3/15

ST T T TN RS S RS LN L L . i . e wa =

RBasic Mathematical Chructwres : Trunetions S 3.

Hwk\j CO\AClV\M ouv S-i-v\dxo o P"O"'g'g CC('V‘-P‘P’P?—)
We are SWL."‘j a rew chapter, Or\o\'ow.?) W ey
Aiscus Ses loo\Stc waagomea S ! structures.
The most basic mathemuRcal Structures are Sefs,
wo Y N we have alre«dv discn SS'-QA ™M C(’LK,O'J-@r 7,

The next most+ besic Sfructures 11 math are Fanctrons,
whie are P/‘O ceduref -\Qv‘ 80)/1;_’6‘0;&\ ore Sef fo angthar,

“There arl pran wMjS toHwm ke abont Junctaag,
One 15 that 4 Fanction £ €om o set X Jo aset
IS a maching or a mle fhat Fakes Sametong
in X and gpits ow‘(—jbm%fhfy ™ :

x€>(=>‘ $ l‘-=‘> '«a,-*—;‘l(x)é‘('_ (

meachaing

For example COVLSI‘MM Lo Llows Mgy procedune ¢
x= 1643212698

we Swuwns "\'!934)\—4/\04‘ Fre d?&ﬂ—%:
’;"O'{’q*tf+2.1-l+3*5*91-8a_3é-

AN then ”S(?H* ou,-)-" m oS ol(‘jr‘{- of~
the "‘Q_(wlf"}‘gf Suna A ouvr o T £0O -
Ej:oC(X) ,:COEV\N XSy

q?:?chQScrflac; a M £ whese G‘Oma?h X
IS the Sed of [D-Aigit numlass and codemam Y
is e Sth of ore AT nuwdausrt, (
(’CF X A StrvpliFied version o e * Check sum ™
Procedir Hor credit cacel viuneber~S )
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| Nott that the domain of . fanction f 5 Tre pame
Wk f)?ft, +o the inpat se+ X and codomain iS§
; the name we give +o € outpat set Y |
r"’
(.

-—lﬂ’la% wt § an mfuirhe defnftion of frmc o AaS machine .
The forma| defin®lon of function uses ordered RS

'D;Q:f_’r_\_ P"Ff&t‘lo_"_ Fromm Sef- X (called H{Jomﬂ?n)
+o Set Y (ealled e cdomain) is « sub set- of
Xx Y (Se+oforclzrv.dpqiﬂ.f (’x,y_? w/fxeX/ BGY))
Such Hhat' for every x & X, +ere if «
wniqee g e with (x,¢) in our Sulbset.

;E_—'ﬂ_' We ofFen /‘&PWM?" 76“’10“'\0’\; b7 arfvw o(_z‘_aj»’Ams;

This corres ponds 4 ‘I'&\Q-.Sﬂb‘pe{-'z((,q), (2,b), (3,c)¢
of X x V¥V whare X=E(,23F and Y= £4,b,c3
for ecch armvow xos L u we include Hha
()od/‘ (K.(nj) TN Owunr SuwuilbSet. :
Notle now fer oYY € X Arart 5 a untque g &Y
w (N (}E,‘j) in our Subbset we write f[x,);-y__7

whery f'i¢ Hhe name of our Function
n +hes

m —2)(&44439‘6 . j(c ()) = E Ca;lcd(.(o i
z) = a FLunctov,
f' (3) = a as a ‘et

\C\f.t_ 1—-\r\,‘g
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W¢ AfSo weride '_)C X"‘7 Y o mean )C it a fanctlon

from X 1o Y. The arcow helps you remendar~ whadt~

F does: it trkes Something ™ X o Quething i V.
Sine te Setk 6F orclored PAS will always ke Lg'cx fcxvf{
fhe “rale ' description of afuntkion alco defires +ve pairs:
e-8. inthe crodif tarod ek sum €Xampl we had
f(’o 43 598)= G, buat wvrt:\-\'\j all p—u\rj would "'nh’. awhile)

' 77~e Set 3 fex) fo} of values our funetion £

QCWLUj takes pn is called o roange of £,
and 3} TS a Subsef of Y codownc w !
ey A avrcow d.a‘jm,m Q)camyaf-c :F a.bove

tre codomatn wor \f = fa,b,cf bat te
r*aryc e is sa, b,? sinte Hore 1 no s €X w 00sc, (

wAQmwG- No &+ qkk o\(agmmf CGW\LIpa«c( te Jenetions |
A Acagram (ive .

IS et +he arrow aﬂc‘aﬂ—mm oF ')Cu,\d_mﬂ Lo caw co
-fie ke)j Fmpefv ot a Soanctlon £ 3 Fho + #Of—m,aj

)(e‘x Hheavre § .a OWL(%UL !(9()‘_7 ,/_ (s 5€0L+_}°t;
andd here 1€ X s lu+'tfo both a and bt

S.M\\ar\tq, a d.c“gr’d“« I:Ka',

ts
X7 v (

(s not +he avrow olu‘a;‘ran,, o¥ o inctm:
C an g o See L«J_\r}_j?
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“F/DM Calombng Yyoau are ‘orobqb\o) used Jo Sudsons lfee
FCx) =2+
whose Aomain and codormeun are tho recl numlasrs R .
No‘f'\(’,@ howo “f(x) = X"‘" is e ru.(-t/mc@\w t
Aescription of She function ~ i+ fells us for <
9\1\&#\ /n/o‘(+ X how o png(uce e ou‘\“puf‘ fO()

e.q-,%F3)=>3%2_3x3 =9

But we can qlse reprefent a funckion £ B->R
lgj Fs 2""‘01}9"\ | e wc Gare uged o c’»@u’\j
= F(x)

Wﬁmﬂho#aﬁ‘nch‘on £ /f%[? ‘3 /kd‘f olvzu«v?

oF all the pamtr n £(X, F(x)): xefzf e

i i anofher pisual rRpreseatation o m
crdored pair Ao /+em of Funchan,

CQemLI L “Verbad lire fegt! for Graph of« fonctTan )

stw, ﬁxhc,{-jms o‘D“Fed algebreically (e
M) =
demﬂg Huf qre _(HFCF Qub.(ej'f o R:

KﬁJ—FCx) = ‘/X‘
Y

'Hel‘t'h"e onmhn (and V‘w\gx/) ot f(X):‘/?-
s IxelR: X £O) She we are rof
allowed to divide by, 22v0... P
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More abosut fanckions (§3.1): Let S1X5Y be a funchion

¢ {(or N eciye)
‘D_Z_‘S__V\ The WOV\ £ i clled one - +ol —on& £ Hhare cve

hot Fwo Jrfleven x, X, € X wibh fx) = F(x). )
; EV@X‘} ‘H/\V\a_ n X 3 sent fo o dFlerent ‘Hf\\g " Y

Nof)(
()

e~ +o— ne
M =. nb+ ore - to ~onL

i egors
E;Q LQ{-fZ >7 be 9m\,j FNY = 2+, (5:(0) (, (0 =3

The -.F(-\)-...
Then nl = ﬂz_ v ¢
(o Surjetiive

-D_i," The Jundon £ 5 called onko i for Ry
%€ Y, Hhere s somexe X wrth £0x) = 4.

uEVW\H’\\f\a—- M\Y (S Ma()faed-a‘o .57 &m{p}—h‘(\j rn X !
“Ok’f Onto SAme oy “vang, of £ codomadn of £ “

Es @"’;C 22
YN

X F
onto

V\=°‘_‘§‘ ovv&-o

E;(_j’)} .5:-' Z_>Z s j{W(/\ )9\7 j“CVIJ: Z2ni+)
ey + T3 V,Lg!‘ Orde® Stte threwve TS no ¢
A n€Z Wit 204l 20 (or ayy

Lven Mtyp_/\)
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Cor a Bdeckivn)
\k§“’\ The Swnckon § is catled ‘Q_L_)ed-'\/‘fb 1§

it 78 Dot ore —do-one and onto .

Bqy- Y
T ey is boiject\e .
3
#

ENQ/C!SQ !’F {; X—% s a bJeC\-wv\ beteen ;F\‘\nq-e, Coty
?( and 0, Hran HX =T (Hesets e e same # R eloiants)

;’_\ '5’ £ X>Y ISQ‘OUQG«'\BV\ “H’MMMW A V\v\me,

Furction X b (4) = X T€ and onlqif
ém 5 Y»( v 5 (jzﬁfx) =y, quu?je—\’

F3 'F; chodtlc whete .uﬁmt}a?m} 72)% ‘L o&f’v -ore
we oo Hee MherRodal hone Hegt

£6c)=x2 ( F0) = .

