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Yow Ccan Hhink of a relation from one set X

4o anoter sof Y aS a Chart Hagt records how

Clements from X are “related“ 1o olements fom Y

For Rxample , we can Considar a chart Fhatf recods

v eochh Sl ent Tn a Sches/ He classes Trey're fakong:
Sfuclent || Clags - .

é_r‘T E enemicCs
Bl Enjrcsh
Alexiy Ehlyff‘fh
Jo rRanl) CMIS-“P“:} ;
Nottce that unlike « function , eacly Studenk Ceun
Falle Multiple classes . AlSo, a studemt rmay ke
! +ﬂ'l£3\.d No CclasSSes at all C-e.3.+ka.jf‘t on a {aauccaloswce\,

( i 2 — } tnera
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AV
orclereld pairs of Lorm X Y w it 2 € X ao\.lgg.e Vs
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E‘EL. For He studuitfclass example, Fe reltion is
R= 2 (BN Eeon), (BN Eng D, (Alaxis, Eng), (Sdan, Cnem),-§

and sthe Alexs is Talking English wr ud
also write Alexis R English,

Mﬁg‘ fQT —_pu\r\c,ﬁm _‘E 'K‘—b\'\/ 'S a VQ..V‘Lj
. Spe<lal reletion £rom X to \"l.
R | Dice Lan wlhleln LPevels ne€&X
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The most MJOHMVVF nenErons are whan X =Y

FDQS'?\ (£ K s arelation Frovm X Yo X, we Say
(£ 7S a re\atl ann on “he SQ‘\”X

E‘S (‘F xX= L2033 then & defives _n relatizn on Xz

. we Whave “a is retated to " if and un'uj o Taslh

% cet of orcdlered paxers B s relatSon 55
R—=F LG 250, 3, — 62 2,-62,3, (S, 3)-5

jW(_ Can mpmsuc{- 'HA?S Sa rhe u\-c:mw:dnm with a éj_-:q,’o_k_

. J’

HMMO[’“W a VW*"—W" '(A -\«foremh n_lwu\:éo@X‘
M(,ldruw An arfow ae— o whena v a R b.

Naf"ca, Hut € a Ra Hen we have a loop S

CA

"Hz, volatinn L.is cxlled ne:?l,-e&cwe_
DE?“ £ x Rx fore ol % €X. ¥r

- E g+ The £ relatisn on $1.2,33 is oe;le_x\,@

WRAnS we have o« lsop at w.j Ve
Rat o we COV\SloLOf -{-}Q < relat!®a nSyead -

e
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'D_ff_{_{) m m(qﬁan Q ' S Ca({d %m%mc_ R

whenoted xR gy thenalse 4 R x , focal %,3.‘5-)(-

-E:j‘_-_ W r‘efﬁﬁOﬂM'IE on S(ri,z-,fpﬁj LS ’;ﬁsngPcJ
Srmee—E2—bu—2 £

FPor a SYymmetric re (atTon He digraph looks [/ e -,

aA*e_PFb or ar b for overy a, b

ne arveuf

_T—'E-_"-g_-_ An QKOLN{J"L ot q mt;na‘\'h“L_VQL&ﬁm ]Q i S__
X: 2 stu dents ot Howarel f and : ’
X 23 ezt “X has a class with Y

-.ﬂfi (S Symmmetric §ince 2 (erson 2 hac.a clars
i forson 4, then Risng- has class wih Persen X!

Tze,(a,{rrzms 4 are “oppssFe’ from .Syf;t_rve_‘l?f‘r&-._’ Soi
Des'n Relation B vy called anti-Symmetric

74:‘ w hanerver— xR and R'x;'ﬂff_n X=ly

. : ;__g' _:Fmr all 2¢, 4 GK.,
B, e remction e _(m K=5023Var Ko7 # X= TR,
T anfi ".Symme,ffk— Since xey con el J<%
,."H"\M we MC;" Nawve K = \A.

™e relatson < S alco a&H“Symme.i—rrc_:
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_'T:OY‘ an QLHESQWWH:C re(etyon A(}fapa 1§

MD &’¢.b L"A.'f“ {Doros ? 6‘4 \/
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There Ts WMO&W*““{'P“WH o
’bﬁi_ A relatfon K on X Ts Cq!(e:J Fransifive
‘ﬁ'f“'a'(%g-2ex whevrever we nave.
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An Ar-e,}{li D'LGS R.ﬁolo‘jlj CU\.SS w—‘H'\ ffole (
but Bill has no class with Cole .
DeSn A relation R sa X Huat s,
reflexive
ot - \jmw\e,w c_ :
* ahe mnsnﬂ\’e_ :
is olled o Pwhq,( orchar 0 X,
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—and He Hesiks are: _

il Toast fb. St c.of breand.: -

2. Spread peanut butter on one Slice .
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| 1 Put the two SO S o getinan o |
rve 6f Yo tuses Mot be dore before ofiers (i::;-i;:z- )
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Co_«_\_qOOSMMS of relations and Twerse refafTong 53-,%
Now W cehura %..d‘xmssma. laxions R o X'4o Y

¢ - o 'l such relaon
QeaaLl ‘Hfm:f‘ afur\.{)h()n J,X"_> \{__,S‘ a S}MC;G'- ;
and we Can gorersliZe v velations Hro f\mﬁof*“""‘“
Junctional Neh ong of CoALIS Hion and _inversion

R‘Sfﬂ LC’{" r\)l b.l. a.N‘GJH’tM :F}"D'V\ X_'l'o \(/ dﬂd_ @2 e relatjsn
TR From Vo 2. The Co_n_&posan\w\ E»z_o_g,_ s a rleiNon
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e (e'z.o RHYZ= 'i-cmdhbf\.\-\j Ve Heere (S &EY
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PEP=E = (===,
DeSn Lek R boa arelation Form X +o ¥ The inverse ¢
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— U reunerse” @j srdergd peair ia R
 Rble: For farckion £1305 Y e iowse Iy =
IS defored onty when f is a kijection
Rud 4o trrerse velstion RT17Ts alwaye ~cleAvad,
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® Brivalene Relations § 3.4

LetX e a Sef and recatt ek & gecthion of X
is & colleetion S of Canonempty) subkets of X Such thet
Query x€X belongs b oxechy one swoset in S,

£3: For X-112,3,4.5F ore parkhinn s S= $31343 §2.53 3

A—M"ﬁ-&m\ S isawoy of “!omalc\r:j X s growpes
ant we con use S 4> defirg a relaton R on X wonare

%Pg if and only :FxM\ar,arem S sukget 1a S
TE5 Witk He aloois padhivon, Ne Arﬁmpv\ of R Ty:

Q
M Relstisn Ra&/mﬂpﬂmo\pﬁ/ﬁﬁm SJX gh.

e reflexive.
* Symnetric
e and -f'mnsc\‘l\'\i_
P£ A\ properties are easy 1o dracl hitre Ak
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§ mmefrk ! F x s h Same JubgeF as g, Hun vice ~verse
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Ex - Pelation Ron R whare xRy F x*-yZ ;s an equiV. relafio, .
E.q- Let n hﬂaw-] Poscrive M tegar, We dofive e lation I
on & whawe x 2\.3,_ (F ’76—3. (S e muh-r}OCe of N,
Exertise +This B an equiveeenc r\evton on Z,

: HPg/ﬁ"‘f‘llbﬂS give us Lqoi\elence m(aﬁms‘, and. onversely |
“Thm et R be anequiv. relatFor on X . et a € X bea
element and dofre Tali= Ex€X: % Pas (%.{\'_fdawa)'
L [TRewm S_: grq]:_qéxj? Ty a prkdsn of X,

P Need ts show every %€ X lalongs s 2ndtly e swbsel-on S,

By reflexcd vy of B, have 2 € (1. So suppese €Ty,
Want o Shelo Fhon that [x]=LY]. So let 7€ [XT

Tren 2Rx  wd sine %Ry, howve 2Ry by Frone iy, (
F e have ZELYT, By Symmetry have g Roe, so fBe :
I any 260y T have 2 €Dl by Same cvgumentt. Thus, Ex_.l-‘:fg:l.@ :
Pefr The pers TAISrReX Pon Jie i shesrw
are called fo equvelenw clesses ofHe eyufv%ﬁaq R.
B With R bty equi ek on Botaexly £ 2
| pquivelene classes core £a,-af ur a €IR
le., each atim ot s --‘7n~41¢>e4 ‘w5 Qg <AL

:1'!.

Erd-' E'*thfj—e WL\_‘J._—{MW Cqnvelepnce cla coe
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(‘ _COM\o’Moc\wr‘t e Bﬂ( Cocarvl-.\ny pﬂ% § ke (

We ove 9*‘”‘*'“2- & rRRw dapler (owr last of Ho Sewesfer) -
Cb\ﬁtr]'('ef(b on conbatorics L, a -,Canc;j ward Ffor ‘Camnt,

wel /ea,fn mMc/—}—eciqmqmj Jor cunting Ponde CoICec:H‘eAg
\AJe Stavt witn sepe basic coow\"i-(\'\a_ 'or‘(hu\‘:&o_s .

E:fjr_ ?q Ppese \{-hq-f-—j{or a me.afjoul mogir cheose !

* an QP()Q{" 2er: e ooy Soup o Sa la_c.k

e A Mmabn course: chicken, ;P{‘Sh or pa_("F-cnj_

- A dessert: eithor (e Srad i cm rie.
R How many different meals N T+ possiole Fo una i ?
A

At We can represent all+he clhiotees tha “deciSiontree *;

7
Sowp HPQ' s.:.ln.rl

CR]MM:?/ \

A . M c_. '?
| :-c/‘\lr. i Pv. u-l\l-t ¢‘CJ{R ,fi\) H;Z Yic !
Csou?, € Seup; ¢ salad
chitken, chfuqh .- p-«.:-\-‘
Ercey Ple) pid

We See Fnst Hrore are {’2 =2 x?x’& Fotal medg
_lA)e. Wl | HP Y Haa dhotay at eack slep 4o a_n;i-a Jotal!
"'nf\m (Ml +5 Pl catlon fom\md}a‘.e. o CCJ.LA‘FMJ )
SWPEsSe W2 mauke an ohrject Vi a Seviel of Sleps,
Wheye we hawe K, choutu;ﬂr SHep |, Ws nsias Fov Gep 2

J
down Ho Ky chotes for SHep m. Thon +he Fotal #
5f objects e Can make 1S K, x ky x i K ben, .

—

QMQ . We saw befre Shet for pradod-)(, AXzF-"X&
(o o5 Sets Xy, Ko, os KXo Whithart Fnde ye haue
.‘fi‘fx,x)( x-ﬂxX ) = THX e H X5 <« 1<

Thic s Mrc«a’7 Fho same A( e my(Hplication P’Tﬂdp(f.
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Let's spo Stre more examples of #re multiplition privogl ;
Esg: A US felephore # has [0digis, 4 Frst Jigh cannof e O,
Q" How many Helephone H s are thae?
A W hawe 4 pesstoiidies fucdhe [SE Aty and 10d=r
T eachet th 1 others So by nwlf, primcipl

