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SOM model in data
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e3mix:m�dfe�midrpMek¢�dry��-drevmic5hNj?g�l���hMp�midIl��(l:����dI�?pkl��[j5{rh)mih��ve�x���j?{Ih�e�l���mil/mic5h�b���}~�?���Ô��l�n�hM{J¢�y5�½dfevm�c5hNhMn�dIm�dr�5�[x:�?n
y�d��Ddre%mic5hªdr�©��m£x�m�drl���e3m�hkj��
�-��pk{I�sn�dI�?��m�c?h�j5gil�q5{rhk�·l��5yax�g�dfx:q?{Ih�e�hk{rhMp)m�drl��o�Jp)l�y�x:gidfx�m�h�ei�Ayax�g�dfx�midIl��?e¹l���m�c5hv�?e�h�l:��mic5h%b���}~�s���¾��l�g¿hMn�dIm�dr�5�
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m�drl��seK{Idr»�hQmic5hª{rl��:}8m�g£x:�se���l�g��®x��?n2g��5{rhªq?x�e3h�n h�n�dIm�dr�5�(l:�=l�q�y�dIl��?e%hkgigil�g£ek�=§~��l��5gNp)l�n�dr�5�[m�c5h�e3h/x�g�h
�5l�m�hMn�x�e%j5c?x�e�hMe , ¢ ä�¢��N¢?x:�?n��	¢5x�eKn�h�e�pkg�drqsh�no{fx�mihkg����� � b�g£x:dr�5dr�5��e3m�hMjÄl��?mic5hKb���}~�s�����5hM�5g£x:{��5h)m�tDl�gi»��¹§<m�pkx��©q"h�n�l��?hvhMd«mic5hkg½tKdIm�c[�5l�g��(x:{�b���}��?���®m�g£x:dr�5dI�?�?¢
tKc5dfp£czx�eie3�?��h�eK���5{r{r� l�q?e3hMg�y�hMn�p){rhMx��zn5x�m£x5¢sl�g	tKdIm�cwl��5g	�?hkt·g�l�q5�?e3m	dr�?p)l���j?{Ihkm�h©n5x:mix(y�hkg£e3drl���l��
m�c?h	b���}��?���¬x�{I��l�gid«mic5���¿b%c?dre-e3m�hMj[�[x�»�h�e½xªp){r�?e�mihkgidI�?��l���x�{I{sn5x�m£xNgihMpkl�g£n5eM¢:tKc5hkgihDm�c5h	���?�©q"hkg-l��
p){r�?e3m�hMgie=dfe½n�h)És�5hMnÄq��ªm�c5hKb���}��?���¬{rxa��hkgK^-�:b%c?hDl�m�c5hMg¿m�g£x:dr�5dI�?��l�j�m�drl��se¨l��?mic5h�b���}��?���¬n5hk�5l�m�hMn
tKdIm�c�{Ihkm3mihkg£e�ÖLx:�sn Ú������� � �vl��[j5��m£x�m�drl��ol:��p){r�?e3m�hMgDe3mix:m�dfe�midrpMe�dfevn5l��5h�q��[hMe3m�dr�(x�midI�5�©m�c5h��[hMx��+x:�?n(y�x�g�dfx:�?pkh�l:�¹y�x�g�dfx:q5{rhMeM¢�tKc5drp£c
x:gih%m�c?hKl��5h�e½tvh�x�g�hKh�n�dIm�dr�5�ªl�g ( x��?n©dr�[j5��midI�5�s�½��e3m�dr�[x:m�h�e-x:gihKp)l��[j5�5m�hMn���l�g-hMx�p£cÄl���m�c5h�pk{I�?e3m�hMgieM�
b%c5hMg�h�x�g�hve3hMy�hkg£x:{�tDxa��eAmil	n�l	m�c5dfek�¨§~�ªm�c?hDe�dI�[j5{rhMe3m¿pMx�e�h=m�c5h�e3hDx:gih½m�c?hv³:tDhkdr��c�m£³%j?x:g£x:�[h)mihkg£e¹l���mic5h
b���}��?���º¢�p)l��[j5�5m�hMn[dr�oe3m�hMj(dId���¢�x:�?n[�?l©x�n5n5d«midIl��?x:{5tDl�gi»©�?hkhMn?e½m�l©qsh	n5l��5h��½��l��[h�j5gihkj5gil�p)h�e�e�dI�?�
l�j"hkg£x�midIl��?eM¢:c5l�tDhky�hMgM¢�j5g�hMy�hM��m-�se½�?e�dI�5�Äb���}~�s���¬tDhkdr��c�m£e-x:gih�e�m£x�midre3m�dfpkx�{5hMe3m�dr�(x�m�h�ek¢�x:�?n�mic5hk�[mic5h
e3mix�midre3m�dfpke��©�?e3mvq"hNpkl��[j5��mihMn[��gil��¸l�gidr��dr�?x:{5g£xat¥n5x�m£x+��hk��mihkgi�?x:{"n5x�m£x��)�¿§~�[mic5h���l�{I{rl�tKdr�5�©p£c?x�j�m�hMgie
tDhQn5hk�5l�m�hQm�c?h/p)l��[j5�5mix�midIl�� l��=pk{I�se�mihkg�e3mix�midre3m�dfpke%tKdIm�c�{rh)m�m�hkg	§�����<� ú-gil:��h�p�midIl��wl:��n5x:mix+eix:�[j5{rhMeNl���m�l+m�c5h[b���}��?��� e3�?g3��x�p)h ���5l�n�h�¢Apk{I�?e3m�hMg£��dre�n�l��5h©n��5gidr�5�+mic5h/migix�dI�5dr�5�
x:�snLx:{fe3lwdr�ºmic5hoj"l�e3mÄj5gil�p)h�e�e�dI�?�?¢¿dI�Lh�n�dIm�dr�5�¯x��?nFdI�[j5�5mix�midIl��Êe3m�hMj?ek��§~�ºm�c5h2e3dr�[j5{rhMe3mÄpkx�e3h(mic5h
eix:�[j5{rhNdfeDj5g�l���hMp)m�hMn x:{rtDxa��e�l���m�lÄm�c5hªpk{Il�e3h�e�m�¢��[l�e�mKe3dr�[dI{fx:g%b���}��?���Ô�?l�n5h�� , �?l:m�c?hkg%jsl�e�e�drq5dI{rdIm���¢
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Preprocessing

Estimate cluster statistics

SOM training
(compression model)
make clustering

z

x

y

z

x

y

Edit: check if sample is outlier 
in this cluster

raw data

Error 
probabilities "clean data"

Impute: select the missing values
according to the cluster statistics

A,B,C,D,E
Phases

Phases
F,G

Phase H

Phase J Phase J,K

For each data record (sample):
     find the best matching unit (cluster)

Phase H,I

which sample,
which cluster

STEP i)

STEP ii)

STEP iii)

STEP iv)

STEP v) STEP vi)

only with Y3 data

��� ���c� hMg�h%��g�h+pO�5g�gihO��m5�¡ �e<¢¡£Yn�¢rg�gihkgihO��m�¢¥¤�j#��m5�:m<¢rl¦�ºgil¦��m5¢¡�5h�e�§�l�gl¢¡�?pkl¦¤[j¨�rh)mih(l¦©?e�hkg5ªn��m<¢rl¦�se�« � ¢rp � ��g�h%��eD¬e<¢¡­®�5hMnLm�lFe3l®¤�h ��¯ ¬ ¯#°.± pO�¡�se�mihkg�²)³¯h´¤��µ ¶�?e�hom � hwp��¥�?e3m�hkg�¤[hR�¦�·ªn�7�¥�5h�e�n¨¢IgihMp)m<�¥ ¦¸ve�hO�rhMp)mÄm � h¤�¢reie<¢¡�¨­�ªn�7�¥�5hMe¹§�gil¦¤^hMe3m<¢¥¤���m�h�nÁpO�¡�?e3m�hMg�e�j"hMp�¢¡ºsp j"n�§h»j¼��¨¢¡§�l�g5¤ l�g�½�l�g5¤��7��¾F¸K�?e�h´��n�l®�5l�g¹§�g�l®¤
m � h/l:m � hkg	e5�7¤[j¨�rhMe�l7§¿m � h©pO�¡�se�mihkg�¸5l�g�©#�¨¢¡�fn¿� ±_À�Á mD �j"h/l¦§¿gihO­�g�h�e�e<¢Il®�'¤[l�n�hO��¢¡�seB¢fn�hQm � h©p��¥�?e3m�hkg�²�c� h�e3h+l�j�m<¢rl¦�sel�:gih��5l�m�hMnÂ«�¢Im � �Ihkm3m�hMg¹Ã�²�Ä��)��n5n�¢Im<¢rl¦�¶«Dh%¤��µ ¯p � l�l�e3h[mil_¢¥¤�j#��m�h l¦��m5�¡¢rhkg£el�¦�re�l#¸« � ¢fp � ¢reKpkl¦��m�gil¦�¥�Ih�n%©	 ol�j�m<¢rl¦�@�rh)m3mihkg�Å�²ÆKÇ"È É%Ê¨Ë_Ì-ÍÏÎ�Ð�Ñ¨Ò)ÍTÓÔÍ�ÕaË#Ö�×�ØµÐGÍ�Ñ#×ÚÙ�Í�Õ�ØµÐ Í�Ñ¨Û�c� hMg�h���g�h��Äm�l�m5�7�Al¦§¨mD«DhO�¥ª�hQn�¢¡Ü"hMg�hR��m�l�j"hkg:��m<¢rl¦���7��l�j�m5¢Il®�?eR¸¨ÝÞ¸ ßÔ¸�àÔ¸ ál¸ â�¸ ã�¸ äh¸ åÞ¸ ÄF¸ Å�¸ Ãæ�¦�?n À ¸�§�l�g ��¯ ¬ ¯#°.±h�n�¢«m5¢¡�#­h�¦�?n�¢¥¤�j#��m5�:m<¢rl¦�oj?g�l�p)h�n��5gihMeR²�âç��p � l¦§¹m � h�l�j5m<¢rl¦�?e-m5�7è�hMe�mD«vlÄl�gç¤�l�g�hÔªn�7�¥�5hMe�m � �:m%n5h)m�hMg<¤�¢¥�5h � ln«m � h���p�m5�#�7�¿hMn¨¢«m5¢¡�¨­¿�¦�?n�éal�g�¢¥¤[j¨��m5�:m<¢rl¦��¢reQn�l®�5h¦² �c� hMe�h©l�j5m<¢rl¦�?e��:gihÄe<�¨¤�¤��:g5¢¡êMhMn�¢¡�ëã�¢¥­#²Þì#²�Ä���j5g:��p)m<¢fp)hl®�¨�¡ w�(eB�¨©se3hkm%l¦§¿l�j�m<¢rl¦��p)l®¤l©¨¢¥�#�:m<¢rl¦�?ec¢fec�5hkh�n�hMn�¸?n�hkj"hO�sn�¢¡�#­(l¦� m � hQmD �j"hªl7§¿n#��m5���¦�?n j5g�l®©¨�rhO¤´²�c� h%º?gie3mÞº#ª�h�©¨¢¥�#�:g5 �l�j�m<¢rl¦�?e¹ÝÞ¸ ß.¸GàÔ¸ áí�¦�?n¶â�p)l®��mig�l®�½m � h+j5gihkj5gil�p)hMeie<¢¡�¨­�l¦§Kn#��m5�´©"h�§�l�g�h+m � h ��¯ ¬ ¯#°.±mig5�¦¢¡�¨¢¥�¨­�² î�ï
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Probabilistic

Log−transform=NO Log−transform=YES

SOM training data
/

External data

Selection of best 
matching unit Deterministic

Data compression 
option 2 Discard outliers during 

SOM−training

Data compression 
option 1

Preprocessing
option 1

Preprocessing
option 2

Preprocessing
option 3

Preprocessing
option 4

Compute
imputation 
statistics from

:
:

Cluster mean
0

Vector length equaliztion=YES
1

Min−max equalization=YES

Check of bounds=NO
0

Check of bounds=YES
0

Min−max equalization=NO

A0 A1

B0 B1

C0 C1

D0 D1

E0

A

Using robust 
(Huber estimator)
with SOM−training

Basic SOM
(no robustness 
in training)

B

C

D

E

Outlier
handling Impute most obvious

outliers only
Impute all outliersMark as missing

(do not impute)

Random 
donor

Uniform 
pdf

Normal 
pdf

MLP 
(regression)

Nearest 
neighbor
donor

Impute missing
value within
 cluster from

l−cluster
L0L L1

4−clusters
L2
16−clusters

L6
4096−clusters

TS−SOM
layer

F0 F1

Rule based editing used
before SOM training

All edit rules ingored
2

F

G

H

I

J

K

G0 G1 G2

H0 H1

I0 I1

J0 J1 J2

K0 K1 K2 K3 K4 K5

Preprocessing
option 5

Edit rules =NO

Vector length equaliztion=NO
1

Using only fully observed
records with SOM (normal SOM)

Using incomplete data training
(our new IC−SOM algorithm)

E1 E2
Simple bounds check
/

3 »"©"l¦�#�?n5e�p � hMp:è¨¾�¢fe½mD �j¨¢fpO�7�¥�¥ ©l¦�_»�l�j�m5¢Il®�%Ý î ¾F²�Ä<mvp � h�p:è�e ¢ §Am � h�ªn�:g5¢¥�¦©¨�rh�¢re ©shkmD«vhMhO�%�7�%��pkpkhkj�m:�7©¨�rhKg5�¦�¨­�hl7§�ªn�7�¥�5hMeR²�Ä §�©"l¦�#�?n5e�p � h�p � §j�¦¢¡�feDm � h�ªµ��g<¢��7©#�Ih�¢fec¤���g<è�hMn@��ec¤�¢fe�e<¢¡�#­#²
4 »j�Il®­7¬8m�g:�7�?eB§�l�g5¤%¾�¢fe¹�seB�#�¦�¡�¥ )�?e�hMn »jß î ¾Þ«�¢Im � Ý�ß�Äh�7�?nûâ Á â¸n¨�:m5�Ye3hkmieR² ° j"hkg:��m<¢rl¦�û¢re��¦��m�l®¤���m<¢fpO�¦�¡�¥ ¢¥�-ª�hkg�m�h�n'¢¥��jsl�e�mKj5gil�p)hMeie<¢¡�¨­�²
5 »j¤�¢¡��¬ ¤��n£zh76®���7�¥¢¡ê���m<¢rl¦�T¾�¢fe�mD �j¨¢rpR�7�¥�¡ wl®��» à î ¾�² �c� ¢feªp)l®�-ª�hkg�mie	m � h¿»�g�l®©¨�?e3m:¾Ôªn�:g5¢¥�:m<¢rl¦��l¦§ve5�7¤[j¨�rhMe�©"h�¬mD«DhkhO�98·�7�sn î §�l�g h���p � l7§©m � hFe<�¦¤[j¨�Ih�eO² ° jshMg5�:m<¢rl¦� ¢fe´�7��mil¦¤���m5¢rpR�7�¥�¡ �¢¡�	ª�hkg�m�hMn ¢¥�¤m � hYjsl�e�mj5gil�p)hMeie<¢¡�¨­�²
: »jª�hMp)m�l�g �IhR�¨­ � m-h76®���7�¥¢¡ê���m<¢rl¦�Ï¸¦�5l�g<¤��7�¥¢¥êR��m5¢Il®��¾F² �c� ¢fe-l�j"hkg:��m5¢Il®�[h;6-�#�7�¥¢¥êkhMe½m � h��?l�g5¤±l7§�m � h�¢¥�5j¨��m%e<�¦¤�j#�Ih

< m�l��¨�#¢«mD �=?> < >�@ î ² ° jshMg5�:m<¢rl¦�h¢re �5l:m ¢¥�	ª�hkg�m<¢¥©¨�rh��7�?nÄm � �se-h�£�mihkg5�#�7�"éal�g<¢¥­¦¢¥�#�7��n¨�:m5��¤l�se�m ©"h��?e�hMn¢¥�?e�mihR��n l¦§ ¯#°.± «DhO¢¥­ � mie�¢¥�we�mihkj´¢¡¢¥¢�¾�»�hMe3m<¢¥¤���m5¢Il®�2l¦§¿pO�¡�?e3m�hMg�e�m:��m5¢re3m<¢fpke:¾F²
A »�h�n�¢ImNg5�¨�Ih�e5¾�¸#¢¡§ �µªµ�¦¢¡���7©#�Ih®¸?pO�¦�¿©shÞ�se3h�n¶»jâ î ¾Dm�l+pkl�gig�h�p�m�l®©-ª	¢rl¦�?e � �:g£n�hkgig�l�gie�©"h�§�l�gih ¯#°.± mig5�¦¢¡�#¢¡�¨­�²çÄ��

e�l¦¤[hªpO��e�hMeDm � ¢fec¢¡¤[j5gilnª�h�e�m � h�¢¥¤�j#��m5�:m<¢rl¦��g�h�eB�#�«m£eKeB¢¥­¦�¨¢¡ºspR�7��m<�¥ ¦²° j�m5¢Il®�?e�ã·�¦�?n¿ä¶pkl¦��m�gil¦��m � h ��¯ ¬ ¯#°.± mig5�¦¢¡�#¢¡�¨­��¦�¡­�l�g5¢«m � ¤´²î
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`

î
§

B 8#² î ` 8¨² 8 î 8#² B ` ï¨î 8 ¥ 8#² 8R8 î ì ºR¥ 8¨² 8�8R8 î 8®ì 8#² § ï
B

î
º

ï
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B 8 8 8É�×��ÚÙ ËT�aÆ( �$	Ñ�Ù�$ Ð,+�Õ�-�ØO×¨ØµÐ Í�ÑÂÛ�ØO×�ØµÐGÛ�ØµÐGÌ-Û�ÓDÍÚÖ#¾²¿¹$�¾ + À&à �âK£��F���5¢¡¤��O��m ³ á âj���î

8#² §Rº�ºRºR¥�¥ 8¨² ` î ¥NB ì ¥ 8¨² ï¦ï ¥�¦ îï î ² ¥�§ ì ¦¨§ ï 8¨² ` î ¥NB ì ¥ 8¨² ï¦ï ¥�¦ î
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B 8#² ¦ î�ï ¦¨º�º 8¨² 8 BRº�BRº ` 8¨² 8¦ì §Rº î ¥ 8#² 8R8�8 î 8 § 8¨² 8�8R8�8 î ìÉ�×��ÚÙ ËYËTÆ( �$	Ñ�Ù�$ç�D��Á�¢hË#Ö5Ö Í�ÖÔÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û_È�½F¼ÂÓDÍÚÖ�Ñ�Ä�ÀâK£��F���5¢¡¤��O��m ��âr� m²H ÝO��â ¤ î ÝO��â ¤ ïî ï ² ì º î®î¦î¦î 8¨² 8¦ìR8 º ï ì `

ï
`�² ï §�B�¦ î ` `

ï
`#² B î ¦¨§ï ï ² § `�`R`�`�` 8¨² î�ï ¥ `R` ï ` BR¥ ² § ì�8®ì §�¦ ` BRº ² 8 ï¨î 8 ï

