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others’, Ans: 3 commonly used tools to define the p.m.’s of discrete r.v.’s:

Sunction

}«‘_"_“‘ua“d"’m?L" IProbablhty mass function (pmf) [ Wihen apy one of them |

is known., the
g‘i\‘;ge .l: 2.\Cumulat1ve distribution function (cdf) remam,rng 2 canbe
for
continuous

ortin @JMoment generating function (mgf, Chapter 7) |derived fom it.

* Definition: If X is a discrete r.v., then the probability mass ¢~ RE(3E)
function of X is defined by L"Samp[e.s[;acz 2 o Finike

el fx(a) = Px({X = 2}) = P({w € 0: X() = a})
for x€R. (cf., the p: Q—>[O 1]in LNp.3-7) m?ég%rgiﬁ? '

[B:2"[o. 1]]-29 discrete sample space defne small p.
f= Example. For the X, in the Coin Tossing example,+ihp5-3
Ths encugh) the small p 1n INp3-7 Pt
— n X
‘bem = £ =10,1,2,3} - P:ﬂl.p-'r[o,ﬂ
f;&%)'fb\’ " le (O) — 1/87 le (1) — 3/87 fxﬁ%"‘[@ﬂ_ 2 ¥ %
X | [fx(2)=3/8 [x(3)=1/8 1, D’ 6 \
s
~"ind fx,(x) =0, forzxé¢ X. 52 Ti
0} 23
= Graphical display N
¢I . . . p. 5-6
n » Example (Committees). A committee of size n=4 is selected

FLL s Stnibe &
from 5 men and 5 women. Then, s A omes

{DDG)I Q={combination of 4}, #0 = (') = 210, p(A) Lt A 1HQ

defined
sy,,,,,,emc » Let X be the number of women on the commlttee then m;

P(Ax)
Pe(x = ) =) (7)) () 2T
(c!ﬂ fX“’ Ix(@) = g Tx() = x(3) = 55 042
e g fx )= 380 L %={0.1.4F, =0 F x&¥.

» (): What should a pmf look like?(a’,scretq @ countably man:i._seﬂ
» Theorem. If fX 1s the pmf of rV X with range X X then

T;e::tmly (1) fx(z) = 0, for all z€R,

:ugzuy ;;ﬁnﬂz (ii) IXM’ for M ’I
F=>o J iii L) = -
J (111) ZxEX fX( ) extension from small

t‘\;&ﬁm.fx, (ivi moreover, for ACR, ${» o large P (LNp. ;‘;ﬂr’s'um&ntdoes
t's enough to | (%)in
define J:R>R b5 Py (X € A, ) = ZxEAmX,fX *"‘d"""‘“

can be an uncountable set
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proof. (1)8« (i) holds by the defnibion of pmf. a fmiteor

Acbually, (' F=Pl{lwen| x=x1)) |Dimeu

Rlxls@=)|dv) ForAcR , let AnX¥ ={%,%,%5, -}«

=o, for | Bqa) = PllwenlxweAnx)+P(wen xweAnx)) o
disorete V5 |Brane) [ 5 p{weal xw=x)) = B £ ahy== by
mm‘- for +Pe(ANXE) | T k=) C R T A X(Xk) TxeAnxE x(x)~
conBnuous @iy follows (V) by lething the Ain (V) be 3¢, then

ok vox 50= R(¥)=P(n)=1.

5pinne#g;z m'P';‘e- Theorem. Any function f that satisfies (i), (i1), and (iii) for

inLNp3-8 | some finite or countably infinite set X is the pmf of some
discrete random variable X.:2>R Q:CR

proof. For given X & F, let N=XcR.
For any %\ c X, let P(A)= 2\ F), —%)
Then, (0,{A=2".P) isa Pmbabrlr{:}/ space (exercise)
Let X:Q—=>R st XWwW=w,VYweN,
Then , X is a discrete vandom variable with distribution B

ond for any x<€R, r_lbiz(*)ir
FxV=Pu (P =P ()L 50 |
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» Henceforth, we can define “pmf” as any function that

iqnore hefe, satisfies (). (i), and (iii). By Real. 22P>X0sR>E >mmf
. p.5-
;gﬂiﬁy @) We can specify a dist.ribu.t'ion by giving X and f, subject to
space the three conditions (1), (1), (ii1). .

Q: Suppose that X and Yare two r.v.’s  2<AJa) . P(a)

(,FP)

defined on Q with the same pmf. Is it

Ans.NoJalways true that X(w) = Y(w) for weQ? [x)
i.e.some r.v. <—I

* Definition: A function F'y:R—R is called the

cumulative distribution function of a random | ® Fx defire B, on ¢%0,4], yxelR

variable X if Fy(z) = Py(X < z), z € R. |@exted Pxfo @b1, -0ca<beoo
e — I iy (alb]=('o°lb]\6°‘)»a1 >
(Note. The definition of cdf can be applied B ((@b))=Px(em.t1)-Be(e.2]) )

[ — : tscrebe. rv/s. extend B to any (measurable) sets
to arbitrary r.v.’s)ﬂsgmﬁﬁw (check exzmplea?#LNpB-lﬂ).
» Example. For the X in the Coin Tossing .. pmf
example, (0, @<, i
1/8, 0<z<1, 1 %%
Why is it called{ Fy (z) = { 4/8, 1<z <2, ] % | .
“cumulative’ ? 7/8, 2<z <3, -didli I
(L, 3=z = |
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