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WLPH�V\VWHPV�HGXFDWLRQ�ZLWKLQ�WKH�RYHUDOO�VWXG\�V\VWHP�DW
WKH�'HSDUWPHQW�RI�(OHFWURQLFV�DQG� ,QIRUPDWLRQ�7HFKQRO�
RJ\�DW�:DUVDZ�8QLYHUVLW\�RI�7HFKQRORJ\��$�FRXUVH�LQ�UHDO
WLPH� V\VWHPV� LV� RIIHUHG� IRU� XQGHUJUDGXDWH� VWXGHQWV� DV� D
SDUW� RI� WKH� FRPSXWHU� FRQWURO�SURILOH� RI� VWXG\�� 7KH� SDSHU
GHVFULEHV� WKH�PRGHO�RI�VWXG\�DW� WKH�'HSDUWPHQW�� WKH�SUH�
UHTXLVLWH� NQRZOHGJH� UHTXLUHG� IRU� WKH� UHDO� WLPH� V\VWHPV
FRXUVH�� WKH� FRXUVH� FXUULFXOXP�� DQG� WKH� FRQWHQWV� RI� OHF�
WXUHV� DQG� ODERUDWRU\� H[HUFLVHV�ZKLFK� DUH�PDQGDWRU\� IRU
WKH�VWXGHQWV�ZKR�VHOHFWHG�WKH�FRXUVH�

��� ,QWURGXFWLRQ
5HDO�WLPH�V\VWHP�LV�D�V\VWHP�ZKLFK�GHOLYHUV�UHVXOWV�RQ

WLPH�>�@��7KH�W\SH�RI�WKH�UHVXOWV�DQG�WKH�FKDUDFWHULVWLFV�RI
WLPH� FRQVWUDLQWV� GHSHQG� RQ� WKH� DSSOLFDWLRQ� GRPDLQ�� 7KH
GHSHQGHQFH� LV� VR� VWURQJ�� WKDW� UHDO� WLPH� V\VWHPV�PXVW� DO�
ZD\V� EH� FRQVLGHUHG� LQ� D� SHUVSHFWLYH� RI� DQ� DSSOLFDWLRQ
GRPDLQ�� ([DPSOHV� RI� VXFK� DSSOLFDWLRQ� GRPDLQV� FDQ� EH
LQWHUDFWLYH� EDQNLQJ� V\VWHPV�� SURFHVV� FRQWURO� V\VWHPV� RU
DXWRPDWLF�YHKLFOH�JXLGDQFH�V\VWHPV��7KH�ILUVW�RI�WKH�DERYH
PHQWLRQHG�GRPDLQV��EDQNLQJ�V\VWHPV��LV�FKDUDFWHUL]HG�E\
VRIW�UHDO�WLPH�FRQVWUDLQWV��ZKLFK�PHDQV�WKDW�WKH�FRQVWUDLQWV
PXVW�RQ�DYHUDJH�EH�IXOILOOHG��EXW�RFFDVLRQDO�GHOD\V�FDQ�EH
WROHUDWHG�� 7KH� ODWWHU� WZR� GRPDLQV� DUH� FKDUDFWHUL]HG� E\
KDUG� UHDO� WLPH� FRQVWUDLQWV�� ZKLFK� PHDQV� WKDW� WKH� FRQ�
VWUDLQWV�PXVW�DOZD\V�EH�PHW��DQG�HYHQ�DQ�DFFLGHQWDO�YLROD�
WLRQ� FDQ�EH� D� VRXUFH�RI� XQDFFHSWDEOH� ORVHV� DQG� WKHUHIRUH
FDQQRW�EH�WROHUDWHG�

5HDO� WLPH� V\VWHPV� HGXFDWLRQ� DW�:DUVDZ�8QLYHUVLW\� RI
7HFKQRORJ\� LV� HPEHGGHG� ZLWKLQ� WKH� FRPSXWHU� FRQWURO
GRPDLQ��ZKLFK� LQFOXGHV�SURFHVV�FRQWURO� V\VWHPV��GLVFUHWH
PDQXIDFWXULQJ� FRQWURO� DQG� URERW� FRQWURO�� $OO� WKRVH� V\V�
WHPV�DUH�FKDUDFWHUL]HG�E\�KDUG� UHDO� WLPH�FRQVWUDLQWV��7KH
%��(QJ��LQ�&RPSXWHU�&RQWURO�6\VWHPV� LV�D�VSHFLDOLVW�DUHD
RI�VWXG\�RIIHUHG�IRU�XQGHUJUDGXDWH�VWXGHQWV�DW�WKH�'HSDUW�

PHQW� RI� (OHFWURQLFV� DQG� ,QIRUPDWLRQ� 7HFKQRORJ\�� $IWHU
UHFHLYLQJ� WKH� GHJUHH�� JUDGXDWHG� VWXGHQWV� FDQ� FRQWLQXH
WKHLU�HGXFDWLRQ� WRZDUGV�0��(QJ�� LQ�3URFHVV�&RQWURO��7KH
SRVWJUDGXDWH�VWXG\�LV�RSHQ�DOVR�IRU�VWXGHQWV�WKDW�KROG�WKHLU
GHJUHH� LQ�RWKHU� �WKDQ�&RPSXWHU�&RQWURO�� ILHOGV�RI�HGXFD�
WLRQ�� 5HVHDUFK� SRVLWLRQV� WRZDUGV� WKH� GRFWRUDO� GHJUHH� DUH
DOVR�DYDLODEOH�

7KH� H[LVWLQJ� VWXG\� V\VWHP� DW� WKH�'HSDUWPHQW� RI� (OHF�
WURQLFV� DQG� ,QIRUPDWLRQ� 7HFKQRORJ\� LV� FXUUHQWO\� EHLQJ
UHVWUXFWXUHG� DQG� PRGHUQL]HG�� 7KH� FKDQJHV� DUH� DLPHG� DW
PDNLQJ�WKH�V\VWHP�PRUH�WUDQVSDUHQW�DQG�HDV\� WR�PDQDJH�
7KH� JRDO� RI� WKLV� SDSHU� LV� WR� GHVFULEH� WKH�PRGLILHG� VWXG\
V\VWHP�WRZDUGV�%��(QJ��DQG�WR�H[SODLQ�WKH�RUJDQL]DWLRQ�RI
UHDO� WLPH� V\VWHPV� HGXFDWLRQ� ZLWKLQ� WKH� GRPDLQ� RI� FRP�
SXWHU� FRQWURO�� 7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 7KH
JHQHUDO�VWUXFWXUH�RI�VWXG\�DQG�WKH�OD\RXW�RI�EDVLF�FRXUVHV
LV�GHVFULEHG� LQ�6HFWLRQ����$�GHVFULSWLRQ�RI�FODVVHV�DWWULE�
XWHG�VSHFLILFDOO\�WR�UHDO�WLPH�V\VWHPV�HGXFDWLRQ�LV�JLYHQ�LQ
6HFWLRQ����6SHFLDO�DWWHQWLRQ�LV�SDLG�WR�WKH�FRQWHQWV�RI�ODER�
UDWRU\�H[HUFLVHV��)LQDO�UHPDUNV�DQG�RXU�SODQV�IRU�WKH�IXWXUH
DUH�JLYHQ�LQ�&RQFOXVLRQV�

7KH�IROORZLQJ�WHUPLQRORJ\�UHODWHG�WR�WKH�VWUXFWXULQJ�RI
HGXFDWLRQ�LV�XVHG�WKURXJKRXW�WKH�SDSHU�

$UHD� RI� VWXG\�²� D� GRPDLQ� RI� VFLHQFH� RU� WHFKQRORJ\
VWXGLHG� E\� WKH� VWXGHQWV�� H�J�� (OHFWURQLFV�� ,QIRUPDWLRQ
7HFKQRORJ\��&RPSXWDWLRQ��RU��7HOHFRPPXQLFDWLRQ�

3URILOH�RI�VWXG\�²�D�IRFXVHG�VXE�DUHD�ZLWKLQ�D�VHOHFWHG
DUHD�RI� VWXG\�� H�J��6RIWZDUH�(QJLQHHULQJ�ZLWKLQ� ,QIRUPD�
WLRQ�7HFKQRORJ\�

&ODVV�²�EDVLF�XQLW�RI�HGXFDWLRQ�YLVLEOH�DW�WKH�DGPLQLV�
WUDWLYH� OHYHO�� H�J�� 3K\VLFV� ���0DWKHPDWLFDO�$QDO\VLV� �� RU
,QWURGXFWLRQ� WR� (OHFWURQLFV�� 6RPH� FODVVHV� FRQVLVW� RI� D
OHFWXUH� SDUW�� DQ� H[HUFLVH� SDUW�� D� ODE� SDUW� DQG� D� VWXGHQWV
SURMHFW�

&RXUVH�²�DQ� LQIRUPDO�JURXS�RI� UHODWHG�FODVVHV�� H�J�� D
EDVLF�FRXUVH�LQ�0DWKHPDWLFV�FDQ�FRQVLVW�RI��0DWKHPDWLFDO
$QDO\VLV���DQG����$OJHEUD�DQG�3UREDELOLVWLF�0HWKRGV��7KH
QRWLRQ�RI�D�FRXUVH�LV�QRW�GHILQHG�DW�WKH�OHYHO�RI�WKH�XQLYHU�
VLW\�DGPLQLVWUDWLRQ�DQG�LV�XVHG�LQ�WKLV�SDSHU�RQO\�IRU�ORJL�
FDO�VWUXFWXULQJ�RI�WKH�VHW�RI�DOO�FODVVHV�



��� 7KH�PRGHO�RI�VWXG\
7KH� IRXU� \HDU� SHULRG� RI� VWXG\� DW� WKH� 'HSDUWPHQW� RI

(OHFWURQLFV� DQG� ,QIRUPDWLRQ� 7HFKQRORJ\�� IURP� WKH� HQ�
WUDQFH�H[DP�WR�%��(QJ��GHJUHH�� LV�GLYLGHG�LQWR� WKUHH�FRQ�
VHFXWLYH�VWDJHV��)LJXUH����

6WDJH�$� �WKUHH� VHPHVWHUV�� LV� FRPPRQ� IRU� DOO� VWXGHQWV
HQUROOHG�WR�WKH�'HSDUWPHQW�DQG�SURYLGHV�WKHP�ZLWK�D�EDVLF
NQRZOHGJH� LQ� PDWKHPDWLFV�� SK\VLFV�� HOHFWULFDO� HQJLQHHU�
LQJ�� GLJLWDO� WHFKQLTXH� DQG� FRPSXWHU� SURJUDPPLQJ�� 7KH
VWDJH� LQFOXGHV�DOVR�D�FODVV�RQ�7KHRU\�RI�/LQHDU�6\VWHPV�
$OO�FODVVHV�DUH�PDQGDWRU\�DQG�QR�RSWLRQV�IRU�WKH�VWXGHQWV
DUH�DYDLODEOH��$W�WKH�HQG�RI�VWDJH�$�HDFK�VWXGHQW�VHOHFWV�D
VSHFLILF� DUHD� RI� VWXG\�� ZKLFK� GHILQHV� WKH� SDWK� RI� WKHLU
IXUWKHU� HGXFDWLRQ�� 7KH� FKRLFH� LV� EHWZHHQ� (OHFWURQLFV�
,QIRUPDWLRQ�7HFKQRORJ\�DQG�7HOHFRPPXQLFDWLRQ�

6WDJH�%��WZR�VHPHVWHUV��LV�IRFXVHG�RQ�WKH�EDVLF�NQRZO�
HGJH�WKDW�DOO�SURIHVVLRQDOV�LQ�D�VHOHFWHG�DUHD�RI�VWXG\�PXVW
KDYH�� 7KH� SURJUDP� RI� VWXG\� LV� FRPPRQ� IRU� DOO� VWXGHQWV
WKDW� VHOHFWHG� WKH� VDPH�DUHD�RI� VWXG\�� ,Q� FDVH�RI� ,QIRUPD�
WLRQ� 7HFKQRORJ\�� VWDJH� %� FRPSULVHV� D� VXSSOHPHQWDU\
NQRZOHGJH� LQ� PDWKHPDWLFV� DQG� WKH� EDVLF� NQRZOHGJH� LQ
FRPSXWHU�DUFKLWHFWXUH��FRPSXWHU�QHWZRUNV��VRIWZDUH�HQJL�
QHHULQJ�DQG�GDWDEDVHV��7KH�VWDJH�LQFOXGHV�DOVR�FODVVHV�RQ
5HDO�7LPH�6\VWHPV�DQG�7KHRU\�RI�&RQWURO��$OO�FODVVHV�DUH
PDQGDWRU\� DQG� QR� RSWLRQV� IRU� WKH� VWXGHQWV� DUH� DYDLODEOH�
$W�WKH�HQG�RI�VWDJH�%�HDFK�VWXGHQW�VHOHFWV�D�VSHFLILF�SUR�
ILOH�RI�VWXG\�ZKLFK�GHILQHV�WKH�UHVW�RI�WKHLU�HGXFDWLRQ��7KH
FKRLFH�RI�SURILOHV�ZLWKLQ�WKH�DUHD�RI�,QIRUPDWLRQ�7HFKQRO�
RJ\� LV� EHWZHHQ� 6RIWZDUH� (QJLQHHULQJ�� &RPSXWHU� (QJL�
QHHULQJ��'HFLVLRQ�6XSSRUW�6\VWHPV�DQG�&RPSXWHU�&RQWURO
6\VWHPV�

6WDJH�&��WKUHH�VHPHVWHUV��SURYLGHV�WKH�VWXGHQWV�ZLWK�D
VSHFLDOLVW� NQRZOHGJH� ZLWKLQ� D� VHOHFWHG� SURILOH� RI� VWXG\�
'XULQJ� WKH� ODVW� VHPHVWHU� D� VWXGHQW� VKRXOG� SUHSDUH� KLV� RU
KHU�WKHVLV��,Q�FDVH�RI�WKH�&RPSXWHU�&RQWURO�6\VWHPV�SUR�
ILOH��VWDJH�&�FRPSULVHV�D�WKHRU\�RULHQWHG�FRXUVH�LQ�FRQWURO
DQG� RSWLPL]DWLRQ�� DQG� WHFKQRORJ\�RULHQWHG� FODVVHV� RQ
3URJUDPPDEOH� /RJLF� &RQWUROOHUV�� 3URFHVV� $XWRPDWLRQ
7HFKQLTXHV� DQG� 5RERWLFV�� 7KH� VWXGHQWV� FDQ� DOVR� VHOHFW
RSWLRQDO� FODVVHV� IURP� D� VHW� RI� FODVVHV� RIIHUHG� IRU� RWKHU
SURILOHV�RI�VWXG\�RU�IURP�WKH�DGYDQFHG�FODVVHV�RIIHUHG�IRU
SRVWJUDGXDWH� VWXGHQWV�� &UHGLWV� DVVLJQHG� WR� FODVVHV� RI� WKH
ODWWHU�VHW�FDQ�EH�WUDQVIHUUHG�WR�SRVWJUDGXDWH�VWXG\�WRZDUGV
0��(QJ��DFFRUGLQJ�WR�WKH�UXOHV�RI�D�FUHGLW�WUDQVIHU�V\VWHP�

7KH�UHDO�WLPH�V\VWHPV�HGXFDWLRQ�FUHDWHV�QHLWKHU�D�VHSD�
UDWH� DUHD� QRU� D� SURILOH� RI� VWXG\�� $� FRXUVH� LQ� 5HDO� 7LPH
6\VWHPV�LV�FRPSULVHG�ZLWKLQ�WKH�IROORZLQJ�SDWK�RI�HGXFD�
WLRQ�

FRPPRQ�EDFNJURXQG��
WKH�DUHD�RI�,QIRUPDWLRQ�7HFKQRORJ\��
WKH�SURILOH�RI�&RPSXWHU�&RQWURO�6\VWHPV�

&RXUVHV� VWXGLHG� DORQJ� WKLV� SDWK� DUH� OLVWHG� LQ� 7DEOH� ��
7KH�FRQWHQWV�RI�SDUWLFXODU�FRXUVHV��WKH�UROH�RI�WKH�FRXUVHV
DQG�WKH�UHODWLRQ�EHWZHHQ�WKHP��FDQ�EH�GHVFULEHG�EULHIO\�DV
IROORZV�

&RXUVHV� RIIHUHG�ZLWKLQ� WKH� VWDJH� $� FUHDWH� D� EDVLV� IRU
IXUWKHU� VWXG\�� /RRNLQJ� DW� WKH� FXUULFXOXP� IURP� WKH� FRP�
SXWHU�FRQWURO�YLHZSRLQW�RQH�FDQ�QRWH�WKDW�FRXUVHV�LQ�(OHF�
WULFDO� (QJLQHHULQJ� DQG� 'LJLWDO� 7HFKQLTXHV� LQWURGXFH� WKH
VWXGHQWV� LQWR� WKH�SUREOHPV�RI� KDUGZDUH� DUFKLWHFWXUHV� DQG
SURFHVV� LQWHUIDFLQJ�� ZKLOH� D� FRXUVH� LQ� &RPSXWHU� 3UR�
JUDPPLQJ� SUHSDUHV� WKHP� WR� VWXG\� WKH� SUREOHPV� RI� VRIW�

3UHVHQWDWLRQ�RI�WKH�WKHVLV��%�(QJ��

$GPLVVLRQ�SURFHGXUH��HQWUDQFH�H[DP�

6WDJH�$�²�EDFNJURXQG�NQRZOHGJH

6WDJH�&�²�VSHFLDOLVW�FRXUVHV�ZLWKLQ
D�VHOHFWHG�SURILOH�RI�VWXG\

6WDJH�%�²�EDVLF�FRXUVHV�ZLWKLQ
D�VHOHFWHG�DUHD�RI�VWXG\
6HOHFWLRQ�RI�D�SURILOH�RI�VWXG\

6HOHFWLRQ�RI�DQ�DUHD�RI�VWXG\
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ZDUH�GHYHORSPHQW��$�FODVV�RQ�7KHRU\�RI�/LQHDU�6\VWHPV
GHILQHV� WKH�EDVLF�QRWLRQV�RI� IUHTXHQF\�DQDO\VLV�DQG� IHHG�
EDFN��ZKLFK�DUH�HVVHQWLDO�IRU�DQ\�FRQWURO�HQJLQHHU�

&RXUVHV�FRPSULVHG�ZLWKLQ�VWDJH�%�ILQLVK�WKH�HGXFDWLRQ
LQ�PDWKHPDWLFV� DQG� SURYLGH� WKH� VWXGHQWV�ZLWK� WKH� IXQGD�
PHQWDO� NQRZOHGJH� LQ� FRPSXWDWLRQ� WHFKQRORJ\�� 7ZR
FODVVHV�DUH�SDUWLFXODUO\�LPSRUWDQW�IURP�WKH�FRPSXWHU�FRQ�
WURO�YLHZSRLQW��$�FODVV�RQ�7KHRU\�RI�&RQWURO�H[SODLQV�WKH
DOJRULWKPLF� SUREOHPV� RI� FORVHG�ORRS� FRQWURO� DQG� D� FODVV
RQ�5HDO�7LPH�6\VWHPV�SURYLGHV�D�FRQFHSWXDO�EDFNJURXQG
IRU� WKH� LPSOHPHQWDWLRQ� RI� FRQWURO� V\VWHPV�� %RWK� FODVVHV
WRJHWKHU� FRPSRVH� D� QHFHVVDU\� LQWURGXFWLRQ� WR� VWXG\LQJ
&RPSXWHU�&RQWURO�6\VWHPV�

6WDJH� &� RIIHUV� D� VSHFLDOLVW� NQRZOHGJH� LQ� FRPSXWHU
FRQWURO��$Q�H[WHQVLYH�FRXUVH�LQ�&RQWURO�DQG�2SWLPL]DWLRQ
7KHRU\�FRQVLVWV�RI�D�VHULHV�RI�FODVVHV�IRFXVHG�RQ�WKH�DOJR�
ULWKPLF�SUREOHPV�RI�FRQWURO��LQFOXGLQJ�WKH�DQDO\VLV�DQG�WKH
GHVLJQ�RI�KLHUDUFKLFDO�DQG�DGDSWLYH�FRQWURO��7KH�FODVVHV�RQ
3URJUDPPDEOH�/RJLF�&RQWUROOHUV�DQG�3URFHVV�$XWRPDWLRQ
7HFKQLTXHV�DUH�IRFXVHG�RQ�WKH�WHFKQRORJ\�RI�FRQWURO�V\V�
WHPV�LPSOHPHQWDWLRQ��$�FODVV�RQ�5RERWLFV�FDQ�EH�FRQVLG�
HUHG� DV� D� FRPSOHWH� H[DPSOH� RI� D� VHW� RI� VSHFLILF� FRQWURO
DOJRULWKPV� DQG� WKHLU� LPSOHPHQWDWLRQ�� 3URMHFWV� SHUIRUPHG
E\� WKH� VWXGHQWV� FRUUHVSRQG� WR� WKH� ZRUN� ZKLFK� PXVW� EH
GRQH�WR�SUHSDUH�%��(QJ��WKHVLV�

7DEOH�����&XUULFXOXP�LQ�&RPSXWHU�&RQWURO
&RXUVH 6L]H�>KRXUV@
6WDJH�$��&RPPRQ�

0DWKHPDWLFV ���
3K\VLFV ���
(OHFWULFDO�(QJLQHHULQJ�DQG�(OHFWURQLFV ���
'LJLWDO�7HFKQLTXHV ���
&RPSXWHU�3URJUDPPLQJ ���
7KHRU\�RI�/LQHDU�6\VWHPV ����

6WDJH�%��,QIRUPDWLRQ�7HFKQRORJ\�
0DWKHPDWLFDO�0HWKRGV ���
&RPSXWHU�$UFKLWHFWXUH�DQG�1HWZRUNV ���
6RIWZDUH�(QJLQHHULQJ�DQG�'DWDEDVHV ���
5HDO�7LPH�6\VWHPV ����
7KHRU\�RI�&RQWURO ����

6WDJH�&��&RPSXWHU�&RQWURO�6\VWHPV�
&RQWURO�DQG�2SWLPL]DWLRQ�7KHRU\ ���
3URJUDPPDEOH�/RJLF�&RQWUROOHUV ����
3URFHVV�$XWRPDWLRQ�7HFKQLTXHV ����
5RERWLFV ����
6WXGHQWV�3URMHFWV ���
2SWLRQDO�FODVVHV ���

$SDUW�RI�WKH�FRXUVHV�OLVWHG�LQ�7DEOH����WKH�VWXGHQWV�PXVW
DOVR� DWWHQG� D� QXPEHU� RI� QRQ�WHFKQLFDO� FRXUVHV� LQ� VRFLDO
VFLHQFHV�DQG�IRUHLJQ�ODQJXDJHV��7KH�WRWDO�ORDG�RI�D�VWXGHQW

UDQJHV�����KRXUV�SHU�VHPHVWHUV�����KRXUV�SHU�ZHHN������
RI� ZKLFK� DUH� VKRZQ� LQ� WKH� WDEOH�� 6WLOO� DQRWKHU� W\SH� RI
FODVVHV�LV�UHFUHDWLRQ�DQG�VSRUW�ZKLFK�LV�PDQGDWRU\�IRU�WKH
VWXGHQWV��EXW�GRHV�QRW�FRXQW�WR�WKH�VWXGHQWV�ORDG��QR�FUHG�
LWV�DVVLJQHG�WR�WKLV�W\SH�RI�FODVVHV��

��� 5HDO�WLPH�V\VWHPV�HGXFDWLRQ
5HDO�WLPH�V\VWHPV�SURYLGH�D�SODWIRUP�IRU� WKH�SUDFWLFDO

LPSOHPHQWDWLRQ� RI� FRPSXWHU� FRQWURO�� 7KHUHIRUH� D� FRXUVH
LQ�WKLV�ILHOG�LV�D�YLWDO�SDUW�RI�WKH�RYHUDOO�FRPSXWHU�FRQWURO
HGXFDWLRQ��7KH�SUHUHTXLVLWH� NQRZOHGJH� IRU� VXFK� D� FRXUVH
LQFOXGHV�WKH�IROORZLQJ�WRSLFV�
� HOHFWURQLF� FLUFXLWV� DQG� GLJLWDO� WHFKQLTXHV� �LQFOXGLQJ

VZLWFKLQJ�FLUFXLWV�DQG�PLFURFRPSXWHU�DUFKLWHFWXUH��
� FRPSXWHU�SURJUDPPLQJ�
� RSHUDWLQJ�V\VWHPV�DQG�FRPSXWHU�QHWZRUNV�
� EDVLFV�LQ�IHHGEDFN�V\VWHPV�DQG�FORVHG�ORRS�FRQWURO

$OO� WKH� SUHUHTXLVLWH� NQRZOHGJH� LV� RIIHUHG� WR� WKH� VWX�
GHQWV� GXULQJ� VWDJH� $�� 0RUH� GHWDLOHG� SUHVHQWDWLRQ� RI� WKH
WKHRU\�RI�FRQWURO�LV�JLYHQ�LQ�VWDJH�%�

7KH� FRUH� NQRZOHGJH� RQ� WKH� VXEMHFW� LV� RIIHUHG� ZLWKLQ
WKH�IROORZLQJ�WKUHH�FODVVHV��ZKLFK�FDQ�LQIRUPDOO\�EH�FRQ�
VLGHUHG�DV�D�FRXUVH�LQ�5HDO�7LPH�6\VWHPV�
� 5HDO�7LPH�6\VWHPV� ��WK� VHPHVWHU�����KRXUV�RI� OHFWXUH

DQG����KRXUV�RI�ODE�H[HUFLVHV��
� 3URJUDPPDEOH� /RJLF� &RQWUROOHUV� ��WK� VHPHVWHU�� ��

KRXUV�RI�OHFWXUH�DQG����KRXUV�RI�ODE�H[HUFLVHV��
� 3URFHVV� $XWRPDWLRQ� 7HFKQLTXHV� ��WK� VHPHVWHU�� ��

KRXUV�RI�OHFWXUH�DQG����KRXUV�RI�ODE�H[HUFLVHV��
7KH�FRXUVH�LV�HPEHGGHG�LQWR�WKH�SURILOH�RI�VWXG\�LQ�&RP�
SXWHU�&RQWURO�6\VWHPV�

$�FODVV�RQ�5HDO�7LPH�6\VWHPV�LV�FRPPRQ�IRU�WKH�HQWLUH
DUHD�RI�VWXG\��$� OHFWXUH�SDUW�RI� WKH�FODVV�FRQVLVWV�RI� IRXU
VHFWLRQV��7KH�ILUVW�VHFWLRQ�GHILQHV�WKH�EDVLF�QRWLRQV�RI�UHDO
WLPH� DQG� GHDGOLQHV�� LQWURGXFHV� LQWR� WKH� SUREOHPV� RI� WDVN
VFKHGXOLQJ��DQG�VWDWHV�WKH�SUREOHP�RI�V\VWHP�GHSHQGDELO�
LW\��7KH�VHFRQG�VHFWLRQ�GHVFULEHV�KDUGZDUH�DUFKLWHFWXUH�RI
D�FRQWURO�V\VWHP�� LQFOXGLQJ�SURFHVV� LQWHUIDFHV�DQG� UHGXQ�
GDQF\�� 7KH� QH[W� VHFWLRQ�� ZKLFK� LV� WKH� PDLQ� SDUW� RI� WKH
OHFWXUH�� JRHV� LQWR� WKH� SUREOHPV� RI� UHDO� WLPH� RSHUDWLQJ
V\VWHPV�� GHVFULEHG� IURP� WKH� SURJUDPPHUV� SRLQW� RI� YLHZ�
7KLV�SDUW� LV�EDVHG�RQ�326,;�VWDQGDUG�>�@�DQG�XVHV�41;
DQG�26���DV�H[DPSOHV��7KH�ODVW�VHFWLRQ�GHVFULEHV�ILHOGEXV
V\VWHPV�H[HPSOLILHG�E\�3URILEXV�>�@�

$� FODVV� RQ� 3URJUDPPDEOH� /RJLF� &RQWUROOHUV� LV� FRP�
SRVHG� RI� WZR� UHODWHG� SDUWV�� 7KH� KDUGZDUH� SDUW� GHVFULEHV
EDVLF� W\SHV� RI� VHQVRUV� DQG� DFWXDWRUV�� VLJQDO� VWDQGDUGV
DSSOLHG� LQ� WKH� LQGXVWU\�� WKH� UXOHV� IRU� VLJQDO� FRQGLWLRQLQJ
DQG�LQWHUIDFLQJ��DQG�WKH�DUFKLWHFWXUH�RI�3/&��7KH�VRIWZDUH
SDUW� LV� IRFXVHG� RQ� WKH� XVH� RI� ,(((� ����� SURJUDPPLQJ
ODQJXDJHV� >�@�� ODGGHU� GLDJUDPV�� IXQFWLRQ� EORFN� GLDJUDPV
DQG�VHTXHQWLDO�IXQFWLRQ�FKDUWV�



$�FODVV� RQ�3URFHVV�$XWRPDWLRQ� 7HFKQLTXHV� DGGUHVVHV
EDVLF�DVSHFWV�RI�WKH�FRQWURO�V\VWHP�GHVLJQ��7RSLFV�LQFOXGH�
DGYDQFHG� FRQWURO� WHFKQLTXHV� �DGDSWLYH� DQG� SUHGLFWLYH
FRQWURO��� KLHUDUFKLFDO� PXOWLOD\HUHG� DUFKLWHFWXUHV� RI� WKH
FRQWURO� V\VWHP� IXQFWLRQDOLW\�� PRGHUQ� DUFKLWHFWXUHV� RI
GLVWULEXWHG�FRQWURO�V\VWHPV��OLNH�H�J��7'&��������DQG�WKH
WHFKQLTXHV�XVHG�IRU�VHOHFWLQJ�FRQWURO�V\VWHP�VWUXFWXUH�

$Q� LPSRUWDQW� SDUW� RI� WKH� FRXUVH� DUH� ODERUDWRU\� H[HU�
FLVHV�� 7KH� ODE� SDUW� RI� WKH� 5HDO� 7LPH� 6\VWHPV� FODVV� DG�
GUHVVHV� SUREOHPV� UHODWHG� WR� VRIWZDUH� GHYHORSPHQW� WHFK�
QRORJ\��DQG�SDUWLFXODUO\�
� VRIWZDUH� GHYHORSPHQW� F\FOH�� EHJLQQLQJ� ZLWK� UHTXLUH�

PHQWV�VSHFLILFDWLRQ�DQG�ILQLVKHG�ZLWK�WKH�ILQDO�SURGXFW
YDOLGDWLRQ�

� FRQFXUUHQW�WDVN�SURJUDPPLQJ�ZLWK�WKH�HPSKDVLV�SODFHG
RQ� F\FOLF�� WLPH� GHSHQGHQW� H[HFXWLRQ�� DQG� LQWHU�WDVN
V\QFKURQL]DWLRQ�DQG�FRPPXQLFDWLRQ�
7KH� HTXLSPHQW� XVHG� LQ� WKH� ODERUDWRU\� FRQVLVWV� RI� D

SURFHVV�PRGHO� �KDUGZDUH�GHYLFHV�²�)LJXUH���� XVHG� DV� D
UHDO�ZRUOG�SODQW�GXULQJ�WKH�H[HUFLVHV��DQG�D�QHWZRUN�RI�3&
FRPSXWHUV� XQGHU� 41;� RSHUDWLQJ� V\VWHP�� 7KH� SURFHVV
PRGHO� LV� FRPSRVHG� RI� WZR� ZDWHU� FRQWDLQHUV�� D� KHDWHU�� D
FRROHU�DQG�D�SXPS��DOO�FRQQHFWHG�WRJHWKHU�E\�PHDQV�RI�D
VHW� RI� SLSHV�� 7KHUH� DUH� YDOYHV� LQVWDOOHG� DORQJ� WKH� SLSHV�
DQG� WKH�ZDWHU� IORZ� DQG� WHPSHUDWXUH� FDQ� EH�PHDVXUHG� LQ
VHYHUDO� SRLQWV�� 0HDVXUHPHQW� VLJQDOV� FRPSULVH� �� DQDORJ
YDOXHV�DQG���WZR�VWDWH�YDOXH��&RQWURO�VLJQDOV�WR�WKH�PRGHO
FRPSULVH� �� DQDORJ� LQSXWV� DQG� �� WZR�VWDWH� LQSXWV�� 7KH
ODERUDWRU\� H[HUFLVHV� DUH�RUJDQL]HG� LQ� WKH� IRUP�RI� D� SURM�
HFW�� GHYHORSHG� E\� D� WHDP� RI� �� WR� ��� VWXGHQWV� GXULQJ� VL[
ZHHNV��7KH�LQLWLDO�UHTXLUHPHQWV�VWDWHPHQW�IRU�WKH�VWXGHQWV
VRXQGV� OLNH� Ä0HDVXUH� DQG� FRQWURO� WKH� VWDWH� RI� WKH� SODQW
ZLWK�DSSURSULDWH�DFFXUDF\´��7KH�ILQDO� UHVXOW� LV�D�VRIWZDUH

UXQQLQJ� RQ� D� QHWZRUN� RI� 3&� FRPSXWHUV� DQG� D� SURMHFW
GRFXPHQWDWLRQ�� 6XEVHTXHQW� H[HUFLVHV� FRUUHVSRQG� WR� SDU�
WLFXODU�SKDVHV�RI�WKH�VRIWZDUH�OLIH�F\FOH��)LQDO�PDUN�IRU�WKH
VWXGHQWV�FRUUHVSRQGV�WR�WKH�TXDOLW\�RI�GRFXPHQWDWLRQ�DQG
WR� WKH� UHVXOWV� RI� WKH� VRIWZDUH� YDOLGDWLRQ� DJDLQVW� WKH� UH�
TXLUHPHQWV�VSHFLILFDWLRQ�

7KH�ODE�SDUW�RI�3/&�SURJUDPPLQJ�GHPRQVWUDWHV�WKH�XVH
RI�3/&�FRQWUROOHUV�LQ�W\SLFDO�LQGXVWULDO�DSSOLFDWLRQV��7RS�
LFV�LQFOXGH�
� EDVLF�,(&������SURJUDPPLQJ�ODQJXDJHV�
� 3/&�SURJUDPPLQJ�GHYLFHV�

7KH� HTXLSPHQW� XVHG� LQ� WKH� ODERUDWRU\� FRQVLVWV� RI� WZR
SURFHVV� PRGHOV� �KDUGZDUH� GHYLFHV�� DQG� D� VHW� RI� VPDOO
3/&V�DQG�3/&�SURJUDPPLQJ�GHYLFHV�IURP�6LHPHQV��2QH
RI� WKH� SURFHVV� PRGHOV� LV� FRPSRVHG� RI� WZR� LQGXVWULDO�
SQHXPDWLF� ELQDU\� PDQLSXODWRUV�� D� WUDQVSRUWDWLRQ� V\VWHP
DQG�D�EXIIHU�DUUDQJHG�ZLWKLQ�D�ZRUNFHOO��7KH�RWKHU�PRGHO
LV�FRPSRVHG�RI�WZR�ZDWHU�WDQNV��D�VHW�RI�SLSHV�DQG�YDOYHV�
DQG�D� VHW�RI�PHDVXUHPHQW� LQVWUXPHQWV�� RQH�RI�ZKLFK� LV� D
&&'� FDPHUD� ZKLFK� PHDVXUHV� WKH� ZDWHU� FRORU� LQWHQVLW\�
7KH�FRQWUROOHUV�FDQ�EH�DWWDFKHG�WR�WKH�PRGHOV��$�WHDP�RI
VWXGHQWV�PXVW� UHILQH�D�SUHGHILQHG� UHTXLUHPHQWV� VSHFLILFD�
WLRQ� �ZKDW� GRHV� ÄFRORU� LQWHQVLW\´� PHDQ� "�� DQG� GHYHORS
SURJUDPV�� 7KH� ODQJXDJHV� XVHG� WKURXJKRXW� WKH� H[HUFLVHV
DUH�ODGGHU�GLDJUDPV�DQG�VHTXHQWLDO�IXQFWLRQ�FKDUWV�

7KH� ODE�SDUW�RI�3URFHVV�$XWRPDWLRQ�7HFKQLTXHV� LV� IR�
FXVHG� RQ� WKH� HOHPHQWV� RI� WKH� V\VWHP� GHYHORSPHQW� F\FOH�
1R�KDUGZDUH�EDVHG�SURFHVV�PRGHOV�DUH�XVHG��,QVWHDG�� WKH
VWXGHQWV�PXVW�VLPXODWH�D�FRPSOH[�SURFHVV� �RU�D�SDUW�RI�D
SURFHVV�� XVLQJ� VSHFLDOL]HG� VRIWZDUH�SDFNDJHV�� OLNH�0DWK�
ODE�DQG�6LPXOLQN��DQG�V\QWKHVL]H�WKH�ODZ�RI�FRQWURO�IRU�WKH
SURFHVV�� ,Q� WKH� ODVW� VWHS� DQ� RSHUDWRU� SDQHO� EDVHG� RQ
:LQ&&�VRIWZDUH�FDQ�EH�LQWHUIDFHG�WR�WKH�SURFHVV�
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7KH� ODERUDWRU\� H[HUFLVHV� RI� WKH� WKUHH� FODVVHV� RI� WKH
5HDO�7LPH�6\VWHPV�FRXUVH�FUHDWH�D�FRQVLVWHQW�SDWK��,Q�WKH
ILUVW� RI� WKH� DERYH� ODEV� DOO� FKDUDFWHULVWLFV� RI� WKH� V\VWHP
XQGHU� GHYHORSPHQW� ²� H[FHSW� VRIWZDUH� VWUXFWXUH� ²� DUH
IL[HG��1R� GHVLJQ� GHFLVLRQV� UHODWHG� WR� WKH� KDUGZDUH� RU� WR
WKH�FRQWURO�DOJRULWKPV�DUH�PDGH��7KH�RQO\�SUREOHP�XQGHU
FRQVLGHUDWLRQ�LV� WKH�GHYHORSPHQW�RI�VRIWZDUH�� ,Q� WKH�QH[W
ODEV� WKH�VWUHVV�PDUNV�DUH�FKDQJHG��6RIWZDUH�GHYHORSPHQW
EHFRPHV� D� EDFNJURXQG� WDVN�� ZKLOH� WKH� V\VWHP� VWUXFWXUH
DQG�WKH�FRQWURO�DOJRULWKPV�DUH�DGGUHVVHG��,Q�D�UHDO�GHYHO�
RSPHQW� SURFHVV� WKH� RUGHULQJ� RI� WDVNV� LV� XVXDOO\� MXVW� WKH
RSSRVLWH�� 7KH� DGYDQWDJH� RI� WKH� GHVFULEHG� VXFFHVVLRQ� LV�
KRZHYHU�� WKDW� HDFK� ODERUDWRU\� H[HUFLVH� FDQ� HQG� LQ� D
ZRUNLQJ� V\VWHP�� $Q� HDUOLHU� YHUVLRQ� RI� WKH� ODERUDWRULHV�
LQFOXGLQJ�D�GHVFULSWLRQ�RI�HDUOLHU�YHUVLRQV�RI�WKH�KDUGZDUH
DQG�WKH�VRIWZDUH��FDQ�EH�IRXQG�LQ�>�@�

7KH� H[SHULHQFH� IURP� WKH� ODERUDWRU\� H[HUFLVHV� KDV
VKRZQ�WKDW�HYHQ�TXLWH�FRPSOLFDWHG�FRQWURO�V\VWHPV�FDQ�EH
LPSOHPHQWHG��7KH�SUREOHP� LV��KRZHYHU�� WKDW� WKH� VWXGHQWV
�OLNH� RWKHU� SURJUDPPHUV�� WHQG� WR� ZRUN� GLUHFWO\� LQ� FRGH
DQG� WR� QHJOHFW� WKH� GRFXPHQWDWLRQ�� 7KH� ODFN� RI� UHTXLUH�
PHQWV�DQG�GHVLJQ�VSHFLILFDWLRQ�FDXVHV�SUREOHPV�GXULQJ�WKH
VRIWZDUH� LQWHJUDWLRQ� DQG� WHVWLQJ� SKDVH�� *UHDW� DWWHQWLRQ
PXVW�EH�SDLG�E\� WHDFKHUV� WR� IRUFH� WKH�VWXGHQWV� WR�SUHSDUH
WKH� QHFHVVDU\� GRFXPHQWDWLRQ� DORQJ� ZLWK� WKH� SURJUHVV� RI
WKH�GHYHORSPHQW�SURFHVV�

��� &RQFOXVLRQV
6WXGHQWV� JUDGXDWHG� IURP�:DUVDZ�8QLYHUVLW\� RI� 7HFK�

QRORJ\�KDYH�QR�SUREOHPV�ZLWK�ILQGLQJ� MREV��6R��ZK\�DQ\
FKDQJHV� WR� WKH� PRGHO� DQG� WKH� FXUULFXOXP� RI� VWXG\� DUH
QHHGHG"�7KHUH�DUH�PDQ\�UHDVRQV�RI�GLIIHUHQW�NLQG��)LUVW�RI
DOO�� WKH� HQUROOPHQW� RI� VWXGHQWV� WR� RXU� 'HSDUWPHQW� LQ�
FUHDVHG� GUDPDWLFDOO\� LQ� WKH� ODVW� IHZ� \HDUV�� DQG� WKH� ROG
VWXG\�V\VWHP�EHFDPH�LQHIILFLHQW�²�WRR�H[SHQVLYH�IRU� WKH
JRYHUQPHQW��DQG�WRR�FRPSOLFDWHG�IRU�WKH�VWXGHQWV��+HQFH�
D�QHHG�IRU�EHWWHU�VWUXFWXULQJ�RI�VWXG\�KDV�EHHQ�GHYHORSHG�

/RRNLQJ� DW� WKH� FXUULFXOXP� IURP� WKH� FRPSXWHU� FRQWURO
SRLQW�RI�YLHZ��RQH�DQRWKHU�SUREOHP�KDV�DULVHQ��2XU�JUDGX�
DWHV� ZRUN� PRVWO\� DV� VRIWZDUH� HQJLQHHUV� LQ� FRPPHUFLDO

HQWHUSULVHV� DQG� QHHG� SUDFWLFDO� VNLOOV�� 8QIRUWXQDWHO\�� WKH
FXUUHQW�SURILOH�RI�FRPSXWHU�FRQWURO� LV��EHFDXVH�RI�KLVWRUL�
FDO� UHDVRQV��YHU\� WKHRUHWLFDO� DQG�RXU�JUDGXDWHV�DUH�EHWWHU
SUHSDUHG�WR�ZRUN�DV�UHVHDUFKHUV�WKDQ�HQJLQHHUV��2QH�RI�WKH
PDLQ� JRDOV� RI� WKH� UHVWUXFWXULQJ� LV� WR� VKLIW� WKH� HGXFDWLRQ
IURP� WKHRU\� WR�SUDFWLFH��0HDVXUHV�FKRVHQ� WR� DFKLHYH� WKLV
JRDO�DUH�D�FKDQJH�LQ�FODVV�V\OODEL�DQG�DQ�LQFUHDVH�RI�YHU\
SUDFWLFDO�ODERUDWRU\�H[HUFLVHV�

7KH� FRXUVH� LQ� UHDO� WLPH� V\VWHPV� LQFOXGHV� QHDUO\� DOO
HOHPHQWV� LPSRUWDQW� WR� WKLV� ILHOG� >�@�� SURFHVV� LQWHUIDFLQJ�
UHDO� WLPH� VRIWZDUH� DQG� WKH� FRPSXWHU� FRQWURO� DOJRULWKPV�
:KDW� LV� GHILQLWHO\� PLVVLQJ� LV� VDIHW\� DQDO\VLV� DQG� DVVXU�
DQFH��6RPH�HOHPHQWV�UHODWHG�WR�WKLV�SUREOHP�FDQ�EH�IRXQG
LQ�DGYDQFHG�OHFWXUHV�IRU�SRVWJUDGXDWH�VWXGHQWV��ZKLFK�FDQ
EH� VHOHFWHG� DV� RSWLRQDO� FODVVHV�� 7KRVH� HOHPHQWV� DUH� SUR�
JUDP�YHULILFDWLRQ�DQG�SURYLQJ�RI�WKH�SURJUDP�FRUUHFWQHVV�
$�VSHFLDO�FODVV�LQ�VDIHW\�DQDO\VLV��DV�GHILQHG�LQ�>�@�ZLOO�EH
SUHSDUHG�LQ�D�QHDU�IXWXUH�

$FNQRZOHGJPHQWV
7KH�ZRUN�KDV�EHHQ�VXSSRUWHG�E\�D�:DUVDZ�8QLYHUVLW\

RI�7HFKQRORJ\�VWDWXWRU\�JUDQW���������������
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