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SETS At..lb RTNCTI0NS.

Tltis is r.o! a- co\r.tse- o\A -*,b ll^eovg a,ncl. togic : f+
youlra- i"fcr&il in.llaqt s\^l<lJLr.ts tt"erris a,- nt c U c.oL*

o{ .-hc ga,.'a np.^d\€ trtte&ta is t{*peitA€rth O[ nrncU ar$' Ra/C' IA & X,g.
I.a. rtltir.s co\^r6€ Jlou qre- qgird" o^l"|J to lae {qrdlii}rr wft
l4ne *pts-trio4, a.Ir'kor"g\,r finc. <esabwus oS, elWvlb ['tr,rp ser:

Orty-J eq,\r@-f {p ,n^e5 laorr<- {t^g $u'rn,g el,erarrevr.bs f q/npl

SFgI&.e$,og [ fl^€re is o. se.rr uorr;'ng flf"4f,t,rtis outr 't4^ps€

tt"^rrrqp t,.l\^lc,l^ SaJc\Sft, a- glwevr C.p*.otihort J at1e. i.tr4orfua.nt.
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gfr.ftfg4€rr€lsliv€, @ S. e*mDtrr s&
-!  - \ f

fvtEFi,B€RS\trP : e is q.,ggfqt_" F c' is-o'" s.,0oqF -o+ o{--is qvct to
s ilgBs@i

sp€crft^er$oN: I x : p(x) I -ln^f-. se,b o+ cl.}l. x st^ctn {nct P(x) holots
i, *j*i. I or ) $ r n^€, coi,ort 1

or$rrrEes' V &CeS 3 &-soiile,So€-gt$t :l! teESSSg-gqq$g

Note. rVgb 
ocr' 

qg665e qr€,arrs noc... or boHn" . Tl^€, s\dvu {t,t{-
d,i&,ce*\r*- o1 trri--sei*' ls AaB -(AuB )\,(lnB-);-rt^r
dfdF".,^"* ; @\,u+!,err€rqr is A\g= {xeA t x}Bf . tlt"te. rt,.e
Use oJ, a stqsh +o ind&abe. 'Y1pt'.

the setus la,fo] c^rr| l'o,*l at,r. ,\tz.sn,vure,a,ao.{c. {o,al
atrd lalrt*;ns.t*. l1^€g h^rre **. ta,lr&. e)e*,pl,r}:6,1hc-a,oEq.hbr.t (a,b),

f1e1.iJe,rlar, vh€ans 41ae odg"4 peb; (re,b)#Uoro")'16a" se+ ru,is
v.ra,gto€"coa.ect"' aS llo,l,lo,t"ll -rp* stnarld **. *!@-b tt4F, h.as
d^er€'tuir€d pnopertks,espejolt * a--b. -tl^€ s€b 4 att sud+ pairs
uri$ru eeA,be8 ls rhe q{tr$g4,plegee ArB. fnuftf$e (ar,r.d' o{so
in,(i/db.) Pwd4ri,ts nang alsc w ac{'i^Bd. A vcfor'on is jus! a.
strlas{F RSA"B; r..rvirc q,Ru i{' brb)eR.

A {144g!!pn or rlAA,F- ,6r"vra, A to B, ud,tt€vt f'.&aB, is
j- d\e ars{nirng Svtr,e €len^p,^^ts { g O eof,tn eleru.e,t^f a{ A :
t yti€ - $,= ;.f . oe t r afrb. fnpte rne tuto <lif{ee'r-V. hr,v€o o{
a.vw..ll. Er'rnaltg , a {wrrJvtoa is q. r€taHo{ f eAerB sutt^
(r,o-E VaeA JlueB: (*rb)ef. A istr^s 4el1qlso{ { <r^d
g its qqtoqe or gqpfarsaia.rhew# 4 6 i-tueB:ilosA 'rf -bl.
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fbr S EA , f9. B orvile Sf. = f af :o.eS| o..,to,(
T!' =l aeA. qf 

"tl , vu* dn-,,.,€ cora,frase. <1,"e. tc^^*t./ t./iK1
{1^€- MVe/g- $rncJcion , trr\a&i,r, vv\cr/$ not ,{ec€.64rit,9 ercst '

I{ J: A-+ B a^^d. g: B-+C a/7- 4r^.b $r,vrckb.as , ftrr*ir
qgryeb? is oloto.inert 11 o+$^t,\ng {nenteu.ccess..r/zqg {p o"eA.
1]u^s {.g : A+ C 9Z a r-.>- ef e afg ,Ct€a,/t^d cou,rgcsiti-v1
is qgeCje$Xg. r so $og).k = foQotl), rrrh.en iF is ae{lru<a".
W<. arso \rrrtte.' tlrr- 

-4s$*;Sj^.a4hlg! 
16:,4+A bV q.r_>a-.

Tln€lzr l l . f  = {  {oe ol , l ,  f :A+g o^A g.1r.=g {oc 9:C-+A.
Observe _ $'oE {r,trvf.'qrs axL )6/c- srr.+v\e tS ,n"eS tnale &r €a.r/re€

e$-eav. LCarru3rcu, Fove .&\o.ltl i! e{=S ofu, qe4 fo<o"JJ {,g,'riovr,
e*t* SlSa^Jdr€tt^ots t44{ {alt vrnttrevr'tcrhinrrs wv{€ co'.rrposi€J t1,\€ otkr woX!

[fV.e Aa.trt€6i.^,n Wdr,rc-t, XxY , l^.a"s plqi€rj,or^ r^^-"s
Tf, , :Xx)-rX bg (x,))*+x a,v\d tcr: l '< ' f -+y Qtnarg)t_->U-
M.orawr, i{ f :Z-tX "r,.'rd g: Z+Y a/n€, o.,45 fu.lc .6.rrug.tiro*S
&cvnr a,rarottas'( &E 7) 11"^e.re- is a. q,ra#Lt^g vt{s+ h: E -t Xl<Y
gre.h l't^a,b hn,,=- f o,Md hrc-=g , a,S {otlows :

->
t -

xiq xxY a* Y

TMs ploP€rQ o1 XxY
had, x1^is p-p€/W
e/  d k :  XtY +7

- iytv€lSq . 1'</l ,t16L do,+^*etay- 
"$

-<!o

?
h,k '-rro\Ild- @,

uoa\^\d j.^Jh kle. h/r,os€- o|t Xlry wikl4 d,,iflterenf nrr4{^f,s, so t^,<
sag XxY ou^cl Z orc isro*aorph&. t && i'^,(^/3 se.,rre, XtY is
wa,i.,ftle. 6on qol Fl.ove in tta9 srv'r^€. .r:cr^t t1^"41 (XtYltA
qrnd' Yr(Yxd .rit lsoworgr^rc {or or^g i+tt Xrf,ZiJ

t-n^. *^aty sef tq-s o- uruque c,up Q,-+S i*Uo org seb , a.^A
alg 

"4€kto! 
s€,b, r.=|xt, ha.s o r,urd4ue, rrrnap S-+* (bg sr+x Ys)

{.rta, arag S€.b. -IU,e€ qre atso urrivergl properdes, so tlna.t S. ar^4
* Ue vuiayz upbo isortrorprisvn, br"tb o[ carrf6€. O is rqrhue a**"161{l I

INJECT}VG, SWE;g61AYC & BIJEC,TIVE /Vt*PS .

/ 1*--,
xlf(")- (rljrl*", -t s(z) eY

e XxY
-rs 

coil\en\ o. uurtivocsqf P*Fe/bg . I{ 7 aJso
t\r'tue ws\ \..c[ \oe turQUe n^a?S h:? -+XxY

su.crn t1^^a.k ht" =Iz;7'+7 av^Akh=tr*tX')*X{

rrrje*ive, or. I-L Swjerti,,ve o{ oH,bo
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A wtaP t:A-+B ts lqi€c$le tf at=df * Q=a'. fre
%o,ril$e- *,e ,"stb,;c*-gaag 

'og 
a..ut<cl MtD a' *,e i:A--+B

is iwd?r'live (AEB),[Sud^ vr oft arnc q4oJri4.: i{ f.L-- q"i arc,'r

{=g.{^eg are vo^a' P95g4I9!S95, e d94tJ42 bg.=qo 'Sr iovrr€
A.eA*B :$ 6# lvvo4*il , ar"d -bg.=a r{ af=b -'It'revrfu;I*,
bv*. 9f *lts i ge is no'b ubrr€.J

f:A-+B is s\#.ti^lg i{ b=qf &.o4-b.q. PvoJecriors,
s\rd^ q.s tl,:Xx\t'-a|y LX &,y)r-+x oinc surje<5ve.tS.,r.cla' u^afA
o,re qric : i{ 1tof = rr"9 tl,revt 1=g. the +'ipa're{ gtdag
sa{A t{^ot |l,l"erJ hqle }Csi^vqses : d.e{V}e bgia ft. so'one
a;A s!- a'ft.-b. ngc-.i'.'g.E,^,oF *-&l^c . ?{Jl" fg$LJ
l,fOu.ntOr i$ 9n oad. gu bottn €r.istr.lt^g9a.ve e4L<rl arc{ \.rri4t^€.

A s',rrje4\re v{^orf ft'A-+tB cfeli,,rcs n Pa,rtition aF A as
& d.ifl'oivrt- * 1r,o. {sirh€€Is qf {t^o S."^ bf' 'for beB. Wv.ite
a'.*o'- i4 arOleA a,re l,r"'(,ra Sarne srrhse!, ie a{-o!f . Tt'r€r,t, -

ts a. r€rsfr'on t^r\nicl,t ls Etelig [a-a'"+c,l-of, gltrw,€bvic
I o-a ] a^a ,gg$F]!{y3; La-o- 1o!-out/.* a.'d J; s,rcr,c a,
TRAo*io^ is cqll€al qn gflElgqls4g9-J"rql"bn. fr'{' a.eA 6^€. s€'b
[oJ.= [o'en: g.-s' I is caJ..d,,tlnc eqdvalfa{.€ c-tA,ss o+ o,.AnrJ
equlvafn ltrc rel,c0iron dcl*'r*&A€s a,, parbikton i\^.bp e+rir.ralo{ra
o!or;es, a^^.d, ov Sqedgge-JgSp- tr:. A+>A/- bU o- Lal- ,
.$a<ry,a tlvc. *E oy\bo d^e s€,b {'' etpiuelu;ce. classcsrderroH, Afr.

vtnop fA-tB mo{ toe- p 'r&,<r-n, q^s a. surjectilon
tcg cLn in3'euiov\:

A?t &rf ? B

Itttrreoven i{ ,tne e4uiaola,,/re rdaf-levr - is ol€{Onell aa above,

A n^o{o f:A+ B isa b'fiecfion $. its is taot'l,r inletire
and suricrive.. I^,tlaB c.a^*, it k a,tr isanorptnisna o4 getg,,
Aar-B, 

-k$^ri!g 
a wni+re, t^I2-sidcd. lrurc,rs€, i:1, -itt^ Sf-t=lA

amd {''{' ldi. s"* ulvreerr whftln .{\^€rra is o, bl.1:erdon o/y\e
iessaacpbec, greiReie$& oa o€ *e saent€ qg4$44[u. Ison^,ottaisrr
k 'e.^rr enyLvalunrn re\lr..riovt, ltaa eqr^igte^M"€ clq.ss€s boinq
ctuljtjl, ea4linsl€. Noeice \^^,ot ,Ihf. cow\posr-te.oF {nr" i*iecriue ,

.*r,riAclive of blrecfive wlass '"s re.speclivel,r,l rhtecti,e, sulie*ve
crobi1e<iver,"rrJ. *uat tfgl-t = q"f-i t'l[€Ai.sa.r<s"nref.

COUNTftEITLT}Y ANb III\TCO$NTSISILITY.

M @, N=[o'l 'z,"' i  n,-4 be&+i^€4
re\rrsnvdg ds o=Q , l=101,2' lQl l ,- . .  ,  h= io, l , .-- .n-1J.TUa.synbots

A",g
EA{*tuo*



^r,f.
Zr(Drg, am.d. C o*-. useot" bo d,enoV, )tl^z i\^,c%e{sr{.-:\\0,1,-.1
faliovl,cUs,, r€d.ls arv:,d cou{te! n^-ultrldrs A^{ se,e,5,uole.|.c,la
is biiec.ttve t^/it{^ N is soiC to lae Cet4a4Jr4EE ; eawivo.ton\

t1^€re 
-exi.su 

i: S.+lN o!^ rc:N-+rS . o\4^e($ise S is gr*!gg.&4
Un4.rt "rotctg 

)6,te temll" b.urrtaHe' k ar,vrlsiguCls aa & uJVeJ&,ct
o( not 'rt &cUldrs, $:v,,ite, <abs.

J€ Xi tielron i*Apr,rrrgstt) isa$ami$qF c.orentabtgsets, ttevr
4.J, it couUo,ble if I ir .iitriC e" eou{hblero*raX;.rXt is ror*rtqble i[ Ii: {i*itc.
{o,ere,rre,t @s!€ -&45531 .sl^.ours d^at ln't<,- Pg!eLSlP({l=2^
of a"qg s4* X, &4^d rto +Ite 

".t 
oi_siP€etf, q{- X , is

*,^crlurj b'vggg{'{zrre,n X. Fo. ii f :X:: P(K) | t€&. A =lxeX'. 
"€"{1,r\\t^^ 

- 
A= J{ &< sowre yrX, t^ .8 y^e A A ;44, tK . qg .

eliu;\do,rlrxr4 biv\o{y si;f..;riiii\S, RgeN>lN. -fl,rls <an oJr.o lrr.
sno.rrn bg-ot?rcr oiq*.i-.los. *iso CgtR u,rt @'zV,?N.[fr'^a'{q
fhe grlqd{pgBgrasrt}a t0'e,cqq st^,ot^6,u^dr.t t$ f1A<-+g qrd
g: ei+A*4\,rP^- s;-: e". g].

PERM\ATATTIONS

Leb JZ be *^* * a&d courb's )4/\e setr eF $^rrucn"rrS
f:JL+Jt. On,rui.s <tne'e e a, $nq{$._gp€{aliso o$ 9*ry.siHovr _
[* +,g o,ec {^nctio,,ts, .s ls f.gl ,^t.(totlF ?amoiaftve [ff.9)on=1oq'1,p
ar^A noo onn' .$gl51$ tl11; 14of:t.tn-/l.Suctra..t1^A^g is cal&d
4 q4e-np!*. No"c casidc/ Jus't, {1^e s€t Q= lf:St-+-iL:{-rex=isl o{
twvArqtre t /Gtiotts; ftris iS otsa CLceAil t*rder cotal.aitio,as. ,,For
(fg)"'{o{". This'rs u'l}d, &e SqU{dsA&-g.p-,S.n, ovr-S!r
a$d ibs efeanp*fs Aine oa)Jd, pjg14sellgAg a{ 5r.

ff As-|Lis a, svtaet 4 -SL t .&re, *k oI inuerH,ll(e nro/tas
t f:Jl-+fr s.t. Af;'=fi a*d, 6L\A)fi --fL\F* I isShtoitrsivra A- _

ctosed w\d€r ir^ve(€es cuad correcition o d {ov'us a" g5bgtS$-
oS Srr cDgtl€d Stab(A). tvloro.Er 4 JL=AtuAr.u... is a*ut
pcrrtitirre o{ JL, its sbloitipr is scar(At}nsbb( }}6..., olarc,e is
also cr Sr^t?gro.{. Orl,tl^€ ot{^t l^a/^ol' r+ .A,BgtL flr€. se't
I f:JU+sl :*fr=Bl is nsy a, s'Jogroup, bu;. is o$ tte, fir,nn
f,rH'If$: {eHt u*ate ft,Jr+Jr is oaa4 nnap wirur Afrr =B
d'^n) H = Stslc(B) lor afrp(ilahklg kfr arhsre K=Stab Cft)J .
S,,rr.na se* is €alJ€d a, ggs& of, +t [oc KJ.

ll wi\L r,UvollU lrrArre vr,r.oce sbnrctrrre r4^o,v\ jr,lsb oo ot
se..b, orari nna ocri^o'n d a, group G on if witi indr.rce
*,.rL irr.h,bn o,n sov\rt€, yelafFd" o!c.)'ecJ;. fuc exd*,pte fg f : IL+JI
ii 4i'rr-4, ure. alao lur€ f1c:-P(fD-+P(st-) teruthe sub€€lt:
i+ A3jLt Af*=lof :acAl9:Z.1hra hre Vta^/e a. $rmcxlou,on
#^e t"a.*rp G iy\.b'o .{r€ 610r+ o{ P('fL), k$tt€m *:G?Sp1rry.



-Tl^is hAs t1^B F."F€/bu 4^oe Ug)" : {* g* &r
aAud ale k*rerx tlnr=) (Jf-t)* = (f *)-t. T;t,^s nl.e
{1^€- S^c.^{4 ( inrerses a/\ct Pyrcd&ctts) i.: Fr€e€tsed,
si*ce. t ̂ .rcve. inEfeat€C, iw (tals stnrr,ctrrre. | ,tl;.z6 is \1^€,

Ar{ 5

cl.,t,t f ,geG
sbn.,rctu''e o{
rvvv , /|/-\f\t\r\,er

vg * . Notrt
kMA *f- !^^crp

@e. wo^rJc , aat\A itt _oell€d, .L lirs,tnttoyttcrzfl$sua o.( qt^ru?s.Sffi
6t H aro gr,o,{s, €: G+H glst:* d€r\or€.s a. qrcqp\^eun'unrpiu&nn

cycLES, 1p6115tusrrloNs ANb oru-ruc.frlEs.

t4€l{{on^n^.d fu}€ SL {Mir€, dtftra,r.e toss oS gavgdiLW
.fl=n=1o,1,i,.-.rn-ll, o G*Ss..-Sn.Tl^c/r 1t3 M't d',itrt- l.D €'osee
Wto$tle, o"dQl QrLuvJre( € etcna4tr) o+. G is lGl=rr,! 6.
'A&rtb$d, ^ *llse ate z "possiure, f*a+ag 'p 0 a',^d' ltubolo)l=15-,1.
[1ldi'rs o,ri e*ar^,rptec{ bg,B4gds Me"^-w te.toou).

]fi.eG is a, k=bg^g. (2sksn) ,f Tt:t6r+i,*+--.*ir.'i+ir=t,'
a/\d Sffi, .tlng r:mc,l*irq n-*c points, le IL:jF-tj, v,tUluz-
[, io,ir, -..,i*-, a{s a,tiuilC. trle, ca^u urv&e iuis o-s
( (Lrir).C.ir.f"),.-.,(i,1",ts),(jr,f,),..-,$;*, j*r)), bu* 'tt'x is flerJnrr
vouq amd cea4c, go in €te:rd, ute erite j.rtrt (r'o,ir,...,iL-n),
urt^Yott, is rug $rlrf a-s (irrizr---rix-rrt) , c1ri3,-.-,d..,tlo,i) , €.ff..
lr\oveo*Je,r ct = ( i1, dx.r , .--, f, ) a,ra^d- so ort . A 2,-cagcfe is
ccrJ6C a. @a€Fgglgl. UJe aorrr bovhr^' wvftfg &ut-LcgcLes.

St"^atg b$ 
"ffig 

ou.b .t{^e }€?eol{ M/ta$U wvtdcl
AeG of eacl^ ?ol"t 

-4 
f}, *d per',ua.er.fiovr vtaag be.

t^tt\Hgn c6 a, tr"odur-tr 4' dtiEbiJ\f cgctcls Ge -f''\e. suld€t5
3rre disjoinb). l,ttotcor,pr fv,is is t;"n^Aqe ot<q 4ot t1^€, orclor
Cf t'rroa- -fasfpr$. Yow Sno,r&l. eryr.?.rrrl.lib un*4^ 'n t,t.Jrbipe{!-^q
fBrv",;,.nrJrbur csbitten aa pvuctUcl6a - 4cJQs, o*d. ve**J <la.b

,two -gi,res Qorg!4gg I ie tf,d=dtt ] i{ )At\eJ Arte. atAjoi,rt,
arl.d" jri,Ea A/"re'l ?t' (iri,, --., ik.{)Tia (rbrc,i,w, ---, ir.-,tt )
-fir or,rg pe/'t ^^tgJdo* T6. 'Thg ytAlpv\ $r fi^E is {l^c* f,E
,: . T.b\lng YS 

tik* o,.n Eovr,r.crphiswr e{ n no a. d/i,Sr€^^dj
tcrlcel,t6C. 

- 
.sa }1: ;

Tt : r i., = [ o;1r. -.rw-l ] + y1'= [ ort,lc, -..,(vr-{Jrr }' lo', f 
',.,., (n-t)'J

arad &'c tdc,le 
'ts 

oasng ovr (n*, p<ri"Us (1.'.'r;" ,.-.rl(.), af,ts"
anrij,r .{,-:li't- b'v.€\,rb-.ho"c,&- tP k1/,Ar- old vu"rrtisq ffl

j+ o,,o"e* arc re\aral b,6 o, =rtldarf, .11*^6'tL cc.It{d
eodrrr",in€[. Gvr2:*gacg Ce{-t'nes a-vt qy:;rrlonr*- relah,bvr
6,r'"- G. a/rd- the conJ'r€qag tql,ut-vaJoxsn) Ostyvs O/re
q|te.- by Kr\e- gcfs_lqi1igA I rl^e co\r€stio( { ordozs <{

.qji,^< l*nn6\1nsr. so_ (rzsr.E) ( 6 
") 

( t9 ro) ([ rz) t',,ao cg"le. +rp€ (Zzfi,,q)

f ft'e gvtuf r! l,r. ^



ALt 6

Arrrpr ertr,ur,Va*ipn w{AA a}6 be .."sd{an a.s a-
pr,oct^l.c,t +' '{fo,r,r.sqosirUoras, -a,l.llaor.rglur, 

t't/qjs€, .n.ot d/qFi/,6
o.nd do'\b covr^rM^^E, N\A, i16e e4ieesDon- Nn* u*rtqu€,
HArc€^rs,r o^,lho* il r,r,vri4we is trle,{n9{ thr, vtr,ll,tteer {
tf,anspositiovls is*etrorr'or oAd.. .Tl^tz slgs, or si{nqjarne ,
og arr areln" Frr4^r^fafiort i1 tl , a,!tcr-;4 a* 

-odrA 
o"re -L-

'Tl^e sig* o{ c,. Frcdrrxb is gke,o, Ug '{/e ?vod^rr* a+ <!c-
srgvts, Se a..9".4 C,= f+1,-11

is a- horr^ n^.orFh^sm. The sign naag alo be dg1+ned nt
{p'r{^l 4 .lhe ii{€x,b * <tae" pzrtreriadon ora" (tac- low<
ior ooi,.,ur,ayr.s) of * Of.Af*rfu^ir.a;t , 5,y,esn t1 41,16O,1,16 --.On,6rr r
9c ow tlae Fncl^^r,E fi.i.6 (x; -4 ) .

-fino g^tee A*=lrLeS^ : tc is erre*I {6rtaas se
s..d€roue, +t"e glg4gg5[g-€yrlr4lr cf ordor frn! @ZZ).
frr fl++ e 

'rs essonfi.o.\lq {1^e, o,n[g ti" tr.rnal honrornnotPhnc^r
ag Sn z r^tldcln, is ql^o.* ;a--firaz"rlE tn4 

-€x!t"bq 
tl^a.t A"r cn++)

i; sinlnte-. [1ne ggcds grq^Fs 6.=lweSi: fr=.r"- ' .gc snore r !
..otagre tf,o= Cg t 2 

-...or-t)) 
oJEo t4an/e rao wqnla{Vial i,roorcvuor5lris.rl

{"t rt FAfie arnd are- oJs sit4p\€.11^€ cJrassrFis.rion 
"$ 

!

otl, p\iitr swupre gvor4os <rras bv\ P\el*d bg J-ttCcrnun11ad
J.G:rrourp*n tirt?1'ti:J tr. '..ja^^lrridq€ 

i.loor^t io*F seoas q€oJ

EXAI'i.h.Es oF GR.o\LOS.

I{ e is.a-Arcsf qte car/\ cor^sic^er {^e biJ'edno'4s o{
k(as a s,c) t,:hnh Fr€s^€ he A^+ sbltrd;\^.r€. -fl^€€

afso ,$ornn c. qaoup, rui g^ El)MpISAry €b^ouP o+ CrrAruk(.&).
IT go took ago,,lvr ah conjuga*torn (E: o t+ tL{ cEL ) yor'r
witt- see ,ttno.b 

-,t1^/3 
Dlcefi9s 

-'rtnrjeGgs 
c^r\ot prnodlscts tu^A

k bii€4ive{ qrn.d vvro{€or}ef nr*ie gives aL horr,r.ovunrphisn
G-)Aufi&),ot u$tiCtr, {^e itllr/qge lS silAl I'rn(G), {1rrr- Qvoup
4 

'lygiq'at^Fowr,org,^js'onr 
o{ 'S.[*rn altorrur,or]Wbvn !A^'t- a{

ftr.;s rt'rm is {stl€d q&'. ls so l^agperls 4^n.f Sn t\a^s
trro ou@{ Ar*tfrgnorpb,^r*u f.. fr#6 , {rJAd
frr n=b (,ie h/r{5o)l&'5eil.n* kwkr

just orn€
Qr{te. &s\ffi,

GvrsiCer &esett ol c,nxhf, poi,rts f C+r,tt,tt)eR3] 6r*U
0, orlrr.-.1r,g F€rt!ue*rar^.5 Z+ {^es€, Foi,\Ix pre*rving +t',e--
Sbr."\EkurccllF',,^rr.k€, {ie 'th€, raqla.tlol^s O.[ {4^e, c^^Jo'e in Space,)
,&r*n o. grc\lp, &, .$rr<*.' al^t pot1tr nta4tr\re vu.svecL tr
arq ofre( (rrtne gruup s teaaisus ), a^rrt, 4re c*Ioe ftta^*
be 

- 
p\(^ft,ot in a,\^.t of +t^rA, pos\tions * o*e Foi"r Ls fitd,, 

-

lG[= 8,3 = 2,4=t l- In to,cts & is issrrrorp]rec- to S,+, qs
b1g La,/^ se€, bg cons&rfuig ,llne. actbvlsrn" {1r4 {our aingonatr.



AtT +

'w\e, gro"f ,G, O,6trs @ oyt
$g dicgon"a.l"E ( ie vu,o vr,otr,id,ng5.,qy ele*ttaqb
d0f{ o.-s {1^e ia,oanftfg, so i[ .*.g Poidf
is wtovc4, s,CI cU,s is g"r,rre ctt%ouvol ),
-so de ttglrc 6*-+5* ; bt.t,b stnc.€
lGt =\4: [Sr+l , ttr"ey a.(e isor,unrgltlc .
Hetlc, '$t\c- d,iqgov\a,ls, tutc-ll Joe pr6{,g'baC
@noi/ldtdtl4. Tt'\€, indlr's€d arf,b^' ovt

14rtg. b.uo i;scldWd, M tSeftsl.,ne)

4iv€s aan itLsUation a$ a:S.'+Ca oaad" *1^a,b o* 'clne.{^f<e,

auadn pr"" 4 po,(d.llet €dges ovt*- o,$ .ttt" €l<c€fhioryt4j'bld"ta*
h,oru.ov,norptrbrrn Dt $.-+Ss onb $. 89 ptaeu$ ov h€{^l
veflaeu e fbc. fs\b,e. o{ er}\ &rc v'n qeb a1'!€ @
fuure.r;tUe er-vatcdraoinr wl,rs€ a,u/oru,orpluiswt gror,tp is d^€/l
ajso 5*.

Sirui,lartg .l&€- otdor o+ +!v. qrLbi/,orplttrsu g'ov4 o{
a. d,nd,,gs.d&nr is 60, sir,rrs its tnerlsitire, o* &re- +;'ces
o,rr\A" '<V'L stalailti€.r o{. a" {ace t^a.s ard€r 5. I"r, it nnag be
{puxd i*coviUpd, ,Rve ivrteda,ti4g cu.Es, wlr"rcsie, €dE0s atz ltare
3o ,(a.cc. drhggndls (-,t3too c"n^pnorea -to dnr^r, l&,rc',ta'^t.t't^€r.eA
a. nnndel ivr Oen€). Owlhee .tle gwup arls $fln{uIg, +o

Fa.{uldre ,6atxtt eJen}4,o &e'->.'s ; agci*t'tc' o<drrc 6'les Gg, s,
so or^^j a,A4 +e/rulntb|t ruqg be odtnte@ . 12 &rD'!" {Qqg
Cs,the, icca.lred,ron , wV*,l'r, {ar,e ^9D +1t@ g,N-. gvlcr^f .'[SM{€,
AS fs si'l^p\e, frt {rr,lt ,fhe .snalltEb tro'rgct"io Sinrrytg grou4.l{nare,

r-S flo nonliyD-L "Coorsr" s&rurtrrre {^arr 41^#8, ou.tes'J.

the {efrolnednqn l'\EA gwu? S+ i{ _r€+€c}ions. al(e.
q.,U6ur€d, of jr;rk A" { o{.b rstajioras. f.& t\.r/e drl,vremsiors,
{^€, ro'tatiorns { cr+ ^-gort .fo"rrn, a. ggcf&3gp, C^ , af
odsr n . 1!uB f *noellarr or €psugl&dUa , ie gt4e,h{ arrrtrU$.

The goup uvraa4 be wrr'ttg"r aa (n: rt.' t} , *rrn"*v tttd-g i+
is 65,Agrg&tA rog e (ie g=rl' , a<k<n .$oc oJ* qe&)
wit4^- t'l^e. fg!6f1lyt r*-1. f{ r,.,e- alloul Fq*t€ch,b"{s i+
W@vlg,s  D*= (cr rnr :  f i=y ta==t , .n , - l tv ra= f - t7  a f  ord.er  2n,

f4^€- {!!g4,rog g,q^?. t{o^e, ,n^at sovr€ anrlt^.ocs ca.lf tUls D',..

[cnritb crr,be ha.o @o*^0, o* cirder ra12e8! 38/s,z.z, Lx,rxlrrp
&^€, dwetve edg-, rmag be, per*u,ffi a.r^A- +Dfted ( uuf o"rJ*tr

€bkl' corn€(s rvra,g hc- ts/"{^rrEd ax(L sp,.{ Cb(,J' +{4€-'ttta.I
€pi* u,,ur.sr to€, zerc vr!€ct3.hcrc d,Drtstqvr bSt'). tlougJgf it
is otrtg a.flo\^d to hile q,n €^ry! pernixFitilrte{ .gnryq aMd edg€s
(whndn is rnaryndorrt + apn .ft"?pirVD, =ir dlvULbg U agdn .A{he erfiG('wn|{h s MaQ{Emu0r'tt + € lft t&?F{q/r so q,"Y(lLprl aag ^$.\rup inqsrc -r
rntl rrrvr ltrof &regarre, elndl{ twelue u4gs 4 llwElg )tue. ua!e., as cjdimd I



Uleive g.rt {ln,olic q"
Opera-tiOvts, ov\ dhrtl1 o-
is cL€Sn€ct g,r,ci^ xt^ilic

€1 lp CorlSrsts .+

4.I' {, g

o<, geb Cv o$

, (ou,tqcsit+ou')

Gdoutrs At{b tb@ISMS.

