
Poisson and Variance
CS109



Probability of Extreme Weather?



Review



(Classic Random Variables)



The	Geometric	Random	Variable

Imagine flipping a coin until you see your first heads.

Each coin flip is an independent trial, with probability p of getting heads.

Want to model: how many coin flips until the first heads?

X ~ Geo(p)

Like throwing pokeballs      
until you catch a pokemon!

P (X = n) = (1� p)n�1p
<latexit sha1_base64="YsbFhw91LPOt4EfwmTDUx9yXev0=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvQLlomIthNoeDGZQX7gHYsmTTThmYyIckIZSj4K25cKOLW73Dn35i2s9DWAxcO59zLvfcEkjNtPO/bWVvf2Nzazu3kd/f2Dw7do+OWjhNFaJPEPFadAGvKmaBNwwynHakojgJO28H4Zua3H6nSLBb3ZiKpH+GhYCEj2Fip7542ip2aKMEaLKKyLD2kooymsu8WvIo3B1wlKCMFkKHRd796g5gkERWGcKx1F3nS+ClWhhFOp/leoqnEZIyHtGupwBHVfjo/fwovrDKAYaxsCQPn6u+JFEdaT6LAdkbYjPSyNxP/87qJCat+yoRMDBVksShMODQxnGUBB0xRYvjEEkwUs7dCMsIKE2MTy9sQ0PLLq6R1WUFeBd1dFerVLI4cOAPnoAgQuAZ1cAsaoAkISMEzeAVvzpPz4rw7H4vWNSebOQF/4Hz+AJCyk0U=</latexit><latexit sha1_base64="YsbFhw91LPOt4EfwmTDUx9yXev0=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvQLlomIthNoeDGZQX7gHYsmTTThmYyIckIZSj4K25cKOLW73Dn35i2s9DWAxcO59zLvfcEkjNtPO/bWVvf2Nzazu3kd/f2Dw7do+OWjhNFaJPEPFadAGvKmaBNwwynHakojgJO28H4Zua3H6nSLBb3ZiKpH+GhYCEj2Fip7542ip2aKMEaLKKyLD2kooymsu8WvIo3B1wlKCMFkKHRd796g5gkERWGcKx1F3nS+ClWhhFOp/leoqnEZIyHtGupwBHVfjo/fwovrDKAYaxsCQPn6u+JFEdaT6LAdkbYjPSyNxP/87qJCat+yoRMDBVksShMODQxnGUBB0xRYvjEEkwUs7dCMsIKE2MTy9sQ0PLLq6R1WUFeBd1dFerVLI4cOAPnoAgQuAZ1cAsaoAkISMEzeAVvzpPz4rw7H4vWNSebOQF/4Hz+AJCyk0U=</latexit><latexit sha1_base64="YsbFhw91LPOt4EfwmTDUx9yXev0=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvQLlomIthNoeDGZQX7gHYsmTTThmYyIckIZSj4K25cKOLW73Dn35i2s9DWAxcO59zLvfcEkjNtPO/bWVvf2Nzazu3kd/f2Dw7do+OWjhNFaJPEPFadAGvKmaBNwwynHakojgJO28H4Zua3H6nSLBb3ZiKpH+GhYCEj2Fip7542ip2aKMEaLKKyLD2kooymsu8WvIo3B1wlKCMFkKHRd796g5gkERWGcKx1F3nS+ClWhhFOp/leoqnEZIyHtGupwBHVfjo/fwovrDKAYaxsCQPn6u+JFEdaT6LAdkbYjPSyNxP/87qJCat+yoRMDBVksShMODQxnGUBB0xRYvjEEkwUs7dCMsIKE2MTy9sQ0PLLq6R1WUFeBd1dFerVLI4cOAPnoAgQuAZ1cAsaoAkISMEzeAVvzpPz4rw7H4vWNSebOQF/4Hz+AJCyk0U=</latexit><latexit sha1_base64="YsbFhw91LPOt4EfwmTDUx9yXev0=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvQLlomIthNoeDGZQX7gHYsmTTThmYyIckIZSj4K25cKOLW73Dn35i2s9DWAxcO59zLvfcEkjNtPO/bWVvf2Nzazu3kd/f2Dw7do+OWjhNFaJPEPFadAGvKmaBNwwynHakojgJO28H4Zua3H6nSLBb3ZiKpH+GhYCEj2Fip7542ip2aKMEaLKKyLD2kooymsu8WvIo3B1wlKCMFkKHRd796g5gkERWGcKx1F3nS+ClWhhFOp/leoqnEZIyHtGupwBHVfjo/fwovrDKAYaxsCQPn6u+JFEdaT6LAdkbYjPSyNxP/87qJCat+yoRMDBVksShMODQxnGUBB0xRYvjEEkwUs7dCMsIKE2MTy9sQ0PLLq6R1WUFeBd1dFerVLI4cOAPnoAgQuAZ1cAsaoAkISMEzeAVvzpPz4rw7H4vWNSebOQF/4Hz+AJCyk0U=</latexit>



The	Negative	Binomial	Random	Variable

Imagine flipping a coin until you see r heads.

Each coin flip is an independent trial, with probability p of getting heads.

Want to model: how many coin flips until r heads?

X ~ NegBin(r, p)

Like catching 
r pokemon



Can	Jacob	Bernoulli	Have	a	Variable	Named	After	Him?

Here yee. I want to have a random 
variable named after myself. Huzzah.

X ~ Bern(p)Yes - the Bernoulli random variable:

• The Bernoulli is an indicator random variable (value is either 0 or 1).

• P(X = 1) = p
• P(X = 0) = 1 – p
• Examples: a single coin flip, one ad click, any binary event

(this is the whole PMF)



Expected value answers the question:
What is the average value we could expect some random variable to be?

Expected	Value	or	Expectation

Loop over all values x 
that X can take on

A possible 
value of X

The probability 
of that value



1. Linearity:

2. Expectation of a sum is the sum of expectations:

3. Law of the Unconscious Statistician:

E[aX + b] = aE[X] + b

E[X + Y ] = E[X] + E[Y ]

Helpful	Properties	of	Expectation
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E[g(x)] =
X

x2X

g(x)P (X = x)

These are all true, no 
matter what random 
variables X and Y are



Expectations	of	Classic	Random	Variables

X ~ Geo(p) 

Y ~ NegBin(r, p) 



Expectations	of	Classic	Random	Variables

X ~ Geo(p) 

Y ~ NegBin(r, p) 

X ~ Bern(p) 

Y ~ Bin(n, p) 



To catch a Pokemon, you throw a pokeball repeatedly until it’s caught.

Each pokeball has a 1/3 chance of catching the Pokemon.

What is the expected number of pokeballs needed to catch 1 Pokemon?

Pokemon:	Actually	Catching	Them	All

There are 151 Pokemon to catch in the game Pokemon Diamond.

What is the expected number of pokeballs needed to catch every Pokemon? 



To catch a Pokemon, you throw a pokeball repeatedly until it’s caught.

Each pokeball has a 1/3 chance of catching the Pokemon.

What is the expected number of pokeballs needed to catch 1 Pokemon?

Pokemon:	Actually	Catching	Them	All

There are 151 Pokemon to catch in the game Pokemon Diamond.

What is the expected number of pokeballs needed to catch every Pokemon? 

Let X be the number of 
pokeballs we use.

X ~ Geo(p = 1/3)



To catch a Pokemon, you throw a pokeball repeatedly until it’s caught.

Each pokeball has a 1/3 chance of catching the Pokemon.

What is the expected number of pokeballs needed to catch 1 Pokemon?

Pokemon:	Actually	Catching	Them	All

There are 151 Pokemon to catch in the game Pokemon Diamond.

What is the expected number of pokeballs needed to catch every Pokemon? 

Let X be the number of 
pokeballs we use.

X ~ Geo(p = 1/3)

Let Y be the number of 
pokeballs we use in total.

Y ~ NegBin(r = 151, p = 1/3)



End Review



Expectation is only a single number summary…
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Expectation	Is	Not	All	You	Need
Let X be the number of problems on pset2 that a randomly selected student 
has completed, as of Monday morning. 
X takes on values with uncertainty, so X is a random variable.

PMF of X
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E[X] = 6
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Expectation	Is	Not	All	You	Need
Let X be the number of problems on pset2 that a randomly selected student 
has completed, as of Monday morning. 
X takes on values with uncertainty, so X is a random variable.

PMF of X

Does this expected value capture 
all the information in the data?

No!
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E[X] = 6



Can we invent another summary number?



Consider the following 3 distributions (PMFs):

How are they different from one another?

A	Second	Summary	Statistic



Variance is a formal definition of the spread of a random variable. 

If X is a random variable with mean μ = E[X], then the variance of 
X, denoted Var(X), is:

Var(X) = E[(X – μ)2]

Variance



Variance is a formal definition of the spread of a random variable. 

If X is a random variable with mean μ = E[X], then the variance of 
X, denoted Var(X), is:

Var(X) = E[(X – μ)2]

Variance

On average... The random 
variable X

The mean 
of X

distance

“How far away from the mean is X, on average?”
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Let X be a random variable that represents a midterm exam grade.

Var(X) = E[(X – µ)2]
Variance	Intuition

E[X] = 77.5 
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…

Var(X) = 52 points2

Let X be a random variable that represents a midterm exam grade.

Var(X) = E[(X – µ)2]

X (X – µ)2

Variance	Intuition



Variance is a formal definition of the spread of a random variable. 

If X is a random variable with mean μ = E[X], then the variance of 
X, denoted Var(X), is:

Var(X) = E[(X – μ)2]

In practice, it is usually easier to calculate this equivalent:

Var(X) = E[X2] - E[X]2

Variance

How to calculate E[X2]? Law of the Unconscious Statistician!
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µ = E[X]

How	To	Get	From			E[(X	–	μ)2]			to			E[X2]	-	E[X]2	

Law of Unconscious Statistician 

Notation:
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p(x) = P (X = x)



Let X be the result of rolling a 6 sided dice.
What is Var(X)?

Example:	Variance	of	a	Dice	Roll
<latexit sha1_base64="bNbWb0LNUOTPeZjtGhUXRlQP9n0="></latexit>

Var(X) = E[X2]� E[X]2

= 12.5� (3.5)2 = 0.25
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Let X be the result of rolling this weird 6 sided dice.
What is Var(X)?

Example:	Variance	of	a	Dice	Roll
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What	About	Standard	Deviation?

Units are squaredUnits are the same as 
your random variable



Variance	of	Classic	Random	Variables

X ~ Geo(p) 

Y ~ NegBin(r, p) 

X ~ Bern(p) 

Y ~ Bin(n, p) 



Random	Variables:	You	Get	Even	More	For	Free!



(The Last Discrete Random Variable)



Ready?



It’s	Time
To	Talk	About	Time
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How the “natural exponent” e is defined:

Random	Fun	Fact:		e

Also invented by 
Jacob Bernoulli!
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Case	Study:	Ride	Sharing	Apps



Probability	of	k	Requests	From	This	Area	Each	Minute



Probability	of	k	Requests	From	This	Area	Each	Minute

On average, λ = 5 
requests per minute



Probability	of	k	Requests	From	This	Area	Each	Minute
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Idea: we can break a minute down into 60 seconds…

On average, λ = 5 
requests per minute



Probability	of	k	Requests	From	This	Area	Each	Minute

At each second, you either get a request or don’t.

1 2 3 4 5 6 60

Idea: we can break a minute down into 60 seconds…

On average, λ = 5 
requests per minute

…



At each second, you either get a request or don’t.
Let X be the number of requests in a minute.

1 2 3 4 5 6 60

Idea: we can break a minute down into 60 seconds…

Probability	of	k	Requests	From	This	Area	Each	Minute

On average, λ = 5 
requests per minute

…



At each second, you either get a request or don’t.
Let X be the number of requests in a minute.

X ⇠ Bin(n = 60, p = 5/60)
<latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit><latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit><latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit><latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit>

1 2 3 4 5 6 60

Idea: we can break a minute down into 60 seconds…

Probability	of	k	Requests	From	This	Area	Each	Minute

On average, λ = 5 
requests per minute

…



At each second, you either get a request or don’t.
Let X be the number of requests in a minute.

X ⇠ Bin(n = 60, p = 5/60)
<latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit><latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit><latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit><latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit>

P (X = 3) =

✓
60

3

◆
(5/60)3(1� 5/60)57

<latexit sha1_base64="l7vcJWH9xtOFyaKY29N1SqjA9Ms=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2AR2oV1xtrLplBw47KCvUA7lkyatqGZyZBkhDLMW7jxVdy4UMSt7nwb03YW2vpD4OM/53ByfjdgVCrL+jZSa+sbm1vp7czO7t7+gXl41JI8FJg0MWdcdFwkCaM+aSqqGOkEgiDPZaTtTq5n9fYDEZJy/05NA+J4aOTTIcVIaatvFhq5Tq2YhzUYlS3Yw2POJYHFOFe6KFv5+0iTfZ5wqRL3zaxVsOaCq2AnkAWJGn3zqzfgOPSIrzBDUnZtK1BOhISimJE40wslCRCeoBHpavSRR6QTze+K4Zl2BnDIhX6+gnP390SEPCmnnqs7PaTGcrk2M/+rdUM1rDoR9YNQER8vFg1DBhWHs5DggAqCFZtqQFhQ/VeIx0ggrHSUGR2CvXzyKrQuC7ZVsG+vsvVqEkcanIBTkAM2qIA6uAEN0AQYPIJn8ArejCfjxXg3PhatKSOZOQZ/ZHz+ACA8muA=</latexit><latexit sha1_base64="l7vcJWH9xtOFyaKY29N1SqjA9Ms=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2AR2oV1xtrLplBw47KCvUA7lkyatqGZyZBkhDLMW7jxVdy4UMSt7nwb03YW2vpD4OM/53ByfjdgVCrL+jZSa+sbm1vp7czO7t7+gXl41JI8FJg0MWdcdFwkCaM+aSqqGOkEgiDPZaTtTq5n9fYDEZJy/05NA+J4aOTTIcVIaatvFhq5Tq2YhzUYlS3Yw2POJYHFOFe6KFv5+0iTfZ5wqRL3zaxVsOaCq2AnkAWJGn3zqzfgOPSIrzBDUnZtK1BOhISimJE40wslCRCeoBHpavSRR6QTze+K4Zl2BnDIhX6+gnP390SEPCmnnqs7PaTGcrk2M/+rdUM1rDoR9YNQER8vFg1DBhWHs5DggAqCFZtqQFhQ/VeIx0ggrHSUGR2CvXzyKrQuC7ZVsG+vsvVqEkcanIBTkAM2qIA6uAEN0AQYPIJn8ArejCfjxXg3PhatKSOZOQZ/ZHz+ACA8muA=</latexit><latexit sha1_base64="l7vcJWH9xtOFyaKY29N1SqjA9Ms=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2AR2oV1xtrLplBw47KCvUA7lkyatqGZyZBkhDLMW7jxVdy4UMSt7nwb03YW2vpD4OM/53ByfjdgVCrL+jZSa+sbm1vp7czO7t7+gXl41JI8FJg0MWdcdFwkCaM+aSqqGOkEgiDPZaTtTq5n9fYDEZJy/05NA+J4aOTTIcVIaatvFhq5Tq2YhzUYlS3Yw2POJYHFOFe6KFv5+0iTfZ5wqRL3zaxVsOaCq2AnkAWJGn3zqzfgOPSIrzBDUnZtK1BOhISimJE40wslCRCeoBHpavSRR6QTze+K4Zl2BnDIhX6+gnP390SEPCmnnqs7PaTGcrk2M/+rdUM1rDoR9YNQER8vFg1DBhWHs5DggAqCFZtqQFhQ/VeIx0ggrHSUGR2CvXzyKrQuC7ZVsG+vsvVqEkcanIBTkAM2qIA6uAEN0AQYPIJn8ArejCfjxXg3PhatKSOZOQZ/ZHz+ACA8muA=</latexit><latexit sha1_base64="l7vcJWH9xtOFyaKY29N1SqjA9Ms=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2AR2oV1xtrLplBw47KCvUA7lkyatqGZyZBkhDLMW7jxVdy4UMSt7nwb03YW2vpD4OM/53ByfjdgVCrL+jZSa+sbm1vp7czO7t7+gXl41JI8FJg0MWdcdFwkCaM+aSqqGOkEgiDPZaTtTq5n9fYDEZJy/05NA+J4aOTTIcVIaatvFhq5Tq2YhzUYlS3Yw2POJYHFOFe6KFv5+0iTfZ5wqRL3zaxVsOaCq2AnkAWJGn3zqzfgOPSIrzBDUnZtK1BOhISimJE40wslCRCeoBHpavSRR6QTze+K4Zl2BnDIhX6+gnP390SEPCmnnqs7PaTGcrk2M/+rdUM1rDoR9YNQER8vFg1DBhWHs5DggAqCFZtqQFhQ/VeIx0ggrHSUGR2CvXzyKrQuC7ZVsG+vsvVqEkcanIBTkAM2qIA6uAEN0AQYPIJn8ArejCfjxXg3PhatKSOZOQZ/ZHz+ACA8muA=</latexit>

1 2 3 4 5 6 60

Idea: we can break a minute down into 60 seconds…

Probability	of	k	Requests	From	This	Area	Each	Minute

On average, λ = 5 
requests per minute

…



At each second, you either get a request or don’t.
Let X be the number of requests in a minute.

X ⇠ Bin(n = 60, p = 5/60)
<latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit><latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit><latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit><latexit sha1_base64="7R62i8Ukes9IIfj9GCHxsXtwyIc=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCBIm7ojGXQNCLxwjmAdkQZieTZMjs7DLTK4Yldy/+ihcPinj1B7z5N04eB40WNBRV3XR3+ZHgGhzny0otLa+srqXXMxubW9s79u5eXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/vJr4jTumNA/lLYwi1g5IX/IepwSM1LGzTexpHmAP2D0kl1yO87JcdI5xVMbn+AQXnaOOnXMKzhT4L3HnJIfmqHbsT68b0jhgEqggWrdcJ4J2QhRwKtg448WaRYQOSZ+1DJUkYLqdTH8Z40OjdHEvVKYk4Kn6cyIhgdajwDedAYGBXvQm4n9eK4ZeqZ1wGcXAJJ0t6sUCQ4gnweAuV4yCGBlCqOLmVkwHRBEKJr6MCcFdfPkvqZ8WXKfg3pzlKqV5HGl0gLIoj1x0gSroGlVRDVH0gJ7QC3q1Hq1n6816n7WmrPnMPvoF6+MbP76X6Q==</latexit>

P (X = 3) =

✓
60

3

◆
(5/60)3(1� 5/60)57

<latexit sha1_base64="l7vcJWH9xtOFyaKY29N1SqjA9Ms=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2AR2oV1xtrLplBw47KCvUA7lkyatqGZyZBkhDLMW7jxVdy4UMSt7nwb03YW2vpD4OM/53ByfjdgVCrL+jZSa+sbm1vp7czO7t7+gXl41JI8FJg0MWdcdFwkCaM+aSqqGOkEgiDPZaTtTq5n9fYDEZJy/05NA+J4aOTTIcVIaatvFhq5Tq2YhzUYlS3Yw2POJYHFOFe6KFv5+0iTfZ5wqRL3zaxVsOaCq2AnkAWJGn3zqzfgOPSIrzBDUnZtK1BOhISimJE40wslCRCeoBHpavSRR6QTze+K4Zl2BnDIhX6+gnP390SEPCmnnqs7PaTGcrk2M/+rdUM1rDoR9YNQER8vFg1DBhWHs5DggAqCFZtqQFhQ/VeIx0ggrHSUGR2CvXzyKrQuC7ZVsG+vsvVqEkcanIBTkAM2qIA6uAEN0AQYPIJn8ArejCfjxXg3PhatKSOZOQZ/ZHz+ACA8muA=</latexit><latexit sha1_base64="l7vcJWH9xtOFyaKY29N1SqjA9Ms=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2AR2oV1xtrLplBw47KCvUA7lkyatqGZyZBkhDLMW7jxVdy4UMSt7nwb03YW2vpD4OM/53ByfjdgVCrL+jZSa+sbm1vp7czO7t7+gXl41JI8FJg0MWdcdFwkCaM+aSqqGOkEgiDPZaTtTq5n9fYDEZJy/05NA+J4aOTTIcVIaatvFhq5Tq2YhzUYlS3Yw2POJYHFOFe6KFv5+0iTfZ5wqRL3zaxVsOaCq2AnkAWJGn3zqzfgOPSIrzBDUnZtK1BOhISimJE40wslCRCeoBHpavSRR6QTze+K4Zl2BnDIhX6+gnP390SEPCmnnqs7PaTGcrk2M/+rdUM1rDoR9YNQER8vFg1DBhWHs5DggAqCFZtqQFhQ/VeIx0ggrHSUGR2CvXzyKrQuC7ZVsG+vsvVqEkcanIBTkAM2qIA6uAEN0AQYPIJn8ArejCfjxXg3PhatKSOZOQZ/ZHz+ACA8muA=</latexit><latexit sha1_base64="l7vcJWH9xtOFyaKY29N1SqjA9Ms=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2AR2oV1xtrLplBw47KCvUA7lkyatqGZyZBkhDLMW7jxVdy4UMSt7nwb03YW2vpD4OM/53ByfjdgVCrL+jZSa+sbm1vp7czO7t7+gXl41JI8FJg0MWdcdFwkCaM+aSqqGOkEgiDPZaTtTq5n9fYDEZJy/05NA+J4aOTTIcVIaatvFhq5Tq2YhzUYlS3Yw2POJYHFOFe6KFv5+0iTfZ5wqRL3zaxVsOaCq2AnkAWJGn3zqzfgOPSIrzBDUnZtK1BOhISimJE40wslCRCeoBHpavSRR6QTze+K4Zl2BnDIhX6+gnP390SEPCmnnqs7PaTGcrk2M/+rdUM1rDoR9YNQER8vFg1DBhWHs5DggAqCFZtqQFhQ/VeIx0ggrHSUGR2CvXzyKrQuC7ZVsG+vsvVqEkcanIBTkAM2qIA6uAEN0AQYPIJn8ArejCfjxXg3PhatKSOZOQZ/ZHz+ACA8muA=</latexit><latexit sha1_base64="l7vcJWH9xtOFyaKY29N1SqjA9Ms=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2AR2oV1xtrLplBw47KCvUA7lkyatqGZyZBkhDLMW7jxVdy4UMSt7nwb03YW2vpD4OM/53ByfjdgVCrL+jZSa+sbm1vp7czO7t7+gXl41JI8FJg0MWdcdFwkCaM+aSqqGOkEgiDPZaTtTq5n9fYDEZJy/05NA+J4aOTTIcVIaatvFhq5Tq2YhzUYlS3Yw2POJYHFOFe6KFv5+0iTfZ5wqRL3zaxVsOaCq2AnkAWJGn3zqzfgOPSIrzBDUnZtK1BOhISimJE40wslCRCeoBHpavSRR6QTze+K4Zl2BnDIhX6+gnP390SEPCmnnqs7PaTGcrk2M/+rdUM1rDoR9YNQER8vFg1DBhWHs5DggAqCFZtqQFhQ/VeIx0ggrHSUGR2CvXzyKrQuC7ZVsG+vsvVqEkcanIBTkAM2qIA6uAEN0AQYPIJn8ArejCfjxXg3PhatKSOZOQZ/ZHz+ACA8muA=</latexit>

1 2 3 4 5 6 60

Idea: we can break a minute down into 60 seconds…

Probability	of	k	Requests	From	This	Area	Each	Minute

On average, λ = 5 
requests per minute

…

But what if there are two requests in the same second?



At each ms, you either get a request or don’t.
Let X be the number of requests in a minute.

Idea: we can break a minute down into 60,000 milliseconds…

Probability	of	k	Requests	From	This	Area	Each	Minute

On average, λ = 5 
requests per minute

…

60,0001



X ⇠ Bin(n = 60000, p = �/n)
<latexit sha1_base64="98DSEarewvoWOPaXbteqpuPPT1o=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqUmdEtJtC0Y3LCvYBnaFkMmkbmskMyR2xDP0HN/6KGxeKuHXjzr8xfSy09cCFwzn3JvcePxZcg21/WwuLS8srq5m17PrG5tZ2bme3rqNEUVajkYhU0yeaCS5ZDTgI1owVI6EvWMPvX4/8xj1TmkfyDgYx80LSlbzDKQEjtXPHTexqHmIX2AOkV1wOC7J8YRuc4LiMXWGeCgg+xfKoncvbRXsMPE+cKcmjKart3JcbRDQJmQQqiNYtx47BS4kCTgUbZt1Es5jQPumylqGShEx76fimIT40SoA7kTIlAY/V3xMpCbUehL7pDAn09Kw3Ev/zWgl0Sl7KZZwAk3TyUScRGCI8CggHXDEKYmAIoYqbXTHtEUUomBizJgRn9uR5Uj8rOnbRuT3PV0rTODJoHx2gAnLQJaqgG1RFNUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/h+KbWQ==</latexit><latexit sha1_base64="98DSEarewvoWOPaXbteqpuPPT1o=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqUmdEtJtC0Y3LCvYBnaFkMmkbmskMyR2xDP0HN/6KGxeKuHXjzr8xfSy09cCFwzn3JvcePxZcg21/WwuLS8srq5m17PrG5tZ2bme3rqNEUVajkYhU0yeaCS5ZDTgI1owVI6EvWMPvX4/8xj1TmkfyDgYx80LSlbzDKQEjtXPHTexqHmIX2AOkV1wOC7J8YRuc4LiMXWGeCgg+xfKoncvbRXsMPE+cKcmjKart3JcbRDQJmQQqiNYtx47BS4kCTgUbZt1Es5jQPumylqGShEx76fimIT40SoA7kTIlAY/V3xMpCbUehL7pDAn09Kw3Ev/zWgl0Sl7KZZwAk3TyUScRGCI8CggHXDEKYmAIoYqbXTHtEUUomBizJgRn9uR5Uj8rOnbRuT3PV0rTODJoHx2gAnLQJaqgG1RFNUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/h+KbWQ==</latexit><latexit sha1_base64="98DSEarewvoWOPaXbteqpuPPT1o=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqUmdEtJtC0Y3LCvYBnaFkMmkbmskMyR2xDP0HN/6KGxeKuHXjzr8xfSy09cCFwzn3JvcePxZcg21/WwuLS8srq5m17PrG5tZ2bme3rqNEUVajkYhU0yeaCS5ZDTgI1owVI6EvWMPvX4/8xj1TmkfyDgYx80LSlbzDKQEjtXPHTexqHmIX2AOkV1wOC7J8YRuc4LiMXWGeCgg+xfKoncvbRXsMPE+cKcmjKart3JcbRDQJmQQqiNYtx47BS4kCTgUbZt1Es5jQPumylqGShEx76fimIT40SoA7kTIlAY/V3xMpCbUehL7pDAn09Kw3Ev/zWgl0Sl7KZZwAk3TyUScRGCI8CggHXDEKYmAIoYqbXTHtEUUomBizJgRn9uR5Uj8rOnbRuT3PV0rTODJoHx2gAnLQJaqgG1RFNUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/h+KbWQ==</latexit><latexit sha1_base64="98DSEarewvoWOPaXbteqpuPPT1o=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqUmdEtJtC0Y3LCvYBnaFkMmkbmskMyR2xDP0HN/6KGxeKuHXjzr8xfSy09cCFwzn3JvcePxZcg21/WwuLS8srq5m17PrG5tZ2bme3rqNEUVajkYhU0yeaCS5ZDTgI1owVI6EvWMPvX4/8xj1TmkfyDgYx80LSlbzDKQEjtXPHTexqHmIX2AOkV1wOC7J8YRuc4LiMXWGeCgg+xfKoncvbRXsMPE+cKcmjKart3JcbRDQJmQQqiNYtx47BS4kCTgUbZt1Es5jQPumylqGShEx76fimIT40SoA7kTIlAY/V3xMpCbUehL7pDAn09Kw3Ev/zWgl0Sl7KZZwAk3TyUScRGCI8CggHXDEKYmAIoYqbXTHtEUUomBizJgRn9uR5Uj8rOnbRuT3PV0rTODJoHx2gAnLQJaqgG1RFNUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/h+KbWQ==</latexit>

At each ms, you either get a request or don’t.
Let X be the number of requests in a minute.

Idea: we can break a minute down into 60,000 milliseconds…

Probability	of	k	Requests	From	This	Area	Each	Minute

On average, λ = 5 
requests per minute

…

60,0001

P (X = k) =

✓
n

k

◆
(�/n)k(1� �/n)n�k

<latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit><latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit><latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit><latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit>



X ⇠ Bin(n = 60000, p = �/n)
<latexit sha1_base64="98DSEarewvoWOPaXbteqpuPPT1o=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqUmdEtJtC0Y3LCvYBnaFkMmkbmskMyR2xDP0HN/6KGxeKuHXjzr8xfSy09cCFwzn3JvcePxZcg21/WwuLS8srq5m17PrG5tZ2bme3rqNEUVajkYhU0yeaCS5ZDTgI1owVI6EvWMPvX4/8xj1TmkfyDgYx80LSlbzDKQEjtXPHTexqHmIX2AOkV1wOC7J8YRuc4LiMXWGeCgg+xfKoncvbRXsMPE+cKcmjKart3JcbRDQJmQQqiNYtx47BS4kCTgUbZt1Es5jQPumylqGShEx76fimIT40SoA7kTIlAY/V3xMpCbUehL7pDAn09Kw3Ev/zWgl0Sl7KZZwAk3TyUScRGCI8CggHXDEKYmAIoYqbXTHtEUUomBizJgRn9uR5Uj8rOnbRuT3PV0rTODJoHx2gAnLQJaqgG1RFNUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/h+KbWQ==</latexit><latexit sha1_base64="98DSEarewvoWOPaXbteqpuPPT1o=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqUmdEtJtC0Y3LCvYBnaFkMmkbmskMyR2xDP0HN/6KGxeKuHXjzr8xfSy09cCFwzn3JvcePxZcg21/WwuLS8srq5m17PrG5tZ2bme3rqNEUVajkYhU0yeaCS5ZDTgI1owVI6EvWMPvX4/8xj1TmkfyDgYx80LSlbzDKQEjtXPHTexqHmIX2AOkV1wOC7J8YRuc4LiMXWGeCgg+xfKoncvbRXsMPE+cKcmjKart3JcbRDQJmQQqiNYtx47BS4kCTgUbZt1Es5jQPumylqGShEx76fimIT40SoA7kTIlAY/V3xMpCbUehL7pDAn09Kw3Ev/zWgl0Sl7KZZwAk3TyUScRGCI8CggHXDEKYmAIoYqbXTHtEUUomBizJgRn9uR5Uj8rOnbRuT3PV0rTODJoHx2gAnLQJaqgG1RFNUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/h+KbWQ==</latexit><latexit sha1_base64="98DSEarewvoWOPaXbteqpuPPT1o=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqUmdEtJtC0Y3LCvYBnaFkMmkbmskMyR2xDP0HN/6KGxeKuHXjzr8xfSy09cCFwzn3JvcePxZcg21/WwuLS8srq5m17PrG5tZ2bme3rqNEUVajkYhU0yeaCS5ZDTgI1owVI6EvWMPvX4/8xj1TmkfyDgYx80LSlbzDKQEjtXPHTexqHmIX2AOkV1wOC7J8YRuc4LiMXWGeCgg+xfKoncvbRXsMPE+cKcmjKart3JcbRDQJmQQqiNYtx47BS4kCTgUbZt1Es5jQPumylqGShEx76fimIT40SoA7kTIlAY/V3xMpCbUehL7pDAn09Kw3Ev/zWgl0Sl7KZZwAk3TyUScRGCI8CggHXDEKYmAIoYqbXTHtEUUomBizJgRn9uR5Uj8rOnbRuT3PV0rTODJoHx2gAnLQJaqgG1RFNUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/h+KbWQ==</latexit><latexit sha1_base64="98DSEarewvoWOPaXbteqpuPPT1o=">AAACE3icbVDLSgMxFM34rPVVdekmWIQqUmdEtJtC0Y3LCvYBnaFkMmkbmskMyR2xDP0HN/6KGxeKuHXjzr8xfSy09cCFwzn3JvcePxZcg21/WwuLS8srq5m17PrG5tZ2bme3rqNEUVajkYhU0yeaCS5ZDTgI1owVI6EvWMPvX4/8xj1TmkfyDgYx80LSlbzDKQEjtXPHTexqHmIX2AOkV1wOC7J8YRuc4LiMXWGeCgg+xfKoncvbRXsMPE+cKcmjKart3JcbRDQJmQQqiNYtx47BS4kCTgUbZt1Es5jQPumylqGShEx76fimIT40SoA7kTIlAY/V3xMpCbUehL7pDAn09Kw3Ev/zWgl0Sl7KZZwAk3TyUScRGCI8CggHXDEKYmAIoYqbXTHtEUUomBizJgRn9uR5Uj8rOnbRuT3PV0rTODJoHx2gAnLQJaqgG1RFNUTRI3pGr+jNerJerHfrY9K6YE1n9tAfWJ8/h+KbWQ==</latexit>

