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$�&RQLF�3URJUDPLQJ�%DVHG�$SSURDFK�IRU�7UDMHFWRU\�2SWLPLVDWLRQ�

RI�8QPDQQHG�*OLGHUV�

:DOWRQ�3��&RXWLQKR�a��-RHUJ�)OLHJH�a��0DULD�%DWWDUUD�b 

a�8QLYHUVLW\�RI�6RXWKDPSWRQ��'HSDUWPHQW�RI�0DWKHPDWLFDO�6FLHQFHV��6RXWKDPSWRQ��8QLWHG�.LQJGRP�
b�8QLYHUVLW\�RI�%DWK��6FKRRO�RI�0DQDJHPHQW��%DWK��8QLWHG�.LQJGRP�

Z�S�FRXWLQKR#VRWRQ�DF�XN��M�IOLHJH#VRWRQ�DF�XN��P�EDWWDUUD#VRWRQ�DF�XN�
�

$EVWUDFW�

,Q� UHFHQW� \HDUV�� HPSOR\LQJ� 8QPDQQHG� $HULDO� 9HKLFOHV� �8$9�� WR� FROOHFW� GDWD� DQG� PDNH�
PHDVXUHPHQWV�KDV�JDLQHG�PRPHQWXP��2IWHQ��WKH�XVH�RI�8$9V�DOORZV�IRU�D�UHGXFWLRQ�LQ�FRVWV�
DQG� LPSURYHPHQWV�RI�RWKHU�SHUIRUPDQFH� FULWHULD��7KRVH� FKDUDFWHULVWLFV�PDNH�8$9V� VXLWDEOH�
IRU� GLVDVWHU� DVVHVVPHQW�� UHVSRQVH� DQG�PDQDJHPHQW��:KLOH� WKH� XWLOLVDWLRQ� RI� SRZHUHG�8$9V�
KDV�EHHQ�EURDGO\�LQYHVWLJDWHG�LQ�WKH�OLWHUDWXUH��WKH�HPSOR\PHQW�RI�XQSRZHUHG�8$9V�VXFK�DV�
JOLGHUV�KDV�QRW�EHHQ�ZHOO�H[SORUHG��,Q�IDFW��VSHFLDOLVHG�FRQWURO�V\VWHPV�EDVHG�RQ�RSWLPLVDWLRQ�
PXVW�EH�GHYHORSHG� LQ�RUGHU� WR�JXLGH�VXFK�YHKLFOHV�GXULQJ� WKHLU�RSHUDWLRQV�� ,Q� WKLV�SDSHU�ZH�
FRQVLGHU�WKH�SUREOHP�RI�JXLGLQJ�D�JOLGHU��DORQJ�SUHGHWHUPLQHG�ZD\SRLQWV��LQ�D�ZLQG�ILHOG��:H�
SURSRVH�D�&RQLF�3URJUDPPLQJ�*OLGHU�7UDMHFWRU\�2SWLPLVDWLRQ�3UREOHP��PRWLYDWHG�E\�GLVDVWHU�
DVVHVVPHQW� DSSOLFDWLRQV�� DQG� D� VROXWLRQ� IUDPHZRUN��6RPH�SUHOLPLQDU\� FRPSXWDWLRQDO� UHVXOWV�
DUH�SUHVHQWHG�DW�WKH�HQG�RI�WKLV�ZRUN���

.H\ZRUGV��7UDMHFWRU\�2SWLPLVDWLRQ��8QPDQQHG�*OLGHUV��4XDGUDWLF�3URJUDPPLQJ�

�����,QWURGXFWLRQ��

8QPDQQHG�$HULDO�9HKLFOHV��8$9���D�N�D��GURQHV��DUH�DLUFUDIWV�WKDW�GR�QRW�QHHG�D�KXPDQ�SLORW�
RQ�ERDUG��,Q�JHQHUDO��WKHVH�YHKLFOHV�QHHG�WR�EH�FRQWUROOHG�HLWKHU�E\�DXWRPDWHG�FRPPDQGV�IURP�
DQ�HPEHGGHG�FRPSXWHU�DQG�RU�E\�D�SLORW�RSHUDWLQJ�D�UHPRWH�FRQWURO��8QPDQQHG�DHULDO�V\VWHPV�
KDYH�EHHQ� ILUVW�XVHG� LQ�VSHFLDO�RSHUDWLRQV� LQ�ZKLFK� WKH�SUHVHQFH�RI�KXPDQ�SLORWV�ZDV�HLWKHU�
LQIHDVLEOH�RU�OLIH�WKUHDWHQLQJ��%HDUG�DQG�0F/DLQ���������+RZHYHU��WKH�SRSXODULW\�RI�8$9V�LQ�
FLYLO� DQG� FRPPHUFLDO� DSSOLFDWLRQV�� H�J�� LQ� DHULDO� UHFRQQDLVVDQFH�� DHULDO� IRUHVW� ILUH� GHWHFWLRQ��
VKLS� WUDFNLQJ��KD]DUG�PDQDJHPHQW��GLVDVWHU�DVVHVVPHQW�DQG� UHVSRQVH��KDV� UHFHQWO\� LQFUHDVHG�
�5X]JLHQ¡�HW�DO���������

7KH� GHYHORSPHQW� RI� DHULDO� VXUYH\� V\VWHPV� EDVHG� RQ� SRZHUHG� 8$9V� LV� ZHOO� DGYDQFHG��
+RZHYHU�� XQSRZHUHG� 8$9�EDVHG� V\VWHPV� KDYH� QRW� EHHQ� H[WHQVLYHO\� LQYHVWLJDWHG� LQ� WKH�
OLWHUDWXUH��*OLGHUV�SRVVHVV�VRPH�DGYDQWDJHV�RYHU�RWKHU�IL[HG�ZLQJ�SRZHUHG�8$9V�� WKH�PRVW�
VLJQLILFDQW�RQH� LV�XQLW� FRVW�� DOORZLQJ� WKH�HPSOR\PHQW�RI� ODUJHU�DQG�PRUH� IOH[LEOH� IOHHWV��%\�
XVLQJ� IOHHWV�RI�DHULDO�JOLGHUV��GLVDVWHU� UHVSRQVH� WHDPV�ZRXOG�EH�DEOH� WR�TXLFNO\�DFTXLUH�GDWD�
WKDW�ZRXOG�RWKHUZLVH�RQO\�EH�SRVVLEOH� WR�JDWKHU� in situ��7KLV�GDWD�ZRXOG� WKHQ�KHOS� WHDPV� WR�
IRFXV� WKHLU� UHVSRQVH� HIIRUWV� DQG� DSSO\� WKHLU� UHVRXUFHV� PRUH� HIILFLHQWO\� DQG� DFFXUDWHO\��
+RZHYHU�� GXH� WR� WKH� DEVHQFH� RI� WKUXVW�� JOLGHUV� DUH� PRUH� GLIILFXOW� WR� FRQWURO�� 7KHUHIRUH��
WUDMHFWRU\�RSWLPLVDWLRQ�IRU�VXFK�YHKLFOHV�LV�PRUH�FKDOOHQJLQJ��
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7KLV�ZRUN� DLPV� WR� GHYHORS� D� JHQHUDO� IUDPHZRUN� IRU� FRXSOLQJ�JOLGHU� WUDMHFWRU\�RSWLPLVDWLRQ�
DQG�URXWLQJ�SUREOHPV�LQ�GLVDVWHU�DVVHVVPHQW�DQG�UHVSRQVH�DSSOLFDWLRQV��:H�ZLOO�UHIHU� WR�WKLV�
JHQHUDO� FRQFHSW� DV�*OLGHU�5RXWLQJ� DQG�7UDMHFWRU\�2SWLPLVDWLRQ� 3UREOHP�� ,Q� WKLV� SDSHU��ZH�
ZLOO�IRFXV�RQ�WKH�WUDMHFWRU\�RSWLPLVDWLRQ�DVSHFWV�RI�WKH�SUREOHP��

�����*OLGHU�.LQHPDWLFV�DQG�'\QDPLFV�

,Q� WKLV� VHFWLRQ�ZH�SUHVHQW� D� OLQHDULVDWLRQ�RI� HTXDWLRQV�RI�PRWLRQ�EDVHG�RQ�1HZWRQ
V� VHFRQG�
ODZ�IRU�WKH�PRWLRQ�RI�WKH�JOLGHU�XQGHU�D�KRUL]RQWDO�ZLQG�VKHDU�DURXQG�VWHDG\�VWDWH�FRQGLWLRQV��

2.1   Glider's equations of motion 

/HW� ;:P; L kT:P;áU:P;á V:P;á R:P;á Û:P;áî:P;o� UHSUHVHQW� WKH� VWDWH� RI� WKH� JOLGHU� DW� WLPH� P Ð
>P4á PÙ?��ZKHUH�WKH�ILUVW�WULSOH�:TáUá V;�GHQRWHV�WKH�JOLGHU
V�SRVLWLRQ��DQG�WKH�ODVW�WKUHH�HOHPHQWV�
:Rá Ûáî;� GHQRWH� LWV� YHORFLW\�� UHODWLYH� SLWFK� DQG� UHODWLYH� \DZ� DQJOHV�� UHVSHFWLYHO\�� /HW� DOVR�
7:P; L k%.:P;á ä:P;o� UHSUHVHQW� WKH� JOLGHU
V� FRQWUROV��ZKHUH� WKH� ILUVW� FRPSRQHQW� GHQRWHV� WKH�
OLIW�FRHIILFLHQW�DQG�WKH�VHFRQG�HOHPHQW�WKH�UHODWLYH�EDQN�DQJOH���

,Q�WKLV�ZRUN��ZH�XVH�WKH�VHW�RI�2UGLQDU\�'LIIHUHQWLDO�(TXDWLRQV��2'(V��GHVFULEHG�LQ��)ODQ]HU�

������ WR�PRGHO� WKH�PRWLRQ� RI� WKH� JOLGHU�� ,Q� JHQHUDO�� WKHVH� HTXDWLRQV� WDNH� WKH� IRUP�;× :P; L
B:;:P;á7:P;á P;�� ZKHUH� WKH� /+6� FRUUHVSRQGV� WR� WKH� WLPH� GHULYDWLYH� RI� WKH� VWDWH� YDULDEOH��
8VLQJ�WKLV�VHW�RI�HTXDWLRQV�GLUHFWO\�LQ�DQ�RSWLPLVDWLRQ�SUREOHP�JHQHUDOO\�OHDGV�WR�QRQ�FRQYH[�
IRUPXODWLRQV��,Q�DGGLWLRQ��YHU\�JRRG�LQLWLDO�JXHVVHV�VKRXOG�EH�SURYLGHG�LI�RQH�LQWHQGV�WR�VROYH�
1/3�SUREOHPV�XVLQJ� D�QRQOLQHDU�RSWLPLVDWLRQ� VROYHU� �=KDR��������+HQFH��ZH�ZLOO� OLQHDULVH�
WKHVH�HTXDWLRQV�LQ�RUGHU�WR�PDNH�WKLV�SUREOHP�PRUH�WUDFWDEOH��

7KH� JOLGHU
V� HTXDWLRQV� RI�PRWLRQ� FDQ� EH� OLQHDULVHG� XVLQJ� WKH� ILUVW� RUGHU� 7D\ORU
V� H[SDQVLRQ�
DURXQG� FHUWDLQ� HTXLOLEULXP� FRQGLWLRQV�� 7KHVH� HTXLOLEULXP� FRQGLWLRQV� DUH� GHILQHG� XQGHU� WKH�
DVVXPSWLRQ� WKDW� DOO� IRUFHV� DFWLQJ�XSRQ� WKH� JOLGHU� DUH� VXPPLQJ�XS� WR� ]HUR�� WKXV� FDXVLQJ� WKH�
HTXLOLEULXP�VWDWH��$IWHU�DSSO\LQJ�7D\ORU��ZH�GHILQH�D� OLQHDU�V\VWHP�RI�GLIIHUHQWLDO�HTXDWLRQV�
WKDW� GHVFULEH� WKH� PRYHPHQW� RI� WKH� JOLGHU�� $VVXPLQJ� WKDW� WKH� OLQHDULVDWLRQ� HUURU� Ý� FDQ� EH�
QHJOHFWHG�DQG�DSSO\LQJ�(XOHU
V�PHWKRG� WR� LQWHJUDWH� WKH� UHVXOWLQJ� OLQHDU�HTXDWLRQV�RI�PRWLRQ��
ZH�ZULWH�WKLV�OLQHDU�V\VWHP�LQ�WKH�IRUP�RI�(TXDWLRQ�������

/HW�P Ð >P4á PÙ?�EH�D�WLPH�LQWHUYDO�DQG�D L kPÙ F P4o 6¤ �EH�D�SUHGHILQHG�LQWHJUDWLRQ�WLPH�VWHS��

ZKHUH� 6� LV� WKH� QXPEHU� RI� WLPH� VWHSV� �VR�FDOOHG� GLVFUHWLVDWLRQ� VL]H��� /HW� DOVR� ;ç �����7ç�
UHSUHVHQW�DSSUR[LPDWLRQV�WR�;:P;�����7:P;DW�WLPH�P��:H�FDQ�WKHQ�UHSODFH�WKH�V\VWHP�RI�2'(V�
;× :P; L B:;:P;á7:P;á P;�ZLWK�

;ç>5 L :D# E +;;ç E D$7ç F Dk#;Øä E $7Øäoá� ���

ZKHUH� WKH�PDWULFHV�#�����$� UHSUHVHQW� WKH�-DFRELDQV�RI� WKLV�V\VWHP�RI�2'(V�ZLWK�UHVSHFW� WR�
WKH�VWDWH�DQG�FRQWURO�YDULDEOHV��UHVSHFWLYHO\��DQG�+LV�WKH�LGHQWLW\�PDWUL[��,Q�WKLV�ZRUN��(TXDWLRQ�
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����ZLOO�EH�XVHG�DV�D�FRQVWUDLQW�LQ�RUGHU�WR�WR�GHULYH�D�FRQLF�SURJUDPPLQJ�SUREOHP�WR�RSWLPLVH�
WKH�WUDMHFWRU\�RI�D�JOLGHU��

�����*OLGHU�7UDMHFWRU\�2SWLPLVDWLRQ�3UREOHP�

,Q�WKLV�VHFWLRQ��ZH�GHILQH�D�TXDGUDWLF�SURJUDPPLQJ�SUREOHP�DQG�DQ�RSWLPLVDWLRQ�IUDPHZRUN�
IRU�FRPSXWLQJ�WUDMHFWRULHV�RYHU�D�VHW�RI�WDUJHWV��

3.1   Conically constrained model 

*LYHQ�D�VHW�RI�WDUJHWV�WR�EH�YLVLWHG�8 L <rá ä ä ä áJ=��GHVFULEHG�E\�WKHLU�SRVLWLRQ�YHFWRU�:TÇ áUÇ á VÇ;��
DQG� D� VHTXHQFH� 5 L kE4áäääá Eäoá Eä Ð 8á M O J�� ZH� GLYLGH� WKH� WUDMHFWRU\� LQWR� M F s� SDWKV�
DFFRUGLQJ�WR�HDFK�DUF�RI�WKH�URXWH�5��VXFK�WKDW�LQ�HDFK�SDWK�WKH�GLVWDQFH�EHWZHHQ�WKH�JOLGHU�DQG�
WKH�ILQDO�WDUJHW�RI�WKLV�DUF�DW�WKH�ODVW�WLPH�VWHS�@Í�LV�PLQLPLVHG��)RU�HDFK�DUF��= L sá ä ä ä á M F s��
WKH�LQLWLDO�FRQGLWLRQV�DW�WKDW�DUF�DUH�VHW�HTXDO�WR�WKH�ILQDO�FRQGLWLRQV�RI�WKH�SUHYLRXV�DUF���

,Q�WKH�PRGHO�GHVFULEHG�E\�(TXDWLRQV������JLYHQ�D�IL[HG�IOLJKW�WLPH�ÂPÔ L PÙ
Ô F P4Ô�IRU�WKH�DUF�

=���ZH�DLP�WR�PLQLPLVH�WKH�GLVWDQFH�IURP�WKH�JOLGHU�WR�WKH�WDUJHW�DW�WKH�ILQDO�WLPH�VWHS�6��7KH�
VHFRQG�WHUP�LQ�WKH�REMHFWLYH�IXQFWLRQ�SHQDOLVHV�XQVWDEOH�VROXWLRQV��L�H���VROXWLRQV�WKDW�SUHVHQW�D�
ULQJLQJ�HIIHFW� �9DQGHUEHL���������7KH�ILUVW�FRQVWUDLQW� LV�D�FRQLF�FRQVWUDLQW� WKDW�PHDVXUHV� WKH�
GLVWDQFH�IURP�WKH�JOLGHU�WR�WKH�ILQDO�WDUJHW�DW�WLPH�VWHS�6��7KH�VHFRQG�FRQVWUDLQW�DFFRXQWV�IRU�
WKH�JOLGHU
V�G\QDPLFV��7KH�VHW�RI�LQHTXDOLWLHV�LQYROYLQJ�è5áè6á�����è7��DQG�WKH�VXEVHTXHQW�WZR�

LQHTXDOLWLHV�GHILQH�D�SHQDOLVDWLRQ�RYHU�VROXWLRQV�DVVRFLDWHG�WR�KDUVK�PDQRHXYUHV��7KH�HTXDOLW\�
FRQVWUDLQWV� LQYROYLQJ�;Ô�����7Ô� UHSUHVHQW� WKH� OLQN�EHWZHHQ� VXEVHTXHQW� DUFV� RI� D� VHTXHQFH��
)LQDOO\��WKH�ODVW�IRXU�HTXDWLRQV�GHILQH�WKH�YDULDEOHV�ERXQGV�DQG�GRPDLQV��

3.2   Flight time optimisation 

6HFWLRQ�����RQO\�FRQVLGHUV�WR�RSWLPLVH�WKH�WUDMHFWRULHV�RI�WKH�JOLGHU�RYHU�D�IL[HG�WLPH�LQWHUYDO��
:H�QRZ�FRQVLGHU� DQ� DSSURDFK� IRU� ILQGLQJ� D�PLQLPXP� IOLJKW� WLPH�EHWZHHQ� WZR� WDUJHWV��)RU�
WKLV��ZH�XVH�D�ELVHFWLRQ�DOJRULWKP�WKDW�VROYHV�LQ�HDFK�DUF�=�WKH�WUDMHFWRU\�RSWLPLVDWLRQ�SUREOHP�
JLYHQ�E\�(TXDWLRQV�����LWHUDWLYHO\�IRU�GLIIHUHQW�YDOXHV�RI��ÂPÔ��

(TXDWLRQ� ���� GHILQHV� D� VLQJOH� YDULDEOH� RSWLPLVDWLRQ� SUREOHP� WR� PLQLPLVH� WKH� IOLJKW� WLPH�

EHWZHHQ� HYHU\� SDLU� RI� VXEVHTXHQW� WDUJHWV� LQ� D� VHTXHQFH�5 L kE4áäääá Eäoá Eä Ð 8á M O J�� ZKHUH�

ÂPÔ�GHQRWHV� WKH�IOLJKW� WLPH�RI�DUF�=�DQG�B:ÂPÔ;�GHQRWHV� WKH�REMHFWLYH�IXQFWLRQ�YDOXH�RI� WKH�
SUREOHP�GHILQHG�E\�����DW�ÂPÔ��7KH�ERXQGV�RQ�WKH�IOLJKW�WLPH�WKDW�DUH�QHFHVVDU\�WR�VROYH�WKLV�
SUREOHP�ZHUH�FDOFXODWHG�XVLQJ�WKH�ORZHU�DQG�XSSHU�ERXQGV�RQ�WKH�YHORFLW\�RI�WKH�JOLGHU�DQG�
WKH�(XFOLGHDQ�GLVWDQFHV�EHWZHHQ�WKH�WDUJHWV��
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)LQDOO\��WKH�WRWDO�IOLJKW�WLPH�RI�D�URXWH�LV�WKHQ�FDOFXODWHG�DV�WKH�VXP�RI�DOO�IOLJKW�WLPHV�RI�HDFK�
DUF�RI�WKH�JLYHQ�VHTXHQFH��

3.3   Computational Experiments 

7KH�DOJRULWKP�ZDV�FRGHG�LQ�&���DQG�WKH�WHVWV�ZHUH�FDUULHG�RXW�LQ�DQ�,QWHO�&RUH�L��ZLWK������
*+]� DQG� ���*%� RI� 5$0� UXQQLQJ� XQGHU� /LQX[�0LQW� ���� 7KH� FRQLF� SUREOHPV�ZHUH� VROYHG�
XVLQJ�&3/(;�������2QO\�D�VLQJOH�WKUHDG�ZDV�XVHG�LQ�RXU�H[SHULPHQWV��

7DEOH���VKRZV�WKH�UHVXOWV�RI�RXU�DSSURDFK�IRU�VHYHUDO�UDQGRP�H[DPSOH�SUREOHPV��,Q�WKLV�WDEOH��
WKH�ILUVW�FROXPQ�VKRZV�WKH�QDPH�RI�WKH�LQVWDQFH��ZKLFK�DOVR�VSHFLILHV�WKH�QXPEHU�RI�WDUJHWV��
7KH�VHFRQG�FROXPQ�VKRZV� WKH� UHVXOWLQJ� IOLJKW� WLPH� IRU�HDFK� LQVWDQFH��7KH� ODVW� WZR�FROXPQV�
VKRZ�WKH�&38�WLPH�LQ�VHFRQGV�DQG�WKH�WRWDO�QXPEHU�RI�LWHUDWLRQV��WRWDO�QXPEHU�RI�FDOOV�WR�WKH�
RSWLPLVDWLRQ�VROYHU��UHTXLUHG�WR�FRPSXWH�WKH�ZKROH�WUDMHFWRU\��

�
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7DEOH���5HVXOW�RI�H[SHULPHQWV�

�
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�����&RQFOXVLRQ�

,Q�WKLV�SDSHU��ZH�SUHVHQW�DQ�RSWLPLVDWLRQ�IUDPHZRUN�EDVHG�RQ�&RQLF�3URJUDPPLQJ�WR�FRPSXWH�
WUDMHFWRULHV�IRU�D�JOLGHU�RYHU�D�VHW�RI�VHTXHQFHG�WDUJHWV��7KH�HTXDWLRQV�RI�PRWLRQ�RI�WKH�JOLGHU�
WDNH�LQWR�DFFRXQW�DOO�WKH�IRUFHV�DQG�YHORFLWLHV�WKDW�DUH�QDWXUDO�WR�WKH�G\QDPLFV�DQG�NLQHPDWLFV�
RI� DQ� XQSRZHUHG� IOLJKW� XQGHU� WKH� LQIOXHQFH� RI� WKH�ZLQG�� ,Q� RXU� DOJRULWKP�� WKHVH� HTXDWLRQV�
ZHUH� OLQHDULVHG� LQ� RUGHU� WR� PDNH� WKH� SUREOHP� PRUH� WUDFWDEOH�� 7KH� PDLQ� DGYDQWDJHV� RI�
OLQHDULVLQJ� WKH�HTXDWLRQV�RI�PRWLRQ�DUH� WKDW� WKH� WUDMHFWRU\�RSWLPLVDWLRQ�FDQ�EH�SHUIRUPHG�E\�
DQ\�DSSURSULDWH�RSWLPLVDWLRQ�VRIWZDUH�DQG�WKH�XVHU�GRHV�QRW�QHHG�WR�SURYLGH�DQ�LQLWLDO�JXHVV�WR�
WKH� ILQDO� VROXWLRQ��7KH� WUDMHFWRULHV� FRPSXWHG�E\� WKLV� DOJRULWKP�DUH�� LQ� JHQHUDO�� VXE�RSWLPDO��
VLQFH�WKH�ZKROH�IOLJKW�SDWK�LV�GLYLGHG�LQWR�DUFV�DQG�WKH�WUDMHFWRULHV�IRU�HDFK�DUF�DUH�FRPSXWHG�
LQGLYLGXDOO\��(YHQ� WKRXJK� WKLV� � DSSURDFK� RQO\� \LHOGV� VXE�RSWLPDO� VROXWLRQV�� WKH�&38� WLPHV�
UHTXLUHG� WR� VROYH� HDFK� LQVWDQFH� DUH� YHU\� SURPLVLQJ�� 3URPLVLQJ� IXUWKHU� DYHQXHV� RI� UHVHDUFK�
LQFOXGH�HPEHGGLQJ� WKLV� WUDMHFWRU\�RSWLPLVDWLRQ�IUDPHZRUN� LQWR�DQ�DOJRULWKP�IRU� WKH�9HKLFOH�
5RXWLQJ�3UREOHP��VR�WKDW�URXWHV�FDQ�EH�JHQHUDWHG�DXWRPDWLFDOO\�IURP�D�JLYHQ�VHW�RI�WDUJHWV��

�����5HIHUHQFHV��

%HDUG�5�DQG�0F/DLQ�7���������µ6PDOO�8QPDQQHG�$LUFUDIW��7KHRU\�DQG�3UDFWLFH¶��3ULQFHQWRQ�
3UHVV��3ULQFHQWRQ��1-��

)ODQ]HU� 7� �������� µ5REXVW� 7UDMHFWRU\� 2SWLPLVDWLRQ� DQG� &RQWURO� RI� D� '\QDPLF� 6RDULQJ�
8QPDQQHG�$HULDO�9HKLFOH�¶�3K'��7KHVLV��6WDQIRUG��6WDQIRUG�8QLYHUVLW\��
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