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��� /DWDU�%HODNDQJ�0DVDODK

$XJPHQWHG�5HDOLW\�PHUXSDNDQ�VXDWX�WDPSLODQ GDUL�VXGXW�SDQGDQJ�SHQJJXQD�

WHUKDGDS�OLQJNXQJDQ�GL�GXQLD�Q\DWD�VHFDUD�ODQJVXQJ�DWDXSXQ�WLGDN�ODQJVXQJ�\DQJ�

EHUVLIDW�UHDO�WLPH GHQJDQ�PHQJJDEXQJNDQ�REMHN�Q\DWD�GDQ�YLUWXDO PHQMDGL��'�>�@��

6DODK� VDWX� WXMXDQ� GLFLSWDNDQQ\D� WHNQRORJL� DXJPHQWHG� UHDOLW\� LQL� DGDODK� XQWXN�

PHPSHUPXGDK�KLGXS�PDQXVLD�� VHSHUWL�GLJXQDNDQ XQWXN�SHPDVDUDQ� VXDWX�SURGXN�

DWDX� MDVD�� PLVDO� SHQJHOROD� MDVD� SDQJNDV� UDPEXW� 5HDOLWD� VDDW� LQL� SHQDWD� UDPEXW

KDQ\D� EHUWDQ\D� VHFDUD� ODQJVXQJ� PRGHO� \DQJ� GLLQJLQNDQ� ROHK� SHODQJJDQ GDQ�

PHPED\DQJNDQ�PRGHO� UDPEXW�\DQJ�GLQJLQNDQ�VHFDUD�DEVWUDN��6HODLQ� LWX��PHUHND�

MXJD�PHPEHULNDQ�IDVLOLWDV�JDPEDU��VHSHUWL�GDUL�PDMDODK�GDQ�LQWHUQHW��.HNXUDQJDQ�

GDUL�FDUD�WHUVHEXW�DGDODK�NHWLGDN\DNLQDQ�SHODQJJDQ�GHQJDQ�SLOLKDQ�PHUHND��0HUHND�

KDQ\D� ELVD� PHPED\DQJNDQ� PRGHO� UDPEXW� \DQJ� GLLQJLQNDQ�� WLGDN� ELVD�

PHQJJDPEDUNDQ�DSDNDK�PRGHO� UDPEXW�SLOLKDQ�PHUHND�FRFRN�DWDX�WLGDN��'HQJDQ�

PHPDQIDDWNDQ� WHNQRORJL� DXJPHQWHG� UHDOLW\�� SHODQJJDQ� DNDQ� ELVD�PHOLKDW VHFDUD�

YLUWXDO DSDNDK�PRGHO� UDPEXW� \DQJ�PHUHND� SLOLK� FRFRN� XQWXN�PHUHND� DWDX� WLGDN�

WDQSD�KDUXV�PHPRWRQJ�UDPEXW�PHUHND�WHUOHELK�GDKXOX� 6HODLQ�LWX��SHUVHSVL�PDQXVLD�

WHUKDGDS� EHQWXN� ZDMDK� VDQJDWODK� EHUDJDP�� %DQ\DNQ\D� PRGHO� EHQWXN� ZDMDK�

PDQXVLD�PHPEXDW�VHVRUDQJ�ELQJXQJ�XQWXN�PHQLODL�EHQWXN�ZDMDK�DSD�\DQJ�GLPLOLNL��

%HQWXN�ZDMDK� \DQJ�GLPLOLNL MXJD�DNDQ�PHPHQJDUXKL� FRFRN�DWDX� WLGDN�FRFRNQ\D�

PRGHO�UDPEXW�\DQJ�GLSLOLK�

3DGD� SHQHOLWLDQ� >�@�� GLJXQDNDQ�ZHEFDP VHEDJDL�PHGLD� XQWXN� SHQJDPELODQ�

IRWR�SHQJJXQD�GDQ�PHQJJXQDNDQ�NRPSXWHU�VHEDJDL�PHGLD�XQWXN�PHQJRODK�KDVLO�

SHQJJDEXQJDQ�DQWDUD�IRWR�GDQ�PRGHO� UDPEXW��3DGD�SHQHOLWLDQ� WHUVHEXW�GLODNXNDQ�

EHEHUDSD�SHQJXMLDQ�SHUIRUPDQVL��VHSHUWL�EHUGDVDUNDQ�MDUDN�GHQJDQ�DNXUDVL������GL�

MDUDN�������FP��EHUGDVDUNDQ�NRQGLVL�FDKD\D�GHQJDQ�KDVLO�EDKZD�VDDW�JHODS�ZDMDK�

WLGDN�DNDQ�WHUGHWHNVL��EHUGDVDUNDQ�NHFHSDWDQ�JHUDNDQ�ZDMDK�GHQJDQ�KDVLO�GHOD\���

GHWLN� VDDW� SHUJHUDNDQ� FHSDW�� GDQ� EHUGDVDUNDQ� SRVLVL� ZDMDK� GHQJDQ� KDVLO� DNDQ�

WHUGHWHNVL�NXUDQJ�GDUL�����GHWLN�GHQJDQ�SRVLVL�IURQWDO��GHSDQ�GDQ�DWDV���6HODLQ�LWX��
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SDGD�SHQHOLWLDQ�>�@��GLODNXNDQ�SHQHOLWLDQ�\DQJ�VDPD�GHQJDQ�SHQHOLWLDQ�>�@��3HPEHGD�

DQWDUD�SHQHOLWLDQ�>�@�GDQ�>�@�WHUOHWDN�SDGD�SHQJXMLDQ�SHUIRUPDQVL�\DQJ�GLODNXNDQ��

3DGD� SHQHOLWLDQ� >�@� KDQ\D� GLODNXNDQ� XML� MDUDN� GDQ� XML� VXGXW��'DUL� SHQHOLWLDQ� >�@��

GLGDSDWNDQ�KDVLO�MDUDN�LGHDO�VHMDXK�������FP�GDQ�VXGXW�LGHDO�VHEHVDU��������GDUL�

NDPHUD�

'DODP� SHQHOLWLDQ� >�@�� SURVHV� SHQJRODKDQ� VLVWHP� PHQJJXQDNDQ� LPDJH�

SURFHVVLQJ�� GLPDQD� DNDQ� GLODNXNDQ� SURVHV� JUD\VFDOH� GDQ� WKHUVKROGLQJ�� 8QWXN�

SHQJXMLDQ�� GLODNXNDQ� HPSDW� NDOL� IRWR� GHQJDQ� SRVLVL� EHUEHGD� �GHSDQ�� EHODNDQJ��

NDQDQ��NLUL��GDQ�DSDNDK�PRGHO�UDPEXW�ELVD�GLWLPSD�NH�IRWR�WHUVHEXW��0RGHO�UDPEXW�

\DQJ� GLSLOLK� ELVD� GLDWXU� VHVXDL� GHQJDQ� NHLQJLQDQ� SHQJJXQD�� VHSHUWL� EHVDU� NHFLO�

XNXUDQ�PRGHO�UDPEXW��SRVLVL�UDPEXW��GDQ�ZDUQD�UDPEXW��6HODLQ�LWX��DGD�ILWXU�VLPSDQ�

XQWXN� SHQJJXQD� JXQDNDQ� DSDELOD� LQJLQ� PHQ\LPSDQ� IRWR� KDVLO� SHQJJDEXQJDQ�

WHUVHEXW�� 6HGDQJNDQ� SDGD� SHQHOLWLDQ� >�@�� SDUDPHWHU� \DQJ� GLXML� DGDODK� ZDNWX�

SHQGHWHNVLDQ��6DDW�VLDQJ�KDUL��IRWR�DNDQ�WHUGHWHNVL�GHQJDQ�MHODV��VDDW�PDODP�KDUL�

GDQ�GHQJDQ�EDQWXDQ�FDKD\D�ODPSX��IRWR�DNDQ�WHUGHWHNVL�QDPXQ�WLGDN�WHUODOX�MHODV��

GDQ�VDDW�PDODP�KDUL�WDQSD�EDQWXDQ�FDKD\D�ODPSX��IRWR�WLGDN�DNDQ�WHUGHWHNVL�

3DGD�SHQHOLWLDQ�>�@��DSOLNDVL�\DQJ�GLKDVLONDQ�EHUEDVLV�DQGURLG�GDQ�KDQ\D�ELVD�

GLJXQDNDQ�ROHK�NDXP�SULD�NDUHQD�DSOLNDVL� LQL�KDQ\D�PHQ\HGLDNDQ�PRGHO� UDPEXW�

XQWXN�SULD��'DVDU�GDUL�SHQHOLWLDQ�LQL�DGDODK�PHQGHWHNVL�EHQWXN�ZDMDK��6HODQMXWQ\D��

VLVWHP�DNDQ�PHPEHULNDQ�UHNRPHQGDVL�PRGHO� UDPEXW�\DQJ�VHVXDL�GHQJDQ�EHQWXN�

ZDMDK�SHQJJXQD�

%HUGDVDUNDQ�PDVDODK�\DQJ�WHODK�GLSDSDUNDQ�GDQ�EHEHUDSD�SHQHOLWLDQ�WHUNDLW�

\DQJ�PHPLOLNL�SHUPDVDODKDQ�\DQJ�VDPD�GHQJDQ�EHUEDJDL�VROXVL�GDUL�PDVLQJ�PDVLQJ�

SHQHOLWLDQ�� SDGD� SHQHOLWLDQ� LQL� GLUDQFDQJODK� VHEXDK� DSOLNDVL� \DQJ� GDSDW�PHQMDGL�

VROXVL�GDUL�LQWL�SHUPDVDODKDQ�SDGD�7XJDV�$NKLU�LQL��\DLWX�DSOLNDVL� WU\�RQ�KDLUVW\OH��

$SOLNDVL� LQL�PHUXSDNDQ� VHEXDK�DSOLNDVL�\DQJ�GDSDW�PHQGHWHNVL�ZDMDK�SHQJJXQD�

\DQJ� NHPXGLDQ� GDSDW� PHQJNDWHJRULNDQ� EHQWXN� ZDMDK� GDQ� PHPEHULNDQ�

UHNRPHQGDVL�PRGHO�UDPEXW�VHVXDL�EHQWXN�ZDMDK��$SOLNDVL�LQL�EHUEDVLV�DQGURLG�GDQ�

GDSDW� GLJXQDNDQ� ROHK� SHQJJXQD� SULD� PDXSXQ� SHQJJXQD� ZDQLWD�� 'DVDU� GDUL�

SHQHOLWLDQ�LQL�DGDODK�SHQGHWHNVLDQ�EHQWXN�ZDMDK�PHQJJXQDNDQ�PHWRGD�9LROD�-RQHV�
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\DQJ�GLWHUDSNDQ�SDGD�OLEUDU\2SHQ&9 GDQ�WDPEDKDQ�OLEUDU\�GOLE VHUWD UHNRPHQGDVL�

PRGHO� UDPEXW� \DQJ� GLWDPSLONDQ� PHQJJXQDNDQ� WHNQRORJL� DXJPHQWHG� UHDOLW\

EHUEHQWXN�REMHN��'�

9LROD�-RQHV PHUXSDNDQ� VXDWX� PHWRGH� \DQJ� GLJXQDNDQ� XQWXN� PHQGHWHNVL�

VXDWX�REMHN�\DQJ�GLXVXONDQ�ROHK�3DXO�9LROD�GDQ�0LFKDHO -RQHV�SDGD�WDKXQ�������

0HWRGH�9LROD�-RQHV�PHQHUDSNDQ�HPSDW�WDKDSDQ�XWDPD��\DLWX�+DDU�/LNH�)HDWXUH��

,QWHJUDO�,PDJH��$GD%RRVW�0DFKLQH�/HDUQLQJ��GDQ�&DVFDGH�&ODVVLILHU�>�@��:DMDK�

DGDODK� VDODK� VDWX� REMHN� \DQJ� ELVD� GLGHWHNVL� PHQJJXQDNDQ� PHWRGH� 9LROD�-RQHV�

3ULQVLS� GDVDU� DOJRULWPD� GHWHNVL� ZDMDK� 9LROD�-RQHV� DGDODK� PHPLQGDL� GHWHNWRU�

EHUNDOL�NDOL� PHODOXL� JDPEDU� \DQJ� VDPD� GHQJDQ� XNXUDQ� \DQJ� EHUEHGD�� GHQJDQ�

PHQGHWHNVL� \DQJ� QRQ�ZDMDK� GDQ� PHPEXDQJQ\D� DNDQ� OHELK� FHSDW� GLEDQGLQJNDQ�

GHQJDQ�PHQGHWHNVL�REMHN�ZDMDK�VHFDUD�ODQJVXQJ�

)DFH� GHWHFWLRQ� PHUXSDNDQ� VXDWX� FDUD� PHQGHWHNVL� ZDMDK� VHFDUD� RWRPDWLV�

GHQJDQ�PHOLKDW�ZDMDK�\DQJ�DGD�GL�VXDWX�JDPEDU�GLEDQWX�GHQJDQ�VLVWHP�NRPSXWHU�

\DQJ�DGD�>�@��3DGD�SURVHV�LGHQWLILNDVL�ZDMDK��WHNQRORJL�LQL�KDQ\D�PHQJHQDOL�DWDX�

PHQJLGHQWLILNDVL�ZDMDK�VDMD�GDQ�PHQJDEDLNDQ�REMHN�REMHN�ODLQ�VHODLQ�ZDMDK��)DFH�

GHWHFWLRQ�VXGDK�GLWHUDSNDQ�SDGD�WHNQRORJL�\DQJ�VXGDK�DGD�VDDW�LQL��VHSHUWL�NDPHUD�

GDQ�VPDUWSKRQH��)DFH�WUDFNLQJ�PHUXSDNDQ�VXDWX�FDUD�XQWXN�PHQJLGHQWLILNDVL�GDQ�

PHPYHULILNDVL�ZDMDK�GDUL�VXDWX�JDPEDU��\DQJ�ELVD�GLODNXNDQ�VHFDUD�RQOLQH�DWDXSXQ�

RIIOLQH�>�@��7HNQLN�LQL�VDQJDW�PXGDK�GLJXQDNDQ�NDUHQD�VXGDK�PDUNHUOHVV DWDX�WLGDN�

PHPEXWXKNDQ�ODJL�PDUNHU XQWXN�PHQDPSLONDQ�REMHN�\DQJ�GLLQJLQNDQ�

$SOLNDVL� \DQJ� GLJXQDNDQ� DNDQ� PHQJJXQDNDQ� OLEUDU\ GOLE� GDQ� OLEUDU\�

2SHQ&9 GHQJDQ�EDKDVD�SHPRJUDPDQ�&� \DQJ�GLLPSOHPHQWDVLNDQ�SDGD�0LFURVRIW�

9LVXDO�6WXGLR�������'OLE�PHUXSDNDQ WRRONLW &����PRGHUQ�\DQJ�EHULVL� DOJRULWPD�

PDFKLQH�OHDUQLQJ GDQ�DODW�XQWXN�PHPEXDW�SHUDQJNDW�OXQDN�\DQJ�NRPSOHNV�GL�&����

XQWXN�PHQ\HOHVDLNDQ�PDVDODK >��@� 2SHQ&9�PHUXSDNDQ�OLEUDU\�RSHQ�VRXUFH�\DQJ�

GLIRNXVNDQ� XQWXN� PHQ\HGHUKDQDNDQ� SURJUDPPLQJ \DQJ� EHUNDLWDQ� GHQJDQ� FLWUD�

>��@��%DKDVD�SHPRJUDPDQ�&��PHUXSDNDQ�EDKDVD�SHPRJUDPDQ�&��PHUXSDNDQ�VDODK�

VDWX�EDKDVD�SHPRJUDPDQ�\DQJ�GLNHPEDQJNDQ�ROHK�0LFURVRIW�\DQJ�GLGDVDUNDQ�SDGD�
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EDKDVD� SHPRJUDPDQ� &���� PHUXSDNDQ� EDKDVD� SHPURJUDPDQ� \DQJ� EHURULHQWDVL�

REMHN�PHODOXL�9LVXDO�6WXGLR >��@�

��� 5XPXVDQ�0DVDODK

%HUGDVDNDQ� ODWDU�EHODNDQJ� \DQJ�GLMHODVNDQ� VHEHOXPQ\D��GDSDW�GLVLPSXONDQ�

SHUPDVDODKDQQ\D�DGDODK�VHEDJDL�EHULNXW�

�� .XUDQJQ\D�SHQJJXQDDQ�WHNQRORJL�DXJPHQWHG�UHDOLW\ EHUEDVLV DQGURLG�\DQJ�

GLJXQDNDQ�XQWXN�PHPSHUPXGDK�SHPDVDUDQ MDVD�SDQJNDV�UDPEXW�

�� %HOXP�DGDQ\D�VXDWX�DSOLNDVL�EHUEDVLV�DQGURLG�\DQJ�GDSDW�PHQJNDWHJRULNDQ�

EHQWXN�ZDMDK�VHNDOLJXV PHPYLVXDOLVDVLNDQ�UHNRPHQGDVL�PRGHO�UDPEXW�VHVXDL�

GHQJDQ�EHQWXN�ZDMDK�PHQJJXQDNDQ�WHNQRORJL DXJPHQWHG�UHDOLW\ XQWXN�SULD�

GDQ�ZDQLWD�

��� 7XMXDQ�GDQ�0DQIDDW

%HUGDVDUNDQ� SHUPDVDODKDQ� \DQJ� GLWHOLWL�� WXMXDQ� GDUL� SHQHOLWLDQ� SDGD�7XJDV�

$NKLU�LQL�DGDODK�VHEDJDL�EHULNXW�

�� 0HPEXDW�DSOLNDVL�GHQJDQ�WHNQRORJL�IDFH�GHWHFWLRQ GDQ�WHNQRORJL�DXJPHQWHG

UHDOLW\�

�� 0HQJDQDOLVLV�SHUIRUPDQVL�GDUL�DSOLNDVL�WU\�RQ�KDLUVW\OH�

0DQIDDW�GDUL�SHQHOLWLDQ�SDGD�7XJDV�$NKLU� LQL� DGDODK�XQWXN�PHPSHUPXGDK�

SHODQJJDQ�GDODP�PHQHQWXNDQ�PRGHO� UDPEXW�PHQJJXQDNDQ� WHNQRORJL� DXJPHQWHG�

UHDOLW\� PHQJJXQDNDQ� PHWRGH IDFH� GHWHFWLRQ� GDQ� IDFH� WUDFNLQJ \DQJ� PXGDK�

GLJXQDNDQ�GDODP�NHJLDWDQ�VHKDUL�KDUL�

��� %DWDVDQ�0DVDODK

'DODP�SHQHOLWLDQ�LQL��SHQXOLV�PHPEDWDVL�PDVDODK�VHEDJDL�EHULNXW�

�� $SOLNDVL� PHQJJXQDNDQ� WHNQRORJL� DXJPHQWHG� UHDOLW\�PHQJJXQDNDQ� WHNQLN�

IDFH�GHWHFWLRQ�GDQ�IDFH�WUDFNLQJ�

�� :DMDK� SHODQJJDQ� PHUXSDNDQ� PDUNHU XQWXN� PHQDPSLONDQ� REMHN� �PRGHO�

UDPEXW��

�� 2EMHN�YLUWXDO�\DQJ�GLWDPSLONDQ�PHUXSDNDQ PRGHO�UDPEXW�
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�� %HQWXN�ZDMDK \DQJ�WHUGHWHNVL�DGDODK�URXQG��RYDO��WULDQJOH��GLDPRQG��VTXDUH��

REORQJ��GDQ�KHDUW�VKDSHG�

�� 0RGHO�UDPEXW�\DQJ�GLJXQDNDQ�EHUMXPODK���PRGHO�UDPEXW�XQWXN�SULD�GDQ���

PRGHO�UDPEXW�XQWXN�ZDQLWD�

��� 0HWRGH�3HQHOLWLDQ

0HWRGRORJL�\DQJ�GLJXQDNDQ�GDODP�SHQXOLVDQ�7XJDV�$NKLU�LQL�DGDODK�VHEDJDL�

EHULNXW�

�� 6WXGL�/LWHUDWXU�

3HQJXPSXODQ�GDQ�SHQJNDMLDQ�LQIRUPDVL�GHQJDQ�FDUD�PHQJXPSXONDQ�EHUEDJDL�

MXUQDO��SDSHU��DUWLNHO��GDQ�EHUEDJDL�EDFDDQ�\DQJ�EHUNDLWDQ�GHQJDQ�DXJPHQWHG�

UHDOLW\�� IDFH�GHWHFWLRQ�� IDFH�WUDFNLQJ� LPDJH�SURFHVVLQJ��GDQ�PHWRGD�9LROD�

-RQHV�

�� 3HQJXPSXODQ�'DWD

3HQJXPSXODQ�GDWD�\DQJ�GLJXQDNDQ GDODP�VLVWHP��VHSHUWL WLWLN�WLWLN� WUDFNLQJ�

ZDMDK�PDQXVLD�� EHQWXN� GDQ� XNXUDQ�ZDMDK� SULD� GDQ�ZDQLWD�� REMHN� �'�\DQJ�

DNDQ�GLJXQDNDQ��\DLWX�� PRGHO�UDPEXW�\DQJ�EHUEHGD�XQWXN�SULD�GDQ���PRGHO�

UDPEXW�\DQJ�EHUEHGD�XQWXN�ZDQLWD�\DQJ�DNDQ�GLWDPSLONDQ�SDGD�DSOLNDVL��GDQ�

��� SULD� GDQ� ��� ZDQLWD� GHQJDQ� UHQWDQJ� XVLD� ������ WDKXQ� XQWXN� PHQMDGL�

NRUHVSRQGHQ�

�� 3HUDQFDQJDQ�6LVWHP�

3HUDQFDQJDQ VLVWHP� DSOLNDVL� SHPLOLKDQ� PRGHO� UDPEXW� EHUEDVLV� DQGURLG�

PHQJJXQDNDQ WHNQRORJL� IDFH� GHWHFWLRQ� GDQ IDFH� WUDFNLQJ PHQJJXQDNDQ�

DOJRULWPD� 9LROD�-RQHV XQWXN� PHQGHWHNVL� ZDMDK� GDQ� WHNQRORJL� DXJPHQWHG�

UHDOLW\ XQWXN� PHQDPSLONDQ� REMHN� �'� PRGHO� UDPEXW� VHEDJDL� UHNRPHQGDVL�

PRGHO�UDPEXW�VHVXDL�GHQJDQ�EHQWXN�ZDMDK�SHQJJXQD�SULD�DWDX�ZDQLWD�

�� ,PSOHPHQWDVL�6LVWHP�

,PSOHPHQWDVL� VLVWHP� \DQJ� GLUDQFDQJ� GL� SODWIRUP 8QLW\� GHQJDQ� OLEUDU\

2SHQ&9�� OLEUDU\ GOLE��GDQ�EDKDVD�SHPRJUDPDQ�&��SDGD�0LFURVRIW�9LVXDO�

6WXGLR������PHQMDGL VHEXDK�DSOLNDVL�EHUEDVLV�DQGURLG��6HODLQ�LWX��GLODNXNDQ�

SHQGHNDWDQ�093�XQWXN�PHQGDSDWNDQ�VHEXDK�DSOLNDVL�\DQJ�VXGDK�VLDS�XQWXN�

GLJXQDNDQ�>��@�
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�� 3HQJXMLDQ 6LVWHP�

3HQJXMLDQ VLVWHP� \DQJ� WHODK� GLEXDW� XQWXN� GLDQDOLVLV� DSDNDK� VXGDK� VHVXDL�

GHQJDQ�UDQFDQJDQ�DZDO GHQJDQ�PHODNXNDQ���SHQJXMLDQ��\DLWX�SHQJXMLDQ�EODFN�

ER[��SHQJXMLDQ�EHUGDVDUNDQ�MDUDN��SHQJXMLDQ�EHUGDVDUNDQ� LQWHQVLWDV�FDKD\D��

GDQ� SHQJXMLDQ� EHUGDVDUNDQ� URWDVL� NHSDOD� WHUKDGDS� NDPHUD�� 3HQJXMLDQ� XVHU�

DFFHSWDQFH MXJD� GLODNXNDQ� XQWXN� PHQJXML� NHVLDSDQ� DSOLNDVL� GHQJDQ� ��

SHQJXMLDQ��\DLWX�XML�FRED�ODQJVXQJ��XML�SHUVSHNWLI��GDQ�NXLVLRQHU�

�� $QDOLVLV�

$QDOLVLV� GLODNXNDQ� XQWXN� SHQJDPELODQ� NHVLPSXODQ� GDUL� SHQHOLWLDQ� 7XJDV�

$NKLU�LQL�


