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l. Msg|ix ry?rz@ o4_€trg$ha.

hd,l?rukhn
Trivf,i,qSColJ@e
ep&luhrtge3.

Tt4€. F,.c€S, od alatrantion, irr ,.rlaiclt ilqe e{saftial

w0;e,rror'ue- oo ttnl, a4f;aaldo1, is ant i'aaporUu,.t oae.. nrr fu.rg
Aa&nuo,ticS. I+ovtotet a*aahpr ptul^"1 te.JLwiLqvg is qPt€,q
to lro('{ot xtlc vataa in vthifur ow vvolhLta4*bt dej'ert
Vul b. rrz(:.Jisld' ilrsUr at^&1!t, tarc,igf, tradsrsboel , sv(4- .
ltuh- ,A{la&r .i^rlot.ls svruU{i\g '{v1e' lior,t/tlra.orF\^tsils -fr,owr
tue oblecr "rpr&t i/tilAd6Joll"- rs ltirr,r€ sfa.dU^a o\cjed
n sod 4 doiQrJG -

ftt tA Oro/t1o {w,orrra cal^ee t^,cll/dea ono, €t4xltrrlntl
tvrtrlrelr,. {or rcfiruarlre.qg "arn alasbra^E €lvw aa o"
Wvl,^tha6od €$il^p 6n\-41g (Shile) Oq.rn G,. tL'o"z is
a. s\(t{ ln*tail g'lu{o St\ ( fu. $nrn, rn ) at\A aw UqecAw
h.rcnrowtorft*lrvrn" G+St. .trn" A/tCs 6)l(g' or"rr sharn.drund
obi€cts dlc vlr,E I S,^r n =1'3,... 1 bwb I Gt cn, K ): n'1,2,...]
ulpre K [s qsuallq G.

85 a. ggr"e.i^,uae*',lo- a{ a,- ($+";'ce)q.,vq. G oq
q Glniye a'i*vtl.tio*ol c.,tr+tex) ve'oer Space V ..-n- wcat4
a. 'l^af e cl.oo\6v\i4g b @4/1. et!4^C..r.E geG a-
litlrnr w.a+ pt:V+V. su.ck\ iuo",t, pr=l ,&c i-rkr^ra"b5 onV,

€sh= SPr.'. ai^b" - Q."^l !e-] . 15 
'.,r<. 

V.c^lc a" .groyf
lvr,r,r^ovrioiphism p: GJGt(v). Thc cli.m,evraior oI V 

',s

vr2{gwct. to oa 
'ztb& 

&t34, + ,tho, he"tsal^^baftoil' 
11^a baviar" wr"eorGii"r t^4.s V= Kr au A go- 1 {orall

qeCr.
The 1ggular n€p!944.ts4is'r is obta.il,ud. tS tatcLng

V aa x^r--Ei"lffiil r olin. ba^ois 4@ d&,e^B
o{ f@. qwqp, G dre stnnll rcab<re *oi'r ttttJ.H,gllra.tion {olrr,
rila*g- V 

-.arn 
@q, Iv\o $no{h-elqf&s* ) a"rot g.

AA t6ig ttAicgrf vua.p dlet@uvd,. bq )AN- pkytufio'tro!!

d, *l,L bdris dbt@tE ohicrr. is g\wr Ta.a /iqht ',\udd$fd.
bu plgvr,ro,r,t s o3 G. Ttn,us

Ps: 1^66, X*'x'' t'-+ X &'*g'
g,ltr&c ntc'r is- &D-"aa;'s e&rr,lat Ct V- cpwvsp"ndi,\q b reG.
Sluilor\ { G octs bg per'nutarlo,r on q/r R f i*e s
X, {aaere. is cL trnnurta.tien t^cFnesenfcr.fion &,lnv\0d..iy\
AAL Sori^g \^Ct{.

thfte 
-s 

{a. nalrrna.f t^gg to dlA^r e' o" vrrurn'plicatfcq

1l^is -r,s a,igciarliv€- , b,^l- coq^rv\ahr$.v€ 
'ttf 

4 
-is 

Aa*bovr.



ReZ

fU's uala.[!g (,wtt€r^, KG ar/v& ig( cl'err t6^Ab K < t<G
& * sujirtnq; i.,u -faLb K is i"r- lda-c, Qrt-bp ol

Ke and" so-,^r". coJL t(4 q. @et^.o-.
Ne ua^to alrr'r.d.tl @Jn'&eA p a.s, o- ssstzlr& 4

Lbrgas v\^anPs bo or-- hou,r.our.orpvr,lsin Q.-. G oGt(.V).TIl€.
vy* s@ is bo ftrr43file. 'fwdE {tli* 

'ts 
equrvaltr^f

,fro t%ard,i,tg V Os o-rigEv*dd& {6 41/a- wonevurvturtrJiw
rtng Ke. t" OrK _J3i9 0 as aL 'v\o+

sa.ttsfirinq ,rhr- dotrilus relo..tripns t & h^qg YP+tr^rr- &
bq {id, 

- 
afcbon Y K-\ivrcorr co,,ulota.o.ticvs 4 ell.e^^otiis

"$ 
G, viz KG. 'nurs

p; Vx KG-+ V
alA &4 -a/a,{ics .tt^o }4^.odrla., a.rf,,ortrsr aHct conrrersAg
kxorcie).--r 

Jilab, V\,o\^pder, rrrs sho.ll talft i* €rlnlls CS tA,uqr
ftn0+s ard rei^bmdlrcr, t1^e S.oMb 4lgrlara lnJe'c.

S. hq4ys&44&-g

I{,^rt, aro give,vr hll, rc4reoCvr,tafricrtsp:8'eqg61,o:G+GL(V)
st,t^cl^ lVur.t o.o corrL bc. 6Vvai;l.n& $o'r" XllC. d1^Er bq
vvt?@l$ o| o.ttv konrrnrpnbv.ru cr.: tl+ V tiaich s,ru'|pk{
rgvul,rl€s ,{lnf g&rUeltle oL llrrs. v€r}.o+ sFar€S, ctJ€- t4^41&
saq ,tln^ar Q,d orz 4,'t'lelo",t' . Forea.o-Ut geG un [,\4^re
a, dortlrnrrttirrg s4\r,a/e 4 isarvr.o'attAv{ras :

Psu -,.,1 u
o.l 

lot
v_fv

tu .11^o,E ctq-- otPro. ReAorralr^g U,V aS KG-nnrdgl2s,
g( <{r.,rr,r" l^.OCirnC,s a w\oduf& isoil.rphiswl". EA,,{a/Ak \ng
Oi +cryfaa{r^taf"io, E is 4llrt . sj*t+t^* iio'unuparhvq ivu {^4-
co"Cegq o[ ^qf^f KG-qodrrLoa.- 

Letr 
- 
q: &-+C/.C$ b a- repuera€rtbn a^A I,I<V

,i,- '/ai.tof s\rf6,bqe€ ska.lai\ised bq Jlnn- acUi,on- oe C- ,
it, U po e U 

' 
for a-tl ge G . ftrriu bg reabd..bna' ,t\^e,

e,<:rlon" ps af erl/rvr€,t/r6 -I G, f.* V bo U. , ute/V\ale
a, P+e,rt;Eo.Hoa p: G'+ ALCU). Ivr" @vrws c{ l(fs, U K
d- :.rl,ow,odrln o{- V 

'aruLt^re 
coll ig a- subglglg!1trxflo!

I* *o qe.,rce so-r\^e s\^lascb S€.V AA,T;Flru.
t'-Vact*'ispaLe, spar,trud" bg ^'t^L . i',ua{pA {spu :.SeS,ge-?t
tet4wnJri,t44 {ve. 

' 
&-suJouaJ;rju Q V 

- 
qa^erdfod bg S)r



Re3

ue qt a atbre4'v.tvt&a*i",vr <s>s V (@). J/s
)rt* i;^Atle, reeneao^,\traliov'1, spar€ cnrr-b.),aitr4Tao a
sl'lrasgE. tl S co,naists q| a. s'Un6te v/tov'*no- rrecm+' {S)
rroitl t^aJ,re tr.o grlarcprreao.lta,krbvrs a+arE fb'vr O d$d
itEct$ a,r,rot is s.i.d- ts t2- trv:ducr.bl.e.

tta^rirrg *oscr*d, 
-csovqlvp^ir,ras @'\d' sul2obJgcts

in a*r (At6el,i!tr^,) c,alngpi^j, c{- 6s6g racr<k dp-*ttlW- t]rre-
d&^ccg surnt . Gtven lelZ reg"eoc an*ns t: G{ @Uu) qr\d

o', Cr+G{-(V) , llte di{9cbs,r'ri^" 
-\s ginelr bu t,:G+&LUleV)

ut lr f , rz tg:  u+Vr-f  uPgtycrg. OWile i lN,.b U,Va,re
sr,rlcre,p,prp^^lafio6 o$ Ue V dt.d" tAAsE Xvv4 an
Con ptqvre^,borg os ve(b( srlosFacs. Cbwn"e)g a-
r4,pfiif4^B)dot sPare, pas€sshg ,ou'ate/yuFJ"uonl subspares
S|afde w dLn d rr! aA W. e4twwd' aa ,,V\Eaf, dtuEeb dtJf,n .
fui eaq to s€a {^4t, 7t* a lne .gttvrc oa 4tza d,NPrJc
sl$t o{ t<G-vurod.ules.'trU 

b navs s.ohlrof & arK cdld,U^pr a., neprcaer^tz.lion
qarp- nr.cr"r\ be- eryrc*vA aa a dhetb swrnn {
,tteAu-c,fuV sulcpoces , o*d. t4 so LrL uJl^dl t,tta{J (*
a,(4) tv rs urnrqgs. Iu uwov W d*o in qwontr-f,or
conl'iaor (-ere{dEg) - 

rttw pQtuttlt-btooa q:V+ GL(z,G) bt6

yLH (li)
rrrtr,ir.tn is nos iirc'dr"rJ/Jdt. .Siq(€ ( ( t,O)) is a. C?tvicl&\
srlla,qprcaee*afiorn bu-b iC t^a/r v\D oyvq4l'et1v.at'k. UJ.e shcrl\
shs.d 

' 
fharl ic @il, te, &',ro Y fi^^X€. grufs.