At each ms, you either get a request or don’t.
Let X be the number of requests in a minute.

Idea: we can break a minute down into 60,000 milliseconds…

Probability	of	k	Requests	From	This	Area	Each	Minute

On average, λ = 5 
requests per minute

…

Can we do even better?

60,0001

P (X = k) =

✓
n

k

◆
(�/n)k(1� �/n)n�k

<latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit><latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit><latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit><latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit>



In each bucket, you either get a request or don’t.
Let X be the number of requests in a minute.

Idea: we can break a minute down into infinitely small buckets

Probability	of	k	Requests	From	This	Area	Each	Minute

On average, λ = 5 
requests per minute

1

P (X = k) =

✓
n

k

◆
(�/n)k(1� �/n)n�k

<latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit><latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit><latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit><latexit sha1_base64="3IjHzpgJpZG1jnGimB/tktYMON4=">AAACH3icbVDLTgIxFO3gC/E16tJNIzGBBThjjLIhIXHjEhN5JICkUwo002knbceETOZP3PgrblxojHHH31hgFgiepMnpOffe9h4vZFRpx5lamY3Nre2d7G5ub//g8Mg+PmkqEUlMGlgwIdseUoRRThqaakbaoSQo8Bhpef7dzG89E6mo4I96EpJegEacDilG2kh9+6ZeaFf9IqzCmMMuHguhCPSTQpeZGQN0yYtPfsEtLV1jXvKTvp13ys4ccJ24KcmDFPW+/dMdCBwFhGvMkFId1wl1L0ZSU8xIkutGioQI+2hEOoZyFBDVi+f7JfDCKAM4FNIcruFcXe6IUaDUJPBMZYD0WK16M/E/rxPpYaUXUx5GmnC8eGgYMagFnIUFB1QSrNnEEIQlNX+FeIwkwtpEmjMhuKsrr5PmVdl1yu7Ddb5WSePIgjNwDgrABbegBu5BHTQABi/gDXyAT+vVere+rO9FacZKe07BH1jTX0DsoKI=</latexit>

too small to draw L
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Probability	of	k	Requests	From	This	Area	Each	Minute



A Poisson random variable models the number of 
occurrences that happen in a fixed interval of time. 

 
PMF:

X takes on values 0, 1, 2…up to infinity.

X ⇠ Poi(�)

P (X = k) = e���
k

k!

The	Poisson	Random	Variable



Prolific French mathematician (1781-1840)

  He published his first paper at 18?

  Became a professor at 21???

  And published over 300 papers in his life?????

Simeon-Denis	Poisson

He reportedly said, “Life is good for only two things: 

discovering mathematics and teaching mathematics.”



Prolific French mathematician (1781-1840)

  He published his first paper at 18?

  Became a professor at 21???

  And published over 300 papers in his life?????

Simeon-Denis	Poisson

He reportedly said, “Life is good for only two things: 

discovering mathematics and teaching mathematics.”

Looks like Martin Freeman,
but…Frenchier



Say you want to model events occurring over a given time interval.
   -  Earthquakes, radioactive decay, queries to a web server, etc.
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   2.  Events arrive at a fixed rate: l events per interval of time

Problem	Solving	with	The	Poisson



Say you want to model events occurring over a given time interval.
   -  Earthquakes, radioactive decay, queries to a web server, etc.

The events you’re modeling must follow a Poisson Process:
   1.  Events happen independently of one another

   2.  Events arrive at a fixed rate: l events per interval of time

If those conditions are met:

 Let X be the number of events that happen in the time interval.

X ~ Poi(l)

Problem	Solving	with	The	Poisson



Is	Lambda	All	You	Need?	Yes

Let X be the number of Uber requests 
from Times Square each minute.

X ~ Poi(l = 5)
What is E[X]?

Hint: what is the definition of l?

?



Is	Lambda	All	You	Need?	Yes

Let X be the number of Uber requests 
from Times Square each minute.

X ~ Poi(l = 5)
What is E[X]?

E[X] = l = Var(X)

The parameter l is sufficient to fully 
define the whole Poisson distribution.



Example:	Earthquakes



You	Now	Know	Where	This	PMF	Comes	From!

Let X be the number of earthquakes that happen in California every year.

Here’s the PMF for X:

What is the probability that there are 60 earthquakes in California next year?
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You	Now	Know	Where	This	PMF	Comes	From!

Let X be the number of earthquakes that happen in California every year.

Here’s the PMF for X:

What is the probability that there are 60 earthquakes in California next year?

Just plug numbers into the PMF!

X is a Poisson!
What is E[X] (l)?



