
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Wednesday , 8/27.
More on RSA .

Recall : we write
a = b(modm)

If mila-)
, meaning a-b

= mq for some qtl .

& Relevance to RSA : we encode a message n as

a message r by writing
K

(x)n =

mg+ r 100 < m)

for
given k,

me IN . Note that (*) says

n' r =

mqc
1

so m/ln" - r)
, so n = r (modm) . ]

Properties of "mod m
:

"

Proposition.
G b (modm) andLet a,

b
, cidime La

- d (mod ml, then
(i) a+ c = b + d(mod m) ,
(ii) a c = b - & (mod mic
hijs) ac = bd (mod m/

Proof of (i) only (see #W9 for (ii) and will .
Suppose G,

b
,cid ,
mel

, a = b (modm)
,
and

= of Imod m) .
Then mila-bl and m//cdl, so a-b = my

and ad =
ms for some qSel ·

But then



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2

(a+ c) - (b +d) = (a-b)+ (c -d)
=

mq+ms
= m(g+ s) ,

so milla+ a) - (b +d)), so a + c = b +d (mod m)
.

So,
for a,bisid,

mel
,

a = b(modm) and a = d
(mod ml => a + b = c+d(mod m) .

I
-
"implies"

Example
:

Sincmomaud
that

12/21 - 71 + 776 = S114-01 + 6 (mod 71
.

(DIY : check this .
!

Back to RSA : AGAIN
, to encode a numerized

write
message n ,given k,

me IN, we

n" = m .

g+ J0sr > m)
·

Then w is the coded message .

So :
We need to find an r with Orm and

with n" = r (mod m) . This is called "reducing
n
" (mod m)

.
"

& : How do we do this ?
/ I

A: successive squaring .

Example
: reduce 12" (mod 35) .



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Solution : 3
&

Step 1 : first, we find the binary expansion
of the exponent 7 (express] as a sum of

powers of
21 . We have

7 = 4 +2 + 1
.

Step & : Raise the base 12 to successive powers
&

of 2 reducing (mod 35) along the warp and using
each computation to help with the next one .

↳ he this :

9

12 = 12 (mod 35]

122 = 144 = 35 . 4 +4 = 4 (mod35)
12 = 11222 = 12 = 16 /mod 35)

.

-Stop all the highest power of 2 from Step 3 .
]

Step 3 . Combine Steps 1 and 2 , reducing along
the way,

to compute 12" (mod 351.

Like this :

T 4 +2 + /
12 = 12

= 124 . 122. 12
*

-

> 16 - % : 12
= 16 -48
= 16 . (35 - 1+ 13)
=> 16 : 13
=> 208

= 35 .5 + 33
=> 33 (mod 35) .

So 12" = 33 /mod 35) .


