3 1 }

2-A Binary OPERATIONS ——-
. qu:?ruu#gf Morierds and G—rp—uh{

IH ebra tre ﬂnr-upy Sh{% Setls WTHh o
“G\%.a;brw:c 3/3—nc)t'wre ? ve.sete v whiel, orie can
"Cormpate” It elermenks. The choymclionche
# Sneh o “C‘/crrnfmh-h‘m- oberation ”
O#Lm#.m” 15 ¢ for every o,

pra a.s-.s:«";mi h/l'h"clq r;\ ’

"F the S{:Wﬂbhy F?rr;-r uf ederrants, Thas o5 thnhodu—
Ceel m +he -Fo»fl.sm'ry:

2-A1 D%mbﬂn Let A be nset. A E'-:—_gfyz_y__
Ek:r:ﬁ_‘_m: o1 A o e T s AxA —-—>A
A Set A Bogather vith o bimary dpembier T a5
Cotled o Einry qprenbion wsbmehere | anel 03 nsnall
vf.zﬂ_gh_..? 17 (A ,ﬁ-_fldcjr A oy by A with keeping
an.?j. T (a, L) "}E- e P A nnder Fhe Jﬂ—-'r'r'ﬁ-vy_-
efhm%‘m T »5 Mpﬂ% of erohed L/ AT L. There
e Severnml C»mwmm_ly NS el n»o-l-aJ—-rm -Fu-r b—t'hm?ﬂ
oprmbons eg. &%b anb aub amob aab aol,
G!.—l-‘a/ o b oy g'w.s‘f:' alk .

We. 9)44-2/% ULe +he mmzbhp&"ca b e riotation
ob ond Y“@Fe,«- 7&0 c_zfﬂ os e E'-r-oaﬂmci: uﬁ A ermk b,
Sm&ﬁ'mw We o lfo se Fhe adfdabive nobnbh'vr o+ b

—— e r——

e, —— — — —

A& r‘v)lﬂ—r—f-o a+b ac Hhe Surs rf_ a ank b,
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on W For extomple, v the Sebs IN={04,2 -2
Z = {_oj—_ﬂ/izf_.. }/ &) = ia/b/albezj J,+o}/_ R
and C/ cie Naharal 'Hwbeﬂr/ tin{:r-a:—.—:; rn Horal
hwrnb-ww/ real humbkens, ClmFLcrx nwmfaw-/ resp-
-co#w‘ve/y/ the usnal addibor, + evnd +he ucnal

Mvv%,r&chhm - Are. Ec'ﬂmfry_ w}a-zm S

2.A.2 ExXosmples | ot X be Ay Set . On +he
]bm'-r-zrr set @[X) ulp_ X_/ e wrisrer U/ +hie Crrte—
rSechom N ek +Hhe Symmebic aﬁqFFﬂ-rmce_ yAY
Orre E—c‘nawy o_};anh'om, O Hie setbs X‘x —.
Maps (X X) of m™aps fom X mido drsedf or
S(X) = {#e X" [T bijechve} R prrmtn-
Fions o0 X | the composhon of maps 0 a5 a
l’-i—cnw-ré.{ o;a—zmi‘-x‘m.

FES‘Y ‘H"Lo. GRcaUcu'rm n&q—nce, wiHh boy cj}a-.l_rah‘m.s

‘ g% py y
We ‘Flr‘.sf aPe_.sc:—.—;he_ Fm.-rbcm/!w Cfo-rﬂ]s—mJ—nJ-r‘m—_r*th.r
Wihneh grre vealdd -Fu*r 1Ay X o pdas 072 E—ry’nh-r;_
O}?—l—latf'l‘md‘.

2-A3 Defirvitions Let T bea binary opembo
w7 aSel A -
()T 00 Soid 4o ke Associahve LF Rer ot a/lgf ceA

We have (aTh)Tc = av(bTe).

LA a5 not olifFendt to prove +Hhe Fodloring Gorvwnl
ﬂ&:cm%Ve—ﬂww‘(‘? mdnchsr s m):

&wrd- Parentheses — ride . The prodmct =

—— — — —— —— —— — f— — — — ——
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1,25 O P & Jerrren b

m A , 21 o Cnd Mﬁﬁﬂicﬁrﬁ ‘E’M%qud

TN T e s P S A

G arbod { Seqnence @

L ™ ¥ T ——

' The forgpc txpressns (- ((0y0,) ) g-),

(ﬂ&wmdmﬂ_.t_wrm%u&r) are "ot arm b<

rrer Hass oMS -
?Wm”u&e.r miy ke Chse ted v n-n)z -Pq‘sl'-n'm —fu-r
?b""f}ﬂ“‘-’--?- and Comveniesce D}E Ccvnf:n}-n h‘ms/ +he
7'2”")«.9 vyesnlt vfi +ro (u'r Vﬂ—m'--e.) c:?o_-sncf-; Ccv—n}aﬂ"ﬂ""dﬂ&
For €N, Rek o, clercte Hhz rvimn bans op. possikle pare-

”Hu-f-::sd?an’ " FP‘OHMCE bﬁ ¥} facf-w.s ﬁ'q}- /ﬂm A —rJu_,, Ggl':f/
&, = 2> & -k ,MZ2 and X, = (2”—-1)-'/,.,; f27-1)) meN
! ',

=g
== Orru. Corr Hhank bﬁ b-t.ﬂ ki R =k, k

: it (}a-«n S Crry 2rmenhs fu-
"ﬂ-nch AL Fhege wamfﬁuw T’Y-e. Ars ot %m’—dl




2A /4
(2) T 0 Souid Ho be ccmm-n_-‘—_qh'v_e_ L# -Fu-/ alld
C!/beA/ We hovve aThb = bTa .

A h&nw?-.of?-tra#m shuchire (A,T) Wi the
ASSoc athive b-mm-y‘ o/)a-'-m"fm T o collad o S erris
m . I?E m add,hes T Ao Cormimntative e
'L’-n'a called a Corrmmutmhive sesm _?m.:ruf .

ek Ar,ba 0 Set vmathh ovn ossociomtve ormel
Conmmnlabve ke oy o{:-e—na hon ( ¥ mzl/t-.)o«fa‘c;a #v;b
.Wtfibtr-n), Then +he F'roofmc:[.— c'.F A &5'-4-’;!-“-1'15?_ °=,e
ederrenis &, Sy A,, b A A2 Vot U‘ﬂb l.:r]p!-uf)bﬂﬁf&n‘e
U,F—H"L,e,. Fm.e,,q#k@&\r Lk also He orvler *ﬁ the

o

Her (Genernf Commatabve law)
LM v_ﬁH’ua Sﬁmﬁ =t et b
S 23, By Ay = 0y

P W ——

'-P"‘DUfF(‘& 157 tridvuchm o v omd a5 [Pl 4o a reader,
Iq +he ad L hve nokabien +he ?_w.ﬂ._ﬂ Cornirnurovh v

Lovnr a5 91",,‘,{4)"'"' ""“r(.'l,‘) = Bt 4 a, . We. alse: worite
showkly 2T 04y = 2 4.
£y L=y

Now e rre r1tepsasted m Hee }oryﬂp:—n&-&r r-f-

. b“':ﬂ ' : non Sh‘lﬂohrﬂe_j

(3) L-e,{.‘ A E—La\‘w (-W.._,c.&{' Fct&h.‘/@
N'H'He—h) and et e A Ne say that > Le ff—
neuwhal m A LIQ Rer ath aeA/ we hove ea=a -

—— ——— — —

e nd righte newbral m A '-f_ fu-rn..u aeA, ot have

— — o ———

Re=a . en> newtmd i A LfLe/»_': lefb - ewdnd

and righh newkrsg “A e ea=ae=a For atd acA.
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N evchal elerments are Wﬂ—iq/l"-‘i, vhsre ?W%/
Lt e b-e a foftoneuhal elemment opmf At e! ke

Gt VLBHJ-:_E_MM &.’%Mf _J';a 4:‘1_"__1_9_ meﬁﬁ
The, e =e'. T, fzwx&cif:w:rj &E.J:e.wf:raﬁ eleement
I S e e e — e —_—

M Stnee e = X"'/lf— -n-e«"‘ﬂi-@/ ee'=e! gnd

fnte e,'né‘:anl‘ghh.n%h-aﬂf ce =e. Themfore e'=e,

(3) A SWM Whach hoas o hewbral e e ment
o ecitled o rrnm—n"{

. —— — —

:r:fi & orrwdhbs plicahvely r e, La.,,,,,,,,%, /prention
Sztmc"nr\c&h.pw a rrasa Arod -;J&rnmiﬁ/ +her; of 0S5
T an _cao?aL‘Jﬂ'voB b Hen lﬂ—r.'nw-ry oqa#m.h'm & brack -

vire Hhe rewbrnd elermentd o callal +h. .._Z'__'_f"_.'_i".'.'_e'_[_f"

ent bed Ly 0. This XWW‘?& had
W’?ﬂ‘ﬂﬁf-d Frorn the nsnal addiber + om(ﬁé%_n-ﬁ)
,Vnuw}w(«ta-kuv; e 'f'f"l::q Seks @/ Z cend IN -

\]; e | |
ThiZio o (m‘?f:\@m 4) a5 the neuwbnl ele-
Vet 1n (@,"‘)/ (?:.’/ +)/ (!N‘,i—) (‘r"-er—]o- -
(@,‘), (=), (JN,-))- For Bhevisnal ad &b
o1 IN¥, Hhree a5 rro neabal elemant,

(4) L—LE M ke @ errored ( rrn'w&:'k&“cahvgﬁ, %Hl..)
Wi+h +he eumhnl element e = B - A‘h elerent

— . —

aeM 25 called inveckible (o wod ) v M P Hhare
exishs aleM such +hat  aa’ = o'’ =e. Rutlu,

SVl-c:'f') A Ll%m'& afe M a5 Called Ay c’-hV'W{_vﬁ o i ,\1\

—— . —



ZA-ZE
Let M bea Sermud Yo an & l"']'g."’]_ be a Sub—
Set of M. Tf M o cdosed vinca, Hhe binany
_"_E'_‘_’E‘—ﬁ"-??. £ M e R 2 ke M! +Hhun alb'erm’,
Phen M's3 Called & Subseniqirp o 1. T
s case e Bdrnoamn ;}f:smbfm 03115‘1 Lrofv s a btk —
My’ OP'-mHén e Hl ondd with thaos M’@aJwam}a,
MU‘Y&W&C 'LF. Ml oS a yr) srrsTd Wﬂa? LF:HFLQ rneittrad ele -
/ .. .
renk € OiEH h—ca]c-na..r-’-o M/ +he, e A5 alseo Hhe
Newhnd tlement of M’ amd m Fhis case M' a5 called

— — — —

Fc;r%(wm)a'{l/ (}N/ +) B a Submesrerd 5:’9 e mensdke
(Z/ +) and [@/-:—)/' (}Nt +) A Sﬁb\f-ﬂ-rm“jm}a vﬁ
(IN,+). The st @(x) u-_F permulnhions on aJe b X
g A Swdm ey L Uﬁ Fhe vynono'd ()()S o) c—_fi +ie
Set erfl Mo Rs from X mio X undsy Gomposiheor o ?ﬁ
rMays,

The cnterseckion v)e a 'F"”’”"’_(j a—ﬁ sularm_‘?w“ P; ( 25,
-SMLM.W‘JJ‘) H# & SWW (Y“&Sf. Mm‘a\') ™~
" a.?,,,mq a s-ubswarmu}a (Y'az‘s—f_ .S'H..[vmuﬂm'af) aﬁ M.
T -Fbﬂaw:s +Fhat : FL}"’M }LW;B ﬁc,“/ L“G—I} v'ﬁ
elemenks ma SW’?M}O (V‘-eITJ. o mmm“a?) M/'H’u-ﬂ;
exists & Smallest Snlﬂ&aﬂh'?'rrk}a (resp. su Lsr}'ﬂtrnm@
Contminiing atd 3 el This subserr; gromip
(Y"-ci—l'p. Swlamun-m"a(’) N 05 called +Hhe _.sx_a_bim__um
[_r-cprﬂ. Submonsid SMIJ(AJ-LJ L7 e f-wrrn‘/_,j qér.‘/d\E-I

o ——— ——— — ———

;.éﬂj +he -erm& %, v eT o5 Called a MB sys o,
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[:u-r WW)DLQ/ 2. N = {2.y1 )fﬂ GII\/} ) z2.IN= {3njnelN_}'

and
(’N :{D/ .2/3/1-;1 5‘/ 6}--- } = N N {1} hre SwmemH\r

RN, +) genambed &y 23 13Fomd 12,53 reap.
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d-w'-.—-....--—n._- — . P

A Jamna (L% a/ and all orre kol
!.:Y'?V’*-f-s-ﬁd" U”? ﬁ‘/ ey a’:‘_.gfe = al(ﬁq”) — (Q‘q)g”_:
e_o'f/ — a:/)

TIf +he clement a € M o mudbiplicahvely mitta
(TEEF. aaga&'%\r% s H_-g..,) onernosd M Nasr an (rverse
+hen s LrIv-eirse ﬂ:i‘o-FfIv. Aerole d b

4 o’ (Y"e';f.-—ﬂ-
l50 codled +ha negabve <f a).

