
UNIVERSITY OF OSLO
Department of Informatics

Temporal Data:
Time and
Relational
Databases

Bjørn Skjellaug

Research Report 246

ISBN 82-7368-161-0
ISSN 0806-3036

April 1997





���������
	���
������������������������ �"!$#%��&'�(��������!)��*+��*

,�-/.10�243657-�8:9;9=<1>+?A@
BC2�DFE�GHE�>+EIEKJMLN0OG;2%JMLN0�P�<QE�GH5A5
R$2+GHS6870/DFG;EI87E�87E�G�TUDV9HL

WYXZT�X[,KL1\�]7^N_`^a,K9;GH2�bA870I2�c%^Nd%]7efTUDV9HL+c�g$L`0�hi<kj

l1m:npo7qNr�sQtNu�v6uAwyx6u/nzw=qkn
{7|7|7}'~��7�p�7�7��wFu�v6uAwyxNu/n�w=q1n��Q�/l1m7n/o7qNrIs1�

�O81DV8k<Q0/�/���O87��LN0IE��1�6e
B�3�,Og�_N�7���kdNeN_7�/]:e+]���^

� ��0�G;9�]7�`���

�����Q���/�1���1���A ¢¡%�/£¢¡M��¤`���M�A�M ¢¥¦���/�%§Y�F¤N�/�M��¥¦�F¨7�6��©Q§Y ¢¡M���M ¢ª1�1���F«�¬=¨7©;���M¥��/�� [�p¨®­7¯7¡M���F¥¦¡�°
­k¬=±®�®²�³´�+�F£¢�FµF�p¥��/¨1«�¬=¨7©;���M¥��/�� [µV¡I°7¶®¡�£¢�`·





� �����������
	

� ��
�������������������
 �
��� � !#"%$�&�')(*'+$-,�.�(*/102'3/546,)7�89�:�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:� �
���#= >?/ 4@,<&A.-BCB�&�'�&�D�&�03,�0E�:�:�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:� =
���#F GHD�I�J-'K'+$-/102L?,�M�I*NO'P�<�:�:�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:� F

���QF-� � L?,�MRISNO'UT*'�NOJ-V�'3J�NO,W�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:� X
���QF-�#= GUV�YZ.-I\[K]^,�B-_*4@,�.S'30`�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:� X

a bdc*e
f����)g-h?ijg-��glk m<g�no�p��n q
=-� � rs,)NOV�,�M-'3/^IZ.t&�.-BvuwI�.-0+'�NOJ-V�'3/^IZ.xI�y�>?/ 4@,v�:�<�:�:�;�:�:�:�<�:�:�;�:� z
=-�#= T*IS46,:D�&�0+/1V:B-,o{�.-/1'+/1I�.-0|�:�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:� }
=-�#F >?/ 4@,<~H/ 4@,�.-03/^IZ.-02&�.-Bv~H,o{�.-/1'+/1I�.-0��:�:�:�<�:�:�;�:�:�:�<�:�:�;�:� �

=-�QF-� � �d&�]1/1B�>w/546,��<�:�:�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:� �
=-�QF-�#= >sN+&�.-0�&AV�'+/1I�.x>?/ 4@,��:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:� �
=-�QF-�#F ��/Q�`&�.-Bv�CJ-]1'+/Q��>�,)4@M�I*N+&�]�~H/ 4@,�.-0+/1I�.-0P�;�:�:�:�<�:�:�;�:�E���
=-�QF-��X �H�U"�&�.-BCI�'+$-,)N���&�NO/ &�D-]1,�0��:�:�:�<�:�:�;�:�:�:�<�:�:�;�:�E��=

=-�QF-��X�� � �d&�N�/5&AD-]^,�0H&�.-BvT*,)4�&�.*'+/1V�0��:�:�;�:�:�:�<�:�:�;�:�E��F
=-�QF-��X��#= �*ISN34�&�]��p0+03J-,�0UI�.C�d&�NO/ &�D-]1,�0��;�:�:�:�<�:�:�;�:�E��F
=-�QF-��X��#F ~:&�'o&�D�&�0+,�0���G2M-M-]1/1V)&�'+/1I�.�I�y��d&�NO/ &�D-]1,�0��:�;�:�E��X

� b:��e�c�g-
����� �cl¡�c*h¢g-������
sg-h2£¤����c*h �¥q
F-� � �¦.S'�N�ISB-J-V�'+/1I�.§�:�;�:�:�<�:�:�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:�E��z
F-�#= >?$-,<uwI�.S�Z,�.S'+/1I�.�&A]¨L?,�] &�'+/1I�.�&A]©�ªISB-,�]?�:�:�<�:�:�;�:�:�:�<�:�:�;�:�E��z
F-�#F GHM-M�NOIS&�Vo$-,�0?'+I�T*J-M-M�ISN�'2>?/ 4@,��:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:�E��}

F-�QF-� � >�,)4@M�I*N+&�]¨«�¬S'3,�.-0+/1I�.�&�]�T*J-M-M�ISN�'|�<�:�:�;�:�:�:�<�:�:�;�:�E��}
F-�QF-�#= >�,)4@M�I*N+&�]¨�¦.S'3,�.S'+/1I�.�&A]©T*J-M-MRISNO'C�:�<�:�:�;�:�:�:�<�:�:�;�:�E��}

F-��X ­K0+,)N?B-,o{�.-,�BC'+/ 4@,
�:�<�:�:�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:�E���
F-�®X�� � GUB-B-/1.-_x~:&A'�&<>�¯*M�,�0 �:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:�E���
F-�®X��#= GUB-B-/1.-_x&t!^>�,)46M�ISN+&A]°8*±�&�¯�,)N��:�:�<�:�:�;�:�:�:�<�:�:�;�:�E���
F-�®X��#F ­K0+,:I�y�&²u?I�.*��,�.S'3/^IZ.�&�]�T*¯S03'+,)4³�:�<�:�:�;�:�:�:�<�:�:�;�:�´=Z�

F-�#z >�J-M-]1,<'+/ 4@,�0+'o&�4@M-/1.-_ �:�:�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:�´=µ�
F-�Qz-� � �?&�0+/1V:GHM-M�NOIS&�Vo$-,�0<�:�;�:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:�´=Z=
F-�Qz-�#= «���,�.S'��¶D�&�0+,�Bx4@I*B-,�]10 �:�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:�´=ZF

F-�Qz-�#=-� � G:NO/ &��¨8�0U4@I*B-,�]·�:�<�:�:�:�<�:�:�;�:�:�:�<�:�:�;�:�´=ZF
/



/1/ �����������	��


F-�#z-�QF �p.*'+,)NO��&�]Q�¶,���,�.S'?D�&�03,�Bv4@ISB-,�]10 �:�<�:�:�<�:�:�:�;�:�:�<�:�:�³=�X
F-�#z-�QF-� � ��,�.-0+,�.�8�0H�CI*B-,�]��:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³=�X

F-�#z-�®X �p.*'+,)NO��&�]Q�¶D�&�0+,�Bv4@I*B-,�]10E�;�:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³=�z
F-�#z-�®X�� � T*.-ISB-_*N+&�0+0)8-4@I*B-,�]·�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³=�}
F-�#z-�®X��#= ��,�.*�
�·�S/p8�0H4@ISB-,�] �:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³=�}

F-�#z-�Qz ��/ NO03'2�UI*N+4�&�]·�*ISN+49&�.-Bv�HD��+,�V�'U�pB-,�.*'+/1'O¯ �:�;�:�:�<�:�:�³=��
F-�Q} GU'+'�N�/^D-J-'3,2'+/ 4@,�03'�&�4@M-/1.-_ �<�:�:�;�:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³=��

F-�#}-� � �?&�0+/1V:G2M-M�N�IS&�Vo$-,�0<�<�:�:�;�:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³=��
F-�#}-�Q= >�N3&�.-0�&�V�'+/1I�.*�¶'3/546, �¦.-B-,�¬S,�Bv�ªISB-,�]10 �<�:�:�:�;�:�:�<�:�:�³=��

F-�#}-�Q=-� � �CV��H,�.���/1,�8�0:�CI*B-,�] �:�<�:�:�<�:�:�:�;�:�:�<�:�:�³=��
F-�#}-�QF ��/#��>�,)4@MRISN+&�]��CJ-]1'+/Q�¶�d&�]1J-,��CI*B-,�]10 �:�<�:�:�:�;�:�:�<�:�:�³=��

F-�#}-�QF-� � �:&�B-/ &x&A.-B���,�J-.-_�8�0U�CI*B-,�]<�<�:�:�:�;�:�:�<�:�:�³=��
F-�#}-�®X �d&�]1/1B*��>?/ 4@,��ªJ-]^'3/#�¶�d&A]^J-,��ªISB-,�]10§�:�:�<�:�:�:�;�:�:�<�:�:�³F��

F-�#}-�®X�� � �:&�B-/ &-8�02�ªISB-,�] �:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³F��
F-�#}-�®X��#= >�&A.-0+,�]p8�02�CI*B-,�]l�:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³F��
F-�#}-�®X��#F u?]1/��¨ISNOBl&�.-BvuUNOI*Y�,)N�8�0d�ªISB-,�]d�:�:�:�;�:�:�<�:�:�³F-�

F-�#}-�Qz �UIZ.*����/ NO0+'H�UISN34�&�]¨�*I*N+4 &�.-Bv�HD��3,�V�'2�pB-,�.*'+/1'O¯v�:�:�<�:�:�³F-�
F-��� �HJ-,)NO¯C±�&�.-_�J�&�_Z, �;�:�:�:�<�:�:�;�:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³F�=

F-���-� � �p.*'�NOI*B-J-V�'+/1I�.C�:�:�:�<�:�:�;�:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³F�=
F-���-�Q= >?/ 4@,<L?,oyp,)NO,�.-V�,:/1.��HJ-,)NO/1,�0j�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³F�F
F-���-�QF ~H,o{�.-/1'+/1I�.-02&�.-BCI�'3$-,)N`r�NOI�MR,)NO'+/1,�0 �:�<�:�:�:�;�:�:�<�:�:�³F�X
F-���-�®X >�,)46M�ISN+&A]�GH]^_Z,�D�N+&�0?�`>?$-,�/ NU�HD��+,�V�'+0U&�.-Bv�HMR,)N+&�'+I*NO0|�:�³F�z

F-���-�®X�� � �HD��3,�V�'+0��<�:�:�;�:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³F�z
F-���-�®X��#= �HM�,)N+&A'+ISNO0��:�:�;�:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³F�z
F-���-�®X��#F u?I�.*��,�.*'+/1I�.�&�]��*02>�,)4@M�I*N+&�]��HJ-,)N�/^,�0 �:�:�<�:�:�³F��
F-���-�®X���X �HM-'+/ 4@/ �)&�'+/1I�.v&�.-Bv«"!xV�/1,�.-V�¯��:�:�:�;�:�:�<�:�:�³F��

F-���-�Qz ­U.-/QypISN+4 ~:&�'�&;GUV�V�,�030��:�;�:�:�:�<�:�:�<�:�:�:�;�:�:�<�:�:�³F��
F-���-�Q} rsI�/1.S'���ISN?�¦.S'+,)N��\&�]Q�¶D�&�0+,�B#�HJ-,)N�¯t±�&A.-_�J�&�_�,�0 �;�:�:�<�:�:� XS�

$ %·��e
e
g-��& $·�
m;�('�h��¢�*)���g-f� +& $·q



� �������	��
 �


 �����§������� �������

�	��������� ��!#"��%$'&(�)$'*+!-,/.102"�354647!�8'87!�"�3:9�;��<4=�����($'�1$'&��?>�@)35AB$'C�!#CD�)���:�1"�3:E%32C�FD�:&)02&
*+!:G2E�9��H$ I7.H�:*��:&)0:!�C+4=���:�=$'�J$'&=�:"�CD�)@)FK�)3+!�L2>�8'�:$'"��5.H�:*�E��5M+!�C�N

O2�:$'"2�7PQ9�;:9�&)� $'"�!=$'"R�)��!(S T73:"2IU!�&)& $'3�"�&�V'�
W=323:0+XQ.Y�ZO2!�[#� $'3�" @�\ NH]'^���>��:;:!Q_�`5abN

�CI�03'�V�IS46M-J-'+,)NO/ ��,�B@/^.*ypISN+4²&�'+/1I�.:0+¯*0+'+,)4@0�&�NO,�y°I*N+4@,�BHy¶NOIS4¤_�,�.-,)N+&�]�M-J�N�M�I�0+,
V�I*4@M�I�.-,�.*'+0)(�0+J-Vo$ &�0jB�&�'�&AD�&�0+,�0)( �:­2�¦0)(U,�'3V�� " $-,�.-,���,)NjM�NOIZM�,)NO'+/1,�0�IAy�(U&�.-B
IZM�,)N+&�'3/^IZ.-0:I�.�(�'+$-,�03,�V�IS4@MRI�.-,�.S'30 &�N�,�_�,�.-,)NO/1V�'+$-,�¯l&�NO,@/1.�M�N�/^.-V�/1M-]1,vNO,�J-0�&AD-]^,
ypISN�B-/��·,)NO,�.*'`M-J�N�M�I�0+,�0?&�.-Bj/^.jB-/��¨,)NO,�.*'?V�I�.*'+,�¬S'30)��>?/ 4@,:&�.-B�'+/ 4@,H0+J-M-M�I*NO'`4�&�¯
&A]^03IxDR,�NO,�_S&ZNOB-,�Bv&�0:&@_�,�.-,)NO/1V</1.*ypISN+4�&A'+/1I�.C0+¯*0+'+,)4 V�IS46M�I�.-,�.*')�U�p.ªy¦&AV�')(�4@I�03'
&AM-M-]^/1V)&�'3/^IZ.-0�$�&���,xNO,�c*J-/ NO,)4@,�.*'+0<'+$�&A'</1.S�ZI�]1��,xB-¯*.�&�4@/1V�0)(�&�.-B &�'+/ 4@,o�¶�\&ZNO¯S/1.-_
.�&A'+J�NO,CI�y:D�I�'3$ B�&�'�&l&�.-B%M�NOI*V�,�0+0+,�0�J-0+,�B%DS¯
'+$-,�0+,v&AM-M-]^/1V)&�'3/^IZ.-0)��>�,)46M�ISN+&A]
B�&A'�&�D�&�0+,�0H&�NO,<4@,)&�.-0K'+IxV)&AM-'+J�NO,:0+IS46,<&�0+M�,�V�'302I�y�'+$-,@NO,�cSJ-/ NO,�B�'+/ 4@,<03J-M-M�ISNO'�(
&A.-B�&�NO,@4�&�/1.-]1¯�J-03,�B§'+IC4�&�.�&�_�,;$-/10+'+ISNO/1V�B�&A'�&-(RM�NO,�0+,�.*':B�&�'�&-(·&�.-BlM�NO,�B-/1V�'+/1��,
B�&A'�&�[U/1'+$-/1. '+$-,j0�&�4@,²y¶N+&�4@,�[?ISN+Y�&�.-B 4@I*B-,�]p� >�I§DR,v4@ISNO,j0+M�,�V�/Q{�V�(?/1. I�J�N
V�IZ.S'+,�¬*'�'+/ 4@,:&�V�'+0d&�0?&�.j/^.*'�NO/1.-0+/1VHM�&�NO'�I�y�I�D��+,�V�'+0�B-,�.-IZ'+/1.-_<[U$-,�.j'+$-,�0+,UIZD��+,�V�'30
&ZNO,:B-,o{�.-,�B�NO,�] &�'3,�BC'+I�'+$-,;D-J-/^]1'O�¶/1.l'+/ 4@,:B-/ 4@,�.-0+/1I�.Kd°0Be?0+J-M-MRISNO'UI�y�'+$-,:0+¯*0+'+,)4ª�
G¤V�IS4�4@I�.².�&�4@,HI�y�0+J-V�$jI�D��3,�V�'+0�/^0K'+,)4@M�I*N+&�]-I�D��3,�V�'+0)(�/p��,�� (SIZD��+,�V�'30dV)&�M-'+J�N�/^.-_R(
DR,�0+/1B-,�0UI�'+$-,)N�M�NOI�MR,)NO'+/1,�0)(�'3/546, &�.-B²'+/ 4@,2B-,�MR,�.-B-,�.-V�/1,�0UI�y�'+$-,�/ N��\&�]1J-,�0)(-,��®_���&�.
&AB-B�NO,�0+0U$-/10+'+I*NO¯�I�y�&6M�,)NO0+IZ.��

fhg:f iYj k/lRmonpmqk/r+stn	u2vwmqu2xyrRz<{
>w/546,2$�&�0?DR,�,�.t&;'+I�M-/1VHI�y�M-$-/1]^IZ0+I�M-$-/1V)&�]�&�.-Bj.�&�'+J�N+&�]-03V�/^,�.*'+/Q{�V:0+'+J-B-¯@0+/1.-V�,:'+$-,
&A.-V�/^,�.*' �:NO,�,)YZ06d�/1.-V�]1J-B-/^.-_§r�]5&A'+I�(RG NO/10+'3I�'+]1,�(�&�.-B�~H/1I*B-ISNOJ-0<uUN�I�.SJ-02e�(-'+$�NOIZJ-_�$
T-&A/^.*'<GHJ-_�J-0+'3/^.-,@/1.§'+$-,��ª/^B-B-]1,CGH_�,�0:&�.-B�4�&�.*¯C] &�'+,)N:�ª,�B-/^,���&�]d]1I�_Z/^V�/ &�.-0�(�'3I
�K,�[U'+IZ.-/5&A.�M-$S¯*0+/1V�0)(-«�/1.-0+'3,�/^.�8®0`'3$-,�ISNO¯<IAy�N�,�]5&A'+/1�S/1'O¯�(-&�.-B�I�.j'+I<M�N�,�0+,�.S'}|�XS��~��s�p.
'3$-,`03,�V�I�.-B�$�&�]Qy¨IAy¨I�J�N�V�,�.S'3J�NO¯<]1I�_�/1V�/ &�.-0)(ZV�IS4@M-J-'+,)N�0+V�/1,�.*'+/10+'+0)(�&�.-B@I�'3$-,)NO0�$�&���,

�



= ������� �����	��

� �	��� ������� ��� ���

03$-I\[?,�B�0+/1_�.-/Q{�V)&�.S':/1.*'+,)NO,�0+':/1.§'3$-,�'o&�0�YjI�y?J-.-B-,)NO0+'�&�.-B-/1.-_C'+/ 4@,@/1.§DRI�'+$§4@ISNO,
ypISN+4²&�]1/ ��,�B�(*]1/1.-_�J-/10+'+/1V�(·4�&�'+$-,)4�&A'+/1V)&�]p(S&�.-BC'+,�Vo$-.-/1V)&�]�'+,)N34@0)�

>w$-, 4�&A'+,)NO/ &�]�M�N�,�0+,�.S'3,�Bx/1.C'+$-/10UNO,�M�I*NO'?/^0�ypI�J-.-B-,�BCI�.j'+$-,:&�D�I���,:NO,�0+J-]1'+0)(Z/1.
M�&ZNO'+/1V�J-] &�N�(·&�.-B§.-I�'H0+J�NOM�NO/10+/1.-_�]1¯�(s4�&�/1.-]1¯�IAy`'+$-I�03,�NO,�0+J-]1'+0:J-'3/^]1/ ��,�B &�.-BlB-,���,�]Q�
IZM�,�BCD*¯xV�IS46M-J-'+,)N�0+V�/1,�.*'+/10+'+0)�

>w/546,v/10v&§$*J�4�&�.%V�I�.-0+'�N�J-V�')� G2]1'+$-IZJ-_�$ /1'j/^0CJ-03,oy°J-]Ky°I*N@B-,�0+V)NO/1D-/1.-_ &�.-B
M�N�,�0+V)NO/1D-/1.-_CV�$�&�.-_Z,�02'+IC'3$-,�03¯S0+'3,)4@02&�.-BlI�D��3,�V�'+0HJ-.-B-,)NH0+'+J-B-¯�(�&�0:[?,;[U/1]^]�0+,�,
] &�'3,)N?I�.�(R'+/ 4@,</10:/1.l'+$-,<B�&�¯j'+IxB�&�¯j]1/#yp,�4@I�0+'KI�y°'3,�.vJ-.-B-,)NO0+'3ISI*Bv&�0H0+IS4@,�'+$-/1.-_
[K$-/^Vo$@/10d,���,)N�/1.-V)NO,)&�0+/1.-_�(�ISNs/10�V�I�.*'+/1.*J-I�J-0+]1¯�4@I��*/1.-_2/1.�I�.-,?B-/ NO,�V�'+/1I�.�� /1.*'+I:'+$-,
ypJ-'+J�NO,���>?$-/10UMR,)NOV�,�M-'+/1I�.CI�y�'+/ 4@,:/1024@I*NO,6d�ISN�I�.-]1¯ eUN�,���,�V�'+/1.-_�$SJ�4²&�.v4@,)4@ISN�¯��
>w$�&�'U/10)(�[?,@&�NO,�&AD-]^,@I�yU4@,)4@ISN�/ ��/1.-_j'+$-,@M�&�0+')(R,���_��:&�0Ky¶&�V�'+0:&�.-Bl,�¬SMR,)NO/1,�.-V�,�0)(
D-J-'H[?,�Y�.-I�[�.-I�'3$-/^.-_v&AD�I�J-':&�_Z/^�Z,�.�'3/546,�/1.§'3$-,:ypJ-'+J�NO,��<T*'+/1]1]p(�[?,�4²&)¯C$�&���,
,�¬*M�,�V�'o&�'+/1I�.-0Ky°ISNK&�.-BlM�NO,�B-/1V�'+/1I�.-0<&�D�IZJ-'2'+$-, y°J-'3J�NO,��:�dJ-'�(·/^':/10:I�.-]1¯�[U$-,�.l[`,
N�,)&�V�$�'+$�&�'H'+/ 4@,@/1.�'3$-,<ypJ-'+J�NO,�(R[U$-/1Vo$§/1.�'3$-,�M�&A0+'2[U&�0:&²ypJ-'+J�NO,<'3/546,�(·[`,;V)&�.
0o&)¯@&�.*¯S'+$-/1.-_�(�ypISNs,�¬-&�4@M-]1,�(S&AD�I�J-'�'+$-,?��&�]1/^B-.-,�030`IAy©IZJ�NsM�NO,�B-/1V�'+/1I�.-0`&�'�'3$-,U'+/ 4@,
[K$-,�.C'+$-,2M�N�,�B-/^V�'3/^IZ.-02[?,)NO,K{¨NO0+'?0+'�&A'+,�B��

GH.-I�'+$-,)Ns4@I*B-,�]�M�NO,�0+,�.*'+,�B;DS¯<L?J-V�Y�,)N |#z���~-/^.-V�I*NOM�ISN3&�'+,�0�'+/ 4@,?&�.-B<03M�&�V�,d/1.*'+I
&;X��¶B-/ 4@,�.-03/^IZ.�&�]·0+M�&�V�,H[U$-,)NO,:&�]1]��OMRI�/1.S'30�� &�NO,HM�NO,�B-,o{�.-,�B��d�¦.x03J-V�$v&@4@I*B-,�]·[`,
&ZNO,<.-I�'��+46I\�*/1.-_��</1.�&�.*¯v0+MR,�V�/Q{�VxB-/ NO,�V�'+/1I�.-0���$*J�4�&�.-0:&�.-B§'+$-/1.-_�0<&�N�,<I�D��3,�V�'+0
B-,o{�.-,�B�[U/1'+$-/1.v'+$-,:$*¯*M�,)NO0+M�&AV�,�� �K,�.-V�,�(�,)&AV�$CXS~ IZD��+,�V�'?/10:&�]1[w&�¯*0?0+$-I�[U/1.-_�J-0
[K$-,�.t&�.-Bj[U$-,)NO,H[?,U[?,)NO,�(S&ZNO,�(-&�.-B d°M�I�0+03/^D-]1¯=e�[U/1]^]·DR,��dT*I�(*D�I�'3$xM�&�03')(�M�NO,�03,�.S'
&A.-Bjy°J-'+J�N�,:,�¬S/10+'H0+/ 4;J-]^'o&�.-,�I�J-0+]1¯��UGH]1'+$-I�J-_�$C03IS4@,:M�IZ/^.*'+0:4�&�¯xDR,�NO,�_*&�NOB-,�Bv&�0
� y¶&�V�'+0!�6&�.-B
I�'+$-,)NO0<&ZNO,"�OM�NO,�B-/1V�'+/1I�.-0���(�[`,j&�NO,�[U/1'+$-/1. '+$�&A':$S¯*M�,)NO03M�&�V�,t&A]^]�'+$-,
'3/546,��#�O_�I�/1.-_��<.-I�[U$-,)NO,$�tDR,�V)&�J-0+,�&�]1]�,�.*'+/1'+/1,�0<&�NO,;B-,o{�.-,�BlDS¯C'+$-,�/ NH,�¬*'+,�.*'U/1.
'3$-/^0�X*~K�¶0+M�&�V�,���L?J-V�Y�,)Ns,�] &�D�I*N+&�'+,�0sI�.@'+$-/10�XS~ �*/1,�[ 4@IZ0+'�,�]1,�_S&�.*'+]1¯</1.�$-/10dDRISI*Y&%
� �H,�I*4@,�'�NO¯�(*NO,�] &�'+/1�S/1'O¯C&�.-BC'+$-,HypI�J�NO'+$jB-/ 4@,�.-0+/1I�.'� |#z���~��

fhg)( * u2xyr�lhs,+-+ l mql�./l vJr+v
�¦.x'3$-/^0HNO,�M�ISN�'d[?,2&�NO,:&�/ 4@/1.-_�&�'`&A.xJ-.-B-,)NO03'�&�.-B-/1.-_@I�y�'+/ 4@,:&�0U&�.�/1.*'+,�_SN+&�]RM�&�NO'
IAy�M�NOI�M�,)N�'+/1,�0�I�y¨B�&�'o&UI�D��+,�V�'+0����`&A0+/1V)&�]1]^¯@'+$-/10?NO,�B-J-V�,�0�'+I:J-.-B-,)NO0+'o&�.-B<$-I�[ M�NOI�M*�
,)N�'+/1,�06d�ISNKI�D��3,�V�'+0BeKV�$�&�.-_Z,6&A.-B�DR,�$�&���,@I\�Z,)NU'+/ 4@,��@G V�IS4²4@I�.v.�&Z4@,@I�y`0+J-Vo$
IZD��+,�V�'30U/10:'+,)4@M�I*N+&�]·I�D��3,�V�'+0)(-/p��,�� (�I�D��+,�V�'+0KB-,�.-I�'+/1.-_�(RD�,�0+/1B-,�0<IZ'+$-,)N?M�NOI�MR,)NO'+/1,�0)(
'3/546,6&A.-B§'+/ 4@,�B-,�MR,�.-B-,�.-V�/^,�0��t>w$-,)NO,�&�NO,�B-/��¨,)N�,�.S'/�O'+/ 4@,�0���(�&A.-B�B-/��·,)NO,�.S';.-I��
'3/^IZ.-0�I�y-'+/ 4@,�y°ISN�B�&�'�&K4�&�.�&�_�,)46,�.S'�4�&�¯HB-,�.-I�'+,d[K$-,�'+$-,)N�M-$-,�.-I*4@,�.�&?/1.�NO,)&�]1/1'�¯
&ZNO, N�,�_S&�NOB-,�BC&�0"021�0235476�(�8:9<;=476�(-ISN?>A@CB:;�0�6D6E0�6��

GH.§/1.*'+J-/1'+/1��,�/1.S'3,)NOM�NO,�'�&�'3/^IZ.�IAy`'+/ 4@,�IZD��+,�V�'30:/^.
&C0+¯*0+'+,)4 [?I�J-]1BlD�,j'+IC]1,�'
,��Z,�.S'+0;D�,lNO,�M�NO,�0+,�.*'+,�B
DS¯§'3/546,CM�I�/1.*'+0)(sy¶&�V�'+0@D*¯�'+/ 4@,CMR,)NO/1ISB-0 d�ISN:/1.*'+,)NO��&�]10Be
&A.-B�M�NOI*V�,�0+0+,�0;[U/1'+$
'+/ 4@,�ypJ-.-V�'+/1I�.-0)�l"%$S¯
'+$-,�0+,j/1.S'3,)NOM�NO,�'�&�'3/^IZ.-0�7 >�Iªy°I�]1]1I�[
'3$-/^0�4@I*NO,�ISN ]^,�030�V�IS4�4@IZ.§0+,�.-0+,j.-I�'+/1I�.§IAy2'+/ 4@,C&vD-/1';ypJ�NO'+$-,)N2%@GH.�,��Z,�.S'@/10
IAy°'+,�.
'�&�YA,�. &�0²$�&�M-M�,�.-/1.-_�&�'j&l'+/ 4@,C/1.-0+'�&�.*')(�/p��,�� (d&lM�IZ/^.*'�/1. '3/546,C[U/1'+$ .-I
B-J�N3&�'+/1I�.���G y¦&�V�'?/10U&;'�NOJ-'+$x&AD�I�J-'?0+IS46,U0+'�&�'3/^V:&�0+MR,�V�'+0dIAy�NO,)&�]1/1'O¯�D-J-'?B-IS,�0?.-I�'
] &�03':ypISN:,���,)N�(�/p��,��l&��\&�]1/1B*�¶'+/ 4@,CMR,)NO/1ISB
B-,o{�.-/1.-_§[U$-,�.
'+$-,@y¶&�V�'<[U&�0)(s/10)(sISN;/10



��
�� 
 ��� �#� � ��� � 
������ ����� F

DR,�]1/^,��Z,�Bv'+I@D�,HB-,o{�.-,�B d�/p��,�� (*��&�]1/^BQew/^.vN�,)&�]1/^'O¯��sG�M�NOI*V�,�0+0?]1/ Y�,<&�.j,���,�.S'�B-,�.-I�'+,�0
I*N�N�,oy°,)NO0;'+I�&�B-¯*.�&�4@/1VC&�0+M�,�V�'@I�y:NO,)&�]1/1'�¯�(�&�.-B [K$-/^Vo$�(�J-.-]1/ Y�,v&�.
,���,�.*')(sB-IS,�0
$�&���,H&<B-J�N3&�'+/1I�.���>w$SJ-0)(*&:M�NOI*V�,�0+0?4�&�¯�DR, & ypJ-.-V�'+/1I�.�B-,�0+V)N�/^D-/1.-_�03IS4@,��OV�¯*V�]1/^V��
I*N`N�,�M�,)&�'+/1.-_@D�,�$�&��*/1ISN�]^/ Y�,<&;'+/1B-,:ISN?&;V�I�.*'+/1.SJ-IZJ-0dD�,�$�&��*/1ISN�]^/ Y�,<&A.C,�¬SM�&�.-B-/1.-_
B-,�03,)NO'2I*NHB-/^03,)&�0+,��:G M�NOI*V�,�0+0<&�.-Bl&²y¦&AV�' 4�&�¯jypISN?,�¬-&�4@M-]1,@D�,�B-,o{�.-,�Bl'+Ij] &�0+'
ypISNO,��Z,)N�(�ISNwJ-.S'+/1]·'+,)N+46/^.�&A'+,�BxI*N?V�$�&A.-_�,�B�(-NO,�0+M�,�V�'3/^�Z,�]^¯��

"l,:[U/1]^]·M�NO/ 4�&ZNO/1]^¯²'�NO,)&�'�'+/ 4@, N�,�]5&A'+,�B�'+I;y¶&�V�'+0dDR,�V)&�J-0+,HI�J�N�V�IZ.-V�,)NO.x/10?'+,)4;�
MRISN+&�]�B�&A'�&C&�.-Bl$-I�[ 0+J-V�$�B�&�'�&jV�I�J-]1B§DR,�J-0+,�B§'+IC/1.*'+,�_SN+&A'+,:y¶&�V�'+0:I�y?B-/��¨,)NO,�.*'
YZ/1.-Bx&�.-B���I*N·I�y�B-/��¨,)NO,�.*'�B�&�'�&AD�&�0+,�0)�·"l,?,)&�0+/1]1¯@0+,�,d'+$�&A'�/Qy©&A.<I�D��3,�V�'sV�$�&�.-_Z,�0�/1'+0
��&�]1J-,Hd�0Be?'3$-/^0K/^0H/1.v'+$-,K{¨NO0+'KM-]5&AV�,:V)&�J-0+,�BCD*¯t&�.C,�¬*'+,)NO.�&A]��ZNO,)&�]�,��Z,�.S'?'�NO/1_�_Z,)NO/1.-_
03IS4@,�&AV�'+/1I�.v'+I²B-Ix'+$-,@Vo$�&�.-_�,6d�,��®_��UB�&�'o&�D�&�0+,:J-MRB�&�'+,<IZM�,)N+&�'3/^IZ.Qe��U>?$-,@,���,�.*'
/1'+03,�]#y:4�&�¯�$�&���,@DR,�,�. /^.-/1'+/ &�'3,�B�D*¯§&CM�NOI*V�,�0+0<IZD��+,�V�'��tT*I�/1. &�I���,)N+&�]1]s0+,�'+'+/1.-_
IZD��+,�V�'30�I�y�y¶&�V�'+0)(�,��Z,�.S'+0d&A.-B�M�NOI*V�,�0+0+,�0`&ZNO,?/^.*'+,)N �¶]1/1.�Y�,�B���"l,UB-,)&A]�I�.-]1¯@[U/1'+$�'+$-,
ypISN+46,)N:I�yU'+$-,�0+,jI�D��3,�V�'+0)(�/p��,�� (sB�&�'�&�4�&�.�&�_�,)46,�.S':I�y?y¶&�V�'+0)(�D-J-'@[U/1]^]K'�NO,)&�':'+$-,
IZ'+$-,)N�'�[?I@[U$-,�.-,���,)N�'+$-,�¯CNO,�] &�'+,H'+I�/10+03J-,�0UB-/10+V�J-0+0+,�B��

"l,�&�]10+I�M�N�,�0+,�.S'K'+/ 4@,<&�.-Bv'3,)4@M�ISN3&�]�B�&�'o&@/1.�&@D�NOI*&�B-,)N�0+,�.-0+,<'3$�&�.C/102J-0+J*�
&A]^]1¯%'+$-,vV)&�03,C[U/1'+$ '+,)46M�ISN+&A]`B�&A'�&�D�&�0+,�0�� "l,lB-,o{�.-,v'+$-,�.-I�'+/1I�.-0�IAy<0+V�$-,)4²&
�Z,)NO0+/1I�.-/1.-_���,���IZ]^J-'3/^IZ.�(�I�D��3,�V�'���,)NO0+/1I�.-/1.-_�&A.-B�V�I�.*{�_�J�N+&A'+/1I�.�4�&A.�&�_�,)4@,�.*'�'3I:D�,
M�&ZNO'2IAyw&jD�NOIS&ABv0+V�I�MR,@I�y`'+,)46M�ISN+&A]�B�&�'�&-�;~H,o{�.-/^'3/^IZ.-0<&�.-Bl,�¬¥&�46M-]^,�0:IAy`'+$-,�0+,
.-IZ'+/1I�.-0<&�NO,;_�/1��,�.§&�.-Bl[`,;0+$-I�[W$-I�[ '+$-,�¯�&ZNO,�NO,�] &�'3,�Bv'+IC'+/ 4@,�0H0+J-Vo$§&�0:�\&�]1/1B
'3/546,�02&�.-BC'�N+&A.-0�&�V�'+/1I�.�'3/546,�0)(�NO,�0+MR,�V�'+/1��,�]1¯��

�*ISNKB-,o{�.-/^'3/^IZ.-0:I�ydV�I�.-V�,�M-'+0:&�.-Bl_�]1I�0+0�&ZNO/1,�02NO,�] &�'+,�B�'+Ix'3,)4@M�ISN3&�]·B�&�'�&�D�&�03,�0
03,�, ��,�.-0+,�.v,�'H&�]p�q|QF-��~��

fhg	� 
 .���
 m m1k/uBv�� r������Jm
>w$-/^0@NO,�M�I*NO':/10<I�.-,�IZJ-':I�yU'�[?ICNO,�M�I*NO'+0:B-,�0+V)NO/1D-/1.-_v'3$-,x&�M-M�NOIS&AV�$-,�0)(·M�N�I�M�I�0o&�]10
&A.-BCI�'+$-,)N�/10+0+J-,�0?[U/1'+$-/1.v'+$-,K{�,�]1BvI�ys'+,)4@M�I*N+&�]�B�&A'�&�D�&�0+,HNO,�0+,)&�NOVo$���>w$-/^0HNO,�M�ISN�'
B-,)&A]^0?[U/1'+$j'+,)4@MRISN+&�]�N�,�]5&A'+/1I�.�&�]�B�&A'�&�D�&�0+,�0�(�&�.-Bx'3$-,2I�'3$-,)N�B-,)&�]10?[U/1'+$j'+,)4@M�I*N+&�]
IZD��+,�V�'��¶ISNO/1,�.S'3,�B§B�&�'�&�D�&A0+,�0t|#}-�5~O� >w$-,tNO,�MRISNO'+0@_�/1��,C&l0+J�N���,�¯§I�y2'3$-,�/5N²NO,�0+M�,�Vo�
'3/^�Z,20+J-D*{�,�]1B-0)(R&�.-Bx'3$-,�¯�V�] &�030+/Qy°¯�'3$-,2M�NOIZM�I�0+,�Bj4@ISB-,�]102&AV�V�ISNOB-/1.-_<'+I;0+'�NOJ-V�'3J�N+&�]
Vo$�&�N+&AV�'+,)NO/10+'+/1V�0�&�.-B<M�N�,�0+,�.S'�NO,�M�N�,�0+,�.S'o&�'+/1��,�0·I�y-,���,)NO¯UV�] &�0+0s/1.�4@I*NO,�B-,�'o&�/1]°� �KI�[?�
,��Z,)N�(�,�cSJ�&A]^]1¯@/ 4@M�I*NO'�&�.*'�/10�'+$�&�'s'+$-,?ypJ-.-B�&�4@,�.*'�&�]�V�I�.-V�,�M-'30�B-,o{�.-,�B�DS¯@'+$-,�{�,�]1B
/10@M�NO,�0+,�.*'+,�B�(�'+$-,)NO,oypISNO,�(·'+$-/10</1.*'�NOI*B-J-V�'+/1I�.§Vo$�&�M-'+,)N:&�.-B�'+$-,�.-,�¬*'<Vo$�&�M-'+,)N:&�NO,
/1.-V�]1J-B-,�B /1. DRI�'+$ NO,�MRISNO'+0;'+Iv_�/1��,C&�]1]?M�I�'3,�.S'+/ &�]UNO,)&AB-,)NO0�&�.
/1.S'oNOISB-J-V�'3/^IZ. &�.-B
$-IZM�,oypJ-]^]1¯�&ª0+I�J-.-BlJ-.-B-,)NO0+'o&�.-B-/1.-_vI�y?'+$-,@ypJ-.-B�&�4@,�.*'�&�]s'+,)4@M�I*N+&�]sV�I�.-V�,�M-'+0<&�0
B-,o{�.-,�Bl&�.-BCJ-'+/1]1/ ��,�B�[K/^'3$-/^.C'3$-,:'+,)4@M�I*N+&�]�B�&A'�&�D�&�0+,K{�,�]1B��

GUyp'+,)Nw{-y°'3,�,�.v¯�,)&�N�02I�y`&AV�'+/1��,�NO,�0+,)&�NOVo$C/1.§'+$-,;{�,�]1B§I�yd'+,)46M�ISN+&A]�B�&�'�&�D�&A0+,�0)(
&AD�I�J-'x�Z���lM�&�MR,)NO0�M-J-D-]1/10+$-,�B�(H'+$-,C{¨NO03'�/1.S'+,)N�.�&�'+/1I�.�&�]?[?ISN+YZ0+$-I�M
[U&�0@$-,�]^B /1.
G:NO]1/1.-_�'+I�.�(�>�,�¬-&�0)(-�)���ZF |#}�=*(�z-��~��s>?$-/10�[`I*N+Y�03$-I�M:0+$-I�[?,�B<'+$-,?B-/1��,)NO0+/1'O¯<IAy�/^030+J-,�0
&A.-B�'+I�M-/1V�0�V�I���,)NO,�B;DS¯;'+$-,?{�,�]1B�(S&�.-B@'+$-,K0�&�4@,�'+,�.-B-,�.-V�¯@/^0�B-ISV�J�46,�.S'+,�B@D*¯<'+$-,
ypI�]1]1I�[?�¶J-M§[?ISN+YZ0+$-I�MC$-,�]1B
/^. �·J�NO/1V�$�(sT*[U/1' ��,)NO] &�.-B�(��)�Z��z | �)}*(�}���~��@"l,t&�N�,<.-I�'
&A/546/^.-_l&�':V�I���,)NO/1.-_C&�]1]d'+$-,�NO,�0+,)&ZNOV�$lNO,�] &�'+,�B§'3Ix'+,)46M�ISN+&A]�B�&�'o&�D�&�0+,�(·&�.-B§[U/1]1]p(



X ������� �����	��

� �	��� ������� ��� ���

IAy�V�I�J�N�0+,�(*I�.-]1¯vNO,oy°,)Nw'+I�'+$-I�03,<NO,�0+,)&�NOVo$jM-J-D-]^/1V)&�'3/^IZ.-0:'+$�&�'2&�N�,<NO,�]1,��\&�.*'?ypISN?I�J�N
M-J�N�M�I�0+,���>?$-,HNO,)&�B-,)N�[K$-I6&ZNO,U/1.S'3,)NO,�0+'+,�B�/1.C'+,)46M�ISN+&A]-B�&�'�&�D�&�03,`D-/1D-]1/1I�_SN+&AM-$-/^,�0
/10UNO,oyp,)N+NO,�B�'3I6>�0+I�'oN+&�0d&�.-B��HJ�4�&�N�8®0dD-/1D-]1/^IZ_SN+&�M-$*¯ |�����~�(-&�.-BC&�]10+I@'+$-,H,�]1,�V�'�NOI�.-/1V
D-/1D-]1/1I�_SN+&AM-$S¯�(�&�J-'3$-ISNO,�B:D*¯ �H]^/1.-,�(ZV�I�.S'o&�/1.-/^.-_H.-,)&�NO]1¯j���)����,�.*'�NO/1,�0�&A0�I�y �*&�.SJ�&ZNO¯
������} |QF�z�~��
��������� �	��

�����������������������

�¦.tuw$�&�M-'+,)Nd=;[?,HM�NO,�0+,�.*'+0d0+I*4@,2D�&A0+/1V2V�I�.-V�,�M-'30`'3$�&�'`&�N�,2_�,�.-,)N�/^VH'+I�4@I�03'd'+,)4;�
MRISN+&�]�B�&�'�&�D�&�03,�4@I*B-,�]10)�<u?$�&�M-'3,)NUFjM�NO,�0+,�.*'+0:&�0+J�N���,�¯CI�yd'+,)4@MRISN+&�]sNO,�] &�'+/1I�.�&�]
B�&A'�&�D�&�0+,�0�(·/°�®,��t46ISB-,�]10�&�.-B§] &�.-_�J�&A_�,�0)(�[K/^'3$�&CV�] &�0+03/#{�V)&A'+/1I�.�IAyw'3$-,�B-/��¨,)NO,�.*'
&AM-M�NOIS&�Vo$-,�0�M�NO,�0+,�.*'+,�B /1. '+$-,l]1/^'3,)N+&�'+J�NO,��¤"l,�,�.-B '+$-/10vNO,�MRISNO'�[K/^'3$ &�0+$-ISNO'
03J�4�4�&�NO¯@/1.�uw$�&�M-'+,)N�XR�
��������� ������ ��"!�#$�&%�')(*�& ���+

�²[?I�J-]1B ]^/ Y�,
'+I '+$�&A.�Y G:4@,�] & �:&�N+&�$�&�0o&�.-I��S/1V�(2LK&�_�.�&�Nj�UI*N+4�&�.-.�&�.-B�~:&�_
T �-,�DR,)NO_;y°ISN�V�IS4²4@,�.S'30`&�.-BC0+J-_Z_�,�0+'+/1I�.-0?'+I�&@M�NO,��*/1I�J-0U��,)N�0+/1I�.xIAy�'+$-/102N�,�M�ISNO'��

>w$-/^0dN�,�0+,)&�NOVo$<[U&�0�03J-M-M�ISNO'3,�B<D*¯<'+$-,?�UISN�[`,�_Z/5&A.�L?,�0+,)&ZNOV�$@u?I�J-.-V�/1]*'+$�NOI�J-_�$
_*N+&�.*'`�v�:�3�#F-�)=Z���-�



� �������	��
 �

� ��� � � ����� 	 � ��� 
 � � 	��D��	

�¦.§'+$-/10:Vo$�&�M-'+,)NK[`,@/1.*'�NOI*B-J-V�,�03IS4@,<_Z,�.-,)NO/1V�M�N�I�M�,)NO'3/^,�0<&A.-B�B-,o{�.-/1'+/1I�.-0:[K$-/^Vo$
&ZNO,<NO,�]1,��\&�.*'?/1.�4@I�03'`03,�'+'+/1.-_�0?B-,)&�]1/1.-_x[U/1'+$C'3,)4@M�ISN3&�]�B�&�'o&-�

( g:f ��r���
 r�� mqu � s lhs,+�� �hs v m � 
�
(m1u �hs ��� * u2xyr

G M-$-/^]1I�03I�M-$-/1V)&�]U�*/^,�[ I�yH'+/ 4@,x[K/^]1]UM�N�I�D�&�D-]1¯lM-/^. MRI�/1.S'@'+$�&A'6&A.§,���,�.*'�/10@.-I�'
d°ISN:.-,�V�,�0+0o&�NO/1]1¯§.-I�'Be:&�.
/1.-0+'�&�.*'<IAywI*N:M�IZ/^.*'</1. '+/ 4@,�(�&�.-B�V�I�J-]1B .-,���,)N:DR,t&�.
/1.-0+'o&�.S'HI�yd'+/ 4@,;D�,�V)&�J-03,6&A.v,���,�.*'2$�&AM-M�,�.-0<&�.-B�0+IS4@,�'+$-/1.-_j'+$�&�'U$�&AM-M�,�.-0:$�&�0
'3Ix$�&���,:0+I*4@,:0+ISNO'KI�ydB-J�N+&�'+/1I�.��U�H'3$-,)NO[U/10+,�(R/^'H[?I�J-]1Bv.-I�'H$�&�M-MR,�.��2�p.l.�&�'3J�N+&�]
] &�.-_ZJ�&�_�,�0s'+$-,d'+,)N34 ,���,�.*'�/10 d�/1.�&�.;/^.*ypISN+4²&�]�0+,�.-0+,%es&K$-IS4@I�.*¯¥4%DR,�V)&�J-0+,d/1'd4�&�¯
B-,�.-IZ'+,�'+$-,@/ 4@M-]1/1V�/^'@0+,)4²&�.S'3/^V�0:IAy`'+/ 4@,�B-/��·,)NO,�.S'3]^¯ %j�%e�� 4���0�;�B�3&;�02@�4���9 6������74 0
9�3 021 0=354! (s,���_R�v4@,)&�.-/1.-_§&�.§,�¬*M�,)NO/1,�.-V�,�B B-J�N+&A'+/1I�.§I�y��3I\¯§&�.-B
M-]1,)&�0+J�NO,�(�&�.-B
= e�� 9�4 4���0#0=1 02354"��0,6E9�4$#<B%� 3��50&��9'# 9 6 4 @CB)(�0* (R,���_��U4@,)&A.-/^.-_j'+$�&�'H0+IS46,�'+$-/1.-_
$�&AM-M�,�.-,�B�&A'w&60+J-B-B-,�. d�ISN?&�.C/1.-0+'�&A.S'Be��

T*I�(-[U$�&A'U/10 &�.�/1.-0+'�&�.*'UI�y�ISN?MRI�/1.S'H/1.�'3/546,)7��¦.v]1/Qy°,�&�.-B�'+$-I�J-_�$*'?[`,;I�yp'+,�.
N�,�_S&�NOB
'+/ 4@,C&�0@V�I�.S'3/^.*J-I�J-0@0�&�¯§]1/ Y�,�&lNO/1��,)N���>?$*J-0)(d&�M�IZ/^.*'�/1. '+/ 4@,C/10�.-I�.*�
,�¬*/10+'+/1.-_@ISN�/10?.-I�'?&�.x&�M-M�NOIZM�NO/ &�'+,?.-I�'+/1I�.�/Qy�[?,U[U&�.*'�'+I;_SN+&�0+M@[U$�&A'dV�I�.*'+/1.SJ-IZJ-0
'3/546,U/10)� �UI�[?,���,)N�(�&HM�I�/1.*'d/1.�'+/ 4@,?/10U& dp4�&�'3$-,)4�&�'+/1V)&�]be·V�I�.-03'�NOJ-V�'�&�.-Bx&H.-I�'+/1I�.
'3$�&�'2_Z/^�Z,�0 &²0+J�!xV�/1,�.*'20+'oNOJ-V�'+J�NO,;I�yd'+/ 4@,<[K$-,�.v/1':V�IS4@,�0H'+I²y°ISN34�&�]�NO,)&�0+IZ.-/^.-_R(
B�&A'�&@4�&�.�&�_�,)46,�.S')(Z,�'+V��
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B-,�03V)NO/1D�,UM-$-,�.-IS46,�.�&HDS¯;V�IS4@M-J-'+,)Ns0+¯*0+'+,)460�D*¯<'+/ 4@,?MRI�/1.S'+0�I*NsI�'+$-,)N�V�I�.-0+'�NOJ-V�'30
B-,)N�/^�Z,�B
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DRISB-¯@'+$�&A'�V�I�J-]1B�D�,:&�M-M�NOI�¬*/54²&�'+,�B<D*¯�46,)&�.-0�I�y�'+$-,�ISNO,�'3/^V)&A]S.-I�'3/^IZ.-0�]^/ Y�,HM�IZ/^.*'+0
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��,oypISNO,;M�NO,�0+,�.*'+/1.-_C'+$-,@B-/��·,)NO,�.*'<0+J-D��3,�V�'+0:&�.-Bl/10+0+J-,�0�N3&�/10+,�B§&�.-B§B-/10+V�J-0+0+,�B�[`,
[K/^]1]�V�] &�N�/#yp¯j0+IS4@,HV�I�.-V�,�M-'+0U[K$-/^Vo$v&�NO,HJ-0+,�BC'+$�N�I�J-_�$-I�J-'�'+$-,:'+,�¬*'pd¦&�.-BC[U/1'+$-I�J-'
&A.S¯HypJ�NO'+$-,)Ns,�¬*M-] &�.�&�'+/1I�.-0�/Qy�.-I�'s'+$-,UV�I�.*'+,�¬*'�B-,o{�.-,�0�'+$-,)4 0+,�M�&�N+&A'+,�]1¯:ISN�NO,�] &�'+,�0
'3$-,)4 '3I24@ISNO,s0+MR,�V�/#{�V?0+'oNOJ-V�'+J�NO,�0Be��¨>?$-,�'3,)N+4 4 0���>&B�@C9�
'#<9�4 9H4@,)&�.-0�'3$-,�V�I�.-V�,�M-'
[K$-,)NO,?B�&�'�&HISNs0�&�¯<&�.²I�D��3,�V�'�/^0�B-,o{�.-,�B�'+I:$�&���,?0+IS46,`'3/546,2NO,�] &�'+,�B@/1.*y°I*N+4�&�'+/1I�.
&A0+0+I*V�/5&A'+,�Bl[U/1'+$§/1')(�,��®_��x& �OD-J-/^]1'O�¶/1.'�C'+/ 4@,�0+'�&Z4@M @ �C�*ISN:,�¬-&�4@M-]1,�(�/^. &jM�,)N�0+I�.
IZD��+,�V�'�[K/^'3$x&�.�M�NOIZM�,)NO'O¯<&�'+'oNO/1D-J-'+,U&�B-B�NO,�0+0)(*&�.-B�[U$-,�.-,��Z,)Ns'+$-,UM�,)N�0+I�.�Vo$�&�.-_�,�0
$-/10 �A$-,)Nx&�B-B�N�,�0+0�'+$-,�.-,�[�&�B-B�N�,�0+0��\&A]^J-,l/10C'+/ 4@,�0+'o&�4@M�,�B����ªISNO,�/546M�ISNO'o&�.S'�(
'3$-I�J-_�$�(-/10:'+$�&�'H'+$-,;M�NO,��S/1I�J-0<&AB-B�NO,�0+0H�\&�]1J-,�0<&�NO,;0+'+/1]1]d&�V�V�,�0+0+/1D-]1,�(·/1.§'+$-,;0+,�.-0+,
'3$�&�'d&�.C&�M-M-]1/^V)&A'+/1I�. d°ISNsJ-0+,)N:e�4�&�¯6N�,�'�NO/1,���,?'+$-,H[U$-I�]1,2I*N�&<M�&ZNO'�I�y�'+$-,:&�B-B�NO,�0+0
$-/10+'3ISNO¯:I�y�&UMR,)NO0+I�.���>?$*J-0)(�&�.�&�B-B�NO,�0+0�V�I�.*'�&�/1.-0sD�I�'3$�'3$-,`V�J�N3NO,�.S'�&�.-B@M�NO,��*/1I�J-0
&AB-B�NO,�0+0+,�06dp&A.-B§M�I�030+/1D-]^¯
&CypJ-'+J�NO,�&�B-B�N�,�0+0Be�(s&�0<[?,�]1]`&�0;'+$-,j'+/ 4@,�/1.*y°I*N+4�&�'+/1I�.
&A0+0+I*V�/5&A'+,�B§[U/1'+$ ,)&�Vo$ &�B-B�NO,�0+0@�\&A]^J-,�� �U,�.-V�,�(�D*¯ 4@,)&�.-0@I�y &�'+,)4@MRISN+&�]�B�&�'�&
46ISB-,�]-[?,U4�&�¯<_�,�'d&A.�/1.S'+,�_*N+&�'+,�B@Y�.-I�[U]1,�B-_�,UIAy¨D�IZ'+$�[U$-,)NO,U& M�,)NO0+IZ.�]1/1��,�BC&�.-B
[K$-,�.C'+$-/10U[U&�0)��>w$-,:'+/ 4@,6d�ISN�M�,)N�/^I*B-0Be?[K$-,�.v&@M�,)NO03I�.C$�&�0U&�B-B�NO,�0+03,�0`/10HV)&�]1]1,�B
'3$-,C]^/Qyp,�0+M�&�. I�y<'+$-,v&AB-B�NO,�0+0jI�D��3,�V�' d°0+,�,vDR,�]^I�[ e���>?$-,�NO,�] &�'3/^IZ.-0+$-/1M DR,�'O[`,�,�.
y¶&�V�'+0�(�,���_���&@MR,)NO0+I�.�8®0w&AB-B�NO,�0+0+,�0)(*&�.-BC'+/ 4@,�0U/10H0+$-I�[U.j/^.v��/1_�J�NO,@=-� ���

time 

now

historic facts 

current
 facts 

predicted facts 

Addr. i−1 Addr. i+1Addr. i
Person’s
Addresses

��/1_�J�NO,<=-� � %��-&�V�'+0H&�.-Bv>?/ 4@,�0
>w$-,v'+/ 4@,l/1.*y°I*N+4�&�'+/1I�. 4²&)¯
D�,l_�/1��,�. B-/��¨,)N�,�.S'j0+,)4�&�.*'+/1V�0jB-,�M�,�.-B-/1.-_ I�.

'3$-,�'+/ 4@,�B-/ 4@,�.-0+/1I�.-0@&CM�&�N�'+/1V�J-]5&ZN:0+¯*0+'+,)4 0+J-M-MRISNO'+0��x�*ISN ,�¬¥&�46M-]^,�(s'+,)46M�ISN+&A]
B�&A'�&�D�&�0+,U4@I*B-,�]10UJ-0+J�&�]1]1¯jB-,o{�.-,:I�.-,2I*Nd'O[?I:I�y�'3$-,UypI�]1]1I\[K/^.-_²'+/ 4@,2B-/ 4@,�.-03/^IZ.-0:%
'3$-, 1 9�
 � #���4 ���#0 # ���#023'6 � B�3 d�0+,�,�T*,�V�'3/^IZ. =µ�#F-� �%ew0+J-M-M�ISN�'+02/1.*ypISN+4�&A'+/1I�.CI�.l[U$-,�.
&�y¦&�V�'H[U&�0)(-/10)(RISNK/102DR,�]^/1,���,�B�'+I�D�,@��&�]1/^B d�'oNOJ-,%e?/1.§NO,)&�]1/1'�¯�(RI�.�'+$-,<I�'3$-,)N?$�&�.-B
'3$-,#4 @!9�3'6E9<;24 � B�3���4 ���#0 # ���#023'6 � B�3 d�03,�,�T*,�V�'+/1I�.l=-�#F-�#= ed03J-M-M�ISNO'30U/1.*y°ISN34�&�'+/1I�.jI�.
[K$-,�. &�y¶&�V�'j[U&�0CISN²/^0�0+'+ISN�,�B���V�J�N+NO,�.*'�/1.�'+$-,lB�&�'�&AD�&�0+,�� >?$-,�'�N+&�.-0�&AV�'+/1I�.*�
'3/546,�B-/ 4@,�.-0+/1I�.
$�&�0�&�]1[U&�¯S0;/1'+0<J-M-MR,)N<DRI�J-.-B
0+,�'<'+I�'+$-, dp46I\�*/1.-_HeH'+/ 4@, 3&B �
&A.-B /^'30x]1I�[?,)N<DRI�J-.-B /10C&�]1[U&)¯*0�0+,�'²'+I§'+$-,C'+/ 4@,�[U$-,�. '+$-,�0+¯S03'+,)4 [w&A0@{¨NO0+'
/1. I�MR,)N+&�'+/1I�.�(�/°�®,�� (d'3$-,x'+/ 4@,C[K$-,�. '+$-,CB�&�'�&�D�&A0+,�[U&�0@V)NO,)&�'+,�B��
"%$-,)NO,)&�0@'+$-,

����������� �!�!"#��$%���&"'�������)(*",+.-/�102$43*�.56�7�.58�������#9/�������)$4�;:!��3�<4943,:)�����=�
�.56�!�;:�(*",+?>
"#�!�!3�@���"#�!� <
A ����B8"*5C3*D6E!� @ ��F G�H�I�J�KL�7���)��B/�NMO� P��������Q:���$�:�� �!��56�!"#����3,5R�.5S�!� �Q$43*:�",+T<6"#�!"*D�"U�!� � J�VW-/� 9YX#-�"*+.Z
���!"#����(#��+�PC<[�.\��;:��;56��������� �!�!"#��$��):��;$6:�� �!�;56��<[�.\4��:��;56�N5/3#����3*5��=3,]^�������#J�_`�;5/@ �#9Y",5R3,D6E!� @ ����"*P
B�"*(#�)�!�a(#�;:�"*+b3,:���B/3#cU3,5/",+T�������a�!�!"#�Q$/� J
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��&�]1/1B*�¶'+/ 4@,xB-/ 4@,�.-03/^IZ.�8�0<J-M-MR,)N<&�.-B§]1I�[?,)NHD�I�J-.-B-0@&�NO,@0+,�':D*¯l'+$-,x&�M-M-]1/1V)&�'+/1I�.�(
03J-V�$�DRI�J-.-B-0�ypISNs'+$-,?'�N3&�.-0�&�V�'+/1I�.*�¶'3/546,`&�NO,K/^.-B-,�MR,�.-B-,�.S'?I�y�&�M-M-]1/1V)&�'+/1I�.-0)��>?$-,�0+,
'O[?IjB-/546,�.-0+/1I�.-0@V�I�.-0+'+/1'+J-'+,@&�.§I�D��+,�V�')8®0 �+NO,)&A]�[?ISNO]1B'�@$-/^03'+ISNO¯l&�.-B§NO,�_�/10+'�N+&A'+/1I�.
$-/10+'3ISNO¯xNO,�03M�,�V�'+/1��,�]1¯��d�¦.v&�B-B-/1'+/1I�.C0+,���,)N+&A]�B�&�'�&AD�&�0+,U0+¯*0+'+,)460`03J-M-M�ISNO'�M�NO/ 4@/1'+/1��,
B�&A'�&C'O¯*M�,�0<03J-V�$�&A0�~KGd>U«U(�>U� �v«K(�~KGd>U«s��>U� �v«K(·[U$-/1V�$ &�NO,�J-03,�B�'+Iv46ISB-,�]
[K$�&�'�/10�V)&�]1]^,�BjJ-0+,)N �¶B-,o{�.-,�B²'+/ 4@,�(�&�.-B@/1'+0d0+,)4²&�.S'3/^V�0s/10dB-,o{�.-,�Bx&A.-B�IZ.-]^¯�YZ.-I�[U.
D*¯C'+$-,@&�M-M-]1/^V)&A'+/1I�.��2�*ISNK,�¬-&�4@M-]1,�(�&�.�I�D��3,�V�'UI�y�'�¯*M�,@~UGd>K« /102J-03,�Bv'+Ix46ISB-,�]
'3$-,vM�NOI�MR,)NO'O¯§I�y &�M�,)N�0+I�.�8�0@B�&�'+,CIAy D-/ NO'+$�(�[U$-,)NO,)&A06& �\&�]1/1B*�¶'+/ 4@,l'+/ 4@,�0+'�&Z4@M
IZ. '+$�&�'jM�,)N�0+I�.-0C&�B-B�NO,�0+0�M�N�I�M�,)NO'O¯
/10CJ-0+,�B '+I
$�&�.-B-]1,l'+$-,vB-/��·,)NO,�.S'C'3/546,�0t&
MR,)NO0+I�.:/10�&�0+0+I*V�/ &�'+,�B:[U/1'+$;B-/��¨,)NO,�.*'�&�B-B�NO,�030+,�0�/1.<'+$-,?4@I*B-,�]^,�B@NO,)&�]1/1'O¯���>?$SJ-0�()'+$-,
D-J-/1]1'O�¶/1. 0+,)4�&A.S'+/1V�0:I�y?�\&�]1/1B*�¶'+/ 4@,C&�.-B§'�N3&�.-0�&�V�'+/1I�.*�¶'3/546,<D�IZJ-.-B§I�D��3,�V�'+0:'+IC'+$-,
N�,�0+M�,�V�'+/1��,HB-/ 4@,�.-0+/1I�.-0)��>?$�&�'�/10)(-&:'+/ 4@,HB-/ 4@,�.-0+/1I�.jM�NOI��S/1B-,�0?4@ISNO,U/1.*ypISN+4�&A'+/1I�.
IAydD�,�/1.-_xIZ.-]^¯v&6�\&�]1J-,@B-IS4�&�/1.�(-/p��,�� (¨&@'3/546,�NO,�] &�'+,�BCI*NOB-,)N?I�yd&�.vIZD��+,�V�'30`��&�]1J-,�0
/10U4�&�/1.*'�&�/1.-,�Bx&�.-B@'+$-/10?ISNOB-,)N�/^.-_:/10�J-'+/1]^/ ��,�B�(*ypISNs,�¬-&�4@M-]1,�(�D*¯/cSJ-,)N�¯�M�N�ISV�,�0+03/^.-_R�

�HJ�NHV�I�.-V�,)NO.l/10<��&�]1/^B*�<&�.-Bl'�N+&A.-0�&�V�'+/1I�.*�¶'+/ 4@,�0:&�.-B§4@I*B-,�]1/^.-_�'+$-,�/ NH0+,)4�&�.*�
'3/^V�0j&�0�M�&�NO';I�y:'+$-,xB�&A'�&�D�&�0+,�(�&�.-B .-IZ'�IZ.-]^¯ &�0@0+'�N�J-V�'+J�NO,�0�&�.-B
0+,)4�&�.*'+/1V�0@I�y
IZ.-,�M�&ZNO'+/1V�J-] &�Nx&AM-M-]^/1V)&�'3/^IZ.�� GH]1'+$-I�J-_�$%�\&�]1/1BW&�.-B '�N+&A.-0�&�V�'+/1I�.*�¶'+/ 4@,�0�&�N�,vISN �
'3$-I�_�I�.�&�]-'3,)4@M�ISN3&�]�V�I�.-V�,�M-'30`'3$-,)NO,2,�¬*/10+'?0+,���,)N+&A]¨&�M-M-]1/1V)&�'+/1I�.-0?[U$-,)NO,H'+$-,�0+,H'O[?I
B-/ 4@,�.-03/^IZ.-0dV�I�]1] &�M-0+,H/1.S'+I:IZ.-,`B-/ 4@,�.-03/^IZ.��d�v&�.*¯ d°/#y�.-I�'d&A]^]be�NO,)&�]Q�¶'+/ 4@,?B�&�'�&�D�&A0+,
d¦L�>U~:�Re;&�M-M-]1/^V)&A'+/1I�.-0@$�&)�Z,x'+$-/10@Vo$�&�N+&�V�'+,)N�/^03'+/1V��v�*ISN;,�¬¥&Z4@M-]1,�(�/1. &�V)&�0+$*�¶]1/1.-,
&AM-M-]^/1V)&�'3/^IZ.�&@D�&�.�Yj&�V�V�I�J-.*'?/102'+$-,:'3,)4@M�ISN3&�]�I�D��+,�V�'?I�y�/1.S'+,)N�,�0+')��G V�J-0+'+IS46,)N�8�0
[K/^'3$-B�N+&�[w&A]�I�y©&A.6&Z4@I�J-.*'�I�y¨46I�.-,�¯:y¶NOIS4¤$-/10 ��$-,)N�&�V�V�I�J-.*'�4@,)&�.-0�'+$�&�'s'+$-,UNO,�_��
/10+'oN+&�'+/1I�.�IAy�'+$-/10?B�&�'�&�D�&�03,`'oN+&�.-0�&�V�'3/^IZ.-0�$�&�M-M�,�.-0	dp&�M-M�N�I\¬*/ 4�&�'+,�]1¯=e�&�'d'3$-,20�&Z4@,
d°/^.-03'�&�.*'�I�yBes'+/ 4@,U&�0d'+$-,?V�J-0+'3IS4@,)NO0�&�V�V�I�J-.*'�/10dVo$�&�.-_�,�B@/1.tNO,)&A]^/1'O¯�(�/p��,��s'+$-,U'+/ 4@,
[K$-,�.x'+$-,:NO,)&�]·4@I�.-,�¯@/10?[U/1'+$-B�N+&�[U.@y¶NOIS4 '+$-,:&�V�V�I�J-.*'`&A.-B�'+$-,H'+/ 4@,2[K$-,�.x'+$-/10
[K/^'3$-B�N+&�[w&A]¨/10:NO,�_�/10+'+,)N�,�BCV�I�/1.-V�/^B-,�(�&A.-BvI�.-]1¯CI�.-,6d�0o&)¯j�\&A]^/1B*�¶'�N3&�.-0�&�V�'+/1I�.*�-e�'+/ 4@,
B-/ 4@,�.-03/^IZ. 4²&)¯j0+J�!xV�, y°I*N2NO,�V�I*NOB-/1.-_�D�I�'3$v'+/ 4@,�0)�HT*J-V�$l&�.vB�&A'�&�D�&�0+,:/10:V)&�]1]1,�B
B-,�_Z,�.-,)N+&�'+,�BC/Qy`DRI�'+$��\&�]1/1B*�2&�.-Bv'�N3&�.-0�&�V�'+/1I�.-0?'+/ 4@,�0:&�NO,:V)&AM-'+J�NO,�BCD*¯CI�.-,<'+/ 4@,
��&�]1J-, |#F�=�~����H.j'+$-,UI�'+$-,)N�$�&�.-Bj[U$-,�.xJ-03/^.-_�&�.jISNOB-/1.�&�N�¯�Vo$-,�V�Y<'3$-,2'+/ 4@,�0?[U$-,�.
46I�.-,�¯v/10:0+MR,�.S'<&�.-Bl[U$-,�.lJ-0�&A_�,</10<NO,�_�/10+'3,)NO,�B�(�NO,�0+MR,�V�'+/1��,�]1¯�(·V�I�J-]1B§�\&�N�¯jy°ISN34
B�&�¯*0?'+I@[`,�,)YZ0)(*/p��,�� (*'+$-,:��&�]1/^B*�¶'3/546, d�[U$-,�.j0+MR,�.S'Be?&�.-BC'oN+&�.-0�&�V�'3/^IZ.*�¶'+/ 4@, d�[U$-,�.
N�,�_�/10+'+,)NO,�BQe�B-I�.-I�'?V�I�/1.-V�/1B-,��

�*J�NO'+$-,)N�(R&�'+,)46M�ISN+&A]¨B�&A'�&@I�D��3,�V�'?/10:0�&�/1Bv'+I²$�&)�Z,<&@]1/#yp,�0+M�&�.�(·&�.-B�'+$-,<'+/ 4@,
MR,)NO/1ISB-0@ISNH/1.*'+,)NO��&�]10<V�I�.-0+'3/^'3J-'+/1.-_v'+$-,�]1/Qyp,�0+M�&�.�&�N�,�.-I�':.-,�V�,�0+0�&ZNO¯vV�I�.*'+/1_�J-I�J-0��
�¦.l'+$-,�&�B-B�N�,�0+02,�¬-&�4@M-]1,@&�D�I���,�(R'+$-,)NO,;V�I�J-]1BvD�,�&²M�,)NO/1I*Bl[U$-,�.§&�MR,)NO0+I�.�B-IS,�0
.-IZ'�$�&)�Z,2&:Y�.-I�[U.�&�B-B�N�,�0+0)���K,�.-V�,�(�'3$-,2&�B-B�NO,�0+0�IZD��+,�V�'�ypISNs'+$-/10dMR,)NO0+I�.�[U&�0s.-I�'
B-,o{�.-,�B²ypISNs'+$-/10dMR,)NO/1ISBjI�y¨'3/546,���>w$SJ-0)(Z'+$-,UMR,)NO0+I�.@$�&�B�.-I@&�B-B�NO,�0+0 d°ISNsM�I�030+/1D-]^¯
&A.§J-.�Y�.-I�[U.
&�B-B�NO,�0+0BeKypISN:&ªM�,)NO/1I*B�I�yU'+/ 4@,�(�,���_��j0+,�,j'+$-,"�O_S&AM'��D�,�'O[?,�,�.§'+$-,
&AB-B�NO,�0+0:�\&A]^J-,�0������C&�.-B��x/1.���/1_�J�NO,x=µ� ���@T*I�(·'+$-,@]1/#yp,�0+M�&�.�V)&�M-'+J�NO,�0:'+$-,@'+/ 4@,
[K$-,�.�&�.§I�D��+,�V�'H/10�B-,o{�.-,�B��C>?$�&A'2/10)(�&j�\&A]^/1B*�¶'+/ 4@,j]1/Qy°,�0+M�&A.�/10<'3$-,�'+/ 4@,�[U$-,�.
'3$-,�I�D��3,�V�':/10<B-,o{�.-,�B§'+IC,�¬*/10+'</1.
'+$-,�4@I*B-,�]^,�B NO,)&�]1/1'O¯��x�H.§'3$-,�IZ'+$-,)NH$�&�.-B�&
'oN+&�.-0�&�V�'3/^IZ.*�¶'+/ 4@,d]1/Qy°,�03M�&�.x/10�'+$-,?'+/ 4@,U[U$-,�.@'+$-,UIZD��+,�V�'s/10dB-,o{�.-,�Bj'+I:D�,KV�J�N+NO,�.*'
&A.-Bv&�V�V�,�0+0+/1D-]1,</1.v'3$-,:B�&�'�&�D�&�03,	|#}��*(-M�&�_Z, }�=Zz ~��

"l,2$�&���,2N�,oy°,)N+N�,�B�'3I:'+$-,2V�IZ.-V�,�M-'+0�> B �7354 �73�4 ���#0H&�.-B��73'6 4 9�354?&�0d03¯S.-I�.*¯-4@0)�
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GH.-I�'+$-,)Ns/ 4@MRISNO'�&A.S'sV�I�.-V�,�M-'d/10�; � @CB�3&B�3-��G	; �'@!B�3&B�3-(*[U$-/1V�$�/10?'+$-,?0+$-ISN�'+,�0+'�B-J*�
N3&�'+/1I�.�I�y�'+/ 4@,H0+J-M-MRISNO'+,�B�(ZypISN�,�¬-&�4@M-]1,�(*DS¯j&:B�&�'�&AD�&�0+,U/102& .-I�.*�¶B-,�V�IS4@MRI�0�&�D-]1,
J-.-/1'sI�y�'+/ 4@,�ISN�'3$-,d0�4�&A]^]1,�0+'s_SN+&A.SJ-]1,�I�y�'+/ 4@,��s�?&�0+,�B<IZ.<'+$-,?.-I�'+/1I�.:IAy¨&UVo$�NOI�.-I�.
&²'+/ 4@,;M�,)NO/1I*B�/10<&²0+,�':I�y d�'+I�'o&�]be?ISNOB-,)NO,�B�'+/ 4@,<��&�]1J-,�0)(·I�yd[U$-/1Vo$l,)&�V�$�/10:0+,�M�&��
N3&�'+,�BCD*¯t&²V�$�N�I�.-I�.��U��y`&²'+/ 4@,;B-/546,�.-0+/1I�.l/^0HB-/10+V)NO,�'+,@&�.-Bv]1/1.-,)&�NH'+$-,:V�IZ.-V�,�M-'+0
IAy©MRI�/1.S'?/1.j'+/ 4@,�(*'+/ 4@,UM�,)N�/^I*B�(�&�.-B²'+/ 4@,2/1.*'+,)NO��&�]¨&�N�,U,�cSJ-/1��&�]1,�.S'UV�IZ.-0+'�NOJ-V�'+0sypISN
N�,�M�NO,�0+,�.*'+/1.-_C'+/ 4@,t|�� ~��@GH]1'+$-I�J-_�$§'3$-/^0;/10<'�NOJ-,;ypISNH'+$-,�03,)4�&�.*'+/1V�0:I�y`'+/ 4@,�(�I�.-,
V�IZ.-0+'�NOJ-V�'�4�&�¯<DR,UM�NO,oyp,)N+NO,�B@D�,�V)&�J-03,2&�M-M-]1/1V)&�'+/1I�.-0d/1.*'+,)NOM�NO,�'�'3$-,�0+,?0+,)4�&�.*'+/1V�0�/1.
V�IZ.S'+,�¬*'HI�yU'+$-,x4@I*B-,�]1,�B NO,)&A]^/1'O¯��j"l,tNO,�'3J�NO.l'+IC'+$-/10@/^030+J-,�/1. &ª] &�'+,)N:Vo$�&�M-'+,)N��
�¦.t46I�0+'d'3,)4@M�ISN3&�]�4@I*B-,�]^0?'+$-,HVo$-I�0+,�.j'+/ 4@,2B-/ 4@,�.-03/^IZ.C/^0?B-/10+V)NO,�'3, |�X*=S(-z���~�(*&�.-B
'3$-,)NO,oy°I*NO,2/1'U/10H/10+IS4@ISN�M-$-/^V;'+I d�03IS4@,H0+J-D-0+,�'UI�yBe?'3$-,:/^.*'+,�_�,)N�0)(-ISN?/10+I*4@ISNOM-$-/1V:'+I
d°0+IS4@,U03J-D-0+,�'UI�yBe�'+$-,:.�&�'+J�N3&�]�.*J�4;D�,)NO0U[K$-,�.C/^'K$�&�02&�.j,�¬¥&AV�'U]1I\[?,)N�D�IZJ-.-B��

( g	� * u2xyr�� u2xyr+s/vQu � s/v�l s +�� r
	 s/u:m1u � s/v
>w/546,dB-/ 4@,�.-0+/1I�.-0?&�NO, d°J-0+J�&�]1]1¯ esV�] &�0+03/#{�,�B@/1.*'+I:�\&�]1/1B*�¶'+/ 4@,2&A.-B�'oN+&�.-0�&�V�'3/^IZ.*�¶'+/ 4@,
B-/ 4@,�.-03/^IZ.-0)���dIZ'+$@B-/546,�.-0+/1I�.-0�V)&�.�DR,UB-,o{�.-,�B�0+,�M�&�N3&�'+,�]1¯�(\&A.-B�(�$-,�.-V�,�(�'3$-,�¯�&�NO,
I*NO'+$-I�_�IZ.�&�]p�
��������� ��� #��$%	�
�$(*�

>w$-,x��&�]1/^B*�¶'3/546,vB-/ 4@,�.-0+/1I�.%0+J-M-M�ISN�'+0@.-I�'@I�.-]1¯ 4�&A.�&�_�,)4@,�.*':I�y:$-/^03'+ISNO/1,�0�&�.-B
V�J�N3NO,�.S'�B�&�'�&-(*D-J-'U&�]10+I@M-] &�.-.-,�BvI*NdM�N�,�B-/^V�'3,�BCB�&�'�&-���U/10+'+I*NO/1,�02&�NO,HB�&�'�& B-,o{�.-,�B
ypISNKM�NO,��*/^IZJ-02'+/ 4@,�0:V�I*4@M�&�NO,�B�'+Ix'3$-,�'3/546, 3&B%���<u?J�N+NO,�.*'HB�&�'�&j&�NO,<B�&A'�&���&�]1/1B
&A'U'+$-,:'+/ 4@, 3&B � d�/p��,�� (-M�NO,�0+,�.*'U'+/ 4@,%e�(R&�0UI�M-MRI�0+,�Bv'3I�M�NO,�B-/1V�'+/1��,<B�&A'�&@[U$-/1Vo$v/10
B�&A'�&@D�,�]1/1,���,�B§'3IxDR,��\&�]1/1B§/1.l'+$-,;y°J-'3J�NO,��:��/1_�J�NO,�=-�Q=@/1]^]1J-0+'oN+&�'+,�0:'+$-,�03,�M�N�I�M�,)N �
'3/^,�0HI�y?�\&�]1/1B*�¶'+/ 4@,�B�&�'o&-�2>?$*J-0)(·��&�]1/^B*�¶'3/546,�I�yd0+IS46,:y¶&�V�'2/10:'+$-,@'+/ 4@,;[U$-,�.l'+$-,
y¶&�V�':[U&�0 �A/^06d°D�,�]1/1,���,�B�'3ICD�,%e:'oNOJ-,�/1. N�,)&�]1/^'O¯��j>?$SJ-0�(�&jy¶&�V�'<4�&�¯�$�&)�Z,�0+,���,)N+&A]
/1.-0+'o&�.-V�,�0)(�,)&AV�$j[U/1'+$v&�.C&�0+0+I*V�/ &�'+,�B�'3/546,�0+'�&�4@MjNO,�V�ISNOB-/1.-_@V�$�&A.-_�,�0dI�ys'+$�&�'�y¶&�V�'
|QF-�5~��

Object
salary: 

t2 t3 t4t1 t5

now

time t

15000     17000                 19000     25000

��/^_ZJ�NO,<=-�#=5%s�d&�]1/1B*��>?/ 4@,@~:&�'�&
��/1_�J�NO,C=-�#=²0+$-I�[U0<&�.§IZD��+,�V�':0o&�] &�NO¯����p';V�I�J-]1B�DR,x&�.§IZD��+,�V�'<N�,�V�ISNOB-/1.-_C'+$-,

0o&�] &�NO¯
,���I�]1J-'+/1I�. IAy�&�. ,)4@M-]1I�¯�,�,�I�y &�V�IS4@M�&A.S¯
ISNj&§_�,�.-,)N3&�]U0�&�] &�N�¯�I�D��+,�V�'
B-,o{�.-/1.-_�'+$-,�0�&�] &�N�¯vI�yU&CM�&�NO'3/^V�J-] &�NHM�N�I�y°,�030+/1I�.�&�]sV)&�'+,�_�ISN�¯CI�yw&ªV�IS4@M�&�.*¯�(·,���_��
&A.x&�0+0+/10+'o&�.S'?NO,�0+,)&�N�V�$-,)N�(�&A.�,�.-_�/1.-,�,)N��d~H,�0+M-/1'+,H'+$-,HB-/��¨,)NO,�.-V�,:/1.jM�I�0+03/^D-]1,:/1.*'+,)N �
M�N�,�'�&�'+/1I�.�IAy�'+$-,:&�V�'+J�&�]RI�D��3,�V�'d0�&�¯�D*¯x&�.j,)4@M-]1I�¯�,�,2I*N`&;M�NOIAy°,�0+03/^IZ.�&�]�V)&�'3,�_�ISNO¯
&AM-M-]^/1V)&�'3/^IZ.�(�'+$-,U'3,)4@M�ISN3&�]S03,)4�&�.*'+/1V�0dI�y·'+$-/10`IZD��+,�V�'dN�,)4�&�/1.�'+$-,U0o&�4@,���>w$�&�'�/10)(
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'3$-,:I�D��3,�V�'`0o&�] &�NO¯@$�&�Bjy¶NOIS4 '+/ 4@,
t1

'+I@'+/ 4@,
t2

&<��&�]1J-,<I�y
15000

(�y¶NOIS4 '+/ 4@,
t2'3I�'3/546,

t3
&<��&�]1J-,:I�y

17000
&�.-BC0+I;I�.���T*IS4@,H/1.S'+,)N�,�0+'+/1.-_;y¦&�V�'30`&�NO,:&�]10+I@0+'+I*NO,�B

I*NU&�NO,HM�&�NO'?I�y�'3$-,:0+,)4�&�.*'+/1V�0?I�y�'3$-,:'+,)4@M�I*N+&�]�IZD��+,�V�'?0�&A]5&ZNO¯��
��/ NO03'+]1¯�(?D�,�'O[?,�,�. '+/ 4@,�0

t3
&�.-B

t4
.-I
�\&A]^J-,�[U&�0�NO,�V�ISNOB-,�B�� "l,�0�&�¯�'+$�&A'

'3$-,xI�D��+,�V�'@[U&�0<.-IZ'<�\&A]^/1B d�ISN:J-.-B-,o{�.-,�BQe6B-J�NO/1.-_�'3$�&�'<MR,)NO/1ISB��
�*ISN;'+$-,jy°I*NO,o�
46,�.S'+/1I�.-,�B &�M-M-]1/1V)&�'+/1I�.-0�'3$-/^0@V�I�J-]1B DR,x/1.*'+,)NOM�NO,�'+,�B &�0 y°I�]1]1I�[U0:%��%e:'+$-,C&�V�'+J�&A]
,)46M-]^I�¯�,�,C/1.�c*J-,�0+'+/1I�.
$�&�B .-I§0�&A]5&ZNO¯ d�ISN;,���,�. 4@ISNO,j]1/5YA,�]^¯ 0 ��$-,x[U&�0@.-I�'�&�.
,)46M-]^I�¯�,�,%e�B-J�NO/1.-_<'+$�&A'�M�,)NO/1I*B�(S=?e�'+$-,?V�IS4@M�&�.*¯<$�&�B².-I�'d&H{�¬*,�B�0�&�] &�N�¯<ypISNs'+$-/10
M�N�I�y°,�030+/1I�.�&�]?V)&�'+,�_�I*NO¯ d�ISN6'+$-,CM�NOI�yp,�0+0+/1I�.�&�]?V)&�'3,�_�ISNO/1,�0�B-/1B .-IZ'�,�¬S/10+'2e�B-J�NO/1.-_
'3$�&�'?M�,)NO/1I*B��

>?$-,U0+,�V�IZ.-Bx/1.*'+,)NO,�0+'+/1.-_ y¦&�V�'�0o&)¯*0d03IS4@,�'+$-/1.-_:I�y�[U$�&�'�/10`M-] &�.-.-,�BjISN�[U$�&�'�/10
DR,�]1/^,��Z,�B�'+IjD�,²'�NOJ-, d°ISNUDR,�&²y¦&�V�'2eU/1.§NO,)&�]1/1'O¯�(·.�&�4@,�]1¯v'+$�&A'2'+$-,@0�&A]5&ZNO¯C[U/1]1]�D�,
N3&�/10+,�B�y¶NOIS4

19000
'+I

25000
&�'�'+/ 4@,

t5
&�.-Bj[U/1]^]·DR,H{�¬S,�BjJ-.S'3/^]·0+I*4@,UJ-.-V�,)NO'�&A/^.

d°J-.�Y�.-I�[U.Qe?'3/546,�/1.l'+$-, y°J-'+J�N�,��2>?$-/10:V�I�J-]1BlD�,@/1.S'3,)NOM�NO,�'+,�B�DS¯v&�.l&�M-M-]1/1V)&�'+/1I�.
&A]^IZ.-_�'+$-,:]1/1.-,<I�y�'+$-,H,)4@M-]1I\¯Z,�,<&�.-BCM�NOI�yp,�0+0+/1I�.�&�]RV)&�'+,�_�I*NO¯@,�¬¥&�46M-]^,�0H&�D�I���,��

G2.-B ] &�03':�U'+$-,C'3/546, 3&B �9/10j/^.%I�J�N;,�¬¥&Z4@M-]1,vV�J�N+NO,�.*'+]1¯
D�,�'O[?,�,�.�'+/ 4@,�0
t4&A.-B

t5
� "l,l[U/1]1]2B-/10+V�J-030x'+$-,�/10+0+J-,vV�IZ.-V�,)NO.-/1.-_ 3&B � &�.-B IZ'+$-,)N@�\&ZNO/ &�D-]1,�0x/1.

T*,�V�'3/^IZ.�=-�#Fµ��X��
"l,v$�&���,CM�NO,�0+,�.*'+,�B
0+IS4@,CIAy '+$-,C_ZISI*B-/1,�0xI�y:&l�\&�]1/1B*�¶'+/ 4@,lB�&�'�&AD�&�0+,�(d&�.-B
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>w$-,�'3/546, 3&B%��(�&A0:B-,o{�.-,�B§DS¯�| �)z�~`&�.-B�|#=�X ~�(·/1.
I�J�NK,�¬¥&�46M-]^,²/^.
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V�J�N3NO,�.S'3]^¯CDR,�'O[`,�,�.l'+/ 4@,�0
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�;G y°J-.-V�'3/^IZ.�[K/^'3$�B-I*4�&�/1.l'+/ 4@,@V�I�J-]1B�NO,o�

'3J�NO.l'+$-,@0�&�] &�NO¯�I�y`'+$-,²I�D��3,�V�'<&�'<&jM�&�NO'+/1V�J-] &�NH'+/ 4@,o�¶��&�]1J-,��C�p.§M�&�N�'+/1V�J-]5&ZN�(·'+$-,
ypJ-.-V�'+/1I�. 3&B � [U/1]1] &�]1[U&�¯S0jNO,�'+J�NO.
'+$-,vV�J�N3NO,�.S'@0�&A]5&ZNO¯�IAy '+$-,�I�D��3,�V�')� �KI�'+/1V�,
'3$�&�'<'+$-,C.-IZ'+/1I�.�IAy,3&B ��(?&�.-B�/1'+0²]^/ Y�,�(?4�&�YA,�0<'+,)4@MRISN+&�]�B�&�'�&�D�&A0+,�0<DR,�V�IS4@/1.-_
��&�NO/ &�D-]1,<B�&A'�&�D�&�0+,�0��`>?$�&A'2/10)(R[?,�4�&�¯j0+'+ISNO,:&²0�&�] &�NO¯j0�&�¯
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&�0�&j��&�NO/ &�D-]1,j'+,)4@M�I*N+&�]sI�D��3,�V�'6d�.-I�'H0+$-I�[U.l/^. ��/^_ZJ�NO,x=-�#=C&A.-B
>s&�D-]1,C=-� �%e�� �UI�[?,���,)N�(�3&B � /^0�&�d�V�I�.*'+/1.SJ-I�J-03]^¯=e:4@I��*/^.-_�'�&�NO_Z,�')(�0+I�[U$-,�.-,���,)N
3&B%� V�$�&A.-_�,�0:'+$-,�'+/ 4@,�03'�&�4@MlVo$�&�.-_�,�0<&�.-B§'3$-,�.§'+$-,@'+,)4@MRISN+&�]�/1.*'+,)NOM�NO,�'�&A'+/1I�.
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0+J-M-MRISNO'���&�NO/ &�D-]1,l'+/ 4@,�0+'�&�46MKd�0Be�� �p'jV�I�J-]1B D�,
'3$-I�J-_�$*'�I�y<&�0t&�B-/��¨,)NO,�.-V�,lDR,�'�[?,�,�. ,�¬*'+,�.-0+/1I�.�&�]:&�.-B /1.*'+,�.-0+/1I�.�&�]:4@I*B-,�]^0C&�0
uw]^/��·ISNOB§&�.-B��¦0�&�Y�I�[U/1' �:MRI�/1.S':IZJ-')(-D-J-'H[U/1'+$-I�J-'HI\�Z,)NO]1IS&�B-/1.-_�'+$-,�0+,;'+,)N+4@0K'+$-,�¯
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0o&�4@,�M-J�NOMRI�0+,@/1.�B-/��·,)NO,�.S'@V�I�.*'+,�¬*'+0 ��&AM-M-]^/1V)&�'3/^IZ.-0 dp&A.-B�/1.�y¦&AV�':'+$-,�¯§&�NO,�J-0+,�B
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�*ISN@,�¬-&�4@M-]1,�(?&lM�,)NO03I�.-.-,�]2&�M-M-]1/1V)&�'+/1I�. &�.-B &lM�NOI �+,�V�'�&�M-M-]1/1V)&�'+/1I�.%[`IZJ-]^B
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ypI*V�J-0�I�. Vo$�&�.-_�,v4�&�.�&A_�,)4@,�.*':ypISN;B�&�'�&l/1.-0+'�&A.-V�,�0x&�.-B Vo$�&�.-_�,v4�&�.�&A_�,)4@,�.*'
ypISN@B�&A'�&�D�&�0+,j0+Vo$-,)4�&�'�&µ(`NO,�03M�,�V�'+/1��,�]1¯���"l,lV)&�]1]U'+$-,�03,v'O[?Ily°I*V�/?ypISN@'+,)46M�ISN+&A]
,�¬*'+,�.-0+/1I�.�&A]¨03J-M-M�ISNO'U&�.-BC'3,)4@M�ISN3&�]�/1.*'+,�.S'3/^IZ.�&�]·0+J-M-M�ISN�')(-NO,�0+M�,�V�'3/^�Z,�]^¯��
� ������� � �&(*

��� � #��������� + ���� � # ����
 

��� �

>w$-,)NO,�&�NO,�'+$�N�,�,x4�&�/1.�&�M-M�N�IS&�Vo$-,�0:[U$-,)NO,�,�¬*'+,�.-0+/1I�.�&�]�'3/546,x0+J-M-MRISNO':/10@/1.-V�ISN �
MRISN+&�'3,�Bv[U/1'+$l'+$-,�NO,�] &�'+/1I�.�&A]�4@I*B-,�]p��>?$-,;{¨NO0+':/10:'+IC0+J-M-MRISNO'H0+IS4@,@.-I�'3/^IZ.-0:I�y
J-03,)N�B-,o{�.-,�BC'+/ 4@,6d�/p��,�� (�,�¬*'+,�.-Bx'3$-,2.*J�4;D�,)N�I�y�0+/ 4@M-]1,<B�&�'o&:'O¯SMR,�0d[U/1'+$v~KGd>U«K(
>K�¶�v«K(*,�'+V�� e��

>w$-,xI�'3$-,)NH'�[?IC,�¬*'+,�.-B§'+$-,CNO,�] &�'+/1I�.�&A]d4@ISB-,�]�[U/1'+$�~:�?�vT�D-J-/1]1'O�¶/1. '+/ 4@,�0O�
'o&�4@M@0+J-M-M�I*NO'`&�.-B²'+,)4@M�I*N+&�]*0+,)4�&�.*'+/1V�0)���H.-,H/10?'+/ 4@,�0+'�&�46M-/^.-_:'3J-M-]^,�0�(¥&A.-B�'+$-,
IZ'+$-,)N�0+J-M-MRISNO'+0U&�'3'�NO/1D-J-'+,H'+/ 4@,�0+'�&�46M-/^.-_R��>?$*J-0)(*V�I�.-V�,�M-'+J�&�]1]1¯�(-'+$-,�¯²I�.-]1¯xB-/��¨,)N
IZ.x'+$-,:]1,���,�]�I�y�'3/546,�0+'�&�4@M-/1.-_��

��I�'3$<I�y�'+$-,�'+/ 4@,�0+'�&Z4@M-/1.-_2&�M-M�NOIS&AV�$-,�0�V)&A.<$�&���,d��&�]1/1B*��&�.-B���ISN©'�N+&�.-0�&AV�'+/1I�.*�
'3/546,:0+J-M-M�ISN�'`B-J-,;'+I@'+$-,:ISNO'3$-I�_�I�.�&�]1/1'O¯@I�y�'3$-,�0+,:'O[`I@'+/ 4@,o�¶B-/ 4@,�.-03/^IZ.-0)�d�p.�'+$-,
ypI�]1]1I�[U/1.-_C[`,@[U/1]1]d4�&�/1.-]1¯lV�I�.-V�,�.*'�N+&�'+,;I�.l'+J-M-]1,x&�.-B§&�'+'oNO/1D-J-'+,<'+/ 4@,�03'�&�4@M-/1.-_��
>w$-,xJ-0+,)N��¶B-,o{�.-,�B '+/ 4@,C&�M-M�NOIS&AV�$
/10�I�.-]1¯�_Z/^�Z,�. &l��,)NO¯§D�N�/^,oy:M�NO,�0+,�.*'�&�'3/^IZ.§/1.
T*,�V�'3/^IZ.vF-��X��
� ������� � �&(*

��� � #��  ����� �� �$�� � # � ��
 

��� �

>w$-,C'+$�NO,�,v&�M-M�NOI*&�V�$-,�0�4@,�.*'+/1I�.-,�B &�DRI���,CI�.-]1¯�V�IZ.-V�,)NO. '+$-,v'3,)4@M�ISN3&�]d,�¬*'+,�.*�
03/^IZ.�&�]d&�0+MR,�V�'+0:I�y`B�&A'�&C&�.-B§.-I�':'3$-,�'+,)4@MRISN+&�]s/1.S'+,�.*'+/1I�.�&�]�IZ.-,�0)(·/p��,�� (�B�&A'�&j/1.*�
03'�&�.-V�,@��,)NO0+J-0;0+Vo$-,)4�&j/10+0+J-,�0)(�NO,�0+MR,�V�'+/1��,�]1¯��v"l,²{¨NO0+';_�/1��,x&CD�N�/^,oyH/^B-,)&ªI�yU'+$-,

��� B����45�3U�!"#����3*5'3,]6"&c#��5��;:!��@&�!� ��$43,:�"*+�:��;+�"#����3*5�"*+��!@!B��a���W����"U<�3*$��!�a<N]2:�3U�  #��5��!�;5=� �4",+LJ6F G#G,I�J



�'
�� 
 � ����� ��� ��� � 
 � � 
 ����� ����� ����� � � �

] &�'3'+,)N�� >?$-,l'+,)4@MRISN+&�]U/1.*'+,�.*'+/1I�.�&�]H/^030+J-,�0)(UV)&A]^]1,�B�03V�$-,)4�&���,)NO03/^IZ.-/^.-_ &�.-B���I*N
03V�$-,)4�&;,���IZ]^J-'3/^IZ.v&�NO,:I�yp'+,�.CNO,�] &�'+,�Bj'+I�'+$-,H'�N+&�.-0o&�V�'+/1I�.*�¶'+/ 4@,HB-/ 4@,�.-0+/1I�.C[U$-,)NO,
IZ.-]^¯@'+$-,KV�J�N+NO,�.*'�0+Vo$-,)4�&H/10d03J-D��+,�V�'�IAy¨Vo$�&�.-_�,���>w$�&�'�/10)(�.-I:M�NO,��*/1I�J-0d03V�$-,)4�&A'�&-(
&A.-B</1.-0+'�&�.-V�,�0sB-,o{�.-,�B@J-.-B-,)N�'3$-,)4C(\&ZNO,d& �¨,�V�'3,�B���>w$-/^0�4@,)&�.-0�'+$�&�'�'+$-,?NO,�_�/10+'�N3&��
'3/^IZ.v$-/10+'+ISN�¯�/102.-I�'H&�]1'+,)NO,�B�(-I�.-]1¯C'+$-,:V�J�N3NO,�.S'/d�/p��,�� (-'+$-,:] &�'3,�0+'UB-,o{�.-,�BQeK0+V�$-,)4²&
&A.-BCB�&�'�&<4²&)¯²V�$�&�.-_Z,UM�NOI�MR,)NO'+/1,�0)���p.v��/1_�J�NO,<F-� �:&;0+Vo$-,)4�&:[K/^'3$C'+$-,2'O¯*M�,:«d4;�
M-]1I�¯�,�,HV�$�&A.-_�,�0d/1'+0�B-,o{�.-/^'3/^IZ.-02&�'d'3/546,�0

t2
&�.-B

t4
(*NO,�0+M�,�V�'3/^�Z,�]^¯���>?$-,�0+,HV�$�&�.-_Z,�0

&A]^03Ix& �¨,�V�'?'+$-,:IZD��+,�V�'�.�&�4@,�B ��I�$-. d�IAy�'O¯SMR, «�4@M-]1I\¯Z,�,%edM�N�I�D�&�D-]1¯x&�'?'+$-,:0�&Z4@,
I*Ns0+IS4@,U'3/546,`V�]1I�03,2'+I:'3/546,�0

t2
&�.-B

t4
(�N�,�0+M�,�V�'+/1��,�]1¯�� d¦�*ISNs/1]^]1J-0+'oN+&�'+/1I�.jI�.-]1¯�(�'+$-,

IZD��+,�V�' �ZI�$-.§/10�&�]10+Il4@I*B-/#{�,�B�D�I�'+$
&�':'+/ 4@,�0
t3

&�.-B
t5

(�D-J-')(�IAywV�IZJ�NO0+,�(·'+$-,�0+,
46ISB-/Q{�V)&�'+/1I�.-0KB-I�.-I�'U& �¨,�V�'K'+$-,:0+Vo$-,)4�&;B-,o{�.-/^'3/^IZ.-02I�ys'+$-,:I�D��3,�V�' ��I�$-.�� e

Schema: 

Object: (John, 
 10000) 

t1             t2        t3             t4          t5

(John, 
 10000, 
 Oslo) 

(John, 
 15000,
 5 2835) 

(John, 
 17000,
 5 2835) 

Transaction
Time 

(John, 
 15000,
 Bergen) 

Employee:
 (name, 
  salary)

Employee:
ADD (city)

Employee: 
ADD (phone)
DEL (city) 

��/^_ZJ�NO,�F-� �<%�T*Vo$-,)4�&;��,)NO0+/1I�.-/1.-_ �²>sN+&�.-0o&�V�'+/1I�.C>?/ 4@,
>?$-/10dY�/1.-B@I�y�0+Vo$-,)4�&K��,)NO0+/1I�.-/1.-_H/10�/^.@]1/1.-,U[U/1'+$@'+$-,�B-,o{�.-/^'3/^IZ.�IAy�'�N+&�.-0�&AV�'+/1I�.

'3/546,<[U$-/1Vo$v/10:'+IxNO,�V�I*NOBC'+$-,<Vo$�&�.-_�,:I*N?'�N+&�.-0o&�V�'+/1I�.j$-/^03'+ISNO¯jI�yd'+$-,;B�&�'�&�D�&�03,��
IZ.-,C/^0².-I�'�&�]1]^I�[?,�B '+IlVo$�&�.-_�,j'+$-,xM�&A0+'@D�,�V)&�J-0+,C'oN+&�.-0�&�V�'3/^IZ.§'+/ 4@,C/10xNO,���,�V�'O�
/1.-_§'3$-,C'+/ 4@,C[U$-,�. &lB�&�'�&�D�&A0+,�Vo$�&�.-_�,�0@/1'+0�0+'�&A'+,��§�*ISN@'+$-/10xYZ/1.-B I�y:0+V�$-,)4²&
�Z,)NO0+/1I�.-/1.-_�0+,�,HypISN�,�¬¥&Z4@M-]1, |#=��*(-X���(-z�z-(-z�}�~��

�H. '+$-,CIZ'+$-,)N;$�&�.-B�(dD*¯
�\&�]1/1B*�¶'+/ 4@,l0+Vo$-,)4�&l��,)NO03/^IZ.-/^.-_�D�I�'+$ '3$-,CV�J�N+NO,�.*'
&A0:[`,�]1]d&�0:M�N�,��S/1I�J-0:0+Vo$-,)4�&j��,)N�0+/1I�.-0<4�&�¯CD�,x&A]^'3,)NO,�B§&�.-BlV�$�&�.-_Z,�B��@G 0+/1.-_�]1,
Vo$�&�.-_�,;0+'�&�'3,)4@,�.S'H4�&�¯t&�]1'+,)NKI�.-,;ISN24;J-]1'+/1M-]1,���,)NO03/^IZ.-0UI�yd'+$-,@0+Vo$-,)4�&-(*ypISNK,�¬��
&Z4@M-]1,�(d'+$-,C&�B-B-/1'+/1I�. I�y:&�. &A'+'�NO/1D-J-'+,�B-,o{�.-/1'+/1I�.%'+I§&�.
I�D��3,�V�'<'O¯SMR,x03$-I\[K.�/1.
��/1_�J�NO,xFµ�#=-�H"l,�J-0+,@'+$-,@0�&�4@,;,�¬¥&Z4@M-]1,6&A02I�yU��/1_�J�N�,6Fµ� ��(R[U$-,)NO,<'3$-, �+T*Vo$-,)4�&
DR,oy°I*NO,��tM�&ZNO'</1. ��/1_�J�NO,vF-�Q=v/1]1]1J-0+'�N+&A'+,�0@'+$-,CV�ISN+NO,�03M�I�.-B-/1.-_l�\&�]1/1B '3/546,�0�I�y2'+$-,
03V�$-,)4�&
Vo$�&�.-_�,�0j/1]1]^J-03'�N+&�'+,�B D*¯ ��/1_�J�NO,�F-� �v[U$-,)N�,�� >?$SJ-0�(U'+$-,)NO,§&�N�,v'+$�NO,�,
03V�$-,)4�& ��,)NO0+/1I�.-0��\&�]1/1Bv&�'�B-/^03'+/1.-V�'w&A.-B�.-I�.*�¶I���,)NO] &�M-M-/1.-_</1.*'+,)NO��&�]10)���KI\[?,���,)N�()/1.
N�,�'�NOI�0+MR,�V�'�[?, �O.-I�[ YZ.-I�[ �`'+$�&A'd&�]1]�,)4@M-]1I�¯�,�,�0d&�V�'+J�&A]^]1¯@$�&�Bx&A.�,)4@M-]1I�¯�,�,?.SJ�4;�
DR,)N	d�,)4@M��?.-I7e�B-J�NO/1.-_�&;V�,)NO'�&�/1.�MR,)NO/1ISBCI�ys'+/ 4@,�(�0�&�¯�DR,�'O[`,�,�.²'+/ 4@,�0

k′
&�.-B

k′′
�

"l,@[U&�.*'U'+IC&�B-Bv'+$-/10Ky¦&AV�'U'+Ij'+$-,<B�&�'o&�D�&�0+,:D*¯v&�Vo$�&�.-_�,:03'�&�'+,)4@,�.*')�U>?$-, y¦&AV�'
03M�&�.-0d0+,��Z,)N+&�]*I�y¨'+$-,K,�¬S/10+'+/1.-_;��,)NO0+/1I�.-0�I�y·'+$-,?0+Vo$-,)4�&-��>w$�&�'�/10)(�0+,��Z,)N+&�]-��,)NO03/^IZ.-0
&ZNO,�&�]1'+,)N�,�BvD*¯v&�0+/1.-_�]1,@0+'�&A'+,)4@,�.*')�U>?$-,�N�,�0+J-]1'2I�yd'3$-/^0:Vo$�&�.-_�,;0+'�&�'3,)4@,�.S'?_�/1��,
N�/^03,2'+I {���,H��,)NO0+/1I�.-0���,)NO0+J-0�'+$�NO,�,HD�,oypISNO,U'+$-,HVo$�&�.-_�,U0+'o&�'+,)4@,�.*'�[U&�0�/10+0+J-,�B�(-0+,�,
'3$-,��+T*V�$-,)4�&²&�y°'3,)N)�UM�&�NO'?I�yd��/1_�J�NO,<Fµ�#=-�

>?$-,@D�,�.-,o{�'@I�yU&j�\&�]1/1B*�¶'+/ 4@,j0+V�$-,)4²&j��,)NO0+/1I�.-/1.-_C/10<'+$�&A':D�I�'+$l0+Vo$-,)4�&C&�.-B
B�&A'�&@&�NO,H0+J-D��3,�V�'+0?'+I�Vo$�&�.-_�,:&�.-BC'+$�&�'?'+$-,HB�&�'�&�D�&A0+,2DR,�'+'+,)N�V)&�M-'+J�N�,�0`'3$-,Hy¦&�V�'30
&A0�'+$-,�¯�&�M-MR,)&�N%d�,�BQes/1.xN�,)&�]1/^'O¯��s>?$�&�'�/10)(�/1.*'+,�.*'+/1I�.�&�]*V�$�&�.-_Z,�0�'+I<&HB�&�'�&�D�&A0+,`4�&�¯
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Valid 
Time

Person:
(name, 
 salary)

Person:
(name,
 salary,
 city)

Person:
(name,
 salary,
 phone)

Valid 
Time

Person:
(name, 
 salary)

Schema
before: 

Schema 
after: 

Person:
(name,
 salary,
 emp_no)

k1             k2                     k3            

k1        k’       k2                 k3           k’’ 

Person:
(name,
 salary,
 phone)

Person:
(name,
 salary,
 emp_no,
 city)

Person:
(name,
 salary,
 emp_no,
 phone)

Change statement:              Employee:    ADD (emp_no)   VALID  [k’, k’’]

��/1_�J�NO,@F-�#=5%sT*V�$-,)4²&@��,)NO0+/1I�.-/1.-_ ���d&�]1/1B�>?/ 4@,

03J-M-M�ISNO'?DRI�'+$vNO,�'�N�I���&�V�'+/1��,:&�.-BCM�NOI���&AV�'+/1��,2J-MRB�&�'+,�0UD*¯C�\&A]^/1B*�¶'+/ 4@,;0+Vo$-,)4�&@��,)N �
03/^IZ.-/^.-_R���p.;'+$-/10�,�¬-&�4@M-]1,�[`,d4²&�B-,`&UN�,�'�NOI���&�V�'3/^�Z,�4@I*B-/Q{�V)&�'+/1I�.@& �¨,�V�'+/1.-_H0+,���,)N+&A]
M�N�,��S/1I�J-0:��&�]1/^B*�¶'3/546,x��,)N�0+/1I�.-0)�@�d¯lI�.-]1¯l'�N+&A.-0�&�V�'+/1I�.�'+/ 4@,@0+J-M-M�ISN�':'+$-,�Y�.-I�[U]Q�
,�B-_Z,:I�y�J-MRB�&�'+,�0UDR,�/1.-_x,�/1'+$-,)NHNO,�'�NOIA��&�V�'+/1��,UISNwM�NOI���&�V�'+/1��,H/102.-IZ'24�&�/1.*'�&�/1.-,�BCDS¯
'3$-,�B�&�'�&�D�&�03,�� �UI�[?,���,)N�(���&�]1/1B*�¶'+/ 4@,?0+V�$-,)4²&?��,)NO0+/1I�.-/1.-_Ky°I*N�NO,�] &�'+/1I�.�&�]ZB�&�'�&�D�&�03,�0
$�&A02¯�,�'H_�I�'H]1/1'+'+]1,�&�'+'+,�.*'+/1I�.vD*¯C'+$-,�NO,�0+,)&ZNOV�$j{�,�]1B��@>?$-,@I�.-]1¯vM�NOIZM�I�0�&A]�Y�.-I�[U.
'3I�J-0K/^0KM�NO,�0+,�.*'+,�BCDS¯j~H,<uU&�0+'�N�I<,�'2&�]p�(|Q=-�5~��

"l,j[U/1]1]`.-IZ'<,�] &�D�I*N+&�'+,�IZ.§'+$-,�/1.*'+,�.S'3/^IZ.�&�]�/10+0+J-,�0�&�.*¯vypJ�NO'+$-,)N��t�HJ�N;4�&�/1.
,)46M-$�&�0+/10?[U/1]^]sD�,:IZ.C,�¬S'+,�.-03/^IZ.�&�]·/^030+J-,�0UI�yd4@I*B-,�]^0H&�.-BtcSJ-,)N�¯x] &�.-_�J�&A_�,�0)�

� g�� ��vJr�� +/r
	 s r + m1uBxyr
­K0+,)N;B-,o{�.-,�B '+/ 4@,C/10xNO,�_*&�NOB-,�B
'+IlD�,CV�I�.*'�NOI�]1]1,�B D*¯�&�. &�M-M-]1/1V)&�'+/1I�.�� �¦. '+$-/10
03,�V�'+/1I�.v[?,:M�NO,�0+,�.*'U'+$�N�,�,<[U&�¯S0UIAy �O/1.-V�ISNOMRISN+&�'3/^.-_�� '+/ 4@,;[U/1'+$-I�J-'H,�¬S'3,�.-B-/^.-_jISN
Vo$�&�.-_�/1.-_§'3$-,v0+,)4�&A.S'+/1V�0jI�y<&�. J-.-B-,)NO]1¯*/1.-_ 0+¯S03'+,)4 [U/1'+$%0+,)4�&�.*'+/1V�0�'O¯SM-/1V)&�]1]1¯
/1.*'�NOI*B-J-V�,�BxD*¯x&;'+,)4@MRISN+&�]-03¯S0+'3,)4C��>?$-,K{¨NO0+'?I�.-]1¯�B-,o{�.-,�0H&�.t&AB-B-/^'3/^IZ.�&�]·0+,�'?I�y
D�&A0+/1V<'+/ 4@,o��NO,�] &�'3,�BvB�&�'�&6'�¯*M�,�0�� >w$-,<0+,�V�I�.-B�,�¬S'3,�.-B-0 &�.�,�¬S/10+'3/^.-_C03¯S0+'3,)4 [U/1'+$
&A.t&�B-B-/1'+/1I�.�&A]��O'3,)4@M�ISN3&�] �w] &�¯�,)N�I�.j'+I�MjI�y�/1')��>?$-,:'+$-/ NOBj/102&�.j,�¬¥&Z4@M-]1,:I�.x$-I�[
'3,)4@M�ISN3&�]�B�&�'o&�4²&)¯²D�,:0+'+I*NO,�Bt&A.-Bv&�V�V�,�0+0+,�BCD*¯x&@V�I�.*��,�.*'+/1I�.�&�]R0+¯S03'+,)4C�
� � 
���� ��%�% �$ �' � �&� � ����

�&+

>w$-,H{¨NO0+'U&�.-BC0+/ 4@M-]1,�0+'U03I�]1J-'+/1I�.v/10U'+I²,�¬S'+,�.-BC'3$-,:0+,�'?I�y�D�&A0+/1V:B�&�'�&;'O¯SMR,�0U[U/1'+$
~KGd>U«K(\>U� �v«K(S~KGd>U«d>U� �v«§&A.-Bx�¶�H>U«dL©��G:±j[U/1'+$�0+I*4@,U/1.S'oNO/1.-0+/1V2I�MR,)N+&�'+/1I�.-0�(
03J-V�$§&�0:/1.�T��:± �-��= |�X�X ~`&�.-Bl'+$-,"�OM-J�N�,��6T��:±�Fª0+'�&�.-B�&�N�B�� |�XSzZ(�XS}�~�� �KI\[?,���,)N�(
'3$-, T��:± ��>�,)46M�ISN+&A]:M�&�NO'CI�y�T��:±�F /1.-V�]1J-B-,�0§M�NOI�MRI�0�&�]10jypISNjD�IZ'+$��\&A]^/1B*�v&�.-B
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>�[?I?/ 4@M�I*NO'�&�.*'·'+,)4@M�I*N+&�])IZM�,)N+&�'3ISNO0�&�NO,sB-,o{�.-,�B����H.-,d/10�'3$-,�0+I��¶V)&�]1]1,�B 9�6��#B)8
I*N 4 ���#0O� 6U
 � ; 0sIZM�,)N+&�'3ISNµy°ISN·&�V�V�,�030�I�y-B�&�'�&U&�'�&K_�/1��,�.:'+/ 4@,o�¶MRI�/1.S'�I*N·'+/ 4@,o�¶/1.S'3,)NO�\&�]p�
>w$-,dI�'+$-,)NR/10�&�4 ���#0O�!;�B:9�
 0�62; 0�I�MR,)N+&�'+ISNR[U$-/1Vo$:/10�J-0+,�B;'+I?V�IS4@M�NO,�030¨'3$-,d.*J�4<DR,)NRI�y
'3J-M-]^,�0�I�y©&;NO,�] &�'+/1I�.��s>?$-,�0+,UI�MR,)N+&�'+I*NO0�&�NO,?B-,o{�.-,�Bx&A.-B@y°I*N+4;J-]5&A'+,�B<D*¯�4@,)&A.-0�I�y
'3$-,�,�¬S/10+'3/^.-_l~:�?=-8�0<NO,�V�J�NO03/^�Z,xT��:± �l.-IC]5&A.-_�J�&�_�,�,�¬*'+,�.-0+/1I�.-0<&ZNO,�/1.S'oNOISB-J-V�,�B
'3I�$�&�.-B-]1,:'+,)4@MRISN+&�]JcSJ-,)NO/1,�0)�

>?$-,�4 ���#0O� 6U
 � ; 0�I�MR,)N+&�'+I*N·'�&�Y�,�0�&:NO,�] &�'+/1I�.�&�.-B�&K'+/ 4@,o�¶�\&A]^J-,/d�/p��,�� (�'+/ 4@,o�¶MRI�/1.S'
I*N�'+/ 4@,o�¶/1.*'+,)NO��&�]be�&�.-B�NO,�'+J�NO.-0�&H03,�'�I�y·'+J-M-]1,�0�[U/1'+$@�\&�]1/1B�'+J-M-]1,�0sypISN�'+$-,d0+MR,�V�/Q{�,�B
'3/546,o�¶�\&�]1J-,��

>?$-,�4 ����0O�!;�B:9�
 0E6E; 0�I�M�,)N+&A'+ISN-'o&�Y�,�0�&�]1]��\&A]^J-,o�¶,�c*J-/1�\&�]1,�.*'�'+J-M-]1,�0�IAy¥/1'+0�IZM�,)N+&�.-B
N�,�]5&A'+/1I�.�&�.-B�N�,�'+J�NO.-0<&vN�,�]5&A'+/1I�.§[U$-,)NO,j&�]1]��\&�]1J-,o�¶,�c*J-/^��&�]1,�.S'²'+J-M-]1,�0�$�&���,@.-I�.*�
I���,)N�]5&AM-M-/^.-_ &�.-B%.-I�.*��&�B��o&�V�,�.S'²'+/ 4@,�0+'�&�46M-0)� >w$�&�'x/10)(?,)&AV�$%I�J-'+M-J-'j'+J-M-]1,v/10
&�NO,�0+J-]1'�I�y2V�IZ]^] &�M-03/^.-_ &lV�ISN3NO,�0+M�IZ.-B-/^.-_l0+,�'²I�y2�\&A]^J-,o�¶,�c*J-/1�\&�]1,�.*'C/1.-M-J-'�'+J-M-]1,�0
'3$�&�'�$�&���,vI���,)N�]5&AM-M-/^.-_�ISNx&AB���&�V�,�.*'�'+/ 4@,�03'�&�4@M-0)� �K,�.-V�,�(?'+$-,�'+/ 4@,�0+'�&�46M I�y
,)&AV�$xN�,�0+J-]1'd'+J-M-]1,U/10?'+$-,UJ-.-/1I�.�IAy©'3$-,U'+/ 4@,�0+'�&Z4@M-0�IAy©/1'+0�/1.-M-J-'d'+J-M-]1,�0)�d�KI�'+,?'+$-,
03/546/^] &�N�/^'O¯@D�,�'O[?,�,�.<'3$-/^0�IZM�,)N+&�'3ISN�&�.-B@'+$-,U���:±�~ &�.-B��H�:LU�CG:±�� ��«§IZM�,)N+&�'3ISNO0
M�N�,�0+,�.S'3,�Bv&�D�I���,��

T*'+ISN+&A_�,o�¶0+M�&�V�,?V�I�.-0+/1B-,)N+&A'+/1I�.-0U&�NO,2&�]10+I@B-/10+V�J-0+03,�B��d>?$-,�¯�M�NOIZM�I�0+,K'�[?I@4@ISB*�
,�]10)(µ.�&�4@,�B�/1.-V)NO,)4@,�.*'�&�]Q�pypISNO[U&�NOB�&�.-Bj/1.-V)NO,)4@,�.*'�&�]Q�¶D�&�V�Y�[U&�N�B�4@I*B-,�]10)�d>?$-,Ky°I*N �
46,)NU0+'3ISNO,�0H'+$-,<V�IS46M-]^,�'3,</1.-/1'+/ &�]d0+'o&�'+,:I�y`&�.�I�D��3,�V�')(R/°�®,�� (¨&A.�/1.-/1'+/ &�]�'+J-M-]1,�(�&�.-B
IZ.-]^¯;V�$�&A.-_�,�0�'3I2'+$�&A'�I�D��3,�V�'�&ZNO,`&�B-B-,�B;] &�'+,)NsI�.��s>?$�&�'�/10)(*&UVo$�&�.-_�,�/^0d& 3&0 �
'+J*�
M-]1,�/^.-03,)NO'+,�B:D-J-'�&�]1]�IZ'+$-,)N·&�'+'�NO/1D-J-'+,�0·DR,�0+/1B-,d'+$-,�Y�,�¯:&�'+'�NO/1D-J-'+,Hd°0Be�(o'+/ 4@,�0+'�&Z4@MKd�0Be�(
&A.-Bv'+$-,<4@I*B-/Q{�,�B�&�'3'�NO/1D-J-'+,Hd�0Be�(¥&ZNO,:_�/1��,�.v�H­2±�±��\&A]^J-,�0��U>?$-,�N+&A'+/1I�.�&�]�DR,�$-/1.-B
'3$-/^0H&�M-M�NOIS&�Vo$j/^0H'+$�&�'?�2­H±�±��\&�]1J-,�0U.-I*N+4�&�]1]1¯xI*V�V�J-M*¯x]1,�0+0U03M�&�V�,��

�p.@'+$-,�V)&�0+,�I�y¨&�.;/1.-V)NO,)4@,�.*'�&�]Q�¶D�&�V�Y�[U&�NOB:4@I*B-,�]SIZ.-]^¯:'3$-,dV�J�N+NO,�.*'�0+'o&�'+,�I�y¨&�.
IZD��+,�V�'?/10UV�IS46M-]^,�'3,�]^¯C03'+ISNO,�B�(*&�.-BCM�NO,��*/^IZJ-0`03'�&�'+,�0U&�NO, � {�]1]1,�B'�<DS¯C�2­H±�±l��&�]1J-,�0
/1.�'+$-,:0�&�4@,:4�&�.-.-,)N?&�0K/^.�'+$-,Ky°ISN�[w&ZNOBx4@I*B-,�]p�
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>w$-, 4@IZ0+'�V�IS4�4@IZ.�/1.S'�N�ISB-J-V�'+/1I�.²I�y�'+/ 4@,2/1.*'+I<'3$-,2NO,�] &�'+/1I�.�&�]·4@I*B-,�]�/10?DS¯@'+J-M-]1,
'3/546,�0+'�&�4@M-/1.-_�(s&�.-B
[U$-,)NO,�'+$-, cSJ-,)NO¯l] &�.-_�J�&A_�,x&�.-B NO,�] &�'+/1I�.�&�]d&A]^_Z,�D�N+&C/10@,�¬��
'3,�.-B-,�B�&�V�V�ISN�B-/^.-_Z]^¯���GH]^]�I�y�'3$-,<,)&�NO]1¯j'+,)4@MRISN+&�]·NO,�] &�'+/1I�.�&�]�46ISB-,�]10UV�I�.-V�,�.*'�N+&A'+,
IZ.C'+J-M-]1,<'+/ 4@,�0+'o&�4@M-/1.-_t|�X-(¥}µ(����*(-}�F ~��

�H��,)N�'+$-,:M�&�0+'?'+,�.j'+I;{-yp'+,�,�.C¯�,)&�NO0?4@ISNO,H'+$�&�.C&@B-I���,�.j'+J-M-]1,<'3/546,�0+'�&�4@MR,�B
'3,)4@M�ISN3&�]�NO,�] &�'+/1I�.�&�]�4@I*B-,�]10�&�.-B@&�]1_�,�D�N+&�0·$�&���,�DR,�,�.<M�NOI�MRI�0+,�B:/1.<'3$-,d]1/1'+,)N+&�'+J�N�,��
"l,jI�.-]1¯lM�NO,�0+,�.*'<&jyp,�[ I�yU'+$-,�0+,@'+IC/1.-B-/1V)&�'+,j'+$-,�B-/��¨,)NO,�.-V�,�0@/1.�&�M-M�N�IS&�Vo$����p.
M�N�/^.-V�/1M-]1,H'+$-,�0+,`&AM-M�NOIS&�Vo$-,�0�B-/��¨,)N�&�]1I�.-_H'+$-,�y°I�]1]1I�[U/1.-_2]1/1.-,�0)�d>w$-,�¯<4�&�¯:0+J-M-M�ISN�'
��&�]1/1B*�¶'+/ 4@,�(�'�N+&�.-0o&�V�'+/1I�.*�¶'+/ 4@,�(�I*N�DRI�'+$:'+/ 4@,o�¶B-/ 4@,�.-03/^IZ.-0)���*J�NO'+$-,)N�(�'3$-,�¯:0+J-M-M�ISN�'
'3/546,�0+'�&�4@M-0H&�0U,�/1'+$-,)NK'+/ 4@,o�¶M�I�/1.*'+0UISNw'+/ 4@,o�¶/1.S'+,)N��\&�]10)�U>?$-,�¯C4�&�¯j0+J-M-M�ISN�'UI�.-]1¯
.-IZ'+/1I�.-0�I�y�M�&�0+'d&A.-B�V�J�N3NO,�.S's'+/ 4@,�(�ISN�'+$-,�¯;/^.j&�B-B-/1'+/1I�.@0+J-M-M�ISN�'�0+I*4@,?.-I�'+/1I�.-0sI�y
ypJ-'+J�NO,H'+/ 4@,:[U$-,)N�,2'+/ 4@,�03'�&�4@M-0?&�NO,UB-,o{�.-,�B�/^.C'3,)N+4@0dIAy�,�¬SM-]1/1V�/1'2��&�]1J-,�02&�.-B���I*N
��&�NO/ &�D-]1,�0H]^/ Y�, ��;�( ∞ (�&�.-B 8:B�@C021 0=@��
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T*,�V�'3/^IZ.6=µ�#FUM�N�,�0+,�.S'3,�B�'3$-,`'O[?IH'+/ 4@,o�¶B-/ 4@,�.-0+/1I�.-0�I�y·�\&�]1/1B*�¶'+/ 4@,:&�.-B@'�N+&�.-0�&AV�'+/1I�.*�
'3/546,�(�NO,�0+M�,�V�'3/^�Z,�]^¯���>�I2/1.-B-/1V)&�'+,KB-/��·,)NO,�.*'�[w&�¯*0�/1.x4�&�.�&A_�/1.-_2'+,)46M�ISN+&A]AN�,�]5&A'+/1I�.-0
[?,�0+$-I�[�$-I�[ &H0+,�]1,�V�'+,�B�0+,�'sI�y¨M�N�I�M�I�0o&�]10�B-,o{�.-,U'3$-,�/5N�N�,�0+M�,�V�'+/1��,?'+,)46M�ISN+&A]SNO,�] &��
'3/^IZ.�&�]¥46ISB-,�]10)���p.j'+$-,�ypI�]1]^I�[U/1.-_;[`,U4@I*NO,�y°ISN34�&�]1]1¯<M�NO,�0+,�.*'�'+$-,?'O[?I:B-/546,�.-0+/1I�.-0
d°ISNsB-IS4�&�/1.-0Be�y°I*N��\&A]^/1B*�¶'+/ 4@,�(

Dv
(-&�.-B�'�N+&A.-0�&�V�'+/1I�.*�¶'+/ 4@,�(

Dt
��>w$-,2'+/ 4@,KB-/546,�.*�

03/^IZ.-024�&�¯�D�,;B-,o{�.-,�B�&�0wy°I�]1]1I�[U0 d ypISN�0+/ 4@M-]1/1V�/1'�¯�[?,:J-0+,:B-/10+V)NO,�'+,:'+IZ'�&�]·ISNOB-,)NO,�B
03,�'`IAy�'+/ 4@,:/1.-0+'o&�.S'30`'3I6N�,�M�NO,�0+,�.*'`DRI�'+$j'+/ 4@,o�¶B-/ 4@,�.-0+/1I�.-0Be=%
• >�N+&A.-0�&�V�'+/1I�.j'+/ 4@,o�¶B-/ 4@,�.-0+/1I�.v&�.-BCI*NOB-,)NO/1.-_&%

Dt = {t0, t1, . . . , ti, . . . , now}

∀t′, t′′ ∈ Dt\{now} : t′ < t′′ < now ∨ t′′ < t′ < now ∨ t′ = t′′ < now

• �d&�]1/^B�'+/ 4@,o�¶B-/ 4@,�.-0+/1I�.l&�.-BCISNOB-,)NO/1.-_&%
Dv = {t0, t1, . . . , ti, . . . , now, . . .} ∪ {∞}

∀t′, t′′ ∈ Dv \ {∞} : t′ < t′′ <∞ ∨ t′′ < t′ <∞ ∨ t′ = t′′ <∞
�*I*N<DRI�'+$ '+/ 4@,jB-/ 4@,�.-0+/1I�.-0

Dx
&A.-B�'+/ 4@,C��&�]1J-,�0�_�/1��,�. /1. '+/ 4@,C/1.-0+'�&A.S'+0@&�.-B

'3/546,:/^.*'+,)NO��&�]10U'+$-,Ky°IZ]^]1I�[U/1.-_�,�c*J�&�'+/1I�.-02&AM-M-]^¯ %
�Z�

tk = t0 + k and tk = tk−1 + 1, k ≥ 1

=µ�
[tk , tl] = {ti|ti ∈ Dx ∧ tk ≤ ti ≤ tl ∧ t0 ≤ ti}>w$-,�.-,�¬*'<B-,o{�.-/1'+/1I�.-0@0+$-I�[ $-I�[ I�.-,�V�IZJ-]^B�B-,o{�.-,xB-/��¨,)N�,�.S';D-/#�¶'3,)4@M�ISN3&�]dNO,�] &��

'3/^IZ.�&�]�0+Vo$-,)4�&�'�&-(
Ri

(�[U$-,)N�,�'+$-,j'+,)4@M�I*N+&�]s/^.*ypISN+4²&�'+/1I�.§$�&�0;B-IS4�&�/1.-0;B-,o{�.-,�B
D*¯�'+$-,:'3/546,o�¶B-/546,�.-0+/1I�.-0

Dt
&�.-B

Dv
(�NO,�0+MR,�V�'+/1��,�]1¯A%

�Z�
R1 = (A1, ..., An, Tv, Tt)

=µ�
R2 = (A1, ..., An, Tvs, Tve, Tt)Fµ�
R3 = (A1, ..., An, Tvs, Tve, Tts, Tte)

[K$-,)NO,d,)&�Vo$
Ai

/10�&:NO,�_�J-] &�N�&A'+'�NO/1D-J-'+,�I�y�'+$-,`N�,�]5&A'+/1I�. d�/1.-V�]1J-B-/1.-_�Y�,�¯<&A'+'�NO/1D-J-'+,�0Be�(
&A.-B

Txs
&�.-B

Txe
&�N�,20+'o&�NO'U&�.-BC,�.-BC'+/ 4@,�0UIAy�/1.*'+,)NO�\&A]¨'3/546,�0+'�&�4@M-0���T*J-D-03V)NO/1M-'+0

v
&A.-B

t
0+'�&�.-B-0�ypISN��\&�]1/1B�&�.-BC'oN+&�.-0�&�V�'3/^IZ.-0d'+/ 4@,�0+'o&�4@M-0UNO,�0+MR,�V�'+/1��,�]1¯��

uwISB-B�8�0:B-,o{�.-/1'+/1I�.
/10)(�/1.*ypISN+4�&A]^]1¯�(s,�¬*'+,�.-B-,�B§'+I
R = (A1, ..., An|T )

(·[K$-,)NO,
'3$-,

T
/10�Vo$�&�N+&AV�'+,)NO/ ��,�BlDS¯§&CV�I*4<D-/1.�&�'3/^IZ.�IAy

Tx
8�0�&�0:03$-I\[K. &AD�I���,��x�*J�N�'+$-,)N �

46ISNO,�(R,)&�V�$l'+/ 4@,�03'�&�4@M�/^0:,�/1'+$-,)N;&j.�&�4@,o�¶MRI�/1.S'HM�&�/ N�(
(Tx, dx)

(�/QyU&j'+/ 4@,o�¶M�I�/1.*'
'3/546,�0+'�&�4@M
/10v&�M-M-]1/1,�B�(UISN²/1'x/10C&§.�&�46,o�¶/^.*'+,)NO��&�]UM�&�/ N�(

((Txs, Txe), [dxs, dxs])
(

[K$-,�.v&�.x/1.*'+,)NO��&�]�/10U'+$-,:'+/ 4@,�03'�&�4@M��
"l,CV�I�/1.
'+$-,�'+$�N�,�,

Ri
8®0<0+Vo$-,)4�&�'�&²ypISNH,���,�.*'O�¶D�&�03,�B�(�/1.*'+,)NO��&�]Q�¶,���,�.S';D�&�0+,�B�(

&A.-B§/1.S'+,)N��\&�]Q�¶D�&�0+,�B
D-/Q�¶'+,)4@MRISN+&�]?4@ISB-,�]10)(�NO,�0+M�,�V�'3/^�Z,�]^¯��§«�&�Vo$§I�y2'+$-,�03,x/10@M�NO,o�
03,�.S'+,�BjD�,�]1I�[�[U/1'+$C,�¬-&�4@M-]1,�0UIAy�4@I*B-,�]10UM�NOI�MRI�0+,�Bj/1.v'+$-,:]1/1'+,)N+&�'3J�NO,��
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>w$-,@{¨NO0+')(
R1

(s/10�&A.§,���,�.*'<D�&�0+,�BlD-/Q�¶'+,)4@MRISN+&�]dN�,�]5&A'+/1I�.��C>?$�&�':/10)(s/1'<B-I*,�0<.-I�'
V�IZ.-0+/1B-,)N;y°I*N<,�¬-&�4@M-]1,C'+$-,CB-J�N3&�'+/1I�.
I�y2[U$-,�. &�. IZD��+,�V�'@[U&�0@�\&A]^/1B%/^. N�,)&�]1/^'O¯��
�¦':I�.-]1¯l0+'�&�'+,�0H'+$�&�':&�'H'+/ 4@,

ti ∈ Dv
(·M�I�0+03/^D-]1¯l0+IS46,<,���,�.*':ISV�V�J�N3NO,�B�(·'+$-,;y¦&AV�'

DR,�V�IS4@,;�\&�]1/1B�(�&�.-BC[U&�02NO,�_Z/^03'+,)NO,�Bv&�'U'3/546,
tj ∈ Dt

�U�KydV�I�J�NO03,<&�.v&�M-M-]1/1V)&�'+/1I�.
4²&)¯�/ 4@M�I�03,6&AB-B-/^'3/^IZ.�&�]�/1.S'+,)N�M�NO,�'�&�'+/1I�.-0H/QyU/^'@Y�.-I�[U0H'+$�&�':&�.l,���,�.*')8�0HB-J�N+&�'+/1I�.
/10U&�]1[U&�¯S0�y¦NOI*4 '+$-/10`'3/546,2J-.*'+/1]�'+$-,K.-,�¬S'?,���,�.*'dI*V�V�J�NO0�ypISN�'+$-,U0�&�46,UI�D��3,�V�')(�/p��,�� (
'3$-,x.-,�¬*'<,���,�.*'<'3$�&�'</10��OV�]1I�0+,�0+'���/1. '+/ 4@,��CG M�NOI�D-]1,)4�&�N�/^03,�0�[K/^'3$§'+$-/10@/^.*'+,)N �
,��Z,�.S'�NO,�] &�'+/1I�.-03$-/^M�(�D�,�V)&�J-0+,C,��Z,�.S'+0@4�&�¯l,�.*y°ISN�V�,xB-/��¨,)N�,�.S'�/1.*'+,)NOM�NO,�'o&�'+/1I�.-0�&A'
B-/��·,)NO,�.S':4@IS46,�.S'+0�/1.C'+/ 4@,�(-0�&�¯�'+$�&A'w&;M�&�03'`,��Z,�.S'U/102&A]^[U&�¯*0�{�¬*,�Bv/1.C'+$-,:M�&�0+'�(
D-J-'@&jM�NO,�B-/1V�'+/1��,@,���,�.*'<4�&�¯CV�$�&�.-_Z,�DR,�V)&�J-0+,�IAy`/1'+0:M�NO,�B-/1V�'+/1��,�.�&A'+J�NO,��;" $-,�.
M�N�,�B-/^V�'3/^�Z,x,���,�.*'+0:DR,�V�IS4@,�M�&�03'<,���,�.*'+0)(�&�.�/^.-V�IZ.-0+/10+'+,�.-V�¯�4�&�¯�ISV�V�J�N D�,�V)&�J-0+,
'3$-, N�,�V�ISNOB-,�B 0+,�c*J-,�.-V�,�IAy�,���,�.*'+0C4�&�¯ D�,§B-/��¨,)N�,�.S'C'+I '3$-, &AV�'+J�&�]U0+,�c*J-,�.-V�,
I*V�V�J�N+NO,�BC/1.lNO,)&�]1/1'�¯��
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'oN+&�.-0�&�V�'3/^IZ.*�¶'+/ 4@,�0`NO,�03M�,�V�'+/1��,�]1¯�(R/^0KB-,o{�.-,�B�&�0�ypI�]1]^I�[U0�%

���U��y
te

/10 &;��&�NO/ &�D-]1,�(-,���_��
uc

(µ'+$-,�.x'3$-,:'+J-M-]1,</10UV�J�N+NO,�.*'?/1.v'+$-,:B�&�'o&�D�&�0+,
=-�U��y

te = t ∈ Dt
'+$-,�.C'+$-,:'3J-M-]^,:/10H]1I�_�/1V)&�]1]1¯CB-,�]^,�'3,�B

F-�U��y
ts < vs

'3$-,�.C'+$-,:'+J-M-]1,:/102M�NOIA��&�V�'+/1��,�]1¯�/1.-0+,)NO'+,�B
X��U��y

ts > vs
'3$-,�.C'+$-,:'+J-M-]1,:/10 NO,�'oNOI���&�V�'+/1��,�]1¯@/1.-0+,)NO'+,�B

z-�U��y
ts = vs

'3$-,�.C[`,:$�&���,:&/�O0+¯*.-V�$�NOIZ.-/ ��,�B'�:/1.-0+,)NO'+/1I�.
�� #�;5/�!�;5�� �b��3�<6�;+6���b"
�!3*Z�@a",+.+�� <QD/"#@!M�+�3#c
:���$�:�� �!��56�!"#����3,5YJ � B/"#����� 9U��B��^"#@ ��-/",+�:��;$6:�� �!�;56�!"U����3,5

