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�
$OO� LQIRUPDWLRQ�V\VWHPV�QHHG�WR�VWRUH�GDWD��7KLV�PD\�EH�GRQH�WHPSRUDULO\�ZKLOVW� LQSXWV�DUH�SURFHVVHG�WR�
SURGXFH�RXWSXWV�RU�IRU�PXFK�ORQJHU�SHULRGV�RI�WLPH���

�
)RU�H[DPSOH���
� $� VFKRRO� XVHV�D�GDWDEDVH�SDFNDJH� WR� NHHS�D� UHFRUG�RI� WKH�DFKLHYHPHQWV� RI� LWV� VWXGHQWV�� 7KHVH�

UHFRUGV�DUH�NHSW�IRU�WKH�VHYHQ�\HDU�SHULRG�WKDW�HDFK�VWXGHQW�DWWHQGV�WKH�VFKRRO���
� $�VWXGHQW� LV�XVLQJ�D�JUDSKLFV�SDFNDJH�WR�GUDZ�D�ORJR�RQ�WKH�VFUHHQ��7KH�JUDSKLFV�SDFNDJH�PXVW�

VWRUH�WKH�FRORXU�RI�HDFK�SL[HO�LQ�WKH�ORJR�VR�WKDW�LW�FDQ�EH�SULQWHG���
$� FRPSXWHULVHG� LQIRUPDWLRQ� V\VWHP� PXVW� EH� DEOH� WR� VWRUH� ERWK� SURJUDPV� �H�J�� D� ZRUG� SURFHVVLQJ�
SDFNDJH��DQG�GDWD��H�J��D�ZRUG�SURFHVVHG�OHWWHU����
$� VWRUDJH�GHYLFH� VWRUHV� SURJUDPV� DQG�GDWD� HLWKHU� WHPSRUDULO\� RU� SHUPDQHQWO\�� $OO� LQIRUPDWLRQ� V\VWHPV�
FRQWDLQ�WZR�GLIIHUHQW�W\SHV�RI�VWRUDJH���

º ,PPHGLDWH�$FFHVV�6WRUH��,$6���,PPHGLDWH�DFFHVV�VWRUH�KROGV�SURJUDPV�DQG�GDWD�WKDW�WKH�
XVHU�LV�FXUUHQWO\�ZRUNLQJ�ZLWK������

º %DFNLQJ�6WRUH��%DFNLQJ�VWRUH�NHHSV�GDWD�DQG�SURJUDPV�ZKHQ�WKH�FRPSXWHU�LV�WXUQHG�RII������
,PPHGLDWH� DFFHVV� VWRUH� LV� DOVR� NQRZQ� DV�PDLQ� VWRUH� RU� SULPDU\� VWRUH�� %DFNLQJ� VWRUH� LV� DOVR� NQRZQ� DV�
VHFRQGDU\�VWRUH���
7KH� FDSDFLW\� �DPRXQW� RI� GDWD�� WKDW� D� VWRUDJH� GHYLFH� FDQ� KROG� YDULHV� VLJQLILFDQWO\� EHWZHHQ� GLIIHUHQW�
GHYLFHV��8QLWV�VXFK�DV�E\WHV��NLORE\WHV�DQG�PHJDE\WHV�DUH�XVHG�WR�GHVFULEH�D�VWRUDJH�GHYLFH
V�FDSDFLW\��
2WKHU�IDFWRUV�VXFK�DV�VSHHG�RI�GDWD�DFFHVV��FRVW�DQG�SRUWDELOLW\�ZLOO�DOVR�GHWHUPLQH�ZKLFK�VWRUDJH�GHYLFH�
LV�WKH�PRVW�DSSURSULDWH�RQH�WR�XVH�IRU�D�SDUWLFXODU�DSSOLFDWLRQ��
�

,PPHGLDWH�$FFHVV�6WRUH������������������5$0��
������������� � ��520�

)ORSS\�'LVN�
0DJQHWLF�'LVNV�

+DUG�'LVN�
%DFNLQJ�6WRUH�� � � � � � � � �

&'�520�
&'�5��
&'�5:�

2SWLFDO�'LVNV��� � '9'�520��
'9'�5$0�

�
,I� GDWD�QHHGV� WR�EH� NHSW�ZKLOVW� D�FRPSXWHU� LV� WXUQHG�RII� WKHQ� LW�PXVW�EH� VWRUHG�RQ�EDFNLQJ� VWRUH�� $Q\�
SURJUDPV�RU�GDWD�WKDW�DUH�QRW�FXUUHQWO\�EHLQJ�XVHG�E\�D�FRPSXWHU�ZLOO�EH�NHSW�RQ�EDFNLQJ�VWRUH��:KHQ�
SURJUDPV�RU�GDWD�DUH�XVHG�WKH\�DUH�FRSLHG��ORDGHG��LQWR�LPPHGLDWH�DFFHVV�VWRUH�IRU�IDVWHU�DFFHVV��
,QIRUPDWLRQ�VWRUHG�RQ�EDFNLQJ�VWRUH�LV�SODFHG�RQ�D�VWRUDJH�PHGLXP��7KH�PRVW�FRPPRQ�PHGLD�ZKLFK�DUH�
XVHG�IRU�EDFNLQJ�VWRUH�DUH���0DJQHWLF�'LVNV��0DJQHWLF�7DSHV��2SWLFDO�'LVNV�VXFK�DV�&'�520V��
7KH�GDWD� LV� UHDG� IURP�RU�ZULWWHQ�WR�WKH�VWRUDJH�PHGLXP�E\�D�SLHFH�RI�KDUGZDUH�NQRZQ�DV�D�GULYH�RU�D�
VWRUDJH�GHYLFH��
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,W� WDNHV�PXFK�ORQJHU�WR�DFFHVV�GDWD�ZKLFK�LV�RQ�EDFNLQJ�VWRUH�WKDQ�GDWD�ZKLFK�LV� LQ� LPPHGLDWH�DFFHVV�
VWRUH�� W\SLFDOO\� ���� WR� ����� WLPHV� DV� ORQJ�� 7KLV� LV� EHFDXVH� PRVW� EDFNLQJ� VWRUDJH� GHYLFHV� RSHUDWH�
PHFKDQLFDOO\��&RPSXWHUV�KDYH�PXFK�PRUH�EDFNLQJ�VWRUH�WKDQ�LPPHGLDWH�DFFHVV�VWRUH�IRU�WZR�UHDVRQV����

� ,$6�,PPHGLDWH�$FFHVV�6WRUH�RQO\�QHHGV�WR�VWRUH�SURJUDPV�DQG�GDWD�WKDW�DUH�FXUUHQWO\�EHLQJ�XVHG�
ZKHUHDV�WKH�EDFNLQJ�VWRUH�QHHGV�WR�KROG�DOO�RI�WKH�SURJUDPV�DQG�GDWD�WKDW�FDQ�EH�XVHG�RQ�WKH�
FRPSXWHU���

� %DFNLQJ�VWRUH�LV�PXFK�FKHDSHU�SHU�0E�WKDQ�,$6���
3URJUDPV� DQG� GDWD� FDQ� QRW� EH� XVHG� GLUHFWO\� IURP� EDFNLQJ� VWRUH�� 7KH\�PXVW� EH� FRSLHG� �ORDGHG�� LQWR�
LPPHGLDWH�DFFHVV�VWRUH�EHIRUH�WKH\�FDQ�EH�XVHG��$Q\�GDWD�ZKLFK�QHHGV�WR�EH�NHSW�PXVW�EH�WUDQVIHUUHG�
EDFN�WR� WKH�EDFNLQJ�VWRUH� IURP�WKH� LPPHGLDWH�DFFHVV� VWRUH�EHIRUH� WKH�FRPSXWHU� LV� VZLWFKHG�RII�� 7KLV� LV�
FDOOHG�VDYLQJ��
6RPHWLPHV�GDWD�LV�FRPSUHVVHG�EHIRUH�LW�LV�VWRUHG��&RPSUHVVLQJ�GDWD�UHGXFHV�WKH�VWRUDJH�VSDFH�WKDW�D�ILOH�
XVHV�ZLWKRXW�ORVLQJ�DQ\�RI�LWV�FRQWHQWV��

�
,00(',$7(�$&&(66�6725(��,$6��25�0$,1�,17(51$/�0(025<�

,PPHGLDWH� $FFHVV� 6WRUH� �� ,$6� �� KROGV� SURJUDPV� DQG� GDWD� WKDW� WKH� XVHU� LV� FXUUHQWO\� ZRUNLQJ� ZLWK�� )RU�
H[DPSOH����

o $�ZRUG�SURFHVVHG�GRFXPHQW�WKDW�LV�EHLQJ�HGLWHG�ZLOO�EH�ORDGHG�LQWR�,$6���
o $Q�HPDLO�SURJUDP�WKDW�LV�FXUUHQWO\�WUDQVPLWWLQJ�D�PHVVDJH�ZLOO�EH�ORDGHG�LQWR�,$6���

7KHUH�DUH�WZR�GLIIHUHQW�W\SHV�RI�,$6���
� 5HDG�2QO\�0HPRU\��520����7KH�FRQWHQWV�RI�520�LV�SHUPDQHQW��,W�FDQ�QRW�EH�DOWHUHG�E\�WKH�XVHU��

7KH�FRQWHQW�LV�ZULWWHQ�RQWR�WKH�520�ZKHQ�LW�LV�ILUVW�PDGH��520�NHHSV�LWV�FRQWHQWV�HYHQ�ZKHQ�WKH�
FRPSXWHU� LV� WXUQHG� RII� DQG� VR� LV� NQRZQ�DV� QRQ�YRODWLOH�PHPRU\��2Q� VRPH�FRPSXWHUV�D� VSHFLDO�
SLHFH� RI� VRIWZDUH� FDOOHG� WKH� RSHUDWLQJ� V\VWHP� LV� VWRUHG� LQ� 520�� 520� LV� DOVR� RIWHQ� XVHG� LQ�
HPEHGGHG�V\VWHPV�ZKHUH�D�VPDOO�EXLOW�LQ�FRPSXWHU�LV�XVHG�WR�FRQWURO�D�GHYLFH�VXFK�DV�D�ZDVKLQJ�
PDFKLQH��7KH�SURJUDP�WKDW�FRQWUROV�WKH�PDFKLQH�LV�VWRUHG�RQ�520���

� 5DQGRP�$FFHVV�0HPRU\���5$0��� ��5$0�
LV�XVHG�WR�VWRUH�SURJUDPV�DQG�GDWD�WKDW�
DUH�EHLQJ�XVHG�E\�WKH�FRPSXWHU��:KHQ�
WKH� FRPSXWHU� LV� WXUQHG� RQ� WKH� 5$0� LV�
HPSW\��'DWD�DQG�SURJUDPV�FDQ�EH�SXW�
LQWR�5$0�IURP�HLWKHU�DQ� LQSXW�GHYLFH�RU�
EDFNLQJ� VWRUH�� 7KH�GDWD� LQ�5$0� LV� ORVW�ZKHQ� WKH�FRPSXWHU� LV� WXUQHG�RII� VR� LW� LV�NQRZQ�DV�YRODWLOH�
PHPRU\��7R�NHHS�GDWD�WKH�XVHU�PXVW�VDYH�LW�WR�EDFNLQJ�VWRUH�EHIRUH�WKH�FRPSXWHU�LV�WXUQHG�RII���

�
7KH�SURFHVV�RI�WUDQVIHULQJ�GDWD�SURJUDPV�IURP�EDFNLQJ�VWRUH�LQWR�5$0�VR�WKH\�FDQ�EH�XVHG�LV�NQRZQ�DV�
ORDGLQJ���
7KH�SURFHVV�RI�WUDQVIHULQJ�GDWD�SURJUDPV�IURP�5$0�WR�EDFNLQJ�VWRUH�VR�WKDW�WKH\�ZLOO�EH�UHWDLQHG�ZKHQ�D�
FRPSXWHU�LV�WXUQHG�RII�LV�NQRZQ�DV�VDYLQJ���
,W�LV�HDV\�WR�DGG�H[WUD�5$0�WR�D�PLFURFRPSXWHU�E\�LQVHUWLQJ�H[WUD�5$0�FDUGV�FDOOHG�6,00�FDUGV���
��
,$6�LV�ORFDWHG�LQVLGH�WKH�FRPSXWHU��'DWD�FDQ�EH�ZULWWHQ�WR�DQG�UHDG�IURP�,$6�HOHFWURQLFDOO\�DW�YHU\�KLJK�
VSHHGV��PXFK�IDVWHU�WKDW�LW�FDQ�EH�ZULWWHQ�WR�RU�IURP�EDFNLQJ�VWRUH��,$6�LV�PXFK�PRUH�H[SHQVLYH�WR�EX\�SHU�
0E�WKDQ�EDFNLQJ�VWRUH�LV��

�
6(&21'$5<�%$&.,1*�6725$*(��

0$*1(7,&�',6.6��+$5'�',6.�$1'�)/233<�',6.�
�
0DJQHWLF� GLVNV� DUH� WKH� PRVW� FRPPRQ� EDFNLQJ� VWRUDJH�
GHYLFH��'DWD�LV�VWRUHG�XVLQJ�PDJQHWLVHG�VSRWV�FDOOHG�GRPDLQV�
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RQ�WKH�GLVN��(DFK�GRPDLQ�FDQ�VWRUH�RQH�ELW�RI�GDWD��D���RU�D������
º ����0E�IORSS\�GLVN�XVHG�RQ�D�3&�FRQWDLQV������������VXFK�VSRWV���
º �*E�KDUG�GLVN�GULYH�FRQWDLQV�RYHU�VL[�ELOOLRQ�VSRWV��

'DWD�VWRUHG�RQ�GLVNV�LV�DUUDQJHG�DORQJ�D�VHULHV�RI�FRQFHQWULF�ULQJV�FDOOHG�WUDFNV��(DFK�WUDFN�LV�GLYLGHG�XS�
LQWR�D�QXPEHU�RI� VHFWRUV��'DWD� LV� UHDG�WR�DQG�ZULWWHQ� IURP�D�GLVN�RQH�VHFWRU�DW�D�WLPH��$�VHFWRU�XVXDOO\�
FRQWDLQV�����RU������E\WHV�RI�GDWD� �
7KH�SURFHVV�RI�GLYLGLQJ�D�GLVN�XS� LQWR� WUDFNV�DQG� VHFWRUV� VR� LW�FDQ�EH�XVHG�RQ�D�FRPSXWHU� LV� NQRZQ�DV�
IRUPDWWLQJ��<RX�PXVW�IRUPDW�D�QHZ�GLVN�EHIRUH�\RX�FDQ�XVH�LW��
'DWD� LV� UHDG� IURP� WKH� GLVN� XVLQJ� D� GLVN� KHDG�ZKLFK�PRYHV�PHFKDQLFDOO\� DERXW� WKH� GLVN� �UDWKHU� OLNH� D�
UHFRUG�SOD\HU� WRQH�DUP��� 7KH�GLVN�KHDG�FDQ�PRYH�GLUHFWO\� WR�DQ\� VHFWRU�RQ� WKH�GLVN��%HFDXVH�RI� WKLV�D�
FRPSXWHU�V\VWHP�FDQ�ORDG�D�ILOH�RU�D�UHFRUG�IURP�D�ILOH�YHU\�TXLFNO\��7KH�V\VWHP�FDQ�PRYH�GLUHFWO\�WR�WKH�
ORFDWLRQ�RI�WKH�UHFRUG�ILOH�DQG�UHDG�LW�ZLWKRXW�KDYLQJ�WR�UHDG�DQ\�RWKHU�GDWD�IURP�WKH�GLVN��7KLV�LV�NQRZQ�
DV�GLUHFW�DFFHVV��)RU�PRVW�DSSOLFDWLRQV�XVLQJ�D�GLUHFW�DFFHVV�PHGLXP� LV�PXFK� IDVWHU� WKDQ�XVLQJ�D�VHULDO�
DFFHVV�PHGLXP��
7KH�WZR�PDLQ�W\SHV�RI�PDJQHWLF�GLVNV�DUH�IORSS\�GLVNV�DQG�KDUG�GLVNV��

+$5'�',6.6���
+DUG� GLVNV� DUH� PDJQHWLF� GLVNV�� 7KH\� KDYH� PXFK� ODUJHU� VWRUDJH� FDSDFLWLHV� WKDQ�
IORSS\�GLVNV��'DWD�FDQ�EH� WUDQVIHUUHG� WR�DQG� IURP�D�KDUG�GLVN�PXFK�PRUH�TXLFNO\�
WKDQ�IURP�D�IORSS\�GLVN��+DUG�GLVNV�DUH�XVXDOO\�IL[HG�LQVLGH�D�FRPSXWHU�DQG�FDQ�QRW�
EH�PRYHG�EHWZHHQ�GLIIHUHQW�PDFKLQHV��6RPH�H[SHQVLYH�KDUG�GLVNV�FDQ�EH�PRYHG�
EHWZHHQ�FRPSXWHUV��7KHVH�DUH�FDOOHG�H[FKDQJHDEOH�KDUG�GULYHV��
$�KDUG�GLVN� LV�PDGH�RI�D� ULJLG�GLVN�ZKLFK� LV�FRDWHG�ZLWK�D�PDJQHWLVDEOH�PDWHULDO��
7KH�PDJQHWLF�PDWHULDO�XVHG�LV�RI�D�PXFK�KLJKHU�TXDOLW\�WKDQ�WKDW�IRXQG�RQ�IORSS\�
GLVNV��+DUG�GLVNV�VSLQ�PXFK�PRUH�TXLFNO\��W\SLFDOO\����WR�����UHYROXWLRQV�SHU�VHFRQG��
WKDQ�IORSS\�GLVNV�DQG�WKH�GLVN�KHDG�LV�SRVLWLRQHG�YHU\�FORVH�WR�WKH�GLVN��WKRXVDQGWKV�

RI�D�PLOOLPHWUH�DZD\���%HFDXVH�WKH�GLVN�KHDG�LV�SRVLWLRQHG�VR�FORVH�WR�WKH�GLVN�KDUG�GULYHV�FDQ�HDVLO\�EH�
GDPDJHG� E\� GXVW� RU� YLEUDWLRQ�� 7KHUHIRUH� WKH� GLVN�� WKH� GULYH� KHDG� DQG� DOO� WKH� HOHFWURQLFV� QHHGHG� WR�
RSHUDWH�WKH�GULYH�DUH�EXLOW�WRJHWKHU�LQWR�D�VHDOHG�XQLW��7KLV�SLFWXUH�VKRZV�D�KDUG�GLVN�GULYH�ZLWK�WKH�FDVH�
UHPRYHG��
8VXDOO\� �DV� LQ� WKH�SLFWXUH�DERYH�� VHYHUDO�SK\VLFDO�GLVNV�DUH�FRQWDLQHG� LQ�RQH�KDUG�GLVN�XQLW�� (DFK�GLVN� LV�
NQRZQ�DV�D�SODWWHU��7\SLFDO�KDUG�GLVN�FDSDFLWLHV�IRU�D�KRPH�3&�QRZ�VWDUW�DW���*E�DQG�XQLWV�VWRULQJ�XS�WR�
��*E�DUH�DYDLODEOH��,I�ODUJHU�VWRUDJH�FDSDFLWLHV�DUH�UHTXLUHG�WKHQ�PXOWLSOH�KDUG�GULYHV�FDQ�EH�FRPELQHG��
8VLQJ�DSSURSULDWH�KDUGZDUH�RU�VRIWZDUH�PDQ\�KDUG�GLVNV�FDQ�EH�PDGH�WR� ORRN� OLNH�RQH�YHU\� ODUJH�KDUG�
GLVF�WR�WKH�XVHU����
7KH� KDUG� GLVN� LV� XVXDOO\� WKH� XVXDO� PDLQ� EDFNLQJ� VWRUDJH� PHGLD� IRU� D� W\SLFDO� FRPSXWHU� RU� VHUYHU�� 7KH�
RSHUDWLQJ� V\VWHP� �H�J�� 0LFURVRIW�� :LQGRZV��� DSSOLFDWLRQV� VRIWZDUH� �H�J�� ZRUG�SURFHVVRU�� GDWDEDVH��
VSUHDGVKHHW��HWF����DQG�DQ\�SURJUDP�GDWD�ZRXOG�DOO�EH�VWRUHG�RQ�D�KDUG�GLVN���
$GYDQWDJHV���
9HU\�IDVW�DFFHVV�WR�GDWD���
'DWD�FDQ�EH�UHDG�GLUHFWO\�IURP�DQ\�SDUW�RI�WKH�KDUG�GLVN��UDQGRP�DFFHVV����
7KH�DFFHVV�VSHHG�LV�DERXW������.%�SHU�VHFRQG����

�
)/233<�',6.6���

�
)ORSS\�GLVNV�DUH�PDJQHWLF�GLVNV��7KH\�DUH�SRUWDEOH��FDQ�EH�PRYHG�EHWZHHQ�
FRPSXWHUV��EXW�KDYH�D� VPDOO� VWRUDJH�FDSDFLW\�� 5HDGLQJ�DQG�ZULWLQJ�GDWD�
IURP�D�IORSS\�GLVN� LV�YHU\�VORZ��7KH�PRVW�FRPPRQ�W\SH�RI�IORSS\�GLVN� LV�WKH�
�����GLVN�WKDW�FDQ�VWRUH�����0E�RI�GDWD�ZKHQ�LW�LV�XVHG�RQ�D�3&��HQRXJK�WR�
VWRUH� DERXW� ���� SDJHV� RI� $�� WH[W��� 2OGHU� GLVNV� ZHUH� ������ RU� ��� LQ� VL]H� EXW�
FRXOG�VWRUH�PXFK�OHVV�GDWD��
$�IORSS\�GLVN�LV�PDQXIDFWXUHG�IURP�D�IOH[LEOH�SODVWLF�GLVN��7KLV�GLVN�LV�FRDWHG�
ZLWK�D�PDJQHWLVDEOH�PDWHULDO��)RU�SURWHFWLRQ�WKH�GLVN� LV�HQFDVHG� LQ�D�SODVWLF�VKHOO��$OO� VL]HV�RI� IORSS\�GLVN�
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KDYH�D�ZULWH�SURWHFW�WDE�EXLOW�LQWR�WKH�VKHOO��,I�WKLV�WDE�LV�VHW�WKHQ�GDWD�FDQ�EH�UHDG�IURP�WKH�GLVN�EXW�QRW�
ZULWWHQ�WR� LW�� 7KH�ZULWH�SURWHFW�WDE�FDQ�EH�XVHG�DV�D�VHFXULW\�PHDVXUH�WR�SUHYHQW� LPSRUWDQW�GDWD�EHLQJ�
GHOHWHG�RU�FKDQJHG�DFFLGHQWDOO\��
0RVW�GLVNV�DUH�QRZ�VROG�DOUHDG\�IRUPDWWHG�IRU�3&
V���
)ORSS\�GLVNV�DUH�XVHIXO�IRU�WUDQVIHUULQJ�GDWD�EHWZHHQ�FRPSXWHUV�DQG�IRU�NHHSLQJ�D�EDFN�XS�RI�VPDOO�ILOHV���
$GYDQWDJHV�GLVDGYDQWDJHV���
7KH\�DUH�HDVLO\�SK\VLFDOO\�GDPDJHG�LI�XQSURWHFWHG�DQG�PDJQHWLF�ILHOGV�FDQ�GDPDJH�WKH�GDWD���
7KH\�DUH�UHODWLYHO\�VORZ�WR�DFFHVV�EHFDXVH�IORSS\�GLVNV�URWDWH�IDU�PRUH�VORZO\�WKDQ�KDUG�GLVNV��DW�RQO\�VL[�
UHYROXWLRQV� SHU� VHFRQG�� DQG� RQO\� VWDUW� VSLQQLQJ�ZKHQ� UHTXHVWHG�� 7KH�DFFHVV� VSHHG� LV� DERXW� ��� .%� SHU�
VHFRQG���
)ORSS\�GLVNV�DUH�XVHG�IRU�WKUHH�PDLQ�SXUSRVHV���

o 7UDQVIHUULQJ�,QIRUPDWLRQ��)LOHV�FDQ�EH�WUDQVIHUUHG�IURP�RQH�FRPSXWHU�WR�DQRWKHU�XVLQJ�D�IORSS\�GLVN��
7KLV� LV�SRVVLEOH�EHFDXVH� IORSS\�GLVNV�DUH�SRUWDEOH��8QIRUWXQDWHO\� WKH� VPDOO� VWRUDJH�FDSDFLW\�RI�D�
IORSS\�GLVN�PHDQV�WKDW�ODUJH�ILOHV�FDQ�QRW�HDVLO\�EH�WUDQVIHUUHG�WKLV�ZD\����

o %DFNXSV� �)ORSS\�GLVNV�FDQ�EH�XVHG�WR�PDNH�H[WUD�FRSLHV� �EDFNXSV��RI� ILOHV� WKDW�DUH�VWRUHG�RQ�D�
FRPSXWHU
V�KDUG�GLVN�� ,I� WKH�FRS\�RI�D� ILOH�RQ� WKH�KDUG�GLVN� LV� ORVW�RU�FRUUXSWHG� WKDQ� WKH�EDFNXS�
FRS\�FDQ�EH�XVHG�LQVWHDG�VR�WKH�ILOH�LV�QRW�ORVW��,QFUHDVLQJO\�RWKHU�PHGLD�VXFK�DV�PDJQHWLF�WDSHV�
RU�RSWLFDO�GLVNV�DUH�EHLQJ�XVHG�LQVWHDG�RI�IORSS\�GLVNV�WR�VWRUH�EDFNXS�ILOHV��7KLV�LV�EHFDXVH�WKH\�DUH�
IDVWHU�DW�UHDGLQJ�DQG�ZULWLQJ�GDWD�DQG�KDYH�PXFK�JUHDWHU�VWRUDJH�FDSDFLWLHV����

o 'LVWULEXWLQJ� 6RIWZDUH� � 6RIWZDUH� LV� RIWHQ� GLVWULEXWHG� �VROG�� RQ� IORSS\� GLVNV�� $� SDFNDJH� PD\� EH�
VXSSOLHG�RQ�XS�WR�WKLUW\�IORSS\�GLVNV��&'�520V�DUH�QRZ�D�PRUH�FRPPRQ�PHGLXP�IRU�GLVWULEXWLQJ�
VRIWZDUH� EHFDXVH� DQ� HQWLUH� SDFNDJH� FDQ� EH� VWRUHG� RQ� RQH� &'�520� DQG� D� &'�520� LV� OHVV�
YXOQHUDEOH�WR�SK\VLFDO�GDPDJH����

�
6RPH�KDUGZDUH�FRPSDQLHV�QRZ�SURGXFH�VWRUDJH�GHYLFHV�ZKLFK�DUH�YHU\�VLPLODU�WR�IORSS\�GLVNV�EXW�FDQ�
VWRUH����0E�RU�HYHQ���*E�RI�GDWD��7KHVH�GHYLFHV�DUH�DOVR�PXFK�IDVWHU�WKDQ�VWDQGDUG�IORSS\�GLVN�GULYHV��
=,3�$1'�-$=�GULYHV�DUH�VLPLODU�WR� IORSS\�GULYHV�EHFDXVH�WKH� LQGLYLGXDO�GLVNV�DUH� UHPRYDEOH�DQG�SRUWDEOH�
EXW�WKH\�KROG�PXFK�ODUJHU�DPRXQWV�RI�GDWD��W\SLFDOO\�EHWZHHQ�����0%�DQG���*%���
�

0$*1(7,&�7$3(6�
�
0DJQHWLF�WDSH�FRPHV�LQ�WZR�GLIIHUHQW�IRUPV���
5HHOV� �/DUJH�UHHOV�RI�WDSH������LQFK�ZLGH�DQG������IHHW�ORQJ��ZKLFK�PXVW�EH�
ORDGHG� LQWR� D� UHHO�WR�UHHO� WDSH� GULYH�� 7KLV� W\SH� RI� WDSH� LV� XVXDOO\� XVHG� E\�
PDLQIUDPH�FRPSXWHUV����
&DUWULGJHV� �7KH�WDSH�LV�VXSSOLHG�LQ�D�VPDOO�FDUWULGJH�UDWKHU�OLNH�D�PXVLF�WDSH��
7KH�WDSH�LV�W\SLFDOO\�����LQFK�ZLGH�DQG�����IHHW�ORQJ��7KLV�W\SH�RI�WDSH�LV�XVHG�
RQ� 3&V� �PLFURFRPSXWHUV�� DQG� WKH� GHYLFH� XVHG� WR� UHDG�ZULWH� WKH� WDSHV� LV�
FDOOHG�D�WDSH�VWUHDPHU��7KH�SLFWXUH�EHORZ� LV�RI�D�WDSH�VWUHDPHU� IRU�D�3&��&DSDFLWLHV�RI�FDUWULGJHV�YDU\�
IURP���*E�WR����*E����
7KH� VWRUDJH� FDSDFLWLHV� RI� WDSH� FDUWULGJHV� DUH� QRZ� VR� JUHDW� WKDW� UHHOV� RI� WDSH� DUH� QRW� XVHG� LQ� QHZ�
FRPSXWHU�V\VWHPV��
$�FRPSXWHU�WDSH�LV�GLYLGHG�XS�LQWR�PDQ\�EORFNV��$�EORFN�RQ�D�WDSH�LV�OLNH�D�VHFWRU�RQ�D�GLVN��7R�UHDG�GDWD�
IURP�D�SDUWLFXODU�EORFN�RQ�WKH�WDSH�DOO�RI�WKH�EORFNV�WKDW�FRPH�EHIRUH�LW�PXVW�EH�UHDG�ILUVW��7KLV�PHDQV�WKDW�
ILQGLQJ�D�SDUWLFXODU�ILOH�UHFRUG�RQ�D�WDSH�FDQ�WDNH�PXFK�ORQJHU�WKDQ�ILQGLQJ�D�SDUWLFXODU�ILOH�UHFRUG�RQ�D�
GLVN��+RZHYHU�RQFH�WKH�ILOH�RU�UHFRUG�KDV�EHHQ�ORFDWHG�LW�FDQ�EH�UHDG�PRUH�TXLFNO\�IURP�D�WDSH�WKDQ�LQ�
FRXOG� EH� IURP� D� KDUG� GLVN�� +DYLQJ� WR� UHDG� WKURXJK� DOO� RI� WKH� ILOHV�UHFRUGV� WKDW� DUH� VWRUHG� EHIRUH� WKH�
ILOH�UHFRUG�\RX�ZDQW�WR�DFFHVV�LV�NQRZQ�DV�VHULDO�DFFHVV���
2IWHQ�ILOHV�RU�UHFRUGV�DUH�VWRUHG�RQ�D�WDSH�LQ�D�SDUWLFXODU�RUGHU��H�J��VRUWHG�DOSKDEHWLFDOO\�E\�D�NH\�ILHOG���
,I� WKLV� LV� WKH�FDVH� WKHQ� WKH� WDSH� LV�GHVFULEHG�DV�KDYLQJ� VHTXHQWLDO�DFFHVV��%HFDXVH� ORFDWLQJ�GDWD�RQ�D�
WDSH�WDNHV�D�ORQJ�WLPH��PDJQHWLF�WDSHV�DUH�QRW�XVHG�DV�JHQHUDO�SXUSRVH�VWRUDJH�GHYLFHV��7KH\�DUH�RQO\�
XVHIXO�IRU�D�IHZ�DSSOLFDWLRQV��7KH�WZR�PDLQ�DSSOLFDWLRQV�WDSH�LV�XVHG�IRU�DUH���
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o %DFNXS��2IWHQ�D�WDSH�VWUHDPHU�LV�XVHG�WR�PDNH�FRSLHV�RI�GDWD�VWRUHG�RQ�D�KDUG�GLVN�LQ�FDVH�WKH�
GDWD�EHFRPHV�FRUUXSWHG��,I�WKLV�KDSSHQV�WKHQ�WKH�FRUUHFW�GDWD�FDQ�EH�UHVWRUHG�IURP�WKH�WDSH��$�
EDFNXS�FRS\�RI�WKH�FRQWHQWV�RI�WKH�KDUG�GLVN�FRXOG�EH�PDGH�RQFH�HYHU\�ZHHN��7DSHV�DUH�PRUH�
VXLWDEOH�IRU�PDNLQJ�EDFNXSV�WKDQ�IORSS\�GLVNV�RU�&'�520V��7KLV�LV�EHFDXVH�WKH�HQWLUH�FRQWHQWV�RI�D�
KDUG�GLVN�FDQ�EH�ZULWWHQ�RQWR�RQH�WDSH��SURGXFLQJ�WKH�EDFNXS�ZLOO�EH�PXFK�TXLFNHU�DQG�WDSHV�
DUH�FKHDSHU� WR�EX\�� ,W�GRHV�QRW�PDWWHU� WKDW� WDSHV�DUH�VHULDO�DFFHVV�EHFDXVH�ZKHQ�D�EDFNXS� LV�
PDGH�RU�UHVWRUHG�HYHU\�ILOH�RQ�WKH�WDSH�KDV�WR�EH�DFFHVVHG������

o %DWFK�3URFHVVLQJ��,Q�D�EDWFK�SURFHVVLQJ�V\VWHP�ZKHQ�SURFHVVLQJ�RFFXUV�WKH�ZKROH�PDVWHU�ILOH�DQG�
WKH�ZKROH� WUDQVDFWLRQ� ILOH� DUH� UHDG� WR� SURGXFH�D� QHZ�PDVWHU� ILOH�� %HFDXVH� WKH�PDVWHU� ILOH� DQG�
WUDQVDFWLRQ�ILOH�DUH�ERWK�VRUWHG�LQWR�WKH�VDPH�RUGHU�WKH�GDWD�FDQ�EH�UHDG�VHTXHQWLDOO\�IURP�HDFK�
ILOH��$�EDWFK�SURFHVVLQJ�V\VWHP�GRHV�QRW�KDYH�WR�PRYH�EDFNZDUGV�DQG�IRUZDUGV�WKURXJK�D�WDSH�
ORRNLQJ�IRU�UHFRUGV��7KH�V\VWHP�LV�GHVLJQHG�VR�WKDW�WKH�QH[W�UHFRUG�WR�EH�UHDG�LV�VWRUHG�LPPHGLDWHO\�
DIWHU�WKH�FXUUHQW�UHFRUG�RQ�WKH�WDSH��7KHUHIRUH�XVLQJ�D�VHULDO�DFFHVV�PHGLXP�LQVWHDG�RI�D�GLUHFW�
DFFHVV�PHGLXP�ZLOO� QRW� VORZ�GRZQ�SURFHVVLQJ�� 7DSHV�DUH�SUHIHUUHG� WR�GLVNV� LQ�EDWFK�SURFHVVLQJ�
V\VWHPV�GXH�WR�WKHLU�UHODWLYH�ORZ�FRVWV�DQG�IDVW�UHDG�ZULWH�VSHHGV������

8VHV���
0DJQHWLF�WDSH�FDQ�EH�XVHG�IRU�SHUPDQHQW�VWRUDJH��7DSHV�DUH�RIWHQ�XVHG�WR�PDNH�D�FRS\�RI�KDUG�GLVNV�
IRU�EDFN�XS��VHFXULW\��UHDVRQV��7KLV�LV�DXWRPDWLFDOO\�GRQH�RYHUQLJKW�RQ�WKH�./%�QHWZRUN�DQG�WKH�WDSHV�DUH�
NHSW�LQ�D�VDIH�SODFH�DZD\�IURP�WKH�FRPSXWHU����
$GYDQWDJHV�GLVDGYDQWDJHV���
$FFHVVLQJ�GDWD�LV�YHU\�VORZ�DQG�\RX�FDQQRW�JR�GLUHFWO\�WR�DQ�LWHP�RI�GDWD�RQ�WKH�WDSH�DV�\RX�FDQ�ZLWK�D�
GLVN��,W�LV�QHFHVVDU\�WR�VWDUW�DW�WKH�EHJLQQLQJ�RI�WKH�WDSH�DQG�VHDUFK�IRU�WKH�GDWD�DV�WKH�WDSH�JRHV�SDVW�WKH�
KHDGV��VHULDO�DFFHVV����
0DJQHWLF�WDSH�LV�UHODWLYHO\�FKHDS�DQG�WDSH�FDVVHWWHV�FDQ�VWRUH�YHU\�ODUJH�TXDQWLWLHV�RI�GDWD��W\SLFDOO\����
*%����
([WUD�LQIRUPDWLRQ���
-XVW�OLNH�WKH�WDSH�LQ�D�WDSH�UHFRUGHU��WKH�GDWD�LV�ZULWWHQ�WR�RU�UHDG�IURP�WKH�WDSH�DV�LW�SDVVHV�WKH�PDJQHWLF�
KHDGV���

�
237,&$/�',6.6���

�
2SWLFDO�GLVNV�VWRUH�GDWD�E\�FKDQJLQJ�WKH�UHIOHFWLYH�SURSHUWLHV�RI�D�SODVWLF�GLVN��%LQDU\�FRPSXWHU�GDWD���V�
DQG��V��DUH�UHSUHVHQWHG�E\�WKH�ZD\�WKH�GLVN�UHIOHFWV�OLJKW�ZKHQ�D�ORZ�SRZHU�ODVHU�LV�VKRQH�DW�LW��$���VWRUHG�
RQ�D�GLVN�UHIOHFWV�OLJKW�GLIIHUHQWO\�WR�D���VWRUHG�RQ�D�GLVN��
/LNH� IORSS\� GLVNV�� RSWLFDO� GLVNV� FDQ� EH�PRYHG� IURP� RQH� FRPSXWHU� WR� DQRWKHU�� 7KH\� KDYH�PXFK� ODUJHU�
VWRUDJH�FDSDFLWLHV�WKDQ�IORSS\�GLVNV�EXW�FDQ�QRW�VWRUH�DV�PXFK�GDWD�DV�D�KDUG�GLVN��'DWD�FDQ�EH�UHDG�
IURP�DQ�RSWLFDO�GLVN�PRUH�TXLFNO\�WKDQ�IURP�D�IORSS\�GLVN�EXW�KDUG�GLVNV�DUH�PXFK�TXLFNHU��$V�ZLWK�D�KDUG�
GLVN�WKH�GULYH�KHDG�LQ�DQ�RSWLFDO�GULYH�FDQ�PRYH�GLUHFWO\�WR�DQ\�ILOH�RQ�WKH�GLVN�VR�RSWLFDO�GLVNV�DUH�GLUHFW�
DFFHVV��
7KHUH�DUH�ILYH�W\SHV�RI�RSWLFDO�GLVNV�WKDW�DUH�FXUUHQWO\�LQ�XVH��7KH\�DUH���
&'�520�&RPSDFW�'LVN���5HDG�2QO\�0HPRU\��
7KLV�LV�E\�IDU�WKH�PRVW�ZLGHO\�XVHG�W\SH�RI�RSWLFDO�GLVN��$�&'�520�GLVN�FDQ�VWRUH�XS�WR��������0E�RI�GDWD��
7KH�GDWD�LV�ZULWWHQ�RQWR�WKH�&'�520�GLVN�EHIRUH�LW�LV�VROG�DQG�FDQ�QRW�EH�FKDQJHG�E\�WKH�XVHU��%HFDXVH�
RI�WKLV�&'�520V�DUH�RIWHQ�GHVFULEHG�DV�:ULWH�2QFH�5HDG�0DQ\�WLPHV��:250��GLVNV��&'�520V�DUH�XVHG�
IRU�DSSOLFDWLRQV�VXFK�DV�GLVWULEXWLQJ�VRIWZDUH��GLJLWDO�YLGHRV�RU�PXOWLPHGLD�SURGXFWV��7KH\�DUH�DOVR�NQRZQ�
DV� RSWLFDO� GLVNV� EHFDXVH� WKH� GDWD� LV� UHDG� E\� D� ODVHU� EHDP� UHIOHFWLQJ� RU� QRW� UHIOHFWLQJ� IURP� WKH� GLVN�
VXUIDFH�� /LNH�D� IORSS\�GLVN��D�&'�520�RQO\� VWDUWV� VSLQQLQJ�ZKHQ� UHTXHVWHG�DQG� LW�KDV� WR� VSLQ�XS� WR� WKH�
FRUUHFW�VSHHG�HDFK�WLPH�LW�LV�DFFHVVHG��,W�LV�PXFK�IDVWHU�WR�DFFHVV�WKDQ�D�IORSS\�EXW�LW�LV�FXUUHQWO\�VORZHU�
WKDQ�D�KDUG�GLVN��D�PRGHUQ���[�VSHHG�&'�520�GULYH�LV����WLPHV�IDVWHU�WKDQ�WKH����.%�SHU�VHFRQG�RI�WKH�
RULJLQDO�VLQJOH�VSHHG�&'�520
V����
&'
V�DUH�DYDLODEOH�LQ���IRUPDWV���
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&'�520
V���520�PHDQV�5HDG�2QO\�0HPRU\�DQG�WKLV�PHDQV�\RX�FDQ�RQO\�UHDG�IURP�WKH�GLVF��QRW�ZULWH�RU�
VWRUH�GDWD�RQWR�LW��7KLV� LV�WKH�PRVW�FRPPRQ�VRUW�RI�&'�DYDLODEOH�DQG�LV�WKH�ZD\�PRVW�VRIWZDUH�SURJUDPV�
DUH�QRZ�VROG���
&'�5� �&RPSDFW�'LVF� �� 5HFRUGDEOH��� $�&'�5�GLVN� FDQ� VWRUH� XS� WR� ���0E�RI�GDWD�� $�&'�5�GLVN� LV� EODQN�
ZKHQ�LW�LV�VXSSOLHG��7KH�XVHU�FDQ�ZULWH�GDWD�WR�LW�MXVW�RQFH��$IWHU�GDWD�KDV�EHHQ�ZULWWHQ�WR�WKH�GLVN�LW�FDQ�
QRW�EH�FKDQJHG��$� VSHFLDO�&'�5�GULYH�ZKLFK�FRQWDLQV�D�KLJKHU�SRZHUHG� ODVHU� WKDQ�D�&'�520�GULYH� LV�
UHTXLUHG�WR�ZULWH�WR�WKH�GLVN��&'�5V�DUH�RIWHQ�XVHG�IRU�PDNLQJ�SHUPDQHQW�EDFNXSV�RI�GDWD�DQG�GLVWULEXWLQJ�
VRIWZDUH�ZKHQ�RQO\�D�VPDOO�QXPEHU�RI�FRSLHV�DUH�UHTXLUHG���
WKHVH�&'V�DUH� LQLWLDOO\�EODQN�EXW�\RX�FDQ�XVH�D� VSHFLDO� UHDG�ZULWH�&'�GULYH�XQLW� WR� VWRUH�SURJUDPV�DQG�
GDWD�RQWR�WKH�GLVF�EXW�WKH\�FDQ�RQO\�EH�ZULWWHQ�WR�RQFH���
&'�5:��&RPSDFW�'LVF���5HZULWHDEOH���$�&'�5:�GLVN�FDQ�VWRUH�XS�WR��������0E�RI�GDWD��&'�5:�GLVNV�FDQ�
EH�UHDG�IURP�DQG�ZULWWHQ�WR�MXVW�OLNH�D�KDUG�GLVN��&'�5:V�FDQ�EH�XVHG�IRU�DQ\�DSSOLFDWLRQ�WKDW�D�KDUG�GLVN�
FDQ�EH�XVHG� IRU�EXW� WKH� WLPH�WDNHQ� WR�DFFHVV�GDWD� LV�PXFK� ORQJHU� WKDQ� WKDW� IRU�D�KDUG�GLVN��&'�5:�� ��
WKHVH�DUH�VLPLODU�WR�WKH�¶5·�W\SH�DERYH�EXW�\RX�FDQ�UHDG��ZULWH�DQG�GHOHWH�ILOHV�IURP�WKH�GLVF�PDQ\�WLPHV��
MXVW�OLNH�D�KDUG�GLVN���
%RWK�&'�520V�DQG�&'�5V�FDQ�EH�UHIHUUHG�WR�DV�:250�GHYLFHV��7KLV� VWDQGV�IRU�:ULWH�2QFH�5HDG�0DQ\�
WLPHV���
'9'�520��'LJLWDO�9HUVDWLOH�'LVN���5HDG�2QO\�0HPRU\���'9'�LV�WKH�QHZ�VWDQGDUG�IRU�RSWLFDO�GLVNV��%\�XVLQJ�
D�VKRUWHU�ZDYHOHQJWK�ODVHU��VWRULQJ�GDWD�RQ�ERWK�VLGHV�RI�WKH�GLVN�DQG�KDYLQJ�PRUH�WKDQ�RQH�OD\HU�RI�GDWD�
RQ�HDFK� VLGH�RI�D�GLVN��'9'�GLVNV�DUH�DEOH� WR� VWRUH�PXFK�PRUH�GDWD� WKDQ�&'�GLVNV�� 7KH�'9'� VWDQGDUG�
LQFOXGHV�GLVN�FDSDFLWLHV�XS�WR���*E��&XUUHQW�'9'�GLVNV�VWRUH�IDU�OHVV�WKDQ�WKLV��'9'�520�GLVNV�FDQ�EH�UHDG�
IURP�EXW�FDQ�QRW�EH�ZULWWHQ� WR�� %HFDXVH�RI� WKHLU� KLJK�FDSDFLW\��'9'�520�GLVNV�DUH�XVHG� WR� VWRUH�KLJK�
TXDOLW\�YLGHR�VXFK�DV�FRPSOHWH�PRYLHV��2IWHQ�H[WUD�GDWD�VXFK�DV�LQIRUPDWLRQ�DERXW�WKH�PDNLQJ�RI�WKH�ILOP�
RU� WKH�DFWRUV�DQG�DFWUHVVHV�ZKR� VWDU� LQ� LW�DUH�DOVR� VWRUHG�RQ� WKH�GLVN��8QOLNH�PRYLHV� UHFRUGHG�RQ� YLGHR�
WDSH�� '9'�520�PRYLHV� FDQ�EH� LQWHUDFWLYH�� 7KH� XVHU� FDQ�PDNH� VHOHFWLRQV� RQ� WKH� VFUHHQ�DQG� FKDQJH�
ZKDW�WKH\�VHH���
'9'�GULYHV�DUH�QRZ�UHSODFLQJ�&'�GULYHV�LQ�FRPSXWHUV�GXH�WR�WKH�KXJH�PHPRU\�FDSDFLW\�RI�WKH�GLVN�DQG�
WKH�KLJK�TXDOLW\�RI�VWRUHG�LPDJHV��$�'9'�VLQJOH�VLGHG��VLQJOH�OD\HU�'9'�FDQ�VWRUH�XS�WR�����*%�RI�GDWD��WKH�
HTXLYDOHQW� RI� ��� &'�5206�� 7KLV� PHDQV� IXOO�PRWLRQ� ILOPV� ZLWK� VRXQG� WUDFNV� DQG� VXEWLWOHV� LQ� PXOWLSOH�
ODQJXDJHV�FDQ�HDVLO\�EH�VWRUHG�RQ�RQH�'9'�GLVN���
$� ILOP� VWRUHG�RQ�D�'9'�KDV� VLJQLILFDQW�DGYDQWDJHV�RYHU�PDJQHWLF�9+6�YLGHR� WDSH�EHFDXVH� WKH�GLJLWDO�
LPDJHV�DQG�VRXQG�WUDFNV�DUH�RI�D�KLJKHU�TXDOLW\�DQG�GR�QRW�GHWHULRUDWH�ZLWK�FRQVWDQW�XVH��7KH�XVHU�FDQ�
DOVR�PRYH�WR�DQ\�SDUW�RI�WKH�ILOP�LPPHGLDWHO\��UDQGRP�DFFHVV����
0XOWL�OD\HU�DQG�GRXEOH�VLGHG�'9'
V�FDQ�KROG�XS�WR���*%�RI�RI�GDWD���
'9'�5:�GULYHV� �ZULWDEOH�GULYHV��DUH� VWLOO� TXLWH�H[SHQVLYH�EXW�PD\�HYHQWXDOO\� UHSODFH�KRPH�&'� V\VWHPV�
DQG�9+6�WDSHV�DV�D�ZD\�RI�UHFRUGLQJ�ILOPV�DQG�PXVLF���
'9'�5$0� �'LJLWDO� 9HUVDWLOH� 'LVN� �� 5DQGRP�$FFHVV�0HPRU\��� '9'�5$0�GLVNV� KDYH�DOO� RI� WKH� EHQHILWV� RI�
'9'�520�GLVNV� DQG� FDQ� EH�ZULWWHQ� WR� DV�ZHOO�� 7KHVH� YHU\� KLJK� FDSDFLW\� GLVNV� DUH� LGHDO� IRU� SURGXFLQJ�
EDFNXSV��,Q�WKH�QH[W�ILYH�\HDUV�WKH\�PD\�UHSODFH�YLGHR�WDSHV�IRU�UHFRUGLQJ�WHOHYLVLRQ�SURJUDPPHV���

�
�

%$&.836���,1752'8&7,21�
1R�RQH� OLNHV� ORVLQJ�GDWD�WKDW� WKH\�KDYH�HQWHUHG� LQWR�D�FRPSXWHU�� /RVW�GDWD� UHSUHVHQWV�D�ZDVWH�RI� WLPH�
DQG� HIIRUW�� )RU� FRPSDQLHV� WKH� ORVV� RI� GDWD� FDQ�EH� HVSHFLDOO\� VHULRXV��0DQ\� FRPSDQLHV� VWRUH� HVVHQWLDO�
LQIRUPDWLRQ� VXFK� DV� FXVWRPHU� DFFRXQWV� RU� VWRFN� GDWDEDVHV� RQ� FRPSXWHU�� /RVV� RU� FRUUXSWLRQ� RI� WKLV�
LQIRUPDWLRQ�FRXOG�FRVW�D�FRPSDQ\�D�ORW�RI�PRQH\��
,I�GDWD�LV�YHU\�LPSRUWDQW�WKHQ�DSSURSULDWH�VHFXULW\�PHDVXUHV�VKRXOG�EH�SXW�LQ�SODFH�WR�WU\�DQG�DYRLG�DQ\�
GDWD�ORVV�RU�FRUUXSWLRQ��+RZHYHU�SUREOHPV�FDQ�VWLOO�RFFXU���

� $Q� HPSOR\HH� FRXOG� DFFLGHQWDOO\� GHOHWH� D� ILOH� RU� D� VWRUDJH� GHYLFH� FRXOG� IDLO� UHVXOWLQJ� LQ� GDWD�
EHLQJ�FRPSOHWHO\�ORVW���

� 'DWD�FRXOG�EH�FKDQJHG�DFFLGHQWDOO\��)RU�H[DPSOH�DQ�HPSOR\HH�PD\�LQFRUUHFWO\�XSGDWH�D�VHW�RI�
UHFRUGV�LQ�D�GDWDEDVH��$�YLUXV�FRXOG�GHOLEHUDWHO\�FKDQJH�WKH�FRQWHQWV�RI�D�ILOH���
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7KHUHIRUH�H[WUD�FRSLHV�RI�LPSRUWDQW�GDWD�VKRXOG�EH�PDGH�RQ�D�UHJXODU�EDVLV��7KHVH�FRSLHV�DUH�NQRZQ�DV�
EDFNXSV�� ,I� WKH� RULJLQDO� ILOHV� EHFRPH� FRUUXSW� WKHQ� WKH� GDWD� FDQ� EH� UHVWRUHG� IURP� D� EDFNXS� FRS\�� $�
FRPSDQ\�VKRXOG�KDYH�D�EDFNXS�VWUDWHJ\�ZKLFK�VHWV�RXW�KRZ�EDFNXSV�ZLOO�EH�PDGH��
�
%$&.83�675$7(*,(6�
$�EDFNXS�VWUDWHJ\�LV�D�SODQ�ZKLFK�GHWDLOV�KRZ�EDFNXSV�ZLOO�EH�PDGH�DQG�KRZ�GDWD�ZLOO�EH�UHVWRUHG�LQ�WKH�
HYHQW� RI� D� V\VWHP� IDLOXUH�� 7KHUH� DUH� PDQ\� LPSRUWDQW� IDFWRUV� WKDW� VKRXOG� EH� FRQVLGHUHG� LQ� D� EDFNXS�
VWUDWHJ\��7KHVH�LQFOXGH���
�

�� +RZ�RIWHQ�VKRXOG�GDWD�EH�EDFNXS�XS�"��
�� :KHQ�VKRXOG�GDWD�EH�EDFNHG�XS�"��
�� :KDW�VWRUDJH�PHGLXP�VKRXOG�WKH�EDFNXSV�EH�VWRUHG�RQ�"��
�� :KHUH�VKRXOG�EDFNXSV�EH�VWRUHG�"��
�� :KR�ZLOO�FDUU\�RXW�WKH�EDFNXS�SURFHGXUH�"��
�� :KDW�ZLOO�KDSSHQ�LI�GDWD�LV�ORVW�"��
�� +RZ�PDQ\�FRSLHV�WR�NHHS�"��
�� +RZ�RIWHQ�VKRXOG�GDWD�EH�EDFNXS�XS�"�

�
��� +RZ�RIWHQ�VKRXOG�GDWD�EH�EDFNXS�XS�"�

�
,I�D�ILOH�LV�FRUUXSWHG�DQG�\RX�UHVWRUH�WKH�ILOH�IURP�D�EDFNXS�FRS\�WKHQ�VRPH�GDWD�PD\�VWLOO�EH�ORVW��7KLV� LV�
WKH�GDWD�WKDW�ZDV�DGGHG�WR�WKH�ILOH�VLQFH�WKH�EDFNXS�ZDV�PDGH��,I�EDFNXSV�DUH�PDGH�RQFH�D�ZHHN�WKHQ�
D�ZKROH�ZHHN
V�ZRUN�FRXOG�EH�ORVW��2Q�WKH�RWKHU�KDQG�LI�EDFNXSV�DUH�PDGH�RQFH�D�GD\�WKHQ�RQO\�D�GD\
V�
ZRUN�ZRXOG�EH�ORVW��%DFNXSV�VKRXOG�WKHUHIRUH�EH�PDGH�DV�UHJXODUO\�DV�SRVVLEOH��
8QIRUWXQDWHO\�EDFNXSV�FRVW�PRQH\�WR�SURGXFH��6WRUDJH�PHGLD�PXVW�EH�SXUFKDVHG�DQG�VWDII�WLPH�LV�WDNHQ�
XS��7KHUHIRUH�D�EDODQFH�KDV�WR�EH�VWUXFN�EHWZHHQ�PDNLQJ�EDFNXSV�YHU\�IUHTXHQWO\�DQG�NHHSLQJ�EDFNXS�
FRVWV�GRZQ��
$V�D�JHQHUDO� UXOH� ILOHV�ZKLFK�FKDQJH� IUHTXHQWO\�VKRXOG�EH�EDFNHG�XS�RIWHQ�ZKHUHDV� ILOHV�ZKLFK�GR�QRW�
FKDQJH�YHU\�PXFK�FDQ�EH�EDFNHG�XS�OHVV�IUHTXHQWO\��
�

��� :KHQ�VKRXOG�GDWD�EH�EDFNHG�XS�"�
�
%DFNLQJ� XS� GDWD� FDQ� WLH� XS� D� FRPSXWHU� VR� WKDW� LW� FDQ� QRW� EH� XVHG� ZKLOVW� WKH� EDFNXS� LV� LQ� SURJUHVV��
7KHUHIRUH�EDFNXSV�DUH�XVXDOO\�PDGH�RYHUQLJKW�RU�DW�ZHHNHQGV�ZKHQ�D�FRPSXWHU�V\VWHP�LV�OHVV�OLNHO\�WR�EH�
LQ�XVH��
�

��� :KDW�VWRUDJH�PHGLXP�VKRXOG�WKH�EDFNXSV�EH�VWRUHG�RQ�"�
�
7KHUH�DUH�D�YDULHW\�RI�GLIIHUHQW�VWRUDJH�PHGLD�WKDW�EDFNXSV�FDQ�EH�VWRUHG�RQ��7KHVH� LQFOXGH�PDJQHWLF�
DQG� RSWLFDO� GLVNV� DQG�PDJQHWLF� WDSHV�� 7KH� EHVW� PHGLXP� WR� XVH� LQ� D� SDUWLFXODU� VLWXDWLRQ� ZLOO� SUREDEO\�
GHSHQG� XSRQ� WKH� YROXPH� RI� GDWD� WR� EH� EDFNHG� XS� DQG� WKH� VSHHG� DW� ZKLFK� WKH� EDFNXS� PXVW� EH�
SHUIRUPHG��
�

� )ORSS\�'LVNV� ��2QO\�VXLWDEOH�IRU�EDFNLQJ�XS�VPDOO�DPRXQWV�RI�GDWD������0E��DQG�YHU\�VORZ��6RPH�
KLJK�FDSDFLW\� IORSS\�GLVNV�ZKLFK�FDQ� VWRUHG�XS� WR� ���0E�DUH� NQRZ�DYDLODEOH�� 7KHVH�FDQ� VWRUH�
PRUH�GDWD�EXW�DUH�VWLOO�UHODWLYHO\�VORZ���

� 2SWLFDO�'LVNV���2SWLFDO�GLVNV�VXFK�DV�&'�5:V�FDQ�EDFN�XS�PXFK�PRUH�GDWD�WKDQ�IORSS\�GLVNV�EXW�
QRW�DV�PXFK�GDWD�DV�D� WDSH�� 7\SLFDO�FDSDFLWLHV�DUH�DURXQG����0E�� 7KH\�DUH�PXFK� IDVWHU� WKDQ�
IORSS\�GLVNV�EXW�QRW�DV�IDVW�DV�PDJQHWLF�WDSHV�LQ�PRVW�FLUFXPVWDQFHV���

� 0DJQHWLF�7DSHV���7KHVH�DUH�VXLWDEOH�IRU�EDFNLQJ�XS�ODUJH�YROXPHV�RI�GDWD��WHQV�RI�JLJDE\WHV���7KH�
EDFNXSV�FDQ�EH�SHUIRUPHG�YHU\�TXLFNO\��7DSHV�DUH�YHU\�FKHDS�WR�EX\�EXW� WKH� LQLWLDO�FRVW�RI� WKH�
KDUGZDUH�UHTXLUHG�FDQ�EH�KLJK���

�
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�� :KHUH�VKRXOG�EDFNXSV�EH�VWRUHG�"�
�
7KHUH�LV�QR�SRLQW�LQ�PDNLQJ�D�EDFNXS�FRS\�LI�WKH�EDFNXS�PD\�EH�GDPDJHG��7KHVH�JXLGHOLQHV�VKRXOG�EH�
IROORZHG�WR�HQVXUH�WKDW�EDFNXSV�DUH�VWRUHG�VDIHO\���
�
6WRUH�DW�OHDVW�RQH�EDFNXS�DW�D�VLWH�DZD\�IURP�WKH�PDLQ�FRPSXWHU�V\VWHP��,I�WKH�PDLQ�V\VWHP�LV�GDPDJHG�
E\�D�QDWXUDO�GLVDVWHU�VXFK�DV�D�ILUH�WKHQ�WKH�RII�VLWH�EDFNXS�ZLOO�EH�VDIH��$Q\�EDFNXSV�NHSW�RQ�VLWH�PD\�EH�
GHVWUR\HG���
&RQWURO�DFFHVV�WR�EDFNXSV�VR�WKDW�XQDXWKRULVHG�SHUVRQQHO�FDQ�QRW�UHPRYH�WKHP�RU�VWHDO�GDWD�IURP�WKHP���
.HHS�EDFNXSV�LQ�D�FOHDQ��GXVW�IUHH�HQYLURQPHQW�VR�WKDW�WKH�PHGLXP�WKDW�WKH�EDFNXSV�DUH�VWRUHG�RQ�ZLOO�
QRW�EH�GDPDJHG���
�

�� :KR�ZLOO�FDUU\�RXW�WKH�EDFNXS�SURFHGXUH�"�
�
,Q�D�VPDOO�FRPSDQ\�HDFK�HPSOR\HH�PD\�PDNH�KLV�RU�KHU�RZQ�EDFNXSV��,Q�D�ODUJHU�RUJDQLVDWLRQ�KRZHYHU�
WKH�WDVN�RI�SURGXFLQJ�EDFNXSV�ZLOO�XVXDOO\�EH�SHUIRUPHG�E\�RQH�VHOHFWHG�LQGLYLGXDO��7KLV�LQGLYLGXDO�FDQ�EH�
SURSHUO\� WUDLQHG� LQ� XVLQJ� WKH�EDFNXS�SURFHGXUH� DQG� FDQ� NHHS�DFFXUDWH� UHFRUGV� RI� WKH� EDFNXSV� WKDW�
KDYH�EHHQ�PDGH��
�

�� :KDW�ZLOO�KDSSHQ�LI�GDWD�LV�ORVW�"�
�
,I�GDWD�LV�ORVW�WKHQ�LW�ZLOO�KDYH�WR�EH�UHVWRUHG�IURP�WKH�EDFNXS��$�GLVDVWHU�UHFRYHU\�SODQ�VKRXOG�EH�LQ�SODFH�
ZKLFK�GHVFULEHV�KRZ�WKH�GDWD�ZLOO�EH�UHVWRUHG��
�

�� +RZ�PDQ\�FRSLHV�WR�NHHS�"�
�
,W�LV�D�JRRG�LGHD�WR�PDNH�PRUH�WKDQ�RQH�EDFNXS�FRS\��7KLV�JLYHV�\RX�WKH�H[WUD�DVVXUDQFH�WKDW�LI�D�ILOH�LV�
FRUUXSW�DQG�WKH�EDFNXS�LV�DOVR�FRUUXSW�WKHQ�\RX�KDYH�DQRWKHU�EDFNXS�ZKLFK�PD\�VWLOO�EH�RSHUDWLRQDO���
�

�� +RZ�PDQ\�FRSLHV�WR�NHHS�"�
�
,W�LV�D�JRRG�LGHD�WR�PDNH�PRUH�WKDQ�RQH�EDFNXS�FRS\��7KLV�JLYHV�\RX�WKH�H[WUD�DVVXUDQFH�WKDW�LI�D�ILOH�LV�
FRUUXSW�DQG�WKH�EDFNXS�LV�DOVR�FRUUXSW�WKHQ�\RX�KDYH�DQRWKHU�EDFNXS�ZKLFK�PD\�VWLOO�EH�RSHUDWLRQDO���
�

%$&.836�%<�7<3(�2)�352&(66,1*�
�

2IWHQ�WKH�PHWKRG�XVHG�WR�PDNH�EDFNXSV�ZLOO�GHSHQG�XSRQ�WKH�W\SH�RI�SURFHVVLQJ�WKDW�LV�EHLQJ�FDUULHG�
RXW���

%DFNXSV�E\�7\SH�RI�3URFHVVLQJ�
%DWFK�3URFHVVLQJ� �%DFNXSV�DUH�NHSW�XVLQJ�WKH�$QFHVWUDO�RU�*UDQGIDWKHU�)DWKHU�6RQ�V\VWHP�� �
7UDQVDFWLRQ�
3URFHVVLQJ� �3HULRGLFDOO\�D�FRS\�RI�WKH�PDVWHU�ILOH�FDOOHG�D�ILOH�GXPS�LV�PDGH��5HFHQW�

WUDQVDFWLRQV�DUH�VWRUHG�LQ�D�WUDQVDFWLRQ�ORJ�ILOH�� �
5HDO�WLPH�
3URFHVVLQJ� �$�ORW�RI�EDFNXS�KDUGZDUH�LV�HPSOR\HG�WR�UHGXFH�WKH�ULVN�RI�IDLOXUH�� �

�
$�EDFNXS�LV�QRW�WKH�VDPH�WKLQJ�DV�DQ�DUFKLYH��$Q�DUFKLYH�LV�D�ILOH�FRQWDLQLQJ�ROG�GDWD�ZKLFK�LV�QR�ORQJHU�
XVHG�EXW�ZKLFK�PXVW�EH�NHSW��$UFKLYH�ILOHV�DUH�RIWHQ�NHSW�XQGHU�WKH�VDPH�FRQGLWLRQV�DV�EDFNXSV��

�
7KH�PHWKRG�XVHG�WR�EDFNXS�GDWD�LV�RIWHQ�GHWHUPLQHG�E\�WKH�W\SH�RI�SURFHVVLQJ�WKDW�D�FRPSXWHU�V\VWHP�
LV�FDUU\LQJ�RXW��'LIIHUHQW�EDFNXS�VWUDWHJLHV�DUH�DSSURSULDWH�IRU�EDWFK��WUDQVDFWLRQ�DQG�UHDO�WLPH�V\VWHPV��
�
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%$&.836�,1�%$7&+�352&(66,1*�6<67(06�
,Q�D�EDWFK�SURFHVVLQJ� V\VWHP� WKH�)LOH�*HQHUDWLRQ�RU�
*UDQGIDWKHU�)DWKHU�6RQ� EDFNXS� PHWKRG� LV� XVHG��
5HPHPEHU� WKDW� LQ� D� EDWFK� SURFHVVLQJ� V\VWHP� DOO�
WUDQVDFWLRQV� DUH� HQWHUHG� LQWR� D� WUDQVDFWLRQ� ILOH�� 7KLV�
ILOH� LV� WKHQ�XVHG� WR�XSGDWH� WKH�FXUUHQW�PDVWHU� ILOH� WR�
SURGXFH�D�QHZ�XSGDWHG�PDVWHU�ILOH��
:KHQ�SURFHVVLQJ�WDNHV�SODFH�WKH�PDVWHU�ILOH�LV�NQRZQ�
DV� WKH� IDWKHU� ILOH�� 3URFHVVLQJ� WKH� IDWKHU� ILOH�ZLWK� WKH�
WUDQVDFWLRQ�ILOH�SURGXFHV�WKH�QHZ�PDVWHU�ILOH�ZKLFK�LV�
NQRZQ�DV�WKH�VRQ�ILOH���
7KH� IDWKHU� ILOH� DQG� WUDQVDFWLRQ� ILOH� DUH� VWRUHG�
VHFXUHO\�� ,I� WKH� VRQ� ILOH� EHFRPHV� FRUUXSW� WKH� IDWKHU�
ILOH�FDQ�EH�SURFHVVHG�ZLWK�WKH�WUDQVDFWLRQ�ILOH�DJDLQ�
WR� UHSURGXFH� WKH� VRQ� ILOH�� ,Q� WKLV�ZD\� WKH� IDWKHU� ILOH�
DQG�LWV�DVVRFLDWHG�WUDQVDFWLRQ�ILOH�DFW�DV�D�EDFNXS�RI�
WKH�VRQ�ILOH���
$Q� ROGHU� FRS\� RI� WKH� PDVWHU� ILOH� FDOOHG� WKH�
JUDQGIDWKHU� ILOH� LV� DOVR� NHSW�� ,I� WKH� VRQ� ILOH� DQG� WKH�
IDWKHU�ILOH�DUH�ERWK�FRUUXSWHG�WKHQ����
�
7KH� JUDQGIDWKHU� ILOH� DQG� LWV� DVVRFLDWHG� WUDQVDFWLRQ�
ILOH�FDQ�EH�SURFHVVHG�WR�UHFUHDWH�WKH�IDWKHU�ILOH���
7KH� UHFUHDWHG� IDWKHU� ILOH�DQG� LWV� WUDQVDFWLRQ� ILOH�FDQ�
WKHQ�EH�XVHG�WR�UHFUHDWH�WKH�VRQ�ILOH���
(YHU\� WLPH� SURFHVVLQJ� RFFXUV� WKH� WDSHV� DUH�PRYHG�
EDFN�RQH�JHQHUDWLRQ��6R�WKH�IDWKHU�ILOH�EHFRPHV�WKH�

JUDQGIDWKHU�ILOH�DQG�WKH�VRQ�ILOH�EHFRPHV�WKH�IDWKHU�ILOH��7KH�ROG�JUDQGIDWKHU�ILOH�LV�HUDVHG�WR�EH�UHXVHG���
�
%$&.836�,1�75$16$&7,21�352&(66,1*�6<67(06�
%DFNXSV� IRU� D� WUDQVDFWLRQ� SURFHVVLQJ� V\VWHP� DUH� SURGXFHG� LQ� D� GLIIHUHQW� ZD\� WR� WKRVH� IRU� D� EDWFK�
SURFHVVLQJ�V\VWHP��$W� WKH�HQG�RI�HDFK�WLPH�SHULRG�D�EDFNXS�FRS\�RI� WKH�PDVWHU� ILOH� LV�PDGH��7KH�WLPH�
SHULRG�EHWZHHQ�HDFK�EDFNXS�FRXOG�EH�D�GD\�RU�D�ZHHN��0DNLQJ�D�FRPSOHWH�FRS\�RI�WKH�PDVWHU�ILOH�OLNH�
WKLV�LV�NQRZQ�DV�ILOH�GXPSLQJ��7KH�FRS\�RI�WKH�PDVWHU�ILOH�LV�NQRZQ�DV�D�ILOH�GXPS��(YHU\�WLPH�DQ�DOWHUDWLRQ�
LV� PDGH� WR� WKH�PDVWHU� ILOH�� VLQFH� WKH� ODVW� EDFNXS� ZDV� PDGH�� GHWDLOV� RI� WKH� DOWHUDWLRQ� DUH� VWRUHG� LQ� D�
WUDQVDFWLRQ�ORJ�ILOH��,I�WKH�V\VWHP�EUHDNV�GRZQ�WKHQ�WZR�WKLQJV�KDSSHQ���
7KH�PRVW� UHFHQW� ILOH� GXPS�RI� WKH�PDVWHU� ILOH� LV� UHVWRUHG� WR� UHSODFH� WKH� FRUUXSW� FXUUHQW�PDVWHU� ILOH�� 7KLV�
FRQWDLQV�DOO�RI�WKH�ORVW�GDWD�H[FHSW�DQ\�QHZ�WUDQVDFWLRQV�PDGH�VLQFH�WKH�EDFNXS���
7KH�WUDQVDFWLRQ�ORJ�ILOH�LV�XVHG�WR�XSGDWH�WKH�UHVWRUHG�PDVWHU�ILOH�VR�WKDW�DQ\�WUDQVDFWLRQV�PDGH�VLQFH�WKH�
ILOH�GXPS�ZDV�SURGXFHG�DUH�UHVWRUHG���
%\� IROORZLQJ� WKLV� SURFHVV� QR� GDWD� VKRXOG� EH� ORVW�� ,I� WKHUH� ZDV� QR� WUDQVDFWLRQ� ORJ� ILOH� WKHQ� DOO� RI� WKH�
WUDQVDFWLRQV�VLQFH�WKH�ODVW�ILOH�GXPS�ZRXOG�EH�ORVW��
�
%$&.836�,1�5($/�7,0(�352&(66,1*�6<67(06�
7KH�FRQVHTXHQFHV�RI� IDLOXUH� LQ�PDQ\� UHDO�WLPH� V\VWHPV� �H�J�� IO\LQJ�D�PLVVLOH�SDVVHQJHU�SODQH�� UXQQLQJ�D�
QXFOHDU�SRZHU�VWDWLRQ��DUH�LPPHQVH��7KHUH�LV�QRW�D�ORW�RI�SRLQW�LQ�NHHSLQJ�EDFNXS�FRSLHV�RI�GDWD�LQ�D�UHDO�
WLPH�V\VWHP�DV�WKHUH� LV�XQOLNHO\� WR�EH�WLPH�WR� UHVWRUH�EDFNXSV� LI�DQ\WKLQJ�JRHV�ZURQJ��:KHQ�D� UHDO�WLPH�
V\VWHP�LV�GHYHORSHG�WKH�HPSKDVLV�LV�SODFHG�RQ�HQVXULQJ�WKDW�WKH�V\VWHP�ZLOO�QRW�JR�ZURQJ�UDWKHU�WKDQ�RQ�
GHVLJQLQJ�D�EDFNXS�PHWKRG�WR�UHVWRUH�WKH�V\VWHP�LI�LW�GRHV�JR�ZURQJ���
�
7KHUHIRUH�PRVW�UHDO�WLPH�V\VWHPV�LQFRUSRUDWH�D�ORW�RI�VSDUH�KDUGZDUH��+DYLQJ�PXFK�PRUH�KDUGZDUH�WKDQ�
\RX�QHHG�WR�GR�D� MRE�PHDQV� WKDW� LI� VRPH�KDUGZDUH� IDLOV�\RX�FDQ�FDUU\�RQ�GRLQJ� WKH� MRE��)RU�H[DPSOH�
WKUHH�LGHQWLFDO�FRPSXWHUV�PD\�EH�XVHG�WR�GHFLGH�ZKLFK�GLUHFWLRQ�D�PLVVLOH�VKRXOG�IO\� LQ��7KH�FRPSXWHUV�
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HDFK�KDYH�D��YRWH��RQ�ZKLFK�GLUHFWLRQ�WKH�PLVVLOH�VKRXOG�IO\� LQ��%HFDXVH�WKH�FRPSXWHUV�DUH� LGHQWLFDO�DOO�
WKUHH�ZLOO�QRUPDOO\�DJUHH�RQ�ZKLFK�GLUHFWLRQ�WR�WDNH��,I�RQH�FRPSXWHU�JRHV�ZURQJ�WKHQ�LW�ZLOO�EH�RXWYRWHG�
E\�WKH�WZR�ZRUNLQJ�FRPSXWHUV�VR�WKH�PLVVLOH�ZLOO�VWLOO�IXQFWLRQ�SURSHUO\�GHVSLWH�WKH�IDLOXUH��,I�WZR�FRPSXWHUV�
JR�ZURQJ�\RX�DUH�LQ�WURXEOH��
�
6RPHWLPHV�EDFNLQJ�XS�GDWD�WR�GLVN�FDQ�EH�XVHIXO� LQ� UHDO�WLPH�V\VWHPV��$OWKRXJK�WKLV�GDWD�FRXOG�QRW�EH�
XVHG�WR�SXW�WKH�V\VWHP�EDFN�LQWR�LWV�SURSHU�VWDWH��LW�FRXOG�EH�XVHG�ODWHU�WR�DQDO\VH�ZK\�D�V\VWHQ�IDLOHG��7KH�
�EODFN�ER[��WKDW�UHFRUGV�IOLJKW�GDWD�LQ�DQ�DLUFUDIW�LV�DQ�H[DPSOH�RI�WKLV�W\SH�RI�V\VWHP��
�
4XHVWLRQV�
����:KDW�LV�D�EDFNXS�"��
����:K\�VKRXOG�EDFNXSV�EH�NHSW�"��
����:KDW�LV�D�EDFNXS�VWUDWHJ\�"��
����,GHQWLI\�ILYH�IDFWRUV�WKDW�VKRXOG�EH�GHDOW�ZLWK�LQ�D�EDFNXS�SODQ���
����:KLFK�VWRUDJH�PHGLXP�ZRXOG�EH�PRVW�VXLWDEOH�IRU�EDFNLQJ�XS�GDWD�LQ�WKH�IROORZLQJ�VLWXDWLRQV���
D��$�QHWZRUN�ILOH�VHUYHU�ZKLFK�VWRUHV���*E�RI�GDWD�IRU�����XVHUV��
E��$�VPDOO�KRPH�FRPSXWHU�ZKLFK�LV�PDLQO\�XVHG�IRU�ZRUG�SURFHVVLQJ�GRFXPHQWV���
��
����,Q�D�ODUJH�FRPSDQ\�EDFNXSV�FRXOG�EH�PDGH�LQ�RQH�RI�WZR�ZD\V���
D��(DFK�HPSOR\HH�FRXOG�EDFNXS�KLV�RZQ�ZRUN��
E��$�VSHFLILF�HPSOR\HH�FRXOG�EH�QRPLQDWHG�WR�EDFNXS�HYHU\RQHV�ZRUN���
�
*LYH�RQH�DGYDQWDJH�RI�HDFK�SRVVLEOH�PHWKRG�RI�EDFNXS���
��
����([SODLQ�KRZ�EDFNXSV�DUH�XVXDOO\�PDGH�LQ�EDWFK�SURFHVVLQJ�V\VWHPV���
����([SODLQ�KRZ�EDFNXSV�DUH�XVXDOO\�PDGH�LQ�WUDQVDFWLRQ�SURFHVVLQJ�V\VWHPV���
����:KDW�LV�WKH�LPSRUWDQFH�RI�WKH�WUDQVDFWLRQ�ORJ�ILOH�ZKHQ�EDFNLQJ�XS�D�WUDQVDFWLRQ�SURFHVVLQJ�V\VWHP�"�
�


