
1 
 

UVA Automated Course Advising Assistant Research Project 
 

 
 

A Technical Report submitted to the Department of Computer Science 
 
 

Presented to the Faculty of the School of Engineering and Applied Science 
University of Virginia • Charlottesville, Virginia 

 
In Partial Fulfillment of the Requirements for the Degree 

Bachelor of Science, School of Engineering 
 
 

Sean Gatewood 
Spring, 2020 

 
 

Technical Project Team Members 
Alex Hicks 

Bugi Abdulkarim 
Christine Cheng 

Joey Rudek 
Rahat Maini 
Rahul Batra 
Scott Lutz 

 
On my honor as a University Student, I have neither given nor received 
unauthorized aid on this assignment as defined by the Honor Guidelines 
for Thesis-Related Assignments 
 

 
 
 
Signature  __________________________________________   Date _5/4/20___ 

Sean Gatewood 
 

 
Luther Tychonievich, Department of Computer Science



6HDQ�*DWZRRG�
6FRWW�/XW]�

5DKXO�%DWUD�
�

89$�$XWRPDWHG�&RXUVH�$GYLVLQJ�$VVLVWDQW�5HVHDUFK�3URMHFW�
�

,��,QWURGXFWLRQ�
�
7KLV�GRFXPHQW�GHVFULEHV�WKH�IXQFWLRQDOLW\�RI�WKH�89$�$XWRPDWHG�&RXUVH�$GYLVLQJ�$VVLVWDQW��UHIHUUHG�WR�
KHUHLQ�DV���WKH�$VVLVWDQW�����7KLV�ZHEVLWH��GHYHORSHG�DV�DQ�XQGHUJUDGXDWH�UHVHDUFK�SURMHFW��SURYLGHV�
VWXGHQWV�ZLWK�DQ�LQWHUIDFH�WR�FUHDWH�ORQJ�WHUP�FRXUVH�SODQV��L�H��ZKLFK�FRXUVHV�WR�WDNH�LQ�HDFK�RI�WKHLU�
UHPDLQLQJ�VHPHVWHUV���6WXGHQWV�FDQ�VSHFLI\�FRQVWUDLQWV�E\�³SLQQLQJ´�FRXUVHV�WR�VSHFLILF�VHPHVWHUV�DQG�E\�
VHWWLQJ�WKH�PD[LPXP�FRXUVH�ORDGV�IRU�WKHLU�VHPHVWHUV��DQG�WKH�V\VWHP�ZLOO�DWWHPSW�WR�UHGLVWULEXWH�WKH�
UHPDLQLQJ�FRXUVHV�WR�VDWLVI\�DOO�RI�WKH�FRQVWUDLQWV��7KLV�GRFXPHQW�ZLOO�H[SODLQ�KRZ�WR�GHSOR\�WKH�$VVLVWDQW�
ORFDOO\�RU�RQ�D�FORXG�YLUWXDO�PDFKLQH��GHVFULEH�WKH�RYHUDOO�V\VWHP�GHVLJQ��DQG�H[SODLQ�WKH�PRVW�FRPSOH[�
FRPSRQHQWV�LQ�WKH�VRXUFH�FRGH��$�VFUHHQVKRW�RI�WKH�LQWHUIDFH�LV�VKRZQ�LQ�WKH�$SSHQGL[��
�
,,��'HSOR\PHQW�
�
'HSHQGHQFLHV ����7KH�$VVLVWDQW�LV�GLVWULEXWHG�XVLQJ�*LWKXE��,W�LV�FRQWDLQHUL]HG�XVLQJ�'RFNHU��DQG�LW�LV�EXLOW�
ZLWK�0DNH��&RQVHTXHQWO\��LI�*LW��'RFNHU��DQG�0DNH�DUH�LQVWDOOHG��WKHVH�WRROV�ZLOO�WDNH�FDUH�RI�IHWFKLQJ�DOO�
RWKHU�GHSHQGHQFLHV���
�
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)LJXUH����3URJUDPPDWLF�VXPPDU\�RI�GHSOR\PHQW�LQVWUXFWLRQV�
�
7KH�DSS�ZLOO�QRW�IXOO\�IXQFWLRQ�DW�WKLV�SRLQW��KRZHYHU��DV�\RX�QHHG�WR�SRSXODWH�\RXU�&RXUVH�GDWDEDVH�ZLWK�
FRXUVH�GDWD�IURP�WKH�6,6�FDWDORJ��6HH�³+HOSIXO�6FULSWV´�IRU�LQVWUXFWLRQV�RQ�KRZ�WR�GR�WKLV��
�
'HSOR\PHQW�RQ�D�FORXG�YLUWXDO�PDFKLQH���'XULQJ�WKH�GHYHORSPHQW�RI�WKLV�SURMHFW��ZH�UHJXODUO\�GHSOR\HG�
WKH�V\VWHP�RQ�D�/LQRGH �VHUYHU��7KH�GHWDLOV�RI�WKLV�WDVN�PD\�GHSHQG�RQ�\RXU�VSHFLILF�FORXG�YLUWXDO��

PDFKLQH��EXW�KLJK�OHYHO�LQVWUXFWLRQV�DUH�JLYHQ�KHUH��)LUVW��\RX�PXVW�XQGHUJR�WKH�SURFHVV�RI�VHFXULQJ�D�
GRPDLQ�QDPH�DQG�SRLQWLQJ�LW�DW�\RXU�PDFKLQH¶V�QDPHVHUYHUV���:LWKRXW�D�GRPDLQ�QDPH��WKH�JRRJOH�

���KWWSV���JLWKXE�FRP�DGYLVLQJ�DVVLVWDQW�DGYLVLQJ�DVVLVWDQW���D�SULYDWH�UHSRVLWRU\��
���KWWSV���ZZZ�OLQRGH�FRP��
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DXWKHQWLFDWLRQ�ZLOO�QRW�ZRUN���:H�XVHG�LZDQWP\QDPH�FRP�IRU�WKLV��EXW�DQ\�GRPDLQ�QDPH�VHUYLFH�VKRXOG�
ZRUN��1H[W��\RX�VKRXOG�VHW�XS�+7736�RQ�\RXU�FORXG�YLUWXDO�PDFKLQH��<RX�FDQ�GR�WKLV�IRU�IUHH�ZLWK�/HW¶V�
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)LJXUH����5HOHYDQW�VHFWLRQ�RI�GRFNHU�SURG�\PO�
�
)LQDOO\��IROORZ�WKH�VWHSV�DERYH�IRU�ORFDO�GHSOR\PHQW��H[FHSW�UXQ��(�& �� +'*4����
�
+HOSIXO�6FULSWV�
7KH�$VVLVWDQW¶V�'MDQJR�EDFNHQG�LV�FRQWUROOHG�YLD�'MDQJR¶V�XVXDO��(�)�" ̦+4��VFULSW��VHH�
KWWSV���GRFV�GMDQJRSURMHFW�FRP�HQ�����UHI�GMDQJR�DGPLQ�����+RZHYHU��EHFDXVH�WKLV�'MDQJR�DSSOLFDWLRQ�UXQV�
LQ�D�'RFNHU�FRQWDLQHU��UXQQLQJ�PDQDJH�S\�RXWVLGH�RI�WKH�FRQWDLQHU�ZLOO�QRW�ZRUN��$V�D�IL[��D�EDVK�VFULSW�
QDPHG��(�)�" ̦.#��KDV�EHHQ�SURYLGHG�WR�UHOD\�FRPPDQG�V��WR�PDQDJH�S\�LQ�WKH�'RFNHU�FRQWDLQHU�XVLQJ�
�*�& -� 3 ����,I�DGGLWLRQDO�FRPPDQGV�QHHG�WR�EH�UXQ�ZLWKLQ�WKH�'RFNHU�FRQWDLQHU��UXQQLQJ�D�EDVK�
VFULSW�QDPHG��..#̦.#��ZLOO�VWDUW�D�EDVK�VKHOO�LQ�WKH�'RFNHU�FRQWDLQHU��
�
7KH���(�)�" ̦+4��VFULSW�DOVR�FRQWDLQV�IXQFWLRQDOLW\�WR�DLG�LQ�GDWDEDVH�PDLQWHQDQFH��5XQQLQJ�
̦͜(�)�" ̦.#��ZLOO�RXWSXW�D�OLVW�RI�DOO�IXQFWLRQDOLW\�WKDW�PDQDJH�S\�FDQ�SURYLGH��DQG�DQ\�RI�WKHVH�
FRPPDQGV�FDQ�EH�UXQ�WKURXJK�WKH�PDQDJH�VK�VFULSW��2QH�VSHFLILF�FRPPDQG���(�& ͒����LV�QHFHVVDU\�LQ�
SRSXODWLQJ�WKH�&RXUVH�GDWDEDVH�ZLWK�GDWD�IURP�WKH�6,6�FDWDORJ��7KLV�FRPPDQG�FDQ�EH�UXQ�E\�
̦͜(�)�" ̦.#�(�& ͒�������7KH�PDJLF�ZDQG�URXWLQH�ZLOO�QRW�ZRUN�XQWLO�\RX�KDYH�UXQ�WKLV�FRPPDQG���
1RWH���̦͜(�)�" ̦.#�(�& ͒�����XWLOL]HV�D�-621�FDFKHG�YHUVLRQ�RI�WKH�6,6�FDWDORJ�LQFOXGHG�LQ�WKH�

���KWWSV���OHWVHQFU\SW�RUJ��
���KWWSV���ZZZ�OLQRGH�FRP�GRFV�VHFXULW\�VVO�LQVWDOO�OHWV�HQFU\SW�WR�FUHDWH�VVO�FHUWLILFDWHV��
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UHSRVLWRU\��$W�WKH�WLPH�RI�ZULWLQJ��LW�LV�H[SHFWHG�RQFH�D�\HDU��GHSHQGLQJ�RQ�WKH�IUHTXHQF\�6,6�FDWDORJ�
XSGDWHV���RQH�FDQ�UXQ�WKH�IROORZLQJ�FRPPDQG�WR�XSGDWH�WKLV�FDFKH�RI�6,6�GDWD���̦͜(�)�" ̦.#ө
+0''�''����
�
̦͜(�)�" ̦.#��*���JHQHUDWHV�WKH�+70/�GRFXPHQWDWLRQ�RI�WKH�EDFNHQG�'MDQJR�DSS�LQ�WKH�
DGYLVLQJ�DVVLVWDQW�SGRF�IROGHU��
�
7HVWLQJ�DQG�'HEXJJLQJ�
3ULQW�VWDWHPHQWV�IURP�WKH�FRGHEDVH�ZLOO�VKRZ�XS�LQ�WKH�ZLQGRZ�UXQQLQJ�WKH�'RFNHU�FRQWDLQHU��,I�WKH�ILOH�
H[HFXWLQJ�WKH�SULQW�VWDWHPHQW�LV�UXQ�LQ�WKH�EDFNJURXQG�DQG�QRW�GLUHFWO\�H[HFXWHG�YLD�'RFNHU�WKHQ�WKH�SULQW�
VWDWHPHQW�ZLOO�QRW�VKRZ�XS�LQ�WKH�'RFNHU�ZLQGRZ��$XWRPDWHG�WHVWV�RI�WKH�PDJLF�ZDQG�URXWLQH�DUH�IRXQG�
LQ����1$.$)"̼�..$./�)/͜���& )�͜/ ./.̦+4���7KHVH�WHVWV�FDQ�EH�H[HFXWHG�YLD�WKH�FRPPDQG�
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)LJXUH����+LJK�OHYHO�V\VWHP�GHVLJQ�
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�
8VHU�LQWHUIDFH�
7KH�PDLQ�IURQW�HQG�LQWHUIDFH�LV�ZULWWHQ�PRVWO\�LQ�5HDFW��ZLWK�WKH�H[FHSWLRQ�RI�WKH�WUDQVFULSW�XSORDGLQJ�
FRPSRQHQW��ZKLFK�LV�PDGH�IURP�SXUH�'MDQJR�WHPSODWHV��&RPSRQHQWV�ZLWKLQ�WKH�LQWHUIDFH�PDNH�+773�
UHTXHVWV�WR�WKH�VHUYHU�KRVWLQJ�WKH�$VVLVWDQW��DQG�WKH�$VVLVWDQW�UHVSRQGV�ZLWK�WKH�GDWD�QHFHVVDU\�IRU�
UHQGHULQJ�WKH�LQWHUIDFH��)RU�LQVWDQFH��ZKHQ�WKH�XVHU�ORDGV�WKH�PDLQ�LQWHUIDFH��WKH��Ѕ�'�)�͜І��UHDFW�
FRPSRQHQW�PDNHV�DQ�+773�UHTXHVW�WR��Ѕ#*./)�( І͜���& )�͜" /͒. ( ./ -.���DQG�WKH�VHUYHU�
UHVSRQGV�ZLWK�WKH�-621�WKDW�5HDFW�XVHV�WR�UHQGHU�WKH�XVHU¶V�VHPHVWHUV���
�
QJLQ[�
,QVWHDG�RI�KDQGLQJ�WKH�+773�UHTXHVWV�GLUHFWO\�WR�'MDQJR��QJLQ[�DFWV�DV�PLGGOHZDUH�SUR[\LQJ�WKH�UHTXHVWV�
WR�WKH�'MDQJR�FRQWDLQHU��7KLV�HQFDSVXODWLRQ�LQFUHDVHV�VHFXULW\�DQG�VFDODELOLW\��DV�ZHOO�DV�FXVWRPL]DELOLW\��
)RU�LQVWDQFH��LI�WKH�DGPLQ�ZDQWV�WR�FKDQJH�ZKDW�SRUW�WKH�$VVLVWDQW�LV�H[SRVHG�RQ��WKH\�FDQ�GR�VR�ZLWKLQ�
WKH�QJLQ[�FRQILJXUDWLRQ��LQ�WKH��)"$)3��DQG��)"$)3̼+-*���IROGHUV��ZLWKRXW�FKDQJLQJ�WKH�'MDQJR�
FRQILJXUDWLRQ��
�
'MDQJR�9LHZV�
'MDQJR¶V�YLHZV�DUH�WKH�FRQWURO�ORJLF�LQ�WKH�'MDQJR�09&�IUDPHZRUN��7KHVH�DUH�IXQFWLRQV�WKDW�UHFHLYH�DQ�
+773�UHTXHVW��FRPSOHWH�VRPH�LQWHUQDO�VXEURXWLQH��XVXDOO\�LQYROYLQJ�WKH�DFFHVV�DQG�PXWDWLRQ�RI�GDWD�
PRGHOV���DQG�UHVSRQG�ZLWK�DQ�+773�UHVSRQVH��)RU�LQVWDQFH��WKH��" /͒. ( ./ -.��YLHZ�DFFHVVHV�WKH�
GDWD�PRGHOV�IRU�WKH�XVHU¶V�6HPHVWHUV��DQG�UHWXUQV�WKH�UHOHYDQW�GDWD�DV�-621��
�
&XVWRP�PDQDJH�S\�IXQFWLRQDOLW\�
$V�PHQWLRQHG�LQ�WKH�+HOSIXO�6FULSWV�VHFWLRQ��PDQDJH�S\¶V�IXQFWLRQDOLW\�ZDV�H[WHQGHG�WR�LQFOXGH�GDWDEDVH�
PDQDJHPHQW�FRPPDQGV��,I�\RX�DUH�ZRUNLQJ�ZLWKLQ�WKH�'RFNHU�FRQWDLQHU�WKH\�FDQ�EH�UXQ�GLUHFWO\�ZLWK�WKH�
S\WKRQ�VFULSW��H�J���̦͜(�)�" ̦+4�(�& ͒������2WKHUZLVH���̦͜(�)�" ̦.#��FDQ�EH�XVHG��L�H��
̦͜(�)�" ̦.#�(�& ͒������
�
0RGHOV�
'MDQJR¶V�PRGHOV�GHILQH�D�S\WKRQ�$3,�IRU�DFFHVVLQJ�WKH�GDWDEDVH��0RGHOV�DEVWUDFW�PXFK�RI�WKH�DFWXDO�
TXHU\�WUDQVDFWLRQV��VLPSOLI\LQJ�GDWDEDVH�DFFHVV�DQG�DOORZLQJ�WKH�GHYHORSHU�WR�VZLWFK�RXW�WKH�XQGHUO\LQJ�
GDWDEDVH�LPSOHPHQWDWLRQ���:H�FKRVH�3RVWJUH64/�IRU�VFDODELOLW\���0RGHOV�DOVR�LPSURYH�FRKHVLRQ�DQG�
GHFUHDVH�FRGH�UHSHWLWLRQ�EHFDXVH�FRPPRQ�RSHUDWLRQV�KDYH�EHHQ�GHILQHG�DV�PHWKRGV�LQ�WKH�PRGHO¶V�FODVV��
�
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'DWDEDVH�6FKHPD�

�
)LJXUH����(QWLW\�UHODWLRQVKLS�GLDJUDP�RI�GDWDEDVH�VFKHPD�

�
&RXUVH����7KH�GDWDEDVH�FRQWDLQV�LQIRUPDWLRQ�RQ�HYHU\�FRXUVH�RIIHUHG�LQ�WKH�6,6�FDWDORJ��(DFK�FRXUVH�LV�
VWRUHG�DV�D�&RXUVH�PRGHO��7KH�&RXUVH�GDWDEDVH�LV�SRSXODWHG�IURP�WKH�6,6�FDWDORJ�ZLWK�WKH�FXVWRP�
FRPPDQG��̦͜(�)�" ̦.#�(�& ͒������6RPH�FRXUVHV�FDQ�KDYH�³3DUHQW�&RXUVHV´��UHODWLQJ�WKHP�WR�WKH�
FRXUVH�WKH\�GHSHQG�RQ��IRU�LQVWDQFH��&6������ODE�GHSHQGV�RQ�&6������OHFWXUH���7KLV�DWWULEXWH�LV�QRW�
FXUUHQWO\�XVHG��&RXUVHB3ODQQHGV�DQG�&RXUVHB&UHGLWV�ERWK�KDYH�IRUHLJQ�NH\V�WR�WKH�&RXUVHV�WKH\�UHODWH�WR��
7KLV�GHVLJQ�ZDV�FKRVHQ�WR�VWRUH�LQIRUPDWLRQ�DERXW�FRXUVHV�LQ�RQO\�RQH�SODFH���
�
7KH�HTXLYDOHQWBSODFHKROGHUBQDPH�DWWULEXWHV�DUH�WKH�FXUUHQW�LPSOHPHQWDWLRQ�RI�HOHFWLYH�PDSSLQJ��(DFK�
&RXUVH�KDV�D�-621�OLVW�RI�SRWHQWLDO�HOHFWLYH�W\SHV�LW�FRXOG�ILOO��IRU�HDFK�PDMRU�LPSOHPHQWHG��ZLWK�DQ�RUGHU�
RI�WKH�SULRULW\�IRU�ZKLFK�LW�VKRXOG�WU\�WR�ILOO��)RU�LQVWDQFH��IRU�%�6��&RPSXWHU�6FLHQFH��&6������ZRXOG�
KDYH�WKH�OLVW��̳͘����' �/$1 ̴̧�̳�)- ./-$�/ ���' �/$1 ̴ �͙��+RZHYHU��WKLV�GHVLJQ�VKRXOG�EH�
UHIDFWRUHG��,W�GRHV�QRW�PDWFK�WKH�GHVLJQ�RI�6,6��ZKHUH�WKLV�LQIRUPDWLRQ�LV�VWRUHG�ZLWK�PDMRUV��QRW�FRXUVHV���
DQG�DGGLWLRQDO�DWWULEXWHV�ZRXOG�QHHG�WR�EH�DGGHG�WR�WKH�GDWDEDVH�VFKHPD�IRU�HYHU\�VLQJOH�PDMRU��%RWK�
&RXUVHB&UHGLWV�DQG�&RXUVHB3ODQQHGV�XVH�WKHVH�DWWULEXWHV�WR�PDS�WR�HOHFWLYH�SODFHKROGHUV��
�
&RXUVHB&UHGLW����7KLV�PRGHO�UHSUHVHQWV�D�FRXUVH�WKDW�WKH�XVHU�KDV�FUHGLW�IRU��,W�LV�D�RQH�WR�PDQ\�
UHODWLRQVKLS�EHWZHHQ�8VHU�DQG�&RXUVH��ZLWK�D�³FUHGLWV´�DWWULEXWH�UHSUHVHQWLQJ�KRZ�PDQ\�FUHGLWV�LW�FRXQWHG�
IRU��1RWH�WKDW�FUHGLW�LQIRUPDWLRQ�FDQQRW�EH�GHULYHG�IURP�WKH�UHODWHG�&RXUVH�REMHFW�IRU�WZR�UHDVRQV��)LUVW��LI�
WKH�FRXUVH�LV�YDULDEOH�FUHGLW��VXFK�DV�&6��������LWV�FUHGLW�YDOXH�GHSHQGV�RQ�KRZ�PDQ\�FUHGLWV�WKH�XVHU�WRRN�
LW�IRU��6HFRQG��LI�D�UHSHDWDEOH�FRXUVH��OLNH�&6�������LV�VHHQ�WZLFH�RQ�WKH�WUDQVFULSW��WKH�$VVLVWDQW�FXUUHQWO\�
FRPELQHV�WKH�WZR�FRXUVHV�LQWR�RQH�ZLWK�WKH�FUHGLW�WRWDOV�DGGHG�WRJHWKHU��7KH�XVHU¶V�&RXUVHB&UHGLWV�DUH�
DGGHG�WR�WKH�GDWDEDVH�E\�WKH�WUDQVFULSW�XSORDGLQJ�IHDWXUH��ZKLFK�VFUDSHV�WKH�XVHU¶V�FRXUVH�KLVWRU\�IURP�
WKHLU�WUDQVFULSW��7KH�PDJLF�ZDQG�URXWLQH�GLVUHJDUGV�DQ\�FRXUVHV�RU�FRQVWUDLQWV�WKDW�UHODWH�WR�FRXUVHV�WKH�
XVHU�KDV�WDNHQ��
�
&RXUVHB3ODQQHG����7KLV�PRGHO�UHSUHVHQWV�D�FRXUVH�WKDW�WKH�XVHU�KDV�SODQQHG�WR�WDNH�LQ�D�IXWXUH�VHPHVWHU��,W�
KDV�IRUHLJQ�NH\V�WR�WKH�XVHU�LW�EHORQJV�WR��WKH�XVHU¶V�VHPHVWHU�LW�ZDV�DVVLJQHG�WR��DQG�WKH�&RXUVH�LW�
UHIHUHQFHV��,W�DOVR�VWRUHV�LQIRUPDWLRQ�RQ�LWV�VWDWH�LQ�WKH�LQWHUIDFH��VXFK�DV�ZKHWKHU�LW�ZDV�DGGHG�E\�WKH�XVHU�
WR�ILOO�HOHFWLYHV��ZKHWKHU�LW�LV�SLQQHG��DQG�ZKHWKHU�LW�LV�D�SODFHKROGHU��,I�WKH�&RXUVHB3ODQQHG�LV�D�
SODFHKROGHU��LW�GRHV�QRW�KDYH�D�IRUHLJQ�NH\�WR�D�&RXUVH�PRGHO��DQG�LQVWHDG�LWV�SODFHKROGHUBQDPH�LV�



�

GLVSOD\HG�RQ�WKH�LQWHUIDFH��$OWKRXJK�WKH�&RXUVHB3ODQQHG¶V�XVHU�FRXOG�WHFKQLFDOO\�EH�DFFHVVHG�WKURXJK�WKH�
&RXUVHB3ODQQHG¶V�VHPHVWHU��LW�EHFDPH�FRPPRQ�LQ�RXU�VRXUFH�FRGH�WR�TXHU\�DOO�RI�WKH�&RXUVHB3ODQQHGV�
IRU�D�VSHFLILF�XVHU���)RU�LQVWDQFH��WKH�PDJLF�ZDQG�URXWLQH�PXVW�TXHU\�DOO�RI�WKH�XVHU¶V�&RXUVHB3ODQQHGV�WR�
NQRZ�ZKLFK�FRXUVHV�WKH�XVHU�KDV�SLQQHG���7KXV��DGGLQJ�WKLV�UHGXQGDQW�DWWULEXWH�UHGXFHG�WKH�GDWDEDVH�
TXHU\�WLPH�IRU�RXU�H[LVWLQJ�FRGH���
�
6HPHVWHU����6HPHVWHUV�FDQ�EH�PRGHOHG�DV�OLVWV�RI�&RXUVHB3ODQQHGV��ZLWK�VRPH�DGGLWLRQDO�DWWULEXWHV�DERXW�
WKH�VHPHVWHU¶V�WHUP��\HDU��DQG�FUHGLW�PD[LPXP��7KHUH�LV�DOVR�D�ILHOG�WR�GHILQH�D�EDFNORJ�VHPHVWHU�ZKLFK�
FDQ�VWRUH�D�OLVW�RI�&RXUVHB3ODQQHGV�ZLWKRXW�W\LQJ�WKHP�WR�D�WHUP��\HDU��RU�FUHGLW�PD[LPXP��7KH�PDJLF�
ZDQG�URXWLQH�SODFHV�DQ\�FRXUVHV�WKDW�FDQQRW�VDWLVI\�DOO�RI�WKH�FRQVWUDLQWV�LQ�WKH�XVHU¶V�EDFNORJ�VHPHVWHU���
�
8VHU����7KH�8VHU�PRGHO�LV�WKH�EXLOW�LQ�'MDQJR�8VHU�PRGHO�LQ���%�)"*̦�*)/-$�̦�0/#̦(*� '.���
�
0DMRU���(DFK�8VHU�KDV�RQH�PDMRU��ZKLFK�LV�D�PRGHO�VWRULQJ�D�PDMRU�QDPH��OLNH�³%�6��&RPSXWHU�6FLHQFH�´�
7KLV�RQH�WR�RQH�UHODWLRQVKLS�ZDV�DGGHG�DV�D�PRGHO�EHFDXVH�'MDQJR�GRHV�QRW�UHFRPPHQG�DGGLQJ�DWWULEXWHV�
WR�WKH�8VHU�PRGHO��7KDW�LV��WKHUH�LV�RQH�0DMRU�REMHFW�IRU�HYHU\�8VHU�REMHFW�LQ�WKH�GDWDEDVH��7KLV�VKRXOG�EH�
UHIDFWRUHG�WR�D�PDQ\�WR�PDQ\�UHODWLRQVKLS�WR�FXW�GRZQ�RQ�WKH�GXSOLFDWLRQ�RI�0DMRU�LQIRUPDWLRQ��DQG�WR�
DOORZ�XVHUV�WR�KDYH�PXOWLSOH�PDMRUV��7KH�XVHU¶V�PDMRU�LV�FXUUHQWO\�XVHG�WR�VHOHFW�ZKLFK�FRXUVHBGDWD�ILOH�WR�
ORDG�GXULQJ�WKH�PDJLF�ZDQG�URXWLQH��DV�ZHOO�DV�ZKLFK�HTXLYDOHQWBSODFHKROGHUBQDPH�DWWULEXWH�WR�XVH�ZKHQ�
PDSSLQJ�FRXUVHV�WR�HOHFWLYHV���7KHVH�GHFLVLRQV�ZRXOG�DOVR�QHHG�WR�EH�UHDUFKLWHFWHG�LI�PXOWLSOH�GHJUHH�
SURJUDPV�SHU�VWXGHQW�DUH�DOORZHG���
�
,9��&RPSOH[�5RXWLQHV�
�
0DJLF�:DQG�
7KLV�LV�WKH�URXWLQH�WKDW�UHGLVWULEXWHV�WKH�XVHU¶V�UHPDLQLQJ�FRXUVHV�WR�VDWLVI\�DOO�RI�WKH�FRQVWUDLQWV��7KH�
URXWLQH�DFFRPSOLVKHV�WKLV�E\�UHGXFLQJ�WKH�WDVN�WR�D�&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHP��&63�� �ZKLFK�LV��

VROYHG�ZLWK�WKH�$UF�&RQVLVWHQF\�$OJRULWKP�����$&��� �ZLWK�EDFNWUDFNLQJ���

�
2XU�LPSOHPHQWDWLRQ�RI�WKH�$&���DOJRULWKP�ZRUNV�ZLWK�WKUHH�LQSXWV��

Ɣ $UFV ���$�OLVW�RI�SDLUV�RI�FRXUVHV��7KLV�UHSUHVHQWV�WKH�HGJHV�LQ�WKH�GLUHFWHG�JUDSK�$&���ZRUNV�RQ��
Ɣ 'RPDLQV���7KH�VHW�RI�SRVVLEOH�VHPHVWHUV�IRU�HDFK�FRXUVH��LPSOHPHQWHG�DV�D�GLFWLRQDU\�RI�&RXUVH�

ĺ��OLVW�RI�SRVVLEOH�VHPHVWHUV���7KLV�UHSUHVHQWV�WKH�LQLWLDO�GRPDLQV�WKDW�WKH�$&���DOJRULWKP�QDUURZV�
GRZQ��

Ɣ &RQVWUDLQWV���$�GLFWLRQDU\�RI�DUF��ĺ��^ERROHDQ�IXQFWLRQ�ODPEGD�ZLWK���LQSXWV`��7KLV�UHSUHVHQWV�WKH�
ELQDU\�FRQVWUDLQWV�WKDW�PXVW�EH�VDWLVILHG�EHWZHHQ�FRXUVHV��2XU�V\VWHP�GRHV�QRW�KDYH�XQDU\�
FRQVWUDLQWV��

�
7KH�UHVXOW�RI�WKH�$&���DOJRULWKP�LV�DQRWKHU�GLFWLRQDU\�RI�GRPDLQV��%DFNWUDFNLQJ�LV�SHUIRUPHG�WR�FRQYHUW�
WKH�UHVXOWLQJ�GRPDLQV�WR�D�VFKHGXOH��GLFWLRQDU\�RI�VHPHVWHUBQXPEHU��ĺ��OLVW�RI�FRXUVHV���

���KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�&RQVWUDLQWBVDWLVIDFWLRQBSUREOHP�
���KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�$&��BDOJRULWKP�

https://en.wikipedia.org/wiki/Constraint_satisfaction_problem
https://en.wikipedia.org/wiki/AC-3_algorithm
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7KH�PDJLF�ZDQG�URXWLQH�ZRUNV�DV�IROORZV��
,� 7KH�XVHU�FOLFNV�WKH�PDJLF�ZDQG�LFRQ��

$� 7KH�LFRQ�LV�D�5HDFW�FRPSRQHQW��SURJUDPPHG�WR�VHQG�DQ�HPSW\�*(7�UHTXHVW�WR�
���& )�͜(�"$�͒2�)����

�� 7KH�UHTXHVW�JRHV�WKURXJK�QJLQ[�DQG�WKH�'MDQJR�:6*,��DQG�WKH��(�"$�͒2�)��
YLHZ�LV�FDOOHG���

�� 7KLV�YLHZ�FUHDWHV�D����"$�͒��)�͒� ,0 ./���7KLV�LV�D�FODVV�WKDW�ZUDSV�PRVW�RI�
WKH�IXQFWLRQV�QHHGHG�IRU�WKH�PDJLF�ZDQG�URXWLQH�LQ�YLHZV�S\��,W�VWRUHV�VRPH�
LQIRUPDWLRQ�DV�DWWULEXWHV��ZKLFK�FXWV�GRZQ�RQ�SDUDPHWHU�SDVVLQJ�ZLWKRXW�VWRULQJ�
DQ\WKLQJ�LQ�WKH�JOREDO�VFRSH��

�� 7KH�PDJLFBZDQG�YLHZ�UXQV�WKH�0DJLFB:DQGB5HTXHVW�ZLWK�LWV��̦-0)͖ �͗�PHWKRG��
D� $���. -͒��/���REMHFW�LV�FUHDWHG��7KLV�FODVV�ZUDSV�LQIRUPDWLRQ�DERXW�WKH�

XVHU
V�FRXUVH�KLVWRU\��SLQQHG�FRXUVHV��VHPHVWHUV��HWF��:UDSSLQJ�WKLV�
LQIRUPDWLRQ�LQ�D�FODVV�FXWV�GRZQ�RQ�SDUDPHWHU�SDVVLQJ�DQG�DOORZV�IRU�
HDVLHU�GHYHORSPHQW�RI�IHDWXUHV�LQ�WKH�IXWXUH��HYHQ�GHHS�ZLWKLQ�WKH�FDOO�
VWDFN��
$PRQJ�WKH�8VHUB'DWD¶V�DWWULEXWHV�LV�D�OLVW�RI���*0-. ͒�- �$/.���7KLV�
LQFOXGHV�QRW�RQO\�FRXUVHV�WKDW�WKH�XVHU�KDV�FUHGLW�IRU�DFFRUGLQJ�WR�WKH�
&RXUVHB&UHGLW�PRGHO��EXW�DOVR�DQ\�&RXUVHB3ODQQHG�REMHFWV�WKDW�KDYH�
EHHQ�EDFNORJJHG��$OWKRXJK�WKHVH�REMHFWV�KDYH�GLIIHUHQW�W\SHV��WKH\�ERWK�
KDYH��" /͒�- �$/͒./-$)"͖ �͗�PHWKRGV�WR�DOORZ�IRU�VRPH�
SRO\PRUSKLVP��

E� 7KH��-0)͖ �͗�PHWKRG�SDVVHV�WKH�XVHUBGDWD�WR��" /͒.�# �0' ͖͗�
��� 7KLV�IXQFWLRQ��LQ�EDFNWUDFNLQJ�S\��ILUVW�FUHDWHV�D���*0-. ͒��/��

REMHFW�IRU�WKH�XVHU��
�D� 7KH�SXUSRVH�RI�WKH�&RXUVHB'DWD�FODVV�LV�WR�VHW�XS�WKH�

DUFV��GRPDLQV��DQG�FRQVWUDLQWV�IRU�WKH�$&���DOJRULWKP���
�E� :KHQ�LQLWLDOL]HG��LW�SXOOV�WKH�KDUG�FRGHG�FRQVWUDLQW�

LQIRUPDWLRQ�IURP�HLWKHU���*0-. ͒��/�͒��̦+4��IRU�
�*0-. ͒��/�͒��̦+4���GHSHQGLQJ�RQ�WKH�XVHU¶V�
PDMRU���

�F� ,W�WKHQ�FRQYHUWV�WKH�QRQ�SODFHKROGHU�FRXUVH�VWULQJV�LQ�
WKHVH�ILOHV�WR�&RXUVH�REMHFWV��XVLQJ�WKH���*0-. !$ -�
FODVV�IRU�VRPH�FDFKLQJ���

�G� $W�WKLV�SRLQW��WKH�DUFV��GRPDLQV��DQG�FRQVWUDLQWV�DUH�YDOLG�
IRU�D�QHZ�ILUVW�\HDU�VWXGHQW�ZLWK�QR�FRXUVH�KLVWRU\���

�H� )LQDOO\��DOO�DUFV��GRPDLQV��DQG�FRQVWUDLQWV�WKDW�UHODWH�WR�
DQ\�FRXUVHV�LQ�WKH�XVHU¶V�FRXUVH�KLVWRU\��RU�EDFNORJJHG�
FRXUVHV���LQFOXGLQJ�HOHFWLYH�SODFHKROGHUV��DUH�ILOWHUHG�RXW��

��� 7KHQ���" /͒.�# �0' ͖ �͗�SDVVHV�WKH�FRXUVHBGDWD�WR�
.*'1 ͒�.+͖ �͗��7KLV�IXQFWLRQ�PDNHV�DQG�UXQV�D������*'1 -�
IRU�WKH�FRXUVHBGDWD¶V�DUFV��GRPDLQV��DQG�FRQVWUDLQWV��7KH�
&636ROYHU�UXQV�WKH�$&���DOJRULWKP�DQG�UHWXUQV�WKH�UHVXOWV��
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��� 7KHQ����" /͒.�# �0' ͖ �͗�LQLWLDOL]HV�D�
��# �0' ͒� ) -�/*-��REMHFW��DQG�FDOOV�LWV��-0)��PHWKRG���

�D� $�6FKHGXOHB*HQHUDWRU�FRQYHUWV�WKH�UHVXOWLQJ�GRPDLQV�
IURP�WKH�&636ROYHU��D�GLFWLRQDU\�RI�&RXUVH��ĺ��OLVW�RI�
SRVVLEOH�VHPHVWHUV��LQWR�D�VFKHGXOH��GLFWLRQDU\�RI�
VHPHVWHUBQXPEHU��ĺ��OLVW�RI�FRXUVHV���7KLV�FRPSRQHQW�
ZDV�RULJLQDOO\�D�IXQFWLRQ��EXW�LW�ZDV�ZUDSSHG�LQ�D�FODVV�
WR�HQFDSVXODWH�DOO�RI�LWV�KHOSHU�PHWKRGV�

�E� $W�D�KLJK�OHYHO��WKLV�URXWLQH�UHSHDWHGO\�VHOHFWV�WKH�FRXUVH�
ZLWK�WKH�VPDOOHVW�UHPDLQLQJ�GRPDLQ��DQG�DVVLJQV�LW�WR�WKH�
VHPHVWHU�LQ�LWV�GRPDLQ�WKDW�KDV�WKH�IHZHVW�FRXUVHV�
DOUHDG\�DVVLJQHG�WR�LW��

��� 7KHQ��JHWBVFKHGXOH���UHWXUQV�WKH�UHVXOWV�IURP�WKH�
6FKHGXOHB*HQHUDWRU�

F� ,I�DOO�RI�WKH�FRQVWUDLQWV�ZHUH�XQDEOH�WR�EH�UHVROYHG��WKHQ�WKH�RIIHQGLQJ�
FRXUVHV�DUH�PRYHG�WR�WKH�EDFNORJ�VHPHVWHU��DQG�WKH��-0)͖ �͗�PHWKRG�
UHVWDUWV��

G� 2WKHUZLVH��WKH��-0)͖ �͗�PHWKRG�DVVLJQV�HDFK�FRXUVH�WR�LWV�SODQQHG�
VHPHVWHU��FUHDWLQJ�PRGLI\LQJ�&RXUVHB3ODQQHG�PRGHOV���DQG�UHWXUQV�DQ�
+773�UHVSRQVH�DERXW�DQ\�FRXUVHV�WKDW�ZHUH�EDFNORJJHG��

�� 7KH�PDJLFBZDQG�YLHZ�UHWXUQV�WKH�+773�5HVSRQVH�JHQHUDWHG�E\�WKH��-0)͖͗ө
PHWKRG��7KLV�UHVSRQVH�LV�UHWXUQHG�WR�QJLQ[��DQG�LV�VHQW�EDFN�WR�WKH�FOLHQW��

%� %DFN�RQ�WKH�IURQW�HQG��WKH�5HDFW�FRPSRQHQW�UHFHLYHV�WKH�+773�UHVSRQVH��DQG�H[HFXWHV�D�
FDOOEDFN�IXQFWLRQ��,I�DQ\�HUURUV�RFFXUUHG��D�YDQLOOD�MDYDVFULSW���' -/͖ �͗�GLVSOD\V�WKH�HUURU�
WR�WKH�XVHU��,I�WKH�HUURU�ZDV�QRW�IDWDO��L�H��FRXUVHV�ZHUH�EDFNORJJHG���D�SDJH�UHORDG�LV�
WULJJHUHG��

,,� 7KH�SDJH�UHORDGV�LI�WKHUH�ZHUH�QR�IDWDO�HUURUV��7KH�XVHU�VHHV�WKDW�WKH�V\VWHP�KDV�UHGLVWULEXWHG�WKH�
UHPDLQLQJ�FRXUVHV�WR�VDWLVI\�FRQVWUDLQWV��

�
7UDQVFULSW�8SORDG�
7KLV�LV�WKH�URXWLQH�WKDW�SRSXODWHV�WKH�&RXUVHB&UHGLW�GDWDEDVH�IRU�D�XVHU��,W�ZRUNV�DV�IROORZV��

,� 7KH�XVHU�FOLFNV�WKH�XSORDG�GRFXPHQW�LFRQ��ZKLFK�LV�ODEHOHG�DV�XSORDG�WUDQVFULSW��
,,� 7KLV�FDOOV�WKH�YLHZ��/-�).�-$+/���LQ�����& )�͜1$ 2.̦+4ө
,,,� 7KH�XVHU�WKHQ�XSORDGV�D�SGI�RI�WKHLU�WUDQVFULSW��

$� 7KH�IRUP�HQVXUHV�WKDW�D�SGI�LV�XSORDGHG�E\�FKHFNLQJ�WKH�ILOH�H[WHQVLRQ��
%� ,I�DQ�XQH[SHFWHG�SGI��1RW�D�WUDQVFULSW��LV�XSORDGHG�S\WKRQ�ZLOO�UDLVH�DQ�H[FHSWLRQ��

,9� +�!̞/ 3/̦+4��LV�LPSRUWHG�DQG�WKH�IXQFWLRQ���*1 -/���LV�FDOOHG�WR�JHW�D�WH[W�RXWSXW�RI�WKH�ILOH�LQ�
WKH�IROORZLQJ�IRUPDW��

$� >0QHPRQLF@�>&RXUVH�1XPEHU@�>&UHGLW�+RXUV@�>��RU��@�
H�J������̝̝̝̜�̟�̝�

%� $�]HUR�PHDQV�WKDW�D�VWXGHQW�HDUQHG�EHORZ�D�&��LQ�WKH�FRXUVH�DQG�LW�ZLOO�QRW�EH�VHOHFWHG�WR�
EH�LQFOXGHG�DV�D�VDWLVILHG�FRXUVH�E\�GHIDXOW��

&� (DFK�FRXUVH�LV�VHSDUDWHG�E\�D�QHZOLQH�
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'� 7KH�RXWSXW�LV�UHDG�LQWR�WKH�VHVVLRQ�DQG�WKH�WH[W�RXWSXW�LV�LPPHGLDWHO\�GHOHWHG��7KH�XVHU
V�
WUDQVFULSW�LV�QHYHU�VDYHG��

9� 7KH�XVHU�LV�WKHQ�UHGLUHFWHG�WR�WKH�� �$/͒0+'*�����YLHZ�LQ�WKH�VDPH�ILOH��
$� 7KLV�JHQHUDWHV�D�G\QDPLF�IRUP�RI�ERROHDQV�DQG�XVHUV�FDQ�FKHFN�RU�XQFKHFN�FODVVHV�WKH\�

ZDQW�WR�DGG��
%� $IWHU�VXEPLWWLQJ�WKH�IRUP�LW�ZLOO�GLVSOD\�D�OLVW�RI�WKH�FRXUVHV�WKDW�ZHUH�DGGHG��

� �
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$SSHQGL[�$��6FUHHQVKRW�RI�WKH�$VVLVWDQW¶V�PDLQ�LQWHUIDFH�
�
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