
5HYLHZHU��

:H ZRXOG OLNH WR WKDQN 1HPDQMD .UVWHNDQLF IRU KLV FRQVWUXFWLYH FRPPHQWV DQG
VXJJHVWLRQV� 7KH\ KHOSHG XV LPSURYH WKH FODULW\ RI WKH PDQXVFULSW DQG WR GHYHORS WKH
GLVFXVVLRQ RQ ERWK WKH RULHQWDWLRQ RI VWULNH�VOLS IDXOWV DQG WKH UROH RI WKH DPRXQW RI
GHIRUPDWLRQ� 2XU UHSOLHV WR WKH VSHFLILF FRPPHQWV �LQ LWDOLFV� DUH JLYHQ SRLQW E\ SRLQW
EHORZ�

*HQHUDO�FRPPHQWV

,Q WKLV PDQXVFULSW� WKH DXWKRUV XVH FUXVWDO�VFDOH DQDORJXH PRGHOOLQJ WR VWXG\ D FRPSOH[
WHFWRQLF V\VWHP LQ ZKLFK LQGHQWDWLRQ�GULYHQ DQG H[WUXVLRQ�GULYHQ GHIRUPDWLRQ RYHUODS LQ
VSDFH DQG WLPH DQG UHVXOW LQ GLIIHUHQW FRHYDO WHFWRQLF UHJLPHV� 7KH WRSLF RI WKLV UHVHDUFK
LV YHU\ ZHOFRPH DV WKHUH LV VWLOO D ODFN RI NQRZOHGJH RQ YDULRXV FRQWUROOLQJ IDFWRUV RI VXFK
SURFHVVHV¶ LQWHUSOD\� 7KH PDQXVFULSW LV ZHOO VWUXFWXUHG DQG ZULWWHQ� VFLHQWLILFDOO\ YHU\
YDOLG� ZLWK D FOHDU GHVFULSWLRQ RI WKH PHWKRGRORJ\� UHVXOWV� LQWHUSUHWDWLRQV DQG
FRQFOXVLRQV� 7KH WLWOH LV LQIRUPDWLYH DQG UHIOHFWV WKH FRQWHQW RI WKH PDQXVFULSW� ZKLOH WKH
ODQJXDJH LV JRRG� 7DNLQJ DOO RI WKDW LQWR DFFRXQW� , FRQVLGHU LW D QLFH FRQWULEXWLRQ WR 6ROLG
(DUWK�

, KDYH D IHZ PRGHUDWH WR PLQRU FRPPHQWV WKDW ,¶OO SRLQW RXW EHORZ� $OVR LQ WKH DWWDFKHG
DQQRWDWHG SGI RI WKH PDQXVFULSW� , KDYH VPDOOHU FRPPHQWV WKDW , KRSH ZLOO KHOS WKH
DXWKRUV�FODULI\�D�IHZ�PLQRU�WKLQJV�LQ�WKH�WH[W�

6SHFLILF�FRPPHQWV

�� 5HIHUHQFLQJ H[LVWLQJ SXEOLFDWLRQV LV JHQHUDOO\ YHU\ JRRG LQ WKH PDQXVFULSW�
+RZHYHU� , ZRXOG VXJJHVW WR VOLJKWO\ H[SDQG WKH FRPSDULVRQ ZLWK H[LVWLQJ VWXGLHV
RI WKH FRPSOH[ LQWHUSOD\ RI GLIIHUHQW WHFWRQLF UHJLPHV� ERWK LQ WKH ,QWURGXFWLRQ
ZKHQ LQWURGXFLQJ WKH VWXGLHG SUREOHP DQG LQ WKH 'LVFXVVLRQ ZKHQ FRPSDULQJ WR
WKH QRYHO UHVXOWV RI WKLV SDSHU� 6HYHUDO UHODWLYHO\ UHFHQW SDSHUV GHDO ZLWK
LQGHQWDWLRQ DQG H[WUXVLRQ RU LQWHUSOD\ RI GLIIHUHQW WHFWRQLF UHJLPHV� XVLQJ ERWK
DQDORJXH�PRGHOOLQJ�DQG�ILHOG�GDWD��6HH�DOVR�DQQRWDWHG�SGI�

5HSO\� :H QRZ UHIHU WR DGGLWLRQDO PRGHOLQJ VWXGLHV LQ WKH ,QWURGXFWLRQ� LQ SDUWLFXODU
WKRVH E\ 'XDUWH HW DO� ������� 5RVDV HW DO� ������ ����� RQ WKUXVW�ZUHQFK LQWHUIHUHQFHV�
E\ .UVWHNDQLü HW DO� ������ ����� RQ EDFNDUF�FRQYH[ RURFOLQH IRUPDWLRQ� E\ 3KLOLSSRQ HW
DO� ������ RQ WKH LQGHQWDWLRQ RI $UDELD� ODWHUDO HVFDSH RI $QDWROLD� DQG EDFNDUF H[WHQVLRQ
LQ WKH $HJHDQ UHJLRQ� E\ YDQ *HOGHU HW DO� ������ RQ WKH ODWHUDO HVFDSH DQG H[WHQVLRQ LQ
WKH HDVWHUQ $OSV� DQG E\ &RUWL HW DO� ������ RQ VWUDLQ GLVWULEXWLRQ DORQJ WKH
0DJKUHELGHV�$SHQQLQHV DFFUHWLRQDU\ SULVP DQG WKH 6LFLO\ &KDQQHO ULIW� ,Q WKH GLVFXVVLRQ
VHFWLRQ� ZH KDYH LQFOXGHG DGGLWLRQDO FRPSDULVRQV RI RXU H[SHULPHQW UHVXOWV DQG VHW�XS
ZLWK SUHYLRXV VWXGLHV E\ &RUWL HW DO� ������� 'XDUWH HW DO� ������� 5RVDV HW DO�
����������� DV VXJJHVWHG E\ WKH UHYLHZHU� DQG DOVR ZLWK �' QXPHULFDO PRGHOV E\ /H
3RXUKLHW�HW�DO���������



�� 6HFWLRQ ���� :KLOH , JHQHUDOO\ DJUHH ZLWK WKH FRQWHQW RI WKLV VHFWLRQ , WKLQN LW LV
WRR ORQJ DQG FDQ EH VKRUWHQHG� $OVR� WKLV VHFWLRQ ZRXOG DSSO\ PRUH WR WKH
KRPRJHQHRXV V\VWHP� ZKLOH LQ DOO PRGHOV LQ WKLV VWXG\ WKHUH LV D UKHRORJLFDO
DQG�RU VWUXFWXUDO KHWHURJHQHLW\� ZKLFK� LQ P\ RSLQLRQ� VLJQLILFDQWO\ LQIOXHQFHV WKH
GHIRUPDWLRQ� ,W LV QRW RQO\ WKH GLVWDQFH WR WKH PRGHO PDUJLQV �L�H�� LQGHQWHU DQG
H[WUXVLRQ�UHODWHG SXOO�� , WKLQN WKH OLPLWDWLRQ RI WKH PRGHOOLQJ VHWXS �L�H��
UHODWLYHO\ ORZ DPRXQW RI WRWDO VKRUWHQLQJ� KDV DQ LPSDFW RQ WKH HYROXWLRQ RI
WKUXVWLQJ� DV WKUXVWV ZLOO IRUP DIWHU D FHUWDLQ DFFXPXODWLRQ RI VKRUWHQLQJ� , WKLQN LW
LV QRW RQO\ WKH H[WHQVLRQ�VKRUWHQLQJ UDWLR EXW WKH WRWDO DFFXPXODWLRQ RI VWUDLQ WKDW
SOD\V DQ LPSRUWDQW UROH� 7KLV LVVXH VKRXOG EH GLVFXVVHG PRUH LQ WKLV VHFWLRQ�
$QRWKHU IDFWRU WKDW VKRXOG EH WDNHQ LQWR DFFRXQW LV WKH FRPSUHVVLRQDO ZHGJH WKDW
IRUPV FORVH WR WKH LQGHQWHU� 7KLV ZHGJH LQFUHDVHV WKH YHUWLFDO ORDG LQ WKH PRGHO�
WKHUHIRUH LQFUHDVLQJ WKH YHUWLFDO VWUHVV� ZKLFK VLJQLILFDQWO\ DIIHFWV WKH GLVWULEXWLRQ
RI VWUHVV DQG VWUDLQ LQ WKH PRGHO� , WKLQN DOO WKHVH IDFWRUV VKRXOG EH FRQVLGHUHG
DQG EHWWHU GLVFXVVHG LQ WKLV VHFWLRQ� 6R� P\ VXJJHVWLRQ LV WR PRGLI\ VHFWLRQ ��� WR
PDNH LW PRUH FRQFLVH DQG IRFXVHG� ZKLOH GLVFXVVLQJ DOO IDFWRUV WKDW DIIHFW WKH
WHFWRQLF�UHJLPH�V��LQ�WKH�PRGHOV�

5HSO\� :H DJUHH ZLWK WKH 5HYLHZHU WKDW WKH DFFXPXODWLRQ RI VWUDLQ FDQ SOD\ DQ
LPSRUWDQW UROH RQ WKH GLVWULEXWLRQ RI GHIRUPDWLRQ ZLWKLQ PRGHOV� 7R EH IDLU� ZH DOUHDG\
LQGLFDWHG WKH SRVVLEOH UROH RI WKH OLPLWHG DPRXQW RI VKRUWHQLQJ WKDW ZH DUH DEOH WR
LPSRVH LQ WKH PRGHO WR H[SODLQ WKH ODFN RI WKUXVW IDXOWV IRU EULWWOH�GXFWLOH PRGHOV� :H QRZ
DOVR LQGLFDWH WKDW LW FRXOG EH WKH FDVH IRU EULWWOH PRGHOV ZLWK KLJK 9H�9V UDWLRV� :H DOVR
GLVFXVV KRZ WKH DFFXPXODWLRQ RI PDWHULDO LQ WKH ZHGJH GXULQJ GHIRUPDWLRQ PD\ PRGLI\
WKH�GLVWULEXWLRQ�RI�VWUHVV�DQG�ORFDWLRQ�W\SH�RI�VWUXFWXUHV�RYHU�WLPH�

̝�ũŋėũāŭŭĢƑā ĢłóũāÖŭā Ģł ŶĞā ŭŋŽŶĞāũł ƒāùėā ŶĞĢóĴłāŭŭ ÖóóŋĿťÖłƘĢłė p̖� ŭĞŋũŶāłĢłė Ģł ŶĞā
Öðŭāłóā ŋĕ āũŋŭĢŋł ƒŋŽķù ĢĿťķƘ Öł ĢłóũāÖŭā ŋĕ ŶĞā ƑāũŶĢóÖķ ŭŶũāŭŭ̆ �ŭ Ö óŋłŭāŨŽāłóā̀ ŶĞũŽŭŶ ĕÖŽķŶŭ
ƒŋŽķù ťũŋťÖėÖŶā ŶŋƒÖũù ŶĞā łŋũŶĞ ̒Öŭ āƑĢùāłóāù ðāŶƒāāł ˓̆ˑ Öłù ˖̆˖͝ ŋĕ ŭĞŋũŶāłĢłė ĕŋũ Ŀŋùāķ
�Rˏ˔̋ DĢėŭ̆ �mː! Öłù ˓!̓ Öłù óŋŽķù ťŋŭŭĢðķƘ ũāÖóĞ ťķÖóāŭ ƒĞāũā ŭŶũĢĴā̖ŭķĢť ĕÖŽķŶŭ Öłù łŋũĿÖķ ĕÖŽķŶŭ
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̝NŋƒāƑāũ̀ ƒā óÖłłŋŶ ťũāóķŽùā ŶĞÖŶ ŶĞũŽŭŶ ĕÖŽķŶŭ óŋŽķù Öķŭŋ ùāƑāķŋť ÖŶ ķÖŶāũ ŭŶÖėāŭ ĕŋũ ŶĞāŭā Ŀŋùāķŭ
ƒĢŶĞ ĞĢėĞ Áā̌Áŭ ũÖŶĢŋŭ̀ Öŭ āƗťāũĢĿāłŶÖķ ķĢĿĢŶÖŶĢŋłŭ ťũāƑāłŶ Žŭ ĕũŋĿ ĢĿťŋŭĢłė ķÖũėā ÖĿŋŽłŶŭ ŋĕ p̖�
ŭĞŋũŶāłĢłė̆ Rł Ŀŋùāķ �Rˏ˖ ĕŋũ ĢłŭŶÖłóā ĢŶ Ģŭ ÖŶ ĿÖƗĢĿŽĿ ˒̆˕̀͝ ƒĞĢóĞ ĿÖƘ ðā ĢłŭŽƧóĢāłŶ Ŷŋ ķŋóÖŶā
ùāĕŋũĿÖŶĢŋł�Öķŋłė�Öł�1̖Â�ŶĞũŽŭŶ�ĕÖŽķŶ̞̆

�� 2ULHQWDWLRQ RI VWULNH�VOLS IDXOWV� , PDGH VHYHUDO FRPPHQWV LQ WKH DQQRWDWHG SGI
DERXW WKH FKDQJH RI VWULNH�VOLS IDXOW RULHQWDWLRQ DV WKLV LV RQH RI WKH LPSRUWDQW
UHVXOWV RI WKLV VWXG\� 3OHDVH FRQVLGHU WKDW VRPH RI WKHP FDQ EH ERXQGDU\ HIIHFWV�
RU WKDW VRPH RI WKHP DUH LQGHQWDWLRQ�GULYHQ RU H[WUXVLRQ�GULYHQ� 7KLV ODVW
WHUPLQRORJLFDO GLVWLQFWLRQ FDQ EH FRQVLGHUHG� EXW LW LV MXVW D VXJJHVWLRQ� DXWKRUV
GR QRW KDYH WR DFFHSW LW� $Q\ZD\� , WKLQN D ELW PRUH GLVFXVVLRQ DERXW ZKDW
FRQWUROV�WKH�VWULNH�VOLS�IDXOW�RULHQWDWLRQ�LV�QHHGHG�LQ�VHFWLRQ�����

5HSO\� :H FRPSOHWHG VHFWLRQ ���� QRZ DGGLQJ D GLVFXVVLRQ RQ WKH SDUDPHWHUV WKDW PD\
FRQWURO WKH IRUPDWLRQ RI WKH KLJK DQJOH VWULNH�VOLS IDXOWV WKDW GHYHORS DW PRGHO



ERXQGDULHV� LQFOXGLQJ ERXQGDU\ HIIHFWV� +RZHYHU� ZH VWLOO WKLQN WKDW WKH RULHQWDWLRQ RI
WKHVH IDXOWV LV DOVR FRQWUROOHG E\ WKH IRUPDWLRQ RU SUH�H[LVWHQFH RI D JUDEHQ LQ WKH FHQWHU
RI WKH PRGHO� DV LQGLFDWHG E\ WKH YDULDELOLW\ LQ RULHQWDWLRQ RI WKHVH VWULNH�VOLS IDXOWV ZLWKLQ
WKH�VDPH�PRGHO��RU�EHWZHHQ�PRGHOV�ZLWK�RU�ZLWKRXW�D�IRUPHU�VWUHWFKLQJ�SKDVH�
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̝ Rł ťÖũŶĢóŽķÖũ̀ ÖŶ Ŀŋùāķ óŋũłāũŭ̀ ŭŶũĢĴā̖ŭķĢť ĕÖŽķŶŭ ðāłù ƒĢŶĞ Öłėķāŭ ŶĞÖŶ ðāóŋĿā ķÖũėāũ ƒĢŶĞ
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�� 5HIHUULQJ WR ILJXUHV VKRXOG EH VWURQJHU LQ WKH WH[W� , VXJJHVW WR DXWKRUV WR UHIHU WR
ILJXUHV PRUH RIWHQ� 7KLV ZLOO PDNH WKH FRQQHFWLRQ EHWZHHQ WKH WH[W DQG ILJXUHV
PXFK�VWURQJHU�DQG�ZLOO�KHOS�UHDGHUV�WR�IROORZ�WKH�WH[W�PRUH�HDVLO\�

5HSO\� :H IROORZHG WKH UHYLHZHU¶V VXJJHVWLRQ DQG UHIHU PRUH RIWHQ WR ILJXUHV LQ WKH
PDQXVFULSW�

�� )LJXUHV DUH JHQHUDOO\ JRRG DQG LQIRUPDWLYH� +RZHYHU� , KDYH D IHZ VXJJHVWLRQV
RQ�KRZ�WR�LPSURYH�WKHP�

0D\EH LW ZRXOG EH JRRG WR KDYH DQ DGGLWLRQDO ILJXUH �PD\EH QHZ )LJ� �� WR
DFFRPSDQ\ WKH SUREOHP VWDWHPHQW DQG WR LOOXVWUDWH WKH SURFHVVHV DQG VRPH
QDWXUDO�H[DPSOHV�PHQWLRQHG�LQ�WKH�,QWURGXFWLRQ�

5HSO\� :H KDYH DGGHG D QHZ LQWURGXFWRU\ ILJXUH �QHZ )LJ� �� ZLWK PDSV KLJKOLJKWLQJ
]RQHV�RI�DFWLYH�RU�SDVW�FRHYDO�DFWLYLW\�RI�WHFWRQLF�UHJLPHV�



)LJ� �� $� *HRORJLFDO VNHWFK PDSV VKRZLQJ ORFDWLRQV ZLWK DFWLYH RU SDVW PXOWLSOH FRHYDO WHFWRQLF
UHJLPHV �7DSSRQQLHU HW DO� � ����� ����� 'DY\ DQG &REEROG � ����� 0DUWLQRG HW DO� � �����
)RXUQLHU HW DO� � ����� 6FKDUI HW DO� � ����� 6HQJ|U � ����� 'q]HV HW DO� � ����� &RUWL HW DO�� �����
*LDQQL HW DO� � ������ %� &ORVH�XS PDS VKRZLQJ WKH WHFWRQLF VHWWLQJ RI WKH $OSLQH�0HGLWHUUDQHDQ
UHJLRQ� 6WUXFWXUHV DUH PRGLILHG IURP )DFFHQQD HW DO� ������� &� %ORFN GLDJUDP LOOXVWUDWLQJ W\SLFDO
VWUXFWXUHV IRUPHG LQ VHWWLQJV LQYROYLQJ FRHYDO VKRUWHQLQJ DQG H[WHQVLRQ� $EEUHYLDWLRQV DUH 6$�
6RXWK $PHULFDQ SODWH� ,� ,QGLDQ SODWH� (� (XUDVLDQ SODWH� $)� $IULFDQ SODWH� $5� $UDELDQ SODWH� ,%�
,EHULDQ�SODWH��DQG�$��$GULD�SODWH�

�� :KHQ D ILJXUH KDV PRUH WKDQ RQH SDQHO� , VXJJHVW SXWWLQJ D OHWWHU RQ HDFK SDQHO
WR PDNH LW FOHDU ZKLFK SDUW RI WKH ILJXUH DXWKRUV UHIHU WR LQ WKH WH[W �H�J�� )LJ� �F��
3DQHOV LQ ILJXUHV �� �� �� � DQG �� DUH WRR VPDOO DQG LW LV GLIILFXOW WR UHDG WKHP�
7U\�WR�PDNH�SDQHOV�ODUJHU�



5HSO\� :H IROORZHG WKH UHYLHZHU¶V VXJJHVWLRQV DQG OHWWHUHG SDQHOV LQ WKH UHYLVHG ILJXUHV�
:H DOVR PRGLILHG ILJXUHV LQ RUGHU WR PDNH WKHP DV UHDGDEOH DV SRVVLEOH ZLWKRXW ORVLQJ
LQIRUPDWLRQ�

�� , XQGHUVWDQG ZK\ LW LV LPSRUWDQW WR VKRZ SORWV RI SULQFLSDO VWUHWFKHV EHFDXVH WKH\
DUH XVHG WR GHULYH VWUDLQ W\SH� +RZHYHU� WKHVH SORWV DUH QRW QHFHVVDU\ KHUH DQG
DUH QRW GLVFXVVHG LQ WKH WH[W� 7KH\ DOVR WDNH VSDFH WKDW FDQ EH XVHG WR PDNH
RWKHU SDQHOV ODUJHU� , VXJJHVW PRYLQJ SULQFLSDO VWUHWFKHV SORWV IURP ILJXUHV �� ��
�� � DQG � WR 6XSSOHPHQWDU\ 0DWHULDO DQG PD\EH FRPELQLQJ ILJXUHV � DQG � DQG
DOVR ILJXUHV �� � DQG �� 7KLV ZLOO UHGXFH WKH QXPEHU RI ILJXUHV �ZKLFK LV DOUHDG\
ODUJH���ZKLOH�QR�LQIRUPDWLRQ�ZLOO�EH�ORVW�

5HSO\� :H IROORZHG WKH UHYLHZHU¶V VXJJHVWLRQV E\ RQO\ VKRZLQJ LQWHUSUHWHG SLFWXUHV DQG
VWUDLQ W\SH PDSV� 3ORWV RI SULQFLSDO VWUHWFKHV QRZ DSSHDU DV VXSSOHPHQWDU\ ILJXUHV 60�
DQG 60�� :H DOVR UHRUJDQL]HG ILJXUHV E\ FRPELQLQJ ILJXUHV � DQG � LQWR WKH QHZ ILJXUH
���DV�ZHOO�DV�ILJXUHV������DQG���LQWR�WKH�QHZ�ILJXUH���

�� 2WKHU�VPDOOHU�FRPPHQWV�DERXW�ILJXUHV�,�DGGHG�LQ�WKH�DQQRWDWHG�SGI�

5HSO\� :H�DOVR�WRRN�LQWR�FRQVLGHUDWLRQ�WKH�RWKHU�FRPPHQWV JLYHQ�LQ�WKH�DQQRWDWHG�SGI�

7HFKQLFDO�FRPPHQW

�� 7KHUH DUH MXVW D IHZ W\SRV DQG VRPH WHFKQLFDO HUURUV , PDQDJHG WR VHH� , PDUNHG
WKHP�LQ�WKH�DQQRWDWHG�SGI��2WKHUZLVH��WKH�WH[W�LV�WHFKQLFDOO\�YHU\�JRRG�

5HSO\� :H�WRRN�LQWR�FRQVLGHUDWLRQ�WKH�FRUUHFWLRQV VXJJHVWHG�E\�WKH�UHYLHZHU�

5HIHUHQFHV

� &RUWL� *�� &XIIDUR� 0�� 'RJOLRQL� &�� ,QQRFHQWL� )�� DQG 0DQHWWL� 3�� &RH[LVWLQJ
JHRG\QDPLF SURFHVVHV LQ WKH 6LFLO\ &KDQQHO� LQ 'LOHN� <�� DQG 3DYOLGHV� 6�� HGV��
3RVWFROOLVLRQDO WHFWRQLFV DQG PDJPDWLVP LQ WKH 0HGLWHUUDQHDQ UHJLRQ DQG $VLD�
*HRORJLFDO�6RFLHW\�RI�$PHULFD�6SHFLDO�3DSHU���������±���������

� 'XDUWH� -�&�� 5RVDV� )�0�� 7HUULQKD� 3�� *XWVFKHU 0��$�� 0DODYLHLOOH� -�� 6LOYD� 6�� DQG
0DWLDV� /�� 7KUXVW±ZUHQFK LQWHUIHUHQFH WHFWRQLFV LQ WKH *XOI RI &DGL]
�$IULFD±,EHULD SODWH ERXQGDU\ LQ WKH 1RUWK�(DVW $WODQWLF�� ,QVLJKWV IURP DQDORJ
PRGHOV��0DULQH�*HRORJ\���������������������

� .UVWHNDQLü� 1��:LOOLQJVKRIHU� (�� %URHUVH� 7�� 0DWHQFR� /�� 7ROMLü� 0�� DQG
6WRMDGLQRYLF� 8�� $QDORJXH PRGHOOLQJ RI VWUDLQ SDUWLWLRQLQJ DORQJ D FXUYHG
VWULNH�VOLS IDXOW V\VWHP GXULQJ EDFNDUF�FRQYH[ RURFOLQH IRUPDWLRQ� LPSOLFDWLRQV IRU
WKH &HUQD�7LPRN IDXOW V\VWHP RI WKH &DUSDWKR�%DONDQLGHV� -� 6WUXFW� *HRO�� ����
�������������



� .UVWHNDQLü� 1�� :LOOLQJVKRIHU� (�� 0DWHQFR� /�� 7ROMLü� 0�� DQG 6WRMDGLQRYLF� 8�� 7KH
LQIOXHQFH RI EDFN�DUF H[WHQVLRQ GLUHFWLRQ RQ WKH VWUDLQ SDUWLWLRQLQJ DVVRFLDWHG ZLWK
FRQWLQHQWDO LQGHQWDWLRQ� $QDORJXH PRGHOOLQJ DQG LPSOLFDWLRQV IRU WKH
&LUFXP�0RHVLDQ )DXOW 6\VWHP RI 6RXWK�(DVWHUQ (XURSH� -� 6WUXFW� *HRO�� ����
�������������

� /H 3RXUKLHW� /�� +XHW� %�� DQG 7UDRUH� 1�� /LQNV EHWZHHQ ORQJ�WHUP DQG VKRUW�WHUP
UKHRORJ\ RI WKH OLWKRVSKHUH� ,QVLJKWV IURP VWULNH�VOLS IDXOW PRGHOOLQJ�
7HFWRQRSK\VLFV���������������������

� 3KLOLSSRQ� 0�� %UXQ� -��3�� *XH\GDQ� )�� DQG 6RNRXWLV� '�� 7KH LQWHUDFWLRQ EHWZHHQ
$HJHDQ EDFN�DUF H[WHQVLRQ DQG $QDWROLD HVFDSH VLQFH 0LGGOH 0LRFHQH�
7HFWRQRSK\VLFV���������������������

� 5RVDV� )�0�� 'XDUWH� -�&�� 1HYHV� 0�&�� 7HUULQKD� 3�� 6LOYD� 6�� 0DWLDV� /�� *UjFLD�
(�� DQG %DUWRORPH� 5�� 7KUXVW±ZUHQFK LQWHUIHUHQFH EHWZHHQ PDMRU DFWLYH IDXOWV LQ
WKH *XOI RI &DGL] �$IULFD±(XUDVLD SODWH ERXQGDU\� RIIVKRUH 6: ,EHULD�� 7HFWRQLF
LPSOLFDWLRQV IURP FRXSOHG DQDORJ DQG QXPHULFDO PRGHOLQJ� 7HFWRQRSK\VLFV�
��������������������

� 5RVDV� )�0�� 'XDUWH� -�&�� 6FKHOODUW� :�3�� 7RPDV� 5�� *ULJRURYD� 9�� DQG
7HUULQKD� 3�� $QDORJXH PRGHOOLQJ RI GLIIHUHQW DQJOH WKUXVW�ZUHQFK IDXOW
LQWHUIHUHQFH�LQ�D�EULWWOH�PHGLXP��-RXUQDO�RI�6WUXFWXUDO�*HRORJ\�������������������

� YDQ *HOGHU� ,�(�� :LOOLQJVKRIHU� (�� 6RNRXWLV� '�� DQG &ORHWLQJK� 6�$�3�/�� 7KH
LQWHUSOD\ EHWZHHQ VXEGXFWLRQ DQG ODWHUDO H[WUXVLRQ� $ FDVH VWXG\ IRU WKH
(XURSHDQ (DVWHUQ $OSV EDVHG RQ DQDORJXH PRGHOV� (DUWK DQG 3ODQHWDU\ 6FLHQFH
/HWWHUV�������������


