Properties of Random Variables

\

G.R., September 22, 2006

# D.R.V. Prop. Description :

# C.R.V. Prop. Description
1 | PMF px(z) = P(X = z) 1 | PDF fx () is piecewise continuous
2 | PMF range 0<px(zg) <1 2 | PDF Ix(z) =20
3 PMF range px(z) = 0 if x is not in the sample space of X. 3 PDF integrates to | f__ (z)dz =1
4 | PMFsumstol | 3y px(en) =1 4 | Prob. fom PDF | P(a < X <b) = [ fx(¢)da
5 | discrete CDF Fx(@) = P(X <2) = ¥, <o Px(@k) 5 | continuous CDF Fx(z)=P(X <z)= [ fx(s)ds

6 | mean px = BX) = 3 2epx (21) 6Pla<X<b)=Pla<X <bh)=Pla<X <b)=Pla<X <b)
7_| hmoment | B(X™) =3, 2ipx (v) 7 | Prob. from CDF | [? fx(x)de = Fx (5) — Fx (a)
8 | variance 0% = Var (X) = E([X - E(X)]?) 8 | memn ux = B(X) = [ afx(o)da
’ 0'3( =B — B0 9 nth moment E(X"™)= jfooo z" fx(z)dz
10 % = 2 k(e :‘LX)QPX(mk) 10 | variance 0% = Var (X) = E(IX - E(X))?)
11 | skew ag = Qﬁiﬂgu_);l =£3 11 0% = B(X?) - [E(X)]2
12 | kurtosis oy = Eﬂiﬂgf‘_)_l = 44 12 o3 = o (:.r - px)* fx (z)dz
13 | Joint CDF Fxy(z,y) = P(X <2,Y <y) 3| skew oy = B sy
L P(A4) = F(x), P(B) = F(y), | 14 | Kurtosis o = E[()Z—p.f] _
. FG\UB) - P @) - \3(/-\(\\’% Fxy(z,y) = P(A( B) 14 | joint pdt Fxy (@ y) = 2Famaym’y
r 14 | independence If A and B are independent events én S, 15 | joint CDF Fxy = ffoo jfoo Fla,y)dzdy
g F(z,y) = P(A B) = P(A)P(B) 16 | pdfs Flzy) >0
; Fxy(z,y) = Fx (z)Fy (y) 17 S 1, f(zy)dady = 1
E 15 Two r.v.’s X and Y are independent 18 PUX,Y)e A= [ ./.RA Fla,y)dudy
[ if Fxy (z,9) = Fx (@) Fy (y) Va,y. 19 Pla<X $be<Y <d) = [2 [° f(z,y)dedy
é/ SUMMARY OF PROPERTIES E?EIL;F:J!IIETE RANDOM VARIABLES. - Foe(®) = Fxy (2,00) = oo [ %5 Icy (2, 9)dady
P’@rrhw\ Yeal Lor \Ni@@ﬂ%"«ﬁ& 21 Ix (@) = “E3lol = = JZ% Fxv (m,m)dn
D TFoum Joial desdeibukoon ~Cm{ = (‘x@{\y 2 | 630 =2 fxv(f y)dy
@ tc{w\?“@? £, ' 'C”[ ~adtv a&\ml\y 3 l::lzpe“d:'?:e- Fxy(z,y) = Fx(z)Fy (y)
5 24 p o = Fx(x )ayFY( )
@ Does Q"Y =y o - 25 Fxv(@.9) = fx(2)fy (v)
jf_:f ) o de EW&M& : 26 rx = E(X)= [, [23 efxy(z,y)dzdy
27 . bx = EX)= [22 zfx(z)dx
TABLE II
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D.R.V: Bernoulli Random Variable

Property Description
1 sample space | Sx = 0,1
2 |k po=q.=1—p, Pr=p 0<p<1
3 EX]=p
4 Var [X]=p- (1 -p)
5 | gen. finc. G(z) = (g + p2)

\

X is the value of indicator fnc. I4 for some event A

X =11if A occurs, and 0 otherwise.

D.R.V: Binomial Random Variable -

D.R.V: .Poisson Random Variable

# | Property | Description

1| Sx Sx =0,1,...

2 | pe P =21 k=0,1,..and A > 0
3| Ex] | Bx)=a

4 | Var[X] Var [X] = A

5| G(z) G(z) = eM=—1)

X is the number of events that occur in one time period

when the time between events is exp. distr. with mean 1 /A

# Property Description

1 Sx Sx =0,1,..,n C.R.V: Uniform Random Variable

2 Pk P = Z’)pk(l —p)" R k=0,1,.n # | Property | Description

3 E[X] E[X]=np 1] Sy Sx = [a,b}

4 | Valx] Var [X] =np - (1 - p) 2| fl2) fl@)=gtz,a<z<b

5 | G(2) G(z) = (g + p2)” 3| E[X] BlX]= %L_b

X is the number of successes in n Bernoulli trials 4 | Var[X] Var [X] = g%ﬁ

and hence the sum of n iid Bernoulli random variables. 5| ®w) O(w) = i;:(_;i—ja

D.R.V: Geometric Random Variable C.R.V: Exponential Random Variable

# Property Description # | Property | Description

1 Sx Sx =0,1,..,n 1] Sy Sx = [0, 00)

2 | Pr=p-(1-p)* k=0,1,.n 2| f(=) f@)=Xe ", z20a50 =L 5\%‘5&:%

3 | Blx] ElX] =122 3| BIX] E[X]= % ~ . s zml )
3 LV X FLe e s

4 | var[x] Var [X] = ‘—;22 4 | var[x] Var [X] = & LOT( Laglace =lelt 105 YXofbem)

5 | 6 G(z) = 12 5| 2@ | o) = 2o LrF) = 2

X is the number of failures before the first success

in a sequence of iid Bernoulli trials. It’s the only

discrete r.v. with the memoryless property.

.the only c.r.v. with the memoryless property.

C.R.V: Gaussian Random Variable

Second Version of the Geo. R.V,

6 | NOTE! Sx =1,..,n
7 | o Pe=p(l-p)FL k=1 n
8 | E[X] EX]=1/p

9 | VarX] Var [X] = 1—;22

10 | G(2) G(z) = T%

# | Property | Description

1| Sx Sx = (—oo, +00)

2| f@@) | fla) = REEomPIOR) o pc yo 050
3| BlIX] E[X]=m

4 { Var[X] Var [X] = o2

5 &w) P(w) = exp(jmw — 02w?/2)

Approximates the sum of a large # of independent rvs.




