SECTION 5.4

Sowving Recumemce Reumons—
GeNERKTING FuncTioNS



SECOND ORDER NONHOMOGENEOUS LINEAR
RECURRENCE RELATIONS

('l/&

EXOMP[E,‘. An= ZOkr\-\ N
S‘\'QPSi @ So\\/e ctn=2c1,n-‘ (Wl SO\M‘HOV\)

@ Find one par Haular Solution Pn to On- 2?1\—\ Ny,
Quess: Pn=mn tb

OM para
@ SO\VQ. {';r chthwrts



SECOND ORDER NONHOMOGENEOUS LINEAR
RECURRENCE RELATIONS

EXampla‘. On= LG n/Cé, Qo =1

@ Guess: Pn= 'V\ﬂ‘l'b Ne,aa\‘t‘o gr\ol W\,b
math = L(mMh-1)+b) -7
mn+b = Lmn -Zm +2b -3
mn+b=(Z_m”—l5)n + (Zb—lm\

~~ = ZM—I/:S ~ = l/3 @ OO:C+7-/3
b=2b-Im~ b=2m= %3 ~ c=lq
S0 pa- 3+l Q=2+ )

® (n= Prt Gy = c2"+ Mg +2]7



GENERATING FUNCT|ONS

Sometives Counting problems, ar recurfene
(@lQ’HOV\S con b?, So l\/d \LSiﬂ(} PO\\{V\OW\'\\ (1\5 1'(\ 0N
C\@Vv/ \A)Oh\j-

EXamp\Q . Find the numboer o? So\uh‘ovﬁ oF
~atbre=1{0

where, & 15 allowed fo be 2,3, 0r 4

b s alowed o be 3,4,0r 5

¢ is alowedto e \, % ord

The onswer 15 the coefhiciemt of X'
(XX (0 + X XS ) (X4 +X*)
e.q. 2+ 5+3 < Xz)(;)(3



GENERATING FUNCTIONS
The g&mﬁtg ﬁﬂd‘l@n ﬁ;r the, Sequence

00,0\ ) a?.’a"b),..
1S
Qo + O\l)(—l-az)(l_\. O X4 -+
Ef Q)(OM\P\.Q,

Oacl <= UL .= |+X+X7'+X3+~“
aﬂ=n+1 g I12|314)-~-4_> ’+2X+.7)X2+4)(3+"‘
aﬂ: N < O,\,2,3)... > X“'ZX,L{'BX% .-



POWER SERIES
A ge,ﬂem'hf\g gmction, S on O\OJQCL iS w\r\aJ( is Ca“eol

O Power SeNes, that's, & formal sum
(ot G X ‘\’a'),xl‘\' O\’5X3 T
These can be added, sub‘tmclzgl - and mulh p] ed :
F(X) = Qo +OXE Qp X+ -+
q()Q: o+ ‘OVX‘\'b')..Xq’Jr o

F(0+g00 = (@erbe) + (@+ o)X + (el X+
I;(X\Q(X)s Qeloe + (Aot allo,))( x (a‘)\j?,{'a\b\“'ai \06>X7. .-

‘E‘[{: We rever Pl.lkg “i(\ n(LW\WS 'FOV' X Uk!. m;‘k\/\ﬂﬁﬂlor 5@({@5
o W’hn‘j gund:ions Should 1ot \n 'H/\oug\/rt oSP A4S chh'onsl.



FOWER SERIES
What about dlividing
Anczingly, ves!  os long as 6,40
'F%Zx s the 3eﬂerajmcj Sunchion so that 061 %} =1
Example: £ox= [4x4+X"4 -

What 15 & power Series that, whan mu\Jcip\lleol
by §od gives 17

1 l \
(200 = 06501~ g 1X,or fig= 3

We sosy /i-x st generahng function for =1



EXAMPLES OF GENERATING FUNCTIONS

|
o = [t x4X <% gzl X The other Hhree

| 2 n Q)low rom'{jl’UL
Tax = I-X4AX= e ga=(l) first one by
oS’h‘ﬁA‘hoﬂ '

L b B <> Qa6 difenbichon

s = (4148 <> gn=ntd

U —=X)
WL\&JE is the C}:x%hn% ﬁnc‘u'oft {w Qn= n?
Oa=N <> Y+ M3+ = i

What about Q= -7’
—ZX/( 1-X)



SoLVING RELATIONS
([\(I H GE(N%%R N%EFuNcnoJ\l)s\l

EXampe,: On=20m-| Qo= 1

’Zle tau\cm‘ﬁfla qfunc{lon -For Qn 15
f6d= Aot A + QX -
Using an=20n-1, and ao=1, we. can rewrﬁte eadntrm ot F(x):
Qo = \
QK= LasX
aLX =1, X
asx . Z,Q’LX

Add Up: fix A+ {4
Sel\/e gr F(x)i l .
5% /I—Zx “> On=1



OLVING URRENCE RELATIONS
° (‘}IH GE(NER NCGEFUNcnoN)S\I

EXG.WLPQ, An = ZO.n-l" An-1 ao:z_ ) G1=-1

S‘i’af—k V\/l’th -(;(X) =R+ AXF a,)_Xl-\- .

Than Qo = 2.
X 2
01Y Za X ~ Qo)X
asX . Z‘Q'LY - C{lX‘s

Add up: %)= (Zx ) +Z—5X>— X" §(x)

Z._.-,‘-5 = "',);'_ y g{z
(%) ((~2x>jxt) =U-xt)" U-x)

~ QOn= Llnw) - Gz -%n+72.



PARTIAL FRACTIONS

Lol
B(amplet ’Reum’t& I-Sy +ox* QAS & sum OF S:mc)dons where,
enommaddr (s lineor

l-x  _ I=x _ A B
-Sx-6 (1532 (3 1-Zx

A~ A(1-2x) +B(1-3x) = | - %

\
x=Vp~—B(1-2)= 2 ~—B=-
X=Ya— A(1-23)= 23~ A=1




SoLVING g c[__lﬁl4 %%LATIONS
W PR ERAAN: £ MNCTIONS AND

EXGMPLL SOVQ/ On‘.l’-)an-' B Qam—l Qo:1,at‘4
'F(X)"' O + O Y AGRX

Ae—— o=
O\DL 4X
OkQX BQX _(Oﬁox
6(3% | 5&1)( (OCMX

Ao\dtkp’ IVE BXQ(X)—X‘fl’(ale(x)
| - X _ 2 non
e EC(XV -Sx+bx® 1-3% 12 " On=7%~]




oLVING E RELATIONS
S g ENCE R ATOI&\lD

FUNCTI0
’PAWA FTZAC\ IONS NG A
Fxample: Solve, Gn= Gn-1+an-z Qo=0, Gi= !

X
AS above_, %z’c= fx) = Tox=x*

Botia Yoctions:  [-x-x* = (1-a0(1-bx)  Nete: ab- -{, a+b 1
s Y G-b =VE
';(X)"‘ [—ox  l-hx

|+rrlolv’s’

So On = \751'_(@“" bﬂ)



SoLVING g ENCE RELAT loNs
FUNCTIONS
?A?ﬂ/& FTZAC\ loNg NS AND
EXOW\PIQ'a an:ZCm—\—n/é) QAo =1

EXampla‘. An= On-1*+ 1N~ Q,=0



REALLY, WHY GENERATING FUNCTIONS’

QuesTioN. How many woys to wrte
atbtctol= 6
Whe/e, & 15 &ven, b is o mult \z & B, ¢ isat most
A and d is at most 17 (a lo,C-,ol fonreq m’cecawrs)
¢.g. making « Suit basket

00 O
OO

470
00O
14 3
| O |

QT O
O — "o
— O WO

What about  atb+ctd =loo
or atbictol=pn 7



REALLY, WHY GENERATING FUNCTIONS’

QuestioN. How many Woys to wnte
Otbtctol = N
wkexe, a iseven, bisamultiged 5, ¢ isat most
4 and d is «t most 1 / (O b,“-;ol Nonneq 1&‘&&3@(5)

A(x): [+)<7-+)§4+~~~ = ot
B(x) = I*X{’fxo’f = e
Cod) = 14x4ACHE +xt = X
—D(x) | +X

AS loegfe. ‘Hﬂﬂ. ANSWU™ 15 Ob‘ta\VlQal b\\ mu\’cipl\{((\ﬂ pal\{nomicx\s
l
A(x) B Cx) D) = :xl -x* \ X 14X

(e y)"‘ = | +7x + Bt +4—x 4 -
Final answer: 141 WQHS'



