Sets Random Variables Continuous First Success / Shifted Geometric Distribution Student t distribution
. De Morgan's Law — Probability Density Function (PDF) + Sftuafion - Situation
* (AUB)® =A°nB¢ + A random variable is a function mapping the sample space to the real line | . f(z) = Fi(z) = %52 . repeated Bernoulli trials - Same situation as normal distribution but for samplecounts of n<30
« Inclusion-Exclusion X(s): X for outcome s P . ) . Degrees of freedom
- |JAUB|=|A|+|B| - |ANB| « A Indicator random variable indicates if something happens (either 1 or 0) [Cumulative Density Function (CDF) + Number of attempts (failures + the final success) until a success cdf=v=n-1
. sample space + Discrete or Continuous . @)= [ f@)de « X~FS(p) « Expected value
« set of all possible outcomes that could happen | * Properties Pla< X <b)=P(X<t) - P(X<a) < PMF © B(T)=0
< ‘event - sample space S, random variable X, and a function g:R - R :/nf(z)dz PV = k) = (1—p) o, fork=0,1,2 . Variance
+ event A ACS * Y=g(X) is the random variable that maps s to g(X(9)) for all s€ S :I;(b) ~ Fla) + Expected Value « Var(T) = P
a - « TLDR: X? is a random variable, if X is a random variable o 0 i . A5h, 5 e PDF: dt(x, df = df)
Comblnatorlcs * g(X,Y) can also be a random variable wich maps S to g(X(s),¥(s)) PrObab"‘Ity DIStrIbUtlons * B =B+ 1) =BX) 1= 2 * CDF: pt(x, df=df
« Combinations of possible outcomes # IR GpengEnce Discrete Distributions + Properties + CDFA-1 : qt(p, df=df)
* X and Y are independent, if o © X ~FS(p) <= X — 1 ~ Geom(p) - Properties
< |A|-|B|-|C|=2-2-3=12 . PX<2,Y <y =PX<2)-PY<y) Bernoulli Distribution 3 (MOToRIBEe  for v 0o the t distribution > N(0,1) E
s n= = i « discret : @ e 5
w=|Sl=:numbersot elements inisamplespace P‘(S;YE:YCAS:) PX=2)-P(¥Y=3) « Situation (Bernoulli trial/experiment) « We are already waiting for 4 days and nothing happened ==> it doesn't H w2
s k= i i S i = . ’ =
k=inumber:of picks ¥ 2 € supp(X), y € supp(¥) . 5‘"919. event/expe.rlment ) affect the probability you will be waiting an additional day, also doesnt £ g S
ordered « Independence and Identically distributed + can either result in "success" (1) or failure () change the expected value 2 K} E
+ random variables are i.i.d., if... * X ~Bemn(p) o P(X<t+s|X<s)=PX<t) 8 g =
. " i « PMF . ) P 5 @ x
Sampling with replacement 1. they are mutually independent and Discrete Uniform Distribution g b
prng P have the same probability distribution « P(X=1)=p § = E
. . it . =0)=1- - Situati e S E
« number of possible ordered outcomes: Conditional Independence FEr=0=1=p ftuation - IS 2 s
A + random variables X and Y are conditionally independent given a random | Binominal Distribution * picking an element of a set C, where all elements have the same probability < S s
*|S|=n-n...n=n variable Z,¥ z,y €R A z € supp(2), if of getting picked. X is the chosen element 2 2 %
=« rolling dice P(X<2,Y<y|Z=2=P(X<z|Z=2)-P(Y<y|Z=2) - Situation X ~DUnif(C) @ = E
Discrete Random Variables - repeated Bernoulli trials « C: finite, non-empty set of numbers g ‘nal -
Sampling without replacement - sampling with replacement PMF 3 £$
o supp(X) « X >0: All trials could be "failures” (X =0) cPX=2)= o £ 3": 2 -
;. " " . é s ®
* number of possible ordered outcomes: + distinct set of values x that X could give © Xgme Alltrials (n) couldibeisuccesses” (X - forzcC 2 % 25
CISl=nn-1)-(n -2 (n—k+1) © X~Bin(n,p) ForegCiRX=s=0 g ERR
* px(= € supp(X)) >0 ; &, £8%
« picking a card * = Number of trials Poissen Distribution Sceoscag
* px(z & supp(X)) =0 « p= probability for success each trial H k] g £ R @@
S @ S
. ) ) . PMF - situation 2 9ctods
Unordered / Permutations Random Indicator Variable e i e G7\EEEaE56 1§ &ikackculdr raulbe) e Iaflradilah s sEEL 88
i c PX=K)=(F C-p"* k=012...,n - Large number of "sort-of-blurry" trials and small probabilities of success = a3 =85
* number of permutations ©Ielo - probability of getting k "successes" after repeating a Bernoulli trial with « no/difficult to percieve discrete trials 3 = S = ; 28352¢@s
cenl=n-(n-1)-(n—-2)...2-1 « Properties probability p for n times = « popular for counting data Exponentlal distribution =" E .
« Binominal coefficient o (Ia)* =14,k >0 * Expected Value s * X ~Pois() N . .
o (1) = by — MDD (ki) ¢ T BT E(X)=n-p E + A: Average number of events per interval. Could indeed be <1 * Situation
k) = TR T i e .« Variance e . PMF « Number of failures before first success (First success: number of trials until
« total number of unique (unordered) subsets that you could pick ¢ Var(Xpigup) =n-p-(1-p) % « P(X=k) =) first success)
L (52 _ 52 _ 5251504948 _ 311875200 _ = L o i ot E : :
(5) = e = s4sil = 10 = 2 598,960 o Hypergeometric Distribution 2 k=0,1,2,... waiting time": number of discrete failres that happens before the success
P(A) — Number of outcomes favourable to A __ |4 s « Expected Value + continuous counterpart to the geometric
* P(A) = Spo amber of owcomes m S~ = 75T * Taeomp=1-14 Situati = « EX) =2
* given ACS « IZNB=1I4-Ip fuasion, o 3 . SV * X ~ Expo())
. " . . « repeated Bernoulli trials k1 ariance + A: rate of success (per unit of time), average number of successes in a
+ Rolling a die (getting at least 5): o TAUTE =TT — T4 T8 . R g .« Var(X) =
ISl=6 + sampling without replacement g . " time interval of length t is A
- 5 . < « Properties .
A={z: @ e S,z <5} |4 =2 Continuous Random Variable © X~ HG"""‘I“("" b,n) . 2 « For X ~ Pois(A1) and Y ~ Pois(Az) = X + Y ~ Pois(A; + Az) *BRF The Fundamental Brldge
PA)= 4 2 3y * P(X=2) =0 for any real number + w = "successes £ « If X ~Pois(}) on 1 unit scale (time interval), then YPois(w c fl@)=Xe ¥, z>0 © B(y) = P(4)
« Infini in sli idth = < b= "fai " H ;
. Probability function :;' }':‘(‘;‘y th)'" :"Ci(w"“ ij e TR g% “aildres B interval (scalable) « dexp(x, rate=lambda) + i~ Bem(p) and p = P(4)
. = >0 ==> sum woul e Infini . 2 . i =/= i
= Maps events to numbers between 0 and 1 %) {f(z) 50| Vae X} PMF \ = CLRoIS(Ntambaa), &/=Pals (C\SMmbde) . CDF * EX))=P(X;=1)
- supp(X) = {f(» = W ©
- Probability space ] « P(X=K)= %AT’ 2 ConTRiGEIE = ST V— + because B(X,) = 0- P(X, = 0) + 1. P(X, = 1)
i a3 = )
+ Consists of sample space (S) and probability function (P) I « w: successes i M £ 5 . .
Odds — P on-negativer f(s) 20 ) g2 . . T 5 + dexp(x, rate=slambda)  |Law of the unconscious stati
2 = B0 FAmET « b fails £ Continuous Uniform Distribution 23 . Exbsited Valis
. P(A®) =1 - P(4) « Area under the the curve is equal to 1 « n: number of picks 5 + X ~ Unif(a,b) % P « ‘Discrete:
are - d = . =1
