MULTIZVARTIATE TIME SERLES

Ve now tonsider t.-s. i')g,‘ tez J wher Xb e |Kh , tew,
ho ot uc.a\ "—'Wha. Poinf we o'owvl— m I‘aut(bm Vo t.L; ‘os N

wc_ wvill  agume '}Lmv%w" -an“' EX:;J‘-M -Lr «ll J—.(,...‘m‘ tez,
Define  He  wmx) mean  veeters  and  dhe  mxm Covariance mctries
fe s BEXy

TCemt) = E(xpn-ped( Xe-p) , hez,
‘For teEeZ. \\’c_ Con o(c"m. 9."'«+?oho.r;‘7 n ‘l'l«lM o‘f' ‘uw.s‘-.

E_i ( %-"d'iouar:‘.y “of Wu"’;VAVn‘A'.t dime feries (M.‘b&)):
A” V"\'A‘m"'”"\ “‘-"25- 5?54, ,'L’GZ’) % ﬂ-l'«"imcry i“'

C) B ¥ €0 b ol uipeym, bEZ

(:f) T 5'& Aoﬂ m“' ‘l—rw‘ ow “:

() For M hez, Cov ( 1(#‘,54,) does  wdt  depend on t
4 He above hold set N = K 5 " omd

P = ol X, Xe) "E Xen %o = g7 he hez.

ﬂ; ‘Fcn&"’féw F (l") 1Y u‘u 'l‘L- CoVeriance Ms‘.’h‘* ‘L»«J"M (CVM‘F).
D_-‘:nxay "l:of L=  JRUIN -I-L. -cm\d.'ﬂms {H () 5{

.(‘:J (k) = C""( x‘:‘*‘ui v Xtoj)l

we mey weite FU") = ( "w 003.45“54:“ .



T\u ‘I’ume’hohs .{u (-) ) ---){Mm(.) are '“h& ﬁw“'s o+ H. m\oonmf'
Aerive  of { &b,t 623 .

for “b'/\ L#i, -Hu. duncdton '{ (. ) % C\M the V08§ ~(eVavriance
Jum-kbﬂ o‘F +L feries i)(,,,“ -ke Z; end i \(,,,“ té€ Zs

Tr 9 ;hpw‘.'cm‘\’ 4 ade bt ‘J‘JL) is d “‘md’ {rom {-('3‘.

F 1Y

\n‘c m‘ufn," ‘{‘J (l‘\\ Cov (X{;J—L,a, Y,bu) (ml (X'b <) Yb—'\u\ LS +L Cverieance
hethween "'L- torvent vs‘u . Cou-fonm‘.' H P | He v“w. ot Cowp onen’t j
ot h ’J‘bf‘ m He P‘-‘t

L'\tw'csc. '{Ji(L\"CoVCYU-L,s,Ye,;\) {3 -"L. covoviona hbohren Hoe  corvent velve
o uwroum"’ ¢ ond He  velve oF boh-‘aohu"’ ) « L“L\'s in Hhe Fhre,

We ¢L¢“’W‘b '.'L Cbm‘ s“'l’ oA IMA’(“T)C -"-wc‘-hm C‘VVIA

RN = ,»‘,m} hez,

,c,J‘M

W\\G"y f(j (“) = Un) L\ € Z ) “'of ('.J S,y i,

ﬂbSo \" ( ?Iwa"‘“ o‘(’ L\Im“' ot a &"k"’lmwl mt. S}:

I‘F r/() ( ())‘(—‘ ““M T 'Hw. CVIM“' o"' @ ’A&"TMA:Y
mbs  { Xy, te 23 Hen

Gy TG =T, & A hez
6 14| € [l 6,60 ciotm
@ () 5 a et ke icm
(v) Fer w=i2,..

n n
L z a (J'h) “r 2 © Jor sh T ﬂ el&ho

=y R=

?&_&1 For (L\) ) weite

P “’or o\ h € A

<.

