
Permutations

(section 1.5 )

Recall f rom H U l : t h e n u m b e r o f

bijections from a n n e l eme n t

s e t t o i t s e l f i s n! -

we' l l denote t h e s e t o f a l l

s u c h bijections by Sn .



Permutations--"the symmetries o f a

configuration o f

i d e n t i c a l objects"

T o keep t r a c k , w e n u m b e r t h e

ob j e c t s . W e usual ly u s e

t h e natura l n u m b e r s t o keep

t h i s i n o r d e r . Any s u c h

symmetry i s ca l l ed a

permutation .



N o t i c e : (composition) i f f and

g a r e e l e m e n t s o f Sn ,

t h e n fog , t he composition,

i s a l s o a n e l e m e n t o f S n .

Why? By t h e pigeonhole principle,

injectivity o f fog w i l l imply

sur ject iv i ty, s o let's ch e c k

injectivity: l e t K t {1,2,--in}.

Suppose tog ) ( K ) - (fog)(m )

fo r M E { 1 , 2 , - - i , n } ,



We w a n t t o s h o w h - m .

Cfog ) ( k ) :
Cfog ) (m) me a n s

f(g(k)) = flag(m)) .

Since f i s bijective, f

i s a l s o inject ive, s o

g ( K ) - g ( m ) .

Since g i s b i j ec t i ve , g

i s a l s o injective, s o

K i m .

✓



[ X ¥ l : (composition i n S u )

Let f , G E s a ,

f ( 1 ) = 3 ga)= 2

f ( 2 ) = 2 912)=
/

f ( 3 ) = 4 g(3) = 3

g l ass 4 'f ( 4 ) = /

Let's compute fog a n d goof.



(fog)( l ) = fm l ) ) = f ( 2 ) = 2

( fog) ( n = f (gear) = f ( l ) = 3

Cfog ) (3 ) = flag( 3 ) I f (3) = 4

(fog) ( 4 ) = f l g l a d = f l y ) = /

T h e n

(goof) ( l ) = g ( f l ) ) = g ( 3 ) = 3

(note s i n c e @of)( i ) # (fog) (l),

g o f ¥ fog ! )

(gof ) ( 2 ) = g( fb ) ) = g ( 2 ) = /

(gof ) ( 3 )
= g ( f o ) ) : g (4 ) = 4

(go f ) ( U ) =g(flat)
a - g ( l )

= 2



W e n e e d b e t t e r n o t a t i o n !

Cauchy's 2 - l i n e n o t a t i o n :

I 2 3 4]f" [fu, f l a t f b l f l u )

I 2 3 9

= [3 2
41)

g : (
l 2 3 4)
g a l 9121 9131914)

= [ I 2 3 4

2 I 3
4]



T o compute fo g ,
s t a c k

g o n top o f f a nd follow

t h e path!

[ I 2 3 434]
'¥11,
Hogy 1 1 = 2

( fog) (2)
= 3

( f o g ) 131=4

( fog) (U) = /