Ll " N Y = ~ by’ A "S o~ -
V\°{_O\‘Q_. — -~ — = e o ore
- -f’o—m /‘

T WWURE of 4 Oc)a X3 s FT0R) = X
/

’ /’f #0602 x 2 ‘
/ —)
(/ -

/

F
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)
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The inverse funckton £ “andors? ohedeler F doe.
bet's ma s precise by ey alosd CompPas RSs WS .
Defn Lot ;K5 Y and $: 752 Ly fwo fanciions.
et ompesttion (4 oJB P X9 2 15 defred b‘j
()C,j\ (x) = J(j(?c)) for all € X.
“Do g Frer and Hhon do f to Whad yon got h

E.e. ¢ Y \ €
- "
COM«‘O;IQ amw
N g
3‘ .*\ QC_ 4—0%(*%«»“0""““’
_ i 1o~ o
> e i"v‘é@os roon
] 3 '
X (fo 9] < _

5 !\' ‘
5 Let =2 RER and gre x* RSB

3
“Tein (3%93 x)= 2% and (j of) bx) :&;)3: 235
Notice pacy (ff_j) #(§0f) | Order matferc)

DefnTre i duttdy fanctita Ty 0 X5 X an ek X
s the funchon with Ty (2) =% ¥ ac € X

"The idm!—% Function 'does nething's Jives He hpat

as ouwt 2t -

£ £:X5Y 15 a bijectdn ek (
(:f“‘o:f) :Iolx and (£o4") :To’y

This i sence in wnith warie widoes oda| ey,

e o I
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Moddlar arithyeric fnctions €31

Led n€Z be a positive )‘/I‘R‘ger n>1 .

The “W\.ﬁl__u\ o n“' funckion 1S an im{ ﬁmd'b\ in A:fg:i;\ﬁ(

\b@?’\ For amj '('n‘kﬁ.w mEY , M mod n (a" " rodalo '\“)
(s e unique vef0,,2,...,n1% such that
(s e remaindec when dividdng. w by ",
L. glceZ suchh Hedt = Ken + .

Fig. 3med 6= 2 and 8mod 523 foo se. B=5+43
(242 mod 1OF F S we just (ool adp bnas Place. |

\
|
fﬁ' Forav\yn)nraodn=0w ~Umed n = n-t, 1
i

E.9. Cau +hnlke of m med n i Yevas of ‘Clock ar et

o -

n-i ¢ DM pu-‘—-}ke Vlu,WS O/‘ €. . Yl"]

- - )i /

s L & dn alkintle, gnd move na s¥ees
— *‘0 COMPH.J—(‘, N Wwagd .

(3¢ neg thve , SHp bac kwer<’S ).

———

[in HiATS wad 7&/\(‘@\/04/7 Po:{’nw, .‘rnteaw n ke
Fet a funton £: 25 7, giea by f(m)s m mod n |
Notie fhek fhe vange of £ 75 $0,1, -, n-15.

Tre mod v —fmd—a‘“ms Cam e wseful for pndo(u%;
df-ﬁu"\j Wi elorics or C«lgmo‘afg/ €.g..

Exertise (4 fe frock day o He Jear se “esdany
What day of Fhe weell s, [DOtbAl»j of 2 Year? /

5

PA55 0000000000000 000003803030108181810
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A Sequence is o VISE of Htngs suda as:
(,2,3,4, S5 «-.
7‘!%48.“’031)"'

L, 2, 3 edc.
b a, n,a,n, —_—

I+ Can be -f-an-/-elJ /0'12,, onr M:FMJ-?—(:J lon%_

/‘f‘Cﬂ.n have V_?fe\‘{‘r?ms ({ice in He letters of “bavmw\d\“>
The impottard- ing. IS that Fhe omled” of fhe
Sequince mectHersS oo Hat 1, 2,3 == 3,0\, 2

Formadly, we represent & sequene by a fundfin ¢
Whose domatn is a subsedof He pasive. Miegerg
(we denote e posHA Itegers wy 2D
E8: §:£450>2 with Sk) = n
gives Pe tequunce (2,3, 4, .-
Eg: o, Zspe=>Z wikth S(n) = 2"
Jivey +he sSequene 2,4 ,8, 160, .. -

Eg. $:§L,2,3,4,5 65 = fa,b,n3

with S(():b)s(z):o\)g("g):ﬂ,scqyz_o\’g(gy;_y\jS@,\:c\

at\/‘Q-S N Se‘{m bqa\) V\)mlw’c\ .

