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ABSTRACT
Motivation: There is a frequent need to apply a large range local or
remote prediction and annotation tools to one or more sequences.
We have created a tool able to dispatch one or more sequences to
assorted services by defining a consistent XML format for data and
annotations.
Results: By analyzing annotation tools, we have determined that
annotations can be described using one or more of 6 forms of data:
numeric or textual annotation of residues, domains (residue ranges)
or whole sequences. With this in mind, XML DTDs have been desi-
gned to store the input and output of any server. Plug-in wrappers to a
number of services have been written which are called from a master
script. The resulting APATML is then formatted for display in HTML.
Alternatively further tools may be written to perform post-analysis.
Availability: The ‘Automated Protein Annotation Tool’ (APAT) can
be downloaded from ���	��
���	���	�	��������������������	���! 	"���#�
$#���� As well as
source code and documentation, a demonstration web server is pro-
vided which uses APAT to perform a number of annotations of a
sequence.
Contact: andrew@bioinf.org.uk –or– martin@biochem.ucl.ac.uk
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Hd5D1�3 ( 34f , H B+,�= 3 <�( 345 & 1 ( 5�E ,�(+*;,�B @V3 (+* � =;, 1 <�B 34H ( 345 & 5$7 * 5	@�1 :;<�*
B+, 1�3 =;:;, 1¥� B+, 3 =2,�&�( 34J ,	= Z ¤p* 341WCG5�f , 1 (+*;, .45DE�3 < 5$7L3 &Y= 3 < � ( 3 & Eh�
Hd5D1�3 ( 34f , H B+,	= 3 <�( 3K5 & � � < c ( 5 (+*;, 1 ,�B f\3 <�, @ B �$H-H ,�BWB � (+*-,�B¡(+* � &
(+*-,¡= 341�H-.K��/6H B 5DE B ��CUZ
¤p*-, @ , � 1�3 (+,�k!®�¯S¯D°§±�²S²$³S³D³�´�µ;¶D·S¶�Ía�§´�·$»S¼§´�ËDÌ2²S¹$°2¹�¯�² rRE�3Kf , 1

1�34CGH-.430J ,	=¬,�u\(�B � <�( 1�5�7 (+*-,Vn j n£¤ © ª J-. , @ * 3 <�* 1 : CGCI� B 34½ ,p(+*-,
CI��3 & ��1�H ,�<�( 1I5�7 (+*;,  ¤ v7!5 B H ,�B ] B+, 1�3 =;:-, ?VH ,�B ] = 5DCI�$3 & � &Y=
H ,�B ] 1 ,	9�:-,�&-<�, � &-& 5 ( � ( 345 & 1�Z %'& � =;= 3 ( 345 & ? (+*-,h< 5�CGH-. ,�(+,  ¤ 
� &-= � =2,�( ��34. ,	=U=2, 1 <�B 34H ( 345 &U< � & � ,¥= 5	@ & .45S� =;,	= Z
�
	CIKJMLON �QP�R ��S�TQUWV��<PXT ���OSYP
¤p*-, 5�f ,�B �$.4.W� B+<m* 3 (+,�<�(+:2B+, 5$7 (+*-,>n j n�¤ 1�/21 (+, CF341`1 * 5	@ & 3 &
}^34E :2B+, ¿DZ ¤p*-, 1�/21 (+, C 341�34CGH-. , C ,�&�(+,	= 3 & j ,�B . : 1�3 & E (+*-,
� © ª§�4�  Ð ©ÏCG5 =;: . , 7!5 B HY� B 1�3 & E � © ª J-. , 1�Z ¤p*-, 1�5�7 ( @L� B+,L< 5 & ]
1�341 ( 1£5$7�|¡CI�	«�5 B�< 5�CGHd5 &;,�&�( 1 �Yk 3_r�� Ö CI�$1 (+,�B	× 1 <�B 34H ( @ * 3 <m*MB+, � = 1
� & � © ª 3 & H :;( JY. ,6< 5 &�( ��3 & 3 & E (+*;, 1 ,	9�:;,�&-<�, � &-=Â= 341�HY� (+<m*-, 1
3 (G( 5 , � <�* 1 ,�B f23 <�, @ B �$H-H ,�B ? k 343�rM@ B �$H-H ,�B 1I7!5 B`, � <m* � &;& 5 ( � ]
( 345 &Y� H B+,�= 3 <�( 345 & 1 ,�B f\3 <�, ? k 34343_rG� = 341�H;._��/RH B 5�E B �$C @ * 3 <�*Â< 5 & ]
f ,�B�( 1 (+*;,`n j n£¤ © ª 5 :;( H :2( 7 B 5DC (+*-, � &-& 5 ( � ( 345 &Y� H B+,	= 3 <�( 345 &
1 ,�B f\3 <�, 1 ( 5>� ¤ © ª 7!5 BI= 341�H-.K��/�Z ¤p* 3K1 = 341�H-.K��/�H B 5DE B ��C < 5 : . =
� ,AB+, H;.K� <�,	= � /`� & / &\: C � ,�B 5$7§Hd5D1 ( ] � & ��.0/21�3K1b1 <�B 34H ( 1�Z %�& � =;= 3 ]
( 345 & ?A1�3 &-<�,O(+*;, 1�/21 (+, CNCI��/ � ,h: 1 ,	=�( 5�H B 5 <�, 1�16� � � (+<m* 5�7
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Extensible automated protein annotation

@ ACB 8�� 8 �D ��W�D�0� * � �F" �	�D�'�S�D� ;_���	�Þ�'�S� ���,� � �����'�'�+�~���S�m� �0�)!
�\�+���Ñ�'�+���0�S�S�b ��S�I�\�+���Ñ�'�
���S�+�S�+�A ��S�S���� ����0�	�S�	� � �S�A�\�+���!���+���0�S�D�A ��S�D���
�� ����0�	�W�S ��X�\�+�m�W�+�)� �'�+�¡���p�Ñ�^�b�$�0�D�m�-;_�	�g�S�'����� �9�:�Y� ;_�S�0�S���D ��W�S�0�§�¥ 	�
�\�L���+�+�M�	�8���D� �D� � � ���+�¬��� �'�:�

1 ,	9�:;,�&-<�, 1�?T@ ,>* �	f , 34CGH-. , C ,�&�(+,	= ��1 * 5 B�( 1 <�B 34H ( @ * 3 <m* @V3K.4.
B+:;&6(+*;B 5 : E * �$.K. (+*-, 3 & H :2( � © ª JY. , 1T3 & � = 3 B+,�<�( 5 B /h� &Y= H B 5 ]
<�, 1�1 , � <m* 3 &I(+:;B+&G: 1�3 & E (+*-,¥Ö CI�$1 (+,�B	× 1 <�B 34H ( Z\¢ * 3K. ,b(+*-, 1�/;1 (+, C
341 & 5 (LB+, ��.4.0/ =2, 1�34E &-,�= 7!5 B 5 & .43 &-,W: 1 , ?;@ ,W* �	f , 34CGH;. , C ,�&�(+,	= �
1�34CGH-. , @ , � 3 &�(+,�B 7!� <�, H B 34CI� B 34.4.0/U7!5 B¥=;, CG5 & 1 (�B � ( 3K5 & H :2B Hd5D1 , 1�?
�$. (+* 5 : E *6(+* 3K1 < 5 : . = H B 5�f ,¡: 1 , 7 : .�7!5 B 3 &�(�B � &;,�( 3 & 1 ( �$.K.K� ( 3K5 & 1�Z
¤p*;, CG5D1 (Å< 5DCGH-. ,�u H-� B�( 5$7 (+*;, 1�/21 (+, C 341 (+*-,�= 341�H-.K��/

H B 5DE B �$C @ * 3 <m* H B 5�f\3 =2, 1W� :-& 307�5 B C = 341�H-.K��/h7!5 B �$.4. (+*;, � &-& 5 ]
( � ( 3K5 & 1 ,�B f\3 <�, 1�Z ¤p*-,Tn j n�¤ © ª JY. , 341 B+, � =G: 1�3 & E � © ª��4�  Ð ©ÇZ
j ,�B ] 1 ,	9�:;,�&-<�, � &-& 5 ( � ( 345 & 1�?W@ * 3 <m* � B+, ��H;H-.43 ,	=)( 5 (+*-, @ * 5D. ,
1 ,	9�:;,�&-<�, ?� B+, 1�34CGH;.4/ = 341�H-.K��/ ,	= ��1 (+,�u\(Qk 1 ,�, }^3KE :;B+, oDr�?�@ * 34. ,
H ,�B ] = 5DCI��3 & � &;& 5 ( � ( 345 & 1t� B+,O= 341�H-.K��/ ,	= ��1t�s1�34CGH-. ,6( � � . , 5$7
B+, 1 : . ( 1V@V3 (+* �$1�1�5 < 3K� (+,	=h=2, 1 <�B 34H ( 345 & 1V7!5D.4.45	@V3 & E (+*-,A( � � . , Z-j ,�B ]
B+, 1�3 =2:-, � &;& 5 ( � ( 345 & 1Ç� B+, H B+, 1 ,�&�(+,	= 3 &�(+*-, 7�5 B C 5�7`� ( � � . ,
3 & @ * 3 <m*R&\: C ,�B 3 < f���. :;, 1Q� B+,6< 5�.K5 :;B+,	= 5 & �O1 < �$. , 7 B 5�C � . :;,
(+*2B 5 : E * E B+,�,�&)( 5 B+,	= Z %'& � =-= 3 ( 345 & ? B+, 1�3 =;:-, 1tCI� B c ,	= 3 &Â(+*;,
n j n�¤ © ª ��1 Ö Hd5�1�3 ( 34f , H B+,	= 3 <�( 3K5 & 1 × � B+,£* 34E * .43KE *�(+,	= � &Y= ?D@ *-,�B+,
3 &Y= 3 < � (+,	= � / (+*-,tn j n�¤ © ª ? (+*-, e  �4� e B ��H * j ,�B .aCG5 =;: . , 341
: 1 ,	=`( 5QH B 5$f\3 =;, E B ��H * 3 < ��. = 341�H-.K��/U5$7§H ,�B ] B+, 1�3 =;:-, � &-& 5 ( � ( 345 & 1
k 1 ,�, }^34E :;B+, oDr�Z
¦�� <m* 5�7 (+*-, 1 ,�B f23 <�, @ B ��H;H ,�B 183K1¬34CGH-. , C ,�&�(+,	= ��1M�U1 ( � &Y= ]

�$.K5 &-,8Ö H;. : E ] 3 &g× Z ¤p*-, CI�$1 (+,�B H B 5�E B �$C~1�3KCGH;.0/I3 =2,�&�( 30J , 1V�$.K. (+*;,
H;. : E ] 3 & 1A��f���34.K� � . , � &-=6B+:-& 1 , � <�* 3 &h(+:;B+& Z ¤p* 341 =;, 1�34E & �$.4.K5	@V1
3 &Y= 34f23 =2: ��.�1 ,�B f23 <�, @ B ��H-H ,�B 1 ( 5 � , 34CGH-. , C ,�&\(+,�= � &Y=8=;, � : E�E ,	=
�$1X1 ( � &-= ] ��.45 &-,�< 5 =;, � &-= 1�3KCGH;.0/AH;._� <�,	= 3 & �p1 ( � &Y= � Bm=¥= 3 B+,�<�( 5 B /
7�5 B 3 &�(+, E B � ( 345 & 3 &�( 5 (+*-, 1�/21 (+, CUZ�j§. : E ] 3 & 1 < � & � , 3KCGH;. , C ,�&�(+,	=

1 :-<m*�(+* � (M(+*-, /�H B 5�f\3 =;, �O1 , .07 ] < 5 &�( �$3 &;,	= � &;& 5 ( � ( 345 & 1 ,�B f\3 <�, ?
