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Ultimate Statistics & Probability Cheat Sheet

1. Foundations of Probability

Axioms of Probability:
e 0 < P(A) <1 for any event A.
e P(Q) =1 (Sample Space).
o If Ay, Ay, ... disjoint: P(JA;) =D P(4;).
Key Rules:
o Addition: P(AUB) = P(A)+P(B)—P(ANB)
e Complement: P(A°) =1— P(A)
e Conditional: P(A|B) = 25328 (P(B) > 0)
e Multiplication: P(AN B) = P(A|B)P(B)

Independence: A, B independent <= P(AN

B) = P(A)P(B)
Law of Total Probability:

P(B) =Y P(B|A;)P(4;)

p=ll

Bayes’ Theorem:

_ P(B|Ay)P(Ax)
P(AIB) = s B (514, P(4)

Essential Formulas, Distributions, Testing & Inference

Cumulative Distribution Function (CDF):
Fx(z) = P(X <)

Expectation F[X]:

e Discrete: E[X] =) xP(X =)

o Continuous: E[X] = [%_ xf(z)dx

e Linearity: E[aX +bY +c¢|] = aE[X]+bE[Y]+c
Variance & Std Deviation:

Var(X) = 0 = B[(X — u)?] = BIX?] — (B[X])?
Var(aX 4+ b) = a*Var(X)
Covariance & Correlation:
Cov(X,Y) = E[XY] - E[X]E[Y]

Cov(X,Y)
PXY = )
Ox0y

—-1<pxy <1

2. Random Variables & Moments 3. Discrete Distributions

Bernoulli(p): X € {0,1}

e PMF: P(X =2) =p*(1—p)®

» E[X]=p, Var(X) = p(1 — p)
Binomial(n,p): X = # successes in n trials

o PMF: P(X =k) = (})p*(1 —p)"~*

» E[X] = np, Var(X) = np(1 - p)
Poisson()\): X = # events in unit time

o PMF: P(X = k) = %%

o E[X] =\ Var(X) =\
Geometric(p): X = trial of 1st success

o PMF: P(X = k) = (1 —p)*1p

e E[X]=1, Var(X) = &£
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4. Continuous Distributions 6. Estimation & Hypothesis Testing

Uniform(a, b):
o PDF: f(z) = ;L for z € [a,b]

o B[X]= %2, Var(X) = =2

Normal N (p,0?):

e PDF: f(z) = m}ﬂ exp (—(‘T;U‘é)z)

e Standard Normal Z = 2= ~ A/(0,1)

g

e 68—95—99.7 Empirical Rule for p+10, 20, 30.
Exponential(\):
e PDF: f(z) = Ae % (z > 0)
e E[X]=1%, Var(X) = &»
e Memoryless: P(X >s+t| X >s)=P(X >
t)

5. Sampling & Limit Theorems

Law of Large Numbers (LLN): Sample mean
X, — pas n — oo.

Central Limit Theorem (CLT): For ii.d.
X1,...,X, with mean p and variance o?:

_ 1 2
Xn:fg Xii>/\/'<u,o> as n — 0o
n < n

Standardized: Z = j(/?/’% ~ N(0,1)

Sample Statistics:

o Sample Mean: X = %Zn_
e Sample Variance: s? = —1- > (X — X)?

n—1

Confidence Intervals (CI):

e Normal / Known o: X + Za/2

e Unknown o (t-dist, df =n —1): X & ta/gﬁ
Hypothesis Testing Steps:

1. State Hy (null) and H; (alternative).

2. Choose significance level a (e.g., 0.05).

3. Compute test statistic (Z or t).

4. Calculate p-value or compare to critical value.

Test Statistics:

X—po
o/

e One-sample Z-test: Z =

§

e One-sample t-test: t = )s_( /_\;%0

Errors:
e Type I Error (a): Reject Hy when Hy is true.

e Type I Error (B): Fail to reject Hy when H
is false.

e Power = 1— 3.
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