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Statistics & Probability Cheat Sheet

n Comprehensive Quick-Reference Guide for Exams

1. Fundamentals of Probability 2. Discrete Random Variables 3. Continuous Random Variables

Axioms of Probability: PMF: p(z) = P(X = z), with } _p(z) =1 PDF: f(z) >0, ffooo f(z)dz =1
Expectation: E[X]| = > ap(x) CDF: F(z) = P(X _[* d
e 0<P4) <1 Variance: Var(X) = E[X?] — (E[X])? (@) (X <) = |-, f(t)dt

Expectation: E[X] = [ zf(z)dx
e P(Q) =1 (Sample space Q) | [T 0T TTTTTTTToTToTT T T
Common Discrete Distributions:

e For disjoint events A;, As,...: P(JA:) = P(A;) 1. Bernoulli(p): X € {0,1} ?O[I}Hflfon C(onz)inuous Distrlutions
. Uniform(a, b):

Core Rules: PX=1)=
o )=p o f(z) =L for z € [a,b]
e Complement: P(A¢) =1— P(A) e E[X] =p, Var(X) = p(1 — p) ,
_ atb _ (b=a)
. e E[X] =92, Var(X) = 535
e Addition Rule: P(AUB) = P(A)+ P(B)—P(AN 2. Binomial(n, p): Number of successes in n trials
B) 2. Exponential()\):

« P(X =k)= (A —p*

¢ Conditional Probability: f(z) = Xe™ for x >0

e E[X] = np, Var(X) = np(1 - p)

P(ANB e EX]=1 var(X) =&
P(A|B) = Wa (P(B) > 0) 3. Poisson(\): Rare events rate A X1=3 &)=
3. Normal(u,0?):
e« P(X=k) =2 ke{0,1,2,...}
e Independence: A, B are independent < P(AN ’ o f(z)=—2 —a(EE)F
B) = P(A)P(B) e E[X] =), Var(X) =\ ovam
_ X=p
Law of Total Probability: Partition By, Bs,..., B, 4. Geometric(p): First success on trial k © Slandenel Nonmel 2 = <2 N(0,1)
of Q: . « P(X = k)= (1—p)*1p e E[X] = p, Var(X) = o2
P(A) = ZP(A | Bi)P(B;) )
= e E[X] = %, Var(X) = p_f

Bayes’ Theorem:

P(A | By,)P(B)

P(B, | A) = Sr P(A| B;)P(B;)
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4. Joint Distributions & Covariance 6. Limit Theorems & Sampling 7. Hypothesis Testing Framework

Joint CDF: F(z,y) = P(X <z,Y <y)
Covariance:

Cov(X,Y) = E[(X—px) (Y —y)] = E[XY|-E[X]E[Y]
Correlation Coefficient:

oxy =————, —1<poxy <1
Properties of Linear Combinations:

o ElaX +bY + ¢] = aE[X]+ DE[Y] + ¢

e Var(aX + bY) =
2abCov(X,Y)

a*Var(X) + b*Var(Y) +

e If X|Y independent — Cov(X,Y) =0

5. Descriptive Statistics

Given Sample: x1,T2,...,T,

e Sample Mean: z =1 %" 1,

e Sample Variance: s> = - 3"  (z; — z)?
e Sample Std Dev: s = V52

e Median: Middle value of ordered data

e IQR: Q3 — Q1 (Interquartile Range)

Central Limit Theorem (CLT): Let X;,..., X,
be i.i.d. with mean p and variance o2. As n — oo:

> 1 & d o?

Xn = = X,L — g =
n; N (g —)
Standardized form: Z = f/\_/% ~ N(0,1)

Empirical Rule (68-95-99.7):

z

[color=primary,thick,domain=-3:3,samples=50] plot
(,2.5%exp(-*/2)); [dashed] (0,0) — (0,2.5) node[above]
w; [dashed] (-1,0) — (-1,1.52); [dashed] (1,0) —
(1,1.52); at (0,0.8) es%; at (-1,-0.4) —o; at (1,-0.4) +o;

1. State Null (Hy) and Alternative (H;) Hypotheses.
2. Choose Significance Level « (e.g., 0.05). 3. Calcu-
late Test Statistic. 4. Determine p-value or Critical
Region. 5. Reject Hy if p-value < a.

Decision Matrix:

Fail to Reject Hy
Correct (1 — )
Type II Error (3)

Reject Hy
Type I Error («)
Correct (1 — )

Hy True
Hy False

8. Common Test Statistics

1. One-Sample Z-Test (o known):

_ X—Mo
o/vn

2. One-Sample t-Test (0 unknown):

Z

~ N(0,1)

X — o ~t
s/\/n

3. Two-Sample t-Test (Independent):

t=

n—1

KX
92 S
=

4. Chi-Square Test for Goodness of Fit:

(0: — B)?
x* = Z 1le ~ X%—l—p
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9. Simple Linear Regression
e ~N(0,0?)

Model: Y = ﬂo + ﬁlX —+ &
Least Squares Estimates:

(@i~ 8)(gs —5) _ Cov(X,Y)
Var(X)

b= - o)

Bo=9— bz
Coefficient of Determination (R?):

SSR SSE
2 _ (Txy)2

R =5st =1~ ssT
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