� :2( 3 & H B � <�( 3 <�,`(+*-, /�� B+, E ,�&-,�B �$.K.0/�@ B ��H;H ,�B 1 ( 5>1�5DC , 5 (+*-,�B
( 5�5D.ÑZ i2:-<m*¡( 5�5D.41^CI��/ B+, 1�3 =;, .K5 < ��.4.0/¬5 BXB+, CG5 (+, .0/�? , 3 (+*-,�B ��1g¢ , �;]
1 ,�B f\3 <�, 185 Bv� e % ]�� ��1 ,�= 1 ,�B f ,�B 185 &�(+*;, @ , � Z Ó , CG5 (+, 1 ,�B f23 <�, 1
CI��/ � , � <�<�, 1�1 ,	= f\3K� i;ÐTn j¾5 B � / Ö 1 <�B+,�,�& ] 1 <�B ��H;3 & E × 5�7¡@ , �
HY�$E , 1 B+, 1�H ,�<�( 3Kf , .0/�Z i 3 &;<�,p(+*-, 5 & .0/ B+,	9�: 3 B+, C ,�&�( 5$7 (+*-, H;. : E ] 3 & 1
341 (+* � (b(+*-, / B+, � = � &Y= @ B 3 (+,P� © ª ? (+*-, / < � & � , 34CGH-. , C ,�&\(+,�=
3 & � & /QH B 5DE B ��CGCG3 & E¡.K� & E : ��E , � &Y= 3 &�(+, E B � (+,	= 1 , ��CG. , 1�1�.0/G3 &�( 5
(+*-,£n j n�¤ 1�/21 (+, CUZ�¢ ,a* �	f , 34CGH-. , C ,�&\(+,�= � &\: C � ,�B 5�7YH;. : E ] 3 &
1 ,�B f\3 <�, @ B �$H-H ,�B 1L3 & j ,�B .d7!5 B @ * 3 <�*G(+*;,Wi-Ðbn j �4� ª 3 (+, � &-=Iª ¢�j
HY� < c���E , 1§CI��c , � <�<�, 1�1 ( 5A¢ , �;] 1 ,�B f\3 <�, 1§� &Y=U� e % ]�� ��1 ,�= 1 ,�B f ,�B 1
1 (�B ��34E *�( 7�5 B @L� Bm= Z
% CGH;. , C ,�&�( � ( 345 & 5�7� =;= 3 ( 345 & ��.-1 ,�B f23 <�, @ B �$H-H ,�B 1�341 B+, ._� ( 34f , .0/

1 (�B ��34E *�( 7�5 B @L� Bm= � &Y= fD�$.43 = � ( 345 & ��ED��3 & 1 (G(+*;,6n j n£¤ © ª  ¤ 
,�& 1 :2B+, 1 (+* � (�(+*-,pB+, 1 : . ( 1 < � & � ,L< 5 & f ,�B�(+,	=W( 5¡� ¤ © ª6: 1�3 & EA5 :;B
= 341�H-.K��/GH B 5DE B �$CUZ ¤p*-,  ¤ �@L��1aH B+, H-� B+,	= @V3 (+*G(+*-, ��3 = 5�7 (+*-,
,�u2<�, .4. ,�&�(l� © ª ] ( 5 ]  ¤  < 5 & f ,�B 1�345 &U:2( 3K.43 ( /I7 B 5DC~�A3 (Ai 5$7 ( @L� B+,
�	fD�$3K.K� � . , � (�®�¯S¯D°§±�²S²$³S³D³�´�®;¶$¯\º�³�´�ÊD·��Y²�â5�Yä Ë�¯2¶DäS¶$¯�É\ºD² � , 7!5 B+,
< � B+, 7 : .CI� &\: ��. <�*;,�< c23 & EG� &-= CG5 = 30J < � ( 345 & Z

3 RESULTS AND DISCUSSIONn j n�¤ 341 =;, 1�34E &-,	=P( 5sH ,�B 7�5 B CN�Of ,�B /�1�34CGH;. , � :2(QB+, H ,�( 3 ( 34f ,
( ��1�c�3 & � 1 (�B ��34E *�( 7!5 B @L� Bm= CI� &-&-,�B	� 3 ( ��.4.45	@V1s5 &-, 5 B CG5 B+,
1 ,	9�:-,�&;<�, 1 ( 5 � , H B+, 1 ,�&�(+,	=Q( 5¬� &\: C � ,�B 5�7 = 3 ��,�B+,�B+,�&�( � &-& 5 ( � ]
( 345 &d� H B+,	= 3 <�( 345 & 1 ,�B f ,�B 1�? < 5�.4._� ( 3 & E (+*-,¬B+, 1 : . ( 1¥� &-= H B+, 1 ,�&�( 3 & E
(+*-, C�3 & � < 5 & 1�3K1 (+,�&\( 7!5 B CI� ( 7!5 B � :;( 5�CI� (+,	= 5 B f\341 : �$.-� & �$.4/21�341�Z
ÐA:;B �$H-H B 5D� <m*Q< 5 &\(�B �$1 ( 1�@V3 (+*I¤ �	f ,�B+& � k�Ð 3 &-&Uw�x§yDzK{ ?So�q�q��Sr�� &Y=
¤ 5�5D. la: 1 k ¦ < c�� B�( � &Y=>i 5 � B ��.Ñ?Xo�q�qD|Dr�Z ¤p*-, 1 , � B+,¬*2: E , .0/ < �$HY� ]
� . , @p5 B c Ä 5	@ ]�� ��1 ,�= 1�/21 (+, CG1W@ * 3 <m* ?§@ * 3K. ,t< . , � B .0/ < ��HY� � . , 5�7
1�34CG3K.K� B8(+* 3 & ED1�? < 5DC , @V3 (+* � & 5�f ,�B+*;, � = 5�7 < 5DCGH-. ,�u 3 ( / B+,	9�: 3 ]
B 3 & E81�5DC ,A< 5 & 1�3 =2,�B � � . , 3 & f , 1 ( C ,�&�( 3 &I( 3KC ,V( 58. , � B+&t* 5	@ (+*-, /
< � & � ,Q,�u\(+,�&-=;,	= Z %'& � =;= 3 ( 345 & ? ¤ �	f ,�B+& �2?�3 & 3 ( 1 <�:2B�B+,�&�( 7!5 B CU?
341 & 5 (b=;, 1�34E &;,	=G( 5 * 34E * .434E *�(L(+*-, c , /G3 & 7�5 B CI� ( 3K5 &6&;,�,	=;,�= � /t�
l 345D.45DE�341 ( 3 & �M1�34CGH;. , � &Y=t< 5 & 1�3K1 (+,�&\( 7�5 B CI� ( Z
¢ ,T* �	f , � & �$.0/;½ ,	=Q(+*-, 5 :;( H :;( H B 5 =;:;<�,	= � /I�W@V3 =2,TB � & E , 5�7

H B 5 (+, 3 & 1 ,�9\:;,�&-<�, � &Y= � &;& 5 ( � ( 345 &O( 5�5D.41¥� &-=>=2,�(+,�B CG3 &-,�=6(+* � (
��.4.d� &-& 5 ( � ( 345 & 1 < � & � ,b,�u H B+, 1�1 ,	= 3 & 5 &;, 5$7�7!5 :2B @p�	/21 kÑ<�* � B � < ]
(+,�B 5 BL&\: C ,�B 3 < H ,�B ] B+, 1�3 =;:;, � &-& 5 ( � ( 345 & 1L5 B � &-& 5 ( � ( 345 & 1L� (p(+*-,
H ,�B ] = 5�CI��3 & 5 B H ,�B ] 1 ,	9�:;,�&-<�, . , f , ._r�Z ÐA&8(+*;, � �$1�341�5�7 (+* 341�� & ��.0/ ]
1�341�?Y@ ,¥* �	f ,¥=2, 1�34E &;,	= � & � © ª  ¤  ( 5G� � 1 (�B � <�( � &Y=U,�&;< 5 =;,
(+*-, � &;& 5 ( � ( 345 & 1MH B 5�f\3 =;,	= � /s� & /�H B+,	= 3 <�( 345 & 1 ,�B f ,�B Z ÐA&s(+*-,
� �$1�3K1b5�7 (+* 3K1V ¤ ¬?-@ ,¥* ��f , ED5 &;, 5 &U( 5 =;, 1�3KE & � = 341�H-.K��/ ( 5�5�.
� &-= @ B �$H-H ,�B 1 ( 5M� &\: C � ,�B 5$7�� &;& 5 ( � ( 345 &Y� H B+,�= 3 <�( 345 & 1 ,�B f23 <�, 1
B+:-&;& 3 & E � 5 (+* .45 < �$.4.4/U� &-=tB+, CG5 (+, .0/�Z
¤p*-, 1�/21 (+, C 341 =;, 1�34E &;,	=U( 5 � ,M= 5�@ & .45S� =2,	= � &-=6B+:-& .45 < ��.4.0/

��.4.45	@V3 & E (+*-,>: 1 ,�Bh( 5 B+:;& CI� & /�� &;& 5 ( � ( 345 &d� H B+,	= 3 <�( 345 & 1 ,�B ]
f\3 <�, 1£5 & 5 &;, 5 B CG5 B+, 1 ,	9�:-,�&;<�, 1§@V3 (+* 5 :2( CI� &\: ��.23 &�(+,�B f ,�&�( 345 & Z
Ó , 1 : . ( 1P� B+, H B+, 1 ,�&�(+,	= 3 & � < 5 *-,�B+,�&�( � &Y= < 5 & 1�341 (+,�&�( 7!5 B C
CI��c\3 & E < 5DCGH-� B � ( 3Kf , � & �$.0/;1�341b1 (�B ��34E *�( 7�5 B @L� Bm= Z
[ 1 ,�B 1 < � &>, ��1�34.0/ <m* 5�5D1 , @ * 3 <m* H;. : E ] 3 & � &-& 5 ( � ( 3K5 & 1 ,�B f23 <�, 1

(+*-, /s@V3K1 *R( 5 : 1 , � &-= 34CGH-. , C ,�&\( � ( 345 & 5�7¡� =-= 3 ( 3K5 & �$.b1 ,�B f23 <�,
@ B ��H;H ,�B 1M341Q1 (�B �$3KE *�( 7!5 B @p� Bm=�: 1�3 & E (+*-,I,�u 341 ( 3 & EO@ B ��H;H ,�B 1Q�$1
,�u ��CGH;. , 1�Z %�( 1 * 5 : . =Â( ��c , � & ,�u H ,�B 3 ,�&-<�,	= j ,�B .TH B 5DE B ��CGC ,�B
& 5ICG5 B+,W(+* � & � < 5 : H-. , 5$7 * 5 :2B 1 ( 5I3KCGH;. , C ,�&�( � & � =;= 3 ( 345 & �$.
@ B ��H;H ,�B Z � 5DCGH;.43_� &-<�, 5�7 (+*;,MB+, 1 : . ( 3 & E � © ªÂ< � & � ,M<�*;,�< c ,	=
��ED��3 & 1 (V(+*-,¥n j n£¤ © ª  ¤  ( 5 ,�& 1 :;B+,W< 5�CGHY� ( 3 � 34.K3 ( /�Z
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¢ * 34. ,t(+*-, 1�/21 (+, CÜ��.4.45	@V1`C : . ( 34H-. , 1�3 & ED. , 1 ,	9�:-,�&;<�, 1 ( 5 � ,
1 ,�&\(§( 5¡H B+,	= 3 <�( 345 & 1 ,�B f ,�B 1�?S3 ( CI��c , 1 & 5W� (�(+, CGH (�( 5 * � &-= . , 1 ,�B ]
f ,�B 1£@ * 3 <m*IB+,	9�: 3 B+, C : . ( 34H-. , 1 ,	9�:-,�&;<�, 1 k 7�5 BL,�u �$CGH-. , ?\C : . ( 3KH;. ,
1 ,�9\:;,�&-<�, ��.434E & C ,�&�( 1I� &-= H * /2.45DE ,�& /-r�Z i 34CG34._� B .0/ (+*-,�B+, 341 & 5
� � 34.43 ( / ( 5 =2, ��.;@V3 (+* 1 ,�B f ,�B 1£@ * 3 <�*QB+,�(+:2B+& C :;<�* CG5 B+,V< 5�CGH-. ,�u
= � ( �81 :-<m* ��1 (+*2B+,�, ] = 34C ,�& 1�3K5 & �$.CG5 =2, .41 � : 3K. ( � / < 5�CGHY� B � ( 34f ,
CG5 =2, .4.43 & E;Z i2:;<�* � =-= 3 ( 345 & 1h� B+, � , 3 & E < 5 & 1�3 =;,�B+,	= 7!5 B 7 :;(+:2B+,
f ,�B 1�345 & 1¬5�7 (+*-, 1�/21 (+, CUZ �a:;B�B+,�&�( .0/ (+*;,6= 341�H-.K��/ ( 5�5D.LH B+, 1 ,�&�( 1
(+*;,GB+, 1 : . ( 185�7 , � <m* � &;& 5 ( � ( 345 &d� H B+,	= 3 <�( 345 & 1 ,�B f ,�B 1 , H-� B � (+, .4/�Z
n 7 :2B�(+*-,�B Hd5�1�1�3 � . ,t,�&-* � &-<�, C ,�&�( @p5 : . = � ,M( 5 = 341�H-.K��/>C : . ( 3 ]
H;. ,VB+, 1�3 =2:-, ] . , f , .Y� &;& 5 ( � ( 345 & 1£5 & �¡1�3 & ED. , f23 , @Â5�7 (+*;, 1 ,	9�:-,�&;<�,
�$1V3K1 = 5 &-, 3 &  nAi Z
i 5 :;B+<�,M< 5 =2, 7!5 BW(+*-, CI��1 (+,�B � &Y=>= 341�H;._��/OH B 5DE B �$CG1W� &-= 7�5 B

� &2: C � ,�B 5�7WH;. : E ] 3 & 1 ,�B f23 <�, @ B �$H-H ,�B 1ICI��/ � ,h= 5	@ & .K5D� =2,	=
7 B 5DC (+*-, @ , � 1�3 (+,I( 5�E ,�(+*;,�B @V3 (+*�(+*;,  ¤ v� &Y=P= 5 <�: C ,�&\( � ]
( 345 & Z ¤p*;,I= 5	@ & .45D� = �$.K1�56H B 5�f\3 =2, 1 (+*-, 1 <�B 34H ( 1¡7!5 B8< 5 & f ,�B�( 3 & E
�¥1 ,	9�:-,�&-<�,A( 5 (+*-, 3 & H :2(g� © ª 7!5 B CI� ( � &Y= 7!5 BLB+:;&-& 3 & EM�$.4. (+*;,
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