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I)%$'!H,#&)*%! MK!N$3!JKOJ! J!

89:;<:;=&
OC! 7%(#*/5-()*%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![!
OCO!UF,#F),E!*2!(.,!6#*F,%$%-,!2#$8,E*#?!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!W!
OCJ!1,8$%()-!$&6,-(&!*2!6#*F,%$%-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!X!
OCM!L$($G$&,!(,-.%*'*:3!2*#!/$($!6#*F,%$%-,!&(*#$:,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!\!
OCD!L*-58,%(!*5(')%,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!\!

JC! "+PR1I*+8!$66#*$-.!(*!)86',8,%()%:!6#*F,%$%-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!OO!
JCO!0#*F,%$%-,!:#$6.!&3%($Q!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!OO!
JCJ!0#*F,%$%-,!:#$6.!(,86'$(,&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!OJ!
JCJCO! R*/,!'$G,'&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!OJ!
JCJCJ! R*/,!-*'*5#)%:!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!OM!
JCJCM! N5'()6',!,Q,-5()*%!)%&($%-,&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!OM!

JCM!]5,#3!2*#85'$()*%!(**'!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!OM!
JCD!L$($!^5$')(3!(**'!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!O\!
JCA!9')%)-$'!(#)$'!&(5/3!E*#?G,%-.!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!JJ!
JC[!L,-)&)*%!&566*#(!(**'!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!JA!
JCW!1588$#3!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!JX!

MC! 1,#F,#!)86',8,%($()*%!<P07Y>1L;=!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!J\!
MCO!9*%2):5#$()*%!<,5C(#$%&2*#86#*_,-(C6#*F,%$%-,C&,#F)-,!6$-?$:,=!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!J\!
MCJ!0#*F,%$%-,!&(*#$:,!<,5C(#$%&2*#86#*_,-(C6#*F,%$%-,C&(*#$:,!6$-?$:,=!CCCCCCCCCCCCCCCCCCCCCCCC!MM!
MCM!0#*F,%$%-,!#,&*5#-,&!<,5C(#$%&2*#86#*_,-(C6#*F,%$%-,C#,&*5#-,&=!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!MM!
MCD!0#*F,%$%-,!]5,#3)%:!<,5C(#$%&2*#86#*_,-(C6#*F,%$%-,C^5,#3!6$-?$:,=!CCCCCCCCCCCCCCCCCCCCCCC!MD!
MCA!0#*F,%$%-,!+,$&*%)%:!<,5C(#$%&2*#86#*_,-(C6#*F,%$%-,C#,$&*%)%:!6$-?$:,=!CCCCCCCCCCCC!MD!
MC[!T#$6.!8$%)65'$()*%!<,5C(#$%&2*#86#*_,-(C6#*F,%$%-,C#,6#,&,%($()*%!6$-?$:,=!CCCCCCCC!MA!
MCW!7%(,#$-()*%!E)(.!(.,!"+PR1I*+8!&,-5#)(3!$%/!8)//',E$#,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!M[!
MCX!1588$#3!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!M[!

DC! L$($G$&,!)86',8,%($()*%!`!/)&(#)G5()*%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!MW!
DCO!L$($G$&,!&-.,8$!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!MW!
DCJ!L)&(#)G5(,/!$&6,-(&!*2!(.,!6#*F,%$%-,!&3&(,8!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!DK!
DCJCO!1(*#)%:!/)&(#)G5(,/!6#*F,%$%-,!/$($!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!DO!
DCJCJ!]5,#3)%:!1];!/)&(#)G5(,/!6#*F,%$%-,!/$($!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!DO!
DCJCM!]5,#3)%:!/)&(#)G5(,/!6#*F,%$%-,!/$($!E)(.!10P+];!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!DM!

DCM!1588$#3!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!DD!
AC! 0#*F,%$%-,!5&$:,!G3!(**'&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!DA!
ACO!;,F,'&!*2!&,8$%()-!$%%*($()*%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!DA!
ACJ!L$($!^5$')(3!(**'!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!DW!
ACM!]5,#3!2*#85'$()*%!(**'Y9+I!E*#?G,%-.!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!DW!
ACD!L,-)&)*%!&566*#(!(**'!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!DX!
ACA!1588$#3!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!D\!

[C! 0#*F,%$%-,!^5,#3)%:!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!AK!
[CO!]5,#3!2*#85'$()*%!^5,#),&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!AK!
[CJ!L$($!^5$')(3!^5,#),&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!AJ!
[CM!9')%)-$'!(#)$'!&(5/3!E*#?G,%-.!^5,#),&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!AM!
[CD!L,-)&)*%!&566*#(!^5,#),&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!AA!
[CA!0#*F,%$%-,!^5,#3!&,-5#)(3!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!AW!
[C[!T#$6.)-$'!)%(,#2$-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!AW!
[CW!1588$#3!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!A\!



I)%$'!H,#&)*%! MK!N$3!JKOJ! M!

WC! 9*%-'5&)*%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![K!
WCO!I5#(.,#!E*#?!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![K!

XC! +,2,#,%-,&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![O!
P66,%/)Q!P@!9*/,!,Q$86',&!*2!6#*F,%$%-,!5&$:,!)%!"+PR1I*+8!(**'&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![J!
PCO!L$($!]5$')(3!(**'!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![J!
PCJ!]5,#3!2*#85'$()*%!(**'Y,9+I!E*#?G,%-.!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![[!
PCM!L,-)&)*%!1566*#(!13&(,8!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!WK!

P66,%/)Q!a@!1];!&-#)6(!2*#!/$($G$&,!-#,$()*%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!WM!
P66,%/)Q!9@!bN;!1-.,8$!2*#!6#*F,%$%-,!&(*#,!-*%2):5#$()*%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!WW!
P66,%/)Q!L@!LJ+];!(,86'$(,!8$66)%:&!2*#!10P+];!6#*-,&&)%:!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!WX!
P66,%/)Q!4@!T'*&&$#3!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!X[!
P66,%/)Q!I@!;)&(!*2!PGG#,F)$()*%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!XX!
!
!
!
& &



I)%$'!H,#&)*%! MK!N$3!JKOJ! D!

>?=;&9@&@?ABC<=&
@*DE24&F%&12.34/,/+4&02,54G.2H&.3423*4G&##################################################################################################################&I!
@*DE24&$%&'2+J*-4+-E24&.0&-J4&6*K-2*LE-46&(2.34/,/+4&KMK-45&################################################################################&N!
@*DE24&O%&12.34/,/+4&D2,(J&KM/-,P&###############################################################################################################################&F$!
@*DE24&Q%&12.34/,/+4&-45(),-4&0.2&RE42M&4P4+E-*./#&##############################################################################################&FQ!
@*DE24&"%&12.34/,/+4&D2,(J&4P,5()4&.0&,&RE42M&4P4+E-*./#&#################################################################################&F"!
@*DE24&S%&T*DJ&)434)&(2.34/,/+4&-45(),-4&0.2&4)*D*L*)*-M&+2*-42*,&640*/*-*./#&##################################################&FS!
@*DE24&I%&12.34/,/+4&-45(),-4&0.2&,66*/D&+2*-42*,&D2.E(&6E2*/D&4)*D*L*)*-M&+2*-42*,&640*/*-*./#&#############&FS!
@*DE24&N%&12.34/,/+4&-45(),-4&0.2&64)4-*/D&+2*-42*,&D2.E(&6E2*/D&4)*D*L*)*-M&+2*-42*,&640*/*-*./#&##########&FS!
@*DE24&U%&12.34/,/+4&-45(),-4&0.2&,66*/D&,&/4G&+2*-42*./&6E2*/D&4)*D*L*)*-M&+2*-42*,&640*/*-*./#&##########&FI!
@*DE24&FV%&12.34/,/+4&-45(),-4&0.2&E(6,-*/D&,&+2*-42*./&6E2*/D&4)*D*L*)*-M&+2*-42*,&640*/*-*./#&#############&FI!
@*DE24&FF%&12.34/,/+4&-45(),-4&0.2&E(6,-*/D&.(42,-.2K&*/&,&+2*-42*,&D2.E(#&################################################&FN!
@*DE24&F$%&12.34/,/+4&-45(),-4&0.2&E(6,-4&.(42,-.2K&,5./DK-&+2*-42*,&D2.E(#&##########################################&FN!
@*DE24&FO%&12.34/,/+4&D2,(J&4P,5()4&.0&,&+2*-42*,&640*/*-*./#&###########################################################################&FU!
@*DE24&FQ%&12.34/,/+4&-45(),-4&0.2&,66*/D&,&/4G&RE,)*-M&54,KE24&-.&,&RE,)*-M&54,KE24&24(.K*-.2M#&#&$V!
@*DE24&F"%&12.34/,/+4&-45(),-4&0.2&E(6,-*/D&,&RE,)*-M&54,KE24&*/&-J4&RE,)*-M&54,KE24&24(.K*-.2M#&##&$V!
@*DE24&FS%&12.34/,/+4&-45(),-4&0.2&6,-,&RE,)*-M&43,)E,-*./#&#############################################################################&$V!
@*DE24&FI%&12.34/,/+4&-45(),-4&0.2&RE,)*-M&54,KE24&43,)E,-*./#&#####################################################################&$F!
@*DE24&FN%&12.34/,/+4&-45(),-4&0.2&24-2*43*/D&RE,)*-M&54,KE24&24KE)-K&02.5&(2.34/,/+4&K-.2,D4#&#####&$$!
@*DE24&FU%&;2*,)&(),//*/D&(J,K4&D2,(J&########################################################################################################################&$O!
@*DE24&$V%&C8;&'/,)MK*K&(J,K4&-45(),-4&#####################################################################################################################&$Q!
@*DE24&$F%&8)*/*+,)&-2*,)&+./6E+-&(J,K4&D2,(J&############################################################################################################&$"!
@*DE24&$$%&12.34/,/+4&-45(),-4&0.2&!4+*K*./&KE((.2-&24+.554/6,-*./&#######################################################&$S!
@*DE24&$O%&12.34/,/+4&-45(),-4&0.2&5,/E,)&E(6,-*/D&.0&8)*/*+,)&43*64/+4&24(.K*-.2M#&############################&$S!
@*DE24&$Q%&12.34/,/+4&-45(),-4&0.2&6,-,&5*/*/D&(2.+4KK&6E2*/D&8)*/*+,)&<3*64/+4&24(.K*-.2M&E(6,-*/D#

&#########################################################################################################################################################################################&$S!
@*DE24&$"%&12.34/,/+4&D2,(J&4P,5()4&EK*/D&-J4&-45(),-4K&0.2&!==#&################################################################&$I!
@*DE24&$S%&!,-,L,K4&K+J45,&71,2-&?W&############################################################################################################################&OU!
@*DE24&$I%&!,-,L,K4&K+J45,&71,2-&??W&###########################################################################################################################&QV!
@*DE24&$N%&12.34/,/+4&RE42M&-..)&#################################################################################################################################&"N!
@*DE24&$U%&XE42M&-..)&24KE)-&#############################################################################################################################################&"N!
@*DE24&OV%&12.34/,/+4&L2.GK42&3*4G&###########################################################################################################################&"U!
!
>?=;&9@&;'Y><=&
;,L)4&F%&Z4M&54-J.6K&.0&12.34/,/+4=42342&+),KK&####################################################################################################&OV!
;,L)4&$%&?/-420,+4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#K423*+4&(,+H,D4&#######################################################&O$!
;,L)4&O%&8),KK4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#K423*+4&(,+H,D4&#############################################################&O$!
;,L)4&Q%&8),KK4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#K-.2,D4&##############################################################################&OO!
;,L)4&"%&?/-420,+4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#24K.E2+4K&###################################################################&OQ!
;,L)4&S%&8),KK4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#24K.E2+4K&#########################################################################&OQ!
;,L)4&I%&8),KK4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#RE42M&#################################################################################&OQ!
;,L)4&N%&8),KK4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#24,K./*/D&#########################################################################&O"!
;,L)4&U%&8),KK4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#24(24K4/-,-*./&###############################################################&O"!
;,L)4&FV%&</E542,-*./K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#24(24K4/-,-*./&##############################################&O"!
!
! !



I)%$'!H,#&)*%! MK!N$3!JKOJ! A!

<P4+E-*34&=E55,2M!
!
LACJ@! P66')-$()*%! *2! 0#*F,%$%-,!N*/,'! )86',8,%(&! (.,! /,&):%! *2! (.,! 6#*F,%$%-,!8*/,'!
*#):)%$''3!6#,&,%(,/! )%!LMCO@!0#*F,%$%-,!N*/,'B!G3!6#*F)/)%:!$!&,#F)-,!G$&,/! 2#$8,E*#?!
E)(.!$!G$-?S,%/!/$($G$&,!$%/!$!&,(!*2!6#*:#$88$()-!)%(,#2$-,&!(.$(!"+PR1I*+8!&*2(E$#,!
(**'&!)%F*?,!(*!&5G8)(!(.,)#!6#*F,%$%-,!)%2*#8$()*%C!a$&,/!*%!(.,!"+PR1I*+8c&!9')%)-$'!
+,&,$#-.! 7%2*#8$()*%!N*/,'! <9+7N=B!9')%)-$'!L$($! 7%(,:#$()*%!N*/,'! <9L7N=B!$%/!9')%)-$'!
4F)/,%-,!N*/,'!<94N=B!E,!/,2)%,!$!%*F,'!$66#*$-.!*2!5&)%:!6#*F,%$%-,!:#$6.!(,86'$(,&!(*!
2$-)')($(,!6#*F,%$%-,!/$($!-$6(5#,!2*#!F$#)*5&!&*2(E$#,!(**'&!(.$(!$#,!6$#(!*2!"+PR1I*+8C!
".,! $66#*$-.! )&! /,8*%&(#$(,/! *%! $''! "+PR1I*+8! (**'&! )%! &522)-),%('3! $/F$%-,/!
/,F,'*68,%(! &($:,! $(! 6#,&,%(C! P%! $%$'3&)&! $%/! F)&5$')&$()*%! (**'! )&! $'&*! 6#,&,%(,/B! E)(.!
^5,#),&!/,2)%,/!2#*8!(.,!#,^5)#,8,%(&!*2!(.,!(.#,,!"+PR1I*+8!5&,!-$&,&C!

".,!?,3!-*%(#)G5()*%&!*2!(.)&!/,')F,#$G',!$#,@!

• 9*%-,6(!*2!6#*F,%$%-,!:#$6.!(,86'$(,&!$&!$!%*F,'!)86',8,%($()*%!8,-.$%)&8!
• 0#*F,%$%-,! (,86'$(,&! 2*#! L$($! ]5$')(3! "**'B! ]5,#3! I*#85'$()*%! "**'B! ,9+I!

E*#?G,%-.B!$%/!(.,!L,-)&)*%!1566*#(!13&(,8!
• >,G!&,#F)-,!$%/!6#*:#$88$()-!P07&!2*#!-'),%(!(**'&c!$--,&&!(*!2#$8,E*#?!
• L)&(#)G5(,/!/$($G$&,!)86',8,%($()*%!
• T,%,#)-!6#*F,%$%-,!^5,#3!$%/!F)&5$')&$()*%!(**'!

".#*5:.! (.,&,B! E,! /,')F,#! $! -*%&)&(,%(! 8,(.*/*'*:3! 2*#! 8$?)%:! "+PR1I*+8! (**'&!
6#*F,%$%-,S,%$G',/B!,%&5#)%:!G*(.!6#,&,%(!$%/!25(5#,!(**'&!-$%!,$&)'3! )%(,:#$(,!E)(.!(.,!
&,#F)-,!)%(,#2$-,!*2!(.,!/)&(#)G5(,/!0#*F,%$%-,!2#$8,E*#?C!".,!:$(.,#,/!/$($!-$%!(.,%!G,!
^5,#),/!$%/!$%$'3&,/!(.#*5:.!(.,!]5,#3!)%(,#2$-,B!$&!/,8*%&(#$(,/!(.#*5:.!(.,!/,2$5'(!&,(!
*2! ^5,&()*%&! 6#*F)/,/B! ,C:C! .*E!E$&! $! 6$#()-5'$#! 6#*-,&&! $5(.,%()-$(,/B! *#! .*E!E$&! (.,!
6$(),%(! #,-#5)(8,%(! ^5,#3! 2*#85'$(,/! 2*#! $! 6$#()-5'$#! &(5/3C! ".5&B! E,! 6#*F)/,! 25''!
(#$-($G)')(3!$%/!$5/)($G)')(3!*2!(.,!"+PR1I*+8!E*#?C!!

".,! 8,(.*/*'*:3! )(&,'2! )&! 8*/,'SG$&,/! $%/! )&! :,%,#$''3! $66')-$G',! (*! .,(,#*:,%,*5&!
&*2(E$#,! &3&(,8&!E)(.! &.$#,/!6#*-,&&!8*/,'&B!E.)-.!E,! )%(,%/! (*! )%F,&():$(,! 25#(.,#! )%!
(.,!25(5#,C! !



I)%$'!H,#&)*%! MK!N$3!JKOJ! [!

!
F# ?/-2.6E+-*./&
".)&! /,')F,#$G',! /,&-#)G,&! (.,! $66')-$()*%! *2! (.,! "+PR1I*+8!6#*F,%$%-,!8*/,'! /,&):%B!
6#,&,%(,/! )%! dOeB! (*! "+PR1I*+8! &*2(E$#,! (**'&! (.$(! E)''! G,! -$6(5#)%:! 6#*F,%$%-,!
)%2*#8$()*%C! ".5&B! *5#! 6#*F,%$%-,! 2#$8,E*#?! )86',8,%($()*%! -$6(5#,&! (.,! ($&?&!
6,#2*#8,/! )%! (.,! (**'&! &5-.! $&! L$($! ]5$')(3! "**'B! ]5,#3! I*#85'$()*%! "**'B! ,9+I!
E*#?G,%-.B! L,-)&)*%! 1566*#(! 13&(,8! $%/! *(.,#&B! $%/! &(*#,&! (.,8! )%! $! &,8$%()-$''3!
$%%*($(,/!/$($G$&,!2*#!'$(,#!$5/)()%:!$%/!$%$'3&)&C!

0#*F,%$%-,! *2! $%3! 6),-,! *2! /$($! #,2,#&! (*! (.,! ?%*E',/:,! $G*5(! )(&! *#):)%B! )%! (,#8&! *2!
,%()(),&!$%/!$-(*#&!)%F*'F,/!)%!)(&!-#,$()*%B!,C:C!/$($!&*5#-,&!5&,/B!*6,#$()*%&!-$##),/!*5(!*%!
(.,8B! $%/! 5&,#&! ,%$-()%:! (.*&,! *6,#$()*%&C! N$?)%:! &*2(E$#,! &3&(,8&! !"#$%&'&(%) '*'"%!
,%$G',&!)%F,&():$()*%!*2!/$($!&*5#-,&!$%/!&,#F)-,&!(.$(!6#*/5-,/!$!6$#()-5'$#!*5(65(!2#*8!
(.,!&3&(,8B! (*:,(.,#!E)(.! (.,! )%/)F)/5$'&!E.*! )%&():$(,/! (.,!#,^5,&(&!$%/!#,-,)F,/! (.*&,!
*5(65(&B! (*! ,&($G')&.! (.,! ,Q$-(! ')%,$:,! $%/! $&&,&&! (.$(! -*##,-(! 6#*-,/5#,&!E,#,! 2*''*E,/!
dJeC!!

".,!&*2(E$#,!(**'&!)%!"+PR1I*+8!$#,!/,')F,#,/!$-#*&&!(.,!&6$%!*2!2*5#!3,$#&B!$%/!$#,!)%!
F$#)*5&! &($:,&! *2! /,F,'*68,%(B! E.)-.! 6#,&,%(&! (.,! -.$'',%:,! *2! 6#*F)/)%:! $! -*%&)&(,%(!
)86',8,%($()*%! 8,(.*/! (.$(! -$%! G*(.! $//#,&&! (.,! -5##,%(! %,,/&! *2! (**'&! (.$(! $#,!
-*86',(,/B! (.,!*%,&!G,)%:!/,F,'*6,/B! $%/! (.,!*%,&! (.$(!E)''! *%'3! -*88,%-,! '$(,#! )%! (.,!
6#*_,-(C!>,!.$F,!$//#,&&,/!(.)&!G3!)%(#*/5-)%:!!"#$%&'&(%)+%,!-'+%./)$!%*F,'!8,(.*/!2*#!
8$?)%:!$66')-$()*%&!6#*F,%$%-,!$E$#,B!(.$(!)&!G$&,/!*%!5%/,#'3)%:!&,8$%()-!8*/,'&B!&5-.!
$&!9')%)-$'!+,&,$#-.!7%2*#8$()*%!N*/,'!<9+7N=!dMeB!G5(!-$%!&5G&,^5,%('3!G,!$/$6(,/!G3!(.,!
(**'&! (*! )%-'5/,! -5&(*8! *%(*'*:),&B! &5-.! $&! )&! (.,! -$&,!E)(.! (.,! 9')%)-$'! 4F)/,%-,!N*/,'!
<94N=!(*!G,!5&,/!)%!(.,!/,-)&)*%!&566*#(!(**'&C!!

".,! -*%-,6(! *2! 6#*F,%$%-,! (,86'$(,&! &)86')2),&! (.,! 6#*F,%$%-,! )%2*#8$()*%! -$6(5#,! 2*#!
(.,!-'),%(!(**'&B!G3!/,2)%)%:!&($%/$#/!6$((,#%&!*2!5&$:,!2*#!,$-.!(**'B!$%/!(.,!-*##,&6*%/)%:!
6#*F,%$%-,! :#$6.! 2$8)'),&! (.$(! &5-.! 6$((,#%&! -$%! 6#*/5-,C! >,! .$F,! /,&):%,/! (.,&,!
6$((,#%&!2*#!$''!(.,!8$)%!(**'&!)%!"+PR1I*+8!<L$($!]5$')(3!"**'B!]5,#3!I*#85'$()*%!"**'B!
,9+I!E*#?G,%-.! $%/!L,-)&)*%! 1566*#(! 13&(,8=B! $%/! 6#*F)/,/!8,-.$%)&8&! 2*#! (.,! '$(,#!
(**'&!(*!/,2)%,!6$((,#%&!$%/!5%/,#'3)%:!&,8$%()-!#,6#,&,%($()*%&!(.,8&,'F,&!<L$($!N)%)%:!
"**'&B!;)%?$:,!"**'&B!$%/!N*G)',!P66')-$()*%&=C!P!'):.(E,):.(!$66#*$-.B!E)(.!%*!$//)()*%$'!
*%(*'*:),&B!$%/!*%'3!(,Q(5$'!$%%*($()*%&!)&!$'&*!/,&-#)G,/C!".)&! )&!/,8*%&(#$(,/!*%!$-(5$'!
-*/,!2#$:8,%(&!6#*/5-,/!)%!-*''$G*#$()*%!E)(.!#,',F$%(!6$#(%,#&C!

"*! &566*#(! $5/)()%:! $%/! ^5,#3)%:! *2! &(*#,/! 6#*F,%$%-,! /$($B! E,! 6#*F)/,! $! '):.(E,):.(!
E,GSG$&,/!^5,#3! (**'! (.$(!-$%!G,!,$&)'3! )%(,:#$(,/! )%(*!*(.,#!"+PR1I*+8!(**'&!<,C:C! (.,!
E*#?G,%-.=! $%/! (.$(! &566*#(&!6#,S/,&):%,/!^5,#),&B! $//)()*%!*2! %,E!^5,#),&B! $%/!F)&5$'!
,Q6'*#$()*%! *2! (.,! 6#*F,%$%-,! )(,8&! G3! G#*E&)%:! (.,! :#$6.! &(#5-(5#,C! ]5,#3! ,Q$86',&!
:)F,%!.$F,!G,,%!/,F,'*6,/!2#*8!(.,!#,^5)#,8,%(&!*2!5&,!-$&,!6$#(%,#&C!

!



I)%$'!H,#&)*%! MK!N$3!JKOJ! W!

!
@*DE24&F%&12.34/,/+4&02,54G.2H&.3423*4G&

!

F#F&93423*4G&.0&-J4&(2.34/,/+4&02,54G.2H&

".,!6#*F,%$%-,!8*/,'!2*#!"+PR1I*+8!E$&!*#):)%$''3!/,2)%,/!)%!dOe!$&!&.*E%!)%!I):5#,!OC!
".,!6#)%-)6$'!/,-)&)*%&!-*%-,#%)%:!(.,!8*/,'!E,#,@!

!" 9#,$(,!$!/)&(#)G5(,/!6#*F,%$%-,!&3&(,8!G$&,/!*%!(.,!U6,%!0#*F,%$%-,!N*/,'B!
#" V&,!&,8$%()-!(,-.%*'*:),&!2*#!/$($!6#*F,%$%-,!/,&-#)6()*%B!
$" V&,!#,'$()*%$'!/$($G$&,!(,-.%*'*:3!2*#!/$($!6#*F,%$%-,!&(*#$:,B!E)(.!+LIS#,'$()*%$'!

8$66)%:!2*#!6#*F)/)%:!G*(.!#,'$()*%$'!$%/!&,8$%()-!^5,#3!F),E!*2!/$($!6#*F,%$%-,!

".,! U6,%! 0#*F,%$%-,! N*/,'! <U0N=! dDe! )&! $! -*885%)(3! &($%/$#/! 2*#! 6#*F,%$%-,!
/,&-#)6()*%C!".,!6#*F,%$%-,!)%2*#8$()*%!)%!U0N!)&!#,6#,&,%(,/!$&!/)#,-(,/!$-3-')-!:#$6.&!
<LPT=!,&($G')&.)%:!-$5&$'!#,'$()*%&.)6&!G,(E,,%!)%/)F)/5$'!%*/,&B!E.)-.!#,6#,&,%(!)

'"+01'(+.)</$($!,%()(),&!(.$(!$#,!#,2,#,%-,/!)%!(.,!&3&(,8=B!!"#(%..%.!<(.$(!6#*/5-,!$#()2$-(&=B!
$%/! '2%&+.) <6.3&)-$'! *#! &*2(E$#,! ,%()(),&! (.$(! -*%(#*'! 6#*-,&&,&=B! (*:,(.,#! E)(.! -$5&$'!
/,6,%/,%-,&! G,(E,,%! (.,8C! L):)($'! #,6#,&,%($()*%! *2! 6#*F,%$%-,! ,',8,%(&! )&! $'&*! $%!
,&&,%()$'! #,^5)#,8,%(! )%! $%3! 6#*F,%$%-,! 8*/,'C! U0N! .$&! $/*6(,/! V%)2*#8! +,&*5#-,!
7/,%()2),#&!<V+7&=!$&!(.,!6#*(*-*'!(*!/,2)%,!(.,!U0N!,',8,%(&B!$%/!)&!$/F*-$()%:!(.,!5&$:,!
*2!+)-.!L$($!I*#8$(!<+LI=!$%/!U%(*'*:3!>,G!;$%:5$:,!<U>;=!(,-.%*'*:),&!2*#!U0N!:#$6.!
2*#8$(! &(*#$:,! $%/! )%(,#6#,($()*%B! (*!E.)-.! :*$'!U0NH!$%/!U0NU!*%(*'*:),&! .$F,! G,,%!
6#*/5-,/&dDeC!".)&!$66#*$-.B!2*#!,Q$86',B!,%$G',&!(.,!"+PR1I*+8!6#*F,%$%-,!2#$8,E*#?!
(*!#,2,#!(*!-*%2)/,%()$'!/$($!G3!5&)%:!V+7&!(*!(.,!$-(5$'!/$($B!$%/!',(()%:!(.,!/$($!&*5#-,&!
(.,8&,'F,&!/,(,#8)%,!E.,(.,#!(.,!5&,#!-$%!$--,&&!(.)&!)%2*#8$()*%C!



I)%$'!H,#&)*%! MK!N$3!JKOJ! X!

!
@*DE24&$%&'2+J*-4+-E24&.0&-J4&6*K-2*LE-46&(2.34/,/+4&KMK-45&

!
I):5#,! J! &.*E&! (.,! /)&(#)G5(,/! $#-.)(,-(5#,! *2! (.,! "+PR1I*+8! 6#*F,%$%-,! 2#$8,E*#?B!
E.)-.! -*%&)&(&! *2! $! -,%(#$')f,/! f*%,B! $%/! $! %58G,#! *2! '*-$'! &(5/3! &)(,&C! 4$-.! &(5/3! &)(,!
-*%($)%&!$!&,(!*2!/$($G$&,&B!'*-$'!"+PR1I*+8!&,#F)-,&!$%/!(**'&B!$%/!$!6#*F,%$%-,!&,#F)-,!
)%(,#2$-,! 2*#! #,-*#/)%:! 6#*F,%$%-,! )%2*#8$()*%! )%(*! (.,! ;*-$'! 0#*F,%$%-,! L$($! 1(*#,!
<;0L1=C! ".,!9,%(#$')f,/!g*%,!8$)%($)%&! (.,! )%2*#8$()*%! $G*5(! $''! &(5/3! &)(,&B! $%/! *22,#&!
&,#F)-,&! 2*#!#,&*'F)%:!^5,#),&!$G*5(!/)&(#)G5(,/!6#*F,%$%-,!:#$6.&B! (.$(! )&B!:#$6.&!E.)-.!
)%-*#6*#$(,!6#*-,&&,&!,Q,-5(,/!$%/!$#()2$-(&!6#*/5-,/!$(!/)22,#,%(!&(5/3!&)(,&C!!

".,!$--,&&!(*!&(5/3!&)(,&!2*#!,$-.!5&,#!2#*8!(.,!-,%(#$')f,/!f*%,!)&!-*%(#*'',/!(.#*5:.!(.,!
3%.#4"(%) 3%20.+"5) 6%"$0(%/) E.)-.! 5&,&! (.,! 1,-5#)(3! 1*'5()*%! ;$3,#! (*! -.,-?! (.,!
$5(.*#)f$()*%&B!E)(.!(,86*#$#3!2,/,#$(,/!F),E&!*2!(.,!/$($!G,)%:!&(*#,/!)%!(.,!9,%(#$')f,/!
0#*F,%$%-,!L$($!1(*#,!<90L1=C!!

F#$&=45,/-*+&,K(4+-K&.0&(2.34/,/+4&

0#*F,%$%-,! )&! )%(#)-$(,'3! ')%?,/! (*! &,8$%()-! (,-.%*'*:),&! 2#*8! )(&! *5(&,(C! 1,8$%()-!
2#$8,E*#?! 2*#! 8$%$:)%:! 6#*F,%$%-,! /$($! -#,$(,&! $%! 5%$8G):5*5&! -*%(,Q(! 2*#!
5%/,#&($%/)%:!$%/!-*86$#)%:!/$($!dAeB!E.)-.!'),&!$(!(.,!F,#3!.,$#(!*2!6#*F,%$%-,C!9')%)-$'!
#,&,$#-.!/$($!)%!6$#()-5'$#B!E)(.!)(&!#)-.!&,8$%()-!)%2*#8$()*%!#,2',-(,/!)%!85'()6',!-*/)%:!
&-.,8$&B! /,8$%/&! &5-.! $! 2#$8,E*#?! )%! *#/,#! (*! ,&($G')&.! $! -'*&,! 8$66)%:! (*! /*8$)%!
-*%-,6(&!(.$(!$#,!-5#$(,/B!6#,-)&,B!$%/!5%/,#&($%/$G',!(*!#,&,$#-.,#&C!



I)%$'!H,#&)*%! MK!N$3!JKOJ! \!

".,!6#*F,%$%-,!)86',8,%($()*%!$66#*$-.!/,&-#)G,/!)%!(.)&!/*-58,%(!.$&!G,,%!&6,-)2)-$''3!
/,&):%,/!2*#!$''*E)%:!&,8$%()-!6#*F,%$%-,!$%%*($()*%@!,$-.!,%()(3!*2!$!6#*F,%$%-,!:#$6.!
#,2,#&! (*!$%!*%(*'*:3!-*%-,6(B!/#$E%!,)(.,#! 2#*8!$!/*8$)%!*%(*'*:3!*#!-*#,!U0N!6#*2)',!
*%(*'*:3C!!

>)(.)%!"+PR1I*+8B!$(!(.,!()8,!*2!E#)()%:B!(.#,,!/*8$)%!*%(*'*:),&!.$F,!G,,%!/,F,'*6,/@!
(.,! 9')%)-$'! +,&,$#-.! 7%2*#8$()*%! N*/,'! <9+7N=B! (.,! 9')%)-$'! L$($! 7%(,:#$()*%! N*/,'!
<9L7N=B!$%/!(.,!9')%)-$'!4F)/,%-,!N*/,'!<94N=h!$%/!*%,!*%(*'*:3!6#*2)',B!9')%)-$'!+,&,$#-.!
7%2*#8$()*%!0#*F,%$%-,!0#*2)',!<9+700=C!".,!-*%-,6(&!$&&*-)$(,/!E)(.!(.,&,!*%(*'*:),&!$#,!
5&,/! G3! "+PR1I*+8! (**'&! (*! $%%*($(,! (.,! 6#*F,%$%-,! ,%()(),&! -#,$(,/B! $%/! 5&,/! (*!
2*#85'$(,!^5,#),&!*%!(.,!&(*#,/!6#*F,%$%-,!/$($C!

F#O&!,-,L,K4&-4+J/.).DM&0.2&6,-,&(2.34/,/+4&K-.2,D4&

P'(.*5:.!U>;!(,-.%*'*:3B!-*88*%'3!$&&*-)$(,/!E)(.!+LI!2*#8$(!#,6*&)(*#),&B!)&!5&,/!2*#!
$%%*($()%:! 6#*F,%$%-,! /$($B! E,! .$F,! -.*&,%! #,'$()*%$'! /$($G$&,! $66#*$-.! (*! &(*#)%:!
6#*F,%$%-,!/$($! )%&(,$/C!".,!8$)%!#,$&*%!2*#! (.)&! )&! (.$(! (.,!F*'58,!*2!6#*F,%$%-,!/$($!
-$%! :#*E! ^5)(,! #$6)/'3! )%! (.,! E*#?)%:! &3&(,8B! -*86$#,/! (*! &*8,! *(.,#! "+PR1I*+8!
&*2(E$#,B!,C:C!(.,!/,-)&)*%!&566*#(!(**'B!$%/!(.,#,G3!#,^5)#,&!*6()8)f,/!#,'$()*%$'!&(*#$:,C!

