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1 See http://www.nist.gov/itl/iad/mig/med14.cfm for data format, licensing, and acquisition instructions. 
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Figure 1.1.1: Metadata Generator (MG) Block Diagram  

#) 	  (“<InMS>”,	  video_set.csv,	  “<OutMS>”)	  -‐>	  	  
<OutMS>.MGHardware.xml,	  <OutMS>.info.xml	  
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.?9,;=9(-6=.599H/9.,;=@9P.@6<J9,;=9*-<,9.?9,;=97./7=>,96=,=7,.@<9,;),9,;=9A=,)6),)9D=/=@),-./9P-**9
+<=9,.9,)D9(-6=.<9B/.,9,;=9)7,+)*9,)D<9./9,;=9(-6=.C59

¥ :$/)'("+ -H$()#)()-:"I$ ^99W-S=9.?9,;=9<=A)/,-79*)N=@9.?9,;=9A=,)6),)9<,.@=9./96-<E9-/9D-D)MN,=<9
B̀ gC9

¥ D"#$%-M"&(^99Y-<,9.?9(-6=.9H#<9@=>@=<=/,=69-/9,;=9!=,)6),)9W,.@=9
9
:;=9!=,)6),)9`=/=@),.@9B!`C9,)D<9(-6=.<9M)<=69./9,;=-@97./,=/,9<.9,;),9)/9=(=/,9<=)@7;97)/9;)>>=/9
A+7;9A.@=9T+-7E*N599:;=<=9,)D<9-6=/,-?N9=/,-,-=<9-/9(-6=.<9,.9M=9A),7;=69,.9=(=/,9T+=@-=<9)/69>@.(-6=9
=(-6=/7=9?.@9,;=9@=7.+/,-/D<599:;=9A=,)6),)9,)D<97)/9M=9<=A)/,-79.@9/./3<=A)/,-7599V./3<=A)/,-79,)D<9
)@=9,N>-7)**N9?=),+@=9(=7,.@97.6=<9,;),96=<7@-M=9,;=9(-6=.9,.9,;=9<N<,=A9M+,9)@=9+/-/,=**-D-M*=9,.9)9+<=@599
W=A)/,-79,)D<9)@=96=<-D/=69MN9=)7;9,=)A9,.97)>,+@=9E=N9=/,-,-=<9,;),97)/9M=9+<=69)<9=(-6=/7=9?.@9=(=/,9
<=)@7;599O9A=,)6),)9,)D97)/9M=9+<=696-@=7,*N9?.@9<=)@7;9)/69@=7.+/,-/D9-/9!"#Q!"%9-?9-,97./,)-/<9,;=9
-/?.@A),-./9<;.P/9-/9:)M*=9&5&5&599
9

:$/)'("+-H$()#)()-B)5& -
¥ D"#$%-7G^99-6=/,-?-7),-./97.6=9.?9,;=9(-6=.9M=-/D9,)DD=69
¥ B40$̂99=-,;=@9)+6-.J9(-<+)*J9)+6-.3(-<+)*J9XF%J9.@9OW%9
¥ C)/$ ^99/)A=9.?9,;=9=/,-,N9M=-/D9,)DD=69
¥ :+%*$̂9)97./?-6=/7=9<7.@=9
¥ :'"00$( ^9,;=9*.7),-./9.?9,;=9=/,-,N9M=-/D9,)DD=69-/9<>)7=9)/69,-A=9

¥ :()*( ^99,;=9<,)@,9,-A=9.?9,;=9</->>=,9
!  :()*(- N00$*- M$=(^9 ,;=9 +>>=@9 *=?,9 7.@/=@9 .?9 ,;=9M.+/6-/D9 M.89

<+@@.+/6-/D9,;=9=/,-,N9),9,;=9<,)@,9,-A=9
!  :()*(-M%O$*-J"5,(̂9,;=9*.P=@9@-D;,97.@/=@9.?9,;=9=/,-,N9),9,;=9<,)@,9

,-A=9
¥ P'# ^9,;=9=/69,-A=9.?9,;=9</->>=,9

!  P'#-N00$*-M$=(^9 ,;=9+>>=@9*=?,97.@/=@9.?9 ,;=9=/,-,N9),9 ,;=9<,)@,9
,-A=-9

!  P'#-M%O$*-J"5,(^9,;=9*.P=@9@-D;,97.@/=@9.?9,;=9=/,-,N9</->>=,9
¥ B$.(^9,=8,9,@)/<7@-M=69?@.A9OW%9.@9XF%9

C%'<:$/)'("+-H$()#)()-B)5& -
¥ L%#$Q--,;= -?=),+@=9(=7,.@97.6=9P.@69,;),96=<7@-M=<9,;=9(-6=.-
¥ B40$̂99=-,;=@9)+6-.J9(-<+)*J9)+6-.3(-<+)*9

Table 1.1.1:  Minimal Metadata Tag Format  

:)M*=9&5&519<;.P<9 ,;=9 !=,)6),)9W,.@=9V)A=<J9 ,;=9(-6=.9<=,9?-*=<J9)96=<7@->,-./9 .?9 ,;=9(-6=.9<=,<9)/69
,;=-@9)>>@.8-A),=9<-S=9,;),9P-**9M=9+<=69)<9>)@,9.?9,;=912&'9!"#Q!"%9"()*+),-./<599I.@9,;=9=()*+),-./<J9
,=)A<9P-**97;..<=9-?9,;=N9P-**9>@.7=<<9,;=9!"#&'3"( )*I+**9.@9!"#&'3"()*W+M59
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9

93(03(-H:-
C)/$& 9 7'03(-D"#$%-:$(-E"1$9 G$&+*"0("%'-%=-(,$-D"#$%-:$(9

C3/R$*-
%=-D"#$%&9

A%3*&-%=-
D"#$%9

P!$'( <ST9 "(=/, 3g`57<(9
g)7ED@.+/69=(=/,9,@)-/-/D9(-6=.<9+<=69?.@9
)**9=()*+),-./<9B#@N9%+/J90WJ9)/69O_C-

42229 1229

;: <B*)"'"'5 9 0W3:@)-/-/D57<(9
:;=9K>.<-,-(=L9)/69K/=)@3A-<<L9=(=/,9
=8=A>*)@9(-6=.<9?.@9,;=9#@N9%+/9)/690W9
=()*+),-./< -

12229 h29

@A<B*)"'"'5 9 O_3:@)-/-/D57<(9
:;=9K>.<-,-(=L9)/69K/=)@3A-<<L9=(=/,9
=8=A>*)@9(-6=.<9?.@9,;=9O_9=()*+),-./-

&2229 '2 9

HPGUV<B$&(9 !"#&' 3:=<,57<(9 W=)@7;9(-6=.<9?.@9,;=9#@N9%+/- 1ZJ2229 ef2 9
HPGUV<P!)1E3119
HPGUV<P!)1:3R9

!"#&' 3"()*I+**57<(9
B!"#&' 3"()*W+M57<(C9

W=)@7;9G-6=.<9?.@9,;=9=()*+),-./<-
122J2229
BZ1J222C9

h2229
B&1h2C9

Table 1.1.2:  Video Sets for the 2014 MED/MER evaluations   
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!"/  0$1&*%23(45$+6()$*$+&%,+(-04). (

 
Figure 1.2.1: Semantic Query Generator Block Diagram  

04) 	  (“<eventID>”,	  <eventID>.txt)	  -‐>	  <eventID>_SQ.SQGHardware.xml,	  
<eventID>_SQ.xml	  

9
:;=9 W=A)/,-79 \+=@N9 `=/=@),.@9 BW\`CJ9 <;.P/9 -/9 I-D+@=9 &515&J9 ,@)/<*),=<9 )/9 =(=/,9 6=<7@->,-./9
Bb=(=/,H#a5,8,C9-/,.9,;=9<N<,=A]<9=(=/,9T+=@N9*)/D+)D=9M+-*6-/DJ9,;=9W=A)/,-79\+=@N9BW\C9,;),9-/7*+6=<9
,;=97.>-=69b=(=/,H#a9<,@-/D599:;-<9A.6+*=9A)N9;)(=9)9+<=@9;=*>9P-,;9,;-<9,@)/<*),-./9.@9A)N9>=@?.@A9,;=9
,@)/<*),-./9)+,.A),-7)**N599:=)A<97)/97;..<=9/.,9,.9+<=9)/N9<=A)/,-7<9-/9,;=-@9T+=@-=<599H/9,;-<97)<=J9,;=9
W=A)/,-79\+=@N9.+,>+,9<;.+*69M=9)/9=A>,N9T+=@N9B<==9O>>=/6-89O9?.@9,;=9=8)7,9?.@A),C599_.P=(=@J9,.9
>)@,-7->),=9-/9,;=9!"%9=()*+),-./9.@9W=A)/,-79\+=@N9"6-,-/D9"()*+),-./90-*.,J9,=)A<9P-**9/==69,.97@=),=9)9
W=A)/,-79\+=@N5999
9
:;=9 _)@6P)@=9 #=<7@->,-./9b=(=/,H#a$W\5W\` ;)@6P)@=58A*96=<7@-M=<9 ,;=9 ;)@6P)@=9 ,;),9 P)<9 )7,+)**N9
+<=69 -/9 >@.7=<<-/D9 ,;-<9 @+/9 .?9 W=A)/,-79 \+=@N9 `=/=@),-./59 9 W\`9 A+<,9 M=9 @+/9 ./9 )9 <-/D*=9 FX:W9
P.@E<,),-./9.@9./9)9<-/D*=97.@=9.?9)97*+<,=@599:;=9?.@A),9?.@9,;-<9?-*=9-<9D-(=/9-/9O>>=/6-89F5f59
9
:.9M=97.A>),-M*=9P-,;9@=7.+/,-/D9)/69,;=9!"#Q!"%9=()*+),-./<J9,;=9W=A)/,-79\+=@-=<9A+<,^9

¥ W>=7-?N9P;),9E=N9=(-6=/7=9,;=9<N<,=A9P-**9+<=9,.96=,=7,9,;=9=(=/,9)/69;.P9,;=9,;-<9=(-6=/7=9
<;.+*69M=97.AM-/=69,.9?.@A9,;=9=(=/,9<7.@=9

¥ g=97*=)@9)/697./7-<=9)/69+/6=@<,)/6)M*=9MN9)/9"/D*-<;3@=)6-/D9R+6D=59
9
O9/.,-./)*9W=A)/,-79\+=@N9?.@9,;=9g.)@69:@-7E9=(=/,9-<9<;.P/9-/9:)M*=91519B<==9O>>=/6-89O9?.@9,;=9d!Y9
?.@A),9.?9,;-<9=8)A>*=C599:;-<9=8)A>*=9-<9&'%(9?.@9-**+<,@),-./9)/69-<9'&) 9A=)/,9 ,.9<>=7-?N9;.P9)9,=)A9
<;.+*696=<-D/9,;=-@9<=A)/,-79T+=@-=<5999
9

W=A)/,-79g.)@69:@-7E9i"22&j9k9/). 9Bg.)@69:@-7E9XMR=7,W9g.)@69:@-7E9O7,-./9-/9)9g.)@69:@-7E9W7=/=C99
o g.)@69:@-7E9XMR=7,9k9/). 9l*#$+,&-$.J9*/-)0,&-$. J9*'&1,&-$. m9
o g.)@69:@-7E9O7,-./9-/9)9g.)@69:@-7E9W7=/=9k9/"' 9lg.)@69:@-7E9O7,-./J9g.)@69:@-7E9W7=/=m9

o g.)@69:@-7E9O7,-./9k9/). 9l20$*&'!3#425'6J920$*&'!+%5225'69m9
o g.)@69:@-7E9W7=/=9k9/). 9l&"0-'!*"0'0 J9"5)(!*"0'0J9*'&1!*"0'0 m9

Table 1.2.1: Notional Semantic Query (for ill ustrative purposes only):  The italicized text denotes metadata 
tags that should be found as key evidence for the event.  Bold text signifies functions that combine the key 
evidence scores.  Plain text denotes variables in the semantic query.  



!"#$!"%&'$"()*+),-./$0*)/$12&' 3243&456.789999999999

Page 7 of 29 

VHW:9P-**9>@.(-6=949=(=/,96=<7@->,-./<9?.@9,;=9#@N3%+/9)/69129=(=/,96=<7@->,-./<9?.@9,;=90@=3W>=7-?-=69
=()*+),-./<9)<9<;.P/9-/9:)M*=9&51515999I.@9,;=9#@N9%+/J9,=)A<9A+<,9>@.7=<<9b=(=/,a9k9B"2Z&J9nJ9"2Z4C599
I.@9 ,;=90@=3W>=7-?-=69=()*+),-./9 ,=)A<9A+<,9>@.7=<<9 ,;=90W&19)/690W&Z9=(=/,9<=,<J9 -5=5J9b=(=/,H#a9k9
B"21&J9nJ9"2'2C59I.@9,;=9O63_.79=()*+),-./J9,=)A<9A+<,9>@.7=<<9,;=9O_&'9=(=/,9<=,J9-5=5J9b=(=/,H#a9k9
B"2'&J9nJ9"242C599:;=9/)A=<9)/696=<7@->,-./<9.?9,;=<=9=(=/,<9P-**9M=9>@.(-6=69,.9,;=9,=)A<9-AA=6-),=*N9
M=?.@=9>@.7=<<-/D9,;=9=(=/,<59
9

;*$ <:0$+"="$#-B$&("'5-)'#-P!)13)("%'-P!$'(&-
;:UXQ-PYXU<PYZY- ;:UZQ--PYZU<PYVY-

"21&939g-E=9,@-7E9
"211939F*=)/-/D9)/9)>>*-)/7=9
"21Z939#.D9<;.P9
"21'939̀-(-/D96-@=7,-./<9
"214939!)@@-)D=9>@.>.<)*9
"21f939%=/.(),-/D9)9;.A= 9
"21o939%.7E97*-AM-/D9
"21h939:.P/9;)**9A==,-/D9
"21e939[-//-/D9@)7=9P-,;.+,9)9(=;-7*=9
"2Z2939[.@E-/D9./9)9A=,)*97@)?,<9>@.R=7,9

"2Z&39g==E==>-/D9
"2Z19p9[=66-/D9<;.P=@9
"2ZZ9p9V./ 3A.,.@-S=69(=;-7*=9@=>)-@9
"2Z'9p9I-8-/D9)9A+<-7)*9-/<,@+A=/,9
"2Z49p9_.@<=9@-6-/D97.A>=,-,-./9
"2Zf9p9I=**-/D9)9,@==9
"2Zo9p90)@E-/D9)9(=;-7*=9
"2Zh9p90*)N-/D9?=,7;9
"2Ze9p9:)-*D),-/D9
"2'29p9:+/-/D9)9A+<-7)*9-/<,@+A=/,9

Table 1.2.2: Pre -Specified Evaluation Events  
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!"7  89$*%(45$+6()$*$+&%,+(-84).(

 
Figure 1.3.1: Event Query Generator Block Diagram  

P[T 9Bb=(=/,H#a$W\58A*J9b=(=/,H#a$b=8a57<(J9Kb:@)-/!WaLC93a9
b=(=/,H#a$b=8a5"\`_)@6P)@=58A*J9b=(=/,H#a$b=8a58A*9

 
O9M*.7E96-)D@)A9.?9,;=9"(=/,9\+=@N9`=/=@),.@9B"\`C9)/69-,<9?+/7,-./)*9/.,),-./9-<9<;.P/9-/9I-D+@=9&5Z5&599
:;=9"(=/,9\+=@N9`=/=@),.@9-/>+,<9,;=9W=A)/,-79"(=/,9\+=@N9Bb=(=/,H#a$W\58A*C9B7@=),=69MN9,;=9,=)A]<9
W\`C9)/69"8=A>*)@9Y)M=*<9Bb=(=/,H#a$b=8a57<(C9,;),9<>=7-?-=<9P;-7;9(-6=.<9BP;.<=9A=,)6),)9-<9<)(=69-/9
,;=9 -/9 ,;=9 :@)-/-/D9 !=,)6),)9 W,.@=9 BKb:@)-/!WaLCC9 )@=9 =8)A>*=<9 .?9 K>.<-,-(=LJ9 K/=)@3A-<<L9 .@9
KM)7ED@.+/6L9=8=A>*)@<9?.@9,;=9=(=/,59999:=)A<9A+<,9)6;=@=9<,@-7,*N9,.9,;=9-/>+,Q.+,>+,9.?9,;=9"\`599V.9
.,;=@9-/>+,<9)@=9>=@A-,,=65999'14-(,%&$-!"#$%&-&0$+"="$#-"'-(,$-P.$/01)*-M)R$1&-1"&(-)*$-(%-R$-3&$#-R4-
(,$-P[TW-$!$'- (,%35,- )##"("%')1- !"#$%&- /)4-$."&(- "'- (,$-B*)"'"'5-H$()#)()- :(%*$F99B$)/&- /)4- '%(-
$#"(- (,$- P.$/01)*- M)R$1&- 1"&(F- - B,$- P[T- /3&(- 3&$- (,$- /$()#)()- &(%*$- )'#- '%(- )++$&&- (,$- %*"5"')1-
!"#$%&F-
9
:;=9"8=A>*)@9Y-<,9Bb=(=/,H#a$b=8a57<(J9=8)7,9?.@A),9<>=7-?-=69-/9O>>=/6-89F5ZC9;)<9,;=9?.**.P-/D9?-=*6<^9

¥ P!$'(-7Ĝ 9,;=9-69?.@9,;=9=(=/,9B=5D5J9"21&C9
¥ P.$/01)*-:$( ^9,;=9=8=A>*)@9<=,9B=5D5J92&2"8C9
¥ D"#$%-7G^9,;=9-69?.@9,;=9(-6=.9B<)A=9)<9,;=9G-6=.9H#9+<=69(-6=.$<=,57<(9-/>+,9,.9,;=9!`C9
¥ M)R$1̂9=-,;=@9K>.<-,-(=LJ9K/=)@3A-<<LJ9.@9KM)7ED@.+/6L9

9
:;=9_)@6P)@=9#=<7@->,-./9b=(=/,H#a$b=8a5"\` ;)@6P)@=58A*96=<7@-M=<9,;=9;)@6P)@=9,;),9P)<9)7,+)**N9
+<=69-/9>@.7=<<-/D9,;-<9@+/9.?9"(=/,99\+=@N9`=/=@),-./599"\`9A+<,9M=9@+/9./9)9<-/D*=9FX:W9P.@E<,),-./9
.@9./9)9<-/D*=97.@=9.?9)97*+<,=@599:;=9?.@A),9?.@9,;-<9?-*=9-<9D-(=/9-/9O>>=/6-89F5f59
9 9
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: ;=9"(=/,9 \+=@N9`=/=@),.@97@=),=<9)/9"(=/,9 \+=@N9,;),9 7.AM-/=<9)/9=(=/,96=,=7,.@B<C9B,@)-/=69?@.A9
,;=9=8=A>*)@<C9P-,;9,;=9W=A)/,-79\+=@N59
9
:;=96=,=7,.@B<C97)/9M=9)66=69,.9,;=9<=A)/,-79T+=@N9)<9<>=7-)*9/.6=B<C9P-,;9,;=9?.**.P-/D9?-=*6<^9
9

¥ ')/$ ^9-<9,;=96=,=7,.@9/)A=9
¥ 0*"!)($ ^9 )**9 ,;=9 6=,=7,.@]<9 >)@)A=,=@<J9 .@9 )9 @=?=@=/7=9 ,.9 )9 <=,9 .?9 >)@)A=,=@<J9?.@9 )9 >@-(),=9

?+/7,-./9 /==6=69 ,.9 7.A>+,=9 ,;=9 =(=/,9 <7.@=9 ?.@9 )9 (-6=.9 M)<=69 <.*=*N9 ./9 ,;=9 ,@)-/-/D9 (-6=.9
A=,)6),)9<>=7-?-=69MN9,;=9"8=A>*)@9Y)M=*<59

9
O9/.,-./)*9=8)A>*=9.?9)97.AM-/=69M.)@69,@-7E9T+=@NJ9-/,=D@),-/D9,;=9#=,=7,.@9)/69,;=9W=A)/,-79\+=@N9
B?@.A9:)M*=9&515&C9-<9<;.P/9-/9:)M*=9&5Z5&599V.,=9,;),9,;-<9-<9./*N9A=)/,9,.9M=9)/9-**+<,@),-(=9=8)A>*=9.?9
P;),9A)N9M=96./=9?.@97.AM-/-/D9,;=9<=A)/,-79)/696=,=7,.@9T+=@-=<599:;-<9-<9/.,9A=)/,9,.9>@=<7@-M=9;.P9
,=)A<9<;.+*696.9,;=97.AM-/),-./59
999

g.)@69:@-7E9i"22&j9k9/). 9BW=A)/,-79g.)@69:@-7EJ9#=,=7,=69g.)@69:@-7EC9
¥ #=,=7,=69g.)@69:@-7E9k90*"!)($-9
¥ W=A)/,-79g.)@69:@-7E9k9/). 9Bg.)@69:@-7E9XMR=7,W9g.)@69:@-7E9O7,-./9-/9)9g.)@69:@-7E9W7=/=C99

o g.)@69:@-7E9XMR=7,9k9/). 9l*#$+,&-$.J9*/-)0,&-$. J9*'&1,&-$. m9
o g.)@69:@-7E9O7,-./9-/9)9g.)@69:@-7E9W7=/=9k9/"' 9lg.)@69:@-7E9O7,-./J9g.)@69:@-7E9W7=/=m9

!  g.)@69:@-7E9O7,-./9k9/). 9l20$*&'!3#425'6J920$*&'!+%5225'69m9
!  g.)@69:@-7E9W7=/=9k9/). 9l&"0-'!*"0'0 J9"5)(!*"0'0J9*'&1!*"0'0 m9

Table 1.3.1: Notional Example of an Event Query (for illustrative purposes only):  The italicized text denotes 
metadata tags.  Bold text signifies functions that combine scores.  Plain text denotes variables in the 
semantic query.  

I.@9,;=9=()*+),-./<J9VHW:9P-**9>@.(-6=9,=)A<9P-,;9 ,;@==9<=,<9.?9"8=A>*)@9Y)M=*<9Bb=8aC9?.@9=)7;9=(=/,9
B-5=5J9b=(=/,H#a9k9"21&9n9"242C599:)M*=9&5Z519<;.P<9,;=9/+AM=@<9.?9>.<-,-(=J9/=)@3A-<<9)/69M)7ED@.+/69
=8=A>*)@<9)()-*)M*=9?.@9=)7;9"8=A>*)@9W=,^9
99

\$.] -
;%&"("!$-

P.$/01)*&-
C$)*<H"&&-
P.$/01)*&-

S)+65*%3'#-
P.$/01)*&-

YYYP.- 29 29 4222 
YUYP.- &29 49 4222 
UYYP.- &229 429 4222 

Table 1.3.2:  Exemplar Sets for the 2014 MED/MER Evaluations  

O**9,=)A<9A+<,9>@.7=<<9,;=9b=8a9k92&2"89-/>+,9,.9>)@,-7->),=9-/9,;=9!"#Q!"%9=()*+),-./<599:=)A<9A)N9
.>,-./)**N9>@.7=<<9,;=9b=8a9k9B222"89)/6Q.@9&22"8C599
9
9
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!":  89$*%(0$&+3;(-80.((

 
Figure 1.4.1: Event Search Block Diagram  

P:9Bb=Ta58A*J9Kb>@?aLJ9KbW=)@7;!WaLC93a9b=Ta5"W_)@6P)@=58A*9
b=Ta5,;@=<;.*657<(J9b=Ta56=,=7,-./57<(J9b=Ta5@=7.+/,-/D<5,DS99

b=Ta$0%I5,;@=<;.*657<(J9b=Ta$0%I56=,=7,-./57<(J9b=Ta$0%I5@=7.+/,-/D<5,DS99
 
9
:;=9 "(=/,9 W=)@7;9 B"WC9 A.6+*=9 >=@?.@A<9 ,;=9 <=)@7;9 .(=@9 ,;=9 A=,)6),)9 <,.@=9 BbW=)@7;9 !WaJ9 =5D5J9
K!"#&' 3"()*I+**LC9<>=7-?-=69MN9,;=9=(=/,9T+=@N9Bb=Ta58A*C9)<9<;.P/9-/9I-D+@=9&5'5&599:;=9"(=/,9W=)@7;9
A.6+*=9P-**9M=9@+/9./9)**9"(=/,9\+=@-=<9,;),9)9,=)A]<9<N<,=A9;)<9>@=(-.+<*N9>@.6+7=69MN9-,<9W\`9.@9"\`J9
-/9 )/9 .@6=@9 <>=7-?-=69 MN9 ,;=9 HQX9 W=@(=@59 9 :;=9 <N<,=A9 A+<,9 >@.6+7=9 )9 <=)@7;9 @=<+*,<9 ?.@9 )**9 (-6=.<9
@=>@=<=/,=69-/9 ,;=9A=,)6),)9<,.@=9B)/69@=>.@,=69,.9 ,;=9HQX9<=@(=@9(-)9 ,;=9G-6=.9Y-<,9-/9 ,;=9A=,)6),)9
<,.@=96=<7@->,-./9.+,>+,9KbW=)@7;!WaL5-/?. 58A*C59
9
W=)@7;97)/9>@.6+7=9+>9,.9,P.9.+,>+,9<=,<^9&C9,;=9@=<+*,<9?@.A9)9@+/9.?9,;=9T+=@NJ9)/691C9,;=9@=<+*,<9?@.A9
)9 @+/9 .?9 ,;=9 T+=@N9 ,;),9 -/7*+6=<9 ,;=9 ><=+6.3@=*=()/7=9 ?==6M)7E9B0%IC59 9 :;=9 0%I9 -/>+,9 ,=**<9<=)@7;9
P;=,;=@9.@9/.,9-,9<;.+*697@=),=9,;=9><=+6.3@=*=()/7=9?==6M)7E9.+,>+,9<=,599[;-*=9D=/=@),-/D9,;=9/./3
0%I9 .+,>+,9 <=,J9 =)7;9 (-6=.9 A+<,9 M=9 )/)*NS=69 -/6=>=/6=/,*N9 ?.@9 ,;=9 =(=/,c9 P;=@=)<9 ,;=9 .+,>+,9 <=,9
D=/=@),=69+<-/D90%I9-/7*+6=<9)96=>=/6=/,9<=)@7;J9-5=5J9,;),9 ./=9(-6=.9-<9<-A-*)@9,.9)/.,;=@9P;-7;9 ,;=9
<N<,=A9-<97./?-6=/,9-<9)/9=(=/,9>.<-,-(=599_.P=(=@9,;=9.+,>+,9<=,9D=/=@),=69P-,;90%I9A+<,9;)(=9/.9+<=@9
-/,=@)7,-./59
9
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I.@9=)7;9.+,>+,9<=,J9"(=/,9W=)@7;97@=),=<9,;@==9.+,>+,<̂9
&C :;@=<;.*69Bb=Ta5,;@=<;.*657<(C^9,;=9@)/E9)/69=(=/,9<7.@=9,;@=<;.*6<99
1C #=,=7,-./9 W7.@=<9 Bb=Ta56=,=7,-./57<(C^9 ,;=9 @)/E9 )/69 <7.@=9 ?.@9 =)7;9 ,@-)*9 B=(=/,9 T+=@N9 Q9

<=)@7;9(-6=.9>)-@C9
ZC %=7.+/,-/D9 Bb=Ta5@=7.+/,-/D<5,DSC9BX>,-./)*Ĉ9 9 ,;=9 )//.,),-./9 .?9 ,;=9 "(=/,9 \+=@N9 P-,;9

<7.@=<9 )/69 P-,;9 E=N9 A=,)6),)9 ,)D9 =(-6=/7=9 ,;),9 P)<9 +<=69 ,.9 7.A>+,=9 ,;=9 <7.@=9 ?.@9 ,;=9
=(=/,599%=7.+/,-/D9.+,>+,<9)@=9./*N9@=T+-@=69?.@9,;.<=9(-6=.<9,;), 9,;=9<N<,=A96==A<9,.9M=9
>.<-,-(=9?.@9,;=9=(=/,599%=7.+/,-/D9.+,>+,<9)@=9./*N9@=T+-@=69?.@9,=)A<9>)@,-7->),-/D9-/9,;=9
!"%9=()*+),-./ 59

9
:=)A<9A+<,9<,@-7,*N9?.**.P9,;=9-/>+,<9)/69.+,>+,<9D-(=/9-/9I-D+@=9&5'5&599V.9.,;=@9-/>+,<9)@=9>=@A-,,=6599
B,$-($)/-&,%31#-%'14-3&$-"'=%*/)("%'-"'-(,$-P!$'(-[3$*4-(%-*3'-(,$-$!)13)("%'F--C%-/)'3)1-"'03(-"&-
3&$#-"'-P!$'(-:$)*+,F--B$)/&-/3&(-3&$-(,$-/$()#) ()-&(%*$-)'#-'%(-(,$-%*"5"')1-!"#$%&F9
9
:;=9 _)@6P)@=9 #=<7@->,-./9 b=(=/,H#a$b=8a5"W;)@6P)@=58A*96=<7@-M=<9 ,;=9 ;)@6P)@=9 ,;),9 P)<9 )7,+)**N9
+<=69-/9>@.7=<<-/D9,;-<9@+/9.?9"(=/,99W=)@7;599"W9A+<,9M=9@+/9./9)9<-/D*=9FX:W9P.@E<,),-./9.@9./9)9<-/D*=9
7.@=9.?9)97*+<,=@599:;=9?.@A),9?.@9,;-<9?-*=9-<9D-(=/9-/9O>>=/6-89F5f59
9
:;=9,;@=<;.*69?-*=9Bb=Ta5,;@=<;.*657<(J9=8)7,9?.@A),9<>=7-?-=69-/9O>>=/6-89F5'C9;)<9?-(=97.*+A/< 9̂

¥ P!$'(7G^9:;=9"(=/,9H#9>@.7=<<=69p97.>-=69?@.A9,;=9=(=/,9T+=@N59
¥ [3$*4B40$̂ 9:;=9T+=@N9,N>=9B=5D592&2"8J9W\C9
¥ ;JE^9K0%IL9.@9K/.0%IL9
¥ G$($+("%'B,*$&,%1#:+%*$^9O97./?-6=/7=9<7.@=9()*+=9.?9,;=9<N<,=A3<+>>*-=69,;@=<;.*6599
¥ G$($+("%'B,*$&,%1#J)'6̂9O9@)/E9()*+=9.?9,;=9<N<,=A3<+>>*-=69,;@=<;.*659

 
:;=96=,=7,-./9?-*=9Bb=Ta56=,=7,-./57<(J9=8)7,9?.@A),9<>=7-?-=69-/9O>>=/6-89F54C97./,)-/<9./=9*-/=9?.@9=)7;9
,@-)*599:;=@=9)@=9<-897.*+A/<9-/9,;=9?-*=9)<9?.**.P<^9

9
&5 P!$'(7G^9:;=9"(=/,9H#9>@.7=<<=69p97.>-=69?@.A9,;=9=(=/,9T+=@N59
15 [3$*4B40$̂ 9:;=9T+=@N9,N>=9B=5D592&2"8J9W\C9
Z5 ;JE^9K0%IL9.@9K/.0%IL9
'5 D"#$%7Ĝ9:;=9G-6=.9H#9-/>+,9)/69.+,>+,9?@.A9!=,)6),)9`=/=@),.@9)<96=<7@-M=69-/9W=7,-./9&5&59
45 :+%*$̂9O9>@.M)M-*-,N9()*+=9M=,P==/929B*.PC9)/69&9B;-D;C9@=>@=<=/,-/D9 ,;=9<N<,=Aq<97./?-6=/7=9

,;),9,;=9=(=/,9-<9>@=<=/,9-/9,;=9(-6=.5999
f5 J)'6 ^9)9/+AM=@9?@.A9&9,.9V9BP;=@=9V9-<9,;=9<-S=9.?9,;=9(-6=.9<=,C9,;),9@)/E<9,;=9(-6=.9./9;.P9

P=**9-,9A),7;=<9,;=9=(=/,9E-,599&9-<9,;=9M=<,9A),7;J9V9-<9,;=9P.@<,599H/9,;=97)<=9.?9,-=69<7.@=<9?.@9
(-6=.<J9-,9-<9+>9,.9,=)A<9;.P9,;=N9@)/E9(-6=.<9,;),9;)(=9,-=69<7.@=<599_.P=(=@9=)7;9(-6=.9A+<,9
;)(=9)9+/-T+=9@)/E9?@.A9&9,.9V59

9
:;=9 @=7.+/,-/D<9 )669 -/?.@A),-./9 ,.9 ,;=9 =(=/,9 T+=@N9 )/69 A+<,9 -/7*+6=9 B,.9 M=9 +<=69 ?.@9 ,;=9 !"%9
"()*+),-./C^ 9

¥ C)/$ ^99/)A=9.?9,;=9=/,-,N9M=-/D9,)DD=69
¥ :+%*$̂9)97./?-6=/7=9<7.@=9
¥ :'"00$( ^9,;=9*.7),-./9.?9,;=9=/,-,N9M=-/D9,)DD=69-/9<>)7=9)/69,-A=599W/->>=,<97)/99M=9.?9,;=9

D-(=/99,N>=<^9)+6-.J9(-<+)*J9)+6-.3(-<+)*J9XF%9.@9OW%59
!  ^$4^9N=<Q/.9 6=>=/6-/D9 ./9 P;=,;=@9 .@9/.,9 ,;=9 <N<,=A9 (-=P<9 ,;=9 =(-6=/7=9 )<9 E=N9

B-5=5J9A+<,9M=9(-=P=69MN9,;=9!"%9R+6D=9,.97./(-/7=9,;=A9,;),9,;=9=(=/,9.77+@@=69-/9
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,;=9(-6=.C9
!  :()*( ^99,;=9<,)@,9,-A=9.?9,;=9</->>=,9

¥ :()*(-N00$*-M$=(^9,;=9+>>=@9*=?,97.@/=@9.?9,;=9M.+/6-/D9M.89<+@@.+/6-/D9,;=9
=/,-,N9),9,;=9</->>=,9<,)@,9,-A=9B?.@9(-<+)*J9)+6-.3(-<+)*9.@9XF%C9

¥ :()*(-M%O$*-J"5,(̂9,;=9*.P=@9@-D;,97.@/=@9.?9,;=9M.+/6-/D9M.89<+@@.+/6-/D9
,;=9=/,-,N9),9,;=9</->>=,9<,)@,9,-A=99B?.@9(-<+)*J9)+6-.3(-<+)*9.@9XF%C9

!  P'# ^9,;=9=/69,-A=9.?9,;=9</->>=,9
¥ P'#-N00$*-M$=(^9,;=9+>>=@9*=?,97.@/=@9.?9,;=9M.+/6-/D9M.89<+@@.+/6-/D9,;=9

=/,-,N9),9,;=9</->>=,9<,)@,9,-A=9B(-<+)*J9)+6-.3(-<+)*9.@9XF%C9
¥ P'#-M%O$*-J"5,(^9 ,;=9*.P=@9@-D;,97.@/=@9.?9 ,;=9M.+/6-/D9M.89<+@@.+/6-/D9

,;=9=/,-,N9),9,;=9</->>=,9=/69,-A=9B?.@9(-<+)*J9)+6-.3(-<+)*9.@9XF%C9
!  B$.(^9%=7.D/-S=69,=8,9B?.@9OW%J9XF%C9

9
O/9=8)A>*=9@=7.+/,-/D9?.@9,;=9M.)@63,@-7E9T+=@N9-<9D-(=/9-/9:)M*=9&5'51599:;=9@=7.+/,-/D9>.-/,<9,.9E=N9
=(-6=/7=9B<>=7-?-=69MN9,;=9"(=/,9\+=@NC9,;),9P)<9+<=69-/97.A>+,-/D9,;=9=(=/,9<7.@=599H?9,;=9A=,)6),)9
,)D<9 )@=9 )<9 P)<9 <;.P/9 -/9 :)M*=9 &5&5&J9 ,;=/9 ,;=<=9 >.-/,=@<9 )@=9 R+<,9 ,;=9 A=,)6),)9 ,)D9 >.-/,=@<9 .?9 ,;=9
A),7;-/D9E=N9=(-6=/7=599:;=9@=69,=8,9<;.P<9;.P9,;=9=(=/,9<7.@=9P)<97.A>+,=69MN9,;=9<N<,=A599#=,)-*<9
.?9,;=9@=7.+/,-/D9?.@A),9)@=9>@.(-6=69-/9O>>=/6-89O599V.,=9,;), J9-/9,;=9=8)A>*=9D-(=/9-/9:)M*=9&5'519-?9
=(-6=/7=9P)<9@=T+=<,=69MN9,;=9T+=@N9M+,9/.,9 ?.+/69-/9)9(-6=.J9B=5D5J9.7=)/9<7=/=9M=*.PC9,;=9<7.@=9?.@9
,;=9=(-6=/7=9-<9<=,9,.9S=@.599H/9)66-,-./J9,;=9E=N9=(-6=/7=9B<;.P/9-/9M*+=9M.*69-,)*-7<C9-<9,;=9M=<,9=8)A>*=9
-/9,;=9T+=@N9.?9</.PM.)@6J9>=@<./9?*->>-/D9)/69)9</.P9<7=/=59
9
25e4^9g.)@69:@-7E9i"22&j9k9/). 9B25e4̂9W=A)/,-79g.)@69:@-7EJ925hô9#=,=7,=69g.)@69:@-7EC9

¥ 25e4̂99#=,=7,=69g.)@69:@-7E9k90*"!)($ -9
¥ 25hô9W=A)/,-79g.)@69:@-7E9k9/). 9B25'4^9g.)@69:@-7E9XMR=7,W99

99999999999999999999999999999999999999999999999999999999999999999999925hô9g.)@69:@-7E9O7,-./9-/9)9g.)@69:@-7E9W7=/=C99
o 25'4^9g.)@69:@-7E9XMR=7,9k9/). 9l252̂9*#$+,&-$.J9252̂9*/-)0,&-$. J925'4^9()"*+",-# m9
o 25hô9g.)@69:@-7E9O7,-./9-/9)9g.)@69:@-7E9W7=/=9k9/"' 9l25hô9g.)@69:@-7E9O7,-./J99

99999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999999925eê9g.)@69:@-7E9W7=/=m9
!  25hô9g.)@69:@-7E9O7,-./9k9/). 9l25hô920$*&'!3#425'6J925oĥ9.&-(")'/%0..0)19m9
!  25eê9g.)@69:@-7E9W7=/=9k9/). 9l252̂9&"0-'!*"0'0 J9252̂9"5)(!*"0'0J925eê9()"*'(2&)& m9

Table 1.4.2: Recounting for Combined Board Trick Query (for illustrative purposes only):  The recounting 
includes the Event Query show with 1) black italicized text denoting metadata tags, 2) bold text signifying 
functions that combine scores 3) plain text denoting variables in the semantic query , and bold italics text 
identifying the key evidence of the query .  The recounting additions to the Event Query are shown in 1) red 
indicates the score computation 2) blue underlined text are pointers to the metadata tags (i.e., name, score, 
and video snippet pointers) that contain the evidence that was used to compute the event confidence score  
and 3) b lue -bold underlined text show the key evidence .  

9 9
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!"<  #8=(>$+?,+1&*3$(89&@5&%2,*(
 
I.@9=)7;9!"#9=()*+),-./9B-5=5J90W9.@9O_C9>=@?.@A)/7=9P-**9M=97.A>+,=69?.@9=)7;9.?9,;=9?.**.P-/D9=(=/,9
<=)@7;9@+/<^9

b=Ta9k9BW\J9222"8J92&2"8J9&22"8C99
)/69P-,;9,;=9)66-,-./)*90%I9@+/<9̂
9 999999BW\30%IJ9222"830%IJ92&2"830%IJ9&22"830%IC9
9
!"#9P-**9M=9=()*+),=69MN9;.P9P=**9"(=/,9W=)@7;9@=,@-=(=<9)/696=,=7,<9=(=/,<9-/9=()*+),-./9<=)@7;9(-6=.9
A=,)6),)9)/69MN9,;=97.A>+,-/D9@=<.+@7=<9+<=69,.96.9<.599:;=96=,=@A-/),-./9.?97.@@=7,96=,=7,-./9P-**9M=9
),9,;=9(-6=.9*=(=*^9-5=5J9<N<,=A<9P-**9>@.(-6=9)9@=<>./<=9?.@9=)7;9(-6=.9-/9,;=9=()*+),-./9<=)@7;9(-6=.9<=,599
0)@,-7->)/,<9 A+<,9 >@.7=<<9 =)7;9 =(=/,9 -/6=>=/6=/,*N9 -/9 .@6=@9 ,.9 =/<+@=9 =)7;9 =(=/,9 P-**9 M=9 <7.@=69
-/6=>=/6=/,*N59
9
W=7,-./9&5'96=<7@-M=<9,;=9.+,>+,9?.@9)9!"#9<N<,=A9?.@9=)7;9=(=/,9,.9M=J9)97./?-6=/7=9<7.@=9,;@=<;.*69
()*+=J9)9@)/E9,;@=<;.*69)/6J9?.@9=)7;9(-6=.9-/9,;=9<=)@7;9<=,J9)/9=(=/,97./?-6=/7=9<7.@=9M=,P==/92529)/69
&529)/69)9@)/E9?@.A9&9,.9V9-/9 .@6=@9.?96=<7=/6-/D97./?-6=/7=9<7.@=59U<-/D9D@.+/69,@+,;J9 ,;=9<N<,=A3
<+>>*-=69@)/E9.?9=)7;9,@+=3>.<-,-(=9=(=/,9(-6=.9P-**97./(=@,=69-/,.9)9@)/E9(=7,.@J9*)'6 B,>C9P;.<=9()*+=<9
-<9,;=9<N<,=A3<+>>*-=69@)/E9P;=@=9,>9k9&9,.90"9)/690"9-<9,;=9,.,)*9/+AM=@9.?9>.<-,-(=<9?.@9,;=9=(=/,59
9
0@=7-<-./9)/69%=7)**97)/9M=97.A>+,=69?.@9=)7;9>.<-,-./9-/9,;=9@)/E9(=7,.@599%=7)**J9J$+)11B,>CJ9-<9,;=9-/6=89
-/9,;=9@)/E9(=7,.@9,>96-(-6=69MN9,;=9,.,)*9/+AM=@9.?9>.<-,-(=9(-6=.<90"5990@=7-<-./J9;*$+B,>CJ9-<9,;=9-/6=89-/9
,;=9@)/E9(=7,.@J9,>J96-(-6=69MN9,;=9<N<,=A3<+>>*-=69@)/E9.?9,;),9>.<-,-(=J9*)'6 B,>C599

!"<"!  #8=(>$+?,+1&*3$(#$&A5+$A(
9
%=,@-=()*9!=,@-7^99!=)/9O(=@)D=90@=7-<-./J9!O09

I.@90W9)/69O_9=(=/,9<=,<J9,;=9A=)/9)(=@)D=9>@=7-<-./9B789 C9<7.@=9P-**9M=97.A>+,=69)<^9

𝑀𝐴𝑃 =
!

!
!"

!

!!!

!𝑞!  

P;=@=9\96=/.,=<9,;=9/+AM=@9.?96-??=@=/,9=(=/,<9)/6989BTC9-<9,;=9)(=@)D=9>@=7-<-./9?.@9=(=/,9: 59
 

𝐴𝑃 𝑞 =
1
! !

!"#$ !"

! !

!" ! !

!
1
! !

!"

!"#$ ! 𝑡𝑝!

! !

!" !!

    

P;=@=90"96=/.,=<9,;=9/+AM=@9.?9>.<-,-(=<9.?9=(=/,9T59
9
#=,=7,-./9!=,@-7^99!-/-A+A9O77=>,)M*=9%=7)**J9%. 9

I.@90W9)/69O_9=(=/,9<=,<J9,;=9A=)/9A-/-A)*9)77=>,)M*=9@=7)**J9!%.9P-**9M=97.A>+,=69)<^99

! ! ! =
!

𝑄
! !

!

! ! !

! ! !  

P;=@=9\96=/.,=<9,;=9/+AM=@9.?96-??=@=/,9=(=/,<9)/69%.BTC9-<9,;=99A-/-A)*9)77=>,)M*=9@=7)**9?.@9
=(=/,9T9)/69-<97.A>+,=69)<^999

! ! ! ! !"#$%%! ! ! 12.! !
!"#$ ! ! ! !

!
  

P;=@=9%=7)**B:TC9)/69@)/EB:TC99-<9,;=9@=7)**9)/69@)/E9),9,;=9,;@=<;.*69:9?.@9=(=/,9TJ9)/69G9-<9,;=9
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,.,)*9/+AM=@9.?9(-6=.<9-/9,;=9<=)@7;9<=,5999
9

!"<"/  #8=(B212*C(#$&A5+$A(

!=,)6),)9`=/=@),-./90@.7=<<-/D9W>==69
VHW:9P-**9@=>.@,9,;=9,-A=9-,9,)E=<9=)7;9,=)A9,.97.A>+,=9,;=9()@-.+<9A=,)6),)9<,.@=<J9-5=5J9"(=/,3g`J9
0W3:@)-/-/DJ9 )/69 O_3:@)-/-/DJ9 )/69 !"#&'"()*9 B-5=5J9 !"#&'3"()*I+**9 .@9 !"#&'3"()*W+MC59 9 VHW:9 P-**9
)*<.96-<,@-M+,=9,;=9-/?.@A),-./9./9,;=97.A>+,=@9<N<,=A9+<=69?.@9,;=9>@.7=<<-/D599VHW:9P-**9=8>*.@=9
A=,;.6<9.?9/.@A)*-S-/D9>@.7=<<-/D9,-A=9.@9>=@?.@A)/7=9@=<+*,<9MN9,;=9;)@6P)@=9+<=69B@=,+@/=69MN9
,;=9?+/7,-./<9;)@6P)@=96=<7@->,-./<C59

"(=/,9\+=@N9`=/=@),-./90@.7=<<-/D9W>==69r9W=)@7;90@.7=<<-/D9W>==6(
VHW:9P-**9@=>.@,9,;=9W\`J9"\`9)/69"W9@+/9,-A=<9?.@9,;=9#@N9%+/J90W9)/69O_9=()*+),-./<599VHW:9P-**9
) *<.9@=>.@,9,;=97.A>+,-/D9,-A=9+<=69?.@9,;=9>@.7=<<-/D9)/69P-**9),,=A>,9,.9/.@A)*-S=9,;=<=9<7.@=<9
MN9,;=9;)@6P)@=9+<=659
9

!"<"7  #8=(=2&C*,A%23(#$&A5+$A(
#-)D/.<,-79A=)<+@=<9P-**9M=9>@.(-6=69-/9<.?,P)@=9?.@9,=)A<9,.9@+/9./9,;=9,=<,9<=)@7;9(-6=.<599#-)D/.<,-79
A=)<+@=<9P-**9/.,9M=9>@.(-6=69)<9>)@,9.?9,;=9=()*+),-./9 ,.9E==>9,;=97./,=/,9 .?9,;=9=()*+),-./9<=)@7;9
(-6=.<9M*-/6599:;=<=96-)D/.<,-79A=)<+@=<9-/7*+6=^ 

%=7)**30=@7=/,9%)/E9F+@(=<-
`@)>;-7)*9 >=@?.@A)/7=9 )<<=<<A=/,9 +<=<9 ,;=9 @=7)**9 )<9 )9 ?+/7,-./9 .?9 ,;=9 <N<,=A]<9 >=@7=/,9 @)/E599
0=@7=/,9@)/E9-<97.A>+,=69MN96-(-6-/D9@)/E9MN9,;=9,.,)*9/+AM=@9.?9(-6=.<9-/9,;=9<=)@7;9<=,J9G59

0@=7-<-./3%=7)**9F+@(=<-
`@)>;-7)*9>=@?.@A)/7=9)<<=<<A=/,9+<=<9,;=9>@=7-<-./9)<9)9?+/7,-./9.?9,;=9@=7)**5999

9 9
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2 MER Evaluation Process and Performance Measures  
 
:=)A<9 >)@,-7->),-/D9 -/9 !"%9 A+<,9 @=,+@/9 ,;=9 @=7.+/,-/D9 ?@.A9 ,;=-@9 "(=/,9 W=)@7;9 A.6+*=<9 ?.@9 ,;=9 &29
"8=A>*)@9"(=/,9\+=@-=<9Bb=(=/,H#a$2&2"858A*C9?.@9)**9=(=/,<5999
9
VHW:9P-**9<=*=7,9)9?=P9=(=/,<9?@.A9"21&3"2429,.9M=9+<=69-/9,;=9!"%9=()*+),-./599I.@9=)7;9.?9,;=9<=*=7,=69
=(=/,<J9 VHW:9 P-**9 )*<.9 <=*=7,9 )9 ?=P9 W=)@7;9 G-6=.<9 ,;),9 P=@=9 7.AA./*N9 6=,=7,=69 )<9 >.<-,-(=<9 MN9 ,;=9
>)@,-7->),-/D9 ,=)A<]9<N<,=A<599_+A)/9R+6D=<9P-**9 (-=P9 ,;=9<)A=9b(-6=.H#a3b=(=/,H#a9@=7.+/,-/D<9?.@9
,;=9!"%9=()*+),-./9+<-/D9,;=9!"%9[.@E<,),-./9B<-A-*)@9,.9,;),9+<=69-/9!"%912&ZC59
9
I.@9,;=9!"%9=()*+),-./J9VHW:9P-**9@=>.@,9,;=9?.**.P-/D9A=)<+@=<^9

&5 P!$'(- [3$*4- [3)1"(4 ^9:;=9)(=@)D=9"(=/,9 \+=@N9%),-/D9>@.(-6=69MN9,;=9R+6D=<9.(=@9)**9
!"%9=(=/,<599s+6D=<9P-**9M=9)<E=69,.^9

)5 G-=P9 ,;=9 "(=/,9 \+=@N9 )/69,;=9 "(=/,9 #=<7@->,-./<9 Bb=(=/,H#a5,8,9 >@.(-6=69 MN9
VHW:C59

M5 %),=9 ,;=9 "(=/,9 \+=@N9 \+)*-,N9 B./9 )9 <7)*=9 .?9 23'C^9 -5=5J96.=<9 ,;-<9 <==A9 *-E=9 )9
7./7-<=9)/69*.D-7)*9=(=/,9T+=@N9,;),9P.+*69M=97@=),=69?.@9,;=9=(=/,96=<7@->,-./J9
B-5=5J9;.P9P=**96.=<9,;=9"(=/,9\+=@N97)>,+@=9@=*=()/,9)/69E=N9=(-6=/7=9?.@9,;=9
=(=/,C59

15 B)5- [3)1"(4̂ 9 :;=9 )(=@)D=9 :)D9 \+)*-,N9 %),-/D9 ?@.A9 ,;=9 R+6D=<9 .(=@9 )**9 !"%9 =(=/,<599
s+6D=<9P-**9M=9)<E=69,.^9

)5 G-=P9,;=9@=7.+/,=69E=N9=(-6=/7=J9./=9>-=7=9),9)9,-A=J9)/69?.@9=)7;9>-=7=9.?9E=N9
=(-6=/7=9 >@.(-6=69 @),=9,;=9 :)D9 \+)*-,N9 B./9 )9 <7)*=9 .?9 23'C^9 -5=5J9 ;.P9 P=**9 ,;=9
<N<,=A]<9/)A=97)>,+@=<9,;=97./,=/,9.?9,;=9@=7.+/,=69</->>=,59

Z5 P!"#$'+$-M%+)1"I)("%'Q-:;=9)(=@)D=9"(-6=/7=9Y.7)*-S),-./9%),-/D9?@.A9,;=9R+6D=<9.(=@9)**9
!"%9=(=/,<599s+6D=<9P-**9M=9)<E=69,.^9

)5 G-=P9 ,;=9 @=7.+/,=69 E=N9 =(-6=/7=J9 ./=9 ),9 )9 ,-A=J9 )/69 ?.@9 =)7;9 >-=7=9 .?9 E=N9
=(-6=/7=9>@.(-6=6J9@),=9,;=9"(-6=/7=9Y.7)*-S),-./9B./9)9<7)*=9.?923'C^9-5=5J9;.P9
P=**9,;=9<N<,=A9*.7)*-S=69,;=9=(-6=/7=9-/9,-A=9)/69<>)7=59

'5 P!"#$'+$-[3)1"(4^99:;=9)(=@)D=9t=N9"(-6=/7=9\+)*-,N9%),-/D9>@.(-6=69MN9,;=9R+6D=<9.(=@9
)**9!"%9=(=/,<599s+6D=<9P-**9M=9)<E=69,.^9

)5 G-=P9 ,;=9 )**9 .?9 ,;=9 @=7.+/,=69E=N9=(-6=/7=9 ?.@9 ,;=9 =(=/,9 )/69 R+6D=9 ,;=9 t=N9
"(-6=/7=9\+)*-,NJ9B./9)9<7)*=9.?923'C599H?9,;=9E=N9=(-6=/7=9P)<97./(-/7-/DJ9R+6D=<9
P-**9 @),=9 M=,P==/Z3'59 9_.P=(=@9 -?9 R+6D=<9 )@=9 /.,9 7./(-/7=6J9 ,;=N9 A)N9 *..E9
,;@.+D;9,;=9/./ 3E=N9=(-6=/7=9B,.9;=*>9-6=/,-?N9A-<<=69E=N9=(-6=/7=C599H?9,;=N9)@=9
,;=/97./(-/7=6 599 :;=/9,;=N9P-**9<7.@=9,;-<9 )<9&31599 :;=929<7.@=9-<9@=<=@(=69?.@9
@=7.+/,-/D<9P;-7;96.9/.,97./(-/7=9,;=9R+6D=9,;),9,;=9(-6=.97./,)-/<9,;=9=(=/,59

45 J$+%3'($#-;$*+$'(^99VHW:9P-**97.A>+,=9,;=9,-A=9.?9,;=9@=7.+/,=69</->>=,<J9-6=/,-?-=69)<9
M=-/D9E=NJ9)/696-(-6=9MN9,;=9,.,)*9*=/D,;9.?9,;=9(-6=.59V.,=9,;),9-?9/.9</->>=,9<,)@,9)/69
=/69 ,-A=9 )@=9 <>=7-?-=6J9 VHW:9 P-**9 )<<+A=9 ,;),9 ,;=9 </->>=,9 -<9 ,;=9 =/,-@=9 *=/D,;9 .?9 ,;=9
(-6=.5999

9 9
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3 Semantic Query Editing Evaluation Pilot  
9
H/9,;-<9=()*+),-./9R+6D=<9P-**9),,=A>,9,.97@=),=9)9/=P9W=A)/,-79\+=@N9?@.A9)/9=8-<,-/D9W=A)/,-79\+=@N599
W-/7=9R+6D=<9P-**9/.,9;)(=9)77=<<9,.9,;=9?+**9W=A)/,-79\+=@N9Y)/D+)D=9.?9,;=9>)@,-7->)/,]<9<N<,=AJ9,;=9
/=P9=(=/,<9b"&88a9P-**9M=96=?-/=69,.9M=9<+M<=,<9.?9,;=9.@-D-/)*9=(=/,9b"288a9<.9,;),9R+6D=<9/==69./*N9,.9
@=A.(=9 ./*N9 A=,)6),)9 ,)D<9 ?@.A9 ,;=9 =8-<,-/D9 W=A)/,-79 \+=@N9 Bb"288a$W\58A*C9 ,.9 ?.@A9 ,;=9 /=P9
W=A)/,-79\+=@N9Bb"&88a$W\58A*C5999
9
I.@9=8)A>*=9-?9)9R+6D=9P=@=9,.9=6-,9,;=9g.)@69:@-7E9W=A)/,-79\+=@N9,.97@=),=9)9/=P9g.)@69:@-7E9=(=/,9
,;),9=87*+6=<9<+@?-/DJ9,;=/9,;=9R+6D=9P.+*69=*-A-/),=9A=,)6),)9,)D<9-/9,;=9W=A)/,-79\+=@N9)<9<;.P/9-/9
:)M*=9Z5&5&5999:;=9,=8,97@.<<=69.+,9./9,;=9T+=@N9@=>@=<=/,<9,;=9A=,)6),)9,)D<9,;),9P-**9M=9@=A.(=69?@.A9
,;=9 .@-D-/)*9 g.)@69 :@-7E9 W=A)/,-79 \+=@N9 B"22&$W\58A*C9 ,.9 ?.@A9 )9 /=P9 g.)@69 :@-7E9 W=A)/,-79 \+=@N9
B"&2&$W\58A*C59
9

W=A)/,-79g.)@69:@-7E9i"22&j9k9/). 9Bg.)@69:@-7E9XMR=7,W9g.)@69:@-7E9O7,-./9-/9)9g.)@69:@-7E9W7=/=C99
o g.)@69:@-7E9XMR=7,9k9/). 9l*#$+,&-$.J9*/-)0,&-$. J9*'&1,&-$. m9
o g.)@69:@-7E9O7,-./9-/9)9g.)@69:@-7E9W7=/=9k9/"' 9lg.)@69:@-7E9O7,-./J9g.)@69:@-7E9W7=/=m9

o g.)@69:@-7E9O7,-./9k9/). 9l20$*&'!3#425'6J920$*&'!+%5225'69m9
o g.)@69:@-7E9W7=/=9k9/). 9l&"0-'!*"0'0 J9"5)(!*"0'0J9*'&1!*"0'0 m9

Table 3.1.1: Example Editing of a Semantic Query:  The italicized text denotes metadata tags.  Bold text 
signifies functions that combine scores.  Plain text denotes variables in the semantic query.  The cross ed 
out text shows the metadata tags will be removed from the query.  

:=)A<9>)@,-7->),-/D9-/9,;=9>-*.,9=()*+),-./9P-**9,;=/9@+/9,;=-@9"(=/,9W=)@7;9A.6+*=9./9,;=9/=P9W=A)/,-79
\+=@N9 B"&88$W\58A*C59 9 :;=9 ,=)A<9 P-**9 M=9 <7.@=69 B-5=5J9 ,;=9 !"#9 >=@?.@A)/7=9 A=)<+@=<9 6-<7+<<=69 -/9
W=7,-./9&54C9./9,;=9"(=/,9W=)@7;9@=<+*,<9./9,;=9/=P9W=A)/,-79\+=@N59
9
H/9)66-,-./J9R+6D=<9P-**9M=9)<E=69,.9>@.(-6=9)9\+=@N9"6-,)M-*-,N9@),-/D9B./9)9<7)*=9.?923'C^9-5=5J9;.P9=)<N9-,9
P)<9,.9=6-,9,;=9,=)A]<9W=A)/,-79\+=@N59
9
:.9<+>>.@,9,;-<9>-*.,9!"%9=()*+),-./J9VHW:9P-**9-6=/,-?N9<=(=@)*9B),9*=)<,9?.+@C9<+M3=(=/,<9.?9,;=9=(=/,<9
+<=69-/9,;=90W9.@9O_9=()*+),-./<599VHW:QY#F9P-**97@=),=9)96=?-/-,-./9.?9,;=9/=P9=(=/,9,;),9P-**9M=9+<=69MN9
,;=9R+6D=<9 -/9=6-,-/D9 ,;=9=(=/,599H/9 )66-,-./J9 ,;=N9P-**97@=),=9D@.+/63,@+,;9?.@9 ,;=9 /=P9=(=/,9?.@9 ,;=9
!"#&' 3"()*5999
9
VHW:9P-**9@=>.@,9,;=9!=)/9O(=@)D=90@=7-<-./9B!O0C9)/69,;=9!=)/9!-/-A+A9O77=>,)M*=9%=7)**9B!%.C9./9
,;=9 "(=/,9 W=)@7;9 @=,+@/<9 .?9 ,;=9 =6-,=69 W=A)/,-79 \+=@-=<59 9 VHW:9 P-**9 )*<.9 @=>.@,9 ,;=9 )(=@)D=9 \+=@N9
"6-,) M-*-,N9<7.@=9)7@.<<9)**90-*.,9=(=/,<9)/69R+6D=<59
9 9
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4 Evaluation Schedule  
 
!"#Q!"%97./<-<,<9.?9<=(=@)*9=()*+),-./<^9#@N3%+/J90@=3W>=7-?-=69B0WCJ9O63_.79BO_CJ9!"%J9)/69W=A)/,-79
\+=@N9 "6-,-/D9 "()*+),-./9 0-*.,59 9 :.9 7.A>@=<<9 ,;=9 ,-A=9 *-/=J9 <.A=9 >@.7=<<-/D9 .?9 ,;=<=9 =()*+),-./<9
.(=@*)><9@=<+*,-/D9-/9>@.7=<<-/D9>;)<=<599:;=9<7;=6+*=9-<9<;.P/9-/9:)M*=9'5&5999
9
!"#9 ;)<9 ,P.9 =()*+),-./<^9 ,;=9 0@=3W>=7-?-=69 B0WC9 )/69 ,;=9 O63_.79 BO_Cc9 M.,;9 )@=9 @=T+-@=659 I.@9 ,;=9 0W9
!"#J9 ,=)A<9 A+<,9 >@.7=<<9 b=(=/,H#a9 k9 B"21&J9 nJ9 "2'2C9 )/69 ?.@9 ,;=9 O_9 !"#J9 ,=)A<9 A+<,9 >@.7=<<9
b=(=/,H#a9k9B"2'&J9nJ9"242C599I.@9=)7;9=()*+),-./J9,;=9,=)A9A+<,9>=@?.@A9<=)@7;9?.@9=)7;9=(=/,9+<-/D9
,;=9b=Ta9k92&2"89.>,-./9+<-/D9=-,;=@9!"#&'3"()*I+**9.@9!"#&'3"()*W+M9<=)@7;9<=,59
9
I.@9=)7;9.?9,;=9,P.9=()*+),-./<J9,=)A<9P-**9;)(=9,;=9?.**.P-/D9.>,-./<^9

¥ 0@.6+7=9)/69<=)@7;9?.@9,;=9W\J9222"89)/6Q.@9&22"89=(=/,9T+=@-=<9
o H?9)9,=)A9-<9>)@,-7->),-/D9-/9,;=90-*.,9=()*+),-./J9,;=N9A+<,9;)(=9,;=9W\9.>,-./9

¥ 0@.6+7=9@=7.+/,-/D9-/9<=)@7;9
o H?9)9,=)A9-<9>)@,-7->),-/D9-/9!"%J9,;=N9A+<,9>@.6+7=9@=7.+/,-/D<9

¥ 0@.6+7=9)/9)66-,-./)*90%I9.+,>+,9-/9"(=/,9W=)@7;9
9
:;=9 )7@./NA<9 !`9 B!=,)6),)9 `=/=@),.@CJ9 W\`9 BW=A)/,-79 \+=@N9 `=/=@),.@CJ9 "\`9 B"(=/,9 \+=@N9
` =/=@),.@CJ9)/69"W9B"(=/,9W=)@7;C9)@=9+<=69-/9,;=9?.**.P-/D9<+M<=7,-./<9,.9-6=/,-?N9A.6+*=<5999
9

:()*(- - P'#-- :$+("%'- B_P-B$)/-G$1"!$*"$&->"'-R13$?-)'#-;,)&$&-
9 :;+J9!)N92h9 9 HQX9W=@(=@9)()-*)M*=9,.9,=)A<9?.@9,=<,-/D9

:;+J9!)N92&9 I@-J9s+/92f9 '5&9 !`9./9 !"#&' 3:=<,9?.@9,;=9#@N9%+/9

!./J9s+/92e9 I@-J9s+/9129 '519 !=,)6),)9`=/=@),-./9./9"(=/, 3g`9B?.@9)**9=()*+),-./<C9

!./J9s+/91Z9 !./J9s+/9Z29 '5Z9 #@N9%+/9

!./J9s+*92o9 I@-J9s+*9&&9 '5' 9 W=A)/,-79\+=@N9"6-,-/D90-*.,9#@N9%+/9

9 [=6J9s+*92e9 9 "()*+),-./9W=)@7;9G-6=.96=*-(=@=69,.9,=)A<9

[=6J9s+*9&f9 !./J9O+D9&h9 '549 !`9!"#&' 3"()*9?.@90W9)/69O_9=()*+),-./<9

!./J9O+D9&&9 W+/J9O+D9&o9 '5f 9 0W9"()*+),-./9p90)@,9O9

!./J9O+D9&h9 I@-J9O+D9119 '5o9 0W9"()*+),-./9p90)@,9g9

!./J9O+D9149 :;+J9O+D91h9 '5h9 O_9"()*+),-./ 9

!./J9W=>92&9 :;+J9W=>9&&9 '5e9 W=A)/,-79\+=@N9"6-,-/D9"()*+),-./90-*.,9
Table 4.1:  Evaluation Schedule  

:;=9 !`9 7)/9 M=9 -A>*=A=/,=69 ./9 )/N9 7.A>+,-/D9 <N<,=A59 9 _.P=(=@J9 ,;=9 W\`J9 "\`J9 )/69 "W9 A+<,9 M=9
-A>*=A=/,=69./9)9>=@<./)*9FX:W9P.@E<,),-./9X%9./9)9<-/D*=97.@=9.?9)97*+<,=@9>@.7=<<.@5999
9
H/7*+6=69P-,;9,;=9.+,>+,9.?9=)7;9A.6+*=97)**J9,=)A<9)@=9@=T+-@=69,.9<=/69VHW:9)9;)@6P)@=96=<7@->,-./9
?-*=9<>=7-?N-/D9,;=9;)@6P)@=97./?-D+@),-./B<C9?.@9,;=97.A>+,),-./9.?9,;),9>)@,-7+*)@9A.6+*=97)**599:=)A<9
)@=9)*<.9@=T+-@=69,.9>@.(-6=9)9<N<,=A96=<7@->,-./9>@-.@9,.9,;=97.A>*=,-./9.?9,;=9=()*+),-./ 599W=/6-/D9,;=9
<N<,=A9 6=<7@->,-./9 P-**9 M=9 ;)/6*=69 ,;@.+D;9 ,;=9HQX9 W=@(=@9 7*-=/,3<-6=9 +,-*-,N59 9 WN<,=A9 )/69 _)@6P)@=9
6=<7@->,-./9?-*=9<>=7-?-7),-./<9)@=96=?-/=69-/9O>>=/6-89#9)/69F5f9@=<>=7,-(=*N59
9
:;=9?.**.P-/D9<=7,-./<96=<7@-M=9P;-7;9A.6+*=97)**<9P-**9M=9@=T+-@=69?.@9=)7;9>;)<=59
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:"!  #$%&'&%&()$*$+&%2,*(,*(#8=!: DB$A%(
9
:=)A<9)@=9<,@./D*N9=/7.+@)D=69,.9>)@,-7->),=9-/9,;=9#@N9%+/9"()*+),-./599:;=9!"#&'3:=<,9W=,9<=@(=<9)<9
,;=9 W=)@7;9 W=,9 ?.@9 ,;=9 #@N9 %+/9 "()*+),-./9 )/69 ?.@9 -/6=>=/6=/,9 ,=<,-/D9 ?.@9 ,;=9 ,=)A<59 9 :;-<9 >;)<=9
-/7*+6=<9./=9@+/9.?9,;=9!=,)6),)9`=/=@),.@9B!`C9./9,;=9!"#&' 3:=<,9<=,J9-5=599
9

