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GENERAL PROBABILITY

P[BN A
P[A]

Conditional Probability of Event B Given Event A: P [B|A] =

Probability of Event B Partitioned by Events A and A’:
P[B]=P[BNA|+P[BnA]=P[B|A]-P[A]+ P[B|A']-P[A]

P[AN B] P [B|A]- P[4]
B s Rule: P[A|B] = =
aves e Bl = —pB] = PIBIA]-PIA|+ P[BIA] P[A]
|
Binomial Coefficient - Number of Subsets of Size k From a Collection of n Objects: (Z) = ﬁ
l(n—
DeMorgan’s Laws: (AUB)Y =A'NB and (ANB) =A"UB.

Inclusion-Exclusion Equations: P(AUB) = P(A) + P(B) — P(AN B)
P[AUBUC] = P[A]+ P|B]+ P[C]— P[ANB] - P[BNC]— P[ANC]+ P[ANBNC(]

Central Limit Theorem: Suppose that X is a random variable with mean p and standard deviation ¢ and
suppose that X;, Xo, .-, X,, are n independent random variables with the same dis-

tribution as X.
Let Yn:X1+X2++Xn

Then E[Y,] = nu and VarlY,] = no?, and as n increases, the distribution of Y,

approaches a normal distribution N (nu,no?).

UNIVARIATE RANDOM VARIABLES

Distribution Function & Survival Function of Random Variable X:

Fx(t) = P[X <{] Sx(t)=1—-Fx(t)=P[X > ]
Expected Value of Random Variable X:
EX|= > x;px(x;) (discrete) E[X] = |7z [x(x)dr (continuous)
all z;

Moment of Random Variable X: If n > 1is an integer, the n-th moment of X is E[X"].

If the mean of X is p, then the n-th central moment of X is E[(X — p)"].

. o« s ox ox
Coefficient of Variation of X : — or
px  E[X]
Median of the Distribution of Random Variable X: Smallest m for which Fx(m) = .5
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Mode of the Distribution of Random Variable X: The point ¢ at which px(c) (discrete)

or fx(c) (continuous) is maximized.

Discrete Uniform Distribution on the Integers 1,2,...,N:

1 N +1 N% -1
py (k) = N for k=1,2,...N E[X] = ;r Var(X] = o
Binomial Distribution for n Trials and Success Probability p:
px (k) = (7)1/*(1 —p)nh E[X] = np Var[X] = np(1 - p)

Geometric Distribution on the Integers 0,1, 2,... and Parameter p:

1-— 1-—
px (k) = (1—p)kp ElX] = P Var[X] = 2p
p p
Poisson Distribution with Mean A:
e Mk
px (k) = T for k=0,1,2,... EX]=X Var[X] =\
Negative Binomial Distribution with Parameters p and integer ~+ > 1:
y+x—1\ . . (1 —1 i (1 —
px(x) = <’ o )p "(1—=p)* for x=0,1,2,3,--- ElX] = ’(7'“) Var[X] = M
T p p?
Hypergeometric Distribution:

()= nK nK (M — K)(M — n)
px(z) = 2L 2 E[X] = - Var[X] = — — -
I)X(l> (?l[) [ } M (“[ } 4“[2<J[*1)
for max{0,n — (M — K)} <z < min{n, K}

Continuous Uniform Distribution on the Interval [a, b]:
1 t b—a)?
fx (@) = — fora <z <b E[X] = ! j : Var(X] = (b 1 2”)
Standard Normal Distribution N(0,1) (Mean 0, Variance 1):
o(x) = 5 e /2 for —0o < x < 00 Fx(x) = ®(x)
Normal Distribution N(u,o) (Mean u, Variance o?):
1 (e—)? /262 ¢ 3 T — [
o(z) = e~ (@=m7/207 for —00 < 2 < 00 Fx(z) = o( )
oV 2w o
Exponential Distribution with Mean 0 > 0:

1 .

fx(x)= a(—%*"‘/() for x > 0, and fx(z) =0 otherwise E[X] = Var[X] = 62
Gamma Distribution with Parameters o« >0 and 8 > 0:

',[/.(17],(,/7.1:/() )

fx(z) = PoT(a) for £ > 0, and fx(z) =0 otherwise FE[X] = af Var[X] = af
i (e’
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Lognormal Distribution with parameters p and o:  If In(Y) ~ N(u,0?) then we have
1 1 (In(y) — ,u)z o2 2
= —exp|—- (—ZLE) ), E[Y] = et+ % VarY:EYQ(e”—l).
v aymp<2<o 7] Y] = BIY]

Beta Distribution with parameters o« > 0 and 3 > 0:

B A O R _ T(a+p) pan1
@) = —Fm = T

for 0 < z < 1 and 0 otherwise.

1-a)', EX]=——  Var[X]=

0 if X <d
Insurance deductible: The amount paid by the insurer, Y = = Max(X —d,0).

X—d itX>d

X if X <u,
Policy limit: The amount paid by the insurer, Y, for a claim X =
u if X > .
X if X <d,
Coinsurance: The amount paid by the insurer, Y = a(X —d) ifd< X <u,
alu—d) if X >u.

Cost per loss with deductible: Fyr(z)=Pr(X <z+d)=Fx(z+d)
F d)— Fx(d
Cost per payment with deductible: Fyr(z) = x(@+d) x(d)
1 —Fx(d)
Expected Cost per loss with deductible: E[YL] = fdoo (1= Fx(z)) dx
MULTIVARIATE RANDOM VARIABLES
Marginal Distribution of X From Joint Distribution of X and Y: Py (x) = > p(z,y) (discrete)
all y
Independence of Random Variables X and Y: flz,y) = fx () fy(y)
L e . ) _ f(z,y)
Conditional Distribution of X Given Y: Ixy(zly) =
fr(y)
Covariance and Correlation Between X and Y: Cov[X,Y]| = E[XY]| - E[X] E[Y]
B Cov[X,Y]
pxy Var[X]- Var[Y]
Variance of the Sum of X and Y: Var[X + Y] =Var[X] + Var[Y] +2Cov[X,Y]
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