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ABSTRACT

'HVLJQLQJ� KLJK� TXDOLW\� SURGXFWV� DQG� SURFHVVHV� DW� ORZ� FRVW
KDV� EHFRPH� DQ� HFRQRPLFDO� DQG� WHFKQRORJLFDO� � FKDOOHQJH� WR
SURGXFHUV�LQ�RUGHU�WR�VXUYLYH�LQ�WRGD\V�FRPSHWLWLYH�PDUNHW�SODFH�
,Q�WXUQ��HQJLQHHUV�DUH�IRUFHG�WR�ILQG�V\VWHPDWLF�DQG�HIILFLHQW�ZD\V
WR�PHHW�WKLV�FKDOOHQJH��$[LRPDWLF�'HVLJQ�PHWKRG�LV�GHYHORSHG�WR
DQVZHU� WKLV� FKDOOHQJH� E\� SURYLGLQJ� GHVLJQ� D[LRPV� WR� SODFH� WKH
SURGXFW� DQG� SURFHVV� GHVLJQ� RQ� D� VFLHQWLILF� EDVH�� ,QGHSHQGHQFH
DQG� ,QIRUPDWLRQ� $[LRPV� KDYH� SURYLGHG� VFLHQWLILF� ZD\V� RI
ORRNLQJ� DW� WKH� GHFLVLRQ� SURFHVV� LQ� GHVLJQ�� ,Q� DQRWKHU� DSSURDFK�
5REXVW�'HVLJQ�PHWKRG�XVHV�7DJXFKL·V�4XDOLW\�/RVV�)XQFWLRQ�DQG
D�QHZ�PHDVXUH�RI �TXDOLW\��FDOOHG�6�1�UDWLR��WR�SUHGLFW�WKH�TXDOLW\
IURP�FXVWRPHUV·�SRLQW�RI �YLHZ�

$�UHDVRQDEOH�DSSURDFK� LV�VXJJHVWHG� LQ�$[LRPDWLF�'HVLJQ� WR
PHDVXUH�LQIRUPDWLRQ�FRQWHQW� LQ�GHVLJQ�DQG�PDQXIDFWXULQJ�EXW� LW
VWLOO�QHHG�D�VFLHQWLILF�EDFNLQJ��,Q�5REXVW�'HVLJQ�6�1�UDWLR�LV�XVHG
DV� D� SODXVLEOH� PHDVXUH� RI � TXDOLW\� EHFDXVH� LW� LV� XVHG� RIWHQ� LQ
HQJLQHHULQJ�IRU�VLPLODU�SXUSRVH�

7R�SURYLGH�D�ULJRURXV�WUHDWPHQW�RI �WKH�,QIRUPDWLRQ�$[LRP�
QHZ� DSSURDFKHV� WR� WKH� LQIRUPDWLRQ� FRQWHQW� LQ� GHVLJQ� DQG
PDQXIDFWXULQJ� DUH� GHYHORSHG� LQ� WKLV� SDSHU� XVLQJ� 6KDQQRQ·V
FRPPXQLFDWLRQ�FKDQQHO�DQG�HQWURS\�GHILQLWLRQ�IURP�LQIRUPDWLRQ
WKHRU\�� DQG� .XOOEDFN·V� V\PPHWULF� GLYHUJHQFH� PHDVXUH� IURP
VWDWLVWLFV�� 8VLQJ� ,QIRUPDWLRQ� $[LRP� DQG� .XOOEDFN·V� V\PPHWULF
GLYHUJHQFH� PHDVXUH� IRU� LQIRUPDWLRQ�� LW� LV� DOVR� VKRZQ� WKDW� WKH
LQIRUPDWLRQ� FRQWHQW� LQ� SURGXFW� DQG� SURFHVV� GHVLJQ� LV� GLUHFWO\
SURSRUWLRQDO� WR� WKH� 7DJXFKL·V� 4XDOLW\� /RVV� )XQFWLRQ� DQG
LQYHUVHO\�SURSRUWLRQDO� WR�WKH�VLJQDO�WR�QRLVH�UDWLR��6�1��� � ,Q� WKLV
ZD\� D� ULJRURXV� OLQN� EHWZHHQ� WKH� LQIRUPDWLRQ� FRQWHQW� LQ
$[LRPDWLF� 'HVLJQ� DQG� 5REXVW� 'HVLJQ� PHWKRGV� KDV� EHHQ
HVWDEOLVKHG� ZKLFK� LQGLFDWHV� WKDW� D� � SURGXFW� ZKLFK� KDV� ORZ
LQIRUPDWLRQ�FRQWHQW�DOVR�KDV�ORZ�TXDOLW\�ORVV�DQG�KLJK�6�1�UDWLR�

.H\ZRUGV��D[LRPDWLF�GHVLJQ��LQIRUPDWLRQ��7DJXFKL�PHWKRGV

1 INTRODUCTION

7KH� PDLQ� WDVN� RI � DQ� HQJLQHHU� LV� WR� DSSO\� KLV� VFLHQWLILF
NQRZOHGJH� WR� WKH� VROXWLRQ� RI � WHFKQLFDO� SUREOHPV� WR� VDWLVI\� WKH
QHHGV� RI � WKH� VRFLHW\�� +LV� VROXWLRQ� PD\� EH� D� QHZ� GHVLJQ� RU
PRGLILFDWLRQ� RI � DQ� H[LVWLQJ� GHVLJQ� IRU� WKH� QHHG�� ,Q� DQ\� FDVH�
GHVLJQLQJ� KLJK� TXDOLW\� SURGXFWV� DQG� SURFHVVHV� DW� ORZ� FRVW� LV� DQ
HFRQRPLF� DQG� WHFKQRORJLFDO� FKDOOHQJH� WR� WKH� HQJLQHHU�� 7KLV

DFWLYLW\� UHTXLUHV� KLV� FUHDWLYH� DELOLW\�� SUDFWLFDO� NQRZOHGJH� DQG
H[SHULHQFH� LQ� VSHFLDO� ILHOGV� DV� ZHOO� DV� D� VRXQG� EDFNJURXQG� LQ
PDWKHPDWLFV�� SK\VLFV�� FKHPLVWU\�� PHFKDQLFV�� WKHUPRG\QDPLFV�
IOXLG� PHFKDQLFV�� HOHFWULFDO� HQJLQHHULQJ�� SURGXFWLRQ� SURFHVVHV�
PDWHULDOV�WHFKQRORJ\�DQG�GHVLJQ�PHWKRGV�

(YHU\� ILHOG� RI � NQRZOHGJH� KDV� LWV� VXEMHFW� PDWWHU� DQG� LWV
PHWKRGV�� DORQJ� ZLWK� D� VW\OH� IRU� KDQGOLQJ� WKHP�� &RQVHTXHQWO\�
WKHUH�KDYH�DOVR�EHHQ�PDQ\�DWWHPSWV�WR�GUDZ�XS�PDSV�RU�PRGHOV
RI � WKH� GHVLJQ� SURFHVV� >�3DKO� DQG� %HLW]�� ������� �)UHQFK�� ������
�+XEND�� ������� �6XK�� ������� �+ROOLQV� DQG� 3XJK�� ������� �/HYLWW�
�����@��6RPH�RI �WKHVH�PRGHOV�VLPSO\�GHVFULEH�WKH� VHTXHQFHV�RI
DFWLYLWLHV�WKDW� W\SLFDOO\�RFFXU� LQ�GHVLJQLQJ��RWKHU�PRGHOV� DWWHPSW
WR�SUHVFULEH�D�EHWWHU�RU�PRUH�DSSURSULDWH�SDWWHUQ�RI �DFWLYLWLHV�

$OWKRXJK�WKHUH�DUH�PDQ\�YDULDWLRQV� LQ� WKH� WUDGLWLRQDO�GHVLJQ
PHWKRGV��WKH�IROORZLQJ�VWHSV�DUH�FRPPRQ���WKH�H[SUHVVLRQ�RI �WKH
QHHG��DQDO\VLV�RI �WKH�SUREOHP�DQG�VWDWHPHQW�RI �WKH�UHTXLUHPHQWV�
FRQFHSWXDO�GHVLJQ�XVLQJ�FUHDWLYH� LGHDV��SUHOLPLQDU\�GHVLJQ�ZKHUH
FRQFHSWV�DUH�HPERGLHG�WR�VDWLVI\�WKH�QHHG��DQDO\WLFDO�SURFHVV�IRU
WKH� VHOHFWLRQ� RI � WKH� RSWLPXP� GHVLJQ� DPRQJ� WKH� SUHOLPLQDU\
FRQFHSWV�DQG�GHWDLOLQJ�WKH�VHOHFWHG�GHVLJQ�LQ�WKH�IRUP�RI �GHVLJQ
GUDZLQJV��LQIRUPDWLRQ�IRU�PDQXIDFWXULQJ��HWF�

7KH� H[LVWLQJ� WUDGLWLRQDO� GHVLJQ� PHWKRGV� UHSUHVHQW� WKH� EHVW
WKLQNLQJ� DERXW� KRZ� WR� UHJXODUL]H� WKH� GHVLJQ� SURFHVV�� +RZHYHU�
WKH\� DUH� HVVHQWLDOO\� HPSLULFDO� PHWKRGV� ZLWKRXW� PXFK� VFLHQWLILF
EDVLV��5DWKHU��WKH\�UHSUHVHQW�D�GLVWLOODWLRQ�RI �WKH�EHVW�LGHDV�DERXW
ZKDW�ZRUNV�WR�HQKDQFH�WKH�GHVLJQ�SUDFWLFH�

7KHUH� LV� D� QDWXUDO� GHVLUH� WR� LPSURYH� XSRQ� WKLV� VLWXDWLRQ� LQ
RUGHU� WR� XSJUDGH� WKH� GHVLJQ� SURFHVV� IURP� DQ� HPSLULFDO� DUW� WR� D
EUDQFK�RI �VFLHQFH�E\�GHYHORSLQJ�D�WKHRU\�RI �GHVLJQ��7KLV�ZRXOG
H[WHQG� LQWXLWLRQ� DQG� H[SHULHQFH� E\� SURYLGLQJ� D� IUDPHZRUN� IRU
HYDOXDWLQJ� DQG�H[WHQGLQJ�GHVLJQ�FRQFHSWV��:KHQ� WKH� GHVLJQHU� LV
IDFHG�ZLWK� �PDQ\� VLPLODUO\� FRPSHWLWLYH� GHVLJQV�� D� GHVLJQ� WKHRU\
ZRXOG� PDNH� LW� SRVVLEOH� WR� DQVZHU� KLV� TXHVWLRQV� VXFK� DV� >6XK�
����@��,V�WKLV�D�JRRG�GHVLJQ�"��:K\�LV�RQH�GHVLJQ�EHWWHU�WKDQ�WKH
RWKHUV�"��+RZ�PDQ\�GHVLJQ�SDUDPHWHUV�GRHV�RQH�QHHG� WR� VDWLVI\
WKH� IXQFWLRQDO� UHTXLUHPHQWV� H[SHFWHG� IURP�GHVLJQ� WR� VDWLVI\� WKH
SHUFHLYHG�QHHG"��6KRXOG�RQH�DEDQGRQ�WKH�H[LVWLQJ�LGHD�RU�PRGLI\
WKH�FRQFHSW"�

7KH� FUHDWLYH� SURFHVV� LQ� GHVLJQ� LV� FRPSOHPHQWHG� E\� WKH
DQDO\WLFDO� SURFHVV� E\�ZKLFK� WKH� GHVLJQ� LV� DQDO\]HG�� 7KH� DQDO\VLV
RI �WKH�GHVLJQ� LPSOLHV�PDNLQJ�FRUUHFW�GHVLJQ�GHFLVLRQV�DV�ZHOO� DV
HYDOXDWLQJ�WKH�GHWDLOV�RI � VSHFLILF�GHVLJQ� IHDWXUHV�� ,Q� WKH� DEVHQFH
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RI �D�FULWHULRQ�IRU�VHOHFWLQJ�D�JRRG�GHVLJQ��ZH�FDQ�QRW�PDNH�JRRG
GHVLJQ�GHFLVLRQV�

'HVLJQ� D[LRPV� SURYLGH� VFLHQWLILF� SULQFLSOHV� WKDW� DLG� WKH
FUHDWLYH� SURFHVV� RI � GHVLJQ� E\� HQDEOLQJ� JRRG� GHVLJQV� WR� EH
LGHQWLILHG�IURP�DQ�LQILQLWH�QXPEHU�RI �SRVVLEOH�GHVLJQV��7KHUH�DUH
WZR� GHVLJQ� D[LRPV�� WKH� ,QGHSHQGHQFH� $[LRP�� DQG� WKH
,QIRUPDWLRQ� $[LRP�� 7KH\� DUH� VWDWHG� LQ� GHFODUDWLYH� IRUP� DV
IROORZV�>6XK������@�

$[LRP�� 7KH�,QGHSHQGHQFH�$[LRP
0DLQWDLQ�WKH�LQGHSHQGHQFH�RI �IXQFWLRQDO�UHTXLUHPHQWV��)5��

$[LRP�� 7KH�,QIRUPDWLRQ�$[LRP
0LQLPL]H�WKH�LQIRUPDWLRQ�FRQWHQW�RI �WKH�GHVLJQ�

)XQGDPHQWDO� WR� WKLV� WKHRU\� RI � GHVLJQ� LV� WKH� LGHD� RI
IXQFWLRQDO� UHTXLUHPHQWV� DQG� GHVLJQ� SDUDPHWHUV�� 7KHVH� FRQFHSWV
KDYH�DOVR�EHHQ�GHDOW�LQ�WKH�WUDGLWLRQDO�GHVLJQ�SURFHVVHV�ZLWK�VRPH
GLIIHUHQFHV�LQ�WKHLU�LQWHUSUHWDWLRQV��+RZHYHU��LQ�D[LRPDWLF�GHVLJQ
WKH\� DUH� IXQGDPHQWDO� SDUW� RI � WKH� GHVLJQ� SURFHVV�� (QJLQHHULQJ
GHVLJQ�SURFHVV�LV�YLHZHG�DV�D�FRQVWDQW�LQWHUSOD\�EHWZHHQ�ZKDW�ZH
ZDQW� WR� DFKLHYH� DQG� KRZ� ZH� ZDQW� WR� DFKLHYH� LW�� :KDW� WKH
GHVLJQHU�ZDQWV� WR� DFKLHYH� DUH� VWDWHG� DV� REMHFWLYHV� RI � WKH� GHVLJQ
DQG�GHILQHG� LQ� WHUPV�RI � VSHFLILF� UHTXLUHPHQWV� LQ� WKH� IXQFWLRQDO
GRPDLQ�� ZKLFK� DUH� FDOOHG� IXQFWLRQDO� UHTXLUHPHQWV� �)5V��� +RZ� KH
ZDQWV� WR� DFKLHYH� LW� LV� GHILQHG� DQG� FUHDWHG� SK\VLFDOO\� LQ� WKH
SK\VLFDO� GRPDLQ� LQ� WHUPV� RI � GHVLJQ� SDUDPHWHUV� �'3V��� 7KH� GHVLJQ
SURFHVV�FRQVLVWV�RI �PDSSLQJ�WKH�)5V�RI �WKH�IXQFWLRQDO�GRPDLQ�WR
WKH� '3V� RI � WKH� SK\VLFDO� GRPDLQ� WR� FUHDWH� D� SURGXFW�� SURFHVV�
V\VWHP�RU�RUJDQL]DWLRQ�WKDW�VDWLVILHV�WKH�SHUFHLYHG�VRFLDO�QHHG�>�@�
+RZHYHU� WKLV� PDSSLQJ� SURFHVV� LV� QRW� XQLTXH�� 7KHUHIRUH�� PRUH
WKDQ�RQH�GHVLJQ�PD\�UHVXOW�IURP�WKH�JHQHUDWLRQ�RI �WKH�'3V�WKDW
VDWLVI\� )5V�� 7KXV�� WKH� ILQDO� RXWFRPH� VWLOO� GHSHQGV� RQ� WKH
FUHDWLYLW\� RI � WKH� GHVLJQHU�� +RZHYHU�� WKH� GHVLJQ� D[LRPV� SURYLGH
WKH� SULQFLSOHV� WKDW� WKH� PDSSLQJ� WHFKQLTXHV� PXVW� VDWLVI\� WR
SURGXFH�D�JRRG�GHVLJQ��DQG�WKH\�RIIHU�D�EDVLV�IRU�FRPSDULQJ�DQG
VHOHFWLQJ�GHVLJQV�

2QH� RI � WKH� DWWULEXWHV� RI � D� JRRG� GHVLJQHU� LV� WKH� DELOLW\� WR
VDWLVI\�WKH�QHHGV�ZLWK�D�PLQLPDO�VHW�RI � LQGHSHQGHQW�)5V��$V�WKH
QXPEHU�RI �)5V� LQFUHDVHV�� WKH� VROXWLRQ� EHFRPHV�PRUH� FRPSOH[�
,Q�DGGLWLRQ�WR�)5V��GHVLJQHUV�RIWHQ�KDYH�WR�VSHFLI\�FRQVWUDLQWV�

7KH� SUREOHP� RI � GHVLJQLQJ� D� SURGXFW� WKDW� FDQ� EH
PDQXIDFWXUHG� LV� D� YHU\� LPSRUWDQW� LQGXVWULDO� FRQFHUQ�� 7KHQ� WKH
TXHVWLRQ� LV�KRZ�WR�GHVLJQ�D�SURGXFW� DQG� LWV� FRPSRQHQWV� VR� WKDW
WKH\� FDQ� EH� PDQXIDFWXUHG� LQ� WKH� PRVW� HIILFLHQW� PDQQHU�
UHJDUGOHVV� RI � WKH� VSHFLILF� QDWXUH� RI � WKH� SURGXFW� WR� EH� PDGH�
7KHUH� LV� D� UHODWLRQVKLS� EHWZHHQ� WKH�'3V� RI � WKH� SURGXFW� LQ� WKH
SK\VLFDO� GRPDLQ� DQG� WKH� 3URFHVV� 9DULDEOHV� �39�� LQ� WKH� SURFHVV
GRPDLQ�� 'XULQJ� WKH� SURGXFW� GHVLJQ� SKDVH� WKH� )5V� VSHFLILHG� LQ
WKH�IXQFWLRQDO�GRPDLQ�PXVW�EH�VDWLVILHG�E\�FKRRVLQJ�D�SURSHU�VHW
RI �'3V��ZKHUHDV�GXULQJ�WKH�SURFHVV�GHVLJQ�SKDVH��WKH�'3V�LQ�WKH
SK\VLFDO�GRPDLQ�PXVW�EH�VDWLVILHG�E\�VHOHFWLQJ��DQ�RSWLPXP�VHW�RI
39V�� DV� VKRZQ� LQ� )LJXUH� ��� 7KHUHIRUH� WKH� LQGHSHQGHQFH� D[LRP
PXVW�DOVR�EH�VDWLVILHG�E\�WKH�SURFHVV�GHVLJQ�

'HVLJQ�$[LRP���WHOOV�XV�WKDW�D�GHVLJQ�LV�D�JRRG�GHVLJQ�LI �LW�LV
DQ� XQFRXSOHG� GHVLJQ�� +RZHYHU� LI � ZH� KDYH� REWDLQHG�PRUH� WKDQ
RQH� XQFRXSOHG� GHVLJQ�� $[LRP� �� WHOOV� XV� WKDW� WKH� RQH� ZLWK� WKH

PLQLPXP� LQIRUPDWLRQ� FRQWHQW� ZKLOH� IXOILOOLQJ� WKH� IXQFWLRQDO
UHTXLUHPHQWV�LV�WKH�EHVW�GHVLJQ�

Figure 1. Three domains of the design/manufacturing
world

$QRWKHU�V\VWHPDWLF�DQG�HIILFLHQW�ZD\�WR�PHHW�WKH�UHTXLUHPHQWV�RI
GHVLJQLQJ� KLJK� TXDOLW\� SURGXFWV� DQG� SURFHVVHV� LV� 7DJXFKL·V
4XDOLW\�/RVV�)XQFWLRQ�DQG� WKH�5REXVW�'HVLJQ� >�7DJXFKL�� ������
�3KDGNH�� �����@�� 7KLV� PHWKRG� XVHV� D� PDWKHPDWLFDO� WRRO� FDOOHG
RUWKRJRQDO� DUUD\V� WR� VWXG\� D� ODUJH�QXPEHU� RI � GHFLVLRQ� YDULDEOHV
ZLWK� D� VPDOO� QXPEHU� RI � H[SHULPHQWV�� ,W� DOVR� XVHV� D� PHDVXUH�
FDOOHG�VLJQDO�WR�QRLVH��6�1��UDWLR��WR�SUHGLFW� WKH�TXDOLW\�IURP�WKH
FXVWRPHU·V� VLGH�� 7KLV� PHWKRG� WULHV� WR� DFFRPSOLVK� WKH� PRVW
HFRQRPLFDO�SURGXFW�DQG�SURFHVV�GHVLJQ�IURP�ERWK�PDQXIDFWXULQJ
DQG� FXVWRPHUV·� YLHZSRLQWV� DW� WKH� VPDOOHVW� DQG� DIIRUGDEOH
GHYHORSPHQW�FRVW�

$OWKRXJK� LW� VHHPV� WKDW� WKHUH� DUH� FORVH� VLPLODULWLHV� EHWZHHQ
WKH�$[LRPDWLF�'HVLJQ�DQG�WKH�5REXVW�'HVLJQ�PHWKRGV��VR�IDU�QR
DQDO\WLFDO� FRQQHFWLRQV� KDYH� EHHQ� HVWDEOLVKHG� EHWZHHQ� WKHP�� ,Q
WKLV�SDSHU��DQ�DWWHPSW�LV�PDGH�WR�HVWDEOLVK�D�FRQQHFWLRQ�EHWZHHQ
WKHP�XVLQJ�WKH�FRQFHSW�RI � LQIRUPDWLRQ�PHDVXUH� LQ�SURGXFW� DQG
SURFHVV�GHVLJQ�

2 INFORMATION CONTENT USING SHANNON’S
INFORMATION MEASURE

6LPLODU�WR�WKH�FRPPXQLFDWLRQ�FKDQQHO�LQ�LQIRUPDWLRQ�WKHRU\
>6KDQQRQ� DQG� :HDYHU�� ����@�� OHW� XV� DVVXPH� WKDW� WKH
PDQXIDFWXULQJ� SURFHVV� LV� D� FRPPXQLFDWLRQ� FKDQQHO� ZKHUH� D
GHVLJQ� SDUDPHWHU� '� LV� VHQW� IURP� D� VRXUFH� ZLWK� D� SUREDELOLW\
GLVWULEXWLRQ�DQG�D�UDQJH��,W�ZLOO�EH�UHFHLYHG�DW�WKH�RWKHU�HQG�DIWHU
PDQXIDFWXULQJ� DV� D� PRGLILHG� GHVLJQ� SDUDPHWHU� 6� ZLWK� DQRWKHU
SUREDELOLW\�GLVWULEXWLRQ�DQG�D�GLIIHUHQW�UDQJH��DV�VKRZQ�LQ�)LJXUH

��� ,I � WKH� FKDQQHO� ZHUH� SHUIHFW�� RQH� FRXOG� DVN� D� ��r������ PP
GLDPHWHU� VKDIW� WR� EH�PDFKLQHG� DQG� � ZRXOG� UHFHLYH� D� PDFKLQHG

VKDIW�ZLWK���r������PP�GLDPHWHU��7KHUH�ZRXOG�EH�QR�QHHG� IRU
DGGLWLRQDO� LQIRUPDWLRQ� WR� VDWLVI\� WKH� WROHUDQFH� UDQJH� VHW� XS
GXULQJ� WKH� GHVLJQ� SURFHVV�� +RZHYHU�� GXH� WR� OLPLWDWLRQV� RQ� WKH
PDFKLQH�� LW� PD\� RU� PD\� QRW� EH� PDQXIDFWXUHG� ZLWKLQ� WKH
UHTXHVWHG� UDQJH��RQH�PD\� �QHHG�DGGLWLRQDO� LQIRUPDWLRQ� WR� EULQJ
WKH�UHVXOW�ZLWKLQ�WKH�GHVLJQ�UDQJH�

$FFRUGLQJ� WR� WKH� GHILQLWLRQ� RI � PXWXDO� LQIRUPDWLRQ� LQ
LQIRUPDWLRQ� WKHRU\� >�6KDQQRQ� DQG� :HDYHU�� ������� �%HFNPDQQ�
�����@��IRU�WKH�PDQXIDFWXULQJ�FKDQQHO�ZH�FDQ�ZULWH

,�'�6�� �+�'����+�'_6� �����������
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WKDW� LV�� WKH� PXWXDO� LQIRUPDWLRQ� EHWZHHQ� WKH� GHVLJQ� YDULDEOH� '
EHIRUH�PDQXIDFWXULQJ� DQG�GHVLJQ�YDULDEOH�6� DIWHU�PDQXIDFWXULQJ
�ZKLFK� ZH� ZLOO� FDOO� V\VWHP� YDULDEOH� DIWHU� �6XK�� ������� � LV� WKH
UHGXFWLRQ� LQ� WKH� XQFHUWDLQW\� RI �'� GXH� WR� WKH� NQRZOHGJH� RI � 6�
7KLV� LV� WKH� LQIRUPDWLRQ� VXSSOLHG� E\� '� WR� 6� WKURXJK� WKH
FRPPXQLFDWLRQ�FKDQQHO�

Figure 2. Manufacturing process as a communication
channel

%\� V\PPHWU\�� LW� IROORZV� WKDW� >�6KDQQRQ� DQG�:HDYHU�� ������
�%HFNPDQQ�������@

,�'�6�� �+�6����+�6_'� ��������������

7KXV�'�VD\V�DV�PXFK�DERXW�6�DV�6�VD\V�DERXW�'��2XU�LQWHUHVW�LV�LQ
WKLV�IRUP�RI �PXWXDO�LQIRUPDWLRQ�

:KHQ� ZH� REWDLQ� WKH� DFWXDO� UDQJH� RI � GHVLJQ� YDULDEOH� DIWHU
PDQXIDFWXULQJ�� DQG� LW� KDV� FHUWDLQ� DPRXQW� RI � XQFHUWDLQW\
DVVRFLDWHG�ZLWK� LW��:H�FDQ�QRW�GHULYH� LWV� LQIRUPDWLRQ� FRQWHQW� RU
WKH�DPRXQW�RI � LQIRUPDWLRQ� UHTXLUHG� WR�EULQJ� LW� LQ� FRQIRUPDQFH
ZLWK� WKH� GHVLJQ� YDULDEOH� � UHTXHVWHG� E\� WKH� IXQFWLRQDO
UHTXLUHPHQW�� +RZHYHU� ZH� FDQ� ORRN� WKURXJK� WKH� PDQXIDFWXULQJ
FKDQQHO�� WKDW� LV� ZH� FDQ� VHH� ZKDW� '� VD\V� DERXW� 6� DV� JLYHQ� LQ
PXWXDO� LQIRUPDWLRQ� UHODWLRQ� LQ� (T�� ���� ZKLFK� LQGLFDWHV� WKDW� WKH
LQLWLDO�XQFHUWDLQW\�+�6��LV�UHGXFHG�E\�ORRNLQJ�DW�YDULDEOH�'��)RU�D
SHUIHFW� PDQXIDFWXULQJ� V\VWHP� WKH� PXWXDO� LQIRUPDWLRQ� PXVW� EH
PD[LPL]HG�� $VVXPLQJ� D� VWDEOH� SURFHVV� ZKHUH� +�6�� LV� QRW
FKDQJLQJ�� WKLV�� LQ� WXUQ�� UHTXLUHV� WKH� PLQLPL]DWLRQ� RI � +�6_'�
ZKLFK� LQGLFDWHV� WKH� XQFHUWDLQW\� LQ� 6� JLYHQ� '� DQG� LW� LV� DQ
LQGLFDWLRQ� RI � � WKH� TXDOLW\� RI � PDQXIDFWXULQJ� SURFHVV� �L�H��� WKH
TXDOLW\� RI � FRPPXQLFDWLRQ� FKDQQHO��� ,Q� RUGHU� WR� LPSURYH� WKH
TXDOLW\� RI � WKH� PDQXIDFWXULQJ� SURFHVV�� WKH� ORVV� LQ� WKH
PDQXIDFWXULQJ�SURFHVV��WKDW�LV�+�6_'���PXVW�EH�PLQLPL]HG�

)RU� D� JLYHQ� GHVLJQ� SDUDPHWHU� UDQJHV� EHIRUH� DQG� DIWHU� WKH
PDQXIDFWXULQJ��VKRZQ�LQ�)LJXUH����ZH�FDQ�FDOFXODWH�+�6_'��IURP
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Figure 3. Probability density functions of design and
system ranges
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LQIRUPDWLRQ� FRQWHQW� RI � WKH� V\VWHP� UDQJH� ZLWK� UHVSHFW� WR� WKH
GHVLJQ�UDQJH��DQG�JLYHQ�E\�WKH�ORJ�RI �WKH�V\VWHP�UDQJH�GLYLGHG�E\
WKH� FRPPRQ� UDQJH�� ,W� KDV� EHHQ� VKRZQ� KHUH� WKDW� LW� KDV� D
WKHRUHWLFDO�EDFNJURXQG�WR�VXSSRUW�LWV�XVDJH�

3 INFORMATION CONTENT USING KULLBACK’S
INFORMATION MEASURE
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GLVWULEXWLRQ� DJDLQVW� DQRWKHU��*LYHQ� D� VHW� RI � Q� SRVVLEOH� YDOXHV� [L
ZLWK� SUREDELOLW\� SL�  � S�[L�� DQG� D� VHFRQG� VHW� RI � SUREDELOLWLHV
TL T�[L��� WKH�PHDQ� LQIRUPDWLRQ� WKH� VHFRQG� GLVWULEXWLRQ� SURYLGHV
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7KLV�LQIRUPDWLRQ�PHDVXUH�LV�]HUR�ZKHQ�WKH�VHFRQG�GLVWULEXWLRQ�LV
WKH� VDPH� DV� WKH� ILUVW� GLVWULEXWLRQ�� ,Q� LQIRUPDWLRQ� WKHRU\� WKH
DERYH� PHDVXUH� LV� FDOOHG� WKH� UHODWLYH� HQWURS\� RU� .XOOEDFN·V
GLVWDQFH� EHWZHHQ� WZR� SUREDELOLW\� GLVWULEXWLRQV�� ,W� LV� DOZD\V
QRQQHJDWLYH��KRZHYHU�LW�LV�QRW�V\PPHWULF��)XUWKHUPRUH��LW�LV�QRW�D
WUXH� GLVWDQFH� EHWZHHQ� GLVWULEXWLRQV� VLQFH� LW� GRHV� QRW� VDWLVI\� WKH
WULDQJOH�LQHTXDOLW\�>)UDVHU������@�

.XOOEDFN�DOVR�GHILQHV� D�PHDVXUH�RI �GLYHUJHQFH�EHWZHHQ� WKH
GLVWULEXWLRQV�SL� DQG�TL�� EDVHG� RQ� WKH�PHDQ� LQIRUPDWLRQ� EHWZHHQ
WKHP��FDOOHG�WKH�V\PPHWULF�GLYHUJHQFH�DQG�JLYHQ�E\
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LV�D�PHDVXUH�RI �GLIILFXOW\�RI �GLVFULPLQDWLQJ�EHWZHHQ� WKHP��7KLV
PD\� EH� UHJDUGHG� DV� D� PHDVXUH� RI � WKH� GLVWDQFH� EHWZHHQ� WZR
GLVWULEXWLRQV��7KLV�GLYHUJHQFH�PHDVXUH�KDV�DOO�WKH�SURSHUWLHV�RI �D
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WKH� PDQXIDFWXULQJ� V\VWHP�� +RZHYHU�� WKLV� PHDVXUH� KDV� WZR
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SUREOHP�ZH�ZLOO� XVH� WKH� V\PPHWULF� GLYHUJHQFH�PHDVXUH� GHILQHG� LQ
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/HW� XV� DVVXPH� WKDW� WKH� GHVLJQ� DQG� V\VWHP� UDQJHV� KDYH
QRUPDOO\�GLVWULEXWHG�SUREDELOLW\�GHQVLWLHV�ZLWK�PHDQV�PG�DQG�PV��DQG

VWDQGDUG�GHYLDWLRQV�VG�DQG�VV��UHVSHFWLYHO\��DV�VKRZQ�LQ�)LJXUH���

Figure 4. Probability density functions for design range
and system range
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Figure 5. Probability density functions and the information
measure for Vs=Vd.

�E���,Q�GHVLJQ�DQG�PDQXIDFWXULQJ��JHQHUDOO\� WKH�PHDQ�YDOXHV�RI
GHVLJQ�DQG�V\VWHP�UDQJHV�DUH�GLIIHUHQW�DQG�WKH�VWDQGDUG�GHYLDWLRQ�RI
WKH� V\VWHP� UDQJH� LV� JUHDWHU� WKDQ� WKH� UHTXLUHG� GHVLJQ� UDQJH�� ,Q� WKLV

FDVH��PV��z�PG���DQG��VV�!�VG���7KHQ�ZH�REWDLQ�IURP�(T�����

2

22 )(

2

1

G

GVV
PP

-
V

V ��
# �������������

,W�LV�DJDLQ�SDUDEROLF�DQG�PLQLPXP�YDOXH� LV�DW�PV� �PG�
3UREDELOLW\� GHQVLW\� IXQFWLRQV� RI � WKH� GHVLJQ� DQG� V\VWHP� UDQJHV
DQG�WKH�LQIRUPDWLRQ�IXQFWLRQ�-�DUH�VKRZQ�LQ�)LJXUH���

Figure 6. Probability density functions for design range
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Figure 7. Smaller-the-better behavior of information
content function
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