HT 9BKLJ9!"#&'3:=<,57<(J9K!"#&'3:=<,LC93a9!"#&' 3:=<,5!`_)@6P)@=58A*J9!"#&' 3:=<,5-/?. 58A*9
9

")7;9(-6=.9-6=/,-?-=69-/9,;=9(-6=.9*-<,9B!"#&'3:=<,57<(C9<;.+*69M=9)66=69,.9,;=9A=,)6),)9<,.@=9M)<=69./9
>@.7=<<-/D9,;=9(-6=.96+@-/D9,;-<9A.6+*=97)**J9@),;=@9,;)/9+<-/D9>@=3=8-<,-/D9?=),+@=<9)/6Q.@9A=,)6),)59

:"/  #$%&'&%&()$*$+&%2,*(,*(E&3FC+,5*'(89$*%(B+&2*2*C(G2'$,A(
9
:;=9 <)A=9 <=,9 .?9 M)7ED@.+/69 =(=/,9 ,@)-/-/D9 (-6=.<9 B"(=/,3g`C9 -<9 +<=69 ?.@9 )**9 =()*+),-./<59 9 :;-<9 >;)<=9
-/7*+6=<9./=9@+/9.?9,;=9!=,)6),)9`=/=@),.@9B!`C9./9,;=9"(=/,3g`9<=,J9-5=59
9

HT 9BKLJ9"(=/,3g`57<(J9K"(=/,3g`LC93a9"(=/, 3g`5!`_)@6P)@=58A*J9"(=/, 3g`5-/?. 58A*9
9
V.,=^9:=)A<9>)@,-7->),-/D9-/9,;=9#@N9%+/9;)(=9,;=9.>,-./9,.9@=7.A>+,=9,;=-@9"(=/,3g`9A=,)6),)9+>9,.9
,;=9M=D-//-/D9.?9,;=90W9"()*+),-./90)@,9O599")7;9(-6=.9-6=/,-?-=69-/9,;=9(-6=.9*-<,9B"(=/,3g`57<(C9<;.+*69
M=9)66=69,.9,;=9A=,)6),)9<,.@=9M)<=69./9>@.7=<<-/D9,;=9(-6=.96+@-/D9,;-<9A.6+*=97)**J9@),;=@9,;)/9+<-/D9
>@=3=8-<,-/D9?=),+@=<9)/6Q.@9A=,)6),)59
9

:"7  =+6(H5*((
:=)A<9)@=9<,@./D*N9=/7.+@)D=69 ,.9>)@,-7->),=9 -/9 ,;=9#@N9%+/9 "()*+),-./9P;-7;9 -/7*+6=<9 ,;=9?.**.P-/D9
A.6+*=9@+/<9BD@)N9,=8,9<;.P<9.>,-./)*9-/>+,<9)/69.+,>+,<C^9
9

&5 HT-BK"(=/,3g`LJ90W3:@)-/-/D57<(J9K0W3:@)-/-/DLC93a90W3:@)-/-/D5!`_)@6P)@=58A*J90W3
:@)-/-/D5-/?. 58A*9

15 :[T- BKb=(=/,H#aLJ9b=(=/,H#a5,8,C93a9b=(=/,H#a$W\5W\_̀)@6P)@=58A*J9b=(=/,H#a$W\58A*9B>@=3
7.A>+,=69W\97)/9M=9<+MA-,,=6C99

Z5 P[T- Bb=(=/,H#a$W\58A*J9b=(=/,H#a$b=8a57<(J9K0W3:@)-/-/DLC93a9
b=(=/,H#a$b=8a5"\ _̀)@6P)@=58A*J9b=(=/,H#a$b=8a58A*9

'5 P:-Bb=(=/,H#a$b=Ta58A*J9Kb>@?aLJ9b,@-)*a57<(J9K!"#&':=<,LC93a9
b=(=/,H#a$b=Ta5"W_)@6P)@=58A*J9b=(=/,H#a$b=Ta5,;@=<;.*657<(J9
b=(=/,H#a$b=Ta56=,=7,-./<57<(J9b=(=/,H#a$b=Ta5@=7.+/,-/D<5,DSJ99
b=(=/,H#a$b=Ta$0%I5,;@=<;.*657<(J9b=(=/,H#a$b=Ta$0%I56=,=7,-./<57<(J9
b=(=/,H#a$b=Ta$0%I5@=7.+/,-/D<5,DS9

P;=@=J9
9 b=(=/,H#a9k9"2Z&9p9"2Z49

9 b=Ta9k9BW\J9b=8a9k9B222"8J92&2"8J9&22"8CC9
9 b>@?a9k9K/.0%IL9.@9K0%IL9

:":  0$1&*%23(45$+6(8'2%2*C(>2@,%(=+6(H5*(
 
I.@9,=)A<9>)@,-7->),-/D9-/9,;=90-*.,9#@N9%+/9A+<,9)*<.9>)@,-7->),=9-/9,;=9#@N9%+/599VHW:9P-**9A.6-?N9./=9.?9
,;=-@9W=A)/,-79\+=@-=<9?@.A9,;=9#@N9%+/9,.97@=),=9)9/=P9T+=@N9b6@3>-*.,a$W\58A*599:=)A<9P-**9,;=/9@+/9
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,;-<9/=P9<=A)/,-79T+=@N9./9,;=9#@N9%+/9,=<,9<=,9MN^9
9

P:Bb6@3>-*.,a$W\58A*J9Kb>@?aLJ9K!"#&'3:=<,LC93a9b6@3>-*.,a$W\5"W_)@6P)@=58A*J9b6@3
>-*.,a$W\5,;@=<;.*657<(J9b6@3>-*.,a$W\56=,=7,-./<57<(J9b6@3>-*.,a$W\5@=7.+/,-/D<5,DSJ9b6@3
>-*.,a$W\$0%I5,;@=<;.*657<(J9b6@3>-*.,a$W\$0%I56=,=7,-./<57<(J9b6@3>-*.,a$W\$0%I5@=7.+/,-/D<5,DS9
9
P;=@=9b>@?a9k9K/.0%IL9.@9K0%IL9

 

:"<  #$%&'&%&()$*$+&%2,*(,*(%;$(#8=!:D89&@(
 
:;-<9>;)<=9-<9@=T+-@=69?.@9,;=90W9)/69O_9=()*+),-./<599:;=9>)@,-7->),-/D9,=)A9;)<9,;=97;.-7=9,.9@+/9,;=9
!=,)6),)9`=/=@),.@9./9=-,;=@9,;=9!"#&'"()*I+**9.@9!"#&'"()*W+M599:;=9!"#&'3"()*9-<9<>=7-)*9<-/7=9
>)@,<9.?9,;-<9<=,9)@=9-/,=/6=69,.9M=9+<=69?.@9?+,+@=9=()*+),-./<599:;=@=?.@=9,;=9?.**.P-/D9@+*=<9!UW:9M=9
.M<=@(=69MN9)**9,=)A<^9
-

¥ 0)@,-7->)/,<9 !UW:9 6=*=,=9 )**9?=),+@=<9 )/69 A=,)6),)9 =8,@)7,=69 ?@.A9 ,;=90%X`:=<,9 F.**=7,-./9
(-6=.<9 M=?.@=9 ,;=9 M=D-//-/D9 .?9 !"#&'59 9:;-<9 P-**9 =/<+@=9 ,;),9 ,;=9 ,-A-/D9 A=)<+@=9 <;.P9 )**9
A=,)6),)9D=/=@),-./9 ,-A=9@=T+-@=69,.97@=),=9A=,)6),)9 ,)D<9?@.A9@)P9(-6=.599")7;9@+/9.?9,;=9
!`9 A+<,9 7.A>+,=9 ,;=9 A=,)6),)9 ?.@9 ,;=9 (-6=.<9 -/9 ,;=9 (-6=.9 *-<,9 B)/69 /.,9 ?@.A9 >@=3=8-<,-/D9
?=),+@=<9.@9A=,)6),)C59

¥ :.9 A)-/,)-/9 ,;=9 -/,=D@-,N9 .?9 ,;=9 =()*+),-./J9 ,;=<=9 (-6=.9 *-<,<9 <;.+*69VX: 9M=9 =6-,=69 )/69 ,;=9
+/6=@*N-/D9(-6=.<9A+<,9/.,9M=9)//.,),=69.@9)*,=@=69-/9)/N9A)//=@5999

¥ 0)@,-7->)/,<9 A+<,9 /.,9 ),,=A>,9 ,.9 D)-/9 E/.P*=6D=9 .?9 ,;=9 (-6=.9 <=,<]9 >@.>=@,-=<9 .@9 7./,=/,9 MN9
(-<+)**N9 -/<>=7,-/D9 ,;=9 (-6=.J9 (-6=.9 A=,)6),)J9 A.6+*=9 .+,>+,<J9 .@9 <,),-<,-7<96=(=*.>=69 6+@-/D9
,;=9>@.7=<<-/D59999

¥ :;=<=9(-6=.9<=,<9)@=9./*N9,.9M=9+<=69)<9>)@,9.?9)/9.??-7-)*9=()*+),-./9<+MA-<<-./9,.9!"#&'9)/69
!"%&'9=()*+),-./<9)/69A+<,9M=96=*=,=69?@.A9,=)A<]9<N<,=A<9)?,=@9=)7;9N=)@]<9!"#9=()*+),-./9
=/6<5999

9
:;-<9>;)<=9@+/<^9

HT-BKLJ9b=()*a57<(J9Kb=()*aLC93a9b=()*a5!` _)@6P)@=58A*J9b=()*a5-/?. 58A*9
P;=@=J9
9 b=()*a9k9!"#&' 3"()*I+**9.@9!"#&'3"()*W+M9
9

:"I  >0(J(>&+%(K(
 
:;=<=9)@=9,;=9M=D-//-/D9@+/<9?.@9,;=9>@=3<>=7-?-=69=()*+),-./599V.,=9,;),9<,=>9&9-<9.>,-./)*J9,=)A<9A)N9
+<=9,;=9K0W3:@)-/-/DL9A=,)6),)9<,.@=9D=/=@),=69-/9 ,;=9#@N9%+/9>;)<=9BW=7,-./9 '5ZCJ9.@9@=3D=/=@),=9-,599
B.>,-./)*9<,=><9)@=9<;.P/9-/9D@)NC^9

&5 HT 9BKLJ9"(=/,3g`57<(J9K"(=/,3g`LC93a9"(=/,3g`5!`_)@6P)@=58A*J9"(=/,3g`5-/?.58A*-9
15 HT BK"(=/,3g`LJ90W3:@)-/-/D57<(J9K0W3:@)-/-/DLC93a90W3:@)-/-/D5!`_)@6P)@=58A*J90W3

:@)-/-/D5-/?. 58A*9
Z5 :[T BKb=(=/,H#aLJ9b=(=/,H#a5,8,C93a9b=(=/,H#a$W\5W\_̀)@6P)@=58A*J9b=(=/,H#a$W\58A*99B>@=3

7.A>+,=69W\97)/9M=9<+MA-,,=6C9
'5 P[T Bb=(=/,H#a$W\58A*J9b=(=/,H#a$b=8a57<(J9K0W3:@)-/-/DLC93a9

b=(=/,H#a$b=8a5"\`_)@6P)@=58A*J9b=(=/,H#a$b=8a58A*J99
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P;=@=9
9 b=(=/,H#a9k9"21&9p9"2'2 9

9 b=8a9k9222"8J92&2"8J9&22"89

:"L  >0(J(>&+%(E(
 
:;-<9>;)<=9-/7*+6=<9-<9,;=9"(=/,9W=)@7;9A.6+*=<9@+/<9?.@9,;=90W9"()*+),-./9B.>,-./)*9<,=><9)@=9<;.P/9-/9
D@)NC^9

P:-Bb=(=/,H#a$b=Ta58A*J9Kb>@?aLJ9Kb=()*aLC93a9b=(=/,H#a$b=Ta5"W_)@6P)@=58A*J9
b=(=/,H#a$b=Ta5,;@=<;.*657<(J9b=(=/,H#a$b=Ta56=,=7,-./<57<(J9b=(=/,H#a$b=Ta5@=7.+/,-/D<5,DSJ9
b=(=/,H#a$b=Ta$0%I5,;@=<;.*657<(J9b=(=/,H#a$b=Ta$0%I56=,=7,-./<57<(J9
b=(=/,H#a$b=Ta$0%I5@=7.+/,-/D<5,DS9

P;=@=9
9 b=()*a9k9!"#&' 3"()*I+**9.@9!"#&'3"( )*W+M9

9 b=(=/,H#a9k9"21&9p9"2'2 9
9 b=Ta9k9BW\J9b=8a9k9B222"8J92&2"8J9&22"8CC9
9 b>@?a9k9K/.0%IL9.@9K0%IL9

:"M K' DN,3 (
 
:;=9O63_.79!"#97./,)-/<9,;=9?.**.P-/D9@+/<9B.>,-./)*9<,=><9)@=9<;.P/9-/9D@)NC^9

&5 HT-BK"(=/,3g`LJ9O_3:@)-/-/D57<(J9KO_3:@)-/-/DLC93a9O_3:@)-/-/D5!` _)@6P)@=58A*J9O_3
:@)-/-/D5-/?. 58A*9

15 :[T- BKb=(=/,H#aLJ9b=(=/,H#a5,8,C93a9b=(=/,H#a$W\5W\_̀)@6P)@=58A*J9b=(=/,H#a$W\58A*9
Z5 P[T Bb=(=/,H#a$W\58A*J9b=(=/,H#a$b=8a57<(J9KO_3:@)-/-/DLC93a9

b=(=/,H#a$b=8a5"\ _̀)@6P)@=58A*J9b=(=/,H#a$b=8a58A*J99
'5 P:Bb=(=/,H#a$b=Ta58A*J9Kb>@?aLJ9Kb=()*aLC93a9b=(=/,H#a$b=Ta5"W_)@6P)@=58A*J9

b=(=/,H#a$b=Ta5,;@=<;.*657<(, b=(=/,H#a$b=Ta56=,=7,-./<57<(J9
b=(=/,H#a$b=Ta5@=7.+/,-/D<5,DSJ9b=(=/,H#a$b=Ta$0%I5,;@=<;.*657<(, 
b=(=/,H#a$b=Ta$0%I56=,=7,-./<57<(J9b=(=/,H#a$b=Ta$0%I5@=7.+/,-/D<5,DS9

