inputs outputs

Example. Let o : {1, 2, 3} — {1, 2, 3} be a function defined by

Then o is a permutation of the set {1, 2, 3},

i.e., it “shuflles” the numbers 1, 2, and 3.

Non-example. The function f is not a permutation of {1, 2, 3}:

=2, £2) <D £(3) <)



Let ¢ and 7 be permutations of {1, 2, 3} given by
e 0(1)=3,0(2)=1, 0(3) =2
e 7(1)=2,7(2)=1, 7(3) =3

We can compose o and 7 to obtain ¢ o 7, which happens to be

another permutation of {1, 2, 3}. Let’s see...

S 2
e (com)(1)=0(r(1))=0(2)= L
° (0‘ o 7-)(2) = 0(7-(2)) — 0'( { ) — 3 Note: This is just like

composing syminetries.

@



Definition: Let S3 be the set of all permutations of {1, 2, 3}.

Discuss in your group: Let o, v, € € S3 where

o c(1)=3, 0(2) =1, (3) =2

e Y(1)=2, v(2) =3, vy(3) =1 Con.lpute € o.o' and o o .
Notice anything?

e c(1)=1, €(2)=2, ¢(3) =3

Answer: We have o o v = ¢, because. ..

e (co)(1)=0(v(1)=0(2)= |
‘(0o )=o) =o(3) = 2 (Also, £00 = o)

¢ (007)3)=0(1(3))=0a(l )= 2



Identity and Inverse

Analogous to
e The element € € S3 defined by

e(l)=1, €(2)=2, ¢(3) =3 (or adding 0).

has the property = o v = v and «v o = « for all o € S5.
We call € the identity permutation in Ss.

e We saw that 0 oy =¢ and 7o o = . We say that o and ~ are

inverses of each other, and we write vy =0~ ! and o0 =~y 1.

K Like 3-5 =1 in Us.

multiplying by 1
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Matrix notation: Consider again o € S3 defined by

We can write o in matriz form like this:

L for Sz, top row is always 1 2 3.

o ( 1 2 3 )
3 1 2 ~_ bottom row contains

the corresponding outputs.



Problem #2: Let o, B, x € Sp. If oy =, then y =a !0 8.

Proof: Assume ooy = [. [S Q(a\,? .
Compose on the left by o' to get Selve  §-x =11,
a to(aox)=a"top. \\/*i"
~— L \ -
The left side of this equation becomes < T s
k__\/\/
~1 | .
a "o(aoyx) = (o oa)oyx (associative law) (Ls . 5\ . X
= coy (a~ ! is the inverse of o) 1-X
= X (¢ is the identity) X
= X =417
Thus, x = a 1o .




