
1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

E H W K H IX Q F W R U LD O P D S G H p Q H G E \

aI:  oQ � 7Q � : �  :nQ � 7Q � : �  :nQ

IR U Q y � � 7K H Q R Q H F D Q F K H F N W K D W �

� � aI LV D IX Q F W R U LD O P D S R I F R D OJ H E U D V R YH U .�

� � � � aI LV D Q H [W H Q V LR Q R I I �

7K H D V V H U W LR Q IR OOR ZV �

� � 7 KH ) XQF W RU $P LQ RYHU D ) LHO G RI & KDU DF W HU LVW LF S ! �

,Q W K LV V H F W LR Q � W K H J U R X Q G p H OG N LV R I F K D U D F W H U LV W LF S ! � �

� �� � $Q XSSHU ERXQG RQ WKH VL]H RI $P LQ � 9 � �

/HPPD ���� / HW P ! � VXFK WKDW � P�S�  � � 6XSSRVH WKDW WKH SRO\QRPLDO

[P b �

VSOLWV LQ N>[@� 7KHQ WKHUH H[LVWV D IXQFWRULDO PDS RI FRDOJHEUDV

�9 � 7 � 9 � � 7 � 9 �

IRU DQ\ N�PRGXOH 9 VXFK WKDW�

� � � � �9 r �9  �9 � 7 � 9 � � 7 � 9 � �
� � � � / HW o � 3 � 7Q � 9 � � EH D SULPLWLYH HOHPHQW RI WHQVRU OHQJWK Q� 7KHQ

�9 � o�  

��
�
o LI Q  P� � P� � P� � � � �

� R W K H U ZLV H �

3 URRI� / H W t � N E H D S U LP LW LYH PW K U R R W R I � � / H W

7 � t � � 7 � 9 � � 7 � 9 �

E H W K H D OJ H E U D P D S G H W H U P LQ H G E \

7 � t � � Y �  tY

IR U [ � 9 � 7K H Q 7 � t � � 7 � 9 � � 7 � 9 � LV D IX Q F W R U LD O P D S R I + R S I D OJ H E U D V � / H W
� � 7 � 9 � � 7 � 9 � E H W K H F R Q MX J D W LR Q D Q G OH W

I9  7 � t � e � � 7 � 9 � � 7 � 9 �

E H W K H F R Q YR OX W LR Q S U R G X F W � 7K H Q I9 � 7 � 9 � � 7 � 9 � LV D IX Q F W R U LD O P D S R I F R D OJ H �
E U D V �
/ H W o � 3 � 7Q � 9 � � E H D S U LP LW LYH H OH P H Q W R I W H Q V R U OH Q J W K Q� 7K H Q

I9 � o �  � t
Q b � � o�



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

/ H W ' � 9 � E H W K H F R OLP LW

' � 9 �  F R OLP I9 7 � 9 � �

/ H W U9 � 7 � 9 � � ' � 9 � E H W K H F D Q R Q LF D O P D S W R W K H F R OLP LW � % \ 7K H R U H P � �� �
' � 9 � LV D Q D W X U D O F R D OJ H E U D U H W U D F W R I 7 � 9 � D Q G W K H IX Q F W R U LD O P D S U9 LV D F R D OJ H E U D
U H W U D F W LR Q � 1 R W LF H W K D W tQ b �  � LI D Q G R Q O\ LI Q  PW IR U V R P H W y � � 7K X V

U9 � 3 � 7Q � 9 � � � 3 � 'Q � 9 � �

LV D Q LV R P R U S K LV P LI Q LV Q R W G LYLV LE OH E \ P D Q G LV ] H U R LI Q LV G LYLV LE OH E \ P�
% \ / H P P D � �� � W K H U H LV D Q D W X U D O F R D OJ H E U D G H F R P S R V LW LR Q

7 � 9 � | % � 9 � n' � 9 � �

/ H W U�9 � 7 � 9 � � % � 9 � E H D IX Q F W R U LD O F R D OJ H E U D U H W U D F W LR Q D Q G OH W M9 � % � 9 � � 7 � 9 �
E H W K H F R D OJ H E U D LQ MH F W LR Q � / H W �9 � 7 � 9 � � 7 � 9 � E H W K H F R P S R V LW H

7 � 9 �
U�9 
 % � 9 �

M9 
 7 � 9 � �

7K H Q �9 LV D Q LG H P S R W H Q W IX Q F W R U LD O F R D OJ H E U D P D S � / H W o � 3 � 7Q � 9 � � E H D S U LP LW LYH
H OH P H Q W R I W H Q V R U OH Q J W K Q� 1 R W LF H W K D W

3 � 7Q � 9 � � | 3 � %Q � 9 � �

LI Q LV G LYLV LE OH E \ P D Q G

3 � %Q � 9 � �  �

LI Q LV Q R W G LYLV LE OH E \ P� 7K H D V V H U W LR Q IR OOR ZV �

&RU ROODU \ ���� / HW P ! � VXFK WKDW � P� S�  � � 6XSSRVH WKDW WKH

[P b �

VSOLWV LQ N>[@� / HW 9 EH DQ\ N�PRGXOH� 7KHQ LQ WHQVRU OHQJWK PN ZH KDYH

3 � $P LQPN � 9 � �  �

IRU N y � �

3 URRI� % \ / H P P D � �� � R Q H K D V D Q D W X U D O F R D OJ H E U D G H F R P S R V LW LR Q

7 � 9 � | % � 9 � n' � 9 �

V X F K W K D W 3 � 'PN � 9 � �  � IR U N y � � 1 R W LF H W K D W W K H U H LV D IX Q F W R U LD O LQ F OX V LR Q

9 v ' � 9 � �

7K X V $P LQ � 9 � LV D Q D W X U D O F R D OJ H E U D U H W U D F W R I ' � 9 � E \ 7K H R U H P � �� � � 7K H D V V H U W LR Q
IR OOR ZV �



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

7 KHRU HP ���� ,I WKH JURXQG pHOG N LV RI FKDUDFWHULVWLF S� WKHQ

3 � $P LQQ � 9 � �  �

LI Q LV QRW D SRZHU RI S�

3 URRI� / H W P E H D S R V LW LYH LQ W H J H U ZLW K P ! � D Q G � P�S�  � � ,W V X r F H V W R V K R Z W K H
IR OOR ZLQ J V W D W H P H Q W �

6WDWHPHQW� 3 � $P LQPN � 9 � �  � IR U N y � �

7K H S U R R I R I W K LV V W D W H P H Q W ZLOO E H J LYH Q E \ LQ G X F W LR Q R Q N� / H W N  � � 7K H U H LV
D Q D W X U D O F R D OJ H E U D G H F R P S R V LW LR Q

7 � 9 � | 7 � /P � 9 � � n' � 9 �

IR U V R P H Q D W X U D O V X E F R D OJ H E U D ' � 9 � v 7 � 9 � � � 6 H H &R U R OOD U \ � �� R U >� @�� 1 R W LF H
W K D W W K H U H LV D IX Q F W R U LD O LQ F OX V LR Q 9 v ' � 9 � � 7K X V $P LQ � 9 � LV D Q D W X U D O F R D OJ H E U D
U H W U D F W R I ' � 9 � � 2E V H U YH W K D W W K H S U LP LW LYH V X E P R G X OH 3 � 7 � 9 � � LV W K H IU H H U H V W U LF W H G
/ LH D OJ H E U D /U HV � 9 � � 7K X V 3 � 7P � 9 � �  /P � 9 � D Q G V R 3 � 'P � 9 � �  � � 7K H U H IR U H
3 � $P LQP � 9 � �  � �
1 R Z V X S S R V H W K D W

3 � $P LQPW � 9 � �  �

IR U W � N ZLW K N ! � D Q G OH W Q  PN�

*RDO �� 7KH RYHUDOO SODQ LV WR FRQVWUXFW D QDWXUDO FRDOJHEUD UHWUDFW '�9 � VXFK WKDW

9 v '�9 � EXW 3 �'PN�9 ��  ��

% \ 7K H R U H P � �� � W K H U H LV D Q D W X U D O F R D OJ H E U D G H F R P S R V LW LR Q

7 � 9 � | n�
M �$

P LQ � 9 �/P D[M � n$P LQ � 9 � �

7K X V W K H U H LV D IX Q F W R U LD O LV R P R U S K LV P R I N�P R G X OH V

3 � 7 � 9 � � | j�
M �3 � $

P LQ � 9 �/P D[M � � j 3 � $P LQ � 9 � � �

/ H W
% � 9 �  nQb�

M �$
P LQ � 9 �/P D[M �

E H W K H S D U W LD O W H Q V R U S U R G X F W V LQ W K H Q D W X U D O G H F R P S R V LW LR Q IR U 7 � 9 � � % \ LQ G X F W LR Q �
3 � $P LQPW � 9 � �  � IR U W � N� 1 R W LF H W K D W 3 � $P LQPW � 9 �/

P D[
M � �  � IR U M y Q  PN ! PW

E \ &R U R OOD U \ � �� � 7K X V
3 � 7PW � 9 � � | 3 � %PW � 9 � �

IR U W � N� / H W U9 � 7 � 9 � � % � 9 � E H D IX Q F W R U LD O F R D OJ H E U D U H W U D F W LR Q � OH W M9 � % � 9 � �
7 � 9 � E H D IX Q F W R U LD O F R D OJ H E U D LQ MH F W LR Q D Q G OH W I9 G H Q R W H W K H F R P S R V LW H

I9  M9 r U9 � 7 � 9 � � 7 � 9 � �



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

7K H Q I9 � 7 � 9 � � 7 � 9 � LV D Q LG H P S R W H Q W IX Q F W R U LD O F R D OJ H E U D P D S ZLW K D IX Q F W R U LD O
LV R P R U S K LV P

,P � I9 � 7 � 9 � � 7 � 9 � � | % � 9 � �

*RDO �� 7KH JRDO LQ WKH IROORZLQJ LV WR FKDQJH WKH JURXQG pHOG WR RQH FRQWDLQLQJ WKH PWK

URRWV RI ��

/ H W . E H D Q H [W H Q V LR Q p H OG R I W K H J U R X Q G p H OG N V X F K W K D W W K H S R O\Q R P LD O

[P b �

V S OLW V LQ .>[@� % \ / H P P D � �� � W K H U H H [LV W V D IX Q F W R U LD O P D S R I .�F R D OJ H E U D V

aI: � 7 � : � � 7 � : �

V X F K W K D W aI LV D Q H [W H Q V LR Q R I I � / H W a% � : � G H Q R W H W K H F R OLP LW

a% � : �  F R OLP aI:
7 � : � �

% \ / H P P D V � �� � � �� D Q G 7K H R U H P � �� � W K H U H LV D Q D W X U D O .�F R D OJ H E U D G H F R P S R V LW LR Q

7 � : � | a% � : � n. ' � : �

IR U D Q \ p Q LW H G LP H Q V LR Q D O .�P R G X OH : D Q G V R IR U D Q \ .�P R G X OH : � ZK H U H ' � : �
LV J LYH Q E \ W K H F R W H Q V R U S U R G X F W

' � : �  . a%�: � 7 � : � �

/ H W $P LQ � . G H Q R W H W K H IX Q F W R U $P LQ R YH U W K H H [W H Q V LR Q p H OG .� 1 R W LF H W K D W W K H U H LV
D Q D W X U D O LQ F OX V LR Q R I .�P R G X OH V

: v ' � : � �

7K X V $P LQ �. � : � LV D Q D W X U D O F R D OJ H E U D U H W U D F W R I ' � : � D Q G V R R Q H K D V D IX U W K H U
Q D W X U D O .�F R D OJ H E U D G H F R P S R V LW LR Q

7 � : � | a% � : � n'� � : � n$P LQ �. � : �

IR U D Q \ .�P R G X OH : � ZK H U H '� � : � LV J LYH Q E \ W K H F R W H Q V R U S U R G X F W

'� � : �  . $PLQ�.�: �' � : � �

*RDO �� 7KH JRDO LQ WKH IROORZLQJ LV WR JLYH D IXUWKHU GHFRPSRVLWLRQ RI '��: � E\ XVLQJ

/HPPD ����

/ H W U�: � 7 � : � � '� � : � E H D IX Q F W R U LD O.�F R D OJ H E U D U H W U D F W LR Q D Q G OH W M�: � '
� � : � �

7 � : � E H D IX Q F W R U LD O .�F R D OJ H E U D LQ MH F W LR Q � % \ / H P P D � �� � W K H U H H [LV W V D Q LG H P S R �
W H Q W IX Q F W R U LD O P D S R I .�F R D OJ H E U D V

�: � 7 � : � � 7 � : �



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

V X F K W K D W W K H LQ G X F H G P D S R Q S U LP LW LYH H OH P H Q W V

�: � 3 � 7Q � : � � � 3 � 7Q � : � �

LV W K H LG H Q W LW \ LI Q  PW IR U V R P H W y � D Q G LV ] H U R LI Q LV Q R W G LYLV LE OH E \ P� / H W W K H
P D S ��: � 7 � : � � 7 � : � G H Q R W H W K H F R P S R V LW H

7 � : �
U�:
 '� � : �

M�:
 7 � : �
�:
 7 � : � �

/ H W '�� � : � G H Q R W H W K H F R OLP LW

'�� � : �  F R OLP ��
:
7 � : � �

7K H Q '�� � : � LV D Q D W X U D O .�F R D OJ H E U D U H W U D F W R I '� � : � � % \ / H P P D � �� � W K H U H LV D
Q D W X U D O .�F R D OJ H E U D G H F R P S R V LW LR Q

'� � : � | '�� � : � n'��� � : � �

1 R W LF H W K D W E \ / H P P D � ��

'�� � : � | . '����: �'
� � : �

IR U D Q \ p Q LW H G LP H Q V LR Q D O .�P R G X OH : D Q G V R IR U D Q \ .�P R G X OH : � 7K X V ZH P D \
YLH Z '�� � : �  . '����: �'

� � : � D V D V X E F R D OJ H E U D R I

'� � : � v ' � : � v 7 � : � �

&R Q V LG H U W K H IX U W K H U Q D W X U D O .�F R D OJ H E U D G H F R P S R V LW LR Q

7 � : � | a% � : � n'�� � : � n'��� � : � n$P LQ � . � : � �

7K H U H LV D IX Q F W R U LD O LV R P R U S K LV P R I .�P R G X OH V

3 � 7O � : � � | 3 � a%O � : � � j 3 � '��
O � : � � j 3 � '���

O � : � � j 3 � $P LQ � .O � : � �

IR U D Q \ O y � �

*RDO �� 7KH JRDO LQ WKH IROORZLQJ LV WR VKRZ WKDW '��
M �: �  � IRU � � M � PN DQG WKDW

'��
PN�: � LV D IXQFWRULDO .�VXEPRGXOH RI /.PN�: �� ZKHUH ZH ZULWH /. IRU WKH IUHH /LH DO�

JHEUD IXQFWRU RYHU WKH pHOG .�

1 R Z ZH G H W H U P LQ H W K H S U LP LW LYH H OH P H Q W V 3 � '��
O � : � � X S W R W H Q V R U OH Q J W K Q  PN�

/ H W I[LJ E H D .�E D V LV IR U : D Q G OH W : � E H W K H N�P R G X OH J H Q H U D W H G E \ I[LJ� 7K H Q
W K H U H LV D Q LV R P R U S K LV P R I .�P R G X OH V

.nN :
� | :�

$ V Q R W H G H D U OLH U � W K H U H LV D Q LV R P R U S K LV P R I N�P R G X OH V

3 � 7PW � :
� � � | 3 � %PW � :

� � �



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

IR U W � N D Q G V R � E \ / H P P D � �� � W K H U H LV D Q LV R P R U S K LV P R I .�P R G X OH V

3 � 7PW � .nN :
� � | 3 � a%PW � .nN :

� � �  .nN 3 � %PW � :
� � �

IR U W � N� ,Q S D U W LF X OD U W K H U H LV D Q LV R P R U S K LV P R I .�P R G X OH V

3 � 7PW � : � � | 3 � a%PW � : � �

IR U W � N D Q G V R

3 � '��
PW � : � � v 3 � '��

PW � : � � j 3 � '���
PW � : � � j 3 � $PLQ�.

PW � : � �  �

IR U W � N� 1 R W LF H W K D W '�� � : � LV D Q D W X U D O .�F R D OJ H E U D U H W U D F W R I

,P � �: � 7 � : � � 7 � : � � | F R OLP �: 7 � : � �

7K X V
3 � '��

O � : � � v F R OLP �: 3 � 7O � : � �  �

LI O LV Q R W G LYLV LE OH E \ P� 7K H U H IR U H

3 � '��
M � : � �  �

IR U M � PN� 7K X V
'��
M � : �  �

IR U � � M � PN D Q G V R R Q H K D V

'��
PN � : �  3 � '��

PN � : � � �

1 R W LF H W K D W W K H P D S
�: � 3 � 7PN � : � � � 3 � 7PN � : � �

LV W K H LG H Q W LW \ P D S � 7K X V W K H U H LV D IX Q F W R U LD O LV R P R U S K LV P R I .�P R G X OH V

3 � '�
PN � : � �

| 3 � '��
PN � : � �  '��

PN � : �

D Q G V R
3 � '���

PN � : � �  �

IR U D Q \ .�P R G X OH : � % \ &R U R OOD U \ � �� � R Q H K D V

3 � $P LQ � .PN � : � �  �

IR U D Q \ .�P R G X OH : � 7K X V W K H U H D U H IX Q F W R U LD O LV R P R U S K LV P V R I .�P R G X OH V

3 � 7PN � : � � | 3 � a%PN � : � � j 3 � '��
PN � : � �  3 � a%PN � : � � j'��

PN � : � �

3 � 'PN � : � �  3 � '�
PN � : � �  3 � '��

PN � : � �  '��
PN � : � �

/ H W U��: � 7 � : � � '�� � : � E H D IX Q F W R U LD O.�F R D OJ H E U D U H W U D F W LR Q � OH W M��: � '
�� � : � �

7 � : � E H D IX Q F W R U LD O .�F R D OJ H E U D LQ F OX V LR Q D Q G OH W I ��: G H Q R W H W K H F R P S R V LW H

I ��:  M��: r U��: � 7 � : � � 7 � : � �



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

1 R W LF H W K D W I ��: LV D IX Q F W R U LD O P D S R I .�F R D OJ H E U D V ZLW K

I ��:  � � 7M � : � � 7M � : �

IR U � � M � PN� % \ &R U R OOD U \ � �� � W K H U H H [LV W V D Q H OH P H Q W y � .� 6PN � V X F K W K D W

I ��: M7PN�: �  pPN r y � 7PN � : �  :nPN � 7PN � : �  :nPN�

7K X V '��
PN � : � LV D IX Q F W R U LD O .�V X E P R G X OH R I /

.

PN � : � IR U D Q \ .�P R G X OH : � ZK H U H
ZH ZU LW H /. IR U W K H IU H H / LH D OJ H E U D IX Q F W R U R YH U W K H p H OG .�

*RDO �� 7KH JRDO LQ WKH IROORZLQJ LV WR FRQVWUXFW WKH IXQFWRU ' E\ XVLQJ LQIRUPDWLRQ DERXW

WKH IXQFWRU '�� DQG WR pQLVK WKH SURRI�

1 R Z OH W 9 E H D Q \ N�P R G X OH � / H W z' � 9 � G H Q R W H W K H F R W H Q V R U S U R G X F W

z' � 9 �  N %�9 � 7 � 9 � �

/ H W :  .nN 9 � 7K H Q

' � : �  .nN
z' � 9 � �

7K X V '�� � : � LV D V X E F R D OJ H E U D R I .n z' � 9 � � 5 H F D OO W K D W

'��
PN � : �  3 � 'PN � : � � �

7K X V

'��
PN � : �  .nN 3 � z'PN � 9 � � v .nN /

U HV
PN � 9 � �

5 H F D OO W K D W

'��
PN � : � v / .PN � : �  .nN /PN � 9 � �

7K X V W K H U H D U H Q R U H V W U LF W H G H OH P H Q W V LQ 3 � z'PN � 9 � � R U H TX LYD OH Q W O\

3 � z'PN � 9 � � v /PN � 9 � �

/ H W q � 3 � z'PN � � E H W K H D V V R F LD W H G N � 6PN � �P R G X OH R I W K H IX Q F W R U 3 � z'PN � � � 6 H H 3 U R S R �
V LW LR Q � �� �� 1 R W LF H W K D W '��

PN � : � LV D IX Q F W R U LD O U H W U D F W R I :
nQ IR U D Q \ .�P R G X OH : �

7K X V

.nN q � 3 � z'PN � � �  q � '��
PN �

LV D S U R MH F W LYH .� 6PN � �P R G X OH � % \ &R U R OOD U \ � �� � W K H U H H [LV W V D Q H OH P H Q W zy � N� 6PN �
V X F K W K D W

� � � � pPN r zy r pPN r zy  pPN r zy � 9
nPN � 9 nPN IR U D Q \ N�P R G X OH 9 �

� � � � W K H U H LV D IX Q F W R U LD O LV R P R U S K LV P R I N�P R G X OH V

3 � z'PN � 9 � �  ,P � pPN r zy � 9
nPN � 9 nPN � | F R OLP pPNrzy

9 nPN

IR U D Q \ N�P R G X OH 9 �



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

: H ZU LW H z/PN IR U 3 � z'PN � � 7K H Q $P LQ � 9 � z/PN � LV D Q D W X U D O F R D OJ H E U D U H W U D F W R I
z' � 9 � D Q G V R W K H U H LV D Q D W X U D O G H F R P S R V LW LR Q R I F R Q Q H F W H G J U D G H G F R D OJ H E U D V

z' � 9 � | $PLQ � 9 � z/PN � n' � 9 � �

% \ / H P P D � �� � z/PN � 9 � LV D Q D W X U D O U H W U D F W R I /
P D[
PN � 9 � D Q G V R $P LQ � 9 � z/PN � LV D

Q D W X U D O F R D OJ H E U D U H W U D F W R I $P LQ � 9 �/P D[PN � � % \ &R U R OOD U \ � �� � ZH K D YH

$P LQM � 9 � z/PN �  �

IR U � � M � PN� X V LQ J 3 U R S R V LW LR Q � �� D Q G / H P P D � �� � 7K X V W K H U H LV D IX Q F W R U LD O

LQ F OX V LR Q 9 v ' � 9 � D Q G V R $P LQ � 9 � LV D IX Q F W R U LD O U H W U D F W R I ' � 9 � � 1 R W LF H W K D W

3 � z'PN � 9 � �  z/PN � 9 �  3 � $P LQPN � 9 � z/PN � � �

7K X V 3 � 'PN � 9 � �  � D Q G V R

3 � $P LQPN � 9 � �  �

IR U D Q \ N�P R G X OH 9 � 7K H LQ G X F W LR Q LV p Q LV K H G D Q G W K H D V V H U W LR Q IR OOR ZV �

5 H F D OO W K D W W K H U H LV D IX Q F W R U LD O V X E + R S I D OJ H E U D % P D[ � 9 � V X F K W K D W W K H U H LV D
Q D W X U D O F R D OJ H E U D G H F R P S R V LW LR Q 7 � 9 � | % P D[ � 9 � n$P LQ � 9 � � � 6 H H 3 U R S R V LW LR Q � �� ��

&RU ROODU \ ���� ,I Q LV QRW D SRZHU RI S� WKHQ

/Q � 9 � v % P D[ � 9 � �

&RU ROODU \ ���� $P LQ � 9 � LV D QDWXUDO FRDOJHEUD UHWUDFW RI WKH TXRWLHQW RI 7 � 9 � PRGXOR

WKH ULJKW LGHDO JHQHUDWHG E\ I/Q � 9 � M Q QRW SRZHU RI SJ�

7K LV J LYH V D Q X S S H U E R X Q G R Q W K H V L] H R I $P LQ �

� �� � 6RPH JHQHU DO WKHRU HPV RQ QDWXU DO FRDOJHEU D U HWU DFWV RI 7 � 9 � �

7 KHRU HP ���� / HW % � 9 � EH D IXQFWRULDO VXE FRDOJHEUD RI 7 � 9 � � 6XSSRVH WKDW

� � 7KHUH LV D IXQFWRULDO PXOWLSOLFDWLRQ % � 9 � n% � 9 � � % � 9 � VXFK WKDW % � 9 � LV
D TXDVL�+RSI DOJHEUD�

� � % LV D UHWUDFW RI 7 DV IXQFWRUV IURP N�PRGXOHV WR NPRGXOHV�

7KHQ % LV D UHWUDFW RI 7 DV IXQFWRUV IURP N�PRGXOHV WR N�FRDOJHEUDV�

5HPDU N ���� 7KH LQFOXVLRQ % � 9 � LV RQO\ DVVXPHG WR EH D PDS RI FRDOJHEUDV� 7KDW

LV WKH LQFOXVLRQ PLJKW QRW EH D PDS RI DOJHEUDV� $OVR ZH GR QRW DVVXPH WKDW WKH

PXOWLSOLFDWLRQ RQ % � 9 � LV DVVRFLDWLYH�



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

3 URRI� / H W %P � 9 �  % � 9 � ?7P � 9 � D Q G OH W -Q% � 9 �  % � 9 � ?-Q � 9 � � 7K H Q -Q% � 9 � LV
D IX Q F W R U LD O V X E F R D OJ H E U D R I -Q � 9 � � / H W U � 7 � 9 � � % � 9 � E H D N�OLQ H D U U H W U D F W LR Q � % \
&R U R OOD U \ � �� � UM-Q�9 � P D S V -Q � 9 � R Q W R -Q% � 9 � D Q G -Q% LV D U H W U D F W R I -Q D V IX Q F W R U V
IU R P N�P R G X OH V W R N�P R G X OH V � % \ / H P P D � �� � W K H U H LV D IX Q F W R U LD O LV R P R U S K LV P
R I + R S I D OJ H E U D V KQ � 7 � z-Q � 9 � � � 7 �

/Q

N � 9
nN � � ZK H U H W K H + R S I D OJ H E U D V W U X F W X U H

R Q 7 �
/Q

N � 9
nN � LV W K H R Q H LQ ZK LF K W K H H OH P H Q W V LQ

/Q

N � 9
nN D U H S U LP LW LYH � / H W

MQ � -Q% � 9 � � -Q � 9 � E H W K H LQ F OX V LR Q D Q G OH W z-Q% � 9 �  -Q% � 9 �  -�% � 9 � � / H W
�Q � 7 � z-Q% � 9 � � � 7 �

/Q

N �%N � 9 � � E H W K H F R P S R V LW H

7 � z-Q% � 9 � � ~
7 � MQ �
 7 � z-Q � 9 � �

KQ
| 

 7 �

Q0
N �

9 nN �
7 � jQ

N �UM7N�9 � �
 
 7 �
Q0

N �

%N � 9 � � �

7K H Q �Q LV D P D S R I + R S I D OJ H E U D V IR U H D F K Q� % \ F R Q V LG H U LQ J W K H F R P P X W D W LYH
G LD J U D P R I + R S I D OJ H E U D V

7 � %Q � 9 � � ~
7 � MM%Q�9 � � 
 7 � 9 nQ �         7 � 9 nQ �

7 � UM7Q�9 � � 
 
 7 � %Q � 9 � �

7 � z-Q% � 9 � �

��

~ 
 7 � z-Q � 9 � �

��

KQ
| 

 7 �

Q0
N �

9 nN �

S U R M

��


 
 7 �
Q0

N �

%N � 9 � �

S U R M

��

7 � z-Qb�% � 9 � �
>

�

~ 
 7 � z-Qb� � 9 � �
>

�

KQb�
| 

 7 �

Qb�0
N �

9 nN �

>

�


 
 7 �
Qb�0
N �

%N � 9 � �

>

�



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

ZH V H H W K D W W K H U H LV D F R P P X W D W LYH G LD J U D P R I N�P R G X OH V

%Q � 9 �            %Q � 9 �

z-Q% � 9 �

��

4� �Q � 

Q0

N �

%N � 9 �

��

z-Qb�% � 9 �
>

�

4� �Qb� �

Qb�0
N �

%N � 9 � �

>

�

1 R W LF H W K D W 4� �� � � z-� � % � 9 � � � %� � 9 � LV D Q LV R P R U S K LV P � 7K X V 4� �Q � � z-Q% � 9 � �/Q

N �%N � 9 � LV D Q LV R P R U S K LV P E \ LQ G X F W LR Q R Q Q� ,W IR OOR ZV W K D W �Q � 7 � z-Q% � 9 � � �
7 �

/Q

N �%N � 9 � � LV D Q H S LP R U S K LV P IR U H D F K 9 � 1 R W LF H W K D W 7 � z-Q% � 9 � � K D V W K H V D P H
3 R LQ F D U w H V H U LH V D V 7 �

/Q

N �%N � 9 � � LI G LP � 9 � � �� 7K X V �Q LV D Q LV R P R U S K LV P LI
G LP � 9 � � � D Q G V R �Q LV D Q LV R P R U S K LV P IR U D Q \ N�P R G X OH 9 � 7K H U H IR U H W K H
F R P S R V LW H

� � 7 � % � 9 � � ~
7 � M �
 7 � 7 � 9 � �

K
| 

 7 �

�0
Q �

9 nQ �
7 � U �
 
 7 �

�0
Q �

%Q � 9 � �

LV D Q LV R P R U S K LV P R I + R S I D OJ H E U D V � ZK H U H % � 9 �  % � 9 �  %� � 9 � D Q G 7 � 9 �  
7 � 9 �  7� � 9 � �

% \ K \S R W K H V LV % � 9 � LV D IX Q F W R U LD O TX D V L�+ R S I D OJ H E U D � / H W I9 � 7 � % � 9 � � � % � 9 �
E H G H p Q H G E \

I � [�[� c c c[Q �  � c c c � [� c [� � c c c � c [Q

IR U [M � % � 9 �  , � % � 9 � � � 7K H Q LW LV U R X W LQ H W R F K H F N W K D W I9 LV D P D S R I F R D OJ H E U D V �

/ H W ( � % � 9 � � 7 � % � 9 � � E H W K H F D Q R Q LF D O LQ F OX V LR Q � 1 R W LF H W K D W W K H F R P S R V LW H

% � 9 � ~
(
 7 � % � 9 � �

�
| 

 7 �

�0
Q �

%Q � 9 � �
�b�

| 

 7 � % � 9 � �

I9 
 % � 9 �

LV W K H LG H Q W LW \ P D S R I % � 9 � D Q G W K H F R P S R V LW H � r ( � % � 9 � � 7 �
/�

Q �%Q � 9 � �
ID F W R U V W K U R X J K 7 � 9 � � 7K X V % � 9 � LV D IX Q F W R U LD O F R D OJ H E U D U H W U D F W R I 7 � 9 � � ZK LF K LV
W K H D V V H U W LR Q �

,I% � 9 � LV D IX Q F W R U LD O V X E + R S I D OJ H E U D R I 7 � 9 � � ZH ZLOO V K R Z E \ H [D P S OH W K D W W K H U H
LV Q R IXQFWRU LDO LV R P R U S K LV P R I + R S I D OJ H E U D V 7 � 4� % � 9 � � � % � 9 � D OW K R X J K % � 9 �



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

LV LV R P R U S K LF W R 7 � 4� % � 9 � � D V + R S I D OJ H E U D V IR U D Q \ LQGLYLGXDO YH F W R U V S D F H 9 �
+ R ZH YH U � IR U V R P H V S H F LD O IX Q F W R U LD O V X E + R S I D OJ H E U D V R I 7 � 9 � � W K LV V W D W H P H Q W K R OG V �

7 KHRU HP ���� / HW % � 9 � EH D IXQFWRULDO VXE +RSI DOJHEUD RI 7 � 9 � � 6XSSRVH WKDW %
LV D UHWUDFW RI 7 DV IXQFWRUV IURP N�PRGXOHV WR N�PRGXOHV� 7KHQ WKHUH LV D IXQFWRULDO

LVRPRUSKLVP RI +RSI DJHEUDV

7 � 4 � % � 9 � � | % � 9 � �

) XUWKHUPRUH� % � 9 � LV JHQHUDWHG E\ VRPH HOHPHQWV LQ / � 9 � ?% � 9 � �

3 URRI� / H W 4Q � 9 � G H Q R W H 4� % � 9 � � Q� W K H V H W R I LQ G H F R P S R V D E OH H OH P H Q W V R I W H Q V R U
OH Q J W K Q� 1 R W LF H W K D W % � 9 � LV S U LP LW LYH O\ J H Q H U D W H G D Q G LV D W H Q V R U D OJ H E U D � E H LQ J D
V X E D OJ H E U D R I D W H Q V R U D OJ H E U D � � ,W V X r F H V W R V K R Z W K D W W K H U H LV D IX Q F W R U LD O F U R V V �
V H F W LR Q IU R P 4� % � 9 � � W R /� 9 � ? % � 9 � v 3 � % � 9 � � � 7K LV LV J LYH Q LQ D V V H U W LR Q � � R I
W K H IR OOR ZLQ J V W D W H P H Q W �

6WDWHPHQW� � � 7K H U H LV D IX Q F W R U LD O V X E P R G X OH 4�
Q � 9 � v /Q � 9 � ? % � 9 � V X F K W K D W

W K H F R P S R V LW H 4�
Q � 9 � � /Q � 9 � ?% � 9 �

SQ
� 4Q � 9 � LV D Q LV R P R U S K LV P � ZK H U H SQ LV W K H

U H V W U LF W LR Q R I W K H F D Q R Q LF D O P D S IU R P %Q � 9 � W R 4Q � 9 � � D Q G � � 4Q � 9 � LV D IX Q F W R U LD O
U H W U D F W R I 9 nQ�

7K H S U R R I R I W K LV V W D W H P H Q W LV J LYH Q E \ LQ G X F W LR Q R Q Q� 7K H V W D W H P H Q W K R OG V
R E YLR X V O\ IR U Q  � � 6 X S S R V H W K D W W K H V W D W H P H Q W K R OG V IR U N � Q ZLW K Q ! � �
/ H W MN � 4

�
N � 9 � � /N � 9 � ?% � 9 � E H W K H LQ F OX V LR Q IR U N � Q D Q G OH W M �

/Qb�
N � 4

�
N � 9 � �/Qb�

N � /N � 9 � ?% � 9 � v % � 9 � E H W K H LQ F OX V LR Q LQ G X F H G E \ MN� / H W 7 � M � � 7 �
/Qb�

N � 4
�
N � 9 � �

� % � 9 � v 7 � 9 � E H W K H P D S R I + R S I D OJ H E U D V LQ G X F H G E \ W K H P D S M� 1 R W LF H W K D W
% � 9 � LV D W H Q V R U D OJ H E U D D Q G M � jQb�

N � 4
�
N � 9 � � 4 � % � 9 � � LV D P R Q R P R U S K LV P � 7K X V

7 � M � LV D P R Q R P R U S K LV P � 1 R W LF H W K D W 4N � 9 � LV D IX Q F W R U LD O U H W U D F W R I 9
nN IR U N � Q

D Q G 4�
N � 9 � LV IX Q F W R U LD OO\ LV R P R U S K LF W R 4N � 9 � � 7K X V 4

�
N � 9 � LV D IX Q F W R U LD O U H W U D F W R I

9 nN� / H W T y � D Q G OH W N�� N�� � � � � NT E H S R V LW LYH LQ W H J H U V ZLW K NM � Q� / H W O�� O�� � � � � OT
E H S R V LW LYH LQ W H J H U V � 7K H Q

4N� � 9 �
nO� n4N� � 9 �

nO� n c c c n4NT � 9 �
nOT

LV D IX Q F W R U LD O U H W U D F W R I 9 nN�O��N�O��cccNTOT � / H W P  N�O� � N�O� � c c c NTOT D Q G OH W
z9  K[�� [�� � � � � [PL E H D Q P�G LP H Q V LR Q D O YH F W R U V S D F H R YH U N� / H W qP E H W K H N�
V X E P R G X OH R I z9 nP J H Q H U D W H G E \ W K H K R P R J H Q H R X V H OH P H Q W V [����[���� c c c[��P� IR U
� � 6P� 7K H Q

� 4N� � 9 �
nO� n4N� � 9 �

nO� n c c c n4NT � 9 �
nOT � ? qP



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

LV D S U R MH F W LYH N� 6P � �P R G X OH � 1 R W LF H W K D W

7 �
Qb�0
N �

4�
N � 9 � � ?7P � 9 �  

0
� x N�� N�� � � � � NT x Qb �

N�O� � N�O� � c c c� NTOT  P

4N� � 9 �
nO�n4N� � 9 �

nO�nc c cn4NT � 9 �
nOT

IR U P y � � 7K X V

7 �
Qb�0
N �

4�
N � z9 � � ? 7P � z9 � ? qP

LV D S U R MH F W LYH N� 6P � �P R G X OH � 1 R W LF H W K D W

7 �
Qb�0
N �

4�
N � 9 � � ? 7P � 9 �  � 7 �

Qb�0
N �

4�
N � z9 � � ? 7P � z9 � ? qP � nN�6P� 9

nP

IR U D Q \ N�P R G X OH 9 � 7K X V

7 �
Qb�0
N �

4�
N � 9 � � ? 7P � 9 �

LV D IX Q F W R U LD O U H W U D F W R I qP nN�6P� 9
nP D Q G V R 7 �

/Qb�
N � 4

�
N � b� � LV D U H W U D F W R I 7 D V

IX Q F W R U V IU R P P R G X OH V W R P R G X OH V � % \ 7K H R U H P � �� � 7 �
/Qb�

N � 4
�
N � 9 � � LV D IX Q F W R U LD O

F R D OJ H E U D U H W U D F W R I 7 � 9 � D Q G V R 7 �
/Qb�

N � 4
�
N � 9 � � LV D IX Q F W R U LD O F R D OJ H E U D U H W U D F W R I

% � 9 � � / H W U � % � 9 � � 7 �
/Qb�

N � 4
�
N � 9 � � E H D IX Q F W R U LD O F R D OJ H E U D U H W U D F W LR Q D Q G OH W

%� � 9 �  N 7 �
/Qb�

N �
4�
N
�9 ��% � 9 � �

% \ / H P P D � �� � W K H U H LV D IX Q F W R U LD O LV R P R U S K LV P R I F R D OJ H E U D V

% � 9 � | 7 �
Qb�0
N �

4�
N � 9 � � n%� � 9 � �

1 R W LF H W K D W 7 �
/Qb�

N � 4
�
N � 9 � � LV D V X E + R S I D OJ H E U D R I % � 9 � J H Q H U D W H G E \ W K H H OH P H Q W V

[ � % � 9 � ZLW K W K H W H Q V R U OH Q J W K M[M � Q� 7K X V %� � 9 � M  � IR U � � M � Q D Q G
%� � 9 � Q | 4Q � 9 � � / H W 4

�
Q � 9 �  %� � 9 � Q� 7K H Q 4�

Q � 9 � v 3 � % � 9 � �  /U HV � 9 � ?% � 9 � �
/ H W L � 4�

Q � 9 � � 9 nQ E H W K H LQ F OX V LR Q R I 4�
Q � 9 � v /U HVQ � 9 � ? % � 9 � v 9 nQ� 1 R W LF H

W K D W %� � 9 � LV D IX Q F W R U LD O U H W U D F W R I 7 � 9 � � 7K X V W K H U H LV D IX Q F W R U LD O P D S U� � 9 nQ �
4�
Q � 9 � V X F K W K D W U

� r L � 4�
Q � 9 � � 4�

Q � 9 � LV W K H LG H Q W LW \ P D S D Q G 4�
Q � 9 � LV J LYH Q E \

W K H V H W R I W K H p [H G S R LQ W V R I W K H LG H P S R W H Q W P D S �  L r U� � 9 nQ � 9 nQ� 1 R W LF H
W K D W ,P � � � qQ � qQ � v / U HVQ � z9 � ? qQ  / LH � Q� � 7K X V �� [� c c c [Q � � /Q � z9 � D Q G
V R �� D� c c c DQ � � /Q � 9 � IR U D Q \ N�P R G X OH 9 D Q G D Q \ H OH P H Q W V DM � 9 � 7K H U H IR U H
4�
Q � 9 � v /Q � 9 � ?% � 9 � � 7K H LQ G X F W LR Q LV p Q LV K H G D Q G W K H D V V H U W LR Q IR OOR ZV �



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

/ H W 4P D[Q � 9 � G H Q R W H 4 � % P D[ � 9 � � W K H V H W R I LQ G H F R P S R V D E OH H OH P H Q W V R I % P D[ � 9 �
ZLW K W H Q V R U OH Q J W K Q�

&RU ROODU \ ���� 7KH IROORZLQJ VWDWHPHQWV KROG�

� � 4P D[� � 9 �  � �
� � 4P D[Q LV D UHWUDFW RI /Q DV IXQFWRUV IURP PRGXOHV WR PRGXOHV IRU HDFK Q y � �
� � 4P D[Q � 9 � LV D IXQFWRULDO UHWUDFW RI 9 nQ IRU HDFK Q y � �
� � WKHUH LV D IXQFWRULDO LVRPRUSKLVP RI +RSI DOJHEUDV

7 �
�0
Q �

4P D[Q � 9 � � | % P D[ � 9 � �

$ U H OD W LR Q E H W ZH H Q W K H IX Q F W R U 4P D[ D Q G W K H IX Q F W R U $P LQ LV D IR OOR ZV �

3 U RSRVLWLRQ ����� 7KHUH LV D IXQFWRULDO LVRPRUSKLVP RI N�PRGXOHV

$P LQQb� � 9 � n 9 | 4P D[Q � 9 � j$P LQQ � 9 � �

IRU HDFK Q y � �

3 URRI� / H W a$P LQ � 9 �  N n%PD[ �9 � 7 � 9 � � 7K H Q a$P LQ � 9 � LV IX Q F W R U LD OO\ LV R P R U S K LF

W R $P LQ � 9 � D V D F R D OJ H E U D � / H W S � 7 � 9 � � a$P LQ � 9 � E H W K H S U R MH F W LR Q D Q G OH W , P D[ � 9 �
E H W K H NH U Q H O R I S� 1 R W LF H W K D W , P D[ � 9 � LV D U LJ K W LG H D O R I 7 � 9 � D Q G a$P LQ � 9 � LV D U LJ K W
7 � 9 � �P R G X OH � / H W , a$P LQ � 9 � E H W K H NH U Q H O R I W K H D X J P H Q W D W LR Q P D S s � a$P LQ � 9 � � N

D Q G OH W T � 7 � 9 � n 9 � , a$P LQ � 9 � E H W K H N�OLQ H D U P D S J LYH Q E \

T � on [ �  S� o[ �  � o � c [

IR U o � 7 � 9 � D Q G [ � 9 � ZK H U H c LV W K H U LJ K W D F W LR Q � 7K H Q

T � on [�  �

LI o � , P D[ � 9 � � &R Q V LG H U W K H F R P P X W D W LYH G LD J U D P R I H [D F W V H TX H Q F H V R I N�P R G X OH V

, P D[ n 9   , P D[ � 9 � n 9

, P D[ � 9 �

P X OW

�
~ 
 7 � 9 � n 9

� T
 
 , a$P LQ � 9 �

. � 9 �

��
~ 
 a$P LQ � 9 � n 9

Sn LG

��
zT
 
 , a$P LQ � 9 � �

ZZZZZZZZZ



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

7K H Q ZH K D YH

. � 9 � | , P D[ � 9 �  � , P D[ � 9 � c 9 � | , P D[ � 9 �  � , P D[ � 9 � c ,7 � 9 � � �

1 R W LF H W K D W W K H F D Q R Q LF D O P D S } � 4P D[ � 9 �  ,% P D[ � 9 �  � ,% P D[ � 9 � c ,% P D[ � 9 � � �
, P D[ � 9 �  � , P D[ � 9 � c ,7 � 9 � � LV D Q H S LP R U S K LV P � 7K H IR U P X OD IR U �� 4P D[ � LQ W H U P V R I
�� $P LQ � D Q G �� 9 � LV G H W H U P LQ H G E \� � � 7 � 4P D[ � | % P D[ D Q G � � 7 � 9 � | % P D[ n$P LQ �
% \ F R P S D U LQ J 3 R LQ F D U w H V H U LH V � ZH V H H W K D W W K H P D S } LV D Q LV R P R U S K LV P LI G LP � 9 � �
� D Q G V R } LV D Q LV R P R U S K LV P IR U D Q \ N�P R G X OH 9 � 7K X V 4P D[ � 9 � | . � 9 � D Q G
W K H U H LV D V K R U W H [D F W V H TX H Q F H

4P D[Q � 9 � ~ 
 a$P LQQb� � 9 � n 9 
 
 $P LQQ � 9 � �

1 R W LF H W K D W W K H N�OLQ H D U P D S T � 7 � 9 � n 9 | ,7 � 9 � � ,$P LQ � 9 � K D V D IX Q F W R U LD O
F U R V V �V H F W LR Q � 7K H D V V H U W LR Q IR OOR ZV �

5HPDU N ����� ,W LV WKH IDFW WKDW $P LQ � 9 � DQG Nn%PD[ �9 � 7 � 9 � DUH RQO\ IXQFWRULDOO\

LVRPRUSKLF DV FRDOJHEUDV UDWKHU WKDQ HTXDO WKDW SUHYHQWV WKH pOWUDWLRQ RQ $P LQ IURP

EHLQJ D +RSI DOJHEUD pOWUDWLRQ LQVWHDG RI MXVW D FRDOJHEUD pOWUDWLRQ�

� �� � $ FRDOJHEU D pOWU DWLRQ RQ WKH IXQFWRU $P LQ � 1 R Z ZH J LYH D F R D OJ H E U D p OW U D �
W LR Q R Q $P LQ � 9 � ZK LF K F D Q E H X V H G W R J LYH D OR ZH U E R X Q G R Q LW V J U R ZW K � 7K H p OW U D W LR Q
ZLOO E H J LYH Q E \ LQ G X F W LYH O\ G H p Q LQ J D G H V F H Q G LQ J Q D W X U D O V H TX H Q F H R I V X E F R D OJ H E U D V
R I $P LQ � 9 � �
/ H W 7 ��� � 9 �  7 � 9 � D Q G OH W (��� � 9 �  N>9 @ E H W K H S R O\Q R P LD O D OJ H E U D J H Q H U D W H G

E \ 9 � / H W

7 ��� � 9 �  N ( � �� �9 � 7
��� � 9 � �

1 R W LF H W K D W 7 ��� � 9 � LV D Q R U P D O V X E + R S I D OJ H E U D R I 7 � 9 � J H Q H U D W H G E \ /Q � 9 � ZLW K
Q y � � 7K X V % P D[ � 9 � v 7 ���� / H W $��� � 9 � E H G H p Q H G E \

$��� � 9 �  Nn%PD[ �9 � 7
��� � 9 � �

6 X S S R V H W K D W ZH K D YH D OU H D G \ G H p Q H G 7 �N� � 9 � D Q G $�N� � 9 � IR U N x Q D Q G (�N� � 9 �
IR U N � Q ZLW K W K H S U R S H U W LH V �

� � 7 �N� � 9 � LV D V X E + R S I D OJ H E U D R I 7 � 9 � IR U � x N x Q D Q G

% P D[ � 9 � v 7 �Q� � 9 � v 7 �Qb�� � 9 � v c c c v 7 ��� � 9 � v 7 ��� � 9 �  7 � 9 � �

� � (�N� � 9 � LV D F R P P X W D W LYH + R S I D OJ H E U D V X F K W K D W

7 �N��� � 9 �  N ( � N � 7
�N�

IR U N � Q�
� � $�N�  Nn%PD[ �9 � 7

�N� � 9 � �



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

: H Q H H G W R G H p Q H 7 �Q��� � 9 � � $�Q��� � 9 � D Q G (�Q� � 9 � IR U Q y � � 1 R W LF H W K D W 7 �Q��� � 9 �
D Q G $�Q��� � 9 � ZLOO E H G H p Q H G R Q F H (�Q� � 9 � LV G H p Q H G � 1 R Z OH W (�Q� � 9 � E H G H p Q H G
W R E H W K H TX R W LH Q W + R S I D OJ H E U D R I 7 �Q� � 9 � P R G X OR W K H W ZR V LG H G LG H D O J H Q H U D W H G E \

� � % P D[ � 9 � �
� � W K H F R P P X W D W R U V >[� \@ IR U [� \ � ,7 �Q� � 9 � � ZK H U H ,7 �Q� � 9 � LV W K H D X J P H Q W D �
W LR Q LG H D O R I 7 �Q� � 9 � �

7K LV J LYH V D F R D OJ H E U D p OW U D W LR Q

c c c$�Q� � 9 � v $�Qb�� � 9 � v c c c v $��� � 9 � v $��� � 9 � | $P LQ � 9 � �

2E V H U YH W K D W ?�
Q �$

�Q� � 9 �  � �

3 U RSRVLWLRQ ����� 7KHUH LV DQ HTXDOLW\ RI 3 RLQFDUwH VHULHV

�� $P LQ � 9 � �  
�<
Q �

�� (�Q� � 9 � � �

3 URRI� 1 R W LF H W K D W

�� 7 �Q� � 9 � �  �� 7 �Q��� � 9 � � c �� (�Q� � 9 � �  �� % P D[ � 9 � � c �� $�Q� � 9 � � �

�� 7 �Q��� � 9 � �  �� % P D[ � 9 � � c �� $�Q��� � 9 � � �

7K X V �� $�Q� � 9 � �  � � $�Q��� � 9 � � c �� (�Q� � 9 � � � 7K H D V V H U W LR Q IR OOR ZV �

/ H W /� % P D[ � 9 � � G H Q R W H /� 9 � ?% P D[ � 9 � � / H W /��� � 9 �  /� 9 � D Q G OH W

/�Q��� � 9 �  >/�Q� � 9 � � /�Q� � 9 � @ � /� % P D[ � 9 � �

E H D V X E / LH D OJ H E U D R I /� 9 � IR U Q y � � 7K LV J LYH V D G H V F H Q G LQ J V H TX H Q F H R I / LH
D OJ H E U D V

c c c v /�Q��� � 9 � v /�Q� � 9 � v c c c v /��� � 9 �  /� 9 � �

/ H W 8/ G H Q R W H W K H X Q LYH U V D O H Q YH OR S LQ J D OJ H E U D R I D / LH D OJ H E U D /�

3 U RSRVLWLRQ ����� / HW 7 �Q��(�Q� DQG /�Q� EH GHpQHG DV DERYH� 7KHQ

� � WKHUH LV D IXQFWRULDO LVRPRUSKLVP RI +RSI DOJHEUDV

8/�Q� � 9 � | 7 �Q� � 9 �

IRU HDFK Q y � �
� � (�Q� � 9 � LV IXQFWRULDOO\ LVRPRUSKLF WR WKH SRO\QRPLDO DOJHEUD JHQHUDWHG E\

/�Q� � 9 �  /�Q��� � 9 �  /�Q� � 9 �  � >/�Q� � 9 � � /�Q� � 9 � @ � / � % P D[ � 9 � � �

IRU HDFK Q y � �



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

3 URRI� / H W MQ � /
�Q� � 9 � � 7 �Q� � 9 � E H W K H F D Q R Q LF D O LQ F OX V LR Q � 1 R W LF H W K D W W K H F R P �

S R V LW H /�Q� � 9 � 
 7 �Q� � 9 � 
 (�Q� � 9 � ID F W R U V W K U R X J K /�Q� � 9 �  /�Q��� � 9 � � / H W
z_Q � /

�Q� � 9 �  /�Q��� � 9 � 
 (�Q� � 9 � E H W K H LQ G X F H G P D S � : H ZLOO V K R Z W K H IR OOR ZLQ J
V W D W H P H Q W V �

3Q � 7K H LQ G X F H G P D S R I + R S I D OJ H E U D V

8 � MQ � � 8/�Q� � 9 � � 7 �Q� � 9 �

LV D Q LV R P R U S K LV P IR U H D F K Q y � �
z3Q � 7K H LQ G X F H G P D S R I + R S I D OJ H E U D V

8 � z_Q � � 8 � /
�Q� � 9 �  /�Q��� � 9 � � � (�Q� � 9 �

LV D Q LV R P R U S K LV P IR U H D F K Q y � �

$ V V H U W LR Q � � IR OOR ZV IU R P V W D W H P H Q W 3Q� 1 R W LF H W K D W /
�Q� � 9 �  /�Q��� � 9 � LV D Q D E H OLD Q

/ LH D OJ H E U D D Q G V R D V V H U W LR Q � � IR OOR ZV IU R P V W D W H P H Q W z3Q� 7K H S U R R I R I V W D W H P H Q W V
3Q D Q G z3Q D U H J LYH Q D V IR OOR ZV �

� � 6 W D W H P H Q W 3� K R OG V R E YLR X V O\�
� � ,I V W D W H P H Q W 3Q K R OG V � W K H Q V W D W H P H Q W z3Q K R OG V �
� � ,I V W D W H P H Q W V 3Q D Q G z3Q K R OG � W K H Q V W D W H P H Q W 3Q�� K R OG V �

: H p U V W V K R Z W K D W V W D W H P H Q W z3Q K R OG V E \ D V V X P LQ J V W D W H P H Q W 3Q� % \ &R U R OOD U \ � �� �
% P D[ � 9 � LV W K H V X E + R S I D OJ H E U D R I 7 � 9 � J H Q H U D W H G E \ /� % P D[ � 9 � � � % \ V W D W H P H Q W
3Q� 7

�Q� � 9 � LV W K H V X E + R S I D OJ H E U D R I 7 � 9 � J H Q H U D W H G E \ /�Q� � 9 � � 7K X V (�Q� � 9 � LV
W K H TX R W LH Q W D OJ H E U D R I 7 �Q� � 9 � P R G X OR W K H W ZR V LG H G LG H D O J H Q H U D W H G E \ /�Q��� � 9 �  
>/�Q� � 9 � � /�Q� � 9 � @ � /� % P D[ � 9 � � � 7K H V W D Q G D U G D U J X P H Q W V V K R Z W K D W V W D W H P H Q W z3Q

K R OG V �
1 R Z ZH V K R Z W K D W V W D W H P H Q W z3Q�� K R OG V E \ D V V X P LQ J V W D W H P H Q W V 3Q D Q G z3Q� ,W

V X r F H V W R V K R Z V W D W H P H Q W 3Q�� IR U W K H F D V H W K D W G LP � 9 � � �� &R Q V LG H U W K H V K R U W
H [D F W V H TX H Q F H R I / LH D OJ H E U D V

/�Q��� � 9 � ~ 
 /�Q� � 9 � 
 
 /�Q� � 9 �  /�Q��� � 9 � �

7K H U H LV D V K R U W H [D F W V H TX H Q F H R I + R S I D OJ H E U D V

8/�Q��� � 9 � ~
 8/�Q� � 9 � 
 
 8 � /�Q� � 9 �  /�Q��� � 9 � � �



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

� 6 H H >� � 3 U R S R V LW LR Q � �� @�� 6 W D W H P H Q W 3Q�� IR OOR ZV IU R P W K H IR OOR ZLQ J F R P P X W D W LYH
G LD J U D P R I + R S I D OJ H E U D V

8/�Q��� � 9 � ~
 8/�Q� � 9 � 
 
 8 � /�Q� � 9 �  /�Q��� � 9 � � �

7 �Q��� � 9 �
�

~ 
 7 �Q� � 9 �

8 � MQ � | 

�

 
 (�Q� � 9 � �

8 � z_Q � | 

�

ZK H U H W K H U R ZV D U H V K R U W H [D F W V H TX H Q F H V R I + R S I D OJ H E U D V � 7K LV F R P S OH W H V W K H
S U R R I�

1 R W LF H W K D W $�Q� � 9 �  Nn%PD[ �9 � 7
�Q� � 9 � LV D U LJ K W 7 �Q� � 9 � �P R G X OH � / H W ,$�Q� � 9 �

E H W K H NH U Q H O R I W K H D X J P H Q W D W LR Q P D S $�Q� � 9 � � N� % \ LQ G X F W LR Q D Q G X V LQ J 3 U R S R �
V LW LR Q � �� � D Q G &R U R OOD U \ � �� � ZH K D YH

&RU ROODU \ ����� (�Q� � 9 � LV D SRO\QRPLDO DOJHEUD ZLWK LQGHFRPSRVDEOH HOHPHQWV

4� (�Q� � 9 � � | ,$�Q� � 9 � n7 � Q� �9 � N�

) XUWKHUPRUH 4� (�Q� � 9 � � M  � IRU M � SQb��

3 U RSRVLWLRQ ����� ,I F K D U � N� ! � � WKHQ 7 �Q��� � 9 � LV WKH QRUPDO VXE +RSI DOJHEUD

RI 7 �Q� � 9 � JHQHUDWHG E\ % P D[ � 9 � �

3 URRI� / H W %� E H W K H Q R U P D O V X E + R S I D OJ H E U D R I 7 �Q� J H Q H U D W H G E \ % P D[ � 9 � � 7K H Q
%� v 7 �Q��� � 9 � � % \ 3 U R S R V LW LR Q � �� � � LW V X r F H V W R V K R Z W K D W /�Q��� � 9 � v / � %� �  
%� ? /� 9 � � 1 R W LF H W K D W /�Q��� � 9 �  >/�Q� � 9 � � /�Q� � 9 � @ � /� % P D[ � 9 � � � ,I T LV Q R W
D S R ZH U R I S  F K D U � N� � W K H Q / � % P D[ � 9 � � T  /T � 9 � E \ &R U R OOD U \ � �� � 1 R W LF H W K D W
>/�Q� � 9 � � /�Q� � 9 � @ LV D W ZR V LG H G / LH LG H D O J H Q H U D W H G E \ W K H H OH P H Q W V >o� p@ IR U o� p �
/�Q� � 9 � � $ OV R Q R W LF H W K D W / � %� � LV D W ZR V LG H G / LH LG H D O R I /� 7 �Q� � 9 � �  7 �Q� � 9 � ?
/� 9 � � ,W IR OOR ZV W K D W >/�Q� � 9 � � /�Q� � 9 � @T v /� %� � IR U D Q \ T� 7K H D V V H U W LR Q IR OOR ZV �

� �� � $ ORZHU ERXQG RQ WKH JU RZWK RI $P LQ � 9 � � 1 R Z ZH J LYH D OR ZH U E R X Q G IR U
W K H IX Q F W R U $P LQ E \ G H W H U P LQ LQ J (��� � 9 � � : H Q H H G V R P H S U H OLP LQ D U LH V W R G H W H U P LQ H
(��� � 9 � �
/ H W 6Q D F W R Q NjQ E \ S H U P X W LQ J W K H E D V LV I\�� \�� � � � � \QJ D Q G OH W , � N

jQ � E H W K H
NH U Q H O R I W K H D X J P H Q W D W LR Q P D S s � NjQ � N J LYH Q E \ s � \M �  � IR U � x M x Q�
7K H Q , � NjQ � LV D V X E � 6Q � �P R G X OH R I N

jQ� / H W 4 � 7 ��� � Q E H W K H V H W R I LQ G H F R P S R V D E OH
H OH P H Q W V R I 7 ��� � 9 � ZK LF K K D YH W H Q V R U OH Q J W K Q D Q G OH W 6Q D F W R Q 9 nQ E \ S H U P X W LQ J
ID F W R U V �



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

3 U RSRVLWLRQ ����� 7KHUH LV D IXQFWRULDO LVRPRUSKLVP RI N�PRGXOHV

4� 7 ��� � 9 � � Q | , � NjQ � nN�6Q� 9
nQ

IRU DQ\ N�PRGXOH 9 �

3 URRI� % \ W K H S U R R I R I / H P P D � �� � LQ >� @� 7K H U H LV D IX Q F W R U LD O V K R U W H [D F W V H TX H Q F H
R I N�P R G X OH V

4� 7 ��� � ~ 
 N>9 @n 9
P X OW
 
 , � N>9 @� �

ZK H U H N>9 @ LV W K H S R O\Q R P LD O D OJ H E U D J H Q H U D W H G E \ 9 �
/ H W z9  K[�� � � � � [QL E H D Q Q�G LP H Q V LR Q D O YH F W R U V S D F H R YH U N D Q G OH W qQ E H D V

G H p Q H G H D U OLH U � / H W 0Q E H W K H TX R W LH Q W N�P R G X OH R I qQ P R G X OR W K H V X E P R G X OH
J H Q H U D W H G E \

[����[���� c c c[��Lb��[��L��� c c c[��Q�[L b [�[� c c c A[L c c c[Q[L

IR U � x L x Q D Q G � � 6Qb� D F W LQ J R Q I� � � � � � � � AL� � � � � QJ� 7K H Q 0Q LV D TX R �
W LH Q W N� 6Q � �P R G X OH R I qQ� / H W T � qQ � 0Q E H W K H TX R W LH Q W P D S D Q G OH W \L  
T � [� c c c A[L c c c[Q[L � � 0Q IR U � x L x Q� 7K H Q I\�� \�� � � � � \QJ LV D N�E D V LV IR U
0Q D Q G W K H U H LV D Q LV R P R U S K LV P R I N � 6Q � �P R G X OH V

0Q
| NjQ�

/ H W sQ � 9
nQ � N>9 @Q E H W K H F D Q R Q LF D O TX R W LH Q W P D S � 7K H Q W K H U H LV D F R P P X W D W LYH

G LD J U D P

9 nQ sQb� n LG
 
 N>9 @Qb� n 9
P X OW 
 
 N>9 @Q

qQ nN�6Q� 9
nQ

| 

�


 0Q nN�6Q� 9
nQ

�

sn LG
 NnN�6Q� 9
nQ�

| 

�

ZK H U H s � 0Q � N LV J LYH Q E \ s� \M �  � � 7K X V 0Q nN�6Q� 9
nQ � N>9 @Qb� n 9 LV D Q

H S LP R U S K LV P � 1 R W LF H W K D W G LP � 0QnN�6Q�9
nQ � x G LP � N>9 @Qb�n9 � � 7K X V 0QnN�6Q�

9 nQ � N>9 @Qb�n9 LV D � IX Q F W R U LD O� LV R P R U S K LV P � &R Q V LG H U W K H F R P P X W D W LYH G LD J U D P

4� 7 ��� � 9 � � Q ~ 
 N>9 @Qb� n 9 
 
 N>9 @Q

, � 0Q � nN�6Q� 9
nQ

�


 0Q nN�6Q� 9
nQ

| 

��


 
 NnN�6Q� 9
nQ�

| 

��



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

ZK H U H W K H W R S U R Z LV D V K R U W H [D F W V H TX H Q F H �7K X V , � 0Q � nN�6Q� 9
nQ � 4� 7 ��� � 9 � �

LV D Q H S LP R U S K LV P � 1 R W LF H W K D W G LP � , � 0Q � nN�6Q� 9
nQ � x G LP � 4� 7 ��� � 9 � � � 7K X V

, � 0Q � nN�6Q� 9
nQ � 4� 7 ��� � 9 � � LV D IX Q F W R U LD O LV R P R U S K LV P LI G LP � 9 � � � D Q G LW

LV D Q LV R P R U S K LV P IR U D Q \ 9 � ZK LF K LV W K H D V V H U W LR Q �

/ H W I9 � 7 � 9 � � 7 � 9 � E H D IX Q F W R U LD O P D S R I F R D OJ H E U D V � / H W o � I � Q � N� 6Q � E H
W K H V H TX H Q F H R I H OH P H Q W V V X F K W K D W o � I � Q  I9 M7Q�9 � � 7Q � 9 �  9 nQ � 7Q � 9 �  9 nQ�
� 6 H H V H F W LR Q � �� / H W K � L G H Q R W H W K H F D Q R Q LF D O LQ Q H U S U R G X F W LQ N� 6Q � � 1 R W LF H W K D W

o  
;
��6Q

Ko� �L�

IR U D Q \ o � N � 6Q � �

/HPPD ����� / HW I9 � 7 � 9 � � 7 � 9 � EH D IXQFWRULDO PDS RI FRDOJHEUDV VXFK WKDW

� I9 � M9 � 9 � 9 LV WKH LGHQWLW\ PDS IRU DQ\ 9 � 7KHQ;
��6Q

Ko � I � Q� �L  �

IRU HDFK Q y � �

3 URRI� / H W z9 E H W K H Q�G LP H Q V LR Q D O N�P R G X OH J H Q H U D W H G E \ I[�� � � � � [QJ� / H W T� � 7 � 9 � � 7 � 9 �
E H W K H S U R MH F W LR Q P D S G H p Q H G E \

T� � o�  

��
�
o LI o � 9  7� � 9 � �

� LI o � 7Q � 9 � � Q � � �

7K H Q R Q H K D V
T� r I9  T� � 7 � z9 � � 7 � z9 � �

% \ K \S R W K H V LV I LV D P D S R I F R D OJ H E U D V � 7K X V R Q H K D V

TeQ� r I  TeQ� � 7 � z9 � � 7 � z9 � �

ZK H U H TeQ� LV W K H Q�IR OG V H OI F R Q YR OX W LR Q S U R G X F W R I T�� 1 R W LF H W K D W

TeQ� � [� c c c[Q �  
;
��6Q

[���� c c c[��Q�

D Q G
TeQ� r I � [� c c c[Q �  

;
��6Q

Ko� I � Q� �LT
eQ
� � [���� c c c[��Q� �

 �
;
��6Q

Ko� I � Q� �L�
;
��6Q

[���� c c c[��Q��

7K H D V V H U W LR Q IR OOR ZV �



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

&RU ROODU \ ����� / HW I9 � 7 � 9 � � 7 � 9 � EH D QDWXUDO PDS RI FRDOJHEUDV VXFK WKDW

� I9 � M9 � 9 � 9 LV WKH LGHQWLW\ PDS IRU DQ\ 9 � 7KHQ

� � � � I M7Q�9 � � [
Q �  [Q IRU DQ\ [ � 9 DQG Q y � �

� � � �

I M7Q�9 � �
;
��6Q

[���� c c c[��Q� �  
;
��6Q

[���� c c c[��Q�

IRU DQ\ [�� � � � [Q � 9 DQG Q y � �

/HPPD ����� / HW I9 � 7 � 9 � � 7 � 9 � EH D QDWXUDO PDS RI FRDOJHEUDV VXFK WKDW

� I9 � M9 � 9 � 9 LV WKH LGHQWLW\ PDS IRU DQ\ 9 DQG OHW [� \ � 9 � 7KHQ

I M7SU �9 � � DG
SUb� � \ � � [ � �  DGS

Ub� � \ � � [�

IRU DQ\ U y � �

3 URRI� : H P D \ D V V X P H W K D W 9 LV D W ZR G LP H Q V LR Q D O N�P R G X OH J H Q H U D W H G E \ [ D Q G \�
7K H D V V H U W LR Q IR OOR ZV IU R P W K H IR U P X OD �

� [� \ � S
U

 \S
U

� DGS
Ub� � \ � � [� � c �

ZK H U H c LV D OLQ H D U F R P E LQ D W LR Q R I W K H K R P R J H Q H R X V H OH P H Q W V LQ ZK LF K [ D S S H D U V D W
OH D V W W ZLF H � � 6 H H >� � @��

/ H W 0�� � � � �0N E H V X E P R G X OH V R I 7 � 9 � � : H ZU LW H K0�� � � � �0NL IR U W K H V X E + R S I
D OJ H E U D R I 7 � 9 � J H Q H U D W H G E \ 0�� � � � �0N� *LYH Q Q ! � � OH W 'Q � 9 � G H Q R W H

NnK%PD[�9 ��/����� �/Qb�L 7 � 9 � �

ZK H U H /M  /M � 9 � � / H W o � 7 � 9 � � : H ZU LW H IoJ IR U W K H LP D J H R I o LQ 'Q � 9 � �

/HPPD ����� *LYHQ W y � � OHW z9 EH WKH SW�GLPHQVLRQDO N�PRGXOH JHQHUDWHG E\

I[�� � � � � [SWJ� 7KHQ WKH HOHPHQWV

\M  I[� c c c A[M c c c[SW[MJ

ZLWK � x M x SW DUH OLQHDUO\ LQGHSHQGHQW LQ 'SW � z9 � �

3 URRI� 6 X S S R V H W K D W \�� \�� � � � � \SW D U H OLQ H D U O\ G H S H Q G H Q W LQ 'SW � z9 � � 7K H U H H [LV W V
� x L x SW V X F K W K D W

\L  
;
M � L

NM\M

IR U V R P H NM � N� / H W M � L ZLW K � x M x SW D Q G OH W 7L�M � z9 | z9 E H W K H N�
OLQ H D U P D S J LYH Q E \ 7L�M � [L �  [M�7L�M � [M �  [L D Q G 7L�M � [N �  [N IR U N � L� M� / H W

'SW � 7L�M � � '
SW � z9 � | 'SW � z9 � E H W K H LQ G X F H G LV R P R U S K LV P � 1 R W LF H W K D W

I[L� c c c[LSWb�[LSWJ  I[L� � �� c c c[L� � SWb�� [LSWJ



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

V LQ F H K%PD[ � 9 � � /�� � � � � /Qb�L F R Q W D LQ V D OO F R P P X W D W R U V R I OH Q J W K OH V V W K D Q Q� )R U
D Q \ � � 6SWb�� R Q H J H W V

'SW � 7L�M � � \N �  

��
�

\M LI N  L�
\L LI N  M�
\N R W K H U ZLV H �

7K X V \M  
3

O � L�M NO\O � NM\L D Q G V R � � � NM � � \L b \M �  � � / H W a9 E H W K H � �G LP H Q V LR Q D O

N�P R G X OH J H Q H U D W H G E \ [ D Q G \ D Q G OH W � � z9 � a9 E H W K H N�OLQ H D U P D S J LYH Q E \
�� [L �  [ D Q G �� [N �  \ IR U N � L� 7K H Q

'SW � �� � \L b \M �  I\S
Wb�[J b I[\S

Wb�J  bIDGS
Wb� � \ � � [� J�

V LQ F H ZH D U H LQ F K D U D F W H U LV W LF S� &R Q V LG H U W K H F R P P X W D W LYH G LD J U D P

'SW � a9 �                       'SW � a9 �

% P D[ � a9 � ~ 
 7 � a9 �

��

U 
 
 Nn%PD[ � a9 � 7 �
a9 �

��

% P D[ � a9 �

ZZZZZZZZZ
~ 
 K% P D[ � /�� � � � � /SWb�L

>

�


 
 Nn%PD[ � a9 � K%
P D[ � a9 � � /�� � � � � /SWb�L�

>

�

1 R W LF H W K D W % P D[ � a9 � LV D F R D OJ H E U D U H W U D F W R I 7 � a9 � � 7K X V % P D[ � a9 � LV D F R D OJ H E U D
U H W U D F W R I K% P D[ � /�� � � � � /SWb�L D Q G V R Nn%PD[ � a9 � K%

P D[ � /�� � � � � /SWb�L LV D F R D OJ H E U D

U H W U D F W R I K% P D[ � /�� � � � � /SWb�L� 2E V H U YH W K D W %
P D[
� � 9 �  � � W K X V W K H F R P S R V LW H

K/�� � � � � /SWb�L ~
 K% P D[ � a9 � � /�� � � � � /SWb�L 
 Nn%PD[ � a9 � K%
P D[ � /�� � � � � /SWb�L

LV R Q W R X S W R G LP H Q V LR Q SW� 1 R W LF H W K D W U � DGS
Wb� � \ � � [� � LV Q R W ] H U R E \ / H P P D � �� � D Q G

LV Q R W LQ W K H LP D J H R I W K H F R P S R V LW H K/�� � � � � /SWb�L � 7 � a9 � � Nn%PD[ � a9 � 7 � a9 � �

7K X V W K H S U LP LW LYH H OH P H Q W U � DGS
Wb� � \ � � [� � LV Q R W LQ W K H V X E F R D OJ H E U D

Nn%PD[ � a9 � K % P D[ � a9 � � /�� � � � � /SWb�L D Q G V R

IDGS
Wb� � \ � � [� J � �

LQ 'SW � a9 � � 7K H U H IR U H \L b \M � � D Q G V R

NM  b �



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

IR U H D F K M � L� 7K LV V K R ZV W K D W

\� � \� � c c c� \SW  � �

1 R W LF H W K D W

'SW � �� � \� � c c c� \SW �  I\S
Wb�[J� � SW b � � I[\S

Wb�J  bIDGS
Wb� � \ � � [ � J � � �

2Q H K D V D F R Q W U D G LF W LR Q D Q G W K H D V V H U W LR Q IR OOR ZV �

/ H W T � 7 � 9 � � 'SW � 9 � E H W K H TX R W LH Q W P D S D Q G OH W q � 'SW

SW
� G H Q R W H W K H LP D J H

q � 'SW

SW
�  ,P � TMqSW � qSW � 'SW

SW
� z9 � � �

1 R W LF H W K D W q � 'SW

SW
� LV D TX R W LH Q W N � 6SW � �P R G X OH R I qSW | N� 6SW � � % \ / H P P D � �� � � D

U H S U H V H Q W D W LR Q R I W K H N� 6Q � �P R G X OH q � '
SW

SW
� LV D V IR OOR ZV �

&RU ROODU \ ����� 7KHUH LV DQ LVRPRUSKLVP RI N� 6Q � �PRGXOHV

q � 'SW

SW
� | NjS

W

�

ZKHUH WKH N� 6SW � �DFWLRQ RQ NjS
W

LV WKH VWDQGDUG UHSUHVHQWDWLRQ�

3 U RSRVLWLRQ ����� *LYHQ W y � DQG OHW z9 EH WKH SW�GLPHQVLRQDO N�PRGXOH JHQHUDWHG

E\ I[�� � � � [SWJ� 7KHQ WKH HOHPHQWV

]M  I>>[�� [M� [�� � � � � A[M� � � � � [SW@J

ZLWK � x M x SW DUH OLQHDUO\ LQGHSHQGHQW LQ 'SW � z9 � �

3 URRI� 7K H D V V H U W LR Q IR OOR ZV IU R P W K H ID F W

]M  \M b \�

LQ 'SW � z9 � �

/ H W / LH � 'SW

SW
� G H Q R W H W K H LP D J H

/ LH � 'SW

SW
�  ,P � TM/LH�SW� � / LH � S

W � � 'SW

SW
� z9 � � �

&RU ROODU \ ����� / HW D�� � � � � DSW EH WKH VWDQGDUG EDVLV IRU NjS
W

� 7KHQ / LH � 'SW

SW
� LV

LVRPRUSKLF WR WKH N�VXEPRGXOH RI NjS
W

VSDQQHG E\ D� b D�� D� b D�� � � � � DSW b D� DV

N� 6SW � �PRGXOHV�



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

3 U RSRVLWLRQ ����� 7KH N�PRGXOH 'Q
M � 9 � IRU M x Q LV GHWHUPLQHG DV IROORZV�

'Q
M � 9 �

| 

�!!!!!!�
!!!!!!�

N>9 @M LI M � Q

N>9 @Q LI M  Q � SW IRU VRPH W

N>9 @SWb� n 9 LI M  Q  SW

3 URRI� 1 R W LF H W K D W % P D[ � 9 � LV J H Q H U D W H G E \ F H U W D LQ F K R LF H V R I /P D[N � 9 � v /N � 9 �
IR U N y � � 7K X V K% P D[ � 9 � � /�� � � � � /Qb�L LV H TX D O W R K/�� � � � � /Qb�� /

P D[
Q L X S W R

G LP H Q V LR Q Q D Q G V R W K H R Q O\ F D V H ZH Q H H G W R V K R Z LV W K D W

'SW

SW
� 9 � | N>9 @SWb� n 9�

1 R W LF H W K D W W K H TX R W LH Q W P D S 7 � 9 � � 'SW � 9 � LQ G X F H V D Q D W X U D O H S LP R U S K LV P

v � N>9 @SWb� n 9 � 'SW

SW
� 9 � �

% \ / H P P D � �� � � LW LV U R X W LQ H W R F K H F N W K D W W K H Q D W X U D O P D S v LV D P R Q R P R U S K LV P �
7K H D V V H U W LR Q IR OOR ZV �

7 KHRU HP ����� (��� � 9 � LV IXQFWRULDOO\ LVRPRUSKLF WR WKH SRO\QRPLDO DOJHEUD JHQHU�

DWHG E\
�0
W �

, � NjS
W

� nN�6SW�
9 nSW�

3 URRI� / H W W y � � 1 R W LF H W K D W K% P D[ � 9 � � /�� � � � � /SWb�L v 7 ��� � 9 � � / H W '� � 9 �  
NnK%PD[ �9 ��/����� �/SWb�L

7 ��� � 9 � � &R Q V LG H U W K H F R P P X W D W LYH G LD J U D P

K% P D[ � 9 � � /�� � � � � /SWb�L ~ 
 7 ��� � 9 � 
 
 '� � 9 �

K% P D[ � 9 � � /�� � � � � /SWb�L

ZZZZZZZZZ
~ 
 7 � 9 �

�

?


 
 'SW � 9 �

�

?

N>9 @

��
      N>9 @�

��



� � 3$ 8 / 6(/,& . $ 1 ' -,( :8

1 R W LF H W K D W '� � 9 � LV � SW b � � �F R Q Q H F W H G � % \ 3 U R S R V LW LR Q � �� � � W K H U H LV D IX Q F W R U LD O
LV R P R U S K LV P

'� � 9 � SW | . H U � '
SW

SW
� 9 � � N>9 @SW � | . H U � N>9 @SWb� n 9 � N>9 @SW � �

% \ 3 U R S R V LW LR Q � �� � � W K H F D Q R Q LF D O P D S

4� 7 ��� � 9 � � SW  � ,7
��� � 9 � n7 � �� �9 � N� SW � � , � '� � 9 � � n7 � �� �9 � N� SW  '� � 9 � SW

LV D Q LV R P R U S K LV P � 1 R W LF H W K D W W K H P D S 7 ��� � 9 � � '� � 9 � ID F W R U V W K U R X J K $��� � 9 �  
Nn%PD[ �9 � 7

��� � 9 � � 7K X V W K H F D Q R Q LF D O P D S 4 � 7 ��� � 9 � � SW � � , � $��� � 9 � � n7 � �� �9 � N� SW
LV D P R Q R P R U S K LV P D Q G V R LW LV D Q LV R P R U S K LV P � % \ &R U R OOD U \ � �� � � W K H F D Q R Q LF D O
P D S 4 � 7 ��� � 9 � � SW � 4� (��� � SW LV D Q LV R P R U S K LV P � % \ &R U R OOD U \ � �� � 4� %

P D[ � 9 � � Q �
4� 7 ��� � 9 � � Q LV R Q W R LI Q LV Q R W D S R ZH U R I S D Q G V R W K H H S LP R U S K LV P 4� 7 ��� � 9 � � Q �
4� (��� � 9 � � Q LV W K H W U LYLD O P D S LI Q LV Q R W D S R ZH U R I S� 7K H D V V H U W LR Q IR OOR ZV �

% \ 3 U R S R V LW LR Q � �� � � ZH K D YH D OR ZH U E R X Q G R Q W K H J U R ZW K R I $P LQ � 9 � �

&RU ROODU \ ����� ,I G LP � 9 � y � � WKHQ $P LQ � 9 � KDV DW OHDVW VXE�H[SRQHQWLDO JURZWK�

&RU ROODU \ ����� 7KHUH LV D QDWXUDO LVRPRUSKLVP

$P LQS � 9 � | N>9 @Sb� n 9�

( [DPSOH ����� / H W 9 E H D W ZR G LP H Q V LR Q D O N�P R G X OH R YH U W K H 6 W H H Q U R G D OJ H E U D
J H Q H U D W H G E \ I[� \J ZLW K 3 �e � \ �  [� 7K H Q � D V D U H W U D F W R I 9 nS� $P LQS � 9 � LV D � S�
G LP H Q V LR Q D O N�P R G X OH R YH U 6 W H H Q U R G D OJ H E U D ZLW K D E D V LV �

I\S� 3 �e � \
S � � � � � � 3 S

e � \
S � � ]� 3 �e � ] � � � � � � 3

Sb�
e � ] � J�

ZK H U H 3 Sb�
e � ] �  3 S

e � \
S �  [S�

7R F R Q F OX G H W K LV V H F W LR Q � D V D Q H [D P S OH � ZH V K R Z W K D W 7 ��� � 9 � � ZK LF K LV W K H
F R D OJ H E U D NH U Q H O R I W K H TX R W LH Q W P D S IU R P W H Q V R U D OJ H E U D V W R S R O\Q R P LD O D OJ H E U D V �
LV Q R W IXQFWRU LDOO\ LV R P R U S K LF W R W K H W H Q V R U D OJ H E U D J H Q H U D W H G E \ 4 � 7 ��� � 9 � � LI
F K D U � N� ! � �

3 U RSRVLWLRQ ����� 7KH FDQRQLFDO TXRWLHQW PDS , � 7 ��� � 9 � � � 4 � 7 ��� � 9 � � GRHV 127

KDYH D IXQFWRULDO N�OLQHDU FURVV�VHFWLRQ PDS�

3 URRI� : H V K R Z W K D W T � , � 7 ��� � 9 � � Q � 4� 7 ��� � 9 � � Q G R H V Q R W K D YH D IX Q F W R U LD O
F U R V V �V H F W LR Q LI Q y S � � � 6 X S S R V H W K D W W K H U H ZH U H V X F K D F U R V V �V H F W LR Q � / H W
V � 4� 7 ��� � 9 � � Q � , � 7 ��� � 9 � � Q E H D IX Q F W R U LD O N�OLQ H D U P D S V X F K W K D W TrV � 4� 7

��� � 9 � � Q
� 4� 7 ��� � 9 � � Q LV W K H LG H Q W LW \�



1 $ 7 8 5$ / ' (& 20 326,7 ,21 6 � �

/ H W z9  K[�� [�� � � � � [QL E H D Q Q�G LP H Q V LR Q D O YH F W R U V S D F H R YH U N D Q G OH W qQ E H D V
G H p Q H G H D U OLH U � / H W 0Q

| NjQ E H D V G H p Q H G LQ W K H S U R R I R I 3 U R S R V LW LR Q � �� � � 7K H Q
W K H U H LV D F R P P X W D W LYH G LD J U D P R I V K R U W H [D F W V H TX H Q F H V R I N� 6Q � �P R G X OH V

, � 0Q � ~ 
 0Q

s 
 
 N

, � qQ �

S�

�

~ 
 qQ

S��

�

s 
 
 N�

ZZZZZZZZZZ

ZK H U H s� [���� c c c[��Q� �  � IR U � � 6Q�

1 R W LF H W K D W 4� 7 ��� � 9 � � Q LV LV R P R U S K LF IX Q F W R U LD OO\ W R , � 0Q � nN�6Q� 9
nQ E \ 3 U R S R �

V LW LR Q � �� � � / H W � � , � 0Q � � z9 nQ E H W K H F R P S R V LW H

, � 0Q �  , � 0Q � nN�6Q�qQ v , � 0Q � nN�6Q�
z9 nQ | 4 � 7 ��� � z9 � � Q

V
b� , � 7 ��� � z9 � � Q v z9 nQ�

7K H Q �� , � 0Q � � v , � 7 ��� � z9 � � ? qQ v , � qQ � v qQ D Q G W K H P D S � � , � 0Q � � qQ LV D
P D S R I N� 6Q � P R G X OH V � 1 R W LF H W K D W qQ LV D IU H H N� 6Q � �P R G X OH � 7K H U H IR U H qQ LV D Q
LQ MH F W LYH N� 6Q � �P R G X OH � V H H >� � @� D Q G V R W K H U H LV D P D S R I N� 6Q � �P R G X OH V a� � 0Q � qQ
V X F K W K D W a�M,�0Q�  � � , � 0Q � � qQ�
/ H W I � qQ � qQ E H W K H F R P S R V LW H

qQ
S�� 
 0Q

a� 
 qQ

D Q G OH W 1  F R OLP I qQ� 7K H Q 1 LV D N� 6Q � �U H W U D F W R I qQ D Q G V R 1 LV D S U R MH F W LYH
N� 6Q � �P R G X OH � 5 H F D OO W K D W W K H F R P S R V LW H T r V � 4� 7 ��� � 9 � � Q � 4 � 7 ��� � 9 � � Q LV W K H
LG H Q W LW \� ,W IR OOR ZV W K D W W K H F R P S R V LW H

, � 0Q �
�
 , � 7 ��� � z9 � � ? qQ ~ 
 , � qQ �

S� 
 , � 0Q �

LV W K H LG H Q W LW \ P D S D Q G V R

G LP � 1 � y G LP � , � 0Q � �  Qb � �

2Q W K H R W K H U K D Q G � 1 LV D N � 6Q � �U H W U D F W R I 0Q� 7K X V

G LP � 1 � x G LP � 0Q �  Q�

1 R Z 1 LV D S U R MH F W LYH N� 6Q � �P R G X OH � / H W 3 E H W K H 6 \OR Z S�V X E J U R X S R I 6Q� 6 LQ F H
S U R MH F W LYH P R G X OH V R YH U N� *� D U H IU H H ZK H Q * LV D S�J U R X S � 1 LV D IU H H N� 3 � �P R G X OH
D Q G V R G LP � 1 � LV G LYLV LE OH E \ W K H R U G H U R I 3 � 2Q H J H W V D F R Q W U D G LF W LR Q D Q G W K H
D V V H U W LR Q IR OOR ZV �


