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FRP � ILVVDU � � � VLVWHP � G
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�
 SDUDOOHO 	 D � SLDQ 	 LQFOLQDW 	�	 SDUDOOHO 	�� S� �
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 QH � FDV 	 E� FRP 
�� SRVVLELO 
 YDOXWDU 
 TXDO 
 SRU]LRQ 
 GHOO ��� RU] � HODVWLFD�
DJLVF � VXOO � VLQJRO � PDVVH"

6 � DQDOL]]LDP � PHJOL ��� PRW � SRVVLDP � QRWDU � FKH�
QH � FDV � D� � V � PXRY � �OXQJ ����� SLDQ � LQFOLQDWR  YHUV � GHVWUD ! V "$# FK � D�
VXD�YROWD�� % L & PRW � �YHUV � VLQLVWUD ! VX � SLDQ ��� UL]]RQWDOH�
QH � FDV � E� O � GX � PDVV � VFHQGRQ � OXQJ � ��� SLDQ � LQFOLQDWR  PD�
FRQWHPSRUDQHDPHQW � RVFLOODQ � DWWRUQ � DOOD�SRVL]LRQ � G � HTXLOLEULR '

, & HQWUDPE �(� FDV � SRVVLDP ��� VVHUYDU � ")& PROW � G �*�QVLHP �+�-,.")& FHUW � PRW �
UHODWLY / WU 0 O 1 PDVVH 2 4XHVW 0 RVVHUYD]LRQ 1 O 0 SRVVLDP / IDU 1 SL 3 L 4 JHQHUDO 1
WXWW 1 O 1 YROW 1 FK 1 DQDOL]]LDP /65�7 PRW / G 5 VLVWHPL 8 FRVWLWXLW 5 G 0 SL 3 FRUS 5 FK 1 VRQ /
0 FRQWDWW / WU 0 ORU / PHGLDQW 1 YLQFR 795 QR 4 ULJLG 5:/ FK 1 SUHVHQWDQ / PRW 5 UHODWLY 5
WU 0 G 5(7RUR 2 , 4 TXHVW 5 FDVL 8 VRSUDWWXWW / V 1 QR 4 YHQJRQ / ULFKLHVW 1$1 VSOLFLWDPHQWH
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)25= � ,17(51 ��� )25= ��� 67(51(
3H � VWXGLDU ����� PRW 	 L � TXHVW 
 PDQLHU 
 V � GHY � ULVROYHU ����
 SUREOHPD�

XWLOL]]DQG 	 O � WHFQLFK � FK � ULHQWUDQ 	 L ����� PRGHOO 	 FK � Y 
 VRWW 	���
 WLWRO 	 G �
'LQDPLF � GHL�6LVWHPL�GL�3XQWL�0DWHULDOL�

, � IDWW � G � SDUODU � DQFRU � G � 3XQW � PDWHULDOL F � VXJJHULVF � FK � WDO � PRGHOO � V �
ULIHULVF ��� VLVWHP � G � FRUS ����� PRW � SXUDPHQW � WUDVODWRUL � , � PRW � GH � VLVWHPD�
SX � HVVHU � GHVFULWW � VWXGLDQG � VHSDUDWDPHQW ��� GX � PR � DFFHQQDWL�

D� ��� PRW � G ���QVLHPH � FK � YHGUHP � HVVHU � FRPSOHWDPHQW � GHVFULWW � GD �
PRW � G �� �� SDUWLFRODU � SXQW � UDSSUHVHQWDWLY � GHOO¶LQWHU � VLVWHPD�

FKLDPDW � &HQWU ! G " 0DVVD �&�0�� # VHPSU $ LQGLYLGXDELO $ L %'&�% GDW (
VLVWHPD�G ) ULIHULPHQW ( VSD]LDOH�

E� $�)�* PRW ( UHODWLYR GH ) YDU ) FRUS ) DWWRUQ ( D * &�0�

3ULP + GHILQLU $ FK $ FRV + V ),)QWHQG $ SH - &�0 # IDFFLDP ( DOFXQ $
FRQVLGHUD]LRQ ) VXOO $ )RU] $ FK $ LQWHUYHQJRQ ( L %.&�% VLVWHP + G ) SXQW ) PDWHULDOL /
5LIDFFLDPRF ) DJ *0) HVHPS ) D 12$ E 1 SUHFHGHQWL�

6 $ QH * FDV ( D 1 FRQVLGHULDP (3)�* VLVWHP + �0�P 1 QH * VX ( FRPSOHVVR 4
SRVVLDP ( GLU $ FKH�

L� O $ IRU] $ �35
&

# 63
&

  7 681ππ

&

 VRQ 9 IRU] :;: VWHUQ : D < VLVWHPD = SHUFK > GRYXW ?

D @ LQWHUD]LRQ A FR B DOWU A FRUS A QR B IDFHQW A SDUW ? GH C VLVWHPD��P�0��
LL� O ? IRU] ? DEF5

&

? FD E5
&

VRQ G IRU] ? LQWHUQ ? D C VLVWHPD = SHUFK > GHULYDQW A

GD�LQWHUD]LRQ A WUD�SDUW A GH C VLVWHPD���P�0�

6 ? QH C FDV G E H FRQVLGHULDP GIA�C VLVWHPD��P J �P K �PROOD H DYUHPR�
L� O ? IRU] ? �3� L

&

  M �1� L
&

 �L ��� N VRQ O IRU] PQP VWHUQ P D R VLVWHPD�

LL� O P IRU] P SUT)
&

  �L ��� N VRQ O IRU] P LQWHUQ P D R VLVWHPD

6 P DYHVVLP O FRQVLGHUDW O O P PDVV P VLQJRODUPHQWH V WXWW P O P IRU] P VDUHEEHU O
VWDW P IRU] PQP VWHUQH�



 4 

9HGUHP
�
QH
�
VHJXLW

�
FRP � SH � XQ � VWXGL � FRUUHWW � G ����� VLVWHP 	 G � SXQW �

PDWHULD
� � VL 	 QHFHVVDUL � LQGLYLGXDU �
� GLFKLDUDU � EHQ � TXDO �
��� � VLVWHP 	 FK � V �

YXRO � VWXGLDUH �FLR � VWDELOLU � TXD � � VRQ � � FRUS � FK � IDQQ � SDUW � GH � VLVWHP 	 L �
HVDP �
� LQGLYLGXDU � TXLQG � FK � FRV ��� O � ´HVWHUQR � SH � WDO � VLVWHPD ��� TXLQG �
GLVWLQJXHU � O � IRU] � WU � )25= ��� 67(51( �GRYXW � DOO � LQWHUD]LRQ � GH � VLVWHPD�
JOREDO � FR ��� VX � HVWHUQR ��� )25= � ,17(51( �GRYXW � DOO � LQWHUD]LRQ � WU � O �
YDUL � SDUW � GH � VLVWHPD� � 9HGUHP � FK � O � )25= ��� 67(51(  FK � GHYRQ � HVVHU �
QRW � VRQ � UHVSRQVDE �!�"� GH � PRW � G �#�QVLHP �$� TXLQG � GH � &� %& PHQWU � O � )25= �
,17(51(  FK �
� VVHQG � GRYXW �
� UHD]LRQ � YLQFRODU � VRQ � PD � QRW ��� SULRU �'�
LQROWU � SRVVRQ � YDULDU � FR � PRWR  VRQ � UHVSRQVDE �!�"� GH � PRW � UHODWLY � D � FHQWU �
G � PDVVD �

' � TXHVW � RVVHUYD]LRQ � V � �QWXLVF � TXHOO � FK � SX ( HVVHU � OD�

JHQHUDOL]]D]LRQ � GHOOD GHILQL]LRQ ) G * 6,67(0+ ,62/$72 , FLR - TXH . VLVWHPD�
³VX / TXDO 0 DJLVFRQ 1 VRO 1 IRU] 0 LQWHUQH´ 2 FLR 3 GRYXW 0 DOO 0 VRO 0 LQWHUD]LRQ 4 WU 5 O 0
SDUW 4 GH / VLVWHPD 6 SH 7 X 8 WDO 9 VLVWHP : YDO 9 LO�3ULQFLSL ; GL�LQHU]LD�

( < HYLGHQW 0 FK 0 =�> VLVWHP 5 QR 8 LVRODWR 2 SX ? GLYHQWDU 0 LVRODWR 2
LQFOXGHQG 1 L > HVV 1 DQFK 0$4 FRUS 4 GD 4 TXD /"4 SURYHQJRQ 1 IRU] 0@0 VWHUQH A

