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Which one is Poisson? Justify with Math...

Same number of points... Stanford University




Which one is Poisson? Sampling Solution

Squares that are 1x1

True rate = 7 points per unit size

Are Observed (for both)

x!

Theory P(X=2)=
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Which one is Poisson? Sampling Solution

S_quares tha} are Ol X .01

True rate = 7 points per unit size

Theory P(X=z)= Aw;_'\ Observed (for right)
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t Bonus, calculate the KL divergence between these two distributions  g.,.ford universicy




Which one is Poisson? Nearest Neighbor Distance

Let R be the distance to the nearest neighbor of a point

P(R > r) =1 — P(Zero points in radius R)
—1— P(X =0)

Let X be the number of points in radius R. X ~ Poi(A =7 -7 - 7‘2)
nearest
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Which one is Poisson? Nearest Neighbor Distance

PR>r)=1—¢""

Theory and picture on the left: Picture on the right:
1.01 = Hard-core (radius=1) PDF
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Linear Regression P-Value



Linear Regression P-Value

You have a set of 50 data points (x, y) where x € R and y € R.

You fit a linear regression model which gives you a fit
)AJ =0p+061 x

You are surprised to see that 8; = 2. You want to claim that this value of 8 1is significantly high.
What is the probability of seeing a value of 6; > 2, given there 1s no relationship between x and
y? Estimate your answer using sampling. Provide pseudo-code:
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Linear Regression P-Value

4 def bootstrapping(x, y, num_bootstrap=10000, threshold=2.0):
5 N = len(x)

6 count_extreme = 0

7 for _ in range(num_bootstrap):

8 # resample independently

9 X_boot = random.choices(x, k=N)

10 y_boot = random.choices(y, k=N)

11

12 # pseudo code

13 model = LinearRegression().fit(x_boot, y_boot)
14 slope = model.get_theta_1()

15

16 if slope >= threshold:

17 count_extreme += 1

18

19 return count_extreme / num_bootstrap
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Magical Puppy Drugs



Magical Puppy Drugs




Magical Puppy Drugs

1
/ 2%(1 —2)’dz = Bla+1,b+1)
0

a!b!
(a+b+1)!

through clinical trial. It worked for 5
puppies but did not work for 1. Prior
to the study you had a uniform belief
for the probability the drug would
work.

A magical-drug for puppies has gone}

‘ If you now give the drug to 10 new
puppies, what is the prob. that it
works exactly 8 out of the 10 times?




Info NCE



Many questions want mutual information scores
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InfoNCE Proof

P(%. Y15 s 55 YN 1)
P(x,}’l,n-,}’N) .

P(I=i|x,y1,...,yN) =

Because the distractors Y; are drawn independently from P(Y) and independently of X,

) 1
Pl yiy ¢ oos Ysl) = N P(x,yi) l—[ P(y;).
J#L

The denominator is a sum over all possible positions of the true record:

N
PGy = Y 1 PGy [ POY).

k=1 Jj#k

Canceling the common factors % [1; P(y;),

P(x,y:)/P(y:)
o1 P(x,y0)/P(yi)
P(yi | x)P(yi)

M1 P(yk | x)/P(y0)

P(I=i|x,y1,...,¥N) =
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