[7(h) = & X ),S:‘/;/:f



- 1
= E XA+t Xe-l TR

T T
B Xe Xe-w ~ Lp
~

-
(E % Ko ~ ﬁ)ﬁ.r)

SR EENY

For (i), we heve
i l
"‘;J' U“), = , L‘"(X-H‘wia xt,.j) < IV"( X"“‘J‘\ Ve (X"J\] 2= [{h‘("\" ,(“3[0)]/"
—
C&ooay '/Q‘Luvi'

Foréii), 4o- c.uL C3lyeybn, '{“CL)z C,,,é)(t,ﬂw./ x,‘_".)l 2c it s He
acvf  of ixéi,'béz;,

For CW), br  eed neir,.., for ey &l yes g,."“zt e have

1
0 £ E l L :}rl?ss—/:)]
e

N h - -T
= B ZZ 570 ) an
RS SR R BN

'TL c\m-[' 9-() kﬁb P"M'“ G)-Gv} an o Wl o He fnpw-iy

Rt’i (o) = P.‘;‘-") =12 & i C=l,.., m,

gxm:lg: Cau.‘dcf J’L Q’O(Sw-uﬁou-‘ t.s. i ,.)\(,“’ ) teyg g u:“,\_
umf onu+ Aevried bwu l:,

Xt. = 2.&- + 62_‘:,. awvel Xu < U‘b+ % %'E'l ) @



u\m‘ ore

where  $2, by~ w0, 05) ek §Uy,teZy~ Wil o)

whide wneise oncovvelated rdla

o ke Sequencih
Thea  ve  hove
h 40D A (V) £,.(R) 4, ()
Z () o o
| 6 675 0 < o';:
o | (146 | esd 62 oz
- & oz $ o o
-1 o ) o o ,
when  we Ihd  He  cross- covoriances  as

4,00) = G (th, Xez ) = Cov((2e + 62, , U+ S%t.) = 6%a;

3 () = Cov (e, %) = v (B +62,, U, + 3. =0

4o () = G (Ka,, %) = G (2., + 62, uw—ﬁzh) : Sop

4o (W) = o 4 |h|=2

4, () = Go (Kin, o) = 6% 0g

1,02 Co (Kena, ) = ColUsnr12,, 2, +o2, )=105

A ) = G (xe-.l,, x,c,> = Lw(u,,-. t$ 2, &t ez-b..\ )

f, (W)= o
Nde Hd sue

foo |h|= 2.
7 (V)= ]"T(-L) , e heve f(.,,(‘«\ = ”‘z\ ('L‘\ .

T‘\,\ we LM
(+e) s 8% o% 60z © 0a 40
l”(o)=[ . f}, m{ - ] P(—D=[ : 3]=P70)
esaz o, +1{0% % o o o



WL now (,L‘llw. vnuu':van‘«"‘c- U‘m“‘b neise ,
%(Mul‘kwﬁ&‘h. white m:Sc):

Av weverde bs 12 b)) 5 ML Wbl wan WM
mesh Teve and Covarianc wmadeix Z A+
.84..4'7“-&'7 [H ‘u\ nean le'or g awd N W\'F

PR ) ¥ h=o
T°(W) =

o, i+ ho,
We write igbeez%wncg,f_).

4 i%b tedd ave ml.,r«..h.:' identicall,  distebibd  randon  vecken
\vl-'“'\ mneen 9 andl Covarianca ‘( ix o ) We weide
{2, tezi~ TID(g,2),

Mbivericke  hik pose 7« L..:lo(au} block  for  tmewy

\uu“‘- \lan’a‘c tike Series wa:‘.ﬂ»‘

MULTIVARTATE (LI NEAL 9PROCESS

/SFA’ &9 W -l-L, uniVar-‘u“‘t— u“s'h We o‘b“us " 'I'L. me “'-Vurm‘k
M“'Iu} & chu of tinme suu u“ul lineer ro LA%€S,
This i I m. &S, whi A, cdiits Heo N‘OMGM"’ .:f

°
Xo© &= Gz, eee,
)

VLU‘- 66')" JeZ§ Gre m«“‘n’as 890‘- H4 {'L.

‘—obfonu'k
o dosderly el ad 1%, B ~wn(o, Z),

A‘aSo'J‘f— XUIMMGL"" o" -'-L (Abhfonu"s o“‘ SC“JGZX -lL P w“y -lLd
lC l e J‘r kL=, ™, vwhen Gy kes cs"'Lc. ks uwrohw of C‘

A’ l-'r: "nu—ﬂ o en MA(-‘Q prous :" CS:—O "o' j“’
¥

~t'. sty e tez. Bl



avﬂ—i‘t: ﬂ\wou 04 "’L. lihw ro 8y % ‘4\“’!'0“” g“a(
"’ia 3‘3 olmf-. f 7
Bhdin: We b
oo &
&t 2(\,4; = ¥ Z C_‘ '%_‘;.J = Z C", Eé{:*j T O

l,), DLT, since G abs. Sumesble ,

T oddidien

") = G (’.fw«, Xe)

° oo
=l & G Z the s -~ & %*-ks
9= P k=—p
F " - -
=Z T 4 E i Spk Ch
9= h—"-.p

"
™M
N
™M
o

THE SAMPLE MEAS AND SAINCLE (oVARTAICE  TUNCTTON

éivm a shdiona wm.t.s, i)(.g ) teyg ‘ ) We Consider re rtf":“
A He o ehimder i

X.= s Z X

~N 4=

“'ef —l—k, meean /: = F Zt

TL. m.d’ nsuu k:vu. coucl:-‘-'ous uu.o(“- u‘»\:oa\ \7,\ 7 ) a comsslent
&S’hh«“’cr o"’ }’3. "



Restt (Pogesbon 12 |t BED Theory)*

ur i')g,.,,tezl TN ’a"“"?blur/ mts, Wt e s cd  cmb T ) Hen

_ 2
(i) E u 5.4 'ﬁ ”t - 0 €S nwSP
i‘c ’{ii(k§‘>° “'or uvl\ (:2“.-45" ad h -2 0.

_ . w &
Y wel¥-pl — = Z A (W)

[13
1=\ h=-o

o
S S I () v A

h= -

E‘LO“: : We con S '“K o.‘oow» l‘y M“‘h\}

FE"Z.\—/:"T = € ;,(in,i'/‘i) = T; L, (Z’S
awl in““"hé‘ ruu?ovs vuwu’s sm‘« Ho wivaricte Sv“.\?.

TL. w.;t"' resy H’ nc-’o‘p‘ o~ (,ou.(:-'-:ou umlw tht,a\ 'Hm- M»rL mesa
z“ “ 557ur-'-o'.11<.(; N onm.‘ .

gguu’ ('Pmp “.7.2 o ﬁ%’ D Tt\ug\! .

TH %, ke i an medimesonal  whis ot He pesadaden

Xy ® M + “:C’Z.q,._‘ , tez,

)=

,o
when {2, teZd~TID(0,Z) ad (G, seZ) auish ok | < oo
Jor ;Jg”kﬂ = a} L™ Tkm) 4 —-ap Con \

ﬁ(&-,\»N( ( Jg-,o >

" ol.’S"riL»A'iw a$ n=> P,

®)




Ttv. 7;&.1.‘4. CoVearian mn“’r‘uk ‘F.....ulm\ oS 8 HY, 7N ‘7

n-h -

:‘\ 3 (5*"""'2v)é¥t’§n§ ) l\=o‘,..‘ "o
H U‘) = n -
,L\ 3HH(),S{;-M“ 7‘-)(?5.,,’\'(.), h= =(n-9), .., =\
L ©H "’*l‘ n,n,..

qu.J\ "'\u‘* -“N se.er m.f"acovcm‘ma. :S'uu,-‘rrou “'or @ umv-ndx
five swn  $Xg, t€2Z] s dedind o

( P
-‘7\ Z (Xtuhl - 7,)( Xt-i:), = -(w-),..,0,.,@-")

t=\

408 = g

o) “n\ = hnH,

-~

TL. reeson 'Aq (L\) " morc w-r'iu“h‘ -u.u. ?,U«\ 3 "'Ld’

- T
.
o (R %) = & X o (ot ) [ ),

\w‘\m‘s Ottl '“u_ uu:\lariu\\“ ‘Lc‘). [Avl éxt-l-k, xk) = CG'I (x-b, xb"\‘\ .

A A
Dk by 4 (W), ijztmm, H whia 4 ), h hez.
. +He Rawmple cw . s dedined 17

,7\‘-'-0" =(;‘30\)> - /
1£,) €

*20)

A oA n
[4:0%,0)]

\»Lm

ON

dor  yzlem, hez,

N“" 'H""’ :Zu('sa---, A‘hhn(.\ oud f’u (')A-"J ﬁmv- (') e He Mfk
aevds  and  ocfs  oF He Cotp snent dwe  senie, @



E!su"hk 'u* gab—JL' C«WI'G

TL. WL C-\M-“. bﬁius on o len lo, 660 realizadion o“"
+Lu Serield “\nh fr 3 PkM Voo R under +L. Sou—ia.X\

6=02, HA=0.5, <dz=1, a,=0.5
Series 1 ~n 9 % Tz Series 1 & Series 2

) trE(.a’J-r‘io‘a’)
e “(“(k\), hfoj‘ﬂ-‘... i %.Z(L\)' l»\?—O,(,Z,,_,
Corvelation bebvcen current
Vi‘ﬂ& of suiu. 2 6h4

ACF
02 04 06 08 10
1

N
@
Fis
.4! 06 08
| |

— t —
(H’B)O’% i velue of Sereg Ao &t h
A g 7 ’A"-rs in -Aa"ilff—
S Ftessssglasossozes oz onooons pucfffit -1 A AL E A IO RN E AR e e
T T T T T T T T il T T T T T T T
0 B 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Lag Lag
7 (8«6«. L) "“(L), L""l'«";%
Series 2 & Series 1 Series 2
o Q]
- | "h(l\), h=o,-4,-2 il .-‘u(l\)‘ h=0,1,2,...
S Correlodion bebuen curmet velue i
. g - 0“' S.,{“z ek vdut 0" g ik
S 2 G| & ko ke .
o
i ,}L._ ‘”.s‘" L
=g Pt S
B e Y it 2 e LR
T T T T T T T ° 4 T _“:—-Q,‘_‘tl-kv*lt—-l—“_l“
35 30 25 =20 15 10 5 0 0 5 10 15 20 25 30 35
Lag Lag
e 8
02
2
6%az

Ay
~ 2
+6)0, (d5+9%° - _—
(1+6)5 (3% ) (+6) 5 (5+5%7)

’\'L Q— uc‘& qc‘f (K‘ &7p¢.= ’uwcr:mu "3 » w‘um x iy an nox im hs+f7’( - cov\“'n:uu A’
in 0‘0'» colibn  a “:iw-a. Sevies, cosu‘w‘h! -"L Sabr“- u.-@ r: “)
ond N"DM ) & avrey of 4L. -tno-

(’?u(‘;\ ,22A(°) :“ba(°)
(509 60 - B0

[ "\‘u.. [5) 2‘1h (‘;) '.'. - ‘(.,.“ (D)

l :\“; (K) :[;_....(k) .o f‘“h(k) ) ULm k TS ‘uu WeXiinum 'C}. q



MULTZVARTATE ARMA MODELS

D,—.(-'..-. A mis. ? )S.t , + GZS ) an m-Veriate A#MA (Poo pre’s
- 'l“' i"’ 1) - ’t"’\‘\’iﬁh ar; [N 'J.’l‘ o 4

Xt'EX,k"""E X = '&

~ ~ - P ~£-r p‘e * 9‘ %"l ot @ % ‘b Gz

2—-"’@' J

NLC—“ i %t't GZ’) ~ WM Lb/ :) cnd Ec,.-,fp ““A

@‘ Py 9& ore WAXIn matries ,
Dt\n:nk "'L. MK —M~+ﬂ\<- V-.‘ua‘ r;l,uou..‘c‘i

¢
@Gy T, + But - +'§Pu
O(h) = L. + 9.1« + .- "’eauzi

(O

A3 T o‘Au-"u"'y m+r:x
Ve W'ﬁ7 Wr{l’G 4‘4 hnu”'iV&v?&*(— A’RMA ¢$ua+56hs S

:‘E(‘b}{e - o(d)2,, +tez.

'Ttwn- ere n-“'w‘cl m"wiions o‘" Cowsql."y av.cl 'mwf“’o'Li ‘.’ 5,
b oHe e o mebhveride  HRA LA See B A
%Q"D ﬂ«" “:0' Jp‘\‘-\s.

MULTIVARIATE <SPECTRAL DENSTTY

'FO' h-LS. ‘Hn— 8ru—“’r~\ o(MAy % a Ivn“’nk'v*tuu( ‘i‘w&l\ﬂ
D__q,_"v\ Csfwhc\ o‘u«dy makrix -funehvx)- -t M. cvm“ )-7( ) sAzsflc.s
#
Z ‘ “3 (k)‘ <P ‘For dl <y 7“.~‘M)

k==

Hoo 4 specrel 4%*"& makex  dmckion 8 dedind oo

$0) = L ngfé;ab F(l\\, - L AL m



A‘-\M; l‘fly “'b

For

Th

[

“"obm.
We

We

ore

%

-u.. JniVeyr; s‘\l.

kb

Ve L-VL

r(w = / () Uef(l?“‘> da ,  hez,

‘“\«. N“" 6‘" ‘“\S Su—"un
Ls. $X., tezy b acds

sk s‘r“J'

Joachian
Jel(,) - ;LW é} ‘*r(“l"‘>”/n (L» , -PE AT
"L— Cross =R

4
C_c.‘u‘
Aderiey
hew
Cen -'-L."
e o

O

&‘J t GZS

Cons 50‘1—1

a &l’q“'s bhqr, L e i qk

:.ml Cross- Covariancas “ () C,5°

Acom or

Z l{*ja")l < o2, ;= 2.

Cvos ~Spec VQ‘M c"' -IL

cnd  { X, tezd,

LG =5 T wpld) 4,0

(1]
-
"

R

-"L c‘“"—o‘is m‘s o"\’ -l'L n'ou,‘\'r«‘ o‘w(."), mateix

- ﬁrcu\'ru,

h=s -2

oo d’u (©)) ‘.‘};L")
fﬁ 2 erp (_'1L2) \7(}5 = [ } )

£ .

i



Exwok: Concder agan  de nba (X ez) dbud b

X-H = 2747 + e%l:vo
Kea= U + T2, tez,
where  §2, teZimwWilo,03) aud  {Uy teZ~WNlo, o))
ove uL 40.. neiSe }uwu& whi ore ouunn‘s“'u( widh
ek ohher,
%aﬁA on P(l‘), l\eZ +l\s+ we ‘[th( ‘ovttm-l we Lave.
MA()
o 2 2 'R N
J“('A): E'l*@& ‘ S .. = f}llizeuslk)‘f'ez]
Ay

v

P a)
THC) R S R\ PR O A 1

2w h=-p )
hoye o £ ;,(m\\) £, (1)

‘;‘:‘P[&foi + ur(-z(—l)ﬂ'fo:;__]

1 [GSO’; + de(COSL’A) + 1%:\,\6\3)]
[A [y

= Zer [5 0'2 (6 + ca(’*\) + 2 fés;h(ﬂ)l

)= 1 [36i(0 +cs™) - 135 6]
yADy

go Ve L&“
. ) 426 cos(®) + 6 1(9+c«s(a)) + 1 ¢s:.(2)
J(”‘\) = Oz *
5 1(&+c«s(ﬂ) - 14s(n) AR



Tt“ﬁ- o Aeds ‘ J“nJika K‘ﬂ"‘c.( “'b +L. CKg - S{n..d"wm k‘\'\.rm
1‘1~o Eiwe Kensy ukﬂa o A &a“'un-*" " rmr"?u‘ o '“-.,

f 3 .‘kns‘ ‘)Io (7 19 iu} Communi "7 Cousr&t Heo ‘ Jououiuk .

219“4 u‘\umcy -‘:oﬁm_ .
5 |

K o 46

'TL“ h‘f"‘h& 0 <& K‘—“b‘) €1 onel ) I:LL '“w Correledion QG'\«M
He b  Suntres & He &n-zuwcy a,

(O'X'pcv“wwx : C\., (3‘ s D-gé &;(735

Qoedretore sw : 3‘2 ("3 R = § J:u (“){

A"*e\“w(l- x'pw+mm : A2 (9\): | Ju (’,\\)‘ s l—c;(a\cf 3‘: (g)

Phese g?‘glm . c‘>“_ () , vhere ‘t’n () gudrfies
foa Y= o e"’!’[ 2 ¢, (a)} J

%2 4.;,(3) R e %“(QB

. (®) )

