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V\VWHPV� KDV� EHHQ� GLVFRYHUHG� WKDW� FRQVLVWV� LQ� UHJXODU� LQFUHDVLQJ� RI� JODVV�IRUPDWLRQ� DELOLW\� �*)$�� DQG�

JODVV�IRUPDWLRQ� UHJLRQV� ZLWK� LQFUHDVLQJ� RI� DWRPLF� QXPEHUV� �$1�� RI�:
,:
� HOHPHQWV�� *)$V� RI� VHYHUDO�

FKDOFRJHQLGH�DQG�R[LGH�V\VWHPV�KDYH�EHHQ�FDOFXODWHG�LQ�LQWHUYDOV�RI�VWXGLHG�SDUWV�RI�SKDVH�GLDJUDPV�LQ�

DFFRUGDQFH�ZLWK� WKH� 6DQ�5DZVRQ� FULWHULRQ��PRGLILHG� E\�0LQDHY�� �7KH� FDXVH�RI�*)$� LQFUHDVH� DW�$1�

LQFUHDVLQJ�KDV�EHHQ� UHYHDOHG� WKDW�FRQVLVWV� LQ� UHJXODU� LQFUHDVH�RI� WKH� LRQLF�FRPSRQHQW�RI� WKH�FKHPLFDO�
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,Q� ZRUNV� RI� SLRQHHUV� RI� FKDOFRJHQLGH� YLWUHRXV� VHPLFRQGXFWRUV� *RUMXQRYD� DQG�
.RORPLHWV� �� WKH�FRQFOXVLRQ�KDV�EHHQ�PDGH� WKDW� LQ�JODVV�IRUPLQJ�FKDOFRJHQLGH�V\VWHPV��
ZKLFK� DUH� GLIIHUHQW� IURP� HDFK� RWKHU� E\� D� FRPSRQHQW� RI� WKH� VDPH� VXEJURXS� RI� WKH�
3HULRGLF� 7DEOH� �,9$�� 9$�� 9,$��� WKH� JODVV�IRUPDWLRQ� UHJLRQ� UHJXODUO\� GHFUHDVHV� DW�
LQFUHDVLQJ�RI�WKH�DWRPLF�QXPEHU�RI�WKH�JLYHQ�HOHPHQW��

,Q� ZRUNV� RI� 0LQDHY�� VXPPDUL]HG� LQ� ��� VHYHUDO� LQYHUVLRQV� RI� WKLV� UHJXODULW\� LQ�
FKDOFRJHQLGH� JODVVHV� KDYH� EHHQ� UHYHDOHG�� IRU� H[DPSOH� WKH� LQYHUVLRQ� ´�WK� SHULRG� ²� �WK�
SHULRGµ� �´���µ��� LQ� SDUWLFXODU� ´3E�6Qµ� DQG� ´7O�,Qµ�� ZKLFK� FRQVLVWV� LQ� WKH� IDFW� WKDW� DW�
UHSODFHPHQW�RI�6Q�IRU�3E�RU�,Q�IRU�7O�LQ�ELQDU\�DQG�PXOWL�FRPSRQHQW�V\VWHPV�WKH�JODVV�
IRUPDWLRQ�UHJLRQ�LQFUHDVHV���

&RQFHUQLQJ� V\VWHPV�$,$�%9,$�� LW� KDV�EHHQ� DOUHDG\�NQRZQ� WKDW� LQ� WKH� V\VWHP�&V�6�
6E�6�� WKH� JODVV�IRUPDWLRQ� UHJLRQ� OLHV� LQ� UHJLRQV� RI� ����� DQG� ������ PRO��� 6E�6�� ��� ,W�
PHDQV� WKDW�&V�6�KDV�EHHQ�REWDLQHG� LQ�JODVV� VWDWH��%HVLGHV�� LQ� WKH�ZRUN� �� D� WHQGHQF\�RI�
DOOR\V�RI� WKH�&V�7H�V\VWHP�WR�JODVV�IRUPDWLRQ�KDV�EHHQ�UHYHDOHG�DW� LQYHVWLJDWLRQV�RI�WKH�
SKDVH�GLDJUDP������

'HVSLWH� H[WUHPHO\� OLPLWHG� H[SHULPHQWDO� PDWHULDO� LQ� WKH� 0LQDHY·V� ZRUN� ��� WKH�
SRVVLELOLW\�RI�V\VWHPDWLF�JODVV�IRUPDWLRQ� LQ� WKH�ZKROH�FRPSOH[�RI�FKDOFRJHQLGH�V\VWHPV�
ZLWK� ,$� VXEJURXS·V� HOHPHQWV� KDV� EHHQ� QHYHUWKHOHVV� FRQVLGHUHG�� 7KH� EDVHV� RI� VXFK�
FRQVLGHUDWLRQ� KDYH� EHHQ�� IURP� RQH� VLGH�� DERYH� PHQWLRQHG� GDWD�� GDWD� RQ� SUHVHQFH� RI�
JODVV�IRUPDWLRQ�LQ�WHUQDU\�V\VWHPV�ZLWK�DONDOLQH�PHWDO�EDVHG�RQ�WKH�$V�6H�V\VWHP�JLYHQ�LQ�
ZRUNV�RI�%RULVRYD���DQG�'HPERYVN\���DV�ZHOO�DV�GDWD�RI�.RNRULQD�DQG�RWKHUV���RQ�JODVV�
IRUPDWLRQ�LQ�&V�6�6E�6��DQG�5E�6�6E�6��V\VWHPV���)URP�WKH�RWKHU�VLGH��LQ�WKH�EHJLQQLQJ�
RI� HLJKWLHV� WKH� VWUXFWXUDO�HQHUJHWLF� FRQFHSW�RI� JODVV�IRUPDWLRQ� LQ�FKDOFRJHQLGH�JODVVHV� ��
KDV�EHHQ�DOUHDG\�ZRUNHG�RXW�DV�ZHOO�DV�WKH�XQGHUOLHG�6DQ�5RZVRQ·V�FULWHULRQ���PRGLILHG�
E\�0LQDHY�DQG�DOORZHG�WR�FDOFXODWH�*)$V�IRU�PXOWL�FRPSRQHQW�DOOR\V�����

�
���0RGLILHG�JODVV�IRUPDWLRQ�FULWHULRQ�RI�6DQ�5RZVRQ�

7KH�PRGLILHG� FULWHULRQ� ²� WKH� 6DQ�5RZVRQ�0LQDHY·V� FULWHULRQ� �650�� �� ²DOORZHG� WR�
SUHGLFW� DQG� WKHQ� H[SHULPHQWDOO\� UHYHDO� JODVV�IRUPDWLRQ� LQ� D�QXPEHU�RI�QHZ�ELQDU\� DQG�
WHUQDU\� FKDOFRJHQLGH� V\VWHPV� DQG� V\QWKHVL]H�QHZ� VHPLFRQGXFWRU� JODVVHV� ���� ,Q� WKH�QHZ�
650�FULWHULRQ�WKH�FKHPLFDO�ERQG�HQHUJ\�ZDV�UHSODFHG�IRU�WKH�FKHPLFDO��FRYDOHQW�LRQLF��
ELQGLQJ� HQHUJ\� RI� D� PROH� DYHUDJH� DWRPV� �(FE�� ZKLFK� FDQ� EH� H[SUHVVHG� DV� ÒFE�  �
�ÒDY���×DY��ðñò�ÒDY�²�WKH�DYHUDJH�FKHPLFDO�ERQG�HQHUJ\�LQ�DOOR\��×DY�²�WKH�DYHUDJH�YDOHQFH�
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FRRUGLQDWLRQ�QXPEHU�RI�WKH�´DYHUDJHµ�DWRP��WKH�DYHUDJH�QXPEHU�RI�FRYDOHQFH�LRQ�ERQGV�
SHU�DWRP���7KH�R[LGH�PHOWLQJ�WHPSHUDWXUH�ZDV�UHSODFHG�IRU�WKH�OLTXLGXV�WHPSHUDWXUH��ßO��
RI�WKH�JLYHQ�FRPSOH[�DOOR\�H[SUHVVHG�LQ�.HOYLQ��$V�WKH�UHVXOW��*)$�FDQ�EH�H[SUHVVHG�DV�
IROORZV���

� &&� �?FE���7O��� ��?DY���DDY��7O� ��Σ�0M�.M�(M������7O�Σ0M�������� ����

ZKHUH��(M�²�WKH�ERQG�HQHUJ\�RI�WKH�JLYHQ�W\SH����.M�²�WKH�FRRUGLQDWLRQ�QXPEHU�RI�DWRPV�
RI�WKH�JLYHQ�W\SH���0M�²�WKH�QXPEHU�RI�DWRPV�RI�WKH�JLYHQ�W\SH���

ÒFE�ZDV�FDOFXODWHG�RQ�WKH�EDVH�RI�HQHUJLHV�RI�FKHPLFDO�ERQGV�ÒÍ�Ï�SUHVHQWHG�E\�
3DXOLQJ� ��� DQG�%DWVDQRY� ���� ,Q� VRPH� FDVHV�ÒÍ�Ï� ZDV� FDOFXODWHG� LQ� DFFRUGDQFH�ZLWK� WKH�
3DXOLQJ·V�H[SUHVVLRQ������
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ZKHUH��âÍ�DQG�âÏ�²�HOHFWURQHJDWLYHQHVV�RI�$�DQG�%�DWRPV����

���)HDWXUHV�RI�JODVV�IRUPDWLRQ�LQ�FKDOFRJHQLGH�V\VWHPV�ZLWK�DONDOLQH�PHWDOV�

%RULVRYD���KDV�HVWDEOLVKHG�WKH�IDFW�RI�WKH�JODVV�IRUPDWLRQ�UHJLRQ�LQFUHDVH�LQ�V\VWHPV�
´DONDOLQH� PHWDO� �� $V�6H�µ� DW� LQFUHDVLQJ� RI� DWRPLF� QXPEHUV� RI� Í,$� HOHPHQWV�� ,W� ZDV�
SRVVLEOH�WR�DGG�����DW���/L�����DW���1D�DQG�XS�WR����DW���.�WR�WKLV�FRPSRXQG�ZLWKRXW�
FU\VWDOOL]DWLRQ���

$FFRUGLQJ� WR� 'HPERYVN\·V� GDWD� ��� WKH� JODVV�IRUPDWLRQ� UHJLRQ� LQ� WHUQDU\� V\VWHPV�
EDVHG�RQ�$V�6H�LQFUHDVHV�LQ�WKH�URZ�/L���1D���.���5E���&V���7KHVH�GDWD�DUH�LQ�FRQIOLFW�
ZLWK�WKH�JODVV�IRUPDWLRQ�UHJXODULW\�LQ�FKDOFRJHQLGH�V\VWHPV�ZLWK�HOHPHQWV�RI�$,,,��$,9��
$9� VXEJURXSV� RI� WKH� 3HULRGLF� 7DEOH� ��� ,Q� WKH�ZRUN� RI�0LQDHY� �� FDOFXODWLRQV� RI� JODVV�
IRUPDWLRQ� DELOLW\� LQ� ´DONDOLQH� PHWDO� ²� FKDOFRJHQµ� V\VWHPV� ZHUH� PDGH� XVLQJ� WKH� 6DQ�
5RZVRQ�0LQDHY·V�FULWHULRQ��

7KH�ERQG�HQHUJ\�Í,Í�Ï9,Í�LQFUHDVHV�DW�LQFUHDVLQJ�RI�DWRPLF�QXPEHUV�RI�FKDOFRJHQV��
IRU�H[DPSOH��N-�PROH��/L�²�7H��������1D�²�7H���������.�²�7H���������5E�²�7H���������&V�²�
7H����������GHVSLWH�WKH�ERQG�VWUHQJWK�EHWZHHQ�DONDOLQH�PHWDO�DWRPV�WKHPVHOYHV�GHFUHDVHV�
LQ�WKH�VDPH�GLUHFWLRQ�²�N-�PROH���/L�/L������1D�1D�����.�.�����5E�5E�����&V�&V��������
7KLV� IDFW� LV�H[SODLQHG�E\� WKDW�HOHFWURQHJDWLYHQHVV�RI�DONDOLQH�PHWDOV�GHFUHDVHV�DW�DWRPLF�
QXPEHU� LQFUHDVLQJ� �/L� ����� 1D� ����� .� ����� 5E� ����� &V� ����� ��� FDXVLQJ� LQFUHDVH� RI� WKH�
HOHFWURQHJDWLYHQHVV� GLIIHUHQFH� RI� WKH� ´DONDOLQH� PHWDO� ²� FKDONRJHQµ� FRXSOH�� WKH� LRQ�
FRPSRQHQW� RI� WKH� ERQG� DQG� LWV� WRWDO� HQHUJ\�� 'DWD� IRU� FDOFXODWLRQV� XVLQJ� OLTXLGXV�
WHPSHUDWXUHV� DUH� WDNHQ� IURP� NQRZQ� HTXLOLEULXP� GLDJUDPV� RI� Í,Í�Ï9,Í� V\VWHPV� �������
7HQGHQF\� WR� GHFUHDVLQJ� RI� OLTXLGXV� LQ� WKH� UDQJH�RI� DOOR\V�ZLWK�SUHGRPLQDQW� FKDOFRJHQ�
FRQWHQW�DW�LQFUHDVLQJ�RI�DWRPLF�QXPEHUV�RI�DONDOLQH�PHWDOV�LV�VSHFLILF�WR�WKHVH�GLDJUDPV����

&DOFXODWLRQV�RI�*)$�IRU�V\VWHPV�1D�7H��5E�7H�DQG�&V�7H��LQ�V\VWHPV�/L�7H�DQG�.�
7H�SKDVH�GLDJUDPV�KDYH�QRW�EHHQ�FRQVWUXFWHG��VKRZ�WKDW�JODVV�IRUPDWLRQ�UHJLRQV�PXVW�
EH�SUHVHQW�DW�WKH�FRROLQJ�UDWH�RI�����.�V
�DW�DOO�WKUHH�V\VWHPV���� LQ�WKH�UHJLRQ�RI�������
DW���1D��������DW���5E��������DW���&V�WKDW�PDNHV�������DQG����DW���FRUUHVSRQGLQJO\����

,Q� DFFRUGDQFH� ZLWK� WKH� SRLQW� RI� YLHZ� FRQFHUQLQJ� WKH� LQYHUVLRQ� QDWXUH� RI� JODVV�
IRUPDWLRQ����LQ�WKH�FDVH�RI�WHOOXULGH�V\VWHPV�ZH�DUH�DSSDUHQWO\�GHDOLQJ�ZLWK�WKH�QHZ�W\SH�
RI� LQYHUVLRQ� ²� WKH� FRQWLQXRXV� LQYHUVLRQ� ²� LQ� LQKHUHQW� WR� FKDOFRJHQLGH� V\VWHPV� UHJXODU�
GHFUHDVH�RI�*)$�DW� LQFUHDVLQJ�RI�HOHPHQW�DWRPLF�QXPEHUV����ZLWK�WKH�LQYHUVLRQ�DSSOLHG�
WR�DOO�HOHPHQWV�RI�WKH�,$�VXEJURXS����7KH�WHQGHQF\�WR�VLPLODU�LQYHUVLRQ�LV�OLNHO\�WR�H[LVW�LQ�
V\VWHPV�ZLWK�VXOIXU�DQG�VHOHQLXP�DV�ZHOO����

7KH� SUHGLFWLRQ� RI� JODVV�IRUPDWLRQ� LQ� ELQDU\� VHOHQLGH� V\VWHPV� ZLWK� DONDOLQH� PHWDOV�
PDGH� LQ� �� ZDV� H[SHULPHQWDOO\� FRQILUPHG� LQ� WKH� ZRUN� ��� IRU� &V�6H� V\VWHP�� 7KH�
FRQILUPDWLRQ� RI� WKH� FRUUHFWQHVV� RI� WKH� SUHGLFWLRQ� FRQFHUQLQJ� WKH� *)$� DQG� JODVV�
IRUPDWLRQ�UHJLRQV� LQFUHDVH�DW� LQFUHDVLQJ�RI�DWRPLF�QXPEHUV�RI�DONDOLQH�PHWDOV� LQ�ELQDU\�
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FKDOFRJHQLGH� V\VWHPV� LV� VLPLODU� LQFUHDVH� RI� JODVV�IRUPDWLRQ� UHJLRQV� LQ� WHUQDU\� V\VWHPV�
ZLWK�DONDOLQH�PHWDOV���$,$�²�$V�6H�����$,$���$V���6H����$,$���*H�²�6�����$,$���6E�²�6�������

�
���)HDWXUHV�RI�JODVV�IRUPDWLRQ�LQ�$�

,$
2���%[2\�V\VWHPV�

2[LGHV�$,$�2�IRUP�JODVVHV�ZLWK�%�2���6L2���*H2���3�2���7H2��DQG�RWKHU�R[LGHV�RI�
PDLQ�VXEJURXSV��,Q�V\VWHPV�ZLWK�6L2��

����*H2������3�2��
���WKH�VXIILFLHQWO\�FOHDU�WHQGHQF\�

RI�JODVV�IRUPDWLRQ�UHJLRQ�LQFUHDVH�DW�LQFUHDVLQJ�RI�$,$�DWRPLF�QXPEHUV�LV�REVHUYHG��)RU�
H[DPSOH�� LQ� V\VWHPV� ZLWK� 6L2�� WKH� H[WHQVLRQ� RI� JODVV�IRUPDWLRQ� UHJLRQV� LV� �LQ� PROH�
SHUFHQWV���ZLWK�/L�2�������1D�2�������.�2��������5E�2�������&V�2�������6XFK�WHQGHQF\�
LV�VLJQLILFDQWO\�OHVV�GHYHORSHG�LQ�WKH�V\VWHP�ZLWK�Ï�Û���,Q�V\VWHPV�ZLWK�7H2��WKH�UHYHUVH�
WHQGHQF\� LV� DFWXDOO\� GHYHORSHG�� ([SODQDWLRQ� RI� IHDWXUHV� RI� JODVV�IRUPDWLRQ� LQ� OLVWHG�
V\VWHPV�UHTXLUHV�D�VHULRXV�DQDO\VLV�HDFK�RI�WKHP�VHSDUDWHO\�ZLWK�VXEVHTXHQW�JHQHUDOL]HG�
FRQVLGHUDWLRQ�RI�DOO�JODVV�IRUPLQJ�V\VWHPV���

,Q� WKLV�ZRUN�ZH�ZLOO� FRQVLGHU� LQ�GHWDLOV�$,$�2���6L2�� V\VWHPV� IRU�ZKLFK� WKH�PRVW�
GHWDLOHG�GDWD�RQ�JODVV�IRUPDWLRQ�ZHUH�REWDLQHG�LQ�WKH�ZRUN������*ODVVHV�ZHUH�REWDLQHG�E\�
FRROLQJ� LQ� DLU� RI� PHOW� SODFHG� LQ� D� SODWLQXP� FUXFLEOH�� %HFDXVH� FRQGLWLRQV� RI� JODVV�
IRUPDWLRQ�LQ�DOO�V\VWHPV�DUH�WKH�VDPH��LW�LV�REYLRXV�WKDW�WKH�UHDVRQ�RI�GLIIHUHQW�DELOLW\�WR�
JODVV�IRUPDWLRQ�LV� LQ�WKH�R[LGH�PRGLILHU�DQG�LQ�IHDWXUHV�RI�LWV� LQWHUDFWLRQ�ZLWK�WKH�JODVV�
IRUPLQJ�R[LGH�����

8QOLNH� FKDOFRJHQLGH� V\VWHPV� ZKHUH� WKH� ERQG� HQHUJ\� LQFUHDVHV� DW� LQFUHDVLQJ� RI�
DWRPLF� QXPEHUV� GXH� WR� LQFUHDVLQJ� RI� WKH� LRQ� SDUW� RI� WKH� FRYDOHQFH� ERQG�� WKH�$,$��2�
ERQG�HQHUJ\�LQ�R[LGH�V\VWHPV�GHFUHDVHV���LQVLJQLILFDQWO\��WKRXJK��DW�LQFUHDVLQJ�RI�DWRPLF�
QXPEHUV�� /L�2� �������1D�2��������.�2��������5E�2��������&V�2������� �LQ� N-�PROH���
$OWKRXJK��OLNH�FKDOFRJHQLGH�V\VWHPV��WKH�LRQ�SDUW�RI�WKH�FRYDOHQFH�LRQ�ERQG�LQFUHDVHV�DW�
LQFUHDVLQJ�RI�DWRPLF�QXPEHUV��7KH�FRYDOHQFH�LRQ�ELQGLQJ� LQ�$,$�2�R[LGHV�GHFUHDVHV�DW�
LQFUHDVLQJ�RI�$,$�DWRPLF�QXPEHUV��%XW�WKH�PHOWLQJ�WHPSHUDWXUHV�RI�R[LGHV��/L����������
�&��1D�����������&���.���²�������&��5E����������&�����DQG�WKH�OLTXLGXV�WHPSHUDWXUH�DW�WKH�
SKDVH�GLDJUDP�GHFUHDVHV�VLPXOWDQHRXVO\�LQ�WKLV�URZ�DQG��DV�WKH�UHVXOW��WKH�JODVV�IRUPDWLRQ�
DELOLW\�RI�DOOR\V�DQG�FRUUHVSRQGLQJ�WKH�JODVV�IRUPDWLRQ�UHJLRQV�H[SDQG������

$QDO\]LQJ�WKH�$,$�2�6L2��V\VWHP�RQ�WKH�EDVH�RI�WKH�6XQ�5RZVRQ�0LQDHY�FULWHULRQ�
DQG�DOWHUDWLRQ�RI�WKH�FKHPLFDO�ERQG�Í,$�2�DV�ZHOO�DV�Í,$�FKDOFRJHQ�ERQGV�DW�LQFUHDVLQJ�
RI�DWRPLF�QXPEHUV�RI�DONDOLQH�PHWDOV�� LW�FDQ�EH�SUHVXPHG�WKDW� WKH�FRYDOHQW�SDUW�RI� WKH�
FKHPLFDO�ERQG�Í,$�2�DQG�LWV�GHFUHDVH�DW�LQFUHDVLQJ�RI�DWRPLF�QXPEHUV�DUH�WKH�FDXVH�RI�
GHFUHDVH�RI�PHOWLQJ� WHPSHUDWXUHV�RI�$,$�2�DQG� OLTXLGXV� WHPSHUDWXUHV� LQ�FRUUHVSRQGLQJ�
V\VWHPV� WKDW� LQ� DFFRUGDQFH� ZLWK� WKH� 650� FULWHULRQ� IDFLOLWDWHV� LQFUHDVH� RI� WKH� JODVV�
IRUPDWLRQ� DELOLW\� RI� DOOR\V��$QG� LWV� LRQ� SDUW� LQFUHDVHV� ERWK� WKH� HQHUJ\�RI� DQ� LQGLYLGXDO�
FKHPLFDO� ERQG� DQG� WKH� HQHUJ\� RI� WKH� WRWDO� FRYDOHQFH�LRQ� ELQGLQJ� RI� DOOR\� WKDW� DOVR�
LQFUHDVHV�WKH�WHQGHQF\�WR�JODVV�IRUPDWLRQ���

%DVLQJ�RQ�UHVXOWV�RI�WKH�DERYH�PHQWLRQHG�DQDO\VLV�RI�*)$�IURP�WKH�650�FULWHULRQ�
DQG�H[WHQVLRQV�RI�H[SHULPHQWDO�UHJLRQV�RI�JODVV�IRUPDWLRQ��LW�LV�SRVVLEOH�WR�SUHGLFW�JODVV�
IRUPDWLRQ�LQ�V\VWHPV�$,$�2�ZLWK�*D�2���$O�2���$V�2��DQG�6E�2��ZKHUH�JODVV�IRUPDWLRQ�
KDV�QRW�\HW�EHHQ�UHYHDOHG���

&RQFOXVLRQV���

���%DVHG�RQ�WKH�6XQ�5DZVRQ�0LQDHY�FULWHULRQ�WKH�SUHGLFWLRQ� LV�SURSRVHG�RQ�JODVV�
IRUPDWLRQ� LQ� SUDFWLFDOO\� DOO� V\VWHPV� $,$�%9,$� DV� ZHOO� DV� WKH� WHQGHQF\� WR� H[SDQVLRQ� RI�
JODVV�IRUPDWLRQ� UHJLRQV� DQG� *)$� RI� WKHVH� DOOR\V� DW� LQFUHDVLQJ� RI� DWRPLF� QXPEHUV� RI�
DONDOLQH�PHWDOV�� �7KH�QHZ�W\SH�RI� LQYHUVLRQ� ��WKH�FRQWLQXRXV� LQYHUVLRQ��� LQ� LQKHUHQW� WR�
FKDOFRJHQLGH� V\VWHPV� UHJXODU� GHFUHDVH� RI� *)$� DW� LQFUHDVLQJ� RI� DWRPLF� QXPEHUV� RI�
HOHPHQWV�KDV�EHHQ�UHYHDOHG��
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��� 7KH� WHQGHQF\� KDV� EHHQ� HVWDEOLVKHG� WR� LQFUHDVLQJ� RI� JODVV�IRUPDWLRQ� UHJLRQV� LQ�
ELQDU\�V\VWHPV�$,$�2���6L2���$,$�2���*H2���$,$����3�2��DW�LQFUHDVLQJ�RI�DWRPLF�QXPEHUV�
RI�DONDOLQH�PHWDOV�EDVHG�RQ�H[SHULPHQWDO�GDWD����FRQIRUPHG�E\�FDOFXODWLRQV�RI�*)$�IURP�
WKH�650�FWLWHULRQ��

���7KH�SUHGLFWLRQ�KDV�EHHQ�SURSRVHG�FRQFHUQLQJ�JODVV�IRUPDWLRQ� LQ�V\VWHPV�$,$�2�
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