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Utility for checking type accordanceK
between DBPL and INGRES relations,

and for binding the relations to DBPL or INGRES

Resolving mixed predicates

Generation of SQL queries L
from DBPL predicates

The package M
of procedures

written in 
C + embedded SQL
being the interface 

to INGRES

Evaluation of SQL queriesL
Evaluation of DBPL relational 

assignments,  insertions, deletions
and updates

Evaluation of relational comparisons,
 unions, and low-level operations

IN
G

R
E

S

D
B

P
L

 R
u

n
-t

im
e 

S
ys

te
m

@BA�C�ÏON§Ï �|eg}-�6acigd[}[igs�egd#l>m�ig��dGt6o>igd�¥wo[j

.g0:óL+79<;G+-9<'U.65-,¦)L0:;G578§9�M½)�+7+-9<;7ò�)�0�BD,*0:óYò:+-9JBD,UM<.1579�5-+79<9�,*;p+79JM½H:+7;-,¦øL9<'*÷µ;�M<.10:0:9JBÐ.10CB�)L0:9
)1ô#578:9 ôk)�'*'*)6õG,*0:ó�.10:;7õp9<+7;!,*;�ò§+7):BDHCM[9EB`e^�R�SO;��&�
��R�rï]�R�SO;�k T#QPoO
�
M
ï	���
�%&�
��R� ï	���
�% T#)�
P�O;�UM
ïC�� 
J��
&]òN�� �#SM
ï�

$�&S��ð��, 
J��
&6PLñG8:9#.60:;-õ|9>+K�v�7O
�� T#RP�O;�UM�NY9J.10:;�578C.15|5-8:9Gò:+79EBD,UM<.65-9
M[)L0D5�.6,*0:;!)�0§'¦÷Û+79½ôk9<+79>0CM[9<;µ57)9.g0:óL+79<;�+-9<'U.657,*)L0:;3.10CBäM>.60ÑZC9ÐM[)L0Dø�9<+-579JBÙ,*0D57)Ú.ÛR:ÿ��
ùLH:9<+-÷SP��`�
�×&'
!�v��NT9J.60:;É578C.15�5-8:9Yò:+-9JBD,UM<.1579ÐM[)�0D5[.6,*0:;!,¦0�BD9<ò�9<0CBD9<0D5T;7H:Z:ò§+79JBD,UM<.1579<;
5-8C.65#.1+79��v�7O
�, T#RP�O;�UM<PDñG8:9<÷ÐM<.604ZC9�9>ø�.6'*HC.65-9JBµ,*0D579<+-0C.6'*'*÷Y.60�Bµ578:9ÉõG8:)�'*9�ò:+79EBD,UM<.65-9
Z�9JM[)LNY9<;q�v�7O
��&'
!�v�cP�RD,*NY,*'U.6+7'û÷S?'���
�� T#RP�O;�UMwNY9E.60:;p578C.15G578:9Éò:+79JB�,/M>.6579!M[)�0D5�.1,*0:;G;7H:Z�ú
ò:+-9JBD,UM<.1579<;�5-8C.65�.6+-9Z�R�SO
�g&'
!�v�QÁ�5-8:9<÷äM<.10äZ�9�,*0D579>+70C.1'¦'*÷Ð9>ø�.6'*HC.65-9JBÕ)L0ä5-8:9Y;-,/B�9Y)6ô
Y��]AB�w?65-8:9<0T578:9G+-9<;7H:'*5-,¦0§ó�579<NTòC)L+�.1+7÷�+-9<'U.657,*)L0:;|.6+-9#M[)�ò§,¦9EB!57)�578:91.g0:ó�+-9<;w;-,/B�9�?�5-8DH:;
5-8:9µõG8:)�'*9Yò§+79JBD,UM<.1579ÐZ�9JM[)LNY9<;[�v�SO;�@ T#QPoO
�
M<P^.g0Ñ578:9ÐM<.1;79Ð)1ôh�, 
J��;&,ò��� T#SM!õ|9µ;-9<0CB
5-8:9�ò�.6+75-,UM[,*òC.65-,¦0§ógY��KA_�ä+-9<'U.65-,¦)L0:;�57)T578:9[.g0:óL+79<;�;-,/B�9Z+h578:9�9<;[M<.6ò�9�NY9>578:):B�F>?C5-8DH:;
5-8:9�ò:+-9JBD,UM<.65-9�Z�9JM[)LNY9<;1�R�SO;�, �#RPoO
�
M<P§ñG8:9�+79>;7H:'*5Z

$�&S��ðZ�, 
J��
&ANT9J.60:;G5-8C.65�.6'*'�óL)D)�B
NT9<578:):BD;(ô�.1,*'�?L.60CB!5-8:9#)L0:'*÷�NY9<5-8:):B�,*;GM[)�òD÷D,*0:ó�.g0:ó�+-9<;p+79<'U.65-,*)�0:;w5-)�578§9JY��KA_�Ð;-,/B�9�P
&§)�+wò�9<+ ôk)�+-N�.60�M[9G+79J.1;7)L0:;|õp9#ò§+79[ôk9>+G57)�óL9<0:9<+[.6579�,*0�;7H�M78µ.�M<.1;79W.�+7H:0Dúg57,*NT9G9<+7+-)�+p,¦0
5-8:9�M[H:+7+-9<0D5�,¦NTò:'*9<N�9<0D5�.157,*)�0(P

S è7~pø1���à~ �(éwê��(ê:ð7ìwéç�öð�T ï�î	�gê:ð6�C�

@�ôh9<õ�ò:+7)LZ:'*9<NY;�õp9<+-9�M<.1H:;79JBã)�0Õ5-8:9Y;-,/B�9Y)6ô	Y��KA_�wP^?#0Ù578:9T'U.60:óLHC.6óL9�'*9<øL9<'|5-8:9
NT,¦;-;7,*0:ó�ò�)�;-;7,*Z:,*'*,*5g÷�)6ôwH:;7,*0:óY.1+7,*578§NY9<5-,/MA.60CBT)L578:9<+A)�ò�9<+�.157)L+7;#,*0:;-,UBD9�578:9�8§,¦óL8Dúg'¦9>ø�9<'
M[)L0:;75-+7HCM½57;!'¦,*NT,¦5-;G578:9�H§57,*'*,¦XE.657,*)L0�)1ôÃ5-8:9!ôkH:'*'�ò�)6õ|9<+É)6ôÃR:ÿ��`PC?A0Õ578:9�;-÷S;-579<N '*9<øL9<'
5-8:9GH:;79G)1ôÀ2 )�B�H:'U.Eú�b#.6;�;-÷S;-579<N ú�ò§+7)�óL+�.1NYNY,*0:óp'U.60:óLHC.6óL9w+79Eù�H§,¦+-9<;p578C.15�.1'*'�.LBDø�.60�M[9JB
B:.15�.Û;-57+7H�M[57H:+-9<;Õ.6+794;757)L+79JBÓ,*0 BD÷D0C.1NY,UM�NT9<NY)L+7÷DP�ñG8:,*;YM[)L0CM[9<+-0:;J?A,*0ÑòC.6+-57,UM[H:'U.6+E?
;-÷S0D5[.�M[5-,/M�57+79>9<;(ôk)�+�8:,*óL8Dú�'*9<øL9<'�9½ý�ò§+79<;-;7,*)�0:;w.10CBAò:+79JB�,/M>.6579>;J?65g÷Dò�9|BD9<;[M[+7,*ò:5-)�+7;E?�.60�B#5-8:9
B:.15�.�BD,UM[5-,¦)L0C.6+-÷SP6F	9JM[9<,*øD,*0:ó�,*0Dôk)L+7N�.157,*)�0Aôk+-)�NQ578:9<;-9#;-57+7H�M[57H:+-9<;G+79Eù�H§,¦+-9<;p0C.EøD,¦óD.65-,¦)L0
øD,U.�ò�)�,*0D579<+-;J?:.Aôk9E.657H§+79�õG8:,UM-8Y,*;|M[H:N�Z�9<+-;7)�NT9#.60CB 9<+7+-)�+ ú�ò:+-)�0:9LP�.g0Y2µ):BDH:'U.Æú�b�5-8:9<+-9
,*;!0:) .1'*579<+-0C.65-,¦øL9Y;-)�'*H:57,*)L0�P�ñG8§,¦;!,*;Y.60Ñ.6+7óLH:NY9>0S5É,¦0ãô�.Eø�)LH:+�)1ôW'U.60:óLHC.6óL9<;!8C.EøD,¦0§ó



578§9�ò�)�;-;7,*Z:,*'*,¦5g÷�5-)YBD9[üC0§9�Z:H§'c�T5g÷DòC9<;EP�ñG8:9�M[)L0:;75-+7HCM[5-,*)�0Ú.10CBµ;79>N�.60D5-,/M½;G)6ôw,*0S5-9<+70�.6'
Y��KA_��;-57+-HCM[57H§+79<;Û,*;Y0:)L5 .1'*õÃ.E÷D;�õp9<'*'W;-òC9EM[,ûüC9JB .60�BöM['*9J.6+EP#RDNµ.6'*'G)�ò:5-,*NY,*XJ.65-,*)�0:;
M[)L0CM[9<+-0:,*0:óµ;7÷D0D5�.�M½57,UM�57+-9<9<;�,*0D57+7):BDH�M[9JBÐ.LB:BD,*57,*)�0�.6'�BD,�{�M[H:'*5-,¦9>;G,¦0µ+-9JM[)�óL0:,*X<,*0:óY5-8:9<,*+
;79>N�.60D5-,/M½;#.60CBT,*0Y5-+�.Eø�9>+7;7,*0:ó�5-8:9<NÛP
2µ)L;75�)1ô�5-8:9Ðò:+-)�Z:'*9<NT;�8�.�BÙ578:9>,¦+�)L+7,*ó�,*0Ñ)�0Ù578:9ÛR:ÿ�� ;7,UBD9µ9<;-òC9EM[,U.6'*'*÷þ,*0ÙZC.�B

BD9<;-,*ó�0Ð.6;-;7H:NTò:57,*)�0T)6ôwR:ÿ��Õ.60CBT,*57;�+gBD÷D0C.6NT,/M>F�9<N�Z�9JB:BD,*0:ó�M[)�0�M[9<ò:5EP
ELPÄfp)LNYN�H:0§,¦M<.157,*)�0µ)6ô#BD÷D0C.1NY,UM�R:ÿ��ÑõG,*578Õ5-8:9�9[ý:579>+70C.1'Gõ|)L+7'UBÐ,*;�Z�.6;79EBÛ)�0Õò:+-9[ú
ò�.6+79EB�;75[.65-9<NY9<0D5-;J?:M[H:+-;7)L+7;J?�.60CBTR:ÿ���YA9<;[M[+7,*ò:5-,*)�0µ@#+-9J.6;EPDñG8:,*;|,*0D579<+ ô�.�M½9W,*;w0§)�5
õp9<'*'�ò:+-9<òC.6+-9JBTôk)L+|0§9<;75-9JBÚ.10CB�+-9JM[H:+-;7,*ø�9!ò:+-)�M½9<;7;-,¦0§óC?:õG8§,/M-8µ,*;|,*0:8§9<+79<0D5	ôk)�+p'U.60Dú
óLHC.6óL9<;G'*,-��9	Y��KA_�wPDñG8:9<+-9[ôk)L+79�õp9�8C.Eø�9A57)!,¦NTò:'*9<NY9>0S5w.É;7ò�9JM[,U.6'(;75[.�M6�Y)1ô�;75[.65-9[ú
NT9<0D57;E?:M[H:+7;-)�+-;W.60�B�R§ÿJ�àYG@A;G57)�óL9<578§9<+#õG,*578T)�ò�9<+�.157)L+7;W.LM[57,*0:ó�)L0Y5-8:,*;G;75�.LM6�ÂP

b§P|@A'*578:)LH:ó�8!578:9#M½)�0CM[9>ò:5|)1ôÂò§+7,*N�.1+7÷	�L9<÷D;w,*;w.AôkH:0CB§.6NY9>0S5[.6'LòC.6+-5w)6ô�578:9G+-9<'U.65-,¦)L0C.6'
NT):BD9<'g?wR:ÿ��Q8C.6;T0:)þBD,*+-9JM[5µòC)L;7;-,¦Z§,¦'*,*5g÷ä)1ô�H:ò�B:.65-9<;µZC.6;-9JBÓ)�0öò:+-,*N�.6+-÷���9<÷D;EP
.g0äM½)�0D57+[.6;75E?�,*0uYJ�]AB� .6'*'wH:ò�B:.1579<;Y.1+79YZ�.6;79EBÕ)�0Õò§+7,*N�.1+7÷x�L9<÷D;JP(ñG8:,*;3M<.1H:;79>;
ò§+7)�Z§'¦9>NY;p,¦0T9[ý:ò:+79>;7;7,*0:óT;7)LNY9JY��]AB�ÕH§òÂB:.1579<;G,*0ÐR:ÿ��wP

w§P|ñG8§9wNY,*;7;-,*0:ó|)L+75-8:)�óL)�0C.1'¦,*5g÷G)1ô�5-8:9w'U.60§ó�HC.1ó�9�'*9J.�BD;(57)Aò:+7)LZ:'*9<NY;�,*0�578:9p.6H:5-)�N�.157,UM
óL9<0:9<+[.65-,¦)L0�)1ôCR:ÿ���ùLH:9>+7,*9<;JPL&:)L+�9[ýC.6NTò:'*9�578:9<+-9G,*;�0:)�0:9<;-579JBÉH:0:,*)L0�?E578:9<+-9#.6+-9|0:)
+[.60:óL9�9[ý:ò:+-9<;7;-,¦)L0:;�BD9<;[M[+7,*Z�9JBÐZD÷µù�H§9<+7,*9<;E?Â.1'*'�578:,*;#N�H§;75pZC9�B�)�0:9�)L0µ578:9�Y��]AB�
;-,UBD9�P:@A0:)�5-8:9<+A9[ýC.6NYò§'¦9A,*;|5-8:9[ S£�¤�£S²�±L²�¨�¡S§)±^½{1`À�Ù7µ�¨�° ­S­S­w;75[.6579>NY9<0D5GõG8:9<+-9
õp9�õ|)LH:'UB�ò:+-9[ôk9<+A578:9É;7÷D0D5�.Eýx²�¨�¡S§�±�½Û 7£�¤4£S²�±�­S­7­kÙ7µ�¨�° ­S­S­NÀ�P

5�PÄ/	)�ù�H§9<+7,*9<;w+-9<57H§+70:,*0:ó�Z�)S)L'*9J.60�ø�.1'*H:9<;J?1578:9<÷ÉN�H:;75(ZC9p;7,*N�H:'U.65-9JB�ZD÷�M[)�H§0S5-,*0:ó�578:9
0DH:N�Z�9<+G)1ô�9>'¦9>NY9<0D57;A)6ô|.�M[)L+7+79>;7ò�)�0CBD,*0:óµ;-9<'*9JM[5gúg;75[.65-9<NY9<0D5EP�ñG8:9�NT,¦;-;7,*0:ó!57+-H:578
ø�.1'*H:9<;G+79Eù�H§,¦+-9<;#5-8:9�;7H:Z§;757,*5-H:57,*)�0µZD÷�ôh)�+7N�H§'/.1;w'*,-��9�Ô�¥vÔ�)�+�Ô�¥SÌ�P

RD)LNY9<5-,¦NT9<;�,*5�,*;3.1'¦;-)ÚBD,�{�M[H:'*5�5-)Ð+79>57+7,*9<øL9µ,¦0D5-9<+70C.1'G,*0Dôk)�+-N�.157,*)�0Tôk+-)�N 578:9T;7÷D;75-9<N
õG8:,UM-8ä,*;�0:9EM[9<;7;[.6+-÷äôh)�+�õG+-,¦5-,*0:óÐó�9>0:9<+7,UMT.6ò:ò:'*,UM<.157,*)�0:;EP�2Ð.E÷ÕZ�9Y5-8:9Y)L0:ó�)L,¦0§ó�;-5�.10Dú
B:.1+�BD,*XJ.157,*)�0µõp)�+��@+­ô�P 9�PLôk)L+G578:9�B:.15�.�BD,UM[5-,¦)L0C.6+-÷�FwõG,*'*'�'*9J.�B 57)Y.!Z�9<575-9<+#;-,¦5-HC.65-,*)�0�P
ELP|ñG8§9<+79#.1+79GBD,�{�M[H:'*57,*9<;�,*0�+79>57+7,*9<øD,*0:ó�.6'*'D,*0Dôk)L+7N�.157,*)�0�.6Z�)�H:5^.g0:óL+79<;�5[.6Z:'*9<;�Á6,*0�òC.6+ ú
5-,UM[H:'U.6+E?:578§,¦;�M[)L0CM[9<+-0:;�+-9JM[)�óL0:,*X<,*0:óYõG8§,/M-8Ú.1575-+7,*Z:H:5-9<;�.6+79�ôk)�+-NY,*0:ó!578:9!ò:+7,*Nµ.6+7÷
�L9<÷D;JP

