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UHPHPEHU� EHLQJ� WROG� WKDW� FRPSXWHUV� ZHUH� VXLWDEOH� IRU� EDQNLQJ
DQG� DFFRXQWLQJ� EXW� QRW� IRU� HQGHDYRUV� WKDW� LQYROYHG� FUHDWLYLW\�
VXFK� DV� WKH� GHVLJQ� SURFHVV�� ,� DUJXHG� WKDW�� RQ� WKH� FRQWUDU\�� WKH
LWHUDWLYH�DVSHFW�RI�WKH�GHVLJQ�SURFHVV�PDGH�FRPSXWHUV�SDUWLFXODUO\
DSSURSULDWH�DQG�� IXUWKHU�� WKDW� LQWHUDFWLYH�JUDSKLFV�ZDV�HYHQ�PRUH
LQ�OLQH�ZLWK�WKH�GHVLJQ�SURFHVV��,�IHOW�WKDW�UDWKHU�WKDQ�EHLQJ�D�WKUHDW
WR� WKH� FUHDWLYH� SURFHVV� DV� FRPSXWHUV� ZHUH� YLHZHG� DW� WKH� WLPH�
FRPSXWHUV� LQVWHDG� FRXOG� OHQG� D� KHOSLQJ� KDQG� �RU� VKRXOG� ,� VD\� D
KHOSLQJ� ³GLJLW´"��� PXOWLSO\LQJ� WKH� SRZHU� DQG� SURGXFWLYLW\� RI� D
GHVLJQHU�DQG�HQDEOLQJ�KLP�RU�KHU�WR�GHYHORS�DQG�FRQVLGHU�D�ZLGHU
UDQJH�RI�SRWHQWLDO�GHVLJQV�WKDQ�ZRXOG�RWKHUZLVH�EH�SRVVLEOH�

,� ZDV� SDUWLFXODUO\� LQWULJXHG� LQWHOOHFWXDOO\� DW� KRZ� FRPSXWHU
JUDSKLFV� IRUPHG� D� V\QWKHVLV� RI� PDQ\� GLVFLSOLQHV� DQG� SURYLGHG
PRWLYDWLRQ�DQG�DSSOLFDWLRQV�RI�PDQ\�WKHRUHWLFDO�ILHOGV��,�KDG�EHHQ
GHHSO\� LQYROYHG� LQ� SKRWRJUDSK\� VLQFH� FKLOGKRRG�� DQG� WKXV� WKH
VWXG\� RI� DQG� UHVHDUFK� LQ� FRPSXWHU� JUDSKLFV� SURYLGHG� PH� WKH
RSSRUWXQLW\�WR�FRPSUHKHQG�WKH�PDWKHPDWLFV�DQG�SK\VLFV�LQYROYHG
LQ�PRGHOLQJ� WKH�SKRWRJUDSKLF�SURFHVV��$V� D�SKRWRJUDSKHU�� ,�ZDV
ZHOO� DZDUH�RI� WKH� LQWHUSOD\�RI� OLJKW� DQG�PDWHULDO� WKDW�� RI� FRXUVH�
IRUPV�PXFK� RI� PRGHUQ� FRPSXWHU� JUDSKLFV� UHQGHULQJ� DOJRULWKPV
UHVHDUFK��7KH�RWKHU� FRPSRQHQW� RI� FRPSXWHU� JUDSKLFV� FRQVLVWV� RI
VKDSH� �IRUP��� ZKLFK� WUDQVODWHV� WR� JHRPHWU\�� IURP� WKH
PDWKHPDWLFDO�SRLQW�RI�YLHZ�

I recall my delight in writing a computer
program that could display a 2D
perspective image of a 3D object

viewed from an arbitrary vantage point.

,� UHFDOO� EHLQJ� LQWULJXHG�ZLWK� WKH� JHRPHWULF� RSWLFV� LQYROYHG� LQ
WKH�SKRWRJUDSKLF�SURFHVV��ZLWK�VXFK�FRQFHSWV�DV�WKH�UROH�RI�I�VWRSV
LQ�GHSWK�RI�ILHOG�DQG�GHSWK�RI�IRFXV��7KH�PDWKHPDWLFDO�HOHJDQFH�RI
WKH� SHUVSHFWLYH� SURMHFWLRQ� FDSWXUHG�P\� LPDJLQDWLRQ�� ,� UHFDOO�P\
GHOLJKW� LQ� ZULWLQJ� D� FRPSXWHU� SURJUDP� WKDW� FRXOG� GLVSOD\� D� �'
SHUVSHFWLYH� LPDJH� RI� D� �'� REMHFW� YLHZHG� IURP� DQ� DUELWUDU\
YDQWDJH� SRLQW�� :KHQ� FRXSOHG� ZLWK� WKH� QRWLRQ� RI� IRUPLQJ� D
VHTXHQFH�RI�VXFK�LPDJHV�WR�SURGXFH�WKH�LOOXVLRQ�RI�VPRRWK�PRWLRQ
LQ�DQLPDWLRQ�DQG�VLPXODWLRQ�� WKH� IXOO�SRZHU�RI� WKLV�QHZ�PHGLXP
FRXOG�EH�XQOHDVKHG�

2QH� RI� WKH� DVSHFWV� RI� FRPSXWHU� JUDSKLFV� WKDW� KDV� EHHQ
SDUWLFXODUO\� LQWHUHVWLQJ� WR� PH� LV� JHRPHWULF� PRGHOLQJ�� 2EMHFWV
PXVW�EH�PRGHOHG�LQ�FRPSXWHU�JUDSKLFV��ZKLFK�LV�D�SUREOHP�WKDW
DOVR� XQGHUOLHV� FRPSXWHU�DLGHG� GHVLJQ� DQG� PDQXIDFWXUH�
)XUWKHUPRUH��WKH�IXQGDPHQWDOV�GUDZ�IURP�DUHDV�RI�PDWKHPDWLFV
VXFK� DV� DSSUR[LPDWLRQ� WKHRU\� DQG� QXPHULFDO� DQDO\VLV�� ,W� KDV
EHHQ� UHZDUGLQJ� RYHU� WKH� SDVW� ��� \HDUV� WR� VHH� WKH� LQWHUSOD\
DPRQJ�WKHVH�YDULRXV�UHODWHG�GLVFLSOLQHV�

0\�RZQ�ZRUN�LQ� LQWURGXFLQJ�WKH� LGHD�RI�JHRPHWULF�FRQWLQXLW\
DQG�GHYHORSLQJ�WKH�%HWD�VSOLQH�EDVHG�RQ�WKLV�PHDVXUH�LQWHQGHG�WR
SURYLGH� D� FXUYH� DQG� VXUIDFH� PRGHO� H[SOLFLWO\� GHYHORSHG� IRU
FRPSXWHU� JUDSKLFV�� UDWKHU� WKDQ� DGDSWLQJ� PHWKRGV� WKDW� KDG� EHHQ
FUHDWHG� LQ� RWKHU� FRQWH[WV�� 0\� XVH� RI� VKDSH� SDUDPHWHUV� KDG� WKH
JRDO� RI� LPSURYLQJ� WKH� XVHU� LQWHUIDFH� FRPSDUHG� WR� UHTXLULQJ� WKH
XVHU� WR� VSHFLI\� VKDSH� WKURXJK� OHVV� LQWXLWLYH� PHDQV� VXFK� DV
GHULYDWLYHV�DQG�SRLQWV�WKDW�GR�QRW�OLH�RQ�WKH�FXUYH�RU�VXUIDFH�

,Q� UHFHQW� \HDUV�� GXH� WR� P\� RZQ� H\HVLJKW� SUREOHP�� ,� KDYH
EHFRPH� LQWHUHVWHG� LQ� WKH� ELRPHGLFDO� UROH� RI� FRPSXWHU� JUDSKLFV�

+DYLQJ�D�FRUQHD�ZLWK�D�VRPHZKDW�LUUHJXODU�VKDSH�KDV�PHDQW�WKDW
H\HJODVVHV� GR� QRW� IXOO\� FRUUHFW� P\� YLVLRQ�� FRQWDFW� OHQVHV� FDQ
SURYLGH� D� VLJQLILFDQW� LPSURYHPHQW�� EXW� LURQLFDOO\� WKH� VDPH
LUUHJXODULW\� RI� WKH� FRUQHDO� VKDSH� WKDW� LPSHGHV� VKDUS� YLVLRQ
H[DFHUEDWHV� WKH� ILWWLQJ� SURFHVV�� ,W� WKHQ� RFFXUUHG� WR� PH� WKDW� WKH
SUREOHP� RI� PHDVXULQJ� DQG� PRGHOLQJ� WKH� VKDSH� RI� SDWLHQWV¶
FRUQHDV�DQG�WKH�GHVLJQ�RI�FRQWDFW�OHQVHV�WR�SURSHUO\�ILW�WKHP�FRXOG
EHQHILW�IURP�WKH�LGHDV�RI�JHRPHWULF�PRGHOLQJ��)XUWKHUPRUH��ZLWK
WKH� UHFHQW� LQWHUHVW� LQ� VXUJHU\� LQWHQGHG� WR� FRUUHFW� YLVLRQ� WKURXJK
PRGLILFDWLRQ�RI�WKH�VKDSH�RI�WKH�FRUQHD��WKLV�WRSLF�LV�YHU\�FXUUHQW
DQG� RI� JUHDW� LQWHUHVW� LQ� WKH� RSWRPHWU\� DQG� RSKWKDOPRORJ\
FRPPXQLWLHV�

7KH�HYROXWLRQ�RI�FRPSXWHU�JUDSKLFV�RYHU�WKH�SDVW����\HDUV�KDV
EHHQ� QRWKLQJ� VKRUW� RI� PLQG�ERJJOLQJ�� )URP� WKH� SULPLWLYH
ZLUHIUDPH� LPDJHV� RI� WKDW� SHULRG� KDYH� FRPH� LPDJHV� DQG
DQLPDWLRQV�ZLWK�LQFUHGLEOH�ILGHOLW\��7KH�ROG�FRPPHUFLDO�WDJ�OLQH�RI
³,V�LW�UHDO�RU�LV�LW�0HPRUH["´�LV�QRZ�WUDQVIRUPHG�WR�³,V�LW�UHDO�RU�LV
LW�FRPSXWHU�JUDSKLFV"´�,�PXVW�FRQIHVV�WKDW��VRPHWLPHV��,�FDQQRW�EH
VXUH�P\VHOI�

%ULDQ�$��%DUVN\�KDV�EHHQ�D�SURIHVVRU�RI�FRPSXWHU�VFLHQFH�DW�WKH
8QLYHUVLW\� RI� &DOLIRUQLD� DW� %HUNHOH\� VLQFH� ������ +H� LQWURGXFHG
WKH� %HWD�VSOLQH�� KDV� FRQWULEXWHG� QXPHURXV� DUWLFOHV� RQ� FRPSXWHU
JUDSKLFV��DQG�ZDV�6LJJUDSK�SDSHUV�FKDLU� LQ�������+H�LV�FRDXWKRU
RI�0DNLQJ� 7KHP� 0RYH�� 0HFKDQLFV�� &RQWURO�� DQG� $QLPDWLRQ� RI
$UWLFXODWHG� )LJXUHV� DQG� $Q� ,QWURGXFWLRQ� WR� 6SOLQHV� IRU� 8VH� LQ
&RPSXWHU� *UDSKLFV� DQG� DXWKRU� RI� &RPSXWHU� *UDSKLFV� DQG
*HRPHWULF�0RGHOLQJ�8VLQJ�%HWD�6SOLQHV��KH�DOVR�VHUYHV�DV�HGLWRU
IRU�0RUJDQ�.DXIPDQQ¶V�ERRN�VHULHV�RQ�FRPSXWHU�JUDSKLFV�
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A View of the CAD/CAM Development
Period
by Pierre Bézier
Introduction
7KH�DGYHQW�RI�&$'�&$0�KDV�EHHQ��ZLWKRXW�DQ\�GRXEW��RQH�RI�WKH
PDMRU�HYHQWV�LQ�PHFKDQLFDO�LQGXVWU\�GXULQJ�WKLV�KDOI�FHQWXU\�

'HVFULELQJ� LWV� SUHVHQW� VWDWH� DQG� IRUHVHHDEOH� IXWXUH� ZRXOG
UHTXLUH�TXLWH�DQ�HQF\FORSHGLD��KHQFH��WKLV�WH[W�DLPV�WR�VKRZ�RQO\
WKH�RULJLQV�RI�&$'�&$0��LWV�FDXVH�DQG�PHDQV��HVSHFLDOO\� LQ� WKH
FDU� LQGXVWU\�� DQG� SUHFLVHO\� LQ� WKH� GHILQLWLRQ�� WRROLQJ�� DQG
SURGXFWLRQ�RI�FDU�ERGLHV�

:KHQ� D� V\VWHP� LV� XVHG� ZRUOGZLGH� E\�PLOOLRQV� RI� SHRSOH�� DV
&$'�&$0� LV� QRZ�� RQH� LV� SURQH� WR� IRUJHW�� RU� HYHQ� QRW� WR� KDYH
NQRZQ��WKH�EDVLF�LGHD�EHKLQG�LW�

0D\EH� UHPHPEHULQJ� D� ORQJ� SDVW� SHULRG� ZLOO� KHOS� WKRVH� ZKR
DUH��RU�ZLOO�EH��LQ�FKDUJH�RI�VKDSLQJ�WKH�IXWXUH�RI�LQGXVWU\�
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Origin and Development
,QLWLDWLQJ�D�UDGLFDO�FKDQJH��DQG�&$'�&$0�XQGRXEWHGO\�ZDV�RQH�
JHQHUDOO\�QHHGV�WZR�FRQGLWLRQV�

��� WKH�SHUFHSWLRQ�RI�D�PRUH�RU�OHVV�XUJHQW�UHTXLUHPHQW�DQG
��� WKH� DGYHQW� RI� QHZ� PHDQV� DEOH� WR� KHOS� VROYH� WKH� UHOHYDQW

SUREOHP�RU�SUREOHPV²WKH�ODVHU�DQG�WKH�WUDQVLVWRU�KDYH�EHHQ
WZR�VXFK�PHDQV��IRU�H[DPSOH�

Needs
,Q�WKH�PHFKDQLFDO�LQGXVWU\��FLUFD�������PRVW�RI�WKH�YHU\�DFFXUDWH
VXUIDFHV�ZHUH�GHILQHG�E\�OLQHV�DQG�FLUFOHV��L�H���SODQHV��F\OLQGHUV�
FRQHV��VSKHUHV��DQG�WRUL���VRPH�H[FHSWLRQV��VXFK�DV�FDPV�RU�JHDU
WHHWK� IODQJHV�� ZHUH� PDQXIDFWXUHG� E\� PDFKLQH� WRROV� VSHFLDOO\
GHVLJQHG� IRU� WKDW� SXUSRVH�� FRS\�JULQGLQJ� RU� JHDU�FXWWLQJ
PDFKLQHV�� 7KH� GLPHQVLRQV� ZHUH� H[SUHVVHG� ZLWK� QXPEHUV
FRPSOHWH�ZLWK�OLPLWV�DQG�LQFOXGHG�VWUDLJKWQHVV��RXW�RI�URXQG��HWF��
WKH� OLPLWV� VRPHWLPHV� DPRXQWHG� WR� ��� RU� ��� µP� ����� RU� ���
WKRXVDQGWK�RI�DQ�LQFK��DQG�VRPHWLPHV�OHVV��2WKHU�IDFHV�ZHUH�OHIW
URXJK� IURP� WKH� IRXQGU\� RU� IRUJH�� WKHLU� GLPHQVLRQV� ZHUH� RQO\
DSSUR[LPDWHO\� GHILQHG�� DQG� PXFK� ZDV� OHIW� WR� SDWWHUQ� RU� GLH
PDNHUV��/LQHV��FLUFOHV��DQG�VRPH�WHPSODWHV�ZHUH�TXLWH�FRQYHQLHQW
LQ�VXFK�FDVHV��EXW�ZKHQ�WKH�ILHOG�RI�IOXLG�G\QDPLFV�EHFDPH�YHU\
LPSRUWDQW�� WKH� VKDSH� RI� DLUFUDIW� RU� ERDW� KXOOV� QHHGHG� JUHDWHU
DFFXUDF\��,Q�WKH�DXWRPRWLYH�LQGXVWU\��WKH�GHILQLWLRQ�RI�D�FDU�ERG\
ZDV� HQWLUHO\� GHSHQGHQW� RQ� WKH� WDVWH�� H[SHULHQFH�� DQG� VNLOO� RI
SHRSOH� VXFK� DV� VW\OLVWV�� GHVLJQHUV�� GUDIWVPHQ�� PHWKRGV� ZRUNHUV�
DQG� WRRO� PDNHUV�� $V� LW� ZDV�� WKLQJV� ZHUH� UXQQLQJ� VPRRWKO\�
DFFRUGLQJ� WR� D� WUDGLWLRQ� WKDW�� LQ� :HVWHUQ� (XURSH�� ZDV� IRXU
FHQWXULHV�ROG�

Some mechanical engineers did
endeavor to inject some mathematics

into the process.... But this would have
required a large amount of computing
at a time when the only equipment was

crank- or motor-operated
adding machines.

2I� FRXUVH�� WKH� WUDQVPLVVLRQ� RI� GDWD� IURP� VW\OH� WR� GUDZLQJ
RIILFH��FOD\�EXLOGLQJ��ILQDO�GUDZLQJ��SURGXFWLRQ�PDVWHU��SURGXFWLRQ
HQJLQHHULQJ�� HWF�� UHTXLUHG� WKH� KHOS� RI� GUDZLQJV�� WHPSODWHV�� DQG
FRSLHV� RI� WKH� �'�PDVWHU�� 7KHVH�ZHUH� QRW� YHU\� DFFXUDWH� RU� HYHQ
FRQVLVWHQW�� HDFK�RSHUDWRU�FRXOG� LQWURGXFH�D�FKDQJH�� VR� ORQJ�DV� LW
ZDV� GLIILFXOW� WR� GHWHFW� DQG� VPDOO� HQRXJK� VR� DV� QRW� WR� DOWHU� WKH
VW\OLVW¶V� EDVLF� FRQFHSWLRQ�� 7KLV� ZDV� OLDEOH� WR� FUHDWH� GLIILFXOWLHV�
EXW�� ODFNLQJ� D� PRUH� VWDEOH� GHILQLWLRQ�� QRWKLQJ� FRXOG� EH� GRQH� WR
LPSURYH� WKH� V\VWHP�� ,W� ZDV� FRQVLGHUHG� XQDYRLGDEOH�� DV� ZHUH
PHDVOHV�DQG�ZKRRSLQJ�FRXJK��WKRXJK�LW�HQWDLOHG�GHOD\V��KDJJOLQJ�
DQG�OHDG�WLPH�

6RPH� PHFKDQLFDO� HQJLQHHUV� GLG� HQGHDYRU� WR� LQMHFW� VRPH
PDWKHPDWLFV�LQWR�WKH�SURFHVV��WUDQVODWLQJ�VRPH�WULFNV�RI�WKH�WUDGH�
%XW� WKLV�ZRXOG� KDYH� UHTXLUHG� D� ODUJH� DPRXQW� RI� FRPSXWLQJ� DW� D
WLPH� ZKHQ� WKH� RQO\� HTXLSPHQW� ZDV� FUDQN�� RU� PRWRU�RSHUDWHG
DGGLQJ� PDFKLQHV�� GHULYHG� IURP� FDVK� UHJLVWHUV�� QRW� WR� VSHDN� RI
%ROOpH� RU�%DEEDJH¶V�PDFKLQHV�� )XUWKHUPRUH�� KDG� D� V\VWHP� EHHQ

GHYLVHG�� WKH� UHDFWLRQ� RI� RSHUDWRUV�WR�EH�ZRXOG� KDUGO\� KDYH� EHHQ
HQWKXVLDVWLF�

/RRNLQJ� DW� WKH� VLWXDWLRQ� FRROO\�� QRWKLQJ�XVHIXO� FRXOG�EH�GRQH
XQWLO�FRPSXWLQJ�VSHHG�FRXOG�EH�LQFUHDVHG�E\�ILYH�RU�VL[�RUGHUV�RI
PDJQLWXGH�

Means
7KH� FRPSXWLQJ�VSHHG� LQFUHDVH� ZDV� WULJJHUHG� E\� VRPH� SUREOHPV
SRVHG� WR� WKH� DUPDPHQW� LQGXVWU\�� 7KH� UHVXOW� ZDV� (1,$&�� ZKLFK
ZDV� D� SRZHUIXO�PDFKLQH�� EXW� VXEMHFW� WR� EUHDNGRZQV�� LW� ZDV� QRW
WRWDOO\� UHOLDEOH�� DQG� YHU\� IHZ� FRPSDQLHV� FRXOG� KDYH� DIIRUGHG� LW�
5HJDUGLQJ� VRPH� LQGXVWULDO� DSSOLFDWLRQV�� LW� KDG� WDNHQ� SDUW� LQ� WKH
GHILQLWLRQ�RI�VRPH�YLWDO�EXW�YHU\�GLIILFXOW�SDUWV��VXFK�DV��'�FDPV
DQG�WXUELQH�IRLOV�

$IWHU�������VRPH�PDFKLQH�WRROV�ZHUH�HTXLSSHG�ZLWK�QXPHULFDO
FRQWURO��EXW�WKH�PHFKDQLFDO�LQGXVWU\�ZDV�QRW�YHU\�LQWHUHVWHG��7KH
IHGHUDO�JRYHUQPHQW�RUGHUHG�����RI�WKHVH�PDFKLQH�WRROV�HTXLSSHG
ZLWK�QXPHULFDO�FRQWURO� WR�EH� OHQW�� IRU�D� V\PEROLF� UHQWDO� IHH�� WR�D
IHZ� FRPSDQLHV�� KRSLQJ� WR� MXPS�VWDUW� WKDW� WHFKQLTXH�� ZKLFK� KDG
VWUDWHJLF�LPSRUWDQFH�GXULQJ�WKH�FROG�ZDU��,Q�������D�VFRUH�RI�VXFK
PDFKLQHV� ZHUH� GLVSOD\HG� DW� WKH� ,QWHUQDWLRQDO� 0DFKLQH� 7RRO
([KLELWLRQ�� KHOG� LQ� &KLFDJR�� 7KH� QXPEHU� RI� WKRVH� PDFKLQHV
VLJQLILFDQWO\�LQFUHDVHG�DIWHU�WKH�&KLFDJR�H[KLELWLRQ�

$W� WKH� EHJLQQLQJ�� WKRVH� PDFKLQHV� SHUIRUPHG� SRLQW�WR�SRLQW
GULOOLQJ�� UHDPLQJ�� ERULQJ�� RU� WDSSLQJ�� WKHQ�� SDUWLDO� PLOOLQJ
DSSHDUHG��,Q�IDFW�� WKLV�ZDV�QRW�DFWXDO�&$'�&$0��EXW�D�FDVH�RI
SUHSDULQJ� D� VLPSOH� SURJUDP� IRU� D� UDWKHU� HOHPHQWDU\� EDWFK� RI
RSHUDWLRQV�

2QH� FDQ� VWDWH� WKDW�� DERXW� ������ QXPHULFDO� FRQWURO� FRXOG� EH
WUDQVIRUPHG�LQWR�&$0��VLQFH�WKH�FRPSRQHQWV�ZHUH�DYDLODEOH��L�H��
VHQVRUV��FRPSXWHUV��PRWRUV��&57��VHUYRFRQWUROOHUV��PDFKLQH�WRROV�
DQG�PRUH��

,W� UHPDLQHG�� ZLWK� WKRVH� FRPSRQHQWV�� WR� FUHDWH� D� FRPSOHWH
V\VWHP�DQG�EXLOG�XS�WKH�UHOHYDQW�VRIWZDUH�

Choice
,Q� ������ LQ� WKH� (XURSHDQ� DXWRPRWLYH� LQGXVWU\�� WKH� DFFHSWHG
SUDFWLFH� ZDV� WKDW� WKH� 6W\OLQJ� 'HSDUWPHQW� KDG�� ILUVW�� WR� WUDFH
VNHWFKHV� RI� IXWXUH� PRGHOV�� WKHQ� GHYHORS� WKHP� LQWR� IXOO�VFDOH
GUDZLQJV� DQG� VPDOO�VFDOH� ����� WR� ����� FOD\� PRFNXSV�� 2Q� WKH
VHOHFWHG� PRGHO� RU� PRGHOV�� RIIVHWV� ZHUH� PHDVXUHG� IRU� D� ODUJH
QXPEHU� RI� SRLQWV� ORFDWHG� RQ� FURVV�VHFWLRQV�� WKHQ�� RQ� D� ODUJH
GUDZLQJ� ERDUG�� �� ×� �� PHWHUV� ��� ×� ��� IHHW��� WKHVH� SRLQWV� ZHUH
WUDFHG� IXOO�VFDOH� DQG��ZLWK� WKH� KHOS� RI� VZHHSV�� WHPSODWHV�� ODWKHV�
DQG� )UHQFK� FXUYHV�� OLQHV� ZHUH� WUDFHG� DQG� WKHQ� FRQYHUWHG� LQWR
SO\ZRRG� WHPSODWHV� WR�PDNH� WKH� ³ULEV�´� RU� VNHOHWRQ�� RI� WKH� FOD\
PRGHO��7KHVH�PRGHOV�ZHUH�WKHQ�KDQG�ILQLVKHG�E\�KLJKO\�VNLOOHG
SODVWHUHUV��7KH�PRGHOV� FRXOG� EH�PRGLILHG� DW� WKH� UHTXHVW� RI� WKH
6W\OH�� 6DOHV�� RU� 0DQDJHPHQW� 'HSDUWPHQW�� HWF�� 7KHQ� LW� ZDV
FRQVLGHUHG�³IUR]HQ�´�DV� WKH� VD\LQJ�ZDV�� WKH� ILQDO� H[SUHVVLRQ�RI
WKH�VKDSH�RI�WKH�³VNLQ´�RI�WKH�FDU�ERG\��1H[W��WKH�GUDZLQJ�RIILFH
LVVXHG� WKH� GUDZLQJ� RI� HDFK� SDUW� RI� WKH� ERG\�� LQFOXGLQJ� IUDPH�
LQQHU�SDQHOV�� ORFNV�� KLQJHV�� VHDOV�� DQG� WKH� EUDFNHWV� KROGLQJ� WKH
PHFKDQLFDO� SDUWV�� SRZHU� VWDWLRQ�� JHDUER[�� VWHHULQJ� V\VWHP�
D[OHV��HWF��)LQDOO\��D�PDVWHU�PRGHO�ZDV�EXLOW��WR�EHFRPH�WKH�RQO\
VWDQGDUG�IRU�DV�ORQJ�DV�WKH�FDU�ZRXOG�EH�LQ�SURGXFWLRQ�

$V� RQH� FDQ� HDVLO\� LPDJLQH�� LW� ZDV� D� ORQJ�� GLIILFXOW�� DQG
SDLQVWDNLQJ� WDVN�� UHTXLULQJ� VNLOO�� H[SHULHQFH�� WDVWH�� DQG
LPDJLQDWLRQ�
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7RRO� HQJLQHHULQJ� DQG� PDQXIDFWXULQJ� ZHUH� QRW� DQ\� HDVLHU�
PDLQO\� EHFDXVH� WKH� GHILQLWLRQV�ZHUH� H[SUHVVHG� E\� GUDZLQJV� DQG
E\�FRSLHV�RI�WKH�PDVWHU��ZKLFK�ZDV�OLDEOH�WR�ZDUS�DV�WLPH�SDVVHG�

7R�SXW�LW�LQ�D�QXWVKHOO��LW�ZDV�D�UDWKHU�IX]]\�DQG�KD]\�SURFHVV�
DQG� LW� \LHOGHG� GLVFUHSDQFLHV�� GLVFRQWLQXLWLHV�� GHOD\V�� DQG� DGGHG
FRVWV�

7ZR�ZD\V� DUH� DYDLODEOH� WR� WKRVH�ZKR� HQGHDYRU� WR� LPSURYH� D
SURFHVV�

���$��&RQVLGHU� WKH� GLIIHUHQW� VWHSV� LQYROYHG� LQ� WKH� HQWLUHW\� RI
WKH� V\VWHP� DQG� LPSURYH� RQH� LWHP� RU� DQRWKHU�� WDNLQJ
DGYDQWDJH� RI� WHFKQLTXHV� RU� UHFHQWO\� GHYHORSHG�PHDQV�� )RU
LQVWDQFH�� FRQVLGHU� WKH� FDVH� IRU� PHDVXULQJ� RIIVHWV�� WUDFLQJ
VRPH�FXUYHV��RU�PLOOLQJ�VWDPSLQJ�WRROV�

���%�� )RUJHW� WKH� SDVW�� FOHDQ� WKH� EODFNERDUG�� DQG� VWDUW� IURP
VFUDWFK� WR� EXLOG� D� FRPSOHWH� DQG� FRQVLVWHQW� VROXWLRQ�� WDNLQJ
IXOO� DGYDQWDJH� RI� WKH� SRZHU� RI� UHFHQWO\� GHYHORSHG
WHFKQLTXHV�� RI� ZKLFK� WKH� FRPSXWHU� ZDV� WKH� PRVW� VWULNLQJ
H[DPSOH�

2I� FRXUVH�� 6ROXWLRQ�$� LV� UHDVRQDEO\� VDIH� DQG� FDQ� EH� DGDSWHG
DFFRUGLQJ� WR� GLIILFXOWLHV� DQG� VXFFHVVHV� PHW� DV� WLPH� HYROYHV�
6ROXWLRQ� %� LV� PXFK� PRUH� ULVN\�� EXW� LW� FDQ� \LHOG� ULFK� UHVXOWV�� LW
UHPLQGV� XV� RI� ³ILUVW� RI� &DY´� >WKH� )LUVW� &DYDOU\� 5HJLPHQW²HG�@
DQG�WKH�KLJKO\�UHVSHFWHG�*HQHUDO�*�6��3DWWRQ�

This would mean that stylists would
use computers to obtain drawings and
3D models, be they small or large. Top

management, including the Style
Department, considered this point

unrealistic and insane, to say the least.

6ROXWLRQ�$��7KH�EDVLF�LGHD�ZDV�WR�OHW�WKH�VW\OLVWV�GUDZ�VNHWFKHV
DQG� EXLOG� VPDOO�VFDOH�PRFNXSV�� 7KHQ�� WKH� GUDZLQJ� RIILFH�ZRXOG
WUDFH� FXUYHV� UXQQLQJ� WKURXJK� PHDVXUHG� SRLQWV�� DQG� FRPSXWHU
H[SHUWV� ZRXOG� H[SUHVV� WKHVH� FXUYHV� ZLWK� QXPEHUV� �L�H��� YHFWRU
FRHIILFLHQWV���7KHVH� FXUYHV�ZRXOG�GHILQH� D�QHW� FRYHULQJ� WKH� FOD\
PRGHO�� 7KHQ�� WKH\� ZRXOG� H[SUHVV� WKH� SRLQWV� FRQWDLQHG� LQ� HDFK
PHVK��RU�SDWFK��HQVXULQJ�WKH�FRQWLQXLW\�EHWZHHQ�DGMDFHQW�SDWFKHV�
7KH� VROXWLRQ� ZDV� LQYHQWHG� E\� 6WHYHQ� &RRQV� DQG� SXEOLVKHG� LQ
3URMHFW�0$&�75���� ��������EXW� LW�FDQQRW�EH�WRWDOO\�DXWRPDWLF��,W
LV�ZLGHO\�XVHG�DQG�LV�IDPRXV�ZRUOGZLGH�

2QH� LPSRUWDQW� WDVN� ZDV� WR� JHW� DQ� DXWRPDWLF� VROXWLRQ� WR� WKH
SUREOHP� RI� UXQQLQJ� D� FXUYH� WKURXJK� JLYHQ� SRLQWV�� 7KH� VROXWLRQ
ZDV� LQYHQWHG� E\� PDWKHPDWLFLDQV� VXFK� DV� %LOO� *RUGRQ�� 5LFK
5LHVHQIHOG��(ODLQH�&RKHQ��(YHQ�0HKOXP��5RELQ�)RUUHVW��&KDUOHV
/DQJ�� 0DOFROP� 6DELQ�� $QGUHZ� $UPLW�� *HUDOG� )DULQ�� 5REHUW
%DUQKLOO��/HV�3LHJO�� DQG�%ULDQ�%DUVN\�DQG��RI� FRXUVH��E\�&RRQV�
7KH�FXUYHV�ZHUH�VSOLQHV��EXW�GLIIHUHQW�YDULHWLHV�DSSHDUHG��XQLIRUP
RU� QRQXQLIRUP� VSOLQHV�� %HWD�VSOLQHV�� 1X�VSOLQHV�� DQG�� VRPHZKDW
ODWHU�� QRQXQLIRUP� UDWLRQDO� %�VSOLQHV� �185%6��� 6LQFH� QR
DOJRULWKP� LV� ���� SHUFHQW� UREXVW�� SLHFHZLVH� FXUYHV� KDG� WR� EH
VPRRWKHG�E\�WKH�DUELWUDU\�GHFLVLRQ�RI�DQ�RSHUDWRU�WU\LQJ�WR�PDNH
FXUYHV�³VZHHW�´�³FOHDQ�´�DQG�³IDLU�´�7KH�XVH�RI�VR�PDQ\�ZRUGV�IRU
H[SUHVVLQJ�WKH�VDPH�LGHD�JHQHUDOO\�PHDQV�WKDW�WKH�LGHD�LV�QRW�YHU\

FOHDU�� LQ� WKLV� FDVH�� LW� VKRZV� WKDW� D� V\VWHP� FDQQRW� EH� WRWDOO\
DXWRPDWLF�

7R�JLYH�FUHGLW�WR�ZKRP�FUHGLW�LV�GXH��LW�VKRXOG�EH�QRWHG�WKDW��DV
HDUO\� DV� ������ 3DXO� GH� &DVWHOMDX�� DQ� RXWVWDQGLQJ� DQG� WUXH
PDWKHPDWLFLDQ��KDG� LQYHQWHG�D�SHUIHFWO\�FRUUHFW�V\VWHP�EDVHG�RQ
%HUQVWHLQ¶V� IXQFWLRQV�� EXW� &LWURsQ�� IRU� ZKLFK� KH� ZRUNHG� DW� WKDW
WLPH��ZDV�YHU\�VHFUHWLYH��DQG�WKH�UHVXOWV�ZHUH�QRW�GLVFORVHG�XQWLO
������GHSULYLQJ�KLP�RI�KLV�OHJLWLPDWH�UHSXWDWLRQ�DQG�IDPH�

6ROXWLRQ�%��$W�5HQDXOW�� D� VPDOO�JURXS��YHU\� VPDOO� LQGHHG��RI
PHFKDQLFDO� DQG� HOHFWULFDO� HQJLQHHUV� WKRXJKW� WKDW� WKURXJKRXW� WKH
SURFHVV�RI�FDU�ERG\�SURGXFWLRQ��IURP�WKH�6W\OH�'HSDUWPHQW�GRZQ
WR�LQVSHFWLRQ�DW�WKH�H[LW�VWDWLRQ�RI�WKH�DVVHPEO\�OLQH���LQIRUPDWLRQ
DQG� GDWD� VKRXOG� EH� FDUULHG� H[FOXVLYHO\� E\� QXPEHUV�� RI� FRXUVH�
GUDZLQJV� DQG� �'� PRGHOV� ZRXOG� UHPDLQ� XVHIXO�� EXW� RQO\� DV� D
FRPSOHPHQW�DQG�DQ�H[SODQDWLRQ�IRU�WKH�EHQHILW�RI�RSHUDWRUV�

7KLV�ZRXOG�PHDQ� WKDW� VW\OLVWV�ZRXOG� XVH� FRPSXWHUV� WR� REWDLQ
GUDZLQJV� DQG� �'� PRGHOV�� EH� WKH\� VPDOO� RU� ODUJH�� 7RS
PDQDJHPHQW�� LQFOXGLQJ� WKH� 6W\OH� 'HSDUWPHQW�� FRQVLGHUHG� WKLV
SRLQW�XQUHDOLVWLF�DQG�LQVDQH��WR�VD\�WKH�OHDVW�

7KH�V\VWHP�QHHGHG�WR�IXOILOO�WKH�IROORZLQJ�FRQGLWLRQV�

•� GHILQH� VSDFH� FXUYHV� GLUHFWO\� DQG� QRW� MXVW� E\� FRXSOHV� RI
SURMHFWLRQV�

•� EH� HDVLO\� XQGHUVWRRG� DQG� JUDVSHG� E\� VW\OLVWV�� GHVLJQHUV�
GUDIWVPHQ��DQG�PHWKRGV�SHRSOH�KDYLQJ�D�IDLU�NQRZOHGJH�RI
HOHPHQWDU\�JHRPHWU\�

•� WUDFH�D�FXUYH�LQ�D�PDWWHU�RI�VHFRQGV��D�FRXSOH�RI�PLQXWHV�DW
WKH�PRVW� �LW� VKRXOG� EH� UHPHPEHUHG� WKDW� OD\LQJ� D� ODWK� ILYH
PHWHUV�����IHHW��ORQJ�ZLWK�³GXFNV´�PLJKW�KDYH�WDNHQ�WZR�WR
IRXU�KRXUV��

•� FDUYH�6W\URIRDP�DW�WKH�UDWH�RI�RQH�VTXDUH�PHWHU�����VTXDUH
IHHW�� DQ� KRXU� RQ� D� VSHFLDOO\� GHYLVHG� PLOOLQJ� PDFKLQH�� WKH
IHHG� RI� ZKLFK� ZRXOG� EH� DERXW� ���� PP�VHFRQG� ���
IHHW�PLQXWH���DQG

•� ZRUN�LQ�DQ�LQWHUDFWLYH�PRGH�

7KLV�ODVW�UHTXLUHPHQW�PHDQW�WKDW�D�PHGLXP�VFDOH�FRPSXWHU�ZRXOG
QHHG�WR�EH�DYDLODEOH����KRXUV�D�GD\��&LUFD�������VXFK�D�YLHZSRLQW
ZDV�FRQVLGHUHG�WRWDOO\�KHWHURGR[��VLQFH�WKH�DFFHSWHG�SUDFWLFH�LQ�D
FRPSDQ\�ZDV�WR�KDYH�D�YHU\�ODUJH�FRPSXWHU�ZRUNLQJ�IRU�GLIIHUHQW
VHUYLFHV�� ILUVW� IRU� DGPLQLVWUDWLYH� VHUYLFHV� �DFFRXQWLQJ�� PDLO�
LQYRLFLQJ�� VWDWLVWLFV�� DQG� SHUVRQQHO�� DQG� WKHQ� ODWHU� IRU� WHFKQLFDO
GHYHORSPHQW�³ZKHQ�WLPH�SHUPLWWHG�´

7KH�FRVW�RI� WKH�PLQLPDO�SURWRW\SH�HTXLSPHQW� �L�H��� D�GUDZLQJ
PDFKLQH�� D� VSHFLDO� PLOOLQJ� PDFKLQH�� D� VLPSOH� FRPSXWHU�� DQG
HOHPHQWDU\� VRIWZDUH�� ZDV� VXSSRVHG� WR� DPRXQW� WR� ���������
5HQDXOW�OLPLWHG�LWV�ULVN�WR�����������DQG�WKH�SURMHFW�FDUULHG�IRUWK
ZLWK�KHOS�IURP�D�FRPSDQ\�SURGXFLQJ�PHGLXP�VL]H�FRPSXWHUV�DQG
IURP� '�*�5�6�7�� �)UDQFH¶V� *HQHUDO� $JHQF\� IRU� 6FLHQWLILF� DQG
7HFKQLFDO�5HVHDUFK��

Prototype Equipment
7R� GHVLJQ� D� GUDZLQJ� PDFKLQH� DQG� D� PLOOLQJ� PDFKLQH� ZDV� D
WULYLDO� SUREOHP� IRU� ZHOO�WUDLQHG� PHFKDQLFDO� HQJLQHHUV�� WKH
VHUYRFRQWUROOHU�FRQGLWLRQV�ZHUH�PRUH�H[DFWLQJ��EXW�WKH�SUREOHP
ZDV� ILQDOO\� VROYHG�� 7KH� PDWKHPDWLFDO� SUREOHP�� KRZHYHU�
UHPDLQHG�� 7KH� FRPSDQ\� VWDII� LQFOXGHG� VRPH� SURIHVVLRQDO
PDWKHPDWLFLDQV� ZKR� FRXOG�� QR� GRXEW�� VROYH� LW²EXW� WKH\� ZHUH
QRW�LQWHUHVWHG��6R��WKH�SUREOHP�ZDV�GHDOW�ZLWK�E\�HQJLQHHUV�ZKR
ZHUH� QRW� EDG� DW� PDWK� EXW� ZHUH� IDU� IURP� ³FKDUWHUHG´



Graphics Remembrances

����•��,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R���������

PDWKHPDWLFLDQV��7KH�PDWKHPDWLFDO� VROXWLRQ�ZDV�GHYHORSHG�DQG
WHVWHG�ZLWK�WKH�KHOS�RI�D�VPDOO�SORWWHU�

,Q�������WKH�UHTXLUHG�DPRXQW�RI�PRQH\�EHFDPH�DYDLODEOH��DQG
VR�WKH�PDQXIDFWXULQJ�RI�WKH�HTXLSPHQW�EHJDQ��LW�ZDV�GHOLYHUHG�LQ
$SULO������DQG�WKHQ�WRRN�DERXW�D�VHPHVWHU�WR�DGMXVW�DQG�GHEXJ��,Q
������LW�ZDV�FRQFOXGHG�WKDW�LW�FRXOG�EH�XVHG�LQ�WKH�GUDZLQJ�RIILFH
DQG� LQ� PHWKRGV�� )LYH� GUDZLQJ� PDFKLQHV� DQG� DV� PDQ\� PLOOLQJ
PDFKLQHV�ZHUH�RUGHUHG��EXLOW��DQG�FRPPLVVLRQHG�LQ������

'XULQJ� WKUHH� \HDUV�� WKH� V\VWHP�ZDV� RSHUDWHG� LQ� SDUDOOHO� ZLWK
WKH� WUDGLWLRQDO� PHWKRG�� VR� DV� WR� PDNH� D� VRXQG� FRPSDULVRQ�� ,Q
������LW�ZDV�GHFLGHG�WR�PDNH�WKH�ELJ�FKDQJH��DIWHU�KDYLQJ�ORRNHG
WZLFH�RU�WKULFH�

,Q� IDFW�� GHVLJQHUV� DQG� GUDIWVPHQ�ZHUH� UDSLGO\� FRQYLQFHG� WKDW
WKH� V\VWHP�ZDV�HDV\� WR�XVH�DQG�PRUH�FRPIRUWDEOH�� ,W� WRRN�PXFK
PRUH�WLPH�IRU�WKH�VWDII��HVSHFLDOO\�WKH�VW\OLVWV��WR�DGPLW�WKDW�LW�ZDV
UHDOO\�XVHIXO�

%XW��DV�5XG\DUG�.LSOLQJ�VDLG��³7KDW�LV�DQRWKHU�VWRU\�´

Conclusion
7KH� V\VWHP�� DW� WKDW� WLPH� QDPHG� 81,685)�� ZDV� RIILFLDOO\
DFFHSWHG� DQG� VLQFH� WKHQ� KDV� EHHQ� H[SDQGHG� PRUH� WKDQ� ���IROG�
2QH�FDQ�VDIHO\�DGPLW�WKDW�LW�WRWDOO\�UHSODFHG�WKH�SUHYLRXV�PHWKRG�
LW� OHDYHV� WKH� VW\OLVWV� IUHH� WR� H[SUHVV� WKHLU� ILUVW� LQWHQWLRQV� ZLWK
KDQGPDGH�VNHWFKHV��GUDZLQJV��DQG�VPDOO�VFDOH�PRFNXSV��EXW�IURP
WKDW� VWDWH� RQ�� DQ\� SUHFLVH� LQIRUPDWLRQ� RU� GDWXP� LV� H[SUHVVHG
H[FOXVLYHO\�E\�QXPEHUV�

It came from the ability to work, think,
and react in the rigid Cartesian world of
machine tools and, at the same time, in

the more flexible, n-dimensional
parametric world.

7KH�RULJLQDO�VRIWZDUH��ZKLFK�ZDV� OLPLWHG�E\� WKH�SRZHU�RI� WKH
VHFRQG�� �RU� WKLUG�"�� KDQG� FRPSXWHU�� KDV� EHHQ� JUHDWO\� H[SDQGHG�
185%6�KDYH�EHHQ�LQFRUSRUDWHG�ZLWK�RWKHU�VROXWLRQV�

0DQ\�V\VWHPV�QRZ�H[LVW��VRPH�RI�ZKLFK�KDYH�VRPH�VLPLODULW\
ZLWK�WKDW�RI�5HQDXOW��7KH\�DUH�XVHG�WKH�ZRUOG�RYHU�DQG�LQ�YDULRXV
LQGXVWULHV�

,QVWHDG�RI�ORRNLQJ�DW�WKHP�LQ�GHWDLO��LW�VHHPV�PRUH�FRQYHQLHQW
WR� FRQVLGHU� WKH� UHDVRQV� IRU� ZKLFK� D� PLQXWH� PDNHVKLIW� SURMHFW�
LQLWLDWHG� E\� D� YHU\� VPDOO� JURXS� RI� PHFKDQLFDO� DQG� HOHFWULFDO
HQJLQHHUV��KDV�EHHQ�VRPHZKDW�VXFFHVVIXO�

/RRNLQJ� EDFN� DW� WKRVH� \HDUV� �����±������� LW� LV� SRVVLEOH� WR
SHUFHLYH�VRPH�VDOLHQW�SRLQWV�

•� 0HFKDQLFDO�HQJLQHHUV�GHILQH�VKDSHV�ZLWK�GLPHQVLRQV�DQG�OLPLWV
WKDW�OHDYH�QR�SODFH�IRU�GLVFXVVLRQ��WKH\�WKRXJKW�WKDW�LW�ZRXOG�EH
D�JRRG�WKLQJ�WR�XVH�WKH�VDPH�SULQFLSOH�IRU�FDU�ERGLHV�

•� 7KH\�ILJXUHG�WKDW�LW�ZDV�XUJHQW�WR�GR�DZD\�ZLWK�D�FHQWXULHV�ROG
V\VWHP��VFUDS�LW��FOHDQ�WKH�EODFNERDUG��DQG�VWDUW�IURP�VFUDWFK�

•� 7KH\�KDG�EHHQ�LQ�PRVW�RI�WKH�WUDGHV�WKDW�ZRXOG�EH�LQYROYHG
LQ� WKH� V\VWHP�WR�EH�� SDWWHUQ� PDNHUV�� IRXQGU\� DQG� IRUJH
KDQGV�� WRRO� VHWWHUV�� PDFKLQH� WRRO� RSHUDWRUV�� GUDIWVPHQ�
GHVLJQHUV�� HOHFWULFLDQV�� VHUYRFRQWURO� VSHFLDOLVWV�� HWF�
&RQVHTXHQWO\�� WKH\� FRXOG� LPDJLQH� WKH� UHDFWLRQV� RI� SHRSOH

ZKR�ZRXOG�WDNH�SDUW�LQ�WKH�QHZ�SURFHVV�DQG�FRXOG�WDNH�WKHLU
UHDFWLRQV�LQWR�DFFRXQW��7KH�RQO\�SHRSOH�WKH\�KDG�QRW�PHW²
EHFDXVH� RI� WKH� QHHG� WR� NHHS� QHZ� GHVLJQV� VHFUHW²ZHUH
VW\OLVWV�� EXW� ERG\� GHVLJQHUV� KDG� H[SODLQHG� WKHLU� EHKDYLRU�
MXGJPHQW��DQG��VRPHWLPHV��ZKLP�DQG�VXSHUVWLWLRQ�

•� $Q\�VROXWLRQ�ZRXOG�UHTXLUH�D�FHUWDLQ�DPRXQW�RI�PDWK��7KH
SUREOHP�ZDV�WR�GHILQH�VSDFH�FXUYHV�DQG��WKHQ��SDWFKHV��7KH
EDVLF� LGHD�KDG�EHHQ� WR�FKRRVH�D�QRW�WRR�FRPSOLFDWHG�FXUYH
DQG�PRGLI\�LW�WR�REWDLQ�D�FRQYHQLHQW�VKDSH��0RGLILFDWLRQ�RI
D�FXUYH�ZDV�DFFRPSOLVKHG�QRW�E\�DOWHULQJ� WKH�GHILQLWLRQ�RI
WKH� FXUYH�� EXW� E\�GLVWRUWLQJ� WKH�&DUWHVLDQ� FXEH� LQ�ZKLFK� LW
ZDV� RULJLQDOO\� GHILQHG�� )RU� WKH� VDNH� RI� VLPSOLFLW\�� WKH
GLVWRUWLRQ�RI�WKH�FXEH�ZRXOG�EH�OLQHDU��RU�DIILQH���+HQFH��WKH
FXEH�ZRXOG�EHFRPH�D�SDUDOOHOHSLSHG��SSSG���LQWR�ZKLFK�WKH
FRRUGLQDWHV� RI� D� SRLQW�ZRXOG� UHPDLQ� WKH� VDPH� DV� WKRVH� RI
WKH�FRUUHVSRQGLQJ�SRLQW�RI�WKH�LQLWLDO�FXUYH�

•� $�SSSG�LV�GHILQHG�E\�WKUHH�YHFWRUV�KDYLQJ�WKH�VDPH�RULJLQ�
+HQFH��GLVWRUWLQJ�D�SSSG�UHTXLUHV�PRYLQJ�RQO\�IRXU�SRLQWV�
7KH�QHZ�VHW�RI�FRRUGLQDWHV��L�H��� WKH�SSSG��LV�UHODWHG�WR�WKH
&DUWHVLDQ� VHW� RI� WKH� PDFKLQH� WKURXJK� D� �� ×� �� PDWUL[�� WKH
RSHUDWRU�LV�IUHH�WR�FKRRVH�LQ�ZKLFK�VHW�KH�ZDQWV�WR�ZRUN�

•� ,QVWHDG� RI� GHILQLQJ� D� SSSG�ZLWK� WKUHH� YHFWRUV� LVVXHG� IURP
WKH� VDPH� SRLQW�� LW� VHHPHG� VLPSOH²KRZ� VLPSOH²WR� SXW
WKRVH�YHFWRUV�HQG�WR�HQG��WKXV�EXLOGLQJ�DQ�RSHQ�SRO\JRQ��WKH
VKDSH�RI�ZKLFK�PLPLFV�WKDW�RI�WKH�FRUUHVSRQGLQJ�FXUYH�

•� ,W�EHFDPH�HYLGHQW�WKDW�WKH�QHZ�YHFWRUV�ZHUH�QRW�FRPSHOOHG
WR� EH� OLQHDUO\� LQGHSHQGHQW�� ,W� ZDV� SRVVLEOH� WR� LQFUHDVH� WKH
QXPEHU� RI� SRO\JRQ� OHJV�� WKXV� LQFUHDVLQJ� WKH� YDULHW\� RI
FXUYHV�DYDLODEOH�

•� 'HILQLQJ� VXUIDFHV�� RU�SDWFKHV�� DV� IRFL�RI�SDUDPHWULF� FXUYHV
ZDV� VWUDLJKWIRUZDUG�� 7KH� ZKROH� V\VWHP� ZDV� H[SDQGHG� WR
SURYLGH� VORSH� RU� FXUYDWXUH� FRQWLQXLW\� EHWZHHQ� DGMDFHQW
SDWFKHV�� 1RZ�� QR� GD\� SDVVHV� ZLWKRXW� WH[WV� RU� ERRNV
GHVFULELQJ�QHZ�SRVVLELOLWLHV�RI�&$'�&$0�

7R� VXP�XS� WKH� EDVLF� LGHDV� RI� WKH� V\VWHP�� LW� FDQ� EH� VDLG� WKDW� LW
FDPH�IURP�WKH�DELOLW\�WR�ZRUN��WKLQN��DQG�UHDFW�LQ�WKH�ULJLG�&DUWHVLDQ
ZRUOG�RI�PDFKLQH�WRROV�DQG��DW�WKH�VDPH�WLPH��LQ�WKH�PRUH�IOH[LEOH�
Q�GLPHQVLRQDO�SDUDPHWULF�ZRUOG��,W�LV�HYHQ�SRVVLEOH�WR�LPDJLQH�WKDW
DQ�REMHFW�GHILQHG�LQ�D�&DUWHVLDQ��'�VSDFH�FRXOG�EH� LQVHUWHG� LQWR�D
WULSDUDPHWULF� VSDFH� WKDW� FDQ� EH� WZLVWHG� DQG� ZDUSHG�� H[DFWO\� DV� D
SDWFK� LV� D� WZLVWHG� VTXDUH� LQVFULEHG� LQ� D� GLSDUDPHWULF� VSDFH�� 7KLV
QRWLRQ�VKRXOG�EH�KDQGOHG�ZLWK�FDUH��EHFDXVH�LW�LV�OLDEOH�WR�UDLVH�WKH
ILQDO�&DUWHVLDQ�GHILQLWLRQ�WR�DQ�XQPDQDJHDEOH�RUGHU�

0LJUDWLRQ� EHWZHHQ� WZR� GLIIHUHQW� ZRUOGV� LV� UHPLQLVFHQW� RI� WKH
VWRU\�RI�$OLFH�LQ�:RQGHUODQG��7KH�PLUURU�LV�WKH�ERUGHU�EHWZHHQ�KHU
VRXQG�KRPH�ZRUOG�DQG�WKH�VHQVHOHVV�ZRUOG�LQ�ZKLFK�VKH�PHHWV�WKH
6QDUN��WKH�4XHHQ�RI�6SDGHV��WKH�0DG�+DWWHU��DQG�WKH�&KHVKLUH�&DW�

$IWHU� DOO�� /HZLV� &DUUROO� ZDV� WKH� QRP� GH� SOXPH� RI� &KDUOHV
'RGJVRQ��ZKR�ZDV�DOVR�D�SURIHVVRU�RI�PDWKHPDWLFV�

3LHUUH�%p]LHU�LV�RQH�RI�D�YHU\�IHZ�SHRSOH�ZKRVH�QDPH�UHVLGHV�LQ�WKH
OH[LFRQ�RI�FRPSXWHU�JUDSKLFV��+H�KDV�WDXJKW��DXWKRUHG�ERRNV��GLUHFWHG
WKH�5HQDXOW�FDU�FRPSDQ\��DQG��RI�FRXUVH��SURYLGHG�WKH�ZRUOG�ZLWK�WKH
ILUVW�UREXVW�PHWKRG�IRU�IUHH�IRUP�VXUIDFH�GHVLJQ��,Q�������KH�UHFHLYHG
WKH�6WHYHQ�&RRQV�DZDUG��6LJJUDSK¶V�KLJKHVW�KRQRU�

3LHUUH�%p]LHU�FDQ�EH�FRQWDFWHG�DW
���DY��*RXUJDXG
������3DULV��)UDQFH