_n:u Set tz!e crnvertible elermenks » a rmsnead M
/é Ovﬂ-ﬂo/—&-P b’ Mx/ ¢

.2 .

M= JaeM / n > cnverkible v M7

Tor +he rsnsrds (.@ +) ond (Z +) vy
E—J&rﬂm{:ﬂa pnv-l-r/br!:?}-t e (B +) & om &K
(Z,+) =Z . Buf v Fhe vmomerd (IN, +) +he
elepment 0 2 P G‘nb crnvarkible elemet , e .
(IN,+)X= {0} or Ff?lfmmww"b&‘tah‘vz oo &5
(1), (2,) omd (1) wox howe : G- @)
2" = {1,~1F and IN ={1}.
Lo Hhe mersi® (Xyo) o he rmajes o X ik
X wwndar Composihon o eferment Cf e X"
Crverible bﬁﬂ-na? r.mb f.f‘/’m PPy o G-XX..S‘nch
-H'jq-&‘ o = cr P = LaP Tho as Frzc«.&& e
‘?-al&-e_ '-f and cmj tf- (20/39 LF\‘.?LCJ'IV-E. “ v Ths ceme
(A Crnverse 1 adp “ﬁ Cf’) mﬂ«f-drt
(x" ) E(X) = e 9 L pormwbnbiions on X .
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We. note. +he ﬁgum,n»t, Cornpyibabior ~rnles for
Cnvartlible elemenks =

2. A.

' OmPMJ-nJ-»‘.M'-m]u Fg-r- nveclle elermenks:

Let M ke o monsd (mw&&}o&c.l-w-g) W' TL

+he r..a?c-n(:.%‘ elesment e =e., - Thes .

(1) e & tnvekible omd& e =e

(2) I‘f a2 e M rvarkille +hen & 065also
crveskible Ggnd (d‘)-q'-._-—fﬁ_

(:3) Iﬁ %J/ o,< M are t:n\/!-r/b'-lslo_/ Fhen +Hhe
f'rva{nc’: ﬂ,,---ﬁm faqfso E.-WV-H'/Z.L’L& ol
(ﬂ,,"-" ﬁm) = 0-1: C_i':.

Ih}aﬁﬂ&miwc Cﬁ A, bet ore t}vv-n-r/&’abl-:/ +hen
Fhe product ab Salso Cnvatible and

- | .

(&Jp) = b - T
?frn'u‘ﬁ (4) o A rz) are obvivnys, (,3)45- ’l:-;—wd

-\a/ tnduwchon om . Th 'J'}uf-_f-m andb +o prove
Ry n=a. Sinte (ab) (5'd") = al(bb: & = dea=
na =e omd (5'5{-') fnJ’) = gl(&"‘a)l—:z Llelb =
b'b =e, +he asswbion a5 clear.

2.A.5 Cc'rﬁﬂoa::z Tvi a vmorred M +he o r

i_gn_bvx—rb"ble. Wﬂé a Subrmenoul ..T;_m"‘/l'”_jb_
eviry ehernent o5 Covackible.

e e e — e T —— T

Cornmuiahve /
I"} "')”I-L aa?a&‘*’wf)"mm‘o( M/ +he Ca‘rm’au}-mﬁ'-w—-

i les 'F"Y Cnver i ble eleremks o, ke M are:
(ﬁ)_-OM = Om,(ﬁ)"(-ﬂ):ﬂ.. (.5) -—fg_.;.],) -;-.(—09,;.(*_9):

—a-b.




TQ'A[‘lO

et M kea Serrigrenp 2 M and me N

Q---a (Wlaves)/

The y- Fo]a@_ preduct o vk LJ—&J,L s called
. | . ¥
mhqwf?ﬂfﬂw 07[1 A cwnd s demokled 197 a .

M has M%mh—nﬂ elemen & €, +Hhiew e %K{‘:
a:=e. M/Wc.uv-ec \f- a Ao CnverAble M/H’f:;-
% for meZ M<T oo defrad L), A= (a{‘) .
B)‘ 2A.4 (3) we have a — (&')" = (;{_"’)"7_

2.A.6 Co-mpﬂ}n}-r‘m—v"m[&r For EWW L & ™M

b&ﬂ_-gm"w b &£ M g be ™M be C\:'rﬂm%
. S

J.e,rnc,nkr wf;l"”/ ¢.e . Qb:ba,TJ’u.n —Furaﬂ

71, v c—_‘-thenra have :

(1) a7 = (2) (oﬂ’”’)": o

TF M has the newbrnl elerment e +hes Hae
ides (1) —Ca) held Poralt o EIN . Mereover,
P aond b are Cnvekble o orie o Hhem
m‘iﬁ;f"""/ thes Hhe vules (1) = (4) also hold fo
MY 11 e Z Por whvich Fhese mades rmake Comte

Z”E_Dﬁ For 2P o rean ks m,'r;eﬂ\’/ Hhe ricles (1) and (2
e ,P:o'w*«&/ thernles (8) and (4) are Speciaf Case,
vff_. HU_,W Comimutahve Lo Fy e Corze,
Vi'egml-:‘w._ Q/,\/Ftsru-oh‘ ith +Hhe Mp w}’?;—:{oﬁm}wm ~#
t+he ponras it n—e—a,al-fva w::rnu-nk:r/ e Yedunce Aop
prove thase ndes fr expersnts m IN by replacing
a,b eithe by R' b o by E.LL;'. Bt Hhen ave



2Aﬁ¢
need o mobte +hat - L»)Q A and b crmme-e-/
then 2' b and &' L' alo cmmw& Aoy A
Jenr Pom b =a'(ab) = & (ba) _[ﬁ‘b)a
omnd heate ba'l = (rfi‘la)( & = Ejls. Fwwu%j
L' s (ba)" = (ab) "= '3 Bttty olebnils

ATe XUP{: o a reader,

ii-Huiahw¥¢%wuﬂnh;ﬁywwwﬁﬁndéhnﬁm
Ncg-at‘w’-w‘w%-/ +he, +He n-+h prorrans vzf_ ne M are
Colled vi- Polds and descled lo} e a1 e IN
o T;:L oy Pwm"zfﬁ?ﬁ%}"? )
m/cgr'a,?) 7RG wf_ a . The Computnhrer -
vides vm 2. A. L are Hun wnHe, as:

(nm)a,
(1) ma+rna = (rman)a (2)14("1&) m

(3) Mat+nb =nbima (4) m(a+b) = ma 4 b,

":/P,e,mhr C«me,-l-o*!-hz.cuﬂu.,m" :F.abws.s')b-/gmmmo_

1AAS]

2.A% :Dcﬂm'&m et M bea commubmbve

mored . An elernent a € M a5 called a divissr

=—-7P_be!‘4/ (r‘aa}a las-l"l/ba«m _l«(zu-lﬁ_azc:l"))

P +hiere exisks ce™M Shel, +hat g Cc=b ;" |
" rﬁf@n vt Fhas as LL_IL; omd vead “a divdasrh

— i vy — ——

I?E amaabw.swuﬁb an & '-f ch—l»s Hhen +Hhe
o&wmw-Ccurnawmmﬂrw+Wnﬂ jydd%#mmd

o A ek b Heorrers, Yo P semigrong M o5
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Y—-e—afv‘,w +hen J—Pns_j/_ ___J:e:i: C WM Aeter_

arried .

Q.AS:DE—P-Lmhu'n Lot M ke kS‘WW (o~
nzw.snﬂ% cc,.,.,,m\,d-nhve) ank Lt a Q—J"I W—e .cy
+Hhat o o> X_ﬂja'l:—v‘-e:l’nfw (Y"z.r-f-v righ# qu.())m
™ LIQ_—quM x*yeM ﬁ'u?ﬂa»_aj[ﬁﬁr

xX-a -—ja) B Pellos +hat X‘—) a Ao 'CAJL-.Jﬂ-:IM
\72 bﬁfb betl /sz—’[:-—v‘ea/h’w and njh-l-- ﬂ?w lasr,

We note Serre CUT‘HPMJ'HJ'IM —vyrles -
2.A-9 Lermma Let M ke armomsd nith the

meunhnl elemet €. Then

(1) e a5 r*-v_a»v\lw

(2) I‘F \F-/t,nv;rhial.z 'H'u«n a e r‘ﬂ.su[wr

(3) I“]E 5\ L €¥M are Y‘-vjnfdw‘ FHher tHhe F'roofvtcﬁ‘
mb @a[So Y)v_ﬂfm[ﬂd"

rowR (1) v vnl. (2) Fom ax=ay % follemo

that &1(ar) = & (ﬂ_j) Lte. eX = ey gr X =Y.

cgb}mlﬂwf&/ ‘Frv'rn X a = fy&/ Wz g.n-{j X =Yy,

(3) B (O‘_Iv)rz (ad:-)j rw'h'_a,zl: a{bx)= R(-‘D)’)

and }"LMLG. L?X“ Ly F—tnt& 74 \er Y‘-ﬂ‘jhjﬁrr otk ‘H’u-ﬂ

w.,jh/F_ T‘ﬂr!w% vﬁ. PLJ:D

For an elevent e ™ v a SWWM}‘H’W—M'JP
A MM, Rlax, icalleR Hhe fepb- rtlipt-
_____.L’)’QM& H-\.Lmo\./‘aj’ M-——)M M F—2Ya




ZAZ'IB
7 Cmlled the nght muwltiplication by a. A

ivarmzn-(: a n"a Jeﬁf-;-r-e?—nlw rf’t-ﬂf @"‘J’ TZ"’M)_
Loandenly P A (resp. f )& tryjechve P padhi-
Q«/QM; A s I“‘-O_amlmr Ef.mdmbiﬁ_ﬁﬁwdhgwe
V“;‘U*%‘Ve . The Se. b M*: — ‘[q c M/ Qa s r‘a\_jij i H_}
"? Y“lgﬂ»"ﬂv-r elernents A a SMLSW'W v_ﬁ M~ L?’
2.A.9. V’mw#} '-ﬁ H@amm‘.&/ Hun M %5 a
Submorreik -? M. Hvr,flou.q—/ -Prr Gy rerand M/
by 24.9 ™M < M oM. Wesay +hata
SWW M o~ r‘&_?..:\\'{?m' pﬁ w.l—rv alarané€ v.’p.’“"’

-

s r”.cﬂvu{nrr, t-e. M

2.A.10 I)tpdm"‘-l‘m-- Aﬁ‘:?:‘:*?j e a monerd m
Which eviry element > Cnvarbible  Therfoe
Q c ""WP s a Set WIHh anm assom‘a%’v;%}ejﬂh _
o}::x-m'i-"m (mM'PL-‘c.‘_-’-Ne& w-v-:H-m) WwiFhe el
Such +hat +he )t-o”m-s'n’ﬂ:j Ccondsters are Sa‘[:‘is’f;'to?:
(1) e & a Newhrad elermant mm G—/ ce. g ~qe=a
—F-ur ald n & G,
(ZJ F&YWLV; o GG‘} +hrre oS B t,.n'v-ﬂ-r.C-g -L—b—rﬂ-l-ﬂé
€. an &’MM'L 01'6@' b Q.ﬂ.,: Qfa =€,

I’F CnaddiFen +he lenary o jprrn hom u-_){’ (3 A5 coomom.
whechve +Hhen rre S0y +::g

—— — — p— ] ——y

1 “ 2

T}L& hSe Uﬁ"‘)ﬂ.& rvorred Grru-u..ip gou Jaaok +o
Evarisk Guwleds (1811- t832),

2 }\lm.ﬂ a\-PL_-.r NCdS_l_'Wﬂk Abcv, (1892-1925).
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2.A14 Rerarke The Ytal/w're,mean:):r m Fhe ofa7Q-'—
vihen 2.A.40 °:P R W Corr be Wenkened . OFEA
“+he PB*IW'@ oasSeFion £ vised -

L—@f: G ke RJ“W’_MJ'h v elerrent

e ; e e T e s

e@_Q' wa -+ MME :
(1) £ ¢ rignt-reuhsd e Beca fur allocl

P P — .

(2') For 2vary elemank el ma $oy
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oo bion e M) Ly 2.A5 Ths W S called

The WJ ovre olizs i a,vu:el-.n.ap R L g M PB Strriy'
WJ m Whael, Carlors %M%'w hovve Soluhms |
Let G bea Sers oand et a b e G Ne
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m %ﬂﬂ& m—_b—»—-lii G < Y‘“fgufﬂ-r
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'P!:rr'm AT X = b hnao a fobulio u—n')a%*}"l-ccqi-&
R=0. I\,UVF'M% (W,_E) 5 riot a gzru—bufa
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L‘JX as e vieuwbrxl elerment . I# X has atleact
bro eemenkhs a, b mth atlo e, Haals Sevmg-
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d:agm ‘)—}"L&C-u-ﬂ.si:m&mw X > a m—-rw?j{—
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= {(x}y) e X=X }Hu-m_wts)—\: 2e X}

Swech Fhatb (x 2)e .S
and (2 y) GR

Then (R[X) o) a6 a mena® and ()( o) 5
& Submm& J‘/Lu-v‘m-nr +hre Se € u-%’—mvvzbéie.
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{:0 +he T’VM—W ot,,}.-.-/ oy, Y‘es»la&._-,hv,% +he 37.71/:-“
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2.A.23 Exarnple L et o mnd q Asrnote Hhe

W YooY re.F—J.aeJ—-w c'.ff. +he coovdimate_ axer m TRQ.
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2.A-2hExarnple (Direct product) Let ™

Mz E&Sce\r Wi+, L’-cnmy o_}:-!-rrd‘v‘w T3 /T'ZJM’:.
Ther on +Hhe corhesin, poroduck M, x N, the

Com pornent - Wice b“{"____"""_g. Ot a5 A'ﬂa'w .L7

—— e oy —
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Compwhation.rindes which hold for both T and T
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a SWW/ uF_ e.1 = M‘,‘ Sk e_¢€ Mz ovre riembhal
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— o —

— e e e U o
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Mu‘r'efo'v'@r; all +he Cm}:w“a""‘u‘n..m[g; whael, ol
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1. Let 5 ond + Ee.ﬂn{:e_?,kr:g.m T Yx¥ Y
( Y b)l—> aTk: = sa+ {:b/ o a lﬂ-c'nﬂ—ry_ /}am#m
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1‘% R Cﬁ'mmmh';'l'v-e. W
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5. L the Petlaning grovp. bl 2 a (Forik)
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-:S'lf\ﬂr.\__a s Lt bermenks valent -
(1) a & nverbible m M e a e
(2} The Aedt tramslaten A+ PM1—3 M #2
b—c:j.ec-f-‘ve- a
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vt e, "GML o . -
u{:- LrvarseY mrnd n’)bl: 6hvn‘:.twﬂ A no Um verbble

& C__l'.q =a'=a", Decve +Hhat L acM Has rmere
thar ore right Chverde (Y‘Q.s-f. Aett anr-r.i:a)f +her
A has mo Le}l-l-,- Lnverse [Y‘eg—f:. rz"ﬂbb th v&rSe_)
N
9. Tn the mened IN (wrdder Composition o)
24 end & INN ko eféﬂ-‘nd 17 Wim) =r+1-
77"*47 \‘70\}/ = r.:agN and e elema, b W E‘JV‘N has
Ci’?/lc'm')‘z& mm/.ﬁpf—ﬁ-t})v’-cdﬁ omd heace h;jsn»ﬂ"'-
Cufa:—r/ roF rnverkibic mm IN
f the form ax=b wth a beM hnas aSohbie
m M. Shovr +hat M m a ?/rv’l-’o
11. Lt M bea mmma’ and Lt xc M v )ﬂ“{:ﬁ
‘FU'Y dorrne L e fN*: Shev +hat X"‘GM”%J? }Du'v‘&ﬂ

V"’Ijﬂc-z = C.]Q m = 1 (nod af;),
Ve

12. L.-e,'l: M J:?-Larrwwmb? and M ﬁ"// ﬂfne_M ke

Swich +ha € —}-}-u_ FT‘D"““CE Q"...gn o Cnvarble vn M
They i +he fa-fln'mry Cnses, shenw that atl ﬂ.,/--;_ﬁ),,.,_
A7Te odso Unyarftble m M :
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(1) &,

L Oy FTe fppy;rmx_a Coyrrs > n/i-nJ-:ve,/ Le.
f’{gﬁrj—: ﬁg-ﬁd- F«nfﬂ.&-? *155/)501.

