2

1% Fall 2021, Howard M), 273 A |
Combinatocies T (1% semgster it grad comb.)

{h S#‘UC}-O'” . Saim H opKins SGKLVQ(f hopkins @9#il. con
We s te Sawwe\-frho? Kin S+ oM /classes/ 273, wtml

Clyse info! 2o -1 ~
~ Meets MWF 2=t snline vie oo (bt aiso F26 indirce t )
- Office Nrs: TBD (emal Me fo fup o mating! )
~ lex+: R. ann(ey,'s '“Ehuwusﬁm.cq“b'imdaﬁcs, VA
(linked 13 on covrse website) < Hw exercises £rom ol
L Also desaly Aflows notes of F Ardila ((nk on welog e )
D W‘er ﬂze,t'qre‘ 3 HW' [ra/jk(‘g v 8ct, Nov, , Tec.)
" &jOAJL Hrect l(xFed- Jeu 1o Show up o
ard Wﬁcipcc’re_m c,(-.ss (aslk c[ueS’(‘funs(,)
~ Disdlaivier’. Thts class ¢s hoavily based on & class
( hbykf' ta T ll 2009 at U of M':MSJ‘c\
(1 fora Hiatoless cas leésedon deess o V. QQ&L{‘_

- Whet 5 s class aloout ?

We want 4o ount ‘sets of discrete o\jects
(sdbsets, mu(f:sets, Partirions, grephs, 23e.)

and mo ?ehqrql.l unclor sfasoh i‘l_«o.d‘,.?l‘vucﬂ&
(e-g. , P:Qr*-(‘a( m&z Sfvucetwerme ).

Nl/wk 1S a 'j 00d " swer B 4 W-Hnj ,m*alo(ﬂ»wl?

(+ depend s | (for jnstane; on whed we wark B Jowanswer.)
Rather sy vy “‘> *&lmxl?é’e 4 vietlon of 'Sooé(o.ns\uofl“
lets acpltin what ansuers an (eok (1le s an eRavmple .-




2
LL{' an = = & il lVlﬁS of 2xn V‘Q,W@{‘bj 2%\ dominoes

= G

/-\NN-’\ -{—l\“’ v ‘.Z

z§_ EHERE E':‘:E.'.'E' e_’”"@ e D

n ﬁ'l? rec@ le ‘l't'(?hgs

@) L \ \

£ LB 1

2 |it%n | 8 o=

L34 -3 EEE\ Nsea

Hi s g (B Hzas
= R,

TRecuwrvemce! o .
DR AN An=0ut 4 g, for n22,

cownts w“f'wbs w/ Qe = a4, =/
WAAA w

A= n-

TZ’US s H\i Samg MECuvrne gs Ha /"bonacu ”“MWS;
E\ F Uik F ‘GD(* AT A

Usu«!ksj F are ma(OACe,d U/ B=0 cu«l Fo=

nlaan|bBn
o (B P ¢ So an r‘nh
s L : L we ave just COns(Auw\y
sl ep Fbo»\c‘CCA nuwmb ers
31 2|2 ) hie, different indoxi
41 5(3 g " @

- 175 LAV alloi oo C’OMP«Hf many. Valres
of an, but ¥ could 4l a while . apdl Dov’t Krow 7/@0# m‘e'

|



»
@Q’(P“‘A '@fmu«(q 45 & SummedTon.

O@Szxve dn-#g-‘laquenms of 1% and 2% fum“"'{jfv ng.
e.q sl [/ [H =

!
1l el (+l42 14242 2¢¢tl 0 242
L2y

4(25,=> a, Z#—'gfe?swstaan n-2k 13%

553588888

f (QS (+2+1+(+2+|4‘L —l°>
!

we N discusg
B staveyy ‘"’*J(w al S b rray et
e 3

k=o Move leder. .

