
�����1&76�7&$�VXPPHU�VWXGHQW�SURJUDP�ZRUNVKRS

$VWURSK\VLFDO�IOXLG�G\QDPLFV
� D�EULHI�LQWURGXFWLRQ��

+XQJ�<L�3X��1DWLRQDO�7DLZDQ�1RUPDO�8QLYHUVLW\��-XO\��WK�����



ZKDW�LV�D�IOXLG"



$VWURSK\VLFDO�IOXLG�G\QDPLFV"



$VWURSK\VLFDO�IOXLG�G\QDPLFV

Ɣ PRVW�RI�WKH�EDU\RQLF�PDWWHU��FRQVLVWV�RI�WKUHH�TXDUNV��LQ�WKH�8QLYHUVH�
FDQ�EH�WUHDWHG�DV�D�IOXLG

Ɣ WKH�OLTXLG�SKDVH�OHVV�FRPPRQ
Ɣ SODVPD��PDJQLWL]HG�IOXLG��LQWHUDFWLQJ�YLD�(0�LQWHUDFWLRQV
Ɣ JUDYLW\�LV�LPSRUWDQW
Ɣ ODUJH�VFDOH



UHIHUHQFH

Ɣ $VWURSK\VLFDO�)ORZV�E\�3ULQJOH�	�.LQJ

Ɣ 3ULQFLSOH�RI�DVWURSK\VLFDO�IOXLG�G\QDPLFV�E\�&ODUNH�	�&DUVZHOO

Ɣ 7KH�SK\VLFV�RI�SODVPDV�E\�%R\G�	�6DQGHUVRQ

Ɣ 7KH�SK\VLFV�RI�IOXLGV�DQG�SODVPDV�E\�&KRXGKXUL

Ɣ 7KH�SK\VLFV�RI�DVWURSK\VLFV�YROXPH�,,��JDV�G\QDPLFV�E\�6KX

Ɣ )OXLG�0HFKDQLFV�E\�)UDQN�0��:KLWH



RXWOLQH
Ɣ K\GURG\QDPLFV

ż VKHDU�DQG�YLVFRVLW\
ż YHORFLW\�ILHOG
ż JRYHUQLQJ�HTXDWLRQV

Ŷ FRQWLQXLW\
Ŷ PRPHQWXP
Ŷ HQHUJ\
Ŷ �HTXDWLRQ�RI�VWDWH�

ż WXUEXOHQFH�DQG�HQHUJ\�FDVFDGH
ż VKRFN

Ɣ PDJQHWRK\GURG\QDPLFV��0+'�
ż SODVPD
ż LGHDO�0+'
ż DVWURSK\VLFDO�DSSOLFDWLRQV



ZKDW�LV�D�IOXLG"�
:KHQ�FDQ�ZH�DSSO\�WKH�FRQFHSW�RI�IOXLG"



W\SLFDO�GHILQLWLRQ�RI�IOXLG��

FDQ�PRYH�XQGHU�WKH�DFWLRQ�
RI�D�VKHDU�VWUHVV��QR�
PDWWHU�KRZ�VDPOO�WKDW�
VWUHVV�PD\�EH

VWUHVV�DQG�VKHDU

)

$

)

SUHVVXUH VKHDU

VWUHVV��>)�$@



FODVVLILFDWLRQ�RI�IOXLG

IOXLG

VROLG

PDWHULDOV
OLTXLG

JDV

VWDWLFV��IOXLG�VWDWLFV��K\GURVWDWLFV�

LQ�PRWLRQ
LQWHUQDO�IORZV

H[WHUQDO�IORZV
1HZWRQLDQ
LQFRPSUHVVLEOH
LQYLVFLG
ODPLQDU
VWHDG\
RQH�SKDVH

QRQ�1HZWRQLDQ
FRPSUHVVLEOH
YLVFRXV
WUXEXOHQW
XQVWHDG\
PXOWL�SKDVH

YV�



GLIIHUHQW�OHYHOV��SDUWLFOH�ĺ�GLVWULEXWLRQ�
IXQFLWRQĺ�FRQWLQXXP�PRGHO��/�!!�P�I�S�

IOXLG��D�PDFURVFRSLF�DSSURDFK

IURP�ZDWHU�PROHFXODU�WR�ULYHU

FRQWURO�YROXPH��LQWHJUDO�PHWKRG�

IOXLG�HOHPHQW��GLIIHUHQWLDO�PHWKRG�

�QRW�WR�VFDOH�

PHDQ�IUHH�SDWK��P�I�S���DYHUDJH�
GLVWDQFH�D�SDUWLFOH�WUDYHOV�EHIRUH�LW�
FROOGHV�ZLWK�DQRWKHU�SDUWLFOH

/

P�I�S



ZK\�IOXLG�G\QDPLFV�LV�KDUG"�

QRQ�OLQHDU���XVLQJ�RQH�HTXDWLRQ��1DYLHU�6WRNHV�HTXDWLRQ��WR�GHVFLEH�DOO�
SHUVRQDOLW\�� �YLVFRVLW\��RI�GLIIHUHQW�IOXLGV�

VLPOXDWLRQ
FUHGLW��ZLNL

VLPOXDWLRQ�RU�UHDO�KRQH\"
FUHGLW��KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y O�F�P��FR%�





0LOOHQQLXP�3UL]H�3UREOHPV��༓⚫ᖺ⊼㞴㢟�

VHYHQ�XQVROYHG�SUREOHPV�LQ�
PDWKHPDWLFV�WKDW�ZHUH�VWDWHG�
E\�WKH�&OD\�0DWKHPDWLFV�
,QVWLWXWH�RQ�0D\�����������

$�FRUUHFW�VROXWLRQ�WR�DQ\�RI�WKH�
SUREOHPV�UHVXOWV�LQ�D�

86���PLOOLRQ�SUL]H�EHLQJ�
DZDUGHG�E\�WKH�LQVWLWXWH�WR�WKH�
GLVFRYHUHU�V��

GRHV�WKH�VROXWLRQ�H[LVWHQFH"�LV�LW�VPRRWK"

K\SRWKHWLFDO�ZDWHU�ZLWK�QR�YLVFRVLW\�ZDV�QDPHG�ŗGU\�ZDWHUŘ�E\�5LFKDUG�)H\QPDQ��



³ZKHQ�,�PHHW�*RG��,�DP�JRLQJ�WR�
DVN�KLP�WZR�TXHVWLRQV��:K\�

UHODWLYLW\"�DQG�ZK\�WUXEXOHQFH"
�

,�UHDOO\�EHOLYH�KH�ZLOO�KDYH�DQ�
DQVZHU�IRU�WKH�ILUVW�´

:��+HLVHQEHUJ������������



QRWDWLRQ

Ɣ IRU��'�IORZ�LQ�FDUWHVLDQ�FRRUGLQDWH�

Ɣ IRU��'�IORZ



IOXLG�G\QDPLFV�DV�YHORFLW\�ILHOG���IOXLG�SURSHUWLHV

W���YHORFLW\�ILHOG

W���YHORFLW\�ILHOG

KRZ"