B

ï ² § `�`R`�`�` 8¨² î�ï ¥ `R` ï ` BR¥ ² § ì�8®ì §�¦ ` BRº ² 8 ï¨î 8 ïÉ�×��ÚÙ ËYËF�( �$	Ñ�Ù�$ç�D��Á�¢hË#Ö5Ö Í�ÖÔÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�¼�½F¼ÂÓDÍÚÖ�Ñ�Ä�ÀâK£��F���5¢¡¤��O��m ¯ �����F� ��» Ã.¬ ¯ Ã.¬ ¯ î Ã.¬ ¯ ï ¤ î ¤ ïî
8#² ìR8 8¨² ¥N§ 8#² ` î ¦N§ î 8#² 8 º ì B ` ï 8¨² 8 î®î ¥R¦ î ¥

ï
¥NB

ï
8#² ¦�¥ 8¨² ` B 8#² `�8 º 8 º î 8#² 8 § `R8 º î 8¨² 8 î ¦ ì ¥�§ ¦ ² ` `

ï
¦

B 8#² ¦N§ 8¨² ¥�¥ 8#² ï §R¥�§ î ì 8#² 8 ¦ ì ¦R¦¨º 8¨² 8 î B�§�§ ì `�² ¥ î ì¦ìÉ�×��ÚÙ ËYË�Ì. �$	Ñ�Ù�$ç�D��Á�¢'Ð�+�Õ�-�ØO×�ØµÐGÍ�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û_È�½F¼ÂÓDÍÚÖ�Ñ�Ä�ÀâK£��F���5¢¡¤��O��m á À î á À ï á À ÄD½Ôã ±�¯ âî
º ² ì î

8¨² § ¥�¦ 8¨² 8�8 î 8 ¦ ïï
§ ² ` î

B ² ¦ ¥ ì 8¨² 8�8 î 8 §R§
B ¥ ² º § ² ì BRº 8¨² 8�8 î 8¦ì�`É�×��ÚÙ ËYË�Í. �$	Ñ�Ù�$ç�D��Á�¢'Ð�+�Õ�-�ØO×�ØµÐGÍ�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�¼�½F¼ÂÓDÍÚÖ�Ñ�Ä�À²¥²¡² âK£��F���5¢¡¤��O��m �¦��� � � ©F�)m5� n��O�Im5� á�pO�:m m²H
î

8#² ï B�§ î B 8¨² 8N` ï¦ï ¥ ` 8¨² 8 ¥R¦ 8�8 B 8#² 8 î ¦N§ î ¥ 8¨² 8 î 8 ¦R¦¨ºï
8#² î §R¥�ºR¥ ï 8¨² 8N` ï¦ï ¥ ` 8¨² 8 ¥NB�¦ ` º 8#² 8 î ` ºR¥ ì 8¨² 8�8®ì¦ì î ¦

B 8#² î §R¥�ºR¥ ï 8¨² 8N` ï¦ï ¥ ` 8¨² 8 ¥NB�¦ ` º 8#² 8 î ` ºR¥ ì 8¨² 8�8®ì¦ì î ¦É�×��ÚÙ ËYË��. �$	Ñ�Ù�$ç�D��Á�¢hË#Ö5Ö Í�ÖÔÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖ�Ù�À���Ñ ÉâK£��F���5¢¡¤��O��m ³ á âj���î
¦N§ ² ¦�¦R¦N¥NB 8#² ¦NB�º ï º ` 8¨² º�º 8 î Bï
¦R¦ ² B�¦ î º�§ ï 8#² ¦ 8N` B 8 î 8¨² º ï ` ¥R¥R¦

B `�² `R`R8�` ¥�¥ 8#² ¥�¦ ì î�ï ¥ 8¨² ` î ¥R¦ ` ¥É�×��ÚÙ ËYË�Ë. �$	Ñ�Ù�$ç�D��Á�¢'Ð�+�Õ�-�ØO×�ØµÐGÍ�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖfÙOÀ���Ñ É
B�º



ðÔñ�òÚó¨ô�õ�ö)÷Þó¨ø#ù�ò-öûú�ù·ühýÏþ¥ÿ���ü�ÿÚþ¡ÿ������	� ô�
�ö�
�ó�
�
	�®ñ�
�öÚõ"ù	������ýÏþ��aó¨ø�þ����������âK£��F���5¢¡¤��O��m �¦��� � � ©F�)m5� n��O�Im5� á�pO�:m m²H
î

8#² BRºR¥ ì ¥ ` 8 8¨² 8 îµï ¦ ì®ì 8#² 8 î�ï ¦ ì¦ì 8¨² 8 î ì�8 º�§ï
8#² BRºR¥ ì ¥ ` 8 8¨² 8 îµï ¦ ì®ì 8#² 8 î�ï ¦ ì¦ì 8¨² 8 î ì�8 º�§

