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4,C8+!E;\!OS&&!T!9+H,(270!,((>2,27>(!A>*!U+C!-+*=70+-!#######################################################!KL!
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4,C8+!EG\!OS&;!T!O++)C,0V!#################################################################################################################!KL!

4,C8+!EE\!OS&G!T!92,27-270-!Z!'(,8/270-!##########################################################################################!KN!

4,C8+!EJ\!OS&E!T!B8+,(!:F!,88!:-+*!17-2>*/!###################################################################################!KN!

4,C8+!EK\!OS&J!T!@,2,C,-+!-:FF>*27(M!)7AA+*+(2!F78>2!,FF870,27>(!(++)-!######################!L"!

4,C8+!EL\!3O$!T!5-,C7872/!#####################################################################################################################!L"!

4,C8+!EN\!3O&!T!<*7=,0/!<*>2+027>(!#################################################################################################!L$!

4,C8+!J"\!3O;!T!9+0:*72/!#######################################################################################################################!L$!

4,C8+!J$\!3OG!T!9:FF>*2!A>*!H>C78+!)+=70+-!################################################################################!L&!

4,C8+!J&\!3OE!T!'22*,027=+!)+-7M(!>A!R<6B!U+C!F>*2,8!,()!F78>2!,FF870,27>(-!##############!L&!

4,C8+!J;\!3OJ!T!d7M1!,=,78,C7872/!######################################################################################################!L;!

4,C8+!JG\!SS9$!T!.:827TB:82:*,8!@+-0*7F27>(!>A!21+!S+,8!R-2,2+!<*>F+*27+-!##################!L;!

4,C8+!JE\!SS9&!T!X69%.,F!A>*!-1>U7(M!F>7(2-!>A!7(2+*+-2!####################################################!LG!

4,C8+!JJ\!SS9;!T!S+,01!,-!H,(/!-H,*2!F1>(+!F8,2A>*H-!,-!F>--7C8+!##############################!LG!

4,C8+!JK\!S5<$!T!X69!##############################################################################################################################!LE!

4,C8+!JL\!S5<&!T!<+*A>*H,(0+!>A!,*0172+02:*+!##########################################################################!LE!

4,C8+!JN\!S9R$!T!@>H+-270!R(+*M/!.>(72>*7(M!##########################################################################!LJ!

4,C8+!K"\!S9R;!T!RD,H7(+!>=+*,88!1>:-+1>8)!+(+*M/!:-,M+!################################################!LJ!

4,C8+!K$\!@R$!T!'FF870,27>(!@+=+8>FH+(2!###################################################################################!LK!

4,C8+!K&\!@RG!T!'FF870,27>(!'),F2+*-!############################################################################################!LK!

4,C8+!K&\!S+I:7*+H+(2-!4*,0+,C7872/!.,2*7D!##############################################################################!LL!

!
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1 Executive Summary 
417-! )>0:H+(2! 7-! 21+! "#$%! &! '()*+),-./! 012.3,! >A! R<6B! <*>a+02! ,()! F*+-+(2-! 21+!
+=,8:,27>(! *+-:82-! A>*! 21+! F8,2A>*H! ,()! F78>2! ,FF870,27>(! +8+H+(2-! 21,2! 1,=+! C++(!
)+-7M(+)! ,()! 7HF8+H+(2+)! 7(! 21+! 2+01(70,8!]<-! >A! 21+! F*>a+02#! 41+!H+21>)>8>M/!
21,2!1,-!C++(!A>88>U+)!7(!]<L!A>*!21+!+=,8:,27>(!,()!=,87),27>(!>A!21+!*+-:82-!U,-!
7(727,88/! )+A7(+)! 7(! *+F>*2! @L#$! T! 4,3),15-6! '()*+),-./! 71,8.9.*.5:! C,-+)! >(! 21+!
,(,8/-7-!>A!21+!*+I:7*+H+(2-!7)+(27A7+)!7(!]<&!,()!21+!F78>2!-0+(,*7>-!)+-0*7C+)!7(!
]<E#!!

R<6B! F*>a+02! *+,87e+-! 21+! =7-7>(! A>*! ,! 2*:8/! g-H,*2h! 072/! C/! )+87=+*7(M! ,_! ,! :(7I:+!
F8,2A>*H! A>*! -+*=70+-! ,()! ,FF870,27>(-! ,88>U7(M! A>*! :C7I:72>:-! ,00+--! 7(! F,(T
R:*>F+,(!8+=+8W!C_!,!-+2!>A!F78>2!,FF870,27>(-!,-!,!*+A+*+(0+!A>*!F*>=7)7(M!g7(2+887M+(2h!
-+*=70+-! ,()! 0_! ,! *>,)H,F! 21,2! )+-0*7C+-! 21+! +D,02! F*>0+--+-! 21,2! -1>:8)! C+!
A>88>U+)! C/! 21+! =,*7>:-! -2,V+1>8)+*-! 7(=>8=+)! 7(! 21+! )+87=+*/! >A! ,FF870,27>(! A>*!
0727+-! ,()! 0727e+(-#! @L#&! A>0:-+-! >(! 21+! F8,2A>*H! A+,2:*+-! +=,8:,27>(! ,M,7(-2! 21+!
*+I:7*+H+(2-!7)+(27A7+)!7(!]<&!21*>:M1!21+!,(,8/-7-!>A!21+!+DF+*7+(0+-!>A!21+!+()T
:-+*-!7(2+*,027(M!U721!21+!F78>2!-+*=70+-!,()!21+!>21+*!7(2+*(,8!F*>0+--+-!A>0:-7(M!>(!
-F+07A70!F8,2A>*H!,-F+02-#!6(!F,*,88+8W!,88!21+!,C>=+!1,=+!C++(!,),F2+)!,()!2+-2+)!7(!
21+!F*>>A!>A!0>(0+F2!+(=7*>(H+(2!>A!,!g=7*M7(h!072/!A>88>U7(M!21+!R<6B!S>,)H,F!,()!
21+! *+-:82-! ,*+! F*+-+(2+)! 7(! @L#;! *+F>*2! ,8>(M! U721! 0>(08:-7>(-! >(! 21+! F*>a+02!
,017+=+H+(2-!,()!8+-->(-!8+,*(+)#!

41+! ,FF*>,01! 21,2!U,-! 7HF8+H+(2+)! A>*! 21+! =,87),27>(! >A! 21+! *+-:82-! 7(08:)+-! ,(!
I:+-27>((,7*+! C,-+)! 7(2+*(,8! -:*=+/! U721! 21+! F*>a+02[-! +DF+*2! M*>:F-! 2>! 0,F2:*+!
21+7*!+DF+*7+(0+-!U721! 21+!F8,2A>*H!+8+H+(2-W! 2+-2!0,-+!*:(-! A>*!=,87),27(M!-F+07A70!
A+,2:*+-!>A!21+!F8,2A>*HW!F+*A>*H,(0+!2+-2-!,()!8>M-!+D,H7(,27>(W!,-!U+88!,-!,(,8/-7-!
>A!21+!+()T:-+*!2+-27(M!*+-:82-!A*>H!]<K#!41+!>:20>H+-!>A!21+!,A>*+H+(27>(+)!2,-V-!
1,=+!C++(!:-+)!2>!F*>):0+!21+!A7(,8!=+*-7>(!>A!21+!*+I:7*+H+(2-!2*,0+,C7872/!H,2*7D!
21,2! 7(0>*F>*,2+-! 21+!R<6B!-2*,2+M/!,()! 21+!+=,8:,27>(!*+-:82-!>(! 21+! A:8A78H+(2!>A!
+,01!*+I:7*+H+(2#!

!

!

!  
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2 Introduction 
The primary objective of WP8 was to coordinate the processes for the evaluation and 
validation of the project outcomes to ensure that the EPIC services are consistent with the 
planned objectives, as set out by the real stakeholder’ needs and summarised in the D2.4 - 
Report on Technical Requirements document. 

The objectives of testing and evaluation approaches validate that the integrated EPIC 
service platform, the roadmap and the pilot applications is designed and implemented in a 
way as to satisfy the requirements and needs of the end-users and stakeholders (city 
administrators, application/data providers, etc.). This is accomplished through the 
verification and analysis of the results during closed and open test cycles with the 
participatory involvement of the end-users and some other stakeholders such as cities and 
SMEs, as well as through internal processes such expert interviews, test cases and 
performance and logging testing. Participants in this WP worked closely with WP7 for 
the enforcing the pilot evaluation methodology and acquiring input on the pilot end-user 
testing, while collaboration with WP5 and technical WPs (WP3 and WP4) ensured 
analysis of all aspects of the platform elements, pilot services and usage scenarios. 

!
T,852*)C?)UKS)"+4>541,./)U.2V=>.W)

The main processes that were followed for the validation of the platform and the pilots 
include (O7M:*+!$): 

• Internal questionnaire to the project experts to identify the strengths and 
vulnerabilities of the platform (section 3).  

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

.12)34&'+
5"2)$&"*+,-.60

.%14)+7"&8%9"*+
,-.:0

.%14)+79"(2&%4*+
,-.;0

!42<'2=+,-.>0

?821$2)%4(+@")A4<414BC+D&"2)%4(+,EFGH0

5""<I29J

.12)34&'+?821$2)%4(+
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.&443+43+D4(9"=)
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• Detailed test cases and scenarios for evaluation of the platform and pilots functional 
and non-functional capabilities, identified in WP2 (section 4).  

• Performance evaluation of the services deployed on the platform (section 5.1). 
• Continuous analysis of system logs to identify operational issues and inform the 

component owners for addressing them (section 5.2). 
• Analysis, in collaboration with WP5 and WP7, of the end-user testing results (both 

closed and open cycles) and provide feedback to the development teams to improve 
the components quality (section 6). 

The results of the aforementioned activities have been examined both independently and 
combined, involving when required the respective task leaders, in order to ensure that the 
various developments are progressing as expected and meet the WP2 requirements. 

Following the reviewers’ recommendation a requirements traceability matrix was 
produced in WP2 which was also considered as a very important element for WP8 
driving all testing and validation activities and summarizing the evaluation outcomes in a 
single reference point. Besides its use in WP8 and the respective evaluation activities, the 
requirements traceability matrix has been used contentiously as a guide for the 
development and integration activities of the EPIC components. The strategy that has 
been followed for addressing each requirement and the evaluation results are presented in 
the updated version of the requirements traceability matrix in section 7. 

!

!

!

!  
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3 EPIC Platform Evaluation Questionnaires 

3.1 Structure and Process 
6(!F,*,88+8!U721!21+!0>*+!2+-27(M!,027=727+-!>A!F78>2-!,()!21+!=,*7>:-!2+-2!0,-+-W!,-!F,*2!
>A! 21+! =,87),27>(! ,027=727+-! 7(!]<LW! F*>0+--+-! A>*! ,0I:7*7(M! 7(F:2! A*>H! 21+! F*>a+02!
-2,V+1>8)+*-!>(!21+!F8,2A>*H!+8+H+(2-!2>>V!F8,0+#!6(!,!-7H78,*!U,/!21,2!7(!]<&!21+!
F*>a+02! *+I:7*+H+(2-! U+*+! 7)+(27A7+)! 21*>:M1! U>*V-1>F-W! 7(2+*=7+U-! ,()!
I:+-27>((,7*+-W! 7(!]<L!U+! 7(=>8=+)! 21+!H+HC+*-! >A! 21+! R<6B[-! 0>(->*27:H! 7(! ,(!
7(2+*(,8! -:*=+/! A>*! 0,F2:*7(M! 21+7*! 7HF*+--7>(! >(! 21+! F*>a+02! )+=+8>FH+(2-! ,()!
>:20>H+-!A>0:-7(M!>(!21+!0>*+!F8,2A>*H!A:(027>(,872/!,()!21+!C,0VT+()!-+*=70+-#!!

417-!2,-V!,8->!,))*+--+-!21+!;<+1=,-.//)-31=!>-**!?1!9-=,3-?+,19!,.!,81!,)351,19!+=13!
53.+2=@!)=!>1**!)=!?1-/5!2*)619!+2./!,81!'ABC!2*),D.3E$!B/,13(-1>=!>-**!?1!6./9+6,19!
>-,8! )9E-/-=,3),.3=! >8.! +=19! ,81! A*),D.3EF! H+21>)! F*>F>-+)! 7(! @>]#! 41+!
I:+-27>((,7*+! -:*=+/! U,-! F+*A>*H+)! ):*7(M! 21+! H>(21-! .,*01! ,()! 'F*78! ,()!
A>88>U+)! 21+! -,H+! -2*:02:*+!,-! 7(!]<&W! ,(!,)H7(7-2*,27=+! ,()!C:-7(+--! -+027>(! 2>!
+D,H7(+! U1+21+*! R<6B! A:8A78-! 72-! F:*F>-+! ,-! ,! F8,2A>*H! A>*! g-H,*2h! 0727+-W! ,()! ,!
2+01(70,8!-+027>(!2>!-2:)/!21+!F+*0+7=+)!+DF+*7+(0+-!>A!21+!)+=+8>F+*-!,()!F8,2A>*H!
:-+*-!>(!21+!2+01(70,8!,-F+02-!>A!21+!F*>a+02#!

3.2 Analysis 
41+! R<6B! <8,2A>*H! R=,8:,27>(! Y:+-27>((,7*+! 7(08:)+)! 21*++! F,*2-\! ,_! M+(+*,8!
I:+-27>(-W!C_!,)H7(7-2*,27=+!Z!C:-7(+--!I:+-27>(-W!,()!0_!2+01(70,8!I:+-27>(-#!6(!21+!
A>88>U7(M!-+027>(-!U+!F*+-+(2! 21+!I:+-27>((,7*+!*+-:82-!,()!,(!,(,8/-7-! 7(!+,01!>A!
21+!I:+-27>(-#! 62!-1>:8)!C+!(>2+)!21,2!21+-+!*+-:82-!U788!C+!,8->!+D,H7(+)!2>M+21+*!
U721!21+!>:20>H+-!>A!21+!>21+*!2,-V-!->!,-!2>!+AA+027=+8/!,02:,87e+!21+!*+I:7*+H+(2-!
2*,0+,C7872/!H,2*7D#!

3.2.1 General Questions 

41+!M+(+*,8!I:+-27>(-!F,*2!1,)!21+!A>88>U7(M!-2*:02:*+\!

@4A>*)C?)K421,9,:4/1)K2.=,>*)

K*2-./4>)X4<*) !

B./1491)"<4,>) !

7284/,Y41,./) !

B.5/123).=)72,8,/) !

@3:*).=)7284/,Y41,./) !B>HF,(/!

!S+-+,*01!B+(2+*!

!'0,)+H70!6(-272:27>(!
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!B72/!')H7(7-2*,2>*!

$/+.>+*H),/) !<8,2A>*H!@+=+8>FH+(2!

!'FF870,27>(!@+=+8>FH+(2!

!<78>2!c,C!

!B72/!')H7(7-2*,2>*!

!B72/!B>:(078!

!S>,)H,F!@+=+8>FH+(2!

!P21+*!

!41*) .=) B.<:>*1,/8) 16*)
L5*-1,.//4,2*)

!

!

41+!A>88>U7(M!2,C8+!-:HH,*7e+-!21+!F,*2707F,(2[-!F*>A78+-\!!

@4A>*)G?);52+*3)7+*2+,*W)

7284/,Y41,./)B.5/123).=)72,8,/) X*++0+! &!

Q+8M7:H! G!

O*,(0+! ;!

5?! &!

S>H,(7,! $!

X+*H,(/! &!

@3:*) .=) 7284/,Y41,./) Z-*>*91)
<.2*)164/)./*),=)4::>,94A>*[)

B>HF,(/! K!

S+-+,*01!B+(2+*! &!

'0,)+H70!6(-272:27>(! &!

B72/!')H7(7-2*,2>*! G!

$/+.>+*H) ,/) Z-*>*91) <.2*) 164/)
./*),=)4::>,94A>*[)

<8,2A>*H!@+=+8>FH+(2! ;!

'FF870,27>(!@+=+8>FH+(2! ;!

<78>2!c,C! E!

B72/!')H7(7-2*,2>*! ;!

B72/!B>:(078! $!
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S>,)H,F!@+=+8>FH+(2! &!

P21+*! $!

!

P(+!>A! 21+!,)=,(2,M+-!>A!R<6B!F*>a+02! 7-! 21+!-2*+(M21!>A! 21+!R<6B!0>(->*27:H!U721!
+DF+*27-+!,()!C,0VM*>:()!U1701!0>=+*!,!=,*7+2/!>A!0>:(2*7+-W!>*M,(7e,27>(!2/F+-!,()!
)>H,7(-#!417-!7-!,8->!*+A8+02+)!7(!>:*!-:*=+/!U721!21+!=,*7>:-!-2,V+1>8)+*-!F*>=7)7(M!
=,8:,C8+! A++)C,0V!>(!,88!F*>a+02!,*+,-!,()!>:20>H+-!,-!F*+-+(2+)! 7(! 21+! A>88>U7(M!
-+027>(-#!!

3.2.2 Administrative & Business Aspects 

41+!,)H7(7-2*,27=+!,()!C:-7(+--!I:+-27>(-!A>0:-+)!>(!21+!8+=+8!21,2!21+!R<6B!=7-7>(!
A>*!,!2*:8/!g-H,*2h!072/!+DF8>727(M!21+!=,*7>:-!R<6B!+8+H+(2-!U,-!A:8A788+)!,-!U+88!,-!
>(!21+!7HF,02!21,2!R<6B!1,-!>(!:-+*-W!0727e+(-!,()!-+*=70+%),2,!F*>=7)+*-!7(!,!F,(T
R:*>F+,(!8+=+8#!41+!87-2!>A!I:+-27>(-!7-!F*+-+(2+)!7(!21+!2,C8+!C+8>U\!

@4A>*)J?)'H<,/,-1241,+*)\)(5-,/*--)L5*-1,.//4,2*)

L5*-1,./) '/-W*2) B.<<*/1-)

CEC) ])U.5>H)3.5)482**) 1641) 16*)
"K$B) :>41=.2<) 6*>:-) 4) 9,13) 1.)
A*9.<*)2*4>>3)^-<421*2_`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!

!

CEG) ]) B4/) "K$B) -5::.21) 16*)
*D:*91*H) 4<.5/1) .=) */H]5-*2-)
4/H)4>>),1-)H,==*2*/1)941*8.2,*-`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!

!

CEJ) ]) U.5>H) 3.5) -43) 1641)
:>41=.2<) 4112491-) 5-*2-) 1.)
9./1,/5*)5-,/8),1`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!

!
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CEM)])$-),1).A-*2+*H)1641)16*)*/H]
5-*2-) :2.+,H*) =**HA49V) *4-,>3a)
,/).2H*2)1.)6*>:)1.),<:2.+*)16*)
:>41=.2<`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!

!

CEO) ]) 04-) "K$B) 2*496*H) 4>>)
:.1*/1,4>)45H,*/9*`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!

!

CEP) ]) $-) 16*) "K$Bb-) ,/1*2=49*)
4112491,+*)*/.586`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!

!

CEN) ]) !.) 3.5) 16,/V) 16*) "K$B)
:>41=.2<),-)*4-3)1.)5-*`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!

!

CES) ]) !.) 3.5) 16,/V) 16*) 9522*/1)
,<:>*<*/141,./) 64-) 4) >.1) .=)
>,<,141,./-) 1641) 42*)
:2.A>*<41,9) =.2) 4) /*W)
4::>,941,./) :2.+,H*2) 1.) .==*2)
6,-)-.>51,./)+,4)"K$B`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!

!

CEF) ]) !.) 3.5) A*>,*+*) 1641) A3)
5-,/8) "K$Ba) 4) /*W) 4::>,941,./)
:2.+,H*2) 9.5>H) *4-,>3) 2*496) 4)
:4/]"52.:*4/)<42V*1`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!



 EPIC – Deliverable   

D8.2 Evaluation Report 16! Version 1.0, 29/05/2013 

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!

CECI) ]) 04+*) 3.5) .A-*2+*H)
,<:.214/1) >*84>) 9./-124,/1-)
1641) 9.5>H) :2*+*/1) "K$B) 1.)
A*9.<*)125>3):4/]"52.:*4/`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!

!

'88! ,)H7(7-2*,27=+! Z! C:-7(+--! I:+-27>(-! >A! 21+! -:*=+/! *+=+,8+)! =+*/! 7(2+*+-27(M!
A7()7(M-W!U1701!U+! F*+-+(2! >(+! C/! >(+! 7(! 21+! *+-2! >A! 217-! -+027>(! 17M187M127(M! 21+!
A++)C,0V!21,2!U,-!,0I:7*+)#!!

CEC) ])U.5>H) 3.5) 482**) 1641) 16*) "K$B) :>41=.2<) 6*>:-) 4) 9,13) 1.) A*9.<*) 2*4>>3)
^-<421*2_`)

!i+-W!6!2>2,88/!,M*++! J!

!i+-W!6!A,7*8/!,M*++! E!

!3+:2*,8! &!

!3>W!6!A,7*8/!)7-,M*++! $!

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! !

6HF>*2,(2!B>HH+(2-!

Q,-+)!>(!21+!F,*2707F,(2-[!0>HH+(2-!,!g9H,*2!B72/h!7-!,!I:72+!=,M:+!,()!2+*H!->!21+!
-2,*27(M!F>7(2!7(!F*>0+--!>A!H,V7(M!,-!072/!-H,*2!7-!)7AA70:82!2>!C+!)+A7(+)#!d>U+=+*W!
+DF8>727(M!>(!21+!R<6B!F*>a+02!>:20>H+-W!-:01!,-!21+!F8,2A>*H!,()!21+!*>,)H,FW!U+!
0,(! 1,=+! ,! H>*+! 08+,*! =7+U! ,()! >*7+(2,27>(! >(! U1,2! 7-! *+I:7*+)! 2>! F*>=7)+!
g7(2+887M+(2h! -+*=70+-! 2>! 0727+-! ,()! 0727e+(-#! O>*! 7(-2,(0+W! 21+! M:7)+87(+-! 7(! 21+!
*>,)H,FW! 21+! *+:-+! >A! -+*=70+-! 21*>:M1! 21+! F8,2A>*H! ,()! 21+! F78>2-! ,-! +D,HF8+!
,FF870,27>(-! ,()! -:00+--! -2>*7+-W! ,*+! +8+H+(2-! 21,2! ,(/! 072/! ,)H7(7-2*,2>*! >*! 9.R!
0>:8)!,FF8/!2>!)+-7M(!>*!,),F2!g7(2+887M+(2h!-+*=70+-!21,2!U788!H,V+!21+!0727e+(-!87A+!
+,-7+*#!!

R<6B! F8,2A>*H! ,88>U-! 21+! 7(=>8=+)! -2,V+1>8)+*! 2>! C*7(M! 2>M+21+*! H,(/! )7AA+*+(2!
-+*=70+-! 21,2! 0,(! C+! 87(V+)! 2>! ,! 8,*M+! -+2! >A! *+8+=,(2! ),2,! F*>=7)+)! C/! H:827F8+!
-+*=70+!F*>=7)+*-#!92,*27(M!A*>H!21+!(++)!>A!21+!0727e+(W!21+!F8,2A>*H!+(,C8+-!0727+-!2>!
>AA+*! -H,*2! ,()! *+8+=,(2! -+*=70+-! Z! 7(A>*H,27>(#! d>U+=+*W! F8,2A>*H! 72-+8A! 0,((>2!
H,V+! 21+! 072/! -H,*2+*! C:2! F*>=7)+-! 2>! 0727+-! U1,2! 7-! *+I:7*+)! A>*! 7HF8+H+(27(M!
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9H,*2! 9+*=70+-#! 4+01(70,8! +(=7*>(H+(2! 7(! 21+! B8>:)W! ;@! .,F! A>*! ,(/! V7()! >A!
0>HH:(70,27>(! U721! M+>T8>0,87e+)! <P6W! -+*=70+-! 87V+! g*+8>0,27>(h! Z! g<.R!
7)+(27A70,27>(h!,2!217-!-2,M+!,()!,(/!V7()!>A!>21+*!-+*=70+-!0,(!C+!*+:-+)!2>!7(0*+,-+!
21+!A:(027>(,872/!>A!21+!,FF870,27>(-!>AA+*+)!2>!21+!0727e+(-#!

P(! 21+! 0>(2*,*/! ->H+! F,*2707F,(2-! C+87+=+)! 21,2! 21+*+! ,*+! 0:**+(28/! A8,U-! 7(! 21+!
R<6B!F8,2A>*HW!+-F+07,88/!2+01(70,8!>(+-!,()!21+!0>(2+(2!,()!=,*7+2/!>A!21+!-+*=70+-!
-1>:8)!C+!+(*701+)!->!,-!2>!C+!+AA+027=+8/!>AA+*+)!2>!0727+-%0727e+(-%9.R-#!!

PA!0>:*-+!R<6B!7(!C/!(>!H+,(-!-:AA707+(2!2>!2*,(-A>*H!,!072/!2>!,!g-H,*2h!+0>-/-2+H#!
O7*-2W! ,U,*+(+--! -1>:8)! C+! 0*+,2+)! 7(! 21+! 072/! 2>! C+0>H+! g-H,*2h#! 41+! *>,)H,F!
1>U+=+*W!0>:8)!V70VT-2,*2!0727+-!217(V7(M!,C>:2!g-H,*2(+--h!U178+!21+!R<6B!F8,2A>*H!
0>:8)!F*>=7)+!0+*2,7(!->8:27>(-!,()!1+8F!0727+-!7(!,017+=7(M!21+!7)+(27A7+)!>Ca+027=+-#!

CEG)])B4/)"K$B)-5::.21)16*)*D:*91*H)4<.5/1).=)*/H]5-*2-)4/H)4>>),1-)H,==*2*/1)
941*8.2,*-`)

!i+-W!6!2>2,88/!,M*++! $!

!i+-W!6!A,7*8/!,M*++! J!

!3+:2*,8! G!

!3>W!6!A,7*8/!)7-,M*++! $!

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! &!

6HF>*2,(2!B>HH+(2-!

6(!M+(+*,8W!21+!F78>2!7HF8+H+(2,27>(-!,()!21+!F*>>A!>A!0>(0+F2!7(!47*M:!.:*+-!F*>=+!
21,2!R<6B!0,(!*+,01!,!U7)+!,:)7+(0+!>A!+()T:-+*-!U1701!7-!+AA+027=+8/!-:FF>*2+)!C/!
21+! *+-F+027=+! F8,2A>*H! -+*=70+-#! d>U+=+*W! 217-! ,8->! )+F+()-! >(! 21+! -+*=70+-!
21+H-+8=+-!,()!21+!(:HC+*!>A!0727+-!U1+*+!21+/!,*+!)+F8>/+)#!!

41+!F,*2707F,(2-!,8->!17M187M12+)W! 7(! 2+01(70,8! 8+=+8! 21+!(++)!,!*>C:-2!,()!-0,8,C8+!
F8,2A>*H!,()!R<6B!F8,2A>*H!C,-+)!>(!21+!6Q.!08>:)!-+*=70+-!,()!j&RR!7-!7()70,2+)!2>!
C+! A8+D7C8+W! ,()!F*>=7)7(M! 21+! F>--7C8+! +8,-27072/! 2>! -:FF>*2! )7AA+*+(2! 0,2+M>*7+-! >A!
+()T:-+*-#!P(+!7--:+!U,-!21>:M1!21+!8>M7(!F*>0+):*+!U1701!U,-!0>(-7)+*+)!,-!2>>!
0>HF870,2+)!A>*!0727e+(-#!!

4>!-:HH,*7e+!U+!0>:8)!-,/! 21,2! A*>H!21+! 64!F+*-F+027=+! 21+!*+-:82-!,*+!-,27-A/7(M!
C:2! -7(0+!U+! 2,*M+2! ,! F,(TR:*>F+,(! ,:)7+(0+! ,))727>(,8! A+,2:*+-! >(! g+,-+! >A! :-+h!
,*+!*+I:7*+)!,()!+DF+*7H+(27(M!>(!21+!F>2+(27,8!C:-7(+--!H>)+8-#!

CEJ)])U.5>H)3.5)-43)1641):>41=.2<)4112491-)5-*2-)1.)9./1,/5*)5-,/8),1`)

!i+-W!6!2>2,88/!,M*++! !
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!i+-W!6!A,7*8/!,M*++! G!

!3+:2*,8! J!

!3>W!6!A,7*8/!)7-,M*++! ;!

!3>W!6!2>2,88/!)7-,M*++! $!

!P:2!>A!-0>F+%3>2!,FF870,C8+! !

6HF>*2,(2!B>HH+(2-!

41+! A++)C,0V!>(! 217-!I:+-27>(!U,-!(+:2*,8! ,-!:-+*-!U>:8)!+DF+02! ,!H>*+!H>)+*(!
)+-7M(! A>*! 21+! R<6B! ,FF870,27>(-! ,-! U+C! ,FF870,27>(-#! 41+! R<6B! F8,2A>*H! ,()! 72-!
0:**+(2!,FF870,27>(-!F*>=7)+!-,27-A/7(M!A:(027>(,872/!C:2!,(!+AA>*2!0>:8)!,()!-1>:8)!
C+!H,)+!>(!21+!)+-7M(!,()!+*M>(>H70-!2>!,22*,02!H>*+!:-+*-!,()!+(0>:*,M+!21+H!2>!
0>(27(:+!2>!:-+!*+M:8,*8/!21+!F8,2A>*H#!41+!,00+--!,()!)+-7M(!>A!21+!F8,2A>*H!-++H-!
(>2! *+,88/! -:72,C8+! A>*! 0727e+(#! 41+*+A>*+! 7(! 21+! F*>):027>(! =+*-7>(-! >A! 21+!
,FF870,27>(-! 21+! =,*7>:-! C:-7(+--! -+*=70+-! -1>:8)! C+! U*,FF+)! U721! H>)+*(! X56!
)+-7M(!,()!A:(027>(,8727+-!21,2!A>88>U!21+!0:**+(2!2*+()-#!!

CEM)])$-),1).A-*2+*H)1641)16*)*/H]5-*2-):2.+,H*)=**HA49V)*4-,>3a),/).2H*2)1.)6*>:)
1.),<:2.+*)16*):>41=.2<`)

!i+-W!6!2>2,88/!,M*++! $!

!i+-W!6!A,7*8/!,M*++! $!

!3+:2*,8! E!

!3>W!6!A,7*8/!)7-,M*++! ;!

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! G!

6HF>*2,(2!B>HH+(2-!

41+!+()T:-+*-!)7)([2!7(2+*,02!)7*+028/!U721!21+!F8,2A>*H!):*7(M!21+!2+-27(M!0/08+-!->!
:-+A:8! A++)C,0V! U,-! ,0I:7*+)! A>*! F78>2! -+*=70+-W! U178+! 21+! 21+! F8,2A>*H! *+8,2+)!
A++)C,0V!U,-!M+(+*70#!6(!H,(/!0,-+-W!+D2+*(,8!2>>8-!U+*+!:-+)!A>*!21+!-:*=+/-!-:01!
,-! 9:*=+/!.>(V+/! ,()! 72!U,-! )7AA70:82! 2>! M+2! A++)C,0V! )7*+028/! A>*! 21+! :()+*8/7(M!
7(A*,-2*:02:*+#! 41+*+A>*+W! 21+! A++)C,0V! ,0I:7*+)! *+A+**+)! H,7(8/! 2>! 21+! F78>2!
-+*=70+-! ,()! U,-! +D2*+H+8/! :-+A:8! A>*! 21+7*! 7HF*>=+H+(2W! ,()! C/! ,(,8/-7(M! 72! 7(!
0>88,C>*,27>(!U721! 21+! )+=+8>FH+(2! 2+,H-W! 7--:+-! >(! 21+! F8,2A>*H! +8+H+(2-!U+*+!
7)+(27A7+)!,()!A7D+)!7(!(+D2!*+8+,-+-#!!

CEO)])04-)"K$B)2*496*H)4>>):.1*/1,4>)45H,*/9*`)
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!i+-W!6!2>2,88/!,M*++! $!

!i+-W!6!A,7*8/!,M*++! G!

!3+:2*,8! E!

!3>W!6!A,7*8/!)7-,M*++! G!

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! !

6HF>*2,(2!B>HH+(2-!

9>H+!F,*2707F,(2-!C+87+=+!21,2!R<6B!0,(!-:FF>*2!,88!7)+(27A7+)!-2,V+1>8)+*-!^0727e+(-W!
072/!,)H7(7-2*,2>*-W!9.R-W!=7-72>*-_! 7(!21+!F*>0+--!>A!H,V7(M!,!072/!g-H,*2h!+=+(!,2!
217-!+DF+*7H+(2,8!-2,2:-!U178+!>21+*-!0>(-7)+*!21,2!R<6B!1,-!,!8,*M+!2,*M+2!,:)7+(0+!
M*>:F! U1701! 7-! (>2! +,-78/! +D1,:-2+)#! 41+! H+--,M+-! >(! 217-! I:+-27>(! U+*+!
0>(2*,)7027=+! ,()! 217-! 7-!H,7(8/! ):+! 2>! 21+!)7=+*M+(0+! >A! 21+!F,*2707F,(2-#!P(!>(+!
1,()!21+!F,*2707F,(2-!U721!,!C:-7(+--!C,0VM*>:()!C+87+=+!21,2!,))727>(,8!H,*V+27(M!
+AA>*2!-1>:8)!C+!)>(+!7(!>*)+*!2>!7(0*+,-+!21+!F,*2707F,27>(!>A!9.R-W!)+=+8>F+*-!,()!
0727+-#!P(!21+!>21+*!1,()W!87=7(M!8,C-!,()!21+!2+01(70,8!2+,H-!17M187M12!21+!7(0*+,-+)!
7(2+*+-2!>A!21+!:-+*-!^0727+-!,()!-+*=70+!F*>=7)+*-_!7(!R<6B#!6(!->H+!0,-+-!1>U+=+*W!
21+!(,2:*+!>A!F78>2!,FF870,27>(!H,)+!72!1,*)+*!2>!*+,01!21+!F>2+(27,8!,:)7+(0+!-:01!,-!
7(!21+!0,-+!>A!*+8>0,27>(!-+*=70+W!U1+*+!U+!0>:8)!(>2!A7()!H,(/!*+,8!+()T:-+*-!U721!
21+!7(2+(27>(!2>!H>=+!2>!Q*:--+8-#!!

CEP)])$-)16*)"K$Bb-),/1*2=49*)4112491,+*)*/.586`)

!i+-W!6!2>2,88/!,M*++! !

!i+-W!6!A,7*8/!,M*++! &!

!3+:2*,8! ;!

!3>W!6!A,7*8/!)7-,M*++! J!

!3>W!6!2>2,88/!)7-,M*++! ;!

!P:2!>A!-0>F+%3>2!,FF870,C8+! !

6HF>*2,(2!B>HH+(2-!

41+!0>HH+(2-!>(!21+!:-+*!7(2+*A,0+!U+*+!(+:2*,8!2>!(+M,27=+#!'2!217-!-2,M+W!21+!R<6B!
7(2+*A,0+!7-!(>2!08+,*8/!)+A7(+)!,()!,))727>(,8!+AA>*2-!,*+!*+I:7*+)!A>*!21+!F*>):027>(!
=+*-7>(#!41+!7(2+*A,0+!1,-!g,!8>>V!>A!N"-hW!->H+!,*+,-!,*+!,!C72!0>HF870,2+)!,()!(>2!
(70+T8>>V7(M#!!

CEN)])!.)3.5)16,/V)16*)"K$B):>41=.2<),-)*4-3)1.)5-*`)
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!i+-W!6!2>2,88/!,M*++! !

!i+-W!6!A,7*8/!,M*++! N!

!3+:2*,8! &!

!3>W!6!A,7*8/!)7-,M*++! $!

!3>W!6!2>2,88/!)7-,M*++! $!

!P:2!>A!-0>F+%3>2!,FF870,C8+! $!

6HF>*2,(2!B>HH+(2-!

R,-+! >A! :-+! U,-! >(+! >A! 21+! *+I:7*+H+(2-! 0>(-7)+*+)! >A! 17M1! F*7>*72/W! ,()! 21+!
F+*0+7=+)! +DF+*7+(0+! U>*V7(M! U721! 21+! F8,2A>*H! ,()! 21+! -:FF>*27(M! -+*=70+-! 7-!
I:72+! F>-727=+#! 'M,7(W! H>*+! ,22*,027=+! X56-! ,*+! +DF+02+)! 7(! F*>):027>(! =+*-7>(-#!
R8+H+(2-!>A!21+!R<6B!F8,2A>*H!,*+!=+*/!+,-/!2>!:-+!,()!->H+!H>*+!0>HF8+D#!!'-!U721!
+=+*/!(+U!F*>):02W!:-,C7872/!7-!,(!>(M>7(M!F*>0+--!21,2!0,(!C+!+(1,(0+)!>=+*!27H+#!

P(+! A+,2:*+! 21,2! *+0+7=+)! (+M,27=+! A++)C,0V! U,-! 21+! g8>M7(h! U1701! -1>:8)([2! C+!
(+0+--,*/! A>*!,88!+()T:-+*!0,2+M>*7+-W!+-F+07,88/! 7(!0,-+-!>A!F*+)+A7(+)!:-+*! 7)!,()!
F,--U>*)#!

CES)])!.)3.5)16,/V)16*)9522*/1),<:>*<*/141,./)64-)4)>.1).=)>,<,141,./-)1641)42*)
:2.A>*<41,9)=.2)4)/*W)4::>,941,./):2.+,H*2)1.).==*2)6,-)-.>51,./)+,4)"K$B`)

!i+-W!6!2>2,88/!,M*++! $!

!i+-W!6!A,7*8/!,M*++! E!

!3+:2*,8! K!

!3>W!6!A,7*8/!)7-,M*++! $!

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! !

6HF>*2,(2!B>HH+(2-!

'-!,(!+DF+*7H+(2,8!F8,2A>*HW!R<6B!7-!H>=7(M!2>!21+!*7M12!)7*+027>(#!6(!,))727>(W!21+!
A,02!21,2!R<6B!0,(!,02!,-!,(!,C-2*,027>(!8,/+*!A>*!,00+--7(M!,()!*+:-7(M!+D2+*(,8!),2,!
->:*0+-!U721>:2! 21+! (++)! 2>!H>=+! 21+! ,02:,8! ),2,! 7-! =+*/! ,00>HH>),27(M! A>*! 21+!
)+=+8>F+*-#!41+!0>HH+(2-!A*>H!F,*2707F,(2-!1,)!H7D+)!A8,=>:*#!'!(+U!,FF870,27>(!
F*>=7)+*!U1>!U,(2-!2>!7HF8+H+(2!7(!R<6B!72-!,FF870,27>(-!(++)!2>!C+!H>27=,2+)!,()!
F,27+(2#!R<6B!7-!-2788!2>>!08>-+)!A>*!,(!+,-/!7HF8+H+(2,27>(!>A!,FF870,27>(W!0>HF,*+)!
2>! 21+! '<6-! ,()! -+*=70+-! ,=,78,C8+! >(87(+W! ,()! F>2+(27,8! ->A2U,*+! )+=+8>F+*-!H,/!
(++)! ,))727>(,8! )>0:H+(2,27>(! ,()! H,/C+! ,! ->A2U,*+! )+=+8>FH+(2! V72! ,()!
0:-2>H+*!-+*=70+!-:FF>*2#! 6A! 21+!,FF870,27>(! 7-!M>7(M! 2>!C+!)+=+8>F+)! A*>H!-0*,201!
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U721!21+!6Q.!2>>8-W!21+(!72!0,(!C+!>AA+*+)!+,-78/#!Q:2!21+!)+=+8>F+*!1,-!2>!8+,*(!21+!
0>**+-F>()7(M! )+=+8>FH+(2! 2>>8-! 21,2! 21+! F8,2A>*H! *+I:7*+-! A7*-2#! d>U+=+*W! 21+!
F8,2A>*H!F*>=7)+)!C/!6Q.!7-!,!C7M!-2+F!7(!7HF*>=7(M!-+*=70+-!>A!+T!X>=+*(H+(2#!!

R<6B!F*>=7)+-!H,(/!C+(+A72-! 2>!,FF870,27>(!F*>=7)+*-#!41+-+! A+,2:*+-!0,(!>(8/!M+2!
C+22+*! ,-! 21+! F8,2A>*H! 7-! 2,V+(! :F! C/! (+U! 0727+-! ,()! 21+! (:HC+*! >A! (+U! -+*=70+!
0>HF>(+(2-! ,=,78,C8+! 7(0*+,-+-#! 3+=+*21+8+--W! 72! 7-! ,8U,/-! ,!H,22+*! >A! 0>(=7(07(M!
21+!*+M7>(,8!H7(7-2+*-!2>!H,V+!),2,!,=,78,C8+!21*>:M1!,(!PF+(!@,2,!870+(0+#!

CEF)])!.)3.5)A*>,*+*)1641)A3)5-,/8)"K$Ba)4)/*W)4::>,941,./):2.+,H*2)9.5>H)*4-,>3)
2*496)4):4/]"52.:*4/)<42V*1`)

!i+-W!6!2>2,88/!,M*++! ;!

!i+-W!6!A,7*8/!,M*++! J!

!3+:2*,8! G!

!3>W!6!A,7*8/!)7-,M*++! !

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! $!

6HF>*2,(2!B>HH+(2-!

41+!H,7(!H+--,M+! *+0+7=+)! A*>H! 21+!F,*2707F,(2-! 7(! 217-!I:+-27>(!U,-! 21,2! 217-! 7-!
21+! 01,88+(M+! ,()! 21+! >FF>*2:(72/! >(! U1701! 21+! R<6B! 0>(->*27:H! *+87+-#! R<6B! 7-!
C,-+)!>(!,!-+2!>A!>F+(!-2,(),*)-!,()!C:782!,-!,!08>:)!F8,2A>*H!21,2!H,V+-!72!F>--7C8+!
2>! F*>=7)+! -+*=70+-! 7(! ,! F,(TR:*>F+,(! 0>(2+D2#! ! O>*! )+=+8>F+*-W! ,! -+2! >A! *+:-,C8+!
0>HF>(+(2-! ,()! -+*=70+-! ,*+! F*>=7)+)! >(! 21+! F8,2A>*H! 2>!H,V+! 21+-+! -H,*2! 072/!
-+*=70+-! ,=,78,C8+#! 41+! *+:-+! >A! -+*=70+-! 7-! =+*/! ,00>HH>),27(M! A>*! 21+! 9.R-! 7(!
>*)+*!2>!,),F2!,()!H7M*,2+!21+7*!,FF870,27>(-!2>!>21+*!0727+-!>*!0>:(2*7+-#!'))727>(,8!
+AA>*2!H,/!C+! *+I:7*+)! 21>:M1! ->! ,-! 21+! ,),F2,27>(!F*>0+--! 7-!H>*+! +AA707+(2#! 41+!
1>-27(M! >A! -+*=70+! 0>HF>(+(2-! 7(! 21+! R<6B! @,2,! B,2,8>M:+! -++H-! =+*/! :-+A:8! A>*!
)+=+8>F+*-!2>!0*+,2+!(+U!-+*=70+-!21,2!21+/!0,(!>AA+*!,0*>--!R:*>F+#!6(!,))727>(W!,-!
H>*+!0727+-!2,V+T:F!21+!F8,2A>*HW!21+!=,8:+!>A!R<6B!7-!7(0*+,-+)!,8>(M!U721!21+!*+,01!
>A!(+U!,FF!F*>=7)+*-!2>!F,(TR:*>F+,(!H,*V+2-#!]721>:2!(+U!0727+-W!H,*V+2!*+,01!7-!
87H72+)#!

CECI)])04+*)3.5).A-*2+*H),<:.214/1)>*84>)9./-124,/1-)1641)9.5>H):2*+*/1)"K$B)
1.)A*9.<*)125>3):4/]"52.:*4/`)

!i+-W!6!2>2,88/!,M*++! &!

!i+-W!6!A,7*8/!,M*++! G!

!3+:2*,8! $!
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!3>W!6!A,7*8/!)7-,M*++! &!

!3>W!6!2>2,88/!)7-,M*++! ;!

!P:2!>A!-0>F+%3>2!,FF870,C8+! &!

6HF>*2,(2!B>HH+(2-!

6(!F*7(07F8+! 8+M,8! 0>(-2*,7(2-!H,/!+D7-2!,2!,FF870,27>(! 8+=+8!,()!,*+!H,7(8/! *+8,2+)!
U721!21+!),2,!,-F+02-W!C:2!72!-++H-!21,2!,2!F8,2A>*H!8+=+8!21+/!,*+!0>=+*+)#!d>U+=+*W!
21+!A7(,8!C:-7(+--!F8,(!1,-!2>!2,V+!7(2>!,00>:(2!0>(2*,027(M!7--:+-!21,2!0727+-!A,0+!A>*!
:-7(M!21+!F8,2A>*H!,()!21+!-+*=70+-W!,-!U+88!,-!21+!A,02!21,2!0727+-!1,=+!87H72+)!H>(+/!
2>! -F+()! >(! (+U! ->8:27>(-#! 41+! R<6B! F*>):02! (++)-! 2>! 08+,*8/! -1>U! ,! )+A7(727=+!
0>-2%C+(+A72! ,(,8/-7-! A>*! 2,V+T:F! C/! 0727+-#! 6(! ,))727>(W! 21+*+! H,/! C+! :(V(>U(!
0>(-2*,7(2-! 7(! 2+*H-! >A! 8+M,8! F*>0+):*+-! A>*! ,87M(7(M!U721! 21+! -+0:*72/! ,()! ,00+--!
H,(,M+H+(2!F>8707+-!>A!F:C870!,)H7(7-2*,27>(-#!!

3.2.3 Technical Aspects 

41+! 2+01(70,8! I:+-27>(-! A>0:-+)! >(! 21+! -F+07A70! F8,2A>*H! 0,F,C78727+-! ,()!U1+21+*!
21+-+!U+*+! ,)=,(2,M+-!>*!C,**7+*-! A>*! ,!F,(TR:*>F+,(! 0>HH+*07,87e,27>(!>A!R<6B#!
41+!87-2!>A!I:+-27>(-!7-!F*+-+(2+)!7(!21+!2,C8+!C+8>U\!

@4A>*)M?)@*96/,94>)L5*-1,.//4,2*)

L5*-1,./) '/-W*2) B.<<*/1-)

GEC) ]) !.*-) "K$B) 64+*) 4>>)
2*R5,2*H) -*2+,9*-) =.2) 4) /*W)
4::>,941,./) :2.+,H*2) 1.) .==*2)
6,-) -.>51,./) 162.586) 16*)
:>41=.2<`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!!

!

GEG) ]) $-) ,1) *4-3) 1.) ,/1*8241*)
*D1*2/4>) -.529*-).=) H414) 1.) 16*)
"K$B):>41=.2<`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!!

!

GEJ) ]) $-) ,1) *4-3) */.586) 1.)
2*8,-1*2) 1.) 16*) :>41=.2<)
162.586) 16*) *D,-1,/8) 5-*2)
,/1*2=49*`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!
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!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!!

GEM)])$-),1)*4-3)*/.586)1.)H*:>.3)
4) /*W) 4::>,941,./) 1.) 16*)
:>41=.2<) 162.586) 16*) *D,-1,/8)
5-*2),/1*2=49*`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!!

!

GEO) ]) !.*-) "K$B) -5::.21) 4>>)
2*R5,2*H)1*96/.>.8,*-`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!!

!

GEP) ]) !.*-) "K$B) -94>*-)
*==*91,+*>3) ,/) .2H*2) 1.) -5::.21)
H,==*2*/1)124==,9)>.4H-`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!!

!

GEN) ]) !.*-) "K$B) :2.+,H*) 16*)
2*R5,2*H) -*952,13) =.2) 3.52)
4::>,941,./-`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!!

!

GES) ]) !.*-) "K$B) :2.+,H*) 92.--]
A.2H*2) 95-1.<,Y41,./) 162.586)
16*) <5>1,>4/8548*a) H,==*2*/1)
1,<*) Y./*-c9522*/9,*-)
-5::.21`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!!

!
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GEF)])!.)3.5)482**)1641),1),-)*4-3)
*/.586) =.2) 4/) 4::>,941,./)
:2.+,H*2)1.)2*]5-*)*D,-1,/8)W*A)
-*2+,9*-) .=) 4/.16*2) :2.+,H*2)
1641)42*).==*2*H)+,4)"K$B`)

!i+-W!6!2>2,88/!,M*++!

!i+-W!6!A,7*8/!,M*++!

!3+:2*,8!

!3>W!6!A,7*8/!)7-,M*++!

!3>W!6!2>2,88/!)7-,M*++!

!P:2!>A!-0>F+%3>2!,FF870,C8+!!

!

'88! 2+01(70,8! I:+-27>(-! >A! 21+! -:*=+/! *+=+,8+)! =+*/! 7(2+*+-27(M! A7()7(M-W!U1701!U+!
F*+-+(2! >(+! C/! >(+! 7(! 21+! *+-2! >A! 217-! -+027>(! 17M187M127(M! 21+! A++)C,0V! 21,2! U,-!
,0I:7*+)#!!

GEC) ])!.*-)"K$B)64+*) 4>>) 2*R5,2*H) -*2+,9*-) =.2) 4)/*W)4::>,941,./):2.+,H*2) 1.)
.==*2)6,-)-.>51,./)162.586)16*):>41=.2<`)

!i+-W!6!2>2,88/!,M*++! !

!i+-W!6!A,7*8/!,M*++! ;!

!3+:2*,8! E!

!3>W!6!A,7*8/!)7-,M*++! &!

!3>W!6!2>2,88/!)7-,M*++! $!

!P:2!>A!-0>F+%3>2!,FF870,C8+! ;!

6HF>*2,(2!B>HH+(2-!

41+!A++)C,0V!7(!217-!I:+-27>(!U,-!H7D+)#!9>H+!F,*2707F,(2-!08,7H+)!21,2!21+/!U+*+!
7(!,!F>-727>(!2>!)+=+8>F!21+7*!>U(!->8:27>(!,()!F*>=7)+!,))727>(,8!U+C!-+*=70+-!A>*!
H,V7(M! +,-/! 217-! >Ca+027=+#! 41+! 0:**+(2! F8,2A>*H! 1,-! ,! (:HC+*! >A! -F+07,87e+)!
-+*=70+-!^+#M#!2*,(-8,27>(W!-+H,(270W!7)+(272/W!+20#_!2>!A,07872,2+!21+!)+F8>/H+(2!>A!(+U!
,FF870,27>(-#!d>U+=+*W!,!C+22+*!F,(+8!H,(,M+H+(2!-/-2+H!U>:8)!C+!,!(+0+--72/W!,()!
U,/-! A>*! :-+*-! ^C+! 72! F*>=7)+*-! >*! :-+*-! >A! -+*=70+-_! 2>! F*>A78+W! F+*->(,87e+! 21+!
+(=7*>(H+(2! +20#! 6(! ,))727>(! ,00>:(27(M! -+*=70+-! ,*+! *+I:7*+)! A>*! 21+! F*>):027>(!
=+*-7>(#! 41+! :-+*! H,(,M+H+(2! -+*=70+-! ,()! 21+! A:(027>(,872/! >A!
U*,FF7(M%2:((+887(M!),2,!->:*0+-!21*>:M1!21+!F8,2A>*H!,*+!,!-:AA707+(2!C,-+87(+!A>*!
)+=+8>F7(M!(+U!,FF870,27>(-#!!

'(! 7HF>*2,(2!*+H,*V! 7-! 21,2! 21+!R<6B!0,2,8>M:+!U788!C+!+(*701+)! 7(! 21+! A:2:*+!,()!
,))727>(,8!-+*=70+!>AA+*7(M-!U788!C+!,=,78,C8+#!

GEG)])$-),1)*4-3)1.),/1*8241*)*D1*2/4>)-.529*-).=)H414)1.)16*)"K$B):>41=.2<`)

!i+-W!6!2>2,88/!,M*++! &!

!i+-W!6!A,7*8/!,M*++! J!
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!3+:2*,8! $!

!3>W!6!A,7*8/!)7-,M*++! !

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! E!

6HF>*2,(2!B>HH+(2-!

6(!R<6B!21+!7(2+M*,27>(!>A!+D2+*(,8!->:*0+-!U,-!7HF8+H+(2+)!C/!:-7(M!U+C!-+*=70+-W!
,()!,8->!21+!A,02!21,2!21+-+!-+*=70+-!,*+!*+M7-2+*+)!2>!21+!0,2,8>M:+!,88>U-!A>*!U7)+*!
:-+! >A! 21+! ,C-2*,02+)!),2,! ->:*0+-#! O>*! +D,HF8+! 21+!1>:-7(M! ,()!F>7(2T>AT7(2+*+-2!
),2,! >A! 47*M:! .:*+-! ,()! 21+! >21+*! F78>2! ,FF870,27>(-! ,8*+,)/! 7()70,2+! 21+! k+,-/[!
7(2+M*,27>(!>A!),2,!->:*0+-!2>!21+!F8,2A>*H#!!

GEJ) ]) $-) ,1) *4-3) */.586) 1.) 2*8,-1*2) 1.) 16*) :>41=.2<) 162.586) 16*) *D,-1,/8) 5-*2)
,/1*2=49*`)

!i+-W!6!2>2,88/!,M*++! $!

!i+-W!6!A,7*8/!,M*++! ;!

!3+:2*,8! &!

!3>W!6!A,7*8/!)7-,M*++! ;!

!3>W!6!2>2,88/!)7-,M*++! ;!

!P:2!>A!-0>F+%3>2!,FF870,C8+! &!

6HF>*2,(2!B>HH+(2-!

41+!A++)C,0V!7(!217-!I:+-27>(!U,-!H7D+)#!41+!F,*2707F,(2-!U+*+([2!-,27-A7+)!21,2!21+!
0*+)+(27,8-!U+*+! F*+T,88>0,2+)! C/! 21+! -/-2+H! ,()! 7(! M+(+*,8! 21+! ,00+--! -1>:8)! C+!
+,-7+*!0>HF,*+)!2>!>21+*!U+C!C,-+)!-/-2+H-!>(!21+!H,*V+2#!!

GEM)])$-),1)*4-3)*/.586)1.)H*:>.3)4)/*W)4::>,941,./)1.)16*):>41=.2<)162.586)16*)
*D,-1,/8)5-*2),/1*2=49*`)

!i+-W!6!2>2,88/!,M*++! &!

!i+-W!6!A,7*8/!,M*++! $!

!3+:2*,8! ;!

!3>W!6!A,7*8/!)7-,M*++! &!

!3>W!6!2>2,88/!)7-,M*++! !
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!P:2!>A!-0>F+%3>2!,FF870,C8+! J!

6HF>*2,(2!B>HH+(2-!

41+! F*>0+--! U,-! I:72+! -2*,7M12! A>*U,*)! 21*>:M1! 21+! ,)H7(7-2*,27>(! 0>(->8+#! 41+!
R'S!A78+!7-!:F8>,)+)!,()!21+!)+=+8>F+*!>(8/!1,-2!2>!*:(!21*>:M1!,!0>:F8+!>A!-2+F-!7(!
U1701!H>-2!>F27>(-!0,(!C+!V+F2!,-!)+A,:82#!!

GEO)])!.*-)"K$B)-5::.21)4>>)2*R5,2*H)1*96/.>.8,*-`)

!i+-W!6!2>2,88/!,M*++! !

!i+-W!6!A,7*8/!,M*++! $!

!3+:2*,8! J!

!3>W!6!A,7*8/!)7-,M*++! $!

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! J!

6HF>*2,(2!B>HH+(2-!

<,*2707F,(2-!H+(27>(+)!21,2! 217-!)+F+()-!>(!U1,2!,*+! k*+I:7*+)[! 2+01(>8>M7+-W!,()!
21+! -F+07A70! (++)-! A>*! ,FF870,27>(! F*>=7)+*-#! 41+! 0:**+(2! F8,2A>*H! 1>U+=+*W!
-:FF>*2-! ,! A,7*! -+2! >A! (+U! ^,()!>8)+*_! 7(2+*(+2! 2+01(>8>M7+-W! 7(08:)7(M!H>C78+! +20#!
R=+(! 21>:M1! A*>H! ,! A7*-2! -7M12! -++H-! 21,2! 21+! -+2! >A! -:FF>*2+)! 2+01(>8>M7+-! 7-!
87H72+)! ^H,7(8/! j&RR_W! 21+! F8,2A>*H! ,8->! -:FF>*2-! U+C! -+*=70+-! 21,2! A>88>U! U+88!
+-2,C87-1+)!-2,(),*)-! 21+*+A>*+! 21*>:M1!U+C!-+*=70+-!H,(/! 2+01(>8>M7+-!0>:8)!C+!
-:FF>*2+)#!

GEP)])!.*-)"K$B)-94>*-)*==*91,+*>3),/).2H*2)1.)-5::.21)H,==*2*/1)124==,9)>.4H-`)

!i+-W!6!2>2,88/!,M*++! !

!i+-W!6!A,7*8/!,M*++! $!

!3+:2*,8! J!

!3>W!6!A,7*8/!)7-,M*++! !

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! K!

6HF>*2,(2!B>HH+(2-!

@+A7(72+8/! 217-! 7-!>(+!>A! 21+!,-F+02-! 21,2! 21+!0>(->*27:H!)7)([2! A>0:-!>(!):*7(M!21+!
7HF8+H+(2,27>(!>A!21+!+DF+*7H+(2,8!,FF870,27>(-!C:2!,00>*)7(M!2>!21+!F,*2707F,(2-W!
21+! F+*A>*H,(0+! >A! 21+! ,FF870,27>(-! U,-! -,27-A/7(M#! P(+! 7HF>*2,(2! *+H,*V! U,-!
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21>:M1!21,2!21+!U>*V8>,)!)+F+()-!8,*M+8/!>(!21+!2/F+!>A!,FF870,27>(!,()!72-!:-+!C/!
+()T:-+*-#!

GEN)])!.*-)"K$B):2.+,H*)16*)2*R5,2*H)-*952,13)=.2)3.52)4::>,941,./-`)

!i+-W!6!2>2,88/!,M*++! !

!i+-W!6!A,7*8/!,M*++! L!

!3+:2*,8! !

!3>W!6!A,7*8/!)7-,M*++! !

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! J!

6HF>*2,(2!B>HH+(2-!

417-!F>7(2!1,-!C++(! 2,V+(!=+*/! -+*7>:-8/! -7(0+! 21+!C+M7((7(M!C/! ,88! R<6B!F,*2(+*-!
,()! 21+! F8,2A>*H! ,017+=+)! ,! M>>)! 8+=+8! >A! -+0:*72/! ,00>*)7(M! 2>! 21+! F,*2707F,(2-#!
9F+07A70! -+0:*72/! ,**,(M+H+(2-! ,()!F>8707+-! ,*+! 2,V+(! 7(2>! ,00>:(2W! C>21! A*>H! 21+!
R<6B! F8,2A>*H! ,()! 21+! 072/! ,)H7(7-2*,27>(! 8+=+8! F+*-F+027=+-! C/! :-7(M! U+88!
+-2,C87-1+)!2+01(>8>M7+-!,()!-2,(),*)-#!!

GES) ]) !.*-) "K$B) :2.+,H*) 92.--]A.2H*2) 95-1.<,Y41,./) 162.586) 16*)
<5>1,>4/8548*a)H,==*2*/1)1,<*)Y./*-c9522*/9,*-)-5::.21`)

!i+-W!6!2>2,88/!,M*++! $!

!i+-W!6!A,7*8/!,M*++! E!

!3+:2*,8! G!

!3>W!6!A,7*8/!)7-,M*++! $!

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! ;!

6HF>*2,(2!B>HH+(2-!

41+! F*>>A! >A! 0>(0+F2! U,-! ,! M>>)! +D,HF8+! >A! 0*>--TC>*)+*! 0:-2>H7e,27>(!
^R(M87-1%2U>!)7AA+*+(2!S>H,(7,(!)7,8+02-_#!d>U+=+*W! 7(! 21+! -0>F+! >A! 217-! -0+(,*7>!
>(8/! 21+! H:8278,(M:,M+! 0:-2>H7e,27>(! 0>:8)! C+! -1>U(#! .>*+>=+*W! >(8/! 7(! 21+!
kS+8>0,27>(! 0,-+[! 21+! :-+*! 1,-! 21+! ,C7872/! 2>! 01,(M+! 21+! ,FF870,27>([-! 8,(M:,M+!
,:2>H,270,88/! 21*>:M1! 21+! F8,2A>*H#! 6(! ,88! >21+*! 0,-+-W! 217-! U,-! (>2! ,! 0*:07,8!
A:(027>(,872/W! ->! )7AA+*+(2! 27H+! e>(+-! ,()! 0:**+(07+-! -:FF>*2! U+*+! (+=+*! ,! F78>2!
*+I:7*+H+(2#!!
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GEF)])!.)3.5)482**)1641),1),-)*4-3)*/.586)=.2)4/)4::>,941,./):2.+,H*2)1.)2*]5-*)
*D,-1,/8)W*A)-*2+,9*-).=)4/.16*2):2.+,H*2)1641)42*).==*2*H)+,4)"K$B`)

!i+-W!6!2>2,88/!,M*++! $!

!i+-W!6!A,7*8/!,M*++! G!

!3+:2*,8! &!

!3>W!6!A,7*8/!)7-,M*++! $!

!3>W!6!2>2,88/!)7-,M*++! !

!P:2!>A!-0>F+%3>2!,FF870,C8+! J!

6HF>*2,(2!B>HH+(2-!

41+! F,*2707F,(2-! C+87+=+! 21,2! 217-! 7-! ,! 2/F70,8! 0,-+! >A! 21+! F8,2A>*H! :-+! ,()! 21+!
)+=+8>FH+(2-! A>*!47*M:!.:*+-!,*+!,!F*>>A!>A! 21,2l! 217(M-!U+*+! ^*+_:-+)! *+8,27=+8/!
-H>>218/W!,()!A,-2#!41+*+!,*+!21>:M1!->H+!0>(0+*(-!*+M,*)7(M!21+!C:-7(+--!,-F+02-!
>A!21,2!,()!U1+21+*!0>HH+*07,8!+(2727+-!U>:8)!:-+!21+!R<6B!F8,2A>*H!,()!21+(!-++!
->H+>(+!+8-+!^*+T_:-+!21+7*!U+C!-+*=70+-W!->!,00>:(27(M!,()!C7887(M!A+,2:*+-!(++)!2>!
C+! 7HF8+H+(2+)! 7(! 21+!F8,2A>*H! A>*! 21,2!F:*F>-+#!P(! 2+01(70,8! 8+=+8W! ,(! 7)+(27A7+)!
7--:+! U,-! 21,2! ,2! 21+! H>H+(2! ]+C! 9+*=70+-! 0,(! >(8/! C+! ,00+--+)! C/! 21+! <>*2,8!
9+*=+*!):+!2>!A7*+U,88!*+-2*7027>(-!,()!A:2:*+!=+*-7>(-!>A!21+!F8,2A>*H!217-!-1>:8)!C+!
A7D+)#!

!  
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4 Test Cases 
'-!F,*2!>A!R<6B!F8,2A>*H!+=,8:,27>(!F8,(W!,!(:HC+*!>A!2+-2!0,-+-!1,=+!C++(!7)+(27A7+)!
):*7(M!21+!+=,8:,27>(!H+21>)>8>M/!)+A7(727>(!F*>0+--#!41+-+!1,=+!C++(!21>*>:M18/!
)+-0*7C+)!F*7H,*78/!7(!21+!@G#$!,()!21+(!7(!H>*+!)+2,78!7(!21+!@L#$!)>0:H+(2W!U1701!
7(727,87e+)!21+!+=,8:,27>(!F*>0+--!>A!21+!R<6B!F*>a+02#!'-!72!1,-!,8*+,)/!C++(!*+A+**+)!
7(! @L#$W! 21+! +=,8:,27>(! >A! 21+! 2+01(70,8! ,-F+02-! >A! 21+! F*>a+02W! ,()! H,7(8/W! 21+!
F8,2A>*H! 72-+8A! ,()! 21+!F78>2! ,FF870,27>(!U788! C+!F+*A>*H+)! 7(2+*(,88/W! 7(=>8=7(M! ,88!
2+01(70,8!F,*2(+*-!^2+01(>8>M/!F*>=7)+*-W!F8,2A>*H!)+=+8>F+*-!,()!F78>2!,FF870,27>(!
F*>=7)+*-_#! 41+! H,7(! A>0:-! 7-! 21+! )+=+8>F+*-! >A! 21+! F78>2! ,FF870,27>(-W! U1>! 1,=+!
7(2+*,02+)! )7*+028/!U721! 21+! F8,2A>*H[-! -+*=70+-! ,()! A:(027>(,8727+-W! ,-!U+88! ,-! 21+!
2+01(>8>M/! F*>=7)+*-W! U1>! 1,=+! *+)+-7M(+)! ,()! +D2+()+)! 21+! +D7-27(M! F8,2A>*H[-!
0,F,C78727+-W!7(!>*)+*!2>!,),F2!72!2>!21+!R<6B[-!(++)-W!,-!17M187M12+)!C/!21+!)7=+*-72/!
>A!21+!F78>2!,FF870,27>(-#!

41+!2+-2!0,-+-!0>=+*!21+!0>HF8+2+!-+2!>A!:-+*!,()!F8,2A>*H!*+I:7*+H+(2-W!,-!)+A7(+)!
7(! 21+!@&#G!)>0:H+(2#! 6(! >*)+*! 2>! ,(-U+*! ,()! 2>! =,87),2+! 21+! 2+-2! 0,-+-W! )7AA+*+(2!
,FF*>,01+-! U788! C+! A>88>U+)#! 9>H+! 2+-2! 0,-+-! 0,(! C+! ,(-U+*+)! C/! )7*+028/!
7(2+*=7+U7(M! 2,*M+2! :-+*! M*>:F-W! >21+*-! 0,(! C+! ,(-U+*+)! C/! a:-2! >C-+*=7(M! 21+!
C+1,=7>:*! >A! 21+! F8,2A>*HW!U178+! >21+*-! ,*+! C,-+)! >(! a5(72! 2+-2-! *+M,*)7(M! 2>! 21+!
)>0:H+(2,27>(!>A!21+!-+*=70+-[!A:(027>(,8727+-#!'88!2+-2!0,-+-!0>=+*-!)7AA+*+(2!,-F+02-!
>A! 21+! R<6B! F*>a+02W! A*>H! ,! 2+01(70,8! F+*-F+027=+\! 41+! B>*+! B8>:)! <8,2A>*H!
A:(027>(,8727+-W!21+!A*>(2T+()!:-+*!7(2+*A,0+!:-+)!A>*!,00+--7(M!21+!F8,2A>*H!,()!21+!
F78>2! ,FF870,27>(-! 21+H-+8=+-! ^+721+*! 21*>:M1! ,!U+C!C*>U-+*! >*! 21*>:M1! ,!H>C78+!
)+=70+_W!,()!21+!)+=+8>FH+(2!+(=7*>(H+(2!:-+)!C/!21+!,FF870,27>(!)+=+8>F+*-#!

41+!*+-2!>A!217-!-+027>(!7-!0>(-2*:02+)!,-!A>88>U-\!'!-:C-+027>(!0>(->87),27(M!,88!2+-2!
0,-+-!*+-:82-!,()!,(-U+*-W!,()!,!-:C-+027>(!21,2!)+-0*7C+-!21+!H,7(!>:20>H+-!>A!21+!
2+-2! 0,-+-#! 417-! -+027>(!U788! C+! ,! =,8:,C8+! 7(F:2! A>*! 21+! *+I:7*+H+(2-! 2*,0+,C7872/!
H,2*7D! -+027>(W!U1701! 0>**+8,2+-! 21+! >:20>H+-! A*>H! 21+! 2+-2! 0,-+-!U721! 21+! 7(727,8!
:-+*!*+I:7*+H+(2-!21,2!21+!R<6B!F8,2A>*H!-1>:8)!,))*+--#!

4.1 Test Case Evaluation Process 
6(!217-!-:C-+027>(W!21+!*+-:82-!>A!21+!F*+)+A7(+)!2+-2!0,-+-!,*+!)+-0*7C+)#!41>-+!2+-2!
0,-+-!U+*+!)7-2*7C:2+)!,H>(M!21+!H>-2!*+8+=,(2!2+01(70,8!F,*2(+*!>A!21+!0>(->*27:H!
2>! C+! ,(-U+*+)#! 41+!R<6B! F8,2A>*H!1,-! )7=+*-+! A:(027>(,8727+-! ,()! 0>=+*-! ,! 8>2! >A!
2+01(>8>M/! ,-F+02-W! U1701! ,*+! (>2! ,88! (++)+)! A>*! +=+*/! ,FF870,27>(! -0+(,*7>#! Q/!
)7-2*7C:27(M!21+!2+-2!0,-+-!,H>(M!21+!H>-2!*+8+=,(2!F,*2(+*-W!72!7-!+(-:*+)!21,2!>(8/!
21+!>(+-! 21,2!1,)!)7*+028/!,00+--!,()!)++F!V(>U8+)M+!U721! -F+07A70!,-F+02-!>A! 21+!
F8,2A>*H!U788!,(-U+*!21+!*+8+=,(2!2+-2!0,-+-#!

6(! >*)+*! 2>! ,=>7)! *+TU*727(M! 217(M-! 21,2! 1,=+! C++(! ,8*+,)/! )+87=+*+)W! +=+*/! 2,C8+!
>(8/! 0>(2,7(-! 21+! C,-70! )+-0*7F27>(! >A! 21+! 2+-2! 0,-+! ,()! 21+! 0>**+-F>()7(M! :-+*!
*+I:7*+H+(2!21,2!7-!08>-+8/!*+8,2+)!2>#!6(!21+!>:20>H+!*>UW!21+!*+-:82-!,()!>:2F:2-!>A!
21+!2+-2!0,-+-!,*+!C+7(M!)+-0*7C+)#!'-!1,-!,8*+,)/!C++(!+DF8,7(+)W!21>-+!*+-:82-!U788!
C+! =,87),2+)! +721+*! C/! :-7(M! +D7-27(M! :-+*! -:*=+/-! ,()! +DF+*7+(0+! M,7(+)! C/!



 EPIC – Deliverable   

D8.2 Evaluation Report 30! Version 1.0, 29/05/2013 

7(2+*=7+U7(M!-F+07A70!:-+*!M*>:F-W! 21:-!+DF8>727(M!21+!]<K[-!>:20>H+-W!+721+*!U721!
21+! >C-+*=,27>(! >A! 21+! C+1,=7>:*! >A! 21+! F8,2A>*HW! ,00>HF,(7+)! C/! -0*++(-1>2-W!
+721+*! C/! )>7(M! ->H+! a5(72-! 2+-2-! U1+*+! 21+! *+-:82-! ,*+! C+7(M! *+A+**+)#! 41+!
)>0:H+(2,27>(! *>U! )+-0*7C+-! U1+*+! 21+! >:2F:2-! >A! 21+! 2+-2! 0,-+-! ,*+! 8>0,2+)! >*!
U1+*+!21+!,02:,8!)>0:H+(2,27>(!>A!,!-F+07A70!0>HF>(+(2!7-!C+7(M!1>-2+)#!

]1,2!7-!H>*+!2>!H+(27>(!7-!21,2!->H+!2+-2!0,-+-!U+*+!0>(-7)+*+)!,-!>:2),2+)!A*>H!
21+! 27H+! 21+/!1,)!C++(!)+A7(+)! 7(!@L#$#!417-! 7-! *+A+*-! 2>! 21+!OS$"!^27H+!e>(+!,()!
H:8270:**+(0/! -:FF>*2_! ,()! OS$K! ^(>27A70,27>(-_! :-+*! *+I:7*+H+(2-W! ,-! )+A7(+)! 7(!
21+! @&#G! )>0:H+(2W! U1701! A7(,88/! ,FF+,*+)! 2>! 1,=+! (>! =,8:+! A>*! 21+! F78>2!
,FF870,27>(-! ,-! 0>*+!F8,2A>*H! A+,2:*+-! ,()! 0>:8)!C+!H>*+! +AA+027=+8/! -:FF>*2+)! 7(!
F78>2!8+=+8#!Q/!21+(W!21+!F8,2A>*H!,()!,FF870,27>(!)+=+8>FH+(2!U,-!-2788!,(!>(M>7(M!
F*>0+--!,()!->H+!*+I:7*+H+(2-!1,)!2>!C+!*+)+A7(+)W!,00>*)7(M!2>!21+!,M78+!F*>0+--!
>A!->A2U,*+!)+=+8>FH+(2!21,2!21+!R<6B!F*>a+02!A>88>U-W!U1701!1,-!7(!)+2,78!+DF8,7(+)!
7(! 21+!@&#G!)>0:H+(2!,()!U1701! 7(=>8=+-! 21+!08>-+! 7(2+*,027>(!U721! 21+!+()T:-+*-!
,00>*)7(M!2>!21+!c7=7(M!c,C-[!+DF+*7+(0+#!417-!7(!A,02!8+)!2>!21+!*+)+A7(727>(!>A!->H+!
*+I:7*+H+(2-W! 87V+!SS9$!^.:827TB:82:*,8!@+-0*7F27>(!>A! 21+!S+,8!R-2,2+!<*>F+*27+-_W!
>*!2>!17M187M12!)7AA+*+(2!*+I:7*+H+(2-!,-!H>*+!-+=+*+!21,(!>21+*-#!41+!a:-27A70,27>(!
A>*! ,88! 01,(M+-! ,()!H7--7(M! *+I:7*+H+(2-! 0,(! C+! A>:()! ,2! 21+! 8,-2! -+027>(! >A! 21+!
)>0:H+(2!,-!F,*2!>A!21+!*+I:7*+H+(2-!2*,0+,C7872/!*+-:82-#!

41+!*+-2!>A!217-!-:C-+027>(!0>(->87),2+-!,88!*+-:82-!>A!21+!2+-2!0,-+-\!!

@4A>*)O?)BB]C]C)@*-1)B4-*)]);*2+,9*)!*:>.3<*/1)Z(.16)&";@)4/H);7'K[)

$!) BB]C]C)

X4<*) ;*2+,9*)!*:>.3<*/1)Z(.16)&";@)4/H);7'K[)

!*-92,:1,./) 6(!217-!2+-2!0,-+W!21+!)+F8>/H+(2!>A!,!(+U!-+*=70+!H:-2!C+!=,87),2+)#!!

;.529*) 417-!2+-2!0,-+!U788!=,87),2+!21+!OS$W!OS&!,()!@R$!5-+*!S+I:7*+H+(2-W!,-!)+A7(+)!
,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

O>*! ]+C! 9+*=70+-! )+F8>/H+(2! 21+*+! 7-! (>! F,*270:8,*! U+C! 7(2+*A,0+! A>*! 21,2!
F:*F>-+#! i>:! (++)! 2>! )+F8>/! />:*! +,*! A78+! C/! 21+! ,)H7(7-2*,27>(,8! 0>(->8+#!
]+C-F1+*+! <*>0+--! 9+*=+*! ,()! ]+C-F1+*+! <>*2,8! 9+*=+*! 1,=+! ,(!
,)H7(7-2*,27>(,8!0>(->8+#!!!

i>:!(++)!2>!*:(!21*>:M1!21+!A>88>U7(M!-2+F-\!

$# c>MT7(!2>!21+!R<6B!<8,2A>*H!U721!,(!,)H7(7-2*,2>*!:-+*7)#!!
&# P(! 21+! (,=7M,27>(! F,(+8! 0870V! G22*-6),-./=! ,()! 21+(! H1>! G22*-6),-./$!

9+8+02!21+!+,*TA78+!2>!C+!)+F8>/+)!,()!0870V!6./,-/+1$!
;# '! )7,8>M:+! A>*! )+F8>/7(M! 21+! (+U! -+*=70+! +,*! A78+! >F+(-#!

S:(!21*>:M1!21+!)7,8>M:+!,()!V++F!,88!>F27>(-!,-!)+A,:82#!
G# 41+!-+*=70+!,FF870,27>(!1,-!C++(!)+F8>/+)!

'A2+*!)+F8>/H+(2!21+!-+*=70+!0,(!C+!2+-2+)!C/!,(/!9P'<!]+C!9+*=70+!2+-27(M!2>>8!
^A>*!+D,HF8+!U721!9P'<!56!122F\%%UUU#->,F:7#>*M_#!
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@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

41+! F*>0+--! 7-! )+-0*7C+)! :()+*! 21+! V+/U>*)-! g@+F8>/! ,(! ,FF870,27>(! U721! 21+!
,)H7(7-2*,27>(,8!0>(->8+h!,()!0,(!C+! A>:()! 7(! 6Q.-!@>0:H+(2,27>(!S+F>-72>*/\!
122F\%%F:C87C#C>:8)+*#7CH#0>H!!

R#M#!
122F\%%F:C87C#C>:8)+*#7CH#0>H%7(A>0+(2+*%7-+*7+-%=E*G%7()+D#a-Fm2>F70n`&O*e,
H/`&OE"`&O,)H7(`&O,0,FF7(-2#12H!

S+8,2+)!-0*++(-1>2-!,*+!,=,78,C8+!7(!'((+D!'#!

!

@4A>*)P?)BBC]G)@*-1)B4-*)]);*2+,9*)&*8,-1241,./)1.)"K$B)B414>.85*)

$!) BB]C]G)

X4<*) ;*2+,9*)&*8,-1241,./)1.)"K$B)B414>.85*)

!*-92,:1,./) f+*7A/!21,2!,!-+*=70+!0,(!C+!H,(:,88/!,))+)!2>!21+!-+*=70+!0,2,8>M:+#!

;.529*) 417-!2+-2!0,-+!U788!=,87),2+!21+!OS&W!OSGW!OS$&!,()!OS$G!5-+*!S+I:7*+H+(2-W!,-!
)+A7(+)!,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

$# c>MT7(!2>!21+!R<6B!9+*=70+!B,2,8>M!U721!,(!,)H7(7-2*,2>*!:-+*7)#!
&# 6(!21+!9+*=70+!@>0:H+(2-!-+027>(W!0870V!>(!]9@c!)>0:H+(2-#!!
;# B870V!8>,)!)>0:H+(2-!>(!21+!0>HH,()!C,*#!
G# 6(! 21+!<,21! 2>! 21+!@>0:H+(2! -+027>(W! ,027=,2+! 21+!S+H>2+!O78+!c>0,27>(!

C:22>(#!
E# 6(!21+!9F+07A/!5Sc!C>DW!+(2+*!21+!5Sc!>A!21+!-+*=70+#!
J# ]1+(!21+!@>0:H+(2-!2>!C+!8>,)+)!-0*++(!,FF+,*W!0870V!O7(7-1#!
K# 41+!@>0:H+(2!c>,)+)!9:00+--A:88/!-0*++(!U788!,FF+,*#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

90*++(-1>2-! *+-:827(M! A*>H! 21+! ,C>=+! -2+F-! ,()! >:287(7(M! 21+! 2+-2! *+-:82! ,*+!
,=,78,C8+!7(!21+!,((+D#!

!

@4A>*)N?)BB]C]J)@*-1)B4-*)]);*2+,9*)#,-1,/8),/)"K$B)B414>.85*)

$!) BB]C]J)

X4<*) ;*2+,9*)#,-1,/8),/)"K$B)B414>.85*)

!*-92,:1,./) 417-!2+-2!0,-+!U788!=,87),2+!21+!-+,*01!>A!21+!,=,78,C8+!U+C!-+*=70+-!>AA+*7(M-!,()!
U788!17M187M12!21+!,)=,(0+-!A+,2:*+-!F*>=7)+)!C/!21+!R<6Bo-!-+*=70+!0,2,8>M:+#!

;.529*) 417-!2+-2!0,-+!U788!=,87),2+!21+!OS;W!OSJ!OS$JW!,()!OS$L!5-+*!S+I:7*+H+(2-W!,-!
)+A7(+)!,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1 $# c>MT7(!2>!21+!R<6B!9+*=70+!B,2,8>M:+!U721!,(!,)H7(7-2*,2>*!:-+*7)#!
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-) &# 6(!21+!9+*=70+!@>0:H+(2-!-+027>(W!0870V!>(!]9@c!)>0:H+(2-#!!
;# '88!21+!-+*=70+!)>0:H+(2-!U788!C+!87-2+)#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

90*++(-1>2-! *+-:827(M! A*>H! 21+! ,C>=+! -2+F-! ,()! >:287(7(M! 21+! 2+-2! *+-:82! ,*+!
,=,78,C8+!7(!21+!,((+D##!O>*!21+!A7*-2!2U>!-2+F-W!-0*++(-1>2-!,*+!21+!-,H+!,-!BB$T&#!

!

@4A>*)S?)BB]C]M)@*-1)B4-*)]);*2+,9*)H*>*1,./)=2.<)16*)"K$B)B414>.85*)

$!) BB]C]M)

X4<*) ;*2+,9*)H*>*1,./)=2.<)16*)"K$B)B414>.85*)

!*-92,:1,./) 6(! 217-! 2+-2! 0,-+! U+! H:-2! =,87),2+! 21+! F*>F+*! -+*=70+! )+8+27>(! A*>H! 21+! R<6B!
F8,2A>*H#! 41+! 0>HF8+2+! *+H>=,8! >A! ,88! -+*=70+o-! 0>(A7M:*,27>(! ),2,! ,()!
,FF870,27>(!-F+07A70!-01+H,-!H:-2!C+!17M187M12+)#!!

;.529*) @6*) ^H*>*1,./b).=)4) -*2+,9*)W4-)/.1)H*=,/*H)4-)4)2*R5,2*<*/1) ,/) 16*) ,/,1,4>)
:2.9*--).=)16*):2.e*91a)6.W*+*2),1)W4-)6,86>,861*H)4-)4/),<:.214/1)./*)>41*2)
./a)4/H)64+*)A**/),/9>5H*H)4-)4)-*:4241*)1*-1)94-*E)

751:51-c&*-5>1
-)

$# c>MT7(2>!21+!R<6B!9+*=70+!B,2,8>M:+!U721!,(!,)H7(7-2*,2>*!:-+*7)#!
&# 6(!21+!9+*=70+!@>0:H+(2-!-+027>(W!0870V!>(!]9@c!)>0:H+(2-#!
;# '88!21+!-+*=70+!)>0:H+(2-!U788!C+!87-2+)#!
G# B1+0V!21+!C>D!7(!A*>(2!>A!21+!-+*=70+!2>!C+!)+8+2+)#!
E# B870V!>(!@+8+2+!7(!21+!0>HH,()!C,*#!
J# 41+!H+--,M+!41+!-+8+02+)!72+H!U,-!-:00+--A:88/!)+8+2+)!,FF+,*!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

90*++(-1>2-! *+-:827(M! A*>H! 21+! ,C>=+! -2+F-! ,()! >:287(7(M! 21+! 2+-2! *+-:82! ,*+!
,=,78,C8+!7(!21+!,((+D#!

!

@4A>*)F?)BB]C]O)@*-1)B4-*)])B6*9V)4>>)5-*2)<4/48*<*/1)=5/91,./-)+,4)W*A)-*2+,9*)

$!) BB]C]O)

X4<*) B6*9V)4>>)5-*2)<4/48*<*/1)=5/91,./-)+,4)W*A)-*2+,9*)

!*-92,:1,./) 417-!2+-2!0,-+!H:-2!=,87),2+!,88!:-+*!H,(,M+H+(2!A:(027>(,8727+-W!,-!)+A7(+)!,2!21+!
G#&#E#G!-:C-+027>(!>A!21+!@G#$!)>0:H+(2\!

• B1+0V!,))7(M!>A!(+U!R<6B!:-+*!

• B1+0V!)+8+27(M!>A!,!R<6B!:-+*!

• B1+0V!-+8+027(M!,88!R<6B!:-+*-!

• B1+0V!,))7(M!>A!(+U!,FF870,27>(!:-+*!
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• B1+0V!)+8+27(M!>A!,!,FF870,27>(!:-+*!

• B1+0V!-+8+027(M!,88!,FF870,27>(!:-+*-!

• B1+0V!,))7(M!>A!,!(+U!,FF870,27>(!

• B1+0V!,))7(M!-F+07A70!),2,!2/F+!A>*!,!(+U!,FF870,27>(!

• B1+0V!)+8+27(M!-F+07A70!),2,!2/F+!A>*!,!(+U!,FF870,27>(!

• B1+0V!,))7(M!,!(+U!:-+*!),2,!F78>2!-F+07A70!!

• B1+0V!)+8+27(M!,!(+U!:-+*!),2,!F78>2!-F+07A70!

• B1+0V!:F),27(M!,!(+U!:-+*!),2,!F78>2!-F+07A70!

• B1+0V!-+8+027(M!,88!:-+*!),2,!F78>2!-F+07A70!

• B1+0V!,))7(M!,!(+U!F78>2!*>8+!

• B1+0V!)+8+27(M!,!(+U!F78>2!*>8+!

• B1+0V!-+8+027(M!,!(+U!F78>2!*>8+!

• B1+0V!,--7M(7(M!,!F78>2!*>8+!2>!,!:-+*!

• B1+0V!)+8+27(M!,!F78>2!*>8+!A*>H!,!:-+*!

• B1+0V!,))7(M!,!(+U!:-,M+!17-2>*/!*+0>*)!

• B1+0V!)+8+27(M!,!:-,M+!17-2>*/!*+0>*)!

• B1+0V!-+8+027(M!,88!:-,M+!17-2>*/!*+0>*)-!

• B1+0V!:F),27(M!,!:-,M+!17-2>*/!*+0>*)!

• B1+0V!,))7(M!,!(+U!:-+*!7(2+*,027>(!8>M!

• B1+0V!)+8+27(M!,!:-+*!7(2+*,027>(!8>M!

• B1+0V!-+8+027(M!,88!:-+*!7(2+*,027>(!8>M-!

;.529*) 41+!5-+*!.,(,M+H+(2!0>HF>(+(2!>A!21+!R<6B!F8,2A>*H!7-!,!V+/!0>HF>(+(2!21,2!
F*>=7)+-! ,88! *+I:+-2+)! A:(027>(,8727+-! 2>! ,))*+--! 21+! A>88>U7(M! 5-+*!
S+I:7*+H+(2-W!,-!)+A7(+)!,2!21+!@&#G!)>0:H+(2\!!

OS$W! OS;W! OSEW! OSKW! OS$$W! OS$&W! OS$;W! OS$EW! OS$KW! OS&"W! OS&&W! OS&;W! OS&GW!
OS&E!

751:51-c&*-5>1
-)

O>*!=,87),27(M!,88!,C>=+!A:(027>(,8727+-W!,!0:-2>H!9P'<!087+(2!U,-! 7HF8+H+(2+)#!
'88! BS5@! A:(027>(,8727+-! U+*+! 2+-2+)! ,()! ,88! U+C! H+21>)-! *+2:*(+)! =,87)!
*+-F>(-+!0>)+-W!,-!)+-0*7C+)!7(!21+!*+8+=,(2!)+87=+*,C8+-#!

$# 41+!U+C! -+*=70+!U,-! F*>F+*8/! A+201+)! A>*! F*>F+*! C7()7(M#! '(! +D,HF8+!
5S6! >A! ,! ]9@c! A78+! 7-! 1+*+\!
122F-\%%=1>-2$L&E#-72+&#0>HF:2+#71>-2#0>H%R<6Bp5-+*.,(,M+H+(2]9p
&p"%-+*=70+-%R<6B5-+*.,(,M+H+(2B>:*2+-/4728+%R<6B5-+*.,(,M+H+(
2B>:*2+-/4728+#U-)8!

&# '88!BS5@!H+21>)-!1,=+!C++(!+D+0:2+)#!
;# 41+!*+-F>(-+!U,-!=,87)!,00>*)7(M!2>!21+!-F+07A70,27>(-!>A!21+!0>HF>(+(2W!

,-!)+-0*7C+)!7(!@G#$#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E)
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&*>41*H)
d41*2,4>)

41+!A:88!)>0:H+(2,27>(!>A!:-+*!H,(,M+H+(2!0>HF>(+(2!0,(!C+!A>:()!,2!21+!@G#$!
)+87=+*,C8+#!6(!,))727>(!217-!2+-2!0,-+!U,-!:-+)!A>*!21+!F+*A>*H,(0+!+=,8:,27>(!7(!
-+027>(!E#$#!

!

@4A>*)CI?)BB]C]P)@*-1)B4-*)]);*<4/1,9)'//.141,./)

$!) BB]C]P)

X4<*) ;*<4/1,9)'//.141,./)

!*-92,:1,./) 6(! 217-! 2+-2! 0,-+! U788! =,87),2+! 21+! F8,2A>*H! -:FF>*2! 2>! ,((>2,2+! -+*=70+-! U721!
-+H,(270!7(A>*H,27>(!^H+2,),2,!7(!9+*=70+!B,2,8>M:+_!

;.529*) 417-!2+-2!0,-+!U788!=,87),2+!21+!OS$N!,()!OS&$!5-+*!S+I:7*+H+(2-W!,-!)+A7(+)!,2!
21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

$# P(!21+!H,7(!F,M+W!7(!21+!9+*=70+!.+2,),2,!C>DW!-+8+02!]9@c!9+*=70+-!
&# B870V!>(!21+!-+*=70+!21,2!1,-!a:-2!C++(!,))+)!
;# B870V!>(!+)72!F*>F+*27+-#!!R(2+*!,!)+-0*7F27>(W!,()!0870V!P?!
G# 41+!(+U!H+2,),2,!U788!C+!-,=+)#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

90*++(-1>2-! *+-:827(M! A*>H! 21+! ,C>=+! -2+F-! ,()! >:287(7(M! 21+! 2+-2! *+-:82! ,*+!
,=,78,C8+!7(!21+!,((+D#!

!

@4A>*)CC?)BB]C]N)@*-1)B4-*)])K*2=.2<4/9*)1*-1)=.2)4)-*2+,9*)

$!) BB]C]N)

X4<*) K*2=.2<4/9*)1*-1)=.2)4)-*2+,9*)H*:>.3*H)./)16*):>41=.2<)

!*-92,:1,./) 41+! F+*A>*H,(0+! ),2,! A*>H! ,! ]+C! 9+*=70+! U788! C+! 0>88+02+)! ,()! ,(,8/-+)#!!
<+*A>*H,(0+! ),2,! 0>88+027>(! 7-! 0>(A7M:*+)! ,()! 0>88+02+)! >(! 21+! ]+C9F1+*+!
'FF870,27>(! 9+*=+*! :-7(M! 21+! ]+C9F1+*+! <+*A>*H,(0+! .>(72>*7(M! 6(2+*A,0+!
^<.6_!=7,!21+!,)H7(7-2*,27>(!X56#!!41+!F+*A>*H,(0+!),2,!7-!21+(!)>U(8>,)+)!2>!,!
<B! *:((7(M! 21+! +087F-+TC,-+)! ]+C9F1+*+! 'FF870,27>(! 9+*=+*! <+*A>*H,(0+!
4:(7(M!4>>8V72#!

;.529*) 417-! 2+-2! 0,-+! U788! =,87),2+! 21+! OS&;W! 3OJW! ,()! S5<&! 5-+*! S+I:7*+H+(2-W! ,-!
)+A7(+)!,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

O>*! 21+! =,87),27>(! >A! 21+! F+*A>*H,(0+! >A! ,! -+*=70+! )+F8>/+)! >(! 21+! F8,2A>*HW!
-2*+--! 2+-2-! 2>>V! F8,0+! >(! 21+! k5-+*!.,(,M+H+(2[!U+C! -+*=70+! 0>*+! 0>HF>(+(2!
21,2! 7-! C+7(M! )+F8>/+)! >(! 21+! F8,2A>*H[-! ]+C9F1+*+! -+*=+*#! 6(-2+,)! >A!
F+*A>*H7(M! F+*A>*H,(0+! 2+-2-! 7(! ,88! U+C! H+21>)-W! E! >A! 21+! H>-2! F>F:8,*!
A:(027>(-!1,=+!C++(! 2+-2+)W! 2>!F*>=+! 21+! -H>>21!F+*A>*H,(0+!C+1,=7>:*!>A! 21+!
F8,2A>*H#! 'F,01+[-! a.+2+*! 2>>8! U,-! :-+)! A>*! 21+! 2+-27(M#! 41+! *+-:82-! ,*+!



 EPIC – Deliverable   

D8.2 Evaluation Report 35! Version 1.0, 29/05/2013 

-:HH,*7e+)!,-!A>88>U-\!

9.521*-3@,1>*;*>*91'>>?)E""! -7H:82,(+>:-! :-+*-! 1,=+! F+*A>*H+)!;! 7(=>0,27>(-!
U721! ,! E""H-!)+=7,27>(!>(! ,! E"H-!)+8,/! >AA-+2-#! 41+! ,=+*,M+! *+-F>(-+! 27H+! 7-!
&#ET;#"!-+0>()-W!,-!72!7-!-1>U(!7(!21+!*+8+=,(2!-0*++(-1>2-#!

:,>.1;:*9,=,9!414@3:*;*>*91(3K,>.1?)&E"!-7H:82,(+>:-!:-+*-!1,=+!F+*A>*H+)!;!
7(=>0,27>(-! U721! ,! E""H-! )+=7,27>(! >(! ,! E"H-! )+8,/! >AA-+2-#! 41+! ,=+*,M+!
*+-F>(-+! 27H+! 0>(=+*M+-! ,2! $E! -+0>()-W! ,-! 72! 7-! -1>U(! 7(! 21+! *+8+=,(2!
-0*++(-1>2-#!

:,>.1-;*>*91(3$!?)E""!-7H:82,(+>:-!:-+*-!1,=+!F+*A>*H+)!;!7(=>0,27>(-!U721!,!
&""H-!)+=7,27>(!>(!,!&"H-!)+8,/!>AA-+2-#!41+!,=+*,M+!*+-F>(-+!27H+!0>(=+*M+-!
,2!&!-+0>()-W!,-!72!7-!-1>U(!7(!21+!*+8+=,(2!-0*++(-1>2-#!

5-*2!414B.<<./'//;*>*91(3Q-*2X4<*?) E""! -7H:82,(+>:-! :-+*-! 1,=+!
F+*A>*H+)! ;! 7(=>0,27>(-!U721! ,! E""H-! )+=7,27>(! >(! ,! E"H-! )+8,/! >AA-+2-#! 41+!
,=+*,M+! *+-F>(-+! 27H+! 0>(=+*M+-! ,2! ;! -+0>()-W! ,-! 72! 7-! -1>U(! 7(! 21+! *+8+=,(2!
-0*++(-1>2-#!

&*>41*H)
d41*2,4>)

41+!->:*0+!0>)+!A>*!21+!aH+2+*!A>*!21+!,A>*+H+(27>(+)!2+-2!0,-+-W! 7-!,=,78,C8+!7(!
21+!7(2+*(,8!F*>a+02!*+F>-72>*/#!41+!)+2,78+)!,(,8/-7-!>A!21+!F+*A>*H,(0+!*+-:82-!
7(08:)7(M!A7M:*+-!7-!F*+-+(2+)!7(!-+027>(!E#$#!

!

@4A>*)CG?)BB]C]S)@*-1)B4-*)])K>41=.2<)5-4A,>,13)

$!) BB]C]S)

X4<*) K>41=.2<)5-4A,>,13)4/H)4A,>,13)1.)2*496)4-)<4/3)<.A,>*)H*+,9*-)4-):.--,A>*))

!*-92,:1,./) 6(!217-!2+-2!0,-+W!21+!:-,C7872/!>A!21+!F8,2A>*H!7-!=,87),2+)#!]+!7(08:)+!7(!21+!2+*H!
o:-,C7872/o! 21+! ,C7872/! >A! 21+! R<6B! F8,2A>*H! 2>! C+! *+,01+)! C/! ,-! H,(/! H>C78+!
)+=70+-!,-!F>--7C8+#!!

;.529*) 417-!2+-2!0,-+!U788!=,87),2+!21+!3O$W!3OGW!3OEW!,()!SS9;!5-+*!S+I:7*+H+(2-W!,-!
)+A7(+)!,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

'! =+*-7>(! >A! 21+! R<6B! *+8>0,27>(! H>C78+! ,FF870,27>(! A>*! 7P9! ,-! U+88! ,-! H>-2!
'()*>7)! &#;#D! F>U+*+)! )+=70+-! 7-! ,=,78,C8+! A>*! )>U(8>,)! >(87(+#! @:+! 2>! 21+!
-2*7(M+(2! F*>0+):*+-! U721! *+M,*)-! 2>! )>U(8>,)7(M! ,FF870,27>(-! 21*>:M1! >21+*!
H+,(-!21,(!21+!'FF8+!'FF!92>*+W!21+!7P9!=+*-7>(!)>U(8>,)!*+I:7*+-!,(!+D2*,!-2+F!
>A!*+M7-2*,27>(!21*>:M1!,!F8,2A>*H!0,88+)!k4+-2O87M12[#!O>*!+=+*/!:-+*!-+--7>(!>(!,!
H>C78+!)+=70+!,!2*,0+!8>M!>A!21+!-+--7>(!7-!,=,78,C8+#!

$# 'FF! )>U(8>,)! 8,()7(M! F,M+! ,=,78,C8+! ,2! 217-! 87(V! \!
122F-\%%7H7()-#I:,82*70-#0>H%9R%m96@n9fp;6=0MeqAMc@r*)]!!

&# 5-+*! *+M7-2+*+)! >(! 4+-2A87M12! ,()! ,FF! -:00+--A:88/! )>U(8>,)+)! >(! 7P9!
)+=70+!

;# 'FF!-:00+--A:88/!)>U(8>,)+)!>(!0>HF,27C8+!'()*>7)!)+=70+!!
G# .>C78+!-+--7>(!8>M!A78+-!-:00+--A:88/!*+M7-2+*!:-+!>A!C>21!7P9!,-!'()*>7)!

,FF870,27>(#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!
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&*>41*H)
d41*2,4>)

90*++(-1>2-! *+-:827(M! A*>H! 21+! ,C>=+! -2+F-! ,()! >:287(7(M! 21+! 2+-2! *+-:82! ,*+!
,=,78,C8+!7(!21+!,((+D#!

!

@4A>*)CJ?)BB]G]C)@*-1)B4-*)])'99*--)4/H)95-1.<,Y*)4/),/1*2/4>)H414)-1.2*)

$!) BB]G]C)

X4<*) '99*--)4/H)95-1.<,Y*)4/),/1*2/4>)H414)-1.2*))

!*-92,:1,./) 6(! 217-! 2+-2! 0,-+! 21+! ,00+--! ,(! 7(2+*(,8! ),2,! -2>*+! ,()! 21+! ,C7872/! 2>! )+A7(+!
,))727>(,8!,FF870,27>(!-F+07A70!),2,!U788!C+!=,87),2+)#!!!

;.529*) 417-! 2+-2! 0,-+!U788! =,87),2+! 21+! OS&J! :-+*! *+I:7*+H+(2W! ,-! )+A7(+)! ,2! 21+! @&#G!
)>0:H+(2#!

751:51-c&*-5>1
-)

O>*!21+!F:*F>-+-!>A!21+!R<6B!F8,2A>*HW!,(!7(2+*(,8!),2,-2>*+!1,-!C++(!0*+,2+)#!6(!
>*)+*! 2>! C+! ,00+--+)W! :-+*! H:-2! A7*-28/! -+2! :F! ,! -+0:*+! 0>((+027>(! =7,!
F:C870%F*7=,2+! V+/#! 41+(W! ,88! *+8+=,(2! ,027>(-! 0,(! C+! F+*A>*H+)! =7,! 21+! 6Q.[-!
@Q&00!2>>8#!

$# 9+0:*+!0>((+027>(!U,-!-:00+--A:88/!+-2,C87-1+)!=7,!<:44/!:-7(M!,!=,87)!
F*7=,2+!V+/#!

&# 41+! F*>F+*! @Q! -01+H,! U,-! -:00+--A:88/! *+2*7+=+)W! ,()! ,))727>(,8!
,FF870,27>(!),2,!0>:8)!C+!)+A7(+)#!

;# 41+!(+U!,FF870,27>(!),2,!U,-!=,87),2+)! 21*>:M1! 21+!5-+*!.,(,M+H+(2!
0>HF>(+(2#!4+-2!B,-+!BBT$TE!,8*+,)/!)+-0*7C+)!217-!F*>0+):*+#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

90*++(-1>2-! *+-:827(M! A*>H! 21+! ,C>=+! -2+F-! ,()! >:287(7(M! 21+! 2+-2! *+-:82! ,*+!
,=,78,C8+!7(!21+!,((+D#!

!

@4A>*)CM?)BB]G]G)@*-1)B4-*)])'99*--)*D1*2/4>)H414)-1.2*-)5-,/8)-*2+,9*-)

$!) BB]G]G)

X4<*) '99*--)*D1*2/4>)H414)-1.2*-)5-,/8)-*2+,9*-)+,4):,>.1)4::>,941,./-)ZA.16)&";@)
4/H);7'K[)

!*-92,:1,./) 6(! 217-! 2+-2!0,-+! 21+!,00+--! 2>! 21+!+D2+*(,8!),2,!-2>*+-! 21,2!F*>=7)+-!),2,! 2>! 21+!
F78>2! ,FF870,27>(-! H:-2! C+! =,87),2+)W! 21*>:M1! 21+! :-+! >A! 21+! ,FF*>F*7,2+! U+C!
-+*=70+-#!!

;.529*) 417-! 2+-2! 0,-+!U788! =,87),2+! 21+! OSN!5-+*! S+I:7*+H+(2-W! ,-! )+A7(+)! ,2! 21+! @&#G!
)>0:H+(2#!

751:51-c&*-5>1
-)

]7217(! R<6B! +D2+*(,8! ),2,! ->:*0+-! ,*+! F*>=7)+)! C/! F*>a+02! F,*2(+*-! ^87V+! +#M#!
6HH>U+CW! 6()+0>->A2W! B6QX! Q*:--+8-W! 4>U(! >A! 47*M:! .:*+-_! C/! U+C! -+*=70+-#!
Q>21! 9P'<%q.c! ,()! d44<%j9P3! U+C! -+*=70+-! ,*+! F*>=7)+)! C/! F,*2(+*-#!
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.+)7,27(M! U+C! -+*=70+-! 21,2! *:(! >(! 21+! R<6B! F8,2A>*H! ^>(! 21+! ]+C-F1+*+!
<*>0+--! 9+*=+*_! ,02! ,-! F*>D7+-! A>*! 21+-+!]+C! 9+*=70+-#! '! 2*,(-A>*H,27>(! >A! 21+!
),2,! F:88+)! >(2>! 21+! F8,2A>*H! 7-! C++(! F+*A>*H+)! ,-! U+88#! O>*! 7(-2,(0+W! ,!
2*,(-A>*H,27>(! 0,(! C+! )>(+! A*>H! 9P'<%q.c!U+C! -+*=70+-! 2>! d44<%j9P3! ,()!
=70+!=+*-,#!

]+C-F1+*+! <*>0+--! 9+*=+*! ,()! ]+C-F1+*+! 6(2+M*,27>(! @+=+8>F+*! ,*+! :-+)! 7(!
0>HC7(,27>(!A>*!Q:-7(+--!6(2+M*,27>(\!

122F\%%UUU#7CH#0>H%)+=+8>F+*U>*V-%U+C-F1+*+%e>(+-%C:-7(+--7(2+M*,27>(%
UF-%UF-#12H8!!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E)

&*>41*H)
d41*2,4>)

@>0:H+(2,27>(! 0,(! C+! A>:()! >(! 21+! U+C! :()+*! 21+! V+/U>*)-! g]+C-F1+*+!
6(2+M*,27>(!@+=+8>F+*!H+)7,27>(h#!R#M#!!

122F\%%UUU#7CH#0>H%)+=+8>F+*U>*V-%U+C-F1+*+%87C*,*/%2+01,*2708+-%"N"LpA+
**7+*%"N"LpA+**7+*#12H8!!

!

@4A>*)CO?)BB]J]C)@*-1)B4-*)])Q-*)H,==*2*/1)1,<*)Y./*-)

$!) BB]J]C)

X4<*) Q-*)H,==*2*/1)1,<*)Y./*-))

!*-92,:1,./) 6(!217-!2+-2!0,-+W!21+!F8,2A>*H!U788!C+!=,87),2+)!*+M,*)7(M!72-!,C7872/!2>!H,(7F:8,2+!
),2,!U1+(!:-+*-!*+,02!U721!R<6B!A*>H!)7AA+*+(2!27H+!e>(+-#!

;.529*) 417-! *+I:7*+H+(2! U788! =,87),2+! 21+! OS$"! 5-+*! S+I:7*+H+(2-W! ,-! )+A7(+)! ,2! 21+!
@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

$1) W4-) H*9,H*H) 1641) 16,-) W,>>) A*) .=) >.W*-1) :2,.2,13) 4-) 16*) H*+*>.:<*/1)
:2.9*--)W4-):2.9**H*H)-.)4-)1.)=.95-),/)<.2*)92,1,94>)4-:*91-E)

R<6B!F8,2A>*H!)7)!(>2!F*>=7)+!,(/!-F+07A70!-:FF>*2!A>*!217-!2+-2!0,-+!,()!21+!8>0,8!
H,017(+[-!27H+!e>(+!U788!C+!:-+)!7(-2+,)#!!

@6,-)1*-1)94-*),-)/.1)9./-,H*2*H)-599*--=5>E)

'))727>(,8! 7(A>*H,27>(! ,C>:2! 21+! *,27>(,8+! >A! 21+! *,27>(,8+! 7(! 21+! -0>F+! >A! 21+!
R<6B!F*>a+02!0,(!C+!A>:()!7(!-+027>(!K#!

&*>41*H)
d41*2,4>)

3%'!

!

@4A>*)CP?)BB]J]G)@*-1)B4-*)])Q-*)<5>1,:>*)9522*/9,*-)

$!) BB]J]G)

X4<*) Q-*)<5>1,:>*)9522*/9,*-))
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!*-92,:1,./) 6(! 217-! 2+-2! 0,-+! F78>2! ,FF870,27>(-! U788! C+! =,87),2+)! *+M,*)7(M! 21+7*! ,C7872/! 2>!
F*+-+(2!A7(,(0+!),2,!U721!H:827F8+!0:**+(07+-#!!

;.529*) 417-! *+I:7*+H+(2! U788! =,87),2+! 21+! OS$"! 5-+*! S+I:7*+H+(2-W! ,-! )+A7(+)! ,2! 21+!
@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

$1) W4-) H*9,H*H) 1641) 16,-) W,>>) A*) .=) >.W*-1) :2,.2,13) 4-) 16*) H*+*>.:<*/1)
:2.9*--)W4-):2.9**H*H)-.)4-)1.)=.95-),/)<.2*)92,1,94>)4-:*91-E)

R<6B! F8,2A>*H! )7)! (>2! F*>=7)+! ,(/! -F+07A70! -:FF>*2! A>*! 217-! 2+-2! 0,-+! ,()! F78>2!
-+*=70+-!U>:8)!,))*+--!217-!7A!*+I:7*+)!C/!21+!-F+07A70!,FF870,27>(#!

@6,-)1*-1)94-*),-)/.1)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

'))727>(,8! 7(A>*H,27>(! ,C>:2! 21+! *,27>(,8+! >A! 21+! *,27>(,8+! 7(! 21+! -0>F+! >A! 21+!
R<6B!F*>a+02!0,(!C+!A>:()!,2!21+!K!-+027>(#!

!

@4A>*)CN?)BB]J]J)@*-1)B4-*)])Q-*)<5>1,:>*)>4/8548*-)

$!) BB]J]J)

X4<*) Q-*)<5>1,:>*)>4/8548*-))

!*-92,:1,./) 6(! 217-! 2+-2! 0,-+W! 21+! F8,2A>*H!U788! C+! =,87),2+)! *+M,*)7(M! 72-! ,C7872/! 2>! F*+-+(2!
)7-F8,/-!,00>*)7(M!2>!21+!:-+*o-!A,=>:*72+!8,(M:,M+!

;.529*) 417-! *+I:7*+H+(2! U788! =,87),2+! 21+! OS&$! 5-+*! S+I:7*+H+(2-W! ,-! )+A7(+)! ,2! 21+!
@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

4+-2!<*>0+--\!

$# c>M!7(!,-!,!47*M:!.:*+-!2+-2!:-+*!!
&# f7-72!21+!,00>:(2!-+227(M-!7(!21+!2>F!*7M12!0>*(+*!>A!21+!-0*++(!,()!-+8+02!

21+!F*+A+**+)!8,(M:,M+!^d:(M,*7,(!>*!S>H,(7,(_!
;# f7-72!21+!47*M:!.:*+-!;@!B72/!,FF870,27>(!>*!S+8>0,27>(!,FF870,27>(#!41+!

U+80>H+! F,M+! ,()! H>-2! >A! 21+! 7(2+*A,0+! 7-! -1>U(! 7(! 21+! F*+A+**+)!
8,(M:,M+##!

41+!F8,2A>*H!,88>U-!A>*!H:82787(M:,872/!>(!;!)7AA+*+(2!8+=+8-\!

$# <8,2A>*H! 8+=+8! =7,! 21+! :-+*! ,00>:(2! -+227(M-! b! 217-! 7HF,02-! 21+! H,7(!
(,=7M,27>(!

&# 'FF870,27>(! 8+=+8! =7,! 21+! -,H+! :-+*! ,00>:(2! -+227(M-W! U1701! 7-! 7(! 2:*(!
:-+)! 7(! 21+!U+C-+*=70+! ,()!F>*28+2! 0>)+! 2>! -+()! >*! -1>U! 21+! *+I:7*+)!
8,(M:,M+!2>!21+!:-+*#!

;# B>(2+(2!8+=+8!=7,!21+!-+H,(270!U+C!-+*=70+W!,-!+HF8>/+)!7(!21+!*+8>0,27>(!
,FF870,27>(!2>!2*,(-8,2+!1>:-+!)+-0*7F27>(-!A*>H!O*+(01!2>!R(M87-1#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

90*++(-1>2-! *+-:827(M! A*>H! 21+! ,C>=+! -2+F-! ,()! >:287(7(M! 21+! 2+-2! *+-:82! ,*+!
,=,78,C8+!7(!21+!,((+D#!
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!

@4A>*)CS?)BB]M]C)@*-1)B4-*)])B.22*91/*--).=)>.88,/8)4/H)-141,-1,9-)

$!) BB]M]C)

X4<*) B.22*91/*--).=)>.88,/8)4/H)-141,-1,9-)

!*-92,:1,./) 417-! :-+! 0,-+! U788! =,87),2+! 21+! *+0>*)7(M! >A! 21+! 8>MM7(M! ),2,W! U1701! ,*+!
,:2>H,270,88/!M+(+*,2+)!C/!21+!R<6Bo-!5-+*!.,(,M+H+(2!A:(027>(,8727+-#!

;.529*) 417-! *+I:7*+H+(2! U788! =,87),2+! 21+! OS&G! 5-+*! S+I:7*+H+(2-W! ,-! )+A7(+)! ,2! 21+!
@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

$# 5-+*!-:00+--A:88/!8>MM+)!7(!2>!21+!*+8>0,27>(!,FF870,27>(#!
&# 5-+*!+DF8>*+)!->H+!F,M+-!,()!F*>0++)+)!2>!=,*7>:-!,027>(-!
;# '88!,027>(-!U+*+!-:00+--A:88/!8>MM+)!7(!2>!21+!R<6B[-!),2,C,-+#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E)

&*>41*H)
d41*2,4>)

@+2,78-!,()!A7M:*+-!>(!21+!8>MM7(M!,(,8/-7-!,*+!,=,78,C8+!>(!-+027>(!E#&#!

!

@4A>*)CF?)BB]O]C)@*-1)B4-*)])@*-1)16*):>41=.2<)-*952,13)<*964/,-<-)

$!) BB]O]C)

X4<*) @*-1)16*):>41=.2<)-*952,13)<*964/,-<-)4/H),H*/1,=,941,./).=)+5>/*24A,>,1,*-)

!*-92,:1,./) f+*7A/!21,2!21+!),2,!>A!,88!R<6B!F,M+-!-++(!C/!21+!:-+*!7-!99c!+(0*/F2+)!2>!+(-:*+!
-+0:*72/!,()!F*7=,0/#!

;.529*) 417-!*+I:7*+H+(2!U788!=,87),2+!21+!3O&W!3O;!5-+*!S+I:7*+H+(2-W!,-!)+A7(+)!,2!21+!
@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

• S+8>0,27>(! 90+(,*7>\! '88! F,M+-!U+*+! =7-72+)! C/! 21+! 2,*M+2! :-+*-! ,()! (>!
F>FT:F! >*! >21+*! U,*(7(M! H+01,(7-H! 7)+(27A7+)! H7D+)! 99c! +(0*/F27>(!
=:8(+*,C78727+-#!

• 5*C,(!<8,((7(M!90+(,*7>\!'88!F,M+-!U+*+!=7-72+)!C/!21+!2,*M+2!:-+*-!,()!
(>!F>FT:F!>*!>21+*!U,*(7(M!H+01,(7-H!7)+(27A7+)!H7D+)!99c!+(0*/F27>(!
=:8(+*,C78727+-#!

• 9H,*2!R(=7*>(H+(2!90+(,*7>\!'88!F,M+-!U+*+!=7-72+)!C/!21+!2,*M+2!:-+*-!
,()! (>! F>FT:F! >*! >21+*! U,*(7(M! H+01,(7-H! 7)+(27A7+)! H7D+)! 99c!
+(0*/F27>(!=:8(+*,C78727+-#!

99c!+(0*/F27>(!U>*V-!-H>>218/!+(-:*7(M!-+0:*72/!,()!F*7=,0/#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E)

&*>41*H)
d41*2,4>)

417-! 2+-2! 0,-+! U,-! C,-+)! >(! 21+! >C-+*=,27>(! >A! 21+! ,FF870,27>(! F*>=7)+*-! 7(!
0>HC7(,27>(!U721!21+!+()!:-+*!-:*=+/-!,()!2,*M+2!M*>:F!7(2+*=7+U-#!
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!

@4A>*)GI?)BB]O]G)@*-1)B4-*)])@*-1)16*)5-*2)499*--)4/H)<4/48*<*/1)

$!) BB]O]G)

X4<*) @*-1) 16*) 5-*2) 499*--) 4/H) <4/48*<*/1) <*964/,-<-) Z2.>*) A4-*Ha) 82.5:-a)
*19E[)

!*-92,:1,./) f+*7A/!21,2!M*>:F!,()!*>8+!C,-+)!,00+--!F+*H7--7>(-!,*+!+(A>*0+)#!

;.529*) 417-! *+I:7*+H+(2! U788! =,87),2+! 21+! OS$W! OS;W! OSKW! OS$$W! OS$&W! OS$;! ,()! 3O;!
5-+*!S+I:7*+H+(2-W!,-!)+A7(+)!,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

$# c>M!7(!U721!,!:-+*!0>(A7M:*+)!2>!1,=+!,00+--!2>!21+!Q*:--+8-!<78>2!
&# P(8/!21+!Q*:--+8-!<78>2!7-!-1>U(!
;# c>M!7(!U721!,!:-+*!0>(A7M:*+)!2>!1,=+!,00+--!2>!21+!47*M:!.:*+-!<78>2!
G# P(8/!21+!47*M:!.:*+-!,FF870,27>(-!,*+!-1>U(!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

90*++(-1>2-! *+-:827(M! A*>H! 21+! ,C>=+! -2+F-! ,()! >:287(7(M! 21+! 2+-2! *+-:82! ,*+!
,=,78,C8+!7(!21+!,((+D#!

!

@4A>*)GC?)BB]O]J)@*-1)B4-*)])@*-1)16*)-,/8>*)-,8/]./)<*964/,-<)

$!) BB]O]J)

X4<*) @*-1)16*)-,/8>*)-,8/]./)<*964/,-<)

!*-92,:1,./) 4+-2! 21,2! >(+!:-+*! 0,(!C+! *+M7-2+*+)!U721! 2U>!)7AA+*+(2! F78>2-W! ,()! ,00+--! +,01!
F78>2!U721!>(+!:-+*7)#!

;.529*) 417-!*+I:7*+H+(2!U788!=,87),2+!21+!OSE!5-+*!S+I:7*+H+(2W!,-!)+A7(+)!,2!21+!@&#G!
)>0:H+(2#!

751:51-c&*-5>1
-)

'!:-+*! 21,2! 7-! *+M7-2+*+)! 7(! 2U>!)7AA+*+(2!F78>2-!U,-! -:00+--A:88/! 8>MM+)! 7(#!41+!
F>*2,8!F,M+!21+!:-+*!U,-!(,=7M,2+)!,A2+*!21+!8>M!b!7(W!1,)!,!(,=7M,27>(!F,M+!H+(:!
U721! ,88! 21+! 2>F! 8+=+8! F,M+-! >A! C>21! >A! 21+! F78>2-#! 41+! :-+*! 0>:8)! -:00+--A:88/!
,00+--!,88!>A!21+-+!F,M+-#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E)

&*>41*H)
d41*2,4>)

417-!2+-2!0,-+!U,-!C,-+)!>(!21+!>C-+*=,27>(!>A!21+!,FF870,27>(!F*>=7)+*-#!

!

@4A>*)GG?)T"]C]C)@*-1)B4-*)])&*8,-1*2)4)/*W)5-*2)1.)16*)"K$B):>41=.2<f-)H414A4-*)

$!) T"]C]C)
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X4<*) &*8,-1*2)4)/*W)5-*2)1.)16*)"K$B):>41=.2<f-)H414A4-*)

!*-92,:1,./) 41+!F:*F>-+!>A!217-!2+-2!0,-+!7-!2>!=+*7A/!21,2!,!:-+*!0,(!C+!*+M7-2+*+)!-:00+--A:88/!
2>!21+!R<6B!F8,2A>*H!

;.529*) 417-! *+I:7*+H+(2!U788! =,87),2+! 21+! OSEW! OS$&! ,()! OS$;! 5-+*! S+I:7*+H+(2-W! ,-!
)+A7(+)!,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

P?! T! 5-+*! 0*+,27>(! 1,-! C++(! )>(+! F*>F+*8/! 21*>:M1! 21+! R<6B!
,)H7(7-2*,27>(%<>*2,8!5-+*-#!

92+F-!A>88>U7(M\!

$#!c>MT7(!2>!21+!R<6B!F8,2A>*H!,-!,)H7(7-2*,2>*!
&#!3,=7M,2+!2>!21+!@,2,C,-+!:-+*-!F,M+!^R<6B!')H7(7-2*,27>(!Ts!!@,2,C,-+!:-+*-_!
;#!<*+--!21+!0*+,2!C:22>(!7(!21+!),2,C,-+!:-+*-!87-2!F>*28+2 
G#!O788!7(!21+!RF70!5-+*!3,H+!>A!21+!:-+*!,()!>F27>(,88/!17-!+H,78#!41+!(,H+!>A!21+!
:-+*!-1>:8)!C+!21+!-,H+!,-!21+!>(+!1+!:-+-!A>*!8>MM7(M!7(2>!21+!F>*2,8#!
E#!<*+--!21+!9:CH72!C:22>(!

J#!6A!21+!87-2!1,-!H>*+!21,(!>(+!F,M+W!F*+--!21+!87(V!>A!21+!8,-2!>(+!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

90*++(-1>2-! *+-:827(M! A*>H! 21+! ,C>=+! -2+F-! ,()! >:287(7(M! 21+! 2+-2! *+-:82! ,*+!
,=,78,C8+!7(!21+!,((+D#!

!

@4A>*)GJ?)T"]C]G)@*-1)B4-*)])'--,8/)4):,>.1)2.>*)1.)4)5-*2)

$!) T"]C]G)

X4<*) '--,8/)4):,>.1)2.>*)1.)4)5-*2))

!*-92,:1,./) 41+!F:*F>-+!>A! 217-! 2+-2! 0,-+! 7-! 2>!=+*7A/! 21,2! ,!F78>2! *>8+! 0,(!C+!,--7M(+)! 2>! ,(!
R<6B!:-+*!-:00+--A:88/#!

;.529*) 417-! *+I:7*+H+(2! U788! =,87),2+! 21+! OS$&W! OS$;W! OS$G! ,()! OS$E! 5-+*!
S+I:7*+H+(2-W!,-!)+A7(+)!,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

P?! T!],-! ,C8+! 2>! ,--7M(! ,! F78>2! *>8+! ,()! ,! M*>:F! *>8+!U721! -:00+--! 21*>:M1! 21+!
R<6B!,)H7(7-2*,27>(!%!<78>2-!,!<>*2,8!5-+*-#!

$#!c>MT7(!2>!21+!R<6B!F8,2A>*H!,-!,)H7(7-2*,2>*!
&#!3,=7M,2+!2>!21+!@,2,C,-+!:-+*-!F,M+!^R<6B!')H7(7-2*,27>(!Ts!@,2,C,-+!:-+*-_!
;#!B870V!>(!21+!c7(V!5-+*-!2>!<78>2-!87(V!>(!21+!*>U!>A!21+!:-+*!/>:!U,(2!2>!*+M7-2+*!
2>!,!F78>2#!
G#!9+8+02!,!F78>2!A*>H!21+!F78>2-!87-2!7(!21+!5-+*!<78>2!'--7M(H+(2-!F>*28+2#!
E#!<*+--!21+!'))!5-+*!S>8+!C:22>(!
J#!9+8+02!,!:-+*!M*>:F!,()!,!F78>2!*>8+!A>*!21+!:-+*!-+8+02+)#!
K#!<*+--!21+!9:CH72!C:22>(!
L#!6A!21+!87-2!1,-!H>*+!21,(!>(+!F,M+W!F*+--!21+!87(V!>A!21+!8,-2!>(+!
!
@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!
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&*>41*H)
d41*2,4>)

S+8,2+)!-0*++(-1>2-!,*+!,=,78,C8+!7(!'((+D!'#!

!

@4A>*)GM?)T"]C]J)@*-1)B4-*)])$/,1,4>,Y*):,>.1)-:*9,=,9)H414)=.2)4)5-*2)

$!) T"]C]J)

X4<*) $/,1,4>,Y*):,>.1)-:*9,=,9)H414)=.2)4)5-*2)

!*-92,:1,./) 41+!F:*F>-+!>A!217-!2+-2!0,-+!7-!2>!=+*7A/!21,2!,!F78>2!-F+07A70!),2,!A>*!,!0+*2,7(!:-+*!
0,(!C+!*+M7-2+*+)!2>!21+!R<6B!F8,2A>*H!-:00+--A:88/#!

;.529*) 417-!*+I:7*+H+(2!U788!=,87),2+!21+!OSG!5-+*!S+I:7*+H+(2W!,-!)+A7(+)!,2!21+!@&#G!
)>0:H+(2#!

751:51-c&*-5>1
-)

]1+(! 7(727,87e7(M! ,! F78>2W! 21+*+! 7-! 21+! ,C7872/! >A! -F+07A/7(M! -F+07A70! 0:-2>H! ),2,!
*+8,2+)!U721! 21+!F78>2! ,FF870,27>([! 7(2+*(,8! A:(027>(,8727+-#!'A2+*! 8>MM7(M! 7(2>! 21+!
R<6B!F8,2A>*HW!,()!C/!:-7(M!21+!5-+*!.,(,M+H+(2!<>*28+2-W!21+!,)H7(7-2*,2>*!1,-!
-:00+--A:88/! )+A7(+)! 21+! @,2,! 4/F+! k.'B! '))*+--[! ,()! 21+(W! 1+! +(2+*+)! 21+!
-F+07A70!),2,!=,8:+-!A>*!+=+*/!*+M7-2+*+)!:-+*#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E)

&*>41*H)
d41*2,4>)

41+! *+-:82-! 0,(! C+! A>:()! ,2! 21+! A>88>U7(M! -0*++(-1>2! ^9H,*2! R(=7*>(H+(2!
90+(,*7>_!

!

!
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@4A>*)GO?)T"]G]C)@*-1)B4-*)])&*8,-1*2)4)/*W):,>.1)1.)16*)"K$B):>41=.2<)

$!) T"]G]C)

X4<*) &*8,-1*2)4)/*W):,>.1)1.)16*)"K$B):>41=.2<)

!*-92,:1,./) 41+!F:*F>-+!>A!217-!2+-2!0,-+!7-!2>!=+*7A/!21,2!,!F78>2!0,(!C+!*+M7-2+*+)!-:00+--A:88/!
2>!21+!R<6B!F8,2A>*H#!

;.529*) 417-!*+I:7*+H+(2!U788!=,87),2+!21+!OS&!5-+*!S+I:7*+H+(2W!,-!)+A7(+)!,2!21+!@&#G!
)>0:H+(2#!

751:51-c&*-5>1
-)

41+! R<6B[-! 2+01(70,8! ,)H7(7-2*,2>*-! -:00+--A:88/! *+M7-2+*+)! ,! (+U! F78>2! 2>! 21+!
F8,2A>*H#!6(!21+!)7,M*,H!C+8>UW! 72!0,(!C+!-++(!21,2!,!(+U!F78>2W! 21+!072/!>A!47*M:!
.>*+-W! 7-! ,8*+,)/! *+M7-2+*+)! U721! 21+! S>H,(7,([-! =+*-7>(! >A! 21+! S+8>0,27>(!
,FF870,27>(#!417-!kM:+-2[!+()!:-+*!1,-!,00+--!C>21!2>!21+!S>H,(7,(!=+*-7>(!,()!21+!
Q*:--+8-[!=+*-7>(!>A!21+!S+8>0,27>(!-0+(,*7>#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E)

&*>41*H)
d41*2,4>)

!

!

@4A>*)GP?)T"]G]G)@*-1)B4-*)])'HH)4)5-*2)2.>*)=.2)4):,>.1)

$!) T"]G]G)

X4<*) 'HH)4)5-*2)2.>*)=.2)4):,>.1)

!*-92,:1,./) 41+! F:*F>-+! >A! 217-! 2+-2! 0,-+! 7-! 2>! =+*7A/! 21,2! ,! F78>2! *>8+! 0,(! C+! *+M7-2+*+)!
-:00+--A:88/!2>!21+!R<6B!F8,2A>*H!

;.529*) 417-! *+I:7*+H+(2! U788! =,87),2+! 21+! OS$W! OSK! ,()! OS$&! 5-+*! S+I:7*+H+(2-W! ,-!
)+A7(+)!,2!21+!@&#G!)>0:H+(2#!
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751:51-c&*-5>1
-)

<78>2!*>8+-!0,(!C+!0*+,2+)!21*>:M1!21+!R<6B!,)H7(7-2*,27>(!7(2+*A,0+#!'!(+U!F>*2,8!
:-+*!M*>:F!7-!0*+,2+)!U1701!0,(!21+(!C+!,--7M(+)!=,*7>:-!*7M12-#!

$# c>M!7(!,-!=,87)!R<6B!,)H7(!:-+*!
&# X>!2>!R<6B!')H7(7-2*,27>(!7(!2>!*7M12!0>*(+*!
;# X>!2>!<>*2,8!5-+*-!2,C!
G# B870V!>(!B*+,2+!5-+*!X*>:F!,()!0*+,2+!(+U!:-+*!M*>:F!
E# X7=+!5-+*!X*>:F!*7M12-!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E!

&*>41*H)
d41*2,4>)

S+8,2+)!-0*++(-1>2-!,*+!,=,78,C8+!7(!'((+D!'#!

!

@4A>*)GN?)T"]G]J)@*-1)B4-*)])'HH):,>.1)-:*9,=,9)H414)

$!) T"]G]J)

X4<*) 'HH):,>.1)-:*9,=,9)H414))

!*-92,:1,./) 41+!F:*F>-+!>A!217-!2+-2!0,-+!7-!2>!=+*7A/!21,2!F78>2!-F+07A70!),2,!0,(!C+!*+M7-2+*+)!
-:00+--A:88/!2>!21+!R<6B!F8,2A>*H#!

;.529*) 417-! *+I:7*+H+(2! U788! =,87),2+! 21+! OS&J! 5-+*! S+I:7*+H+(2-W! ,-! )+A7(+)! ,2! 21+!
@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

417-!2+-2!0,-+!7-!0>=+*+)!C/!OR$T;W!->),1),-)9./-,H*2*H)-599*--=5>#!

&*>41*H)
d41*2,4>)

3%'!

!

@4A>*)GS?)T"]J]C)@*-1)B4-*)])&*496)41)>*4-1)1W.)H,==*2*/1)13:*-).=)<.A,>*)H*+,9*-)

$!) T"]J]C)

X4<*) &*496)41)>*4-1)1W.)H,==*2*/1)13:*-).=)<.A,>*)H*+,9*-)

!*-92,:1,./) 41+! F:*F>-+! >A! 217-! 2+-2! 0,-+! 7-! 2>! =+*7A/! 21,2! ,00+--! 2>! 21+! F78>2! ,FF870,27>(-!
1>-2+)!C/!21+!R<6B!F8,2A>*HW!0,(!C+!+,-78/!,017+=+)!C/!,2!8+,-2!2U>!)7AA+*+(2!2/F+-!
>A!H>C78+!)+=70+-#!

;.529*) 417-!*+I:7*+H+(2!U788!=,87),2+!21+!SS9&W!SS9;!,()!S5<$!5-+*!S+I:7*+H+(2-W!,-!
)+A7(+)!,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

4+-2!0,-+!7-!0>=+*+)!C/!BBT$TLW!->!,1),-)9./-,H*2*H)-599*--=5>E!
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&*>41*H)
d41*2,4>)

3%'!

!

@4A>*)GF?)T"]M]C)@*-1)B4-*)])%,*W)>.88,/8c=**HA49V),/=.2<41,./)

$!) T"]M]C)

X4<*) %,*W)>.88,/8c=**HA49V),/=.2<41,./)2*842H,/8)4):,>.1)4::>,941,./)

!*-92,:1,./) 41+! F:*F>-+! >A! 217-! 2+-2! 0,-+! 7-! (>2! A>0:-+)! >(! 21+! =,87)! *+0>*)7(M! >A!
8>MM7(M%A++)C,0V! 7(A>*H,27>(W! *,21+*! 21,(! 21+! ,FF*>F*7,2+! F*+-+(2,27>(! >A! 21+!
,8*+,)/!-2>*+)!),2,#!

;.529*) 417-!*+I:7*+H+(2!U788!=,87),2+!21+!OS&;!,()!OS&G!5-+*!S+I:7*+H+(2-W!,-!)+A7(+)!
,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

$1)W4-)H*9,H*H)1641)16,-)W,>>)A*).=)>.W*-1):2,.2,13)4/H)=.95-).=).16*2)92,1,94>)
=*4152*-E)

41+*+A>*+W!21+*+!7-!(>!F>*28+2!A>*!=7+U7(M!,MM*+M,2+)!F78>2!8>M!),2,!1>U+=+*W!217-!
),2,!,*+!,00+--7C8+!21*>:M1!21+!@Q&00!X56!2>>8W!,-!)+-0*7C+)!7(!BBTGT$#!

@6,-)1*-1)94-*),-)9./-,H*2*H):421,4>>3)-599*--=5>E)

&*>41*H)
d41*2,4>)

3%'!

!

@4A>*)JI?)T"]M]G)@*-1)B4-*)])%,*W)16*)>,-1).=)/.1,=,941,./-).=)4)1428*1)4::>,941,./)

$!) T"]M]G)

X4<*) %,*W)16*)>,-1).=)/.1,=,941,./-).=)4)1428*1)4::>,941,./)

!*-92,:1,./) 41+! F:*F>-+! >A! 217-! 2+-2! 0,-+! 7-! A>0:-+)! >(! 21+! =,87),27>(! >(! 21+! (>27A70,27>(-!
F*>=7)+)!C/!F78>2!,FF870,27>(-!2>!21+!*+M7-2+*+)!+()!:-+*-#!

;.529*) 417-!*+I:7*+H+(2!U788!=,87),2+!21+!OS$K!,()!OS$L!5-+*!S+I:7*+H+(2-W!,-!)+A7(+)!
,2!21+!@&#G!)>0:H+(2#!

751:51-c&*-5>1
-)

$1)W4-)H*9,H*H)1641)16,-)W,>>)A*).=)>.W*-1):2,.2,13)4/H)=.95-).=).16*2)92,1,94>)
=*4152*-E)

41+!>:20>H+-! 7(! 217-! 2+-2! 0,-+!,*+! 0>(2*,)7027=+#!R=+(! 21>:M1! 21+!F8,2A>*H!U,-!
,C8+! 2>! 8>M! 21+!>F+*,27>(,8!F,*,H+2+*-!>A! 21+!F78>2!,FF870,27>(-!>*! 21+!0,2,8>M:+!
A>*! (+U! -+*=70+-! >*! :F),2+)! =+*-7>(-W! 7(! F8,2A>*H! 8+=+8! 21+*+! (>! (>27A70,27>(!
H+01,(7-H! U,-! 7(! F8,0+! 2>! 7(A>*H! ,)H7(7-2*,2>*-! >*! +()T:-+*-#! 6(! ,FF870,27>(!
8+=+8! 21>:M1W! 21+! 9H,*2! R(=7*>(H+(2! <78>2! -+*=70+-! 21,2! ,*+! )+F8>/+)! >(! 21+!
F8,2A>*H!H>(72>*+)!21+!1+,*2C+,2!>A!21+!-+(->*-!,()!(>27A7+)!21+!,)H7(7-2*,2>*-!
A>*!A,78:*+-#!!
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@6,-)1*-1)94-*),-)9./-,H*2*H):421,4>>3)-599*--=5>E)

&*>41*H)
d41*2,4>)

3%'!

!

@4A>*)JC?)!"]C]C)@*-1)B4-*)])Q-4A,>,13)4/H)4H*R5493).=)16*)H*+*>.:<*/1)1..>-)

$!) !"]C]C)

X4<*) Q-4A,>,13)4/H)4H*R5493).=)16*)H*+*>.:<*/1)1..>-))

!*-92,:1,./) 41+!F:*F>-+!>A!217-!2+-2!0,-+!7-!2>!F*>=+!21+!:-,C7872/!,()!,)+I:,0/!>A!21+!+D7-27(M!
)+=+8>FH+(2! 2>>8-W! 7(! >*)+*! 2>! =,87),2+! 21,2! ,(! ,FF870,27>(!)+=+8>FH+(2!1,-! ,88!
*+I:7*+)!2>>8-!2>!)+=+8>F!17-!,FF870,27>(-!21,2!U788!C+!1>-2+)!7(!21+!R<6B!F8,2A>*H#!

;.529*) 417-!*+I:7*+H+(2!U788!=,87),2+!21+!@R$!5-+*!S+I:7*+H+(2W!,-!)+A7(+)!,2!21+!@&#G!
)>0:H+(2#!

751:51-c&*-5>1
-)

S+M,*)7(M!21+!)+=+8>FH+(2!>A!F>*28+2-!]+C9F1+*+!<>*28+2!O,02>*/!=K#"!F*>=7)+)!
C/! 6Q.!U,-!:-+)#!41+! 2>>8!1,-! ,!(:HC+*!>A!C:78)! 7(! 0>HF>(+(2-! 7HF8+H+(27(M!
)7AA+*+(2!V7()!>A!A:(027>(,8727+-!87V+!U+C!-+*=70+-!0,88-W!'a,D!U+C!0,88-W!7(2+M*,27>(!
U721!0:-2>H!a,=,!,()!j,=,90*7F2!+20#!41+!2>>8!1,-!,!8>2!>A!F>2+(27,8W!>AA+*7(M!,!U7)+!
*,(M+!>A!0>HF>(+(2-!A>*!*,F7)!)+=+8>FH+(2!C:2!72!,8->!1,-!,!8>(M!8+,*(7(M!0:*=+#!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E)

&*>41*H)
d41*2,4>)

417-!2+-2!0,-+!U,-!C,-+)!>(!21+!>C-+*=,27>(!>A!21+!,FF870,27>(!F*>=7)+*-!,()!21+!
F,*2(+*-[!7(2+*(,8!I:+-27>((,7*+!*+-:82-#!

!

@4A>*)JG?)!"]C]G)@*-1)B4-*)])"4-3),/1*8241,./a)4H4:141,./)4/H)H*:>.3<*/1)

$!) !"]C]G)

X4<*) "4-3),/1*8241,./a)4H4:141,./)4/H)H*:>.3<*/1).=)16*):,>.1)4::>,941,./-)1.)16*)
"K$B):>41=.2<)

!*-92,:1,./) 41+! F:*F>-+! >A! 217-! 2+-2! 0,-+! 7-! 2>! F*>=+! 21+! :-,C7872/! ,()! ,)+I:,0/! >A! 21+!
H7M*,27(M!,!F78>2!,FF870,27>(!2>!21+!R<6B!F8,2A>*H#!

;.529*) 417-!*+I:7*+H+(2!U788!=,87),2+!21+!@R&!5-+*!S+I:7*+H+(2W!,-!)+A7(+)!,2!21+!@&#G!
)>0:H+(2#!

751:51-c&*-5>1
-)

41+!S+8>0,27>(!,FF870,27>(!)+=+8>F+*!1,-!F*7H,*78/!7HF8+H+(2+)!21+!,FF870,27>(!
,()!21+(!

$# @+F8>/+)!21+!,FF870,27>(!2>! 21+!R<6B!F8,2A>*HW!,-!)+-0*7C+)! 7(!F*+=7>:-!
2+-2!0,-+-#!

&# R,-78/!-+2!:F!-+*=70+!0>((+027>(-!U721!+D2+*(,8!),2,!-2>*+-!A>*!,00+--7(M!
<P6-!*+M,*)7(M!21+!Q*:--+8-!,()!47*M:!.>*+-!072/#!
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;# 41+!F*>F+*!>F+*,27>(!1,-!,8*+,)/!C++(!=,87),2+)!C/!21+!>(87(+!-:*=+/-!>A!
21+!>F+(!0/08+!2+-2!F1,-+-W!7(=>8=7(M!+()T:-+*-!>A!21+!<78>2!c,C-#!!

@6,-)1*-1)94-*),-)9./-,H*2*H)-599*--=5>E)

&*>41*H)
d41*2,4>)

3>2!,FF870,C8+!

!

4.2 Test Case Outcomes 
'00>*)7(M! 2>! 21+! 2+-2! 0,-+-W! ,-! *+A+**+)! 7(! 21+! ,C>=+! -:C-+027>(W! ,! 0>:F8+! >A!
7(2+*+-27(M!>:20>H+-!0,(!C+!7)+(27A7+)#!41+!2+-2!0,-+-!0,(!C+!)7=7)+)!2>!21*++!H,a>*!
0,2+M>*7+-\!41+!>(+-!21,2!*+8,2+)!U721!21+!0>*+!08>:)!F8,2A>*H!>A!R<6BW!21+!>(+-!21,2!
,*+!H>-28/!*+8,2+)!U721!21+!A*>(2T+()!:-+*!7(2+*A,0+!>A!21+!F8,2A>*H!,()!>A!21+!F78>2!
,FF870,27>(-!,()!21+!>(+-!21,2!,*+!*+8,2+)!U721!21+!)+=+8>F+*[-!+DF+*7+(0+!C/!:-7(M!
21+! R<6B! 2>>8-! 7(! >*)+*! 2>! )+=+8>F! ,! F78>2! ,FF870,27>(! 21,2! U788! C+! 1>-2+)! 2>! 21+!
F8,2A>*H#!]+[88!,(,8/-+!21+H!-+F,*,2+8/#!

4.2.1 Core Cloud Platform Test Cases 

41+!H,a>*72/!>A!21+!2+-2!0,-+-!21,2!*+-7)+!7(!217-!0,2+M>*/!U+*+!-:00++)+)W!F*>=7(M!
21,2! 21+! B>*+! B8>:)! R<6B! <8,2A>*H! 7-! A:(027>(7(M! ,00>*)7(M! 2>! 72-! )+=+8>FH+(2-[!
+DF+02,27>(!,()!U1,2!U,-!)+A7(+)!,()!)+-7M(+)!,2!21+!C+M7((7(M!>A!21+!F*>a+02#!'88!
0>*+! A:(027>(,8727+-! ,*+! U>*V7(M! ,-! +DF+02+)#! 41+! 8,22+*! 0,(! C+! ,8->! )7=7)+)! 7(2>!
-H,88+*!M*>:F-!21,2!,*+!C+7(M!,(,8/-+)!C+8>U#!!

41+! F8,2A>*H! 0,(! 1>-2! (+U! )+=+8>F+)! -+*=70+-! ,()! ,FF870,27>(-! 21,2! 0,(! ,8->! C+!
,00+--+)!21*>:M1!21+!-+*=70+!0,2,8>M:+#!'88!C,-70!-+*=70+!0,2,8>M:+[-! A:(027>(,8727+-!
>F+*,2+! ,-! +DF+02+)#! '! :-+*! U721! ,)H7(7-2*,27=+! *7M12-! >(! 21+! R<6B! F8,2A>*H! 0,(!
*+M7-2+*! ,! (+U! -+*=70+! 2>! 21+! 0,2,8>M:+W! F+*A>*H! ,)=,(0+)! -+,*01! U721! 21+!
0,F,C78727+-! >A! 21+! -+*=70+! ,((>2,27>(! H+01,(7-H-W! 0,(! ,00+--! ,()! *+M7-2+*! 2>!
+D7-27(M!-+*=70+-W!U178+!1+!0,(!)+8+2+!,!-+*=70+!21,2!7-!>A!(>!:-+#!!

41+! +D2+()+)! A:(027>(,8727+-! >A! 21+! 5-+*! .,(,M+H+(2! C,0VT+()! 0>HF>(+(2! U>*V!
,8->! ,-! +DF+02+)W! ,A2+*! C+7(M! F+*A>*H+)! ,! =,*7+2/! >A! j5(72! 2+-2-! ,87M(+)! U721! 21+!
)>0:H+(2,27>(!>A!21+!-+*=70+-#!41+-+!A:(027>(,8727+-!U+*+!,8->!:()+*!2>:M1!2+-27(M!
H>)+W! ,-! 21+/! ,*+! C+7(M! 0>(-:H+)! C/! ,88! 1>-2+)! -+*=70+-! ,()! ,FF870,27>(-! >A! 21+!
R<6B!F8,2A>*H#!!

<8,2A>*H[-!H+01,(7-H-! A>*! ,00+--7(M! +D2+*(,8! >*! 7(2+*(,8! ),2,! -2>*+-! -7HF87A/! 21+!
F*>0+--! >A! ->A2U,*+! )+=+8>FH+(2! C/! 21+! ,FF870,27>(! F*>=7)+*-#! 417-! 1,-! C++(!
=,87),2+)!C/!C>21!21+!*+-:82-!>A!21+!*+8+=,(2!2+-2!0,-+-!,()!21+!+DF+*7+(0+!M,7(+)!C/!
21+!2+-27(M!F78>2!,FF870,27>(-W!,-!>C2,7(!C/!21+!7(2+*(,8!I:+-27>((,7*+-#!!

9+0:*72/!H+01,(7-H-!A>*!,:21+(270,27(M!:-+*-!1,=+!C++(!U7)+8/!)+=+8>F+)!,()!21+!
R<6B[-!2+01(70,8!2+,H!F:2!,!-7M(7A70,(2!,H>:(2!>A!+AA>*2!7(!)>7(M!->W!,-!217-!1,)!C++(!
7)+(27A7+)!,-!>(+!>A!21+!H,a>*!=:8(+*,C78727+-!):*7(M!21+!C+M7((7(M!>A!21+!2+-2!F1,-+-#!
':21>*7e,27>(!H+01,(7-H-! ,8->! >F+*,2+! ,-! +DF+02+)W! 21:-! F*+=+(27(M! ,! :-+*! A*>H!
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,00+--7(M! ,(! ,FF870,27>(! 21,2! 1,-! (>2! C++(! *+M7-2+*+)#! '2! 217-! F>7(2! 72! H:-2! C+!
17M187M12+)!21,2!R<6B!F8,2A>*H!,8->!01+0V!A>*!F*>F+*!,:21>*7e,27>(!A>*!,00+--7(M!21+!
F78>2! ,FF870,27>(-W! ,()! (>2! ,:21>*7e+-! :-+*-! A>*! ,00+--7(M! -F+07A70! F,M+-! >A! ,(!
,FF870,27>(W!+=+(!7A!21+!F8,2A>*H!7-!0,F,C8+!>A!1,()87(M!217-#!41,2!U,-!)+07)+)!2>!C/!
H,(,M+)! C/! 21+! ,FF870,27>(! F*>=7)+*! 72-+8AW! *,21+*! 21,(! 21+! R<6BW! 7(! >*)+*! 2>!
A,07872,2+!21+!)+=+8>FH+(2!>A!21+!0>*+!R<6B[-!C,0V+()!0>HF>(+(2W!C,-+)!>(!21+!A,02!
21,2!21+!,FF870,27>(!F*>=7)+*-!1,=+!,!)++F!V(>U8+)M+!>A!21+7*!,FF870,27>(-W!,()!0,(!
1,()8+!217-!C/!21+H-+8=+-#!!

R<6B!F8,2A>*H!,8->!*+0>*)-!,!-7M(7A70,(2!,H>:(2!>A!8>MM7(M!),2,!2>!C+!:-+)!7(2+*(,88/!
C/! 21+! ,FF870,27>(! F*>=7)+*-W! ->! 21,2! 21+! 8,22+*! 0,(! 1,=+! ->H+! )+2,78! 7(-7M12-!
*+M,*)7(M!21+!:-+!>A!21+7*!,FF870,27>(#!417-!1,-!C++(!F*>=+)!2>!C+!>A!,!17M1!=,8:,C8+!
7(F:2W!,-!17M187M12+)!C/!21+!U>*V!21,2!1,-!,8*+,)/!C++(!)>(+!7(!21+!-0>F+!>A!21+!]<K!
>A!217-!F*>a+02#!R<6B!>AA+*-!,!M+(+*70!U,/!2>!*+0>*)!,()!H,V+!:-+!>A!0:-2>H!8>MM7(M!
),2,!,00>*)7(M!2>!+,01!,FF870,27>(!(++)-#!

c,-2!C:2!(>2!8+,-2W!R<6B!)7)([2!-:00++)!2>!-+*=+!H+01,(7-H-!A>*!:-7(M!)7AA+*+(2!27H+!
e>(+-!,()!0:**+(07+-!7(!21+!-0>F+!>A!,!F,(!R:*>F+,(!F8,2A>*H#!@:*7(M!21+!>(M>7(M!
F*>0+--! >A! ->A2U,*+! )+=+8>FH+(2W! 72! U,-! )+07)+)! C/! 21+! R<6B! <*>a+02! 0>(->*27:H!
21,2! 21+-+! A:(027>(,8727+-! ,*+! >A! 8>U+-2! F*7>*72/W! ,()! 21+! 2+01(70,8! F,*2(+*-! -1>:8)!
A>0:-!H>*+!>(!21+!H>-2!0>*+!,()!17M1!7HF>*2,(2!A:(027>(,8727+-#!41+-+!A+,2:*+-!U+*+!
(>2! 17M18/! *+8,2+)! U721! 21+! F78>2! ,FF870,27>(! -0+(,*7>-! ,()! (>! 01,88+(M+-! *+8,2+)!
U721!21+!g-H,*2(+--h!>A!0727+-!,()!-+*=70+-!U+*+!7)+(27A7+)#!'FF870,27>(-!21,2!*+I:7*+!
-1>:8)!A+,2:*+-!0>:8)!+,-78/!7HF8+H+(2!21+H!21>:M1!U721!0>(-7)+*,C8/!8>U!+AA>*2#!

P(! 21+! 0>(2*,*/W! R<6B!F8,2A>*H! 2*+,2! 21+!H:82787(M:,8! )7=+*-72/! 7(-7)+! 21+!R5!U721!
H:01! -:00+--W! ,-! 72! 1,-! C++(! F*>=+)! 21,2! ,! F78>2! ,FF870,27>(! 0,(! F*+-+(2+)! 7(! ,!
)7AA+*+(2! 0>:(2*/! U721! 21,2! 0>:(2*/[-! -F+07A70! 87(M:,8! 01,*,02+*7-270-W! 2+-2! C/! 21+!
S+8>0,27>(!-0+(,*7>!7(!21+!47*M:!.:*+-[!0,-+#!

4.2.2 Front-end/User Interaction Test Cases 

S+M,*)7(M!21+!0>HF8+27>(!,()!21+!+,-+!>A!:-+!>A!21+!A*>(2T+()!:-+*!7(2+*,027>(W!R<6B!
F8,2A>*H!H,)+!,!-7M(7A70,(2!F*>M*+--! 7(!F*>=7)7(M!F>*28+2-! 21,2!U>:8)!-7HF87A/! 21+!
:-+*! +DF+*7+(0+! >A! ,! :-+*! U721! ,)H7(7-2*,27=+! *7M12-! 21,2! U788! 1,=+! 2>! C+! ,C8+! 2>!
H,V+!->H+!H>*+!,)=,(0+)!,027>(-!7(!>*)+*!2>!*+M7-2+*!,(!+()T:-+*!2>!21+!F8,2A>*H!
,()! 0:-2>H7e+! 17H! ,00>*)7(M! 2>! +,01! ,FF870,27>([-! >U(! -F+07A70! *+I:7*+H+(2-#! 6(!
>*)+*! 2>! F*>=+! 217-W! -F+07A70! 2+-2! 0,-+-! 1,)! C++(! )+A7(+)! 21,2! )*7=+-! 21+!
,)H7(7-2*,27=+!:-+*!2>!,88!21+!F*>0+):*+!1+!1,-!2>!2,V+!2>!0>HF8+2+!21+-+!2,-V-#!'(!
+()!:-+*!U,-!,C8+!2>!C+!*+M7-2+*+)!A7*-28/!2>!21+!F8,2A>*H!,-!,(!R<6B!:-+*W!21+(!2>!C+!
-:00+--A:88/!,--7M(+)!U721!,!*>8+!2>!>(+!>A!21+!+D7-2+)!F78>2!,FF870,27>(-W!U178+!72!U,-!
-:00+--A:88/! 2+-2+)! 21,2! 0>:8)! C+! 7(727,87e+)! U721! 0:-2>H! ,FF870,27>(! ),2,! 7(! 21+!
0>(2+D2!>A! 21+!9H,*2!R(=7*>(H+(2!-0+(,*7>W!U1+*+! 72!U,-!,--7M(+)!U721!,!*+8+=,(2!
.'B!,))*+--!>A!21+!-+(->*!1+!:-+)!2>!F,*2707F,2+#!!

'!H7(>*!87H72,27>(!>A!21+!R<6B!<8,2A>*H!21,2!U,-!7)+(27A7+)!A*>H!21+!2+-2!0,-+-!7-!21+!
8>MM7(M!),2,!A*>(2T+()#!'-!U,-!,8*+,)/!H+(27>(+)!7(!21+!0>*+!08>:)!F8,2A>*H!-+027>(W!
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21+! C,0V+)! A:(027>(,8727+-! ,*+! =,87),2+)W! 1>U+=+*! 0:**+(28/! 21+*+! 7-! (>! A*>(2T+()!
F>*28+2! 2>! F*+-+(2! 21+! ),2,! 7(! ,! :-+*! A*7+()8/! U,/! ,()! 21+! )+=+8>FH+(2! 2+,H-!
)+)70,2+)!21+7*!+AA>*2!2>!21+!F78>2!,()!F8,2A>*H!-+*=70+!A:(027>(,8727+-#!417-!)7)!(>2!
,AA+02! 21+!>F+*,27>(,8!,-F+02-!>A! 21+!F8,2A>*H!,()!):*7(M!21+!)+=+8>FH+(2!F*>0+--!
21+!2+,H-!U+*+!M*,(2+)!)7*+02!,00+--!2>!21+!*+-F+027=+!),2,-2>*+-#!

4.2.3 Developer’s Experience Test Cases 

4U>! 2+-2! 0,-+-! ,*+! -2*>(M8/! *+8,2+)! U721! 21+! >=+*,88! )+=+8>F+*[-! +DF+*7+(0+! A>*!
)+=+8>F7(M! F78>2! ,FF870,27>(-! :-7(M! 21+! R<6B! 2>>8-! ,()! 1>U! +,-78/! 0,(! 7(2+M*,2+!
-+*=70+-!A*>H!)7AA+*+(2!F*>=7)+*-!7(!>*)+*!2>!+(*701!17-!>U(!,FF870,27>(#!41+-+!2+-2!
0,-+-! U+*+! ,(-U+*+)! C/! ,88! F78>2! ,FF870,27>(! F*>=7)+*-! U1>! ,02:,88/! )7)! 21+!
)+=+8>FH+(2!>A!21+7*!,FF870,27>(!:-7(M!21+-+!2>>8-W!,()!7(2+M*,2+!)7AA+*+(2!-+*=70+-#!
41+!>:20>H+-!,*+!I:72+!+(0>:*,M7(M!,-!72!U,-!7)+(27A7+)!21,2!21+!*701(+--!>A!87C*,*7+-!
,()! )7AA+*+(2! 2+01(>8>M/! >AA+*7(M! C/! R<6B! -7HF87A/! 21+! ->A2U,*+! 87A+0/08+! ,! 8>2W! C/!
)+0*+,-7(M!21+!)+=+8>FH+(2!27H+!U721!21+!:-+!>A!-:01!2>>8-#!41+!,:2>H,2+)!F*>0+--!
>A! 7(2+M*,2+)! )7AA+*+(2! U+C! -+*=70+-! A*>H! )7AA+*+(2! -+*=70+! F*>=7)+*-! ,8->! U,-!
,FF*+07,2+)! C/! ,88! )+=+8>F+*-#! 417-! 0,(! ,8->! C+! >C-+*=+)! C/! 21+! >:20>H+-! >A! 21+!
7(2+*(,8!I:+-27>((,7*+-W!,-!)+-0*7C+)!7(!21+!F*+=7>:-!-+027>(#!

!  
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5 Performance and Logs Evaluation 
6(! 217-! 01,F2+*! U+! F*+-+(2! ,! H>*+! )++F! ,(,8/-7-! *+M,*)7(M! 21+! F+*A>*H,(0+!
+=,8:,27>(! >A! 21+! R<6B! F8,2A>*H! 7(! 2+*H-! >A! *+-F>(-7=+(+--! ,()! A:(027>(7(M#! 417-!
U>*V! M>+-! C+/>()! 21+! BBT$TE! 2+-2! 0,-+W! )+-0*7C+)! 7(! 21+! F*+=7>:-! -+027>(W! ,-! U+!
F*+-+(2! ,(,8/270,8! )7,M*,H-! *+M,*)7(M! 21+! >=+*,88! *+-F>(-+! 27H+! >A! ->H+! V+/!
A:(027>(,8727+-! >A! 21+! R<6B[-! C,0V+()! -+*=70+-#! ]+! ,8->! 788:-2*,2+! =,8:,C8+!
7(A>*H,27>(!>C2,7(+)!A*>H!21+!8>M-!A78+-!>A!21+!R<6B[-!<>*2,8!9+*=+*W!->!,-!2>!17M187M12!
21+!F*>M*+--!>A!21+!)+=+8>FH+(2!>A!21+!F8,2A>*H!,()!F78>2!,FF870,27>(!):*7(M!21+!8,-2!
F1,-+!>A!21+!F*>a+02#!

5.1 Performance Evaluation 
41+! F+*A>*H,(0+! +=,8:,27>(! >A! 21+! R<6B! F8,2A>*H! U,-! C,-+)! >(! -2*+--! 2+-2-! 21,2!
U+*+!F+*A>*H+)!>(!21+!R<6B[-!C,0V+()!5-+*!.,(,M+H+(2!A:(027>(,8727+-!2>!7)+(27A/!
21+!>=+*,88!*+-F>(-+!27H+!>A!21+!H>-2!0>HH>(!H+21>)!7(=>0,27>(-!>(!21+!F8,2A>*H#!
41+!2>>8!21,2!U,-!:-+)!A>*!21+!-2*+--!2+-2-!U,-!21+!'F,01+[-!j.+2+*$!2*,AA70!M+(+*,2>*!
,()!21+!2+-2+)!F8,2A>*H!+(=7*>(H+(2!U,-!)+F8>/+)!>(!,!6Q.[-!9H,*2!B8>:)!f7*2:,8!
.,017(+W!U721!G!0>*+!978=+*!JGC72!B<5-W!LXQ!>A!S'.W!$"J"XQ!>A!-2>*,M+W!*:((7(M!>(!
,(! S+)! d,2! R(2+*F*7-+! c7(:D! =E#E#! 41+! k/[! ,D7-! F*+-+(2-! 21+! *+-F>(-+! 27H+! ^7(!
H787-+0>()-_!>A!+=+*/!*+I:+-2!A>*!7(=>0,27>(W!U178+!21+!kD[!,D7-!F*+-+(2-!21+!+8,F-+)!
27H+#! 41+! C8,0V! 0>8>:*+)! 2*,0+-! )+-0*7C+! +,01! -F+07A70! 7(=>0,27>([-! *+-F>(-+! 27H+W!
U178+! 21+! C8:+! 0:*=+! -1>U-! 21+! ,=+*,M+! *+-F>(-+! 27H+! 7(! +=+*/! 7(-2,(2#! 41+! *+)!
0>8>:*+)!0:*=+!-1>U-!21+!)+=7,27>(!,()!21+!M*++(!0>8>:*+)!0:*=+!21+!21*>:M1F:2#!!

41+!A>88>U7(M!7()70,27=+!A:(027>(,8727+-!U+*+!2+-2+)\!

!  B>:*2+-/4728+9+8+02'88!
!  <78>29F+07A70),2,4/F+9+8+02Q/<78>2!
!  <78>2-9+8+02Q/6@!
!  5-+*@,2,B>HH>('((9+8+02Q/5-+*3,H+!

5.1.1 CourtesyTitleSelectAll 

417-!7-!,!87M12!A:(027>(,872/!21,2!U,-!7(08:)+)!2>!17M187M12!21+!*+-F>(-7=+(+--!>A!21+!
<8,2A>*H! U1+(! 7(=>0,27(M! U+C! H+21>)-! U721! H7(>*! *+->:*0+! *+I:7*+H+(2-#! 41+!
-2*+--!2+-2!*+I:7*+)!E""!-7H:82,(+>:-!:-+*-!1,=7(M!F+*A>*H+)!;!7(=>0,27>(-!U721!,!
E""H-!)+=7,27>(!>(!,!E"H-!)+8,/!>AA-+2-#!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
$!'F,01+!j.R4RS\!122F\%%aH+2+*#,F,01+#>*M%!
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!
T,852*)G?)B.521*-3@,1>*;*>*91'>>)K*2=.2<4/9*)@*-1)

41+!,=+*,M+!*+-F>(-+!27H+!:()+*!217-!1+,=/!8>,)!7-!&#EtE#"!-+0>()-W!,-!72!7-!-1>U(!
,C>=+#!

5.1.2 PilotSpecificdataTypeSelectByPilot 

6(!217-!-2*+--!2+-2!U+!1,)!&E"!-7H:82,(+>:-!:-+*-!F+*A>*H7(M!;!7(=>0,27>(-!U721!,!
E""H-!)+=7,27>(!>(!,!E"H-!)+8,/!>AA-+2-#!

!
T,852*)J?)K,>.1;:*9,=,9H414@3:*;*>*91(3K,>.1)K*2=.2<4/9*)@*-1)

41+!,=+*,M+!*+-F>(-+!27H+!0>(=+*M+-!,2!$$"!H7887-+0>()-W!,-!72!7-!-1>U(!,C>=+#!
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5.1.3 PilotsSelectByID 

417-!7-!>(+!>A!21+!H>-2!0>HH>(!A:(027>(,8727+-!21,2!7-!C+7(M!7(=>V+)!C/!+=+*/!+()T
:-+*! U1+(+=+*! 21+/! =7-72! ,! F78>2! ,FF870,27>(#! 6(! 217-! -2*+--! 2+-2! U+! 1,)! E""!
-7H:82,(+>:-! :-+*-! F+*A>*H7(M! ;! 7(=>0,27>(-! U721! ,! &""H-! )+=7,27>(! >(! ,! &"H-!
)+8,/!>AA-+2-#!

!
T,852*)M?)K,>.1-;*>*91(3$!)K*2=.2<4/9*)@*-1)

41+!,=+*,M+!*+-F>(-+!27H+!0>(=+*M+-!,2!&W&!-+0>()-W!,-!72!7-!-1>U(!,C>=+#!

5.1.4 UserDataCommonAnnSelectByUserName 

417-!7-!>(+!>A!21+!H>-2!0>HH>(!A:(027>(,8727+-!21,2!7-!C+7(M!7(=>V+)!C/!+=+*/!+()T
:-+*W!-+=+*,8!27H+-!:F>(!F,M+!(,=7M,27>(!7(!,!F78>2!,FF870,27>(#!6(!217-!-2*+--!2+-2!U+!
1,)!E""!-7H:82,(+>:-!:-+*-!F+*A>*H7(M!;!7(=>0,27>(-!U721!,!E""H-!)+=7,27>(!>(!,!
E"H-!)+8,/!>AA-+2-#!

!
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T,852*)O?)Q-*2!414B.<<./'//;*>*91(3Q-*2X4<*)K*2=.2<4/9*)@*-1)

41+!,=+*,M+!*+-F>(-+!27H+!0>(=+*M+-!,2!&WG!-+0>()-W!,-!72!-1>U(!,C>=+#!

5.1.5 Performance Evaluation Results 

]1,2!0,(!U+!0>(08:)+!A*>H!21+!,C>=+W!7-!21,2!,821>:M1!->H+!-2*+--!2+-2-!1,)!(>2!,!
-,27-A,02>*/!F+*A>*H,(0+W!U1+(!72!0>H+-!2>!21+!A:(027>(,8727+-!21,2!,*+!H>*+!0*:07,8!
,()!,*+!+DF+02+)!2>!)+,8!U721!1+,=7+*!8>,)W!21+!*+-F>(-+!27H+!7-!,00+F2,C8+#!]1,2!7-!
H>*+W! 21+! R<6B! <>*2,8! 9+*=+*!U,-! 0>(A7M:*+)! 2>! C+! )+F8>/+)! 7(! ,! =7*2:,8!H,017(+!
21,2!U,-!2:(+)!2>!,))*+--!8>U!2*,AA70!8>,)#!]1+(!21+!-2*+--!2+-2-!2>>V!F8,0+W!21+!R<6B!
U,-! 7(! ,! 2+-27(M! F1,-+! >A! ,(! >F+(! 0/08+! ,()! 217-! H+,(-! 21,2! (>! H>*+! 21,(! GTE!
-7H:82,(+>:-!:-+*-!U+*+!F*>):07(M!2*,AA70!2>!21+!-+*=+*!,2!21+!-,H+!27H+#!41+!-2*+--!
2+-2-! 1>U+=+*W! 2>>V! 7(2>! 0>(-7)+*,27>(!H>*+! 21,(! &E"! -7H:82,(+>:-! :-+*-#!]1+(!
R<6B! U788! 0>H+! 2>! F*>):027>(! F1,-+W! 72! -7HF8/! (++)! 2>! -0,8+! :F! 21+! F8,2A>*H!
+(=7*>(H+(2! 21,2! 7-! 0:**+(28/!)+F8>/+)W! +DF8>727(M! 21+!+8,-270! 08>:)! 0,F,C78727+-!>A!
21+!6Q.[-!9H,*2!B8>:)!+(M7(+#!

5.2 Logs Evaluation 
'F,*2!A*>H!21+!F+*A>*H,(0+!+=,8:,27>(!21,2!U,-!)+-0*7C+)!,C>=+W!,(!,(,8/-7-!>A!21+!
R<6B[-!<>*2,8!9+*=+*!8>M!A78+-!1,-!C++(!)>(+#!41+!H,7(!>Ca+027=+!U,-!2>!7)+(27A/!21+!
*,2+!>A!:(+DF+02+)!+**>*-! ^7(! 2+*H-!>A!:(1,()8+)!+D0+F27>(-_! 21,2! 0>:8)! -+*7>:-8/!
),H,M+! 21+! :-+*! +DF+*7+(0+W! ,()! )7-0>=+*! 7A! 217-! 7-! 0>(-2,(2! >*! 72!U,-! )+0*+,-7(M!
):*7(M! 21+!)+=+8>FH+(2!F*>0+--W! ,-! 21+!=,8:,C8+! 7(F:2! 21,2!U,-! *+0+7=7(M! 21*>:M1!
21+!2+-2!0/08+-!,()!21+!:-+*!7(2+*,027>(!U721!21+!F8,2A>*HW!1+8F+)!21+!R<6B!2+01(70,8!
2+,H!2>!0>**+02!,(/!C:M-!>*!*+8+=,(2!7--:+-#!

41+! 8>MM7(M!),2,! ,(,8/-7-! 2>>V!F8,0+!H,7(8/! 7(! 21+! 8,-2!F1,-+!>A! 21+! 2+-27(M! 0/08+-!
>21+*U7-+!21+!*+-:82-!U>:8)!(>2!H,V+!H:01!-+(-+W!^7#+#!,(,8/-7-!*+-:82-!-1>:8)!(>2!
C+! ,AA+02+)! C/! +**>*-! A*>H! 21+! )+=+8>FH+(2! F*>0+--! ,()! 21+! 7(2+M*,27>(! F*>0+--#!
d>U+=+*W! ):*7(M! 21+!)+=+8>FH+(2!F*>0+--! ,)T1>0! 8>MM7(M! 2+-2-! ,()! ,(,8/-7-!U+*+!
0>():02+)!2>!7)+(27A/!7HF8+H+(2,27>(!,()!>F+*,27>(,8!7--:+-!>A!21+!-+*=70+-#!

P(! 21+! A>88>U7(M! )7,M*,H-W! ^'_! *+F*+-+(2-! (>*H,8! (>27A70,27>(-! A*>H! 21+! F>*2,8!
-+*=+*W!^R_!*+F*+-+(2-!:(1,()+)!+D0+F27>(-W!^6_!*+F*+-+(2-!8>M-!21,2!0>(2,7(!M+(+*,8!
7(A>*H,27>(!),2,!:F>(!:-+*!*+I:+-2-W!^P_!*+F*+-+(2-!-+*=+*!7(2+*(,8!+**>*-W!,()!^]_!
U,*(7(M-!21,2!,*+!*+0>*)+)!A*>H!21+!F8,2A>*H#!

6(!21+!A>88>U7(M!)7,M*,HW!21+!,C->8:2+!=,8:+-!>A!21+!,A>*+H+(27>(+)!8>M-!,*+!-1>U(W!
7(! ,! $E! ),/-! F+*7>)#! 6(! 21+! k/[! ,D7-! 21+! ,C->8:2+! =,8:+! >A!
(>27A70,27>(-%+**>*-%U,*(7(M-! 7-! -1>U(W! U178+! 21+! kD[! ,D7-! *+F*+-+(2-! 21+! +8,F-+)!
F+*7>)!>A!>C-+*=,27>(!27H+#!
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!
T,852*)P?)"K$B)K>41=.2<)>.8)*/12,*-)Z/5<A*2-[)

O*>H!217-!)7,M*,HW!21+*+!7-!,!F70V!>A!8>M!),2,!):*7(M!21+!),/-!21,2!R<6B!-+*=+)!,!17M1!
2*,AA70!^7#+#!>(!21+!8,C>:*T),/!21+*+!7-!,8H>-2!(>!2*,AA70_!U178+!21+!A>88>U7(M!)7,M*,H!
F*+-+(2-! 7(! 21+! k/[! ,D7-! 21+! *+8,27=+! =,8:+! >A! (>27A70,27>(-%+**>*-%U,*(7(M-! 7(!
F+*0+(2,M+\!!

!

!
T,852*)N?)"K$B)K>41=.2<)>.8)*/12,*-)Zg[)

6(! H>-2! 0,-+-W! 21+! F8,2A>*H! +DF+*7+(0+! (>*H,8! C+1,=7>:*! 1>U+=+*W! ,! -7M(7A70,(2!
,H>:(2!>A!+**>*-!>00:**+)!C+2U++(!21+!J!,()!K!>A!.,/#!417-!U,-!0,:-+)!):+!2>!,(!
,C(>*H,8! C+1,=7>:*! >A! ,(! +D2+*(,8! ),2,! F*>=7)+*W! 7(! 21+! 7(2+M*,2+)! -0+(,*7>#! 41+!
7(-2,(2! 7(0*+,-+!>A! +**>*-!):*7(M! 217-!F1,-+!U,-!H>(72>*+)W! ->! 21+! 2+01(70,8! 2+,H!

"!

#""!

$"""!

$#""!

%"""!

%#""!

&"""!

'(
%)
(%
"$
&!

'(
&"
(%
"$
&!

#(
$(
%"
$&
!

#(
%(
%"
$&
!

#(
&(
%"
$&
!

#(
'(
%"
$&
!

#(
#(
%"
$&
!

#(
*(
%"
$&
!

#(
+(
%"
$&
!

#(
,(
%"
$&
!

#(
)(
%"
$&
!

#(
$"
(%
"$
&!

#(
$$
(%
"$
&!

#(
$%
(%
"$
&!

-!

.!

/!

0!

1!

"2""!

$"2""!

%"2""!

&"2""!

'"2""!

#"2""!

*"2""!

+"2""!

,"2""!

)"2""!

'(
%)
(%
"$
&!

'(
&"
(%
"$
&!

#(
$(
%"
$&
!

#(
%(
%"
$&
!

#(
&(
%"
$&
!

#(
'(
%"
$&
!

#(
#(
%"
$&
!

#(
*(
%"
$&
!

#(
+(
%"
$&
!

#(
,(
%"
$&
!

#(
)(
%"
$&
!

#(
$"
(%
"$
&!

#(
$$
(%
"$
&!

#(
$%
(%
"$
&!

-!

.!

/!

0!

1!



 EPIC – Deliverable   

D8.2 Evaluation Report 55! Version 1.0, 29/05/2013 

0>:8)!*+,02!,-!->>(!,-!F>--7C8+!7(!>*)+*!2>!->8=+!217-!7--:+#!41+!+**>*!-2,0V!U,-!21+!
A>88>U7(M\!

IJKLKMN!%OPJOPONPQN#!R7ST!OOOOOO%6!U4C*)==V-/913!'!!!U4U4WOJ#'P!G!XGYZC./,1[,!
6.+*9!/.,!?1!631),19!6.3316,*:!?16)+=1!.D!,81!D.**.>-/5!133.3P!\!

417-!H+,(-!21,2! 21+!+D2+*(,8!),2,!F*>=7)+*!-:))+(8/!-2>FF+)!F*>=7)7(M!),2,!:F>(!
21+!F78>2! ,FF870,27>([-! *+I:+-2W!U1701! 8+,)! 2>! ,! 0*,-1W! ,-! 21+! *+8+=,(2! j'qQ!>Ca+02-!
0>:8)([2! C+! 7(727,87e+)#! 417-!U,-!H>(72>*+)! C/! 21+! R<6B! F8,2A>*HW! ->! 21+! 2+01(70,8!
2+,H! 0>:8)! 7(A>*H! 21+!),2,! F*>=7)+*! ,C>:2! 21+! 0,:-+! >A! F*>C8+HW!U1>! *+-F>()+)!
I:70V8/#!.>*+>=+*W!217-!C:M!U721!:(1,()8+)!+D0+F27>(-!U1701!0,:-+)!21+!,FF870,27>(!
2>!0*,-1!U,-!,8->!A7D+)W!->!7(!21+!A:2:*+W!,!:-+*!A*7+()8/!H+--,M+!U788!C+!-1>U(!2>!21+!
+()!:-+*#!!!

!  
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6 Pilots Testing Results Analysis 
417-!-+027>(!A>0:-+-!>(!21+!+=,8:,27>(!>A!21+!F78>2!,FF870,27>(-!,()!-:HH,*7e+-!21+!
*+-:82-! ,()! >:20>H+-! A>88>U7(M! 21+! F*>M*+--! >A! 217-! F*>a+02#! 41+! +=,8:,27>(! 2,V+-!
7(F:2! A*>H!21+!=+*/!C+M7((7(M!U>*V!F,0V,M+-!^]<&W!]<;_!U1701!U+*+!F*+-+(27(M!
21+! *+I:7*+H+(2-! A>*! +=+*/! -F+07A70! F78>2! ,FF870,27>(! ,()! 21+! 7(727,8! 0,F,C78727+-! >A!
6Q.[-!9H,*2!B8>:)!<8,2A>*HW!U1701!U,-!:-+)!,-!21+!C,-7-!A>*!21+!R<6B!+(=7*>(H+(2#!
]<G! ,()! ]<E! ,8->! F*>=7)+)! =,8:,C8+! 7(F:2W! ,-! 21+/! 0>(->87),2+! 21+! F78>2!
,FF870,27>(-! ,()! -0+(,*7>-! )+A7(727>(-W! U1701! ,*+! 8,2+*! :-+)! A>*! 17M187M127(M! 21+!
C,-70! ,)=,(2,M+-! >A! 21+! F8,2A>*HW! U178+! ]<K! 0>88+02-! ,88! +()T:-+*! *+-:82-! ,()!
,(,8/-+!21+H!A*>H!,!F78>2!8,C[-!=7+U!F+*-F+027=+#!62!-1>:8)!C+!H+(27>(+)!1+*+!21,2!
21+! @L#&! )>0:H+(2! A>0:-+-! >(! 21+! +=,8:,27>(! >A! 21+! F78>2! ,FF870,27>(-! A*>H! ,!
2+01(70,8! F+*-F+027=+#! 41+! 87=7(M! 8,C! F*>0+--+)! ->07>8>M70,8! ,-F+02-! >A! 1>U! +,01!
,FF870,27>(!U788!1+8F!,! 072/! 2>!C+0>H+! g-H,*2+*h#!d>U! 217-!U788! 2,V+!F8,0+!U,-!(>2!
U7217(!21+!-0>F+!>A!21+!2+01(70,8!+=,8:,27>(W!C:2!21+/!,*+!+D,H7(+)!7(!@L#;#!

41+!*+H,7(7(M!-+027>(-!M7=+!,!C*7+A!+DF8,(,27>(!A>*!+=+*/!F78>2!,FF870,27>(!,()!21+(!
21+!,(,8/-7-!>A!21+!+=,8:,27>(!F*>0+--!7-!)+-0*7C+)#!

6.1 Relocation Scenario 

6.1.1 Overview 

41+! *+8>0,27>(! -0+(,*7>! 0>(-7-2-! >A! 2U>! H,7(! 0,-+-\! 41+! U+C! ,()! 21+! H>C78+!
,FF870,27>(#!41>-+! 2U>!-:CT-0+(,*7>-! 7HF8+H+(2!)7AA+*+(2! A:(027>(,8727+-#!41+!U+C!
F+*-F+027=+! >A! 21+! ,FF870,27>(! H,7(8/! A>0:-! >(! 21+! kU1+*+! 2>! 87=+[! A:(027>(,872/W!
U1701!,--7-2-!21+!7(0>H7(M!0727e+(!7(!M+227(M!2>!V(>U!21+!)7AA+*+(2!,*+,-!>A!21+!072/#!
41+!kO7()7(M!,!<8,0+[!-+027>(!>A!21+!S+8>0,27>(!,FF870,27>(!,88>U-!21+!:-+*!2>!-+,*01!
,()! C*>U-+! 21*>:M1! ,=,78,C8+! 1>:-+-! ,()! ,F,*2H+(2-! A>*! -,8+! >*! *+(2#! 41+!
,FF870,27>(!,8->!,88>U-!2>!87H72!,!-+,*01!*+-:82!2>!,!F*>F+*2/o-!F*>D7H72/!2>!-F+07A70!
F>7(2-! >A! 7(2+*+-2! 7(! 21+! ,*+,! >A! 21+! F*>F+*2/W!U1701! +D2+()-! 21+! A+,2:*+-! >A!H>-2!
1>:-+! -+,*017(M! -72+-! 2>),/#! 41+! g.,V7(M! O,=>:*72+-h! A:(027>(,872/! ,88>U-! :-+*! 2>!
F+*->(,87e+! ,! 87-2! >A! A,=>:*72+-! ,F,*2H+(2-%1>:-+-! A>*! +,-/! *+2*7+=,8#! c,-28/W! 21+!
k87=7(M!7(!21+!072/[!A:(027>(,872/!7(2+M*,2+-!,)H7(7-2*,27=+!),2,!A*>H!21+!Q*:--+8-!072/!
,)H7(7-2*,27>(!7(2>!21+!*+8>0,27>(!,FF870,27>(#!

41+!H>C78+!,FF870,27>(!,88>U-! 21+!:-+*! 2>!:-+! 21+!H>C78+!,FF870,27>(!,()!=7-72! 21+!
F8,0+-! 21,2! U+*+! F*+T-+8+02+)! ,-! A,=>:*72+-! U178+! :-7(M! 21+! U+C! ,FF870,27>(W! A7()!
(+U!F8,0+-! A*>H!U7217(! 21+!,FF870,27>(! 72-+8A!,()!)7-0>=+*! 21+!(+7M1C>:*1>>)!,()!
72-! F>7(2-! >A! 7(2+*+-2#! 41+! kA7()7(M! ,! F8,0+[! A:(027>(,872/! 7-! -7H78,*! 2>! 21+! U+C!
F+*-F+027=+#!'))727>(,88/W! 21+! k[U1,2[-! ,*>:()!H+[! -1>U-! ,88! <P6-! 7(! ,! :-+*T0+(2*70!
U,/W!*,21+*!21,(!a:-2!-1>U7(M!21+H!)+F8>/+)!7(!,!H,F!,*>:()!21+!)+-7*+)!1>:-+#!!

41+!S+8>0,27>(! 9+*=70+! ,FF870,27>(! 7-! (>2! >(8/!:-+A:8! A>*! 21>-+!H>=7(M! 7(2>! ,!(+U!
072/!C:2!2>!21+!072/[-!,)H7(7-2*,27>(!,()!)7AA+*+(2!>21+*!-2,V+1>8)+*-!,-!U+88#!62!0,(!
M7=+! =,8:,C8+! ,MM*+M,2+)! ),2,! ,()! -2,27-270-! *+M,*)7(M! 21+! :-+*[-! )7AA+*+(2!
F*+A+*+(0+-W!,-!)+A7(+)!7(!21+!OS&G!:-+*!*+I:7*+H+(2-#!
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417-! -0+(,*7>! 1,-! C++(! A7*-28/! 2+-2+)! 7(! 21+! 072/! >A! Q*:--+8-W! ,()! 8,2+*W! 72! U,-!
2*,(-A+**+)! 2>! 21+! S>H,(7,! 072/! >A! 47*M:! .:*+-W! :-7(M! )7AA+*+(2! 8,(M:,M+!
,00>*)7(M8/#!RD2+(-7=+!:-+*!,()!-2,V+1>8)+*!7(2+*=7+U-!,()!*+-+,*01!,2!21+!-2,*2!>A!
21+!F78>2!*+-:82+)!7(!,!-+2!>A!*+I:7*+H+(2-!H>*+!-F+07A70!2>!21+!-+8+02+)!2,*M+2!M*>:F!
,-!U+88!,-!,!F*7>*72/!87-2!>A!U1701!A+,2:*+-!U+*+!H>-2!7HF>*2,(2!2>!C+!7(2+M*,2+)!A7*-2!
,()!U1701!0>:8)!C+!7(2+M*,2+)!,2!,!8,2+*!-2,M+#!417-!M,=+!,!=,8:,C8+!7(F:2!2>!21+!@&#G!
)>0:H+(2W! 7(! >*)+*! 2>! 7)+(27A/! ,))727>(,8! :-+*! *+I:7*+H+(2-! (++)+)! C/! 21+! R<6B!
F8,2A>*H!2>!1>-2!217-!F78>2!,FF870,27>(!,()!,8->!0>(A7*H!21+!+D7-27(M!>(+-#!P(+!>A!21+!
H,a>*! *+I:7*+H+(2-! U,-! 21+! ,C7872/! 2>! 0>(-:H+! ),2,! 0>H7(M! A*>H! +D2+*(,8!
*+->:*0+-W!,-!7(08:)+)!7(!21+!OSN!*+I:7*+H+(2#!41+!S+8>0,27>(!90+(,*7>!7(!Q*:--+8-!
+DF8>72-! ),2,! A*>H! 2U>! )7AA+*+(2! +D2+*(,8! ),2,! F*>=7)+*-\! B6QX! A>*! F*>=7)7(M! <P6-!
,()! 6HH>U+C! A>*! F*>=7)7(M! *+,8! +-2,2+-[! >AA+*7(M#!.>*+>=+*W! U1+(! )+F8>/+)! 7(! ,!
(+U!072/W!87V+!47*M:!.:*+-W!21+!,FF870,27>(!H:-2!A,07872,2+!21+!7(2+M*,27>(!>A!21+!(+U!
072/[-! 8>0,8! ),2,! F*>=7)+*#! 417-! F*>=+-! 21+! *+:-,C7872/! ,()! 2*,(-F>*2,C7872/! >A! 21+!
S+8>0,27>(!'FF870,27>(!,()!72-!:()+*8/7(M!R<6B!F8,2A>*HW!,()!,8->!=,87),2+-!21+!OSJ!
,()!OS&"!:-+*!*+I:7*+H+(2-#!

6.1.2 Pilot Adaptation 

6(!>*)+*!2>!,00+--!21+!,FF870,27>(W!72!7-!(+0+--,*/!2>!1,=+!,!:-+*(,H+!,()!F,--U>*)#!
S+M,*)7(M! 21+!F+*H7--7>(-! 21,2! ,!:-+*!H7M12!1,=+W!1+!U788!C+! 21+(!)7*+02+)! 2>! 21+!
Q*:--+8-!>*!47*M:!.:*+-!=+*-7>(!>A!21+!,FF870,27>(#!417-!+=,8:,2+-!21+!OS$W!OS;W!OSEW!
OSK!,()!OS$$!:-+*! *+I:7*+H+(2-W! ,-!)+A7(+)! 7(! 21+!@&#G!)>0:H+(2#! 6(! 0,-+!>A! 21+!
47*M:!.:*+-!=+*-7>(W!21+!F78>2!,FF870,27>(!U788!C+!2*,(-8,2+)!2>!+721+*!S>H,(7,(!>*!
d:(M,*7,(W! C,-+)! >(! 21+! :-+*! F*+A+*+(0+-! ,()! 21+! ,C7872/! >A!H:82787(M:,8! -:FF>*2!
F*>=7)+)!C/!21+!R<6B!F8,2A>*HW!,-!)+A7(+)!7(!21+!OS&$!*+I:7*+H+(2#!

6.1.2.1 Closed Cycle Testing 

41+!A7*-2!2+-2!F1,-+!+()+)!U721!21+!H>-2!0*7270,8!A+,2:*+-!>A!21+!,FF870,27>(W!(,H+8/!
21+!,C7872/!2>!-+,*01!A>*!F*>F+*27+-!C,-+)!>(!C,-70W!2>!)7-F8,/!-+,*01!*+-:82-!7(!,!87-2!
,()!>(!,!H,F!7(2+M*,2+)!U721!,!A7*-2!-+2!>A!<P6-W!)7-F8,/!F*>F+*2/[-!C,-70!)+2,78-W!2>!
-+8+02!,()!*+2*7+=+! A,=>*72+!F*>F+*27+-W! ,()! 2>! 8>M!V+/!:-+*!,027=727+-! 7(2>! 21+!R<6B!
F8,2A>*HW! A>*! -2,27-270! +8,C>*,27>(#! 41+! H,a>*! 2+01(70,8! ,017+=+H+(2-! ):*7(M! 217-!
F1,-+!U+*+! 21+! ,C7872/! 2>! 0>((+02! ,()! *+2*7+=+! ),2,! A*>H! +D2+*(,8! ),2,! F*>=7)+*-!
^*+I:7*+H+(2! OSN_W! 0:-2>H7e+! 21+! R<6B[-! 7(2+*(,8! ),2,C,-+! A>*! 21+! ,FF870,27>(!
-F+07A70! (++)-! ^*+I:7*+H+(2! OS&J_W! 0*+,2+! C,-70! F>*28+2-! A>*! 21+! *+8+=,(2! F,M+-W!
C,-70! *>8+-! ,()! F+*H7--7>(-! ^*+I:7*+H+(2-! O3$! ,()! 3O&_! ,()! 7(2+M*,2+! U721! 21+!
R<6B[-! C,0V+()! 8>MM7(M! 0>HF>(+(2#! 41+!H>-2! -7M(7A70,(2! 2+01(>8>M/! >:20>H+!U,-!
21+!7(2+M*,27>(!>A!21+!*+8>0,27>(!,FF870,27>(!U721!21+!+D2+*(,8!),2,!F*>=7)+*-W!U1+*+!
21+!R<6B!F8,2A>*H[-!:()+*C+88/W!21*>:M1!,!*>8+!C,-+)!F+*H7--7>(-!-/-2+HW!2,V+-!0,*+!
>A!H,V7(M!-:*+!21,2!>(8/!F>*28+2-!,()!:-+*-!U721!21+!F*>F+*!08+,*,(0+!1,=+!,00+--!2>!
21+!),2,! A+)! 21*>:M1! 21+-+!U+C! -+*=70+-W!H,7(8/! +=,8:,27(M! 21+!OS$W!OS&!,()!OSG!
*+I:7*+H+(2-#!!
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41+! -1>*2! 27H+-F,(! C+2U++(! 21+! A7*-2! 2U>! 2+-2! F1,-+-! >(8/! +(,C8+)! ,! (:HC+*! >A!
7)+(27A7+)! C:M-! 2>! C+! ->8=+)! ,()! ,! H7(>*! -+2! >A! (+U! A:(027>(,8727+-! 2>! C+!
7HF8+H+(2+)W! H,7(8/! 21+! )7-F8,/! >A! 072/! ,)H7(7-2*,27=+! ),2,! 7(2>! 21+! k87=7(M! 7(!
Q*:--+8-[!0>HF>(+(2#!41+!X56!,8->!U,-!7HF*>=+)!,00>*)7(M!21+!+()T:-+*-[!A++)C,0VW!
U1701!2*7+)!2>!+=,8:,2+!21+!3OE!*+I:7*+H+(2#!!

O>88>U7(M! 21+! 2U>! 2+-2! F1,-+! *+8,2+)! U721! 21+! 08>-+)! 0/08+! >A! +()! :-+*-W! ,(!
,))727>(,8! F1,-+! U,-! )+A7(+)! -2*7028/! *+8,2+)! U721! 21+! H>C78+! =+*-7>(! >A! 21+!
*+8>0,27>(!,FF870,27>(#!41+!H,7(!F*>C8+H!U,-!21+! 7(,C7872/!>A! 21+!R<6B!F8,2A>*H!2>!
+(-:*+!F*7=,0/!,()!,:21+(270,27>(! 2>!H>C78+W!U1701!U,-!(>2!F*+)702+)! 7(! 21+!=+*/!
C+M7((7(M!>A! 21+!F*>a+02#! 6(!>*)+*! 2>!,))*+--! 217-!,()!C+!,87M(+)!U721! 21+!*+8+=,(2!
:-+*!*+I:7*+H+(2-W!,-!)+A7(+)!7(!21+!@&#G!)>0:H+(2W!,(!,))727>(,8!8,/+*!A>*!-+0:*72/!
U,-! 7HF8+H+(2+)! >:2-7)+! >A! 21+! F8,2A>*H[-! C>:(),*7+-W! ,()! 21:-! +D2+()+)! 21+!
0,F,C78727+-!>A!R<6B#!417-!,))*+--+)!21+!*+I:7*+H+(2!A>*!,))*+--7(M!H>C78+!)+=70+-!
^3OG!*+I:7*+H+(2_#!.>*+>=+*W!21+!0*7270,8!A:(027>(,8727+-!21,2!,8*+,)/!+D7-2+)!7(!21+!
U+C! =+*-7>(! >A! 21+! *+8>0,27>(! ,FF870,27>(!U+*+! ,8->! >AA+*+)! 7(! 72-!H>C78+! =+*-7>(#!
41+!H,7(!)7AA+*+(0+!U,-!21,2!21+!U+C!-+*=70+-!+()F>7(2-!1,)!2>!C+!2*,(-A+**+)!A*>H!
9P'<!C,-+)!2>!SR94!C,-+)W! 7(!>*)+*!2>!+(-:*+!17M1!F+*A>*H,(0+!U1+(!0>(-:H7(M!
87=+! -2*+,H7(M! ),2,! ^S5<&! *+I:7*+H+(2_W! 21:-! +DF8>727(M! 21+! 87M12U+7M12!
0>HH:(70,27>(!U721!SR94A:8!U+C!-+*=70+-!7(!,!j9P3!A>*H,2#!41+!H>C78+!,FF870,27>(!
U,-! ,8->! )+=+8>F+)! :-7(M! 0*>--! F8,2A>*H! )+=+8>FH+(2! A*,H+U>*V-! 21,2! ,88>U+)!
,FF870,27>(-!2>!C+!C:782!A>*!7P9W!'()*>7)!,()!Q8,0VC+**/!)+=70+-!^]7()>U-!<1>(+!7(!
21+!A:2:*+_W!*+,017(M!,-!H,(/!,-!H>C78+!)+=70+-!,-!F>--7C8+!^SS9;!*+I:7*+H+(2_#!!

6.1.2.2 Open Cycle Testing 

6(!21+!A>88>U7(M!2U>!F1,-+-!A>*!21+!>F+(!0/08+!2+-2W!,!8>2!>A!U>*V!U,-!)>(+!*+M,*)7(M!
F+*A>*H,(0+! 7--:+-! ,()! 21+! 7(-:*,(0+! >A! 17M1! ,=,78,C7872/! ^3OJ! *+I:7*+H+(2_! ,()!
-2,C7872/!>A! 21+!,FF870,27>(W! ,-! 217-! 2+-2! 0/08+! 7(=>8=+-! ,! 8,*M+!,H>:(2!>A! +()!:-+*-!
0>H7(M!A*>H!)7AA+*+(2!->:*0+-#!'-!H+(27>(+)!7(!21+!@K#;W!21+!H,7(!0>(0+*(-!>A!21+!
+()T:-+*!U+*+! 21+! -8>U!F+*A>*H,(0+! 7(! -F+07A70! ,027>(-W! 21+! -7M(7A70,(2! ,H>:(2! >A!
C:M-!U1+(!(,=7M,27(M! 21*>:M1!21+!)7AA+*+(2! A:(027>(,8727+-!>A! 21+!,FF870,27>(-W!,()!
21+! F>>*(+--! U1+(! )7-F8,/7(M! <P6-! 7(2>! 21+! H,F#! '00>*)7(M! 2>! 21+! +()! :-+*-[!
-:MM+-27>(W!21+!(:HC+*!>A! 8>MM+)!*+-:82-! 7-!*+):0+)!2>!21+!H>-2!0*7270,8! 8>M!+=+(2-W!
7(-2+,)! >A! =,*7>:-! 2/F+-! >A! H7(>*! C:M-W! U178+! 21+! >=+*,88! :-+*! +DF+*7+(0+! U,-!
7HF*>=+)! C/! ,))7(M! )7AA+*+(2! <P6! 0,2+M>*7+-! ,()! )7-F8,/7(M! 21+! 7(A>*H,27>(!U721!
)7AA+*+(2! -2/8+-1++2-W! 2>! H,V+! 72! 08+,*+*! 2>! 21+! +()! :-+*-#! 41+! -:HH,*/! >A! 21+!
,))727>(,8!A+,2:*+-!21,2!U+*+!7HF8+H+(2+)!):*7(M!21+-+!2U>!F1,-+-!0,(!C+!A>:()!,2!
21+!@E#;!)>0:H+(2#!

41+! 8,-2!F1,-+-! A>*! 21+!>F+(!0/08+! 7(2*>):0+)!,!(:HC+*!>A!,)=,(0+)! A+,2:*+-! 21,2!
+=,8:,2+!21+!7(727,8!=7-7>(!>A!21+!R<6B[-!0>(->*27:H!*+M,*)7(M!21+!0,F,C78727+-!>A!21+!
R<6B! F8,2A>*H! A>*! *+:-7(M! +D7-27(M! -+*=70+-! 7(! >*)+*! 2>! C:78)! :F! ,)=,(0+)!
A:(027>(,8727+-W! 7(! ,(! 7(2+*>F+*,C8+!U,/! 21,2! 0,(! C+! *+:-+)! 7(2>! )7AA+*+(2! 0727+-! 7(!
>*)+*!2>!C+0>H+!k-H,*2+*[#!417-!U,-!,8->!,!H,a>*!*+I:7*+H+(2!U1701!U,-!7)+(27A7+)!
C/! 21+! A++)C,0V! 21,2! 21+! +()! :-+*-! M,=+! 2>! :-! ):*7(M! 21+! 8,-2! 2+-2! F1,-+-W! ,-! 72! 7-!
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)+-0*7C+)! ,2! 21+! *+8+=,(2! @K#;! )>0:H+(2#! '2! 217-! F1,-+W! 21+! ,C7872/! 2>! -+,*01! A>*!
1>:-+-!C,-+)!>(!21+7*!F*>D7H72/!2>!,!-:C-+2!>A!<P6!0,2+M>*7+-!U,-!7(2*>):0+)W!U178+!
21+! ,))727>(! >A! 0>HH:(72/! 7()70,2>*-! >*! M+>8>0,27=+W! )+H>M*,F170! ),2,! ,C>:2! 21+!
)7AA+*+(2! 0>HH:(+-! >A! Q*:--+8-! U,-! ,8->! F*+-+(2+)#! 417-! =,87),2+-! 21+! 01,(0+! 2>!
A7(,88/!0>HC7(+!2U>!+D2+*(,8!U+C!-+*=70+-!7(2>!>(+!7(2+*(,8!-+*=70+!,()!*+,88/!-1>U!
21+!F>2+(27,8!>A! 21+!R<6B!F8,2A>*H!,-!,!-H,*2!072/! 2>>8#!417-!-+*=70+!U,-!C:782!U721!
*+:-,C7872/!7(!H7()#!5F>(!H>=7(M!21+!,FF870,27>(!2>!,!(+U!072/W!,!H7(7H,8!(:HC+*!>A!
01,(M+-!(++)!2>!C+!H,)+!2>!C*7(M!217-!-+*=70+!:F!,()!*:((7(M#!!

'F,*2! A*>H! 21,2W! ,! -+H,(270! +(M7(+! U,-! ,8->! 7HF8+H+(2+)! =,87),27(M! 21,2! ,8->!
+D2+*(,8! -+*=70+-! 0>:8)! C+! H,)+! ,=,78,C8+! A>*! :-+! >(! 21+! R<6B! F8,2A>*H! :-7(M!
-+H,(270! ,((>2,27>(W! H,a>*! :-+*! *+I:7*+H+(2! ^OS&&_! ,-! )+A7(+)! 7(! 21+! @&#G!
)>0:H+(2#!41+!-+H,(270!+(M7(+!U,-!:-+)!,-!,!F*>>A!>A!0>(0+F2!7(!21+!-0>F+!>A!21+!
S+8>0,27>(!-0+(,*7>W!H,7(8/!:-+)! A>*! 2*,(-8,27(M! 21+!)+-0*7F27>(!>A!,!F*>F+*2/! 7(2>!
21+! :-+*[-! (,27=+! 8,(M:,M+#! 417-! U,-! 7(! 0>(2*,-2! U721! 21+! )+A7(+)! SS9$! :-+*!
*+I:7*+H+(2W! U1701! U,-! 7(727,88/! 7(2+()+)! 2>! 2*,(-8,2+! -F+07A70! F*>F+*2/[-! 2/F+-!
,00>*)7(M! 2>! +,01! R:*>F+,(! 072/[-! F*+A+*+(0+-! ^(:HC+*! >A! -F,0+! 7(! Q*:--+8-! 2>!
0>**+-F>()7(M! (:HC+*! >A! C+)*>>H-! 21,2! H,7(8/! )+-0*7C+! ,! F*>F+*2/! 7(! 21+! 5?_#!
d>U+=+*W!):*7(M!21+!F*>0+--!>A!21+!)+=+8>FH+(2!F*>0+--W!21+!2*,(-8,27>(!>A!21+!2+D2!
)+-0*7F27>(! >A! 21+! F*>F+*2/! 2>! ,! )7AA+*+(2! 8,(M:,M+! -++H+)! H>*+! :-+A:8#! Q/! ,88!
H+,(-W!21+!-+H,(270!,((>2,27>(!,()!A>*!H:827T0:82:*,8!)+-0*7F27>(!>A!21+!F*>F+*27+-!
7-!0>(-7)+*+)!+=,8:,2+)#!!

O7(,88/W!0,017(M!H+01,(7-H-!U+*+!7(2*>):0+)!7(!21+!H>C78+!)+=70+-!7(!>*)+*!2>!87H72!
21+! ,H>:(2! >A! 27H+-! 21+! ,FF! (++)-! 2>! 0>HH:(70,2+! U721! 21+! -+*=+*W! F*>=7)7(M! ,!
A7+*0+! -F++)! ^,()! C,22+*/_! 7(0*+,-+! ,()! 2>! 7(0*+,-+! 21+! >=+*,88! F+*A>*H,(0+#! 41+!
)7-F8,/! >A! 21+! <P6-! U,-! ,8->! +(1,(0+)! C/! -1>U7(M! ,))727>(,8! 7(A>*H,27>(W! 21:-!
7(0*+,-7(M!21+!>=+*,88!:-+*!+DF+*7+(0+!+=+(!H>*+#!

6.2 Urban Planning Scenario 

6.2.1 Overview 

41+!,FF870,27>(!A>*!217-!-0+(,*7>!7-!-:FF>-+)!2>!C+!:-+)!C/!)7AA+*+(2!2/F+-!>A!:-+*-!
U721!+,01!>(+!>A!21>-+!2>!1,=+!-F+07A70!(++)-#!

B727e+(!=7+U!

'!2/F70,8!+()T:-+*!0>((+02-! 2>! 21+!R<6B!F8,2A>*H!,()!,00+--+-!21+!5*C,(!<8,((7(M!
-+*=70+W!7(!U1701!1+%-1+!0,(!=7*2:,88/!A8/!>=+*!,()!H>=+!,*>:()!21+!)7M72,8!;@!H>)+8!
>A!21+!072/W!+(2+*7(M!H,a>*!-72+-#!S+M7-2*,27>(!7-!(>2!*+I:7*+)!,2!217-!-2,M+W!C:2!7A!21+!
:-+*!U7-1+-!2>! 7(2+*,02!U721!21+!-+*=70+W!,00+--7(M!21+!0>(2+(2!,)H7(7-2*,27>(!2>>8W!
21+! *+M7-2*,27>(! F*>0+):*+! U788! 21+(! C+! 8,:(01+)#! 41+! :-+*! 0,(! >F2! A>*! ,! M+(+*,8!
)7-0>=+*/!>A!21+!072/W!>*!1+%-1+!0,(!01>>-+!,!-F+07A70!2>F70!>A! 7(2+*+-2!^c+7-:*+!,()!
B:82:*+W! 9:-2,7(,C8+! @+=+8>FH+(2W! 5*C,(! <8,((7(M! F*>a+02-W! <:C870! 9+*=70+-W!
R(2+*F*7-+-_#! 'A2+*! -+8+027(M! 21+! H,7(! 2>F70W! 21+! F>7(2-! >A! 7(2+*+-2! 7(! 21+! 072/!
,-->07,2+)!2>!72!,*+!17M187M12+)!>(!21+!;@!H,F#!41+!:-+*!0,(!-7HF8/!A8/!>=+*!21+!072/!
,()!01>>-+!21+!<P6!1+%-1+!U>:8)!87V+!2>!1,=+!7(A>*H,27>(!,C>:2#!
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41+!072/!=7+U\!41+!5*C,(!<8,((7(M!-+*=70+!7-!=+*/!:-+A:8!A>*!21+!072/!,)H7(7-2*,27>(W!
,88>U7(M! 72! 2>! H,7(2,7(! :FT2>T),2+! 21+! 7(A>*H,27>(! F:C87-1+)! >(! 21+! F8,2A>*H!
^0>(2+(2!,()!H+)7,_!=7,!,!(>=+8!,)H7(7-2*,27>(! 2>>8#! 6(! 21+!-,H+! 27H+W! 21+!-+*=70+!
>AA+*-! 21+! 072/! ,)H7(7-2*,27>(! 21+! F>--7C7872/! 2>! 1,=+! ,! )+2,78+)! =7+U! >A! 21+! 8>0,8!
+0>(>H70,8! A,C*70W! A>88>U! 72-! ,027=72/! ,()! -2,/!:FT2>T),2+!U721! 21+! 8,2+-2!(+U-!,()!
+=+(2-! 7(! 21+! -+02>*#! 62!U788! ,8->! ,88>U! 21+! 072/! ,)H7(! 2>!H+,-:*+!H>*+! +,-78/! 21+!
+=>8:27>(!>A!21+!>00:F,(0/!*,2+!>A!C:78)7(M-!C/!C:-7(+--!)7-2*702#!

41+! Q:-7(+--! f7+U\! '(! 9.R!U7-17(M! 2>!H,V+! 72-+8A! V(>U(! ,()! -1,*+! 7(A>*H,27>(!
,C>:2! 72-! ,027=72/! *+M7-2+*-! 2>! 21+! F8,2A>*H#! '! *+M:8,*! 9.R! ,00+--+-! 21+! -+027>(!
gR(2+*F*7-+-hW!U,(27(M!2>!7(I:7*+!,C>:2!-7H78,*!F*>):02-!,()!-+*=70+-!7(!21+!072/!>*!
-7HF8/!a:-2!2>!1,=+!,(!7)+,!,C>:2!21+!0>HF,(7+-!8>0,2+)!7(!21+!072/#!'A2+*!-+8+027(M!
21+!2>F70W!,88!21+!072/[-!9.R-!,*+!17M187M12+)!>(!21+!;@!072/!H,FhW!,()!C/!0870V7(M!>(!
>(+! F,*270:8,*! 9.R! 7(A>*H,27>(! -:01! ,-! F1>2>-W! F*+-+(2,27>(! =7)+>W! >*! >AA707,8!
U+C-72+!A>*!A:*21+*!0>(2,02!,FF+,*#!

41+! 5*C,(! <8,((7(M! ,FF870,27>(! 7-! :-7(M! +D2+*(,8! ->:*0+-! >A! ),2,! 21,2! >AA+*! 21+H!
U7217(!R<6B!>(!,!;@!H,FF7(MW!U1701!=,87),2+-!21+!OSN!:-+*!*+I:7*+H+(2W!,-!)+A7(+)!
7(! 21+! @&#G! )>0:H+(2#! 6(! ,))727>(! 72! ,88>U-! A>*! ,(! 7(2+*,027=+! ,()! H:827H+)7,!
H>)+87(M! >A! 21+! 072/! ->! 21,2! 21+! ,FF870,27>(! 0,(! )7-F8,/! M+>! 7(A>*H,27>(! +(*701+)!
U721!H+)7,! 7(! -F,0+!,()! 27H+W!)7AA+*+(2! 8+=+8-!>A! *+F*+-+(2,27>(W! A*>H!-/HC>870! 2>!
*+,87-270!:-7(M!21+H,270!)7-F8,/!21*>:M1!8,/+*-!>*!0,2+M>*7+-!>*!C/!21+!7(2*>):027>(!
>A! 0>(-:82,27>(! A782+*W! U1701! =,87),2+-! 21+! S5<$! ,FF870,27>(! -F+07A70! :-+*!
*+I:7*+H+(2#!41+!F78>2!0,(!,8->!7(2+*F*+2!),2,!,()!2*,(-A>*H!72!7(2>!7(A>*H,27>(!2>!
M7=+! 21+H! H+,(7(M! ,()! ->! ,-! 2>! C+! :()+*-2>>)! C/! )7AA+*+(2! F:C870! U721>:2!
2+01(707,(W!-F+07,87-2!>*!+DF+*2!-:FF>*2!U178+!72!,8->!H,(,M+-!)/(,H70!),2,!7(!*+,8T
27H+!-:01!,-!H>C78+!F1>(+W!+(+*M/W!2*,(-F>*2,27>(!A8>U-!+20#!

41+! k3,=7)7-[! ;@!O*,H+U>*V! 21,2!U,-! ,8->!)+=+8>F+)W! 7-! -0,8,C8+! ,()! 0,(!,02! ,-! ,!
H7))8+U,*+!U7217(!R<6B!,()!21+!0>*+!A:(027>(,8727+-!>A!217-!-0+(,*7>W!U1701!H+,(-!
21,2! 217-! F78>2! ,FF870,27>(! 0,(! C+! 2*,(-A+**+)! 2>! ,(/! 2/F+! >A! :()+*8/7(M!
7(A*,-2*:02:*+#!417-!A*,H+U>*V!1,-!72-!>U(!-+2!>A!F*>M*,H!7(2+*A,0+W!21:-!,88>U7(M!
A>*!21+!7HF8+H+(2,27>(!>A!0:-2>H+*!7(2+*A,0+-W!H>)+8!,()!*+F*+-+(2,27>(-!>A!-2,270!
>*!)/(,H70!),2,W!A>*!,))7(M!+(*701!A+,2:*+-!,()!,MM*+M,27>(-!>A!-+*=70+-!)+=+8>F+)!
+8-+U1+*+#! 417-! A*,H+U>*V! -:FF>*2-! =,*7>:-! )+=70+-! 87V+! <BW!.'B-W! 2>:01-0*++(-W!
2,C8+2-!,()!-H,*2F1>(+-W!U1701!7-!,!H,a>*!*+I:7*+H+(2!7(!R<6B#!417-!7-!,8->!,87M(+)!
U721!21+!3OG!,()!SS9;!:-+*!*+I:7*+H+(2#!

6.2.2 Pilot Adaptation  

6(!>*)+*!2>!,00+--!21+!,FF870,27>(W!72!7-!(+0+--,*/!2>!1,=+!,!:-+*(,H+!,()!F,--U>*)W!
,()!7(!>*)+*!2>!,00+--!A+,2:*+-!,=,78,C8+!U7217(!R<6B!72!7-!(+0+--,*/!2>!1,=+!,!F*>A78+!
-+2!)+A7(7(M!,00+--!*7M12-!>A!,(!R<6BW!B72/!>*!9.R!,)H7(7-2*,2>*#!417-!=,87),2+-! 21+!
OS$W! OS;W! OSEW! OSKW! ,()! OS$$! :-+*! *+I:7*+H+(2-#! 41+(! 21+! ,FF870,27>(! M7=+-! />:!
,00+--!2>!)7AA+*+(2!7(A>*H,27>(\!21+!H,7(!F,M+W!21+!I:+-27>((,7*+W!21+!;@!,FF870,27>(W!
21+!072/!,)H7(7-2*,27=+!2>>8!,()!21+!9.R!,)H7(7-2*,27=+!2>>8#!!
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6.2.2.1 Closed Cycle Testing 

@:*7(M! 21+! A7*-2! 2+-2! F1,-+! 21+*+! U+*+! 21*++! +--+(27,8! A+,2:*+-! ,=,78,C8+\! 21+!
(,=7M,27>(! 7(! 21+! ;@!H>)+8!U178+! ,00+--7(M! A7*-2! 8+=+8! 7(A>*H,27>(W! 21+! )7-F8,/! >A!
<P6-! 7(2>! 21+!H>)+8! ,()! 27H+! +=>8:27>(! >A! 21+! 072/! >(! ,! /+,*8/! C,-7-#! 417-! 7-! ,8->!
,87M(+)!U721!21+!SS9&!:-+*!*+I:7*+H+(2#!'821>:M1!21+!H,a>*72/!>A!21+!A++)C,0V!A*>H!
21+! +()T:-+*-! U,-! F>-727=+! +(>:M1W! 0>(0*+2+! *+I:7*+H+(2-! A>*! 21+! -+0>()! F1,-+!
U+*+! 7)+(27A7+)! 21,2! 1,)! 2>! )>! U721! 21+! 7HF*>=+H+(2! >A! 21+! F+*A>*H,(0+! >A! 21+!
,FF870,27>(!,-!21+!27H+!>A!8>,)7(M!21+!;@!H>)+8!U,-!7(,00+F2,C8+W!21+!+(1,(0+H+(2!
>A! 21+! )+-7M(!U1+*+! *+I:7*+)! 21:-! +(*7017(M! 21+! ->8:27>(! C/! ,))7(M! 0>(2+(2-! 87V+!
*701!H+)7,W!21+!+D2+(-7>(!>A!21+!,)H7(7-2*,27=+!2>>8-!,()!21+!,))727>(!>A!H>*+!9.R!
(+2U>*V!A:(027>(,8727+-#!

6.2.2.2 Open Cycle Testing 

@:*7(M!21+!-+0>()!F1,-+!>A!2+-2-W!21+!8>,)7(M!27H+!>A!21+!,FF870,27>(!U,-!7HF*>=+)W!
21+! >=+*,88! )+-7M(! >A! 21+! ,FF870,27>(! U,-! *+=7-+)W! U721! *+-F+02! 2>! 21+! 3OE! :-+*!
*+I:7*+H+(2W!,()!,!(+U!7(2+*A,0+!2>!,00+--!7(A>*H,27>(!U,-!,8->!F*>=7)+)W!U178+!21+!
,))727>(,8! 7(A>*H,27>(! 8,/+*!U,-! A:*21+*! 7HF*>=+)! 7(! >*)+*! 2>! +(,C8+! 21+! B72/! 2>!
:()+*-2,()! 72-! +0>(>H/! ,()! 7()7=7):,8! 9.R-! 21,2! ,*+! >(! 72-! 2+**72>*/#! S+0>*)+)!
9.R-! ,*+! (>U! ,88>U+)! 2>! 0>HH:(70,2+! =7,! 21+! R<6B! F8,2A>*H#! 41+! ;@!H>)+8! ,()!
-+8+027>(! 7(2+*A,0+-! 1,=+! C++(! 7HF*>=+)#! B>HF,(7+-! ,*+! (>U! 0,2+M>*7e+)! A>*! ,(!
+,-/! -+,*017(M! ,()! ,! C+22+*! :()+*-2,()7(M! >A! 21+!H,FF7(M#! @:+! 2>! 217-W! 21+! g6--/!
9F>2h! -+*=70+! U,-! :-+)! 21,2! 7-! C,-+)! >(! k>F+(! ),2,[#! .+)7,! 0+(2+*-! ,*+! :-+)! 2>!
F*>=7)+! ,))727>(,8! 7(A>*H,27>(! 2>! 21+! <P6-! ,()! F*>a+02-! U721! )+-0*7F27>(! ,()!
F1>2>-#!41+!0>(2+(2-!>A!21+-+!H+)7,!0+(2+*-!,*+!H,(,M+)!C/!:-7(M!21+!uB72/!,)H7(u!
2>>8!21,2!,88>U-!,))7(MW!)+8+27(M!>*!01,(M7(M!21+!0>(2+(2-#!'00>*)7(M!2>!21+!*+-:82-!
>A! 21+! -:*=+/-W! 21+! *+=7+U! >A! 21+! )+-7M(W! 21+! 7(2+*A,0+-! ,()! 7(2+*,027>(-W! ,()! 21+!
7HF*>=+H+(2! >A! ->H+! A+,2:*+-! 87V+! g0,2+M>*7+-hW! g8,/+*-h! ,()! ,)H7(7-2*,27=+! 2>>8!
1,=+!C++(!,FF*+07,2+)!C/!:-+*-!,()!H,)+! 21+!)7AA+*+(0+!U721! 21+!F1,-+!$#!417-! 7-!
08+,*8/!H+(27>(+)!,2!21+!@K#;!)>0:H+(2!U1+*+!21+!>=+*,88!:-+A:8(+--!,()!,2272:)+-!
2>U,*)-!21+!(+U!A+,2:*+-!7-!U+88!,FF*+07,2+)!C/!21+!2+-2!:-+*-W!7(0*+,-7(M!21+!*,2+-!
,2! 21+! =,*7>:-! F>-727>(-! 21,2! U+*+! ,-V+)#! 41+! :-+A:8(+--! >A! 21+! 5*C,(! <8,((7(M!
,FF870,27>(!,8->!+=,8:,2+-!21+!3O$!:-+*!*+I:7*+H+(2#!d>U+=+*W!21+*+!,*+!-2788!->H+!
7HF*>=+H+(2-!,()!,))727>(,8!A:(027>(,8!A+,2:*+-!21,2!(++)!2>!C+!7HF8+H+(2+)#!41+!
,FF870,27>(! -1>:8)! C+! >AA+*+)! C/! 2>:01! 2,C8+2-! >*! -H,*2F1>(+-! 7(! >*)+*! 2>! C+!
,00+--+)!C/!21+!H,D7H:H!,H>:(2!>A!F+>F8+W!21+!,C7872/!2>!(,=7M,2+!,2!-2*++2!8+=+8W!,!
k-+,*01[! A+,2:*+! 21,2! 7-! 2>2,88/!H7--7(MW! 21+! *+,),C7872/! >A! 2+D2! ,()!F1>2>-! 0>:8)!C+!
7HF*>=+)!U178+!21+!:-+!>A!H>*+!k>F+(!),2,[!U>:8)!C+!)+-7*,C8+#!!

@:*7(M! 21+! 217*)! F1,-+W! ,(! 7(2+M*,2+)! -0+(,*7>! U,-! )+=+8>F+)! A>*! *+F+,27(M! 21+!
+DF+*7+(0+!>A!,88! 21*++!F78>2!,FF870,27>(-! 7(!,!(+U!072/! 7(!S>H,(7,W!47*M:!.>*+-#!'!
(+U!;@!H>)+8!U,-!)+=+8>F+)!C/!F*>=7)7(M!X69!),2,!,()!1+7M12-!>A!C:78)7(M-W!U1701!
U,-! A:*21+*! +(*701+)!C/! ,))7(M! ->H+! 7(A>*H,27>(!>A! A,H>:-!F8,0+-W!H>)+8+)! 7(! ,!
)7AA+*+(2! 8,/+*#! ]721! 21+! ,--7-2,(2! >A! 21+! 072/! ,)H7(7-2*,27>(W! 21+! 7(2+*A,0+! U,-!
)+07)+)!2>!C+!7(!87(+!U721!21+H,270!,()!0,2+M>*7e+)!<P6!21+/!U>:8)!87V+!2>!17M187M12!
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U7217(!21+!5*C,(!<8,(!9>8:27>(#!41+!),2,C,-+!>A!<P6-W!C:782!C/!21+!072/W!U,-!,00+--+)!
=7,!21+!,)1>0!U+C!-+*=70+#!41+-+!<P6-!U+*+!M+>T2,MM+)!>(!21+!;@!H,F!C/!0,2+M>*7+-#!
6(! 21+! -,H+!U,/! 21+!R(+*M/!U+C! -+*=70+!U,-! 7(2+M*,2+)! 7(! >*)+*! 2>! -1>U! +(+*M/!
0>(-:HF27>(! >A! ->H+! F:C870! C:78)7(M-! 7(! *+,8! 27H+#! .>*+>=+*W! C/! :-7(M! 21+! 4.!
<*>F+*27+-!]+C!9+*=70+W! 21+!+()T:-+*-!0,(!-++! 21+! 7(A>*H,27>(!>A! *+,8!+-2,2+-! 7(2>!
21+! -,H+! 072/! H>)+8#! '88! 21+-+! A+,2:*+-! ,()! A:(027>(,8727+-! 2*7+)! 2>! ,8->! H,7(8/!
,))*+--!21+!OSJW!OS&"!:-+*!*+I:7*+H+(2#!9>H+!7HF*>=+H+(2-!,*+!-2788!H7--7(MW!21+!
8>,)7(M! 27H+W! 21+! -+,*01! +(M7(+! ,()! 21+! +,-7(+--! >A! (,=7M,27>(! C+7(M! 21+! H>-2!
7HF>*2,(2!>A!21>-+#!9>H+!7HF*>=+H+(2-!U+*+!-:MM+-2+)!87V+!,!C:22>(!2>!*+2:*(!2>!,!
k-2,*27(M!F>7(2[W!21+!7(2+M*,27>(!>A!21+!-:(W!,()!->H+!,))727>(,8!,--7-2,(0+!U>:8)!C+!
:-+A:8#!'88!21>-+!+(1,(0+H+(2-!,()!,))727>(-!1,=+!C++(!->8=+)!,2!21+!8,2+-2!=+*-7>(!
>A!21+!,FF870,27>(!21,2!U,-!(>2!,=,78,C8+!1>U+=+*!,2!21+!217*)!2+-27(M!0/08+#!!

6.2.3 Conclusions 

41+! H>-2! 7HF>*2,(2! -2*+(M21! >A! 21+! 5*C,(! <8,((7(M! -0+(,*7>! 7-! 72-! :(7I:+! g;@!
7HH+*-7=+h!=7-:,87e,27>(!0>(0+F2!2>!)7-0>=+*!,!2+**72>*/!,()!72-!F*>a+02-W!2>!)+=+8>F!
-2*+(M21-!7(!,!A>*H!,2!>(0+!7(2:727=+W!-F+02,0:8,*W!A:(!,()!7(A>*H,27=+#!417-!,FF*>,01!
7-!)7AA+*+(27,27(M!0>HF,*+)!2>!X>>M8+!H,FW!,-!72!*+-F+02-!21+!7)+(272/!>A!21+!072/#!41+!
;@!H>)+8!7-!0>(-7)+*+)!A7(!,()!+,-/!2>!(,=7M,2+W!,00>*)7(M!2>!21+!+()!:-+*-!*+-:82-W!
U721!,!*701(+--!>A!A+,2:*+-#!41+!,FF870,27>(!0,(!:-+!H:827F8+!->:*0+-!>A!7(A>*H,27>(W!
87V+!X69!),2,W!PF+(!@,2,W!Q7M!@,2,#!'8->W!72!:-+-!21+!3,=7)7-[!+=>8:27>(,*/!A*,H+U>*V!
,-! ,! H7))8+U,*+! 21,2! 0,(! C+! 2*,(-A+**+)! 2>! )7AA+*+(2! 2+01(>8>M/! F*>=7)+*-#! 41+!
,FF870,27>(!0,(!C+!:-+)!C/!,88!)7AA+*+(2!)+=70+-!87V+!<B-W!-H,*2F1>(+-W!2,C8+2-!+20#!!

9>H+!H,a>*!U+,V(+--+-! 1,=+! C++(! 7)+(27A7+)W! ->H+! ):+! 2>! R<6B! ,*0172+02:*+! ,()!
>21+*! ):+! 2>! A+,2:*+-! H7--7(M! 7(! 5*C,(! <8,(! ->8:27>(! 21,2! U+*+! +DF+02+)! C/! A+U!
:-+*-#! 41+! H>-2! 7HF>*2,(2! >A! 21>-+! 7--:+-! ,*+! 21+! 7HF>--7C7872/! A>*! ,! -+8AT
*+M7-2*,27>(#! B727e+(-! H:-2! C+! *+M7-2+*+)! C/! 21+! 072/! ,)H7(7-2*,27>(! ,:21>*72/! 7(!
>*)+*!2>!1,=+!0>(2*>88+)!:-+*!,00+--!2>!21+!F8,2A>*H!,()!-+*=70+-!2>!,=>7)!H,8707>:-!
C+1,=7>*!21,2!0>:8)!,AA+02!21+!>F+*,27>(,8!-2,2:-!>A!21+!R<6B!+(=7*>(H+(2!>*!)7-2:*C!
21+!)+=+8>FH+(2!F*>0+--#!41+!7(2+M*,27>(!>A!(+U!-+*=70+-!>*!,FF870,27>(-!F*>=7)+)!
C/! 217*)! F,*2(+*-! 7-! )7AA70:82! ):+! 2>! -+0:*72/! 7--:+-! *+I:7*+)! C/! 21+! F8,2A>*H#! 41+!
-+,*01!0,F,C7872/!7-!-2788!H7--7(MW!C:2!217-!7-!,(!,FF870,27>(!-F+07A70!7--:+W!(>2!*+8,2+)!
U721! 21+!R<6B!F8,2A>*H#!41+!F:*+!,FF870,27>([-!,)H7(7-2*,27>(! 2>>8! 7-!,8->!,(! 7--:+!
(>2! *+8,2+)! U721! 21+! R<6B! F8,2A>*H#! 41+*+! ,8->! ->H+! )+-7M(! 7--:+-W! U1+(! ,(!
7HF>*2,(2!(:HC+*!>A!<P6-W! 21+!;@!.,F! 7-! 7HF*+07-+!,()!<P6-! 0>=+*+)! 21+H-+8=+-!
H,V7(M!->H+!(>2!=7-7C8+!>*!(>(T:()+*-2,(),C8+#!'88!21+!,A>*+H+(27>(+)!-2,2+H+(2-!
,*+! ,8->! 7()70,2+)!,2! 21+!(+M,27=+! ,-F+02-!>A! 21+! 8,-27(M! 7HF*+--7>(-!>A! 21+! 2+-27(M!
0/08+-W!,-!72!7-!08+,*8/!H+(27>(+)!,2!21+!@K#;!)>0:H+(2#!

6.3 Smart Environment Scenario 

6.3.1 Overview 

41+! -H,*2! +(=7*>(H+(2! F78>2! 1,-! 2U>! )7-0*+2+! +8+H+(2-! +,01! F*+-+(2+)! C/! ,!
-+F,*,2+! ),-1C>,*)! U7217(! 21+! 9H,*2! R(=7*>(H+(2! <78>2#! 41+! )>H+-270! +(+*M/!
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),-1C>,*)!1+8F-!0727e+(-!U1>!1,=+!21+!(+0+--,*/!H>(72>*7(M!+I:7FH+(2!7(-2,88+)!7(!
21+7*! 1>H+-W! 2>! =7-:,87-+! ,()! :()+*-2,()! 21+7*! +8+02*7072/! 0>(-:HF27>(! ,()! 2>!
0>HF,*+! 217-! U721! 21+! :-,M+! >A! -7H78,*! 2/F+! F*>F+*27+-#! 41+! F:C870! C:78)7(M-!
),-1C>,*)!1+8F-!0727e+(-!2>!=7+U!,()!0>HF,*+!21+!+(+*M/!:-+)!C/!)7AA+*+(2!F:C870!
C:78)7(M-! 7(! 21+! 072/W!U1+*+! 21+-+! ,*+! F*>=7)7(M! +(+*M/! ),2,! 2>! 21+! R<6B! F8,2A>*H!
A*>H!21+!Q:78)7(M!.,(,M+H+(2!-/-2+H-!,()!%>*!-H,*2TH+2+*-#!O*>H!21+!17M1!8+=+8!
)+-0*7F27>(!>A!21+!F78>2!,()!21+!-0+(,*7>!U+!0,(!*+0>M(7e+!72-!*+8+=,(0+!U721!H,(/!>A!
21+! F8,2A>*H! *+I:7*+H+(2-!U1701! =,87),2+-W! ,-!U788! ,(,8/-+! 7(! -+027>(! J#;#;#! 9>H+!
V+/!*+I:7*+H+(2-!*+A+*!2>!21+!0>HH:(70,27>(!U721!+D2+*(,8!),2,!->:*0+-W!7(08:)7(M!
-F+07,87e+)! 1,*)U,*+W! 21+! ,C7872/! 2>! -2>*+! ,FF870,27>(! -F+07A70! ),2,! 7(! 21+! F8,2A>*H!
),2,C,-+W!:-+*!H,(,M+H+(2!,()!>21+*-#!

6.3.1.1 Citizen View 

<+*->(,8! R(+*M/! @,-1C>,*)\! '! 0727e+(! U1>! 1,-! 7(-2,88+)! 21+! +(+*M/! H>(72>*7(M!
1,*)U,*+!,()!0>((+02+)!72!2>!21+7*!1>H+!C*>,)C,()!U788!-++!,!F+*->(,87-+)!=7+U!>A!
21+7*! +(+*M/! :-+!U1+(! 21+/! 1,=+! 8>MM+)! 7(! 2>! 21+! R<6B! F8,2A>*H#!'88! 0727e+(-!U1>!
1,=+!H>(72>*7(M!+I:7FH+(2!H:-2!1,=+!,!:(7I:+!R<6B!:-+*6@!,()!21+!.'B!,))*+--!
>A!21+7*!+(+*M/!H>(72>*!H:-2!C+!*+M7-2+*+)!U721!21+!>AATF8,2A>*H!X+(+*70!.>(72>*7(M!
O*,H+U>*V!^X.O_!U1701!1,()8+-!,88!+(+*M/!),2,!A++)-#!!

<:C870! Q:78)7(M-! @,-1C>,*)\! 41+! F:C870! C:78)7(M-! ),-1C>,*)! F*>=7)+-! 21+! -,H+!
=7+U! 2>! ,88! -H,*2! +(=7*>(H+(2! F78>2! :-+*-W! 7**+-F+027=+! >A! U1+21+*! 21+/! 1,=+!
)>H+-270!+(+*M/!H>(72>*7(M!7(-2,88+)#!41+!A7(,8!=+*-7>(!>A!21+!),-1C>,*)!,88>U-!21+!
:-+*!2>!-+8+02!A*>H!,!(:HC+*!>A!H>(72>*+)!C:78)7(M-!,()!2>!>=+*8,/!2*,0+-!>A!+(+*M/!
0>(-:H+)W!,M,7(!>(!:-+*!-+8+02+)!27H+!-0,8+-#!!

6.3.1.2 The City View 

@>H+-270! R(+*M/\! ]+! +(=7-,M+! ,! -0+(,*7>! U1+*+! ,! 072/! ,)H7(7-2*,27>(! 1,-! C++(!
+(0>:*,M7(M!:-+*-!2>! 7(=+-2! 7(! !+(+*M/!-,=7(M!*+2*>A72! !H+,-:*+-!-:01!,-! 7HF*>=+)!
7(-:8,27>(!,()!2>!:F2,V+!*+(+U,C8+!+(+*M/!-:01!,-!F1>2>=>82,70!^<f_W!->8,*!U,2+*T
1+,27(M!,()!H70*>TM+(+*,27>(#! 6(!-:01!0,-+-!>(+!>A! 21+!F*>F+*2/!F,*,H+2+*-!0>:8)!
C+!21+!+(+*M/!+AA707+(0/!H+,-:*+-!7(!F8,0+#!417-!U>:8)!+(,C8+!21+!072/!,()!0727e+(-!2>!
0>HF,*+! 21+! ,=+*,M+! +(+*M/! :-+! >A! 21+! *+2*>A722+)! F*>F+*27+-! U721! 21,2! >A! 21+!
:(H>)7A7+)!F*>F+*27+-#!!

<:C870!Q:78)7(M-\!.>)+*(!F:C870!,()!0>HH+*07,8!C:78)7(M-!2/F70,88/!1,=+!,!C:78)7(M!
H,(,M+H+(2!-/-2+H!^Q.9_W! *+-F>(-7C8+! A>*!,88!df'B!^1+,27(MW!=+(278,27>(!,()!,7*T
0>()727>(_!,()!A>*! 21+!H>(72>*7(M!>A!+(+*M/!:-+W! 21*>:M1!A7-0,8!-H,*2TH+2+*-W!-:CT
H+2+*7(M!,()!>21+*!-+(->*-#!41+!),2,!7-!2/F70,88/!,00+--+)!A*>H!21+!Q.9!g1+,)T+()h!
U1701! ,88>U-! )+2,78+)! )*788T)>U(! 7(2>! 21+! C:78)7(M! 0>(2*>8-! (+2U>*V#! 41+! F:C870!
C:78)7(M! ),-1C>,*)! 7(! -H,*2! +(=7*>(H+(2! 7-! (>2! )+-7M(+)! 2>! *+F870,2+! 21+! Q.9!
A:(027>(,872/W! C:2! 2>! F*>=7)+! ,! 87=+! +D2+(-7>(! 2>! 21+! +(+*M/! 0+*27A70,2+-! 0>HH>(8/!
A>:()!7(!F:C870!C:78)7(M-#!417-!1+8F-!,!072/!2>!)+H>(-2*,2+!2>! 72-!0727e+(-!1>U!21+/!
,*+! ,017+=7(M! +(+*M/! *+):027>(W! F,*270:8,*8/! C/! 0>HF,*7(M! C+2U++(! C:78)7(M-! >*!
C+2U++(!)7AA+*+(2!>F+*,27(M!/+,*-!>A!21+!-,H+!C:78)7(M#!
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6.3.1.3 The Business View 

@>H+-270!R(+*M/\!.,(/!:27872/! 0>HF,(7+-!F*>=7)+! 21+7*! 0:-2>H+*-!U721!,(!+(+*M/!
H>(72>*! >(! *+I:+-2W! 0>HH>(8/! 21+! B:**+(2B>-2! R(=7S! ,-! :-+)! 7(! R<6B#! 417-! 7-!
(>*H,88/!:-+)!,-!,!-2,(),8>(+!H>(72>*!,()! 7-!(>2!0>((+02+)!2>! 21+!>:2-7)+!U>*8)#!
9>H+!:27872/!0>HF,(7+-!,*+!(>U!F*>=7)7(M!,!U+CTC,-+)!-2>*+)!A>*!+(+*M/!),2,W!C:2!
217-! 7-! (>*H,88/! F+*->(,87-+)#! 41+! F>2+(27,8! 2>! 0>HF,*+! +(+*M/! :-+! C/! )7AA+*+(2!
,MM*+M,27>(!>A!F*>F+*2/!2/F+!%!1>:-+1>8)!2/F+!%!8>0,27>(!,()!>21+*!F,*,H+2+*-!H,/!
C+!>A!:-+!2>!+(+*M/!-:FF87+*-W!F,*270:8,*8/!U1+*+!21+/!,*+!*+I:7*+)!2>!>AA+*!+(+*M/!
-,=7(M!H+,-:*+-!2>!21+7*!0:-2>H+*-#!

<:C870!Q:78)7(M-\!.,(/!C:78)7(M!>U(+*-!1,=+!,00+--!2>!21+7*!Q.9!1+,)T+()W!>A2+(!,-!
F,*2!>A!,!U7)+*!C:78)7(M!0>(2*>8!(+2U>*V!U7217(!21+!072/#!d>U+=+*W!U178-2!21+/!H,/!
C+!,C8+! 2>!,00+--! 21+!),2,! A>*! 21+7*!C:78)7(M-l! 21+/!H,/!C+!:(,C8+! 2>!0>HF,*+! 217-!
U721!>21+*!-7H78,*!C:78)7(M-#!41*>:M1!0>HF,*7->(-!U721!-7H78,*!C:78)7(M-!21+/!H,/!
C+! ,C8+! 2>! 7)+(27A/! 01,(M+-! 7(! 0>(A7M:*,27>(! >A! 21+7*! Q.9! >*! H>)7A70,27>(-! 2>!
>F+*,27(M!F*,0270+-!21,2!0,(!8+,)!2>!-7M(7A70,(2!-,=7(M-!7(!+(+*M/#!

6.3.2 Pilot Adaptation 

4>!,00+--!21+!-H,*2!+(=7*>(H+(2!F78>2!72!7-!(+0+--,*/!2>!1,=+!,(!R<6B!:-+*(,H+!,()!
F,--U>*)! ,()! 2>! 1,=+! *7M12-! ,--7M(+)! A>*! ,00+--! 2>! 21+! -H,*2T+(=7*>(H+(2! F78>2#!
417-! =,87),2+-! 21+! OS$W! OS;W! OSEW! OSK! ,()! OS$$!:-+*! *+I:7*+H+(2-! ,()! ,88>U-! 2>!
,00+--!21+!-H,*2!+(=7*>(H+(2!F78>2#!'-!,!0727e+(!U721!+(+*M/!H>(72>*7(M!1,*)U,*+!
7(-2,88+)!72! 7-!,8->!A>*!21+!.'B!,))*+--!>A!21+!1,*)U,*+!2>!C+!*+0>*)+)!,M,7(-2!21+!
:-+*(,H+! 7(! 21+! R<6B! :-+*! H,(,M+H+(2! ),2,C,-+W! ,-! 217-! 7)+(27A7+)! 21,2! ,!
F+*->(,87-+)!+(+*M/!A++)!-1>:8)!C+!,=,78,C8+#!41+!X.O!,8->!*+I:7*+-!*+M7-2*,27>(!>A!
21+! .'B! ,))*+--! U1701! *+F*+-+(2-! 21+! -+(->*6@W! 2>! +(-:*+! 21,2! .Y44!H+--,M+-!
F:C87-1+)! C/! 217-! -+(->*! 2>! 21+! .Y44! C*>V+*! ,()! -:C-0*7C+)! 2>! C/! 21+! X.O! ,*+!
F*>0+--+)! ,()! 21,2! =,87)! ),2,! 7-! ,))+)! 2>! 21+! X.O#! ]721>:2! *+M7-2*,27>(! >A! 21+!
-+(->*6@!U721!21+!X.OW!.Y44!H+--,M+-!U788!C+!7M(>*+)#!!

41+! -H,*2! +(=7*>(H+(2! F78>2! A>88>U+)! ,! )7AA+*+(2! 2+-2! F8,(! ):+! 2>! )+8,/-! 7(!
7HF8+H+(27(M!,88!,-F+02-!>A! 21+!F78>2! A>88>U7(M!21+!U721)*,U,8!>A!d78)+C*,()! A*>H!
21+!F*>a+02!7(!.&$#!6(!+--+(0+!2+-2!0/08+-!7(!.,(01+-2+*!U+*+!2*:(0,2+)!,()!21+!F78>2!
7HF8+H+(2,27>(!F1,-+!7(!47*M:!.:*+-!U,-!7(2+M*,2+)!7(2>!21+!08>-+)TM*>:F!2+-27(M!
U721!.,(01+-2+*!:-+*-#!!

O>*!)>H+-270!:-+*-!7(!47*M:!.:*+-!21+!>(8/!)7AA+*+(0+!U,-!,*>:()!8,(M:,M+!>F27>(-!
>(!21+!F>*28+2W!C:2!21+!-,H+!1,*)U,*+!,-!:-+)!7(!.,(01+-2+*!U,-!-:FF87+)!2>!47*M:!
.:*+-! A>*! 2U>!)>H+-270! 7(-2,88,27>(-#!41+! 7HF8+H+(2,27>(!>A! 217-! A+,2:*+!=,87),2+-!
21+!,FF*>,01!21,2!U+!+DF8,7(+)!7(!2+-2!0,-+-!-+027>(!A>*!21+!OS&$!*+I:7*+H+(2!,()!
21+!*+-F+027=+!2+-2!0,-+W!U1701!U+*+!A:8A788+)!7(!F78>2!,()!(>2!7(!F8,2A>*H!8+=+8#!

O>*!F:C870!C:78)7(M-!1>U+=+*!217(M-!U+*+!*,21+*!)7AA+*+(2W!,-!(>!-H,*2TH+2+*!A++)-!
U+*+! ,=,78,C8+! A*>H!F:C870! C:78)7(M! 7(! 47*M:!.:*+-#! 4>! >=+*0>H+! 217-! F*>C8+HW! ,!
1/C*7)! ->8:27>(! U,-! 0*+,2+)! U1+*+! ,! ;TF1,-+! =+*-7>(! >A! 21+! )>H+-270! +(+*M/!
H>(72>*-!U,-! :-+)! 2>!H+,-:*+! +8+02*7072/! :-+! 7(! -+=+*,8! ?7()+*M,*2+(-#! d>U+=+*W!
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U178-2!21+!),2,!U,-!)+87=+*+)!:-7(M!.Y44!,-!F+*!21+!)>H+-270!),2,W!72!0>:8)!(>2!C+!
,MM*+M,2+)!U721! >*! =7-:,87-+)! C/! 21+! )>H+-270! +(+*M/! ),-1C>,*)W! ,-! 72! U,-! 2>! C+!
0>HF,*,C8+! U721! 21+! .,(01+-2+*! C:78)7(M! ),2,! =7-:,87-+)! C/! 21+! F:C870! C:78)7(M!
),-1C>,*)#!

41+!QB5!2+01(70,8!2+,H!21+*+A>*+!0*+,2+)!,!-H,*2!U+CT-+*=70+W!21,2!I:+*7+)!21+!JT
-+0>()! F>U+*! H+,-:*+H+(2! ),2,! A*>H! 21+! F:C870! C:78)7(M-! 7(! 47*M:! .:*+-! ,()!
*+2:*(+)! 217-! ,-! +(+*M/! 0>(-:H+)! 7(! ;"TH7(:2+! F+*7>)-W! 21+! -,H+! A>*H,2! ,-! 21,2!
-:FF87+)!C/!21+!.,(01+-2+*!C:78)7(M!-H,*2!H+2+*-#!6(!217-!U,/!21+!)>H+-270!+(+*M/!
1,*)U,*+! F*>=7)+)! 21+! F:C870! C:78)7(M! ),2,! A>*! 47*M:!.:*+-W!U1701! 0>:8)! -2788! C+!
=7-:,87-+)!,-! 7A! 72! 1,)!C++(! -:FF87+)!C/!,! -H,*2TH+2+*W!):+! 2>! 21+!),2,TF*>0+--7(M!
A:(027>(-! >A! 21+! -H,*2! U+CT-+*=70+#! 417-! ,FF*>,01! =,87),2+-! 21,2! 21+! F8,2A>*H!
-:FF>*2-! -+=+*,8! 2/F+-! >A! ^+D2+*(,8_! ),2,! *+->:*0+-! ,()! ,88>U-! +AA+027=+8/! A>*! 21+!
2*,(-A>*H,27>(!,()!=7-:,87e,27>(!>A!21+!),2,!2>!21+!F78>2!A*>(2!+()#!

6.3.2.1 Closed Cycle Testing: Domestic Energy 

41+! A7*-2! F1,-+-! >A! 2+-27(M! :2787-+)! ,! 08>-+)! M*>:F! >A! ,*>:()! $E! :-+*-! A*>H!
.,(01+-2+*!,()!Q7*H7(M1,H#!'!V+/!,7H!>A!21+!A7*-2!2+-2!F1,-+-!U,-!2>!+(-:*+!21,2!
21+! 0:-2>H! A7*HU,*+! )+=+8>F+)! C/! QB5! A>*! 21+! 4<Tc7(V! 2>! 0>((+02! 21+! +(+*M/!
H>(72>*! 2>! 21+!.Y44! C*>V+*! A:(027>(+)! F*>F+*8/! ,()! 0>:8)! *+0>=+*! A*>H! 8>--! >A!
7(2+*(+2! 0>((+027=72/! U1+(! 21+! :-+*[-! C*>,)C,()! )*>FF+)! >:2W! ,-! 72! 0>HH>(! A>*!
H>-2!)>H+-270!7(-2,88,27>(-#!41+-+!2+-27(M!F*>0+--+-!,*+!17M18/!*+8,2+)!2>!21+!OS&"!
A>*! 7(2+*>F+*,C7872/! >A! -+*=70+-! ,()! )+=70+-! ,-! U+88! ,-! U721! 21+! (>(TA:(027>(,8!
*+I:7*+H+(2!3OJ!A>*!17M1!,=,78,C7872/#!62+*,27>(-!>A!A7*HU,*+!U+*+!2+-2+)!2>!7HF*>=+!
21+! *+T+-2,C87-17(M! >A! 21+! 0>((+027>(! 2>! 21+! .Y44! C*>V+*! U1+(! 7(2+*(+2!
0>((+027=72/!U,-!*+-2>*+-W!2>!*+H>=+!21+!(++)!2>!F>U+*T0/08+!21+!4<Tc7(V#!O++)C,0V!
>(! 21+! )>H+-270! +(+*M/! ),-1C>,*)! ,8->! 8+)! 2>! ->H+! 8,/>:2! 01,(M+-! 2>! 7HF*>=+!
08,*72/#!41+!8,22+*!7-!*,2+)!U721!21+!*+I:7*+H+(2-!>A!F*>=7)7(M!A++)C,0V!^OS&;_!,()!
3O$!A>*!:-,C7872/#!

6.3.2.2 Closed Cycle Testing: Public Buildings 

41+!=+*/!A7*-2!F1,-+-!>A!F:C870!C:78)7(M!2+-27(M!:2787-+)!+(+*M/!A++)-!A*>H!C:78)7(M-!
,2!Q7*H7(M1,H!B72/!5(7=+*-72/!2>!2+-2!21+!),-1C>,*)#!6(727,88/!217-!U,-!0>(-2*:02+)!
U721!2U>!-+2-!>A!F>*28+2-W!->!21,2!),2,!A*>H!)7AA+*+(2!C:78)7(M-!0>:8)!C+!)7-F8,/+)!7(!
)7AA+*+(2!U7()>U-#!P(0+! 21+!.,(01+-2+*! C:78)7(M! ),2,! 0,H+! >(! -2*+,HW! A*>H! 2U>!
072/!C:78)7(M-!,()!2U>!,0,)+H7+-W!.,(01+-2+*!B72/!B>:(078!+(+*M/!2+,H!-2,AA!A>*H+)!
21+!08>-+)TM*>:F!A>*!:-+*!2+-27(M#!B8>-+)!M*>:F!2+-27(M!7)+(27A7+)!21,2!21+!H:827F8+T
U7()>U! ,FF*>,01! U,-! *,21+*! 0>(A:-7(M! A>*! :-+*-! ,()! 21+! )+07-7>(! U,-! 2,V+(! 2>!
*+U>*V!21+!F>*28+2-!:-7(M!-7(M8+!U7()>U-!U721!>=+*8,7)!F8>2-!A>*!PF+(!4+-27(M#!417-!
-,27-A7+)! 21+! *+I:7*+H+(2! 3OE! A>*! ,22*,027=+! )+-7M(! >A! 21+! F>*2,8! ,()! 21+! F78>2-#!
d>U+=+*W! 7(! 217-! 2>F70! 21+*+! 7-! H:01! -F,0+! A>*! 7HF*>=+H+(2-! 7(! ,! F*>):027>(!
=+*-7>(!>A!21+!-0+(,*7>!2>!H++2!21+!+()T:-+*!+DF+02,27>(-#!
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6.3.2.3 Open Cycle Testing: Domestic Energy and Public Buildings 

PF+(!0/08+!2+-27(M!U,-!0>():02+)!C/!21+!.,(01+-2+*!2+,HW!7(=>8=7(M!H>*+!21,(!J"!
:-+*-! ,()! :-7(M! 21+! :F),2+)! ),-1C>,*)#! 3>2! ,88! >F+(TM*>:F! :-+*-! 1,)! +(+*M/!
H>(72>*7(M!1,*)U,*+! 7(-2,88+)W! ->! 21>-+!:-+*-!0>:8)!-++!>(8/! 21+!,=+*,M+)!+(+*M/!
:-+! >A! 21+! )>H+-270! ),-1C>,*)W! C:2! 1,)! 21+! -,H+! =7+U! >A! 21+! F:C870! ),-1C>,*)#!
PF+(TM*>:F! :-+*-! U+*+! 7--:+)! U721! 21+! 8,2+-2! A7*HU,*+! =,*7,(2-! >A! 21+! 4<Tc7(V!
U1+(!7(-2,88,27>(-!U+*+!0,**7+)!>:2!C/!21+!.,(01+-2+*!7(-2,88+*-#!'!-+(->*!-2,2:-!2,C!
U,-! ,))+)! 2>! 21+! ')H7(! =7+U! >A! 21+! ),-1C>,*)! 2>! +(,C8+! .,(01+-2+*! -2,AA! 2>!
7)+(27A/!-+(->*-!21,2!1,)!C++(!>AA87(+!A>*!->H+!27H+W!->!21,2!*+H+)7,8!,027>(-!0>:8)!
C+!2,V+(W!)+F+()7(M!>(!21+!*+,->(-#!

6.3.3 Conclusions 

41+! )>H+-270! +(+*M/! ->8:27>(! U,-! 0*+,2+)! 7(! 72-! +(27*+2/! C/! 21+! QB5! ,()! 6Q.!
2+01(70,8! 2+,H-W! A>88>U7(M! 21+! U721)*,U,8! >A! d78)+C*,()! 7(! .&$#! 417-! 8+)! 2>!
0>(-7)+*,C8+!)+8,/-!7(!2+-27(M!,()!*+I:7*+)!21+!0>HF*+--7>(!>A!:-+*!2+-2!0/08+-W!U721!
47*M:!.:*+-!:-+*-!0>HC7(+)!U721!.,(01+-2+*!:-+*-!A>*!>F+(TM*>:F!2+-27(M#!

41+! :-+! >A! .Y44W! ,(! 6>4! F*>2>0>8! A>*! )7-2*7C:2+)! -+(->*-! F*>=+)! +D2*+H+8/!
+AA+027=+W! ,()!)+87=+*+)! *+87,C8/! 21+!+(+*M/!H+--,M+! -+(2!C/!+,01!)>H+-270! -+(->*!
>(0+!+=+*/!-7D!-+0>()-W!0>**+-F>()7(M!2>!$GWG""!H+--,M+-!F+*!),/!F+*!1>H+W!U1701!
7-!F*>>A!A>*!21+!17M1!F+*A>*H,(0+!0,F,C78727+-!>A!21+!,FF870,27>(!^S5<&_W!+=+(!21>:M1!
217-!U,-!7(727,8!7)+(27A7+)!A>*!21+!5*C,(!<8,((7(M!F78>2#!!

41+! ,C7872/! 2>! =7-:,87-+! 7(-2,(2,(+>:-! F>U+*T:-,M+! ,()! 0:H:8,27=+! +(+*M/!
0>(-:HF27>(! 1+8F-! 1>:-+1>8)-! 2>! :()+*-2,()! 21+7*! 0>(-:HF27>(W! ,()! F,*270:8,*8/!
21+! I:7+-0+(2! 0>(-:HF27>(! >A! 21+! 1>:-+!U1+(! :(>00:F7+)! ,()! 21+! +AA+02! >A! 17M1T
8>,)!,FF87,(0+-!-:01!,-!+8+02*70!-1>U+*-W!V+228+-W!+8+02*70!>=+(-W!U,2+*!1+,2+*-!,()!
)7-1U,-1+*-#!62!-1>:8)!C+!+HF1,-7-+)!21,2!21+!,7H!>A!21+!)>H+-270!+(+*M/!F78>2!U,-!
2>! 1+8F! :-+*-! :()+*-2,()! +(+*M/! :-+W! (>2! 2>! >AA+*! ,! C7887(M! A:(027>(! 1>U+=+*W! 21+!
F78>2!*+8,2+)!*+I:7*+H+(2-!S9R$!,()!S9R;!,*+!0>(-7)+*+)!,-!U+88!,))*+--+)#!

6(! ,))727>(! 2>! 21+! 7(727,8! *+I:7*+H+(2-W! 21+!<:C870!Q:78)7(M-!),-1C>,*)!U,-! ,!(+U!
)+87=+*,C8+! (>2! 0>(2,7(+)! 7(! 21+! >*7M7(,8! @>]W! ,()! 0*+,2+)! C/! 21+! QB5! 4+,H! 2>!
C*>,)+(! 21+! ,FF870,C7872/! >A! -H,*2! +(=7*>(H+(2! 2>! 0727+-! ,()! C:-7(+--+-#! 41+!
,*0172+02:*+!>A!21+!X.O!U1701!-72-!C+17()!21+!-H,*2!+(=7*>(H+(2!F78>2!1,-!U>*V+)!
$""`! *+87,C8/! ,()! (>U! 0>(2,7(-! ,8H>-2! ;"! H7887>(! +(+*M/! *+,)7(M-W! H,7(8/!
)>H+-270!),2,#!!

P(+! >(TM>7(M! 7--:+! U,-! 21+! -2,C7872/! >A! )>H+-270! C*>,)C,()! 0>((+027>(-! U1701!
0>:8)!8+,)!2>!F+*7>)-!>A!0>((+027=72/!8>--!,()!0>(-+I:+(2!),2,!8>--#!6(!+D2*+H+!0,-+-!
217-! (++)-! *+C>>27(M! >A! 21+! )>H+-270! *>:2+*! 2>! *+H+)/W! C:2! 21+! :-+*-! (++)! 2>! C+!
,8+*2+)! 2>! 21+!F*>C8+HW!U1701!U,-! 7)+(27A7+)!,-!,! *+I:7*+H+(2W!OS$KW!U1701!,M,7(!
U,-!,))*+--+)!7(!,FF870,27>(!,()!(>2!7(!F78>2!8+=+8#!!

! !



 EPIC – Deliverable   

D8.2 Evaluation Report 67! Version 1.0, 29/05/2013 

 

7 Requirements Traceability 
'00>*)7(M!2>!21+!@>]!)+-0*7F27>(!,()!21+!U>*V-1>F!>:20>H+-!7(!]<&W!,!0>(0*+2+!
87-2!>A!:-+*!*+I:7*+H+(2-!1,)!C++(!)+A7(+)!7(!21+!C+M7((7(M!>A!21+!F*>a+02W!7(!>*)+*!
2>!M:7)+!21+!R<6B!<*>a+02!0>(->*27:H!>(!21+!=,*7>:-!,-F+02-!,()!A:(027>(,8727+-!21,2!
21+! F8,2A>*H! -1>:8)! >AA+*#! 'A2+*! ,(! +D2+()+)! )7-0:--7>(! C+2U++(! ,88! F*>a+02[-!
F,*2(+*-!^C>21!,)H7(7-2*,27=+!,()!2+01(70,8_!,(!7(727,8!87-2!>A!:-+*!*+I:7*+H+(2!U,-!
7(727,88/! )+A7(+)! U178+! 7(! F*>a+02! i&! ,()! i;! 21+! *+I:7*+H+(2-! 87-2! U,-! :F),2+)!
,00>*)7(M! 2>! 21+! +()T:-+*! (++)-W! ,-! )+A7(+)! C/! 21+! c7=7(M! c,C-! ,FF*>,01W! U721!
*+-F+02! 2>! 21+!,M78+!)+=+8>FH+(2!F*>0+--! 21,2!U,-! 01>-+(!C/! 21+! 0>(->*27:H#!41+!
A:88! 87-2! >A! 21+! :-+*! *+I:7*+H+(2-! 7-! 7(! )+2,78! )+-0*7C+)! 7(! 21+! *+8+=,(2! @&#G!
)>0:H+(2#!

41+! A>88>U7(M! 87-2! >A! 2,C8+-! -:HH,*7e+-! 21+! 2*,0+,C7872/! H,2*7DW! ,-! )+A7(+)! ,2! 21+!
@&#G!)+87=+*,C8+W!U721!,))727>(,8!7(A>*H,27>(!*+M,*)7(M!21+!2+-2!0,-+-!21,2!=,87),2+-!
+,01!:-+*!*+I:7*+H+(2#!41+!F:*F>-+!>A!217-!H,2*7D!7-!2>!0>**+8,2+!21+!>:20>H+-!A*>H!
]<&!U1701!)+-0*7C+-!g>8),!,81!'ABC!2*),D.3E!=8.+*9!23.(-91]F!U721!21+!>:20>H+-!>A!
217-! )>0:H+(2-! U1701! ,(-U+*-! 21+! I:+-27>(! g>8),! ,81! 'ABC! 2*),D.3E! )6,+)**:!
23.(-91=]h#! R=+*/! :-+*! *+I:7*+H+(2! 7-! ,8->! 0>**+8,2+)! U721! 21+! -F+07A70! 2+-2! 0,-+-!
U1701!+=,8:,2+-!72-!F:*F>-+-!,-!U+88!,-!U721!21+!I:+-27>((,7*+!*+-:82-!,()!21+!F78>2!
,FF870,27>(!2+-27(M!>:20>H+-#!

7.1 Requirements Analysis 
@4A>*)JJ?)T&C)])B.<<./)2.>*]A4-*H):.214>)-*2+*2)

T&C) B.<<./)2.>*]A4-*H):.214>)-*2+*2)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

O+)+*,2+)!6)+(272/!.,(,M+*!

;1241*83) '! -7(M8+! 0+(2*,88/!H,(,M+)! F8,2A>*H!U788! C+! 7HF8+H+(2+)! 21,2!U788!
1>-2! ,88! 21+! A:(027>(,8727+-! 21+! +()!:-+*-! ,()! 21+! -2,V+1>8)+*-!H,/!
U,(2#!]788!F*>=7)+!-+8AT-+*=70+!,()!)+8+M,2+)!,)H7(7-2*,27>(!,()!U788!
F*>,027=+8/! M>=+*(! 21+! -+*=70+! 87A+! 0/08+! +(,C87(M! A,-2! ,()! A8+D7C8+!
,FF870,27>(! 7(2+M*,27>(#! ]788! C+! 7HF8+H+(2+)! 7(! 9P'! 7(! >*)+*! 2>!
7(0*+,-+! 21+! 7(2+*>F+*,C7872/! ,()! -+*=70+! *+T:-,M+! C/! :-7(M! -+*=70+!
A+)+*,27>(#!

@*-1)B4-*-) 417-!*+I:7*+H+(2!U,-!2+-2+)!C/!!21+!BBT$T$W!BBT$TEW!BBTET&W!!

ORT&T&!2+-2!0,-+-#!'88!,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!
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&*-5>1) Q,-+)! >(! 21+! 2+-2! 0,-+-W! 217-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)!
,))*+--+)#! 6(! ,))727>(W! 21+! A++)C,0V! *+0+7=+)! A*>H! 21+!
I:+-27>((,7*+-!-1>U+)!21,2!21+!F>*2,8!-+*=+*!*+8,2+)!F*>0+--+-!U+*+!
-2*,7M12A>*U,*)! ,()! 21+! >AA+*+)! A:(027>(,872/! -,27-A/7(M#! 41+! 0>*+!
-+*=70+-!,*+!7(!F8,0+!A>*!(>U!C:2!21+!0,F,C78727+-!-1>:8)!C+!+(1,(0+)!
A>*!0>HH+*07,8!>AA+*7(M-!-:01!,-!,!C+22+*!F,8+!H,(,M+H+(2!-/-2+H!
^$#KW!&#$W!&#G_ 

!

@4A>*)JM?)T&G)])&*8,-1241,./).=)4)-*2+,9*)

T&G) &*8,-1241,./).=)4)-*2+,9*)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

<*>0+--!9+*=+*!,()!Q:-7(+--!S:8+-!

9+*=70+!S+M7-2*/!

R<6B!9+*=70+!B,2,8>M:+!

;1241*83) 41+! *+M7-2*,27>(! U788! C+! A,07872,2+)! C/! 21+! F8,2A>*H[-! +D2+()+)!
C,0V+()W! U1701! H,V+-! :-+! >A! 21+! :()+*8/7(M! R9Q! ,()! 9+*=70+!
S+M7-2*/W!,88!F,*2-!>A!21+!9+*=70+!B,2,8>M:+#!

@*-1)B4-*-) 417-!*+I:7*+H+(2!U,-!2+-2+)!C/!21+!BBT$T$W!BBT$T&W!ORT&T$!2+-2!0,-+-#!

'88!,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)! U1701! 7-! ,8->!
0>(A7*H+)!C/!21+!I:+-27>((,7*+!*+-F>(-+-!7(!&#G#!S+M,*)7(M!21+!F78>2!
-0+(,*7>-! 2+-27(MW! 21+!S+8>0,27>(! ,FF870,27>(!1,)! 2>! *+M7-2+*! A>*! 21+!
S>H,(7,(! -+*=70+-! 7(! >*)+*! 2>! C+!F*>=7)+)! 7(! 21+!F*>>A! >A! 0>(0+F2!
072/#!

!

@4A>*)JO?)T&J)])&*8,-1241,./).=)4)-14V*6.>H*2)

T&J) &*8,-1241,./).=)4) -14V*6.>H*2)h):2.+,H,/8)92*H*/1,4>-)4/H) 125-1)
*+,H*/9*-)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

@,2,C,-+!.,(,M+H+(2!9/-2+H!

;1241*83) 41+! @,2,! '00+--! c,/+*! ,()! 0>**+-F>()7(M! A*>(2T+()-! ,*+!
7HF8+H+(2+)!,2!21+!F8,2A>*H!8,/+*#!
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41+!R<6B!F8,2A>*H!U788!F*>=7)+!21+!0,F,C7872/!2>!)+A7(+!M8>C,8W!M*>:F!
,()!7()7=7):,8!F,--U>*)!F>8707+-#!'8->!U788!-+2!,()!+(A>*0+!F,--U>*)!
F>8707+-! A>*! 8>M7(-! :-+)! C/! )7*+02>*/! -+*=+*! ,)H7(7-2*,2>*-#! '88! 21,2!
0>(-2*,7(-! ,*+! ,))*+--+)! 2>! 21+! 17M1TF+*A>*H,(0+! c7M12U+7M12!
@7*+02>*/! '00+--! <*>2>0>8! ^c@'<_! 7)+(272/! 7(A*,-2*:02:*+! 21,2! 21+!
R<6B!<8,2A>*H!1,-#!

@*-1)B4-*-) 417-!*+I:7*+H+(2!U,-!2+-2+)!C/!!21+!BBT$T;W!BBT$TEW!!

'88!,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!)

&*-5>1) R=+(! 21>:M1! 217-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)W! 21+!
A++)C,0V! 7(! 21+! I:+-27>((,7*+! ^&#;_W! ,-! U+88! ,-! 21+! F78>2! 2+-27(M!
*+-:82-!17M187M12+)!21,2!21+!*+M7-2*,27>(!F*>0+--!(++)!7HF*>=+H+(2-!
C>21!,-! ,!F*>0+--! ,()! 21+! *+-F+027=+!X56W!U178+! A>*! ->H+! -0+(,*7>-!
-1>:8)! C+! >F27>(,8#! 6(! ,88! -0+(,*7>-W! 21+*+!U,-! 21+! (++)! 2>! F*>=7)+!
->H+!0*+)+(27,8-!7(!>*)+*!2>!C+!,:21+(270,2+)!C/!21+!F8,2A>*H# 

!

@4A>*)JP?)T&M)]);5A-92,:1,./)1.)4)W*A)-*2+,9*)

T&M) ;5A-92,:1,./)1.)4)W*A)-*2+,9*)

;*+*2,13) d*H,5<)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

;1241*83) 41+!R<6B[-! +D2+()+)!C,0V+()!0>HF>(+(2-!U788!F*>=7)+!,FF*>F*7,2+!
-+*=70+-!2>!A,07872,2+!21+!-+*=70+!-:C-0*7F27>(#!

@*-1)B4-*-) 417-!*+I:7*+H+(2!U,-!2+-2+)!C/!21+!BBT$T&W!ORT$T;!2+-2!0,-+-#!

'88!,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-!:-+*!*+I:7*+H+(2!7-!0>(-7)+*+)!,))*+--+)#!6(!,))727>(W!21+!A,02!
21,2!21+!-+*=70+-!0>:8)!C+!*+:-+)!21*>:M1!21+!F8,2A>*HW!,-!F*>=+)!7(!
21+!-0+(,*7>-!,()!,8->! 7(! 21+!I:+-27>((,7*+!^&#N_W! 7()70,2+-! 21,2! 217-!
*+I:7*+H+(2!U,-!A:8A788+)#!!

!

@4A>*)JN?)T&O)])T*H*241*H)-,/8>*)-,8/)./)5-,/8)4)-,/8>*)"K$B)5-*2/4<*)

T&O) T*H*241*H)-,/8>*)-,8/)./)5-,/8)4)-,/8>*)"K$B)5-*2/4<*)

;*+*2,13) d*H,5<)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

]+C!9+*=70+!S+M7-2*/!,()!S+F>-72>*/!



 EPIC – Deliverable   

D8.2 Evaluation Report 70! Version 1.0, 29/05/2013 

O+)+*,2+)!6)+(272/!.,(,M+*!

;1241*83) 41+!,00+--!2>!21+!F8,2A>*H!-1>:8)!C+!F+*H722+)!C,-+)!>(!217-!-7(M8+!
R<6B! :-+*(,H+#! 5-7(M! 21,2! ,88! 21+! ),2,! U788! (++)! 21+! -,H+!
7)+(27A70,27>(!V+/#!

@*-1)B4-*-) 417-!*+I:7*+H+(2!U,-!2+-2+)!C/!21+!BBT$TEW!BBTET;W!ORT$T$!2+-2!0,-+-#!
'88!,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-!:-+*!*+I:7*+H+(2!7-!0>(-7)+*+)!,))*+--+)#!d>U+=+*W!,-!,8*+,)/!
H+(27>(+)! 7(! OS;W! 21+! I:+-27>((,7*+! A++)C,0V! >(! 21+! :-+*!
H,(,M+H+(2-!17M187M12-!21+!(++)!A>*!,00+--7(M!21+!F8,2A>*H!U721>:2!
*+I:7*7(M! *+M7-2*,27>(W! +-F+07,88/! A>*! 0727e+(-! 2>! 7HF*>=+! :-,C7872/!
^$#;W! $#KW! &#;_#! 41+! F78>2! -0+(,*7>-! F*>=+)! 21,2! ,(! +()! :-+*! 0,(!
-:00+--A:88/! 8>M7(! 7(! 2>! 21+! F8,2A>*H! C/! F*>=7)7(M! >(8/! 21+! R<6B!
:-+*(,H+! ,()! F,--U>*)W! ,()! 21+(! 1,=+! ,00+--! 2>! ,88! F78>2!
,FF870,27>(-!21,2!1,-!C++(!*+M7-2+*+)#!

!

@4A>*)JS?)T&P)]);*4296)=.2)4)W*A)-*2+,9*)

T&P) ;*4296)=.2)4)W*A)-*2+,9*)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

R(2+*F*7-+!9+*=70+!Q:-!

9+*=70+!S+M7-2*/!

9+*=70+!B,2,8>M:+!

;1241*83) 41+! -+,*01! A>*! ,! U+C! -+*=70+! U788! C+! A,07872,2+)! C/! 21+! F8,2A>*H[-!
+D2+()+)! C,0V+()W! U1701! H,V+-! :-+! >A! 21+! :()+*8/7(M! R9Q! ,()!
9+*=70+!S+M7-2*/W!,88!F,*2-!>A!21+!9+*=70+!B,2,8>M:+#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$T;! 2+-2! 0,-+#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! 41+*+! ,*+! (>!
(+M,27=+! *+H,*V-! A>*! 217-! *+I:7*+H+(2! A*>H! 21+! I:+-27>((,7*+!
F,*2707F,(2-#!!

!

@4A>*)JF?)T&N)])d4/48*)5-*2)499*--)2,861-)

T&N) K2.+,H*)9.<=.214A>*):.--,A,>,13)1.)<4/48*)5-*2)499*--)2,861-)./)
-:*9,=,9)9./1*/1-).=)16*)"K$Bb-)6.-1*H)4::>,941,./-)

;*+*2,13) d*H,5<)
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d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

B>(2+(2!'00+8+*,2>*!

;1241*83) 41+! R<6B[-! A*>(2! +()! U788! 1,=+! 2>! 0>(-:H+! *+8+=,(2! U+C! -+*=70+-W!
U1701! ,*+! 8,/+*-! ,2! 21+! F8,2A>*H[-! C,0V+()! ,()! H,V+! :-+! >A! 21+!
B>(2+(2!'00+8+*,2>*#!

@*-1)B4-*-) 417-!*+I:7*+H+(2!U,-!2+-2+)!C/!21+!BBT$TEW!BBTET&W!ORT&T&!2+-2!0,-+-#!
'88!,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! 41+! C+-2! :-,M+!
+D,HF8+! 7-! 7(! 21+! 5*C,(! <8,((7(M! -0+(,*7>W!U1+*+! ,(! +()! :-+*! 1,-!
,00+--! 2>! )7AA+*+(2! =7+U-! >A! 21+! ,FF870,27>(! ^072/! =7+UW! ,)H7(! =7+UW!
9.R!=7+U_!,00>*)7(M!2>!1+*%17-!:-+*!*7M12-#!6(!21+!I:+-27>((,7*+!21+!
A++)C,0V!>(!F8,2A>*H-!-+0:*72/!,()!,:21>*7e,27>(!,-F+02-! ^&#K_!U,-!
=+*/!F>-727=+#!!

!

@4A>*)MI?)T&S)])K.--,A,>,13)1.)/*8.1,41*);#'-)W6*/)/**H*H)

T&S) K.--,A,>,13)1.)/*8.1,41*);#'-)W6*/)/**H*H!)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

R<6B!9+*=70+!B,2,8>M:+!

;1241*83) R=+(! 21>:M1! 217-! 7-! -:FF>*2+)! (,27=+8/! C/! 21+! F8,2A>*H! 72! U,-! (>2!
0>(-7)+*+)!,-!,!F*7H,*/!>Ca+027=+!>A!21+!F*>a+02#!!

@*-1)B4-*-) 417-!*+I:7*+H+(2!0>:8)([2!C+!2+-2+)!7(!,!*+,8!87A+!-0+(,*7>!C/!21+!R<6B!
F8,2A>*HW!,-!(>(+!>A!21+!+D7-2+)!-0+(,*7>-!1,)!2,V+(!72! 7(2>!,00>:(2#!
d>U+=+*W! 72!U,-!2+-2+)!>AA87(+!U721!21+!+DF+*7H+(2,27>(!>A! 21+!5-+*!
B,2,8>M:+W! ,()! 72! U,-! F*>=+)! 21,2! 21+*+! 7-! 21+! F>--7C7872/! 2>! )+A7(+!
9+*=70+! c+=+8! @+A7(727>(-W! ,()! 2>! (+M>27,2+! A>*! -F+07A70! 9c'-W! :-7(M!
)7AA+*+(2!F>8707+-!,()!*:8+-#!

&*-5>1) R=+(!21>:M1!-F+07A70!2+-2!0,-+-!0>:8)([2!=,87),2+!217-!*+I:7*+H+(2!,-!
U+! ,*+! 7(! ,! 2+-27(M! +(=7*>(H+(2W! 21+! R<6B! B,2,8>M:+! *+8,2+)!
7HF8+H+(2,27>(-! F*>=+! 21,2! 21+! F*>M*+--! >(! 217-! *+I:7*+H+(2! 7-!
-,27-A/7(M#! 6(! ,! F*>):027>(! =+*-7>(! >A! R<6B! 21>:M1W! 21+! *+8,2+)!
A+,2:*+-! -1>:8)! C+! +=+(! A:*21+*! +D2+()+)W! ,-! 7()70,2+)! C/! 21+!
I:+-27>((,7*+! *+-:82-W! 7(! >*)+*! 2>! ,22*,02! F*>=7)+*-! 2>! >AA+*! 21+7*!
F*>):02-!7(!,!F,(TR:*>F+,(!8+=+8!21>:M1!R<6B!^$#LW!$#N_#!

!
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@4A>*)MC?)T&F)])U*A)-*2+,9*)*/4A>*2-)

T&F) U*A) -*2+,9*) */4A>*2-) 1.) *4-*) 16*) 499*--) 1.) 16*):>41=.2<)!(d;)
Z.2)*D1*2/4>)H414)-.529*-[)94:4A>*) =.2)<4/,:5>41,/8)-,8/,=,94/1)
4<.5/1).=)H414))

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

@,2,C,-+!.,(,M+H+(2!9/-2+H!

;1241*83) R,01!+D2+*(,8!),2,!F*>=7)+*!U788!1,=+!2>!7HF8+H+(2!,FF*>F*7,2+!U+C!
-+*=70+!+(,C8+*-W! 7(!>*)+*!2>!,88>U!,00+--!2>! 72-!),2,#!41>-+!-+*=70+-!
U788!C+!F:C87-1+)!,2!21+!F8,2A>*H[-!0,2,8>M:+W!7(!>*)+*!2>!C+!,=,78,C8+!
21*>:M1!21+!R<6B!,()!2>!C+!,00+--+)!C/!217*)!F,*27+-!F*>=7)+*-#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT&T&! 2+-2! 0,-+#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! 62! 7-! H,7(8/!
7HF8+H+(2+)! 7(! 21+! S+8>0,27>(! -0+(,*7>W! U1+*+! 21+! ,FF870,27>(!
0>(-:H+-!),2,! A*>H!2U>!)7AA+*+(2!+D2+*(,8!F*>=7)+*-!U721!)7AA+*+(2!
),2,!A>*H,2#!'8->!0>(A7*H+)!C/!&#&!I:+-27>(#!

!

@4A>*)MG?)T&CI)])@,<*)Y./*)4/H)<5>1,9522*/93)-5::.21)))

T&CI) @,<*)Y./*)4/H)<5>1,9522*/93)-5::.21!)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<78>2!9+*=70+-!

;1241*83) 9:FF>*2+)! (,27=+8/! C/! 21+! F8,2A>*H#! 41+! F78>2! -+*=70+-! U788! C+!
F,*,H+2+*7e+)!,00>*)7(M8/#!

@*-1)B4-*-) 417-! *+I:7*+H+(2!U,-! 2+-2+)!?:! ,81! CC^N^M@! CC^N^%! ,1=,! 6)=1=!>8-68!
>131! /.,! D+*D-**19! 9-316,*:! -7(0+! 21+! *+8,2+)! A+,2:*+-! U788! C+!
7HF8+H+(2+)!C/!21+!F78>2!,FF870,27>(-!21,2!(++)!72#!!

&*-5>1) 417-! *+I:7*+H+(2! 1,-! ,! 8>U! 8+=+8! >A! -+=+*72/! ,()! U,-! (>2! )7*+028/!
*+8,2+)! U721! 21+! R<6B! <78>2! ,FF870,27>(-! ^-++! ,8->! I:+-27>(! &#L_#!
41+*+A>*+!72!U,-!)+07)+)!C/!21+!R<6B[-!0>(->*27:H!2>!0>(0+(2*,2+!2>!
>21+*!*+I:7*+H+(2-!>A!17M1+*!F*7>*72/#)

!
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@4A>*)MJ?)T&CC)])&.>*]A4-*H)5-*2),/1*2=49*)

T&CC) &.>*]A4-*H)5-*2),/1*2=49*)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

;1241*83) 41+!R<6B[-! A*>(2! +()!U788! 1,=+! 2>! 0>(-:H+! 21+! :()+*8/7(M! *+8+=,(2!
U+C!-+*=70+-!U1701!F*>=7)+!)7AA+*+(2! A:(027>(,8727+-! *+M,*)7(M!+,01!
:-+*[-!M*>:F#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TEW! BBTET&! 2+-2! 0,-+-#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! '-! ,8*+,)/!
H+(27>(+)! 7(! F*+=7>:-! *+I:7*+H+(2-! 21+! *+0+7=+)! A++)C,0V! >(! 21+!
7(2+*A,0+-! 17M187M12+)! 21+! (++)! A>*! 7HF*>=+H+(2-! 7(! ,! F*>):027>(!
=+*-7>(!U721!,!H>*+!H>)+*(!)+-7M(!^$#;W!$#JW!$#K_#!

!

@4A>*)MM?)T&CG)])'H<,/,-1241,./),/1*2=49*)

T&CG) 'H<,/,-1241,./),/1*2=49*)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

@7*+02>*/!9+*=+*!

;1241*83) 41+!R<6B!A*>(2!+()!U788!1,=+!2>!F*>=7)+!,FF*>F*7,2+!,)H7(7-2*,27>(!
A:(027>(,8727+-#!41+!F8,2A>*H[-!+D2+()+)!C,0V+()W! 21,2!H,V+-!:-+!>A!
21+!@7*+02>*/!9+*=+*W!U788!+(-:*+!21,2!,FF*>F*7,2+!,00+--!*7M12-#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BB$T&W! BBT$TEW! BBTET&W! ORT$T$W!
OR$T&W! ORT&T&! 2+-2! 0,-+-#! '88! ,A>*+H+(27>(+)! 2+-2! 0,-+-! U+*+!
-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! O*>H! 21+!
I:+-27>((,7*+!C+-7)+-!21+!(+M,27=+! A++)C,0V!A>*!21+! 8>>V! k(! A++8W! 21+!
F*>=7)+)! A:(027>(,872/! 21*>:M1! 21+! ,)H7(7-2*,27>(! 7(2+*A,0+! 7-!
-,27-A/7(M!^I:+-27>(!&#$_#!

!

@4A>*)MO?)T&CJ)])&*8,-1241,./)K48*)

T&CJ) &*8,-1241,./)K48*)
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;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

<*>0+--!9+*=+*!,()!Q:-7(+--!S:8+-!

@7*+02>*/!9+*=+*!

;1241*83) R<6B! U788! F*>=7)+! 21*>:M1! 21+! 7(2+M*,2+)! A*>(2! +()! ,! *+M7-2*,27>(!
F,M+W!U1701!*+87+-!>(!21+!F8,2A>*H[-!+D2+()+)!C,0V+()W!U1701!H,V+-!
:-+!>A!21+!@7*+02>*/!9+*=+*#!

@*-1)B4-*-) 417-! *+I:7*+H+(2!U,-! 2+-2+)! C/! 21+! BBT$TEW! BBTET&W! ORT$T$W! ORT$T&!
2+-2!0,-+-#!'88!,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-!:-+*!*+I:7*+H+(2! 7-!0>(-7)+*+)!,-!,))*+--+)#!R=+(! 21>:M1! 21+!
*+I:7*+)! A:(027>(,872/! 7-! F*>=7)+)! 21+! I:+-27>((,7*+! A++)C,0V!
17M187M12+)! F*>C8+H,270! *+M7-2*,27>(! F*>0+--+-! 21,2! -1>:8)! C+!
7HF*>=+)!,()!7(!->H+!0,-+-!-V7FF+)!,88>U7(M!>F+(!,00+--!2>!0727e+(-!
^I:+-27>(-!$#&W!$#KW!&#;_!

!

@4A>*)MP?)T&CM)]);*2+,9*)2*8,-1241,./)-92**/)

T&CM) ;*2+,9*)2*8,-1241,./)-92**/)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

@7*+02>*/!9+*=+*!

;1241*83) R<6B! U788! F*>=7)+! 21*>:M1! 21+! 7(2+M*,2+)! A*>(2! +()! ,! -+*=70+!
*+M7-2*,27>(!-0*++(W!U1701!*+87+-!>(!21+!F8,2A>*H[-!+D2+()+)!C,0V+()!
21,2! H,V+-! :-+! >A! 21+! @7*+02>*/! 9+*=+*#! 41+! C,0V+()! A:(027>(,872/!
+(-:*+-!21,2!,88!*+I:7*+)!),2,!,*+!F*>=7)+)!C/!21+!:-+*#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$T&W! ORT$T&! 2+-2! 0,-+-#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! '8->! F>-727=+!
A++)C,0V!U,-!*+0+7=+)!21*>:M1!21+!I:+-27>((,7*+!^I:+-27>(-!&#$W!&#G_!

!

@4A>*)MN?)T&CO)])K*2-./4>);:49*)

T&CO) K*2-./4>);:49*)

;*+*2,13) d*H,5<)
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d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

@7*+02>*/!9+*=+*!

R(2+*F*7-+!9+*=70+!Q:--!

;1241*83) R<6B[-! +D2+()+)! C,0V+()! U788! M,21+*! ,88! :-+*-[! *+M7-2+*+)! -+*=70+-W!
,()!F*>=7)+!*+8,2+)!7(A>*H,27>(#!4>!C+!,C8+!2>!)>!->W!72!*+87+-!>(!21+!
@7*+02>*/!9+*=+*!,()!R9Q#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TEW! ORT$T&! 2+-2! 0,-+-#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-!:-+*!*+I:7*+H+(2!7-!0>(-7)+*+)!,))*+--+)#!62!7-!H,7(8/!2+-2+)!7(!
21+! 9H,*2! R(=7*>(H+(2! -0+(,*7>W! U1+*+! 0727e+(-! 0,(! +DF+*7+(0+! ,!
F+*->(,87e+)!=7+U!>A!21+7*!+(+*M/!0>(-:HF27>(#!

!

@4A>*)MS?)T&CP)])'H+4/9*H)-*4296)=.2)-*2+,9*-)

T&CP) 'H+4/9*H)-*4296)=.2)-*2+,9*-)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

9+*=70+!S+M7-2*/!

R(2+*F*7-+!9+*=70+!Q:-!

R<6B!9+*=70+!B,2,8>M:+!

;1241*83) 41+! -+,*01! A>*! ,! U+C! -+*=70+! U788! C+! A,07872,2+)! C/! 21+! F8,2A>*H[-!
+D2+()+)! C,0V+()W! U1701! H,V+-! :-+! >A! 21+! :()+*8/7(M! R9Q! ,()!
9+*=70+!S+M7-2*/W!,88!F,*2-!>A!21+!9+*=70+!B,2,8>M:+#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$T;! 2+-2! 0,-+#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! 3>! A++)C,0V! A*>H!
21+!I:+-27>((,7*+!>(!217-!*+I:7*+H+(2#!

!

@4A>*)MF?)T&CN)])X.1,=,941,./)#,-1)

T&CN) X.1,=,941,./)#,-1)Z=.2)/*W)-*2+,9*-[)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

R<6B!B,2,8>M:+!
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;1241*83) 41+! F8,2A>*H[-! +D2+()+)! C,0V+()! U788! F*>=7)+! 21+! )+-0*7C+)!
A:(027>(,872/W!C,-+)!>(!21+!R9Q!,()!9+*=70+!S+M7-2*/W!,88!F,*2-!>A!21+!
R<6B[-!B,2,8>M:+#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TEW! ORTGT&! 2+-2! 0,-+-#!
'821>:M1!21+!BBT$TE!2+-2!0,-+!U,-!-:00++)+)!,()!21+!F8,2A>*H!,88>U-!
2>! *+0>*)! 0:-2>H! (>27A70,27>(! H+--,M+-! ->! ,-! 2>! C+! :-+)! C/! 21+!
,FF870,27>(! F*>=7)+*-W! 21+! ORTGT&! *+-:82-! U+*+! 0>(2*,)7027=+#! R=+(!
21>:M1! 21+! F8,2A>*H!U,-! ,C8+! 2>! 8>M! 21+! >F+*,27>(,8! F,*,H+2+*-! >A!
21+! F78>2! ,FF870,27>(-W! 7(! F8,2A>*H! 8+=+8! 21+*+! (>! (>27A70,27>(!
H+01,(7-H!U,-! 7(! F8,0+! 2>! 7(A>*H! ,)H7(7-2*,2>*-! >*! +()T:-+*-! A>*!
(+U!-+*=70+-#!'!(>27A70,27>(!H+01,(7-H!U,-!,8->!7HF8+H+(2+)!C/!21+!
9H,*2!R(=7*>(H+(2!F78>2!-+*=70+-!21,2!,*+!)+F8>/+)!>(!21+!F8,2A>*HW!
U1701! H>(72>*+)! 21+! 1+,*2C+,2! >A! 21+! -+(->*-! ,()! (>27A7+)! 21+!
,)H7(7-2*,2>*-!A>*!A,78:*+-#!

&*-5>1) 417-!*+I:7*+H+(2!7-!0>(-7)+*+)!,-!F,*27,88/!,))*+--+)#!

!

@4A>*)OI?)T&CS)])K2.<.1*Hc#41*-1)-*2+,9*-)42*4)

T&CS) K2.<.1*Hc#41*-1)-*2+,9*-)42*4)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

R<6B!B,2,8>M:+!

;1241*83) 41+! F8,2A>*H[-! +D2+()+)! C,0V+()! U788! F*>=7)+! 21+! )+-0*7C+)!
A:(027>(,872/W!C,-+)!>(!21+!R9Q!,()!9+*=70+!S+M7-2*/W!,88!F,*2-!>A!21+!
R<6B[-!B,2,8>M:+#!!

@*-1)B4-*-) 417-! *+I:7*+H+(2!U,-! 2+-2+)! C/! 21+! BBT$T;! 2+-2! 0,-+#! '821>:M1! 21+!
BBT$T;! 2+-2! 0,-+!U,-! -:00++)+)!,()! 21+!(+U!-+*=70+-! ,*+! 87-2+)W! (>!
F,*270:8,*! 0,F,C78727+-! U+*+! 7HF8+H+(2+)! 7(! R<6B! B,2,8>M:+! 2>!
F*>H>2+!>*!,)=+*27-+!21+H!-7(0+!217-!7-!08+,*8/!,!C:-7(+--!7--:+!21,2!
-1>:8)! C+! ,*0172+02+)! ,00>*)7(M! 2>! 21+! C:-7(+--! ,-F+02-! >A! 21+!
F*>):027>(!=+*-7>(!>A!R<6B!F8,2A>*H#!

&*-5>1) 417-!*+I:7*+H+(2!7-!0>(-7)+*+)!,-!F,*27,88/!,))*+--+)#!

!

@4A>*)OC?)T&GI)])$/1*2.:*24A,>,13)

T&GI) $/1*2.:*24A,>,13)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86] R(2+*F*7-+!9+*=70+!Q:-!,()!9+*=70+!S+M7-2*/!
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>*+*>)H*-,8/)

;1241*83) 92,(),*)!A>*H,2-!U788!1,=+!2>!C+!:-+)W!7(!>*)+*!2>!+(-:*+!21+!-H>>21!
0>HH:(70,27>(! C+2U++(! ,88! 0>HF>(+(2-W! 7(! >*)+*! 2>! A,07872,2+!
7(2+M*,27>(!7--:+-#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TEW! BBT$TJ! 2+-2! 0,-+-#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-!:-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)!,))*+--+)#! 62! 7-!H,7(8/!F*>=+)!
>(!21+!47*M:!.:*+-!F*>>A!>A!0>(0+F2!*+8,2+)!7HF8+H+(2,27>(-W!U1+(!
21+! -,H+! ,FF870,27>(! 1,)! 2>! C+! 0>(A7M:*+)! )7AA+*+(28/! 7(! >*)+*! 2>!
0>(-:H+!),2,!A*>H!)7AA+*+(2!F*>=7)+*-#!41+!R<6B!F8,2A>*H!A,07872,2+-!
21+! 2*,(-F>*2,27>(!>A! 21+!,FF870,27>(! A*>H!Q*:--+8-! 2>!S>H,(7,!,()!
21+! +,-7(+--! >A! *+0>(A7M:*,27>(W! F*>=7(M! 21+! 7(2+*>F+*,C7872/!
0,F,C78727+-! >A! 21+! F8,2A>*H#! .>*+>=+*W! 21+! 9H,*2! R(=7*>(H+(2!
7(2*>):0+)!,!(+U!A7*HU,*+!->!21,2!21+!R<6B!0,(!0>((+02!2>!)7AA+*+(2!
2+01(>8>M/!F*>=7)+*-!>A!-+(->*-#!!

'8->! 7(! 21+! I:+-27>((,7*+! *+-:82-! ^I:+-27>(-! $#NW! &#&W! &#N_! U+!
7)+(27A7+)! 21+! 7(2+*>F+*,C7872/! ,()! *+:-+! >A! -+*=70+-! ,*+! =+*/!
7HF>*2,(2! ,()! ,88>U! A>*! F,(TR:*>F+,(! )+87=+*/! >A! 21+! =,*7>:-!
g-H,*2h!,FF870,27>(-#!

!

@4A>*)OG?)T&GC)])d5>1,>4/8548*)-5::.21)

T&GC) d5>1,>4/8548*)-5::.21)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

@,2,C,-+!.,(,M+H+(2!9/-2+H!

<78>2!9+*=70+-!

;1241*83) 41+!F8,2A>*H!-1>:8)!+DF8>72!-+H,(270!,((>2,27>(!0,F,C78727+-W!C:2!21+!
-2*,2+M/!2>!,))*+--!217-!*+I:7*+H+(2!1,-!(>2!C++(!)+A7(+)!/+2#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TJW! BT;T;! 2+-2! 0,-+-#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! 62! 7-! H,7(8/!
,))*+--+)! 7(! 21+! 47*M:!.>*+-! -0+(,*7>W! U1+*+! 21+! -,H+! *+8>0,27>(!
,FF870,27>(!0,(!C+!>AA+*+)!7(!2U>!)7AA+*+(2!8,(M:,M+-!^S>H,(7,(!,()!
d:(M,*7,(_!,2! 21+!-,H+!F78>2!072/#!'8->W! 21+!9H,*2!R(=7*>(H+(2!1,)!
21+!>F27>(!2>!C+!2*,(-8,2+)!2>!21+!S>H,(7,(!8,(M:,M+W!7A!21+*+!U,-!,(!
+()!:-+*!A*>H!217-!0>:(2*/#!!

R=+(! 21>:M1! 217-! 7-! (>2! ,! A:(),H+(2,8! *+I:7*+H+(2W! I:+-27>((,7*+!
F,*2707F,(2-! ,M*++)! 21,2! 21+! F*>>A! >A! 0>(0+F2! 7-! ,! M>>)! +D,HF8+! >A!
0*>--TC>*)+*!0:-2>H7e,27>(!^I:+-27>(!&#L_#!



 EPIC – Deliverable   

D8.2 Evaluation Report 78! Version 1.0, 29/05/2013 

!

@4A>*)OJ?)T&GG)]);*<4/1,9)4//.141,./)=.2)W*A)-*2+,9*-)

T&GG) ;*<4/1,9)4//.141,./)=.2)W*A)-*2+,9*-!)

;*+*2,13) d*H,5<)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

]+C!9+*=70+!S+M7-2*/!,()!S+F>-72>*/!

;1241*83) 417-!7-!-:FF>*2+)!):*7(M!21+!)+-7M(!>A!21+!=,*7>:-!U+C!-+*=70+-#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TE! 2+-2! 0,-+#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-!:-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)!,))*+--+)#! 62! 7-!H,7(8/!F*>=+)!
7(! 21+! *+8>0,27>(! -0+(,*7>W! U1+*+! 21+! )+-0*7F27>(! >A! 21+! *+,8! +-2,2+!
F*>F+*27+-!U+*+!-+H,(270,88/!,((>2,2+)!->!,-!2>!C+!+,-78/!2*,(-8,2+)!
2>!21+!+()!:-+*[-!(,27=+!8,(M:,M+#!!

3>! -F+07A70! 0>HH+(2-! *+8,2+)! U721! 217-! *+I:7*+H+(2! 7(! 21+!
I:+-27>((,7*+-#!

!

@4A>*)OM?)T&GJ)])T**HA49V)

T&GJ) T**HA49V)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

@,2,C,-+!.,(,M+H+(2!9/-2+H!

<78>2!9+*=70+-!

;1241*83) R<6B[-! C,0V+()! U788! F*>=7)+! 21+! A:(027>(,872/! 21,2! ,88>U-! :-+*-! 2>!
*+0>*)! (>2+-! *+M,*)7(M! 21+7*! +DF+*7+(0+! U721! 21+! -:C-0*7C+)!
-+*=70+-W!,()!*+F>*2!,(/!F*>C8+H-%C:M-#!'88!:-+*!(>2+-!U788!C+!-2>*+)!
,2!21+!7(2+*(,8!F8,2A>*H[-!),2,C,-+#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBTGT$W! ORTGT$! 2+-2! 0,-+-#!
'821>:M1!21+!2+-2!0,-+-!BBTGT$!-:00++)+)!,()!21+!F8,2A>*H!)>!,88>U!
2>! 8>M! A++)C,0V! ,C>:2! 21+! +D7-27(M! -+*=70+-W! 21+! ORTGT$! )7)! (>2!
-:00++)W!,()!21+*+!7-!(>!-F+07A70!H+01,(7-H!A>*!21+!:-+*!7(2+*,027>(!
A>*!F*>=7)7(M!>*!,00+--7(M!217-!V7()!>A!7(A>*H,27>(#!

&*-5>1) 417-!*+I:7*+H+(2!7-!0>(-7)+*+)!F,*27,88/!,))*+--+)E)

41+! A++)C,0V! 7(! 21+! *+8,2+)! I:+-27>((,7*+! *+-F>(-+! ^I:+-27>(! $#G_!
U,-! 21,2! 72! U,-! F*+A+*,C8+! A>*! 21+! F78>2-! 2>! :-+! 21+7*! -F+07A70! >*!
+D2+*(,8! 2>>8-W! A>88>U7(M!21+! A,H787,*! A>*! 21+H!c7=7(M!c,C!F*>0+--+-#!
417-!*+I:7*+H+(2!1,)!H7(>*!7HF,02!A>*!21+!F78>2!>F+*,27>(-#!
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!

@4A>*)OO?)T&GM)]);141,-1,9-)\)'/4>31,9-)

T&GM) ;141,-1,9-)\)'/4>31,9-)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<8,2A>*H[-!+D2+()+)!C,0V+()!!

;1241*83) 417-!F8,2A>*H!0>HF>(+(2!U788!0>88+02!,88!-+*=70+!*+8,2+)!-2,27-270-W! 7(!
>*)+*! 2>! F*>=7)+! :-+A:8! 7(A>*H,27>(W! *+M,*)7(M! 21+! :-+*! F8,2A>*H!
7(2+*,027>(W! M7=+(! 21,2! 72! 7-! -:FF>*2+)! C/! 21+! F78>2! ,FF870,27>(#! 41+!
R<6B!F8,2A>*H!U788!F*>=7)+!M+(+*70!U+CT-+*=70+-!U1701!+,01!<78>2!0,(!
0,88!2>!*+0>*)!,!:-+*T7(2+*,027>(!U7217(!21+!@Q&!),2,-2>*+!1+8)!>(!21+!
R<6B!F8,2A>*H#!417-!U788!,88>U!*+0>*)7(M!>A!+=+(2-!-:01!,-!F,M+T8>,)W!
*+0>*)! :-+*! 7(727,2+)! +=+(2-! -:01! ,-! C:22>(! 0870V-! ,()! F*>=7)+! ,!
A,07872/! 2>!)7-F8,/! ,!)7,8>M:+!C>D! ,()! 0,F2:*+! 21+!F*>HF2!F8:-!:-+*!
*+-F>(-+#!417-!7-!0>=+*+)!U7217(!21+!:-+*T),2,!H,(,M+H+(2#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TEW! ORTGT$! 2+-2! 0,-+-#!
'821>:M1! 21+! R<6B! F8,2A>*H! >AA+*-! ,! ->F17-270,2+)! H+01,(7-H! A>*!
0>88+027(M! -2,27-270-! ,()! ,(,8/270-W! C,-+)! H,7(8/! >(! 21+! -2*+(M21! >A!
6Q.[-!9H,*2!B8>:)!+(=7*>(H+(2!,()!21+!+D2+()+)!0,F,C78727+-!>A!21+!
5-+*! .,(,M+H+(2! C,0V+()! 0>HF>(+(2W! 21+*+! 7-! (>! -F+07A70! F>*28+2!
A>*!,00+--7(M!217-!7(A>*H,27>(#!

&*-5>1) 417-! *+I:7*+H+(2! U,-! U+88! +DF8>72+)! C/! 21+! 072/! ,)H7(7-2*,2>*-! >A!
Q*:--+8-W! U1>! 0,(! F*>):0+! H+,(7(MA:8! 0>(08:-7>(-! *+M,*)7(M! 21+!
0727e+(-! 1,C72-! ,()! F*+A+*+(0+-#! '8->W! 72! U,-! >(+! >A! 21+! 0>*+!
A:(027>(,8727+-!>A!21+!9H,*2!R(=7*>(H+(2!-0+(,*7>#!!

!

@4A>*)OP?)T&GO)])B>*4/)5:)4>>)5-*2)6,-1.23)

T&GO) B>*4/)5:)4>>)5-*2)6,-1.23)W6*/)16*)5-*2)5/2*8,-1*2-)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

@,2,C,-+!.,(,M+H+(2!9/-2+H!

;1241*83) R<6B[-!),2,C,-+!U788! +(-:*+! 21,2! 21+!:-+*!F+*->(,8! 7(A>*H,27>(!U788!
C+!)+0>:F8+)!A*>H!21+!:-+*[-!17-2>*/!,()!8>M-!21,2!U788!C+!,00+--7C8+!
21*>:M1!21+!+D2+()+)!C,0V+()#!417-!U788!:-+!21+!:-+*T),2,!-2*:02:*+-!
)+A7(+)!7(!]<G#&#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TE! 2+-2! 0,-+! U1701! U,-!
-:00+--A:8#!
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&*-5>1) 417-!:-+*!*+I:7*+H+(2!7-!0>(-7)+*+)!,))*+--+)#!

!

@4A>*)ON?)T&GP)])!414A4-*)-5::.21,/8)H,==*2*/1):,>.1)4::>,941,./)/**H-)

T&GP) !414A4-*)-5::.21,/8)H,==*2*/1):,>.1)4::>,941,./)/**H-)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

@,2,C,-+!.,(,M+H+(2!9/-2+H!

;1241*83) 41+!:-+*T),2,!H,(,M+H+(2!-2*:02:*+!U1701!U788!C+! 7HF8+H+(2+)! 7(!
@Q&!U788! ,88>U! +,01! <78>2! 2>! )+A7(+! F78>2T-F+07A70! ),2,! 2/F+-! ,()! 2>!
1>8)!F78>2T-F+07A70! 7(A>*H,27>(!,C>:2!:-+*-#!41+!),2,!-2*:02:*+-!U788!
,8->!F+*H72!F78>2T-F+07A70!*>8+-!2>!C+!0*+,2+)!A>*!:-+*-#!41+-+!U788!C+!
,00+--+)!C/!<78>2-!:-7(M!M+(+*70!U+CT-+*=70+-#!

R,01! <78>2! U788! C+! *+-F>(-7C8+! A>*! 0*+,27(M! F78>2T:-+*! ,00>:(2-! ,()!
,))7(M! +870727(M! *+I:7*+)! ),2,! A*>H! :-+*-! ,-! F,*2! >A! 21+! -7M(T:F!
F*>0+--#!5-+*b7(2+*,027>(!U721!F78>2-!U788!*+I:7*+!0,88-!2>!21+!M+(+*70!
U+CT-+*=70+-!2>!C+!F8,0+)!,2!,FF*>F*7,2+!F>7(2-!7(!21+!F>*28+2!>*!,FF#!

41+! )+87=+*/! >A! +D2+()+)! :-+*! A++)C,0V! -:*=+/-! H,/! C+! )7AA70:82!
:-7(M! 217-! ,FF*>,01! ,()! ,82+*(,27=+-! H,/! C+! *+I:7*+)W! F*>C,C8/!
>:2-7)+!>A!21+!R<6B!F8,2A>*H#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT&T$W! ORT&T;! 2+-2! 0,-+-#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-!:-+*!*+I:7*+H+(2!7-!0>(-7)+*+)!,))*+--+)#!62!7-!H,7(8/!0>=+*+)!
C/! 21+!9H,*2!R(=7*>(H+(2! -0+(,*7>W!U1+*+! 21+!.'B!,))*+--!>A! 21+!
+()!:-+*-[!-+(->*-!1,)!2>!C+!-2>*+)#!!

'8->!C,-+)!>(!21+!I:+-27>((,7*+!*+-:82-!^I:+-27>(-!&#&W!&#GW!&#LW!&#N_!
21+! ),2,! H,(,M+H+(2! ,()! ,-F+02-! U+*+! ,8->! 0>(-7)+*+)! >A! H,a>*!
7HF>*2,(0+! ,()! 21+! A++)C,0V! A>*! 21+! F8,2A>*H! 0,F,C78727+-! >(! 217-!
U,-!F>-727=+#!!

!

@4A>*)OS?)XTC)])Q-4A,>,13)

XTC) Q-4A,>,13)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

;1241*83) 41+! )+=+8>F+*-! -1>:8)! C+! 7(! 0>88,C>*,27>(! U721! 21+! +()T:-+*-! 2>!
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+(-:*+!21+!:-,C7872/!>A!21+!F8,2A>*H#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TL! 2+-2! 0,-+#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)! 1>U+=+*l! 21+!
A++)C,0V! A*>H! 21+! I:+-27>((,7*+-! ^I:+-27>(-! $#;W! $#JW! &#;W! &#G_!
7()70,2+-! 21,2!U178+! 21+! ,)H7(7-2*,27=+! X56-! ,*+! -,27-A/7(MW! 21+*+! 7-!
-F,0+! A>*! 7HF*>=+H+(2-W! H,7(8/! H>)+*(7e,27>(W! A>*! 21+! +()! :-+*-!
7(2+*A,0+#!

!

@4A>*)OF?)XTG)])K2,+493)K2.1*91,./)

XTG) K2,+493)K2.1*91,./)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

O+)+*,2+)!6)+(272/!.,(,M+*!

;1241*83) 41+! F8,2A>*H! U788! C+! )+=+8>F+)! 0>(-7)+*7(M! 21+! 8,2+-2! -+0:*72/!
-2,(),*)-#!41+!,8M>*721H-!21,2!U788!C+!:-+)!-1>:8)!C+!0+*27A7+)#!

41+! A7*-2!,FF*>,01! 7-! 2>!H7(7H7e+! 21+!,H>:(2!>A!F+*->(,8!),2,!1+8)!
>(! 21+! F8,2A>*H! 21*>:M1! 0,*+A:8! )+-7M(#! '2! H7(7H:H! ,! :-+*! H:-2!
F*>=7)+! >(8/! ,(! +H,78! ,))*+--! U1+(! *+M7-2+*7(M! 2>! C+! ,(! R<6B!
F8,2A>*H!:-+*W!,821>:M1!F78>2-!0,(!*+I:+-2!,))727>(,8!),2,!U1+*+!217-!
7-!*+I:7*+)!2>!+(-:*+!A:(027>(,872/!>A!21+!F78>2#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBTET$! 2+-2! 0,-+! ,()! U,-!
-:00+--A:8#!!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! '! :-,M+! +D,HF8+!
U,-! 7(! 21+! 9H,*2! R(=7*>(H+(2! -0+(,*7>! U1+*+! 21+! C:78)7(M!
7)+(27A70,27>(!,()! 8>0,27>(!1,)! 2>!C+!,(>(/H>:-! 7(!>*)+*! 2>!+(-:*+!
21+!F*7=,0/!>A!217-!-+(-727=+!),2,#!

O7(,88/W! 7(!21+!I:+-27>((,7*+-!(>2!F*7=,0/!7--:+-!1,=+!C++(!*+F>*2+)!
A*>H!21+!F,*2707F,(2-#!

!

@4A>*)PI?)XTJ)]);*952,13)

XTJ) ;*952,13)h)25>*]A4-*H)4516*/1,941,./)4/H)4516.2,Y41,./)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!
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O+)+*,2+)!6)+(272/!.,(,M+*!

;1241*83) 417-!7-!-:FF>*2+)!(,27=+8/!C/!21+!F8,2A>*H#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBTET$W! BBTET&! 2+-2! 0,-+-#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-!:-+*!*+I:7*+H+(2!7-!0>(-7)+*+)!,))*+--+)#!

62! -1>:8)! C+! (>2+)! 21,2! -+0:*72/! 7-! =+*/! 7HF>*2,(2! A>*! ,88! U+C!
,FF870,27>(-W!,-!,8->!17M187M12+)!7(!21+!I:+-27>((,7*+-!^I:+-27>(!&#K_#!
d>U+=+*W! 21+! 8>U! -+=+*72/! 1+*+! 7()70,2+-! 21,2! 72! U,-! U7217(! 21+!
F*>a+02[-! )+=+8>FH+(2! F*>0+--+-! 21+! F*7H,*/! A>0:-! >A! 21+! F8,2A>*H!
,()!>AA!21+!-1+8=+!->8:27>(-!1,=+!C++(!7HF8+H+(2+)#!

!

@4A>*)PC?)XTM)]);5::.21)=.2)<.A,>*)H*+,9*-)

XTM) ;5::.21)=.2)<.A,>*)H*+,9*-)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

<78>2!9+*=70+-!

;1241*83) '!H>C78+! ,FF870,27>(!U788! C+! C:782! 2>! -:FF>*2! 21+! *+8>0,27>(! -+*=70+!
-0+(,*7>#!41+!,FF870,27>(!U788!C+!,=,78,C8+!>(!7P9!,-!U+88!,-!'()*>7)!
-H,*2F1>(+-!,()!7(2+*A,0+!U721!21+!R<6B!A*>(2T+()!=7,!U+C!-+*=70+-#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TL! 2+-2! 0,-+! U1701! U,-!
-:00+--A:8#!

&*-5>1) 417-!:-+*!*+I:7*+H+(2!7-!0>(-7)+*+)!,))*+--+)#!!

!

@4A>*)PG?)XTO)])'112491,+*)H*-,8/).=)"K$B)W*A):.214>)4/H):,>.1)4::>,941,./-)

XTO) '112491,+*)H*-,8/).=)"K$B)W*A):.214>)4/H):,>.1)4::>,941,./-)

;*+*2,13) d*H,5<)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

<78>2!9+*=70+-!

;1241*83) 9>H+!7(2+*,027>(-!C+2U++(!21+!U+C!F>*2,8!)+=+8>FH+(2!2+,H!,()!,!
2,*M+2! M*>:F! >A! +()! :-+*-! U788! +(-:*+! 21+! ,22*,027=+! )+-7M(! >A! 21+!
R<6B!U+C!F>*2,8#!
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@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TL! 2+-2! 0,-+! U1701! U,-!
-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! d>U+=+*! 7(! 21+!
I:+-27>((,7*+!*+-:82-!^I:+-27>(-!$#;W!$#J_!U+!-++!21,2!,!H>*+!H>)+*(!
)+-7M(!U,-!+DF+02+)W! ->H+217(M! 21,2! -1>:8)!C+!,))*+--+)! 7(! A:2:*+!
=+*-7>(-! >A! 21+! ,FF870,27>(! ,()! F78>2! +8+H+(2-! 7(! >*)+*! 2>! *+,01! ,!
C*>,)+*!,:)7+(0+!,()!7(0*+,-+!21+!:-+*!+(M,M+H+(2#!!

!

@4A>*)PJ?)XTP)])0,86)4+4,>4A,>,13)

XTP) 0,86)4+4,>4A,>,13)

;*+*2,13) d*H,5<)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

R<6B!<8,2A>*H!

;1241*83) 41+! )+=+8>F+*-! -1>:8)! 7HF8+H+(2! 21+! F8,2A>*H! 7(! >*)+*! 2>! -+*=+!
H>*+!21,(!E""!:-+*-#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TK! 2+-2! 0,-+! U1701! U,-!
-:00+--A:8#!

&*-5>1) 417-!:-+*!*+I:7*+H+(2!7-!0>(-7)+*+)!,))*+--+)#!62!7-!H,7(8/!2+-2+)!C/!
21+! 9H,*2! R(=7*>(H+(2! -0+(,*7>! U1+*+! ,! 8>2! >A! +AA>*2! U,-! -F+(2!
2*/7(M!2>!+(-:*+!21,2!21+!,FF870,27>(!U788!A:(027>(!+=+(!,A2+*!F+*7>)-!
>A! 8>0,8! 8>--! >A! 0>((+027=72/#! '8->! 21+! F+*A>*H,(0+! >A! ,88! >21+*!
F8,2A>*H!,()!,FF870,27>(!-+*=70+-!U,-!-,27-A/7(M#!!

O*>H!21+!I:+-27>((,7*+!*+-:82-!^&#J_!U+!>C-+*=+)!F>-727=+!A++)C,0V#!

!

@4A>*)PM?)&&;C)])d5>1,]B5>1524>)!*-92,:1,./).=)16*)&*4>)"-141*)K2.:*21,*-)

&&;C) d5>1,]B5>1524>)!*-92,:1,./).=)16*)&*4>)"-141*)K2.:*21,*-!)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

T!

;1241*83) T!

@*-1)B4-*-) T!

&*-5>1) 417-! *+I:7*+H+(2!U,-! (>2! 2+-2+)! C/! ,! 2+-2! 0,-+! 7(! 21+! -0>F+! >A! 21+!
R<6B! F*>a+02#! 62! U,-! )+07)+)! 2>! C+! >A! 8>U+-2! F*7>*72/! ,()! (>! F78>2!
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-0+(,*7>!,)>F2+)!72#!!

41+*+A>*+!217-!*+I:7*+H+(2!U,-!(>2!,))*+--+)!1>U+=+*!0*>--!C>*)+*!
0:-2>H7e,27>(!7-!>AA+*+)!C/!21+!F*>a+02#!

3>! 7--:+! *+M,*)7(M! 217-! *+I:7*+H+(2! U,-! *,7-+)! A*>H! 21+!
I:+-27>((,7*+!F,*2707F,(2-#!!!

!

@4A>*)PO?)&&;G)])i$;cd4:)=.2)-6.W,/8):.,/1-).=),/1*2*-1)

&&;G) i$;cd4:) =.2) -6.W,/8) :.,/1-) .=) ,/1*2*-1a) 2*4>) *-141*) :2.:*21,*-a)
*19E)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

<78>2!-+*=70+-!

;1241*83) <*>F+*27+-!,()!-:**>:()7(M!F>7(2-T>AT7(2+*+-2!,*+!-1>U(!>(!,!X>>M8+!
.,F-! F8:M7(W! 7(2+*01,(M+,C8+! A>*! ,(>21+*! H,F! F8:M7(! -1>:8)! 21+!
(++)!,*7-+#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! ORT;T$! 2+-2! 0,-+! U1701! U,-!
-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! 62! 7-! -1>U(! ,2! 21+!
*+8>0,27>(!,FF870,27>(#!

3>!*+A+*+(0+!>(!217-!7--:+!A*>H!21+!I:+-27>((,7*+!F,*2707F,(2-#!!

!

@4A>*)PP?)&&;J)])&*496)4-)<4/3)-<421):6./*):>41=.2<-)4-):.--,A>*)

&&;J) &*496)4-)<4/3)-<421):6./*):>41=.2<-)4-):.--,A>*)4/H)<,/,<,Y*)
-.=1W42*)H*+*>.:<*/1)*==.21!)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<78>2!9+*=70+-!

;1241*83) '!0*>--TF8,2A>*H!)+=+8>FH+(2! A*,H+U>*V! 7-!:-+)#!417-!,88>U-! A>*!,!
-7(M8+! 0>)+C,-+! 2>! C+! 0>HF78+)! A>*! H:827F8+! H>C78+! F8,2A>*H-!
^'()*>7)!,()!7P9_!U721!H7(7H:H!+AA>*2#!!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TLW! ORT;T$! 2+-2! 0,-+-#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! 41+! H>C78+!
*+8>0,27>(! ,FF870,27>(! 1,-! C++(! )+=+8>F+)! :-7(M! A*,H+U>*V-!
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0>HF,27C8+!U721!7P9W!'()*>7)!,()!Q8,0VC+**/!)+=70+-#!

3>!*+A+*+(0+!>(!217-!7--:+!A*>H!21+!I:+-27>((,7*+!F,*2707F,(2-#!

!

@4A>*)PN?)&QKC)])i$;)

&QKC) i$;)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

;1241*83) 41+!F8,2A>*H!-1>:8)!H,V+!:-+!>A!0>HH>(!-2,(),*)-#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! ORT;T$! 2+-2! 0,-+W! U1701! U,-!
-:00+--A:8#!

&*-5>1) 417-!:-+*!*+I:7*+H+(2!7-!0>(-7)+*+)!,))*+--+)#!62!1,-!C++(!F*>=+)!,2!
21+!5*C,(!<8,((7(M!-0+(,*7>#!

3>! *+A+*+(0+! >(! 217-! *+I:7*+H+(2! A*>H! 21+! I:+-27>((,7*+!
F,*2707F,(2-#!

!

@4A>*)PS?)&QKG)])K*2=.2<4/9*).=)4296,1*9152*)

&QKG) K*2=.2<4/9*).=)4296,1*9152*)

;*+*2,13) 0,86)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

R<6B!<8,2A>*H!

;1241*83) 41+! F8,2A>*H! -1>:8)! F*>=7)+! -H,88! -7e+! >Ca+02-! 7(! >*)+*! 2>! +(-:*+!
17M1! F+*A>*H,(0+! U1+(! 0>H+-! 2>! H>C78+! )+=70+-! 21,2! (++)! 2>!
0>(-:H+!*+,8!27H+!),2,!A++)-#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$TK! 2+-2! 0,-+#! '88!
,A>*+H+(27>(+)!:-+!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! 41+! H>C78+!
*+8>0,27>(! ,FF870,27>(! H,V+-! +-F+07,88/! :-+! >A! SR94%j9P3!
2+01(>8>M7+-! 2>! H7(7H7e+! 21+! 0>HH:(70,27>(! >=+*1+,)! ->! ,-! 2>!
,017+=+!H7(7H,8!)+8,/-#!.>*+>=+*W! 21+!9H,*2!R(=7*>(H+(2!-0+(,*7>!
H,V+-! :-+! >A! 1:M+! ,H>:(2! >A! 0>(27(:>:-! ),2,W! 0>H7(M! A*>H! 21+!
-+(->*-!,()!C+7(M!,MM*+M,2+)!7(2>!21+!F78>2!,FF870,27>(#!

P(+!7HF>*2,(2!*+H,*V!A*>H!21+!I:+-27>((,7*+!F,*2707F,(2-!^I:+-27>(!
&#J_! U,-! 21,2! 21+! U>*V8>,)! )+F+()-! 8,*M+8/! >(! 21+! 2/F+! >A!
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,FF870,27>(!,()!72-!:-+!C/!+()T:-+*-#!

!

@4A>*)PF?)&;"C)])!.<*-1,9)"/*283)d./,1.2,/8)

&;"C) !.<*-1,9)"/*283)d./,1.2,/8)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

R<6B!<8,2A>*H!

<78>2!9+*=70+-!

;1241*83) 41+!F78>2!U788!F*>=7)+!21,2!*+-F+027=+!-+*=70+-!21,2!U788!C+!)+F8>/+)!
>(!21+!F8,2A>*H#!

@*-1)B4-*-) 41+*+!7-!(>!-F+07A70!2+-2!0,-+!A>*!217-!*+I:7*+H+(2#!417-!*+I:7*+H+(2!
7-! 08>-+! *+8,2+)! 2>! 21+! 9H,*2! R(=7*>(H+(2! ,FF870,27>(#! 41+7*! A7(,8!
)+A7(727>(!U,-!)+8,/+)!):+!2>!21+!U721)*,U,8!>A!d78)+C*,()!A*>H!21+!
F*>a+02#!@:+! 2>! 217-W! (>! 2+-2! 0,-+!U,-! )+A7(+)! ,2! 21+! 27H+!U1+(! 21+!
@L#$!)>0:H+(2!U,-!)+87=+*+)#!

&*-5>1) 417-! *+I:7*+H+(2! 7-! 0>(-7)+*+)!,))*+--+)#!41+!9H,*2!R(=7*>(H+(2!
-0+(,*7>!H,(,M+)!2>!H>(72>*!)>H+-270!+(+*M/!),2,!A++)-W!C+7(M!,C8+!
2>! :-+! ),2,! A++)-! 0>H7(M! A*>H! -+(->*-! F*>=7)+)! C/! ,! =,*7+2/! >A!
2+01(>8>M/!F*>=7)+*-!):+!2>!,!0>HH>(!A7*HU,*+#!

3>! *+A+*+(0+! >(! 217-! *+I:7*+H+(2! A*>H! 21+! I:+-27>((,7*+!
F,*2707F,(2-#!

!

@4A>*)NI?)&;"J)])"D4<,/*).+*24>>)6.5-*6.>H)*/*283)5-48*)

&;"J) "D4<,/*).+*24>>)6.5-*6.>H)*/*283)5-48*!)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

<>*2,8!,()!O>*H-!9+*=+*!

O+)+*,2+)!6)+(272/!.,(,M+*!

;1241*83) 41+!F78>2!U788!F*>=7)+!21,2!*+-F+027=+!-+*=70+-!21,2!U788!C+!)+F8>/+)!
>(!21+!F8,2A>*H#!

@*-1)B4-*-) 41+*+!7-!(>!-F+07A70!2+-2!0,-+!A>*!217-!*+I:7*+H+(2#!417-!*+I:7*+H+(2!
7-! 08>-+! *+8,2+)! 2>! 21+! 9H,*2! R(=7*>(H+(2! ,FF870,27>(#! 41+7*! A7(,8!
)+A7(727>(!U,-!)+8,/+)!):+!2>!21+!U721)*,U,8!>A!d78)+C*,()!A*>H!21+!
F*>a+02#!@:+! 2>! 217-W! (>! 2+-2! 0,-+!U,-! )+A7(+)! ,2! 21+! 27H+!U1+(! 21+!
@L#$!)>0:H+(2!U,-!)+87=+*+)#!

&*-5>1) 417-! *+I:7*+H+(2! 7-! 0>(-7)+*+)!,))*+--+)#!41+!9H,*2!R(=7*>(H+(2!
-0+(,*7>!H,(,M+)!2>!,MM*+M,2+!),2,!A++)-!0>H7(M!A*>H!)7AA+*+(2!),2,!
F*>=7)+*-! ^+()!:-+*-_! ,()!F*+-+(2-! 21+H! 7(! ,! M*,F170,8! ),-1C>,*)#!
41+!H,7(!>Ca+027=+!>A!217-!-0+(,*7>!7-!2>!+D,H7(+!,()!:()+*-2,()!21+!
+(+*M/! 0>(-:HF27>(! 7(! >*)+*! 2>! 7)+(27A/! U,/-! 2>! *+):0+! 72W! *,21+*!
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21,(!A7()!U,/-!2>!C788!72#!!

3>! *+A+*+(0+! >(! 217-! *+I:7*+H+(2! A*>H! 21+! I:+-27>((,7*+!
F,*2707F,(2-#!

!

@4A>*)NC?)!"C)])'::>,941,./)!*+*>.:<*/1)

!"C) '::>,941,./)!*+*>.:<*/1)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

T!

;1241*83) X+(+*,8!-0>F+!6@R!21,2!*+87+-!>(!U+88TV(>U(!F*>M*,HH7(M!8,(M:,M+-!
,()!H,V+!:-+!>A!0>HH>(8/!,00+F2+)!A>*H,2-!,()!-F+07A70,27>(-!H:-2!
C+!:-+)! 7(!>*)+*! 2>! A,07872,2+! 21+!)+=+8>FH+(2!>A! ,! (+U!,FF870,27>(!
:-7(M!R<6B[-!F*>=7)+)!2>>8-#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! BBT$T$W! @RT$T$! 2+-2! 0,-+-#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-!:-+*!*+I:7*+H+(2!7-!0>(-7)+*+)!,))*+--+)#!

!

@4A>*)NG?)!"M)])'::>,941,./)'H4:1*2-)

!"M) '::>,941,./)'H4:1*2-)

;*+*2,13) #.W)

d4196,/8) ./) 6,86]
>*+*>)H*-,8/)

T!

;1241*83) RD2+*(,8! ,),F2+*-!H:-2! 0>=+*! 21+!H,a>*72/! >A! +D2+*(,8! ,FF870,27>(-!
21,2!,*+!(++)+)!7(!,=+*,M+!,FF870,27>(!^7#+#!),2,C,-+-_#!

@*-1)B4-*-) 417-! *+I:7*+H+(2! U,-! 2+-2+)! C/! 21+! @RT$T&! 2+-2! 0,-+#! '88!
,A>*+H+(27>(+)!2+-2!0,-+-!U+*+!-:00+--A:8#!

&*-5>1) 417-! :-+*! *+I:7*+H+(2! 7-! 0>(-7)+*+)! ,))*+--+)#! 417-! U,-! ,8->!
17M187M12+)!7(!21+!I:+-27>((,7*+!*+-F>(-+-!^I:+-27>(!&#$W!&#&_!,-!>(+!
>A! 21+! F*>a+02! ,)=,(2,M+-! 7(! 0,-+-! U1+*+! ,00+--! 2>! +D2+*(,8! ),2,!
*+->:*0+-!7-!*+I:7*+)#!

!
!



   

7.2 Requirements Traceability Results 
!"##"$%&'()*+(,&,#-.%.("/(+,0*(1+23%1+4+&)(%&()*+(51+6%"3.(.+0)%"&($+(.344,1%7+("31(/%&8%&'.(%&()*+(/"##"$%&'(1+23%1+4+&).(
)1,0+,9%#%)-(4,)1%:;(<&()*+(=->(,:%.?()*+(/3##(#%.)("/()*+(3.+1(1+23%1+4+&).(%.(51+.+&)+8?(,.(8+/%&+8(%&()*+(1+#+6,&)(@A;B(8"034+&);(
C*+&?()*+(=:>(,:%.(51+.+&).()*+(0"11+#,)%"&(9+)$++&()*+4(,&8()*+(%D()*+("3)0"4+.("/()*+()+.)(0,.+.(,.(8+.01%9+8(%&(.+0)%"&(B?(%%D(
)*+("3)0"4+.("/()*+(23+.)%"&&,%1+.(,.(8+.01%9+8(%&(.+0)%"&(A?(,&8(%%%D()*+(1+#+6,&)(5%#")(,55#%0,)%"&(.0+&,1%".()*,)(4,E+(3.+(,&8(
6,#%8,)+.( +,0*( 1+23%1+4+&);( C*+( 5315#+8( 0"#"31+8( #%&+.( %&8%0,)+( 1+23%1+4+&).( )*,)( $+1+( /%&,##-( ,881+..+8( 9-( )*+( FG<H(
5#,)/"14?($*%#+()*+(9#3+(0"#"31+8(#%&+.(%&8%0,)+(1+23%1+4+&).()*,)($+1+(5,1)%,##-(,881+..+8(9-()*+(5#,)/"14;(

!"#$%&'()&*%+,-.%/%012&!."3%"#-$-14&5"1.-6&

!"#$%&"'"()* +",)*-.,",* /$",)%0((.%&"* 1%20)*+",)%(3*!",$2),*
45* 6.'"* 7$88",,9$2* :.%2";* * !"208.)%0(* <&=.(*

12.((%(3*
7'.&)*

>(?%&0('"()*
!"#$ $%&''&($)&*+,-./+0$1&)2.*$/+)3+)$$ %%,#,#4$%%,#,54$%%,5,64$!7,6,6$ $ I;J?(A;I?(A;B( 8$ 8$ 8$
!"6$ $"+9:/2).2:&($&;$.$/+)3:<+$$ %%,#,#4$%%,#,64$!7,6,#$ $ 6=>$ 8$ $ $
!"?$ $"+9:/2).2:&($&;$.$/2.@+A&*0+)$$ %%,#,?4$%%,#,5$ $ 6=?$ 8$ 8$ 8$
!">$ $BC-/<):12:&($2&$.$D+-$/+)3:<+$$ %%,#,64$!7,#,6?$ $ 6=E$ 8$ $ $
!"5$ $!+0+).2+0$/:(9*+$/:9($ %%,#,54$%%,5,?4$!7,#,#$ $ I;K?(I;J?(A;K( 8$ 8$ 8$
!"F$ $B+.)<A$;&)$.$D+-$/+)3:<+$$ %%,#,?$ $ $ 8$ 8$ $
!"G$ $H.(.9+$C/+)$.<<+//$):9A2/$$ %%,#,54$%%,5,64$!7,6,6$ $ 6=G$ 8$ 8$ 8$
!"I$ $J&//:-:*:2K$2&$(+9&2:.2+$BLM/$DA+($

(++0+0$$$
$ $ I;L?(I;M( $ $ $

!"E$ $N+-$/+)3:<+$+(.-*+)/$$ %%,6,6$ $ A;A( 8$ 8$ $
!"#O$ $P:'+$Q&(+$.(0$'C*2:<C))+(<K$

/C11&)2$$$
$ %%,?,#4$

%%,?,6$
6=I$ $ $ $

!"##$ $"&*+,-./+0$C/+)$:(2+);.<+$$ %%,#,54$%%,5,6$ $ I;K?(I;N?(I;J( 8$ 8$ 8$
!"#6$ $M0':(:/2).2:&($:(2+);.<+$$ %%,#,64$%%,#,54$%%,5,64$!7,#,#4$ $ 6=#$ $ $ $
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!7,#,64$!7,6,6$
!"#?$ $"+9:/2).2:&($J.9+$$ %%,#,54$%%,5,64$!7,#,#4$!7,#,6$ $ I;A?(I;J?(A;K( $ $ $
!"#>$ $B+)3:<+$)+9:/2).2:&($/<)++($$ %%,#,64$!7,#,6$ $ A;I?(A;B( $ $ $
!"#5$ $J+)/&(.*$B1.<+$$ %%,#,54$!7,#,6$ $ $ $ $ 8$
!"#F$ $M03.(<+0$/+.)<A$;&)$/+)3:<+/$$ %%,#,?$ $ $ $ $ $
!"#G$ $R&2:;:<.2:&($L:/2$$ %%,#,5$ !7,>,6$ $ $ $ $
!"#I$ $J)&'&2+0SL.2+/2$/+)3:<+/$.)+.$$ %%,#,?$ $ $ $ $ $
!"6O$ $T(2+)&1+).-:*:2K$$ %%,#,54$%%,#,F$ $ I;M?(A;A?(A;M( 8$ 8$ 8$
!"6#$ $HC*2:*.(9C.9+$/C11&)2$$ %%,#,F4$%%,?,?$ $ A;L( 8$ $ 8$
!"66$ $B+'.(2:<$.((&2.2:&($;&)$NB$$$ %%,#,5$ $ $ 8$ $ $
!"6?$ $!++0-.<@$$ %%,>,#$ !7,>,#$ #=>$ $ $ 8$
!"6>$ $B2.2:/2:</$U$M(.*K2:</$$ %%,#,5$ $ $ 8$ $ 8$
!"65$ $%*+.($C1$.**$C/+)$A:/2&)K$$ %%,#,5$ $ $ $ $ $
!"6F$ $V.2.-./+$/C11&)2:(9$0:;;+)+(2$

1:*&2$.11*:<.2:&($(++0/$$
%%,6,#4$!7,6,?$ $ A;A?(A;B?(A;L?(

A;M(
8$ $ 8$

R!#$ $W/.-:*:2K$$ %%,#,I$ $ I;K?(I;N?(A;K?(
A;B(

$ 8$ $

R!6$ $J):3.<K$J)&2+<2:&($$ %%,5,#$ $ $ 8$ $ 8$
R!?$ $B+<C):2K$$$ %%,5,#4$%%,5,6$ $ 6=G$ 8$ $ $
R!>$ $BC11&)2$;&)$'&-:*+$0+3:<+/$$ %%,#,I$ $ $ 8$ 8$ $
R!5$ $M22).<2:3+$0+/:9($&;$7JT%$D+-$

1&)2.*$.(0$1:*&2$.11*:<.2:&(/$$
%%,#,I$ $ I;K?(I;N( 8$ 8$ 8$

R!F$ $X:9A$.3.:*.-:*:2K$$ %%,#,G$ $ 6=F$ 8$ $ 8$
""B#$ $HC*2:,%C*2C).*$V+/<):12:&($$ $ $ $ 8$ $ $
""B6$ $YTBSH.1$;&)$/A&D:(9$1&:(2/$&;$

:(2+)+/2$$
!7,?,#$ $ $ Z$ 8$ $

""B?$ $"+.<A$./$'.(K$/'.)2$1A&(+$
1*.2;&)'/$./$1&//:-*+$$

%%,#,I4$!7,?,#$ $ $ 8$ 8$ $
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"WJ#$ $YTB$$ !7,?,#$ $ $ $ 8$ $
"WJ6$ $J+);&)'.(<+$&;$.)<A:2+<2C)+$$ %%,#,G$ $ 6=F$ 8$ $ 8$
"B7#$ V&'+/2:<$7(+)9K$H&(:2&):(9$ $ $ $ $ $ 8$
"B7?$ 7[.':(+$&3+).**$A&C/+A&*0$+(+)9K$

C/.9+$
$ $ $ $ $ $

8$
V7#$ $M11*:<.2:&($V+3+*&1'+(2$$ %%,#,#4$V7,#,#$ $ $ $ $ 8$
V7>$ $M11*:<.2:&($M0.12+)/$$ V7,#,6$ $ A;I?(A;A( $ $ 8$



   
!"#$% &'(% )*#+(% &"),()*-.-&/% $)&"-01% &'(% 2345% 6.)&7#"$% ,)8% *(% ,#89-:("(:% )9% )%
9;,,(99%#8(1%)9%-&%')9%,#+("(:%)..%$)-8%;9("%"(<;-"($(8&9=%48%&'(%7#..#>-8?%:-)?")$%
>(%'-?'.-?'&%&'(%6(",(8&)?(%#7%)..%9;,,((:%"(<;-"($(8&9%,#$6)"(:%&#%&'(%#8(9%&')&%
>)9%6)"&-)../%9;,,((:%)8:%8#&%)::"(99(:%)&%)..=%

%
!"#$%&'()'*+,-'+%./&01'2&3$"%&4&516'2&6$716'

%
2&3$"%&4&516'+8%1"8779':;;%&66&;'<!2=>?'!2=(?'!2@AB'
@9%-&% -9%$(8&-#8(:%7"#$%&'(%6"(+-#;9%:-)?")$1%&'("(%)"(%9#$(%$-8#"%"(<;-"($(8&9%
&')&% >("(% 6)"&-)../% )::"(99(:=% A'(% ,#"(% 7;8,&-#8).-&-(9% '#>(+("% #7% &'(% 2345% )"(%
)."():/% -$6.($(8&(:% )8:% &'(% 6.)&7#"$% (77(,&-+(./% 6"#+-:(9% &'($=% A'-9% >)9% ).9#%
+).-:)&(:%*/%&'(%7((:*),B%&')&%>)9%"(,(-+(:%7"#$%&'(%-8&("8).%<;(9&-#88)-"(9%)9%8#%
*.#,B-8?% -99;(9% >("(% -:(8&-7-(:=% A'(% 6)"&-)../% )::"(99(:% "(<;-"($(8&% !CDE% )8:%
!CDF% G6"#$#&(:% 9("+-,(9% )8:% 8#&-7-,)&-#89% #8% 9("+-,(% ;9(H% '):% 8#% +).;(% 7#"% &'(%
(06("-$(8&).%;9(%#7%&'(%6.)&7#"$%>-&'-8%&'(%6"#I(,&%)8:%&'(%,#89#"&-;$%7#,;9(:%#8%
&'(% 7;8:)$(8&).% )96(,&9=% J#>(+("1% -&% 9'#;.:% *(% 8#&(:% &')&% &'(% ;8:("./-8?% )8:%
9;66#"&-8?%6.)&7#"$%9("+-,(9%7#"%&'(9(%"(<;-"($(8&9%)"(%-8%6.),(%)9%6)"&%#7%&'(%2345%
5)&).#?;(1%9-8,(%&'(/%)"(%).9#%;9(:%&#%7;.7-.%#&'("%"(<;-"($(8&9=%C(?)":-8?%!CKL%7#"%
)%7((:*),B%9/9&($1%>(%:(,-:(:%&#%7#..#>%&'(%>(..M(9&)*.-9'(:%6"#,(99(9%)8:%&##.9%#7%
&'(%.-+-8?%.)*9%-89&():%#7%-$6.($(8&-8?%7()&;"(9%>'#9(%+).;(%7#"%&'(%6"#I(,&%>#;.:%
*(%<;(9&-#8)*.(=%%
2&3$"%&4&516'C.1':;;%&66&;'<!2=D?'22E=B'
A'(9(%>("(%:(7-8(:%)&% &'(%+("/% -8-&-).%6')9(%#7% &'(%6"#I(,&%:(+(.#6$(8&1%>'(8%&'(%
2345%,#89#"&-;$%>)9%8#&%,.()"%)*#;&%&'(%9,#6(%#7%&'(%6.)&7#"$%)8:%&'(%:(7-8-&-#8%#7%
&'(%6-.#&%;9(%,)9(9%'):8N&%9&)"&(:%/(&=%O8(%#7% &'#9(%"(<;-"($(8&9%>)9%"(.)&(:%>-&'%

!"# $"#

!%"#

&'()'**+#,--(.//.-#

012#,--(.//.-#

,--(.//.-#
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&'(% 8((:% 7"#$% &'(% 6.)&7#"$% &#% 9;66#"&% $;.&-,;""(8,/% )8:% :-77("(8&% &-$(% P#8(9%
G!CDQH% )9%>(..% )9% >-&'% &'(%$;.&-,;.&;").% :(9,"-6&-#8% #7% &'(% "().% (9&)&(% 6"#6("&-(9%
GCCRDH=%4&%6"#+(:%&')&%&'("(%-9%8#%8((:%7#"%2345%&#%)::"(99%&'(%:-77("(8&%&-$(%P#8(91%
)9% &'-9%,)8%*(%9;,,(997;../%:#8(% -8%6-.#&% .(+(.=%S#"(#+("1% &'("(% -9%8#%6-.#&%9,(8)"-#%
&')&% ,#;.:%*(8(7-&% 7"#$%')8:.-8?%:-77("(8&% ,;""(8,-(9=% R#% &'(9(% "(<;-"($(8&9%>("(%
,#89-:("(:%)9%#;&%#7%9,#6(%)8:%&'(%&(,'8-,).%&()$%#7%2345%:(,-:(:%&#%#$-&%&'($%7"#$%
&'(% 7-8).%6.)&7#"$%:(.-+("/=% 48% )..% ,)9(91% &'(9(% "(<;-"($(8&9%>("(% ,#89-:("(:% 7"#$%
&'(% *(?-88-8?% )9% #7% .#>(9&% 6"-#"-&/% &')&% >#;.:% 8#&% )77(,&% &'(% 6"#I(,&N9% -8-&-).%
#*I(,&-+(9=%

%  
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8 Conclusions 
48% &'-9%:#,;$(8&%>(%:(9,"-*(:% &'(%T3F%),&-+-&-(9% 7#"% &'(% (77(,&-+(% (+).;)&-#8%)8:%
+).-:)&-#8% #7% &'(% 6"#I(,&% #;&,#$(9=% A'(9(% ),&-+-&-(91% >'-,'% 7#,;9(:% #8% &'(% 2345%
6.)&7#"$% (.($(8&9% )8:% &'(% 6-.#&% 9("+-,(9% )8:% 9,(8)"-#91% ";8% -8% 6)")..(.% >-&'% &'(%
6"##7%#7%,#8,(6&%)8:%"#):$)6%(+).;)&-#8%&')&%-9%*(-8?%"(6#"&(:%-8%UF=L=%@9%6)"&%#7%
&'-9% +).-:)&-#8% 6"#,(99% )H% &'(% "(9;.&9% #7% T3E% (8:M;9("% &(9&-8?% "(9;.&9% ')+(% *((8%
)8)./9(:% 7"#$% &'(% T3F% 6("96(,&-+(1% *H% -8&("8).% <;(9&-#88)-"(9% "(?)":-8?% &'(%
6(",(-+(:%(06("-(8,(%>#"B-8?%>-&'%&'(%2345%3.)&7#"$%')+(%*((8%,-",;.)&(:%)8:%&'(%
7((:*),B% >)9% )99#,-)&(:% >-&'% &'(% "(<;-"($(8&91% ,H% 96(,-7-,% &(9&% ,)9(9% #8% &'(% B(/%
6.)&7#"$%7()&;"(9%>("(%-$6.($(8&(:%)8:%7-8)../%:H%6("7#"$)8,(%&(9&9%)8:%)8)./9-9%
#7%&'(%9/9&($%.#?9%')+(%*((8%,#8:;,&(:=%@..%#;&,#$(9%#7%*#&'%(8:M;9("%&(9&-8?%)8:%
6.)&7#"$% &(9&-8?% ')+(% *((8% )8)./9(:% -8:(6(8:(8&./% )8:% ,#$*-8(:% -8% #":("% &#%
+).-:)&(% &')&% )..% "(<;-"($(8&9% -:(8&-7-(:% -8%T3K% )8:% 6"(9(8&(:% -8% &'(% &"),()*-.-&/%
$)&"-0% )"(% (77(,&-+(./% )::"(99(:% )8:% &'(% 9&")&(?/% &')&% ')9% *((8% 7#..#>(:% 7#"% (),'%
#8(% #7% &'($% -9% ).-?8(:% >-&'% &'(% &(9&-8?% "(9;.&9=% A'(% 7((:*),B% )8:% &'(% )8)./9-9%
#;&,#$(9% ')+(% *((8% +("/% 6#9-&-+(% '#>(+("1% >()B8(99(9% -8% V% #7% &'(% -:(8&-7-(:%
"(<;-"($(8&9%>("(%).9#% -:(8&-7-(:=%A'(%9(+("-&/%#7% &'(9(%"(<;-"($(8&9% &'#;?'%>)9%
,#89-:("(:%)9%.#>%)8:%*/%8#%$()89%,#;.:%.-$-&%&'(%+).;(%#7%2345%)9%)%;8-<;(%W9$)"&X%
,-&/%6.)&7#"$%7#"%:(.-+("-8?%9("+-,(9%-8%)%6)8M2;"#6()8%.(+(.=%@9%)%,#8,.;9-#81%T3F%
+).-:)&(:%&')&%&'(%2345%6.)&7#"$%)8:%&'(%+)"-#;9%6-.#&%(.($(8&9%7;.7-.%&'(-"%6;"6#9(%
)8:%)"(%,)6)*.(%&#%"().-P(%&'(%+-9-#8%#7%)%,-&/%&#%*(,#$(%W9$)"&X%)8:%#77("%):+)8,(:%
9("+-,(9%&#%,-&-P(89%)8:%+-9-&#"9=%

%  
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Annex A: Screenshots from Test Cases 
F&61'-86&'--G=G='

%
!"#$%&'H)'F&61'-86&'--G=G='I'E1&J='
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%
!"#$%&'=D)'F&61'-86&'--G=G='I'E1&J@'
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%
!"#$%&'==)'F&61'-86&'--G=G='I'E1&JA'
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%
!"#$%&'=@)'F&61'-86&'--G=G='I'E1&JK'

%
' '
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F&61'-86&'--G=G@'

%
!"#$%&'=A)'F&61'-86&'--G=G@'I'E1&J='

%
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%
!"#$%&'=K)'F&61'-86&'--G=G@'I'E1&J@'
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%
!"#$%&'=L)'F&61'-86&'--G=G@'I'E1&JA'

%
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%
!"#$%&'=M)'F&61'-86&'--G=G@'I'E1&JKGL'
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%
!"#$%&'=>)'F&61'-86&'--G=G@'I'E1&JM'
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%
!"#$%&'=()'F&61'-86&'--G=G@'I'E1&J>'

%
% %
% %
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F&61'-86&'--G=GA'

%
!"#$%&'=H)'F&61'-86&'--G=GA'

%
% %
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F&61'-86&'--G=GK'

%
!"#$%&'@D)'F&61'-86&'--G=GK'

%
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%
!"#$%&'@=)'F&61'-86&'--G=GK'

%
% %
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F&61'-86&'--G=GM'

%
!"#$%&'@@)'F&61'-86&'--G=GM'I'E1&J='

%

%
!"#$%&'@A)'F&61'-86&'--G=GM'I'E1&J@'
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%
!"#$%&'@K)'F&61'-86&'--G=GM'I'E1&JA'

%
%
%
% %
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F&61'-86&'--G=G('

%%
!"#$%&'@L)'F&61'-86&'--G=G('
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%
!"#$%&'@M)'F&61'-86&'--G=G('I'N.O"7&':JJ'E&66".56'

%

%
!"#$%&'@>)'F&61'-86&'--G=G('I'N.O"7&':JJ'E&66".5'P.#'

%
%
%
% %
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F&61'-86&'@G='

%
!"#$%&'@()'F&61'-86&'--G@G='I'QR@00'0.51%.7'J85&7'

%
!"#$%&'@H)'F&61'-86&'--G@G='I'':;;"5#'8JJ7"081".5';818'
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F&61'-86&'--GAGA'

%
S&70.4&'J8#&'"5'2.485"85'

%
!"#$%&'AD)'F&61'-86&'--GAGA'I'S&70.4&'J8#&'"5'T$5#8%"85'

%
%
% %
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F&61'-86&'KG='

%
!"#$%&'A=)'F&61'-86&'--GKG='I'P.##"5#';818'

F&61'-86&'--GLG@'

%
!"#$%&'A@)'F&61'-86&'--GLG@'I'F"%#$'N$%&6'F&61'U6&%'

%
!"#$%&'AA)'F&61'-86&'--GLG@'I'R%$66&76'2&7.081".5'F&61'U6&%'

'
' '
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F&61'-86&'!*G=G='

%
!"#$%&'AK)'F&61'-86&'!*G=G='I'2&#"61&%'8'5&V'$6&%'

%
F&61'-86&'!*G=G@'

%
!"#$%&'AL)'F&61'-86&'!*G=G@'I':66"#5'8'J"7.1'%.7&'1.'8'$6&%'I'E1&J='

%
!"#$%&'AM)'F&61'-86&'!*G=G@'I':66"#5'8'J"7.1'%.7&'1.'8'$6&%'I'E1&J@'

% %
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F&61'-86&'!*G@G@'

%
!"#$%&'A>)'F&61'-86&'!*G@G@'I':;;"5#'5&V'U6&%'W%.$J6'<%.7&6B'

%


