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|dent ified genes (h = 0.03) | dentified genes (h = 0.05)
DSLs 1 2 3 4 5 DSLs 1 2 3 4 5

2 0.646 0.000 — - - 2 0.969 0.000 - - -
06685 0.000 0.984 0.000

3 0.776 0.079 0.000 - - 3 0.984 0.390 0.000 - -
0.823 0.063 0.000 0.996 0.287 0.000

4 0.846 0.247 0.010 0.000 - 4 0.972 0.643 0.116 0.003 -
0.914 0.255 0.025 0.000 0.997 0.754 0.246 0.015

5 0.730 0.205 0.005 0.000 0.000 5 0.947 0.534 0.051 0.000 0.000
0822 0.222 0.025 0.000 0.000 0.987 0.696 0.185 0.005 0.000
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|dentified genes (h = 0.03)

|dentified genes (h = 0.05)

DsLs 1 2 3 4 5 DsLs 1 2 3 4 5
2 0.059 0.000 - - - 2 0.413 0.000 - - -
0.201 0.000 0.587 0.000
3 0.138 0.000 0.000 - - 3 0.630 0.004 0.000 - -
0.303 0.000 0.000 0.799 0.004 0.000
4 0.258 0.000 0.000 0.000 - 4 0.770 0.018 0.000 0.000 -
0.485 0.010 0.000 0.000 0.909 0.071 0.000 0.000
5 0.368 0.000 0.000 0.000 0.000 5 0.833 0.003 0.000 0.000 0.000
0.563 0.008 0.000 0.000 0.000 0.937 0.033 0.003 0.000 0.000
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FBAT-SNP-PC: An Approach for Multiple
Markers and Single Trait in Family-Based L | 5
Association Tests

Cyril S. Rakovski®  Scott T.Weiss® Nan M. Laird® Christoph Lange®P? .

2Department of Blostatistics, Harvard School of Public Health, and l’Ch-anmmg Laboratory, Harvard Medical School,
Boston, Mass., USA
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An Efficient Family-Based Association Test Using Multiple Markers

Xin Xu,'* Cyril Kakovski?® Xiping Xu,” and Nan Laird®

*Progran for Papulation Genefics, Harvard School of Public Healfl, Bosfon, Massachusetts
*Department of Biosta: roard School of Public Health, Boston, Massach

| I O *Divigion of Epidenvology and Biostatistics, School of Pubiic Health, University of Hinoiz at Chicago, Chicago, inois
] ; ! ;
" "

In genetic association studies, multiple markers are usually employved to cover a genomic region of interest for loamlizing a
O l trait lovus, In this report, we propese a novel multi-marker family-based sssociation test (Tpe) that linearly combines the

ics,

. single-marker test statistics using data-driven weights. We examine the type-l error rate in a numerical study and compare
its power to identify a commaon teait locns veing tag single nucleotide polymaorphisms (SNP2) within the same haploatype
block that the trait locus resides with three competing tests including a global haplotype test (Ty), a multi- marker test

7 similar to the Hotelling-T* test for the population-based data (T, and a single-marker test with Bonferroni’s correction
H > for multiple westing (Tr). The tvpe-1 error rate of Tic is well maintained in our numeric study. In all the scenarios we
examined, Ti- is the most powerful, followed by Ty Taoe and Ty are the poorest. Thp and Thee have essentially the samae
power when parents are avalable. llowever, when both parents are missing, Thay is substantially more powerful than Ty,
We also apply this rew test on a data set from a previous association study on nicotine deperdence. Senet. Epldetiol.
30:620-626, 2006. © 2006 Wiley-Liss. Inc.
Key words: multi-marker family-based association; FBAL
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l'able 1. Example of phenotypes (e.g. hair colour) obtained from
different genotypes at two loci interacting epistatically, under
Batesons (1909) definition of epistasis

Cienotype at locus G

Cienotype at locus B el e ey
b White Cirey Cirey
/B Black Cirey Cirey
B/R Black Cirey Cirey
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Quantitative Description
(departure from independence)

-

Penetrance = P(Disease | Genorype)

Aa| 0O |1 |0
g
Bax|l 101
o
(&
aal0[1]0
Penetrance = P{Disease | Genotype) BE Bb bb
G B
aal 0|00 e
g “strictly non-linear interaction
A 001 between two or more genetic factors”
o
aal 0|11
BB Bb bb
Gene B
“Interaction between two or
more genetic factors”
I
“Loose" “Strict”

Qualitative Description
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Trimming: Compute

¥2 for HWD in controls
and determine number
d of outlying 3% values.

Allelic Assoc-
iation: Compute
statistic §, for i-th
SNP.

HWD for assoc-
iation; Compute
u{d) in affected
individuals.

N

¥

/

Compute 5, = I = u{d) for i-th SNP and order values
by decreasing size such that s, 25,2 ...

¥

Calculate sums S.(d) = &, + 55 *+ ... + §;, With
increasing numbers n of terms.
pln.d), of each sum via permutation tests.

valuate p-value,

¥

Pick smallest of these p-values, min_p(n .d), and eval-
uate its significance level, p,,, via permutation tests;
P, represents the final significance of the procedure.
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$2(%(% 1%!, 9% ):/$2) & 2 | + )

- !
-C $++

[ AA [ BB | AB | [ AA BB | [AA+BB] AB |
5"& ll& II&
! , L C+ %+
1l $++ !
4 | I ! 0 11
I 1,03
Penetrance A EB AL BB AB
AL AB BE cases 22 55 78 22
Recessive 0.05 0.05 0.50 controls 47 5] 53 47
OR 0.05 19 1.03 0.97
Dumir‘lantl 0.05 | 0.50 | 0.50 OR 0.05 19 0.05 18.4
Genot.rel.risk| 005 | 015 | 045 OR 0.06 15.6 0.46 2.16




$2(%(% 1%, '.% ):/$2) & 2 (- + '%

- 2X2 4 I'=") 4 —
, 5 $
! Il ! | H++#)
1 @ | 11
1
$
$
1
@ 1@ 11
$
@
$$ %
$$




$2(%(% 1%, '.% ):/$2) & 2 (- + '%

#4 #14 4 14 5

5 . !
AA [ BB
AA
BB
AA,BB| AB
AABB
AB
AA.BB[ AB
AA
BB
AA [BB
AA BB
AB

cases
controls

cases
controls

Cases
controls

cases
controls

OR
1.84
0.74

OR
0.84
1.26

OR
1.27
0.94

OR
1.20
0.73

Homogeneity
chi-sq = 1.21
p=0.27

Homogeneity
chi-sq = 1.63
p=0.20

Homogeneity
chi-sq = 0.40
p=0.53

Homogeneity
chi-sg = 0.89
p=0.35




9%)(%' 2,2 ))% !

. @3! 00 I | |
| 0 414 | 0 4
(1" @ !5, #+++)

e | I 0 4! @3 !
1151 111 @3) H(! @ ! 5, #+++]
1 1 151 0 4 11

I, 10 415 | |
1 1 I 10 4 15 |
| ! |

% 1 13 H+.)




9%)(%' 2,2 ))% !

. @3 | ! I 1 1 El
0 4! ! 0 4,@34
14 O 0 !

. Q 0 4! 5 4

7 0 1 0 4

0 41 14 11 0 4 ! N

! 4 & 10,
4 0 411

% 1 13 H+.)




2$(, 5 6&20$((2) &,!(0)/)%!, / 2 +$( " %!"%4%"/$+)

%C 4 ! E% )
4 | 4 "*"'+) -
- % 3C 1 ! ' WI! %
4 E)
- @ C I Y ,3 | E)
- % L '3 5)
!
( Q #++2)

"AD



$+, 2%(.#

$(%) 9

0 4 0 S 1

1T @%!'0 )




CA)O0) &

Locus 6

BB

bl

Locus 1
AB Aa aa
& O o 2 1 2
iz a Z 0
i o o 2 - 1

STEP 2 — STEP 3
Factor Locus 3
A Aa aa
Il:ocus ; 24
ocus
BB | 12 10 I
Locus 3 4 -8 -?
Locus 4 :
Locus 5 T § Bb 15 22 12 = 8 3
Locus 6 -1 Jlj;_-;
-
-
- bb 14 11 13
+
Locus M o o . . .
—
Locus 3
Models A Aa aa
Factors Error
1. 6 19.25 EB 3.00 0.42 1.74
1, 3 22,12 —
2,4 24,33 =
2.3 2814 2 Bb 0.75 4,00 2.68
: —
=
bl 1.27 0.54




Locus 6

—

BB

Eb

bb

& o 211 2
1 1 0 2 0
1 0 2]2 1

STEP 2

Factor
Locus 1
Locus 2
Locus 3
Locus 4
T
Locus 5
Locus 6
-

H
L]
Locus N

Models
Factors Error
1.6 19.25
22,12
24,33
28.14

'

.

NN
W w

—
Locus 3
AA Aa aa
24
BB | 12 4 10' 8 7
w
g Bb| 18 20 | 45 &
] B3 m3
14 13
bb 11 P
oo AW | m M|
—
Locus 3
AA Aa aa
BB 3.00 0.42 1.14
-t
w
3 Bb| 075 4,00 2.66
5
bb 1.27 0,54




(05

Locus 6

BB

Bb

bb

Factor
Locus 1
Locus 2
Locus 3
Locus 4 — |
Locus 5
Locus 6

-

H

H
Locus N

lome — Gl

Locus 1
Al Aa aa
a 0|0 211 2
121 2 0
1 0l0 22 1

Models
Error
1.6 19.25
.3 22,12
.4 24,33
.3 28.14

Factors

N AN =

(1]

Locus 3
AA

Aa aa
24
BB | 12 4 10' 8 7
- W - | o m |
w
» S ep |15 2| 12 8
3 03 m 3|
14 13
bb 11
-
oo AW wm N
—
Locus 3
Al Aa aa
BB 3.00 0.42 1.14
-
w
g Bb| 075 4,00 2.66
5
bb 1.27 0.54




(08

Locus 6

BB

Bb

bb

Lse) —

Locus 1

2 0 12
1 1 2 o
1 o a 1

Factor
Locus 1
Locus 2
Locus 3
Locus 4
Locus 5
Locus 6

.

H
Locus N

Models
Factors Error
1.6 19.25
1,3 22,12
2,4 24,33
2,3 28.14

(L]

Locus 4

BB

Bb

bb

Locus 3
AA Aa aa
3.00 0.42 1.14
0.75 4,00 2,66
1.27 0.54




(0B

. @4 1|

8 119 85119,

S
140

11

Locus 6

BB

Bb

bb

— —
Factor Locus 3
Locus 1 AA Aa24 ag
Locus 2 BB | 12 10 8 7
Locus 3 . 4 EEm
Locus 4 :
Locus 5 \“E Bb | 15 20 12 8
Locus 6 - J_—_S _._—_3
:
. bb 14 99 13
4
Locus N o o I . .
T— -~ —
Locus 1 Locus 3
AA Aa aa Models Al Aa aa
Factors Error
1.6 19.25 BB 3.00 0.42 1.14
a 00 21 & 1,3 2212
2,4 24,33 w
2,3 28,14 § Bb 0.75 4,00 2,66
1203 0]2 o : =
-
bb 1.27 0.54
1 0l0 2/2 1

=
&




Locus 6

BB

Bb

bb

leea

[sep1] —— [ser2]

Locus 1
Al Aa aa
a 0|0 211 2
i 2|1 0|2 o0
1 00 22 1

Factor
Locus 1
Locus 2
Locus 3
Locus 4
T

Locus 5
Locus 6

-

H

H
Locus N

Models
Factors Error
1.6 19.25
.3 22,12
.4 24,33
.3 28.14

N AN =

(1]

—
Locus 3
Al Aa aa
24
BB | 2, ‘IOI 8 7
- |l = | | o =
w
Z2ep |15 & | 12 1
3 03 m 3|
14 13
bb 11
7
oo AW =M
—
Locus 3
Al Aa aa
BB 3.00 0.42 1.14
-
w
g Bb 0,75 4,00 2.66
5
bb 1.27 0.54




0%( (0)5(

L

Locus 6

BB

Bb

bb

2 0 12
i 1 2 o
1 0 2 1

Factor
Locus 1
Locus 2
Locus 3

Locus 4
T

Locus &

Locus 6
H
Locus N

R
Locus 3
Models AA Aa aa
factors  Error
1,6 19.25 BB 3.00 0.42 1.14
1.3 22,12 -
2,4 24,33 "
23 2814 3 Bb| 075 4,00 2,66
s 3 k]
H
:
bb 1.27 0.54




4

[sep1] —— [ser2]

Factor
Locus 1
Locus 2
Locus 3
Locus 4

T
Locus 5
Locus 6
-
H
H
Locus N

Locus 6

BB

Bb

bb

= =

Locus 1
Al Aa aa
a 0|0 211 2
1 21 o] 2 0
1 0fo0o 2]2 1

Models
Factors Error
1.6 19.25
.3 22,12
.4 24,33
.3 28.14

N AN =

(1]

—
Locus 3
Al Aa aa
24
BB | 12 4 10' 8 7
- - | H .|
w
Seb |15 & |12 8
3 03 m 3|
14 13
bb 11
7
oo AW wm N
—
Locus 3
Al Aa aa
BB 3.00 0.42 1.14
-
w
g Bb| 075 4,00 2.66
5
bb 1,27 0.54




$2") 9IS+

s A
.7 4 I $+
411
1%& O 110
7 4 |
1110 141 1
. 7 1110
10
10 !
41 10 1110
1'5 |,
|1 ol 1

14 1110
L L1
1 C
5! 41
I3l
L, 4 0
41 0




'3

#++3$, 3

#++2)




423+ #9)/2) &&%()) (' #0$2 # " +)

)5

5
O
1> 1 EXH# 4
H1!1 0 U )R
3 3
!
%
% ?- 7-

& ! 14

Y!IICY |
7 U?-C?UY7-
> C'7UT7-)RH#ZY !
C7U7-R" I 10)




423+ #9)/2) &&%()) (' #0$2 # " +)

L% 1;! 4 R
%3 , 14|

1 0 10 |
0 !5

171 :1%3 41 4 1" O




0()%)()( &1)(#"+

.0 1110 ¥
I 14 |

13 O ! 41

13 %3 110 '$+++<) I 4 11
0 e !
1E! I 4 | 0 10 ! 1110




$#0+ C/$!(%+)

+/ ++=""=
#"/ + $A..$=
"+/ +#2 A2

" + 2#$+#
D+/ + =#222A
D"/ +=.D.$2
DD/ + A#2.DD
DD DD/ + . #2="
$++/ $

Frequency

10

An Example Empirical Distribution

0.2

04

0.6

0.8

10




/7 44 55 I Iy

| +="++ 1 4 145 "
&(-$2

-1+ $")

- 0 4 555 !

-7 %3 14 4 3
05 4% | 'H++#)
%3!5 : 10 4
| 4 4 ( #++2)

% 1 4

RR 0 4 R 5 R%3

, &

$+/ 1 @%!0 )

‘H++3)

14 L1,




L $I(.2)

. % | | 5 1
10 1 (,3 ,% H+2
%2 " 0 2$(%!, ) )(#) &(-$2
@ &
@ &? 0! 2
WO0'7%)#3 0 4 $ = #[+A14+2)
WO ( '7%)  %'4 $=#+Al4+2, & )
51
5I'M I M ()
WO0'7%)#3 0 4 0$ = #[+")
U100 I# ) )(# 2 /%2 # ()
\$ (O !
\#'A %> 3

\ ++&A++] !




3 SourceForge. net: Multifactor Dimensionality Re duction; Files - Microsoft Internet Explorer

File Edit  View Favaorites Tools  Help
@Back - J @ @ fh /I:‘] Search ‘I;N"'“':’Favorites @ L—:'_-;' :_,é, Ir';% v - |_',J

fddress I@ http:jfsourceforge, netfproject/showfiles. php?group_id=131001 A | o Links 2

'v| Rechercher «+ &2 « [¥] + E&* EI - % MesFavoris~ @Trnuver & ??'Orthngraphe - 2 ‘F\:) = .k\fanst...'
| @ !E| d - EE] Emnaill = | s B4°F = |EE (- |$ Games iRadio n_H_i-,ll__i_' |G‘=}Settings -

Gmlgle| & =dgc.genetics genotype

WN |'-".{\vdgc.genetics genokype lem
pd\[ T b Search @ ] ',E. POF

|
Multifactor
Dimensionality Reduction
fds by Gongle
The objective of this project is to make available an open-source version of our
Multifactor Dimensionality Reduction (MDR) software. MDR is a nonparametric alternative Blu Age - Model Driven
B ; / 7 ; : : Agile Model Transformation Download free
to logistic regression for detecting and characterizing nonlinear interactions., ArTpic
| wwwbluage.corm =
Package | Release Date | Motes f Monitor I Downloads
librndr librmdr-0.2.5 March 10, 2008 B & Download
mdr 2.0beta 3.1 March 20, 2009 % 4 Download
mdrdt 0.4.2 uly 19, 2005 P & Download
mdrpt 0.4.2 March 24, 2009 S g Download —
Ads by Gogale
v.
i. 11 li




00+9%'$(% ! ( obtt/+$( " "$($

- 7 1 5%3 , 5 | #++ 11 # ++
1 1 b 10 T#++A)
1 $ $+ -1, L1 %$ +,
A O O + "
1 # 5+ -1, 11l %# ,
Lt 4 + #"
3}
o D
+ |[+F+ + |+ |+
+$+ |+5 + | +$5+$
5 |+ [+$+ 5 [+ [+$+F

15 N 4 ( -@ 45




00+9%'$(% ! ( )obtt/+$( " "$($

%

%

4 |

%$ +

+ +

+ $#| + +

*5

+ $#

+ #A + $#

+ +

+ $#| + +

*5

*5

*5

%$ +

+ ++

+#" |+ ++

*5

+ #II

+ ++H + #"

+ ++

+ #II

+ ++

*5

*5

*5

Yo# 5
+$" | +#D+ 3" *D
+$++9$ |+ +D *8A
5 ++#+ 42+ +F * A
*5A| *BE| *5
Yo#t 5
+ ++H+ ++ ¥
+ +" |+ #D *DA
5 + +$+++"| *B
* *AA *88




$(P & 2#%(

115l
41
! S /7! 51
@4 ! 5 !
! 5 0
! 5 |
. 1",
1 4%, 19
' 9E 9 9

IID+



$) "$($'142)% !

]%$ + H$,I
H,$I H# H,21 H,=I H,"I HAI H, | Ho+HL3$ H,$#1 H,$21 H,$=I H,$"l H,$AI H 4 5B)5H ,#+]

H$Il $ # # # $ $ $ $ $ $ $ $ # $ $ #% # $
%$+ 4 %S+ 110%6$+ )
%$+ A1 &-, 5ClI, C!1)
s
%$+ H, I '%$+ H,'#Z1$,#Z),$,! )1#
%$+ M4 %S+ S HH), +H# ++)))
5 4'%$+ a%$+ &a,l Caba, 5 IC?, IC?)
]%$+ HS$,I

H,$I H,#l H,21 H,=I H,"I H,Al H, | H$+HD3$

HS$,|

$ # + + + + $ + % 3




') "1(2+"$($

_$+

"D#



$%!, $ "$($ &Y%+

Analysis | Configuration | Filter | Attribute Construction|

~Datafile Information

Datafile: G \Documents and SettingsLaboDesktopiLos op desktopiSnieder short coursetsimdata bt 70ccdata txt Load Datafile
Instances: 400 Adtributes: 10 Ratio: 1 View Datafile |

Used Mem: 9 ME. Total Mem: 13 ME Mz Mem: 63 MB

F is Controls

[ Run Analysis ][ Load Analysis J

~Progress C

¥ Table

Model Consistency

Graphical Model | Best Model | #f-Thisn Rules

slalalalol=la|almlalmliolol=l=lwlolmlpl=]=]=

dolololalo|ls|alalslola|slo|wlolalololo|=o

Y = E= R =R = L= =1 e el =R =R L= A =R =1 =N Rl el L= R =R L= R =]

dololm|slalalslalsslslslolalololololom|o

Rt = = e L = = el el el Bt . =X el el el Bl LR A SR L]
idojlojlo|lojo|lo|jolojlojlg|lo|=|lolo|lo|lolo|o|o|=|o

|<

2| 1

v

#| Lt Dimers

l:l = Previols et = Maximize Save

'%3#+4 2)

IID2



18%,/2%), (. $!$+)%)

is | Configuration | Fitter | Attribute Construction |

Analysis C ation
Random Seed: Paired Analysis: D
Aftribute Count Range: - Tie Cells: .Affeded w |
Cross-Yalidation Count: A0 | Compute Fitnes= Landscape:
Track Top Models: _2_3__|
~Search Method C ation

Search Type: |E><haustive “

llD:



1%, (. UH#L2 &'2)) 4$+%"$(% 1)

C$H+

Heritability

Model 0.03 0.02 0015 .01 0.005
2 Locus a7 o3 93 72 3
02/0.8

2 Locus 45 93 96 81 30
0.4/0.4

3 Locus f9 & 14 2 3
0.2/0.8

3 Locus Bh 53 43 & 4
0.4/0.6

4 Locus 62 44 7 7 ]
0.2/0.8

4 Locus 50 24 8 5] 0
0.4/0.6

5 Locus 29 Q9 0 12 0
0.2/0.8

5 Locus 19 2 1 1 i
0.4/0.6

C2

Heritability

Model .03 0.z 0015 0.01 0005
2 Locus 70 67 65 5z 149
0.2/10.8
2 Locus 71 fii] 71 47 17
0.4,/10.68
3 Locus 57 a9 11 1 &
0.2/08
3 Locus A0 38 a3 4 3
0.4/06
4 Lovcus a2 | 7 9 0
0.2/10.8
4 Locus 25 11 & 3 0
0.4,/10.6
5 Lovcus Pt 15 ] 7 0
0.2/08
5 Locus 7 ] ] 0 1
0.4,/10.68

‘% | 3 #++A)




1!, (. HL2 &'2)) 43+%"$(% 1) 7)

, 1 111 014 1l
O4 I #++=)
-7 4 o!  %>1%3 !! 4 $+
", 4 2
11 4 % 3
1% ! 3 #++2)!'5 |5 , !
! , 4 ! 1110
1 | 5 1 I I

17 ! | l | & 1

5 L5 1 5 4

14 ,%3 ! 4| '5 )
! 16

"DA



$2'. # (. "' 18%,/2$(% !

~Search Method Configuration

s Tpe [Evmne [+

~Search Method Configuration

saen Ty rrees [

Forced Attribute Combination: |;;< 1,56 %8

~Search Method Configuration

vt nson ||
i) Evaluations: l,EIEIEIE

i Runtime: E Units: I:I:I

IID



$!1$+ )%)

Analysis | Configuration | Filter | Attribute Construction

~Datafile Information

Datafile: C\Documents and Settings\Labo'DeskopiLos op desktopySnieder short coursetsimdatan1 70ccdsta txd

" Load Datafile

Instances: 400 Aftributes: 10 Featio: 1 Wi Datafile
Used Mem: 7 ME Total Mem: 15 MB e Merm: 63 MWB
~Analysis Controls
[ Run &nalysis ] [ Load Analysis Save Ansl Revert Filter
-Progress Completed
[ 0%
~Summary Table
Model Training Bal, Acc. Testing Bal, Acc, Y Consistency

Graphical Me

ndel | Best Model || [i-Then Rules

CV Results | Entr

Limt Dimension 3

= Previous

Met =

Maximize

Save

IID.



JH#H$2 & 2)I+()

"DD



)

#ll+




1)(#"+

A+$



7%+ ) '$+'/+$(" 1

% | ? R
> 10 U )JR#B 1 |
1:5 0 I, 5 1 4
o!'L 5 I
'7 U7-)R'7 U7-U? U?-)
I 5 0
)
1 0 7R7U2)B 5 : 1 0 I |
7-R'7-U?)B 5 : 0 !
Q!3 '7Z7)R?Z?)B 15 44

5

A+#



79+ ) '$+/+$(" 1

% | ? R
! 7R7U?)B 0 N
#7 Z7-U? Z?-)RH'7 U?-)'?-U7-)U'7 U?)Z?2 U7- )l
M 1 ! 4 | 4 % 3
|l 4 4
21% | #77 R'#27 U? U?-)B 11 0 !
7 l OB 7- oB? I | OB?- !

A+2



7 2)+()

+ + + 4+ + + + + + +

o
@
+
O
&

A+=



1)(#"+




. &%(1)) +$!")'$0

0! 1 I 1 ' )

17 ! &l & | 7 !
&l & | S S ', $,#,2, 6, $#,
$2, $=, 6)

17 15 1&!

A+A



. &%(1)) +$!")'$0

-$ "$# .

- H# "#.A$SS
-2 H"

-A "$#

- +"$".22=

- T"$=$AA
-D + "$===="
-$+ +"#2222=
-$.-# + D"

- $’ - = + "2
-$,-"  +"D$AAA
-$, -2 + "2 #itH#

A+



Ny 142 2%#

7
45 4
' &
9
.7 !
1)

)

A+.



N 12 2%#

.7 |1 | | 115

O 1 :

-7 & ! 4 ! I ! 4
4 | 5 4 11

% 3 ‘%% #++A, W : > #++2, W :

#++2)

A+D



$- 1(20 4$+/)

1 4] ! 1 5
' 9% | ! 5 O |
; N 44 |
I & ! ! I 5 |
1 4 1 14 1l
| |1
4 5
I ; I 4
4 | > 7 |
! I 4
L 'W: #++2)H'B>)C
C
O 4 4 >C B
()C |

A$+



$- 1(20 4$+/)

@ ! 4 0 40 ! 44 1 4
) G I 400 4
4 1 |
!
(! | | N 4
1 4 () !
4 11 | 44 1 4

A$S



$- 1(20 4$+/)

4 !
1() 7 !! '
1(S) 71! OO * )
1'B) 71! ’ 2,0 )
) 0 4 ') O“
5!
1('>) 7! o !
1(>S) 7! O.' PR
o | t
1'B>) 7! 4
1'B>B) 7! .y .
o i 4 ") 4 '>)
1'>B) 71! !
” ! 4 '>) 0

AS#H



$- 1(20 4$+/)

. % ' B>) | 11 @45
D, 14l | > '>SOT
41 1

A$2



A$



N2 2%H

12, T7
45 5
0

"1"$!
4 5 4

4 |

|
4 |
T7
10

0 !

A$"



)%(%4 $I" 1 $(%4 %!(2$'(% 1)

'B>B)C ',>B)c'B)T >B)

I 5 4 0 , 4 5 0
4 >

1 5 1'B)4 !

1 5 > 1 '>B)4 |

1(50, ; :5 > ! '>B)4 |
( , ' 10,54 &
' ! 0,5 ! !

1 4 4 | 4

ASA



%,1%&%'S!" & (. 2 )/+()
!

51 !
11

0

8419

% 3

A$



%,1%&%'S!" & 2 )/+()

-7 4 $12
0 I &

!
0

4

AS.



18%,/2%!, (. 0 2#/($(% ! $!$+ )%)

%3 7% +=. )

A$D



28& 2#%!, (. 0 2#/($(% ! ()(

A+



28& 2#%!, (. 0 2#/($(% ! ()(

A#S$



28& 2#%!, (. 0 2#/($(% ! ()(

5 5
)(%!, vt 4+ D + D
10 ) '+ +":+)/ '+ ++5+) N ++5+)
7 $+ $+ $+
'10 ) '+ #3A+) |+ #SAH) '+ #$A+)
Q4 % 3! 4
4Q % 3 7

10

Attt



28& 2#%!, (. 0 2#/($(% ! ()(
ﬂ I 41 :C$ J 5
2
)(%!, +" + D" + D"+
'10 ) '+ +"=+) ‘N ++$+) ‘N ++3+)
7 $+ $+ $+
"10 ) '+ #PA) '+ #PAT) '+ #$A+)
ﬂ A 1 5 5
! 21
)(%!, + ", + D" + D"+
*10 ) '+ ++A+1 '+ ++++1+ ++3+) '+ ++++1+ ++5+)
+ ++ +)
7 $+ $+ $+
'10 ) '+ $ #+) '+ +" +) '+ +==+)

A#2



$(%), %!, 19

41 ] 5
! 2 1)
) (%0, + " + D" + D"+
'10 ) '+ ++A+1 '+ ++++1+ ++3+) '+ ++++1+ ++5+)
+ ++ +) /!
7 $ $+ $+
'10 ) AS#) [+ / +==+)
gl 9
I<

%# 'S5

1 4

A=



Y+() &2 5

A#"



Y+() &2 5

| 41 :.C$ ] 5 5

2

)(%!, +.2#" + .A++

*10 ) '+ ++5+) '+ ++5+)

7 $+ "

'10 ) '+ #2%+) '+ D$$+)

4 -#< | | ! <
- % & O ! :
-$1-# & O , D !

-$1-#1-=

A#A



Y+() &2 5

. E! 11 1 , 5
| 4
41 : S) S)
! 2 1)
) (90!, + . +.2#" + .A++
'10 ) "N ++$+) ‘N ++5+) ‘N ++5+)
7 $+ S+ "
10 ) +$D¥) |+ AR + D$$+)
4 -$5 1<

A#



21,0) &

.20 |
N5
|
-1 T O
T
. % 111 0

A#.



$6!))) &
10"l 5 ]+

17 %3! 5 | 1 I'5
! ! "++
! 1O =+++14; |
1 % 3 '>! #++A) | !

5 4 1 14; 1
0O 41! 1 0 | !
4 O
7 0! &  $'+1
L O I
7 ! ! ! 0
! | 15

% 3
0 4!

A#D



428+ (2 (%) ( (. 0$28"%# 7 1$)"

'@ #++.)

A2+



%&&2(#$)/2 () 2 #"+ :/$+%(

e % 3 ||
I ! 4 4 o T
3
17 4 0O 41 ! ) o
I 1 I 41 I
7 4 11 1 4 & Il
I 515 4
7 4 % 3 1 ! 4 0 4
M 5 I I
L
1Q%+ 10 > ‘H++.)
®) %) | |
I 0 5 %3 '
O ! I 71 .
' 10 41 1 !

A2$



%!, 1" ($1+ #$)/2) & '+3))%&U'B(% | 028 2 #BI'  >1  #++)

A2#



-$2") 3! 3) ( $"$0( &2%# - 26

s e

A22



0

8

$) $) #% 0$2%# (2% $002 $. & 2 /12 +$( ")
$-5 1

# /7! 1 |
9 I M K

2 il
1 C H4R!'4)I#, 4C 'Q3)
1 0 1 4

H++

H#++.)

A2=



(%4$(% ! &2

4

I 4 %3

#++.)

A2"



(%4$(% ! 5 & 2

- % 3 S IR IR 1
! !

A2A



(%4$(% ! 8 & 2
. %3 | 5

#++.)

A2



' H#0$2%) | & SIS+ (%'S+ # (L")
2.,2))% !

0 5t o) |
0 |
N5 & 10 !
4 1
- 0 ') 1
4 I ! l
4 5 1
) 00
- 0! 00 K
| ), 5 |
-) I o |

@ @ @

@ +,%)(%’

4 1),
5 :

% ! 13

#++))

A2.



). #B(%' 424%- & (. H#(."

‘% ! 13 #++)

A2D



$I"# 2)(0

- 37 ! 1

"% !

| 41

& 4

13

#++.)

A=+



$"# 2)()

0O ! % &

0 -
, O :
|
!
!
| 41
| 5
5 14

% 1 13 H+.)

A=$



). #S(%' 424% - & (.

#(."

‘% |

13

#++))




"AB1(P,) & (- BI"# 2)(#H("

4 0O 4!
. 0 0 4!
) , 10
. 37 ! 5
O4 1 4
37 | 4 !
. '@ , #++=)
- 7?7, ! ! 4
| |1 |

1 1'34 1 : ;, #++=)

‘% |

13

#++))




N 28 (%! ) (%!, 2$# - 26

-7 ?27?5] 0
I ! ?77?
% ! ‘H++A)
- ?77? !
5 1! 114 I
! 0
4 11 I
- ?27? 14 15 %35
o, 10, 1'06 |

1 00
HH+A)

% ! 13

#++.)




N 28 (%! ) (%!, 2$# - 26

.7 277 1 7?
0o !'! 5 I
| I 405 &
| 4 1 | 4
| |
LT I 1L 14
5 | 40 4 14 1

) |
17 & S
L |

4

'R




'+ % | 1" #0$2%) !

. %3 || 51 | 15 4 -
. - 1 5 | |
% | 13 B+
17 ! 1 10 0
& | d ! I
5 41 1 14 0
5
> - %3 277
1> | - %34 O | 4 |
| L | T
I 272 | 4 ¥
5 7?21 | 0 4
¥




'+ % | 1" #0$2%) !

. > 3?7 | @35
1 4 L
I
17 & | IR
!
!
1 I 0 4
'> , #++")

4

0

4

15




5 1(202 ($(% ! & #+(% + 1) 2)I+()

I 51 110 !
g 9

1 4

'3

#++)




&+ %1+ &2%# - 26 & 2 $I$+ )%) $'6! -+ ",%!, %102 ($(% ! '$0$1%+%(

-/ S S O,

l% #++II)




+:%1+ &2$# - 26 (0

4 |
1E! 14! 1|
10 | k
°, 5 44I 110
" . 4 ' 11
| 51 1
) 4 1] ’
|
I 5




1& 2#$(% ! ,$%!

% Gl 7
"HSHW " O H#S N " #S

'B>B) ]+

10 4 4
!

'B>B )"+

17 45 > |

'B>B)C +

10 &

( $D.4)

A'$



++)(2$(% ! & 1(20 1$)"#$)/2) | "+

%('.% ($+5

A'#



(2%1/( )+'(%11$)" ! 120

141 11 0
) 51 4

')

I 41 | 5

im0, |

#++)

A"2



(2%L/( ) +'(% ' 1$)" 12 +% &

-7 3 1 1 510 4 ! !
5 L 0 4
0 4) ! o 4
3 $DD#, :$DD=,34:1 :; . #++2)

- 3 || I 5 ! 45 5

4 | ! o 4
I 0 e 1L !
1 )5 I




20
(2%1/( ) +'(% ! 1$)" 12
12 +% &

| 43 11 L
| I I I
' | 4
! 141 | 4 II
| 0) - l)
5 %) L 11 S
| )! 4 1 * I
|
7': |1l )” 4 X T
1 ° I
7 II 5 11 | -
5 1
, $ 1|
1$'5 1)




(Q%1/()+'(%!1$)" 12+% & $00+% " (

- Q $+/ ! 15 4

5

A"A



(2%L/( ) +'(% ! 1$)" 12 +% &
$00+% " ( 5

- 7?7 Oo# | , |
0 4 !
1 !

Y -1C$+J)




(2%1/( ) +'(% 11$)" 1 /

.3 214 4 1 4
411 0O 0 !
.(50, !0 1! 10 4
| 4 |
78 93 7 '73?) 11
41 0 5L ! 1l
41 4 1!

"%

#++.)




(2%1/( ) +'(% ' 1$)" 1'% ):/$2 "

-7 %3!'' 5 011 1L
0
17 ! ! ! 4
%3 ! I 4 1 0

1(50, %3! 5 | !
! 6
-7 3 ? 5 4 !
4 00

A"D



(2%1/( ) +'(% ' 1$)" 1'% ):/$2 " $00+% " (
0

5

AA+



(2%1/( ) +'(% 1 1$) " | ™) 2$(%

.7 1 'Q3)! 5 5 44

o ! ! 5
1 $ | 0 'L 4
1 | $ | 0 ! !

| 5 |

1 0O M | 0 | |

4 K # 0 1)% 3
Q3 4 | 1 Q30
12 2 0!+ $ #, 5 ¥ |

+0l$B+0!'#B30!#BeB $ 0! +e# B # 0! $e+

AAS$



+:%1+ &2$#-26 (05

I 0 , Il % 3
1 1 | 4 I
|1 & ' 0 7,
I
1 4 . 4
1 +-2%)6 4
17! mr 1r 5 1 I
$

+

9%,. 296)6 4

4 5

o1

$5

O! +

#++)




+:%1+ &2%$#-26 (08
I
17 | 4 4

# 4
I L |
> 1 L
1% '$DD ) ! o> 11
3
&'()+8L_* [ o 1
o 245
15 0 .| | 11
0 7 5
|1 5 & O 4 4
4 4 4 0 0 !




+:%1+ &2%$#-26 (08
17! 5 0> ! I

4 | -! 1 4 5 5 !
1 1:.GG FF7 '4; ! 51 .:GG
o, | !
! ! ! )
Il
10 4 !
(! , #++9) I

0 I
l'FF7 14; |
4 | 4
1110
, #+++), &
'% #++A)




+:%1+ &2%#-26 (0B

T |
1 ! |
4 5 51
14 5
1 1 4

o' )4

'l #++)




+ %1
+ &2%# - 26
(OB

! | '
Ll !

0!




0 2$2'.%'$+ '+/)( 2%, -%(. $4 2$, +%!6$,

(! 45 5 111
| 145 | 4; 1,5
4,




+;%1+ &2%# - 26

-7 &4 I 5:1 4
1 4 | !
14!
1 10 !
% 3
1 | !
f0O> 1 1l

' Ht+ )




8 (/2 ".$++1,)
1(,28(% ! & G #%') "$($ %!

)




I(
25(°
% 1)
& G #%)
"$($ 9
%!

)

()

#++D)




1(,28(% ! & G #%') "$($ %!

5 8! 59¢& !
11 11
110 |
N
1 1111 20419 3)
El & Il 0 !
O 1 |
4

1% 1>

4 & I 0

)

4
.5  $%4
?>71 ]

AS$



(N%4 1/1"$2 '2))%!, " ++$1 2$(% !)

(3(%)(%'$+ (%) ) 2. +/1 ---*)($(, I*1

A#



'+$)) "9%)'/))% | " |(

. %

W#++|l

4

05

2'$) $21%$=

A2



