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&KHO\DELQVN 6WDWH 8QLYHUVLW\

5XVVLDQ )HG�

VRNROLQVN\#DFP�RUJ

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 5XVVLDQ )RXQGDWLRQ IRU %DVLF 5HVHDUFK XQGHU *UDQW �����������

2SHUDWLQJ�6\VWHP�6XSSRUW�IRU�D�3DUDOOHO�'%06

ZLWK�DQ�+LHUDUFKLFDO��6KDUHG�1RWKLQJ�$UFKLWHFWXUH

7KH�VXEMHFW�RI�P\�SUHVHQWDWLRQ�LV�WKH�2SHUDWLQJ�6\VWHP�6XSSRUW�IRU�D�3DUDOOHO

'%06�ZLWK�DQ�+LHUDUFKLFDO�6KDUHG�1RWKLQJ�$UFKLWHFWXUH�

7KH�SURWRW\SH�RI�D�SDUDOOHO�'%06�IRU�5XVVLDQ�0%&�VXSHUFRPSXWHU�ZDV

GHVLJQHG�LQ�&KHO\DELQVN�6WDWH�8QLYHUVLW\��7KLV�SURWRW\SH�ZDV�FDOOHG�2PHJD

V\VWHP�
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&RQWHQWV

� 2PHJD�KDUGZDUH�DUFKLWHFWXUH

� 2PHJD�RSHUDWLQJ�V\VWHP�VXSSRUW

� 2PHJD�RSHUDWLQJ�V\VWHP�VWUXFWXUH

� $�PRGHO�IRU�WKUHDG�VFKHGXOLQJ

� 7KUHDG�PDQDJHU�LPSOHPHQWDWLRQ

� &RQFOXVLRQ

'XULQJ�P\�SUHVHQWDWLRQ�,�FRQFHUQ�WKH�IROORZLQJ�VXEMHFWV

2PHJD�KDUGZDUH�DUFKLWHFWXUH

2PHJD�RSHUDWLQJ�V\VWHP�VXSSRUW

2PHJD�RSHUDWLQJ�V\VWHP�VWUXFWXUH

$�PRGHO�IRU�WKUHDG�VFKHGXOLQJ

7KUHDG�PDQDJHU�LPSOHPHQWDWLRQ

$QG�WKHQ�,�PDNH�D�VKRUW�FRQFOXVLRQ��
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&RQWHQWV

�� 2PHJD�KDUGZDUH�DUFKLWHFWXUH2PHJD�KDUGZDUH�DUFKLWHFWXUH
� 2PHJD�RSHUDWLQJ�V\VWHP�VXSSRUW

� 2PHJD�RSHUDWLQJ�V\VWHP�VWUXFWXUH

� $�PRGHO�IRU�WKUHDG�VFKHGXOLQJ

� 7KUHDG�PDQDJHU�LPSOHPHQWDWLRQ

� &RQFOXVLRQ

7KH�ILUVW�WRSLF�LV�³2PHJD�KDUGZDUH�DUFKLWHFWXUH´
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7KUHH�OHYHOV�RI�WKH�KLHUDUFK\

± �VW�OHYHO� 3URFHVVRU�PRGXOHV

± �QG�OHYHO� 2PHJD�FOXVWHUV

± �UG�OHYHO� 2PHJD�V\VWHP

2PHJD�KDUGZDUH�DUFKLWHFWXUH�KDV�D�WKUHH�OHYHOV�RI�KLHUDUFK\�

7KH��VW�OHYHO�LV�SUHVHQWHG�E\�SURFHVVRU�PRGXOHV

7KH��QG�OHYHO�LV�SUHVHQWHG�E\�2PHJD�FOXVWHUV

7KH��UG�OHYHO�LV�SUHVHQWHG�E\�2PHJD�V\VWHP
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3URFHVVRU�PRGXOH��0%&�XQLW�

&RPSXWDWLRQDO

SURFHVVRU

L���;5�L���;3

&RPPXQLFDWLRQDO

SURFHVVRU

7���

/LQNV

'5$0

���

0E\WHV

65$0

�����

0E\WHV

7KH�0%&�SURFHVVRU�PRGXOH�LQFOXGHV�WZR�SURFHVVRU�GHYLFHV��FRPSXWDWLRQDO

SURFHVVRU�DQG�FRPPXQLFDWLRQDO�SURFHVVRU�

&RPSXWDWLRQDO�DQG�FRPPXQLFDWLRQDO�SURFHVVRUV�VKDUH�FRPPRQ�PHPRU\���

RU����0HJDE\WHV��7KH�FRPPXQLFDWLRQDO�SURFHVVRU�KDV���RU���0E\WHV�RI

SULYDWH�PHPRU\��7KHVH�WZR�SURFHVVRUV�H[FKDQJH�GDWD�LQ�VKDUHG�PHPRU\�

7KH�FRPPXQLFDWLRQDO�SURFHVVRU�KDV�IRXU�VHULDO�OLQNV�IRU�ERDUG�WR�ERDUG

FRPPXQLFDWLRQV�
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2PHJD�FOXVWHU

3030

3030

'60 6&6,

30
3URFHVVRU

0RGXOH

'60
'LVN

6XEV\VWHP

0RGXOH

7KH�VHFRQG�OHYHO�RI�KDUGZDUH�KLHUDUFK\�LV�SUHVHQWHG�E\�WKH�Ω� FOXVWHU��7KH

Ω� FOXVWHU�LV�D�VKDUHG�GLVN�V\VWHP�ZKRVH�QRGHV�DUH�0%&�SURFHVVRU�PRGXOHV�

'LVN�6XEV\VWHP�0RGXOH��KDV�LWV�RZQ�FRPPXQLFDWLRQDO�SURFHVVRU�ZLWK�SULYDWH

PHPRU\�FRQQHFWHG�WR�IRXU�GLVN�GHYLFHV�E\�6&6,�EXV�

2QH�OLQN�RI�HDFK�SURFHVVRU�PRGXOH�UHPDLQV�IUHH�WR�FRQQHFW�WKH�JLYHQ

Ω� FOXVWHU�WR�RWKHUV�
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2PHJD�V\VWHP

+RVW $

�/LQX[�

Ω FOXVWHU Ω FOXVWHU Ω FOXVWHU Ω FOXVWHU

+RVW %

�/LQX[�

,QWUDQHW�,QWHUQHW,QWUDQHW�,QWHUQHW

2Q�WKH�WKLUG�OHYHO�RI�KDUGZDUH�KLHUDUFK\��Ω� FOXVWHUV�DUH�FRPSRVHG�LQWR

Ω� V\VWHP�LQ�D�VKDUHG�QRWKLQJ�PDQQHU�

2QH�Ω� V\VWHP�FDQ�EH�VFDOHG�XS�WR�VHYHUDO�KXQGUHGV�Ω� FOXVWHUV�

7KHUH�LV�QR�UHVWULFWLRQ�IRU�WKH�LQWHUFRQQHFW�WRSRORJ\�LQ�WKH�Ω� V\VWHP��,W�FDQ

EH�YDULHG�IURP�VLPSOH�UXOH�ER[�WR�K\SHUFXEH�

7KH�H[LVWHQFH�RI�WZR�KRVWV�LV�FRQGLWLRQHG�E\�IDXOW�WROHUDQFH�UHTXLUHPHQWV�
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&RQWHQWV

� 2PHJD�KDUGZDUH�DUFKLWHFWXUH

�� 2PHJD�RSHUDWLQJ�V\VWHP�VXSSRUW2PHJD�RSHUDWLQJ�V\VWHP�VXSSRUW

� 2PHJD�RSHUDWLQJ�V\VWHP�VWUXFWXUH

� $�PRGHO�IRU�WKUHDG�VFKHGXOLQJ

� 7KUHDG�PDQDJHU�LPSOHPHQWDWLRQ

� &RQFOXVLRQ

7KH�QH[W�WRSLF�LV�³2PHJD�RSHUDWLQJ�V\VWHP�VXSSRUW´�
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:K\�ZH�GRQ¶W�XVH�JHQHUDO�SXUSRVH�26

+DUGZDUH

+HOLRV�RSHUDWLQJ

�V\VWHP

��81,; FRPSDWLEOH�

Ω�'%06
7RR VORZ�

+DUGZDUH

Ω RSHUDWLQJ V\VWHP

Ω�'%06

,W¶V IDVWHU

$V�DQ�RSHUDWLQJ�V\VWHP��0%&�V\VWHP�XVHV�+HOLRV�RSHUDWLQJ�V\VWHP�

+HOLRV�LV�D�81,;�FRPSDWLEOH�GLVWULEXWHG�RSHUDWLQJ�V\VWHP�

+HOLRV� LV� D� JHQHUDO�SXUSRVH� RSHUDWLQJ� V\VWHP� DQG� DOO� VHUYLFHV� SURYLGHG� E\

+HOLRV� WXUQ� RXW� WRR� VORZ� IRU�'%06�QHHGV�� )RU� H[DPSOH�� WKH� ODWHQW� SDUW� RI

PHVVDJH�SDVVLQJ�LQLWLDWLRQ�DPRXQWV�XS�WR������E\WHV�

,W�PRWLYDWHG�XV�WR�GHYHORS�DQ�RSHUDWLQJ�V\VWHP�WKDW�FDQ�PHHW�WKH�2PHJD

SDUDOOHO�'%06�UHTXLUHPHQWV�
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&RQWHQWV

� 2PHJD�KDUGZDUH�DUFKLWHFWXUH

� 2PHJD�RSHUDWLQJ�V\VWHP�VXSSRUW

�� 2PHJD�RSHUDWLQJ�V\VWHP�VWUXFWXUH2PHJD�RSHUDWLQJ�V\VWHP�VWUXFWXUH

� $�PRGHO�IRU�WKUHDG�VFKHGXOLQJ

� 7KUHDG�PDQDJHU�LPSOHPHQWDWLRQ

� &RQFOXVLRQ

7KH�QH[W�WRSLF�LV�³2PHJD�RSHUDWLQJ�V\VWHP�VWUXFWXUH´�
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Ω�RSHUDWLQJ�V\VWHP�VWUXFWXUH

7UHDG�PDQDJHU

)LOH�PDQDJHU
Ω�FRQGXFWRU Ω�URXWHU

0HVVDJH SDVVLQJ VXEV\VWHP�

ΩΩ�RSHUDWLQJ�V\VWHP�RSHUDWLQJ�V\VWHP

ΩΩ�'%06�NHUQHO�'%06�NHUQHO

7KH�2PHJD�26�LQFOXGHV�WKH�IROORZLQJ�VXEV\VWHPV��D�WKUHDG�PDQDJHU��D

PHVVDJH�SDVVLQJ�VXEV\VWHP�DQG�D�ILOH�PDQDJHU�

7KH�PHVVDJH�SDVVLQJ�VXEV\VWHP�FRQVLVWV�RI�2PHJD�FRQGXFWRU�DQG�2PHJD�

URXWHU�
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&RQWHQWV

� 2PHJD�KDUGZDUH�DUFKLWHFWXUH

� 2PHJD�RSHUDWLQJ�V\VWHP�VXSSRUW

� 2PHJD�RSHUDWLQJ�V\VWHP�VWUXFWXUH

�� $�PRGHO�IRU�WKUHDG�VFKHGXOLQJ$�PRGHO�IRU�WKUHDG�VFKHGXOLQJ

� 7KUHDG�PDQDJHU�LPSOHPHQWDWLRQ

� &RQFOXVLRQ

7KH�QH[W�WRSLF�LV�³$�PRGHO�IRU�WKUHDG�VFKHGXOLQJ´��7KLV�PRGHO�ZDV�XVHG�LQ

WUHDG�PDQDJHU�
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3URGXFHU�FRQVXPHU�SDUDGLJP

