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	Læhç Û ã:ÝÆÞ�à0ëÆß5ä�á�ÝÆñ�ÝcÜ�ÝÆê0ß5Ü�áNÛ(Þfã[ð~â0á�ñ©ÛlÜ�ÝÆâ0Þ ã[Ü�ßUä�í
Ü�é�ß©â0Þ�ëÆç åUÛ0ã:ß<ã�Ü�éfÛlÜ�Þ�ßUß ì Ü�â,æ�ßjå�â0Þfã:Ý ì ßUá�ß ì ÝÆÞ â0á ì ßUáªÜ�â
Ü�áNÛ(Þfã:ë�ÛlÜ�ß�Û�G3ò�ßUá�ç�� ä�â3ã:ß ì â0ÞA� Ü�â
Û�G3ò�ßUá�ç��
	�ä�â3ã:ß ì â0Þ
�
	�Û(á�ß
Ýcð)Ü�é�ß�Ü�áNÛ(Þfã[ð~â0á�ñ©ÛlÜ�ÝÆâ0Þ ã[Ü�ßUä Ý�ãªÛA,�4	3>. 4	3�â0á�,�4	3 0�7 7�í
ÝÆÞ�èºé�Ý�åNé©åUÛ0ã:ßºâHåUå�ò�á�á�ßUÞfå�ß<ã�ÝÆÞ�� â(ðFÜ�é�ß ì ßUëÆß�Ü�ß ì å�â0Þfã[Ü�á�òfåQÜ
Þ�ßUß ì Ü�âjæ�ß�ã:ò�æfã[Ü�ÝcÜ�òHÜ�ß ì æhç5Ü�é�ß�G3ò�ßUá�ç=3©ã:ä�ß<å�Ý)�fß ì ÝÆÞ,Ü�é�ß
Ü�áNÛ(Þfã[ð~â0á�ñ©ÛlÜ�ÝÆâ0Þ ó � â0á5ã:ßCG3ò�ßUÞfå�ß<ãjâ(ðXä�á�ÝÆñ�ÝcÜ�ÝÆê0ß,Ü�áNÛ(Þfã[ð~â0á:ï
ñ©ÛlÜ�ÝÆâ0ÞfãUílÜ�é�ß<ã:ß#ã:ò�æfã[Ü�ÝcÜ�òHÜ�ÝÆâ0Þfã)Û(á�ßºã:òfåUå�ß<ã�ã:ÝÆê0ßUëÆç
Û(ä�ä�ëÆÝÆß ì ÝÆÞ
â0á ì ßUá�Ü�â�â0æHÜNÛ(ÝÆÞ5Ü�é�ß �fÞfÛ(ëFÜ�áNÛ(Þfã:ë�ÛlÜ�ß ì G3ò�ßUá�ç��
	 ó

þLé�Ý�ã
Ü�áNÛ(Þfã:ë�ÛlÜ�ÝÆâ0Þ ã�åNé�ßUñ�ß5åUÛ(Þ æ�ß�Û(ä�ä�ëÆÝÆß ì Ü�â ß<Û0åNé â(ð
Ü�é�ß,å�â0Þfã[Ü�á�òfåQÜNã�â(ðªÛ à0ëÆâ0æfÛ(ëºã�åNé�ßUñ©Û ÝÆÞ â0á ì ßUá�Ü�â â0æHÜNÛ(ÝÆÞ
Ü�é�ß ì ßUá�ÝÆêlÛlÜ�ÝÆâ0Þ â(ð�ß<Û0åNé å�â0Þfã[Ü�á�òfåQÜ�ð~á�â0ñ Û ã:ß�Ü,â(ð�ëÆâHåUÛ(ë
ã�åNé�ßUñ©Û0ã ó þLé�ß<ã:ß ì ßUá�ÝÆêlÛlÜ�ÝÆâ0ÞfãjåUÛ(Þ Ü�é�ßUÞ æ�ß ã:ò�æfã[Ü�ÝcÜ�òHÜ�ß ì
ÝÆÞ3Ü�â�Û(Þhç�G3ò�ßUá�ç#âlê0ßUáFÜ�é�ß!à0ëÆâ0æfÛ(ë(ã�åNé�ßUñ©ÛLÝÆÞ�â0á ì ßUáFÜ�â�â0æHÜNÛ(ÝÆÞ
Û(Þ�ßCG3ò�ÝÆêlÛ(ëÆßUÞ3Ü G3ò�ßUá�ç ì Ý�ã[Ü�á�ÝÆæ�òHÜ�ß ì âlê0ßUá!Ü�é�ßªëÆâHåUÛ(ëSã�åNé�ßUñ©Û0ã
õcö��1ø í�Û0ãLÝÆÞ5Ü�é�ß
ûªü�ý Û(ä�ä�á�â3Û0åNé ó

þLé�ß Û(æ�âlê0ß�Ü�áNÛ(Þfã:ë�ÛlÜ�ÝÆâ0Þ ã�åNé�ßUñ�ß,åUÛ(Þ ßCG3ò�ÝÆêlÛ(ëÆßUÞ3Ü�ëÆç æ�ß
Û(ä�ä�ëÆÝÆß ì Ü�â5ß<Û0åNé â(ð)Ü�é�ß©å�â0Þfã[Ü�á�òfåQÜNã#â(ð�Û�ëÆâHåUÛ(ë�ã�åNé�ßUñ©ÛjÝÆÞ
â0á ì ßUá!Ü�â�â0æHÜNÛ(ÝÆÞ�ÝcÜNã ì ßUá�ÝÆêlÛlÜ�ÝÆâ0Þjð~á�â0ñ Û
à0ëÆâ0æfÛ(ëFã�åNé�ßUñ©Û�íHÛ0ã
ÝÆÞ5Ü�é�ß+��ü�ý Û(ä�ä�á�â3Û0åNé ó

2.2 Integrating
� �

and
� �

into
�#"

ô ã:ÝÆÞ�à�Ü�é�ßªÛ(æ�âlê0ßªã:ß�ÜLâ(ð�ä�á�ÝÆñ�ÝcÜ�ÝÆê0ß#Ü�áNÛ(Þfã[ð~â0á�ñ©ÛlÜ�ÝÆâ0Þfã!â0Þ
â0ò�á ã:ÝÆñ�ä�ëÆß á�ßUë�ÛlÜ�ÝÆâ0ÞfÛ(ë ì ÛlÜNÛ ñ�â ì ßUë=í©þ'Û(æ�ëÆß ö ëÆÝ�ã[ÜNã Ü�é�ß
Ü�áNÛ(Þfã[ð~â0á�ñ©ÛlÜ�ÝÆâ0Þ ã[Ü�ßUäfã©Þ�ß<å�ß<ã�ã�Û(á�ç Ü�â ÝÆÞ3Ü�ßUà0áNÛlÜ�ß5Ü�é�ß ëÆâHåUÛ(ë
ã�åNé�ßUñ©Û0ã ����Û(Þ ì � ��ÝÆÞ3Ü�â�Ü�é�ßXà0ëÆâ0æfÛ(ëSã�åNé�ßUñ©Û!�#" ó

ü�Þ�ÝÆñ�ä�ëÆÝ�å�ÝcÜ �fáNã[Ü)ã[Ü�ßUä�ÝÆÞ
Ü�é�Ý�ã�ÝÆÞ3Ü�ßUà0áNÛlÜ�ÝÆâ0Þ
ä�á�âHå�ß<ã�ã'Ý�ã�Ü�â
å�â0ñ
æ�ÝÆÞ�ßLÜ�é�ß#ëÆâHåUÛ(ëfã�åNé�ßUñ©Û0ã�ÝÆÞ3Ü�â
Û�ã:ÝÆÞ�à0ëÆß�ã�åNé�ßUñ©Û+�����+� �
èºé�â3ã:ß�å�â0Þfã[Ü�á�òfåQÜNã�Û(á�ß
ä�á�ß<å�Ý�ã:ßUëÆç�Ü�é�â3ã:ß�â(ð ����Û(Þ ì � � ó �zÞ
â0ò�á!äfÛ(á:Ü�Ý�å�ò�ë�Û(á!ß ú Û(ñ�ä�ëÆß0í0Ü�é�ßUá�ß#Û(á�ß�Þ�â�å�â0ñ�ñ�â0Þ�ëÆç3ï|ÞfÛ(ñ�ß ì
á�ßUë�ÛlÜ�ÝÆâ0Þfã�ÝÆÞ ���1í=� � Û(Þ ì �#"híºÛ(Þ ì ã:â ð~â0ájã:ÝÆñ�ä�ëÆÝ�å�ÝcÜ[ç è�ß
�[òfã[Ü,òfã:ß Ü�é�ß á�ßUë�ÛlÜ�ÝÆâ0Þ ÞfÛ(ñ�ß<ã ì ÝÆá�ß<åQÜ�ëÆç ÝÆÞ þ'Û(æ�ëÆß ö0ó �zÞ
à0ßUÞ�ßUáNÛ(ë=íFß<Û0åNé å�â0Þfã[Ü�á�òfåQÜ�ð~á�â0ñ ÛjëÆâHåUÛ(ë�ã�åNé�ßUñ©Ûjè�â0ò�ë ì æ�ß
ÜNÛ(à0à0ß ì èºÝcÜ�é Û,ò�Þ�Ý G3ò�ß�ã�åNé�ßUñ©Û,Ý ì ßUÞ3Ü�Ý)�fßUá<í�Û0ã�è�â0ò�ë ì Ü�é�ß
å�â0Þfã[Ü�á�òfåQÜNãjÝÆÞ Ü�é�ß ÜNÛ(á�à0ß�Ü�à0ëÆâ0æfÛ(ë#ã�åNé�ßUñ©Û ó ��â(Ü�ß0í�Ýcð
á�ß�ï
G3ò�ÝÆá�ß ì ífÜ�é�Ý�ã�ÝÆñ�ä�ëÆÝ�å�ÝcÜªã[Ü�ßUä åUÛ(Þ,æ�ß
ð~â0á�ñ©Û(ëÆÝ�ã:ß ì ÝÆÞ â0ò�á�Û(äHï
ä�á�â3Û0åNé
òfã:ÝÆÞ�à�ÛXã:ßUá�ÝÆß<ã�â(ð 4���7�4	>%,�ã[Ü�ßUäfã=.£ã:ßUßºæ�ßUëÆâlè 1 Ü�â�Û ì�ì
Ü�â�� ��Ü�é�ß�å�â0Þfã[Ü�á�òfåQÜNã#â(ð ���1í�Û(Þ ì Ü�â5Û ì�ì Ü�â����ªÜ�é�ß�å�â0ÞHï
ã[Ü�á�òfåQÜNãLâ(ð � � ó

þ'Û(æ�ëÆß ö òfã:ß<ã�Ü[è�â©ñ�â0á�ßªä�á�ÝÆñ�ÝcÜ�ÝÆê0ßªÜ�áNÛ(Þfã[ð~â0á�ñ©ÛlÜ�ÝÆâ0Þfã!Ü�â
Ü�é�ßXâ0Þ�ß<ãLè�ß ì ß��fÞ�ß ì ÝÆÞ ÿhß<åQÜ�ÝÆâ0Þ ÷HóÆö &
� ? > . 4	3hÛ(Þ ì � ? > 0�7 7 ó
þLé�ß<ã:ß�æ�ßUéfÛ1ê0ß#ÝÆÞjÜ�é�ßXã�Û(ñ�ß�èLÛ1ç©Û0ã ,�4	3>. 4	30Û(Þ ì ,�4	3 0�7 7!ß ú ï
å�ßUäHÜ�Ü�éfÛlÜ�Ü�é�ßUç©ÝÆÞ ì Ý�åUÛlÜ�ß#Ü�éfÛlÜ�Ü�é�ßUÝÆáºÛ0åUå�â0ñ�äfÛ(ÞhçhÝÆÞ�à+G3ò�ßUá�ç
3�ñ©Û1ç â0Þ�ëÆç,�f�l�Q�=�£�lÅ¥Å]Ï©á�ß<ã[Ü�â0á�ß
Ü�é�ß©ß ú Ü�ßUÞ3Ü�â(ð�Ü�é�ß ì ßUëÆß�Ü�ß ì
å�â0Þfã[Ü�á�òfåQÜ��1é�ßUÞfå�ß!è�ß)ñ©Û1ç�ã�Û1ç#Ü�éfÛlÜ�Ü�é�ßUçXÛ(á�ß ¯0®�î ��­£´3Â<´ ÝÆÞ
Ü�é�ßLã�Û(ñ�ßLã:ßUÞfã:ßLÛ0ã ��ü�ý
�(ûªü�ý á�ò�ëÆß<ã'Û(á�ß�å�â0ñ�ä�ëÆß�Ü�ß ó þLé�ß<ã:ß
Ü[è�â � ? >C7BDc� � 7 .£Û(æ�æ�á�ßUêhÝ�ÛlÜ�ß ì Û0ã � ? > 1 Ü�áNÛ(Þfã[ð~â0á�ñ©ÛlÜ�ÝÆâ0Þfã�éfÛ1ê0ß
å�â0á�á�ß<ã:ä�â0Þ ì ÝÆÞ�à á�ßUê0ßUáNã:ß�Ü�áNÛ(Þfã[ð~â0á�ñ©ÛlÜ�ÝÆâ0Þfã�4���7�. 4	3�Û(Þ ì 4����
7�0�7 7�á�ß<ã:ä�ß<åQÜ�ÝÆê0ßUëÆç0í�èºé�Ý�åNé æ�ßUéfÛ1ê0ß ÝÆÞ Ü�é�ß ã�Û(ñ�ß èLÛ1ç Û0ã
�%, ,2. 4	3�Û(Þ ì �%, ,'0�7 7#ß ú å�ßUäHÜªÜ�éfÛlÜªÜ�é�ßUç,ÝÆÞ ì Ý�åUÛlÜ�ß�Ü�é�ßUÝÆá�Û0åQï
å�â0ñ�äfÛ(ÞhçhÝÆÞ�à�G3ò�ßUá�ç 3�ñ©Û1ç â0Þ�ëÆç,�f�l�Q�=�£�lÅ¥Å]Ïjå�â0Þfã[Ü�á�òfåQÜXÜ�é�ß
ß ú Ü�ßUÞ3Üjâ(ð#Ü�é�ß,Þ�ßUè å�â0Þfã[Ü�á�òfåQÜ ó � â0á�Ü�é�ß<ã:ß � ? >C7BDc� � 7�Û(Þ ì
4���7�4	>%,�.£Û(æ�æ�á�ßUêhÝ�ÛlÜ�ß ì Û0ã 4���7 1 Ü�áNÛ(Þfã[ð~â0á�ñ©ÛlÜ�ÝÆâ0ÞfãUí0Ü�é�ß G3ò�ßUá�ç
3�ñ©Û1ç æ�ßj�[òfã[Ü�Ü�é�ß ì Ý�ã[Ü�ÝÆÞ�à0ò�Ý�ã:é�ß ì å�â0Þfã[ÜNÛ(Þ3Ü3S������fí'èºé�Ý�åNé
ÝÆÞ ì Ý�åUÛlÜ�ß<ã�Ü�éfÛlÜ�Ü�é�ßUá�ßºÝ�ã�Þ�âªÝÆÞHð~â0á�ñ©ÛlÜ�ÝÆâ0Þ©Û(æ�â0òHÜ)é�âlè Ü�â ì ß�ï
á�ÝÆê0ß�Ü�é�ß�ß ú Ü�ßUÞ3Üªâ(ð)Ü�é�ß ì ßUëÆß�Ü�ß ì �1Þ�ßUè å�â0Þfã[Ü�á�òfåQÜ#ð~á�â0ñ Ü�é�ß
á�ß<ã[Üºâ(ð'Ü�é�ß�ã�åNé�ßUñ©Û�å�â0Þfã[Ü�á�òfåQÜNãUíHßUê0ßUÞ5äfÛ(á:Ü�Ý�Û(ëÆëÆç ó

þLé�Ý�ã ì Ý�ã[Ü�ÝÆÞfåQÜ�ÝÆâ0Þ æ�ß�Ü[è�ßUßUÞ äfÛ(á:Ü�Ý�Û(ë Û(Þ ì å�â0ñ�ä�ëÆß�Ü�ß
ì ßUá�ÝÆêlÛlÜ�ÝÆâ0Þfã�Û(ëÆëÆâlè�ã�Ûºä�á�ß<å�Ý�ã:ß!ã[ÜNÛlÜ�ßUñ�ßUÞ3Ü�Ü�â�æ�ß!ñ©Û ì ß)â(ðhÜ�é�ß
á�ßUë�ÛlÜ�ÝÆâ0Þfã:é�ÝÆä æ�ß�Ü[è�ßUßUÞ Ü�é�ß ã:â0ò�áNå�ß Û(Þ ì ÜNÛ(á�à0ß�Ü5ã�åNé�ßUñ©Û0ãUí
ã:ÝÆÞfå�ß�ÝcÜ�ä�á�âlêhÝ ì ß<ã
Û ñ�ß<Û(Þfã
â(ð#ã[ÜNÛlÜ�ÝÆÞ�à é�âlè ñ
òfåNé ÝÆÞHð~â0á:ï
ñ©ÛlÜ�ÝÆâ0Þ5Ý�ã �hÞ�âlèºÞ�Û(æ�â0òHÜ#Û�äfÛ(á:Ü�Ý�å�ò�ë�Û(áºã�åNé�ßUñ©Û�å�â0Þfã[Ü�á�òfåQÜ ó
þ�âXÝÆëÆëÆòfã[Ü�áNÛlÜ�ß0í3ã:ò�ä�ä�â3ã:ßLÜ�éfÛlÜ)è�ßºèLÛ(Þ3Ü�ß ì Ü�â�Û ì�ì Ûªá�ßUë�ÛlÜ�ÝÆâ0Þ� <�� *-, 
�å�â0Þ3ÜNÛ(ÝÆÞ�ÝÆÞ�à Û(ëÆëºã[Ü�ò ì ßUÞ3ÜNã�Ü�éfÛlÜjã[Ü�ò ì ç ÝÆÞ Ü�é�ß,å�â0ñ�ï
ä�òHÜ�ßUá�ã�å�ÝÆßUÞfå�ß ì ßUäfÛ(á:Ü�ñ�ßUÞ3Ü<í�Û(Þ ì Ü�éfÛlÜ�è�ß
�hÞ�ßUè Ü�éfÛlÜ�Û(ëÆë
ã[Ü�ò ì ßUÞ3ÜNãXèºÝcÜ�é ,�4�( D 4�4 � � û 
!�"� ESã[Ü�ò ì ç å�â0ñ�ä�òHÜ�ßUá
ã�å�ÝÆßUÞfå�ß0í
Û0ã ì â�ã:â0ñ�ß�ã[Ü�ò ì ßUÞ3ÜNã�èºÝcÜ�é�,�4�( D 4�4 � � ûXû ö�
 E#.£Û(Þ ì Ü�éfÛlÜLÞ�â
â(Ü�é�ßUá�ã[Ü�ò ì ßUÞ3ÜNã�ã[Ü�ò ì ç�å�â0ñ�ä�òHÜ�ßUá#ã�å�ÝÆßUÞfå�ß 1 &

�



ö0ó �%, ,2. 4	3A� 2 2 � <�� *-,G4 4�� +�, 1 2 , (�-!4 5 2 2 &�(?�-,�4�( D 4�4�4 4<7 - )
� û 
!�"� E�@�

è�â0ò�ë ì æ�ß�ÝÆÞfå�â0á�á�ß<åQÜ<í!ã:ÝÆÞfå�ß�ÝcÜjã[ÜNÛlÜ�ß<ã
Ü�éfÛlÜ� <
å�â0Þ3ÜNÛ(ÝÆÞfã�ÒQ§h�Q�XÜ�é�â3ã:ß5ã[Ü�ò ì ßUÞ3ÜNã
â0Þ û 
!�"� í�Û(Þ ì Þ�â
â(Ü�é�ßUá�ã[Ü�ò ì ßUÞ3ÜNã ó

÷Hó 4���7�. 4	3A� 2 2 � <�� *-,G4 4�� +�, 1 2 , (�-!4 5 2 2 &�(?�-,�4�( D 4�4�4 4<7 - )
� û 
!�"� E�@�
�è�â0ò�ë ì æ�ßjå�â0á�á�ß<åQÜ<í�ã:ÝÆÞfå�ß�ÝcÜ
ã[ÜNÛlÜ�ß<ã�Ü�éfÛlÜ � <
å�â0Þ3ÜNÛ(ÝÆÞfã'Ü�é�â3ã:ßºã[Ü�ò ì ßUÞ3ÜNã�â0Þ©û 
!�"� í(ä�ëÆòfã)ã:â0ñ�ßLâ(Ü�é�ßUáNã
èºé�Ý�åNé5è�ßªéfÛ1ê0ßªÞ�â�èLÛ1ç©â(ð ì ß�Ü�ßUá�ñ�ÝÆÞ�ÝÆÞ�à ó

H�ó 4���7�. 4	3A� 2 2 � <�� *-,G4 4����������.
5è�â0ò�ë ì æ�ß ÝÆÞfå�â0á�á�ß<åQÜ<íXã:ÝÆÞfå�ß ÝcÜ
ã[ÜNÛlÜ�ß<ãjÜ�éfÛlÜ�è�ß éfÛ1ê0ß Þ�â èLÛ1ç â(ð ì ß�Ü�ßUá�ñ�ÝÆÞ�ÝÆÞ�à Û(Þhç
â(ð�Ü�é�ßXã[Ü�ò ì ßUÞ3ÜNãLÜ�éfÛlÜºæ�ßUëÆâ0Þ�à�Ü�â � <UíHèºé�ßUÞ�ÝÆÞ�ð£Û0åQÜ�è�ß
�hÞ�âlè Ü�éfÛlÜ#Û(ëÆë'û 
!�"� ã[Ü�ò ì ßUÞ3ÜNãºæ�ßUëÆâ0Þ�à�Ü�â � < ó

�|ðªÝÆÞfã[Ü�ß<Û ì ÝcÜjèLÛ0ã
Ü�é�ß,åUÛ0ã:ß�Ü�éfÛlÜ©â0Þ�ëÆç ã[Ü�ò ì ßUÞ3ÜNã�èºÝcÜ�é
û 
!�"� ã[Ü�ò ì ç å�â0ñ�ä�òHÜ�ßUáXã�å�ÝÆßUÞfå�ß0íSÜ�é�ßUÞ . ö�1 è�â0ò�ë ì æ�ßjå�â0á:ï
á�ß<åQÜ ó ü�ëcÜ�ßUá�ÞfÛlÜ�ÝÆê0ßUëÆç0í�Ýcð
ÝÆÞfã[Ü�ß<Û ì ã:â0ñ�ß û 
!�"� Û(Þ ì ã:â0ñ�ß
ûXû ö�
 ã[Ü�ò ì ßUÞ3ÜNã�ã[Ü�ò ì ç
å�â0ñ�ä�òHÜ�ßUá)ã�å�ÝÆßUÞfå�ß0í1Ü�é�ßUÞ�. H 1 è�â0ò�ë ì
æ�ß å�â0á�á�ß<åQÜ ó þ�â ñ©Û	�0ß Ü�é�Ý�ã ÝÆÞfå�â0ñ�ä�ëÆß�Ü�ßUÞ�ß<ã�ã,â(ð!�hÞ�âlèºëcï
ß ì à0ßjß ú ä�ëÆÝ�å�ÝcÜ�ÝÆÞ G3ò�ßUá�ç ä�á�âHå�ß<ã�ã:ÝÆÞ�àfí�Û(Þ Û(Þ�Þ�â(ÜNÛlÜ�ÝÆâ0Þ �f�l�QÎ
�=�£�lÅ�åUÛ(Þ æ�ß ÛlÜ:ÜNÛ0åNé�ß ì Ü�â Û G3ò�ßUá�ç â0á�ã:ò�æHï G3ò�ßUá�ç Ü�â ÝÆÞHï
ì Ý�åUÛlÜ�ß Ü�éfÛlÜ ÝcÜ á�ß�Ü�ò�á�Þfã Û äfÛ(á:Ü�Ý�Û(ë�á�ß<ã:ò�ëcÜ ó þLéhòfã +�, 1
2 , (�-!4u5 2 2 &�(?�-,�4�( D 4�4�4 4L7 - ) � û 
!�"� EA@�������� � ����ñ�ß<Û(ÞfãXÜ�éfÛlÜ
+�, 1 2 , (�-!4 5 2 2 &�(?�-,�4�( D 4�4�4 467 - ) � û 
!�"� EA@ á�ß�Ü�ò�á�Þfã©ÝÆÞHï
ã[ÜNÛ(Þfå�ß<ã�èºé�Ý�åNé ñ©Û1ç æ�ß,â0Þ�ëÆç Û ã:ò�æfã:ß�Ü©â(ð#Ü�é�ß,å�â0ñ�ä�ëÆß�Ü�ß
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Table 1. A complete BAV specification of the integration of I j
and I(J into ILK
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3.1 Deriving BAV from GAV
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3.3 Deriving GAV from BAV
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3.4 Deriving LAV from BAV
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3.5 Using BAV transformation macros
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Table 2. A complete BAV macro-based specification of the integration of I j
and I(J into ILK
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� 
�������� � ����������� �!��"

O * �&*32P!":;%('$+3ZA'$'6#&,R/ EHGJI '�Z&@&@=,.9�!�'S!$#&* *BU.,.<-Z;!$%-,.�
,�X]C=,�!$# \.<-,.CA4�<`4��A: <-,;+B4�<w'$+�#&*B5d4.'BL�4�<-<-,R/]%-�&\F!$#&*d!$9�4��A'D?
XY,.9$5d4R!$%-,.� @A4R!$#P/H4r[;'W4��A: '$+�#&*B5d4.'7!$,^C=*�%-�A+39$*B56*B��!�4�<-<-[
56,;:;%TQA*�:F4.'H,.@&@=,�'�*�:�!$,6#A4rUP%-�&\S!$,6C=*W9$*B\.*B�&*B9�4R!$*�:fN

4.1 Evolution of a global schema

n Z&@&@=,�'�*�!$#A4R! 8 <-,;+B4�<�'$+�#&*B5d4.' I jrL�N-N-N-L I mF#A4rU.*>C=*B*B�
%-��!$*B\.9�4R!$*�:�%-��!$,W41\.<-,.CA4�<&'$+�#&*B5d4 ILK N�MV*3!`ZA'`+3,.�A'�%(:;*B9�!$#&*
*BU.,.<-Z;!$%-,.�d,�XV!$#&*1\.<-,.CA4�<='$+�#&*B5d4 ILK !$, I 	K N �H#&*)QA9�'D!]'D!$*B@
%(')!$,F:;*3QA�&*�!$#&%('1*BU.,.<-Z;!$%-,.� 4.'148'$+�#&*B5d46!$9�4��A'DXY,.9$5d4R!$%-,.�
%-�S,.Z&9�XY9�4�56*B/0,.9$btNVO *)+3,.�A'�%(:;*B9�QA9�'D! #&,R/ !$,7#A4��A:;<-*H*BU.,�?
<-Z;!$%-,.�A']+3,.�A'�%('D!$%-�&\6,�X 4>]�k$#&% �0`H@&9$%-56%T!$%-U.*7!$9�4��A'DXY,.9$5d4R!$%-,.�VN

n Z&@&@=,�'�* !$#A4R! ILK #A4.' *BU.,.<-U.*�: !$, I 	K CP[ 4 @&9$%-56%T?
!$%-U.*6!$9�4��A'DXY,.9$5d4R!$%-,.� / Nd�cX i('!)+*S/H4.'1!$#&*6!$9�4��A'DXY,.9$5d4R!$%-,.�
XY9$,.5 I j��^lBlBl � I md!$, ILK L;!$#&*7�&*B/ !$9�4��A'DXY,.9$5d4R!$%-,.�dXY9$,.5
I j � lBlBl�� I m�!$, I 	K +B4��F4�Z;!$,.5d4R!$%(+B4�<-<-[�C=*W\.*B�&*B9�4R!$*�:"CP[
'�Z-,62;%-�&\ / !$,di('!)+*��

i m/.10 v i '!)+* � /
�H#&*B9$*>4�9$*_!$#&9$*B*>+B4.'�*�'w!$,d+3,.�A'�%(:;*B9HXY,.9 / �

�.NH�cX / %('>4�� �R��� ,.9 �.��� !$9�4��A'DXY,.9$5d4R!$%-,.�VLf!$#&*B� I 	K /]%-<-<
C=*]'�*B5d4���!$%(+B4�<-<-[W*�e�Z&%-UR4�<-*B��!�!$, ILK N�G)�P[W%-�;XY,.9$5d4R!$%-,.�
4rUR4�%-<(4�C&<-*8XY9$,.5 ILK %('�4�<('�, 4rUR4�%-<(4�C&<-*8XY9$,.5 I 	K L]4��A:
!$#&*B9$*S%('_�&,�!$#&%-�&\"XYZ&9�!$#&*B91!$#A4R!7�&*B*�:&'_!$,8C=*6:;,.�&*�!$,
i m/.10 N

�;NH�cX / %('d4 @ �$����# � @ � !$9�4��A'DXY,.9$5d4R!$%-,.�VL !$#&*B� !$#&*B9$*8/]%-<-<
C=*1'�,.56*)%-�;XY,.9$5d4R!$%-,.�6!$#A4R!wZA'�*�:6!$,>C=*_@&9$*�'�*B��!w%-� ILK!$#A4R!_/]%-<-<J�&,d<-,.�&\.*B9)C=*�4rUR4�%-<(4�C&<-*1XY9$,.5 I 	K NH�H#PZA'BLA%T!
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5d4r[FC=*�!$#&*6+B4.'�*W!$#A4R!1!$#&*B9$*S%('_�&,R/ �&,"9$*B@&9$*�'�*B��!�4R?
!$%-,.�^,�X`'�,.56*><-,;+B4�<J'$+�#&*B5d4�+3,.�A'D!$9$ZA+�!rsg'�uH/]%T!$#&%-� I 	K N�),�!$#&%-�&\SXYZ&9�!$#&*B9)�&*B*�:&'0!$,dC=*>:;,.�&*1!$,di m/.10 N

� NH�cX / %(' 4�� ��
r�D���R� !$9�4��A'DXY,.9$5d4R!$%-,.��/]%T!$#d4 j[^[k�l]4.+B+3,.5S?
@A4��P[P%-�&\ e�Z&*B9$[.Lw!$#&*B� !$#&*^9$*B<(4R!$%-,.�A'�#&%-@ ,�X1!$#&*^�&*B/
+3,.�A'D!$9$ZA+�!_!$, I j�lBlBl I m �&*B*�:&'_!$,8C=*6*32&4�56%-�&*�: 4.'1%T!
5d4r[F4.+�!$ZA4�<-<-[8C=*S@A4�9�!$%(4�<-<-[8,.91+3,.56@&<-*3!$*B<-[^:;*B9$%-UR4�C&<-*
XY9$,.5 I j�lBlBl I m CP[ '�,.56*�!$9�4��A'DXY,.9$5d4R!$%-,.�VN �H#&%('�9$*3?
e�Z&%-9$*�'W:;,.5d4�%-� bP�&,R/]<-*�:;\.*6*.N�\AN�XY9$,.5 4^#PZ&5d4�� *32P?
@=*B9�!],.9)4��8,.��!$,.<-,.\.[.N
�cXt!$#&*]�&*B/ +3,.�A'D!$9$ZA+�!`%(' �&,�!0:;*B9$%-UR4�C&<-*.L�!$#&*B�d�&,�!$#&%-�&\
XYZ&9�!$#&*B9��&*B*�:&'V!$,1C=*]:;,.�&*`!$,fi m/.10 N��cX=%T!�%('�:;*B9$%-UR4�C&<-*.L
!$#&*B� / L�!$#&*H<(4.'D!�!$9�4��A'DXY,.9$5d4R!$%-,.��'D!$*B@6%-� i m/.10 L.�&*B*�:&'
!$,1C=*H9$*B@&<(4.+3*�:WCP[�4_56,.9$*w%-�;XY,.9$5d4R!$%-U.* ��
r�D���R� ,.9 �R���
'D!$*B@ sg4.']@=*B9],.Z&9):;%('$+3ZA'$'�%-,.�8%-� n *�+�!$%-,.� �;N&�.u�N

�H#PZA'BL�/0*_'�*B*)!$#A4R!w!$#&*)QA9�'D!w,�Xt!$#&*�'�*)!D/0,�+B4.'�*�' %('w#A4��;?
:;<-*�:F!$,�!�4�<-<-[F4�Z;!$,.5d4R!$%(+B4�<-<-[.N)�H#&*>!$#&%-9�:^9$*�e�Z&%-9$*�'):;,.5d4�%-�
bP�&,R/]<-*�:;\.*.L.C&Z;!0%('0'D!$%-<-<=#A4��A:;<-*�:�4.'04>'�%-56@&<-*_*BU.,.<-Z;!$%-,.�d,�X
!$#&*_!$9�4��A'DXY,.9$5d4R!$%-,.�d@A4R!$#P/H4r[6C=*3!D/0*B*B� I j �8lBlBl � I m"4��A:
ILK N � U.,.<-Z;!$%-,.�A'f,�X ILK +3,.�A'�%('D!$%-�&\),�X&4]'�*�e�Z&*B�A+3*`,�X;@&9$%-56%T!$%-U.*
!$9�4��A'DXY,.9$5d4R!$%-,.� 'D!$*B@A'�+B4�� C=*�#A4��A:;<-*�: CP[ 4�@&@&<-[P%-�&\^!$#&*
4�C=,RU.*_!$9$*�4R!$56*B��!H!$,d*�4.+�#8'D!$*B@VN

4.2 Evolution of a local schema

�H#&%('S%('64 <-%T!�!$<-*F56,.9$*F+3,.56@&<-*32 '�%-�A+3*8%T!d5d4r[ 9$*�e�Z&%-9$*
!$#&*6\.<-,.CA4�<�'$+�#&*B5d4�!$,8C=*d+�#A4��&\.*�:fN n Z&@&@=,�'�*�!$#A4R!>'�,.56*
I�� *BU.,.<-U.*�'BLf!$, I 	� '$4r[.LJCP[ 4F@&9$%-56%T!$%-U.*6!$9�4��A'DXY,.9$5d4R!$%-,.� /
sg4�\�4�%-�VLR/0*H�&*B*�:�,.�&<-[�+3,.�A'�%(:;*B9�*BU.,.<-Z;!$%-,.�A'�+3,.�A'�%('D!$%-�&\7,�Xt4
'�%-�&\.<-*6@&9$%-56%T!$%-U.*6!$9�4��A'DXY,.9$5d4R!$%-,.�VLJ4��A: +3,.56@=,�'�%T!$*S!$9�4��A'D?
XY,.9$5d4R!$%-,.�A'f+B4��WC=*`#A4��A:;<-*�:74.'V4)'�*B9$%-*�'t,�X;@&9$%-56%T!$%-U.*�!$9�4��A'D?
XY,.9$5d4R!$%-,.�8'D!$*B@A'�u�N

�cX i('!)+*>/H4.'H!$#&*>!$9�4��A'DXY,.9$5d4R!$%-,.�8XY9$,.5 I j�� lBlBl � I�� �lBlBl � I m !$, ILK L�4F�&*B/ !$9�4��A'DXY,.9$5d4R!$%-,.� XY9$,.5 I j � lBlBl �
I 	� � lBlBl � I m"!$, ILK +B4��FC=*�4�Z;!$,.5d4R!$%(+B4�<-<-["\.*B�&*B9�4R!$*�:8CP[
@&9$*3Q&2;%-�&\�!$#&*W9$*BU.*B9�'�*1,�X / !$,ai('!)+*��

i m/.10 v / �2i '!)+*
G)\�4�%-�"!$#&*B9$*W4�9$*1!$#&9$*B*W+B4.'�*�'0!$,d+3,.�A'�%(:;*B9HXY,.9 / �

�.NH�cX / %('_4�� �R��� ,.9 �.��� !$9�4��A'DXY,.9$5d4R!$%-,.�VL;!$#&*B�^!$#&*>�&*B/
'$+�#&*B5d4 I 	� /]%-<-<)C=*^'�*B5d4���!$%(+B4�<-<-[ *�e�Z&%-UR4�<-*B��!6!$, I�� N�H#PZA'�4��P[ %-�;XY,.9$5d4R!$%-,.� %-� ILK :;*B9$%-U.*�: XY9$,.5 I�� +B4��
�&,R/ C=* :;*B9$%-U.*�: XY9$,.5 I 	� 4��A: �&, +�#A4��&\.*�'�4�9$*^9$*3?
e�Z&%-9$*�:�!$, ILK ,.9 i m/.10 N

�;NH�cX / %('_4 @ �$����# � @ � !$9�4��A'DXY,.9$5d4R!$%-,.�VL;!$#&*B� '�,.56*W%-�;XY,.9�?
5d4R!$%-,.��!$#A4R!`ZA'�*�:�!$,WC=*]@&9$*�'�*B��! %-� I�� /]%-<-<&�&,W<-,.�&\.*B9
C=*14rUR4�%-<(4�C&<-*)XY9$,.5 I 	� N�� ��@A4�9�!$%(+3Z&<(4�9�L�%T!H5d4r[S�&,R/ C=*
!$#&*S+B4.'�*W!$#A4R! ILK +3,.��!�4�%-�A'_+3,.�A'D!$9$ZA+�!�'_4�C=,.Z;!_/]#&%(+�#
�&,S%-�;XY,.9$5d4R!$%-,.��%('H:;*B9$%-UR4�C&<-*_XY9$,.5 4��P[d<-,;+B4�<t'$+�#&*B5d4

� !$#&%('J+B4��WC=*0:;*3!$*B9$56%-�&*�:W4�Z;!$,.5d4R!$%(+B4�<-<-[_CP[1%-�A'�@=*�+�?
!$%-,.�S,�X�i m/.10 N�G)�P[�'�ZA+�#6+3,.�A'D!$9$ZA+�!�' +B4��SC=*H9$*B56,RU.*�:
XY9$,.5 ILK L&4��A:�!$#&*W+3,.9$9$*�'�@=,.�A:;%-�&\ ��
r�D���R� 'D!$*B@A'0XY9$,.5
*�4.+�#8,�XJ!$#&*W<-,;+B4�<V'$+�#&*B5d4.'H9$*B56,RU.*�:dXY9$,.5 i m/.10 N

� NH�cX / %('^4�� ��
r�D���R� !$9�4��A'DXY,.9$5d4R!$%-,.�VL_!$#&*B� !$#&* 9$*B<(4R?
!$%-,.�A'�#&%-@ ,�X_!$#&*8�&*B/ +3,.�A'D!$9$ZA+�!S!$, ILK �&*B*�:&'�!$, C=*
*32&4�56%-�&*�:fL�4.'W!$#&*��&*B/ +3,.�A'D!$9$ZA+�!�5d4r[ 4.+�!$ZA4�<-<-[ C=*
:;*B9$%-UR4�C&<-*dXY9$,.5 ILK CP[ '�,.56*d!$9�4��A'DXY,.9$5d4R!$%-,.�VNF�H#&%('
9$*�e�Z&%-9$*�'H:;,.5d4�%-�8bP�&,R/]<-*�:;\.*.N
�cX !$#&*>�&*B/ +3,.�A'D!$9$ZA+�!)%('_%-�A:;*B*�:^:;*B9$%-UR4�C&<-*.L&!$#&*B�^!$#&*
!$9�4��A'DXY,.9$5d4R!$%-,.� !$#A4R!d:;,P*�'6'�,AL i '$4r[.L %('64�@&@=*B�A:;*�:
!$,di m/.10 L;%-�F,.9�:;*B9w!$,d4.:&:�!$#&*W�&*B/ +3,.�A'D!$9$ZA+�!0!$, ILK N�H#&*�9$*�'�Z&<T!$%-�&\F!$9�4��A'DXY,.9$5d4R!$%-,.� i m/.10 �2i %('>*�e�ZA4�< !$,
/ �2i('!)+* �2i /]#&%(+�#SpDZA'D!_'�%-56@&<-%TQA*�'H!$,di('!)+*�N
�cX`!$#&*S�&*B/ +3,.�A'D!$9$ZA+�!1%('_�&,�!W:;*B9$%-UR4�C&<-*.L=!$#&*B� 4�� ��
 �
�D���R� 'D!$*B@ %('"4�@&@=*B�A:;*�: !$, i m/.10 LH%-� ,.9�:;*B96!$, 4.:&:
!$#&*F�&*B/ +3,.�A'D!$9$ZA+�!6!$, ILK N �H#&%('d'D!$*B@ 5d4R!�+�#&*�'SZ&@
/]%T!$#d!$#&* @ �$����# � @ � !$9�4��A'DXY,.9$5d4R!$%-,.�6%-� / N �H#&%('`@A4�%-9w,�X
'D!$*B@A'w4�9$*)�&,R/ 9$*B56,RU.*�:�%-��,.9�:;*B9 XY,.9`!$#&*_�&*B/ *32P!$*B��!
,�XV!$#&*7�&*B/ +3,.�A'D!$9$ZA+�!H%-� I 	� !$,SC=*7ZA'$4�C&<-*1CP["e�Z&*B9$%-*�'
@=,�'�*�: ,.� !$#&*8\.<-,.CA4�<0'$+�#&*B5d4&L <-*�4rUP%-�&\^!$#&*8,.9$%-\.%-�A4�<
!$9�4��A'DXY,.9$5d4R!$%-,.�>i('!)+*�N

G)\�4�%-�VLF!$#&* QA9�'D! !D/0, ,�X !$#&* 4�C=,RU.* +B4.'�*�' +B4�� C=*
#A4��A:;<-*�: !$,�!�4�<-<-[ 4�Z;!$,.5d4R!$%(+B4�<-<-[ 4��A: !$#&* !$#&%-9�: '�*B56%T?
4�Z;!$,.5d4R!$%(+B4�<-<-[ � �
�����;\.%-U.*�'JXYZ&9�!$#&*B9`:;*3!�4�%-<('�,�XA!$#&*]'�*�+3,.�A:
4��A:�!$#&%-9�:F+B4.'�*�'BN

�H#&*>4�C=,RU.*_!$9$*�4R!$56*B��!)4�<('�,64�@&@&<-%-*�'H%-�"!$#&*>+B4.'�*1!$#A4R!)4
�&*B/ '$+�#&*B5d4 I m���j7%('_4.:&:;*�:8!$,d!$#&*�'�*3!_,�X <-,;+B4�<�'$+�#&*B5d4.'
XY9$,.5 /]#&%(+�# ILK /H4.']:;*B9$%-U.*�:fL='�%-�A+3* I m���j7+B4��FC=*W!$9$*�4R!$*�:
4.'84�� *B56@;!D[ '$+�#&*B5d4 /]#&%(+�# %('F'�ZA+B+3*�'$'�%-U.*B<-[ *32;@A4��A:;*�:
/]%T!$# �&*B/ +3,.�A'D!$9$ZA+�!�'BN n %-56%-<(4�9$<-[.L�!$#&*�!$9$*�4R!$56*B��!6+3,RU.*B9�'
!$#&*w9$*B56,RUR4�<�,�XA4]<-,;+B4�<�'$+�#&*B5d4 I�� '�%-�A+3*`%T!�'�+3,.�A'D!$9$ZA+�!�'J+B4��
C=*>'�ZA+B+3*�'$'�%-U.*B<-[�+3,.��!$9�4.+�!$*�:d!$,d<-*�4rU.*74��8*B56@;!D[8'$+�#&*B5d4&N

� � � �(�!��� ��"��-� � �!��"

O * 4�9$* +3Z&9$9$*B��!$<-[ %-56@&<-*B56*B��!$%-�&\ !$#&* EHGJI %-��!$*B\.9�4R?
!$%-,.� 4�@&@&9$,�4.+�# :;*�'$+39$%-C=*�: #&*B9$*d/]%T!$#&%-� !$#&*",.�&\.,.%-�&\ G)Z;?
!$,	�^*�:^@&9$,�pD*�+�!14R!7E0%-9$bPC=*�+�bF4��A:^� 56@=*B9$%(4�<��w,.<-<-*B\.*�'�sg'�*B*

��
�	�����
���
�
�����������������������! �"��	�� 
���$#&%���� u�N b�%-\.Z&9$* � %-<T?
<-ZA'D!$9�4R!$*�'f!$#&*w5d4�%-��+3,.56@=,.�&*B��!�'V,�X;!$#&*HG)Z;!$,	�^*�:>'�[;'D!$*B5FN

�H#&* �^,;:;*B<��_*3QA�&%T!$%-,.�A' �J,P,.<>4�<-<-,R/)'8!$#&* 56,;:;*B<-<-%-�&\
+3,.�A'D!$9$ZA+�!�'14��A:^@&9$%-56%T!$%-U.*>!$9�4��A'DXY,.9$5d4R!$%-,.�A'),�Xw#&%-\.#;?c<-*BU.*B<
56,;:;*B<-<-%-�&\7<(4��&\.ZA4�\.*�'J!$,7C=*)'�@=*�+3%TQA*�:�%-�S!$*B9$5d'�,�X=!$#&,�'�*H,�X
!$#&*�<-,R/0*B9�?c<-*BU.*B<f#P[P@=*B9$\.9�4�@&#^:&4R!�4�56,;:;*B<Hsga �'� u�Nf�H#&*�'�*
:;*3QA�&%T!$%-,.�A']4�9$*7'D!$,.9$*�:�%-�"!$#&*(�^,;:;*B<*�_*3QA�&%T!$%-,.�A' �]*B@=,�'�%T?
!$,.9$[ s)� � �_u �
�
�cN

�H#&* n +�#&*B5d4.'�* �J9�4��A'DXY,.9$5d4R!$%-,.�A'��]*B@=,�'�%T!$,.9$[ s n � �_u
'D!$,.9$*�' !$#&* '$+�#&*B5d4.' ,�X :&4R!�4 '�,.Z&9�+3*�'BL %-��!$*B9$56*�:;%(4R!$*
'$+�#&*B5d4.'BLR\.<-,.CA4�<&'$+�#&*B5d4.'BL�4��A:>!$#&*H!$9�4��A'DXY,.9$5d4R!$%-,.��@A4R!$#;?
/H4r[;'JC=*3!D/0*B*B��!$#&*B5 �
�7�cN��H#&* n +�#&*B5d41�J9�4��A'DXY,.9$5d4R!$%-,.�+*

�$�



� �������	�
����
���������
��
�������������������

�  "!$#% �& d$'�()'Nd+*�,%-".0/2143"*5/4.
�  "!$#% �& d$'�()'Nd�/21768-".09:,814;<6�/ ! ,%-".

=>

=
?@,�A�'Nd

BC'5D�- ! / ! ,%-
E�,�,<d =>

F *  '�;<6
E�1768-".09:,814;<6�/ ! ,%-
G H -�/4' # 176�/ ! ,%-

E�,�,<d >

F *  '�;<6JI�(),<d$3�/ ! ,%-
E�,�,<d

K d$,%L�6UdNMO3"'512P
QOR / ! ; ! .2'51

K d$,%L�6UdNMO3"'512P
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Figure 2. The AutoMed Architecture
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4�<('�,dC=*>@=,�'$'�%-C&<-*.N]O *�4�9$*>ZA'�%-�&\�46XYZ&�A+�!$%-,.�A4�<�e�Z&*B9$["<(4��;?
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