
 Sec 2.3 Part I Symmetric Groups
Defy A permutation is an action that arranges a set of objects

Usually think of a permutation IT as a bijection
IT 1,2 n 1,2 n

Twolinenotation Ti
n
e.g T f or I or 243,42 or 132 4

Onelinenotation 11 114 1 King eg 2341 2 43 3 4 12 1324
I lProI There are n n n 1 ne 3 2.1 permutations of n objects

4 E 24 permutations on 4 objects
II On the 1stpos there are in choices

2ndpos it n l n and so on

More a
picture degpmeendinqaq.inhaartewmoIeedoih9X zy34pb23 4 1 2 34 1 34

convenient N G 0
Let Sn all permutations on n objects
To make Sn a group we need
to Associativebinaryoperation
combining permutations
x p meansdo then p I 2374Read left toright N
p x means do then x 1 34w

20 Identity Elt two line notation
picture 1 2 34 i c s 4 nid I n l n iz s n

where x b x
3 Every elf should have an inverse
since a permutation is a bijection it has an inverse

man amE g The inverse of 1 2 3 u is l c 3 4
w w

a a1 2 34 is l c 3 4wi Sn is a group called the symmetricgrouple
meCyclenotation

AT a
2 1 604 f 23,74 4 f 34g
1234 427134 b 24 l 23 4 23
2341
34121

Practice 21.3 12 132 iz l3 2
Iz 23 132
1234 13 24 4432



n

G 3 l 5 generate 53
2 23 Cagley diagram using CID 23

s has 31 6 elements 3 iµ a
iz 2374463

Id 1442

I Fauna mama as tp I
123 23 iz n 23
132 1463 from before Is

Idf0
Hence Ss is the same group as133g
Exercise Find twogenerators g b so 93 Id b Id Haig look

leggraph
weknowthis is possible because aba b take 432 or 123
Ds a b a3 Id b Id aba b

Observations
errypermutation can be decomposed into a product of

disjoint cycles E s it 5 T son

Disjoint cycles commute
1465 23 8 to 9 23 8,109 1465

Defy Apermutation that swaps twoobjects fixesthe rest
i e Tj in cycle notation and

I z t i it j l j n l n

is called a transposition
Thml 2cyclesThe group sin is generated by transpositions
First intuition of Pf
If I have 10 ofyou sit in a row I want to rearrangeyouin some other way I can achieve this by successivelyhaving a pair of people swap seats
C s 4527 8 45 42 47 48 this is not unique

Check ExerciseFind other ways todo this
PI since every perm can be written as a product ofdisjointcycle

it's enough to showthat we can write any cycle as a
product of transpositions
Let Ca az 9k be a cycle in Sn
Then Caaz 9,93 alan 9,9293dg Ak pg



Remarke In fact the adjacenttranspositions 1,27 2,3 Cmn

form a minimal genset for Sn

Ey Look adjacentpairswhich are out oforder
34 45 23

z s zD l 2354 13524
toright

I 4 multiplyonleftbyan
I 3254
I s

i s za 5
Ics
2 345 Id


