
� �������	��
�� ��

� ���������	����������������� � ������� �!�"���$#%�
&('���)*�����+�-, �.�/�	� #+�.
�
�� ������� �!�"���-
��
&0�-, ��1�
���� 
��21��������

3547683 9;:=<�>�?A@�BDC(EF?G:DH
I0JFKMLNJFOPKRQSK;TMUWVWKMJFK;JYXPZ\[NUW]PUA^_TMT`^bac^_[NZ\dPZFK"JFUWeGfPOgQSZFLFhi[NKM[jQSZFeGK�dPK�JFUW]kQSLNUWTMTMUPhl[NKM[jQSZFeGK�dPK"JFUnm
dPKRocJp^�ZqQSLS^_[NeGKM[N[NKMUW]PZqdPKrdc^nQSKsdPKMVWKRQY^_TMK�ZtQSJ_uRh�[NUW]PU�JFT`^_[N[NKRocJp^_aPKMTMKvKM]wOP]�JFZFLjQSU�]xOPeGZFLNU�dPK
y_z ^_eGKMVWTMKMZ y h�JFK`^_[NJFOP]c^DJFUW]�fPLNUWfPLNKMZGJp^_LS^nQNQSZFLNKM[jQSKMJYXPZ_h�{xOc^_TMKrKrTMKR|WZFTMTMK�dPKrQSZF]P[NKMUW]PZ_h�T`^A|WZFTMUnm
JFKRQn}^qdPK"JFUWeGe\OgQY^_~FKMUW]PZ_h�TMZ�dPKMeGZF]P[NKMUW]PK�dPZFT"JFUWeGflUW]PZF]kQSZ�ZFTMZFeGZF]kQY^_LNZ_h�T`^qdPKM[N[NKMfc^_~FKMUW]PZ�dPK
flU_QSZF]P~p^bZ_hc]PUW]AOPTRQSKMeGUPh�KMTiJFUW[jQSUPu
I�]G{xOPZF[jQY^5[NZF~FKMUW]PZ0JFKcU�JFJFOPflZFLNZFeGU5dPZFTMTMZ�Jp^_LS^nQNQSZFLNKM[jQSKMJYXPZ0dPZFTMTMZ�fPLNKM]PJFKMfc^_TMKgdPKc{xOPZF[jQSZ z ^�m

eGKMVWTMKMZ_u���QSKRQSUWTMU(KMTMTMOP[jQSLS^nQSKR|WU�JFKPU�JFJFOPflZFLNZFeGU�dPZFTMT`^ z ^_eGKMVWTMK`^����0������LS^_]P[NKM[jQSUWL�m���LS^_]P[NKM[jQSUWL
��UWVWKMJ8�rZ�dPZFT�[NOPUGfPLNZFJFOPLN[NUWLNZ=��]PUW]�fPKS}OA^_dPUWflZFLS^nQSUx�����0������KMU�dPZ�m���LS^_]P[NKM[jQSUWL�m���UWVWKMJ8��u
��U_QSKR|�K�dPK�[Nfc^_~FKMUA]PUW]�JFK�JFUW]P[NZF]kQSUW]PU�dPK�QSLS^nQNQY^_LNZb^_TRQSLNZ\dPOPZ z ^_eGKMVWTMKMZ5JYXPZ_h;KM]�{xOPZF[jQSK

OPTRQSKMeGKWdPZFJFZF]P]PK�hWXc^_]P]PU�^p|�OgQSU(OP]c^(ZF]PUWLNeGZrdPKR��OP[NKMUW]PZ_��KxJFKMLNJFOPKRQSKxac^_[S^nQSKx[NOPTMT`^0TMUWVWKMJp^��D���
����ZtQY^_T�mj�� gKMdPZ�mj��ZFeGKMJFUW]PdPOPJtQSUWLY�;Z(¡��D������¡sUWeGfPTMZFeGZF]kQY^_Lj¢��D���P��hkZ0{xOPZFTMTMKgac^_[S^nQSKc[NOPTMT`^
TMUWVWKMJp^�£r¡�����£�eGKRQNQSZFL�mj¡sUWOPfPTMZFd�m���UWVWKMJ8��u;I�TP]PU_QSZt|WUWTMZ�[NOPJFJFZF[N[NU�dPZFKPJFKMLNJFOPKRQSKc�D���\Z�¡��D���
}Z�dPU8|�OgQSUq^_TMT`^\JFUWeGfc^nQNQSZF~F~p^�dPZFK;JFUWeGflUW]PZF]kQSKiZFTMZFeGZF]kQY^_LNK�¤P{xOPZFTMTMUbdPZFK�[NZFJFUW]PdPK�^_TMT�¥ ZFTMZt|_^nQY^
|WZFTMU�JFKRQn}^\dPK�JFUWeGe\OgQY^_~FKMUW]PZ_u
I�]PKM~FKMZFLNZFeGU�JFUW]7OP]c^�aPLNZt|WZ�dPKM[NJFOP[N[NKMUW]PZ�dPZFK�TMKR|WZFTMTMKcdPK¦QSZF]P[NKMUW]PZ�JYXPZ�Jp^_LS^nQNQSZFLNKM~F~p^_]PU�VWTMK

[jQY^nQSKrdPZFKv|_^_LNKvJFKMLNJFOPKRQSKvZqdPKv{xOPZFTMTMU�JYXPZD}ZGKMTveq^_LNVWKM]PZbdPKrZFLNLNUWLNZG[NOwQY^_TMKvTMKR|WZFTMTMK�u=§�ZFL�OP]c^
dPKM[NJFOP[N[NKMUW]PZqdPZFTMTMZGJp^_LS^nQNQSZFLNKM[jQSKMJYXPZGJFUW[jQSLNOgQNQSKR|WZqdPZFTMTMZ z ^_eGKMVWTMKMZ��D���lh�¡��D���wZFd�£r¡��¨[NK
|WZFdc^GTMZ�LNZ z ZFLNZF]P~FZ=©«ª�¬8;Zq© ¬W¬��u

35476�4 ®¯Et°GH�±p±pE²±F?b³GEp´�E
I(TMKR|WZFTMTMK�dPK"QSZF]P[NKMUW]PZbJYXPZbJFUWLNLNKM[NflUW]PdPUW]PU�^_TMT�¥Rª\TMUWVWKMJFU7ZFdw^_TMTMU7µ7TMUWVWKMJFU=[NUW]PU�dPZtoc]PKRQSK�flZFL
UWVW]PKsdPZtQSZFLNeGKM]c^nQY^ z ^_eGKMVWTMK`^7TMUWVWKMJp^gu��(d�ZF[NZFeGfPKMUD]PZFTMT`^ z ^_eGKMVWTMK`^=���0�²QY^_TMKrTMKR|WZFTMTMK�[NUW]PU
µ�¶·��TMKR|WZFTMTMU y ��U8¸ yx¹�y � y ��Z(º(¶·��TMKR|WZFTMTMU yk» KMVWX yx¹�yk»�y ��uk�(|x|�K`^_eGZF]kQSZ�TMZ�¼cOgQNQSOc^_~FKMUW]PKgQSLS^
JFUWeGflUW]PZF]kQSZ�Z�JFUWeGflUW]PZF]kQSZ�ZFdqKMTPLNOPeGUWLNZ0JYXPZ�}Z�[NZFeGfPLNZ�fPLNZF[NZF]kQSZ z ^_]P]PU5[�} ½lJYXPZ�OP]qTMKR|WZFTMTMU
» KM]7TMUWVWKMJp^\���0�w]PUW]�[NK`^�fPLNUWfPLNKMUGº�¶�ZFd�OP]�TMKR|WZFTMTMU��	]PUW]�[NK`^�ZF[S^nQNQY^_eGZF]kQSZ5µ\¶\u
¡sXPK`^_eGZFLNZFeGU\¾¦¿¦À¯KMT¦eGKM]PKMeGU�TMKR|WZFTMTMU�dPK¦QSZF]P[NKMUW]PZ(JYXPZ�dPZt|WZ�ZF[N[NZFLNZ�fPLNZF[NZF]kQSZ�^_TMT�¥ OP[NJFKRQY^

dPZFT0JFKMLNJFOPKRQSU�[NZ�[NK�|�OPUWTMZAJYXPZ�{xOPZF[jQSUwTMKR|WZFTMTMU�[NK`^�LNKMJFUW]PUW[NJFKMOgQSU�JFUWeGZ » u��(]c^_TMUWVk^_eGZF]kQSZ
Á ¬�ª



JYXPK`^_eGZFLNZFeGU\¾��jÀ¯KMTceGKM]PKMeGU�TMKR|WZFTMTMU�dPK¦QSZF]P[NKMUW]PZ(JYXPZ(dPZt|WZ�ZF[N[NZFLNZ�fPLNZF[NZF]kQSZ�^_TMT�¥ KM]PVWLNZF[N[NU5dPK
OP]�JFKMLNJFOPKRQSU�[NZ5[NKi|�OPUWTMZ�JYXPZ5{xOPZF[jQSUG[NK`^�LNKMJFUW]PUW[NJFKMOgQSUbJFUWeGZ » u}£ U8|x|�KMU�JYXPZ	OP] JFKMLNJFOPKRQSU¯]PUW] dPU8|�L�}^ z UWLN]PKMLNZ�KM]²OP[NJFKRQY^¯OP] TMKR|WZFTMTMU » dPK�QSZF]P[NKMUW]PZ
KM] z ZFLNKMUWLNZ�^�{xOPZFTMTMU�JYXPZ�ZF[N[NU�[jQSZF[N[NU�LNKMJFUW]PUW[NJFZFLNZFaPalZ�JFUWeGZ�TMKR|WZFTMTMU�^_TRQSU�KM]bKM]PVWLNZF[N[NUPuv��KcdPZt|WZ
JFKMUP}Z�^p|WZFLNZ_�
¾¦¿¦À��²¾��jÀ
��Z�JFUW[�} ½�]PUW] z UW[N[NZ_h(OP]¨fPKMJFJFUWTMU�dPKM[jQSOPLNalU�fPLNZF[NZF]kQSZ���LNOPeGUWLNZ_h�^_JFJFUWfPfPK`^_eGZF]kQSU�ZFTMZtQjm

QSLNUWeq^_VW]PZtQSKMJFU�JFUW]�^_TRQSLNKvJFUWeGflUW]PZF]kQSKrfPLNZF[NZF]kQSK�ZtQSJ_u � flU_QSLNZFaPalZ z ^_L�[�} ½rJYXPZ7OP]�TMKR|WZFTMTMUAdPK
QSZF]P[NKMUW]PZ » ^_TMT�¥ OP[NJFKRQY^�dPZFT�JFKMLNJFOPKRQSUq]PUW]DLNKM[NOPTRQY^_[N[NZ�QY^_TMZ�^_TMT�¥ KM]PVWLNZF[N[NUGdPK;OP]�^_TRQSLNUqJFKMLNJFOPKRQSU
]PUWeGKM]c^_TMeGZF]kQSZ(KMdPZF]kQSKMJFUG^_T�fPLNKMeGUPu
�;^bdPKR��ZFLNZF]P~p^g�
¾¦¿¦À��¯¾��jÀ ¹��	� À
}Z�]PU_QY^�JFUWeGZ�KMT y eq^_LNVWKM]PZ�di¥ ZFLNLNUWLNZ y ��
������������������� ¹�� �D��LNZFT`^nQSKR|WUb^_TiTMKR|WZFTMTMU�^_TRQSUPu
§�ZFLsKMTcTMKR|WZFTMTMU�ac^_[N[NU\ZF[NKM[jQSUW]PU\^_]c^_TMUWVWXPZ0dPZtoc]PKM~FKMUW]PK�u���KldPZtoc]PKM[NJFZ(KMTceq^_[N[NKMeGU�TMKR|WZFTMTMU�dPK

QSZF]P[NKMUW]PZrJYXPZsfPO�}U(ZF[N[NZFL"fPLNZF[NZF]kQSZ�^_TMT�¥ OP[NJFKRQY^�dPKxOP]�JFKMLNJFOPKRQSU0flZFLNJYX �Zs{xOPZF[jQSU�[NK`^0LNKMJFUW]PUW[NJFKMOgQSU
JFUWeGZ(���P¾¦¿�!¦hgZFd=KMTceq^_[N[NKMeGU5TMKR|WZFTMTMU�dPK¦QSZF]P[NKMUW]PZ(JYXPZ(fPO�}U\ZF[N[NZFL�fPLNZF[NZF]kQSZ�^_TMT�¥ KM]PVWLNZF[N[NU5dPZFT
JFKMLNJFOPKRQSU�flZFLNJYX �Z5ZF[N[NUq[NK`^�LNKMJFUW]PUW[NJFKMOgQSU�JFUWeGZ����l¾��"!lu
��LS^�dPU8|�L�}^bZF[N[NZFLNZ_�
¾��"!#�²¾¦¿�!
I�T�LNZFT`^nQSKR|WU � UWKM[NZ���^_LNVWKM]	� � �D��}Z_�
�	� ! ¹ ¾��"!$��¾¦¿�!
£�[NZFeGfPKMUP��JFKMLNJFOPKRQSU � ���·��KM]k|WZFLjQSKRQSUWLNZ8��uv��Z�QY^_TMZ�JFKMLNJFOPKRQSU\Xc^�KM]=KM]PVWLNZF[N[NU�OP]7TMKR|WZFTMTMU5dPK

QSZF]P[NKMUW]PZ\¾���% ¾��"!lhlZF[N[NU=dPU8|�L�}^ z UWLN]PKMLNZ�KM]�OP[NJFKRQY^GOP]D[NZFVW]c^_TMZ\¾¦¿�� ¾¦¿¦À0u�¶�KMJFZt|WZFLN[S^ghl[NZ
^_Ti[NOPUGKM]PVWLNZF[N[NU�}Z�fPLNZF[NZF]kQSZ5OP]�[NZFVW]c^_TMZ�dPKiQSZF]P[NKMUW]PZ�¾��&�²¾��jÀ0hPT�¥ OP[NJFKRQY^�[S^_L�}^G¾¦¿�%²¾¦¿�!¦u
�"^_TMZ�JFUWeGflUWLjQY^_eGZF]kQSUA}Z�eGUW[jQSLS^nQSUbKM]7ocVWOPLS^7ª�¬�uRªWu
� U_QSK`^_eGU�JYXPZ_h�KM]�QY^_TMZ�dPK`^_VWLS^_eGeq^gh_TMZ�~FUW]PZ�[NJFOPLNZ�]PUW]GJFUWLNLNKM[NflUW]PdPUW]PU5^�[jQY^nQSKcJFUW]P[NZF]�m

QSKRQSK�u�I�T�JFKMLNJFOPKRQSU=fPO�}U7[NUWTMU7Zt��ZtQNQSOc^_LNZ\QSLS^_]P[NKM~FKMUW]PK;QSLS^=VWTMK�[jQY^nQSK�KM]PdPKMJp^nQSK�JFUWeGZ y ª�TMUWVWKMJFU y
��KM]�^_TRQSUb^�[NKM]PKM[jQSLS^k�sZ y µbTMUWVWKMJFU y ��KM]7ac^_[N[NU=^�dPZF[jQSLS^k��u

' Oc^_TMUWLS^�T�¥ KM]PVWLNZF[N[NUDU�T�¥ OP[NJFKRQY^DdPZFTsJFKMLNJFOPKRQSU�|WZF]PKM[N[NZFLNUw^�QSLNU8|_^_LN[NKsKM]�OP]c^DdPZFTMTMZ=~FUW]PZ
[NJFOPLNZ5KM]7ocVWOPLS^ghPTMUb[jQY^nQSUbdPZFT�JFKMLNJFOPKRQSU�[S^_LNZFaPalZ5KM]PdPZtQSZFLNeGKM]c^nQSUPu

� UWLNeq^_TMeGZF]kQSZ_hnK�TMKR|WZFTMTMKx¾��"!lhk¾��jÀ0hx¾¦¿�!¦hx¾¦¿¦À�[NUW]PU�[NflZFJFKRocJp^nQSK�flZFL�|_^_TMUWLNKxdPZFTMTMZvJFUWLNLNZF]kQSK
JYXPZ5]PUW]AZFJFJFZFdc^_]PUqLNKM[NflZtQNQSKR|_^_eGZF]kQSZ�()�"!lh*()�jÀ0h�(p¿�!lh*(p¿¦À0u
�;^qQY^_alZFTMT`^�ª�¬�uRª\eGUW[jQSLS^q|_^_TMUWLNK;QSKMfPKMJFK�h z UWLN]PKRQSK�dc^_K"JFUW[jQSLNOgQNQSUWLNK�hiflZFL�TMZ z ^_eGKMVWTMKMZ����0�

º�+k�-,/.�+k��Z�¡��D����º�+x¡0,/.�+x¡(u
1¦^_eGKMVWTMK`^ ¾32�2�� ¶�� ¾��"!546()�"! ¾��jÀ746()�jÀ ¾¦¿�!346(p¿�! ¾¦¿¦À046(p¿¦À
º�+k�-,/.�+k� º µgu8.�¶ h¦µguRª�9_eG� ¬�u µn¶\h�ª8µ�:i� µgu Á ¶\h¦¬�u µ_eG� ¬�u +_¶\hiª8µWµ�:i�
º�+x¡0,/.�+x¡ º µgu 9n¶ Á u º�¶ µgu +_¶\h Á/; µ�:i� ¬�u +_¶\hiª8µWµ�:i�

�"^_alZFTMT`^=ª�¬�uRªW�

�(TMT�¥ KM]kQSZFLN]PU�dPZFTMTMZ z ^_eGKMVWTMKMZ\���0��h�¡��D���wZtQSJ_u�ZF[NKM[jQSUW]PU y [NU_QNQSU z ^_eGKMVWTMKMZ y JFUW]w|_^_TMUWLNK
TMKMZt|WZFeGZF]kQSZ�dPKR|WZFLN[NK�dc^b{xOPZF[jQSK;dPZFKi|_^_LNKifc^_LS^_eGZtQSLNK�u

Á ¬W¬



Vo

1
Logico

0
Logico

0
Logico

1
Logico 

VI

1"KMVWOPLS^=ª�¬�uRªW�
1¦^_eGKMVWTMK`^ ¾¦¿�! ¾¦¿¦À ¾��"! ¾��jÀ
£r¡�� mYªWu8.�¶ m�µgu �n¶ mYªWu +_¶ mYªWu µn¶
� Ij� �`mYªpeG��h�ªpeG��� �`mYª +WeG��h mYª�9_eG��� �`m +WeG��h¦¬_µ_eG��� �`mYª�¬neG��h Á/; eG���

�"^_alZFTMT`^=ª�¬�u ¬��

��Z0Jp^_LS^nQNQSZFLNKM[jQSKMJYXPZ0dPZFTMT`^ z ^_eGKMVWTMK`^�£r¡���[NUW]PU5eGUW[jQSLS^nQSZ_hkKM]P[NKMZFeGZ0^�{xOPZFTMTMZ�dPZFTMT`^�TMUWVWKMJp^
� Ij�	hPJYXPZ�}Z�OP]PU�[jQY^_]Pdc^_LNd7OP[S^nQSU�]PZFK�[NKM[jQSZFeGK�dPKi^_JF{xOPKM[NKM~FKMUW]PZ(Z(QSLS^_[NeGKM[N[NKMUW]PZ(dPZFK�dc^nQSK�KM]
ZF[NflZFLNKMeGZF]kQSKkdPKkoc[NKMJp^5��KM]5fc^_LjQSKMJFUWT`^_LNZ�KM]�oc[NKMJp^0]xOPJFTMZp^_LNZrZv[NOPaP]xOPJFTMZp^_LNZ8��]PZFTMT`^�QY^_alZFTMT`^�ª�¬�u ¬�u
��K�]PU_QSK�JYXPZbT`^=TMUWVWKMJp^q£r¡���Xc^7TMKR|WZFTMTMK;]PZFVk^nQSKR|�K�dPK"QSZF]P[NKMUW]PZ_h�eGZF]kQSLNZ�K�TMKR|WZFTMTMK�LNZFT`^nQSKR|�K

^_TMT`^�TMUWVWKMJp^ � Ij� [NUW]PUGdPKiJFUWLNLNZF]kQSZ5Z�]PUW]�dPK�QSZF]P[NKMUW]PZ_u
§�UWKMJYX �ZbQSOgQNQY^p|�K`^	}ZG^_]PJYXPZG[NflZFJFKRocJp^nQY^�T�¥ KMeGflZFdPZF]P~p^7dPZFKvJFUWTMTMZFVk^_eGZF]kQSK�JYXPZ�}Zqº_µ��·KM]

TMUWVWKMJp^ � Ij� ��Z����0����eGZF]kQSLNZ�}Z�ª8µWµ���KM]�TMUWVWKMJp^(£r¡���[NKg|WZFdPZ�JYXPZ0KM]�TMUWVWKMJp^ � Ij� KMTgTMKR|WZFTMTMU
TMUWVWKMJFU=ªG}Z�JFKMLNJp^�m�µgu 9�¶�eGZF]kQSLNZ�KMTiTMKR|WZFTMTMU�TMUWVWKMJFUbµ7}Z�JFKMLNJp^bµ\¶\u

35476�� 9;±��	��
�������

��ZAT�¥ OP[NJFKRQY^�dPK�OP]c^�JFZFLjQY^�flUWLjQY^�TMUWVWKMJp^�}ZAJFUWTMTMZFVk^nQY^D^_VWTMK�KM]PVWLNZF[N[NK5��KM]�fc^_LS^_TMTMZFTMUx��dPK�fPKS}O
flUWLjQSZs[NKMeGKMTMK�h�U�JFJFUWLNLNZFL�}^�QSZF]PZFL�JFUW]kQSU�dPZFTMT`^�JFUWLNLNZF]kQSZ�JYXPZ�{xOPZF[jQSZ0^_[N[NUWLNalUW]PUPu"�"^_TMZsJFUWLNLNZF]kQSZ
}Z�KM] z ^nQNQSK�ZFLNUWVk^nQY^\dc^_TMT`^�flUWLjQY^\fPKMTMU_QY^�Z_hP{xOc^_TMUWLS^ z UW[N[NZ�QSLNUWfPflU�ZFTMZt|_^nQY^gh z ^_LNZFaPalZ�OP[NJFKMLNZ�T`^
fPLNKMeq^\dc^_TMT`^�[NOc^b~FUW]c^bdPK z OP]P~FKMUW]c^_eGZF]kQSU�]PUWLNeq^_TMZ_u

� ZFTMT`^bocVWOPLS^�ª�¬�u ¬GT`^bflUWLjQY^qfPKMTMU_QY^���h�JFUW]DT�¥ OP[NJFKRQY^q^_T;TMKR|WZFTMTMUq^_TRQSUPh¦dPZt|WZ\ZFLNUWVk^_LNZ�OP]c^
JFUWLNLNZF]kQSZ (p¿¦À!fc^_LNK�^ Á ()�jÀ0h;dPU8|WZ ()�jÀ�}ZbT`^=JFUWLNLNZF]kQSZq^_[N[NUWLNaPKRQY^Adc^7JFK`^_[NJFOP]c^AdPZFTMTMZ�flUWLjQSZ
^_TMKMeGZF]kQY^nQSZ�dc^_TMT`^�fPLNKMeq^gu
§�UW[N[NK`^_eGUb[NJYXPZFeq^nQSKM~F~p^_LNZ�QY^_TMZ�JFKMLNJFOPKRQSU�]PZFT�eGU�dPUbKM]PdPKMJp^nQSU�KM]=ocVWOPLS^Aª�¬�u Á u
��Z=KMTv]xOPeGZFLNUDdPZFTMTMZGflUWLjQSZqJFUWTMTMZFVk^nQSZG^_OPeGZF]kQY^gh�^_OPeGZF]kQY^�T`^�JFUWLNLNZF]kQSZ=ZFLNUWVk^nQY^�dc^_TMT`^

flUWLjQY^5fPKMTMU_QY^�Z�dPKlJFUW]P[NZFVWOPZF]P~p^ghP[NZ (p¿¦À�]PUW]qfPO�}U\fPKS}OG^_OPeGZF]kQY^_LNZ(dPKMeGKM]xOPKM[NJFZ0T`^�QSZF]P[NKMUW]PZ
Á ¬ Á



A

B

C

D

IIH

IIH

IIH

IOH

1"KMVWOPLS^=ª�¬�u ¬��

R R R

IOH
IIH

1"KMVWOPLS^=ª�¬�u Á �

¾�� ��� ^_K�Jp^_fPK�dPZFT�Jp^_LNKMJFUwJFUW[jQSKRQSOPKRQSU	dc^_T�fc^_LS^_TMTMZFTMU�dPZFTMTMZAQSLNZ�LNZF[NKM[jQSZF]P~FZ_u*¡sUWeGZ�[NK�|WZFdPZz ^_JFKMTMeGZF]kQSZ�dc^_TMT`^�ocVWOPLS^ghP[NK�Xc^g�
¾�� ��� ¹

�
� (p¿¦À

dPU8|WZ � }Z�KMT�]xOPeGZFLNUGdPZFTMTMZ�flUWLjQSZ�JFUWTMTMZFVk^nQSZb� QSLNZ�]PZFTMT�¥ ZF[NZFeGfPKMU�dPK�ocVWOPLS^k��u
��K�Xc^bKM]7VWZF]PZFLS^_TMZ_�
� À %�� (p¿¦À	��()�jÀ
�
�(]c^_TMUWVk^_eGZF]kQSZ_hP[NZ�T�¥ OP[NJFKRQY^�dPZFTMT`^\flUWLjQY^�fPKMTMU_QY^q}Z�]PZFTMTMU�[jQY^nQSUbac^_[N[NUPhl^p|�LNZFeGUP�
� ! %�� (p¿�!���()�"!��

� UWLNeq^_TMeGZF]kQSZ�K"JFUW[jQSLNOgQNQSUWLNK�{xOPU_QY^_]PU7KMT�fPKS}ODfPKMJFJFUWTMUGQSLS^=K"dPOPZ\|_^_TMUWLNK � À&4 � !lu��"^_TMZ
{xOc^_]kQSKRQn}^7}Z�]PU_QY^�JFUWeGZ�KMT�)����� ������dPZFTMT`^\flUWLjQY^�TMUWVWKMJp^gu
¶vZFdPLNZFeGU�]PZFTMTMZqfPLNUW[N[NKMeGZ=[NZF~FKMUW]PK�JFUWeGZ=KMT z ^_]�m�UWOgQ�flUW[N[S^DZF[N[NZFLbJp^_TMJFUWT`^nQSUDKM]¯^_TMJFOP]PK

[NZFeGfPTMKMJFK�JFKMLNJFOPKRQSKiTMUWVWKMJFK�Z�{xOc^_TMKi[NK`^_]PUbK z ^nQNQSUWLNKiJYXPZ5TMU�TMKMeGKRQY^_]PU�]PZFKi|_^_LNKiJp^_[NK�u

35476�� ��Ep>v´�B�Et<�E�Ep: ±F?b³GEp´���� EF?A@D?�����>��\: ��E!��<�?G>�H#"��$� ®&%
�(]PJYXPZ�[NZ�QY^_TMKgJFKMLNJFOPKRQSKgXc^_]P]PU�UWLS^_eq^_KgOP]GKM]kQSZFLNZF[N[NZ0fPOPLS^_eGZF]kQSZ0[jQSUWLNKMJFUPhc}Z�OgQSKMTMZ�ZF[S^_eGKM]c^_L�m
]PZ�KMT z OP]P~FKMUW]c^_eGZF]kQSU�§�UWKMJYX �Z�dc^�ZF[N[NKl[NUW]PU5flUWKc]c^nQSKcK¦���0��u�'�]qZF[NZFeGfPKMU�dPK¦flUWLjQY^ � � � �
KM]ATMUWVWKMJp^\���0��}Z�{xOPZFTMTMUbeGUW[jQSLS^nQSU�KM]7ocVWOPLS^Aª�¬�u +Pu

Á ¬�+



D1 D2

5k

DA

DB

DC

A

B

C

Q

2.2k

5k

5k

OUT

P

I1

I

Stadio
successivo

+5V

I2

IB

IC

1"KMVWOPLS^=ª�¬�u +P�

��Z�^_TMeGZF]PUGOP]PU=dPZFVWTMK;KM]PVWLNZF[N[NK���h��(hi¡.}Z�ac^_[N[NU��"%!µ�� ¬�¾��0KMT;dPKMU�dPUqJFUWLNLNKM[NflUW]PdPZF]kQSZ
JFUW]PdPOPJFZ�Z�¾�� ¹ µ�� ¬���µ��8. ¹ µ�� �r¾buv§�ZFLNJYX �Z�KldPKMU�dPK	��
vZ����JFUW]PdPOPJp^_]PUPhPU�JFJFUWLNLNZ(JYXPZ(T`^
QSZF]P[NKMUW]PZ0^_KPJp^_fPKPdPKcJFK`^_[NJFOP]bdPKMU�dPU�[NK`^�^_TMeGZF]PU�OPVWOc^_TMZ�^�µ��8.�¾!Z�JYXPZ0KM]PUWTRQSLNZsT`^�dPKR��ZFLNZF]P~p^
dPKlflU_QSZF]P~FK`^_TMZ�¾����DQSLS^5ac^_[NZ�ZFd=ZFeGZtQNQSKRQSUWLNZ�dPZFTlQSLS^_]P[NKM[jQSUWLr[NK`^\^_]PJYXi¥ ZF[N[S^\OPVWOc^_TMZ�^�µ��8.5¾bu
I�]�^_TRQSLNKvQSZFLNeGKM]PKrdPZt|WZAZF[N[NZFLNZ_��¾����-¬���µ��8.�� µ��8. ¹ ¬��Rª"¾�u ' OPKM]PdPK�h�]PZFTMTMZqJFUW]PdPKM~FKMUW]PK
ZF[S^_eGKM]c^nQSZ_h���
�h����[NUW]PUAKM]kQSZFLNdPZtQNQSK�u�I�T"QSLS^_]P[NKM[jQSUWLFhiJFUW]�T`^qac^_[NZG^=eq^_[N[S^A^nQNQSLS^p|WZFLN[NUAT`^
LNZF[NKM[jQSZF]P~p^bdc^Gº��¦h�}Z�^_]PJYXi¥ ZF[N[NUqKM]kQSZFLNdPZtQNQSUPhP{xOPKM]PdPK�¾�� ��� ¹ ��ºv¾�us��Z�QSOgQNQSK�VWTMK�KM]PVWLNZF[N[NKi��h
�(hl¡²[NUW]PUbKM]k|WZFJFZ�^_TRQSKv����ºb¾���KidPKMU�dPK����-4���� 4�� 2�[S^_LS^_]P]PUbKM]kQSZFLNdPZtQNQSK�u
I�]\QY^_TMKxJFUW]PdPKM~FKMUW]PKxKgdPKMU�dPK���
 4����JFUW]PdPOPLNLS^_]P]PUPhx¾�� ¹ ¬��Rª"¾²ZFd\KMTxQSLS^_]P[NKM[jQSUWL ' ^_]PdPL�}^

KM]A[S^nQSOPLS^_~FKMUW]PZ�JFUWeGZ�UWLS^\|WZFLNKRocJYXPZFLNZFeGUPu
£�[S^_eGKM]PK`^_eGU�TMU�[jQY^nQSU�dPZFT¦QSLS^_]P[NKM[jQSUWLFhxQSZF]PZF]PdPU�JFUW]kQSU�dPZFT z ^nQNQSU�JYXPZ_hgJFUW]=KldPKMU�dPKcdi¥ KM]�m

VWLNZF[N[NUbKM]kQSZFLNdPZtQNQSK�hgT`^�JFUWLNLNZF]kQSZ�]PZFKidPKMU�dPK���
th����}Z�OPVWOc^_TMZ�^_TMT`^5JFUWLNLNZF]kQSZ�]PZFTMT`^5LNZF[NKM[jQSZF]P~p^
dc^Gº��qQSLS^�KMTifPOP]kQSUq§�Z�T�¥ ^_TMKMeGZF]kQY^_~FKMUW]PZ_�

( 
 ¹ º ��¬��Rªº"! ¹ µ�� º�9$#&%

I�]PUWTRQSLNZ_�
(' ¹ µ��8.º"! ¹ µ��Rª +(#&%

��K�Xc^b{xOPKM]PdPK��
()� ¹ µ�� º�9 �¯µ��Rª +(#&% ¹ µ�� +/+(#&%

��ZqKMT�QSLS^_]P[NKM[jQSUWL z UW[N[NZqKM]w[S^nQSOPLS^_~FKMUW]PZq^p|�LNZFeGeGU�¾32��+*2µ�� ¬�¾bu��(TMTMUWLS^7dPU8|�LNZFeGeGU
^p|WZFLNZ_�

()� � ( 2
,

¶vZFLNKRocJYXPK`^_eGU�T`^�JFUW]P[NKM[jQSZF]P~p^g�
( 2 ¹ º �¯µ�� ¬¬�� ¬"! ¹ ¬��Rª�9$#&%

Á ¬Wº



( 2
()� ¹

¬��Rª�9
µ�� +/+ ¹ +�� �kº

I�TiQSLS^_]P[NKM[jQSUWL�[S^_L�}^b{xOPKM]PdPKiKM]A[S^nQSOPLS^_~FKMUW]PZ�[NZb}Z_�
��� ��� ( 2

()� ¹ +�� �kº
��Z�KMTi]PUW[jQSLNUbQSLS^_]P[NKM[jQSUWL�Xc^�OP] ��� ����� ��dPK Á µghPT�¥ OP[NJFKRQY^�[S^_L�}^g�
¾�� ��� *!µ�� ¬5¾ �
	�������������*�
¶vZFdPK`^_eGU�JFUW[�} ½;JYXPZ�KMTiJFKMLNJFOPKRQSU�[NK�JFUWeGflUWLjQY^�JFUWeGZ�OP] � � � �\u
¶r^_TMOgQSK`^_eGU\UWLS^�KMT z ^_]�m�UWOgQpu
��ZbT�¥ OP[NJFKRQY^�¾�� ��� }Zbac^_[N[S^gh�ZFd	ZF[N[S^	}Z�JFUWTMTMZFVk^nQY^���JFUWeGZ�KM]�ocVWOPLS^k��^_TMT�¥ KM]PVWLNZF[N[NU=dPK�OP]PU[jQY^_dPKMU ��� � ��� �
� �nhPT`^\JFUWLNLNZF]kQSZ5]PZFT�dPKMU�dPU�di¥ KM]PVWLNZF[N[NUGdPKiQY^_TMZ�[jQY^_dPKMUb[S^_L�}^g�
(�� ¹ º �¯µ�� �º"! ¹ µ�� 9k¬$#&%

¡sXPZ5JYXPK`^_eGK`^_eGU�� ��� �
� � � ������� �����_uv�"^_TMZ�JFUWLNLNZF]kQSZ5[NK;[NUWeGeq^b^�{xOPZFTMT`^�JYXPZ�^nQNQSLS^p|WZFLN[S^
KMTvQSLS^_]P[NKM[jQSUWLFu���Z=JFUWTMTMZFVWXPK`^_eGU�^_TMT�¥ OP[NJFKRQY^�dPZFT�]PUW[jQSLNU � � � �2VWTMKrKM]PVWLNZF[N[NKsdPK � JFKMLNJFOPKRQSK
[NKMeGKMTMK�hxT`^\JFUWLNLNZF]kQSZ5JYXPZ�^nQNQSLS^p|WZFLN[S^bKMT�QSLS^_]P[NKM[jQSUWL�dPKR|WZF]kQY^g�

( �2 ¹ ( 2�� �"! µ�� 9k¬�#&% ¹ ¬��Rª�9 ��µ�� 9k¬ !	� � #&%��
¡sXPKMZFdPK`^_eGU�JFKlUWLS^\{xOc^_TMZ�[NK`^\T`^�JFUWLNLNZF]kQSZ�eq^_[N[NKMeq^5JYXPZ�fPO�}UG^nQNQSLS^p|WZFLN[S^_LNZ�KMTlQSLS^_]P[NKM[jQSUWL

[NZF]P~p^GJYXPZ�ZF[N[NUqZF[NJp^bdc^_TMT`^\[S^nQSOPLS^_~FKMUW]PZ_u ' OPZF[jQY^�}Z_�
� ( �2 �$#&%(' ¹)��� ����� � ! ()� ¹ Á µ$��µ�� +/+ ¹ ª Á � ¬�#&%

§�ZFLNJYX �Z�KMT�QSLS^_]P[NKM[jQSUWL�LNKMeq^_]PVk^�KM]A[S^nQSOPLS^_~FKMUW]PZ�dPZt|WZ�ZF[N[NZFLNZ_� ( �2 % � ( �2 �$#&%('xhcJFKMUP}Z_�
¬��Rª�9 ��µ�� 9k¬ ! � % ª Á � ¬�#&%

dc^bJFOPK��
� % ª Á � ¬ ��¬��Rª�9µ�� 9k¬ * ª Á

' OPKM]PdPKiKMT z ^_]�m�UWOgQ0dPZFT�]PUW[jQSLNUGJFKMLNJFOPKRQSU7}Z5^_TMT�¥ KM]PJFKMLNJp^Gª Á u
'�]AeGZtQSU�dPU�JYXPZ�fPO�}UbZF[N[NZFLNZ5^_dPUWflZFLS^nQSU�flZFL0^_OPeGZF]kQY^_LNZ�T`^\JFUWLNLNZF]kQSZ�dPKiJFUWTMTMZtQNQSUWLNZ�]PZFT

QSLS^_]P[NKM[jQSUWL���^(fc^_LNKRQn}^�dPK�� ��� �;� #,+.- �;Z�{xOPKM]PdPKP^_OPeGZF]kQY^_LNZsKMT z ^_]�m�UWOgQphg}Z�{xOPZFTMTMU(dPKgeGU�dPKRocJp^_LNZ
KMT_JFKMLNJFOPKRQSU�KM]�eGU�dPU�QY^_TMZ�dc^0^_OPeGZF]kQY^_LNZ�T`^sJFUWLNLNZF]kQSZvdPKkac^_[NZ�KM]0/(8u�¡sK�}U�fPO�}U0ZF[N[NZFL�U_QNQSZF]xOgQSU
[NUW[jQSKRQSOPZF]PdPUGKMTidPKMU�dPU���
�JFUW]�OP]�^_TRQSLNU\QSLS^_]P[NKM[jQSUWLFhPJFUWeGZ�eGUW[jQSLS^nQSUbKM]=ocVWOPLS^Aª�¬�u º�u

� U_QSK`^_eGUwJYXPZ_h�{xOc^_]PdPU¯K(dPKMU�dPK(KM]�KM]PVWLNZF[N[NU¯[NUW]PU�KM]kQSZFLNdPZtQNQSK�h�OP]c^�JFUWLNLNZF]kQSZ�¼cOPKM[NJFZ
]PZFTMT`^Gac^_[NZ\dPK&/ 
tu ' OPZF[jQSU=QSLS^_]P[NKM[jQSUWL([S^_L�}^=^_TMTMUWLS^bKM]�JFUW]PdPOP~FKMUW]PZA��~FUW]c^=^nQNQSKR|_^k��h�§�UWKMJYX �Z
T`^bLNZF[NKM[jQSZF]P~p^ �  z ^G[�} ½�JYXPZ�T`^�QSZF]P[NKMUW]PZ�dPK;JFUWTMTMZtQNQSUWLNZ�[NK`^Geq^_VWVWKMUWLNZ�dPK;{xOPZFTMT`^GdPZFTMT`^�ac^_[NZ_u
�;^7VWKMOP]P~FKMUW]PZ�ac^_[NZ�m�JFUWTMTMZtQNQSUWLNZ=}Zb{xOPKM]PdPK�flUWT`^_LNKM~F~p^nQY^=KM]k|WZFLN[S^_eGZF]kQSZ_uq��LS^7T`^=JFUWLNLNZF]kQSZGdPK
ac^_[NZ�dPK1/(5}Z z UWLN]PKRQY^�dc^_TMT�¥ ZFeGZtQNQSKRQSUWLNZ�dPK2/ 
�Z�{xOPKM]PdPKi[S^_L�}^G^_TRQY^gh�ZF[N[NZF]PdPUqVWLS^_]PdPKiKi|_^_TMUWLNK
QSKMfPKMJFKsdPZFTMTMZ=JFUWLNLNZF]kQSK0dPK�JFUWTMTMZtQNQSUWLNZ���ZFeGZtQNQSKRQSUWLNZ8�5flZFLbOP]�QSLS^_]P[NKM[jQSUWL�JYXPZ�T`^p|WUWLNK�KM]�~FUW]c^
^nQNQSKR|_^gu '�]D|_^_TMUWLNZ5ZFTMZt|_^nQSUqflZFL(T`^GJFUWLNLNZF]kQSZ\dPK�ac^_[NZ\KM]�/(�KMeGfPTMKMJp^�OP]�^_TRQSUG|_^_TMUWLNZ5dPZFTMT`^
JFUWLNLNZF]kQSZ5dPK�JFUWTMTMZtQNQSUWLNZ_hP^_]PJYXPZ5JFUW]�OP]�� ��� �;� #,+.- ]PUW]�fc^_LjQSKMJFUWT`^_LNeGZF]kQSZ�ZFTMZt|_^nQSUPhPZ�{xOPKM]PdPK
OP]�VWLS^_]PdPZ z ^_]�m�UWOgQpu

Á ¬ ;



D2

R2
2k

DA

DB

DC

A

B

C

Q2

Rc
2.2k

R3
5k

OUTP

R1
1.75k

Q1

R4
2k

R5
1.75k

P

I'1 Stadio
successivo

+5V

I'2

IB2

I'

IB1

I1

1"KMVWOPLS^=ª�¬�u º��

¡�^_TMJFUWTMK`^_eGU�UWLS^	KMT z ^_]�m�UWOgQph�^_eGeGZtQNQSZF]PdPUwJYXPZDK�QSLS^_]P[NKM[jQSUWL=^_dPUWflZFLS^nQSK�^_aPaPK`^_]PUwOP]
� ��� �;� #,+.- ¹ Á µ�Z�[S^_flZF]PdPUqJYXPZ�¾����wKM]A~FUW]c^b^nQNQSKR|_^7}Z * µgu8.�¶\u��Zr^_TMeGZF]PU�OP]PU0dPZFVWTMKWKM]PVWLNZF[N[NKP}Z�ac^_[N[NUPhnKMT_dPKMU�dPU�JFUWLNLNKM[NflUW]PdPZF]kQSZvJFUW]PdPOPJFZvZr¾�� ¹ µgu �s¶\u
��ZvKM]PUWTRQSLNZ"KMTk¾���dPZFTWQSLS^_]P[NKM[jQSUWL�}Zvµgu ºr¶\h / 
i[S^_L�}^�KM]kQSZFLNdPZtQNQSUPu�I�] z ^nQNQSK�h�§�ZFLNJYX �ZrZF[N[NU�JFUW]PdPOPJp^gh
U�JFJFUWLNLNZ�JYXPZ�JFUW]PdPOPJp^_]PU=^_]PJYXPZ����Z /(�Z�{xOPKM]PdPK�JYXPZ\¾���[NK`^b^_TMeGZF]PU�OPVWOc^_TMZ�^g�
¾��� ¹ µ�� º ��µ��8. ��µ�� º ¹ ª"�8.5¾

� Z�[NZFVWOPZ5JYXPZ /(5}Z5^_]PJYXi¥ ZF[N[NUqKM]kQSZFLNdPZtQNQSUGZ�¾�� ��� ¹ ��º�¶\u
��Z�QSOgQNQSK�VWTMK�KM]PVWLNZF[N[NK;[NUW]PUq^_TRQSK�hgK�dPKMU�dPK ���"h�����h�� 2�[S^_LS^_]P]PUGKM]kQSZFLNdPZtQNQSK�Z / 
�flU_QSL�}^

^_]Pdc^_LNZ�KM]7JFUW]PdPOP~FKMUW]PZG��~FUW]c^�^nQNQSKR|_^k��u�§�ZFLNJYX �Z�JFK�}Ub^_JFJp^_dc^�ac^_[jQY^�JYXPZ5¾���[NKiflUWLjQSK�^_d7OP]c^
QSZF]P[NKMUW]PZ�fc^_LNK�^g�
¾�� ¹ ��¾������$% � � + � % ��¾ � � � ��¾���� � � � % � ¹ µ��8. ��µ��8. ��µ�� 9 ¹ ¬�� ¬�¾
¡sUW] / 
�KM]A~FUW]c^G^nQNQSKR|_^\Z�JFUW]D¾�� ¹ ¬�u ¬�¶·^p|�LNZFeGUP�
( 2
�
¹ ��� � ()�

�

( 
 ¹ ()�
�
� ( 2

�
¹ ��ª � ��� �;� ()�

�

¾32�2 ��¾�� ¹ ��º ��¬�� ¬W�w¾ ¹ ¾��
�
��¾��

�
¹ �(
���ª � ��� ��� ()�

�
� �  ()�

�
¹

¹ ª"�8.Wº0��ª � ��� �;� ()�
�
��¬�� µ�()�

�

Z_hc[NZ ��� � ¹ Á µghcdc^�{xOPZF[jQY^GU_QNQSZF]PK`^_eGUP�
��º �¯¬�� ¬W�G¾ ¹ ¬�� 9�¾ ¹ º ; � ¬Wº ()�

�

dc^�JFOPK��
()�
�
¹ µ�� µkº�#&%

I�]PUWTRQSLNZ�^p|�LNZFeGUP�
( �
 ¹ ('�

�
¹ ��ª � ��� �;� ()�

�
¹ ª"� º�+ Á #&%

Á ¬/.



( � ¹ µ�� 9��� ¹
µ�� 9
º"! ¹ µ��Rª ; #&%

��KiJFUW]P[NZFVWOPZF]P~p^GT`^�JFUWLNLNZF]kQSZ�dPK�ac^_[NZ5dPK1/(([S^_L�}^g�
()�
�
¹ ( �
 � ( � ¹ ��ª"� º�+ Á ��µ��Rª ; � #&% ¹ ª"� Á 9 Á #&%

�0KMJFUWLNdPK`^_eGU\JYXPZ5]PZFT�fPLNZFJFZFdPZF]kQSZ�JFKMLNJFOPKRQSUPh ()�
�
ZFLS^bµgu +/+beG��u

�;^bJFUWLNLNZF]kQSZ�dPK�JFUWTMTMZtQNQSUWLNZ�dPK2/(8hPKM]�^_[N[NZF]P~p^GdPK�Jp^_LNKMJYXPK�hP[S^_L�}^g�
( � ¹ º �¯µ�� ¬¬�� ¬"! #&% ¹ ¬��Rª�9k¬�#&%

� U_QSK`^_eGUb^�{xOPZF[jQSUqfPOP]kQSUGJYXPZ_�
( � ¹ ¬��Rª�9k¬�#&% % ��� � ()�

�
¹ +Pª"� + ��#&%

JFKMUP}Z0/(�}Z�[NKMJFOPLS^_eGZF]kQSZ�KM]A[S^nQSOPLS^_~FKMUW]PZ_u
¡sXPKMZFdPK`^_eGU�JFK�UWLS^A{xOc^_TMZb[NK`^7KMT y Jp^_LNKMJFUA[jQY^_]Pdc^_LNd y h�JFKMUP}ZbT`^7JFUWLNLNZF]kQSZ=^_[N[NUWLNaPKRQY^7dc^_TMTMU

[jQY^_dPKMU�di¥ KM]PVWLNZF[N[NU�dPKcOP]qJFKMLNJFOPKRQSU�[NKMeGKMTMZ_h_{xOc^_]PdPU�ZF[N[NU�[NK`^�JFUWTMTMZFVk^nQSU�^_TMT�¥ OP[NJFKRQY^�dPZFT¦fPLNKMeGUPh
JFUW] /(�KM]A[S^nQSOPLS^_~FKMUW]PZ_u
�;^=JFUWLNLNZF]kQSZ�JYXPZ\¼cOPKM[NJFZ\]PZFTMTMZ�LNZF[NKM[jQSZF]P~FZ �(
(ZFd � �dPZFTMTMU=[jQY^_dPKMU=flUW[jQSU7^q|_^_TMTMZG}Z_hiKM]

{xOPZF[jQSZ5JFUW]PdPKM~FKMUW]PK��
( �
� �
¹ º ��µ�� �ª"�8.Wº ��¬�� µ ¹ ª"� µ � Á #&%

' OPZF[jQSU�}Z�KMTiJp^_LNKMJFUb[jQY^_]Pdc^_LNdiu
�;^�eq^_[N[NKMeq^DJFUWLNLNZF]kQSZ�dPK0JFUWTMTMZtQNQSUWLNZ=flUW[N[NKMaPKMTMZA§�ZFLNJYX �Z�/(GLNKMeq^_]PVk^DKM]¯[S^nQSOPLS^_~FKMUW]PZ

��[NZFeGfPLNZ�JFUW] ��� � ¹ Á µk��}Z_�
( 2
�
¹ Á µ ! ()�

�
¹ Á µ ! ª"� Á 9 Á #&% ¹ +Pª"� + ��#&%

�(QNQSZF]PK`^_eGU�{xOPKM]PdPK�flZFL0KMT z ^_]�m�UWOgQp�
� ¹ ( 2 � � ( �( �

� �

¹ +Pª"� + � ��¬��Rª�9k¬ª"� µ � Á * Á º
��JFJFUWLNLNZ�^_]PJYXPZA]PU_QY^_LNZAJYXPZ_hs[NZ�^_TMT�¥ OP[NJFKRQY^�dPZFT�]PUW[jQSLNU	JFKMLNJFOPKRQSU � � � �2JFUWTMTMZFVWXPK`^_eGU

OP]PUGUbfPKS}O7KM]PVWLNZF[N[NK�dPK;^_TRQSLNK�JFKMLNJFOPKRQSKidPZFTMTMU�[jQSZF[N[NUGQSKMflUPhgT`^\flU_QSZF]P~p^bdPKM[N[NKMfc^nQY^b^_OPeGZF]kQSZFL�}^gu
�;^5flU_QSZF]P~p^�� ������� ��dPKM[N[NKMfc^nQY^=��^_]PJYXPZ(KM]q^_[N[NZF]P~p^\dPKlJp^_LNKMJFUx��[S^_L�}^5dPKR|WZFLN[S^\^5[NZFJFUW]Pdc^

JYXPZ�[NK`^A¾�� ��� ¹ µgu ¬G¶ ��TMKR|WZFTMTMUqac^_[N[NUx�(U�¾�� ��� ¹ ºG¶/��TMKR|WZFTMTMUq^_TRQSUx��u5��ZG¾�� ��� ¹ µgu ¬G¶\h�T`^flU_QSZF]P~p^bdPKM[N[NKMfc^nQY^\]PZFTMT`^\LNZF[NKM[jQSZF]P~p^ ���rZ�]PZFTiQSLS^_]P[NKM[jQSUWL /(([S^_L�}^g�
��� ¹ ¾��	� ! ( � ¹ º ! ¬��Rª�9k¬ ¹ ª8µ�� �gª #��
§�UWKMJYX �ZqKM]�QY^_TMZb[NKRQSOc^_~FKMUW]PZbKvdPKMU�dPK ����h ����h � 2�[NUW]PU�KM]kQSZFLNdPZtQNQSKrZ / 
�JFUW]PdPOPJFZ_h�T`^

flU_QSZF]P~p^�dPKM[N[NKMfc^nQY^(]PZFTMT`^�fc^_LjQSZ�dPKgJFKMLNJFOPKRQSU(JYXPZ�[NZFVWOPZ�KMT�flZFLNJFUWLN[NUP� �(
�m � jm(/ 
 m ��jm ����[S^_L�}^g�
� � �g¹ ¾��	� ! ( 
 ¹ º ! ª"� º�+ Á #&% ¹ .��8.�ª�º�#��

flZFL0JFOPK�T`^\flU_QSZF]P~p^�QSU_QY^_TMZ�dPKM[N[NKMfc^nQY^7}Z_�
� ¹ �����
��� � ¹ ª�9�� ; ¬�#�� ���q�� ¹ µk�

��Z	¾�� ��� ¹ º	¶\hsZF]kQSLS^_e\aPK�K�QSLS^_]P[NKM[jQSUWL=[NUW]PU�KM]kQSZFLNdPZtQNQSK(Z�{xOPKM]PdPK�h�^_K�oc]PK(dPZFT�Jp^_TMJFUWTMUdPZFTMT`^5flU_QSZF]P~p^ghPT�¥ OP]PKMJp^�JFUWLNLNZF]kQSZ�dc^\JFUW]P[NKMdPZFLS^_LNZ\}Z�{xOPZFTMT`^�JYXPZ�¼cOPKM[NJFZ�]PZFT�LS^_eGU �(
 � � ph
§�UWKMJYX �Z�UWLS^�OP]PUb^_TMeGZF]PU�dPZFKidPKMU�dPK¦di¥ KM]PVWLNZF[N[NUA}Z�KM]=JFUW]PdPOP~FKMUW]PZ_u��"^_TMZ�JFUWLNLNZF]kQSZ�}Z_� ( �

� �
¹

ª"� µ � Á #&%�hcflZFL0JFOPK��
�q�� ¹ ª�� ¹ ¾��	� ! ( �

� �
¹ º ! ª"� µ � Á ¹ º�� + .�#��

Á ¬�9



35476�� ��Ep>v´�B�Et<�E�Ep: ±F?b³GEp´���� � ®
IbJFKMLNJFOPKRQSK(TMUWVWKMJFK0dPZFT(QSKMflU�ZF[S^_eGKM]c^nQSU	oc]PUWLS^gh�JYXPZ�OgQSKMTMKM~F~p^_]PUwdPKMU�dPK�ZDQSLS^_]P[NKM[jQSUWLFh0[NUW]PU
LNZFT`^nQSKR|_^_eGZF]kQSZvTMZF]kQSK�u"§�ZFL"QY^_TMZseGU_QSKR|WU(^�QY^_TMZvQSKMflU(dPK�TMUWVWKMJp^���]PU_QY^(JFUWeGZ����0���v}ZsfPLNZ z ZFLNKRQY^
{xOPZFTMT`^�JYXPZ�OgQSKMTMKM~F~p^\[NUWTMU\QSLS^_]P[NKM[jQSUWLFhP]PU_QY^bJFUWeGZ�TMUWVWKMJp^����0��u
£�[S^_eGKM]PK`^_eGU(TMZsJp^_OP[NZ0dPZFTMT`^�TMZF]kQSZF~F~p^�]PZFTMT`^(LNKM[NflUW[jQY^(dPKPOP]�JFKMLNJFOPKRQSU����0��h_dPKM[jQSKM]PVWOPZF]�m

dPU�T`^�LNKM[NflUW[jQY^�^_TMT`^�QSLS^_]P[NKM~FKMUW]PZ0TMKR|WZFTMTMU5µ���TMKR|WZFTMTMUbªWh�dc^5{xOPZFTMT`^�LNZFT`^nQSKR|_^�^_TMT`^�QSLS^_]P[NKM~FKMUW]PZ
TMKR|WZFTMTMU=ª��%TMKR|WZFTMTMU�µ���JFUW]�LNK z ZFLNKMeGZF]kQSUb^_TMT�¥ OP[NJFKRQY^k��u
£�[S^_eGKM]PK`^_eGU\KMTiJFKMLNJFOPKRQSU�di¥ OP[NJFKRQY^�� |WZFdPKiocVWOPLS^Aª�¬�u ; �

Q2

Rc

RB

C

Vcc

1"KMVWOPLS^=ª�¬�u ; �
I�T\JFUW]PdPZF]P[S^nQSUWLNZ�¡ ]PZFT\dPKM[NZFVW]PU¨LS^_fPfPLNZF[NZF]kQY^²T�¥ Zt��ZtQNQSU¨JFUWe\aPKM]c^nQSU�dPZFTMTMZ�Jp^_fc^_JFKRQn}^

di¥ KM]PVWLNZF[N[NUGdPZFK�JFKMLNJFOPKRQSKiflUW[jQSK�^�|_^_TMTMZ�Z�dPK�{xOPZFTMTMZ�^_[N[NU�JFK`^nQSZ5^_KiJFUWTMTMZFVk^_eGZF]kQSK�u
� ZFT;fc^_[N[S^_VWVWKMUbdPZFTMT�¥ OP[NJFKRQY^\dc^_T�TMKR|WZFTMTMU�µG^_T�TMKR|WZFTMTMU=ªWhPKMT�QSLS^_]P[NKM[jQSUWL0dPZt|WZ�^_]Pdc^_LNZ�KM]�KM]�m

QSZFLNdPKM~FKMUW]PZ0Z�T`^�QSZF]P[NKMUW]PZ�dPK¦JFUWTMTMZtQNQSUWLNZ�[S^_TMKMLNZ�^ ��¾��	�Su���OgQNQY^p|�K`^�JFK�}U�^p|x|�KMZF]PZ(JFUW]qJFUW[jQY^_]kQSZ
dPK¦QSZFeGflU������bh�JYXPZ\}Z�KMTcQSZFeGflU�dPKlJp^_LNKMJp^5dPZFTlJFUW]PdPZF]P[S^nQSUWLNZ�¡�^nQNQSLS^p|WZFLN[NU ���Yuv¡sK�}U�LNZF]PdPZ
TMZF]kQY^�T`^�QSLS^_]P[NKM~FKMUW]PZ_u�'�]7[NZFJFUW]PdPU z ^nQNQSUWLNZ(JYXPZ�JFUW]kQSLNKMaPOPKM[NJFZ�^�LNZF]PdPZFLNZ�TMZF]kQY^5QY^_TMZ0QSLS^_]P[NK�m
~FKMUW]PZ�dPZFLNKR|_^�dc^_T z ^nQNQSU�JYXPZ�KMT�QSLS^_]P[NKM[jQSUWL�dPZt|WZ0fc^_[N[S^_LNZ0dc^_TMT`^([S^nQSOPLS^_~FKMUW]PZ�^_TMT�¥ KM]kQSZFLNdPKM~FKMUW]PZ_u
¡sK�}UqKMeGfPTMKMJp^\JYXPZ�TMZ5Jp^_LNKMJYXPZ5fPLNZF[NZF]kQSK"KM]�ac^_[NZ7��ZFTMZtQNQSLNUW]PK;Z5T`^_JFOP]PZ8��dPZFaPac^_]PUq¼cOPKMLNZ�|WZFLN[NU
eq^_[N[S^guA�;^�JFUWLNLNZF]kQSZqKM]PKM~FK`^_TMZ�JFUW]wJFOPKrKMT�fPLNU�JFZF[N[NUDXc^�TMOPUWVWU	}Z7¾���� � ���$*-µ��8.�¾ �
	 � � ���
JYXPZ_hcflZFL�OP]7|_^_TMUWLNZ(QSKMfPKMJFU\dPK����vdPK;º(! ��hP|_^_TMZ�µguRª�º�eG��uP§�UWKMJYX �Z�QY^_TMZ�JFUWLNLNZF]kQSZb}Z�fPKMJFJFUWT`^
��LNKM[NflZtQNQSUw^	{xOPZFTMT`^�JYXPZ�¼cOPKM[NJFZAQSLS^	ac^_[NZ�ZFd�ZFeGZtQNQSKRQSUWLNZ7{xOc^_]PdPU�T`^�LNZFT`^nQSKR|_^�VWKMOP]P~FKMUW]PZ
}Z�flUWT`^_LNKM~F~p^nQY^qdPKMLNZtQNQY^_eGZF]kQSZ8��KMT�QSZFeGflU7dPK�[j|�OPU_QY^_eGZF]kQSUAdPZFTMT`^qac^_[NZb[S^_L�}^7LNZFT`^nQSKR|_^_eGZF]kQSZ
TMOP]PVWUPu
£�[S^_eGKM]PK`^_eGU�UWLS^�JFK�}U�JYXPZ�^_JFJp^_dPZ�]PZFTMT`^5QSLS^_]P[NKM~FKMUW]PZ(UWfPflUW[jQY^ghgJFKMUP}Z�{xOc^_]PdPUbT�¥ KM]PVWLNZF[N[NU

dPZFTMT`^�flUWLjQY^�dPKR|WZF]kQY^5^_TRQSU�Z0{xOPKM]PdPKcT�¥ OP[NJFKRQY^�[NJFZF]PdPZ�^q��µ�m�µgu ¬(¶���uk�"^_TMZ�QSLS^_]P[NKM~FKMUW]PZ�KMeGfPTMKMJp^
JYXPZ�KMTcQSLS^_]P[NKM[jQSUWLsZF]kQSLNK�KM]q[S^nQSOPLS^_~FKMUW]PZ(ZFd=KMT¦JFUW]PdPZF]P[S^nQSUWLNZ�[NKl[NJp^_LNKMJYXPKi^nQNQSLS^p|WZFLN[NU�dPKlZF[N[NUPu
��LS^gh(KMT(QSLS^_]P[NKM[jQSUWL7ZFLS^¯KM]PKM~FK`^_TMeGZF]kQSZ�KM]kQSZFLNdPZtQNQSU�Z_h�flZFL�^_]Pdc^_LNZ�KM]²[S^nQSOPLS^_~FKMUW]PZ�dPU8|�L�}^
fc^_[N[S^_LNZ�^nQNQSLS^p|WZFLN[NUqOP]c^b[NOPJFJFZF[N[NKMUW]PZ\dPK�[jQY^nQSK�JYXPZ�JFUWeGfPLNZF]PdPUW]PUGT`^�~FUW]c^G^nQNQSKR|_^gur§�UWKMJYX �Z
T`^�JFUWLNLNZF]kQSZ7dPKrJFUWTMTMZtQNQSUWLNZ_h"flZFL\OP]�QSLS^_]P[NKM[jQSUWL�KM]w~FUW]c^�^nQNQSKR|_^gh�^_[N[NOPeGZq|_^_TMUWLNKvZFTMZt|_^nQSK�hs}Z
JYXPK`^_LNU�JYXPZ�KMTcQSZFeGflU�dPKl[NJp^_LNKMJp^gh�Z({xOPKM]PdPKlKMT z LNUW]kQSZ�dPKldPKM[NJFZF[S^�^_[N[NU�JFK`^nQSU\^_TMT`^�QSLS^_]P[NKM~FKMUW]PZ_h
[S^_L�}^�aPLNZt|WZ_u
'�]AJFKMLNJFOPKRQSU�Jp^_LS^nQNQSZFLNKM~F~p^nQSU\dc^\|_^_TMUWLNKlaPLNZt|�K�[NK`^\dPZFT�QSZFeGflU�dPKi[S^_TMKRQY^�JYXPZ�dPK�{xOPZFTMTMU�dPK

dPKM[NJFZF[S^gh�[NK"U_QNQSKMZF]PZ\[NUW[jQSKRQSOPZF]PdPU=QSOgQNQSK"K"dPKMU�dPK�JFUW]DQSLS^_]P[NKM[jQSUWLFu�£�[S^_eGKM]PK`^_eGUGKMT�fPLNKM]PJFKMfPKMU
Á ¬ �



dPK z OP]P~FKMUW]c^_eGZF]kQSUDdPKsOP]�QY^_TMZqJFKMLNJFOPKRQSUPh"fPLNZF]PdPZF]PdPU	JFUWeGZqZF[NZFeGfPKMUDOP] � � � �-JFUW]�OP]
[NUWTMUbKM]PVWLNZF[N[NUPhPJFKMUP}Z�OP] � ����u
¶vZFdPLNZFeGUGKM]A[NZFVWOPKRQSUbJFUWeGZ_hP[NUW[jQSKRQSOPZF]PdPUGKMT�QSLS^_]P[NKM[jQSUWL�di¥ KM]PVWLNZF[N[NUGJFUW]�OP]�fc^_LjQSKMJFUWT`^_LNZ

QSKMflU=dPK"QSLS^_]P[NKM[jQSUWL�^=fPKS}ODZFeGZtQNQSKRQSUWLNK�hl[NK`^=flUW[N[NKMaPKMTMZ�LNZp^_TMKM~F~p^_LNZ�dPZFTMTMZ\flUWLjQSZ � � � � ^=fPKS}O
KM]PVWLNZF[N[NK�u
£�[S^_eGKM]PK`^_eGUPh�flZFL0JFUWeGKM]PJFK`^_LNZ_hgKMT�JFKMLNJFOPKRQSU�|�KM[jQSUbdc^_TiT`^nQSUbdPZFTMT�¥ KM]PVWLNZF[N[NU�� ocVWOPLS^7ª�¬�u8.�u

Q2

RcR

Q1

VO
P

I

Vi

Vcc

IC

1"KMVWOPLS^=ª�¬�u8.��
��Z�T�¥ KM]PfPOgQs¾ + }Z�^_TRQSUq��¾ + ¹ ¾��	����T`^�VWKMOP]P~FKMUW]PZ�ac^_[NZ�m�ZFeGZtQNQSKRQSUWLNZ0dPK / 
�[S^_L�}^5flUWT`^_LNKM~F~p^nQY^

KM]k|WZFLN[S^_eGZF]kQSZ_ub�;^=QSZF]P[NKMUW]PZ�KM]	§ JFUWeGKM]PJFZFL�}^7^7[S^_TMKMLNZ�oc]PU�^7JYXPZ���¾��32�� 
�Z���¾������ �]PUW]
^_aPaPK`^_]PU�LS^_VWVWKMOP]kQSU�JFKMLNJp^�µgu8.�¶\uWI�]�QY^_TMKgJFUW]PdPKM~FKMUW]PK�|WZFdPK`^_eGU�JYXPZ0KMT�QSLS^_]P[NKM[jQSUWL / 
�Xc^�¾����
]PZFVk^nQSKR|WU(Z�¾��32=flUW[NKRQSKR|WUPhnJFKMUP}Z�}ZsKM]�OP]c^([NKRQSOc^_~FKMUW]PZrKM]�JFOPK�TMZrflUWT`^_LNKM~F~p^_~FKMUW]PZv[NUW]PU�UWfPflUW[jQSZ
LNKM[NflZtQNQSU�^A{xOPZFTMTMZ�JYXPZG[NUW]PU�Jp^_LS^nQNQSZFLNKM[jQSKMJYXPZbdPK�OP]	QSLS^_]P[NKM[jQSUWL�JYXPZGT`^p|WUWLNK�KM]�~FUW]c^�^nQNQSKR|_^
dPKMLNZtQNQY^gu"��LS^�KMTnQSLS^_]P[NKM[jQSUWL2/ 
�T`^p|WUWLS^�KM]�~FUW]c^� � � ����� ������� � � ��JFKMUP}Z�JFUW]�KWLNOPUWTMK_dPKWZFeGZtQNQSKRQSUWLNZ
Z�JFUWTMTMZtQNQSUWLNZ�[NJp^_e\aPK`^nQSK�u�'�]AQSLS^_]P[NKM[jQSUWL�JYXPZ5T`^p|WUWLNKiKM]AeGU�dPUbKM]k|WZFLN[NUG[NU�dPdPKM[ z ^b^bLNZFT`^_~FKMUW]PK
QSLS^5JFUWLNLNZF]kQSK�dPKlZFeGZtQNQSKRQSUWLNZ_h�JFUWTMTMZtQNQSUWLNZ0Z(ac^_[NZ_hP^_]c^_TMUWVWXPZ(^�{xOPZFTMTMZ�JYXPZ�JFUW]PUW[NJFK`^_eGU5flZFLsT`^
~FUW]c^G^nQNQSKR|_^\dPKMLNZtQNQY^gu�I�]�fc^_LjQSKMJFUWT`^_LNZ�[NOP[N[NKM[jQSUW]PUGTMZ�[NZFVWOPZF]kQSK�LNZFT`^_~FKMUW]PKlQSLS^�TMZ�JFUWLNLNZF]kQSK��

( 2 ¹ �\� , � �²ª��"()�
��^_]c^_TMUWVk^=^_TMT`^ ('� ¹ � , � �!ª��"()��flZFL�OP]�QSLS^_]P[NKM[jQSUWL�JYXPZbT`^p|WUWLNK�KM]�~FUW]c^A^nQNQSKR|_^=dPKMLNZtQNQY^k��u
I�]PUWTRQSLNZ_�

('� ¹ � , �5()�
� U_QSK`^_eGU7JYXPZGKM]�VWZF]PZFLNZ�}Z , ��� , � uGI�]PUWTRQSLNZ�K�QSLS^_]P[NKM[jQSUWL�OgQSKMTMKM~F~p^nQSK"KM]�{xOPZF[jQSU�QSKMflUAdPK
^_fPfPTMKMJp^_~FKMUW]PK�Xc^_]P]PU�|_^_TMUWLNK�dPK , ��^_]PJFUWLS^�fPKS}O7fPKMJFJFUWTMK��

, � * µ�� µk¬
flZFL0JFOPK�hPKM]PdPKMJp^_]PdPU�JFUW]�IsT`^\JFUWLNLNZF]kQSZ5ZF]kQSLS^_]kQSZ5]PZFTMT`^\ac^_[NZ�dPK2/ 
thc^p|�LNZFeGUP�

( 2 * �&(

('� * � , � (�� # �
	 �������	�
� �
	 �_�
ÁWÁ µ



��|WZF]PdPUqKM]PUWTRQSLNZ z ^nQNQSUbT�¥ KMflU_QSZF[NK�JYXPZ\¾�� ¹ ��¾��32;� 
�� ��¾������  * ª"� +s¾�hc[NK�Xc^g�
( 2 *
ª"� + �¯¾��	�
�

('� * , �5( 2 * µ�� µk¬ (
I�]!^_TRQSLNZ�fc^_LNUWTMZ_h�^p|�LNZFeGU�|_^_TMUWLNK�LNZFT`^nQSKR|_^_eGZF]kQSZ�VWLS^_]PdPK�flZFLATMZ	JFUWLNLNZF]kQSK�dPK�ac^_[NZwZ

dPK�JFUWTMTMZtQNQSUWLNZ=KM] / 
thveGZF]kQSLNZ7T`^DJFUWLNLNZF]kQSZAdPK�ZFeGZtQNQSKRQSUWLNZ=[S^_L�}^�fPKMJFJFUWT`^guw�;^�JFUWLNLNZF]kQSZAdPK
JFUWTMTMZtQNQSUWLNZ�dPK / 
b[S^_L�}^w{xOPKM]PdPK(^_aPac^_[jQY^_]P~p^�ZFTMZt|_^nQY^	dc^weq^_]Pdc^_LNZ /(7KM]�[S^nQSOPLS^_~FKMUW]PZ�Z
T�¥ OP[NJFKRQY^G¾��0^�JFKMLNJp^Gµgu ¬�¶\u
��Z�KM]k|WZFJFZ\T�¥ KM]PVWLNZF[N[NU���ZFeGZtQNQSKRQSUWLNZ5dPK&/ 
N��}Z�ac^_[N[NUPh�T`^bVWKMOP]P~FKMUW]PZ5ac^_[NZ�m�ZFeGZtQNQSKRQSUWLNZ�^_J�m

{xOPKM[jQY^�OP]c^�flUWT`^_LNKM~F~p^_~FKMUW]PZrdPKMLNZtQNQY^(Z�T`^(ac^_[NZ�dPK�/ 
�^_]PdPL�}^�^�µgu ¬"��µgu8. ¹ µgu �0¶\u_I�TPJFUWTMTMZtQNQSUWLNZ
dPK / 
thiOP]PKRQSU7^_TMT`^bac^_[NZ�dPK /(�ZFLS^=KM]PKM~FK`^_TMeGZF]kQSZ5^=µgu8.G¶ ��]PZFTMT`^ z ^_[NZ\fPLNZFJFZFdPZF]kQSZ /(�ZFLS^
[S^nQSOPLNUx��u � Z�[NZFVWOPZ\JYXPZ\T`^GVWKMOP]P~FKMUW]PZ5ac^_[NZ�m�JFUWTMTMZtQNQSUWLNZ5dPK&/ 
�[NOPaPKRQSU=dPUWflUqT`^bQSLS^_]P[NKM~FKMUW]PZ
dPZFTMT�¥ KM]PVWLNZF[N[NU�dc^_TMTMU([jQY^nQSU5^_TRQSU�^�{xOPZFTMTMU�ac^_[N[NUPh¦}Z�flUWT`^_LNKM~F~p^nQY^�KM]k|WZFLN[S^_eGZF]kQSZ_ur¡sUW]�T`^�VWKMOP]�m
~FKMUW]PZqac^_[NZ�m�ZFeGZtQNQSKRQSUWLNZGflUWT`^_LNKM~F~p^nQY^AdPKMLNZtQNQY^_eGZF]kQSZGZ={xOPZFTMT`^�ac^_[NZ�m�JFUWTMTMZtQNQSUWLNZGflUWT`^_LNKM~F~p^nQY^
KM]k|WZFLN[S^_eGZF]kQSZ_hl|WZFdPK`^_eGUqJYXPZ / 
0UWflZFLS^qKM]�~FUW]c^=^nQNQSKR|_^gh¦JFUW]DOP]i¥ ZFTMZt|_^nQY^GJFUWLNLNZF]kQSZ\dPK�JFUWT�m
TMZtQNQSUWLNZ_u��"^_TMZ�JFUWLNLNZF]kQSZ�[NJp^_LNKMJp^\LS^_fPKMdc^_eGZF]kQSZ�T`^�ac^_[NZ�dPK1/(phPdPUWflU�dPKiJYXPZ�QY^_TMZ(QSLS^_]P[NKM[jQSUWL
|_^�KM]AKM]kQSZFLNdPKM~FKMUW]PZ_u
I�]�QY^_TMZ z ^_[NZ_h¦T`^\QSZF]P[NKMUW]PZ5dPK;ac^_[NZ5dPK2/(([NJFZF]PdPZ_h�T`^�dPKR��ZFLNZF]P~p^bdPK;flU_QSZF]P~FK`^_TMZ5¾32��

�
¹

¾��
�
�*¾32

�
^_OPeGZF]kQY^�ZFd²KM]goc]PZ / 
qZF]kQSLS^�KM]¨[S^nQSOPLS^_~FKMUW]PZ_u·�(TMT`^	oc]PZ�dPZFT�fPLNU�JFZF[N[NU¯T`^

JFUWLNLNZF]kQSZ�dPK¦JFUWTMTMZtQNQSUWLNZ�dPK�/ 
�[S^_L�}^�eGUWTRQSU�fPKMJFJFUWT`^ghkKMTPJYXPZ(KMeGfPTMKMJp^(OP]c^�¾32���dPK¦JFKMLNJp^�µguRª0¶\h
eGZF]kQSLNZ�T`^\ac^_[NZ5dPK1/ 
�[S^_L�}^b^ * µ�� Á ¾�hcKMTiJYXPZ�eq^_]kQSKMZF]PZ0/((KM]kQSZFLNdPZtQNQSUPu
¶vZFdPK`^_eGU5JYXPZ�JFUW]qQY^_TMZ�[jQSLNOgQNQSOPLS^5dPZFT�JFKMLNJFOPKRQSU5dPKlKM]PVWLNZF[N[NU�[NKlZFTMKMeGKM]c^�OP]c^�dPZFTMTMZ0Jp^_OP[NZ

JYXPZ0ZFLS^_]PU�^_TMT�¥ UWLNKMVWKM]PZvdPZFTcTMOP]PVWU�QSZFeGflU�dPKc[S^_TMKRQY^(dPZFTc[NZFVW]c^_TMZ0KM]�OP[NJFKRQY^�]PZFTcJFKMLNJFOPKRQSU����0��u
£�[S^_eGKM]PK`^_eGU(UWLS^�T�¥ OP[NJFKRQY^(dPZFT � �������0��hWflZFL�|WZFdPZFLNZ0JFUWeGZ�[NK`^�flUW[N[NKMaPKMTMZsZFTMKMeGKM]c^_LNZvKMT

fPLNUWaPTMZFeq^�dPZFTMT`^�TMZF]kQSZF~F~p^�dPZFTcQSZFeGflU�dPKc[S^_TMKRQY^�dPZFTc[NZFVW]c^_TMZ0KM]bOP[NJFKRQY^ghxTMZFVk^nQSU5^_TMT`^(JFUW[jQY^_]kQSZ
dPKiQSZFeGflU �����bu

�0KMJFUWLNdPK`^_eGU�JYXPZ�KMTlQSZFeGflU\dPKi[NJp^_LNKMJp^�dPZFTMT`^�Jp^_fc^_JFKRQn}^b¡¨ZFLS^\LS^_fPKMdPUPhgVWLS^_~FKMZ�^_TMT�¥ Zt��ZtQNQSU
dPZFT�QSLS^_]P[NKM[jQSUWL&/(�JYXPZ_hkdPOPLS^_]kQSZ�T`^0QSLS^_]P[NKM~FKMUW]PZ_hnUWflZFLS^p|_^(KM]\~FUW]c^�^nQNQSKR|_^gu"��Zs|WUWVWTMK`^_eGU0JYXPZ
^_]PJYXPZ�KMT�QSZFeGflU�dPKiJp^_LNKMJp^�[NK`^\aPLNZt|WZ_h¦dPUWaPaPK`^_eGU z ^_L�[�} ½�JYXPZ�T`^\Jp^_LNKMJp^b^p|x|WZF]PVk^G^nQNQSLS^p|WZFLN[NU
OP]c^GLNZF[NKM[jQSZF]P~p^GdPK;fPKMJFJFUWTMU�|_^_TMUWLNZ_u�¡sK�}Ub[NOPVWVWZFLNKM[NJFZ�dPK;^_dPUWflZFLS^_LNZ5OP] y ZFeGKRQNQSZFL�m z UWTMTMU8¸sZFL y h
Jp^_LS^nQNQSZFLNKM~F~p^nQSU�^_fPfPOP]kQSU�dc^5OP]c^�ac^_[N[S^�KMeGflZFdPZF]P~p^�di¥ OP[NJFKRQY^=��LNKMJFUWLNdPK`^_eGU�JYXPZ(T�¥ KMeGflZFdPZF]�m
~p^�di¥ OP[NJFKRQY^�dPKrOP]�£ 1·}Zq^_TMT�¥ KM]PJFKMLNJp^7OPVWOc^_TMZq^_d �

�
� ��� ��h"dPU8|WZ �

�
}ZqT�¥ KMeGflZFdPZF]P~p^AdPZFTMT`^

[NUWLNVWZF]kQSZ5JYXPZ5^_TMKMeGZF]kQY^\T`^\ac^_[NZ�dPZFTMT�¥ £ 1su
��JYXPZFeq^nQSKMJp^_eGZF]kQSZGdPU8|�LNZFeGeGU�{xOPKM]PdPK z ^_L�OP[NU�dPKvOP]wJFKMLNJFOPKRQSUAdPZFT�QSKMflU�eGUW[jQSLS^nQSUAKM]

ocVWOPLS^7ª�¬�u 9gu
' OPZF[jQSU=JFKMLNJFOPKRQSUGXc^GOP]DLS^_fPKMdPUbQSZFeGflUqdPK;Jp^_LNKMJp^D��{xOc^_]PdPU ' JFUW]PdPOPJFZ8��eq^bOP]DTMZF]kQSU

QSZFeGflU�dPKr[NJp^_LNKMJp^���[NZ ' }ZGKM]kQSZFLNdPZtQNQSUDT`^A[NJp^_LNKMJp^�^p|x|�KMZF]PZ7^nQNQSLS^p|WZFLN[NUDT`^�LNZF[NKM[jQSZF]P~p^ ���th
JYXPZG}Z�QSKMfPKMJp^_eGZF]kQSZ�dPK�{xOc^_TMJYXPZ ! �0��u
§�ZFL�U_QNQSZF]PZFLNZ�OP]\LS^_fPKMdPU�QSZFeGflU�dPK�Jp^_LNKMJp^(ZFd�OP]�^_TRQSLNZtQNQY^_]kQSU(LS^_fPKMdPU�QSZFeGflU�dPK�[NJp^_LNKMJp^gh

[NK�fPO�}Ub^_dPUWflZFLS^_LNZ�OP]c^�JFUWe\aPKM]c^_~FKMUW]PZ(dPZFTMTMU�[jQY^_dPKMU\di¥ OP[NJFKRQY^\dPZFT�JFKMLNJFOPKRQSU�dPKlocVWOPLS^=ª�¬�u8.5Z
dPK�{xOPZFTMTMU�dPKiocVWOPLS^Aª�¬�u 9ghPJFUWeGZ�eGUW[jQSLS^nQSU�KM]7ocVWOPLS^7ª�¬�u �gu
��UWaPaPK`^_eGU�[NOPfPflUWLNLNZ(dPK¦dPKM[NflUWLNLNZ0dPK¦dPOPZ�[NZFVW]c^_TMK&� � ������� � � ������� � z UWLN]PKRQSKcdc^_TMTMU�[jQY^_dPKMU

di¥ KM]PVWLNZF[N[NUPu
I�]�^_TRQSLNK�QSZFLNeGKM]PK�hs¾�� 
7}Z�^_TRQSU�{xOc^_]PdPU�¾�� �}Z�ac^_[N[NUwZA|�KMJFZt|WZFLN[S^gu ��ZD¾�� 
7}Z�^_TRQSU / �

[S^_L�}^\KM]=[S^nQSOPLS^_~FKMUW]PZ_hgeGZF]kQSLNZ�JFUW]kQSZFeGflUWLS^_]PZp^_eGZF]kQSZ_hPJFUW]�¾�� �ac^_[N[NU /��0[S^_L�}^\KM]kQSZFLNdPZtQNQSUPu
��LS^�KMTPJFUW]PdPZF]P[S^nQSUWLNZ�¡(hk[NOPfPflUW[jQSU5KM]PKM~FK`^_TMeGZF]kQSZsJp^_LNKMJFUq��OP[NJFKRQY^5¾��r^_TRQY^k��hWflU_QSL�}^�[NJp^_LNKMJp^_LN[NK
^nQNQSLS^p|WZFLN[NUGT`^�fPKMJFJFUWT`^\LNZF[NKM[jQSZF]P~p^GU_��ZFLjQY^�dc^_T�QSLS^_]P[NKM[jQSUWL / �([S^nQSOPLNU�� � � % �2�� ��u

ÁWÁ ª



Q

Re C
Vi

Vcc

1"KMVWOPLS^=ª�¬�u 9g�

��Z5¾�� 
�}Z�ac^_[N[NU�Z�¾�� 0^_TRQSUPh / ��[S^_L�}^\KM]kQSZFLNdPZtQNQSU�Z�/��0JFUW]PdPOPLNL�}^gur��LS^ /��0[NKiJFUWeGflUWLjQY^
dc^�£ 1 Z7JFUW]P[NZF]kQSZAOP]c^DLS^_fPKMdc^DJp^_LNKMJp^DdPK�¡ ^nQNQSLS^p|WZFLN[NU�T`^DfPKMJFJFUWT`^�LNZF[NKM[jQSZF]P~p^�di¥ OP[NJFKRQY^
dPZFTMT�¥ £ 1su
��U\[jQY^_dPKMU�di¥ OP[NJFKRQY^\^_dPUWflZFLS^nQSUq}Z(]PU_QSU\JFUWeGZ y ��U_QSZFe�m�flUWTMZ y h�^5Jp^_OP[S^�dPZFT�[NOPU�^_[NflZtQNQSU

JYXPZ5LNKMJFUWLNdc^\K���U_QSZFe-^_dPUWflZFLS^nQSKidc^_VWTMKiKM]PdPK`^_]PK�di¥ �(eGZFLNKMJp^gu
�;^\ac^_[N[S^�KMeGflZFdPZF]P~p^\di¥ OP[NJFKRQY^\dPZFTMT�¥ £ 1 /���KM]7{xOPZF[jQSUb[jQY^nQSU�TMUWVWKMJFU7��OP[NJFKRQY^�^_TRQY^k� z ^\[�} ½

JYXPZ5T�¥ OP[NJFKRQY^\flUW[N[S^bZFLNUWVk^_LNZ�OP]c^�]PU_QSZt|WUWTMZ�JFUWLNLNZF]kQSZ5JFUW]�JFUW]P[NZFVWOPZF]kQSZ5ZFTMZt|_^nQSU z ^_]�m�UWOgQpu
� U_QSK`^_eGU�^_]PJYXPZ�JYXPZ�KMTxQSLS^_]P[NKM[jQSUWL /���hW]PZFTMTMU�[jQY^nQSU�^_TRQSUPhg}Z�{xOPZFTMTMU�JYXPZ y QSKMLS^�[NO y T�¥ OP[NJFKRQY^

|WZFLN[NUqKMTiTMKR|WZFTMTMU\^_TRQSUPu�§�ZFL0QY^_TMZ�eGU_QSKR|WU�JFK�[NK�LNK z ZFLNKM[NJFZ�^ /��(JFUWeGZ�OP] y ^_JtQSKR|WZ�fPOPTMT�m�OPf y u
�(]c^_TMUWVk^_eGZF]kQSZ_h�]PZFTMTMU�[jQY^nQSU¯ac^_[N[NUPh�KMT(LNOPUWTMU�dPK y QSZF]PZFL7VWKS}O y T�¥ OP[NJFKRQY^�}Z�[j|WUWTRQSU¯dc^_T

QSLS^_]P[NKM[jQSUWL / ��JYXPZ_h¦flZFL�QY^_TMZ�eGU_QSKR|WUPhi}Z�KM]PdPKMJp^nQSU�JFUWeGZ�OP] y ^_JtQSKR|WZ�fPOPTMT�m�dPU8¸0] y u
I�T�JFKMLNJFOPKRQSU�JFUWeGfPTMZtQSUA}Z�eGUW[jQSLS^nQSU�KM]7ocVWOPLS^7ª�¬�uRª8µgu
�(aPaPK`^_eGU�VWK�}^�ZF[S^_eGKM]c^nQSU�KMT z OP]P~FKMUW]c^_eGZF]kQSU�dPZFTMTMU�[jQY^_dPKMU�dPKcKM]PVWLNZF[N[NU=��^�[NKM]PKM[jQSLS^�]PZFTMT`^

ocVWOPLS^k��uv£�[S^_eGKM]PK`^_eGU5UWLS^\TMU\[jQY^_dPKMU�KM]kQSZFLNeGZFdPKMU\JYXPZ z UWLN]PKM[NJFZ�TMZ�dPOPZ�OP[NJFKRQSZ�JFUWeGfPTMZFeGZF]�m
QY^_LNKv��{xOPZFTMTMZ�JYXPZ�^_TMKMeGZF]kQY^_]PU\TMZ�ac^_[NK�dPK2/ ��Z /��F��hPZ�TMUb[jQY^_dPKMUbdi¥ OP[NJFKRQY^gu
��U�[jQY^_dPKMU(KM]kQSZFLNeGZFdPKMU�}ZrOP] y fPXc^_[NZ�m�[NfPTMKRQNQSZFL y u"��¥ OP[NJFKRQY^�fPLNZFTMZt|_^nQY^([NOPT�JFUWTMTMZtQNQSUWLNZrdPK /(

Z�{xOPZFTMT`^�fPLNZFTMZt|_^nQY^�[NOPTMT�¥ ZFeGZtQNQSKRQSUWLNZ([NUW]PUG[ z ^_[S^nQSZ�dPK�ª�9Wµ � u��"^_TMKiOP[NJFKRQSZ z UWLN]PKM[NJFUW]PUb{xOPKM]PdPK
K�[NZFVW]c^_TMKidPKiQSZF]P[NKMUW]PZ�¾�� 
sZ�¾�� �]PZFJFZF[N[S^_LNK;flZFL�^_TMKMeGZF]kQY^_LNZ�/ ��Z /��8u
��Z\T�¥ KM]PVWLNZF[N[NUA¾���}Z\ac^_[N[NU	��µgu ¬b¶���hlKMT;QSLS^_]P[NKM[jQSUWL / 
�h�JFUWeGZ\VWK�}^b|�KM[jQSUPhi^p|�L�}^qT`^Gac^_[NZb^

��µgu ¬"��µgu8. ¹ µgu �q¶��(Z /(5[S^_L�}^7KM]kQSZFLNdPZtQNQSUPuG¡sUW]	JFK�}U7T`^qQSZF]P[NKMUW]PZb[NOPTMT`^=ac^_[NZbdPK�/ �8h�OP]PKRQY^
^_TMT�¥ ZFeGZtQNQSKRQSUWLNZ(dPK1/(([S^_L�}^b^_TMT�¥ KM]PJFKMLNJp^�µ�¶*Z / ��[S^_L�}^bKM]kQSZFLNdPZtQNQSUPu
¡sUW] /(qKM]kQSZFLNdPZtQNQSUPhrT`^�[NOc^�QSZF]P[NKMUW]PZAdPK�JFUWTMTMZtQNQSUWLNZ=[S^_L�}^ * ¾��	� ¹ ºw¾Gu�§�UWKMJYX �ZAKMT

JFUWTMTMZtQNQSUWLNZ�dPK2/(5}Z�OP]PKRQSUG^_TMT`^�ac^_[NZ�dPK2/���hc^p|�LNZFeGUP�
¾32� ¹ ¾�� � ¹ º5¾
¡sUW]AQY^_TMZ�QSZF]P[NKMUW]PZ�dPK�ac^_[NZ_h /��([S^_L�}^q� � ��KM]A[S^nQSOPLS^_~FKMUW]PZ�UGKM]A~FUW]c^b^nQNQSKR|_^k��u
£�[S^_eGKM]PK`^_eGU�T�¥ Zt��ZtQNQSUbdPZFT;Jp^_LNKMJFUGflUW[jQSUq^�|_^_TMTMZ�[NOPTMTMU�[jQY^nQSUqdPK2/���u���Z5]PUW]�J_¥R}Z�^_TMJFOP]

Jp^_LNKMJFUPhvT`^�JFUWLNLNZF]kQSZ ()!�]PZFTMT�¥ ZFeGZtQNQSKRQSUWLNZqdPK /��q[S^_L�}^�eGUWTRQSUDfPKMJFJFUWT`^¯��VWKMOP[jQSU�T`^DJFUWLNLNZF]kQSZ
dPKrflZFLNdPKRQY^k��ZqTMZqdPOPZqVWKMOP]P~FKMUW]PK���{xOPZFTMT`^�ac^_[NZ�m�ZFeGZtQNQSKRQSUWLNZqdPK /���Z={xOPZFTMT`^�dPZFTrdPKMU�dPUD�\h

ÁWÁ ¬



Q3

C

Q4VI2

VI1

Vcc

1"KMVWOPLS^=ª�¬�u �g�

[S^_LS^_]P]PU�^_TlTMKMeGKRQSZ�dPZFTMT`^�JFUW]PdPOP~FKMUW]PZ_u��(eGeGZtQNQSZF]PdPU�JYXPZ�ZF[N[NZ(|_^_TMVk^_]PU�ZF]kQSLS^_e\alZ�µgu ; º�¶\h
QSLNU8|WZFLNZFeGUP�
¾�� ��� ¹ º �¯µ�� ; º ! ¬ ¹ Á �8.5¾
¡sKMUP}Z�T�¥ OP[NJFKRQY^=}Z5^_TiTMKR|WZFTMTMU�^_TRQSUPu
��ZGKM]kQSLNU�dPOPJFK`^_eGU7OP]	Jp^_LNKMJFUPh;T`^7JFUWLNLNZF]kQSZ ()!�KM] /��\ZFdwKM]	� ^_OPeGZF]kQSZFL�}^guG��OgQNQY^p|�K`^gh

ZF]kQSLNUGOP]�JFZFLjQSUGLS^_]PVWZ�dPKi|_^_TMUWLNK�dPK ()!lh /��(LNKMeq^_LNL�}^�KM]A~FUW]c^G^nQNQSKR|_^\ZFd�^p|�LNZFeGUP�
¾�� ��� ¹ ¾��	� �

()!
, �²ª ! �(
 �¯¾����

�
��� � * º �

()!
, �²ª ! ª"� ; ! � ��µ�� 9��¯µ��8.

