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INTRODUCTION

,Q�UHFHQW�\HDUV�1HDU�5HDO�7LPH�6\VWHPV��1576��KDYH�EHFRPH� LQFUHDVLQJO\�PRUH� LPSRUWDQW� LQ�RXU

VRFLHW\��7KHVH�V\VWHPV�LQFOXGH��WHOHSKRQH�QHWZRUNV��RQOLQH�VWRFN�TXRWHV�DQG�HQWHUWDLQPHQW�VRIWZDUH

VXFK�DV�JDPHV�DQG�JUDSKLF�DQLPDWLRQ�

1576� DUH� VHW� DSDUW� IURP� JHQHUDO� VRIWZDUH� E\� WKHLU� VWULFW� UHTXLUHPHQWV� IRU� ODWHQF\�� WKURXJKSXW�

UHOLDELOLW\�DQG�DYDLODELOLW\��7R�TXRWH�D�ZHOO�NQRZQ�H[DPSOH��WKH�WHOHSKRQH�QHWZRUN��,Q�WKH�FDVH�RI�WKH

WHOHSKRQH�QHWZRUN��QHDU�UHDO� WLPH�V\VWHPV�DUH�XVHG�WR�WUDQVODWH�������WROO�IUHH�QXPEHUV� LQWR�DFWXDO

DUHD�FRGHV�DQG�SKRQH�QXPEHUV��:KHQ�D�������QXPEHU�LV�GLDOHG��WKH�ORFDO�H[FKDQJH�VZLWFK�UHFRJQL]HV

WKH�QXPEHU�LV�D�WROO�IUHH�SKRQH�QXPEHU�ZKLFK�QHHGV�WR�EH�WUDQVODWHG��$�UHTXHVW�LV�WKHQ�VHQW�IURP�WKH

ORFDO�H[FKDQJH�WR�WKH�6HUYLFH�&RQWURO�3RLQW��6&3���DVNLQJ�IRU�WKH�WUDQVODWLRQ��2QH�RI�WKH�6&3�VODYH

SURFHVVHV�TXHULHV�WKH�GDWDEDVH�IRU�WKH�QXPEHU�WUDQVODWLRQ�DQG�WKH�QHWZRUN�URXWLQJ��DQG�VHQGV�WKHP

EDFN�WR�WKH�ORFDO�H[FKDQJH��7KH�H[FKDQJH�WKHQ�FRQQHFWV�WKH�FDOOHU�ZLWK�WKH�DFWXDO�QXPEHU�

)LJXUH���:KDW�KDSSHQV�ZKHQ�\RX�GLDO�D�������WHOHSKRQH�QXPEHU�
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:KHQ�GLDOLQJ�D�������QXPEHU��SHRSOH�H[SHFW�DQ�LPPHGLDWH�FRQQHFWLRQ��,Q�UHDOLW\�WKDW�WUDQVODWHV�LQWR

D� ���� PLOOLVHFRQG� GHOD\� EHIRUH� WKH� FRQQHFWLRQ� LV� HVWDEOLVKHG�� 7KLV� PHDQV� DOO� QHFHVVDU\� DFWLRQV

UHTXLUHG�WR�PDNH�D�FRQQHFWLRQ�PXVW�EH�FRPSOHWH�ZLWKLQ�����PLOOLVHFRQGV�LQFOXGLQJ�QHWZRUN�PHVVDJH

WUDQVPLVVLRQV�� PHVVDJH� TXHXLQJ� DQG� GDWDEDVH� WUDQVDFWLRQV�� %DVHG� RQ� WKH� FXUUHQW� VSHHG� RI� WKH

WHOHSKRQH� QHWZRUNV� WKLV� UHTXLUHV� WKH� QHDU� UHDO� WLPH� DSSOLFDWLRQ� DW� WKH� 6&3� WR� FRPSOHWH� HDFK

WUDQVDFWLRQ�LQ�OHVV�WKDQ����PLOOLVHFRQGV�

7HQ�\HDUV�DJR�WKH�KDUGZDUH�FRPSRQHQWV�RI�D�1576�ZHUH��WRR�VORZ�WR�DOORZ�GHYHORSHUV�WKH�OX[XU\�RI

XVLQJ�DQ\�LQWHUSUHWHG�SURJUDPPLQJ�ODQJXDJHV��,QVWHDG�WKH�V\VWHPV�ZHUH�FRGHG�LQ�DVVHPEO\�ODQJXDJHV

DQG�XVHG�SURSULHW\�GDWDEDVHV��%\�WKHLU�YHU\�QDWXUH��WKHVH�V\VWHPV�ZHUH�H[WUHPHO\�GLIILFXOW�WR�PDLQWDLQ

DQG�H[WHQG��DV�PRVW�FKDQJHV�UHTXLUHG�D�FRPSOHWH�UHZULWH�RI�WKH�V\VWHP�

'XH� WR� WKH� SKHQRPHQDO� SHUIRUPDQFH� LPSURYHPHQW� LQ� WKH� KDUGZDUH� FRPSRQHQWV� XVHG� IRU� WKHVH

V\VWHPV�� GHYHORSHUV� DUH� QRZ� IUHH� WR� XVH� WKLUG� RU� IRXUWK� JHQHUDWLRQ� ODQJXDJHV�� DQG� RII� WKH� VKHOYH

VRIWZDUH�DQG�KDUGZDUH�

,Q� WKLV�SDSHU�� WKH�GHVLJQ� LVVXHV� IDFHG�E\� WKH�1576�GHYHORSHUV�RI� WRGD\�ZLOO�EH�GLVFXVVHG��ZLWK�DQ

HPSKDVLV�RQ�SHUIRUPDQFH��6HYHUDO�SRVVLEOH�VROXWLRQV�ZLOO�EH�SURSRVHG�DQG�WKH�SUR·V�DQG�FRQ·V� IRU

HDFK�ZLOO�EH�GLVFXVVHG�
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HARDWARE

2QH�RI�WKH�PRVW�OLNHO\�KDUGZDUH�FRQILJXUDWLRQV�IRU�1576�FRPSULVHV�RI���PDLQ�FRPSRQHQWV��)LJXUH

���

• $�IURQW�HQG�ZKLFK�PD\�EH�D�FRPSXWHU�WHUPLQDO�RU�D�WHOHSKRQH�VZLWFK��RU�DQ\�RWKHU�DSSOLDQFH�

• 0LGGOH�WLHUV��SRVVLEOH�DSSOLFDWLRQ�VHUYHUV�RU�TXHXH�PDQDJHUV�

• $�KLJKO\�DYDLODEOH��VFDOHDEOH�GDWDEDVH�EDFN�HQG�VHUYHU�

)LJXUH���7KH���WLHU�KDUGZDUH�FRQILJXUDWLRQ�IRU�QHDU�UHDO�WLPH�V\VWHPV�

:KHQ�XVLQJ�WKLV�1�WLHU�DUFKLWHFWXUH�WKHUH�DUH�WKUHH�PDLQ�HOHPHQWV�WKDW�GLFWDWH�WKH�SHUIRUPDQFH�RI�WKH

V\VWHP�

• &38

• 0HPRU\

• 1HWZRUN��%DQGZLGWK�	�/DWHQF\�

(DFK�RI�WKHVH�LV�D�SRWHQWLDO�ERWWOHQHFN�
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CPU

7KH�VSHHG�RI�WKH�SURFHVVRUV�LQ�WKH�PLGGOH�WLHU�DQG�GDWDEDVH�VHUYHUV�KDV�DOZD\V�EHHQ�D�ERWWOHQHFN�RQ

1576�� ,Q� WKH� SDVW�� WKH� SUREOHP�ZDV� RYHUFRPH� E\� DGGLQJ� DV�PDQ\� SURFHVVRUV� DV� SRVVLEOH� WR� WKH

VHUYHUV��LQ�RUGHU�WR�LQFUHDVH�WKH�QXPEHU�RI�WUDQVDFWLRQV�H[HFXWHG�SHU�FORFN�F\FOH���,Q�UHFHQW�\HDUV�WKH

SRZHU�RI�SURFHVVRUV�KDYH�PRUH�WKDQ�GRXEOHG�HYHU\����PRQWKV���6HH�ILJXUH���

7KH� VL]H� DQG� FRPSOH[LW\� RI� D�1576�KDV� EHHQ� JUHDWO\� UHGXFHG� E\� WKH� LPSURYHPHQWV� LQ� SURFHVVRU

SRZHU���,W�LV�QRZ�SRVVLEOH�WR�UXQ�WKH�GDWDEDVH�EDFN�HQG�RQ�IHZHU�SURFHVVRUV��7KH�QXPEHU�RI�PLGGOH

WLHU�VHYHUV�KDV�DOVR�EHHQ�UHGXFHG�DV�HDFK�LQGLYLGXDO�VHUYHU�FDQ�QRZ�KDQGOH�PRUH�ORDG�

1970

1975

1980

1985

1990

1995

2000

186 286 386 486 500 550 600 650

CPU power MHz

T
im

e

)LJXUH���7KH�LQFUHDVH�LQ�&38�SRZHU�9·V�WLPH�
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MEMORY

2Q� DYHUDJH� HDFK� GDWDEDVH� WUDQVDFWLRQ� LQ� D�1576�PXVW� FRPSOHWH� LQ� OHVV� WKDQ� ���PLOOLVHFRQGV�� $

UDQGRP�DFFHVV�GLVN�,�2�FDQ�YDU\�IURP����WR����PLOOLVHFRQGV�VR�LW�LV�LPSHUDWLYH�WKDW�DOO�GDWD�UHTXLUHG

WR�VDWLVI\�TXHULHV�UHVLGH�LQ�PHPRU\��DV�PHPRU\�DFFHVVHV�WDNH�RQO\�QDQQR�VHFRQGV�

,Q�SUHYLRXV�\HDUV�WKH�DYHUDJH�DPRXQW�RI�5$0�LQ�D�PDFKLQH�ZDV�OHVV�WKDQ�����0E��1576�GHVLJQHUV

ZHUH�IDFHG�ZLWK�WKH�WZR�FKRLFHV��KDYH�D�YHU\�VPDOO�LQ�PHPRU\�GDWDEDVH��RU�FRQVLGHU�KDYLQJ�VRPH�RI

WKH�GDWD�RQ�GLVN��0DQ\�FKRVH�WR�KDYH�WKH�GDWD�RQ�GLVN�XVLQJ�IODW�ILOHV�DQG�HPEHGGHG�WKH�VFKHPD�RI

WKH� GDWD� LQWR� WKHLU� DVVHPEO\� FRGH�� � ,Q� RUGHU� WR� HQVXUH� WKH\�PHW� WKH� WLPH� UHTXLUHPHQWV�� WKH� FRGH

DFWXDOO\� FRQWDLQHG� WKH� ELW� RIIVHW� IRU� VSHFLILF� GDWD� RQ� GLVN�� 8VLQJ� WKLV� DSSURDFK� PDGH� LW� YLUWXDOO\

LPSRVVLEOH�WR�PDLQWDLQ�RU�H[WHQG�WKHVH�V\VWHPV�

7KH�FRVW�RI�5$0�KDV�GUDPDWLFDOO\�UHGXFHG�RYHU�WKH�ODVW�WHQ�\HDUV�PDNLQJ�LW�PRUH�IHDVLEOH�WKDQ�HYHU

EHIRUH� WR�KDYH� DOO� WKH�QHFHVVDU\�GDWD� UHVLGH� LQ�PHPRU\��7KLV� DOORZV� GHYHORSHUV� WR� XVH� DQ� ¶RII� WKH

VKHOYH·�GDWDEDVH�WR�PDQDJH�WKH�VFKHPD��8VLQJ�D�GDWDEDVH�UHGXFHV�WKH�FRPSOH[LW\�DQG�LQFUHDVHV�WKH

H[WHQGLELOLW\�DQG�PDQDJHDELOLW\�RI�WKH�VRIWZDUH�UHTXLUHG�IRU�DQ�1576��DV�WKH�V\VWHPV�QR�ORQJHU�KDYH

WR�NQRZ�WKH�RIIVHW�RI�GDWD�RQ�GLVN�

NETWORK

�%DQGZLGWK�DQG�ODWHQF\�DUH�WKH�WZR�PDLQ�IDFWRUV�JRYHUQLQJ�WKH�SHUIRUPDQFH�RI�D�QHWZRUN��2ULJLQDOO\

WKH�SUREOHP�ZKLFK�IDFHG�1576�GHYHORSHUV�ZDV�WKDW�WKH�EDQGZLGWK�ZDV�WRR�VPDOO��0RVW�RI�WKH�WLPH

WDNHQ�WR�SURFHVV�D�XVHUV�UHTXHVW�ZDV�XVHG�WR�SDVV�PHVVDJHV�EDFN�DQG�IRUWK�DFURVV�WKH�QHWZRUN���2QH

ZD\�WR�UHGXFH�WKH�DPRXQW�RI�GDWD�WUDQVIHUUHG�ZDV�WR�FRPSUHVV�WKH�GDWD��VR�WKDW�WKHUH�ZDV�SK\VLFDOO\

OHVV�E\WHV�WR�PRYH��+RZHYHU�WKLV�RSWLRQ�ZDV�D�WUDGH�RII�EHWZHHQ�&38�SURFHVVLQJ�SRZHU�DQG�WLPH

VSHQW�LQ�WKH�QHWZRUN��DV�WKH�PHVVDJH�KDG�WR�EH�FRPSUHVVHG�DQG�XQFRPSUHVVHG�DW�HDFK�HQG�
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$V�EDQGZLGWKV�VWDUWHG�WR�LPSURYH�D�VHFRQG�SUREOHP�ZDV�GLVFRYHUHG� LQ�WKH�QHWZRUN�VHFWLRQ�RI�WKH

V\VWHP�� ODWHQF\��$OWKRXJK� DGYHUWLVHG�EDQGZLGWKV�KDG�PRUH� WKDQ�GRXEOHG�� LW� EHFDPH� DSSDUHQW� WKDW

WKH�HIIHFWLYH�EDQGZLGWK�ZDV�VXEVWDQWLDOO\�OHVV�GXH�WR�VORZ�VHUYHUV��LQHIILFLHQW�GDWD�SDFNLQJ��H[FHVVLYH

QHWZRUN�KRSSLQJ�DQG�KLJK�ORDGV��(YHU\�HIIRUW�KDV�EHHQ�PDGH�WR�UHPRYH�ODWHQF\�IURP�QHWZRUNV�EXW

LW�KDV�QRW�EHHQ�FRPSOHWHO\�HOLPLQDWHG�

7KH� ,QWHUQHW� EDFNERQH� DV� D� ZKROH� KDV� YHU\� JRRG� ODWHQF\�� 7DNH� WKH� H[DPSOH� RI� WU\LQJ� WR� VHQG� D

PHVVDJH�IURP�6DQ�)UDQFLVFR�WR�%RVWRQ�

• 7KH�GLVWDQFH�IURP�6DQ�)UDQFLVFR�WR�%RVWRQ�LV�����NP�

• 7KH�VSHHG�RI�OLJKW�LQ�D�YDFXXP�LV�����;���A��P�V�

• 7KH�VSHHG�RI�OLJKW�LQ�ILEHU�LV�URXJKO\�����RI�WKH�VSHHG�RI�OLJKW�LQ�D�YDFXXP�

• 7KH�VSHHG�RI�OLJKW�LQ�ILEHU�LV�����;���A��P�V�
������ �����;���A��P�V�

• 7KH�RQH�ZD\�GHOD\�WR�%RVWRQ�LV�����NP�������;���A��P�V� ������PV�

• 7KH�URXQG�WULS�WLPH�WR�%RVWRQ�DQG�EDFN�LV�����PV�

• &XUUHQWO\�D�SLQJ�IURP�6DQ�)UDQFLVFR�WR�%RVWRQ�RYHU�WKH�,QWHUQHW�WDNHV����PV�

7KLV�H[DPSOH�VKRZV�WKDW�,QWHUQHW�KDUGZDUH�FDQ�DFKLHYH�ZLWKLQ�D�IDFWRU�RI�WZR�RI�WKH�VSHHG�RI�OLJKW

KRZHYHU� LW� ZRQ·W� HYHU� JHW� WR� WKH� VSHHG� RI� OLJKW�� 7KH� UHDVRQ� LV� QHWZRUN� ODWHQF\�� EH� LW� GXH� WR

ERWWOHQHFNV��KDUGZDUH�SUREOHPV�RU�MXVW�KLJK�ORDG�

(YHQ�LI�EDQGZLGWK�ZDV�LQILQLWH�DQG�ODWHQF\�ZDV�QHJOLJLEOH��DSSOLFDWLRQV�VWLOO�ZRXOG�QRW�EH�DEOH�WR�WDNH

IXOO� DGYDQWDJH� RI� QHWZRUN� VSHHGV� XS�� ,Q� RUGHU� IRU� DQ� DSSOLFDWLRQ� WR� FRPPXQLFDWH� ZLWK� DQRWKHU

DSSOLFDWLRQ�YLD�D�QHWZRUN��WKH�PHVVDJH�PXVW�SDVV�WKURXJK��PDQ\�OD\HUV�RI�XVHU�DQG�NHUQHO�VRIWZDUH

EHIRUH� UHDFKLQJ� WKH�QHWZRUN��2QFH� LW� UHDFKHV� LW·V� GHVWLQDWLRQ� WKH�PHVVDJH� LV� DJDLQ� SDVVHG� WKURXJK

PDQ\�OD\HUV�RI�XVHU�DQG�NHUQHO�VRIWZDUH�EHIRUH�LW�LV�UHFHLYHG�E\�WKH�RWKHU�DSSOLFDWLRQ���6HH�ILJXUH���
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)LJXUH���7KH�OHYHOV�RI�VRIWZDUH�D�PHVVDJH�SDVVHV�WKURXJK�WR�JHW�WR�WKH�QHWZRUN�

$�QHZ�DUFKLWHFWXUH��9LUWXDO�,QWHUIDFH��9,��KDV�EHHQ�GHYHORSHG�WKDW�VLJQLILFDQWO\�UHGXFHV�WKH�VRIWZDUH

RYHUKHDG� EHWZHHQ� DQ� DSSOLFDWLRQ� DQG� WKH� QHWZRUN�� 9,�� LQ� FRQMXQFWLRQ� ZLWK� VSHFLDO� LQWHUFRQQHFW

KDUGZDUH�SURYLGHV�D�PHFKDQLVP�WR�WUDQVIHU�GDWD�GLUHFWO\�IURP�DQ�DSSOLFDWLRQ�UXQQLQJ�RQ�D�ORFDO�QRGH

WR� DQRWKHU� DSSOLFDWLRQ� UXQQLQJ� RQ� D� UHPRWH� QRGH� ZLWKRXW� DQ\� LQWHUPHGLDWH� EXIIHULQJ�� 7KLV� LV

DFKLHYHG�E\�DOORZLQJ�D�XVHU�SURFHVV�WR�E\SDVV�WKH�RSHUDWLQJ�V\VWHP�LQ�D�IXOO\�SURWHFWHG�IDVKLRQ�DQG

DFFHVV�WKH�QHWZRUN�LQWHUIDFH�GLUHFWO\���6HH�)LJXUH���

)LJXUH���7KH�SDWK�D�PHVVDJH�ZRXOG�WDNH�ZKHQ�XVLQJ�WKH�9,�DUFKLWHFWXUH�
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%\SDVVLQJ�WKH�RSHUDWLQJ�V\VWHP�DQG�UHPRYLQJ�WKH�QHHG�IRU�LQWHUPHGLDWH�FRSLHV�RI�WKH�GDWD�UHVXOWV�LQ

KLJK�WKURXJKSXW�UDWHV��ORZ�ODWHQF\�DQG�YHU\�ORZ�&38�XWLOL]DWLRQ�
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SOFTWARE

7KHUH�DUH�VHYHUDO�XQLTXH�FKDOOHQJHV�ZKHQ�GHYHORSLQJ�QHDU�UHDO�WLPH�VRIWZDUH��7KH�UHTXLUHPHQWV�IRU

ODWHQF\�� WKURXJKSXW�� UHOLDELOLW\� DQG� DYDLODELOLW\� DUH� IDU� PRUH� VWULQJHQW� WKHQ� IRU� JHQHUDO� SXUSRVH

VRIWZDUH��8QGHUVWDQGLQJ�WKH�LPSDFW�RI�GHVLJQ�GHFLVLRQV�DQG�HIIHFWLYH�FRPPXQLFDWLRQ�IXQFWLRQDOLW\�LV

FULWLFDO��,I�D�GHVLJQ�WHFKQLTXH�ZDV�WR�EH�IROORZHG�EOLQGO\��LW�LV�SRVVLEOH�WKDW�WKH�DSSOLFDWLRQ�JHQHUDWHG

FRXOG�EH�VR�WKLFN�ZLWK�FRGH�WKDW�LW�ZLOO�QHYHU�PHHW�WKH�UHTXLUHPHQWV��:KHQ�GHYHORSLQJ�D�1576�LW�LV

VRPHWLPHV� QHFHVVDU\� WR� FRPSURPLVH� WKH� IHDWXUHV� RI� WKH� GHVLJQ� PHWKRGRORJ\� �H�J�� 2EMHFW� 2ULHQW

GHVLJQ���LQ�RUGHU�WR�PHHW�WKH�SHUIRUPDQFH�DQG�DYDLODELOLW\�UHTXLUHPHQWV�

1HDU� UHDO� WLPH� DSSOLFDWLRQV� DUH� EHFRPLQJ� LQFUHDVLQJO\� PRUH� FRPSOH[� DV� WKLV� WHFKQRORJ\� LV

LQFRUSRUDWHG�LQWR�QHZ�DQG�HYROYLQJ�LQGXVWULHV�VXFK�DV�RQOLQH�LQWHUDFWLYH�FRPSXWHU�JDPHV��,W�LV�DOVR

EHFRPLQJ� D�PRUH� FRPSHWLWLYH�PDUNHW�ZLWK� WKH� DPRXQW� RI� WLPH� DOORFDWHG� WR� SXVKLQJ� D� SURGXFW� WR

PDUNHW�EHFRPLQJ�VKRUWHU��7KHVH�WZR�IDFWRUV�KDYH�IRUFHG�GHYHORSHUV�WR�PRYH�DZD\�IURP�SURSULHWDU\

V\VWHPV�DQG�XVH�RII�WKH�VKHOYH�KDUGZDUH�DQG�VRIWZDUH�FRPSRQHQWV�LQVWHDG�

2QH�RI� WKH�PRVW� FRPPRQ�RII� WKH� VKHOYH�FRPSRQHQWV�XVHG� LQ� WRGD\·V�1576� LV� D�'%06�� VXFK� DV

2UDFOH��:KHQ�GHVLJQLQJ�WKH�GDWDEDVH�VFKHPD�IRU�DQ�1576��HYHU\�HIIRUW�VKRXOG�EH�PDGH�WR�PLQLPL]H

WUDQVDFWLRQ�UHVSRQVH�WLPHV�DV�ZHOO�DV�WKH�YDULDQFH�RI�WKH�UHVSRQVH�WLPH�

DATABASE SCHEMA DESIGN OPTIONS

7\SLFDOO\��TXHU\�SHUIRUPDQFH�LV�LPSURYHG�E\�FUHDWLQJ�DQ�LQGH[�RQ�HDFK�RI�WKH�WDEOHV�DFFHVVHG�E\�WKH

TXHU\�� +RZHYHU� WR� ILQG� D� URZ� VWRUHG� LQ� DQ� LQGH[HG� WDEOH� SLQQHG� LQ� PHPRU\�� DW� OHDVW� WZR� EORFN

DFFHVVHV�DUH�UHTXLUHG��2QH�RU�PRUH�WR�ILQG�WKH�NH\�YDOXH�LQ�WKH�LQGH[��DQG�DQRWKHU�WR�UHDG�WKH�URZ

IURP�WKH�WDEOH�� �$Q�DOWHUQDWLYH�DSSURDFK� WR� LPSURYLQJ�TXHU\�SHUIRUPDQFH�ZRXOG�EH� WR�KDVK�
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XVH�+DVK�FOXVWHUV��2UDFOH�SK\VLFDOO\�VWRUHV�WKH�URZV�RI�D�WDEOH�LQ�D�KDVK�FOXVWHU�DQG�UHWULHYHV�WKHP�E\

FRPSXWLQJ� WKH�GDWD� ORFDWLRQ� IURP�D�KDVK� IXQFWLRQ��7KXV�RQO\� D� VLQJOH�EORFN� DFFHVV� LV� UHTXLUHG�� DV

2UDFOH�XVHV�WKH�KDVK�IXQFWLRQ�WR�ORFDWH�WKH�EORFN�WKDW�KDV�WKH�URZ�DQG�SHUIRUPV�D�VLQJOH�EORFN�DFFHVV

WR�UHDG�WKH�URZ�

8VLQJ�D�KDVK�FOXVWHU�FDQ�EH�DQ�DGYDQWDJH�LI�

• 0RVW�TXHULHV�DUH�HTXDOLW\�RQ�WKH�FOXVWHU�NH\�H�J��6(/(&7«�:+(5(�FOXVWHUBNH\ «���

• 7KH�WDEOH�RU�WDEOHV�LQ�WKH�FOXVWHU�DUH�SULPDULO\�VWDWLF�LQ�VL]H�VXFK�WKDW�WKH�QXPEHU�RI�URZV�DQG�WKH
DPRXQW�RI�VSDFH�UHTXLUHG�IRU�WKH�WDEOHV�FDQ�EH�SUH�DOORFDWHG���7KLV�LV�LPSRUWDQW�DV�DOORFDWLQJ�H[WUD
EORFNV�G\QDPLFDOO\�FDQ�FDXVHV�D�GHJUDGDWLRQ�LQ�SHUIRUPDQFH�

• ,I��WKH�WDEOHV�DUH�RIWHQ�DFFHVVHG�E\�WKH�DSSOLFDWLRQ�LQ�MRLQ�VWDWHPHQWV

8VLQJ�D�KDVK�FOXVWHU�LV�QRW�DQ�DGYDQWDJH�LI�

• 0RVW�TXHULHV�UHWULHYH�URZV�RYHU�D�UDQJH�RI�FOXVWHU�NH\�YDOXHV��H�J�

• �6(/(&7«�:+(5(��FOXVWHUBNH\���«���DV�LW�FDXVHV�WKH�HTXLYDOHQW�RI�D�IXOO�WDEOH�VFDQ�

• $� WDEOH� JURZV� ZLWKRXW� OLPLWV� VXFK� WKDW� WKH� VSDFH� UHTXLUHG� IRU� WKH� HQWLUH� WDEOH� FDQQRW� EH
SUHGHWHUPLQHG�

• $Q�DSSOLFDWLRQ�IUHTXHQWO\�PRGLILHV�WKH�FOXVWHU�NH\�YDOXH��DV�LW�WDNHV�ORQJHU�WR�PRGLI\�D�URZ·V�FOXVWHU
NH\�YDOXH�WKDQ�WR�PRGLI\LQJ�WKH�YDOXH�LQ�DQ�XQFOXVWHUHG�WDEOH�

:LWK�2UDFOH� ������ D� VHFRQG� DOWHUQDWLYH� KDV� EHFRPH� DYDLODEOH�� ,QGH[�2UJDQL]HG� 7DEOHV�,27·V��� $Q

,27�LV�OLNH�DQ�RUGLQDU\�WDEOH�ZLWK�D�SULPDU\�NH\�LQGH[�RQ�RQH�RU�PRUH�RI�LW·V�FROXPQV��EXW�LQVWHDG�RI

PDLQWDLQLQJ� WZR�VHSDUDWH�REMHFWV�� WKH�GDWDEDVH� V\VWHP�RQO\�PDLQWDLQV� D� VLQJOH�%
�WUHH� LQGH[�ZKLFK

FRQWDLQV�WKH�HQFRGHG�NH\�YDOXH��DQG�UDWKHU�WKDQ�KDYLQJ�WKH�URZ·V�URZLG�DV�WKH�VHFRQG�HOHPHQW��LW�KDV

WKH� DFWXDO� GDWD� � YDOXHV� IRU� WKH� UHVW� RI� WKH� FROXPQV� LQ� WKH� URZ��7DEOH� RQH� VKRZV� WKH� IXQGDPHQWDO

GLIIHUHQFHV�EHWZHHQ�DQ�RUGLQDU\�WDEOH�DQG�DQ�,27�
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2UGLQDU\�7DEOH ,QGH[���2UJDQL]HG�WDEOH

5RZLG�XQLTXHO\� LGHQWLILHV�D� URZ��SULPDU\�NH\�FDQ
EH�RSWLRQDOO\�VSHFLILHG

3ULPDU\� NH\� XQLTXHO\� LGHQWLILHV� D� URZ�� SULPDU\
NH\�PXVW�EH�VSHFLILHG

3K\VLFDO�URZLG��LQ�52:,'�SVHXGRFROXPQ�DOORZV
EXLOGLQJ�VHFRQGDU\�LQGH[HV

/RJLFDO�URZLG�LQ�52:,'�SVHXGRFROXPQ�DOORZV
EXLOGLQJ�VHFRQGDU\�LQGH[HV

5RZLG�EDVHG�DFFHVV 3ULPDU\�NH\�EDVHG�DFFHVV

6HTXHQWLDO�VFDQ�UHWXUQV�DOO�URZV )XOO�LQGH[�VFDQ�UHWXUQV�DOO� URZV� LQ�SULPDU\�NH\
RUGHU

8QLTXH�FRQVWUDLQW�DQG�WULJJHUV�DOORZHG 8QLTXH� FRQVWUDLQW� QRW� DOORZHG� EXW� WULJJHUV� DUH
DOORZHG

&DQ�EH�VWRUHG�LQ�D�FOXVWHU�ZLWK�RWKHU�WDEOHV &DQQRW�EH�VWRUHG�LQ�D�FOXVWHU

&DQ�FRQWDLQ�D�FROXPQ�RI�WKH�/21*�GDWDW\SH�DQG
FROXPQV�RI�/2%GDWDW\SHV

&DQQRW� FRQWDLQ� D� FROXPQ� RI� WKH� /21*
GDWDW\SH�DQG�FROXPQV�RI�/2%GDWDW\SHV

'LVWULEXWLRQ�DQG�UHSOLFDWLRQ�VXSSRUWHG 'LVWULEXWLRQ�DQG�UHSOLFDWLRQ�QRW�VXSSRUWHG

7DEOH���&RPSDULVRQ�RI�,QGH[���2UJDQL]HG�7DEOHV�ZLWK�2UGLQDU\�WDEOHV�

QUERY BATCHING

1576� � W\SLFDOO\� KDYH� YHU\� VLPSOH� WUDQVDFWLRQV� WKDW� FRPSOHWH� LQ� D� VKRUW� DPRXQW� RI� WLPH�� (DFK

WUDQVDFWLRQ�ZRXOG�QRUPDOO\�FRQVLVW�RI�RQH��RU�SRVVLEO\�WZR�VHOHFW�VWDWHPHQWV��)RU�H[DPSOH�

6HOHFW�VWRFNBSULFH�GD\BORZ��GD\BKLJK

)520�VWRFNV

ZKHUH�VWRFNBFRGH� ���VWBFRGH

7KH�DYHUDJH�UHVSRQVH�WLPH�IRU�WKLV�W\SH�RI�TXHU\�RQ�D�VLQJOH�&38������0+]��81,;�PDFKLQH�VKRXOG

EH�DSSUR[LPDWHO\�������PLOOLVHFRQGV��7KLV�\LHOGV�D�WKURXJKSXW�RI�������WUDQVDFWLRQV�D�VHFRQG��:KDW�LI

WKH�TXHU\�ZDV�D� UHVXOW�RI� DQ� ,QWHUQHW� XVHU� UHTXHVWLQJ� DQ�RQOLQH� VWRFN�TXRWH"�7KH� DYHUDJH� ,QWHUQHW

XVHU� ZLOO� WROHUDWH� D� �� WR� �� VHFRQG� GHOD\� EHIRUH� WKH\� H[SHFW� WKH� TXRWH� WR� EH� GLVSOD\HG�� *LYHQ� WKH
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QHWZRUN� ODWHQF\�DQG�QXPEHU�RI�VWRFN�TXRWH�UHTXHVWV�DW�KLJK�SHHN� WLPHV�� WKH�GDWDEDVH�QHHGV� WR�EH