bi-no,ag @-ur$*

(i) G r.s uMvu,rndnr {) wh&;h, E a.€socb-tive
Y geC,

vge&.
"TlnA is f4^€- {oryrno.f c^ra$^it&n a*. qrt g&SUgCt_g1gg+.
IV qoi,nc.i.les oolt4n olr ir,tswitte vrpbbn o{ a- @nct€&

so ge *, , br t s\e.a,/U {+f' .Srr gj€, | % ?ts*} 5 ennbeels
& i't 66 AS o, surq$o*P, sil^ce 08, = 55,

A 0/.u{ bgnlgn^p$hlFjflL is a, rnA/p O: & --+},l b€&^reeiv1

fit G l4as a.v\ r4ft$S3, 1 , s.t.. I*q=g*I =6 ,
':jii') G t/\{.a,s r,\llgqgq- , ,a-r,sb. q }g= g*g-'= I

bervnrrfaa*in,n Orcu{?, fu;**, O$ @ t)r
t"rsicfBr n"c--ar.io" at G on itErfat .,qt^t---,+r*t{"Ptioa.tbrr,
ie 5. h * hg Thb girga q pe'w^{,taJb\ a9 Q C* o seu),

-Tl*e 
*?ivo.tB$fi cp\^"c{idp{t

be. ii;x*ier ta &An€,ck;-

,e) Lnefqtd,e tb the respecbil,,e, prodfffs]
ir.etcftrc ba lh€ respec-tive inver.ws l_
[rrl,air*etp {4'€ r€siedd€ td.entitiesl

{9, q;t)O = (?,0 Xq"9)' n^crt o+tem

. A s:ggrgp- of a, grsue G is q, srdlseb +-l EG r^-rlrttr
(s qr6,o c|, qfi^Ap tUndec t^e 5l1^'y\c F^cct{(f Latd. utttCn
(v9 bllv", idEln[ig a,rrtd, inuer$,) tt^,als (f,lxlaus leH.
{l] rr.rvttte'r 3"su 1[ is &rr- gtvb.f subgrouf ll4 U is a.

Sukq{qrt Cnn'l ,;'rrsb cr, subse-t), trrvtt€, HgG; i$ +t isofso
U"pi:d' 

-cie 
tt*fr), <.rdte- t-{<G. -Ilne, ivr*rr;tg"! ry flHetc

is o.r1, irtj,ectirt lt-'v.".?'/vtof?hisil, d U..j;'yf€gpl$l4l.

I$ 9:G+H, it* @drtl ' t<a0*{gecr: gD=l1, is t1^e
€€k €* eteruents kitifct bg 0; fU/B is o" strtoqrc\{+ . It 15
brl,vt{d it{ 0:&c-.t+{ is fi,iechre. Jhe Dqrddd; of & d,g(.brlvt{d it{ 0:&c-.t+{ is tiSecrlUre. Jhe pq,rtdde,^ oS & d,e{j
l$U t^allt€ {v\P sxfi,e- innry {fnd€r _U is acec$g 'qre cns€f,

pqrtdCe-^ oS & d€{,}€ct
l$g t^alling {v\P sxfi ,e- innry
p""bt$;t $o" gge fr ';cl v.8= gD l= {gleG: Vr}=1 1 = gN=Ng,
so g-NB= N. *Thib is cr, sfecrbl c,owctuitiovt oy\ {1^€,
s..,ttOgwup N, oJhict^ ia sa,nof te W te[U ,ag. W"irc N{G,
ot N<G i{ als N#6. Norc. *l^at t otaa G cr,na lpo{4n,t ale N #&. Nofre. ,ttrat {, a AS * o^r*r bot't^
volnul. ir, 9. Rous€rr beu$re <!\ai t^rlnihv {t<K€G.:* HSG,
H _4 Kec P t-i€ G.

T{ N€G, so qN--Ng ,foc o*u qgT, W H 'rce xne
Coiiecsicr. ci oblebts gp#ne,torwt gN {". qeG.Twts uriii't;e 

{€p€^ihi'& ura/Bss N=l Cfo, qN,rhN ii{ ghael\), to*,i



*t9

,iusY olP- one, o\ ea*'. No,^: &$ne rc'.G+1-1 4
"q* 9N , ',slnich:rs c/itu;.\+i s,.^rjdctive, . CJt\eOt cd+^lJ^I
#hcr* 

-rrr vna,r,^, dgd<fne 61 fid*,tCF e'a H CuJl^,tclt r^rg, c,o.r&
&/N , n^e g-a$€t5--g.t9gp-) bg (g'NXq'N) =(9,92N); gau
ryiU neect to ucr.. t(W +* t1lrar gN:Ng, Ncrt chec,k
$"ae fi i-s a. hor,r,r,ovvrnr"ptnlnn, ft^e preiEfMn---+gf,-' &|,"g
sur.\ecSve ib is .,aJ€4 :rn epinanrb!^,Ffr. 6nart cJ^E&k
N="t ar I . +VtUe a.rrg rtorrrnaf St^bgio.,rP i-s ,tlc. Ee/uel 04
o- hnr,rawrorptu,&vn,

As ure did, r^l-rr4n s€fsr^ i.F- 9:&-+H i.s *-r.t
Vwrtaowrorp\alsvtt, r*rit1n lr,e,:'O = N, 6z{v\a'! 'Sar-ctoe -

f4,rrou,qn r,t-" ir^q€e a5,_a, Sd4qroUe (r^.rtr,tlru i,b is) i,rt H:

G*>G/N9r*o'trH

{'ilrsb isowrorphisvnt .t1neo rE ̂ 4 {"" gruvs,O&d" u1a ydrte "t1^€
Iwr Dr e/i<ef,9

hb\€ l4nglr t^lhir,ret, grCIvt rt{.or/\prtlo{pt^,b/t^a a^^d
epivr,rorpv,fums or{e- y€spectlv_?frA vr,rar,r,ir, Lfi=gi + f:gl
a$6 €,pic [tcf=rcg+ f:gj +"€ do raot
Vroule lwerge oru eiilner sidgJ.ltouJs,€r a" grc\,r,? hpt{(i-

-r*prPt,rsv,e u.thicl,t tr bol1l {L vllor/rovl,ttrPhlsvrn amaL ovr
eagirmorpvr;sn (:;, B Itije/ale) obes tao,ue e, trp-etdgd itwr$,
I is a*r

t t \

60wrorbur6wr .
- l -

{itl€, S,e;c}yrd d^/\d. 4{rdnA isov\r,o.t+r\,t is\ rt <lnBovart$ vtmg \€

Peov€d. B use o{ tl^€ olovious t{o\A^.ornAorp{nisms:
td/y- ' / tN/K) g * ' t{ KH,  E H7

/6 - 
ixnK)

urere. K, t{ €& ail\d, K<N fui\rptnce KSN) q^^a H=&.
Wh€vr ura urvi+e re" qr,otie^nb', t*pUcrittg +\'E dcArvowtinabot
is vrsrw\al ivt rth€ tnrrrar.e{alD". ttot<. qls<)-,t1^at- ttnei!^ergtip'r
Cu"rt r,r.ob tfre u,ulio*) O{ b,^lc [npcua.l 1 sUa6tougs ir a.
[nor*rat J strlog,,oup,- <rr,A d KgG, +r<Ct n^-d *n = lfVr, fufi,heHJ
is a, sulqroup CitrX is.rfo so r.radesS or,e. { {rnen'r ;s .asr'trol).

I4 Crlt qre gvq\^Osr &fb airect nedgle& 
',s 

GxH dt4€.e
(g,,h,J'(g.,h.) 1g-,9.,h.!to). Yow strnuLd ve,rtig 't4^4-b {'t4,l)s 'rs

ivtdegft o" g$oup,[anpt nrqf itr t^pta fl^e so,rm€. qrriveriiit i:operbg_
.frc grn^..rps tt"at .ttae cqrbc$s*r gr.dirct vurt tor sts earlief,J.

ht" tn^riof 9s,4p,1, q" a ur*tt[*e hnvuoruorpltNra bolta,frcoilr o^ld
@ arr,." go,rd c, G-rtt , ihrG.Tar<,-qgtl,re-cortrposiri"r o$ .tt^€{€J.,

$le |l\o!€ o, r,,".,tqrre Uryiat vrnaf Gt+i-l ,(r all tnc.,rrys GrH Ug gHU.



