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Type L
P

Transformation by action A

Type M

Predicate in property P relates objects
of type M to objects of type L.
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Start Finish
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Move by Flying

Move by Driving

Take off

Land
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Edge predicate: road(?from,?to)

Source variable: ?from
Destination variable: ?to

Map for drive

a b c d

e f g

a b c d

e f g

Source variable: ?from
Destination variable: ?to

Map for cross

Edge predicate: bridge(?from,?to)
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FSM for Mobile Objects

MP

Location Objects

"in" relates P objects to M objects

to L objects.
"at" relates P objects

"at" relates M objects to L objects.

FSM for Portable Objects

at

in

at

Feature 1

Feature 2

Feature 3

Feature 4

Feature 5

load

unload

Consider pre- and post-conditions
of load and unload actions.
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Restricted 
Mobile

Passenger Ignition Key

Driver

Portable

Location

Dynamic Map

Map

Static Map

Carrier

Mobile

Restricted 
Carrier

Driven
Mobile

Key-protected
Mobile

Driven Mobile
Key-protected Key-protected mobile

requires ignition key

Simple
Portable

between locations
accessibility

Map identifies

between locations
Mobile moves

Carrier carries portables

requires driver
Driven mobile
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P%P%[­VYq�P&fS\zXZR?\z[NP%[|VYlp\_^�VYq�P&gh[|VYP%v_U�T-VYPsr
l�n:l�VYP%X�~:ghleT [�ghXZR?\_UWV�T [8V+fSbNUWUYP%[|V&^�\|fSb�l+\_^p\_bNU+�]\ UY}�w
£�[ T_r�rNgmVYgh\z[ VY\ PS�:R�yh\zgmV�T-VYg�\_[ \ ^�lWR?P%fSg�T yhg�¤SPsr lWbN��lW\zyhjkPcUYl%~u�]P2q�TsjkP2T yhlW\Gg�rNP%[|VYg � P%r�lWR?P%f%g � f
q�PSbNUYghl�VYghf%l�VYqCT-VQfsT [��?P�T_RNR�yhghPsr�VY\6R�T UWVYghf%bNy�T-UuvzPS[�PSUYghf�Von:R?P%leVY\�ghXZRNUY\-jkP�R�y�T [�[�gh[Nv6PS¦­f%ghP%[�fSn|w
£�[�d:P%fSVYgh\_[ ¬6�]P�XZP%[|VYgh\z[�P%r¡VYq�PZ^�T_fSV*VYqCT-V��+qNP%[�T�rN\_X�T_gh[�f%\_[|V�T_gh[�l*\z[Nyhn ! � 
 " ��� " ����' # � ��� !
gmV�ghluR?\zlWlWgh��yhP­VY\�R:UYb�[NP�RCT-UWVYlu\_^]VYqNP�lWPsT-UYfcq�lWRCT f%P­VYqCT-VQ�+ghy�ya[�PSf%P%lWlYT UYghymn�y�P%Tzr�VY\6y�\_[�v6R�y�T_[Nl%w
�
P%f%T_b�lWP�VYqNghl�R:UYb�[Ng�[NvKqNP%bNUYghl�VYghf�ghl�[�\_V�lYT-^�P�VY\KbNlWP�gh[�T_yhy+VWU�T_[NlWR?\_UWV�T VYgh\_[ rN\zX�T gh[�l%~agmV�qCT_l
VY\��?P�UYPSfSUYb�gmVYPsr�^�\_U*bNlWPZPS�:R�yhghf%gmVYyhn|~AT l�T6f%\z[NlWPs�|b�P%[Nf%P­\_^
VYq�PZT R�RNUY\_RNUYg�T VYPZl�VWUYbNfSVYbNUYPSluqCTsj8g�[Nv
�?P%P%[¡g�rNP%[|VYg � P%r¡gh[�VYq�P­r:\zX�T g�[xwx�e[N\_VYq�PcUuq�P%b:UYghl�VYg�f�g�lQVY\�P%yhghXZgh[CT VYP�v_UY\zbN[Cr¡T_fSVYgh\_[Kgh[�l�V�T [�f%P%l
VYqCT-V+UYPS^�PSU+VY\ZbN[NUYPsT fcq�T_��yhPuX�T R6yh\|fsT-VYg�\_[�l%w�£�V+g�l¥R?\zlWlWgh�Ny�PuVY\­\_��lWPSUYjzP�T�f%\zXZXZ\_[CT y�gmVon6�?PcV��]PSP%[
lWb�f�q�q�PSbNUYghl�VYghf%luT_[�r�f%\z[|VWUY\_yLUYb�yhP%le\_^aVYq�P�lW\_UWV�PS�:R�yh\zgmVYPsr��|n�\ VYq�PSU¥UYP%lWPsT-UYfcqNPSUYl­¼��]T f%fcq8bNlQT_[�r
t�T_��T_[N¤sT �_Ã_ÃzÃ +?t�T_b:VY¤uT_[�r�d:P%yhX�T [�½s¾_¾ � +?tujzT-UY[�l�VWUY\_X�T_[�r�OQ\zqNPSUWV�n	� ÃzÃzÃ +C¸�T_b�PSV¥T y�wL½s¾_¾z¾zÁ
T_[�r��]P�T UYP�PS�:R�yh\ UYg�[NvZVYq�P�R?\zlWlWgh��ghyhgmV�n�\ ^=T_bNVY\_X�T VYghf�gh[�l�V�T_[|VYg�T VYgh\_[�\ ^=v_P%[�PcU�T_yLUYbNy�PSl�b�lWgh[Nv­VYq�P
gh[N^IPSUWUYPsr�l�VWUYbNfSVYbNUYPQ\ ^pvzP%[NPSUYghfS��V�n:R?PQf%yhbNl�VYPSUYl%w
�e[�g�[|VYPSUYPSl�VYg�[Nv­^�PsT-VYbNUYP*\_^
¨�©kªx«x¬�ghlegmVYle^�T_ghym��lYT ^�P��?P%qCTsj8gh\_Usw�£o^aTZrN\_X�T_gh[�^IPsT VYb:UYP%l�[N\z[�P�\ ^®VYq�P
}8[�\s�+[ f%yhb�l�VYPSUYl%~plW\�VYqCT-V­[N\¡lWR?PSf%g�T_yhgh¤%Psr VYPSfcqN[�g��|b�P%l�fsT_[ �?P6UYPSfSUYb�gmVYPsr�~EVYq�P�R�y�T_[N[�PSU�fsT_[ �?P
gh[8jk\z}kP%r�VY\�VWUWn�vzP%[NPSUYghf�lWPsT-UYfcq¡gh[�VYqNP�bNlWbCT yL�&T%n|wL¨�©kªx«�¬�ghl¥VYq�PSUYPS^I\_UYP�[�\_VQy�ghXZgmVYPsr�VY\�lW\zyhj8gh[�v
RNUY\_��yhP%XZl¥gh[�rN\zX�T gh[�l+VYqCT V � V¥VYq�Puv_P%[�PcUYg�fc��Von:R?P � [�v_PSUYRNUYgh[|VYl¥�
P�q�TsjkPulW\Z^�T UQrNP � [�Psr�w�§ qNPSUYP
VYq�PSlWP�f%T_[��?PZUYP%f%\_vz[Ng�¤SPsrx~=¨�©kªx«�¬�fsT [��?P%[�P � V�^IUY\_X VYqNPZ\zR�R?\ UWVYb�[NghVon�VY\�PS�:R�yh\zgmV�lWR?P%f%g�T_yhgh¤%Psr
T_RNRNUY\zT_f�q�P%l%w+£o[ \_VYq�PcU�fsT lWP%l%~+gmVYl�R?PSUW^I\_UYX�T_[Nf%P�ghl��NUY\zTzrNymn2f%\zXZR�T U�T_�NyhP¡�+gmVYq VYqCT-V�\ ^�\ VYq�PSU
b�[Ngh[N^�\ UYXZPsr�r:\zX�T g�[:��g�[�rNP%R?PS[CrNPS[8V
l�VWU�T VYP%v_ghP%l%w

