CMPUT 655 Lecture 2: Probability Theory Intro



What is a random
variable?




Random Variables: in Context

e R; — reward in a given state following a
given action

e S;.1 — next state, given a previous state
and an action

o A, — action chosen by our policy

Stt1

Agent

Environment




istributions

Uniform Gaussian Gamma Exponential
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Distributions: Notation

Discrete

POF  Pr{¢ =z} = pe(a)

CDE Fe(z) =Pr{{ <z} = Zp(w)

w<x

Continuous

Pri =z} # fe()

Fe(x) :/:c fe(z)de

sums/integrates
to 1

OQasx — —o0,
and 1 as
r — 400



Joint Distributions

Gaussian + Categorical Gaussian + Gaussian Gaussian + Gaussian
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Marginal Distributions

Discrete Continuous

+00

N
Pr{¢ =z} =) Pr{¢==z,n=u} fe(z)= fen(z,y)dy
1=0

— OO0



Conditional Distributions

Discrete Continuous
_ _ o Pr{f: Ly 1) = y} - fﬁ,’n(wvy)
S e SR ()



Bayes Theorem

p(alp) - PBAPA)

P(B)



Distributions: in Context
o« Pr{R; = 1| S, A¢} or f(r|St, At)
o Pr{Si1 = 5|5 At}
» m(alSt)

St

Agent

Environment




Independance

¢ and 7 are independant if:

o Fep(z,y) = Fe(x) - Fy(y)
e Pr{{=2z|n=y} =Pr{{=z}Vr,y
o fe(zly) = fe(x) Ve, y
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Expectation

Discrete Continuous Empirical Approx.

E¢ = Zp(xz) cx; EE = / :Bfg(a?)da? E¢ ~ ~ Zfz
1=0 —Oo0 1=0
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Mode & Median

Discrete Continuous
Mode argmax p(z;) arg max fe(x)

Median z¢: Pr{¢ < z¢} = Pr{{ > 29} = 0.5 Fe¢(zo) =0.5
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Conditional Expectation

Discrete Continuous

+00

El¢n=y] = Z zPr{{ =zin=y} Elln=1y] = / z fe(z|y)dx

— 00
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Example #1
(on p. 49 of the RL book)

r(s,a) =E[R;|S; 1 = s,A; 1 = a

— Z’I" . Pr{Rt — r’St—]_ — 87 At—]. — a’}
rcR

— ZTZ PI'{St+1 — 3,7 Rt — T‘St—la At—l — a’}

rcR s'eS

marginalizing out the next state
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Example #2 (Bellman Equation)
(on p. 59 of the RL book)
v=[E,[G¢|S; = s]

— EW[Rt + ’YGt‘St - 8]
=7
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Variance

Varg = E(¢ - B€)® = E€ — (E€)? = ¢

(N

Z(wz — E&)*Pr{¢ = x;}, discrete,

1=0

~+00
/ (z — E€)* fe(x)dz, continuous
\ v —OO
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Entropy

Discrete (Shannon Entropy) Continuous (Differential Entropy)

— ) _p(@)logp(a) —/f(flﬁ)logf(w)daj

reX
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Softmax [ Gibbs [ Boltzmann

Zi
erT

€T

softmax(z;T); = 5
ijo er

1.0

0.8 A

Probability

Softmax Distribution (T=0.01)

0.6

0.4 A

0.2

0.0
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Markov Processes

Markov Property. The future depends

only on the present:

PI'{Xt+1 ’Xt, Xt 1yeen, Xo}
=Pr{X;1|X:}
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Example #3
e Xp=0, X; =1
e Xy =Xp1+Xp0te,
e ¢, —iid, Pr{e, =1} = p,
Pr{e, =0} =q=1—p
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Markov Decision Processes

(S, A, p,r):

* Str1~p(s'|St = 5,4 = a)
e r(s,a) = E[R|S; = s, A = a

1, Twait

&,y Tsearch

1—- 8, —3

search

recharge

search

1 — o, Tsearch

;B s T'search
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Q&A
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