.tL r t.r

Su&rQotr,€S G€J€fftTED G't s(^,gSH-S.

'The. orctc,.r o! xe} is tt^r- \eaAC n>.L gvg/rv 4^at-
xn-! , * G-"*iJts, or in{ivribq ,{- xk=L+k--o.1fr\fr^ x,,e=xr

4{ rilte-q-r 1 o.t\A *ttx= iP+4'. wvlp (x)=tf '.p.Vl<G F.
,A^o -srhgro\p_ 43^^&(af€4 to$ ?C. I+ 4>=C-r, C-ts gGtlg W'*4^
el*p/4r^: I J{ l(A--w<a , xq is algo ot ge/v\aEuo{ i.m-tn,vrn)=I (un#^6c @vu:vtfr\ $araf )rie A,o'\ ate opria,e. Er
&lltt qtlttg & a^a X€G ,-tg. t;g..xe Z+G bq. vttr+Xn, *ivth

h@;.€t nZ,rlan v{^d*iptps o{ ru..TU,g ivt4Age,Z"/*2, is'rone
c4c1^L q."qp C,n orVn4 t^req€(S @. r,u.'Ttar= tr,ar
a.|pticottian oo elrerr e.^fu+ (*ut^ lul l:l"eotg ivr, Witsov\s,
fu'twro.Y's 6rn61 gi,rffs ,(l.\es{a^c^/r:.**. $C fiCab c.eadov\.

lV\o"e
da{,t^od
i,udi/,is
q1fu},une^afS

f& xrygG corar'.41r,r*€, so rey=Jx, ,'.l\re ord-o,c e{ Tg
is .0.4. {es*U< oo$ ̂ ,v\Fvl ,url"viplL ok {^4, or&,cs r8 

-r 
, Y .-${r5 in mytigr!.o.f if ,W\a-se-, G),(dals qre copdruB it- is <1.a.

Fod^ clt. 
't+emce, 

Cn-x Crr, I Cr.r1n i$4 (vr,wr) = 1 .[f* {o^"b,
ql,t {Sft/t gaaotod€r.l- Alae{ia,vr gy*r.^fs L9: 

(S) wikla" lSlco)
ade, d;rvb- prvd,t,t,cls o{ q3c(ic qrouPs/ &,'xC6.>c(,qrx'-.xC,.*.
+{€,je r is the Ee$lfWglogl et t,\^4 qv*^? o.r\rt is .-,u4ucJ.

[* Egelg14gq d a- gw.\p Ls a- seb of genorra.tocs,S,
.{grefr/,cl PiYt a- set el- CpfgSgy€ o;rwovr.sb tln€nn. lns..
-E9g-galtAp$on S v'.aa etcfts^ls r1A sotvrga c+ t1^4- {o<v.n,

N's,d'srd'--^sf* , sieS, rxiQZ, rrrll': prodrrrb gil/€ntcg jui<teryooltirrr,
hJh'€rrc wso-- sow-w ar\d sPst =sF"L=sasP. k g;eJg.ef- ref+NsvrsrR,
is {l^t^,! juat a, ** of words aJ.so 4o tee. se.b to 1, -rh/^s

{6;R) is rr",e grpup 5/€ trrh€rt R" is,tt"C, vrolv,vrl su.lo6nou4 o[-S
ggnr,rolo- b{ R l.

c.qrrQftt-Is€trs Ail{b \lcRl^kl-I^$frs.

tbc H<G , K,'-tlnc q34!rcd459f , C9CH) , oS H'ir. C* is
,t?\t- Sulo6r^c\ ? t& q€G ftx\^14 t{' poMfrur.ltise lr$ co4,t'.^04tiovr,
ie { geG : g{trg--Ia \fheH I , Tt4j6 is crqrlar3a 'norlnal- in G.
-tV,e 

W , Z(e) o$ H is rnns. ce6.b@&ise( o{ G,
ZtA= Ca(c) - f -gaG, (ih=t,l,q Yta'eGl/ @natsti^g o4 all
X1^e glAl^etr6 oS G L.JUec.h crrw,vr*tt:e- u.tiltL 24,/\E- vll'r.rl€
ol. G.LZ(G)4G ;,^d, G/zC&;)EIrrn(G)-4 hvv17) rit^,s'€ L,n(e)
alO,**tCd ar^e vl^s qrcq46 o[ w,rer 4rrd a{ ar,r.Of*torphrsrrs o{ G.J.

qerturc&'*fi, SgC qbw(fl*€"s C- s\r^tea]4cq,{p (S><G
sA ntH s. Cr : H 2 Sl . /rsud^i,,^g w{4g t4^s..b sss
s r eS, <5> is fi{'q, s,€.b- e& .qCAi/.€ pr^od;rctf ir.u C* 

"t-
4 s C= is 1gg4lg-$&e4 tag s { (s>-G.



Aal rr
-n'^4', 

nstsgflEg{ , Nu.c*l -1 *t in G / i5 )^^e',
gsa)oi\i.er at H |'g c-ti*g0,biorn,

Ne0.t) ='  I  geG '- g'Hg = H I .
ThIg nRDt A.ob- tac, y.,ofrrncrl in C*, b,r+* iY dJqs co*tain
ft, r.*l \^Icr^ ts n^(vnal in it ; i"rd6o. ir ir $".{- \orrgest
sulq*ou4 of CF irr" tdhr,'& H is v',orvnorl,. Ct€o.l/t{ t$

H 4 &, t{aJH) : Cz . 'Iirl.e- 
lllig41qjiei oJ H ar", 4'\*-

sulog'ro,"r4s o{.G of.ttnt- f.r; g-tHg ,frr geG. Gqr,tx
to penvra,-fe .{^b'^, M }<€4€t q& ,lr1ms a'rrals'o' lo4^/\g
C.-C*l o,.,ncl .f"ng stCI.loi\isel e{ I t- b:'nq NGLH). 'f\^s

i,&o. o1 NeCt+) (ie lGt / tNo.G{)l , ,.iatte^n t&: N6'cH )\ )
is t1,roen" ,(ing ,ru**r.)&( gt- 

"-ryi*64..8^S.
th€, ac.tior., o[ C- o,n ilrs+l$ 5u6 rqfrb wr,lru:.r+eicer.rion

FP{v\M^bes t4^€- Cr,aej6 o$ ll€C or,ot- - &€rd
d w ,l41g. s)fi\e 6izre, .tAMrs lHllG)Ht {Gi , t^llno,nc le:Hl is
.t4.4- ,,\^//r4^latt gt c,€s€.ls (&tiz 7> @) . n"c

Ke{y\€Let ,tt^is o"cJion is N:Algttq : geG t f rU.us iL H<G
t^tirtr l6:H'l-n, 3 N<G . rit ' ln N<i4 a/tcl. tG'.N I s 'n!l .

t,n por/Vic^A\orf t<x>l , t1^a-.$.ot0/r e{ xeG , aivbloa \Gt.
1llras iC' Gr[s .t\,re- grswg cg \ r its 

"4 
Z^, ielrrch:tp,ryr)=11,

+r\ictr taa,s ordgr Q(*) CB,ri€f,g 6r,nc*brru) t o.Qt.',' h,tA
ordpr d^v,,oi/,\g 4cn), ,rl^Ar5 a(Pcn)sl' catl<,ls n.oprernr)'
f,$ ,r=p, pdrn6 f Cp)'r F-1 , s .a,?-'-'.L ilt, t ..F) a*ter,nc-tavdg
p I aP-a, i$, Z LF.'twqYs ltcnre,"r'\. 6"o{A* , _iv\ 

