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(BE)if y > x/2,mod(x,y) = (y —x)

(D) is not always true.
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ext—-gcd(x,v)
if y = 0 then return(x, 1, 0)
else
(d, a, b) := ext-gcd(y, mod(x,Vy))
return (d, b, a - floor(x/y) +* Db)

Recursively: d = ay + b(x — Lﬂ y) = d=bx—(a— L}K,Jb)y

Returns (d,b,(a—[}]-b)).
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Hand Calculation Method for Inverses.

Example: gcd(7,60) = 1.
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Hand Calculation Method for Inverses.

Example: gcd(7,60) = 1.

egcd(7,60).
7(0)+60(1) = 60
7(1)+60(0) = 7
7(—-8)+60(1) = 4
7(9)+60(—1) = 3
7(-17)+60(2) = 1

Confirm: —119+120 =1
Note: an “iterative” version of the e-gcd algorithm.
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Conclusion: Can find multiplicative inverses in O(n) time!

Very different from elementary school: try 1, try 2, try 3...
2n/2

Inverse of 500,000,357 modulo 1,000,000,000,000?

< 80 divisions.
versus 1,000,000

Internet Security.

Public Key Cryptography: 512 digits.
512 divisions vs.
(10000000000000000000000000000000000000000000)° divisions.

Internet Security: Soon.
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Range Definition always is onto.
Consider f(x) = ax mod m.
f:{0,....m—1} —{0,....m—1}.
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When is it a bijection?
When ged(a,m)is ....7 ... 1.

Not Example: a=2, m=4, f(0) =f(2) =0 (mod 4).
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What is x (mod 35)?

Let's try 5. Not 3 (mod 5)!
Let's try 3. Not 5 (mod 7)!

If x=5 (mod 7)
then x is in {5,12,19,26,33}.

Oh, only 33 is 3 (mod 5).
Hmmm... only one solution.

A bit slow for large values.
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E) doesn’t have to do with the rhyme.
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Yy modmn«<y=c¢ modmandy=d modn

Also, true that x+y mod mn <« a+c¢ mod mand b+d mod n.

Mapping is “isomorphic”:
corresponding addition (and multiplication) operations consistent with
mapping.
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C) All nonzero numbers mod p, have an inverse.

D) Multiplying a number by 0 gives 0.

E) Mutliplying elements of sets A and B together is the same if A= B.
)

(A
(
(
(
(
(A), (C), and (E)
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Fermat and Exponent reducing.

Fermat’s Little Theorem: For prime p, and a# 0 (mod p),
a’'=1 (mod p).

What is 219" (mod 7)?

Wrong: 2101 = 27+1443 — 23 (mod 7)

Fermat: 2 is relatively prime to 7. = 2% =1 (mod 7).

Correct: 2101 = 2641645 _ 25 _ 32 — 4 (mod 7).

For a prime modulus, we can reduce exponents modulo p—1!
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