".,! /$($G$&,! &-.,8$! )86',8,%(,/! )%! "+PR1I*+8! #,'),&! 65#,'3! *%! &($%/$#/! 1];!
-*%&(#5-(&B! $%/! $&! &5-.! -$%! G,! )86',8,%(,/! )%! $%3! %58G,#! *2! &($%/$#/! 1];! /$($G$&,!
8$%$:,8,%(! &3&(,8&B! &5-.! $&! U#$-',B! 1];! 1,#F,#B! 0*&(:#,&B! $%/! N31];C! I*#! *5#! )%)()$'!
)86',8,%($()*%B!E,!.$F,!/,-)/,/!*%!N31];B!/5,!(*!)(&!2#,,!$F$)'$G)')(3B!6*65'$#)(3B!&566*#(!
2*#!#,8*(,!$--,&&B!$%/!/*-58,%($()*%!^5$')(3C!i*E,F,#B!(.,#,!)&!%*(.)%:!6#,F,%()%:!25(5#,!
$/*6(,#&!2#*8!)86',8,%()%:!$%!)/,%()-$'!/$($G$&,!)%!$%3!*2!(.,!*(.,#!')&(,/!/$($G$&,&B!E)(.!
*%'3!8)%*#!-*%2):5#$()*%!8*/)2)-$()*%&C!

L,&6)(,! (.,!#,'$()*%$'!G$-?S,%/B! (.,! 2#$8,E*#?!&()''!*6,#$(,&!*%!6#*F,%$%-,!:#$6.&!E)(.!
&,8$%()-! $%%*($()*%&B! $%/! &,8$%()-! F),E&! *2! (.,! /$($!E)''! G,! 6#*F)/,/! 5&)%:! $! L$($S(*S
+,'$()*%$'S]5,#3!<LJ+]=! (**'! d[eC!LJ+]! '$%:5$:,!/,&-#)G,&!8$66)%:&!G,(E,,%!#,'$()*%$'!
/$($G$&,!&-.,8$($!$%/!U>;Y+LI1!*%(*'*:),&B!$''*E)%:!$--,&&!(*!+LI!F),E&!*%!$!#,'$()*%$'!
/$($! (.#*5:.! j,%$! dWe! $%/! 1,&$8,! dXeC! ".5&B! (E*! 8*/,&! *2! ^5,#3)%:! $#,! &566*#(,/@!
#,'$()*%$'B! E.)-.! $--,&&,&! (.,! &(*#,/! ,%()(),&! /)#,-('3B! *#! &,8$%()-B! 5&)%:! 10P+];! d\e!
^5,#),&!*%!(.,!+LI!#,6#,&,%($()*%!*2! (.,!U0N!,%()(),&C!".,! 2*#8,#!$''*E&! 2*#85'$()*%!*2!
^5,#),&! (.$(! -$%! #,(#),F,! %*%S/*8$)%S&6,-)2)-! )%2*#8$()*%! <)C,C! E.,%! E$&! $! &(5/3!
#,-#5)(8,%(!^5,#3!-#,$(,/=B!E.)',!(.,!'$((,#!)&!G,((,#!2*#!G#*$/,#!^5,#),&!(.$(!8$3!*6,#$(,!
*%! -*86',QB! &,8$%()-! ^5,#),&! <)C,C! E.)-.! 6#,&,%(,/! &386(*8&! 6#,F)*5&'3! -$5&,/! (.,!
/,-)&)*%!&566*#(!&3&(,8!(*!-*8,!56!E)(.!$!&6,-)2)-!/)$:%*&)&k=C!

F#Q&!.+E54/-&.E-)*/4&

1,-()*%!J!*2!(.)&!/*-58,%(!6#,&,%(&!6#*F,%$%-,!(,86'$(,&!5&,/!(*!)86',8,%(!6#*F,%$%-,!
-$6(5#,! 2*#! "+PR1I*+8! (**'&C! 7%! 1,-()*%! M! (.,! 5%/,#'3)%:! )86',8,%($()*%! *2! (.,!
6#*F,%$%-,! &,#F,#! )&! /,&-#)G,/B! (*:,(.,#!E)(.! )(&! P07! -*%%,-()F)(3B! )%(,#%$'! $#-.)(,-(5#,B!
$%/! -*%2):5#$()*%C! 7%! 1,-()*%! DB! (.,! 5%/,#'3)%:! /$($G$&,! &-.,8$! $%/! (.,! /)&(#)G5(,/!
&(*#$:,!$%/!^5,#3)%:!$&6,-(&!$#,!/,($)',/C!1,-()*%!A!&.*E&!-*%-#,(,!-*/,!,Q$86',&!*2!.*E!
(**'&!)%!"+PR1I*+8!5&,!(.,!6#*F,%$%-,!&,#F,#B!E.)',!1,-()*%![!/,8*%&(#$(,&!6#*F,%$%-,!



I)%$'!H,#&)*%! MK!N$3!JKOJ! OK!

/$($!^5,#3)%:! $%/!.*E! )(! -$%!G,!5&,/! 2*#! $%$'3&)&C! I)%$''3B! )%! 1,-()*%!WB! (.,!/*-58,%(! )&!
&588$#)f,/! $%/! )(&! )86')-$()*%&! 2*#! "+PR1I*+8! $%/! G#*$/,#! 6#*F,%$%-,! #,&,$#-.! $#,!
')&(,/C!

! &



I)%$'!H,#&)*%! MK!N$3!JKOJ! OO!

$# ;C':=@.C5&,((2.,+J&-.&*5()454/-*/D&(2.34/,/+4&
7%! (.)&!&,-()*%B!E,!E)''!6#,&,%(! (.,!&(#$(,:3! 2*#!6#*F,%$%-,!/$($!-$6(5#,!G3!"+PR1I*+8!
(**'&B!5&)%:!(.,!,Q$86',&!*2!(.,!2*5#!(**'&!(.$(!$#,!)%!8$(5#,!/,&):%!$%/Y*#!/,F,'*68,%(!
&($:,&@!L$($!]5$')(3!"**'!<>"ACO=B!]5,#3!I*#85'$()*%!"**'!$%/!,9+I!E*#?G,%-.!<>"ACM=B!
$%/! (.,!L,-)&)*%! 1566*#(! "**'! <>"DCD=C! ".,! -*86*%,%(&! (.$(!E)''! G,! /,F,'*6,/! $(! '$(,#!
&($:,&! *2! (.,! 6#*_,-(B! >"DCA! L$($! N)%)%:! "**'&B! >"WCA! L)&(#)G5(,/! )%2#$&(#5-(5#,!
$5(.,%()-$()*%!8,-.$%)&8&B!$%/!>"WC[!N*G)',!8)//',E$#,B!E)''!5&,!(.,!&$8,!(,-.%)^5,!(*!
-$6(5#,!)%2*#8$()*%!(.$(!#,2',-(&!(.,)#!/*8$)%C!!

P(! (.,! .,$#(! *2! (.,! "+PR1I*+8! 6#*F,%$%-,! )86',8,%($()*%! '$3&! $! %*F,'! -*%-,6(! *2!
!"#$%&'&(%)2"'!7)+%,!-'+%.@!$G&(#$-(!:#$6.!6$((,#%&B!G$&,/!*%!(.,!9+7N!8*/,'B!(.$(!,$-.!
(**'!5&,&!(*!8*/,'!6#*F,%$%-,!)%2*#8$()*%!#,'$()%:!(*!)(&!25%-()*%$')(3C!7%!(.)&!E$3B!(.,!/$($!
(.$(! ,$-.! (**'! )&! &(*#)%:B! )&! ,Q6')-)('3! &6,-)2),/B! &)86')23)%:! (.,)#! )%(,#$-()*%&! E)(.! (.,!
6#*F,%$%-,!P07B!E.)-.! -*%&)&(&!*2!6$#$8,(,#)f,/!8,(.*/! -$''&! (.$(! )%&($%()$(,! $%/! &(*#,!
-*%-#,(,!6#*F,%$%-,!:#$6.&!)%!(.,!G$-?:#*5%/C!

".)&! &,-()*%!E)''! 2)#&(! )%(#*/5-,! (.,! &3%($Q! 2*#! G*(.! 6#*F,%$%-,! :#$6.&! $%/! 6#*F,%$%-,!
(,86'$(,!:#$6.&B!G,2*#,!6#,&,%()%:!(.,!(,86'$(,&!2*#!(.,!8$_*#!(**'&!)%!(.,!&3&(,8C!

$#F&12.34/,/+4&D2,(J&KM/-,P&

".,!"+PR1I*+8!6#*F,%$%-,!:#$6.&!$#,!5&)%:!(.,!U6,%!0#*F,%$%-,!N*/,'!<U0N=!dDe!2*#!
)(&! -*%-,6(5$'! #,6#,&,%($()*%C! U0N! )&! $! -$5&$'! :#$6.!8*/,'B! E)(.! ,/:,&! /,%*()%:! -$5&$'!
#,'$()*%&.)6&! <b!E$&! -$5&,/! G3! l=! $%/! %*/,&! #,6#,&,%()%:! (.,! )%/)F)/5$'! *--5##,%-,&! *2!
&*8,!,%()(),&C!".)&!&(#5-(5#,!$''*E&!U0N!:#$6.&!(*!/,&-#)G,!.*E!(.,!25''!')%,$:,!*2!$!6),-,!
*2!/$($!)%!(,#8&!*2!85'()6',!,F,%(&!<6#*-,&&!)%&($%-,&=!(.$(!',/!(*!)(!G,)%:!6#*/5-,/C!!

R*/,&!-$%!G,!*2!(.#,,!(36,&@!'"+01'(+.B!!"#(%..%./!$%/!'2%&+.C!!!

• P#()2$-(&!$#,!6),-,&!*2!/$($!*2!2)Q,/!F$'5,!$%/!-*%(,Q(B!,C:C!*%,!F,#&)*%!*2!$!/$($!&,(B!
*#!$!/*-58,%(C!".,3!$#,!/,%*(,/!G3!-)#-',&!)%!(.,!6#*F,%$%-,!:#$6.C!

• 0#*-,&&,&!$#,!$-()*%&!(.$(!$#,!6,#2*#8,/!5&)%:!$#()2$-(&!(*!:,%,#$(,!*(.,#!$#()2$-(&B!
,C:C!$!&,',-()*%!6#*-,&&!5&,&!(.,!25''!&,(!*2!,'):)G',!6$(),%(&!$%/!:,%,#$(,&!$!&5G&,(!*2!
(.,&,!E)(.!E.)-.!(*!-*%/5-(!(.,!(#)$'C!0#*-,&&,&!$#,!#,6#,&,%(,/!G3!#,-($%:',&!)%!$!
6#*F,%$%-,!:#$6.C!

• P:,%(&! $#,! (.,! ,%()(),&! -*%(#*'')%:! 6#*-,&&! ,Q,-5()*%B! ,)(.,#! $&! .58$%! $-(*#&!
<#,&,$#-.,#&B! -')%)-)$%&B! ,(-C=! *#! $&! %*%S85($G',! 6),-,&! *2! &*2(E$#,! <,C:C! $%! 4i+!
&3&(,8! E*5'/! G,! $%! $:,%(B! &)%-,! )(&! 6#*F,%$%-,! )&! *5(&)/,! *2! (.,! &-*6,! *2! (.,!
"+PR1I*+8!8*/,'=C!".,3!$#,!&.*E%!$&!*-($:*%&!)%!(.,!6#*F,%$%-,!:#$6.C!

".,!F$#)*5&!6#*6,#(),&!*2!$#()2$-(&B!6#*-,&&,&!$%/!$:,%(&!$#,!#,6#,&,%(,/!G3!$#G)(#$#3!?,3S
F$'5,! '&&#+'+0#&.! (*! (.,! %*/,&C! ! 4/:,&! -$%! $'&*! .$F,! $%%*($()*%&! (*! 6#*F)/,! 25#(.,#!
)%2*#8$()*%!*%!.*E!*%,!*--5##,%-,!-$5&,/!$%*(.,#C!1*8,!*(.,#!$&6,-(&!*2!U0NB!&5-.!$&!
$--*5%(&B!$#,!5%%,-,&&$#3!$%/!(.,#,2*#,!*8)((,/!2#*8!*5#!8*/,'CO!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
O!U0N!$''*E&!2*#!85'()6',!',F,'&!*2!:#$%5'$#)(3!*2!/,&-#)6()*%!*2!(.,!&$8,!&,(!*2!6$&(!,F,%(&B!E)(.!,$-.!
/,&-#)6()*%!G,)%:!$!&,6$#$(,!'((#4&+!*2!E.$(!*--5##,/C!!16,-)2)-$''3B!E.$(!)&!#,6#,&,%(,/!$&!$!&)%:',!6#*-,&&!)%!
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!
@*DE24&O%&12.34/,/+4&D2,(J&KM/-,P&

".,!U0N!-*%&(#5-(&!$#,!&588$#)f,/!)%!I):5#,!MC!>)(.!#,:$#/&!(*!:#$6.!%*/,&B!-)#-',!%*/,&!
#,6#,&,%(!$#()2$-(&B!#,-($%:',&!$#,!6#*-,&&,&B!$%/!(.,!*-($:*%&!/,%*(,!$:,%(&C!".,!8,$%)%:!
*2!$%!,/:,!/,6,%/&!*%!(.,!%*/,&!)(!)&!-*%%,-()%:B!&*!$%!,/:,!2#*8!$%!$#()2$-(!(*!$!6#*-,&&!)&!
*2! (36,!*'.8%&%"'+%9:5B! 2#*8!6#*-,&&! (*!$#()2$-(! )&!*2! (36,!4.%9B! 2#*8!6#*-,&&! (*!6#*-,&&!
(36,!)&!*'.;"022%"%9:5B!2#*8!$#()2$-(!(*!$#()2$-(!)(!)&!*'.<%"0$%9="#,B!$%/!2#*8!6#*-,&&!(*!
$:,%(! )(! )&!*'.>#&+"#--%9:5C! ".,&,! (36,&! $#,!*8)((,/! 2#*8! (.,! 2):5#,&! 2*#! -'$#)(3B! $%/!$#,!
)%2,##,/!2#*8!%*/,!(36,&C!".,!-*86',(,!U0N!&3%($Q!/,&-#)6()*%!-$%!$'&*!G,!2*5%/!)%!LMCO!
dOe!$%/!U0N!&6,-)2)-$()*%!dDeC!

$#$&12.34/,/+4&D2,(J&-45(),-4K&

0#*F,%$%-,! :#$6.! (,86'$(,&! 5&,! :#$6.! &3%($Q! &)8)'$#! (*! (.,! 6#*F,%$%-,! :#$6.!
&6,-)2)-$()*%&! <I):5#,! M=B! G5(! )(&! %*/,&! #,2,#! (*! /*8$)%! -*%-,6(&! )%&(,$/! *2! )%/)F)/5$'!
*--5##,%-,&C! ".5&B! (,86'$(,! :#$6.&! /,&-#)G,! 6#,/,2)%,/! &3&(,8! $-()*%&! E.*&,! -*%-#,(,!
,Q,-5()*%&!$#,!)%-'5/,/!)%!U0N!:#$6.&C!!

$#$#F& :.64&),L4)K&

R*/,!'$G,'&!.$F,!(.,!2*#8$(@!

<concept>:<instance>-<temporal_descriptor>!
!
<concept>! )&! $! /*8$)%! -*%-,6(! $&&*-)$(,/!E)(.! (.,! ,%()(3B!E.)-.! G,'*%:&! (*! $! /,2)%,/!
/*8$)%! *%(*'*:3B! 2*#! ,Q$86',! 94N! )%! (.,! /,-)&)*%! &566*#(! 6#*F,%$%-,! :#$6.&C!
<instance>! )&!$!%$8,!(.$(!)/,%()2),&!(.,!,%()(3!)%!(.,!:#$6.B!)(&!-*##,&6*%/)%:!%*/,&!)%!
(.,!-*%-#,(,!:#$6.&!E)''!.$F,!$!5%)^5,!)/,%()2),#!6#*F)/,/!G3!(.,!6#*F,%$%-,!2#$8,E*#?C!
I)%$''3B! <temporal_descriptor>! )&! $! /,&-#)6(*#! *2! (.,! ,%()(3! :#$6.! *2! (.,! 2*#8@!
<type><number1>(_<number2>)?B!E.,#,!<type>!)&!P!)2!(.,!,%()(3!)&!$!6#*-,&&B!A!)2!)(!
)&!$%!$#()2$-(!$%/!Ag! )2! )(! )&!$%!$:,%(h!<number1>! )&!$%! )%/,Q! 2*#!&6,-)23)%:!(.,!*#/,#!*%!
E.)-.! (.,! ,%()(3! )&! :,%,#$(,/Y5&,/C! 72! $%! ,^5)F$',%(! ,%()(3! )&! :,%,#$(,/Y5&,/! )%! 6$#$'','B!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
*%,!$--*5%(!-$%!G,!#,2)%,/!)%!$%*(.,#!$--*5%(!(*!/,&-#)G,!.*E!(.$(!6#*-,&&!)&!/,-*86*&,/!)%(*!85'()6',!&5GS
6#*-,&&,&!E)(.!)%(,#8,/)$(,!/$($!G,)%:!:,%,#$(,/!$%/!5&,/C!
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<number2>! $66,$#&! )%! (.,! (,86*#$'! /,&-#)6(*#! $%/! /,%*(,&! $%! )%/,Q! )%! (.,! 6$#$'','!
6#*-,&&)%:C!

$#$#$& :.64&+.).E2*/D&

R*/,&! E)(.! /)22,#,%(! G$-?:#*5%/! -*'*5#&! #,6#,&,%(! (.$(! (.,3! .$F,! G,,%! 6#*/5-,/B! $%/!
(.,#,2*#,!&(*#,/B!)%!/)22,#,%(!6#*F,%$%-,!f*%,&C!>.)',!(.,!8$_*#)(3!*2!6#*-,&&,&!E)''!-#,$(,!
'*-$'! :#$6.&B! (.,#,! )&! *--$&)*%$''3! $! %,,/! (*! &6,-)23! $! 6#*F,%$%-,! (,86'$(,! (.$(!
,%-*86$&&,&! &,F,#$'! 6.3&)-$'! '*-$()*%&B! $%/! -*'*5#$()*%! 6#*F)/,&! $! &)86',! E$3! *2!
-$6(5#)%:!(.$(!)%2*#8$()*%C!

$#$#O& \E)-*()4&4P4+E-*./&*/K-,/+4K&

7%!(,86'$(,!:#$6.&!6$#$'','!*#!&,#)$'!6#*-,&&)%:!$#,!,%-'*&,/!)%!6*'3:*%&!E)(.!(.)-?!,/:,&B!
$%/!E)(.!(.,!6$)#!<cardinality, processing_type>!)%!(.,!566,#!',2(!-*#%,#B!E.,#,!
(.,!cardinality!/,2)%,!(.,!%58G,#!*2!6#*-,&&)%:!*2!(.,!&$8,!(36,!(.$(!-$%!G,!,Q,-5(,/!
$%/!)(!)&!,Q6#,&&,/!5&)%:!$!8$(.,8$()-$'!%*($()*%!<,C:C!!!2*#!$''!%$(5#$'!%58G,#&!)%-'5/)%:!
Kh! !mK! 2*#! %$(5#$'! %58G,#&! ,Q-'5/)%:! Kh! <MB! AeB! 2*#! (.,! &,(! nDB! Ao=h! $%/! (.,!
processing_type! )&!P! )2! (.,!,%-'*&,/!:#$6.!E)''!G,!6#*-,&&,/! )%!6$#$'','B! $%/!S! )2! (.,!
,%-'*&,/!:#$6.!E)''!G,!6#*-,&&,/!)%!&,#)$'C!

$#O&XE42M&0.25E),-*./&-..)&

".,! ^5,#3! 2*#85'$()*%! (**'! )%! "+PR1I*+8! $''*E&! (.,! ^5,#3! 2*#85'$()*%B! :,%,#$()*%B!
&,$#-.)%:! $%/! /$($! #,(#),F$'! (*! &566*#(! )/,%()23)%:! $%/! #,-#5)()%:! ,'):)G',! 6$(),%(&! 2*#!
-')%)-$'!&(5/),&C!

7%! I):5#,! D! $! 0#*F,%$%-,! (,86'$(,! 2*#! ^5,#3! ,Q,-5()*%! 6#*-,&&! )&! &.*E%C! ".)&! 6#*-,&&!
)%F*'F,&!M!/)22,#,%(!'*:)-$'!'$3,#&!*2!(.,!"+PR1I*+8!$#-.)(,-(5#,B!$%/!$(!',$&(!M!/)22,#,%(!
(**'&C!".,!'$3,#&!$#,@!(.,!566,#!'$3,#!E.,#,!(.,!^5,#3!(**'!)&!'*-$(,/B!(.,!8)//',E$#,!'$3,#!
$%/! (.,! '*E,#! '$3,#!E.,#,! (.,! '*-$'! &,#F)-,&! #,&)/,C! ".,! ,%()(),&! :,%,#$(,/! )%! (.,! 566,#!
'$3,#! $#,! /#$E%! E)(.! E.)(,! G$-?:#*5%/B! (.,! ,%()(),&! :,%,#$(,/! )%! (.,! 8)//',E$#,! $#,!
.):.'):.(,/!)%!#,/!$%/!(.*&,!2#*8!$!'*-$'!$#,$!$#,!.):.'):.(,/!)%!G'5,C!!

".,!*F,#$''!6#*-,&&!G,:)%&!E.,%!$!researcher! <Ag1=!5&,!(.,!Query tool! <Ag2=! ! 2*#!
executing the query! <P1=! $&&*-)$(,/! (*! (.,!eligibility criteria! <A1=! *2! $!
-')%)-$'!&(5/3C!I*#! (.,!query execution process! <P1=B! (.,!#,&,$#-.,#!%,,/&!$'&*! (*!
)/,%()23! (.,! set of databases! <A2=! (.$(! &.*5'/! G,! 5&,/! 2*#! #,-*F,#)%:! (.,! (*($'!
%58G,#!*2!&5)($G',!6$(),%(&C!

".,!Query execution process!<P1=!(#)::,#&!$!query request process!<P2=!2*#!
,Q,-5()%:! (.,! ^5,#3! )%! (.,! /)22,#,%(! /$($G$&,&B! E.)-.! )&! (.,! #,&6*%&)G)')(3! *2! (.,!
8)//',E$#,C!>.,%! (.,!Query Middleware Tool! <Ag3=! #,-,)F,&!$!query request!
<A3=B! $! 6$#$'','! 6#*-,&&)%:! )&! (#)::,#,/C! 4$-.! (.#,$/! *2! (.)&! 6$#$'','! -*%-,#%&! (*! *%,! 2*#!
/$($G$&,&!)%!A2!$%/!)(!#5%&!$&!2*''*E&C!".,!,'):)G)')(3!-#)(,#)$!$#,!2)#&(!(#$%&'$(,/B!)%!local 
query creation process!<P4=B!(*!$!query!<A4=!$--*#/)%:!(*!(.,!/$($!&(#5-(5#,!*2!(.,!
&6,-)2)-!/$($G$&,C!".,!#,&5'()%:!^5,#3!<A4=!)&!&,%(!(*!(.,!&6,-)2)-!Local Query Service!
<Ag4=! (.$(! -*%(#*'&! (.,!/$($G$&,!$--,&&!$%/! (.,%B! $!6#*-,&&! <P5=!E$)(&! $%/! -$6(5#,&! (.,!
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query result! <A7=C! ".)&! #,&5'(! )&! :,%,#$(,/! )%! (.,! '*-$'! $#,$B! E.,%! $! query 
execution process! <P6=B! -*%(#*'',/! G3! (.,! Local Query Service! <Ag4=B! )&!
,Q,-5(,/! 5&)%:! $&! )%65(! (.,! ^5,#3! <A4=! (.$(! .$/! G,,%! 6#,F)*5&'3! :,%,#$(,/! )%! (.,!
8)//',E$#,C! ".,!capturing process <0A=! :,%,#$(,&! $!query result package!
<A8=!$%/!&,%/&!)(!G$-?!(*!(.,!]5,#3!(**'C!!

U%-,!(.,!Query Execution process!<P1=!.$&!&,%(!(.,!#,^5,&(!(*!(.,!8)//',E$#,B! )(!
(#)::,#&!$!6#*-,&&! 2*#!acquiring the results from the middleware! <P7=!$%/!
*(.,#! 2*#! aggregating the recovered results! <P8=C! ".,! query result 
acquisition process!<P7=!5&,&!(.,!query result package!2#*8!(.,!8)//',E$#,!
<A8=!$%/!#,-*F,#!$!"#$%&!%$'#()!<A9=B!E.)-.!)&!5&,/B!)%!(5#%B!5&,/!(*!$::#,:$(,!(.,!#,&5'(&!*2!
(.,! 6$#$'','! 6#*-,&&)%:! <0X=! $%/! 2)%$''3! *G($)%! (.,!aggregated result! <A10=C! P&! (.,!
)%65(!*2! (.,!^5,#3!,Q,-5()*%!E$&!$!,'):)G)')(3!-#)(,#)$B! (.,!^5,#3!#,&5'(&! <A7, A9, A10=!
$#,! )%(,:,#&! #,6#,&,%()%:! (.,! (*($'! %58G,#!*2! &5)($G',!6$(),%(&! )%! (.,! '*-$'! $#,$! <A7! $%/!
A9=!$%/!(.,!(*($'!%58G,#!*2!&5)($G',!6$(),%(&!2*#!(.,!-')%)-$'!&(5/3!<A10=B!E.)-.!&58&!56!
(.,!6$#()$'!#,&5'(&!2#*8!(.,!'*-$'!$#,$&C!

!
@*DE24&Q%&12.34/,/+4&-45(),-4&0.2&RE42M&4P4+E-*./#&

P! -*%-#,(,! 6#*F,%$%-,! :#$6.! *2! $! ^5,#3! ,Q,-5()*%! )&! &.*E%! )%! I):5#,! AC! R*()-,! (.$(!
)%&($%-,&!$&&*-)$(,/!E)(.!,$-.!%*/,!$#,! )/,%()2),/B!$%/!(E*!'*-$'!/$($G$&,&!E,#,!^5,#),/!
<)%! (.,! :#$6.! (.,! %*/,&! *2! ,$-.! '*-$'! $#,$! $#,! .):.'):.(,/! )%! G'5,! $%/! )%! :#,,%! (*!
/)22,#,%()$(,!(.,!#,&6,-()F,!$#,$=C!

!
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!
@*DE24&"%&12.34/,/+4&D2,(J&4P,5()4&.0&,&RE42M&4P4+E-*./#&

".,!/,2)%)()*%!*2!,'):)G)')(3!-#)(,#)$!)&!$!-*86',Q!6#*-,&&B!6#*F,%$%-,!)%2*#8$()*%!*2!E.)-.!
-$%! G,! 5&,/! 2*#! -.$%:,! (#$-?)%:! $%/! 5%/,#&($%/)%:! (.,! /,&):%! 6#*-,&&! $%/! (.,! 2$-(*#&!
G,.)%/!(.,!&5--,&&!*#!2$)'5#,!*2!&(5/3!#,-#5)(8,%(&C!!".,!25''!8*/,'!/,&-#)6()*%!)&!$F$)'$G',!
)%!L[CJ!dMeB!$%/!*%'3!(.,!G$&)-&!$#,!*5(')%,/!.,#,C!

".,! 25''! ,'):)G)')(3! -#)(,#)$! 2*#! $! ^5,#3! $#,! -#20() #") +%,!#"'-) (#&90+0#&.! -*%&)&()%:! *2!
)%-'5&)*%! $%/! ,Q-'5&)*%! ("0+%"0') 2"#4!.C! 4$-.! -#)(,#)$! :#*56! )&B! $:$)%B! $! '*:)-! *#! (,86*#$'!
-*%/)()*%!_*)%)%:!$!&,(!*2!("0+%"0'C!4$-.!&)%:',!-#)(,#)$!,',8,%(!)&!/,2)%,/!G3!6$)#&!*2!(,#8&!
$%/!(.,)#!$/8)&&)G',!F$'5,&C!P/8)&&)G',!F$'5,&!-$%!G,!,Q6#,&&,/!5&)%:!#,'$()*%$'!<,C:C!mB!pB!
qqB!rB!s=!$%/!(,86*#$'!<,C:C!G,2*#,B!E)(.)%=!*6,#$(*#&C!P%!,Q$86',!*2!$!25''!,'):)G)')(3!-#)(,#)$!
)%!"+PR1I*+8!L)$G,(,&!J!V&,!9$&,!)&@!

d9O!PRL!<9J!*#!<9M!PRL!9D=!*#!9A!*#!9[!*#!9W=e!PRL!RU"!d9X!U+!9\e!
!

2*#8,/! G3! (E*! -#)(,#)$! :#*56&! <,Q6#,&&)*%&! G,(E,,%! &^5$#,/! G#$-?,(&=! $%/! %)%,! &)%:',!
-#)(,#)$B!9)B!)qdOCC\e@!

$= 7%-'5&)*%!9#)(,#)$@!d9O!PRL!<9J!*#!<9M!PRL!9D=!*#!9A!*#!9[!*#!9W=e!E.,#,@!

9O@!P:,!mq!MAh9J@!8,/)-$()*%!q!7%&5')%!<2#,^5,%-3!r!M!6,#!/$3=!
9M@!8,/)-$()*%!q!)%&5')%!h!9D@!8,/)-$()*%!q!*:'$h!9A@!8,/)-$()*%!q!*:'$h!
9[@!8,/)-$()*%!q!8,(2*#8)%h!9W@!$G&,%-,!*2!/#5:!(.,#$63!
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G=!!4Q-'5&)*%!9#)(,#)$@!d9X!U+!9\eB!E.,#,!
9X@!!/)$:%*&)&!q!"OLh!9\@!/)$:%*&)&!q!,%/*:,%*5&!)%&5')%!

a$&,/!*%!(.)&B!6#*F,%$%-,!(,86'$(,&!$#,!&6,-)2),/!2*#!,'):)G)')(3!-#)(,#)$!/,2)%)()*%C!I):5#,![!
/,&-#)G,&! (.,! :,%,#$'! 2#$8,E*#?! E.,%! $%! ,'):)G)')(3! -#)(,#)$! )&! /,2)%,/@! 5&)%:! (.,!
Eligibility criteria tool <Ag1=B!)%&)/,!(.,!^5,#3!(**'B!$%!5&,#!<Ag2=!-$%!G,:)%!
Eligibility criteria definition!6#*-,&&!<P1=B!E.)-.!(#)::,#&!2)#&(!$!6#*-,&&!(*!
-#,$(,!$%!,86(3!,'):)G)')(3!-#)(,#)$!<P2=B!$%/!(.,%B!$!&,#),&!*2!Eligibility criteria 
updating processes! <P3=!E.)-.! ($?,&!$!6#,F)*5&!,'):)G)')(3! -#)(,#)$! <A1=! (*!*G($)%!$!
&5G&,^5,%(!F,#&)*%&!*2!)(!<A2=C!

!
@*DE24&S%&T*DJ&)434)&(2.34/,/+4&-45(),-4&0.2&4)*D*L*)*-M&+2*-42*,&640*/*-*./#&

I):5#,!W!/,2)%,!(.,!U0N!(,86'$(,!2*#!56/$()%:!,'):)G)')(3!-#)(,#)$!G3!$//)%:!$!%,E!9#)(,#)$!
:#*56B! $%/! I):5#,! X! (.,!U0N! (,86'$(,!E.,%! $! 9#)(,#)$! :#*56! )&! /,',(,/C! a*(.! (,86'$(,&!
G,:)%!$2(,#!(.,!5&,#!&,',-(&!(.,!,'):)G)')(3!-#)(,#)$!(*!56/$(,!<A1=C!7%!(.,!2)#&(!*2!(.,&,!2):5#,&B!
(.,! name of the criteria group <A2=! 85&(! G,! /,2)%,/! /5#)%:! (.,! 6#*-,&&! *2!
adding new criteria group! <P2=! $%/! $! %,E! ,86(3! criteria group! <A3=! )&!
:,%,#$(,/!$%/!(.,%!$//,/!(*!(.,!,'):)G)')(3!-#)(,#)$!A1!(*!*G($)%!)(&!%,E!F,#&)*%B!A4C!!

!
@*DE24&I%&12.34/,/+4&-45(),-4&0.2&,66*/D&+2*-42*,&D2.E(&6E2*/D&4)*D*L*)*-M&+2*-42*,&640*/*-*./#&

7%! (.,! -$&,!*2!I):5#,!XB! $2(,#! &,',-()%:! (.,!,'):)G)')(3! -#)(,#)$! <A1=! $%/! (.,!:#*56! )%&)/,! )(!
<PJ=B!(.,!6#*-,&&!2*#!deleting <P2= )(!E)''!-#,$(,B!$&!)%!(.,!6#,F)*5&!(,86'$(,B!(.,!%,E!
F,#&)*%!*2!(.,!,'):)G)')(3!-#)(,#)$!<A3=C!

!
@*DE24&N%&12.34/,/+4&-45(),-4&0.2&64)4-*/D&+2*-42*,&D2.E(&6E2*/D&4)*D*L*)*-M&+2*-42*,&640*/*-*./#&
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I):5#,!\!&.*E&!$%!U0N!:#$6.!(,86'$(,!2*#!(.,!6#*-,&&!(.$(!$''*E&!$!5&,#!(*!$//!$!-#)(,#)*%!
(*!$!-#)(,#)$!:#*56!*2!$%!,'):)G)')(3!-#)(,#)$C!I)#&(B!/5#)%:!(.,!6#*-,&&!*2!$//)%:!9#)(,#)*%!(*!
9#)(,#)$! T#*56! <0J=! $%! ,86(3! -#)(,#)*%! <PM=! )&! -#,$(,/B! 2*#! $! 6#,F)*5&'3! &,',-(,/! -#)(,#)$!
T#*56!<PJ=B!$%/! (.,!6#*-,&&! 2*#!-#)(,#)*%!/,2)%)()*%!G,:)%&C!I)#&(B! (.,!5&,#!.$&! (*! &,',-(!$!
(,#8!<0M=!(*!$&&*-)$(,!(*!(.,!-#)(,#)*%B!5&)%:!(.,!9*%(#*'',/!F*-$G5'$#3!1,#F)-,!<P:O=C!".,!
&,',-(,/! (,#8! <PA=! )&! (.,%! 5&,/! (*! #,(#),F,B! 2#*8! 9L7N! *%(*'*:3! <P[=B! (.,! -#)(,#)$! (36,!
$((#)G5(,&! <PW! :,%,#$(,/! G3! 0D=! $%/! (.,! /$($! &*5#-,&! &6,-)2)-! /$($! $((#)G5(,&! <PX=! (.$(!
%,,/&!(*!G,!2)'',/!2*#!-*86',()%:!(.,!-#)(,#)*%!/,2)%)()*%C!!V&)%:!(.,&,!/$($!<PW!$%/!PX=B!(.,!
,'):)G)')(3!-#)(,#)$!/,2)%)()*%!)%(,#2$-,B!$''*E&!(.,!5&,#!(*!2)''!(.,!$((#)G5(,!F$'5,&!<0A=!E.)-.!
-*86',(,&!(.,!-#)(,#)*%!/,2)%)()*%!<P\=B!$%!56/$(,!F,#&)*%!*2!(.,!,86(3!-#)(,#)*%!<PM=C!".,!
%,E!-#)(,#)*%!)&!2)%$''3!5&,/B!)%!(.,!'$&(!&(,6!<0[=B!(*!56/$(,!(.,!,'):)G)')(3!-#)(,#)$!*G($)%)%:!
)(&!(.,!'$&(!F,#&)*%!<POK=C!

!
@*DE24&U%&12.34/,/+4&-45(),-4&0.2&,66*/D&,&/4G&+2*-42*./&6E2*/D&4)*D*L*)*-M&+2*-42*,&640*/*-*./#&

I):5#,!OK!&.*E&!$!6#*F,%$%-,!(,86'$(,!&)8)'$#! (*! (.,!:#$6.!&.*E%!)%!I):5#,!\B!E)(.!(.,!
/)22,#,%-,!(.$(!(.,!(#)::,#,/!6#*-,&&!$2(,#!0OB!$''*E&!(.,!5&,#!(*!&,',-(!(.,!-#)(,#)*%!<PJ=!(*!
56/$(,! (.,! &)%:',! -#)(,#)$! <0J=C! R*()-,! (.$(! )%! G*(.! :#$6.&! (.,! 5&,#! )&! $''*E,/! (*! &,$#-.!
85'()6',!()8,&!2*#!(,#8&!)%!(.,!-*%(#*'',/!F*-$G5'$#3C!".,!'$&(!&,',-(,/!(,#8!)&!(.,!*%,!(*!
G,!5&,/!(*!2*#!56/$()%:!(.,!-#)(,#)*%C!

&

@*DE24&FV%&12.34/,/+4&-45(),-4&0.2&E(6,-*/D&,&+2*-42*./&6E2*/D&4)*D*L*)*-M&+2*-42*,&640*/*-*./#&

U(.,#! (E*! G$&)-! *6,#$()*%&! $#,! %,,/,/! (*! 56/$(,! (.,! ,'):)G)')(3! -#)(,#)$@! /,2)%,! (.,!
*6,#$(*#&! $8*%:&(! (.,! -#)(,#)*%! )%! ,$-.! -#)(,#)$! :#*56! <I):5#,! OO=B! $%/! /,2)%,! (.,!
*6,#$(*#&!$8*%:&(!(.,!-#)(,#)$!:#*56&!<I):5#,!OJ=C!!
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&

@*DE24&FF%&12.34/,/+4&-45(),-4&0.2&E(6,-*/D&.(42,-.2K&*/&,&+2*-42*,&D2.E(#&

!
@*DE24&F$%&12.34/,/+4&-45(),-4&0.2&E(6,-4&.(42,-.2K&,5./DK-&+2*-42*,&D2.E(#&

I):5#,!OM!&.*E&!$%!U0N!:#$6.!,Q$86',B!5&)%:!(.,!6#,F)*5&!(,86'$(,&!<I):5#,![SI):5#,!OJ=!
2*#! -*%&(#5-()%:! $! &)86')2),/! F,#&)*%! *2! (.,! ,'):)G)')(3! -#)(,#)$! ,Q$86',! :)F,%! $(! (.,!
G,:)%%)%:! *2! (.)&! &,-()*%! <dP:,! mqMA! PRL!8,/)-$()*%q! )%&5')%B! 2#,^5,%-3! r! MB! (,86*#$'!
#,&(#)-()*%!q!E)(.)%!O!/$3e!PRL!RU"!d/)$:%*&)&!q!"OLe=C!".,! )%/)F)/5$'!-#)(,#)$!,',8,%(&!
$#,! /,%*(,/!E)(.! tQ! )%! (.,! /)$:#$8B! /,%*()%:@! <tO=! P:,! mq! MAh! <tJ=!8,/)-$()*%q! )%&5')%B!
2#,^5,%-3!r!MB!(,86*#$'!#,&(#)-()*%@!E)(.)%!O!/$3h!<tM=!P:,!mqMA!PRL!8,/)-$()*%q!)%&5')%B!
2#,^5,%-3! r! MB! (,86*#$'! #,&(#)-()*%@!E)(.)%! O! /$3h! <tD=! /)$:%*&)&! q! "OLh! <tA=! dP:,! mqMA!
PRL! 8,/)-$()*%q! )%&5')%B! 2#,^5,%-3! r! MB! (,86*#$'! #,&(#)-()*%@! E)(.)%! O! /$3e! PRL! RU"!
d/)$:%*&)&! q! "OLe! <t[=! dP:,! mqMA! PRL! 8,/)-$()*%q! )%&5')%B! 2#,^5,%-3! r! MB! (,86*#$'!
#,&(#)-()*%@!E)(.)%!O!/$3e!PRL!RU"!d/)$:%*&)&!q!"OLeC!
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!
@*DE24&FO%&12.34/,/+4&D2,(J&4P,5()4&.0&,&+2*-42*,&640*/*-*./#&&

$#Q&!,-,&RE,)*-M&-..)&

".,!L$($!]5$')(3!(**'!<LACO=!$)8&!(*!$&&,&&!(.,!^5$')(3!*2!6#)8$#3!-$#,!/$($!)%!"+PR1I*+8!
/$($!#,6*&)(*#),&!2*#!#,&,$#-.!65#6*&,&C!".,!(**'!E)''!8$)%($)%!$!#,6*&)(*#3!*2!/$($!^5$')(3!
8,$&5#,!/,2)%)()*%&!(.$(!-$%!G,!5&,/!(*!&,',-(!$!&5)($G',!/$($!&,(!2*#!$!6$#()-5'$#!#,&,$#-.!
($&?C!&

P!6#*F,%$%-,!(,86'$(,!2*#!(.,!($&?!*2!#,&,$#-.,#!$//)%:!$!%,E!^5$')(3!8,$&5#,!(*!(.,!/$($!
^5$')(3!8,$&5#,! #,6*&)(*#3! )&! &.*E%! )%! I):5#,! ODC! P! %,E! F,#&)*%! *2! (.,!Data quality 
measure repository! <A3=! )&! :,%,#$(,/! 2#*8! (.,! *'/,#! *%,! <A2=B! $2(,#! (.,! Update 
quality measure repository process! <P2=! )&! ,Q,-5(,/C! ".,! 6#*-,&&!P2! 5&,/! $!
Quality measure! <A1=! /,2)%,/! /5#)%:! New quality measure definition 
process <P1=B!E.)-.!)&!,Q,-5(,/!G3!$!#,&,$#-.,#!<Ag2=!5&)%:!(.,!Data quality tool 
<Ag1=C!
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!
@*DE24&FQ%&12.34/,/+4&-45(),-4&0.2&,66*/D&,&/4G&RE,)*-M&54,KE24&-.&,&RE,)*-M&54,KE24&24(.K*-.2M#&

!
@*DE24&F"%&12.34/,/+4&-45(),-4&0.2&E(6,-*/D&,&RE,)*-M&54,KE24&*/&-J4&RE,)*-M&54,KE24&24(.K*-.2M#&

7%! I):5#,! OAB! (.,! %,E! F,#&)*%! *2! (.,! #,6*&)(*#3! )&! -#,$(,/! $2(,#! (.,! 6#*-,&&,&! Update 
repository <P2=! $%/! Update quality measure <P1=! .$F,! G,,%! ,Q,-5(,/! G3! $!
#,&,$#-.,#! <Ag2=! 5&)%:! (.,! Data Quality tool <Ag1=! (*! 56/$(,! $! &)%:',! ^5$')(3!
8,$&5#,C!

!
@*DE24&FS%&12.34/,/+4&-45(),-4&0.2&6,-,&RE,)*-M&43,)E,-*./# 

I):5#,!O[!&.*E&!$!6#*F,%$%-,!(,86'$(,!/,&-#)G)%:!.*E!$!#,&,$#-.,#!-$%!*G($)%!(.,!^5$')(3!
8,$&5#,&!*2! (.,!/$($! )%! (.,!$F$)'$G',! #,&,$#-.!/$($G$&,&C!".,! 2)#&(! &(,6! )%! (.,!6#*-,&&! )&!
Select the use cases (diseases)! <P1=! (.$(! (.,!Researcher! <Ag1=! ,Q,-5()%:!
(.,! data quality tool! <Ag2=! E)''! &(5/3C! ".,! *5(65(! *2! (.)&! 6#*-,&&! )&! Set of 
available databases! <A1=C! I*''*E)%:! (.)&B! (.,! #,&,$#-.,#! &,',-(&! Set of data 
quality parameters related with quality of databases! <P2=B! 5&)%:! (.,!
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$F$)'$G',! ^5$')(3! 8,$&5#,&! )%! (.,! Data quality measure repository! <A2=! $%/!
:,%,#$()%:B!)%!(.)&!E$3B!$%!$#()2$-(!-*%($)%)%:!&5-.!6$#$8,(,#&!<A3=C!".,!6#*-,&&!Select 
data sources for the clinical study!<P3=!)&!(.,%!,Q,-5(,/C!".)&!6#*-,&&!5&,&!
(.,!Database quality measure parameters! <A3=! )%! *#/,#! (*! *G($)%! 2#*8!A1! $!
&5G&,(!25'2)'')%:!(.,!6$#$8,(,#&!)%!A3C!!P(!(.$(!6*)%(B!$%*(.,#!&,(!*2!6$#$8,(,#&!<A5=B!)%!(.)&!
-$&,!$(! ',F,'!*2!(.,!5&,!-$&,!&(5/3!<,C:C!3,$#!2*#!E.)-.!(.,!&(5/3!E)''!G,!6,#2*#8,/B!&,(!*2!
^5$')(3!8,$&5#,&!2*#!(.,!&(5/3!5%/,#!-*%&)/,#$()*%B!$%/!(.,)#!$/8)&&)G',!F$'5,!#$%:,=B!.$&!
(*! G,! specified! <P4=B! $%/! (.,%! 5&,/! 2*#! Obtain the quality measure 
evaluations <P5=!2*#!,$-.!/$($G$&,!)%!A4C!

".,!6#*-,&&!*2!*G($)%)%:!(.,!#,&5'(&!)&!/,&-#)G,/!)%!(.,!6#*F,%$%-,!(,86'$(,&!)%!I):5#,!OW!
$%/!I):5#,!OXC!".,!(,86'$(,!)%!I):5#,!OW!/,&-#)G,&!.*E!(*!*G($)%!(.,&,!#,&5'(&!(.#*5:.!$%!
,Q6')-)(! Request! <P2=! (*! (.,! Database provider <Ag1=C! ".,#,2*#,B! (.,! /$($G$&,!
6#*F)/,#! <P:O=! )&! #,&6*%&)G',! 2*#! ,F$'5$()%:! (.,! ^5$')(3! 8,$&5#,&! <6#*-,&&! P3=! )%! .)&!
/$($G$&,!$%/!2*#!#,(5#%)%:!G$-?!(.,!Data quality measure evaluation!<A3=!$%/!
&*8,! *(.,#! Data quality general information of his database! <A4=C!
I)%$''3B!(.,!L$($!^5$')(3!8,$&5#,!(**'!E)''!8$?,!5&,!*2!(.,!Provenance server!<Ag2=!
2*#!&(*#)%:!(.,!#,(5#%,/!F$'5,&C!!!!

!

!
@*DE24&FI%&12.34/,/+4&-45(),-4&0.2&RE,)*-M&54,KE24&43,)E,-*./#&

I):5#,!OX!/,&-#)G,&!.*E!(.,!6#*F,%$%-,!&,#F,#!-$%!G,!5&,/!(*!*G($)%!(.,!^5$')(3!8,$&5#,&!
*2! 6#,F)*5&'3! ,F$'5$(,/! /$($G$&,&C! 7%! (.)&! -$&,B! $! Provenance query! <A2=! 85&(! G,!
2*#85'$(,/! $%/! ,Q,-5(,/! <P2=! G3! (.,!Provenance server! <Ag1=B!E.)-.! #,(5#%&!G$-?!
6#,F)*5&'3! &(*#,/! F$'5,&! <A3! $%/! A4=C! 72! %*! ,F$'5$()*%! F$'5,&! $#,! $F$)'$G',! )%! (.,!
6#*F,%$%-,! &(*#,! <(.$(! )&B! (.)&! /$($G$&,! .$&! %*(! G,,%! 6#,F)*5&'3! ,F$'5$(,/! 2*#! (.,!
#,^5,&(,/!/$($!^5$')(3!8,$&5#,&=B!(.,!6#*F,%$%-,!&,#F,#!#,(5#%&!%5''!F$'5,&B!$%/!(.,!/$($!
^5$')(3!(**'!85&(!5&,!(.,!6#*-,&&)%:!/,&-#)G,/!)%!I):5#,!OW!<#,^5,&(!(.,!,F$'5$()*%!(*!(.,!
/$($G$&,!6#*F)/,#=!(*!*G($)%!(.,!#,^5,&(,/!^5$')(3!8,$&5#,&C!
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!
@*DE24&FN%&12.34/,/+4&-45(),-4&0.2&24-2*43*/D&RE,)*-M&54,KE24&24KE)-K&02.5&(2.34/,/+4&K-.2,D4#!

$#"&8)*/*+,)&-2*,)&K-E6M&G.2HL4/+J&

".,!9')%)-$'!(#)$'!&(5/3!E*#?G,%-.!6#*F)/,&!(.,!25%-()*%$')(3! 2*#!-*%(#*'')%:!-')%)-$'!(#)$'&!
G,)%:!-*%/5-(,/!E)(.)%!"+PR1I*+8C!7(!)%-'5/,&!$''!(.,!6.$&,&!)%!(.,!-')%)-$'!&(5/),&B!E)(.!
&6,-)$'! ,86.$&)&! *%! (.,! ,'):)G)')(3! -#)(,#)$! $%/! (.,! ,9+I! <,',-(#*%)-! 9$&,! +,6*#(! I*#8=!
')2,-3-',!8$%$:,8,%(B!$&!&6,-)2),/!)%!(.,!9+7N!8*/,'!dMeC!!

I):5#,!O\!&.*E&!$!2#$:8,%(!*2!$!6#*F,%$%-,!:#$6.!$&&*-)$(,/!E)(.!(.,!(#)$'!6'$%%)%:!6.$&,!
*2! $! -')%)-$'! (#)$'C! "., 6#*-,&&! Trial planning E$&! -*%(#*'',/! G3! $:,%(! Study 
coordinator Dr. ParkerC!I*5#!6#*-,&&,&!E,#,!(#)::,#,/!/5#)%:!(.)&!6'$%%)%:!6.$&,C!
".,! Trial master file and essential document preparationB! Labs 
identification, qualification and preparation! $%/!Monitoring plan 
development! processes! :,%,#$(,/! (.,! $#()2$-(&! TrialMasterFile 
TMF_EudtaCT_23B! LabsFileDescription LF_EudraCT_23! $%/! (.,!
MonitoringPlan MP_EudraCT23B! #,&6,-()F,'3C! "#)$'! 8$&(,#! 2)',! $%/! ,&&,%()$'!
/*-58,%(! 6#,6$#$()*%! 5&,/! (.,! Guideline for Good Clinical Practice 
documentB!$%/!(.,!#,&5'()%:!2)',!)&!:#$/5$''3!:,(()%:!G5)'(!/5#)%:!(.,!-*5#&,!*2!(.,!-')%)-$'!
(#)$'C! ".,! Eligibility criteria definition! 6#*-,&&! E$&! $'&*! ,Q,-5(,/! $&! $!
-*%&,^5,%-,! *2! (.,! G,:)%%)%:! *2! (.,! 6'$%%)%:! 6.$&,C! P! 2*#8$'! /,&-#)6()*%! *2! (.,!
Eligibility criteria!<$&!/,2)%,/!G3!(.,!9')%)-$'!+,&,$#-.!)%2*#8$()*%!N*/,'B!L[CJ=!
)&!:,%,#$(,/!$%/!($?,%!$&!)%65(B!(*:,(.,#!E)(.!$!Set of databases!)/,%()2),/!$&!5&,25'!
2*#!(.,!&(5/3B!2*#!$!^5,#3!,Q,-5()*%!6#*-,&&C!".,!:*$'!*2!(.)&!^5,#3!,Q,-5()*%!)&!(*!#,-*F,#!
2#*8! (.,! /)22,#,%(! &(5/3! &)(,&! <Query execution at study site 1! $%/! 2=! (.,!
%58G,#! *2! 6$(),%(&! 8$(-.)%:! (.,! -#)(,#)$B! )%! *#/,#! (*! $::#,:$(,! <Overall results 
process=!(.,!(*($'!%58G,#!*2!6$(),%(&!<Total of suitable patients=!$%/!6#*F)/,!
)%!(.,!"#)$'!N$&(,#!I)',! (.,! _5&()2)-$()*%!*2! (.,!&(5/3!$66')-$G)')(3C! 7%!(.,!:#$6.B! (.,!^5,#3!
,Q,-5()*%&! $(!/)22,#,%(! &(5/3! &)(,&! $&!E,''! $&! (.,! &,(&!*2! &5)($G',!6$(),%(&! $#,!.):.'):.(,/!
E)(.!/)22,#,%(!G$-?:#*5%/!-*'*5#&B!(*!/,%*(,!(.$(!(.,&,!6$#(&!*2!(.,!:#$6.!$#,!&(*#,/!$(!(.,!
#,&6,-()F,! &(5/3! &)(,&C! P2(,#! (.,! ,'):)G)')(3! -#)(,#)*%! E$&! /,2)%,/B! Researcher Dr. 
Andrew! G,:$%! (*! #,-#5)(! .)&! 2)F,! 6$(),%(&C! i,! ,Q6'$)%,/! (*! .)&! 6$(),%(&! (.,! &(5/3! (*! G,!
-*%/5-(,/! $%&E,#,/! 6$(),%(c&! ^5,&()*%&B! $%/! &*8,! *2! (.,! 6$(),%(&! 2)'',/! (.,! )%2*#8,/!
-*%&,%(C!P&!$! #,&5'(!*2! (.)&!6#*-,&&B!Set of informed consents!E$&!*G($)%,/B! $%/!
(.,&,! &):%,/! /*-58,%(&! $#,! )%-'5/,/! )%! (.,! "#)$'! N$&(,#! I)',C! ".,! $#()2$-( Trial 
protocol document TP_EudraCT_23 2*#!(.,!&(5/3!E$&!(.,%!:,%,#$(,/!$&!(.,!2)%$'!



I)%$'!H,#&)*%! MK!N$3!JKOJ! JM!

#,&5'(! *2! (.,! "#)$'! 6'$%%)%:! 6#*-,&&C! R*(,! (.$(! (.,!derivedFrom! #,'$()*%&!E,#,! $//,/!
2#*8!(.,!$#()2$-(!(*!$''!6#,F)*5&'3!:,%,#$(,/!/*-58,%(&!$%/!(*!(.,!"#)$'!N$&(,#!I)',C!

!
@*DE24&FU%&;2*,)&(),//*/D&(J,K4&D2,(J&

7%!I):5#,!JK!$!(#$-,!*2!(.,!$%$'3&)&!6.$&,!*2!(.,!+9"!)&!&.*E%B!*8)(()%:!($&?&!6#,-,/)%:!)(!
$%/! *(.,#! /*-58,%(&C! ".,! )%)()$')f$()*%! &(,6! E$&! 6,#2*#8,/! G3!Study coordinator 
Dr. ParkerB!$&!#,6#,&,%(,/!G3!(.,!wasControlledBy!#,'$()*%!G,(E,,%!(.,!$:,%(!$%/!
(.,! Initialization of analysis data phaseC! ".,! %,Q(! &(,6B! -*%%,-(,/! G3!
wasTrigerredBy! #,'$()*%! (*! (.,!6#,F)*5&B!E$&! (.,!Statistical data analysisB!
/*%,!G3!Statistician Dr. TaylorB!$%/!E.)-.!#,&5'(,/!)%!$!&,(!*2!Data analysis 
workflows DAW_CT_Eudra23 $%/! (.,! data analysis report 
DAR_CT_Eudra23B! /,#)F,/! 2#*8! (.,! 2*#8,#C! ".)&! #,6*#(! E$&! (.,%! 5&,/! (*! /,#)F,! (.,!
Final trial conclusions report TCR_CT_Eudra23 )%! (.,! ($&?!Finalized 
TrialC!U%-,!(.)&!.$/!-*86',(,/B!(.,!(#)$'!)&!$#-.)F,/!2*#!25(5#,!#,2,#,%-,C!



I)%$'!H,#&)*%! MK!N$3!JKOJ! JD!

!
@*DE24&$V%&C8;&'/,)MK*K&(J,K4&-45(),-4&

I):5#,!JO!/)&6'$3&!$!6#*F,%$%-,!:#$6.!$&&*-)$(,/!E)(.!(.,!-*%/5-()*%!6.$&,!*2!$!-')%)-$'!
(#)$'C! 16,-)2)-$''3B! )(! /,&-#)G,&! (.,! -.$%:,&! )%! (.,!,9+I!*2! $!6$(),%(! 2#*8! (.,!F,#&)*%!KCMD!
5%()'! KCMWB!/5#)%:!,Q,-5()%:!/)22,#,%(! (36,&!*2! )%(,#F,%()*%&C!".,!6#*-,&&!Update eCRF 
(1)B! (.$(! :,%,#$(,/! eCRF0.35! 2#*8! (.,! /$($! )%! eCRF0.34B! E$&! ,Q,-5(,/! $2(,#! $%!
Assessment of intervention, (.$(! E$&! ,Q,-5(,/! *F,#! Patient: Joan $%/!
-*%(#*'',/!G3!GP: Dr. SmithC!".,!$&&,&&8,%(!6.$&,!/,(,-(,/!$%!$/F,#&,!,22,-(!E.)-.!
(#)::,#,/! $%! $'$#8B! $%/! -*%&,^5,%('3! Adverse effect procedureB! /,&-#)G,/! )%!
Trial protocol file TP_EudraCT23!E$&!,Q,-5(,/C!Adverse effect report 
AdEff_2! E$&! :,%,#$(,/! $%/! 5&,/! (*! Divulgate the recognized adverse 
effect to the study sites!$&&*-)$(,/!(*!(.,!&(5/3C!".,!&(5/3!&)(,&!#,6'),/!(*!(.)&!
$/F,#&,!,22,-(!#,6*#(!E)(.!$!E$#%)%:!#,6*#(!<set of warning reports=C!P!(#,$(8,%(!
2*#!-*%(#*'')%:!(.,!$/F,#&,!,22,-(!E$&!$'&*!6#,&-#)G,/C!

".,!6#*-,&&!eCRF update(2)B!E.)-.!:,%,#$(,/!eCRF v0.36!2#*8!eCRF v0.35,!E$&!
,Q,-5(,/! $2(,#! *G($)%)%:! (.,! #,&5'(&! *2! (.,! Image Analysis! /,#)F,/! 2#*8! $! CAT 
intervention processC! ".,! CAT intervention process! 5&,/! (.,! :5)/,')%,&!
6#*F)/,/!)%!(.,!Trial protocol TP_EudraCT23C!!!

".,!6#*-,&&!eCRF update(3), E.)-.!:,%,#$(,/!(.,!eCRF v0.37!2#*8!eCRF v0.36B!
E$&!,Q,-5(,/!$2(,#!$!^5$')(3!')2,!^5,&()*%%$)#,B!$&!/)#,-(,/!G3!(.,!6#*(*-*'B!E$&!$66'),/!G3!
(.,! nurse Ms. WoodB! $%/! 2)'',/! G3! (.,! Patient: Joan! ! <Questionnaire 
Quest_3_Joan=C!



I)%$'!H,#&)*%! MK!N$3!JKOJ! JA!

!
@*DE24&$F%&8)*/*+,)&-2*,)&+./6E+-&(J,K4&D2,(J&

$#S&!4+*K*./&KE((.2-&-..)&

".,!"+PR1I*+8!/,-)&)*%!&566*#(!(**'!<(*!G,!/,F,'*6,/!)%!>"DCD=!$)8&!(*!-#,$(,!$!2',Q)G',!
&3&(,8!2*#!&566*#()%:!(.,!2*#85'$()*%!$%/!^5$%()2)-$()*%!*2!/)22,#,%()$'!/)$:%*&,&!$&!6$#(!
*2! (.,! E*#?2'*E! *2! $! 6#)8$#3! -$#,! -*%&5'($()*%B! G$&,/! *%! 6#,&,%()%:! 6$(),%(! /)$:%*&()-!
-5,&B!$%/!(.,!6$(),%(!#,$&*%!2*#!,%-*5%(,#C!".,!2*#85'$()*%!*2!/)$:%*&,&!)&!/*%,!(.#*5:.!
(.,! ^5,#3)%:! *2! $%! 5%/,#'3)%:! -')%)-$'! ,F)/,%-,! &,#F)-,! $%/! #5',! G$&,B! $%/! )&! G$&,/! *%!
6$(),%(!/)$:%*&()-!-5,&!,Q(#$-(,/!2#*8!$!6#)8$#3!-$#,!4i+!&3&(,8C!!".,!:*$'!)&!(*!)86#*F,!
6$(),%(! &$2,(3! (.#*5:.! $! #,/5-()*%! )%! /)$:%*&()-! ,##*#B! G,%,2)()%:! 6$(),%(&B! -')%)-)$%&! $%/!
(.,!.,$'(.!-$#,!&3&(,8C!!

".,! 5%/,#'3)%:! -')%)-$'! ,F)/,%-,! )&! 8$)%($)%,/! $&! $! &,(! *2! -')%)-$'! #5',&! )%! (.,! -')%)-$'!
,F)/,%-,!#,6*&)(*#3B!E.)-.!-$%!G,!-*%&5'(,/!G3!-')%)-)$%&C!I):5#,!JJ!&.*E&!$!6#*F,%$%-,!
(,86'$(,! /,&-#)G)%:! (.,! 6#*-,&&! *2! *G($)%)%:! $! /)$:%*&)&! #,-*88,%/$()*%! 2*#! $! 6$(),%(!
/5#)%:! (.,)#! F)&)(! (*! (.,)#! 6#)8$#3! -$#,! -')%)-)$%C! ".,! 2)#&(! ,Q,-5(,/! 6#*-,&&! Collect 
clinical patient cues! <P1=! )&! -*%(#*'',/! G3! (E*! &*2(E$#,! $:,%(&@! $ Decision 
support interface (Ag1) $%/ Primary care EHR system! <Ag2=B! $%/! (E*!
.58$%! $:,%(&@! Primary care clinician! <Ag3=! 8$?)%:! (.,! -*%&5'($()*%! $%/!
Patient(Ag4=C!".)&!6#*-,&&!6#*/5-,&!Diagnostic cue set! <A1=! <&):%&B!&386(*8&B!



I)%$'!H,#&)*%! MK!N$3!JKOJ! J[!

#)&?!2$-(*#&B!-')%)-$'!(,&(&=!$&!$!-*8G)%$()*%!*2!$5(*8$()-!,Q(#$-()*%!2#*8!(.,!6#)8$#3!-$#,!
4i+! &3&(,8B! $%/! 8$%5$'! 56/$(,! *2! -5,&! $&! /)&-5&&,/! G3! (.,! 6$(),%(! E)(.! (.,! -')%)-)$%C!
Diagnostic cue set <A1=!)&!(.,%!-*86$#,/!<6#*-,&&!P2=!E)(.!(.,!,F)/,%-,&!&(*#,/!)%!
$! Clinical evidence repository! <A2=! )%! *#/,#! (*! 6#*/5-,! Diagnostic 
decision support recommendation!<A3=C!

!

!
@*DE24&$$%&12.34/,/+4&-45(),-4&0.2&!4+*K*./&KE((.2-&24+.554/6,-*./&

".,! 9')%)-$'! ,F)/,%-,! #,6*&)(*#3! -$%! G,! 56/$(,/! G3! #,&,$#-.,#&! $//)%:! <*#! 56/$()%:=!
-')%)-$'!#5',&! )%! (E*!/)22,#,%(!E$3&@!8$%5$'!56/$()%:!E)(.!-')%)-$'!,F)/,%-,&!/,&-#)G,/! )%!
(.,!G)*8,/)-$'! ')(,#$(5#,! <I):5#,!JM=!*#!5&)%:!$!/$($!8)%)%:! &3&(,8! (*!*G($)%! &5-.! #5',&!
<I):5#,!JD=C!!

!
@*DE24&$O%&12.34/,/+4&-45(),-4&0.2&5,/E,)&E(6,-*/D&.0&8)*/*+,)&43*64/+4&24(.K*-.2M#&

I):5#,!JM!&.*E&!(.,!Clinical evidence repository management tool! <Ag1=!
,Q,-5(,/! G3! $! researcher <Ag2=! $%/! 5&,/! (*! ,Q,-5(,! $! Capture clinical 
evidence! *6()*%! <P1=B! E.)-.! $''*E&! (.,! #,&,$#-.,#! (*! /,&-#)G,! $! &,(! *2! -5,&! #,(#),F,/!
2#*8!Clinical evidence literature review!<A1=!$%/!(#)::,#!(.,!Defining a 
Clinical evidence rule! 6#*-,&&! <P2=C! P&! $! #,&5'(B! $! %,E!Clinical evidence 
rule <A2=! )&! 8$%5$''3! /,2)%,/! $%/! )&! 5&,/! )%! Update decision support 
repository!<A3!5&,/!G3!P3=!$%/!*G($)%)%:!$!%,E!F,#&)*%!*2!)(!<A4=C!

!
@*DE24&$Q%&12.34/,/+4&-45(),-4&0.2&6,-,&5*/*/D&(2.+4KK&6E2*/D&8)*/*+,)&<3*64/+4&24(.K*-.2M&E(6,-*/D#&



I)%$'!H,#&)*%! MK!N$3!JKOJ! JW!

7%! (.,! -$&,!*2! (.,!U0N! (,86'$(,! )%!I):5#,!JDB! (.,!Clinical evidence rule! <A5=! )&!
*G($)%,/! 2#*8! (.,! 6#*-,&&! Analyse/data mine Research data! <P2=B! E.)-.! )&!
(#)::,#,/!G3!(.,!6#*-,&&!Capture clinical Evidence!<P1=C!".)&!'$((,#!6#*-,&&B!$&!)%!
(.,! 6#,F)*5&! ,Q$86',B! )&! -*%(#*'',/! G3! (.,! Clinical evidence repository 
management tool! <Ag1=! $%/! Researcher! <Ag2=B! G5(! )(! $'&*! 5&,&! $! Clinical 
research database! <A1=! 2#*8! E.)-.! (.,! /$($! (*! 8)%,! $#,! ,Q(#$-(,/B! $%/! 6#*/5-,&!
(.#,,!*G_,-(&@!$!Data mining workflow!<A2=B!(.$(!/,2)%,!.*E!(.,!/$($!)%!(.,!#,&,$#-.!
/$($G$&,! E)''! G,! 8)%,h! (.,! Clinical evidence population context! <A3=! (.$(!
-*%($)%&! /,8*:#$6.)-! /,&-#)6()*%! *2! (.,! /$($! (*! G,!8)%,/h! $%/! !Clinical evidence 
data set!<A4=!(.$(!-*%($)%&!(.,!/$($!(*!6,#2*#8!8)%)%:!*%C!".,&,!(.#,,!*G_,-(&!$#,!5&,/!
(*!8)%,!(.,!/$($!$%/!:,%,#$(,!(.,!%,E!-')%)-$'!,F)/,%-,!#5',!<A5=B!$2(,#!E.)-.!(.,!6#*-,&&!
Update decision support repository!<P3=!6#*-,,/&!$&!)%!I):5#,!JMC!

!
@*DE24&$"%&12.34/,/+4&D2,(J&4P,5()4&EK*/D&-J4&-45(),-4K&0.2&!==#&

".,! 25''! :#$6.! )%! I):5#,!JA! &.*E&!.*E! (.,!Clinical evidence repository CER 
v1.0!E$&! 5&,/! (*! *G($)%! $ /)$:%*&)&! #,-*88,%/$()*%! 2*# Patient: eCHRid_1234!
$%/! .*E! )(! ,F*'F,/! (*! F,#&)*%! MCK@! 2)#&(B! Researcher: Rschid_345! /,2)%,/! $! %,E!
Clinical evidence rule: ClevR_1 /,#)F,/! 2#*8! $! ')(,#$(5#,! #,F),EB! $%/! (.,%B!
Researcher: Rschid_346 ,Q,-5(,/! $! /$($! 8)%)%:! 6#*-,&&! *F,#! (.,! Clinical 
research database: ClRDB_1. !



I)%$'!H,#&)*%! MK!N$3!JKOJ! JX!

$#I&=E55,2M&

7%! (.)&!&,-()*%B!E,! )%(#*/5-,/!(.,!-*%-,6(!*2!6#*F,%$%-,!(,86'$(,&B!$&!8,$%&!*2!/,2)%)%:!
(.,!5&$:,!*2!6#*F,%$%-,!2#$8,E*#?!G3!"+PR1I*+8!&*2(E$#,!(**'&C!".,!(,86'$(,&!$#,!$%!
$G&(#$-(!6#*-,&&!8*/,'!(.$(!#,6#,&,%(&!&($%/$#/!6$((,#%&!*2!5&$:,!2*#!(.,!(**'&!(*!6#*/5-,!
F$')/!6#*F,%$%-,!:#$6.&!E)(.!8)%)8$'!,Q6*&5#,!(*!(.,!(,-.%)-$'!/,($)'&!5%/,#%,$(.C!".)&!)&!
/*%,! G3! (.,! (**'&! )%&($%()$()%:! (.,! ,%()(),&! )%! (.,! :#$6.! (,86'$(,&! $%/! &5G8)(()%:! (.,&,!
)%&($%()$(,/!:#$6.!&,:8,%(&!(*!(.,!6#*F,%$%-,!2#$8,E*#?C!

