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MULTIVARIATE ANALYSIS

Geometric Interpretation

Heights and Weights of 20 Individuals

X4 X2 Xt Xdz Xs1 Xs2

57 93 -5.85 -30.60 | -1.77427 -1.96516

58 110 -4.85 -13.60 | -1.47098 -0.87341 X4 Height

60 99 -2.85 -24.60 | -0.86439 -1.57984 X2 Weight

59 111 -3.85 -12.60 | -1.16768 -0.80918 X1 Height: mean centered
61 115 -1.85 -8.60 -0.56109 -0.55230 Xa2 Weight: Mean Centered
60 122 -2.85 -1.60 -0.86439 -0.10275 Xs1 Height: Standardized
62 110 -0.85 -13.60 | -0.25780 -0.87341 Xs2 Weight: Standardized
61 116 -1.85 -7.60 -0.56109 -0.48808

62 122 -0.85 -1.60 -0.25780 -0.10275 X1 X2
63 128 0.15 4.40 0.04549 0.28257 | [Mean 62.85 123.60
62 134 -0.85 10.40 | -0.25780 0.66790 | |St. Dev. 3.30 15.57
64 117 1.15 -6.60 0.34879 -0.42386

63 123 0.15 -0.60 0.04549 -0.03853

65 129 2.15 5.40 0.65208 0.34679

64 135 1.15 11.40 0.34879 0.73212

66 128 3.15 4.40 0.95538 0.28257

67 135 4.15 11.40 1.25867 0.73212

66 148 3.15 24.40 0.95538 1.56699

68 142 5.15 18.40 1.56197 1.18167

69 155 6.15 31.40 1.86526 2.01654
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MULTIVARIATE ANALYSIS Geometric Interpretation

*  We can first create two column vectors that take the values of the mean
centered variables for height and weight.

* We can second create two column vectors that take the values of the
standardized variables for height and weight (with mean 0 and standard
deviation 1).

*  Together, these two standardized column vectors form a matrix given by:
Xs — (@sl Ls2 )

*  Each row of this matrix corresponds to one object (person) measured on
two different characteristics (height, weight).

* By displaying all points in the same coordinate system, one can clearly visualize
the pattern of observations and the position of each point relative to one
another. This type of representation is known as a scatter plot.
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MULTIVARIATE ANALYSIS

Geometric Interpretation

Scatter Plot of Height and Weight of 20 Individuals

Height Weight Data
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Conclusion: Height and Weight are positively correlated.
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MULTIVARIATE INFERENCE  Joint Normal Distribution

e Perhaps the joint normal distribution 1s a good model to describe the joint
variation in height and weight of our multivariate sample of height and
weight combinations of individuals.

160
|

140
|

Weight
120
|

100
|

80

Height

. Hence now we need to estimate a mean vector and a covariance matrix.
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MULTIVARIATE INFERENCE  Joint Normal Distribution

*  Probability density function of a bivariate normal distribution :

X
X = ( 1) ~ MV N (u,3), Mean Vector: g = ('ul),
X [42

9
Covariance Matrix: X = ( 91 Cov(Xy, X) )

CO?}(Xl,XQ) O'%
f(z,y) = ;ewp[(w — )= (@~ u)}
V27| 2|

. Definition Covariance Matrix:
= E[(X - pu)(X —p)'] Recall: Var(X) = E[(X — p)*], n = E[X])

(n X 1-matrix) - (1 X n-matrix) = (n X n-matrix)

*  How do we estimate the mean vector g and the variance covariance matrix 22
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MULTIVARIATE INFERENCE Mean Vector Estimation

e Let X;,Xo, ...,X, bearandom sample from a joint distribution (with
dimension 1) with mean vector g and covariance matrix 33, where the m-
dimensional vectors X;,7 = 1, ..., n are independent. Then

1 n
= ﬁ;)_ﬁ

is an unbiased estimator of the mean vector y and its variance
covariance matrix is %Z. In other words: F[X] = w. Also:

el

- . _ 1
Cov[X] = B[(X — p)(X — w)'] = -
For convenience we shall from hereon write vectors only in a bold font and

not underline them anymore.

*  See the analogy to the univariate case with E[X| = pand V[X]| = o?/n
(Given random sample (X7, ..., X,), X; ~ X, E[X]| = pu, V[X] = 0.
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MULTIVARIATE INFERENCE Covariance Matrix Estim.

Let X;,Xo, ...,X, bearandom sample from a joint distribution with
dimension m, (m X 1) mean vector g and (m X m) covariance matrix 33,

where the (m x 1) vectors X;,7 = 1, ..., n are independent. Then
1 — —
S=—— 1;()(2- — X)(X; — X)!isan (m x m) matrix and

is an unbiased estimator of the variance covariance matrix 23, i.e.
E|S] = X, where the expectatios are taken elements wise.

2

*  See the analogy to the unbiased estimator for o~ in the univariate case

LS (x - %)

1=1

$? =

n—1

Example: Height-Weight data

- [ 62.85 10.87  44.52
X = (123.60)’ 5= (44.52 242.46)
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MULTIVARIATE INFERENCE Matrix Determinant

* In the situation of more than two variables it is usefull to obtain a single
measure of linear dependence between them. The most common
measure for this purpose is the matrix determinant |3| of the variance-
covariance matrix 3. To understand why, consider the 2-dimensional case:

Y ( V[Xl] COU[Xl,XQ]

Cov[ X1, Xo] VX5 )7 1B = V[X1]VI[X,y] — Cov?[ X1, X)]

 Thus, in the 2-dimensional case the matrix determinant is directly
linked to the covariance between X7 and X3, i.e. Cov[X7, X3] and:

CO’U[Xl,XQ] =0 & |2| == V[Xl]V[XQ]

*  However, the highest value of |X| is attained when C'ov|[ X7, X5] = 0 and
the smallest value is attainend when X, = aX; + b for some constants a
and b, i.e. when X is a linear transformation of Xj.

*  Hence, the higher the value of |X| the less lineatly dependent X7 and X,

are.
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MULTIVARIATE INFERENCE Matrix Determinant

Example: Height-Weight data

o (1087 4452
~ \ 4452 24246 )

S| = (10.87 x 242.46) — (44.52 x 44.52) ~ 654.17
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MULTIVARIATE INFERENCE Geometric Interpretation

¢ The EXCEL function MDETERM calculates |33| for more than 2 variables.

e The value of |3| may be dominated by one variable due to a difference in
scale between the two variables (leading to a comparatively large variance of
one of the variables). The same is true for the value of Cov(X;, X3).

* To obtain a multivariate degree of dependence measure one first
standardizes the data and one calculates the correlation matrix R and its
determinant| 2 |. That matrix R is also the correlation matrix of the
original data set. In two dimensions p( X1, X5) (i.e. the standardized
covariance) measures the degree of linear dependence.

Example: Height-Weight data

1 0.867
R_(O.867 1 )

|[R| =1—(0.867)% ~ 0.248
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MULTIVARIATE INFERENCE Geometric Interpretation

2.0

1.4

1.0

(1 ,0.867)

Standardized Weight

0.4

|R| = area quadrilatral
= 0.248

0.0

T
0.0 05 1.0 15 20

Standardized Height

* It can be shown that :
n
8| ={ [si}1RI={ HVar 1}IR]
1=1
(which is why [.S| also is referred to as the generalized variance.)

Example: Height-Weight data
|[R| =~ 0.248, |.S| = (10.87 x 242.46) x 0.248 ~ 654.17
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MULTIVARIATE INFERENCE Geometric Interpretation

. Note that:

R— (é (1)) &Rl =15 p(X),X,) =0

The highest value of |R| is attained when p( X7, X3) = 0 and the smallest
when X, = aX; + b for some constants @ and b, i.e. when p( X7, X5) = 1.
Hence, the higher the value of | R| the less linearly dependent X; and X,
are. The above interpretation of |R| catries over to more than 2 dimensions.

«  BE CAREFULL! The closer to O the value of | R| is, the higher the

degree of linear dependence (referred to as multi-colinearity in
dimensions higher than 2). When the value of | R| = 1 there is no
colineariy present within the data.

*  'Thus the direction of | R)| is opposite to that of the correlation coefficient
IO(Xl ) X2)

p(X1,X2) = +1< Xy =aX; +bforsomea,b R
«  Also |R| > 0, whereas — 1 < p(X1, X3) < 1.

EMSE 4765 NOTES by J.R. van Dorp J.R. van Dorp; dorpjr@gwu.edu ; Page 13



MULTIVARIATE INFERENCE Recall Univariate Test

Recall univariate ¢-hypothesis test
Significance: 10.00%

2 ZLn—l,().95

-6 -4 0 X 2 4 6
T-PDF ——e—0.05 Left Threshold — e— 0.05 Right Threshold

Hy : = Mo, H - o 7é o = RCjCCtHO when ‘T’ > tn—l,l—%
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MULTIVARIATE INFERENCE Hotelling T? Test

Reject Hywhen |T'| > ¢,,1.1_¢ < Reject Hy when T? > ti_l,l_%

2

T — i/_\/% o T = (58_2/‘7?) o T? = (T — 1) (%) (T — o)

«  Let Xi,...,X, bean i.i.d. p-dimensional sample from a MV N (u, 2).
Thus the vectors are independent but the elements of the vectors are not.
Then with sample mean vector and sample variance covariance matrix:

n

_ 1 < 1 _ _
X==-) X, S= X, - X)(X; - X)!
n; n—1;( )( )

we can now define the Hotelling T"2-statistic for a multivariate normal
sample

T =n(X — o) 'S™HX — o)

which is a direct generalization of the T'-statistic for a univariate normal
t.2.d. sample.
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MULTIVARIATE INFERENCE Hotelling T? Test

n—op
(n—1)p

Hotelling showed that: x T? ~ Fyrnp

n—p
(n—1)p

Hy : M= L, H - 7/ 75 Ho = RejectHo when T2 > Fp,n—p,l—a

Example: Height-Weight data

— [ 6285 10.87  44.52 62in
X = (123.60)’ 5= (44.52 242.46)’ Ho = (1201bs)’ p=2mn=2

1
- 85 10.87  44.52 85
X o = (3.60)’ T = 20(.85 3'6())(44.52 242.46) (3.60) ~ 1.3

T? ~ 0.63187 < Fy1509 ~ 2.624

Signifi Level: a = 10%
ignificance Level: o 0, 10 < 2

T2 > 0.63817) ~ 0.543 = Fail to Reject Hy: pog = (16220)

n—p
(n—1)p

p-value: Pr (
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MULTIVARIATE INFERENCE Two Sample Mean Test

* Recall the 100(1 — )% univariate confidence interval for 1 — po:

/ —1)S2+ (m —1)S?
(x_y)j:tn-l—m 2,1— a/QXS S—\/n ( )y
n+m—2

This two-sample t-test for testing Hy : ft1 — ptg = Ag assumes that the
variances of the univariate normal random samples (X7, ..., X,,) are

(Y1,-..,Y,,) the same:

T—y—A
Test statistic value: tg = J 0
S, 1,1
n m
Alternative Hypothesis Rejection Regions for significance o
H1 D — U > Ao tog > tn+m_271_oé (upper—tailed)
H1 s — e < Ao g < — tn—i—m—Q,l—a (lower—taﬂed)
Hy o — pa # Ag to > thym—21-a/20tt0 < —tpim—21-a/2 (two-tailed)

p-values can be constructed in a similar fashion as before.
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MULTIVARIATE INFERENCE Two Sample Mean Test

Let X1,..., X, now be an 7.7.d. p-dimensional sample from population 1:
MV N (p1,31).

Let X5, ..., X5, now be an ¢.7.d. p-dimensional sample from population 2:
MV N (p2, 32).

Then with sample mean vectors and sample variance covariance matrices

X1 = EZXM, S1=——7) (X — X1)(X; - X,)"
i—1 i=1

X, = EZX%’ Sy = HZ(Xzz - X2)(X; — X3)"
i—1 i=1

(The first subscipt, 1 or 2, denotes the population)

We can now define another T2-statistic with X1, ..., X1, and Xo1, ..., Xom:

EMSE 4765 NOTES by J.R. van Dorp J.R. van Dorp; dorpjr@gwu.edu ; Page 18



MULTIVARIATE INFERENCE Two Sample Mean Test

The two-sample multivariate T2 statistic for testing Hy @ o1 — po = Ay is:

- 11 R
T2 = [Xl — X5 — AO]T [(E - E)Spooled] [Xl — X5 — Ao],

where the pooled variance covariance matrix is:

(n—1)81+ (m—1)Ss
n+m— 2

S pooled —

This 1s a direct generalization of the two-sample T-statistic for univariate
normal 2.2.d. samples with the assumption that the variances are the same.
Thus here too the following assumption is required to be able to to conduct this
hypothesis tests (and this assumption should be tested) being:

21 = 2.
In that case:

(n+m—p-—1)
(n+m—2)p

2
X T ~ pn+m—p—1
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MULTIVARIATE INFERENCE Two Sample Mean Test

Example Wisconsin Power Data:

Samples of sizes n = 45 and m = 55 were taken of Wisconsin homeowners with
and without airconditioning, respectively. (Data courtesy of Statistical Laboratory,
University of Wisconsin). Two measurements of electrical usage (in kilowatt hours)
were considered. The first is a measure of total on-peak consumptions (X1 )
during July 1977 and the second is a measure of total off-peak consumption (X5)
during July 1977. (The otf-peak consumption is higher than the on-peak
consumption because there are more off-peak hours in a month). The resulting
summary statistics are:

o (2044 _ (13825.3 238234\
With AdrCo: 1 = (556.6)’ 51= (23823.4 73107.4)’ =40

. .. _ {1300 [ 8632.0 19616.7 B
Without AirCo: g = (355.0)’ Sy = (19616.7 55964.5)’ m =95

S pooled — —

(n — 1)S’1 + (m — 1)5’2 10963.7 21505.5
n+m-—2

— \ 21505.5 63661.3
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MULTIVARIATE INFERENCE Two Sample Mean Test

«  We want to test: Hy : (1 — p2)? = (0 O)T =AY

1 1 -
T2 — [Xl — Xz — AO]T [(_ + E)SPOOled] [Xl — Xz — AQ]

n

(2044 -130.0\" [443.0 868.9 \ ' [204.4 —130.0
— \556.6 —355.0 ] \ 868.9 2572.2 556.6 — 355.0

(744 (4430 8689\ (744 _ . .
— \ 201.6 868.9 2572.2 201.6 )

(in+m-p—1),_, (45+55—3)
T = 16.07 = 7.95 > F: ~ 3.09
(n+m—2)p (45 4+ 55 — 2)2 ” H2.97,0.95

Conclusion: Reject Hj (i.e. there is a difference between airconditioning
and no airconditioning consumption).
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MULTIVARIATE INFERENCE Two Sample Mean Test

In the case that sample sizes are large, the assumption 3i; = 33 may be
relaxed to allow for 327 7% X5, In that case:

1
T° =X — X, — AO]T[(Sl + S2>] (X1 — X5 — Ay
n m

and

T2~X;

Example Wisconsin Power Data:

—_ (2044 o _ (138253 238234\ .
1= \556.6 )71 \ 23823.4 731074 ) "

o =

130.0 o _ (86320 19616.7Y
355.0 )7 °% 7 \ 19616.7 55964.5 )’ "

n m

S1 Sy _ (4642 8861
— \886.1 2642.1
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MULTIVARIATE INFERENCE Two Sample Mean Test

S1 S
1 22

n m

1
TQ:[fl—fz—AO]T[ ] X, - X, A

_(204.4-130.0\" [464.2 886.1 \ [ 204.4 —130.0
— \556.6 —355.0 ) \ 886.1 2642.1 556.6 — 355.0

(744 (4642 8861\ (44 . o
—\201.6 886.1 2642.1 201.6 ) 77
T? 7~ 15.66 > X395 = 5.99

Conclusion: Reject Hj (i.e. there is a difference between airconditioning
and no airconditioning consumption).
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MULTIVARIATE INFERENCE Two Sample Covar. Test

Box's M test for equal covariance matrices whenn,m > 20, p < 5,k < 5:

Hy: 31 = 39, in this example we have k = # Matrices = 2

(n — 1)51 -+ (m — 1)52

Spooled — n+m — 2 ,

M = (n — 1)In(|S]  Spootea| + (m — DIn(|S5 * Spooted|
2P+ 3p—1 1 1 1
_6(p—|—1)(k—1){n—1 m—l_n—l—m—k}’

(1—7)M ~ X3, where df = p(p+ 1)(k —1)/2.

Example Wisconsin Power Data:

13825.3 23823.4 8632.0 19616.7
51= (23823.4 73107.4)’ n=45,52 = (19616.7 55964.5)’ m =55

(n—1)S1+ (m—1)Ss (10963.7 21505.5)

Spooled = — \ 21505.5 63661.3

n—+m— 2
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MULTIVARIATE INFERENCE Two Sample Covar. Test

0.603 0.125

-1 o
51 Spooted = (0.082 0.830

), (n —1) x In|S; ' Spooted| = — 27.283

1.951 — 0.461

-1 .
52 Spooted = ( ~0.300  1.299

)7 (m — 1) X In |S2_15p0016d| = 47.191
M = (47.191 — 27.283) = 19.367,
2 .92 2—1 11 1 1
3 [ _ } ~ 0.022
6-(2+1)-(2—1)

7= 44 55 98

(1—~)M = (1 —0.022) x 19.367 ~ 18.933,
df ={22+1)(2-1)/2} =3,

p-value = Pr(x’ > 18.933) &~ 0.028%

Conclusion: Reject the null hypothesis that the covariance matrices are the same.
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MULTIVARIATE INFERENCE Two Sample Covar. Test

Box's M test for equal covariance matrices when sample sizes are small:

Hy : 31 = 39, in this example we have £ = # Matrices = 2
(n — 1)51 + (m — 1)52

S pooled —

Y

n—+m— 2
M = [(n— 1)In(S; * Sposteal + (m — 1)In(|S5 * Spooted|
 2p*+3p—1 1 1 1
= 6(p+1)(k—1) {n—l m—1 n—|—m—k]’
_(p=D+2)r 1 1 1
RS VI (i 1 o s e ol

dfi =p(p+1)(k—1)/2,dfs = (dfi +2)/|§ — 7|

a" =dfi/(l—y—dfi/dfs), F"=M/a"

a =dfy/(1—~v+2/dfs), P~ =(dfs/dfi) x [M/(a~ — M)]
e 2

FZ{?_g_ﬁigzﬁFNEmm
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MULTIVARIATE INFERENCE Two Sample Covar. Test

Example Wisconsin Power Data:

13825.3 23823.4 8632.0 19616.7
1= (23823.4 73107.4)’ n=45, 52 = (19616.7 55964.5)’ m =9

(n—=1)S1+(m—1)S2  [10963.7 21505.5
21505.5 63661.3

Spooled — n+m — 9 —

0.653 0.125

-1 o
51 Spooted = <0.082 0.830

)7 (’I”L o 1) X In |Sl_15p00led| = — 27.283

1.951 — 0.461

-1 .
S2 " Spooted = ( —0.300 1.299

),(m —1) x ln|52_15p00l6d| = 47.191
M = (47.191 — 27.283) = 19.367
2 .92 -
+3-2 1[1 1_1}%0.022
6-(2+1)-(2—1)

7= 1455 08
dfi = {22+ 1)(2—1)/2} =3
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MULTIVARIATE INFERENCE Two Sample Covar. Test

g—(2_1>'(2“) 1 N 1
6-(2—1) L1442 ° 552 982

§E—~7*=95%x107">0

dfs = (3+2)/|€ — 4| ~ 5270593 4,

~ 5.036 x 1074,

at =3/(1-0.022—-5.7x1077) ~ 3.069,
F* =19.367/3.069 ~ 6.311

a” = 5270593.4/(1 — 0.022 4 2/5270593.4 ~ 5.4 x 10°,
F~ = (5270593.4/3) x [19.367/(5.4 x 10° — 19.367)] ~ 6.311

F=F"=~6.311sinceé —7?>=9.5x10"" >0
p-value = P’I“(F‘dfhdf2 > 6.311) ~ 0.028%

Conclusion: Reject the null hypothesis that the covariance matrices are the same.
Typically & is set at 0.1% due to sensitivity of the Box's M test.

EMSE 4765 NOTES by J.R. van Dorp J.R. van Dorp; dorpjr@gwu.edu ; Page 28




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


