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:RPHQ¶V�(YHQLQJ�:HDU�&ORWKLQJ�/LQH��� 

0RQLTXH�*UHHQH��0DVWHU�RI�$UWV�)DVKLRQ�%XVLQHVV�DQG�(QWUHSUHQHXUVKLS�������� 

7KHVLV�'LUHFWHG�E\��'U��&+$-8$1$�75$:,&.�)(5*8621��3K�'��(QGRZHG�&KDLU�DQG�$VVRFLDWH��
3URIHVVRU�RI�)DVKLRQ�%XVLQHVV�	�'HVLJQ�&R�&KDLU�'(,�7DVN�)RUFH�&ROOHJH�RI�$UWV�	�+XPDQLWLHV�� 
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,QWURGXFWLRQ 

7KH�UHVHDUFK�SURMHFW�LV�WR�GLVFRYHU�GLIIHUHQW�PHWKRGV�RI�XWLOL]DWLRQ�IRU�D�ZRPHQ
V�HYHQLQJ�

ZHDU�FROOHFWLRQ�IURP�DQ�RULJLQDO�VNHWFK�GHVLJQ�WR�FRPSOHWLRQ��7HFKQRORJ\�GULYHQ�LQQRYDWLRQ�

XVLQJ�$,�DQG�PDFKLQH�OHDUQLQJ�KDV�EHFRPH�DQ�HVVHQWLDO�VXFFHVV�IDFWRU�IRU�SURGXFW�GHVLJQ�ILUPV�LQ�

WKH���VW�FHQWXU\��,Q�WKH�IDVKLRQ�LQGXVWU\��IRU�H[DPSOH��0F.LQVH\�	�&RPSDQ\�UHSRUWV�WKDW�RYHU�

�����RI�WKH�JOREDO�IDVKLRQ�LQGXVWU\�SURILW�LV�JHQHUDWHG�E\�WKH�OHDGLQJ�����RI�WKH�IDVKLRQ�EUDQGV�

�<XDQ�	0RJKDGGDP��������� 

7KH�UHVHDUFK�ZLOO�FRPSDUH�GLIIHUHQW�DSSV�DQG�GLJLWDO�SURJUDPV��7KH�UHVHDUFK�PD\�SURYH�

KLULQJ�D�RQH�VWRS�GHVLJQ�FRPSDQ\�ZLOO�EH�EHVW��7KH�UHVHDUFK�ZLOO�GLVFRYHU�WKH�SURV�DQG�FRQV�RI�

GLJLWDO�SURFHVVHV��:KLFK�SURJUDPV�DQG�DSSV�ZLOO�EH�WKH�EHVW�ILW�IRU�D�IDVKLRQ�GHVLJQHU"�/LNHZLVH��

ZKLFK�RQH�ZRXOG�EH�XWLOL]HG�WR�FUHDWH�D�ZRPHQ¶V�HYHQLQJ�ZHDU�FRPSDQ\�IURP�FRQFHSW�WR�

FRPSOHWLRQ"�7KH�UHVHDUFK�ZLOO�VKRZ�WKH�GLYHUVLW\�RI�YDULRXV�DSSV��SURJUDPV��DQG�RQH�VWRS�GHVLJQ�

FRPSDQLHV���)URP�WKLV�UHVHDUFK��RQH�ZLOO�NQRZ�WKH�EHQHILWV�DQG�FUHGHQWLDOV�RI�HDFK�

FRQFHSWXDOL]DWLRQ��,W�LV�DOVR�LPSRUWDQW�IRU�RQH�WR�KDYH�D�EXVLQHVV�SHUVSHFWLYH�ZKHQ�LQTXLULQJ�

DERXW�FUHDWLQJ�IDVKLRQ�FORWKLQJ�OLQHV��� 

7KLV�VWXG\�LGHQWLILHV�PLFUR�VL]H�IDVKLRQ�FRPSDQLHV�DV�EXVLQHVVHV�ZKHUH�FUHDWLYLW\�LV�D�

VXFFHVVIXO�FRPELQDWLRQ�RI�IDVKLRQ�FUHDWLYLW\�DQG�HQWUHSUHQHXULDO�FUHDWLYLW\��)XUWKHUPRUH��

WKH�VWXG\�VKRZV�WKDW�WKH�REVWDFOH�WR�EXVLQHVV�JURZWK�PLJKW�EH�WKH�GHVLJQHU¶V�EXVLQHVV�

RULHQWDWLRQ�UDWKHU�WKDQ�WKH�ODFN�RI�LQYHVWRUV��7KHUHIRUH��LW�LV�FUXFLDO�WR�UHFRJQL]H�WKH� 

GLIIHUHQW�GULYHUV�EHKLQG�WKH�EXVLQHVV��DFNQRZOHGJH�WKH�LPSRUWDQFH�RI�LQWULQVLF�YDOXHV��H�J�� 

DHVWKHWLF�DQG�FUHDWLYH�DVSHFWV��DQG�DOORZ�WKHP�WR�VKDSH�WKH�EXVLQHVV��0DDULW���������� 
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7KH�SURFHVV�RI�GLVFRYHU\�LV�LPSRUWDQW�WR�PDQ\��IRU�H[DPSOH��D�IDVKLRQ�GHVLJQHU�ZKR�ZDQWV�WR��������������� 

FUHDWH�WKHLU�RZQ�ZRPHQ¶V�HYHQLQJ�ZHDU�FROOHFWLRQ��:KDW�DUH�WKH�EHVW�SURJUDPV"�,I�D�SHUVRQ�ZDQWHG�WR�

UHPDLQ�XSGDWHG�DQG�LQQRYDWLYH�ZLWK�WKH�IDVKLRQ�LQGXVWU\�WUHQGV��ZKLFK�DSSV�VKRXOG�WKH\�XVH"��������������������� 

+RZHYHU��WKHUH�DUH�VRPH�FKDOOHQJHV�WR�GLJLWDO�WHFKQRORJ\�� 

7KH�SUHVVXUH�RI�WUDQVIRUPDWLRQ�LV�IHOW�E\�WKH�IDVKLRQ�LQGXVWU\��ZKHUH�WKH�GHVLJQ�SURFHVV�LV�

FKDQJLQJ�ZLWK�QHZ�WHFKQRORJ\��VXFK�DV��'�&$'�V\VWHPV�IRU�GHYHORSLQJ�JDUPHQWV��+RZHYHU��

WKH�WUDQVIRUPDWLRQ�RI�WKH�IDVKLRQ�LQGXVWU\�LV�VORZ�DQG�UHTXLUHV�WHFKQRORJ\�DGRSWLRQ��

7HFKQRORJ\�DGRSWLRQ�EULQJV�ZLWK�LW�FKDOOHQJHV��VXFK�DV�LVVXHV�ZLWK�FRPSDWLELOLW\�EHWZHHQ�QHZ�

DQG�ROG�V\VWHPV�DORQJ�ZLWK�GLVWXUEDQFHV�WR�H[LVWLQJ�ZRUN�SURFHVVHV��+ROPHV���������������������������������������������������������������������������������������

2QH�PD\�KDYH�D�YLVLRQ�WR�FUHDWH�GLJLWDO�GHVLJQV�IRU�D�ZRPHQ¶V�HYHQLQJ�ZHDU�OLQH���,W�ZLOO�

EH�EHQHILFLDO�WR�WKRVH�ZKR�ZDQW�WR�OHDUQ�WKH�LQIRUPDWLRQ��)RU�WKRVH�WKDW�SODQ�LV�WR�FUHDWH�D�ZRPHQ¶V�

HYHQLQJ�ZHDU�OLQH��LW�LV�SRVVLEOH��7KH�H[DPLQHG�UHVHDUFK�DERXW�GLJLWDO�IDVKLRQ�FDQ�EH�YHU\�

EHQHILFLDO�WR�WKH�IDVKLRQ�LQGXVWU\�� 

*HQHUDWLYH�$,�KDV�WKH�SRWHQWLDO�WR�DIIHFW�WKH�HQWLUH� 

IDVKLRQ�HFRV\VWHP��)DVKLRQ�FRPSDQLHV�FDQ�XVH�WKH� 

WHFKQRORJ\�WR�KHOS�FUHDWH�EHWWHU�VHOOLQJ�GHVLJQV�� 

UHGXFH�PDUNHWLQJ�FRVWV��K\SHU�SHUVRQDOL]H�FXVWRPHU� 

FRPPXQLFDWLRQV��DQG�VSHHG�XS�SURFHVVHV��,W�PD\� 

DOVR�UHVKDSH�VXSSO\�FKDLQ�DQG�ORJLVWLFV��VWRUH�RSHUDWLRQV�� 

DQG�RUJDQL]DWLRQ�DQG�VXSSRUW�IXQFWLRQV���+DUULV������� 

7KH�LQIRUPDWLRQ�FDQ�DOVR�KHOS�LQ�WKH�SUHSDUDWLRQ�RI�IDVKLRQDEOH�EXVLQHVV�SODQV�DV�ZHOO�� 

�� 

�������������������������� 
/LWHUDWXUH�5HYLHZ��� 

:KDW�DUH�WKH�SURFHVVHV�RI�GLJLWDO�IDVKLRQ"�³7KH�SKHQRPHQRQ�RI�µGLJLWDO�IDVKLRQ�µKDV�� 
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EHHQ�ODWHO\�DGGUHVVHG�LQ�PHGLD�DV�WKH�QH[W�VLJQLILFDQW�VWHS�LQ�WKH�IDVKLRQ�LQGXVWU\��7KH�LQFUHDVLQJ�

XVH�RI�WKH��'�VRIWZDUH�LQ�IDVKLRQ�GHVLJQ�SURFHVVHV�LV�SDUW�RI�D�ZLGHU�µIDVKLRQ����¶�GLJLWDOL]DWLRQ�

SURFHVV´��6DUPDNDUL���������:KDW�DUH�WKH�WZR�IRFXV�SRLQWV�RI�FUHDWLQJ�D�ZRPHQ¶V�HYHQLQJ�

ZRPHQ¶V�ZHDU�FROOHFWLRQ�IURP�FRQFHSW�WR�FRPSOHWLRQ"�2QH�IRFXV�SRLQW�LV�WKH�DFFHVV�WR�GLJLWDO�

WHFKQRORJ\��7KH�UHVHDUFK�ZDV�EDVHG�RQ�DSSV��VRIWZDUH��DQG�GLJLWDO�SURJUDPV��6RPH�H[DPSOHV�RI�

WHFKQRORJLFDO�VRIWZDUH�DUH�)DVKLRQ*DQ�DQG�*HQHUDWLYH�$,��7KH�VHFRQG�IRFXV�SRLQW�LV�RQH�VWRS�

GHVLJQ�FRPSDQLHV��7KH�UHVHDUFK�ZLOO�GHFLSKHU�RQH�VWRS�GHVLJQ�FRPSDQLHV��,W�ZLOO�EHQHILW�WKRVH�ZKR�

ZDQW�WR�OHDUQ�DERXW�WKH�LQIRUPDWLRQ��WKH�LQGLYLGXDOV�ZKR�ZDQW�WR�OHDUQ�HYHU\WKLQJ�DERXW�WKLV�

VXEMHFW��DV�ZHOO�DV�WKRVH�ZKR�SODQ�WR�RSHQ�WKHLU�RZQ�HYHQLQJ�ZHDU�OLQHV���� 

'ULYHQ�E\�VRFLRWHFKQLFDO�DIIRUGDQFHV�DQG�HOHYDWLRQ�RI�SURIHVVLRQDO�SULGH�WKURXJK�HWKLFDO��

FRQFHSWXDO��DUWLVWLF��DQG�VNLOO�GLIIHUHQWLDWLRQ��D�GLJLWDO�IDVKLRQ�GHVLJQHU�EHFRPHV�DOVR�D�GLJLWDO�

DUWLVDQ��,Q�WKH�LQFUHDVLQJO\�YLUWXDO��RU�µSK\VLFDO¶�VSDFH�DQG�D�QHWZRUNHG�V\QHUJHWLF�

FRPPXQLW\�RI�GLJLWDO�IDVKLRQ��WKH�SURIHVVLRQDO��DXWKRULDO��ERGLO\��DQG�PDWHULDO�ERXQGDULHV�RI�

GHVLJQHUV�EHFRPH�IOXLG��WUDQVIRUPLQJ�WKH�WUDGLWLRQDO�ILJXUH�RI�IDVKLRQ�GHVLJQHU��6DUPDNDUL�� 

�������7KLV�LQIRUPDWLRQ�FROOHFWHG�ZLOO�KHOS�WKH�ILQDO�SURMHFW�DV�ZHOO���� 

2QH�REMHFWLYH�LV�WR�OHDUQ�WKH�SURFHVV�RI�WDNLQJ�FUHDWLYH�KDQG�VNHWFKHG�GHVLJQV�LQWR�WKH�� 

WKH�GLJLWDO�ZRUOG�RI�IDVKLRQ��)RU�WKRVH�ZKR�ZDQW�WR�FUHDWH�GLJLWDO�GHVLJQV�IRU�WKHLU�FORWKLQJ�OLQH��

WKLV�UHVHDUFK�FDQ�KHOS��2QH�FDQ�OHDUQ�WKH�SURV�DQG�FRQV�RI�GLJLWDO�IDVKLRQ��7KH�DUWLFOHV�VHOHFWHG�

ZLOO�H[SODLQ�ZKDW�GLJLWDO�IDVKLRQ�LV��:K\�LV�GLJLWDO�EHWWHU�WKDQ�ROG�VFKRRO�KDQG�VNHWFKHV"�9LUWXDO�

JDUPHQW�GLVSOD\�SOD\V�DQ�LPSRUWDQW�UROH�LQ�IDVKLRQ�GHVLJQ�IRU�LW�FDQ�GLUHFWO\�VKRZ�WKH�GHVLJQ�

HIIHFW�RI�WKH�JDUPHQW�ZLWKRXW�KDYLQJ�WR�PDNH�D�VDPSOH�JDUPHQW�OLNH�WKH�WUDGLWLRQDO�FORWKLQJ�LQ 
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�&XLO�HW�DO����������)DVKLRQ�FRPSDQLHV�DUH�LQGHHG�HPEUDFLQJ�GLJLWDO�WHFKQRORJ\��³0RUH�UHFHQW�VWXGLHV�

VXJJHVW��WKDW�WKH�IDVKLRQ�LQGXVWU\�LV�IDFLQJ�LQFUHDVLQJ�SUHVVXUH�WR�PRYH�WRZDUG�VXVWDLQDEOH�

GHYHORSPHQW��HVSHFLDOO\�ZLWK�FRQFHUQ�WR�FRVW�DQG�HQYLURQPHQWDO�VXVWDLQDELOLW\��,QQRYDWLRQ�GLJLWDO�

WHFKQRORJLHV�DUH�UHJDUGHG�DV�D�SURPLVLQJ�VROXWLRQ�IRU�IDVKLRQ�FRPSDQLHV�WR�UHVROYH�WKLV�LVVXH´�

�=KXMXQ���������������������������������������������������������������������������������������������������������������� 

7KH�DSSURDFK�WR�WKH�VXEMHFW�RI�WKH�SDSHU�LV�WKH�IROORZLQJ��ZKDW�LV�GLJLWDO�IDVKLRQ"�+RZ�KDV�

GLJLWDO�IDVKLRQ�LQIOXHQFHG�WKH�IDVKLRQ�LQGXVWU\"�:KDW�DUH�WKH�GLIIHUHQW�PHWKRGV�RI�GLJLWDO�SULQWLQJ"�

'HHSHU�UHVHDUFK�RQ�WKH�PRVW�HIIHFWLYH�PHWKRGV��LQ�FRPSDULVRQ�WR�RWKHUV��LV�LPSOHPHQWHG��7KLV�

SDSHU�ZLOO�EH�OLNH�D�UHVHDUFK�PDQXDO��7KH�UHVHDUFK�LQIRUPDWLRQ�LV�PRUH�TXDQWLWDWLYH�EDVHG��7KH�

UHDGHUV�ZLOO�OHDUQ�HYHU\WKLQJ�WKH\�QHHG�WR�NQRZ�DERXW�GLJLWDO�IDVKLRQ��LQFOXGLQJ�WKH�SURV�DQG�FRQV�

DQG�FRQVWUXFWLYH�IHHGEDFN���� 

7KLV�VWXG\�H[SODLQV�WKH�GLIIHUHQFH�EHWZHHQ�HQG�WR�HQG�YLUWXDO�JDUPHQW�GLVSOD\V�DQG�

&RQGLWLRQDO�*HQHUDWLYH�1HWZRUNV� 

�,Q�WKLV�VWXG\��SURSRVH�DQ�HQG�WR�HQG�YLUWXDO�JDUPHQW�GLVSOD\�PHWKRG�EDVHG�RQ�&RQGLWLRQDO�

*HQHUDWLYH�$GYHUVDULDO�1HWZRUNV��'LIIHUHQW�IURP�H[LVWLQJ��'�YLUWXDO�JDUPHQW�PHWKRGV�

ZKLFK�QHHG�FRPSOH[�LQWHUDFWLRQV�DQG�GRPDLQ�VSHFLILF�XVHU�NQRZOHGJH��RXU�PHWKRG�RQO\�

QHHGV�XVHUV�WR�LQSXW�D�GHVLUHG�IDVKLRQ�VNHWFK�DQG�D�VSHFLILHG�IDEULF�LPDJH�WKHQ�WKH�LPDJH�

RI�WKH�YLUWXDO�JDUPHQW�ZKRVH�VKDSH�DQG�WH[WXUH�DUH�FRQVLVWHQW�ZLWK�WKH�LQSXW�IDVKLRQ�VNHWFK�

DQG�IDEULF�LPDJH�FDQ�EH�VKRZQ�RXW�TXLFNO\�DQG�DXWRPDWLFDOO\��0RUHRYHU��LW�FDQ�DOVR�EH�

H[WHQGHG�WR�FRQWRXU�LPDJHV�DQG�JDUPHQW�LPDJHV��ZKLFK�IXUWKHU�LPSURYHV�WKH�UHXVH�UDWH�RI�

IDVKLRQ�GHVLJQ��&RPSDUHG�ZLWK�WKH�H[LVWLQJ�LPDJH�WR�LPDJH�PHWKRGV��WKH�TXDOLW\�RI� 

LPDJHV�JHQHUDWHG�E\�RXU�PHWKRG�DUH�EHWWHU�LQ�WHUPV�RI�FRORU�DQG�VKDSH�&&6�&RQFHSWV�

�&XLO�HW�DO����������� 
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,Q�WKH�VWXG\�DERYH��WKH�&RQGLWLRQDO�*HQHUDWLYH�$GYHUVDULDO�1HWZRUNV�PHWKRG�RQO\�QHHGHG�IDVKLRQ�

VNHWFK�DQG�IDEULF��XQOLNH�RWKHU�VRIWZDUH�SURJUDPV�WKDW�LPSOHPHQW�PRUH�VFLHQFH�WKDQ�WDQJLEOH�GHVLJQV��

$QRWKHU�VLPLODU�DUWLFOH�H[DPLQHV�*HQHUDWLYH�$GYHUVDULDO�1HWZRUNV�� 

'HVSLWH�VLJQLILFDQW�UHFHQW�SURJUHVV��WZR�PDMRU�NQRZOHGJH�JDSV�OLPLW�WKH�DELOLW\�RI�VWDWH�RI�WKH�

DUW�JHQHUDWLYH�GHVLJQ�PRGHOV�WR�HIIHFWLYHO\�DVVLVW�GHVLJQHUV�LQ�HDUO\�VWDJH�SURGXFW�GHYHORSPHQW�

SURFHVVHV��)LUVW��FXUUHQW�OLWHUDWXUH�PHUHO\�IRFXVHV�RQ�WKH�JHQHUDWLYH�GHVLJQ�RI� 

µIRUP�¶�GLVUHJDUGLQJ�RWKHU�QRQ�YLVXDO�DVSHFWV�DVVRFLDWHG�ZLWK�LWV�µIXQFWLRQ¶��H�J���

DUFKLWHFWXUH��PDWHULDOV��SHUIRUPDQFH���6HFRQG��WKHUH�LV�D�ODFN�RI�D�VWDQGDUGL]HG�PHWKRG�RI�

DVVHVVLQJ�WKH�SHUIRUPDQFH�RI�WKH�JHQHUDWHG�GHVLJQ�FRQFHSWV���)HZ�UHFHQW�VWXGLHV�SURSRVH�

DVVHVVPHQW�PHFKDQLVPV�EDVHG�RQ�IRUP�IXQFWLRQ�UHODWLRQVKLSV��H�J���SK\VLFV�EDVHG�

VLPXODWRUV���KRZHYHU��WKRVH�PHFKDQLVPV�DUH�GRPDLQ�VSHFLILF�DQG�DSSOLFDEOH�WR�D�OLPLWHG�VHW�

RI�IXQFWLRQDO�DWWULEXWHV��H�J���DHURG\QDPLF�SHUIRUPDQFH���)XWXUH�UHVHDUFK�PXVW�EXLOG�QRYHO��

YHULILDEOH�*$1�EDVHG�JHQHUDWLYH�GHVLJQ�WHFKQLTXHV�FDSDEOH�RI�FRQGLWLRQLQJ�WKH�GHVLJQ�

FRQFHSWV�RQ�ERWK�YLVXDO�DQG�IXQFWLRQDO�DWWULEXWHV��<XDQ�DQG�0RJKDGGDP��������� 

7KH�LQWHQGHG�DXGLHQFH�ZLOO�EH�DQ\RQH�ZKR�ZDQWV�WR�OHDUQ�DERXW�WKH�SURFHVV�RI�GLJLWDO�IDVKLRQ��,W�FDQ�EH� 

IDVKLRQ�VWXGHQWV�RU�IDVKLRQ�GHVLJQHUV��3HRSOH�ZKR�DUH�LQWHUHVWHG�LQ�WKH�GLJLWDO�SULQWLQJ�SURFHVV��0DQXIDFWXUHUV�

DQG�IDFWRULHV�ZKR�DUH�ORRNLQJ�IRU�UHVRXUFHV���$3$�6W\OH�RI�ZULWLQJ�ZLOO�EH�XWLOL]HG����� 

:K\�FKRRVH�D�SULQW�RQ�GHPDQG�SURGXFW�EXVLQHVV"��'�SULQWLQJ���'3��LV�RQH�RI�WKH�PRGHUQ�

DSSURDFKHV�LQ�WKH�ILHOG�RI�PDQXIDFWXULQJ��$OWKRXJK�WKLV�SURFHVV�KDV�EHHQ�NQRZQ�IRU�D�IDLU�

DPRXQW�RI�WLPH��RQO\�WKH�PRUH�UHFHQW�GHYHORSPHQWV�KDYH�UHYHDOHG�LWV�SRWHQWLDO�IRU�

DSSOLFDWLRQV�LQ�GLIIHUHQW�PDQXIDFWXULQJ�VHFWRUV��7H[WLOHV��RQH�RI�WKH�EDVLF�KXPDQ� 

 

7



UHTXLUHPHQWV�GR�PRUH�WKDQ�MXVW�IXOILOO�WKH�IXQGDPHQWDO�QHFHVVLW\�RI�FRYHULQJ�WKH�ERG\��

,QWHJUDWLQJ��'3�WHFKQRORJ\�LQ�WH[WLOHV�KDV�EURDGHQHG�WKH�KRUL]RQ�RI�WKH�WH[WLOH�ZRUOG��'LS�HW�

DO��������� 

:KHQ�WKH�SULQWHG�SURGXFWV�DUH�UHDG\��WKH\�ZLOO�EH�UHDG\�IRU�SURGXFWLRQ��VXFK�DV�D�

ZRPHQ¶V�HYHQLQJ�ZHDU�FROOHFWLRQ��5HVHDUFKHUV�KDYH�GLVFRYHUHG�WKDW�VRPH�RI�WKH�DSSV�DQG��'�

SURJUDPV�KDYH�FKDOOHQJHV��VXFK�DV�FRORUV��VKDGH�YDULDWLRQ��DQG�GLVILJXUHG�REMHFWV��������������������������������������������������������������������

³'LJLWDO�WH[WLOH�SULQWLQJ�LV�DQ�LQNMHW�EDVHG�SULQWLQJ�PHWKRG�WKDW�HQDEOHV�SULQWHUV�WR�SULQW�KLJK�

TXDOLW\�GHVLJQV�RQ�DQ�H[WHQVLYH�UDQJH�RI�IDEULFV��1RWHUPDQV��������� 

7KH�0RGXODU�6\VWHP�LV�DQRWKHU�GLJLWDO�SURJUDP�WKDW�VRPH�IDVKLRQ�GHVLJQHUV�DUH�

XWLOL]LQJ��0RGXODU�V\VWHPV�LQFRUSRUDWH�WKH�FRQFHSW�RI�DFKLHYLQJ�D�ZLGH�UDQJH�RI�HIIHFWV�

IURP�D�VPDOO�YDULHW\�RI�SDUWV��WKH\�DUH�FORVHO\�FRQQHFWHG�ZLWK�DUFKLWHFWXUH��HQJLQHHULQJ��

DQG�WKH�VFLHQFHV��$V�D�WUDQVIRUPDEOH�GHVLJQ�DSSURDFK��PRGXODU�GHVLJQ�IHDWXUHV�VPDOO��

VWDQGDUGL]HG�XQLWV�WKDW�FDQ�EH�LQGHSHQGHQWO\�FRPELQHG�LQ�YDULRXV�FRQILJXUDWLRQV�WR�FUHDWH�

GLIIHUHQW�IRUPV�DQG�SURYLGH�PXOWLSOH�IXQFWLRQV��0RVW�GHVLJQHUV�ZKR�KDYH�H[SORUHG�

PRGXODU�WH[WLOH�DQG�DSSDUHO�GHVLJQV�KDYH�IRFXVHG�RQ�WZR�GLPHQVLRQDO�SURGXFWV�RU�ER[\�

VLOKRXHWWHV�WKDW�GR�QRW�FRQWRXU�FORVHO\�WR�WKH�ERG\�GXH�WR�WKH�VLQJOH�VL]H�RI�PRGXODU�

VKDSHV��7KLV�FUHDWHV�D�IODW�WH[WLOH�ZLWK�QR�GDUWV�RU�VKDSLQJ�WR�FRQWRXU�WR�WKH�ERG\��+RZHYHU��

WKHUH�KDV�EHHQ�OLWWOH�KDQGV�RQ�LQWHJUDWLRQ�RI�PHWKRGV�IRU�GHYHORSLQJ�ILWWHG�JDUPHQW�GHVLJQV�

DQG�LQFRUSRUDWLQJ�YLVXDOO\�DSSHDOLQJ�VXUIDFHV��VXFK�DV�SULQWV��ZLWKLQ�D�PRGXODU�6\VWHP�

�&KHQ�	�/DSROOD������������������������������������������������������������ 

https://www.spgprints.com/digital-textile-printing
https://www.spgprints.com/digital-textile-printing
https://www.spgprints.com/digital-textile-printing
https://www.spgprints.com/digital-textile-printing
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� 
One can communicate through social media with fashion designers. This 

VXFFHVVIXO�FRPSDQ\�QDPHG�³6+,0$�6(,.,´�DW www.shimaseiki.com would be 

considered a one-stop design company as ZHOO��³7RGD\, more than 60 years after 

its establishment, SHIMA SEIKI is highly regarded as a top manufacturer of 

computerized flat knitting machines and design systems, including glove knitting 

PDFKLQHV��ZLWK�WKH�VXSSRUW�RI�RXU�FXVWRPHUV´��6+,0$�6(,.,�������� This 

company can produce your fashion line for you.  

With the SDS-ONE APEX series design system 

and software, designs can be evaluated 

during the planning and design stages 

using "virtual samples" created by simulations. 

The need for sampling is eliminated because it is 

realistic enough to be regarded as an actual product, 

which can shorten lead times for product development. 

In addition, accurate digital communication 

can be achieved by using APEX series 

by yarn manufacturer, apparel, and producer. (SHIMA SEIKI, 

2024) 

2QFH�\RX�KDYH�WKH�SULQWHG�IDVKLRQ�GHVLJQV�FRPSOHWHG��WKH�QH[W�VWHS�ZLOO�EH�WR�ILQG�D�EDWFK�

PDQXIDFWXUHU��7KHUH�DUH�VHYHUDO�EHQHILWV�RI�GLJLWDO�WH[WLOH�SULQWLQJ�� 

������ 

http://www.shimaseiki.com/
http://www.shimaseiki.com/
http://www.shimaseiki.com/


³,W�SURGXFHV�KLJK�UHVROXWLRQ��ILQH�SDWWHUQV��DQG�XQOLPLWHG�FRORU�FRPELQDWLRQV��/RZ�LQLWLDO�FRVWV�DV�

QR�VFUHHQV�KDYH�WR�EH�HQJUDYHG�IRU�LQGLYLGXDO�SDWWHUQV��$�VXVWDLQDEOH�VROXWLRQ��OHVV�LQN�ZDVWH�DQG�

KLJK�VDYLQJV�RQ�HQHUJ\�DQG�ZDWHU��8QOLPLWHG�UHSHDW�VL]H�DV�LW�LV�QRW�OLPLWHG�WR�WKH�FLUFXPIHUHQFH�

RI�WKH�URWDU\�VFUHHQ´��-HRQJ��������� 

'XULQJ�WKH�UHVHDUFK��LW�ZDV�IRXQG�VRPH�RI�WKH�DSSV�DQG��'�SURJUDPV�KDG�FKDOOHQJHV�ZLWK�

FRORU�VKDGHV�EHLQJ�YLVLEOH��6RPH�RI�WKH�ZRPHQ�ILJXUHV�PD\�DSSHDU�OHVV�IHPLQLQH��)RU�H[DPSOH��

0LPDNL¶�76���������6XEOLPDWLRQ�3ULQWHU�ZRXOG�EH�DQ�H[FHOOHQW�H[DPSOH�RI�DQ�HIIHFWLYH�V\VWHP�� 

³/DVW�\HDU¶V�)(63$�VDZ�0LPDNL�WHDP�XS�ZLWK�IDVKLRQ�GHVLJQHU�&DUROLQD�*X]PDQ�WR�EULQJ�KHU�

GHVLJQV�WR�OLIH�LQ�UHDO�WLPH�DW�WKH�VKRZ��VHWWLQJ�XS�LWV�ZRUNLQJ�PLFUR�IDFWRU\�OLYH�RQ�VLWH�WR�WDNH�

KHU�GHVLJQV�IURP�VFUHHQ�WR�JDUPHQW�ZLWKLQ�MXVW�D�GD\��*X]PDQ¶V�GHVLJQV�ZHUH�FUHDWHG�XVLQJ�

0LPDNL¶V�76���������6XEOLPDWLRQ�3ULQWHU´��6ROOPDQ�������� 

,Q�DQRWKHU�H[DPSOH��LQ�RQH�VWXG\��ZHDUDEOH�IDVKLRQ�SURGXFWV�ZLWK�SDUDPHWULF�GHVLJQ�

FKDUDFWHULVWLFV�XVHG��'�SULQWLQJ�WHFKQRORJ\��³7KH�JRDO�RI�WKH�VWXG\�ZDV�WR�XQGHUVWDQG�ZKDW�

SDUDPHWULF�GHVLJQ�IHDWXUHV�FDQ�EH�VLPXODWHG�ZLWK��'�PRGHOLQJ�DQG�SULQWLQJ�WHFKQRORJ\��DV�

ZHOO�DV�WR�GHPRQVWUDWH�ZKDW�WHFKQLTXHV�FDQ�EH�XVHG�WR�SURGXFH�IDVKLRQ�SURGXFWV�XVLQJ��'�

SULQWLQJ�WHFKQRORJ\´��-HRQJ��������� 

$�XQLTXH�RQH�VWRS�GHVLJQ�FRPSDQ\�LV�FDOOHG�'HVLJQ�0\�)DVKLRQ�%XVLQHVV��7KH\�

KDYH�D�SDVVLRQDWH�PLVVLRQ�WR�KHOS�EXVLQHVV�RZQHUV���� 

7KH�SXUSRVH�RI�WKLV�FRQFHSWXDO�SDSHU�LV�WR�SURYLGH�D�RQH�VWRS�FORWKLQJ�FHQWHU�WKDW�

DVVHPEOHV�GLIIHUHQW�W\SHV�RI�DSSDUHO�SURGXFWV�RU�VHUYLFHV�RQ�D�GLJLWDO�SODWIRUP�DQG�

LQ�SK\VLFDO�VWRUHV�DOLJQHG�ZLWK�WKH�6XVWDLQDEOH�'HYHORSPHQW�*RDOV��6'*��LQ�QR� 

���������
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SRYHUW\��GHFHQW�ZRUN��HFRQRPLF��DQG�JURZWK�DQG�UHVSRQVLEOH�FRQVXPSWLRQ�DQG�

SURGXFWLRQ��,UIDQ�������� 

7KHUH�LV�D�SXUSRVH�DQG�PRYHPHQW�EHKLQG�WKLV�FRPSDQ\¶V�SHUFHSWLRQ��7KH\�RIIHU�D�YDULHW\�

RI�VHUYLFHV��7KLV�ZRXOG�EH�D�JUHDW�UHVRXUFH�IRU�VWDUW�XS�IDVKLRQ�FRPSDQLHV�DV�ZHOO���������������

� � � � � � � � � � �������������������������� 

0HWKRGRORJ\�� 

7KH�UHVHDUFK�SURMHFW�ZDV�WR�ILQG�RXW�KRZ�WR�WDNH�IDVKLRQ�GHVLJQ�RI�ZRPHQ¶V�HYHQLQJ�ZHDU� 

LQWR�GLJLWDO�IRUPDWLRQ��7KH�DSSURDFK�WR�WKH�UHVHDUFK�ZLOO�EH�EDVHG�RQ�DQ�LQIRUPDWLRQ�

DQDO\VLV�RI�HDFK�PHFKDQLVP��7KH�UHVHDUFK�QDUURZHG�GRZQ�WZR�ZD\V�WR�JR�DERXW�GRLQJ�

WKDW��2QH�FDQ�SXUFKDVH�GLJLWDO�IDVKLRQ�DSSV�DQG�SURJUDPV��2QH�FDQ�ILQG�D�FRPSDQ\�WKDW�

FDQ�GR�LW�DOO�LQ�RQH��,I�RQH�VHOHFWV�DSSV�DQG�SURJUDPV��WKHQ�RQFH�FRPSOHWHG��WKH�QH[W�VWHS�

ZRXOG�EH�EDWFK�PDQXIDFWXUHU�SURGXFWLRQ��� 

7KH�UHVHDUFK�ZLOO�FRQWLQXH�YLD�VRFLDO�PHGLD�WR�IDVKLRQ�GHVLJQHUV�IRU�WKHLU�LQSXW�DQG� 

DGYLFH�ZLWK�WKLV�SURMHFW��([DPSOHV�LQFOXGH�$OLVRQ�+RHQHV��6HZ�*HQHUDO�&KDW��DQG�

*DUPHQW�3DWWHUQ�0DNHUV��7KH�UHVHDUFK�DOVR�KDV�VFKRODUO\�GDWD�IURP�FUHGLEOH�VRXUFHV��

7KHVH�UHVRXUFHV�KHOSHG�WKLV�UHVHDUFK�E\�WKH�DSSV�DQG�SURJUDPV�WKDW�ZHUH�LPSOHPHQWHG��

3URJUDPV�VXFK�DV��'�3ULQWLQJ�6\VWHP�DQG�*HUEHU�6\VWHP��$OLVRQ�+RHQHV�DOVR�H[SODLQHG�

WKH�SURFHVV�RI�KHU�EXVLQHVV�IURP�FRQFHSW�WR�FRPSOHWLRQ��$OLVRQ�+RHQHV�DQG�6+,0$�

6(,.,�DUH�ERWK�FRPSDQLHV�WKDW�XWLOL]H�2SWLWH[�6RIWZDUH���7KH�UHVHDUFK�ZLOO�FRQWLQXH�

XVLQJ�SHHU�UHYLHZHG�MRXUQDO�DUWLFOHV�ZLWK�DVVLVWDQFH�IURP�WKH�/LEUDULDQ���7KH�

,QWHUQDWLRQDO�7H[WLOH�DQG�$SSDUHO�$VVRFLDWLRQ��,7$$��LV�D�JUHDW�RUJDQL]DWLRQ�WR�EHFRPH�D�

PHPEHU���� 

����� �������������������������������������������

https://lindenwood.libguides.com/fashionbusiness
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3URGXFWLRQ�DQG�$QDO\VLV�� 

