What you will learn: chance & distributions
Probability for ML « Learning map 1 of 2

fo Outcomes, events & rules
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P(red) = 3/5

3 red out of 5 counters

A

L A Adﬂ: I

A OR B: either circle
Sample space « Complement « Observed frequency

e Discrete models

Yes / No outcome (Bernoulli)
One trial Three trials (Binomial)
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Bernoulli = Binomial

Multiple categories
Work Personal Promotions ]

Categorical — Multinomial

Combinations « Permutations

6 Normal distribution

Centre and spread
shape the curve.

Powers of e
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Used in the
normal formula.
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Mean (u) » Variance (o2) » Standard deviation (o)

© 2026 Bitmonkey IT Services Pvt Ltd. All rights reserved.

9 Random variables & spread

Number of heads (X)
4 1/2

Two fair coins

Outcomes:
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i 0 1 2
! Number of heads

Expected value = 1 head

Mean « Variance « Standard deviation

- @) Continuous chance

Uniform distribution (0 to 10)
A P(2to5) = 3/10

1/10

i Length of interval:
! o 4=3

] ! Total length: 10

1' ; » So P=3/10
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Density

0

b p=————— =

0

Cumulative distribution function (CDF)
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F(x) F(x) = x/10
for0<x<10
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Density « Area « CDF

Fo Events & waiting

Events over time (e.g. arrivals)
,  Waiting time |
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Poisson: count arrivals
o Number of events

in a time period
¢ Mean rate: A

Exponential: waiting time
e Time until next event
¢ Mean waiting time: 1/A
e Memoryless under
this model
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What you will learn: evidence & decisions
Probability for ML e Learning map 2 of 2

o Joint, conditional & independent 9 Bayes & base rates

We can look at events together, focus on a subset, and We update our belief when we see evidence,
see when events are independent. and the starting rate (base rate) matters.
- ' ‘ Prior: 20% Gi link: 60%
All emails Emails Link | Nolink ||| TS0 SR ke i o b
withalink "N ] » B &
& Spam a b 20% 80% 60% 40%
=» T4 . —
57 Notspam| ¢ d Prior: 1% spam Given a link: 5.7% spam
o | | )= @ )
Given a link: With link Withoutlink 1% 99% 5.7% 94.3%
change the denominator.

Same link rates: 60% within spam; 10% within not spam

Joint ¢ Marginal ¢ Conditional ¢ Independence The starting rate matters.
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é i\laive Bayes & smoothing

o Generative models & sampling

Use simple features and assume they are independent A generative model assigns probabilities to outcomes.
within each class. ' We can sample (draw) from this distribution.
. \ Spam (class score) [ Draw 0.65 = Personal J
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— @ Offer Not spam (class score) | Work Personal Promotions
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ol 4 - probabilities ; :
Zero counts can be a problem Smoothing  Madel ‘ Rihdom = | ‘ G
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Add 1 to BOTH present and absent counts. )
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|o Decisions & expected cost o Check probability quality |
Use probabilities and costs to decide what to do. We can assess if predicted probabilities are sensible ‘
. Il cali :
Examgle calculation | and well calibrated
P(spam) = 0.4 All 10 received a predicted spam chance of 80%
Move cost: | |
0.6x5=3 | HEEEEEEEE
(wrongly moving . v ' N/
not-spam costs 5) 8 ACTUALLY spam 2 ACTUALLY
not spam
Leave cost: lllustrative calibrated outcomes; check over many cases.
0.4x1=0.4 = e
(missing spam costs 1) [ Data Model
7 ~_| A all uncertainty uncertainty
Wrongly moving not-spam costs 5; Choose the lower oS
missing spam costs 1. W expected cost. I | Unseen data « Calibration « Accuracy
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