3. fu _-$,nCrg--gs{€

A v€Ores€nlation sFoce r^illiph @x\ tq eqteund' aD
a fuire' difttb s^trr * vtcAutide' *Lvupasegatt'o,ns i5 sail
+o be @,rd€/" { ncdui,,Lbh or .tu'is,lruhb to{^o/ s*,t4oy14pt^s
q{p- €tgdg 

' 
fu 

-Vverun;tae 
a}^d, erg4$4 foc urtrian

pl6.-l?j,t.Cvi r.s cun. iniective, gt *iTGvu.orttrisvrt]. t^le
slj,r,.i.f sl^^ur ^Aqt aw^l $niee aiil atl.ab^.aL cou4p\t (
r€?reD&dSrtcio',r d ou fUnee gtorr.\" is oo*,rpkfnlg veillpilo{et
ltnls iottor.r b$ 

'ar\ 
bog irrdrchbn J"*t ltgsdik6&EeEua:

t€f p:-G+ AL(V) @ o. (AvtArrltter. ro".rp/€r,rlslio4 +
a, itti*e,. arou.s o,t\d, tl S V a sulore&r,rcaffa4. 't1l.glv. il^e)r--
|s h c"ripte,it^2t".f srforepruaarrlahnn WS V (s, V=UOW).
Le,t W bo qrs{ verbt sead. cou4teauuf' o+ U ^ y ad
t' tJ-++'t'l &4, ;oqeJp"ndnng pojec.ubur. -fhr^/r d{i'rc p'-V+V
bd v.H yretZqc& v?dtPgs aruL cl^erk" A^d'? trs lmaje,
WSV is sEo.tole. 

-d^do/ 
X^& aclion o'[ C, , K'a*vrorpd.c 

aD e Wejf'lr spacQ, t'o W/ ana i,rtsrdrX U tl,ixidk.



$?e+

hlg vrnau, Drave -fll,;c- glwe vadk wtdat,tlnr- aaau,,ntpbio.'n
10^4t 

-V ' yt^ca an, inngf, prod,url (-,-) , ia a. *'quiliwat
Iderwri,ean {ort,n VO'V-+ G caiUr, (v,v)>o Jor v*o..

Peptarz (-r-) bg 
- (-r-7 urvrore <r,J>=\ett,qec,(xgu,ypg)

-+o gzE a, G-iattaio.r,r9 
'rttw* yr{unn amot {dxe k16e-

or@s"raf aweV;lnrl,rb 4 U in Y. LE<etow; t*.al-is ,&l
re,fafi-o,rSr.itg, tog'ccoU^i t toeJa*e;z. ;.rtreEi6-ptoo$s ?l-

Not.r',lr"dl aJaou.b u,ri4trPJtcss? Tluts c,a;{k, 5uat ha-'vQ u,
bvLiotf grou,p (io jt at Vrhr spa<es w'u(* tw qdditrb\^al
Sbrrrctun,) . 148'R- *1r!. ifuutrj.,Vte ve4*ry**allous C,,fl,
clrre.d)'atenaio'no.t sPa€s b* rlLritrb 

' 
G'g G OC is

,n'W degev{+qsitiovt 
'.,AJoo 'qrcalr,UarS 

, lll\9- ChD'CC 4 a,
04,\r oC onc-di"nnpuaVvra.t sr^laspad' is nof, u*iqW eJ.PrA
UD to 

'pernurFafio,rr 
CW\/,rv arL"?OL(Z, GJ' 6t (w'vu v:.r.t

jJxC Sr). l{6,saJe^c *1,e rurmrloar 4 tixMeS @A^ olaa're
tsoruorptnrstrn c\oracs 6t ) llnedurjr,\A6 ocic,ur i'4" tlne.
d.efonr+sttto* E gs*x\rl9,ao . re slrqlL @et q/{d t$
tlle CdJeEts topt{alr I^!, cr.*utctrtcga o{- eor*\ 'M/tadrrr ,\ote,
,Ihr- t€""Jr')ib lrss rq.ir\4.d eca^^{os'rktd\ us runia*e u4;
{D ffd4f,.

AVe^isa_q{$+ps

l^/e Sncllr" Pvous ot^!- y\a!€. ba"o'.r- r€oul,b alro,,&
f€Py€ta^lzrlious _Ea{ore- bud4g tb ,tfic. peoer{uf {^eo\$
{'cf"o,,nactr.rs. llnri rc.ruls, Srg-3_!3gm4, *lQ axo-
,tei,t rrs {"nss ,{\^€, 'unncdrciirl* vet*caoerlreJ.b"s of Aaae-tio*
$ro,rps _ Qtw crll o$ daqree, 1.

A hovr,erv.o<phlsrra, 
- 

of' rePwxarbtfon spa{es E
j,ror o, Kf -wndutl, tno*tufrphicrnl, ie a- Qiruar nlraf
&tU+V (\dt^€f,e, p:G+GL([) Zrrnd cr:GTTGLCV) ar*-tl^g-
vt+fea^ IAfior4S) t  c^)<i,rt6 t{^o- sArralrN- covrarrurlQ {o r
all  Q€&: Qe.-uu

ot I lxv
v -5*V

(r.!csorrr, o.. s'writor diqqtotw ir* 5t ur\yr,t ol,a,tr, iso.r*mcpVism).
"*lu!rb terlL/v\a, sqrfo ,tt"dr o" Uommrotlu;svrr loeralan 

'

irreduri,e\e repvcXr,taelicns Li orrnnar zelo c'c C[rt'rcarnrplr,is* 
-'[tce4gl1e: <ohob ]s &e correoponcll4g rsul,k

S" qvtups (I . 6r te,r O S \l or^d iv'^ qrg V a;€
SubreprAentsati,o"l.t Eo n^a^slo V. zerc o'e ,{,rg *f^oF, ft^inq .' 

orro corn, sa'ls ru.ore. tvra,w 'tl,r,is in rlnc c.qae, J: U-ltl .



Re,S

+Lae ct n^ust lp- gla,.,e rryrlJ.tieLicaliorn b,ur Sov\^€, -6cro+
leK {possU:1g ae^,o). tDr x!U+U 

-,s 
afr ezrdounr-pt;sun

oJ ovrlpLex vetbe sDatrs a,rnot sc til'ulb laYo a'vy,
e;htuuhte, l, [exer.;tc]. ther d-7[:U+U is sUil
ai endntanrpV*.vrn o$ vspr.eseaheln'on spax€s Sor bg
4t\4. {vst po.{+, n^//5t W arp or ort art}otu.rptrisoa.
ttoae^ft 2' is a.n d e z sa4l oi{a eide,nv€cJcsf
UeU , 5a u€ ker( ot-l) +O . Ttt{rs oc-.A-o .

thit eaal.^ veaul* is of &^dorn^erfnf erlXu.if.,rhaare
w,U,.o tllt€b'vq s;Iso ,U ,,^litl" e;^^ilote rra to 'horb o-u.!tt' tlAF.'tt@tt{,jktZ 

irlanOpilAo".la,kions ef, a- refil€acr{jatI'ov\ Spqlo .
Non.l l,e.h' 

'p, 
G'+ ALCV) 

' 
V o.,r 'ur/€ol,/ciVi3

f€Pr^eDa^9a,biorn, c{' a$. Aloel,io,n grc{tf . &)e- co"r" ,r,oc
&,ri.rrt t€l,vu ̂a b shnw ,tl^ot 

-iu 
igs +iage* L .

thc cor !ae., 6^cLe rf AJI- d ,Uo \,v,ed'u^cirae repveae.tArir-<
hotto dn4eee, t lt,rori ll^4- grou+ is Alaet/iorl, ari(L fU".
ArAit^4 lJrjac.- 

It {1.l\c, S€{.o'^d" parb o$ &hJ"f,'s L-t^^xt o, pu-ts
o(=pq $c ge? : .$e iet*r'g. a"d&s sanrg g cod^nnrtes
ari*i 

- 
e\b^^ heG . Tt^e,vr pa= tra to, h^4€, A& G cd

iu is ctear- 4^.o.t X : G -+ Gdci,G;-= 6r is o" {--drnul,uhrrat
WpvQ.Qrrba.kiov\ urhrcfa-'rs isonrorph,rcto- a- sulorefreol,r,rlOliovl
oP V. Trldreed" G a.cl6 0tce.l'ow V ar.a ott aru,lr
s.^r,"spoce q$. it , 'Ttua i+ V is UveA*cibte' ib ii o{
d,irrtrclr,Aio* "1 .

ter(€rd^se, bS aov\a'vCon/\g t449 &covr,ta,crt'icw o[ flg
nequftla renrcaruloXo'n , KG, i^.bo in€duAi'bt€ ( ie 1-
-Ctlgrni,snot )_ suloncpoeoe,u.tafiovl5, DIt^,€- l{^e c,otA)€f,sc-
'oesuJ& d^rrerlt{-l

[ 6arase]: h sho^/idg 4to.b .filre, WeAwitbe re4rwuhtr'ors
ql a F,^lp /{adrorn .q'..^p fr*^ on\ AloeliAr^ O,E.^f t0
,\k sar^le otdar aall,rd l1^e @L,$roqe, dolelop ne
ia,roo'41 S[ dg1|6b &ro.[S, {ra,rsor p1.odAcls at^d" a,^do.,r c;e\isn
Sp.<E 

' 
{oe Adoel,ia.rn qrcues anafpgo\&l to /d^at Jon

ve-tW sgcrqs. Shour &aF 4tre resuljs- 6\Acride w'rt{zr, rlnqe-
OUroirc.O, \ Vie.aung on Alel,ra,n 3rcup aa a. V-vvutfuls.l

5. Clnor.ectsers

\tJe sl^olt rtoul fSna ,Oat atL u/a srau,ts to k*rot^r
alpou.b & vepr*m'u,E4fio* @,/'A. V 6.Ver. b-4 4 .sp4uf,tt€
o{. co*rpi€x nt^fo€fi. are. tu.a+ gg:Ll-r\l- Ls ar.. evrd.orupv/nicra
tard so va,a d flwae, , v\artteh *1,q- .srvr 4 *l^o ery^ t. -d.uif' .
hJvrlbg ,...(g) {or td,tls io,a,r4teX u.^rio,br. N{ai sirrce 0r6aB=
br$cr) ,rr+ ha1/e {( x'g*)- brQ.* PgQx )' V ( QsQrfr- )= Vpo+ 1Ca)



PeG

<l^^rs t(d deptu\na o*l,uJ orl rte oovQty,4ar'ra d@,A
ol 9 in G- f, (**) fuirrcJoiott !; & + C uir'*ttu 41a-E
Fpo/g 

'rs calfQcf a- ctaGs {u.nc.kt.o/t; ,ltle, cfa-o/r
&nr*r:cns o^ q qvq forvr,t o' G -aS*ta, QJAALLI,
polntretise odd,Lbf,,.^ and, vu,rrLtrflica*iott) 

- 
oI clow4Vl<

aUuntelrsion" h, - wU,e"e, t! [s 41+e',lv,,r*ticr { couguaarq
Ct|or\Ae.s r'r G.

t{o,"nnel o- dsaaa&tr is a. ra-bner speciaf
kiJ\6L eT c}o,tvt {)Mflion . t* & is a .$;lrite €rcu{',
,the o$ ry r€{v€ael^lt\A/A { atric^es r'r.,r,trsb
be' Gowprsx) nao-$ a{ Lu^ih$, so {JCgl is a, Sr'r,wt
o{ nt coulp\rr nq nlo6 o.$ ur{.[tu r,sVcrrg vly.- r.-s tl^a
d-oauW 4.{l^€- neer€A!^rtlt*io^^ o/^d rl .U^€, ocdor al
q 

- 
. IL Farrbc^^fa,r rtCl) b o- surm, a[ r^ 'f,vst roo\r

4 .rr,itq5, ',0 ,t(t);m . 6rqJt$ / nL oi4rttt^IdtJ.rA 
"{ 

p."

ry N S4!*pt€r coulyt4aLet al, ,tfiose o$ €g, .s
((3 ',,r+ *tnul 

* + GL (rl) a,n.d,. c:4 + &L cv) q.rre na"r€aa^rdio6
dtf{rr, c\^ora.lrza 4 a,ur! S relpectivcfrO, fuv:ut s\^cg f1^€-
vlUJqirces o{ geo uP of .ttr4, for*r

/e o)
\o a)

ar^d. ,Uar..'' e^qg^$ok€/r @re iuat ,{he, urtipuo (Ju\lct^
vu{tffi.ptidrJ) 

- q9 l&,ose - o} "q atld. c, .lv\P. c,rno.rorc.rror
o{ ?oo or1 U (DV is .1uat d+ U .

6. 9ru^"Sg[gt&g vcntinvrs
'll,e chora,etrrs o{ 4^L iJvdlldJb\e. crwu47W vcpueaeuroficva

{ o, .S{r,t?- qtoutp Gtorrrr. an ofUi!rcftr,t4l hqsis 4 *18
sirace oB claryi f\s\ctslofrs, ywd"sc _1Uo twtigr pr^rd{ ,H giv€^,l
b'9 (x,Y)= 2s.i <cq)F($,ztcl ' Fbt ct^^radeers ?tv "Ewtqlre,ptafp 9cgt bg VC6:t.

ltus [lg arc veXultA to prouerha,b 4 {,p ore ,\
cl^ofaclp,ts o[ noniAow\,orDl^ic ivncilrcila{f, &ru,plet< rEpWM,^^f,'S
4e{n (t.t)='t o}\4 (4,g). O. Tl'rf ftUours {tuw\.'SJ4ur\
t.jur,rAA bq e{g,v\9/ bq,rnl vau.b, tgd,rous vtll8bM cqkld,ofiovl
lteaer*lrrn "pO.r+-rnc ; se#o pp.13{s],seeqrae}ll hlou}.

l.tour sinre rhl, chniuUu + UoV is {nn- s.uam- {,
h,.r.,-re' qp U ou d, V , (rt,V) g\€a 4^0. vrurvrrlar"r 4 t',aa.i:
,(r.r.(! c.lruirotVor t of' €lA Uff€dnfible Knfgre^Ata.ttdv\ €r",LUS
\r.., 4rue Cqproofi veprcautofiovr (.{Jitl^ dv'atru.,obt) rp.-tld;s
w\crc.,vra U&o.t t\/o w!. a^c eqd$slttnts ;ffi .{l0if
ol^d,fout/o"fs are. eqwaf tacerUse.l



R€,t

1l'\L 'r$r,r€. 
Frcd!'.ct (rCrV) tlan a,. drrarb i'lter-

-pretafi,ovt rya tzftns * Xte. {Z?ve4rt\funcvt sPac€s
('or t<G- vundlla ) U rV' to r,o\,tic,tr t, * cowesPln4,
tl\{J|],/U|p,|| $Aol.V ig is .{rc. dJ"usnatorn (otta( K-G) of
*1^g sfoce og Klzlrlardilu- hnnrrnro.pt^,istrrs U-+V. 

'I{s

ar$ bo &vr)< dfuADAlA 'tllof t{^o vr^o4as ,or: L[+ V
t^^afuirg )Ms vr€)eoaA E Sqr s^re4 cow\ ^ube (St+) $*^
a v41b( sPo.c€; i+ Ke uJ€,^f€. o" csryr,*tur.te-tivs rcm6,
,ttt} tlould tae, q Kcr-vwdilt r^ b& a.s ib is itA jrvrt
oL verb( sFafJ luoro&€,: whrl'?] .

Sclil ^;g tc,w.nr.a, *.r4" itwptag Xnaf l{o,uKo(U,Y)
ll-aa dlu€rrlAia Zgfo or owe, for ,ttac iywarcr,Ue r€FTS
U rV a.ccordJn6l qD )i',a"g dfftr, * otrrs,i4e. CgerciSg).
Ovtp- wrrrttt aloo-ve,rdklt {vie, Ho,n,,.,-Cu@u/'V)g ttonr,6Cil,V)O
$o*r* Cuv'v) dld.' Fo*t.6 { u,VelD g-t'to'tt55.( u,v){3 lto*q*(u,v')'
Thrrs r,raiirrg co.u4Lcle rEd!"iJau^rs Nid" {l^e of&t4gfl.a.lirJ
fe,talio"rs ura'ng,rre,' (<,V) = clint6 *{otrr6,CUy) o.o c,,tanlvrzcl. -

Iu fouo,^r' atr a, corotlaag rha* +{ow\cocu,03Howr*cv,[)
bu.t f,tac. isoltorphisvrn,isylob vlablutal: Uu {a.r.t olu-B .ttae
drAL of {^f- e'vr( LWP,retW.l

Rurrvuirtg +o A+rt- c*v$atete, sirun ,tl^o{ Ar^€,
ot&w6oaa)- -,^tl5 ililrtu te, tiruarta Mdr4e.^dtb.Cou,teauaU4
*\^oe u)tr, onlaa ha a.b vu.6E \4, dAt\,nc.b itnnalsritalr.
reprere.vrfafdovrs) r.trho,rc. h is ttvre- al:u)<r p+ coryiugac{d
ditvvA Ag G. tw forr A^Oft- e*- a.drJtu! !o.

fio,nt trtae- or{trogovrali.trl rela.}iovrs iU JoUou.ts dnAl
(t,r()=E vr4it Lol^?r& 4 b ,une. d^Naref oF .nre. repveaerrtalio,n
cUrcre dlrpn+aritbn inpot^rs wti apieA 

'q$ 
{l^€, isr

i,wd'rc)lale. Ivr. porbicrrtar 4 is weAulilU.e W (x,,rq)=1.

1. grggP-elqfutu.

It rennair\S b Snou .ilnol r/tne nl rlrllacr o$ irrreAmio\e
co'upter refreA.,v\f,tatilra { a {n^lF€ grcu+ b equ,nt {o -(l^g
\^^.r,rt^t!(}r o? co15vrgq4$ o{Anafrr. Irr" V-A}, **t^c"to.eao'il^q eeclfu'r,r,
ik t^.J,U, str$.'"c, [o F^\te tUo.b .$ f 1," * c,lo.ys {'irncfrn on
G arirt" ( 1,4)=A $r sJerg ;rredr,rltote etraragtp,../ ( l4^ei !=O
trje g^6ilf u,b/k i.ns'.d.e @ Aro*lp oLqeb*o, KG, oh.rrJnris
{lre. Spqre, q9 abstfc.{J; K-|a)^lrt Co'^fo\tronovtS o{ elOrr,rAnts
4 Xuc. gvoup, aritt {h€, w\^ k'r?Iic"^riq^ irtlneited 'frvrn, 

G
r,rD'r"Ao\ {^a- cir}bib,"rffVQ- {A^ J ' (61).

R^r 
'x=f-qro 

{q")qeKG..Slrce { is a o[lra
f".rnqi9$, L.tf = X f?q.) tlg = t7( h g'li\hg.r-t) h= (q ck *eu +

varnrbb.) I {($gh = !4h . 'It4/rs ,( is 'rrt 4rlg cer^Ee- qt Ke.
+\Er@ .for aru1 KG-ruodlk. (vr.trrae,u6.frbrt spar.e-) V, vH vt



&

Pe8

is a. KC nvuodrrfo hornror,tmrptds{l^ . fw Fa.rtl,s.rlar t+ V Ls
lwzdrrcrLb\e, bg Scl^rrfb lewwyra. ie iS 

'nardlie{,tca-hio* 
tz\,t

a, scalcrrr, A. du.b i.et<etcx*'\ Cf ,4't--o u.{-ea,./rs +!aak, \-oru
s ,4 a4f6 L0<€, O or\ V ar4.cl" ail Arc- alk9r irw-dlrLblg
nefteaeAa.ftovts. trb'*t l<G catu @ duWA i.,rto Uvedl*itdrs,
b X qrf*' Ukc, O oln t<&, cDUpA,Le tr=O. Aenre. f =O. ^

Wo rtrq4 nour atApda,13 t+rz trrec{ueifa\,c. r€T/ecmf,;s
a{- a- {n^ire. g-vou+ qA ar" 

- 
t^xh arvta.tl o{ orurttrx

wiun^Jecst arif'tt" a- cohrrwu dor AIIA cor4Cu€aa{ g\oaA
&t'd" o- row t* @$!t, rft{d)A.f-l",ld.e cApcor*Or. Db is
t/AUCIl to pu.e Xv\a *ta 4 4.rq,, Uto,rl\Elu a,o ,{1ne. $nt
cohl*,trx\ (trti,ruiow rtalzr crnloi^6 +le de4.vcns 4 4^B
r€+flA0]r"tu*1bv\s) -a+in- 4/'9 tvtvtr.l" *wtoqhg Cdtulft
is 

'ida,ur;kallq - 
1) aA )4^.e, {uae Kdr oJi(n- 4',e &1u9r:s

i* a,SCevrd,*rg- ordnr Otde4tee..
Wtqr E tnne ct^aha"cef q Xr€-re6ularr yepveac^^Arhvrl

trrd{, q t is v\ne- chanrrl*r o$ a*ra per,r,urbf&vr rc49l,.
{(A) is equ.a,L to f\^€, vuttdcr of Foi,(.bs Ctaaals e&,r,trlr,ts)
ftxed tog q . Ir\ porbiurl.ar to< ttl.e r€aular l!?ceoznt!a$,1,
g Vtoo vtro tt €d gniafs r.r.r,tArs g=1 , so {(tFlGl, ar^d
iCg)=O fir g+1, T/ris e$crfotcs us +o Aacrti"t e. {1^€,
docoru{pstqb\,\ Of t(cr ,t1^€, fleA,^larr rPfpseoor,rFa.}isa, i^5f
irwd4qi,U€6, Vi'lrui4,\ c}^a^.dcber ti)- fr1 $ri=(L,ti)='/ler ts€o {(g) Xl (g' ) = h6,r . l&l tr (t) = t; (1) = Ji =-Oin, V' .

Ttl,rrS eqcl^ ivY€d,ubilo\e v€{r€a0rrlna.Fbn ac!.rfs t oir{,r
r{rdtlpt&.it$ equdt b,o its &*ee,'1h$- 

i,ru-o, s€r\s€ "urcitr".. 6f, KG cov\aiEts o{
oohs q.t J6^e 'Vr,t,ost cowrp'viroiBd" fburcear,rtaytoras. ft citco
$uo* 

',tl^ot 
lQl= X f;t Reo.il, $rr^; I*.group r,Urenry

,d^al .tto size { ary cpqt:\^qar4r cfo{.oA d.ividr.s r1ae. ordor
Oi- {t^€, qroup. Xb is crfm tyus *t^oJc rt^o, dgQ(ye, of o.rr\'wtsiliei,,'ufie- cor,r,l.{>tcl( repnwdorr:ovr drvidcn tt&- ocd.lr dtloq*p

So &,c i,^ rdrrts tcr^eatvunr,tt dt,e. 4;1,4,u+ G tana l*p*

tn"d, tlF- V\.are i{,€sbiErtcd ,Oq. co".,r^?tb4- l;l'raa*
rePr€aa lo.li^onsr b! o4r.€r q.)ord\A esszr\Eh&^ fhe cc,fego$
Modcc of rr,flUt AC-rqndd.o,s. Ure s\^^ol[o vr.o'.$ tr.^/d'tt
,tUr- reUfia,r,stlii' bh^rea^, t(hL refvegtotiot o+ C. and
ttnose o{ o. subgotrp H otd" t*d r* hotto a. ?afr
4 

"{l*l . f*r1oF Mod ca q AF c* noy"d r€slr{r*ipvr.
4,^d. ,Gggdg!,_Tt^{F is o, sp<,io.[ ca.ac_ oS a. €reqr--_-
h,ouu,or*orpt,,Gru 0:H'-+ G ut^e'fi?, I'rs ivdecli,re'. {t^e ScLvir,e.
I{neog .--rJ ctso w afipt&d Oo geni,raf 0-



&a)

&e*r a. eetaru€ilra.tlov\ p>G+QLCV) Ciea- KG-
rry.rdtttu V) aad" a schqvu.{O HsG, c.rg t^ole a-
re?reaOr^lnliovr Qlp: H rt &LCV)/ so r1^De' V is a KH-rundrrlC^

llv c*ro'mnae s elH is ju,ot th* Q p tzstslr&r. 'bo H
s:orce el"**t covliugaarJ cloAA o{. H is co"r.&e.Orol- in cr
u;ni4ia,. cAdugo:gf clo,r a+G. /vlpre qu.r'nlJ1 &e.^grnorp
hnuorurpU,A*w 9,-H?G t*itt give rtru. vre?reacratarion OPIH+CLU
{8 Ha/^e P^nor V o. KHdttJo.

M,-.r s{r?pog ttX- lrrstk- O" vepettovtb:rton cr:H+Gt{t!
&^r HsG. G acts ow .&re r€\ib cc€rs lFtb: b€&t o{ -
H bg ovt; c}l,oos,e a, tt?er^aJors!Tl=lu.=\rqr---,kl<1
.for G-:H) ie a -erfa*r{ q .s^cfr.{^al HU; ala Hg; are
dr{loi'f for i+j ou^ol, k= C,&'.H) =l&l/lHl. nbo 

-'{a,ice

ald;-Wor.I; €-verf;sr spqces V;="U€i" ar\& t€,b 4 o.r.b or
Vg (}Vi bq q:f,v;r* Zv;,hi wh€de t;q= la1t,,  in &.
It^a/r V b#;€" * KG-u,odrro wittt 4irn.V=Cc[ivr,r.UXG:H).

We call, €tgr€ts. ,ltrR u,,r.ote otqrafg i,rc t?/vta ol
KG_*udttts1. Ftfsg- obse.,i,e il^ot t<G itrr*tt, aa vtelL an

tngt^t ) KG-urwd'rilg-, is also a- (,le+Y> Kbt-vu,odnJo.
TlMrs c$e n e4j hrlc€ ftAo @vrsoc. tr^qCrr.eri U Ar+, KG,
urhich" is tttA,nr 

-O 
rfigi& t(a-wrnddc 

' 
a d. sp A. repreuantl4

SFa@. -tl^/b ,5 CoUbnrc,@" tru ,t'h!- Scrrug ul.)cr$ d.A 
' 

l4^e,
*itts*( >,g{urjc UtE,- K(i, buk witlru ,Irc- odA.irno!^aS.*e$br prsLff,b UAr KG, b\^k Witl^
relorNous lrti,a.L uO hr = $h,Orc $r ue\l, xel(fx ana WeH..
'fl19 di;,lvrgt srlo,ir, over K= O is ,tlna.n dil,t !l . cti'r,tK& /ctian KH

=(lr:4 U )CC:H).3u isnou,c or^ €aog Qx€rcie go strour
,\at UOru Ke g Y.

. g"re- q€Aex-afh foc I : H -+ G Loa. &{.t*e .t&e
i*dured KC-Hndllp- a.s U E6g*91KG so tl^,ol
ultot=uSO,r9)x.

[Ewe-nise : g^ovJ thlri felbnictia.n a,'lrol. i^dgcfiovl
alg "lra,rr,o[tilrd, ic, ,t4^a! gow qat X{,s- saflie re5l.tJt *
rlpc go via a.rn, ir,tert^addie giou+ Hs KsG oc U SKBel.' 

NouJ corpidoc r{nc rr{a t<-\recr*r €,pa"c€s
11ovu66,( I"ldg U , V) a.trrt, Horttrg (UrResuV )

dh€{€ tl is l" t(t.|--.,14o<t4!c, V o Xe^:"uoif4U- a,ncl$:Ft{'
+ gyqrp Mnrplaord^but /r^r\itlrr,.Sr .1t^o pufpd€s + $^e
fu.fElf coursc. is -mlecttre) . Grtven a" lu.ap cr:ltrdslf +y
lqm,rde.vr,e url\ak r & , lrl9 h a.{d reobrinfr a-ite,nt;ion to
{r.L K-su}aspar€. Uorr*sl KOr*D) S U@k.oms)l(C' Aeratfia
f+i a'rotzrr,c,bio.^ oi lvrAe tt) . IL {{44, g6'JtrL u^rtnore I
Ll juat f4al- i^cf^^aio^ og +t ln, 6 ltnis issi/up\46 U
o.rrg- is cu KH-r'radu-0. b yVro9 d Vuua dtn: U--+V
tiJh€,r€, V K ,r.puJ calAr.d.e/red. sirluptql a.r! a, KR;'ua,odllll.
Li: o", .ResuV ). &"..rrerselr| B: U-+Qes"V ,,o.0 b?,*"q"€ef
eJeeMdid. tp p:Iurd"g0+V i vll^veovc^r l(t^ra{, ope,f,oq1bn6



Re.o

a"Atv liloar our\A filll;u,4ltrA iwe^rse. (Bx<erci"e f"tl" ifl
$^o dabo.its orlr,c[ .eree,rncl, {o qdna/af O: H'+G] .

6clv*5€41vevr@y: {l^A^O 'h^Ja t€clo{ Spas€s avrc-
C!^dja.lrafL{)' isovfio4hrc. 1larls i= dhal lb naqru^s tD
sarf Aancr5 )4^a- frnrbrs Indo u^d, Resg a)n
Adioi.,\f ( b<otesc'. t^rlra)s d,q liruS de to h.ovunuorp\nrslas

- 4 
-KH- 

-nd t(cr- wroadcs),[Sinre-t'lorilrcc, CI'.doU ,V) is
(d.tatt4) isvtrorpta& bo Kowt*"CV, I^^d€ U') ow\ct

Ut<errris€, t1^4.otd/.n'( t:.Jvrt J.de 
-ar^A- 

RGa a42. ajao
a.c$oi'rrf /tro ot{aof u,.:ag t"ound. ]

Tlcdci^g aAnaevra-iqs attd, iahti,hJt^/\S r|'e.
lrryer pnodurJ* 

"{ 
cln.orrq.cl*rS t urQ-ho^rc.- 'to.

g, l( cJno.ro.rer-s &r HtCt reapectiwta ' )(wc-
firotcn^lus rcecirproc,r,g$ Srruulo. :

( lndog, t)n = (9,Re6e{)H

tfk- tna^le a,Ueadq s@xl, A,tnql (R€se 4 )Cw) = r6ChO).
11^e inat&ae€l ctrarcrctot i5 gi,vern v! (gorcgt\:

9u(g1= ,*, .f.{,Pcnt : hB = ,tgr I
[:t,

At'tOrnotrvAg, fu H< G orid T a-trransvc"rul,

p6(g) = T,i, V(birqbr)
aJhc/€, Lt is u,vrdlrEbod. ,{^q.t {'t^e, &tvr s a/€ ae+: \
*It'eb a.rewvtr/^rs {qft, d.*Eida, H.

9. &4u-". pJe4ri€r6- iJg@iua €uoras

Givert {r.ra v€?r€aaljve-blon spa.c€s Lt., V for G
t a n^q U talce ,(l^€nr t€,^,sr,r Prcdr,,tck AA Veclp'r s{sces
o/\d. i*rposq a. KCr <r,rlqdgfn sttnr.cbr,rne bq

(uov)$ = (rg)ovg
f.We, {^at.b lt^is is 4pF r,he tQ.rtaor enoarct aaKe-unds...
I* $lr.b ib ts -4^c 

-rcsbv\ctton 
rp {^o' d,iaqonal suhqvrofp

G€ GxG 4a 4 sycciaL cs,or, efi *tz.e +e^e( Fqd$cl
cou.&Arddp'n {* y€{reoeufo}rrora.s (lrV o{ qwufs 6, H
bg . (u6V) (4,rt) : (ug) OOh) givirt5 fh{, Kco KH-vnodrdn
usv.

, ltno Kd.Mnr,naion o(- QeV Oo e KG -vrrua&lte
ts (ai*U:C,uilV) ox\d" A^r?- s€b' qf erqev,valrcs ogUo;V6r
ear-v. g€& is l1^€- Frcdurf 4 {^!- sels, 4f aqpra,luoA
of iJ ar*,"d. 4 V. -fturs .n^o cln(trra,cl€f k l1^!, \tr{drrx*
o{ $^e blro cho}'q,at2/s,' 

Pq$iryt|a U=V, UoU isqn inr€*/ribte @fient*n|\sy1



Rett

StDcg i,AC tiL V\Oa dirr,rer,r^bn t : in @'gtTL UrlU
ii t^iql,i,[g red^loi]ote a/\4t laierucs 

"+ 
(a.} l€a.^b) _'u^,bo 

,V- - Sgnrmefwir. cu^,at allalu.a*iiq sq!a.,res, SZCU)
om.t, ASC4). 

- 
+{ou, nar ^^e p'<rJvu.cb is- re,,le^lo,u,F i.,

,fttW COIZ dX AtaOLhn CN.oups, sinc, ic g''avidgA .lhre
con^rposttiai fu -<t"a d;\ar, gv,o\ p ( S+) .' 

SzCu) a,utd AZCU,) -rre ^rht +t arrd. -t e',,qtr,rapacel
o$ Il,\2' (,nePreac^ ltatio\n spq,,ce or CG -vr^aa,ufd aaelondrcplrsr
'i : UOU -+ UaU 4 wov r-.r vo rl , o'vtln tt = 1

4 d,i*lJ-'-* r dinl," Stw) = lrnoo+t) aita ailn fCu)',ln(w-l).
'llne aCffpvt o{ G ov\ )6A1,,10. spdcaa Ts qilnerlw Lar4.

U@v i  VOU r.+ ugg0vpq * vpb€rupg
We airrt to shn$t .{\oJ, Ate.'olroiatrus 

'a,te ,.(e,.Cg)Ll4{gr))
Ak qeg ort\o/€ { k /tl^L clv.o.ro.'rJc.r S. U.

W€, Alrc.tdg kvrout *\& &AL clnarorrnq/s 
"t 

/t\^e-
swrr o\^^oL {z^^a; p$dllr} o\ A.rla re{reaqMlAfieilo arrg
r€0p%tivaLq lhc Su^tvr d pr"ar.rl et 4l^L indirtldacrl.c^harracttls.
It l&\€^fcl.dft rerrna,lna orrlf.r, +" Dro@,tl^qt ('in an o\crnouo'
nobfi"w) {".Q)- 1,,r. G) = XCgi 

'rhrs locl^g \nruar
ivr l&ro chama"c/afs .i^rJoU,e,4, [t' ,$iU su{.frirc. to prnve,YUa
lreAufk tot UtQdt&i)ele. npvxoer^nafio*s

l4k rra trr* first to geG. $nre tr.lc arg cotrcelvu"cL orttg
ulitl^ q,te.& .it sg{.fiirco t'o fnve ,\taa, fiv'ruilo.e, $.
4"_ cgq* ..(su.la['owp (q) < G f"r ry6 geGt Do rdloq
G is 

- 
Abe&ala ar d cLU",t1^4- lnredrrcr^rr{.o fuprcoan.brtbvrb

halte oti,nrcrnaio*r, L a,vra ruo^l loc, csl'dlrred sun^ph
AD sca,lgr6. Jw otlal,.r urlorda f'h!- vepvr€aaulaiton Pa currd-
rhs ctnoracterr !(b) coin oul.l-. Bql c\€.or\41 i{ d'i; W=L,
s2cu) 3 uEue u',- n:-6*)30* a,r,rd 1rr(ql=t, e*0a):
Puou,q i P.u,6t: ?t '  = t"(d) OwtcL {,nzCX): O

6A ro4ulcaC[ .' 
1\tvaL frr.^,tdao M,.crjce, t;bEla cou,tr.Uo,rliow to,tlrrl_

aJasVa* -wrrpu el KG-urn^rdur$ , buf, ,(l^{lf a/re
o* e,r,rorrupt^A. prdcglin\ ad$aala4p S. ce.tr^ttAl0nc\
cfi.arqnr*r bldes. trr, XaL v\cl&r *ilo*a- u-, s,Va,ll, ed
soq.c. w\Dre b/tcle fr doi'n8{1lis o/1d i,,\ o l.nEr
.9clfin srvrrt€. Qwu4-{neore,tkalr dadrrr}ior.tzr u{,t0cln,
c^gt,r,\ loo. vrnoot!,- bg inaprtioraod 41/,o. cf^"o.rrodpr b.bte-

lO. Grcup q,ulcL fiefA crr.loyrtrorbl4rsyr,ts.

Give^n, q. C&-"tcd,ult. U, houc dpe.s Ci o,cb o!4
ft15 Juo.l" tqui, tlecnr spac.o), tJr-V? €oe uell, veV, gs,;
(lje uu.^4t (Uq)(Ve) = UV , so it is nart^rql to p,rrE vq=q-V
tgx€tg$c: urt.at- dsi6 d^is nl;r^,r?l.tt,r*r vSh)= qh)n:lf'gry=(ig)t^,
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q's ne4u;,r€6f . I,,n, Xa,U ula+d 6* hc-coraapo a, rr[talz
Ca-+,vro,rru,to, ff ., ,U,tel*^tiel^r\-, c! be&b OGofuwrroas[C,
(^Jt^cr!, &oP is )$& qvoup r.a.^rudt O}"P /fl4.e ,irnq) al't{lt

,lt& salMe. duntrcr\B as G (or A1i) buF ,tld, opposiir-
wutltr,e*r.a,eiorru. hfe r<*,ve GgC"* bu ged'. t+ U
ib i.$red^ld,l"l9, $ is U-; V:rz,^rL * Er-r t€) is 'il,r
Wedsr,0de ch,"f,J4eQr *> gr+ 4tg-t) , Bu, ue Stu^)
in, $5 lha.k t,-3-t) 

-- 
{,q-). Notru<e_/tt'rofr'. id La'* is a,

r-orai \^Or,C,g vto{aa Cf t ; r  r1^rr^*6is C=Ig-t :€ewl.
Thi^6 k ox exa;,lt+V 4 fuia iruportrulf Phofnofrrfr\ll,

W c,l^orrcre,( )d^pot\ , @ Il\e e+{rX Of ;unowtoep $srr't
+ Il^!- {ic!t cu^d" 

-xl^{-.gfuf, (shricfC,{ :pgrrrc,il^g gHge
ii y\o,g cr,n .rrrlnvvorptvtirnn ). Le,g rr-rs drat t-ui{'tn ,ttnn- -{.icld

fi,rsb.
lb is rJrerJ'( lMr'fr $r iru Frirbnxbrc (tini*e, \A.,oup 6

atg' vu.r4L \og v4,o w{,6trt! t1^o utUts\o o! <D 
- 

te f€c^r-nc.
col^^$€be y"dra,il';fu[ku. ( Notirl- A^af 4 A"{- {&14 b ncfi
al44lo{bri,c;all.td O,,vtcA, or€- v,l^o.r{ {crll' to cleovrrufosC
fep-tnegaaUrfnin -sFrC€a c^.^.lpteH.,$ annd- ro f4lo ,ttaenvq
GJI\I lo€{^lt dn.aJn; ib t, ualll 'to d,/tr94A\ iA4 botrelzr 

-

ggvqfl e .r€drr4iia-,,t[kJ ?vY o- For/tilc/^Idr ff.l* W
,^/^d. (4b l4&q!,qv@r;bg e4a ,{hcri
f€Ar.tlt 

'rFl --l*.rnae. 
olow o\r€r an e++haiev,, fAld)

Iw p,vrbtr,.rlarr I vP. Ye4u.iYc orrlg ,n^4 Jlgrr'rAFC*
q"b\€ | uE neecL-onlg 

"{bW 
d ptt*it^re lG{h voot

el' qn^Fl.| ta \4.' 
5+pore rkoa .{\ ot" K: O is a $,ni,t€ norruA!

e.rde,sion surlru,{^gt KG i$ <lru$cbe$ y€cducib\e,
a^/\d l,{,b Q: K'+ 14 b€ ara fldoMttS^,irvt^ al K -
c@\^kl^ vr,.^dc, o{ gorrrs€, fix @).'tlrivL s\vv; KeG Ts
isonLovDhio b Ktr k w\r st lttg't& ,tl,tl., ni^r,ttd LVvrf,a(lprs,
so e 

'c\a,tA ow {As *\uroc&( 'klb\e b$ Povrwr/tafion.
In,. 

'oner 
u.rocdA., a{pe^fug tg to .lrr,'vrdiriciJote charrarttr

d&ldA .,unnthar.-.'- - 
Norrl .-or,rlidlr $/qu12 errnvrrorphiswts. Ivrng. aqlfrulrphiirrs

LMe + nr irr*ert69 3i'io, ,thotJ vt g€t{ Po{wt !tre -{1^e-
e-U.nnearls ol. S;rrUiarltrrr covt4ug,^r # ':,U)*IPA. Ov.fet
rA.UYuorbt^i"vi1r, ov\ f'ho, otlrlrt t^a.nA. -Erurrfe ,lv\t Llrrraa&S
..,r,^,..01 o,qbin iv\ilt ijpfd y\or.o U,rrpifuinuc t)to+rutucs,

T( G is cJ ,1fr"p .,t,vr6t Ft .a, At€\rrp o{ CNeQ,t)
a,tlO,aao.ipkri-nnl 

"+ 
-(, (so h€Ha.ce ;a gF;€h),

we- v'^odj 
' 

tor'$A tllt-' er&ns'ton E=6 D H + <- Lg +i . -tU,et

hg'A pnnnr^,rr c.a,hIt.-ou4arin\v1 .avlfa.,tni"hg, 6|,,h,h.).'Ttlrr^A I -'r ti-f€ + H -+ t ir, -r.ur QIurcF 4.+vt^lr-_. -Tht
clnaraltre ov\ G r'& io"ld bg realktio^rr qt 4l,or4
o+ E and ,tltt, orlea urvnicln '.^J€- 1ae^nrurtoe<t ta5 

- 
--lom.o,u,br



Ret3

4 *t o-e, &_ulad o.dAtd <wyel1^g( 
'\* .I1zue- dna*a'rb*

g'o^lat€. o$ E, sVtcP- @t*. 
-coliugor4g 

Cla4a 4- <.
rytrirta. i.ar€/Srrls G -tr a, ,ttti-rlli t4 Ctoaacs a( 

'e-.

It. _rr€tr,,tr.,og-s -hN\Ed,.

ttrfa orre vrsul i,,t a' pcition to Qiye dL "CL@*tn
(ie rtow-'^^.abNx) p,rcqg aP ^LJe ortlnogond'fitg wjo$oAs.
cD$'\rJ/ aail/',irrakiodi Ci&4i!4) o[ +lte.' {*'egofnq spc.bouts
trlitlt' rcrco.I *{^dt {VA a4t!*pre r3 vrob, ,* dat*, Ciru},an
{his p'dog r eserttialg rnc* i,t Adaars, 1p u94o' 

Wd,^,isr" .'to stsow"ll,rq,! 2gea {74) tw(q)/ IAI=di.kl,qe(VW),
So itA ngtu/at to tpv,,nidlr lne Space U =V* E$/, 1,.ttadcl'r, Ioq
€69,to ltoA a@\jca ar a;e. Nhw alr;s 

-

ryte 
-rs no,hlfall$ isowrorplalc bo Ho,tr6 CVW), 4\re

iqrr- e{ C-tirnm.rr w\aras let^lec,r\ (t^.e rnaitprspces)Varr.aW,
c4 wttr(hU6,=l.to*aecCvrw) is ,tlm- su.laspc-e, ow rulnirlr G
aCks btv\odfq (eKci'p).

F^,k {Cgl=E)tw(g) = br'6 fu ,qc c;,rp.'tr^1pro{ iJ;
@evtatt* Es.& X,Cg)/tCA. Noul , tr: Erd6CU) -+C is _l&r.€oo
go ure \^^4t 

-r,unte 
,il^is a6 '/tc,l W Egec ee = {r 9, g,g. ^-

We, sVr,al[- sho'rc {^af, 9:Ll'+U is -,tionrpotn,rt Cic 9z=O),
to !f r U,OiJ'o trlith Dlu.= t o*'d" Olltos O. -Tt'\e,ln

lr B = F Otr. = di^t U. = ifi.na ivl,r,$
a,u/s 

-uie 
-islr. r:o jr.s" @a:9 a,md, 

'r,tr8 = f[^. Ftrse,
gz= toXr. plpr. /tCrta = f,s 8r p$/tolz = !r<f,c grltaL-Xrgy'lOt=0.
Trren 

- 
ir,^O'S Ua. Fo1 

- 
l<,& u9e ivrn'B ; ttian foc lre '3, UOft=

u{5np6ztGl)pq = tr uPhPs/lel = XuPr/l?, l= u6,*u0aU6..
ftnatU U6. S \vw8. 6r t€t u?s =u 1ur a"tf geGi t^o^rr
UO=- vXqps/lGt c tq0; ' ,p9)t lul= {411/lG{e u so tre\*,r"U.

tVqr.l {4^df,*p Unrp P.opc{tg ltntlfr;ed (t,V> r*ritrlr
d,,inn,6 ttqylo. ( V, W), it is iw.uledioinfg qppalgn.b $ths{e
er^irt lU*d c"t,s in: it gives lt^e oiihcgonalig
refofiptrs directfui.

teb 
-c;-jC','t 

h ,ttae size at, ,e\9 tdtcal$vrgaoq
cJoo &r Isi<t1 . 1]F . fr l-<iJcsh, ,t4^€, br,{^nad{ul,1$
;pphorns u$en nl"o - }veduiue chirqctps 1,;,{,: giyS
liclttot {i(gi) tk(g'1 = 5jt. flouteuor , oa B <^rell Knnrrrr. foc
qthelonri$I sqatem,,s,.riue.6@fe,r proqf -"t 1r. c"WF,
56 G@1*Cbi) , is aldc v\pu€e,oo H i:j 1["_!rovat-er
^, uae,fd. trg$- o+ C0lrrndnf,n3 'fl^e" \xto1 ifir€Cr,r^€r,b[e

uJhgr^ *t^t odlgrrs c 
".d 

!(vr,o'+rn . fBgfcar8l wt.o.r
rhs ailn1sl Vt\fr€, 4 L *l(*tr3') It i ]



R.r4

ta. Pdggsg &srtqss!:q&!q4p :br*eg&s-de:1! &-3bs-@ lnbb .

R;eo{t gvuc 4 )h3 ekxwe^foly.!. pr,tcs 'lJgr,tr& vr-otuuot
sufagvou{A : ,tfi4 ote- otot'&g tr'rc. kerma{.s 

"{ t t*tftr$niiuts
out 

-Af 
t* a*"+ i e'lt*t. Wlf$AAI ."rrlqroup L -r- r,trrtio'rt ol.

-oqr^o.^,q etAia€ti; a*6 )(vtt- llJ*itsr.rrio'n a$ baro vr-ovwtjl
. "dsilq6rJ//v\ qvoq.P hr[^!fir.F\dsvr * 91G+H (-W]&c^a 't'l'a;;
v\oAirru.t- ;t.,rrcUp,^f ,^ar+ G+&N 1or Ngo) -,xd' o'v
r€py{a€^^rq*iorn 4:l'l-t trLtV) Xor +l t /y'"iu)fi, is ,-,' re?rcovrdu}im
9e: o:> sLiV) q\"art bg ftar. ;anrpsitse ; V cor rt*l!tl',/ RAoCV))
i:s',t'l^r,r/t il Ki-rtr,ad;"rlO .

llnese t,Ic.t6/ tmq"&d,r wi$^ 'the .{&ungte-lterr i'n
iL (ora ,.r' ttttvh/w 

"trl{r:, 
-tw.nn& qalllt,i,.,{) , JqV su{'ide*t

to J,f{lacl| ,tl^o r^p'/4rl,lAl -rulavlrotf, stYllcb^/'^g d cu {}rcq,P
{rovrn. i€ J^eilr.,rfrp} c$t/e. IU-Vqpfrgls .alac tp bc- tnr.e-)f^ah 

.,v ,finilr li,nlrpte Sybup is dlfmnutw"d. bg it' sll.ermcEat
EIMC, s ae. wgi 'elrp d&p/n;,,\l. +ho- conr+cition tarfOrs.
ttrr$xUuatBl+, o@ ttotl4ltt lrvrour lhJ-j,e' +1l1'|'lqe alzoq3g- .^
grl'up t""g tii,fone ovq kvliur' i+s cfurraclpr k^!ie I r

tBb 
'p'-ef 

irttV) bo w va+$4wE'^h'rorawith"tcavee t,
cJ[.ara/ter )(, Ctt\A" Ker/vtl tlj=ke'rg{6, '11^€'1 f6= t a} 5cN
$ i+/s cAearr f4^st {b)= { frr g€N. .}J"f th+ coruts*e.,,"lao
hotls, Jor \(16) is& ;$il ol J lslqrtor- o{ wluit3 r.-@
ol otri.ln _Lrarie 'rovwr I , .o l4cg)l= 1 i* ,th€g "t,{e, col,ir\bJr
iJi 0g [Ra, ie q rLcB aA ; .}c.eJor' i'r FarU,o.rl^ar,
1(9)'t , it+ pgJt. 11 V i; redue'ut'e, {(3)=t i 'k+ t
,irft *o t dn 

''e/d^ o*,t'taL Lve^trpi b tlrtlpowxls'- 
1t4{!. A^c. ier;ct" a a. noprem,rUcrfibn is ,tlae reniovr

q.ft^e .owine+.rr^r ,Jpl{yJLa on'sjhjrh 
'itr 

.lnar'utp,r f'?-{,UPA dAQ-
.arrao vq.UA&- ai ir doea <t ,tl^! idr/lbeg, o.{\d ,th[r. i" tlne,
ivr*p,t-e.rrio* {, {nu kernos q[ 4lA& irre,.rtucibL2, -,o.,\pov\.uEs,
urtw.tA ur.r5 ui Jqa',Ti^Ll" liw,rla/tl;g bq i$aped,bio o!
^+\P, J(strcte( tpuatg.

Conrpf,s€U, qke,w ,:urg \Arfrvlal:g!o1ru$p N9G,
rovra\rJlrU trg f€^e,^lAf feprwi.r'-r-rio,r t(G/N) + tlno qux/rip/d,
qA * W4rw*niio^ qk G."Thia Vvto [<e/r.o[ ?XrMd'b \J
so tJe^ry\ fLo/.ilr,Al safqrVup J.v1P- i,n" 'tvris \AJa.{ .

C[earr,.r G is si'nade, rt-{ no vr.ovtlatvio.0, cr\ararh.r
ba.t€s a valuz" eQqA.l t'o its dlaen- on^or '{lmm 66 'W
ida,'.rflLri.

ti{- @^p a-a+ G cor,ro'sts (bs ele*tetcu{}rrct4/6d^)
ol /d^4" Sina\e*o+r Corrttr,rOOCrf Clc^ODe,o. 4h0. d0.vt\red

e"ol.p tqs&oeu 4L 
-x-ryniy 

/D( x,yg-G) is xrue r
li,€rAsr.c,+ oI 4N-- \cg \QJS c$ 4^9 U,^ao,r f€P/'ea4ilto.He{
Cheb(o,rdu{ va$ a" btoclo- d ts in ,l\rt- chara'cnr +alatt)



FerS

rttrf,e- aR. )a^a rcpwe^^.tbfiovvJ B[ ,the AaeLi^dAis.v\on , G/q,
oS G, uctei<l,t -s )(Ve, grbt(p OLbirtorl" t $ inr4ewug crn G
&e- es&a nloliiotrs rJ=yX Co( eAA^ X,>eGr; )(l/rz tlu:.r'v..J*t
o{ tlltnl*rv is q[ cou/se lc,/e,'| .

t3. A$elclgts

hle Sholf cor,rc\rrdg 4rre course bg prwitto. B.r.rnsilci
'pogB " l4t?D<ett, ,[Ao-L o' gvo\ e a{ ondo, P*g" 

-(t^rtu.e

p,ci ate pvt^nnd is noY sirapte, utsi{A €r4tzp;,ltffioa-tlneo'rj.
'tnls .E$ltg .hrttt b4 ,J.d' \* *lre. hrt-tr Group'l1^€slg ourrse
wit&otrt pvoof ia" ondor to grovc tb.ll's.theore,.rn ^1^ah a'
g,rcu\o+'ofaj, P,nlpr"-..p1s.' is sotl.rdt€ LSf ie l,rql su.b6orp
{i(dsx FI,, ... , pL'* ,

6vet we- strall l^.ercL to inbnodfrCq, ltu- Crcncept ef
afiL ]tq9bvuJ!g.3l^J9gEEf, uttrrc.la. -|s a- wot cf a. l^lc'v\ic
p"IqM";^ia.I -ro. Z- Gi, + rur firwt xq+ a*. xh{r -- - + ao= o ) .
11nis ulil,l, 4\rirld{ U\dol? u, tD plo\re il/\oe. 'f1t-e, dcq$ee

i@ repvexou&orktoa div\dos l1^€. otda( o4
,lto. A ro.ltio"\,al irrtcatcr is a.rn altrlof ir. 

'rnteoI o.vt i{y?dlJf^Ide. rewvo/t*arro^ cr \/tc a.L ̂ t^e otoQt( o+
ffr- gYctt". A rafre.ul i,r,te0en is art\ aJqalor*ic, \'/$e8er
rathicln is a.r6o Con orc!.i.lgJrltr) ro.tio'Arr.\ ) i€, (exerciee )
i\^bb or^ Co(d-ir^o{r) kmoen.- 

ule t"!or.rc ; \rr,,^,rd provc.d, (grccsg) rag lMlar
ai.qsroro :6)iS Jr,.--z)".€ G (npu atl' v"o\ a.r^d V€ C
sa,6s$es yyi =9i al3y5 f-. izl].,---,Y\ o.rlv* ai5eZ
f* i,ja!r..-,vt )1/at^ 

"/ 
is art cJqrlaroic, in*e6r; (it) f,or

*rS pol{4\,owLi,al fuc.u6o' teVtx,'1.7 in trp scr*iala(eo owr
XAe (nl.tionaf ) i*tcryzs a/,r4 afq€Iora.i*. ineggcs or' p, ,(tac.rn
/(a1p) ir alo an- oJrybratL i,l*a4?r; (iii) x7t€ a.lge.trsraia
Lr^kners fom a- r{.ng Al^Ct chcvrac.ers tolcp. alqelscr.ic-
in*edar vo)ues.- 

It is cfeor lnot o.n e>aernoion qf @. qeruaroled
bq rots o$ Ltr6trg Cicbgcf,ro,rlenr uoll^A) Vrao-Ar\eLb,rn
GA&i''b q*o'uQ.-fUrE, csruredeis olao tnre Cbur y\lpre- d4{Aerrlft)1
aMg cilgt&raio infeqer arith NdoeUon Go.fsis grtu+ tS o.
g,lllr1 o+ v,oots ol \r.luf$'L€b 

t be 4iz charro.ctnrr o+ an trnedrrci,ble
nepcc^rcm*alio.i p: @ -+G,|-CV) o$ dn4,ree- f, , cllr.ere.
G.; C,rrCtu....rC; is.t{ao deou4bsitisrn d G inrs co45ugaq
o[osses . It r,.ri\l bc- c)r€o,r ,t\^^oi f 116{ i{ r*- can F*sve
il^clt lirl aQi/{ is an al4Fb.ro,ic i',$€Sx f,oc .g.'eCi,
Srnce. l|rl/ f = (l&l/t) (or,t) = Zi'(Cil a(qi )/f ) r6(gi') is also
rcrki,annl,.

Pu;' ci= X(qeGi) € CGi indt€d ci isiw.&-o- cRx\bc. _
o{ CG. Tt^€^^ (fixi,rq i) ciix= t o,ac2 rair4t ar.reZ IWSIJ



Re.tb

No",o p:G+ AubCV) c*@^f,a !{lttquretgto o.. vizrg t'tavunwonplnsn

P,GA iE^ACV) o.t^A c5g 6r6'vrrtl,tteo wit4n a.c.l^ €P (= Qs)
;" crP is a. @-$,odr^fo bcnafro"rar'eph,tkoa q{ qc.
;6starorde hl,6j^+lc V t'ta/tce h5 Scl,\^rt'l csp = I ry" e {G.
Tt^{6 Yrnvr. El awtt qJt^0rchr irt all fu& tx ae'
zp{s ( t t,= t), so bg {4^€ lrrrlrlp (utith ry= li d Vr.={h
1a=t,..-,h) 4/i is aa, olrybcaic i$tff?'a. 

-Tirfci,^g ErrcreS'

fT;= r(cip) = 8gec: bPe= Xs.c, ,($) = lCil4(g;) so
lQl l(Cgi)/f, fo qrr a.l4cbrarc ialeqer.

ls, Burnsid,eA, l1n€o,€,wt .

^ We oir\r, b Flrvc tll.o$ a- 6vo\4p G - o{ ordor
po4B (*t*^o P,+ otc. pdi.^r\€. a,r^oL- drF =-l ) 

'is 
t ̂ &

Ei*$e. R€qJJ' ,tl^c$ & hou,rarunrF,tisnr $rowt o. Si,/\Mp\e

Av'ourp is e,iitLrac injective. or efiviAt , ,fkl! .t(ae. cs rv'c,
qg a. *cvtAloelicrn--sr,^!+€ 6rc,.r'rp ls {cA^/iaL t |furo.h a
qi-"n c4 o<&r { (q pnne anO Fzrl) v\aa nF.^lti,viol
4x.be o,,nct A^D& ,lilrc. size e{ 'll^e, ooq5uqrrg cla-ozr
d o,tr, {r a Qfo.r+ is equal" -io tt^r, \^d!r< 

"$its ceu,m$ser.

€ql

O-
is

UUe yud" to ve. S$oP! 'theovpvrn, l{n$.r & l,\da
suroqvou4t O o+ ofiilar 

-quB 
(oMd" ["dtx Po ] . TLtis

l'(^e, 
-ftfr$ 

vo.re., * {v,Z %,^C 1I CnDu+t eutrse; $t\9
tlneae^&t qu,t"i is ucd' wittaltrb Flof loftr i.n thht coutse.' 

Recatl ,$nwr Igernqp & ftfnddaa o. Scdlcisxtneog
tt^ lg-pqdruvl^i{r!, 4 o\rQ/zG@o$s/@

t i(ai )=o

al,td. f4rdts its vooF yp ?e{'r,r"ln$.6€nt& worro\ti,rcfg ht
{^e Gaflb ovt'\^F 4 r{c, pat&trswrlsl .

S^pGe v--,,rflo'i- is o* orqFbc.ric in&Ser, o$I^pre,
l4ra cr; am vefts of tuflfg; {tAn eiittrnr cl=o or 0\scrLe---=q$6ifl,.
fre Jl,r€rA is O. roat crs oil t^rtitg e[ otVUrfr ltre rrri arre pourers;
tct { h-,|{^c, wr!*rvral, nronic p.lr6+tuUt- t[ o. aw Zt $
ajoo ifs vnirui'innol, pt4.trnmlof ouar (D' t lte noobo{d { anq {'t^e
i'nroqta of c ufldtL ,fi* orft-. { "ll^€,-Gal^&, q,.o,'{h i.1| @r^r):@.
l&ad' €odr ci i5 4n1 {6rrlaraqz* d roots t tr*t! a'i14l
g lcfl l( l, tl\{rr eqmfl$ 

-tt{ 
.\tt^r"=.^..=d* l o,tt*6^rise [Tf or.\<1,

b.^! iTTur is 4he co"rotrants co{ioorf * a f so cut iv'Jsa{rf,
% Tfu;=o a.r^A { ha! cl, noob v;=o.
- W/it? X6-.--.Xh foc ltn€,, tnedgcnae cho,rro,crcrs o$ G
(.r-rldrr n(r l4^[ h,liliol c/^arfa'cllo/) axd Qrr.-.,Q5 dar ,'l^€ir
reprwr^tati".^a e[ dlryeg {tr.--,f6 i afoo kV 9r,..-, grn &.
r€?r€otu..@,,k1,/s-s & khq Cot$ugac4 d.ooma Crr.-., C6 .

I$ {i o,rnd t C5l orc s?ri\i^p ,t{^e,n eitl^Br
on glit rB &5€C cllld,- t;(gj) =ficJ,, 6c wt atseZ qJ iH^



fce, I +

&ni +blC4l =

6;w ,(Sfth:<
T; ?t*

t A^d W (Ar...-.2()Js-, W 4t\3
cA}rr W. drago,AaJtefi -" Th{^"

et@oI

G 
* 

t;(9i) = a(x;(gi)) + b( '# K;bi))
isa,rru d&sraic W, @t^onp. eikl^e( {,rqj)=o o'c
6tr z C,!z= ---=b)f;=U! lrr r.rrhrcl c,a.oo Q jet = Cr3 .' 

If tC ji='p' #" s"rne i+l 
- 
,nler" G 

-rs neb raow-
-A'\o€lia,, ' 

si*bg'. ai sl^ppcc -rf orere, l{^€^^ ig ;+t a^ al P'tni
tl7ga eiul^er Xi1q,;)=o r giq.;=t^t o,^A q;?teZ(eptl' ..
Btl.l *1r\€, tdl*o{ co,ttL 

-rs inressibl€ sir\ca c^l*1- C foc i+1)
s. .Qi',G ! GCi c,rluCln't^ao tntric.t c.i,r^bre- . Tt^,r^S f. i+.!
*t, r.ajc sjJd^o/ 

- 
F\ni or ti(g;):O. 11^.er/t bg orlrhngo*olit$

.9! t(no- coUryrnr I a,rlr4 i , r- 
o=?*,,t)4;cs;i = t"?fr{rq)

So -'/p =' tf;tdtTrri x,iq;\, iw ..lh&ln' e<rd^ s.^,m,uor'd',
\s€,it&,er O cif ptr,i; :;;-ar+ure.b ivuPqa{ Cq ptttt}
so -7p is o/r atqdocat iafnqer, cA.lI^iCl^ i5 nnraoc,"rrc .' 

No.^r uls 
-cAn 
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