G13 — Time Series Analysis g13ds

NAG Toolbox for MATLAB
g13ds

1 Purpose

gl3ds is a diagnostic checking function suitable for use after fitting a vector ARMA model to a
multivariate time series using gl3dc. The residual cross-correlation matrices are returned along with an
estimate of their asymptotic standard errors and correlations. Also, gl3ds calculates the modified
Li-McLeod portmanteau statistic and its significance level for testing model adequacy.

2 Syntax
[gq, 0, ¥, rcm, chi, idf, siglev, ifaill = gl13ds(v, ip, 19, m, par,
parhld, qgq, ishow, ’'k’, k, 'n’, n)
3 Description
Let W, = (wy, Wy, - . .,wkt)T, for t=1,2,...,n, denote a vector of k time series which is assumed to
follow a multivariate ARMA model of the form
W,—p= ¢1(Wt71 - M) + ¢2(Wt72 - H) +o 4+ ¢p(Wlfp - M) (1)
e — 0161 —bhe oy — - — b6 g,
where €, = (€, €y, - - - ,ek,)T, for t=1,2,...,n, is a vector of k residual series assumed to be normally

distributed with zero mean and positive-definite covariance matrix J/. The components of ¢, are assumed
to be uncorrelated at non-simultaneous lags. The ¢; and 6, are k by k matrices of parameters. {¢,}, for
i=1,2,...,p, are called the autoregressive (AR) parameter matrices, and {6}, for i =1,2,...,q, the
moving average (MA) parameter matrices. The parameters in the model are thus the p (k by k) ¢-matrices,
the g (k by k) 6-matrices, the mean vector p and the residual error covariance matrix 3. Let

(¢, 1 0 . . . 0] 9, I 0 . . .0

¢, O 1 0 . . 0 b 0 1 0 . . 0
A(p) = and  B(0) =

Gy O . . .0 [ 6,01 0 I

6, 0 . . .00 0, 0 . 0]

where / denotes the & by & identity matrix.

The ARMA model (1) is said to be stationary if the eigenvalues of A4(¢) lie inside the unit circle, and
invertible if the eigenvalues of B() lie inside the unit circle. The ARMA model is assumed to be both
stationary and invertible. Note that some of the elements of the ¢- and/or #-matrices may have been fixed
at pre-specified values (for example by calling gl3dc.

The estimated residual cross-correlation matrix at lag / is defined to the k by k matrix R, whose (i,/)th
element is computed as

z”: (w1 —@) (& — 7€)

1=I+1 1=0,1,...,i;j=1,2,... k,

n

’A/ij(l) = .
\/Zl(gn - Ei)ZZ(éjt - Ej)z

t=1

n

where ¢;, denotes an estimate of the rth residual for the ith series €;, and €; = Zéit /n. (Note that R, is an
=1

estimate of E(e,_se, ), where E is the expected value.)
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A modified portmanteau statistic, Qfm), is calculated from the formula (see Li and McLeod 1981)
Om) = — Y, T ny )" (Ry' @ Ry (1),
=1

where ® denotes Kronecker product, R, is the estimated residual cross-correlation matrix at lag zero and
(1) = vec (EZT), where vec of a k£ by k matrix is a vector with the (i,;)th element in position (i — 1)k + .
m denotes the number of residual cross-correlation matrices computed. (Advice on the choice of m is
given in Section 8.2.) Let /- denote the total number of ‘free’ parameters in the ARMA model excluding
the mean, p, and the residual error covariance matrix . Then, under the hypothesis of model adequacy,

szm), has an asymptotic x-distribution on mk> — I degrees of freedom.
Let 7 = (Vec(RlT),Vec(RzT), ..., Vec (R;)) then the covariance matrix of 7 is given by
Var(#) = [Y - X(XTGGTX)”XT} /n,

where ¥ =1, ® (A® A) and G =1,,(GG"). A is the dispersion matrix X in correlation form and G a

nonsingular k£ by & matrix such that GG = A" and GAG" =I,. The construction of the matrix X is
discussed in Li and McLeod 1981. (Note that the mean, p, plays no part in calculating Var(7) and
therefore is not required as input to gl3ds.)

4 References

Li W K and McLeod A I 1981 Distribution of the residual autocorrelations in multivariate ARMA time
series models J. Roy. Statist. Soc. Ser. B 43 231-239

5 Parameters

The output quantities k, n, v, kmax, ip, iq, par, parhld and qq from gl3dc are suitable for input to g13ds.

5.1 Compulsory Input Parameters
L: v(kmax,n) — double array
kmax, the first dimension of the array, must be at least k.
v(i,j) must contain an estimate of the ith component of ¢, for i =1,2,...;k and t =1,2,...,n.
Constraints:
no two rows of v may be identical;
in each row there must be at least two distinct elements.
2: ip — int32 scalar
p, the number of AR parameter matrices.

Constraint: ip > 0.

