A sel is a collectio of obiects, each |48 |
sel ron o 8
of whick s collad an elemenT {»f"élfe :eZ‘.L_

I+ S isd set .‘ﬂen we use T4e notlalion
\ t ot set S’

“Xé S" "t‘b mean X 1S oh clemeu
T S ise se'C' and Tis Jso 4 seT There

are severs! ,ws;ié/c relstionships belween

S )nl T. ”
DS is s subsel ot T " means oll eleneaTs of S

are olso ele‘:nu'fs " :F, So VXés) xXeT.
we wn“fe 5 _C.'.. T ) Ancl a"t é/.fo mesns 'f'é(e
impliu‘f)m (XéS) =)(x éT) v $ 'tr-qc )

Ex: (XeF"|AX =B} SF”




Def. The ‘emply set =" g" is the seT |¢9
wilh '—"ﬁf@.ﬁ!_l&.{, So xXééﬂ s false 'Forlw
choice of X. Note: Jc S isTrue for ony
set S becouse i xe}-tkenxes" is
{rue since A€ / 15 'fa/:e‘ “for sny Xu.
ot K& S means mot (X&)
not(S ..C_T) medns mt()&és =?Xé‘r)
which 1s True when (X&$S =3X6T) is fo /:e)
that)s, when XES ond XET for some X,

Recal( "Venn Jidjfans": c T
T'\eg hel'lo.;‘o vises iz € @
sel refs :on:h,fg. XES XET




|
T bosic logic Tthere ate same sTitements Lg;o_
which are alwa,s '{:rue for Sy thoices of truth value

of the “vorisbles’. Thece sie called “tautologies ™

Ex: (P2@)O(ntle) Sntlh) ———

EX;
!_'f_ Use tobles of < raTh values : not(ml‘f)

PlQ P84 ho‘t(Q "o f) hb‘f(&)ﬁ”ﬁ) [E—)P

ey

T[T |FE |E T
TIF|F [T [|F F
FiT|T |F(T | T
FIFIT | T[T T

Same w(ues

Sa.y mf(Q)ﬁhof(ﬂ s th COh'(féF0$;f;0C of f#Q,



567 Q=P 15 The comverse of P#QLS'_)_

B P2Q s _»_‘_o_l", eggiv&/cwz‘ ‘o @:;p)
that s, (P2Q) &(@aP) s FALSE.

wol

ME_-': alwmt

A o '(.L(ommln /0 /e error W‘Jle)' ff“/lnts
2—3 e"t:‘ c‘on'ﬁa:e '»Mf’ich‘inn P =& wi)l"lv ' s

converse @D P. Watch oul for This emr_/



_Tu 5e‘t ‘0\207 we of?‘e se-ékese
nu $L
(52

constraitions’ of new sels from givense

TIntersection: SAT® {X Ixes Ah/xeT}

}
Bbﬁ(, 5&1‘ hofé‘tioh S {Xé S/ P(X)} Wl\ep-g,

plx) is o~ sesertion wboul X, ¢ condilson
ired of X for membership inThesel

ref.«
Lo.‘t‘ on/y sz gre (onsi/ere/,




Finel comments on f«au‘t‘:ﬁ‘ers . [‘2
W‘)en more ‘6\401 onée ,«kz‘iﬁer occars I m
>n expression some cort sbonl Their ordsr

mu}f‘ Le ‘téhéb‘\. Lgt P X,f) ‘e on ar;erfm

I d
(Vxe s, VyeT, POuY)) & (v €T, Vies, Plsy)
since They LoTh mean P(xy) is True for o/
shoices o elewerTs xeS,y€eT.
VXGS, Q)' 97: P[X,}') mens +for any choice

¥ ne$ There is some yeT, which m oy
0 end on X) such T Plf&,y) is Crue.

de,
_E.L‘.-‘V)(é/K, :’lyelk, X+tY=0 i\:}t{ru::ri;;.e y==X



W}aauﬁfie{ s?‘d?(emeq‘ 5-65
37’6A, VXER, Xty =0 isfelse :;nee,'tz_‘
se)$ there 1S a/é/k such That sll xR

Ia‘f‘)sﬁ' )(f)' =0 . No reel numb er Y is The
sdd;tive inverse o }__/_/_ res! nam bers X.
4 LY r GAMye Tle or/er-

o ily yeoa
0193 4 : (w EX o Vj> wiﬂ\uft

V3 63V
cl\ir’%n] Tle medn fnj snd TraTh of The

exgvess 10n.
T here 18 1o fn):/em wi TA
(3xes, 3yeT, POy & (3T k62, P(x,r))
since tl\ef 36/ TRe Seme 'Utin,.




8&!(! G linear d/;e&ra 3
Recall 'tl\e lﬂcm:flﬂ\ O'F d /m er maé [_f

L:F "aF™ re res thaT VX, F"an/f

D LX#)=LX) vl , © L(% X) =wL(X) .

For S«c‘ N lin. MJ/o [. lon WE a/w/.r 'Fma/
o metrix A° LGJ]éFn such thot YXEF"

} L(X) I-A/K), :AX ' ,

letls tr Xr , 0

jtee;@ )\'Nr.'fe X o ] x,[ ]+xz[o]+ *le]

wl\ereS. e,[ =of ‘Xoe *Xz.fz":‘ A*‘Vﬂ }
ol P )y € []}Sfem )'



We call Duis list 5 the "sTondard bisis Eé

O‘F F" ". So we hare x ‘z X‘e" for chorl.
7*

575?@’ Use rule © of Iineu-ﬂjr for L ‘z‘ojez‘
L(X) =) (x,e,+...+x,, Cn) = L(X,ea)"’L(X;Cz*"'*K"Q)
=L (K,C.)+L(X;Cz)+l.(x3e3 2o B 98 bl
= L (%,€) tL(%o2)* - +L(x..c.,)=_ZL(:;e.)
Use rule @o'f lin.ofL 'é,ja‘ n]" /
L(X) = *, Lle)* X, Llez) =+ Rnllen) ,27 X;L(ey)

5(:8’9@: For esch lél'én /,'(- a.;- .
ond Icz‘A=[a.-J-]qF:‘. “ea') ";J‘} F

A



| We have Thus used L‘éofe?‘a wolr i/ Z_f_7

A €F.,. s‘:«ak et (017‘(4) =L{ei) snd so
LX) = 2% Cobilh) =AX =Lalx). (Fic)

T‘\ I‘Z"LF?_)FM IS é ’fh.:dlp +then
'Z:LA £or The moTrix A €Fn u.,;;‘e[),/
I(Q‘t‘er»\inel Ly [ suck The? fol/' A=L ?)

& EN,
i %) [=X, ﬂx,-rsx’

EX: L_;FL_;F‘-Je'finu“yL 7;(:; C 2%, *X,]

::{ Z ﬂ[;;] Since L(&)‘[;’], L(e‘)aloz],l‘/&):[f].
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1
s
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Ih'. Let L=Ly F™=F" for AcF.. 52
L is m'et‘fwe i FF h’er(L)"{O?}.
P‘F. AS an “,-.F-f" f}.”g;.g, ore two ,urts ib The

Fr_oo‘f' ‘=" and &

First suppost L is inj?t'five . Try & preve gt
fer(L) = {07] o 9" P27

L inj. medns VX,YéFn) L[X)’L(Y) = X=/.
From F.I‘L, L(O:‘ =A0?=0r 50 O? 6[fer(L)

is true for ony linesr map L,
T X €&Her(L) then LE)=07 =L(07) 5o vA
of L Sives X =20, which means ffEr(L)-'-{O?].

Second, suppose frer (L) {O?X,Try‘t'b show L in).



To show L in). we mus?” prave Che ' ."5—9
slpement: )5“//‘“ X,YCF" snd Uxffz |
Show ﬂft X--)' F},m L[X) aL(y) we inow

L(=L{Y) = O™ (wiing bsic lyebrs vales For
Ma‘triees)' so LX) +{4)[_[y) .-.0:“ (/e'f.of-)

=L(x)+L(-Y) :[_(X- (L Lin oT L)Wm
L(X"Y)= o7 which )23“’)’ X'),é"r”(L) =[0?

$o X-Y= O? 7)v3*~]‘ X=}' U(CNJO‘f‘rru'f)

This mesns thal T cheek when L is in}:,
we solve L (X)=07 . Lisin. exectly when
the !Ll-z !o/u'inﬂrFS X=0? . Fov L =LA it
meons [AIOTIL%[C’OTI wi O\ Nnh’(c).:n_




%:{%F:\?F yfor AEFw, isingi 17 (60
Th. LAFL"'“FM, for A GF:,

v\H[A):m .
b i£1 Rongelly)=F

_E__f-. LA 1 $ fafj. m
i'F'l‘ {B GF"‘)AX=B 33(0”5i37(¢n7‘}=F ;
i £ AX=8 is consisTenT Tor J)) B EF

i £f [A]B_]-H‘?[CID] md ronk(C)=m

RREF (no 2ero rows i C),n

So ranh(/” Lells us whether or not L 4 is

sur}‘, ' In"., Lia_'co'fivc, inverti L/e,

is Sk r]'. i FF



Eumphs: A-[L ) ¢Fy ot P L

1 “] f .
000 RREF has renfireL s¢ )
Arou |5 [0000 La 18 not ing Since ¥ = =)1¢%=n

Anl h’er{L/,) {)( 6F*/A)(— } has n=r=¢/=3

Also A (ways Con sistent,
$o et [" 0 =be-2h,
[A'B]A [830 :J ] 65: 23?,]0 =by~3),

La 18 wol {av; Sih ce
rflLS -Mm . b c
Rangs (L,ﬂ {[36,]6