".,!(,86'$(,&!E,#,!/,F,'*6,/!G$&,/!*%!(.,!#,',F$%(!8*/,'&!<9+7N!$%/!94N=B!$%/!25#(.,#!
#,2)%,/!$%/!&)86')2),/!E.,%!%,,/,/!E)(.!6$#(%,#&!#,&6*%&)G',!2*#!)%/)F)/5$'!(**'&!$%/!5&,!
-$&,!#,6#,&,%($()F,&C!".,!(,86'$(,&!2*#!(.,!8$)%!"+PR1I*+8!(**'&!E,#,!6#,&,%(,/@!L$($!
]5$')(3! "**'B! ]5,#3! I*#85'$()*%! "**'B! ,9+I!>*#?G,%-.B! $%/! (.,!L,-)&)*%! 1566*#(! "**'C!
".,! #,8$)%)%:! (**'&! <L$($!N)%)%:!"**'&! )%!>"DCAB! $%/!N*G)',! &,#F)-,&! )%!>"WC[=B!E.)-.!
.$F,! %*(! &($#(,/! /,F,'*68,%(! 3,(B! $#,! ,Q6,-(,/! (*! /,2)%,! (.,)#! *E%! *%(*'*:),&! $%/!
(,86'$(,&!5&)%:!(.,!*%(*'*:3!6#*2)',!8,-.$%)&8&!)%-'5/,/!$&!6$#(!*2!*5#!)86',8,%($()*%C!!

N*&(!*2!(.,!/$($!')%?$:,!$%/!$5(.,%()-$()*%!25%-()*%$')(3!&)(&!E)(.!(.,!8)//',E$#,!<>"WCA=B!
E.)-.! .$&! &,6$#$(,B! '*E! ',F,'B! $5/)()%:! 8,-.$%)&8&! dOe! $%/! (.5&! )&! %*(! 6$#(! *2! (.,!
6#*F,%$%-,! 2#$8,E*#?C!i*E,F,#B! )(!E)''!G,! ')%?$G',! (*! (.,!6#*F,%$%-,! )%2#$&(#5-(5#,!F)$!
1PN;!$&&,#()*%&!(.$(!$#,!&(*#,/!)%!(.,!6#*F,%$%-,!:#$6.&!$&!(.,!#,-*#/!*2!$5(.,%()-$()*%C!

i$F)%:! &.*E%!.*E! (.,! -'),%(!$66')-$()*%&!$#,!8$?)%:!5&,!*2! (.,!6#*F,%$%-,! 2#$8,E*#?B!
E,!%*E!6#*-,,/!(*!&.*E!(.,!/,($)'&!*2!(.,!(,-.%)-$'!)86',8,%($()*%!)%!(,#8&!*2!(.,!&,#F)-,!
)%(,#2$-,!5&,/!(*!$--,&&!(.,!2#$8,E*#?!<1,-()*%!M=!$%/!(.,!5%/,#'3)%:!/)&(#)G5(,/!&(*#$:,!
8,-.$%)&8!<1,-()*%!D=C!

!
! &



I)%$'!H,#&)*%! MK!N$3!JKOJ! J\!

O# =42342&*5()454/-,-*./&7'1?]^=!>W&
7%!(.)&!&,-()*%!E,!6#,&,%(!(.,!25''!)%2*#8$()*%!(.$(!$!6#*:#$88,#!E*5'/!%,,/!(*!-*%%,-(!(*!
$%/!5()')f,!(.,!&,#F,#!25%-()*%$')(3C&0#*F,%$%-,!&,#F,#!&)(&!$(!(.,!.,$#(!*2!(.,!"+PR1I*+8!
6#*F,%$%-,!2#$8,E*#?C!7(!65G')&.,&!(.,!6#*:#$88$()-!)%(,#2$-,&!2*#!(.,!-'),%(!(**'&!(*!5&,!
E.,%! -$6(5#)%:! (.,! #,',F$%(! 6#*F,%$%-,! )%2*#8$()*%B! $%/! ,Q6*&,&! 25%-()*%$')(3! 2*#!
^5,#3)%:!(.,!&(*#,/!6#*F,%$%-,!/$($!(.#*5:.!1];!$%/!10P+];!^5,#),&C!".,!$--,&&!(*!(.,!
&,#F,#!$%/!(*!(.,!&(*#,/!/$($!)&!8$%$:,/!5&)%:!(.,!1,-5#)(3!1*'5()*%!;$3,#!<LMCM=!$%/!(.,!
$--,&&!6*')-),&!/,2)%,/!(.,#,)%B!5&)%:!1PN;!$&&,#()*%&C!&

".,! P07! 2*#! (.,! 6#*F,%$%-,! (**'! ,Q6*#(&! (.,! 25%-()*%$')(3! 2*#!8$)%($)%)%:! $%/! ^5,#3)%:!
6#*F,%$%-,!/$($B!$%/!.$&!G,,%!/,&):%,/!2*#!$''*E)%:!$%!,$&3!)%(,:#$()*%!E)(.!*(.,#!(**'&C!
7(!-*%&)&(&!*2!(.,!2*''*E)%:!6$-?$:,&@!

• 4E#-2,/K0.25(2.[4+-#(2.34/,/+4#K423*+4B! 6#*F)/,&! (.,! -'$&&,&! %,-,&&$#3! (*!
-*%2):5#,!$%/!)%&($''!(.,!6#*F,%$%-,!&,#F)-,C!

• 4E#-2,/K0.25(2.[4+-#(2.34/,/+4#K-.2,D4B!6#*F)/,&!(.,!-'$&&,&!%,-,&&$#3!(*!&(*#,!
(.,!*68!:#$6.&C!

• 4E#-2,/K0.25(2.[4+-#(2.34/,/+4#RE42MB! 6#*F)/,&! (.,! -'$&&,&!%,-,&&$#3! (*! ^5,#3!
(.,!6#*F,%$%-,!/$($C!!

• 4E#-2,/K0.25(2.[4+-#(2.34/,/+4#24,K./*/DB! 6#*F)/,&! (.,! -'$&&,&! %,-,&&$#3! 2*#!
#,$&*%)%:!$G*5(!(.,!6#*F,%$%-,!/$($C!!

• 4E#-2,/K0.25(2.[4+-#(2.34/,/+4#24(24K4/-,-*./B!6#*F)/,&!(.,!-'$&&,&!%,-,&&$#3!
2*#! #,6#,&,%(B!*6,%!$%/!&$F,!6#*F,%$%-,!:#$6.&!$%/!6#*F,%$%-,!:#$6.! (,86'$(,&!
5&)%:!/)22,#,%(!2*#8$(&C!

• 4E#-2,/K0.25(2.[4+-#(2.34/,/+4#24K.E2+4KB! 6#*F)/,&! (.,! -'$&&,&! %,-,&&$#3! (*!
/,&-#)G,!(.,!#,$'!6.3&)-$'!#,&*5#-,&!#,6#,&,%(,/!)%!(.,!U0N!:#$6.&C!!

".,!-*86',(,!P07!/*-58,%($()*%!-$%!G,!2*5%/!*%')%,!dOKeC!7%!(.,!2*''*E)%:!&5G&,-()*%&!E,!
6#,&,%(!*%'3! (.,!8*&(! )86*#($%(! 2,$(5#,&!*2! ,$-.!6$-?$:,C!".,!P07! )&! $F$)'$G',! ,)(.,#! $&!
j$F$!P07!*#!>1L;!E,G!&,#F)-,&C!

O#F&8./0*DE2,-*./&74E#-2,/K0.25(2.[4+-#(2.34/,/+4#K423*+4&(,+H,D4W&

".,!6#*F,%$%-,!(**'!-*%2):5#$()*%!-*%&)&(&!*2!(.#,,!G$&)-!&(,6&@!

!" P! N31];! /$($G$&,! 8$%$:,8,%(! &3&(,8! <LaN1=! 2*#! /$($! &(*#$:,! %,,/&! (*! G,!
-#,$(,/C!9#,$()*%!&-#)6(&!$#,!6#*F)/,/!)%!P66,%/)Q!aC!

#" ".,!&,8$%()-!6#*-,&&)%:!*2!(.,!6#*F,%$%-,!/$($!%,,/&!&*8,!2)',!-*%2):5#$()*%&!(.$(!
&.*5'/! G,! /3%$8)-$''3! :,%,#$(,/! $--*#/)%:! (*! (.,! #,^5)#,8,%(&! *2! (.,! %,E!
6#*F,%$%-,! &,#F,#! G,)%:! )%&($'',/C! N$66)%:&! 2#*8! (.,! #,'$()*%$'! /$($G$&,! (*! (.,!
&,8$%()-!2#$8,E*#?B!)%!LJ+;!'$%:5$:,B!$#,!6#*F)/,/!)%!P66,%/)Q!LC!

$" 7%!$!/)&(#)G5(,/!,%F)#*%8,%(B!(.,!/,2)%)()*%!*2!(.,!'*-$'!6#*F,%$%-,!&(*#,&B!$%/!(.,!
$F$)'$G',!#,&*5#-,&!&.*5'/!G,!&6,-)2),/C!

".#,,! &,#F,#! (36,&! $#,! 6#*F)/,/! E)(.)%! (.,! P07@! 60,!-%) .%"$%"/) 3?@) .%"$%"/) $%/! (.,)
A%B6%"$0(%).%"$%"C!>.,%!(.,!6#*F,%$%-,!(**'!)&!)%&($'',/B!*%,!*2!(.,&,!&,#F,#!(36,&!)&!5&,/!
<&,,!1,-()*%!A=C!P''!(.#,,!&,#F,#!(36,&!$#,!,Q(,%&)*%&!*2!12.34/,/+4=42342!-'$&&!<"$G',!M=!
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E.)-.!#,6#,&,%(&!$!/,2$5'(!)86',8,%($()*%!2*#!12.34/,/+4=42342?/-420,+4&<"$G',!J=#&".,!
&)86',! &,#F,#!6#*F)/,&! $%!*G_,-(!E)(.! (.,!/,2$5'(! )86',8,%($()*%! $%/& (.,&+N7!$%/!>,G!
&,#F)-,!&,#F,#&!-*%($)%!$'&*!(.,!25%-()*%$')(),&!*2!(.,!-*##,&6*%/)%:!j$F$!&,#F,#!(,-.%*'*:3C!

".,!bN;!1-.,8$!2*#!/,2)%)%:!6#*F,%$%-,!-*%2):5#$()*%!2)',&!-$%!G,!2*5%/!)%!P66,%/)Q!9C!
I):5#,!JD!&.*E&!$%!,Q$86',!*2!$!-*%2):5#$()*%!2)',!2*#!/,2)%)%:!$!'*-$'!6#*F,%$%-,!&(*#,!)%!
$!%*%S/)&(#)G5(,/!,%F)#*%8,%(C!".,!6#*F,%$%-,!&(*#,!-*%2):5#$()*%!#,^5)#,&!$!25''!<name=!
$%/! $GG#,F)$(,/! %$8,! <shortName=B! $! /$($G$&,! -*%%,-()*%! 6$#$8,(,#&! <DB_URL, 
DB_Name, user, password=B! U>;! V+7! G$&,! <OWL_URI_BASE=! (*! G,! 5&,/! 2*#! &)(,!
,%()(),&!-#,$(,/B! (.,! )%)()$'!&,(!*2!*%(*'*:),&!<OPM_ontology=!(.$(!E)''!G,!5&,/!(*!/,2)%,!
(.,! 6#*F,%$%-,! /$($B! (.,! '*-$()*%! E.,#,! (.,! 6#*F,%$%-,! (**'! E)''! G,! )%&($'',/!
<provenanceDir=B!$%/!(.,)&,#F,#!<server=!-#,$()*%!6$#$8,(,#&C!

OWL_URI_BASE!)&!$%!V+7!6#,2)Q!E.)-.!E)''!G,!5&,/!2*#!-*%&(#5-()%:!(.,!V+7!*2!(.,!,%()(),&!
)%! $! 6#*F,%$%-,! &(*#,C! L5#)%:! (.,! )%&($''$()*%! 6#*-,&&! (.,! 5%)^5,%,&&! *2! (.)&!
OWL_URI_BASE!)&!F,#)2),/!$-#*&&!(.,!&3&(,8C!i*E,F,#B!)(!)&!$!#,&6*%&)G)')(3!*2!(.,!)%&($'',#!
(*!/,2)%,!5&,25'!OWL_URI_BASEB!(.$(!)&!V+7&!6#,2)Q!%*(!6#,F)*5&'3!5&,/!(.$(!-$%!6#*/5-,!
5%)^5,!)/,%()2),#&!2*#!(.,)#!U0N!,%()(),&C!>.,%!$%!$66')-$()*%!,Q,-5(,&!$!6#*F,%$%-,!-*/,!
(*!&(*#,!$%!,%()(3B!)(&!V+7!)&!-*%&(#5-(,/!-*%-$(,%$()%:!(.)&!V+7!6#,2)Q!E)(.!(.,!F$'5,!$(!(.,!
OPMEntityKey!2),'/!)%!(.,!OPMEntity!($G',!<(.,!-*86',(,!/$($G$&,!&-.,8$!)&!6#*F)/,/!
)%!1,-()*%!D=C!".)&!$66#*$-.!%*(!*%'3!$''*E&!$%!,$&3!)/,%()2)-$()*%!*2!(.,!6#*F,%$%-,!&(*#,!
E.,#,! $%! ,%()(3! )&! &(*#,/B! G5(!6#*F)/,&! 2*#! $%! ,',:$%(!8$66)%:!/,2)%)()*%! 2*#!LJ+]! (**'C!
".,!'$((,#!$''*E&!(#$%&'$()*%!2#*8!10P+];!&($(,8,%(&!5&)%:!V+7&! )%(*!(.,!1];!^5,#),&!(*!
G,!/,2)%,/!(.#*5:.!$!&)86',!)%/,Q!#,-*F,#3!)%&(,$/!*2!5&)%:!$!-*86',Q!14;49"!&($(,8,%(!
<,C:C!5&)%:!;7u4S&(#)%:!*6,#$(*#&=C!!

@*DE24&$S%&<P,5()4&(2.34/,/+4&+./0*DE2,-*./&0*)4&

"$G',! J! $%/! "$G',! M! &.*EB! #,&6,-()F,'3B! (.,! )%(,#2$-,&! $%/! (.,! -'$&&,&! /,2)%,/! )%!
,5C(#$%&2*#86#*_,-(C6#*F,%$%-,C&,#F)-,! 6$-?$:,C! ".,! 8*&(! )86*#($%(! )%(,#2$-,! )&!
12.34/,/+4=42342?/-420,+4! <$%! ,Q(,%&)*%! *2! (.,! 12.34/,/+4=-.2,D4?/-420,+4! $%/!
12.34/,/+4XE42M?/-420,+4!)%(,#2$-,&=B!E.*&,!8,(.*/&!/,2)%,!(.,!25%-()*%$')(),&!(.$(!-$%!
G,! 5&,/! (.#*5:.! $! 6#*F,%$%-,! &,#F,#B! $%/! E.)-.! $#,! ')&(,/! G,'*EC! ".,! 2)#&(! 2*5#(,,%!
8,(.*/&! $#,! 5&,/! 2*#! -#,$()*%! *2! 6#*F,%$%-,! :#$6.&B! $%/! (.,! F$'5,! #,(5#%,/! G3! (.,&,!
8,(.*/&!/,%*(,&!(.,!V+7!*2!(.,!/,2)%,/!6#*F,%$%-,!,%()(3C!".,!'$&(!(.#,,!8,(.*/&!$#,!5&,/!
2*#!,Q,-5()%:!^5,#),&!*%!(.,!6#*F,%$%-,!/$($C!

;,L)4&F%&Z4M&54-J.6K&.0&12.34/,/+4=42342&+),KK&

<?xml version="1.0" encoding="ISO-8859-1" ?> 
<provenanceConfig> 
 <local name="local zone 1" shortName="lz1"> 
  <desc>First provenance store at TRANSFoRm project.</desc> 
  <DB_URL>jdbc:mysql://localhost:3306/</DB_URL> 
  <DB_Name>BD_name</DB_Name> 
  <user>user</user> 
  <password>password</password> 
  <OWL_URI_BASE>uri_base_for_the_new_data_provenance_entities</OWL_URI_BASE> 
  <OPM_ontology>some_known_ontology_to_use</OPM_ontology> 
  <provenanceDir>provenance_installation_diretory</provenanceDir> 
  <server type="simple" name="simpleServerProvenance"/> 
 </local> 
</provenanceConfig> 
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\4-J.6& !4K+2*(-*./&
String 
addAnnotation(String uriEntit
yOrDependence, 
String owl_prop, 
String value)!

P//&!$%!$%%*($()*%!(*!$%!,%()(3!*#!$!/,6,%/,%-,B!
owl_prop!)&!(.,!6#*6,#(3!(*!$%%*($(,!E.)-.!85&(!
$66,$#!)%!(.,!*%(*'*:3!6#*2)',!<*#!&,(!*2!/*8$)%S
5&,#!*%(*'*:),&=!$&&*-)$(,/!(*!(.,!&,#F,#B!(.,!
F$'5,!$&&*-)$(,/!(*!(.,!6#*6,#(3!)&!F$'5,C!!

String newGraph() P//&!$!%,E!:#$6.!)%!(.,!6#*F,%$%-,!&(*#,C!
void 
setCurrentGraph(String idGrap
h) 

16,-)23!(.$(!$''!(.,!%,E!,%()(3!/,2)%)()*%&!G,'*%:!
(*!(.,!U0N!:#$6.!E)(.!V+7!)/T#$6.C!

String 
getOPMGraphForProject(String 
projectName)!
 

9#,$(,!$!%,E!:#$6.B!$%/!$//&!(*!)(!$%!$%%*($()*%!
$&&*-)$()%:!)(!E)(.!$!6#*_,-(C!

OPMProfile 
getOPMProfileOntologyForAppli
cation(String uriAppl) 

9#,$(,!*#!#,-*F,#!$%!U0N!6#*2)',!*%(*'*:3!$%/!
$&&*-)$(,!)(!(*!(.,!&*2(E$#,!(**'!V+7!

String 
getEntityURI(String owl_opm_C
lass, 
AnnotationSet annotations) 

T,%,#$(,!*#!#,(#),F,!$%!V+7!$&&*-)$(,/!(*!(.,!
:)F,%!6$#$8,(,#&C!!T)F,%!$%!owl_opm_class!
2#*8!(.,!*%(*'*:3!6#*2)',!<*#!&,(!*2!/*8$)%S5&,#!
*%(*'*:),&=!$&&*-)$(,/!(*!(.,!&,#F,#B!$%/!$!&,(!*2!
6$#$8,(,#&!(.$(!-.$#$-(,#)f,!(.,!-5##,%(!,%()(3B!
(.)&!8,(.*/!E)''!#,(#),F,!$!&(*#,/!*68!,%()(3!E)(.!
&5-.!2,$(5#,&B!*#!-#,$(,!$!%,E!*%,C!".,!V+7!*2!(.,!
:,%,#$(,/Y-#,$(,/!)%&($%-,!E)''!G,!#,(5#%,/C!

AnnotationSet 
composeAnnotation(String owl_
prop, String value) 

9#,$(,!$%!P%%*($()*%1,(!*G_,-(B!)%)()$')&)%:!)(!E)(.!
(.,!$%%*($()*%!/,2)%,/!G3!(.,!6$)#@!*E'Z6#*6B!
F$'5,C!

void 
setNewVersion(Annotable annot
ableObject) 

1,(!$!%,E!)/,%()2),#!(*!(.,!$%%*($($G',!*G_,-(B!
8$?)%:!-',$#!(.$(!&*8,!-.$%:,&!(*!(.,!*G_,-(!.$F,!
G,,%!6#*/5-,/B!&*!(.,!-5##,%(!)&!$!%,E!F,#&)*%!*2!
(.,!6#,-,/)%:!/$($B!$%/!$//&!)%!(.,!-5##,%(!
6#*F,%$%-,!:#$6.!(.,!-$5&$'!/,6,%/,%-,!G,(E,,%!
(.,!6#,F)*5&!F,#&)*%!*2!(.,!*G_,-(!$%/!(.,!-5##,%(!
*%,C!

void 
setProcessStatus(String proce
ssStatus) 

P''*E&!(*!&,(!(.,!&($(5&!*2!$!6#*-,&&C 
!

void 
endProcess(String processUri) 

P''*E&!(*!&(*#,!(.,!/$(,S()8,!)%!E.)-.!$!6#*-,&&!
.$&!2)%$')&,/C!

void 
endProcess(String processUri, 
String processStatus) 

!P''*E&!(*!&(*#,!(.,!/$(,S()8,!)%!E.)-.!$!6#*-,&&!
.$&!2)%$')&,/!(*:,(.,#!E)(.!)(&!&($(5&C!

String 
addCausalDependence(String ur
iEntityCause, 
String opmo_dependenceClass, 
String uriEntityDest) 

L,2)%,&!$!-$5&$'!/,6,%/,%-,!2#*8!(.,!,%()(3!
5#)4%()(3L,&(!(*!5#)4%()(39$5&,!)%!(.,!:#$6.!
)/T#$6.C!

String P&!(.,!6#,F)*5&!8,(.*/!G5(!(.,!-$5&$'!
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;,L)4&$%&?/-420,+4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#K423*+4&(,+H,D4&

7%(,#2$-,!1588$#3!
12.34/,/+48./0*D?/-420,+4! 9*%($)%&!$!&,(!*2!-*%&($%(!2),'/!F$'5,&!E.)-.!$#,!5&,/!

$&!($:&!2*#!(.,!6#*F,%$%-,!&,#F,#!-*%2):5#$()*%!2)',C!
12.34/,/+4=42342?/-420,+4! L,2)%,&!(.,!&,(!*2!8,(.*/&!(.#*5:.!E.)-.!(.,!

6#*F,%$%-,!/$($!-$%!G,!&(*#,/!$%/!^5,#),/C!
12.34/,/+4=-.2,D4?/-420,+4! 0#*F)/,&!8,(.*/&!2*#!6#*F,%$%-,!/$($!$%%*($()*%@!

,%()(3!-#,$()*%B!-$5&$'!/,6,%/,%-,!/,2)%)()*%B!$%/!
6#*F,%$%-,!$%%*($()*%!)%-'5&)*%C!

12.34/,/+4XE42M?/-420,+4! 0#*F)/,&!$!&,(!*2!8,(.*/&!2*#!^5,#3)%:!(.,!6#*F,%$%-,!
/$($C!

;,L)4&O%&8),KK4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#K423*+4&(,+H,D4&

9'$&&!1588$#3!
84/-2,)12.34/,/+4=-.24& 0#*F)/,&!(.,!25%-()*%$')(3!2*#!$!-,%(#$'!6#*F,%$%-,!

&(*#,!&,#F,#!-*%2):5#$()*%C!
>.+,)12.34/,/+4=-.24& 0#*F)/,&!(.,!25%-()*%$')(3!2*#!$!'*-$'!6#*F,%$%-,!&(*#,!

&,#F,#!-*%2):5#$()*%C!
12.34/,/+4'65*/& ".)&!-'$&&!6#*F)/,&!(.,!-*/,!%,-,&&$#3!2*#!-*%2):5#)%:!

$%/!)%)()$')&)%:!(.,!6#*F,%$%-,!&,#F)-,C!
12.34/,/+48./0*DC4,642& ".)&!-'$&&!6#*F)/,&!8,(.*/&!2*#!#,$/)%:!$!6#*F,%$%-,!

-*%2):5#$()*%!2)',!$%/!:,%,#$()%:!$!'*-$'!*#!-,%(#$'!
6#*F,%$%-,!&(*#,C!

12.34/,/+4?/K-,))42& ".)&!-'$&&!6#*F)/,&!(.,!%,-,&&$#3!8,(.*/&!2*#!
)%&($'')%:!(.,!6#*F,%$%-,!&,#F,#&!$F$)'$G',!)%!(.)&!P07C!

12.34/,/+4=4+E2*-M& ".)&!-'$&&!6#*F)/,&!(.,!%,-,&&$#3!)86',8,%($()*%!2*#!
(.,!&,-5#)(3!'$3,#C!

addCausalDependence(String ur
iEntityCause, 
String uriEntityDest) 

/,6,%/,%-3!-#,$(,/!)&!*%,!*2!2)F,!G$&)-!U0N!*%,&!
<$&!&.*E%!)%!I):5#,!M=C!

void 
associateToAccount(String uri
Entity, String uriAccount) 

16,-)23!$%!$--*5%(!2*#!E.)-.!$%!&6,-)2)-!U0N!
,%()(3!-$%!G,!F),E,/C! !

List 
executeSPARQL(String sparql) 

4Q,-5(,!$!&6$#^'!&($(,8,%(C!

List executeSQL(String sql) 4Q,-5(,!$!&^'!&($(,8,%(C!
List<List> 
execute(String sql) 

V&)%:!(.,!2*''*E)%:!2*#8$(!(*!-*8G)%,!G*(.!
^5,#),&@!
! USING (SQL/SPARQL query)!
 EXECUTE (SQL/SPARQL query)!
!*#!
!! USING (SQL/SPARQL query)!
 UNION (SQL/SPARQL query)!
".,!#,&5'(&!*2!(.,!^5,#3!)%!(.,!V17RT!-'$5&,!$#,!
5&,/!$&!F$#)$G',!F$'5,&!2*#!,Q,-5()%:!/)22,#,%(!
)%&($%-,&!*2!(.,!^5,#3!)%!(.,!-'$5&,!4b49V"4!*#!(*!
_*)%!(.,)#!#,&5'(&!(.,%!(.,!-'$5&,!VR7UR!)&!5&,/C!
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12.34/,/+4=42342& ".)&!-'$&&!)&!$!/,2$5'(!)86',8,%($()*%!*2!(.,!
0#*F,%$%-,1,#F,#7%(,#2$-,B!6#*F)/)%:!$''!(.,!
25%-()*%$')(3!*2!$!6#*F,%$%-,!&,#F,#C!

12.34/,/+4=42342C45.-4& ".)&!-'$&&!,Q(,%/&!(.,!0#*F,%$%-,1,#F,#!-'$&&!(*!5&,!)(!
$&!$!j$F$!+,8*(,!N,(.*/!7%F*-$()*%!<+N7=!*G_,-(C!

12.34/,/+4=42342^4L=423*+4& ".)&!-'$&&!,Q(,%/&!(.,!0#*F,%$%-,1,#F,#!-'$&&!(*!5&,!)(!
$&!$!E,G!&,#F)-,C!

12.34/,/+4=-.24& ".)&!-'$&&!)86',8,%(&!(.,!%,-,&&$#3!8,(.*/&!2*#!$!
6#*F,%$%-,!&(*#,!&,#F,#!-*%2):5#$()*%C!

O#$&12.34/,/+4&K-.2,D4&74E#-2,/K0.25(2.[4+-#(2.34/,/+4#K-.2,D4&
(,+H,D4W&

0#*F,%$%-,!/$($!&(*#$:,!)&!G$&,/!*%!j$F$!i)G,#%$(,!(,-.%*'*:3!dOOe!2*#!8$66)%:!G,(E,,%!
j$F$!*G_,-(&!$%/!(.,)#!#,6#,&,%($()*%&!)%!(.,!5%/,#'3)%:!#,'$()*%$'!/$($G$&,C!P''!i)G,#%$(,!
-*%2):5#$()*%&! $#,! -#,$(,/! /5#)%:! (.,! )%&($''$()*%! 6#*-,&&B! $%/! (.,!
12.34/,/+4142K*K-4/+4\,/,D42! *G_,-(! 5&,&! %$()F,! 1];! ^5,#),&! (*! 6,#2*#8! /$($G$&,!
56/$(,&C! R*(,! (.$(! 6#*F,%$%-,! P07! /*,&! %*(! 6#*F)/,! $%3! 5&,#S$--,&&)G',! /,',(,!
8,-.$%)&8&!2*#!#,8*F)%:!6#,F)*5&'3!&(*#,/!6#*F,%$%-,!/$($C!7%&(,$/B!(.,!6*(,%()$'!,##*#&!
)%!6#*F,%$%-,!/$($!$%%*($()*%!$#,!.$%/',/!G3!$%%*($()%:! (.,!,%()(),&! (.$(!$#,!,##*%,*5&!
5&)%:! (.,! $%%*($()*%! 6#*6,#(3! /,2)%,/! )%! (.,! *%(*'*:3! "(+!#B! "(+!#C'&&#+'+0#&D'-09B! E)(.!
F$'5,!1'-.%)'&9))"(+!#C'&&#+'+0#&D'-090+5<%.(!E)(.!$!&(#)%:!/,&-#)G)%:!(.,!$%%*($()*%!,##*#C!!

".)&!&(#$(,:3!)&!$'&*!$66'),/!)2!/5#)%:!$%!U0N!:#$6.!-#,$()*%B!)2!$%!)%-*%&)&(,%-3!)&!2*5%/!)%!
$%!,%()(3!*#!/,6,%/,%-,!(36,C!

;,L)4&Q%&8),KK4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#K-.2,D4&

9'$&&!1588$#3!
12.34/,/+4142K*K-4/+4\,/,D42! ".)&!-'$&&!-*%($)%&!$!&,(!*2!8,(.*/&!2*#!6#*F,%$%-,!

/$($!&(*#$:,C!7(!)86',8,%(&!(.,!
12.34/,/+4=-.2,D4?/-420,+4&!

O#O&12.34/,/+4&24K.E2+4K&74E#-2,/K0.25(2.[4+-#(2.34/,/+4#24K.E2+4KW&

".)&!6$-?$:,!/,2)%,&!$%!)%(,#2$-,!<"$G',!A=!$%/!$!&,(!*2!-'$&&,&!<"$G',![=!2*#!/,&-#)G)%:!(.,!
$F$)'$G',! #,&*5#-,&! )%! (.,!6#*F,%$%-,! &3&(,8C!".,!OPMAnnotable! )%(,#2$-,!/,2)%,&! (.,!
2*''*E)%:!8,(.*/&@!

EF String getprovenanceURI(): Returns the uri of the opm entity.  
GF String view(): returns a String representing the some information about 

the opm entity.)
HF javax.swing.JPanel visualview(): returns a graphical view of the OPM 

entity.  

".,! -'),%(! $66')-$()*%&! -$%! 5&,! (.)&! )%(,#2$-,! <*#! (.,! -'$&&! L,2$5'(U0NP%%*($G',=! 2*#!
6#*F)/)%:!/*8$)%! *G_,-(&! <*G_,-(&! *2! -'),%(! $66')-$()*%&=!8,-.$%)&8&! (*! $=! #,-*F,#! (.,)#!
V+7&!$%/!G=!(*!-*%&(#5-(!F),E&!*2!(.,)#!/$($B!,%$G')%:!(**'&!&5-.!$&!(.,!0#*F,%$%-,!a#*E&,#!
<1,-()*%![CA=!(*!.36,#')%?!(*!(.,!#,$'!/$($!G,.)%/!(.,!V+7&!)%!(.,!6#*F,%$%-,!&(*#,&C!
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;,L)4&"%&?/-420,+4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#24K.E2+4K&

7%(,#2$-,!1588$#3!
91\'//.-,L)4! ".)&!)%(,#2$-,!&.*5'/!G,!)86',8,%(,/!G3!$''!-'$&&,&!E.*&,!/$($!E)''!G,!

$%%*($(,/!E)(.!(.,!6#*F,%$%-,!P07C!

;,L)4&S%&8),KK4K&*/&4E#-2,/K0.25(2.[4+-#(2.34/,/+4#24K.E2+4K&

!!!

O#Q&12.34/,/+4&XE42M*/D&74E#-2,/K0.25(2.[4+-#(2.34/,/+4#RE42M&
(,+H,D4W&

!
".,!(E*!-'$&&,&!/,2)%,/!)%!(.)&!6$-?$:,!$#,!&588$#)f,/!)%!"$G',!WC!".,!2)#&(!-'$&&!
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&,#F,#! P07B! 8$)%($)%! (.,! 6#*F,%$%-,! :#$6.&! *2! (.,! 6,#2*#8,/! *6,#$()*%&C! 7%! &5-.! $!
/)&(#)G5(,/!,%F)#*%8,%(! (.,!6#*F,%$%-,!^5,#3! (**'! </,&-#)G,/! )%!&,-()*%![=!8$3!%,,/!(*!
#,(#),F,!6#*F,%$%-,!/$($!'*-$(,/!$(!/)22,#,%(!&(5/3!&)(,&C!!

P&!E$&! 6#,F)*5&'3! /,&-#)G,/B! (.)&! )&! $//#,&&,/! G3! $! /)&(#)G5(,/! 6#*F,%$%-,! &3&(,8! (.$(!
/)F)/,&!(.,!*F,#$''!*6,#$()%:!)%!;*-$'!$%/!9,%(#$')f,/!f*%,&C!;*-$'!f*%,&!$#,!$&&*-)$(,/!(*!
&(5/3! &)(,&! E.,#,! *6,#$()*%&! &5G_,-(! *2! 6#*F,%$%-,! $%%*($()*%! $#,! 6,#2*#8,/C! ".,!
9,%(#$')f,/! f*%,! -*%(#*'&! *6,#$()*%&! $8*%:&(! F$#)*5&! &(5/3! &)(,&C! ".,! #,&*5#-,&!



I)%$'!H,#&)*%! MK!N$3!JKOJ! DO!

<*6,#$()*%&B! 8*&(! *2! (.,8! (*! $--,&&! 6#*6#),($#3! /$($=! (.$(! -$%! G,! $--,&&,/! 2#*8! *(.,#!
&(5/3!&)(,&B!$&!E,''!$&!(.,!-*%%,-()*%!/,($)'&!(*!(.,!/)22,#,%(!'*-$'!6#*F,%$%-,!f*%,&!85&(!
G,!/,&-#)G,/!)%!(.,!-,%(#$'!/$($G$&,C!!

