Module - l[
Modulay  Avillwnels

~
Congryuwence

Lk a & b be any {wo anbegers  with ™ betne + ve “mhg“;
Ahen o ss conamm@ fo b medulo m 3

« w [ (a-b) T m divides a-b

oy

A v b have 4he  came vemasnder  when  drurded by ™

oY

3 an Y\\%e%u kK 3 a-b =km.

And b e denoled 67

a=k Cmod rn), with 0L \'b\ L m
EE__E‘L L0} =

=7 Gmedy) | 5033 24 (mod 5)
Propevbies
ooz (ved W) — veflexive
2. az=b (med m) =2 b za Gaedm) — symmefrrc
2. azb (modm) & bz c Cmodm) = a=c Cmod m) - Lransibve
\. azh (mod wm) = a+c =bic (med m) &
ac = bc (mod w)

5. A z=b (mdm) & Ay = b, (mod 1)

=  O+0, = bth, Cwmodm) 3

aq, = b,hl Cmod m)

6.

az=b (Moo\nﬂ & k;-/, = kakk C’moc:lm)

T I{ PCx) be a Po%nom?q) vt b ‘,’(\Qtaey coeff?ch’nﬁs &

azh Cwod m) , then PCa) = pCb) (“‘\00Q fﬂ)




Ex: 347 4 x4+t =65 £ 5212 (mod 2)

Ahon 3.5 44l =B, 2.2 4241 =15

g = 15 (mod 3)

%. azh (mod m) = ca(d Ca,m) = ca(d (hym)

N a=h (wod m) & nfm =y ozh (mod)n)

Ext  39:3 (medi1a) & U4f1z & 34E3 (raed 4)

(0. azh (med m) , az=h (modn) & %Cd (m,n) = |
(_‘“ &nooaye n‘(a&?veoad Pyme  or codn?mej
=2 az=b (mod mn)

Xt 16 2] (med 3) L 6= (mod5) & accﬁ (3:5) =1

prm—

16 =) Cmod 15)
W1f azb (modm) & C s a dve ?V\Qecaev, then  ca = cb (mod cm)

2. U ab = ac (med m) % qcd Ca,m)=1, Wen  L=c (modm)
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(’c~n(‘13llt‘n{('
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oLh & noave ?Y\Q.vcacm suweh hab a —:l:,() C mod v\') %

A s Some Ur\l("\mU“ ’ '0(:\0»\ “n\r ron?‘rumrc At ;’;L, (m,,,yy\)

ss called  Unear comdxuom'c,

- ’“\m .

d /4
kl-f

e laneny Congvuence  aaz=h Cmedn) hat o coln) 7f(’

wheve d - (accf Ca,n) .

dfb, Hhey ¢ hae d muduaUAJ ’.’ncowawm@ codns medudo n.

& If c&cd (a,n) =) , Ren Qe concdmenu; hae a um(p;g <coln module n,

e
lo

Goven

Step 1 ¢

Skep ae
gQ«,PB'.

Stepl

shf&?:

slve  axz b (medn)

fOY u.hTC[,UQ ':ofq
arz=bh Cmodn)

Fond %ccﬁl Ca,n).
f %c& Can) =1 Ahen otz b (modn) has an untquie soln

Express | = au+ny L omv=t-auw = — (au-y)

“/—- (au-y) o7 “/au-\

M = (rnoan)

MM“-?@\*I] holh 40\ e des |’)\d b
o (bu) = b (mod n)

Now 2% = bu Cmedn) ts the xecw?ved soln

Nole ; 1€ afb (A dses ol dyvide b, hen  the c.onafuww
atzh Cmod n)  has no soln , where d= ?}Cd Ca,n),



F{‘n(\ e NOo. 0[ ‘qur)g exsst w.y.b. \foﬂow‘?‘nfa;

y. @a = V2 (wmod 20)

%co\ (g,a0) = L & H/\Q_

4 4 solps.
Q. aw = 16 (mod 27)
acd (2,27) =4 & Afs
No soln

3. In = 2 (med 37)
<¢cd (1,33) =\ = umgpe soln.



g F

o {)‘m& GCv Og) fwo Numbess
(EucQ‘.‘CQ’s C\Qtaox?qc\m\

. GCD  of 32 &9

sy sl ) 220 waala )l
29 SR 20 10
Y 10 L o
2= 54— ) (39) 10232 -1Q2) 2 =22-2(1)
The  Losk  won- zero w©mathdey §2 X .. ged (34, sh) =2

To exﬁne‘ss ((}CCQ (3Q,§Ll) imn ‘QC\( »foym 3 Ut Shv.

2= &2 - & Cio)

lsv-1c2)] - a2 [2a-1 (ay))

"

54 - 3(23) + 2(aR)

W

5H - 3(33) + A[5Y- ) (32)]
3(54) — 5 (32)

54 (3) + 33(-5)

A 6D of 256320 M 1qz1y

[a21y) assao (O

= 9 (\‘-‘3"") - 2¢ [QS_S—Q,O"'\ (\q3\"i)]
= as520(-28) + 19314 (33)
o= ~2¢ , v = 33

62069 19314 (3 ca¢)ea06 (2 628)696(1
_‘_C‘,E_LL— (8618 SIS 63%
6206 XY "_—ggg $Q
5% ) 633 (un e last nonzeve vemaider 7S €%
633
— oacd (35520, 1931y) =S¥
5¢ = 696 - | (63%) kgg = ¢q6- ) C63%)
et - ' -8 (€96
f3y= Bans - % (69E) ’ 6a6 - | [ 6206 ~8&(6a6)]
696 = 193\4 — 3( 6206) = q (sa¢) - 606
\
€06 = 25520 — | (|0\3\H) ‘ - q Dq?’\H -3 CGQ,OG)]— 6206
\ = q (1a3th) — 28 (6206)
l
|
l
w

ey 4



Sollve  4le '{',('\l‘m;'wl] (ineay ”“‘l‘“"“”"'

s 2 (\\\('(\ 3 | )
Aeye azT, b= 2, n=233
= d =y w\?qm selln

]cd (1,37) =\

o express d= autnv.

D 37 (s a) 1 (3
6

3s —
——"” ‘

1
2=33-5(3)

3 - 3{av-s(97]

T (\6) + 273 (-3)

=5 = 3(2)

\

1.6 u=ls 5, V= =3

auz \ CGmed n) = A X6 =1 (mod 37)

N\uﬁ{’ghj b\ﬂ b= 2
7 C a%16) = 2 Unod 21)
F (32) = 3 (mod 31)

2= 32 Cmod 337) ( Nert{y
\
. Solwe N = 4 Cnod 2€)
Hee  a=n, b=k, mn=-2as
caccQ (1yag) = = untque <ofn
To  express d= au+nv
W as (2 & )3 (0
a { L
3 =3 \
3=3s-a(n) 9 = Il -3(3) 1= 3-1(Q)
1= 3- 1 (D)

[2s-acmy] - \\:\\-3(3)]
s -3 (M +30@s -2n] =

1]

\

= as(y) + 0w (-9)

27 ((’-} %32) -2



Now

3)a3 (3
2\

l\\ou)

Mults @\Ld

1C&(3JQ3):‘

\ = 3 - \ [33—13‘]

Now aw -:;\(\'m\(Q \\\ =y W (-q)

Nmuww BU b= 4
C-axuy)
n (-2¢)

S

\\

—

b Cmod a¢)

Y

m

(mod ac)

W

H ('Y\O(.Q .Qg)
‘l = . 36 (MO(‘Q QS_)

K

=

"

‘L‘ GY\OCQ .)g‘)

as

5% = |\ Cmod T\
Caca <§;\“» = |
W) 5 (1

A

|

b

a= 5, =

=5 =14

-—

au = \

i

s(1) =\
A=\ (N\ool L\)

(wodn) =
b=\
Ceod 1\3

50) =

3xz 9 (wed 23)
a=3,b=2,

Q)3

pu—— g

]

5CH + U (=) -

3C8) A+ 3 (=)

= \ (mod &s)

Qg/1+36 ,'“w. QQ(LQQ' "X,ZILf.
(, =4

U=l g ==

\ G‘ﬂo& h)

nN=d3

2= 33-13
‘ | = 3 - ]

w= 8 ,v=-|

o=\ Cmo&h) = 3(8) = | Cvod 33)

, 3(sxa) =2 Gnod 23)

SooA=T 1g (med 23)



Mo aolve ar=bh  Cmed n) & ' dv1r & 4 ,»)

wheve & “H( Ca,n
Grvn  aw=b (mod n)  —(@)
slepd © Tiad d = 9 cd Ca,n)
A Ay, ek db.