7KH�LQWHQGHG�DXGLHQFH�ZLOO�EH�DQ\RQH�ZKR�ZDQWV�WR�OHDUQ�DERXW�WKH�SURFHVV�RI�GLJLWDO�

IDVKLRQ��,W�FDQ�EH�IDVKLRQ�VWXGHQWV��IDVKLRQ�GHVLJQHUV��SHRSOH�ZKR�DUH�LQWHUHVWHG�LQ�GLJLWDO�

SULQWLQJ�SURFHVVHV��PDQXIDFWXUHUV��DQG�IDFWRULHV�WKDW�DUH�ORRNLQJ�IRU�UHVRXUFHV���7KH�$3$�6W\OH�

RI�ZULWLQJ�DQG�OLEUDU\�DVVLVWDQFH�ZLOO�EH�LPSOHPHQWHG��7KH�$FDGHPLF�5HVRXUFH�3DJH�ZLOO�EH�

XVHG��/LQGHQZRRG�8QLYHUVLW\�KDV�D�GLJLWDO�DSSDUHO�SURGXFWLRQ�FODVV��7KLV�FODVV�WHDFKHV�VWXGHQWV�

KRZ�WR�FUHDWH�GLJLWDO�IODWV��7KLV�FODVV�LV�DQRWKHU�W\SH�RI�UHVRXUFH�WKDW�FRXOG�KHOS�LQ�WKH�GLJLWDO�

SURFHVVHV�� 

7KH�PDLQ�ILQGLQJV�RI�WKLV�SURMHFW�ZHUH�WKH�YDVW�DPRXQWV�RI�VRIWZDUH�

SURJUDPV�WKDW�FDQ�KHOS�WUDQVIHU�KDQG�VNHWFK�GHVLJQ�LQWR�GLJLWDO�WHFKQRORJ\��,W�ZDV�

DOVR�EHQHILFLDO�WR�OHDUQ�VRPH�FKDOOHQJHV�ZLWK�WKH�VRIWZDUH�SURJUDPV�VXFK�DV�WKH�

EXJV�DQG�WUDLOV�WKDW�KDYH�QRW�DOO�EHHQ�UHVROYHG��,W�ZDV�DGYDQWDJHRXV�WR�OHDUQ�DERXW�

D�RQH�VWRS�GHVLJQ�FRPSDQ\��,W�VHHPV�IRU�QHZ�GHVLJQHUV�RQH�RQH�VWRS�FRPSDQ\�

PD\�EH�PRUH�EHQHILFLDO��7KH�DGYDQWDJH�RI�HYHU\�SURFHVV�IURP�FRQFHSW�WR�

FRPSOHWLRQ�FDQ�EH�DFFRPSOLVKHG� 

7KH�DSSDUHO�LQGXVWU\�HQFRPSDVVHV�FRPSDQLHV�WKDW�GHVLJQ�DQG�VHOO�

FORWKLQJ��IRRWZHDU��DQG�DFFHVVRULHV�IURP�EDVLF�SURGXFWV�WR�OX[XU\�LWHPV�� 

,QGLD�LV�DPRQJ�WKH�ZRUOG
V�ODUJHVW�SURGXFHUV�RI�WH[WLOHV�DQG�DSSDUHO��7KH�

GRPHVWLF�WH[WLOH�DQG�DSSDUHO�LQGXVWU\�FRQWULEXWHV����RI�,QGLD¶V�*'3�����

RI�LQGXVWU\�RXWSXW�LQ�YDOXH�WHUPV��DQG�����RI�WKH�FRXQWU\
V�H[SRUW�

HDUQLQJV��7R�EH�VXFFHVVIXO�LQ�WKH�LQGXVWU\��LW�LV�YHU\�LPSRUWDQW�WR�

XQGHUVWDQG�WKH�VWUXFWXUH�IURP�ERWK�WKH�SHUVSHFWLYH���PDQXIDFWXULQJ�DQG� 
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UHWDLO��$V�ZHOO�DV�WKH�NQRZOHGJH�RI�WKH�PDUNHW��SURGXFW�WUHQGV��DQG�ZHOO�

GHYHORSHG�SDFNDJHV�IRU�WKH�DSSDUHO�SURGXFWLRQ�QHHG�WR�EH�NHSW�XSGDWHG�

�7LZDUL�������� 

7KLV�VWXG\�FDQ�KHOS�VWXGHQWV�OHDUQ�WKH�SURFHVV�RI�GLJLWDO�GHVLJQLQJ��3HRSOH�FDQ�OHDUQ� 

KRZ�WR�WDNH�KDQG�VNHWFKHV�LQWR�GLJLWDO�IRUP��$�FRQFHSW�ERDUG�IRU�D�WHFKQLFDO�SDFNDJH�VDPSOH�ZLOO�

EH�LQ�WKLV�VWXG\��$V�VWDWHG�SUHYLRXVO\��D�IRUPHU�VWXGHQW�RI�/LQGHQZRRG�8QLYHUVLW\� 

 KDV�EHHQ�FRQWDFWHG��$OOLVRQ�+RHQHV�KDV�VR�PDQ\�VNLOOV�WKDW�FDQ�KHOS�IDVKLRQ�GHVLJQHUV��$OLVRQ�

FDQ�WDNH�KDQG�VNHWFK�GHVLJQV�LQWR�GLJLWDO�IRUPDWLRQ��6KH�DOVR�KDV�FRQWDFWV�ZLWK�EDWFK�� 

�PDQXIDFWRULHV�WKDW�FDQ�SURGXFH�VDPSOHV�IRU�RQOLQH�FORWKLQJ�OLQHV��� 

+RZ�WR�GHWHUPLQH�ZKLFK�EDWFK�PDQXIDFWXUHUV�WR�VHOHFW"��)LQG�RXW�WKH�EDFNJURXQG�DQG�

KLVWRU\�RI�\RXU�PDQXIDFWXUHUV��<RX�ZDQW�WR�NQRZ�LI�WKH�PDQXIDFWXUHUV�KDYH�SRVLWLYH�UHYLHZV�

DQG�IHHGEDFN��7KHUH�ZDV�D�VWXG\�DERXW�WUDQVSDUHQF\�DQG�KRQHVW\�LQ�WKH�PDQXIDFWXULQJ�

EXVLQHVV��³7UDQVSDUHQF\�LV�RQH�RI�WKH�PRVW�SURPLQHQW�GHPDQGV�RI�FRQVXPHUV�WRGD\��1XPHURXV�

IDVKLRQ�EUDQGV�DUH�UHVSRQGLQJ�WR�WKLV�GHPDQG�IRU�WUDQVSDUHQF\�E\�VKDULQJ�LQIRUPDWLRQ�RQ�WKH�

FRVW�EUHDNGRZQ�RI�SURGXFWV�DQG�PDQXIDFWXULQJ�SURFHVVHV��5HVHDUFK�VKRZV�WKDW�WUDQVSDUHQF\�

FDQ�EHFRPH�D�YLWDO�WRRO�IRU�SURGXFW��SURFHVV��DQG�EXVLQHVV�PRGHO�LQQRYDWLRQ´��1DXHQ�HW�DO���

�������� 

<RX�QHHG�WR�KDYH�\RXU�OLVW�RI�TXHVWLRQV��7KH�LQWHUQHW��DV�ZHOO�DV�UHIHUHQFHV��UHYLHZV��DQG� 

ZRUG�RI�PRXWK��LV�D�JRRG�UHVHDUFK�WRRO��³6LPLODUO\��RXWHUZHDU�EUDQG�3DWDJRQLD�SURYLGHV�

WUDQVSDUHQF\�E\�SXEOLFO\�GLVSOD\LQJ�LQIRUPDWLRQ�DERXW�LWV�VXSSO\�FKDLQ�WKURXJK�D�SUDFWLFH�

FDOOHG�µ)RRWSULQW�&KURQLFOHV¶��)RRWSULQW�&KURQLFOHV�IHDWXUHV�YLGHRV�VKRZLQJ�HDFK�VWHS�RI�WKH� 
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VXSSO\�FKDLQ�LQFOXGLQJ�DOO�WH[WLOH�PLOOV�DQG�VHZLQJ�IDFWRULHV��,I�DQ\�SDUW�RI�WKH�PDQXIDFWXULQJ�

SURFHVV�QHHGV�LPSURYHPHQW��3DWDJRQLD�DFNQRZOHGJHV�WKDW�GLUHFWO\�LQ�WKH�YLGHR�DQG�LQYLWHV� 

IHHGEDFN�IURP�FXVWRPHUV´��1DXHQ�HW�DO���������´�7KHUHIRUH��WDNLQJ�WLPH�WR�UHVHDUFK�\RXU�

PDQXIDFWXULQJ�SURFHVVHV�ZLOO�EHQHILW�ERWK�\RXU�FRPSDQ\�DQG�\RXU�FXVWRPHUV��� 

&RQFOXVLRQV��� 

7KH�UHVHDUFK�SURMHFW�ZDV�WR�ILQG�RXW�KRZ�WR�WDNH�WKH�IDVKLRQ�GHVLJQ�RI�D�ZRPHQ¶V�

HYHQLQJ�ZHDU�FORWKLQJ�OLQH�LQWR�GLJLWDO�IRUPDW��7KLV�FDQ�DSSO\�WR�VWXGHQWV��EHJLQQHU�IDVKLRQ�

GHVLJQHUV�RU�DQ\RQH�ZKR�ZDQWV�WR�VWDUW�D�IDVKLRQ�OLQH��7KLV�UHVHDUFK�KDV�QDUURZHG�GRZQ�

WZR�ZD\V�WR�JR�DERXW�GRLQJ�WKDW��$�SHUVRQ�FDQ�SXUFKDVH�GLJLWDO�IDVKLRQ�DSSV�DQG�SURJUDPV��

7KLV�LQIRUPDWLRQ�RQ�WKH�YDULRXV�DSSV��VRIWZDUH��DQG�RQH�VWRS�GHVLJQ�FRPSDQLHV�ZDV�

H[WUHPHO\�EHQHILFLDO���2QH�PXVW�XQGHUVWDQG�KRZ�HDFK�SURJUDP�RU�VRIWZDUH�RSHUDWHV��7KHUH�

ZHUH�SURV�DQG�FRQV�WR�WKH�VRIWZDUH��7KHUH�LV�FRQWURYHUV\�DERXW�VRPH�DVSHFWV��VXFK�DV�WKH�

GLVILJXUDWLRQ�RI�GLJLWDO�PRGHOV��+RZHYHU��WKHUH�ZHUH�SURV�WR�WKH�DGYDQWDJH�RI�VSHHG�

WKURXJK�SURFHVV�GHYHORSPHQW��7KH�FRQWURYHUV\�VXFK�DV�WKH�GLVILJXUDWLRQ�RI�GLJLWDO�PRGHOV��

+RZHYHU��WKHUH�ZHUH�SURV�WR�WKH�DGYDQWDJH�RI�VSHHG�WKURXJK�SURFHVV�GHYHORSPHQW� 

*HQHUDWLYH�$,�KDV�WKH�SRWHQWLDO�WR�DIIHFW�WKH�HQWLUH� 

IDVKLRQ�HFRV\VWHP��)DVKLRQ�FRPSDQLHV�FDQ�XVH�WKH� 

WHFKQRORJ\�WR�KHOS�FUHDWH�EHWWHU�VHOOLQJ�GHVLJQV�� 
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$UDQD��$QD�%DOGD����������0RGHOV�ZHDULQJ�%DOHQFLDJD�LQ�WKH�IDVKLRQ�SUHVV��$�
FRPSDUDWLYH�VWXG\���,QWHUQDWLRQDO�-RXUQDO�RI�)DVKLRQ�6WXGLHV����QR����
��������������*DOH�$FDGHPLF�2QH)LOH�
KWWSV���OLQN�JDOH�FRP�DSSV�GRF�$����������$21("X VDLQ�����	VLG ERR
NPDUN��$21(	[LG �����DD���� 

$QGHUKDJHQ�+ROPHV��.����������'LJLWDO�WUDQVIRUPDWLRQ�LQ�WKH�IDVKLRQ�LQGXVWU\���
8QGHUVWDQGLQJ�FROODERUDWLYH�WHFKQRORJ\�DGRSWLRQ��'LVVHUWDWLRQ���5HWULHYHG�
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&DVWDOGR�/XQGpQ��(OL]DEHWK����������)DVKLRQ�7KHRU\��7KH�-RXUQDO�RI�'UHVV��%RG\�
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&KHQ��&KDQMXDQ��/DSROOD��.HQGUD����������&ORWKLQJ�	�7H[WLOHV�5HVHDUFK�-RXUQDO��

9RO�����,VVXH����S��������S��'2,������ 
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'LS��7��$\HVKD�6LGGLND�(PX��HW�DO����������'�SULQWLQJ�WHFKQRORJ\�IRU�WH[WLOHV�DQG�
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0F(OYHHQ��$GHOOH����������%ODFN�)DVKLRQ�'HVLJQHUV���,QWHUQDWLRQDO�-RXUQDO�RI�

)DVKLRQ�6WXGLHV����QR����
KWWSV���OLQN�JDOH�FRP�DSSV�GRF�$����������$21("X VDLQ�����	VLG ERR
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3DUN��-��/HH��+��HW�DO����������'HYHORSLQJ�SDUDPHWULF�GHVLJQ�IDVKLRQ�SURGXFWV�XVLQJ�
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-RXUQDO��9RO�����,VVXH�����S�����������S�� 
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