3) M Y‘-—&?A«,M

13. J—&‘é M be a __,ga_ﬂ'r_c_fa. 2. @an grdered J.g,{:/r:i.
P\A’hc‘o L2v

o wlemenks has trfwimuns and
5u.4ﬂr"-em%n'. We fwul- : fw-r a, Le M,

adb := Swpda L} and anb:= TnFqet}.
Shew Fhat the b-,.'nm-g 0}u-fnf-:‘w Ll and 111 o
M are ﬂ.SSocl'Eerv’ve Cowmmninhve and ot

the So- Codlal Fvn‘_ifu_w_q_rﬂ;-&r: Fovr add a, Let,
ab(anb) = a and an(aHb)=a,
Conversedy Swhppese thnt Masa seb miHh hao
pSSociative W-rw' Cormrmuiahive L-dwwy /)m.—..#w
L epnd ’_" m wWihiwch e adlbove fh.ﬁ.m riglesr o).
The., a’e%ru n refaher < v M )")f-
A<hb foroa, be g L oanb=a. The shevr

thaet < .r“ahw-n svdar on M and au.b=swi_7{qu_}

and anb = Tnf 14,6} for ol a, ber.

. a) et M = {Q, b$§ bepagset v, huo odahnck
d&nm}u o omd &. 77'1—‘-”. are exact 16 b—ﬁn -
Vjﬂﬂ-/a-fv‘m\s on M. Heonr ATy oﬁ Fhese L.“nn,,-at_com.f.
W"‘w on M are l?l-S‘-SOGyhh‘V‘ej Cormrrtvhnhive aandd
Novve newtrnd eloment €
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b) };"7'” Qa b"”“”;‘ o}wﬂh‘m ¥ O @ ME«J-r-n—-y_
Sel l"l‘} dmg mMmamy. fold produck mw{m/ e
CarrL a&a«P—fm LR bci’wwy_ o}a&rnh'w on 1‘7/ For
axamphe | (X y) > (R*X)xlyxy) (53)r>xelyy)
and o e . . Shew thabt o Hhe heo element
Jed M =185} vising the biran - dpambron given
Ly the tnble . 1 [ A # | we con get AR

,efj"— 3

> € ¢

b"“”""'t‘}t J)ﬂru#m\-r on M= {ﬁ,;f:} iv)f +he above.
precss. (Remark TP Hhe elemenks & omd P pM
cire both ﬁn«'f"!,—v'ufm.u "True” and ¥ False ” Y‘t&r. ,

+Hhen Hhe abave am'we.n ]ﬁ‘navg, p’}a.-.-.«l—:‘m | en M a5
Colled +ie Shg}?}.’e_f &}mkf_ . The -sh-oke.l A9 riarmed

—— .t iy p— — —

afte. H“"’"y M. Shefle (Ameiican Loznc-ﬁwﬂ,
1822 - 1984 ; Telixh Jewr born v Ukrmvne who
w‘?«ml-d Fo USA . In 12493 Shafpe., ,'D"?'ﬁ_h‘oplcf

A A ovrahza Fes wﬁ Booleg. rv‘Je.LrwJ Usng e
Shroke l, o X.aan‘c-dl 9’}@-.714-‘:77 > aws'vaden £ +o The
W*—a.q%‘m vi +he ijwc.h‘m o}u-rq-"l"m A y -
P19 = 7 (paq); m cdinng kangragenot bott?)

15. Let M heas%n;m nith e Pollerring o
proprkizs = (1) RYQMQGM/H—L&ME-W—
Aabions A v M — 1‘7/ > axr are Surjechve.
(2) Thore ewdhks al leastk tmx be M sweh Fhat Fhe
njh%— trovaslaben j’b: M — Moy b A5 sur.
Jechve . Shor that M 44 W
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A6 . Conshuck a SW'W M ik n-:'?__rzf__}—a
, bt Fhem o5 am elemant @M sabisfyin
the folloiing Pnf)ﬂa—r)fﬁu : (1) ea =a forallaeM,
(2) For eviry AeM Fhere cricks ale M Such thak
aa’=e,

"?’ }—e{: G b-QOI thtz ?fro—rv,y i Fh r elermen ks
cmd At (R‘IJ'.}Wn) S G-n: o Grx- x5 fw‘hm}.
Shewv Fhat +here wpskrs Cndices Y, S 'y
o $r<¢$n Svich +hat Ppy oo 9 = eg_.

(H/ﬁfﬂ&t The ]b'r'Do‘an:J:S .Cl,’---ﬂ_l'_s, S=0 -- 1 Cemmnol

L — Y ’ /

ke Patemse dishnct )
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