'�TRQSZFLNKMUWLNK�^_OPeGZF]kQSK�dPK ()!qflU_QSLS^_]P]PU\eq^_]Pdc^_LNZ /���KM]=[S^nQSOPLS^_~FKMUW]PZ_u��!{xOPZF[jQSUbfPOP]kQSU�T`^
QSZF]P[NKMUW]PZ�di¥ OP[NJFKRQY^b[S^_L�}^�dPZtQSZFLNeGKM]c^nQY^\dc^_TMT`^\[NUWT`^\LNZF[NKM[jQSZF]P~p^GdPK�ª Á µ����
¾�� ��� ¹ ¾��	� ��µ��Rª Á ! � ! ()! �¯¾ � % �2��

�
��µ�� 9 ¹ º�� µ���µ��Rª Á ! � ! ()! ��ª"� µ ¹

¹ +��/�¯µ��Rª Á ! � ! ()!

£�[S^_eGKM]PK`^_eGU�UWLS^�JFK�}U¯JYXPZ	^_JFJp^_dPZ	[NZ�T�¥ KM]PVWLNZF[N[NU�¾��w}Z�^_TRQSUPu ¡sUWeGZ�VWK�}^w|�KM[jQSUPh(UWLS^
T`^DVWKMOP]P~FKMUW]PZ=ac^_[NZ�m�ZFeGZtQNQSKRQSUWLNZ7dPK / 
=}Z7flUWT`^_LNKM~F~p^nQY^�KM]k|WZFLN[S^_eGZF]kQSZ_¤�T`^�QSZF]P[NKMUW]PZ�¾��

�
*

¾32
�
��µ��8.�¾ ¹ ª"� +\¾bur�;^�JFUWLNLNZF]kQSZ5dPKiac^_[NZ5dPK2/ 
�}Z5^_TMTMUWLS^g�
()�
�
¹ ¾��	� �¨ª"� +� ¹ º ��ª"� ++ ¹ µ�� �$#&%

�;^bJFUWLNLNZF]kQSZ�dPK�JFUWTMTMZtQNQSUWLNZ�[S^_L�}^g�
( 2
�
¹ � , ���²ª��"()�

� * ()�
�

eGZF]kQSLNZ ('�
�
[S^_L�}^beGUWTRQSU\fPKMJFJFUWT`^gu

�"^_TMZGJFUWLNLNZF]kQSZqdPKvJFUWTMTMZtQNQSUWLNZ�dPK / 
q��JYXPZq[jQY^ z OP]P~FKMUW]c^_]PdPU�KM]	eGU�dPU�KM]k|WZFLN[NUx��¼cOPKM[NJFZ
|WZFLN[NU�T`^=ac^_[NZGdPK�/(8h;eq^_]Pdc^_]PdPUWTMU7KM]�[S^nQSOPLS^_~FKMUW]PZ_u�¶vZFLNKRocJYXPK`^_eGU7KM]�QY^_TMK�JFUW]PdPKM~FKMUW]PK"TMU
[jQY^nQSUbdPK2/��(Z / �8u

ÁWÁWÁ



Q3

CL

Q4

VI
D

R3 130

Q2
Q1

R2 1k

R1 1.6k

Vout

R 4k

IB1

Vcc

1"KMVWOPLS^=ª�¬�uRª8µg�

¡sUW] /(�KM]	[S^nQSOPLS^_~FKMUW]PZGT`^AJFUWLNLNZF]kQSZqdPKvZFeGZtQNQSKRQSUWLNZ�dPK /(�[S^_L�}^�^_aPac^_[jQY^_]P~p^�VWLS^_]PdPZ
dc^beq^_]Pdc^_LNZ0/ ��KM]A[S^nQSOPLS^_~FKMUW]PZ�Z�¾�� ��� �+µ�� ¬�¾bur�;^\QSZF]P[NKMUW]PZ�[NOPTMT`^\ac^_[NZ5dPK2/��8hcOPVWOc^_TMZ^�{xOPZFTMT`^�[NOPT�JFUWTMTMZtQNQSUWLNZ�dPK2/(8hP[S^_L�}^bUWLS^g�
¾��
�
¹ ¾32

�
¹ ¾ � % �2��

�
��¾ � % ����

�

¹ µ�� ¬ ��µ�� 9 ¹ ª(¾
§�ZFLNJYX �Z�/��(JFUW]PdPOPJp^GU�JFJFUWLNLNZ�JYXPZ\¾��

�
[NU�dPdPKM[jo�T`^\JFUW]PdPKM~FKMUW]PZ_�

¾��
�
�²¾ #,+.-���

�
� � #,+.-� ��¾ � % �2��

�
¹ ª"� + ��µ�� ¬ ¹ ª"� ; ¾

§�UWKMJYX �Z\¾��
�
}Z�[NUWTMU7ª�¶\hP]i}Z /��(]i}Z�KMTidPKMU�dPU�JFUW]PdPOPJFUW]PUPu

��Z�UWLS^�T�¥ KM]PVWLNZF[N[NU\¾��rQSUWLN]c^5^_TcTMKR|WZFTMTMU�ac^_[N[NUPh /(�^_]PdPL�}^�KM]GKM]kQSZFLNdPKM~FKMUW]PZ�Z�JFK�}U5eq^_]PdPZFL�}^
KM]AKM]kQSZFLNdPKM~FKMUW]PZ�/ �8u
��¥ OP[NJFKRQY^�LNKMeq^_LNL�}^�flZFL�OP]¯aPLNZt|WZAKM]kQSZFLj|_^_TMTMU�dPKsQSZFeGflU�^�µgu ¬�¶\h�§�UWKMJYX �ZAT`^�Jp^_fc^_JFKRQn}^

fc^_LS^_[N[NKRQY^ � !�dPZt|WZqJp^_LNKMJp^_LN[NK�u � ZFT z LS^nQNQSZFeGflUAflZFL�}U /���|_^AKM]	[S^nQSOPLS^_~FKMUW]PZ���T`^=QSZF]P[NKMUW]PZ
[NOPTMT`^\[NOc^bac^_[NZG}Z�[S^_TMKRQY^\{xOc^_]PdPU /(�}Z�^_]Pdc^nQSUbKM]AKM]kQSZFLNdPKM~FKMUW]PZ8��u���|�LNZFeGUGUWLS^g�
¾��
�
¹ ¾ � % ����

�
� � � ��¾�� ��� ¹ µ�� 9 ��µ��8. ��µ�� ¬ ¹ ª"�8.�¾

�;^bJFUWLNLNZF]kQSZ�dPK�ac^_[NZ�dPK2/��([S^_L�}^g�
()�
�
¹ ¾��	� ��¾�� ��(
 ¹ º�� µ���ª"�8.ª"� ; ¹ ¬�� µ ; #&%

Z�{xOPZFTMT`^�dPK�JFUWTMTMZtQNQSUWLNZ_�
( 2
�
¹ ¾��	� ��¾ �

% �2��
�
��� � ��¾�� ������ ¹ Á � �µ��Rª Á ¹ Á µ$#&%

ÁWÁ +



Z�{xOPKM]PdPK��
( 2
�()�
�

¹ Á µ¬�� µ ; ¹ ª +�� ;
��Z�[NJFZFVWTMK`^_eGU�OP]AQSLS^_]P[NKM[jQSUWL�JFUW] � #,+.-� � �!ª�º�|WZFdPK`^_eGU�JYXPZ /��([S^_L�}^bKM]A[S^nQSOPLS^_~FKMUW]PZ_u
1"KM]PU�^DJYXPZ�/��GLNKMeq^_]PZq[S^nQSOPLNUPh�T`^�QSZF]P[NKMUW]PZ�¾�� ��� KM]�OP[NJFKRQY^D[S^_TMZ=ZF[NflUW]PZF]P~FK`^_TMeGZF]kQSZ|WZFLN[NU7¾��	�ShcJFUW]AOP]c^bfPKMJFJFUWT`^\JFUW[jQY^_]kQSZ5dPKiQSZFeGflUP�
� ¹ � !��Sµ��Rª Á � � � % �2

�
� �����

��U8|WZ � � % �2
�
}Z�T`^qLNZF[NKM[jQSZF]P~p^7QSLS^=JFUWTMTMZtQNQSUWLNZ�ZFd�ZFeGZtQNQSKRQSUWLNZ\dPK /��5{xOc^_]PdPUA{xOPZF[jQSU	}Z�KM]

[S^nQSOPLS^_~FKMUW]PZ�ZFd ���q}Z�T`^�LNZF[NKM[jQSZF]P~p^bdPKMLNZtQNQY^�dPZFT�dPKMU�dPUPu
�(TMT�¥ ^_OPeGZF]kQY^_LNZ�dPK�¾�� ��� T`^\JFUWLNLNZF]kQSZ�KM]�/��(dPKMeGKM]xOPKM[NJFZ_h�/��(ZF[NJFZ5dc^_TMT`^\[S^nQSOPLS^_~FKMUW]PZ�ZFd

KM]goc]PZ�¾�� ��� LS^_VWVWKMOP]PVWZ�OP]PUG[jQY^nQSUbKM]AJFOPK2/��\}Z�KM]kQSZFLNdPZtQNQSUPuI�Ti|_^_TMUWLNZ�oc]c^_TMZ�dPZFTMT`^�QSZF]P[NKMUW]PZ�di¥ OP[NJFKRQY^�[S^_L�}^g�
¾�� ��� ¹ ¾��	� �¯¾ � ���

+.-
���
�
��� � ��� +.-� ¹ º ��µ�� º �¯µ�� ; ¹ Á � �5¾

��U8|WZvJFUW]\¾ � ��� +.-���
�
Z � � ��� +.-� ^_aPaPK`^_eGU�KM]PdPKMJp^nQSU�KW|_^_TMUWLNK_dPKW[NUWVWTMK`^s[NU_QNQSU0Kk{xOc^_TMK_KMT_QSLS^_]P[NKM[jQSUWL

ZFd�KMTidPKMU�dPU�]PUW]�JFUW]PdPOPJFUW]PUPu
I�T�JFKMLNJFOPKRQSU � � � �/KM]�TMUWVWKMJp^����0� dPKR��ZFLNKM[NJFZ�dc^	{xOPZFTMTMU�� � ������UWLS^	dPZF[NJFLNKRQNQSUwflZFL

KMT"QSLS^_]P[NKM[jQSUWL�di¥ KM]PVWLNZF[N[NU�JYXPZ_h"]PZFTMT`^=flUWLjQY^ � � � �\h�}ZGJFUW[jQSKRQSOPKRQSU7dc^�OP]�QSLS^_]P[NKM[jQSUWL5^AfPKS}O
ZFeGZtQNQSKRQSUWLNK�h�JFUWeGZ�eGUW[jQSLS^nQSU�KM]7ocVWOPLS^7ª�¬�uRªWªWu

1"KMVWOPLS^=ª�¬�uRªWªW�
1"KM[NKMJp^_eGZF]kQSZ�QY^_TMZ(QSLS^_]P[NKM[jQSUWL�Xc^bT`^\[jQSLNOgQNQSOPLS^beGUW[jQSLS^nQY^�KM]=ocVWOPLS^Aª�¬�uRª�¬�u

E1 E2 E3 CB

n

P

n+ n+ n+ n+

1"KMVWOPLS^=ª�¬�uRª�¬��
� ZFT�[NOPaP[jQSLS^nQSU�dPK�eq^nQSZFLNK`^_TMZ5]�}Z�KMeGfPK`^_]kQY^nQSUqKMT"JFUWTMTMZtQNQSUWLNZA���
	��(Z_h;KM]�OP]c^7[jQSLNOgQNQSOPLS^

f ��JFOPK�}Z=JFUWTMTMZFVk^nQY^�T`^�ac^_[NZ8�5QSLNZ7[jQSLNOgQNQSOPLNZ	���
	���hvJFUWLNLNKM[NflUW]PdPZF]kQSK�JFK`^_[NJFOP]c^�^_d�OP]PU�dPZFK
QSLNZ\ZFeGZtQNQSKRQSUWLNK�KM]PdPKMJp^nQSK�]PZFTMT`^GocVWOPLS^=fPLNZFJFZFdPZF]kQSZ_u\I�T z OP]P~FKMUW]c^_eGZF]kQSU7dPK�QY^_TMZ\dPKM[NflUW[NKRQSKR|WU
}Z�KMdPZF]kQSKMJFUG^�{xOPZFTMTMU�dPZFT;[NKM]PVWUWTMU�QSLS^_]P[NKM[jQSUWLFu

ÁWÁ º



ÁWÁ/;