Q#$#F&=-.2*/D&6*K-2*LE-46&(2.34/,/+4&6,-,&

>.,%!$%! $66')-$()*%! $(! *%,! &(5/3! &)(,! #,^5,&(&! (.,!5&$:,!*2! #,&*5#-,! '*-$(,/! $(! $%*(.,#!
&(5/3!&)(,B!(.,!)/,%()(3!*2!(.,!&(5/3!&)(,!$&!E,''!$&!$!&,(!*2!6#*F,%$%-,!,%()(3!)/,%()2),#&!$#,!
&,%(! (*! (.,! #,^5,&(,/! #,&*5#-,! (*:,(.,#! E)(.! (.,! $--,&&! 6$#$8,(,#&C! >.,%! (.,! $%&E,#!
$##)F,&B! $%*(.,#! &,(! *2! )/,%()2),#&! )&! #,(5#%,/! (*:,(.,#!E)(.! (.,! #,^5)#,/! #,&*5#-,C!".,&,!
(E*!&,(&!*2!6#*F,%$%-,!,%()(3!)/,%()2),#&!-*%($)%!?,3&!)%!(.,!OPMEntity!($G',!(.$(!$''*E&!
(#$-?)%:!*2!6#*F,%$%-,!/$($!$(!G*(.!&)/,&!*2!(.,!-$''C!U%!*%,!.$%/B!(.,!,%()(3!,22,-(&!*2!(.,!
-$''!-$%!G,!(#$-,/!)%!(.,!6#*F,%$%-,!'*-$'!f*%,!*2!(.,!-$'',#!$66')-$()*%C!U%!(.,!*(.,#!.$%/B!
(.,!,%()(3!-$5&,&!<6#,-,/,%-,=!*2!(.,!-$''!-$%!G,!(#$-,/!)%!(.,!6#*F,%$%-,!'*-$'!f*%,!*2!(.,!
-$'',/!$66')-$()*%C!R*(,!(.$(!(.,!-$5&$'!/,6,%/,%-),&!$&&*-)$()%:!,%()(),&!$(!/)22,#,%(!'*-$'!
f*%,&!$#,!&(*#,/!)%!(.,!($G',!OPMExternalDependencesC!

Q#$#$&XE42M*/D&=X>&6*K-2*LE-46&(2.34/,/+4&6,-,&

>.,%!6#*F,%$%-,!/$($!)&!^5,#),/B!(.,!)%(,#6#,(,#!)%)()$''3!(#),&!(*!#,&*'F,!(.,!^5,#3!)%!(.,!
'*-$'! f*%,B! #,2,##)%:! (*! (.,! -,%(#$')f,/! f*%,! )2! &*8,! *2! (.,! #,-*#/&! )%! (.,! #,&6*%&,! $#,!
')%?,/!(*!/$($!$(!*(.,#!'*-$'!f*%,&C!!

I*#!/,&-#)G)%:!/)&(#)G5(,/!^5,#),&B! $! &)86',!^5,#3! &3%($Q! )&!6#*F)/,/B! $&! &6,-)2),/! )%! (.,!
2*''*E)%:!:#$88$#@!

Query := select_statement ! Distributed_select 
Distributed_select := FOR local_zones select_statement ! 
select_statement_with_prefix_db 
local_zones := all ! local_zones_names 
local_zone_names := short_local_zone_name {, short_local_zone_name} 

!
>.,#,! $! select_state,%&+! )&! $! 14;49"! 1];! &($(,8,%(! $%/!
short_local_zone_name!)&!$!%$8,!:)F,%!(*!(.,!'*-$'!f*%,!)%!$!-*%2):5#$()*%!2)',C!".,#,!
$#,! (E*! E$3&! (*! /,&-#)G,! /)&(#)G5(,/! ^5,#),&C! I)#&(B! (.,! 5&,#! -$%! /,2)%,! (.,! &,(! *2! '*-$'!
f*%,&!6#*F,%$%-,!&(*#,&!(*!G,!^5,#),/!*#!5&,!v,))w!<'--)M4'-010%")&',%=!)2!(.,!&,$#-.!&.*5'/!
G,!/*%,! $-#*&&! (.,! -*86',(,! &3&(,8! <5&)%:! (.,!@9C=C!P'(,#%$()F,'3B! (.,!5&,#&! -$%!/,2)%,!
,Q6')-)('3! (.,! 6#*F,%$%-,! '*-$'! &(*#,&! (*! 5&,! )%! ,$-.! 6$#(! *2! (.,! &,',-(! &,%(,%-,!
<.%-%(+N.+'+%,%&+N*0+7N!"%10LN9B=B! 5&)%:! (.,! &3%($Q@! <short_local_zone_name 
>.tableB!)%&(,$/!*2!_5&(!table,!)%!(.,!1"#,!$%/!*7%"%!-'$5&,&!*2!$!&,',-(!&($(,8,%(C!

".,!$':*#)(.8!2*#!^5,#3!#,&*'5()*%!)%!(.,!6#*F,%$%-,!&3&(,8!)&!/,&-#)G,/!)%!P':*#)(.8!OB!
E.)-.! 5&,&B! )%! (5#%B! (.,! P':*#)(.8! J! $%/! MC! ".,! P':*#)(.8! J! $''*E&! (*! F,#)23!E.,(.,#! $!
^5,#3!-$%!G,!$%&E,#,/!)%!(.,!'*-$'!f*%,B!$%/!(.,!P':*#)(.8!M!-#,$(,&!(.,!2,/,#$(,/!&*'5()*%!
2*#!$%&E,#,/!/)&(#)G5(,/!^5,#),&!)%!(.,!-,%(#$')f,/!f*%,C!!

')D.2*-J5&F#&!*K-2*LE-46&RE42M&24K.)E-*./&0.2&(2.34/,/+4&KMK-45&
?/(E-@!q@!^5,#3!E)(.!&3%($Q!$&!/,2)%,/!)%!O4%"5)8"',,'"C!

lzn@!%$8,!*2!(.,!'*-$'!f*%,!E.,#,!(.,!^5,#3!)&!2*#85'$(,/C!
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9E-(E-@ ResultSet+!,-'.$%!/0!)1$!"#$%&2!"*!
!
parsed_q!3!4,%'$5!5$),6('!/0!q!
!"!parsed_q.local_zones_to_use!78!9lzn:!#$%&!
! '%#('&!!executeCentralized(q)!%%&'()*+,-./$!
%)*%+
! !"!can_be_locally_solved(q)!%%&'()*+,-./#!
! ! '%#('&!execute(q)!
! %)*%!executeCentralized(q)/%%&'()*+,-./$!
!

P':*#)(.8! O! 6$#&,&! (.,! )%65(! ^5,#3! (*! #,(#),F,! (.,! &,(! *2! '*-$'! f*%,&! <*#! /$($G$&,&=!
,Q6')-)('3!8,%()*%,/! G3! (.,! 5&,#! (*! G,! 5&,/C! ".,! '*-$'! f*%,! %$8,!E.,#,! (.,! 2*#85'$! )&!
2*#85'$(,/!)&!$'E$3&!#,(5#%,/!$&!6$#(!*2!(.)&!&,(C! !72!)(!-*%($)%&!*(.,#!'*-$'!f*%,&!/)22,#,%(!
2#*8! (.,!-5##,%(! '*-$'! f*%,B!*#!G3!5&)%:! (.,!P':*#)(.8!JB! )(! )&!/,(,#8)%,/! (.$(! (.,!^5,#3!
-$%%*(!G,!&*'F,/!)%!(.,!-5##,%(! '*-$'!f*%,B!(.,%!(.,!^5,#3!)&!&,%/!(*!(.,!-,%(#$')f,/!f*%,!
$%/!,Q,-5(,/!(.,#,C!U(.,#E)&,B!(.,!^5,#3!)&!&*'F,/!)%!(.,!-5##,%(!'*-$'!f*%,C!!

')D.2*-J5&$#&`42*0M*/D&GJ4-J42&,&RE42M&+,/&L4&K.)346&*/&-J4&).+,)&(2.34/,/+4&a./4&

!
P':*#)(.8!JB!#,(5#%&!2$'&,!)2!(.,!U0NL,6,%/,%-,"$G',!)&!%*(!%,,/,/!(*!$%&E,#!(.,!^5,#3!
$&! )(! )&! (.,! *%'3! ($G',! -*%($)%)%:! /,6,%/,%-3! (*! ($G',&! )%! '*-$'! f*%,&! /)22,#,%(! 2#*8! (.,!
-5##,%(!*%,C!U(.,#E)&,B!(.,!^5,#3!q! )&!(#$%&2*#8,/!$%/!(.,!*F,#$''!#,&5'(!/,6,%/&!*%!(.,!
%58G,#!*2! #,-*#/&!*2! (.,! (#$%&2*#8,/!^5,#3C! 72! )(! )&! :#,$(,#! (.$%!KB! (.,! $%&E,#!*2! ^5,#3!
%,,/&! (*! 5&,! ,Q(,#%$'! /,6,%/,%-,&B! $%/! (.,#,2*#,B! )(! -$%%*(! G,! &*'F,/! )%! (.,! '*-$'!
6#*F,%$%-,!f*%,C!".,!(#$%&2*#8,/!^5,#3!)&!*G($)%,/!2#*8!(.,!*#):)%$'!*%,B!G3@!$=!#,6'$-)%:!
(.,!OPMDependenceTable! 2*#!OPMExternalDependence! 2#*8! (.,! 1"#,! -'$5&,! *2!q!
$%/!$//)%:!(.,!($G',!OPMEntity!)2!)(!/*,&!%*(!$66,$#&!)%!(.,!1"#,!-'$5&,B!$&!(.,!:*$'!)&!(*!
F,#)23!)&!,Q)&(&!$%3!,%()(3!)%!(.,!^5,#3!(.$(!)&!5&,/!)%!OPMExternalDependence!($G',h!G=!
#,8*F)%:!(.,!-*%/)()*%&!$&&*-)$(,/!(*!(.,!OPMDependenceTableB!$&!)(!)&!%*(!%,,/,/!(*!
F,#)23! .,#,! -*86',Q! -*%/)()*%&! #,'$(,/!E)(.!OPMDependenceTable! ($G',h! -=! $//)%:! (*!
(.,! -*%/)()*%! -'$5&,! (.,! _*)%! -*%/)()*%&! G,(E,,%! OPMEntityB!

?/(E-@!q@!^5,#3!E)(.!&3%($Q!$&!/,2)%,/!)%!O4%"5)8"',,'"C!
! lzn@!%$8,!*2!(.,!'*-$'!f*%,!E.,#,!(.,!^5,#3!)&!2*#85'$(,/C!
9E-(E-@ solved_locally+!)%#$!60!)1$!"#$%&!;,-!<$!'/(=$5!(/;,((&*!
!
parsed_q!3!4,%'$5!5$),6('!/0!q!
!"+&,#!97lzn8*>?@A$4$-5$-;$B,<($:!!&!parsed_q.fromClauseTables #$%&!
! '%#('&!!"#$%& 
%)*%+
! fromtables!3!parsed_q.fromClauseTables \ 97lzn8*>?@A$4$-5$-;$B,<($:!
! fromtables!3!parsed_q.fromClauseTables  !  
! !! !97lzn8*>?@CD)$%-,(A$4$-5$-;$B,<($2!7lzn8*>?@C-)6)&:!
! condition!3!EliminateConditions(parsed_q.condition,   
!  !  [<lzn>.OPMDependenceTable]) 
 condition = condition ! createJoinConditions(condition, fromtables) 
! sql!3!'()*)+,!-!./012!E!fromtables!E!'34)/)!2!E!condition!E!'*515,!-2F!! !
! resultSet!3!executeGsqlHF!
! '%#('&!resultSet.numrow == 0;!
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OPMExternalDependence!$%/! (.,!#,8$)%)%:! ($G',&! )%! (.,! 2#*8!-'$5&,h!/=! ')8)()%:! (.,!
&,$#-.! (*! OB! $&! )(! )&! ,%*5:.! (*! 2*5%/! *%,! ,%()(3! E)(.! /,6,%/,%-,&! *%! $%! ,Q(,#%$'!
6#*F,%$%-,!&(*#,!2*#!/,#)F)%:!(.,!^5,#3!,Q,-5()*%!(*!(.,!-,%(#$')f,/!f*%,C!!

')D.2*-J5&O#&XE42M&24K.)E-*./&*/&-J4&+4/-2,)*a46&a./4#&
?/(E-@!q@!^5,#3!E)(.!&3%($Q!$&!)%!O4%"5)8"',,'"C!

local_zone_name@!%$8,!*2!(.,!'*-$'!f*%,!E.,#,!(.,!^5,#3!)&!2*#85'$(,/C!
9E-(E-@ ResultSet+!,-'.$%!/0!)1$!"#$%&2!"*!
!
parsed_q!3!4,%'$5!5$),6('!/0!q!
sql_sentences!3!I$)J/--$;)6/-K$-)$-;$'Gparsed_q.local_zones_to_useH!
sql_sentences!3!sql_sentences!! !!
! J%$,)$B$L4/%,(M$5$%,)$5B,<($'M/%Gparsed_qH!
sql_sentences = sql_sentences!! ! !
! J%$,)$N-6/-O6$.'>0M$5$%,)$5B,<($'M/%Gparsed_qH 
distrib_q!3!%$4(,;$!6-!q!)1$!,01'23/.6)1!)1$!;/%%$'4/-56-P!0$5$%,)$5!#-6/-!=6$.!60!)1$!),<($!
executeSentences(sql_sentences) 
'%#('&+execute(distr_q)  
!
I*#! ,Q,-5()%:! $! ^5,#3! )%! (.,! -,%(#$')f,/! f*%,B! P':*#)(.8! M! 5&,&! (.,! 2,/,#$(,/! ,%:)%,!
(,-.%*'*:3!*2!N31];MC!".,!2,/,#$(,/!,%:)%,!$''*E&!-#,$()*%!*2!1%9%"'+%9!($G',&!E.*&,!/$($!
$#,! $&&*-)$(,/! E)(.! #,8*(,! ($G',&! )%! (.,! '*-$'! 6#*F,%$%-,! &(*#,&! <-*%%,-()*%! /,($)'&! *2!
E.)-.! $#,! ?%*E%! (*! (.,! 9,%(#$')f,/! 6#*F,%$%-,! &(*#,=C! V&)%:! (.,&,! 2,/,#$(,/! ($G',&B!
P':*#)(.8! MB! -#,$(,! F),E&! (*! )%(,#6#,(! (.,! -*86',(,! &,(! *2! /)&(#)G5(,/! /$($! $&! *%'3! *%,!
/$($G$&,!<5&)%:!(.,!'*-$'!f*%,!%$8,&!$&!)%/,Q!)%!(.,!F),E&!(*!)%(,#-*%%,-(!(.,8=C!I)%$''3B!
(.,! /)&(#)G5(,/! ^5,#3B! distrib_qB! )&! *G($)%,/! #,6'$-)%:! )%! ^B! ,$-.! ($G',! E)(.! (.,!
-*##,&6*%/)%:! 2,/,#$(,/!5%)*%!F),E!*2! (.,! -*##,&6*%/)%:! ($G',C!"E*!*6()8)f$()*%&!.$F,!
G,,%!)%-*#6*#$(,/!)%!(.)&!6#*-,&&!2*#!#,/5-)%:!(.,!%58G,#!*2!($G',&!$%/!#*E&!%,,/,/!2*#!
-#,$()%:!(.,!F),E&B!#,&6,-()F,'3C!!!

Q#$#O&XE42M*/D&6*K-2*LE-46&(2.34/,/+4&6,-,&G*-J&=1'CX>&

1,8$%()-! ^5,#),&B! 2*#85'$(,/! )%! 10P+];B! $#,! 8$66,/! (*! (.,! #,'$()*%$'! /$($G$&,! 8*/,'!
5&)%:! (.,! L$($G$&,S(*S+LIS]5,#3! <LJ+]=! (**'C! P! 8$66)%:! /,2)%,/! )%! LJ+];! '$%:5$:,!
$''*E&!(.)&!(**'!(*!-#,$(,!$%!+LI!F),E!*2!/$($!&(*#,/!)%!#,'$()*%$'!/$($G$&,&C!".)&!8$66)%:!
)%-'5/,&! (.,! V+7! /,2)%)()*%! 2*#! (.,! &,8$%()-! )%&($%-,&! (*! G,! )%-'5/,/! )%! (.,! F),EC! P&!
,Q6'$)%,/!)%!1,-()*%!MCO!OWL_URI_BASE! )%!(.,!6#*F,%$%-,!-*%2):5#$()*%!2)',&!&6,-)2),&!$!
6#,2)Q!2*#!-*%&(#5-()%:!(.,!V+7&!*2!(.,!)%&($%-,&!*2!$!&6,-)2)-!6#*F,%$%-,!&(*#,C!P!-*%-#,(,!
V+7!.$&!(.,!2*#8@!<OWL_URI_BASE>_<OPMEntityKey>!<,C:C!$!6$((,#%!(.$(!-*%-$(,%$(,&!
(.,! V+7! 6#,2)Q! *2! (.,! '*-$'! f*%,! E)(.! (.,! F$'5,! $(! (.,! OPMEntityKey! 2),'/! )%! (.,!
OPMEntity! ($G',=C! ".,! 6#*F,%$%-,! P07! F,#)2),&! (.$(! (.,! U>;ZV+7ZaP14&! *2! (.,!
6#*F,%$%-,! '*-$'! f*%,&! )%-'5/,/! )%! (.,! /)&(#)G5(,/! &3&(,8! $#,! $''! /)22,#,%(C! 7%! (.)&! E$3B!
LJ+]! $%/! (.,! 6#*F,%$%-,!P07! -$%! ,$&)'3! '*-$(,! (.,! /$($G$&,! $%/! (.,! 6#*F,%$%-,! ,%()(3!
(.$(!$#,!#,2,#,%-,/!G3!$!&6,-)2)-!V+7B!$%/!F)-,!F,#&$C!!

P&!2*#!/)&(#)G5(,/!1];!&($(,8,%(&B!$!5&,#!-$%!/,2)%,!(.,!&-*6,!*2!(.,)#!/)&(#)G5(,/!10P+];!
^5,#3!5&)%:!(.,!2*''*E)%:!&3%($Q@!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
M!1)8)'$#!2,$(5#,&!(*!E.)-.!%*E!,Q)&(!)%!$''!8$_*#!/$($G$&,!&3&(,8&C!
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Distributed_SPARQL statement  := FOR local_zones sparql_statement 

H$#)$G',! local_zones! .$&! (.,! &$8,! 8,$%)%:! $&! )%! (.,! 6#,F)*5&! &,-()*%B! $%/!
sparql_statement!)&!$!10P+];!&($(,8,%(C!

L)&(#)G5(,/!10P+];!^5,#),&!$#,!&,%(!(*!(.,!-,%(#$')f,/!f*%,!E.,#,!(.,!-*%%,-()*%&!(*!$''!
6#*F,%$%-,! &(*#,&! $#,! ?%*E%! $%/! (.,)#! -*##,&6*%/)%:! LJ+];! 8$66)%:&! .$F,! G,,%!
:,%,#$(,/! G3! 5&)%:! (.,! (,86'$(,! 8$66)%:&! )%! P66,%/)Q! LC! ".,&,! (,86'$(,! 8$66)%:&!
-*%($)%! (E*! F$#)$G',&@! #OWL_URI_BASE# $%/ #shortName#B! E.)-.B! /5#)%:! (.,!
8$66)%:! :,%,#$()*%B! :,(! &5G&()(5(,/!E)(.! (.,! F$'5,! *2! (.,! -*##,&6*%/)%:! F$#)$G',! )%! (.,!
-*%2):5#$()*%! 2)',!*2! (.,!&6,-)2)-!6#*F,%$%-,!&(*#,C!".,!P66,%/)Q!L! )&!$'&*!/)F)/,/! )%! (E*!
6$#(&@! (.,! 2)#&(! -*%($)%&! (.,! 8$66)%:! 2*#! '*-$'! f*%,&B! $%/! (.,! &,-*%/! 6$#(! /,2)%,&! (.,!
8$66)%:&!(.$(!-*%(#*'&!/)&(#)G5(,/!/,6,%/,%-,&C&

Q#O&=E55,2M&

7%!(.)&!&,-()*%B!E,!/,&-#)G,/!(.,!/$($G$&,!&-.,8$!2*#!(.,!/)&(#)G5(,/!6#*F,%$%-,!&(*#,B!$%/!
6#,&,%(,/! (.,! &(#$(,:),&! 2*#! #,&*'F)%:! 6#*F,%$%-,! ^5,#),&! (.$(! -*5'/! 6*(,%()$''3! &6$%!
85'()6',!&)(,&C!".)&!/)&(#)G5()*%! )&! '$#:,'3!.)//,%! 2#*8!(.,!,%/S5&,#&B!$%/!#,&*'F,/!$(! (.,!
',F,'!*2!(.,!2#$8,E*#?C!!

i$F)%:!6#,&,%(,/!(.,!)%(,#%$'!/,($)'&!*2!(.,!)86',8,%($()*%B!)%!(.,!%,Q(!&,-()*%B!E,!&.*E!
.*E!(.,!,%/S5&,#!(**'&!$#,!6#*:#$88$()-$''3!5&)%:!(.,!6#*F,%$%-,!2#$8,E*#?!(*!-$6(5#,!
(.,)#!/$($C!

!
! !
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!

"# 12.34/,/+4&EK,D4&LM&-..)K&
i$F)%:!6#,&,%(,/! (.,!-*%-,6(5$'! &*'5()*%! (*! )86',8,%()%:!6#*F,%$%-,! )%! &*2(E$#,! (**'&B!
$%/!(.,! )%%,#!E*#?)%:&!*2! (.,!"+PR1I*+8!6#*F,%$%-,! 2#$8,E*#?B! (.)&!&,-()*%!E)''! '**?!
)%(*!(.,!(,-.%)-$'!/,($)'&!*2!6#*F,%$%-,!5&$:,!G3!(.,!(**'&!)%!"+PR1I*+8C!9*%-#,(,!-*/,!
,Q$86',&B!G$&,/!*%!,Q$86',&!&.*E%!)%!1,-()*%!J!E,#,!/,F)&,/!E)(.!(.,!(,-.%)-$'!6$#(%,#&B!
$%/! &.*E! .*E! (.,! 6#*F,%$%-,! P07! )&! 5&,/! (*! -$6(5#,! 6#*F,%$%-,! )%2*#8$()*%C! ".,&,!
,Q$86',&! $#,! *5(')%,/! )%! (.)&! &,-()*%! $%/! 25''3! 6#,&,%(,/! )%! P66,%/)Q! PC! >.)',! $''! (.,!
,Q$86',&! :)F,%! $#,! 5&)%:! (.,! j$F$!P07B!>,G! 1,#F)-,!>1L;! )%F*-$()*%&!E*5'/! 2*''*E! (.,!
&$8,!6$((,#%C!

"#F&>434)K&.0&K45,/-*+&,//.-,-*./&

".,!&*2(E$#,!(**'&!)%!"+PR1I*+8!$#,!*2!F$#3)%:!-*86',Q)(3B!$%/!(.,)#!6#*F,%$%-,!8*/,'&!
/)22,#B! 2#*8!G$&)-! -*%-,6(&! (.$(! $#,! ,$&)'3! &$()&2),/!E)(.! &($%/$#/!U0NU!-'$&&,&B! (*!8*#,!
-*86',Q! &,8$%()-! /*8$)%&! E.)-.! #,^5)#,! 25''! *%(*'*:),&C! U0N! 6#*2)',&! .$F,! G,,%!
)%(#*/5-,/!)%!dDe!$&!U0N!:#$6.&!,Q(,%&)*%&!2*#!6$#()-5'$#!/*8$)%&C!!P&!(.,!6#*F,%$%-,!P07!
/,&-#)G,/! )%! (.)&!/*-58,%(! )&!G$&,/!*%!U>;!/,2)%)()*%&B!*5#!U0N!6#*2)',&!$#,!*%(*'*:),&!
,Q(,%/)%:! U0NU! $%/! U0NH! 6#*F,%$%-,! *%(*'*:),&! 2*#! ')%?)%:! /*8$)%! *%(*'*:),&! E)(.!
6#*F,%$%-,!/,&-#)6()*%!<6#*F,%$%-,!(,86'$(,&=!*2!(.,)#!/$($!$%/!6#*-,&&,&C!!

L,6,%/)%:!*%! (.,!$%%*($()*%! #,^5)#,8,%(&B! (.#,,!/)22,#,%(! ',F,'&!*2! &,8$%()-!$%%*($()*%!
-$%!G,!&6,-)2),/@!!

• ,0&0,'-).%,'&+0()'&&#+'+0#&)-%$%-!)2!%*!/*8$)%!&,8$%()-!#,&*5#-,&!$#,!5&,/B!!
• ,%904,).%,'&+0()'&&#+'+0#&)-%$%-!)2!$%!U0N!6#*2)',!)&!/,2)%,/!5&)%:!(.,!0#*F,%$%-,!

P07!$%/!5&,/!(*!-#,$(,!6#*F,%$%-,!$%%*($()*%&!$%/!
• ,'L0,4,).%,'&+0()'&&#+'+0#&)-%$%-!)2!$!/,/)-$(,/!U0N!6#*2)',!)&!6#*F)/,/!2*#!(.,!

$%%*($()*%&C!!

".,!6#*F,%$%-,!&,#F,#!/,2)%,&!$!&,(!*2!-*%&($%(&! (.$(!$''*E&!5&,!/)#,-('3! (.,!6#*F,%$%-,!
-*%-,6(&@! $=! 0+UHZ7LB! 5&,/! G3! (.,! 0#*F,%$%-,! P07! (*! $&&):%! (.,! V+7! (*! $%! ,%()(3h! G=!
0+UHZL419+B! 5&,/! (*! $//! $! ')(,#$'! /,&-#)6()*%! 2*#! $%! ,%()(3! $&! 6$#(! *2! .)&! $%%*($()*%h! -=!
0+UHZHP;V4B!5&,/!(*!$//!(.,!6#*F,%$%-,!F),E!*2!(.,!/$($!(.$(!(*!&(*#,!)%!(.,!6#*F,%$%-,!
/$($G$&,h!$%/!/=!V+7&!-*%&($%(&!(*!(.,!-*%-,6(&!)%!U0NU!<,C:C!0+U9411ZV+7=C!!

P%%*($()*%!5&)%:! (.,!8)%)8$'!&,8$%()-!$%%*($()*%! ',F,'!8,$%&! (.$(! (.,!U0N!,%()(),&!$#,!
/,&-#)G,/!E)(.!(.,!-'$&&,&!)%!U0NUB!$%/!%*!$//)()*%$'!/*8$)%!-*%-,6(&!$#,!$&&*-)$(,/!(*!
(.,&,! ,%()(),&C! ".,#,2*#,B! &5-.! (**'&! -$%! 5&,! (.,! -*%&($%(&! )%! 0#*F,%$%-,1,#F,#! -'$&&! (*!
$%%*($(,!(.,)#!6#*F,%$%-,!/$($B!PROV_DESCRB!$&!2*#!,Q$86',!)%@!

String uriNewMeasureProcess = provserver.getEntityURI(provserver.URI_PROCESS,  
  provserver.composeAnnotation(provServer.PROVDESCR,  

"Creation of new quality measure")); 

".,!/$($! ^5$')(3! (**'! -*/,! ,Q$86',! )%! 1,-()*%!ACJ! 5&,&! (.,!8)%)8$'! &,8$%()-! $%%*($()*%!
',F,'C!!
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".,!)/,$'!',F,'!*2!&,8$%()-!$%%*($()*%!)&!(.,!8$Q)8$'!*%,@!E.,%!$%!U0N!6#*2)',!*%(*'*:3!
,Q)&(&B!$%/!)(!)&!5&,/!(*!$%%*($(,!(.,!U0N!,%()(),&C!I*#!(.,!,9+I!E*#?G,%-.!$66')-$()*%B!$%!
U0N! 6#*2)',! *%(*'*:3! -*%($)%)%:! $''! -*%-,6(&! $&&*-)$(,/! (*! -')%)-$'! (#)$'&! $%/! (.,)#! /$($!
2'*EB!+$%/*8)f,/!9')%)-$'!"#)$'!0#*F,%$%-,!U%(*'*:3!<+9"0U=B!E$&!-*%&(#5-(,/!dOMeB!$%/!
5&,/! (*! $%%*($(,! (.,! /$($C! ".,! 2*''*E)%:! )&! $%! ,Q$86',! *2! 5&)%:! (.)&! ',F,'! *2! &,8$%()-!
$%%*($()*%@!

String uriClStudy = provserver.getEntityURI(“rctpo:ClinicalStudy”,  
    provserver.composeAnnotation(provServer.PROV_VALUE,  
                                        clStudy.identifier()) ); 
 
".,! -*%-,6(! rctpo:ClinicalStudy! )&! )%! (., rctpo *%(*'*:3C! 1*B! (.,! 6#*F,%$%-,!
&,#F,#!-$%!&(*#,!(.,!$%%*($()*%!/)#,-('3!5&)%:!(.)&!/*8$)%!U0N!-'$&&C clStudy! )&!$!_$F$!
*G_,-(! )%! (.,! ,9+I! (**'! -*%($)%)%:! (.,! /$($! *2! $! &6,-)2)-! -')%)-$'! &(5/3B! $%/! (.,! 8,(.*/!
identifier<=!E.)-.!#,(5#%&!(.,!/$($!$G*5(!(.)&!-')%)-$'!/$($!(*!&(*#,!)%!(.,!6#*F,%$%-,!
&(*#,C!R*()-,!(.$(!(.)&!)&!/)22,#,%(!2#*8!(.,!V+7!)/,%()2),#!E.)-.!)&!-*865(,/!$%/!#,(5#%,/!
G3! (.,!6#*F,%$%-,!&,#F,#B!E.)-.! (.,!$G*F,!,Q$86',!#,-*F,#! )%! (.,!F$#)$G',!uriClStudy! C!
".,!,Q$86',!)%!1,-()*%!ACM!5&,&!(.,!8$Q)858!&,8$%()-!$%%*($()*%!',F,'C!

7%! &*8,! -$&,&B! (.,! 5&,#! %,,/&! (*! -$6(5#,! /,($)',/! &,8$%()-! $%%*($()*%B! G5(! (.,! #,^5)#,/!
6#*2)',!8$3! %*(! ,Q)&(C! I*#! &5-.! )%&($%-,&B! 0#*F,%$%-,!P07! .$&! /,2)%,/! (.,!OPMProfile!
-'$&&B!E.)-.!$''*E&!5&,#&!(*!-#,$(,!$%/!5&,!%,E!U0N!6#*2)',!*%(*'*:),&!#,6#,&,%()%:!(.,)#!
6#*F,%$%-,!6#*-,&&,&B!$#()2$-(&B!$%/!$:,%(&C!".)&!)&!6$#()-5'$#'3!5&,25'!2*#!(**'&!/,')F,#)%:!
)%!'$(,#!&($:,&!*2!"+PR1I*+8B!&5-.!$&!(.,!/,-)&)*%!&566*#(!&3&(,8!<>"DCD=B!/$($!8)%)%:!
(**'&!<>"DCM=!$%/!8*G)',!$66')-$()*%&!<>"WC[=B!E.)-.!E)''!%,,/!(*!-#,$(,!*#!25#(.,#!#,2)%,!
(.,)#!6#*F,%$%-,!6#*2)',&C!

P%!OPMProfile *G_,-(!-$%!G,!/,2)%,/!6,#!$66')-$()*%!5&)%:!(.,!2*''*E)%:!-*/,@!

OPMProfile profileOnto = provServer.getProfileOntologyForApplication(  
                      applicationName); 

R*EB!(.,!OPMProfile!*G_,-(!<,C:C!profileOnto!)%!(.,!$G*F,!-*/,=!-$%!G,!5&,/!(*!/,2)%,!
/*8$)%c&!6#*F,%$%-,!-*%-,6(&!(*!G,!&(*#,/!)%!(.,!6#*F,%$%-,!/$($G$&,B!$%/!(.,%!#,(#),F,/!
2*#!8$?)%:!(.,!,%()(),&!*2!(.,!&$8,!-*%-,6(!-*%&)&(,%(!(.#*5:.!$''!$%%*($()*%&C!".,!/,2)%,/!
6#*2)',!-$%!G,!$'&*!,Q6*#(,/!(*!$%!U>;!*%(*'*:3!$%/!,Q(,%/,/Y5&,/!)%!*(.,#!(**'&!*2!(.,!
/*8$)%C!".,!2*''*E)%:!)&!$%!,Q$86',!5&)%:!&5-.!(36,!*2!$%%*($()*%!',F,'@!

String uriClinicalCuesCollectProcess = 
provserver.getProcessURI(profileOnto.getProcessURI("CollectPatientClinicalCue
s")); 

R*()-,! (.$(! profileOnto.getProcessURI("CollectPatientClinicalCues") 
)&! 5&,/! (*! /,2)%,! <*#! #,(#),F,! )2! )(! $'#,$/3! ,Q)&(&=! $! -'$&&B! %$8,/!
CollectPatientClinicalCuesB!/,#)F,/!2#*8 opmo:Process.!

".,!,Q$86',!)%!1,-()*%!ACD!5&,&!(.,!8,/)58!&,8$%()-!$%%*($()*%!',F,'C!
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"#$&!,-,&RE,)*-M&-..)&

4$-.! ()8,! (.,!L$($! ]5$')(3! "**'! )&! '$5%-.,/B! (.,! 2*''*E)%:! %,,/&! (*! G,! 6#*F)/,/@! O=! (.,!
6#*F,%$%-,! &,#F,#! E.)-.! E)''! $''*E&! (.,! /$($! 6#*F,%$%-,! $%%*($()*%B! J=! (.,! V+7! (.$(!
)/,%()2),&! (.,! -5##,%(! (**'B! M=! (.,! 5&,#! ,Q,-5()%:! (.,!/$($! ^5$')(3! (**'C! ".)&! )&! 6,#2*#8,/!
5&)%:!(.,!2*''*E)%:!-*/,@!

/* code to include when opening the application: recover the provenance and  
 * security server, recover the user, recover the application URI 
*/ 
String provZoneShortName = ...; // name of the provenance store  
  //to maintain all data 
ProvenanceServer provserver = ProvenanceServer.getServer(provZoneShortName); 
String uriDataQualityTool = ...; 
String uriUser = provserver.getAgentURI( securityServer.getUser() );  
String uriDQTExecProcess = provserver.getEntityURI(provserver.PROCESS_URI,  

Provserver.composeAnnotation(provserver.PROV_DESCR, “DTQ Open”)); 
provserver.addCausalDependence(uriDataQualityTool, uriDQTExecProcess); 
provserver.addCausalDependence(uriUser, uriDQTExecProcess); 
 

!
".,!($&?!*2!-#,$()*%B!*#!*6,%)%:!$!6#,F)*5&'3!-#,$(,/B!]5$')(3!8,$&5#,!#,6*&)(*#3!#,^5)#,&!
(.,!2*''*E)%:!-*/,!(*!)%F*?,!6#*F,%$%-,!25%-()*%$')(3@!

/* code to include in the method executing the "Create new quality measure  
 * repository" option in the quality measure tool interface. 
*/ 
String nameOfRepository = ...; //name of the repository 
DataQualityRepo repository = new DataQualityRepo(... nameOfRepository ...); 
String uriOPMGraph = provserver.newGraph(); //The provenance server will  
                                            //assign an addequate URI. 
provserver.setAnnotation(uriOPMGraph, provserver.URIGraph_FOR_PROJECT,  
                         nameOfRepository); 
provserver.setCurrGraph(uriOPMgraph); 
String uriRepo = provserver.getEntityURI(provserver. ARTIFACT_URI,  
    provserver.composeAnnotation(provServer.PROV_VALUE,  
                                        repository.identifier()) ); 
 
 
/* code to include for the "Open quality measure repository" option 
 * in the quality measure tool interface  
*/  
String nameOfRepository = ...; //name of the repository to open 
 
String uriOPMGraph = provserver.getOPMGraphforProject(nameOfRepository); 
provserver.setCurrGraph(uriOPMgraph); 
DataQualityRepo repository = new DataQualityRepo(... nameOfRepository ...); 

L,($)',/!-*/,!,Q$86',&!G$&,/!*%!:#$6.&!)%!I):5#,!ODB!I):5#,!OAB!$%/!I):5#,!O[B!$#,!:)F,%!)%!
P66,%/)Q!PC!

"#O&XE42M&0.25E),-*./&-..)]8C@&G.2HL4/+J&

>.,%!(.,!E*#?G,%-.!)&!&($#(,/B!(.,!)%)()$')f$()*%!6#*F,%$%-,!-*/,!)&!%,,/,/@!
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/* code to include when opening the application: recover the provenance,  
 * middleware and security servers, the user, the application URI 
*/ 
String provZoneShortName = ...; // name of the provenance store to maintain 
all data 
ProvenanceServer provserver = ProvenanceServer.getServer(provZoneShortName); 
SecurityServer securityServer = ... //code to recover the security server 
MiddlewareServer middlewareserver = ... //code to recover the middleware 
server 
String uriWorkbench = ...; 
String uriUser = provserver.getAgentURI( securityServer.getUser() ); 
String uriApplExecProcess = provserver.getEntityURI(“rctop:RCTTool”); 
provserver.addCausalDependence(uriWorkbench, uriApplExecProcess); 
provserver.addCausalDependence(uriUser, uriApplExecProcess); 

L,6,%/)%:!*%!E.,(.,#!(.,!5&,#!&,(&!(*!-#,$(,!$!%,E!-')%)-$'!&(5/3B!*#!)2!(.,3!E$%(!(*!E*#?!
E)(.!$%!,Q)&()%:!&(5/3B!*%,!*2! (.,! 2*''*E)%:!(E*!-*/,!&,:8,%(&! )&!,Q,-5(,/B!$%/!G*(.!$#,!
)%-'5/,/!)%!(.,!$66#*6#)$(,!8,%5!$-()*%&!)%!(.,!E*#?G,%-.!-*/,C!

/* code to include for the “Create new Clinical Study” option in the 
 * workbench interface  
*/ 
String nameOfClStudy = ...; //name of the new Clinical study 
ClinicalStudy clStudy = new ClinicalStudy(... nameOfClStudy ...); 
String uriOPMGraph = provserver.newGraph(); //The provenance server will  
                                            //assign an addequate URI. 
provserver.setAnnotation(uriOPMGraph, provserver.URIGraph_FOR_PROJECT,  
                         nameOfClStudy); 
provserver.setCurrGraph(uriOPMgraph); 
String uriClStudy = provserver.getEntityURI(“rctpo:ClinicalStudy”,  
    provserver.composeAnnotation(provServer.ID,  
                                        clStudy.identifier()) ); 
String uriClStudyCreationProcess = provserver.getEntityURI( 
                                 “rctpo:RandomizedClinicalStudyCreation” ); 
Provserver.addCausalDependence(uriWorkbench, uriClStudyCreationProcess); 
 
 
/* code to include for the "Open Clinical study" option 
 * in the workbench interface” 
*/  
String nameOfClStudy = ...; //name of the Clinical Study to open 
String uriOPMGraph = provserver.getOPMGraphforProject(nameOfClStudy); 
provserver.setCurrGraph(uriOPMgraph); 
ClinicalStudy clStudy = new ClinicalSuty(... nameOfClStudy ...); 
String uriClStudyOpenProcess = provserver.getEntityURI( 
                                   “rctpo:RandomizedClinicalStudyOpening” ); 
provserver.addCausalDependence(uriWorkbench, uriClStudyOpenProcess); 

"#Q&!4+*K*./&KE((.2-&-..)&

1)8)'$#'3!(*!(.,!6#,F)*5&!(**'&B!(.,!2*''*E)%:!-*/,!&,:8,%(!)&!%,,/,/!E.,%!)%)()$')f)%:!(.,!
$66')-$()*%@!

/* code to include when opening the application: recover the provenance 
 * and security servers, the user, recover the application URI 
*/ 
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String provZoneShortName = ...; // name of the provenance store to maintain 
all data 
ProvenanceServer provserver = ProvenanceServer.getServer(provZoneShortName); 
String uriDSS = ...; 
String uriUser = provserver.getAgentURI( securityServer.getUser() ); 
String applicationName = "DSS"; 
ProfileOnto profileOnto = provServer.getProfileOntologyForApplication(  
                      applicationName); 
profileOnto.defineAsExtensible(); 
String uriApplExecProcess = provserver.getEntityURI( 

profileOnto.getProcessURI("DSSTool Opening"))); 
provserver.addCausalDependence(uriDSS, uriApplExecProcess); 
provserver.addCausalDependence(uriUser, uriApplExecProcess); 
 

P'&*B!(.,!-#,$()*%B!*#!*6,%)%:!$!6#,F)*5&'3!-#,$(,/!9')%)-$'!4F)/,%-,!#,6*&)(*#3!#,^5)#,&!(.,!
2*''*E)%:!-*/,@!

/* code to include in the method executing the "Create new clinical evidence  
 * repository" option in the Clinical evidence management tool interface. 
*/ 
String nameOfRepository = ...; //name of the repository 
ClinicalEvidenceRepo repository = new ClinicalEvidenceRepo(...); 
String uriOPMGraph = provserver.newGraph(); //the provenance server will  
                       //assign an addequate URI. 
provserver.setAnnotation(uriOPMGraph, provserver.URIGraph_FOR_PROJECT,  
                      nameOfRepository); 
provserver.setCurrGraph(uriOPMgraph); 
String uriRepo = provserver.getArtifactURI(      
                    profileOnto.getArtifactURI("ClinicalEvidenceRepository"),  
     provserver.composeAnnotation(provServer.PROV_VALUE,  
                          repository.identifier()) ); 
 
/*code to include for the "Open clinical evidence repository" option 
* in the decision support interface 
*/  
String nameOfRepository = ...; //name of the repository to open 
ClinicalEvidenceRepo clEvidenceRepo = new ClinicalEvidenceRepo( ...  
                               nameOfRepository ... ); 
String uriOPMGraph = provserver.getOPMGraphforProject(nameOfRepository); 
provserver.setCurrGraph(uriOPMgraph); 

I5#(.,#!/,($)',/!-*/,!,Q$86',&!*2!6#*F,%$%-,!5&$:,!G3! (.,!/,-)&)*%!&566*#(! (**'! -$%!G,!
2*5%/!)%!P66,%/)Q!PC!

"#"&=E55,2M&

4$-.!"+PR1I*+8! (**'!5&,&!$! &,(!*2!8,(.*/! )%F*-$()*%&! (*! )%(,#$-(!E)(.! (.,!6#*F,%$%-,!
2#$8,E*#?C!".)&!)%(,#$-()*%!-$%!.$66,%!(.#*5:.!$%3!*2!(.,!P07&!6#*F)/,/B!$%/!)(!)&!',2(!(*!
(.,!(**'!/,F,'*6,#&!(*!/,-)/,!E.)-.!*%,!2)(&!(.,)#!/,&):%!G,&(C!7%!(.)&!&,-()*%B!E,!6#*F)/,/!
E*#?)%:!,Q$86',&!*2!.*E!&5-.! )%(,#$-()*%!E*5'/! '**?! ')?,!5&)%:!65#,! j$F$!P07!-$''&C!".,!
/$($! &5G8)((,/! -$%! G,! ^5,#),/! $%/! $%$'3&,/! )%/,6,%/,%('3! *2! E.)-.! (**'! E$&! 5&,/! (*!
-#,$(,!)(B!$%/!(.,!%,Q(!&,-()*%!E)''!&.*E!.*E!(.$(!.$66,%&C!

! !
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!
S# 12.34/,/+4&RE42M*/D&
7%! (.)&! &,-()*%! E,! /,&-#)G,! (.,! 0#*F,%$%-,! ]5,#3! "**'! 2*#! $5/)()%:! $%/! $%$'3&)&! *2!
6#*F,%$%-,!/$($!-*'',-(,/!)%!"+PR1I*+8C!".,!(**'!-*%&)&(&!*2!(E*!6$#(&@!(.,!J"#$%&'&(%)
:"#*.%"! $%/! O4%"5) >#--%(+0#&C! ".,! G#*E&,#! 6#*F)/,&! )%(,#$-()F,! :#$6.)-$'! %$F):$()*%!
(.#*5:.!&(*#,/!6#*F,%$%-,!:#$6.&B!E)(.!(.,!5&,#!-')-?)%:!*%!%*/,&!(*!#,F,$'!25#(.,#!/,($)'!
$G*5(!(.,!6#*-,&&!$%/!/$($!.)&(*#),&!-$6(5#,/C!".,!^5,#3!-*'',-()*%!)&!$!&,(!*2!6#,/,2)%,/B!
6$#$8,(,#)f,/!^5,#),&! (.$(!-$6(5#,! (.,!#,',F$%(! )%2*#8$()*%! (.,!5&,#&!#,^5)#,! (*!$%&E,#!
&6,-)2)-!^5,&()*%&!$G*5(!(.,!6#*F,%$%-,!/$($C!7%!$//)()*%!(*!(.,&,B!(.,!^5,#3!-*'',-()*%!-$%!
G,!,$&)'3!,Q(,%/,/!G3!$//)%:!%,E!6$#$8,(,#)f,/!^5,#),&!G3!5&,#&!E)(.!?%*E',/:,!*2!G$&)-!
6#*F,%$%-,!-*%-,6(&!(*!)%(#*/5-,!%,E!%,,/,/!25%-()*%$')(3!$&!(.,!5&,!-$&,&!6#*:#,&&!$%/!
:$)%! /,,6,#! 5%/,#&($%/)%:! *2! (.,! ^5,&()*%&! (.,3!E$%(! (*! $&?! $G*5(! (.,)#! 6#*-,&&,&! $%/!
/$($!*5(65(&C!

".,!^5,#),&!6#,&,%(,/!G,'*E!#,6#,&,%(!(.,!)86',8,%($()*%!*2!^5,&()*%&!*G($)%,/!2#*8!(.,!
#,6#,&,%($()F,&! 2#*8! (.,! (.#,,! "+PR1I*+8! 5&,! -$&,&B! ,C:C! E.$(! $#,! (.,! 6#*6,#(),&! *2! $!
^5,#3! 5&,/! (*! #,-#5)(! 6$(),%(&! 2*#! $! 6$#()-5'$#! &(5/3B! .*E! E$&! $! 6$#()-5'$#! 6#*-,&&!
$5(.,%()-$(,/!,(-C!".,!^5,&()*%&!$#,!*#:$%)f,/!G3!(.,!(**'B!$%/!2*#!,$-.!$%!1];!*#!10P+];!
)86',8,%($()*%! )&! :)F,%B! $&! $66#*6#)$(,C! 1];! &($(,8,%(&! $#,! 6#*-,&&,/! G3! (.,! #,'$()*%$'!
/$($G$&,!,%:)%,B!E.)',!(.,!10P+];!*%,&!$#,!8$?)%:!5&,!*2!(.,!j,%$!#,$&*%,#C!".,!2*''*E)%:!
V+7!6#,2)Q!/,-'$#$()*%&!$#,!5&,/!)%!$''!10P+];!^5,#),&@!

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 
PREFIX opmo: <http://openprovenance.org/model/opmo> 

S#F&XE42M&0.25E),-*./&RE42*4K&

EF P0.+)'--)+7%)0&0+0'+0&2)!"#(%..%.)#1)'--)+7%)M4%"0%.)+7'+)*%"%)(#,!-%+%9)#&)QERQSRGQEGF)

Input: None 
Query: 
SELECT OPMProcess.ProcessKey 
FROM OPMProcess, OPMDependences 
WHERE OPMProcess.OPMProcessEndTime BETWEEN ‘01/04/2012’ AND ‘02/04/2012’ AND 
NOT OPMDependence.OPMDependenceEffect = OPMProcess.OPMProcessKey 
 
GF P0.+)'--)!"#(%..%.)+#2%+7%")*0+7)+7%0")'4+7%&+0('+0#&)(%"+010('+%.F))

Input: None 
Query: 
select ?p, ?said 
where{ 

{?p rdf:type opmo:Process . 
?p urn:oasis:names:tc:SAML:2.0:assertion#ID ?said . 

} 
union 
select ?p, ?said 
where{ 

?p rdf:type opmo:Process . 
?p (opmo:cause/opmo:effectInverse)* ?entity .  
?entity urn:oasis:names:tc:SAML:2.0:assertion#ID ?said . 
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} 
 
HF A7'+)M4%"5)*'.)4.%9)0&)%'(7)9'+'B'.%)+#).%-%(+)('.%.)'&9)(#&+"#-.)1#")').!%(010()(-0&0('-)

.+495T)

Input: clinicalStudy 
Query:  
FOR all 
select ?database, ?query 
where{ 

clinicalStudy.getProvURI() rctpo:hasEligibilityCriteria ?eligCriteria . 
?p rdf:type rctpo:EligibilityCriteriaQueryExecution . 
?p opmo:Used ?eligCriteria . 
?p1 rdf:type rctpo:EHRDBQueryExecution . 
?p1 opmo:wasTriggeredBy* ?p . 
?p1 opmo:Used ?query . 
?p1 opmo:Used ?database . 
?query rdf:type rctpo:Query . 
?database rdf:type rctpo:eHRDatabase . 

} 
 
SF A70(7)%-020B0-0+5)("0+%"0')*%"%)4.%9)0&)+7%)M4%"5)+#)"%("40+)!'+0%&+.)#1)').!%(010()(-0&0('-)

+"0'-).+495T)

Input: clinicalStudy 
Query: 
select ?eligCriteria 
where{  

clinicalStudy.getProvURI() rctpo:hasEligibilityCriteria ?eligCriteria . 
} 
!
UF A70(7)9'+'B'.%.)*%"%)4.%9)+#)"%+"0%$%)!'+0%&+)0&1#",'+0#&)#1)+7%)('.%.)#1)').!%(010()

(-0&0('-)+"0'-).+495)T)

Input: clinicalStudy 
Query: 
FOR all 
select ?database 
where{ 

clinicalStudy.getProvURI() rctpo:hasEligibilityCriteria ?eligCriteria . 
?p rdf:type rctpo:EligibilityCriteriaQueryExecution . 
?p opmo:Used ?eligCriteria . 
?p1 rdf:type rctpo:EHRDBQueryExecution . 
?p1 opmo:wasTriggeredBy* ?p . 
?p1 opmo:Used ?database . 
?database rdf:type rctpo:eHRDatabase . 

} 
 
VF )W#*),'&5).0+%.)(#&+"0B4+%9)9'+')1#")').!%(010()(-0&0('-).+495T 

Input: clinicalStudy 
Query: 
FOR all 
select (count(distinct ?studySite) as ?count) 
where{ 

clinicalStudy.getProvURI() rctpo:hasEligibilityCriteria ?eligCriteria . 
?p rdf:type rctpo:EligibilityCriteriaQueryExecution . 
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?p opmo:Used ?eligCriteria . 
?p1 rdf:type rctpo:EHRDBQueryExecution . 
?p1 opmo:wasTriggeredBy* ?p . 
?p1 opmo:Used ?database . 
?database rdf:type rctpo:eHRDatabase . 
?database rctpo:belongsTo ?studySite . 
?studySite rdf:type rctpo:StudySite . 

} 
 
XF  W#*),'&5)!'+0%&+.)*%"%)"%("40+%9)!%").0+%)1#")')(-0&0('-).+495T 

Input: clinicalStudy 
Query: 
select ?studySite, sum(?queryResult) as ?totalpatients 
where{ 

clinicalStudy.getProvURI() rctpo:hasEligibilityCriteria ?eligCriteria . 
?p rdf:type rctpo:EligibilityCriteriaQueryExecution . 
?p opmo:Used ?eligCriteria . 
?p1 rdf:type rctpo:EHRDBQueryExecution . 
?p1 opmo:wasTriggeredBy* ?p . 
?p1 opmo:Used ?database . 
?database rdf:type rctpo:eHRDatabase . 
?database rctpo:belongsTo ?studySite . 
?studySite rdf:type rctpo:StudySite . 
?queryResult opmo:wasGeneratedBy ?p1 . 
?queryResult rdf:type ?p1 . 

} group by ?studySite, ?database 

S#$&!,-,&RE,)*-M&RE42*4K&

EF W#*),'&5)(7'&2%.)7'$%)B%%&)0&+"#94(%9)0&)+7%)M4'-0+5)9'+'),%'.4"%.)"%!#.0+#"5).0&(%)')
.!%(010()9'+%T)

Input: repository, input_date 
Assume: OPMVersions is a view containing the versioning dependences between 
artifacts. 
Query: 
SELECT count(OPMVersions.causeEffect)  
FROM OPMVersions, OPMEntity AS entitycause, OPMEntity AS entityeffect 
WHERE OPMVersions.effectEntityKey == entityeffect.OPMEntityKey AND  
      entityeffect.OPMEntityKey == repository.getprovenanceIRI() AND  
      OPMVersions.causeEntityKey == entitycause.OPMEntityKey AND  
      entitycause.OPMEntityAnnotationTime >= input_date!

!
GF A70(7)"%.%'"(7%")909)0&+"#94(%)+7%)-'.+)(7'&2%)1#")').!%(010()M4'-0+5),%'.4"%T)

Input: dataQualityMeasure 
Assume: OPMVersions is a view containing the versioning dependences between 
artifacts. 

  OPMDependencesStart is a view containing the transitive dependences. 
It contains the field distance with the transitive distance between the cause 
and effect.  
Query:  
SELECT entityagent.OPMEntityId  
FROM OPMEntity, OPMEntity AS entityagent, OPMDependencesStart 
WHERE OPMEntity.OPMEntityId == dataQualityMeasure.getprovenanceIRI() AND  
      NOT (EXISTS (SELECT * FROM OPMVersions  
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      WHERE OPMVersions.causeEntityKey = OPMEntity.OPMEntityKey))  
AND OPMDependencesStart.OPMDependenceCause == entityagent.OPMEntityKey 
AND entityagent.OPMEntityType = 3  
AND OPMDpendencesStart.OPMDependenceEffect == OPMEntity.OPMEntityKey  

!
HF A7'+)0.)+7%)'$%"'2%)+0,%)+#)%$'-4'+%)').!%(010%9)M4'-0+5),%'.4"%T)

Input: dataQualityMeasure 
Query: 
SELECT average(OPMProcess.OPMProcessEndTime-OPMProcess.OPMProcessStartTime) 
FROM OPMProcess, OPMEntity, OPMDependence, OPMAnnotation 
WHERE OPMDependence.OPMDependenceEffect == OPMProcess.OPMProcessKey AND 

OPMAnnotation.OPMSubjectKey == OPMProcess.OPMProcessKey AND  
OPMAnnotation.propertyKey == provServer.PROV_DESCR AND  
OPMAnnotation.value LIKE ‘Quality measure evaluation process%’ AND 
OPMDependence.OPMDependenceCause == OPMEntity.OPMEntityKey AND 
OPMEntity.OPMEntityId == dataQualityMeasure.getprovenanceURI() 
!

SF A70(7)"%.%'"(7%")909)'.Y)1#")"%(#$%"0&2)9'+')M4'-0+5),%'.4"%.)'..#(0'+%9)*0+7)')
9'+'B'.%)#&)').!%(010()9'+%T)

Input: database, input_date 
Query: 
SELECT OPMAgent.OPMEntityKey 
FROM OPMProcess, OPMAnnotation, OPMDependences, OPMAgent,  
     OPMDependences as deps1, OPMEntity 
WHERE DATEDIFF(OPMProcess.OPMProcessStartTime – input_date) < 1 AND 
      OPMAnnotation.SubjectKey == OPMProcess.OPMProcessKey AND  
      OPMAnnotation.propertyKey == provServer.PROD_DESCR AND  
      OPMAnnotation.value like ‘Quality measure recovery process%’ AND 
      OPMDependencesStart.OPMDependenceEffect == OPMProcess.OPMProcessKey AND  
      OPMDependencesStart.OPMDependenceCause == OPMAgent.OPMAgentKey AND  
      OPMDependencesStart.Distance < 4 AND 

deps1.OPMDependenceEffect = OPMProcess.OPMProcessKey AND  
deps1.OPMDependencesCause = OPMEntity.OPMEntityKey AND  
OPMEntiyId = database.getProvURI(); 

!!
UF 3%+"0%$%)'&5)'&&#+'+0#&)'..#(0'+%9)+#)').!%(010()9'+').%+F)

Input: dataset 
Query: 
SELECT Property.PropertyId, OPMAnnotation.value 
FROM OPMEntity, OPMAnnotation, Property 
WHERE OPMEntity.OPMEntityId == dataset.getprovenanceURI() AND 

OPMEntity.OMEntityKey == OPMAnnotation.OPMSubjectKey AND  
OPMAnnotation.PropertyKey == Property.PropertyKey 

S#O&8)*/*+,)&-2*,)&K-E6M&G.2HL4/+J&RE42*4K&
 
".,!2*''*E)%:!V+7!6#,2)Q!/,2)%)()*%!$#,!5&,/!)%!(.,!10P+];!^5,#),&!*2!(.)&!$66')-$()*%@!

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 
PREFIX rcto: <http://www.lesc.imperial.ac.uk/rcto/rcto>  
PREFIX rctpo: <http://www.lesc.imperial.ac.uk/rcto/rctpo>  
PREFIX obi: <http://purl.obolibrary.org/obo/obi> 



I)%$'!H,#&)*%! MK!N$3!JKOJ! AD!

".,!3'&9#,0Z%9) >-0&0('-) ;"0'-) I&+#-#25! <rcto=! $%/! (.,!3'&9#,0Z%9) >-0&0('-) ;"0'-) J"#10-%)
I&+#-#25! <rctpo=! .$&! G,,%! /,&):%,/! &6,-)2)-$''3! 2*#! 9')%)-$'! (#)$'! &(5/),&B! )%! -'*&,!
-*''$G*#$()*%! E)(.! (.,! >"[CD! 6$#(%,#&! $%/! $#,! G$&,/! *%! (.,! 9+7N! 8*/,'! <L[CJ=C! ".,!
2*#8,#! /,&-#)G,&! (.,!8*&(! )86*#($%(! -*%-,6(&! $&&*-)$(,/! E)(.! #$%/*8)f,/! -')%)-$'! (#)$'!
&(5/),&!<9')%)-$'!1(5/3B!4'):)G)')(3!9#)(,#)$B!T0B!0$(),%(B!9$&,!+,6*#(!I*#8B!,(-C=B!$%/!)86*#(&!
(.,!I&+#-#25!1#"):0#,%90('-)@&$%.+02'+0#&.!<obi=!dODeC!".,!'$((,#!/,2)%,&!$%!U0N!6#*2)',!2*#!
#$%/*8)f,/! -')%)-$'! &(5/),&! ,Q(,%/)%:!rcto! (*!/,&-#)G,! (.,!6#*F,%$%-,!:#$6.! (,86'$(,&!
2*#!#$%/*8)f,/!-')%)-$'!&(5/),&C!

EF =0&9)'--)+7%).+495)&4".%.)*7#)7'$%)(7%(Y%9)').("%%&0&2),'"Y%9)'.)%""#&%#4.)B5)+7%)
,#&0+#")'+)').!%(010%9).+495).0+%F)

Input: studySite 
Query: 
select ?studyNurse 
where { 

?screenProc rdf:type rctpo:ScreenProcess . 
?screenProc rctpo:hasStatus ‘Error’ . 
?screenProc rctpo:wasExecutedAt studySite.getProvURI() . 
?graph opmo:hasDependence ?dep . 
?dep rdfs:subClassOf opmo:WasControlledBy . 
?dep opmo:effect ?screenProc . 
?dep opmo:cause ?studyNurse . 
?studyNurse rdfs:subClassOf rcto:ResearchNurse . 

} 
!
GF 80$%&)+7%)!'+0%&+)09%&+010%"/)-0.+)'--)$%".0#&.)#1)').!%(010%9)%>3=/)+#2%+7%")*0+7)+7%)9'+%)'&9)

+7%)!%#!-%)0&$#-$%9)0&)%'(7),#9010('+0#&F)

Input: ch (clinical history identifier of a patient) 
Query: 
select ?a, ?t, a1 
where{ 

?a rdfs:subClassOf rcto:eCRF . 
?a rcto:hasHCNumber ch . 
?p opmo:endTime ?t . 
?p rdf:type opmo:Process . 
?dep rdfs:subClassOf opmo:WasGeneratedBy . 
?dep opmo:effect ?a . 
?dep opmo:cause ?p . 
?p (opmo:effectInverse/opmo:cause)* ?a1 . 
?a1 rdfs:subClassOf obi:Person . 

}!
!

HF A7'+)*'.)+7%)'4+7#"0Z'+0#&)4.%9)1#")+7%)!"#(%..[0&1#",%9)(#&.%&+.C)(#&1#",)!"0$'(5)
"%24-'+0#&.)4.%9)0&)').!%(010()(-0&0('-).+495T)

Input: clinicalStudy 
Query: 
select ?legalDocument 
where{ 

?p rdf:type rctpo:InformedConsent . 
?p opmo:used* clinicalStudy.getProvURI() . 
?p opmo:used* ?legalDocument . 
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?legalDocument rdf:type rcto:AuthorizationDocument . 

} 
!

SF A70(7)"%24-'+0#&.)'"%)'..#(0'+%9)+#)')-0&Y'2%)!"#(%..)%L%(4+%9)94"0&2)')(-0&0('-).+495T)

Input: clinicalStudy 
Query:  
select ?legalDocument 
where{ 

?p rdf:type rctpo:LinkageProcess . 
?p opmo:used* clinicalStudy.getProvURI() . 
?p opmo:used* ?legalDocument . 
?legalDocument rdf:type rcto:LinkageRegulationDocument . 

} 
 
UF ;7%)"'&9#,0Z'+0#&)+##-)4.%9)0&)+7%)3>;)7'.)B%%&)(7'&2%9)'&9)+7%)!'+0%&+.)*7#.%)

"'&9#,0Z'+0#&)7'.)B%%&)'11%(+%9)&%%9.)+#)B%)09%&+010%9F)A70(7)!'+0%&+.)*%"%)"%("40+%9)
4.0&2)')!'"+0(4-'")"'&9#,0Z'+0#&)+##-T))

Input: randomizationTool 
Query:  
select ?patient 
where{ 

?p rdf:type rctpo:RecruitProcess . 
?p opmo:wasTriggeredBy*/opmo:wasControlledBy   
                                     randomizationTool.getProvURI() . 
?patient opmo:wasGeneratedBy ?p . 

} 

S#Q&!4+*K*./&KE((.2-&RE42*4K&

I*#!(.)&!$66')-$()*%!(.,!2*''*E)%:!6#*2)',!/,2)%)()*%&!$#,!5&,/@!

PREFIX cem: <http://www.rcsi.ie/cem/1.0> 
PREFIX cemOPMProfile: <OWL_URI_BASE/cemp/> 

0#,2)Q!cem /,%*(,&!(.,!9')%)-$'!4F)/,%-,!N*/,'!*%(*'*:3!$%/!cemOPMProfile!(.,!U0N!
6#*2)',!-#,$(,/!E)(.!(.,!0#*F,%$%-,!P07C!".,!'$((,#!#,2,#&!(*!(., OWL_URI_BASE!F$#)$G',!
/,2)%,/!)%!(.,!-*%2):5#$()*%!2)',!*2!(.,!'*-$'!6#*F,%$%-,!&(*#,C!!

!
EF A7'+)(-0&0('-)%$09%&(%)9'+').%+\.])*'.)')9%(0.0#&).4!!#"+)"%(#,,%&9'+0#&)B'.%9)#&T)

Input: datasetRecommendation 
Query: 
select ?clEvidenceDataset 
where{ 

datasetRecommendation.getprovURI() opmo:wasGeneratedBy ?p . 
?p rdf:type opmo:Process . 
?p used* ?clEvidenceDataset . 
?clEvidenceDataset rdf:type cemOPMProfile:ClinicalEvidenceDataSet . 

} 
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GF ="#,)*7'+)(-0&0('-)%$09%&(%)!#!4-'+0#&)(#&+%L+\.])*'.)(-0&0('-)%$09%&(%)"4-%)9%10&0+0#&)
("%'+%9)1"#,T)

Input: clEvidenceRule 
Query: 
select ?clEvidencePopulationContext 
where{ 

?clEvidenceRule rdf:type cem:ClinicalEvidenceRule . 
?clEvidenceRule opmo:wasGeneratedBy/opmo:wasTriggeredBy*/ ?p . 
?p rdf:type cemOPMProfile:MineProcess ! cemOPMProfile:LitReviewProcess 

. 
?p opmo:Used ?clEvidencePopulationContext . 
?clEvidencePopulationContext rdf:type  
                               cem:ClinicalEvidencePopulationContext . 

} 
 
HF ="#,)*7'+)#"020&'-)"%.%'"(7)9'+'B'.%\.])*'.)')(-0&0('-)%$09%&(%)"4-%)9%10&0+0#&)9%"0$%9)

1"#,T)

Input: clEvidenceRule 
Query: 
select ?researchDB 
where{ 

?clEvidenceRule rdf:type cem:ClinicalEvidenceRule . 
?clEvidenceRule opmo:wasGeneratedBy/opmo:wasTriggeredBy* ?p . 
?p rdf:type cemOPMProfile:CaptureClinicalEvidence . 
?p opmo:Used ?researchDB . 
?researchDB rdf:type cemOPMProfile:ResearchDatabase . 

} 
 
SF A7'+)"%.%'"(7%")0&.+02'+%9)')(-0&0('-)%$09%&(%)4!9'+%)+7'+)"%.4-+%9)0&)+7%)2%&%"'+0#&)#1)')

(-0&0('-)%$09%&(%)"4-%T)

Input: clEvidence, clEvidenceRule 
Query: 
select ?researcher 
where{ 

?clEvidence rdf:type cem:ClinicalEvidence . 
?clEvidenceRule opmo:wasDerivedFrom* ?clEvidence . 
?clEvidenceRule opmo:wasGeneratedBy/opmo:WasTriggeredBy* ?p . 
?p rdf:type cemOPMProfile:CaptureClinicalEvidence . 
?p opmo:wasControlledBy ?researcher . 

o!
!
UF W'.)')(-0&0('-)%$09%&(%)"4-%)B%%&)9%"0$%9)1"#,)')(-0&0('-)%$09%&(%)9'+').%+)#")1"#,)')

,'&4'-)-0+%"'+4"%)"%$0%*)4!9'+%T)

Input: clEvidenceRule 
Query: 
select ?artifact 
where{ 

?clEvidenceRule rdf:type cem:ClinicalEvidenceRule . 
?clEvidenceRule opmo:wasGeneratedBy/opmo:WasTriggeredBy* ?p . 
?p rdf:type cemOPMProfile:createClEvidenceRule . 
?p opmo:used ?artifact . 
?artifact rdf:type cem:LiteratureReview . 

} limit 1 
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".,!-')%)-$'! ,F)/,%-,! #5',! )&!/,#)F,/! 2#*8!$! ')(,#$(5#,! #,F),E! )2! (.,!^5,#3! #,(5#%&!$!%*%S
,86(3!#,&5'(C!

VF J"#$09%)')-0.+)#1)4!9'+%9)"4-%.)+7'+)*%"%)!"#(%..%9)'.)!'"+)#1)')!'"+0(4-'")(-0&0('-)
%$09%&(%)4!9'+%)!"#(%..T)

Input: updateProcess 
Query: 
select ?updatedClEvidence 
where{ 

?updatedClEvidence prov:laterGenerationThan ?clEvidence . 
?clEvidenceRule rdf:type cem:ClinicalEvidenceRule . 
?updatedClEvidence opmo:wasGeneratedBy ?updateProcess . 

} 
!

XF A7'+)(-0&0('-)%$09%&(%)"4-%.)*%"%),'+(7%9)+#)')!'"+0(4-'")!'+0%&+)90'2&#.+0()(4%)
(#--%(+0#&)'.)!'"+)#1)').!%(010()%$09%&(%)(#,!'"0.#&)!"#(%..)+7'+)*'.)"4&T)

Input: PatientCue 
Query: 
select ?clEvidenceRule 
where{ 

?p opmo:Used ?patientCue . 
?p rdf:type cemOPMProfile:EvidenceComparison . 
?matchRule opmo:wasGeneratedBy cemOPMProfile:EvidenceComparison . 
 
?matchRule rdf:type ?cemOPMProfile:MatchedRule . 
?matchRule opmo:wasDerivedFrom ?patientCue . 
?matchRule opmo:wasDerivedFrom ?clEvidenceRule . 
?clEvidenceRule rdf:type cem:ClinicalEvidenceRule . 

