
,V�WKH�0DSSLQJ�WR�3+21�&RPSOH["�

+LVDR�7RNL]DNL�

6DSSRUR�8QLYHUVLW\�

$%675$&7�� � &KRPVN\��*DOOHJR�	�2WWR� ������� DUJXH� WKDW� WKH�PDSSLQJ� RI� V\QWDFWLF� VWUXFWXUH� WR�

3+21��SKRQRORJ\��LV�FRPSOH[�FRPSDUHG�WR�PDSSLQJ�WR�6(0��VHPDQWLFV���7KLV�DUWLFOH�DUJXHV�WKDW�WKH�

PDSSLQJ�RI�V\QWDFWLF�VWUXFWXUH�WR�3+21�LV�QRW�FRPSOH[�EHFDXVH�LW�LV�JRYHUQHG�E\�VSHFLILF�UXOHV�DQG�

PHFKDQLVPV�
� �

.H\ZRUGV��LQWHUIDFH��SURVRG\��OLQHDUL]DWLRQ��([WHUQDOL]DWLRQ��VWUHVV�

�� 7KH�TXHVWLRQ

7KH�PLQLPDOLVW�SURJUDP�RI�OLQJXLVWLF�WKHRU\�DVVXPHV�WKDW�V\QWDFWLF�VWUXFWXUH�FRQVWUXFWHG

E\� WKH� FRPSXWDWLRQDO� V\VWHP� LV� PDSSHG� RQWR� WZR� UHSUHVHQWDWLRQV�� QDPHO\� VHPDQWLF�

UHSUHVHQWDWLRQ�DQG�SKRQRORJLFDO�UHSUHVHQWDWLRQ�� � 2QH�RI� WKH�JRDOV�RI� OLQJXLVWLF�VWXGLHV�LV� WR�
FODULI\�WKH�PHFKDQLVPV�RI�the mappings.  Comparing the two interfaces, Chomsky, Gallego
& Otto (2019: 12) argue that the mapping to PHON is complex, as shown in (1). 

��� 2EMHFWV� FRQVWUXFWHG� LQ� FRUH� V\QWD[�PXVW� EH�PDSSHG� RQWR� UHSUHVHQWDWLRQV� WKDW� FDQ� EH

DFFHVVHG�E\�&�,�DQG�60�V\VWHPV��6(0�DQG�3+21��UHVSHFWLYHO\��&RQVHTXHQWO\�� WKHUH

PXVW�EH�DQ�RSHUDWLRQ�75$16)(5�WKDW�KDQGV�FRQVWUXFWHG�REMHFWV�RYHU� WR�WKH�PDSSLQJ

FRPSRQHQWV��7KH�PDSSLQJ� WR�3+21� LV� FRPSOH[�� LQYROYLQJ� WKH� FRPSXWDWLRQ� RI� VWUHVV

DQG�D�SURVRGLF�FRQWRXU��³IODWWHQLQJ´�RI� WKH�KLHUDUFKLFDO�VWUXFWXUH��HWF�������7KH�PDSSLQJ�

WR� 6(0� LV� PRUH� GLUHFW�� JLYHQ� WKDW� KLHUDUFKLFDO� VWUXFWXUH� LV� WKH� LQSXW� WR� VHPDQWLF�

LQWHUSUHWDWLRQ��«��

,Q� WKLV� SDSHU�� ,� DUJXH� WKDW� WKH�PDSSLQJ� WR�3+21� LV� V\VWHPDWLF� DOWKRXJK� LW�PLJKW� EH�PRUH�

FRPSOH[�WKDQ�WKH�PDSSLQJ�WR�6(0�� � ,Q�VHFWLRQ����,�GLVFXVV�WKH�FRPSXWDWLRQ�RI�VWUHVV�� � 6HFWLRQ�

��LV�GHYRWHG�WR�WKH�FRPSXWDWLRQ�RI�SURVRGLF�FRQWRXU�� � ,Q�VHFWLRQ����,�GLVFXVV�KRZ�³IODWWHQLQJ´�

RI�WKH�KLHUDUFKLFDO�VWUXFWXUH�LV�GRQH�LQ�WKH�V\QWD[�SKRQRORJ\�LQWHUIDFH�� � 6HFWLRQ���FRQFOXGHV�

WKH�GLVFXVVLRQ�� � �

� 7KLV�DUWLFOH�LV�EDVHG�RQ�P\�SUHVHQWDWLRQ�DW�WKH��WK�ZRUNVKRS�RQ�WKH�3KRQRORJLFDO�([WHUQDOL]DWLRQ�RI
0RUSKRV\QWDFWLF�6WUXFWXUH�KHOG�LQ�6DSSRUR��6HSWHPEHU����������� � ,�ZRXOG�OLNH�WR�WKDQN�WKH�SDUWLFLSDQWV
RI�WKH�ZRUNVKRS�� � 7KLV�ZRUN�ZDV�VXSSRUWHG�E\�-636�.$.(1+,��*UDQW�1XPEHU���+�������

3KRQRORJLFDO�([WHUQDOL]DWLRQ�YROXPH������������������
+LVDR�7RNL]DNL��HG����6DSSRUR�8QLYHUVLW\���������+LVDR�7RNL]DNL



2. The computation of stress
2.1 Stress the bottom element 

In this section, I argue that the computation of stress is governed by some simple rules in 
the syntax-phonology interface.  Firstly, I briefly review Cinque’s (1993) null theory of stress 
assignment based on the depth of embedding.  Secondly, I show an alternative mechanism of 

stress computation based on Merge in the minimalist program.   
Cinque (1993) argues that stress is assigned to the most deeply embedded element in a 

hierarchical structure. 

��� D�� >93�>9�ORYH@�>13�>1�P~VLF@@@

E� >1��>13�>1�WyZHO@@�>1���UDFN@@

In the phrase (2a), stress is assigned to the most deeply embedded element music.  Similarly, 
stress is assigned to the bottom element towel in the compound (2b).  Thus, Cinque’s rule 
successfully generalizes Nuclear Stress Rule and Compound Stress Rule (Chomsky & Halle 

1968).  

However, the PLQLPDOLVW�SURJUDP�RI�OLQJXLVWLF�WKHRU\�DVVXPHV�0HUJH�RQO\�� � ,W�GRHV�QRW�

DOORZ�QRQ�EUDQFKLQJ nodes such as [NP [N músic]] in (2a) and [NP [N tówel]] in (2b).  The X-bar
theoretic structures in (2) are those in (3) according to the bare phrase structure in the 
minimalist syntax. 

��� D�� >93�>9�ORYH@�>1�PXVLF@@

E� >1�>1�WRZHO@�>1�UDFN@@

Then, two words in (2a) and (2b) are embedded at the same level.  Although Cinque’s rule is 

simple and general, we need to reformulate it within the minimalist program.   

