Jan de Leeuw

Canonicsal analysls of

miltiple time series




Ix <-iz --mzr wo epply the idess of De Leeuw (1972 &, b) to a perticuler problen

<x=- z::z=—z o occur cuite often.
e

==z zm5 n categorical veriables, m occesions (pointe in time), and a sample

= 3, The verisble v hasg 8, categories, let Il = §Tgv be +the total number

p

s® oe-z=3mies, The indicator matrix ¥ isg three dimensional with elements yij“
= D

f‘fi:“'qa- ‘-: ; jﬁ)]gso:yzn; k31760991)c

I+ —:i-~ linear restrictions in the way explained iu De Leeuw (1972 =, b) we

=zimzz the matrix ¥y, .. t0 o smeller matrix Zajy with i=1,...,0 & H-n, In particuler
o l:};’; 13K
W2 STUTTOES z.zijk = 0 for all i=lyeeasdl § J=Tycee,me

szriznles produces an induced quantificetion of occesions and. elements by the
Torale o, =} W.%.. . The proceduree o@tlined in this paper choosge the
J L O M

o}
~type criterion isg

[,

—=riification w in such a way that some rationeal AROV

et

Zs Leeuw (1972 a, bh). We investigate the

ot

Ao defived. by

s : & = 2
Zithin occagions S 2 (w.-x )
1 > . 3L k
=] =
1 nmn
Totel b Z 5

znd
\_ 2
4 Tt
the 1 matrices %, of order H x m by (Z )., = 2. ., and the m ¥ nm
k TR ijk
h 21l elements ecusl to unity, then we cap write




“rrinize homogeneity over time pointe, in others hetevogeneit

v
=13 be called HOMANOVA, It ig not difficult to ses $hat it actun
cage of the two-get theory developed in De Leeuw (19722, b). In the

verieblesg we use the M x ml metrix of data, for the second sget we use

seification of the ml objects into the m differvent occesions. Thig

-t
jas)

5
int
ot

r that our procedure is a type of m~group cenonical discrinin:

optimal ecoring,

x p matrix ¥ containg a number of orthonormsl fun

c
vointe. In our gecond procedurs we went to guantifv the verisbles in

thet the columng of X csn be beet Titted by linesr combinations of +he

in a least squeres sense, This corresponds with the partition

Iy

(W]

L

iv

D
R

onece again

:j"q

\

is cese we obviously want to meximize A . If Y conteins ovthogonsl polrmnomials

ure could be called POL

(‘Z

be inter—

iOVA, otherwise ORIANOVA. Ag-iv it can
gpecial cage of the general procedures. The are two sets of varisbles:

n obgerved variableg and p additionsl vumrical oneg, one for each

=1 function.

analyeie ie vot discussed in De Leeuw (19723¥ b); but it can ezeily be

the general framework., We have two sets of variableg, one conteining

1. n obgerved variables, and the second et containing a single categorical

Teriaple

-~k

with a fixed number of p categories, but with sn unknown categorization.




variables

i ur of ) over different direct quantifications of the

categorizations, Thie is eoulvaleot to p-get canonical discrimi-
-ith en unknown denendent clagsification. In our context we have a
5
(521,000,p), satisfying Lt =1 for all j=l,ec.ym j k= goesgle

jke

me

<= 35:3*) AT (p

% over the di

, (Tk)qj bieet Collect them both in the M x (ml) supermatrix Z,
Oy, [~ e
upermatrix T. The relevent pertition is
Sun of gguareg
Fewzzz glusters W'ZTE(TT?>M1TZEW
e - . . 2 P
¥<-°- ciusters wiZ(I - P(TT)T T)E e
Trgzl wtZZ%w
Fz -z naximizge
&= = .
== 211 w and T. Alternetively we can maximize the sum of all stestionary velues
» -
5 .
=T A, i.e.

ey

)~z (22

1 L1dy
:7;; T, If we relax the reguirement that T must be binery end exclusive o thas
w=="mzy recuivemendt thet TP muet be disgonsl, we find that the optinizing *(T@ ﬂ
iz equal to the firset p normalized eigeunvectors of 78 (27¢)" 7, This ie relate& 40
Iz%ent partition emalyeis (Wllﬂv 1967) end provides good starting point for any
sTstor snelysig, Further improvements musd e baged on a more or lesg gystematic

coprete get of all p-category categorizationg. In our particular

sii-ntion this cen be combined with ap ordening of the clusters J1>’ cue ?‘Cp,

-=< iha peegtriction that en object can only move from Cq to C) in 2 unit time
<23, This vestricte Tthe et of all admiesible clusterings in av obvious way, and
r=—rzcts cluster anelysis with Me rbov models snd latent Harkov chains in perticular
Lz-srefeld & Henry 1968, chanier 9).

T-2 swelyeig in sections 4 end 5 csn be refined by studying homogeneity after the
2c2ept of +the orpthonormal functioune in ¥ ig removed The partition is

Zouree Sum of srusres




-r:hzzk(z: ~ YY?! >Z1§ W

overtition

—
= = ey

(nI-E)YY? 2!,

-
2.2, YY1

L’

23 (z-vyn)m(r-vy )z,

pENCECIEH

= L7

P(T YV')Z"

the regidual component iv the

~E)(T-YY"* )ch'

analysis of gection 5.

? = ¥k .
swe codlete pertition’is
e Sum of geousres Subtotal
lxpizired between v'%Bv

whA v

wtlAw

; ¢ ocee
Weeidu=1 between W'BBW
[esiiz-) within wiB, w
fezidnol PP wtBw
%t?l 0o ee VJ" CTJ\?

wh
)
"1
’U
c!-

ively we can al

A <+

with matrix .

rd Ytrithin'

P.F. & Henry, H.Y.

so define

the gubtotal

Be A general technique i

"hetween'

with metrix AB + BB’

ig to pick two quadratic

froos end to maximize their vatio. The techniques of sections 4, 5, and 7 are

Latent structure snalysis
Beston, Houghton Hifflin, 1968
Latent oartition snelyei
Peychometrika, 1967, 32, 183-198

Canonical analysig o
Unive. 1

of Leiden,