} 

S#"&12.34/,/+4&RE42M&K4+E2*-M&

P&!/)&-5&&,/!)%!dOeB!#):.(&!(*!$--,&&!(.,!6#*F,%$%-,!*2!$!/$($!)(,8!-$%!/)22,#!2#*8!(.,!$--,&&!
#):.(&!(*!(.,!/$($!)(,8!)(&,'2B!,C:C!)(!)&!6,#2,-('3!6*&&)G',!(*!)%F,&():$(,!(.,!$%$'3()-$'!(#$-,!*2!
$! #,&5'(! E)(.*5(! .$F)%:! )%&):.(! )%(*! (.,! )%/)F)/5$'! #,-*#/&! *2! (.,! /$($! &*5#-,&! 5&,/! (*!
:,%,#$(,! )(C! ".,#,2*#,B! $--,&&! (*! $!6#*F,%$%-,! &(*#,!8$3!G,!/)22,#,%(! (*! $66')-$()*%!/$($!
/5,! (*! 5&,#! $%/! &3&(,8! #,'$(,/! 6*')-),&C! P! /$($! &,(!8$3! %*(! G,!8*F,/! 2#*8! )(&! &(*#$:,!
'*-$()*%B! .*E,F,#! &5G_,-(! (*! -,#($)%! $5(.,%()-$()*%! $%/! $5(.*#)f$()*%! 6*')-),&B! )(&!
6#*F,%$%-,!8$3!G,!:)F,%!$--,&&,&!(*!G,!#,$/!$%/!5%/,#!&*8,!-*%/)()*%&!(*!G,!#,6')-$(,/C!
7%! .,$'(.-$#,! $66')-$()*%&B! &,-5#)(3! *2! $! 6#*F,%$%-,! &(*#,! )&! (36)-$''3!8*#,! #,'$Q,/! (.$%!
(.$(!*2!6$(),%(!/$($B!&)%-,!(.,!&5G_,-(&!$#,!%*(!)/,%()2)$G',!2#*8!(.,!6#*F,%$%-,!/$($C!!

>)(.)%! (.,!"+PR1I*+8!6#*F,%$%-,! ^5,#3! (**'B!E,! F,#)23! (.,! -*%(,%(&! *2! ,$-.! #,(5#%,/!
,%()(3! $:$)%&(! (.,! *6,#$()*%$'! &,-5#)(3! 6*')-),&! &6,-)2),/! )%! (.,! 1,-5#)(3! 1*'5()*%! ;$3,#!
<LMCM=B!$%/!#,8*F,!(.,!&,:8,%(&!E.)-.!(.,!5&,#!)&!%*(!$''*E,/!$--,&&!(*C!

S#S&A2,(J*+,)&*/-420,+4&

U%-,!(.,!5&,#!'*:&!)%!(*!(.,!6#*F,%$%-,!^5,#3!(**'B!.,!)&!&.*E%!(.,!&-#,,%!)%&I):5#,!JXC!".,!
^5,#),&!/)&6'$3,/!)%!(.,!8,%5&B!$%/!(.,)#!/,2)%)()*%&B!$#,!G,)%:!'*$/,/!/3%$8)-$''3!2#*8!$!
-*%2):5#$()*%!2)',!&(*#,/!*%!(.,!&,#F,#B!8$(-.)%:!5&,#c&!)/,%()2),#!$%/!#*',C!".,!^5,#),&!$#,!
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Example 1. Creating a new quality measure 
 
/* code to include for the "Creating a new quality measure" option 
* in the quality measure interface 
*/ 
String uriNewMeasureProcess = provserver.getEntityURI(provserver. 
PROCESS_URI,  
  provserver.composeAnnotation(provServer.PROV_DESCR,  
"Creation of new quality measure") ); 
provserver.addCausalDependence(uriUser, uriNewMeasureProcess); 
provserver.addCausalDependence(uriDataQualityTool, uriNewMeasureProcess); 
 
QualityMeasure m = ...; 
String newMeasureDesc = ...; //the user could have included some  
//description considering the Pubmed reference 
  // "Rehabilitation (Stuttg). 2007 Jun;46(3):155-63." 
String uriNewMeasureArtifact = 
provserver.getEntityURI(provserver.ARTIFACT_URI,  
   provserver.composeAnnotation(provServer.PROV_VALUE, 
m.identifier(). 
   provServer.composeAnnotation("dcterms:description",  
                                newMeasureDesc) ); 
 
 
String uriUpdateRepoProcess = provserver.getEntityURI(provserver. 
PROCESS_URI,  
  provserver.composeAnnotation(provServer.PROV_DESCR,  
                  "updating repository") ); 
provserver.addCausalDependence(uriNewMeasureProcess, uriUpdateRepoProcess); 
provserver.addCausalDependence(m.getprovenanceURI(), uriUpdateRepoProcess); 
provserver.addCausalDependence(repository.getprovenanceURI(), 
uriUpdateRepoProcess); 
// ... here the code for updating the repository 
provServer.setNewVersion(repository); // generate the new artifact  
                        //representing the new version  
        // of the current repository,  
                       //and the link between them 
provserver.addCausalDependence(uriUpdateRepoProcess,   
                                    repository.getprovenanceURI() ); 

".,! &,-*%/! ,Q$86',! *2! (.,! L$($! ^5$')(3! (**'! <I):5#,! OA=! /,($)',/! (.,! 56/$()%:! *2! $!
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Example 2. Updating a new quality measure 
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/* code to include for the "Updating a new quality measure" option 
 * in the quality measure tool interface 
*/ 
QualityMeasure m = ...; // recovering the quality measure to update  
String uriOriginalMeasureArtifact = m.getprovenanceURI(); 
String uriUpdateMeasureProcess = provserver.getEntityURI(provserver. 
PROCESS_URI,  
  provserver.composeAnnotation(provServer.PROV_DESCR,  
              "updating the quality measure " + uriOriginalMeasureArtifact) 
); 
provserver.addCausalDependence(uriUser, uriUpdateMeasureProcess); 
provserver.addCausalDependence(uriDataQualityTool, uriUpdateMeasureProcess); 
 
m.update(...); // code for updating a measure 
String uriUpdatedMeasureArtifact = provServer.setNewVersion(m); 
provserver.addCausalDependence(uriUpdateMeasureProcess,  
                               uriUpdatedMeasureArtifact); 
 
String uriUpdateRepoProcess = provserver.getEntityURI(provserver. 
PROCESS_URI,  
  provserver.composeAnnotation(provServer.PROV_DESCR,  
                "updating repository") ); 
provserver.addCausalDependence(uriUpdateMeasureProcess, 
uriUpdateRepoProcess); 
provserver.addCausalDependence(m.getprovenanceURI(), uriUpdateRepoProcess); 
provserver.addCausalDependence(repository.getprovenanceURI(), 
uriUpdateRepoProcess); 
// ... here the code for updating the repository 
provServer.setNewVersion(repository); // generate the new artefact 
                               // representing the new version  
           // of the current repository, and the link     
                               //between them 
provserver.addCausalDependence(uriNewUpdateRepoProcess,  
                               repository.getprovenanceURI() ); 

7%! (.,! (.)#/! ,Q$86',B! (.,! /$($! ^5$')(3! (**'! )&! 5&,/! (*! *G($)%! (.,! #,-*88,%/$()*%! $G*5(!
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Example 3. Selecting appropriate datasets for a clinical study 
 
/* code to include for the "use case selection" option 
* in the quality measure interface 
*/ 
String clinicalStudyUseCase = ...;  
String uriUseCaseForCSProcess = 
provserver.getEntityURI(provserver.PROCESS_URI,  
  provserver.composeAnnotation(provServer.PROV_DESCR, "selecting 
quality measures " + 
                                                                        for 
the clinical study + clinicalStudyUseCase) ); 
provserver.addCausalDependence(uriUser, uriUseCaseForCSProcess); 
provserver.addCausalDependence(uriDataQualityTool, uriUseCaseForCSProcess); 
//code to recover datasets available for the specific use case 
DBset dbset = ... 
provserver.addCausalDependence( uriUseCaseForCSProcess, 
dbset.getprovenanceURI() ); 
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// ... here code to open a quality measure repository 
repository = ... 
 
//selecting the suitable DB level quality measures 
String uriSelectDBQMProcess = provserver.getEntityURI(provserver.PROCESS_URI,  
  provserver.composeAnnotation(provServer.PROV_DESCR, "selecting 
the DB level quality measures "); 
provserver.addCausalDependence(uriUseCaseForCSProcess, uriSelectDBQMProcess); 
provserver.addCausalDependence(repository.getprovenanceURI(), 
uriSelectDBQMProcess); 
QualityMeasureParameterSet qualityMeasureSet = 
selectQualityMeasureParameterSet(); 
provserver.addCausalDependence( uriSelectDBQMProcess, 
qualityMeasureSet.getprovenanceURI() ); 
 
//selecting datasources 
String uriSelectDSProcess = provserver.getEntityURI(provserver.PROCESS_URI,  
  provserver.composeAnnotation(provServer.PROV_DESCR, "selecting 
datasource "); 
provserver.addCausalDependence(uriSelectDBQMProcess, uriSelectDSProcess); 
dbset.select(QualityMeasureParameterSet); // selects a subset of the oginal 
DBset that fulfills the requirements in QualityMeasureParameterSet 
provserver.setNewVersion(dbset); 
provserver.addCausalDependence(uriSelectDSProcess, dbset.getprovenanceURI()); 
 
//selecting the suitable Disease level quality measures 
String uriSelectDisBQMProcess = 
provserver.getEntityURI(provserver.PROCESS_URI,  
  provserver.composeAnnotation(provServer.PROV_DESCR, "selecting 
the Disease level quality measures "); 
provserver.addCausalDependence(uriSelectDSProcess, uriSelectDisQMProcess); 
provserver.addCausalDependence(repository.getprovenanceURI(), 
uriSelectDBQMProcess); 
QualityMeasureParameterSet qualityMeasureDisSet = 
selectQualityMeasureParameterSet(); 
provserver.addCausalDependence( uriSelectDisQMProcess, 
qualityMeasureDisSet.getprovenanceURI() ); 
 
//code for obtaining evaluation (Figure 16) 
for (DB db:dbset){ 
    String uriObtainEvalProcess = 
provserver.getEntityURI(provserver.PROCESS_URI,  
  provserver.composeAnnotation(provServer.PROV_DESCR, "Obtain 
quality measure results"); 
    provserver.addCausalDependence( uriSelectDisQMProcess, 
uriObtainEvalProcess ); 
    EvaluationData eval_info = recoverEvaluation(db, qualityMeasureDisSet); 
    if (eval_info = null) 
 eval_info = requestEvaluation(db, qualityMeasureDisSet); 
    provserver.addCausalDependence( uriObtainEvalProcess, 
eval_info.getProvIdInterch().get(0) ); 
     
    // code to use information in eval_info.getEval() and eval_info.getInfo() 
    .... 
     
} 
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//Request evaluation (Figure 17) 
EvaluationData requestEvaluation(DB db, QualityMeasureParameterSet qm){ 
 String uriRequestEvalProcess = 
provserverEval.getEntityURI(provserver.PROCESS_URI,  
   provserverEval.composeAnnotation(provServer.PROV_DESCR, 
"Request for evaluation Process"); 
 Request request = createRequest(db, qm); 
        provserver.addCausalDependence( uriRequestEvalProcess, 
request.getprovenanceURI() ); 
 ProvenanceIdInterchange idInterchanging = new 
ProvenanceIdInterchange(); 
 EvaluationData eval_info = send_getResults(request); // this method 
should use middleware API to send the request and return back the results 
        return eval_info; 
} 
 
//code inside the study site data provider 
EvaluationData executerequest(request){ 
 String uriEvalProcess = 
provserverEval.getEntityURI(provserver.PROCESS_URI,  
   provserverEval.composeAnnotation(provServer.PROV_DESCR, 
"Quality measure evaluation Process"); 
 String uriTool = ... // code to recorer the URI of the evaluation tool 
in the provider 
 String provZoneShortNameEvaluator = ...; // name of the provenance 
store of the evaluator 
 ProvenanceServer provserverEvaluator = 
ProvenanceServer.getServer(provZoneShortNameEvaluator); 
 provserverEvaluator.addCausalDependence( uriTool, uriRequestEvalProcess 
); 
 provserverEvaluator.addCausalDependence( request.getprovenanceURI(), 
uriEvalProcess ); 
        EvaluationData eval_info = ... // code that evaluates the quality of 
the database 
 
 String provZoneShortNameEvalResults = ...; // name of the provenance 
store to maintain the evaluation results 
 ProvenanceServer provserverEval = 
ProvenanceServer.getServer(provZoneShortNameEvalResults); 
 String uriStoreResultsProcess = 
provserverEval.getEntityURI(provserver.PROCESS_URI,  
   provserverEval.composeAnnotation(provServer.PROV_DESCR, 
"Store results Process"); 
 provserverEval.addCausalDependence( provserverEval.getprovenanceURI(), 
uriStoreResultsProcess ); 
 provserverEval.addCausalDependence( uriEvalProcess, 
uriStoreResultsProcess ); 
 provserverEval.addCausalDependence( 
provserverEval.getEntityURI(provserverEval.ARTIFACT_URI,  
                       provserver.composeAnnotation(provServer.PROV_VALUE, 
eval_info.getEval())), uriStoreResultsProcess ); 
 provserverEval.addCausalDependence( 
provserverEval.getEntityURI(provserverEval.ARTIFACT_URI,  
                       provserver.composeAnnotation(provServer.PROV_VALUE, 
eval_info.getInfo())), uriStoreResultsProcess ); 
 
 // code to return the eval_info through the middleware 
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} 
 
//Recover evaluation method (Figure 18) 
EvaluationData recoverEvaluation(DB db, QualityMeasureParameterSet qm){ 
 String provZoneShortNameEvalResults = ...; // name of the provenance 
store to maintain the evaluation results 
 ProvenanceServer provserverEval = 
ProvenanceServer.getServer(provZoneShortNameEvalResults); 
 
 String query = "select ?qm, ?value_eval, ?otherInfo" + 
         "where{ ?qm rdf:type qmpo:QualityMeasure ." + 
         "       ?eval rdf:type qmpo:QualityMeasureEval ." + 
                 ?eval qmpo:db " + db.UIR() + "." + 
                 "?eval qmpo:value ?value_eval ." + 
                 "?eval qmpo:otherInfo ?otherInfo ." + 
         "}"; 
 
 String uriProvQueryExecProcess = 
provserverEval.getEntityURI(provserver.PROCESS_URI,  
   provserverEval.composeAnnotation(provServer.PROV_DESCR, 
"Provenance Query Execution"); 
 provserverEval.addCausalDependence(provserverEval.getprovenanceURI(), 
uriProvQueryExecProcess); 
 provserverEval.addCausalDependence(provserverEval.getEntityURI(provserv
erEval.ARTIFACT_URI,  
                       provserver.composeAnnotation(provServer.PROV_VALUE, 
query) ), uriProvQueryExecProcess);  
 SPARQLResults results = provserverEval.executeSPARQL(query); 
 EvaluationData eval_info = EvaluationData(results); 
 provserverEval.endProcess(uriProvQueryExecProcess); 
 provserverEval.addCausalDependence(eval_info.getEval(), 
uriProvQueryExecProcess); 
 provserverEval.addCausalDependence(eval_info.getInfo(), 
uriProvQueryExecProcess); 
 
 ProvenanceIdInterchange idInterchanging = new 
ProvenanceIdInterchange(); 
 idInterchanging.add( uriProvQueryExecProcess ); 
 eval_info.add(idInterchanging); 
 return eval_info; 
} 

'#$&XE42M&0.25E),-*./&-..)]48C@&G.2HL4/+J&

".,!2)#&(!,Q$86',!)%!&,-()*%!JCA!/,&-#)G,&!$%!U0N!:#$6.!2#$:8,%(!/5#)%:!(.,!(#)$'!6'$%%)%:!
6.$&,C!".,!2*''*E)%:!)&!(.,!6#*F,%$%-,!-*/,!%,,/,/@!

/* code to include for the beginning of the Trial Planning phase 
 * 
*/ 
String uriTrialPlanningProcess = provserver.getEntityURI( 
                                    “rctpo:TrialPlanningProcess” ); 
provserver.addCausalDependence(uriUser, uriTrialPlanningProcess); 
 
/* code to include in the trial planning interface, for eligibility    
 * criteria definition 
*/ 
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String uriEligCriteriaProcess = provserver.getEntityURI( 
                                    “rctpo:EligCriteriaProcess” ); 
provserver.addCausalDependence(uriTrialPlanningProcess,  
                               uriEligCriteriaProcess); 
EligibilityCriteria eligCriteria = new EligibilityCriteria( ... ); //code for  
                    //create the eligibility criteria object 
provserver.addCausalDependence(uriEligCriteriaProcess,  
                               eligCriteria.getprovenanceURI()); 
 
/*code to include in the trial planning interface, for query execution 
Databases databasestoUse = new Databases( ... ); //code for  
                    //selecting the set of databases to use 
String uriQueryExecProcess = provserver.getEntityURI(                                
“rctpo:CriteriaQueryProcess” ); 
provserver.addCausalDependence(eligCriteria.getprovenanceURI(),  
                               uriLinkageProcess); 
provserver.addCausalDependence(databasestoUse.getprovenanceURI(),  
                               uriLinkageProcess); 
 
NumberOfSuitablePatients totalSuitablePatients = 0; 
String uriOverallProcess = provserver.getEntityURI( 
                               “rctpo:OverallResultsProcess" ); 
for (Database db : databasestoUse){ 
 String urilocalQueryExecutionProcess = provserver.getEntityURI( 
                               “rctpo:QueryExecutionAtLocalAreaProcess” ); 
 provserver.addCausalDependence(eligCriteria.getprovenanceURI(),  
                                     urilocalQueryExecutionProcess); 
 provserver.addCausalDependence(db.getprovenanceURI(),  
                                     urilocalQueryExecutionProcess); 
 try{ 
  provserver.addCausalDependence(eligCriteria.getprovenanceURI(),   
                                           uriLinkageProcess); 
EligCriteriaLocalResult eligCriteriaLocalResult =  
middlewareserver.executeQueryForEligCriteria( 
                              db, eligCriteria,  
     new String[]{uriLinkageProcess}); 
  provserver.endprocess(urilocalQueryExecutionProcess); 
  NumberOfSuitablePatients numberOfSuitablePatients =  
                                eligCriteriaLocalResult.getPatientNumber(); 
  provserver.addCausalDependence(urilocalQueryExecutionProcess,  
                                numberOfSuitablePatients.getprovenanceURI()); 
  totalSuitablePatients = totalSuitablePatients +  
                                numberOfSuitablePatients.getInt(); 
  provserver.addCausalDependence( 
                  numberOfSuitablePatients.getprovenanceURI(),  
                  uriOverallProcess);   
 }catch(Exception e){ 
  provserver.setPocessStatus(urilocalQueryExecutionProcess,  
                       provserver.PROCESS_STATUS_ERROR); 
 }  
} 
provserver.addCausalDependence(totalSuitablePatients.getprovenanceURI(),  
            uriOverallProcess);   
 
/*code to include in the trial planning interface, for recruitment phase,  
* at a local study site 
*/ 
String uriRecruimProcess = provserver.getEntityURI( 
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                             “rctpo:RecruimentProcess" ); 
provserver.addDependences(uriUser, uriRecruimProcess); 
SetOfuitablePatients suitablePatients = ... //code to recover the set of  
                   //suitable patients for the study associated  
                   //with the current user 
provserver.addDependences(suitablePatients, uriRecruimProcess); 
String uriInformConsentProcess = provserver.getEntityURI( 
                     “rctpo:InformConsentProcess" ); 
provserver.addDependences(uriRecruimProcess, uriInformConsentProcess); 
InformedConsentSet infConsentSet = ...//code to create a set of Informed  
                     //consent documents  
for (Patient patient: suitablePatients){ 
 InformedConsent informConsent = ...//code to recover information of the  
                  //informed consent for the patient 
 provserver.addDependences(patient.getprovenanceURI(),  
                                uriInformConsentProcess); 
 infConsentSet.add(informConsent); 
} 
provserver.addDependences(infConsentSet.gerprovenanceURI(),  
                          uriInformConsentProcess); 
 
/* code to include in the trial planning interface, during trial Master file  
 * and essential document preparation 
*/ 
String uriTMF_EssencialDocsProcess = provserver.getEntityURI( 
          “rctpo:TMF_EssencialDocsPreparationProcess" ); 
provserver.addDependences(uriTrialPlanningPocess,  
                          uriTMF_EssencialDocsProcess); 
String guidelinesDocURI = ...; 
TrialMasterFile trialMasterFile = new TrailMasterFile(...); //code to 
identify  
          // the trial Master File, the user must check the use of the  
          //eligibility criteria and the result of the linkage process 
     //were used for the trial master file creation. Also, the procedure  
          //guidelines followed to create  
    //the TMF and the set of informed consent must be identified 
provserver.addDependences(guidelinesDocURI,  
                          trialMasterFile.getprovenanceURI()); 
provserver.addDependences(eligCriteria.getprovenanceURI(),  
                          trialMasterFile.getprovenanceURI()); 
provserver.addDependences(totalSuitablePatients.getprovenanceURI(),  
                          trialMasterFile.getprovenanceURI()); 
provserver.addDependences(infConsentSet.gerprovenanceURI(),  
                          trialMasterFile.getprovenanceURI()); 
provserver.addDependences(uriTMF_EssencialDocsProcess,  
                          trialMasterFile.getprovenanceURI()); 
 
/*code to include in the trial planning interface, during other document 
description 
String uriLabDocsProcess = provserver.getEntityURI( 
                  “rctpo:LabDocsPreparationProcess" ); 
provserver.addDependences(uriTrialPlanningPocess, uriLabDocsProcess); 
LabFileDescription labFileDescr = new LabFileDescription(...); //code to  
            //identify the laboratories File description 
provserver.addDependences(uriLabDocsProcess, 
labFileDescr.getprovenanceURI()); 
String uriMonitoringPlanProcess = provserver.getEntityURI( 
                       “rctpo:MonitoringPlanProcess" ); 
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provserver.addDependences(uriTrialPlanningPocess, uriMonitoringPlanProcess); 
MonitoringPlan monitorPlanDescr = new MonitoringPlan(...); //code to identify  
                  //the monitoring plan document 
provserver.addDependences(uriMonitoringPlanProcess,  
                 monitorPlanDescr.getprovenanceURI()); 
 
/*code to include in the trial planning interface, during Trial protocol 
definition 
String uriTrialProtDefProcess = provserver.getEntityURI( 
                      “rctpo:TrialProtocolDefinitionProcess" ); 
provserver.addDependences(uriTrialPlanningPocess, uriTrialProtDefProcess); 
TrialProtocol trialProtocol = new TrialProtocol(...); //code to identify the  
              //trial protocol document, the user  
              //must check that for the protocol all the previous documents  
              //have been used 
provserver.addDependences(trialMasterFile.getprovenanceURI(),  
                          trialProtocol.getprovenanceURI()); 
provserver.addDependences(labFileDescr.getprovenanceURI(),   
                          trialProtocol.getprovenanceURI()); 
provserver.addDependences(monitorPlanDescr.getprovenanceURI(),  
                          trialProtocol.getprovenanceURI()); 
provserver.addDependences(uriTrialPlanningPocess,   
                          trialProtocol.getprovenanceURI()); 
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/* code to include in the analysis phase 
*  
*/ 
String uriAnalysisProcess = provserver.getEntityURI( 
                                    “rctpo:AnalysisProcessInitialization" ); 
provserver.addDependences(uriUser, uriAnalysisProcess); 
eCRFDatabases eCRFDatabases = ...// code to obtain copy of  
         //the locked eCRF databases 
provserver.addDependences(uriAnalysisProcess, 
eCRFDatabases.getprovenanceURI()); 
 
/* code to include in the statistical analysis interface 
 *  
*/ 
String uriStatisticalAnalysisProcess = provserver.getEntityURI( 
                                    “rctpo:StatisticalAnalysisProcess" ); 
provserver.addDependences(uriUser, uriStatisticalAnalysisProcess); 
provserver.addDependences(uriAnalysisProcess, uriStatisticalAnalysisProcess); 
StatisticalWorkflows statisticalworkflows = ...// code to describe the  
                   //workflows used for the statistical analysis 
provserver.addDependences(uriStatisticalAnalysisProcess, 
statisticalworkflows.getprovenanceURI() ); 
StatisticalReport statisticalreport = ...// code to describe the statistical  
                   //report, the user must check the set of statistical  
                   //workflows developed for the analysis 
provserver.addDependences(statisticalworkflows.getprovenanceURI(), 
statisticalreport.getprovenanceURI() ); 
provserver.addDependences(uriStatisticalAnalysisProcess, 
statisticalreport.getprovenanceURI() ); 
 
/* code to include in the final report creation 
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 *  
*/ 
String uriFinalizeTrialProcess = provserver.getEntityURI( 
                                    “rctpo:FinalizeProcess" ); 
provserver.addDependences(uriUser, uriFinalizeTrialProcess); 
provserver.addDependences(uriStatisticalAnalysisProcess, 
uriFinalizeTrialProcess); 
TrialConclusionFinalReport trialConclFinalReport = ... // code describe the  
                   //final report, the user must check  
                   //the statistical report was used for the final report 
provserver.addDependences(statisticalreport.getprovenanceURI(), 
uriFinalizeTrialProcess ); 
provserver.addDependences(statisticalreport.gerprovenanceURI(), 
trialConclFinalReport.getprovenanceURI() ); 
provserver.addDependences(uriFinalizeTrialProcess, 
trialConclFinalReport.getprovenanceURI() ); 
 
/* code to include in the archiving process 
 *  
*/ 
String uriArchiveTrialProcess = provserver.getEntityURI( 
                                    “rctpo:ArchiveTrialProcess" ); 
provserver.addDependences(uriUser, uriArchiveTrialProcess); 
provserver.addDependences(uriFinalizeTrialProcess, uriFinalizeTrialProcess); 
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Example 1. Diagnosis recommendation 
/* code to include for the "Diagnostic Recommendation" option 
 * in the decision support interface 
*/  
String uriEHRSystem = ...; 
String patient = ...; 
EHR patientEHR = ...; // code to obtain EHR record associated to a specific 
patient (inside the EHR system) 
String uripatient = provserver.getEntityURI(  
                     profileOnto.getAgentURIFrom("cem:Patient"),  
                     provenance.composeAnnotation(provServer.VALUE,  
                           patientEHR.getIdentifier()) ); 
String uriClinicalCuesCollectProcess = provserver.getProcessURI(  
                     
profileOnto.getProcessURI("CollectPatientClinicalCues")); 
provserver.addCausalDependence(uriUser, uriClinicalCuesCollectProcess ); 
provserver.addCausalDependence(uriDSS, uriClinicalCuesCollectProcess ); 
provserver.addCausalDependence(uriEHRSystem, uriClinicalCuesCollectProcess ); 
provserver.addCausalDependence(uripatient, uriClinicalCuesCollectProcess ); 
DiagnosticCueSet diagCueSet = ...; //collect the diagnostic cues 
String uriEvidenceComparisonProcess = provserver.getEntityURI(  
             profileOnto.getProcessURIFrom("EvidenceComparison") ); 
provserver.addCausalDependence(uriClinicalCuesCollectProcess,  
                               uriEvidenceComparisonProcess ); 
provserver.addCausalDependence(diagCueSet.getprovenanceURI(),  
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                               uriEvidenceComparisonProcess ); 
provserver.addCausalDependence(clEvidenceRepo.getprovenanceURI(),  
                               uriEvidenceComparisonProcess ); 
DiagnosticRecomendation diagnosis = ...; //code for evidence comparison 
provserver.addCausalDependence(uriEvidenceComparisonProcess,  
                               diagnosis.getprovenanceURI() ); 
 
Example 2. Capture Clinical evidence 
/* code to include for "Capture Clinical evidence" option 
 * in the Clinical evidence repository management tool 
*/  
String uriClinicalEvidenceRepositoryManagSystem = ...; 
String uriCaptureClinicalEvidenceProcess = provserver.getEntityURI(  
                 profileOnto.getProcessURIFrom("CaptureClinicalEvidence") ); 
provserver.addCausalDependence(uriUser, uriCaptureClinicalEvidenceProcess ); 
provserver.addCausalDependence(uriClinicalEvidenceRepositoryManagSystem,   
                               uriCaptureClinicalEvidenceProcess ); 
if (CaptureManual) 
    defineClinicalEvidence( ... ); 
else if (MineEvidences) 
    ResearchDatabase researchDB = new ResearchDatabase( ... ); //code to 
                //recover the DB from which data will be mined 
 provserver.addCausalDependence(researchDB.getprovenanceURI(),  
                                     uriCaptureClinicalEvidenceProcess ); 
 DataSet dataset = ...; //code to select the dataset to mine 
 ContextPopulation contextPopulation = ...; //code to define the context  
                              //population 
 provserver.addCausalDependence(uriCaptureClinicalEvidenceProcess,  
                                     dataset.getprovenanceURI() ); 
 provserver.addCausalDependence(uriCaptureClinicalEvidenceProcess,  
                                     contextPopulation.getprovenanceURI() ); 
mineEvidences( ..., dataset, contextPopulation, ...  ); 
  
/*code to include for "Define clinical evidence rule" option 
* in the Clinical evidence repository management tool 
*/ 
void defineClinicalEvidence( ... ){ 
   String uriDefineClinicalEvidenceRuleProcess = provserver.getEntityURI(  
              profileOnto.getProcessURIFrom("DefineClinicalEvidenceRule") ); 
   provserver.addCausalDependence(uriCaptureClinicalEvidenceProcess,  
                                  uriDefineClinicalEvidenceRuleProcess ); 
   ClinicalLiteratureReview clLitReview = ...; // code to maintain data of  
                     //the literature review 
   provserver.addCausalDependence(clLitReview.getprovenanceURI(),  
                                  uriDefineClinicalEvidenceRuleProcess ); 
   ClinicalEvidenceRule clEvidenceRule = ...; // code to construct the  
                      // clinical evidence rule 
   provserver.addCausalDependence(uriDefineClinicalEvidenceRuleProcess,  
                                  clEvidenceRule.getprovenanceURI() ); 
   String uriUpdateClEvRepoProcess = provserver.getEntityURI(      
         profileOnto.getProcessURIFrom("UpdateClinicalEvidenceRepository") ); 
   provserver.addCausalDependence(clEvidenceRule.getprovenanceURI(),  
                                  uriUpdateClEvRepoProcess ); 
   provserver.addCausalDependence(clEvidenceRepo.getprovenanceURI(),  
                                  uriUpdateClEvRepoProcess ); 
   //...here the code to update the repository 
   provserver.setNewVersion(clEvidenceRepo); 
   provserver.addCausalDependence(uriUpdateClEvRepoProcess,  



I)%$'!H,#&)*%! MK!N$3!JKOJ! WJ!

