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Figure 1.1.1: Metadata Generator (MG) Block Diagram
#) (“<InMS>”, video_set.csv, “<OutMS>") ->
<QutMS>.MGHardware.xml, <OutMS>.info.xml
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<+t@@.+/6-/D9,;=9=/,-,N9),9,;=9<,)@,9,-A=
' 0*(-M%0O$*-3"509,;=9*.P=@9@-D;,97.@/=@9.79,;=9=/,-,N9
-A=9
¥  P'#79,,=9=/69,-A=9.79,;=9</-9>=,
I P'#-N0O0$*-M$29 ,;=9+>>=@9*=?,97.@/=@9.79,;=9=/,-,N9)
-A=9
I P'#M%O0%$*-J"5)0,;=9P=@9@-D;,97.@/=@9.79,;=9=/,-,Bl9</-
¥ B$.("9,=8,9,@)/<7@-M=69?@.A90W%9. @9IXF%
C%'<$/)'("+-H$()#)()-B)5& -
¥ L%#3Q=-7=),+@=9(=7,.@97.6=9P.@69,;),96=<7@-M=<9,;=9(-6=.
¥ B40%98-,;=@9)+6-.39¢)*J9)+63-<+)O
Table 1.1.1: Minimal Metadata Tag Format

KK KK K

IM*=9 858519 <;.P<9,;=91=,)6),)9W,.@=9 V)A=<J9 ;=9 (-6=.9 <=,9?-*=<]9)9 6=<7@->,-./9.?9 ,;=9 (-6=.9 <=
i=-@9)>>@.8-A),=9<-S=9,;),9P-**9M=9+<=69)<9>)@,9.?9,;=912&'9!"#Q!"%9"()*+),-./<5991.@9,;=9=()*+),
,=)A<OP-*+97;..<=9-29 :=NOP-**9>@.7=<<9, ZOVH&*9. @9!"#8&3 ()*W+Mb
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93(03(-H:- C3/R$*  A%3*&-%
C)I$& 7'03(-D"#$%-:$(-E"19 G$&+*"0("%'-%=-(,$-D"#$%-:$( %=-D"#$"t D"#$%

, o )7ED@.+/69=(=/,9,@)-/-/DI(-6=.<9+<=6

| =

PI$(STO (=, J57<0 J*9=()*+).- [<OB#@NO%+JOOWI0)/690 | 1222 1229
29K > <-,-(=L9)/69K/=}@<<L9=(=/,9

L BY)"™5 9 OVB@)-/-/D57€( =8=A>")@9(-6=.<9?.@9,:=9#@N9%+/9)/{ 12229 h29
=0%4),-J< -

+=9K> <--(=L9)/69K/=}@<<L9=(=/,9 ,
* .y -

@AB)"™59 | O 3@)--ID579( B A 06229709 00, O-(F)/| 522B 29

HPGUWBS$&Y | I"#&' 3=<,57<¢ W=)@7:9(-6=.<97.@9,:=9#@N9%-+/ 123229 | ef29

HPGUWP!)1E3®1| I'#&’ 3(M+"57<q |\ 1223229 | h222

HPGUWPN1:3RY | BI'#& 3()*W+Ms7g( V)@ 7:9G6=<92.@9,=9=("),-/< BZ1J229( B&1hZC

Table 1.1.2: Video Sets for the 2014 MED/MER evaluations
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1"/ 0$18&*%23(45$+6$*$+8&%,+(-04). (

1/0 Server JL

Event Description SQG Hardware Description
<eventlD>.txt —® <eventID>_SQ.SQGHardware.xml [
Event ID Semantic Semantic Query
"<event/D>" Query - <eventID>_SQ.xml —
Generator
Event S~  —
Query

User

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
Bb=(=/,H#%,8,C9-/,.9,;=9<N<,=A]<9=(=/,9 T+=@N9*)/D+) DIMIWEAN - 79\+=@NIBW\C9,;),9-/7*+6=<9
,,=97.>-=69b=(=/,H#a9<,@-/D599:;-<9A.6+*=9A)N9;)(=9)9+<=@9;=*>9P-,;9,;-<9,@)/<*),-./9.@9A)NI>=@?
,@)/<*),-.19)+,.A),-7)**N599:=)A<97)/97;..<=9/.,9,.9+<=BA)/,-7<9-/9,;=-@9 T+=@-=<599H/9,;-<97)<=J9, ;=
W=A)/,-79\+=@N9.+,>+,9<;.+*69M=9)/9=A> N9 T+=@N9IB<==90>>=/6-8909?.@9,,=9=8)7,9?.@A),C599
>)@,-7->),29-/9,;=9!"%9=()*+),-./OVBRN)/,-79\+=@N9"6-,-/D9"()*+),0/9,J9,=) A<IP-**9/==69,.97 @=),=9)9
W=A/,-79\+=@N899
9
5=9 )@6P)@=9 #=<7@-b=( ,H#a$W\B/\" ;) @6P) @=588%<7@-M=<9 ;=9 ;) @6P)@=9 ,;),9 P)<9)7,+)**N9
+<=69 -/9 >@.7=<<-/D9 ,;-<9 @+/9 .79 W=A)/,-79 \+=@N9 "=/=@),-./59 9 W\'9 A+<,9 M=9 @+/9 ./9)9 <-/D
P.@E<,),-/9.@9./9)9<-/D*=97.@=9.79)97*+<, @RI IR @3, -<9?-*=9-<9D-(=/9-/9D5E=/6-89
9
1 OM=97.A>) -M*=9P- ;9@=7.+/,-/D9)/69,,=9!"#Q!"%9=()*+),-./<J9,;=9W=A)/,-79\+=@-B<IA+< "

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

<;.+*69M=97.AM-/=69,.9?.@A8(=/,9<7.@=

¥ g=97*=)@9)/697./7-<=9)/69+/6=@<,)/6)M*=9MNIRHB-DIR+BD=5
9
09/.,-)*9W=A)/,-79\+=@N9?.@9,;=97.) @69: @-7E9=(=/,9-<9<;.P/9-/9:)M*=91519B<==90>>=/6-89097.
2.@A),9.?9 ,:-<9=8)A>*=C599:;-<9 =8) &MI6{0 @D -**+<,@),-./9HER) NA=)/,9,.9<>=7-?N9;.P9)9,=)A9
<;.+*696=<-D/9,;=-@9<=A)/,-79T+=9@-=<599
9

W=A)/,-799.)@69: @-7E9i"2)&|%BY.) @69: @-7EIXNMBRE@G9: @-0F3./9/9)99.) @69: @-7TEOWT =/3
o 0.)@69:@-7TEIXMRK7 b +,&-$J9-)0,&-$. J9&1,&-$.
o 0.)@69:@-7E907,-./9-/9)99.)@69: @-7 FOWK) @D @-7E907,-./J99.) @69: @-TEY
0 0.)@69:@-7E907,/y9k920$*&"13#425'320%$*&'1+%52 26
o 0.)@69:@-7E9W7AH/=H&"0-'1*"0'0 J%B)(!*"0'0J9&1!*"0'0 B
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.
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VHW:9 P-*q36@9 49 =(=/,96=<7@->,-./<9?. @9 J469/O@60 129 =(=/,96=<7@->,-./<9 ?. @ B9 @>=69
=()*+),-./<9)<9<;.P/9-/9:)M*=9&515159991.@9,;=9#@N9%+/J9,=)A<9IA+<,9>@.7=<<9b=(=/,a9k9B"2Z&J¢
1.@9,;=9 0@¥>=7-2-=69 =()*+),-./9,=)A<I A+<,9 >@.7=<<9 ,;=9BN0EBIO =(=/,9 <=,<J9-5=5J9 b=(=/,H#a9 k9
B"21&J9NnJ9"2'2C591.@9 3=9DE)*+),-./J9,=)A<IA+<,9>@.7=<<9,:=90_&'9=(=/,9<=,J9-5=5J9b=(=/,H#a9
B"2'8J9nJ9"242C599:;=9/)A=<9)/696=<7@->,-./<9.?9,;=<=9=(=/,<9P-**0M=9>@.(-6=69,.9,;=9,=) A<9-AA=¢
M=?.@=9>@.1>%<=9=(=/,<8

9
*$ <0$+"="$#-BS&("'5-)'#-P)13)("%-PI$' (&

UXQ-PYXRYZY UZQ--PYZRNVY
"21&89Y-E=9,@97E "278&R==E==>-/D
"211GF*=)/-/D9)/9)>>*-)/79 "27199=66-/D9<;.P=@®
"217%B#.D9<;.P9 "27799/./ A.,.@-S=69(=;-7*=9@E>)-@
"21'9D-(-/D96-@=7,-.5 "27'9p9-8-/D9)9A+<-7)*9-/<,@+A=,
"21498) @ @-)D=9>@.>%K)* "27499 .@<=9@-6-/D97.A>=9,-./
"21f9F6=1.(),-/D9)9;.A= 9 "27f9p9=**-/D9)9, ==
"210@6.7E97*-AMID "2Z09®D)@E-/D9)9(=;-F*=
"21hgB.P/9;)**9A==,-/D9 "2Zh@D*)N-/D9?=9;
"21e@-//-/IDI@)7=9P-,;.+,9)9(=;- 7" "2Ze99)-*D),-/D9
"272%). @E-/D9./9)9A=,)*97@)?,<9>@.R=7, "2'20p9+/-/D9)IA+<-7)*0-/<, @+AE,

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

1/0O Server

Semantic Event -
Query EQG Hardware Description

<eventiD> QS.xml ﬂ <eventID>_<ex>.EQGHardware.xml

Exemplar Labels
<eventlD>_<ex>.csv

Event Query Event Query
Generator <eventID>_<ex>.xml —

\_/\

Training

Metadata Training
Store Metadata
"<TrainMS>" Store

Figure 1.3.1: Event Query Generator Block Diagram
P[T Bb=(=/,H#&W\58A*J9b=(=/,H#a$b=8a57<(J9Kb:@)-RaWaLC9
b=(=/,H#a$h=8a5"\"_)@6P)@=58A%]8/,H#a$b=8a580*

O9M*.7E96-)D@)A9.?9,;=9"(=/,9\+=@N9 =/=@),.@9B"\"C9)/69-,<9?+/7,-./)*9/.,),-./9-<9<;.P/9-/9]-D+@=9&"
=9"(=/,9\+=@N9 =/=@),.@9-/>+,<9,;=9W=A)/,-79=(@NIBb=(=/, H#a$W\58A*CIB7@=),=69MN9,;=9,=)A]"
W\'C9)/69"8=A>*)@9Y)M=*<9Bb=(=/,H#a$h=8a57<(C9,;),9<>=7-?-=<9P;-7;9(-6=.<9BP;.<=9A=,)6),)9-<9<)
=9 -/9 ;=9 :@)-/-/D9 !=,)6),)9 W,.@=9 BKb:@)-/'WaLCC9 )@=9 =8)A>*=<9 .?9 K>.3A<=L99.@%)@
KM)7ED@.+/688A>*)@<9?2.@9,;=9=(=/,59999:=)A<9A+<,9)6;=@=9<,@-7,*N9,.9,:=9-/>+,Q.+,>+,9.79,;=9"\
L =@9-/>+,<9) @=9>=@A-Q' 150D &S$- "#$%&-&0$+"="$#-""- (,$-P.$/01)*-M)R$1&- 1"&(-)*$- (%-R$- 3&$#-R
(,$- P[TW-$I$'- (,%35,- J##" ("%") 1- "#$%8&- /)4- $."&(-""- (,$- B¥)"B- H$)#)()- :(%*$F 9 BS)/&- /)4~ "% (-

I"H$%&F

9

:=9"8=A>*)@9Y-<,9Bb=(=/, H#a$b=8EF)7(9?. @A),9<>=7-?-=69-/90>>6: BeF5097?.** P-/DI?- 6 <"
PI1$'(-7G'9=9-69?.@9,;=9=(=/,9B=5DFJ9"21&C

P.$/01)*-:$( ~9=9=8=A>*) @9B=5D5J92&2"8C
D"#$%-7G,;=9-692.@9,;=9(-6=.9B<)A=9)<9,;=9G-6=.9H#9+<=69(-6=.$<=,57<(9-8+,9,.9,;=9!"C
M)RED=-,;=@9K>.<- -(=LIBR/=<}@J9. @IKM) 7TED@.+/6L

KK K K

9

529 )@6P)@=9#=<7@->,-./9b#G¥+8B\" ;)@6P)@=58B:<7@-M=<9,;=9;)@6P)@=9,;),9P)<9)7,+)**N9
+<=69-/9>@.7=<<-/D9,;-<9@+/9.79"(=/,99\+=@N9"=/=@),-./599"\'9A+<,9M=9 @+/9./9)9<-/D*=9FX:WIP.(
.@9./9)9<-/D*=97.@=9.79)97*+<,=@599:; 59X WA R 9% @B (=/9-/90>>=/BBIF5f

9 9
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£:=9"(=/,9\+=@N9 '=/=@),.@9 7@=),=<9)/9"(=/,9)\}: 0@ MM-/=<9)/9=(=/,96=,=7,.@B<CIB,@)-/=69 ?@.A9
,=9=8=A>*)@<C9IP-,;9,;=9W=A)/,-799-=@N5
9
5=96=,=7,.@B<C97)/9M=9)66=69,.9,;=9<=A)/,-79T+=@N9)<9<>=7-)*9/.6=B<C9P-,;9,;#B?.** P-/D9?-=*6<"
9
¥ )$ 79-<9,:=96=,=@9/)A9
¥ 0¥1)($79)*9,;=9 6=,=7,.@]<9 >)@)A8 @9 @=7=@=/7=9,.9)9 <=,9 .79 > A @RI, =9
?2+/7,-.19/==6=69 ,.9 7.A>+,=9 ;=9 =(=/,9 <7.@=9 ?.@9)9 (-6=.9 M)<=69 <.*=*N9 ./9 ,;=9 ,@)-/-/D9 (-6:
A=)6),)9<>=7-2-=69MN9,;=9"8=A>*) @ DY )M=*<5
9
09/.,-./)*9=8)A>*=9.7207.AM-/=69M.) @69, @-7TE9 T+=@NJ9-/,=D@),-/D9,;=9#=,=7,.@9)/69 ;=9 W=A)/,-79\
B?@.A9:)M*=9&515&C9-<9<;.P/9-/9:)M*=9&575&599V.,=9;),9,;-<9-<9./*N9A=)/,9,.9M=9)/9-**+< @),-(=9
P:),9A)N9M=96./=92.@97.AM-/-/D9,;=9<=A)/,-79)/696=,=7,. @9 T+=@<8LBH%:}<9,.9>@=<7@-M=9;.P9
,=)A<9<;.+*696.9,:=97.AM-/),-./D
99
g.)@69:@-7E9i"228j9kBW=A)/,-799.) @69: @-7EJ9%#=,=7,=69¢.)@69:@-7EC
¥ #=,=7,=690.)@69: @-DEYKS-9
¥  W=A)/,-790.)@69:@-TE9KBY.) @69: @-7EIXNMREG9: @-0FS./9/9)979.) @69: @-7TEOWT =/=C9
o 0.)@69:@-7E9XMRx7 &b +,&-$J9-)0,&-5. J9&1,&-F. B
o 0.)@69:@-7E907,-./9-/9)99.)@69: @-7 FOWIK) @D @-7E907,-./J99.) @69: @-TEIW 7=
I g.)@69:@-7E907,/Y9k920%*&'13#425'320%$*&'+%52 ZHR6
I g.)@69:@-7E9W7H/=B&"0-'*"0'0 J%)(I*"0'0J9&1!*"0'0 D
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.

1.@9,;=9=()*+),-./<JOVHW:9 P-**9>@.(-6=9,=)A<9 P-,;9 9@ 849 @9 Y)M=*<9 Bb=8aC9?.@9=)7;9=(=/,¢
B-5=5J9b=(=/,H#a9k9"21&9Nn9"242C599:)M*=9&52519<;.P<9,;=9/+AM= @9 29 SHBIED @+/69
=8=A>*)@<9)()-*)M*=9?.@9=)7;9"8=AF) @IW=,"

D
b P.5/0 & P.3$/0 & P.$/0 &
YYYP- 29 29 4222
YUYR. &2 49 4222
UYYPR. &2 429 4222

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

0*9,2)A<9A+<,9>@.7=<<9,;=9b=8a9k92&2"89-/>+,9,.9>) @ ,-7->),=9-/9,;=91"#Q!"%9=()*+),-./<599:=)A<9/
>,-/)*N9>@.7=<<9,;=9b=8a9k9B22 D) 5@ 2R"8CH9

9

9
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" 89%*%(0$&+3;(-80((

1/O Server -

]

ES Hardware Description

= <eq>.ESHardware.xml —

Threshold
—» <eg>.threshold.csv 1

Event Query

> <eg>.xml Detections

— <eq>.detection.csv I
N
)
Pseudo-Relevance R i
» Feedback ecountings

"<prf>" ST : P <eq>.recountings.tgz T

PRF Threshold

Metadata Store Search B <eq>.threshold.PRF.csv
to Search Metadata :
"<Search MS>" Store \/—\

: PRF Detections
B <eq>.detection.PRF.csv

T~

: U
PRF Recountings :
e <eg>.recountings.PRF.tgz o

Figure 1.4.1: Event Search Block Diagram
P:Bb=Ta58AKES @ PAIKbW=)@7;!WaIITa5"W_)@6P) @=98A*

b=Ta5,,@=<;.*657<(J9b=Ta56=,=7,-¥5F<(a5@=7.+/,-/D<B®,DS
b=Ta$0%lI5,,@=<;.*657<(J9b=Ta$0%I56=,=7,-./57<R0%E@=7.+/,-/D<5IDS

9
=9 "(=/,9 W=)@7;9 B"WCI A.6+*=9 >=@?.@A<9 ,;=9 <=)@7,9 .(=@9 ,;=9 A=,)6),)9 <,.@=9 BbW=)@7;9 !
KI"#&' 3()*1+**LCI<>=7-2-=69MN9,;=9=(=/,9T+=@N9Bb=Ta58A*C9)<9<;.P/9-/9]-D+@=9&5'5&599:;=9"(
A.6+*=9P-**9M=9@+/9./9)**9"(=/,8¢&@9)9,=)A]<9<N<,=A9;)<9>@=(-.+<*N9>@.6+7=69MN9-,<OW\'9. @9'
-19)/9.@6=@9 <>=7-2-=69 MN9 ,;=9 HQX9 W=@(=@59 9 :;=9 <N<,=A9 A+<,9 >@.6+7=9 )9 <=)@7;9 @=<-
@=>@=<=/,=69-/9,;=9A=,)6),)9<,.@=9B)/69 @=>.@,=69,.9,;=9HQX9I<=@(=@9(-)9, LE}6J3P Y-<,9-/9 -
<,.@=96=<7@->,-.19.+ >+ 9KbW=) @77\5BA5G5

9
W=)@7;97)/9>@.6+7=9+>9,.9,P.9.+,>+,0<= <"9&CY,:=9@=<+* <9?@.A9)9@+/9.79,;=9T+=@NJ9)/691C9,
)9 @+/9 .79 ,;=9 T+=@N9 ,;),9 -/7*+6=<9 ,;=8@<*=(/7=9 ?==6NIFEHED 9 :;=9 0%I9 -/>+,9 SH}@7;9
P:=,;=@9.@9/.,9-,9<;.+*697@=),=9,;=9 8@=+6()/7=9?==6M)7E9.+,>+IP*=9 D=/=@),-/D9,;=9/.8

0%I9 .+,>+,9 <=,J9 =)7;9 (-6=.9 A+<,9 M=9 )/)*NS=69 -/6=>=/6=/,*N9 2.@9 ,;=9 =(=/,c9 P;=@=)<9 ;=9 .+,>+,9
D=/=@),=69+<-/D90%I9-/7*+6=<9)9 6=>=/6=/,9 <HB® 7)JD/59 (-6=.9-<9 <-A-)@9,.9)/.,;=@9 P;-7;9 ;=9
<N<,=A9-<97./2-6=/,9-<9)/9=(=/,9>.<-,-(=599_.P=(=@9,;=9.+,>+,9<=,9D=/=@),=69P-,;90%I9A+<,9;)(=9/.9-
1=@)7,-./9

9
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.@9=)7;9.+,>+,9<=,39"(=/,9W=) @7;97@>F~%9,>+/9
&C :;@=<;.*69Bb=Ta5,,@=<;.*657=0@YE9)/69=(=/,9<7.@=9,, @=<9.*6<9
1C #=,=7,-/19 W7.@=<9 Bb=Ta56=,=7,-./57<(C"9 ,;=9 @)/E9)/69 <7.@=9 ?.@9 =)7;9 ,@-)*9 B=(=/,9
<=)@7;9(-6=.9>p@C
ZC %=7.+/,-/D9 Bb=Ta5@=7.+/,-/IDEBRSE/)*C9 9 ,;=9)/1.,),-./19 .?9 ,;=9 "(=/,9 \+=@N9 P-,;9
<7.@=<9)/69 P-,;9 E=N9 A5)36)D9 =(-6=/7=9,;),9 P)<9 +<=69,.9 7.A>+,=9 ,;=9<7.@=9?.@9 ,;=9
=(=/,59%=7.+/,-/D9.+,>+,<9)@=9.* N9 @=T+-@=69?.@9,,.5~9(=B=<N%,=A96==A<9,.9M=9
>.<--(=9?2.@9,;=9=(=869B.+/,-/D9.+,>+,<9)@=9.* N9 @=T+-@=69?.@9,=)A<9>)@,-7->),-/D9-/¢
1"%9=()*+),-./ B
9
=)A<9A+<,9<,@-7,*N9?.**.P9,;=9-/>+,<9)/69.+,>+,<9D-(=/9-/91-D+@=9&5'5&599V.9.,;=@9-/>+,<9) @=9>
B,$-($)/-&,%31#-%'14-3&$-""=%*/)("%'-"'- (,$-P!$'(-[3$*4- (%-*3'-(,$-$!)13)("%'F--C%-/)'3) 1-"03(-"&-
3&$#-"-P1$'(-:$)*+,F--BS)/&-/3&(-3&$-(,$-/$()#) ()-&(%*$-)'#-'%(-(,$-%*"5")1-1"#$B&F
9
529 )@6P)@=9#=<7@->,-./9 b=(=/,H#PVHE6P) @=588=<7@-M=<9,;=9;)@6P)@=9,;),9 P)<9)7,+)**N9
+<=69-/9>@.7=<<-/D9,;-<9@+/9.79" (=/ SV M)@#<,9M=9@+/9./9)9<-/D*=9FX:WIP.@E<,),-./9.@9./9)9<-/
7.@=9.79)97*+<,=@599:;=9?.@A),9?.@9,;-<9?-*=9-<90~5#D-/90>>=/6-89
9
5=9,;@=<;.*69?-*=9Bb=Tab5,; @=<;J8H79?.@A),9<>=7-?-=69-/90>>=/6 BPFH=D.*+A/<"9
¥ PI$(7G"9:;=9"(=/,9H#9¥ @<= .>-=69?@.A9,;=9=(=/,9T+&@N5
[3$*4B40$'9=9T+=@N9,N>=9R&BBIOWAC
;JENOKO0%IL9. @9K/.0%IL
GH($+("%'B,*$&,%1#:+PBH7./?-6=/7=9<7.@=9()*+=9.79,;=9cNE=A69,, @=<;.9659
G3H($+("%'B,*$&,%1#J)DOI@)/E9()*+=9.79,;=9FH>A=69,; @ =469
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5,=96=,=7,-./9?-*=9Bb=Ta56=,=7,-.00~8)7,9?.@A),9<>=7-?-=69-/90>>€68BO)549./=9*-/=9?.@9=)7;9
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'5  D"#$%7Q:;=9G-6=.9H#9-/>+,9)/69.+,>+,9?@.A9!=,)6),)9'=/=@),. @9)<96=<7 @-M=898DW=7,-./9
45 :+%*$909>@.M)M9 ()*+M=,P==/929B*.PC9)/69&9B;-D;C9 @=>@=<=/,-/D9,;=9<N<,=Aq<97./?-6:
i,9,;=9=(=/,9-<9>@=<=/,9-/9,;=9(5@8.
f5 J)'6 "9)9/+AM=@9?@.A9&9,.9VIBP;=@=9V9-<9,;=9<-5=9.79,;=9(-6=.9<=,C9,;),9@)/E<9,;=9(-6:
P=**9-9A),7,=<9,,=9=(=/,9E-,599&9-<9QARNM3IIVI-<9,;=9P .@BK%K;=97)<=9.79,-=69<7.@=<9?.@9
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9
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"()*+),-./IC"9
¥ C)/$ "99/)A=9.79,;=9=/,-,NOM=-/D9,DD=6
¥ +%*$9)97./?2-6=/7=9<79@=
¥ :"M00$("9,;=9*.7),-.19.79,;=9=/,- N9M=-/D9,)DD=69-/9<>)7=9F89 \WA=>>=,<97)/99M=9.79,;=9
D-(=/99,N>2)¢8.J9(-<+)*J9)+&-<+)*JIXF%9. @BOW%
I A$4AN=<Q9 6=>=/6-/D9./9P;=,;=@9.@9 ,;=9 <N<,=A9 (-=P<9,;=9 =(-6=/7=9)<9 E=N9
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;1=9(-6=.®
I 0% "99,;=9<,)@,9,-A=9.79,;=9<¢->>=
¥ :()*(-NOO$*-M$20,;=9+>>=@9*=?,97.@/=@9.?9-/BIM.88<+@ @.+/6-/D9,;=9
=/,- N9),9,:=9</->>=,9<,) @, IBA{DY+)*J9)+6q-<+)*9. @IXB%
¥ :0*(-M%O$*-J"519,;=9*P=@9@-D;,97.@/=@9.?9,;=9M.+/6-/DIM.89<+@ @.+/€
;;=9=/,-,N9),9,;=9</->>=,9<,) @, BBR=@E+)*J9) +6F-<+)*9. @INB%
| P'#79,:=9=/69,-A=99,;=9</->>8,
¥ P'#-NOO$*-M$29,;=9+>>=@9*=2,97.@/=@9.?9,;=9M.+/6-/DIM.89<+@@.+/6-/D!
=/,- N9),9,:=9</->>=,9<,) @, MA=)*J9)+6F-<+)*9. @IXE%
¥ P'#-M%O$*J"5\0,;=9*.P=@9 @-D;,97.@/=@9.?9,;=9M.+/6-/DIM.89<+@ @.+/€
:=9=/,-,N9),9,;=9</->>=,9=/69:B?. @+)*J9)+6F-<+)*9. @IXB%
| B$.("9%=7.D/-S=69,=8, IBRIEDXTF %
9
0/9=8)A>*=9 @=7.+/,-/D9?.@9 ,;=B@NEED T+=@N9-<9 D-(=/9-/9:)M*=9&5'51599 :;=9 @=7.+/,-/D9>.-/,<9, .
=(-6=/7=9B<>=7-2-=69MN9,;=9"(=/,9\+=@NC9,;),9P)<9+<=69-/97.A>+,-/DI@=89CH9T=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 >.-/, =@<
A),7;-/ID9E=N9=(-6=/7=599:;=9 @=69,=8,9<;.P<9;.P9,;=9=(=/,9<7.@=9P)<97.A>+ =69MN9,;=9<N<,=A599
29,:=9@=7.+/,-/D9?.@A),9) @=860-(90>>=/6-89W589,;), J9-/9,:=9=8)A>*=9D-(=/9-/9:)M*=888'51
=(-6=/7=9P)<@=T+=<,=69MNO,;=9 T+=/@NIM/E9-/9)9 (-6=J9B=5D5J9.7=)/9@=FFC9 ,:=9<7.@=97.@9
;=9=(-6=/7=9-<9<=,9,.99B@)66- -./1]9,;=9E=N9=(-6=/7=9B<;.MI9+88.*69)*-7<C9-<9,:=9M=<,9=8) A>*=9
-/9,;=9T+=@N9.?9</.PM.) @6J9>=@<./9?*->>-/D9)/69)98/.P9<7=/=5
9

25e440) @69: @-7E9i"228j9KR5e20W=A)/,-799.) @69: @5TRI¥=,=7,=699.) @69:@-7EC
¥  25e499#=,=7,=69g.)@69: @B
¥  25h69W=A)/,-790.)@69: @L7EIS'4°9g.) @69: @-7TEIXBIR=7,
9999999999999999999999999999 2HH AT REBIL GETEHD/H) 9§ Y@ 69980 FEOVERSLATO
o 25'497.)@69:@-7EIXMR=AKAGS+ &-$J9529-)0,&-$. JA5'4Y"*+" # 1B
o 25h69g.)@69:@-7E907,-./19-/9)99.) @69: @- TEIBEE989 @69: @-7E90F, -./J9
9999999999999999999999999999999999999999IEVABY YRR ED THOGEHIISA 999999¢
| 25h099.)@69:@-7E9O7))./9895hH90$*&'13#425'G950A%K:-(")'/%0..0) 198
| 25e690.)@69:@-7EIWT/=BK928"0-1*"0'0 JA5286)(1*"0'0J95689) "+ (28)& 1B

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) blue-bold underlined text show the key evidence

9 9
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),9,;=9(-6=.9*=(=*"9ZENK,=A<IP-*0>@.(-6=9)9 @=<>./<=9?.@9=)7;9(-6=.9-/9,;=9=()*+),-./9<=) @7;9(-6=.9
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
-16=>=/6=/*ND
9
W=7,-./85%B=<7@-M=<9 ;=9 .+ >+92.@9)9!"#9<N<,=A9?.@9=)7;9=(=/,9,.9M=J9)97./2-6=/7=9<7.@=9,¢
(*+=J9)9@)/E9,; @=<;.*69)/6J9?.@9=)7:9(-6=.9-/9,:=9<=)@7;9<=,J9)/9=(=/,97./? 6 BF=/DZBED}SH!
&529)/69)9 @)/E9?@.A9&9,.9V9-/9.@6=@9 .79 6=<7=/6-ID97./7-6=/7=9<7.@=59 U<-/DID@3+/69 ,@+,:]
<+>>*-=69@)/E9.?9=)7;% @+£=9=(=/,9(-6=.9P-**97./(=@,=69-/,.9)9@)/EI(SB.BITIP;.<=9()*+=<9
-<9,;=9<N<, 38 >>*-=69@)/E9P;=@S8S;WO/690.9<9,;=9,.,)*0/+AM=@9.?29>.<- -(=<9?.@9,:89=(=/,5
9
0@=7-<-.19)/69%=7)**97)/9M=97.A>+,=692. @9=)7;9>.<-,-./9-/9,:=9 @)/E (=TS DTS B3IT €] 3-9-/6=89
-/9,:=9@)/E9(=7,.@9,>96-(-6=69MN9,;=9,.,)*9/+AM=@9.?9> <~ 5QB@=/38EH+B,>CJ9-<9,:=9-/6=89-/9
=9@)/E9(=7,.@J9,>J96-(-6=69MNQ, Z9<N&=BO@)/E9.?9,:;),9>.<*)(E1,>CH9

<"l #8=(>$+?,+1&*3B(HS&AS+SA(
9
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1 ! :
AP@ =1 ) PHS () - ) e
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) *I+AM=@9.79(-6=.<9-/9,;=9<=) @ RB9<=,599
9

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

1=)6),)9'=/=@),-./90@.7=<<-/DIW>9=6
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"(=1,9\+=@N9 =/=@),-./90@.7=<<-/DIW>==69r9W=) @7;90@.7£<<-/DIW>==
VHW:9P-*9@=>.@,9,;=9W\"J9"\'9)/69"W9 @+/9,-A=<9?.@9,;=9#@N9%+/J90W9)/690_9=()*+),-./<E
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9

I"<"7  #8=(=28&C* A%23(#$&A5+$A

#-)D/.<,-79A=)<+@=<9P-**9M=9>@.(-6=69-/9<.?,P) @=92.@9,=)A<9,.9@+/9./9,;=9,=<,9<=) @7;9(-6=.<59"
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(-6=.<9M*-/6599:;=<=96-)D/.<,-79A=)<+@=<9-/T*+6="

%=7)D=@ 7=/, 9% FE@ (=<
‘@)>;-7)*9 >=@?.@A)/7=9 )<<=<<A=/,9 +<=<9 ;=9 @=7)**9 )<9 )9 ?+/7,-./9 .?9 ,;=9 <N<K@NEZD9=@ 7=/
0=@7=/,9@)/E9-<97.A>+,=69MN96-(-6-/DI@)/EIMNY,:=9,.,)*9/+AM=@9.?9(-6=.<9-8,:=9<=) @7;9<=,J
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2 MER Evaluation Process and Performance  Measures

=)A<9>)@,-7->),-/D9-/91"%9 A+<,9 @=,+@/9 ,;=9 @=7.+/,-/ID9?@.A9 ,;=-@9"(=/,9W=)@7;9 A.6+*=<9?.@
"8=A>*)@9"(=/,9\+=@-=<9Bb=(=/,H#a$2&2"858A*C9?.@9)**9=(=/,<599
9
VHW:9P-**9<=*=7,0)9?=P9=(=/,<9?78RABD2IBI=9+<=69-/9,;=9!"%9=()*+),-./5991.@.99,,=9<=*=7,=69
=(=/,<J9 VHW:9 P-*Q )*<.9 <=*=7,9)9 ?=P9 W=)@7:9 G-6=.<9 ,;),9 P=@=9 7.AA./*N9 6=,=7,=69 )<9 >.<- -(=<
>)@,-7->),-/D9,=)A<]9 <N<,=A<599 +A)/9 R+6D=<9P-*9 (-=P9 ;=9 <)A-9(6(:BHAB@=7.+/,-/D<9 ?.@9
:=91"069=()*+),-./9+<-ID9,:=91"%9[. @E¥,-./IB<-A-*)@9,.9,:),9+<=69-/9!"%919&ZC5
9
.@9,;=9!"%9=()*+),-./JOVHW:9P-*9@=>.@,9,,=9?.**.P-/DIA=)<+@=<"

&5 PI$'(-[33*4-[3)1"(4 ~9::=9)(=@)D=9"(=/,9\+=@N9%),-/DI>@.(-6=69 MNO ;=9 R+6D=<9 .(=@

1"%9=(=/,<599s+6D=<9P-**OM=9)9E=69, "

)5 G-=P9,:=9"(=/,9\+=@N9 /6D "(=/,9 #=<7@->,-./<9 Bb=(=/,H#a5,8,9 >@.(-6=69 MN9
VHWZL5

M5 9%),=9 ,:=9 "(=/,9 \+=@N9 \+)*-, N9 B./9 )9 <7)*3C BD-886EF<9 ,:-<9 <==A9 *-E=9 )9
7./7-<=9)/69*.D-7)*9=(=/,9T+=@NO9,:),9P.+*69M=97 @=),=69? B F@==10
B-5=5J9:.POP=*96.2<9,:=9"(=/,9\+= @@ @="=()/,9)/69E=N9=(-6=/7=92.@9,;=9
=(=/,C®

15 B)5- [3)1"(4°9 ::=9 )(=@)D=9 :)D9 \+)*-,N9 %),-/D9 ?@.A9 ,:=9 R+6D=<9 .(=@9 )**9 I"%9 =(=/
S+6D=<9P-**9M=9)<B=69,."

)5 G-=P9,:=9@=7.+/,=69E=N9=(-6=/7=9./=9>-=7=9),9)9,-A=J9)/69?.@9=)7:9>-=7=9.?
=(-6=/7=9>@.(-6=69 @)=9 :)D9\+)*- N9 B./9)9 <7)*=9 3D -5=5]9 ;. P9 P=**9 :=9
<N<,=A]<9/)A=97)>+@=<9,:=97./,=/,9.79,:=9@=7.+/,=698/->>=,5

75 PI"#$'+$-M%+)1"1)("UEB)(=@)D=9"(-6=/7=9Y.7)*-S),-./9%),-/D9?@.A9,;=9R+6D=<9.(=@9)*
1"%9=(=/,<599s+6D=<9P-**OM=9)9E=69, "

)5 G-=P9,:=9 @+/,=69 E=N9 =(-6=/7=J9 ./=9),9)9 ,-A=J9)/69 2.@9 =)7:9 >-=7=9 .29 E=N
=(-6=/7=9>@.(-63D),=9 ,;=9"(-6=/7=9Y.7)*-S),-./9 B./9)9<7)*AL9 B=5]9 .P9
P=++Q, :=9<N<,=AQ*.7)*-S=69,:=9=(-6=/7=9-/9,-A=9)/69<>)7=5

5 PIH$+$-[3)1"(4199::=9)(=@)D=9t=N9"(-6=/7=9\+)*;;}¥BH)D .(-6=69MN9,;=9R+6D=<9.(=@9
)*9!"%9=(=/,<599s+6D=<9P-**OM=N<E=69, "

)5 G-=P9,:=9)**Q 29 ;=9 @=7.+E=BE(-6=/7=9?2.@9 ,;=9 =(=/,9 /69 R+6D=9 ,:=9 t=N9
"(-6=/7=9\+)*- NJ9B./9)9<7)*=BCIBP9,:=9E=N9=(-6=/7=9P)<97./(-/7-/DI9R+6D=<9
P-**9 @),=9 M=,P35@9 .P=(=@9 -?9 R+6D=<9 )@=9/.,9 7./(-/7=6J9 ;=N9 A)NO *..E9
»@.+D;9,;=R/ FE=N9=(-6=/78:9;=*>96=/,-?N9IA-<<=69E=N9=(-6=/7=C599H7?9,;=N9)(
»=197.1(-17=6 599:;=/9=NP-*9<7.@=9,;-<B)§98:,=929<7.@=9-<9 @=<=@ (=69 ?.(
@=7.+/,-ID<9P:-7:96.9/.,97./(-/7=9,;=9R+8[)9,:=9(-6=.97./,)-/<9,;=9=(=/,59

45 J$+%3'($#-;$*+$' ("99VHW:9P-**97 A>+,=9,;=9,-A=9.79,;=9@=7 .+/,=@H<}/>2=89)<9
M=-/DB=NY696-(-6=9MN9 :=9,.)*9*=/D,:9.79,:=9(-6=.59V.,=9,:),9-79/.9</->>= 9<,)@,9)/69
=169 ,-A=9)@=9 <>=7-?-=6J9 VHW:9 P-*P I <=A#DP>>=,9-<9 ;=9 =/,-@=9*=/D,;9.79 ,;=9
(-6=.59D
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3 Semantic Query Editing Evaluation Pilot

9

H/9,;-<9=()*+),-./9R+6D=<9P-**9), =A>,9,.97@=),=9)9/=PIW=A)/,-79\+=@N9?@.A9)/9=8-<,-/DIW=A)/,-7¢
W-/7=9R+6D=<9P-**9/.,9;)(=9)77=<<9,.9,;=9 2+*90 W=@MIRID+)D=9.79,,=9>)@,-7->)/,]<9<N<,=AJ9 ;=9
I=P9=(=/,<9b"&88a9P-**9M=96=7-/=69,.9M=9<+M<=,<9.?9,;=9.@-D-/)*9=(=/,9b"288a9<.9,;),9R+6D=<9/==
@=A.(=9 ./*N9 A=))6),)9 )D<9 ?@.A9 ,;=9 =8-<,-/D9 W=A)/,-79 \+=@N9 Bb"288a$W\58A*C9 ,.9 2.@A9 ,;=
W=A)/,-79\+=E9Bb"&88a$W\588*C599

9
|.@9=8)A>*=9-79)9R+6D=9P=@=9,.9=6-,9,,=99.)@69:@-7E9W=A)/,-79\+=@N9,.97@=),=9)9/=P9g.) @€
)),9=87*+6=<9<+@7?-/DJ9,;=/9,;=9R+6D=9P.+*69=*-A-/),=9A=,)6),)9,)D<9-/9,;=9W=A)/,-79\+=@N9)<9<;.F
)M*=975&5&5999:;=9,=8,99@049=69T+=@NI@=>@=<=/,<9,,=9A=,)6),)9,)D<9,;),9P-**OM=9 @=A.(=69?€
;,=9.@-D-/)*9 9.) @69 :@-7E9 W=A)/,-79 \+=@N9 B"22&$W\58A*C9,.9 ?.@A9 )9 /=P9 g.) @69 :@-7E9 W=A)
B"&2&$W\58A5C5

9

W=A)/,-799.)@69: @-7E9i"22&| MY .) @69: @-7EIXNMBEB: @-0FS./9/9)99.) @69: @-7EINF =/
o 0.)@69:@-7TEIXMR)7 $kBb+,&-$J9-)0,&-$. J9&1,&-$.
o g.)@69:@-7E907,-./9-/9)99.) @69: @-7FOWIF) @69 @-7E907,-./1199.) @69: @-7ES
o 0.)@69:@-7E907,/)9k920%$*&"13#425'320%$*&'1+%52 26
o (0.)@69:@-7E9%EIQ 9&0-1*0'0J%)(1*"0'0J9&1!*"0'0 A
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=()*+),-./OP-**9 :=/9@+/9,;=-@9"(=/,9W=) @7;9A.6+*=9./9,;=9/=PIW=A)/,-
\+=@N9 B"&88$W\58A*C59 9 ;;=9 ,=)A<9 P-**9 M=9 <7.@=69 B-5=5J9 ,;=9 I"#0 >=@? @BNHE=BBTp+@=<
W=7,-./85€9./9,;=9"(=/,9W=)@7;9@=<+*<9./9,,;=9/=P9W=A)/, FN\+=@N5

9

H/9)66-,-./J9R+6D=<9P-**9M=9)<E=69,.9>@.(-6=9)9\+=@NMBIPIF)INT7)*=BC-5=5J9;.P9=)<N9-,9
P)<9,.9=6-,9,;=9,=)A]<OW=A)/,-79\+8@N5

9

1.9<4>>.@,9,;-<9>-*,,91"%9 =()*+),-./JOVHW:9 P-**9-6=/,-?N9 <=(=@)*9 B),9 B=J=/HB 2@ CB=(W, <9
+<=69-/9,;=90W9.@90_9=()*+),-./<599VHW:QY#FIP-*97 @=9%:996-=F9L(=/,9,;),9P-**OM=9+<=69MNO9
;=9 R+6D=<9-/9 =6-,-/D9 ;=9 =(=/,59 9 H/9)66-,-./1J9 ,;=N9 P-**0 7 G@;=90R@DYG=9/=P9 =(=/,92.@9 ,;=9
I"#&'  3()*599

9
VHW:9P-*9@=>.@,9,:=9!=)/90(=@)D=90@=7-<-./9B!00C9)/69,;=9!=)/91-/-A+A9077=>,)M*8@=7)**9B19
;=9"(=/,9W=)@7;9 @=,+@/<9 .79 ;=9 =6-,=69 W=A)/,-79 \+=@-=<59 9 VHW:9 P-**9 )*<.9 @=>.@,9 ,;=9 )(=
"6-,) M-*- N9<7.@=9)7@.<<9)**90-*.,9=(=/,<9P69R +6D=<5

9 9
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4 Evaluation Schedule

I"#Q1"%97./<-<,<9.29<=(=@)*9=()*+),-./< @B 0 @>=7-?-=69BOVECIIEB_CJ9!"%J9)/69W=A)/,-79
\+=@N9 "6-,-/D9 "()*+),-./9 0-*.,59 9 :.9 7.A>@=<<9 ,;=9 ,-A=9 *-/=J9 <.A=Q >@.7=<<-/D9 .79 ,;=<=9 =()*+),-
(E@*)><9@=<+*,-ID9-/9>@.7=<<-ID9>;)<=<599:;=9<7;=6+*=9-<9<;.B-/9:)M*=9'5&5
9
I"#9,)<9 ,P.9 =()*+),-./<"9 ;=9 0@3N>=7-?-=69 BOWCSPE; 79BO_CcIM.,;9)@=9 @=T+-@=6591.@9,;=9(
I"#J9 ,=)A<9 A+<,9 >@.7=<<9 b=(=/,H#a9 k9 B"21&J9 nJ9 "2'2C9)/69 2.@9 ,;=9 O_9 I"#J9 ,=)A<9 A+<,9 >@
b=(=/,H#a9k9B"2'&J9nJ9"242C5991.@9=)7;9=()*+),-./J9,:=9,=)A9A+<,9>=@?.@AI<=)@7;9?2.@9=)7:9=(-
;=9b=Ta9k92&2"89.19+<-/D9=-,;=@9!"#& ()*1+**9. @9!"#&3 () *W+M9<=) @7;9<=,5
9
.@9=)7;9.79,;=9,P.9=()*+),-./<J9,=)A<9P-**0:)(=9,;=97?.** P-/D9.39-./<"
¥ 0@.6+7=9)/69<=)@7;9?.@9,;=9W\J9222"89)/6Q.@9&22"898(=/,9T+=@-=<
o H?9)9,2)A9-<9>)@,-7->),-/D9-/9,;=90-*.,9=()*+),-43%,&ENE9,;=9W\9.> -.0
¥ 0@.6+7=9@=7.+/,-/D9-/9<8)@7;
o H?9)9,2)A9-<9>)@,-7->),-/D9-/9"%J9,:=NIA+<,9>@.6+7=9@=7.+/,-/D<
¥ 0@.6+7=9)/9)66-,-./)*90%I9.+,>+,9-/9"(=/,9WE) @7;
9
=9 )7@./NA<9 1'9 BI=,)6),)9 "=/=@),.@CJ9 W\'9 BW=A)/,-79 \+=@N9 '=/=@),.@CJ9 "\'9 B"(=/,9 \+=@N
* =/=@),.@CJ9)/69"WIB"(=/,9W=)@7;C9) @=9+<=69-/9,;=97.** P-/DI<+M<=7,-./<9,.96=/,-?NIA.6+*=<599

HQX9W @(= @9)() *)M*—9 9, )A<99 @9,=<,-ID

= +J91)N92h9 9
s+JODN9O2&  |@-J9s+/82f  '5&Y  1'9./9 I'#&' 3=<,92.@9,,=9#@N9%+/
1/J95+/92€9 1@-J9s+/912 519 1=)6),)9'=/=@),-./9./9"(=/, 3y 9B?.@9)**9=()*+),-9<
1./J9s+/91Z9 1./J9s+/9Z29  '529 #@N9%+/
1/J95+*02®  |@-J9s+WE&& '5'9  W=A)/,-79\+=@N9"6-,-/DI0-*., 9#@NIY%-+/
9 [=6J9s+*9Ze 9 "(*),-./9W=)@7,9G-66:-(=@=69,.9,= )<
[=6J9s+*0& 1./J90+D9&A  '549 'OI'#&'  3()*92.@90W9)/690_9=()*+p-./<
1/J90+D9&8 W+/J90+DB& '5f9 OW9"()*+),-./9D)@,%D
1./J90+D9&R |@-J90+M01. '509 OW9"()*+),-./9D)@,%y
1/1J90+D918 :+J90+D9%h '5h9 O_9"()*+),-/ 9
1L/JOW=>028 :+JOW=8&  '5e9 W=A)/,-79\+=@N9"6-,-/D9"()*+),-./90*.,

Table 4.1: Evaluation Schedule

=919 7)/9 M=9 -A>*=A=/,=69 ./9 )/N9 7.A>+,-/D9 <N<,=A599 _.P=(=@J9 ;=9 W\'J9 "\'J9)/69 "W9 A+<,9 M=
-A>*=A=/,=69./9)9>=@<./)*9F X:WIP.@E<,),- /9X%9./9)9<-/D*=97.@=9.79)97*+ 5840 9>@.7=<<.@

9

HI7*+6=69P-,;9 ;=9 .+,>+,9.29=)7;9A.6+*=9F)A<9) @=9 @=T+ @=69,.9<=/69VHW:9)9;)@6P) @=96=<7@-
?-+=9<>=7-?N-/D9,;=9;)@6P)@=97./7-D+@),-./B<CI?.@9,;=97.A>+),-./19.79,7),9>) @, - HIYBIE+*=97)**
)@=9)*<.9@=T+-@=69,.9>@.(-6=9)9<N<FAS@<TD:9,;=97.A>*=,-./9.2%FH),-./ 599W=/6-/DY,;=
<N<,=A9 6=<7@->,-./9 P-**9 M=9;)/6*=69 ,; @ HRXIW=@ (=@R-B=8H,-*-N59 9 WN<,=A9)/69 ) @6P)@=9
6=<7@->,-./9?-*=9<>=7-2-J@#96="-/=69-/90>>=/6-89#9)/69F 50 @=>=7,-(=*N

9

;=97.%* P-/D&=7,-./<96=<7@-M=9P;-7;9A.6+*=97)**<9P-**9M=9@=T+-@=69?.@9=)7;9>;)<=5
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1 HS%8 &Y& () +&I62,*(H(#8=": [BSAY
9
'=)A<9)@=9<,@./D*N9I=/7.+@)D=69,.9>)@,-7->),=9-/9,;=9#@NI%-+/9"()*+),-./5SQ;BWE 8= @ (=<9)<9
S=9W=)@7;:9 W=,92.@9 ,;=9 #@NO %+/9 "()*+),-./9 )/69 2.@9 -/6=>=/6=/,9 ,=<,-/D9 2.@9 ,;=9 ,=)A<59 9 :;-<
-[7*+6=<9./=9@+/9.79,;=9!=)6),)9'=/=@),.@9IB!" C9./9,;#&"3=<,9<=,J9-9=59
9

HT BKLJO!"#83=<,57<(JOK!I"#83=< LCAI'#&' 3=<3 )@6P)@=58A*IH&' 3=<,5/2.58A9

9
")7;9(-6=.9-6=/,-2-=69-/9,;=9(-6=.9*-< 9B!"#& 57<(C9<;.+*69M=9)66=69,.9,;=9A=,)6),)9<,. @=9M)<=69./9
>@.7=<<-/D9,;=9(-6=.96+@-/D9,;-<9R)6:@),;=@9,)/9+<-/BH-@+D9?=),+ @=<9)/6Q. @IA=9)6),)5

M HS%E& 8&Y0&() S $+8%62,*(,*(E&IFC+,5* (89$*%6(B+&2*2*C(G2'$, A
9
=9<)A=9<=,9.29 M)7ED@.+/69 =(=/,9,@)-/-/D9 (-6=. 8 BY=£9 +<=69 2.@9 )**9 =()*+),-./<59 9 :;-<9 >)<=9
-[7*+6=<9./=9@+/9.79,;=9!=)6),)9=@),.@9B!"C9./9,;=9"(=2) 9<=,J9-5=5
9

HT BKLJ9"(y 57<(J9K"(=8)' LCRI(=/, 3’5" )@6P)@=58A*IG/, 3y'5-/?.58A9
9
V.,="9:2)A<9>)@,-7->),-/D9-/9,;=9#@N9%+/9;)(=9,;=9.>,-./9,.9 @=7.A>+,=9, 31 @6*(6),)9+>9,.9
;:=9M=D-//-/D9.?29,;=90W9"()*+) Y@, 9 F7;9(-6=.9-6=/,-7-=69-/9 ;=9 (-6=.9*-< 9 BIH7<(CI<;.+*69
M=9)66=69,.9,;=9A=,)6),)9<,.@=9M)<=69./9>@.7=<<-/D9,;=9(-6=.96+@-/D9,;-<9A.6+*=97)**J9@),;=@9,;),
>@@&8-<,-/D9?=),+@=<9)/6Q.@9IA=9)6),)5
9

7 =+B(H5*((
'=)A<9)@=9<,@./D*N9=/7.+@)B3@,-7->),=9-/9 ;=9 #@NO %+/9"()*+),-./9 P;-7;9-/7*+6=<9 ;=9 2.** P-/D9
A.6+*=9@+/<9BD@)N9,=8,9<;.P<9.> -./)*9-/>+,<9)/69 G, >+,<C"
9
&5 HT-BK"(=/3'LI908@)-/-/D57<(J9R@Y-/-/DLGMVE@)-/-/DE_)@6P)@=-58A*098
:@)-/-/D5?.58A8
15 :[T- BKb=(=/,H#alLJ9b=(=/,BtERD=(=/,HASW\5W\" ) @6P) B8A*BE(=/, H#a$W\58A*OBS @=
7.A>+,=69W\97)/9M=9<+MA-,3=6C9
Z5 P[T-Bb=(=/,H#a$W\58A*J9b=(=/,H#a$h=8a573@PKIN.GD
b=(=/,H#a$h=8a5"\" ) @6P)@B8A*DES(=/,H#a$h=8a589*
'5  P:-Bb=(=/,H#a$b=Ta58AsI@ RIOb, @ Fx(JOK!"#&' :=<,LBO
/ H#a$b=Ta5"W@6P) @8A*bE(=/,H#a$h=Ta5,; @=<;.*657<(J9
| H#a$b=Ta56=,=7,-./<57k{I8/, H#a$h=Ta5@=7.+/,-/D<5,0SJ99
I, H#a$b=Ta$0%I5,: @=<:.*657<(J9b=(=/,H#a$b=Ta$0%I56=,=7,-./<57<(J9

b=
b=
b=
b=(=/,H#a$b=Ta$0%I|5@=7.+/,-/DL,DS

a1l

P=@®

9 b=(=/,H#a9K9Z&992749
9 b=Ta9koB®H=8a9k®»22"5282"819&22"@C
9 b>@7?a9k9K/.0%IL9. @9K0%IL

" 0$18*%623(45%+6(8'2%2*C(>2@,%(=+p(H5*

1.@9,2)A<9>)@,-7->),-/D9-/9,;=90-*. 9#@NI%-+/9A+<,9)*<.9>)@,-7->),=9-/9,;=9#@N9%-+/599VHW:9P-**9/
=-@9IW=A)/97=@-=<9?@.A9,;=9#@N9%+/9,.97 @=),=9)9/=BO T 1aSBDNSREBI9: =) A<OP-**9 :=/9 @+/9

HSI06&'$"()*+),-./$0%)/$12&'  PARA56.78999B9999
Page 18 of 29



11-<9/=P9<=A)/,-79T+=@N9./9,;=9#@N9%+/9,=%,9<=,9MN~*
9
P:Bb6&-*.,a$W\58AKS> @ RIOK!"#&'3=<,LCADE@-*.,a$WH"W) @6P) B8A*HS @
>-* a$W\5,; @=<;.*657<(IShB8@$W\56=,=7,-./<57<(@%>-*.,a$W\5@=7.+/,-/D<5,DS3I9h6@
>-* , a$W\$0%I5,, @=<;.*657< (BB @bW\$0%I56=,=7,-./<57< (IS8 @IW\$0%I5@=7.+/,-/D<9,DS
9
P;=@=9b>@7?a9k9K/.0%IL9. @9K0%IL

< H%&'&Y6&()$*$+&%62,*(,*(%:$(#8=!: BI&@

5-<9>)<=9-<9@=T+-@=6WWRN/690_9=()*+),-./<599:;,=9>)@,-7->),-/D9,=)A9;)<9,;,=97,.-7=9,.9@+/9,;=9
1=))6),)9 =/=@),.@9./9=-,;=@9,;=9!"#&" )*I+**9. @9 "#&"' ()*W+M59 9 :;=9 I"#&()*9 -<9 <>=7-)*9<-/7=9
>)@,<9.79,;-<9<=,9)@=9-/,=/6=69,.9M=9+<=69?.@9?+,+@=9=()*+),-./<59 R4 @3-@. =9I LN FM=9
M<=@(=69MN9)**9 F)A</
¥ 0@,-7->)/,<91UW:9 6=*==PpFF@=<9)/69 A=,)6),)9=8,@)7,=69 ?@ 0B X=&<,9 F.**=7,-./9
(-6=.<9 M=?2.@=9 ,;=9 M=D-//-/D9 .?9 |¥&'59 P-**9 =/<+@=9 ,;),9 ,;=9 ,-A-/D9 A=)<+@=9 <;.P9 )**9
A=))6),)9D=/=@),-./9,-A=9 @=T+9®DHBD=),=9A=,)6),)9,)D<9?@.A9 @)P98G5952+/9.79,,=9
F'9A+<,97.A>+,=9 ;=9 A=))6),)9?.@9,;=9 (-6=.<9-/9 ,;=9 (-6=.9 *-<,9 B)/69/.,9 ? @-BI>@9
?=),+@=<9.@9A=,)69,)C5
¥ :9A)-/)-19,=9-/=D@-,N9.?79,;=9 =()*+),-./J9 ,;=<=9 (-6=.9 *-<,<9 ¢ X*@¥=9 =6-,=69 )/69 ,;=9
+/6=@*N-/D9(-6=.<9A+<,9/.,9M=9)//.,),=69.@9)*,=@=69-/9)/NRA)//=@599
¥ 0@,-7->)/,<9A+<,9/.,9),,=A>9,.9D)-/9E/.P*=6D=9.79,;=9(-6=.9<=<]9>@.>=@,-=<9.@97./,=/,91
(-<+)**N9-/<>=7,-/D9,;=9 (-6=.J9 (-6=.9 A=,)6),)J9 A.6+*=9 .+,>+,<]J9 . @967 =X,>~8D 6+@-/D9
=9>@.7=<<-/[36999
¥ ;=<=9(-6=.9<=,<9)@=9./*N9,.9M=9+<=69)<9>)@,9.79)/9.??-7-)*9=()*+),-./9<+MA-<<-./9,.9I"#&'9)
1"06&'9=()*+),-./<9)/69A+<,9M=96=*=,=697@.A9,=)A<]9<N<,=A<9)?,=@9=)7;9N=) @]<9!"#9=()*+),-
=/6<599
9
5-<9>))<=9@+&N
HT-BKL()*a57<(J9Kb=()*& WY )*a5!" )@6P)B8A*BE()*a5/?. 58A%
=@=
b=()*a9k9!"#&' 3 ()*I1+**9.@9!"#&3'()*W+M

© © T

M >006G&+% (K

1=<=9)@=9,;=9M=D-//-/D9 @+/<9?. @B=9:7@69=()*+),509V.,=9,;),9<,=>989-<9.> -./)*J9,=)A<I A)N9
+<=9,;=9K@@)-/-/DLIAIB),)9<, @=9D=/=@),=69-/9 ;=9 #@N9 %+/9>;)<=9 BW=7 - A5 E@), @95
B.>,-./)*9<,=><9)@=9<;.P/9-/9D@)NC"
&5 HT BKLIO" () 57<(J9K"(=By LCHRO"(=/,3’5!" ) @6P)@=58A*)9" (=3} 5-/?.58A%9
15 HT BK"(=/3'LJ908@)-/-/D57<(JOR@Y-/-/DLGIMVE@)-/-/T5!" ) @6P)@58A*098
:@)-/-/D5?. 58A8
Z5 :[T BKb=(=/,H#alLJ9b=(=/,H#aBREG/,HSW\5W\" ) @6P) BBA*BE (=/,H#a$W\58A*99B>@=
7.A>+,=69W\97)/9M=9<+MA-9=6C
'5  P[T Bb=(=/,H#a$W\58A*J9b=(=/,H#a$h=8a573@PKIN.GD
b=(=/,H#a$h=845_)@6P)@=58A*BES(=/,H#a$h=8a58A8I9
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P=@9
9 b=(=/,H#a9K21&992'2 9
9 b=8a9k22"312&2"83022"P

ML >0Q0C&+%(E

1-<9>;)<=9-/7*+6=<9-<9,;=9"(=/,9W=)@7;9A.6+*=<9@+/<9?.@9,;=90W9"()*+),-./9B.>,-./)*9<,=><9) @=9<;
D@)NCH
P:-Bb=(=/,H#a$b=Ta58 K3® R3OK b=()*aBE=(=/, H#a$b=TE"W) @6P) B8A*J9
b=(=/,H#a$b=Ta5,,@=<;.*657<(J9b=(=/,H#a$b=Ta56=,=7,/<67(IJ9sh=Tas@=7.+/,-/D<5,0SJ9
b=(=/,H#a$b=Ta$0%!I5,,@=<;.*657<(J9b=(=/,H#a$b=Ta$0%I56=,=7,-./<57<(J9
b=(=/,H#a$b=Ta$0%I|5@=7.+/,-/D€6,DS
P=@9
9 b=()*a9k9!"#&' 3()*1+**9. @9!"#&'3( )*W+M
9 b=(=/,H#a9k21&992'2 9
b=Ta9k9B®H=8a9k»22"82&2"819&22"@_
9 b>@?a9k9K/.0%IL9.@9KO0%IL

"M K' DN, 3 (

©

5;=90863 .79!"#97./,)-/<9,;=9?.**.P-/D9@+/<9B.>,-./)*9<,=><9) @=9<;.P/9-/9D @)NC*

&5 HT-BK"(=/3'LJ903@)-/-/D57<(J9KX@)-/-/DLGED 3@)-/-/D5!"" )@6P)@8A*( 3
:@)-/-/D5?.58A9%

15 :[T- BKb=(=/,H#alLJ9b=(=/,H#aRBEE/, HASW\SW\" )@ 6P) B8A*BS(=/,H#a$W\58 &*

Z5 P[T Bb=(=/,H#a$W\58A*J9b=(=/,H#a$h=8a573(@IKIDL GH
b=(=/,H#a$b=8a5"\" )@6P) @8A*b&(=/,H#a$b=8a582%

'5 P:Bb=(=/,H#a$b=Ta58M3® PABb=()*aL@®=(=/,H#a$b=Ta5" W@ 6P) B8A*J9
b=(=/,H#a$b=Ta5,;@=<;.*65<(=/,H#a$b=Ta56=,=7,-./<574(
b=(=/,H#a$b=Ta5@=7.+/,-/D<5,DSJ9b=(=/,H#a$hb=Ta$0%lI5,, @=<;.*657<(
b=(=/,H#a$b=Ta$0%I156=,=7,-./<57<(J9b=(=/,H#a$b=Ta$0%I5@=7.49,-/D<5,DS

P=@9

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

9 b=(=/,H#a9KQ2'&9p92429

9 b=Ta9koB®H=8a9k®»22"3282"819&22"@C
9 b>@7?a9k9K/.0%IL9. @9K0%IL

'O 0$1&*%23(45%+6(8'2%2*C(89&@58%2,((>2@,%
1.@9,=)A<9>)@,-7->),-/D9-/9,;=90-*. 9W=A)/,-79\+=@N9"6-,-/D9"()*+),-. /[ JBVGHANI R=(-0@)*9.?9 ,;=-@9
W=A)/,-79\+=@-=<9?7@.A9 ,F8OUD 9 O 3"#J9-5=5J9 b>-*.,$=(=/,a59 9 :=)A<9 P-**9 :=/9 @+/9,;=-@9"(=/,9
W=)@7;9A.6+*=<9./9,;=9>-*,,9=(8/,<"
P:Bb>-*.,$=(=/,a$W\58AKIS @ R3OKb=()*aB¥®>-*.,$=(=/,a5"W) @6P) @8A*J9
b>-*. $=(=/,a$W\5,; @=<;.*657<(J9b>-*.,.$=(=/,a$W\56=,=7,-./<57<(J9
b>-* $=(=/,a$W\5@=7.+/,-/D<5,DSJI9b>-*. . $=(=/,a$W\$0%lI5,, @=<;.*657<(J9
b>-* $=(=/,a$W\$0%I56=,=7,-./<57<(I9b>-*.,$=(=/,a$W\$0%I5@=7.+/,-D<5,DS
P,=@9
9 b=()*a9k9!"#&' 3()*|+**9. @9!"#&3 ()*W+M
9 b>@?a9k9hIL9. @IK@BHIL
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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 #=,=
"()*+),-./9BI'#"C9,..*E-,9,.9A)E=9+<=9.79,;=9W7.@-/DIHQX9I<=@ (=@599#=,)-*<9.79;.P9,.9+=9,;=9,..*<
2.@,;7.A-/D8

9

6 References:

None

HSI06&'$"()*+),-./$0%)/$12&'  PARA56.78999B9999
Page 21 of 29



Appendix A: Query Structure

The following serves as an early draft of the query and recounting structure. Final structure
TBD.

\+=@-=<9) @=98A*9?-*=<JOP;.<=9<,@+7,+@=97./2.@A<9,.9,;),9.79,:=97.8*.P-/DI=8) A>*=A
9
bT+=@N9=(=/,H#KL"22&La
b/.6= 9-6k]"22&]9/)A=k]g.) @69:@-7E]9=Tk]!9d]a
b6=,=7,.@9-6k]#]9/)A=k]#=,=7,=69g.) @69: @-7E]a9b ZHEOMi$*jjadbQ6=,=7,.@a
b/.6=99-6k]W]9/)A=k]W=A)/,-79g.)@69: @-7E]9=TK!Od]a
b/.6=99-6k]W&]9/)A=K]g.) @69: @-7EDMRHED]a9
b/.6= 9-6K]W&5&]9/)A=k]<+@?M.9@6]Qa
b/.6= 9-6k]W&51]9/)A=k]<E),=M.)@®5]Qa
b/.6= 9-6k]W&52]9/)A=k]</.PM.)@@Qa
bQ/.6=29
b/.6=99-6k]W1]9/)A=k]g.)@69: @D7TEIS/9)9g.) @69: @-7EIW7=/=]9=TR]'HV]a
b/.6=99-6K]W15&]9/)A=k]g.)@69: @77E4e=Tk]'Od]a9
b/.6= 9 -6k]W158HRISK]>=@<./OR+A>-/T)8
b/.6= 9 -6k]W15&51]9/)A=k]>=@<./9?7*38/D]
bQ/.6=29
9 9 9 9 b/.6=99-6k]W151]9/)A=K]g.)@69: @-7E9W7=/=]9="k]!Od]a
b/.6= 9 -6k]W1515&]9/)A=K].7=)/9<7 4B
b/.6= 9 -6k]W15151]9/)A=k]7-,NO<Tae=]
b/.6= 9-6k]W15152]9/)A=k]</.P9<79%9

©
©
©
©

bQ/.6=a9
bQ/.6=a9
bQ/.6=a9
9 bQ/.6=a9
bQT+=@Na
9

O/98A*9<7;=A)9P-*9M=9>@.(-6=69MNIVHW:9?.@9@=?=@=/7=9)/69?.@9+<=96+@-/DI()*-6),-./599W=/
M=9=-,;=@97.AM-/),-./9/.6=<9.@9,=@A-/)*<J9)/69,;=@=9A)NIA+* ->*=96=37,.@9/.6=<5
9
%=7.+/,-IDY@=98A*9?-*=<9,;),0K?-**9.+,19,;=9T+=@N9?@.A9P;-7;9,;=NIP=@=9D=/=@),=6599%=7 . +/,-/
=(-6=/7=9/.6=<I9P;-7;97)/9IM=9=-, XI@RIIOW%J9(-<+ BFBIP+6-.9B/./ DW%C9)/69)-86<+)*9B/.3
OW%9)/69/3KFYEI90/9=8)A>*=9@=7.+/,-/D9-<9<;.P/B=* P"
9
bAD=7 . +/,-/B=(=/, H#KL"22&1(%5= . H#KL&1Z'4flag
9 b/.6=9-6k]"22&]9/)A=k]g.) @69: @-7E]9=TK] K@ =9k9 2484
b6=,=7,. @KPB|9/)A=K]#=,=7,=697.) @69: @ TEF =K|25a8buiF#0: Qi $-40)0$*jja®
bQ6=,=7,.@a
b/.6=99-6k]W]9/)A=k]W=A)/,-79g.) @69: @-7E]9=TK]IQai}&] 25k8]
b/.6=99-6k]W&]9/)A=K]g.)@69: @-7EIXMR=7,]9STK]HDHv 2549
b,)D9  -6k]W&S5&]9/)A=K]<+@ 2Nk @B} Ok Q&2
b,)D9  -6k]W&51]9/)A=k]<E),=M.)@r6@ =9k Q&2
b)D9 -6k]W&5Z]9/)A=k]</.PM.)@86]. @=9k9294a
b(-<+)$=(-6=/7=E=NK]N-8J7.@k25'4]9
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<,)@,9k]4]9=/69k]8:2]9
<)@, $+>>=@%$*=?,k]&2"12]9<,)@,$*.P=@3$@-D9k]&h2"1'2]
=/6$+>>=@%$*=?,k]&22/122]9=/6$*.P=@$@-D; k]1/2"Z'2]Qa
9 9 9 9 bQDa9
bQ/.6=a9
b/.6=99-6k]W1]9/)A=k]g.)@69: @7EI9/9)9g.) @69: @-7E9W7=/=]9=EK]!HV]
<7.@=k]25@0]
b/.6=99-6k]|W15&]9/)A=k]g.)@69: @-7E9DTK]'Od]9<7.@=k]25R0]a
b,)D9 -6k]W15&5&]9/)A=k]>=@<./9R+&Z:([@}k]25a8]
b)+6-.$(-<+)*$=(-6=/7=FE=N9KIVE]. @=k]25HD]9
<,)@,9k]Z4]19=/69k2]9
<)@, $+>>=@%$*=?,k]&4"14]9<,)@,$*.P=@3$@-D;,k]h4"&'4]
=/6$+>>=@3$*kPL4"Z4]9=/6$* P=@$@-D;,k]&1428'2]
9 9 9 9 9 bQDa9
b,)D9 -6k]W15&51]9/)A=k]>=@<./9?*3:3-(D}k]|2549
b)+6-.$ (-<+)$=(-6=/7=9E=NOKIVX7. @=K]25]|D
<,)@,9Kk]&2419=/69k]&&2]9
<)@, $+>>=@%$*=?,k]&&27&12]9<,)@,$*.P=@$@-[¥,,k]Lh2~Z'2
=/6$+>>=@%$*kP,22/Z222]9=/6%$*.P=@3$@-D; k] ZhZaR]
b.7@%$=(-6=/TE=N9k9VN=<]9<7.@=%]25'4]9
<,)@,k]Z2]9=/6k]Z4]9
,=8,k],@-7EIa
bQDa9
bQ/.6=a9
b/.6=99-6k]W151]9/)A=k]g.)@69: @-7E9W7=/=]95TK]i@dPkO 2B e
b,)D9 -6k]W1515&]9/)A=K].7=)/9<78{F]@=K]2%5a9
b,)D9 -6k]W15151]9/)A=K]7-,N9<FF/#]p=kv2GH
b,)D9 -6k]W15157]9/)A=k]</.P9<78lZF]@=K]25€a9
b(-<+)%$=(-6=/7=FE=N9kIVKID. @=k]e®)]
<,)@,K]2]9=/6k]122]
<)@ $+>>=@%*=? K|2"2]9<,)@,$*.P=@$@-D:K]f 2"'h2]
=/6$+>>=@%$*=?,k]2"2]9=/6%$*.P=@$@ThKPa9

bQDa9
bQ/.6=a9
bQ/.6=a9
bQ/.6=a9
9 bQ/.6=a9
b@=7.+/,-/29
9

"A> NOW=A)/,-79\+=@-=<9) @=9<>=7-?-=69-/9d!YOMNIT+=@N9,) DIBLT+8@NQaC9-/9)/98A*9?-*=
9

16040')*<-))$5,#)0*1*=&1'15'1$0.15'.5"-)0!"&")0"))=-)! 5*I'01<4&.5+50.11=0'160'0$-)5'6!-1$0"&#')5'6!
-*0.1&'1)=0! 0>-429%0!:#0$(?
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Appendix B: Submission Instructions

E"l (H$3,5*%2*C(K+3:29$(0P$327238%2,*A

(

'=)A<9 >)@,-7->),-/D9 -9 1"%9 ) @=9 @=T+-@=69 ,.9 -/7*+6=9)9 @=7.+/,-/D9 )@7;-(=9 +>./9 7.A>*=,-./9 .79
W=)@7;9 ,)<E<59 9 %=7.+/,-/D9 )@7;-(=<9 <;.+*69 .[*N@=T#60<9 +<-/D9 ,;=9 ?.**.P-/D9 /)A-/D9
70(=1-~ 9

9 9

9 b7*->H#a5b=(=/,H#a5A=@68A?8@RABCDE?; @ @ABA0$?>4%

E"/ (G&@2'&%2*C(Q5%P5%A

(
VHW:9P-*9>@.(-6=9)9<=,9.79,..+<9,.9()*-6),=9.+,>+,9,;),9-<9,.9M=9<=/,9,.9 ;=9 I"#OHQXIW3 @ (= @599
<-6=9,..%9+<=69/,=@?)7=9P-,;9,;=9HQXIW=@ (=@9IP-**9)+,.A),-7)*N9()*-6),=9?-*=<IM=B@=9<=/6-/D9, ;:
(

( "398 (#)*&+,)-&.#0-&123&
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Appendix C: File Formats

=072 %* P-/D9<+M<=7,-./<9<>=7-?N9,;=97-*=9?. @A),<9.?97-*=<9, OM=9@=7=-(=69?@.AJ9. @9<=/,9,.9,: =

R"I(#$%8& &%& (0%, +$(=$A3+2R%2,*
(
5=91=,)6),)9W,.@=9#=<7@->,-./19-<9)/9 .+,>+ 9?2@.A9,;=9!=))6),)9 =/=@),. @9IA.6+*=599H,9-<9)/98A*9 ?-*
=972 P-/D9?. @AR5
9
bIW$#H=<7@->,-.
9 bW-D/)*$!=,)6),)9<-S=RBEF0!5'1656-,()0*|GHLLD
bQW-D/)*$!=,)6),)a9
bOW%$XF%$!=,)6),)9<-SHKE0! BB-,()0*IGHIJ LD
9 bXF%$Y)/D+)D=8a
9 9 bY)/D+)D=86-'64QY)/D+)D=h
9 9 bY)/D+)D=86-'6BQY)/D+)D=h
bQXF%$Y)/D+)D#%<a
bOW%$Y)/D+)D8<a
9 9 bY)/D+)D=86-'6®QY)/D+)D=%h
9 9 bY)/D+)D=86-'6QY)/D+)D=h
bQOW%$Y)/D+)®=<a
9 bQOW%$XF%$!=,)6)9a
bW=A,-7$!=,)6),)9<-S=kL*5F0!F%-, ()0*!GHIJ LD
9 bW=A)/,-7$:)D<@ 9 9 W9,;=<=9)@=9/)A=<D.?9
9 b:)Da)-6!'-40!A bQ:)D& w9,;-/D<9,)DD=69MN9,:89!"
b:)Da)-6!'-40!B bQ:)D& W9B/.,9<>=7-7-79,)D<9./9,;=9(-8=.<C9
bQW=A)/,-7$:)D<
bQW=A)/,-7$!=,)6),)a 9
bG-6=.8Y-<&
9 bG-6=.H#45.0&BQG-6=.H8a
bG-6=.H#45.0&BQG-6=.H8a
bQG-6=.$Y-9a
bQ!'W$#=<7@->,9a

R"/(G2'$,(S2A%

09(-6=.9*-<,97-*=9-<9)/9-/>+,9>@.(-6=69,.9,;=91=))6),)9°=/=@),. @9A.6+*=599H,9-<9)97<(9?-*=9.79 ;=9"
2.@A) 8

9

G-6=.H#J91-*=/) /8=

_GF2817'4J9_GF2&1Z'45/'

_GF&17'4f39_GF&1Z'4f5A%

_GF1Z'4f0J9_GF1Z'4f05A>9

9

LO-.0$1%5'0*=&#%.!,015"%#.0.?
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R"7(8T$1P@&+(S2A%

&
0/9=8=A>*)@9*-<,9-<9)/9-/>+,9,.9,;=9"(=/,9\+=@N9 =/=@),. @9A.6+*=599H,9-<9)97<(9?-*=9.79,;=97.**.P-/
9

"(=/,H#39"8=A>*) @W=,J9G-6=.H#&IY)M=*
"22&JB&2"8J9_GF2&17'4J9>.<9-(=
"22&J92&2"8J9_GF&1Z'4f B
"22&J92&2"8J9_GF1Z'4f0J9M)7EDNQ@.+/6

9

;>042%-$MO)!"-"1,0'@@@;>N!@A@ ;>N A@@;>
LO-.0$!%5'0!*=&#%.!,0!5"%#.0.

R"(B;+$A;,@' (

(

09,;@=<;.*69?-*=9-<9)/9.+,>+,9.79,:=9"(=/, 9W=) @7;9A.6+*=538H, 90 SBT HI»/DI?.@A),5

"(=/,H#IN+=@N:NISOUH=,=7 -./;; @=<;.*6W7.@=J9%=,=7,-./;; @=<;.*6 W)/E
"22&J9W\J9/.0%A5e 239

!

O#0$(P(20!"-1,0!0IMON!@@@;>N!@A@;>N'A@@;>
9QR!"-'1,0I'&9QRN!9OQR

LO-.0$!%5'0!*=&#%.!,0!5"%#.0.

R"<(=$%$3%2, *
096=,=7,-./9?-28)/9.+,>+,9.729,;=9"(=/,9W=)@7;9A.6+*=599H,9-<9)97<(9?-*=9.79,:=979* P-/D9?.@A),5
9
"(=/,H#IO\+=@N:N>=J 9403 . H#IOW 7. @=1D%)/E
"228J92&2"8J9/.0%1J9_GF2&17'4J985€0J9&
"228J9282"8J9/.0%I3F&17'411925ffJ91
"228J92&2"8J9/.0%1J9_GF1Z'4f0]9284'39Z

9
O#0$(PR0!"-'1,0!MON!@@@:;>N!@A@ >N'A@ @ ;>
9QR!"-',0'&9QRNI9OR
LO-.0$1%65'01*=&#%.!,015"%#.0.

R"I(N&+U&+$(=$A3+2P% 2(*

'=)A<9A+<,9<+MA-,9)9;) @6P) @=96=<7@->,-./9d!Y9?-*=9)* /DIP-,;9,:=9.+,>+,9?2@.A9=)7;9A.6+*=97)*5
-1,=1,9.79,:=9;)@6P) @=96=<7@->,-./97-*=9-<9?.@9,=)A<9,.9<>=7-?N9,:=9;) @6P) @<%R/@D+@),-./<9
7.A>+)),-./9.29)9>)@,-7+*) @9A.6+*=97)**599")PIB@6=<7 @->,-./9<;.+*69?.** P9,;=9=8)A>*=0< @+7,+@=
<;.P[9-/9,;=9<+M<=7,-./<OM="9P5

R'I" (#$%& &%&()$*$+8I6(M&+ U&+S(=$A3+2P%2Z, *

1.@9,;=91=,)6),)9 =/=@),.@9;) @6P) @=9 6=<7@->,-./9 A+* ->*=9 FOUQ 0U9 <>=7<9 7)/9 M=9 6=7-/=659 9 I+
7*+<,=@<9A)NQ)*<.OM29=<65:7-
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I'$_)@6P)@=8

bF*+<,=@a

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

9 bXW&P(20N!K0$*5& NICB! KX \ER)

9 bFOU9 A.6=*kL4&.0%.9
<>==6kt200.!5''HLA.9
[+A$7.@=<KE4,0$!&+!"&$0K9
@)A>=@3$7>+®B7!120$!U9%'IHI L9
7.+/,KL '#4,0$!&+!U9V*1&+!)350" Q&

bFOU955589Qa
9 9 b’0UP A.6=*kL4&.0%.9
<>==6kt200.!5'17LFL9
[+A$7. @=<KE4,0$!&+!"&$0E9
A=A.@Nk4L04&$(!5'HILI
7.+/,KL '#4,0$!&+HOV*1&+1)=5*1*2@A
b"0U9IN9IC

© ©O© O O T O

©
©

9 9 bV=,P.@E$g)/6P-6,;aX0)1&$/!,-'.15.)=I5'H,5)<* bQV=,P.@E$g)/6P-6,:2
9 9 b:i=A>$W,.@)RP042&$-$(Y5*/!V*-605'HIZE=A>SW,. @) 29
9 9 bX+,>+$9)/6P-6,;a X0)1&$/!,-'.15.)=I5'H,5)<* bQX+,>+,$g)/6P-6,;a9
bX+,>+3V,.@)DE)2#)! Y5*/IV*-60!5'HIZX+,>+$W,.@)De® 9
9 bQF*+<,=®a
9 bF*+<,=@a
9 9 \ 9
9 bQF*+<,=@a
bQI'$_)@6P)@=21
9
R'I"/(Q%;$+(#,' 5@SA(NE+UE+S(=SARPY2(*
9

1.@9 ;=9 ;)@6P)@=9 6=<7@->,-./<9 .79 .,;=@9 A.6+*=<J9 ./*N9 )9 <-/D*=9 P.@E<,),-./9 .@9 7*+<,=@9 7.@
6=7-/1=68
9
bEX:W$_)@6P)@=a
b[.@E<,),-/a 9
bF.AA=/,<a S"%#.0!-'(1"&440")*1=0$02bQF .AA=/,<a9
9 bXW&P(20N!K0$*5&'N!CB!KATD\EE)
9 9 bFOU9 A.6=*kL4&.0%9
<>==6kt200.!5''HLA.9
7.4/ KL '#4,0$!&+1UQV*I&+1)=5*1*2D"W
$-4]WQ87!120$!U9KB'IHI VA
9 9 b0UD A.6=*kL4&.0%9
<>==6kt200.!5'17LFL9
A=A.@NKL04&S$(5'HI L9
7.4/ KL '#4,0$!&+IHOV*I&+1)=5*1*2Ma
9 b:i=A>$W,.@)RP042&$-$[Y5*/1IV*-60!5'THIZ<=A>$ W,. @) 28
9 bX+>+,$W,.@)DEH)2#)! Y5*/IV*-60I5'THIZX+,>+$W,.@) 28
bQ[.@E<,),-./a9
MQIM

©

O © © ©
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! bW-/D*=$F*+<,=@$R.@=a
bF.AA=/,<a S"%#.0!-'(1"&440")*!=0$02bQF.AA=/,<a9
9 9 bXWE&P(20N!K0$*5&'NICB! KA\
9 9 bFOU9 A.6=*kL4&.0%.9
<>==6kt200.!5''HLA.9
! ! $-4]WQ87!20$!U9%" HIVQA
9 bV=,P.@E$q)/6P-6,;aX0)1&$/!,-'.15.)=!5'H,5)<* bQV=,P.@E$g)/6P-6,:2
9 b:=A>$W,.@)2P042&$-$(Y5*/IV*-60!5'HIZ&=A>SW,.@) 29
9 bX+,>+,$9)/6P-6,;a X0)1&$/!,-'.15.)=15'H,5)<* bQX+,>+,$9)/6P-6,;a9
9 bX+,>+,9WV,. @) ) 2#)! Y5*/IV*-60!5'THIZX+,>+,$W(@)D=a
bQW-/D*=$F*+<,=@%F.@=a
QFX:W$_)@6P)@=a
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Appendix D: System Description

#.7+A=/,-ID9=)7;9<N<,=A9-<9(-)*9,.9-/,=@>@=,-/DI=()*+),-./9 @=<+* <5990<9<+7;J9=)7;9,=) AOA+<,9<H
<N<,=A96=<7@-3<905,8,9P*=9,:=9-/?. @A),-./9*-<,=69M="9P5

9

$+("%'-U-  34(5&1'6&(2-0.50")TOIM@-=?9,=7:/-7)*96=<7@->,-./9.?9N.+@9<N<,=AJ9-/7*+6-/D9)96=<7
29,;=9A=,)6),)9*)/D+)D9

$+("%'-X  8&5,#,5,' 98)&-,5"-' 6&(2-0.50")7' 09 M@-=?9 ,=7;/-7)*9 6=<7@->,-./9 .79 N.+@9 !=,)6),)9
‘=/=@),-./]9A.6+*=9

$+("%'-Z  38&1,)502":$&-4'9&)&-,5"-' 6&(2-0.50") 7'O9M@-=79 ,=7;/-7)*96=<7@->,-./9.29N.+@IW=A)/,-7
\+=@N9'=/=@),-./9A.6+8=

9

$H("%'-Y  <&)5':$&-4'98)&,5"-' 6&(2-0.50") 709 M@-=79 ,=7;/-7)*96=<7@->,-./9.?9N.+@9"(=/,9\+=@!
‘=/=@),-./]9A.6+*=9

$+("%'- - :<&)5'3&,-2="6&(2-0.57' OIM@-=79,=7;/-7)*96=<7@->,-./9.29N.+@9"(=/,.9W-9h@7;9A.6+*=
9

$+("%'-a-  >-,0)0)1' #,5, ' ?)"%&H1&' ("$-2&(7' 9Y-<,<9 ;=9 @=<+@7=<9 +<=69 ?2.@9 <N<,=/
6=(=*.>A=/,9M=N./69,,=9>@.(-6=69!"#97.@>.@)599V.,=9,=)A<9) @=9)**.P=69./*N9,.9+<=96),)9.+,<-6=9,
I"#97.@>.@92.@9 ,,=96=(=*.>A=/,9.79 ,;A@8),)9*)/D+)D=9)/69 A=,)6),)9 7*)<<-?-5@IV.9=8,=@/)*9
6),)9-<9,.9M=9+<=696+@-/D9,;=9=8=7+,-./9.79,;=8 6+*=<5
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