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Restatement: for any cut in the hypercube, the number of cut edges
is at least the size of the small side.
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2. Inverses for Modular Arithmetic: Greatest Common Divisor.
Division!!!

3. Euclid’s GCD Algorithm.
A little tricky here!
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What time is it in 2 hours? 3:00!
What time is it in 5 hours? 6:00!
What time is it in 15 hours? 16:00!
Actually 4:00.

16 is the “same as 4” with respect to a 12 hour clock system.
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What time is it in 100 hours? 101:00! or 5:00.
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Clock time equivalent up to addition of any integer multiple of 12.

Custom is only to use the representative in {12,1,...,11}
(Almost remainder, except for 12 and 0 are equivalent.)
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60 regular years. 365 x 60 days

Today is day 1.

It is day 1+ 366 x 20 + 365 x 60. Equivalent to?

Hmm.
What is remainder of 366 when dividing by 7? 52 x 7 4 2.
What is remainder of 365 when dividing by 7?7 1
Today is day 1.
Get Day: 14+2x20+1x60=101
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“Reduce” at any time in calculation!
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Useful Fact: Addition, subtraction, multiplication can be done with
any equivalent x and y.
or“a=c (mod m)and b=d (mod m)
= at+b=c+d (mod m)anda-b=c-d (mod m)”
Proof: If a= ¢ (mod m), then a= c+ km for some integer k.

If b=d (mod m), then b= d+ jm for some integer j.
Therefore,
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Can calculate with representative in {0,...,m—1}.
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x (mod m)or mod (x,m)
- remainder of x divided by min {0,...,m—1}.

mod (x,m) =x—|%]m
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Generally, not 6 (mod 7) =13 (mod 7).
But ok, if you really want.
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Division: multiply by multiplicative inverse.

2x =3 — (%)~2x:(%)-3 - x:g.

Multiplicative inverse of x is y where xy = 1;
1 is multiplicative identity element.

In modular arithmetic, 1 is the multiplicative identity element.
Multiplicative inverse of x mod mis y with xy =1 (mod m).
For 4 modulo 7 inverseis2: 2-4=8=1 (mod 7).

Can solve 4x =5 (mod 7).
x =3 (mod 7) ::: Check! 4(3)=12=5 (mod 7).

For 8 modulo 12: no multiplicative inverse!

“Common factor of 4" —
8k —12¢ is a multiple of four for any ¢ and k —
8k #1 (mod 12) for any k.
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Thm:
If greatest common divisor of x and m, gcd(x, m), is 1, then x has a
multiplicative inverse modulo m.

Proof — : The set S={0x,1x,...,(m—1)x} contains
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Have a good week!



