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ABSTRACT 
�
,Q�WKH�UHFHQW�SDVW��JDPLILFDWLRQ�KDV�EHHQ�SURPSWO\�GHYHORSLQJ�DV�ZHOO�DV�DFWLYHO\�DSSOLHG�LQ�WKH�
HGXFDWLRQDO� VHFWRU�� 1RZDGD\V�� LW� ILJXUHV� SURPLQHQWO\� RQ� DFFRXQW� RI� PDNLQJ� WKH� OHDUQLQJ�
SURFHVV�PRUH�HQJDJLQJ�DQG�PRWLYDWLQJ�ZKLFK�OHDGV�WR�HQKDQFHPHQW�RI�WKH�TXDOLW\�RI�JDLQHG�
NQRZOHGJH��7KH�SUHVHUYDWLRQ�RI�WKH�H[LVWLQJ�OHYHO�RI�HGXFDWLRQ�RU��PRUHRYHU��LWV�VWUHQJWKHQLQJ��
$GGLWLRQDOO\��WKHVH�WRROV�HQKDQFH�DQG�VXSSRUW�WKH�FRQWDFWOHVV�OHDUQLQJ�PHWKRGV�WKDW�HPHUJHG�
GXULQJ�WKH�&29,'����SDQGHPLF��7KH�UHGHSOR\PHQW�RI�ODERUDWRU\�ZRUNV�LQWR�WKH�JDPLILFDWLRQ�
H[SHULHQFH� IRUPDW� DOORZV� VWXGHQWV� WR� SHUIRUP� WDVNV� ZLWKRXW� WKH� QHFHVVLW\� WR� DWWHQG� WKH�
GHVLJQDWHG� ODERUDWRU\� URRP� DV� ZHOO� DV� UHGXFH� LWV� XWLOL]DWLRQ�� 7KH� PDLQ� REMHFWLYHV� RI� WKH�
JDPLILFDWLRQ� H[SHULHQFH� DUH� WKH� HVWDEOLVKPHQW� DQG� FRQWULEXWLRQ� RI� WKH� YLUWXDO� WRRO� WR� WKH�
(GXFDWLRQDO� *DPH� 3URMHFW� WKDW� LV� EHLQJ� GHYHORSHG� E\� WKH� 9LUWXDO� DQG� $XJPHQWHG� 5HDOLW\�
ODERUDWRU\� DW� 7DOOLQQ� 8QLYHUVLW\� RI� 7HFKQRORJ\�� 7KH� ODERUDWRU\� RI� WKH� ³+\GUDXOLFV� DQG�
3QHXPDWLFV´�FRXUVH�LV�XWLOL]HG�LQ�RUGHU�WR�SUHSDUH�HGXFDWLRQDO�YLGHRV��7KH�SULPDU\�VRIWZDUH�
WRRO�LPSOHPHQWHG�LQ�WKH�SURMHFW�LV�WKH�8QLW\�JDPH�HQJLQH�GXH�WR�LWV�EURDG�IXQFWLRQDOLW\�ZKLOH�
FROODERUDWLQJ�ZLWK��'�DQG��'�HQYLURQPHQWV��2QFH�D�VWXGHQW�KDV�FRPSOHWHG�WKH�GHVLJQDWHG�
WDVN�� WKH\� JDLQ� DFFHVV� WR� WKH� QH[W� ODERUDWRU\� ZRUN� DV� ZHOO� DV� FDQ� UHYLVH� WKHLU� SUHYLRXV�
DVVLJQPHQWV��&XUUHQW�ZRUN�SUHVHQWV�WKH�SURFHVV�RI�GLJLWDOL]DWLRQ�RI�WKH�ODE�ZLWK�WKH�DQDO\VLV�RI�
VWXGHQWV
�IHHGEDFN�RQ�FRPSDULVRQ�EHWZHHQ�LQ�FODVV�DQG�UHPRWH�OHDUQLQJ�LQ�WKH�VDPH�ODE��
�
�
KEYWORDS 
�
*DPLILFDWLRQ�H[SHULHQFH��3QHXPDWLFV��5HPRWH�ODERUDWRU\��,QWHUDFWLRQV��6WDQGDUGV��������������
�������
�
�
INTRODUCTION 
�
,Q� UHFHQW� \HDUV�� JDPLILFDWLRQ� KDV� EHHQ� UDSLGO\� GHYHORSLQJ� DQG� DSSOLHG� LQ� WKH� HGXFDWLRQDO�
SURFHVV�� 7KH� WHUP� ³JDPLILFDWLRQ´� LV� JHQHUDOO\� XVHG� WR� GHQRWH� WKH� DSSOLFDWLRQ� RI� JDPH�
PHFKDQLVPV� LQ� QRQ-JDPLQJ� HQYLURQPHQWV� WR� HQKDQFH� WKH� SURFHVVHV� HQDFWHG� DQG� WKH�
H[SHULHQFH� RI� WKRVH� LQYROYHG�� 7KH� WHUP� KDV� EHFRPH� D� FDWFKZRUG� WKURXJKRXW� WKH� ILHOGV� RI�
HGXFDWLRQ�DQG�WUDLQLQJ��WKDQNV�WR�LWV�SHUFHLYHG�SRWHQWLDO�WR�PDNH�OHDUQLQJ�PRUH�PRWLYDWLQJ�DQG�
HQJDJLQJ� �&DSRQHWWR�� (DUS� 	� 2WW�� ������� HVSHFLDOO\� DPRQJ� \RXQJHU� JHQHUDWLRQV�� :KLOH�
FRPPRQO\� IRXQG� LQ�PDUNHWLQJ�VWUDWHJLHV�� LW� LV�QRZ�EHLQJ� LPSOHPHQWHG� LQ�PDQ\�HGXFDWLRQDO�
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SURJUDPV�DV�ZHOO��KHOSLQJ�HGXFDWRUV�ILQG�WKH�EDODQFH�EHWZHHQ�DFKLHYLQJ�WKHLU�REMHFWLYHV�DQG�
FDWHULQJ� WR�HYROYLQJ�VWXGHQW�QHHGV� �0HUWDOD���������$V�D� UHVXOW�� WKH�HOHPHQWV�RI�QRYHOW\� LQ�
SHUIRUPLQJ� OHDUQLQJ� WDVNV� DUH� DPRQJ� WKH� PRVW� FULWLFDO� IDFWRUV� IRU� WKLV� GHYHORSPHQW�
�6KHYWVKHQNR��HW�DO����������
�
7KH� UROH� RI� JDPLILFDWLRQ� LQ� HQJLQHHULQJ� HGXFDWLRQ� KDV� EHFRPH� LQFUHDVLQJO\� FHQWUDO� DQG�
SURPLQHQW�ZLWK�JURZLQJ�DGRSWLRQ�LQ�GLIIHUHQW�DUHDV�RI�HGXFDWLRQ�DQG�SDUWLFXODUO\�VRIWZDUH�DQG�
FRPSXWHU�HQJLQHHULQJ� �0��0LORV]�	�(��0LORV]���������*DPLILFDWLRQ� WRROV�DQG�PHWKRGV�KDYH�
EHQHILFLDO� HIIHFWV� RQ� KRZ� VWXGHQWV� OHDUQ� DQG� SURFHVV� LQIRUPDWLRQ�� ,QWHUDFWLYH� JDPHV� LQ�
HGXFDWLRQ�VWLPXODWH�LQWHUHVW�DQG�LQFUHDVH�FULWLFDO�WKLQNLQJ��ERRVW�SUREOHP�VROYLQJ�FRPSHWHQFLHV�
�$QLO�<DVLQ�	�$EEDV���������DQG�DUH�SURYHQ�WR�LQFUHPHQW�DFDGHPLF�SHUIRUPDQFH��FROODERUDWLRQ��
DQG� WHDPZRUN� VNLOOV� �'tD]�5DPtUH]�� ������� 7KH� GHYHORSPHQW� RI� QHZ� WHDFKLQJ�PHWKRGV� LQ�
HQJLQHHULQJ�LV�VWULFWO\�ERXQG�WR�WKH�GHYHORSPHQW�RI�QHZ�WHFKQRORJLHV�LQ�WKH�ILHOG�RI�LQGXVWU\��
7KH�RQJRLQJ�DQG�IRUWKFRPLQJ�WUDQVIRUPDWLRQV�LQ�WKH�PDQXIDFWXULQJ�ILHOG�DQG�,QGXVWU\������,�����
DUH� IRUFLQJ� HGXFDWLRQ� WR� DGDSW� WR� QHZ� UHTXLUHPHQWV�� FRPSHWHQFLHV�� DQG� VNLOO� VHWV� �%URR��
.D\QDN�	�6DLW���������0XOWLGLVFLSOLQDU\�SURMHFW�GHYHORSPHQWV��KXPDQ�FHQWULF�SURGXFWLRQ�OLQHV��
GDWD�GULYHQ� LQWHOOLJHQW� V\VWHPV�� DQG� KLJKO\� VRSKLVWLFDWHG� FROODERUDWLYH� ZRUN� SURFHVVHV�� LQ�
ZKLFK�KXPDQV�DQG�PDFKLQHV�PXWXDOO\�OHDUQ�IURP�HDFK�RWKHU��DUH�SXVKLQJ�KLJKHU�HGXFDWLRQ�WR�
SURYLGH� DGHTXDWH� PLQGV� DQG� VNLOOVHWV� WR� IXWXUH� HQJLQHHUV� DQG� WHFKQLFLDQV�� ,Q� WKLV� UHJDUG��
JDPLILFDWLRQ�DQG�DGYDQFHG�FROODERUDWLYH�LQWHUIDFHV��VXFK�DV�WKH�RQH�SURYLGHG�E\�DXJPHQWHG�
DQG�YLUWXDO�UHDOLW\��/DPSURSRXORV��HW�DO���������FDQ�EH�EHQHILFLDO�DQG�SUHSDUDWRU\�WR�WKRVH�IXWXUH�
FKDOOHQJHV��7KH�H[DPSOHV�LQ�WKH�OLWHUDWXUH�DUH��RI�FRXUVH��GLYHUVH�EXW�VKRZ�D�OLYHO\�VFHQDULR�RI�
YDULHG�DSSOLFDWLRQV�ZLWK�PRELOH�EDVHG�DXJPHQWHG�UHDOLW\�LQWHUDFWLYH�WRROV���&ULROOR��HW�DO���������
WKH�LPSOHPHQWDWLRQ�RI�OHDGHUERDUGV��2UWL]�5RMDV��&KLOXL]D�	�9DOFNH���������WKH�DSSOLFDWLRQ�RI�
LPPHUVLYH�9LUWXDO�5HDOLW\��95��LQ�DXWRPRWLYH�GHVLJQ�WHDFKLQJ��&RUGHUR�*XULGL��HW�DO���������RU�
WKH� GHYHORSPHQW� RI� D� GHGLFDWHG� WRROER[� IRU� WKH� DQDO\VLV�� YLUWXDOL]DWLRQ�� LQWHUDFWLRQ�� DQG�
H[SORLWDWLRQ�RI�YLUWXDO�IDFWRULHV�DQG�SURGXFWLRQ�OLQHV�IRU�HGXFDWLRQ�WKRXJK�ZHE�WRROV��0DKPRRG��
HW�DO���������
�
7KH�PDLQ�REMHFWLYHV�RI� WKH�SUHVHQWHG�DSSOLFDWLRQ�DUH� WKH�FUHDWLRQ�DQG� LPSOHPHQWDWLRQ�RI�D�
YLUWXDO�WRRO�LQWR�WKH�(GXFDWLRQDO�*DPH�3URMHFW�WR�GLJLWDOL]H�PHWKRGV�RI�OHDUQLQJ�3QHXPDWLFV�DQG�
+\GUDXOLFV��7KH�SURMHFW�LV�EHLQJ�GHYHORSHG�E\�WKH�9LUWXDO�DQG�$XJPHQWHG�5HDOLW\�ODERUDWRU\�DW�
7DOOLQQ�8QLYHUVLW\�RI�7HFKQRORJ\��7KH�JDPLILFDWLRQ�H[SHULHQFH�LV�FRQGXFWHG�LQ�D�GHVNWRS�EDVHG�
�'�HQYLURQPHQW�DQG�WKH�GHVLJQ�RI�WKH�JDPLILFDWLRQ�H[SHULHQFH�LV�LQFOXVLYH�RI�WKH�³0DLQ�0HQX´�
DQG��� ODERUDWRU\�ZRUNV�RQ�3QHXPDWLFV�DQG��� ODERUDWRU\�ZRUNV�RQ�(OHFWUR�3QHXPDWLFV�ZLWK�
FRUUHVSRQGLQJ�HGXFDWLRQDO�YLGHRV��7KH�WDVN�RI�HDFK�ODERUDWRU\�ZRUN�LV�WR�FRPSRVH�D�VFKHPDWLF��
QDPHO\�� WKH� VHOHFWLRQ� RI� WKH� QHFHVVDU\� FRPSRQHQWV� DQG� WKH� FRQVWUXFWLRQ� RI� FRQQHFWLRQV�
EHWZHHQ� WKHP��)RU� WKLV� UHDVRQ��D� IXQGDPHQWDO�DVSHFW�RI� WKLV�ZRUN� LV�FROOHFWLQJ�D� OLEUDU\�RI�
V\PEROV� WKDW� UHSUHVHQW� 3QHXPDWLFV� FRPSRQHQWV�� 7KH� DOJRULWKP� IRU� SHUIRUPLQJ� DQG�
DVFHUWDLQLQJ�WKH�VFKHPDWLF�IRU�WKH�FRUUHFWQHVV�RI�HDFK�ODERUDWRU\�ZRUN�LV�LQFOXGHG�LQ�WKLV�ZRUN���
�
�
MATERIALS AND METHODS 
�
7KH�PDLQ�VRIWZDUH�XVHG�LQ�WKH�GHYHORSPHQW�LV�WKH�8QLW\�JDPH�HQJLQH��8QLW\�LV�ZLGHO\�HPSOR\HG�
WR�FUHDWH�JDPHV�DQG�LQWHUDFWLYH��'�DQG��'�H[SHULHQFHV��H�J���WUDLQLQJ�VLPXODWLRQ��PHGLFDO�DQG�
EXLOGLQJ� FRQVWUXFWLRQ� �/L� 	� 7DQJ�� ������� 7KLV� VRIWZDUH� LQFOXGHV� D�ZLGH� UDQJH� RI� WRROV� DQG�
SDFNDJHV�DOORZLQJ� WR�DFFRPSOLVK� WKH�GHVLJQDWHG� WDVN�HQWLUHO\��)XUWKHUPRUH�� WKH�DSSOLFDWLRQ�
LQFOXGHV�QXPHURXV�&��VFULSWV�WKDW�DUH�ZULWWHQ�XVLQJ�5LGHU�E\�-HW%UDLQV��7KH�FXUUHQW�VWXG\�LV�
LQFOXVLYH�RI�D��'�VSDFH�IURP�ZKLFK�D�VWXGHQW�DFFHVVHV�WKH�YLUWXDO�3QHXPDWLFV�ODERUDWRU\��7KH�
JDPLILFDWLRQ� H[SHULHQFH� SURYLGHV� DQ� RSSRUWXQLW\� WR� FRQGXFW� 3QHXPDWLFV� ODERUDWRU\� ZRUNV�
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UHPRWHO\� GHFUHDVLQJ� WKH�QHFHVVLW\� RI� FRQWDFW� OHDUQLQJ�DQG� WKH�XVH�RI� SK\VLFDO�3QHXPDWLFV�
FRPSRQHQWV��3QHXPDWLFV�ODERUDWRU\�WDVNV�DUH�WUDQVIHUUHG�LQWR�WKH�JDPLILFDWLRQ�H[SHULHQFH�DQG�
D�VWXGHQW�LV�SUHVXPHG�WR�FRQVWUXFW�D�VFKHPDWLF�LQ�FRQMXQFWLRQ�ZLWK�D�VWHS�GLDJUDP��7R�HQGRZ�
WKH�YLUWXDO�HQYLURQPHQW�ZLWK�DQ�HUJRQRPLF�LQWHUIDFH��WKH�JDPLILFDWLRQ�H[SHULHQFH�LV�LQFOXVLYH�RI�
WKH�³0DLQ�0HQX´�IRU�ODERUDWRU\�ZRUN�VHOHFWLRQ�DQG�DGYDQFHPHQW�REVHUYDWLRQ����8SRQ�VWDUWLQJ�
WKH� JDPLILFDWLRQ� DSSOLFDWLRQ�� WKH� XVHU� LV� VXJJHVWHG� WR� VHOHFW� WKH� UHTXLUHG� VXEMHFW� DQG�
VXEVHTXHQWO\�WKH�ODERUDWRU\�ZRUN�QXPEHU��7KLV�DFWLYDWHV�WKH�DOJRULWKP�WKDW�DOORZV�DFFHVV�WR�
WKH� ODERUDWRU\� ZRUNV� H[FOXVLYHO\� DIWHU� WKH� VXFFHVVIXO� FRPSOHWLRQ� RI� WKH� SUHYLRXV� WDVN� DV�
VWXGHQWV�DUH�UHTXLUHG�WR�DFFRPSOLVK�ODERUDWRU\�ZRUNV�FRQVLVWHQWO\��7KH�WUDQVLWLRQ�EHWZHHQ�WKH�
ODERUDWRU\�ZRUNV�LV�LQLWLDWHG�DXWRPDWLFDOO\�DQG�LPPHGLDWHO\�DIWHU�WKH�WRWDO�DPRXQW�RI�ODERUDWRU\�
ZRUNV�LV�FRPSOHWHG��7KH�DSSOLFDWLRQ�DOORZV�IRU�WKH�FRQVWUXFWLRQ�RI�VFKHPDWLFV�ZLWK�DQ�XQOLPLWHG�
QXPEHU�RI�DWWHPSWV���6WXGHQWV�FDQ�QDYLJDWH�EDFN�WR�WKH�³0DLQ�0HQX´�WR�HLWKHU�ZLWKGUDZ�WKH�
JDPLILFDWLRQ� H[SHULHQFH� RU� UHYLVH� ODERUDWRU\� ZRUNV�� $� UHSUHVHQWDWLRQ� RI� WKH� JDPLILFDWLRQ�
H[SHULHQFH�V\VWHP�DQG�ORJLF�LV�VKRZQ�LQ�)LJXUH�����
�

�
)LJXUH����*DPLILFDWLRQ�H[SHULHQFH�V\VWHP�GLDJUDP��

�
7KH�JDPLILFDWLRQ�H[SHULHQFH�LV�FRQGXFWHG�GLUHFWO\�RQ�LQGLYLGXDO�6FHQHV��7KHVH�FDQ�EH�GHILQHG�
DV�DVVHWV�FRQWDLQLQJ�DOO�RU�SDUWV�RI�D�JDPH�RU�DSSOLFDWLRQ�ZLWKLQ�WKH�8QLW\�HQYLURQPHQW�LQWHUIDFH�
�8QLW\�� ������� (DFK� 6FHQH� FRQWDLQV� *DPH2EMHFWV�� ZKLFK� UHSUHVHQW� YDULRXV� IRUPDWV� DQG�
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SHUIRUP� SUHGHILQHG� IXQFWLRQV�� H�J��� LQWHUDFW� ZLWK� RWKHU� REMHFWV� ZLWKLQ� WKH� 6FHQH�� 6XFK�
RSHUDWLRQV� FDQ�EH�SHUIRUPHG�E\�GLQW� RI� WKH�(YHQW�6\VWHP��7KH�(YHQW�6\VWHP� LV� D�ZD\�RI�
VHQGLQJ�HYHQWV�WR�REMHFWV�LQ�WKH�DSSOLFDWLRQ�EDVHG�RQ�LQSXW��EH�LW�D�NH\ERDUG��PRXVH��WRXFK��RU�
FXVWRP� LQSXW��7KH�(YHQW�6\VWHP�FRQVLVWV�RI�D� IHZ�FRPSRQHQWV� WKDW�ZRUN� WRJHWKHU� WR�VHQG�
HYHQWV��8QLW\���������,Q�DGGLWLRQ�WR�WKDW��*DPH2EMHFWV�FDQ�UHSUHVHQW�FROOLGHUV��ZKLFK�DUH�XVHG�
LQ�WKLV�ZRUN�WR�DFFHVV�WKH�YLUWXDO�ODERUDWRU\�IURP�WKH�(GXFDWLRQDO�*DPH�3URMHFW��&ROOLGHUV�DOORZ�
IRU�WKH�FUHDWLRQ�RI�HYHQWV�WKDW�RFFXU�LQ�WKH�FDVH�RI�DQ�LQWHUDFWLRQ�ZLWK�WKH�REMHFW�WR�ZKLFK�LW�LV�
DVVLJQHG���
�
�
USER INTERFACE 
�
6LQFH�WKH�JDPLILFDWLRQ�H[SHULHQFH�RQ�ODERUDWRU\�ZRUNV�LV�D�SDUW�RI�WKH�PDLQ�(GXFDWLRQDO�*DPH�
3URMHFW�ZKLFK�LQFOXGHV�DQ�DYDWDU�DV�ZHOO�DV�D��'�PRGHO�RI�WKH�XQLYHUVLW\��WKH�DFFHVV�WR�WKH�
ODERUDWRU\�ZRUNV�LV�DFFRPSOLVKHG�WKURXJK�D�XVHU�DYDWDU�LQWHUDFWLRQ�ZLWK�D�3HUVRQDO�&RPSXWHU�
LQ� WKH� 9LUWXDO� DQG� $XJPHQWHG� 5HDOLW\� /DERUDWRU\� 'LJLWDO� 7ZLQ� RI� WKH� ,9$5� ODE� DW� 7DOOLQQ�
8QLYHUVLW\� RI� 7HFKQRORJ\��7KLV�ZDV� GHYHORSHG� SULRU� WR� WKH� FXUUHQW� UHVHDUFK�� EDVHG� RQ� WKH�
GLJLWDOL]DWLRQ�DQG�JDPLILFDWLRQ�RI� WKH�VWXGHQW� LQWHUDFWLRQ�ZLWK� WKH�XQLYHUVLW\��7R�DFWLYDWH� WKH�
LQWHUDFWLRQ�D�5D\FDVW�PHWKRG�LV�XVHG���1XPHURXV�JDPHV�XVH�WKH�5D\FDVW�DSSURDFK�WR�H[HFXWH�
LQWHUDFWLRQV�ZLWK�YLUWXDO�REMHFWV��,Q�EURDG�WHUPV���5D\FDVWLQJ��FDQ�EH�GHILQHG�DV�D�PHWKRG�RI�
FDVWLQJ�D�UD\�IURP�D�VSHFLILF�SRLQW��H�J���D�PDLQ�FDPHUD��WR�GHWHFW�LQWHUVHFWLRQV�ZLWK�VFHQHV�
FRPSRQHQWV�FDOOHG�FROOLGHUV�ZKLFK�DUH�DWWDFKHG�WR�VSHFLILF�*DPH2EMHFWV�LQ�WKH�VFHQH��7KH�UD\�
WXUQV�UHG�LQ�FDVH�RI�HQFRXQWHULQJ�DQ�LQWHUDFWDEOH�REMHFW�LQIRUPLQJ�WKH�XVHU�KH�FDQ�LQWHUDFW�ZLWK�
LW��,Q�WKH�FDVH�RI�WKH�3&��WKLV�LQGLFDWHV�WKH�SRVVLELOLW\�WR�DFFHVV�WKH�3QHXPDWLFV�ODERUDWRU\�ZRUN��
7KH�UHSUHVHQWDWLRQ�RI�5D\FDVWLQJ�ZKHQ�GHWHFWLQJ�DQ�LQWHUDFWDEOH�REMHFW�LV�VKRZQ�LQ�)LJXUH�����
�

��
�

)LJXUH����5D\FDVWLQJ�RQFH�GHWHFWLQJ�DQ�LQWHUDFWDEOH�*DPH2EMHFW��
�
$�VWXGHQW�H[HFXWLQJ�DQ\� ODERUDWRU\�ZRUN�ZLOO�EH�DEOH� WR�YLVXDOL]H� WKH�PDLQ�DSSOLFDWLRQ�XVHU�
LQWHUIDFH� �8,��� 0DLQ� 8,� LQFOXGHV� WKH� VSHFLILF� ZRUN� WDVN� UHTXLUHPHQWV�� WKH� LQYHQWRU\� RI� WKH�
SQHXPDWLFV�V\PEROV��DQ�HPSW\�DUHD�GHGLFDWHG�WR�WKH�FRQVWUXFWLRQ�RI�WKH�VFKHPDWLFV�DV�ZHOO�
DV�EXWWRQV�WKDW�DUH�UHVSRQVLEOH�IRU�WKH�UHPRYDO�RI�WKH�FUHDWHG�FRQQHFWLRQV��UHVHW�RI�WKH�ZRUN�
WR� WKH� LQLWLDO� VWDWH�� UHWXUQ� WR� WKH� ³0DLQ� 0HQX´� DQG� FKHFN� WKH� FRPSRVHG� VFKHPDWLFV� IRU�
FRUUHFWQHVV��$Q�LOOXVWUDWLRQ�RI�WKH�ILUVW�ODERUDWRU\�ZRUN¶V�LQLWLDO�VWDWH�GHVFULSWLRQ�8,�FDQ�EH�VHHQ�
LQ�)LJXUH����
�
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�
�

)LJXUH����7KH�LQLWLDO�VWDWH�RI�WKH�ILUVW�ODERUDWRU\�ZRUN�
�

7KH� DSSOLFDWLRQ� VXJJHVWV� WKH� XVHU� FRQVWUXFW� D� VFKHPDWLF� EDVHG� RQ� WKH� VHOHFWLRQ� RI� WKH�
DSSURSULDWH�FRPSRQHQWV�IURP�WKH�LQYHQWRU\�RI�WKH�V\PEROV�DV�ZHOO�DV�GUDZ�WKH�FRUUHVSRQGLQJ�
FRQQHFWLRQV�EHWZHHQ� WKHP�� ,PPHGLDWHO\�XSRQ� WKH�VFKHPDWLFV�EHLQJ�FRPSRVHG� WKH�VWXGHQW�
FDQ�DVVHVV�WKH�FRUUHFWQHVV�RI�WKH�DQVZHU�E\�SUHVVLQJ�WKH�³FKHFN´�EXWWRQ�LQ�WKH�XVHU�LQWHUIDFH��
,Q�WKH�HYHQW�RI�LQDFFXUDF\�GHWHFWLRQ��D�SRS�XS�QRWLILFDWLRQ�ZLQGRZ�DSSHDUV�RQ�WKH�VFUHHQ��$W�
WKLV�SRLQW��WKH�VWXGHQW�VKRXOG�FRQWLQXH�ZLWK�WKH�FRQVWUXFWLRQ�DQG�PRGLILFDWLRQ�RI�WKH�VFKHPDWLF��
:KHQ� WKH� VFKHPDWLF� LV� EXLOW� FRUUHFWO\� WKH� SUH�UHFRUGHG� HGXFDWLRQDO� YLGHR� RI� WKH� GHWDLOHG�
LOOXVWUDWLRQ�RI�WKH�SURFHVV�RI�FRQVWUXFWLRQ�DQG�H[HFXWLRQ�RI�WKH�FLUFXLW�LV�YLVXDOL]HG�LQ�WKH�8,���
 
