn, 4, ) teeo

17" - 4-) 2723 5 pew o t&tese
(Zs,+,") Z,= §[01,[1], 121}= €0, 4, »}
1= 4 Dx=q v Z gy
27y 2-2=4 =4 v Z

— vfcab Mu:»&wc' mad\f mvers
-—>'jc tr teflesor
PCi‘be rowwic a-x =b v Zn
= st (Ew]ho[xln - 14
(o]
- =6
Z def. [ I R
Fovnaty &ud Q- -x = b(ma,d' h.)
;(mp(.u,) ax-B: IL"\/; kGZ
Ozmadim = = (-£) ~ auy ny=b , refme v Z > Digamut. romie
Mo rPesow’ | 27 pove tyT A= gedlan) | 5 4 pak
fssu  vsechwa fefow! tuame X = Xp thoxy S=Iptky keZ
kde X, = ?L/A) .‘/°=—a{( Jé nesoudetne refemn” M—w?} reuce
ak+ pny =0 -
- v, - L ,
VOZoow xS DL Dt bR 6 g e e
k > O} 1) = d -4 ) Mbetv k—“»d . [XY: [XP
toted Jake  prm E=()

! d‘%]“ [XP*"LJ = [x,]

TVraewd : Rowmice ae=5b 2, ma resens prave” éa%z"
A kd/dl‘- d = jcd (q/ }1) l é , M e&éﬁ(é/‘e /’/Zn,'lfcv ﬁ(
Dlsldek - ae Zyn, a

gcd (a,40) deer 4

"ol relon v 2z,
Ma wurera (%5/ e&J'&LJf a") prave ¢ 0?2\_

nespwdetu. s n.

Dkaz: o - Je Eaksve’ X, e res’

a  fe

rov. a-X =4 L Z,

At na' Rfon!  pmbe ™ ged (a,n) |4 ale 1 je delitebuy
powe 4 _ geA (Q,h) = , tJ A  retoude e’ J.S‘ L !

Diestedek: ks ( z, +, |

) }Q t‘e&(‘o' m'ue‘ éo( >~ ~ . <
Déka2: w8 ad o M Gwerz g g j”z h=p fo pvodicy
hesoudetun” PN 'a . a=4p, ey n=1 (jslr«,
" hEb g prwocises




Pozn,.: Tobud a Sewd€lur’ ok
(nebst’ mal ged 2D refemd)

s h,

13

D a.s(:a-y Z MO’A%%W X:j ! nc&l_émq._l&

1. a-x=0 ma’ nenubove’ refews’

Tl o hesounetie’ s n, fk at-ay ampbbiye xX=y (st jetie’ Fesou)

~> ke bttt ~ kmcaw odpridal rotepes’ revmce
1.x = 1 Y )

A
a X = a1 4.
a a-a-y ,

(insa' yete o 2bytalch

1

FfVée‘u a
x=y

Problem — jarmo'il peseiate piil - redetitc w3 stgha G ~ keldy prodde’ fiude .
{. Zaklopw' vahes (P{y‘ff() = 87 lber - prdel e a 2‘(’/@' 18 tber.

b, 170 38
3. fu3 40
Kotk rsz?, gpéisﬁuw.&',
lta: Cinsia’ o ztgtocch
Necki\/ m() - mh JS% WZA(’/O‘M MS’O(LA.C—M C\(,,d lQ/
Pak soustava. Fovmic X = ay v Zny
X= a, v Z,M_
X : A, v th +
Mo refow! a e Je Ao ‘/gmd},{ v ZH/ kde MZMI'”’Z'“"”‘A’ ];Tml~
MWhaz  costonce Fesowd’:
Najde 4,.., 9, tat, & $=1 v Ini | %<0y L, 1#1
ai = S . (Tr‘h('.}) ) kd& S = )\/7;'1 v th. , N(ff ewe/ pwze NL.= 7TmJ

JE w0

JE

N]: ~ — . -
hesowd€ome s my (nebot v My # my 5{}:9 Ay retendetne’ o M«i)
Fizkorg | j*L > 9020 (met m) > 90 =0 v
?1: = S~ NL‘ - M.'/_ML' = -{ V Z‘ho'_.-

PU'tO'mf j(: a’{'q’f"'a’?.'%‘*‘ +Qh.c;/h_q,;0+ a, {4+ a O ( —
[FImmmotnet Z,, " mod i) =
vZ
Sporeme:  Necht X4y S Felom Smmwk v
L =0 7 7 e 22X~y Fed Sowttayy
v my z=0 Zn“ & neb
Z‘ki ‘m1=k1-m,_= '-=1<n'mu
m { kg'mz— A Wy, my e goudEtna ng_)a. my |k, , Y. ky= € -my

—> Z = kz'mz =€4‘1’h1'm7_ = kg"u3 - (m'.mz)[k;,m;

(m‘ sz) MID‘“’dC_( ks n(: v d M’ Mz ’kj i Z = (t’l i

ATD - kowedhow C"*—dulco\,’J

'”"/"“7.) Ty

EE Ot M, 22x2y 20, 5,
/

X=y Vv 2y —> SPog !
Vipestvale X=3'x, kde x=18 v Zg My= 87 =399
X =38 Zﬁ‘o MZ 21720 = -5 17 - pr dou rlu,\goug(c“&,\.qr—-?
20y Z s My = 143 <4113 ¥ e Jetind Fesenl v 7,

M= 87120 143 = 2144 370
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G2 S 170 (43, kde S = (43-120)7" , Zg,
1 y
8170 > 8- (-4) = (-024) = -$D = 37 > 5=37" ¢ Z,,
+2-82
3t 4=4 Zg;

3754-8?12. =19
Eukteid: 8F = 9.37 +43 g
57 = 543 4 4 Ferodt < 4= 41-60 S Sa-11) < (g B+ ¢ 4=
132 141 +p A = (1) g7 *%0. 37
= 1. . ’
SR Codat rov. 5 - t/o+k-87jy=/—/9/+/<./_3?)
V' 24z 5= 404 £-87 _yp
Ti=bo-1720. 1z - 9% oo
P2, Gy ~ obdebps
X=‘{8-%+J'G‘%_f-90.% v Z”
Zy

= 65669358 = for pge
Vine - & se Wnos pol X =3.x M, pai
X=3x = 315 864 Cber l‘J’z.-c.

Pouits” — Fezidua@nl na'svbew’
Myy..yma =~ hayza!fou. nesoudebs’ M Mg o,
ched  jew gtk T AL A’ M

A B — velel dlla.  nh A-B <M nebo
A = A (mort m;)

o5 . - -~
M heo, 2 A INA

A ~r (A,/...} A;\)

B~ (84,.., B,)
Protsce A8 2 Ay Bi [mod m/j/ tak rshy Vm’\ro&ft 26t roduly g
Ai B = Z, (mod ;)
(2., Za) = 24ty p 48 vZ
Z,,/ AP 21.%4-_“.2.%“

24‘3/60'04' €2 /CWC}AQ, wrcat A8

L Clnsko yé’f; o
N1y D jeou U3 e

e =3 mcS mge? M 357 - s
Z; 2 7.
25> (1, 0, 4) het
PR (‘{I ‘ L’) .c N> ('f-'b 0-"!/ L{‘l) 2 (4,0/2) Zde %=70/ Yy
% fS—j 25#»4‘704—2.95-:100 /

=/3/ m9=231 M= 99

28y
. 57 !
(/pmm S¢  Pouliio =3 =7 'us=44,mq={(>’, e <17, m,

M > 403
> p3°

zZ mea"/gq,’ e 'fa,l(
Se bere M4Y < (225) 230)_

vooreoweey  -p23 o QQ”J kde pr- V<o

Sewccn




Fermatova. a &wlrmn iéta

e (matl Fermam): At 4 fe prvocisly gcd(qqp) -t Pk

Duikaz 21.2,-“J p-17 S Kedu, nvertibila prvky v Zp
<

<
21%, 2-a/ y {ﬁ—f)-aj; ch, 2, ..., p- /j, [g_a)‘ﬂ: a2~ p7

7'6:.'2'&'.)"&'...'/,6—{]62, = /-2-3;...'@—4) v Zs
1)1 = (p- 1)1
2 7 v Zp
770910&9 f A M Fernoton  yetn rechorp e
Sto2enol  €stosnS  ylostrost

' ”900(./4//1)‘-'// poak a_""”..
/é /t'ck hek rwedng mno/q,-/

Fl e s Carmichaboyg .
Ui 3 M A7=581 je symendt! Carmickatonr Gt
Rabin - Hilly Prinary Yy feot .

