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� 7XMXDQ� GDUL� SHQHOLWLDQ� LQL� DGDODK� PHQJHPEDQJNDQ� YLGHR� SHPEHODMDUDQ�
2SHQ6WUHHW0DS� XQWXN� SHPEXDWDQ� SHWD� GLJLWDO� IRUPDW� VKDSHILOH� PHQJJXQDNDQ�
*HRIDEULN�SDGD�PDWD�NXOLDK�3UDNWLNXP�*HRPDWLND�,,���
� 3HQHOLWLDQ� LQL�PHUXSDNDQ� SHQHOLWLDQ� GDQ� SHQJHPEDQJDQ� DWDX� UHVHDUFK� DQG�
GHYHORSPHQW� �5	'�� \DQJ� PHQJDFX� SDGD� PRGHO� �'� �IRXU�'�� ROHK� 7KLDJDUDMDQ��
7HNQLN� SHQJXPSXODQ� GDWD� GLODNXNDQ� GHQJDQ� DQJNHW�� 6HGDQJNDQ� DQDOLVLV� GDWD�
GLODNXNDQ�GHQJDQ�WHNQLN�GHVNULSWLI�NXDQWLWDWLI��
� +DVLO� GDUL� SHQHOLWLDQ� LQL� GLWLQMDX� SDGD� PDVLQJ�PDVLQJ� WDKDSDQ�
SHQJHPEDQJDQ�PRGHO��'�DQWDUD� ODLQ�� ����7DKDS�GHILQH�PHQJKDVLONDQ�NHEXWXKDQ�
SHQMHODVDQ� 2SHQ6WUHHW0DS� XQWXN� SHPEXDWDQ� SHWD� GLJLWDO� IRUPDW� VKDSHILOH
PHQJJXQDNDQ� *HRIDEULN�� .HEXWXKDQ� WHUVHEXW� PHQMDGL� VXEVWDQVL� GDODP� SURGXN�
YLGHR�SHPEHODMDUDQ�\DQJ�GLNHPEDQJNDQ������7DKDS�GHVLJQ�PHQJKDVLONDQ�NRQVHS�
PHGLD� \DQJ� GLNHPEDQJNDQ�� PDWHUL� \DQJ� VHVXDL�� VWRU\ERDUG� GDQ� QDUDVL� PDWHUL��
OD\RXW� PHGLD� SHPEHODMDUDQ�� SHQ\XVXQDQ� YLGHR� VHFDUD� VLVWHPDWLV� GDQ� WDWD� OHWDN�
JDPEDU� \DQJ� GLVLVLSNDQ� GDODP� YLGHR�� VNHQDULR� SHPEHODMDUDQ�� VHUWD� PHGLD� \DQJ�
GLKDVLONDQ�EHUXSD�YLGHR�SHPEHODMDUDQ�GHQJDQ� WHNQLN� VFUHHQ FDSWXULQJ�EHUIRUPDW�

�PS�� \DQJ� EHUGXUDVL� ��� PHQLW� ��� GHWLN� GDQ� XNXUDQ� ILOH� VHEHVDU� ����0%�� ����
7DKDS� GHYHORSPHQW� PHQJKDVLONDQ� SHQLODLDQ� WLQJNDW� NHOD\DNDQ� SURGXN� PHGLD�
SHPEHODMDUDQ� \DQJ� GLNHPEDQJNDQ�� %HUGDVDUNDQ� SHQLODLDQ� DKOL� PDWHUL� GLSHUROHK�
KDVLO� VHEHVDU� ������� GHQJDQ� NDWHJRUL� VDQJDW� OD\DN�� GDUL� DKOL� PHGLD� GLSHUROHK�
KDVLO� VHEHVDU� �������GHQJDQ� NDWHJRUL� VDQJDW� OD\DN� VHUWD� EHUGDVDUNDQ� SHQLODLDQ�
SHQJJXQD� GLSHUROHK� KDVLO� ������� GHQJDQ� NDWHJRUL� VDQJDW� OD\DN�� ���� 7DKDS�
GLVVHPLQDWH�GLODNXNDQ�GHQJDQ�SHQ\HEDUOXDVDQ�SURGXN�YLGHR�SHPEHODMDUDQ�PHODOXL�
NDQDO� <RX7XEH� SHPEXDW� YLGHR� SHPEHODMDUDQ� VHUWD� SHQ\HUDKDQ� SURGXN� YLGHR�
SHPEHODMDUDQ�WHUVHEXW�NHSDGD�GRVHQ�SHQJDPSX�PDWD�NXOLDK�3UDNWLNXP�*HRPDWLND�
,,� GL� -XUXVDQ� 3HQGLGLNDQ� 7HNQLN� 6LSLO� GDQ� 3HUHQFDQDDQ� )DNXOWDV� 7HNQLN�
8QLYHUVLWDV�1HJHUL�<RJ\DNDUWD��

.DWD�.XQFL��*HRIDEULN��2SHQ6WUHHW0DS��SHWD�GLJLWDO��VKDSHILOH�
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� 7KH� REMHFWLYHV� RI� WKLV� VWXG\� LV� GHYHORSLQJ� YLGHRV� EDVHG� OHDUQLQJ� RI�
2SHQ6WUHHW0DS� IRU� SURGXFLQJ� GLJLWDO� PDSV� ZLWKLQ� VKDSHILOH� IRUPDW� XVLQJ�
*HRIDEULN�DW�*HRPDWLFV�3UDFWLFH�,,�FRXUVHV��
� 7KLV�UHVHDUFK�LV�XVLQJ�PHWKRG�RI�UHVHDUFK�DQG�GHYHORSPHQW�RU�UHVHDUFK�DQG�
GHYHORSPHQW� �5	'�� ZLWK� D� �'� PRGHO� EDVHG� 7KLDJDUDMDQ�� 7KH� WHFKQLTXH� RI�
FROOHFWLQJ�GDWD� LV� WKURXJK�TXHVWLRQQDLUHV��:KLOH�GDWD�DQDO\VLV�ZHUH� FDUULHG� RXW�
XVLQJ�TXDQWLWDWLYH�GHVFULSWLYH�GDWD�DQDO\VLV�WHFKQLTXHV���
� 7KH�UHVXOWV�RI�WKLV�VWXG\�ZHUH�UHYLHZHG�DW�HDFK�VWDJH�RI�WKH�GHYHORSPHQW�RI�
WKH��'�PRGHO�DUH������7KH�GHILQH�VWDJH�SURGXFHV�LV�WKH�QHHG�RI�H[SODQDWLRQ�DERXW�
2SHQ6WUHHW0DS� IRU�SURGXFLQJ�GLJLWDO�PDSV� LQ� VKDSHILOH� IRUPDW�XVLQJ�*HRIDEULN��
7KH� QHHG� EHFRPHV� WKH� VXEVWDQFH� RI� YLGHR� EDVHG� OHDUQLQJ� SURGXFW� ZKLFK� LV�
GHYHORSHG�� ���� 7KH� GHVLJQ� VWDJH� SURGXFHV� WKH� FRQFHSW� RI� GHYHORSHG� PHGLD��
VXLWDELOLW\� RI� PDWHUL�� VWRU\ERDUG� DQG� QDUUDWLYH� PDWHULDO�� OD\RXW� RI� PHGLD� EDVHG�
OHDUQLQJ�� V\VWHPDWLFV� RI� YLGHR� DQG� OD\RXW� RI� LPDJHV� LQ� WKH� YLGHR�� OHDUQLQJ�
VFHQDULRV�� DQG� PHGLD� LV� SURGXFHG� LQ� WKH� IRUP� RI� � YLGHR� EDVHG� OHDUQLQJ� ZLWK�
WHFKQLTXHV� VFUHHQ�FDSWXULQJ�ZLWKLQ� IRUPDW�
�PS��ZKLFK�GXUDWLRQ����PLQXWHV� ���
VHFRQGV� DQG� WKH� ILOH� VL]H� LV� ���� 0%�� ���� 7KH� GHYHORSPHQW� SKDVH� SURGXFHV� DQ�
DVVHVVPHQW� RI� WKH� IHDVLELOLW\� RI� WKH� GHYHORSHG� PHGLD� EDVHG� OHDUQLQJ� SURGXFW��
%DVHG�RQ�WKH�DVVHVVPHQW�RI�PDWHULDO�H[SHUWV�WKH�UHVXOWV�REWDLQHG�ZHUH��������LQ�
WKH� YHU\� IHDVLEOH� FDWHJRU\�� IURP� WKH� PHGLD� H[SHUWV� WKH� UHVXOWV� REWDLQHG� ZHUH�
�������ZLWK� WKH�YHU\� IHDVLEOH� FDWHJRU\� DQG� EDVHG�RQ� WKH�XVHU
V� DVVHVVPHQW� WKH�
UHVXOWV�REWDLQHG�ZHUH��������LQ�WKH�YHU\�IHDVLEOH�FDWHJRU\������'LVVHPLQDWH�VWDJH�
LV�GRQH�E\�GLVVHPLQDWLQJ�YLGHR�EDVHG�OHDUQLQJ�SURGXFWV�WKURXJK�<RX7XEH�FKDQQHO�
RI� � YLGHR� EDVHG� OHDUQLQJ� FUHDWRU� DQG� WKH� VXEPLVVLRQ� RI� � YLGHR� EDVHG� OHDUQLQJ�
SURGXFWV� WR� OHFWXUHUV� RI� *HRPDWLFV� 3UDFWLFXP� ,,� FRXUVHV� LQ� WKH� 'HSDUWPHQW� RI�
(GXFDWLRQ� &LYLO� (QJLQHHULQJ� DQG� 3ODQQLQJ� )DFXOW\� RI� (QJLQHHULQJ� <RJ\DNDUWD�
6WDWH�8QLYHUVLW\��

.H\ZRUGV��*HRIDEULN��2SHQ6WUHHW0DS��GLJLWDO�PDSV��VKDSHILOH��
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$OODK�PHQLQJJLNDQ�RUDQJ�RUDQJ�\DQJ�EHULPDQ�GLDQWDUD�NDPX�GDQ�RUDQJ�RUDQJ�

\DQJ�GLEHUL�LOPX�SHQJHWDKXDQ�EHEHUDSD�GHUDMDW��'HSDJ�5,���������������

0DND�VHVXQJJXKQ\D�EHUVDPD�NHVXOLWDQ�LWX�DGD�NHPXGDKDQ��6HVXQJJXKQ\D�

EHUVDPD�NHVXOLWDQ�LWX�DGD�NHPXGDKDQ���4�6��$O�,QV\LUDK���±����

6HVXQJJXKQ\D�$OODK�WLGDN�DNDQ�PHQJXEDK�NHDGDDQ�VXDWX�NDXP��VHKLQJJD�PHUHND�

PHQJXEDK�NHDGDDQ�\DQJ�DGD�SDGD�GLUL�PHUHND�VHQGLUL���4�6��$U�5D¶G�������

$OODK�WLGDN�PHPEHEDQL�VHVHRUDQJ�PHODLQNDQ�VHVXDL�NHVDQJJXSDQQ\D���46�$O�

%DTDUDK��������

'DQ�$OODK�EHUVDPD�RUDQJ�RUDQJ�\DQJ�VDEDU���4�6��$O�$QIDO������

6HKLQJJD�$OODK�PHQFLQWDL�RUDQJ�RUDQJ�\DQJ�EHUWDZDNNDO���4�6��$O�,PUDQ�������

%DUDQJ�VLDSD�\DQJ�EHUVXQJJXK�VXQJJXK��VHVXQJJXKQ\D�NHVXQJJXKDQ�WHUVHEXW�

XQWXN�NHEDLNDQ�GLULQ\D�VHQGLUL���4�6��$O�$QNDEXW�����

%HUORPED�ORPEDODK�GDODP�NHEDLNDQ��4�6��$O�%DTDUDK������
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� 6HEDJDL�ZXMXG� UDVD� V\XNXU� GDQ� XFDSDQ� WHULPD�NDVLK� DWDV� WHUVHOHVDLNDQQ\D��

7XJDV�$NKLU�6NULSVL�LQL��NXSHUVHPEDKNDQ�NDU\D�VHGHUKDQD�LQL�NHSDGD���

$OODK� 6:7�DWDV� VHJDOD� FXUDKDQ� QLNPDW� GDQ� UDKPDW�1\D�� VHUWD�5DVXOXOODK�6$:�

DWDV�SHUMXDQJDQ�GDQ�KDUDSDQ�VHODOX�DNDQ�V\DIDDWQ\D��

.HGXD� RUDQJ� WXD� WHUFLQWD� ,EX� 6UL� 3DUWLPDK� GDQ� %DSDN� 0XNKDPDG� ,OKDP�� \DQJ�

VHODOX� PHPEHULNDQ� GRD� UHVWX�� GXNXQJDQ�� GDQ� QDVLKDW� KLQJJD� WHUVHVHOVDLNDQQ\D�

WXJDV�DNKLU�VNULSVL�LQL�

.DNHN�VD\D�6XEDUGL�GDQ�1HQHN�:XVLQDK�\DQJ�VHODOX�PHPEHULNDQ�GXNXQJDQ�VHUWD�

QDVLKDW�

3DPDQ�VD\D�5RKDGL�GDQ�%XOLN�1RYL�.XUQLDWL�\DQJ�VHODOX�PHPEHULNDQ�GXNXQJDQ�

WXOXV�WDQSD�SDPULK�

$GLN�DGLN�VD\D�1DXIDO�=DLQL�GDQ�6RI\DQ�)DULK�5DPGDQ�\DQJ�VHODOX�PHPEHULNDQ�

PRWLYDVL�

6DKDEDW�VD\D�0XKDPDG�%RE�9DQGLQR�\DQJ�VHODOX�PHQHPDQL�GDODP�VXND�PDXSXQ�

GXND�
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� 3XML� V\XNXU� NHKDGLUDW� $OODK� 6:7� DWDV� EHUNDW� UDKPDW� GDQ� NDUXQLD�1\D��

7XJDV�$NKLU� 6NULSVL� GDODP� UDQJND�XQWXN�PHPHQXKL� VHEDJLDQ�SHUV\DUDWDQ� XQWXN�

PHQGDSDWNDQ� JHODU� 6DUMDQD� 3HQGLGLNDQ� GHQJDQ� MXGXO� ³3HQJHPEDQJDQ� 9LGHR�

3HPEHODMDUDQ� 2SHQ6WUHHW0DS� XQWXN� 3HPEXDWDQ� 3HWD� 'LJLWDO� )RUPDW� 6KDSHILOH

PHQJJXQDNDQ�*HRIDEULN� SDGD�0DWD� .XOLDK� 3UDNWLNXP�*HRPDWLND� ,,� GL� -XUXVDQ�

3HQGLGLNDQ� 7HNQLN� 6LSLO� GDQ� 3HUHQFDQDDQ� )7� 81<´� GDSDW� GLVXVXQ� VHVXDL�

KDUDSDQ��7XJDV�$NKLU�6NULSVL� LQL�GDSDW�GLVHOHVDLNDQ�WLGDN�OHSDV�GDUL�EDQWXDQ�GDQ�

NHUMDVDPD� GHQJDQ� SLKDN� ODLQ�� %HUNHQDDQ� GHQJDQ� KDO� WHUVHEXW�� SHQXOLV�

PHQ\DPSDLNDQ�XFDSDQ�WHULPD�NDVLK�NHSDGD�\DQJ�WHUKRUPDW���

�� ,U�� ,OKDP� 0DUVXGL�� 0�.RP��� VHODNX� 'RVHQ� 3HPELPELQJ� 7$6� \DQJ� WHODK�

EDQ\DN�PHPEHULNDQ�VHPDQJDW��GRURQJDQ��GDQ�ELPELQJDQ�VHODPD�SHQ\XVXQDQ�

7XJDV�$NKLU�6NULSVL�LQL���

�� 'U�� ,U�� 6XQDU�5RFKPDGL��0�(�6��� VHODNX� DKOL�PDWHUL� VHNDOLJXV� GRVHQ� SHQJXML�

7XJDV�$NKLU�6NULSVL���

�� 'U��1XU\DGLQ�(NR�5DKDUMR��0�3G���VHODNX�DKOL�PHGLD�VHNDOLJXV�GRVHQ�SHQJXML�

7XJDV�$NKLU�6NULSVL���

�� %DSDN� 1XU� +LGD\DW�� 0�3G��� \DQJ� WHODK� PHPEDQWX� SURVHV� SHODNVDQDDQ�

SHQHOLWLDQ�VHKLQJJD�GDSDW�EHUMDODQ�GHQJDQ�ODQFDU��

�� 'U��6ODPHW�:LGRGR��0�7�VHODNX�.HWXD�-XUXVDQ�7HNQLN�6LSLO�GDQ�3HUHQFDQDDQ�

VHNDOLJXV� VHEDJDL� GRVHQ� 3HPELPELQJ� $NDGHPLN� \DQJ� WHODK� PHPEHULNDQ�

EDQWXDQ�GDQ�IDVLOLWDV�VHODPD�SURVHV�SHQ\XVXQDQ�7XJDV�$NKLU�6NULSVL�LQL���
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�� 'RVHQ� GDQ� VWDI� \DQJ� WHODK� PHPEHULNDQ� EDQWXDQ� GDQ� IDVLOLWDV� VHODPD� SURVHV�

7$6�LQL��

�� 3URI�� 'UV�� +HUPDQ� 'ZL� 6XUMRQR��0�6F���07��� 3K�'�� VHODNX�'HNDQ� )DNXOWDV�

7HNQLN�\DQJ�PHPEHULNDQ�SHUVHWXMXDQ�SHODNVDQDDQ�7XJDV�$NKLU�6NULSVL���

�� +DQQD� 1XUVDQWL� 6XNPDQWDUL� VHODNX� GXEEHU� GDODP� SHQJHPEDQJDQ� YLGHR�

SHPEHODMDUDQ�\DQJ�GLJXQDNDQ�VHEDJDL�PHGLD�SHQHOLWLDQ��

�� 2UDQJ� WXD� SHQXOLV� ,EX� 6UL� 3DUWLPDK� GDQ� %DSDN� 0XNKDPDG� ,OKDP� VHUWD�

NHOXDUJD�EHVDU�VD\D��

��� 0XKDPDG� %RE� 9DQGLQR� VHODNX� VDKDEDW� VD\D� \DQJ� VHODOX� PHQHPDQL� GDODP�

VXND�PDXSXQ�GXND��

��� 7HPDQ�WHPDQ�NHODV�&��-3763��..1�*����\DQJ�VXGDK�VD\D�DQJJDS�VHEDJDL�

NHOXDUJD�VD\D�VHQGLUL��

��� 6HPXD� SLKDN�� VHFDUD� ODQJVXQJ� PDXSXQ� WLGDN� ODQJVXQJ�� \DQJ� WLGDN� GDSDW�

GLVHEXWNDQ� GL� VLQL� DWDV� EDQWXDQ� GDQ� SHUKDWLDQQ\D� VHODPD� SHQ\XVXQDQ� 7XJDV�

$NKLU�6NULSVL�LQL��

� $NKLUQ\D�� VHPRJD� VHJDOD� EDQWXDQ� \DQJ� WHODK� EHULNDQ� VHPXD� SLKDN� GL� DWDV�

PHQMDGL�DPDODQ�\DQJ�EHUPDQIDDW�GDQ�PHQGDSDWNDQ�EDODVDQ�GDUL�$OODK�6:7�GDQ�

7XJDV�$NKLU�6NULSVL� LQL�PHQMDGL� LQIRUPDVL� EHUPDQIDDW�EDJL�SHPEDFD�DWDX� SLKDN�

ODLQ�\DQJ�PHPEXWXKNDQQ\D����

<RJ\DNDUWD�����)HEUXDUL������

3HQXOLV���

+DQLI�0XKDVDQ�

1,0��������������
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