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SMALLEXAMPLES SAVE THE DAY!

X Y

KEY IDEA:

1 P(x =1)= 2P(y =2) =E you can think of these

r.r.'s as n-sided dies,

2P(X =2)= 3N(Y =3)= with each side weighted
by a probability.
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*
you roll X, you roll Y
and then you add the

SMALLEXAMPLES SAVE THE DAY! outcomes

X Y z =x +Y

1 P(x =1)= 2P(y =2) =E

2P(X =2)= 3N(Y =3)=
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SMALLEXAMPLES SAVE THE DAY! *what is the probability
of each outcome?

X Y z =x +Y

1 P(x =1)= 2P(y =2) =E 3

2P(X =2)= 3N(Y =3)= 4

S
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KEY OBSERVATION:

what process did you use
to derive N(z =z)?

SMALLEXAMPLES SAVE THE DAY! does it remind you of smth?

X Y z =x +Y

1 P(x =1)= 2P(y =2) =E 3 N(z =3) =z

2P(X =2)= 3N(Y =3)= 4 P(z =4) =E

S N(z =s) =5
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POLYNOMIAL

MULTIPLICATION
SMALLEXAMPLES SAVE THE DAY!

X Y z =x +Y

1 P(x =1)=
2 P(y =2) =E4 3 N(z =3) =z

2P(X =2)= 3N(Y =3)= 4 P(z =4) =E

-N(z =s)=
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POLYNOMIAL

↑let's convert X and Y into polynomials
MULTIPLICATION

and represent (as their multiplication.

X Y z =x +Y

1 P(x =1)= 2P(y =2) =E 3 N(z =3) =z

2P(X =2)= 3N(Y =3)= 4 P(z =4) =E

-N(z =s)=
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X Y z =x + Y

degrees
coefs...

~ I
I
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X Y z =x + Y

~
degrees coess...

I
L

P(x =1)= 2P(y =2) =E 3 N(z =3) =z

2 P(X =2)= 3N(Y =3)= 4 P(z =4) =E

S N(z =s) =5

I
a +a =Px(c)
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X Y z =x + Y

~
degrees coess...

I
L

P(x =1)= 2P(y =2) =E 3 N(z =3) =z

2 P(X =2)= 3N(Y =3)= 4 P(z =4) =E

S N(z =s) =5

↓

Ea + a3 =Px(a)a+ taS =Py()



I RANDOM RELATIONSHIP

X Y z =x + Y

~
degrees coess...

I
L

P(x =1)= 2P(y =2) =E 3 N(z =3) =z

2 P(X =2)= 3N(Y =3)= 4 P(z =4) =E

S N(z =s) =5
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Ea + a3 =Px(a)za"+ taS =Py(a)a + a"+ jaS =P,(a)
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X Y z =x + Y

~
degrees coess...

I
L

P(x =1)= 2P(y =2) =E 3 N(z =3) =z

2P(X =2)= 3N(Y =3)= 4 P(z =4) =E

S N(z =s) =5

↓ ↓

ia + a3 =Px(a). za"+ taS =Px(a)s3 + ta" + jaS = P,(a)

*
we won't prove this rn... but it's not bad!
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*
now for our expression

let c,ci, ct be the 1th coefficient for Px.Py. Pz respectively

x
c
2 xc

ta + a2 =Px(a). a2+ taS =Py(a)2 + a" + aS =P,(a)
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c
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x x
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*
now for our expression

let c,ci, ct be the 1th coefficient for Px.Py. Pz respectively

x(z =x) =cE =zcci
&

L8i=l
from the deft of poly mult. In notes

ta + a2 =Px(a). a2+ taS =Py(a)2 + a" + aS =P,(a)

*
we won't prove this rn... but it's not bad!
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*
now for our expression

let c,ci, ct be the 1th coefficient for Px.Py. Pz respectively

x(z =l) =cE =Ecci =2N(x =i)- (X =l- i)

X 0 li l

(
substitute terms

ta + a2 =Px(a). a2+ taS =Py(a)2 + a" + aS =P,(a)

*
we won't prove this rn... but it's not bad!
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*
there are two parameters you need to locate the three one's...

1. start index

2. spacing

so what is the algorithm...?
try all possible combos of these... 0 (n")
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the binary string! ex. 101

↓
coefs: 1 or 0 1x0 + 0x' + 1x- + 1x3

= x0 + x" + x3
degree: index

·how does this help us? ... not so clear, let's keep exploring...
-what should we multiply this poly by?
Iaint: 1-SUM)

- itself! ex.1011 - x0 + 2x" + 2x3 + x4 + 2x + xb

10101 - x0 + 2x" + 3x" + 2x + x8
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the binary string! ex. 101

↓
coefs: 1 or 0 1x0 + 0x' + 1x- + 1x3

= x0 + x" + x3
degree: index

·how does this help us? ... not so clear, let's keep exploring...
-what should we multiply this poly by?
Iaint: 1-SUM)

- itself! ex. 1011-x0 + 2x" + 2x3 + x4 + 2x + xb

00110-x + 2x + x6

-101-> x" + 2x4 + xb

10101-x + 2x" + 3x" + 2x + x8

10/11 -x + 2x2 + 2x3 + 3x" + 2x + 3x + 2xz + x8
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·how does this help us? ... not so clear, let's keep exploring...
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·how does this help us? ... not so clear, let's keep exploring...
-what should we multiply this poly by?
Iaint: 1-SUM)

- itself! ex.1011-x0 + 2x" + 2x3 + x4 + 2x + x6

00110-x + 2x + x6

-101-> x" + 2x4 + xb

10101-x + 2x" + 3x" + 2x + x8

10/11 -x + 2x2 + 2x3 + 3x" + 2x + 3x + 2xz + x8
-

*notice anything interesting about the magnitude of the coets?
· No ->costs? I

YES- [coets3- located at degree DOUBLE the center of ones!
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·how does this help us? ... not so clear, let's keep exploring...
-what should we multiply this poly by?
Iaint: 1-SUM)

- itself! ex.1011-x0 + 2x" + 2x3 + x4 + 2x + x6

00110-x + 2x + x6

-101-> x" + 2x4 + xb

10101-x + 2x" + 3x" + 2x + x8

10/11 -x + 2x2 + 2x3 + 3x" + 2x + 3x + 2xz + x8

*notice anything interesting about the magnitude of the coets?
· No ->costs? I *

why is this happening?
YES- [coets-3- located at degree DOUBLE the center of ones!
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·how does this help us? ... not so clear, let's keep exploring...
-what should we multiply this poly by?
Iaint: 1-SUM)

- itself! ex.1011-x0 + 2x" + 2x3 + x4 + 2x + x6

00110-x + 2x + x6

-101-> x" + 2x4 + xb

10101-x + 2x" + 3x" + 2x + x8

101-x + 2x2 + 2x3 + 3x" + 2x3 + 3x + 2xz + x8

*notice anything interesting about the magnitude of the coets?
· No ->costs? I

*suppose indices (i,j,K) are evenly spaced
=j+j =i+ k =k+ i

·YES- [coefs-3- located at degree DOUBLE the center of ones!
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ex. 10 11

( x0 t X
2. + x3+ x*(
⑤

(x0 + 2 + x3 + x4 CX

-

x+ 2x2 + 2x3 + 3x" + 2x + 3x + 2xz + x8
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*these multiplications in the FOIL give rise to 3 (bc evenly-spaced
ex. 10 11
-

( x0 + x- + x3 + x4 C
⑤

(x0 + 2 + x
3 +x*)X

-

x+ 2x2 + 2x3 + 3x" + 2x + 3x + 2xz + x8
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*so, what's the algorithm?
-- P(x)

1. make polynomial for string O (n)

2. square it 0(nlogn)

3. for degree d>P(x)*degrees
with Is

1. Check coefficient of 26 in P(x)". If 13, return TRUE

4. return FALSE



THANK YOU. L
*this is my last recitation ever...

Y'all mean the world to me