3URGXFHU3URGXFHU
�� 0DNH QHZ ZLGJHW

�� ,I EXIIHU LV IXOO� JR WR VOHHS

�� 3XW ZLGJHW WR EXIIHU

�� ,I EXIIHU ZDV HPSW\� ZDNH FRQVXPHU

&RQVXPHU&RQVXPHU
�� ,I EXIIHU LV HPSW\� JR WR VOHHS

�� 7DNH ZLGJHW IURP EXIIHU

�� ,I EXIIHU ZDV IXOO� ZDNH SURGXFHU

�� &RQVXPH WKH ZLGJHW

## :

===

3URGXFHU

:::

3URGXFHU &RQVXPHU;Ò;Ò

:DNH XS�

&RQVXPHU

===

:: :

3URGXFHU &RQVXPHUÑ:Ñ:

:DNH XS�

ÆÆ:

2XU�PRGHO�LV�EDVHG�RQ�SURGXFHU�FRQVXPHU�SDUDGLJP��$FFRUGLQJ�WR�WKLV

SDUDGLJP��WKH�SURGXFHU�DFWV�DV�LW�VKRZQ�LQ�WKH�OHIW�IUDPH��DQG�FRQVXPHU�DFWV

DV�LW�VKRZQ�LQ�WKH�ULJKW�IUDPH�
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7KUHDG�KLHUDUFK\

7KUHDG
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,Q�RXU�PRGHO��HYHU\�WDVN�LV�SUHVHQWHG�E\�D�URRW�WKUHDG�

7KH�URRW�WKUHDG�FDQ�JHQHUDWH�DQ�DUELWUDU\�DPRXQW�RI�WKH�FKLOG�WKUHDGV��(DFK

FKLOG�WKUHDG�FDQ�JHQHUDWH�LWV�RZQ�VHW�RI�FKLOG�WKUHDGV��7KXV�DOO�JHQHUDWHG

WKUHDGV�IRUP�D�KLHUDUFK\�

:H�DVVXPH� WKDW� HDFK� WKUHDG�SURGXFHV� VRPH�GDWD�JUDQXOHV� IRU� LWV� IDWKHU��7R

SURGXFH�LWV�RZQ�JUDQXOH��WKH�WKUHDG�QHHGV�WKH�JUDQXOHV�IURP�LWV�FKLOGUHQ�

$�RXWSXW�EXIIHU�LV�DVVRFLDWHG�ZLWK�HDFK�WKUHDG��7KLV�EXIIHU�LV�RUJDQL]HG�DV�D

TXHXH�

7KH� VXSSOLHU� WKUHDG� SXWV� WKH� SURGXFHG� JUDQXOHV� WR� LWV� RXWSXW� EXIIHU� DV� WKH

FRQVXPHU�WKUHDG�FRQVXPHV�WKH�JUDQXOHV�IURP�LWV�LQSXW�EXIIHUV�
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$�PRGHO�IRU�WKUHDG�VFKHGXOLQJ
• 7LPH VOLFH ⇔ WLPH RI RQH GDWD JUDQXOH SURGXFLQJ LQ DQ\

WKUHDG

• 7±IDFWRU ττ
L

⇔ RXWSXW EXIIHU IXOOQHVV �∀L� �≤τ
L
≤��

• )DFWRUIXQFWLRQ I
L
�W� ⇔ FDOFXODWHV 7�IDFWRU IRU 7

L
LQ WLPH W

• 7
L
LV GLVMXQFWLYH ⇔ 7

L
FDQ SURGXFH DQ RXWSXW E\

FRQVXPLQJ RQO\ RQH LQSXW IURP DQ\ RI 7
L�
� � � ��7
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• 7
L
LV FRQMXQFWLYH ⇔ 7

L
FDQ SURGXFH DQ RXWSXW E\

FRQVXPLQJ LQSXWV IURP DOO RI 7
L�
� � � � 7

LN

%
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7
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7
LN

• 7
L
LV VXVSHQGHG LQ WLPH W ⇔ I

L
�W� �

• 'LVMXQFWLYH WKUHDG 7
L
LV EORFNHG LQ WLPH W ⇔

• &RQMXQFWLYH WKUHDG 7
L
LV EORFNHG LQ WLPH W ⇔

• 7
L
LV UHDG\ WR UXQ ⇔ 7

L
LVQ¶W VXVSHQGHG DQG 7

L
LVQ¶W EORFNHG
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1RZ�ZH�GHVFULEHG�D�QHZ�PRGHO�IRU�WKHDG�VFKHGXOLQJ�

7KH�WLPH�WR�EH�QHHGHG�IRU�SURGXFLQJ�RQH�JUDQXOH�E\�DQ\�WKUHDG�LV�D�TXDQWXP

RI�V\VWHP�WLPH�VOLFLQJ�

'HILQH�7±IDFWRU��DV�WKH�RXWSXW�EXIIHU�IXOOQHVV�

'HILQH�D�IDFWRUIXQFWLRQ�DV�D�IXQFWLRQ�ZKLFK�FDOFXODWHV�7�IDFWRU�

'HILQH�WKH�WKUHDG�DV�GLVMXQFWLYH�LI�LW�FDQ�SURGXFH�DQ�RXWSXW�E\�FRQVXPLQJ

RQO\�RQH�LQSXW�IURP�DQ\�RI�LWV�FKLOGUHQ�

'HILQH�WKH�WKUHDG�DV�FRQMXQFWLYH�LI�LW�FDQ�SURGXFH�DQ�RXWSXW�RQO\�E\

FRQVXPLQJ�LQSXWV�IURP�DOO�RI�LWV�FKLOGUHQ�

:H¶OO�VD\��WKH�WKUHDG�LV�LQ�VXVSHQGHG�PRGH�LI�LWV�7�IDFWRU�HTXDOV�]HUR�

:H¶OO�VD\��WKH�GLVMXQFWLYH�WKUHDG�LV�LQ�EORFNHG�PRGH�LI�DOO�RI�LWV�FKLOG�7�

IDFWRUV�HTXDO�]HUR�

:H¶OO�VD\��WKH�FRQMXQFWLYH�WKUHDG�LV�LQ�EORFNHG�PRGH�LI�DQ\�RI�LWV�FKLOG

7�IDFWRU�HTXDOV�]HUR�

7KH�WKUHDG�LV�LQ�UHDG\�WR�UXQ�PRGH�LI�LW�LVQ¶W�LQ�VXVSHQGHG�RU�EORFNHG�PRGHV�
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.LQGV�RI�WKUHDGV

• 6\VWHP�WKUHDG�⇔�KDV�RXWSXW�EXIIHU

RI�OHQJWK����DQG�GRHV�QRW�KDYH�DQ\

FKLOG�WKUHDGV��'HILQH�WKH�W\SH�RI�DOO

RWKHU�WKUHDGV�DV�D�XVHU�

• 7KUHDG�WUHH�LV�LQ�QRUPDO�IRUP�LI�LW

LQFOXGHV�RQO\�GLVMXQFWLYH�DQG

FRQMXQFWLYH�WKUHDGV

• 3URSRVLWLRQ��$Q\�WKUHDG�WUHH�FDQ

EH�FRQYHUWHG�LQWR�VRPH�QRUPDO

IRUP���7KH�SURRI�LV�IROORZLQJ�IURP

WKH�WKHRUHP�DERXW�FRQMXQFWLYH

QRUPDO�IRUP�

&RQMXQFWLYH

6\VWHP

'LVMXQFWLYH

,Q�RXU�PRGHO�ZH�GLVWLQJXLVK�V\VWHP�DQG�XVHU�WKUHDGV��6\VWHP�WKUHDG�KDV

RXWSXW�EXIIHU�RI�OHQJWK����DQG�GRHV�QRW�KDYH�DQ\�FKLOG�WKUHDGV��'HILQH�WKH

W\SH�RI�DOO�RWKHU�WKUHDGV�DV�D�XVHU�

8VHU�WKUHDGV�FDQ�EH�GLYLGHG��LQWR�WKUHH�FODVVHV��GLVMXQFWLYH��FRQMXQFWLYH�DQG

PL[HG�

:H¶OO�VD\�WKDW�WKUHDG�WUHH�LV�LQ�D�QRUPDO�IRUP�LI�LW�LQFOXGHV�RQO\�GLVMXQFWLYH

DQG�FRQMXQFWLYH�WKUHDGV�

:H�FDQ�IRUPXODWH�WKH�IROORZLQJ�SURSRVLWLRQ��$Q\�WKUHDG�WUHH�FDQ�EH

FRQYHUWHG�LQWR�VRPH�QRUPDO�IRUP��7KH�SURRI�LV�IROORZLQJ�IURP�WKH�WKHRUHP

DERXW�FRQMXQFWLYH�QRUPDO�IRUP�LQ�PDWKHPDWLFDO�ORJLF��7KLV�SURSRVLWLRQ

VKRZV�WKDW�WKH�VHW�RI�GLVMXQFWLYH�DQG�FRQMXQFWLYH�WKUHDGV�LV�TXLWH

UHSUHVHQWDWLYH�
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&RQWHQWV

� 2PHJD�KDUGZDUH�DUFKLWHFWXUH

� 2PHJD�RSHUDWLQJ�V\VWHP�VXSSRUW

� 2PHJD�RSHUDWLQJ�V\VWHP�VWUXFWXUH

� $�PRGHO�IRU�WKUHDG�VFKHGXOLQJ

�� 7KUHDG�PDQDJHU�LPSOHPHQWDWLRQ7KUHDG�PDQDJHU�LPSOHPHQWDWLRQ

� &RQFOXVLRQ

7KH�QH[W�WRSLF�LV�³7KUHDG�PDQDJHU�LPSOHPHQWDWLRQ´�
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7KUHDG�PDQDJHU�LQWHUIDFH

�
 7KUHDG PDQDJHU LQLWLDOL]DWLRQ 
�

YRLG LQLW�YRLG
� �
 3RLQWHU WR WKH IDFWRUIXQFWLRQ RI WKH URRW WKUHDG 
�

FKDU� �
 7KUHDG W\SH �XVHU RU V\VWHP� 
�

LQW �
 1LFH �VWDWLF SULRULW\� RI WKH URRW WKUHDG 
���

�
 1HZ WKUHDG FUHDWLRQ 
�

LQW �
 WKUHDG LGHQWLILHU 
�

IRUN�YRLG
� �
 3RLQWHU WR D ERG\ RI WKH WKUHDG 
�

YRLG
� �
 3RLQWHU WR D DUJXPHQW OLVW RI WKH WKUHDG 
�

YRLG
� �
 3RLQWHU WR WKH IDFWRUIXQFWLRQ RI WKH WKUHDG 
�

FKDU� �
 7KUHDG W\SH �XVHU RU V\VWHP� 
�

LQW �
 1LFH �VWDWLF SULRULW\� RI WKH WKUHDG 
���

�
 7R SHUIRUP D VFKHGXOH 
�

YRLG VFKHGXOH�YRLG��

7KH�WKUHDG�PDQDJHU�LQWHUIDFH�LQFOXGHV�WKUHH�PDLQ�IXQFWLRQV�ZKLFK�DUH�VKRZQ

RQ�WKLV�VOLGH�

7KH� LQLW��� IXQFWLRQ� SHUIRUPV� WKH� LQLWLDOL]DWLRQ� RI� WKH� WKUHDG� PDQDJHU� DQG

UHJLVWULHV�WKH�FXUUHQW�SURFHVV�DV�D�URRW�WKUHDG�

7KH�IRUN���IXQFWLRQ�FUHDWHV�D�QHZ�WKUHDG�

7KH� VFKHGXOH��� IXQFWLRQ� FDOOV� WKH� VFKHGXOHU��(DFK� WLPH�ZKHQ� D� XVHU� WKUHDG

SURGXFHV�D�JUDQXOH��LW�PXVW�H[HFXWH�D�VFKHGXOLQJ�RSHUDWLRQ�FDOO�
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6WDWLF�	�G\QDPLF�SULRULWLHV

QLFH ±�VWDWLF�SULRULW\��±���≤�QLFH�≤������,W¶V�DVVLJQHG�E\�XVHU�
GSUW\� ±�G\QDPLF�SULRULW\��,W¶V�FDOFXODWHG�E\�WKH�V\VWHP�

�GSUW\� �.∗&���1�∗�I���WKUHVKROGBQLFH���QLFH

� &���FRXQWHU��,W¶V�LQFUHPHQWHG�ZKHQ�WKUHDG�LV�VFKHGXOHG�WR�UXQ�

(YHU\�P�VFKHGXOLQJ�F\FOHV��&�LV�UHFRXQWHG�

�&� �&
N�

N���VRPH�IL[HG�YDOXH����N����

� I���YDOXH�RI�IDFWRUIXQFWLRQ

� .��1���QRUPDOL]LQJ�FRQVWDQWV

� WKUHVKROGBQLFH���WKUHVKROG�YDOXH�IRU�XVHU�WKUHDGV��)RU�V\VWHP

WKUHDGV��LW�HTXDOV���

)RU� WKUHDG� VFKHGXOLQJ��ZH�XVH� WKH�SULRULWLHV��(DFK� WKUHDG�KDV� LWV� RZQ� VWDWLF

SULRULW\��ZKLFK�LV�DVVLJQHG�DV�D�QLFH�YDOXH�GXULQJ�RI�LWV�FUHDWLRQ�

7KH� UHDO� VFKHGXOLQJ� SROLF\� LV� EDVHG� RQ� D� G\QDPLF� SULRULW\�� 7KH� G\QDPLF

SULRULW\�LV�D�IXQFWLRQ�RI�WKH�VWDWLF�SULRULW\�

:H�SURYLGH�D�VLPSOH�IRUPXOD�IRU�G\QDPLF�SULRULW\�FDOFXODWLRQ�

GSUW\� �.
&���1
I���WKUHVKROGBQLFH���QLFH

+HUH�&�LV�D�FRXQWHU�DVVRFLDWHG�ZLWK�WKH�WKUHDG��&�LV�LQFUHPHQWHG�HYHU\�WLPH�

ZKHQ� WKH� WKUHDG� LV� VFKHGXOHG� WR� UXQ�� (YHU\� P� VFKHGXOLQJ� F\FOHV�� WKH� &

SDUDPHWHU�RI�HDFK�WKUHDG�LV�UHFRXQWHG�E\�WKLV�IRUPXOD�

&�� �&
N�

I�LV�D�YDOXH�RI�WKH�IDFWRUIXQFWLRQ�

.�DQG�1�DUH�QRUPDOL]LQJ�FRQVWDQWV�

WKUHVKROGBQLFH� �� LV� D� WKUHVKROG� YDOXH� RI� WKH� G\QDPLF� SULRULW\� IRU� WKH� XVHU

WKUHDGV��)RU�WKH�V\VWHP�WKUHDGV��LW�HTXDOV�]HUR�
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3DUDPHWHUV�IRU�WKH�IRUPXOD

Parameter Value

k 0.5

m 60

K 0.01

N 0.1

threshold_nice 40

:H�FKHFNHG�WKH�WKUHDG�PDQDJHU�E\�VHYHUDO� WHVWV�� ,Q� WKH�IRUPXOD�RI�G\QDPLF

SULRULW\�FDOFXODWLRQ��ZH�XVHG� WKH�SDUDPHWHU�YDOXHV��ZKLFK�DUH� VKRZQ� LQ� WKLV

VOLGH��7KHVH�YDOXHV�ZHUH�REWDLQHG�E\�DQ�H[SHULPHQWDO�ZD\�
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6FKHGXOLQJ�F\FOH

���5HFRXQW�7�IDFWRUV�IRU�DOO�V\VWHP�WKUHDGV

���5HFRXQW�7�IDFWRUV�IRU�DFWLYH�WKUHDG�DQG�DOO�LWV�VRQV

���,I�WKHUH�DUH�QR�³UHDG\�WR�UXQ´�WKUHDGV��JLYH�FRQWURO

WR�URRW�WKUHDG

���5HFRXQW�G\QDPLF�SULRULWLHV�IRU�DOO�WKUHDGV�ZKRVH

VWDWXV�LV�³UHDG\�WR�UXQ´

���*LYH�FRQWURO�WR�³UHDG\�WR�UXQ´�WKUHDG�ZKRVH

G\QDPLF�SULRULW\�LV�KLJKHVW

7KLV�VOLGH�GHVFULEHV�WKH�VFKHGXOLQJ�F\FOH�

���5HFRXQW�7�IDFWRUV�IRU�DOO�V\VWHP�WKUHDGV

���5HFRXQW�7�IDFWRUV�IRU�DFWLYH�WKUHDG�DQG�DOO�LWV�VRQV

���,I�WKHUH�DUH�QR�³UHDG\�WR�UXQ´�WKUHDGV��JLYH�WKH�FRQWURO�WR�URRW�WKUHDG

���5HFRXQW�G\QDPLF�SULRULWLHV�IRU�DOO�WKUHDGV�ZKRVH�VWDWXV�LV�³UHDG\�WR�UXQ´

���*LYH�WKH�FRQWURO�WR�³UHDG\�WR�UXQ´�WKUHDG�ZKRVH�G\QDPLF�SULRULW\�LV�WKH

KLJKHVW
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&RQWHQWV

� 2PHJD�KDUGZDUH�DUFKLWHFWXUH

� 2PHJD�RSHUDWLQJ�V\VWHP�VXSSRUW

� 2PHJD�RSHUDWLQJ�V\VWHP�VWUXFWXUH

� $�PRGHO�IRU�WKUHDG�VFKHGXOLQJ

� 7KUHDG�PDQDJHU�LPSOHPHQWDWLRQ

��&RQFOXVLRQ&RQFOXVLRQ

)RU�WKH�FRQFOXVLRQ�
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7KH�PDLQ�DGYDQWDJHV

���:H�FDQ�DVVRFLDWH�D�VHSDUDWH�XVHU�WKUHDG�ZLWK�HYHU\

RSHUDWLRQ�LQ�WKH�TXHU\�WUHH

���:H�FDQ�XVH�V\VWHP�WKUHDGV�IRU�HIILFLHQW�LPSOHPHQWDWLRQ�RI

RSHUDWLQJ�HQYLURQPHQW�VXEV\VWHPV

���:H�QHHGQ¶W�DQ\�SULPLWLYHV�IRU�WKUHDGV�V\QFKURQL]DWLRQ�

7KH�V\QFKURQL]DWLRQ�LV�SHUIRUPHG�DXWRPDWLFDOO\

���'\QDPLF�SULRULW\�PHFKDQLVP�SURYLGHV�WKH�SRVVLELOLW\�IRU

DFFXUDWH�DQG�HIIHFWLYH�VFKHGXOLQJ

7KH�PDLQ�DGYDQWDJHV�RI�GHVFULEHG�PRGHO�DUH�IROORZLQJ�
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)XWXUH�ZRUN

� ,QYHVWLJDWH�GLIIHUHQW�DOJRULWKPV�IRU�G\QDPLF

SULRULW\�HYDOXDWLRQ

± LQYHVWLJDWH�GLIIHUHQW�IRUPXODV

± LQ�IRUPXODV��XVH�7�IDFWRUV�RI�WKUHDG¶V�IDWKHU�DQG

FKLOGUHQ

$V�D�IXWXUH�ZRUN�ZH�DUH�JRLQJ�


