
&0%�6����62�:RUNVKRS�0DUFK��������

0HDVXUHPHQW�*RDOV�	�
6FLHQFH�5HTXLUHPHQWV

-RKQ�&DUOVWURP��&0%�6��S�R�F�
-HII�0F0DKRQ��62�S�R�F��

ZLWK�-RKQ�5XKO�



&0%�6����62�:RUNVKRS�0DUFK��������

Ɣ &RPSDUH�WKH�XVH�RI�62�DQG�$62�ZLWK�WKH�&0%�6��EDVHOLQH�WR�PHHW�VFLHQFH�UHTXLUHPHQWV���VOLGH�
������

Ɣ $UH�WKH�FXUUHQW�HVWLPDWHV�RI�XVLQJ�$62�WR�UHSODFH�D�&0%�6��&+/$7��/$75�JRRG�HQRXJK�RU�LV�PRUH�
VLPXODWLRQ�HVWLPDWLRQ�QHHGHG�WR�VKRZ�VFLHQWLILF�SHUIRUPDQFH"��VOLGH����

Ɣ &RPSDUH�WKH�PDS�GHSWK�HVWLPDWHV�IURP�WKH�WZR�SURMHFWV�IURP�WKHLU�FXUUHQWO\�SODQQHG�VXUYH\V���VOLGH�
���

Ɣ $OVR�SURYLGH�D�VLPSOLILHG�DQDO\VLV�EDVHG�RQ�FRPSDULQJ�HVWLPDWHV�RI�WDUJHW�VHQVLWLYLWLHV�IRU�VLQJOH�
GHWHFWRUV�LQ�HDFK�EDQG�IRU�WKH�62�/$75�YHUVXV�WKH�&0%�6��/$75��VOLGH������FRPELQHG�ZLWK�
DGMXVWPHQWV�IRU�VXUYH\�VL]HV�DQG�GXUDWLRQV�

Ɣ $UH�WKH�VFDQ�VWUDWHJLHV�IRU�WKH�WZR�SURMHFWV��IRU�/$7V�LQ�&KLOH��DOLJQHG��UHJDUGLQJ�FDGHQFHV�IRU�WLPH�
GRPDLQ�WDUJHWV"��VOLGH���

Ɣ 'HVFULEH�WKH�EHQHILWV�WR�&0%�6���DQG�SDUWLFXODUO\�WR�WKH�WLPH�GRPDLQ�FRPPXQLW\��IRU�FRQWLQXHG�
RSHUDWLRQ�RI�62�EHWZHHQ�WKH�VWDUW�RI�62�RSHUDWLRQV�DQG�WKH�VWDUW�RI�&0%�6��RSHUDWLRQV��LI�WKH�$62�
065,���SURSRVDO�LV�QRW�IXQGHG�����VOLGH����

�

&KDUJH
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&0%�6��6FLHQFH�*RDOV
6FLHQFH�*RDOV�DQG�DVVRFLDWHG�6FLHQFH�5HTXLUHPHQWV�DUH�GHVLJQHG�WR�HQDEOH�WKH�IXOO�UDQJH�RI�&0%�6��6FLHQFH
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&0%�6��6FLHQFH�5HTXLUHPHQWV

&KLOH�/$7

&KLOH�/$7

&KLOH�/$7
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&0%�6��&KLOH�/$7�0HDVXUHPHQW�UHTXLUHPHQWV
5HTWV�����������	����

1RWH��0HDVXUHPHQW�5HTW�����GULYHQ�E\�1HII�LQFOXGHV�5HTW�����GULYHQ�E\�&OXVWHUV
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1RWHV��
Ɣ 0HDVXUHPHQW�5HTW�����GULYHQ�E\�*5%��ZULWWHQ�WR�EH�DFKLHYDEOH�ZKHQ�DFFRXQWLQJ�IRU�

6XQ�DQG�0RRQ�DYRLGDQFH�DQG�RWKHU�REVHUYDWLRQDO�SUDFWLFDOLWLHV�
Ɣ 1HHGV�WR�EH�UHYLVLWHG�WR�LQFOXGH�IDOVH�GHWHFWLRQ�UDWH�RQ�GDLO\�FDGHQFH

&0%�6��&KLOH�/$7�0HDVXUHPHQW�UHTXLUHPHQWV
5HTWV�����������	����
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&0%�6��&KLOH�/$7�0HDVXUHPHQW�UHTXLUHPHQWV
5HTWV���������

)RU�UHIHUHQFH���7KHVH�FRUUHVSRQG�WR��WKH�3/5��SHU�ZDIHU�ZKLWH�QRLVH�VHQVLWLYLWLHV�>������������������������������������XN�UW�V��LQ�
HDFK�RI�WKHVH�EDQGV@�DQG�RWKHU�UHDVRQDEOH�DVVXPSWLRQV��H�J���REVHUYLQJ�HIILFLHQFLHV����HOO�NQHH��HWF���
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Ɣ 1RPLQDO�62���&0%�6��VFDQ�VWUDWHJ\�IURP�5HLMR�

ż (OHYDWLRQ����

ż 9DU\LQJ�VFDQ�VSHHG

ż 6XQ�DYRLGDQFH

ż 0HHWV�VN\�DUHD�DQG�FDGHQFH�UHTXLUHPHQWV�IRU�6�

Ɣ 62�VFDQ�VWUDWHJ\�

ż 7KLV�VWUDWHJ\�ZDV�GHYHORSHG�DIWHU�62¶V�LQLWLDO�SODQQLQJ

ż $:*V�DOUHDG\�IRUHFDVWLQJ�ZLWK�WKLV�VWUDWHJ\

ż 7KH�JHDUV�DUH�LQ�PRWLRQ�WR�IRUPDOO\�DGRSW�WKLV�VWUDWHJ\�VRRQ

7KH�62�VWUDWHJ\�PHHWV�WKH�XQLIRUPLW\�DQG�FDGHQFH�UHTXLUHPHQWV�RI�&0%�6�

�

&0%�6��&+/$7�	�62�6XUYH\

62�6��VFDQ�VWUDWHJ\



&0%�6����62�:RUNVKRS�0DUFK��������

7KH\�DUH�VDPH��VHH�/$7�WDON�IRU�FDYHDWV��FR�URWDWRU��UHFHLYHU�GHSOR\PHQW��HWF�

�

&0%�6��&+/$7�	�62�GHVLJQ
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&0%�6���62��	�$62�/$75V
Ɣ 62�/$75�

ż ��RI����RSWLFV�WXEH�FU\RVWDW�ILOOHG��EOXH�
Ŷ (DFK�WXEH�FRQWDLQV���GHWHFWRU�ZDIHUV��DW�I������

ż ���ZDIHUV�WRWDO
Ŷ /)� ���ZDIHUV��0)� ����ZDIHU��8+)�� ���ZDIHUV

ż :DIHU�&RXQW�5DWLR�WR�&0%�6��������������������������
�QRWH�6��µ+)¶� �62�µ8+)¶�

Ɣ $62�/$75
ż 6DPH�DV�62��ZLWK�DOO����RSWLFV�WXEHV�ILOOHG
ż ���ZDIHUV�WRWDO

Ŷ /)� ���ZDIHUV���0)� �����8+)�� ����
ż :DIHU�&RXQW�5DWLR�WR�&0%�6������������������������

Ɣ 6��/$75
ż ���VLQJOH�ZDIHU�RSWLF�WXEH�FU\RVWDW��DW�I�����
ż ���ZDIHUV�WRWDO

Ŷ /)� ����0)� �����+)�� ����ZDIHUV�

6��
/$75

62�$62�
/$75
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Ɣ 0DQDJLQJ�ERWK�62�DQG�$62�SURMHFWV�WR�
DFKLHYH�³JRDO´�SHUIRUPDQFH����6HH�QH[W�
VOLGH�IRU�VWDWXV�RI�WHVWLQJ

Ɣ 7KH�QRLVH�OHYHOV�KHUH�DUH�IRU�IBVN\� �
������DQG�VKRXOG�EH�PXOWLSOLHG�E\�����IRU�
FRPSDULVRQ�WR�WKH�IBVN\� ������6��
VXUYH\�

Ɣ 7R�DFKLHYH�WKH�&0%�6��VXUYH\�UHTW�
GHSWKV�$62�LQWHJUDWLRQ�WLPH�RU�GHWHFWRU�
FRXQW�ZRXOG�QHHG�WR�EH�LQFUHDVHG�E\�D�
IDFWRU�RI��
�/)������������0)������������8+)���������

��

62�	�$62�6XUYH\ 62

$62

7DEOH�JRDO�YDOXHV�VKRXOG�EH�PXOWLSOLHG�E\����[�WR�DFFRXQW�
IRU�IBVN\ �����LQ�FRPSDULVRQV�ZLWK�WKH�&0%�6��PDS�
GHSWK�UHTXLUHPHQWV�



2SWLFV�7XEH��,QWHJUDWHG�3HUIRUPDQFH
62�LV�GHHS�LQWR�WKH�WHVWLQJ�DQG�
YHULILFDWLRQ�SKDVH�ZLWK�/$7�0)�
YHULILFDWLRQ�QHDUO\�FRPSOHWH

��

���*+]

����*+]

/$75�WHVWHU

SDVV�EDQG�FRQILUPDWLRQ

���.�VSLOO�FRQILUPDWLRQ

RSWLFDO�HIILFLHQF\��FRQILUPDWLRQ

62�JRDO

&0%�6��3/5��������N¥V��ZDIHU�

&0%�6��3/5��������N¥V��ZDIHU�

62�JRDO
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Ɣ 0RGHO�SUHVHQWHG�KHUH�LV�EDVHG�RQ�FRPPRQ�DVVXPSWLRQV�IRU�62���6�
ż $VVXPSWLRQV�RI�FRPPRQ�FRPSRQHQWV�DUH�LGHQWLFDO
ż GLIIHUHQFHV�LQ�SHU�ZDIHU�PDSSLQJ�VSHHG�DOPRVW�HQWLUHO\�GHULYHG�IURP�WKH�HVWLPDWHG�GLIIHUHQFH�LQ�I��IRU�6�
ż 'LIIHUHQFH�LQ�V\VWHP�PDSSLQJ�VSHHG�FRPH�GRZQ�WR�WKH�QXPEHU�RI�ZDIHUV������[�PRUH�LQ�0)��DQG�I���

����[�DYHUDJH�LQ�0)�
ż 7KHVH�UDWLRV�FDQ�EH�XVHG�WR�FRPSDUH�IRUHFDVWV

��

&RPSDULVRQ�&0%�6����62���$62�VHQVLWLYLW\

�2QH�/$7�

7KLV�LV�WKH�GHWHFWRU�VHQVLWLYLW\�FRPSDULVRQ

�2QH�/$7�
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Ɣ %DVHG�RQ�WKH�VHQVLWLYLW\�DQDO\VLV�RQ�WKH�ODVW�VOLGH��WKH�0)�VHQVLWLYLW\�RI�$62�LV�
URXJKO\�HTXLYDOHQW�WR�����&0%�6��/$7V��62�LV�����

Ɣ 7KH�&0%�6��VXUYH\�LV����&0%�6��/$7�\HDUV�����6�/\�
Ɣ &RQVLGHU�DQ�DOWHUQDWLYH�VXUYH\�XVLQJ�62�DQG�$62

ż 62�RSHUDWHV�IURP������WR���������\HDUV
Ŷ ����� �����6�/\

ż $62�RSHUDWHV�LQ�������RQH�\HDU�
Ŷ ����6�/\

ż 2QH�&0%�6��/$7�DQG�$62�RSHUDWH�IURP�������WR���������\HDUV�
Ŷ ����� �����6�/\
Ŷ 7KH�LQVWDQWDQHRXV�VHQVLWLYLW\�LV�UHGXFHG�E\�D�IDFWRU�RI�����FRPSDUHG�WR�6�

Ɣ 7KH�WRWDO�VXUYH\�ZHLJKW�RI�WKLV�DOWHUQDWLYH�FRQILJXUDWLRQ�LV����6�/\
ż ���DGGLWLRQDO�6�/\�ZRXOG�EH�QHHGHG�WR�HTXDO�WKH�&0%�6��VXUYH\�����6�/\�WRWDO�

Ŷ 7KLV�FRXOG�EH�DFKLHYHG�E\�H[WHQGLQJ�6��RSHUDWLRQV������DGGLWLRQDO�\HDUV��ZKLFK�LV�FRVWO\
Ŷ 5XQQLQJ�62�DORQH�ZRXOG�UHTXLUH�����\HDUV�WR�PDNH�XS�WKLV�GHILFLW
Ŷ 7KH�I��GLIIHUHQFH�PDNHV�RQO\�D�VPDOO�FKDQJH�WR�WKLV�SLFWXUH

��

%DFN�RI�WKH�(QYHORSH�FRPSDULVRQ�



&0%�6����62�:RUNVKRS�0DUFK��������

0RUH�ZRUN�LV�QHHGHG�WR�TXDQWLI\�
WKH�SHUIRUPDQFH�RI�WKLV�
DOWHUQDWLYH�FRQILJXUDWLRQ

Ɣ 7R\�IRUHFDVW�PDGH�ZLWK�WKLV�
WRRO

Ɣ *LYHV�D�VQDSVKRW�RI�WKH�
VLWXDWLRQ
ż &RQILUPV�WKH�QHHG�IRU�a��

DGGLWLRQDO�\HDUV�WR�DFKLHYH�WKH�6��
VXUYH\�UHTXLUHPHQWV��

ż 7KLV�DOWHUQDWLYH�FRQILJXUDWLRQ�
PLVVHV�WKH�1BHII�WDUJHWV��EXW�
SRWHQWLDOO\�E\�D�VPDOO�DPRXQW�

��

1HII�IRUHFDVW�ZLWK�62��$62��DQG�RQH�6��/$7

���
6��WDUJHW

62����\HDUV� $62��RQH�\HDU���FRQWLQXH�WKURXJK�WKH�6��FDPSDLJQ

2QH�6��/$7
���WR���\HDUV

(
QG�RI�6

����\HDU�VXUYH\

https://webapp.cmb-s4.org/debug/
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,PSDFW�RQ�&OXVWHU�6FLHQFH�*RDO�

62����\HDUV� $62��RQH�\HDU���FRQWLQXH�WKURXJK�WKH�6��FDPSDLJQ

2QH�6��/$7
���WR���\HDUV

(
QG�RI�6

����\HDU�VXUYH\

)RUHFDVW�PDGH�ZLWK�WKLV�WRRO
3URMHFWLRQ�LV�FRQVLVWHQW�ZLWK�WKH�
&0%�6��JRDO�WR�GHWHFW�]�!���
FOXVWHUV��EXW�ZLWK�a����IHZHU�DIWHU�
��\HDUV

https://webapp.cmb-s4.org/debug/
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Ɣ 7UDQVLHQW�GHWHFWLRQ�IOX[�WKUHVKROG��FRPSDUHG�WR�&0%�6�
�EDVHG�RQ�LQVWDQWDQHRXV�VHQVLWLYLW\�VFDOLQJ�DV�VTXDUH�URRW�RI�PDSSLQJ�VSHHG�

ż 62�������[�DQG�����KLJKHU�IOX[�WKUHVKROG�DW����DQG�����*+]
ż $62�����[�DQG����[�KLJKHU�IOX[�WKUHVKROG�
ż $62���RQH�&0%�6��/��$7�����[�KLJKHU�IOX[�WKUHVKROG�

Ɣ 62���$62�IRUHFDVWV��
ż ³ZH�HVWLPDWH�D�GDLO\���VLJPD�UPV�VHQVLWLYLW\�RI����P-\�IRU�62�QRPLQDO��a��P-\�IRU�$62´��±�6XVDQ�&ODUN

Ɣ &0%�6��IRUHFDVWV��
ż 3%'5�$SSHQGL[�$����³GDLO\�FDGHQFH�DQG�GHSWK�RI�����P-\�GD\�����*+]��DQG�����P-\�GD\������*+]�´��

�&RPELQLQJ�WKHVH�WZR�EDQGV�DQG�VFDOLQJ�ZLWK�WKH�IOX[�UDWLR�IDFWRUV�DERYH�LV�FRQVLVWHQW�ZLWK�6&¶V�62�$62�HVWLPDWH�

Ɣ &RPSDULVRQ�WR�&0%�6��VFLHQFH�UHTXLUHPHQW
ż 6FLHQFH�5HTW������³'HWHFW�DOO�*5%�DIWHUJORZV�EULJKWHU�WKDQ����P-\�DW����DQG�����*+]�RYHU�����RI�WKH�VN\´

OHDGV�WR�!��VLJPD�GHWHFWLRQ�WKUHVKROG�WR�HQVXUH�OHVV�WKDQ�RQH�IDOVH�GHWHFWLRQ�SHU�PDS�SHU�GD\
ż &0%�6��DFKLHYHV�����DQG�����VLJPD�DW����DQG�����*+]��UHVSHFWLYHO\�
ż $62�����6��/$7�DFKLHYHV�DQG�����DQG�����VLJPD��ZKLFK�OHDGV�WR�D�KLJKHU�IDOVH�GHWHFWLRQ�UDWH�RU�D�VRPHZKDW�

KLJKHU�IOX[�WKUHVKROG��

��

,PSDFW�IRU�WUDQVLHQWV
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Ɣ &0%�6��&+/$7�DQG�WKH�62�/$7�DUH�HVVHQWLDOO\�LQWHUFKDQJHDEOH
Ɣ &0%�6��DQG�62�VFDQ�VWUDWHJLHV�DUH�FRPSDWLEOH
Ɣ $�&0%�6��/$75�LV�URXJKO\�

ż D�IDFWRU�RI���WR��[�IDVWHU�LQ�0)�DQG�+)�EDQGV�DQG��[�LQ�/)�WKDQ�62�QRPLQDO�/$7�/$75
ż D�IDFWRU�RI���WR����[�IDVWHU�LQ�0)�DQG�+)�EDQGV�DQG��[�LQ�/)�EDQGV�WKDQ�$62�/$7�/$75

Ɣ )XUWKHU�GHWDLOHG�VFLHQFH�SURMHFWLRQV�DUH�QHHGHG��EXW�LW�DSSHDUV�WKDW
ż &0%�6��WUDQVLHQW�VFLHQFH�JRDOV�DUH�DOPRVW�PHW�E\�D�&0%�6��&+/$7�/$75�DQG�D�

62�/$7�/$75��PD\�UHTXLUH�D�����KLJKHU�GDLO\�GHWHFWLRQ�IOX[�WKUHVKROG�
ż 7KH�&0%�6��1HII�DQG�&OXVWHU�VFLHQFH�JRDOV�DUH�QRW�PHW�E\�D�&0%�6��&+/$7�/$75�DQG�

62�/$7�/$75�LQFOXGLQJ���\HDUV�RI�GDWD�IURP�62�QRPLQDO����\HDUV�RI�62�/$7�/$7
Ɣ 7R�UHSODFH�D�&0%�6��/$7�/$75�ZLWK�DQ�$62�/$7�/$75�UHTXLUHV�HLWKHU�

ż WKH�&0%�6��VFLHQFH�JRDOV�QHHG�WR�EH�UHOD[HG��RU�
ż DGGLWLRQDO�REVHUYLQJ�WLPH�LV�QHHGHG�

Ɣ 7KH�EHQHILWV�WR�&0%�6���DQG�SDUWLFXODUO\�WR�WKH�WLPH�GRPDLQ�FRPPXQLW\��IRU�FRQWLQXHG�RSHUDWLRQ�RI�
62�EHWZHHQ�WKH�VWDUW�RI�62�RSHUDWLRQV�DQG�WKH�VWDUW�RI�&0%�6��RSHUDWLRQV��LI�WKH�$62�065,���
SURSRVDO�LV�QRW�IXQGHG��DUH�UHGXFLQJ�ULVN��'0�LPSOHPHQWDWLRQ��LQVLJKWV�WR�WUDQVLHQW�SKHQRPHQRORJ\�
�DOVR�E\�637���DQG�FRQWHPSRUDQHRXV�REVHUYDWLRQV�ZLWK�/667��DOVR�E\�637����

��

6XPPDU\