Inventory of symbols  

�
7KH� LQYHQWRU\� LQFOXGHV� DOO� WKH� FRPSRQHQWV¶� V\PEROV� WKDW� D� VWXGHQW� ZRXOG� KDYH� LQ� D� UHDO�
3QHXPDWLFV�DQG�+\GUDXOLFV�/DERUDWRU\�DW�7DOOLQQ�8QLYHUVLW\�RI�7HFKQRORJ\��7KH�LOOXVWUDWLRQ�RI�
WKH�V\PEROV�ZDV�REWDLQHG�IURP�WKH�HGXFDWLRQDO�PDWHULDOV�RQ�WKH�³+\GUDXOLFV�DQG�3QHXPDWLFV´�
FRXUVH�DQG�ODWHU�GLJLWDOL]HG��7R�EH�DEOH�WR�LQWHUDFW�ZLWK�WKH�V\PEROV��WKHVH�KDYH�WR�EH�LPSRUWHG�
LQWR�8QLW\��+HUH�WKH�WH[WXUHV�DUH�WUDQVIRUPHG�LQWR�LQWHUDFWDEOH�*DPH2EMHFWV�FDOOHG�VSULWHV�DQG�
LQFOXGHG�LQ�8QLW\�8,�FRPSRQHQWV��7KH�WHUP�³6SULWH´�LV�JHQHUDOO\�XQGHUVWRRG�DV�D��'�*UDSKLF�
REMHFW�XVHG� LQ� WZR�GLPHQVLRQDO�DSSOLFDWLRQ�GHYHORSPHQW��7KH� LQYHQWRU\� LQFOXGHV�VLQJOH�DQG�
GRXEOH�DFWLQJ�F\OLQGHUV��GLUHFWLRQDO�FRQWURO�YDOYHV��YDULRXV�FRQWURO�PHWKRGV��IORZ�FRQWURO�YDOYHV��
ILOWHUV��D�PDQRPHWHU��D�VLOHQFHU��D�FRPSUHVVHG�DLU�VHUYLFH�XQLW��DQG�D�SUHVVXUH�VRXUFH��(YHU\�
FRPSRQHQW�LV�GHILQHG�DV�DQ�³(QWLW\´�E\�PHDQV�RI�D�&��VFULSW�DWWDFKHG�WR�WKH�FRUUHVSRQGLQJ�
*DPH2EMHFW�DQG�WKH�IXQGDPHQWDO�DVSHFW�RI�WKH�VFULSW�LV�VWRULQJ�WKH�OLVW�RI�QRGHV�LQYROYHG�LQ�
WKH�FRPSRQHQW��'HSHQGLQJ�RQ�WKH�SRODULW\�W\SH��WKH�QRGHV�FDQ�EH�GLVWLQJXLVKHG�E\�,Q��2XW��RU�
,Q�2XW� ZKLFK� FUHDWHV� D� SRVVLELOLW\� IRU� IXUWKHU� GHYLDWLRQ� EHWZHHQ� WKH� QRGHV� WR� FRPSRVH�
FRQQHFWLRQV��)RU�LQVWDQFH��QRGHV�RI�WZR�GLIIHUHQW�FRPSRQHQWV�FDQQRW�EH�FRQQHFWHG�VLQFH�LQSXW�
QRGHV�FRQQHFW�WR�RXWSXW�RQH�H[FOXVLYHO\���
 
User Interface functions 
�
7KH� VXEVHTXHQW� VWHS� LQ� VFKHPDWLF� FRQVWUXFWLRQ� LV� WR� FUHDWH� FRQQHFWLRQV� EHWZHHQ� WKH�
FRPSRQHQWV��7KLV�IXQFWLRQ�LV�LPSOHPHQWHG�E\�PHDQV�RI�D�SXUFKDVHG�8QLW\�SOXJLQ��&RQQHFWLRQV�
DUH�FUHDWHG�LQ�WKH�IROORZLQJ�ZD\��$�OLQH�LV�GUDZQ�IURP�WKH�ILUVW�QRGH�E\�FOLFNLQJ�RQ�LW�ZLWK�WKH�
PRXVH� SRLQWHU�� $IWHU� WKLV�� WKH� QRGH�ZLWK� ZKLFK� WKH� XVHU� GHVLUHV� WR� FUHDWH� D� FRQQHFWLRQ� LV�
VHOHFWHG�DOORZLQJ�IRU�WKH�FUHDWLRQ�RI�WKH�FRQQHFWLRQ�OLQH��H[LVWLQJ�DV�D�VHSDUDWH�*DPH2EMHFW��
7KH�FRQVWUXFWLRQ�RULJLQDWHV�LQ�D�ZD\�WKDW�WKH�XVHU�SODFHV�WKH�FXUVRU�RYHU�WKH�QHFHVVDU\�QRGH��

�
���
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DQG�SUHVVHV�DQG�KROGV�WKH�OHIW�PRXVH�EXWWRQ�XQWLO�D�FRQQHFWLRQ�OLQH�LV�UHQGHUHG��7KH�GHILQLWLRQ�
RI� WKH� LQSXW�RI� WKH�VHFRQG�FRPSRQHQW�RFFXUV�XVLQJ� WKH�PHWKRG�RI� WKH�SURJUDP
V�DXWRPDWLF�
GHWHFWLRQ� RI� WKH� FORVHVW� ORFDWHG� QRGH� WR� WKH� PRXVH� SRVLWLRQ�� :KHQ� WKH� SURJUDP� GHWHFWV�
FRPSRQHQWV�RI� W\SH� ³(QWLW\´� LQFOXGHG� LQ� WKH�(QWLW\�/LVW�� WKH� OLVW�RI�QRGHV� LV� UHDG�DQG�VWRUHG�
WKURXJK�WKH�³(QWLW\´�VFULSW��)XUWKHUPRUH��LI�WKH�QRGH�KDV�QR�H[LVWLQJ�FRQQHFWLRQV�DQG�KROGV�WKH�
RSSRVLWH�SRODULW\�W\SH��WKH�LQSXW�SRLQW�RI�WKH�VHFRQG�FRPSRQHQW�LV�DWWDFKHG�WR�WKH�JLYHQ�QRGH�
WKDW�LV�QHDUHVW�WR�WKH�PRXVH�SRVLWLRQ�DW�WKH�JLYHQ�WLPH��$Q�LOOXVWUDWLRQ�RI�WKH�DXWRPDWLF�GHWHFWLRQ�
RI�WKH�FORVHVW�QRGH�FDQ�EH�VHHQ�LQ�)LJXUH����7KH�OHIW�VLGH�RI�WKH�LOOXVWUDWLRQ�H[HPSOLILHV�WKH�FDVH�
LQ�ZKLFK�WKH�QRGH�FDQQRW�EH�VHOHFWHG�DV�DQ�LQSXW�RI�WKH�VHFRQG�FRPSRQHQW�GXH�WR�SRODULW\�W\SH�
LQFRPSDWLELOLW\��2Q�WKH�ULJKW�VLGH��LW�PD\�EH�REVHUYHG�WKH�PHWKRG�WKH�SURJUDP�DXWRPDWLFDOO\�
GHWHUPLQHV�WKH�QHDUHVW�QRGH�RI�WKH�RSSRVLWH�SRODULW\�W\SH�WR�WKH�RXWSXW�RI�WKH�ILUVW�FRPSRQHQW���
�

��
�

)LJXUH����6FUHHQ�FDSWXUH�RI�DXWRPDWLF�FORVHVW�QRGH�GHWHFWLRQ��
�

7KH�DSSOLFDWLRQ�DOORZV�WKH�UHPRYDO�RI�DOUHDG\�FUHDWHG�FRQQHFWLRQV��7KH�³5HPRYH´�EXWWRQ�LV�
XVHG� IRU� WKLV� SXUSRVH� WRJHWKHU� ZLWK� D� FXVWRP� VFULSW� QDPHG� ³%XWWRQ5HPRYH6HOHFWHG´��
$GGLWLRQDOO\�� D� ³5HVHW%XWWRQ´� LV� DGGHG� WR� GLVFDUG� WKH� SURJUHVV� DFFRPSOLVKHG� LQ� VFKHPDWLF�
FRPSRVLWLRQ��7KH�EXWWRQ�DOORZV� WKH�VWXGHQW� WR� UHYHUVH� WKH�FLUFXLW� WR� LWV�RULJLQDO� VWDWH�DW� WKH�
PRPHQW�WKH�EXWWRQ�LV�DFWLYDWHG��
�
Verification of the diagram assembly  

�
(DFK�ODERUDWRU\�ZRUN�LPSOLHV�WKH�IXOILOOPHQW�RI�WKH�DVVLJQHG�WDVN��,Q�FDVH�RI�FRUUHFW�DVVHPEO\�
RI� WKH�FLUFXLW�� WKH� WUDQVLWLRQ� WR� WKH�VXEVHTXHQW� WDVN� LV�SHUIRUPHG�� ,Q�RUGHU� WR�FUHDWH�D� OLVW�RI�
QRGHV� WR� EH� FRQQHFWHG�� WKH� ³6HWXS,QLWLDO&RQQHFWLRQV(GLWRU´� VFULSW� LV� GHYHORSHG�� 7KH� OLVW� RI�
FRQQHFWLRQV�LV�GHVLJQHG�LQ�D�ZD\�WKDW�LW�VWRUHV�WKH�LGHQWLILFDWLRQ�QXPEHU�RI�HDFK�FRQQHFWLRQ��
DV�ZHOO�DV�LQIRUPDWLRQ�DERXW�WKH�FRUUHVSRQGHQFH�RI�FRPSRQHQWV¶�QRGHV�WKDW�DUH�FRQQHFWHG��,Q�
WKLV� VWXG\�� WKH� VFULSW� LV� DWWDFKHG� WR� WKH� 8,� �8VHU� ,QWHUIDFH�� EXWWRQ� WLWOHG� ³&KHFN%XWWRQ´�� ,Q�
DGGLWLRQ�WR�WKDW��WZR�VXSSOHPHQWDU\�*DPH2EMHFWV�WLWOHG�³7U\$JDLQ´�DQG�³&RUUHFW´�ZHUH�FUHDWHG��
7KH�³7U\$JDLQ´�*DPH2EMHFW�LV�WKH�FKLOG�REMHFW�RI�WKH�³&DQYDV�0DQDJHU´�WKDW�UHSUHVHQWV�D�SRS�
XS�ZLQGRZ�LQ�FDVH�RI� LQFRUUHFW�FRPSOHWLRQ�RI�WKH�DVVLJQHG�WDVN��7KH�³&RUUHFW´�*DPH2EMHFW�
LQYROYHV�D�SUH�UHFRUGHG�HGXFDWLRQDO� YLGHR� WKDW�FDQ�EH�REVHUYHG�E\� WKH�VWXGHQW� LQ�RUGHU� WR�
XQGHUVWDQG� KRZ� WKH� FLUFXLW� LV� DVVHPEOHG� LQ� D� UHDO� ODERUDWRU\��/DERUDWRU\� ZRUNV� VKRXOG� EH�
VWUHDPOLQHG��DQG�VLQFH�WKH�OHYHO�RI�FRPSOH[LW\�FKDQJHV�LQFUHPHQWDOO\��LW� LV�UDWLRQDO�WR�VXSSO\�
DFFHVV� WR� VXEVHTXHQW� ODERUDWRU\�ZRUN� H[FOXVLYHO\� LQ� FDVH� RI� VXFFHVVIXO� FRPSOHWLRQ� RI� WKH�
SUHYLRXV�RQH���
�
�

�
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PRELIMINARY ASSESSMENT OF THE COURSE 
�

 “Hydraulics and Pneumatics” course syllabus 
�
7KH�³+\GUDXOLFV�DQG�3QHXPDWLFV´�FRXUVH�V\OODEXV�FRQVLVWV�RI�WKHRUHWLFDO�DQG�SUDFWLFDO�
DFWLYLWLHV�SULRU�WR�WDNLQJ�ILQDO�H[DPV��,QLWLDOO\��WKH�VWXGHQWV�DUH�SURYLGHG�ZLWK�QHFHVVDU\�
WKHRUHWLFDO�LQIRUPDWLRQ��WKXV�WKH\�DUH�SUHSDUHG�IRU�WKH�ODERUDWRU\�ZRUNV�ZKLFK�DUH�GHILQHG�DV�
D�SUDFWLFDO�SDUW�RI�WKH�FRXUVH��
�
7KH�SUDFWLFDO�WDVNV�DUH�FDUULHG�RXW�E\�JURXSV�RI�VWXGHQWV��XVXDOO\�FRQVLVWLQJ�RI�WZR�RU�WKUHH�
LQGLYLGXDOV��DQG�WKH�DVVLJQPHQWV�DUH�SDVVHG�ZLWK�WKH�VDPH�WHDP�WKURXJKRXW�WKH�WHUP��7KH�
WDVNV�DUH�GHVLJQHG�WR�LQWURGXFH�WKH�VWXGHQWV�WR�WKH�GLIIHUHQW�W\SHV�RI�SQHXPDWLFV��HOHFWUR�
SQHXPDWLF��DQG�K\GUDXOLFV�SURYLGHG�LQ�WKH��ZRUNVKHHW���7KH�VROXWLRQV�VKRXOG�EH�GUDZQ�
FRUUHFWO\�XVLQJ�WKH�VWDQGDUGV�IRU�FLUFXLW�GLDJUDPV��&RQVHTXHQWO\��WKH�WHDFKHU�VXSHUYLVHV�WKH�
VWXGHQWV�DQG�SURYLGHV�VXSSRUW�LQ�WKH�WHVWLQJ�RI�WKH�FRPSRVHG�FLUFXLWV�RQ�WKH�GHVLJQDWHG�
ERDUG��,Q�IDFW��DOO�QHFHVVDU\�FRPSRQHQWV�UHTXLUHG�IRU�HDFK�ODERUDWRU\�ZRUN¶V�FLUFXLW�
FRPSRVLWLRQ�DUH�SUHVHQWHG�LQ�WKH�FODVV��6WXGHQWV�DUH�DOORZHG�WR�XVH�YDULRXV�PDWHULDOV�GXULQJ�
WKH�SUDFWLFH��EXW�WKH\�PXVW�GHIHQG�WKHLU�ZRUN�ZKHQ�DOO�WKH�H[HUFLVHV�DUH�FRPSOHWHG�DORQJ�ZLWK�
UHVSHFWLYH�FLUFXLW�FRPSRVLWLRQV��'HIHQGLQJ�WKH�SUDFWLFH�LV�DQ�LQGLYLGXDO�DFWLYLW\�DQG�HDFK�
VWXGHQW�LV�DVVHVVHG�RQ�UHVSHFWLYH�VNLOOV�DQG�NQRZOHGJH��
�
Application Testing  
�
2QFH� LPSOHPHQWHG� WKH�DSSOLFDWLRQ�ZDV� WHVWHG� WR� DVVHVV�XVDELOLW\�� HIILFLHQF\�� DQG�SUREDEOH�
IXWXUH�LPSURYHPHQWV��)RU�WKLV�SXUSRVH��ZH�SUHSDUHG�D�FXVWRP�TXHVWLRQQDLUH�WKDW�LQFOXGHG�DQ�
DVVHVVPHQW�RI�DVSHFWV�VXFK�DV�8,�HIILFLHQF\��XVDELOLW\��DQG�XVHU�H[SHULHQFH��7KH�TXHVWLRQQDLUH�
ZDV�XVHG�DPRQJ�%DFKHORU�VWXGHQWV�IURP�DXWXPQ������DQG������3QHXPDWLFV�DQG�+\GUDXOLFV�
FRXUVH�ZLWK�JHQGHU�GLVWULEXWLRQ�LQ�������IHPDOH�±�����DQG�PDOH�±������DQG�LQ�������IHPDOH�±�
����DQG�PDOH�±�����IURP�WKH�LGHQWLFDO�ORFDWLRQ�DUHD��QDPHO\��7DOOLQQ��(VWRQLD��6WXGHQWV�KDYH�
SHUIRUPHG� WKH� ODERUDWRU\� ZRUNV� LQ� WKH� IRUP� RI� JDPLILFDWLRQ� H[SHULHQFH� DV� D� SDUW� RI� WKH�
0(6�����³+\GUDXOLFV�DQG�3QHXPDWLFV´�FRXUVH��&RQVHTXHQWO\��WKH�WRWDO�QXPEHU�RI�UHVSRQVHV�
LV�HTXDO�WR�����\HW�DERXW�KDOI�RI�WKH�UHVSRQGHQWV�KDYH�QHYHU�H[SHULHQFHG�WKH�XVDJH�RI�SODWIRUPV�
VLPLODU� WR� 8QLW\�� 7KH� UHVXOWV� RI� WKH� TXHVWLRQQDLUH� UHYHDOHG� WKDW� ��� SDUWLFLSDQWV� FRXOG� QRW�
DFFRPSOLVK� DOO� WKH� ODERUDWRU\� ZRUNV�� 7KH� SULPH� REVWDFOH� ZDV� WKH� DOJRULWKP� RI� FLUFXLW�
FRPSRVLWLRQ��QDPHO\�LQ�WKH�FXUUHQW�YHUVLRQ�WKH�VHTXHQFH�RI�FRPSRQHQWV¶�FRQQHFWLRQ�OLQHV�LV�
HVVHQWLDO�� DQG� ODERUDWRU\�ZRUN� LV� QRW�PDUNHG� FRUUHFW� LI� WKH� VFKHPDWLF� LV� QRW� DVVHPEOHG� LQ�
DVFHQGLQJ�RUGHU���
�
7KH�PDLQ�DGYDQWDJHV�PHQWLRQHG�E\�WKH�VWXGHQWV�LQ�WKH�TXHVWLRQQDLUH�ZHUH�WKH�IROORZLQJ���
�

•� RSSRUWXQLW\�WR�H[HFXWH�ODERUDWRU\�ZRUNV�UHPRWHO\��SDUWLFXODUO\�GXULQJ�WKH�SDQGHPLF�
WLPH���

•� LQVWDQW�DVFHUWDLQPHQW�RI�WKH�VFKHPDWLF�FRUUHFWQHVV���
•� OLQN�RI�WKHRU\�ZLWK�SUDFWLFH�E\�PHDQV�RI�D�FRPELQDWLRQ�RI�H[HUFLVHV�DQG�HGXFDWLRQDO�

YLGHRV���
•� DELOLW\�WR�ZDON�DURXQG�WKH�YLUWXDO�XQLYHUVLW\���
•� VPDOOHU�VL]H�DQG�EHWWHU�SHUIRUPDQFH�LQ�FRPSDULVRQ�ZLWK�RWKHU�SODWIRUPV���
•� GHWDLOHG�YLVXDOL]DWLRQ�DQG�LQWXLWLYH�LQWHUIDFH�IRU�HGXFDWLRQDO�SXUSRVHV���

�
7KH�JHQHUDO�OHYHO�RI�VDWLVIDFWLRQ�RQ�D�YDULHW\�RI�DVSHFWV�LV�SUHVHQWHG�LQ�)LJXUH�����
�

�
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�
�

)LJXUH����*HQHUDO�OHYHO�RI�VDWLVIDFWLRQ�
�

7KH�VXEMHFW�RI�IXWXUH�GHYHORSPHQW�LV�UHODWHG�PDLQO\�WR�WKH�DOJRULWKP�RI�FLUFXLW�YHULILFDWLRQ�ZKLFK�
DIIHFWV� VXFK�DVSHFWV�DV�HDVH�RI�XVH��RYHUDOO� UHOLDELOLW\�DV�ZHOO� DV�SHUIRUPDQFH�� ,Q� WKH� ILQDO�
DQDO\VLV�� WKH� LQWHUIDFH� VHUYHV� DV� JUHDW� SUHSDUDWLRQ� EHIRUH� WKH� DFWXDO� ODERUDWRU\� DQG� WKH�
JDPLILFDWLRQ�H[SHULHQFH�LV�RYHUDOO�SURIHVVLRQDO�DQG�KHOSIXO���
�
�
LIMITATIONS OF SOFTWARE AND FUTURE DEVELOPMENT  