(‘{"P R To {'mc‘l d solulions - Divide © b\d CQ,

GV = (%) med (1)
Now’%(&(j_ : %\ =\ = Unique Soln
Lk A= & (mod h/d\

gg.es, 27 Soln Of axrzhb (medn) Fs

L6+ -] Grodin)

wohere k - "7—337-"-,&.

Heve each Ay 9 esbmclt.

Solwe £ foltow?na Lonaruwcesi

\. Solue N2 = 6 Cmod 1) —@
Heve =12, b=6, n=a1. gcd (17,2)
e = O has 3 solys.
Divide () Luj d=3

12

= 6

he =2 4 (med 3] —@)
Now chc& Ch,3) =1

)

:3:—.&



o= o

@1(\ Du

Y=Y =12
2 1 2= 7 —\(k)
\ = L\-— \(3)
-y -7 = MWERy &S00 2 U=A,ve—
Now L () = \(Tﬂo&i()

Mu([—‘{SNJ \oxﬁ 9
g () =4 Cred )

Unique soly of @ % zu Cmoed 1)
e % = U (wed 3)

ve Az Gned “/a)
To #\’V\A OQSRQY SoQV)S
% = [+ Y] Cmedn)

k‘—' \;‘L,S -%:L‘

b

, n=3ai, d=3
24, = & (mod 21)

Ay = ih+ C2-V g‘%\,] (wodR\)
Cmod ay)

_ od Q1)
5z (e o 2] o

Ay = 4% (mo& a\)



2..  Solve Gz 6 Onod 10) —O©
a=%, b=6, n=10

qed (2,10)=a =d & 2y
® has a solns.
Divide  © by d=a.

hv =23 (meds) —@
gedCH,s) =\
W s O L= 5-vm o= gD s

+

NER R Cmod 5)
Mulker ply \o»d 3
L\C'B‘) = 2 Qmo& ‘5)

» A = ——3 CmDO[5'>

e A= & (mod5) 75 Fhe soln °€

= 4 (medVd) _
AR %:é{a n=1\0, a=%, =2
eve ’

0 b
Sollns are a'\’?-“ i)
Ry = [+ Ck-1) 1';1-] Crodin)
k=1a '
{o) Cmo& \0)
k=145 = B+CO)T3

v & 2 (mod \0)

W

(2 +1 \9) Crod 10)

o, = % (mod 10).

Ll:"\) N = |



XN = 5€ ( maocl l,q) ——-«"CD
cacc{’(,qg,qqy: 9 =d R 1{qq
= @O has 1 &stind sollns

Divide @O k\d C{:‘:‘

Hx = ¢ (modq) —@
Now CdCCQ( L,37) =\
DRI D () RS
i ~ 3 l=y-13
3 \
=u-1-La-ru] = @+ A6E0 "
Now h () = \ Cnod )

M\&H’Q’\ﬂd lmd g,
H (16) = 2 (mod )

<. A= 16 Cmod F)
x= & Crmod )
A= 4 (Mo& 1\/0{)

s e SoQ.Y)_ o{) @

- Solns 010 O« ave (a‘TVQY\ Lﬂﬂ

‘KkEL%+ Ck=1) _"ij Cmod n)
4= 23 k=493Ks,673, d=7, n=

K=\, %4 = % (med 4q)

x
"
L9
-
2
\

5 = q CN\oa L\‘\)
Ay = \6 (mod 4q)

k=W, A,= 23 (mod 1q)

1l

k=5 , = 20 (med 1)

k=6, 4g = 37 Cmod 4q)

19
k:q) Xf}

= :], \./:"

= 4—‘1 Chr\oa L{‘\)



AW

— 4. Solve 3% = \a (N\C(Q 6)

c]cc\(‘o’,é):g & 3‘\1
Divide @ \oud 2,

=)

*= L Cmed Q)

ie. %= 0 (mod Q)

4 =0
Slps  of © ave given \o\d
K=1,8,3 , n=6¢ , d=3
K=\ , %= o (med6)
k=2 , Hy,= & (wmed o)
k=2, A= Uk (mods)

= O hos 3 dsdinct solns



?‘1 o\ﬂcms

SAve 54 =1 (med 13)

Ak, 12 [sa-H
Eq =Y = Y s ke
G4 = 13k +4 = o = 12k +Y

5
@‘d 7“%’“%0“ k=5 qives £ ‘in@sﬂam} value of A.

e Aw= 12()+y &
z -

1= 6 (mod 13).

. Selve 4R =29 {mad 1S)

At 15[ a-q
-9 =1sk | kez
Ja= 1Ssk+q = %= Isk +q
el
%\j "N\syec[«?m k:‘S' ?‘n’vas +he ‘?Y\Q??—‘(’jTQJ value of A
‘\.& N = |§(§) +q :ll
=

A =1 (wod 15)

1f ¥ =a (wmed 12), %mf a

=,
8 _ Y2
T = (M) = as¢ 12) 256 (19
256 = q Cmod 13) -‘\%TG‘
: g 11}
"¢ 8 =9 (med1z) q

a=q



Find e least  Ave values <k) * <cwdh lal

al - o w3
\[\("\ ) 2L 2 ™ (wod Q) (Gv) A6 = )‘/-} (mc(Q <)
\l\j . -
N (_“; \ _" Q \ A )) (YN (( S ) (\/) C;’j\ = L‘ ( m(’(Q 6 )

"Gy %9 = (WA 3) (mod )

&h
7

L
<3

Gy 3Fg4x -3 =5k , kez
s 4+ =5k
Lk %x=6 , Hhen 75+S =80 1< devisihole lo*a 5.
S e Leask  value 0f ® $s 5.

(‘i:?) %q~'3("3 — Hk s kez
66 -2 =k

Lek =x=2 , +then B6-2 =84 Ts davisible lm# Y.

e feask volue of % Ts 2

Gv) a6-2 - 5k, kez
6(3) - *_ =9k = LrL - 4 = 3dSK

Lo K= 3 4hen 6% -1 = 66S TS devisikle 19\1 2.

te  feast ~vodue of A s F

() S -H =6k )
Sx= 6k +4 =5 A= 6ktY

I k=1,6,0,16..... then =2, M0 “‘“0”"““’”‘1‘%-

e least ~value o‘p A TS Q.



g
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& (““t‘ »,

L (ind n aael, (0al AL AL 3

RS -.(.0‘.*-.{".'««. “:o CONOyuente

o =6 Crove el 1) te 4 Ce ,,",)
L:“q.) ‘l-'"& g ‘I' et ) - 7 ’ 5 g | i ’ ‘qg 24( ;’)l?‘) ';
e ']”(’“.'Y"g values f*(’ " ave 12,19, 2¢.

. (e ) 4 0\ (- § [ [4
\\\\(‘ “‘\‘ ""'q - Ve jurnnd ey ".‘u\ by, Ie oA ‘;\} )
al=16 = v Cwmed 5) L) %o| ( 45 ! 2" 24

' 2 o
‘ —r ) 42 - 3
(@) = (1) tmed ) : 21 S
' Q0 z" = 16
' I
3
25 2 1 (med §) "
© 3oy= K4 (3s) ¥
,3\300 A= 1-Q Cmod $) P L . :{‘”‘“7“
{ u \1%
30\ . ={2"Y .4
2 = R (moed <) ‘
-- Tema’m&ev s 2. l‘
Find 4l unif o(?:d".g' in the numbey ‘;]ng
3% = a  Cmod 10)
4) 229 (3¢
o as
(3" =9 (=2 = 1 Cmed 10) o
B,
3% = | Cmed 10) '
Yy (I Jo
1) = (1) (med 10)
%3
cis = | (mod 10)
2%%

=1-7 C(mod 10)

= 7 Cmod 10)

7. unmit &?87? ™ '418

q

==



© ] d ) o o, ¢ ) R0\
.;X\Qﬂ Fend  1he  Qasl A\ "J'Q : ‘ ] 20

:7" = |\ (mod ((\) H) RO\ (go-s
a0
$03 <03 12
(7‘1) =\ Cred 10) \Z
\
A0
. = |\ Cmod 10)
20\
k. 1 o= 9 Cvod 10)
20\3
. 9

z Cmod 10)

unt c\?a?% ™m _:|310\3 =g ’]

Q. Fond the last O\TCJ",Q' e nunb ey "(‘26
:}1 = q (mo& |0)
37 2 1 Gmed o) ) 126 G
1
(q“!)‘” = \3' Cod 10) %‘
7
-_“9’“ =\ (mod 10)
124
e

._:17_ = \0\ Cmo& |O)
- _:l"LG = q (MO& ‘0)

Khe last dagrk m 370 1s 4.



0. Find Pl

unsl c\?fJ.Q ™ 42
\2 = 3 Onod 10)
1% = 2% (wod 10)
12 = q (wod t0)
v 2 = —1 Crod 10)
Qg))“ = (—\\" (mod 10)
12 = (moedo)
<\51‘)q = ' (mod to)
127 = | Cmod o)
12703 2 13 Cmed 10)
\33:‘ = 3 Cmoed 10)
Joo Ahe il &?«d‘.ﬂ ™ \;?_:,:ﬂ T 3.

L T

2

L =8 =y (med )
(23)'6 = | (med 9)
2% 2t = vu omed )
%% =y Cmed ¥)

the

'remom\&ev =< l{

D 21(q
36

What- s e vematmdey ™ the  divesson o«f ng



')N‘(
Yo7 A

\t

i .\“(‘ (&t H”l(li\'l(" ] 8 L~‘ N
2% 256 = 21 C(mod y 1)
9
(%Y = (ary (mod 1y
1)
W
T2 18 (mod Y3)
A= a8 =2y Oned 1)
) Q‘G " Qq = 12 %34 Cwod 17
23
2 = 612 Cwod U#)
3
22 = ) (wmed {A)
. e vemammder g5 4
g
1% Fed e vemamder  when 139 X AW XYy
-_D 125 (19 125 = 2 (med %)
c S
6
¢3
2
1) Ty (0 o= Lk (med 7)
Ao
Y
a)ue(e Hg = 6 (mod 7)
a8
6
125 X 1Uywle = axhxé

(med 7)
MR (wod 7) =6 (modq) =

2.

Y daaded by bt
w) 256 (s

138

A\

uy Ui (g
bo2
19,

yy) 122 (2
i
2y

uy) 612 (13
h3

a——

(42
LY
\

§ IS ci':v?c{t'cl {)U -

6 T te vemamder



I
\\ ‘\\\ .

\ ‘.‘ i ‘“ \ \\_‘\ \(\\ yenain. l‘ b} w) ‘\\"\ ?\ Lf q )( \’ L' X Z 6 < CQ‘: V'\'({G(‘l
\'\S\ "
\\\3 S

"\[\( \c\m\*\\\clt\ when Thq Ts (Q'I'\)‘\‘(Q(A {o«d 3 9 ).
(017871' sum  meliod )

Ory. -3) EQRN ng

S

__Iw N

q
[

-—

s remamder  when Y s dBveded 51 3 sS L
Oy. 3)14 Ci\-\
€

g
D=
&
The wm\ama.w when 326 3% o\i‘v‘?de& b\d 35 O.

3) 36 (19
)3

o))

“~ 3hgx T x3€ = o Chrm(iz,) 3 e vemamdes < O,

\S. Find the qemasmder cbtamed  wien €H X6S X 66 << lsvided bb/ €.
€h = =3 med 63)

65 = -2 Cmed £€7)

66 = —y (mod ¢7)

-

- €M X6S X66 = _¢  (wmod 67)

e 6HUX6S X66 = ¢ (mod 63)

S0 fhe  vemasnder %< 6.



q®
W \€. Frand e yemasndey  when I ESD SR RCID SSSe I T CQ'\‘\)”‘({UQ b'd ).
W) \is Qs 1S = o Cmod 0)
\1
Qs
<S
o
W) 132 (o N3 = 3 (moed )
\R0
3
DEENE €3z 9 (med ny)
Ll
q
IS XWX S22 10%X23 X9 (med u)
= 230 (mod 1) \\) ato (2y
.4
= 6 Cmb& \\) . S]_;OL'
6
oo Ahe  vemamder < ¢
Twp-
19, Fiad e  Temandey  when 9% 15 dswsded by 13.
, 2
L=, &:L\, 33:&,;{‘:\6?_3(m04(3),&>§: 31,

2264 = < (med 13)

|
J |
\000 I3 \66
@\zoo Cieg : 2 (3 y A
"o
36 \ . 1000 166
Ho - = (—) -2 Cmed 13)
3¢ |
H -

| 3 (med 123)

5o w00 = 166 (&) + Y

Qwoo 166 (6) + 14 \ . ‘Q’t\z 'rehr\o&‘f\clu T 3.
= 0‘2 \

|

166 Y

(a®) .1

"



"\\n ( \\‘Q\\v\( \o‘mf\‘\‘\i(““ {hee 10 YY)

(\ ’ léu n‘mu'\mcm ((:\\ < \t‘\h)

The  Clhanese vemandes {C\'Nl CeTR) s wsed Go solve « celt

0{’ (&?{,{cw.\ﬂ (‘omaqucv\[ °qs Wil one variable bul cQ‘.‘{’fHenl—

moduls wt\?d\ Qave -sdc,\Q«?\lQQLd Gyﬁm\e.

CHalement

1f wm,, My, My, ., Qe patywise u%&%’vebl prme  +ve
7“%?%“5 ¥ ‘i{’ O, Qg5 Qgs--- Qn Q12 QMY ‘:nQerders ,fen fhe
Stwultaneous cor\ra*suu\ces

Az a, (wmod m,)Y wza Cmodm) .. . + = a, Cmod m))

havc (¢X Soll)_ R & 40 So% °s \_u\e‘qp& NOMO ™, where

™M= Ty - Y0, e My

“The soiq 5 A = C\\M‘MT‘ +q’]\(\9§v\";\+u- +CL“M“MX' Gnd&m)"‘

w‘r\@.‘rt M? s _'LY‘__ - m')_mg"“ m“
m,
— ™ . S e
Mg = IL = ™ Wy ™, & o on
Mg
-1 modular

_—— My Ts I\WU(?P\TC&@%VQ verse 06’ M moduloe M, ,¥=12,-M "
\ - M,z 0 Cmod ) «Fow =923, ...-- (1)
\ %cd(m\,l‘/\‘)z\

S
M, X M, = \ Cmed M)



N\oé\uQm MUQQ'TNT'C(\Q‘\\/e MMvevse

Cisven  Lwo ‘:\\Qudcrs a & m, the medulan raudti flicalive  Snverse -c{ a

°¢  an ‘W\Q:Cﬂtw b cuweh that

\

(1\’)’:—‘_‘. \ (mo&m)

No“:t %« The value o{) lo skou.ld be s Ghe Yan(de { {,2,.. - ,m-\\&

AN~

+ b :‘:D as @0 mo&m wa\l ever  be 4.

*  The muﬁ%’?\?mlﬁw SIVeYS e o{’ o. mod m exists Tff 3Ct§(a.m):\



}\ Y \\\VN\ N

Selve -u\\- fl\- “ou"{l\t
N E \Q ( )1\(‘(0 \’\
A= A (med o)
A= Q2 (wed q)
eve

3,5,? Qye YQQQQ?\IOQ\J (n',ym num\nn‘;‘

] ((\\‘Jal(n‘t\((‘. [WGUY. C ¢’ \
( \ {

™= M XMy XM, = 3XE X o= 108
M‘ = ™, “’\3 = 3% Goven --'..’!_9,_ ?{mlcuqaﬁ,p
Mq_ = m| m3 = &l Q= =% Ml': 35 M.ti‘: 2
‘ Q, = 2 YY\,:S- = o - = <
M, = Mm =S 1 MR Myt = = 1Pb
N C\3=§l 'YY\&:T] M,}:IS m’;' =1
. -\ v . ——————
We  have M XM = | (mod v.)
-\
35X M - (mod )
35 X2 = | (med2)
oM =2
AXM = 1 (med )
A\ X\ = v (medS)
- -\ -
2 2 Ml _—\
XM = | Cmod )
1ISX | = 1\ (mod ¥)
- _
soM o=
We have Az O, MM, + QMM 4 a MM,  Cmod m)
A= 2 x3Sx2 + 3IxAX| 4+ 2% Xl (mod 105)
%= 233 (moed t05) los) 233 (2
&10
= 9= 23 (mod 105) a3
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-\ -\ -
\X = d9) Mulkiply by Yoo, =4 XS (meds) = ?_&_M
x mod 20) = 4= 3 Cmed 10)
S Ca /
Geven To calculake
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\ 1 M‘ = \ ™m= qo
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m = mxwm, = axio =190
_h'.i‘ = "\'\l = 10 M”: \ = q
4 s‘ -‘
M, XM, = (mod ™, ) M, xWM, = | (med ™, )
10 X )\ = \ Cmed Q) Axq =\ Cmed 10)
o)
M =\ -
1 M‘l - C\
N - =1 —1
Now, A= ;MM + A, M, ™M, Cmod m) ‘?\Cb 293 @
Q10
= gxlox\ + 3x49xq Cmod 90) 53
= 323 (med q0)
s o« = 52 (med 90) e
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:.&d=:i
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20)
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e
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+€1= 6, \-6 =40 7vs a soln

"l LA Cgv.
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@ has °.hﬁ’n?Qeq solns

D?v‘:ol?v\ca @ b\d 3, 2w & 3,1 =
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, el

3 Find  4Ce qenesad <ol cf
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ho 28 Y o
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\
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\

"

-q
(a]



T8 A chu(l,'\(uch Soln Gf ©.

o= 283, Y,= W6
C'(U), ~SL>9J_\. Of @ s
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= A834(-S6\ ¢ =196 = (39) ¢
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= 353 -S¢k =116 -3at
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%c& (3,18) =\ = d
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Let = 0%

T
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=y = 1(3)
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=2 W) + 3 (=)
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y o= 3 (-5) 1 @)
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I X 08 =
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Ts @ Pavlr?cuﬂnr soln
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s9 72 (i 6)s6e (3 9 )16(a
(4§ 4 He L6
6 2 o
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£ */uo = O has soln.
L ek = _E‘_Q =5
2
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MuUr‘u'ﬂ')\td )

—®
lot.d k= S,
gxs = s6(nuxs) +73 (-3xs)
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20) V12 (% 12)20 (' iz G L) 8 (=
leo — 3 3
3 2 L o
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\

\ 2= 192 -3 (120)

2(12) +20 (~1)
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Mx 9so = 132 (R xaso) + 2o (13 xX250)
tooo = 132 (s00) 1+ 20 (- Haso)
1.c C _ Q'XD +b\jb

A, = SO0 , \d": —4h3so0 S O POT':"\’CL&QY SOQQ_

A= A, T l;_% = SO0+ R0 4 - SO0+ G}
L
tez
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4
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ged Cad-be ,ny - 9cd (3s-6,1¢) = ged (29,1¢) =)

S\dsQer has Untg e solln module V6.

‘hurzxd =10 (med 16) xs 354 418y = S0 Cmod 1¢)
RATSY = 9 (wod 16) x2 6%+ sy z a7 (med¢)
D) = &) S
9 A = a3 (mod 1§)
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13 modaulo

\6 Ss 5, 2 dsus ded \u.d \ ¢
2. 12X5 = | (wmod 16)

120 = 7 (mod 16) X5
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2 s 2 omed 1) |

Fyom @ | 2 (3) + Std = 9 Cmod 16)
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e
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From @7 -3x = —-lug Cmod ”—\) : S5+ =-37 Cmo& W) ¥ 3
' — od \
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)
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XS
A = xS Chnocl\u)
h)2As 6
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B
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6 = .
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L te Ahe mqﬂ«?f\?cqu'?Ve Tnvexse of 2 module

LA 24 =\ (wod 7) XL

s |z u oned 1) |

3.



o
cdecs Acliol | P fonctin

Tt counls  4£fe  number o{’ 4ve ‘.’r&efaefs u(,Qm o g ?nQeatr n (1)
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T 95 dencled by Py,
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Now, QP =\ C(mod n) b\d Euler’s 46w
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N} I Cmed 1)

i
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and e W'G,MQTY(@Q(:Y WLU\ &&003 o &T’V?&QCQ ‘0\1 i g
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. yCF"‘?-)‘ E_,),_ V_C_mocQ 0)) ‘

\) = C (MO(OM)'
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-
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ClQ’-S 0. WN%CUQC{Y case af Euler’s ‘H\ﬂ),)
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((?VTCQ(’CQ bLI R3.
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502% = | (rmod 83)
0™ <ot = 50" (mod 23)

<07°° = €250000 Cwod 23)

= \q (wmod 23)

s, gemamder s 1%

Reduce Lﬂzm_
{0,\, Basiamiv ¥ |\7_}

Sence  |\2 Ss pYime & “37‘ U3 , l:\d Fermal’'s {’E\rr—)_
OLP—\ =\ (w\oc& ?)
\z

4T = | (med U32) \\i_)?,v‘,;?:ﬁ!

10

(W\CCJ 112) © a Number  Tn Ble Tanﬂe



222 10 .
L‘_.]\u " L{‘T]“O El-Hq“o Gned 112) = U = Lﬂ( Cmod] 13)
Now , A= Y[ = (N\o(j 13)
nt ooz M7 - 41" Cmedis)
2094 A = 43" (moed 13)
ELX = v (modN2) —D
To {1“(& he  Trwverse 06'0 62 mod N3
ECAQ& ey, \\3)]
6 W3 s1) €2 (1 ) sy (y D G
g_@_ L1 8 MYy A
<) \ =l L
Sy=\W3-—1-62 =62 —). .5 J=S\ -4 ) H=W-1.7
By 3 Q Y D 2 (3
M == S
32 \ | o
g ==

= Lk—\.3

a5 cﬂc& (e, n3) = V.

To express | = 62 w+ N3V ;

b= h4-13 " 1= 62 (3D +uz-17)
= 4-[3 -1 4] \
| %e 62 x2) =\ (mod W3)
=2.4-7 |
= - \+1 -7
" - | Inverse °€ €2 wmod W12 Ts 3
= o} ~3+ |
Mulksply @ by 3|
= a.n = 30si-y ) | P4y J .
(szsﬂ‘x = 3] Uned U3)
= \Gh.\) - 2338 ‘ J )
ol = 2| (mod 113
=\ Le2 —1-s1]—3:S) | ES °
= 6T, - 45 & ('3. 3\ 9« the ans.

= 462 —17 Lnz—y. 627 (



24

3 . ((‘\n{‘w\_lq( {2 « ) 2 .0 ) \ ('f\(»f(' l‘)

“The any fen  conseculive  vumbers | none divesthle B‘J .,

veduee  wod 11 40§V, 2, 4007

12 - 13-+---20-2) = (0! = —| (rod 1) h# Wilsen s $he
= G (maJ ')
Cownlel 120 | : :
l\‘ S‘\“l L{J jf-}« (W\cx(‘ \",\) él' O ﬂum\n('r mwm C(A( r(.lﬁjt’
84
102, es 51307
130! = —\ (mod 121)

%\a \'\‘?Qson)s ‘%C‘“)_

Lk X = 1300 (med 131)
3F

7w = 120! (moed 121)
83 % = =\ (mod 121)  —®

=\

To {L‘f“\& 84 mod 13\,

37) 121 (y uR) o3 (U 3) Y
L )F_‘i ") LsztO
k! b3 N

UYy=13) — |- R7 U =7 —\-4y t=Hu-—1 43

To RKPIess | = T W3V

l= Lu-— 1- 43
= 12V =1 %9 = 87 +\- Ry

131~ 2.7 +1- Yy

{

=12 - 2871 4+ 13\ =) %T

= 23 (-2) +131 C2)

T 93 (-2)= | C(mod 121) gt —2=128 (mod 13))

“ Trvese of 87 wod 12) ¢s 128



Muw;(,ué 0, 5\1 12%.
(Cé-] X12% )'X:_ —\23 (‘Y\OCQ |3\)

A= 3 (mod 131)

Find  the Yemamd o when 1B g5 deyeded b‘j I4q

By Wrbson’s  Hw o ng 1z 20 Gwed 14q)

Leb o= 1ug) (wed 149)
WY -4 %= 14T 1ug . ye ) Cned 1yq)
D EO% 2 M8 (med 149) Loi4F = ~2 (med 149)
—2Z% = | (wod 14q) ===} HES S G )
To find e  snverse o§ -9 wod 149,
) ‘\LL"%(‘-TH SO1E MY -2y

C}g S G2 = (med 1y9)
)

“ Trverse of -2 mod 14q TS Fht
Muﬂkrﬁd ® b‘d Th.
(=2 %34 )% = 3y (med \tq)

A= Y (mod IHq)

S e yenader s Fy,



G.

gl

23_
Find e nmul\‘\(ln |\‘\\'l'\ “(‘. e ‘("““'((“{ \“\” I
By  Wileen's Hhm L 1€l = o1 (mod 1)
Lot A =y (wod (7)

V6 1S o = g5 !l (wed 19)

(.1\ (-2) "= 16! (mod 17)
AR = —\ Cmod 19 )
-2 % =\ (med 1) —Q

To {?':v\cQ e nverse o{’ -9 rﬂoc’ 17.
ARERC Sov= V1 —8.9
\6

P

\ Je (=2)8) = v (Gmed 1)
o Trvase of -2 moed |7 s 8
Mulbiply O ‘”j ?
(=2)(8) %= (1) (8) (mod 17)
S n = % (mod 17)

8 & ‘%ew_ ’YQN\QW\&QY 9 E.

i

Celve .{’('1\) = 13 “+ S +\ e (wod 27 )

2> 45K +\ = 0 C(mod 2*)

234+Sh 1V = o (wod 3)

possﬂ)\e volues o€ A QAYE 0O, )\, 2.
Lory= %0 (med 3)

fO = 3 f0 (meds)

fOd=1a %0 (med®)

453(1):13+Sx+\;o (mod 21)  has no <ol



g.

;\'\‘,r t/‘,

Find e

| (-‘mn‘m(h)

g Wilson's Ay

f\‘\\;:@%
= (p-1)tz =\ = p-1 Cwed p) —@®
(p-2)!= v (wod p) —®
(p-3)) = EIEL (mod p) _ @
Fvew @, 4 = vd-l =3 CGeed 19)
2

g Whak < 4o semneandey  when (\L‘i‘is

3% '3
W) = g

Cwod 13D
= 2% Cred 1)
= ;\))\Ll Cmod 1)
2%

2

.9 Cmod \:‘rj

\h

Al

Y 2 Cmed 19)

1

Y (Ynocg 13)

U4 s 40 vemamnder.

LT
P 2® =g
7:1::\6

t,\,Ln 2] |5 ‘_ S (('» \4".("6(‘ hv )7‘

——F



\a.

Whah  fs 4l vemamder when 114 2143 T
%5 Qivtded \\\(‘ 20
‘ . Y
AL e -fcchoﬁ'aQs (A-rm\rv 1Ran oy m(;.ﬁ.u‘ be =1 vt b
divesthle \‘s\j Ql as QU\NJ contan 2 & 4]
=y ~evnashdey wil) be  zevo when ke 4(}\(‘1,1'?““'} '(}‘1'“‘*1 QGan
oY eq},u.x‘ fo 'l‘ Qave cu'fv"‘c\ni (md a8,
we lhove %o ‘F‘)“C\ $he 'rcw\a‘mool'v when
|14 QY 4o F 6L s devided k\d a1,
1 = b Pi=0 (W\ocQ;l\)
2= 2 2l = a Cmoed 1)
3\ =6, 31 = 6 Cwmod a\)
gL =AYy, ML = 3 C(mod V)
5! =1\ao, sl =15 Omed 1) av) \‘76(; (5‘
(9
6l = 1o, 6l = 6 Cmed AY)
21) fao (3y
63
a0
1L+ QL 4 v 6! 82
= |+23+ 6+3 +1S + 6 Cwod 2))

ni

1l

33 Cmod )

12 Omoed &Y)

ja A5 e ‘Zs’mo&*hcﬁer.



\§ Usting Yermal L sk -H\\\:_ , show \\mf\‘ %30—\ < uQ\‘v'\":\\7\€ },:} 2).
Let¥ P= 32\ & a=%.
Streepoas prime K PTa, by Fomdis Leble
£\
Q = \ (mcd f‘)
30
. L = \ (med 21)
= SSC-—\ <s  davsstble be ).
‘;. F:-\.\C\ The \sm&U:‘S\ ﬁ\&t.}(\' ) \EN\L\‘:I\({\{\ L\‘\\('\ \\\C\—‘ 5 (Qt;\r.‘cl“.\ \“:} |1
Lok = _ :
<k \) e ., Q=1\1. Stnee 5\‘?5 Prm\e & P%a,
By Fomal's Gl e,
7' =y Gned p)
G =
W = 1 med 13) L ey (s
W~ 6 1 ié__
Q‘ ) = 17 Cwod '} ) ‘ 3
ac | sy (6% e)+g
W =y (wed \F) |
s \\i = )3\ =
N = 1 amed 1) \ A 22 (wed 17)
)Y 2 9% Gmed 19)
\C
R = 16 (wod |
) | W = e (med 13)
.- ‘remcm\&tz'r TS 16,
BENAVAS
= :’S% (l'ﬂc(& \\)
By FLT, 2% - (mod n)
- .
(2°y. 33 = 8 (med ).



. Fond §le  vemainde, of €11 when  divrded 57 EX
By Wilson's ) (p-1)1 2 S1 (mod p)
- 70 = =) Geod F)
JOXK6a% 68 x 67 !

-

= = [YY10CJ :1\‘}
1) =2y (-2) €71 = —1 (mod 1)
(€Y ¢71 =1 Cmod 71)  —
To 'f"“& h’\\ﬂjﬁp\‘.(qk\/c ™hVesse oF ¢ wmod 31
(OY bo fmd 6" mod ':1\)
; = - .S
6) 71 (1 s) 6 ( o= 6
S S = 6- Ti+6 1
' | _
s 1= 6-1.5
S=31=6-\)

6 az) + 71 (-1)

invevse 06—0 ¢ mod 1 %s &

(Ex12) 631 = v %12 (mod 31)
631l =\ (med F1)
S ‘Ttmai‘v\chv 7s 13,
,‘\,\AS.
'S Find G Yemagnde ) 0{) 49! when livicled llj (o},
POl =2 rved 101)
'00 X a9 x qg X491 = 21 Cmod loy)
S IES G3) g3
(6) 931 -
‘IhUQ\'SQ_

= -1 (mod loy)
= | Cmod tor)
Of 6 mod lo|

TS 1%
9 .= U9 (mod 101)
=7 TﬁMq}y\dQ\« TS 13




‘- 3 ‘ ‘
( ' “\“ ‘\ﬂ )\H‘\l.l\u‘l'l ‘\‘t H[nl! 1 l\!l\ ((‘i\‘,».t‘l.( ‘n} |~J,((

P)\j Wilson g 'N\wa ' (P-n" = —| Cmed P)
381 = -1 Gmed 13q)

Now, 1t
> ¢ | = | N X k
q PHAX WME X 7 x 16 x TS XX g3 x 19 X1Hox 139
x13q | |

1

loxq ) - . o
XRXIX GRS XUXIX L X1 %0 K (1) (hod 139)

=0 (mod 13q)

-~ Y(‘mtﬁhcln' T 0



RS A l‘\-\cjcﬁit\‘m
(Rﬁﬁ@% > Shamir | I\cutman\

Rsp aﬁge:fi{m TS an a'stlm\\\ek‘f?c C‘ndpl'ocdvaplxﬂ C\Q?OI?QTC\M.

Asvmma@ﬁc Qc'hmlhi meany  thal < works on {fwo &?({”Qno
kuds: Pubisc l(uJ ¢ Prevale ku!.

Pub\ec ku{‘ s given ko everyone & Piivale l“‘d rs L“PQ private
Te. <n QS\jmmJ'nfc C\CJOYTH\m’ sendey & yeceivey use CQ?{)‘?”U‘&

ken.ls ‘ecr enh’\dp{'ﬁﬂ & &ecﬁl}f%"oﬂ.

: f &
L_l — Enc*r‘a%‘cn ———— | Decwyplion | E
P\,c\?n&(ﬁ% AL ovithm 7 C‘EF\\(Y lext AL‘}O‘U".’H\M P\m&ex% e |
Pudoh‘(_ kt ) P"’IVQ&( k
B o e b frets by
8 A
E\'\(T\d@%‘for\ Decy ?\‘,'?OT\ .
PR < _ — > >
E Plasmtext Macrithm Cepherdext Al o:gH\m Ploanlext Q
E Pr?uaq—t kt\d ﬁ Pulo\?c kb{]
o A f

+ The dota to bse sent  Sg Q\\Cﬂdfh,i ‘0\3 Senckey A LlSTf\(a §le ]’U-‘O\‘.’(
k“& OF 4t 1nkended Yecetvey 8.

¢ Q &ecx\di&s the vecetved ctpher benl us‘.’ma ks privake lmd, whecl,
% knewn onQ,t‘ bo B, %R veplies b A ehcvtdplﬁnta ks eSSt e
usTng A's  public kmd. ® A erc“dF!s e vecesved copherbext
ugfntj rilas q)r‘u’voﬂm keld , wheeh $s known fo oni,ﬂ A.

)
A 3 @‘3
i — = & o _— = C ocQ e —— ‘
. P\aﬁ’nh%? S E 1 (m ah) C?P\\QY%QKQ' ™ < " h) ﬂah\th-
Pvate \(e\d = {&,n}
Public key =fe,ny



.

—

3,

liu\' \’.‘n\‘\(\(“ﬂ‘h .

\

\'tlt‘c‘\ {\\‘(\ (

m.Jc J‘)fn\«‘ numh‘u )‘ § c/

L \\(\' \\((\c‘\‘ N= l‘ \(1

(\\(\ L\((\‘t t \\(\‘\‘\,‘

fokvend {rnclson, ¢(n) = (3‘4)(‘} =i
k“\c‘o\t \;C\iur (\‘\ [ & \‘u(‘[\ Ef\c.i

\ L e ¢ GEn) N \IU( Ce, ¢gem) =1,

C‘\Qc\\h\h tl =

e med (gem)
e de =\ thod C¢em)

-
'

©
\

€ Tawwhse or € h\@(‘l\(o Cf(h).

Pubslec lu\! S % By n\ﬂ 0y i n, (’}

Pyevake kch: {‘A,n}
Encxaer%'on.

. X
C= m (moc\ n) " -kULeu‘ m TS PQU""“Q‘*Q ¥ min.

C  Ts c‘.‘P\xcv{er.
De ey {’V"O“

mz & (mod 1)



[ R =

])h 4 }\'l‘(‘(\g’

U’-’.m'l P«"ﬂ U‘am'\ﬂ",hm {".N\ Pu«\s\fl lt.uj X J‘ITUQOB( l((t]

w-y X, ") ) (l: i\ L M= 3),

N = PXC[ = 33
dny = (p-1) (-0 = axio =3¢

Let o= 7 as | <7 L0 8«9‘0‘ CF5 20) =\

e = | (h‘\o& C{s(y\))
121V (mod 20)

Now f\xjo\?c k&\j = {Q.‘;ﬁ = %3’33}

Privakte \md = dny = (3,33
Ehcnﬂuﬁ?an - C= gyt Cmod n)

3\:‘ Cmodl 35)

{1l

Gi)q (mod 33)

= =128 (mod 33) 33238 (3
= =29 (med 33) ‘;L
EH (med 33) N
S C=0Y =pE [HB(DE. 2
°© V2 3oy )
hecﬂd[)h“on Tom o= c& (rod 1)
= 40 (ed 22)
= 31 (mod 33)
™= 3 = DB
T m= 3y =R C =l = A€

plamiext cf[s\mhxk.



4 0O «© n I ST 0 - .. ) ﬂl) - "'ﬂ'tw
L 1N i i - -~ - ) -~ ’ - -

32
Tn  RSA (\Q?m?“wn ".'[) = 1 4 ([,: N & e=13 "-“‘Q“ mL\oq
will  be 4o value u{) ({?
h= Pi%g, < xu =39
by = (p-1) Cg-0 = ¢ xlo =60
tvem e = | 3.
To {ﬁ’nc‘l cQ'_
de = 1 (med dcmy)
dX13 2 | (mod Go)
ls)GOQ\ g8) 13 (1 s)g (| 3)s (i 2) 3 Qi
52 8 < 2 e
8 < 3 2 !
§=6o-14(13) S=13-1(3)  3=8-IC5) =<3 1=3-1(3)
|
' = 23— (C2) ' | S (F23) 03 =1 (med ¢0)
Te3 o Sls 3 33 K13 = | CGwed 60)
= 2(3) -5
=2 [8-1esH]-5 \ Sod= 37
= 2 (%) -3(s) \

1 () -3 [13-1¢8)] | Public key = fe,ny = 012,373

1]

s(8) - 3 (13) Privale key = {d,n7 = 59 973
s 6o-u(iz)yl-2C13) |
= 5 (60) — 13 (13) \

1

= 60 (s) + 13 (-23) ]




22
TSRS
1

A.\h\]‘
3. Ene (Q\‘ AN ) ASTn 2 oy* u? > <
™ ‘\ o [ u “J RsSA n(’g ,,f,ﬁ\m wilf kcv (ugg:,;t]’ ’3)
S S ERPS
Heve = S 37

» €S53 p=y3 9 =39
‘-f’(h) = (p-ﬂ(?,—ﬂ =

CRven € =\3 | \ L9324 Q43¢

18191y ¢
Lo ™M, = 1R19 DANERTEIES
l-:\\cndp@“‘or\ C =t Gmed n)
G =
\ ™, (;'“OCQV\) l Us?na Calculalor .
.
= (1319 (med 2537 '

L V819% 2 1339 (med As39)
= <08\ (mod ngg) | \gqu = (29 Cwed As3F)
!
ILIC RN Cmed 3537)
= M, Cwed | ¢
€2z ™, (ned py L WMS T = 355 (0d 2537)
N I st o
=U1SY) (mod 2537 ) , = 293¢ (med 2533)
3 -
= N8 (wmod 2<33) s = 3SS X253¢ (‘“0&333?)

|
|
3 |
C = ¢ = WBINZL = vEpe VIBVIc

( Cons?&u {wo huw\\ocYS -fxom Q&f& to TTa‘\Q y '|‘€ { ‘d‘ftt\QEr
4han 3¢ , constder  one humeY.)

0
(7%
m
wvy
N
|
[va]
)
=




n

I p=3,9=1 % privak Lml &
I "‘J U"ih(d RSN alqoribhm &  hewce
h=pPxq = 3XN =33
¢y = (p-1)Cg-D = aAxie =Q0
E&iven d=17.
To find e -
de =1 mod (heny)
Jxe =z | (ned 20)
L e=3
ftven . m=194 = BY
Encndplﬁon: czmt  Cmodn)
= 19> (mod 33)

9% Cwmod 33)

"

C =% == C-T

Us°.r\ﬂ R<A c&ﬂoﬁﬂxm
P-= H3 , CL = SS9
N= PXg = UZxsq =353]

Gny = (p-1) (g -1 =ULXSE = 2436

q ’.C'n(\' { (e ()ufnl?c

@n(m}!pq UM‘ T‘UML)(V

\

C = 098l olg|
Le;&L ¢, = 098] Cy = OY§|
To fmd plambext m . 5o o (mod n)
M, = c‘cQ (mod n)
Z (oqg ) Cw\o_ci 2527) ‘ 6Xs0
= 0904 (med 2533 ) (Wzoo ]
@ :

1q.

l‘-‘ by ¢ aleulakor

&ccndpt 0q8loye) u&mﬂ d= 933 ,

C%\)g =48q (mod 2s37)

(12q)° (mod 2527)

1091 (med 2s37)

[(C‘gl)3ooj3 E(.Oql)s (W‘O(J Qg:bvq)



Vb 2s37)
(~qgnqoo = (Ho (wmod 25

: d 2537)
. 0 K mo
. m, = {0l | (‘qgn“o . qe |'&'1 = o X 1so (

J (qm)qh = Qlooo (mod 3537)
i = :fOL‘( (hncco 253:’)
.
M, =Gy Cred ) Wen™ = g (med AE57)

27
= (Ollf\i\q G\NPQS:‘VI) l oo 49 _ S_‘] Cmod *537)
| [ ey 1 %= a8

= WS Cwad a527) | @eD™ = auey Cmod 2539)
Qo0 3
y = WS o (hen) -Q-fél)s = LUET x161S
T | (mod 2537 )

™M= oHoiNLS < peLp

\

1"

WMs  Cmed 3s 31)

e Eragpl fhe plankal  q wstng RSA - algorithm s

two )\\‘]I\\\' \\Ll\\‘)‘)t’lb k| & 11

Af{ere m=q . P=7,"9=1

N=PXg o= xn =3y

E(n) = (P—|)(q»\) S 6XI10 T60
Leb e =g N A A TV CJCCQ (A, 20) = .
“To .[h\c‘ c‘:
de 1 (med )
dxq =, (med €0 )
-”(s)-:(g 1'()?(' 3)h( Vol Lo (3)
A = T e T
L‘:(’O'&(V) 3=3-1(k) \=H=-103) ' =20 =1 ()
=1 [6o-8(7)] (v,
Ciayxy @, (med o) = 2060) - 1 (4
43 X3 ¢ | tmed Go)

= 60(2) 44 C-19)
N 12




| @0 = o (med 7523)
0 1 sy 150 (ned 2523)
m, = ool L @en™ | gqg*? = two x 150 One
| (qvl)quz-ztooo (e 72%3)
| = FoY Crmed 7529
|
d
= ( mod h) ‘ |
m, 2 ‘1 Chél)wc R Cmod 2537)
q37
= COLIQI) Qﬂocpt3$37) ‘ [Q{G,)""’jq = “;igq (”cd 35-3:))
= WS (med as37) (he () = 467 C(racd 3c23)
qceo0 3-_;
o, = WS o (Hen) - (M61) T = 2ugT yicis
- : | (rred 2527)

™= oqohings HE LP

A}

6. Enn\jp{ 2 PQa‘meL q u’-’mﬂ RsA a{{j”:i;".

bwo prime numbers 4 %Ll ‘
o P28 3 0.5

nN=PXg = Ixy =37

Py = (p-1)Cq-1) = 6xi0 =éo

AHeve m= q

Leb e =3 e IL"—ILQO & Ca((ﬁ (q,QO):-I.
Te f‘mc\ d -
(AQ = | (Mc,d %))
AXT 240 (mod 60 )
ﬂr;cz(ﬁ H)Z(i 34 () volE oy (3
— ] 3
4 - i I =2y - T+ y
H=60-g(3) 35— 1) L= H=1C3) { T2y = 1(3)
:1[60-—8(’—7)]-1(7)
(-'q) X'] = | ("\ocl Go) z 9 CCO) - ‘-—i (?)
b3 x 3 T | (wed 6o) = €0 (9 -
= ) 47 (-
S od= g (-13)




0

Now, puﬁo\?c [(_o,v.d i(’,r\—s c % E ,'.1'-47]

wauh kud fd,n7Yy = %"f'%,—'ﬁ‘lj

(1]

o {Zz“‘h& L‘kaerhio C 3 G mé (\Y\o& n)

q

q'  (rwed 77)

il

1l

27 Cwod 779)

q: A w\ RSA uxdfkos‘asﬁ,tm, a par“wQG-T A “""; ‘.“” i
numbers 1B & 4 ko generale e Sufiss. B [fFvete g
I e Pu&o\'\’c of A s 35, what 15 ke &,«.‘v-ah l"%‘(ﬁf A7
Heve p=13 ,cp:xq , e=3S
n=p*q = 1319 = 221
$(m = (p—1) (-1 = 11 xl6 = \az
To fnd d:
dxe = | Cmod o))
dx 25 =y C(med 102)
39 192 (S 17)3s (2 ' 1= 35 - 2013)
i 34 :
E

—

| =

_ 3¢ —2 |llaz —s(3s)]
13 = 142 — s(35) 1=3s-2017)

— —

= 35 (n) 4192 (~2)

L. %
= privak ke"d °F At .

(mod 1q2)




8. (\t\ RS‘}\ (\\\j‘\\-ogds(&m uaes th-o Pﬁm& numbﬁ\‘s_ 2z L )2
Cj(hl‘\(\(‘l I ru\a\‘?( k\j =3 v K rn»n(r( kcnl =1
What  ss e value of Cirl«f(('("ll {m . P(am texb =59
P= 2, (]:‘3 i

€=3m=5, d = 1. c=9
N= pXq = 3X13 =3q
To fmd

C =z mt

Cmod n)

=gt (med 2q)

12S (med 2q)
= 3

p—
-—

(ned 2q)

. C =%.

An RSA al Ol?‘['.f\m uses  tweo prime nambes 3 LU & generale
PT‘W‘\E" kec =3. What &~ e value cf C?ft\il‘{fif’ {Cr a ‘c{n.‘“n
feut

S Ustng  RSA Pu&)l?c-kcu’ cn(njpffc-n a[?c]i“\m"
P 3 g =1, d=1

n= PXCL = 3X1\ =33

¢y = (p-1) (g-1) = 2xl0=20

b m=s,e:?

