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Probability
n n!
(r):r!(n—r)!
P[A1UA]=P[A;1]+P[As]—P[A1NA)]
PlaalAs) =0
P[B|A;]P[A)]
PP P PlA]
Serles

Zar =1 |7”|<1
Zar - 1 TL)

Arithmetic Series: Sn:w
Expectancy & Variance
X)|=)>_ H@)f(f)
rzeX
:/ H(z)f(x)dx

Elc]=c¢, E[cX]|=cE[X]
E[X+Y]=E[X|+E[Y]
E[XY|=E[X|E[Y]iff indepentent
0?=Var[X]=E[(X—p)?|=E[X*] - E[X]
Var[c]=0, Var[cX]=c*Var[X]
Var[aX+bY]=a*Var[X]+b*Var[Y]+
abCov(X,Y)
Cov(X,Y)=El(X —1) (Y —1y)]
Cov(X,Y)=E[XY]-E[X]E[Y]
Moment generating functions
mx (t)=Ele™]
d*mx (t) _
|,
Y=X1+... X,,<=my(t)=mg, (). ..
Y=a+BX—my (t)=e*'mx (Bt)
Di listributi
XNGeo(p)—>Fx(t):l—(l—p)ﬂoor(t)
P[X>z]=1-P[X <z]= 2)=Y_ f(=
zeX

My, (t)

fx(t)=Fx(t)—Fx(t—1)

h fx(z)dz=1
b
Pla<X<bl=[ fx(z)dz
P[X=x]=0

P[X>z]=1-P[X<z|=1-Fx(x)

/fx

i (a)= 2D

Continuity correction
Discrete  Continuous
P[X=z] Plx—0.5<X<x+0.5]
P[X<z] P[X<z+0.5]
P X<z] P[X<z—0.5]
P[X>z] P[X<z-0.5]
P[X>z] P[X<z+0.5]

Chebyshev’s lnequallty

PX—p|2d<
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Pl| X —ul< >1——
IX—pl<d>1-
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e=ko—P[| X — u|<ka]<l—ﬁ
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fXY:Z Z Ixy(z,y)=

rzeX yey

:Z fXY(x7y)

yeY

:Z fXY(xvy)

zeX

fXY:/_Z /_Z fxy(z,y)dzdy=1

o= O; Frev (e, )y
y):/oo Ixv(z,y)dx

Ixy(z,y)=f ) iff indepentent

H(X,Y) / / H (e, ) f (2, y)dady

E[XY|=E ), H(X,Y)=X+Y

/ / v fxy (2, y)dady
/ / yfxy(z,y)dzdy

Cov(X,Y)

Var[X|VarlY]
Sample statistics

_ n X,L
X:; —

Median: P[X <m|=P[X>m|=

PXY =

DN | =

ngzn: (Xi_X)Q
_n i?:l Xz'z*(zyﬁ Xi)2
N n(n—1))

o~(estimated range)/4, normal

n—1

o~(estimated range)/6, unkown

Unbiased: E[f]=0
2
Var[X] -7

n

(n—-1)S?/0*=> "(X;—X)*/o”

i=1
Nchi—squared(n— 1)

\/><7 JW fo

e [(nns? (n—1)S>

)

Xi/z X%—a/2
General: find P[—D(q/2)<C<D4/9)]
o? known, Z=£Z, /2 0v/n, Z~N(0,1)
o2 unknown, sij:ta/gS/\/ﬁ

(Zap)?0®  (Zapa)*s?
= >

n
For a sample of size n from distribution

with mean p Variance o2, when n is large X
is approximately normal with mean p Vari-
ance o2 /n.

Hypothesis testing

a=P[’type 1 error”|=P[’reject Hy”|Hy)
B=P[’type 2 error”|=P[fail reject Hy"|H]
"Power of test”=1—/

Non parametric methods
Sign-test: Calculate median M on the

sample of n. Then calculate X;—Mforz;€
X. Let Q4+ denote the number of positive
differences. Qi ~Bin(n,3). Zeros are as-
signed two the sign that supports Hy
Wilcoxzon rank-test: As befor calculate M
and X;— M order the list of differences from
least to greatest. Number them 1 to N
where 1 is the smalest difference. For equal
difference assign the mean rank to each of
them. Let W, denote the sum of pos-
itive ranks and W_ the negative ranks.
W=min(W,, W_) Lookup w in table or use
normal approximation. This test can also
be used for paired data, then use X;—Y; in-
stead of X;—M,

1 1) (2n+1
E[W]:n(rH— ),Var[W]:n(n+ )(2n+1)
4 24
1
a=W<cor W>C, C:n(n2+ )—
n
W=>" R;I;, max W—I;=1.
j=1
Wilcoxon rank-sum test: Given two sam-
ples X17X27 7Xn and Y1,Y25 s Ym, mgn

pool them and order them from smalest
to largest. Assign ranks from 1 to N+M,
draws are each assigned the average rank.
Let W,,,= the sum of all ranks beloning to y,
the smaller sample. Let ¢ denote the lower
critical boundry left tailed tests and C' the
upper boundry. c is given i given in the

table.
C=m(m+n+1)—
1
i, =D
1
Var[Wp,]= 7mn(ml;rn+ )
Propotions
L X ———
b= DEZas2v/D(1-P)/n
Z2 ,p(1-p)
:/QT, P estimate known
—Zi/ 2 estimate unknown
C 4d2”
__ b=po
po(1—po)/n
— X1 X2
P1—p2=———
ny N9
— 31 (1—p o (1—p:
p1—p2ﬁ:Za/2\/p1( p1)+p2( P2)
1 U»)
~ _Map1+nop2
When: p1=ps, pp=——"""—
ni+ng
T P1—P2
Pp(1=pp)(1/n141/n2)
p1(1—pa)+p2(1—-p2)
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Comparing means

pr—po=X1+Xo~N (11 —p2, 07 +03)

X /m SiNF
X%2 /72 Y1,Y2 522 ni—1,nz—1
g2 (M —1)St+(ny—1)53

p ni+no—2

Comparing means:

Variance known:
_X1*X2*(M1*M2)N
V(i /mito3/na)

Variance unknown:

N(p1—p2,07+03)

SSE= Ze —Z (yi—bo—b1;)?
i=1
Minimize SEE;dflfO E__, Z —bo—by ;)
dSEE "
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2
x X
,U/Y|1:ita/25

(V]a—Y]a)=(jiy s~ Y|x
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01 —0’%, T= 52 1 1 ni+ng—2 Sxy:(zq_x) (YZ—Y):Z(xz—x)K S:vw
_|_
VSt /) o (T aY-Yayv) Y'“" Y
XX — Ty / (z=%)2 )
J%#UgaT 5 2 (MIQ b2) ~T S Z(a:ﬁf)Y 1+ T T .
V(87 /n1+5% /n2) b1:Smy: i LY e, Y )
_ (S? /n1+S52 /ny)? v zz ) Y|ztt, /oS 1+ +
T (5E/m)? | (53/ma)? (=o)L y o
Ll nz—1 Cj= S » 017 B, S Partial integratlon
Linear regression re ) T o , p
MY\x:50+51$a Y|zi=Bo+bixi+E; bo~N (50, XES,I > /U(QC)U (x) x—u(m)v(x)—/u (x)v(x) v
E;~N(0,0?), Y|z~N (py |z, o?) o
Name density def mgf 1 o?
Gemetric (1-p)*~1p x>1 132; p~1 qp 2
n _tx n n 2 n 2
Uniform L T=x1...7, e e (Z"zl x)
Binomial (Mp=(1—p)"—* z=0,1...,n (g+pet)™ np np(1—p)
Poisson ejﬁw z=0,1,2,... ehle"=1) k k
Exponential Le—x/B x>0, >0 (1-pt)~t B B2
: 1 eth_cta a+b (b— )2
Uniform — ; a<z<b R t;é(); 1, t=0 atd o5
Normal = 127r exp [_% (=£) o< T <00 phit+o’t? /2 1 o2
Chi-squared F(7/21)27/2 xV/ 2 em /2 x>0 (1—2t)=/2 v 2




