
,Q�9HKLFOH�1DWXUDO�,QWHUDFWLRQ�%DVHG�RQ�(OHFWURP\RJUDSK\��
)UDQFHVFR�&DUULQR��6WHIDQR�&DUULQR��0DXUL]LR�&DRQ��/HRQDUGR�$QJHOLQL��2PDU�$ERX�.KDOHG��

(OHQD�0XJHOOLQL�
8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�:HVWHUQ�6ZLW]HUODQG�

)ULERXUJ��6ZLW]HUODQG�
^IUDQFHVFR�FDUULQR��VWHIDQR�FDUULQR��PDXUL]LR�FDRQ��OHRQDUGR�DQJHOLQL��RPDU�DERXNKDOHG��HOHQD�PXJHOOLQL`#KHIU�FK�

�
$%675$&7�
,Q� WKLV� SDSHU�� ZH� GHVFULEH� D� QDWXUDO� LQWHUIDFH� EDVHG� RQ�
PLFURJHVWXUHV� SHUIRUPHG� RQ� D� VWHHULQJ� ZKHHO� DQG� UHFRJQL]HG�
WKURXJK�WKH�GULYHU¶V�HOHFWULFDO�PXVFXODU�DFWLYLW\��7KLV�DSSURDFK�LV�
EDVHG�RQ�D�ZHDUDEOH�SDUDGLJP�RI�LQWHUDFWLRQ��LQ�ZKLFK�WKH�VHQVRUV�
DUH�SODFHG�RQ�WKH�XVHU¶V�DUP���7KH�ZHDUDEOH�V\VWHP�FRPPXQLFDWHV�
ZLWK�WKH�LQIRWDLQPHQW�V\VWHP�RI�RXU�SURWRW\SH�WKURXJK�%OXHWRRWK��
:H� GHVLJQHG� WKH� JHVWXUH� YRFDEXODU\� LQ� RUGHU� WR� IDFLOLWDWH� WKH�
GULYHU�LQWHUDFWLRQ�ZLWK�WKH�LQIRWDLQPHQW�V\VWHP�ZKLOH�KROGLQJ�WKH�
VWHHULQJ� ZKHHO� ZLWK� ERWK� KDQGV�� :H� WHVWHG� RXU� DSSURDFK� ZLWK�
HLJKW� XVHUV� VKRZLQJ� WKH� SRVVLELOLW\� WR� UHFRJQL]H� IRXU�
PLFURJHVWXUHV�ZLWK�DQ�DYHUDJH�DFFXUDF\�RI����������

&DWHJRULHV�DQG�6XEMHFW�'HVFULSWRUV�
+� >,QIRUPDWLRQ� 6\VWHPV@�� +��� ,QIRUPDWLRQ� ,QWHUIDFHV� DQG�
3UHVHQWDWLRQ²+�����8VHU�,QWHUIDFHV��

*HQHUDO�7HUPV�
([SHULPHQWDWLRQ��+XPDQ�)DFWRUV��

.H\ZRUGV�
(OHFWURP\RJUDSK\��0LFURJHVWXUHV��,Q�9HKLFOH�,QWHUDFWLRQ��

�� ,1752'8&7,21�
1RZDGD\V�� ,Q�9HKLFOH� ,QIRUPDWLRQ� DQG� FRPPXQLFDWLRQ� 6\VWHPV�
�,9,6V�� SURYLGH� LQFUHDVLQJ� HQWHUWDLQPHQW� DQG� FRPPXQLFDWLRQ�
RSSRUWXQLWLHV�ZKLOH�GULYLQJ��0RVW�,9,6V�DUH�SODFHG�LQ�WKH�FHQWUDO�
FRQVROH�RI� WKH�FDU��DOORZLQJ�ERWK�GULYHU�DQG�SDVVHQJHU�WR�FRQWURO�
LW��8QIRUWXQDWHO\��WKHVH�V\VWHPV�PD\�GLVWUDFW�WKH�GULYHU��ZKLFK�KDV�
WR�VKLIW�WKH�H\H�JD]H�DQG�DWWHQWLRQ�IURP�WKH�URDG�DQG�WR�PRYH�RQH�
KDQG�IURP�WKH�VWHHULQJ�ZKHHO��,Q�IDFW��PDQ\�,9,6V�LQFOXGH�EXWWRQV�
DURXQG�D�FHQWUDO�GLVSOD\�DV�ZHOO�DV�PXOWLIXQFWLRQDO�FRQWUROOHUV�RU�
WRXFK�GLVSOD\V� IRU�FRQWUROOLQJ� VHFRQGDU\� WDVNV��7KH� UHVXOW�RI� WKLV�
DSSURDFK�FRQVLVWV�LQ�WKH�XVHU�EHLQJ�RYHUZKHOPHG�E\�D�SOHWKRUD�RI�
FRQWUROOHUV�RQ�KLV�KHU�GDVKERDUG��7KH� LPSDFW�RQ� WKH�GULYLQJ� WDVN�
RI� VXFK� ,9,6�KDV�EHHQ�VWXGLHG�E\�%DFK�HW�DO��DQG�FRPSDUHG� WR�D�
JHVWXUDO� LQWHUIDFH� LQ� >�@�� 7KH� UHVHDUFK� FRPPXQLW\� DJUHHV� RQ�
FRQVLGHULQJ� WKH� JHVWXUDO� LQWHUDFWLRQ� IRU� WKH� GULYHU� DV� VDIHU� WKDQ�
XVLQJ� FRQWUROOHUV� WKDW� DUH� GLVWULEXWHG� RQ� WKH� GDVKERDUG�� ,QGHHG��
5LHQHU� VWDWHG� WKDW� ³LQ�YHKLFOH� JHVWXUDO� LQWHUIDFHV� DUH� HDV\� WR� XVH�
DQG�LQFUHDVH�VDIHW\�E\�UHGXFLQJ�YLVXDO�GHPDQG�RQ�WKH�GULYHU´�>�@��
6LPLODUO\��'|ULQJ�HW�DO��DVVHVVHG�WKDW�WKH�GULYHU
V�YLVXDO�GHPDQG�LV�
UHGXFHG� VLJQLILFDQWO\� E\� XVLQJ� JHVWXUDO� LQWHUDFWLRQ� RQ� WKH�PXOWL�
WRXFK�VWHHULQJ�ZKHHO�WKDW�WKH\�GHYHORSHG�DQG�SUHVHQWHG�LQ�>�@���

7KH�PDLQ�FRQWULEXWLRQ�RI�WKLV�ZRUN�LV�D�QDWXUDO�LQWHUIDFH�EDVHG�RQ�
PLFURJHVWXUHV� IRFXVLQJ� RQ� WKH� GULYHU� LQWHUDFWLRQ� ZLWK� DQ� ,9,6��

7KLV�V\VWHP�DGRSWV�WKH�ZHDUDEOH�SDUDGLJP�WKDW�FRQVLVWV�LQ�SODFLQJ�
WKH� VHQVRUV� RQ� WKH� XVHU�� 7KHVH� VHQVRUV� FDSWXUH� WKH�
HOHFWURP\RJUDSKLF� �(0*�� VLJQDOV� JHQHUDWHG� E\� WKH� HOHFWULFDO�
PXVFOHV� DFWLYLW\�� 7KH� ZHDUDEOH� V\VWHP� VHQGV� WKHVH� GDWD� WR� WKH�
,9,6��)LQDOO\��WKH�,9,6�LQWHUSUHWV�WKHVH�GDWD�DV�FRPPDQGV��,Q�WKH�
QH[W� VHFWLRQ� ZH� GHVFULEH� WKH� V\VWHP� DUFKLWHFWXUH�� WKH� JHVWXUHV�
GHVLJQ� ZLWK� UHODWLYH� DQDWRPLF� GHWDLOV� IRU� WKH� VHQVRUV� SODFHPHQW�
DQG�WKH�ILUVW�WHVWV�ZH�FRQGXFWHG�LQ�RUGHU�WR�YDOLGDWH�WKLV�DSSURDFK��

�� $3352$&+�
'HYHORSLQJ�DQ�LQWHUIDFH�WR�LQWHUDFW�ZLWK�WKH�,9,6�RI�D�FDU�W\SLFDOO\�
UHTXLUHV�LQWHJUDWLQJ�SK\VLFDO�LQWHUIDFHV�LQ�WKH�YHKLFOH��7KLV�FDQ�EH�
SUREOHPDWLF�VLQFH�D�FKDQJH�LQ�WKH�KDUGZDUH�LQYROYHV�D�VLJQLILFDQW�
PRGLILFDWLRQ� LQ� WKH� SURGXFWLRQ� FKDLQ� RI� D� FDU�� ,Q� WKLV� SDSHU��ZH�
SURSRVH�DQ�DSSURDFK�EDVHG�RQ�D�ZHDUDEOH�SDUDGLJP��ZKLFK�KDV�WKH�
DGYDQWDJH� RI� VHSDUDWLQJ� WKH� WHFKQRORJ\� RQ� WKH� XVHU� DQG� WKH�
WHFKQRORJ\� RQ� WKH� FDU�� 7KH� RQERDUG� V\VWHP� KDV� WR� UHFHLYH� DQG�
LQWHUSUHW�WKH�VLJQDOV�IURP�WKH�ZHDUDEOH�FRPSRQHQW��$FTXLULQJ�GDWD�
IURP�ZHDUDEOH� VHQVRUV�� WKH� LQWHUDFWLRQ�FDQ�EH�GRQH�RQ� WKH�HQWLUH�
VXUIDFH�RI�WKH�VWHHULQJ�ZKHHO�H[WHUQDO�ULQJ��
'HVLJQLQJ� RXU� JHVWXUH� YRFDEXODU\� �VHH� )LJXUH� ���� ZH� OLPLW� RXU�
UHVHDUFK�RQ�LQWHUDFWLRQV�WKDW�DUH�QRW�GHPDQGLQJ�IRU�WKH�GULYHU��7KH�
LQWHUIDFH� VKRXOG� QRW� GLVWUDFW� WKH� XVHU� IURP� KLV�KHU� SULPDU\� WDVN��
GULYLQJ��,Q�DGGLWLRQ��ZH�FKRVH�WR�IRFXV�RQ�JHVWXUHV�VXSSRUWLQJ�WKH�
GULYHU�LQWHUDFWLRQ�HYHQ�ZKLOH�KROGLQJ�WKH�VWHHULQJ�ZKHHO�ZLWK�ERWK�
KDQGV�� )RU� LQVWDQFH�� WKH� GULYHU� FDQ� FRQWURO� WKH� ,9,6� ZLWKRXW�
PRYLQJ� WKH� JD]H� IURP� WKH� URDG� FRQVHUYLQJ� WKH� VDIHW\� RI� WKH�
GULYLQJ��
0LFURJHVWXUHV��LI�FRUUHFWO\�GHVLJQHG��DOORZ�H[HFXWLQJ�D�VHFRQGDU\�
WDVN� ZLWKRXW� LQWHUUXSWLQJ� RU� LQWHUIHULQJ� ZLWK� WKH� SULPDU\� WDVN��
:ROI�HW�DO�� >�@�VWXGLHG� WKH�GHVLJQ�RI�JHVWXUHV� LQ�D�FDU�KDYLQJ� WKH�
GULYLQJ� DV� SULPDU\� WDVN�� 7KH� DXWKRUV� SURSRVHG� D� OLVW� RI� RSWLPDO�
PLFURJHVWXUHV� LQ� WHUPV� RI� IHDVLELOLW\�� DWWHQWLRQ� DQG� ULVN� RI�
FRQIXVLRQ�� ([WHQGLQJ� WKHLU� UHVHDUFK�� ZH� GHILQHG� WKH� VLPSOH�
PLFURJHVWXUHV�YRFDEXODU\�GHSLFWHG�LQ�)LJXUH�����

�
)LJXUH����7KH�IRXU�JHVWXUHV�XVHG�IRU�WKH�LQWHUDFWLRQ��

�

&RS\ULJKW�KHOG�E\�DXWKRU�V��
$XWRPRWLYH8,
����2FWREHU��������3RUWVPRXWK��1+��86$��
$GMXQFW�3URFHHGLQJV�
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)LJXUH���SUHVHQWV� WKH� OH[LFRQ�RI�IRXU�PLFURJHVWXUHV� WKDW�ZH�KDYH�
DGRSWHG�LQ�RXU�VWXG\��D��LQGH[�DEGXFWLRQ��E��ILVW�VTXHH]H��F��ZULVW�
H[WHQVLRQ�DQG�G��ZULVW�IOH[LRQ���
7KLV� OH[LFRQ� FDQ� EH� H[WHQGHG� WR� RWKHU� JHVWXUHV�� 7KH� SUHVHQWHG�
PLFURJHVWXUHV� KDYH� EHHQ� FKRVHQ� WR� YDOLGDWH� GLIIHUHQW� W\SRORJLHV��
,QGHHG�� WKH� LQGH[� DEGXFWLRQ� UHSUHVHQWV� D� FDWHJRU\� RI�
PLFURJHVWXUHV� SHUIRUPHG�ZLWK� WKH� ILQJHUV� WKDW� DUH� HDV\� WR� GHWHFW�
ZLWK� VHQVRUV� RQ� WKH� GRUVXP� �EDFN�� RI� WKH� KDQG�� 7KH� ZULVW�
H[WHQVLRQ� DQG� IOH[LRQ� JHVWXUHV� YDOLGDWH� WKH� SRVVLELOLW\� RI�
LQWHUDFWLRQ�VOLGLQJ�RQ�WKH�VWHHULQJ�ZKHHO��)LQDOO\��WKH�ILVW�VTXHH]H�
EHORQJV� WR� WKH�FDWHJRU\�RI� WKH�³PRWLRQOHVV´�JHVWXUHV��:H�OLPLWHG�
WKH� YRFDEXODU\� WR� IRXU� PLFURJHVWXUHV� LQ� RUGHU� WR� UHGXFH� WKH�
FRJQLWLYH�ORDG�DQG�PDNH�WKH�LQWHUDFWLRQ�VDIHU��

�� 6<67(0�29(59,(:�
7KH�V\VWHP�VHQVHV�WKH�HOHFWULFDO�DFWLYLW\�RI�IRXU�PXVFOHV��WKH�)LUVW�
'RUVDO� ,QWHURVVHRXV�� WKH� )OH[RU� &DUSL� 8OQDULV�� WKH� 3DOPDULV�
/RQJXV�DQG�WKH�([WHQVRU�'LJLWRUXP��)LJXUH���VKRZV�WKH�VLJQDOV�RI�
HYHU\�VHQVHG�PXVFOH�IRU�HDFK�PLFURJHVWXUH��7KH�IRXU�FKDQQHOV�DUH�
VHQVHG�E\�D�ZLUHOHVV�(0*�GHYLFH�>�@�WKDW�DPSOLILHV�DQG�VHQGV�WKH�
LQIRUPDWLRQ� WR� D� SURFHVVLQJ� XQLW� IRU� WKH� IHDWXUH� H[WUDFWLRQ�� :H�
XVHG� WKH� IROORZLQJ� IHDWXUHV�� VLJQDOV� 5RRW� 0HDQ� 6TXDUH��
/RJDULWKPLF�%DQG�3RZHU�DQG�0HDQ�$EVROXWH�9DOXH��7KH�V\VWHP�
SURFHVVHV� WKHVH� VLJQDOV� LQ� WHPSRUDO�ZLQGRZV� RI� ����PV�ZLWK� DQ�
RYHUODSSLQJ�RI�����PV��$IWHUZDUGV��VLJQDOV�DUH�VWRUHG�WR�WUDLQ�IRXU�
/LQHDU� 'LVFULPLQDQW� $QDO\VLV� FODVVLILHUV� �RQH� IRU� HDFK�
PLFURJHVWXUH���

�
)LJXUH����(0*�VLJQDOV�RI�HYHU\�VHQVHG�PXVFOH�IRU�HDFK�

PLFURJHVWXUH��

�� 6<67(0�(9$/8$7,21�
��� 3URWRFRO�RI�,QWHUDFWLRQ�
(LJKW� SHRSOH�� DJHG� ZLWKLQ� ��� DQG� ��� \HDUV� WRRN� SDUW� WR� WKH�
H[SHULPHQW�� 1RQH� RI� RXU� SDUWLFLSDQWV� KDG� DQ\� NQRZQ�
QHXURPXVFXODU�GLVHDVHV��6HQVRUV�ZHUH�SRVLWLRQHG�E\�QRQ�PHGLFDO�
SHUVRQDO�IROORZLQJ�&UDP¶V�JXLGH�>�@���
7KH� H[SHULPHQW� ZDV� FRPSRVHG� E\� WZR� LGHQWLFDO� VHVVLRQV� RI� ��
PLQXWHV��(DFK�SDUWLFLSDQW�KDG� WR�SHUIRUP�RQ�D� VWHHULQJ�ZKHHO����
WLPHV� WKH�IRXU�PLFURJHVWXUHV�� IRU�D� WRWDO�RYHU� WKH� WZR�VHVVLRQV�RI�
��� JHVWXUHV�� 9LVXDO� H[WHUQDO� VWLPXOL� OHG� WKH� SDUWLFLSDQWV� WKURXJK�
WKH�H[SHULPHQW�VXJJHVWLQJ�WKH�JHVWXUH�WR�SHUIRUP��

��� 5HVXOWV�DQG�'LVFXVVLRQ�
,Q� RUGHU� WR� HYDOXDWH� WKH� V\VWHP�SHUIRUPDQFH��ZH�SHUIRUPHG�D�N�
IROG�FURVV�YDOLGDWLRQ��N� �����UHVXOWLQJ�LQ�DQ�DYHUDJH�DFFXUDF\�RI�
�������DQG�D�VWDQGDUG�GHYLDWLRQ�RI�������
(DFK� PLFURJHVWXUH� REWDLQHG� D� VLPLODU� UHFRJQLWLRQ� DFFXUDF\� UDWH��
�������WKH�LQGH[�DEGXFWLRQ���������WKH�ILVW�VTXHH]H���������WKH�
ZULVW�H[WHQVLRQ�DQG��������WKH�ZULVW�IOH[LRQ��

7KHVH�UHVXOWV�DUH�YHU\�HQFRXUDJLQJ��KRZHYHU�� IXUWKHU� WHVWV�ZLWK�D�
JHVWXUH�VHJPHQWDWLRQ�V\VWHP�DUH�UHTXLUHG�IRU�UHDO�ZRUOG�VFHQDULRV��
0RUHRYHU��LQ�RUGHU�WR�FRPSOHWH�WKH�HYDOXDWLRQ��ZH�QHHG�D�WHVW�ZLWK�
PRUH�SDUWLFLSDQWV�WDNLQJ�LQWR�DFFRXQW�DOVR�WKH�XVDELOLW\�DVSHFWV���

�� &21&/86,21�
,9,6V� DUH� EHFRPLQJ� PRUH� DQG� PRUH� FRPSOH[�� SURYLGLQJ�
LQFUHDVLQJ�VHUYLFHV�EXW�RYHUZKHOPLQJ�WKH�GULYHU�ZLWK�EXWWRQV�DQG�
NQREV�� +XPDQ�FRPSXWHU� LQWHUDFWLRQ� UHVHDUFKHUV� ZRUNLQJ� LQ� WKH�
DXWRPRWLYH� ILHOG� LGHQWLILHG� D� SURPLVLQJ� VROXWLRQ� LQ� WKH� JHVWXUDO�
LQWHUIDFHV�� ,QGHHG�� ZH� SURSRVHG� DQ� LQWHUIDFH� EDVHG� RQ� IRXU�
PLFURJHVWXUHV� SHUIRUPHG� ZLWK� ERWK� KDQGV� KROGLQJ� WKH� VWHHULQJ�
ZKHHO�� 7KH� V\VWHP� ZH� GHYHORSHG� LV� FRPSRVHG� RI� D� ZHDUDEOH�
GHYLFH�WKDW�FDSWXUHV�WKH�GULYHU¶V�(0*�VLJQDOV�DQG�RI�DQ�,9,6�WKDW�
UHFHLYHV� WKHVH� GDWD�� 7KH� ,9,6� LQWHUSUHWV� WKHVH� GDWD� LQ� RUGHU� WR�
UHFRJQL]H�WKH�SHUIRUPHG�PLFURJHVWXUHV�DQG�WR�DFWLYDWH�WKH�UHODWHG�
FRPPDQGV��:H�FRQGXFWHG�D�WHVW�LQ�RUGHU�WR�HYDOXDWH�WKH�DFFXUDF\�
RI� WKH� GHYHORSHG� V\VWHP� IRU� WKH� SURSRVHG� PLFURJHVWXUHV�
UHFRJQLWLRQ��7KH� UHVXOWV�DVVHVVHG�DQ�DYHUDJH�DFFXUDF\�RI��������
ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI�������

7KH� IXWXUH� VWHSV�RI� WKLV� UHVHDUFK� FRQVLVW� LQ� LQWHJUDWLQJ� DQ�(0*�
EDVHG� JHVWXUH� VHJPHQWDWLRQ� V\VWHP� �ZH� UHDOL]HG� D� SUHOLPLQDU\�
VWXG\�SUHVHQWHG�LQ�>�@���FRQGXFWLQJ�WHVWV�GXULQJ�VLPXODWHG�GULYLQJ�
DFWLYLW\� DQG� LQWHJUDWLQJ� VXFK� ,9,6� LQ� D� UHDO� YHKLFOH� IRU� IXUWKHU�
WHVWLQJ��

�� 5()(5(1&(6�
>�@ %DFK��.�0���-DHJHU��0�*���6NRY��0�%���DQG�7KRPDVVHQ��1�*��

<RX�FDQ�WRXFK��EXW�\RX�FDQ¶W�ORRN��LQWHUDFWLQJ�ZLWK�LQ�
YHKLFOH�V\VWHPV��,Q�3URFHHGLQJV�RI�WKH�6,*&+,�&RQIHUHQFH�
RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��)ORUHQFH��,WDO\��
$SULO�����������������&+,�µ����$&0��1HZ�<RUN��1<������±
������

>�@ &DUULQR��)���5LGL��$���0XJHOOLQL��(���.KDOHG��2�$���,QJROG��5��
*HVWXUH�6HJPHQWDWLRQ�DQG�5HFRJQLWLRQ�ZLWK�DQ�(0*�%DVHG�
,QWLPDWH�$SSURDFK���$Q�$FFXUDF\�DQG�8VDELOLW\�6WXG\��,Q�
3URFHHGLQJV�RI�WKH�6L[WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
&RPSOH[��,QWHOOLJHQW��DQG�6RIWZDUH�,QWHQVLYH�6\VWHPV��
�����������±�����

>�@ &UDP��-��������&UDP¶V�LQWURGXFWLRQ�WR�VXUIDFH�
HOHFWURP\RJUDSK\��-RQHV�	�%DUWOHWW�3XEOLVKHUV��

>�@ '|ULQJ��7���.HUQ��'���0DUVKDOO��3���3IHLIIHU��0���6FK|QLQJ��-���
*UXKQ��9��DQG�6FKPLGW��$��������*HVWXUDO�LQWHUDFWLRQ�RQ�WKH�
VWHHULQJ�ZKHHO��,Q�3URFHHGLQJV�RI�WKH�6,*&+,�&RQIHUHQFH�RQ�
+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��9DQFRXYHU��&DQDGD��
0D\�����������������&+,�¶����$&0��1HZ�<RUN��1<�������

>�@ 0DUT�0HGLFDO�04����KWWS���PDUT�PHGLFDO�FRP���6HSWHPEHU�
�����

>�@ 5LHQHU��$��*HVWXUDO�,QWHUDFWLRQ�LQ�9HKLFXODU�$SSOLFDWLRQV��
&RPSXWHU����������������±����

>�@ :ROI��.���1DXPDQQ��$���5RKV��0���DQG�0�OOHU��-��������
7D[RQRP\�RI�PLFURLQWHUDFWLRQV��GHILQLQJ�PLFURJHVWXUHV�
EDVHG�RQ�HUJRQRPLF�DQG�VFHQDULR�GHSHQGHQW�UHTXLUHPHQWV��,Q�
3URFHHGLQJV�RI�WKH���WK�,),3�7&����LQWHUQDWLRQDO�FRQIHUHQFH�
RQ�+XPDQ�FRPSXWHU�LQWHUDFWLRQ���9ROXPH�3DUW�,�
�,17(5$&7
�����3HGUR�&DPSRV��1XQR�1XQHV��1LFKRODV�
*UDKDP��-RDTXLP�-RUJH��DQG�3KLOLSSH�3DODQTXH��(GV����9RO��
3DUW�,��6SULQJHU�9HUODJ��%HUOLQ��+HLGHOEHUJ����������
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