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Event A: "Coin is heads"
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Events A and B: Two Different Coins
A= A=0
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Probability of A and B

Pr(B)

1-Pr(B)

Pr(B)

1-Pr(A)

1-Pr(B)
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Simulating two coins

A <- rbinom(100600, 1, .5)

B <- rbinom(100060, 1, .5)

A& B
# [1] FALSE TRUE FALSE FALSE...

mean(A & B)
[1] 0.24959

Pr(A and B) = Pr(A) - Pr(B)

Pr(Aand B) =.5-.5=.25

A <- rbinom(1006000, 1, .1)

B <- rbinom(100000, 1, .7)

A& B

# [1] FALSE FALSE FALSE FALSE...

mean(A & B)
[1] 0.07043

Pr(A and B) = Pr(A) - Pr(B)

Pr(Aand B) =.1-.7=.07
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Let's practice!
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Probability of A or B
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Probability of A or B

A

Pr(A or B) = Pr(A) + Pr(B) — Pr(A and B)
Pr(A or B) = Pr(A) + Pr(B) — Pr(A) - Pr(B)

Pr(AorB)=.5+.5—-.5-.56=.75
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Simulating two events

A <- rbinom(1600000, 1, .5) A <- rbinom(1000600, 1, .2)
B <- rbinom(1006000, 1, .5) B <- rbinom(100000, 1, .6)
mean(A | B) mean(A | B)
[1] 0.75125 [1] 0.6803

Pr(Aor B) =Pr(A) + Pr(B) Pr(Aor B) =Pr(A) + Pr(B)
— Pr(A and B) — Pr(A and B)

AD=.0+.0—.9-.9 68 =.24+.6—-.2-.6
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Three coins
Pr(A or B or C)

= Pr(A) + Pr(B) 4+ Pr(C)—
Pr(A and B) — Pr(A and C) — Pr(A and B)

Pr(A and B and C)

mean(A | B | C)
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Let's practice!
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Multiplying random
variables
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Multiplying a random variable
X ~ Binomial(10,.5) !

15000
uuuuu
5000
. AL

25000

Y ~3-X

?????
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Simulation: Effect of multlplglng oh expected value

X ~ Binom(10,.5)

uuuuu
Y — 3 . X UUUUU
uuuuu

X <- rbinom(100000, 10, .5) I I

mean(X) s
# [1] 5.006753

=3"
uuuuu
uuuuu
Y <- 3 % X
uuuuu
mean (Y) I I
# [1] 15.02026

Elk-X]=k- E[X]
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Simulation: Effect of multlplglng on variance

X ~ Binom(10,.5) .
o -
X <- rbinom(100060, 10, .5) || ||
var) |
# [1] 2.500388
Vesxx I | | I
var(Y)

# [1] 22.50349

Varlk - X] = k* - Var[X]
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Rules of manipulating random variables
Elk-X] =k - E[X]

15000

Var(k-Y) =k*-Var(X) =

aaoo | |‘
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Let's practice!
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Adding two random
variables together
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Adding two random variables

X ~ Binom(10,.5) :
20000
. 15000
Y ~ Binom(100,.2) ‘ ‘
o L.
Z Y X Y 25000
UUUUU
E1 UUUU
2 10000
| _-..|I|IIHH|"|I| .....
iiiii
25000
uuuuu
15000
uuuuu
__-lllIlll‘l‘lllllllll.-__
10 20 30 40
value
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Simulation: expected value of X %20 Y

X <- rbinom(100000, 10, .5)
mean (X)
# [1] 5.00938

Y <- rbinom(1006000, 100, .2)
mean(Y)
# [1] 19.99422

/ <- X +Y
mean(Z2)
# [1] 25.0036

E[X +Y] = E[X] + E[Y]

25000

UUUUU

15000

UUUUU

25000

UUUUU

= 15000

UUUUU

25000

UUUUU

UUUUU
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L=+
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Simulation: variance of X %620 Y

X <- rbinom(100000, 10, .5) oo

UUUUU

var (X) om0
# [1] 2.500895 5000 I‘ ‘I

25000

Y <- rbinom(1000606, 100, .2) o
var(Y) 2 o000
# [1] 16.06289 - “u.u"‘“"|hn _____

JJJJJ
25000

UUUUU

Z<_X+Y UUUUU

var () attllllllin....
# [1] 18.58055 : o S .

Var|X + Y| = Var|X| + Var[Y]
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Rules for combining random variables
E[X +Y] = E[X] + E[Y]

(Even if X and Y aren’t independent)

Var|X + Y] = Var|X| + Var|Y

(Only if X and Y are independent)
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Let's practice!
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