b§PÄ/	)ÐM[)�NTòC.6+-,¦;-)�0Ð)1ô|57H§ò:'*9<;�ôk)L+W9Eù�H�.6'*,*5g÷S?�.60CB40:)9+k)�{�M[,U.6'*'*÷Y;7H§ò:òC)L+75-9JB�FÉ9[ý:ò:'*,/M½,¦5
5-H:ò:'*9�,UBD9<0D57,ûüC9<+-;W.10CB�)LòC9<+[.65-,¦)L0:;G)�0µ5-8:9<NÚP

w§PK.g04ò:+7)Ló�+�.1NYNT,¦0§ó�)6ô|óL9<0:9<+-,UM�.1ò:ò:'*,UM<.65-,¦)L0:;#õp9�0:9>9JBÛ57)a��M<.1ò:57H:+-9��µ;7)LNY9�;7÷D;75-9<N
+-9J.�M½57,*)�0:;G5-)�9>+7+7)L+7;EPCñG8§9<;79�+79E.�M[5-,¦)L0:;W.10CB�9>+7+7)L+#M[):BD9<;�.6+79�0:)L5|õp9<'*'�;7ò�9JM[,ûüC9EBµ,*0
5-8:9#BD):M[H:NT9<0D5�.157,*)�0!)6ô`.g0:ó�+-9<;JP'.g0�578§,¦;pM[)�0D579½ý�5`578:9�.6H:5-)�N�.157,UM�óL9<0:9<+[.657,*)L0�)6ô�578:9
�VUXWe���ZYH�þ;-5�.65-9<NY9>0S5E?�,¦0Õ.6'*'�ò�)�;7;-,*Z:'*9�ò:'U.LM[9<;�õG8:9<+-9Y.60Û9<+7+-)�+�,*;�9[ý:òC9EM[579JBÀ?�,*;
M½)�0D57+-)6ø�9<+-;7,U.6'gP�RDñ	?�A�;!.Eôk5-9<+�9<+-+7)�+-;�.6+-9!ôk+79Eù�H§9<0D57'*÷ÚH§0C.�M<M½9<ò:5�.1Z:'*9�?(ZC9JM>.6H:;-9YZ�9[ú
ôh)�+79A578:9�;-57)�òT;7)LNY9G)�ò�9<+[.657,*)L0:;|N�H§;75wZ�9#ò�9<+gôh)�+7NT9JB�PDñG8:,*;�ôh)�+�M½9<;GH:;79�5-)�H:;-9�578:9
;-5�.1579<NT9<0D5\[��v�^]v�`_��M�t�aUZWA�M�a�bYH� �cYX]��Y��]d Y� .Æôk579>+Y9J.LM78 R:ÿ�� ;75[.65-9[ú
NT9<0D5J?�õG8:,UM-8ÚNµ.��L9<;#5-8:9�5-9[ý:5�)6ôp578:9�ò:+-)�óL+�.6N�'*)�0:óL9<+W.10CBÐ'*9<;-;�+79E.�B:.1Z:'*9�P�R:ÿ��
,*5-;79<'ûô#ó�,*øL9<;�ò�)S)L+�5-9<;75-,*0:ó M>.6òC.1Z:,*'¦,*5-,¦9>;#ôh)�+�ò:+-)�óL+�.6NTNY9<+-;J?�9�P óCP�.6Z�)�H§5�0C.6NT9<;�)1ô
.Eø�.1,*'/.1Z:'*9G+79<'U.157,*)�0:;E?:.6Z�)�H:5G5-8:9<,*+G)6õG0:9<+-;78:,*ò�?§;75[.657H§;J?:0DH:N�Z�9<+p)6ô�57H:ò:'*9<;E?:9<5[M6P

Oö,*578T0:9<õ +79<'*9J.1;79<;�+g.60CBT+-9J.6'*,*XJ.65-,*)�0:;
Fw)1ô�578:9�R:ÿ���úg;75[.60CB§.6+�BÀ?DõG8:,UM78TõG,*'¦'�.6'*;-)3M[)6øL9<+
BD÷D0C.1NY,UM#R:ÿ��`?D;7)�NT9#)1ô�5-8:9Aôk)�'*'*)6õG,*0:ó�ò:+7)LZ:'*9<NY;põG,*'*'�8:)�ò�9[ôkH:'*'*÷�Z�9JM[)�NT9#)LZ:;7)L'¦9>579�P
ELP|ñG8§9Y;7÷D;-579<N )6ô#0C.EøD,*óS.157,*)�0Û578§+7)�H§ó�8þM½H:+7;-)�+7;�óL,*ø�9<;�0§)Úò�)�;-;7,*Z:,*'*,¦5g÷Û57)40C.EøD,¦óD.65-9
5-)µ578:9,�RO� ���OG5-H:ò:'*9�?�Nµ.��D,*0:ó�5-8:9!,¦NTò:'*9<NY9>0S5[.65-,¦)L0Y)1ô|Z:+7)6õG;-,*0:ó�M<.1òC.6Z§,¦'*,*57,*9<;A9[ýDú



5-+79<NT9<'*÷YBD,�{�M[H:'*5JP
b:PGR:ÿ��ÙBD÷D0C.6NT,/M	;75[.6579>NY9<0D57;AH:;79�ùLH:9<;-57,*)�0ÐNµ.6+6�S;#.1;[�gôk)L+7Nµ.6'�òC.1+�.6NT9<579>+7;���P:ñG8:,*;
,*;G,*0CM[)L0SøL9<0:,*9<0D5#.60�BY9>+7+7)L+gúgò:+7)L0:9�P

w:Ppñ�)!)�ò�9<0Ú.�M[H:+-;7)L+Gôk)L+|H:ò�B:.157,*0:ó�,*0�BD÷D0C.1NY,UM#R§ÿJ�`?D578:9Éò:+7)Ló�+�.1NYNT9<+wN�H:;-5wó�9<0�ú
9<+[.65-9W5-8:9#;-5�.1579<NT9<0D5qMN���-�;*U�ed�d�d'P�O;���fd�d�d��XYH�2�®���a���v�0 Y�M�����A�gYH�Gd�d�dDõG8:,UM78
,*;G0:)L5#BD9<;�M½+7,*ZC9EBµ,*0�5-8:9�N�.10SH�.6'à+kõp9W,*0Dø�9>0S5-9JBT,*5GZS÷�9½ý�ò�9<+-,¦NT9<0D57;
F<P

