A ,.mmH. is a collecCion of objects, esch |48 M
of which 1s collod sn elemen? \lp.ﬂ\wn wnu...N\I

T S isa set Tthen we use He noelalion

"xe S mean. X is on elemenT of seT s’
T S isse ol ond Tis sso o seT There
are seversl \.&K} relsTion mt\u between

.M. 9’& ql. ”
@:M P wfrhnﬂ. on:ﬁ. meons ol N\Q?Q.e.ﬁa o*.m

ore olso Q«.}«ﬂ«u " .dho (me\ xeT.

we éq...mm sm m.. 41..» wsx ...m. w\«s mesns .m.xn

implicstiom (x65)H(XET) i¢ Trac.
Ex: {XeF"|AX =B} SF”




M\a\...m. The ‘emply set =" @" is the seTl |49
wilh ne .w\n.s\.e.mww so X m&\ is fulse ..n:‘sr..\
choice of R. Note: Jc S is True 4&\&\
set S becouse " if xm.\.nr?xmm: /8
{rue since A€ \ 18 .\..\«n. “for by xe

N i X& S mesme not (k&S
SQ.WNM .mq.v medns :L...Nxm.m nvxm.ﬂv
which 1s True when (X&S uwx..n.ﬂv s fa \«m\
‘;v.:m\ when XE€S ond X&T tor some X .

k&mm: "Venn dia 6_..“.." c T
The y&.\q.w.o vises iz € %
sel refs Bsuw:%h. IXES XET
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Tw bosic \G:‘ there ore some stitements ﬁbl
which are Ls»»a true for dny cthoices of trath value

..m the ,.<w1~r\§ .. ﬂ»«au Y, Q\\n\ ..ams.me\s\m\h "

\Wlm" Nw navﬁ?o&\ﬁv = s»%\\vv 1Mx||.|.L
w.%. Use ﬁw@\nm o f traTh sv\xs.u : .

\I% 6 | P& [not(Qfne P) So*\bvuro%vfmwx\wmﬁw
TIT|T [F |F L
Hele |t || F
FIT|T |F|T T
FIFIT |T|T T

same wles I

th mQ) D netlP) s th contre ssiCive of P=2Q.



Say Q2P s e comerse of Q)5

B P& IS nel QR:I\:L» to &P,
that s, (P2Q) &(@aP) s FALSE.

E _%Q m
: x some \ e r\ hﬂc\?ﬂu

.erﬂ !oa.ﬂqu.}.}s: \o /e error wé
is o confuse implication P=>®R with its

converse @ D P. Watch ot for Dhiserror [



Hn& mw.m. T eory we o..n%@: khm.tfﬂu& NM!IN.‘

qu.w;&s.?u o new selc .\ﬁs}ws.is n&..

Tofersectio: SAT={x|xeS sndxeT]

\

Unien: Mc.ﬂ.u&x\xmm or xm.ﬂw

Besie setl neloTion : ﬁxm m\ v?& where
p(x) is o* sesertion wboul X, 8 cornd om
e ired of X for .s.«.s.wn...ﬂf\ in Che set

v
rsﬁ ?? X&€S are Q:?.\«..«\._




Finel comments on %t%&.ﬁa;na . [$3
wWhen more bDan orne \at*ﬁo.m\. occuars i»n
sn expression some core sbonl Their oralor

must "be tahen. Let P(x.y) beon o sserlion
sbowl elew ents X ws\\. |

(Vxes, VyeT, Py)) &> (W T Vxes, &é

since They both medn P(x,y) is True Tor o/
t: xes,yev.

<XmW\ m\mﬂ. %\?\v mens “for m:\ 12.8
oF RS There is some 7€l which mdy
&o\&:& own x\ M:«» .n?v.u. \mxs\v ) S wrv\&m.

Ex:VaeR Iy eR, xty=0 1sTrue since y =X




| W?* the Y&s.&ﬁﬁ.ﬂ\ wv«&\&’&?.ﬁ. .
mv:m.? (xm%s x.v\ub w..m.kmm h?&&.&
$e)$ there 1S w\m% such That sll xR

Kv.jﬁlm.\ Xﬁ\ =0 . No reek n
i all ...e\ nam bers X.

v\&m*.;n jnverse ol 21
“o \«’Q\v\\\ Ysﬁ Nm:zowa “xv-.,\u.ﬂﬂh \\\m\-
ot V34 T mG\\:\ J T (.wv wilhott C

ervumd Tle meédn MQ snd TraTA o.ﬁ.ﬂﬂﬁ

m«n??:.
T here is no ...stu... Eﬂ%»
s, a7 tu) € (31T 3xe5, Pl
since they Soy The sime Q:,s\.




' Back s linesr olqbra. [5S

Recall The definiTion oFalinear mao
| :F™—F M reeeires ThAT VXY EF " YneF

@ L (x#)=Ux) vy, © L(«X)=w-L(X).

S Lo lin.mé L ¢onwe »\S\h find
Wo.ﬂw..wmmxv A sﬂgmmﬂ.ﬂ. such thot YXEF"

LX) =LalK) A ¥ -
N.ﬂ.wsh -ﬁﬁvs.. . x.~&ux_ﬁg +X2 v +....—.\:.”0
0

W - 4 < X~ N- *XV nﬂ .‘..!.s*’
where S5 m.u\..o ,62° ol .. e.=[])ise .\a..mN
0 speciol’
_ 1SC in m.



We call Dhis list 5 the "'stondord basis
.o....._ullms z. So we hare X vm x\.m\.lﬂﬂm\.m
m.mn\®" Use «s\« 0, of 3:«‘“...&\ for L .no\m.«.
POQ =] N?N...:.;.x.. msV = ﬁ\xsm.v.*h\xvﬂs.?s.;xﬂv
= | (K,C)+L(5. L)+ L (X3 8+t ¥al) = -
=L (%,€) 1.?8?..+5,97.N§3
Use rule @ of linoflL Togel 4 j=r 1
mev = x.h\m.v.;rw\a«v?ix:ﬁ\?v = Nxsm\.m\v

mﬁnﬂgu For each Hm\.ms [et s.u. .
wd lt A=l <y L ;)| v | F

Awmj




We have Thus used L .T\n.ww:c%}x‘ \N\l\
A eF,. “.“:» et Noh\.m\& uN\qu snd so

L (x) us.u. X NS“.\\Q =AX =La \xv.@ﬂov
....ﬂ.\r... TF N...\u....lfh:} s ¢ \s....ti\ then
FHN\A for the msTriz A m~h.33 unigue

x&.«.‘..sms«& Px N sack .«rvﬂ. \ss\. \&u\.\w\v

.T.Qh.»s.
mx..ﬁ.n \nwl.w ﬁv Lo..nra\ w\ N WMN... ..xs.zxn.&yw
Nx~ _s.xk

= \m w 3\%@ Since F\mlw.w h«m..vn\od \.\mwvu .Q

K3



HW. N.n.n N...Ni ..m. ...:n.} for AeF.'. [5¢%
L is injective £ 3.&5»%0&.

\w.l.T.. )m In .,...ﬂ* ” .ﬁral. avre Two \sxmm 14} The
%3..? ‘=" and &,
T..wm.m. ut\\ox L is ms.\.,nﬂm..c.n . q..«w %a Ww.co gt
for(L) = (03] o g€ "7

L inje mesns VK VEF, L(x)=L(Y) 2 X/
From p-12, L(0Y) A0 =07 50 O) €ler(L)
is True Tor wsY lineer !w\or.

If Xm\ﬂ?‘z\v then PQVnO”: n\u\Q...v So ing.

of L gives X 207 which means 3..«:...\0...%

Second, suppose Ker(L)=101]. Teyto show L)




\ﬁo Mroi \l In). we ..:cu.\. rove .NFP,.?! )
“.m...wn«}or.ﬂ. " bM&\\.h« Xswﬁ\us and P\xv\ux\w T
Show Bt X2V Brom LX) =LLY) we brnow
N.S...N..DQ = 0._,... \s:.d bosic tx&.& rales for
wetrices) 5o LOO¥(A)LO) =07 (et of-)
L) +L(-Y) =L (X-Y) (byLin.oF L), Thas
NINX.-*V“ Qo.(- _Lrvnx, mens Xl\ﬂ.\\ﬁs\\hv n&.&:

fo X-Y=07 quving X=). @ led ot prost]

This mesns that b checlr when L is s,s&.‘..
ve solve L (X)=O7 . L isinj. exectly when
the hn.\k me\:.?.gs X XuO... . For L nﬁl it
means m\iozhﬁvﬁﬂo& wilh vanbt(¢) =n.




Th. Lg:F=2F 7 for A mm..ﬂ\ is ing. JF¥ [60

ranlt(A) =N .
Th. NA\HP«“J for A € n.,\ i3 w»x\.. i FF
ﬂws:\\avns\..

Pt. Ly is ?Q.. it 1 xpdnkkvu\us
£ {BeF™|AX=E is consistent = F
..ﬂ.ﬁ lx.um )9 Ng:&.u%nt.\ for 3/l B m\ﬂ:‘.
£f [4]B]=2[C|D] o4 sw.,is...sv

. 0

RREF (no gero rows in C

.Wo W&SQN\A .Wnsxu n
msQ.\.\ ?\;?.%.no.?{n, inverlible.

1 i’a.ﬁﬁ«ﬂ ovr 30-“. N!\ srh