P;=@=9
9 b=()*a9k9!"#&' 3"()*I+**9.@9!"#&'3"()*W+M9
9 b=(=/,H#a9k9"2'&9p9"2429

9 b=Ta9k9BW\J9b=8a9k9B222"8J92&2"8J9&22"8CC9
9 b>@?a9k9K/.0%IL9.@9K0%IL9

:"O 0$1&*%23(45$+6(8'2%2*C(89&@5&%2,*(>2@,%(
I.@9,=)A<9>)@,-7->),-/D9-/9,;=90-*.,9W=A)/,-79\+=@N9"6-,-/D9"()*+),-./J9VHW:9P-**9A.6-?N9<=(=@)*9.?9,;=-@9
W=A)/,-79 \+=@-=<9 ?@.A9 ,;=9 0W3!"#9 .@9 O_3!"#J9 -5=5J9 b>-*.,$=(=/,a59 9 :=)A<9 P-**9 ,;=/9 @+/9 ,;=-@9 "(=/,9
W=)@7;9A.6+*=<9./9,;=9>-*.,9=(=/,<^9

P:Bb>-*.,$=(=/,a$W\58A*J9Kb>@?aLJ9Kb=()*aLC93a9b>-*.,$=(=/,a5"W_)@6P)@=58A*J9
b>-*.,$=(=/,a$W\5,;@=<;.*657<(J9b>-*.,$=(=/,a$W\56=,=7,-./<57<(J9
b>-*.,$=(=/,a$W\5@=7.+/,-/D<5,DSJ9b>-*.,$=(=/,a$W\$0%I5,;@=<;.*657<(J9
b>-*.,$=(=/,a$W\$0%I56=,=7,-./<57<(J9b>-*.,$=(=/,a$W\$0%I5@=7.+/,-/D<5,DS9

P;=@=9
9 b=()*a9k9!"#&' 3"()*I+**9.@9!"#&'3"()*W+M9
9 b>@?a9k9K/.0%IL9.@9K0%IL9
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5 Evaluation Tools and Command Line Example  
9
VHW:9 P-**9 )6)>,9 ,;=9 #=,=7,-./9 "GO*+),-./9 B#"GOC9 ,..*<9 P-,;-/9 ,;=9 VHW:9 I@)A=P.@E9 ?.@9 #=,=7,-./9
"()*+),-./9BI'#"C9,..*E-,9,.9A)E=9+<=9.?9,;=9W7.@-/D9HQX9<=@(=@599#=,)-*<9.?9;.P9,.9+<=9,;=9,..*<9P-**9M=9
?.@,;7.A-/D59
9

6 References:  
 
None 
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Appendix A: Query Structure  
 
The following serves as an early draft of the query and recounting structure.  Final structure 
TBD. 
 
\+=@-=<9)@=98A*9?-*=<J9P;.<=9<,@+7,+@=97./?.@A<9,.9,;),9.?9,;=9?.**.P-/D9=8)A>*=^9
9
bT+=@N9=(=/,H#kL"22&La9

b/.6= 9 -6k]"22&]9/)A=k]g.)@69:@-7E]9=Tk]!Od]a9
b6=,=7,.@9-6k]#]9/)A=k]#=,=7,=69g.)@69:@-7E]a9buiF#O:Oi2-$-40)0$*jja9bQ6=,=7,.@a9
b/.6=99-6k]W]9/)A=k]W=A)/,-79g.)@69:@-7E]9=Tk]!Od]a9

b/.6=99-6k]W&]9/)A=k]g.)@69:@-7E9XMR=7,]9=Tk]!Od]a9
b/.6= 9 -6k]W&5&]9/)A=k]<+@?M.)@6]Qa9
b/.6= 9 -6k]W&51]9/)A=k]<E),=M.)@6]Qa9
b/.6= 9 -6k]W&5Z]9/)A=k]</.PM.)@6]Qa9

bQ/.6=a9
b/.6=99-6k]W1]9/)A=k]g.)@69:@-7E9O7,-./9-/9)9g.)@69:@-7E9W7=/=]9=Tk]!HV]a9

b/.6=99-6k]W15&]9/)A=k]g.)@69:@-7E9O7,-./]9=Tk]!Od]a9
b/.6= 9 -6k]W15&5&]9/)A=k]>=@<./9R+A>-/D]9Qa9
b/.6= 9 -6k]W15&51]9/)A=k]>=@<./9?*->>-/D]9Qa9

9 9 9 9 bQ/.6=a9
9 9 9 9 b/.6=99-6k]W151]9/)A=k]g.)@69:@-7E9W7=/=]9=Tk]!Od]a9

b/.6= 9 -6k]W1515&]9/)A=k].7=)/9<7=/=]9Qa9
b/.6= 9 -6k]W15151]9/)A=k]7-,N9<7=/=]9Qa9
b/.6= 9 -6k]W1515Z]9/)A=k]</.P9<7=/=]9Qa9

bQ/.6=a9
bQ/.6=a9

bQ/.6=a9
9 bQ/.6=a9
bQT+=@Na9
9
O/98A*9<7;=A)9P-**9M=9>@.(-6=69MN9VHW:9?.@9@=?=@=/7=9)/69?.@9+<=96+@-/D9()*-6),-./599W=A)/,-79/.6=<97)/9
M=9=-,;=@97.AM-/),-./9/.6=<9.@9,=@A-/)*<J9)/69,;=@=9A)N9A+*,->*=96=,=7,.@9/.6=<59
9
%=7.+/,-/D<9)@=98A*9?-*=<9,;),9K?-**9.+,L9,;=9T+=@N9?@.A9P;-7;9,;=N9P=@=9D=/=@),=6599%=7.+/,-/D<97./,)-/9
=(-6=/7=9/.6=<J9P;-7;97)/9M=9=-,;=@9XF%J9OW%J9(-<+)*9B/./3XF%CJ9)+6-.9B/./ 3OW%C9)/69)+6-.3(-<+)*9B/./3
OW%9)/69/./3XF%C599O/9=8)A>*=9@=7.+/,-/D9-<9<;.P/9M=*.P^9
9
b9@=7.+/,-/D9=(=/,H#kL"22&L9(-6=.H#kL&1Z'4fLa9
9 b/.6=9-6k]"22&]9/)A=k]g.)@69:@-7E]9=Tk]!Od]9<7.@=9k925e4a9

b6=,=7,.@9-6k]#]9/)A=k]#=,=7,=69g.)@69:@-7E]9<7.@=k]25e4]a9buiF#O:Oi2-$-40)0$*jja99
bQ6=,=7,.@a9
b/.6=99-6k]W]9/)A=k]W=A)/,-79g.)@69:@-7E]9=Tk]!Od]9<7.@=k]25ho]a9

b/.6=99-6k]W&]9/)A=k]g.)@69:@-7E9XMR=7,]9=Tk]!Od]9<7.@=kv25'4]a99
b,)D9 -6k]W&5&]9/)A=k]<+@?M.)@6]9<7.@=9k9252Qa9
b,)D9 -6k]W&51]9/)A=k]<E),=M.)@6]9<7.@=9k9252Qa9
b,)D9 -6k]W&5Z]9/)A=k]</.PM.)@6]9<7.@=9k925'4a9

b(-<+)*$=(-6=/7=9E=Nk]N=<]99<7.@=k]25'4]99
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<,)@,9k]4]9=/69k]&2]99
<,)@,$+>>=@$*=?,k]&2^12]9<,)@,$*.P=@$@-D;,k]&h2^1'2]9
=/6$+>>=@$*=?,k]&22^122]9=/6$*.P=@$@-D;,k]1h2^Z'2]Qa9

9 9 9 9 bQ,)Da9
bQ/.6=a9
b/.6=99-6k]W1]9/)A=k]g.)@69:@-7E9O7,-./9-/9)9g.)@69:@-7E9W7=/=]9=Tk]!HV]99

<7.@=k]25ho]a9
b/.6=99-6k]W15&]9/)A=k]g.)@69:@-7E9O7,-./ ]9=Tk]!Od]9<7.@=k]25ho]a9

b,)D9 -6k]W15&5&]9/)A=k]>=@<./9R+A>-/D]9<7.@=k]25ho]a9
b)+6-.$(-<+)*$=(-6=/7=9E=N9k9v/.]9<7.@=k]25ho]99
<,)@,9k]Z4]9=/69k]'2]99
<,)@,$+>>=@$*=?,k]&4^14]9<,)@,$*.P=@$@-D;,k]h4^&'4]9
=/6$+>>=@$*=?,k]14^Z4]9=/6$*.P=@$@-D;,k]&14^Z'2]Qa9

9 9 9 9 9 bQ,)Da9
b,)D9 -6k]W15&51]9/)A=k]>=@<./9?*->>-/D]9<7.@=k]25'4]a9

b)+6-.$ (-<+)*$=(-6=/7=99E=N9k9v/. ]9<7.@=k]25Z4]99
<,)@,9k]&24]9=/69k]&&2]99
<,)@,$+>>=@$*=?,k]&&2^&12]9<,)@,$*.P=@$@-D;,k]1h2^Z'2]9
=/6$+>>=@$*=?,k]122^Z22]9=/6$*.P=@$@-D;,k]Zh2^''2]Qa9
b.7@$=(-6=/7=9E=N9k9vN=<]9<7.@=k]25'4]99
<,)@,k]Z2]9=/6k]Z1]99
,=8,k],@-7E]Qa9

bQ,)Da9
bQ/.6=a9
b/.6=99-6k]W151]9/)A=k]g.)@69:@-7E9W7=/=]9=Tk]!Od]9<7.@=9k925eea99

b,)D9 -6k]W1515&]9/)A=k].7=)/9<7=/=]9<7.@=k]252]Qa9
b,)D9 -6k]W15151]9/)A=k]7-,N9<7=/=]9<7.@=kv252]Qa9
b,)D9 -6k]W1515Z]9/)A=k]</.P9<7=/=]9<7.@=k]25ee]Qa9

b(-<+)*$=(-6=/7=9E=N9k9v/.]9<7.@=k]ee]99
<,)@,k]2]9=/6k]122]9
<,)@,$+>>=@$*=?,k]2^2]9<,)@,$*.P=@$@-D;,k]f'2^'h2]9
=/6$+>>=@$*=?,k]2^2]9=/6$*.P=@$@-D;,k]f'2^'h2]Qa9

bQ,)Da9
bQ/.6=a9

bQ/.6=a9
bQ/.6=a9

9 bQ/.6=a9
bQ@=7.+/,-/Da9
9
"A>,N9W=A)/,-79\+=@-=<9)@=9<>=7-?-=69-/9d!Y9MN9T+=@N9,)D9BbT+=@NQaC9-/9)/98A*9?-*=9
9
;%040')*<-))$5,#)0*!*=&1'!5'!$0.!5'.5"-)0!"&')0')!)=-)!5*!'01<4&.5+50.!1=0'!60'0$-)5'6!-!$0"&#')5'6!
,-*0.!&'!)=0! 0>-42%0!:#0$(?!
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Appendix B: Submission Instructions  
 
 
E"! (H$3,5*%2*C(K+3;29$(0P$32?23&%2,*A(
(
:=)A<9 >)@,-7->),-/D9 -/9 !"%9 )@=9 @=T+-@=69 ,.9 -/7*+6=9 )9 @=7.+/,-/D9 )@7;-(=9 +>./9 7.A>*=,-./9 .?9 "(=/,9
W=)@7;9 ,)<E<59 9 %=7.+/,-/D9 )@7;-(=<9 <;.+*69 ./*N9 -/7*+6=9@=7.+/,-/D<9 +<-/D9 ,;=9 ?.**.P-/D9 /)A-/D9
7./(=/,-./^ 9
9 9
9 b7*->H#a5b=(=/,H#a5A=@58A*9990?6?!@ABCDE?;@@A?40$?>4%9
 
E"/ (G&@2'&%2*C(Q5%P5%A(
(
VHW:9P-**9>@.(-6=9)9<=,9.?9,..*<9,.9()*-6),=9.+,>+,9,;),9-<9,.9M=9<=/,9,.9,;=9!"#9HQX9W=@(=@599:;=97*-=/,3
<-6=9,..*9+<=69,.9-/,=@?)7=9P-,;9,;=9HQX9W=@(=@9P-**9)+,.A),-7)**N9()*-6),=9?-*=<9M=?.@=9<=/6-/D9,;=A59
(
( !"#$%&$'((#)*&+,)-&./#0-&1234&
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Appendix C: File Formats  
-
:;=9?.**.P-/D9<+M<=7,-./<9<>=7-?N9,;=9?-*=9?.@A),<9.?9?-*=<9,.9M=9@=7=-(=69?@.AJ9.@9<=/,9,.9,;=9HQX9W=@(=@59