VW W Y W W A o o W R R N (R N RR R

|
|
(A \ in \ i
l Sl&%\kj\ Advmain iy @ ivo, @\LoFZ)o (—fo( TL\f'f_flt_\'_t Seqony,)
i{ or S$1,2, ..., h} (o fraTte Sewencg),
We wride Hag Sequenie. as Sl,%,%} o (

where  § = Cc;y Ty O Seqtnte. weate s
Wwe also Sovnedmmes weile + as £9n§ o

nx, '




FAAAA A0 0000 000000000000l

Q

(£ He codonmoin OCM‘SQ@MQ FS«L@,—(—G-CVLWM
We Say S is inGrealing ¥ Si<S) whan <)
and Sy s 31 decreasomg 1€ s‘>S o 1 LY.
Byg. 2,4%,8,16,3%, ... s {nwreatny

and Ve,V Vg, Vi, v 1S decreaging .

Nonncreastngy ($; 2S;) and nondegressing (s Sj) sm\w‘«,

For a $Fonl3e Sevquenca §3n§nt‘ of nuvke~s ,

e oeste s summ 3 Sy = S+ S+ -~ + S,
no )
E‘CI We alresdy Saw (USinyg MnduekTn) Pt
—_ [ TSR3
2 2"t = 2° +2 +2%+ 4= 2Ry

My

CMMtN’- Pfo&vd‘ ﬂ‘s,,,- X Sax- XS ac well...
A Sulosequen ce of a sesquen § s a Sequena

W ges ‘oy se\ed'cxg_ Sovie of e ewmag o¥ bist S|
No4t mws:«nl7 COV\(QC_QHN but ta the Sana arJU“

E“ﬂ. S‘uubc;ec's(ue—vxuu of @v\ o, N c\)

tnclude B.2) & (o, & @

ukr ot (o, b ( Aon’t have an ‘a N )

(£ +he Sequenat TS TS Haen the Sulosequence
Wil e Sni Sn,, Sy whane EM< Mg 3
Tr o Sulbbled oF Ha doman 3§F S,

E%(ZL}Q,C( )(5q5ubse1cu\ce,o£ 3,9 ..

45:3@3‘+§

asS i 1,2, 3 (Jm(k, segquence) ,
but .- Q,\,’S,‘-\ 1S not a subklequency
d




Stengs § 3.2

[ X ts a fmtke Set, Hon a Srdng aver X
Y ahmj -me—e S’.e,Quma. of elemanAy Frovia )(
We use XX 4o denofe He sek s all C’t-rl\njs oder X,
'{'—é%; |+ X =%a,%?% Hon Sowe elohants € X%w

a \:.’ ac &\9) \Db'\) ‘0&\0c.\

We call X Be alphabet and s Quments (etters

The \&ngih of a sting 1S Brs length A5 & Seqoenca.
There Ts & Spectal St Hat's always M X ¥
Called He null Strng 3 X, whith hac length Zew,
(o treim wovrds X has o leters (ni+!

—\F o, B € X ™ aredwo srings, Hhair tomcdenation «g (

TS what we Fof by putting. o vight oo e R

E“j; Az2aba , B= !Dbc\) Heon & B = albs bbe,

Notic \u\jg.\q of XR = lmb-’rk of o + lengh of R
Question: Lolak T8 &N (lpha anorensded ofmdl shin) ™o
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A’ Sw(oS“)'r\h\j Q.C o S&—(‘;\'?_ O(GX* Y cms, &f—n’)«j

6F conSecutMe letlens Fown of. (D €erent G,
St S@(.JQ-V\CQ..l)

Ecj; Rﬁ@(-’—'&bf’\) O\bzbag ave &\k\ag‘f":njs'
| but Ao ¥s aok Sulo S g,

Exe.«age: Show R (g a fwa‘f'fD? o X ﬂcar\olon[:\ZQ (

K=6RY for Stme SHings § and ¥
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