
MATH 180A : INTRO TO PROBABILITY
( FOR DATA SCIENCE)

www.math.ucsd.edu/ntkemp/18oA

Today : § 3. I -3.2 HWZ due TONIGHT !
Next : § 2.4 - 2.5

Lab 2-2 due Monday , WH .

* Regrade requests for Hwi : window Tuesday 10115

↳ separate request for each problem 8am - 11pm
↳ detailed

, polite responses please .

* Numerical answers for HW in rubric on Gradescope
* Labi solutions posted on datahub.ucsd.edu

.



Randomtariabes 3 . I

fgivaengwnaeppragbability space (r ,F,P) a random variable)
X :r→ R

This is a bad , old - fashioned name .

Would be better to call it a
random function or random measurement

.

Eg . Toss a fair coin 4 times .

Let X s number of tails
.

Eg . Shoot an arrow at a circular target . Y = distance from center
.

Eg . Your car is in a minor accident ; the damage repair cost is a
random number between $100 and $1500

.
Your insurance

deductible is $500
.
Z = your out of pocket expenses .

In all these examples
,
think about what you observe . You can't

really see a formula for the function . By repeating the experiment ever
and over

,
all you can learn is the



Probability's 3.21Given a probability space (r ,F, P) and a random variable
x : re IR

the probability distribution or law of X is a probability measure
Mx ON IR

.

A E IR → Mx CA) =

( caution : for this to make sense
,
we need to have a designated set

of allowed " events " in IR ; call this collection BC.IR)

Then,wemusthai[
This is a condition on X ; we call such functions

measurable
.

We will ignore these technicalities in this course ; all our random)variables are indeed measurable
.



Eg . Toss a fair coin 4 times .

Let Xs number of tails
.

- t
rsflxyxa.xyx.tt I Hit "} Xt fo, 1,2, 3,4 ) CR
p = uniform onS ; if A SIR does not contain onePICK

,#Hall = ft ' Ito of these numbers
, Mx (A) = o .

By additivity of probability measures,
to understand Mx, just need to
know

Myung) = ? ask S4
11

PIX -- k) = Pxlk)

I

③



Eg . Shoot an arrow at a circular target . of radius 1 .

Y = distance from center
.

Last lecture
, you calculated that :

• If r so, PLY Sr) = o

• ft r I l
,
PK Sr) = 1

.

• If recoil , Pf Ysr) = Agrreegftf3.gl = r2 .

Pl Itt tes,r,}) ← Can get information about
other sets As IR using the
properties of P .

What can we say about Pl f- 0.4) ?



We will focus mostly on two kinds of random variables :
discrete : There are finitely (or countably) many possible values

{ K
,kyle, . . .) for X .

↳ Mx is described by the probability mass function picks =PKsk)
In this case

, by the laws of probability ,
ktlhsh.kz -

- J

continuous : For any real number te IR , Pl X s t ) = o .

↳ Mx is captured by understanding P ( X s r ) as a function of r .



Cumulative Distribution Function KDE) Actually works
-

in all cases -

For any random variable X
,
Fxlr) = PIX Sr) ! including discrete

.

-Eg . Mx - Bink 's) ftp..ae/fglsHII
#

#
C l 2 3 4

• r - O
,
fxsr) =

• osrsl
, fxsr) =

• Is r S2
,
{ X Sr) =

.

• 2sr< 3
, { X Sr) =

• r 33 , { X Sr) =

I n

Kim

'

#
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Properties Fxlr) = pcxsr)

(1) Monotone increasing : Sst ⇒ Exists Fxlt)

(2) fine. Fxlr) -- o , ¥75Kirkt .

(3) The function Fx is right - continue us : #rig, Fxlt) = Fxcr) .

Corday : If X is a continues random variable
,
Fx is a

continuous function
.



Densities
Tomeantinuens random variables have probability densities .

This is an infinitesimal version of a probability mass function .

X discrete
, Elkie, ks , -3 X continuous

picks MX -- k) IP ( X s t ) -- o for all t EIR .

"""

÷:*.
""

pxlk) 30 , §pxlk) = t .



Eg . Shoot an arrow at a circular target . of radius 1 .

Y = distance from center
.

If it) dt ? PH et - es .rs ) = Fair) -- ( §! i



theorem : If Fx is continuous and piecewise differentiable ,
then X has a density fx = Fx ' .

Proof :

Eg .

Let X = a uniformly random number in 6,11 .

As we discussed in lecture 2
,
this means

IPCXE Is
, 4) = t - s if assets 1

.



Eg . Let fit) = c/bTt for Hls b
,
0 otherwise

( for some positive constants be >o) .#
-b b

Is f a probability density ?



Eg . Your car is in a minor accident ; the damage repair cost is a
random number between $100 and $1500

.
Your insurance

deductible is $500
.
Z = your out of pocket expenses .

The random variable Z is

Ca) continuous

(b) discrete

to neither

(d) both


