CS109: Probability for Computer Scientists

Lecture 10 — Probabilistic Models
January 28

Relative Probability of Continuous Variables

X is the time it takes for a student to complete a problem set. X ~ N(u = 10,02 = 2). How much
more likely is the student to complete the problem set in 10 hours than 5 hours?

Dating Status

Problem 2: Dating Status

Let X be a student’s dating status and Y be their year in school. The joint distribution is given
below.

Year | Single Relationship Complicated
Frosh 0.13 0.08 0.02
Soph 0.17 0.11 0.02
Junior | 0.09 0.10 0.02
Senior | 0.02 0.07 0.01
o+ 0.06 0.09 0.04

(a) What is the probability that a randomly selected student is in a relationship?

(b) What is the probability that a randomly selected student is a Frosh?



I Heard That — Discrete

Let X be the change in gaze (measured in degrees) over 3 seconds after a sound is played. Let YV
be whether the baby can hear the sound:

B {1 baby can hear the sound

0 baby cannot hear the sound

Suppose P(Y =1) = % You also have the following information:

Valueof X | P(X |Y =1) P(X|Y =0)
0tod 0.08 0.40
5 to 10 0.15 0.30
10 to 15 0.35 0.12
15 to 20 0.20 0.08
20 to 25 0.12 0.05
Above 25 0.10 0.05

You observe X = 0 (i.e., the gaze change falls in the 0 to 5 bin). What is the probability that
the baby can hear the sound?

I Heard That — Continuous

Normal Assumption: Let X be the change in gaze (in degrees) after a sound is played. Let Y =1
indicate the baby can hear the sound and Y = 0 otherwise. Assume the same prior P(Y = 1) = %.
X|Y=1~N(u=150%=25)

X|Y=0~N(u=8,0%=25)

You observe a new baby with X = 14. What is your belief that the baby can hear the sound?



Bayesian Carbon Dating

Let A be the age of a sample in years (e.g., A = 100 means 100 years old). Let M be the number
of C14 molecules remaining in the sample.
Assume there were originally 1000 C14 molecules, and you observe M = 900.

Assume a uniform prior on age over integers i € {100,101, ...,10000}:
1
P(A=i)= —.
9901

Each molecule decays independently. If the sample is age ¢, then each molecule remains with

probability
pi = P(T > i), where T ~ Exp(\ = 1/8267).

(a) Write an expression for your updated belief in age taking on any value in range 100 to 1000
after observing 900 molecules of C14.

(b) Now write an expression for the likelihood of observing exactly 900 molecules given you know
the age of the object.



