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A�B�CED;F�G�HJI�KML4N�OPC8N�QRG
STKMU4VWVYXZF[LJQ�CYN2L
D\O8B2L]F�UJO^U_V^U4Na`
I2Ub`�LcOYB2UJOPB�U
D\daL
L4N�I2DRL
F*O^GeF�LbD5HfSTCYd2LgF�U4OhUcC8N�O8B2L
ijG
STKMU4VlkmI2D�CYN2LbD5D2noSRG�HbLbDfD�pqG�F�L4VYV8CYN2`srmU4Na`tIaU�`uLsv8iokmnopwrmxTy
z  !�����T�]���.�����a{�,������������T�|�# !"}$~&
i�k-nopwr�CED�UPKMLJSR`tC8Na`�U4NaF�UbF�U4��O^UJOYC^G
N�G
Q-O^�%G�SRL
HbG�`tN�C^DfLbF���S5G�H�LbD5D�KMG�F�L4V8VYC8N2`�VEU4Na`tI2U�`�LbD%v�nopwr-x���n=��r
�����]U4N2FZ���%�jij���8����y%n=��r���SRG
��CEF�LbDMQRG
S�KMU4V]D5L4KgU4N�O8C^HbDMQRG
S�HbG
K#KMG
N�VWX�D�B2U4S5LbFZ��S5G�HbLbD5DMKMG�F�L4V8VYC8N�`
H
G
N2HbL4��O^D-UbD���L4VYV�UbD�OYB2LbG
S�C^LbD�DTI2HJB�UbD�D�CYOYI2UJOYC^G
N�HbU4VEHfI�VYI2D�O8B2U4O�DTI����2G
STO�OYB2L.I2D5L%G
Q-DTI2HJB�HbG
N2H�LJ��O^D5yb�!D�C8O�C^D
F�L
DTC^`tN2L
FgOEGMdaLMUJN�C8N�O^L4S5HfB2U4N2`�L!V^U4Na`tIaU�`uLcd2L4OE��L�LJN�F
C8Q�QRLfS5L4N�O���S5G[H
LbD5D�VhUJN�`�I�U
`�LbD5��CYO�HbG
�2LJSRD�OYB2LgHbG
S5L
H
G
N2HbL4��O^D2CYN\nopwr-�
d�I�O�F�G[L
DaN2G
Ol��S5G
��C^F�L=��CEDTI2U4VlN2G
OEU4OYCEG
N2D.G
S�K�G�F�L4V�F�L4�2L4V^G
��K�L4N�OlK�L4OYB2G�F�D5y
������ij�PC^D�G
STCh`tCYN2UJO^LbFPQ�S5G
K KMU4N�I�Q5U�H4OYI�STCYN2`�L4N���C8SRG
N�KgL4N�O�U4N2F�C^D�G
NaLPG
Q�OYB2L¡STChH4BaLbDTOlKML4O8B2G�F�D�U4�2U4CYVEU4d�VhL¡C8N
O8B2L|��SRG�HbL
D5D�KMG�F�LJVYVYC8N2`¢HbG
K!K#I�N�CYOWX�y}�£Oc��S5G
��C^F�LbD���CEDTI2U4VcN2G
OEU4OYCEG
N2D�U4N2F¤U|S�CEH4B¤KMG�F�L4V8VYC8N2`�KML4O8B2G�F�y
¥!L4�2L4STOYB2L4V^LbD5D5�
C8O^D.DfL4KMU4N�O8C^H=CEDaCYN�Q5G
S�K�U4V�U4N2FsC8O^DaK�G�F�L4V^D2OYB2L4S5L4QRGbSRLjKMU5X�daL�G
�2LfN\OEGsCYN�OEL4S���S5L4O^U4O8C^G
N2y
��O.CEDsOYB2L4S¦LJQRG
S¦L�I2DfL4Q�I�V.OEG]H
G
K!d�CYN2L�O8B2L�O^�%GgF
CYQ�QRL4SRLfN�O.K�L4OYB2G�F�Df��CEy§Lby�O^Gg`uUJCYN�UbF
�2U4N�O^U�`�LbD�Q�SRG
K�OYB2L�S�C^HfB
K�G�F�L4VYV8CYN2`PKML4O8B2G�F%Q�SRG
K¨���%�jij�!U4N2F%��S5G
��C^F�LmC8O=�-C8OYBMU�QRGbSTKMU4V=D5L4K�U4N�O8C^HbD©U4N2F�N2LbHbL
D5DRU4S^X�OYB2L�G
STC^LbD�Q�SRG
K
n=�ur-��DfG�OYB2U4O2S¦LbU
D5G
N�CYNa`}KgLbH4B2U4N�CEDTK�U4N2F�QRGbSTKMU4V¡U4N2UfVWX�DTC^D�KMU5X#d2L�H�U4STS^X�G
I�O¡GbNcOYB2G�D5L-KMG�F�L4VED5yªi�k-nopwr
CED.DTI2H4B;UjKMG�F�L4V8VYC8N2`©V^U4Na`tIaUb`�L
y
�# !"}$~&�()���T�]&}���a+-,.�[+��
A�B2L|iok-nopwr��_U4OEU�rmU4Na`tI2U�`�L«v8i�k-nopwr

-
��rmx#CED�Q�C8SRDTO

-
G
SRF�LJS¦LbF�y�A�B�C^DwF�G�H4I�K�L4N�OcI2D5LbD�O8B2L«D�X�N�OEU�H4OYCEH

H
G
N��2L4N�OYCEG
N\OYB2U4O/B2UbDad2LbLJN�I2DfLbFsCYN\noSRG
VEG�`©O^Gs��S5LbDRL4N�O/OYB2L=iok-nopwr
-
��r-y

ijG
I�Sa�2UfS�OED.U4SRLjCYNaH4V8I2F�LbFsCWN\OYB2Lji2k-nopwr)F�U4OEU=V^U4Na`tIaUb`�L
�

• 
ijG
I�N2F�UJOYC^GtN2U4VlpqG�F�LJV^¬

• ­ G
SRLj�cU4OEU¡rmUfNa`tI2U�`uLb¬
• 

��®�O^LJN2DTC^G
N\�!U4OEU¡r-U4Na`tIaU�`�Lb¬
• Meta-

��SRL
F
ChHbU4OELbD.G
Q�iok-nopwr-y
A�B2L�QRG
I�N2F�U4O8C^G
N2UJV2K�G�F�L4VoCYN2H4V8I2F�LbD�OYB2L�I2D5L�G
Q�VEG[`�C^H!�E¯
�¦�8°u�jU4N2F}OYB2L�Q�I�N2F�U4K�L4N�O^UJV¡H
G
N2HbL4��O^DmG
Q©D5L4OoOYB2L
G
SJX
O8B2U4O�B2UbD�d2L
L4N�I2DfLbF���S�C8KgU4S�C8VWX���ChU!O8B2LMH4VhUbDfD�SRL4VhUJOYC^G
N2�

subclass_of
�-U4N2F�KMLfK#d2L4SRDTB�C8�)Q�I�N2H4O8C^G
N2�

in/2.p«U4OYB2L4K�U4OYCEHbU4V/OYB2LbG
S^XcG
N\OWB2L=K�U4N�CY��I�VEU4OYCEG
N;G
Q�CYN�OELb`�L4S5�
SRU4O8C^G
N2U4V�UJN2FsSRL�U4V/N�I�K!d2L4S5D.U4S¦LsU4V^D5GsC8N2H4VYI2F�L
F�y

­ G
N2HbL4��OED5�P��SRLbF
CEHbU4OELbD)U4NaFqQTI�N2H4OYCEG
N2DeG
QMd2U
H4±2`
SRGbI�N2F«OYB2LbG
STC^LbD�OYBoU4O*U4SRL�I2D5L
FqC8N²O8B2LwVEU4N2`tI2U�`uLqUfS5L
i
N2H4VYI2F�L
F�CYNwOYB2L�ijG
I�N2F�U4OYCEG
N2U4Vsp«G�F�L4V\U4N2FwF�L
D5H4S�C8daLbF�CYNwn=U4STO��4y�noS�CYK#CYO8CY�2L#�uS5LbF
C^H
U4O^LbD!UfSRL#C8N�OYSRG�F
I2H
LbF
B2LJSRL�U4N2F���CYV8Vld2L=I2DfLbFsO^G�F�L4QTCYN2L�G
O8B2L4S���SRL
F
C^H�U4OELbD5y

­ G
SRLPF�UJO^U¡V^UJN�`�I2U�`uL¡CYN�O8SRG�F
I2HbLbD�H
G
S¦L¡��SRLbF
CEH�U4O^L
D�U4NaFPQTI�N2H4OYCEG
N2D�O^G�OYBoL¡i�kmnop�r�F�U4OEU¡V^U4Na`tIaU�`uL
y�A�B2L5X;U4S¦LQTI�N2F�U4KMLJN�O^U4V�U4N2FwHbG
K#KMGbNqHbG
N2H
L4��O^D}OYBaU4OmKMU5X]d2L!I2DfLbF�QRG
ScU4VYV�U4����V8C^HbUJOYC^G
N2D!G
Q�O8B2L�V^UJN�`�I�U�`�LbyaAjB2L4CYS
F�LJQ�CYN�C8OYCEG
N2D|U4S5L�`tC8�2L4N�C8N¢OYB�C^D]F�G�H4I�KMLJN�O^D;I2D£CYN2`)N2U4OYI�S5U4V#VEU4N2`tIaU�`uL
y©A�B2LbDRL³D5L4K�U4N�OYCEHbD;K�UfX~UJV^D5G�d2L
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F�LJQ�CYN2L
F]CYN³O^L4S�K�D�G
Q#QRG
I�N2F�U4OYCEG
N2U4V!G
SMHbG
S5L�iokmn2pwr'V^U4Na`tI2U�`uLb�}`tC8�2L4N³O8B�UfO%OYB2LfX�B2U4�aL;d2L�L4N¢F�LfQ�CYN2L�F
��S5G
�2L4S�V X�U4N2F�B2U4�2L\N2G
O-d2LbL4N|S5LbH4I�SRD�CY�2L4V XeF�L4QTCYN2LbF

–
C^y§Lby=U�F�LJQ�CYN�C8OYCEG
N|�2U4O8B]O�B2U4O-V^L
UbF�D}OEG;C8O^D5L4V8QRy ­ G
SRLi�k-nopwrMC^D�`�CY�2L4N\C8N\n=U4S�O��T�.GbQaOYB�C^D¡F�G�H4I�KML4N�OEy

A�B2LPL4®�OEL4N2DTC^G
N�F�UJO^U¡V^UJN�`�I�U
`�L¡CYN2H4V8I2F�LbD���SRLbF
CEHbU4OhLbD�UfN2F�QTI�N2H4OYCEG
N2D�OYB2U4O�U4SRL.CYN�U�F�F
C8OYC^G
N2UJV�O^G�OYB2LPH
G
SRLPF�U4OEU
VEU4N2`tIaU�`uL�O8B�UJO.B2UbDsdaLbL4N]��SRG
��CEF�LbFcd/XMiok-nopwr-yoAjB2LfXeU4S¦L�I2D�I�UJVYVWXeF�LJQ�CYN2L
F;d�X�OYBaL�I2D5LfS\U4N2F]UfS5L_GbQ�O^LfN
UJ����VYC^H
U4OYCEG
N;U4N2F\F�G
KMUJCYN

-
F�L4�2LJN2F�L4N�O^y
A�B�C^D2CYN�QRG
STKMU4O8ChG
N\C^D¡`tCY�2L4N\C8N\n=U4S�Ol�����fy

Meta-
��SRLbF
C^HbU4O^L
D�`tCY�2LsF[LJQ�CWN�C8OYC^G
N2D2QRG
S�G
O8B2L4S���S5LbF
C^H�UJO^LbD.UJN2FsKMU5X_F�LfQTCYN2L�UJ®[CEG
KMD.G
Q.U4N;U4����V8C^HbU4O8C^G
N

K�G�F�L4V^y
A�B2LfX�UJS¦L�F�L4QTCYN2LbF�C8N\n¡UJS�O����!y
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 ��� �a���/����������"}���/{a�������T�[������{|�#,.�����������.�����a�\���.��()���T�
&}����+�,.�[+-� �
¯
y ­ G
N2HbL4��OE� N�I�K#d2L4S	�¦¯
A�B�CEDaV^U4N2`�I2U�`�L�U4V8V^G��%D.U4VYVlN�I�K!d2L4S5DaOYB2U4O/KMU5X�d2LsL4®���SRLbD5DfLbFsI2DTCYNa`©noS5G
V^G�`©V^U4Na`
I2Ub`�Lby
°�y ­ G
N2HbL4��OE�lHbG
N2D�O^U nt/1

�Z�2U4V8C^F\HbG
N2DTOEU4N�O/KMU5X�d2LPG
Q.U4N/X�N�I�K!d2L4S.GbS�U4N[X�I�N�d�SRG
±2LJN;D5L�

I2L4NaHbLsG�Q.D�X�K#d�G
VEDad2Lb`tC8N�N�CYNa`���CYO8B;U
lower-

H�U
D5L=V^LJOYO^LfS5�
C^y§L
y�U
- � �E¯
�Ey

��y ­ G
N2HbL4��OE� �2U4STC^UJd�V^L��¦¯
�Z�2U4V8C^Fs�2U4STC^U4d�VEL=C^D¡F�L4N2G
OhLbFsd�X�U4N\I�N�d�S5G
±aL4N;D5L�

I2LfN2HbLsG
Q�DEX�K#d2G
V^D.D�O^U4STO���CYOYB;UJN\I����2L4S

-
H
UbD5LPH4B2UfS5UbH4OhL4S5�

i
y§Lby
�

-
 ��G
S�I�N2F�L4S5D5HbG
S¦L
�����
Q5G
VYVEG���LbFsd[X_UJN/X�N�I�K!d2LfSRD¡G
Q�H4B2UfS5UbH4OhL4S5D5�
I�N2F�L4S5DRHbGbSRLbD¡G
S�N�I�K!d2LJSRD5y
� y ­ G
N2HbL4��OE� V8C^DTO���¯
�ZVYCEDTOlCED.U�v n2S5G
V^G�`�x[VYCEDTO�H
G�N2D�C^DTOELbF\G
Q�U4N;UJS�d�CYO8SRUfS^X�N�I[K#d2L4SRD¡G
Q�HbG
N2DTOEU4N�OED5�
�2UfS�CEUfd�V^LbD5�
N�I�K#d2L4SRDf�
VYC^D�O^D.U4N2F
�2UJVYC^Fsi�k-nopwrMO^LJS�K�D5y
� V8ChDTO/KMUfX_UJV^D5Gsd2LPU4N;LJK!��O X�VYC^DTOEy
� y ­ G
N2HbL4��OE�lDTO8S�C8N2`���¯
� DTO8S�C8N2`eC^D]U�v noSRG
V^G�`ux�DTOYSTCYN2` G
Q�UfSTd�CYOYS5U4S^XZV^L4Na`tOWB G
Q�H4B2UJS¦UbH4OEL4SRDf�©CYN2H4V8I2F
CWN2`eO8B2L*I2D5L�GbQ�U

- � �©� -
 �N�I�K#d2L4SRDf��I�N2F�L4SRDRH
G
SRLbD5�uB�X���B2L4N2Df��d�S5U�H4±2L4OED5��D5L4K#C
-
H�G
V8I�K!N2D�U4N2F_H
G
VYI�K#N2D5��D5Lf�2U4S5U4O^LbF�d[XMDT�2U
H�LbD=OYB2UJO-U4S¦L

d2LJCYN2`�

I2G
OELbFsd/X�O^�%G\DTC8N�`
VEL�

I2G
O^L
D5y
�~D�OYS�C8N2`©KMU5X�UfVED5Gsd2L�U4N;LJK!��OWXcDTOYSTCYNa`u�
CEy�L
y�����y
� y ­ G
N2HbL4��OE� OEL4S�K���¯
�²�2U4VYCEF�O^L4STK�C^DPU�HbG
N2DTOEUfN�O^�u�2U4STC^U4d�VELb��N�I�K#d2L4SR�uV8C^DTOE�aDTO8S�C8N2`;G
S%UJN2G
OYB2L4S���S5LbF
C^H�UJO^LsOYB2UJO�BaUbD¡d2L�L4N]F�L4Q�C8N2LbF
d�X�OYB2L=Q5G�I�N2F�UJOYC^GtN2U4V^��HbG
SRLPU4N2F\L4®�O^L4N2D�C^G
N;F�U4OEU=V^U4N2`�I�U
`�L�G
Q�O8B2L¡i2k-nopwr-y
��y ­ G
N2HbL4��OE� C8N��^°
C8N2v�pq���!xaC^D¡O8BaL\D5L4O�VEG�`tC^H�U4V�G
�2L4S¦U4OEG
S �4KML4K#d2L4SRD�B�CY�"!sO^G�CYN2F
CEHbU4OELPO8B2U4O�p CEDPUPK�L4K!d2LJS}G
Q�OYB2L\�oL4O#�!y��TN
i�k-nopwrm��U�DRL4O/C^D¡HbU4��OYI�S5LbF�I2DTCYN2`mOYB2L�HbG
NaHbLJ��O

List
y
��N;UJ®[CEG
K�HbUJN\OYB2L4S5L4QRG
SRL=d2LPF�LbD5H4STCYd2LbFsdaL4VEG����

C8N2v�pq���!x%$ O^LfSTKMv pqx
∧
V8ChDTO^v&�cx

��y
i�I�N2HJOYC^G
N2�/U4O^G
K���¯

atom(Term)

�%O^G
K���¯jCED.U=Q�I�N2HJOYCEG
N\OYB2U4O/SRL4O8I�S�N2DaO8S�I2Lb�
C8Q�AsL4S�K²C^D.U¡�2U4V8C^Fsi�k-nopwreHbG
N2DTOEU4N�O^¬/GbOYB2L4S5�-CED5Lb�
CYO/SRL4O8I�S�N2D
Q5U4V^DfLby
' y
i�I�N2HJOYC^G
N2�/U4O^G
K#C^H(��¯
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atomic(Term)

�%O^G
K#C^H��¦¯jC^D.UjQ�I�N2H4O8C^G
N\O8B2U4OlS5L4OYI�STN2DaOYSTI2Lb�
CYQ�A©L4STK'CED�U=�2U4VYCEF\HbG
N2DTOEU4N�O�G
S.U=N�I�K!d2L4S5¬lG
O8B2L4SR��C^D5L
�
CYO
returns

QRUJV^D5Lby
¯ � y
i�I�N2HJOYC^G
N2�/HbG
K#�2G
I�N2F���¯

compound(Term)

H
G
K!�2G
I�N2F���¯jCED.U=QTI�N2H4OYCEG
N\OYB2U4O/SRL4O8I�S�N2DaO8S�I2Lb�
C8Q�O8B2L¡A�L4STK'CED.U=�2U4V8C^FsOEL4S�K²O^GsOYB2L¡i�k-nopwrMV^UJN�`�I�U�`�L��-C8OYB
UJS�CYOYX���G
N2Lb�
C^y§Lby
C8OlCED.L4C8OYB2LfS�UjVYC^D�O�G
S�UsDTOYSTI2H4OYI�S¦L
y���OlS5LfOYI�STN2DaQRU4VED5Lb��G
O8B2L4S¦��C^D5L
y
¯�¯
y
i�I�N2HJOYC^G
N2��C^D �uVYC^D

t/1

CED ��VYCEDTO^v&�cx�SRL4O8I�S�N\O8S�I2Lb�
C8Q �ZC^D.U=�2UJVYC^FsV8C^DTO/O^GsO8B2L=i�k©nopwr�VEU4Na`tI2U�`�Lb¬�QRU4VED5Lb��G
O8B�LJSR��C^D5Lby
¯
°�y
i�I�N2HJOYC^G
N;v A�S�I�O8B

-
i�I�N2HfOYCEG
N2U4V ­ G
N�N2LbH4O8CY�2LbxT�lG
S	�¦¯

or(X)

�ZC^D¡U=VYCEDTO�G
QaO^L4STKMDaO8B2U4OlK�UfX�BaU4�2L=O8S�I�O8B;G
S�QRU4VEDTCYOYX��aU4VYI2LsD5L4�2UfSRUJO^LbFsd[X�HbG
K#KMU�D5����B2L4S5LPLbUbH4B�HbG
K#KMU
F�LJN2G
O^LbD.UsHbG
N��^I�N2HJOYC^G
N2y
AjB2L=V8C^DTO/CYO^DfL4VYQaC^D.��S�C8OYO^LJN\CYN ­ G
N��^I�N2H4O8CY�2L=¥!G
STKMU4V/ijG
SEKMy
¯
��y
i�I�N2HJOYC^G
N;v A�S�I�O8B

-
i�I�N2HfOYCEG
N2U4V ­ G
N�N2LbH4O8CY�2LbxT� N2G
O �¦¯

not(X)

N2G
O���¯sF�L4N2G
OELbDaO8B2L=N2L�`uU4O8C^GbN;G
Q�O8B2L=OYSTI�OYB
-
�2U4VYI2L�GbQaOYB2L=OEL4S�K �cy

¯ � y
i�I�N2HJOYC^G
N;v A�S�I�O8B
-
i�I�N2HfOYCEG
N2U4V ­ G
N�N2LbH4O8CY�2LbxT�l���^°

� �c���%����B2L4SRL=O8B2L�HbG
K#KMU �b� !
F�L4N2G
O^LbD2OYB2LPHbG
N��EI�N2H4OYCEG�N;G
QaOYB2L�°sOEL4S�K�D"�'U4N2F���ybA�B�C^D2N2G
O^U4O8C^G
N\C^D¡G
N�VWX
I2DfLbF\�-C8OYB�C8N;U=VYCEDTO^y
�!D�N2G
S�KMUJV2VEG�`tC^H
U4V=HbG
N�NaL�H4OYC8�2LbD�B2U4�2L-d2L
L4N!I2D5L
F%CYN!OYB2L�V^U4N2`tI2U�`�L
� O8B2L-N2G
STKMU4V¡HbG
N��2L4N�O8C^G
N!Q5G
S�OYB2L4K B2UbD
UJV^D5Gsd2LbLJN;UbF�G
��O^L
F�y�A�B2L�D�OhU4N2F�U4S5Fs��S¦LbH�LbF�L4N2H�LsG
SRF�LfS�CYN2`©QRGbS�H
G
N�N2L�H4OYC8�2LbDaCEDaOYB2L4SRL4QRG
S5LP`tCY�aL4N\d2L4VEG������E¯
�
��K!��V8C^HbUJOYC^G
N]U4N2F�L�

I�CY�aU4V^LfN2H
L\HbG
N�N2L�H4OYC8�2LbD¡B2U4�2LsO8B2LPB�CE`tB2LbDTO���SRL�HbLbFuL4NaHbLb¬�HbG
N��EI�N2H4OYCEG
N|UJN2F;F
CED	�^I�N2HJOYC^G
N
B2UJ�2LPO8B2L�N2L4®�O�B�C^`tB2L
DTO���SRLbH
LbF�L4N2HbLb¬lN2L�`�U4O8C^G
N;B2UbD.OYB2L�V^G��%LbDTO���S5LbHbL
F[LJN2H�Lby[��NwU�QRG
STK!I�VEU���B2L4S5L�DRLJ�2L4S¦U4V
H
G
N�N2LbH4OYC8�2LbD\U4S5L���SRLbDfL4N�OhL�F��lOYB2L!HbG
N�N2L�H4OYC8�2Lc��CYOYBMOYB2L�B�C^`tBaL4S©��SRLbH�L
F�L4N2H�L�C^DsO8B2L�

��������� �������������������������
d2L
HbU4I2D5L-CYOod�CYN2F�D�OYB2L�QRGbSTK!I�V^U�O^G�`�LJOYB2L4S5y noS�C8N2H4CY�aU4V=HbGbN�N2LbH4O8CY�2L�C^DmU4����V8C^LbF�VEUbDTO=vEG
S�V^UJO^L4S¦x�C8NMUmQ5G
S�K#I�V^Uby���N
H
UbD5LbD\��BaL4SRL�OE��GgG
�2LfS5U4O^GbSRD\G
Q\L�

I2U4V.��S¦L
HbLbF�L4N2H�L_UfSRL�I2DfLbFgU4N2FcOYB2LfS5L�C^DsN2Gcd�SRUbHJ±2L4OYC8N�`!OEGcCYK!�2G�DfL_U4N
LJ®[��V8C^H4C8O�G
S5F�L4S�C8N2`�G
N�OYB2L�G
�2L4SRU4OEG
SRD5�[OYB2L4N�O8B2L!G
�2L4S5UfO^G
S5DmQ�I�STOYB2LbD�O=OEG#OYB2L}S�CE`tB�O=CEDmOEU4±2L4N)UbD-OYB2L}��S�CYN2HJCY�2U4V
G
�2LJSRU4OEG
SRy
�¨noS�C8N2H4CY�2U4V ­ G
NuN2LbH4OYC8�2Lcv�G
S! -�2LJS¦U4O^G
S5xZC8NeU�QRG
STK!I�V^U
�lOYB2L4S5L4QRG
S¦L
�lC^D©O8B2L" ��2L4SRU4OEG
SsO8B2U4O¡d�C8N2F�D©O^G�`uLJOYB2LfSO8B2LgL4N�OYC8SRL_QRG
S�K#I�V^U*U4N2F��EG�S\B2U
D\O8B2L�B�C^`tB2L4S���SRL�HbL
F[LJN2HbLby�� � ��`tCY�aLbD�U_d�S�CEL4Q�F
CED5H4I2D5D�C^G
N G
N�O8B2L_I2DfL]GbQ
VEG�`tC^H
U4V�HbG
N�N2LbHJOYCY�oLbD�U4N2Fs��SRLbH
LbF�L4N2H�Lby
¯ � y
i�I�N2HJOYC^G
N2�$#��^°



5

� #��
#��E°sSRL4O8I�S�N2DaO8S�I2L=C8Q �ZI�N�CYQ�C^LbD.��CYOYB �wCYN\noS5G
V^G�`©OEL4S�KgDfy
¯ � y
i�I�N2HJOYC^G
N2Df� � �^°������E°���� #��^°���# � �^°
� � �%� � � ��� � � # �%�%� # � ��F�L4N2G
O^LbDsO8B2L�KMUfO8B2L4KMU4O8C^HbUJV.Q�I�N2HJOYC^G
N2Df�jD�KMU4V8V^L4S�O8B2U4N2��`
SRL�U4OEL4S�O8B2U4N2�
`�S¦LbU4OELfS.OYB2U4N]G
S}L�

I2U4V^D¡OEG��oU4N2F�DTKMU4V8V^L4S¡OYB2U4N]G
S}L�

I2UJV^D¡O^G��uO8B2U4O-G
�2L4S5U4O^L
DPG
N;N�I�K!d2L4S5D¡OYB2L\D5U4K�L\��U5XgU
D
K�U4OYB2LJKMU4O8C^HbU4VaOYB2L
G
S^XcQRG
S�C8N�O^Lb`uLfS�U4N2F�SRL�U4VaN�I�KML4STChH�U4VaOYB2LbG
S^X�y���C8N2HbLsO8B�C^D=O8B2LbGbSEX!CEDPG
d���C^G
I2D5��F�L4OEU4CYVED�UfSRL
N2G
O/SRL4�2L
U4O^LbFsBaL4SRLby
¯
��y���I2U4N�O8CYQ�CEHbU4O8C^G
N2��QRG
SRUJVYV �¦¯
Q5G
SRU4V8V^v&�cxaF[LJN2G
O^LbD2OYB2L=I�N�CW�2LJSRD5U4V 

I2U4N�OYC8Q�CEH�U4OYCEG
N\QRG
S �ZCYN;U=Q5G
S�K#I�V^Uby
¯
��y���I2U4N�O8CYQ�CEHbU4O8C^G
N2�/L4®�C^DTO��¦¯
LJ®[CEDTO^v&�cxaF�L4N2G
O^L
DaOYB2LsL4®�C^DTO�L4N�OYCEU4V#

I2UJN�OYCYQTC^HbUJOYC^G
N\Q5G
S �ZCYN;U=Q5G
S�K!I�VEUby
¯���y ­ G
N2DTOEU4N�O^��OYS�IoL�� �
A�B2L=VEG�`tC^H�UJV�DEXªK#d2G
V^�
O8S�IaLb�bC^D¡U4V^�%UfX�DaOYS�I2Lby
° � y ­ G
N2DTOEU4N�O^��QRU4VED5L�� �
A�B2L=VEG�`tC^H�UJV�DEXªK#d2G
V^�
QRU4V^D5L��
CED.U4VE��UfX�D�QRU4VED5Lby
°2¯
y ­ G
N2HbL4��OE�lHbG
NoDTOYS5U4CYN�OED5�lLby§`�y

FbXªN2U4K!CEH��aHbG
N2DTO8SRU4C8N�O^v���IaUfN�OYC8Q�C^H
U4OYCEG
N2�
n2S5LbHbG
N2F
C8OYC^G
N2� ­ G
N2H4V8I2DTC^G
N2x
D�O^U4O8C^H��2HbG
NoDTOYS5U4CYN�OEv���I2U4N�OYC8Q�ChHbUJOYC^G
N2�
noS5LbHbG
N2F
CYO8C^G
N2�

Conclusion)

A©�%GsOWX��2L
D.GbQ�HbG
N2D�OYS¦U4C8N�O^D.UJSRL=��S5G
��C^F�LbF��
OYB2LsDTO^U4O8C^H�UfN2F\FbXªN2U4K!CEHPHbG
N2DTO8SRU4C8N�O^D5��UfN2F\U4S5L
descri

d2LbFsC8N
F�LJO^U4C8V^DaC8N\n¡UJS�O��T�f��OYBaL ­ G
S¦L=noS5LbF
C^HbUJO^LbD5y
A�BaL=VEG[`�C^HbU4V�HbG
N�N2LbH4OEG
SRD�U4S5L=I2DRLbFsC8N\OYB2L�HbG
N�OEL4®�O�G
QaOYB2LD�O^U4O8C^H��2HbG
N2D�OYSRUJCYN�O��^�\U4N2F\FbX�NaU4K#C^H��aHbG
N2D�OYSRUJCYN�O �E�s��SRLbFbCEHbU4O^L
D5y
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"}�����j��� � � ������"}� ��{a���[�����[�����a�\������(w���T�]&%���a+-,��[+�� �
¯
y�HJV^UbD5D ��¯
HJV^UbD5Dfv��!x�� �ZC^D¡UPH4V^U
D5DaOYBaU4O � CED.U�DTO8S�C8N2`�F�LbD5H4STCYd�CYNa`©O8B2L=NaU4KMLsG
Q�O8B2LPH4V^UbDfD5y

°�y�D�I�d2H4V^UbDfD �2G
QRv ­ VEUbD5D �¡¯
� ­ V^UbDfD �2°�x
D�I�d2H4V^UbDfD �2G
QRv ­ VEUbD5D �¡¯
� ­ V^U�DfD �2°�x

­ V^U
D5D �¡¯jC^D¡U�DTI�d -
H4V^UbDfD.G
Q ­ V^UbD5D �2°�y
AjB�CEDaC^D2O^G\D5UfX%OYBaU4O�U4VYV/CYN2DTOEU4N2HbLbD.GtQ ­ V^UbD5D ��¯sUJSRL�U4VED5GsCYN2D�O^U4N2H�LbD¡G
Q

­ V^U
D5D �2°�y
A�B2L=SRLJV^U4O8C^G
N;DTI�daH4VEUbD5D �2G
QaC^D.H
G
N2DTC^DTOEL4N�O���CYO8B\����A��uI����2G
S�O  -N�OEG
V^G�`
X�H4V^UbD5DaS5L4V^U4O8C^G
N
“Subclass-

G
Q !\�8����y
��y
C8N2DTO^UJN2HbL���¯
C8N2DTO^UJN2HbLbv��!x�F�L4N2GtO^LbDaO8B2U4O �ZC^D.UJN\CYN2DTOEU4N2HbL�G
QaOYB2L¡SRLf��S5LbD5L4N�OELbF\F�G
KMUJCYN2���ZKgUfX�d2LPU=OEU4Na`tCYd�VEL�G
S-U4N
C8N�O^U4N2`�CYd�V^LjOYB�CYNa`uy
� y
��S5G
�2L4S�O X ��N2U4K�L���¯
��S5G
�2L4S�O X ��N2U4KML�v �%x�F�L4N2G
O^L
DaOYB2U4O �)CED.U=��S5G
�2LfS�OWX�N�UfK�L=QRG
S.D5G
KMLsH4V^U
D5DRLbDaC8N\OYB2L�F�G
K�U4CYN2y
� y
��S5G
�2L4S�O X ���2U4VYIoL���¯
��S5G
�2L4S�O X ���2U4VYI2L�v 
 x©F�LJN2G
OhLbDmO8B2U4O 
 C^D�U%��SRG
�2LJS�OWX;�aU4VYI2L}QRG
S�U%��SRG
�oL4S�O X|G
Q�DfG�K�L!H4VEUbD5D5L
D5����B2L4SRL 
 C^D�UOEL4S�K G
S�U=V8C^DTOEy
� y�UJOYOYSTCYd�I�OEL���N2U4K�L���¯
UJOYOYSTCYd�I�OEL���N2U4KML
v ��xsF�L4N2G
OhL
D©OYB2U4O � CED�U4N�U4OYO8S�C8d�I�O^L�N2U4K�L�QRGbS\DfG
KML�C8N2DTO^UJN�H
LbDR���-B2LJS¦L"� CED�UcDTO8S�C8N�`MG
Q
HJB2U4SRU�H4OEL4SRD2OYB2U4O/KMU5X�C8NaH4VYI2F�L=I�N2F�LJSRD5HbGbS5LbD.U4N2FsB[X���BaL4N2D5y
��y�UJOYOYSTCYd�I�OEL����2U4VYIoL���¯
UJOYOYSTCYd�I�OEL����2U4VYI2L
v 
 x�F�L4N2G
OhL
D¡OYB2U4O 
 C^D}U4N|U4O8OYS�C8d�I�O^L��2U4V8I2LsQRGbS}U���SRG
�2LfSTOWX*G
Q}DRG
K�L\H4V^UbDfD5LbD5�2�-B2LJS¦L 
 CED%Ui�k-nopwrMO^LJS�KMy
��y�HJV^UbD5D ����SRG
�2L4STO X �E�
HJV^UbD5D ����SRG
�2L4STO X�v ­ VEUbD5D5�
noSRGb�2L4STOWX ��NaU4K�Lb�
noSRG
�2LfSTOWX ���aUfVYI2L
x
A�B�CED ��SRLbF
CEHbU4O^L DTO^G
S¦L
D OYB2L'��SRG
�2LJS�O X GbQ U�H4V^UbD5D5y�A�B2L'�2U4S�CEU4d�VhL ��������� DTO^G
S5LbD OYB2L�H4VEUbD5D N2U4KMLb�
Property_name

DTOEG
SRLbD�OWB2L�N2U4K�LZG
QMO8B2L���SRG
�2L4STOWX��#U4N2F
Property_value

DTO^G
S5LbD�OYB2L��2U4V8I2LZG
QMO8B�C^D
��S5G
�2L4S�O X�y ­ V^U
D5D.��SRG
�2LfSTOYC^L�D}U4N2F\�2U4V8I2LbD}UfSRL�DTO^UJOYC^H�UfN2F;U4SRL�HbG
K!K�G
N;QRG
S%U4V8V�CWN2DTO^UJN2HbLbD.CYN;OYB2L�H4VhU
D5D5y�AjBaL��S5G
�2L4S�O X)�2U4V8I2L;CED�O8B2L4SRLfQRG
SRL_N2G
O%�2G�DfDTCYd�VEL�OEG*d2L*UfVYO^LJSRLbFgd/X)CYN2D�O^U4N2H�L
D�G
Q�OWB2L*H4V^U
D5D�F
I�STCYNa`eF�XªN�UJK!C^H
G
�2LJSRU4O8C^G
N2D5y
HJV^UbD5D ����SRG
�2L4STO X�v ­ VEUbD5D5�
noSRGb�2L4STOWX ��NaU4K�Lb�
noSRG
�2LfSTOWX ���aUfVYI2L
x
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=>HJV^UbD5Dfv ­ V^UbD5Dfx����S5G
�2L4S�O X ��N2U4KML�v noSRG
�2L4STO X���N2U4K�Lbx��
property_value(Property_value)

��y�HJV^UbD5D ��SRL4V��^�
HJV^UbD5D ��SRL4VEv���L4V^� ­ V^U
D5D �¡¯
� ­ V^UbD5D �2°�x
��L4VE� ­ VEUbD5D �¡¯
� ­ V^U
D5D �2°\U4S5L�U4VYV�U�DTO8S�CYN2`�G
Q-H4B2UfSRU
H4O^LfS5D5y

­ V^U
D5D ��SRLJV �^��F�L4Q�C8N2LbD�OYB2LPS¦L4VEU4OYCEG
N2DTB�CY�2D�d2L4O^�%LbL4N�O^��G�H4VEUbD5D5LbDf� ­ V^UbD5D �¡¯�U4N2F ­ VEUbD5D �2°���OYB2U4O�C^D�O^G�D5UfX�OYB2U4OHJV^UbD5D#v ­ V^UbDfD �¡¯
x�B2G
V^F�D%O8B2L�S5L4V^U4O8C^G
N2DTB�C8�qv���L4VEx���CYO8BqH4V^U
D5D!v ­ VEUbD5D �2°�xTyZA�B2L�HfVEUbD5D ��S5L4V �E����SRL
F
C^HbU4O^L�KMU5XG
N�VYX�d2L=I2DRLbFsOEG\F�L4QTCYN2LPH4VEUbD5DaVEL4�2L4VlS5L4V^UJOYC^G
N2D�B�CY�2D5y
A�B2L=OYX��aL�G
Q�SRL4V^UJOYC^G
N2D�B�CY�2D5��F�L4QTCYN2LbFsC8N���LJV^�
KMU5X�d�LsF�L4Q�C8N2LbFsd/X�OYB2LjI2DRL4S�U4N2F�U4S5L�F�G
KMUJCYN

-
F�L4�2LJN2F[L
F�y

A�B2L�U
H4OYI2U4VlSRL4VEU4OYCEG
N2DTB�CY�\d2LJO^�%LbL4N\O^�%GsCYN2D�O^U4N2H�LbD2C^D.DTOEG
SRLbFsC8N\CYN2DTOEU4N2HbL(��S¦L4V �E��y ­ I�STSRL4N�O8V X��
O8B2L�H4V^U
D5D ��S¦L4V��^�F�LJQ�CYN2L
D.G
N�V X�d�C8N2U4S^X�SRL4V^U4O8ChG
N2DTB�C8�2D5�
OYB�CEDaC^DaI�N2F�LJS�OYB2LsUbD5DTI�K#��OYC^G
N\O8B2U4O�U4VYV/SRL4VEU4OYCEG
N2DTB�CY�2D.��CYO8B\K!I�V8OYCY��V^L
�2UJS�OYCEH4CY�2UJN�O^DaK�URX�d2L=S¦L

-
G
S¦`uUJN�C^D5LbF�U4N2FsSRL4��SRLbDRLJN�O^LbFsCWN\K#I�VYO8CY��V^Ljd�CYN2U4S�X�S¦L4VEU4OYCEG
N2DTB�CY�2Dfy

¯ � y
C8N2DTO^UJN2HbL��2G
Q	�E°
C8N2DTO^UJN2HbL��2G
QRvY��N2DTOEU4N2HbLb� ­ V^UbDfD5x��
C8N2DTO^UJN2HbL��2G
Q	�E°\F�L4N2G
OELbDaOWB2U4O/OYB2L¡��N2DTO^UJN2H�L=C^D.UJN\CYN2DTOEU4N2HbL�G
QaOYBaL�H4VEUbD5D ­ V^U
D5D5y

A�B2L=C8N2DTO^UJN2HbL�G
Q-UsH4V^UbDfD5��L�y§`uy
CYN2DTOEU4N2H�L��2G
Q5vEUbHbH�L4��O��¡¯
��UbHbH�L4��O��2DTOYI2F�L4NuO �2U4����V8C^HbU4O8ChG
N2x�F�LJN2G
O^LbDaO8B2U4O
U
HbH�L4��O �¡¯jCED.U4N\C8N2DTO^UJN2HbL�GbQ�H4VEUbD5DaOYX��aLb��U�HbHbLJ��O �2DTO8I2F�LfN�O �2U4����V8C^HbU4O8C^G
N2y

C8N2DTO^UJN2HbL��2G
Q5vY�TN2DTOEU4N2HbLb� ­ V^U�DfD5x
=>C8N2DTO^UJN2HbLbv8��N2DTOEU4NaHbLbx��
class

v ­ V^UbDfD5x
¯�¯
y
C8N2DTO^UJN2HbL��2U4O8O �E�
C8N2DTO^UJN2HbL��2U4O8O^v8��N2DTOEU4NaHbLb�
�%OYO ��N2U4K�Lb�
�%OYO ���2UJVYI2LbxTy
A�B�CEDa��SRLbF
CEHbU4OEL�DTOEG
S¦LbD.U4N;UfO8OYSTCYd�I�O^Lj�2U4VYI2Lb�
�%OYO����2U4VYI2L
��Q5G
S�U4O8OYSTCYd�I�O^L
�
��O8O ��N2U4K�Lb��G
Q�O8B2L�HbG
S�SRLbDT�2G
N2F
CYNa`
C8N2DTO^UJN2HbLb�b�TN2D�O^U4N2H�L
ysAjB2LsF[G
K�U4CYN;G
Qa��O8O ���2U4V8I2L=C^D¡F�L4QECYN2L
FsCYN\OYB2Lj��SRLbF
CEHbU4OhLsU4OYO���F�G
K�U4CYN��E��y

∀
��N2DTO^U4N2H
Lb�

∀
��O8O ��N2U4K�Lb�

∀
�%OYO����2U4VYI2L
y

∃ ­ VEUbD5D5yC8N2DTO^UJN2HbL��2U4O8O^v8��N2DTOEU4NaHbLb�
�%OYO ��N2U4K�Lb�
�%OYO ���2UJVYI2Lbx
=>C8N2DTO^UJN2HbLbv8��N2DTOEU4NaHbLb� ­ V^UbD5Dfx��UJOYOYSTCYd�I�OEL���N2U4K�Lbv��%OYO���N2U4KgLbx��
attribute_value(Att_value)

¯
°�y�UJOYO �2F�G
K�U4CYN2v ­ V^UbD5Df�
��O8O ��N2U4K�Lb�
�cG
K�U4CYN���Q5G
S	�aU4O8O ���2U4V8I2Lbx
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A�B2L�UJOYOYSTCYd�I�OELb�
��O8O ��N2UJKMLb�bOYB2UJOlC^D¡F�LbD5H4STCYd2LbFsC8N\OYB2L=��S¦L
F
C^HbU4OELPU4d2G
�2L=C8N2F
C^HbUJO^LbDaOYB2U4Ol�%OYO���N2U4KML=CED.U4N
UJOYOYSTCYd�I�OEL=QRG
S.U4VYV/CYN2DTOEU4N2HbLbD�C8N\OYB2L�HJV^UbD5Df� ­ VEUbD5D5y
�©UbH4B\CYN2DTO^U4N2H
Lb�
B2G���L4�2L4SR����CYV8VlB2Uf�2L=C8O^D.G���N\��O8O ���2U4V8I2Lb�Q5G
S�O8B2L�U4OYO8S�C8d�I�O^Lby
A�BaL�U4O8OYSTCWd�I�O^L=�2UJVYI2L=CEDaSRL�HbG
S5F�LbFsCYN�O8B2L=��SRLbF
CEHbU4OhLjCYN2DTOEU4N2HbL��aU4O8O �E��y
A�B2LsQTC^L4VEF\�!G
KMUJCYN���Q5G
S	�2U4OWO����2U4VYI2L�F�LfQ�CYN2L
D=OYB2L\F�G
K�UfCYN_QRG
SPU4OYO8S�CYd�I�OEL©�aU4V8I2L�GbQ}U4OYO8S�C8d�I�O^L©�%OYO���N2U4KMLbyuA�B�C^D
F�G
K�U4CYN³F�L4Q�C8N�CYO8C^G
N]C^D�U4����VYCEHbU4d�V^L\QRG
S#U4V8V~�%OYO ��N2UJKgL�Q5G
S#U4VYV-CYN2D�O^U4N2H�L
D#G
Q}OYB2L�H4V^U
D5D5� ­ V^U
D5D5�¡��B2L4S5L�O8B2LF�G
K�U4CYN¤Q5G
SeU4OYO8S�C8d�I�O^L|�2UfVYI2L|K�U5X�d2LqUZF�G
K�U4CYN G
Q)DTO8S�C8N2`u�}C8N�O^L�`uLJSR�PO^L4STKM��G
S)U�N�I�KML4SRU4O^LbF³V8C^DTOgG
Q
H
G
N2DTO^U4N�OED5y/A�B2L!FuG
KMU4C8NMKMUfXwUJV^D5G#d2L%Q�I�S�O8B2L4S\F�LJQ�CWN2LbF�U4N2F!SRL4QTCYN2LbF#CYN)D5LJ�2UfS¦U4O^L#U4®�C^G
K�D5��Lby§`uy�U#F�G
KMU4CYN
K�UfX�daL!S¦LbDTO8S�CEH4O^L
FMOEG�U!SRU4N2`�LMG
Q�CYN�OEL�`�L4SRDf�mGbS�UJVY��B2U4d2L4OED�CYN U4N)CYN�OEL4S��aU4VEy���OPKMUfXZUJV^D5G)DT�2L�H4C8Q^XqU!��SRL

-F�LJO^L4STK!CYN2L
FPV8C^DTO�G
Q�OYB�C8N2`uD5��Lby§`uya� B�CE`tB2�bKMLbF
C8I�KM�bV^G��%����G
S-UPD�I�d
-
VYCEDTO�G
S.DTI�d2D5L4O�G
Q�U¡��SRL

-
F�L4OEL4S�K#CYN2LbF�VYCEDTO�G
S

DfL4O�G
Q%OYB�C8N2`uD5y��£OmKMUfX�U4V^DRG;d2L�U�OYXª�aL�G
Q!DTO8S�I2H4O8I�SRL�F�OEL4S�K�D5¬©G
S!U��oU4S�O8C^H4I�VEU4S}±�CYN2F�G
Q%O^L4K#��V^U4OEL��^DfH4B2L4KMU
��B�C^HJB\CYN2H4V8I2F�LbDa�2U4STChU4d�VELbD�OYB2U4O/KMUfX�d�L*CYN2DTOEU4N�OYCEU4O^LbF�d�X��2UJVYIaLbD.U4O/S�I�N

