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,QWURGXFWLRQ�

6FLHQWLDH�UDGLFHV�DPDUDH��IUXFWXV�GXOFHV��

.RU]HQLH�ZLHG]\�Vą�JRU]NLH��DOH�MHM�RZRFH�VáRGNLH��

����6HWWLQJ�WKH�VFHQH�

6RFUDWHV�� D� IDPRXV� $WKHQLDQ� SKLORVRSKHU� IURP� WKH� �WK� FHQWXU\� %�&�� �F�� ���±�
����%�&����ZDV� UHJDUGHG�DV� WKH�ZLVHVW�PDQ�HYHU�� DW� OHDVW� DFFRUGLQJ� WR� WKH�'HOSKLF�
RUDFOH��+H�GLG�QRW�FRQVLGHU�KLPVHOI�SDUWLFXODUO\�ZLVH�� WKRXJK��7R�ILQG�RXW�ZKHWKHU�
WKH�RUDFOH�ZDV�ULJKW��KH�ZRXOG�HQJDJH�LQ�FRQYHUVDWLRQV�ZLWK�RWKHU�ZLVH�PHQ�RU�PHQ�
ZKR�FRQVLGHUHG�WKHPVHOYHV�WR�EH�H[FHSWLRQDOO\�ZLVH�DQG�FDPH�WR�WKH�FRQFOXVLRQ�WKDW�
WKRVH�DSSDUHQWO\�ZLVH�PHQ�LQ�IDFW�NQHZ�OLWWOH�EXW�WKH\�ZHUH�QRW�DZDUH�RI�WKLV��$QG�
WKLV� YHU\� IDFW�PDGH�KLP� LQ� VRPH� VHQVH�ZLVHU� WKDQ� WKHP��KH�NQHZ�RQH� WKLQJ�PRUH�
WKDQ� WKH\� NQHZ�� QDPHO\� KH� NQHZ� WKDW� KH� NQHZ� QRWKLQJ�� ZKLOH� WKH� RWKHUV� GLG� QRW�
NQRZ�WKLV��FI��3ODWR��2EURQD�6RNUDWHVD����$±'��FLWHG�DIWHU�.DOLQNRZVNL�������������

$IWHU�VR�PDQ\�\HDUV� WKLV� IDPRXV�VD\LQJ�RvGD�RXN�HLGǀV� �ȠੇįĮ�Ƞ੝ț�İੁįȫȢ� �6FLR�
PH�QLKLO�VFLUH�µ,�NQRZ�WKDW�,�NQRZ�QRWKLQJ¶��KDV�ORVW�QRWKLQJ�RI�LWV�YDOLGLW\��7R�JLYH�
DQ�H[DPSOH��,I�\RX�DVN�D�SULPDU\�VFKRRO�SXSLO�ZKDW�D�QRXQ�RU�YHUE�LV��\RX�ZLOO�JHW��
D� FOHDU� DQVZHU��/LNHZLVH�� LW�ZLOO� DOVR�EH�QR�SUREOHP� IRU�D�SULPDU\� VFKRRO�SXSLO� WR�
GHILQH�WKH�VXEMHFW�RI�D�VHQWHQFH��2XU�SXSLO�ZLOO�DOVR�HTXDOO\�VHOI�FRQILGHQWO\�WHOO�XV�
WKDW�WHQVH�LV�D�FDWHJRU\�RI�YHUEV�EXW�QRW�RI�QRXQV��+RZ�FDQ�LW�WKHQ�EH�WKDW�RXU�SXSLO�±�
DIWHU�KH�RU�VKH�KDV�VSHQW�PDQ\�\HDUV�VWXG\LQJ�ODQJXDJHV�DQG�WKHLU�JUDPPDUV�±�LV�QR�
ORQJHU� VXUH� DERXW� VXFK� VHHPLQJO\� VLPSOH� DQG�EDVLF� WKLQJV"�7KH�SUHVHQW� ERRN�ZLOO�
SURYLGH�DQ�DQVZHU� WR� WKLV�� ,W�ZLOO� VKRZ�KRZ�VLPSOH� IDFWV� FDQ�HDVLO\� WXUQ�RXW� WR�EH�
FRPSOLFDWHG�PDWWHUV�RQFH�ZH�OHDYH�WKH�UHODWLYHO\�VHFXUH�JURXQG�RI�VLPSOH�VHQWHQFHV�
IURP�D� VLQJOH� ODQJXDJH��7DNLQJ� LQWR�DFFRXQW�GDWD� IURP�RWKHU� ODQJXDJHV�� HVSHFLDOO\�
QRQ�,QGR�(XURSHDQ� ODQJXDJHV�� RIWHQ� KHOSV� WR� EHWWHU� XQGHUVWDQG� D� SUREOHP� LQYHVWL�
JDWHG�LQ�RQH�SDUWLFXODU�ODQJXDJH��7KLV�GRHV�QRW�PHDQ�WKDW�ZH�VKRXOG�QHJOHFW�VLQJOH�
ODQJXDJH�VWXGLHV��:KDW�ZH�QHHG�LV�ERWK�GHWDLOHG�VWXGLHV�RI�LQGLYLGXDO�ODQJXDJHV�DQG�
LQVLJKWV� IURP� FURVVOLQJXLVWLF� UHVHDUFK�� 7KH� SUHVHQW� ERRN�ZLOO� GHPRQVWUDWH� WKH� LP�
SRUWDQFH�RI�D�PXOWLGLPHQVLRQDO�DSSURDFK�DQG�LQWHUGLVFLSOLQDU\�UHVHDUFK��RQO\�LI�ZH�



���

LQYHVWLJDWH�D�JLYHQ�SKHQRPHQRQ�IURP�D�EURDGHU�SHUVSHFWLYH��LI�ZH�WDNH�LQWR�DFFRXQW�
GLIIHUHQW�DVSHFWV�RI�JUDPPDU��V\QWD[��PRUSKRORJ\��DQG�VHPDQWLFV���DQG�LI�ZH�FRP�
ELQH�WKHP�ZLWK�LQVLJKWV�IURP�UHOHYDQW�GLDFKURQLF��W\SRORJLFDO��DQG�SV\FKR��DQG�QHX�
UROLQJXLVWLF� VWXGLHV��ZLOO�ZH� EH� DEOH� WR� JHW� D� FOHDUHU� SLFWXUH� RI� WKH� SUREOHP�XQGHU�
LQYHVWLJDWLRQ��

:KDW�ORRNV�OLNH�D�VWUDLJKWIRUZDUG�DQVZHU�WR�D�JLYHQ�OLQJXLVWLF�SUREOHP�LV�RIWHQ�
SUHFHGHG�E\�ORQJ�DQG�KDUG�UHVHDUFK��DV�DOZD\V�LQ�OLIH��%XW�WKLV�ERRN�ZLOO�DOVR�VKRZ�
WKDW�DQ�DQVZHU�WR�RQH�TXHVWLRQ�XVXDOO\�JLYHV�ULVH�WR�RWKHU�TXHVWLRQV��DQG�VXFK�TXHVWLRQV�
LQ�WXUQ�UHTXLUH�IXUWKHU�UHVHDUFK��7KLV�LV�SDUW�RI�QRUPDO�VFLHQWLILF�UHVHDUFK��ZKLFK�LV�KDUG�
EXW�DOVR�YHU\�UHZDUGLQJ�LI�\RX�VHH�KRZ�WKH�SLHFHV�RI�D�SX]]OH�VWDUW�WR�IRUP�D�FOHDU�SLF�
WXUH��LI�\RX�VHH�WKDW�DOO�RI�D�VXGGHQ�HYHU\WKLQJ�VWDUWV� WR�PDNH�VHQVH��2U��DV�D�IDPRXV�
VD\LQJ�DVFULEHG�WR�$ULVWRWOH�VD\V��6FLHQWLDH�UDGLFHV�DPDUDH��IUXFWXV�GXOFHV��µ7KH�URRWV�
RI�HGXFDWLRQ�DUH�ELWWHU��EXW�WKH�IUXLW�LV�VZHHW¶���DIWHU�.DOLQNRZVNL������������

����,QWURGXFLQJ�WKH�SX]]OHV�

,I�\RX�DVN�D�OD\PDQ�KRZ�PDQ\�GLIIHUHQW�WHQVHV�WKHUH�DUH�LQ�3ROLVK��KH�RU�VKH�ZLOO�
FHUWDLQO\� WHOO� \RX� WKDW� WKHUH� DUH� WKUHH� WHQVHV�� SDVW� WHQVH�� SUHVHQW� WHQVH�� DQG� IXWXUH�
WHQVH��$QG�LI�\RX�DVN�KLP�KHU� WR�JLYH�\RX�VRPH�H[DPSOHV��KH�RU�VKH�ZLOO�FHUWDLQO\�
SURGXFH�VRPHWKLQJ�OLNH��������

������� D�� -DQ�SLVDá�� � � � � � 3$67�
� � µ-RKQ�ZDV�ZULWLQJ�¶�

� E�� -DQ�SLV]H�� � � � � � 35(6(17�7(16(�
� � µ-RKQ�LV�ZULWLQJ�¶�

� F���-DQ�EĊG]LH�SLVDü�� � � � � � )8785(�
� �� µ-RKQ�ZLOO�ZULWH�EH�ZULWLQJ�¶�

+RZHYHU�� D� FORVHU� ORRN� DW� WKHVH� VHHPLQJO\� VLPSOH� DQG� FOHDU� H[DPSOHV� UHYHDOV�
WKDW� WKH� VLWXDWLRQ� LV�PXFK�PRUH� FRPSOLFDWHG��$SDUW� IURP� WHQVH�GLVWLQFWLRQV��3ROLVK�
DOVR� KDV� DVSHFWXDO� GLVWLQFWLRQV�� LW� GLVWLQJXLVKHV� SHUIHFWLYH� DQG� LPSHUIHFWLYH� YHUEV��
7KH� LQWHUSOD\�EHWZHHQ� WHQVH�DQG�DVSHFW� LV�QRW� V\PPHWULFDO� WKRXJK�� ,Q�RUGHU� WR�VHH�
WKLV��OHW�XV�FRQVLGHU�WKH�IROORZLQJ�H[DPSOHV�LQ�PRUH�GHWDLO��

������ D�� -DQ�� SLVDá�� � � NVLąĪNĊ�� � � 3$67�
� � -RKQ�� ZULWH�,3)9�37&3�6*�0� ERRN�$&&
� � µ-RKQ�ZDV�ZULWLQJ�D�ERRN�¶�
BBBBBBBBBBBB

��)RU� FODULW\�� LQ� WKH� IROORZLQJ� H[DPSOHV� VRPH�PRUSKHPHV�� H�J��� SHUIHFWLYH� SUHIL[HV� RU� DJUHHPHQW�
�SUHVHQW�WHQVH��VXIIL[HV��ZLOO�EH�VHSDUDWHG�IURP�WKH�UHVW�RI�WKH�YHUE�ZLWK�D�K\SKHQ��DOWKRXJK�WKLV� LV�QRW��
D�FRQYHQWLRQ�RI�3ROLVK�RUWKRJUDSK\��



���

� E�� -DQ�� QD�SLVDá�� � � NVLąĪNĊ��
� � -RKQ�� ZULWH�3)9�37&3�6*�0� ERRN�$&&
� � µ-RKQ�ZURWH�D�ERRN�¶�

������ D�� -DQ�� SLV]�H�� � � NVLąĪNĊ��� � � 35(6(17�7(16("�
� � -RKQ� ZULWH�,3)9�356��6*� ERRN�$&&
� � µ-RKQ�LV�ZULWLQJ�D�ERRN�¶�

� E�� -DQ�� QD�SLV]�H�� � NVLąĪNĊ��
� � -RKQ� ZULWH�3)9�356��6*�� ERRN�$&&
� � µ-RKQ�ZLOO�ZULWH�D�ERRN�¶�

������ D�� -DQ�� EĊG]L�H�� � SLVDü�� � NVLąĪNĊ�� � )8785("�
� � -RKQ� EH�$8;��6*� ZULWH�,3)9�,1)� ERRN�$&&
� � µ-RKQ�ZLOO�ZULWH���ZLOO�EH�ZULWLQJ�D�ERRN�¶�

� D�¶�-DQ�� EĊG]L�H�� � SLVDá�� � � NVLąĪNĊ��
� � -RKQ�� EH�$8;��6*� ZULWH�,3)9�37&3�6*�0� ERRN�$&&
� � µ-RKQ�ZLOO�ZULWH���ZLOO�EH�ZULWLQJ�D�ERRN�¶�

� E��
-DQ�� EĊG]L�H QD�SLVDü��� NVLąĪNĊ��
� � -RKQ� EH�$8;��6*� ZULWH�3)9�,1)� ERRN�$&&

� E�¶�
-DQ�� EĊG]L�H QD�SLVDá�� � � NVLąĪNĊ��
� � -RKQ� EH�$8;��6*� ZULWH�3)9�37&3�6*�0� ERRN�$&&

,Q�WKH�SDVW�WHQVH�ERWK�LPSHUIHFWLYH�DQG�SHUIHFWLYH�YHUEV�DUH�SRVVLEOH��DV�LOOXVWUDW�
HG�LQ��������DQG�LQ�ERWK�FDVHV�WKH�WHPSRUDO�LQWHUSUHWDWLRQ�LV�WKDW�RI�D�SDVW�HYHQW��+RZ�
HYHU��WKH�VDPH�LV�QRW�WKH�FDVH�LQ�WKH�SUHVHQW�WHQVH��FI����������KHUH�RQO\�DQ�LPSHUIHF�
WLYH� YHUE� UHFHLYHV� D� SUHVHQW� WHQVH� LQWHUSUHWDWLRQ�� ZKLOH� D� SHUIHFWLYH� YHUE� GHQRWHV��
D�IXWXUH�HYHQWXDOLW\�� ,Q� WKH�IXWXUH�WHQVH�FRQVWUXFWLRQV�LQ��������ZKLFK�FRQVLVW�RI� WKH�
VR�FDOOHG� ³IXWXUH� DX[LOLDU\´�EĊG]LH� DQG� D� OH[LFDO� YHUE�� RQO\� LPSHUIHFWLYH� YHUEV� DUH�
DOORZHG��FI�� ����D�D¶�� YV�� ����E�E¶���0RUHRYHU�� WKHUH�DUH� WZR�YDULDQWV�RI� VXFK�FRP�
SRXQG�IXWXUH�FRQVWUXFWLRQV��RQH�ZLWK�DQ�LQILQLWLYH�����D��DQG�RQH�ZLWK�WKH�VR�FDOOHG�
O�SDUWLFLSOH�����D¶���7R�PDNH�WKLQJV�HYHQ�PRUH�FRPSOLFDWH��WKH�O�SDUWLFLSOH�LV�DFWXDOO\�
WKH� IRUP�XVHG� LQ� WKH�SDVW� WHQVH� �FI�� ���������ZKLFK�PDNHV� VXFK�H[DPSOHV�DSSHDU� WR�

BBBBBBBBBBBB
��7R�EH�SUHFLVH��WKH�SDVW�WHQVH�LQ�3ROLVK�LV�IRUPHG�ZLWK�WKH�VR�FDOOHG�SDVW�SDUWLFLSOH�� �O�SDUWLFLSOH��

RI� ERWK� SHUIHFWLYH� DQG� LPSHUIHFWLYH� YHUEV� DQG� WKH� LQIOHFWLRQDO� HQGLQJ� � � SHUVRQ� DQG� QXPEHU� VXEMHFW�
DJUHHPHQW�PRUSKRORJ\���FI���L���:H�ZLOO�UHWXUQ�WR�WKHVH�LVVXHV�LQ�WKH�IROORZLQJ�FKDSWHUV�LQ�PRUH�GHWDLO��
+HUH��MXVW�IRU�WKH�VDNH�RI�LOOXVWUDWLRQ��WKH�IXOO�SDUDGLJP�RI�WKH�SHUVRQ�DQG�QXPEHU�DJUHHPHQW�PRUSKRORJ\�
�IRU�WKH�SDVW� WHQVH���FI���LL���DV�ZHOO�DV�WKH�SDUDGLJP�RI�SDUWLFLSOH�HQGLQJV��FI���LLL���DUH�SURYLGHG��1RWH�
WKDW� JHQGHU� LV�PDUNHG� RQ� WKH� O�SDUWLFLSOH��:KLOH� LQ� WKH� VLQJXODU� YHUEDO� DJUHHPHQW� LV� HLWKHU�PDVFXOLQH��
IHPLQLQH�� RU� QHXWHU�� WKHUH� DUH� WZR� IRUPV� RI� YHUEDO� DJUHHPHQW� LQ� WKH� SOXUDO�� YLULOH��ZKLFK� RFFXUV�ZLWK�
QRXQV�RI�PDVFXOLQH�SHUVRQDO�JHQGHU��DQG�QRQYLULOH��ZKLFK�RFFXUV�ZLWK�DOO�RWKHU�JHQGHUV��



���

FRQWDLQ� SDVW�PRUSKRORJ\� LQ� WKH� IXWXUH� WHQVH��$QG� WKHUH� LV� DOVR� VRPHWKLQJ� VWUDQJH�
DERXW�WKH�IXWXUH�DX[LOLDU\�EĊG]LH��,W�LV�UHODWHG�WR�WKH�YHUE�E\ü�µWR�EH¶��DFWXDOO\�LW�LV�LWV�
IXWXUH� IRUP�� FI�� ����F��� +RZHYHU�� WKH� LQIOHFWLRQDO� �H� VXIIL[� LQ� EĊG]LH� VHHPV� WR� EH�
LGHQWLFDO�ZLWK�WKH�LQIOHFWLRQDO�VXIIL[�RI�RUGLQDU\�SUHVHQW� WHQVH�YHUEV��FI���������7KLV�
IDFW� ZRXOG� VXJJHVW� WKDW�� DW� OHDVW� IURP� D� PRUSKRORJLFDO� SRLQW� RI� YLHZ�� EĊG]LH� LV��
D�SUHVHQW� WHQVH� IRUP��%XW�DVVXPLQJ� WKLV� WR�EH� WKH�FDVH�� WZR�SUHVHQW� WHQVH� IRUPV�RI�
E\ü� µWR�EH¶�ZRXOG� WKHQ�H[LVW� DV� WKHUH� LV� DQRWKHU� UHJXODU�SUHVHQW� WHQVH� IRUP�RI�E\ü��
QDPHO\�MHVW��FI������E���

������ D�� E\á� � � 3$67�
� � EH�367��6*�0
� � µV�KH�ZDV¶�

� E�� MHVW� � � 35(6(17�7(16(�
� � EH�356��6*
� � µV�KH�LV¶�

� F�� EĊG]LH� � � �35(6(17�7(16("��)8785(�
� � EH�)87��6*
� � µV�KH�ZLOO�EH¶�

$QRWKHU�LVVXH�LV�WKDW�RQ�WKH�DVVXPSWLRQ�WKDW�EĊG]LH�KDV�SUHVHQW�WHQVH�PRUSKROR�
J\� DQG� WKH� O�SDUWLFLSOH� FRQWDLQV� SDVW�PRUSKRORJ\�� WKHQ�� VWUDQJHO\� HQRXJK�� LQ� FRQ�
VWUXFWLRQV� OLNH� LQ� ����D¶�� WZR�GLIIHUHQW� WHQVH� IHDWXUHV�WHQVH� VSHFLILFDWLRQV�ZRXOG�EH�
SUHVHQW��SUHVHQW�WHQVH�DQG�SDVW�WHQVH��ZKLFK�VKRXOG�KDYH�FRQVHTXHQFHV�IRU�WKH�VWUXF�
WXUH�RI�WKHVH�FRQVWUXFWLRQV��)XUWKHUPRUH��DVVXPLQJ�WKDW�WKH�LQILQLWLYDO�FRPSOHPHQW�RI�
BBBBBBBBBBBB

�L�� &]\WDá�D�P� NVLąĪNĊ�� �� 3U]H�F]\WDá�D�P�� NVLąĪNĊ�
� UHDG�,3)9�37&3��6*�)� ERRN�$&&� �� UHDG�3)9�37&3��6*�)� ERRN�$&&
� µ,��IHPLQLQH��ZDV�UHDGLQJ�D�ERRN�¶� �� µ,��IHPLQLQH��UHDG�D�ERRN�¶�

�LL�� 7KH�SDUDGLJP�RI�WKH�SHUVRQ�DQG�QXPEHU�DJUHHPHQW��IRU�WKH�SDVW�WHQVH��

180%(5�
3(5621� 6,1*8/$5� 3/85$/�

��� �P� �Ğ�
��� �ĞP\� �ĞFLH�
��� ��� ��

�LLL��7KH�SDUDGLJP�RI�SDUWLFLSOH�HQGLQJV�

180%(5�
*(1'(5� 6,1*8/$5� 3/85$/�

0$6&8/,1(� �á� �
)(0,1,1(� �áD� �
1(87(5� �áR� �
9,5,/(� � �OL�
1219,5,/(� � �á\�
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EĊG]LH�LQ�����D��GRHV�QRW�EHDU�DQ\�WHQVH�IHDWXUH��WKLV�ZRXOG�PDNH�WKHVH�WZR�YDULDQWV�
RI� WKH�FRPSRXQG�IXWXUH� WHQVH� LQ�3ROLVK�� WKDW� LV� WKH�YDULDQW�ZLWK�DQ� LQILQLWLYDO�FRP�
SOHPHQW�����D��DQG�WKH�YDULDQW�ZLWK�DQ�O�SDUWLFLSOH�FRPSOHPHQW�����D¶���V\QWDFWLFDOO\�
DQG�VHPDQWLFDOO\�GLIIHUHQW�IURP�HDFK�RWKHU��

:KDW� DOVR�PDNHV� WKH� IXWXUH� DX[LOLDU\� EĊG]LH� H[FHSWLRQDO� LV� WKH� IDFW� ±� DOUHDG\�
PHQWLRQHG�DERYH�±�WKDW�LW�RQO\�VHOHFWV�LPSHUIHFWLYH�YHUEDO�FRPSOHPHQWV��FI������D�D¶��
YV������E�E¶���7KLV�PDNHV�LW�GLIIHUHQW�IURP�RWKHU�DX[LOLDULHV�LQ�3ROLVK��H�J���IURP�WKH�
FRQGLWLRQDO� DX[LOLDU\�� ZKLFK� FDQ� FR�RFFXU� ZLWK� ERWK� SHUIHFWLYH� DQG� LPSHUIHFWLYH�
YHUEV��FI���������

������ D�� 7HUD]�� -DQ�� SLVDá�E\� � � � NVLąĪNĊ��
� � QRZ� -RKQ� ZULWH�,3)9�37&3�6*�0�&21'� ERRN�$&&
� � µ1RZ�-RKQ�ZRXOG�ZULWH�D�ERRN�¶�

� E�� -DQ�� FKĊWQLH� � QD�SLVDá�E\� � � NVLąĪNĊ��
� � -RKQ� ZLOOLQJO\��� ZULWH�3)9�37&3�6*�0�&21'�� ERRN�$&&
� � µ-RKQ�ZRXOG�OLNH�WR�ZULWH�D�ERRN�¶�
BBBBBBBBBBBB

��&RQGLWLRQDO� FRQVWUXFWLRQV�FRQVLVW�RI� WKH�SDUWLFOH�E\��ZKLFK�DOZD\V�FR�RFFXUV�ZLWK� WKH� �SHUVRQ���
QXPEHU��VXEMHFW�DJUHHPHQW�VXIIL[��DQG�WKH�SDVW�SDUWLFLSOH��WKH�O�SDUWLFLSOH��RI�ERWK�SHUIHFWLYH�DQG�LPSHU�
IHFWLYH�YHUEV��VHH��L��LL���DQG��LLL���UHVSHFWLYHO\��7KH�FRPSOH[�E\�DJUHHPHQW�PRUSKRORJ\�FDQ�RFFXU�LQ�WZR�
GLIIHUHQW� SRVLWLRQV�� LW� FDQ� EH� DWWDFKHG� WR� WKH� O�SDUWLFLSOH� �L�H��� LW� FDQ� IRUP� RQH� FRPSOH[� ZLWK� WKH O�
SDUWLFLSOH���DV�LOOXVWUDWHG�LQ��L���RU�LW�FDQ�DSSHDU�VHSDUDWHO\�WR�WKH�OHIW�RI�WKH�SDUWLFLSOH��DV�LQ��LL���FI��%RUV�
OH\�DQG�5LYHUR����������I���'RUQLVFK�������������

�L�� 1D�SLVDOL�E\�ĞFLH�� � � WHQ�� DUW\NXá��
� ZULWH�3)9�37&3�3/�9,5,/(��&21'��3/�� >WKLV�� SDSHU@�$&&
� µ<RX�ZRXOG�ZULWH�WKLV�SDSHU�¶�

�LL�� :\�� E\�ĞFLH�� � QD�SLVDOL�� � � WHQ DUW\NXá��
� \RX�� &21'��3/�� ZULWH�3)9�37&3�3/�9,5,/(� >WKLV�� SDSHU@�$&&
� µ<RX�ZRXOG�ZULWH�WKLV�SDSHU�¶�

�LLL��0\� SUDFRZDOL�E\�ĞP\�� � � GáXĪHM��
ZH� ZRUN�,3)9�37&3�3/�9,5,/(��&21'��3/�� ORQJHU�
µ:H�ZRXOG�ZRUN�ORQJHU�¶�

7KHUH�LV�QR�FRQVHQVXV�LQ�WKH�OLWHUDWXUH�DV�IDU�DV�WKH�VWDWXV�RI�WKH�SDUWLFOH�E\�LV�FRQFHUQHG��:KLOH��IRU�
LQVWDQFH�� )LVLDN� HW� DO�� ������� ��II��� VSHDN� DERXW� WKH� FRQGLWLRQDO� FRQVWUXFWLRQ� DV�PDUNHG� E\� WKH�PRRG�
VXIIL[��E\��%RUVOH\�DQG�5LYHUR���������FI��DOVR�:LWNRĞ�������WUHDW�E\�DV�D�FRQGLWLRQDO�DX[LOLDU\��7KHUH�LV�
DOVR� GLVDJUHHPHQW� UHJDUGLQJ� WKH� TXHVWLRQ� RI� ZKHWKHU� WKH� FRPSOH[� FRQVLVWLQJ� RI� WKH� &21'� SDUWLFOH�
E\�DJUHHPHQW�PRUSKRORJ\�VKRXOG�EH�UHJDUGHG�DV�MXVW�RQH�HOHPHQW��DQ�³LQIOHFWHG�DX[LOLDU\´��JHQHUDWHG�
DV�VXFK�LQ�RQH�SRVLWLRQ��DV�LV�DVVXPHG�LQ�%RUVOH\�DQG�5LYHUR�����������I����VHH�KRZHYHU�IRRWQRWH���LQ�
%RUVOH\�DQG�5LYHUR�����������IRU�VRPH�DOWHUQDWLYH�VXJJHVWLRQV���RU�ZKHWKHU�LW�VKRXOG�UDWKHU�EH�WDNHQ�WR�
FRQVLVW� RI� WZR� VHSDUDWH� HOHPHQWV�� QDPHO\� WKH� DFWXDO� FRQGLWLRQDO� DX[LOLDU\� E\� DQG� WKH� SHUVRQ�QXPEHU�
VXEMHFW�DJUHHPHQW�PRUSKRORJ\��ZKLFK�DUH�DFFRUGLQJO\�JHQHUDWHG� LQ� WZR�GLIIHUHQW�SRVLWLRQV��7KLV� ODWWHU�
YLHZ�LV�DGYRFDWHG��H�J���E\�'RUQLVFK���������6HH�%áDV]F]DN������D��&K�����IRU�D�PRUH�GHWDLOHG�GLVFXVVLRQ�
RI� WKLV� LVVXH�� VHH�0LJGDOVNL� ������� IRU� DQ� H[FHOOHQW� RYHUYLHZ� RI� FRPSRXQG� WHQVHV� LQ�6ODYLF�� VHH� DOVR�
7RPDV]HZLF]��������������IRU�D�GLVFXVVLRQ�RI�FRQGLWLRQDO�DQG�VXEMXQFWLYH�PRRG�LQ�3ROLVK���



���

:LWK�UHVSHFW�WR�DVSHFWXDO�VHOHFWLRQDO�SURSHUWLHV�WKH�IXWXUH�DX[LOLDU\�EĊG]LH�LV�QRW�
RQO\�GLIIHUHQW�IURP�RWKHU�DX[LOLDULHV�LQ�3ROLVK�EXW�DOVR�IURP�RWKHU�6ODYLF�ODQJXDJHV�
HPSOR\LQJ� D� %(�DX[LOLDU\� LQ� IXWXUH� WHQVH� FRQVWUXFWLRQV�� &RQVLGHU� WKH� 6ORYHQLDQ�
H[DPSOHV� LQ� ������ �)UDQF� 0DUXãLþ�� SHUVRQDO� FRPPXQLFDWLRQ� �S�F���� DV� FLWHG� LQ�
%áDV]F]DN�DQG�.OLPHN�-DQNRZVND�����D�������7KH\�VKRZ�WKDW�WKH�6ORYHQLDQ�IXWXUH�
DX[LOLDU\�� XQOLNH� LWV� 3ROLVK� FRXQWHUSDUW�� LV� FRPSDWLEOH� ZLWK� ERWK� LPSHUIHFWLYH� DQG�
SHUIHFWLYH�SDUWLFLSLDO��O�SDUWLFLSOH��FRPSOHPHQWV��

������ 6ORYHQLDQ

� D�� ER� � SLVDO�
� � EH�$8;��6*� ZULWH�,3)9�37&3�6*�0
� � µ+H�VKH�ZLOO�ZULWH���ZLOO�EH�ZULWLQJ�¶�

� E� ER� � QDSLVDO
� � EH�$8;��6*� ZULWH�3)9�37&3�6*�0
� � µ+H�VKH�ZLOO�ZULWH���ZLOO�KDYH�ZULWWHQ�¶�

2Q� WKH� RWKHU� KDQG�� LQ� D� FRPSDUDEOH� SHULSKUDVWLF� IXWXUH� WHQVH� FRQVWUXFWLRQ� LQ�
5XVVLDQ� DOVR� RQO\� LPSHUIHFWLYH� FRPSOHPHQWV� DUH� DOORZHG�� MXVW� OLNH� LQ� 3ROLVK�� VHH�
������ �0H]KHYLFK� ������ ��±�����+RZHYHU�� XQOLNH� LQ� 3ROLVK�� LQ� 5XVVLDQ� WKH� IXWXUH�
DX[LOLDU\�EXGHW�WDNHV�RQO\�LQILQLWLYDO�DQG�QR�SDUWLFLSLDO�FRPSOHPHQWV��

������ 5XVVLDQ

� D�� � 2QD�RQ�� EXG�HW�� � þLWDW¶��
� � � VKH�KH� EH��6*�� � UHDG�,3)9�,1)
� � � µ6KH�KH�ZLOO�EH�UHDGLQJ�¶�

� E���
� 2QD�RQ�� EXG�HW SUR�þLWDW¶��
� � � VKH�KH� EH��6*�� � UHDG�3)9�,1)

,Q�YLHZ�RI� WKH�H[DPSOHV�GLVFXVVHG�VR�IDU��RQH�PD\�KDYH�JDLQHG�WKH�LPSUHVVLRQ�
WKDW� 6ODYLF� ODQJXDJHV� LQ� JHQHUDO� XVH� D� %(�DX[LOLDU\� LQ� IXWXUH� WHQVH� FRQVWUXFWLRQV��
7KLV�LV�QRW�WUXH�DV�WKHUH�DUH�PDQ\�6ODYLF�ODQJXDJHV�LQ�ZKLFK�D�GLIIHUHQW�DX[LOLDU\�LV�
XVHG��VHH�&KDSWHU���IRU�PRUH�GLVFXVVLRQ�RQ�WKLV�WRSLF���7DNH��IRU�H[DPSOH��%XOJDULDQ��
$V�VKRZQ�LQ��������7RPLü�������������LQ�IXWXUH�WHQVH�FRQVWUXFWLRQV�D�PRGDO�FOLWLF�ãWH
LV� XVHG�� ZKLFK� LV� D� GHVFHQGDQW� RI� WKH� 2OG� 6ODYLF� PRGDO� YHUE� [RWČWL� µZLOO�ZDQW¶�
�7RPLü������������������7KLV�PDNHV� WKH�%XOJDULDQ� IXWXUH� WHQVH�GLIIHUHQW� IURP� WKH�
3ROLVK� FRPSRXQG� IXWXUH� WHQVH� EXW� VLPLODU� WR�(QJOLVK� IXWXUH� FRQVWUXFWLRQV�ZLWK� WKH�
DX[LOLDU\�ZLOO��ZKLFK�KLVWRULFDOO\�DOVR�GHULYHV�IURP�D�PRGDO�YHUE��PRUH�VSHFLILFDOO\��
IURP�WKH�2OG�(QJOLVK�YHUE�ZLOODQ�PHDQLQJ�µZLVK¶��VHH�/LJKWIRRW���������I��DQG�WKH�
UHIHUHQFHV�FLWHG�WKHUHLQ���



���

������ %XOJDULDQ

� 3HWăU�� ãWH�� � GRMGH�� � � XWUH���
� 3HWDU�� ZLOO�02'�&/�� FRPH�3)9�356��6*�� WRPRUURZ�
� µ3HWDU�ZLOO�FRPH�WRPRUURZ�¶�

����3RVLQJ�UHVHDUFK�TXHVWLRQV�

$V�WKH�GLVFXVVLRQ�LQ�WKH�SUHFHGLQJ�VHFWLRQ�KDV�VKRZQ��HYHQ�RXU�VLPSOH�VWDUWLQJ�
TXHVWLRQ�DERXW�WKH�QXPEHU�RI�JUDPPDWLFDO�WHQVHV�LQ�3ROLVK�WXUQHG�RXW�LQ�WKH�HQG�WR�
EH�TXLWH�FRPSOLFDWHG�DQG�QRW�HDV\�WR�DQVZHU��:KHUHDV�WKHUH�FDQ�EH�QR�GRXEWV�DV�WR�
WKH�H[LVWHQFH�RI�WKH�SDVW�WHQVH�LQ�3ROLVK��WKH�FDVH�RI�WKH�SUHVHQW�WHQVH�DQG�WKH�IXWXUH�
WHQVH�LV�PRUH�FRPSOLFDWHG��$�SUHVHQW�WHQVH�YHUE�FDQ�JLYH�ULVH�WR�D�IXWXUH�PHDQLQJ�LI�
LW�LV�SHUIHFWLYH��2Q�WKH�RWKHU�KDQG��SHULSKUDVWLF�IXWXUH�FRQVWUXFWLRQV�FRQWDLQ�DQ�DX[LO�
LDU\�YHUE�ZKRVH�PRUSKRORJLFDO�IRUP�VHHPV�WR�EH�WKDW�RI�D�SUHVHQW� WHQVH�YHUE��$QG�
ZKHUHDV�WKHUH�LV�RQH�SDVW�WHQVH�LQ�FRQWHPSRUDU\�3ROLVK��WKHUH�LV�PRUH�WKDQ�RQH�ZD\�
RI�H[SUHVVLQJ�IXWXUH�WLPH�UHIHUHQFH��RQH�FDQ�XVH�D�SUHVHQW�WHQVH�IRUP�RI�D�SHUIHFWLYH�
YHUE��LQ�DGGLWLRQ��RQH�FDQ�XVH�D�SHULSKUDVWLF��FRPSRXQG��IXWXUH�FRQVWUXFWLRQ�ZLWK�DQ�
DX[LOLDU\�EĊG]LH�DQG�DQ�LQILQLWLYDO�FRPSOHPHQW�RU�D�SHULSKUDVWLF�IXWXUH�FRQVWUXFWLRQ�
ZLWK�DQ�DX[LOLDU\�EĊG]LH�DQG�DQ�O�SDUWLFLSOH�FRPSOHPHQW��:KDW�ZH�REVHUYH�LQ�3ROLVK�
GRHV�QRW� QHFHVVDULO\� FRUUHVSRQG� WR�ZKDW�ZH� ILQG� LQ�RWKHU�6ODYLF� ODQJXDJHV��ZKLFK�
PDNHV�WKH�SLFWXUH�HYHQ�KD]LHU�DW�ILUVW��7KH�ILUVW�TXHVWLRQ�ZH�VKRXOG�DVN�LV�D�TXHVWLRQ�
DERXW�WHQVH�LQ�JHQHUDO�DQG�DERXW�IXWXUH�WHQVH�LQ�SDUWLFXODU��

48(67,21�&203/(;����

:KDW� LV� WKH�QDWXUH� RI� WHQVH"� ,V� WHQVH� D� XQLYHUVDO� FDWHJRU\"�&DQ� WKHUH�EH� WUXO\�
WHQVHOHVV�ODQJXDJHV"�,I�VR��ZKDW�DUH�WKH�DOWHUQDWLYH�PHDQV�RI�H[SUHVVLQJ�WHQVH"�,V�
WHQVH�DQ�H[FOXVLYHO\�YHUEDO�FDWHJRU\"�+RZ�LV�LW�H[SUHVVHG�LQ�WKH�ODQJXDJHV�RI�WKH�
ZRUOG"�+RZ�PDQ\�GLIIHUHQW�WHQVH�GLVWLQFWLRQV�DUH�WKHUH"�,V�D�7HQVH�3KUDVH��73��
DOZD\V�SURMHFWHG�LQ�WKH�V\QWDFWLF�VWUXFWXUH�RI�D�FODXVH"�:KDW�LV�WKH�UHODWLRQ�EH�
WZHHQ�WHQVH�DQG�FDVH�PDUNLQJ�RI�QRPLQDO�SKUDVHV"�:KDW�PDNHV�WKH�IXWXUH�WHQVH�
VSHFLDO"�+RZ�LV� LW� UHDOL]HG�LQ� WKH�ODQJXDJHV�RI� WKH�ZRUOG"�,V� WKH�IXWXUH�D� WHQVH�
FDWHJRU\�DW�DOO"�,I�QRW��KRZ�FRXOG�LW�EH�DQDO\]HG�RWKHUZLVH"�

7KH�ILQDO�WKUHH�TXHVWLRQV�ZLOO�OHDG�XV�GLUHFWO\�WR�DQRWKHU�TXHVWLRQ�FRPSOH[��

48(67,21�&203/(;����

:KDW�LV�WKH�RULJLQ�RI�GLIIHUHQW�IXWXUH�WHQVH�PDUNHUV�FURVVOLQJXLVWLFDOO\"�'RHV�WKH�
RULJLQ�RI�D�JLYHQ�IXWXUH�FRQVWUXFWLRQ�VWLOO�PDWWHU�IRU�LWV�SUHVHQW�PHDQLQJ�DQG�GRHV�
LW�UHVWULFW�GHWHUPLQH�WKH�UDQJH�RI�LWV�SRVVLEOH�XVHV"�$UH��IRU�H[DPSOH��IXWXUH�FRQ�



���

VWUXFWLRQV�EDVHG�RQ�D�PRGDO�YHUE�VXFK�DV�µZDQW¶�GLIIHUHQW�LQ�WKLV�UHVSHFW�IURP�IX�
WXUH�FRQVWUXFWLRQV�EDVHG�RQ�D�GLIIHUHQW�YHUE��H�J���µEH�FRPH�¶"�

+RZ�GLG�GLIIHUHQW�IXWXUH�FRQVWUXFWLRQV�GHYHORS�LQ�6ODYLF�ODQJXDJHV�DQG�LQ�3ROLVK�
LQ�SDUWLFXODU"�:KDW�LV�WKH�RULJLQ�RI�WKH�3ROLVK�SHULSKUDVWLF�IXWXUH"�:K\�DUH�WKHUH�WZR�
YDULDQWV�RI� LW"�$UH�WKHUH�DQ\��VHPDQWLF�RU�V\QWDFWLF��GLIIHUHQFHV�EHWZHHQ�WKHVH�WZR�
YDULDQWV�RI�FRPSRXQG�IXWXUH"�

7KH� ODWWHU� TXHVWLRQV� ZLOO� SURYLGH� D� EDVLV� IRU� DVNLQJ� PRUH� GHWDLOHG� TXHVWLRQV�
DERXW� WKH� VHPDQWLFV� DQG� V\QWD[� RI� IXWXUH� WHQVH� FRQVWUXFWLRQV� LQ� 3ROLVK� DQG� RWKHU�
6ODYLF�ODQJXDJHV��ZKLFK�LV�WKH�VXEMHFW�RI�4XHVWLRQ�FRPSOH[����

48(67,21�&203/(;����

:KDW� LV� WKH� V\QWDFWLF� VWUXFWXUH�RI� IXWXUH� WHQVH�FRQVWUXFWLRQV� LQ�GLIIHUHQW�6ODYLF�
ODQJXDJHV"�'R�IXWXUHV�ZKLFK�KDYH�D�PRGDO�RULJLQ��DV� LV� WKH�FDVH� LQ�%XOJDULDQ��
GLIIHU�VWUXFWXUDOO\�IURP�IXWXUHV�ZKLFK�GR�QRW�KDYH�D�PRGDO�RULJLQ��DV�LV�WKH�FDVH�
LQ�6ORYHQLDQ�DQG�3ROLVK"�'R�WKH�FRPSRXQG�IXWXUHV�LQ�3ROLVK�DQG�6ORYHQLDQ�KDYH�
WKH�VDPH�RU�GLIIHUHQW�V\QWDFWLF�VWUXFWXUHV"�'RHV�D�VSHFLILF�V\QWDFWLF�VWUXFWXUH�UH�
VWULFW�LQ�VRPH�VHQVH�WKH�UDQJH�RI�SRVVLEOH�LQWHUSUHWDWLRQV�DYDLODEOH�IRU�D�JLYHQ�IX�
WXUH�FRQVWUXFWLRQ"�+RZ�FDQ�WKH�IXWXUH�PHDQLQJ�EH�GHULYHG"�:KHUH�GRHV�LW�FRPH�
IURP"�&DQ� WKH� IXWXUH� UHIHUHQFH�EH�GHULYHG� LQ� WKH� VDPH�ZD\� LQ� ODQJXDJHV�ZLWK�
PRGDO�IXWXUHV�DQG�LQ�WKRVH�ZLWKRXW�PRGDO�IXWXUHV"�:KDW�GLIIHUHQW�LQWHUSUHWDWLRQV�
DUH�SRVVLEOH�IRU�IXWXUH�FRQVWUXFWLRQV�DQG�DUH�VXFK�LQWHUSUHWDWLRQV�HTXDOO\�DYDLOD�
EOH�IRU�IXWXUHV�LQ�3ROLVK��6ORYHQLDQ��DQG�%XOJDULDQ"�:KDW�DUH�WKH�GLIIHUHQFHV�LQ�
WKH�XVH�RI�SHUIHFWLYH�DQG�LPSHUIHFWLYH�IXWXUHV"�+RZ�FDQ�VXFK�GLIIHUHQFHV�EH�DF�
FRXQWHG�IRU"�5HJDUGLQJ�3ROLVK��ZKDW�LV�WKH�QDWXUH�DQG�WKH�UROH�RI�WKH�IXWXUH�DX[�
LOLDU\�EĊG]LH� LQ�FRPSRXQG�IXWXUH�FRQVWUXFWLRQV"�+RZ�LV�WKH�IXWXUH�PHDQLQJ�GH�
ULYHG� LQ� SHULSKUDVWLF� IXWXUH� FRQVWUXFWLRQV� DQG� LQ� WKH� FDVH� RI� SHUIHFWLYH� SUHVHQW�
WHQVH�YHUEV"� ,V� LW�GHULYHG� LQ� WKH�VDPH�ZD\�RU�VKRXOG� WKHUH�EH�GLIIHUHQW�PHFKD�
QLVPV�DVVXPHG�IRU�WKLV"�

:KLOH�WKH�TXHVWLRQV�LQ�FRPSOH[���DLP��DPRQJ�RWKHU�WKLQJV��DW�SURSRVLQJ�DQ�DGH�
TXDWH�V\QWDFWLF�DQG�VHPDQWLF�DQDO\VLV�RI�3ROLVK�IXWXUH�FRQVWUXFWLRQV�ZKLFK�ERWK�WDNHV�
WKH�H[LVWLQJ�WKHRUHWLFDO�SURSRVDOV�LQWR�DFFRXQW�DQG�FRQVLGHUV�WKH�UHOHYDQW�VLPLODULWLHV�
DQG� GLIIHUHQFHV� DPRQJ� 6ODYLF� ODQJXDJHV�� WKH� ODVW� FRPSOH[� DVNV� GHHSHU� TXHVWLRQV�
DERXW�3ROLVK�FRPSRXQG�IXWXUH�FRQVWUXFWLRQV�IURP�D�SV\FKROLQJXLVWLF�SHUVSHFWLYH��

48(67,21�&203/(;����

:KDW�LV�WKH�QDWXUH�RI�WKH�DVSHFWXDO�VHOHFWLRQ�RI�EĊG]LH�� L�H���WKH�IDFW�WKDW�EĊG]LH
RQO\�VHOHFWV�IRU�LPSHUIHFWLYH�FRPSOHPHQWV"�,V�LW�D�SXUHO\�PRUSKRV\QWDFWLF�VHOHF�
WLRQ�RU�LV�LW�UDWKHU�D�VHPDQWLF�PDWWHU"�$UH�SHULSKUDVWLF�IXWXUH�FRQVWUXFWLRQV�ZLWK�



���

LQILQLWLYDO� FRPSOHPHQWV� SURFHVVHG� LQ� D� VLJQLILFDQWO\� GLIIHUHQW� ZD\� IURP� WKRVH�
ZLWK� SDUWLFLSLDO� FRPSOHPHQWV"� $QG� ILQDOO\�� FDQ� ZH� ILQG� DQ\� SV\FKROLQJXLVWLF��
HYLGHQFH�IRU�WKH�FODLP�WKDW�WKH�O�SDUWLFLSOH�KDV�D�SDVW�WHQVH�IHDWXUH�VSHFLILFDWLRQ�
LQ�WKH�SHULSKUDVWLF�IXWXUH�FRQVWUXFWLRQ"�

����'HYHORSLQJ�D�UHVHDUFK�SODQ�±�2U�KRZ�WKLV�ZRUN��
LV�VWUXFWXUHG�

7KH�TXHVWLRQV�IRUPXODWHG�DERYH�DUH�FRQVWUXFWHG�LQ�VXFK�D�ZD\�WKDW�HDFK�SUHFHG�
LQJ�FRPSOH[�SURYLGHV�D�IRXQGDWLRQ�IRU�WKH�QH[W�RQH��7KH�TXHVWLRQV�UDQJH�IURP�EURDG��
PRUH�JHQHUDO�LVVXHV�LQ�FRPSOH[����ZKLFK�ZLOO�JLYH�XV�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�
FDWHJRU\�WHQVH�DQG�LQ�SDUWLFXODU�RI�IXWXUH�WHQVH�� WR�PRUH�IRFXVHG�TXHVWLRQV�LQ�FRP�
SOH[����ZKLFK�ZLOO�SURYLGH�PRUH�LQVLJKW�LQWR�WKH�HPHUJHQFH�RI�GLIIHUHQW�IXWXUH�WHQVH�
FRQVWUXFWLRQV� DQG� WKH� GLIIHUHQWLDWLRQ� RI� WKHLU� PHDQLQJV� DQG� XVHV�� 7KHVH� TXHVWLRQV�
WKHQ�OHDG�WR�HYHQ�PRUH�VSHFLDOL]HG�TXHVWLRQV�LQ�FRPSOH[���DERXW�WKH�VHPDQWLFV�DQG�
V\QWD[�RI�IXWXUH�FRQVWUXFWLRQV�LQ�6ODYLF�ODQJXDJHV��VHW�DJDLQVW�D�FURVVOLQJXLVWLF�EDFN�
JURXQG��DQG�WKHVH�LQ�WXUQ�EULQJ�XV�WR�WKH�SURFHVVLQJ�RI�WHQVH��ZLWK�SDUWLFXODU�IRFXV�RQ�
WKH�SHULSKUDVWLF�IXWXUH�FRQVWUXFWLRQV�LQ�3ROLVK��LQ�FRPSOH[����

7KH� ILUVW�TXHVWLRQ�FRPSOH[� LV� WKH� VXEMHFW�RI�&KDSWHU����7KHUH�D�FURVVOLQJXLVWLF�
�W\SRORJLFDO��SHUVSHFWLYH�ZLOO�EH�WDNHQ��(YLGHQFH�IURP�GLIIHUHQW�ODQJXDJHV��LQFOXGLQJ�
FUHROH�ODQJXDJHV��ZLOO�KHOS�XV�WR�DQVZHU�WKH�TXHVWLRQV�IRUPXODWHG�DERYH��$UJXPHQWV�
FRPLQJ�IURP�SV\FKROLQJXLVWLF��ODQJXDJH�DFTXLVLWLRQ��DQG�QHXUROLQJXLVWLF�UHVHDUFK�DV�
ZHOO�DV�DQLPDO�UHVHDUFK�ZLOO�DOVR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ��

,Q�&KDSWHU���D�GLDFKURQLF�SHUVSHFWLYH�ZLOO�EH�WDNHQ��'LIIHUHQW�RULJLQV�RI�IXWXUH�
PDUNHUV�ZLOO� EH� GLVFXVVHG�� ,Q� SDUWLFXODU�� WKH� IRFXV�ZLOO� EH� RQ� WKH� GHYHORSPHQW� RI�
IXWXUH�WHQVH�FRQVWUXFWLRQV�LQ�3ROLVK�DJDLQVW�WKH�6ODYLF�EDFNJURXQG��6SHFLDO�DWWHQWLRQ�
ZLOO�EH�SDLG�WR�WKH�TXHVWLRQ�RI�WKH�RULJLQ�DQG�QDWXUH�RI�WKH�VR�FDOOHG�IXWXUH�DX[LOLDU\�
EĊG]LH�LQ�SHULSKUDVWLF�IXWXUH�WHQVH�FRQVWUXFWLRQV�LQ�3ROLVK�DQG�WKH�HPHUJHQFH�RI�WZR�
YDULDQWV�RI�WKH�SHULSKUDVWLF�IXWXUH�WHQVH�FRQVWUXFWLRQ�LQ�3ROLVK��RQH�ZLWK�DQ�LQILQLWLYH�
DQG� RQH� ZLWK� DQ� O�SDUWLFLSOH� FRPSOHPHQW�� DJDLQ� DJDLQVW� WKH� EDFNJURXQG� RI� RWKHU�
6ODYLF� ODQJXDJHV� SRVVHVVLQJ� FRPSDUDEOH� FRQVWUXFWLRQV�� $QRWKHU� LVVXH� WDNHQ� LQWR�
DFFRXQW� LQ�&KDSWHU� ��ZLOO� EH� WKH� TXHVWLRQ� RI� WKH� IXWXUH� GHQRWDWLRQ� RI� D� SHUIHFWLYH�
SUHVHQW� WHQVH� YHUE�� 7R� WKLV� HQG�� ZH� ZLOO� ORRN� DW� KRZ� QHZ� SUHVHQW� WHQVH� IRUPV�
HPHUJH��DQG�KRZ�ROG�IRUPV�DUH�UH�XVHG�DQG�SRVVLEO\�GHYHORS�QHZ�XVHV�LQ�GLIIHUHQW�
ODQJXDJHV��7KLV�ZLOO�KHOS�XV�WR�XQGHUVWDQG�WKH�3ROLVK��6ODYLF��VLWXDWLRQ�EHWWHU��)LQDOO\��
WKH�TXHVWLRQ�RI�ZKHWKHU�WKH�RULJLQ�RI�D�JLYHQ�IXWXUH�FRQVWUXFWLRQ�VWLOO�PDWWHUV�IRU�LWV�
SUHVHQW�PHDQLQJ�DQG�UHVWULFWV�GHWHUPLQHV�WKH�UDQJH�RI�LWV�SRVVLEOH�XVHV�ZLOO�EH�DVNHG��
0RUH�VSHFLILFDOO\��ZH�ZLOO� WU\� WR� ILJXUH�RXW��SDUWO\�RQ� WKH�EDVLV�RI�D�TXHVWLRQQDLUH��
ZKHWKHU� IXWXUH� WHQVH�FRQVWUXFWLRQV�EDVHG�RQ�D�PRGDO�YHUE� �OLNH��H�J��� WKRVH� LQ�%XO�



���

JDULDQ�� GLIIHU� LQ� WKHLU� PHDQLQJ� DQG� UDQJH� RI� XVHV� IURP� IXWXUH� WHQVH� FRQVWUXFWLRQV�
ZKLFK�DUH�QRW�EDVHG�RQ�D�PRGDO�YHUE��OLNH�WKRVH�LQ�3ROLVK�RU�6ORYHQLDQ���

:LWK�WKH�EDFNJURXQG�SURYLGHG�LQ�&KDSWHU���DQG�&KDSWHU����ZH�ZLOO�EH�LQ�D�SRVL�
WLRQ�WR�DVN�PRUH�VSHFLDOL]HG�TXHVWLRQV�DERXW�WKH�VHPDQWLFV�DQG�V\QWD[�RI�IXWXUH�FRQ�
VWUXFWLRQV� LQ� WKUHH� VHOHFWHG� 6ODYLF� ODQJXDJHV� �%XOJDULDQ��6ORYHQLDQ�� DQG�3ROLVK�� LQ�
&KDSWHU����7KH�DLP�RI�WKLV�FKDSWHU�ZLOO�EH�WR�GHYHORS�D�EHWWHU�XQGHUVWDQGLQJ�RI�IX�
WXUH��LQ�SDUWLFXODU��WR�GLVHQWDQJOH�WKH�EDVLF�FRPSRQHQWV��LQJUHGLHQWV��RI�IXWXUH�PHDQ�
LQJ�DQG�ILJXUH�RXW�KRZ�WKHVH� LQJUHGLHQWV� LQWHUDFW�ZLWK�HDFK�RWKHU�DQG�DORQJ�ZKLFK�
GLPHQVLRQV�WKH\�FDQ�GLIIHU�LQ�GLIIHUHQW�ODQJXDJHV��,Q�SDUWLFXODU��DWWHQWLRQ�ZLOO�EH�SDLG�
WR�WKH�TXHVWLRQ�RI�ZKHWKHU�WKHUH�LV�D�VSHFLDO�IXWXUH�WHQVH�LQ�3ROLVK��KRZ�D�IXWXUH�WLPH�
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QLVP�LV�HPSOR\HG�IRU�WKLV�LQ�ERWK�VLPSOH�IXWXUH�DQG�SHULSKUDVWLF�IXWXUH�FRQVWUXFWLRQV�
RU�ZKHWKHU�GLIIHUHQW�PHFKDQLVPV�VKRXOG�EH�SRVWXODWHG�IRU�GLIIHUHQW�IXWXUH�WHQVH�FRQ�
VWUXFWLRQV��$QRWKHU� LQWHUHVWLQJ�LVVXH�GLVFXVVHG�LQ�&KDSWHU���ZLOO�EH�WKH�TXHVWLRQ�RI�
SRVVLEOH�VHPDQWLF�GLIIHUHQFHV�EHWZHHQ�SHUIHFWLYH�DQG� LPSHUIHFWLYH� IXWXUH�FRQVWUXF�
WLRQV�� LQ�DGGLWLRQ� WR� WKH�REYLRXV�DVSHFWXDO�GLIIHUHQFHV�EHWZHHQ� WKHP��)RU� WKLV�SXU�
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FRPSOHWH�ZLWKRXW�WDNLQJ�LQWR�FRQVLGHUDWLRQ�VLPLODULWLHV�DQG�GLIIHUHQFHV�UHJDUGLQJ�WKH�
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RI�WKH�O�SDUWLFLSOH��7KH�FKDSWHU�ZLOO�LQFOXGH�DQ�H[SODQDWLRQ�RI�WKH�FKRVHQ�(53�PHWK�
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