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O (a,b)*(c,d)=(ac,b+d) =(ca,d +b) =(c,d) *(a,b) :ulis
(Y, YY) J
Gl et axb=a+b+abe (G,*) 20 ol 0L G =Q—{~1} <35 13}
:0Y &l




) Lkl Lo5l
(a*b)*c=(a+b+ab)*c=a+b+ab+c+ac+bc+abe
=a+(b+c+bc)+a(b+c+bc)=a+(b*c)+a(b*c)=a*(b*c)
O a*b=a+b+ab=b+a+ba=b*a:lis

Ll 59 bl gus) OB poliall 0 BB sue o (g2 g dgma do gt A SIS 1Y
& «(Cayley's table) LS J i 53l any Jgotor pltsizal 0,55 gl B3 alas iy o3
A H S e W O U1 yudd obA={a,b,c,d} <513} Jull o

*1a b c d
a b ¢ d
b|b a d ¢
clc d a b
d|{d ¢ b a

Y24 g chb\i:u;c.,u W X *y aullslgY,

ib puda
JaAd OLST 13 Al 045 U ST J golor dbls gy 36,0 e gatt Jo i ddes ® IS 1)
s H i g S

QW o Je B ally 0 WS Gl e OF (55 of Jeudl e .nEZF S
P L B g Jo 3 e a X, yeZ S n|(x—y) O 15} Ly 13| X=,y
Zy ={[OLILI2), [0 =11} O & . Z, 30 S o IS5 J ot ik

(V,YY) Ji
[aL[bl€ Z, S [a]+, [b] =[a+b] cum Jitds and (Z,,+,) o pled




PR rY

JA-\
[a]=[c] o o3y [a],[bL[cLId]€ Z, of L2)6 Z, o 1S ades +, O e Ola sl
¢ b-d=nt ya-c=ns ol 4l .n|(b-d) y n|(a—c) ¢ iswe .[b]=[d] o,
Sy .nf((@+b)—(c+d)) B\ y.(a+b)—(c+d)=n(s+1)0b 4y .t,5€Z
POV Z, Je sl akes + Of ey Vay [a+b]=[c+d]ol T catb=, c+dop
([a]+, [bD+, [c]=[a+Db]+, [c]=[(a+b)+c]
=[a+(b+c)]=[a]+, [b+c]=[a]+, ([b]+, [c])
Adly) + 0B any . [a]+, [b]=[a+b]=[b+a]=[b]+, [a] : NS .imed + OB I,
1)l de 045+ el Syt OB Zg o gad) ary o al 13
+ | [0] [1] [2] [3] [4] [5]
(01} (01 01 2] [3] [4] [5]
ar| i1 121 31 41 151 [o]
[21( [2] 3] [4]1 (5] [0] [1]
[31 (31 [41 [5]1 [0] (1] [2]
[41({[4] [51 [0] 0] [2] [3]
[51(051 [01 (11 [21 [3] [4]

(Y, YY) Jee

[al.[b]€ Z, J< [a]-,[b] = [ab] “o Jlbls pend pUs (Z,,0,) M £

. J
-; DA S My Ay anad tese OF o p s OF wdazed (1, YY) Jted) &K 5 puay
| 031 .[a]=[d] [a] =[c] oy [a],[bLIcL[d] € Z, of Lo, —id o, o £ adlan Z_of

WP any.s,teZe> b—d=ntya-c=ns




—ﬁ

Yy

Lwlod 2530

(a—c)(b—d)=n’st < ab+cd ~bc—ad = n’st
<> ab-cd =n’st—2cd +bc+ad
<> ab—cd =n’st+(bc—cd) + (ad — cd)
<>ab—cd =n’st+c(b-d)+d(a—c)
<> ab—cd =n’st +nct +nsd
< ab—cd = n(nst +ct +sd)
oy ddlas Z, 0 (JULy . [ab] =[cd] 0B s . n(ab—cd) .o
15l Lo 055 oo dekenll Jgtor OB Zg o smadl amy o Uas 1)

‘6

[0] .01 [2] 3] [4]

[5]

[0]
- (1]
(2]
(3]
[4]
[3]

[0] {01 [0] (0] (0]
(01 01 [2] [3] [4]
[0] 2] [4] [0] [2]
[01 31 [0] [3]1 [0]
(0] [41 [2] [0] [4]
[01 (51 [41 [3] [2]

[0]
(5]
[4]
[3]
[2]
[1]

(Y, Y $€) Jus

5 0 o Gl Jgd) r . X 0 B e gl o B pat P(X) oSy B0 gat X oS
O il oend ¢l (P(X),) 5 (P(X),L) o

VYY)

4 723B 5 A ope gamall (symmetric difference)s bidi 6,41 U . . A, Bc X oS

QW 31 e AAB o

AAB=[Ar\(X—B)]u[(X—A)nB]=(AuB)—(AmB)=(A—B)U(B—A)




P . Y

(V,Y0) Ji
e (P(X) A) e pladi 0B (1, Y £) JUdl 3 LS P(X) 387 13
JJ-\
AAB=(AUB)-(ANB)=(BUA)-(BNA)=BAA :0f ¥, Ly
10 S A= X — A o )1 8yl putsiins comramdl a3y 20 A (O3]
AA(BAC) = (AN (BAC) U(AN(BAC))
=(AN(BNC)UBNC))UANBNC)UBNC)Y))
=(AN(BUC)NBUE))U(ANBAC)URNBNC)
=(ANBNB)U(ANBNC)U(ANCAB)
U(ANCAT)UANBAT)UANBAC)
=(AmBmC)u(AmEHE)u‘(Kan‘E)u(KmEnC)
| 10 i Of adazas Jally
.(AAB)AC = (AmBmC)u(AmBnC)u(AanC)u(AmBmC)
0 AA(BAC) =(AAB)AC o3

" O‘U"E

W Lo 2o e e Bl Lheall ST 13 Loy () 0) OV o el 3

A o Bmad T3 L Gy (ST OIS 13y
XYEL N x*y=(x+y)=(xy) & (Z,%) (V)
X,y €R S x*y =max(x,y) ¢ (R,%) (V)
X yeRJ xry=[x+y| e R, (M)
.x,yeN X*y=x’¢e— (N,*) (%)
XYEZJS x*ry=x+y+1ce (Z,%) (o)
X,y eNJS x+y =ged(x,y) & (N,#) (1)



Yo el £53Lea

X,y eNJS x+y=lem(x,y) e (N, %) (v)
X,y €RJN x+y =min(x,y) e (R,%) (A)
X,y eRJS xry =|x|+|y| e (R,%) (9)
XYEQU x*ry=xy+li (Q¥) () 1)
XYELIS x*xy=x"+y* L (Z,%)(\\)
KYEZ SN xxy=xy’ o (Z,%)(\Y)
XYELIS x*y=xy-x e (Z,5)(\T)

a bfju v| [b+v 0
[C d]*[w x}:[o C+W]W(M2(Z),*)(\g)

<= QD) ={a+bV2:2,b Q) e (QW2), %) (1)
(@+bv2)*(c+dV2) = (a +bv2)(c +d,2)
10l el Uty Land Ll (A, #) 015" 13) O
-a,b,c,de A JSU (a*b)*(c*d)=[(d*c)*a]*b
WSS e e % Sy 13 (5l o e 5 G A1 s W s pen S S vy
P+q=22ua Jof o ;ST 12 pag
Tred * o () *adeall J g ot
n=7,9,12,18 ;0 S o, Jgutor 1250 U ={[a]eZn :gcd(a,n)=1}¢.§;! OA)

LSy L3 0 Sl gt (3, 8)
Ordered Sets and Lattices
P Ly B o) g (B Rty By s o LS potie L s (3 puis

V) iy
‘gh L G323 (partial order) i i 8% A deped o 3 al1 <udM) 0,55




PR v
aeA K a<adl ¢l (reflexive) .S < (f)
| .a,be AJSS a=bob b<ay a<bos b «f S (antisymmetric) L2 < ()

a,bce A a<cob b<cy a<bol 3 «f 4 (transitive) vons < @)

(Y, YY) Ju
QU gt e P(S) e %l <t of el e
L P(S) e g v A, BeP(S) SIS ACB o 13 Lisy 13 A<B

(Y, YY) Jue

QU ZT e % a0 i <SS

o BN SOT e W gy A pokind 2, D EZF S b iy 2 0 13) Jaiby 13f a < b
Oz Je g

OV, 6y ciy
L i Ayt (A, 9) M) g o B A o e o DA S5 1y
. (partially ordered set)

(1,18) &
Bl.a,be AJS b<a s a<bol 13 (connected) ol ze A Jo 3 Al a0,
.(comparable) % il OWG a,b el O J 455 Wl Ay 2 B < ilS”

(V)
(e 2 <5715 (totally ordered set) Wty Uit (A)S) \_,J, B M a5l 0,55




Yv Lk £l -

Y, YA) Jie
St B Lt y LIS 250 20 gt e (4,1) JU 3 (P(S), ) 5 350 o
O 3,6l (b6 52 2 #b o fa}, {b)

(VY9 Ji
5 52 sl OY i3y US 4 i gost cod (1,YV) JUI 3 (Z7,<) U 2l i yasdl
O o, ot e

(Y,¥) J
o b ek @06 13 by 13 a<h (W @ e <@ A={1,2,4,8,16,32}¢,§d
O U8 250 2502 (A,9) o el

(VY) cie
BC Ay Ui 15,0 1eget (A,9) S
. x€B X x<a 0l 13} B s semal (upper bound) s 4ke u> a e A ol Jdss (b
.xeB I a<x 08 13} Bassanadl (lower bound) Jiv 4>~ a€ A 0} J,i
e i sladdy i Bicpmdly boa > acA S (o)
b gyle u> JSI a <b 0 13 (least upper bound)
G ST 2 05 B ispmdl i u_~a€A SS— ()
b éw i JSO a2b 06 13 (greatest lower bound)
b ke
a,beA Sy B A Ujm 15,0 5 ge2 (Aj<) S
sy 12,24,36 S oty (sl am op ST B e pamall 0,50 of JSali e (1)
(1Y) JU G (4,6} 3 pemcdl 3 5e




PR YA

Ay ¥ 0F Sl 0 ISy (55l o B2 gamall o Y O (Sl e (Y)
NEF IS
S 0L 1) M s 055 0f (2 6 (S5l d ol B 25 yamald e g B3] (7Y
.a=bob ¢ ey b<aya<gbob Bissemdd g le um xola,b
i o STy il A Bl B s (5 (F)(T) (1) bl (8)
(g Of) Slior = SY 5 TUb(B) 340 B s yamald (dor g 0]) 53le dm _aoY o (0)
—J5anb s aey o glb{a,b) I e popadl oy oy . glb(B) s
.avb ;4 a4 0 lub{a,b}
V5 VA) Gy
X Sy ols b} x(covers) buyol i .X,yEA LJ)?' L 1 gest (A,S) SIS
2=y f X=2Z0b X<ZLYyO,S et ZEAdny 3y X£Y
i el
S ey Ll Lghted claall § S5 paszes OF ez W U i i gast (A,S) il 1)
(—& yoBb XSy ol By sl BLay A jobe J 1 LIS (Hasse diagram) .l»
JEE e Ko IS QU o o X am y O 13] daiby 13} y 5 Xow ke iy x o
Wi jor 35,0 2o gest Juc U

© (<) h

i
|




v TR PR
(V5,V9) i
anby avb,— J5 o 13 (Lattice) 2 L o J s L,J,. 5 i gast (L,<) S
a,bel S0y
(LY Jee
o— 4 A, BeP(S) ity (A, vy Jubt 3 anualy L...J,. 35 as gkl (P(S),<) il 13
D st (P(S),9) 0813, AVB=AUB ofy AAB=ANB of s of Jod

(VT Jue
. mou35gg§‘u|gwtls?gg;)\wr§twyoi¢; OTJ@...J‘C/

1 I
| <> b
b
a
0
0

M, N
CobSad it oaibadl jan U 2 1l W o
CRA)) Loa g
toba,bcel 08y als (L,<) wals iy
anb=baa (v) avb=bva (h (\ »
an(bac)=(anb)ac (v) av(bve)=(avb)ve ¢ (v
ana=a (v) ava=a () (“J‘)

an(avb)=a (v) av(aab)=a () (¢




PR £

Ola i
L5, o oS A U 855 ()85 5 (DO ) 0 oo s
toB ovglas {bia} 5 {a,b} cwesedt O (V)
avb=lub{a,b}=lub{b,a}=bva
ol a2 1y {a,a Ab) 2o pemdl s4le 4~ a 0P anb<a ofy a<a Of k(g
4 Wb av(anb)=lub{a,anb} of ky av(aab)<a of asW adl iy ,w
®a=-av(@anb) o dl a2 JUby .a<av(aab) o

(V,YV) da pa

P el R Ll OB a,be A 0y Ui 35 0 26 4at (A,<) <SlS 3]

anb=a (z) avb=b (v) . a<b (h

Ola

Jr—olid) B, =iy pSY Jad by aoY (oaall add Gy e 550 OV BISD e fat
) ST

(VY0 R

ta,bcel S QW L2l 524 13 (modular) il (L,<) 252 of J 46

as<c=av(bac)=(avb)ac

(VP Jee
@ Ny aSCad Whald (1, 7y) Jub 3 M aSadly (1, 7)) JUbi 3 el a0l e JS7
0y A3 d 6 (1, YY) JU

Oav(bac)=av0=azc=(avb)ac ;Sya<c




bl 2630

QAR DR
JS oI b i T e i 13 (distributive) 3~ (L,<) a2 o) 5

:a,b,ceL

an(bve)=(aAb)v(anc) =)

av(bac)=(avb)a(ave) (Yo

), 7é) Jus
S (T JE S Ny My onStdl o 57 oS0y i (0,11 JUU (3 aeuiall 32y
O we J5 o av(cab)=av0=a#(avc)a(avb)=1 oY in;y

(Y, YA) L2y

PRl U 255 (L, ) aSCadl its™ 1)

Ola i

«de.ase e abeel Oy anjy (L,<) of o

® G (L,<) ob Ju, -av(bac)=(avb)a(ave)=(avb)ac

B golo
O fon 7 o LS 2l My S8 S e o ¢ Do d (1, YA) i gt S

.av(C/\b)=avO=a¢1=(avc)/\(avb)

(Y, 8) ¥
Whe <85 (@A 2 £a) 1Sl sy bt A o < By 24et A ST (1)
ke st (A, )0l il a=b sl a<bol i3y sy 13 a<b:Juls A e @a

Qs



T £y
.m<n & 2m|n WS Z e 3,a <8I (Y)
Agdaze y alSat e < ol et (f
I Yo G S BN L ad (V) ) (@)
) () B LS Vi e By V=€ BT 124 1} S ()
(Va9 B 15,013 pomll pln JSC
iUy 4l (V,,,2) 0 (0)
.rSs<:>§eZ+:L_;\:5l§ QF e 1 < SI (M)
r
L 35,0 2pe2 (QL D F 2 (D

(V ,S) (_._5}» Z_JJL\UMU U"ng‘z("‘")b V={ 5132,336}‘:""‘{ 13 )

11
2°2

b

|-

(e g LS <ee

B p St il 1553 (A,9) 0f b A=[0,1]={xeR:0<x <1} =s8 13} ()
i PELIETS T O

.ijwoﬁof%wufur;@&j(o)

ol el a,b,ce Loty ale (L,<) il B (V)

(aab)v(aac)san(bve)l

.av(bac)s(avb)a(ave) ()

.a<b=>av(bac)sba(ave)(p)

, S (LSS M)

.a,b,ceL JS an(bve)S(@nb)v(anc)ols 3] Laisy 13} anj 5 Lol <l (h

JS (avb)a(ave)<(@aab)v(anc)ols i3] iy 5] am)y Lol ei(w)
.a,b,cel

Jagb=>ba(ave)Sav(bac)os 15 baby i3] 213 Lo <t (@)
.a,b,celL




131 Tluf fg5La
(anb)v(bac)=ba((anb)ve)ols 15} Lads 13} 2wl L of el ()
.a,b,ceL
avb=avcyanb=ance—> a,bceL 0L dwn;y it (L, <) =its™ 1) (A)
b=col b
ave=bveanc=bace— a,bcel ol il iSe (L, <)ol 13 (4)
;a=bolebagsbhbes,
b AN GRS By 3 (Ve b it (L, <) of el aKs (L,<) wils 5 1 4y
(Yo
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2431l o Bgalul ggalya
BASIC CONCEPTS IN GROUPS

@ R L VI I WFVC I W1 IO PN RS RN AR
Sl dne o L e Ty D oty Lo )yl y detiblS ¢ 2ol <lsl i
ey ikl oy At asly (SO S oV 3 Gl f B ¢ ddkd)
el

SULEST ) 6o 55 WY Bl ¢ Lgze clinn Yl oS0 Y Rlil 35T ) 3 o o
ng\c:u\w,gﬂc@)wuﬁfjaﬁw|uw|u,a;ilaafuv‘,ﬁ,‘s.\g.u.
Oy Sy

EAY o e GBI e e gl e ) ol
294l ST pdoe olg] gl T pV VYL s 3 ( Joseph Louis Lagrange )
or o o] 2l i A B I LT L ) e S Bl T4l ods 636
@Y Jos ol gl o315 05" A8 sz e Jf 0SS (Evariste Galois )
29l SIS SVolaa - pdd) odnal dky b plasizal ozl e 0l ol g Yozl &
plezal O™ el addt oda 5T pVAT L Al 3 05 01 i)l o w3 ) Byl e
C(Jrard) ot F Sl p 2o gat ) Bl o Al s o b Lnate (il
e ov i g e @l ( Felix Klein ) 0 S PP R S
] ) U el btie ¢ bl Ole ys e G A g3 50 pagia (VAT O 41ALY
o D e e yast uf@;bu\@atrwtyr @l dI bt LS e wlole
c Ml e e dime B

PN b Slldl sy § ) Gy B2 Ul iy o0 Of 00,300 ST

o2 d 4Sdy VAV ple w5 2 3 ( Leopold Kronecker ) SNyS Wyl gl
038> G Sl plioiaaly el b2 Uy Ao dal 0Ty L ey



PR £
"olge of Y ael ) iadl U2 3 (Dickson)
c Al O e 0N Aal 3 5 Oy " il ladens Bola gy Jad

b1 il oy 50 G s Y1 Al 36 ) el W iy
LUl e e () BLs) RS e 2l e W1 iy L alel) an pdiy
il el gy WS A dadly

s

Al gl y 50 ) L5 (Y, )
Definition And Basic Properties of The Group

o W ol adal an s e (oSO e @ ) M 3 Lelesal (e
Coldldhoda plisianl y ¢ Ol s G gast 524 I Bdas Lgde O3 ne Al 8 e g
3 A Gyl o Of 5. pladh s W aieny 3 L el e S e J ettt ez
G ot (NG OF ok Gl olebedd () BaljY ¢ 1 Gan o s ¢ 500
RYS
o, of 3 & ¥ LR 2aabl ssY a5 sz 3 X +a = babldl > olg] Jyl Les
e Ol ade g Bolalt o b af (aiy ¢ oo gill el Al o 3 olall 0 o5 Oy G
‘ DU o ylad
X+ta=b&(x+a)+(—a)=b+(-a)
<x+(a+(-a))=b-a
& x+0=b-a
& x =b-a
cmasdall s gy 05dal sy ¢ Raad okl Bae O g Ablall 4 ol Lo Of LasY

P o g lphad) o WL 2 £ 0 S ax = bablll o Wyls ¢ =T JuasT
.x=£éswigﬂ\ac.pu) Lsaall dolt ¢ el dmasndl 2ol

pi G o Sall 26 B jhee A G AX = B i jiall bl u,u,s\'y-ij

Jamd AT 8 piall e San ol g T 50181 3 ginall ol ¢ S phaall dgpamd) Gl

. X=ATB s




£y I3 aulil coalis

E U Gt e -y el )

(Y V) amw

G e ¥U e * 5 Ut 0 2002 G oo (G, %) ol ool 05
Dk L GA2 13 (group ) i

.Va,b,cc—.G(a*(b*c):(a*b)*c) Q)

- JeeG(VaeG(a*e=e*a=a)) )

- VaeG,3beG(a*b=bra=e¢) (v

(Y, V)da,m
POB 6, (G, *) il )
S (Y5 V) Gl e (V) A g e el (1)
A (Y5 V) Gl e () A8 3 b el ()
Ol i
tdie . VaeG(a*e =€ *a=2a) : gt =T e e eGof P AS (V)
. € =¢ *e=e*e, =¢
due.VaeGaxc=c*a=e) : git ~T ae ceG of Lol (Y)
® b=bre=b=x(a*c)=(b*a)*c=erc=c
b e
HE el (1)) G e () AN i Gl de ) el ey ()
- € b dsle & 5y (identity element)
a el b (Y0) G e (1) A 58 ) de ) el ey (Y)
a7 3k 4 ey (inverse of a)
Sy * e Yyl Al i W g (G,*)sts 1) ol 3 (7
(G,#) 0 Y4 G Gl L5 LS. a b o Yy ab
. (ab)c s a(be) o Y abe isle LSS (4)




PR tA
(Y, ¥)cuw
LT o 4 5,05 G o) Jys WH Va,beG(ab=ba) : gif i,.; G <ils 13

. (commutative or abelian group)

U A N atladl am o ¢ e Je dlid e Of s

(Y,Y)da
sl a,beG S 4l e G eils 1)
(a)=a (v
(ab)! =btal(m
. (ab)! = a™ b ol 1) dadby 13} it G (T
cGopd @ ya=byax=b ol IS umy Jo d s ()
Ol i
(@) T =adld) e Wb usyaloly ataze=aa of (1)
. (ab)(b'a™)=((ab)b")a " =(ae)a =aal =e : of Ly (V)
.(b'aT)(ab) =(b'(a'a))b=(be)b=b"b=e : of LS
.(ab)' =b'a’ Pk Jat bl Ll g plasaal
s ol ad (7)) 5,ad plasan dae L iy G of Lo 4l (1)

.(ab)! =btal =a b”1
cdtxe . a,beG S (ab)! = al b of LoLi ¢ LKl ol

’ .ba” =(ab)' =a”'b! = (ba)™
-ab=[(ab)"']" =[(ba)"'T" =ba Ol 4y
C Al G ook Ju
bld Jo y=baToly ax=bibkd J x=aTbol mold e (8)
cdis . ax=bdsladl 2T Jo ¢ O Joé ¢ Lilus i O dy . ya=Dh
A s )£=a“‘bop My . c=ec=(a'a)c=a'(ac)=a'b
® ba'ulsg o, Sy, ax=b ahtal




£q S dlad alia

- AN eVl 046 o5 LU as

[ (cancellation laws) ,lawy) SFB (Y, Y ) ke

10k a,b,ceGolyi L G esls iy

ca=cb=>a=b (Y) ac=bc=pa=b (1)

Ol 1

s ol By (1)
ac=bc=(ac)c™ =(bc)c” = a(cc? )=b(cc” )>ae=be=a=b

€ ()5l gy

(Y, ¢)dng

Wy Sy e JST 3 BB Gy S gy G sl e ez S 06 305 G cilS 1
F S i B opee J5 3 i

O i

o ke A el gk Gie 3 e 4l b Ol sl beG S
(l.u.;.dlu,. ax=ay ol Wy . ax=b y ay=>b : 0, etz X#y ¢« X,yeG
rasll 5 2 pme @ b b By L s ey x =y of h Lasml 0,06
® .

: JU (inductively) Lﬂ,z:M\ a"Sx.neZjyacG (i G S
a’=e |
a"=aa"" «n>0
.a"=(a™)" «n<0
P WS Wy 0,5y na y&a"opq,ﬂlwqu&@éIWbmllquf
0a=0
na=a+(n—1)a «n>0
.na =(-n)(-a) «n<0
G By d 5 oy 5 olie (6l Ruadl aslad, Y 2 pll Loy 5




PR 0.

(Y,O)a.-.aﬂ

(b m,ne Z'05 5 a,beG oSy, Goils i

(an )—lza-n(‘,) am an =am+n (\)

4 (ab)" = a"b" ub WIu) G il 13 (¢) (a™)"=a™""(m
(Y, ) &y

.neZ JS (a'ba)' =a'b"a ob a,beG oy, G esls )

% Ola i
i M=k Toes LAl O mall a0 Lo e P I -0 R P
{ cdile . n =K b s Ll Of OV o 8
(a”'ba)*"! =(a‘1ba)kEa‘1ba) =(a”'b* a) (a'ba)
=a~'b*eba=a'b*ba= a'b*"'a
2 N=K+14e dos 5 a0 06 UL,
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-xeG K

P bl Ll 10t i uJuno,Lng(r\)

.a,!ug‘tGop‘_;j;.u Lg;;)@s,.)-cums;(f)

aH=bH=Ha=Hb - obabeG o, H<G <75 ()
Ha=Hb=beHa : oi a,beG o5, H<G w5 13} ()
aH=bH < Ha™ =Hb™ : 0 a,be G O HSG wits 13 oy
aH=bH=a’H=b’H : o6 a,be G Oy HSG wis i3y g

- [(@):{a*)]=2 op o(@)=30 o 5 ()

a,beGL(2,R) o, H={aeGL(2,R):deta=i—l}SGL(Z,R) IS B ()
-deta=detb ol aH =bH e

1G1=50 o [K|=25 ; [H|=10 ¢ HK <G s, |G <100 5”13 (3
- X€G S x(HNK) =xHAxK ob HLK<G o 13 (3

-(@H)(bH)=cH ¢~ ceG “>x4babeH o, H<G <1 ()
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A ol AL e a2 pat g H 255 3 050 (5 ) 2 LEN 0l gadl 26 past ¢ sl
PG H zé,d,.\ A AL G i Oyl Ol (g gl pte W n el a3
YA AN e s o Gl aeG S aH=Ha gid ol coplnze crpmdl Jé
i) @y (W il e ol e Skt (3 sk, 0 3051 el e ol o bl
bW AT gl gt S OF a S il ey L Bplas aj r s
230 A g o] wdgle ol (Galois) e gl i Sl g e 0
) Dozl

(Y5
aH=Ha o 3| G .+ (normal subgroup) 2.6 35~ 5 .5 H o) Js .H<G I

.aeG KK

b gelo

- HAG 5 6P G or abl 45 3,05 H 3l 13 (1)

+G i N {e}G 5 GG of pst oo (1)

. HSG S HAG opadugipe; G esls 13 (1)

«Jy heH yaeG JS ah=ha of 9ra ou ¥ aH=Ha of o0 s, ,d4 ()
-ah=ha & h €H »y ah aheaH 05 13 &f zn

B Sl a Usy5 gl U a i A bW A g e s ug of s
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PSS 2 el Ll ob HSG «ils 13

- HaG ()

xh=hx &> h €H 4~y heH S xeG S (o)

+heH Ky xeG I x'hxeH @)

- xeG S x'HxcH (3

- XeG JS x'Hx=H (—»)

. heH JS, xeG JS h™'x'hxeH (y)

Ola Wi

<p My, xhexH=Hx of 44 heH JN dsae . xH =Hx Gfu'pJJu."(u) < ¢
- xh=hx ¢ hyeH

“yleap xh=hx ¢~ h;eH 4~y heH Sy xeG SNk @) < (o)
x"'hx=h,eH ob 11U, . x Th=hx" _opadl

Rt RIORH (!

S XHX' S H ppadl oy o aps xeG U x'HxcH of « L (=) < (3)
“p . heH J55 xeG U xhx'eH « o3 . (X" = X Jin W3y xeG
‘Hex™Hx 03} . h=x"hxex'Hx «ofgl. xhx™ =h, ¢~ h,eH o g
“p Wy, x'hxeH op x'Hx=H of . heH 3XeG of o,ad: () & (o
. h'x"'hx=h"'h, eH OPpaey. x'hx=h ¢ h eH uryy

“—> heHi >, heH Ky xeG JN h'x'hxeH of « : M < )
-heH Ky xeG JS hx= xhh; of 6f h™'x~'hx = h, of

« of 4l . a=xhh, e xH b3y, heH & a=hx ¢ 03l . aeHx of oW o6
«l. heH Ky xeG K h'(x")'hx eH Lt ¢ 6 22U ey . Hx o xH
aexH of oW p,5 . xh=hh,x « of . h,eH ¢ h™'(x™")'hx" =h,
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€ xH=Hx «op Jdby xHc Hx op 14, .a=xh=hh,xeHx : duwe

(¥, ¥¢) Jie

op H=((l 2))<S, w13y

wd Heosl (1 3)eH={(1 3),(1 2 3)}#Ho(l 3)={0 3),a 3 2)}
O'S, o abts

(Y,¥0) Ju
0€S; N ooK=Koo of (r,r+) JUli 3 Uam y s K=(1 2 3))<S, s 13
O K «s, op iy,

(¥, ¥ Ju

.SL(n,R) <GL(n,R)

g

of 0¥ 2,4 . SL(n, R) = {AeSL(n,R):detA = 1} <GL(n,R) of L~y
tdue . AeSL(n,R) ofy Be GL(n,R)

xIxdetB=1

det(B™'AB) = det(B™")(det A)(det B) = 1
detB
L SL(n,R) «GL(n,R) 0 4, . B'ABeSL(n,R) « o3

(Y, VA) &2 pe
- HaG op [G:H]=2 0¥y HLG ils" 13}
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RIPSA]

G o omdly e Ll Dot 0 G854 W (HHXY 5 (HLxH) of s i
¢ 0B Juuy . xeG S xH=G-H=Hx op iy .G=HUxH=HUHx « 03|
® H«G

(Y,¥V) Jus

O n22 S A <8, 0B [S,:A 1=2 of

(Y, YA Jue

.G 5,05 IS Z(G)< G

g

w03 . heZ(G) oy xeG oV il . ((Y,14) JWI sly Z(G)<G of Gl Ly o3
O 2(G)<G o Juy . xhx™ =he Z(G) o6 14, . xh=hx

(Y,V)
i yatl 4o (normalizer of Hin G) G @ H ok 0b HSG <ol 13

. N(H)={xeG:x"'Hx =H}

Al Bt aflaz ) 2l Uy 5

(Y, 09) 42y

10 HLSG wils 13y

H<aN(H) (+) NH)<G ()

K N(H) 96 HIK<G iS5 () N(H)=G o 15} by 1) HaG ()
bl H 0,S5es G JU}»S,-J'MQA N(H) of
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, Ola gt

cdoe . x,y e N(H) of oW s, . (ee N(H) 0% N(H)#¢ of Y5 b~y ¢l
- Xy €N(H) « 03} . xy"H=xHy™ = Hxy™"« o} 1, . yH=Hy , xH=Hx
- NH)SG 06 ¢ oy

- HaN(H) 0B 1, . xeNH) J xH=Hx of mil gl 0 ()

«O%. xeN(H) o 13y. xeG JU xH=Hx « It . HaG of Y51 p,id (1)
.G=N(H) ob Jty. G N(H)

-HaG ob N(H)=G ofy HaNH) ol ... NH)=G of jo,i « LKl 0la 4,
+heH O khk™ eH op HaK of k. keK Sy HAK <G of Loid (3
055 &y . ke N(H) ¢ 03 . KHk™ =H of ag (7,1 V) 2 U plase s

€ K cNH)

bl G gl S e H a0 6 0 OS5 L @3 al Lol W1 2a i Us y 5
(Y,Y¢) doa yue

e e o H S B L Hl=m e HSG Sy agzeipe G S
-H<4G obm as i oly G

Ol i

bl Ol 1G>G gkl ol (A Il 3Ly a . xeG of o
.|H|=’x"Hx,=m SNy o(H)=x"Hx<G (03} . JU geG JS o(g)=x"gx
® HaG of gz Juby . H=x"Hx of 18 H sl plisl

(F, ¥4 Jue
bl plisznly s 2 250 o Q oy sk Ml 45 iof s H={e,a’ }<Q, of &
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(Fote) Ju
S e 2 H={e,(1 2)o(3 4),(1 3)o(2 4),(1 4)o(2 3)}<A, o\
L HaA, of ad (r,v.) 2l sl 6 4 355 ol A, oo 5 )

(Y, V) Jue

- Kerp <G, 0p S 0:G, > G, 05 13

J+

<03 . heKerg 5 xeG, of oW o4 . (¥, Y) 2 ull A Kerg <G, of 1y il
o(x"'hx) = p(x " e(h)p(x) = p(x e, p(x) = p(x'x) = o(e,)=¢,

O Kerp<G, o1y . x"'hx € Kerg o au

JSL:...JJ»,A W K<aG ol 13) o (of . wc.w(r £1) Jul e of Gy opa e
. Kerg=K 0, et ¢:G o> H

o HiK,G o) ad of oSl o ol L tae o 2aboldh a3be of U cnat JU Jueky
L - ; -G gadb e H Sy HaK <G

o o : : (F,£Y) Ju
oY ¢ HaK 4G o H= {ea3b}JK {e,a’,ab,a’b} ils’y G=D, <iis 13
[}H ={a,b} = Ha={a,a’} : oY G 3 bl H S, [G:K]=[K:H]=2
O G s A o o 3 e il {H, i € Thaits” 13) «f (7,11 @all 3 by o

i€l O H, <G < (H, 4G of ¥ g . (JH, <G

i€l i€l
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Ola i

b= H; <G of Lsy. iel 4 heH, « isws. he[)H, 5 xeG of s
iel
€ (H <G op J&,. x'hxe[|H; «o3). iel S x'hxeH,

iel iel

=SS LYy G b2 iy HLKSG tom HK ooyl Jole g fuadll 3 1 o
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.HK <G o K<aG ¢ HK<G 05 51 ()
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AU Al e 58l Juad (YY) Rl (Y, ) el e

Y, YY) dn
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- X€KN(HL) of 4o ¢ =Y sl Wi ol . HEKNL) cKA(HL) of mil i s
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cadl i G ool el iz S H,nH, ={e} ,
J
-yeH; yxeH; tm i,jel wry b G=UHi ol k. x,yeG ol p»

iel
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A i)
() o f
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- keH; of puasy -keg'KgcgHg o Wy . geG

; 0 -
o i,y | K<GL(22,Q) S L K={[; aJ:aeQ} ol P A ()

K<G oly K<H of
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Ddike | x=[§ bJeHG of OV o 4 . KcH, 058N (=) & jaall

I e

A K=HG OL.;QL:SLU xekK OL.;M). a=>b OI‘L_gl‘,

(Fs¥) o
"H<aA, Js H={e, 2)°o(3 4} w5 (v
- H=8, Ol‘c..;UZc,:)fa.-;gl;gj:i H <5y Has, <813 (¥)
K=fel 206 9,0 302 4,0 4.0 3 } <, of it vy
P OLR) o WU 1 ol st o of s g (£)

R R A o

L<H ofy H4G of et (0

G=HuUK SGL(2,R) of <Jf (i)
$LaG Ja(o)

'K<G )
HNK <G Jo. HAK <H of o2 K<G ,H<G <SS 13) (o)

- 9(H) 29(G)) of <6 Ha G, wits, Ss1es ¢:G, > G, ot 13 ()

0T (H) <G, of b Ha G, cits, st ¢:G, > G, o5 I3 (v)
c&abU G e 15 s,)yoithucsfjn
-HaG ol b x yeG-H I

R A 5 S IS 18] (A
XxyeH 32 G e ide 45 5o o5 H cots 1) ay
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JN xH=aH J xeH 05 15}, aeG-H Sy G o 2l a5 i HSI (0
- H<aG of b xeG
of eeif. baeH op abeH 0 5}« a,be G JN el pady  HSG S0y
\ - H<G
J<3 xeG JU xH=hxH o5 13 Liy 3l HAG of <36 H<G s 13 (1Y)
.heH
- HE Z(G) of b [H|=2 05y HaG «as i3 (v 1y
LOT) o o 1 L] 2 s, 2abl A 3,05 e 658 Y S, o el (1 1y
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A e et HH T} oSy m s, 8 505 e g5 5,05 G of s i (11
.ﬂhi<G sl . mag ) ol G . ag;h
i€l

JyheH S hk=kh of b HNK={e} ¢ K9G ) HaG 0 i} (\v)
| , . kekK
AN 6 B e 2o gat (aH)(BH) 0555 a,be G JSU of o jidy . HSG oS3 (1)
-H<G ol GaHy
- [HK:H]=[K:HNK] ol <36 K<G 015y HaG o 1) (19)
ebl oL s 13 (subdirectly irreducible) L‘,-’- J WA 12 Gield o) Jyi (Y 4)

e J O e .u_é\ﬂ.*su‘;)u\Jwau'wuuswm,;u)s
L JIW Al e T s L,J,.Ji,,.wd,uﬁ; Q; <D, D,
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a”beH o5 13} Lty 13 aB,b : gUKGulsu,u 0y Wy HaG of oW o4
pol et abeGJiJ
[e]=H (v) G e sl B2 0, ()
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- bl gy asle i) S e ol o (Y1
-H«G op i H cisy H< G <S8 13
NH)=G 0p iy G a5y H<G s 13} (=)
- H<K o H« G <5y HSK <G U N

- ab™ e [e] 0 13} Luiiy 13} 20 (<)

P Aebl A b ea G ) 585,05 4 5 (2

HEKNL)9G 0b G o aubbiisjm i L K « H o 05 351 ()
- [G:H]=2 N L CRWEVE J0S SR IR AT i SJ.«)'Hc.slfB‘l(C)

O <G, B HaG, i, 3w ¢:G, >, S5 13y ()

-heH J5) xeG JU xhx e H op HaG s i) (5

+ 2 5 Bl A 5,5 e (gl Ay ()

A2, 8y ity bl 25 55 5 ()

A AN O a (v g
) : Direct Product of Groups
TN ) ) QL o 4 3 L, i 145 G1,Gyyes G, il 13
T2 G e Al gt L o ir) G=G, XG, x..xG,
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— U (external direct producty - L 1 =iy a5 G s as (S

.G,,G,,..,G,
e N eda s wilitia g
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el s Sl L5 el

RATIE I

FNo@)=r & a=(a,,a,,..,3,)eG 0, G=G,xG, x..xG <5 13|
- o(a) =lem(x,1,,...,r,)) OB 1<i<n

Ol it

0 e B0 e s,

of o i o(a,)=1r, < o(a) =1, ¢ a=(aa,) ofy n=2 o g’)‘ P —ad
s .1 ~—%& m=o0(a) ol ly.a"=(aj,a})=(e,e,) bt .r=lem(r,r,)
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-o(a)=lem(r,r,) of ¢l .m=r w03 . M ey T O ay . M gy

cO . a=(a,85,.58,,,8,)€G Kty =1 de B 5,001 Of OV PP AD
POl g ol iV 4 b plaszal @..a,,)eG,x..xG,, ya,eG,

P op My ofa,a,,...,2, ) =lem(r, 1,,...,T,_,)

L B [T PP IR IRTH Jduby .o(a)= lem(lem(x,,...,r,_),r,) = lem(x,, 1,,...,1,)

(Y, €¥) Jie
(BLILIO) € Zy x Ty xZ,, e 37,
B
- %0 . 12 L
cO([4])—gc 4060, 4)-15 o([8]) ) 3: of Ly
O o((81,[41,(10]) = lem(3,15,12) = 60 « 03} . o([10]) =—22— —12

gcd(24,10)




\“q EPOWA | le’. }AJJ C)%L&Jj\

(Y, € €) Jie

.3 Lg.;.a‘_}fx.;)@! ZyxZ, LS mad Ao

J+
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- a=([6L[0]) s a=([3],[0]) i oin 3. o(2,)=3,0(a,) =1 (+)
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Ola Wi
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n/dY _ n __n m/dY) __ m __m
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sl plap2""’pk S U)Q‘ 4'1"‘)'; ‘5)3 Al n sl L}’u » nzp?lpgz"‘p:k o’ 3]
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1 2 k

(v ,¢0) Jus
DOl ad Latlsy (7, YY) el el
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AT e o g seie J) OV Jas
(A Ay
dabll 25541 .30 (internal direct product) G SV G al e e G o)
“— 1Si<n ca,€H; vy o u>p aeG Ko 13 G H H,,..H,

.a=aa,..a,
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Dk b gad
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J1<i<n JH,AHH,..H_H,,..H,)
Ola
G o HpHp o Hy bW st ol sty sle Lo ;g @ G ol Yl ol
c2=238,..a, S i=lon K a, eH; doy ety 03, 2eG ol Lol
it aeH;N(HH,..H_H,..H,) of oV s, .G=HH,..H, 0B au,
POB Iy L £ a;€eH; ¢ a=2a,..a,a,,..3, sy acH,
ca=e Of uf alis i pliscaly -a=ee..a..e=aa,..a_ea,,..a,
My i#j JH NH, ={e} « diae . Olize () 3 () o2 of o S Ol
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Dol Lo e 0V . Xy =yx of f «(H; <G
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b'a, =a;'b,...a\b,_a7lb,,,...a7'b, e H,N"(HH,..H_H,,..H )={e}
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O ey . |AUK(Z )| =40 J peAu(Z,) o

o =5 i, of 5 of e o 0Ny AW(Z,,)=Z,%xZ, o Aut(Z,)=Z,
O AuwZ,,)=Z,xZ, = Up 0B JWly .2 o (wisi s AU(Z,,) qols
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TURZS W ERE PO REE AT
(Y, L
-neZ' Y Au(Z,)=U,
. - Ol 0
F PEAUNZ,) JS () = @([1]) saslidly 3 Akt e » AUZ, ) > U, S
S omD =[0] « o3} . mo([1])=([m) of Y by : b o L5 5 an £
0)—1' Ay o([1De U, of &l . o(@([i)) =n op 14, . m M n OIS 13} dadiy
; T %5 G e f
: f(<p°w)=(<P°\u)([1])=<p(w([1])) CON. @ yeAut(Z,)of ol s f
‘ W y([1) =[k]of a4
f(@oy) = ((k]) = ko([1]) = k[1Je(1]) = [kle([1]) = o(1D{k]
=Dy (1] = £ (¢) £ (p) .
cJsTls fos)
OB [K]eZ, 5 9, yeAut(Z,) ol 13} : ol £
£() = f(v) = o([1]) = y([1]) = [k]o([1]) = [kIw([1D) = o([k]) = w([k])
‘ =0=y
PPN PRYY)
Dol ek 02 Z, > Z, S ged (n,t) =103 . [t]e U, of ol : juis £
OLS 13 . pe Aut(Z,) of Vi o m]eZ, J—3 o(Im])=[mt] suctity,
L ob [1], [s] €Z,
[r]=[s]=>r-s=nq,qeZ =>rt—st= nqt = [rt] = [st] = o([rD =o([s])
N LM:-Lmju Bae QOB I,
o([tD =o([s]) =[rt]=[st]=> n |@t-st)
= nl(r-sit= n|(r—s) = [r] =[s]
c ol @03 . ged(t,n)=10Y &lis,
My. xy € Zio tx+ny=10 ged(n,t)=1 ol. [rleZ, of oW o
s @Ol iy L o ([xr]) =[xrt] =[r] « 03) [r]=[txr] of & .r=txr +nyr o
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o3l @) =01 =[t] ¢ iml. peAut(Z,)o5 JW, 5Lz @ of et
® Aut(Z,)= U, of 4 jald, . Jutt f

(solved Exercises ) d4 o)l (Y, V1)

V) e f

a=e oS B b gy p(a)=a e QeAut(G) Sy iy i,0) G I
.aeG S

. g=a70 (@0, tt aeGury geG Y ul il (1)

L G ool e (p2=IO\§\.'>1(;_;)

>

H={a]'0(a,), 3;0(a,), ..., a,0(a,)} 9'sG ={a, ,a, ,...,a,}ol ol )
ol Y L aide H ot por OF OV a i . HS G ¢ e

Of kg . a7 'o(a;) =a]'0(a;) < o(a;a;) = a3} ©>aa) =ea, - a

C—- a€Gygl. geHob geGols i3 « JW,. H=G oy H|=|G|
| . g=a"¢(a)
a€Gamy (f) it phsat . geG IS og)=g™of Yy e ()
e g=a"'0p(a) e

Ob— JLdy . g =1(g) =" (a”'0(a)) = p(p(a™ )¢’ (a)) = p(p(a™) a) = (g™
¢ e .a,beGol oV b il . o(g)=g™

A ab=ba o Ju, .(al;)“ = @(ab) = p(a)p(b) =a"'b™' = (ba)™

(YY) ok

o (H) c H 05" 13} (fully invariant) WG 5 wa 255 5,05 H 0l J56 . H < G 59
¢ (H) c H oW 13)( characteristic ) ;¢ H o i . 0:G > Ggb sl S
. peAut(G) S

- 9 eAut(G)JN o (H) =H oW 13 iy 13) 3¢ H of <3 (1)
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a5t H of e L 6y H cits 13y ¢ 0 )

U 85l e Sy 58 Z(G) of el ()

e b Sl Of S Ve dae HaGol cllise H eas i3 (5)

, Ja

of sy, peAut(G) I o) <H ¢ dtus . it HSG of ol (1)
Sy . H= oo™ (H) < o(H) o ke . ¢ (H) SH 015 0™ < Aut(G)
Py s S o UL @ (H) =H op

H ofy g Jsuws ¢ of .. PecAut(G)ol o, . L sy H o o i (0)
ot Hob Wy . @ (H) SH O J) Lalé W WU & ey

ey X€Z(G) ¢ b . @(x) € (Z(G)) Sy . @ eAut(G)of PA ()
ol st . eX)p(a) = p(a)e(x) o\— s M Jy. 2aeG J—S xa=axol—
Z@G) S ¢t . (Z(G)) € Z(G) 0 JLBty . ( Jles 9OV ) ¢(x) € Z(G)
c:l_fw.G=szS3),_:;f L opxi—aY )yl cod Z(G) OF LYy . 550
Poaeldly G Al Gkl 9:G o> G S Z(G)=(([1],.e))

e . 0e8, I ¢ ([0],0) = ([0],e),0([1],0) = ([0],(12))
- 9(Z(G))ZZ(G) Sy . gh S g of

- @ €AU(G) e due . geGol yo,—idy it HSGOl o,id (5
st Sl o SLY; H G 0 iy . gHg™  Hol o . g, () < Hop
- 0:G> G S HAG ol milyll oo . H={e,a}y G=V el (e
0)=2a 5 0(b)=ccp(a)=bep(e)=e :Jul pudl o Ol

A oH)={e,b} g H Sy ¢ € Aut (G ) of il i e

(£,V) ¥
- blae Z(G) ol 13} iy 3] @, =@, of b a,beG o BLCY )
- 0(a) & 0(@,) 0f =36 @, € Inn(Gy o™ 131 ( ¥ )
. Inn(D,)=Inn(Q,) of <l (¥ )
- Au(Z,xZ,) =S, 0l < (1)
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- Aut(8,) =S, 0l <l (o)

- Inn(T)=S, of < (1)

§ e S o L Z(AUL (G)) = {e} of il Z(G) ={e} ol 13y ( v)

- G=Z, 0l i G={e}of =l Aut (G)={e} o5 13 (A )

JN0(g) =255 [G:H]=2 ¢or HSGSdygmnie; G oS3 ( 1)
.geG-H

L@p =T0of, ¢, € Aut(H) of =36 ge G-Hows 134 (1)

JN h=eols ) b iy} g, (h)=h of «b o bus |H|oW 13 ()

.heH

cad G ol <3t (7))

(ot s Sy ) Ll st ¥ LU bt o e g5 of el (11 )

V<A, (<) G e¥ G (1)

.neZl’es G"={g": geG)} <G ()

-neZ’ ¢ G,={geG:g"=¢ } <G (>)

G @it HNKol el G 3t K yH oo JS il 13 (11 )

G @it HKOTeb G ot K g H on JS citS 31 (1Y)

. KaG ol eSbH o Ky HaG <sls ) (1Y)

GimHOMeSLG i Ky K g Heas 13 (V1)

(G HD =1 o G agudi S 0 0 o 2abl 255 35,05 H il 13 (V0 )

G g Ho b

sl Ol Gkl @, 1 (QH) > (@) STy te QST (V1)

ged ([H

Q 5 {0} Q o ssdi A il o gnd ¢ @, € AUKQ) Of 3T . @ (1) =tr

- Lais

B . xeG X3 px =05—as Léﬂ \’J-l—ﬁpgg:b A 5,05 () SS (V)
-Aut(G) = GL(n,Z,, ) of <36 |G|=p" o1

O 6 G o bl 5 000Y 03 3,05 L <3Sy G = HxK il 5 (1A )
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. G=Hob Aut(G)=Aut(H) it 15 ¢ |y

v - G OB 4,3 5,05 Aut(G) <slS” 13} (o)

- Aut(G) = {e} 0,55 of (Sl o 6 W 12 G ilsy |Gl 2 2 il 13 (o)
- Aut(G) # {e} 0b 2 sl ¥ 4z, paie o s 5F Wy 3,05 G Il 1) (&)
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- S5 ixe Hop HaS,oils 3 ()
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SYLOW THEOREMS AND ITS APPLICATIONS

Gle ganall Ao a3l Lali (€, 1)
Groups Acting on Sets

s 38, Sy Al il e T ol s 't U yehe day
ol e o dala Sl ylas Blisas] gy =T o ol plsi 55 Loind ¢ ol )
Mo by el Jany gl Mn iy e gast o 305 26 pygie ppi aidl Lis 3
S s 256 pyehe pliszal (Sl e wf LS Gl Slia e O £, 7 )l @ p el
AP e Jo s 3 A0 pat o

(€,))am

Al (e Gapaf Sl O, i, 220,02 A Sy5,05 G S
Yy gras il 3) x : GXA > A guki «l; (action of a group on a set)
Pl gis gl (*(g,a) o

caeA S exa=a (1)

8,8, €GN ae AJN (g8, )ra=g *(g,*a) (<)

A S Gy S ey ¢ S (1) ) Gl g el et e
5 G o Jm LB A depatt e G ool (ol o 6y S0 Wl 057 131, L 2Ll 5 gy
LA e

(£,))dw
Of et (Sas a€ A JSy g€ G S gra=asasliy b e * : GxA—> Aos 1
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c0YA e S5 G
.aeA S exa=a (1)

.aeA J5,¢g,2,eG (gg)*a=a=g,*xa=g *(g,*a) (v)
O su 5t ¢ e e

(£,Y)Jw

Ol % GxA D> AN ALl e oM i) a G IS 13
:OSIAL,l;GSf;UfﬁJ'U aeA S o0eG N o*xa=0(a) suslily
.acA S exa=e(a)=a ()

(°1°°z)*a=(°1°02)(a)=01 (0,(a))=0,*(0,(a))=0, *(o,*a) (¥)
O aeAdSyo0,,0,eGA

(€,Y)Jw

ey, O, Al * TR'XV VoL R e ol_gmzecbia 5V 0L_S 13)
:o@Vu,&\ub(R',.)S,a;UT,;'U veV I reR SSr*v=rv
.veV IS 1xv=1v=v ()
(rs)*v=(rs)v=r(sv)=r(s*v)=r1r*(s*v) (v)
O vevysyrseR K

(€,8)dw
S g *g, = g8, el Ol % 1 GXG o> G of el i e i 5,05 G elS 13
O Gyttt Je Gi,8 50 gg,€G

(€,0) Ju

h*g=hgsiel i Gl * : HxG o G 0l miol i 0 65 H < G cilS™ 13
il
O Guyodt JeHi o146 geG Sy heH
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(€, ) Jue

Gl x:GxA> A A={aH : a € G}olsy HSG o5 1)
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(8:8,)*aH = (g,8,2)H = g,(g,2)H =g, (g, * aH) =g, *(g, *aH) ()

O aHe A )55 g8, € G S

b pule
M e e I (8 ) Al (8, 8) 1 g gL s
-(action by left multiplication)

(§€,V)dw
J—SS h*g=hgh™su el 3, i *: HxG > G o3 H< G e st 13)
0¥ Gt L Hi lishgeG Uy heH
- 8eG N exg=ege” =g (f)
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O geGys, h,h,eH

(€,A)
geG < gxh=ghg™s el B, i ¥ : GxH > Hop HaG ols 13|
O Hispudt o Giojllinh he H s,

(€,9) Jw

el il Dl 1 GxA > A0 A={H : HSG Jesls,y 5,0 G its 1)
At eyl 1:Gi, il S HeA ) 5, geG ) S g+H=gHg"
s oY
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-HeA S exH=eHe' =H (f)

(B&) *H=(ge)H (ge)" =g (aHe )" (o)
= g *g,Hg;' = g, *(g,*H)

O HeAJS)g,g,eG

i e

-(action by conjugation) s 3y U (¢ 4y J) (¢ V) o e 3 Sl e
A Jat 5] gra e Y ga K el 0V

(€5 )dam

U A e 3 e v ciis 1 Adsyastl Jo S5 G ool ol
A e BB ~ 0 a,beA S anberIgeG(ga=b)
e

lSal mOp Iy . amaop aeA S ea;aof Lc.(f;

POV . ga=bi geGury b . a,be A ambol ol (w)
LB mOB ¢ ey bra (0. a=ea=(gg)azg” (ga)=g-'b
8,8, €Guary c—b-L& a,b,ce At brcoly ézbofu'o,i.d-(c)
rameod iy . (g,8)a=g,(ga)=g,b=c « 03] . g,b=c, ga=bew
® iSS o ~ Of gty Bpdaze OB JUIL

(£,Y) cuw

AW 2y e S5 Gl S

- A = G (orbits ) iyl ((£,1) 1adl 3 2l R BT J yab s (1)
P aeAgst gl BS Juas of bamy

-[a]={beA:3g eG(ga= b)}={ga:g € G}

RO SV P U (Y aLJlsl(transitive)LJ—wAg;GJy‘U 058 (<)
-ga=boSN i geGurya,b e A S of
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€,V ) Jke
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130 daab 13 Lo O3S i of Lay | A pols 2 A L G ol jue 0
O |Al=105

| (€, ) Ju
O Gmse (£, ¥ ) JUll 3 ol A= {1,2,..,n} Je G b ob G=8, cis 1y

1B oo
};‘L_':'d)——ig diggJ)}.a_ﬂu_nw_prLJ&:ﬂAéﬁG};‘UUKJ HSG&:&K‘}!
DU Sl oy b iay ¢ G A e H

(€,VY) Ju
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ceHatﬂuﬁ.wrbv.u_wu.,sAL;;H,,uwpw,.{3,4},{1,2}@
O o(2)=3 ¢

; (¢ W)JL.«
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Ola i
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Ak yan
«03.(ghM)a=g(h'a) = ga=aol 4 ___uy.ga=ha=a.i___sus

® G, <GosJu,.gh” €G,

(E€,Y)cam

A1 33 1 50 o ( stabilizer of a )a s (£, ¥ ) &l 3 G, 50 gos

: JUS A Je G G (kernel ) 5y x5 LS. (isotropic group )
.G,={geG : ga=a Vae A}=[)G,

aeA

. G, ={e} =3\ 13| (faithful action ) Ll 156 A e G b 0) J 8

(€,1€) Jt

(8N ) @omtadd JUD , s Ad et LG, s o1y
13 W) Ll eI 501 10n 0 ¢ ey G, =G 0B 1y . ac A JS G, =Gop
O G={e}its

(£,%0) Ju

0B A S p A Je G S oy A= {H: H < Gleilsyi,e G ails 1)
Vb Gyl Y. Gy ={geG:gHg" =H | HeA i 5,0
O (G 3 H ke )N(H)

cfa] M ete sae u s G 3 G, s o BaS 0 BV L s AU a

(€,Y)drn

acA S [G:G,]=|a)lop A 2oyt L G i ol w113

Ol i

G, a5 60l ol 3,120 e adl s 22 o L={xG, :x € G }of o4
el all £:L —>[a)oekdl Oady.a e 2 [a] = {ga:geG} SIy.Gg
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P Oo¥ . xG, eL U f(xG,) =xa
XG, =yG, &y~ xeG oy'(xa) —acxa= ya<:>f(xG) f(yG,)
Iy J,Lufu\udlcb,,\,nu_,} l_;)\:-|)l..~_;-l_mj~bﬂfcu:\
¢ 03 . f(xGa)—xa—bu,g_ngJ).xasz___’ XeG >, bela)

® |l =[G:G,] =[[a]

(€,¢)dna

N A s oM £ cpes 2 BC Ay A depdt Je Gipfl i is)
A=Y [G:G,]

beB
Ol Wi

(¢ T')‘l__..bj\l‘r\bu_.ﬂbj A= JIb]of o (£, V) il e,

beB

® Al =3 bl = X [G:6,] oy

beB beB
.&;uywu,.sol;s,ﬂ,;&r,womrm
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roB(gra=ga ¢l Jldl e 0allh A B gt e Gie o 13y

s g(a)=gasleldy Ol T, 1A 5 A Gkt 05, geG (1)

-85 €GN 1, =1, 01, (o)
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C Ot

oY . ga=gb« e a,be A 1 (a)=1,(b)ol o, (T
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Tglg2 = 1:81 ° ng UP L'UJ

’ J{L:J W tdél * W(gng)ztglgz =TE| °Tg2 =\V(g])°\'/(gl) (C)

b e
A e 0 i A a6, ey il g VI e (1)
- ( permutation representation associated with the action )
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Ol i
J_is g*(aH)=(ga)H ol f . S e G A e 5 G ol S Yl oy
L_’,»wG—>SAJ§L..__,.x>,(z 0 ) &apdl plasuzal ¢ 03 . aHe A, geG
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4 Kery ¢ H « 03
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( Solved Exercises ) A p (£, sV )

() oA

|G ol Yo s ash 2 p [G:H]=p . H<G 3y 245,05 G S9
- HaG ol

J+
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e dae S ol clb o(1)=ic 6ES, dxpy 1<i<n K o 13 (v
-{1,2,3,..,n}
A{1,2,3,4 ) et Vi g 357505 of <3t ()
A{1,2,3,4} v Hol b H=(¢(1 2 3 4))<S, <st5 13 (o)
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m({0L,[1]) = ([01,[0]) « n([1],[0]) = ([0],[0])

O G=2,xz, « o3 . (11,001 + ([0 [1]) = ([0, [1]) + ([11,[0]) 3




Sl e L)

(8,V) Ji
; v 0 1 0 1
ol e B= ) A= e G=(A,B)SGL(2,R) SHUgH|
1 0 -1 0
. G=D,
J

-1 0 , -1 0] , 1 0} |
.BA=A3B=[0 J oUBZ=[O 1] ouA“:{O 1] of Ly

of Ly . N=(A) of s .G=(A,B|A*=L,B’ =LBA=A’B) « 03|

«&lis". BAB"=A"eN 0 BA=A’B=A"B of, A’ =A""

DOBM, . N<G 03 .AAA" ' =AeN
G/N=(AB|A*=LB=LBA=A’B,A=I)=(B|B’ =[)=Z,

oly D, =(a,b|a* =e,b’ =¢,ba =a’b) ., I, .|G|<8 oL IN|<4 of _x,

O G=D, vy. D,|=8

v gt

OF v 0f oz 5 Y WTY) ¢ (0, v) Jbi 3 A* =T o, N=(A) of oot Jo

AP =T of Jo Jamd A* =T B3l oo (5 0 BBl putsns of i e &Y [N|=4

Pl oy JW Wy L A=T e oy

(0,A) Ji
10 G=(a,b|a" =¢,a? =b%,ab=b"a) cits 13
Ok 4 .a’aa’=a 0L b’ =a’ of Lcy.ab=b"a=>bab=a = blab’ =g

O a*=e¢

(®,%)
<Al b iy W D, =(a,bla’ = b7 =e) 6.0 s




A A Yy
(O,A) &np
neZ ¢~ G=D, ol § G=D,0b o(a)=0(b)=2 ¢ G=(a,b) sl513)
O i
D oL oW L .G =(a,b) of o4l
Mol D, e S Git g 2gze 58 5,05 G Wk oda 3. 0(ab) =00 (V)
3 H={e} ol o0V o . HaD, cor Gz=D_/H of 44 ¢ (0,1) wapli
¢ (ba)” ¢ (ab)" Kl Je D, ot of k. heH ofy H={e} of jaitdl o3
-h=(ab)"a of ff h=(ab)" of o6 of 4« (ba)"b 4 (ab)"a
iy . (abH)™ =(abH)"" o 1y . H=(ab)" H=(abH)" o h=(ab)" o5 13
¢ OB ey .(ab)~1H=b'1a"'H=baH o o(a)=o(b)=2 of
(aH)(abH) = (abH) ™' (aH) « 03| . aHabHaH = a’baH = baH = (abH) "
of u£ Wk x=abH y y=aH aop)
y'=e « x" =e & G=D_/H=(aH,bH) = (aH,abH) = (x,y)
15} ¢ Jolly . Jeoios Viay gz G 0B WSy D wbde Gid G Ol ¢l .yx=xTly
106 Wy . H=(ab)" aH =(ab)" HaH of 44 5§ h=(ab)"a 05"

(abH)" =(ab)" H=(aH)" =a”H=aH
.(abH)™" =(aH)’ =a’H=H .S, . G =(aH,bH) = (aH,abH) < (abH) « 03|
ol gl h=e of J i oda 3 Lald W Sy . L.A,\J.,‘N ey ¢ dgze G 03
. G=D, 0b sy . H={e}
.o(ab)=n<ow (Y)
:ob (ab) a=b"aTa=b"=b=a’b=a(ab)« oy G=(a,b)y=(a,ab) of
® G=D, 0ol JUL,.G=(a,ab|a’ =¢,(ab)" =e,(ab)'a = a(ab))




S e eLis)
(Solved Exercises) & g2 - yi& (o, ¥, D)
QT
: 0l edb G=(a,b|a’ =b’ =¢,(ab)" = (ab™'ab)*) its )
(ab)"y <G’ (o) G =(ab,ab™'ab) (1)
S
ofy ab™ =ab 'ab(ab) ' € H « i__tus .H= (ab,ab™aby <G of s,y (1)
' H=G 0b July.a=abb™ eH ofy b=b? =(ab)ab™ e H
of ( 1y szl 4y folud S b MG of ouy M={(@b)")<G of bl (o)
oY1 .[(ab)",ab™ab] =e of, [(ab)",ab]=¢ of .

-[(ab)",ab] = (ab)™ (ab) ! (ab)" (ab) = (ab) """ (ab)™! =¢

-[(ab)",ab™'ab] = [(ab~'ab)* ,ab™'ab] = ¢

A M<G' o6 Julty . (ab)" = (ab™'ab)* = (a'bab) € G' [,
() cnf

xeG S x'=e tr G=(a,b) S

e 05 G Of ST (o) [a,b]e Z(G) of =i (1)
JJ-!

POVLD s a or S ae du [a,b] of s of 4SS [a,b]e Z(G) of &y (1)
a”'[a,bla=a"(a'bab)a

=a(b'a)ba (a2 =a oY)
=a(a"'ba"'b)ba (b'a=(a"'b)® o¥)
=ba"'b'a (b>=b" oY)

= b(baba)a (a7 =(ba)? oY)
=b'aba™ (b’=b" 5 a’=a oY)
=a"'ba"'bba™ (b7'a=(ab)® o¥)
=a'ba”'b ' (b>=b" o%)

=a"'bbabaa™! (a7 = (ba)* oY)




PR Yut
=a"'b'ab (b’ =b" o¥)
=[a, b]
of df yel¥ 1y . [a,b]b = bla,b] of oL &b Jiby [a,bla =afa,b] ob 4l
[a,b] e Z(G)

Ao gams 3l g0 3] 305 ol STy L3l 60 G/Z(G) o [a,ble Z(G) of . (o)
3 GIZ(G) s JS 0B aley g 0,55 0f g neZ? G X" =€ Gidy dgu
A Lgaipe; G ol ) pald Sy 2gz i 5 Z(G)

(8,Y) g
Ly ipH FE G=(a,b|a’ =e,b? =e,ba=a’b) i of <l (1)
‘MEZ" & D, i)t 1D, 5 U G=(a,ba’b? =e,b? =e) of cif (¥)
L 5} JE G=(a,b|abab’ =) of i (v
Ly e pU G=(a,b,c,d,f|ab=c,bc=d,cd=f,df =a,fa=b) of <3t (8)
A6l S o G=(a,b|ab=b’a,ba=a%) of o (®)
Ly xZ, J¥ G=(a,b|a’ =¢,b =¢,a b ab=¢) of =l )
Ay 820 JU G=(a,bla’ =b’ = (ab)? =e) of il (v)
-PSL(2,3) 5 FE (V) o 3 G i of et A

£ s O i O 1
i —_

.G=Q,
(Qp M o6 e Ty alze e W1 5,00 O 23T (1 1
G=(a,bla’ =e,a’ =b*,ab = ba?) H
H=(a,b|a=bab,b =aba) (<)
K=(a,b|ab=c,bc=a,ca=b) ()

. . 0 1 I 1
of w3 B=[2 OJ P Az[l 2:, G G=<A,B)sSL(2,3) <S5 (V Y)

.G=Q,




Yo S e el

b*=e ofy (ab)' = of <l G=(a,b|a’b=b%,a’ =e) i 31T

a=n[(1) g} LSy bl JSL2 4 n:SL(2,7)—>PSL(2,7) O™ 13 (A1)

¢ 56
D, bU¥ G=(a,b) of b b=n[6 6} 3

-G=8, of =l G=(a,b|a’=¢,b* =¢,(ab) =) s 15y (1 )

At Ll dody O ,all (0,7
Complete Direct Products and Sums
Mp ans il a3 o) n ain stad J3LU ol gia (Y, £) Al (3 s 1l

f)‘dwut_syf:u|cﬁ-;|jﬁu‘uﬂ‘f@CA:"()-G-A‘
Sl sl S 0 Lal o TGy S ot o e {G,:iel} ;S

iel

e i es O TG ={f:f: 1> G, £(i)eG, Viel} of .G

iel iel

i

:JW e e TTG,

i€l
el Ol gkl s fgi ]| G, ops f.ee[]G, w5y

iel iel

U R P S G, 5 f(i),g(i)e G, of L.c..fg(i)=f(i)g(i)
fge]G, ou Wy . f(i)g(i) e G,
iel
Wty g={b:iel} 5 f={a;:iel} ou g(i)=b, , f(i)=a, o5 J &f Ly
Z;réleibﬁggﬂﬁu-‘é;o\;x.\.i&;.m@_ﬁﬁ.la,bjlg‘}h\iﬁj.fg:{aibiiiEI} 0,5
iz T
F:15(JG; Gkt 5o w1 ol of o oY i) TIG: of it e

iel iel

J e By TG of L@Tc«a\,ﬂ&-; del S f(i)=e; sustily bl

iel

i) G,




el ks Y1

CAEET

e N s i TG s 0B e e s {G, el wis i3
iel

&' U1 3y . (complete direct sum) Pl 2l adt 5 s (direct product)

o ‘ﬁdi =G xG, %X G, S5 Ll g 26 e I[={1,2,..,n} L0,

i=l

CAd eSS GG, .. 06,

(0,9) &a e

s £e]]G; = m (£)=f(k) : saetilt S0 1, :[[G, > G, ol
; l.ElJ.-L:. S kel

Ol Wi

T (fg):(fg)(k):f(k)g(k)=1rk (), (8) : f,geHGi N

iel

* Ty OfC""‘Js‘a‘)-J{w T ¢ 03

CHOX T
- (canonical projection) .l LUnY! ¢ (0,4) axll (3 padll Jolad sz e

(0,1 1) &y
JIRt % G > Gy 08Ty il e e {Griel} CilSyi, G eils 1)
del W moa=a; gi2 0:G>[]G; 4oy S5 ump s iel

iel

. Ol i
aeG JX afa)(i)=a;(a) sl Ol bl » a:GoJJG, of

s La,beG ol oLl iel ),
- JSl— o o iy La(ab) (i) = o (ab) = o, (a) o, (b) = o (a) (i) o (b) (i)
del IS moa =0y « 03 . (m ca)(a)(i) = m, (o, (a)) = o, (a) NS




Yy Sdydom e el
del JS moP=a; 3iz 2T 5 B:G oG, of 2,6 « ailam i 0l
iel

Dol us T iy o Al el (s

® a=p w03 B(a)(i)=(m <B)(a) =, (a)m ca(a)=a(a)(i)

CRARNEEIY

Sstas ¢;:G; > H; 05y o e e {H,:iel} {Giriel} oo J5 <ol 13y

S @)D = ¢ (F()) el St Gkt g2 0: TG, » [[H, 05, iel
iel iel

D ob fel_[Gi

iel

Pel JSU sl @ ol 15} hasy 13 ool @ () S (b
Pel JSISus @ ol 13 Ly 13 s o ()
<p(HGi)=H(p.-(G.-) —) Kerg = [Kerg, ()
iel iel iel
Ol i
cdixe . ghe[G, of pas (1)
iel

o(fg)(®) = ¢, ((fR)D) = 9, (FDe@)) = ,(F (D) (2()) = o(F)(D)p(2)(H)

= (p(H)o(g))(@)
JSU @ 0l Juuy . o(fg) = p(f)p(g) « 03 .iel J
of o i« WSl oy . iel SN @i @ 0B o\l @ o1 13y uicﬂ;\y&,(g)
col sl p(g)=e <03} .geKerp of i, .iel SN o g,
del JS gl)=e; ob ol @ of Ly iel IS o()(d) = ¢, (g(i)) = e(i) =e,
ca-l @ 0B JWLy g =e 03

oiub,_s‘wid\oup,.ielﬂ‘)»w ¢, OB Lz @ O\f‘ilﬁfc@‘)‘w(z) |

¢ ol Lsy.iel J— h(i)eH, 3. he[[H of oadyiel JS s g,

S5 9(@)(0) = 9;(8() = (1) « 031 . ¢, (@A) =£(i) e g(i) € G, 1>y 6 ol
e @ OB E ey p(g) =T of &l iel




PEERS YTA

feKerp = o(f) =e & o(f)(i) =e(i)Viel & e, (@) =eViel (5)
< f(i)eKerpViel o feHKer(p,.

iel

.Kergp = l_IKer(pi ¢ O3

iel

of 4 (g ) 82 gl o b Jols 515 9,:G; > 9,(G;) of b ()

2 (p(HGj H‘P.(G) cO3 . s S g HG —>H¢.(G)
iel iel iel i€l
O,V Y) e
oy [TH; ] TGy 08 awbtdh 41 a iy ot 0 e {H 4G;tiel} wis )

iel i€l
.HGi MIH: =], /H )
iel iel iel
O i

sy ¢ dtwe Liel JQ@M\&L.J‘J?L..J\)A @, :G, ->G/H of o i
sadelally O3 Al (P-HGi_’H(Gi/H;) Gekadll Of ud ¢ (0,1 1) aua i

iel i€l
. Kerg =] [Kerg, =] H; of J»L« JS <P(f (1) = (f (1))

iel iel
R 2 HG,./HHFH(Gi/Hi) of ud Jlasld 43 2 400 (u,..:.,.p,coal

iel iel iel

(8,8)
a:G—>H g—kdl o) J45 Wh a,beG 08yi,) H 3 G o0 JS s} (1)
cafa)#a(b) O B b ya e (separate) jai

W ;1G>G Sy o e Wl {Grie]} ilSyin G ol Bl (w)
sbdazb ya,beG JK O B olall frois Glinkdl Wil o) J 455 WY ol a b

oy (a)# o (b) o oy Ay




sdudor e gLl

(O,VY) &2y
DA YW ol bt 0B oIS L) e alite 0,:G>G, w5
Ao Jaii {aiel} ()
.L_SA\J-TG.ZG—-)HG]- k) Sl (o)
iel

.ﬂKerai={e} ()

i€l
Ol i
(@) #a;(b) i€l uxp 03 .ab t a,be G of oLl i(w e ()
@bl o 0B JWy . afa) = ab) of ¢l . aa)(i) = a(b)(i) op 1,
del JS ;@) =¢ =o(e) <03 .ae(|Kera, of po,—id: (7 )&= (o)

iel

.ﬂKeroci ={e} 03 .a=¢€ ob bl o ol ey . a(a) =ale) « o alsy

iel
ob s hJy.ab #e e .azb ¢ a,beG of il () (z)

(@b ze; 03 .ab g Kera, e i€l doy 0B alsy . ab”! e[\ Kero,
iel

® Ll Jas {a;:iel} op JuLy o (a)# a;(b) op wy

5o A S ) R Se ol AU ekl 6 e a5 2T e 0Y) pus
C AW O A
(8) ) Aaw
«l; (support of f) £ 3 U .fel_-[Gi Sy oM e e {Grie]} SI

iel

-S(H)={iel:f(@)=e} i st

(0, V) oy

G; 5 (direct sum) (2L U wadt 5,05 B0 . ot e e {G; i [} cots 1y

2.6, ={f€HGi “—P“Lf—ws(f)} (AW i e

iel iel




PSR Yv.

(0,1 ¢) Ly
2.6 TG, o o o ate {G,:iel} wis iy

iel iel
Ol
Ob= Uy - A ispas S(g) 5 S(F) o J5 03 .£,8€ 3G, of 4o

iel
of e of i, g €Y. G; of oY 6 11y . Layf agz is 502 S(f)US(g)
iel
f(i)=g(i)=¢ ¢ b 1eS(f)us(g) of vs) s -S(fg™) = S(f)us(g)
Op 1y . 1eS(fg™) o3 . (g )(i) =f (i) (i) =eie] = e, : 0B ey
26 <TG, wb¢ oy -SE™ = S(£)US(g)
iel iel
e igS(f) of oy . ge ]G, oy fe) G, of p,i ¢ 2ablll 0y,
iel iel ’

ob ey (78 (i) =™ (D (e (i) =& (i) =e, ob . £(1) =e,

® > G <q[]G; o Ju, .S(g"lfg)gS(f) op Wy .ieS(g'fg)

iel iel )
O geda
el S Ol W5,y e 58 sled DGy A ki 55 e gl (1)

iel
(weak direct product) _iaall 2Ll o A 5,45 ¢ (restricted direct product)
. (incomplete direct sum) el pe sl g8 ¢
Ay Oglie 3G 5 [TG; w06 gz 2 gar T il 13y f Ll B (1

iel iel
e b T il 13 Jakb Cadkos Y
Uor 2 Gy o 33 taall O Laslisd 091 o o L5 a0f G, e ilS” 13 (7

.CQJ:-‘

©,\VY)
2 MG > D G Gkl 0 5 kel Sy ol e dite {Giriel} S

iel




YV Sdydor o elias)

P saelall U a0 0”13} (canonical injection) el o) Y ke

aeG, S, (a)(i) = { , k;

(9,10) &y
tob kel 0y ol oo Aile {G; i€} <t 13)
M(G) <G (=) @i g A, (1

iel

Ol i
A (ab)=h 5 A, (b)=g s A (a)=f of p—idy.a,beG, of o—ad (1)
P el JSU e

, k=i

()0)=£(el)- {2 "}

=h(i)

g dy of sty (ab) =2, ()4, (b) 0B 1, . fg=h « 03

Oy a)() =

k=i |, )
ki (@)= (B) o W e il
(g3l Ay ob JWby.a=b 0B xk(b)(l)z{b s ll::l
ei > 1

O LW S S sy e Ol (w)

. , (O,Y1) &a
Oy S(f)={i,siysniy} com FED G, Oy u o iltls {G,:iel} s 1y

tel
f= (al)ki2 (az)...lin (a,) 0¥ 1<j<n g f‘(ij)=aj
Ol i
I<j<n JSUizi; op igS(f) o8 iy .g=2, (@), (a,)-4, (a,) of o a8
¢ 03 . Laf fi)=e obieS(f) of u,. g(i)=¢; of i .2, (@)(0) =¢; 0B «y




B RPN YVY

“s @y 1SjSn co i=i; 0 ieS(F) o s U LieS(F) U £(i) =g (i)
codt#j S A (@ )i) =6, o —K, Ay, (@)@ = (i) o,— S Ju
® f=g op Jul, g =ee,..f(0)...e, =f(i,) = £(i)

S £= Y F(i) elas 091 (r e Lsls il G, s fed) G, o8y

i€l iel

- Age dogest S(F) 0Y e p i of 1Y L f(i) €G,

ALY el 0,0 vy aiapli Ay, U am L

(0,VY) 42 e

9,:G; > G 0Ly Ayl Lol 0 altle {G,.:ieI} Sy Ay 5,05 G calST 13
Kel S 9ody =9, or 013G, > G oy JSLit sy b i€ JSI Sy
" Ola i

9= 0,EM) sl Ui g of oty =YX G, of o

ae . f,ge Y G, of yoi S5l @ of oLy

iel

of +8) = Y o (E +2)0) = Yo, (F) + (i)

iel i€l
=2 (@ (@) +o,2)) = 20,(E@)+ 2.9:&0) =o(f) +9(g)

Jfl.&i(p ¢ O3

R TATY .aeGk ufuafu kel Jg (PO)"k =0y of <Yy
@ 3 bi A, (a)([E) =0 Sy . (pod,)a) =M (2)) =D ¢, (A, (a)(1))

k=i o
kel JS@oky =0, 0§ JUly . (9o, )(@) = 0, (b (a))(K) = ¢, (a) « 03]




Yvy Sdgdo e eLzS)

kel JSS yod, =g, git =T WL Wi G G o b il LY,

iel
Of s (0,3 1) an gl plasa oy 4 10y (A, (2)) = 9, (2) = (4, (2)) « 03]

® y=0¢

(9, VYA) & j
J Ss'Las 9, :G; > H, Sy ) o e {H;:iel} {G;:iel} o J5 S
(0 = @;(£(D) sl Bl Gl 52 0: "G, > D H, o 13} .iel

iel iel
tobiel K
Pel JS3balaf @, o8 13} by 13} olaf @ (o) S (h
el JSIS g o 5 biy b il ¢ (7 )

(p(ZGi)=Z(p(Gi) (—») Ker(p=2Kerq),. (3)
iel i€l iel

Ol i
op fe G, o8 1 ey . S((F) S S(F) « 03] .ieS(o(f)) of . p(F)(E) =,

o(f)eTH,

iel
¢ ddks g,heZGi of e ,ad (1)
iel
o(fg)(®) = o, (f2)(D) = 9, E (&) = ¢, (£ @), (8()) = p(F)(D)p(g)(0)
= (e(D)e(g)()
S5 @ b JULy - o(fg) = p(f)p(g) 03} . iel JSI
el S @bl @ of ol oo 6 Lol @ 013 ()
-p(g)=e w3l .geKerg of pady.iel Sl @ of 2,8 ¢ LSall ol
bt g oy .iel S o (g(i))=e obwny.iel JU o(g)(i)=¢ of &
@l g ol JUly g=e <03 .iel S g(i)=¢; ob
del S Jols o OLi;bL:z ¢ O 13 dc‘a\)}\d- (z)




0 ks Yve
u-_—a-heZH u\‘f)_a.ij 1eIJ_§JUL-l_.~(p utdzj_m‘u.._ﬁdluu,.lj

i€l
X €6, +=n 1<k<n Sapiel S i g of k. S(h) ={i,.i,....1, }
2 of OV o ad .0, (x,)=h(i,) <o
.f(i)={Xk Fi=h
€ ¢i1#i Vl<k<n

oy . £e) G, 0By . i is yus S(f) of st gt e

iel
9, (x,)=h@,) ¢« i=i
: ¢ i#i,Vl<k<n _
.(p(f)»;h o Judlyy
€ oS () (o)

-@(E)() = ¢, (f()) = {

(V) i
ol y ZH <1ZG Ob— Reabll 203340 iy ol s Ale {H, <G rie D} cois’ 13

2.G/YH = Z(G /H)

iel iel iel

' uu,,.h
Gk 03} i€l JSU (o adall Julo 0 Sle 9 11 G, -G, /H; of o, i
LS. Jels JSUs o(F)([) = @, (F(1)) saslally, o3 ali ®:).G, > (G,/H,)

iel iel
O 4 Jilasll 90 20m 4l) platsady ¢ 03 . Kerg = D Kerg, =Y H,
iel iel
® 36,/3H =Y G /H)
iel iel iel

WUig}\f)IJuau &:-LU‘ ARY 2l taee (Y, 0) J.J“_jbdjw
ol 1 L 0V 35 . G 5,05




Yve TRV ERV PN}

(®,1 ¥y i
il g i,05 G 01 JsE .G e e aebUl a5 el e dlile {H i€ ]} SO
L=y ezxaeG JS o ) {Hi :ieI} i3 ;0 (internal direct sum) S>>
0N ety a=2,3 .. 8 &t 1Sk<n e #a, eH iy sle

o oeadee obe

iyend,

LM UL el £ 38 i a U g5y (7, TY) 0 peedd pand 31 i

(8,Yv) &y

15) kaiby 13} G o {H i€} sl 2 0 alstad Woths Lol bai G 3ol 0,55
iy

keIﬂHm(L{Ho (<) G=(UH) (h

’ ) RIPY

@ LUl e 4S5 Wl (7, TY) Dl Ol d gl

ofy H; <G op {H;:iel} anbl 1kt 0l Sl ar 5,05 G ol 13] of Loy
Syaimiss H gpaYuabl g Y H Sy 3 H U adii0 S G

iel iel
A i 5l ) DMV M O LH 5a0 Al A (H) ab e st
G=)H, 55y plaza) sf o o s Wy ¢ ol

iel

(8,7 ¥ . »
3 G=HOK el .G ppidmim; K g H o Syl ,m; G S ())
P gif K—25G—25H ) H—U1 5 G —25K oMW w13 iy

Tyokh =0 ¢ Mok, =0 « myod, =€ « Mol =gy

xeG S (Aom )(x)+A,0m, (x)=x |




R YV

T:G>H o5y HLK<G ¢r G=H®K ils) ddiu)i,0; G <ol8 13 (V)
Bon=mo0=0 ¢ 000=0 « mom=m Of ce b spadll WbliuY 0:G 5K
xeG S r(x)+6(x)=x ,
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