S—j mme_l—ri C jro \JPS

Let A be a r\onE.mP“'j sef. The ;sjmme__\-r\‘g qrovp

J
on A s SA"{HJC&{'\OV\S Tt A"”A‘}/ with  the

bh\mj operation of composition of maps.
Check that this is a jroup‘.
: assoc\q\-‘\\n{'j ./

Va,0,i3€S,, VaeA,

(©oo) e ) (a) = (ged)(Gla) = 6 (o gCa))

= (gea(a)) = (qelrye o)) (a).

Therefore  (qeq)e g = qolaoq).
"\de,v\\'i\-j: v

Define e: A—R \>\\] ea)= o, VaeA.

Then eeSp ) and YeoeSy, eec=aee-g
sinvecses:

E\lerj bijeetion @ A=A hes o well-defmed

inerse fonchion ¢t A=A, uhich  sakisfies

cec'=c'oc=e. Therebore the invecse ?\N\c\-ian

is alke an in\ecse e,\em_eg\i' in SA.

- - - o= @ - -



Notation -

*Elements e Sq oare  also called ?_Cmu_\‘_djms of A.

* Special cate: LE A={y7,...,aT for some neN

then Sy is  called the sam_me._\'_uﬁmp_oﬁ
d&ﬂj&&_&/ and  we  write S“""SA,.

* As usua)l; ohnen wov\'—\nj with elements of Sa, we
of ken  suppress  the grovp opecalion (e.q. o= Go ).
Note : To wnderskand what a pradock of permotations in Sa
does ko elements of A, we work from g‘\ﬂb\: o left.
K’LF oy . €Sp ond a€R, then (o) (a) = 0}(0‘;_(&\).)

S\jmmejﬂ‘ic, qrovp o(‘— d.{_,jrce. N

Cauc.\'\j\s notation . Dencte e S, \>J

¢ = ( | ( 3 . n-\ N .
a(\) ¢(2) o(3) aln-))  aln)

Ex: n=1z, ceS,,

c: |3 42 (| 74 L0+ \0
T+ ST (T W |\
=21 (b Q> S \ > ¢

113‘15671‘1loll|1)
21 F Ul T 6 4 w's 0 | %



Basic \?ac ks -

. \S“\" r\(t\-\\(n—‘l.)--' 1\ = nl

G = ( | (= 3 e m=\ n
a(\) ¢l(1) o(3) aln-y)  a(n)

0 — (| chwice)
(n choices) \ \ \ ("L c,h,o\ces)

(n-\ chei cc.s)

(n-T choices)
N \S\\""\"_'\ == S\*‘Cq

c 1S\=tl=T = .2,

Leb o= (\ 7—\) €Se . Then Se=Cod.
T

(e )

Led = (l T 3 ... 1\) ( (0=, (1=l
T | 3 n ¢(i)=i for 17ler2

and v = (\ T T 4 ... n)- ('ﬂ\\‘-'!, w(N=1, )
I T [ H n ~()1=1 For 1Flord
Then (@) (N = o(ru) = N =3, bot

(1a)(V) = Aot = ¥(2) = z

sSo CT#7C. /3]



Cjc,\e, notaltion:
DCF: Su?‘:ose k,(\e “\\/ \sk€n, and Hhat Qy)-.-) Q. € {\, z, ...,n'}

So\\-isFJ a;#9; for 1%j. The k-cyc (s, 0, =) s

he \>€.rmu\'n\'ior\ e, defined bj

b
0.(0-\\: Qe ) O'(Q‘(Af- Q3 ) =) Q'(Qk_\\= Qk_) Q‘(Qb]: Ql/ (Qk Qj
MM

and a(i)=i For ’\¢{a\, ) q\h—f,
No\'CS‘.
. \—cnc\cs rc\xcszv\\' e '\det\’('\*\xj e\cmn’r :
"L—cjc\es ofe also called Yranspositions.
- For \azZ/ there are k different wa»Js of rcgmscn\‘mj
twe same \c—c:\(,\e_

(QI Qg .-- Q\'-)?' (-qt. Qg --- Ak Gu):' (.03 Qy " Ay O, Qg) == (Qk Q, Q. - Qk-\)



