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7RSLF����%HKDYLRXUDO�1HXURVFLHQFH

:HHN����OHFWXUH����LQWURGXFWLRQ WR�SV\FKRORJ\

x 3V\FKRORJ\� VFLHQWLILF�VWXG\�RI�WKH�KXPDQ�PLQG�DQG�EHKDYLRXU�
x 1HXURVFLHQFH� VFLHQWLILF�VWXG\�RI�WKH�QHUYRXV�V\VWHP�DQG�WKH�EUDLQ�
x %HKDYLRXUDO�QHXURVFLHQFH� GLYLVLRQ�RI�SV\FKRORJ\�WKDW�VHHNV WR�GHVFULEH�

KRZ�WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP��&16� DQG�WKH�
EUDLQ FDQ�JLYH ULVH�WR�SV\FKRORJLFDO�SKHQRPHQD�VXFK�DV�SHUFHSWLRQ��DWWHQWLRQ��
ODQJXDJH��OHDUQLQJ��PHPRU\ DQG�HPRWLRQ� ,W�LV�WKH�EULGJH�EHWZHHQ�SV\FKRORJ\�
DQG�QHXURVFLHQFH�

x 3KLQHDV�*DJH FDVH�VWXG\�
R 3KLQHDV�*DJH� D�UDLOZD\�IRUHPDQ�LQ�9LUJLQLD��PLG���WK FHQWXU\��ZKR�

VXUYLYHG�D�KRUULILF�EUDLQ�LQMXU\ ZLWK�FKDQJHV�WR�KLV�SHUVRQDOLW\�
R 8VHG D�WDPSLQJ�LURQ�WR�OD\�FKDUJHV�LQ�URFN�IRU�D�UDLOZD\�URDG�Æ FUHDWHG�

D�VSDUN�WKDW�LJQLWHG�WKH�JXQSRZGHU�Æ FDXVHG WKH�WDPSLQJ�LURQ�WR�VKRRW
EDFN�XS�IURP�WKH�KROHÆ SHQHWUDWHG�ULJKW�LQWR 3KLQHDV¶�KHDG�

R 6NXOO ZDV�SODFHG�LQWR�D�FRPSXWHULVHG�WRPRJUDSKLF��&7��VFDQQHU�
FUHDWHG�D WKUHH�GLPHQVLRQDO�UHFRQVWUXFWLRQ WKDW�UHYHDOHG�WKH�PRVW�
OLNHO\�SDWK�WDNHQ�E\�WKH�WDPSLQJ�LURQ�DV�LW�SDVVHG�XQGHUQHDWK�WKH�OHIW�
H\H�DQG�RXW�WKH�WRS�RI�WKH�VNXOO��

R 7KH�OHIW�IURQWDO�OREH�RI�WKH�EUDLQ�ZDV�GDPDJHG�
R 3KLQHDV�UHVXPHG�ZRUN�DIWHU�D�IHZ�PRQWKV�EXW�VXIIHUHG�IURP�FKDQJHV�

WR�KLV�SHUVRQDOLW\�GXH�WR�EUDLQ LQMXU\�
R &RQWUDFWRUV�GHVFULEHG�KLP�DV�QRZ�LUUHYHUHQW��SURIDQH�DQG�VKRZLQJ�OLWWOH�

GHIHUHQFH�IRU�KLV�ZRUNPDWHV DQG�GLG�QRW�JLYH�KLP�DQ\ PRUH ZRUN�

:HHN����OHFWXUH����XQGHUVWDQGLQJ�WKH�OLQN�EHWZHHQ�PLQG�DQG�EUDLQ

x 7KH�EUDLQ��LQ�DQFLHQW�WLPHV��ZDV�QRW�EHOLHYHG�WR�EH�WKH�VHDW�RI�WKH�PLQG�DQG�
VRXO��$QFLHQW�FXOWXUHV�VXFK�DV�(J\SWLDQ��,QGLDQ�DQG�&KLQHVH�EHOLHYHG�WKDW�WKH�
KHDUW�ZDV�WKH�VHDW�RI�WKRXJKW�DQG�HPRWLRQ�

x +LSSRFUDWHV �$QFLHQW�*UHHFH������%&��
R 7KH IDWKHU�RI�PRGHUQ�PHGLFLQH�
R 7KH EUDLQ� WKH�FHQWUH�RI�FRQWURO�IRU�WKH�ERG\�
R ,QWURGXFHG�IRXU�ERGLO\�KXPRXUV��HDUWK��DLU��ILUH�DQG ZDWHU�
R ,PEDODQFH�RI�WKH�KXPRXUVÆ PLQG�GLVRUGHUV�

x *DOHQ �$QFLHQW�5RPH������$'��
R 9LYLVHFWLRQ� WKH�H[SHULPHQWDWLRQ RQ�OLYH�DQLPDOV�IRU�VFLHQWLILF�SXUSRVHV��

8VHG�WKLV�WHFKQLTXH�WR�VWXG\�WKH�DQDWRP\�RI�WKH�QHUYRXV�V\VWHP DQG�
GLVFRYHUHG�WZR�GLIIHUHQW�W\SHV�RI�QHUYHV�

R 6HQVRU\ QHUYHV� QHUYHV�FDUU\LQJ�LQIRUPDWLRQ�IURP�WKH�ERG\�WR�WKH�EUDLQ�
R 0RWRU QHUYHV��QHUYHV�FDUU\LQJ�LQIRUPDWLRQ�IURP�WKH�EUDLQ�WR�WKH�

PXVFOHV�
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R ,QWURGXFHG�WKH�LGHD�RI�SQHXPDWD �VSLULWV�� µQDWXUDO¶��OLYHU���µYLWDO¶��KHDUW�
DQG�µDQLPDO¶��EUDLQ���%HOLHYHG WKDW�DQLPDO�VSLULWV�WUDYHOOHG�LQ�KROORZ�
QHUYHV�

x $QGUHDV�9HVDOLXV �%UXVVHOV��������
R 5HYLYHG�GLVVHFWLRQ�DQG�YLYLVHFWLRQ�DIWHU�WKH�'DUN�$JHV�
R &UHDWHG WKH�ILUVW�GHWDLOHG�GUDZLQJV�RI�WKH�KXPDQ�EUDLQ�
R $GYDQFHG�WKH�NQRZOHGJH�RI�EUDLQ�VWUXFWXUH�EXW�IDLOHG�WR�UHSODFH�WKH�

FRQFHSW�RI�SQHXPDWD�
R +LV GLVVHFWLRQV�UHYHDOHG�PDQ\�LPSRUWDQW�DQDWRPLFDO�IHDWXUHV�RI�WKH�

KXPDQ�EUDLQ��VXFK�DV�WKH�FRUWH[��WKH�IROGHG�RXWHU�OD\HU�RI�EUDLQ�WLVVXH���
WKH�QHWZRUN�RI�EORRG�YHVVHOV�RYHU�WKH�EUDLQ¶V�VXUIDFH�DQG�WKH�PHQLQJHV
�WKH�RXWHU�FRYHULQJV�RI�WKH�EUDLQ��

x 5HQp�'HVFDUWHV �)UDQFH��������
R 5HIOH[HV��XVHG�WR�GHVFULEH�WKH�DXWRPDWHG�DELOLWLHV�RI�DQLPDOV�
R 3URSRVHG�WKDW�KXPDQV�DORQH�SRVVHVVHG�D�PLQG� DOORZV�WKH

SHUIRUPDQFH�RI YROXQWDU\��WKRXJKWIXO��FRQVFLRXV�DFWV�
x 7KRPDV�:LOOLV��(QJODQG��������

R 5HMHFWHG�WKH�LGHD�WKDW�WKH�PLQG�UHVLGHV�LQ�WKH�YHQWULFOHV�
R 7KH�FRUWH[� WKH�RXWHU�WLVVXH�RI�FHUHEUDO�KHPLVSKHUHV�WKDW�JHQHUDWHV�

WKRXJKW�
R %HOLHYHG�WKDW WKH�FRUWH[ FRQWDLQHG�DQLPDO�VSLULWV�WKDW�ZHUH�WUDQVSRUWHG�

YLD�WKH�ZKLWH�PDWWHU�
x /XLJL�*DOYDQL �,WDO\��������

R 5HMHFWHG�WKH�LGHD�RI�DQLPDO�VSLULWV�IORZLQJ�WKURXJK�KROORZ�QHUYHV�
R 'LVFRYHUHG WKDW�DQ�HOHFWULFDO�FKDUJH�DSSOLHG�WR�D�IURJ¶V�OHJ�ZRXOG�PDNH

WKH�PXVFOH�FRQWUDFW�
R 6XJJHVWHG�WKDW�QHUYHV�PXVW�EH�FRDWHG�LQ�IDW�WR�SUHYHQW�HOHFWULFLW\�IURP�

OHDNLQJ�RXW�
x )UDQ]�-RVHSK�*DOO �*HUPDQ\��������

R ,QIOXHQFHG�E\�SK\VLRJQRP\� WKH�DUW�RI�MXGJLQJ�D�SHUVRQ¶V�FKDUDFWHU�
IURP�WKHLU�IDFLDO�IHDWXUHV�

R 7KH EUDLQ� FRPSRVHG�RI�VHYHUDO�GLVWLQFW�µRUJDQV�RI�WKRXJKW¶��IDFXOWLHV�
UHIOHFWHG�E\�FKDUDFWHULVWLF�SDWWHUQV�RI�EXPSV�RQ�WKH�VNXOO�

R ,QWURGXFHG�SKUHQRORJ\��D�PDS�RI�WKH�VNXOO XVHG�WR�XQGHUVWDQG�D�
SHUVRQ¶V�FKDUDFWHU�EDVHG�RQ�WKH�VL]H�RI�WKH FUDQLXP�

x 3DXO�%URFD �)UDQFH�������������
R 'HVFULEHG D�SDWLHQW�QDPHG�/HERUJQH ZKR�FRXOG�QRW VSHDN�DIWHU�

UHFHLYLQJ�GDPDJH�WR�WKH�OHIW�IURQWDO�OREH��%URFD¶V�DUHD��
R /HERUJQH�UHWDLQHG UHJXODU FKHZLQJ FDSDFLWLHV�DQG FRPSUHKHQVLRQ�

x *XVWDY�)ULWVFK DQG (GXDUG�+LW]LJ �*HUPDQ\��������
R (OHFWULFDOO\ VWLPXODWHG�SDUW RI�WKH�IURQWDO�FRUWH[�LQ�GRJV WKDW�LQGXFHG�

FRQWUDFWLRQV�RI�VSHFLILF�PXVFOHV�RQ�RSSRVLWH�VLGHV�RI�WKH�ERGLHV�
R 'LVFRYHUHG�WKDW�VXUJLFDO�UHPRYDO�RI�WKHVH�µPRWRU¶�UHJLRQV�RI�FRUWH[�OHG�

WR LPSDLUPHQWV�RI�DFWLRQV�SHUIRUPHG�E\�WKH�UHOHYDQW�OLPE�
x (JDV�0RQL] ������������

R ,QWURGXFHG�SUHIURQWDO�OHXFRWRP\� VXUJLFDO LQWHUUXSWLRQ�RI�QHUYH�WUDFWV�WR�
DQG�IURP�WKH�EUDLQ¶V�IURQWDO�OREH�IRU�WKH�UHOLHI�RI�SV\FKLDWULF�GLVRUGHUV�
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R %DVHG�RQ�REVHUYDWLRQV�RI�SHUVRQDOLW\�FKDQJH�LQ�PRQNH\V��%HFN\��DQG�
KXPDQV�IROORZLQJ�IURQWDO�OREH�GDPDJH�

x :DOWHU�)UHHPDQ������V���V��
R %HFDPH D�FHOHEULW\�IRU�KLV�SUHIURQWDO�OHXFRWRPLHV ZLWKRXW�WKH�XVH�RI�

DQDHVWKHVLD��D�FRQWUROOHG�VWDWH�RI�WHPSRUDU\�ORVV�RI�VHQVDWLRQ�RU�
DZDUHQHVV�IRU�PHGLFDO�SXUSRVHV�

R (YHQWXDOO\�KDG�WR�GHVLVW�RSHUDWLRQV�GXH�WR�DQ�RXWUDJHG�SXEOLF�

:HHN����OHFWXUH����QHXURQV��JOLD�DQG�FRPPXQLFDWLRQ�ZLWKLQ�WKH�QHXURQ

x 0XOWLSOH�VFOHURVLV��06�� QHXURORJLFDO�GLVRUGHU�WKDW�DWWDFNV�WKH�P\HOLQ�
VXUURXQGLQJ�WKH�D[RQV�RI�QHXURQV��ZKLFK�FDXVHV�LQWHUIHUHQFH�ZLWK�QHUYH�
LPSXOVHV�ZLWKLQ�WKH�EUDLQ��VSLQDO�FRUG�DQG�RSWLF�QHUYHV�

R 6\PSWRPV� YLVXDO�LPSDLUPHQW��SUREOHPV�ZLWK�H\H�PRYHPHQWV��
QXPEQHVV��VOXUUHG�VSHHFK�DQG�PXVFOH�ZHDNQHVV��&DQ HYHQWXDOO\�
OHDGLQJ�WR�SDUDSOHJLD�LQ PDQ\�FDVHV�

R &KDUDFWHULVHG�E\ RFFDVLRQDO�DWWDFNV��RQ�DYHUDJH�RQH�HYHU\�FRXSOH�RI�
\HDUV��ZKHUH V\PSWRPV�ZRUVHQ��SXQFWXDWHG�E\�SHULRGV�ZKHUH�WKH�
V\PSWRPV�GLVDSSHDU�RU�EHFRPH OHVV�VHYHUH�

R ,W LV�DQ�DXWRLPPXQH�GLVRUGHU��WKH�ERG\¶V�LPPXQH�V\VWHP�VHOHFWLYHO\�
DWWDFNV�WKH�P\HOLQ�VXUURXQGLQJ�WKH�D[RQV�RI�QHXURQV�

x 7KH�ZLWKGUDZDO�UHIOH[� VSLQDO�UHIOH[�WKDW�RFFXUV�ZKHQ�ZH�WRXFK�VRPHWKLQJ�
WKDW�LV�FRQVLGHUHG�GDPDJLQJ�WR�SURWHFW�WKH�ERG\�

x 7KH�GHQGULWHV�RI�D�VHQVRU\�QHXURQ�UHVSRQG�WR�D�QR[LRXV�VWLPXOXV�LQ�WKH�
HQYLURQPHQW�Æ WKLV�VLJQDO�LV�VHQW�EDFN�DORQJ�WKH�D[RQ�WR�WKH�WHUPLQDO�EXWWRQV��
ZKLFK�DUH�ORFDWHG�LQ�WKH�VSLQDO�FRUG�Æ WKH�WHUPLQDO�EXWWRQV�UHOHDVH�D�
QHXURWUDQVPLWWHU�LQWR�WKH�V\QDSVH WR H[FLWH�DQ�LQWHUQHXURQÆ WKH�LQWHUQHXURQ�
VHQGV�D�PHVVDJH�GRZQ�LWV�D[RQ�WKDW UHOHDVHV�D�QHXURWUDQVPLWWHU�WR�H[FLWH�WKH�
PRWRU�QHXURQ�Æ WKH�D[RQ�RI�WKH�PRWRU�QHXURQ�MRLQV�D�QHUYH�DQG�WUDYHOV�WR�D�
PXVFOH�LQ�WKH�DUP��FDXVLQJ�WKH�PXVFOH�WR�FRQWUDFW�DQG�SXOO�DZD\�IURP�WKH�
GDPDJLQJ�VWLPXOXV�

x 7KH�UROH�RI�LQKLELWLRQ� FRXQWHUDFWLRQ�E\�WKH�EUDLQ�DJDLQVW�D�ZLWKGUDZDO�UHIOH[��
,W�FDQ�EH�LOOXVWUDWHG�E\�LPDJLQLQJ�WKDW�WKH�VXUIDFH�RI�\RXU�PRWKHU¶V�KRW�
FDVVHUROH�GLVK�SURGXFHV�WKH�QR[LRXV�VWLPXOXV� 7KH�H[FLWDWLRQ�WR�GURS�WKH�GLVK�
FDQ�EH�FRXQWHUDFWHG E\�WKH�EUDLQ��LQIRUPDWLRQ�WR�QRW�GURS�WKH�GLVK�

x 7KH�QHXURQ� EDVLF�LQIRUPDWLRQ�SURFHVVLQJ DQG�LQIRUPDWLRQ�UHFHLYLQJ�XQLW�RI�
WKH�QHUYRXV�V\VWHP��7KH\ IRUP�FRPSOH[�QHWZRUNV�ZLWKLQ�WKH�QHUYRXV�V\VWHP
WKDW DUH�QRW�GLUHFWO\�FRQQHFWHG�ZLWK�RQH�DQRWKHU DV WKH\�DUH�VHSDUDWHG�E\�WLQ\�
JDSV�FDOOHG�V\QDSVHV� ,W�LV�DFURVV�WKHVH�V\QDSVHV�WKDW FKHPLFDOV�FDOOHG�
QHXURWUDQVPLWWHUV DUH�SDVVHG� 1HXURQV�FRQWDLQ�WKHVH�IRXU�EDVLF�VWUXFWXUHV�

R &HOO�ERG\� FRQWDLQV�WKH�QXFOHXV�DQG�LQWHUQDO�RUJDQHOOHV�QHFHVVDU\�IRU�
FHOO�PDLQWHQDQFH�

R 'HQGULWHV� WUHH�OLNH�EUDQFKHV�WKDW�DOORZ�QHXURQV�WR�FRPPXQLFDWH�ZLWK�
RQH�DQRWKHU E\ UHFHLYLQJ LQIRUPDWLRQ�IURP�RWKHU�QHXURQV�

R $[RQ� D�ORQJ��VOHQGHU�ILEUH�WKDW�FDUULHV�VLJQDOV�IURP�WKH�FHOO�ERG\��7KH�
VLJQDO�FDUULHG�E\�DQ�D[RQ�LV�FDOOHG�DQ�DFWLRQ�SRWHQWLDO�
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R 7HUPLQDO�EXWWRQV��VPDOO�NQREV�DW�WKH�HQGV�RI�WKH�PDQ\�EUDQFKHV�RI�
D[RQV WKDW�SOD\�D�FULWLFDO�UROH�LQ�WUDQVPLWWLQJ�LQIRUPDWLRQ�IURP�RQH�
QHXURQ�WR�DQRWKHU�E\�VHFUHWLQJ�D�FKHPLFDO�FDOOHG�D�QHXURWUDQVPLWWHU��
7KLV�FKHPLFDO�SDVVHV DFURVV�WKH�V\QDSWLF�JDS�DQG�FDQ�HLWKHU�H[FLWH RU�
LQKLELW VXEVHTXHQW�QHXURQV�

x /RFDWHG�LQVLGH�WKH�FHOO�ERG\�DUH�WKH�RUJDQHOOHV�WDVNHG ZLWK�FHOO PDLQWHQDQFH�
DQG�IXQFWLRQLQJ�

R &\WRSODVP� MHOO\�OLNH�VXEVWDQFH�LQVLGH�WKH�FHOO��&RQWDLQV WKH�
PLWRFKRQGULD��ZKLFK�XWLOLVHV JOXFRVH�WR�SURGXFH�HQHUJ\�

R 7KH�QXFOHXV� FRQWDLQV�WKH�FHOO¶V�FKURPRVRPHV FRQVLVWLQJ�RI
GHR[\ULERQXFOHLF�DFLG �'1$���ZKLFK�DUH�WKH�JHQHV WKDW�IRUP WKH�
FKURPRVRPHV�SURYLGLQJ WKH�UHFLSHV�IRU�FUHDWLQJ SURWHLQV�

x 1HXURQV�PDNH�XS ��� RI�WKH�&16� 7KH�RWKHU�KDOI�LV�PDGH�XS�RI�YDULRXV�RWKHU�
FHOOV��FROOHFWLYHO\�NQRZQ�DV�JOLDO�FHOOV �JOLD�� FHOOV�WKDW SOD\�DQ�LPSRUWDQW�UROH�
LQ�SURYLGLQJ�SK\VLFDO�VXSSRUW�IRU�QHXURQV�DQG�VXSSO\LQJ�WKHP�ZLWK�R[\JHQ�DQG�
QXWULHQWV��7\SHV RI�JOLDO FHOO�

R $VWURF\WHV� SURYLGH�SK\VLFDO�VXSSRUW�IRU�QHXURQV� FOHDQ�XS�ZDVWH DQG
SURYLGH QXWULHQWV�WR�QHXURQV�

R 2OLJRGHQGURF\WHV� SURYLGH�SK\VLFDO�VXSSRUW�WR�QHXURQV DQG WKH�
LQVXODWLQJ�P\HOLQ�VKHDWK WKDW�VXUURXQGV�WKH�D[RQ��7KLV�VWRSV XQZDQWHG�
FURVV�WDON�EHWZHHQ�QHLJKERXULQJ�D[RQV�

R 0LFURJOLD� VPDOO�JOLDO�FHOOV�WKDW�DFW�DV�WKH�EUDLQ¶V�LPPXQH�V\VWHP E\
DWWDFNLQJ�LQYDGLQJ�PLFUR�RUJDQLVPV��$OVR� ODUJHO\�UHVSRQVLEOH�IRU�
LQIODPPDWLRQ�DIWHU�EUDLQ�GDPDJH�

R 6FKZDQQ�FHOOV� SHUIRUP�WKH�VDPH�IXQFWLRQ�DV�ROLJRGHQGURF\WHV EXW LQ�
WKH�SHULSKHUDO�QHUYRXV�V\VWHP��316���7KH\�FUHDWH�D�P\HOLQ�VKHDWK�
DURXQG�WKH�D[RQV�RI�QHXURQV�LQ�WKH�316�

x 1HXURQV�WUDQVPLW�VLJQDOV DFURVV�WKH�D[RQ�PHPEUDQH�RI�HOHFWULFDOO\�FKDUJHG�
PROHFXOHV�FDOOHG�LRQV� 7KLV�SURFHVV�LV�HOHFWULFDO�

x $V�WKH�LQVLGH RI�WKH�QHXURQ�LV�QHJDWLYHO\�FKDUJHG� DGGLQJ�D�SRVLWLYH�HOHFWULFDO�
FXUUHQW�WKURXJK�DQ HOHFWURGH �D�FRQGXFWRU�IRU�HOHFWULFLW\� FDXVHV�


