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Integration by parts:

[ra=re-[rc

Combinatorics:

()= ‘_,i:;\,, = number of subsets of size r from a set of size n

' o

nt=nin — 1)(n~ 2} ...» 2+ 1 = number of permutations of n different
objects.

Events

P(BY=P(BnA)+P(BnA) = P(BIAYP(A) + P(BIA)PLA)
P{AN BY = P(BIAYP(A) = PLAIBYP(B)
P{AUB)Y = P(AY+P(B)~-P(ANnB)<1
Ey N E, = ¢ -~ Mutually exclusive or Disjoint.
Probability mass/density function:

(13 fxy=zo0

() Ty fle) =] fedx =1

(3)  flx,) = P(X = x,), for discrete variables

(a) PlasX<sb)= f:f(x)dx, for continuous variables
Cumulative distribution function:

Fix)=PX<x)= f fwdu, for—w<x<w

Mean and variance of a random variable:

oo

w= B = Zxxf(x) =] fGods

ot = Var(X) = T, x2f(x) — ¥ = [ x*f(x)dx —ut=
= E(X?) —~ (E(X))?
Expected value of a function of a continuous random value:

ElnG] = [ s edx

Discrete uniform distribution, Uni({x4, .., x,.})
1

flx) = ;,for all x;

Continuous uniform distribution, Uni({a, b])

() =, 800 = E5 2 yargry - £
fO) = gy B = =g Var(X) ===
Binomial distribution, Bin(n, p)

n

- . x o n-x
feo=()ra-p
E(X)=np,  Var(x)=np(l-p)

Geometrlc distribution, Geo(p)
fy=00~-p*p, x=12,.

j= E(X) :%, o? = Var(x) = (1 - p)/p’

Poisson distribution, Poi(4)

e'}. x

flx) = -;?-,x =0,1,2..
u=EX)=Var(X) =21
Normal distribution, N (g, 6%)
1 zeew?
3 P ¥3
flx) B¢
E(X) = 4, Var(x) = a?
Exponential distribution, Exp(4):
Flxy=2xe™, for0<x< o
u=FEX) =1/ o =Var(X) = 1/A*
Normal approximation to the binomial distribution:
X ~np
Z = ————
Jnp(l-pj

is approximately a standard normal random variable.
The approximation is good fornp > Sandn(1 - p) > 5
Normal approximation to the Poisson distribution:
z=%2 s goodford >5
Joint probability mass function of two random variables:

(1} foloy)zo 7

@ EZ forlny) =[5, for o y)dxdy =1

(3} ferlxy) = PIX = x,Y = y) [discrete case)

@ PX<xyY<y)= [ |7 fo(xy)dydx (continuous case)
Marginal probability mass function:
filx) = P(X = x} = 5, [y (x, y) discrete case)
folx) = f: For(x, y3dy {continuous case)
Conditional probability mass/density function of ¥ given X=x is:
Ferlx, ¥}

feley !

fonlyi = for fx(x) >0

Covarience:

Cowl(X,¥) = apy = E{(X — u )Y — 1,3} = EQXY) = ity
Correlation:

Cov(X,Y}  oxy
SV oxov’
If X & Y are independent random variables, then Cov(X,Y) = py, = 0 ()

Pxy = -l<py sl

The standard error of an estimator & is its standard deviation, given by:
[

o = \{IV(@)

The mean squared error of the estimator B of the parameter 8 is:

MSE(B) = E(B —-0)?

An estimator B is called unbiased if

E(fy~-a=0

Method of moments

8 = f(E(X),E(X?),E(X?),.. E(X*)) with
E(XF) estimated by X¥ = -;—Z’{ X*, then

8 = f(X,X%,X%, .., X5,

Likelithood function:
L(8) = [T, fOal8) = FO 18X f (2,100 - fx,18).

Sample variance:

if x, .., x, is @ sampie of n observations, the sample variance is:
" a2 n 2 (Z";:; x)*

D NGk R 7

n-1 n-1
Confidence interval on the mean, variance known:
X - zaizcr/\/z SHSEH+ Zajzd/x/?e

~X”/1 . Zc:izgz =
Z~a/\/ﬁ' Chotceofn-—(——?),l:“-}x-y}

Confidence interval on the mean, variance unknown:
E = loppna SN S S X4 Lypppys/VR

Xt
Sin
Random sample normal disr. mean=y, var=¢’, S*=sample var.
5 (n—1)8? . ) .
Anoy = = has y* dist. withn — 1 degrees of freedom

Ct on variance, s’=sample variance, ¢° unknown

(n—1)s? (n—1)s?
3 S0l

Xg»,n~1 X1~%,n~l
Lower and upper confidence bounds on ¢’
n-1)s? n - 1)s?
(_22_.. <o? ando? < (_7‘——)‘_'
)(a,n‘l X1~u,n~1
Proportion:
if nis large, the distribution of
X —~np P-p

7 = =
Jnp(l - p) \//p(l - p)
n
is approximately standard normal.
Ci on proportion (obs, lower, upper change z4/; 0 z5):
. p(1 - p) N pl-p)
P Zap ———H_SPSP“*Za/z —

Sample size for a specified error on binomial proportion:
Zax ?
n = (—E%> p(l—p), nis maxforp = 0.5

€1, difference in mean, variances known:

. I p
. of of - ol o}
Xy Xy~ Zgp2 'n—*';rgﬁh”#zgxz”’fz*?fa/z 'n—*’n”
1 2 N 2

for one-sided, change 2., 0 7q.
Sample size for s C1 on difference in mean, variances known:

n= (ngz)z (0F +ad)

Cl Case 1, difference in mean, variance unknown & equal:

11
Xy Xy ta/z,n;#n2~zsp‘j;z—;+;l: S Hy g
P
SRy =Xy F layan, en, oS ;’}"“’l
HyFny-o ﬁ\!’nl n,
o 0= ST+ (n, = 15}
P ny 4+, -2



Cl Case 2, difference in mean, variance unknown, not equal:

2
()
(si/my)? 4 (s3/n)"
1y~ 1 1y~ 1
v is degrees of freedom for to,if notinteger, round down,

Ci for pp, from paired samples:

d - 5a52m4155/¥‘["{ Spy £d+ ta!z.n—isa/\/?i

Approximate 1 on difference in population proportions:
i (l— 5 51— B

A |1 = B0 . P:(1 = py) <

— Py = Zass | < -
Py P2 /2 | .y n, Py P2

App. Sample size for a 2-sided test on a proportion:

£ 12
. Zarny Poll ~ po) + 25y p(1 = p)

,for 1 —sided use z,

{
(1= P(1—p
< by = Py + Zaja ’;?’1{ P1) +p2( P2)

\[ ny 1y
Hypothesis test:
1 Choose parameter of interest
2. Ho:
3. H11
4, o=
5. The test statistic is
6. Reject Hgata= . if
7. Computations
8. Conclusions
Test on mean, variance known
Hoi b= g, Zozx fi@
a/vn
Alternative hypothesis Rejection criteria
Hytp# Ug 20> Zas2 OF 2o < ~2oy2
Myl > po 20> 14
Hil i< g 25 < “2a
Test on mean, variance unknown
X = g
Hytpt = g, Ty = S/‘j—?‘{
Alternative hypothesis Rejection criteria
Hilli# o > taszna OF (o < tapp nt
Hit > o to> tant
Ml < Hg to < -tana
Test in the variance of a normal distribution:
2
Heot=af, = CP
Oy
Alternative hypothesis Rejection criteria
Hy o #ad X8 > Xojamer OF X < X%»aﬁ.n»l
Hy: 0% > of X6 > X
i o’ <af X5 < Xian-
Approximate test on a proportion:
X =~ npy
Hyip = py, Zy = —m————
ynpo{1 = po)
Alternative hypothesis Rejection criteria  {**)
Hiip#pg 26> Zoj3 OF 25 < 2ap2
Hiip>po > 24

Hyip < po 26 < g

P = Ps
Test on the differens in mean, variance known
X X, - A
Hotpty — pty = g, Zy = rj———z-
\

Alternative hypothesis Rejection criteria
Hiphy — fa # By I > Zapy OF Ig < ~Lasz
Hytpty = 1y > By 29> 2o
My, =~ i, < 4, 25 < Zg

Sample size, 1-sided test on difference in mean, with power of at least 1-8,

ry=na=n, variance known:
2
(2. + 25) (0% + 0F)

(&~ A4g)°
Tests on diff. in mean, variances unknown and equal:
j AN Ay
Hottty = py = bg, Ta‘-'"‘“““;’“““r
Sp H: + Ez-
Alternative hypothesis Rejection criteria
Ha gty = 1y # B te > tasangany-z OF
to < ~lajan eng-2
Hytpy =ity > 4 ty > ta,n,+n2~2
Hitpty =ty < By tp < “ta‘niﬂzzwz

Tests on diff. in mean, variances unknown and not equal:
X1 o Xz —hy

2 2
}5“.52.
V”’l iy

is distributed app. as t with v degrees of freedom, ~t(v)
Paired t-test:

If Hy: ity — 11, = Ay is true, the statistic T, =

D~ 4, Up Hy — Hy
Hot ttp = phy — Hy = By, Ty S s d o m
Alternative hypothesis Rejection criteria
Hytpip # 8 o > tas2,n1 OF to < tap2, net
Hitpp > By to > tan1
Hai pp < By 1o < -tana

Approximate tests on the difference of two population proportions:

B —P Xy + X
Hoipy =0y, Zy = S p== 2, see (x#) 1
,ﬁ p 1 1 ny +ny
JPa-P (5 +5)

Goodness of fit:
k0 - EY
Xr% = Z —— X;,w;;a
f=1 EL
Expected frequency: £, = np;, p; = P(X = x) = f(x)
The powerofatest: = 1 - f§

A— A, A~ Ay

R R R =
2 2 2 2

fol , o} o}, of

\J“‘L ny \!“1 Ny

The P-value is the smallest level of significance that would lead to rejection of

the null hypothesis Hy with the given data.

2{1 — bz} for a two — tailed test: Hyp =yu,  Hyp # py
P=41-®(z,) foraupper— tailed test: Hypi=pu;,  Hyp > py
b(zy) for a lower — tailed test: H,: u = u, Hytp < pg