- If AC B, then P(A) < P(B) Probability Functions « k: getting k number of successes PDF 25 EX) =3 * BleX)) = acomp 9(2) - P(X = 2)
- ~ | . N * . 3) = 3.
+ P(AUB) = P(4) + P(B) - P(An B) = A=524°8 | Discrete ~ Expected Value A, fa<z<b < > + Variance = BX) = Zacompig 7'+ PIX
. . _ " . z) = a? i i @ ‘ =1 « Continuous:
Conditional Probabilities Probability Mass Function (PMF) * EX)=ne g o fl) {0, otherwise - V&) S « Bla(0) = [/ () - f(z)ds
.+ PajB) = 2D . P(X =)= pxla) Geometric Distribution i< + CDF _ i \:1 2 . Properties
+ "Probability of A, given B" - Probability of the random variable X being a vatue or x = % 0;1 ifz<a :‘% =R « Scaling
+ P(4): Prior probability, P(B): Posterior probability * Properties < Situation s * F(z)=47%a ff“ <z<b 5 § S « X~Expo(l), Y= X — ¥~ Expo())
© P(ANB) = P(A|B) - P(B) = P(B|4) - P(4) * e Px(@)) =1 « repeated Bernoulli trials 5% 1, ifz>b P o : ' X
+ P(A11 A2 As) = P(A1) - P(As| A1) - P(45] A1, 42) * px(z) >0 when = & supp(X) - Number of failures before success £ % « Expected Value Stro8® © Y ~Expo() = XY~ Expo(l)
o R £ £ &=
P(4; N AN As) = P(A) - P(B) - P(C) * px(2) =0 otherwise = ¢ supp(X) + X ~ Geom(p) £ . B(X) = ath 2.2 55 + Memoryless
- y - px(2) >0V {z € Rlz >0} . R =3 s ©° s . 4
:‘A”B'? P(AIB) - PBIE) " RF . = « Variance 0 < i :“ 1.8 = We are already waiting for 4 days and nothing happened ==> it doesn't
- Bayes rule x P — . « P(X=FK)=(1-p)*- 5§72 2 c 22 3 T s
. PAB) = PO Cumulative Distribution Function (CDF) (_ k=)ﬂ 1(2 o =2 Var(x) = &2 EE 0 affect the probability you will be waiting an additional day, also doesnt
—Fmr 11,2, g2 . =5 3
- Law of Total Probability (LoTP) - Fx(e)=P(X<2)= Y, px(x) | 13,3 g - change the expected value
« P(B) = P(B|A)- P(A) + P(B|A°) - P(A°) + show if a random variable X will have a value equal or less than a speci |c| s gits E c P(X<t+s|X<s)=PX<t)
* P(B)=Ep = 1P(B|4,)- P(4) value;x - Expected Value % %231 | Normal Distribution
- Independence * Broperties EX)=t2=2 i 85y « Properties
« A and B are independent, if P(AN B) = P(4) - P(B) * Increasing . 1 £ :E o © X~ Ny, o)
- If A and B are independent —» 4 and B¢, A and B, . « @1 <2z, then Fx(a1) < Fx(a1) o Variance s5:t3sd ! + PDF * Symetry: ¢(z) = ¢(—2)
B, A% and B are independent - + "Right-continuous* ) * VarXoeom) = - tedis + Expected Value C b = et —coczcoo ° Symetry of tail areas: P(Z< —2) =&(-2) =1- &(z) = P(Z > 2),Vz
. "jumps" happen from left to right £7¢87 B s EX)=p vaR o Xu L N(0,1)
- Convergence to 0 and 1 in the limits | @ . CDF 7 )
£ * Variance
« Towards negative infinity for x, F(z) —0; = s [* PR E X=Z oc+p
« towards positive infinity for x, F(z) 1 * Var(X) = ()= " oOdt=[" Fe . Standard normal distribution: N(0,1)
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Confidence Interval

Pli<0<f)<l-a

"Probability that the (unknown) population mean is somewhere in the interval

is 0.95"

Cl for Normaldistribution

+ 50% | median | 56%

« Sample Variance

+ robust measure: outliers have less impact

z-tables or gnorm()

+ mode
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Errors

» Type 1

is true

t H, when H,

« rejec

= alpha
_0 when H_1 is true

« P(t1 error) >

+ Type 2
« support H

« Teststatistic

t2n-1

<

vE

» Hy = true if |T|

« T= X-py
« p-value

2-min(P(T < t), (T > t))

S
Proportions
s n-py > 10
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