Malol Fermt . veta_ -

8103’2 , Z'I.?J

B fe pvcioly . g%-1, 2
8103 - 8(2-9+y

12
2(4,/2)34 g” - g7

f1j---) b-f} o Vs‘\cchvb thve raw! p—ug v Zp

; ~/
. . P > Je pPrvresto,
Eb, RS b\-,(,_) ] Pl va‘eck? twerau,/ ka y 2

m, m29
Definice = ¢(1) = 1, ¢p) e

Ewlirovo. frukee )

T p prveGste  ¢lo) = p-1  obecns ‘(’(ﬁ”) =P
2 0 Pt dilitetumych p*

pocet tveranich prvl® v Z, (@ R,

preet Cleel

n. 3ca( (m(J m,) = 4 ,bak Cln, m,) - Y (hy) - Ylin,)

3. (f( P:"', .. p:"«s') = (P:n'— /o’u'—d)(p:‘-,o:‘d)-.,_-(/DF:" pf"')
Napr:: ¢lho) = ¢(2%5) = (1%~ 2*)- (5-1) = 1¢

Ve"m . Exntwova . AL m29 je preroa. &'JJU’, ged (a,m) =4 Dy 27
ozs § b, by = Tbra, b, byyad (i inverbibige | Z..)
b by by, * bia - bya . byya , 2
bioo by = &b, b, - by

Pln)
1 = QA 4 Z}w

“'*Zya pvocisle - e&‘t?ﬁy't, A U"D‘{m/

“{VZﬁ_

1 v &



?&zm'm‘tjl
1. @) new’ nejmend egprunk e pro ke’ f£ a= 14y 2,

P m=31, em)=30  D%<f , 7, $230:1, 2,

Oznocte  Alm) nejuard  exprd Spoijio Eulrsue yetu

A (m) 7 &u—mcbhaf&m
Funkce (lze s né  motifiboat RSA [oné. 3.¢.127),

Protokol RSA  (Rouotd Ruest, Adc Showir, Lemmord Adtman [t330])
S frovac! pro-bﬁ"we= Abice Verejncl iacfomace
1\4———5&

Bed
Tverba. kOSE  pro Adce :

2ol FM pma&,c& PA) Fa tﬁL/ aé} Ra = PA . ?A >M
g J
Vezne ru;jake' tverbblbu Cldtsr €4 v Z ¢(na )

. N este N
Zprd\g D¢x <N

Plra) = /PA'U'/%-/)/

. -1 - . 7 !~
di =€y y Zv(n‘) . Vercom;j ke ('lA) eA)/ swkvwg' kGc - [h,\) da)

Bob : verejuy’ kT (ny,05) Soakrony” kOE (g dg)

Bob pise Al - Alice znol vy Sebrom RO

e
i )( = Z A V ZAA dA 2
Zprava, mIeE& X =z v Z"'A
Be2pecnrst

Veta - AL 4 Je G dv p\mo//n?du /orvo'&lec€ P 7. Tak chafut s
e elvivpbutil (v prhuomialin  Gpge) olosh’ pln).
dikazs (1) 2msme p 4, G1n) 2 (p-1)-(5 -4)
(2) 2mOmue Plm) . B P9 oma prgocn pry = h- {l/njf-//
¢ln) = @’4)(9/—4) s pg—p-g+1
(i) -4 n sude’, p=2L g=2

n
=0 ... kvadentitko!
[B) jel h Lok, pogot b= prg = ht{T @k, xT-2bx AR 0... kvadeatko,

rovmice, fpe km—‘% Jeou py g
Ke J'VEEZL' doend  2hdlne” /on/o'&.,S[b’ :

H ose 553_* ma’ T 235 3 cifer

/

/lgp ) primes. ttm . ed, /primeg




Korektnest RSA 17
Vet : Plot (zeA)AA =z v Z,,ﬁ

Dikaz: e, dy =1 Loy, €xcp= 14k Ylms) v Z oo nigake’ &)

ea\Aa - 14 k. . - (ha
(z ) A S T2l O I ZM/ o€l bych Z“)=f v Zﬁ4
@ gedlzyma) =1, gk 2") =4 (meeer)
(L‘L\ gcd (2,1“‘) #1 qt trebe 2 /C Aeltel Pa , pq,k pA,/Z/V/'u)}
2% mod au = 2700 ol na  ged (2 4a) =4 (27%) i Z,,
! .
Pﬂmk(] - ZYa)
1 Previisto Pa, Fa SE masl 1eGt | ro2umné”
b. Protokel o nmtiflovat o Aln]  noselsto yl)
3. SA b ,cwzl’t ¢k awbbriiacd  gpruls [ poAdpcs)
By pise Abed 2 z”d*’ v Ly > ()% 2,

Zpedlva. X

Jind kgptvj &e"ﬁ
1. k- Treshofd  System For sl»onng & secret (3.¢.2- Contka’ veta O zbytuch)
7- Public l(e,‘y Aﬁreement (Dz,fﬁe + Hefka) (2 G. 16)

Predone  zhytinl velkyjech  mothin
. Eulermo. v 8= 8{2'e+7’= 8" (zredond W)
h. Repeated Squares Algorithm ( aly- opmhorans c'{veraf’)

g -2z v 245 , (B, = (L41) | XSXSX
XSXS X~ detsler X...18=8
5 " L> vddetoad S... 8% Gy = 4p =1
e 3y Zs X )85
(t9), < 0,4, 1) ... XSSSAX S... 5';‘5‘2%-1
X..43=3; 8.3%<9:-4, §. ¢)° = X.(1)8--8-C

S. %= f X 4323 S 3 —3~—4 x N3 =y

Rychtost — maly nolsbewd
Uotektrogt — Hotnerowr  schéma

e
P(X) \bllx) X+ a
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Teore Cimedrmde kot® — Linea'nu algebra.  pod telestur Z,
Linealrm ancbm. (had R) ... R — té€esor
P v B L podprostor odim 2 v R® = rorina prod‘du&’ pocatkene
1 Powme Qo popiat &l — gerervipnd Lodsehy Slova
@Q - Rovine Cro  popaat narm’eog’m vektorem- — tntrpta, kodsvehs Sbve
f fundomentofm Sj.ﬂ:c'rw b Sowstavy

2. rovmce rﬂ’v"»vt)

L ihea'rnd anebm nad L
Inowme : 4. ak=h v 2, ma' rfejen ff dlb/ kde d=gcd(a.,m). Pak ax=b
ma'  presnd d rizhich Fefow' v Zy .
D. & inertibion’ v Z. # ged (a,m) = 1
3. 2 fje ttese i m je prvoschr.
Stegaw . Nad 2, (p prvoiisir) vypadal Z'M-ag- Stejne’ fake pag B
@cwsrwa Elrinadm! Metopa — Obdrset  horws tryu’uéuékevét/ tvar matice
Elometurn! diprary Fadhs: 4. prohonit Fa’a!lc(? ;2. urolwebit raldek Mt e
Sealorem (v Zp); 3. k Aondows fatee Gy prisict Gmeaim Erbincow oStindh.
GEM se pousiva’ wopilklod nou:
{ ke zistow tadwods ( prot remloyok W pr sowion LEH)
. refel Ax = |
3. (AIEE)'V.‘.V (E}A") theran nacipe
Agmﬂg aalpdens’ v GEM prdicpe Zp pouce, kg p e prioiids