Historically, a particular web server 
averages 120 requests each minute.
Let X be the number of hits this server 
receives in a second. What is P(X < 5)?

Practice:	Web	Server	Load

Concept 

Check



Historically, a particular web server 
averages 120 requests each minute.
Let X be the number of hits this server 
receives in a second. What is P(X < 5)?

X ⇠ Poi(� = 2)
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Practice:	Web	Server	Load

We have to use a value for l 
that matches the time interval 

we want to model!
Concept 

Check



Historically, a particular web server 
averages 120 requests each minute.
Let X be the number of hits this server 
receives in a second. What is P(X < 5)?

X ⇠ Poi(� = 2)
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Practice:	Web	Server	Load

We have to use a value for l 
that matches the time interval 

we want to model!
Concept 

Check



Another Fun Fact:

 



Another Fun Fact:

The Poisson can approximate The Binomial!
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Why	Can	We	Do	This?	Because	The	Shapes	Are	The	Same



Another Fun Fact:

The Poisson can approximate The Binomial!

(Wait why would you want to do that?)



The amount of data contained 
in ~ 600 smartphones

(10,000 gigabytes) can be 
stored in just the faint pink 
smear of DNA at the end of 

this test tube.

Storing	Data	in	DNA:	Super	Promising	Technology



Writing data to DNA is an imperfect process.
     -  Probability of corruption at each position (basepair) is very small: p » 10-6.
     -  But we would want to store a LOT of data this way: say, n » 108 positions.

What’s the probability that < 1% of DNA storage is corrupted?

Storing	Data	in	DNA
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     -  Probability of corruption at each position (basepair) is very small: p » 10-6.
     -  But we would want to store a LOT of data this way: say, n » 108 positions.

What’s the probability that < 1% of DNA storage is corrupted?

Let X be the number of corrupted positions.

X ~ Bin(108, 10-6)

Storing	Data	in	DNA

But the PMF for this would 
be unwieldy to compute :/



Writing data to DNA is an imperfect process.
     -  Probability of corruption at each position (basepair) is very small: p » 10-6.
     -  But we would want to store a LOT of data this way: say, n » 108 positions.

What’s the probability that < 1% of DNA storage is corrupted?

Let X be the number of corrupted positions.

X ~ Bin(108, 10-6)

Storing	Data	in	DNA

There are lots of cases where extreme n and p values arise:
-  Errors sending streams of bits over an imperfect network
-  Server crashes per day in giant data center

But the PMF for this would 
be unwieldy to compute :/



Writing data to DNA is an imperfect process.
     -  Probability of corruption at each position (basepair) is very small: p » 10-6.
     -  But we would want to store a LOT of data this way: say, n » 108 positions.

What’s the probability that < 1% of DNA storage is corrupted?

Let X be the number of corrupted positions.

X ~ Poi(l = 108 * 10-6 = 100)

Storing	Data	in	DNA



Writing data to DNA is an imperfect process.
     -  Probability of corruption at each position (basepair) is very small: p » 10-6.
     -  But we would want to store a LOT of data this way: say, n » 108 positions.

What’s the probability that < 1% of DNA storage is corrupted?

Let X be the number of corrupted positions.

X ~ Poi(l = 108 * 10-6 = 100)

Storing	Data	in	DNA

Where did we get l from? E[X] for a binomial is n * p



Writing data to DNA is an imperfect process.
     -  Probability of corruption at each position (basepair) is very small: p » 10-6.
     -  But we would want to store a LOT of data this way: say, n » 108 positions.

What’s the probability that < 1% of DNA storage is corrupted?

Let X be the number of corrupted positions.

X ~ Poi(l = 108 * 10-6 = 100)

Storing	Data	in	DNA



The Poisson approximates the Binomial well when:
         1. n is large
         2. p is small
         3. Therefore, l = np is "moderate"

Approximating	Binomial	With	Poisson:	General	Rule

Different interpretations of "moderate":
n > 20 and p < 0.05
n > 100 and p < 0.1

Really, Poisson is Binomial as      
n à ¥ and p à 0, where np = l
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How	Similar	Are	The	Shapes,	With	Different	n	and	p?



Probability of Extreme Weather?
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Let’s	Model	Data:	Hurricanes	Per	Year	Since	1851
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Let’s	Model	Data:	Hurricanes	Per	Year	Since	1851



Let’s	Model	Data:	Observations	vs.	Poisson
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Using just the data before 1966, we can construct a histogram, 
and then compare that distribution to a Poisson



Let’s	Model	Data	As	A	Poisson

Based on our Poisson model from pre-1966 data, what is the probability 
of seeing more than 15 hurricanes in one year?



Let’s	Model	Data	As	A	Poisson

Based on our Poisson model from pre-1966 data, what is the probability 
of seeing more than 15 hurricanes in one year?

P (X > 15) = 1� P (X  15)

= 1�
15X

i=0

P (X = i)

= 1� 0.98

= 0.02
= 0.0135
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Since	1966,	The	Distribution	Has	Shifted

The data after 1966 doesn’t fit our original Poisson model 
very well
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The data after 1966 doesn’t fit our original Poisson model 
very well



Let’s	Model	Data	As	A	Poisson,	Round	2

Based on a post-1996 Poisson model, what is the probability of seeing 
more than 15 hurricanes in one year?

P (X > 15) = 1� P (X  15)

= 1�
15X

i=0

P (X = i)

= 1� 0.98

= 0.02
= 0.0135 0.686



You can do so much with what you know already



Next Time: ~Continuous~ Random Variables