                                  clEvidenceRepo.getprovenanceURI() ); 
} 
 
/*code to include for "Mine clinical evidence rule" option 
* in the Clinical evidence repository management tool 
*/ 
void mineEvidences( ..., dataset, contextPopulation, ...  ){  
   String uriMineEvidencesProcess = provserver.getEntityURI(  
                profileOnto.getProcessURIFrom("MineClinicalEvidenceRule") ); 
   provserver.addCausalDependence(dataset.getprovenanceURI(),  
                               uriMineEvidencesProcess ); 
   provserver.addCausalDependence(contextPopulation.getprovenanceURI(),  
                               uriMineEvidencesProcess ); 
   MinedRules mineRules = mine(... dataset, contextpopulation, ...); //mine  
//the data in the dataset 
   for (ClinicalEvidenceRule clEvidenceRule : mineRules){ 
     ClinicalEvidenceRule clEvRulePrevVersion =    
         clEvidenceRepo.getPrevVersion(clEvidenceRule); //try to recover a  
                    //matching rule in the repository 
    //that can be considered as an old version of the mined 
one 
     if (clEvRulePrevVersion == null){ 
       String uriUpdateClEvRepoProcess = provserver.getEntityURI(   
         profileOnto.getProcessURIFrom("UpdateClinicalEvidenceRepository") ); 
    provserver.addCausalDependence(clEvidenceRule.getprovenanceURI(), 
                                       uriUpdateClEvRepoProcess ); 
 provserver.addCausalDependence(clEvidenceRepo.getprovenanceURI(),  
                                      uriUpdateClEvRepoProcess ); 
   //...here the code to update the repository 
  provserver.setNewVersion(clEvidenceRepo); 
  provserver.addCausalDependence(uriUpdateClEvRepoProcess,  
                                      clEvidenceRepo.getprovenanceURI() ); 
     }else{ 
        String uriUpdateClEvRepoProcess = provserver.getEntityURI(  
        profileOnto.getProcessURIFrom("UpdateClinicalEvidenceRepository")); 
        
provserver.addCausalDependence(clEvRulePrevVersion.getprovenanceURI(),  
                                       uriUpdateClEvRepoProcess ); 
   provserver.addCausalDependence(clEvidenceRule.getprovenanceURI(),  
                                       uriUpdateClEvRepoProcess ); 
   provserver.addCausalDependence(clEvidenceRepo.getprovenanceURI(),  
                                       uriUpdateClEvRepoProcess ); 
   //...here the code to replace clEvRulePrevVersion by clEvidenceRule 
in  
        //the repository 
   provserver.setNewVersion(clEvRulePrevVersion); 
   provserver.setNewVersion(clEvidenceRepo); 
   provserver.addCausalDependence(uriUpdateClEvRepoProcess,  
                                       clEvidenceRepo.getprovenanceURI() ); 
    } 
}  
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START TRANSACTION; 
DROP DATABASE IF EXISTS #OPM_DB#; 
CREATE DATABASE #OPM_DB#; 
USE #OPM_DB#; 
 
CREATE TABLE OPMEntityType 
( 
 OPMEntityTypeKey BIGINT UNSIGNED NOT NULL AUTO_INCREMENT, 
 OPMEntityTypeName CHAR(50), 
 PRIMARY KEY (OPMEntityTypeKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE OPMGraph 
( 
 OPMGraphKey BIGINT UNSIGNED NOT NULL, 
 OPMGraphCreationTime DATETIME, 
 OPMGraphDescription CHAR(255), 
 PRIMARY KEY (OPMGraphKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE OPMEntity 
( 
 OPMEntityKey BIGINT UNSIGNED NOT NULL AUTO_INCREMENT, 
 OPMEntityType BIGINT UNSIGNED NOT NULL, 
 OPMEntityId CHAR(255), 
 OPMEntityValue CHAR(255), 
 OPMEntityAnnotationTime DATETIME NOT NULL, 
 OPMGraphKey BIGINT UNSIGNED, 
 PRIMARY KEY (OPMEntityKey), 
 KEY (OPMEntityType) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE OPMArtifact 
( 
 OPMArtifactKey BIGINT UNSIGNED NOT NULL, 
 OPMArtifactCreationTime DATETIME, 
 PRIMARY KEY (OPMArtifactKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE ProcessStatus 
( 
 ProcessStatusKey BIGINT UNSIGNED NOT NULL AUTO_INCREMENT, 
 ProcessStatusName CHAR(50), 
 ProcessStatusDescription CHAR(255), 
 PRIMARY KEY (ProcessStatusKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE OPMProcess 
( 
 OPMProcessKey BIGINT UNSIGNED NOT NULL, 
 OPMProcessStartTime DATETIME, 
 OPMProcessEndTime DATETIME, 
 OPMProcessStatusType BIGINT UNSIGNED, 
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 OPMGraphDescription CHAR(255), 
 PRIMARY KEY (OPMProcessKey), 
 KEY (OPMProcessStatusType) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE OPMAgent 
( 
 OPMAgentKey BIGINT UNSIGNED NOT NULL, 
 OPMAgentCreationTime DATETIME, 
 PRIMARY KEY (OPMAgentKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE OPMAccount 
( 
 OPMAccountKey BIGINT UNSIGNED NOT NULL, 
 OPMAccountCreationTime DATETIME, 
 OPMAccountDescription CHAR(255), 
 PRIMARY KEY (OPMAccountKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE AccountAssociations 
( 
 OPMEntityKey BIGINT UNSIGNED NOT NULL, 
 OPMAccountKey BIGINT UNSIGNED NOT NULL, 
 PRIMARY KEY (OPMEntityKey, OPMAccountKey), 
 KEY (OPMAccountKey), 
 KEY (OPMEntityKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE OPMDependenceType 
( 
 OPMDependenceTypeKey BIGINT UNSIGNED NOT NULL AUTO_INCREMENT, 
 OPMDependenceTypeName CHAR(50) NOT NULL, 
 OPMDependenceTypeDescription CHAR(255), 
 PRIMARY KEY (OPMDependenceTypeKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE OPMDependence 
( 
 OPMDependenceKey BIGINT UNSIGNED NOT NULL, 
 OPMDependenceType BIGINT UNSIGNED NOT NULL, 
 OPMDependenceCause BIGINT UNSIGNED NOT NULL, 
 OPMDependenceEffect BIGINT UNSIGNED NOT NULL, 
 OPMDependenceCreationTime DATETIME NOT NULL, 
 PRIMARY KEY (OPMDependenceKey), 
 KEY (OPMDependenceCause), 
 KEY (OPMDependenceEffect), 
 KEY (OPMDependenceType) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE OPMExternalDependence 
( 
 OPMDistribDependenceKey BIGINT UNSIGNED NOT NULL, 
 OPMDependenceCause BIGINT UNSIGNED NOT NULL, 
 OPMDependenceEffect BIGINT UNSIGNED NOT NULL, 
 OPMDependenceType BIGINT UNSIGNED NOT NULL, 
 OPMDependenceCreationTime DATETIME NOT NULL, 
 externalCause BOOL NOT NULL, 
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 externalDBKey BIGINT NOT NULL, 
 PRIMARY KEY (OPMDistribDependenceKey), 
 KEY (OPMDependenceType) 
)  DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE Ontology 
( 
 OntologyKey BIGINT UNSIGNED NOT NULL AUTO_INCREMENT, 
 OntologyName CHAR(50) NOT NULL, 
 OntologyId CHAR(255) NOT NULL, 
 OntologyVersion CHAR(50) NOT NULL, 
 PRIMARY KEY (OntologyKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE Property 
( 
 PropertyKey BIGINT UNSIGNED NOT NULL AUTO_INCREMENT, 
 PropertyOntologyKey BIGINT UNSIGNED NOT NULL, 
 PropertyId CHAR(255), 
 PRIMARY KEY (PropertyKey), 
 KEY (PropertyOntologyKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
CREATE TABLE OPMAnnotation 
( 
 OPMAnnotationKey BIGINT UNSIGNED NOT NULL, 
 OPMSubjectKey BIGINT UNSIGNED, 
 PropertyKey BIGINT UNSIGNED, 
 PropertyValue CHAR(255), 
 PRIMARY KEY (OPMAnnotationKey), 
 KEY (PropertyKey), 
 KEY (OPMSubjectKey) 
) DEFAULT CHARSET latin1 ENGINE=InnoDB; 
 
ALTER TABLE OPMGraph ADD CONSTRAINT FK_OPMGraph_OPMEntity 
 FOREIGN KEY (OPMGraphKey) REFERENCES OPMEntity (OPMEntityKey); 
 
ALTER TABLE OPMEntity ADD CONSTRAINT FK_OPMEntity_OPMEntityTypes 
 FOREIGN KEY (OPMEntityType) REFERENCES OPMEntityType 
(OPMEntityTypeKey); 
 
ALTER TABLE OPMArtifact ADD CONSTRAINT FK_OPMArtifact_OPMEntity 
 FOREIGN KEY (OPMArtifactKey) REFERENCES OPMEntity (OPMEntityKey); 
 
ALTER TABLE OPMProcess ADD CONSTRAINT FK_OPMProcess_OPMEntity 
 FOREIGN KEY (OPMProcessKey) REFERENCES OPMEntity (OPMEntityKey); 
 
ALTER TABLE OPMProcess ADD CONSTRAINT FK_OPMProcess_ProcessStatus 
 FOREIGN KEY (OPMProcessStatusType) REFERENCES ProcessStatus 
(ProcessStatusKey); 
 
ALTER TABLE OPMAgent ADD CONSTRAINT FK_OPMAgent_OPMEntity 
 FOREIGN KEY (OPMAgentKey) REFERENCES OPMEntity (OPMEntityKey); 
 
ALTER TABLE OPMAccount ADD CONSTRAINT FK_OPMAccount_OPMEntity 
 FOREIGN KEY (OPMAccountKey) REFERENCES OPMEntity (OPMEntityKey); 
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ALTER TABLE AccountAssociations ADD CONSTRAINT 
FK_AccountAssociations_OPMAccount 
 FOREIGN KEY (OPMAccountKey) REFERENCES OPMAccount (OPMAccountKey); 
 
ALTER TABLE AccountAssociations ADD CONSTRAINT 
FK_AccountAssociations_OPMEntity 
 FOREIGN KEY (OPMEntityKey) REFERENCES OPMEntity (OPMEntityKey); 
 
ALTER TABLE OPMDependence ADD CONSTRAINT FK_OPMDependence_OPMEntity 
 FOREIGN KEY (OPMDependenceKey) REFERENCES OPMEntity (OPMEntityKey); 
 
ALTER TABLE OPMDependence ADD CONSTRAINT FK_OPMDependenceCause_OPMEntity 
 FOREIGN KEY (OPMDependenceCause) REFERENCES OPMEntity (OPMEntityKey); 
 
ALTER TABLE OPMDependence ADD CONSTRAINT FK_OPMDependenceEffect_OPMEntity 
 FOREIGN KEY (OPMDependenceEffect) REFERENCES OPMEntity (OPMEntityKey); 
 
ALTER TABLE OPMDependence ADD CONSTRAINT FK_OPMDependence_OPMDependenceType 
 FOREIGN KEY (OPMDependenceType) REFERENCES OPMDependenceType 
(OPMDependenceTypeKey); 
 
ALTER TABLE OPMExternalDependence ADD CONSTRAINT 
FK_OPMDistributedDependence_OPMDependenceType 
 FOREIGN KEY (OPMDependenceType) REFERENCES OPMDependenceType 
(OPMDependenceTypeKey); 
 
ALTER TABLE OPMExternalDependence ADD CONSTRAINT 
FK_OPMDistributedDependence_OPMEntity 
 FOREIGN KEY (OPMDistribDependenceKey) REFERENCES OPMEntity 
(OPMEntityKey); 
 
ALTER TABLE Property ADD CONSTRAINT FK_Property_Ontology 
 FOREIGN KEY (PropertyOntologyKey) REFERENCES Ontology (OntologyKey); 
 
ALTER TABLE OPMAnnotation ADD CONSTRAINT FK_OPMAnnotation_OPMEntity 
 FOREIGN KEY (OPMAnnotationKey) REFERENCES OPMEntity (OPMEntityKey); 
 
ALTER TABLE OPMAnnotation ADD CONSTRAINT FK_OPMAnnotation_Property 
 FOREIGN KEY (PropertyKey) REFERENCES Property (PropertyKey); 
 
ALTER TABLE OPMAnnotation ADD CONSTRAINT FK_OPMAnnotationSubject_OPMEntity 
 FOREIGN KEY (OPMSubjectKey) REFERENCES OPMEntity (OPMEntityKey); 
 
DELIMITER // 
CREATE PROCEDURE initializeOPMTypes () 
 BEGIN 
  INSERT INTO OPMEntityType (OPMEntityTypeName) VALUES 
   ('Artifact'), ('Process'),('Agent'), ('Dependence'), 
   ('Account'), ('Annotation'), ('Graph'); 
  INSERT INTO OPMDependenceType (OPMDependenceTypeName) VALUES 
   ('Used'), ('WasGeneratedBy'),('WasControlledBy'), 
   ('WasTriggeredBy'), ('WasGeneratedFrom'); 
 END; 
 
call initializeOPMTypes (); 
COMMIT; 
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<?xml version="1.0" encoding="UTF-8"?> 
<xs:schema attributeFormDefault="unqualified" 
           elementFormDefault="qualified"  
           xmlns:xs="http://www.w3.org/2001/XMLSchema"> 
    <xs:element name="provenanceConfig"> 
        <xs:complexType> 
            <xs:sequence> 
                <xs:element name="central" minOccurs="0" maxOccurs="1"> 
                    <xs:complexType> 
                        <xs:sequence> 
                            <xs:element name="centralzone" type="storeconfig" minOccurs="0"  
                                        maxOccurs="1"/> 
                            <xs:element name="localzone" type="storeconfig" minOccurs="1"/> 
                        </xs:sequence> 
                    </xs:complexType>  
                </xs:element> 
                <xs:element name="local" type="storeconfig"/> 
            </xs:sequence> 
        </xs:complexType> 
    </xs:element> 
    <xs:complexType name="storeconfig"> 
        <xs:attribute name="name" type="xs:string" use="required"/> 
        <xs:attribute name="shortName" type="xs:string" use="required"/> 
 <xs:sequence> 
                <xs:element name="desc" type="xs:string"  minOccurs="0" maxOccurs="1"/> 
                <xs:element name="DBServer_URL" type="xs:string" minOccurs="1" maxOccurs="1"/> 
                <xs:element name="DB_Name" type="xs:string" minOccurs="1" maxOccurs="1"/> 
                <xs:element name="password" type="xs:string" minOccurs="1" maxOccurs="1"/> 
                <xs:element name="OWL_URI_BASE" type="xs:string" minOccurs="1" maxOccurs="1"/> 
                <xs:element name="OPM_ontology" type="xs:string" minOccurs="1" maxOccurs="1"/> 
                <xs:element name="provenanceDir" type="xs:string" minOccurs="1" maxOccurs="1"/> 
                <xs:element name="server" minOccurs="0" maxOccurs="1"> 
                    <xs:complexType> 
                        <xs:attribute name="type" use="required"> 
                            <xs:simpleType> 
                                <xs:restriction base="xs:string"> 
                                    <xs:enumeration value="simple"/> 
                                    <xs:enumeration value="remote"/> 
                                    <xs:enumeration value="webservice"/> 
                                </xs:restriction> 
                            </xs:simpleType> 
                        </xs:attribute> 
                        <xs:attribute name="name" type="xs:string" use="required"/> 
                        <xs:attribute name="url" type="xs:string"/> 
                    </xs:complexType> 
                </xs:element> 
        </xs:sequence> 
    </xs:complexType>  
</xs:schema> 

!
! &
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# -------------------------------------------- 
# Prefixes 
 
# D2RQ Namespace   
@prefix d2rq:        <http://www.wiwiss.fu-berlin.de/suhl/bizer/D2RQ/0.1#> . 
 
# Namespace of the opm ontologies 
@prefix opmo: <http://openprovenance.org/model/opmo#> . 
@prefix opmv: <http://purl.org/net/opmv/ns#> . 
 
# Namespace of our ontology 
@prefix : <http://openprovenance.org/dprovenance/example#> . 
 
# Namespace of the mapping file; does not appear in mapped data 
@prefix map#shortName#: #OWL_URI_BASE# . 
 
# Other namespaces 
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> . 
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .  
 
# ----------------------------------------------- 
# MAPPING TABLE OPMEntityType (OPMEntityTypeKey bigint(20) unsigned, OPMEntityTypeName char(50)) 
# ----------------------------------------------- 
map#shortName#:opm_entityType a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class :EntityType; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMEntityType.OPMEntityTypeKey@@"; 
    . 
 
map#shortName#:opm_entityTypeName a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_entityType; 
    d2rq:property :EntityTypeName; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMEntityType.OPMEntityTypeName@@"; 
    . 
 
# ----------------------------------------------- 
# MAPPING TABLE OPMEntity (OPMEntityKey bigint(20) unsigned, OPMEntityType bigint(20) unsigned, 
OPMEntityId char(255), OPMEntityValue char(255), OPMEntityAnnotationTime datetime, OPMGraphKey 
bigint(20) unsigned) 
# ----------------------------------------------- 
map#shortName#:opm_entity a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:Entity; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMEntity.OPMEntityKey@@"; 
    . 
 
# ----------------------------------------------- 
# MAPPING TABLE OPMGraph (OPMGraphKey bigint(20) unsigned, OPMGraphCreationTime datetime, 
OPMGraphDescription char(255))  
# ----------------------------------------------- 
map#shortName#:opm_graph a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:OPMGraph; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMGraph.OPMGraphKey@@"; 
 . 
  
map#shortName#:opm_graphCreationTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_graph; 
    d2rq:property :creationTime; 
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    d2rq:column "OPMGraph.OPMGraphCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
 
map#shortName#:opm_graphDescription a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_graph; 
    d2rq:property :description; 
    d2rq:column "OPMGraph.OPMGraphDescription"; 
    d2rq:datatype xsd:string 
    . 
     
map#shortName#:opm_entity_annotation a d2rq:PropertyBridge; 
 d2rq:belongsToClassMap map#shortName#:opm_graph; 
 d2rq:dynamicProperty "@@Property.PropertyId@@"; 
 d2rq:uriColumn "OPMAnnotation.PropertyValue"; 
 d2rq:join "OPMGraph.OPMGraphKey => OPMEntity.OPMEntityKey"; 
 d2rq:join "OPMAnnotation.OPMSubjectKey => OPMEntity.OPMEntityKey"; 
 d2rq:join "OPMAnnotation.PropertyKey => Property.PropertyKey"; 
 . 
   
# ----------------------------------------------- 
# MAPPING TABLE OPMArtifact (OPMArtifactKey bigint(20) unsigned, OPMArtifactCreationTime 
datetime)  
# ----------------------------------------------- 
map#shortName#:opm_artifact a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmv:Artifact; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMArtifact.OPMArtifactKey@@"; 
    . 
 
map#shortName#:opm_artifactId a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_artifact; 
    d2rq:property :id; 
 d2rq:column "OPMEntity.OPMEntityid"; 
    d2rq:join "OPMArtifact.OPMArtifactKey => OPMEntity.OPMEntityKey" 
    . 
 
map#shortName#:opm_artifactValue a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_artifact; 
    d2rq:property :value; 
    d2rq:column "OPMEntity.OPMEntityValue"; 
    d2rq:join "OPMArtifact.OPMArtifactKey => OPMEntity.OPMEntityKey"; 
    d2rq:datatype xsd:string; 
    . 
    
map#shortName#:opm_artifactAnnotTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_artifact; 
    d2rq:property :annotationTime; 
    d2rq:column "OPMEntity.OPMEntityAnnotationTime"; 
    d2rq:join "OPMArtifact.OPMArtifactKey => OPMEntity.OPMEntityKey"; 
    d2rq:datatype xsd:dateTime; 
    . 
 
map#shortName#:opm_artifactCreationTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_artifact; 
    d2rq:property :creationTime; 
    d2rq:column "OPMArtifact.OPMArtifactCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
     
map#shortName#:opm_artifactAnnotations a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_artifact; 
    d2rq:property :creationTime; 
    d2rq:column "OPMArtifact.OPMArtifactCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
 
map#shortName#:opm_artifact_annotation a d2rq:PropertyBridge; 
 d2rq:belongsToClassMap map#shortName#:opm_artifact; 
 d2rq:dynamicProperty "@@Property.PropertyId@@"; 
 d2rq:uriColumn "OPMAnnotation.PropertyValue"; 
 d2rq:join "OPMArtifact.OPMArtifactKey => OPMEntity.OPMEntityKey"; 
 d2rq:join "OPMAnnotation.OPMSubjectKey => OPMEntity.OPMEntityKey"; 
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 d2rq:join "OPMAnnotation.PropertyKey => Property.PropertyKey"; 
 . 
 
# ----------------------------------------------- 
# MAPPING TABLE ProcessStatus (ProcessStatusKey bigint(20) unsigned, ProcessStatusName char(50), 
ProcessStatusDescription char(255) ) 
# ----------------------------------------------- 
map#shortName#:ProcessStatus a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class :ProcessStatus; 
    d2rq:uriPattern "#OWL_URI_BASE#/ProcessStatus_@@ProcessStatus.ProcessStatusKey@@"; 
    . 
 
map#shortName#:ProcessStatusName a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_entityType; 
    d2rq:property :ProcessStatusName; 
    d2rq:uriPattern "OWL_URI_BASE@@ProcessStatus.ProcessStatusName@@"; 
    . 
 
map#shortName#:ProcessStatusDescription a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:ProcessStatus; 
    d2rq:property :description; 
    d2rq:column "ProcessStatus.ProcessStatusDescription"; 
    d2rq:datatype xsd:string; 
 . 
 
# ----------------------------------------------- 
# MAPPING TABLE Process (OPMProcessKey bigint(20) unsigned, OPMProcessStartTime datetime, 
OPMProcessEndTime datetime, OPMProcessStatusType bigint(20) unsigned, OPMGraphDescription 
char(255)) 
# ----------------------------------------------- 
map#shortName#:opm_process a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:Process; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMProcess.OPMProcessKey@@"; 
    . 
 
map#shortName#:opm_processId a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_process; 
    d2rq:property :id; 
    d2rq:column "OPMEntity.OPMEntityid"; 
    d2rq:join "OPMProcess.OPMProcessKey => OPMEntity.OPMEntityKey"; 
    . 
 
map#shortName#:opm_processValue a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_artifact; 
    d2rq:property :value; 
    d2rq:column "OPMEntity.OPMEntityValue"; 
    d2rq:join "OPMProcess.OPMProcessKey => OPMEntity.OPMEntityKey"; 
    d2rq:datatype xsd:string; 
    . 
    
map#shortName#:opm_processAnnotTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_artifact; 
    d2rq:property :annotationTime; 
    d2rq:column "OPMEntity.OPMEntityAnnotationTime"; 
    d2rq:join "OPMProcess.OPMProcessKey => OPMEntity.OPMEntityKey"; 
    d2rq:datatype xsd:dateTime; 
    . 
 
map#shortName#:ProcessStartTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_entityType; 
    d2rq:property :processStartTime; 
    d2rq:uriPattern "#OWL_URI_BASE#@@ProcessStatus.ProcessStatusName@@"; 
    . 
 
map#shortName#:ProcessEndTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_entityType; 
    d2rq:property :processEndTime; 
    d2rq:uriPattern "#OWL_URI_BASE#@@ProcessStatus.ProcessStatusName@@"; 
    . 
 
map#shortName#:ProcessProcessStatus a d2rq:PropertyBridge; 
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    d2rq:belongsToClassMap map#shortName#:ProcessStatus; 
    d2rq:property :processStatus; 
    d2rq:column "ProcessStatus.ProcessStatusName"; 
    d2rq:datatype xsd:string; 
    d2rq:join "OPMProcess.OPMProcessStatusType => ProcessStatus.ProcessStatusKey"; 
 . 
 
map#shortName#:opm_process_annotation a d2rq:PropertyBridge; 
 d2rq:belongsToClassMap map#shortName#:opm_process; 
 d2rq:dynamicProperty "@@Property.PropertyId@@"; 
 d2rq:uriColumn "OPMAnnotation.PropertyValue"; 
 d2rq:join "OPMProcess.OPMProcessKey => OPMEntity.OPMEntityKey"; 
 d2rq:join "OPMAnnotation.OPMSubjectKey => OPMEntity.OPMEntityKey"; 
 d2rq:join "OPMAnnotation.PropertyKey => Property.PropertyKey"; 
 . 
    
# ----------------------------------------------- 
# MAPPING TABLE OPMAgent (OPMAgentKey bigint(20) unsigned, OPMAgentCreationTime datetime)  
# ----------------------------------------------- 
map#shortName#:opm_agent a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:Agent; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMAgent.OPMAgentKey@@"; 
    . 
 
map#shortName#:opm_agentId a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_agent; 
    d2rq:property :id; 
    d2rq:column "OPMEntity.OPMEntityid"; 
    d2rq:join "OPMAgent.OPMAgentKey => OPMEntity.OPMEntityKey"; 
    d2rq:datatype xsd:string; 
    . 
 
map#shortName#:opm_agentValue a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_agent; 
    d2rq:property :value; 
    d2rq:column "OPMEntity.OPMEntityValue"; 
    d2rq:join "OPMAgent.OPMAgentKey => OPMEntity.OPMEntityKey"; 
    d2rq:datatype xsd:string; 
    . 
    
map#shortName#:opm_agentAnnotTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_agent; 
    d2rq:property :annotationTime; 
    d2rq:column "OPMEntity.OPMEntityAnnotationTime"; 
    d2rq:join "OPMAgent.OPMAgentKey => OPMEntity.OPMEntityKey"; 
    d2rq:datatype xsd:dateTime; 
    . 
 
map#shortName#:opm_agentCreationTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_agent; 
    d2rq:property :creationTime; 
    d2rq:column "OPMAgent.OPMAgentCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
 
map#shortName#:opm_agent_annotation a d2rq:PropertyBridge; 
 d2rq:belongsToClassMap map#shortName#:opm_agent; 
 d2rq:dynamicProperty "@@Property.PropertyId@@"; 
 d2rq:uriColumn "OPMAnnotation.PropertyValue"; 
 d2rq:join "OPMAgent.OPMAgentKey => OPMEntity.OPMEntityKey"; 
 d2rq:join "OPMAnnotation.OPMSubjectKey => OPMEntity.OPMEntityKey"; 
 d2rq:join "OPMAnnotation.PropertyKey => Property.PropertyKey"; 
 . 
  
# ----------------------------------------------- 
# MAPPING TABLE OPMDependenceType (OPMDependenceTypeKey bigint(20) unsigned, 
OPMDependenceTypeName char(50), OPMDependenceTypeDescription char(255) ) 
# ----------------------------------------------- 
map#shortName#:opm_dependenceType a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class :dependenceType; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMDependenceType.OPMDependenceTypeKey@@"; 
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    . 
 
map#shortName#:opm_dependenceTypeName a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceType; 
    d2rq:property :dependenceTypeName; 
    d2rq:column "OPMDependenceType.OPMDependenceTypeName"; 
    d2rq:datatype xsd:string     
    . 
 
map#shortName#:opm_dependenceTypeDescription a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceType; 
    d2rq:property :description; 
    d2rq:column "OPMDependenceType.OPMDependenceTypeDescription"; 
    d2rq:datatype xsd:string 
 . 
 
# ----------------------------------------------- 
# MAPPING TABLE OPMDependence (OPMDependenceKey bigint(20) unsigned, OPMDependenceType bigint(20) 
unsigned, OPMDependenceCause, OPMDependenceEffect bigint(20) unsigned, OPMDependenceCreationTime 
datetime) 
# ----------------------------------------------- 
# ---------- used ---------- 
map#shortName#:opm_dependenceUsed a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:Used; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMDependence.OPMDependenceKey@@"; 
    d2rq:condition "OPMDependence.OPMDependenceType = 1";     
    . 
 
map#shortName#:opm_dependenceUsedCreationTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property :creationTime; 
    d2rq:column "OPMDependence.OPMdependenceCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
     
map#shortName#:opm_dependenceCauseUsed a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:causeUsed; 
    d2rq:refersToClassMap map#shortName#:opm_artifact; 
    d2rq:join "OPMDependence.OPMDependenceCause => OPMArtifact.OPMArtifactKey"; 
    . 
 
map#shortName#:opm_dependenceEffectUsed a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:effectUsed; 
    d2rq:refersToClassMap map#shortName#:opm_process; 
    d2rq:join "OPMDependence.OPMDependenceEffect => OPMProcess.OPMProcessKey"; 
    . 
 
# ---------- was generated by ---------- 
map#shortName#:opm_dependenceWasGeneratedBy a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:WasGeneratedBy; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMDependence.OPMDependenceKey@@"; 
    d2rq:condition "OPMDependence.OPMDependenceType = 2";     
    . 
 
map#shortName#:opm_dependenceUsedCreationTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property :creationTime; 
    d2rq:column "OPMDependence.OPMdependenceCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
     
map#shortName#:opm_dependenceCauseWasGeneratedBy a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:causeWasGeneratedBy; 
    d2rq:refersToClassMap map#shortName#:opm_process; 
    d2rq:join "OPMDependence.OPMDependenceCause => OPMArtifact.OPMArtifactKey"; 
    . 
 
map#shortName#:opm_dependenceEffectWasGeneratedBy a d2rq:PropertyBridge; 
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    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:effectWasGeneratedBy; 
    d2rq:refersToClassMap map#shortName#:opm_artifact; 
    d2rq:join "OPMDependence.OPMDependenceEffect => OPMProcess.OPMProcessKey"; 
    . 
 
# ---------- was controlled by ---------- 
map#shortName#:opm_dependenceWasControlledBy a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:WasControlledBy; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMDependence.OPMDependenceKey@@"; 
    d2rq:condition "OPMDependence.OPMDependenceType = 3";     
    . 
 
map#shortName#:opm_dependenceWasControlledByCreationTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property :creationTime; 
    d2rq:column "OPMDependence.OPMdependenceCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
     
map#shortName#:opm_dependenceCauseWasControlledBy a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:causeWasControlledBy; 
    d2rq:refersToClassMap map#shortName#:opm_agent; 
    d2rq:join "OPMDependence.OPMDependenceCause => OPMAgent.OPMAgentKey"; 
    . 
 
map#shortName#:opm_dependenceEffectWasControlledBy a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:effectWasControlledBy; 
    d2rq:refersToClassMap map#shortName#:opm_process; 
    d2rq:join "OPMDependence.OPMDependenceEffect => OPMProcess.OPMProcessKey"; 
    . 
  
# ---------- was triggered by -------------- 
map#shortName#:opm_dependenceWasTriggeredBy a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:WasTriggeredBy; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMDependence.OPMDependenceKey@@"; 
    d2rq:condition "OPMDependence.OPMDependenceType = 4";     
    . 
 
map#shortName#:opm_dependenceWasTriggeredByCreationTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property :creationTime; 
    d2rq:column "OPMDependence.OPMdependenceCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
     
map#shortName#:opm_dependenceCauseWasTriggeredBy a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:causeWasTriggeredBy; 
    d2rq:refersToClassMap map#shortName#:opm_process; 
    d2rq:join "OPMDependence.OPMDependenceCause => OPMProcess.OPMProcessKey"; 
    . 
 
map#shortName#:opm_dependenceEffectWasTriggeredBy a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:effectWasTriggeredBy; 
    d2rq:refersToClassMap map#shortName#:opm_process; 
    d2rq:join "OPMDependence.OPMDependenceEffect => OPMProcess.OPMProcessKey"; 
    . 
 
# ----------- was derived from -------------- 
map#shortName#:opm_dependenceWasDerivedFrom a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:WasDerivedFrom; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMDependence.OPMDependenceKey@@"; 
    d2rq:condition "OPMDependence.OPMDependenceType = 5";     
    . 
 
map#shortName#:opm_dependenceWasDerivedFromCreationTime a d2rq:PropertyBridge; 
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    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property :creationTime; 
    d2rq:column "OPMDependence.OPMdependenceCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
     
map#shortName#:opm_dependenceCauseWasDerivedFrom a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:causeWasDerivedFrom; 
    d2rq:refersToClassMap map#shortName#:opm_artifact; 
    d2rq:join "OPMDependence.OPMDependenceCause => OPMArtifact.OPMArtifactKey"; 
    . 
 
map#shortName#:opm_dependenceEffectWasDerivedFrom a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:effectWasDerivedFrom; 
    d2rq:refersToClassMap map#shortName#:opm_process; 
    d2rq:join "OPMDependence.OPMDependenceEffect => OPMArtifact.OPMArtifactKey"; 
    . 
# ----------------------------------------------- 
# MAPPING TABLE OPMAccount (OPMAccountKey bigint(20) unsigned, OPMEntityKey bigint(20) unsigned, 
OPMAccountCreationTime datetime, OPMAccountDescription char(255)) 
# ----------------------------------------------- 
map#shortName#:opm_account a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:Account; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMAccount.OPMAccountKey@@"; 
    . 
 
map#shortName#:opm_accountId a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_account; 
    d2rq:property :id; 
    d2rq:column "OPMEntity.OPMEntityid"; 
    d2rq:join "OPMAccount.OPMAccountKey => OPMEntity.OPMEntityKey"; 
    d2rq:datatype xsd:string; 
    . 
 
map#shortName#:opm_accountValue a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_account; 
    d2rq:property :value; 
    d2rq:column "OPMEntity.OPMEntityValue"; 
    d2rq:join "OPMAccount.OPMAccountKey => OPMEntity.OPMEntityKey"; 
    d2rq:datatype xsd:string; 
    . 
    
map#shortName#:opm_accountAnnotTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_account; 
    d2rq:property :annotationTime; 
    d2rq:column "OPMEntity.OPMEntityAnnotationTime"; 
    d2rq:join "OPMAccount.OPMAccountKey => OPMEntity.OPMEntityKey"; 
    d2rq:datatype xsd:dateTime; 
    . 
 
map#shortName#:opm_accountCreationTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_account; 
    d2rq:property :creationTime; 
    d2rq:column "OPMAccount.OPMAccountCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
 
map#shortName#:opm_accountDescription a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_account; 
    d2rq:property :description; 
    d2rq:column "OPMAccount.OPMAccountDescription"; 
    d2rq:datatype xsd:string; 
    . 
 
# ----------------------------------------------- 
# MAPPING TABLE AccountAssociations ( OPMEntityKey bigint(20) unsigned, OPMAccountKey bigint(20) 
unsigned) 
# ----------------------------------------------- 
map#shortName#:opm_entityAccounts a d2rq:PropertyBridge; 
 d2rq:belongsToClassMap map#shortName#:opm_entity; 
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    d2rq:property opmo:account; 
    d2rq:refersToClassMap map#shortName#:opm_account; 
    d2rq:join "AccountAssociations.OPMAccountKey => OPMAccount.OPMAccountKey"; 
    . 
 

1,2-&??#&!*K-2*LE-46&64(4/64/+*4K&5,((*/DK&74P,5()4&0.2&opmo:Used&64(4/64/+4W&&
!
# ----------------------------------------------- 
# MAPPING TABLE OPMExternalDependence (OPMDependenceKey bigint(20) unsigned, OPMDependenceType 
bigint(20) unsigned, OPMDependenceCause, OPMDependenceEffect bigint(20) unsigned, 
OPMDependenceCreationTime datetime, causeExternal bool, DBExternalId char(20)) 
# ----------------------------------------------- 
# ---------- used ---------- 
map#shortName#:opm_dependenceUsed a d2rq:ClassMap; 
    d2rq:dataStorage map#shortName#:OPMDatabase; 
    d2rq:class opmo:Used; 
    d2rq:uriPattern "#OWL_URI_BASE#@@OPMExternalDependence.OPMDependenceKey@@"; 
    d2rq:condition "OPMExternalDependence.OPMDependenceType = 1"; 
    . 
 
map#shortName#:opm_dependenceUsedCreationTime a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property :creationTime; 
    d2rq:column "OPMExternalDependence.OPMdependenceCreationTime"; 
    d2rq:datatype xsd:dateTime; 
    . 
     
map#shortName#:opm_dependenceCauseUsed a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:causeUsed; 
    d2rq:refersToClassMap map#shortName#:opm_artifact; 
    d2rq:join "OPMExternalDependence.OPMDependenceCause => OPMArtifact.OPMArtifactKey"; 
    d2rq:condition "OPMExternalDependence.causeExternal = true"; 
    . 
 
map#shortName#:opm_dependenceCauseUsed a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:causeUsed; 
    d2rq:refersToClassMap map#shortNameExternal#:opm_artifact; 
    d2rq:join "OPMExternalDependence.OPMDependenceCause => OPMArtifact.OPMArtifactKey"; 
    d2rq:condition "OPMExternalDependence.causeExternal = false"; 
    d2rq:condition "#shortNameExternal# = @@OPMExternalDependence.DBExternalId@@"; 
    . 
 
map#shortName#:opm_dependenceEffectUsed a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:effectUsed; 
    d2rq:refersToClassMap map#shortName#:opm_process; 
    d2rq:join "OPMDependence.OPMDependenceEffect => OPMProcess.OPMProcessKey"; 
    d2rq:condition "OPMExternalDependence.causeExternal = true"; 
    . 
!
map#shortName#:opm_dependenceEffectUsed a d2rq:PropertyBridge; 
    d2rq:belongsToClassMap map#shortName#:opm_dependenceUsed; 
    d2rq:property opmo:effectUsed; 
    d2rq:refersToClassMap map#shortNameExternal#:opm_process; 
    d2rq:join "OPMDependence.OPMDependenceEffect => OPMProcess.OPMProcessKey"; 
    d2rq:condition "OPMExternalDependence.causeExternal = false"; 
    d2rq:condition "#shortNameExternal# = @@OPMExternalDependence.DBExternalId@@"; 
    .!

&
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