-
R"!(#$%&'&%&(0%,+$(=$A3+2P%2,*(
(
:;=9!=,)6),)9W,.@=9#=<7@->,-./9-<9)/9.+,>+,9?@.A9,;=9!=,)6),)9`=/=@),.@9A.6+*=599H,9-<9)/98A*9?-*=9.?9
,;=9?.**.P-/D9?.@A),59
9
b!W$#=<7@->,-./a9
9 bW-D/)*$!=,)6),)9<-S=kL*5F0!5'!656-,()0*!GHIJLa9

bQW-D/)*$!=,)6),)a9
bOW%$XF%$!=,)6),)9<-S=kL*5F0!5'!656-,()0*!GHIJLa9
9 bXF%$Y)/D+)D=<a9
9 9 bY)/D+)D=a%-'6AbQY)/D+)D=a9
9 9 bY)/D+)D=a%-'6BbQY)/D+)D=a9

bQXF%$Y)/D+)D=<a9
bOW%$Y)/D+)D=<a9

9 9 bY)/D+)D=a%-'6CbQY)/D+)D=a9
9 9 bY)/D+)D=a%-'6DbQY)/D+)D=a9

bQOW%$Y)/D+)D=<a9
9 bQOW%$XF%$!=,)6),)a9

bW=A)/,-7$!=,)6),)9<-S=kL*5F0!5'!656-,()0*!GHIJLa9
9 bW=A)/,-7$:)D<a9 9 9 w9,;=<=9)@=9/)A=<9.?99

9 b:)Da)-6!'-40!A bQ:)Da9 w9,;-/D<9,)DD=69MN9,;=9!`9
b:)Da)-6!'-40!B bQ:)Da9 w9B/.,9<>=7-?-79,)D<9./9,;=9(-6=.<C99

bQW=A)/,-7$:)D<a9
bQW=A)/,-7$!=,)6),)a 9
bG-6=.$Y-<,a9
9 bG-6=.H#aK5.0&AbQG-6=.H#a9

bG-6=.H#aK5.0&BbQG-6=.H#a9
bQG-6=.$Y-<,a9

bQ!W$#=<7@->,-./a9
 
R"/(G2'$,(S2A%(
	  
O9(-6=.9*-<,9?-*=9-<9)/9-/>+,9>@.(-6=69,.9,;=9!=,)6),)9`=/=@),.@9A.6+*=599H,9-<9)97<(9?-*=9.?9,;=9?.**.P-/D9
?.@A),59
9
G-6=.H#J9I-*=/)A=9
_GF2&1Z'4J9_GF2&1Z'45A>'9
_GF&1Z'4fJ9_GF&1Z'4f5A>'9
_GF1Z'4foJ9_GF1Z'4fo5A>'9
9
L0-.0$!%5'0!*=&#%.!,0!5'"%#.0.?!
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R"7(8T$1P@&+(S2A%(

&
O/9=8=A>*)@9*-<,9-<9)/9-/>+,9,.9,;=9"(=/,9\+=@N9`=/=@),.@9A.6+*=599H,9-<9)97<(9?-*=9.?9,;=9?.**.P-/D9?.@A),59
9
"(=/,H#J9"8=A>*)@W=,J9G-6=.H#J9Y)M=*9
"22&J92&2"8J9_GF2&1Z'4J9>.<-,-(=9
"22&J92&2"8J9_GF&1Z'4fJ9/=)@3A-<<9
"22&J92&2"8J9_GF1Z'4foJ9M)7ED@.+/69
9
;>042%-$M0)!"-'!,0!@@@;>N!@A@;>N!A@@;>!
L0-.0$!%5'0!*=&#%.!,0!5'"%#.0.!
 
R":(B;+$A;,@' (
(
O9,;@=<;.*69?-*=9-<9)/9.+,>+,9.?9,;=9"(=/,9W=)@7;9A.6+*=599H,9-<9)97<(9?-*=9.?9,;=9?.**.P-/D9?.@A),59
-
"(=/,H#J9\+=@N:N>=J90%IJ9#=,=7,-./:;@=<;.*6W7.@=J9#=,=7,-./:;@=<;.*6%)/E9
"22&J9W\J9/.0%IJ925e2J9&9
!
O#0$(P(20!"-'!,0!MON!@@@;>N!@A@;>N!A@@;>!
9QR!"-'!,0!'&9QRN!9QR!
L0-.0$!%5'0!*=&#%.!,0!5'"%#.0.!
 
R"<(=$%$3%2,*(

(
O96=,=7,-./9?-*=9-<9)/9.+,>+,9.?9,;=9"(=/,9W=)@7;9A.6+*=599H,9-<9)97<(9?-*=9.?9,;=9?.**.P-/D9?.@A),59
9
"(=/,H#J9\+=@N:N>=J90%IJ9G-6=.H#J9W7.@=J9%)/E9
"22&J92&2"8J9/.0%IJ9_GF2&1Z'4J925eoJ9&9
"22&J92&2"8J9/.0%IJ9_GF&1Z'4fJ925ffJ919
"22&J92&2"8J9/.0%IJ9_GF1Z'4foJ9254'J9Z9
9
O#0$(P(20!"-'!,0!MON!@@@;>N!@A@;>N!A@@;>!
9QR!"-'!,0!'&9QRN!9QR!
L0-.0$!%5'0!*=&#%.!,0!5'"%#.0.!
 
R"I(N&+'U&+$(=$A3+2P%2,*A(
 
:=)A<9A+<,9<+MA-,9)9;)@6P)@=96=<7@->,-./9d!Y9?-*=9)*./D9P-,;9,;=9.+,>+,9?@.A9=)7;9A.6+*=97)**599:;=9
-/,=/,9.?9,;=9;)@6P)@=96=<7@->,-./9?-*=9-<9?.@9,=)A<9,.9<>=7-?N9,;=9;)@6P)@=97./?-D+@),-./<9+<=69?.@9,;=9
7.A>+,),-./9.?9)9>)@,-7+*)@9A.6+*=97)**599")7;9;)@6P)@=96=<7@->,-./9<;.+*69?.**.P9,;=9=8)A>*=9<,@+7,+@=9
<;.P/9-/9,;=9<+M<=7,-./<9M=*.P59
 
R"I"!(#$%&'&%&()$*$+&%,+(N&+'U&+$(=$A3+2P%2,*(
 
I.@9,;=9 !=,)6),)9 `=/=@),.@9;)@6P)@=96=<7@->,-./9A+*,->*=9F0UQ`0U9<>=7<97)/9M=96=?-/=6599 !+*,->*=9
7*+<,=@<9A)N9)*<.9M=9<>=7-?-=659
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9
b!`$_)@6P)@=a9
9 bF*+<,=@a9
9 9 bF.AA=/,<a S'"%#.0!-'(!"&440')*!=0$0bQF.AA=/,<a9
9 9 bXWaGP(20N!K0$*5&'N!CB!K*!TD!,5)JbQXWa9
9 9 bF0U99 A.6=*kL4&.0%L99

<>==6kL*200.!5'!HLFL99
/+A$7.@=<kL'#4,0$!&+!"&$0*L9
@)A$>=@$7>+kLQ87!20$!U9V!5'!HIL9
7.+/,kL '#4,0$!&+!U9V*!&+!)=5*!*20"WQa9

9 9 bF0U955559Qa9
9 9 b`0U99 A.6=*kL4&.0%L99

<>==6kL*200.!5'!7LFL99
/+A$7.@=<kL'#4,0$!&+!"&$0*L99
A=A.@NkL404&$( !5'!HIL9
7.+/,kL '#4,0$!&+!H9V*!&+!)=5*!*20"LQa9

b`0U9n9Qa9
9 9 bV=,P.@E$g)/6P-6,;aX0)1&$/!,-'.15.)=!5'!H,5)<* bQV=,P.@E$g)/6P-6,;a9
9 9 b:=A>$W,.@)D=aP042&$-$(!Y5*/!V*-60!5'!HIZ<:=A>$ W,.@)D=a9
9 9 bX+,>+,$g)/6P-6,;a X0)1&$/!,-'.15.)=!5'!H,5)<* bQX+,>+,$g)/6P-6,;a9

bX+,>+,$W,.@)D=a[#)2#)! Y5*/!V*-60!5'!HIZ<X+,>+,$W,.@)D=a9 9 9
9 bQF*+<,=@a9
9 bF*+<,=@a9
9 9 \ 9
9 bQF*+<,=@a9
bQ!`$_)@6P)@=a9

9
R"I"/(Q%;$+(#,'5@$A(N&+'U&+$(=$A3+2P%2,*(

9
I.@9 ,;=9 ;)@6P)@=9 6=<7@->,-./<9 .?9 .,;=@9 A.6+*=<J9 ./*N9 )9 <-/D*=9 P.@E<,),-./9 .@9 7*+<,=@9 7.@=9 A)N9 M=9
6=?-/=659

9
bFX:W$_)@6P)@=a9

b[.@E<,),-./a 9
bF.AA=/,<a S'"%#.0!-'(!"&440')*!=0$0?!bQF.AA=/,<a9

9 9 bXWaGP(20N!K0$*5&'N!CB!K*!TD!,5)JbQXWa9
9 9 bF0U99 A.6=*kL4&.0%L99

<>==6kL*200.!5'!HLFL99
7.+/,kL '#4,0$!&+!U9V*!&+!)=5*!*20"W!
$-4]WQ87!20$!U9V!5'!HIWQa9

9 9 b`0U99 A.6=*kL4&.0%L99
<>==6kL*200.!5'!7LFL99
A=A.@NkL404&$( !5'!HI L9
7.+/,kL '#4,0$!&+!H9V*!&+!)=5*!*20"LQa9

9 9 b:=A>$W,.@)D=aP042&$-$(!Y5*/!V*-60!5'!HIZ<:=A>$ W,.@)D=a9
9 9 bX+,>+,$W,.@)D=a[#)2#)! Y5*/!V*-60!5'!HIZ<X+,>+,$W,.@)D=a9
9 bQ[.@E<,),-./a9
9 ^ !̂[Q!^ !̂
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! bW-/D*=$F*+<,=@$F.@=a9
bF.AA=/,<a S'"%#.0!-'(!"&440')*!=0$0?!bQF.AA=/,<a9

9 9 bXWaGP(20N!K0$*5&'N!CB!K*!TD!,5)JbQXWa9
9 9 bF0U99 A.6=*kL4&.0%L99

<>==6kL*200.!5'!HLFL9!
! ! ! $-4]WQ87!20$!U9V!5'!HIWQa9
9 9 bV=,P.@E$g)/6P-6,;aX0)1&$/!,-'.15.)=!5'!H,5)<* bQV=,P.@E$g)/6P-6,;a9
9 9 b:=A>$W,.@)D=aP042&$-$(!Y5*/!V*-60!5'!HIZ<:=A>$ W,.@)D=a9
9 9 bX+,>+,$g)/6P-6,;a X0)1&$/!,-'.15.)=!5'!H,5)<* bQX+,>+,$g)/6P-6,;a9
9 9 bX+,>+,$W,.@)D=a[#)2#)! Y5*/!V*-60!5'!HIZ<X+,>+,$W,.@)D=a9
9 bQW-/D*=$F*+<,=@$F.@=a9
bQFX:W$_)@6P)@=a9

-
-
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Appendix D: System Description  
 
#.7+A=/,-/D9=)7;9<N<,=A9-<9(-,)*9,.9-/,=@>@=,-/D9=()*+),-./9@=<+*,<599O<9<+7;J9=)7;9,=)A9A+<,9<+MA-,9)9
<N<,=A96=<7@->,-./9)<9)95,8,9?-*=9P-,;9,;=9-/?.@A),-./9*-<,=69M=*.P59
9
:$+("%'-U-- 34(5&!'6&(2-0.50")7''O9M@-=?9,=7;/-7)*96=<7@->,-./9.?9N.+@9<N<,=AJ9-/7*+6-/D9)96=<7@->,-./9
.?9,;=9A=,)6),)9*)/D+)D=9
'
:$+("%'-X- 8&5,#,5,' 9&)&-,5"-' 6&(2-0.50")7' O9 M@-=?9 ,=7;/-7)*9 6=<7@->,-./9 .?9 N.+@9 !=,)6),)9
`=/=@),-./9A.6+*=9
-
:$+("%'-Z- 3&!,)502' :$&-4'9&)&-,5"-'6&(2-0.50")7'O9M@-=?9,=7;/-7)*96=<7@->,-./9 .?9N.+@9W=A)/,-79
\+=@N9`=/=@),-./9A.6+*=9
9
:$+("%'-V- ;<&)5' :$&-4'9&)&-,5"-'6&(2-0.50")7'O9M@-=?9,=7;/-7)*96=<7@->,-./9 .?9N.+@9"(=/,9 \+=@N9
`=/=@),-./9A.6+*=9
-
:$+("%'-`- ;<&)5'3&,-2='6&(2-0.50")7'O9M@-=?9,=7;/-7)*96=<7@->,-./9.?9N.+@9"(=/,9W=)@7;9A.6+*=9
9
:$+("%'-a-- >-,0)0)1' #,5,' ,)#' ?)"*%&#1&' ("$-2&(7' 9 Y-<,<9 ,;=9 @=<.+@7=<9 +<=69 ?.@9 <N<,=A9
6=(=*.>A=/,9M=N./69,;=9>@.(-6=69!"#97.@>.@)599V.,=9,=)A<9)@=9)**.P=69./*N9,.9+<=96),)9.+,<-6=9,;=9
!"#97.@>.@)9?.@9,;=96=(=*.>A=/,9 .?9 ,;=-@9A=,)6),)9 *)/D+)D=9)/69A=,)6),)97*)<<-?-=@<599V.9=8,=@/)*9
6),)9-<9,.9M=9+<=696+@-/D9,;=9=8=7+,-./9.?9,;=9A.6+*=<599
 
 
9