?gul( u\«'\' hu’ uh'a‘o‘ hohbw X=a + b‘, Coam L& u‘on&(u*
-1 b
& Xa"ﬂ;’ wf(l ten C:)\'

auortl.‘* e -"o '|'L~'S \o:a\\.ry‘.
flh g*h" X
o .0 b
o . b 6’ = é‘u- :>
% | (
—_— e

(-

| 13\




CRECLIN G Fol TNOEPENDENCE OF TWOo TIME SERTES

wL neu («bh‘;Jl-l Lo“ “'o ve\w“- le'“n-r Ju ""3 Mme Rened ovre Iuo(cfu-o(u*
O‘L taoc\ G‘Hﬂl Our ‘fi ri"’ iui"’l’n&* 't 4’5 .oo ‘L q+ "’L V&‘M

F "'L Aam rL. cvoss —correledion Jm&lm f’n o). This is e 4/

b0+ we -‘ho\ -Hu'. -H,‘ Varian o“’ ."é,(l\), "=0,I,ZJ... u;((

own ‘Hu. W\sra.h\c\ Lorn«'v"rbh *‘TK*UM o"' Iﬁa 4"% KM&S‘
1Y ) -“w S'lu/ 13 more uwrl;co.-‘ul -um.. u.k‘..d_ u'm»‘“‘f /;:z (-)

Y 'M}} “ ‘po( Sowe la X&,
ﬂt Luouin} "’L‘,gnlv\ 83M e Yé"".

et (hrom thn 2322 o 43D o)

(AVMJU( “'tw \iv\ur pre @rses

.
)(-I::L = Z dj %‘t’\) ) 5%_‘: %ZS ~ IIDC"-"N':‘)
J=-o
o
X = Z (U5, ty, ez~ Toole, <),
I="

N‘\m
3=

E‘p ”",l < oo, ‘Tlu‘ J‘or ;«J\ h= o,l,z,...

9=~
Th f’u(t‘) - M (OJ £ /)“L‘-)pu(j)> in distribstron

I="P

P
Z L€z} wd U tEZ) on ;.A.r.,iu.t Tl | <0 andd

(1Y n-° o,

Neh Ha He bime sena DX b€zl ad (X, tez) debnd
n ‘.’L. Mu“’ are hi«-’mJu“‘. This regy “’ }iuwd's P‘.”Tv- )
‘“\» \h.'uu o“' /‘3\“ 0\) -‘:or L\’D,‘,'l‘... KI s Sowe K,", ea

,,Q\.,,L,} whethes oy SN odside o He  boonds §ivn Ly

as-hw\xu, Ow. ey "'-

'ﬂ«:s (3 . verance s, meef, net ecsi
axolr‘r‘:o nl« o\w:-.ia M'.-'\m"-hv\ o"‘ ‘w"h Varncnc, Jg.w. )j
I

0
irs ~‘-o qpu— whiden “ ove or lgq;u\ of e SeneS,



No“‘t -|-L.+ 2 ove or 4 othe, or beth o e ‘Lih\ AwreS
IXg, b€} ond (X, €2  igfam  whk nne, 4

o
b Pl.(i)fz,(i) = l.

9P

So 4o M‘} VL‘“v./ a 'Lim. Series i Crre L"\J b JL [
Ulﬁ ’L noise Sequence or & Jsk” LL'n-v +ho N‘w‘& Nnoite
Se2venc K ot coreel e P be ey, VN ul..-\t.. /3‘.,_ )

£ k=0, K, hr s Kz, TR advile o Al beeds
£ 196 /5.

v A
?n.- ».L‘-‘tumd, Cen be olm o) L uc-»f L, Ly oWTaini~ "’L~ MJ»J.‘
of AMMA ‘A’s on L0+L -.:; e Seried Tl ﬁn(') Can
be Corp ' TR 3h ot rsdudt wmd Htin i+ com
be Compor 'S A bou.dt 1 16 /A, =4 ?;»L')
‘—«\l‘ 'Fu o:\'soL o'? -\'Lu bou.o(s *w arny \ cab ) o
wil Bu5 peck Ht origiaal  dwe sy e a0 depundet,

\Jc, now 5—0 -u‘m&ﬂs - fm“ o‘c" “'L_ Mu“’.
Pt & et

1;( oy -I-XJ w.’uc, of A=°,I,Z,..., We L«-w..