3,]b��B/�
<6"#�!")��� <���(#��<��a< D4�a� A � ��51")�!"*D�+��
B/",5/<�+.�.5�c @;-�:!:���56� <�"U�!"Q"*5�< "ND/"#@!M�+�3#c=�!",D6+��
B�"*5�<�+.�.5�c
$�:�� (#��3*-��)<6"#�!"6J
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�	�5q	� $
�¢� %·
���� )��)g�n�n ��e�����cSh
T*.-I*B-_SN+&A0+0)8)>��HJ-,�]Kd¦&H'+,)4@M�I*N+&�]*,�¬S'+,�.-03/^IZ.�IAy¨'+$-,2�¦.-_SNO,�0 �HJ-,�]be�/10?&�.@,�¬¥&�46M-]^,KI�y
&pcSJ-,)N�¯�] &�.-_ZJ�&�_�,U[U$-/1Vo$x/10?D�&�0+,�BjI�.x&tdpN�,�]5&A'+/1I�.�&�]bed4@I*B-,�]�[K/^'3$�/1.S'+,)N��\&�]R'+/ 4@,�0O�
'o&�4@M-/1.-_CD�I�'3$§ypISNH'+$-,j�\&�]1/1B*�¶'+/ 4@,C&�.-B
'+$-,�'�N+&A.-0�&�V�'+/1I�.*�¶'+/ 4@,t|#}ZF�~O�CG9NO,�] &�'+/1I�.
/1]1]1J-0+'�N+&A'+/1.-_6T*.-I*B-_SN+&A0+0)8S46ISB-,�]·/10U_�/1��,�.CD*¯�'+$-,:«d4@M-]1I�¯�,�,:NO,�] &�'+/1I�.jI�y�>s&�D-]1,<=-�#=
/1.vT*,�V�'+/1I�.l=-�#F-�QF-�
�	�5q	� $
�5a m;cS
���� �¨� � n@e�����cSh
GH.-I�'+$-,)N?&�M-M�N�IS&�Vo$�ypISN�B-,o{�.-/1.-_x/1.*'+,)NO�\&A]¨'3J-M-]^,;'+/ 4@,�0+'�&Z4@M-/1.-_�/10H_�/1��,�.CD*¯t��,�.*�
�©�S/p8�0?4@ISB-,�] |#}*(-=�z�~����d,�.*�
�©�S/R[w&A0d'+$-,?{¨N�0+'d'+I@/1.*'�NOI*B-J-V�,UB-/��¨,)NO,�.*'?'+/ 4@,�0:�*V)&�]1]1,�B
, �·,�V�'+/1��,j'+/ 4@,t&A.-B NO,�_Z/^03'�N+&�'+/1I�.�'+/ 4@,�(s[U$-/1V�$ &�N�,x&�.�&�]1I�_�IZJ-0<'+I�I�J�N;.-I�'+/1I�.
I�y
��&�]1/1Bx'+/ 4@,H&�.-B@'�N+&�.-0�&AV�'+/1I�.@'+/ 4@,UNO,�0+M�,�V�'3/^�Z,�]^¯���G N�,�]5&A'+/1I�.@0+V�$-,)4²&-(

R
(�/10?I�.@'+$-,

ypI�]1]1I�[U/1.-_<ypISN+4 %
R = (A1, ..., An, Tes, Trs, Tee, Tre, Td)[K$-,)NO,2'3$-,

Ai
8�02&�N�, &�0?/1.v'3$-,:M�NO,��S/1I�J-0KV)&�0+,�0)(-&�.-B %

• Tes
&A.-B

Trs
&�NO,:'+$-,H{¨N�0+'UM�&�/ N?I�y�'+/ 4@,�0+'o&�4@M-0U&�.-BvB-,o{�.-,;, �¨,�V�'+/1��,;0+'�&�N�'O�

'+/ 4@, &A.-BtNO,�_Z/^03'�N+&�'+/1I�.@0+'o&�NO'O�¶'+/ 4@,�(�N�,�0+M�,�V�'+/1��,�]1¯�(-[K$-/^Vo$jV�ISN+NO,�0+MRI�.-B�'+I
Tvs&�.-B

Tts
/1.v'+$-,:M�N�,��S/1I�J-0U,�¬-&�4@M-]1,�0)�

• Tee
&A.-B

Tre
(�'+$-,CI�'3$-,)N@M�&�/ N�(�B-,o{�.-,v'+$-,C, �·,�V�'+/1��,C,�.-B*�¶'+/ 4@,�&A.-B NO,�_�/10O�

'�N+&�'+/1I�.C,�.-B*�¶'3/546,�(�NO,�0+M�,�V�'3/^�Z,�]^¯��;>?$-,
Tee

V�ISN+NO,�03M�I�.-B-0U'3I
Tve

�<>?$-,;'+/ 4@,
Tre

B-,�.-IZ'+,�0U'+$-,H'+/ 4@,:[U$-,�.C'+$-,:'3/546,
Tee

/10 N�,�V�ISNOB-,�B�����I�'+$
Tee

&�.-B
Tre4�&�¯<D�,K_�/1��,�.x&�0U8 ��8 (�&H0+¯¥4;DRI�]1/^VK�\&�]1J-,HB-,�.-I�'+/1.-_�(�&�'�M�NO,�03,�.S')(�&A.�J-.�Y�.-I�[U.

'+/ 4@,��

• Td
/10<J-0+,�B
'+I�B-/��·,)NO,�.*'+/ &�'+,�DR,�'�[?,�,�.§Vo$�&�.-_�,�0@&�.-B§,)N+N�ISNO0)�j��y2'+$-,

Td
&�'O�

'�NO/1D-J-'+,l$�&�0�&
'3/546,�0+'�&�4@M�(K'+$-,l/1.*y°ISN34�&�'+/1I�. V)&�M-'+J�N�,�B D*¯ '3$-,�'3J-M-]^,
/10
Y�.-I�[U.l'+ICDR,x&�.l,)N+NOISNH&�.-Bl'+$-,)NO,oypISNO,;]1I�_�/1V)&�]1]1¯§B-,�]1,�'+,�B��x�H'+$-,)N�[U/10+,�(·'+$-,
Td

8®0d�\&A]^J-,:/10:8 ��8 (*&�.-Bj'+$-,�.x'3$-,U'+J-M-]1,:/10wN�,�_S&�NOB-,�Bx&A0`&:V�J�N3NO,�.S'�y¦&AV�')(�/p��,�� (*&
]5&A'+,�0+'UISN�M�NO,��*/1I�J-0?y¶&�V�'U&�D�IZJ-'`03IS4@,HI�D��3,�V�'`03'+ISNO,�Bj/1.v'+$-,:B�&�'o&�D�&�0+,��

�°y`[?,@,)4@M-]1I�¯C'+$-,@,)4@M-]1I\¯Z,�,6N�,�]5&A'+/1I�.vI�yU>�&AD-]^,�=-�Q=�/1.�T*,�V�'+/1I�.§=-�QF-�#F-(-[K$-/^Vo$
V�IZ.*y°ISN34@0?'+IxT*.-I*B-_SN+&�0+0�8S'3,)4@M�ISN3&�]¨4@I*B-,�]D|#}ZF�~O(-[?,<$�&���,H'+$-,�NO,�] &�'3/^IZ.C0+$-I�[U.C/1.
>s&�D-]1,<F-�#Fµ�

��,�[U&�NO,K'+$�&�'d��,�.*�
�·�*/°8®0`4@I*B-,�]�_�/1��,�0U&�.-IZ'+$-,)NsB-,o{�.-/1'+/1I�.xIAy�'+$-,UV�I�.-V�,�M-'�I�y�&
'oN+&�.-0�&�V�'3/^IZ.�'3/546,����¦.x'3$-/^0U4@I*B-,�]¨N�,�_�/10+'�N+&�'3/^IZ.�'+/ 4@,�0)(

Trs
&�.-B

Tre
(-NO,�V�ISN�B�[U$-,�.

y¶&�V�'+0;$�&���,xYZ.-I\[K.§, �¨,�V�'+/1��,C03'�&�NO'O�2&�.-B ,�.-B*�¶'3/546,�0)(�NO,�0+M�,�V�'3/^�Z,�]^¯��
�p. V�I�.*'�N+&A0+')(
'oN+&�.-0�&�V�'3/^IZ. d°/^.*'+,)NO��&�]be:'+/ 4@,�03'�&�4@M-0;B-,�.-I�'+,�0<[K$-,�.§y¶&�V�'+0@&�NO,�V�J�N+N�,�.S'td�/p��,�� (�&�Vo�
V�,�030+/1D-]^,%eK/1.v'+$-,:B�&A'�&�D�&�0+,����d,�.*�
�©�S/p8�0UB-,o{�.-/1'+/1I�.§NO,�]1/1,�0H,�¬SV�]1J-0+/1��,�]1¯vIZ.C'+$-,:'+/ 4@,
Tre

(*'+$�&�'?/10`B-,o{�.-,�BvN�,�]5&A'+/1��,�]1¯�'+I@'+$-,H'+/ 4@,
Tee

�d>?$-/10?/102&;0+/1_�.-/Q{�V)&�.S'?B-/��¨,)N�,�.-V�,
y¶NOIS4 '3$-,UB-,o{�.-/1'+/1I�.CI�y�[U$�&�'�/^0UNO,�_*&�NOB-,�B@V�J�N+NO,�.*' d�/p��,�� (S&�V�V�,�0+03/^D-]1,%e�/1.tN�,�0+M�,�V�'?'+I
'3$-,:.-I�'+/1I�.vIAy�&²'�N+&�.-0o&�V�'+/1I�.j'+/ 4@, d�/1.*'+,)NO��&�]be	|#Fµ�5~��U�*ISNK,�¬-&�4@M-]1,�(�/1.§T*.-I*B-_SN+&�0+0�8
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�·�S/p8�0H4@ISB-,�]

46ISB-,�]1|#}�F�~¨&�.;,�¬SM-]1/1V�/1'd'�N+&A.-0�&�V�'+/1I�.:,�.-B*�¶'+/ 4@,?B-,�.-I�'3,�0�[U$-,�.�&Ky¶&�V�'s[w&A0�NO,�V�ISNOB-,�B
&A0U]1I�_�/1V)&�]1]1¯CB-,�]^,�'3,�B��`�¦.���,�.*�
�·�*/°8®024@I*B-,�]�'+$-/10U/10203I�]1,�]^¯jB-,�.-I�'+,�BCD*¯j'+$-,<4@,)&�.-0
IAy�'+$-,

Td
&�'3'�NO/1D-J-'+,��
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GH]1]?'+J-M-]1,x'+/ 4@,�03'�&�4@MR,�B�NO,�] &�'+/1I�.-0@I�DR,�¯�'3$-,�{¨NO03'<.-ISN+4²&�]sy¦N�IS4�dO�)�H�Ke;NO,�0+'�N�/^Vo�
'3/^IZ.�(-/p��,�� (-.-Ix4;J-]1'+/Q�¶�\&A]^J-,�&�'3'�NO/1D-J-'+,�0U&�NO,:&�]1]1I\[?,�B��?��J-'U[U$�&�'?/10 N�,�_S&�NOB-,�BC&�02&�.
,�.*'+/1'O¯ d°ISN?I�D��3,�V�'Be�/1.�NO,)&A]^/1'O¯C4�&�¯xDR,<B-,o{�.-,�BlDS¯j0+,���,)N3&�]·'+J-M-]1,�02/1.�&²B�&�'�&AD�&�0+,�(
/p��,�� (�B�&�'�&�D�&�03,�I�D��3,�V�'+0)���K,�.-V�,�(�/1'�/10�.-I�'�.-,�V�,�030�&�NO¯<&HI�.-,o�¶'3I��¶I�.-,�V�ISN+N�,�0+M�I�.-B-,�.-V�,
DR,�'O[`,�,�.�&�.@,�.*'+/1'O¯</1.xNO,)&�]1/1'O¯�&�.-B�&�.@I�D��+,�V�'�/1.�'+$-,?B�&�'o&�D�&�0+,���>?$-,?,�.*'+/1'O¯</10`NO,�M*�
N�,�0+,�.S'3,�B<D*¯:0+,���,)N+&�]Z'+J-M-]1,�0)��>?$-/10�0+,�'s4�&�¯:$�&)�Z,dNO,�B-J-.-B�&�.*'�/1.*y°ISN34�&�'+/1I�.;D�,�V)&�J-0+,
03IS4@,:&�'+'�NO/1D-J-'+,H�\&A]^J-,�0H4�&�¯@y°I*Nd,�¬-&�4@M-]1,HV�$�&A.-_�, 46ISNO,Ky¦NO,�c*J-,�.*'+]1¯�'+$�&�.jI�'+$-,)NO0��
>w$-/^0�(�/1.§'+J�NO.�(RV)&�J-0+,�0:'3$-,�]1,�0+0 y¦N�,�cSJ-,�.*'+]1¯CV�$�&A.-_�,�B§&�'+'�NO/1D-J-'+,�0H'+ICNO,�M-]1/1V)&�'+,�(�&A'
]1,)&�03'U]1I�_�/1V)&�]1]1¯�(�'+$-,�/ N?��&�]1J-,�0UI���,)N�0+,���,)N+&A]¨'3J-M-]^,�0��

>?$-,��)�H��N�,�]5&A'+/1I�.�&�]·B�&�'�&�D�&A0+,�0d$�&���,H.-I�/1.S'oNO/1.-0+/1V�4@,�Vo$�&�.-/10�4 '+I�&�J-'+IS4²&�'+/Q�
V)&A]^]1¯�V)&AM-'+J�NO,UVo$�&�.-_�,�0�'+I<&A.�I�D��3,�V�')8�0�/1B-,�.*'+/1'�¯�(Z/p��,�� (�'3$-,UM�NO/ 4�&�NO¯@Y�,�¯@I�y�&:'+J-M-]1,��
"%$-,�. &lM�N�/54²&�NO¯�Y�,�¯�I�y &�'+J-M-]1,�/^0²V�$�&�.-_Z,�B '+$-,C'+,)4@MRISN+&�]�B�&�'�&�D�&�03,�/1.-0+,)NO'+0
&�.-,�[ '+J-M-]1,x[U/1'+$
'+$-,j.-,�[ M�NO/ 4�&ZNO¯§Y�,�¯�(sD-J-'<'+$-,jB�&�'�&�D�&A0+,�NO,�_S&�NOB-0:'3$-,x.-,�[
/1.-0+,)N�'+,�Bv'+J-M-]1,@&�02NO,�M�NO,�03,�.S'+/1.-_�&²B-/��·,)NO,�.*'UI�D��3,�V�')�d>?$�&A'U/10)(-'+$-,;B�&�'�&�D�&�03,2V)&�.*�
.-IZ'�B-,�B-J-V�,C'3$�&�'<'+$-,�03,x'O[?IC'+J-M-]1,�0xNO,�M�NO,�03,�.S';'+$-,x0o&�4@,�I�D��+,�V�')�l>?$-/10@] &�V Y I�y
�OB-¯*.�&�4@/1V�0��:/102/1.-$-,)NO/1'+,�Bªy¦N�IS4 '+$-,��)�H�§0+.�&AM-0+$-I�'UNO,�] &�'+/1I�.�&�]�4@I*B-,�]p(-$-,�.-V�,�(�&�M*�
M-]1/1V)&�'+/1I�.-0@$�&���,@'+Iv4�&A.�&�_�,<Vo$�&�.-_�,�0:IAyw'3$-/^0@Y�/1.-B��j�p. T*,�V�'+/1I�.�F-�#}²[?,�[U/1]1]d0+,�,
'3$�&�'�&�'3'�NO/1D-J-'+,@'+/ 4@,�0+'�&Z4@M�,�B§NO,�] &�'+/1I�.�&A]d4@ISB-,�]10@'+IC0+I*4@,�,�¬*'+,�.S':$�&A.-B-]^,j'+$-,�0+,
03$-ISNO'+V�IS46/^.-_Z0`IAy�'+$-,<NO,�] &�'+/1I�.�&A]©46ISB-,�]p�

� g�� 
 mQm �1u�. 
	m1r mqu2xyr+v=m1l x �/uBs��

GH]1'+$-I�J-_�$v46I�0+'?'+,)4@MRISN+&�]·NO,�] &�'+/1I�.�&�]�46ISB-,�]102&�N�,:'+J-M-]1,:'+/ 4@,�0+'�&�46M�,�BC'+$-,)NO,:&�NO,
03IS4@,:M�NOI�MRI�0�&�]10�ypISN?&�'+'�NO/1D-J-'+,H'+/ 4@,�0+'o&�4@M-/1.-_����p.�'+$-/102&�M-M�NOIS&AV�$C&@'+/ 4@,o�¶��&�NO/ &�.*'
&A'+'�NO/1D-J-'+,:/10H.-I�'2&²0+/1.-_�]1,<�\&A]^J-,@D-J-'2&j4;J-]1'+/Q�¶�\&�]1J-,�(RISNU4@ISN�,:V�ISN+NO,�V�'U&²V�IS4@M-]1,�¬
��&�]1J-,C]1/5YA,t&ty°J-.-V�'+/1I�.
[U/1'+$§B-I*4�&�/1.�'3/546, d�ISN:&luU&�N�'+,�0+/ &�.lM�NOI*B-J-V�'<I�yU'+/ 4@,�0Be�(
[K$-,)NO,�/1'+0�N3&�.-_�,@/10<'+$-,���&�]1J-,�B-IS4�&A/^.�I�y`'+$-,j&�'+'�NO/1D-J-'+,@'+/ 4@,�03'�&�4@MR,�B��#�U,�.-V�,�(
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'3$-/^0d&AM-M�NOIS&�Vo$<D�NO,)&ZY�0s'+$-,�{¨NO0+'�.-ISN34�&�]�ypISN+4 NO,�0+'�N�/^V�'3/^IZ.�IZ.6N�,�]5&A'+/1I�.-0)��Lw,�]5&A'+/1I�.-0
IAy�'+$-/10U'O¯SMR,<&�NO,:Y�.-I�[U.C&�02�KI�.*���)�H� dp�<���2� e?NO,�] &�'+/1I�.-0)�
� ������� � � + ��� �	
�
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>w$�NO,�,�B-/��¨,)NO,�.*'x&�M-M�N�IS&�Vo$-,�0:I�. &A'+'�NO/1D-J-'+,�'3/546,�0+'�&�4@M-/1.-_�V�I�J-]1B D�,CB-,o{�.-,�B &�0
ypI�]1]1I�[U0:%

�Z�
R1 = (Tt, R

′), where R′ = (A1Tv1 , ..., AnTvn)

=µ�
R2 = ({(A1, V ×T )}, ..., {(An, V ×T )}), where V = [Tvs, Tve] and T =
[Tts, Tte]

Fµ�
R3 = ({(A1, Tv)}, ..., {(An, Tv)}

[K$-,)NO,
Ai

8®0 &�N�,�&�'+'oNO/1D-J-'+,�0UI�yd'+$-,@NO,�] &�'+/1I�.�d�/1.-V�]^J-B-/1.-_lY�,�¯v&�'+'�N�/^D-J-'3,�0Be�(-&�.-B
Txs

/10<03'�&�NO'H'+/ 4@,x&�.-B
Txe

/10;,�.-B§'+/ 4@,�(�DRI�'+$§&�0+03ISV�/ &�'+,�Bl[U/1'+$l/1.*'+,)NO�\&A]�'+/ 4@,�0O�
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