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Agenda

Review of probability and Bayes’ rule

Randomness and sampling in programming

Quick topic brainstorm



Conditional probability and Bayes’ rule



What is probability?

https://thirdspacelearning.com/gcse-maths/probability/probability-formula
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S is the “event space”; A and B are events

P(A) is how often an event in S occurs that is an A event



What is conditional probability?

https://www.investopedia.com/terms/c/conditional_probability.asp

“|A” means “given A” or “conditioned upon A”; that is, we 
are limiting  the total event space to 
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Bayes’ rule

Bayes’ rule comes directly from the definition of conditional 
probability

https://en.wikipedia.org/wiki/Bayes%27_theorem



Conditioning changes probabilities

ESM inherently assigns probabilities for amino acids given 
the neighboring amino acids

A C D E F G H I K L M N P Q R S T V W Y

.05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05



Conditioning changes probabilities

ESM inherently assigns probabilities for amino acids given 
the neighboring amino acids

A L L T T K K L G P D

A C D E F G H I K L M N P Q R S T V W Y

.32 .00 .01 .02 .01 .01 .01 .14 .03 .15 .02 .01 .00 .01 .01 .01 .00 .23 .00 .01



Randomness and sampling from probability distributions



What is randomness?

Randomness is a true lack of pattern or predictability

Cannot be modeled using deterministic processes 
(computers are deterministic, as are most things in life)



Sources of randomness

The environment

(E.g., particle collisions in Brownian motion)

Not *truly* random, but appears random because of the 
huge number of bodies involved

https://en.wikipedia.org/wiki/Brownian_motion



Sources of randomness

Sensitivity to slight variations in initial
conditions (e.g., the three body problem)

Still deterministic and can be modeled but it’s difficult to do 
so precisely

https://i0.wp.com/backyardbounceevents.com/wp-content/uploads/2020/09/Plinko_-1-e1601659776327.jpg



Is there anything truly random??

We *think* certain quantum properties are random

● E.g., a light particle traveling as a wave
● Upon detection, the wave function collapses and 

appears randomly on the reporter (as determined by 
the probability of the wave function)

https://physics.stackexchange.com/questions/362866/how-do-we-know-that-certain-quantum-effects-are-random



Simulating randomness

Our computers are not quantum-ready (yet)

They instead use some state inherent to the system as 
input to some function

● E.g., the computer’s clock value modulo 2 to simulate 
flipping a coin



Randomly sampling in code

Modern libraries handle randomness for you



Quick topic brainstorm



Quick topic brainstorm

General programming

● Git/version control
● Object-oriented code

Specialty topics

● Encryption/cryptography
● Parallel programming
● Machine learning

● Data structures
● Search/sort algorithms

● Data transfer protocols
● Dynamic programming
● Recursion



Office hours

Reminder:

Homework 1 is due this Sunday (Jan 19) at 11:59pm!

Feel free to hang out and work on the homework, ask 
questions, or leave!