. es. a, st (* ) (L ?') /0")1‘[3)%(") mlt34| =5

Iséfmu{q % ”‘/"/“-‘/'“ | but Shill ot o ﬁm‘ 0 Compute
{— still does ot give sense afgmwﬂ—\ of S5 4, .-.
AlSO &lsmof‘fh'@fbrmala doemf! moeun Hhrove l$n+q1@He/ono. |
5_3 #Su(o.CQf} 742,03 = Z ("‘) e 2Vt oy,

)
2 S, e e eber formde)
D E)C/olv ot Formula w/ ex/oonenﬂaﬁan -

The recurmence m(a’nom Up= Q-1 +Quz ( “Z‘fﬁ”&f"f‘f%’“)

S 'W'P{'es "H'&{' dn = ( H@)"ﬂ ( B T_) m-t}

|
e(Pau may hawe Seen this jzeév@, eg. In az.ml» a?cbﬁ @urse., )

' »
_»
—»
>



b))
"")C I ZXP/mn why Hhis frmula bl Soon .
ﬂ\‘g ulec TSM ;0 Ucd’* M.;mhw A’uﬁa Yba"toﬁ“-h
\out o(oes own dmwlaa cEs? wlry IS 1feen M/ﬂffg
O ASymr.,(b,;-‘cl-\Ca Mmiafey A
| l€~ = (D(? (‘:?o(cbw‘\ tha"/ m—

wbuc‘s means Qn % = ('*‘r) e as. n->00, ‘Anfﬁv\«er
!oruc.feal'm*vd oﬁymwﬂq rq\(e ¢,~j - ttoedtjc-fs of a,

s leg, (Qn)%(hf\)(og‘o((f) 1074 (43).

L0z N Llvery. Shall

O comu»\wax QWK{-;% Aanckion. Roan 9
IAC)() i~ ao +q1X ‘f'QzXz-I-a X240
| (= 1_,. X + 2Zx%+ 3x3f qu"fv-*-‘)'

=2 a eq:[m]

‘ ﬂ?.o |
TR 5> e vlng of éﬂml jower Series inx
‘A)““l’) Coe:f'ﬁcle/h‘l’.s (y\ Q

1 i ) ‘ C WL’“ 5m. a rmal definidisn of Haix
~ - a(yebmic Stvuddure ‘n a shosd- while ..

/Up/-;o clear @t st whj youd ever copst Ao, A
bu{' we’ll see ot g erevating funchions ave Ver'y pouenﬁ.\

2
4

ej)MLOvny we Wy?‘fn jWLgdwabocd-(a )‘f;vMA-(X)

A

Cl_L’""‘-’ A (x¥ =

T |~X=-x*

_'M'rM‘IPIP‘HP’PPPN‘FPP’_KLKLMQY’??N’f’f’ﬁ@!



9( R?chg*(m& av\ q,._|-(-au—2 ’G‘f”>2 (dmﬂ. Ap =9, l_}
My l+rﬂ’~j by X and S a,m/abf n=2 ’}bgaoL
ZQMX"" ZQM/X" fZa.,_zx

n=r

AK)-aox%ax! = X(z amx”")_‘, x5 (2, G %)

‘. .

m=20

FAOIl=x 2 x(Ap0-a,x?) + XZ(AG))
Ll s x%)- A(ﬂ =Nl ¥ =M '
)
| . =) A—CX) — R 20
g[f What 3”&\5]‘("‘0‘” A&)= - o«—x"-)? p(e,wl-y '
ket's e)cfmof coefé ents of ACX) n Vavipus «fasys .-

’ ( ustng j 'r L+r4cSh.ot (geomedvic W“‘ﬂ
ACX) [Xfx'-) A Ocexr (":Kt) * (X4K2) ¢ . b.ﬁ.
i Z\MW\
12y "Zoanx imm‘* di(i (k)“‘)« ek
2 >So K=
E iy
-3 () ek
=> | . L‘Vz\.\ = sl
o"l = ("‘ = ) our er+,ex)o«‘ra% Yorimle ﬁz». bt

c> L TR
}Q(X)-' -)(x 'c'_ — g
= ES R 7-\4;7‘

9 How b s2e s
- Reeall px/ﬁa/{-’/a\cl—eom . L2
a\‘_ = { = A +' 13__ = :“./_1_ -+ ;‘é
axiubx+C ~ al-x-G) x- N X~V ot l--},s.,:




lE‘q
o
@

: + {5yt 1 — Ve iz M(
PhAxyge 2 U X“*——i( -
‘ (ayczm us:nﬁ (99,6., )

j_% Q.= _(</+r‘)m| él \E) w') wr_e,y;wcd'@m(g,

v~C 'ﬁ’DM MQ v

CTa asympsic a, % ¢ (125) 7 4 e conttd
comrecpords 35 the \Cmt hat r-f 75 e redproca

‘O&Wd{»ole of BCx)- _x Tz S i) 0ew) hemd--lhon,x,
G=VY
=T Pt Thic is Yast e Hy of Mrmmpkﬁ

! ' Vetwen dinicing of A(k)
A e aS a fvmed poserSRies
‘b‘ & and as anC% oo mpley W‘W e

G%rnvre,, See H W:IF¢ y;m»‘»«\j?vwdmot%, Whied bmwab)é
8/33’/1'% 45(9!‘ wa.y » gef 4&791 x—k"-‘s Via c%\yas ‘rjm% @

v
000000 oo oo o o o o o~

P (DtE) o U]+ F:') (B +<U+E)3 g
- (U+H)(U+ =) UeEn(mED(mB)Q
(C[Y.P,Q‘ﬂ' g = m-tIB-(- H}+3 (¢ +EI]+-—-)
: p;x‘u ‘ X W21 p=3y  nz23 N2y nay
| L o=y ) \/UHX "
Bt——>x

@[[X']:( 2 AC\() 2

‘—'

|- (X+K") ( ="+ (KH("?&- ) )

*Perpe®@



MMMWbMMHNMWMW&&&bbbbm)bb\,\)\,

b )

The Qem/o#m Functon cun often ke refad o lkeep
trock of add@ional ,SHWS& CS On. ouvr (oy\.\a\c{hfd c&ged-s

Say e wand o Compute
: am n ~‘& E*W"W‘-f\mgS k2Xxin red' w/ m Wy‘fof’s(-hl{s?

‘me " (Jtd»ure i -h\ly e et ’ ”"',?,“2&‘1«* [A‘:r(j‘fk’

] » el
&( (U&E)]s*& ngm;f(m X vV Z 1V]J

i-Vx x*
rf (’/‘00 VA.f.‘I.b(L) _9‘\‘ s w&e.l -ér C\j Coyk()bd’(\'\ C’\Syk..‘ﬂh‘hcq((‘?\
"H/E __Feé"et‘ nuuw ,F w{{c‘,{-hws Th a P‘(lh&dm -+ ((,\J

i (2 o, ‘"‘)x [%v 2 Qo X" VM]V'I

A h.ao
‘\>
2 = [Prav
3(- =

o= ad. [“VX—X‘;‘v N xT)*

Via. qu/t“( ﬁv\C'an_( (“ .= AuxeB;  FaxdB, € DY
XS vt G o) bt

Canese & bove trmule 42 chowo

Sotal # of erticn | FleS in Zam (e _réL( mz

iVx x“~ v= |

‘ 1 all "‘u:n.j! oP 2xn r*CL‘ Mzo

N |

, czlom—r_\,vq,eu o rﬂ% w:tl be V'Uﬁ(c((

Qfﬁﬂ”an Nr[l.‘ /““ : i c(mv\ ! ?{?4

’}w Hhe ex/aecace/#‘ of vertical £iLes is Ry
S
3. e. , 0q+ o-/' Hre ""(’/-65 th a1LI[(/_1]o'F- 2x ~ C+-\)u‘>(.¢

/

s -



LY

A\
’ﬂf\Q,v\(V\j o'f'ﬁ/mn/ power Sevies QECM:B

Tuwere R= € oc R o CLYT 0 47 commi e civey w/ 1)
Pdc;’:umtq.\ ving | ~ XY

1

I'D..ZE_'F;/N, QE[K]]?= é_ao(-q « €9y X% = s An X" of 20,05 eki

n=o
< ’ ) -~ / ~ )
is & Gommwbd'z\e Al i Cﬁfﬁ!& Alk)+ BO<)=iCau+|m)x"
- and maﬂ-ﬂcdvan Ve cgabblation: (1!
(Cx) = Alx) - B(x) = ng” calget Cn:zq
= Ao bo « (Aol 4 k) x ¢ (Goly +aili+¢ L

So &r 2evs 15 O=0 0%+ OxZet7r Lo
anA((‘f'S‘ (o X2 VS (s 1 1+°%+¢3;§z4 - - 0

Frof s A tx) ~'2 oo X1 RILX]] B « wnit Cro, TG 2=Aei85)
& as 3 a.a'nt-fdPQC e, 3be €R v/ 1 = ba),

g By syrserire on, (1 -X- 2)e € [ExT) s avaft
S'b?BOC) w/ Bx). (- X=X =L e B x)= = ‘x—x‘v’ 1 £ X4 233x3; .

‘ ngﬁ : = ACx) Bl = Qo 1,, - (46b +a, ko) X+ (4.(- +4,b, a,b)x*

-+ -

+0 -
( ‘(+0x1? ‘ apbo~(' g o we noeJ ao-hbeaumfmk

(e bo = qo»"'\ (2)

(
WW WC-M ' ~Q‘ atdot:ﬁbng
ap b, +a, be —O Mt‘d\tfl?v = J Singe (s aunit
\"'C40 04q;l’°)

Ao bLfQ b, ¢ Qz. bs o "‘CM“‘? b = —?z,_'“"',?qukm

-; : A (renl:
I ¢t ° Can I‘e[a,r:c‘/n(«? olefine Q‘{ b 4 U”‘?OE wag . 4%\;(



aax\\p&\bbbbbtwwmwwmwwmwb»»buuuuunm

’\fya
| DEEN A Sequence. Aofx), A KX), AX). i RT0sT whRvyes
e, AK) = (e Ay O0Y) i vn>o He coeS-Snaw-G-
G‘F X“-.’n A-J C)(‘) S“"ﬂ(orld@.(’é/‘)))o
Cctu -H,‘.;'; 0<JA; () Te., nzo, FN= =0 &.hAqﬂe'R
S €. L'zc"]A (x) = @n ¥ 22 N.

My o
(—-_7 Alx) =oaCex (x ,(1, = L+ Ocexc®) ¢ (REXEVL + (e5x5) e
= A O9)
oonverses in CfIxT] g, [x’jA—C&)—fx33A7 cx) = T Ae 0
. . , 1ooF XX =73,
3 C::_i e iz f -r,c."“"'z")L(....‘«. does not Conv T ﬂ&']

» x (evemi¥ i€ Mman s sense analyt: c':((-;‘
= 2.
’bq_{—.ex:.—_- lir gt %—;- « )%* “* S= 48 dbeS' Covnuwye

"

A’(W/ldﬁ\/é’(j) ._ZA_}CK)jJ':a,\,... CO’\V‘Q—'?QJ F" em]]

rFJgM- nﬁnd.gg‘, CATCY =R (R)) =

e pEF/U inelesy Kie) oo s»uall.exa‘-d w’ ad #0
Pl 24,\,'; - (or-64 F o St—t.d—\ d)

€.9: Alx)=T1- (mz), Han A )~ Aj- ) ~(,<f,<?-)
ar\l m?no(a;.(,\--f.,(*_ﬁ =) ——'>o-0 as j;->va
(

Dok Wth nefroc d(AG)BR) > [ Kadegaoren)
Q[[X:U 7 o C%FMQ 'faPa(aglc.d rons,
A (So basic Stutt gou aow! about 123 (gies, onvesglnsy

(tnits, afe. works fx RTCx<T] )
n bk, Tt T3 the cOmplAton of- g renial ¥ 9 RIx3




a "
C@f S By T 8o Ox) ¢B,Cx) +8, X ... cm,w,,,,gm]

. J“a A O)
i L-\rcx"i"‘\- ' J@ Ma"dﬁ £, (x)s o

? ("“' A.\Cx) . AL Cn)

kNMMkprhJ%ﬁmua
| T (4 By 0x)) wof-mdndegy 35>\ ¢

v =0
conu%y,es Tn K((wc';ﬂ ) Mmdag- Byl as y=> 0
, ; == UM AACK) whepne As =0, = (1t 8,0,
} . Ay = (14 e,cx))(H B(x)), ..., Ay =~ (1B;)

E_? T7: ((r._\ %)’ does not CMW A @fo}]m
VAR Costen . oloes mpate Serce o FhinK of
/ACx| as - Mﬁq oLoic € C By Xk SnlL =)

LE? n:rT'Cl-fx”) Con\/‘d/"'?—e-f » ETEX]7
= u

| (/4->< ) (14 x*) (HK")O-(-K"‘)

{

Zo a,. x*™ Q Whet core Hrese coetkrionts @, ?

S o

A 2o : wh;:.-‘ s Hoat co.‘}a\q'f'b/m' 9(7.1.@@«02?

A" (/‘)6 Wo\,( Se_e \re)(é- C/G'SS O\

Caokhesn 2 dfscauss |
- /A‘I‘cj&/ fqt“h on S 3

LquwWPP9??@?99?%???%%?113j111jj



