Normal RVs | zpme=



Announcements

Homework 4 due today
Homework 5 out today

Midterm overview at 1:15pm tomorrow in Gates 371

One-on-one office hours

Quiz 5 on Friday


https://courses.cs.washington.edu/courses/cse312/25su/resources/1-1-OH-Bookings.html

Normal Random Variable

X is a normal (aka Gaussian) random variable with mean u and variance o2

(written X~V (u, 0%)) if it has the density:

_(x—p)?
202

X) = e
fx () =
Let's get some intuition for that density...

s E[X] = u?
Yes! Plug in u — k and u + k and you'll get the same density for every k.
The density is symmetric around u. The expectation must be u.



Breaking down the density
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Changing the mean

1 e 12
1v 2n
2
_ -0)?
1 e 22
2V 2¢n
8
(\ _ 0y
1 e 72
7V 2¢
4
N 1Ge1)?
1 e 72
TV 2¢
5
a

0:8

Green: 62 =.7,u =0
Purple 6% =.7,u = —1

»

|
A\




Changing the variance
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Scaling Normal Random Variables

When we scale a normal (multiplying by a constant or adding a
constant) we get a normal random variable back!

f X~N(u,c?)
ThenforY =aX + b, Y~N(au + b, a*c?)

Normal are special in that you get a NORMAL back.

If you multiply a binomial by 3/2 you don't get a binomial (its support
IsSn't even integers!)



Standardize

To turn X~N"(u, 02) into Y~N'(0,1) you want to set

X_
y = 2K
(0)

Why standardize?

The density is a mess. The CDF does not have a pretty closed form.
But we're going to need the CDF a lot, so...



Table of Standard Normal CDF

The way we'll evaluate the CDF of a
normal is to:

1. convert to a standard normal

2. Round the “z-score” to the hundredths

place.
3. Look up the value in the table.

It's 2025, we're using a table?

The table makes sure we have consistent
rounding rules (makes it easier for us to

debug with you).

You can't evaluate this by hand - the “z-
score” can give you intuition right away.
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Use the table!

We'll use the notation ®(z) to mean Fy(z) where X~N(0,1).

Let Y~N'(5,4) what is P(Y > 9)?
P(Y > 9)

=P (Yz;s > 9;—5) we've just written the inequality in a weird way.

= P(X >=2) where X is (0,1).

—1-P (X < 9;—5) — 11— ®(2.00) =1 — 097725 = .02275



Negative & Values
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P(a < X < b)



Normal (aka Guassian)

X~N(u,0%)

Parameter u is the expectation; o2 is the variance.

fx(x) = T C
Fy (k) has no nice closed form. Use the table.
E[X]=wu

Var(X) = g*

—1)2
1 & L;)
20




More practice

Let X~V (3, 2).
What is the probability that 1 < X < 4



More practice

Let X~V (3, 2).
What is the probability that 1 < X < 4

= ®(.71) — P(—1.41)
= ®(.71) — (1 — ®(1.41)) =.76115 — (1 —.92073) = .68188



In real life

What's the probability of being at most two standard deviations from
the mean?

= P(2) — P(—2)

= ®(2) — (1 - ®(2))
= .97725 — (1 —.97725) = .9545

You'll sometimes hear statisticians refer to the “68-95-99.7 rule” which is
the probability of being within 1,2, or 3 standard deviations of the mean.



[~ One last (unrelated) thing



A Side Note

Make sure you understand the difference between scaling a random
variable and adding up iid copies of a random variable.

It X is the result of rolling a die

X + X or equivalently 2X says “take the result of the (one) die roll and
double it”

2X has support {2,4,6,8,10,12}, there's no way to get 7 because you just
double the one die roll.

It X1, X, are independent dice rolls (i.i.d.) then

X, + X, says “roll two dice and add their results”
E[X; + X,] = E[2X] but Var(X; + X,) # Var(2X)