T Cmd T

NS Ta e Ay fa il -bi”_:hén—m'

g We saw before Wat He # oF Sabsets of

| S LY PPN 190 RV 2 PV, W
decide . v lackade [ or no¥7 (=7

_-’Tb Malre a Sulset, cha | . taclude Zornob? (2 cholas)

| = Seps e S TR _. ‘f;c,[bt_dj_'\ o ""’P CZc}utl.SJ_
This (S h éammee, with 2 chol@s afeach Step, so g ¢

n g

mult principle, # po;f,‘p{lﬂ'm__::__2__xz_r.,.,_k.7_ L

9. @ How Mainy reladions on X=202 -, nf ae thore 7
_& F’;’F P Y Pq_‘;*r ("ij-j) e X x X)‘ we can choesse
| '40 DLC,[H&__ (x(4) in our m(au"';h‘e"n X, _a; hot,
Thrt are X+ %X =0 dopst pairs of
tle form: (x!_gg)-l_g, we baldd ‘QY‘QTLWOvi h
e i
This gV 2% v 2 =( 2" /possiiiing.
(an a{sﬁ-]QH say that 4 VQJAIHN R c"t_ any (
Sulaceli of X”X.. a Set o SRe N5 So
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R —

Eq. Let X=I12n] =5 Bofee
" How many) o ~rdored patrs (A, B) of Sobsets of X
Ti"f'fsjﬁyt‘hi- ACRBCX are +he @

H [+ s ke lpFul F Arniar_a Vo df&?mm of Gur stvad-on ",

| ufb

—we See Hhed—
[ . 7 & TR Vonn diagrein
has 3 regiani:
e "H/\\’l:js er\.pr
e PAng S  in e.\ﬁ
! e Pmge s o0 X\B
ﬁ#vmm amomfcredpﬂﬁ" OQ—B> a{»oln-g'ﬁr&i&rm
IPU¢ Ban phassp o Goalln L =1¥e, ny B, whi ch
Of the Three remions o )05‘*-‘-?— Cinto,
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. (-“.,4{_ Tl /-\- @\A; Of‘)C\B? Cgclﬂ-atcﬂ-S)

Pv-rl-n ih A, BA\A, or X \BZ (3 c‘vms;
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W Aadition Paniple ¢ Pondiale of Inclusin-Excdisizn €

Somehnes we ore Fring 1 @it dlgiecks Hiat lave ru (tple. “Kakels

E 1005 Let Xe fd,bé’, How many SEMIE m X‘:M— tHave
ZEE e heve leng th 3 or lengtin i o

R The Hof Strirgs of langin 3 i XF = 2x2x zj-zi by mwlt; proacpls
T oS Stringsof lengtn = 2;*-3—*({2-_!4%2:{2 —r

gof Shivyc ol length 3 of ¥=7" L &- == ——

WL e anatear @G Principle 1 acka Feore ' _
Thraorems (ALt Brdele for- (ountng )

WX Xy s X oo chisjoint cedS lpeanivy X; 1 K5 = &
R ok e the ses hee o comtmn Elments )

At (KU Xy O Kore) = HEX A K et T X

e see ek, as long ag fhe sebs ave disjoint | o0 ca-wvf- ¢

any gruping of Jos jusk by addng fogedpor’ __

Ey-Q #of rhrmprm da,v3 - o sength SorH e '5?_ ‘
AL 23429425 by He adddin prncipe.
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Theyy hure pelect ar Prestounds Via Presidut, & Treasuven
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= b) How WWWﬂJjS‘M Frere F ke NRquie et
" etvhow Adexts or Ben 3 He Crestdent
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b) f{ﬂfex:; s (e2, wp bave %x3= 12 uns s dwose VP + Treas,

g -Fgén (s Pfea else hewe He 3= ZZw;%dAmst VPATrexs, |
- Bry addtion prM):;p(a thefotal # oF ways = (2412 = 24
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I an Mf{-hfs’ﬂhn?o
: TD See vy Pl E. wovks, |ook af-alenn ol W
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= (‘ @ WE Gt ‘H’li‘njr;)\ XnY e G(M;
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- A )Le{— X = 2leckions Lovanre Alexis s Bz
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