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SAS/AF® Interface For Dynamic Hotspotting of
SAS/GRAPH® Outputs

5REHUW�3HV]HN�DQG�,]DEHOOD�3HV]HN

5REHUW�3HV]HN�ZRUNV�DV�D�&OLQLFDO�3URJUDPPHU�$QDO\VW�IRU�33'�3KDUPDFR�,QF��+LV�FXUUHQW�DUHDV�RI
H[SHUWLVH�DQG�LQWHUHVWV�DUH�6$6�SURJUDPPLQJ��GDWDEDVHV��DQG�VRIWZDUH�GHYHORSPHQW�XVLQJ�3RZHU%XLOGHU
DQG�-DYD��+H�KDV�D�3K'�LQ�$SSOLHG�0DWKHPDWLFV�IURP�WKH�8QLYHUVLW\�RI�0DU\ODQG�DQG�LV�D�&HUWLILHG
3RZHU%XLOGHU�'HYHORSHU��5REHUW�KDV�EHHQ�XVLQJ�6$6�VRIWZDUH�IRU���\HDUV�

,]D�3HV]HN�ZRUNV�DV�D�ELRPHWULFLDQ�DW�0HUFN�DQG�&R��3UHYLRXVO\��VKH�ZRUNHG�DV�D�VHQLRU�VWDWLVWLFLDQ�IRU
2KPHGD��,QF��$�6$6�XVHU�IRU���\HDUV��KHU�LQWHUHVWV�LQFOXGH�VWDWLVWLFDO�SURJUDPPLQJ��JUDSKLFDO�SUHVHQWDWLRQ
RI�FOLQLFDO�GDWD��DQG�DXWRPDWLRQ�RI�WKH�UHSRUW�ZULWLQJ��,]D�KROGV�D�3K'�LQ�6WDWLVWLFV�IURP�WKH�8QLYHUVLW\�RI
0DU\ODQG�DQG�0�6��LQ�$SSOLHG�0DWKHPDWLFV�IURP�WKH�8QLYHUVLW\�RI�:URFODZ��3RODQG��5REHUW�DQG�,]D�KDYH
EHHQ�PDUULHG�IRU����\HDUV�

Abstract

7KLV�DUWLFOH�SUHVHQWV�D�6$6�$)��)5$0(�(QWU\�DSSOLFDWLRQ�WKDW�DOORZV�G\QDPLF�KRWVSRWWLQJ�RI�H[LVWLQJ
6$6�*5$3+���SORWV��,W�DOORZV�XVHUV�WR�FOLFN�RQ�SRLQWV�RQ�WKH�JUDSK��ZKLFK�LQ�WXUQ�H[HFXWHV�6$6�FRGH�WR
SURGXFH�RXWSXW�LQ�WKH�IRUP�RI�JUDSKV��WDEOHV��DQG�OLVWLQJV�

1. Introduction

7KLV�DUWLFOH�SUHVHQWV�D�VLPSOH�6$6�$)�DSSOLFDWLRQ�DOORZLQJ�G\QDPLF�KRWVSRWWLQJ�RI�DQ\�6$6�*5$3+
RXWSXW�JHQHUDWHG�ZLWK�352&�*3/27��:H�ZLOO�UHIHU�WR�WKLV�SURJUDP�DV�WKH�³,QWHUDFWLYH�*UDSK´�DSSOLFDWLRQ�
7KLV�DSSOLFDWLRQ�DOORZV�XVHUV�WR�FOLFN�RQ�SRLQWV�RQ�WKH�JUDSK�DQG�YLHZ�YDULRXV�W\SHV�RI�LQIRUPDWLRQ�DERXW
WKH�VHOHFWHG�SRLQW�LQ�WKH�IRUP�RI�JUDSKV��WDEOHV��DQG�OLVWLQJV��7KH�DSSOLFDWLRQ�ZDV�GHYHORSHG�DQG�WHVWHG�RQ
6$6�IRU�:LQGRZV��5HOHDVHV������DQG������

7KH�LGHD�IRU�WKLV�DUWLFOH�RULJLQDWHG�IURP�WKH�QHHGV�RI�WKH�SKDUPDFHXWLFDO�LQGXVWU\�DQG�ZDV�SURPSWHG�E\�WKH
IUHTXHQW�UHTXHVWV�IURP�WKH�UHJXODWRU\�UHYLHZHUV�IRU�LQWHUDFWLYHO\�GLVSOD\HG�JUDSKV�RI�DGYHUVH�HYHQWV�DV�D
SDUW�RI�&$1'$��&RPSXWHU�$VVLVWHG�1HZ�'UXJ�$SSOLFDWLRQ���+RZHYHU��WKLV�DSSOLFDWLRQ�FRXOG�EH�XVHG�LQ
PDQ\�RWKHU�EXVLQHVV�HQYLURQPHQWV��2XU�LGHD�ZDV�WR�FUHDWH�DQ�$)�DSSOLFDWLRQ�WKDW�FDQ�EH�XVHG�E\�6$6
SURJUDPPHUV�QRW�IDPLOLDU�ZLWK�6$6�$)��2QFH�WKLV�DSSOLFDWLRQ�LV�FUHDWHG��RU�FRSLHG�IURP�WKLV�DUWLFOH���LW�FDQ
EH�LQYRNHG�DW�WKH�HQG�RI�WKH�H[LVWLQJ�6$6�SURJUDPV�JHQHUDWLQJ�SORWV�RU�FDQ�EH�XVHG�ZLWK�JUDSKV�VWRUHG�DV
FDWDORJ�HQWULHV��7\SLFDOO\��RQO\�D�IHZ�OLQHV�RI�FRGH�DUH�QHHGHG�WR�LQYRNH�WKH�DSSOLFDWLRQ�DQG�WR�VSHFLI\�WKH
GHVLUHG�LQWHUDFWLYH�IHDWXUHV��$OO�WKLV�SURJUDPPLQJ�LV�UHGXFHG�WR�6$6�*5$3+�DQG�EDVH�6$6�DQG�LV�YHU\
VLPLODU�WR�SURJUDPPLQJ�ZLWK�WKH�6$6�*5$3+�$QQRWDWH�)DFLOLW\��6XFK�DQ�DSSURDFK�PDNHV�LQWHUDFWLYH
JUDSKLQJ�DYDLODEOH�WR�FRPSDQLHV�HPSOR\LQJ�IHZ�RU�QR�6$6�$)�GHYHORSHUV�

7R�HPSKDVL]H�WKH�VLPLODULW\�EHWZHHQ�RXU�DSSURDFK�DQG�WKH�6$6�*5$3+�$QQRWDWH�)DFLOLW\��DQG�WKH�IDFW�WKDW
WKH�SUHVHQWHG�DSSOLFDWLRQ�GRHV�QRW�HPSOR\�WKH�6$6�$)�+RWVSRW�FODVV��ZH�ZLOO�XVH�WKH�WHUP�³LQWHUDFWLYH
DQQRWDWLRQ´�LQVWHDG�RI�³KRWVSRWWLQJ´�

7KHUH�DUH�PDQ\�ZD\V�WR�DGG�LQWHUDFWLYH�IXQFWLRQDOLW\�WR�JUDSKLF�RXWSXWV�LQ�6$6��IRU�H[DPSOH��XVLQJ
6$6�,16,*+7���'6*,��RU�6$6�$)��,Q�6$6�,16,*+7��XVHUV�FDQ�FOLFN�RQ�WKH�JUDSK�DQG�JHW�OLPLWHG
LQIRUPDWLRQ�DERXW�WKH�VHOHFWHG�SRLQW��'6*,�FDQ�FRRSHUDWH�ZLWK�6&/�SURJUDPV��ZKLFK�FDQ�EH�XVHG�IRU
FUHDWLQJ�LQWHUDFWLYH�JUDSKV��:LWKLQ�6$6�$)��LQWHUDFWLYH�IXQFWLRQDOLW\�FDQ�EH�REWDLQHG�ZLWK�6$6�*5$3+
RXWSXW��+RWVSRW��DQG�*UDSKLFV�FODVVHV��6$6�$)�VRIWZDUH�DOORZV�\RX�WR�FUHDWH�KRWVSRWV�LQ�WKH�6$6�*5$3+
RXWSXW�REMHFW��7KH�XVHU�FDQ�FOLFN�RQ�D�KRWVSRW�WR�WULJJHU�WKH�H[HFXWLRQ�RI�GLIIHUHQW�VHFWLRQV�RI�FRGH�
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8QIRUWXQDWHO\��KRWVSRWV�DUH�VWDWLF�REMHFWV�LQ�WKH�VHQVH�WKDW�WKH\�DUH�OLQNHG�WR�D�SDUWLFXODU�6$6�*5$3+
FDWDORJ�HQWU\��7KH�*UDSKLFV�REMHFW�FODVV�SURYLGHV�G\QDPLF�LQWHUDFWLYH�IXQFWLRQDOLW\��DOORZLQJ�XVHUV�WR�VHOHFW
D�SDUW�RI�WKH�JUDSK�RU�D�SRLQW�RQ�D�VFDWWHUSORW��+RZHYHU��*UDSKLFV�REMHFWV�FDQ�JHQHUDWH�RQO\�FHUWDLQ�W\SHV�RI
JUDSKV��ZKLFK�LV�ZK\�ZH�GHYHORSHG�WKLV�QHZ�KRWVSRWWLQJ�PHWKRG�

:H�SUHVHQW�DQ�DOWHUQDWLYH�ZD\�WR�FUHDWH�KRWVSRWV�IRU�LQWHUDFWLYH�DQQRWDWLRQ�RI�6$6�*5$3+�RXWSXW��2XU�LGHD
LV�WR�MRLQ�WKH�JUDSK�JHQHUDWLQJ�SRZHU�RI�6$6�*5$3+�ZLWK�WKH�LQWHUDFWLYH�FDSDELOLWLHV�RI�WKH�*UDSKLFV�FODVV�
$�6$6�*5$3+�2XWSXW�REMHFW�LV�XVHG�WR�GLVSOD\�WKH�SORW�RQO\��ZKLOH�DQ�RYHUODSSLQJ�WUDQVSDUHQW�*UDSKLFV
REMHFW��DOLJQHG�ZLWK�WKH�SORW��IRUPV�D�WRS�OD\HU�RI�LQWHUDFWLYH�SRLQWV�

6HFWLRQ���JLYHV�DQ�H[DPSOH�RI�DQ�,QWHUDFWLYH�*UDSK�VHVVLRQ�DQG�H[SODLQV�LQWHUDFWLYH�IHDWXUHV�DYDLODEOH�WR
XVHUV��6HFWLRQ���GHVFULEHV�EDVH�6$6�DQG�6$6�*5$3+�SURJUDPPLQJ�UHTXLUHG�WR�LQWHUDFWLYHO\�DQQRWDWH
6$6�*5$3+�RXWSXW��$�VLPSOH�SURJUDP�SUHVHQWHG�LQ�6HFWLRQ���FDQ�EH�XVHG�E\�D�6$6�SURJUDPPHU�DV�D
OHDUQLQJ�WRRO�RU�E\�D�6$6�$)�GHYHORSHU�WR�PDNH�D�SURSHU�DOLJQPHQW�RI�REMHFWV�LQ�WKH�,QWHUDFWLYH�*UDSK
ZLQGRZ��6HFWLRQ���FRYHUV�WKH�GHWDLOV�RI�$)�DQG�6&/�SURJUDPPLQJ��DQG�GHVFULEHV�KRZ�WR�DOLJQ�WKH
6$6�*5$3+�2XWSXW�DQG�*UDSKLFV�REMHFWV��6XFK�DOLJQPHQW�QHHGV�WR�EH�SHUIRUPHG�HDFK�WLPH�WKH�GLVSOD\
UHVROXWLRQ�VHWWLQJV�DUH�FKDQJHG�

3RVVLEOH�LPSURYHPHQWV��VXFK�DV�QHVWLQJ�LQWHUDFWLYH�JUDSKV�RU�PRGLI\LQJ�SURJUDPPLQJ�WHFKQLTXHV�WR�FRPSO\
ZLWK�2EMHFW�2ULHQWHG�SURJUDPPLQJ�SULQFLSOHV��DUH�GLVFXVVHG�LQ�6HFWLRQ����7KH�FRRUGLQDWHV�RI�WKH�LQWHUDFWLYH
SRLQWV�DUH�H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKH�JUDSK�RXWSXW�DUHD��6HFWLRQ���SUHVHQWV�DQ�H[DPSOH�FDOFXODWLRQ�RI
WKHVH�FRRUGLQDWHV�

8VHUV�RI�WKLV�DSSOLFDWLRQ��QRW�QHFHVVDULO\�IDPLOLDU�ZLWK�6$6���VKRXOG�UHDG�6HFWLRQ����3URJUDPPHUV�ZKR
LQWHQG�WR�XVH�D�GHYHORSHG�$)�FRPSRQHQW�ZLWK�WKHLU�SURJUDPV�VKRXOG�UHDG�6HFWLRQV���������DQG����6HFWLRQV��
DQG���DUH�IRU�6$6�$)�GHYHORSHUV�ZKR�ZRXOG�OLNH�WR�XQGHUVWDQG�RXU�DSSOLFDWLRQ�RU�FXVWRPL]H�LW��7KH�UHDGHU
QRW�IDPLOLDU�ZLWK�6$6�$)�DQG�6&/�FDQ�VNLS�WKHVH�VHFWLRQV��DOWKRXJK�RQO\�EDVLF�NQRZOHGJH�RI�$)�DQG�6&/
LV�UHTXLUHG�WR�UHDG�6HFWLRQ����

2. How to Use Interactive Features

7KLV�VHFWLRQ�H[SODLQV�KRZ�WKH�,QWHUDFWLYH�*UDSK�DSSOLFDWLRQ�ZRUNV�IURP�WKH�XVHU¶V�SRLQW�RI�YLHZ��7KH
,QWHUDFWLYH�*UDSK�DSSOLFDWLRQ�GLVSOD\V�WKH�ZLQGRZ�VKRZQ�LQ�)LJXUH���

7KLV�ZLQGRZ�FRQWDLQV�D�JUDSK�RXWSXW�DUHD�DQG�WKUHH�3XVK�%XWWRQV��7KH�LQIRUPDWLRQ�DERXW�WKH�FXUUHQWO\
GLVSOD\HG�JUDSK�DQG�WKH�VHOHFWHG�SRLQW�LV�GLVSOD\HG�LQ�WKH�ZLQGRZ¶V�WLWOH�EDU�DQG�LQ�WKH�PHVVDJH�OLQH�ORFDWHG
DW�WKH�ERWWRP�RI�WKH�6$6�ZLQGRZ�

7KH�JUDSK�RXWSXW�DUHD�GLVSOD\V�D�JUDSK�SURGXFHG�ZLWK�6$6�*5$3+�352&�*3/27��6RPH�RI�WKH�SRLQWV�RQ
WKLV�JUDSK�KDYH�LQWHUDFWLYH�IXQFWLRQDOLW\��&OLFNLQJ�RQ�VXFK�D�SRLQW�GLVSOD\V�D�VKRUW�GHVFULSWLRQ�RI�WKH�VHOHFWHG
SRLQW�LQ�WKH�PHVVDJH�OLQH��5LJKW�FOLFNLQJ�RQ�WKH�SRLQW�GLVSOD\V�D�SRS�XS�PHQX�RI�DYDLODEOH�DFWLRQV
�VXEPLWWDEOH�6$6�SURJUDPV���7KH�PHQXV�PD\�EH�GLIIHUHQW�IRU�GLIIHUHQW�SRLQWV�RQ�WKH�JUDSK��&OLFNLQJ�RQ�DQ
LWHP�LQ�WKH�SRS�XS�PHQX�SDVVHV�WKH�LQIRUPDWLRQ�DERXW�WKH�VHOHFWHG�SRLQW�WR�DQ�DSSURSULDWH�6$6�SURJUDP�DQG
VXEPLWV�LW��,Q�WKLV�ZD\��WKH�XVHU�PD\�UXQ�6$6�SURJUDPV�WKDW�GLVSOD\�DGGLWLRQDO�LQIRUPDWLRQ�DERXW�WKH
VHOHFWHG�SRLQW�LQ�WKH�IRUP�RI�JUDSKV��WDEOHV��DQG�OLVWLQJV�

7KH�6KRZ�+LGH�3XVK�%XWWRQ�FDQ�EH�XVHG�WR�YLHZ�DOO�SRLQWV�ZLWK�LQWHUDFWLYH�IXQFWLRQDOLW\��LQ�)LJXUH����DOO
LQWHUDFWLYH�SRLQWV�DUH�ORFDWHG�RQ�WKH�YHUWLFDO�D[LV���&OLFNLQJ�RQ�WKLV�EXWWRQ�KLJKOLJKWV�DOO�LQWHUDFWLYH�SRLQWV�DV
JUHHQ�FLUFOHV��7KLV�EXWWRQ�DFWV�DV�D�WRJJOH�VZLWFK²FOLFNLQJ�RQ�LW�DJDLQ�UHQGHUV�DOO�LQWHUDFWLYH�SRLQWV
LQYLVLEOH��6HOHFWLQJ�DQ�LQWHUDFWLYH�SRLQW�LQ�WKH�³VKRZ´�PRGH�GLVSOD\V�D�UHG�FLUFOH�DQG�KDV�WKH�VDPH�HIIHFW�DV
LQ�SUHYLRXV�SDUDJUDSK�

³3UHYLRXV´������DQG�³1H[W´��!!��EXWWRQV�GLVSOD\�RWKHU�DYDLODEOH�JUDSKV�LI�PRUH�WKDQ�RQH�6$6�*5$3+
RXWSXW�LV�OLQNHG�WR�DQ�LQWHUDFWLYH�DQQRWDWLRQ��7KH�³3UHYLRXV´�EXWWRQ�LV�KLGGHQ��LV�QRW�YLVLEOH�DQG�QRW�DFWLYH�
LI�WKH�ILUVW�JUDSK�LV�GLVSOD\HG��ZKLOH�WKH�³1H[W´�EXWWRQ�LV�KLGGHQ�IRU�WKH�ODVW�JUDSK�RQ�WKH�OLVW�
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)LJXUH����$�VQDSVKRW�RI�WKH�LQWHUDFWLYH�VHVVLRQ��7KH�JUDSK�SUHVHQWV�DGYHUVH�HYHQWV�IRU����SDWLHQWV��PRFN�
XS�GDWD���$OO�LQWHUDFWLYH�SRLQWV�DUH�ORFDWHG�RQ�WKH�YHUWLFDO�D[LV�DQG�FRUUHVSRQG�WR�SDWLHQW�QXPEHUV��7KH
PHVVDJH�OLQH�GLVSOD\V�D�VKRUW�GHVFULSWLRQ�RI�WKH�VHOHFWHG�SRLQW��DQG�WKH�SRS�XS�PHQX�OLVWV�WKH�DYDLODEOH
0HQX�([HFXWLRQ�3URJUDPV�

3. How to Create Interactive Annotation

6HWWLQJ�XS�WKH�DSSOLFDWLRQ�ZLWK�D�QHZ�JUDSK�RXWSXW�UHTXLUHV�RQO\�6$6�*5$3+�DQG�EDVH�6$6�SURJUDPPLQJ�
:H�ZLOO�FDOO�VXFK�SURJUDPPLQJ�³WKH�LQWHUDFWLYH�DQQRWDWLRQ�RI�WKH�JUDSK´��7KLV�VHFWLRQ�H[SODLQV�KRZ�WR
SUHSDUH�WKLV�LQWHUDFWLYH�DQQRWDWLRQ�

7KH�SURFHVV�LV�YHU\�VLPLODU�WR�XVLQJ�WKH�$QQRWDWH�)DFLOLW\�ZLWK�6$6�*5$3+�VRIWZDUH��7KH�GLIIHUHQFH�LV�WKDW
WKH�LQWHUDFWLYH�DQQRWDWLRQ�LV�GRQH�DIWHU�WKH�JUDSK�KDV�EHHQ�FUHDWHG�DQG�VWRUHG�DV�D�FDWDORJ�HQWU\��6LPLODUO\�WR
WKH�6$6�*5$3+�$QQRWDWH�)DFLOLW\��ZH�QHHG�WR�FUHDWH�DQ�DQQRWDWH�GDWD�VHW��UHIHUUHG�WR�DV�DQ�,$112�GDWD
VHW���7KH�VWUXFWXUH�RI�DQ�,$112�GDWD�VHW�UHVHPEOHV�WKDW�RI�D�VLPSOH�DQQRWDWH�GDWD�VHW��7KLV�GDWD�VHW�FRQWDLQV
WKH�LQIRUPDWLRQ�DERXW�WKH�FRRUGLQDWHV�RI�WKH�LQWHUDFWLYH�SRLQWV�DQG�WKH�VSHFLILFDWLRQV�RI�WKH�LQWHUDFWLYH
IXQFWLRQV�WKDW�FDQ�EH�SHUIRUPHG�ZKHQ�WKHVH�SRLQWV�DUH�VHOHFWHG�DW�UXQ�WLPH�

7ZR�SURJUDPPLQJ�VWHSV�DUH�UHTXLUHG�WR�XVH�WKH�,QWHUDFWLYH�*UDSK�$SSOLFDWLRQ��7KH�ILUVW�LV�WR�ZULWH�D�6$6
3DUHQW�3URJUDP�WKDW�FUHDWHV�DQ�,$112�GDWD�VHW�DQG�VSHFLILHV�RWKHU�GHWDLOV�RI�WKH�LQWHUDFWLYH�DQQRWDWLRQ��IRU
H[DPSOH��ZKLFK�6$6�*5$3+�FDWDORJ�HQWU\�LV�XVHG���7KHVH�GHWDLOV�DUH�VSHFLILHG�LQ�WKH�GDWD�VHW
:25.�*B/,67��7KH�VHFRQG�VWHS�LV�WR�ZULWH�6$6�SURJUDPV��FDOOHG�0HQX�([HFXWLRQ�3URJUDPV��WKDW�ZLOO�EH
VXEPLWWHG�ZKHQ�WKH�XVHU�FOLFNV�RQ�D�SRS�XS�PHQX�LWHP�RI�D�VHOHFWHG�SRLQW��$�VLPSOH�H[DPSOH�LV�JLYHQ�LQ�WKH
QH[W�VHFWLRQ��)RU�FODULW\��ZH�KDYH�GLYLGHG�WKH�6$6�SURJUDPPLQJ�UHTXLUHG�WR�VHW�XS�WKH�,QWHUDFWLYH�*UDSK
$SSOLFDWLRQ�LQWR�WKH�IROORZLQJ�VPDOO�VWHSV��H[SODLQHG�EHORZ�
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6WHS������3DUHQW�3URJUDP��,QFOXGH�WKH�SURJUDP�JHQHUDWLQJ�WKH�6$6�*5$3+�RXWSXW�

6WHS������3DUHQW�3URJUDP��&UHDWH�WKH�*B/,67�GDWD�VHW�

6WHS������3DUHQW�3URJUDP��&UHDWH�WKH�,$112�GDWD�VHWV�

6WHS������3DUHQW�3URJUDP��,QYRNH�WKH�$)�DSSOLFDWLRQ�

6WHS������0HQX�([HFXWLRQ�3URJUDPV��:ULWH�WKH�0HQX�([HFXWLRQ�3URJUDPV�

6WHS�����7KH�SURJUDP�JHQHUDWLQJ�WKH�JUDSKLF�RXWSXW�QHHGV�WR�EH�LQFOXGHG�LQ�WKH�3DUHQW�3URJUDP��<RX�QHHG
WR�LGHQWLI\�WKH�IXOO�QDPH�RI�WKH�FDWDORJ�HQWU\�FRQWDLQLQJ�WKH�JUDSK��,W�LV�D�JRRG�LGHD�WR�XVH�WKH
*287�RSWLRQ�LQ�352&�*3/27��,I�WKH�JUDSK�RXWSXW�LV�VWRUHG�LQ�D�SHUPDQHQW�FDWDORJ��WKLV�VWHS�PD\
EH�RPLWWHG��EXW�\RX�QHHG�WR�VSHFLI\�WKH�OLEQDPH�RI�WKH�FDWDORJ�EHIRUH�WKH�$)�DSSOLFDWLRQ�LV
LQYRNHG�

7KH�LQWHUDFWLYH�DQQRWDWLRQ�ZLOO�QHHG�WKH�FRRUGLQDWHV�RI�HDFK�LQWHUDFWLYH�SRLQW�H[SUHVVHG�DV�WKH
SHUFHQWDJH�RI�WKH�6$6�*5$3+�RXWSXW�DUHD��<RX�PD\�QHHG�WR�DGMXVW�*237,216��/$%(/��DQG
$;,6�VWDWHPHQWV�LQ�WKH�LQFOXGHG�SURJUDP�WR�IDFLOLWDWH�WKH�FDOFXODWLRQ�RI�WKHVH�FRRUGLQDWHV��3OHDVH
UHIHU�WR�6HFWLRQ���DQG�WR�WKH�GHWDLOV�RI�6WHS���IRU�PRUH�LQIRUPDWLRQ�

6WHS������7KH�GDWD�VHW�*B/,67��FUHDWHG�LQ�WKH�:25.�GLUHFWRU\��VWRUHV�LQIRUPDWLRQ�RQ�KRZ�WR�OLQN�D
6$6�*5$3+�RXWSXW�ZLWK�,$112�GDWD�VHWV��,W�FRQWDLQV�WKH�IROORZLQJ�YDULDEOHV�

*287B10 ��� 6SHFLILHV�WKH�FRPSOHWH�DGGUHVV�RI�WKH�JUDSK�RXWSXW�
*287B10� �µOLEUHI�FDWDORJ�QDPH�HQWU\�QDPH¶��ZKHUH�HQWU\�QDPH
LV�RQH�RI�WKH�IROORZLQJ��JSORW�RU�JSORW���JSORW���…��)RU�H[DPSOH��LI
QR�SHUPDQHQW�FDWDORJ�LV�XVHG�WKHQ�*287B10� �µJVHJ�JSORW¶�IRU
WKH�ILUVW�JUDSK�FUHDWHG��ERWK�SHUPDQHQW�FDWDORJV��DQG�GHIDXOW
WHPSRUDU\�FDWDORJV�FDQ�EH�XVHG��

,$112 ��� 6SHFLILHV�WKH�GDWD�VHW�XVHG�IRU�LQWHUDFWLYH�DQQRWDWLRQ�RI�WKH�JUDSK
RXWSXW��,$112� �µOLEUHI�GDWDVHW�QDPH¶��6WHS���H[SODLQV�KRZ�WR
GHILQH�,$112�GDWD�VHWV�

*B/$%(/ ��� 7KH�WLWOH�GLVSOD\HG�RQ�WKH�ZLQGRZ¶V�WLWOH�EDU��7KH�GHIDXOW�WLWOH�LV
³,QWHUDFWLYH�*UDSK´��,I�*B/$%(/�LV�VSHFLILHG��WKH�WLWOH�ZLOO�GLVSOD\
³,QWHUDFWLYH�*UDSK��YDOXH�RI�*B/$%(/´�

(DFK�REVHUYDWLRQ�LQ�*B/,67�FRUUHVSRQGV�WR�RQH�6$6�*5$3+�RXWSXW��7KH�,QWHUDFWLYH�*UDSK
DSSOLFDWLRQ�FDQ�EH�XVHG�WR�LQWHUDFWLYHO\�DQQRWDWH�PRUH�WKDQ�RQH�JUDSK�RXWSXW�DW�WKH�VDPH�WLPH��,Q
WKH�VLPSOHVW�FDVH��ZKHQ�\RX�XVH�RQO\�RQH�JUDSK��WKH�*B/,67�GDWD�VHW�KDV�RQH�REVHUYDWLRQ�

6WHS�����7KH�,$112�GDWD�VHW�VSHFLILHG�LQ�*B/,67�VKRXOG�FRQWDLQ�WKH�IROORZLQJ�YDULDEOHV�

;9$/

<9$/

QXPHULF 9DULDEOHV�;9$/��<9$/�VSHFLI\�WKH�FRRUGLQDWHV�RI�WKH�LQWHUDFWLYH
SRLQW�RQ�WKH�JUDSK��DV�WKH�SHUFHQWDJH�RI�WKH�6$6�*5$3+�RXWSXW
DUHD��

0$5.(5 QXPHULF 3UHVHQWO\��0$5.(5 ��IRU�DOO�SRLQWV��,Q�IXWXUH�UHOHDVHV��WKLV�YDULDEOH
ZLOO�EH�XVHG�WR�FXVWRPL]H�WKH�DSSHDUDQFH�RI�GLIIHUHQW�JURXSV�RI
LQWHUDFWLYH�SRLQWV�

317B,' ��� &RQWDLQV�LQIRUPDWLRQ�DERXW�WKH�LQWHUDFWLYH�SRLQW��7KLV�LQIRUPDWLRQ�ZLOO
EH�SDVVHG�WR�WKH�0HQX�([HFXWLRQ�3URJUDPV�

'(6&B67 ��� $�VKRUW�GHVFULSWLRQ�RI�WKH�LQWHUDFWLYH�SRLQW�WKDW�ZLOO�DSSHDU�RQ�WKH
PHVVDJH�OLQH�ZKHQ�WKH�SRLQW�LV�VHOHFWHG�



�

(;(� ��� �RSWLRQDO��7KH�IXOO�SDWKQDPH�RI�WKH�ILUVW�0HQX�([HFXWLRQ�3URJUDP�

1$0(B(� ��� �RQO\�LI�(;(��LV�XVHG��7KH�SRS�XS�PHQX�QDPH�IRU�WKH�ILUVW�0HQX
([HFXWLRQ�3URJUDP�

… … …

(;(� ��� �RSWLRQDO���1RWH��7KH�FXUUHQW�YHUVLRQ�RI�WKH�SURJUDP�OLPLWV�WKH�QXPEHU
RI�WKH�0HQX�([HFXWLRQ�3URJUDPV�WR����VHH�IRU�H[DPSOH�WKH�/(1*7+
VWDWHPHQW�LQ�WKH�,1,7�EORFN�RI�WKH�6&/�SURJUDP�LQ�WKH�$SSHQGL[���D
VLPSOH�PRGLILFDWLRQ�RI�WKH�6&/�SURJUDP�ZRXOG�DOORZ�IRU�PRUH�WKDQ
QLQH�

1$0(B(� ��� �RQO\�LI�(;(��LV�XVHG��

(DFK�REVHUYDWLRQ�LQ�WKH�,$112�GDWD�VHW�ZLOO�GHILQH�RQH�LQWHUDFWLYH�SRLQW�RQ�WKH�JUDSK��7KH
ORFDWLRQ�RI�WKH�SRLQW�LV�VSHFLILHG�XVLQJ�WKH�YDULDEOHV�;9$/�DQG�<9$/�DQG�LV�H[SUHVVHG�DV�WKH
SHUFHQWDJH�RI�WKH�6$6�*5$3+�RXWSXW�DUHD��VLPLODUO\�WR�;�DQG�<�FRRUGLQDWHV�FRUUHVSRQGLQJ�WR
;6<6� �µ�¶�DQG�<6<6 ¶�¶�LQ�WKH�6$6�*5$3+�$QQRWDWH�)DFLOLW\���,Q�6HFWLRQ����ZH�JLYH�DQ
H[DPSOH�FDOFXODWLRQ�RI�WKH�;9$/�DQG�<9$/�FRRUGLQDWHV�

2QFH�WKH�XVHU�VHOHFWV�D�SRLQW�LQ�WKH�6$6�*5$3+�RXWSXW��RXU�SURJUDP�ZLOO�VKRZ�D�SRS�XS�PHQX�RI
WKH�DYDLODEOH�DFWLRQV��(DFK�DFWLRQ�FRUUHVSRQGV�WR�RQH�6$6�SURJUDP��0HQX�([HFXWLRQ�3URJUDP��
6HOHFWLQJ�DQ�LWHP�IURP�WKLV�PHQX�ZLOO�SDVV�WKH�YDOXH�RI�WKH�FKDUDFWHU�YDULDEOH�317B,'�WR�WKH
DSSURSULDWH�0HQX�([HFXWLRQ�3URJUDP�DQG�ZLOO�VXEPLW�WKH�SURJUDP�

'HILQLQJ�WKH�YDOXHV�RI�317B,'�GHSHQGV�RQ�ZKDW�LQWHUDFWLYH�IXQFWLRQDOLW\�\RX�ZDQW��7KH�IROORZLQJ
H[DPSOH�LOOXVWUDWHV�WKLV��&RQVLGHU�D�SORW�RI�EORRG�SUHVVXUH�RYHU�WLPH�IRU�VHYHUDO�SDWLHQWV��2QH
DGGLWLRQDO�SLHFH�RI�LQIRUPDWLRQ�\RX�ZDQW�WR�GLVSOD\�LV�WKH�SDWLHQW¶V�DJH�DQG�JHQGHU��317B,'�YDOXH
FDQ�EH�HTXDO�WR�WKH�SDWLHQW¶V�LGHQWLILFDWLRQ�QXPEHU��7KH�0HQX�([HFXWLRQ�3URJUDP�ZLOO�DFFHVV�WKH
GDWD�VHW�FRQWDLQLQJ�DJH�DQG�JHQGHU�LQIRUPDWLRQ��DQG�LW�ZLOO�SULQW�WKH�UHFRUG�ZLWK�WKH�VSHFLILHG
SDWLHQW�,'��2Q�WKH�RWKHU�KDQG��LI�\RX�ZDQW�WR�NQRZ�ZKDW�PHGLFDWLRQV�WKLV�SDWLHQW�WRRN�RQ�WKH�GD\�RI
WKH�EORRG�SUHVVXUH�UHDGLQJ��317B,'�KDV�WR�LQFOXGH�WKH�SDWLHQW¶V�,'�DQG�WKH�YDOXH�RI�WKH�WLPH
YDULDEOH��IRU�H[DPSOH��317B,' �³LI�3$7B,' ���DQG�'$< �´��1RWH���317B,'�LV�VLPSO\�D�µVWULQJ¶
PDFUR�YDULDEOH�WKDW�LV�DYDLODEOH�IRU�XVH�LQVLGH�WKH�0HQX�([HFXWLRQ�3URJUDPV�

7KH�YDULDEOHV�(;(�²(;(��FRQWDLQ�WKH�QDPHV�RI�WKH�6$6�SURJUDPV��0HQX�([HFXWLRQ�3URJUDPV�
WKDW�FRUUHVSRQG�WR�WKH�SRS�XS�PHQX�LWHPV��7KH�QDPHV�RI�WKH�PHQX�LWHPV�DUH�GHILQHG�E\�WKH
1$0(B(���1$0(B(��������1$0(B(��YDULDEOHV��6HOHFWLQJ�WKH�LWK�LWHP�IURP�WKH�PHQX�VXEPLWV�WKH
IROORZLQJ�OLQH�

�LQFOXGH�YDOXHBRIB(;(L�

�$�FOHYHU�LGHD�LV�WR�VSHFLI\�D�),/(1$0(�VWDWHPHQW�LQ�WKH�3DUHQW�3URJUDP�IRU�WKH�GLUHFWRU\
FRQWDLQLQJ�WKH�0HQX�([HFXWLRQ�3URJUDPV�DQG�WR�VSHFLI\�(;(L�LQ�WKH�IRUP
(;(L� �µILOHUHI�QDPHBRIBLQWHUDFWLYHBSURJUDP�¶���

,Q�DGGLWLRQ��WKH�IROORZLQJ�JOREDO�PDFUR�YDULDEOHV�DUH�SDVVHG�WR�WKH�(;(L�SURJUDPV�DQG�FDQ�EH�XVHG
WR�UHVWULFW�WKH�UHWULHYDO�RI�LQIRUPDWLRQ��	GHVFBVW��	JUDSKBQR��	SQWBLG��	PHQXBQR��5HIHU�WR�6WHS��
IRU�PRUH�LQIRUPDWLRQ�RQ�WKHVH�YDULDEOHV�

6HOHFWLQJ�D�SRLQW�RQ�WKH�JUDSK�GLVSOD\V�WKH�YDOXH�RI�WKH�YDULDEOH�'(6&B67�LQ�WKH�PHVVDJH�OLQH�
7KLV�LV�XVHG�IRU�D�VKRUW�GHVFULSWLRQ�RI�WKH�VHOHFWHG�SRLQW�

6WHS�����,QFOXGH�WKH�IROORZLQJ�VWDWHPHQWV�
/,%1$0(�,17*5$3+�µGLUHFWRU\�FRQWDLQLQJ�WKH�FDWDORJ�ZLWK�$)�DSSOLFDWLRQ¶�

'0�µ$)�& ¶,17*5$3+�QDPHBRIBFDWDORJ�,*5$3+�)5$0(¶�FRQWLQXH;

ZKHUH�QDPHBRIBFDWDORJ�LV�WKH�QDPH�RI�WKH�FDWDORJ�FRQWDLQLQJ�WKH�$)�DSSOLFDWLRQ�



�

6WHS�����7KH�ILQDO�VWHS�LV�WR�SURYLGH�DOO�QHHGHG�0HQX�([HFXWLRQ�3URJUDPV��7KH�$)�DSSOLFDWLRQ�ZLOO�LQYRNH�D
0HQX�([HFXWLRQ�3URJUDP�E\�VXEPLWWLQJ�WKH�IROORZLQJ�VWDWHPHQW�

�LQFOXGH�YDOXHBRIB(;(L�

7KH�$)�DSSOLFDWLRQ�ZLOO�GHILQH�WKH�IROORZLQJ�JOREDO�PDFUR�YDULDEOHV��ZKLFK�FDQ�EH�XVHG�LQ�WKH
0HQX�([HFXWLRQ�3URJUDPV�

	*5$3+B12 � �������…��VSHFLILHV�ZKLFK�JUDSK�WKH�XVHU�LV�YLHZLQJ�DQG�LV�HTXDO�WR�WKH
REVHUYDWLRQ�QXPEHU�LQ�WKH�*B/,67�GDWD�VHW��7KLV�LV�XVHIXO�LI�WKH�0HQX
([HFXWLRQ�3URJUDP�LV�ZULWWHQ�IRU�PRUH�WKDQ�RQH�JUDSK��,W�LV�DOVR�FRQYHQLHQW�LQ
QHVWHG�XVHV�RI�WKH�$)�DSSOLFDWLRQ��VHH�6HFWLRQ����

	317B,' LGHQWLILHV�ZKLFK�SRLQW�KDV�EHHQ�VHOHFWHG��7KLV�LQIRUPDWLRQ�LV�SURYLGHG�E\�WKH
317B,'�YDULDEOH�LQ�WKH�,$112�GDWD�VHW��VHH�6WHS����

	0(18B12 � �������…��LGHQWLILHV�ZKLFK�LWHP�RQ�WKH�PHQX�KDV�EHHQ�VHOHFWHG��7KLV�LV
FRQYHQLHQW�LI�WKH�VDPH�0HQX�([HFXWLRQ�3URJUDP�LV�XVHG�IRU�PRUH�WKDQ�RQH�LWHP
RQ�WKH�SRS�XS�PHQX��)RU�H[DPSOH��WKH�,$112�YDULDEOHV�(;(��DQG�(;(��PD\
KDYH�WKH�VDPH�YDOXHV��UHIHU�WR�WKH�VDPH�SURJUDP��EXW�VHOHFWLQJ�1$0(B(��DQG
1$0(B(��PD\�LQYRNH�GLIIHUHQW�SDUWV�RI�WKLV�SURJUDP�

	'(6&B67 LV�D�VKRUW�GHVFULSWLRQ�RI�WKH�VHOHFWHG�SRLQW�SURYLGHG�E\�'(6&B67�YDULDEOH�LQ
WKH�,$112�GDWD�VHW��<RX�PD\�XVH�LW�LQ�WKH�RXWSXW�WLWOHV�LQVLGH�WKH�0HQX
([HFXWLRQ�3URJUDPV

3OHDVH�UHIHU�WR�WKH�QH[W�VHFWLRQ�IRU�DQ�H[DPSOH�

4. Example of Interactive Graph Annotation

7KH�IROORZLQJ�H[DPSOH�VKRZV�KRZ�WKH�LQWHUDFWLYH�DQQRWDWLRQ�ZRUNV��DQG�LW�ZLOO�KHOS�WR�GHVLJQ�DQG�WHVW�WKH
)5$0(�HQWU\��7KLV�SURJUDP�SURGXFHV�D�VLPSOH�VFDWWHUSORW�ZLWK�IRXU�SRLQWV��WKH�*B/,67�GDWD�VHW��DQG�WKH
,$112�GDWD�VHW��7KHVH�GDWD�VHWV�DQG�WKH�SORW�ZLOO�DOORZ�HDV\�DOLJQPHQW�RI�WKH�6$6�*5$3+�RXWSXW�REMHFW
DQG�WKH�*UDSKLFV�REMHFW��8VH�WKLV�SURJUDP�WR�EXLOG�WKH�DSSOLFDWLRQ��WR�UHDOLJQ�LQWHUDFWLYH�SRLQWV�ZLWK�WKH
JUDSK�HDFK�WLPH�UHVROXWLRQ�VHWWLQJV�DUH�FKDQJHG��DQG�DV�D�WUDLQLQJ�WRRO�WR�OHDUQ�KRZ�WR�VHW�XS�WKH�3DUHQW
3URJUDP�DQG�WKH�0HQX�([HFXWLRQ�3URJUDPV�

1RWH�IRU�6$6�$)�GHYHORSHUV��7KH�RXWSXWV�RI�WKLV�WHVW�SURJUDP�DUH�UHIHUHQFHG�LQ�WKH�$)�DSSOLFDWLRQ��,I�\RX
GHFLGH�WR�GHOHWH�WKHP��PDNH�VXUH�WR�UHPRYH�DSSURSULDWH�DWWULEXWHV�IURP�WKH�6$6�*5$3+�2XWSXW�DQG�WKH
*UDSKLFV�REMHFWV�LQ�WKH�$)�)5$0(�HQWU\�

����
���WHVW�3DUHQW�3URJUDP���
�
OLEQDPH�LQWJUDSK�
GLUHFWRU\BZKHUHB$)BDSSOLFDWLRQBZLOOBEHBVWRUHG
�
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����
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�
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���[�DQG�\�DUH�XVHG�WR�SURGXFH�WKH�SORW�\
[�DQG�GHILQH�;9$/��<9$/���
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�
UXQ�
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6DYH�WKLV�SURJUDP�DV�(;(��6$6�LQ�D�IROGHU�VSHFLILHG�LQ�WKH�),/(1$0(�VWDWHPHQW��WKH�WKLUG�OLQH�RI�WKH
3DUHQW�3URJUDP���,I�\RX�DUH�QRW�LQWHUHVWHG�LQ�$)�GHYHORSPHQW�SURFHVV�DQG�DOUHDG\�KDYH�WKH�6$6�FDWDORJ�ILOH
FRQWDLQLQJ�WKH�6$6�$)�DSSOLFDWLRQ��\RX�FDQ�QRZ�GR�D�WHVW�UXQ��1RWH��<RX�PD\�QHHG�WR�DGMXVW�WKH�DOLJQPHQW
RI�WKH�³LJUDSK�IUDPH´�HQWU\���FRQWDLQHG�LQ�WKH�FDWDORJ�ILOH�$)*5$3+�6&����WR�PDWFK�WKH�GLVSOD\�UHVROXWLRQ
VHWWLQJV�RI�\RXU�FRPSXWHU��7KH�DOLJQPHQW�SURFHVV�LV�H[SODLQHG�LQ�QH[W�VHFWLRQ��7R�GR�WKDW��PDNH�VXUH�WKDW�WKH
FDWDORJ�FRQWDLQLQJ�WKH�DSSOLFDWLRQ�LV�ORFDWHG�LQ�WKH�GLUHFWRU\�VSHFLILHG�LQ�WKH�/,%1$0(�VWDWHPHQW��WKH
VHFRQG�OLQH�RI�WKH�3DUHQW�3URJUDP��DQG�WKDW�LW�LV�QDPHG�$)*5$3+�6&���8QFRPPHQW�WKH�ODVW�OLQH�RI�WKH
3DUHQW�3URJUDP�

GP�
DI�F LQWJUDSK�DIJUDSK�LJUDSK�IUDPH
�FRQWLQXH�

7KHQ�UXQ�WKH�ZKROH�3DUHQW�3URJUDP�
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5. Building the SAS/AF Application

7KLV�VHFWLRQ�LV�LQWHQGHG�IRU�6$6�$)�GHYHORSHUV��7KH�UHDGHU�VKRXOG�EH�IDPLOLDU�ZLWK�WKH�EDVLFV�RI�WKH
6$6�$)�)5$0(�(QWU\�DQG�6&/��VHH�WKH�5HIHUHQFHV�VHFWLRQ��

:H�ZLOO�XVH�D�6$6�*5$3+�RXWSXW�REMHFW�WR�GLVSOD\�WKH�JUDSK��7KH�LQWHUDFWLYH�IXQFWLRQDOLW\�FRPHV�IURP
RYHUODSSLQJ�D�WUDQVSDUHQW�*UDSKLFV�REMHFW��:H�ZLOO�QHHG�WR�DOLJQ�WKH�6$6�*5$3+�DQG�WKH�*UDSKLFV�REMHFWV
DV�GHVFULEHG�EHORZ��8QIRUWXQDWHO\��LI�WKH�DSSOLFDWLRQ�LV�XVHG�ZLWK�D�GLVSOD\�UHVROXWLRQ�VHWWLQJ�GLIIHUHQW�IURP
WKH�RQH�XVHG�IRU�WKH�DOLJQPHQW��WKH�SRLQWV�PD\�DSSHDU�VOLJKWO\�PLVDOLJQHG��WKH�DSSOLFDWLRQ�ZDV�RULJLQDOO\
GHYHORSHG�XVLQJ����[����UHVROXWLRQ���:H�WHVWHG�RXU�DSSOLFDWLRQ�RQ�VHYHUDO�GLVSOD\�VHWWLQJV�DQG�IRXQG�WKDW
WKH�GLVWRUWLRQ�ZDV�PLQLPDO��6WLOO��LI�\RX�DQWLFLSDWH�WKDW�WKH�DSSOLFDWLRQ�ZLOO�EH�XVHG�ZLWK�YDULRXV�GLVSOD\
VHWWLQJV��\RX�PD\�ZDQW�WR�GHVLJQ�D�VHSDUDWH�)5$0(�HQWU\�IRU�HDFK�UHVROXWLRQ�

7KLV�VHFWLRQ�GHVFULEHV�KRZ�WR�EXLOG�WKH�)5$0(�HQWU\�IURP�VFUDWFK��,W�ZLOO�SURYLGH�XVHIXO�LQIRUPDWLRQ�HYHQ
LI�\RX�DUH�ZRUNLQJ�ZLWK�H[LVWLQJ�FDWDORJ�FRQWDLQLQJ�WKH�)5$0(�HQWU\�

%HIRUH�JHWWLQJ�VWDUWHG��PDNH�VXUH�WR�UXQ�WKH�3DUHQW�3URJUDP�IURP�WKH�SUHYLRXV�VHFWLRQ�ZLWK�WKH�352&
%8,/'�VWHS�XQFRPPHQWHG��0DNH�VXUH�WKDW�\RX�KDYH�PRGLILHG�OLQHV���DQG���RI�WKLV�SURJUDP�DQG�WKDW�WKH
0HQX�([HFXWLRQ�3URJUDP�(;(��6$6�LV�LQ�SODFH��5XQQLQJ�352&�%8,/'�RSHQV�D�QHZ�ZLQGRZ�OLVWLQJ�WKH
FRQWHQWV�RI�$)*5$3+�FDWDORJ��(GLW�WKH�IUDPH�,*5$3+�)5$0(��DQG�PRGLI\�WKH�WLWOH�LQ�WKH�*HQHUDO
$WWULEXWHV�ZLQGRZ�WR�µ,QWHUDFWLYH�*UDSK¶�

6WHS��
³0DNH´�WKH�IROORZLQJ�WUDQVSDUHQW�REMHFWV��&RQWDLQHU�%R[��6$6�*5$3+�2XWSXW��DQG
*UDSKLFV��7KH�*UDSKLFV�REMHFW�VKRXOG�RYHUODS�WKH�6$6�*5$3+�RXWSXW�DV�VKRZQ�LQ�)LJXUH��
�LW�LV�LPSRUWDQW�WKDW�LW�GRHV�QRW�RYHUODS�WKH�&RQWDLQHU�%R[��

6HW�WKH�IROORZLQJ�DWWULEXWHV�IRU�WKH�6$6�*5$3+�2XWSXW�REMHFW�
•� 1DPH��*5$3+
•� *UDSK��,17*5$3+�7(67*6(*�*3/27�*56(*
•� 1R�VFUROOEDUV
•� *UDSK�6L]H��5HVL]H�WR�ILW
•� 6HW�5HJLRQ�$WWULEXWHV��2XWOLQH�7\SH�WR�6LPSOH�

�
�6HW�WKH�IROORZLQJ�DWWULEXWHV�IRU�WKH�*UDSKLFV�REMHFW�

•� 1DPH��*5$3+,&
•� *UDSK�7\SH��6FDWWHU
•� 'DWD�6SHFLILFDWLRQV�

•� 'DWD�VHW�QDPH��,17*5$3+�$1127(67
•� ;�9DULDEOH��;9$/
•� <�9DULDEOH��<9$/
•� ,'�9DULDEOH��0$5.(5
•� 'DWD�6RXUFH��'DWD�VHW
•� 6RUW�2UGHU��121(

•� /HJHQG��QRW�VHOHFWHG
•� 0RGLI\�$SSHDUDQFH�IURP�$GGLWLRQDO�$WWULEXWHV�OLVW�E\�VHOHFWLQJ�ZKLWH�FRORU�IRU�WH[W��VDPH�DV

EDFNJURXQG��DQG�VPDOOHVW�)RQWV�RQ�ERWK�$;(6��VXFK�DV�&RXULHU�1HZ�VL]H����
•� 0RGLI\�&RPPDQG�3URFHVVLQJ�3RS�0HQX�VHWWLQJV�WR��5XQ�2EMHFW�/DEHO�
•� 7XUQ�³GDWD�LQIR�RII´�DQG�³KLJKOLJKW�RQ´�E\�ULJKW�FOLFNLQJ�RQ�WKH�REMHFW�DQG�VHOHFWLQJ�WKH

DSSURSULDWH�LWHPV�IURP�WKH�SRS�XS�PHQX�

6WHS��
,Q�WKLV�VWHS��ZH�GHVFULEH�KRZ�WR�DOLJQ�6$6�*5$3+�2XWSXW�DQG�*UDSKLFV�REMHFWV��,Q�6$6�$)��D
JUDSKLFDO�REMHFW�FDQ�SDUWLDOO\�RU�HQWLUHO\�RYHUODS�RWKHU�JUDSKLFDO�REMHFWV��3DUWLDOO\�RYHUODSSLQJ�REMHFWV
DUH�FDOOHG�³VLEOLQJV´��$�³SDUHQW´�LV�DQ�REMHFW�WKDW�HQWLUHO\�RYHUODSV�DQRWKHU�REMHFW��LWV�FKLOG���&KLOG
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REMHFWV�FDQQRW�KDYH�IRFXV�RU�EH�VHOHFWHG�E\�XVHU��2Q�WKH�RWKHU�KDQG��VLEOLQJ�REMHFWV�FDQ�EH�SODFHG�LQ�WKH
IRUHJURXQG�RU�LQ�WKH�EDFNJURXQG�GXULQJ�GHVLJQ�E\�ULJKW�FOLFNLQJ�RQ�WKH�VLEOLQJ�REMHFW�DQG�FKRRVLQJ
3XVK��WR�EDFNJURXQG��RU�3RS��WR�IRUHJURXQG��IURP�WKH�PHQX��2QO\�WKH�REMHFW�3RSSHG�WR�IRUHJURXQG�FDQ
EH�VHOHFWHG�E\�WKH�XVHU�

)RU�WKLV�UHDVRQ��LW�LV�LPSRUWDQW�WR�SODFH�DOO�WKH�REMHFWV�DV�VKRZQ�LQ�)LJXUH����ZLWK�WKH�*UDSKLFV�REMHFW
3RSSHG�WR�WKH�IRUHJURXQG��7KH�&RQWDLQHU�%R[�LV�D�SDUHQW�WR�WKH�6$6�*5$3+�REMHFW��RYHUODSV�WKH
6$6�*5$3+�2XWSXW�REMHFW��EXW�LV�D�VLEOLQJ�WR�WKH�*UDSKLFV�REMHFW��%HFDXVH�WKH�*UDSKLFV�REMHFW�LV�D
VLEOLQJ�WR�WKH�&RQWDLQHU�%R[��LW�LV�DOVR�D�VLEOLQJ�WR�DQ\�FKLOG�RI�WKH�&RQWDLQHU�%R[��7KXV��WKH�*UDSKLFV
REMHFW�DQG�WKH�6$6�*5$3+�2XWSXW�REMHFW�DUH�VLEOLQJV�DQG�HDFK�RI�WKHP�FDQ�EH�SODFHG�LQ�WKH
IRUHJURXQG��0DNH�VXUH�\RX�OHDYH�HQRXJK�VSDFH�WR�WKH�ULJKW�RI�&RQWDLQHU�%R[�IRU�WKH�WKUHH�3XVK�%XWWRQV
VKRZQ�RQ�)LJXUH����,W�LV�EHVW�LI�WKH�3XVK�%XWWRQV�GR�QRW�RYHUODS�ZLWK�WKH�REMHFWV�RXWOLQHG�LQ�)LJXUH���

&RQWDLQHU�%R[

6$6�*5$3+�2XWSXW�REMHFW

*5$3+,&6�REMHFW

0DLQ�5HJLRQ

)LJXUH����3ODFHPHQW�RI�REMHFWV

$IWHU�WKH�DWWULEXWHV�DUH�FRUUHFWO\�HQWHUHG��WKH�*UDSKLFV�REMHFW�VKRXOG�GLVSOD\�D�VFDWWHUSORW�LQ�D
UHFWDQJXODU�DUHD�ZLWK����WLFN�PDUNV�RQ�HDFK�D[LV��$W�WKLV�WLPH��WKHVH�SRLQWV�PD\�QRW�EH�DOLJQHG�ZLWK
SRLQWV�RQ�WKH�6$6�*5$3+�2XWSXW�REMHFW��,I�\RX�DUH�ZRUNLQJ�LQ�6$6�������WKH�6$6�*5$3+�2XWSXW
REMHFW�PD\�QRW�EH�YLVLEOH�DW�WKLV�SRLQW��7KH�SRLQWV�LQ�WKH�,$112�GDWD�VHW�UDQJH�IURP��������WR�����������
DQG�UHIHUHQFH�WKH�SHUFHQWDJH�RI�WKH�6$6�*5$3+�2XWSXW�GLVSOD\�DUHD�

,Q�6$6��������,I�WKH�6$6�*5$3+�2XWSXW�REMHFW�LV�QRW�VHOHFWHG��LWV�RXWOLQH�DSSHDUV�DV�D�WKLQ�GDVKHG�OLQH�
5HVL]H�WKH�*UDSKLFV�REMHFW��LW�QHHGV�WR�EH�3RSSHG�WR�WKH�IRUHJURXQG�ILUVW��VR�WKDW�WKH�ERWWRP�OHIW�DQG�WKH
WRS�ULJKW�FRUQHUV�RI�WKH�6$6�*5$3+�2XWSXW�REMHFW�DUH�SHUIHFWO\�DOLJQHG�ZLWK�WKH�ERWWRP�OHIW�DQG�WKH
WRS�ULJKW�³�´�PDUNV�FRUUHVSRQGLQJ�WR�WKH��������DQG�WKH������������SRLQWV��$IWHU�WKLV�LV�GRQH��DOO�RWKHU
SRLQWV�VKRXOG�EH�DOLJQHG�
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,Q�6$6��������7KH�*UDSKLFV�REMHFW�GLVSOD\V�DW�WKH�GHVLJQ�WLPH�ZLWK�D�QRQWUDQVSDUHQW�JUD\�EDFNJURXQG
�³EDFNSODQH´���7KLV�PDNHV�WKH�DOLJQPHQW�SURFHGXUH�D�OLWWOH�PRUH�FRPSOLFDWHG�WKDQ�LQ�6$6�������7R
PDNH�WKH�SURSHU�DOLJQPHQW��IROORZ�WKH�IROORZLQJ�VWHSV�

•� 3RS�WKH�&RQWDLQHU�%R[�E\�ULJKW�FOLFNLQJ�RQ�LW�LQ�WKH�DUHD�QRW�FRYHUHG�E\�WKH�*UDSKLFV�REMHFW��RQ
WKH�ULJKW���DQG�FKRRVLQJ�3RS�

•� /HIW�FOLFN�LQ�WKH�PLGGOH�RI�WKH�&RQWDLQHU�%R[��ZKLFK�ZLOO�UHYHDO�D�VHPLWUDQVSDUHQW�IUDPH�RI�WKH
6$6�*5$3+�2XWSXW�REMHFW��:LWKLQ�WKLV�IUDPH�\RX�VKRXOG�VHH�WKH�UHIHUHQFH�³�´�PDUNV�DQG�WKH
VFDWWHUSORW��,I�\RX�FDQQRW�VHH�WKH�VFDWWHUSORW��GR�RQH�RI�WKH�IROORZLQJ��$/7�7$%�WR�D�GLIIHUHQW
DSSOLFDWLRQ�DQG�$/7�7$%�EDFN��RU�ULJKW�FOLFN�RQ�WKH�6$6�*5$3+�2XWSXW�REMHFW�IUDPH��FKRRVH
2EMHFW�$WWULEXWHV�IURP�WKH�PHQX��DQG�VHOHFW�³&DQFHO´��(LWKHU�PHWKRG�UHIUHVKHV�WKH�GLVSOD\��DQG�WKH
SORW�EHFRPHV�YLVLEOH�

•� 1RZ�\RX�DUH�UHDG\�WR�UHVL]H�WKH�6$6�*5$3+�2XWSXW�REMHFW��0RYH�WKH�FRUQHUV�RI�WKH�REMHFW�IUDPH
VR�WKDW�WKH\�RYHUODS�ZLWK�WKH�ERWWRP�OHIW�DQG�WKH�WRS�ULJKW�³�´�PDUNV�FRUUHVSRQGLQJ�WR�WKH�������
DQG�WKH������������SRLQWV��,I�\RX�KDYH�QRW�PRGLILHG�FRORU�VHWWLQJV���WKH�IUDPH�DQG�SORW�ZLOO�DSSHDU
LQ�EODFN��ZKLOH�WKH�³�´�VFDWWHUHG�SRLQWV�ZLOO�DSSHDU�LQ�FRORU��$IWHU�DOLJQLQJ�WKH�FRUQHUV��DOO�RWKHU
SRLQWV�VKRXOG�EH�DOLJQHG�DOVR�

•� 5LJKW�FOLFN�RQ�WKH�&RQWDLQHU�%R[�RXWVLGH�WKH�6$6�*5$3+�2XWSXW�REMHFW�DQG�FKRRVH�3XVK��7KLV
SODFHV�WKH�*UDSKLFV�REMHFW�LQ�WKH�IRUHJURXQG��7KH�VFDWWHUSORW�LV�QR�ORQJHU�YLVLEOH��EXW�WKH�JUD\
EDFNJURXQG�ZLOO�EH�PDGH�WUDQVSDUHQW�SURJUDPPDWLFDOO\�LQ�WKH�6&/�SURJUDP�

:H�FDQ�HQKDQFH�WKH�DSSOLFDWLRQ�E\�DOORZLQJ�WKH�XVHU�WR�FKDQJH�WKH�VL]H�RI�WKH�JUDSK�E\�UHVL]LQJ�WKH
ZLQGRZ��7KLV�VWHS�LV�RSWLRQDO��EXW�LI�\RX�VNLS�LW��DQ�DWWHPSW�WR�UHVL]H�WKH�ZLQGRZ�PD\�PDNH�D�SDUW�RI�WKH
JUDSK�DQG�RU�WKH�3XVK�%XWWRQV�GLVDSSHDU��7R�DOORZ�UXQ�WLPH�UHVL]LQJ��GHILQH�WKH�DEVROXWH�GLUHFWLRQDO
DWWDFKPHQWV�DV�VKRZQ�LQ�)LJXUH�����6HH�6$6�$)�6RIWZDUH��)5$0(�(QWU\�8VDJH�DQG�5HIHUHQFH��9HUVLRQ
���)LUVW�(GLWLRQ��SS���������DQG�)5$0(�$SSOLFDWLRQ�'HYHORSPHQW�&RQFHSWV��9HUVLRQ����)LUVW�(GLWLRQ�
SS���������IRU�GHWDLOV�RQ�GHILQLQJ�DWWDFKPHQWV���6SHFLI\LQJ�VXFK�DWWDFKPHQWV�JXDUDQWHHV�WKDW�WKH�FRQVWDQW
GLVWDQFH�LV�NHSW�IURP�WKH�ULJKW�DQG�ERWWRP�VLGHV�RI�WKH�ZLQGRZ�ZKHQ�WKH�ZLQGRZ�LV�EHLQJ�UHVL]HG�
%HFDXVH�WKH�RIIVHWV�EHWZHHQ�JUDSKLF�GLVSOD\�DUHD�DQG�WKH�ERUGHU�RI�WKH�*UDSKLFV�2EMHFW�DUH�FRQVWDQW�
UHVL]LQJ�GRHV�QRW�FDXVH�PLVDOLJQPHQW��'HILQLQJ�DWWDFKPHQWV�WKLV�ZD\�ZLOO�VWLOO�DOORZ�\RX�WR�UHVL]H�WKH
*UDSKLFV�REMHFW�DQG�WKH�6$6�*5$3+�2XWSXW�REMHFW�GXULQJ�GHVLJQ��DQG�DVVXUHV�\RX�WKH�REMHFWV�VWD\
DOLJQHG�ZKHQ�WKH�ZLQGRZ�LV�UHVL]HG�

6WHS��
&UHDWH�WKH�3XVK�%XWWRQV�DQG�DVVLJQ�WKH�IROORZLQJ�DWWULEXWHV�WR�WKHP�UHVSHFWLYHO\�

•� 1DPH��35(9B3%��ODEHO����
•� 1DPH��1(;7B3%���ODEHO��!!
•� 1DPH��6+2:B3%��ODEHO��6KRZ�

6WHS��
,W�LV�D�JRRG�LGHD�WR�NHHS�3XVK�%XWWRQV�DZD\�IURP�WKH�FRQWDLQHU�REMHFW�DQG�WKH�JUDSKLFV�REMHFW�VR�WKH\
ZLOO�QRW�EHFRPH�DFFLGHQWDOO\�KLGGHQ�LQ�WKH�EDFNJURXQG�ZKHQ�RWKHU�REMHFWV�DUH�EHLQJ�3XVKHG�DQG
3RSSHG��,I�LW�KDSSHQV��PDNH�VXUH�WKDW�WKH�*UDSKLFV�REMHFW�DQG�WKH�3XVK�%XWWRQV�DUH�DOO�LQ�WKH�IRUHJURXQG
E\�ULJKW�FOLFNLQJ�RQ�WKHP�DQG�VHOHFWLQJ�µ323¶�IURP�WKH�PHQX��

6WHS��
(GLW�WKH�,*5$3+�6&/�HQWU\��DQG�LQFOXGH�WKH�SURJUDP�JLYHQ�LQ�WKH�$SSHQGL[�
1RWH�WKDW�WKH�0HQX�([HFXWLRQ�3URJUDPV�FDQQRW�EH�VXEPLWWHG�ZLWK�7(67$)��7R�IXOO\�WHVW�WKH
DSSOLFDWLRQ��\RX�QHHG�WR�UXQ�LW�DV�GHVFULEHG�LQ�6WHS���RI�6HFWLRQ���
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6. Possible Improvements

<RX�DUH�ZHOFRPH�WR�PRGLI\�WKH�SUHVHQWHG�,QWHUDFWLYH�*UDSK�DSSOLFDWLRQ��7KH�6&/�SURJUDP�ZDV�ZULWWHQ
ZLWKRXW�PXFK�UHJDUG�IRU�WKH�SULQFLSOHV�RI�WKH�2EMHFW�2ULHQWHG�3URJUDPPLQJ�EHFDXVH�ZH�ZDQWHG�LW�WR�EH
DSSURDFKDEOH�WR�6$6�SURJUDPPHUV�QRW�IDPLOLDU�ZLWK�223�WHFKQLTXHV�

,Q�DGGLWLRQ�WR�PDNLQJ�VRPH�XVH�RI�WKH�2EMHFW�2ULHQWHG�7HFKQRORJ\��WKH�DSSOLFDWLRQ�FDQ�EHQHILW�IURP�VRPH
VPDOO�HQKDQFHPHQWV��7KH�68%0,7�EORFN��UHIHU�WR�WKH�FRGH�LQ�WKH�$SSHQGL[��LV�UHVSRQVLEOH�IRU�H[HFXWLQJ
WKH�0HQX�([HFXWLRQ�3URJUDP�VHOHFWHG�E\�WKH�XVHU�DQG�SDVVLQJ�LQIRUPDWLRQ�WR�WKLV�SURJUDP��$VVXPH�WKDW�ZH
KDYH�UHSODFHG�WKLV�EORFN�ZLWK�WKH�IROORZLQJ�

VXEPLW�
���OLQN�FORVHBGV���������������

�FORVH�GDWD�VHWV�VR�0(3�FDQ�PRGLI\�WKHP�

�
���VXEPLW�FRQWLQXH�
���*237,216�12',63/$<�
����OHW�FOLFNBSW� �	VXEPW������

�SDVV�WKH�SDUDPHWHUV�WR�WKH�0(3�

�
����OHW�SDUBGVF� �	GHVFBVW�
����OHW�JUDSKBQR� �	JUDSKBQR�
����OHW�PHQXBQR� ��	SBVHOHF�
����LQFOXGH�	SURJH[H�����������

�UXQ�0(3�

�
���*237,216�',63/$<�
���HQGVXEPLW�
���JUDSKBQR� �	JUDSKBQR��������

�UHGHILQH�WKH�JUDSK�QXPEHU�WR�EH�GLVSOD\HG�

�
���OLQN�RSHQBGV����������������

�RSHQ�GDWD�VHWV�DQG�PRGLI\�FRQWHQWV�RI�GLVSOD\HG�

�
�������������������������������

�JUDSK��WLWOH�EDU��HWF���������������������������

�
UHWXUQ�

7KLV�PRGLILFDWLRQ�DOORZV�QHVWLQJ�RI�LQWHUDFWLYH�JUDSKV��7KH�0HQX�([HFXWLRQ�3URJUDP�FDQ�FUHDWH�D�QHZ
JUDSK�RXWSXW��D�QHZ�,$112�GDWD�VHW��DQG�PRGLI\�WKH�H[LVWLQJ�*B/,67�GDWD�VHW��$IWHU�WKLV�SURJUDP�H[HFXWHV�
WKH�XVHU�LV�SUHVHQWHG�ZLWK�QHZ�LQWHUDFWLYH�JUDSK��,Q�FRQWUDVW��ZLWKRXW�WKLV�PRGLILFDWLRQ��WKH�0HQX�([HFXWLRQ
3URJUDP�FDQ�SURGXFH�RQO\�³GXPE´��QRQLQWHUDFWLYH��JUDSKV��:H�KDYH�SXUSRVHO\�QRW�LPSOHPHQWHG�WKHVH
FKDQJHV�LQWR�RXU�SURJUDP��1RWH�WKDW�OLQNLQJ�&/26(B'6��FORVH�GDWD�VHWV��DQG�23(1B'6��RSHQ�GDWD�VHW�
EORFNV�UHVXOWV�LQ�DQ�RYHUKHDG�DQG�ZLOO�VORZ�GRZQ�WKH�SHUIRUPDQFH��7KH�PRGLILFDWLRQ�VKRXOG�EH�PDGH�RQO\�LI
QHVWLQJ�RI�LQWHUDFWLYH�JUDSKV�LV�QHHGHG�

7. An Example Calculation of XVAL And YVAL Coordinates
7KH�YDULDEOHV�;9$/�DQG�<9$/�VWRUHG�LQ�WKH�,$112�GDWD�VHW�QHHG�WR�EH�FDOFXODWHG�IURP�WKH�RULJLQDO�JUDSK
GDWD��5HFDOO�WKDW��;9$/��<9$/��VSHFLI\�WKH�ORFDWLRQ�RI�WKH�LQWHUDFWLYH�SRLQW�DV�WKH�SHUFHQWDJH�RI�WKH�JUDSK
RXWSXW�GLVSOD\�DUHD��7R�FDOFXODWH�WKHVH�FRRUGLQDWHV��\RX�ZLOO�QHHG�WR�LGHQWLI\�VHYHUDO�*237,216��$;,6�
DQG�*'(9,&(�SDUDPHWHUV��,Q�WKLV�H[DPSOH��ZH�VSHFLILHG�WKH�IROORZLQJ�

*237,216�
��������925,*,1 ��,1
��������+25,*,1 ��,1
��������96,=( ��,1
��������+6,=( ��,1
��������*81,7 3&7

:H�XVHG�WKH�$;,6�VWDWHPHQWV�WR�VSHFLI\�WKH�GLVSOD\�SDUDPHWHUV�IRU�WKH�JUDSK�

$;,6����/(1*7+ �OHQ[�3&7
��������25,*,1 �RUL[�3&7��RUL\�3&7�
��������2))6(7 �RII[���RII[��
��������25'(5 �[PLQ�72�[PD[�
$;,6����/(1*7+ �OHQ\�3&7
��������2))6(7 �RII\���RII\��
��������25'(5 �\PLQ�72�\PD[�
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:LWK�WKH�DERYH�QDPLQJ�FRQYHQWLRQ��WKH�IRUPXOD�IRU�;9$/�DQG�<9$/�LQ�WHUPV�RI�GDWD�FRRUGLQDWHV�;�DQG�<
LV�DV�IROORZV�

;9$/ RUL[ RII[ OHQ[ RII[ RII[
; [

[ [
= + + − −

−
−





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PLQ
PD[ PLQ

<9$/ RUL\ RII\ OHQ\ RII\ RII\
< \

\ \
= + + − −

−
−







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PD[ PLQ
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6$6�6FUHHQ�&RQWURO�/DQJXDJH��5HIHUHQFH��9HUVLRQ����6HFRQG�(GLWLRQ��&DU\��1&��6$6�,QVWLWXWH�,QF��������

6$6�$)�6RIWZDUH��)5$0(�(QWU\�8VDJH�DQG�5HIHUHQFH��9HUVLRQ����)LUVW�(GLWLRQ��&DU\��1&��6$6�,QVWLWXWH
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9. Appendix

�
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