B 8#² BRºR¥ ì ¥ ` 8 8¨² 8 îµï ¦ ì®ì 8#² 8 î�ï ¦ ì¦ì 8¨² 8 î ì�8 º�§É�×��ÚÙ Ë¶È�Î�Î! �$!Ñ�Ù�$ç�D��Á�¢hË�Ö5Ö ÍÚÖÔÛ�ØO×�ØµÐGÛ�ØµÐGÌ-Û%ÓDÍÚÖ�)�$�É�Ñ É�Ï�$âK£��F���5¢¡¤��O��m ³ á âj���î ï ² ì î�ï `®ì § 8¨² B�§RB î 8 B 8¨² ï º�B�¦ î Bï ï ² ì î�ï `®ì § 8¨² B�§RB î 8 B 8¨² ï º�B�¦ î B
B

ï ² ì ï ¥ ì�8 § 8¨² B ì ºR¥R¥�¥ 8¨² ï ` ï §R¥ ìÉ�×��ÚÙ Ë¶È�Î�È� �$!Ñ�Ù�$ç�D��Á�¢'Ð,+�Õ�-�ØO×¨ØµÐ Í�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖ�)�$�É�Ñ É�Ï�$âK£��F���5¢¡¤��O��m �¦��� � � ©F�)m5� n��O�Im5� á�pO�:m m²H
î

8#² î º ï¨î º ï 8 8¨² 8 î 8�8 º�¦ 8#² 8 î 8R8 º�¦ 8¨² 8�8 §R¥�º�ºï
8#² î º ï¨î º ï 8 8¨² 8 î 8�8 º�¦ 8#² 8 î 8R8 º�¦ 8¨² 8�8 §R¥�º�º

B 8#² î º ï¨î º ï 8 8¨² 8 î 8�8 º�¦ 8#² 8 î 8R8 º�¦ 8¨² 8�8 §R¥�º�ºÉ�×��ÚÙ Ë¶È�Î�¼! �$!Ñ�Ù�$ç�D��Á�¢hË�Ö5Ö ÍÚÖÔÛ�ØO×�ØµÐGÛ�ØµÐGÌ-Û%ÓDÍÚÖ��µÉ�¾²�!�âK£��F���5¢¡¤��O��m ³ á âj���î
¥ 8¨² 8 B 8¦ì º ` 8

ï
¥ 8¨² 8 B 8¦ì º ` 8

B ¥ 8¨² 8 ¥ 8É�×��ÚÙ Ë¶È�Î�Á! �$!Ñ�Ù�$ç�D��Á�¢'Ð,+�Õ�-�ØO×¨ØµÐ Í�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖ��µÉ�¾²�!�âK£��F���5¢¡¤��O��m �¦��� � � ©F�)m5� n��O�Im5� á�pO�:m m²H
î

8 8¨² 8�8 ¦ ï §�§ 8¨² 8�8 ¦ ï §R§ 8 8
ï

8 8¨² 8�8 ¦ ï §�§ 8¨² 8�8 ¦ ï §R§ 8 8
B 8 8¨² 8�8 ¦ ï §�§ 8¨² 8�8 ¦ ï §R§ 8 8É�×��ÚÙ Ë¶È�ÎTÆ. �$!Ñ�Ù�$ç�D��Á�¢hË�Ö5Ö ÍÚÖÔÛ�ØO×�ØµÐGÛ�ØµÐGÌ-Û%ÓDÍÚÖ�ÉnÀ�¿fÏ�Ù�ÀâK£��F���5¢¡¤��O��m ³ á âj���î

B ² ¥ ì B�¥Nº î î îï
B ² ¥ ì B�¥Nº î î î

B `

î ² º�§ 8 î ` î î î
É�×��ÚÙ Ë¶È�ÎF�. �$!Ñ�Ù�$ç�D��Á�¢'Ð,+�Õ�-�ØO×¨ØµÐ Í�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖ�ÉnÀ�¿fÏ�Ù�ÀâK£��F���5¢¡¤��O��m �¦��� � � ©F�)m5� n��O�Im5� á�pO�:m m²H
î î

8¨² 8 î ¦¨B�¥�¥ 8¨² 8 B ï ¥ ` ¦ 8#² 8 î ¥ ` º 8¨² 8 î ¦N¥�§R¥ï
8#² ì § ` ¦¨B�¦ 8¨² 8 ï ` ¦N§�B 8¨² 8 B ì ï ` ï 8#² 8 î B ì B ï 8¨² 8 î ¥R¦ ` B

B 8#² ì § ` ¦¨B�¦ 8¨² 8 ï ` ¦N§�B 8¨² 8 B ì ï ` ï 8#² 8 î B ì B ï 8¨² 8 î ¥R¦ ` BÉ�×��ÚÙ Ë¶È�Î�Ì! �$!Ñ�Ù�$ç�D��Á�¢hË�Ö5Ö ÍÚÖÔÛ�ØO×�ØµÐGÛ�ØµÐGÌ-Û%ÓDÍÚÖEÃfÃ¹$�ÅçÉ�ßtÅOÀ²¥²¡²
B�¦
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�ö�
 ó�
�
&�-ñ�
�öÚõ"ù&�C�D�	ýÏþE�Tó¨ø�þ��������F�âK£��F���5¢¡¤��O��m ³ á âj���î
¥�º ² B�ºRB ` BR§ 8#² ì BR¥ ï § ` 8¨² ¦ ` ¦ ï ¥�¥ï
ºR§ ² ï B 8 ¦ ì ¥ 8#² ¦R¦ 8®ì B�B 8¨² º�¦NB î®î º

B ¥ ² ¥ ì�8 î 8 ï 8#² º�¥Nº ï ¥ 8¨² ¥ 8 §�º�¦N¥É�×��ÚÙ Ë¶È�Î�Í! �$!Ñ�Ù�$ç�D��Á�¢'Ð,+�Õ�-�ØO×¨ØµÐ Í�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖEÃfÃ¹$�ÅçÉ�ßtÅOÀâK£��F���5¢¡¤��O��m �¦��� � � ©F�)m5� n��O�Im5� á�pO�:m m²H
î

8#² ì ºR¥�B ì ¥ 8¨² 8�8 ¦¨º�¦¨§ 8¨² 8N`�` î¦î ì 8#² 8 B�º�¦¨ºR¥ 8¨² 8 B ì î `®ìï
8#² ì ºR¥�B ì ¥ 8¨² 8�8 ¦¨º�¦¨§ 8¨² 8N`�` î¦î ì 8#² 8 B�º�¦¨ºR¥ 8¨² 8 B ì î `®ì

B 8#² ì ºR¥�B ì ¥ 8¨² 8�8 ¦¨º�¦¨§ 8¨² 8N`�` î¦î ì 8#² 8 B�º�¦¨ºR¥ 8¨² 8 B ì î `®ìÉ�×��ÚÙ Ë¶È�Î��! �$!Ñ�Ù�$ç�D��Á�¢hË�Ö5Ö ÍÚÖÔÛ�ØO×�ØµÐGÛ�ØµÐGÌ-Û%ÓDÍÚÖ�Ù�"�"*)�$�¿fÏ�)âK£��F���5¢¡¤��O��m ³ á âj���î
`

î ² º�¦ ì § î B 8#² ì î¦î ¦¨ºR¥ 8¨² ¦ î ¦¨º ` ¦ï
`

î ² º�¦ ì § î B 8#² ì î¦î ¦¨ºR¥ 8¨² ¦ î ¦¨º ` ¦
B ¥ ² ¥ ì�8 î 8 ï 8#² º�¥Nº ï ¥ 8¨² ¥ 8 §�º�¦N¥É�×��ÚÙ Ë¶È�Î�Ë! �$!Ñ�Ù�$ç�D��Á�¢'Ð,+�Õ�-�ØO×¨ØµÐ Í�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖ�Ù�"�"*)�$�¿fÏ�)âK£��F���5¢¡¤��O��m �¦��� � � ©F�)m5� n��O�Im5� á�pO�:m m²H
î î

8 8¨² 8 ¦ 8 B 8 º 8#² 8 ¦ 8 B 8 º î ² î ¦NB ï ¦N¥ï
8#² ` ï B�¥ ï § 8¨² 8 î 8 º�¦¨º 8¨² 8 B�§�¦ 8 ï 8#² 8 ï §�¦�¦�¦ 8¨² ` §Rº�§ î º

B 8#² ` ï B�¥ ï § 8¨² 8 î 8 º�¦¨º 8¨² 8 B�§�¦ 8 ï 8#² 8 ï §�¦�¦�¦ 8¨² ` §Rº�§ î ºÉ�×��ÚÙ Ë¶ÈaÈ�Î! �$!Ñ�Ù�$ç�D��Á�¢hË�Ö5Ö ÍÚÖÔÛ�ØO×�ØµÐGÛ�ØµÐGÌ-Û%ÓDÍÚÖ * Ñ ÉnÃâK£��F���5¢¡¤��O��m ³ á âj���î î
8¨² 8 î®î § 8 ¥ 8

ï î ² ¥ ï¦ï®ï¦ï B 8¨² 8¦ì §�º�¥�¥ 8
B

î
8¨² 8 î®î § 8 ¥ 8É�×��ÚÙ Ë¶ÈaÈaÈ� �$!Ñ�Ù�$ç�D��Á�¢'Ð,+�Õ�-�ØO×¨ØµÐ Í�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖ * Ñ ÉnÃâK£��F���5¢¡¤��O��m �¦��� � � ©F�)m5� n��O�Im5� á�pO�:m m²H

î î
8 8¨² 8 º�¦ `R8 º 8#² 8 º�¦ `�8 º 8¨² î ¥ `®ì î¦îï î
8¨² 8¦ì î ` ï ¦ 8¨² î ` BRB ` ¥ 8#² 8 º�¦ `�8 º 8¨² î ¥ `®ì î¦î

B

î
8¨² 8¦ì î ` ï ¦ 8¨² î ` BRB ` ¥ 8#² 8 º�¦ `�8 º 8¨² î ¥ `®ì î¦îÉ�×��ÚÙ Ë¶ÈaÈ�¼! �$!Ñ�Ù�$ç�D��Á�¢hË�Ö5Ö ÍÚÖÔÛ�ØO×�ØµÐGÛ�ØµÐGÌ-Û%ÓDÍÚÖ � À�¿fÃ#À!Ñ ÉâK£��F���5¢¡¤��O��m ³ á âj���î

`-ì¨² ï ` î B�¦N§ 8#² `-ì ¦Nº 8 B 8¨² BR¥�¦ ` ¥ `ï î
B

ï ² §�¥Nº ï ì 8#² ºR§ 8�` ¦¨º 8¨² º î B�ºR§�B
B ¥�º 8#² ` º ï ì î 8¨² B ï §R¥ ` §É�×��ÚÙ Ë¶ÈaÈ�Á! �$!Ñ�Ù�$ç�D��Á�¢'Ð,+�Õ�-�ØO×¨ØµÐ Í�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖ � À�¿fÃ#À!Ñ É¯ Ý�� ¯ »"  B ¾r�;�D�V���?�3m5�:m<¢,��m5¢rp;��§����Ôà�ÝO� ¯ ���D���¦�¡�Úê;���V�#²²¥²²¥²

B ì
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�ö�
�ó�
�
	�®ñ�
�öÚõ"ù	������ýÏþ��aó¨ø�þ����������
âK£��F���5¢¡¤��O��m �¦��� � � ©F�)m5� n��O�Im5� á�pO�:m m²H
î

8#² ¦ ï ` î B ì 8¨² 8�8 º î 8 B 8¨² 8N`R8 º�º ` 8#² 8 B `-ì ¥�¥ 8¨² ¥Nº `®ì î Bï
8#² ` B î 8 B ` 8¨² 8 î®î BRB ` 8¨² 8 B î ¥NB�¥ 8#² 8 ï 8 ¦ ` ¦ 8¨² B�BRº î § ì

B 8#² ` B î 8 B ` 8¨² 8 î®î BRB ` 8¨² 8 B î ¥NB�¥ 8#² 8 ï 8 ¦ ` ¦ 8¨² B�BRº î § ìÉ�×��ÚÙ Ë¶ÈaÈ	Æ. �$!Ñ�Ù�$ç�D��Á�¢hË�Ö5Ö ÍÚÖÔÛ�ØO×�ØµÐGÛ�ØµÐGÌ-Û%ÓDÍÚÖ�¾²¿¹$�¾ + À&à �

âK£��F���5¢¡¤��O��m ³ á âj���î
¦ 8¨² 8 ºRB 8 ºRB 8

ï î
B 8¨² 8 §�¦ 8 î ¥ 8

B 8 8 8É�×��ÚÙ Ë¶ÈaÈ��. �$!Ñ�Ù�$ç�D��Á�¢'Ð,+�Õ�-�ØO×¨ØµÐ Í�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖ�¾²¿¹$�¾ + À&à �

âK£��F���5¢¡¤��O��m ³ á âj���î
8#² ì�` ¦N§�B î 8¨² º `�8 B�¥ î 8¨² ¥ ï ìR8 î ¥ï
8#² ì�` ¦N§�B î 8¨² º `�8 B�¥ î 8¨² ¥ ï ìR8 î ¥

B 8#² ì�` ¦N§�B î 8¨² º `�8 B�¥ î 8¨² ¥ ï ìR8 î ¥É�×��ÚÙ Ë¶ÈaÈ�Ì! �$!Ñ�Ù�$ç�D��Á�¢'Ð,+�Õ�-�ØO×¨ØµÐ Í�ÑÂÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û�ÓDÍÚÖ � Ñ�Ù�$

âK£��F���5¢¡¤��O��m ä Ý ß àî
8#² 8R8�8R8 ï § 8¨² B�º ï¦ï ¥NB 8¨² 8�8�8 ï�î ì 8#² 8R8�8 ¦ 8 îï
8#² 8R8�8R8N` î 8¨² î § 8 ï ¥N§ 8¨² 8�8�8 ¥ 8 º 8#² 8R8�8 ¦N¥N§

B 8#² 8R8�8R8N` î 8¨² î § 8 ï ¥N§ 8¨² 8�8�8 ¥ 8 º 8#² 8R8�8 ¦N¥N§É�×��ÚÙ Ë¶ÈaÈ�Í! �$!Ñ�Ù�$ç�D��Á�¢hËR�#×ÚÙ�-#×�ØµÐGÍ�Ñ�Ò�Ù Í	�#×�ÙÚË#Ö5Ö Í�ÖÔÛ�ØO×¨ØµÐ ÛOØµÐ Ì-Û
B�§


