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guises is a sequenceofthe frm
A G 4 G G 4

involving groups grouphomomorphisms with

i Y injective XD Ker Ye Iml iii Y surjective

Definition A s es is split if we have a section that is a gphom

s G G with Ios idg s in injective

Definite A ses is trivial ifwe have a retraction that is agg him
r Ga G with roll side n'instmigetidure

See Hwa fr examples In particular

yg yObst Not every ses splits
Tx H Hi QE QE 11

onlyelements allelementshose

ofedu2 11 ordaz except Ill
012 trivial split ses are different things

Ex A As E H

Ir sphim Is gphim

Chaim St 1 12 satisfies sign as id is I id I
C 1 112 2 1

Ses splits
Game Hr S A gplum set roi ida sesmutrinal

Why Set T rf ij fit ollij 2 but Oct IA31 151 3
so 0 5 I

But everypermutation in Ss is a productof transpositions so r must

be trivial onSs Imr 11 A Cut since r is surjective D
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la A trivial ses always splits
A BCgps84 a A B

37 S
r B A roll ida

want to build a gp him s C B with Ios idc
We write Kerr the C gp hmmurplusun

Chaim Mike is injective
exactness

PH Pick be Kerr with b ee so bekert Imy
so b Yea for a EA
Then

Ea b soca
a

b Yea e

D

Claim is surjective
there

34 given CEC pick be B with b C Thischoice isnotunique
but if Yu c then b's baa frae A
Pick b bYorty Note b e Ker r because

b b Igor 5 s si ee Also 453 415

Then F s C Ker r GB gp humwyhism
with Eos be the ses splits D

seDinct SemidinctProducts and s.es
Split Trivial ses will characterize Ga as G XG or G XG
Proposition i If theses 11 N 4 H It is trivial then

IN X H directproduct when NIG HE G
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Prod Assume I r G N retraction Thenby Lemma pages
we have a section H Is G
The s.es for thetiple N NxH H isTuinal

Wehave A N I N xH H H Nxly

11 it 2.2412 11 d biz

N G 4 H 4

Define 2 G Nxt via 2cg 181,419

Z is gp him since both r 4 are

Claims 2 is surjective

PGPick KEN HEH Choose gEG with Y g oh 7 becauseYay
Take 5 g Yo g Yax EG

4151 Yig 4 Yorty 40414 49,404 rig's Yigh

F is YcsN Io EEÉTen Dso 215 x h

Chainz 2 is injective

PA If 2 g en en then Icg eh so geker In 4
Then 7 KEN with g Yee

en rig role x
s Yen eg

It is easy to check all squares commute D

Proposition 2 If ases a NIG H a splits then

GINA H where NIG Has G
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PH Know NEG HSG
Chanel SCH NY N 3EE
Pick ges H a 4 N then g S h Yea KEN HEH

I g Ios h h
g sie seq r

YoY x CH

Chainz NH 3 Yea s h KEN HEH G
Pick ge G Yg EH
Pick 5k074g It satisfies Tig I 8 so

g g E Ker T Imy so 5 g Yue for smu KEN
Then 9 5412 so4cg Yog so4cg Icsc 4s soy

IET Em
Bydefinition G YIN X SCH E N X H D

Exyange
I An Sn Hit It splits

L2 I 4

so Sn An X 422

EhmpositionSeries

Recall A group S is called simple if he S are theonly normal
subgroups of S

Examples An nos are simple nextweek

4pz p o prime aresimple

PSL n Slutz gin
are simple

o
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Def A Emporia ofa groupG is a finite sequence of subgroupsofG
Z G Go 2 G 2 3 Gu hee

such that Git a Gj is normal for all j a ski

Thesuccessive quotients gri G Gig of islet

Other notation g G if E is notclear fwm context

Deft A composition series E is said to refine E orbe finerthan E
it E is obtained fun E by omitting some terms
Moreprecisely E G Go 2 2 G'm 3el

E G Go 2 3 Gn 3eE
Z is finer than E if n em and thereexists an order preserving

injectivemap OI 30 n b 30 ml with Gj Ggg tj
Ext E G 462 2 2432 239 no refit only icoarsening

Ez G 2462 2 2
22 2 SEE

G 4644 Ya hi G Tiana
Eo 2462 2 3 eE E refines E viad 30.11 330121 co 0,014 2

I In general a series obtained from a composition series E by
omitting someterms is not a composition series since for j its

Gj is not in general a normal subgroupof GE
Ext G D 2 es 2 as see 1 15,119
G e's A G Pee e eG

S f's pegG
PSP P'S E G

SSS l S EG
G s A C P s p'se p e's P's S EG

S S s t S E G
G SEE A Cs
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not Da II Egg e Haz
se Da CEI e 422
Nz Da Yet 422

We can t oneit p's and havea composition series because Cs ADa
We can omit as and get a compseries

Ez Dy 2 Cfs 2 let

8 Da 2422 y Dy e's D

man

E G Go 2 2 Gm letF
Ee H Ho 2 z Hn hey

two composition series

Def We say E E are equivalent if
C men

Iii F r eSweAutset119 in il suchthat get G englH Ei
EI 6 42 2 2

22 234

292 42 2 24222 see
a airalent aid

Theorem Schrier Let E E betwo composition series ofa groupG
Then there existcomposition series E Ea finerthan E Ez respectively
such that E E's are equivalent
Interpretation any two composition series havea common refinement upto

equivalence

Is Finest f simplegradedpieces t no repetitions n Jordan
Hilder

series TOMORROW


