
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Monday , II/II-Q
More on RSA.

(A)RecallitoecodemessagemadI
wei

(1) Numerize : that is
,
convert to an integer

n , using
A + 11

,
B+ 12, C+ 13 , ...,

7- 36.

E.
g . suppose our message is

"B : "We
convert it to n = 12.

12) Raise n to a natural number K.

E. g .
if K = 7

,
then

k 7.

n = 12 = 35
,
831
,
808 .

(3) Let m be another natural number.
find the remainder r of " after

MNsionbymet m = 3.

7

12 = 35 : 1
,023, 765 + 33 . (x)

So the encoded message we transmit i
r = 33 .

Big QUESTION : how did we find (* I ? More
generally how do we "reduce n"(modml

1/



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

②
(
meaning

· find the remainder of n" after
division by m) ? ANSWER :

(B) successive
squaring ·

Throughout, all lower-case variable
names denote integers.

Recall : If mila-b) , we write
a = b (mod m)

.

E.
g.
7957 (mod (2) (since 797 = 72

= 12 - 6), 3 = 3 (mod5) since 353 = 5 . 48)
,

-242107 = -107 (mod 242)
,
etc.

k
So
,
to findh mod m - that is

,
to find

the number r with
ni =
mq+ + (0 = r <m) ,

we need to find the number r with

n = r(modm) (0 r>m) ·

we do so by "successive squaring .
"

Example1.
Reduce 12 (mod35) .

solution

Step1 . First, find the "binary expansion" of the
exponent T (express] as sums of powers of 21 .
We have

7 = + + 2+9 .



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

②

Step2 . Raise the base 12 to successive powers
of

2
,
and compute the results (mod 35)-

We have :

125 = 12 (mod 35),
122 = 144 = 354 +4 = 4 (mod 35)

,

12" = 1222 = 42= 16 (mod 351 .

Step. Put it all together to find 12" (mod 35) .
The trick is to keep reducing factors (mod 35),
until the final result is <35, like this :

12" = 124
+24
- 124122/23
= 16 -%. 12
= 16 . +8 = 16 . (35- + 13)
= 16-13

= 208 = 35 . 5 + 33
= 33 (mod 35).

Example 2 .

Reduce /39 (mod51) ·

Solution

Step 1 :
39 = 32 + 4 + 2 + 1

.

Step 2 :

Il'ElI (mod 51)
,

112 = 121 = 51 . 2 + 19 = 19 (mod51),
114 = (112(2 = 192 = 361 = 51 - 7 + 4 = 4 (mod511,
118 = (114)2 = 42 = 16 (mod 51,



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

⑨
1110 = (118)2 = 162 = 256 = 51o5 + / = 1 (mod511,
1132 = (1116)2 = 12 = / (mod 51) ·

Step 3 : So
39 32+4 +2 + 1

11 = 11

= 1132114 . 11211
=> 10% · 19 : //

=> 76 : /1 = (51 : /+25) · 11
= 25-//
= 275 = 51 . 5+20
=> 20(mod5l) .