3: iq — int32 scalar
q, the number of MA parameter matrices.
Constraint: iq > 0.
Note: ip = iq = 0 is not permitted.

4: m — int32 scalar

the value of m, the number of residual cross-correlation matrices to be computed. See Section 8.2
for advice on the choice of m.

Constraint: ip +iq < m < n.

gl3ds.2 [NP3663/21]
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5.2

5.3

5.4

par((ip + iq) x k x k) — double array
The parameter estimates read in row by row in the order ¢y, ¢,,...,¢,, 0,,0,,...,0,.
Thus,

if ip >0, par((/—1) xkxk+ (i—1) x k+j) must be set equal to an estimate of the
(i,j)th element of ¢, for [ =1,2,...,p and i,j =1,2,...,k;

if iq>0, par(pxkxk+(I—1)xkxk+(i—1)xk+j) must be set equal to an
estimate of the (i,j)th element of 4, for [ =1,2,...,q and i,j =1,2,... k.

The first p x k x k elements of par must satisfy the stationarity condition and the next ¢ x k x k
elements of par must satisfy the invertibility condition.

parhld((ip + iq) x k x k) — logical array

parhld (i) must be set to true if par(i) has been held constant at a pre-specified value and false if
par(i) is a free parameter, for i =1,2,...,(p +¢) X k x k.

qq(kmax,k) — double array

kmax, the first dimension of the array, must be at least k.

qq(i,j) is an efficient estimate of the (i,j)th element of Y. The lower triangle only is needed.

Constraint: qq must be positive-definite.

ishow — int32 scalar

Must be nonzero if the residual cross-correlation matrices {ff,](l)} and their standard errors
{se (f",](l)) }, the modified portmanteau statistic with its significance and a summary table are to be
printed. The summary table indicates which elements of the residual correlation matrices are
significant at the 5% level in either a positive or negative direction; i.c., if 7;(/) > 1.96 x se(7;(/))
then a ‘+’ is printed, if 7;(/) < —1.96 x se(#;(/)) then a ‘—’ is printed, otherwise a *.’
The summary table is only printed if £ < 6 on entry.

is printed.

The residual cross-correlation matrices, their standard errors and the modified portmanteau statistic
with its significance are available also as output variables in r, rem, chi, idf and siglev.

Optional Input Parameters
k — int32 scalar

Default: The dimension of the arrays par, qq, r0, rem, parhld. (An error is raised if these
dimensions are not equal.)

k, the number of residual time series.

Constraint: kK > 1.

n — int32 scalar
Default: The dimension of the array v.

n, the number of observations in each residual series.

Input Parameters Omitted from the MATLAB Interface

kmax, ldrem, iw, liw, work, lwork

Output Parameters
qq(kmax,k) — double array
If ifail # g13dsIFneql, then the upper triangle is set equal to the lower triangle.
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2: r0(kmax,k) — double array

If i #j, then r0(i,j) contains an estimate of the (7,7)th element of the residual cross-correlation

matrix at lag zero, Ry. When i = j, r0(i,j) contains the standard deviation of the ith residual series.
If ifail = 3 on exit then the first k rows and columns of r0 are set to zero.

3: r(kmax,kmax,m) — double array
r(/,i,j) is an estimate of the (i,j)th element of the residual cross-correlation matrix at lag /, for
[=1,2,...,mand i,j=1,2,..., k. If ifail = 3 on exit then all elements of r are set to zero.

4: rem(ldremym x k X k) — double array
The estimated standard errors and correlations of the elements in the array r. The correlation
between r(i,j,1) and r(i»,j,, 1) is returned as rem(s,¢) where s = (I — 1) x k xk+ (j— 1) x k+i
and t=(l,—1)xkxk+(j,—1) xk+1i, except that if s=¢ then rem(s,¢) contains the
standard error of r(i,j,). If on exit, ifail > 5, then all off-diagonal elements of rem are set to zero
and all diagonal elements are set to 1/+/n.

5: chi — double scalar

The value of the modified portmanteau statistic, szm>. If ifail = 3 on exit then chi is returned as
Zero.

6: idf — int32 scalar

The number of degrees of freedom of chi.

7: siglev — double scalar

The significance level of chi based on idf degrees of freedom. If ifail = 3 on exit, siglev is returned
as one.

8: ifail — int32 scalar

0 unless the function detects an error (see Section 6).

6  Error Indicators and Warnings

Note: gl3ds may return useful information for one or more of the following detected errors or warnings.

ifail = 1
On entry, k < 1,
or kmax < Kk,
or ip <0,
or iq <0,
or ip=iq =0,
or m < ip +iq,
or m > n,
or Idrem < m x k X K,
or liw is too small,
or Iwork is too small.
ifail = 2

On entry, either qq is not positive-definite or the autoregressive parameter matrices are extremely
close to or outside the stationarity region, or the moving average parameter matrices are extremely
close to or outside the invertibility region. To proceed, you must supply different parameter
estimates in the arrays par and qq.
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ifail =3

On entry, at least one of the k residual series is such that all its elements are practically identical
giving zero (or near zero) variance or at least two of the residual series are identical. In this case
chi is set to zero, siglev to one and all the elements of r0 and r set to zero.

ifail = 4
This is an unlikely exit brought about by an excessive number of iterations being needed to evaluate
the zeros of the determinantal polynomials det(4(¢)) and det(B()). All output parameters are
undefined.

ifail =5
On entry, either the eigenvalues and eigenvectors of A (the matrix qq in correlation form) could not
be computed or the determinantal polynomials det(A4(¢)) and det(B(6)) have a factor in common.
To proceed, you must either supply different parameter estimates in the array qq or delete this
common factor from the model. In this case, the off-diagonal elements of rem are returned as zero
and the diagonal elements set to 1/y/n. All other output quantities will be correct.

ifail = 6

This is an unlikely exit. At least one of the diagonal elements of rem was found to be either
negative or zero. In this case all off-diagonal elements of rem are returned as zero and all diagonal
elements of rem set to 1/y/n.

7  Accuracy

The computations are believed to be stable.

8 Further Comments

8.1 Timing

The time taken by gl13ds depends upon the number of residual cross-correlation matrices to be computed,
m, and the number of time series, k.

8.2 Choice of m

The number of residual cross-correlation matrices to be computed, m, should be chosen to ensure that
when the ARMA model (1) is written as either an infinite order autoregressive process, i.e.,

o
Wi—p= § 7"'j(VVt—j - N) + &
J=1
or as an infinite order moving average process, i.e.,

oo
W—pn= ijetfj + &
=

then the two sequences of k by k matrices {m,m,,...} and {%y,%,,...} are such that m; and ¢ are
approximately zero for j > m. An over-estimate of m is therefore preferable to an under-estimate of m. In
many instances the choice m = 10 will suffice. In practice, to be on the safe side, you should try setting
m = 20.

8.3 Checking a ‘White Noise’ Model
If you have fitted the ‘white noise’ model

Wi—p=¢
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then gl3ds should be entered with p = 1, ¢ = 0, and the first k* elements of par and parhld set to zero
and true respectively.

8.4 Approximate Standard Errors

When ifail = 5 or 6 all the standard errors in rem are set to 1/y/n. This is the asymptotic standard error
of 7;(/) when all the autoregressive and moving average parameters are assumed to be known rather than
estimated.

8.5 Alternative Tests

R, is useful in testing for instantaneous causality. If you wish to carry out a likelihood ratio test then the
covariance matrix at lag zero (CO) can be used. It can be recovered from R, by setting

Colinj) = Rolirj) x Ro(i, i) x Ro(j,j), fori#j

= Ry (i) x Ry (i1 ), for i =

9 Example

= [-3.326133715726029, -1.241508590516912, 5.746865699837245,
.270368439927496, o
0.3223077197693467, 0.112781765620811, -1.269713458557113, -
0.7336470675276869,
-0.5810360328920845, -1.25824719747888, -0.673079208545849, -
1.133223470827074,
-2.02032143339675, -0.572742526272592, 1.235974230307894, -
0.1309001630044928,
-0.7727550109923405, -2.089421928018445, 1.337338340999243,
0.9464411511199494,
1.709504159208547, 0.2328949507059163, -0.009588098625822217, -
0.5978622133565419,
-0.6825454370774304, -1.886726796800422, -0.7668901664948766, ...
2.051416165579926, 2.108859010344129, 0.9432308237617111, -
3.324245626104025,
-2.50257816223142, 3.162556623476816, 0.4690152211351468,
0.05343371271906172,
2.767725632154585, -0.8170430505081534, 0.2497744022910866,
3.985096789984951, ...
0.1996377231860347, -0.6999084077936142, 1.072141758566346,
0.4391261753813116,
0.2782622637979761, 1.08929906068535, 0.5027884718514648, =
0.103132986353569, 1.703128639510798;
-0.1864812965451277, -1.196262944870486, -0.01699715324845752,
1.212243116560191, ...
-1.61628208623052, -2.162251460054466, -1.633475140684418, -
1.131968441208406,
-1.34147258850308, -1.296971631435079, 4.817278209053589,
0.4281805881174119,
2.538444465603437, 0.3526687842787246, -2.882811117293238, -
0.7657479508051256, ...
1.016254601376212, -3.84552235603917, -1.918710306130392,
0.1295446387209505,
-1.195735189898436, 0.4080187978849044, 1.028495509230196, -
0.4010277794245127,
-1.091768368255828, -1.069501938588466, 3.42825715355755, =
0.07955936266856867, ...
9.168708343089461, -0.2321789961687832, -1.343358013625323, -
2.063049472965885,
-3.15575433125847, -0.6117109441757265, -1.29522657628642,
0.4837753378495833,
0.7904980614115339, 2.86872748444949%9¢6, 2.377182502253417, =
4.312585522527284,
2.320510822318223, -1.0065395832632, 2.381734502948175,

<
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1.292694306092105, ...
-1.144311436315907, 0.3579741347114898,
2.644432980787418] ;
ip = int32(1);
ig = int32(0);
m = int32(10);
par = [0.8016071892386086;
0.0648134906597352;
0;
0.575015951133362] ;
parhld = [false;
false;
true;
falsel;
qq = [2.964154253391392, 0.6372583252520638;
0.6372583252520638, 5.379903126133676] ;
ishow = int32(1);
[qgOut, r0, r, rcm, chi, idf, siglev, ifail] =
gl3ds(v, ip, ig, m, par, parhld, gqg, ishow)
RESIDUAL CROSS-CORRELATION MATRICES
LAG 1 0.130 0.112
(0.119) (0.143)
0.094 0.043
(0.069) (0.102)
LAG 2 : -0.312 0.021
(0.128) (0.144)
-0.162 0.098
(0.125) (0.132)
LAG 3 : 0.004 -0.176
(0.134) (0.144)
-0.168 =-0.091
(0.139) (0.140)
LAG 4 : -0.090 -0.120
(0.137) (0.144)
0.099 -0.232
(0.142) (0.143)
LAG 5 : 0.041 0.093
(0.140) (0.144)
-0.009 -0.089
(0.144) (0.144)
LAG 6 : 0.234 -0.008
(0.141) (0.144)
0.069 -0.103
(0.144) (0.144)
LAG 7 : -0.076 0.007
(0.142) (0.144)
0.168 0.000
(0.144) (0.144)
LAG 8 : -0.074 0.559
(0.143) (0.144)
0.008 =-0.101
(0.144) (0.144)
LAG 9 0.091 0.193
(0.144) (0.144)
0.055 0.170
(0.144) (0.144)
LAG 10 : -0.060 0.061
(0.144) (0.144)

[NP3663/21]
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0.191 0.089
(0.144) (0.144)

SUMMARY TABLE

LAGS 1 - 10

khkkkhkkhkkhhkkkhhkkkhhkkkhhkkkhhkkkdkkkk*%x

* * *
* T e * oLiie... +. *
* * *

* * *
LT * i i *
* * *

khkkkhkkkhkkhhkkkhhkkkhhkkkhkkkhkkkdhkxk,k*x

LI-MCLEOD PORTMANTEAU STATISTIC = 49.234
SIGNIFICANCE LEVEL = 0.086
(BASED ON 37 DEGREES OF FREEDOM)

VALUE OF IFAIL PARAMETER ON EXIT FROM G13DSF = O
qgqOut =

2.9642 0.6373

0.6373 5.3799
r0 =

1.7164 0.1491
0.1491 2.3143
I':
(:,:,1) =
0.1296 0.1117
0.0944 0.0430
(:1:12) =
-0.3122 0.0207
-0.1617 0.0982
(:,:,3) =
0.0044 -0.1761
-0.1684 -0.0909
(:1:14) =
-0.0897 -0.1204
0.0988 -0.2321
(:,:,5) =
0.0414 0.0929
-0.0090 -0.0894
(:1:16) =
0.2337 -0.0082
0.0691 -0.1032
(:,:,7) =
-0.0760 0.0069
0.1684 0.0001
(:1318) =
-0.0740 0.5586
0.0077 -0.1006
(:,:,9) =
0.0913 0.1933
0.0551 0.1702
(:I:llo) =
-0.0599 0.0614
0.1913 0.0887

rcm =
Columns 1 through 7
0.1194 0.4649 0.2080 0.1649 -0.3441 0.0301 0.0079
0.4649 0.0689 0.1302 1.1431 0.1658 -0.7225 0.0438
0.2080 0.1302 0.1434 0.1139 0.0007 -0.0282 -0.0073
0.1649 1.1431 0.1139 0.1023 0.0060 -0.2475 -0.0645
-0.3441 0.1658 0.0007 0.0060 0.1283 0.2273 0.1802
0.0301 -0.7225 -0.0282 -0.2475 0.2273 0.1249 0.0134
0.0079 0.0438 -0.0073 -0.0645 0.1802 0.0134 0.1440
0.0542 0.2994 -0.0503 -0.4414 0.0340 0.0914 0.1462
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-0.2712 0.1563 0.
-0.0179 -0.3478 -0.
0.0045 0.0251 -0.
0.0293 0.1l618 -0.
-0.2154 0.1381 0.
-0.0361 -0.1737 -0.
0.0026 0.0144 -0.
0.0165 0.0913 -0.
-0.1717 0.1179 0.
-0.0414 -0.0826 -0.
0.0015 0.0083 -0.
0.0094 0.0522 -0.
-0.1373 0.0987 0.
-0.0403 -0.0341 -0.
0.0009 0.0048 -0.
0.0054 0.0300 -0.
-0.1099 0.0815 0.
-0.0364 -0.0090 -0.
0.0005 0.0027 -0.
0.0031 0.0172 -0.
-0.0881 0.0667 0.
-0.0316 0.0033 -0.
0.0003 0.0016 -0.
0.0018 0.0099 -0.
-0.0706 0.0543 0.
-0.0267 0.0087 -0.
0.0002 0.0009 -0.
0.0010 0.0057 -0.
-0.0566 0.0440 0.
-0.0222 0.0105 0.
0.0001 0.0005 -0.
0.0006 0.0033 -0.
Columns 8 through 14
0.0542 -0.2712 -0.
0.2994 0.1563 -0.
-0.0503 0.0016 -0.
-0.4414 0.0137 -0.
0.0340 -0.2086 -0.
0.0914 0.0277 -0.
0.1462 0.0009 -0.
0.1319 0.0061 -0.
0.0061 0.1337 0.
-0.0553 0.1734 0.
-0.0165 0.1729 0.
-0.1064 0.0316 0.
0.0070 -0.1311 -0.
-0.0295 -0.0193 -0.
-0.0095 0.0003 -0.
-0.0600 0.0019 -0.
0.0068 -0.1046 0.
-0.0156 -0.0237 -0.
-0.0055 0.0002 -0.
-0.0343 0.0011 -0.
0.0061 -0.0837 0.
-0.0080 -0.0237 -0.

-0.0031 0.0001 -0.
-0.0197 0.0006 -0.

0.0053 -0.0670 0.
-0.0038 -0.0217 -0.
-0.0018 0.0001 -0.
-0.0113 0.0004 -0.

0.0045 -0.0537 0.
-0.0016 -0.0190 -0.
-0.0010 0.0000 -0.
-0.0065 0.0002 -0.

0.0037 -0.0431 0.
-0.0004 -0.01e61 -0.
-0.0006 0.0000 -0.
-0.0037 0.0001 -0.

0.0030 -0.0346 0.

0016
0141
0042
0272
0018
0075
0024
0153
0017
0040
0014
0088
0016
0020
0008
0050
0014
0010
0005
0029
0011
0004
0003
0017
0009
0001
0002
0010
0008
0000
0001
0005

0179
3478
0141
1240
0154
1674
0081
0553
1734
1385
0219
1411
0015
0472
0027
0169
0007
0263
0015
0096
0016
0146
0009
0055
0019
0080
0005
0032
0018
0043
0003
0018
0017
0022
0002
0011
0014

.0137
.1240
.0370
.2386
.0158
.0661
.0213
.1346
.0153
.0350
.0122
.0769
.0137
.0180
.0070
.0442
.0119
.0086
.0040
.0254
.0100
.0036
.0023
.0146
.0083
.0010
.0013
.0084
.0068
.0003
.0008
.0048

.0045
.0251
.0042
.0370
.0002
.0093
.0024
.0165
.1729
.0219
.1442
.1553
.0006
.0025
.0008
.0050
.0006
.0013
.0005
.0029
.0005
.0007
.0003
.0017
.0004
.0003
.0002
.0009
.0004
.0001
.0001
.0005
.0003
.0000
.0001
.0003
.0003

.2086
.0154
.0002
.0014
.1656
.0287
.0001
.0008
.1320
.0323
.0001
.0005
.1055
.0313
.0000
.0003
.0845
.0282
.0000
.0002
.0677
.0244
.0000
.0001
.0542
.0206
.0000
.0001
.0435
.0171
.0000
.0000

.0293
.1618
.0272
.2386
.0014
.0597
.0156
.1064
.0316
.1411
.1553
.1404
.0038
.0159
.0051
.0324
.0037
.0084
.0030
.0185
.0033
.0043
.0017
.0106
.0029
.0021
.0010
.0061
.0024
.0009
.0006
.0035
.0020
.0002
.0003
.0020
.0016

lcNoNoNoNoNoNoloNoNoNoholoNoloNoNoNoNoNe]

1| 1|
[lcNoNoNoNoNoNoNe)

.0277
.1674
.0093
.0597
.0286
.0882
.0053
.0337
.0265
.0460
.0031
.0192
.0233
.0230
.0018
.0110
.0198
.0105
.0010
.0063
.0165
.0038
.0006
.0036
.0136
.0004
.0003
.0021
.0111
.0012
.0002
.0012

.2154
.1381
.0018
.0158
.1656
.0286
.0010
.0070
L1311
.0015
.0006
.0038
.1373
.1564
.1e81
.0291
.0834
.0179
.0002
.0012
.0667
.0183
.0001
.0007
.0535
.0170
.0001
.0004
-0.
.0150
.0000
.0002
.0344
.0128
.0000
.0001
.0276

0429

.0009
.0081
.0024
.0156
.0010
.0043
.0014
.0088
.0010
.0023
.0008
.0050
.0009
.0012
.0005
.0029
.0008
.0006
.0003
.0017
.0007
.0002
.0002
.0010
.0005
.0001
.0001
.0005
.0004
.0000
.0001
.0003

.0361
L1737
.0075
.0661
.0287
.0882
.0043
.0295
.0193
.0472
.0025
.0159
.1564
.1424
.0244
.1542
.0098
.01le6
.0008
.0051
.0073
.0102
.0005
.0029
.0055
.0064
.0003
.0017
.0042
.0042
.0002
.0010
.0033
.0028
.0001
.0006
.0026
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0.0001 -0.0134 -0.0011 0.0000 0.0001 -0.0107 -0.0019
-0.0003 0.0000 -0.0001 -0.0000 -0.0002 0.0000 -0.0001
-0.0022 0.0001 -0.0006 -0.0002 -0.0012 0.0001 -0.0003

Columns 15 through 21

0.0026 0.0165 -0.1717 -0.0414 0.0015 0.0094 -0.1373
0.0144 0.0913 0.1179 -0.0826 0.0083 0.0522 0.0987
-0.0024 -0.0153 0.0017 -0.0040 -0.0014 -0.0088 0.0016
-0.0213 -0.1346 0.0153 -0.0350 -0.0122 -0.0769 0.0137
0.0001 0.0008 -0.1320 -0.0323 0.0001 0.0005 -0.1055
-0.0053 -0.0337 0.0265 -0.0460 -0.0031 -0.0192 0.0233
-0.0014 -0.0088 0.0010 -0.0023 -0.0008 -0.0050 0.0009
-0.0095 -0.0600 0.0068 -0.0156 -0.0055 -0.0343 0.0061
0.0003 0.0019 -0.1046 -0.0237 0.0002 0.0011 -0.0837
-0.0027 -0.0169 0.0007 -0.0263 -0.0015 -0.0096 0.0016
-0.0008 -0.0050 0.0006 -0.0013 -0.0005 -0.0029 0.0005
-0.0051 -0.0324 0.0037 -0.0084 -0.0030 -0.0185 0.0033
0.1681 0.0291 -0.0834 -0.0179 0.0002 0.0012 -0.0667
0.0244 0.1542 -0.0098 -0.0166 -0.0008 -0.0051 -0.0073
0.1443 0.1582 0.0003 -0.0008 -0.0003 -0.0017 0.0003
0.1582 0.1430 0.0021 -0.0048 -0.0017 -0.0105 0.0019
0.0003 0.0021 0.1398 0.1520 0.1650 0.0276 -0.0534
-0.0008 -0.0048 0.1520 0.1436 0.0252 0.1582 -0.0107
-0.0003 -0.0017 0.1650 0.0252 0.1443 0.1591 0.0002
-0.0017 -0.0105 0.0276 0.1582 0.1591 0.1439 0.0011
0.0003 0.0019 -0.0534 -0.0107 0.0002 0.0011 0.1413
-0.0004 -0.0024 -0.0143 -0.0075 -0.0002 -0.0014 0.1521
-0.0002 -0.0010 0.0001 -0.0002 -0.0001 -0.0005 0.1631
-0.0009 -0.0060 0.0007 -0.0016 -0.0005 -0.0034 0.0266
0.0003 0.0016 -0.0428 -0.0084 0.0001 0.0009 -0.0343
-0.0002 -0.0012 -0.0134 -0.0053 -0.0001 -0.0007 -0.0107
-0.0001 -0.0006 0.0001 -0.0001 -0.0001 -0.0003 0.0001
-0.0005 -0.0035 0.0004 -0.0009 -0.0003 -0.0020 0.0004
0.0002 0.0014 -0.0343 -0.0066 0.0001 0.0008 -0.0275
-0.0001 -0.0005 -0.0119 -0.0038 -0.0000 -0.0003 -0.0095
-0.0001 -0.0003 0.0000 -0.0001 -0.0000 -0.0002 0.0000
-0.0003 -0.0020 0.0002 -0.0005 -0.0002 -0.0011 0.0002
0.0002 0.0011 -0.0275 -0.0052 0.0001 0.0006 -0.0221
-0.0000 -0.0001 -0.0102 -0.0028 -0.0000 -0.0001 -0.0081
-0.0000 -0.0002 0.0000 -0.0000 -0.0000 -0.0001 0.0000
-0.0002 -0.0011 0.0001 -0.0003 -0.0001 -0.0007 0.0001
0.0001 0.0009 -0.0221 -0.0042 0.0001 0.0005 -0.0177

0.0000 0.0000 -0.0085 -0.0021 0.0000 0.0000 -0.0068
-0.0000 -0.0001 0.0000 -0.0000 -0.0000 -0.0001 0.0000
-0.0001 -0.0007 0.0001 -0.0002 -0.0001 -0.0004 0.0001

Columns 22 through 28

-0.0403 0.0009 0.0054 -0.1099 -0.0364 0.0005 0.0031
-0.0341 0.0048 0.0300 0.0815 -0.0090 0.0027 0.0172
-0.0020 -0.0008 -0.0050 0.0014 -0.0010 -0.0005 -0.0029
-0.0180 -0.0070 -0.0442 0.0119 -0.0086 -0.0040 -0.0254
-0.0313 0.0000 0.0003 -0.0845 -0.0282 0.0000 0.0002
-0.0230 -0.0018 -0.0110 0.0198 -0.0105 -0.0010 -0.0063
-0.0012 -0.0005 -0.0029 0.0008 -0.0006 -0.0003 -0.0017
-0.0080 -0.0031 -0.0197 0.0053 -0.0038 -0.0018 -0.0113
-0.0237 0.0001 0.0006 -0.0670 -0.0217 0.0001 0.0004
-0.0146 -0.0009 -0.0055 0.0019 -0.0080 -0.0005 -0.0032
-0.0007 -0.0003 -0.0017 0.0004 -0.0003 -0.0002 -0.0009
-0.0043 -0.0017 -0.0106 0.0029 -0.0021 -0.0010 -0.0061
-0.0183 0.0001 0.0007 -0.0535 -0.0170 0.0001 0.0004
-0.0102 -0.0005 -0.0029 -0.0055 -0.0064 -0.0003 -0.0017
-0.0004 -0.0002 -0.0009 0.0003 -0.0002 -0.0001 -0.0005
-0.0024 -0.0010 -0.0060 0.0016 -0.0012 -0.0006 -0.0035
-0.0143 0.0001 0.0007 -0.0428 -0.0134 0.0001 0.0004
-0.0075 -0.0002 -0.0016 -0.0084 -0.0053 -0.0001 -0.0009
-0.0002 -0.0001 -0.0005 0.0001 -0.0001 -0.0001 -0.0003
-0.0014 -0.0005 -0.0034 0.0009 -0.0007 -0.0003 -0.0020

0.1521 0.1631 0.0266 -0.0343 -0.0107 0.0001 0.0004

0.1439 0.0254 0.1594 -0.0090 -0.0043 -0.0001 -0.0005

0.0254 0.1443 0.1594 0.0001 -0.0001 -0.0000 -0.0002

0.1594 0.1594 0.1442 0.0005 -0.0004 -0.0002 -0.0011
-0.0090 0.0001 0.0005 0.1424 0.1536 0.1618 0.0261
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-0.0043 -0.0001
-0.0001 -0.0000
-0.0005 -0.0002
-0.0071 0.0001
-0.0033 -0.0000
-0.0000 -0.0000
-0.0003 -0.0001
-0.0057 0.0001
-0.0026 -0.0000
-0.0000 -0.0000
-0.0002 -0.0001
-0.0045 0.0000
-0.0020 0.0000
-0.0000 -0.0000
-0.0001 -0.0000
Columns 29 through 35
-0.0881 -0.0316
0.0667 0.0033
0.0011 -0.0004
0.0100 -0.0036
-0.0677 -0.0244
0.0165 -0.0038
0.0007 -0.0002
0.0045 -0.0016
-0.0537 -0.0190
0.0018 -0.0043
0.0004 -0.0001
0.0024 -0.0009
-0.0429 -0.0150
-0.0042 -0.0042
0.0002 -0.0001
0.0014 -0.0005
-0.0343 -0.0119
-0.0066 -0.0038
0.0001 -0.0000
0.0008 -0.0003
-0.0275 -0.0095
-0.0071 -0.0033
0.0001 -0.0000
0.0004 -0.0002
-0.0220 -0.0075
-0.0068 -0.0028
0.0000 -0.0000
0.0003 -0.0001
0.1431 0.1551
0.1551 0.1442
0.1610 0.0255
0.0258 0.1597
-0.0142 -0.0048
-0.0052 -0.0019
0.0000 -0.0000
0.0001 -0.0000
-0.0114 -0.0039
-0.0044 -0.0016
0.0000 -0.0000
0.0000 -0.0000
Columns 36 through 40
0.0010 -0.0566
0.0057 0.0440
-0.0010 0.0008
-0.0084 0.0068
0.0001 -0.0435
-0.0021 0.0111
-0.0005 0.0004
-0.0037 0.0030
0.0001 -0.0346
-0.0011 0.0014
-0.0003 0.0003
-0.0020 0.0016
0.0001 -0.0276

0.

0.
-0.
-0.

0.
-0.
-0.
-0.

0.
-0.
-0.
-0.

0.
-0.
-0.
-0.

0.
-0.
-0.
-0.

0.
-0.
-0.
-0.

0.
-0.
-0.
-0.
.1610
.0255
.1443
.1596
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

lcNoNoNoNoNoNoNoNoNoNoNG]

|
(@]

.0004
.0002
.0011
.0004
.0002
.0001
.0007
.0004
.0000
.0001
.0004
.0003
.0000
.0000
.0002

0003
0016
0003
0023
0000
0006
0002
0010
0000
0003
0001
0006
0000
0002
0001
0003
0000
0001
0000
0002
0000
0000
0000
0001
0000
0000
0000
0001

.0222
.0105
.0000
.0003
.0171
.0012
.0000
.0001
.0134
.0011
.0000
.0001
.0107

.1536
.1618
.0261
.0220
.0075
.0000
.0002
.0177
.0065
.0000
.0001
.0142
.0054
.0000
.0001

.0018
.0099
.0017
.0146
.0001
.0036
.0010
.0065
.0002
.0018
.0005
.0035
.0002
.0010
.0003
.0020
.0002
.0005
.0002
.0011
.0002
.0003
.0001
.0007
.0002
.0001
.0001
.0004
.0258
.1597
.1596
.1443
.0001
.0000
.0000
.0001
.0001
.0000
.0000
.0001

.0001
.0005
.0001
.0008
.0000
.0002
.0001
.0003
.0000
.0001
.0000
.0002
.0000

leNeoNoNoNoNoNoNoNoNoNoNoNoNoNoN®)]

lcNoNoNoNoNoNoNoNoNe)

.1441
.0255
.1597
-0.
-0.
-0.
-0.
.0054
-0.
-0.
-0.
-0.
-0.
.0000
-0.

0068
0028
0000
0001

0023
0000
0001
0043
0018

0000

.0706
.0543
.0009
.0083
.0542
.0136
.0005
.0037
.0431
.0017
.0003
.0020
.0344
.0033
.0002
.0011
.0275
.0052
.0001
.0006
.0221
.0057
.0001
.0004
.0177
.0054
.0000
.0002
.0142
.0048
.0000
.0001
.1435
.1565
.1605
.0257
.0091
.0035
.0000
.0000

.0006
.0033
-0.
-0.
.0000
.0012
-0.
-0.
.0001
-0.
-0.
.0012
.0001

0005
0048

0003

0022

0006
0002

.0255
.1443
.1595
.0000
.0000
.0000
.0001
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0267
.0087
.0001
.0010
.0206
.0004
.0001
.0004
.0lel
.0022
.0000
.0002
.0128
.0028
.0000
.0001
.0102
.0028
.0000
.0001
.0081
.0026
.0000
.0000
.0065
.0023
.0000
.0000
.0052
.0019
.0000
.0000
.1565
.1442
.0255
.1597
.0033
.0013
.0000
.0000

.1597
.1595
.1443
.0003
.0001
.0001
.0004
.0002
.0000
.0000
.0002
.0002
.0000
.0000
.0001

.0002
.0009
.0002
.0013
.0000
.0003
.0001
.0006
.0000
.0002
.0001
.0003
.0000
.0001
.0000
.0002
.0000
.0000
.0000
.0001
.0000
.0000
.0000
.0001
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.1605
.0255
.1443
.159%6
.0000
.0000
.0000
.0000
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chi
idf
sig

ifa

|
(@]

.0006
.0002
.0011
.0001
.0003
.0001
.0007
.0001
.0002
.0001
.0004
.0001
.0001
.0000
.0002
.0001
.0000
.0000
.0001
.0257
.1597
.1596
.1443
.0001
.0000
.0000
.0000

[ [ [ [ [
eNeoNoNoNoNoNoNoloNoNoloRoNoRoNoNoNe]

D
[\l eoNeololoNeoNoNeoNe)

.2337

37
lev =
0.0860
il =

-0.
.0001

0.
-0.
-0.

0.
.0005
-0.
-0.

0.
.0003
-0.
-0.
.0000
.0002
-0.
-0.
.0000

0.
-0.
.0033
.0000
.0001
.1438
.1575
.1602
.0256

|
[eNoNoNoNoNoNe)

0026

0009
0221
0042
0001

0177
0045
0000

0142
0043
0114
0039

0001
0091

-0.

0.
.0000
-0.
-0.

0.
.0000
.0068
.0020
.0000
.0000
.0054
.0018
.0000
.0000
.0044
.0016
.0000
.0000
.0035
.0013
.0000
.0000
.1575
.1443
.0255
.1597

0019
0000

0085
0021
0000

-0.
-0.
-0.
.0000
-0.
-0.
-0.
.0000
-0.
-0.
-0.
.0000
-0.
-0.
-0.
.0000
-0.
-0.
-0.
.0000
-0.
-0.
-0.
.1602
.0255
.1443
.1596

[eNoNoNe)

0001
0000
0001

0000
0000
0001

0000
0000
0000

0000
0000
0000

0000
0000
0000

0000
0000
0000

.0003
.0001
.0007
.0001
.0002
.0001
.0004
.0001
.0001
.0000
.0002
.0001
.0000
.0000
.0001
.0000
.0000
.0000
.0001
.0000
.0000
.0000
.0000
.0256
.1597
.15%96
.1443
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