




































































































































Feb20
Good will Hunting
blackboard scene

Easy if you know
what to do.ir

Matrix multiplication counts paths

Of 2,1 1,2 2 It I 2 4

Of 0

off 2 l t l 2

2,1 1,2 0
0

0 0
0

0

dot product of o 0 9 0

A start
1 I

µ
unfold as end f one step

y start
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Generatingfunctions

go.gg
nmiiiaii'aii7IrTIgii assnin

gijCt nIoMight

Divide into cases
generating function all n at once

gijft Sig t t gift My tgidt Maj
L if i j get to 1 get to 2f IN I 0 if i j

fan countssomething co steps step Lbj step2toj
P

EI't l foot Hi K'T
G I G M

G _It tGM Or sum geometricseries
co

GI tGM I g E an g Ya
GCI Mt I

mo

G I Mt L G om't G CI Mt5

inversematrix works for matrices

A Ebo A Eldadbas

Ent _L'It it CI mtt ftt tb.t.tn
How can weunderstand

1
I E t2

I t t t t't t't t t L t E L

R t
figure out stepby step as recurrencerelation






































































































































1 It Ltt 2t2t3t3t5t4t
t It It 2t3 3t4 St't

I It It 2T 3ts 5ft

1 O O O O O 0

Each term is sum of previous two FibonaccusequeiT

n O I 2 3 4 5 G ri l t t2 O

Man 1 I 2 3 5 8 13 in I ttt2
now r TQ

i oreagrsbeafkreazmsb.SE

How can weunderstand

N O I 2 3 4 5 G ri A

or
K t E l I 2 3 5 8 13 in

th t E l I 2 3 5 8 13 in Cf LB
I 0 I I 2 3 5 r

Huh It sure looks like

It z In tttkttI of
l t E l t E l t E

yes

Check n G y ta y 5 paths
fexplain

A

8
C f L B

C B C B C B C B CA A B

Adopt left toright
convention c a B C A B CA A B C B C A A A A Bfromprobability CS
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Ae n I nt f ifI 2 3 t t

3 I Mt

Using Mathematica
4 I M 5 canbedoneby hand

check I 7th 213 414 0

1 7 4 253 4t4

n O I 2 3 4 5 6

1 4 7E2t3t4t4 I 0 7 2 4528 rn

42702ft2 O 14 4 90 56 rrr

2Es 2 O 14 4 90 56 re

O O 2 2 14 1894146 n

G

AA B CID AA B CIE
E Alc BAD AIC BAE

B B B C D B B B C Ei A 3 BCIAADBCIAAEB.CCC D B CC C Eniff

BEi3EfET
B C E DD B C E D E
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Bonus 2ndproblem in film is actually easier

Draw all trees on 10 nodes up to symmetry Confedgefeafz

iii ii

ii

How can we make the drawings easier Imply leaves

iii ii

i

0230 030103 200140 023020 200,020

ii

Leaves are implied
nonsenseRevised degree rule Oo

ht edges I 3
bad Oo D

deaf deg3 p I i p
good

a a



4 nodes Nan leaves t numbers sum to 4

I non leaf

5 nodes Non leaves numbers sum to 5

I non leaf

6 nodes I non leaf
2 non leaves

nodes I non leaf
2 non leaves

8nodes I non leaf
2 non leaves 024003 30
3 non leaves I

9nodes 1 non leaf
2 non leaves

I
3 non leaves

i

10nodes I non leaf

2 non leaves

3 non leaves 020230 023020 030130
4 non leaves 20902020
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i

it

it

partially ordered set induced by contracting edges
some edge contractions are not allowed create degree 2 nodes



After classtube length
n fan list Fibonaccisequence as

sticks length Lor2O T L
filling tube of length n1 I t

2 2 recurrence
2E and generatingfunction

it 2t
fC37 33g 3t3

t2

It zt3
fC4 fE 454 t SE

K z

E 2E

cs

gct Efcn th It
n O

gCt It tgttttg.lt l t t2 gLt L

gct 2

1
l t Ee

t 1
t shiftsby 2

2E tt t 1 t2
i 3 3 tZE.tt.LTt2shiftsby2tSt4t3t3 tt2t Eh

I