Pl dod -
Nad 2 gFe.s‘*’Ee: X+ 2y -2¢ 3w =3
Gxt 2 + w =2
4’x+tlj+<‘:+ QVU =2_
> pro plohleduol zapioujere operaee
40 1 0|3 4 7 -1 23\ " 12 -1 2]3\ R 2= ot (R)= borl (A]1)
o 12 Mio 2 0 310 %tt ~N[o 5 o 3|0lR. I
9 4 1 a2 O 1t 0 Y)o/R,+% O 0 o0 0| 0/R22, L":“‘.““‘,\
exc,gkudc

Frebenioa wta : Ax = b na tet U & = ol (A) - 4ot (A (1)
/| towtr pripade  refew’ fe tmrw X = Xp + (D("Xii"__+ dk‘xe)/ kde k= preet Slupedl. A -1,

fokekoliv Fegan.
: P Ktymy Xem fumd- gysteoe %ty ey %k € Ly
(boize Fesoul Ax = 0)
Rezoud prakl (3,0,0,0>+°(1 (4)1)01)+ o, (1,04 0)
L ) ) ) "(1, «, € 25
Do+ 0:0 434 2 P 247 01+0'520, 225
1X+2440-1) 4242 » %£2:0 1.1+ 0.0 « 0

X;#4y =0 2)‘7"5-0J szzQ) X-;,"{



A 2
PE: nad 2, (; z 31 : 29 5‘) hod A = bok (Alb) =3 ~» regoun sty e 19
0 0 01 ol 4

Xt 36+1.0+10+ 1120, x,= -929 S A
ez (3)0)0)‘!)‘/ + «

1 ) ) )O)O) * “2 (G)G)Oioj,f) 0('/ 0‘26 27
LXV:O LX‘I=C)
X+ 30t {0+ fysyy=n 2X7.+3‘1+f'0"2'0=o 2%, *30+ 10424 = (
X, +6 =D K, +5=0 2% =~
X +32414 440 +yp=p 2:2?; T
-

oo a

S 1 4y 2 4 _
G:( 2 s 1 2) ... Mmatice s H__{= 0 0 o

0 0 1 p / 6 ¢ 0 o0 4
H ma rlostimst G'/HT=O & H ma’ mawcnobn

Mmoo, hodroort S teute réstipd
(H fe Mtogorobu! Avplrek ()

Linear algebm nad = Z,.  (m stozore Lot
Caritretla hatc  sgina! (sitind, natsbend )
| - Vj'oa'é’ef_ determnont_
|
Wi A mn nad 2o g casje W ecitge (det A)t | 2,

V tomtr pipade’ A'- (det A) @7; kde @(/e mobice apfebm"cf]% depbile® A

o(etA=2-44-2*f'3'2+5_'2-5‘—4ﬂf S‘32~Q23

] ) , o = 7(1/ 22‘)

god (26,7) = 1 ~» 7 f’zTg/ R R D7~ 15 p7
= : : * 4) = ((’ ="1=

(i1 ST

aeJ. da,aew,k
2vA ny 2¥, 3ce.
[thea'rnd /co'afy

vy sUlomd prjen p prvocsle, 2, teteg,

t
karw/oce. V > {ZP) \“Vekbﬂ-g prostry dm m nod Zp
t&n.eam Judprostor

O¢dinn Vek ¢n
e V... kodove stvr (o s bude posilrt)

V... Gnearnd  p-kod  dethy n  a  dimewze k
by 9y Baze - ( ?f) matice kLN dbe n stupes
R - © % (hot €= £ )

t QCMW(}L'C«' mabice
(N‘ o G i vev . . [y ¢ 7
“")“’“)w) L kogove clove S redumdomtim by, ktere Unfo m)
Sowradmice

= info




Excsoge  wotite [ (kdroful, Hemingore motve ) 5 ylostuesty

Foklod : Nad 2,

v GOl wotice Tkt detl, T g dimpucy 4

2o A

1
1
o
4

&
L.
R
»
N
[}
~
]
<
| —
h

(o
1, o &«
; 2, s, “l// & X 4-0(,,/ o txy te
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