Exs: =S

Cowd\j notation C_ag‘&e notation

(7_3“13 - G153
\

(17_3”\S> . (2 1)
\ 4 3 7 S
(‘7..3"\5) —> e
( T 3 4 S
(lLTS”\S) — (253)
L' S 2 4 3

2 3 4 s) — G)(TS)
S 3 4

Sceateln works o= (11), v=(z5S)
Er Y\ = Av)) = e =2
@)\ = (vr)) = s\ =5
@63\ = (v = o3 =3
Er Y4 = o(vi) = =Y
@Y\ = Av)) = el2) =)

Nebe: ()2 S)=(1 2z s)



Cauck\\} aokalion Cagke r\Q\'Q\'ior\

(1 z 345 (L 34)(2s)
35 4 1 2
w(dis\)a\n‘\' c:]ok;s)
Deb: Tuo cjc\c_s (a, - qv_) and (b, b,.\ afc
disjolal iF  oi#b; , ¥ sisk, tejed
Exs:

\ 2 T 4 S\ _
(1 S 3 9 \)'(‘LM'LS)

w(ﬂo‘\’di

Lz 3 4 5\
kz S 1 1 z.> (s :Q%LS)
(dis\)o‘w\'\' 0\70‘6)

Note: TE o,veS, are A‘\s\‘)oiv\\- ojc,\ez then ov=we.

s\') aint c:)o{% )

(d‘\sjoin\‘ c.dc\es COMM\)\-C)

(Not Frve in ja\cm\ T ¢ ond v aie not d'\sjain\-)



€. eNerY pair of cqcles n “\Q)
( Qcoc;jur; is d{fj:!n‘n\'
E\IC(‘:] element o S“ can \>€, wri\--\-e“ as a ?\‘oduc" of

@15;‘9{.1\\: CUC\CS' This product is called the cﬁ_g_\e._dsm_m_%s]}m

of T, and i is uni ue up Yo the order in which Fhe c,jc\té

C.jc.\c deco mposi Fion:

appear.

Convention: We omit L-cqcles n the cycle decomposition , ond we
write  the i(\en\"\\‘J in Sa as e.

A\Soc\\'\w\ Yo Find e ojc,\e, du,m/\pos'\\\w\ of T €Sq "
Kum\‘mj example! n=\7,

O-=IL3'-|567X‘1lolll’L)
3 19 # 0l 7 6 4 w's 10| g

\) Lek &k  be the smallest pesitive in\tazr with  a*()=).
The Giesk c:}c\e, in Yhe Ojc\ﬂ deomposition of @ s

(L c) ) - o* (\\‘).

First c\lg\c: (A3 F4 1)



1) LE dhnece are ony eommnts  of T\, Tyepe ) which have
not appear ed jc\-, choose one, say i) and leb L be the
smallest  pesitive ‘m‘ccjex with  ¢*()=1. The seeond
ojc\e N Yhe ojc\e deeomposition of @ s

(i e@) o™V - o™ ().
Secmd CtjC\C'- (za 9)

3) Continve selecting cycles in this wey unkil ol elemtnls
of 4001 howe been sed.
Thicd Cjc,\e,: (6)

Fourtn c,jc\c L (3 12)
Fifthn c.jc,\e‘. (Lo)

4) The Cjc\e, decompesition of @ is the product of

all cjc\es constructed  (omit |- Cjc\cs).
c=(\ T F+4 W) (2 §E 1)



Ordesrs of elements:
+TE geS, it a k-c:]c.\e, then  |ol=k.

PE: Weile c=(a, - a,). q(O'\o
Thea W \sis \Q} a* (,Q“) = Q. g“z /\QZ

T4+ Colows that q“"-e,/ so \elsk.
On *"\Q 0‘(\‘\2.7 ‘\0"\&\/ V \SJ <k} ¢J (Q\) = q\-t:j ta, /

So 0‘316.

Therelore |e\=k. @
- T¢ ox,,__,olesn are d\s:)oin‘\' Cjc,\eé Haen
oo, - ag | = lcn(\o'.\,\c,_\,.../ Ioi\) :
PE: ... use the fact that d.'\s:)o'\v\\' ch.\ea commte .. B
Ex:

4 S 67%‘1\0"17_)
\[7.6"‘[\7.5[0]8

=\ 3 F4 W)z a 5)E 1) .

\ordcr S \oer’ 3 '\" der T

Se |a\= Lemm (S, 3, 7) = 30.





