le\aP'h’f 5: M_UL\‘l'l'VﬂricL'l‘g Distribuhong

- Tn previous chapters, we have considered

o\osexvf\r\j a Sinjle, rv. per ndividual

- Howeue,r) W manYy qi:Fll'c,a:Hons) We measure
several rv.'s per individual.

EXQ-MF\& 1° For o set of quS?_L\:JG(S) we.

méasure \{. = \nctome qni \/2.: numloer 0'F

children.
Example 22 For a set of people, we measure

Y, = heiqht, Yy = weight, and Y3 cholesters |
level.

_T‘AQ Se,'\' O'p Y‘.V.‘S men.Surd eh e.a.d\
'\\v\c\iv{o\ua,\ {5 C.CLH&G( o ra_nclom vec:\‘og)

uswq\ l\, cl&no+€¢1 3 Y

5-7- Bivq.ria:'l"& Fro‘omlo{l{"‘y DiS‘h‘ilﬁ)LL‘h‘oﬂS_—

_IE Y ad Y, are rv's ) owe may

consider the bivariate randem vecter

1= (%),




PlSCTd_E_ Biva.\"i&.'l't DI‘S‘I‘P{bw‘HonS
Defn The J'oin'\’ Frolmloil{'l“y functhion (J‘ofrd” Fm-F)
of 4we discrete rv.'s Y. and Yo s

— The jo'm‘* (‘oivar{a:l‘e) PM-C ij&S the
Fr‘ohm\oilf'\’y Haat +he paIr (‘1,)‘{2_) tukes @
sfe,c,i-p{c. Fa.ir o'(: values ('3[‘)'3’-)'

EXMPle 3. R&SeqrcLars at  South C.a.roll'na\ )
C)&arﬂia) ond Flom'Aﬁ- are "‘fbl‘fi’\j 'FOT“ two
scFourad‘e 3r¢n‘|‘5. S“LFF°S€ all +qu FFQFQSCL[S
are. e)t/\,m,u,y 300&) a.nal Se wq.'c,L un.‘ugg;-l-ics
32,‘\' Jr\r\e c,oy\-\'ra.d‘s Can \oe, seen as oo ra_nalom
selection . Let Yl = wumber of contracts awarded

"l‘D S.C_Gw‘olfr\k oLr\_A YL: nutm'o&r‘ O-p c_oy\‘hr‘dx.ds
awarded o Ge.orjit\~

SOLW\?\G_ s?a.ce'.

- Note all SCLM‘:\& oints are wa.“ ll‘ke_l
i P T 7

- The (\oivmrio&e} joiv\‘}' Fm-p of ¥ and Y,
con e re.Pre.Se«vL'fe_ol with  a +w°'*wa"7
table .



Tk&or&m.’ (Pro‘:e,r'\‘iﬂs mf a ala'scrd-e. Join'|' Fm-F) d
Tf N, ond M. are discrete r.wv.'s with
joint Pm-p F(H')'ﬁ?)) Meen :

(1)

(2

w‘,\e,re weé. Sum  over CL” FoSSiue (j,)tj:,) Fq[rs,

"PWFUJ"‘] (z§ ‘I‘MF,{CS 'H\“I' 'Hdere are. a
"Pini‘\'e or Cou.n‘\"a.lbg I‘V\"ani'lz.;_ nuwm ber O'C

(ﬁ\,‘az) pairs having positive Fro\mloi\i'l‘y.
Exm?le 3 aﬁaig\_ . Find +he FroLmLilf‘fy +hat USC
o\p-\-mins ot \eAs+ as man" ch‘l'raLc:\‘S as Geﬁrﬁ .




D?,-Fy\ : (jofvx'\' CA'F).' TL\Q_ (b\‘vmrl‘q,'l'e,) J‘Ol‘n'l' Cd'F
of the random vector (Y.}Yz) 'S

~TF VY. are jemtly dis crete

Exa.mrle B qiain: F.'ng‘ F(\,l)

Continuous B ‘variate Distr L butions

A random vector (‘fl}‘fz) ‘e continuwous (i-e., Y,
ond T2 mre.:';gii‘f_‘_?_ Con+inuou$3 ]-C +herr jo{,\‘l-

CGL‘F F('@)‘a,) 'S C.ovd‘inuouts A \oo‘Hr\ arjumc,rd”s.

Defn . (joint A€} Let Y, and Yo be
\SO{V\+‘7 continuwous 1.V.'s with jeint cdf

F('&l)‘az)- I‘C '\"A&F& 1S a nonn%d‘l‘\/&
Lunction -C(\&‘)%,) such +hat

Blyy 4e) =
Then 'F('ﬁ*)‘?;z) s called +he :}Oin"' Fro\ox\oilﬂfy
Ae,v\si+\1 Lfunction (\'\oin'\' Pf'l'p) of (Yu,\fz).




Prope,r'Hes ot J‘oin'\' calf

("
(2

(1)

meu—-He_s o-C \;)Ot‘n"f JDGL‘F

(VY
(2)

~Nete +iat ?r‘oFg,r‘\"-/ > for \join‘\" Pﬂl‘p’s Lllows
dired‘y from ProFe,r'l‘y (?.) ot Join‘f‘ cd‘F’S.

- A '(Liva.r{a.'\‘tb Joiv\"r Pcl:c wxa,y be Pln‘H‘QA a S

o 3-d Lunction on +he (‘3')‘32) P[a-ne:

....\/oluw\% Umol&" -Hm's Sur-pxce Corresroni ‘+o

?ro\ozglfﬁes (ltkﬁ oxeas w\a‘er CUrve In bLh;VA.riﬂ:l'e.
ca .



EXQMP[& "'l' Su.:r?ose the random vector (Ylj\/,)
hes Jom‘\' PA'C
Lt Y, fer O<\<‘) O< :.-(l
IVARE {5 O‘é ¢ 4

e \sewhere

Find He joint edf.
- Consider Hie Ai¢3F&M=



F“vulfng Pro\;dzs;l\"\‘l‘es wi+L\ Jeint PoL‘F's__
~with bivariate cliS'l‘rlLuHons) we should }lwa-‘fs
sketch the re.jl'on of SU-P‘For'l' in the (1.,%,) Flme,.
—-F\‘no\inﬂ a ?roba\of\f‘\‘y ameunts o i'd'%”d""j
-H,\e, _'Iofn‘l’ Pol.'p over a Far"l‘fwlar rejl‘on

0'(: 'HA&.'\' Su—r Por‘f.




Brie:c Review O\C Dou\ole In'|-a3rq.|s over

a Reﬁion -

- To i,\-\-eﬁrd"& H‘d‘)h‘a—) over Some r‘eﬂion m +He

(3”‘6:) P\M\e, we -G'rS‘I’ determine +Le, +‘{PQ
ot reﬂion:

Reetanqular reqion :

Ve_r‘\'fm\\‘f S_E\MPle Ee.qian:




Horizontally s{mple_,_ reqion :

C_omp\ex l"e.:l‘o n.

~Tn some cases (eq., a Trianqu lar ""33'.°"‘), the
reqion may be +re_ad'eal as either V&r‘l‘ic«“r
Sfmr)e _C_)__f: lr\oriZOn‘\'any SimFle.




Example 4 again: Find P(1,+Y, < [)
Rejlbh ot Su?for'f of C\'{l) Yz.)-'

ND“'&‘- \,l-\'\{?— < \ ?



E Xoumlg[e. 5:_-' SWFPeSe -I—L\e -Hme C"n kouﬂ) +o
C-DM?\Q,“'& +u\5k 1 om.i fask 2 -Gpr a r-a.mﬂm«
e—W\F loyee, las -H«e J'oivd' PA'P :
= (31*"32.)
e for y,vo
'F 2 ) = E 3| | g;> O
(3' )4 3 O e lsewhere

- Find the rro\oa.Li\\"\‘v Huut a random e,mlaloyeﬁ.
‘\'D»ke's less +Hhan 2. heurs en 'l'a.sk 1 a—'\ﬂl
\deeﬂ\ 1 and 3 hours en ""0-Sk 2 .




Example 5(“-)_ © What (e Hhe Fmbdsl ll"‘\/ the
QW\F\oTee, -’p\_\(es \onjer on -hsk 2 Huan -
task 17