4,0)- & tzf (Xeii = %) (Ko - %)

n-h
= -}\- E Xer,i X = Kt Yo = X, Xg, + X, Y-J
" "
=1 Z xb“.,lxtn -+ 0 xb“‘,lxt,z
n  t= N ton-he
n-h oc:ﬁ..k;).
-1 Xy X - 1 +[(n-b\ X X
n o R X, " é X, X4 (“73 X, X,
\_/N W
() D
z (%)
= 4 X Xe, + opln ™),
N e 1 Tt g

UL.;» oPLh.%’) Jw&q - “'uu. u‘\%}t\ Convvev 'l'b Ten avem ulm
w“ﬂ"o‘w‘ '07 ﬂy". r/s @



ﬂut e L%
A » _
4,0y = ALYy 4 o LW
whee
¥ - { o
”(,J“ - é‘ X\ Xt
'l'k Wein fw“ o'(' "'L. ‘)rco" " M-J.\:s‘.:u
Y “::(L) - 'A( S, z— f{u( )'61;(&)3 in
V=P
<t n=2e, -‘nm uLioa‘ 'I'L e‘qim L“ovs \vy ’m—-‘:lcf o.rbumu"’s.
'ro aﬂh‘ol'tl\ We be wn L)‘ Avttu:u &r uJ\ m=l,7.l... +k
) ] &
random varicble
¥ (w) AR ) ()
‘O‘L U") = i i Xl:*‘ul xtﬂ. )
where
X = T i Zpy and X = T KU A tez,
Mem ‘J' m
»( w)
T‘\o} (L\) %) '|'L- wmean o"' a "“ﬁr‘." -h no\-’%c‘hw\ o“'
He (‘ZM#\) JcrouM"- dime  Reres Fioe~ ‘:7
( (
?:\ x{;#\q x-b,z P teZ.
The dim  Seim SN tEZ) hes  eod g b
() W) &)
?S(k)= E Teer Ty
(m) ) Ow) (CS)
= & Xpek 0 Xesko Xgah,, Xiz

|ilém

E 7—" %-k-H.‘H!’L ‘Z' (5)

ttk-, = “9‘&4,4& -4 L {53

oEem slEwr

U£3@



= T o« g € Zpuwi Byt L = (s P; E Upse-; U-b’z

ldem 12(em HELX (LS
m- |kl m- |k 2

= T dgy dg 0':" z ﬂg*““ Py 9 .
Gzem S

%7 reso s prove  Ta leehoe 2 (Ll—‘l’ $or hoalofuJ..d' ‘mum)l
we

hoV{—
= (=)
m _‘; )(h) —_— d (D; L § (h)) " J.’#r:'o-r}tm

jklem
c$ n-> ¢°,
New,
) m- |kl m - |R(
‘iM L g (h—) - l:h L z. 0(9_4..” dj_ O-L L {;l-}"“ PI G:
m= e |Hem MmS oo ks Gzop g S
00 o g
= . I deypde ot T ByHri Py o
r2-pp b=-pp 3=
o°
= 4,0 1,0),

k= =g0

Vs n& -"L- "u)" “"\o‘.’

P . o
4, (v) = a{:fmm a5 wd  halk): T ki pp o,
3 o°

'T‘ws' He  Usehil (Rmfos«".w'm of L 3(?'0‘»5:41’& 638 o *ID 'ﬂ\m))‘
LA S ;“ We Coan C’A’GB.RL

’:h ':m:..p ng l “:(L) ‘““ih)a‘)‘ = o,

"2 W oo

We ow* '\'L o‘u‘«'-\s o'(’ ALw»a, -I-L.'s.
(Aall) ploys He ol b X,

Tomide | A () gl W ok b Uy
He Ul .< - (“)5
?{v‘nﬁ:kov\ A‘ . u."l'L ol.ﬂ: N(O, |p.|&v~g p'cys He nle o‘F \«IJ

btk dbk N(o, £ 40D 4,00 dos He i 4 W

k= - @




