Chapter 3 Discrete Random Variables
and  Probability Distributtens

:DCF": A r‘ow\dlom \M.FI‘QLIQ (r.v.) 1S a
Lunetion +Fhat +akes a Samrie_ Poin'}' in S
and qssijns v it a real numLef,
——Tka:l' I‘Sj 'H\e V., \/ ma,rs 'H«&
Sa.mlple, Sfutcﬁ (H-s Jomqi,.) o -H«e, raoJ
number line (H‘S r‘anje_)) 1e., Y: S— R.

${m!>]e e—x«mrie . ITn an e,x’::e.r;‘me,n'b we.
t03s two coins. let the rv. Y = He
number of “heads

S =
T’qe, Vs Y as o 'pu.nc.‘,‘l‘on:



Defn: A discrete rando m varable is a
Y.V. +L\q,‘|" -|-q_k&5 oen  a an H‘& or (_ouvx'l'l“i
infinite  number of differend values.
._Sinc.e,.eacl«\ SGLMF[& f»ofn‘f' has an QSSOC,.d_d
FPDL&L(II.',‘ ) weé can s:'m;lquy cle,f‘ermfn&

+he Fro\»doilf'f‘/ for each value of V.

= TIM'S (_a“e.c_‘,‘z'on o‘P "/-—wJues aumal -H‘efr
Pl'“o\oklo; “‘H es 1S CR.HLJ +Ll€. pFOIDQL; lH_/Z
Cll‘S"'I";lDM-'h.DV\ o'p -qu c:[t'screjﬂ—l r.v,

Notation : We use a | lefter

(l{ke \/) o al&no'}‘e. a r‘q.nJom VQ_I’“I.Q_L[&
and a lowercase letter (ke g) +o dencte

o F«r'l*fcu.‘ar value +he ruwv. may +ake.

PY‘Q«VI‘OLLS__‘ e.x«aw%k: \{ .rq_lpre_se_n‘l‘s -qu, v\u,mLe.r
O‘€ “l«eauls "in ‘H\& &xPe_r{me,d‘, 'I_"F we Toss

the coins and both are heads +h =2
for that +rial . ) K R

._He_ncg Y 1S rauwlom (no‘l' C.ﬁ«r'}ll‘h)}
but an  observed value 4 1S -pl'xd)

not randem .



— We denote the rroLa_L;ll'I‘r distr: bution
of a discrete rv. with +he notaton

P(\lf-‘&)) or sfmrly F(a)

"F:or sSome num\:-e.r -a[} C_ons;o{er -H«e S&‘I‘
of Sa.mrle f.ofrd‘s +hat \/ieu Y:g
We define P(Y=y) 4o be +he sum
of the PT‘DL@LEIH‘fCS for e SQMF’Q—
Foin‘\‘s in  +his set.

E xa le a.Lo :(5“— osé ‘H*\& +Wo coins
Mf = dtrt.r Lair)

_E"LC—l\ SMMfl& rofn+ has Pr‘ol:a.lollt‘l‘)l

- We wmay represent a discrete me..L.'l.‘Jr/

distribuhen using a able aph
formula. 3 S W



EXQW\P Ig:

E_XQW\P‘Q e C.onsfa(er an urn 0\0 Lf' looJ[s
labeled 1,2,3, and 4. We draw 2 balls
ot random (wf”«ou:f‘ r-erla.cemen‘f‘)_ Let Y= He
sum of +the wnumbers on Hhe selected balls.
Find the rroka]oi,i‘}‘y distribution for VY :

- The Serle Srace s




T'ﬂeom»\: For any discrete ]’V‘OLO.L] ll+7
rc“S‘h"\ bu:“l'on .

(Y
(i)

-—T‘AQSQ ‘ch'l’s -Fouow reagal”?' "Frowt +Le
basic |aws O'P Pro\olell'l‘y

Q‘i}f_: PT‘o‘oQLt\t"'? c“%"h‘.l\am’HonS aye U.sec(
as mod&\s (a‘;‘grox;md},‘ons§ o-p -H«e.

behavior of data n He re_a.l world.
T\r\e. U.SP_‘C\-(,\ness D.C -H\e. ?ro\ou\bi\;“\“lﬁs

we caleulate cle—Fe.wotS on  low well

e weo dhe | E_‘.t-s— dhe real data's
‘FoCH' ern.,




S E xFec:\‘e_o\ Value

= A ‘:mraumef\‘er 1S - numer'\m\
characteristic o-p a Fro‘ooy\o”i‘l‘y |
distribution (or of ..H,\c Forw[a_—Hm\
of data that i+ wmodels)

_D__e;{ﬁ- Let Y  be a discrete rv. with
Pro\oq,\o.t\;'\‘y cl‘ls'l‘rflgwﬁon P(\a) T Len -I—Le
g‘?&d‘d—' value of Y) denoted E(Y)) 1S

M‘ E(Y) exis’rs ‘\'C -‘-Lﬁs sSum 'S
oJoSolu.'}‘e,ly C,ovwerje.n"' (hc Z_\j\r(ﬂ<°°).

T his condition will + |c~|l‘a hold -Cor
1Rty

Hhe ?-X&w\r\es Wwe ecover,

Note: T£ F('a) characterizes some

°F

alation distribution, then E(Y) s
of +en C.quei -{'L\e, POFtLlOd‘l‘o[ méan M.




T heorem: Tf Y s a diserete rv.

with Pr‘o‘oa.\oili‘\‘y Lunehon F(3> .
3(\1) s o real-valued Lunchon of
\/) Yaen:

ELgN]= 2 9y

all 3
an-P (qssum;nj \f L\qs o -Cfn;'l"e Y“LﬂjQ):




_TL\Q C.)L‘:-&c-'\"CA Va.lue (Or W\&Qr\) E—(Y):}J.
AQSCA‘;\::QS 'H'\e Cﬁh‘l’-ﬂf o‘p a Forul&'“er\.
-1 he Sfreo.al) or variq.\oi\f+7) of «
Po‘:u\ad‘l'on s described \97 +he

variance o= E[(Y-u) ]

- The variance V(Y)-= E[<Y"'M)z] 's
-\—\«e e.x‘:ed‘ul Sttudtrei 41.-C-pe_re_nce between

A  random variable and TS mean,
-—T\«e. Sﬁnx:la.rol Ae.viad‘l‘an c:'p \f 1 S
AQ:CM&A as .

Tkﬂore,m: Let Y have discrete froka.Ll.ll.'l"/

Lunction r(“p. Let j(‘/) be a Lunection
O\C Y and ¢ be a cons Fant. T hen

Ele ()] = cE[q(M)].

PY‘OO‘F i




Corollary: For any econstan® <, E(e)=c.

Theorem: | et 3.(‘1’)) cjz_(‘/)) iy ‘jk(y) be
k funetions of Y ' Then

E[g‘(‘f)-\- jz(Y) RIRERE K (Y)]

= E[g.(v)]+e’[3z(v)]+---+ E[ﬁ}k(‘f)] .
Prpo'p (|<=2, case):




NO+€1 Smce /A 'S o ConS‘l‘dLn"}‘ a.y\J
E(Y)=/-t) we can write +the variance

o-c \f as !

gxmurle |~ Swppose 7 has rmLmLi\f+7

distribution: ¢4 | O | Z 5
125 125 |25 &5

Find E(Y)) E(‘/z)) V(Y)} and E[(3Y+7—)z_-[ .



EXM“PIC. 2—_ (Pe'}e.rsLurj Pa.raalox)t C,oylgfaler a

Serieé o-p -Clu'rs o-F a -pq;r‘ Coin . A
plov;e.r will receive $2_ £ tHe First

L\e;wl oCCcUrS ©n -F‘lff, 1) $’-f ,'-P | T
occurs on -Fllr 2) *8 {-P on -H'P 3/Q'|‘c.

U\)L\a,“' 1S -H«e. P,a_\/e.r)s Q,XPQ.C:,'&J ea.rm'njs?