YLVFRXV�DQG�LQYLFLG��VWHDG\��IORZ

3RLVHXLOOH�IORZ

X

X

LQYLFLG�IORZ

YLVFRXV�IORZ

GRHV�QRW�H[LVW�



&RXHWWH�IORZ3RLVHXLOOH�IORZ

X

X

LQYLFLG�IORZ

YLVFRXV�IORZ

GRHV�QRW�H[LVW�

PRYLQJ�SODWH

�SUHVVXUH�
JULGLHQW

YLVFRXV�DQG�LQYLFLG��VWHDG\��IORZ



&RXHWWH�IORZ3RLVHXLOOH�IORZ

X

X

LQYLFLG�IORZ

YLVFRXV�IORZ

GRHV�QRW�H[LVW�

QR�VOLS�ERXQGDU\�
FRQGLWLRQ�GXH�WR�YLVFRWL\

PRYLQJ�SODWH

YLVFRXV�DQG�LQYLFLG��VWHDG\��IORZ



6KHDU�0RGXOXV�

3��

VKHDU



PHDVVXUH�RI�WKH�UHVLVWHQFH�RI�D�IOXLG�WR�JUDGXDO�GHIRUPDWLRQV�E\�VKHDU�VWUHVV

�VKHDU��VWUHVV�FDXVHV�VWUDLQ��YLD�YLVFRVLW\�

VKHDU�VWUHVV�>)�$@ VKHDU�VWUDLQ�UDWH�>��V@

G\QDPLF�YLVFRVLW\

NLQHWLF�YLVFRVLW\�>9/@

[

\

VWUHVV� �YLVFRVLW\�[�VWUDLQ



LGHQWLI\�WKH�VKHDU�
�D�

�E�

�D��RU��E��"�ZK\"
QRWH��VKHDU�VKRXOG�GLVVDSHDU�LI

U



PRYLH�FUHGLW��ᅧ❧ྎ୰ᩍ⫱Ꮵ �17&8

⛉Ꮵᩍ⫱⯅᠕⏝Ꮵ⣔

FRUQ�VWDUFK��ZDWHU��
TXLFN�VDQG

NHWFKXS

ZDWHU

VKHDU�VWUHVV�
>)�$@

VKHDU�VWUDLQ�UDWH�>��V@
G\QDPLF�YLVFRVLW\

VKHDULQJ�
WKLFNHQLQJ�



.HWFKXS��VKHDULQJ�WKLQQLQJ�



ZDWHU

1HLWKHU�KXPEOH�QRU�RYHUEHDULQJ



3RLVHXLOOH�IORZ

X

ODPLQRU�IORZ�

�XQVWHDG\��WXUEXOHQW�IORZ

NH\ZRUG��PL[LQJ�



³3UDQGWO¶V�ERXQGDU\�OD\HU�WKHRU\´�
VROYHV�WKH�WHQVLRQ�EW��H[SHULPHQW�
DQG�WKHRU\���RXWVLGH�WKH�ERXQGDU\�
OD\HU��WKH�YLVFRXV�HIIHFW�LV�QRW�
LPSRUWDQW�

H[WHUQDO�IORZ

IDWKHU�RI��PRGHUQ�
IOXLG�PHFKDQLFV�

/XGZLJ�3UDQGWO

LQYLVLG�IORZ

XSGDWH�YHORFLW\��SURILOH��
	

ERXQGDU\�OD\HU

ERXQGDU\�OD\HU
GLVSODFHPHQW�WKLFNQHVV
PRPHQWXP�WKLFNQHVV�HWF�

LQ�QXPHULFDO�VLPXODWLRQ��ZLWK�JRRG�HQRXJK�JULGV���
HYHU\WKLQJ�LV�FRQVLGHUHG�DXWRPDWLFDOO\



YHORFLW\�ILHOG��9�X�Y�Z�W�

YRUWLFLW\��PHDVXUH�RI�ORFDO�URWDWLRQ

LI� ����LQFRPSUHVVLEOHUHODWLYH�FKDQJH�LQ�YROXPH�SHU�XQLW�WLPH

LI�!����FRXQWHU�FORFNZLVH�ORFDOO\



VWUHDPOLQH��DW�FRQVWDQW�W��



SDWKOLQH

VWUHDNOLQH

VWUHDPOLQH
VWUHDPOLQH��DW�FRQVWDQW�W��



D�WDOH�RI�WZR�YLHZV��IRU�HYHU\WKLQJ��

/+6��/DUJUDJLDQ�SRLQW�RI�YLHZ
�ULGH�RQ�WKH�SDUWLFOHV�

5+6��(XOHULDQ�SRLQW�RI�YLHZ
�VWD\�DW�WKH�IL[HG�JULG�

VXEVWDQWLDO�PDWHULDO�GHULYDWLYH



(XOHULDQ�

/DJUDQJLDQ



JULG�EDVHG�VLPXODWLRQ SDUWLFOH�EDVHG�VLPXODWLRQ

PRYLH�FUHGLW��6WRQH



PRYLQJ�PHVK��/DJUDJLDQ�JULG�

FUHGLW��6SULQJHO



D�WDOH�RI�WZR�YLHZV

VXEVWDQWLDO�PDWHULDO�GHULYDWLYH

SURRI



JRYHUQLQJ�HTXDWLRQ�,�

FRQWLQXLW\�HTXDWLRQ��PDVV�FRQVHUYDWLRQ�



FRQVHUYDWLRQ�RI�PDVV��FRQWLQLW\�HTXDWLRQ���GLIIHUHQWLDO�IRUP



FRQVHUYDWLRQ�RI�PDVV��FRQWLQLW\�HTXDWLRQ���GLIIHUHQWLDO�IRUP

LI�LQFRPSUHVVLEOH���������������������������



�'��VWHDG\��LQFRPSUHVVLEOH�IOXLG�LV�WULYLDO�



FRQVHUYDWLRQ�RI�PDVV��FRQWLQLW\�HTXDWLRQ���LQWHJUDO�IRUP

IURP�5H\QROGV�WUDQVSRUW�WKHRUHP�

LI�LQFRPSUHVVLEOH�

H�J��)OXLG�0HFKDQLFV�E\�)UDQN�0��:KLWH



FRQWURO�YROXPH�DQG�FRQWURO�VXUIDFH

V\VWHP

FRQWURO�YROXPH

W

W�GW



ZKDW�ZLOO�\RX�GR"

DQ�H[DPSOH����'�LQFRPSUHVVLEOH�IORZ



DQ�H[DPSOH����'�LQFRPSUHVVLEOH�IORZ

X� X�
Y!�

Y��



\

Y

\

[�

� ����VORSH�Y��

Y!�

DQ�H[DPSOH����'�LQFRPSUHVVLEOH�IORZ

X�
Y!�

Y��



JRYHUQLQJ�HTXDWLRQ�,,�

PRPHQWXP�HTXDWLRQ��1HZWRQ¶V��QG�ODZ�



W\SLFDO�GHILQLWLRQ�RI�IOXLG��

FDQ�PRYH�XQGHU�WKH�DFWLRQ�
RI�D�VKHDU�VWUHVV��QR�
PDWWHU�KRZ�VDPOO�WKDW�
VWUHVV�PD\�EH

VWUHVV�DQG�VKHDU

)

$

)

SUHVVXUH VKHDU

VWUHVV��>)�$@



VWUHVV�DV�D�³VXUIDFH�IRUFH´�
ERG\�IRUFH��DFWLQJ�RQ�PDVV��GRHV�QRW�UHTXLUH�FRQWDFW�RI�WKH�HOHPHQW�

VXUIDFH�IRUFH�

�DFWLQJ�RQ�VXUIDFH��UHTXLUHV�FRQWDFW�RI�WKH�HOHPHQW�



VKHDU�WHQVRU

VXUIDFH GLUHFWLRQ

[

\

"



VKHDU�WHQVRU

VXUIDFH GLUHFWLRQ

12�
"



VKHDU�WHQVRU

VXUIDFH GLUHFWLRQ

QHW�IORUFH�
SHU�XQLW�
YROXPQ



PD� �)

ERG\�IRUFH VXUIDFH�IRUFH

JUDYLW\��������������(0 SUHVVXUH������������YLVFRXV�

QRUPDO��������VKHDU



1DYLHU�6WRNHV�HTXDWLRQ
PD� �)

ERG\�IRUFH VXUIDFH�IRUFH

JUDYLW\��������������(0 SUHVVXUH������������YLVFRXV�

QRUPDO��������VKHDU
YLVFRXV�WHUP

LI�FRVWDQW�YLVFRVLW\��LPFRPSUHVVLEOH�IOXLG







1DYLRU�6WRNH�HTXDWLRQ

FRQYHFWLRQ�GLIIXVLRQ�HTXDWLRQ

Ɣ OLQHDU
ż 8 �FRQVWDQW

Ɣ QRQ�OLQHDU
ż 8 I�[�W���%XUJHU¶V�HTXDWLRQ

GLIIXVLRQ�RI�³PRPHQWXP´



WKH�JRRG�JX\��GLIIXVLRQ�FRQGXFWLRQ

WKH�³EDG´�JX\��FRQYHFWLRQ�DGYHFWLRQ 8 �FRQVWDQW

' �FRQVWDQW



PHWKRG�RI�FKDUDFWHULVWLF

OLQHDU�DGYHFWLRQ�

8 �FRQVWDQW

GX�GW� �FRQVWDQW�
DORQJ�FKDUDFWHULVWLF�FXUYH

VHH��H�J���7KH�SK\VLFV�RI�DVWURSK\VLFV�YROXPH�,,��

JDV�G\QDPLFV�E\�6KX



PHWKRG�RI�FKDUDFWHULVWLF

QRQ�OLQHDU�DGYHFWLRQ�
8�� �FRQVWDQW



PHWKRG�RI�FKDUDFWHULVWLF

QRQ�OLQHDU�DGYHFWLRQ�
8�� �FRQVWDQW



5LHPDQQ�SUREOHP



1DYLRU�6WRNH�HTXDWLRQ

5\QROGV¶�SLSH�H[SHULPHQW

WXUEXOHQFH�DSSHDUV�ZKHQ�5H\QROGV�
QXPEHU�LV�KLJK�HQRXJK��



ZKDW�FDXVHV�WXUEXOHFH"�
LQHUWLDO�RU�YLVFRVLW\"



�LQHUWLDO��
��YLVFRXVLW\�MXVW�PDNH�\RX�VWRS�

�WXUEXOHQVFH�WDNHV�SODFH�IRU�+,*+�HQRXJK�5H





WKH�XELTXLWRXV�QDWXUH�RI�WXUEXOHQFH�LQ�RXU�GDLO\�OLYHV

DFFHOHUDWLRQ��䋻�ODUJHU�5H�䋻�7XUEXOHQW

FUHGLW��3DOODYL�.DWUH��HW�DO���3K\VLFV�RI�)OXLG�



K\GURVWDWLF��(XOHU�HTXDWLRQ

Y ���VWDWLRQDU\��LQYLFLG

D�ILVK�WDQN�ZLWK�VSHLFLDO�GHVLJQV



%HUQRXOOL�HTXDWLRQ�IRU�LQFRPSUHVVLEOH�IOXLG

VWDWLRQDU\��LQYLFLG

�DORQJ�D�VWUHDPOLQH�

LQWHJUDWLRQ�DVVXPSWLRQ�
�LQFRPSUHVVLEOH�

WKHUH�LV�%HUQRXOOL�HTXDWLRQ�IRU�FRPSUHVVLEOH�IOXLG�WRR���E\�WDNLQJ�LQWR�DFFRXQW�WKH�FKDQJH�
RI�LQWHUQDO�HQHUJ\��



GHQVLW\



.HOYLQ�+HOPKROW]�LQVWDELOLW\

WLPH



�D� �E�

�F�





JRYHUQLQJ�HTXDWLRQ�,,,�

HQHUJ\�HTXDWLRQ���VW�ODZ�RI�WKHUPRG\QDPLFV�



FRQVHUYDWLRQ�RI�HQHUJ\���VW�ODZ�RI�WKHUPRG\QDPLFV�

UHFDOO�

9LVFRXV�
GLVVLSDWLRQ�
IXQFWLRQ



9LVFRXV�GLVVLSDWLRQ�IXQFWLRQ

!�

ĺ�DOZD\V�LQFUHDVH�WKH�LQWHUQDO�HQHUJ\��LQUHYHUVLEOH�



FRPSUHVVLEOH LQFRPSUHVVLEOH

VL[�XQNQRZQV���GHQVLW\���SUHVVXUH���JUDYLWDWLRQDO�
SRWHQWLDO����'�YHORFLWLHV



HTXDWLRQ�RI�VWDWH��(26��

LVRWKHUPDO

DGLDEDWLF

EDURWURSLF

LQ�JHQHUDO��(26�ZLOO�QRW�EH�EDURWURSLF��:H�QHHG�WR�VROYH�HQHUJ\�HTXDWLRQ�
ZKLFK�IROORZV�WKH�KHDWLQJ�DQG�FRROLQJ�LQ�WKH�JDV



HTXDWLRQ�RI�VWDWH��(26����DGLDEDWLF

FI��LQFRPSUHVVLEOH



H[DPSOH��WKH�LPSRUWDQFH�RI�HQHUJ\�HTXDWLRQ

�UDGLDWLYH�HIILFLHQW�

�UDGLDWLYH�LQHIILFLHQW�

� �

� � �

� � �

� � �



FRQVHUYDWLYH�IRUP



SXUH�
H[SHULPHQW SXUH�WKHRU\

FRPSXWDWLRQDO�
IOXLG�G\QDPLFV�

�&)'�

��WK ��WK�	���WK
HQG�RI���WK�XQLILFDWLRQ

Ɣ 5H\QROGV¶�FODVVLFDO�SLSH�H[SHULPHQW
Ɣ 1DYLHU�	�6WRNH�HTXDWLRQ
Ɣ 3UDQGWO¶V�ERXQGDU\�OD\HU�WKHRU\

�IDWKHU�RI��PRGHU�IOXLG�PHFKDQLFV�
/XGZLJ�3UDQGWO



XQGHUVWDQGLQJ�WXUEXOHQW�IORZV«�



VHOI�VLPOLDU



NH\�ZRUG��HGGLHV��HQHUJ\�FDVFDGH



ODPLQDU�IORZ

GHIRUPDWLRQ�
ĺ�YLVFRXV�GLVVLSDWLRQ

�NLQHWLF��HQHUJ\�FDVFDGH�WR�VPDOOHU�
HGGLHV

ĺ��YLVFRXV�GLVVLSDWLRQ

WXUEXOHQW�IORZ



WXUEXOHQW�IORZ

�NLQHWLF��HQHUJ\�FDVFDGH�WR�VPDOOHU�
HGGLHV

ĺ��YLVFRXV�GLVVLSDWLRQ

5LFKDUGVRQ��������

³%LJ�ZKRUOV�KDYH�OLWWOH�ZKRUOV�
WKDW�IHHG�RQ�WKHLU�YHORFLW\��

$QG�OLWWOH�ZKRUOV�KDYH�OHVVHU�
DQG�VR�RQ�WR�YLVFRVLW\�´



.RPRJURORY¶V������ODZ

KRPRJHQHRXV�DQG�LVRWURSLF



UHFDOO� 9LVFRXV�GLVVLSDWLRQ�IXQFWLRQ



ZKDW�LV�WKH�FRQGLWLRQ�IRU�WUHDWLQJ�
�FRPSUHVVLEOH��JDV�DV�LQFRPSUHVVLEOH"



KLJK�GHQVLW\�
KLJK�SUHVVXUH�
UHJLRQ�EHKLQG�
WKH�VKRFN

VKRFN

S
S

�DW�WKH�IOLJKW�QRVH�IUDPH�

0DFK�QXPEHU��



ZKDW�RQH�LV�0DFK�FRQH"



REOLTXH�VKRFN

QRUPDO�VKRFN

GHWDFKHG�VKRFN

UHIOHFWLRQ�RI�VKRFN

DWWDFKHG�VKRFN

DYRLGLQJ�ERZ�VKRFN��DQG�
WKHUHIRUH�GUDJ��



0� ��GHIHOFWLRQ�DQJOH ���GHJUHH
䋻�VKRFN�ZDYH�DQJOH� ����GHJUHH��RU������GHJUHH



QRUPDO�VKRFN��



QRUPDO�VKRFN��PXVW�EH�D�VWURQJ�VKRFN��0����

Ɣ IOXLG�DVVXPSWLRQ�IDLOHG��%HXUQROOL�HTXDWLRQ�FDQQRW�EH�DSSOLHG�
Ɣ NLQHWLF�HQHUJ\�FRQYHUW�WR�KHDW�HQHUJ\

XSVWUHDP GRZQVWUHDP
�PXVW�EH�VXEVRQLF�

FRQWURO�YROXPH



�DGLDEDWLF��QRUPDO�VKRFN�DQG�
5DQNLQH�+XJRQLRW�UHODWLRQV

IRU�LVRWKHUPDO�RU�UDGLDWLYH�VKRFN��GHQVLW\�FRQWUDVW�FDQ�UHDFK�DUELWUDULO\�KLJK�YDOXHV

VKRFN

D�XVHIXO�UHODWLRQ�IRU�
DGLDEDWLF�IORZ�

5+�UHODWLRQ�DW�WKH�VKRFN�IUDPH���������������

LI



�LVRWKHUPDO��QRUPDO�VKRFN�
5+�UHODWLRQ�DW�WKH�VKRFN�IUDPH���������������

FRROLQJ�
OHQJWK

VKRFN�WKLFNQHVV



REOLTXH�VKRFN

Q Q

Q Q

Q



7KH��DGLDEDWLF��QRUPDO�VKRFN�WDEOHV��IRU�DLU�U�Ǆ� �����

XQLTXH�VROXWLRQ�





LI���������������������ĺ��LPSFRPSUHVVLEOH�IOXLG
��� ������



LQFRPSUHVVLEOH�

RU



VXEVRQLF VXSHUVRQLF



VXEVRQLF VXSHUVRQLF

ZK\"



VXEVRQLF VXSHUVRQLF

VXEVRQLF VXSHUVRQLF"

Ɣ $�VXSHUVRQLF�IORZ�FDQ�EH�SURGXFHG�
ZKHQ�WKH�EDFN�SUHVVXUH��3EDFN��LV�ORZ�
HQRXJK

Ɣ ,I�WKH�VRQLF�WUDQVLWLRQ�GRHV�QR�RFFXU�LQ�
WKH�QR]]OH�IORZ��WKH�IOXLG�VSHHG�
UHDFKHV�DQ�H[WUHPXP��GX ���ZKHQ�
G$ �

�FRQYHUJHQFH�GLYHUJHQFH��QR]]OH�IORZ

3IURQW 3EDFN



IRU�VXSHUVRQLF�IORZ«
FRPSUHVVLRQ��7HPS��LQFUHDVHV��

SUHVVXUH��VXGGHQ��LQFUHDVHV�ZKHQ�IORZ�SDVV�LQZDUG�FRUQHU��Y�GHFUHDVHV

H[SDQVLRQ��7HPS��GHFUHDVHV���

SUHVVXUH��VXGGHQ��GHFUHVHV�ZKHQ�IORZ�SDVV�RXWZDUG�FRUQHU��Y�LQFUHDVHV

ZDWHU



VKRFN�ZDYH

H[SDQVLRQ�ZDYH

GLIIHUHQW�GHQVLW\ĺ�GLIIHUHQW�UHIUDFWLRQ



SODVPD�DQG�0+'



0DJQHWR+\GUR'\QDPLFV���☢ὶ㧓ຊᏥ�

ZH�DUH�127�WDONLQJ�DERXW

IHUURIOXLG��㚩☢ὶ㧓�

FUHGLW��ZLNL



EHIRUH�0+'��SDULWFOH�RUELWV
WKH�PRVW�IXQGDPHQWDO�ZD\�WR�PRGHO�SODVPD

IRU�ORZ�GHQVLW\�SODVPD

/DUPRU�UDGLXV
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