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GDOO B SRVL]LRQ F G G ULSRV A F YDOXWLDP AHG�IJIDYRU A GHOO BKC RU]D�
HODVWLF B TXDQG A O B PDVV B V G PXRY F GDOO B SRVL]LRQ F [ L �DOOD�
SRVL]LRQ F [ M N ,QGLFKLDP A O F IRU] F DSSOLFDW F DOO B PDVVD�

TXDQG A V G WURYD�L OQP�O D�SRVL]LRQ F JHQHULFD�[

R SUTV W X

Y Z
[\ ]

9DOXWLDP ^`_�abaDYRU ^ GHOO ced RU] c HODVWLF c �)fhg&

TXDQG i O j PDVV j SDVV j GDOOD�

SRVL]LRQ k [ l DOO j SRVL]LRQH [ m n 2VVHUYLDP i DQFK k FK k 3&  HG 1
&

 QR o FRPSLRQ i
ODYRU i L o TXDQW i VHPSU k RUWRJRQD p�q DOO i VSRVWDPHQWR�

[ r

[ s [ t[

O r ∆∆[ s
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3RVVLDP
�
DQFK � LQGLFDU � O¶DOOXQJDPHQW � JHQHULF � GHOO � PROO � ∆∆

���
�
�
� O � �

FR � ∆∆ �  �� � [ � � 	 $OORU 
 GXUDQW �
��� PRYLPHQW � O 
�� RU] 
 HODVWLF 
 G � ULFKLDP �
�)���& � O � VSRVWDPHQW � LQILQLWHVLP � UG

&

VDUDQQ � HVSUHVV � GD �

L�[��N�[LON��) ���� &&&

⋅⋅==⋅⋅∆∆== MG\UG�
&

&

⋅⋅==

, ���DYRU � SH � SDVVDU � GDOOD�SRVL]LRQ � LQL]LDO � L�DOOD�SRVL]LRQ � I VDUj�

[[ ]] ==−−−−==⋅⋅⋅⋅⋅⋅−−−−==⋅⋅== ∫∫∫∫∫∫→→ G[��[[�NLG\L�[[�NUG)/ �
�
�

�
� �

�
� � �

��
� �

&&

&

&

 

�[[�N[�[[�N
�

�
��G[[���G[�[N ���� �� �

�
�

�
� �

 
!

 
! −−++−−==












−−== ∫∫ ∫∫  

 
SRLFK " GDOOD�SULPD�ILJXUD�SRVVLDP # YHGHU $ FKH

              ������������[[[���������[[[ %�%&�& ∆∆++==∆∆++==

DYUHPR�

[[ ]] ==∆∆−−−−∆∆++++∆∆++−−∆∆++−−==→→ �[[[[�N[�[[���[[�N
�

�
/ %�&��

'%�
'&�

&% (*)
 

==∆∆−−∆∆++∆∆−−∆∆−−−−∆∆++∆∆++−−== �[[�N[�[[�[[[[�[[�N
�

� %&�%�
' %'

�&�
' &'

�  

[[ ]] ==∆∆−−∆∆++∆∆−−∆∆++∆∆−−∆∆−−== �[[�N[�[[�[�[[N
�

� %&�%&�
' %' &  

[[ ]] �[[�N
�

�
�[[�[��[[�[�[[N

�

� ' %' &%&�%&�
' %' & ∆∆−−∆∆−−==∆∆−−∆∆−−∆∆−−∆∆++∆∆−−∆∆−−==  

TXLQG +�+�, FRQFOXVLRQH
�[[�N

�

�
/

' %' &&% (*)
∆∆−−∆∆−−==→→

FLR - DQFK $ L , TXHVW # FDV # +�. ODYRU / G 0 TXHVW 1 IRU] 1 GLSHQG 2 VRO /
GDOO¶DOOXQJDPHQW / ILQDO 232 LQL]LDO 2 GHOO 1 PROOD 4 FLR 5 VRO / GD 0 GX 2 VWDWL�
LQL]LDO 2 2 ILQDOH 6 $QFK $ O 7 IRU] 2 G 0 ULFKLDP / HODVWLFD - 89, IRU] 1
FRQVHUYDWLYD�
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$OORU
�
SRVVLDP � GHILQLU � XQ ��� XQ]LRQ � VFDODU � DVVRFLDW ��� TXHVW ��� RU]D�

FRQVHUYDWLYD� � GHILQLWD�GD�
�8��8�8/ �	�
�	���	�

�

�	� −−==∆∆−−==→→  

 

� TXLQGL � 



 ∆∆−−∆∆−−==−− 
 

 ��	�
�	�� [N

�

�
[N

�

�
�8�8�

/D�TXDQWLWj

����� ON
�

�
[N

�

�
8� ∆∆==∆∆==

V � GHILQLVF � (QHUJL � 3RWHQ]LDO � (ODVWLFD H FRP � V � SX � QRWDU � GLSHQG �
VRO � GDOO � VWDW � GL�DOOXQJDPHQW � GHOO � PROOD

, � JHQHUDO � D � RJQ � IRU] � FRQVHUYDWLY ��� VHPSU � SRVVLELO � DVVRFLDU �
XQ � RSSRUWXQ � IXQ]LRQ � VFDODU � �HQHUJL � SRWHQ]LDOH � GLSHQGHQW � GDOO �
VWDW � O � FXL�GLIIHUHQ] � WU � GX � VWDWL�L� ���! "� GHILQLW � GD #

∫∫ ⋅⋅−−==−−
$

% &
'( UG)88

&

&

³O ) GLIIHUHQ] ) G * HQHUJL ) SRWHQ]LDOH + DVVRFLDW ) )-, XQ ) IRU] )
FRQVHUYDWLYD + TXDQG . SDVV ) GDOO . VWDW ./* DOO . VWDW .1032 XJXDO 4 D 565 DYRU .
GHOO ) IRU]D + FDPELDW . GL�VHJQ .7+ WU ) JOL�VWHVVL�GX 4 VWDWL ³�

9D�ULFRUGDW 8 FK 9 L : JHQHUDO 9 O¶HQHUJLD�SRWHQ]LDO 9<; QRWD�VHPSU 9 D�PHQ 8 G =
XQD�FRVWDQWH > PHQWU ?<@ VHPSU ? GHILQLWD�OD�GLIIHUHQ]D�G A (QHUJLD�SRWHQ]LDOH

6 A SX B GLPRVWUDU ? FK ? GDOOD�IRU]D�V A SX B ULVDOLU ? DOO¶HVSUHVVLRQ ? GHOO¶HQHUJLD
SRWHQ]LDO ?<? YLFHYHUVD�QRWD�OD�IXQ]LRQ ? (QHUJLD�SRWHQ]LDO ? V A SX B ULFDYDU ? OD�
IRU]D�D C HVVD�DVVRFLDWD > DWWUDYHUV D O ? UHOD]LRQ A YHWWRULD EFA JHQHUD EFA

&RVWUG�U�)�U�8 ++⋅⋅−−== ∫∫
&&

&

&
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�U8��JUDG�
UG

�UG8�
�U�)

&

&

&

&

&

−−==−−==

4XHVW¶XOWLP
�
L � UHDOW � HTXLYDO � �

WU � UHOD]LRQ � VFDODU � UHODWLY � DOO � FRPSRQHQW �
GHOOD�IRU]D

��
G]

G8
)�������������

G\

G8
)��������������

G[

G8
) ��� −−==−−==−−==

6 � D 	�

� VLVWHP � VRQ � DSSOLFDW � VRO � IRU] � FRQVHUYDWLYH ��� DOWU �
IRU] � SUHVHQW � QR � FRPSLRQ � ODYRU ����� VLVWHP � V � GHILQLVF � � VLVWHP �
FRQVHUYDWLYR � � O¶HQHUJL � PHFFDQLF � V � FRQVHUYD � FK � V � SXz HVSULPHU �
FRQ�

�8.( � �"!#! ==∆∆++∆∆==∆∆ ∑∑

( $ G % QRWDU &('*) WHUPLQ & GHOO % VRPPDWRUL % GHOO & SRWHQ]LDO & DVVRFLDW &+% WXWW & O &
SRVVLE '*),' IRU] & FRQVHUYDWLY & DSSOLFDW & D ) VLVWHPD -.'*) FK & YXRO & LQGLFDU & FK &
O¶HQHUJL / SRWHQ]LDO 021 XQ / SURSULHW 3 GHOO¶LQWHU 4 VLVWHP / H QR 5 G 6 RJQL�
VLQJRO / SDUWH �

�� 7 )25= 8 12 9 &216(59$7,9(
1H : FDV ; L < FX = D >@?A< FRUS ;B; VLVWHP C VLDQ ; DSSOLFDW D SL E IRU] D VLD�

FRQVHUYDWLY D FK D QRQ F SH GH=*: SULQFLSL ; G = VRYUDSSRVL]LRQ D SRVVLDP ; VFULYHU DI=*:
7HRUHPD�/DYRU ; (QHUJLD�QHOOD�VHJXHQW D IRUPD�

∑∑∑∑ ++== JLKLM"NOQPLRS PLR"TUVPXW /// Y ∆∆. ZQ[]\

PD�GDOOD�UHOD]LRQ ^ ∑∑∑∑ ∆∆−−== 8/ _L`La"b SRVVLDP c VFULYHUH�

d `Xe_L`La"bf `La ./8 ∆∆==++∆∆−− ∑∑∑∑
GD�FX gihD�UHOD]LRQH�
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��������	�
 ����
����� (8./ ∆∆==∆∆++∆∆== ∑∑∑∑

FLR
��� �����

DYRU � FRPSLXW � GDOO � IRU] � QR � FRQVHUYDWLY ��� XJXDO � DOO �
YDULD]LRQ � GHOO¶HQHUJL � PHFFDQLF � WRWDO � GH

�
VLVWHP � TXDQG � SDVV �

GDOO � VWDWL�L�DOO � VWDW � I´

�� � $1$/,6 � '( � *5$),& � ' � 6,67(0 � &216(59$7,9,
$QDOL]]LDP � SH  VHPSOLFLW !#"%$ FDV � XQLGLPHQVLRQDOH & , ' FDV � JHQHUDO ( SX )

HVVHU ( ULSRUWDW � D ' FDV � XQLGLPHQVLRQDO ( ULFRUUHQG � DOO ( SURLH]LRQ * GH ' PRW �
VXJ '+* DVV * GH ' VLVWHPD�

8Q , PDVV , P SX - VFRUUHU . V /0/%1 SLDQ 2 OLVFL 2 H 354
FROOHJDW ,6,73 XQ , PROO , LGHDO . G 8 FRVWDQW .9. ODVWLF , N : /D�
SRVL]LRQ .;4 LQGLYLGXDW , GDOO , FRRUGLQDW , [ < ILVVDQG 2
FRP . RULJLQ .=8?> SXQW 2 FRUULVSRQGHQW . DOO , SRVL]LRQ . G 8
HTXLOLEUL 2 GHOOD�PROOD��OXQJKH]]D�G 8 ULSRVR��

&RQVLGHULDP 2 O¶LQWHU 2 VLVWHP , PDVV @BA PROOD H C
HVDPLQLDP D O E IRU] E FK E DJLVFRQ D VXOO E YDUL E SDUHWL F 8 G
WDO E VLVWHPD�SUHQG EIH?J QRP E G H 2VFLOODWRU K DUPRQLFR

/ E IRU] E DJHQW H VXOO L PROO L QR G M DQQ D HIIHWW H
HQHUJHWLF HNH?G TXDQW D OD�PROOD�KD�PDVVD�WUDVFXUDELOH F 3HU

O P

Q R

SUT�V V WXZY[ \

]�^_ `

a b

TXDQW c ULJXDUG d O e IRU] e DJHQW f VXOO d PDVVD�SRVVLDP cgc VVHUYDU e FK e 3& e 1&

GXUDQW ehf?i PRW c QR j FRPSLRQ c ODYRU c L j TXDQW ckc UWRJRQD i+f DOO c VSRVWDPHQWR l
PHQWU e �)mon& p

XQ d;q RU] d FRQVHUYDWLYD r 3RVVLDP c TXLQG f FRQFOXGHU e FK esf?i
VLVWHP t u FRQVHUYDWLY v e TXLQGL O¶HQHUJL t PHFFDQLFD FRPSOHVVLY d p

FRVWDQW e QH i WHPS c H w p
GDWD�GD�

x�y n n z{x�y n n z{x�|�} 88..( ++++++==

2VVHUYLDP c SHU ~ FKH�
{8 � � � GXUDQW �I�?� PRW � OD�TXRW � GL�P QR � FDPELD
����� � �. ��� SHUFK � OD�PDVVD�GHOOD�PROOD� � WUDVFXUDELOH�

� � �
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$
�����

JHQHULF � LVWDQWH � TXDQG � O � PDVV � V � WURY � L
�	��� � JHQHULF � SRVL]LRQ 


[ � KD�XQD�YHORFLWj�LVWDQWDQHD� �[�Y�
&

SRVVLDP � VFULYHUH�


������� �[[�N
�

�
PY

�

�
( −−++==

4XLQG ��� ¶HQHUJL � SRWHQ]LDO � GH � VLVWHP ���
GDW � GDOO¶HQHUJL � SRWHQ]LDO � GHOO � PROOD � 1H �
JUDILF  "! ULSRUWDWD�OD�IXQ]LRQ #

���[[�N
�

�
�8�[� $%−−==

&RQVLGHULDP & O¶LVWDQW ' L ( FX )+* , PDVV ,.- QHOO ' SRVL]LRQ ) [ / 0 �[ 1 2 SRVL]LRQ 3
G 3 HORQJD]LRQ 4 PDVVLP 5 GHOO 5 PROOD 2 O 5 PDVV 5 6 LVWDQWDQHDPHQW 4 IHUP 5+4
O¶HQHUJL 7 PHFFDQLFD GH 8 VLVWHPD� 9

:�;=< < >?@�ACB@�D=E E AFG�H�I 88.( ==++==

FLR J SXUDPHQW K SRWHQ]LDOH L FRLQFLG L FR M O¶HQHUJL N SRWHQ]LDO L PDVVLP N GHOOD�

PROOD O 3RLFK P SH Q TXHVW R VLVWHP S O¶HQHUJL S V T FRQVHUYD U O¶HQHUJL V GH W VLVWHP V
L X TXHVW Y SRVL]LRQ Z VDU [\Y QFK Z O¶HQHUJL Y GH ] VLVWHP Y\Y_^ RJQ ` DOWU a
LVWDQWH b 3H c HVHPSL d ULSRUWLDP d L e+f�e JUDILF d O¶HQHUJL g GH h VLVWHP g TXDQG d OD�

PDVVD�V i WURYD�QHOOD�SRVL]LRQ j [ k l V m VWD�PRYHQG n YHUV n VLQLVWUD�� o [ p �

q r

sutwvyx zC{}|

~
�=���� �

� �

��� �

8�[�

�
�M�

[ �P�

���=� � �����C����=� � ��������� ����
==++==

� [ � [ �[ � [ �

8 �

. �
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'D
�
JUDILF � SRVVLDP � YDOXWDU � SXQW � SH � SXQW � � � FRQWULEXW � FLQHWLF ���

SRWHQ]LDO � DOO¶HQHUJL � WRWDOH � , 	 VHJPHQWR D 	 GL VRWW 
 GHOO � FXUY � URVVD 
 WU � O �
OLQH � WUDWWHJJLDW ��� ± [ ��� UDSSUHVHQW � O¶(QHUJL � 3RWHQ]LDO � PHQWU �����
VHJPHQW � D � GL VRSU � GHOO � O � FXUY � URVV � UDSSUHVHQW � O¶(QHUJL � &LQHWLFD�

'DOO¶DQDOLV � GHOO � IXQ]LRQ � 8�[ � � SRVVLELO � IDU � XQ¶DQDOLVL�

TXDOLWDWLY � GH  PRWR ! 3DUWHQG " GDOO # FRQILJXUD]LRQ $ LQL]LDO $ FR % O # PDVVD�

VSRVWDW # GDOO # SRVL]LRQ $ G & HTXLOLEUL " �FK $ FRUULVSRQG $ DOO # PROO #'# OO # OXQJKH]]D�

G & ULSRVR� ( FK $ LQGLFKLDP " FR % [ ) $ FK $ FRUULVSRQGHU *+# OO # SRVL]LRQ $ G &
PDVVLP # HORQJD]LRQ $ GHOO # PROOD ( SRVVLDP , YDOXWDU � O¶HQHUJL � PHFFDQLFD
GHO VLVWHPD ( FK $ ULPDUU *.- LVVDWD ( WUDFFLDQG " XQ # OLQH # UHWW # RUL]]RQWDO $ FK $
LQWHUVHF # O #/- XQ]LRQ $ 8�[� QH & SXQW & G & DVFLVV # ±± [ ) 0 , 1 FRUULVSRQGHQ] 2 G 3 WD 453
SXQW 6 V 6 K 7 (QHUJL 7 3RWHQ]LDO 8 PDVVLP 798 (QHUJL 7 &LQHWLF 7 QXOOD : YLFHYHUV 7 QHOOD�
SRVL]LRQ 8 [ ; < FRUULVSRQGHQW =?> OXQJKH]] >@> ULSRV A GHOO > PROO >@= FK =@B OD�

SRVL]LRQ = DWWRUQ A DOO > TXDO =DC�E VLVWHP > RVFLOOHUj�O > PDVV > K > PDVVLP > (QHUJLD�

&LQHWLF > � = O > PROO > K > HQHUJL > SRWHQ]LDO = QXOO > � FHG SXQW C G C DVFLVV > ±± [ I
FRUULVSRQGRQ A DOO = SRVL]LRQ C G CJCQYHUVLRQ = GH E PRWR < GRY = V C DYU K YHORFLW K QXOOD�

�P > PDVVLP >L> FFHOHUD]LRQ = L M YHUV ALA SSRVW A D E YHUV A GH E PRW A DJ E5CNC VWDQW C
SUHFHGHQWL�

1RW > O >9O XQ]LRQ = (QHUJL > 3RWHQ]LDO =PB SRVVLELO = DYHU = LQIRUPD]LRQ C FLUF > OD�

)RU]D�FRQVHUYDWLYD�D Q HVVD�DVVRFLDWD�
5LIDFFLDPRF R VHPSU S D T FDV U GHOO¶RVFLOODWRU S

DUPRQLF U XQLGLPHQVLRQDOH V 5LFRUGLDP U DQFK S
FK S L W JHQHUDO S O X GHULYDW X SULP X G R XQD�

IXQ]LRQ S ULVSHWW U DOO X YDULDELOH Y FDOFRODW X L W[Z\W
SXQWR Y F R G X]R�T FRHIILFLHQW S DQJRODU S GHOO S UHWWD�

WDQJHQW S DOO X FXUY X QH T SXQWR V 'D T JUDILF U V R
YHG S FK S O X WDQJHQW S DOO X FXUY X QH T SXQW U [ ^ _
SRVLWLYD ` $OORU a L b TXHVW c SXQW c O aed RU]D f FK g
ULFRUGLDP c SRVVLDP c ULFDYDU g GDOOD�UHOD]LRQH�

∗∗==

∗∗ −−== hhh
G[

G8
�[�)

8�[�

[

ikjml
[ n [ o [ p

qr s

tu v
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FLR
�
O � GHULYDW � SULP � ULVSHWW ����� GHOO � IXQ]LRQ � (QHUJL � SRWHQ]LDOH �

FDOFRODW � Q � SXQW � [ [ � 	 'D 
 JUDILFR � GRY ��
 VWDW ��� LVVDW � FRP � SRVLWLY � OD�

GLUH]LRQ � YHUV � GHVWUD � V � YHG � FK � O � WDQJHQW � DOO � FXUY � QH 
 SXQW � [ � 

SRVLWLYD 	 $OORU � L � TXHVW � SXQW � O ��� RU] ��� YU � VHJQ � QHJDWLY ��� TXLQG � ULYROWD�
YHUV � VLQLVWUD � PHQWU � L � [ � ULVXOWHUj�SRVLWLYD� � ULYROW � YHUV � GHVWUD �

3L  L ! JHQHUDO " SRVVLDP # IDU " O " VHJXHQW $ FRQVLGHUD]LRQL %

1HOO &(' LJ� D� O & FXUY & 8�[ ) K * FRQFDYLW + YHUV , O¶DOWR - O &.' RU] & WHQG " VHPSU " D�
ULSRUWDU "�$0/ FRUS # QHOO & SRVL]LRQ " G $ HTXLOLEUL # [ [ 1 FK " ULVXOW & TXLQG $ SRVL]LRQ "
G $ HTXLOLEUL , VWDELOH�
1HOO &2' LJ� E� O & FXUY * 8�[ ) K * FRQFDYLW + YHUV ,4365 EDVVR - O &7' RU] & WHQG "
VHPSU " D 8 DOORQWDQDU "9$0/ FRUS # GDOO & SRVL]LRQ " G $ HTXLOLEUL # [ [ 1 FK " ULVXOWD�

TXLQG $ SRVL]LRQ : GL�HTXLOLEUL , LQVWDELOH�

3RVVLDP # GDU " OD�VHJXHQW $ GHILQL]LRQL %
;
8 < FRUS = V > WURY ? L <A@B<C? SRVL]LRQ D G > HTXLOLEUL = VH E SH F SLFFROL�

VSRVWDPHQW > GHOO¶RJJHWW = G ? TXHVW ? SRVL]LRQH E O D IRU] D L < JLRF = WHQGRQ =
? ULSRUWDU D O¶RJJHWW = QHOO ? SRVL]LRQ D LQL]LDOH´ G / H SRVL]LRQ I G I HTXLOLEUL J
VWDELO H FRUULVSRQGRQ J D PLQLPL�UHODWLYL GHOOD�IXQ]LRQ H (QHUJLD�3RWHQ]LDOH�

9LFHYHUV K ³8 L FRUS M V N WURY O L L�PBLCO SRVL]LRQ Q G N HTXLOLEUL M LQVWDELO Q
VH R SH S SLFFR TUN VSRVWDPHQW N GHOO¶RJJHWW M G O TXHVW O SRVL]LRQH R O Q IRU] Q
WHQGRQ MVO ULSRUWDU Q O¶RJJHWW M QHOO O SRVL]LRQ Q LQL]LDOH´ W / X SRVL]LRQ Y G Y
HTXLOLEUL Z LQVWDELO X FRUULVSRQGRQ Z[K PDVVLP N UHODWLYL GHOO K7\ XQ]LRQ X (QHUJLD�

3RWHQ]LDOH W

8�[�

[ ]
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^`_badc
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