��� &(175 B ' C 0$66$
3H D SRWH D VWXGLDU E LO FHG PRW I G FJF QVLHPH GH K VLVWHP L GL SXQW M PDWHULDOL� N
QHFHVVDUL O LQGLYLGXDU E VSD]LDOPHQW E O¶LQWHU O VLVWHP LPE TXLQG M RFFRUU E LQWURGXUU E
XQ L JUDQGH]] LRQ LVLF L FK E SHUPHWW L G M ORFDOL]]DUO I JOREDOPHQW E QHOO O VSD]LR S
, T DOWU E SDURO E YRJOLDP O LGHQWLILFDU EVU�T VLQJRO I SXQWR QHOO O VSD]L O FK E VLD�
UDSSUHVHQWDWLY O GHOO¶LQWHU O VLVWHP L SH D TXDQW O ULJXDUG LRM!K VX O PRW O G¶LQVLHPH W
TXHVW O SXQW O UDSSUHVHQWDWLY O YLHQ E FKLDPDW O &HQWU I G F 0DVVD �&�0� X GH K
VLVWHPD S 7UDLHWWRULD Y YHORFLW Z\[ DFFHOHUD]LRQ [ GH ] &�0� FRLQFLGRQ ^ FR _
TXHOO ` GH a PRW ^ G¶LQVLHP ` GHOO¶LQWHUR VLVWHPD�

3H b VWXGLDU ` O¶HYROX]LRQ ` G c TXHVW ^ SXQW ^ SRVVLDP d DSSOLFDU [ O [ OHJJL�
GH ] PRW d YDOLG [ SH eJfH] SXQW d PDWHULDOH g , ] PRW d G fih�j VLVWHP k G f SXQWL�
PDWHULD lnmpo G mrq�s FRUS o ULJLG o OLEHUR t SH u m TXD lnm QR s YDO v
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�
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++++++==∑∑

∑∑==++++++++ n ^`_llqqoopp )���DP��������D�P�D�P�DP
&

&&&&

∑∑== n ^`_rts uvs_xwy_ )���D�0
&

&
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�
�� �

�
�� �� � ��� YPS3

&&
&

∑∑∑∑
====

====

�
WHQHQG � FRQW � GHOOD�GHILQL]LRQ � G 	 YHORFLWj�GH 
 &�0 � SRVVLDP � DQFK � VFULYHUH�

�
����� �� � ��� Y03
&

&

==

6
�
DGHVV � GHULYLDP � �ULVSHWW � D 
 WHPSR � TXHVWD�TXDQWLWj � RWWHQLDPR�  

GW

YPG

GW

SG

GW

3G
�

�
�� �

�
�� � &&

& ∑∑∑∑
==== ====

�
WHQHQG � FRQW � GHOOD�GHILQL]LRQ � G 	 YHORFLWj�GH 
 &�0 ��� SRVVLDP � VFULYHUH�


����� ��
����� �
����� �
D0

GW

YG
0

GW

YG0

GW

3G &

&&
&

======

$OORU � SRVVLDP � ULVFULYHU � O � /HJJ � GH 
 PRWR SH ����� VLVWHP � G 	 SXQW 	 PDWHULD 
 	

QHOOD�IRUPD� �

GW

3G
)

� � ���� ���
&

&

==∑∑

FK
�
OHJJLDPR ��� O  ULVXOWDQW ! GHOO ! IRU] !"! VWHUQ ! DSSOLFDW ! D #%$'& VLVWHP  

G ( SXQW ( PDWHULDO !*) XJXDO ! DOO  GHULYDW  �ULVSHWW + D , WHPSR - GHOO  
TXDQWLW . GL�PRW + WRWDO ! GHO�VLVWHPD ´�

2VVHUYD]LRQH � 6 � FRQVLGHULDP � 	 
 VRO � SXQW � PDWHULDO
�
FRP

�
FDV �

SDUWLFRODU
�
G
	
VLVWHPD � O � UHOD]LRQ � VFULWW � HTXLYDO � � TXHOO � SUHFHGHQWHPHQW �

WURYDW � � FK � F 	 GDY � O � OHJJ � GH 
 PRW � L � WHUPLQ 	 GLUHWW 	 GHOO � YHORFLWj / TXHVW �
0
RYYL � L � TXDQW � WXWW

�
O
�
IRU]

�
DSSOLFDW

�
ULVXOWDQ � HVWHUQ � D 
 SXQW � VWHVVR � 1H 


FDV � G
	
VLVWHP

	
G
	
SXQWL � GRY �1�

VLVWRQ � DQFK
�
O
�
IRU]

�
LQWHUQ

�
XQ � WDO

�

FRQFOXVLRQ
�
QR � HUD�D�SULRU 	 GH 
 WXWW �2� YYLD�

/ � ,, 3 /HJJ � GHOO � 'LQDPLF � �/HJJ � GH 
 PRWR� SH �4��� VLVWHP � G 	 SXQW 	

PDWHULDOL � FRP � YLVWR � SX 5 HVVHU � VFULWWD�L � GX � IRUP �6� TXLYDOHQWL�
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GW

3G
) ����������	
��
� 	
���	
� &

&

&

&

==== ∑∑∑∑

$ VHFRQG
�
GH
�
FDV
�
SX � HVVHU � SL � FRQYHQLHQW � SHQVDUO

�
L ����� ��� RUP � SLXWWRVW �

FK � QHOO¶DOWU � �FRV
�
GH � WXWW � LQGLIIHUHQW � SH � � � VRO � SXQW � PDWHULDOH � FRP �

FDSLUHP � QH � VHJXLWR � �
, � SDUWLFRODUH � QH � FDV � L  FX !"�$# ULVXOWDQW % GHOO % IRU] %&% VWHUQ %

DSSOLFDWH D ')(* VLVWHP # G ! SXQW ! PDWHULD �+! VL # QXOOD � GDOO � OHJJ � GH � PRW �
VFULWWD�QHOOD�IRUPD�

�
GW

3G
)

�
� 	
���	
�
&

&

==∑∑
SRVVLDP � GHGXUU � FKH�

�&RVW�3������LPSOLFD��������) ,
- .
/0 .
/ ====∑∑
&&

 

1
TXHVW 243 O 2�5 RUPDOL]]D]LRQ 1 GH 6 3ULQFLSL 7 G 8 &RQVHUYD]LRQ 9 GHOO : 4XDQWLW ;

GL�PRWR �SH <>=�? VLVWHPD�G @ SXQW @ PDWHULDOL��
A
6 9 O : ULVXOWDQW 9 GHOO 9 IRU] 9B9 VWHUQ :C: SSOLFDW 9 D DFE*G VLVWHP : GL�

SXQW 8 PDWHULDO 9IH ]HU 7 V 8 FRQVHUY : O : TXDQWLW ; G 8 PRW 7 WRWDO 9 GHO�

VLVWHPD ³�

4XHVW J VLJQLILF 2 FK 1 SRVVRQ J YDULDU 1 O 1 TXDQWLW K G @ PRW J GH @ VLQJR 6L@ FRUS @
GH 6 VLVWHPD M P 2 QR ? O 2 ORU J VRPP 2ON YHWWRULDOH� P 6 @ GHY 1 VHPSU 1 ULFRUGDU

1
FK
1

O 2 TXDQWLW K G @ PRW J"3Q=�? YHWWRU 1R1 FK 1 FRV 2 VLJQLILF 2 HVVHU 1 FRVWDQW 1 SH <S=�?
YHWWRUH�

6 @ SX T LQWXLU 1 DGHVV J SHUFKp M QHOO 2 GLQDPLF 2 GH 6 SXQW J PDWHULDOH M QR ? V @
HU 2U5V2 WW J FHQQ JW2 WDO 1 3ULQFLSLR M L ? TXDQW J QR ? F @ GLF 1 QXOO 2 G @ SL X G @ TXDQW J F @
GLFDQ J O 1 /HJJ @ GHOO 2 'LQDPLFD P ,QIDWW @ SH <Y=�? SXQW J PDWHULDOH M SH <Z@[6 TXDO 1 WXWW 1

O
1
IRU]

1
VRQ J IRU] 1\1 VWHUQH M HVVHU 1 QHOO 2 FRQGL]LRQ 1 G @ DYHU 1 ULVXOWDQW 1 GHOO 1

IRU] ] DSSOLFDW ]Q̂ _̀ ] TXLQG a S& ^ FRVW b VLJQLILF c VHPSOLFHPHQW ] d e ^ FRV fg]
TXLQG a D

& ^R_ih PDVVD�L j HTXLOLEULR��
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2VVHUYD]LRQL � , � SULQFLSL � G � &RQVHUYD]LRQ � GHOO � 4XDQWLW � G � PRWR � GHULY � GDOOD�
OHJJ � GH

�
PRWR � FK �	� LQYDULDQW � SH 
 VLVWHP � G � ULIHULPHQW � LQHU]LDOH � , �

SULQFLSL � G � &RQVHUYD]LRQ � GHOO � 4XDQWLW � G � PRWR � FRP � WXWW ��� SULQFLS � G �
FRQVHUYD]LRQ � YDO � QH � VLVWHP � G � ULIHULPHQW � LQHU]LD � � QH � VHQV � FK ��� DQFK � V �
RVVHUYDWRU �
�QHU]LD � � SRVVRQ � YHGHU � YHORFLW � GLYHUVH SH 
�� YDU � SXQW � �O � YHORFLWj�
QR ��� LQYDULDQWH� � FRPXQTX � WXWW � VDUDQQ � G¶DFFRUG � VX � GLU � FK � V �

&RVW�3������������) ��� ���� ��� ==⇒⇒==∑∑
&&

 

 
 
( � LPSRUWDQW � RVVHUYDU � FK ����� 3ULQFLSL � G � &RQVHUYD]LRQ � GHOO � 4XDQWLW  
G � 0RW � SX ! YDOHU � DQFK � VRO � SDU]LDOPHQWH � QH � VHQV � FK � V �"� QXOO � VRO �
XQ � FRPSRQHQW � GHOO � ULVXOWDQW � GHOO � IRU] �#� VWHUQH � V � FRQVHUY � VRO � O � UHODWLYD�
FRPSRQHQW � GHOO � 4�0 � GH � VLVWHPD � FLRq�

�]\�[���L���������&RVW�3������������) �
� ���� ====⇒⇒==∑∑

7HQHQG � FRQW � G � FRP � V �$� DUULYDW � DOO �&% RUPDOL]]D]LRQ � GH � SULQFLSL � G �
&RQVHUYD]LRQ � GHOO � 4XDQWLW � G � PRWR � DWWUDYHUV � O � ,, ' /HJJ � GHOO � 'LQDPLFD�
DSSOLFDW �(�)� VLQJR � � SXQW � GH � VLVWHPD � SRVVLDP � HQXQFLDU � O � ,,, ' /HJJ � GHOO �
'LQDPLF � SH 
#*+� VLVWHP � G � SXQW � PDWHULD � �,� SH 
�*+� FRUS � HVWHVR QH � PRG �
VHJXHQWH�

-
, .0/1. VLVWHP � G � ULIHULPHQWR LQHU]LDO � SH 23/1. VLVWHP � G � SXQWL�

LVRODW �4� PHQR 5 O � ULVXOWDQW � GHOO � IRU] � LQWHUQ �76 QXOOD 89� FLRq�

�� : /$925 ; , < 6,67(0 = ' > 3817 > � 7(25(0 = /$925 ; (1(5*,$
1HOO ? VWXGL ? GH @ PRW ? G ACB+D VLVWHP E G A SXQW A PDWHULDOH F DEELDP ? YLVW ? FK G

V A GHY G GLVWLQJXHU G WU E )RU] G (VWHUQH F UHVSRQVDE AH@IA GH @ PRW ? GH @ &�0 J1F FLR K GH @
PRW ? G¶LQVLHP G GH @ VLVWHPD F,G )RU] G ,QWHUQH F DOO G TXD @IA YLHQ G DWWULEXLW ?3AH@ PRW ?
UHODWLY ? D @ FHQWU ? G A PDVVD J 7XWWDYL E WD @IA )RU] G ,QWHUQH QR D VRQ ? VHPSU G

���)� LNMPO ==∑∑
&
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FRQRVFLXW
���

TXLQG
�����

DSSURFFL � SXUDPHQW � 'LQDPLF � SX � HVVH 	 IDWW � VRO � SH 	��

PRW � GH 
 &�0 � � QR � SH 	 RJQ � VLQJRO � SXQW � GH 
 VLVWHPD�
4XHVW

�
VLJQLILF 
 FK � SH 	 DYHU

�
XQ � VWXGL � FRPSOHW � GH 
 PRW � GH 
 VLVWHPD ��

TXLQG
�
GH



PRW � UHODWLY � D 
 &�0 ��� QR � F � UHVW 
 FK � ULFRUUHU � D � ���

DSSURFFL �
(QHUJHWLFR � XWLOL]]DQG � ��


7HRUHPD�/DYRU � (QHUJLD�

9HGLDP � DGHVV � O¶HVSUHVVLRQ
�
GHO 7HRUHP � /DYRU � (QHUJL � SH �����

VLVWHP � GL�SXQWL�PDWHULDOL�

,

�

DYRU � G � WXWWH O � IRU] � DSSOLFDW � D 
 JHQHULF � SXQW � L�HVLP � GH 
 VLVWHPD�

(( )) (( )) (( )) ����� � ������� � ��!#"%$����� � ��& � $����� � ��' � $ .//// −−−−−−−−
∆∆==++==== ∑∑∑∑∑∑

 (
DSSOLFDQG ) D�WXWW *�* SXQW * GH + VLVWHPD��SRVVLDP ) VFULYHUH�

(( )) (( )) ∑∑∑∑ ∑∑∑∑ ∑∑
======

∆∆==++
,
-. .,

-. /#0%1.,
-. 24351. .//  

 
3RLFK 67*�+ PRWR O ) SRVVLDP ) VHPSU ( SHQVDU ( FRP ( *�+ PRW ) G¶LQVLHPH �GH +

&�0� 8 ( GH + PRW ) UHODWLY ) D + &�0 9 SRVVLDP ) VFULYHUH�
:<; =>;.∆∆ ? YDULD]LRQ ( GHOO¶HQHUJL @ FLQHWLF @ GH + &�0 9 FK ( GLSHQG ( VRO ) GD +A+DYRU )

GHOO
(
)RUV

(
(VWHUQH�B CDBEF

G#H%I
J
KL L. 



 ∆∆∑∑

==

  YDULD]LRQ M GHOO¶HQHUJL N FLQHWLF N GRYXW N7N�O PRWR P UHODWLY Q D O &�0 R G S
WXWW STS SXQW S GH O VLVWHP N �PRW Q LQWHUQR UVM GHWHUPLQDW Q GD OTODYRU Q GHOO M )RU] M
,QWHUQH R 3RVVLDP Q ULDVVXPHU M WXWW Q FL W VFULYHQGR�

(( )) (( )) ��/����.����������������/��.

J
KL LG#H%I

FYX<Z [>Z \
G#H%I

J
KL LJ

KL L]4^5IX<Z [>Z ∑∑ ∑∑∑∑∑∑ ∑∑
======

==



 ∆∆==∆∆

X<Z [J
KL LX<Z [>ZJ

KL L _ `�a..��.� 



 ∆∆++∆∆==∆∆ ∑∑∑∑

====
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2YYLDPHQW
�����

/DYRU � GHOO � )RU] � (VWHUQH V � SX � FDOFRODU � GDOO � GHILQL]LRQ �

G
���
DYRUR 	 WHQHQG � SUHVHQW � FK � O � VSRVWDPHQW � FK � V � GHY � FRQVLGHUDU ��
 O �

VSRVWDPHQW � DVVROXWR �

)DFFLDP �
� U ��� OFXQ � FRQVLGHUD]LRQ
�
VX
�
/DYRU � GHOO

�
)RU]

�
,QWHUQH �

&DOFROLDP � ��� FRQWULEXWR 	 DOO � VRPPDWRULD 	 G � XQ � FRSSL � G � WD ��� IRU]H 	 ULFRUGDQG �
FK
�
SH � OD�,,, � /HJJ � GHOO � 'LQDPLFD���� �� ��� )) −−−− −−==

&&

&RQVLGHULDP � GX � SXQW ���QGLYLGXDW � GD � UDJJ � YHWWRU � �U& H �U& � 6XSSRQLDP �

FK
���
GX
�
SXQW

�
FRPSLDQ � GHJ ��� VSRVWDPHQW ���QILQLWHVLP � UG

& � �UG& � 2VVHUYDQG �

OD�ILJXUD�SRVVLDP � VFULYHUH�

�
TXLQG

� �����
DYRU ��� QXOO � VRO � V � J ��� VSRVWDPHQW � UHODWLY � ��UG&

 VRQ � QXOOL�

� � UWRJRQDOL�DOO ! IRU]D ��) −−

&

�

, " JHQHUDO � SH ��#$" VLVWHP � G � SXQW � PDWHULD ��� QHOO¶DSSOLFDU �%��� 7HRUHPD�
/DYRU � (QHUJLD 	 V � GRYU & WHQHU � FRQW � QR " VRO � GH �'�DYRU � GHOO � )RU] � (VWHUQH 	
P �(� QFK � GH �)�DYRU � GHOO � )RU] � ,QWHUQH � 6HEEHQ � O � ULVXOWDQW � GHOO � )RU] �

,QWHUQ
�
VL � VHPSU � QXOO � �,,, � /HJJH� 	 QR " 
 GHWW � FK � O � VL �*� QFK �+���,�RU �

ri

rj

Fi-j

Fj-i

dri

drj

rj - ri
i

j

O

PDVVH�OH�WUD�UHODWLYR�RVSRVWDPHQW��UG

UG��)��UG��U�G�)����������������

��UG)��UG)��UG)��UG)��G/��G/

�-�

�-��.����.�
��.���.���.���.���

==

⋅⋅==−−⋅⋅==

==⋅⋅−−⋅⋅==⋅⋅++⋅⋅==++

&

&

&

&&

&

&

&

&

&

&

&

&

&
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ODYRUR � 6 � F¶ � PRW � UHODWLY � WU � O � SDUW � GH � VLVWHP � � � /DYRU � GHOO � )RU] �
,QWHUQ

�
QR ��� QXOOR �

266(59$=,21,

4XDQG 	 V 
 VWXGL ��
�
 PRW 	 G 
���� SXQW 	 PDWHULDOH �1 � � 	���� VLVWHP � G 
��
SXQW 
 PDWHULDOL � P � OHJDW � G � YLQFR � � ULJLGL � O � UHOD]LRQ 
 FK � F 
 SHUPHWWRQ 	 G 

VWXGLDU ��
�
 PRW 	 VRQR�

RSSXUH�

(( )) HFLQHPDWLFK�UHOD]LRQL�������(QHUJLD��/DYRUR���7HRUHPD�.��/�

�
�� ��

�� ������ ++∆∆== ∑∑∑∑
====

4XDQG 	 LQYHF � 
�
 VLVWHP � G � SXQW � � OHJDW � G � YLQFR � � QR � ULJLGL �
RSSXU

�!�
VLVW
�#" � PRW � UHODWLY � WU � O � SDUW � GH � VLVWHPD � O 	 VWXGL 	 Y �%$&� WW 	

XWLOL]]DQG 	'
�
 PRGHOO � GL�6LVWHP � GL�3XQWL�0DWHULDOL �(� FLRq�

0DWHULDOL��3XQWL�GL�6LVWHPD�SHU�PRWR�GHO��/HJJH���
GW

3G
D0) ) � * �+,+-. ���/ * �

&

&
&

====∑∑

4XHVW¶XOWLP 	 SX 0 HVVHU � VFULWW 	 QHOOD�IRUPD�

� LQROWU � F 
 SRVVRQ 	 HVVHU � GHOO � UHOD]LRQ 
 WU � O � DFFHOHUD]LRQ 
 DVVROXW �1� UHODWLY �
WU � O � YDUL � SDUW 
 GH 
 VLVWHPD � $WWHQ]LRQ � FK � QR �32 GHWW 	 FK � O � +,+-D& 4

FRLQFLGD�

FR 5 OD��� 687:9D
&

D�VXD�YROWD�YLVWD�QH ; FDV < G = PRW = UHODWLYL�

1HOO > VHFRQG >#? RUPD FR @ FXL ACB VSUHVV < GH ; 7HRUHP > /DYRU < (QHUJLD� A
HVSOLFLWDPHQW B IDWW < ULIHULPHQW < D ; PRG < G = YHGHU BD=�; PRW < GH ; VLVWHP > FRP B
PRW < G =E=QVLHP B �GH ; &�0� FHG PRW < UHODWLY < D ; &�0�

GLQDPLFR���DSSURFFLR�������D���OH�WUD�UHOD]LRQL�HYHQWXDOL����HG���D�P��) IIII &&
&

==∑∑

(QHUJLD��/DYRUR��7HRUHPD������������.�/���/

J
KI I

J
KI
L�MONI

J
KI
PRQ&NI ∑∑∑∑∑∑

======

∆∆==++

�.��.�/���/

SUTWV XYV ZJ
KI ITWV XYVJ

KI
L�MONI

J
KI
PRQ&NI 



 ∆∆++∆∆==++ ∑∑∑∑∑∑

======
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1HOO
�
SULP

���
RUPD LQYHFH � TXHVW � QR ���	� YLGHQ]LDW �
� O � YHORFLW � FK �

LQWHUYHQJRQ � QHOO � ∆∆. � VRQ ��
 PRGX ��
 GHOO � YHORFLW � � VVROXWH �FLR � ULIHULW � D �����
VLVWHPD�G 
 ULIHULPHQW � LQHU]LDOH � FLR � ILVV ��� L � PRW � UHWWLOLQH ��� XQLIRUPH� �

( � RSSRUWXQ � ULFRUGDU � FK � O � UHOD]LRQ 
 FK � VWXGLDQ � O � 'LQDPLF � GH 

6LVWHP 
 G 
 3XQW 
 0DWHULDOL � YDOJRQ � DQFK � SH ��
 &RUS 
 ULJLG 
�� VLVWHP 
 G 
 SXQW 
�
��
SRVL]LRQ 
 ILVVH � / �  "! # ��

6 $ GRYUHEE % RVVHUYDU % FK % O % )RU] % ,QWHUQ % SRWUHEEHU & GHWHUPLQDU % QR '
VRO (*)+' PRW ( PDFURVFRSLFR UHODWLY & D , &�0 - P ./. QFK % XQ . PRW ( LQWHUQ (
PLFURVFRSLFR 0 6 $ SHQV $ SH 1 HVHPSL & D 243�5 VLVWHP . G $ DWRP $ G $ JD 67& G $
PROHFRO % FK % SRVVRQ & DYHU % DQFK % PRW ( YLEUD]LRQD 8:9<; URWD]LRQD 8:9 GHOO =
PROHFROD 0 4XHVW $ PRW $ PLFURVFRSLF $ GDQQ &>& ULJLQ %?. TXHOO . FK % YLHQ % GHILQLWD�
(QHUJL = ,QWHUQD GH , VLVWHPD - WLSLF . GH $ VLVWHP $ 7HUPRGLQDPLFL 0 9 . ULFRUGDW &
SHU @ FKH L ' PHFFDQLF = V 9 WUDWWDQ ( VRO ( VLVWHP 9 G 9 FRUS 9 ULJLGL � $ JD 6 QR 5 O &
VRQR��

3H A�9B8 FDOFRO ( GH 9 YDU 9/8 DYRUL ULFRUGLDP &C& U . FK % SX @ HVVHU % XWLO %
GLVWLQJXHU % O % )RU] % WU . &RQVHUYDWLY % % QR 5 &RQVHUYDWLYH - VRSUDWWXWW & SH 1
TXDQW & ULJXDUG . O % )RU] % ,QWHUQH - FK % FRP % DEELDP & YLVW & QR 5 VHPSU % VRQ &
GHWHUPLQDE $�,�$ HVSOLFLWDPHQW %D. SULRUL 0 $OORU . WHQHQG & FRQW & FK % D ,E,DYRU & G $ XQD�
)RU] . &RQVHUYDWLY .GF DVVRFLDELO % VHPSU % O . YDULD]LRQ % GHOO . (QHUJL . 3RWHQ]LDO %
DVVRFLDW .H. OO . )RU] . &RQVHUYDWLYD - SRVVLDP & ULVFULYHU %I$�, 7HRUHP . /DYRU &
(QHUJLD�QHOOD�VHJXHQW % IRUPD J

���.�/�

K
LM MN M OQP�RTSVUWTX P ∑∑

==

∆∆==

(( )) (( ))
Y Z[Y\]

^:_ P
K
LM M[Y\

K
LM

^:_ PM
K
LM

` OQPM ..// 



 ∆∆++∆∆==++ ∑∑∑∑ ∑∑∑∑ ∑∑

======
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