Question Suppose we have a ciphertext and we know that the cipher is an affine transform
but not which one, how do we find the plaintext?
We use the frequency of oceurrence of letters in English:

A B C D E F G H 1 J K L M
|78 13 20 44 131 28 14 50 68 <1 <1 36 2
N O P Q R 5 T U V W X Y 1Z
%|73 82 22 <1 67 65 90 38 10 15 <1 15 <1

Theorem 16.5. Leta, b, o, d e, f € Z and n € M. Take & = ad — be and suppose that
A e M and (A, n) = 1. Then the system of congruences
ar + by = e (mod n) | (16.1)
cr +dy = f (mod n) (16.2)

has a unique solution module n given by

T = rp(mod n) and ¥ = yp (mod n) ,
with

g =Ade —bf) and o= A(af —ce),

where A' € T safisfies A'A = 1 (mod n). In other words, if A = ab— be satisfies A € M and
(A, n) = 1, then

(£8)(5)=(5)eman = (T)=( % 2)(7)moan

Jor A" € E satisfying A'A = 1 (mod n).

Proof
d x (16.1) — b x (16.2) =d{azx + by) — b(cz +dy) = de — bf
= (ad — be)z = de — bf
= Azx = de — bf
= A'Ar = A (de —bf) =z
=1 = A'Az (mod n) = ry (mod n)
and

ax (16.2) —e x (16.1) =a(cr+dy) —claz+ by) =af —ce
= (ad — bc)y = af — ce
=Ay=af —re
= A'Ay=A"(af —ce) = w
=y = A'Ay (mod n) = y (mod n).
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