� � � ��´ � ���

£�[�\_U�r:PSU+VY\­r:P%XZ\z[Nl�VWU�T VYP�VYqNPQbNVYghyhgmV�n�\_^®\_bNU¥T R�RNUY\zT_f�qA~8�]PuR:UYP%lWP%[|V¥r�T-V�T�v_P%[�PSU�T-VYPsr�bNlWg�[Nv�Vo�]\
VWU�T_[NlWR?\_UWV�T-VYg�\_[�rN\_X�T_gh[�l]^IPsT VYb:UYg�[Nv�rNgm¢�PSUYP%[|V&VWU�T [�lWR?\_UWV�T-VYgh\z[�f%yhbNl�VYPSUYl%w?Å]qNP%lWP�rN\_X�T_gh[�l¥T UYP
½zw � �(� � �5��� ! '>�>� ! �:�:
 ����
 # �5� ��� 
 # �&
��*Å]qNghl�rN\_X�T_gh[�^�P%T VYbNUYPSl�T lWg�XZRNyhP VWU�T [�lWR?\_UWV�T-VYgh\z[

f%yhb�l�VYPSU&T_[Cr­f%T_[��?Peq�T_[Cr:yhPsr­b�lWgh[�v�VYq�PQ¨�©kªx« 4�l�n:l�VYP%X ¼�lWP%P¥�?P%yh\s�eÁcw:§KPeR:UYP%lWP%[|V
T*lWbN��lWPSV
\_^®VYqNPu�e£�»
d|� � ÃzÃ_Ã�f%\zXZR?PcVYghVYgh\_[��ur�T-V�T�lWPSVYl+f%\_XZR�ghyhPsr6�|n9<CT_qNghP%X �]T_fSfcq8b�l%w

�
B %<' 20-(,��>-H/�'*)�-(4!/�12.�-	40R�F R�40-(-(12-(3 D .�FG;�'�/�1 /+12.�-I%<'PR2,B12- L )+'P:�K�'P-<)�12,(3�'�N,D .�R2.�)940,<.(N	,(E()+12-(3�/+%(' �!/�%
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J+HI@��L7-5 � � Â�b�T_yhgmV�n·\_^�RNy�T [�l�^�\ Us~+T_[�r·VYghXZP�f%\z[NlWb�XZPsr VY\�lW\zyhjkPz~]»pUY\_��yhP%XZl6Ã��8À_Ã�g�[·VYq�P
� UYl�V �A\_vzghl�VYghf%l+RNUY\z�NyhP%X1lWPSVsw$< <KT_[Cr6¨�©kªx«�T-UYPe^�T l�VYP%l�V 7�ÅE���xR�y�T_[N[�PSU&ghl]lWyh\s�]PcU&VYqCT_[ZVYqNP¥^Ib�yhymn
T_b:VY\zX�T-VYPsrKR�y�T [�[�PcUYl�\z[�VYqNghl�R:UY\z��yhP%XÄlWPSVs~ET_[�r�g�XZX�b�[NP�VY\�jzT-UYg�T VYgh\z[Nl�gh[�VYq�PZR:UY\z��yhP%XZl%wL£oV
\-jkPSUWV�T }kP%l�VYq�PZ\_VYqNPSU�R�y�T_[N[�PSUYl*T V�T UY\_b�[�r�»pUY\_��yhP%X ÀzÃ8w®¸�\ VYP­VYqCT V*VYq�P­VYqNghfc}¡yhg�[NP�q�ghvzqNy�ghv_q8VYl
¨�©kªx«�T_[Cr�VYqCT-V¥VYqNPQv_U�T R�qNleT-UYPuyh\zv_��lWfsT yhPsrxw

�8w � �(���  $�&� ��� 6��:�3��� 
 # �&
 � � ' ��
� $� '>� " ��� ���:�����:� ! ��Å]qNP·VWU�T_[NlWR?\_UWV�T-VYg�\_[�f%yhb�l�VYPcU�gh[ VYq�ghl
rN\_X�T_gh[ f%\z[|V�T_gh[Nl�r:UYghjkPSUYl�T [Cr r:UYghjkP%[ �5� 
 
� '>�&
 �KXZ\_��ghyhP%l%w¥Å]q�P�b�lWP�\_^�VYqNghl�rN\_X�T_gh[
rNP%XZ\_[�l�VWU�T-VYP%lZVYq�P�vzPS[�PSU�T y�gmVon�\_^uVYqNP�[�\ VYg�\_[ \_^�XZ\_��ghyhghVon·VYq�T V ����� f%T_[ g�rNP%[|VYgm^In|~
T_[�r
VYqCT-V&fsT_[6�?P�PS¦­f%ghP%[|VYyhn�q�T_[Cr:yhPsr��+gmVYqNg�[�¨�©kªx«�¬8~:�+q�ghyhPQf%\zXZRNyhPSVYgh[�v�VYq�P�UYbN[�[�gh[Nv�PS�NT XZR�yhP
b�lWPsr�gh[�VYq�ghl+fcq�T_R:VYPSUsw

Å]q�P­r�T V�T�ghy�yhbNl�VWU�T VYP%l*R?PSUW^�\ UYX�T_[Nf%P­\_^¥¨C©zªA« 4�g�[�VYq�P �A\zv_ghl�VYg�fSl�r:\zX�T_gh[ ¼��?P%fsT b�lWP­�]P�RNUYP%lWP%[|V
q�ghl�VY\ UYg�f%T_y�r�T-V�T:~kT_l
XZPS[8VYgh\_[�Psr­T �?\-jkP-ÁpT_[CrZ¨C©zªA«x¬�gh[­VYq�P2�
bNyhy�r:\z¤%PcU&rN\_X�T_gh[Aw8¨�©kªx« 4�¼�<N\-��T_[�r
�A\_[�v �_Ã_Ã:½sTzÁLghl®T_[*PsT UYymnujzPSUYlWgh\z[*\_^?¨C©zªA«x¬+T_�Ny�PaVY\+f%\zR?Pa�+ghVYq*\z[NymnQVYq�PalWghXZR�yhP%l�VEVWU�T [�lWR?\_UWV�T-VYgh\z[
f%yhb�l�VYPcU®f%\z[|V�T g�[Ngh[�v�XZ\_��ghyhP%l%~-R?\_UWV�T ��yhP%l%~_T_[�r*yh\|fsT-VYgh\z[�lp\_[�lWghXZR�yhPaX�T_RNlLf%\_[8V�T gh[�gh[�ve[�\¥lWb���R�T UWVYl
\_U�VWU�T [�lWgmV yhgh[�}8l%w­¨C©zªA«x¬ PS�8VYP%[Cr:l ¨�©kªx« 4 VY\Gq�T_[�rNyhP�XZ\_UYP·f%\zXZRNyhPS� f%yhb�l�VYPSUYl%w*¸e\z[|VWUYghj:g�T y
gh[�l�V�T [�f%P%l+\ ^EVYq�P �=b�yhy�rN\z¤SPSUQr:\zX�T g�[x~8�+q�ghfcq�^�PsT-VYbNUYP%leT_[6PS�NT_XZRNy�P�\_^pT�XZ\ UYP�f%\_XZR�yhPS��f%yhb�l�VYPcUs~
T UYP=�?PSn|\_[CrQVYq�PafsT_R�T_�Ng�yhgmVYghP%lp\_^N�NUYb:VYPS��^�\_UYfSP
R�y�T [�[�gh[Nvel�VWU�T-VYP%vzghP%l%w:¼�§�P
rNghlWf%bNlWlLVYq�ghlEghlWlWb�Pa^�b:UWVYq�PSU
gh[�UYP%y�T VYgh\_[�VY\ <Eghvzb:UYP�½ �8w ÁE£�[*VYq�P]UYP%X�T g�[�rNPSUp\ ^?\zb:UaPS�:R?PSUYghXZP%[|VYl%~ �
P&f%\zXZR�T UYP¥¨�©kªx«x¬¥�+gmVYq < <
�?P%fsT b�lWP�< <�ghlpT�RNy�T [�[Ng�[Nv�l�n:l�VYP%XGVYq�T Vpghl®jkPSUWn�lWghXZghy�T UpVY\eVYqNP]vzPS[�PSU�T yNRNy�T [�[Ng�[Nv�f%\ UYP&\_^A¨�©kªx«�¬|w
Å]q�P�f%\zXZR�T UYghlW\z[�VYq�PcUYPS^�\ UYPZT_yhyh\s�+lub�l�VY\�Æ�b�rNvzP*VYq�P*PS�8VYP%[|V�VY\��+q�ghf�q¡VYqNP�PS�:RNy�\_gmV�T VYgh\z[�\_^aVYq�P
vzPS[�PSUYghf&l�VWUYb�fcVYbNUYP&T [CT_ymn:lWghlpRNUYP%lWP%[|VYPsr*gh[�VYq�ghlpf�qCT_R:VYPSUpf%\_[8VWUYgh�NbNVYP%lEVY\¥VYq�P]R?\s�]PcU=\ ^CVYq�P
R�y�T_[N[�PSU
T_[�r­VYq�P¥PS¦Zf%ghP%[NfSnZ\_^xVYq�P¥R�y�T [�l
gmV
vzP%[NPSU�T VYP%l%w*< <¡g�l
\z[�Pe\_^xVYq�P+XZ\zl�V
lWb�f%fSP%lWl�^�bNyx\ ^AVYqNP+f%bNUWUYP%[|V
vzPS[�PSU�T-VYg�\_[�\_^QrN\_X�T_gh[N��gh[Cr:P%R?P%[Cr:P%[|V�RNy�T_[�[NPSUYl�T_[�rx~pgh[Cr:P%Psr�~®^�\_U�VYqNP�f%\_y�yhP%fcVYg�\_[�\_^���bNy�y�r:\z¤%PSU
RNUY\_��yhP%XZlu�]P�f%\_[�lWg�rNPcUs~®[�\¡ºeU�T R�q�RNy�T_[N����T_lWPsrKRNy�T_[�[Ngh[�v�VYP%f�q�[N\zyh\zv n�\_U­dN�aÅ
��R�y�T_[N[�gh[�v ���CT_lWP%r
VYP%f�q�[N\zyh\zv n�ghl¥T_�Ny�PQVY\�lW\zyhjkPuP%jkPS[6VYq�PulWX�T yhy�PSl�Ve\ ^EVYq�PuR:UY\z�Ny�PSXZl%w
Å]q�P+v U�T_R�qNl=gh[ <Eghvzb:UYP%le½s¬uT_[Cr�½s¿ulWq�\s�·q�\s� ¨�©kªx«
4uR?PSUW^I\_UYXZPsr­gh[­f%\_XZRCT-UYg�lW\_[­�+gmVYq6Tur:ghjkPSUYlWP
U�T_[NvzPZ\ ^]VYq�P­�?PSl�VW�oR?PcUW^�\_UYXZgh[Nv�R�y�T [�[�PcUYlug�[¡VYq�PZ�¥£�»=d8� �_Ã_ÃzÃ�fS\zXZR?PSVYgmVYgh\z[x~A\_[KR:UY\z��yhP%XZlQ^�UY\zX
VYq�P��x\zv_g�l�VYghf%l­r�T V�T�lWPcVsw®Å]q�P�RNy�T [�[NPSUYl�bNlWPsrK^�\ U�fS\zXZRCT-UYghlW\z[ T UYP=< < ¼���\ ¢�X�T_[�[KT_[�r�¸�P%�?P%y
�_Ã_ÃzÃzÁc~_�QdN»®� �u¼��=\z[�PcVpT_[�r�º�Pc¢�[�PSU]½%¾z¾
�zÁc~_ÅE���xR�y�T_[N[�PSU
¼�tujzT-UY[�l�VWUY\_XGT [CruOQ\zqNPSUWV�n �_ÃzÃ_ÃkÁc~_T_[�r
d:� �Q» ¼�¸�T_b­PcV]T y�wN½s¾_¾z¾kÁcw|Å]q�P �A\_vzghl�VYghf%l&r:\zX�T_gh[*�&T_l=RNUYP%lWPS[8VYP%r�gh[­V��
\QlWPSVYla\_^�RNUY\_��yhP%XZl%wkÅ]q�P
RNUY\_��yhP%XZlQgh[NfSUYPsT_lWP%r�gh[�r:gh¦­f%b�ymV�n�T_[Cr�VYq�P�lWP%f%\z[�r¡lWPcV�f%\zXZR:UYg�lWP%r¡y�T UYv_PSU�¼�T_[�r¡qNP%[�f%P�qCT-U�rNPSUcÁ
RNUY\_��yhP%XZl]VYq�T_[6VYqNP � UYl�Vsw
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J+HI@��L7-5 ��5 Â�b�T_yhgmV�n \_^eR�y�T [�l�^I\_Us~=T_[�r�VYghXZP�f%\z[NlWb�XZPsrKVY\¡lW\zyhjkP_~a»pUY\_��yhP%XZl � Ã���4zÃKgh[�VYq�P
lWP%f%\_[Cr �A\zv_ghl�VYg�fSleR:UY\z��yhP%X1lWPSVswCÅ]qNPur�T-V�T�f%\_XZRCT-UYP%l]VYqNUYP%Pe^�b�yhymn6T_b:VY\zX�T VYP%r�RNy�T [�[NPSUYl%~�¨�©kªx« 4:~
�ud:»p� �|~aT_[Cr < <
~p�+ghVYq V��
\�q�T_[Cr8��V�T_ghyh\_UYPsr R�y�T_[N[�PSUYl%w]¨�©kªx«
4KghlZRNUY\8r:b�f%gh[�v�VYq�P��?P%l�VW�o�8b�T_yhgmV�n
R�y�T [�l+�?P%fsT b�lWPu\_^pgmVYl+ghXZRNUY\-jkPsr�q�PSbNUYghl�VYghfuP%l�VYghX�T VYPzw

Å]q�P�fS\zXZR?PSVYgmVYgh\z[·f%\zXZR:UYg�lWP%r2T�^Ib�yhymn�T bNVY\zX�T-VYPsr VWU�T fc} T [Cr2T�qCT_[�r:��f%\8r:Psr VWU�T fc} gh[2�+q�ghf�q
R�y�T [�[�PcUYl��]PcUYP6T yhy�\s�
Psr VY\�bNlWP�q�T_[�r:��V�T_ghyh\_UYPsr r:\zX�T_gh[�}8[N\-�+yhPsr:vzPzwp£o[KVYq�PZUYP%lWbNymVYl�RNUYPSlWP%[|VYPsr
q�PcUYPz~E¨C©zªA«
4:~ < <
~AT_[�r��QdN»®� ��T UYPZT yhy=^�bNyhyhn�T bNVY\zX�T-VYPsrx~��+qNg�yhP�ÅE� �ARNy�T [�[NPSU*T_[�rKd8� �Q» b�lWP
qCT [Cr8�ofS\8rNPsr�f%\z[|VWUY\_yA}8[�\s�+yhPsr:vzPzwNOQP%lWRNghVYPQVYqNPQT_rNj_T_[|V�T_v_Pu\_^®�?P%gh[Nv�lWb�RNR�yhghPsr��+gmVYq�q�T_[�r:��f%\8rNP%r
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