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&RPSXWLQJ� 6FLHQFH�

3URWRWHLQV�

%ULDQ�+D\HV�

�� Q\RQH�ZKR� KDV� HYHU� VWUXJJOHG� WR�IROG�D�
�Z�� URDGPDS� VKRXOG� KDYH� DQ� H[WUD�PHDVXUH�

"� ���RI�UHVSHFW� IRU�SURWHLQ�PROHFXOHV�� ZKLFK�
IROG�XS� DOO�RQ� WKHLU�RZQ� DQG�SUDFWLFDOO\�SXW� WKHP�
VHOYHV�DZD\� LQ�WKH�JORYH�ER[��3URWHLQ� IROGLQJ�LV�VR�

UHPDUNDEO\� HIILFLHQW� WKDW� LW�KDV� EHHQ� FDOOHG� D�

SDUDGR[�� 7KLUW\�\HDUV� DJR�&\UXV� /HYLQWKDO� SRLQW�
HG� RXW� WKDW�D� W\SLFDO� SURWHLQ�PROHFXOH� KDV� VR�

PDQ\� SRVVLEOH� FRQILJXUDWLRQV� WKDW�LW�ZRXOG� QHHG�
HRQV� WR�H[SORUH� DOO� RI� WKHP�DQG� ILQG� WKH�EHVW�

VKDSH�� \HW�SURWHLQV� IROG�LQ�VHFRQGV��

/RRNLQJ� DW� WKH�WDQJOHG� ORRSV� DQG� FRLOV� RI�D�
IROGHG� SURWHLQ�� \RX�PLJKW� LPDJLQH� WKDW� WKH�

DUUDQJHPHQW� LV�KDSKD]DUG"OLNH� D� UDQGRPO\�
FUXPSOHG� PDS� UDWKHU� WKDQ� D�SURSHUO\� IROGHG�
RQH"EXW� LQ�IDFW�HYHU\� WZLVW�DQG� WXUQ�LV�SUHFLVHO\�
VSHFLILHG��&KHPLFDOO\�� D�SURWHLQ� LV�D� OLQHDU�SRO\�
PHU�� D� VHTXHQFH� RI�WKH�VPDOOHU�PROHFXOHV� FDOOHG�
DPLQR� DFLGV��ZKLFK� DUH� MRLQHG� HQG� WR�HQG� OLNH�

SRS�EHDGV�� 7KH� VHTXHQFH� RI�DPLQR� DFLGV� LV�WKH�

RQO\� LQIRUPDWLRQ�DERXW� WKH�SURWHLQ� HQFRGHG� LQ�
WKH�JHQHV�� EXW� WKH�SURWHLQ� FDQ�GR� LWV�MRE�RQO\� LI�
WKH�RQH�GLPHQVLRQDO� FKDLQ� RI�DPLQR� DFLGV� IROGV�
LQWR�WKH�FRUUHFW�WKUHH�GLPHQVLRQDO� VWUXFWXUH��$S�
SDUHQWO\� WKH�VHTXHQFH� DORQH� LV�HQRXJK� WR�JXLGH�
WKH�IROGLQJ�� ,I�WZR�SURWHLQ�PROHFXOHV� KDYH� WKH�
VDPH� VHTXHQFH�� WKH\�IROG�XS� LQWR�WKH�VDPH� VKDSH��
2QH� ZD\� WR�JDLQ� D�EHWWHU�DSSUHFLDWLRQ� RI�WKH�

SURWHLQ�PROHFXOH
V� NQDFN� IRU�IROGLQJ� LV�WR�VLPX�
ODWH� LW�ZLWK� D� FRPSXWHU� SURJUDP�� 7KH�PRVW� GH�
WDLOHG�VLPXODWLRQV� WUDFN�WKH�PRWLRQ� RI�HYHU\�DWRP�
DQG� WU\�WR�UHSURGXFH�DOO�WKH�FKHPLVWU\�DQG�SK\VLFV�
JRLQJ�RQ� LQ�WKH�V\VWHP��7KH�XOWLPDWH�JRDO� LV�WR�SUH�
GLFW� WKH�QDWLYH� VWUXFWXUH�RI�WKH�SURWHLQ�EDVHG� RQ�

QRWKLQJ�PRUH� WKDQ�WKH�VHTXHQFH� RI�DPLQR� DFLGV��

8QIRUWXQDWHO\��WKDW�JRDO� LV�D�GLVWDQW�RQH��7KH�PRG�
HOV�UHTXLUH�KRXUV�RI�FRPSXWHU� WLPH�MXVW�WR�VLPXODWH�
D�IHZ�SLFRVHFRQGV� RI�PROHFXODU� G\QDPLFV��

,�KDYH� EHHQ� H[SORULQJ� D�SURWHLQ�PRGHO� DW� WKH�
RWKHU�HQG� RI�WKH�FRPSOH[LW\� VFDOH"D� PLQLPDOLVW�

PRGHO�� ZKHUH� HYHU\�DVSHFW� RI� WKH�VLPXODWLRQ� LV�
UHGXFHG� WR�LWV�VLPSOHVW�SRVVLEOH� IRUP��$�PRGHO� VR�
DEVWUDFW�FDQQRW� UHYHDO� DQ\WKLQJ� DERXW� WKH�VWUXF�
WXUH�RI�SDUWLFXODU� SURWHLQ�PROHFXOHV"LW� FDQQRW�
VKRZ� KRZ� LQVXOLQ� RU�P\RJORELQ� IROGV"EXW� LW�

%ULDQ� +D\HV� LV�D� IRUPHU� HGLWRU� RI�$PHULFDQ� 6FHQWLVW��

$GGUHVV�� ����'DFL"Q� $YHQXH�� 'XUKDP�� 1&� ������� ,QWHUQHW��

EKD\HV#DPVFL�RUJ��

PD\� RIIHU�FOXHV� WR�VRPH�JHQHUDO�SULQFLSOHV� RI�SUR�
WHLQ�IROGLQJ�� )RU� H[DPSOH�� RQH�PLJKW� KRSH� WR�
OHDUQ�ZKDW� NLQGV� RI�DPLQR� DFLG� VHTXHQFHV� OHDG� WR�
D� VWDEOH�DQG� FRPSDFW�PROHFXOH��

7KH� JUHDW�DGYDQWDJH� RI�D� UHDOO\�VLPSOH�PRGHO�
LV�WKDW�\RX� FDQ� VROYH� LW�H[DFWO\��DW� OHDVW�IRU�VKRUW�
FKDLQV� RI�DPLQR� DFLGV�� <RX� FDQ� H[DPLQH� HYHU\�
SRVVLEOH� IROGLQJ�RI�HYHU\�SRVVLEOH� VHTXHQFH�� SLFN�
LQJ�RXW� WKH�RQHV� RI�LQWHUHVW��<RX� FDQ�NQRZ�ZLWK�

FHUWDLQW\�ZKLFK� FRQILJXUDWLRQV�KDYH� WKH�PRVW� ID�
YRUDEOH� SURSHUWLHV��
$QRWKHU� DGYDQWDJH� RI�D�PLQLPDOLVW�PRGHO� LV�WKDW�

\RX�GRQ
W�KDYH� WR�EH�DQ�H[SHUW�LQ�SURWHLQ�FKHPLVWU\�
RU�PROHFXODU� G\QDPLFV� WR�SOD\�ZLWK� LW��$� FXULRXV�
DPDWHXU�FDQ�ZULWH�D�UXGLPHQWDU\�SURJUDP� LQ�D�IHZ�

GD\V� RU�ZHHNV�� DQG� UXQ�LW�RQ�FRPPRQO\� DYDLODEOH�

PDFKLQHU\�� ,QGHHG�� WKH�VLPSOLILHG�SURWHLQ� VWUXF�
WXUHV�DUH�VR�ZHOO� VXLWHG�WR�WKH�QHHGV� RI�WKH�DPDWHXU�
WKDW�,�DP� WHPSWHG� WR�FDOO� WKHP�DPWHLQV"WKH\
UH�
QRW�TXLWH� UHDG\� WR�WXUQ�SUR�\HW��+RZHYHU�� ,�KDYH�
EHHQ�SHUVXDGHG� WR�FKRRVH�D�QDPH� VOLJKWO\�OHVV�IDFH�
WLRXV��DQG� VR�,�VKDOO�FDOO�WKHP�SURWRWHLQV��

)RXUVTXDUH� )ROGLQJ�
7KH� VSHFLILF�PRGHO� ,
YH�EHHQ� WR\LQJ�ZLWK�ZDV� GH�
YLVHG� ���\HDUV� DJR�E\�.HQ�$�� 'LOO� RI�WKH�8QLYHU�

VLW\�RI�&DOLIRUQLD� DW�6DQ� )UDQFLVFR��ZKR� KDV� FRQ�
WLQXHG� WR�H[SORUH� LW�VLQFH� WKHQ�ZLWK� WKH�KHOS� RI�
VHYHUDO� FROOHDJXHV��$OPRVW� DOO�RI�P\� H[SHULPHQWV�
PHUHO\� UHSOLFDWH� WKHLU�HDUOLHU�ZRUN��

'LOO
V� PROHFXOHV� ZRXOG� QRW�EH� UHFRJQL]HG� DV�

SURWHLQV� E\�D�ELRFKHPLVW� �RU�E\� D� ULERVRPH�� IRU�
WKDW�PDWWHU��� 7KH\� DUH� UDGLFDOO\� VLPSOLILHG� LQ�
WKUHH� ZD\V��

)LUVW��ZKHUHDV� UHDO�SURWHLQV� DUH� FRQVWUXFWHG�
IURP����NLQGV� RI�DPLQR� DFLGV� �ZKLFK� GLIIHU� LQ�

VL]H��VKDSH�� HOHFWULF�FKDUJH��DIILQLW\�IRU�ZDWHU� DQG�
RWKHU� SURSHUWLHV��� WKH�EXLOGLQJ� EORFNV� RI�SUR�
WRWHLQV�FRPH� LQ�MXVW�WZR�IODYRUV��'LOO� GHVLJQDWHV�
WKHP�+� DQG� 3�� IRU�+\GURSKRELH�DQG� SRODU�� WKH�+�
XQLWV� UHSHO�ZDWHU�ZKLOH� WKH� XQLWV�DWWUDFW�LW��

6HFRQG�� WKH�YDULRXV� IRUFHV� DFWLQJ� EHWZHHQ�
DPLQR� DFLGV� LQ�SURWHLQV� �HOHFWURVWDWLF�DWWUDFWLRQV�
DQG� UHSXOVLRQV�� K\GURJHQ� ERQGV�� VROYHQW� LQWHU�
DFWLRQV�� DUH�UHGXFHG� LQ�SURWRWHLQV� WR�D�VLQJOH�UXOH��
+
V� OLNH� WR�VWLFN� WRJHWKHU��7KH� XQLWV� LQ�SUR�
WRWHLQV�DUH� LQHUW��QHLWKHU�DWWUDFWLQJ�QRU�UHSHOOLQJ��
7KLUG��SURWRWHLQV� GR� WKHLU�IROGLQJ�RQ�D� ODWWLFH��

DV� LI�WKH�PROHFXOHV� ZHUH� ODLG�RXW�RQ�JUDSK�SDSHU��

$PHULFDQ� 6FLHQWLVW�� 9ROXPH� ���



7KLQN� RI�WKH�+
V� DQG�3
V� DV�FRORUHG�GRWV�SODFHG� DW�
WKH�JULG�SRLQWV� RI�WKH�ODWWLFH��WKH�FKHPLFDO� ERQGV�
LQ�WKH�EDFNERQH� RI�WKH�SURWRWHLQ� DUH� OLQHV�GUDZQ�
RQ� WKH�JULG� WR�FRQQHFW� WKH�GRWV�� &RQILQLQJ� WKH�
PROHFXOHV� WR�D� ODWWLFH� LV�D�PDMRU� FRPSXWDWLRQDO�
FRQYHQLHQFH�� ,W�NHHSV� WKH�QXPEHU� RI�FRQILJXUD�
WLRQV�ILQLWH��,I�WKH�FKDLQ� FRXOG� EHQG� DQG� WZLVW�LQ�
FRQWLQXRXV� VSDFH�� WKHUH�ZRXOG� EH�QR� FOHDU�ZD\� RI�

FRXQWLQJ� WKH�DUUDQJHPHQWV�� DQG�\RX� FRXOG�QHYHU�
EH� VXUH�\RX� KDG� WULHG�WKHP�DOO��'LOO� DQG� RWKHUV�
KDYH� H[SORUHG� VHYHUDO� ODWWLFH�JHRPHWULHV� LQ�ERWK�
WZR�DQG� WKUHH�GLPHQVLRQV�� 0\� RZQ� H[SHULPHQWV�
DOO� LQKDELW� WKH� WZR�GLPHQVLRQDO� VTXDUH� ODWWLFH��
ZKLFK� LV�WKH�VLPSOHVW��

'RWV� DQG� OLQHV�RQ�JUDSK�SDSHU�� 7KDW
V� UHDOO\�DOO�
WKHUH�LV�WR�D�SURWRWHLQ��2U� HOVH� WKH�PRGHO� FRXOG�EH�
GHVFULEHG� LQ�WHUPV�RI�FRORUHG� EHDGV�� ODLG�GRZQ�
RQ� D�ERDUG�ZLWK� D�JULGOLNH�SDWWHUQ�RI�GLPSOHV� WR�
KROG� WKH�EHDGV� LQ�SODFH�� 7R�EXLOG� D� VHTXHQFH� RI�
DPLQR� DFLGV��\RX� VWULQJ�WRJHWKHU� �EHDGV� DQG�3�
EHDGV� LQ�ZKDWHYHU� RUGHU�\RX� FKRRVH�� 7R� IROG�WKH�
PROHFXOH�� \RX� DUUDQJH� WKH�VWULQJ�RI�EHDGV� RQ� WKH�
ODWWLFH�ERDUG�� 7KH� VWULQJ�LV�QRW�DOORZHG� WR�VWUHWFK�
RU�EUHDN��DQG� VR�VXFFHVVLYH� EHDGV� LQ�WKH�VHTXHQFH�
KDYH� WR�RFFXS\� QHDUHVW�QHLJKERU� VLWHV�RQ� WKH�ODW�
WLFH��1R� WZR�EHDGV� FDQ�EH� SLOHG� XS� DW� WKH�VDPH�

VLWH��DQG� VR�WKH�FKDLQ�FDQQRW� FURVV� LWVHOI��,I�WZR�+�
EHDGV� WKDW�DUH�QRW�DGMDFHQW�ZLWKLQ� WKH�OLQHDU�VH�

TXHQFH�ZLQG� XS� RQ�DGMDFHQW� VLWHV�DIWHU�WKH�FKDLQ� LV�
IROGHG��WKHLU�DWWUDFWLRQ�FUHDWHV�D�FURVV�OLQN��RU�FRQ�
WDFW��WKDW�KHOSV� WR�VWDELOL]H� WKH�PROHFXOH�� )ROGLQJV�
WKDW�JLYH� ULVH� WR�PDQ\� VXFK� FRQWDFWV� DUH� IDYRUHG�
RYHU� WKRVH�ZLWK� IHZ�FRQWDFWV��

6LPSOH� DQG� DEVWUDFW� WKH�PRGHO� VXUHO\� LV"VR�
PXFK� VR� WKDW�\RX� FDQ
W� KHOS�ZRQGHULQJ� LI�WKH�

SURFHVV� RI�DEVWUDFWLRQ� KDVQ
W� VXFNHG� DOO� WKH�OLIH�
RXW� RI� LW��7KH� VTXDUHG�RII�� IODWWHQHG�PROHFXOHV�

FHUWDLQO\�GRQ
W� ORRN�YHU\�ELRORJLFDO�� %XW� WKH�SURRI�
RI�WKH�SURWRWHLQ� LV�LQ�WKH�IROGLQJ��

6HOI�$YRLGDQFH�
$� SURJUDP� IRU�VWXG\LQJ�SURWRWHLQV�KDV� WZR�PDLQ�
WDVNV�WR�DFFRPSOLVK�� 7KH� ILUVW�FKRUH� LV�WR�JHQHUDWH�
DOO�SRVVLEOH� VHTXHQFHV� RI�+
V� DQG�3
V�� 7KLV�SDUW� LV�

HDV\�� LW
V�MXVW�ELQDU\� FRXQWLQJ��$Q\� SURWRWHLQ� VH�

TXHQFH� RI� OHQJWK�U�FDQ�EH�PDSSHG� RQWR� DQ� U�ELW�

ELQDU\�QXPEHU�� VLPSO\�E\�UHSODFLQJ� HDFK� ��LQ�WKH�

ELQDU\� UHSUHVHQWDWLRQ� RI� WKH�QXPEHU�ZLWK� DQ�+��
DQG� HDFK� ��ZLWK� D�3��7KH� FRPSOHWH� VHW�RI�U�ELW�VH�

TXHQFHV� LV�HQXPHUDWHG� E\� FRXQWLQJ� IURP��� WR�
�U�O��)RU�H[DPSOH�� LQ�WKH�FDVH�R"U� ���WKHUH�DUH����

VHTXHQFHV�� VWDUWLQJ�ZLWK� 33333�� 3333+� DQG�33�
3+3�� DQG� FRQWLQXLQJ� WKURXJK�+++++��

7KH� SURJUDP
V� VHFRQG� WDVN� LV�WR�JHQHUDWH� DOO�

SRVVLEOH� IROGLQJV�RI�HDFK� VHTXHQFH�� 7KLV� LV�D� OLWWOH�
PRUH� FKDOOHQJLQJ��$� IROGLQJ�LV�PRGHOHG� E\�D�VHOI�

DYRLGLQJ�ZDON�� D�SDWK� WKURXJK�WKH�ODWWLFH�WKDW�YLV�
LWV�QR� VLWH�PRUH� WKDQ�RQFH��7KH� VKRUWHVW�VHOI�DYRLG�

LQJ�ZDONV� DUH�HDV\� WR�DQDO\]H��2Q� WKH�VTXDUH� ODWWLFH�
WKHUH�DUH�H[DFWO\�IRXU�VHOI�DYRLGLQJ�ZDONV� RQH� VWHS�
ORQJ��QDPHO\� WKH�ZDONV� WKDW�PRYH� RQH� VLWH�QRUWK��
HDVW��ZHVW� RU� VRXWK� RI� WKH�RULJLQ�� (DFK� RI� WKHVH�
ZDONV� FDQ�EH� H[WHQGHG� LQ�WKUHH�GLIIHUHQW�ZD\V� WR�
IRUP�WZR�VWHS�ZDONV�� 7KH�ZDON� WKDW�EHJLQV�ZLWK�
DQ�HDVWZDUG� VWHS�FDQ�FRQWLQXH�ZLWK� D�VHFRQG� VWHS�
WR�WKH�HDVW��QRUWK�RU�VRXWK�� LW�FDQQRW�JR�ZHVW�� EH�

)LJXUH� ���)ROGHG� SURWRWHLQ� VHTXHQFHV� DUH� UHSUHVHQWHG� E\� UHG� DQG� EOXH� EHDGV� OLQNHG� LQ�D� FKDLQ� DQG� DUUDQJHG� RQ� D� ODW�
WLFH��7KH� UHG�+� EHDGV� IRUP� VWDELOL]LQJ� FRQWDFWV� �GRWWHG�ZKLWH� OLQHV��ZKHQHYHU� WKH�IROGLQJ� EULQJV� WKHP� WRJHWKHU� DV�QHDU�
HVW� QHLJKERUV�� WKH� EOXH� EHDGV� KDYH� QR� VXFK� LQWHUDFWLRQV�� $OO� WKH� FKDLQV� KHUH� DUH� ��� EHDGV� ORQJ�� 7KH� XSSHU� SDQHO�
VKRZV� VRPH� RI� WKH����� H[FHSWLRQDOO\� VWDEOH� IROGLQJV� RI���� VHTXHQFHV� WKDW�PD[LPL]H� WKH�QXPEHU� RI�+�+� FRQWDFWV�� ,Q� WKH�
ORZHU� SDQHO� DUH� D� IHZ� RI� WKH�RWKHU� �������������������� FRPELQDWLRQV� RI� VHTXHQFHV� DQG� IROGLQJV�� VHOHFWHG� DW�UDQGRP��

����� 0D\�-XQH� ����



FDXVH� LW�ZRXOG� EH� UHWUDFLQJ�LWV�RZQ� VWHSV��DQG� WKDW�
LV�IRUELGGHQ��7KXV� WKHUH�DUH��� �� � ���ZDONV� RI�
WZR�VWHSV�HDFK��7KH� VDPH�NLQG�RI�UHDVRQLQJ� VKRZV�
WKHUH�DUH� ��� WKUHH�VWHS�ZDONV�� %XW� EH\RQG� WKLV�

SRLQW� WKH�FRXQWLQJ�EHJLQV� WR�JHW�PHVV\�� &RQVLGHU�
WKH�WKUHH�VWHS�ZDON� WKDW�JRHV�ILUVW�HDVW��WKHQ�QRUWK��
WKHQ�ZHVW�� 2Q� WKH�IRXUWK�VWHS� WKLV�ZDON� FDQQRW�
WXUQ�HDVW��VLQFH� WKDW�ZRXOG� FRQVWLWXWH�LOOHJDO�EDFN�

WUDFNLQJ��,W�DOVR� FDQQRW�JR� VRXWK�� VLQFH� LW�ZRXOG�

WKHUHE\�UHWXUQ�WR�WKH�RULJLQ"D� VLWH�LW�KDV� DOUHDG\�
YLVLWHG��+HQFH� WKHUH�DUH�RQO\� WZR�DYDLODEOH� GLUHF�
WLRQV�IRU�WKLV�SDUWLFXODU�ZDON��ZKHUHDV� VRPH�RWKHU�
ZDONV� VWLOO�KDYH� WKUHH�RSWLRQV�� ,W�JHWV�HYHQ�ZRUVH��
$�ZDON� FDQ�ER[� LWVHOI�LQ�VR� WKDW�WKHUH�DUH�QR� OHJDO�
PRYHV�� DQG� WKH�ZDON� KDV� WR�EH�DEDQGRQHG��

:KHQ� ,�EHJDQ� H[SHULPHQWLQJ�ZLWK� DOJRULWKPV�
IRU�VHOI�DYRLGLQJ�ZDONV�� ,�IRXQG� WKHP�VR�GLYHUW�

LQJ�WKDW�,�WKRXJKW� ,�PLJKW� QHYHU� JHW�EDFN� WR�WKH�

ODUJHU�SURMHFW� RI�IROGLQJ�SURWHLQV�� ,�FRXOG� HDVLO\�
ILOO�XS� DQ� HQWLUH� FROXPQ� ZLWK� VHOI�DYRLGLQJ�
ZDONV"DQG� VR� WKDW�LV�ZKDW� ,�KDYH� GHFLGHG� WR�GR��
,�ZLOO�PDNH� WKHP�WKH�VXEMHFW�RI�D� IXWXUH�FROXPQ��
DQG�KHUH�JLYH�RQO\�D�EULHI�VXPPDU\� RI�KRZ� WKH\�
ILW�LQWR�WKH�ZRUOG� RI�SURWRWHLQV��
7R� VXUYH\�DOO�SRVVLEOH� IROGLQJV�RI�D�SURWRWHLQ�RI�

U�EHDGV�� \RX�PXVW� JHQHUDWH�DOO�VHOI�DYRLGLQJ�ZDONV�
RI�U��� VWHSV��7KHUH� LV�QR� VKRUWFXW�IRU�SURGXFLQJ�
WKH�FRPSOHWH� VHW�RI�ZDONV�� \RX�KDYH� WR�HQXPHUDWH�
WKHP�DOO��$QG� HDFK� WLPH�\RX� DGG� D�VWHS��\RX�KDYH�
WR�FKHFN�WR�PDNH� VXUH�WKH�GHVWLQDWLRQ� VLWH�LV�QRW�DO�

UHDG\�RFFXSLHG�� 7KHUH� DUH� WULFNV�IRU�VSHHGLQJ� XS�
WKH�SURFHVV�� EXW� QRQH� RI� WKHP� IXQGDPHQWDOO\�
FKDQJH� WKH�QDWXUH�RI�WKH�DOJRULWKP��
$V� WKH�ZDONV� JHW� ORQJHU��WKH�HIIRUW�RI�FRXQWLQJ�

WKHP�JURZV� H[SRQHQWLDOO\�� DGGLQJ� RQH� VWHS�PXOWL�

SOLHV� WKH�QXPEHU� RI�ZDONV� E\�DERXW������7KURXJK� D�

SURGLJLRXV� IHDW�RI�FRPSXWLQJ��$��5��&RQZD\� DQG�
$�� -��*XWWPDQQ� KDYH� FRXQWHG� DOO� WKH�VHOI�DYRLGLQJ�
ZDONV� RI�XS� WR����VWHSV� �WKHUH�DUH�PRUH� WKDQ��������
EXW� IRU�WKH�DPDWHXU� LQ�VHOI�DYRLGDQFH� WKH�SUDFWLFDO�
OLPLW�LV�SUREDEO\� EHWZHHQ� ���DQG� ���VWHSV�� ,I�\RXU�

)LJXUH� ��� 6SHFWUXP� RI� DOO� SRVVLEOH� IROGLQJV� RI�QLQH�EHDG� SURWRWHLQV�

DUUDQJHV� ���� VHTXHQFHV� DORQJ� WKH�KRUL]RQWDO� D[LV� DQG� ���� IROGLQJV� RQ�

WKH�YHUWLFDO� D[LV�� &RORUV� HQFRGH� WKH�QXPEHU� RI�+�+� FRQWDFWV�� IURP�EOXH�

�]HUR� FRQWDFWV�� WKURXJK� UHG��RUDQJH� DQG� \HOORZ� WR�ZKLWH� �IRXU�FRQWDFWV���

FRPSXWHU�KDV� HQRXJK�PHPRU\��\RX� FDQ�VWRUH�D� OLVW�
RI�ZDONV� UDWKHU�WKDQ�UHJHQHUDWH�WKHP�IRU�HDFK�SUR�
WRWHLQ�VHTXHQFH�� WKLV�VDYHV� D�JUHDW�GHDO� RI�WLPH��

6\PPHWULHV� FDQ� UHGXFH� WKH�QXPEHU� RI�ZDONV�

\RX�QHHG� WR�JHQHUDWH� RU�VWRUH��)RU� WKH�SXUSRVHV� RI�
PROHFXODU� PRGHOLQJ�� WDNLQJ� WZR� VWHSV� HDVW� DQG�
RQH� VWHS�QRUWK�LV�QR�GLIIHUHQW�IURP�JRLQJ� WZR�VWHSV�
QRUWK�DQG� RQH� VWHS�ZHVW�� WKH�SDWKV� DUH� WKH�VDPH�
EXW� IRU�D����GHJUHH� URWDWLRQ��:KHQ� DOO� VXFK� V\P�
PHWULHV� DUH� WDNHQ� LQWR�DFFRXQW�� WKH�QXPEHU� RI�

XQLTXH� ZDONV� LV�FXW� WR�DSSUR[LPDWHO\� O���WK�WKH�
WRWDO�QXPEHU��%XW� WKHUH�DUH�VWLOO�SOHQW\�RI�ZDONV��$W�
D� OHQJWK�RI����VWHSV����������XQLTXH�ZDONV� UHPDLQ�
DIWHU�DOO�V\PPHWULHV�DUH�HOLPLQDWHG��
*LYHQ� D�SURFHGXUH� IRU�JHQHUDWLQJ� ELQDU\�+�3�

VHTXHQFHV� DQG� DQRWKHU�SURFHGXUH� IRU�JHQHUDWLQJ�
VHOI�DYRLGLQJ�ZDONV�� LW�LV�D�VLPSOH�PDWWHU� WR�FRP�
ELQH� WKHP��7KH� LGHD� LV� WR�SURGXFH� DOO� SRVVLEOH�
FRPELQDWLRQV� RI�VHTXHQFHV� DQG�ZDONV�� IROGLQJ�XS�
HDFK� VHTXHQFH� LQWR�WKH�JHRPHWU\�GHILQHG�E\�HDFK�
ZDON�� )URP� WKLV�FROOHFWLRQ� RI� IROGHG�PROHFXOHV�

\RX� FDQ� WKHQ�JDWKHU�VWDWLVWLFDO�LQIRUPDWLRQ"VXFK�
DV� WKH�DYHUDJH� QXPEHU� RI�+�+� FRQWDFWV"RU�
VHDUFK� IRU�QRWDEO\� JRRG� IROGLQJV��

+LJK�6FRULQJ� 0ROHFXOHV�
:KDW� PDNHV� IRU�D�JRRG� IROGLQJ"� ,Q�SURWHLQV� WKH�
XVXDO�PHDVXUH� LV�WKH�*LEEV� IUHH�HQHUJ\��D� WKHUPR�

G\QDPLF� TXDQWLW\� WKDW�GHSHQGV� RQ�ERWK� HQHUJ\�
DQG� HQWURS\��,I�\RX� FRXOG� WXJ�RQ� WKH�HQGV�RI�D�SUR�
WHLQ�FKDLQ�DQG� VWUDLJKWHQ�LW�RXW��WKH�UHVXOW�ZRXOG� EH�
D�VWDWH�RI�KLJK�HQHUJ\�DQG� ORZ�HQWURS\��7KH� HQHUJ\�
LV�KLJK�EHFDXVH� DUQLQR�DFLGV� WKDW��ZDQW�� WR�EH�FORVH�

WRJHWKHU�DUH�KHOG� DW�D�GLVWDQFH�� WKH�HQWURS\�LV�ORZ�
EHFDXVH� WKH�VWUDLJKW�FKDLQ� LV�D�KLJKO\�RUGHUHG� FRQ�

ILJXUDWLRQ��:KHQ� \RX� OHW�JR��WKH�FKDLQ�VSULQJV�EDFN�
LQWR�D�VKDSH�ZLWK� ORZHU�HQHUJ\�DQG�KLJKHU�HQWURS\��
FKDQJHV� WKDW�WUDQVODWH� LQWR�D� ORZHU�YDOXH� RI� WKH�
*LEEV� IUHH�HQHUJ\��7KH� �QDWLYH�� VWDWH�RI�D�SURWHLQ"�
WKH�IROGLQJ�LW�DGRSWV� XQGHU�QDWXUDO� FRQGLWLRQV"LV�

XVXDOO\� DVVXPHG� WR�EH� WKH�VWDWH�ZLWK� WKH�ORZHVW�

SRVVLEOH� IUHH�HQHUJ\��
3URWRWHLQV� FDQ�JHW�DORQJ�ZLWK� D�VLPSOHU� IROGLQJ�

FULWHULRQ��6WDQGDUG� SUDFWLFH� LV�WR�UDQN� IROGLQJV�
VLPSO\�E\� FRXQWLQJ�+�+� FRQWDFWV�� ,W
V�PRUH� OLNH�

NHHSLQJ� VFRUH� WKDQ�PHDVXULQJ� HQHUJ\��,I�WKH�+
V�
DUH�YLHZHG� DV� DQDORJXHV� RI�K\GURSKRELF� DPLQR�

DFLGV�� WKH�VFRULQJ�V\VWHP�UHIOHFWV�WKH�WHQGHQF\�RI�

K\GURSKRELF� JURXSV� WR�VHHN� VKHOWHU�IURP�ZDWHU��
%XW� WKH�SURWRWHLQ� PRGHO� LV�VR� DEVWUDFW� WKDW� LW�
GRHVQ
W� UHDOO\�PDWWHU�ZKDW� NLQG�RI�IRUFH�LV�DW�SOD\�
EHWZHHQ� WKH�+
V�� -XVW�VD\� WKDW�+
V� DUH� VWLFN\��DQG�
LW�WDNHV�HQHUJ\� WR�SXOO� WKHP�DSDUW��
2QH� VWUDWHJ\�IRU�ILQGLQJ�JRRG� IROGV��WKHQ��LV�WR�

ORRN� IRU�FRQILJXUDWLRQV� WKDW�PD[LPL]H� WKH�QXP�
EHU�RI�+�+� FRQWDFWV��$� SURJUDP� WR�FDUU\�RXW� WKH�
VHDUFK� UXQV�WKURXJK�DOO� WKH�IROGLQJV�RI�DOO� WKH�VH�

TXHQFHV� RI�D�JLYHQ� OHQJWK��NHHSLQJ� RQO\� WKRVH�

IROGLQJV�ZLWK� WKH�PD[LPXP� QXPEHU� RI�FRQWDFWV��
+RZ� PDQ\� FRQWDFWV�DUH�SRVVLEOH� LQ�D�IROGHG�SUR�

WRWHLQ"�$� OLWWOH�GRRGOLQJ� RQ�JUDSK�SDSHU� VKRZV� WKDW�
WKH�KLJKHVW�SRVVLEOH� UDWLR�RI�FRQWDFWV� WR�+
V� LV������

6HTXHQFHV� WKDW�DWWDLQ� WKLV�OLPLW�DUH� H[FHHGLQJO\�

���� $PHULFDQ� 6FLHQWLVW�� 9ROXPH� ���
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UDUH���,�OHDYH� LW�DV�D�SX]]OH� IRU�WKH�UHDGHU�WR�ILQG�WKH�
VKRUWHVW� VXFK� VHTXHQFH�� ZKLFK� ,�EHOLHYH� KDV� ���
EHDGV��� %XW�SURWHLQV�DUH�QRW�UHTXLUHG� WR�VROYH� VXFK�
PDWKHPDWLFDO� SX]]OHV�� 7R�ILQG�WKH�VWDEOHVW�FRQILJX�
UDWLRQV�RI�D�JLYHQ� VHTXHQFH�� DOO�\RX�QHHG�GR� LV�ILQG�
WKH�IROGLQJV�WKDW�KDYH�PRUH�+�+� FRQWDFWV�WKDQ�DQ\�
RWKHU� IROGLQJV�RI�WKH�VDPH� VHTXHQFH��ZKHWKHU� RU�
QRW�WKH�QXPEHU� RI�FRQWDFWV� LV�WKH�WKHRUHWLFDO�PD[L�
PXP�� 7KHUH� LV�D�VKRUWFXW�IRU�LGHQWLI\LQJ�WKHVH�VWD�
EOH� IROGLQJV��,W�EHJLQV�ZLWK� WKH�VHTXHQFH�PDGH� XS�
HQWLUHO\�RI�+
V�� ZKLFK� LV�UDWKHU�OLNH�GRXEOH�VLGHG�

VWLFN\�WDSH� WKDW�FROODSVHV� RQ� LWVHOI�LQ�D� FUXPSOHG�
EDOO�� ,I�DQ\�VHTXHQFH� DW�DOO�KDV�D�IROGLQJ�ZLWK� D�JLY�
HQ�QXPEHU� RI�+�+� FRQWDFWV�� WKHQ�WKDW�FRQILJXUD�
WLRQ�PXVW� DOVR� EH� DPRQJ� WKH�VWDEOHVW�IROGLQJV�RI�
WKH�DOO�� VHTXHQFH�� ,Q�WKH�DOO�� IROGLQJ��KRZHYHU��
VRPH�RI�WKH�+
V�PD\� QRW�IRUP�FRQWDFWV��DQG� VR�WKH\�
FDQ�EH� FKDQJHG� WR�3
V�ZLWKRXW� DOWHULQJ�WKH�VFRUH�RI�
WKH�IROGLQJ��%\�PDNLQJ� DOO�VXFK�VXEVWLWXWLRQV��\RX�
UHFRYHU� WKH�VHTXHQFH�ZLWK� WKH�PLQLPXP� QXPEHU�
RI�+
V� WKDW�FDQ�JLYH� ULVH�WR�D�JLYHQ� IROGLQJ��

6HTXHQFHV� ZLWK� ULJLG�� KHDYLO\� FURVV�OLQNHG�
IROGV�DUH�IDLUO\�UDUH��$PRQJ� FKDLQV�ZLWK� ���EHDGV�
WKH�PD[LPXP� QXPEHU� RI�+�+� FRQWDFWV� LV�����DQG�
D� FKDLQ�PXVW� KDYH� DW� OHDVW� ���+
V� WR�UHDFK� WKLV�
OLPLW��7KHUH� DUH�RQO\����VHTXHQFHV� RI����+
V� DQG���
3
V� WKDW�SURGXFH� ���FRQWDFWV��RXW�RI�WKH�XQLYHUVH�
RI�PRUH� WKDQ�WZR�PLOOLRQ� ���EHDG� VHTXHQFHV��

)LJXUH� ��VKRZV� VRPH� RI� WKH����PD[LPDOO\�
FURVV�OLQNHG� ���EHDG� SURWRWHLQV��DORQJ�ZLWK� D� IHZ�
RWKHU�IROGLQJV�FKRVHQ� DW�UDQGRP��7KH� WZR�SRSX�
ODWLRQV�RI�PROHFXOHV� DUH�YHU\�GLIIHUHQW��7KH� UDQ�

GRPO\� FKRVHQ� FRQILJXUDWLRQV� WHQG� WR�EH� ORRVH�
DQG� IORSS\��DQG� WKHLU�DYHUDJH� QXPEHU� RI�+�+�
FRQWDFWV�ZRUNV� RXW� WR�OHVV� WKDQ����7KH� KLJKHVW�
VFRULQJ� IROGV�� LQ�FRQWUDVW��DUH� DOO�YHU\� FRPSDFW��
ZLWK� WKH�FKDLQ� HLWKHU�ZRXQG� DURXQG� LWVHOI�LQ�D�

VSLUDO� VKDSH� RU�IROGHG� LQWR�]LJ]DJV��
$� OLIHOLNH�IHDWXUH�RI� WKH�FRPSDFW� IROGLQJV� LV�D�

WHQGHQF\� IRU�WKH�+
V� WR�FRQJUHJDWH� LQ�WKH�LQWHULRU�
RI� WKH�PROHFXOH�� OHDYLQJ� WKH�3
V� H[SRVHG� RQ� WKH�
VXUIDFH��7KH�PRGHO� KDV� QR� H[SOLFLW� UXOH�IDYRULQJ�
WKH�IRUPDWLRQ�RI�VXFK�D�K\GURSKRELF� FRUH�� LW�KDS�
SHQV� DXWRPDWLFDOO\� ZKHQ� \RX� VHOHFW� IROGLQJV�
ZLWK� QXPHURXV� +�+� FRQWDFWV�� ,Q�WKLV�FRQQHFWLRQ��
'LOO� SRLQWV� RXW� WKDW�IRU�VKRUW�SURWRWHLQ� FKDLQV� D�
WZR�GLPHQVLRQDO� ODWWLFH�PRGHO� PD\� EH�PRUH� UHDO�
LVWLF�WKDQ�D� WKUHH�GLPHQVLRQDO� RQH��7KH� UHDVRQ� LV�
WKDW�WKH�SHULPHWHU�WR�DUHD� UDWLR�RI�D�VKRUW�FKDLQ� LQ�
WZR�GLPHQVLRQV� DSSUR[LPDWHV� WKH�VXUIDFH�WR�YRO�
XPH� UDWLR�RI�D� ORQJHU�FKDLQ� LQ�WKUHH�GLPHQVLRQV��
1RW� DOO� IHDWXUHV�RI� WKH�KLJK�VFRULQJ� SURWRWHLQ�

IROGLQJV� LQVSLUH� FRQILGHQFH� LQ�WKH�PRGHO
V� UHDO�
LVP��)RU� H[DPSOH�� D�GLVSURSRUWLRQDWH� QXPEHU� RI�
WKH�EHVW� VHTXHQFHV� KDYH� +
V� DW�ERWK� HQGV�� DQG�
WKHVH�PROHFXOHV� WHQG�WR�IROG�XS�ZLWK� WKHLU�HQGV�
WXFNHG� LQWR�WKH�K\GURSKRELF� FRUH��7KH� UHDVRQ� LV�

HDV\� WR�VHH��$Q�+� DW�WKH�HQG�RI�D�FKDLQ�FDQ�SDUWLF�
LSDWH� LQ�WKUHH�FRQWDFWV��ZKHUHDV� LQWHULRU�+
V� FDQ�
KDYH� QR�PRUH� WKDQ�WZR��%XW� WKH�VWLFN\�HQG�HIIHFW�
LV�DQ�DUWLIDFW�RI�WKH�PRGHO�� WKHUH�LV�QR� FRPSDUDEOH�
SKHQRPHQRQ� LQ�UHDO�SURWHLQV��

$QRWKHU� SHFXOLDULW\� FDQ�EH� WUDFHG�WR�WKH�FKRLFH�
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QXPEHU� RI�+�+� FRQWDFWV� LQ�WKH�EHVW� IROGLQJ�

��

)LJXUH� ���'LVWULEXWLRQ� RI� VHTXHQFHV� DFFRUGLQJ� WR� WKH�QXPEHU� RI� FRQ�

WDFWV� LQ� WKH�EHVW� IROGLQJ� LV�JUDSKHG� IRU�SURWRWHLQV� RI�XS� WR����EHDGV��

(DFK� FXUYH� KDV� D�SHDN� LQ� WKH�PLGGOH�� LQGLFDWLQJ� WKDW� VHTXHQFHV� ZLWK�

YHU\� JRRG� IROGLQJV� DUH� UDUH�� DQG� VR� DUH� WKRVH�ZLWK� RQO\� EDG� IROGLQJV��

RI�D� VTXDUH� ODWWLFH��7ZR�+
V� RQ� D� VTXDUH� ODWWLFH�
FDQ� IRUP�D� FRQWDFW� RQO\� LI�WKH\�DUH� VHSDUDWHG�
ZLWKLQ� WKH�SURWRWHLQ� VHTXHQFH� E\�DQ� HYHQ�QXP�
EHU�RI� LQWHUYHQLQJ�EHDGV�� $V� D� UHVXOW��HYHU\�SUR�
WRWHLQ�FDQ� EH� GLYLGHG� LQWR�RGG� DQG� HYHQ� VXE�

VHTXHQFHV� WKDW�GR� QRW� LQWHUDFW��1R� VXFK� SDULW\�
HIIHFW�LV�VHHQ� LQ�SURWHLQV��7KLV� IDLOXUH�RI�UHDOLVP� LV�

XQIRUWXQDWH�� RQ� WKH�RWKHU�KDQG�� WKH�VHJUHJDWLRQ�
RI�RGG� DQG� HYHQ� VXEODWWLFHV� DOORZV� VRPH� YHU\�
KDQG\� RSWLPL]DWLRQV� LQ�D�VLPXODWLRQ� SURJUDP��

(VFDSLQJ� 'HJHQHUDF\�
$UH� IROGV�WKDW�PD[LPL]H� WKH�QXPEHU� RI�+�+� FRQ�
WDFWV�WKH�EHVW�IROGV�IRU�D�SURWRWHLQ"�1RW� QHFHVVDULO\��
$� KLJK�+�+� VFRUH�HQKDQFHV�D�PROHFXOH
V� VWDELOLW\��

ZKLFK� LV�FHUWDLQO\�D�XVHIXO�SURSHUW\� LQ�D�ELRSRO\�
PHU��EXW� WKHUH�DUH�RWKHU�IDFWRUV�WR�FRQVLGHU�DV�ZHOO��

6WDELOLW\�LPSOLHV� WKDW�RQFH� D�PROHFXOH� LV�IROGHG�� LW�
ZLOO� SUREDEO\� VWD\�IROGHG��,I�V�DOVR� LPSRUWDQW��KRZ�
HYHU��WKDW�DOO�PROHFXOHV� ZLWK� WKH�VDPH�VHTXHQFH� IROG�

XS� WR�\LHOG� WKH�VDPH� VWUXFWXUH��7KH�ZD\� WR�DFKLHYH�
VXFK�XQLIRUPLW\�LV�WR�VHOHFW�VHTXHQFHV� WKDW�KDYH� D�

XQLTXH� EHVW� IROGLQJ��HYHQ� LI�WKDW�IROGLQJ�GRHV� QRW�
KDYH� WKH�KLJKHVW�SRVVLEOH�+�+� VFRUH��

$�PROHFXOH� ZLWK�PDQ\� HTXDOO\� JRRG� IROGLQJV�
LV�VDLG� WR�KDYH� D�GHJHQHUDWH� JURXQG� VWDWH��7KH�
DOO�3� VHTXHQFH� LV�DQ�REYLRXV� H[DPSOH�� (YHU\� IROG�

LQJ�KDV� DQ�+�+� VFRUH�RI�]HUR��7KH� DOO�� VHTXHQFH�
LV�DOVR� GHJHQHUDWH�� 2EYLRXVO\�� DQ\� VHTXHQFHV�
ZLWK� XQLTXH� SUHIHUUHG� IROGLQJV�PXVW� EH� IRXQG�
EHWZHHQ� WKHVH�H[WUHPHV��EXW� WKH�H[LVWHQFH�RI�VXFK�

VHTXHQFHV� FDQQRW�EH� WDNHQ�IRU�JUDQWHG��<RX� FDQ�
VHDUFK�IRU�WKHP�E\�VRUWLQJ�DOO�WKH�IROGLQJV�RI�D�VH�

TXHQFH� LQWR�ELQV� DFFRUGLQJ� WR�WKHLU�+�+� VFRUH�� LI�
WKH�KLJKHVW�VFRULQJ� ELQ� KDV� D� VLQJOH� RFFXSDQW��
WKDW�VHTXHQFH� KDV� D�XQLTXH� EHVW� IROGLQJ��

����� 0D\�-XQH� ����



)LJXUH� ��� 6HTXHQFHV� ZLWK� XQLTXH� EHVW� IROGLQJV� PD\� EH� DPRQJ� WKH�

PRVW� SURWHLQ�OLNH�� )RU� HDFK� RI� WKHVH� VHTXHQFHV�� QR� RWKHU� DUUDQJHPHQW�

\LHOGV� DV�PDQ\� +�+� FRQWDFWV�� $PRQJ� VHTXHQFHV� RI����EHDGV�� ���KDYH� D�

XQLTXH� IROGLQJ� ZLWK� VHYHQ� +�+� FRQWDFWV�� 7KH� WZR� IROGLQJV� DW� WKH�

ORZHU� OHIW�DUH� WKH�RQO\� RQHV� ZLWK� QR�PRUH� WKDQ� HLJKW�+
V��

2Q� WKH�VTXDUH� ODWWLFH��XQLTXHO\� IROGLQJ� VH�

TXHQFHV� GR� H[LVW� IRU�DOO� EXW� RQH� RI� WKH�FKDLQ�

OHQJWKV�,�ZDV� DEOH� WR�WHVW���7KH�H[FHSWLRQ� LV�OHQJWK�
����7KH� ORQJHVW�FKDLQV� ,�H[DPLQHG� KDYH� ���EHDGV��

$PRQJ� WKH�������� VHTXHQFHV� RI�WKLV�OHQJWK������
KDYH� D�XQLTXH� IROGLQJ��:LWKLQ� WKLV�VXEVHW�� ���

IROGLQJV�KDYH� VHYHQ�+�+� FRQWDFWV��ZKLFK� LV�WKH�
PD[LPXP� REVHUYHG� LQ����EHDG� SURWRWHLQV�� 7KH�

VHTXHQFHV� LQ�WKLV�HOLWH�VXEVHW��FRPELQLQJ�XQLTXH�
QHVV� ZLWK� KLJK� VWDELOLW\��PLJKW� EH� FRQVLGHUHG�

DPRQJ� WKH�PRVW� OLIHOLNH�SURWRWHLQV��
/RZ� GHJHQHUDF\� DQG�QXPHURXV� FRQWDFWV�DUH�QRW�

WKH�RQO\�FULWHULD�IRU�MXGJLQJ�D�SURWRWHLQ� IROG��0DU�
WLQ�.DUSOXV� DQG�(XJHQH� 6KDNKQRYLFK� ZRUN�ZLWK�
WKUHH�GLPHQVLRQDO� ODWWLFH�PRGHOV� DQG� HPSOR\� D�
PRUH� UHDOLVWLF� HQHUJ\� VSHFWUXP� WKDQ� WKH�VLPSOH�
FRQWDFW� FRXQWLQJ� RI� WKH�+�3� VFKHPH�� 7KHLU� ILQG�

LQJV�KLJKOLJKW� WKH� LPSRUWDQFH� RI�KDYLQJ� D� ODUJH�
HQHUJ\�JDS�EHWZHHQ� WKH�EHVW� IROGLQJ�DQG� WKH�QH[W�
EHVW�RQH��7KH\�KDYH� DOVR� ORRNHG� LQWR�WKH�NLQHWLFV�RI�

IROGLQJ��DVNLQJ�QRW� MXVW�ZKLFK� FRQILJXUDWLRQ� LV�VWD�
EOHVW�EXW�DOVR�KRZ� ORQJ�LW�WDNHV�D�UDQGRPO\�ZULJ�
JOLQJ�PROHFXOH� WR�ILQG�WKDW�FRQIRUPDWLRQ��$PRQJ�
����FDQGLGDWH� VHTXHQFHV�� ���UHSHDWHGO\�GLVFRYHUHG�
WKH�VWDWH�RI�PLQLPXP� HQHUJ\�DIWHU�QR�PRUH� WKDQ�
���PLOOLRQ� VPDOO�UDQGRP� UHDUUDQJHPHQWV��

+RZ� 'R� 3URWHLQV�'R� ,W"�

$OWKRXJK� WKH�SURWRWHLQ�PRGHO� LV�RQO\�D�FUXGH�FDU�
LFDWXUH�RI�UHDO�SURWHLQ�IROGLQJ��HYHQ� WKLV�VLPSOLILHG�
VLPXODWLRQ� FDQ� EH� FRPSXWDWLRQDOO\� WD[LQJ��)RU�

SURWRWHLQV� RI�OHQJWK�U��WKH�QXPEHU� RI�VHTXHQFHV� LV�

�U��DQG� WKH�QXPEHU� RI�IROGLQJV� LV�DSSUR[LPDWHO\�
���UB���WKH�HIIRUW�QHHGHG� WR�VROYH� D�PRGHO� LV�SUR�
SRUWLRQDO� WR�WKH�SURGXFW� RI� WKHVH�QXPEHUV�� 7KDW�

SURGXFW� JURZV� VWHHSO\��7KH� ILYH�EHDG�PRGHO� FDQ�
EH� VROYHG� E\�KDQG�� DQG� D� FRPPRGLW\� FRPSXWHU�
GLVSRVHV� RI�WKH����EHDG�PRGHO� LQ�VHFRQGV�� %XW� D�
FKDLQ�RI����EHDGV� FRPELQHV� �������VHTXHQFHV�ZLWK�
�������� IROGV��IRU�D� WRWDO�RI�DOPRVW� ��ELOOLRQ� FDVHV��
$W� ���EHDGV�� WKH�SURGXFW� RI�VHTXHQFHV� DQG� IROGV�LV�

RYHU���� WULOOLRQ��ZKLFK� LV�ZD\� EH\RQG� WKH�OLPLW�RI�
WKLV�DPDWHXU
V� SDWLHQFH� �DQG� OLIHVSDQ���
$WWDFNLQJ� WKHVH�PRGHOV� ZLWK� EUXWH�IRUFH�FRP�

SXWDWLRQV� FRXOG� WXUQ�RXW� WR�EH� FRPLFDOO\� VWXSLG��
0D\EH� WKHUH
V�VRPH� FOHYHU�DOJRULWKP�ZDLWLQJ� WR�
EH�GLVFRYHUHG� WKDW�ZLOO�PDNH� IROGLQJ�HDV\��0D\EH��
EXW�QRW� OLNHO\��,Q�WKH�SDVW� IHZ�PRQWKV� WZR�JURXSV�
KDYH� SURYHG� WKDW�PRGHOV� PXFK� OLNH�WKH�RQH� GH�
VFULEHG�KHUH�EHORQJ� LQ�WKH�FODVV�RI�KDUG�SUREOHPV�
NQRZQ� DV�13�FRPSOHWH�� %RQQLH� %HUJHU�DQG�7RP�

/HLJKWRQ� JLYH� D�SURRI� IRU�WKH�WKUHH�GLPHQVLRQDO�
+�3� PRGHO�� 7KH� WZR�GLPHQVLRQDO� FDVH� LV�SURYHG�
LQ�D�TXLWH� GLIIHUHQW�ZD\� E\�3LHUOXLJL� &UHVFHQ]L��
'HERUDK� *ROGPDQ�� &KULVWRV� 3DSDGLPLWULRX�� $Q�
WRQLR�3LFFROERQL� DQG�0LKDOLV� <DQQDNDNLV��

6KRZLQJ� WKDW� D� SUREOHP� LV�13�FRPSOHWH�
GRHVQ
W� DFWXDOO\� SURYH� LW�LV�KDUG��13�FRPSOHWH�
QHVV�PHUHO\� FHUWLILHV�WKDW�WKH�SUREOHP� LV�DV�KDUG�
DV�D�EXQFK� RI�RWKHUV��DQG� D�PHWKRG� IRU�HIILFLHQWO\�
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