To #ﬂd e

dxe = (wod $m)
AX3 =1 (wod g0)
Ste =3,

q)\).lo\fc. l((ud - {C;h} :{3, 333
oy  publfc kud , e =23,




35'

S(J{ N \\i, P L‘ij neMi QL ‘: S
“Thn ) <

w: el Pobe prime & £y be a Pohdnom?cd wt ?n@eaw ueff#c?en@s
module P - Then {(ﬂ 20 (mod p) has  ab mosh

N dretsnct  qools,

£ c{c(dvt n

«—\i\‘“- Q
: Let 1‘7(*7\) be a Pco,ldncmtal wi R erﬂef Cbeﬂgﬁtcn{s module 1,
& 3 ce? such. Hial ‘F(c) =0 (modn) g

then 3 q.C0 csuch Hal {0z (v-O) g Cmodn).

chb\ems

SC'i\Q '1.)—‘\‘(1 +\ = o¢ (\Y\QC‘ Q)

Heve o LA L a. Let {o = a%+n+]

<. posS‘.’ble values of «+ aye I O, \.

fCoy =) £0 (mod Q)
Py =3 %0 (mod &)

g f(‘l) has ™o So[q_, ‘mo&uio )

. SAve 2+% +2 0 Oned 3¢)

3¢ = Urq | where hW&d ave nlal%velv Fv?me.
- 42 41x2L =0 (wed ) — @

424%t2 =0 (mod ) —@

Now, ?o;gﬂale 793"’&\)95 m D ave: 0,49,3.

possihe ~estdues ™M @ ave: 0,1,3,....,%,

gcQVL_C dve ¢

Az123med ) e O
2= g8 (mod 9) o @




Now, \\\J (.IH,LJW\U clT
i) (1) (1)

= e \viaim=h M=q m'e
\ \ '
\I ! L 26
O,= 8 ]%‘Y-:y“", q M.)' Ly M | |
)
Case (A7) % = "ﬂ‘anf"\;r\ 4 Q, M, M," (me.me} C Cage (%)
i ‘- : A
= (Qrary) (g X% T ) Cmed 36 z, . (”‘,M”(?J\t.qx'ﬂ(mu 1)
! " * .0',.
Eoava (med 26) } 133 (Mo o)
{ .- 3 nl ?(I
INIS (mod 36 ). 1 5 O e )
Case (1r1)
il Selve "1') O (h\r‘(t 12) e
A zo tmed 3) @), W = 0 (mod i) —@
“The Por.sﬂo\t solne ave Az 0 (med 3) to ()
= 0 (mod 1) X ®
o (7).
a2 (wod ) J
X .
ow Cmns.cuoy 1= 0o (W\o& .;)
A= 0 Crnod )
23 -
b CTR, AEO0 Cmod 19) s {he <ol
Now  constdey o+ =0 (mod 3)
4z92 Cmed i)
ﬂwhjm} Ry
a4,=0 ™m =3 M, =k M'.L' =\
; m e 2
Ay= 2 m, = Y M, = 3 My'z 3
. | -
= Q)‘/\,M, -+ Q, MJ\‘\1 ‘ (MNI m )
oo 4+ (2 x3%x3)  (med 12)
S 6 (med (2)
ez o0, 6 (moed 12) aye

'zae .So'f;:,
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A= | Cmod 30)
30 = X3 XS,
7
=\ (mod 2) —QO
2z ) (medz) —@)
> ER
E (MO(QS) —3

Possthle  yespdues S O are; o,
L O,

. " )N 0, 1,9
. " v @ v, 3 L
Solns  ave ¢
Te D L= | (wod 2)
To @ A= 1,2 (mod 3)
To @

Casi)  Comsedley A=\ Cmoda) |

Az Ly (wods)

w= )\ (mod2), A=y (mod §)

B 4 oy =g M= 15 My =
a1 P 4 ) L3
2. 5.3 M, = 10 Mv.‘z‘ w 0
Q; =\
=S = _
™My, M,= 6 Mg""
2 -\
S ?Z A;M: M. Cmod )
=}
= UxE x1) + O xox) + CIXEXL) Cmod 30)
= 21 (mod 30)
=\ (mod 30)
Case @1)  Constdey Azt (mod ), A=\ (mod 2) , A= 4 (mod ¢)
STk e M, = 1S M e
Q,= =
9=\ n,= 2 M,= 10 M‘;':\ m= 30
a,= Y m,= S
3 M‘s-_-_e



s AN > Y a ‘9 _

A= e x) + Qoxroxr) + Chxex)) cmod 30
= Lq Cmed 20)
= 14 (mod 20)
Case (511) Constdey L=\ (mod =) , A= R CMOCO'&)) A=) Cmod §)
QA= UTERS M= s M=
Qy=2 m,= 3 M,= Lo M-:: \ m= 3o
Qy= | ™= 5 My= 6 My = |
A= Qxisx) + (ZX10X1) + Cixex1)  Cmod 20)
= M mod 30y
= U (wed 20)
CC\S g ) Y =
e(v Constdey N= Chwc):l)) A= Cmng), A= Y4 Cmod g)
Q, = | ™, =9 M, = I M7=
a,= T = 3 _ g
> My =10 M m= 3o
@3 = Y =3
s My = ¢ N, =)
L= CQixisx) + Cz x10x1) 4 CHXéKl) (mod 20)
= 59 (wod 30)
= 29 (moed 20).
v Solns  ave  w= 1 %9, W, 29 (mod 20)
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£4

+* 4 4+3z0 Gmed 5) @

%YSQ’ Soq\re ‘W\z (oncdnunte mcciuQc 5.

Since 35 =S°
Lk g =X 4R +3.

qlny =0 Cmed s )

= o (meds)

New constdler
e X 4k D

S, Al ?csstb\e Tes?clues ave 1 G, |, 2,23,Y4,

(n\e Sch_ c“? q’(x) =6 (moed €) s -« =) Cmed s).

Leb A= ltSa be the coln of X +a+3=o (meds™).

Frem @, (1%Sa)’ + Q+Sa)+3 = o Wmed as)

P +(50)° +3(7)(sa) +3 AYIEA) + (1+Sa) +3 = o Cmed 25)
= O o
5+ %d‘) + ay/rza‘i) + 20 = o (mod 25)
. S +a0a = o (mod 25)
RO o = -5 C(mod <) -Z‘b\d S
Ma = —1 Gnod €)
= A=\ (mod §) As Lf‘(m“yg)

y baz Y C(mod <)

» e

2= 1+5 (1) (mod s9)
(mod S")_ T< e Sob)__

e A= 6



& Lelve .13’-‘-Lna = 4 Cwod 343) —__®
E
Ceace B3 =

37, .F{slr solve Hfe comaxusnu moculo J, Hen
17 %’naiﬂ\d 73,

Congsdey +<> +hx = 4 Cmeod 3) ,i Q4L 9 &3,
Posstble Solg =5 A =3 Crmd):;)_ o{ *3 4 Ky = K CMO&?).
Lele s =3+Ja  be the sollg Of 13+Hx'£l—| Cmod ERD) —@
(3 +'-10L)3 +HB3+Fa) = 4 (med %)

o o
34+ 7 a3) +@xa x 30+ (3%}/{‘420&) + 1L +28a = Y (mod 97)
3G +aFa =4 (med T2)

O
s a6
2\ 00 = — 25 (med 1) \ T2
J. Jlaz 5 (\mocp ?}?') = lq1d 1.

3az 2 (mod 3)
M»&HP\?CQQYWQ Thueyse of 2Gned ) s 5.

Gxslas=s 2x5 tmed 7)

O = 3 (mod )

o A= 3+ F(3) =24 e, A= 2h CMO(&HC]) 5s He soly °§
®.

Let %= MH+Lqh be e soly o{i .

o(aq+ 4abY + 4 (A4+bab) T4 (med3ug)
Or  (@M+ FB) 44 (BH +7%b) =k (mod %)

o (o}
M )/(:ﬁf) +(@E %1y x/?!%’:uf)) +(@Ex2 X 9%5) +(Ux2y)

FUXATE) = 4 (med 33)

12020 + 84868 L = L (mod 7°%)

oo + M3 b = 4 C(wmed 73)

H9b = —196 (med 73)
M3 b = g3 Cmod 33)

-’.—bxd Eis



2% = 3  (wod )
M\\M,tf\'.m('we thveyse o(’ 2 (med7) 85 6
(2xs )b = 2xS (med 1)
b 2\ Cwed 1)
A= A&l Ha () = 33

e A= A3 med 77) s He soln of @
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