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Announcements

You are now breathing manually

Homework 3 is due tonight
Mlease submit a collaborators graph again.
At doesndt matter what you name |
Avou do not also have to list your collaborators in the pdf

Homework 4 Is out

AThis assignment is non  -trivial
AStart early!

Exam 1 will be In recitation next week

Dondt be | at e
Ane will (tentatively) have a review session on Saturday
Ane will email you with updates



What good are Generating
Functions anyway?

) A %3

n=0 k=0 k=0 n=k

Take r = n - k as the new dummy variable of
inner summation

e

k=0 n=k k=0 r=0

We recognize the inner sum as x* (1 + x)*

231

what is this | don't even



What good are Generating
Functions anyway?

They're fun!

Solving recurrences precisely

They are often easier than the alternative!



Some Terminology
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n=0

Closed form of a Generating Function
Closed form for a Recurrence
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Domino Domination

We have a 2 x (n — 1) board, and we would

like to fill it with dominos. We have two colors

of dominos: green and blue. The green ones

must be used I n pairs (sc
blue!), and they must be vertical. How many

ways can we tile our board?




Domino Domination

We have a 2 x (n — 1) board, and we would
like to fill it with dominos. We have two colors
of dominos: green and blue. The green ones

ShsispsambnaRidlesiar fowmany
luet), T H
LR sht LIl How many

Write a recurrencel




Domino Domination

E
dn — dn—l + 2dn—2

. 2 So now we have a

what?

recurrenceeébu
.2




Domino Domination
dn — dn—l + 2dn—2

Now we derive a closed form
using generating functions!

Let D(x Zdnm _d0_|_d1x_|_z n—1+ 2dp_2)x"

n=0
n=2

We know the base cases: di =1 dyg =0

Note that these base cases are actually correct.

d,, is the number of ways to tlea 2 x (n — 1poard.



Domino Domination

Now we derive a closed form
using generating functions!

Let D(x Zdnl‘ — o+ Z et + 2dp_o)2"
—CC—I-Zdn 1" —I-Zan ox"
=zt Z dn—12" 7" + 227 Z dy 92"
n=2 -
:x+x§:dnx”+2x2idnx”
n=1 =0

=z +x(D(x) —dy) + Q;ZD(QZ)



Domino Domination

Now we derive a closed form
using generating functions!

Let D(x Z dpx™ =z +z(D(z) —do) + 222D(x)

D(z) =z +x(D(x) — do) + 22°D(x)
(1-2—-22°)D(z) ==




Domino Domination

Now we have a closed form
for the generating function!
e wh at now?

T ~1 1
Let D Zdnx 1 — ¢ — 992 :3(1+az)+3(1—2$)
x L A B _1
[—z-22 (l+a)1-22) 1tz 1-22 A= 3
B==:
| = 24+ B 3

0=A+DB



Domino Domination

Now we have a closed form
for the generating function!
e wh at now?

- n L —1 !
Let D(x)—z_%dnl‘ :1—$—2$2 :3(1+az) 3(1—2z)




Domino Domination

Now we have a closed form
for the generating function!
e wh at now?

@)
a’; . 0 O
Let D(z) = Zdnx” akpp— —%7;)(—96)”%”0(2%)”
=() B B
3 3
n=0 n=0
— % > (=0 trat 4 2nan)
n=0



Rogue Recurrence
Gy, = 9QAp_1 — 8a,_o + 4a,,_3 for n>2
a():O, CL1:1, &2:4
Solve thi s recurrence

©.@, ©.@)
Let A(x) = Z anT" = ag + a1z + a2x2—|—z anx"”

oo

=T+ 4332—|— Z (5CLn_1 _ 8an—2 + 4an—3>xn

n=3



Rogue Recurrence
Gy, = 9QAp_1 — 8a,_o + 4a,,_3 for n>2
CL():O, CL1:1, &2:4
Solve thi s recurrence

o0 oo
Let A(x) = Z anx"  =z+44z2+ Y (5an_1 —8an_ 5 +4a,_5)z"
n=0 n=3
= x+42° + Z DUp_12" — Z 8y _ox" + Z 4ay,_sx"
n=3 n=3 n=3

o xO 0
=x+42% + 5z E Q12" 1 — 822 g Un_ox™ 2 + 423 E U323

n=3 n=3 n=3
o0 o0 o0
— 2+ 42% + 5z Z anr™ — 8x° Z anz” + 43 Z anx”
= n=1 n=0

= +42® + 52(A(x) — ap — ayx’) — 827 (A(x) — ag) + 4> A(x)



Rogue Recurrence
ap = dGyp_1 — S8Ayp—o + 4a,,_3 for n>2
CL():O, CL1:1, &2:4
Solve thi s recurrence
| et A(x) — Z an,x" = 1+ 422 + 5x(A(z) — ag — a1x’) — 82%(A(x) — ag) + 4> A(z)

n=0
Alz) =z + 42 + bx(A(z) — ') — 82 (A(x)) + 42° A(x)
(1 — 5z + 8z — 42®)A(x) = = + 42 — 5a*

A(z)

B x—T
1 —5x+ 8x2 — 443