-time
y

∀ ­ V^UbDfD5� ∀��O8O ��N2U4K�Lb� ∀�_G
K�U4CYN2y�U4O8O �2F�G
K�U4CYN2v ­ VEUbD5D5�
�%OYO���N2U4KML
�
�cG
K�U4CYN2x
�

HJV^UbD5Dfv ­ V^UbDfD5x ∧
U4O8OYSTCYd�I�O^L(��N�UJKMLbv ��O8O ��N2U4K�L�x

∧D�OYS�C8N2`uv��!G
KgUJCYN2x
∨
C8N�O^L�`uLfSRv��!G
KMU4C8N2x

∨
VYCEDTO^v �cG
K�U4CYN2x

∨
O^L4STKMv��!G
K�U4CYN2x

∨
H
G
K!�aG
I�N2F�v��!G
KMU4C8N2x

¯
��y
C8N2DTO^UJN2HbL���SRLJV �E�
C8N2DTO^UJN2HbL���S5L4V^v �\L4VE����N2DTOEU4N2H�L��¡¯
�b�TN2D�O

ance_2)

��L4VE�
C^D.U=S5L4V^UJOYC^G
NoDTB�CY�\O8B2U4OlB2UbD2d2LbL4N;F�LfQ�C8N2LbFsCYN\O8B2L�H4VhU
D5D ��SRLJV^v���L4VE� ­ VEUbD5D�¯
� ­ V^U
D5D5°�x�y

∀
��L4V^�

∀
��N2DTO^UJN2H�L��¡¯
�

∀
��NaDTO^UJN2HbL��2°�y

C8N2DTO^UJN2HbL���S5L4V^v �\L4VE����N2DTOEU4N2H�L��¡¯
�b�TN2D�O^U4N2H�L��2°�x
�

HJV^UbD5D ��SRL4VEv���L4V^� ­ V^U
D5D �¡¯
� ­ V^UbD5D �2°�x ∧C8N2DTO^UJN2HbL��2G
Q5vY�TN2DTOEU4N2HbL��¡¯
� ­ V^UbDfD �2°�x ∧
instance_of(In

DTOEU4N2HbL��2°�� ­ V^UbDfD �2°�x
C8N2DTO^UJN2HbL���SRLJV �^��F�LfQTCYN2LbD�O8BaL¡SRL4VEU4OYCEG
N2DTB�CY�2D�d2L4OE��L�LJN�O^��G�CYN2D�O^U4N2HbL
D5����N2DTOEU4NaHbL��¡¯PU4N2FP�TN2DTOEU4N2H�L��2°��bOYB2UJO�C^D�OhG
DfUfX#O8B2U4O���N2DTO^U4N2H
L��¡¯-BaG
V^F�D�OYB2L-SRL4VEU4OYCEG
N2DTB�CY�gv ��LJV^xj�-CWO8B_�£N2DTO^U4NaHbL(�2°�y�A�B2L©C8N2DTO^U4N2H
L���SRL4V��^����SRLbF
C^HbUJO^L©K�URX
G
N�VYX�d2L=I2DRLbFsOEG\F�L4QTCYN2L=C8N�D�O^U4N2HbLjV^L4�2L4VlSRL4VEU4OYCEG
N2DTB�CY�2D5y
¯ � y�D�O^U4O8C^H��2HbG
N2D�OYS5U4CYN�O��^�
�uOEU4OYCEH��2HbG
N2DTO8SRU4C8N�O �E�;F�LJQ�CYNaLbDPUs��S5G
�aL4S�O XcO8B2U4O-Us�aU4V8C^F�`uG�U4V-DTOEU4O^L �JK!I2DTO !sBaU4�2LsQ¦G
S}U\F�LbD�Ch`tN2U4OhL
F\��S5G
d�V^L4K
F�G
K�U4CYN2yM� DTOEU4O8C^H��2HbG
N2D�OYSRUJCYN�O«C^D U �4B2U4S5F�! H
G
N2DTOYS5U4CYN�OEyg�!D HbG
N2DTO8SRU4C8N�O^D U4SRL G
QTO^L4N F�G
KMU4C8N

-
U4N2F

application-dependen
O^�=OWB2LfX�U4S¦L]G�QTO^L4N¢G
N�V X�KgL
UfN�CYN2`tQTI�V_��B2L4N UbD5DfG�H4C^U4OELbF|O^G�U;�aU4S�O8C^H4I�VEUfS#��S5G
d�V^L4K

F�G
K�U4CYN2yb�£N�U=��SRGtd�V^L4K F�G�K�U4CYN2��DfL4�2L4SRUJV�DTOEU4OYCEHPHbG
N2DTOYS5U4CYN�OEDaKMUfX�daL�U4����V8C^H�U4d�VELPU4N2F\F�L4Q�C8N2LbFsd[X�OYB2LjI2DRL4SRy
D�O^U4O8C^H��2HbG
NoDTOYS5U4CYN�OEv���I2U4N�OYC8Q�ChHbUJOYC^G
N2�
noS5L��2HbG
N2F
CYO8C^G
N2� ­ G
N2H4VYI2D�C^G
N2x

A�B�S5LbL=�aU4S�CEU4d�V^L
D�U4SRLjCYN2H4V8I�F�L
F�� ��I2U4N�OYC8Q�C^H
U4OYCEG
N2�
n2S5L�HbG
N2F
CYO8C^G
N;U4N2F ­ G
N2H4V8I2DTC^G
N2��UJN2F\U4VYV�G
Q�OYB2LJK�U4S¦LsU
V8C^DTOEy
A�B2L=�2UJS�C^UJd�VhL ��I2U4N�OYC8Q�CEH�U4OYCEG
N;DTO^G
S5LbDaOYB2L 

I2U4N�OYC8Q�C^H
U4OYChG
N;UJN2FsOYB2L�HbG
S�SRLbD��2G
N2F
CYNa`s�2U4S�CEU4d�V^L
D5�
C^y§Lby
Q5GbSRU4V8V ��¯jOEG
F�LJN2G
O^L=O8B2L=I�N�CY�2LJSRDRU4V 

I2UfN�OYCYQTC^HbUJOYC^G
N;UJN2F\L4®�C^DTO���¯jO^G�F�L4N2G
O^L=O8B2L�L4®�C^D�O^L4N�O8C^U4V 

I2U4N�OYC8Q�CEHbU4OYCEG
N2y
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AjX���C8Na`¢C8N�QRGbS�K�U4O8C^G
N�G
Q�LbU
H4B �2U4STChU4d�VEL«CEDqDTO^G
S¦L
F CYN¨OYB2L«�2UfS�C^UJd�V^L³noS¦LbH�G
N2F
C8OYC^G
N2y AjB2L³�aU4STC^U4d�VEL
noS5LbHbG
N2F
CYO8C^G
N�U4N2F ­ G
N2H4VYI2D�C^G
N¤O^G�`uLJOYB2L4S�C8N2F
C^H�U4OELqU«HbG
N2F
CYO8C^G
N2U4VMHbG
N2DTOYS5U4CYN�OEy%�£OcS¦L
UbF�DwUbD�QRG
V8V^G���CYNa`u�
�
`tCY�aL4N�OYB2L ��I2U4N�O8CYQ�CEH�U4OYCEG
N]DTI2H4B�OYB2U4OE��C8Q.OYB2L�noSRL
HbGbN2F
CYOYCEG
N�C^D¡OYSTI2Lb�uOYB2LJN;O8BaL ­ G
N2H4V8I2DTC^G
N�K!I2D�O�d2LsOYSTI2L !b�CEy§Lby�QRG
S�U4VYV��2UJVYC^F�`uG�U4VmD�O^U4OhL
D�Q5G
S�OYBaL�HbG
SES5LbDT�2G
N2F
CYNa`\��SRG
d�VEL4K F�G
KMUJCYN2y ­ VEU4I2D5L�D.OYB2U4OmUJSRL�DTO^G
S5LbF�d2G
O8B�C8NO8B2L=noSRL��2H
G
N2F
CYOYCEG
N;U4N2F ­ G
N2H4VYI2DTCEG
N;U4SRLP��S�C8OYOEL4N\CYN ­ G
N��^I�N2H4O8CY�2L=¥!G
S�K�U4V�ijG
STK D5L4�2U4S5U4OhLbFsd[X�HbG
K#KMUbD¡G�S
“o
S !.��SRLbF
C^HbU4O^L
D5�[�-B2LfS5L%U}HbG
K#KMUb� �b� !b��SRLJ��S¦LbD5L4N�OED-U%H
G
N��^I�N2H4O8C^G
N2�[U4N2FPOYB2L �bG
S	�¦¯�!.��SRLbF
CEHbU4O^L.S¦LJ��SRLbDRL4N�OED-U

F
CED	�^I�N2HJOYC^G
N2�
O8B2L=N2G
O���¯j��SRL
F
C^HbU4OEL�F�L4N2G
OELbDaNaL�`uU4O8C^G
N2y
A�B2L=�2UJS�C^UJd�VhL=noSRL

-
HbG
N2F
CYO8C^G
N;U4N2F ­ G
N2H4V8I2DTC^G
N;G
Q.DTO^U4O8C^H��2H
G
N2DTOYS5U4CYN�O��^�sK�URX�d2L=NaL�DTO^L
F��
C^y§Lby
C8OlKMUfX�O^U4±aL

another
G
S�D5L4�aL4SRU4V�D�O^U4O8C^H��2HbG
N2D�OYSRUJCYN�O �E�\UbD.U4N;UfSR`tI�KML4N�OEy

¯ � y�FbXªN2U4K!CEH��aHbG
N2DTO8SRU4C8N�O �^�
��X�NaU4K#C^H��2HbG
N2D�OYS5U4CYN�O��^�\F�LfQ�C8N2LbDaO8B2L=��SRG
�2LfSTOWX�O8B�UJO�UP`uG�U4V�DTO^UJO^L �4K�URX !=BaU4�2L¡Q5G
S-U�F�LbDTCE`tNaU4O^L
Fs��SRG
d�VhL4K
F�G
K�U4CYN2y

FbXªN2U4K!CEH��aHbG
N2DTO8SRU4C8N�O^v���IaUfN�OYC8Q�C^H
U4OYCEG
N2�
n2S5L��2HbG
N2F
C8OYC^G
N2� ­ G
N2H4V8I2DTC^G
N2xTy
A�B2L `tS5U4K!K�U4S³STI�V^LbDeOYB2UfO|B2UJ�2L d2LbL4N U4����V8C^LbF'Q5G�S�U4S¦`tI�K�L4N�O^D ��� ������� � ��� � ��������� 

��������������������� UJN2F
Conclusion

CYN OYB2L���S5LbFbC^HbU4OEL DTO^U4O8C^H��2H
G
N2DTOWSRUJCYN�O �E� UJSRL¨U4V^D5G U4����V8C^LbF B2L4S¦L¢QRG
S«O8B2L�HbG
S�SRLbDT�2G
N2F
C8Na`
UJS¦`tI�KMLJN�O^D5y
�%CYQTQRL4SRL4N�O�O^G*DTO^UJOYCEH;H
G
N2DTOYS5U4CYN�OED5�=FbXªN2U4K!CEH;H
G
N2DTOYS¦UJCYN�O^D�U4S5L �
D5G
Q�O !�H
G
N2DTOYS5U4CYN�OEDPO8B2U4O�KMUfXeG
SPK�U5XMN2G
O�d2L
G
d2LfX�L�F�d/X#OYB2L�FuLbDTCYS5U4d�VhL\`uG�UJV�DTOEU4O^LbDjQRGbS¡O8B2L©��SRG
d�VELfK F�G
KMUJCYN2y��uCYK#C8VEU4S¡OEG_DTO^UJOYC^H(�2HbG
N2DTOYS5U4CYN�O��^����O8B2L©noSRL

-H
G
N2F
CYOYCEG
NwU4N2F ­ G
N2H4VYI2DTCEG
NwG
Q�F�X�N2U4K#C^H��aHbG
N2DTO8SRU4C8N�O �E��KMUfX|U4VED5G�d2L}N2LbDTOELbF��[CEy�L�y�CYO�KMUfX�OhUJ±2L!U4N2G
O8B2L4S�G
SDfL4�2L4SRUJV�F�X�NaU4K!CEH��2HbG
N2D�OYSRUJCWN�O �E�\UbD.U4N;U4SR`tI�KML4N�OEy
¯ � y
p«U4OYB2L4K�U4OYCEHbU4V/i�I�NaH4OYCEG
N2D5�lL�

I2UJV ��¯
��`�S¦LbU4OELfS	��OYB2UfN��E°���`tSRL�UJO^L4S ��L�

I2U4V �E°��
V^LbDfD	��OYB2U4N��E°��
V^LbD5D �2L�

I2U4V �E°
A�B2L\U4d2G
�2Ls��SRLbF
C^H
U4O^LbD}HbG
S�SRLbDT�2G
N2F�OEG\O8B2LsKMU4O8B2L4KMUJOYC^H
U4V�N2G
O^UJOYC^G
N]G
Q #2� �o� � #2� � � # � �oLby `uyuOYB2LsN2G
OEU4OYCEG
N
G
Q�V^LbDfD ��OYB2U4N2v&�c� ��x�F�LJN2G
OhLbDaO8B2U4O �ZC^DaVELbD5DaO8B2U4N �%�[��B2L4S5L=d2G
OYB �~U4N2F �ZUfSRLPG
Q�OYX��2L=N�I�K!d2LJSRy
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"}�����j����� � �������[�.���������a����������()�a���]&P����+�,���+�� ��� z � ��
����������T���³� �%�[�[� ���T��"%����{��T�/�a���������a�
�T����" � � ���b���§+-,.�����T�T�a�]()�2	��a�����
¯
y
C8N2DTO^UJN2HbL���SRLJV^v�BaU
D5�b�TN2DTOEUfN2HbL��¡¯
�b��N2DTO^U4NaHbL(�2°�x
C8N2DTO^UJN2HbL���SRLJV^v�BaU
D5�b�TN2DTOEU4NaHbL��¡¯
�b��N2DTO^U4NaHbL(�2°�x

Thi
Dj��SRL
F
C^H�U4OEL�F�LbD5HJS�CYd2L
D¡OYB2LmQ5U�H4O2OYB2U4O���N2DTOEU4N2H�L��¡¯�H�G
N�OEU4CYN2D=��N2DTOEU4N2H�L��2°�¬�CYNgG
OYB2L4S��%GbSRF�D5����N2DTOEU4NaHbL��2°�C^D

U��2U4STO;GbQ;��N2DTOEU4N2H�L��¡¯
y-k�G
O8B �£N2DTO^UJN�H
L��¡¯eU4N2F)�TN2D�OhU4N2HbL��2° U4SRLMCYN2D�O^U4N2H
LbDgG�Q]D5G
K�L�OWX��aLbD5y-�TNZOYB2LMn ­H
G
N�Q�C^`�I[S5U4OYCEG
N;F�G
KMUJCYN2�b�TNaDTOEU4N2HbL��¡¯jCED.G
Q�O Xª�2L=d2G�UfSRF���U4N2F���N2DTO^UJN2H�L��2°sC^D¡G
Q�OWXª��LsDTV^G
OEy

instance_rel
v�BaUbDf�b�TN2DTOEU4NaH�L��¡¯
�b�TN2D�O^U4N2H�L��2°�x

�
C8N2DTO^UJN2HbL��2G
QRvY��N2DTOEU4N2HbL��¡¯
�bd2G�U4S5F�x

∧C8N2DTO^UJN2HbL��2G
QRvY��N2DTOEU4N2HbL��2°���D�VEG
O^x
°�y�HJV^UbD5D ��SRL4VEv�NaL4®�O ��OEG����c� ��x

HJV^UbD5D ��SRL4VEv�NaL4®�O ��OEG����c���%x
�
D�I�d2H4V^UbDfD �2G
QRv&�c��D�V^G
O^x

∧
DTI�d2H4V^U
D5D �2G
QRv ����D�V^G
O^x

A�B2L=C8N2DTO^UJN2HbL=S¦L4VEU4O8C^G
N\N2L4®�O ��OEG\F�LbD5H4STCYd2LbD2OYB2U4O�G
N2L�DTVhG
O/KMUfX�d2Lj��B/X�DTC^H�UJVYVWX�N�LJ®[O/O^G\U4N2G
O8B2L4S�D�V^G
O^y
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O�¯PU4NaF���VEG
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U4OhL}F�L4N2G
O^L
D
O8B2U4O��uV^G
O�¯�C^D�N2L4®�O�OEG]�uVEGtO^°]G
N«U;HbL4S�OEU4CYN]��V^U4O8QRG
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y§`uy¡G
N³U�HbLJS�O^UJCYN]KMG
OYB2LJS�d2G�U4S5F��2C^y§L
y2CYQ}O8B2L�DTVEG
O�C^D
F�LJQ�CYN2L
F�U
D5D5G�H4ChUJO^LbF���CYO8B�U.K�G
OYB2L4STd2G�U4SRF���UbD�C8O�C^D�O8B2LPHbUbD5L¡C8N�O8B2L¡n ­ HbG
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N�F�G
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I�N�O^���!x
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G�DTO^x�F�L4N2G
OELbDmU%D�I�K!KMUJOYC^G
N�G
Q©HbG�DTO�Q5G
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N�QTC^`tI�S5U4OYCEG
NMD5G
V8I�OYC^G
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G�DTO_U4N2F � C^D�U�N�I�K!d�L4S!d2UbDfLbF«G
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S!OYB2L
UJ����VYC^H
U4OYCEG
NwF�G
K�U4CYN2y�AjB2L�L4®aUbH4O©L4VEL4KMLJN�O^D�OYB2U4O©HbG
N�O8S�CYd�I�OEL}OEG�O8B2L#HbGuDTO©U4SRL�F�L4O^LfSTK!C8N2LbF�FbX�NaU4K#C^HbUJVYVWX�dlX
O8B2L�D5G
V8I�OYC^G
N\O8B2U4O/B2UbDad2LbL4N�F�L4STCY�2LbFsd2U
DRLbF\G
N\OYB2L�H
G
SESRLbD��2G
N2F
CYN2`sSRL�
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��y\HJV^UbD5Dfv�D5G
V8I�OYC^G
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C8N2DTO^UJN2HbL��2G
QRvY��N2DTOEU4N2HbLb��DfG
VWI�OYCEG
N2x
C8N2DTO^UJN2HbL��2U4O8O^v����TNoDTO^U4N2H�L
�

DfG
VYI�O8C^G
N��2HbG
N�OEL4N�O^�
��� ­ I2DTOEG
KML4S5��� ��L�

I�C8SRL4K�L4N�O^���� �V^F��2D5G
VE� -¥!Lb� �2DfG
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SRF�D�D5G
VYI�O8C^G
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I�C8SRL4K�L4N�O^y �!U4STChU4d�V^L
DaCWN\OYB2LsD5G
VYI�O8C^G
N��2HbG
N�OEL4N�O�U4SRL�L4®���V^U4C8N2LbFsd2L4VEG����

• ­ I2DTOEG
KML4SaC^D.Us��O8S�C8N2`u�
C^y§Lby�U ­ I2DTOEG
KML4Sa¥cU4K�L�G
S����c¬
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��L�

I�C8SRL4K�L4N�O^D2C^D.U¡r�CEDTO�G
Q�H4I2DTO^G
K�L4S�S5L�

I�CYSRL4KML4N�OED.F�LbD5H4STCYd2L
FsI2DTCYNa`�HbG
N2D�OYS¦U4C8N�Ol��S5LbF
C^HbUJO^LbD5�
CEy Lby
FbXªN2U4K!CEH�GbS�DTOEU4OYCEH�HbG
N2DTO8S¦UfCYN�O/��SRLbF
CEHbU4OELbD5¬
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 �V^F��2DfG
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VYI�OYCEG
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S�U���SRL4��CEG
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DfG
VYI�OYCEG
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I2DTVWXeD5G
V8I�OYCEG
N2D
UJ�2U4CYVEU4d�V^L
��O8B2L  -VEF��2D5G
V�CED%UJN|LJK!��OWXcV8C^DTOE�o�-B2L4N|U\D5GbVYI�O8C^G
N�B2UbD¡d2L
L4N�SRL4��CED5LbF��uOWB�C^D¡N2L
�'D5G
V8I�OYC^G
N
CEDaSRL
HbG
SRF�L
FsCYN\OYB2L¡¥!Lb� �2DRG
V^¬

• 
¥!Lb� �2D5G
V*C^D U r�C^D�O]O8B2U4O]S5LbHbG
S5F�DeOYB2LqN2Lb��V X F�Lf��CED5LbF DfG
VYI�OYCEG
N2��`tC8�2L4N N2Lb� SRL�

I�CYSRLJKgL4N�O^D
F�L
D5H4S�C8d2LbFsC8N\OYB2L=�%CYQEQ5L4S¦L4NaHbLj�2U4S�ChUJd�V^Lb¬
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�%CYQTQRL4SRL4N2HbL�CED�U�V8C^DTO�G
Q\H4BaU4N2`�LbDf�m� �cF�F��l�!L4VEL4O^LbF����lOYB2U4O�HbG
N�O^UJCYN2D©OE��GMDTI�d

-
VYCEDTO^D�G
Q��bUbF�F�LbF !cUJN2F

�
F�L4V^L4OELbF !%��S5LbF
ChHbUJO^LbD5y��£O¡SRLbHbG
SRF�D�U4VYVjCYN�Q5G
S�KMUJOYC^G
NwUfd2G
I�O=O8B2L!F
C8Q�QRLfS5L4N2H�LbD-d2L4Oh�%LbL4N�O8B2L�N2Lb�¨U4N2F
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G
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V8I�OYC^G
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S�OYB2L
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� �4S5L4VhU4®aLbF�!_HbGbN2DTO8SRU4C8N�O^DsO8B2U4O.KMUJ±2L\O8B2L�NaLb� D5G
V8I�OYCEG
Ng�2U4VYCEF�y2��Q�G
NaL\I��2F�UJO^LbDsO8B�L_G
VEF
��S5G
d�V^L4K DT�2U
HbL!U�HbH
G
SRF
CYNa`#OEG#OYB2L}��C8Q�Q5L4SRL4N2H
L%VYCEDTO^��G
N2L%KMUfX|F�LfSTCY�2L%O8B2L%N2Lb� DRG
V8I�OYC^G
N�d2UbD5LbF�G
N
O8B2LmN2Lb�³��S5G
d�V^L4K�DT�2UbH
Lby�v8A�B2Lm�%CYQTQRL4SRL4N2HbLm�2UfSTC^U4d�VEL©B2UbD�N2G
Oad2L
L4NcI2D5LbF%CYN!O8B2L-n ­ HbG
N�QTC^`tI�S5U4OYCEG
NUJ����VYC^H
U4OYCEG
N�X�LfO^y§xT¬

• The
D5G
V8I�OYCEG
N��2HbG
N�O^LJN�O�C^D=I2DfLbF�QRG
S}HbG
K#K!I�N�CEHbU4OYCEG
N�d2L4O^�%LbL4N�OE��G�D�X�D�OhL4KMDfy �!U4V8I2LbDPG
Q}U4V8V-G
Q.OYB2L

�'DTC^`tN2L
Fe�2UfSTC^U4d�VELbD�C8N O8B2Lg��S5LbF
C^HbUJOhL�UJSRLMN2G
O O^G)d2L�H4B2UJNa`uLbF F
I�STCYNa`wOYB2LeHbG
K!K#I�N�C^HbU4O8C^G
N2¬
��B2L4S5L�UbDmO8B2L

–
D�C^`tN2LbF��2U4SEC^UJd�V^LbD�U4SRL}I�N

-
CYN2D�O^U4N�O8C^U4OELbF!OYB2U4OjCYN2FtC^HbU4OELbD�U}SRL4O8I�S�N���U4VYI2L}C^D�LJ®[�2L
H4O^LbF

QTSRG
K²OYB2L=S5L�HbL4C8�2LfSRy

¯ � y�HJV^UbD5Dfv�C^DfDTI2Lbx
� � � ������� ����� ����� � � � � ��� � � � ���

�!DTC8N2`©OYB2L ­ G
S¦L=noS5LbF
C^H�UJO^L���DTI�d2H4VEUbD5D �2G
Q5�
O^GsC8N2F
C^HbU4OEL¡OYB2U4O�U=�2U4STOYC^HJI�V^UfSaC^D5DTI2L
���fD5D�I2Lb�
CED.U=O Xª�2L�G
Q�C^DfDTI2Lby
�!DO8B2L]F
C8Q�Q5L4S¦L4N�O}O X��oLbD�G
Q�C^DfDTI2LbD;U4S¦L*F�L4O^LfSTK!CYN2L
F�F�L4�aL4N2F
C8N2`gI��2G
N�OYB2L*U4����VYCEH�UfOYC^G
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KMU4C8N2�=�4D5DTI2L�C^D;U
�2UJS�C^UJd�V^L=O8B2U4O���CYV8Vld2L=C8N2DTO^UfN�O8C^U4OELbF\��CYOYB;UsDTOYSTCYN2`©O8B2U4O�F�LbD5HJS�CYd2L
DaOYB2L=CED5DTI2L
y
� ��� ���������	��� ���
� ��� � ������� ��� � � � ���

A�B�CEDa��SRLbF
CEHbU4OEL=CYN2F
CEH�U4O^L
D.U¡�2U4S�O8C^H4I�VEU4S�CED5DTI2L=C8N2DTO^UJN2H�Lby
� ��� ���������	���������
� ��� ����� ��� ��� � ��� � � ��
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A�B�CEDa��SRLbF
CEHbU4OEL=CYN2F
CEH�U4O^L
DaOYB2L�D�O^U4O8I2D.G
Q�O8B2L=C^D5D�I2L=CYN2DTOEU4N2HbLb��Lby `uy���K�UfX�daL�H4SRLbU4OhLbF���H
U4NaHbL4VYVELbF��
Q�C8N�C^DTB2L
F�y
� ��� ���������	���������
� ��� ����� ��� ����� ����������� ��
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A�B�CEDa��SRLbF
CEHbU4OEL=CYN2F
CEH�U4O^L
DaOYB2L=��STC^G
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Q�O8B2L=C^DfDTIaL=CYN2DTOEU4N2HbLb��L
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F
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� ��� ���������	���������
� ��� ����� ��� ������� � �����
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F
C^H�U4OEL C8N2F
C^H�U4OEL�D¨OYB2L OYC8KML F
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`tCYN���O8CYKML�CEDsOYB2L�O8CYKML_�.B2L4N�U4NgCED5DTI2L�CYNoDTO^U4N2H
L�C^D�H4S5LbU4OhL
F�����N2F���O8CYKML�CEDsOYB2L
O8CYK�L��-B2LJN\CYOlCED.HbUJN2HbL4VYVELbF�G
S�QTCYN�C^D�B2LbF�y
� ��� ���������	���������
� ��� ����� ��� ��������� � ����� ������� ���
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��� � � � �����
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O8B2L
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13

� ��� � ������������������� ��� �
� #
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Q%C^DfDTI2LbD!UJSRL�F�L
D5HfS�C8d2LbF�CYN«U4N �f�4D5DTIaL  �N�O^G
VEG�`bX !�G
Q�O8B�L�HbG
S�S5LbDT�2G
N2F
C8N�`���SRG�H�LbDfD
K�G�F�L4V^y�� D5L4O}G
QsC^D5DTI2L
D�UfS5L�±�N2G��-NgOEG_O8BaL���SRG�H�LbD5D�K�G�F�L4V.OYB2UJO.OYB2L�K�G�F�L4V�KMUfXwG�SsKMU5X�N2G
O.BaU4�2L�O8B�L
UJ����SRG
��S�CEU4O^L¡K�L�U4N2D�OEG�F�L
UfV��-C8OYB�CYOEy�
«B2L4N�U¡��SRG�HbL
D5D�KMG�F�L4V�LJN2HbG
I�N�O^LJSRD�U4N�C^DfD�I2L¡OYB2U4O�C8O�HbU4N�N2G
O�S5LbD5G
V8�2Lb�
C8O�N2G
S�K�U4VYVYX!�aUbD5DfLbD¡CYO�OEG�G
OYB2L4S5DPv�Lby `uyoU�`�L4N�OED5xa��C^UsC8O^DPHbG
K#K!I�N�CEHbU4OYCEG
N���SRG�HbL
D5DRLbD5y�� � ��i�k-nopwrwOYB2L4S5LfQRG
S5L
CED.DTI�C8O^U4d�VEL=O^Gsd2LjI2D5LbFsCYN;UsF
C^DTO8S�CYd�I�OELbF\L4N���C8SRG
N�KMLJN�O^y
¯�¯
y ­ G
K!K#I�N�C^HbUJOYCEG
N�r�U4Na`tI2U�`�Lb�lHJV^UbD5Dfv�C^DfDTI2L����aUbH4±2LfOEx

class(issue_packet)� ��� ���������	��� ���
� ��� � ������� ��� � � � �	��������� �����
A�B2L=�2UJS�C^UJd�VhL¡�TN2D�O^U4N2H�LjSRL�H�G
SRF�D¡U4N\I�N�C 

I2L¡��� Q5G
S�OYB2L¡CED5DTI2L����2U
H4±2L4O^y
� ��� ���������	���������
� ��� ����� ��� ��� � � � �	�������
� ��������������� ��� �

� ��
�� �������
� 
�� ����������������� ��� ��� ����������� �
� ��������������� ������� �
� � � � � �	������� � ������� ��� � � � �	�������"� ��� � � � �	��� ����� � � ��

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

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

� �

�%N�CED5DTI2L*�2U
H4±2L4O�C^D]F�XªNaU4K!CEHbU4VYVYX~HbG
N2D�OYS�IaH4OELbF�O8B2U4O�D�O^G
SRL
D|HbG
K#K!I�N�CEHbU4OYCEG
N�CYN�Q5G
S�K�U4OYCEG
N �-C8OYB G
O8B2LJS
�2UJS�OYCELbD5y�A�B2L#HbG
N�OEL4N�O©G
Q�UfN�CED5DTI2L��2U�H4±2L4O©HbG
N�OEU4CYN2D.Oh�%G\�2U4S�OED5�lOYB2LPB2L�UbF�L4S�U4N2F�F�L4O^UJCYV^L
F��aUbH4±2LJOsH
G
N�O^L4N�OEy
A�B2L�B2LbUbF�L4S%C^D!U�d�SRU�HJ±2L4OhLbF�H
G
N2DTOYSTI2H4O©O8B2U4O�F�LbD5HfS�C8d2LbD%O8B2L�D5LJN2F�L4S!vY�T�!x�G
Q%OYBaL��2UbH4±2L4OE�aOYB2L�SRG
VhL�G
Q�O8B2L
DfL4N2F�L4SR�
O8B2L=S¦LbH�LJCY�2L4S.vY�T�!x�G
QaOYB2L=�2UbHJ±�LJO�U4N2FsO8B2L=SRG
VhLPG
QaOYB2L=S5L�HbL4C8�2L4SR�
CEy Lby
��
 � �������
��
�� ��� ������� ����� ���
� �����������
��� ��������� �����������������
A�B2L�F�LJO^U4C8V^LbFsCED5DTI2L�H
G
N�OhL4N�OlCED.U=VYCEDTO�H
G
N2DTOYSTI2H4OlO8B2U4OlS5LbHbG
SRF�D¡U4VYV�G
Q�OYB2LsF�L4OhU4C8V^D.G
Q.U4N\C^DfDTI2Lb�
C^y§L
y
� � � � � ��������� � ������� ��� � � � � � � ��� � �	��� � ��� � � ��

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

������� �����
� 
 � ����� ����� ����� ����� �
� ����� ����� ������� ��� � � � �	� ��������� �������
��N�QRG
STKMU4O8C^G
N«UJd2G
I�O-OYB2L;HbG
S�S5LbDT�2G
N2F
CYNa`_C^D5D�I2L�DTI2HJB«UbD � ����� � � ����� ����������� � � ��� �b�¡HbUJN|d2L\QRG
I�N2F|UJN2F;O^UJ±2L4N
QTSRG
K OYB2L]HbG
S�S¦L
DT�2G
N2F
CYN2`�U4OYO8S�CYd�I�OEL;��S5LbF
C^HbUJOhLbD5��L
y�`�y¡CYN2DTOEU4N2HbL��2U4O8O �E����G
Q�OYB2L;�2UJS�OYCEH4I�V^UJS#CED5DTI2L;C8N2DTO^UJN2H�Lby
� ����� ����� �������]SRL�HbGtSRF�D�O8B2L]�2U4S�O�G
QwFbX N�UJK!C^H�D�X�DTOELfK DTOEU4O^L]O8B2U4O�C^D�S5L4V^LJ�2U4N�O!OEG�SRLbD5G
V8��CYN2`�O8B�C^D�C^D5DTI2L
y
� � � � �	����������� ����S¦LbH
G
SRF�D©O8B2L!HbG
N�OEL4N�O�G
Q©OYB2L}C^D5DTI2L
y��TN�OYB2L}n ­ H
G
N�Q�Ch`�I�SRU4O8C^G
N)Lf®aU4K#��V^Lb�/C8O=CEDmO8B2L%SRLJV^L4�2U4N�O
DfG
VYI�OYCEG
N2v�D5x�QRG
SaSRLbDfG
VY��CYNa`©O8B2L=C^DfDTI2Lby
�!L4O^U4C8V^D.G
Q��5D5D�I�L �2H
G
N�O^L4N�O/C^D.`tC8�2L4N\daL4VEG����
� � � � �	����������� ��� ! � ��� ������� ��������� ��
���� � ��������������� ��������� ��� ��� � ������������������� ��� �

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

Content
G
Q\OYB�C^D���S5LbF
C^H
U4OhLcC^D�F�LbD5HJS�CYd2L
F*CYN `
SRL�UJO�F�L4O^U4C8V^D�CYNeCYN2D�O^U4N2H
L��2U4OYOEv8��N�D�O^U4N2HbL
�©D5G
V8I�OYCEG
N��2HbG
N�O^L4N�OE�

­ G
N�O^LJN�O^x��
O8B2L4SRLJQRG
S¦LjC^DaN2G
O/SRL4�2LbUJOhLbFsB2L4S¦L
y

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

� � ����� � � ����� � �������
������� � � � �!������������� ����� ��������� � � ����� ����� � ����� �
��������� � � ��� � ����� ����� ����� � ��� ����� � ��� � ����� � � � ��� �����!� � ������� � ��� � �
������� � � � ��� ����� � � ����� � � � ������������� � ��� � ��� ������������� ������� � ��� ���������	������� ����� ����� ��� � � ������������� � � � 
 ��� ����� �
������� ��� � ����� ����� � �
¯
°�y�HJV^UbD5Dfv�d2G�U4S5F[xTy
A�B�CED.H4V^U
D5DaC^D2OYB2L�D�I��2L4SRH4VEU�D5D.G
Q.U4VYV/d2G�U4SRF�D5��LJ®�H
L4��OlK�G
OYB2L4STd2G�U4SRF�y
¯
��y�HJV^UbD5Dfv�KMG
O8B2L4STd2G�UfSRF�x�y

14. class(processor)

A�B�CEDaC^DaO8B2L�H4VEUbD5DaQ5G
S ­ n � ��S5G�HbLbD5D5G
S5y

15. class(disk_controller)

A�B�CEDaC^DaO8B2L�H4VEUbD5DaQ5G
S��!UfSRF��%C^DT± ­ G
N�OYS5G
VYV^LJSRy

16. class(io)

A�B�CEDaC^DaO8B2L�H4VEUbD5D.G
Qad2G�U4SRF�DaO8B2U4OlOEU4VY±2D2O^G��  F�L4��C^HbLbD5y

17. class(option_I).

A�B�CEDaC^DaO8B2L�v�G
N
-
G
Q�Q5LfSRLbF�x�daG�U4SRF\G
��O8C^G
N|¯
��Lby `uy�`tS5U4��B�ChH�HbUJSRF��Yd2G�U4S5F�y

18. class(option_II).

A�B�CEDaC^DaO8B2L=d2G�U4S5F\G
��OYCEG
N;°���Lby§`uy�`
SRU4��B�CEHPU4N2Fs��C^F�L
G�H
U4SRF��8d2G�UfSRF�y

19. class(option_III).

A�B�CEDaC^DaO8B2L=d2G�U4S5F\G
��OYCEG
N;����Lby§`uy�D5G
I�N2F�HbU4S5F��Yd2G�U4S5F�y
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"}�����j��� � $~�[���
-
������{��T�[������� �

¯
y�F�LJQ	����SRL
F
ChHbU4OEL��^°
F�LJQ	����SRL
F
ChHbU4OEL��^°!CED�U�KgLJO^U

-
��SRLbF
ChH
U4O^L�O8B2U4O¡CED©I2DRLbF!OhG!C8N�OYS5G�F
I2HbL�N2L��¨F�G
KMU4C8N

-
DT�2LbHJCYQ�CEH���SRLbF
CEH�U4O^L
D5ylA�B2L

N2L
� ��SRLbF
CEH�U4O^L�K�U5X�d�L¨F�L4QTCYN2LbF I2DTCYNa` G
OYB2LJS Lf®[CED�O8CYN2`~��SRL4��CEG
I2DTVWX F�L4QTCWN2LbF ��SRLbF
CEH�U4O^L
D5�]D�I2H4B U�D
Q5G
I�N2F�U4OYCEG
N2U4V^�-HbGtSRLMG
S;L4®�O^LJN2DTC^G
N)��SRL
F
C^HbU4OELbD5y�A�B2LgF�L4Q�C8N�CYOYCEG
N G
Q�U!��SRL
F
C^HbU4OELcB2G���L4�2LJS�DTB2G
I�V^F�N2G
O�d2L
S5LbH4I�S5DTCY�2L«U4N2F�K#I2DTO#d2L³`tSRG
I�N2F�LbF¢vTL4�aL4N�OYI2UJVYVWX�x�GbN¢OYB2L]Q5G
I�N2F�U4OYCEG
N2U4VMG
S�H�G
SRL]iok-nopwr���SRLbF
CEH�U4O^L
D5�
G
O8B2L4SR��C^DfLb��L4SES5G
SRD.UJN2F�UJKcd�C^`tI�C8OYCELbDaKMU5X�d2L=CYN2H4I�STSRLbF�UbD.UjSRLbDTI�V8O^ysA�B2L�F�L4Q ����S¦L�F
C^H
U4O^L��E°sC^D.`�CY�2L4N\daL4VEG����

def_predicate(Pre
F
C^HbU4OELb�b�cLJQ�CYN�C8OYCEG
N���QRG
S	����S5LbF
ChHbUJO^L�x�y

A�B2L �2U4STC^U4d�VhL noS5LbF
C^H�U4OEL DTO^G
S5LbD OYB2L ��S¦LbF
CEHbU4OhL v�N2UJKML�x OYBoU4O UfSRL daL4CYN2` F�L4QTCYN2LbF d/X O8BaL
�!L4QTCYN�CYO8C^G
N���Q5G
S	����S5LbF
ChHbU4OELby#A�B2Lm�aU4STC^U4d�VEL©�!L4Q�C8N�CYOYCEG
N ��QRG
S	����S5LbF
C^H�UJO^L-C^D�U-VYC^D�OaO8B2U4O.F�LJQ�CYN2L
DjOYBaL�D5L4KMUJN�OYC^H
D
G
Q}noSRL
F
C^H�U4OEL�I2DTC8Na`;QTCYSRD�O�G
S5F�L4S}V^G�`tC^H�DTO^UJO^L4K�L4N�O^D5y��-S5U4K!K�U4S�STI�V^LbD}QRG
S%OYB2G�DfL�V^G�`�C^H�D�O^U4OEL4KML4N�OED!U4SRL�O8B2L
DfU4KML�U
DaOYB2G�D5LsF�LfQ�C8N2LbFsQRG
S�O8B2L=Q�CEL4V^F � ­ G
N2H4V8I2DTC^G
N�!jQ¦G
S�O8B2L=��SRLbF
CEH�U4O^LsDTO^UJOYC^H(�2HbGbN2DTOYS5U4CYN�O��^��y
°�y�UJ®[CEG
K �E°

UJ®[CEG
KMv ­ G
N2HJVYI2DTCEG
N2� ��X �2G�O8B2LbDTCED5x
A�B2L=��S5LbF
C^H�UJO^L�UJ®[CEG
K �E°\F�L4Q�C8N2LbDa��SRG
�2LfSTOYCELbD.G
Q�O8B2LPU4VYS5LbUbF�X�L4®�C^D�OYCYN2`m��SRLbF
CEHbU4OhL
D5yb��O�F�G�LbDaN2G
OlC8N�OYS5G�F
I2HbL

N2L
�)��S5LbF
C^H�U4OELbD5y
A�B2L�UJ®[CEG
K'CED.F�LbD5HJS�CYd2L
FsCYN\OYB2L ��X��2G
O8BaLbDTC^D¡U4N2F ­ G
N2HJVYI2DTCEG
N\�2U4S�CEU4d�V^L
D5y
A�B2LPUf®[CEG
K'��S5LbF
C^HbUJO^L�F�L4QTCYN2LbD
O8B2U4OlC8Q�O8B2L ��Xª�2G
OYBaLbDTCEDaC^D2OYS�I2L
�
OYB2L4N\O8B2L ­ G
N2HJVYI2DTCEG
N�CEDaOYSTI2Lby
A�B2L�UJ®[CEG
K�C8O^D5LJVYQ=C^DsUmB2G
S�N

-
HJV^U4I2D5L
��C^y§Lby�O8B2L4SRL©CED�G
N�VYXMG
N2L�DTCYN2`�V^L�HbGtN�HJVYI2DTCEG
N2y��-S5U4K!K�U4S¡Q5G
SPF�LbDRH4STCYd�C8N�`

O8B2L ��Xª�2G
OYB2LbDTCED!C^DM��S�C8OYOEL4NqCYN²HbG
N��^I�N2HJOYCY�2L�N2G
STKMU4V�QRG
STK U4N2F�C^D�OYB2LwD5U4K�L�UbD!C8O�C^D�F�LJQ�CYN2L
FwQ5G
ScOYB2L
�!L4QTCYN�CYO8C^G
N���Q5G
S	����S5LbF
ChHbU4OEL¡�2U4S�CEU4d�V^LjQRGbS�O8B2L=��S¦LbF
CEHbU4O^LPF�LJQ	����SRL
F
ChHbU4OEL��^°�y
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Reference:
��¯
�/�cUJ�2L ��G
d2LJS�OED5G
N2���4�%N��£N�O8SRG�F
IaH4OYCEG
N\O^G�r-G�`tCEH !¡rsL
H4OYI�S5L=¥cG
O^Lb�
A�B2L �%N�CY�aL4SRD�C8OWX_G
Qa�©F
CYN�d�I�S¦`tB2y
�oL4��OEL4K!d2LJS%¯�����°�y
��°��/��VEU4N\k-I�N2FbX����4A�BaL ­ G
K!��I�OEL4S�pqG�F�LJVYVYC8N2`�G
Q�pZUJOYB2L4K�U4OYCEHbU4V ��LbU
D5G
N�CYNa`�!b�b�cHbUbF�L4K#C^H=noSRL
D5D��TN2H¡r�OEF�y
1983.

�����/��N�S�C^H
GspqG
OYOEUb�
� �-A���I����2G
S�O  -N�OEG
V^G�`bX��¡¯
y � UJN�Fs� ��AjC8�2L=n=G
S�OEU4V  �N�O^G
VEG�`
X��¡¯
y � �
¥!G
��LJK!d2L4S.° ��� ¯
y
� � �/��I2D�O8C8N\AsUJO^Lb��� � � -N-C-A>-

��B2UfS5LbFspqG�F�L4V/QRGbS��uXªN[O8B2LbDTC � LbFs��STO^LfQ5UbH4OED !b�
http://www.aiai.ed.ac.uk/project/ix/inca/

y
� � �

Yun-
�cLJB ­ B2LJN -

k-I�S¦`�L4S5�
��I2DTO8CYN\A©U4OELb��U4N2F��cUJ��L ��G
d2L4STO^D5G
N2��� �jN�OEL4ST�[STC^D5L¡p«G�F�L4VYV8CYN2`u���
�!LbH4VEU4S¦U4O8CY�2L=�%����S5G[U
H4B\QRGbS�i�k-nopwr !b� ��I�SRG
�2L�U4N ­ G
N�QRL4S5L4NaHbL�G
Q��%S�O8CYQTC^H4CEU4V���N�O^L4VYVYC^`�L4N2H�Lb����N2G��-VELbF�`�Lp«U4N2U�`uL4K�L4N�O�U4N2F� �S¦`uUJN�ChD5U4O8C^G
N2U4V/pqL4KMG
STC^LbD 
 G
S�±2DTB2G
�2��° ��� °�y
� � �/�cUJ�2L ��G
d2LJS�OED5G
N;U4N2F���U4I�K�L=�_`�I2DTOYCE���b�oG
Q�O^�%U4S¦L¡k-V8I2L4��S�C8N�O^D5�ªr�Ch`tB�OE��L4Ch`�B�O �!D5LbD.G
Q�rmG�`tCEH=CYN
­ G
N2HbL4��O8I2U4Vlp«G�F�L4VYV8CYN2`�!b�b� ­ p�n2S5LbD5D5�2¯��������
��� � ¯

-
� ��y

����� ­ y��2HJB�V^L4N2G
QTQ�U4N2Fsp«y �-STI�N�CYN2`�L4S.U4N2F�ijy
AjCED5D5G
OgUJN2F�� y �cU4VEG
C^D.UJN2F�� y
r�I�d2LfVYV�U4N2F�� y
r-L�Lb�
A�B2LnoS5G�HbLbD5D.�u�2LbHJCYQ�CEH�U4O8C^G
N�rmUfN2`tI2U�`�L�v n¡��rmx��$ -�2LJS���ChLb� U4N2F �!L4SRDTCEG
N|¯
y � �u�2LbH4CWQTC^H�U4O8C^G
N2�b�4�uA=� � � � � ���
¥!U4O8C^G
N2U4V���N2DTO8CYOYI�OEL�G
Q.��OEU4N2F�U4S5F�D.U4N2FsA©L�H4B�N2G
V^G�`bX�� ��U4CYO8B2L4SRD�d�I�S¦`u�
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