Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

Y \

/ /
r ‘;r A‘ ‘L.n /‘a la‘;r P /} \. 'as 's
Ha -Ge - M Limila - S AD M LLER, & Fa* A0

3’ {*'50 SR et gnef AR ﬂ“gnr‘ varadl ped sste l"”'ﬂ'“‘“a'rn £ A m- ?na ﬁ'a‘“‘ “m-' n A 2. ak o‘) i 'ﬁ‘
)

o h mnp ?m“\ »'cf‘so Wi Kl n§ mﬁ(ﬁ no; ﬂ.‘ﬁ ;”ss .10 '\D o B ao’ ,1“'1‘\ neg 3 an.\ ‘smoo' mnp
Postss R lns' nal‘a"l“n:‘ podss § Jos oo "‘J #'&f‘so ‘af"'n"‘ AR ns’,n“ VAL el us f
"’oolftf‘n p S‘.'hg&f"“‘ "‘En.sdlno"‘ "a”‘m‘“ As "‘s ool‘ Pos) ss, 0”'11 b hmd‘f‘?db’}“ Fafne ,ns

"na“ ‘gn‘”“‘sof Js Al u‘a“‘n“ .$m é,jﬁlo?“']‘oa 0 s- £y '“m‘ ]'af"-“ f;- sfﬁm'h 1A, "'Pq pgun:‘ - km
et n? A ‘n" s;o f“‘}sl"lsot"ﬁ“ aﬁ‘”‘ﬂ‘p{”smoo {1 o mast f&r}s«'r\a'pﬂs tf'f‘ o s i\, ‘ﬁs ax
%‘5 -Ch 'PB'D;‘ ,rﬂ ne ,n" "lf"n“‘ vpﬁu"‘ss*‘ R‘na N send {of ""‘f"n" Mhe! o0, "n*‘&"’q s ool pnonvﬁm tly n 4
d ,Fim“m( 0 2Ys s, e 'jy o of Ay ,ﬂ1 A, éﬁ .ﬂsjm r]v(pfln. #n? \drlaﬂ.\ 'PBO‘ss s ofh raﬂ.(’« "am
P {“J‘ ."\ 'J‘a' A 'l‘k vapt 1 % ark ey, Smg ad Py o 'I!ﬂa e sV

15 n ol Al U N (U IR U A998 7 pns, e LRI T Rt L 2 Y m n°s,g @ ne g’
“Kﬂ‘".ﬂ‘\ R ..'.l“w ‘wv.fl"n'u g8

ke ‘J., ' F oo pnql e’ pn?) @2 f“n?“l'ys&;!: Lpe ® oom'Dﬁ“ o' ?‘n'pm-'—‘?‘j“ ol “ﬁfj‘n:‘-ﬂ”n-‘-",n.
1. IN F@ C ION o ﬂsl% q{w tfsvnyff‘ s, o'l A, £ polrag A%Ag? .‘am.fﬂmfs
; 3 rar
TR ate ed et .J‘am&? £ vatndls My oniE :'gnﬁ i ;1; gﬂ"‘ | @;;,.p “mﬂ"’a“‘tm« ES AT
i ';Y..A% "\’ ﬂ.n.pamu\ rr s on, 2 i;n nels g e d p ) o'e- ,
o4 f i g 4 ap Y &k “3;. gh N dam . 3 ;\ oe
e\af j {l‘sﬂﬂdl aﬂa 5?' Ve a? J‘t Afl & a S{ ‘{lt' '_ tf
7?91 ' ‘F\ “\ r t‘ h ‘,l‘ara‘_'i\ Ly 1 ,Hp
avy l"n'\‘ Hneten g o oﬁ Jo @" "ﬂ-' Bso ﬁxf; -;‘ f1 bg&" a a' g*m,,\i;e‘
ﬂﬂ &.ﬂl;k‘ 6\‘\; “‘ f\ o a” ﬁ‘f“\ Vafaﬂa\ ] ng. ,nsa A . 8 'B’ ﬂd ‘l§.‘ Rt n ‘t

“aooo"”aﬁmh\“*f ,of“"ﬂ p ®ie :w“ mljas 1;{:“5“‘,7 :‘ﬁ‘\, ofn} " m‘ﬂ*rﬂ”
¥ l < ol |m35 F\ .01 ‘;‘ rbllh ‘]a?l Anaig S n .PG\AQ b a Sa,
l 74 1‘&1!“5 ﬁ' \lfaf MR l*% d £ (2002 2605) a- ? ar 21 J *\h%\nd’/ﬁ 00[10 'gl.
y am uns no o ne! pa e "”f”n:\-u nz- pn-e A mﬂp va n:\ Podl g5t am«pf_

DTS nod‘ fg‘" % so/ " ”s Jﬁh&gg 0
e 541 n.w 4 r1999) ‘fh b 51 h-m o0 i i s a“iyua‘*' hs- ‘ﬂm"m'?ﬂ' - _g et pn
”"‘v‘*" B, oo hoths Vi Pagba fg m,pn o ‘!. g Yy otV g2 ou!.v

‘ﬂﬂsj-lno- Pn‘ qalﬂf.;\ {13“\ .Flm“\ff “A'

0 s ‘\rana/e‘h‘. 1995)a“n fanfa*‘{nskp. 5-1“; !1
a4, A L ka, 2 ’ 1986 r“ -

n. s;(as g%a‘nﬁngnn% X ):011:-20 Egs,bﬂd.knh] OO'LQ\SOQ\‘& fa.jvf 93‘5.' i
APH. 1"@";-"' as g s;; . 63:\{&.’3& aﬂd acm s-'a'rns,an.l“ a;.J‘ lf“ ﬁ”ﬂ Yh oo g §
1..*51 *pn(’s ﬂ"s '( i 1 1987) R R P S fv" ,’s‘l By RS 'Dssrquf‘ls,

,ya o ok 2 g% ”s eyl Ly
%93)““{‘ ‘Ell §Af J‘ L\ %‘}’g‘” .ﬂ 'lh ﬂ.ﬂ 'Pam .SAPH aﬂ ““‘ aﬂ,h| HE\ : ?fae‘ Xﬂ “‘ S .f % .’[3 & 9'."\‘17

'[f ED s; f‘\fafl;]n:\‘_ln’ ns -;\ &Jk s ilﬁ‘ f‘\an,lh ﬂﬁ\s%f‘ vﬂ;sérns eK mo lpﬁ At A lAna,_
Qf% n & -

of 4 N3
“ Y ok (1998) EN aﬂwﬂ. (1998) Yen£(2000), %’ )-,”f féawmfd;'a *\“ Yonid o ama".nl‘p &J:{éﬂ r}‘ls
s I A

lﬂ'{‘g R Tl Fserdy (200%)“33 Y o

,1,“ Wy, aﬂot aﬂagl ,l‘ 1916%)~ . avnla Java

?‘nﬁ £ .l,on s (2004),2 @n:SeM 5. W, ~5R 5
: IR lk ., a ra aﬂﬂ b

]Iaﬂ nen M7 | L g mé\lam‘ A, ﬂe\ ' i{aw s 8 l{%*Dc?«ln“\ Th :a'a.unsﬂ: :ﬂ‘k v';z"\ i a Sil ,nsdgjf

i o @4 g dams"a‘ ‘r‘mﬂp 1' aﬁ'ﬂd 55?“ ‘,‘rl;s‘\ kf“\ rvt rl\. & ar a Y, r
ﬁ ﬂ.‘ ’ﬂ T’ﬁ \rafan:\_l ﬂﬁ Pﬂ 'n ipa <- . 7}‘ Vafan:‘ {2 ;. S.a sﬂ,gl}‘f g r a' df" ’a ﬂ- . S§ .‘h
4 My e\ Ly m “"ne’ g0 o sApL on oV en ven’ n s ®®

ek AL e s 0t sspaine’ipn & G ) ”la“ '&f‘ Fag B {s» d{l Yok B Q‘_f osk'

Yi=g(t) +et), j=1,...,J. aﬂ'{;- u{w (20(3‘1)%4;33"\ mlf.aﬂ gtff‘g\ den- .m ,nﬂ
h Ly
A% ()=, ., $ A1 Jdo A R s “n av(t) = vade;(t)) ’P(%]eﬁ‘lrl .. 'Dn nseels, se ‘{1‘1 e ‘e ‘;‘3 £

'l‘a*‘k‘\ vapt ..I ar ..ﬂ.m 3\
g0 3 voiildn o
Glsof""*fa’ n»f"l' s ee’ st‘%” LA
{h 'o -“ﬂn””ﬁt P VALLD Y gf Vg
A

irh varaﬂ:\..ﬂ,_ ,ﬂrl'dtr,,Pfa }j ass,”"\ .‘bs ...,l’. .a, vaf/ ‘g ﬁ\
+h ,P“s pok. ak P d"‘h Sa'mq cons ¥ sof bvafla'}\ “‘ f\
.(41'2 (X, Y) SRR var%“\.ﬂ he'pn 3 3 4 rnafﬁ y Jee

2y — 2 Is'ok'h w‘otm‘\"l‘ofalnv 0 "afam oss
95 V()f)l&u E():h Vafxzn:l‘; EI‘(I):.‘X - X)].a aa Y ons :\35 % .{;'lf\ il\ 2.)“}{ o&[:‘ d ’me‘ O-.j} ; almﬂ 41' 'Pr.“‘ 88, - ’I‘
2 hen-l 8 o rar‘g'f\ B f dhg\ +11 akvf Y 4 e 0 o 2 varaﬂ"\ :ﬂ ‘:ls"f‘b d arl $ e 't I
“'ﬂ Lo®n® SRS L4 0" neon R SR X ‘\nj e I"aﬂ;r r,h .‘a Y vay gvaf Aen @ "\ ,l‘ TS
Ma % fm}\ o-.J' o fﬂ‘dl 18 f&;?‘mnp h:‘non

R BTRE ik AP 17 A AR *ﬂ‘ﬂ'*ﬂ"“‘w“ n go'Rr ﬂ'ﬂanafsg e
=t 91 By 1; ~=A 95616 ¢ - Aa: mumller@waducdavzsedu) [{fJ‘ 111{,‘ .‘a,a/ ,‘1\8 "f\ ¥ 3 Y P ._[ a, varla? -}

N|

4‘1 “oh S“r ® s "fnn.' of iy R g 1Y of
g966 & £ oapYg - “l sttkl%me@mathema“glk ufm ulm de)ﬁﬁﬂn gq“. e\ 3 ns ,[1 Of d‘ ll!.lu lm. ) ld‘hgamahﬁ so f‘i ' " ava aq‘\
Ass, mn_EIhﬁss,r LK h:\ ' o Vg pss .l’m" " g?‘,q SotfiMne Pﬂa davaaﬂa s 3 fﬁ‘\“\ j g'a“ﬁ a {1‘ a*a .‘)
e, i85 80523 ¢ - A fyao@statcolosmte edu') ',l}@
el g ssee h _dfe o i z’bj" "nl suf'ﬂﬂn o“”‘?“
,r{ﬁ e .j.“ % mks Ry 5$ a 'jlaﬂks A g 0 g a3k 3T f,r',ﬁ‘\ A % MS / arShisly ssealer
‘i‘ﬂ-'sl]gg& A{ %] ’rg amgl‘t} vﬁ‘“. g"P‘"s *® vh lg ; ‘a“rstlsi" 33..3‘
oh ’F‘“]\ ‘k{ath@’ 1”15\ ”1 «Jw 12 N'fn" o) ﬂ:‘q‘ nﬁ'fn &mn S P aﬁ,_,‘. . ,,5 a i .&
@503544482ﬂ,§5050 537. o. 97 _Bsaaney



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

1008 JUra_ 4 eAjeq Sid g aA ¢ A, " Sede, e 2006
o ]
h’l) -
o
> O
2
Q
g 7
[
Iy
T S
L
T
8 o
T
5
?;') o
Lf|> -
o
h’l) -
- T T T T T T T T T T T T T T T T T T T
0 500 1000 1500 0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
Time
F, Yet. Daa:-E-tSiadayg7e ,E p ,F (-1 ), Se er St a e Eat Uye (atit _ - eeed ke i g -1

oxe), a Gl rir, EE_(dfi(- g -1 0e) - e

R pe ‘\sm o w0 n's- ;f‘?lfa' nqn- J‘ ap
X 'ii;’tbs“‘ g ‘F?‘Ilﬁ 1i;‘ns‘,n "ng m.ﬂs.uga'i ”é\f” “\fl
-f‘[ﬂ fa'fﬂs < 71‘3?"‘ ne Pnal \rf;u‘an:‘ 'Pﬁ:‘ S;\S
| L¥esias, ”‘ *‘SV'““&M owf A% g0 P b

[ﬂmﬂ. ne’ ’ﬂ §.[ {lﬂﬂ‘
N I I LLE)) g lg s
Pﬂ ﬁ“ - J*tf,ntﬁsbn .uhg'. ﬂ%ald’a
'1“'\ gk a ‘d_

“ aﬂj f‘i var

,n o} A "afan:‘ vpﬁ:‘ s, 3 ses B g
'ncf'}‘ln‘jf {pgmnp 'Pﬁf‘ss,"ssl‘on ﬁ}
‘s

ql e r[]a Varaﬂ‘\ 'Pﬁe\ S;\S A‘g“\ [‘a‘\ s ..jl‘fme\ (Y = d
v \f:)'vif- noi‘ e“' w0 n's i\“ ph ﬂﬂm N
’ fa,
i}‘ da

‘) aﬂa ;f Af 2:]._1‘
Jee "0l - 'Pﬁ“’ﬂj 4 o o0
&) 10-"11 tf-ﬂ]m- na A, “ 311“ gnl ne'gn ;a‘ 3
s ac«lﬁé onf :!sof'bols“fﬁamnp ’m"‘ f‘s
L gof anl ‘J ') béns ‘SOO- s.

- i."“‘m'gnlm- hrlls&f?f o, vbﬂ\‘n-'lnv ns AT oL
Jf P oy ii‘h% L@“\ R

f
|f1‘1omn ‘ 'p[{l‘_,,f’al 7Y 'D[l

Cteat Uabe Y

(1) 'H
- @f‘ ﬂ. S ﬂ 1%6\

‘e-teat Ydke  Ft-_  r el 025 ¢ . r,.

Mg o -Ane! n2 "”f"n:‘ Pos! 53\ s 33.”@.‘
MR o ' a%s. ! avm"\ fg
'Pﬁa‘sse‘ aso{rﬁa:“aﬂv,n4§‘;\‘o FROE
Qf“ESI gson A oonsigﬁ‘m‘o PUNE s(TJ' m‘)

“pn 3,

Pna VAL A ¢

oV, + A B 5- fol vonst'e o pet j‘v'&f‘ no‘#gna

varaﬂ vpﬁ“ss‘“s A 4 son ™ ¥ po “\ ' a‘F\ A Iﬂ.m_

Y pns ﬂﬂ;‘ gﬂw‘f']“s( k2, 8 “(1 "5001[1%‘ Fadl o n
Ak 3 Eoh

v “a“\ a'R fm“\
ad
'PB:‘ ss.

I fl“ ,nﬂl Va[lﬂn

‘fan,ﬂs .f 'T‘ ﬂ.. ’ﬂﬂ Vafaﬂ*\ ”a\ SS ‘\ l‘ |¢\
ﬁfﬁ d;‘j N¢ j; 'Phs A 211.1‘}"6 ‘eifa@
mn p 7[‘3} ﬁ.. S 33[ f,h £ ‘\ ." n 5 0,0 W

2 gon ,m“ws a&
.mo'a' pns g AN 3.‘&,
it

?»Uks .'aqs ag\ v“\ y
A{L‘nl'an.h,A\ "ssl 'ans o
‘E 0 .ApAPPn.h ,?‘naﬁos” L ¢4

o i's A '1‘5"43 pA n,h,

2. DECOMPOSIN®#la NC IONAL DA A

o

'l'ontf a0 e ons PR 'h o‘;ls VR o4 i By :\Uo 'Ds‘“ Xy o 23 oo'l' 'Pﬁd‘ss
o Vﬂfl ’n 'ff e ,na “am_(‘gsrg a r.n aﬂ“ Sf,l‘a 3 A ﬁ d.ﬂ 2 _., ns K aﬂd d ﬂ.f
1986).y ALY / t‘k.ﬂ | c.n:‘vf % pﬂ N ?‘ﬂ x£o- hﬂ.;‘ 3 e‘ ‘g*\fa.“\ ;5 ..%lﬂb
(1950) Y % (1958), " g, a‘k Y vﬂ‘as 953.“ da.‘w T vaifnd pﬁu‘\ss ﬂﬂdaﬂdl‘} v"pnjn VI fe 3 e M
e Pﬂa c‘a'“ﬂa Yog g n 19913011‘5 g ! 4" ”J Lo ol s of PR A 09 "’U”n o 53 ﬂ“

p 1992; 7 a gad ‘ﬂdg L "n 2b05,7"“s, ?’s-"\‘l,and il‘d‘l'ﬁl"gl"h voli s M gp ‘s-&‘}san:‘ Fane-
& &rzool,q LA 5003). ™

-Vh tfb .0, WS- hfﬂ o 2R [1.k ',f‘ ara thar j- Tf\ ara % gﬁ‘\ 1‘&"\ 25 |“?f£ ';\ gl‘a[i“ 'Pﬁ“‘ss S
I}I“sflm-,n?‘ "man"; csss;vﬁ“'\‘fﬁ‘dp a 2. -’M'ﬁlosa” vq ) o'elys Si.
PR o I ]lwamj\ Lt o Faf0et ons g iftlval- i=1,. o rﬁ ‘1\1 X,jlﬂl‘k Aava aq on



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

M e, Stajy e £, a:Flei ra xdeePee ¢

r
(3 . . 0

0.05F q

0.041

0.03

0.02

0.01

-0.01
-0.02f ! I~ \ 7 B
\ I v
o \ [
-0.03} - \ i
) I
\ /
-0.04f S~
_45 . . L . . . . .
0 500 1000 1500 2000 0 500 1000 1500 2000
Time Time
35 T T T 0.4 T T

-0.3 4
-0.5 L L L —0.4 L L L
0 10 20 30 40 0 10 20 30 40
Time in Days Time in Days
F,Ue2 C yprert “FUYpi,ra ,a2,dee Pee &  -te

Eat Yxe ar E p ,r Daa(ad () ¥t eE -La,l' Daa
) X,() (X 6) Sy .t elpde teqex Yolfr -te
Ugt,ra adgepee () -eat Yde x,ep ,r _,da(a)

rye -Gf Lda4). ()Sy. bt etpde  he -1( ) e-
_t,,(---- b (----)e et r 1) -t eeat Ude
raep r A3 ge Urir - 628%, 23.6%, & ,7.8%_ i -
ta axad, F () Sy .t etyde “te -t ( ) @ .Fy(----)
kol () £ (e el r W) ioe -af
S+ 2e. Urif 483%,210%,116%,2" 6.7% . ua 2, r
,.neU:,:, 025 @. (YA ) Ty, _,7 &) Al ().
2%k glafi\nse‘ (de slm”'b{l-stljon-’f‘ » “pT=

1 a, azl aﬂda‘[‘iaﬁ “..SD

X,'jZS,‘(l,’j)-{-R,’j, i=1,...,n,j=1,...,m. (1)

ﬁ R aF add'{"‘ [1.5‘,9 h-:l‘a’szaﬂdR’k a {1‘) iﬂ‘;lﬂ‘
l;él

f,r

ER,-j =0,  VagRy)=0g; <oo.

1009
Wk R e 5 Ry My '1‘32"“5!5""[ J ay
P e s
“n‘{llu‘us, ﬁﬁ‘k raﬁ\* f! p‘ 3{1. S;%Su“‘ O‘B

o, W' NVAT % aj,a 3.' ak.s s d 953. ns
flm:\n:‘dp‘gfaoF “‘93!”“5 s 2 gof +R 8o r

‘bfo og‘“’a'Pnsm ”5 on“”ulfps 5‘» o b 3*4,95
.ﬁw ss %A vaPn 011 1 (a2.5).
Flou spA on-'M 1o g sz



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

1010

M gs oot Mo SRt dghy i\ Equath TRe’E ok &“ @ 4
Als e
voV(Zij, Zix) = v V(Vi(tij), Vi(tir))

=Gv(, tik),  J#k )

D eds) LR ..\araﬂ.‘\ R0\, Gy g5 ool Jem Dyt ah 4
f.lm ‘he‘m'P{fa ‘.\araﬂ}\s. Z;j. ‘k‘l 'T\ dz‘l}%na
N gte D d ‘b‘qﬁs‘“ o 3 sen'? {13';\ W,H\
no} “ “‘tf"’lplﬂn:‘ of. Rsa it o s- A i g;1 oll‘oo"a“‘m

aﬁs,l‘af« nigh 8 gmn g Vil A L (1998) 2 g
"in s g(2005) , ﬂg My a[ldGV ¥ ava aq‘\“
ﬂul e ’ns LV I Bﬂ{f\ PR .ﬂfd ,pg“\ i
”ﬂd f«rmaﬂ 1991).

% 7 X" "‘sof RV aggh g ara gt et A%l*
ar‘S\ a‘ﬁ\ 2 4..[1&"“ \ *A”'Hlm‘ AN ot % o0 e s
Imls sonT (Pkanalle, =1,2,..
s, 00" M et gng, A ¢t ! 3 H‘n:‘ NP gPiss

)\k<oo21’1¢]kak<00‘ﬂ ;‘ 1'ne's @ mn‘. \’2[_

3 s & VIREE) = 03 g varg) =P g8V, ’hE@) 0
"ﬂd"a‘(Zk)—Pk, Vhi 2 of s o vamqsa 23
%ﬂﬁ ge‘"{lg"ﬂ s OO’J"M pns lis “ngHvenT, o
¥ ns- J

., " Meens £g o’
\: Y

SO =us() + D _&m() Mg

k=1

- (10)
V(D) = pv() + ) L)
k=1

'os,;.\ff"np varaE"\S Wl,”nail,,z—l n, j=1,
1, /lef) in‘}n-' a2 qnBrR & ﬁs "nao"n "“
o/f‘ LM @ ""f“‘t‘i‘s PRy 'M%(Wy) = "”‘(WD = 2
2ﬂdP(5,/>0 —P(S <0) @‘“ -V g g Xl/ "hatsa'ff

PN s W 4&,5\ f%ama& n &0 b
Xij = Si(ty) + 5 g (€) ipV-(rl-,-)+ w5 an

ﬂ&.ntlh 'me‘b’&f‘sofsandvﬂndd‘ ]1%‘77/ 3[1\7
$m:s«%wda“ﬂfm% n'fﬁ
’f‘u‘as 2‘0‘16““& tl‘oospl@ LA 1h';‘ Y of IH
)\k”ﬂdpkoeboaﬂaspgblnj 0 @ Va}”#‘nsik%alk

3. ES IMA ION OF MODEL COMPONEN S

Al of A ¥ K v
w ‘hw‘\‘ kna o0 ﬂ‘\\ %52:.“2;5\ d{l ;T‘ vﬁa";:‘s,n
”"“ﬁ‘k'a’ﬁ \g,‘l\“ul'f‘oas*\lasb@?msmi
. AS- ,r‘k..ﬁ A 20 o, f\s Vl. Py ﬂ”m
gna vamﬂ. Pos ss, ?'u&f.ul Yo (7),- vh ‘5 is.t;a dl

~seelis Lol V, gs‘n £ ) As 1'95 ﬁns:l‘o W e

*w - (2003), 70§ o s.ﬂﬂfmﬂmx B g0 % A
s Ims, s ' 'i”'{ngV(fz]) ' Zij 2 gHy an.l k b"‘ ' a s M
A Wk Ane'M-Leo 'Drf‘n- o IR o ll oe.\ ;o NS

jis—”‘n gt vagqw; —0
Aw *‘:mlv,y damX a% .%‘\ [(4131 a‘kwg‘ [ g 308
Jd(t,],z—l n]—l Som, VR ’f‘g“tj\":!x
M gj gth “ws‘s o p§ ”n_d’:l'a'(l) ) prm -.‘n
d%u o 1“9 Rt S&"ﬂ e 20 o B s B A V).
Al l!§ a aﬁ. aﬂ‘\ 173, 5oL ‘\b d b‘qa.“wa

J RER
(2005) (;\‘? ?lio %y a3 ™ ‘ﬁ*\ 1998). g,%" | on;”

fnmf‘ fj ra o

JUra 4 eA,ee Sid igaA ¢ ,a, " Sede, & 2006

h e {f\ R Ferfitoh fj"a son i /a’mn A TR
Aﬁ“ Ld; A

{0 A Mgt ¢ "‘ 'Bfo o pgd‘ o ¥t on o 2 aﬂ.ﬂllm.' s
el‘;-“ W “‘ 'm.b ' 5.3"\ -LRe's (tlj! 1]) J=1...,m,
N 'pl ‘F\ f\a.hfm"\ o Sip Y o ap" hre aval_
2‘\

ALg“"l'o.soaﬂ“blsf‘ .rftf'l’ ftbs‘“ "a.rrf
.'h glfg g\ P;lnjs ..‘"l‘{ll

o s s u" "3 ar
s ...,l'{h £ u[ tat \‘4‘ _{l}a ]f{zkn_
bs, rf‘e\"s}l‘:ﬁ@ Vo3 “‘a‘l{‘ nol*sA ”ﬂd
dtﬁna Fe bsl. cfoss-"a .ﬁpn,
AP ‘hv nall}li 5‘.‘"“/'1‘ } “J &‘ .“&S’ [S A 'P’q
Jons A g Ve @ b”s“ 'l‘a’ lmal "}“l. Mo s.{ngc»ﬁss
s oowA:pA of S8/ ”svbo ds-loss-VA @ on oL A{lk'
"Iq‘l .= X ®os nf&fsmoo-’l"ﬂo-"‘s;‘ss‘v 355'{',{1"&-5"}
s Si(15) 4 s“*‘ WD) g #rA T 298 00 2mme > A
3‘ ln§ e X Es oo'}'m“‘ o Si(t;j). Acctf.ﬁl g, X ap
'Pﬁ e "h“ gy 0R *Ks lasle_Xl[ S(ll/)'oo B3an
I
oti‘ 'mns&fa‘ d‘\fs ' ls

s, oo

Zj= 1012(R4/) = 08X Sit)”,
i=1,...,n,j=1,....,m. (12)
I“Ra“ma&"‘ ARG YIRE A T ARk etk
s R of tinferh gy PHZ,,J—I =1 m,

E’I}“ T‘ n%-lg;-ﬁf l?‘)&sjvlso“f‘:,k‘ ?‘%f'l‘
qu%p d.'. ',h 3‘ ‘]a'a a‘k Ebf.m. s
o B\ -H

FRLY IR o
gﬂ“ varl

1 ,Gﬁn 7& sa %

a8 Zl,,‘\‘ m A 'ne' o0 uv ('s b

ﬂ*‘ /“(f *‘%"sl’ﬁ‘ss oo’f‘f’ 'fl‘tf‘na dNby

‘ ) "h 2,58 & aso% o’of alo 8 “”1' ns;

';\"‘ R a A2 pA'P'i‘n.h A tﬁﬂlwd' by

o3\ n X "Ja'ﬁs‘ cfoss-"al P )

2‘23-’ B v&m'.‘ o"afan:‘ sujg‘:‘ GV ‘se“‘ (5)‘
b4 qu A{I‘ ‘1{11‘ ns,pn? s oow Ag (A 3)‘

I i gl.,a %K‘ h "s-'sn a o' 'Pﬂf |

..\aflﬂn. 8 aﬂ‘” Sp‘g tﬂﬂ‘]/ ‘1‘1‘ ZV i Af‘l‘xp “xl

c”l’,ns i;hl‘ose‘n o4 o%ss-”‘ da'f VA m By 1"'

vamﬂ. Wiy i ..vamﬂ. S.fa‘\ 0 B4
oon&'f % t{e‘ LR % of 0.8\ .1Vt Pﬂs (fszy)

t,ﬂét,], Tvms . .Pffﬂ \amﬂ:\s.ga \ garth

L gﬂal ol giiah By boah oD T ven-

%a Jla d tlw,h Se ala lgrlalfaﬂ:\ ow,g‘\“\ (2)
3,;-| . a% d ..V&fﬂm 9 fﬁ:\ L \ A no-’xpn,
e 8 ‘\‘ a» .1"‘ gnﬂ ne' gns A a“‘ n‘at'r‘ s Vs 8
_.ﬂo"ﬂ /’4' nan.ml S.rpa 2 GrsR s,;\e‘ 4).
R A vt ind Al = o3 @) Thy o
s A orf‘ “dp,) ns e s ee rRa 8 'P"onAg h
Uen o . c."af?‘ﬂ:‘ 'y ":\ s 4 & l’ﬁﬂ.l d',l' bQW
o sh ,ﬁ v',n %n “n ¢- Hoe U"p iug

AFUNE S E A (A7) A&g, £ o da*ﬂ-”.f‘*l”‘
dn ' o0 tﬂﬂ.( ‘11‘5 boy A wl‘o{n B eloss-
Vﬂﬂ.‘aAP

5.‘3-1’ {1‘1"1 ﬁ:‘—‘s«r st ;“(8)\ 4 ”“‘[
”ldr T on s o A-5)

%f Iso oV :!s Y gt g B of SR " %f
f‘ ﬂ]ﬂﬁ- ;ﬂﬂ 'Prpd ltpal .0 4’[{\[}3 M ﬂa\j d 'e am
a‘i Posi ss's V.1 S{pgﬁ 8 e -utefi c’bss-‘?uﬁ'pn,



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

M e, Stajy e £, a:Flei ra xdeePee ¢

r

1011

.

I
|

F, Ue3 O e e, Ue = (RQ(L))( eh) ¥ Etde, -pot e ‘Fet ra a2 dgeP.ee e , (1) ee(13) (- je)
E-IEp ,f'(¢1t ), Se erEat YFe (att , - ceed -t e ﬁ.n,-tpa"e/‘a’ -l r/r f'lztel’l( n,,,-tpa"e)
<o -teat Uze U ‘e-teadt Use  Fi-. Fie -p. ‘eat Ude X epn ,F, afF Yel felrp, 025 . r,.

Wy

N (a.6). A[“ q]a'ﬁ e‘e‘vtfs PRVENE TN WY S SR E VA ga 20 o VAR i ¢V g R, b, A ao
11 %2

Fol atgy 2 o a"\ roar rim Yt a
s g W s s pt o0 - Q%
206‘%) wgb‘m.é T '
vﬂ'.onsysoﬁ‘ ' ’ﬁ‘d N Alneren by et s

‘a Y B A Eova D i s D gned
e a"'ne’ pns % v f s U n 4Pk Am’—l _dnes
VAL i Ovzv,an.f‘s- A svets Gi- Aurf.uh o (7).
2f1| ‘Dfoam pA o. ﬁn‘n-sg Sfl D’ ﬂ‘
vpﬁcl‘ss ’m“‘ 0-'

-

M
Vi) = v (D) + ) Gl ().

k=1

¥ )'{almﬁ‘ sof g .s-’km/a“'d:'»‘r"ﬁ“ o-fr‘f‘l Y o Afg]»'“ 3.

13)

4. AS MP O ICils L S

Yo jﬁl"ﬁ ne ?“a 25 Im"" A RN o »0 o's

f ?h H X *ns o0 (13) . n .1\’ & 2 e\ 'h’la“ ’mj\ q-gf\s .f
’f‘ "net 7 VALne! Weslss, '1"\5 PPN PN
§of by atert A bo W

ek 21 3y qﬂdrh 0 B -f rmﬂs,r 3 ﬂs ’21’ ZlJ
;ﬁ 1204k 2% B oe pSava aq\ EARD
&g‘a AR Ra .“’%..mh, . ”,J,,m u}\

arf o l.W AR Le
) v'tf‘s S g™ (A D p
bs 4

tf‘ni d's bs- tf&moo-'l'pg'm-
A'PPA"I‘ B g 'l's‘“ “n:\
$ 0’8 bﬂn{ dl‘s,sz,' ,l‘a‘k wl'os“nhs}‘ 'PMS‘ Yo

n 30"“” 20 ef gl ¥ o

aMy M ad o o ¢V N, Ds, ”u&f Ag. gy’
: H(Am,“mhaua c:m‘-\ B nd by R (A
g“ "sst ‘E’HS % lj- A{1 AEP'PH 41 f_laﬂd Jdl‘s by,
hv,/ﬂn.leV Mg ap'ﬁs oo’J'p‘g“'B o Hy p (A.2),
GV(S f)‘gl(A3) an.le(f) p(A7) qaA g A RS
2 i Jbz‘ss 'Ppns(Az?’) & 2.5).
é’o U"p'h Fo 0 pA oonsﬁno 'Pﬁ"i""“s Fort R -
me\....l‘\\s ,~3E m .,~ “ﬂ)f.‘F 3\:;%‘1]5 ‘\\njs 71‘3.'
Tl NPT SN AJEQ>%¥<>ﬁ
Al A{lAﬁﬂ’h 2’ aﬂ.“ Y‘ 'Pﬁ. SIIH.‘E 'Pﬁvuj JA{IA
.'h/'"

Theorem 1. o3 -een &l ons (A 1), (A 2), (
N 1‘0 T Fols ooa‘ ] v'tf‘ s Si(n)

B('esi) 5(0))=0(5+

teT

.‘l 1), and( 2.1),

1
A

(14)



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

1012

A py () of LA N apfge on Ky (D), g R Gy(s,r)ef
0 VLA d e o0 Gy(s, 1), f‘s- 21"‘s Pr A g Wi (1) o
A gn"”ﬁs Pk “nf‘ 'gnl e pns WirIA D ve it AT
.w@dagquSWHQQpAﬁn A%whf
?‘«- »f e ,n“ VALIhe) Plos! g3+ ons;- n- s— Y on
vf\*\ v, 'Dﬁ“ va da'i\s.,”rnma, ag¥ / 0
.M 9n,uns “m' PN g1 UW S (a J?}of no;e‘
varaﬂ;\ GW M (2) 3 e a{{\ ¢

Theorem 2. ‘:l f..n | & pns Al a8 M J( L.1) (,2.2),
o 1'0 tf'h“‘ g o;&l 0. 0 s e &‘ ﬂum-*?nral

varaﬂ‘\ Po0) ss- 5!
o' euy() ()
teT

1 1
\mbs \nbv

o' ® Gy(s,1)  Gy(s,1)
s,teT

1 1
:0 b2+T+ — ),
P(S \mbs \nh%/

2 2
Ow Ow

(15)

N 1 L
PSS mbs T and T (mbgy )

" ”Qﬂli'?;d {pg\ gﬂvati‘s pk. v "Aqull 1, Wi e ‘b o;l‘.*\

su”T«P W) W 5o, o 5o (16)
te

VR ohg o sont-T¥nd of M

]ma';\ .]e\ gnv?:L‘\s pk
"na"‘ gnﬁ ne' pns lle o b oﬂ"{l FEIR S «BeT k(1)
wr (o) —0p(ank+a Q) Mnd Pr P —Op(unk+a ), R

Ok g0l A5 § TR .1.{1—(‘1) NA LGS
pns( 1)"11.1( 2).
Ane’/ fonf}%s]'%":\iuns APTRE fol pay i’ “
Nt Ah o) ..7,1“\ ,5‘\‘\ (13) oi"ne, pn? VALine vm*\
f\fI;V,,sl .,l‘?‘s' mnpﬁrgﬁﬂ3 ﬂge“]@u@'
"‘ ’ai J'iugd‘ sons 1;5‘ Mg L g (A 53‘ o nd;

,,Is{]gj rhAl

11

Vad s Cik folfm- ,n" "af}?‘no vpﬁq\‘ss‘\\ 5 V- 1‘ gt
oV 'PO ¥ s-' I'].af,ﬂ_ &f’f‘ vpﬁvps ;\ Y ?ﬁ\s.
Apiva”'gﬁ s o 'ﬂ*rﬂﬂ‘“f%ﬁ podsd s

Theorem 3. n.\ fc.n .1;[13 1) (W8 M d( 1.1) (,2.2),
AI l‘. f[ +h e\ r]ma s 0 Flﬁ— .f ﬁ ne Pnﬁ V"’&ﬂﬂc

'Pﬁa‘ss‘\‘s Vb

oo G & Bo, (17)
1 k M

VR Fer N o Href ue wd ats X 'F‘nspn (13), M =
M(n) — oo, % n — o0. |»,T!I, f ah ’mj\rg-
f\ Vi(t) o PR A ' #n VAL 'Pﬁ‘\‘ o V, 1,1‘. tharfer
1 i n,
SRV Vi) 0. (18)
teT

3.,1105‘ sharferth yqnth ¥ g (16), A sen ¢f pns

JYra,

t eApee X Sid ig aA ¢ A4, " Sede,, e 2006



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

M e, Stajy e £, a:Flei ra xdeePee ¢

r
(3 ()

40t

ot

301

at +0

PC2 of S(t)
n
o
.
PC2 of V(t)
n
o
o

=)
T
o
T

|
)

o
o

1
i

T

+

6} 1 o5

-5 0 5 10 -50 0 50 100
PC1 of Si(l) PC1 of Vi(t)

F, Ue4. Repe erid, r_t eF 1 _ E i, de, FUr' i, rapP-p-
e,0aC ppret g, e, PC2 e u PC1, O tafe, -t & Sy ¢
P¢eeS(a)z“,, teF%t,,f’a ara‘aePgee L)
Eat Yade a,E p ,r Daa(+ eat “d’c ., 8 p ‘f’ * “f'
Ve, r’e/o"t)

“fm(xlj S(t,])) §02'n‘1-":]|1 WﬂiﬁdOOU.*ﬁg.a‘sd
lsR Do '”k{l lolg
}V"\ By Forrh fmj\,,f\svf .| s""‘ a2she ™

g“‘ Pf&a?f i rg‘ 3-Y §\‘\f Ry PR
Jo'tf‘sot s®n 4-'. “;FL ‘41 m.f AR .n,hlna varam@
'Pﬁf‘sg ?‘ﬂ&,"ﬂ'altiﬁ‘\ ” o.a varat fr,h .]ava
L ’Fﬁ% w““svlbn.gug 3 so% i T and arll
g1 varaﬂ.“\ 'Pﬁ“‘ss 'm“‘o- f " . V“\ ﬂq\ Sol
.’f\*\ aph U?‘ﬁ\s Wh i ag ' af‘g h ag\‘ 'nh‘\ o2 @01

Fre k=120, s a3 o7 N st
Ve ‘sct‘\‘s " (8)‘ o 'Pﬁe‘sse‘s V, #30 ‘qu ‘f
b 4(@ JHV ‘\ar‘\ #0509 B, R vW'

A8 U .,L‘ks.pﬂﬂhg y a‘is.ﬁf\ HISHW ‘3.,“55
o 2 e“ LA gt o, Fln—“ b‘] 3 Pﬁ“ss“ (4 n ¢

ﬁklnﬂﬂ 19§1 L\ A ph ‘!" gqa.\ra 2003)
¥ e, T &;ﬁ i
5.’*55.52*\ &“f‘ va n:‘ Pos! <5\ s Vz ol &‘5
”l‘{lg"b"ﬂ }‘; .53 ‘,.,r Posisst s S~V Ryeh ard o
M?ﬁ s Hhar g see-'s @ 5"3?‘ o ot ne P“ﬂi VAL 3 )
'Pﬁe‘si“stf‘g"”‘a'o” Ry s

"“a’d‘i“oonaﬁ@ﬂ;% o0

5 4(a), pno i’ g g b os pns f‘ api
.aﬁws,‘p "‘l‘a'ﬂ““ss“‘ss ,h,h*g N wo,  en
1[]5*"4 B 3- o= z‘ﬂa's_s< » ne' un-”‘p lczl'di oL ]3-
pnel arel o SRR R et
N sees (Zzl 12)0 U”ﬁ“ aftﬁl n& Pn"l "a”‘m 'Pﬁ:‘ sg‘s
e‘af' gu;-du / 'q:s nsan.l an.aﬁ\sa‘ i b
dmn';\ irﬁf ggll - aftj\‘\{‘:_.[{\e\

goy%s, M 0"\ Lollel 05"y dgel ‘p”n" "n B8 ¢
AN RS ¢'o 7 su ey lrW pns (o I15‘*‘ ﬁn-s)
MR ag oA ssta‘slrt”h lm},n"l VAL e 'Pﬁ:‘ss;‘ (R

;;ufssdnna pns, M ‘;! ons-”a’)lgg' VgAY “‘ss D 'lf‘
e pn?‘ "aff'n:‘ Podlss. Lt AR

l?bf‘ il 'J;Q Ai"nkne"n oL Ep g4
vqospn MR I TS PR 0,5 ds "n‘l‘ ani‘

d‘% E‘ne‘ -

.7[7]“\ S Vl(t) i‘ .a S“\ 'f‘ 255 I'J.?lmﬂ

1013

en- '/T‘ so&e‘s Uiy k=1,2F g r.tH Ap e (1% "aff‘n:‘ Pod ss

N

fFu 2
don’t m-;n

"a“‘n:‘ %:‘ss‘“s ohacy &‘E- 2‘. ,/W sons j
jl‘§ ana,sfr/lﬂanjyi: n]kno nmé\nj 3 anti\ ;wl' Mag | Im
52 E -Laf Daa

Vo st R Amm g en o Mnerpn VALl wed s s



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

1014 JUra_ 4 eAjeq Sid g aA ¢ A, " Sede, e 2006

80

Si(t)

40

80
|

Si(H)

40
|

Vi)

Vi(t)

Time in Days

F Ue5 O e e,E -Laf ClUt ()a S.n_ ke II‘H Ya -pet-e S -E-tMe, e ‘-t eF 140Da  Ae }teBx;
4 G. e [cze—OPJ—O“tC 'a,,,d‘ -Eg- S[Qt(t ,ot . )d‘ O e ezl,a“e = &‘?2(;1))()2‘ Etmdc

Sp.t Ry ) pdt e y, (19). 1eF“@tﬁta,2,a"¢eP‘¢e keSameE, tMel e ((Mont. )

VAL 2ng) - e g]”sd f..k‘\nlm |;‘ dp;‘m‘}ﬁm“”f and fn n& Pna“\}l ';\lip "n.llm ;‘ " % {lvﬂﬁ&fo s l'l.a'r,n’r
7 a

'g“‘f“ i ne'en? A -Inskpn
?‘ndmilu; "a”‘n 3“'~& . As “( 1‘“}‘ 3 ons-”a“ ,1‘.ug1‘ "”‘1%”'1‘ e‘z‘doeﬁ av(‘« ”‘ti‘ an“‘asql
_7}' ..n:\ N Ld3 fy 23300 aﬁvz‘ rarfjfa R Eval ﬁ 1 'Ag] 'aﬂ‘f'a‘t‘i‘ .Pg“\ 1“5 lql' .3ﬂ ‘b ﬂj\ g af’l x’
" n'} &% gpicef ve vﬁ‘ f|]m- o, A{"f Iy 1.;1‘51‘ Yo a’; J""”"‘ da?ﬁ Wa\ Ao {k& s-A 'ons el 'Pm"
.t“ ﬁ"‘andvﬁn“so B Vs, 40 g, 2 peV “‘ f'.o‘sos 00'1' g m“\?\‘r, Afs?'ngllOm '#11
18 rglJS ot sttt o g . nc@f“mﬂoi‘”‘m— %Sr‘%s “a 5 {k“ &,n&"\ b, Q\

. Pna]; varan:\ 'Pﬁ“‘ss‘\‘ a‘}y R 111‘?"‘ & i fh;\ A A g "y fef Fdll:'ylﬂl'bn n-’s‘.l; *‘m\.od‘ elgr;m 3, &r

Y -s;n,n, s, h ,h..n{% {‘l&[ a',n”bu”ﬁ‘lnﬁfl dl ’ s oo’ Pos'ss's S A ﬂﬁa_“

g'ﬁ f‘h, e ap N o1 arﬁ‘ b4
(£ ara gt ‘}y ta f}gﬁ, ¥ of AN N ,5 oo’ f B _dse, 4 RUNN & & oL
;Pgad: f’r‘\ ag R .l;‘\n;gl ‘l.nl J ’amgx f\ ;2:6 .Si‘a§ LR HOF- Ay Sj) Ag o . X s #{% 'ga‘ s ?ﬂl
. & 1 ‘Hl ;‘ Lt AN, S r 20 v’t]n'k eIt \s .’r‘ +h n" rar-
?‘J\ffd ﬁ:' seeT I‘a‘ a'% ‘1‘0[1019 El:V .4 5;{1 ’r’
a }.ons o nf‘ a’t‘:r- aﬂ:\ Foilss ’2 Wa;‘Pn .;‘j e 6 "( ’l:?
ﬁm‘ p0? VAL 2y & O a8 ama.,l‘*\ ayte 2k 'Pi“ % mg e ”Qﬂ 'ﬁgﬂ:\ So‘tfsv'v ?sgno-f Pﬂ ;
‘\rav f*\ lgq a“\f\ EART FUS PR "h“"'h'*‘s' oyt R oay s
YA A R P S s S SR g 4 b gen R i %5 s
14t o 3o oS salls M gpiBle SR s oo’ Ane'M Migly H‘ll-neE -p\ Ak g shl j(‘« odine’ #?r

pg‘\ S,/ l‘)‘l‘ﬂs“m‘\ R 11 o1 g 12T ofiEe = 2 i ara IR
Mg Sj‘ R0 am B Fqr ‘}r’a&qr}p‘w I\. n1 SPoad med g i g F gt VAL nd 'Pﬁe‘sg‘ p-nse f’faﬂﬂ

lAll ?‘“ﬁ'”s‘a'nsA'Dss R &f'Pmt-”"‘ Ans '
P AL AR PR e s s Tl ¥ n‘i“,za eyl SAA
o "‘z“n '5"}‘ ‘*\2“3155“ N peip St gl ”-mg'f‘s Pagen ? R “nl 38
i udl LR Sells Siple o mﬂp N 5&7 s* tf"afam Pos sg‘.s e 0
.ohjkl jh%‘n‘\ﬂ M et *,1‘21'.. o ‘}p“fa an?‘ls§o n varaﬂ‘\ 'Pﬁa‘ss“s A F\ ‘r Ay e %1 "\ {1%3
e\ li\[13 d.c.ﬁ fhl‘f .3§\ - ,h *\..ndfm‘\..’f .l‘amo- a\fall‘? t"'ﬂ“ Pﬂﬂ Wi % thr .

A > ay % 1 lf
‘\ 11 A{l‘g."h 21'2 3 Vi, c&ﬁ'g«bﬂ ‘Hl‘g’. ?T‘ b a ‘d‘r,n .f‘ r,h _d!hfﬂﬂ g Ihl’[‘ﬂ SlA'Dﬂ;‘ ﬁe‘ s;‘ I [10- 1{[114‘5 g
.smolo-'l‘ﬂ ¢ pn" "’if”n:‘ Pos! ss.° f‘]‘\‘ 'fa‘\‘ '&f‘; s Oaﬂ *ﬂ) spn l s ALY “Iso sfavallapy vﬁ‘f 3 dl Y ““\Pﬂa
A ‘S.'is.f ',hf ne Pnginvafﬂﬂ:\\ 'P‘.*‘ Sajl s\ fl f “a e‘hia ﬁ\. n ana.‘§7 7‘1‘ g;l,ﬂ {lﬂ.n'plfa Af'q}ld

- m™ T 1 s



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

M e, Stajy e £, a:Flei ra xdeePee ¢

r

*\ pm 3. frf % g‘ss o0 e na "”ff‘n:‘ 'Pﬁe‘ ss“ maY
LRy 9052‘{1‘{1 ot A 1) n 00t g2 "kalm
él‘;.ns“ ‘,;‘ gc.ﬂ ‘;\ﬂo &A ,ﬂs -"'ﬂa, 'A' z Il - ,, f €\
'var
m _plnv,ns“lma‘bmqum-,n o:!‘ ﬂn

Podssis AT g af
M”ﬁaﬂx Lk o8y AR Ly i’*ﬂi L
', a;ﬁ\r:ﬁ]v,

E 1\ b{hg‘ola' RAN, thape A
APPENDl)’A ES IMA |ON PROGEE RES
S LK1 () 2 ako( s )b nend gvﬁ.ﬂvara?\ nﬂdb\ara'i R‘\ﬁ‘\

k

ﬂntfﬂslg‘a\/ 1rfooa'Y/ | "‘ Halg g oo pA
%10[1 e g nspns'l‘la'sfl 24 935!" 'lJpns 21)%.\(322)
" by = by(n) 4 L ¢hy = hy(n) eb LA tﬁnl dfl‘s Foh s a’{n'ngV
Ap @) 2 4Gy 0 (5) o sh @ 1o g2  RETA % %r'l* L
IR e ﬁs (e 15 Zz/
10«" 1l ArgeaM ipets oo M- SK ana geﬂ) s 1996)Fo.fM 5-
Ahl Mo g -1‘;,3"“ ”"*‘ vlolys Si i=1,. o (15X,
..... ’;l' B .Y .]’J% bS, ’1“5 5” *\ 'h@ Im‘{l‘hl*l l{1

m

tij t
ZK](;)T){XU Bio Bii(t )

J=1

-

Valdgderte Bio "naﬁzl o' S 'ma“s A S(ty) =
B,o(tgv) R b tﬂna. .1: o ATH_ste o o
L 4 R M bsp"ss 'Fpn(AZl) ‘

F;ff‘ E{IAgHV @'P{lg’m,‘\ a %rv}' X ”10! N

** 11{{“ Ms ” {‘ .0 mAPAmuAP

it

S yw(E Nz bome WP wd

i=1j=1
ViR s erie Bo M gB1 e‘ﬂﬂhg Hy (1) = Bo()y Sty 1) =
(z,(tm) lJ-V(tzj]))(Zl(tljz) v p)) M aﬁ AR jouny i st
Fag smoo- HolGy(s,1) B mAﬂAmA1AP ‘
Sy ()
=11 i m Y Y

w Gt LB G0 () @)
YRE FB (s, ), (5,0 1)) = [30 +Buls i)+ Bt 1yj,). MR

Fshere B = (Bos B11,B12), ¥ l-‘U‘ £Gy (s, 1) = PBo(s, ).
= ', Py o {pr, lle}k 1 ve-Fsn ¢-'e 0 sof ' ons Pk

Wl 1 of AN A"g.n‘q- Vgns
f Gy (5. DW(s) ds = Pees), )

Wv,lv&nl'.ﬂ,r a4 senst B pts on Wik 1 ﬂﬂd'ls,m 5 U“
..n&ua{”(f.m‘v ath g qn.‘\ ra 2003) 3 g h_tq .ﬁu“
‘..f

{;F\Agm am a}ﬂ**\ o o ik (8),
Lk :Z(Zij My )W) @it 1),
j=2
i=1,...,nk=1,...,.M. (a.5)
ie‘, (9, ‘w( l)*bvj\‘\ ' a‘kd‘\ﬂnﬂﬂ:\ gﬂlﬂb’ﬂs

AW .V{l g’ﬁ .‘a'afcf'f‘ L’l‘ g 'k{k‘ af glrgd) W ¢ fpss-

lﬂ“a o Al’n‘ C mAPAhIAI

=Mon=>"3{z; v{ 2w}, -6)

i=1j=1
w",l“ﬂ %o-" Jo ";h ﬂl “Df g f jao.mﬁg\ s M, I“l
v ) - n, Do+ g ’wg RO PR

1015

FASTH sond dot
a% vhnAgﬁ 2 (13).
ol 5.5 2 gn o /R H\ ne 3 ] \araﬂ"\ GW’ N tigr tr a
l.‘al " "df’l’f o W0 '&nh‘%nﬂl' oA FlR %na.fGV An g2
.03 l{i‘\afco vlbn n-' o nof +K 3‘%n1 L FANG.
% o r}\ ja{‘l\ q‘F\ b G"([) a dﬂl..'ll lﬁ‘ ar
. .’rh Fou's Y gbn ‘ha %nﬂ vaf“\ s 1GV(t t)+OW & Qy(s).'s {1
n ¢ J,pl‘va AS ’T:L ai, a ;\* T =ay a ﬂn_dT] =% a; +
T4, a 7/4]- b A ’M"Am““

LI TR JOU A

o= fT () Gyl dr )

‘fcw>02ﬂ o =0 ehr¥ fe‘ o ath " ah ‘.”nda[‘“\fﬁ 1o, -
.‘Afl‘ fflj I'V?ls .{e\nugl& T/4 “\ ar by‘h huﬂ J?U"\ %g\ ,pf_

alal
Vol
. "" Ve

e n.upwc faoﬁsls«gﬂ.ﬁ'ﬂ 2003).

APPENDIY B: @& MP IONS AND NO A IONS

E gdieds S 2ﬂ.lV Al Agy'l ) FR h R f con—’fnudus ¥ .1?‘3‘[1‘
'aq‘ n ¢'e LN fo ° {11@%}
(Al)‘vh"l \ X s A sens't C >0 sluoh S r[a"\ t“:‘ls o

Podsd s San.‘Vs.’l';f
AV <C Forv=0,1,2 4y
. L

PV <C.
1

Nea ol by = sz(n) by = by(n), hy = hv(n) n ¢
bQV—va(n) A o tﬁﬂd thf [“ t ilAgSl :““ (A ]) Ky
& A 2). Gy g 3. va(z) Ma 7)‘ 3, e

s ARG ‘bfo o 67 s 1Ay a'f‘ lo @. Q‘ ’a"ns

fPISI” ‘~‘f om M) na-okpfh 1, l'n§ LR 0 om{ug%y i ¥.p0s o0
AR ..',l‘{hgpm Vg
2.1 “‘gﬂfqugﬁ‘ﬂJ dl‘s bSu dhE A X0 2 ve  en §

Mol of E?‘n.l a'l‘sbs ]"]‘a'ftfuons-”‘ﬂs clanacz,
<c<a lezle s ﬂbsz/bs<62<00

(A2.2) m— o0, bg— 0, a1“1mb — 00.

A23) by — 0, bQV—>o nbv—>oo nbjy, — oo
b < 00, ﬂﬂdlhlsl mnb

a24) hv—>0 nh — 00, aﬂdlmy «Dlnh <oo

1/2 1

(Az 5) 1‘1’119 «pln bl\//Zl <IOO, lhls 'Bl bQV

"nanns #n"“hym * <oo.

i ®

<oo

< o,

R S s 1ly}11 1 A VR AR o @ vargng AR
Imﬁ .\mf oons_l aoo& s«Dndo :!nf\ ‘kg‘ar‘} t%ana

1”* PUE ML JORAY 1L LR N AR *‘13\ 3.1. R
RN ;’émﬁgf%s 5 had g e «M g

lllaﬂsl} ,...,m 1, t,j<t,/+1ﬂﬂdf1‘a”ﬁ 5 X Ko ?lskp..jl’
B s F sV g [ O d = U g o erf () > 0 M R -
Tt 7h L WS T a‘"[d{l‘g' y=F (L), "hi Pl

N oS8 & FO) = [7 f(5)dsTA e ms*n* oA ne! "

f"‘:!ns‘\"‘fg]’lfjs nnc"n‘ﬁaf' r‘ka _i,
e’ g"a ,1 f“‘:; stla' pns V’!h
%";!ns %‘mstqj n_den-’ “5\ 'las]ong

oons-mn»s C1 "'naczq Rk 5 of '/f‘“ :‘Sr ‘;!nsl
gﬁ ?ﬁ( |ﬂ1¢f AR ) ..-",l"‘ﬂdga' Fy O<Cl < ﬂlﬂteTfl(t)<
s B ‘Besz(t)<02ﬁ u”‘f r“‘ boref “‘h‘;‘ sN:
2y enth ithy" su“kg s]mlj‘v,’h on:E
lﬁ'& a"\ M pd m—>oosu oh'l‘ﬂ'fmfs“d'a"‘ oons-"‘n-s 1 1"(1 42,
0<Cl<pqu’<3l A0 <y <oo; “raﬂalw ou'$\ s on R e
NS N g 10 X SR e Vg oW Te Vi W 2y
NOE TEwe IR P o 5 5



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

1016
-Ch u Y thar f - Xt R
gy fpns 'ﬂ" thrter = ATy b 1 =2,
Im ™2 sm m L J

..,mb, :1’ 4y

W3) n=0@m 1), 3% nm— oco.

Ase N kR Fgtoh ;oh‘;‘.n‘ o th Xij 2 4 Z;j VI 1&

.b“.nsl {gf 'all teT,rM & lml

) s"'«l,E X‘.}] <oo M ¢s" BE Zf;} < 0.

0\ ALg Mgk pd b g @ "srf“‘j Jtrd‘
1' Wi .aﬂw,ﬂ“l,f A % ‘..“mﬂvaﬂdd b-7 (1989).
'ITH‘ N odiver (7@ (1) = 11 gter, g e H g d et
A Hpnd A dogpd Xk oA rI Do @k e
Yok en H 0 F=0y(H)\ ,“< Vakeh o rmwaw—

LTI TS) = YTy, Tauy P g mrm r 22 <T T g, MR
T1,T,T€F, 7‘%& sh u.j‘p* of T, oy gluj:j 30 vo A3
rf’)‘onrf A | 878 H.‘T oo"ﬂlﬂns P Wy fGV 3 r}{‘ FNQ)

aﬂdv*\ U d“ s-\mdmm,cv‘;ﬁ 57, %, 3
l“w‘\ (Ahé) ak fll‘mn S.J' g.?pm* %;‘\*I u 0 = pi)
aﬂd T={i:I; =1}, "R% I, 0. IR WA n's
“"P ZkIUJk@lleanaP Zkz k®lle  neh
’l‘ ”ﬂf‘ 'lna% jr“k%n” Pﬁj‘ﬁ,nofp‘g s Higth b
s'F‘:‘ st‘mi§ JD’ Wy kelZ; ﬂn,mpk keI]}q ol 11 ”“m

1
14 [ .. .

aﬂd‘\'Aév—lze(Zz /—6‘/} YRS C S @i e SRS

.f'.lmq{ ;u bg-¥ "“soﬁn-sofGV"ﬂ.lea“‘ ‘;\no“ab
Rvand 3 Rv@=(Gy z) lan.aRV(Z)—(GV ay .
i r

AajV:!‘uH Ry (2) F:zeAéy} (3.2)
an = M(n) 3[10 A" bs o ve WAl as, tr““‘s@na £

j‘a‘ 'gnl ne ,ns ha’ % H.\ _ile o ma“\ V(), 'l‘a*
V(z> =y () + S 1z1mwm(r> 3 (13). Mugh B M o =
g 1) R oTpnes ot Arogn Tt gn n() VgH e
a7, ’aw"lm s Im At ons Ky An ¢ { % A nvmns lle
% < ._.,,-',l‘,a' 3¢ Vv ‘f ..n-'{plung Y fﬁ“lnjﬂq\ - ,h ;\ |‘\ no
MZ%(") Ak ?s.sl“ R an den Loy FUE NN Ja¥%ay 'l‘a'

A4 n— 00,
A5 Tp = 1(avAav Wi o)/ (\nh}  Agy) — 0, % M =
M(n)—> 00; !
(A 6) ijl Y o = O(m‘p{\ﬁbv, NZHEY Zjﬂil W 0o
lIJ( 0o = o(m).
neh rhar agg" 'ﬂpns (E n.l(AG) K n.'eﬁ Uk ‘!;
Ane! pos {‘tf RO "’i’ﬁ B nfrf Y lvqn & Y Fd'ﬁ r
fﬁ[ n‘adasrﬁ_ ‘ Al‘ 25“\ Ihvjlgem=
b +( mbs) ?Be‘sgﬂsv’ﬁ g "‘. ok "‘foo pEve s

s

W7) Bl wer V() VD) 2} = o(n),
Hv(t) + 30 G ().

ABF ol }¥ 1 i n, emZk LW A =0p(1) Mg ya =
M l(5VABV W o)/ (8, Asy) = 02 n— oo,

MR v () =

ol gs‘n t=tjj, 11 = tjj;, ﬂdtZ—tljz ,r“h‘;\ i,j2Jj1> JJZ
g(x, 1) in. "h jns SR o o0 o Xij n .1;‘ S ga(xy, x27f1 1) '5
neh A Qns Y (vaxt/z) Sl Y7z l)aﬂdfz(zl 2.1, 1)
ﬁno 5 R ﬁmlllso sz ”ﬂa ?:\/péyzs o' RS 3113‘1‘11
B e s eethfa Ny o nsmsg (D, 1T,
" g82(, t1 lz) H(1,0), t1 e T 7 P gt ) f' VWP‘ & -
la”} ven ¢f pns:

JUra 4 eA,ee Sid igaA ¢ ,a, " Sede, & 2006

Q1D (@/a)gn) 2 g (P1APY 0N T 20 0 et

son' {1| ‘o 5.[1‘)1>QT
(1) (@ Ao, i 1) #n g (d*/d1)’ Mo,
1, l’z)e\ ' E:hY ‘a“ﬁ 1

l'} von’ p'e''s on D 24T er
1+ 2—20 1 2

LA Agq" 4”[13 rfl% lﬁ“ AP ns Kj N — N ?‘nJKz "2 %
Ak afq o's] ”“\‘”mnsrfmso Kl(u)”ﬂfKZ(” V) A% jﬂ'

b X1() = fe ””Kl(u)du ?'ﬂ axa(t,s) fe ”’H'”’S)Kz(u V) dudv
= hn “( % ' f. . pA

( 21)‘TY‘ [ E‘f‘ K1 ; TS vﬁo-'l‘ o' ot as? “"ff :\ns

AP o0, Kl K (u)du<OO slnch 'R, ns }

1‘35 qﬁ vaz fnd Mok g t"“ X1 s atsoi”g‘ £
i ')‘a*§ f)(ﬁ(t) ar <.

(322 K Ko 1, A o f‘o-’l’ s Pl&ﬁ‘ ‘;!ns 1Y Iml{n,

Ko =f k2 (u, v) dudv < 00, ?‘nngfas “‘”f £

If““lﬂlﬂv o0’ tl‘ “\ 20 qﬂ.‘ Ih"\ ‘?U'laﬂ‘\ Imim b{;hg;ff

s gv 0 Byt n, X0(0,5) g e

B 5, 1 [ okt o) drds < . t 4
APPENDIY C: PROOFS

P " "~@-eql

“uﬁ""\ W s {15 anﬁn’of ks Ay gv, X ﬂ‘”‘rff-'}‘ »o -
?} = 1% 5. er\ Efe f\ fp»a”ns ’J““ g”d"
)\\l Pe. tﬂb 4 N g o1 26 AT ‘avaf‘,ms P‘g\ 5' i

0
Q. Forag e‘“ "l'pno g"’ﬂdv) 'l'§ ctﬁs‘bn.s o pAg“
va H\ 0)1 € ’f\ Il* 401,/ W 'R R (U)l) Imﬂ A{p
+h Al‘) i flRlJ i.1(1)31[1 H"h For Iu gs ,ha,f.ll. Ay

';\in‘.\n el y ”"“ wj g (Rj)—o"nas' » (Rf)<C1
Foraghra ..ﬂs_faﬂ_? Cl’ o bp 52" 0 (A1) Wf}\r,ﬁ aLP-
e‘n—'sA{;‘n R pee of ‘g ]'«i‘[aﬂd

33 'lﬂd 2. %c
TVh ha R‘n‘é FRA
ar Iﬂ d"s \{( .95“\,. ,k{hgrhar

A s gy N e nap

Gae V17 (1979)Fg B A
osd B arg ..,vh £ r;‘v 1B
l'h llu vﬂ,ns '['h i- l[

E (,;J FNOING) )(wl) = o<b§ - %)(wl).

‘ dvil‘g'h 3* :‘ﬂ‘ ;'h [gb jon W1, N rhd')‘a’on
Taen SO@D) V=012 % gen V(1) A %) nde
W DR ,,u”aj.nl,mpa s LIRS

S0 E (s 050) SO )= 0<b§+ %bg

Wie teT

e gisrd A,

o Lt) p:Epee’s. A Q"\ a1 B PR ' g
tf?ﬁe‘ss‘&’]‘a" 1 deb.bﬂ,{l o ﬁ'alfzj, U ;'\
fﬁs‘“ aon . nknow *‘E‘ "’l’hf'l‘*‘n"‘s" {% 'f“ns o\ gg J

qu'vathafpk,anaé%ﬁ ”nlo%” K <A2
(A3)(A4) and(AS)”n.l

. C . ("

IR M Ty

PRI O =5+ ((mbs) a8 A adgy A A g () (D).

Bons A2.1) (W23), (A3) (A5), M ¢

Lemma C.1.

nj—f ?ssl]m
(1D (22

1
e () Hy() =0p<—7 ) g
1T nby -

“=2)

1
S‘l]'P GV(S,[) GV(S,Z) = 0p< P )
S,IGT hv



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

M e,Stayy, e ¥, a:Fii Fa xdeePee e

r

;";aﬂsgi\{{l"g\ Argnvafu‘ s Pr .{ lmlu['xl Affl'y L, Wi o % “l‘;‘ n sluhh
g ! |

s 'PLP%(I) W) =O0p(@u) g
t
T +=.3)
Pr Pk = Op(Qnk),
MRk ank—>093n—>ookﬂ*g,ank§§1}f\¢{1—(‘l) g
AR op()irsp,(‘3)1~.d,nl,rl oNraTl K M. As ?een-

|
S“‘ |¢‘nl . —

2 x[ 1 1
' 1) oy =0, < A {_71 = }> «=.4)
ts'e’T GW() w() P\im \nh%/ oy

23T D WD A (LD (22),

P
o' & G —0 g
1 kM

M T % =.5)
S'U"{ZZ%W(’) > G| o,
teT k=1 k=1

O nlulm,‘ibJM.f A_{].f"") dse, M s M = M(n) — 00 A n— oo.

Proof of Lemma C.1. ™\ g" to(=2)4=.3), 4 g=.5) % o
fﬁmi\ Ime’a 1 ,aﬂ'tr,h b 1. Qe &‘\“\ (2006). [\ ,ha’gﬂalﬂ%/

1017



Downloaded by [University of Toronto Libraries] at 00:23 03 March 2012

1018 JUra_ 4 eAjeq Sid g aA ¢ A, " Sede, e 2006

M [} .

Mo o @, . (1998), 5 WY atg 0 2 en of ~en g pn?, ML indl
+.slu 'P{ Z%K'W(t) ZZiquk(t) } qg,l,l;l. as g S"h‘s‘ff““‘ 555 ,n, Btomem a, 85, 645 660.

€T k=1 k=1 30, ok ,”ng‘r nn n-gh g S05= (1986), N 'a Marandl Ay

= 011(n) + 0 (n) s g'ﬂlz Aty o 0,40 \S\ £55 ,[1, Biometrika, 7§l 675 633.
il 2\ 8 n”ﬂj (1950) Socl‘”&'fz ol g8 s g g7 0 aAIad, Arkiv

I\ -“ thar 2q; forMatemattk 195 276.

M &5' 0 pts 05‘13 Ql(n)—>0"n.1Q12(n)—>0An .%S Ha zosk" 'S’aﬂF “5’5‘\ (2001), . A ,mj,ﬂn 'a'a-An"]' 0

Jo 1R j rvav 0 &=(=5), Xt 0, (n) 2o LA 1) (A7) aﬂ L4 Allm”" A" ,§' i p? ,ﬂ, ¥ chnometricy, 43,1 9.

a8t 2 000 = 0;)). "N h 0() 3 h.ps Pnfer Yo eims S G A QOOD.E e pr e A 0 g
i & ou's {h Zon 011 (n), ‘ R S«ﬁl{\qn ne! gaa” Ba, Bzometrtka 87,587 602.

pon' s I ==, A g f“"l' 1992),, qﬂl SR g At o ad¥

/"‘.lk;,.\‘;f‘ pas o Aty The Amerlcan S;al?jsttcmn 46, 140 145.
Oi1(n) s"» Z Gk & Wik() Bk e, 5,‘19‘“1 ‘a¥, dr A g Al Ry . (1998), Byer 0% gn
—teT oo n .lp m , var ’1“\ h:\ ;‘ f\ls, Journal of the American Statistical

Iy Assoczatlon 441, 28 340
ms A.C aagnd s “nr, (1987). 5 &, ¥ gn o A ged ety ¥ o
+ Z G W@ @ } «=.11) “\l gtss pn An? IS |?‘heAnnals ofSt.tstzcs 15,610 625. !
k=1 i Ay heE g (1995) oo § e Sy Macind g -
arYsef=10),sR ngrh Jim.n ARy 3 o' <(=.11) 3 ' il d * o0l o j aﬂ_a % o f.r AR Jose! KR " Fhe AlThals ofStaltsttcs 23,

%&nd' 1 s 946 967
- a ga‘ Ao "'ﬂ d (2002), Applied Functional Data Analysis,
C10im Z Wi (230 + ¥y C2 + Z Zij G tij 1) Poo. (2005) Functtonal Data Analysis, N V'Qe-k: s'P({lAg R rlag
j £ - (1958), 17502 Y @9 Sl =g @I G Yk
k=1 j=2 (d‘a. B 14|m1 IS R PN e d s e=Te PFrien e
TR Bvan A e o ) ) Py e ERe O E A e
Oank | oY ABVE L /(9 Aév)} As Elzk | 5V AévE sz an‘\ '4“.4”% #ﬂl«\ 1 ‘WIAEL Iﬁ‘s, Journal ofthe
1 v Royal Statlsttcal Soctety, § 53, 33 243
(em Aév)} Zk 16 A5V pk/(em A5V) Vn, - . g‘ nr ,L“ LWl , A N?‘k. ‘llq’ (1679)» .n-'f 6',[15 e 2R ;h.»f‘ o o g2
pr — 0, s‘“ sen_ ‘1‘\ oy 23. 00[164 I‘gs R 'Pﬁ s2] bl 1Y A L d @}\a;z?nc‘: fslssgni 'A 'qu‘l'pn o ¢’ A ‘;\ﬂ_ N g, The Annals of

5(1) X
Fagt Qll(n) Op(ﬁ ) I“‘l ?f‘ OP()';\ x S zﬁr | n- N i 21‘ S’]'“ W’l: s (2002),, U % “ﬂh“ 35\ r g'lﬂ" §°rm{12ﬂ- AnA Y-
‘k Moy (18)f. Y 5 .',l‘a K3 o ’BET V () Vv (z) =0 (8 + 8( )) s$ q Computmg Sciencé and Stansncs—Geo&uence and Remote Sensing,

,f‘IE 0] () I g A% M Fer 1 i n Pr()ceedmgs of the Interface M. 347 .5 ) & ﬂn n gA- % ﬁﬂ,
P m® '“1’ R ) aja ey h £ ady ) k1
- ag Iy ”l 373 379.
[Recewed December 2004. Revzsed December 2005.] ﬁ i "ﬂ, r ! o ﬂ g0 o T erA h :ng
ﬂ“d‘ g ﬂ&& (1998) L\ T 'F‘m‘[g ‘ ss g0 An“]'s 3
o i on! K 'Hl 2 Journal of the Amertcan tatlsncal Association, 93,
REFERENCES el

. “\ £ A Ay =R (1998) 31 b, (1974) .“qg R 11‘0 oot gns, & fim -
> A A o=l .y W ] > o ¥ 'n ons, = n\ -2 -{Ap

,gs}fli k ’"“ -hs @ “‘ u” -"} i" EV" 2Ny gy .‘} N A d’ / 'ODN A 'k tome rtka 61,439 44711

o1 1Y "on
"\ «pﬁ,. on 03 A% e Ror oy ‘\ -\ "r# } ’q"‘ "“s, Journal qa.q aﬂ.\ W - ‘qp (2006) :‘\ﬂq K RRLh L .j <- 'ﬁ' e’ gn?
ofGerontology—Btologtcal Sctences 53 245 251. a Y N/ 1 he Roval™ St 1S 1
.{”Afp' ) 'pn o An XS ournal of the Royal Statistical Society,
—=tgk g E ¢ ”’H—j‘ A (1986)=~fp« vlf'llMo')u 68.3 %s.
arar g F el oo s;‘s 'b‘.n.' {1!“.“5 @ vﬁ\r‘iu s Technometrics, 28, Qg. XY ¢ H,C_affy ’V, B
329 337, .E 1‘5"/’5“ & (2003§ oKk qa
- W s A (1999), menma Sany Mag B ey & TN ST S i
Tz Xnnals afsmtlstlcs 27 36 64.
=gt mﬂ', . ﬂnd dl'bﬂ ) (1989), Methods of Mathematical Physics,
N ook
B A a, m nk A-(1998), N g 0 EAR od Ry A" A Denwm Sury
5? s pn, Journal of the Royal Statistical Socte 3\ , 60, 693 7‘6’8

el e @
91}1 rfql}ns',n‘

ok, e (1993, R g sl g d? o oo
vplmh;\ Ly & 55‘93, J rnal of the Royal Statistical Society, § f . 55,
145 °155.

q aﬂ,l, N fb <, (1996) Local Polynomial Modelling and Its Applica-
tl()n&‘,i .ﬂ pﬂ—‘lhﬂI«p Ay &