�
&XUUHQWO\��WKH�JDPLILFDWLRQ�H[SHULHQFH�LV�LQFOXVLYH�RI�RQH�VKRUWFRPLQJ�ZKLFK�LV�WKH�YHULILFDWLRQ�
RI�D�VFKHPDWLF��*HQHUDOO\��WKH�IXQFWLRQDOLW\�RI�WKH�JDPLILFDWLRQ�H[SHULHQFH�PD\�EH�H[SDQGHG��
H�J���RQ�WKH�RFFDVLRQ�RI�KRYHULQJ�RYHU�D�FRPSRQHQW�ORFDWHG�LQ�WKH�LQYHQWRU\��LWV�WLWOH�PD\�EH�
GLVSOD\HG��ZKLFK�ZRXOG�PDNH� LW� SRVVLEOH� WR� UHPHPEHU� WKH�GHVLJQDWLRQV�RI� WKH�FRPSRQHQWV�
PRUH�HIIHFWLYHO\��,Q�DGGLWLRQ�WR�WKDW��SURPSWV�DERXW�ZKDW�LV�QRW�FRUUHFW�RQ�WKH�VFKHPDWLF�ZRXOG�
JLYH�WKH�VWXGHQW�PRUH�LQVLJKW�LQWR�WKH�SURJUHVV��6XFK�SURPSWV�PD\�UHSUHVHQW�QRWLILFDWLRQV�WKDW�
HLWKHU� WKH� FRPSRQHQWV� DUH� QRW� VHOHFWHG� FRUUHFWO\�� RU� WKH� FRQQHFWLRQ� OLQHV� DUH� QRW� GUDZQ�
FRUUHFWO\��$V�DQ�DGGLWLRQDO�IHDWXUH��LW�LV�SRVVLEOH�WR�DGG�QDYLJDWLRQ�WR�WKH�HGXFDWLRQDO�YLGHR�WKDW�
ZRXOG�HQGRZ�WKH�VWXGHQW�ZLWK�WKH�DELOLW\�WR�GHOYH�GHHSHU�LQWR�WKH�VXEMHFW�DQG�EH�PRUH�DZDUH�
RI�WKH�FLUFXLW�FRPSRVLWLRQ�LQ�WKH�SK\VLFDO�ODE��)XUWKHUPRUH��E\�SDULW\�RI�UHDVRQLQJ�WKH�ODERUDWRU\�
ZRUNV�RQ�+\GUDXOLFV�FDQ�EH�GHYHORSHG��ZKLFK�ZRXOG�HQDEOH�VWXGHQWV�WR�FRPSOHWHO\�SHUIRUP�
ODERUDWRU\� ZRUNV� RQ� WKH� ³+\GUDXOLFV� DQG� 3QHXPDWLFV´� FRXUVH� UHPRWHO\��+HQFHIRUWK�� WKH�
ODERUDWRU\�ZRUNV�RQ�+\GUDXOLFV�VKRXOG�EH�LQFOXGHG�LQ�WKH�SURMHFW��IROORZLQJ�WKH�PRGLILHG�DQG�
ILQDOL]HG�DOJRULWKP��$GGLWLRQDOO\��WKH�SUHVHUYDWLRQ�RI�WKH�H[LVWLQJ�SURJUHVV�VKRXOG�EH�VDYHG�DW�
HDFK�ZLWKGUDZDO�IURP�WKH�JDPLILFDWLRQ�H[SHULHQFH�LQ�RUGHU�QRW�WR�PLVOD\�WKH�SURJUHVV�REWDLQHG���
�
�
CONCLUSION  
�
7KH�SUHVHQW�ZRUN�ZDV�GHVLJQHG�WR�WUDQVIHU�WKH�HGXFDWLRQDO�SURFHVV��QDPHO\��WKH�FRQGXFW�RI�
ODERUDWRU\�ZRUNV�RQ�3QHXPDWLFV�DQG�(OHFWUR�3QHXPDWLFV��LQWR�WKH�IRUP�RI�D�YLUWXDO�JDPLILFDWLRQ�
H[SHULHQFH��7R�DFFRPSOLVK�WKLV�WDVN��WKH�ZRUN�LV�LQWHJUDWHG�LQWR�WKH�(GXFDWLRQDO�*DPH�3URMHFW�
GHYHORSHG�E\�WKH�9LUWXDO�DQG�$XJPHQWHG�5HDOLW\�/DERUDWRU\�DW�7DOOLQQ�8QLYHUVLW\�RI�7HFKQRORJ\��
2ULJLQDOO\�� WKH�JDPLILFDWLRQ�H[SHULHQFH�ZDV� LQFOXVLYH�RI�D��'�PRGHO�RI� WKH�8QLYHUVLW\�DQG�D�
FXVWRPL]DEOH� DYDWDU� WKDW� FRXOG� PRYH� DURXQG� LQ� D� YLUWXDO� HQYLURQPHQW�� 7KH� PRGHO� RI� WKH�
3QHXPDWLFV� DQG�+\GUDXOLFV� ODERUDWRU\� KDV� QRW� \HW� EHHQ� EXLOW�� WKXV�� D� VWXGHQW� FDQ� DFTXLUH�
DFFHVV�WR�WKH�ODERUDWRU\�ZRUNV�LQ�WKH�9LUWXDO�DQG�$XJPHQWHG�5HDOLW\�/DERUDWRU\���
�
2Q� WKH� RFFDVLRQ� RI� HQWHULQJ� WKH� YLUWXDO� HQYLURQPHQW�� ZKLFK� UHSUHVHQWV� D� �'� JDPLILFDWLRQ�
H[SHULHQFH��D�XVHU�REVHUYHV� WKH�³0DLQ�0HQX´��ZKLFK�FRQVLVWV�RI�VXEMHFW�VHOHFWLRQ�EHWZHHQ�
3QHXPDWLFV�DQG�+\GUDXOLFV��DV�ZHOO�DV�D�UHWXUQ�WR�WKH��'�ODERUDWRU\��$W� WKH�WLPH�RI�VXEMHFW�
VHOHFWLRQ��D�OLVW�RI�QXPEHUHG�ODERUDWRU\�ZRUNV�DSSHDUV��DFFHVV�WR�ZKLFK�RSHQV�H[FOXVLYHO\�LQ�
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FDVH�WKH�SUHYLRXV�WDVN�LV�FRPSOHWHG�VXFFHVVIXOO\��$W�WKH�RSHQLQJ�RI�WKH�ODERUDWRU\�ZRUN��WKH�
VWXGHQW�REVHUYHV�WKH�WDVN�LQ�WH[W�IRUPDW�RQ�WKH�WRS�RI�WKH�VFUHHQ��WKH�LQYHQWRU\�RI�V\PEROV��DQG�
WKH�GHVLJQDWHG�SODFH�IRU�WKH�VFKHPDWLF�FRPSRVLWLRQ��7KH�REMHFWLYH�LV�WR�VHOHFW�WKH�QHFHVVDU\�
FRPSRQHQWV�� WUDQVIHU� WKHP� WR� WKH� VFKHPDWLF� DQG� EXLOG� FRQQHFWLRQ� OLQHV�� )RU� EXLOGLQJ�
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