5CPpñG8:9>+79Y.6+-9�;-)�NT9�0:)�5Aõ|9>'¦'ûúQm[H:;-57,ûüC9JBµ;-÷D0S5[.�M[5-,UM�ôk9E.657H§+79<;�)1ôÃR:ÿ��Ù;75[.6579>NY9<0D57;�Á§ôk)�+
9[ýC.1NYò:'*9�?�.60a�N��&�$o����;75[.6579>NY9<0D5�578:+-)�H:óL8 .µM[H§+7;7)L+�+79Eù�H§,¦+-9<;!578:9!+79<'U.157,*)�0Û0C.6NT9
BD9>;7ò:,*579É578:9Aô�.LM[5G578C.15G,*5|õG.6;#BD9>579<+-NY,*0:9JB ò:+79<øD,*)�H§;7'*÷�BDH§+7,*0:ó�BD9JM['U.6+[.65-,¦)L0µ)6ô�5-8:9
M[H§+7;7)L+JP

y:PqYA,*+79JM½5�H:ò�B:.65-9�578:+-)�H:óL8 M[H§+7;7)L+7;!N�.E÷ÐM-8C.60§ó�9!578:9�)L+�BD9<+É)6ôG+7)6õG;J?ÀõG8C.65�NY9E.60:;
5-8C.65p578:9�ò:+-):M[9<;7;-,*0:ó�N�.E÷�'*)L;79WM½)�0:;-,¦;-579<0�M[÷x+h9�P óCPD578§9#;�.1NY9G+-)6õöõG,*'¦'§ZC9�H:ò�B:.65-9JB
5gõp)�57,*NY9>;;F<P

RDH§+7ò:+-,¦;-,*0:ó�'*÷�578§9<+79�.1'*;7)!8C.Eø�9AZC9<9>0Ð579JM-8:0§,/M>.6'�ò§+7)�Z§'¦9>NY;põG,¦5-8YZ:H§ó�;G,*0Y5-8:9�H:;-9JBTø�9<+ ú
;-,¦)L0�)1ôC578§9q.g0:ó�+-9<;|;-÷D;7579>NÚP6RD)�)�ò�9<0:,*0:ó�.�M[H:+-;7)�+`ôk)L+�.�ùLH:9<+-÷�+-9<57H§+70:,*0:ó�.10�9>NYò:5g÷�+79½ú
;-H:'*5�M<.1H:;79<;p.G+7H§0Dú�5-,*NY9�9<+7+-)�+EP��w9EM<.6H:;-9#0:)L+7Nµ.6'*'*÷|,*5�,*;�,*NYò�)�;-;7,*Z:'*9�57)#ò§+79JBD,UM[5�õG8:9>578:9<+
5-8:9�+79<;-H:'*5�)1ô	.TH:;-9<+�ù�H§9<+7÷Õ,*;�9<NYò§5g÷Ð)�+�0§)�0Dúg9<NYò§5g÷ . ;7ò�9JM[,U.6'p8C.60�BD'*,¦0§óY)6ô#9>NYò:5g÷
ùLH:9<+-÷�+79<;-H:'*57;G,*;w0:9EM[9<;7;[.6+-÷SP§@#0:)L578:9<+p9[ýC.6NTò:'*9|õG.6;p578§9h[����e]v�i_Y�M�0�aUZWA�M�a�bYH�
�cYZ] �Y��]] ��ö;75�.1579<NT9<0D5�578�.65�BD)D9<;�0:)�5!õp)�+��Õ,*0ä.1'¦'GM<.1;79<;E?w+79Eù�H§,¦+-,*0:óÐ578§9�Nµ.60DHC.1'
M[)L+7+-9JM[57,*)L0Ð)6ô�578:9�fÓò:+7)Ló�+�.1NY;pó�9<0§9<+�.1579JBµZD÷T578:9�2wR:ÿ��Âú�ò:+-9JM[)LNYò:,*'*9<+JP

j kÚìwé#ï`�-î	�Dð7ì`é

ñG8:9!,*NYò:'*9<N�9>0S5[.65-,¦)L0Y)1ô|578:9!óS.1579<õG.E÷Tôk+7)LN Y��KAB�Ù5-)Y578§9YM[)�NTNY9<+[M[,U.6'`.g0:óL+79<;�;7÷D; ú
5-9<N .�M-8:,*9<øL9<;#;-9<ø�9<+[.6'w+-9<;7H§'¦5-;JP�@ B�,¦+-9JM[5�ò:+[.6ó�Nµ.65-,/MA+-9<;7H:'*5A,¦;A578C.15	.g0:óL+79<;�B:.15�.1ZC.6;-9<;
.1+79!0:)6õ�5-+�.60§;7òC.1+79<0D57'*÷Õ.�M<M½9<;7;-,¦Z§'¦9TõG,*578:,*0�YJ�]AB�Ùò:+-)�ó�+[.6NT;JP�ñG8:,*;�.6'*'*)6õG;#578§9�H:;79<+
5-)YZ:H:,*'UB4H:òÚNT):BDH:'U.6+#BD9>;7,*ó�0:9EBÚ.1ò:ò:'*,UM<.65-,¦)L0:;#H§;7,*0:óÐ.T5g÷Sò�9[úg;�.Æôk9�'U.10:ó�HC.1ó�9�õG,*5-8Ú)L+gú
5-8:)�óL)�0C.1'C'U.60§ó�HC.1ó�9#M[)L0:;75-+7HCM[5-;#5-8:9<+79>ZS÷T;7,*ó�0§,cü�M<.60D57'*÷!+79JB�HCM[,*0:ó�578§9W+-,*;���)6ô�+7H:0�ú�5-,¦NT9
9<+-+7)L+7;Ð.60CBÙ,*0CM[+-9J.6;-,*0:óä5-8:9ÚNµ.6,*0D5�.1,¦0�.6Z:,û'¦,û5g÷ .10CBÙ9[ý:579<0§;7,*Z:,*'*,¦5g÷Ù)6ô�5-8:9Ú.1ò:ò:'*,UM<.65-,¦)L0
õG8:,*'*9YH§;7,*0:óÕ578§9Ð+79<'*,U.6Z§,¦'*,*5g÷Õ.60CBÙ9[I�9JM[5-,¦øL9<0:9<;-;Ð)6ô�.ÕM[)�NTNY9<+[M[,U.6'|B§.65�.1ZC.6;-9Ð;7÷D;-579<N
BD9>ø�9<'*)�ò�9JBÐ.10CBT,*NYò:+-)6ø�9JB!)6øL9<+G÷�9J.1+7;EPR.g5G8�.6;#.6'*;-)�H:0CM[)6øL9<+79JB ;7)�NT9�'¦,*NT,¦5[.65-,c)�0§;|.60CB
BD,*;[.�BDø�.10S5[.6óL9<;w)6ô�Z�)�5-8ZY��KAB�Û.60�B�R:ÿ��wPDOö8:9>0YM[)�0:;-,UBD9<+7,*0:ó[Y��KA_�w?Dõp9G+79JM[)Ló�0:,*X<9EB
'*,*NY,*5�.157,û)�0:;�)6ô�8:,*ó�8Dúg'*9<ø�9>'ÂM[)L0:;75-+7HCM½57;�õG8:,UM-8YN�.E÷!ò:+-)�B�HCM[9�ò:+-)�Z:'*9<NT;�ôk)L+|H:;-9<+7;A9<;7ò�9[ú
M[,U.1'¦'*÷�,ûô�578:9>÷3M[)LNY9pôk+-)�NQ578:9�R:ÿ��µõ|)L+7'UB�P6ñG8§9W.�B�ø�.60D5�.1ó�9p)6ô�Y��KA_�Tú�;-57+7)L0:ó�5g÷Dò:,*0:ó
ú�N�.E÷ÐZ�9JM[)LNY9Y.µ8:,*0CB�+�.60�M[9Y5-)Ú5-8:9�BD9>ø�9<'*)�ò§NY9<0D5�)1ô#;7)�NT93.1ò:ò:'*,UM<.65-,*)�0:;�+-9JùLH:,*+7,*0:ó
óL9<0:9<+-,/MAò:+-):M[9JBDH:+-9<;#Nµ.6,*0:'*÷�ZC9EM<.6H:;-9�)6ô�,*5-;|NT)�0:)LNY)�+-ò:8:,UM�5g÷Dò�9W;-÷D;7579>NÚPLñG8:,*;|;-8:)6õG;
BD,*+-9JM[57'*÷!578:9G0§9<9JB!ôh)�+w0:9>õþ'U.10:ó�HC.1ó�9<;�õG,*578�ò�)�'*÷DNY)L+7ò:8§,/M�5g÷Sò�9G;7÷D;-579<NT;|.6;|.AZC.1;79	ôk)�+
ò�9<+7;-,*;7579>0S5Aò:+7)Ló�+[.6NYNT,*0:ó�.60CB ;7÷D;75-9<N M[)�0§;757+-HCM[5-,¦)L0u8�R:M<2Ð.':�w>=7P
ñG8:9�Nµ.�m[)�+-,*5g÷Y)6ôGò:+-)�Z:'*9<NT;Wõp9<+-9YM[)�0:0§9JM[579EB�?�8:)6õp9<ø�9<+E?�õG,*5-8 R:ÿ��`P`.g0äM[)�0D5-+�.6;-5

5-)Õ578:9µ9<0D578DH:;-,U.6;7N ôk)LH:0CBÙ,*0äò�)�ò:H:'U.1+YB:.65[.6ZC.1;79µ579[ý:5-ZC)D)��D;E?|)LH:+�9[ý:ò�9<+7,*9<0CM½9ÚõG,*578
R:ÿ��Ù.6;W. ò:+7)Ló�+[.6NYNT,*0:ó�'U.60:óLHC.6óL9�,¦0�BD,UM<.65-9JBµ578�.65�R:ÿ��Õ,*;#Z�9<'*)6õ 578§9�;-5�.65-9[úg)6ôUúg578:9½ú
.1+75JPw24.60D÷ $'&��!()��* ;7)�'*H:5-,*)�0:;E?�,¦+-+79<óLH:'U.6+-,¦5g÷Õ)1ô�;7÷D0D5�.Eýö.60CBÙ;-9<N�.10S5-,UM[;J?�'*,*NY,*5�.157,*)�0§;J?
H:0�M['*9J.6+�+-H:'*9<;Y)1ôWH:;-9�?|.10 .1ò:ò:+-)S.�M-8Ñ57)ÕH§;79<+ úkôk+-,*9<0CBD'*,*0:9<;-;YõG8:,UM-8Ùôk)�+-Z:,UBD;�H§0S5g÷Dò:,UM<.1'
+hZ:H:5!;757,*'*'G+79E.6;7)L0C.6Z§'¦9�F!;7,*57HC.157,*)�0§;J?('/.LM6�Õ)6ôWò§+7)�óL+�.1NYNY,û0:óÐ.6Z:;-57+[.�M[5-,¦)L0:;J?�9>5�M6P`N�.��L9
5-8:9�ò:+7)Ló�+�.1NYNT,¦0§ó#)6ôwóL9<0:9<+-,/MAò:+-)�óL+�.6NT;ÃB�,Q{�M½H:'*5Ã.10CB ôk+7H:;-57+[.657,*0:ó�P



ñG8:,*;|M½'¦9E.6+7'*÷!9<NYò§8C.6;-,¦X>9<;|5-8:9#0§9JM[9<;-;7,*5g÷�.10CB!H:;79½ôkH:'*0:9<;-;G)6ô�)�H§+Ã.1ò:ò:+7)D.�M-8�57)ÉøS,*9<õ
B:.15�.6Z�.6;79�;-÷S;-579<NT;G;7,*NYò§'¦÷!.6;p9[ý:579<+-0C.6'(;79<+-ø�9<+-;WõG8§,/M-8µM<.60TZC9�.�M>M[9<;7;-9JB4øS,U.ÉòC)6õp9<+ ôkH:'
'U.60:óLHC.6óL9<;�'*,-��9BY��]AB�wPEOÕ9�ôk9>9<'D578C.15�R:ÿ���8�.6;�÷�9<5(57)�.�M-8:,*9<ø�9`578:9pN�.157H:+-,¦5g÷G0§9JM[9<;-;�.6+-÷
ôk)L+#0:9[ý:5 ú�óL9<0:9<+[.657,*)L0ÚB:.65[.6ZC.1;79<;EP�.g5A,¦;A)�H:+G8§)�ò�9�578C.15#5-8:,*;GòC.6ò�9<+�8:9<'*ò:;�M['U.6+7,ûôk÷�;-)�NT9
BD9<;-,*ó�0Ûò:,*5gô�.1'¦'*;G,*0ÚB:.15�.1ZC.6;-9�'U.60:óLHC.6óL9<;W.10CBµ)6I�9<+-;�.�õG.E÷Y5-)Y;7)L'*H:57,*)�0§;Gôk)L+W.Eø�)L,UBD,*0:ó
578§9<;79!ò:+7)LZ:'*9<NY;EP

l �`����ë4��é#ï`�à�

m Ä�o>_�}<ºE��n Á(y�Ä�o<_L}7a��c�LlJ_§yþ^`_���d[egfgi7o>_��1ac_�tÕ prpogd�}[ih�� pehacd[_6igd[�ävpo<i7o>rSo>fgdY{6j6fgigd[q�f[yÚ�p�6�
bJo<_L}[d�f�ac_Úv|o>i7o>rSo>fgdYÜ�d[}7�L_�l>�clJtEjµ�JH�vpÄ(Ürq ºE�6u��Àegl6}Jy(l<mÃ�>eg�Û�k_6igd[eg_So>ihaclE_So½�
z�lJ_1mUd�egd[_L}�dÉlJ_xH�Ô6igd[_L�6ac_�tµv|o>i7o>rSo>fgd�Ü�d[}7�L_�l>�clJtEjEu�~wacd[_�_Do6u(�|sLfgigeha¦o6u�Ò�o>eg}7�
¡½ºEºJ�1u:{6x�ehac_LtJd[e#¢ts|z`{��E¹J�1uDx�x:yû¡7�gº6u�¡½ºEºE�

m vpo>igd½¹E��n zpyc�6ySvpo>igdJy(� �ps1ac��dAiglW�h_�tEegd[f[y��p���6acfglE_6� £ d[fh�cd[jÐ¡<ºJ¹E�6y
m HàIwÒ�{�º1¡1n
�6y7H��Ld�e[u��#ySI�s��1�clOu�u�Á(ySÒ�o>igig��d[f[u��6y £ yS{1}7�Lq#ac�Li[y�v|o>i7o!z�lJ_Lfgigegs�}[ihaclE_Ð¥�acig�

I�d[}�sLegfhacbJdG{6d[i^H�Ô6x�egd[fgfhaclE_�f[yeswd[Ô6i��pd[_�d[e7o>ihaclJ_É�k_1m/lEegq�o<ihaclE_�{1j6fgigd�qÑÜ�d[}7�L_�l>���
lJtEjEyC��egl6}EySl>m|¡[fgiKH(o<fgi#v £ d[fgi#vpo<i7o>rSo>fgd £ lEeg�6fg��lEx:uÂ�`acd[bDuC^p{�{'Ipu� p}[i[yû¡½ºEºJ�1u
{6x�ehac_LtJd[e#¢ts|z`{��E�<¾Lu�¡½ºEº6¡EuDx�x:y��J�1¡-���JºE�

m ÁLe7o>i7º6¡1n zpy�Á�e7o>i7o>eg}½o>_�tEd-��aUy�Ü�d[}-��_6a Ø sLd!mUlJe�^w_1acbJd[egf7o½�ÃåpsSo>_6iha wS}<o>ihaclJ_Ûac_Ú{LåG¢�yY{1���`�
Ò� GvôI_H�zw qIwv ~�l>�Uy �E�6u"swlLy �1uS{1d�x§yC¡<ºEº6¡Eu:x�x§yc¡<»[���>¾

m �h_�tEeg�G¹Jº�n �k_LtJegd[f#vE{�åG¢µz�lEqWq�o>_���{1s�q�q�o<egj�m/lEe�ig��dG^Xs`��xäo<_L��~GÒ�{� pxDd[e7o<ihac_Lt�{6j6fh�
igd�q�f[y�I�d7�cd<o>fgdW»1u)I�d7�¦o>ihaclE_So½��Ü�d[}7�L_�l>�clJtEj��k_L}Eycu��ps�tEs�fgiA¡½ºE¹Eº

m �h_�tEe7Ä�¹Jº�n �k_LtJegd[f#vE{�åG¢DI�d-mUd[egd�_L}[dYÒ�o<_6sDo[�UyuI�d-�cd<o<fgdµ»6u^I�d-�¦o<ihaclE_So½�#Ü�d[}7��_Ll<�clEtEjÚ�h_�}Eycu
�|sLtJsLfgi#¡<ºJ¹Eº

m �h_�tEe7ºE��n ¢Co>_�tEsSo>tJd@I�d-mUd�egd[_L}�dYÒ�o>_6sSo½�pm/lEe���s|�qI_H�{yv £ ac_���l>¥wf�¾6�G¢ãmUlJe�ig��dY^Zs`�%x
o<_L�Ú~GÒ�{Ð pxDd[e7o<ihac_Lt {1j6fgigd[qWf[yÐ��sp�qIBH�{xI�d7�cd<o>fgdY»6u(�k_LtJegd[f�z�lEegxSlEe7o>ihaclJ_§u
�|sLtJsLfgi#¡<ºJºE�1y

m  pe7o>}<º6¡1n ��¢tvJ{LåG¢�u:^wfgd[ew�ps6ac�LdWo>_��[I�d-mUd�egd[_L}�dEu�~(d[egfhaclJ_µ¡Ey �1u:�<s�_Ld#¡<ºEº6¡Ey� pe7o>}7�cd�z�lEeh�
xSlEe7o>ihaclJ_4¡½ºEº6¡Ey

m Ò[I`{�{�ºE��n Á(ySÒ�o<igig�Ld[f[u��Ay7I�sL�6�clzuÂuA�6y £ yS{6}-��qAac��i[u|�AyD{6s�r1acd[i7o6yäÜ`��dYvpo<i7o>rSo>fgd��Àegl<�
tJe7o>q�q#ac_LtÐ¢Co>_�tEsSo>tJd�vpÄ��(¢�u�^`fgd[eWo>_��Ú{1j6fgigd�q Ò�o<_6sDo[�UyÐÁ���v]H�uCH({��CI��kÜ
Ä�I�� �ÀeglOogd[}[i|�J�E�E�6u:Ü�d[}7�L_6ac}<o½�ÇI�d[xDlEegiÃ{1d�ehacd[f[uCÁ��gvKHVvJºE�Ev<¾6�6u�¡<ºEºJ�

m {1}<Ò�oJº1¡#n �6y £ yS{6}-��qAac��i[u|Á(ySÒ�o>igig��d[f[yÕÜw�LdhIwo>ihaclE_So½�cd�rDd[�6ac_L�þvpÄ���¢Ày �>eg� {1j6qWxDl>�
fhacs�q lE_ÚÒ�o<ig�Ld[q�o>ihac}<o[�#ÁLs�_L�So>qWd[_6i7o½�cf�l>mÃvpo<i7o>rSo>fgdYo>_��Õ�p_�l<¥��cd[�LtJdYÄ�o>fgd
{6j6fgigd[q�f[uC{6x�ehac_LtJd[eG¢{spzw{É¾ÆºE�1uC¡<ºJº1¡Ey

m {1}<Ò�oJºE��n �6y £ yS{6}-��qAac��i[u6Á(y�Ò�o>igig��d[f[y�Üw��d�v|o>i7o>rSo>fgd��ÀeglJtEe7o>qWqAac_Lt#¢Co>_�tEsSo>tJdpv|Ä���¢Àu
Iwo<ihaclE_So½�cd�o<_L�ZI�d[xDlJegi[y�Á��gv]H�u�H�{��àI��hÜþÄ^I��ö��eglzo�d[}[i|�E�J�E�1uSÜ�d[}7�L_6ac}<o½�ÇI�d-�
xSlEegiG{6d[ehacd[f[u�Á��gvKHVvJºE�Ev<¾6»6u�¡<ºEºJ�

m {1}<Ò�oJºE��n �6y £ yS{6}-��qAac��i[u�Á(ySÒ�o<igig�Ld[f[y|¢:d<o>_Y¢Co>_�tEsSo>tJd[f#o>_��YÒ!l6�Ld7�cf[�:Ü�l>¥�o>eg��fGo>_��h_6�
igd�eglExDd[e7o<r1�cd|�pd[eg_�d-�6mUlJe���d[egfhacfgigd�_6i� pr|o�d[}[i�{6j6fgigd[q�f[yÀ�Àegl6}[d�d[�1ac_�tEf�a�mDig��d(�\HàHCH
�k_6igd[eg_So>ihaclE_So½� £ lEeg�6fg��lEx�lE_�I�d[fgd<o<eg}-���hfgfgs�d[f�ac_!v|o>i7o�H�_�t>ac_�d[d[ehac_�t[I��gvKH}q ºE�
~wacd[_�_Do6u:�ps�fgigeha¦o1u:�px�eha���¡½ºEºJ�

m {'Iw¢��c~GºJ��n�ÒTyÀ{1iglJ_Ld[r�e7o>�Jd[e[uw¢�y �#y`I�l<¥�dEuÀÄ`y�¢�ac_���f7o½jJu`�6yÂ�pe7o[jEu�ÒTy�zwo<egd[jEu�ÒTy�Ä�egl6�1acdEu
��yÂÄ(d[eg_�fgigd-ac_:u�v	y�Ä(d[d[}7�§�WÜw�Ld�z�lJq�qAacigigd[d�mUlJeG�p��bEo<_L}�d[�ÐvpÄ�Ò�{µÁLs�_L}[ihaclJ_§y
Üw�6aceg�1���pd[_�d[e7o<ihaclE_Úvpo<i7o!Ä�o<fgd�{1j6fgigd�q Ò�o>_6a�mUd[fgigl�y��|zwÒ%{6�g�GÒ� Gv×I�d[}[lEeg�
¡½º ¿ �JÅ-uDx�x§y �1¡7�h¾J¾LuC¡<ºEºJ�1y

Üw�1acfÃo>egihac}-�cd#¥wo<f`x�egl6}[d[fgfgd��Ts�fhac_Lt�ig��d#¢ �[Ü H xÑq�o<}[egl�xSo>}7�Eo<tEd#¥�acig��¢�¢{spzw{ÉfgikjE�cd