'tp,
(p-t)l = T[me tf ft= (TT 

""wr-')-L-l) 
=-t (wi'\si6'n's rn"eoro^a') -

Ca.6idarii4g /n'\e coqa'u4ahiln a{,tio^ ovr etnurnrua,rff o{

Gt .t\,e- odo* e$x eG', |-q'r1g: ge& l,i= its c^^45,\*ggf+&
-.fu, utUde o{q.err dirAdor. \ Gl.ttoUcr- 716) =lxeGt lg'xq}-1zll,
kTt\r6 W G is o. p-:qso-qf, (ie tel=C dh€re p is pvinne),
lZCCdl = lC'4- ttql g,$^.erc Ci a*.q, ttne- t4.vts$B\e.tonConJ\^0or{
Crqsa€A U^^D is fn€. !&rqr-{iry4!-og) q/\4 .tV,a- v\4Ut-Vrorra srU.i
is cr, vr,r1,,.tln'e{!- et p . Tl^ ̂ s sv\Q- | eco.)\ z 1 , {4^g cg{^l,^e. is

vro*hAvtal,I

[fr..^tt,ttr, {". xry€G, -Ylne crr*wrufoa.tsr €A x,J is
[x,y] * i{y1xy. LsJs Qt-- < [x,yl : x,y€G] ,4/\.e Cs$!4sB$1

$+!Se'&P or d$Lql-ggcgg;?h'rl"'iGr. tr{ G'=Gr (srrchas 4orAn;n225)
r4^€- qyow is Fe4e4e-. e/d is x.l<, Btee-tbaaisssitu ol
G ; itls ,{\ne g'oup go"t gef, { gou- irurrgoso ,tl^tr. inel,oltftv\5
)AJ=yx &. o.i. 

",;|*'C 

-or, 
d. 

'G'=! 
i++ & is fu6s6sroJ.



tJ,sC"gYt^? @
no+ c{a$c^^rt +o ttBt 4.lI oS 4/\f.
acda^r 15, o/tf,t.o.rgtr, itt vwJ'r.tfi eg'oi.p^
Csee- Rxrtii Ctr".,rfs). {ive. c)(ljl€€, gektct wiYln d,0rec.b

eoclrcts q$ '0^g^ | a'rr-, tcetwrt@'; t indrt d:es new)le-\iut.

Qglll gr..fs n=crr=a", = (x: x^= 1)= ltttt*'t G : k:o,\r---"t-ti

Dibadr(al" grotrp,s *qn = (rra, ,r : rr,12=16:1 , F; 
ta* = f-') otdorr Lvt

,;€.ltf.d. Dz, ; s1ft^rl4el)4t gfiufs 
"S,et..rt 

c';/ n-3orrS).

ord.en 6 !

to€.,le.,^t1 Uq,t \4rure so W ibl
g,tsu?S ,4lP to

witt4, Stglr"* t1^eo*J

SroWeic- qyailps*S,, =- t+:ns\^]
..-/@

AtIf4,rq*tng gv{uaps * fi,-= [ f eSr.: { e+te-+ I orc.er

fuprfg{ g@Ape {i q9\a1c- g,auf s *O,.^= 
{",., Ati ttrt4,m\*=.-t I

flnis is orafrtr ivrclldLd, {sr co. ̂ Ftef€J€ss since tOgl,lO,J6 lSi

"orirgcuo" is ocU"fe,uul "ge",eralised qu.alerntbn" isrnlc quirc' -
sUq^naqrrd, -&" n*il X"=honld Vea^ble,q,&e ea&terre {AeJ.

l,lote rroct 19 c, g gr 3 A,* Az i clg D,e sa i f39,n3 t-- brFlt
q&d, C;rQ.9i2 (so,u:ct,.e. cc^llq( t{€ &SLgfSP-); Qx'Sgc'D6.

Atso CzrQ,sc6i CLxqZqc I crxC7g G* ; C3xC49Cp- I c3xQ 9Q5.

Pmdrr<,ts,uq to ord,sc 15:
ClxCt axcf CzxCzxCa (ordor €)
CrxCg Co.(da. 9) CarCz!<C:.Z Cb' CL (oraer 12)

*,4* 
e n. O*qterw;otr qro!{D Uitl^ elrer^rrlbs t1-- t(:?),

i i=lti ;) =1'-- i1'"'TJ-'- +f"=t (? i) as nrrarsice-s over @ .
16nx, i2=jlJk1=ijk--t. [f"ls,irrg tl^e R-argdarc (ie
V€ctto{ Sfsr€- over lR wi{n &ree. a-s lco,sis, cr/\ct nM^l/a'pti'cafion
dgf."rg,d tivertg by trhe*,rac*t'os) r.rre tapwe & {igiliogrj*\g
or *1"f rEel4 : ik G vranlconnrntstalir€, bu't oue4t €fg,'rtte$,c has
4^^ ilWer€. @v@Pt O,4:co\rre-). 

-nais is c'q,U€d' B{1.

6rrt tisv c{ g,"o.l+s r-rp to od.er t5'.

6, *sg

?
*,2.+
3tr 9
10,*D,

ft1 I ,2

Gflowls otr s^lft'tJ t)f{DE{i

(,.$sh€,Ei,ftr6

6l

7:
8:
9..

lol

11 :
12:
t3:
1r;
15:

13

i r,r I ,t^f l)

1:l
l,: 7"
3:  3
dt: ?tr 4

5.5

rt
2,6 rla rt% ,tA*r* or,

1,r,\
,8r*L,*Qg

15.



ALGr€SRA 3.

totlsllRv\A sM ;- d'$^o-l

S^I4€, , sr d64- O\+€ sN\' €ru//r44\4,

5. DeHnor,rntcrafre 4W alulratovuO S\ I^O-,fdl5,ving (/sv!ce4fs:
Cr) srrtoqlruA (Julos€lt clald urldor f .i'rlo<sg&co.arpor'rto)
iii) ima4p, $ \novt Arrvtrwryhicrtn
6iil svo^di\di€,r a[ q., pi*f i* a, porvr'tr,rlafio,n at{vu

jraavifrl

7. t^)hAfr \s \a,gtam W^ l,taesremn 
"rq 

whg rsib obviauA €^,Cn
b.{o.o qowve U.ni^^o a c^, qpoup i

6. Wtner.f is
Xw stud{

lhrerrWvr
itcd eras

I4^6\^J fea it
,3wt4Fb, ?

Urtld
tfo'&

t. D,nnonWoCe X^L e4rrtrVatc,,nco- * {/\Q, -joUs"wivrq Aj,,€4-.;o*oryrtt:
ti) €quieralA/^,to reta-Vioy1 R ora a' *e, X

.  
. a !

t t i )  p;rkrKora l= UXi
r,iri) swrjer,6,.r4 w\rr+ X --+> I

2. Qivan" -lrrt i*&idore *4JE X , sltorrl IAArI W

Li ) xlrruren r-\r iaiie*io.n X g Nl
e ,,;il t\^"s€h ,^r/L 

v 
in0€itisr^ X "-+ N

€+ ciii) t1^{"^0L {a. s'*4pirruon N -+>X

fu3 tdceJr Au.sa*rxtA
Shovs l'l^^^f €d^i:ln- * {t^$L

*fuu'u6l .k\A,t"(- ,c!,r a-0rrla45r
$t\rl' .^- \-o\ fil@{ t'lfirrwt:J.2, :

ti) c& s*lcyX,3. $ ,. -,or^rntu$ctc --dr i; .,^or,la^tr'r.telg-

trtl ,a, :.ur3u.*rdff-\mno6- { c.' .^ r'\ t- v'

Gi) a. wi,i"r,F,.,Ia[< ;*^6l. 4 
'|r t"'ala L\' r'

i. iO t\ r,r p*crtn,; r\ t: L - s t F

(v ) .lW ga r.Jr*af:ef 4 .,\, 'ir 5r-r ^ r'a

*(r,) ,cr V{a}^{-6- ,;[ l.,o'f\F,vt^+!$ :o€r$5 
. 

iS rr,r:3v,"A,unP\;,

tvir) A)% i{1-fr.ori Va,-a ',\ ps*YUatt"tst-
t  . r r \  : "  :  - ' , . .  o - ) -  ^  \ \

r"viii) 6 - vtanei,f\,ov\ '\ rt 
\lrgrv.rt)tzf:,{l

* , h.runrtltyarc {\A.{. €.11,t!f ,^L^n-l: * {t \ir, -ir,LAi,.ni\r\} t-eni;i-@ -.

{'i) wygw{c^A^r- d, k c.." ; .-4^tur^rf' t5

L.r.,v! <4y-. rgrl :;t. R i., -L - u.rn6vtt*,1: J& Crxfr )
t ii$ A,tv; . W;,h . ,ft''v '-.r t;f. f xJL:: ] = txSJ . to ,'AetL- lt+r'l\tJ
( iii) nl rr,n*,r1 .*.rlc,'{v\} up ( ig -,}. €''N.a= N VqUSi)

ttq Fc-/Lifis* { .,., ,a{rl,a,f,; sf . ^ PrqJA*. ,r W<rt- *C;Vi"*il

L"0 W*st,lrit:";vq ; W,tv.re&rXio ri,,] ^tJrt\:wi L+ 'J

rvi) K<.i{*\.d tryc@wt
(vii) lQftl & vigh,b tr c^sats cai,^n"oiCq

3.



I. Pvovg qg toU,arvi,n{l {bvrr\larrne,s-_,{ t \Eil*tAdzr
,^"-tJl crrci p)

.lllonre*,n:
Gerp)={
(r'n) =1

(, , \  =I tvta{r*Pr

a9t*)= t tn rod,v0
(p-t ) != {  tvu.q}

9. Deti^e, nnn- qrrcup e\ u,t ribs 'ry'ud. w 6ad' 'sia.orrt tl^rrt'

ig (wr;n) - 1- , Urnn 3 U* x (l ',

*tp. Shr* ,rlnof ealeryta {t'^lt€, fttaliam (d\pqlp i.- €+ {1^s
forvtr  C^,xC-*,  *  . - .  x Cnr .^r iYl t  n. \n. . \nr l ---  In*.

*1t. cta.o*$5 fu.l- g'o*qp o& orcllr :15 up bo i:enmlp\ai'im.

L?,. Stnn* .tlnot ar"\^t elq,rlt^r\b of 5'r W\a.$ las uvittem .ra
'-u pntl,,trrr el ,-fii-{oiu L^dcLal iw,;rn €ohrnliualU{ \^r ^,.+ e
,,.l^rl ( euAa,:,*t^E"'0rrac^ril^tt 1 ur^aiqpe") are,rcr-{lnat 

'trrp

€f.o^A'€ruo arc oonliugrre 
't{* 

"t1^{^} Wus ,\^l- srrlvr*/
qaf.

*!3. 
Cuttoql! *1^o cfooala of A",

1l+. Strorrc XAA,ts flru-' 'foUrwing €&ru,.rofic Sn :
ui) a.Lt ra5uLc,e
Cfi) -r,tl vornago itio,tl
c1il crJl aaoa^e^r grxnap<r-iriana, f,€- (t i+D
(iv) ( tZ) c\,rd t I23.. .  n)

l1S. 
Shnur m^o'ts ,{As,
An is sivtrpl€
u4ll€zla tt = l$ .

ti ) R/r\4"rf's ti frg {^ss,&/u :
Lif) 6^10rr'* l\aorsrsm :
Liii ) NiL,orn,-, tlno^nrnoa*t:

rt
i+

P)

tlrvnec -qj(JdA ,$rAtrL&ce' A',r -^17uJ' 41AAt
Ct^{lA r\,o rroVwval *u\aqgruu4o a'W1:\ rlno.,n { *ilAJ

tb D{,rfte irrncrc <l.Ad, o\Arer aubu.orpnL,ua +rtd- ilro^l
l't^,*l l"tn ( G) Y C / 7 <r,^4 l'tn (t?) 4 rur (G).
I lrurcrtiaaEe Oul( Gr) = /hrl(A) tt'anCa) -{br so"vre
.ttvri,le gX"+u; * sko,^t lMolr Ouf (fu)=l uxfcs n= b
oJl6-- )&qt OukCS6) = Z.

*tl. tde nnag c,lnArrodr.lnlc,. o, Producl; at s€b (w qouxu ) XJ
# l\tg 'rLa ̂it@r-ru C,raryern^ 69 {ru,, fov'r'r

4 :>x
. \Y

ie Lx'J 4iveo iurln, o diragurn r.xirh ryrl- Poj",*ir"
v\Aap> alh r&g tfcr a/\d >{oo.tA qonti',nn}ea) ar,.a.- qlt tcn om$
cfl..2; sw)^ 

"liqryg* 
ft^e.€ba,unrqueZ+X;) 53.4;'{tac 

-

aiatcom ;onmrruLt(^,



6frr,..u1c .t€, .\!\g- rnotrcns O{ aUnnarut s,& /qqP r
S U,tr (Or i^L) U\ y^e*rl r\trAu.lo€,,/- , cILIO\nf u^ ia^ 

"\*<tS, , evurpQf -€,b , tvt^/i.r! qf/uulP Cin $ro ^,,rrrgr ),

_ -cl.(\L-Poirl.b *.t , Kgruel. I e*.-. in ,& Sirvrilr,r.lc Qlrtr . r
Yorr wi\I t n\$L to dt W- ^\R. nrrJcr,r,rng o.r^J, d .f i*
O+ f4^L cl.xYour " in er.ldru cuJ>IL .

tlS. A @9|g') is ou S'harcnpce rl-*ln objeiJas c^,^/\d" arill}trt\
ao in l+. 6rvnll^rle o" &{.i,wirtion , anr4. ug .,unatn41
t^ri\{n g.ru,r,p h-suoua.srrPti'uunr &dn^a\o.!e- -ftru- &ttviviorrr
o* * 1U4{^t Ge;\ie4o15 !tJst\.o$^orphlm,). Gtirc- ;rorlte
ea<om,rp\ra { clrlgt|ovfua .,arn{f sksrrt -tl^al ,{r&
ru"U^i^i,,,.f,%. trFra,/t ' is o Junr-br, bub e -eZu-)
il vtots.

*tg De|i*e. ,r pnOrr,cv a! c^^teqo./\€a {D^d' r,u,s$r $ J^!
r : j x G -+ t" i-i a jueli-f,nc, as 

',J 
,llnC .1$.Aod\irl"

A: !, + € x(.o k5 Xr-r r-XrX). Re$.rv'n ̂ Ufe- I!^P-
u.vrixerr-.rl peopertirj oL x aa in 

- 
1? aa a, nefs,fionskip

Wrort<clt\ lue. u/yt!v\r- d ;x-f -a Z o'x\A X* pcria d
o,rrwr, '> x+ar )+z

to C* t,nrlef,
qAlep4l 4 W ,^r^4 l4^& Alaellnnl^.Jiovr p' (;p. -t tg4. .
Shorrl $/!o* {ot .^tul qvlqa G i r^.I ltladio.r+ .X"tcup A
f1,^0,n{.b .r tvr,a.bwra$ to-iJ'erfiort bPal.a'r,',' lravr.onaorp\^Lus

G+ A i^r^d e/U + h . 0.Je. r,rrrite ,r\ni.> s{./)
A!&p ('V{,;) ' A) g gS tG, u(ft))

6rrrrr^rJcfs, 4,r.oFierrts g.rtu.Fb, baea o\ v-u$c -'p'a/t
aMd. ot1aor sorncr,?tr ivr, {aits to(a . We slg ,1v..al
Alaeliirrn*r.iliow is k{t-rad{U$! tlo r ^s {e<raF$arl ;hrrtu.lot.

*2{ Ofnat qrrc- {^4, g.oup-.lfurorcfic .,uno,{,oguca }t
tkfocsBrir, Ar.rurrofP{f bg ct, lu/tii ore,rrl- $ a- sti,s3'a'inl
tr.l,r,b't $ sets 3

ZL Rnvr- wi,i,+ €f {artDc&afiow {oc Z

Note: t nrua,Hs. diiilirlt.gc $^tsi,Jg {^t S\ti\crlarA b\^I

s| #{€asitilt&" Lith (L t/t\fl-e, I\As,^d^b
n^trAfiA v€44 J,it4ic^ tf .
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