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George Lucas Discovers Computer
Graphics
by Alvy Ray Smith
0\� FROOHDJXHV� DQG� ,� KDYH� EHHQ� EOHVVHG� E\� D� VHTXHQFH� RI
LQGLYLGXDOV� RI� D� XQLTXH� YDULHW\� ,� FDOO� DFFLGHQWDO� YLVLRQDULHV²D
SHFXOLDUO\� $PHULFDQ� W\SH�� ,� VXVSHFW�� DQG� SUREDEO\� PRUH
IXQGDPHQWDO� WR� 8�6�� WHFKQRORJLFDO� OHDGHUVKLS� WKDQ� LV� FRPPRQO\
DSSUHFLDWHG��7KUHH�RI�WKHP��$OH[DQGHU�6FKXUH��SDWURQ�RI�WKH�1HZ
<RUN� ,QVWLWXWH� RI� 7HFKQRORJ\¶V� FRPSXWHU� JUDSKLFV� ODE��� *HRUJH
�6WDU�:DUV�� /XFDV�� DQG� 6WHYHQ� -REV� �FRIRXQGHU� RI�$SSOH��� KDYH
GLUHFWO\� LQIOXHQFHG� P\� OLIH� DQG� KHOSHG� WR� PDNH� WKH� FRPSXWHU
JUDSKLFV�LQGXVWU\�UREXVW�DQG�SHUYDVLYH��7KH\�DOO�GHVHUYH�WKH�WLWOH
³YLVLRQDU\´� LQ� WKH� VHQVH� WKDW� WKH\� MXPSHG� LQWR� WKH� GLJLWDO� IUD\
EDVHG�DOPRVW�VROHO\�RQ�LQWXLWLRQ�DQG�SDLG�JHQHURXVO\�IRU�RXU�\HDUV
RI�HDUO\�H[SHULPHQWDWLRQ�DQG�GHYHORSPHQW��7KH\�PDGH�LW�KDSSHQ�
%XW�� ,� EHOLHYH� WKH\� GLG� QRW� UHFRJQL]H� WKH� IXOO� SRZHU� RI� WKH
WHFKQRORJ\� WKH\�VXSSRUWHG��ZKLFK� LV�ZK\�,�FDOO� WKHP�³DFFLGHQWDO
YLVLRQDULHV�´� 7KLV� VWRU\�� IRU� H[DPSOH�� LV� DERXW� KRZ� ILOPPDNHU
/XFDV�GLVFRYHUHG�FRPSXWHU�JUDSKLFV�

By this time, however, it had dawned on
me that [George Lucas] did not

understand raster graphics.

7KH� WLPH� LV� ����� LQ� 0DULQ� &RXQW\�� &DOLIRUQLD�� DFURVV� WKH
*ROGHQ�*DWH� IURP� 6DQ� )UDQFLVFR�� (G�&DWPXOO� LV� GLUHFWRU� RI� WKH
FRPSXWHU�GLYLVLRQ�RI�/XFDVILOP��DQG�,�DP�GLUHFWRU�RI�LWV�FRPSXWHU
JUDSKLFV� EUDQFK�� 2XU� JRDO� RI� PDQ\� \HDUV� KDV� EHHQ� WR� PDNH� D
FRPSOHWHO\�FRPSXWHU�JHQHUDWHG�DQLPDWHG�ILOP��:H�EHOLHYH�/XFDV
KLUHG�XV�WR�XVH�FRPSXWHU�JUDSKLFV�LQ�KLV�ILOPV�DQG��KHQFH��KHOS�XV
DORQJ�WKH�SDWK�WR�RXU�GUHDP��7UXH��KH�KDG�QRW�H[SOLFLWO\�PHQWLRQHG
WKLV�DV�KLV�PRWLYDWLRQ�IRU�HQJDJLQJ�XV��,QVWHDG��KLV�VSHFLILF�UHTXHVW
RI� XV� ZDV� WR� EXLOG� WKUHH� SLHFHV� RI� HTXLSPHQW� WR� PRGHUQL]H� WKH
WHFKQRORJ\�RI�ILOPPDNLQJ�

•� D�GLJLWDO�ILOP�SULQWHU��SDUW�RI�ZKLFK�ZRXOG�ODWHU�EH�NQRZQ�DV
D�³3L[DU´��

•� D�GLJLWDO�DXGLR�V\QWKHVL]HU��DQG
•� D�GLJLWDOO\�FRQWUROOHG�YLGHR�HGLWRU�

%XW�VXUHO\�KH�PXVW�EH�LQWHUHVWHG��+H�KDG��DIWHU�DOO��XVHG�FRPSXWHU
JUDSKLFV� LQ� KLV� ILUVW� VPDVK� KLW� 6WDU� :DUV�� LQ� WKH� IRUP� RI� /DUU\
&XED¶V�EODFN�DQG�ZKLWH�YHFWRU�JUDSKLFV²XVHG�LQ�WUDLQLQJ�;�ZLQJ
SLORWV��$QG�6WDU�:DUV�ZDV�NQRZQ�IRU�LWV�XVH�RI�FRPSXWHUV��EXW�QR
RQH�ZDV�TXLWH�VXUH�KRZ��

%\� WKLV� WLPH�� KRZHYHU�� LW� KDG� GDZQHG� RQ�PH� WKDW� KH� GLG� QRW
XQGHUVWDQG� UDVWHU� JUDSKLFV�� ,� KDG� DOUHDG\� FRPPHQWHG� WR�&DWPXOO
WKDW�³*HRUJH�GRHVQ¶W�NQRZ�ZKDW�KH�KDV�´�$FWXDOO\��,�KDG�VDLG�KH
³GRHVQ¶W�NQRZ�ZKDW�KH�KDV�HLWKHU�´� VLQFH� ,�KDG�PDGH�DOPRVW� WKH
VDPH�UHPDUN�DERXW�6FKXUH�\HDUV�HDUOLHU�DW�WKH�1HZ�<RUN�,QVWLWXWH

RI�7HFKQRORJ\��,QGHHG�� WKH�XVH�RI�FRPSXWHUV�LQ�6WDU�:DUV� WXUQHG
RXW� WR� EH� IRU� FRQWURO� RI�PHFKDQLFDO� GHYLFHV²UHSHDWDEOH� FDPHUD
GROOLHV� IRU� EOXH�VFUHHQ� VKRWV²QRW� IRU� PDNLQJ� SLFWXUHV� GLUHFWO\�
3URGXFWLRQ�RI�7KH�(PSLUH�6WULNHV�%DFN�ZDV�XQGHU�ZD\��EXW�WKHUH
ZDV� QR� UHTXHVW� WKDW� ZH� KHOS� ZLWK� LW�� ,Q� IDFW�� LW� ZRXOG� KDYH� QR
FRPSXWHU� JUDSKLFV�� 6R�� DOWKRXJK� /XFDV� ZDV� FOHDUO\� D� YLVLRQDU\
DERXW�GLJLWL]LQJ�+ROO\ZRRG¶V�WHFKQRORJ\��WKH�EHVW�,�FDQ�VD\�DERXW
KLV�FRPSXWHU�JUDSKLFV�YLVLRQ�DW�WKDW�WLPH�ZDV�WKDW�KH�DOORZHG�PH
WR� DVVHPEOH� WKH� EHVW� WHDP� RI� FRPSXWHU� JUDSKLFV� ZL]DUGV� LQ� WKH
ZRUOG��SUREDEO\�EHFDXVH�KH�MXVW�GLG�QRW�NQRZ�ZKR�WKH\�ZHUH�

6HYHUDO�RI�RXU�FROOHDJXHV�IURP�1HZ�<RUN�7HFK��LQFOXGLQJ�7RP
'XII�� %LOO� 5HHYHV�� DQG� 'DYLG� 'L)UDQFHVFR�� KDG� MRLQHG� XV� RU
ZRXOG�VKRUWO\��,�KLUHG�7RP�3RUWHU�IURP�$PSH[��/RUHQ�&DUSHQWHU
IURP�%RHLQJ��DQG�5RE�&RRN�IUHVK�RXW�RI�&RUQHOO�8QLYHUVLW\��-LP
%OLQQ� MRLQHG�XV� IURP�WKH�-HW�3URSXOVLRQ�/DERUDWRU\��ZKHUH� ,�KDG
ZRUNHG� ZLWK� KLP� EULHIO\� EHWZHHQ� 1HZ� <RUN� 7HFK� DQG
/XFDVILOP²DOWKRXJK� KH� ZDV� WR� UHWXUQ� WR� WKH� -HW� 3URSXOVLRQ
/DERUDWRU\�EHIRUH�WKH�KHDUW�RI�WKLV�VWRU\�WUDQVSLUHG��7KH�SODFH�ZDV
KRSSLQJ��%XW� WKHUH�ZHUH� QR� UHTXHVWV� IURP�/XFDV� WR� GR�ZKDW�ZH
ZHUH�UHDOO\�JRRG�DW�

7KH�ELJ�EUHDN�ILQDOO\�FDPH�IURP�QH[W�GRRU��,QGXVWULDO�/LJKW�	
0DJLF��,/0���WKH�/XFDVILOP�VSHFLDO�HIIHFWV�GLYLVLRQ��DW�WKDW�WLPH�
LW�ZDV�ZRUNLQJ�ZLWK�SK\VLFDO�PRGHOV��QRW�FRPSXWHU�JUDSKLFV���ZDV
LQ� WKH� EXLOGLQJ� QH[W� WR� RXUV� LQ� 6DQ� 5DIDHO�� &DOLIRUQLD�� ,/0
SURGXFHG�HIIHFWV�IRU�RWKHU�FRPSDQLHV�DV�ZHOO�DV�IRU�/XFDVILOP��,Q
WKLV� FDVH�� WKH� RXWVLGH� FRPSDQ\�ZDV�3DUDPRXQW�3LFWXUHV�� DQG� WKH
FRQWUDFW� ZRUN� ZDV� IRU� 6WDU� 7UHN� ,,�� 7KH� :UDWK� RI� .KDQ�� 7KH
GLUHFWRU� H[SUHVVHG� KLV� ZLVK� IRU� D� VSHFWDFXODU� HIIHFW� XVLQJ� WKLV
QHZIDQJOHG�WHFKQRORJ\�FDOOHG�FRPSXWHU�JUDSKLFV��/XFNLO\�IRU�XV�
DOWKRXJK� ,/0� GLG� QRW� NQRZ� FRPSXWHU� JUDSKLFV�� RQH� RI� LWV
HPSOR\HHV�XVHG�DQ�$SSOH�FRPSXWHU�DQG�ZDV��WKHUHIRUH��DZDUH�RI
XV�FRPSXWHU� IRONV�QH[W�GRRU�� ,�JRW� WKH�FDOO� WR�JR�QH[W�GRRU� IRU�D
PHHWLQJ�

7KH�VWRU\�RI�WKH�ILOP�KLQJHG�RQ�WKH�VR�FDOOHG�JHQHVLV�HIIHFW��D
SKHQRPHQRQ� WKDW� LQVWDQWDQHRXVO\� EURXJKW� GHDG� PDWWHU� WR� OLIH�� ,
TXLFNO\� FRQFOXGHG� WKDW� WKH� GLUHFWRU� DQG� GHVLJQHUV� GLG� QRW� NQRZ
ZKDW� FRXOG� RU� FRXOG� QRW� EH� GRQH� ZLWK� FRPSXWHU� JUDSKLFV�� VR� ,
VXJJHVWHG� WKDW� WKH\� OHW� PH� WKLQN� DERXW� WKH� VKRW� RYHUQLJKW� DQG
SURSRVH�D�VROXWLRQ�WKDW�,�NQHZ�ZH�FRXOG�H[HFXWH��7KH\�DJUHHG�

1RZ�� LW� LV� LPSRUWDQW� WR� SXW� WKLV� RSSRUWXQLW\� LQWR� SHUVSHFWLYH�
7KLV�ZDV�WR�EH�D�PDMRU�PRWLRQ�SLFWXUH�E\�D�PDMRU�VWXGLR��,W�ZRXOG�
LQ� IDFW�� EHFRPH� D� EORFNEXVWHU�� ,� KDG� MXVW� EHHQ� JLYHQ� WKH
RSSRUWXQLW\� WR�GHVLJQ���� VHFRQGV�RI� WKLV� ILOP��&RPSOHWH�QRYLFHV
QHYHU� JHW� VXFK� D� FKDQFH�� %XW� ,� KDG� LW� DQG� NQHZ� LW�� ,� ZRUNHG
VOHHSOHVVO\�DOO�QLJKW�RQ�D�FRQFHSW�HPSOR\LQJ�HYHU\WKLQJ� ,�KDG�DW
KDQG²SULQFLSDOO\� DQ� H[WUHPHO\� WDOHQWHG� WHDP�� LQFOXGLQJ
&DUSHQWHU�DQG�KLV�IUDFWDO�PRXQWDLQV��5HHYHV�DQG�KLV�QHZ�SDUWLFOH
V\VWHPV��3RUWHU�DQG�KLV�SDLQW�SURJUDP��WKH��'�UHQGHULQJ�VNLOOV�RI
&RRN�DQG�'XII��DQG�WKH�GLJLWDO�ILOPLQJ�H[SHUWLVH�RI�'L)UDQFHVFR��,
ZDV� VWLOO� XQGHU� WKH� LQIOXHQFH� RI� %OLQQ¶V� 9R\DJHU� IO\E\V� RI� WKH
SODQHWV�DW� WKH�-HW�3URSXOVLRQ�/DERUDWRU\�� ,� WKUHZ�DOO� WKLV� WRJHWKHU
DQG�VNHWFKHG�D�VKRUW��VL[�FDUG�VWRU\ERDUG�IRU�ZKDW�ZRXOG�EHFRPH
WKH� ³JHQHVLV� GHPR´� 6WDU� 7UHN� ,,�� ,/0� DFFHSWHG� P\� LGHDV
FRPSOHWHO\²HYHQ� JLYLQJ� PH� DQRWKHU� VKRW� WR� GR� �WKH� UHWLQD� ,'
VHTXHQFH���7KLV�ZDV�WR�EH�P\�ILUVW�GLUHFWLQJ�MRE�IRU�WKH�ELJ�VFUHHQ
DQG�RXU�ILUVW�UHDO�PRYLH�MRE��D�YHU\�OXFN\�EUHDN�

$W�WKH�ILUVW�SURGXFWLRQ�PHHWLQJ�IRU�WKH�JHQHVLV�GHPR��,�RXWOLQHG
WKH�MRE�WR�WKH�WHDP�DQG�PDGH�D�VWDWHPHQW�VRPHWKLQJ�OLNH��³:H�ZLOO
GR� D� ILUVW�UDWH� MRE� RI� VDWLVI\LQJ� 3DUDPRXQW� DQG� WKH� VWRU\
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UHTXLUHPHQWV��:H�ZLOO�FDSWLYDWH�WKH�YLHZLQJ�SXEOLF�ZLWK�RXU�VWRU\�
%XW� WKH� UHDO� SXUSRVH� LV� WR� FUHDWH� D� ���VHFRQG� FRPPHUFLDO� WR
*HRUJH�/XFDV��VR�WKDW�KH�ZLOO�NQRZ�ZKDW�KH�KDV�DQG�ZKDW�ZH�FDQ
GR�IRU�KLP�´

,�WROG�WKHP�KRZ�ZH�ZRXOG�DFFRPSOLVK�WKLV�ODWWHU�JRDO��,�ZDV
DFTXDLQWHG�ZLWK� /XFDV� ZHOO� HQRXJK� E\� WKLV� WLPH� WR� NQRZ� WKDW
ZKHQ� KH� ZDWFKHV� D� PRYLH�� KH� LV� FRPSOHWHO\� DZDUH� RI� WKH
FDPHUD²WKH� FKRLFH� RI� DQJOH�� GLVWDQFH��PRYHPHQW�� HWF�� 7KLV� LV
PXFK�HDVLHU�WR�VD\�WKDQ�WR�GR��$�GLUHFWRU¶V�SXUSRVH��DIWHU�DOO��LV
WR�HQJDJH�WKH�DXGLHQFH�VR�WKRURXJKO\�LQ�WKH�HPRWLRQ�RI�KLV�VWRU\
WKDW�WKH\�SD\�DEVROXWHO\�QR�DWWHQWLRQ�WR�WKH�WHFKQRORJ\�FUHDWLQJ
WKH� LOOXVLRQ�� /XFDV� FRXOG� UHVLVW� WKH� GLUHFWRU¶V� HPRWLRQDO� SXOO
ZKLOH� ZDWFKLQJ� D� PRYLH� DQG� FRQFHQWUDWH� LQVWHDG� RQ� WKH
FDPHUDPDQ¶V�FKRLFHV�

6R�P\� LQVWUXFWLRQV� WR� WKH� WHDP�ZHUH� WKDW� ZH� ZRXOG� FUHDWH� D
FDPHUD�PRYH�WKDW�ZRXOG�³NQRFN�*HRUJH¶V�VRFNV�RII�´�,W�ZRXOG�QRW
EH� D� JUDWXLWRXV� �'� FDPHUD� PRYH� WKDW� EHJLQQHUV� LQ� FRPSXWHU
JUDSKLFV�VRPHWLPHV� LPSOHPHQW�RQ� WKHLU� ILUVW�DWWHPSW�� ,W�ZRXOG�DW
DOO� WLPHV� EH� UHOHYDQW� WR� WKH� VWRU\� DQG� KHOS� EXLOG� LWV� HPRWLRQDO
IRUFH�� $QG�� /XFDV� ZRXOG� NQRZ� WKDW� LW� FRXOG� QRW� SRVVLEO\� EH
H[HFXWHG�E\�D�SK\VLFDO�FDPHUD�

:H� SURFHHGHG� WR� GHVLJQ� D� PRYH� EDVHG� RQ� WKH� LGHD� RI� D
VSDFHFUDIW� IO\LQJ� E\� D� GHDG�� PRRQ�OLNH� SODQHW� ZLWK� D� FDPHUD
DWWDFKHG�WR�WKH�FUDIW��&DUSHQWHU�ZDV�WKH�PDLQ�FRQWULEXWRU�WR�WKLV
PRYH��GHVLJQLQJ�D��'�VSOLQH��IRU�WKH�VL[�GHJUHHV�RI�IUHHGRP�RI�D
ULJLG� ERG\� LQ� �'� VSDFH�� WKURXJK� DERXW� ���� SRLQWV�� ,W� LV� D
WZLVWLQJ�� VSLUDOLQJ�� DFFHOHUDWLQJ�� GHFHOHUDWLQJ�� VZHHSLQJ�
UHYHUVLQJ�� PLQXWH�ORQJ�� FRQWLQXRXV� FDPHUD� PRYH� WKDW� IROORZV
WKH�VXGGHQ�DSSHDUDQFH�RI�IODPH�RYHU�WKH�OLPE�RI�WKH�SODQHW�DQG
WUDFNV� WKH�ZDOO� RI� ILUH� WR� EXLOG� WHQVLRQ�� 7KH� ILUH� RYHUWDNHV� WKH
FDPHUD�DQG�PHOWV�WKH�SODQHW��$V�WKH�VSDFHFUDIW�SXOOV�DZD\�RQ�LWV
RXWZDUG�ERXQG� WUDMHFWRU\�� WKH� FDPHUD²QRZ� ORRNLQJ� EDFN²
UHYHDOV�WKDW�WKH�PROWHQ�VSKHUH�KDV�EHHQ�UHERUQ�DV�DQ�HDUWK�OLNH�
JUHHQ�DQG�EOXH��DOLYH��SODQHW�

,� ZLOO� QRW� JR� LQWR� IXUWKHU� GHWDLOV� RI� WKH� SURGXFWLRQ� DQG� LWV
FUHGLWV�� EHFDXVH� ,� KDYH� FRYHUHG� WKHP� FDUHIXOO\� HOVHZKHUH� �³7KH
*HQHVLV� 'HPR�� ,QVWDQW� (YROXWLRQ� :LWK� &RPSXWHU� *UDSKLFV�´
$PHULFDQ�&LQHPDWRJUDSKHU�� 2FW�� ������� 7KH� LPSRUWDQW� SRLQW� WR
P\� VWRU\� LV� WKDW� WKH� GD\� DIWHU� WKH� SUHPLHUH� RI� 6WDU� 7UHN� ,,²WKH
VSHFLDO� ILUVW� VFUHHQLQJ� WR� LWV� FUHDWRUV²WKH� TXLHW�� VRPH� VD\� VK\�
/XFDV� SODFHG� RQH� IRRW� LQWR� P\� RIILFH� DQG� VDLG�� ³*UHDW� FDPHUD
VKRW�´�DQG�WKHQ�ZDV�VXGGHQO\�JRQH�

:H� ZHUH� LQ� /XFDV¶V� QH[W� ILOP�� 5HWXUQ� RI� WKH� -HGL�� LQ� D� �'
KRORJUDSKLF� VKRW� WKDW� 5HHYHV� DQG� 'XII� H[HFXWHG�� $QG� /XFDV¶V
FORVH�IULHQG��6WHYHQ�6SLHOEHUJ��XVHG�WKH�WHDP�VKRUWO\�WKHUHDIWHU�LQ
7KH�<RXQJ�6KHUORFN�+ROPHV��7KH�WHDP�KDG�QRZ�EHHQ�DXJPHQWHG
ZLWK� D� VSHFWDFXODU� QHZ� DQLPDWRU�� -RKQ� /DVVHWHU�� )URP� WKHUH�
GLJLWDO�ILOPPDNLQJ�FRQWLQXHG�WR�HYROYH��UHDFKLQJ�D�FUHVFHQGR�ZLWK
7R\� 6WRU\�� GLUHFWHG� DUWLVWLFDOO\� E\� /DVVHWHU� DQG� WHFKQLFDOO\� E\
5HHYHV�� 2XU� JRDO� WR� SURGXFH� D� FRPSOHWHO\� FRPSXWHU�JHQHUDWHG
ILOP�ZDV�DFKLHYHG��DIWHU����\HDUV��LQ������

$OY\�5D\�6PLWK� KHOSHG� EHJLQ� VXFK� IDPHG� JUDSKLFV� IDFLOLWLHV� DV
3L[DU��/XFDVILOP�� DQG� WKH�1HZ�<RUN� ,QVWLWXWH�RI�7HFKQRORJ\��+H
KDV� UHFHLYHG� D� WHFKQLFDO� $FDGHP\�$ZDUG� IRU� WKH� DOSKD� FKDQQHO
DQG� UHFHQWO\� D� VHFRQG� RQH� IRU� GLJLWDO� SDLQW� V\VWHPV� DQG� KDV
UHFHLYHG� WKH� 6LJJUDSK� DFKLHYHPHQW� DZDUG�� 3UHVHQWO\�� KH� LV� D
*UDSKLFV�)HOORZ�DW�0LFURVRIW�&RUS�

$OY\�5D\�6PLWK�FDQ�EH�FRQWDFWHG�DW
0LFURVRIW�&RUSRUDWLRQ
2QH�0LFURVRIW�:D\
5HGPRQG��:$�������������8�6�$�
H�PDLO��DOY\V#PLFURVRIW�FRP
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