DEOH�WR�KDQGOH��������WUDQVDFWLRQV�D�VHFRQG�

7KH�WKURXJKSXW�RI�WKH�V\VWHP�FDQ�EH�LPSURYHG�E\�H[HFXWLQJ�PXOWLSOH�XVHU�UHTXHVWV�LQ�D�VLQJOH�URXQG

WULS�WR�WKH�GDWDEDVH��%\�SDVVLQJ�DQ�DUUD\�RI�UHTXHVWV�WR�WKH�GDWDEDVH�ZKLFK�ZLOO�H[HFXWH�WKH�TXHU\�IRU

HDFK�HOHPHQW� LQ� WKH�DUUD\��Q�H[HFXWLRQV�FDQ�EH�GRQH� LQ�RQH� URXQG�WULS��2QH�RI� WKH� HDVLHVW�ZD\�RI

LPSOHPHQWLQJ�WKLV�WHFKQLTXH�LV�WR�XVH�WKH�81,21�$//�RSHUDWRU��7KH�81,21�$//�RSHUDWRU�MRLQV

PXOWLSOH� VHOHFW� VWDWHPHQWV� LQWR� D� VLQJOH� TXHU\� DQG� UHWXUQV� DOO� RI� WKH� URZV� VHOHFWHG� E\� HDFK� RI� WKH

VWDWHPHQWV��LQFOXGLQJ�DOO�RI�WKH�GXSOLFDWHV�

6HOHFW�VWRFNBSULFH�GD\BORZ��GD\BKLJK

)520�VWRFNV

ZKHUH�VWRFNBFRGH� ���VWBFRGH

81,21�$//

6HOHFW�VWRFNBSULFH�GD\BORZ��GD\BKLJK

)520�VWRFNV

ZKHUH�VWRFNBFRGH� ���VWBFRGH

81,21�$//

$OWKRXJK� VRPH� H[WUD� SURFHVVLQJ� RFFXUV� ZKHQ� SODFLQJ� WKH� UHTXHVWV� LQWR� DQ� DUUD\�� DQG� DOVR

VXEVHTXHQWO\�WR�GHFRGH�WKH�UHVXOWV�IURP�WKH�UHWXUQHG�DUUD\��WKH�RYHU�DOO�JDLQ�LV�VWLOO�VXEVWDQWLDO��2Q�D

VLQJOH�&38������0+]��81,;�PDFKLQH��XVLQJ�DQ�DUUD\�RI����HOHPHQWV��WKH�WKURXJKSXW�IRU�WKLV�TXHU\

LV�DSSUR[LPDWHO\�������WUDQVDFWLRQV�D�VHFRQG��:KLFK�LV�PRUH�WKDQ�GRXEOH�WKH�RULJLQDO�WKURXJKSXW��%\

LQFUHDVLQJ�WKH�QXPEHU�RI��RU�SRZHU�RI�WKH�&38��PXOWLSOH�WKUHDGV�RI�WKH�DSSOLFDWLRQ�FRXOG�UXQ�RQ�WKH

VHUYHU�WR�DFKLHYH�D�WKURXJKSXW�RI��������WUDQVDFWLRQV�D�VHFRQG�

MINIMIZING NETWORK AND SYSTEM OVERHEAD

%DWFKLQJ� WKH�GDWDEDVH�TXHULHV� DW� WKH� FOLHQW� DOVR�PLQLPL]HV�QHWZRUN� WUDIILF�EHWZHHQ� WKH�PLGGOH� WLHU

DQG�WKH�GDWDEDVH��WKLV�DOVR�IUHHV�XS�H[WUD�V\VWHP�UHVRXUFHV�
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AVAILABILITY AND MAINTENANCE.

0RVW� 1576� DUH� ��� �� V\VWHPV�� 2QO\� D� YHU\� VKRUW� DPRXQW� RI� GRZQ� WLPH� FDQ� EH� WROHUDWHG� H�J�� �

PLQXWHV�D�\HDU�� LI�DQ\�DW�DOO��,I� WKH�V\VWHP�VKRXOG�EHFRPH�XQDYDLODEOH�WKH�FRVW�GXH�WR� ORVW�EXVLQHVV

ZRXOG�EH�SKHQRPHQDO��,Q�RUGHU�WR�HQVXUH�VXFK�DYDLODELOLW\�PDQ\�1576�GHVLJQHUV�EXLOG�LQ�D�EDFNXS

VWUDWHJ\��7KHUH�DUH�IRXU�PDLQ�RSWLRQV

• $�VWDQGE\�GDWDEDVH�

• 8VH�PXOWL�PDVWHU�UHSOLFDWLRQ��ZLWK�HDFK�GDWDEDVH�LQ�D�GLIIHUHQW�JHRJUDSKLFDO�DUHD�

• 2UDFOH·V�3DUDOOHO�6HUYHU��236�

• +LJK�$YDLODELOLW\��+$��VWUDWHJ\�IURP�GLVN�DUUD\�VXSSOLHUV�VXFK�DV�(0&.

STANDBY DATABASE

7R�XVH�D�VWDQGE\�GDWDEDVH��WKH�SULPDU\�GDWDEDVH�PXVW�EH�DUFKLYLQJ�UHGR�ORJV���$OO�'0/�SHUIRUPHG

RQ� WKH�SULPDU\�GDWDEDVH� LV� UHFRUGHG� LQ� WKH� DUFKLYH� ORJ�ZKLFK� LV� DXWRPDWLFDOO\� VHQW� WR� WKH� VWDQGE\

GDWDEDVH���$W�WKH�VWDQGE\�GDWDEDVH�WKH�DUFKLYH�ORJ�LV�YHULILHG�DQG�WKHQ�DSSOLHG���6HH�)LJXUH���
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)LJXUH���7UDQVPLWWLQJ�DQG�$SSO\LQJ�$UFKLYHG�5HGR�/RJV�WR�D�6WDQGE\�'DWDEDVH

,I� IRU�ZKDWHYHU� UHDVRQ� WKH� SULPDU\� GDWDEDVH� JRHV� GRZQ�� WKH� VWDQGE\� GDWDEDVH� FDQ� EH� VZLWFKHG� LQ

ZLWK�PLQLPXP�GLVWXUEDQFH�WR�WKH�HQG�XVHU��2QFH�DFWLYDWHG��WKH�VWDQGE\�GDWDEDVH�EHFRPHV�D�QRUPDO

SURGXFWLRQ�GDWDEDVH�DQG�ORVHV�LWV�VWDQGE\�VWDWXV��$QRWKHU�VWDQGE\�GDWDEDVH�PXVW�WKHQ�EH�FUHDWHG�

8VLQJ� WKH� VWDQGE\� PHWKRG�� LW� LV� SRVVLEOH� WR� KHOS� UHOLHYH� VRPH� RI� WKH� SUHVVXUH� RQ� WKH� SULPDU\

GDWDEDVH��7KH�VWDQGE\�GDWDEDVH�FDQ�EH�FRQYHUWHG�IURP�UHFRYHU\�PRGH�WR�UHDG�RQO\�PRGH�DQG�LV�WKHQ

FDSDEOH�RI�KDQGOLQJ�UHDG�RQO\�TXHULHV��:KLOH�WKH�VWDQGE\�GDWDEDVH�LV�LQ�UHDG�RQO\�PRGH��QRQH�RI�WKH

DUFKLYH� ORJV� WUDQVIHUUHG� IURP� WKH� SULPDU\� GDWDEDVH� FDQ� EH� DSSOLHG��2QFH� WKH� VWDQGE\� GDWDEDVH� LV

UHWXUQHG�WR�UHFRYHU\�PRGH�WKH�EDFNORJ�RI�DUFKLYH�ORJV�FDQ�RU�VKRXOG�EH�DSSOLHG�

MULTI-MASTER REPLICATION

,I�ORDG�EDODQFLQJ�LV�DOVR�D�PDLQ�FRQFHUQ�IRU�WKH�DSSOLFDWLRQ���PXOWL�PDVWHU�UHSOLFDWLRQ�PD\�EH�D�EHWWHU

VROXWLRQ��:LWK�PXOWL�PDVWHU�UHSOLFDWLRQ�WKHUH�DUH�PXOWLSOH�FRSLHV�RI�WKH�GDWDEDVH��HDFK�DW�D�GLIIHUHQW

ORFDWLRQ�� 7KH� DSSOLFDWLRQ� FDQ� XSGDWH� DQ\� UHSOLFDWHG� WDEOH�� DW� DQ\� ORFDWLRQ�� DQG� WKH� FKDQJH� ZLOO� EH

YLVLEOH�DW�DOO�RWKHU�VLWHV��,I�D�GDWDEDVH� IDLOV�DW�RQH� ORFDWLRQ�� LW� LV�SRVVLEOH� WR�UHGLUHFW�DOO�RI� WKH�XVHUV

DFFHVVLQJ�WKH�GDWDEDVH�WR�DQRWKHU�ORFDWLRQ�
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)LJXUH���0XOWL�PDVWHU�UHSOLFDWLRQ�

:LWK� WKLV�PHWKRG� LW� LV� SRVVLEOH� WR� GLVWULEXWH� WKH� ORDG� EHWZHHQ� WKH� GLIIHUHQW� ORFDWLRQV� LQ� RUGHU� WR

PDLQWDLQ�D�UHDVRQDEOH�ORDG�RQ�HDFK�GDWDEDVH��)RU�H[DPSOH��LI�D�FRPSDQ\�KDG�D�������QXPEHU�IRU�LW·V

FXVWRPHU�FDUH�GHSDUWPHQW��WKH�FRPSDQ\�ZRXOG�ZDQW�WKH�FXVWRPHU·V�FDOO�WR�EH�GLUHFWHG�WR�WKH�QHDUHVW

FXVWRPHU� FDUH� FHQWHU� WR� PLQLPL]H� WKHLU� SKRQH� ELOO�� ,I� WKH� FORVHVW� FHQWHU� ZDV� WR� H[SHULHQFH� DQ

XQXVXDOO\�KLJK�FDOO�YROXPH�RU�LI�WKH�GDWDEDVH�DW�WKDW�ORFDWLRQ�ZDV�GRZQ��WKH�FXVWRPHU·V�FDOO�FRXOG�EH

UHGLUHFWHG� WR�DQRWKHU�FHQWHU��7KH� DJHQW� DW� WKH�RWKHU� FHQWHU�ZRXOG� VWLOO� EH� DEOH� WR� DFFHVV� DOO� RI� WKH

FXVWRPHUV�GHWDLOV�EHFDXVH�HDFK�FHQWHU�KDV�D�FRPSOHWH�FRS\�RI�WKH�FRPSDQ\·V�GDWDEDVH�

7KH�DELOLW\�WR�UHGLUHFW�WUDQVDFWLRQV�WR�DQRWKHU�GDWDEDVH�SURYLGHV�D�ZLQGRZ�RI�RSSRUWXQLW\�WR�XSJUDGH

ERWK�WKH�KDUGZDUH�DQG�VRIWZDUH�DW�HDFK�VLWH�LQ�WXUQ�ZKLOH�VWLOO�SURYLGLQJ�IXOO�DYDLODELOLW\�

,I�ORDG�EDODQFLQJ�LV�D�FRQFHUQ�IRU�DQ�DSSOLFDWLRQ�EXW�KDYLQJ�VHYHUDO�FRSLHV�RI�WKH�GDWDEDVH�DW�GLIIHUHQW

ORFDWLRQ�LV�QRW�IHDVLEOH�WKHQ�2UDFOH·V�3DUDOOHO�6HUYHU��236��FRXOG�EH�D�VROXWLRQ�
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ORACLE PARALLEL SERVER (OPS)

$Q�236�V\VWHP�FRQVLVWV�RI� WZR�RU�PRUH�2UDFOH� LQVWDQFHV�RQ�RQH�RU�PRUH�QRGHV� LQ� WKH�QHWZRUN�

(DFK� LQVWDQFH� KDV� D� VHSDUDWH� 6\VWHP� *OREDO� $UHD� �6*$�� DQG� VHW� RI� EDFNJURXQG� SURFHVVHV�� � $OO

LQVWDQFHV�VKDUH�WKH�VDPH�GDWDILOHV�DQG�FRQWURO�ILOHV�EXW��HDFK�LQVWDQFH�KDV�LWV�RZQ�VHW�RI�UHGR�ORJ�ILOHV�

$OO�LQVWDQFHV�FDQ�H[HFXWH�WUDQVDFWLRQV�FRQFXUUHQWO\�DJDLQVW�WKH�VDPH�GDWDEDVH��DQG�HDFK�LQVWDQFH�FDQ

KDYH�PXOWLSOH�XVHUV�H[HFXWLQJ�WUDQVDFWLRQV�

)LJXUH���2UDFOH�3DUDOOHO�6HUYHU�LQVWDQFH�DUFKLWHFWXUH�

,I� RQH� RI� WKH� LQVWDQFH� DFFHVVLQJ� WKH� GDWDEDVH� IDLOV�� RQOLQH� LQVWDQFH� UHFRYHU\� LV� SHUIRUPHG

DXWRPDWLFDOO\� XVLQJ� WKH� RQOLQH� UHGR� ORJ� ILOHV� E\� RQH� RI� WKH� VXUYLYLQJ� LQVWDQFHV�� ,QVWDQFHV� WKDW

FRQWLQXH�UXQQLQJ�RQ�RWKHU�QRGHV�DUH�QRW�DIIHFWHG�DV�ORQJ�DV�WKH\�DUH�UHDGLQJ�IURP�WKH�EXIIHU�FDFKH�

,I� LQVWDQFHV� DWWHPSW� WR�ZULWH�� WKH� WUDQVDFWLRQ� VWRSV��$OO� RSHUDWLRQV� WR� WKH� GDWDEDVH� DUH� VXVSHQGHG

XQWLO�FDFKH�UHFRYHU\�RI�WKH�IDLOHG�LQVWDQFH�LV�FRPSOHWH�
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,W� LV� SRVVLEOH� WR� XSJUDGH� WKH� VRIWZDUH� DQG� KDUGZDUH� RI� DQ� 236� V\VWHP� ZLWKRXW� DIIHFWLQJ� WKH

DYDLODELOLW\��(DFK�QRGH�LQ�WXUQ�VKRXOG�EH�EURXJKW�GRZQ�WULJJHULQJ�DQ�DXWRPDWLF�RQOLQH�UHFRYHU\��7KH

V\VWHP�LV�QRZ�VWDEOH�DJDLQ�PLQXV�WKH�QRGH�WR�EH�XSJUDGHG��7KH�XSJUDGH�FDQ�WKHQ�EH�SHUIRUPHG�RQ

WKH�RIIOLQH�QRGH��2QFH�WKH�XSJUDGH�LV�FRPSOHWH�WKH�QRGH�FDQ�EH�EURXJKW�EDFN�RQ�OLQH��

High Availability system.

5HFHQWO\�PRUH�DQG�PRUH�KDUGZDUH�YHQGRUV�KDYH� UHOHDVH�KLJK�DYDLODELOLW\� �+$��SURGXFWV� WR� IXUWKHU

VXSSRUW����;��� V\VWHPV��7DNH�(0&�IRU� H[DPSOH�� WKH\�KDYH� VHYHUDO� RIIHULQJV� LQ� WKLV� VHFWLRQ�PRVW

QRWDEO\� WKH�6\PPHWUL[�5HPRWH�'DWD�)DFLOLW\� �65')��� 65')� DOORZV� WKH� IXQFWLRQDOLW\� RI�PLUURULQJ

�5$,'����WR�RFFXU�EHWZHHQ�WR�SK\VLFDOO\�GLIIHUHQW�V\PPHWUL[�V\VWHPV�FRQQHFW�YLD�D�ILEHU� OLQN��7KH

PLUURULQJ�LV�GRQH�DW�WKH�ORJLFDO�YROXPH�OHYHO��,I�WKH�VRXUFH�GLVN�DUUD\�JRHV�GRZQ�WKH�WDUJHW�GLVN�DUUD\

FDQ�EH�VZDSSHG�LQ�PRPHQWDULO\�ZLWK�OLWWOH�RU�QR�LQWHUUXSWLRQ�WR�WKH�HQG�XVHU�

�����������������������������������������������
1Support for different releases of Oracle within one OPS environment is operating system specific.
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CONCLUSION

7KH�GHPDQG�IRU�QHDU�UHDO�WLPH�V\VWHP�SHUIRUPDQFH�FRQWLQXHV�WR�ULVH�ZLWK�LQFUHDVLQJ�QXPEHU�RI�ZHE

VLWHV� RIIHULQJ� UHDO� WLPH� LQIRUPDWLRQ� DW� WKH� FOLFN� RI� D� EXWWRQ�� 7KLV� LQFUHDVH� LQ� SRSXODULW\� GRHV� QRW

KRZHYHU�FKDQJH�WKH�IXQGDPHQWDO�FKDOOHQJHV� IDFHG�E\�QHDU� UHDO� WLPH�V\VWHP�GHVLJQHUV��KRZ�GR�\RX

GHVLJQ�DQ�DSSOLFDWLRQ� WKDW�PHHWV� WKH�VWULFW� UHVSRQVH� WLPH�DQG�DYDLODELOLW\� UHTXLUHPHQWV�EXW� LV� VWLOO� D

PDLQWDLQDEOH�DQG�H[WHQGLEOH�SLHFH�RI�VRIWZDUH"

7KH�LPSURYHPHQWV�LQ�SURFHVVRU�VSHHGV��WKH�UHGXFWLRQ�LQ�WKH�FRVW�RI�5$0�DQG�WKH� LQWURGXFWLRQ�RI

KLJK�VSHHG�LQWHU�FRQQHFWV�KDYH�DOO�KHOSHG�LQ�SDYLQJ�WKH�ZD\�IRU�V\VWHP�GHYHORSHUV�WR�EH�DEOH�WR�XVH

QRQ�SURSULHW\�SURGXFWV��7KH\�FDQ�QRZ�XVH�WKLUG�RU�IRXUWK�JHQHUDWLRQ�ODQJXDJHV�DQG�RII�WKH�VKHOYH

VRIWZDUH� DQG�KDUGZDUH� FRPSRQHQWV��7KLV� LQ� WXUQ�KDV�PDGH� WKH� DSSOLFDWLRQV�PRUH�PDLQWDLQDEOH� DV

PRUH� HQJLQHHUV� FDQ�ZRUN� RQ� WKH� DSSOLFDWLRQ�� QHZ� IXQFWLRQDOLW\� FDQ� EH� DGGHG�PRUH� HDVLO\� DQG� WKH

GDWDEDVHV�FDQ�EH�XSJUDGHG�LQ�RUGHU�WR�WDNH�DGYDQWDJH�RI��QHZ�IHDWXUHV�

+RZHYHU��WKLV�QHZ�IRXQG�IUHHGRP�FDQ�VRPHWLPHV�EH�PRUH�RI�D�KLQGUDQFH�WKDQ�D�KHOS�DV�GHYHORSHUV

DUH�VLGH�WUDFNHG�E\�GLIIHUHQW�GHVLJQ�WHFKQLTXHV��:LWKRXW�VWURQJ�DUFKLWHFWXUDO�JXLGDQFH�LW�LV�SRVVLEOH�WR

JHQHUDWH�DSSOLFDWLRQV�IDW�ZLWK�FRGH��DQG�QR�FRPSUHKHQVLRQ�RI�SHUIRUPDQFH�LVVXHV�

7KH� NH\� WR� GHVLJQLQJ� QHDU� UHDO� WLPH� V\VWHPV� LV� XQGHUVWDQGLQJ� WKDW� WKH� UHTXLUHPHQWV� IRU� ODWHQF\�

WKURXJKSXW��UHOLDELOLW\�DQG�DYDLODELOLW\�DUH�IDU�PRUH�VWULQJHQW�WKHQ�IRU�JHQHUDO�VRIWZDUH�DQG�QRW�EHLQJ

DIUDLG�WR�FRPSULVH�GHVLJQ�VWDQGDUGV�LQ�RUGHU�WR�PHHW�WKH�SHUIRUPDQFH�DQG�DYDLODELOLW\�UHTXLUHPHQWV�
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