2.2 Prosodic labeling 

,�KDYH�SURSRVHG�D�6WURQJ�:HDN�ODEHOLQJ�IRU�D�SDLU�RI�V\QWDFWLF�REMHFWV�(Tokizaki 2018b,
2020), shown in (4).1 

�� 7KH�IRUPXODWLRQ�RI�WKLV�UXOH�LV�VOLJKWO\�GLIIHUHQW�IURP�WKDW�LQ�7RNL]DNL������E���������ZKLFK�LV�VKRZQ�
LQ��L���

�L� $VVLJQ�6�WURQJ��WR�D�VHW�DQG�:�HDN��WR�D�WHUPLQDO�ZKHQ�WKH\�DUH�PHUJHG�

7KH�UXOH�LQ�����LV�EHWWHU�WKDQ��L��EHFDXVH�����FRYHUV�WKH�FDVHV�RI�FODVK�>6�VHW@�>6�VHW@�DQG�ODSVH�>:�WHUPLQDO@�

>:�WHUPLQDO@��ERWK�RI�ZKLFK�DUH�UXOHG�RXW�LQ�3)�� �

�� +,6$2�72.,=$.,



��� :KHQ�WZR�V\QWDFWLF�REMHFWV�DUH�0HUJHG�

D� DVVLJQ�6�WURQJ��WR�D�VHW

E� DVVLJQ�:�HDN��WR�D�WHUPLQDO

7KLV�3URVRGLF�/DEHOLQJ�DSSOLHV�WR�ERWK�SKUDVHV�DQG�FRPSRXQGV��DV�VKRZQ�LQ������

��� D�� >>:�ORYH@�>6�EHDXWLIXO�PXVLF@@

E� >>6�NLWFKHQ�WRZHO@�>:�UDFN@@

,Q���D���ZKHQ�D�VHW�EHDXWLIXO�PXVLF�PHUJHV�ZLWK�D�WHUPLQDO�ORYH��WKH�IRUPHU�LV�ODEHOHG�DV�6�DQG�

WKH�ODWWHU�DV�:�� � 6LPLODUO\��LQ���E���ZKHQ�D�VHW�NLWFKHQ�WRZHO�PHUJHV�ZLWK�D�WHUPLQDO�UDFN��WKH�

IRUPHU�LV�ODEHOHG�DV�6�DQG�WKH�ODWWHU�DV�:�� � �

1RZ�ZH�QHHG�WR�GHFLGH�ZKLFK�REMHFW�JHWV�6�LQ�WKH�ILUVW�PHUJH��EHDXWLIXO�YV��PXVLF�LQ���D��

DQG�NLWFKHQ�YV��WRZHO�LQ���E��� � 7KH�VLPSOHVW�ZD\�LV�WR�DVVXPH�WKDW�PXVLF�DQG�WRZHO�DUH�VLQJOH�

PHPEHUHG�VHWV� �FI��.D\QH�������*XLPDUmHV�������� � 7KHQ�� WKHVH�REMHFWV�DUH�DVVLJQHG�6�E\�

3URVRGLF�/DEHOLQJ������

��� D�� >>:�EHDXWLIXO@�^6�PXVLF`@

E� >^6�NLWFKHQ`�>:�WRZHO@@

7KHVH�VWUXFWXUHV�DUH�PHUJHG�ZLWK�WHUPLQDOV�ORYH�DQG�UDFN�WR�JLYH�WKH�VWUXFWXUHV�LQ������

��� D�� >>:�ORYH@�>6�>:�EHDXWLIXO@�^6�PXVLF`@@

E� >>6�^6�NLWFKHQ`�>:�WRZHO@@�>:�UDFN@@

7KHQ��WKH�PDLQ�VWUHVV�LV�FRUUHFWO\�DVVLJQHG�WR�WKH�REMHFW�GRPLQDWHG�RQO\�E\�6��L�H��PXVLF�LQ���D��

DQG�NLWFKHQ�LQ���E��� � �

$Q�DOWHUQDWLYH�DQDO\VLV�RI�WKH�ILUVW�0HUJH�LV�WR�DVVXPH�WKDW�WKH�ILUVW�VHW�LQ�WKH�GHULYDWLRQ�

LV�LQ�IDFW�D�VHW�FRQVLVWLQJ�RI�D�WHUPLQDO�DQG�LWV�FRYHUW�FRPSOHPHQW��¡���FI��=ZDUW�������������

)RUWXQ\�������� �

��� D�� >PXVLF�¡@

E� >¡�NLWFKHQ@

7KH�FRYHUW�FRPSOHPHQW�LQ�����FRXOG�EH�H[SUHVVHG�DV�LQ������

��� D�� >PXVLF�E\�%DFK@

E� >KRPH�NLWFKHQ@

7KXV��ZH�FDQ�H[SODLQ�WKH�VWUHVV�RQ�WKH�ILUVW�WHUPLQDO�LQ������FI��7RNL]DNL��������

,6�7+(�0$33,1*�72�3+21�&203/(;" ��



� ,Q�WKLV�VHFWLRQ��ZH�KDYH�VHHQ�WKDW� WKH�FRPSXWDWLRQ�RI�VWUHVV� LV�GRQH�E\�D�UDWKHU�VLPSOH�

PHFKDQLVP�RI�SURVRGLF�ODEHOOLQJ�EDVHG�RQ�WKH�DV\PPHWULF�0HUJH�� �

�
3. 7KH�FRPSXWDWLRQ�RI�D�SURVRGLF�FRQWRXU�
����0DWFK�WKHRU\� �

1RZ�OHW�XV�FRQVLGHU�KRZ�FRPSOH[�WKH�FRPSXWDWLRQ�RI�D�SURVRGLF�FRQWRXU�LV�� � 2QH�RI�WKH�

FXUUHQW�WKHRULHV�RI�SURVRGLF�SKRQRORJ\�LV�WKH�0DWFK�7KHRU\�SURSRVHG�E\�6HONLUN��������DQG�

(OIQHU��������� � 7KLV� WKHRU\�DVVXPHV�WKH�EDVLF�FRUUHVSRQGHQFH�EHWZHHQ�V\QWDFWLF�FDWHJRULHV�

DQG�SURVRGLF�FDWHJRULHV�DV�VKRZQ�LQ������� �

����� D�� � D�FODXVH� �DQ�LQWRQDWLRQDO�SKUDVH��Ț��

� E�� � D�SKUDVH� �D�SKRQRORJLFDO�SKUDVH��ĳ��

� F�� � D�ZRUG� �D�SURVRGLF�ZRUG��Ȧ��

$OWKRXJK� WKLV� ORRNV� OLNH� D� YHU\� VLPSOH� PDSSLQJ� IURP� V\QWD[� RQWR� SKRQRORJ\�� WKHVH�

FRUUHVSRQGHQFH�UHODWLRQV�DUH�IRUPXODWHG�DV�YLRODEOH�FRQVWUDLQWV�EDVHG�RQ�2SWLPDOLW\�7KHRU\�� �

:H� QHHG� WR� FRQVLGHU� WKH� LQWHUDFWLRQ� RI� FRQVWUDLQWV� LQFOXGLQJ� D� QXPEHU� RI� SKRQRORJLFDO�

FRQVWUDLQWV�� � 7KXV��DFFRUGLQJ�WR�WKH�0DWFK�7KHRU\��WKH�FRPSXWDWLRQ�RI�D�SURVRGLF�FRQWRXU�LV�

TXLWH�FRPSOH[�� � �

�

����5HFXUVLRQ�RI�SURVRGLF�FDWHJRULHV�

� $QRWKHU� IDFWRU� PDNLQJ� WKH� V\QWD[�SKRQRORJ\� LQWHUIDFH� PRUH� FRPSOH[� LV� WKH� DOOHJHG�

UHFXUVLYLW\� RI� SURVRGLF� FDWHJRULHV�� � /DGG� ������� DUJXHV� WKDW� LQWRQDWLRQDO� SKUDVHV� FDQ� EH�

UHFXUVLYH��VKRZLQJ�WKH�VHQWHQFH�LQ�������

�

����� �,QW3�7KLV�LV�WKH�GRJ���,QW3�WKDW�FKDVHG�WKH�FDW���,QW3�WKDW�NLOOHG�WKH�UDW���,QW3�WKDW�DWH�WKH� �

� PDOW���,QW3���,QW3��WKDW�OD\�LQ�WKH�KRXVH���,QW3��WKDW�-DFN�EXLOW���

�

/DGG�REVHUYHV�WKDW�WKHUH�LV�D�ZHDNHU�ERXQGDU\�EHWZHHQ�KRXVH�DQG�WKDW�� � 7KXV��KH�DUJXHV�WKDW�

LQWRQDWLRQDO�SKUDVHV�DUH�UHFXUVLYH�DQG�WKDW�,QW3��DQG�,QW3��DUH�GRPLQDWHG�E\�,QW3��LQ������� �

� 6LPLODUO\��:DJQHU��������DUJXHV�WKDW�SKRQRORJLFDO�SKUDVHV�FDQ�EH�UHFXUVLYH��EDVHG�RQ�

KLV�REVHUYDWLRQ�RI�WKH�SDXVH�OHQJWK�LQ�PXOWLSOH�FRRUGLQDWLRQ��7KH�IROORZLQJ�H[DPSOHV������DQG�

�����DUH�GLIIHUHQW�LQ�ERWK�VWUXFWXUH�DQG�SURVRG\�� �

����� D�� � >/\VDQGHU�DQG�>'HPHWULXV�DQG�+HUPLD@@�

� E�� �3K3�/\VDQGHU�DQG��3K3�'HPHWULXV�DQG�+HUPLD���

�� +,6$2�72.,=$.,



����� D�� � >>/\VDQGHU�DQG�'HPHWULXV@�DQG�+HUPLD@�

� E�� �3K3��3K3�/\VDQGHU�DQG�'HPHWULXV��DQG�+HUPLD��

:DJQHU�DUJXHV�WKDW�JUHDWHU�OHQJWKHQLQJ�RFFXUV�DW�WKH�HQG�RI�D�PRUH�GHHSO\�HPEHGGHG�SKUDVH��

L�H��EHWZHHQ�DQG�DQG�'HPLWULXV�LQ������DQG�EHWZHHQ�'HPLWULXV�DQG�DQG�LQ������� �

� $OWKRXJK�WKHVH�DUJXPHQWV�DUH�WHQDEOH��ZH�FRXOG�DWWULEXWH�WKH�SURVRGLF�GLIIHUHQFH�WR�WKH�

GLIIHUHQFH�LQ�SURVRGLF�ERXQGDULHV�� � ,Q�RWKHU�ZRUGV��WKH�GLIIHUHQW�SDXVH�GXUDWLRQ�LV�GXH�WR�WKH�

GLIIHUHQFH�LQ�ERXQGDU\�VWUHQJWK��DQG�QRW�WR�WKH�GLIIHUHQFH�LQ�KLHUDUFK\�� � 0RUHRYHU��ZH�QHHG�WR�

FRQVLGHU� ZKDW� LW� PHDQV� WR� VD\� WKDW� DQ� LQWRQDWLRQ� FRQWRXU� RU� UK\WKPLF� SDWWHUQ� LV� UHFXUVLYH��

,QWRQDWLRQ�DQG�UK\WKP�DUH�OLQHDU�DQG�³IODW�´� � 7KH�6WULFW�/D\HU�+\SRWKHVLV�SURSRVHG�E\�6HONLUN�

��������ZKLFK�EDQV�UHFXUVLYH�SURVRGLF�FDWHJRULHV��VKRXOG�EH�UHVSHFWHG�LI�ZH�ZDQW�WR�OLPLW�WKH�

RYHUJHQHUDWLRQ� RI� SKRQRORJLFDO�PHFKDQLVPV� LQ� RUGHU� WR� DWWDLQ� D� KLJKO\� UHVWULFWHG� DQG�PRUH�

SODXVLEOH�JUDPPDU��� ,Q�WKH�QH[W�VHFWLRQ��,�LOOXVWUDWH�WKH�%DUH�0DSSLQJ�IURP�V\QWDFWLF�VWUXFWXUH�

RQWR� SURVRG\� SURSRVHG� LQ� 7RNL]DNL� ������� ������� ZKLFK� FRPSXWHV� SURVRGLF� SKUDVHV� DQG�

SURVRGLF�FRQWRXUV�LQ�D�VLPSOH�ZD\�� �

�

���³)ODWWHQLQJ´�RI�WKH�KLHUDUFKLFDO�VWUXFWXUH�

����3KRQRORJLFDO�ERXQGDULHV� �

� ,Q�WKLV�VHFWLRQ��,�GLVFXVV�KRZ�WKH�KLHUDUFKLFDO�VWUXFWXUH�LQ�V\QWD[�LV�IODWWHQHG�LQ�RUGHU�WR�

EH� H[WHUQDOL]HG�� � 7KH� DSSURDFK� WDNHQ� E\� &KRPVN\� 	� +DOOH� ������� ����� LV� WR� LQVHUW�

SKRQRORJLFDO�ERXQGDULHV�LQWR�GHULYDWLRQ��DV�VKRZQ�LQ�������

����� 7KH� ERXQGDU\� �� LV� DXWRPDWLFDOO\� LQVHUWHG� DW� WKH� EHJLQQLQJ� DQG� HQG� RI� HYHU\� VWULQJ�

� GRPLQDWHG� E\� D�PDMRU� FDWHJRU\�� L�H���E\� RQH� RI� WKH� OH[LFDO� FDWHJRULHV� ³QRXQ�´� ³YHUE�´�

� ³DGMHFWLYH�´�RU�E\�D�FDWHJRU\�VXFK�DV�³VHQWHQFH�´�³QRXQ�SKUDVH�´�³YHUE�SKUDVH�´�ZKLFK�

� GRPLQDWHV�D�OH[LFDO�FDWHJRU\�� �

$Q�H[DPSOH�RI�WKLV�ERXQGDU\�LQVHUWLRQ�LV�VKRZQ�LQ�������

����� >6���>13���>'�WKH@�>1���ERRN��@���@�>93���ZDV�>33���>3�LQ@�>13���>'�DQ@�>>$���XQ�>$���OLNHO\��@�

� �@�>1���SODFH��@��@��@��@��@� �

�����������������������������������������
�� 2I�FRXUVH��ZH�KDYH�WR�FRQVLGHU�WKH�UHFXUVLYLW\�RI�SURVRGLF�ZRUGV�SURSRVHG�LQ�,WR�DQG�0HVWHU���������

ZKLFK�,�ZLOO�GLVFXVV�LQ�DQRWKHU�SDSHU�� � �

,6�7+(�0$33,1*�72�3+21�&203/(;" ��



7KLV�UHSUHVHQWDWLRQ�VXFFHVVIXOO\�H[SUHVVHV�WKH�IDFW�WKDW�ERRN�LQ�WKH�VXEMHFW�LV�VHSDUDWHG�IURP�

ZDV�LQ�WKH�SUHGLFDWH�ZKLOH�LW�LV�FORVH�WR�WKH��WKH�QXPEHU�RI�ERXQGDULHV�EHWZHHQ�ERRN�DQG�ZDV�

LV�WKUHH�ZKLOH�WKDW�EHWZHHQ�ERRN�DQG�WKH�LV�RQH�� �

�

����6\QWDFWLF�GHSWK�

� $Q� LGHD� VLPLODU� WR� ERXQGDU\� LQVHUWLRQ� LV� SURSRVHG� E\� &OHPHQWV� ������� ����� ZKR�

IRUPXODWHV�WKH�VWUHQJWK�RI�MXQFWXUH�DV�LQ�������

����� 7KH� VWUHQJWK� RI� D� MXQFWXUH� LV� H[SUHVVHG� DV� WKH� WRWDO� QXPEHU� RI� FDWHJRULDO� QRGHV� LW�

� GRPLQDWHV��RWKHU�WKDQ�LWVHOI��DORQJ�WKH�WZR�SDWKV�FRQQHFWLQJ�LW�ZLWK�HDFK�RI�WKH�IODQNLQJ�

� LWHPV�� �

&OHPHQWV�LOOXVWUDWHV�WKLV�DOJRULWKP�ZLWK�WKH�H[DPSOH�LQ������� �

����� D�� >6�>13�>'�WKH@�>1�FKLOGUHQ@@�>93�>9�SOD\@�>33�>3�LQ@�>13�>'�WKH@�>1�\DUG@@@@@� �

� E�� 7KH���FKLOGUHQ���SOD\���LQ���WKH���\DUG�

7KH�QXPEHUV�LQ����E��UHSUHVHQW�WKH�VWUHQJWK�RI�MXQFWXUH�EHWZHHQ�ZRUGV�� � 1RWH�WKDW�&OHPHQW¶V�

µMXQFWXUH¶�LV�LQ�IDFW�µGLVMXQFWXUH¶�LI�ZH�WDNH�MXQFWXUH�DV�WKH�GHJUHH�RI�FRQQHFWLRQ�� � 7KHQ��WKH�

QXPEHU���LQ����E��VXFFHVVIXOO\�H[SODLQV�WKH�IDFW�WKDW�FKLOGUHQ�DQG�SOD\�DUH�VHSDUDWHG�IURP�HDFK�

RWKHU�� � +RZHYHU��DV�&OHPHQWV�KLPVHOI�QRWLFHG��WKH�DOJRULWKP�LQ������PDNHV�D�ZURQJ�SUHGLFWLRQ�

ZLWK�WKH�OHIW�EUDQFKLQJ�VWUXFWXUH�DV�LQ������� �

����� D�� >6�>13�>'�WKH�FKLOGUHQ@@�>93�>9�SOD\@�>33�>3�LQ@�>13�>13�>13�>'�P\@�>1�IDWKHU¶V@@�>DXQW¶V@@�

� � >\DUG@@@@@�

� E�� 7KH�FKLOGUHQ���SOD\���LQ���P\���IDWKHU¶V���DXQW¶V���\DUG� �

$OWKRXJK�WKH�QXPEHU���LV�WKH�ODUJHVW�LQ����E���WR�PDNH�D�ORQJ�SDXVH�WKHUH��L�H��EHWZHHQ�LQ�DQG�

P\�ZRXOG�EH�XQQDWXUDO� LQ�SURVRG\�� � ,Q�WKH�QH[W�VHFWLRQ��,�SURSRVH�%DUH�0DSSLQJ��ZKLFK�LV�

VLPLODU�WR�&OHPHQW¶V�DOJRULWKP��DQG�GLVFXVV�KRZ�WR�VROYH�WKLV�SUREOHP�� �

�

����%DUH�0DSSLQJ�

� ,Q� WKLV� VHFWLRQ�� ,� LOOXVWUDWH� D� VLPSOH� PDSSLQJ� IURP� V\QWDFWLF� VWUXFWXUH� RQWR� SURVRG\�

SURSRVHG�LQ�7RNL]DNL��������������� � 7KLV�PDSSLQJ�LV�GXEEHG�%DUH�0DSSLQJ�EHFDXVH�LW�DSSOLHV�

WR� WKH� EDUH� VWUXFWXUH� ZLWKRXW� DQ\� QRQ�EUDQFKLQJ� SURMHFWLRQV� LQ� WKH� PLQLPDOLVW� IUDPHZRUN�

�&KRPVN\�������� � /HW�XV�FRQVLGHU�WKH�H[DPSOH�LQ�������ZKLFK�LV�UHSUHVHQWHG�ZLWK�D�EDUH�SKUDVH�

VWUXFWXUH�ZLWKRXW�DQ\�V\QWDFWLF�FDWHJRU\�ODEHOV��FI��6HONLUN�������� �

�� +,6$2�72.,=$.,



����� >>>,Q@�>3DNLVWDQ@@�>>7XHVGD\@�>>LV@�>>D@�>KROLGD\@@@@@� �

7KH�%DUH�0DSSLQJ�IURP�V\QWDFWLF�VWUXFWXUH�RQWR�SURVRGLF�VWUXFWXUH�SURSRVHG�LV�IRUPXODWHG�DV�

LQ�������

����� >�@�à����� �

7KH�LQWHUIDFH�UXOH�LQ������PDSV�WKH�V\QWDFWLF�VWUXFWXUH�LQ������RQWR�WKH�SKRQRORJLFDO�VWUXFWXUH�

LQ������� �

����� ����,Q����3DNLVWDQ������7XHVGD\�����LV�����D����KROLGD\������ � �

7KH�EDVLF�UHSUHVHQWDWLRQ�LQ������LV�FKDQJHG�LQWR����D������E��DQG����F��E\�WKH�ERXQGDU\�GHOHWLRQ�

UXOH�LQ�������

����� 'HOHWH�D�FHUWDLQ�QXPEHU��Q��RI�ERXQGDULHV�LQ�HDFK�ERXQGDU\�VHTXHQFH��

����� D�� ���,Q�3DNLVWDQ����7XHVGD\���LV���D�KROLGD\������ � �Q� ����3URVRGLF�:RUG�� �

� E�� ��,Q�3DNLVWDQ���7XHVGD\�LV�D�KROLGD\����� � �Q� ����3KRQRORJLFDO�,QWRQDWLRQDO�3KUDVH��

� F�� ,Q�3DNLVWDQ�7XHVGD\�LV�D�KROLGD\���� � �Q� ����8WWHUDQFH��

7KH�UHVXOWLQJ�VWUXFWXUHV�LQ������FRUUHVSRQG�WR�YDULRXV�OHYHOV�RI�SURVRGLF�FDWHJRU\��L�H��3URVRGLF�

:RUG��3KRQRORJLFDO�,QWRQDWLRQDO�3KUDVH�DQG�8WWHUDQFH�� � 7KXV��%DUH�0DSSLQJ�ZLWK�%RXQGDU\�

'HOHWLRQ� UHVWULFWV� WKH� JHQHUDWLRQ� RI� SURVRGLF� FDWHJRULHV� VWUDLJKWIRUZDUGO\�ZLWKRXW� DVVXPLQJ�

6HONLUN¶V��������6WULFW�/D\HU�+\SRWKHVLV��ZKLFK�EDQV�UHFXUVLRQ��VNLSSLQJ�OHYHOV�DQG�VR�RQ�� � �

� 1RZ��ZH�QHHG�WR�FRQVLGHU�WKH�SUREOHP�RI�OHIW�EUDQFKLQJ�VWUXFWXUH�ZH�VDZ�LQ�VHFWLRQ������ �

7KH�H[DPSOHV�LQ����D��DQG����D��DUH�DQDO\]HG�DV����D��DQG����E��ZLWK�EDUH�SKUDVH�VWUXFWXUH�

ZLWKRXW�ODEHOV�� �

����� D�� >>>WKH@�>FKLOGUHQ@@�>>SOD\@�>>LQ@�>>WKH@�>\DUG@@@@@�

� E�� >>>WKH@�>FKLOGUHQ@@�>>SOD\@�>>LQ@�>>>>P\@�>IDWKHU¶V@@�>DXQW¶V@@�>\DUG@@@@@�

7KHVH�VWUXFWXUHV�DUH�PDSSHG�RQWR�WKH�SKRQRORJLFDO�UHSUHVHQWDWLRQV�LQ�������

����� D�� ����7KH����FKLOGUHQ������SOD\�����LQ�����WKH����\DUG������� �

� E�� ����7KH����FKLOGUHQ������SOD\�����LQ�������P\����IDWKHU¶V�����DXQW¶V����\DUG�������

7KH�ERXQGDU\�GHOHWLRQ�UXOH�ZLWK�Q� ���FKDQJHV������LQWR������� �

����� D�� 7KH�FKLOGUHQ���SOD\�LQ�WKH�\DUG���� � �Q ���

� E�� 7KH�FKLOGUHQ���SOD\�LQ����P\�IDWKHU¶V�DXQW¶V�\DUG���� � �Q ���
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7KH�UHSUHVHQWDWLRQ�LQ����D��FRUUHFWO\�SUHGLFWV�WKH�SURVRGLF�SKUDVLQJ�ZKLOH�WKDW�LQ����E��ZURQJO\�

SUHGLFWV�D�SURVRGLF�ERXQGDU\�EHWZHHQ�LQ�DQG�P\�� � (YHQ�LI�ZH�DSSO\�WKH�GHOHWLRQ�UXOH�ZLWK�Q� �

��WR����E���WKH�UHVXOW�LV�QRW�D�QDWXUDO�SKUDVLQJ�DV�VKRZQ�LQ�������

����� 7KH�FKLOGUHQ�SOD\�LQ���P\�IDWKHU¶V�DXQW¶V�\DUG��� � �Q ���

,Q�RUGHU�WR�VROYH�WKLV�SUREOHP��,�SURSRVH�D�PHFKDQLVP�IRU�VLPSOLI\LQJ�OHIW�EUDQFKLQJ�VWUXFWXUH�

�/HIW�%UDFNHW�&OXVWHU�'HOHWLRQ���ZKLFK�LV�IRUPXODWHG�LQ�������

����� >>>� � ��!� � >>� �

,�DVVXPH�WKDW�WKH�UXOH������UHFXUVLYHO\�DSSOLHV�WR�WKH�V\QWDFWLF�VWUXFWXUH�DW�WKH�V\QWD[�SKRQRORJ\�

LQWHUIDFH�� � 7KH�OHIW�EUDFNHW�VLPSOLILFDWLRQ�LQ������FKDQJHV����E���UHSHDWHG�KHUH�DV����D��LQWR�

���E��DW�WKH�ILUVW�DSSOLFDWLRQ�DQG�LQWR����F��DW�WKH�VHFRQG�DSSOLFDWLRQ�� �

����� D�� >>>WKH@�>FKLOGUHQ@@�>>SOD\@�>>LQ@�>>>>P\@�>IDWKHU¶V@@�>DXQW¶V@@�>\DUG@@@@@�

� E�� >>>WKH@�>FKLOGUHQ@@�>>SOD\@�>>LQ@�>>>P\@�>IDWKHU¶V@@�>DXQW¶V@@�>\DUG@@@@@�

� F�� >>>WKH@�>FKLOGUHQ@@�>>SOD\@�>>LQ@�>>P\@�>IDWKHU¶V@@�>DXQW¶V@@�>\DUG@@@@@�

7KHQ�����F��LV�PDSSHG�RQWR�������

����� ����7KH����FKLOGUHQ������SOD\�����LQ�����P\����IDWKHU¶V�����DXQW¶V����\DUG�������

7KH�ERXQGDU\�GHOHWLRQ�ZLWK�Q ��DSSOLHV�WR������DQG�JLYHV�D�QDWXUDO�SURVRG\�LQ�������

����� 7KH�FKLOGUHQ���SOD\�LQ�P\�IDWKHU¶V�DXQW¶V�\DUG����

:H�QHHG�WR�LQYHVWLJDWH�WKH�QDWXUH�RI�WKH�OHIW�EUDFNHW�VLPSOLILFDWLRQ�� � ,�DUJXH�WKDW�WKH�MXQFWXUH�

EHWZHHQ� VLVWHUV� LQ� D� OHIW�EUDQFKLQJ� FRQVWLWXHQW� LV� VWURQJHU� WKDQ� WKDW� LQ� D� ULJKW�EUDQFKLQJ�

VWUXFWXUH�� � ,Q�RWKHU�ZRUGV��OHIW�EUDQFKLQJ�VWUXFWXUH�VXFK�DV�P\�IDWKHU¶V�DXQW¶V�\DUG�LQ������LV�

PRUH�RI�D�FRPSRXQG�WKDQ�D�SKUDVH�� � ,�ZLOO�UHWXUQ�WR�WKLV�PDWWHU�LQ�WKH�QH[W�VHFWLRQ��FI��7RNL]DNL�

�����DQG�7RNL]DNL�	�.XZDQD�������� � �

� 7KXV��%DUH�0DSSLQJ��%RXQGDU\�'HOHWLRQ�DQG�/HIW�%UDFNHW�&OXVWHU�'HOHWLRQ�RIIHU�D�UDWKHU�

VLPSOH�³)ODWWHQLQJ´�PHFKDQLVP�RI�WKH�KLHUDUFKLFDO�VWUXFWXUH�� �

�

����([WHUQDOL]DWLRQ�DQG�SDUVLQJ�

� ,Q�WKLV�VHFWLRQ��,�GLVFXVV�KRZ�V\QWDFWLF�VWUXFWXUH�LV�H[WHUQDOL]HG�DW�WKH�V\QWD[�SKRQRORJ\�

LQWHUIDFH�� � /HW�XV�FRQVLGHU�WKH�ZRUNVSDFH�DQG�WKH�GHULYDWLRQ�LQ������� �

����� 6\QWD[��ZRUNVSDFH�
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� D�� &�+��+�� � �

� E�� ^&�+�`�+�� � �

� F�� ^^&�+�`�+�`� �

)LUVW��WKUHH�V\QWDFWLF�REMHFWV�DUH�LQ�WKH�ZRUNVSDFH�DV�LQ����D��� � 7KHQ��WKH�ILUVW�0HUJH�PDNHV�D�

VHW�^&�+�`�DV�LQ����E��� � 1H[W��WKH�VHFRQG�0HUJH�PDNHV�DQRWKHU�VHW�^^&�+�`�+�`�DV�LQ����F��� �

6XSSRVH�WKDW�WKH�QH[W�KHDG�WR�EH�0HUJHG�ZLWK����F��LV�D�SKDVH�KHDG��WKHQ�([WHUQDOL]DWLRQ�RI�

���F��RFFXUV�DV�LQ�������KHDG�ILQDO��RU�������KHDG�LQLWLDO��GHSHQGLQJ�RQ�WKH�SKRQRORJ\�RI�WKH�

ODQJXDJH�� � +HUH� ,�DOVR� VKRZ� WKH�SDUVLQJ�SURFHVV�ZLWK�DQ�H[DPSOH� LQ� WKH�ULJKW�FROXPQ�� � ,Q�

������D�K\SKHQ�VKRZV�WKDW�LWV�ULJKW�REMHFW�LV�FORVHO\�FRQQHFWHG�WR�LWV�OHIW�REMHFW�SKRQRORJLFDOO\��

,Q�WKH�FDVH�RI�KHDG�LQLWLDO�([WHUQDOL]DWLRQ������� WKH�VWUXFWXUH�LV�EDVLFDOO\�ULJKW�EUDQFKLQJ�� � ,�

DVVXPH�WKDW�WKH�MXQFWXUH�EHWZHHQ�VLVWHUV�RI�D�ULJKW�EUDQFKLQJ�FRQVWLWXHQW�LV�ZHDNHU�WKDQ�WKDW�RI�

D�OHIW�EUDQFKLQJ�VWUXFWXUH��

����� � +HDG�ILQDO�([WHUQDOL]DWLRQ� 3DUVLQJ�

� D�� &�+�� � � � � ^&�+�`� � � >kiPL�WR@� � µ\RX�ZLWK¶�
� E�� &�+��+�� � � � � ^^&�+�`�+�`� � >>kiPL�WR@�LNX@� � µ\RX�ZLWK�JR¶�
����� � +HDG�LQLWLDO�([WHUQDOL]DWLRQ� � 3DUVLQJ�

� D�� +����+�� +��^+�� � � JR�ZLWK�

� E�� +����+��&� � +��^+��&`� JR�>ZLWK�\RX@�

� F�� ^+��^+��&``� >JR�>ZLWK�\RX@@�

+HUH�,�DUJXH�WKDW�VWUHVV�RU�VWUHQJWK��VKRZQ�LQ�EROG��ZRUNV�DV�WKH�ERWWRP�VHW�PDUNHU��7KH�VSHDNHU�

SXWV�WKH�VWUHVV�RQ�WKH�ERWWRP�FRPSOHPHQW��DQG�WKHQ�WKH�KHDUHUV�VWDUW�0HUJLQJ�LW�ZLWK�DQRWKHU�

V\QWDFWLF�REMHFW��FI��7RNL]DNL�������� �

� 1H[W�� OHW� XV� FRQVLGHU� DQRWKHU� GHULYDWLRQ� VKRZQ� LQ� ������ZKHUH� WZR�0HUJH� RSHUDWLRQV�

SURFHHG�LQ�D�SDUDOOHO�IDVKLRQ�� �

����� 6\QWD[��ZRUNVSDFH�

� D�� &��+��+��&��+��+��

� E�� ^&�+�`�+��^&��+�`�+��

� F�� ^^&�+�`�+�`�^^&��+�`�+�`�

� G�� ^^^&�+�`�+�`�^^&��+�`�+�``�

$W�WKH�ILQDO�VWHS����G���WKH�VHW�^^&�+�`�+�`�0HUJHV�ZLWK�WKH�VHW�^^&��+�`�+�`�WR�PDNH�WKH�

ZKROH�FRQVWLWXHQW�� � ,Q�WKH�FDVH�RI�+HDG�ILQDO�([WHUQDOL]DWLRQ�RI�������SDUVLQJ�SURFHHGV�DV�LQ�

������ �
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����� � +HDG�ILQDO�([WHUQDOL]DWLRQ� 3DUVLQJ�

� D�� &��+�� � � � � ^&��+�`� uFKLQR�NR�JD� �

� � � � P\�FKLOG�1RP�

� E�� &��+��+�� � � � � ^^&��+�`�+�`� � kiPL�WR� � LNX�
� � � � \RX�ZLWK�JR�

� F�� &��+��+����&�� � ^^&��+�`�+�`�^&�� uFKLQR�NR�JD���kiPL�
� � � � P\�FKLOG�1RP�\RX�

� F¶�
�&��+��+��&�� � � � � � � � � � 
� ^^&��+�`�+�`�&�`� � � 
�uFKLQR�NR�JD�NLPL�

� � � � P\�FKLOG�1RP�\RX�

$W�WKH�([WHUQDOL]DWLRQ�RI�&��LQ����F���WKH�VSHDNHU�VKRXOG�PDNH�D�SDXVH�EHWZHHQ�+��DQG�&��DQG�

SXW�D�VWUHVV�RQ�&��LQ�RUGHU�WR�LQIRUP�WKH�KHDUHUV�WKDW�&��GRHV�QRW�0HUJH�ZLWK�+��DQG�WKDW�&��

LV� WKH�ERWWRP�RI�D�GLIIHUHQW�FRQVWLWXHQW� IURP� WKH�RQH� LQFOXGLQJ�+��� � ,I� WKHUH�ZDV�QR�SDXVH�

EHWZHHQ�+��DQG�&��DQG�QR�VWUHVV�RQ�&���WKH�KHDUHUV�ZRXOG�ZURQJO\�SDUVH�WKH�VWUXFWXUH�DV�LQ�

���F¶��� � 7KXV��SDXVH�DQG�VWUHVV�DUH�QHFHVVDU\�IRU�WKH�V\QWD[�SKRQRORJ\�LQWHUIDFH�� �

� ,Q�WKH�FDVH�RI�KHDG�LQLWLDO�([WHUQDOL]DWLRQ�RI�������SDUVLQJ�SURFHHGV�DV�LQ������� �

����� � +HDG�LQLWLDO�([WHUQDOL]DWLRQ� 3DUVLQJ�

� D�� +����+�� � ^+��^+�� -RKQ���DQG�

� E�� +����+��&���� ^+��^+��&�``� � -RKQ���DQG�I���
� F�� +����+��&�����+�� � � ^+��^+��&�``�^+�� �-RKQ���DQG�I����JR�

� F¶�
�+����+��&��+�� � � � � � � � � � 
�̂ +��^+��+��+�� � � �
�-RKQ���DQG�,�JR�

,Q����D���QR�VWUHVV�RQ�+��DQG�+��DQG�WKH�ERXQGDU\�EHWZHHQ�+��DQG�+��VLJQDO�WKDW�+��GRHV�QRW�

0HUJH�ZLWK�+��� � ,Q� ���E���&�� LV� VWUHVVHG�DQG� LV� IROORZHG�E\�D�SDXVH�� � 7KH�VWUHVV�DQG� WKH�

SDXVH�VLJQDO�WKDW�&��0HUJHV�ZLWK�+���DQG�QRW�ZLWK�WKH�IROORZLQJ�REMHFW��+����WR�PDNH�D�VHW�

^+��&�`��ZKLFK�LV�WKHQ�0HUJHG�ZLWK�+��� � ,Q����F���+��GRHV�QRW�0HUJH�ZLWK�WKH�SUHFHGLQJ�

REMHFWV�EHFDXVH�RI�WKH�ERXQGDULHV�EHWZHHQ�WKHP�� � ,I�VRPHRQH�VSRNH�DV�LQ�WKH�ULJKW�FROXPQ�LQ�

���F¶���ZKLFK�KDV�QR�VWUHVV�RQ�&��DQG�QR�ERXQGDU\�EHWZHHQ�&��DQG�+��� WKH�KHDUHUV�ZRXOG�

ZURQJO\�SDUVH�WKH�VWUXFWXUH�DV�VKRZQ�LQ�WKH�FHQWHU�FROXPQ�LQ����F¶��� � 7KXV��VWUHVV�DQG�SDXVH�

DUH�LPSRUWDQW�LQ�KHDG�LQLWLDO�([WHUQDOL]DWLRQ�DV�ZHOO�DV�LQ�KHDG�ILQDO�([WHUQDOL]DWLRQ�� � �

� 7KLV� DQDO\VLV� DOORZV� XV� WR� SURSRVH� DQ� DOWHUQDWLYH� PRGHO� RI� ([WHUQDOL]DWLRQ�� � 7KH�

VWDQGDUG� DVVXPSWLRQ� LQ� WKH�PLQLPDOLVW� SURJUDP� LV� WKDW�7UDQVIHU� RI� D� V\QWDFWLF� REMHFW� WR�3)�

RFFXUV�DW�HDFK�SKDVH�� L�H��Y3�DQG�&3�� � +RZHYHU�� WKLV�SKDVH�EDVHG�([WHUQDOL]DWLRQ�IDFHV�WKH�

DVVHPEO\�SUREOHP�SRLQWHG�RXW�E\�'REDVKL���������WKH�V\QWDFWLF�REMHFW�7UDQVIHUUHG�WR�3)�DW�WKH�
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ILUVW�SKDVH�Y3� �L�H��93��SUHFHGHV� WKH�RQH�7UDQVIHUUHG� LQ� WKH� VHFRQG�SKDVH�&3� �L�H��6XEM��� DV�

VKRZQ�LQ�������

����� D�� >&3�&�6XEM�>Y3�Y�93@@� � ��!� � 93�

� E�� >&3�&�6XEM�>Y3�Y�93@@� � ��!� � 6XEM�Y�

+RZHYHU��WKLV�SUHGLFWHG�RUGHU�>93�6XEM�Y@�LV�ZURQJ�� � �

� 7KLV�DVVHPEO\�SUREOHP�GRHV�QRW�DULVH�LQ�WKH�DQDO\VLV�SUHVHQWHG�KHUH��ZKLFK�DVVXPHV�WKDW�

7UDQVIHU�VHQGV�HDFK�V\QWDFWLF�REMHFW�WR�3)�RQH�E\�RQH�LQ�WKH�OLQHDU�RUGHU�� � /HW�XV�FRQVLGHU�WKLV�

SRLQW�E\�UHYLHZLQJ�WKH�GHULYDWLRQ�DQG�7UDQVIHU��6SHOO�2XW��RI�D�FRQVWLWXHQW�FRQVLVWLQJ�RI�WKUHH�

V\QWDFWLF�REMHFWV��+���+��DQG�&�LQ�KHDG�LQLWLDO�ODQJXDJHV��%RWWRP�XS�6SHOO�2XW��DQG�LQ�KHDG�

ILQDO�ODQJXDJHV��7RS�GRZQ�6SHOO�2XW��� � �

����� � 6\QWD[� � � %RWWRP�XS�62� 7RS�GRZQ�62�

� D�� &�+��+�� � � &� � +��

� E�� ^&�+�`�+�� � � &�+�� � +����+��

� F�� ^^&�+�`�+�`� � &�+��+��� +����+��&���

,Q� ERWK� %RWWRP�XS� 6SHOO�2XW� DQG� 7RS�GRZQ� 6SHOO�2XW�� HDFK� V\QWDFWLF� REMHFW� FDQ� EH�

7UDQVIHUUHG�WR�3)�EHIRUH�LW�LV�0HUJHG�ZLWK�DQRWKHU�V\QWDFWLF�REMHFW�� � ,Q�WKLV�VHQVH��WKLV�PRGHO�

KDV�VRPH�VLPLODULW\�ZLWK�WKH�%UDQFK�5LJKW�VWUXFWXUH�EXLOGLQJ�SURSRVHG�E\�3KLOOLSV��������������

�FI��6KLREDUD�������� � +HDUHUV�VWDUW�0HUJH�LQ�SDUVLQJ�ZKHQ�WKH\�KHDU�WKH�VWUHVV�� � 7KH\�GR�QRW�

VWDUW�0HUJH�XQWLO�WKH\�KHDU�WKH�VWUHVV�� � �

�

����2UGHULQJ�E\�SKRQRORJ\� �

� )LQDOO\�� OHW� XV� FRQVLGHU� KRZ� V\QWDFWLF� KLHUDUFKLFDO� VWUXFWXUHV� DUH� OLQHDUL]HG� IRU�

([WHUQDOL]DWLRQ�� � 8VLQJ�D�PHWDSKRU��8ULDJHUHND��������DUJXHV�WKDW�/LQHDUL]DWLRQ�LV� WR�OD\�D�

&DOGHU¶V�PRELOH�RQ�WKH�JURXQG�� � )ROORZLQJ�WKLV�PHWDSKRU��,�DUJXH�WKDW�/LQHDUL]DWLRQ�LV�WR�OD\�

D�&DOGHU¶V�PRELOH�RQ�WKH�GHVN��ZKRVH�VKDSH�KDV�YDULDWLRQ��7RNL]DNL�����D��� � 0RUH�VSHFLILFDOO\��

/LQHDUL]DWLRQ�LV�WR�OD\�DQ�DV\PPHWULF�VWUXFWXUH�RQ�WKH�SKRQRORJLFDO�WHPSODWH�RI�WKH�ODQJXDJH��

ZKLFK�KDV�YDULDWLRQ�� � ,�KDYH�DUJXHG�WKDW�ZRUG�VWUHVV�ORFDWLRQ�ZRUNV�DV�D�WHPSODWH�WKDW�GHFLGHV�

WKH�KHDG�GLUHFWLRQDOLW\��OHIW�KDQG�ZRUG�VWUHVV�PDWFKHV�OHIW�KDQG�SKUDVDO�VWUHVV�DQG�KHDG�ILQDO�

RUGHU�EHFDXVH�FRPSOHPHQW�RQ�WKH�OHIW�UHFHLYHV�WKH�PDLQ�VWUHVV�>&�+@��ULJKW�KDQG�ZRUG�VWUHVV�

PDWFKHV� ULJKW�KDQG� SKUDVDO� VWUHVV� DQG� KHDG�LQLWLDO� RUGHU� EHFDXVH� FRPSOHPHQW� RQ� WKH� ULJKW�

UHFHLYHV� WKH� PDLQ� VWUHVV� >+�&@�� � ,Q� WKLV� ZD\�� D� KLHUDUFKLFDO� VWUXFWXUH� LV� OLQHDUL]HG� LQWR� D�

VHTXHQFH�ZLWK�DQ�RUGHU�DFFRUGLQJ�WR�WKH�SKRQRORJ\�RI�WKH�ODQJXDJH�� � �
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� 2I� FRXUVH��ZH� QHHG� WR� LQYHVWLJDWH� ODQJXDJHV�ZLWK� LQFRQVLVWHQW� KHDG�GLUHFWLRQDOLW\�� � ,�

DUJXH�WKDW�ZH�FDQ�GHDO�ZLWK�WKHVH�ODQJXDJHV�E\�FRQVLGHULQJ�WKHLU�VWUHVV�V\VWHP�PRUH�FDUHIXOO\�� �

)RU�H[DPSOH��*HUPDQ�KDV�KHDG�ILQDO�RUGHU�IRU�VRPH�KHDGV��9��$�DQG�1��DQG�KHDG�LQLWLDO�RUGHU�

IRU�RWKHU�KHDGV��'��3�DQG�&���DV�VKRZQ�LQ������DQG�������

����� D�� GDVV�HU�]X�+DXVH�>>YLHOH�%�FKHU@�OLHVW@�

� � WKDW��KH�WR�KRXVH� � PDQ\�ERRNV� �UHDGV� � �

� � µWKDW�KH�UHDGV�PDQ\�ERRNV�DW�KRPH¶�

� E�� �ZHLO� � � *�QWKHU� � GUDX�HQ�>DXI�6LPRQ@�ZDUWHW� � � � � � � �

� � EHFDXVH�*�QWKHU� � RXWVLGH� � RQ�6LPRQ� �ZDLWV�

� � µEHFDXVH�*�QWKHU�ZDLWV�IRU�6LPRQ�RXWVLGH¶�

����� D�� � GLH�$UEHLW�� �

� � WKH�ZRUN�

� E�� � LQ�)UDQNIXUW� �

� F�� � LFK�JODXEH��>GDVV�>(ULF�KHXWH�NRPPW@@� �

� � ,� � �WKLQN� � � WKDW� �(ULF�WRGD\�FRPHV�
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� G�� >93�9�13@� � � PiL�MӿX� µEX\�DOFRKRO¶� � ��PD΃�MӿX� �

����� D�� >:RUG�VWHP�DIIL[@� � SpQJ\RX�PHQ� µIULHQG�SHRSOH¶�

� E�� >33�13�3@� � SpQJ\RX�GH� � �µIULHQG�GH��IULHQG¶V�¶�

� F�� >$VS3�93�DVSHFW@� � OiL�OH� � µFRPH�SHUI��FDPH�¶�

� G�� >&3�,3�4@� � � Qӿ�OqL�PD"� � µ\RX�WLUHG�4"¶�

7KLV� LV�FRUUHFWO\�SUHGLFWHG�E\� WKH�DQDO\VLV�SUHVHQWHG�KHUH�� � 6DQGKL� WRQHV�SUHFHGH�D�FLWDWLRQ�

WRQH��DQG�D�KHDG��ZHDN��SUHFHGHV�LWV�FRPSOHPHQW��VWURQJ���D�OLJKW�WRQH�IROORZV�FLWDWLRQ�WRQHV��

DQG�D�KHDG��ZHDN��IROORZV�LWV�FRPSOHPHQW��VWURQJ��� � ,Q�RWKHU�ZRUGV��&KLQHVH�KDV�KHDG�ILQDO�

RUGHU�DV�ZHOO�DV�KHDG�LQLWLDO�RUGHU�EHFDXVH�LWV�SURVRGLF�V\VWHP�DOORZV�D�OLJKW�WRQH�LQ�KHDG�ILQDO�

FRQVWLWXHQWV�� � �

� 7KXV��ZH�FDQ�DOVR�H[SODLQ�ZK\�*HUPDQ�DQG�&KLQHVH�DUH�GLVKDUPRQLF�LQ�KHDG�GLUHFWLRQV��

WKH\�KDYH�D�VSHFLILF�SURVRG\�WKDW�DOORZV�WKHP�WR�([WHUQDOL]H�FRQVWLWXHQWV�LQ�WZR�ZD\V�� �

�

���&RQFOXVLRQ�

� ,Q�WKLV�SDSHU��,�KDYH�DUJXHG�WKDW�WKH�PDSSLQJ�WR�3+21�LV�QRW�VR�FRPSOH[�DV�&KRPVN\��

*DOOHJR�	�2WWR��������FODLP�� � )LUVWO\��,�LOOXVWUDWHG�KRZ�WKH�FRPSXWDWLRQ�RI�VWUHVV�LV�GRQH�E\�

3URVRGLF�/DEHOLQJ�EDVHG�RQ�WKH�DV\PPHWULF�0HUJH�� � 6HFRQGO\��,�DUJXHG�WKDW�WKH�FRPSXWDWLRQ�

RI�SURVRGLF�FRQWRXU�LV�GRQH�E\�%DUH�0DSSLQJ�RI�V\QWDFWLF�VWUXFWXUH�RQWR�SKRQRORJ\�� � 7KLUGO\��

LW� ZDV� DUJXHG� WKDW� ³IODWWHQLQJ´� RI� WKH� KLHUDUFKLFDO� VWUXFWXUH� LV� GRQH� E\� 6SHOO�2XW� ZLWK�

VWURQJ�ZHDN�MXQFWXUH�� � ,�DOVR�DUJXHG�WKDW�WKH�OLQHDU�RUGHU�RI�KHDG�DQG�FRPSOHPHQW�LV�GHFLGHG�

E\� WKH�ZRUG�VWUHVV� ORFDWLRQ� RI� WKH� ODQJXDJH�� � $OO� WKHVH�PHFKDQLVPV� DUH� UDWKHU� VLPSOH� DQG�

�����������������������������������������

1RWH�WKDW�WKH�KHDG�QRXQ�IiQJ]L�LQ��LD��KDV�WZR�V\OODEOHV�� � 1RWH�DOVR�WKDW�WKH�9�LQ�WKLV�RUGHU�PXVW�KDYH�

DQRWKHU�ZRUG� IROORZLQJ� LW�� � $� WRQDO� GRPDLQ� �IRRW��PXVW� KDYH�PRUH� WKDQ� RQH� V\OODEOH� LQ�0DQGDULQ�

&KLQHVH�� � 7KH�XQDFFHSWDELOLW\�RI��LLE��DQG��LLF��VXSSRUWV�WKH�DQDO\VLV�WKDW�WKH�FRQVWLWXHQW�LQ��L��KDV�WZR�

WRQDO�GRPDLQV��

�LL�� E�� 
>FyQJ�=KR ̄QJJXy@�SĎR� � � � � � � � 
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