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Graphics Remembrances
COLLECTED BY JULES BLOOMENTHAL

This article is a collection of reminiscences that Jules Bloomenthal put to-
gether in an attempt to capture the spirit of the past days of computer
graphics.

Introduction
KHUH� DUH�PDQ\��PDQ\� IDVFLQDWLQJ� VWRULHV� FRQFHUQLQJ� WKH� GH�

YHORSPHQW� RI� FRPSXWHU� JUDSKLFV�� $� V\VWHPDWLF� FROOHFWLRQ

ZRXOG�EH�PRVW�ZHOFRPH��EXW� IRU� WKLV� DUWLFOH�� ,� DOORZHG�P\VHOI� D

FHUWDLQ�KDSKD]DUGQHVV��RFFDVLRQDOO\�DVNLQJ�FROOHDJXHV�DW�6LJJUDSK

������DW�ZRUN��GXULQJ�D� WHOHSKRQH�FDOO��RU�E\�H�PDLO� �P\�FRQWDFW

ZLWK�3LHUUH�%p]LHU�ZDV�LQLWLDWHG�E\�%ULDQ�%DUVN\�GXULQJ�RQH�RI�KLV

YLVLWV�WR�3DULV���,Q�DOO��,�PDGH�LQTXLULHV�WR�PRUH�WKDQ����LQGLYLGX�

DOV¥DERXW�KDOI�RI�ZKRP�LQGLFDWHG�DQ�LQWHUHVW�LQ�FRQWULEXWLQJ�WKHLU

WKRXJKWV�� DQG� D� WKLUG� RI�ZKRP� LQGLFDWHG� D�ZLOOLQJQHVV� WR� GR� VR�

(YHQWXDOO\�� ��� FRQWULEXWHG� WKHVH� HVVD\V�� IRU� ZKLFK� ,� DP� YHU\

JUDWHIXO�

,�DVNHG�FRQWULEXWRUV�WKH�IROORZLQJ�

• WR� GHVFULEH� WKH� FRQWH[W� ZLWKLQ� ZKLFK� FRPSXWHU� JUDSKLFV

GHYHORSHG�

• WR� H[SODLQ� KRZ� WHFKQRORJ\� ZDV� WUDQVIHUUHG� EHWZHHQ� GLVFL�

SOLQHV��LQVWLWXWLRQV��RU�LQGLYLGXDOV�

• WR�WHOO�ZK\�WKH\�DSSURDFKHG�D�SUREOHP�LQ�D�FHUWDLQ�ZD\��RU

• WR�GHVFULEH�WKH�WRROV�WKH\�XVHG�

'XDQH�3DO\ND� DQG�$OY\�5D\�6PLWK� DUH� WZR�RI� WKH� HDUO\� FRQ�

QHFWLRQV�EHWZHHQ�DUW�DQG�WHFKQRORJ\�� WKH\�WHOO� WZR�YHU\�GLIIHUHQW

VWRULHV� RI� WKH� UHODWLRQVKLS� EHWZHHQ� YLVXDO� LPDJLQDWLRQ� DQG� WKH

FRPSXWHU�

1HOVRQ�0D[� DQG�+ROO\�5XVKPHLHU� WHOO� RI� WKHLU� VWUXJJOHV�ZLWK

SULPLWLYH� WRROV¥WKH� IRUPHU� SURGXFLQJ� D� FRPSXWHU� DQLPDWLRQ� LQ

WKH�HDUO\�����V��WKH�ODWWHU�FRPSDULQJ�UHDOLW\�ZLWK�YLVXDO�VLPXODWLRQ

LQ�WKH�HDUO\�����V�

5RGQH\� 6WRFN� GHVFULEHV� KLV� SXUVXLW� RI� LPSURYHG� DQWLDOLDVLQJ

PHWKRGV�

1DGLD� 0DJQHQDW� 7KDOPDQQ� DQG� 'DQLHO� 7KDOPDQQ� GHVFULEH

WKHLU�SXUVXLW�RI�YLUWXDO�FKDUDFWHUV�

7KH� FHOHEUDWHG� %p]LHU� UHFDOOV� WKH� DGYHQW� RI� &$'�&$0� LQ� D

PDQXIDFWXULQJ� ZRUOG� WKDW� RSHUDWHG� YHU\� GLIIHUHQWO\� IURP� WKH

PDQXIDFWXULQJ�ZRUOG�RI�WRGD\��'DYH�5RJHUV�UHFRXQWV�VRPH�RI�WKH

HDUOLHVW�ZRUN�LQ�&$'�&$0�DQG�KRZ�LW�FDPH�WR�WKH�UHVFXH�RI�WKH

8�6��&RDVW�*XDUG��%RE�%DUQKLOO��%DUVN\��DQG�5RELQ�)RUUHVW�UHIOHFW

RQ� WKH�RULJLQV� RI� FRPSXWHU�DLGHG�JHRPHWULF� GHVLJQ� DQG� LWV� LQWHU�

GLVFLSOLQDU\�QDWXUH�

$OWKRXJK� PRVW� FRQWULEXWRUV� UHTXLUH� QR� LQWURGXFWLRQ� WR� WKH

FRPSXWHU�JUDSKLFV�FRPPXQLW\��,�RIIHU�D�EULHI�ELRJUDSK\�DW�WKH�HQG

RI�HDFK�HVVD\� IRU� WKH�EHQHILW�RI�RWKHU� UHDGHUV��+HUH�� WKHQ��DUH���

HVVD\V� WR� VKHG� VRPH� OLJKW� RQ� WKH� EULOOLDQFH� WKDW� LV� FRPSXWHU

JUDSKLFV�

-XOHV� %ORRPHQWKDO� VWXGLHG� FRPSXWHU

JUDSKLFV� DW� WKH� 8QLYHUVLW\� RI� 8WDK� GXULQJ

WKH�����V�� ODWHU� �PXFK���KH�HDUQHG�KLV�3K'

IURP�WKH�8QLYHUVLW\�RI�&DOJDU\��+H�KDV�FRQ�

GXFWHG�UHVHDUFK�DW�WKH�1HZ�<RUN�,QVWLWXWH�RI

7HFKQRORJ\� DQG� DW� ;HUR[� 3$5&� DQG� KDV

WDXJKW� FRPSXWHU� JUDSKLFV� DW�*HRUJH�0DVRQ

8QLYHUVLW\� DQG� WKH�8QLYHUVLW\� RI�&DOLIRUQLD

DW� 6DQWD� &UX]�� +H� HGLWHG� ,QWURGXFWLRQ� WR

,PSOLFLW� 6XUIDFHV� �������� +H� LV� D� FRIRXQGHU� RI� 8QFKDLQHG� *H�

RPHWU\��ZKLFK�GHYHORSV�WRROV�IRU�JHRPHWU\�DQG�DQLPDWLRQ�

-XOHV�%ORRPHQWKDO�FDQ�EH�FRQWDFWHG�DW

������WK�$YH��(DVW

6HDWWOH��:$������

H�PDLO��MXOHV#R]�QHW
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History of Computer Graphics:
Personal Recollections
by Robert E. Barnhill
$IWHU�UHFHLYLQJ�P\�3K'�LQ�QXPHULFDO�DQDO\VLV�DW�WKH�8QLYHUVLW\�RI

:LVFRQVLQ� LQ� ������ ,� ZHQW� ZHVW� WR� WKH� 8QLYHUVLW\� RI� 8WDK� DQG

MRLQHG� LWV�0DWKHPDWLFV� 'HSDUWPHQW�� 7KH� QH[W� \HDU�� 'DYH� (YDQV

FDPH�WR�8WDK�IURP�%HUNHOH\�DQG�MRLQHG�WKH�8QLYHUVLW\�RI�8WDK©V

&RPSXWHU�6FLHQFH��WKHQ�(OHFWULFDO�(QJLQHHULQJ��'HSDUWPHQW��7KLV

FRQIOXHQFH�RI�MRXUQH\V�ZDV�WR�KDYH�VLJQLILFDQFH�D�GHFDGH�ODWHU�

,�KDYH�DOZD\V�EHHQ�LQWHUHVWHG�LQ�WKHRUHWLFDO�UHVHDUFK�ZLWK�SUDF�

WLFDO� DSSOLFDWLRQV�� 7KXV��P\�ZRUN� DQG� WKDW� RI�P\� VWXGHQWV� KDYH

DOZD\V� HPSKDVL]HG� WKH� PRUH� GLIILFXOW� KLJKHU� GLPHQVLRQDO� SURE�

OHPV�� VXUIDFHV�� YROXPHV�� DQG� K\SHUYROXPHV�� UDWKHU� WKDQ� FXUYHV�

7R�SXUVXH� WKHVH� LQWHUHVWV�� LQ������,�VSHQW�D�YHU\�IUXLWIXO�VXPPHU

ZLWK�%LOO�*RUGRQ� DW�*HQHUDO�0RWRUV�� OHDUQLQJ� DERXW� KLV� H[SOLFD�

WLRQ� RI� 6WHYHQ� &RRQV©V� VXUIDFH� SDWFKHV�� *DUUHWW� %LUNKRII� ZDV� D

UHJXODU�YLVLWRU� WR�*HQHUDO�0RWRUV�� DQG� WKH� WKUHH�RI�XV�GHYHORSHG

WKH�ILUVW�WULDQJXODU�&RRQV�SDWFK��WKH�¦%%*�WULDQJOH�§

'XULQJ�WKH�QH[W�WKUHH�\HDUV��P\�VWXGHQWV�/RLV�0DQVILHOG��*UHJ

1LHOVRQ�� DQG�'LFN� )UDQNH� DQG� ,� GHYHORSHG� VROXWLRQV� WR�PXOWLGL�

PHQVLRQDO�VXUIDFH�SUREOHPV��%HIRUH�P\�VDEEDWLFDO������¤�������,

��������������������”������,(((
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VSHQW� VL[�PRQWKV�ZRUNLQJ� IRU�/HLOD�%UDP�DW� WKH�2IILFH�RI�1DYDO

5HVHDUFK�� GXULQJ�ZKLFK� ,� RUJDQL]HG� D�ZRUNVKRS� RQ�PXOWLGLPHQ�

VLRQDO� DSSUR[LPDWLRQ� PHWKRGV�� $W� WKLV� ZRUNVKRS�� %LUNKRII� DQG

3KLO� 'DYLV� SDUWLFLSDWHG�� DQG� ,� KDG� WKH� SOHDVXUH� RI� LQWURGXFLQJ

5RELQ� )RUUHVW� WR� WKH� DSSUR[LPDWLRQ� WKHRU\� FRPPXQLW\� LQ� WKH

8QLWHG�6WDWHV��VLQFH�WKH�IRXUWK�DQG�ILQDO�GD\�RI�WKH�ZRUNVKRS�IR�

FXVHG� RQ� FRPSXWHU� JUDSKLFV�� $W� VHYHUDO� VXEVHTXHQW� PHHWLQJV�� ,

FRQWLQXHG� WR� LQWURGXFH� WKH� VXEMHFW� RI� FRPSXWHU� JUDSKLFV� WR

PDWKHPDWLFDO�DXGLHQFHV�

,� VSHQW� P\� VDEEDWLFDO� \HDU� DW� %UXQHO� 8QLYHUVLW\� LQ� (QJODQG�

ZKHUH�,�PHW�-RKQ�*UHJRU\��DQG�D�SURGXFWLYH�SDUWQHUVKLS�DQG�ZDUP

UHODWLRQVKLS�EHJDQ��:H�GHYHORSHG�WZR�VWUHDPV�RI�WKRXJKW�WKDW�DUH

VWLOO� RI� LPSRUWDQFH�� FRPSXWDEOH� HUURU� ERXQGV� IRU� SRO\QRPLDO� LQ�

WHUSRODWLRQ� DQG� D� FRQVWUXFWLYH� XVH� RI� %RROHDQ� VXPV� WR� GHYHORS

QHZ�PHWKRGV� DQG�H[SODLQ�SURSHUWLHV� RI� NQRZQ�PHWKRGV�� VXFK� DV

WKH�VHUHQGLSLW\�HOHPHQWV�RI�WKH�HQJLQHHUV�

This meeting was a defining event in
computer graphics, and many of

today’s experts in the field participated.

$IWHU�UHWXUQLQJ�WR�8WDK�IURP�P\�VDEEDWLFDO�� ,� IRXQG�WKDW�*RU�

GRQ©V� VWXGHQW�� 5LFK� 5LHVHQIHOG� DW� 6\UDFXVH�� ZDV� LQWHUHVWHG� LQ

MRLQLQJ�(YDQV�DW�8WDK��5LHVHQIHOG�DQG�,�IRUPHG�D�SDUWQHUVKLS�WKDW

KHOSHG� EULQJ� WRJHWKHU� WKH�PDWKHPDWLFV� DQG� FRPSXWHU� VFLHQFH� RI

WKH�QHZ�VXEMHFW��:KDW�VKRXOG�WKH�VXEMHFW�EH�QDPHG"�:H�GHFLGHG

WKDW� LW� LQYROYHG� WKH�FRPELQLQJ�RI�PDWKHPDWLFV�ZLWK�&$'��KHQFH

FRPSXWHU�DLGHG�JHRPHWULF�GHVLJQ��&$*'���&$*'�LV�QRZ�NQRZQ

ZRUOGZLGH� DV� D� ILHOG� RI� VFLHQFH� DQG� HQJLQHHULQJ� WKDW� VHHNV� WR

XQLI\�DQG�H[SODLQ�WKHRU\�DQG�DOJRULWKPV�IRU�FXUYHV��VXUIDFHV��DQG

YROXPHV� WKDW� FDQ� EH� HLWKHU� IUHH�IRUP� �GHVLJQHG�� RU� UHSUHVHQWD�

WLRQV�DSSUR[LPDWLRQV� RI� GDWD� IURP� UHDOLW\�� $QRWKHU� ZD\� WR� YLHZ

WKLV�GXDOLW\�LV�E\�5LHVHQIHOG©V�¦VRIW§�GDWD��ZKLFK�DUH�GHVLJQHG��RU

¦KDUG§� GDWD��ZKLFK� DUH� H[SHULPHQWDOO\� RU� RWKHUZLVH� IL[HG��$W� DQ

2IILFH�RI�1DYDO�5HVHDUFK�VSRQVRUHG�PHHWLQJ�DW�WKH�8QLYHUVLW\�RI

8WDK� LQ� ������ ZH� XQYHLOHG� WKH� QHZ� QDPH� RI� WKH� VXEMHFW�� 7KLV

PHHWLQJ�ZDV� D� GHILQLQJ� HYHQW� LQ� FRPSXWHU� JUDSKLFV�� DQG�PDQ\

RI�WRGD\©V�H[SHUWV�LQ�WKH�ILHOG�SDUWLFLSDWHG�

,Q� SUHSDUDWLRQ� IRU� RXU� RZQ� VFLHQWLILF� SDUWLFLSDWLRQ� IRU� WKH

PHHWLQJ�� *UHJRU\�� 5REHUW� 0F'HUPRWW�� DQG� ,� FROODERUDWHG� RQ

JUDSKLFV�UHQGLWLRQV�RI�SDWFKHV��ZKLFK�ZH�WULHG�RQ�VRPH�UHDO�GDWD�

,Q�WHVWLQJ�RXU�VXUIDFH�PHWKRGV��D�JUDSKLFV�UHQGHULQJ�LOOXVWUDWHG�WKH

H[LVWHQFH� RI� DQ� HUURU� LQ� WKH� IRUPXODV�� ZKLFK�ZH� WKHQ� FRUUHFWHG�

7KLV�IHHGEDFN�DSSURDFK�LOOXVWUDWHV�KRZ�FRPSXWHU�JUDSKLFV�FDQ�EH

D�SRWHQW�WRRO�WR�WKH�VFLHQWLVW�HQJLQHHU��0\�YLHZ�ZDV�WKDW�ERWK�WKH

PDWKHPDWLFV�DQG�JUDSKLFV�FRXOG�EH� LQWHUZRYHQ� WR�VROYH�SUDFWLFDO

SUREOHPV�� DQG�� LQ� SDUWLFXODU�� FRPSXWHU� JUDSKLFV� HQDEOHV� RQH� WR

PDNH�D�SUHGLFWLRQ�EDVHG�RQ�ZKDW�LV�DOUHDG\�NQRZQ�

$�QHZ�HUD�LQ�P\�LQWHUHVWV�EHJDQ�ZLWK�*HUDOG�)DULQ©V�FRPLQJ�WR

8WDK�LQ�������0\�VHFRQG��DQG�ODVW��VDEEDWLFDO��LQ�������ZDV�DJDLQ

WR� %UXQHO� 8QLYHUVLW\�� ZKHUH� )DULQ�� *UHJRU\�� DQG� ,� ZRUNHG� WR�

JHWKHU��6SXUUHG�RQ�E\�RXU�8WDK�LQWHUHVW�LQ�GHYHORSLQJ�PHWKRGV�IRU

LQWHUSRODWLQJ� DUELWUDULO\� ORFDWHG� GDWD�� )DULQ� GHYHORSHG�%p]LHU� WUL�

DQJOHV�IRU�DUELWUDU\�WULDQJOHV��,Q�WKH�HDUO\�����V��,�PHW�:ROIJDQJ

%RHKP��ZKR�ZDV�)DULQ©V�DGYLVRU�LQ�*HUPDQ\��DQG�ZH�LQLWLDWHG�WKH

&RPSXWHU� $LGHG� *HRPHWULF� 'HVLJQ� MRXUQDO� ZLWK� WKH� 1RUWK�

+ROODQG� 3XEOLVKLQJ� &RPSDQ\�� 7KLV� ZDV� D� YHU\� LPSRUWDQW� VWHS�

EHFDXVH� WKH� IOHGJOLQJ� VXEMHFW�� &$*'�� QHHGHG� ERWK� D� SXEOLVKLQJ

RXWOHW� DQG� DSSURSULDWH� ULJRU� LQ� MXGJLQJ� LWV� SXEOLVKDEOH� DVSHFWV�

1RUWK�+ROODQG�JDYH�XV�IUHH�UHLQ�WR�GHYHORS�D�TXDOLW\�MRXUQDO��DQG

WKH�HGLWRULDO�ERDUG�KDV�EHHQ�D�ZKR©V�ZKR�LQ�WKH�VXEMHFW�

7KH� LQWHUFRQWLQHQWDO� LQWHUHVW� LQ� &$*'�ZDV� LOOXVWUDWHG� E\� WKH

PDQ\� PHHWLQJV¥HVSHFLDOO\� LQ� WKH� 8QLWHG� 6WDWHV�� *HUPDQ\�� DQG

(QJODQG¥DV�ZHOO� DV� E\� WKH�&RPSXWHU� $LGHG� *HRPHWULF� 'HVLJQ

MRXUQDO�DQG�RWKHU� MRXUQDOV��0HHWLQJV�DW� WKH�0DWKHPDWLFV�,QVWLWXWH

DW�2EHUZROIDFK��*HUPDQ\�� RUJDQL]HG� E\�%RHKP�� -RVHI�+RVFKHN�

DQG�PH��DQG��PRUH� UHFHQWO\��DW� WKH�&RPSXWHU�6FLHQFH� ,QVWLWXWH�DW

'DJVWXKO�� *HUPDQ\�� RUJDQL]HG� E\� )DULQ� DQG� +DQV� +DJHQ�� KDYH

EHHQ�LPSRUWDQW�RYHU�WKH�\HDUV�

'XULQJ� WKH� SDVW� ��� \HDUV�� UHVHDUFK� LQ� &$*'� KDV� GLYHUVLILHG

IURP� WKH�HDUOLHU� VHDUFKHV� IRU�QHZ�PHWKRGV� IRU�FXUYH�DQG� VXUIDFH

GHVLJQ�WR�VWXG\LQJ�WKH�SURSHUWLHV�RI�NQRZQ�PHWKRGV��2QH�H[DPSOH

LV�JHRPHWU\�SURFHVVLQJ��ZKLFK� LQFOXGHV�PDQ\�VWLOO�GLIILFXOW�SURE�

OHPV�� VXFK� DV� WKH� DFFXUDWH� FRPSXWDWLRQ� RI� WKH� LQWHUVHFWLRQV� RI

SDUDPHWULF�VXUIDFHV�DQG�RI�RIIVHW�VXUIDFHV��5RVHPDU\�&KDQJ�ZDV

LQVWUXPHQWDO�LQ�EULQJLQJ�VRPH�RI�WKHVH�VXEMHFWV��LQ�UHDO�SUREOHPV�

WR� RXU� DWWHQWLRQ�� 7KH� DSSOLFDWLRQ� RI� VFDWWHUHG�GDWD� DOJRULWKPV� LV

MXVW�QRZ�UHDFKLQJ�ELRPHGLFDO�SUREOHPV��VXFK�DV�WKH�ZRUN�E\�7RP

)ROH\�DQG�KLV�VWXGHQWV�DW�$UL]RQD�6WDWH�8QLYHUVLW\�WKDW�LV�HQDEOLQJ

WKH�HDUO\�SUHGLFWLRQ�RI�$O]KHLPHU©V�'LVHDVH�

7KHUH�DUH�ZRQGHUIXO�FRPSXWHU�JUDSKLFV�WRROV�WRGD\��DOPRVW�DOO

GHYHORSHG� E\� SHRSOH� ZKR�� RQH� ZD\� RU� DQRWKHU�� SDVVHG� WKURXJK

8WDK�GXULQJ�LWV�FRPSXWHU�JUDSKLFV�KH\GD\��7RGD\©V�\RXQJ�SHRSOH

ZLOO�H[SHULHQFH�WKH�VDPH�WKULOO�DQG�LQVLJKW�,�GLG�ZKHQ��ZLWK�1LHO�

VRQ©V� KHOS�� ,� SXW� XS� P\� ILUVW� SLFWXUH� RI� D� WULDQJXODU� SDWFK� RQ� D

7HNWURQL[� VWRUDJH� WXEH� RU� ODWHU�� ZLWK� )UDQN� /LWWOH�� YLHZHG� D

JUDSKLFV� UHQGLWLRQ� RI� D� QXPHULFDO� LQWHJUDWLRQ� VXEGLYLVLRQ� DOJR�

ULWKP�WKDW�/RFNKHHG�XVHG�LQ�WKH�QDWLRQDO�LQWHUHVW�

$V�ZH�VD\�LQ�VRFFHU��¦.HHS�LW�FRPLQJ�§

5REHUW�(��%DUQKLOO�LV�RQH�RI�WKH�IRXQGLQJ�IDWKHUV�RI�&$*'��+H

LV�QRZ�YLFH�FKDQFHOORU�IRU�UHVHDUFK�DQG�SXEOLF�VHUYLFH�DW�WKH�8QL�

YHUVLW\�RI�.DQVDV�DQG�LV�SUHVLGHQW�RI�WKH�&HQWHU�IRU�5HVHDUFK��,QF�

5REHUW�(��%DUQKLOO�FDQ�EH�FRQWDFWHG�DW

����6WURQJ�+DOO

8QLYHUVLW\�RI�.DQVDV

/DZUHQFH��.6�������������8�6�$�

H�PDLO��UEDUQKLOO#XNDQV�HGX
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Computer Graphics: A Personal History
by Brian A. Barsky
0\� LQWHUHVW� LQ� FRPSXWHU� JUDSKLFV� EHJDQ� LQ� ������ DERXW� D� \HDU

EHIRUH� WKH� ILUVW� 6LJJUDSK� FRQIHUHQFH�� DOWKRXJK� LW� ZDV� QRW� XQWLO

VHYHUDO�\HDUV�ODWHU�WKDW�,�HYHQ�KHDUG�RI�6LJJUDSK�DQG�DWWHQGHG�P\

ILUVW� 6LJJUDSK� FRQIHUHQFH� �LQ� 6DQ� -RVH�� &DOLIRUQLD�� LQ� ������� ,Q

������,�ZDV�DQ�DUFKLWHFWXUH�VWXGHQW��,W�ZDV�DSSDUHQW�WR�PH�WKDW�WKH

FRPSXWHU�FRXOG�KHOS�LQ�WKH�FUHDWLRQ�RI�UHQGHULQJV�RI�EXLOGLQJV�WKDW

ZHUH� VWLOO� RQ� WKH� GUDZLQJ� ERDUG�� $V� VXUSULVLQJ� DV� LW� PD\� VHHP

WRGD\�� VXFK� LGHDV� ZHUH� QRW� RQO\� XQXVXDO� EXW� DOVR� XQZHOFRPH�� ,

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� LW�



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

HUDWLYH�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� ¦GLJLW"§��� 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�RS�

SRUWXQLW\�WR�FRPSUHKHQG�WKH�PDWKHPDWLFV�DQG�SK\VLFV�LQYROYHG�LQ

PRGHOLQJ�WKH�SKRWRJUDSKLF�SURFHVV��$V�D�SKRWRJUDSKHU��,�ZDV�ZHOO

DZDUH� RI� WKH� FRPSRQHQW� RI� WKH� LQWHUSOD\� RI� OLJKW� DQG� PDWHULDO�

ZKLFK��RI�FRXUVH��IRUPV�PXFK�RI�PRGHUQ�FRPSXWHU�JUDSKLFV�UHQ�

GHULQJ�DOJRULWKPV�UHVHDUFK��$QRWKHU�FRPSRQHQW�RI�SKRWRJUDSK\�LV

VKDSH� �IRUP��� ZKLFK� WUDQVODWHV� WR� JHRPHWU\�� IURP� WKH� VFLHQWLILF

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\�YDQ�

WDJH�SRLQW��:KHQ�FRXSOHG�ZLWK�WKH�QRWLRQ�RI�IRUPLQJ�D�VHTXHQFH

RI� VXFK� LPDJHV� WR�SURGXFH� WKH� LOOXVLRQ�RI� VPRRWK�PRWLRQ� LQ�DQL�

PDWLRQ�DQG�VLPXODWLRQ�� WKH�IXOO�SRZHU�RI� WKLV�QHZ�PHGLXP�FRXOG

EH�XQOHDVKHG�

2QH� RI� WKH� DVSHFWV� RI� FRPSXWHU� JUDSKLFV� WKDW� KDV� EHHQ� SDU�

WLFXODUO\�LQWHUHVWLQJ�WR�PH�LV�JHRPHWULF�PRGHOLQJ��2EMHFWV�PXVW

EH� PRGHOHG� LQ� FRPSXWHU� JUDSKLFV�� DQG� FRPSXWHU� JUDSKLFV� XQ�

GHUOLHV� FRPSXWHU�DLGHG� GHVLJQ� DQG� PDQXIDFWXUH�� )XUWKHUPRUH�

WKH� IXQGDPHQWDOV�GUDZ� IURP�DUHDV�RI�PDWKHPDWLFV�� VXFK�DV� DS�

SUR[LPDWLRQ�WKHRU\�DQG�QXPHULFDO�DQDO\VLV��,W�KDV�EHHQ�UHZDUG�

LQJ�RYHU�WKH�SDVW����\HDUV�WR�VHH�WKH�LQWHUSOD\�DPRQJ�WKHVH�YDUL�

RXV�UHODWHG�GLVFLSOLQHV�

0\�RZQ�ZRUN� LQ� LQWURGXFLQJ� WKH� LGHD�RI�JHRPHWULF�FRQWLQXLW\

DQG� GHYHORSLQJ� WKH� %HWD�VSOLQH� EDVHG� RQ� WKLV� PHDVXUH� ZDV� LQ�

WHQGHG�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�GHULYD�

WLYHV�DQG�SRLQWV�WKDW�GR�QRW�OLH�RQ�WKH�FXUYH�RU�VXUIDFH�

,Q� UHFHQW� \HDUV�� GXH� WR�P\�RZQ� H\HVLJKW� SUREOHP�� ,� KDYH� EH�

FRPH� 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�SUR�

YLGH�D�VLJQLILFDQW�LPSURYHPHQW��EXW�LURQLFDOO\�WKH�VDPH�LUUHJXODU�

LW\�RI�WKH�FRUQHDO�VKDSH�WKDW�LPSHGHV�VKDUS�YLVLRQ�H[DFHUEDWHV�WKH

ILWWLQJ�SURFHVV�� ,W� WKHQ�RFFXUUHG� WR�PH� WKDW� WKH�SUREOHP�RI�PHDV�

XULQJ�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� ZLUH�

IUDPH� LPDJHV� RI� WKDW� SHULRG� KDYH� FRPH� LPDJHV� DQG� DQLPDWLRQV

ZLWK�LQFUHGLEOH�ILGHOLW\��7KH�ROG�FRPPHUFLDO�WDJ�OLQH�RI�¦,V�LW�UHDO

RU�LV�LW�0HPRUH["§�LV�QRZ�WUDQVIRUPHG�WR�¦,V�LW�UHDO�RU�LV�LW�FRP�

SXWHU�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�DQG�$Q�,QWURGXFWLRQ�WR�6SOLQHV�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�

%ULDQ�$��%DUVN\�FDQ�EH�FRQWDFWHG�DW

&RPSXWHU�6FLHQFH

8QLYHUVLW\�RI�&DOLIRUQLD

%HUNHOH\��&$��������8�6�$�

H�PDLO��EDUVN\#FV�EHUNHOH\�HGX

http://http.cs.berkeley.edu/~barsky/
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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� UH�

TXLUH�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\�

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



Graphics Remembrances

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

��� WKH� DGYHQW� RI� QHZ� PHDQV� DEOH� WR� KHOS� VROYH� WKH� UHOHYDQW

SUREOHP�RU�SUREOHPV¥WKH�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\�GH�

VLJQHG� 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����mP������RU�����WKRXVDQGWK�RI�DQ

LQFK�� DQG� VRPHWLPHV� OHVV��2WKHU� IDFHV�ZHUH� OHIW� URXJK� IURP� WKH

IRXQGU\� RU� IRUJH�� WKHLU� GLPHQVLRQV�ZHUH� RQO\� DSSUR[LPDWHO\� GH�

ILQHG��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�RI�

ILFH�� FOD\� EXLOGLQJ�� ILQDO� GUDZLQJ�� SURGXFWLRQ�PDVWHU�� SURGXFWLRQ

HQJLQHHULQJ��HWF��ZDV�SHUIRUPHG�ZLWK� WKH�KHOS�RI�GUDZLQJV�� WHP�

SODWHV��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�GLIIL�

FXOWLHV�� 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

PDFKLQH� WRROV�ZHUH� GLVSOD\HG� DW� WKH� ,QWHUQDWLRQDO�0DFKLQH� 7RRO

([KLELWLRQ��KHOG� LQ�&KLFDJR��7KH�QXPEHU�RI� WKRVH�PDFKLQH� WRROV

VLJQLILFDQWO\�LQFUHDVHG�DIWHU�WKH�&KLFDJR�H[KLELWLRQ�

$W� WKH� EHJLQQLQJ�� WKRVH� PDFKLQHV� SHUIRUPHG� SRLQW�WR�SRLQW

GULOOLQJ�� UHDPLQJ�� ERULQJ�� RU� WDSSLQJ�� WKHQ�� SDUWLDO� PLOOLQJ� DS�

SHDUHG�� ,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\V�

WHP�DQG�EXLOG�XS�WKH�UHOHYDQW�VRIWZDUH�

Choice
,Q�������LQ�WKH�(XURSHDQ�DXWRPRWLYH�LQGXVWU\��WKH�DFFHSWHG�SUDF�

WLFH�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� OR�

FDWHG� 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��WKH�OLQHV

ZHUH� WUDFHG�DQG� WKHQ�FRQYHUWHG� LQWR�SO\ZRRG� WHPSODWHV� WR�PDNH

WKH� ¦ULEV�§� 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� 0DQ�

DJHPHQW�'HSDUWPHQW�� HWF�� 7KHQ� LW� ZDV� FRQVLGHUHG� ¦IUR]HQ�§� DV

WKH�VD\LQJ�ZDV��WKH�ILQDO�H[SUHVVLRQ�RI�WKH�VKDSH�RI�WKH�¦VNLQ§�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�SDLQV�

WDNLQJ�WDVN��UHTXLULQJ�VNLOO��H[SHULHQFH��WDVWH��DQG�LPDJLQDWLRQ�

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�



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

7ZR�ZD\V�DUH�DYDLODEOH�WR�WKRVH�ZKR�HQGHDYRU�WR�ILQG�D�VROX�

WLRQ�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� DG�

YDQWDJH� 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��6ROX�

WLRQ�%�LV�PXFK�PRUH�ULVN\��EXW�LW�FDQ�\LHOG�ULFK�UHVXOWV��LW�UHPLQGV

XV� RI� ¦ILUVW� RI� &DY§� >WKH� )LUVW� &DYDOU\� 5HJLPHQW¥HG�@� 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�FRHI�

ILFLHQWV��� 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�5LH�

VHQIHOG��(��&RKHQ��(��0HKOXP��5RELQ�)RUUHVW��&��/DQJ��0DOFRP

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�� QRQXQL�

IRUP�UDWLRQDO�%�VSOLQHV��185%6���6LQFH�QR�DOJRULWKP�LV�����SHU�

FHQW�UREXVW��SLHFHZLVH�FXUYHV�KDG�WR�EH�VPRRWKHG�E\�WKH�DUELWUDU\

GHFLVLRQ� RI� DQ� RSHUDWRU� WU\LQJ� WR�PDNH� FXUYHV� ¦VZHHW�§� ¦FOHDQ�§

DQG�¦IDLU�§�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�PDWKH�

PDWLFLDQ��KDG�LQYHQWHG�D�SHUIHFWO\�FRUUHFW�V\VWHP�EDVHG�RQ�%HUQ�

VWHLQ©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�FRP�

SOHPHQW�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� PDQDJH�

PHQW��LQFOXGLQJ�WKH�6W\OH�'HSDUWPHQW��FRQVLGHUHG�WKLV�SRLQW�XQUH�

DOLVWLF�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�¦GXFNV§�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�PHDQW�WKDW�D�PHGLXP�VFDOH�FRPSXWHU�ZRXOG�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� DG�

PLQLVWUDWLYH� VHUYLFHV� �DFFRXQWLQJ�� PDLO�� LQYRLFLQJ�� VWDWLVWLFV�� DQG

SHUVRQQHO�� DQG� WKHQ� ODWHU� IRU� WHFKQLFDO� GHYHORSPHQW� ¦ZKHQ� WLPH

SHUPLWWHG�§

7KH�FRVW�RI� WKH�PLQLPDO�SURWRW\SH� HTXLSPHQW� �L�H��� D�GUDZLQJ

PDFKLQH��D� VSHFLDO�PLOOLQJ�PDFKLQH��D� VLPSOH�FRPSXWHU�� DQG�HOH�

PHQWDU\�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�WULY�

LDO� SUREOHP� IRU� ZHOO�WUDLQHG� PHFKDQLFDO� HQJLQHHUV�� WKH� VHUYR�

FRQWUROOHU� 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�LW¥EXW�WKH\�ZHUH�QRW�LQWHUHVWHG��6R�

WKH� SUREOHP�ZDV� GHDOW�ZLWK� E\� HQJLQHHUV�ZKR�ZHUH� QRW� EDG� DW

PDWK� EXW� ZHUH� IDU� IURP� ¦FKDUWHUHG§� 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�PD�

FKLQHV�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



Graphics Remembrances

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

������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��¦7KDW�LV�DQRWKHU�VWRU\�§

Conclusion
7KH� V\VWHP�� DW� WKDW� WLPH� QDPHG� 81,685)�� ZDV� RIILFLDOO\� DF�

FHSWHG�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�KDQG�

PDGH�VNHWFKHV��GUDZLQJV��DQG�VPDOO�VFDOH�PRFNXSV��EXW�IURP�WKDW

VWDWH� RQ�� DQ\� SUHFLVH� LQIRUPDWLRQ� RU� GDWXP� LV� H[SUHVVHG� H[FOX�

VLYHO\�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�HQJL�

QHHUV��KDV�EHHQ�VRPHZKDW�VXFFHVVIXO�

/RRNLQJ�EDFN�DW�WKRVH�\HDUV������¤�������LW�LV�SRVVLEOH�WR�SHU�

FHLYH�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�� GH�

VLJQHUV��HOHFWULFLDQV��VHUYRFRQWUROOHU�VSHFLDOLVWV��HWF��&RQVH�

TXHQWO\�� WKH\� FRXOG� LPDJLQH� WKH� UHDFWLRQV� RI� SHRSOH� ZKR

ZRXOG�WDNH�SDUW�LQ�WKH�QHZ�SURFHVV�DQG�FRXOG�WDNH�WKHLU�UH�

DFWLRQV� LQWR� DFFRXQW�� 7KH� RQO\� SHRSOH� WKH\� KDG� QRW�PHW¥

EHFDXVH�RI�WKH�QHHG�WR�NHHS�QHZ�GHVLJQV�VHFUHW¥ZHUH�VW\O�

LVWV��EXW�ERG\�GHVLJQHUV�KDG�H[SODLQHG�WKHLU�EHKDYLRU��MXGJ�

PHQW��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� GLV�

WRUWLRQ� 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�RS�

HUDWRU�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� VLPSOH¥KRZ� VLPSOH¥WR� 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� GH�

VFULELQJ�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�� GL�

UHFWHG�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

❦

The Emergence of NURBS
by Robin Forrest
,� KDYH� EHHQ� IRUWXQDWH� WR� SDUWLFLSDWH� LQ� VRPH� VLJQLILFDQW� GHYHORS�

PHQWV� LQ�FRPSXWHU�JUDSKLFV��(OVHZKHUH�
�
� ,�KDYH�GHVFULEHG� WKH�RUL�

JLQV�RI�WKH�%HUQVWHLQ�IRUP�RI�WKH�%p]LHU�FXUYH��WKH�IRUP�WKDW�LV�QRZ



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

XQLYHUVDO�� DQG� KRZ� WKDW� OHG� WR� WKH� XVH� RI�%�VSOLQHV� IRU� FRPSXWHU�

DLGHG�JHRPHWULF�GHVLJQ��&$*'���$�VHFRQG�WKUHDG�LV�WKH�HPHUJHQFH

RI� QRQXQLIRUP� UDWLRQDO� %�VSOLQHV� �185%6�� DV� WKH� VWDQGDUG� FXUYH

IRUP� IRU� &$*'�� 185%6� IROORZHG� ORJLFDOO\� 5LFK� 5LHVHQIHOG©V

ZRUN�DW�6\UDFXVH�8QLYHUVLW\
�
�ZLWK�.�-��9HUVSULOOH©V�WKHVLV�RQ�UDWLRQDO

VSOLQHV
��
�DQG�/�&��.QDSS©V�WKHVLV�RQ�QRQXQLIRUP�VSOLQHV�

�

$V�D�JUDGXDWH�VWXGHQW�LQ�WKH�0DWKHPDWLFDO�/DERUDWRU\�DW�&DP�

EULGJH�8QLYHUVLW\��,�ZDV�XUJHG�WR�VHHN�KHOS�RQ�FXUYHV�DQG�VXUIDFHV

IURP�LQ�KRXVH�PDWKHPDWLFLDQV��+�3�)��6ZLQQHUWRQ�'\HU�DGPLWWHG�,

KDG�D�SUREOHP��EXW�VDLG�WKDW�VXFK�JHRPHWU\�KDG�EHHQ�LQ�YRJXH�DW

WKH� WXUQ� RI� WKH� FHQWXU\� EXW�ZDV� QR� ORQJHU� RI� LQWHUHVW�� DQG� -�&�3�

0LOOHU��WKH�QRWHG�FRPSLOHU�RI�PDWKHPDWLFDO�WDEOHV��VXJJHVWHG�WKDW�,

ZRXOG�ILQG�DOO�WKH�DQVZHUV�LQ�WKH�PDQXDO�IRU�WKH������%UXQVYLJD

FDOFXODWRU��+HOS�RI�D�WRWDOO\�GLIIHUHQW�QDWXUH�FDPH�ZKHQ�,�VSHQW�D

VXPPHU� DW� WKH� 0DVVDFKXVHWWV� ,QVWLWXWH� RI� 7HFKQRORJ\� ZRUNLQJ

ZLWK�6WHYHQ�&RRQV�

Sutherland used to tease me about
being at the technical school down the

road, until I pointed out that all his
degrees were from technical schools.

:KHQ� ,� DUULYHG� LQ� WKH�RWKHU�&DPEULGJH�� ,�ZDV� VRPHZKDW� VXU�

SULVHG�WR�ILQG�WKDW�&RRQV�ZDV�RQ�VDEEDWLFDO�OHDYH��EXW�DV�WKLV�ZDV

MXVW� XS� WKH� URDG� DW� +DUYDUG� 8QLYHUVLW\�� ,� ZDV� UHDVVXUHG�� &RRQV

ZDV� ZRUNLQJ� ZLWK� ,YDQ� 6XWKHUODQG�� ZKR� KDG� JDWKHUHG� %RE

6SURXOO��'DQQ\�&RKHQ��DQG�7HG�/HH�WR�ZRUN�ZLWK�KLP��6XWKHUODQG

XVHG� WR� WHDVH� PH� DERXW� EHLQJ� DW� WKH� WHFKQLFDO� VFKRRO� GRZQ� WKH

URDG��XQWLO� ,�SRLQWHG�RXW� WKDW�DOO�KLV�GHJUHHV�ZHUH� IURP� WHFKQLFDO

VFKRROV��&DUQHJLH�7HFK��WKH�&DOLIRUQLD�,QVWLWXWH�RI�7HFKQRORJ\��DQG

0,7���&RRQV�KDG�DUUDQJHG�IRU�PH�WR�KDYH�DQ�RIILFH�LQ�3URMHFW�0$&

QH[W�WR�'RXJ�5RVV©V�RIILFH��ZKR�OHG�WKH�$('�*URXS��EXW�P\�VWDWXV

ZDV� HQLJPDWLF�� VLQFH� YLVLWLQJ� UHVHDUFK� VWXGHQWV�ZHUH� LQ� QR� NQRZQ

FDWHJRU\��&RRQV�VROYHG�P\�SUREOHP�E\�SHUVXDGLQJ�WKH�DXWKRULWLHV�WR

GHFODUH�PH�D�YLVLWLQJ�UHVHDUFK�IHOORZ��ERRVWLQJ�P\�UpVXPp�

,Q� WKH� VXPPHU� RI� ������ &RRQV� ZDV� ZRUNLQJ� RQ� WKH� IDPRXV

¦OLWWOH� UHG�ERRN�§
�
� �0$&�75������ZKLFK�GHVSLWH� LWV� -XQH�GDWH�GLG

QRW�DSSHDU�XQWLO�WKH�IDOO��/�*��5REHUWV��IROORZLQJ�KLV�LQWURGXFWLRQ

RI�KRPRJHQHRXV� FRRUGLQDWHV� WR� FRPSXWHU� JUDSKLFV�
�
� KDG�GHPRQ�

VWUDWHG�WKDW�FRQLF�DUFV�FRXOG�EH�UHSUHVHQWHG�DV�UDWLRQDO�SDUDPHWULF

TXDGUDWLF�IXQFWLRQV��$W�%RHLQJ��0�6��5RZLQ�KDG�GHYHORSHG�WKH�7�

FRQLF�
��
�ZKLFK�PHUJHG�WKH�SDUDPHWULF�FXELF�FXUYHV�RI�-�&��)HUJX�

VRQ
�
�ZLWK�WKH�FRQLF�DUFV�WKHQ�FRQYHQWLRQDOO\�XVHG�LQ�DLUFUDIW�ORIW�

LQJ�� 7�FRQLFV� ZHUH� UDWLRQDO� SDUDPHWULF� FXELFV� ZLWK� D� TXDGUDWLF

GHQRPLQDWRU� WKDW� HQDEOHG� WKH� KRPRJHQHRXV� FRPSRQHQW� WR� EH

FRQWUROOHG�E\�D�VLQJOH�VKDSH�IDFWRU�UHODWHG�WR�WKH�FRQLF�VKDSH�IDF�

WRU��7KLV�QHDWO\�DYRLGHG�SUREOHPV�ZLWK�DV\PSWRWHV�EXW�UHGXFHG�WKH

JHQHUDOLW\� RI� WKH� FXUYH�� &RRQV� DQG� ,� VSHQW� WKH� VXPPHU� RI� ����

GHYHORSLQJ�WKH�UDWLRQDO�FXELF�IRUP��0\�SDUWLFXODU�FRQFHUQ�ZDV�WR

GLVFRYHU� KRZ� EHVW� WR� VSHFLI\� WKH� KRPRJHQHRXV� FRHIILFLHQWV� WKDW

JDYH� H[WUD� GHJUHHV� RI� IUHHGRP� LQ� FRQWUROOLQJ� FXUYH� VKDSH��7KXV�

P\������3K'�WKHVLV�
�

• FRQWDLQV�UHFLSHV�IRU�GHILQLQJ�VWUDLJKW�OLQHV�

• FRQWDLQV�UHFLSHV�IRU�GHILQLQJ�FLUFXODU��HOOLSWLF��SDUDEROLF��DQG

K\SHUEROLF�DUFV�LQ�UDWLRQDO�FXELF�WHUPV�

• H[SORUHV� PHDQV� IRU� UHSDUDPHWHUL]LQJ� UDWLRQDO� FXELFV� ZKLOH

UHWDLQLQJ�WKH�VDPH�VKDSH�

• H[SORUHV� PHDQV� IRU� VSOLWWLQJ� FXUYHV� IRU� VXEVHTXHQW� UHILQH�

PHQW��DQG

• H[SORUHV� WKH� XVH� RI� UDWLRQDO� EOHQGLQJ� IXQFWLRQV� WR� FRQWURO

SDWFK�LQWHULRU�VKDSH�

/HH©V� +DUYDUG� WKHVLV
�
� GHDOW� ZLWK� UDWLRQDO� ELFXELF� VXUIDFH

SDWFKHV��)XUWKHU�ZRUN�RQ�FRQWUROOLQJ�WKH�VKDSH�RI�D�UDWLRQDO�FXELF

E\�VSHFLI\LQJ�WKH�LQWHUVHFWLRQ�RI�WKH�FXUYH�ZLWK�D�SODQH�GHILQHG�E\

WKH� WDQJHQW� SRLQWV� DQG� WKH� PLG�FKRUG� DSSHDUHG� DV� D� &DPEULGJH

&$'�*URXS�GRFXPHQW�LQ������
�

$�FKDUDFWHULVWLF�RI�PXFK�RI�WKH�HDUO\�ZRUN�LQ�FRPSXWHU�JUDSK�

LFV�DQG�&$*'�ZDV�WKH�PRGH�RI�SXEOLFDWLRQ��:LWK�IHZ�H[FHSWLRQV�

ZRUN�ZDV� UHSRUWHG� DV� WKHVHV�� WHFKQLFDO� UHSRUWV�� DQG�FRPSDQ\� LQ�

WHUQDO�GRFXPHQWV� UDWKHU� WKDQ� LQ� MRXUQDOV�DQG�DW� FRQIHUHQFHV��7KH

UHODWLYHO\�VPDOO�FRPPXQLW\�ZRUNLQJ�LQ�WKH�DUHD�PDQDJHG�WR�FRP�

PXQLFDWH�YLD�ZRUG�RI�PRXWK�DQG�E\�H[FKDQJLQJ�SDSHUV�WKRXJKW�WR

EH� RI�PXWXDO� LQWHUHVW��7KH�5HSRUW�/LEUDU\� WKDW� ,� VWDUWHG� DW�&DP�

EULGJH�8QLYHUVLW\�VRRQ�EHFDPH�ZLGHO\�NQRZQ��DQG��LQ�VRPH�FDVHV�

RWKHUV�XVHG�LW�DV�D�UHSRVLWRU\�RI�PDWHULDO�IRU�UHFRUG��,W�LV�D�VRXUFH

RI�UHJUHW�WKDW�PXFK�RI�WKH�PDWHULDO�JDWKHUHG�LQ�WKH�����V�DQG�HDUO\

����V�KDV�QHYHU�EHHQ�SXEOLVKHG�LQ�FRQYHQWLRQDO�IRUP�
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My Six Years to Evert a Sphere
by Nelson Max
2QH�RI� WKH�KLJK�SRLQWV�RI� WKH�6LJJUDSK�FRQIHUHQFH� LV� DOZD\V� WKH

ILOP� VKRZ�� EHFDXVH� LW� LOOXVWUDWHV� WKH� ODWHVW� PRGHOLQJ�� UHQGHULQJ�

DQG� DQLPDWLRQ� WHFKQLTXHV� DQG� DOVR� WKH� UDZ� FRPSXWHU� DOJRULWKP

SRZHU�WR�JHQHUDWH���������RU����IUDPHV�SHU�DQLPDWHG�VHFRQG��7KH

ILOPV�WKDW� MXPS�RXW�RI�P\�PHPRU\�IURP�SDVW� ILOP�VKRZV�DUH� WKH

IROORZLQJ�

• D�PDQ�MXJJOLQJ��IURP�,QIRUPDWLRQ�,QWHUQDWLRQDO�,QF���

• WKH�ILUVW�WDONLQJ�KXPDQ��QDPHO\��DQ�DJLQJ�VLQJHU�SLDQR�SOD\HU

UHPLQLVFLQJ��7RQ\�GH�3HOWULH��E\�3KLOLSSH�%HUJHURQ�HW�DO���

• D�IOLJKW�WKURXJK�IUDFWDO�PRXQWDLQV��9RO�/LEUH��E\�/RUHQ�&DU�

SHQWHU��������

• D� KXJH� URERW� FRQVWUXFWLRQ� ZRUNHU� DQW�� FRQWUROOHG� E\� D

VPDOOHU� RQH� LQVLGH� �7KH�$QW�� E\�'LFN�/XQGHQ� HW� DO�� RI� WKH

1HZ�<RUN�,QVWLWXWH�RI�7HFKQRORJ\��

• D�IHZ�VHFRQGV�RI�D�ZRPDQ�VZLPPLQJ��E\�5HEHFFD�$OOHQ�RI

WKH�1HZ�<RUN�,QVWLWXWH�RI�7HFKQRORJ\��

• DQ�LQILQLWH�SHULRGLF�YLQH��E\�1HG�*UHHQH�DQG�3DXO�+HFNEHUW�

LQ�WKH�6LJJUDSK������2PQLPD[�ILOP�VKRZ���DQG

• WKH� DQQXDO� EULOOLDQWO\� FRORUHG� VZLUOLQJ� DEVWUDFW� PHWDEDOO

DQLPDWLRQV�� LQVSLUHG� E\� XQGHUVHD� FUHDWXUHV� �E\� <RLFKLUR

.DZDJXFKL��

0\�RZQ�SHUVRQDO�JUHDWHVW�FKDOOHQJH�ZDV�PRGHOLQJ�WKH�JHRPH�

WU\� IRU� 7XUQLQJ� D� 6SKHUH� ,QVLGH� 2XW�� D� ILOP� WKDW� WRRN� PH� IURP

�����WR������WR�FRPSOHWH��,Q�������WKH�UHQGHULQJ�HQJLQHV�FDSDEOH

RI�SURGXFLQJ� WKH� ILOP�GLG�QRW�H[LVW�DQG�QHLWKHU�GLG� WKH�PRGHOLQJ

WRROV�� 0\� ILUVW� WHVW� ZDV� VWRS�PRWLRQ� FOD\� DQLPDWLRQ�� ,� WULHG� WR

LPDJLQH� PRGHOLQJ� HYHU\WKLQJ� RXW� RI� SLHFHV� RI� VSKHUHV�� SODQHV�

FRQHV�� DQG� WRULL� DQG� PDGH� VHYHUDO� FOD\� PRGHOV� RI� LQWHUPHGLDWH

VWDJHV��,�HYHQ�WULHG�WR�FRQWLQXH�WKLV�SULPLWLYH�GHVLJQ�SURFHVV�LQ�P\

KHDG�ZKLOH�WUHNNLQJ�LQ�1HSDO�LQ������

,Q�WKH�VXPPHU�RI�������,�VSHQW�D�ZHHN�DW�&DPEULGJH�8QLYHU�

VLW\�� KRVWHG� E\�5RELQ� )RUUHVW�� DV� DQ� HDUO\� XVHU� RI�$QGUHZ�$U�

PLW©V� 0XOWL2EMHFW�� DQ� LQWHUDFWLYH� �E\� ����� VWDQGDUGV�� GHVLJQ

V\VWHP�EDVHG�RQ�ELFXELF�SDWFKHV�� ,W� FRPSOHWHO\� ILOOHG� WKH� FRP�

SXWHU�� DQG� ZKHQ� ,� FRPSODLQHG� WKDW� RQH� GLIIHUHQWLDELOLW\� FRQ�

VWUDLQW�ZDV�PLVVLQJ�� LW� WRRN�VRPH�ZRUN�IRU�$UPLW� WR�VTXHH]H� LQ

WKH�H[WUD�FRGH�DQG�GDWD��0RGHOV�KDG� WR�EH�VDYHG�RQ�SDSHU� WDSH

IURP�RQH�VHVVLRQ�WR�WKH�QH[W��EHFDXVH�WKHUH�ZDV�QRW�HQRXJK�GLVN

VSDFH�RQ�WKH�FRPSXWHU��$IWHU�D�ZHHN©V�ZRUN��,�KDG�PRGHOHG�RQO\

���SHUFHQW�RI�RQH�VWDWLF�VWDJH�LQ�WKH�GHIRUPDWLRQ�DQG�JDYH�XS��,W

ZDV�WKHQ�WKDW�,�ZDV�LQIRUPHG�WKDW�DOO�SUHYLRXV�PRGHOV�KDG�EHHQ

FRQVWUXFWHG� E\� WDNLQJ� PHDVXUHPHQWV� IURP� DFWXDO� SK\VLFDO� RE�

MHFWV�� QR� RQH� KDG� \HW� WULHG� WR� FUHDWH� D� JHRPHWULF� PRGHO� IURP

LPDJLQDWLRQ�DORQH�

:KHQ� ,� VWDUWHG� DW� &DUQHJLH� 0HOORQ� 8QLYHUVLW\� LQ� WKH� IDOO� RI

������ ,� WULHG� WR�FRQVWUXFW� D� VLPLODU�SDWFK�PRGHOLQJ� V\VWHP� WKHUH�

/XFNLO\��&KDUOHV�3XJK��D�PDWKHPDWLFLDQ�DW�WKH�8QLYHUVLW\�RI�&DOL�

IRUQLD�DW�%HUNHOH\��KDG�VHHQ�WKH�VNHWFKHV�RI�WKH�VSKHUH�HYHUVLRQ�LQ

P\� VWRU\ERDUG� DQG� GHFLGHG� WR� FRQVWUXFW� DQRGL]HG� FKLFNHQ� ZLUH

PRGHOV� RI� VHYHUDO� NH\� VWDJHV� WR� GHFRUDWH� WKH�0DWKHPDWLFV�&RP�

PRQ�5RRP��6R�,�KDG�PRGHOV�WR�PHDVXUH��ZKLFK�,�GLG�DW�WKH�6WDQ�

IRUG�$,�/DE�E\�VHWWLQJ�WKH�PRGHOV�RQ�JUDSK�SDSHU�DQG�JHWWLQJ�WKH

WKLUG�FRRUGLQDWH�IURP�D�SOXPE�ERE�WKDW�,�PDGH�IURP�PDUNHG�VWULQJ

DQG� FKHZLQJ� JXP�� 7KH� SHRSOH� WKHUH� VXJJHVWHG� WKDW� ,� XVH� WKHLU

FDOLEUDWHG�URERW�DUP�LQVWHDG��EXW�,� WKRXJKW�P\�PHWKRG�ZDV�PRUH

UHOLDEOH�

7KH�SDWFKHV�ZHUH�GLYLGHG�LQWR�SRO\JRQV�DQG�ILQDOO\�UHQGHUHG�LQ

WKH�PLG�����V�RQ�WKH�&DVH�6KDGHG�*UDSKLFV�6\VWHP��FRQVWUXFWHG

E\� 'DYH� (YDQV� DQG� ,YDQ� 6XWKHUODQG� IRU� &DVH�:HVWHUQ� 5HVHUYH

8QLYHUVLW\�� DV� D� KDUGZDUH� LPSOHPHQWDWLRQ� RI� *DU\� :DWNLQV©V

¦VSDQ� FRKHUHQFH§� VFDQ� OLQH� KLGGHQ�VXUIDFH� DOJRULWKP�� 7KLV� ZDV

EHIRUH�IUDPH�EXIIHUV�ZHUH�SUDFWLFDO��7KH�PDFKLQH�ZDV�WKH�GHVFHQ�

GHQW�RI�(	6�IOLJKW�VLPXODWRUV�DQG�WXUQHG�WKH�UHQGHUHG�VSDQV�LQWR

YLGHR�VLJQDOV�RQ�WKH�IO\��ZLWKRXW�DWWHPSWLQJ�WR�VWRUH�PRUH�WKDQ�RQH

RU� WZR� VFDQ� OLQHV©� ZRUWK�� :LOOLDP� &OLIIRUG� SURJUDPPHG� WKH

3'3�����ZKLFK�FRQWUROOHG�WKH�UHQGHULQJ��DQG�KLV�GHSDUWPHQW�FKDLU

ODWHU� WROG�PH� WKDW� KLV� LQYROYHPHQW�ZDV� VR�GLVWUDFWLQJ� WKDW� LW� FRVW

KLP�KLV�3K'�

)RU�PRUH�UHFROOHFWLRQV� OLNH� WKH�DERYH��VHH�0D[�
��
� ,W�DOVR�FRQ�

WDLQV� VNHWFKHV� RI�� DQG� WKH�PDWKHPDWLFV� EHKLQG�� WKH� VSKHUH� HYHU�

VLRQ��)RU�WKH�FRPSXWHU�JUDSKLFV�WHFKQLTXHV�LQYROYHG��VHH�0D[�DQG

&OLIIRUG�
��
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�����(DVW�$YH�

/LYHUPRUH��&$��������8�6�$�

H�PDLO��PD[�#OOQO�JRY
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The Unfulfilled Spiritual Potential of
Computer Art
by Duane M. Palyka
,Q�WKH�HDUO\�����V��DV�D�\RXQJ�ER\�LQ�FKXUFK��,�EHFDPH�IDVFLQDWHG

ZLWK� VWDLQHG�JODVV� ZLQGRZV�� %HFDXVH� WKH� VHUYLFH� LWVHOI� ZDV� LQ�

FRPSUHKHQVLEOH¥WKH�0DVV�ZDV�LQ�/DWLQ�EDFN�WKHQ�DQG�WKH�VHUPRQ

ZDV� LQ� +XQJDULDQ¥P\� DWWHQWLRQ� VWUD\HG� WR� WKH� JORZLQJ�� VXQOLW

ZLQGRZV� LOOXPLQDWHG� IURP� WKH� RXWVLGH�� 7KH� LPDJHV� VHHPHG� WR

UHDFK� RXW� WR� PH� DQG�� HDFK� 6XQGD\�� HQGRZHG� WKH� FKXUFK� ZLWK� D

ZDUP�DQG�P\VWLFDO�DWPRVSKHUH�

$�GHFDGH�DQG�D�KDOI�ODWHU��DV�D�JUDGXDWH�VWXGHQW�DW�WKH�8QLYHU�

VLW\� RI�8WDK��P\� DWWHQWLRQ� WXUQHG� WR� FRPSXWHU� JUDSKLFV¥WKH� UH�



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

FHQWO\�LQYHQWHG�IUDPH�EXIIHU�UHSODFHG�WKH�VWDLQHG�JODVV�ZLQGRZV�

DQG�D�SURJUDPPLQJ�ODQJXDJH�UHSODFHG�/DWLQ�

,Q� ERWK� RI� WKHVH� VLWXDWLRQV�� ,� IRXQG�P\VHOI� FDXJKW� EHWZHHQ� WKH

ORYH� DQG�ZDUPWK� RI� LPDJHU\� DQG� WKH� ULJLG� DQG� REVFXUH� QDWXUH� RI

ODQJXDJH��$V�D�FRPSXWHU�DUWLVW��,�ZDQWHG�P\�LPDJHV�WR�FUHDWH�WKHP�

VHOYHV�DQG�LQWHUDFW�RQ�WKH�VFUHHQ��EXW��LQVWHDG��P\�DUWLVWLF�H[SUHVVLRQ

ZDV�LPSHGHG�E\�WKH�OLPLWDWLRQV�RI�WKH�SURJUDPPLQJ�ODQJXDJH�

)LJ�����'XDQH�3DO\ND�GRLQJ�D�VHOI�SRUWUDLW��VHH�WKH�IURQW�FRYHU�RI�WKLV

LVVXH�IRU�D�FRORU�YHUVLRQ��

,W�ZDV�KDUG�WR�EH�VDWLVILHG�GXULQJ�WKRVH�HDUO\�GD\V�RI�FRPSXWHU

DUW��1R�PDWWHU�KRZ�VLQFHUH�WKH�SURJUDPPHU©V�LQWHQWLRQ�PD\�KDYH

EHHQ�WR�SURYLGH�D�IOH[LEOH�WRRO�IRU�WKH�DUWLVW��D�VDPHQHVV�UHVXOWHG�LQ

WKH�SURGXFHG�ZRUNV��$OO�RI�WKH�WRROV�VKRZHG�D�SUHIHUHQFH�IRU�FHU�

WDLQ�DFWLRQV�RU�FHUWDLQ�VKDSHV��7KLV�HIIHFW�LV�QRW�QHZ��.HQ�.QRZO�

WRQ�DW�%HOO�/DEV��RQH�RI�WKH�ILUVW�SURJUDPPHUV�WR�SURYLGH�WRROV�WR

DUWLVWV�� FRQFXUUHG�ZLWK�PH�RQ� WKLV� SRLQW� LQ� WKH� ODWH� ����V�� ,Q� UH�

IOHFWLQJ�RQ�WKH�UHVXOWV�IURP�KLV�SURMHFW��¦(QJLQHHUV�DQG�$UWLVWV�LQ

7HFKQRORJ\�§� LQ�ZKLFK� KH� GLVWULEXWHG� KLV� SURJUDPV� WR� DUWLVWV�� KH

IHOW� WKDW� WKH� DUWZRUN�KH� UHFHLYHG� IURP� WKRVH� DUWLVWV� ORRNHG�PXFK

WRR�VLPLODU��,�KDYH�VHHQ�WKLV�LQ�P\�RZQ�ZRUN��DQG�,�EHOLHYH�LW�RF�

FXUV�ZLWK�WRGD\©V�WRROV�DV�ZHOO�

:HVWHUQ�DUW�KDV� WUDGLWLRQDOO\� LOOXVWUDWHG�DQG� UHIOHFWHG� UHOLJLRXV

DQG�VSLULWXDO�FRQFHSWV��7KH�SDLQWLQJV�RI�&DUDYDJJLR�DQG�'D�9LQFL�

IRU� H[DPSOH�� ZHUH� QHZ� IRUPV� RI� H[SUHVVLRQ� FRQWDLQLQJ� ROGHU

VSLULWXDO�FRQFHSWV��,Q�WKLV�WHFKQLFDO�HUD��,�KDYH�EHHQ�DEOH�WR�GHVLJQ

DQG� LPSOHPHQW� VHOI�JHQHUDWLQJ� DQG� VHOI�RUJDQL]LQJ� FRPSXWHU� DUW

V\VWHPV�� 7KH\� DUH� PHDQW� WR� EH� PHGLWDWLYH� DQG� GHYRXW�� EHFDXVH

WKDW� LV� ZKHUH�P\� VSLULWXDO� DQG� DUWLVWLF� LQWHUHVWV� KDYH� FRQYHUJHG�

%XW� ZKHQ� DQ� DUWLVW� SXUVXHV� DXWKHQWLF� VSLULWXDO� GHYHORSPHQW�� KLV

WRROV� EHFRPH� LQDGHTXDWH�� ,� QHHG�� IRU� H[DPSOH�� WR� SHUPHDWH� P\

DHVWKHWLF�LQWR�GHHSHU�OHYHOV�WKDQ�P\�WRROV�DOORZ��,Q�IDFW�� LQ�PDQ\

FDVHV��,�KDYH�QHHGHG�D�WRWDOO\�GLIIHUHQW�DSSURDFK��VHH�)LJ�����

)RU�H[DPSOH��LQ�������,�ZURWH�D�SURJUDP�WKDW�ZDV�D�FRPSXWHU

DUW�DQDORJ\�RI�JUDYLWDWLRQDO�DWWUDFWLRQ� LQ�RXWHU�VSDFH�� ,Q� WKLV�SUR�

JUDP��,�WULHG�WR�PDNH�FRQFUHWH�ZKDW�,�KDG�YLVXDOL]HG�DV�DQ�DUWLVW�

7KDW� LV�� ,� ZDQWHG� WR� VHH� KRZ� WKH� LPDJHV� ZRXOG� EH� GLVWRUWHG� E\

VLPXODWHG�JUDYLWDWLRQDO�VSDFHV�� ,�DOORZHG�XQFRQWUROOHG�GLVWRUWLRQV

WR� KDSSHQ�� DQG� WKH� UHVXOWV� FRQWDLQHG�P\� DHVWKHWLF�� +RZ� FRXOG� ,

KDYH� GRQH� WKLV�ZLWKRXW�P\�RZQ�SURJUDPPLQJ"�$OWKRXJK� DOO� WKH

FRQFHSWV� ,�KDG�ZHUH�YLVXDO�� WKH� WRROV� ,�XVHG� WR�FUHDWH� WKHP�ZHUH

QRW�� 7KH\� ZHUH� OLWHUDO� DQG� PDWKHPDWLFDO�� DQG� ,� KDG� GLIILFXOW\

ZRUNLQJ�ZLWK�WKHP��3URJUDPPLQJ�WRRN�WKH�MR\�RXW�RI�FUHDWLRQ�

$�YLVXDO�SURJUDPPLQJ� ODQJXDJH�PLJKW�HQFRXUDJH�� UDWKHU� WKDQ

VW\PLH�DUWLVWLF�H[SUHVVLRQ��7KXV�IDU��KRZHYHU�� ,�KDYH�\HW� WR�VHH�D

YLVXDO� SURJUDPPLQJ� ODQJXDJH� WKDW� LV� PRUH� WKDQ� D� IORZFKDUWLQJ

WRRO��%XW�,�WKLQN�LQ�WHUPV�RI�JHVWXUHV�DQG�PRYHPHQWV��QRW�LQ�WHUPV

RI� WH[W� DQG� V\PEROV�� ,� WKLQN� LQ� WHUPV� RI� VSDFHV�� QRW� SRO\JRQV�� ,

WKLQN� DERXW� TXDOLWDWLYH� LVVXHV� DV� ZHOO� DV� TXDQWLWDWLYH� RQHV�� 7KH

FRPSXWHU� LV�D� IOH[LEOH�GHYLFH��QRW� OLPLWHG�E\� WKH�KDUG�GHILQLWLRQV

RI�WUDGLWLRQDO�DUWLVW�PHGLD��6LPSO\�VWDWHG��,�ZRXOG�OLNH�PRUH�QDWX�

UDO�PHDQV�WR�H[SORLW�WKH�FRPSXWHU©V�ULFK�SRWHQWLDO�

/RRNLQJ�GHHSHU��SDUW�RI�WKH�SUREOHP�PD\�UHVLGH�LQ�RXU�UHOLDQFH

RQ�VFLHQFH��$OWKRXJK�WKH�VFLHQWLILF�SURFHVV�LV�YHU\�JRRG�DW�VROYLQJ

WHFKQLFDO�SUREOHPV��LW�IDOOV�VKRUW�ZKHQ�DSSOLHG�WR�DUWLVWLF�WKLQNLQJ�

$SSURDFKLQJ�KROLVWLF�VXEMHFWV�E\�EXLOGLQJ�RQ�GHWDLO� MXVW�GRHV�QRW

ZRUN� YHU\� ZHOO�� +XVWRQ� 6PLWK� KDV� GLVFXVVHG� WKLV� WRSLF�
��
� 7KH

TXHVWLRQ�EHFRPHV�� ,V� WKH� VFLHQWLILF�SURFHVV� FDSDEOH�RI� FUHDWLQJ� D

ORJLFDO�H[SUHVVLRQ�IRU�WKH�VSLULWXDO"

3HUKDSV�ZH�QHHG� WR�HOLPLQDWH� WKH�VHSDUDWLRQ�RI�DUWLVW� DQG�VFL�

HQWLVW�� 7R� HQFRXUDJH� WKH� QDWXUDO� SKLORVRSKHU�� DUW� VFKRROV� VKRXOG

QRW�WHDFK�WKDW�DUW�LV�DQ�HVFDSH�IURP�WKH�RSSUHVVLRQ�RI�WHFKQRORJ\�

DQG�HQJLQHHULQJ�VFKRROV�VKRXOG�QRW�GLVFRXUDJH�DUWLVWLF�WKLQNHUV��,Q

FRPSXWHU�VFLHQFH��ZH�VKRXOG�GHYHORS�DQ�DUWLVWLFDOO\�LQFOLQHG�FRP�

SXWHU�ODQJXDJH�

:H�PXVW�¦XQGR§�WKH�GHYHORSPHQW�RI�WKH�FRPSXWHU��ZKLFK�VXI�

IHUHG� IURP� WKH� XQEDODQFHG� DUW�VFLHQFH� DWWLWXGHV� RI� LWV� WLPHV��:H

FDQ��IRU�H[DPSOH��GHYHORS�QHZ�KDUGZDUH�DQG�VRIWZDUH�WKDW�UHIOHFW

D� PRUH� EDODQFHG� �DQG� PRUH� WLPHO\�� DWWLWXGH� WRZDUG� DUWLVWLF� DQG

VFLHQWLILF� LVVXHV�� ,I� ZH� FDQ� GHVLJQ� D� FRPSXWHU� LQ� ZKLFK� YLVXDO�

KROLVWLF�WKLQNLQJ�SUHGRPLQDWHV�RYHU�OLQHDU��GHWDLOHG�WKLQNLQJ��WKHQ�

,� EHOLHYH�� WKH� FRPSXWHU� ZRXOG� EH� D� PRUH� HQFRXUDJLQJ� DQG� OHVV

LQWLPLGDWLQJ�GHYLFH��7KLV�PD\�\LHOG� LQWHUHVWLQJ�UHVXOWV� WKDW�PLJKW

DIIHFW�RWKHU�DVSHFWV�RI�RXU�OLYHV�DQG�VRFLHW\��$QG��RI�FRXUVH��VXFK

SURJUHVV�ZRXOG�IDFLOLWDWH�P\�ZRUN�ZLWK�VSLULWXDO�FRPSXWHU�DUW�

Reference
����+��6PLWK��%H\RQG�WKH�3RVW�0RGHUQ�0LQG��4XHVW�%RRNV�������

'XDQH�0��3DO\ND� EHJDQ� SURGXFLQJ� FRPSXWHU� DUW� LQ� �����ZKLOH

VWXG\LQJ�DW�&DUQHJLH�0HOORQ�8QLYHUVLW\��+H�KDV�VLQFH�ZRUNHG�DV

ERWK�DQ�DUWLVW� DQG�SURJUDPPHU�DW� WKH�8QLYHUVLW\�RI�8WDK©V�&RP�

SXWHU�6FLHQFH�'HSDUWPHQW� LQ� WKH�����V�DQG�DW� WKH�1HZ�<RUN� ,Q�

VWLWXWH�RI�7HFKQRORJ\©V�&RPSXWHU�*UDSKLFV�/DE�LQ�WKH�����V��+H

VXSSRUWHG� WKH� SLRQHHULQJ� HIIRUWV� RI� -LP� %OLQQ�� (G� &DWPXOO�� -LP

&ODUN��0DUWLQ�1HZHOO��DQG�RWKHUV��+H�ZDV�D�SURIHVVRU�DW�WKH�8QL�

YHUVLW\�RI�0LFKLJDQ�6FKRRO�RI�$UW�LQ�WKH�HDUO\�����V�

'XDQH�0��3DO\ND�FDQ�EH�FRQWDFWHG�DW

�����2[IRUG�6W���$SW�����

%HUNHOH\��&$��������8�6�$�

H�PDLO��$UW0DWK�#DRO�FRP
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Computer-Aided Geometric Design
by David F. Rogers
0XFK� RI�P\� HDUO\�ZRUN� LQ� WKH� ILHOGV� RI� FRPSXWHU� JUDSKLFV� DQG

FRPSXWHU�DLGHG� JHRPHWULF� GHVLJQ� LQYROYHG� WKH� GHYHORSPHQW� RI



Graphics Remembrances

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

WHFKQLTXHV�DQG�SURJUDPV�IRU�WKH�G\QDPLF�PDQLSXODWLRQ�RI�FXUYHV

DQG�VXUIDFHV�IRU�GHVLJQ�DQG�WKH�XVH�RI�WKRVH�GHVLJQV�LQ�FRPSXWHU�

DLGHG�PDQXIDFWXULQJ�

7KH�HDUO\�ZRUN�RQ�G\QDPLF�PDQLSXODWLRQ�RI�FXUYHV�DQG�VXUIDFHV

IRU�GHVLJQ�ZDV�SDUWLFXODUO\�LQVSLUHG�E\�WKDW�RI�3LHUUH�%p]LHU�DW�5HQ�

DXOW� DQG� 5RELQ� )RUUHVW� DW� &DPEULGJH� 8QLYHUVLW\�� 7KH� XQGHUO\LQJ

WKUXVW�RI�WKH�ZRUN�LV�WKDW�WKH�XVHU�LV�WKH�GHVLJQHU�DQG��WKXV��VKRXOG

KDYH� GLUHFW� DQG� LPPHGLDWH� FRQWURO� RI� WKH� GHVLJQ� SURFHVV�� ,W� LV

FKURQLFOHG�LQ�D�VHULHV�RI�SDSHUV
�����������������������������������

�WKDW�VSDQ

QHDUO\� WKUHH� GHFDGHV�� 7KH� FXOPLQDWLRQ� RI� WKLV� ZRUN� LV� WKH� ����

SDSHU
��
� LQ� WKH� LVVXH� RI�&RPSXWHU�$LGHG�'HVLJQ� KRQRULQJ�%p]LHU

RQ� KLV� ��WK� ELUWKGD\�� 7KDW� SDSHU� JLYHV� D� YHU\� IDVW� DOJRULWKP� IRU

G\QDPLF� PDQLSXODWLRQ� RI� UDWLRQDO� %�VSOLQH� VXUIDFHV�� LQFOXGLQJ

G\QDPLF�PDQLSXODWLRQ�RI�WKH�KRPRJHQHRXV�ZHLJKWLQJ�IDFWRU�

'\QDPLF�PDQLSXODWLRQ�GLIIHUV�IURP�LQWHUDFWLYH�PDQLSXODWLRQ�LQ

WKDW�PRGLILFDWLRQ�RI� WKH�FXUYH�RU�VXUIDFH�RFFXUV� LQVWDQWO\��7RGD\�

ZH�FDOO�WKLV�UXEEHU�EDQGLQJ��)RUUHVW��/HV�3LHJO��DQG�,�EHOLHYH�WKDW

WKH� ����� 6RFLHW\� RI�1DYDO�$UFKLWHFWV� DQG�0DULQH� (QJLQHHUV� SD�

SHU
��
�LV�DUJXDEO\�WKH�ILUVW�SXEOLVKHG�SDSHU�RQ�G\QDPLF�PDQLSXOD�

WLRQ� RI� %�VSOLQH� FXUYHV�� 7KLV� SDSHU� LV� DOPRVW� XQNQRZQ� LQ� WKH

FRPSXWHU� JUDSKLFV� FRPPXQLW\�� )XUWKHUPRUH�� WKH� ����� 6LJJUDSK

SDSHU
��
�PD\�EH�WKH�ILUVW�SXEOLVKHG�SDSHU�RQ�G\QDPLF�PDQLSXODWLRQ

RI�QRQUDWLRQDO�%�VSOLQH�VXUIDFHV�

$V� LV� HYLGHQW� IURP� WKH� UHIHUHQFHV�� ,�ZDV� DEO\� DVVLVWHG� LQ� WKLV

ZRUN� E\� 6WHYH� 6DWWHUILHOG�� ZKR� GLG� PXFK� RI� WKH� LQWHUIDFH� SUR�

JUDPPLQJ� WR�P\�GHVLJQV�� DQG�)UDQFLVFR�¦3DFR§�5RGULJXH]��ZKR

GLG�PXFK�RI�WKH�QXPHULFDO�FRQWURO�LQWHUIDFH�SURJUDPPLQJ��ZKLOH�,

FRQFHQWUDWHG�RQ�WKH�XQGHUO\LQJ�PDWKHPDWLFV�DQG�SURJUDPPLQJ�WKH

IXQGDPHQWDO� DOJRULWKPV��:KHQ� ,� UHIHU� WR�P\�GHVLJQV�� XQGHUVWDQG

WKDW�DW�WKDW�WLPH�ZH�KDG�RQO\�D�YDJXH�LGHD�RI�ZKDW�D�G\QDPLF�PD�

QLSXODWLRQ� XVHU� LQWHUIDFH� VKRXOG� ORRN� OLNH��&RQVHTXHQWO\�� WKH� GH�

VLJQ� SURFHVV� FRQVLVWHG� RI�P\�PXPEOLQJ� WKDW� ,� ZRXOG� OLNH� WR� EH

DEOH�WR�GR�WKLV��DQG�PD\EH�WKLV�ZDV�WKH�ZD\�WR�GR�LW��7KHQ��6DWWHU�

ILHOG�SURJUDPPHG�LW��DQG�,�VDLG��¦:HOO�� WKDW� LV�QRW�ZKDW�,�PHDQW§

�ZKLFK�UHDOO\�PHDQW�,�GLG�QRW�KDYH�D�FOXH���$IWHU�VRPH�GLVFXVVLRQ�

,�VXJJHVWHG�VRPHWKLQJ�HOVH��7KH�SURFHVV�FRQWLQXHG�XQWLO�ZH�ERWK

DJUHHG�WKDW�WKLV�ZDV�WKH�EHVW�ZH�FRXOG�GR��RU�PD\EH�RQH�RI�XV�MXVW

JRW�WLUHG�

$OO�RI� WKH�HDUO\�ZRUN�ZDV�VXSSRUWHG�E\�WKH�8�6��&RDVW�*XDUG

DQG��FRQVHTXHQWO\��ZDV�GRQH�LQ�WKH�FRQWH[W�RI�VKLS�KXOO�GHVLJQ��:H

XVHG�DQ�(YDQV�	�6XWKHUODQG�3LFWXUH�6\VWHP����36����6HULDO�1XP�

EHU����GULYHQ�E\�D�'(&�3'3��������VHH�)LJ������7KH�36���ZDV�D

FDOOLJUDSKLF��OLQH�GUDZLQJ��UHIUHVK�PRQRFKURPH�GLVSOD\��$Q�LQWHU�

HVWLQJ�VLGHOLJKW� LV� WKDW�'DYH�(YDQV�RQFH�UHPDUNHG� WKDW� ,�ZDV� WKH

RQO\�SHUVRQ�KH�NQHZ�ZKR�XVHG�D�36���DV�LW�ZDV�LQWHQGHG��2Q�WKH

RWKHU�KDQG�� LQ�������ZKHQ�WKH�V\VWHP�ZDV�RUGHUHG��ZKR�HOVH�EXW

WKH�JRYHUQPHQW�FRXOG�DIIRUG����������IRU�D�VLQJOH�XVHU�HQJLQHHU�

LQJ�ZRUNVWDWLRQ�

-XVW�GHVLJQLQJ�D�VKLS�KXOO�ZDV�QRW�HQRXJK��RQH�KDG�WR�SURGXFH

WKH�VKLS��:HOO��WKH�8�6��1DYDO�$FDGHP\�ZDV�QRW�LQ�WKH�EXVLQHVV�RI

DFWXDOO\�EXLOGLQJ�VKLSV��HVSHFLDOO\�QRW�E\�DHURQDXWLFDO�HQJLQHHULQJ

SURIHVVRUV��+RZHYHU��ZH�ZHUH�LQ�WKH�EXVLQHVV�RI�EXLOGLQJ�WRZLQJ

WDQN�DQG�ZLQG�WXQQHO�PRGHOV��7KH�SRZHUV�WKDW�EH�WKRXJKW�,�PLJKW

EH�DEOH�WR�KDQGOH�WKDW��$V�D�UHVXOW��D�UHODWLYHO\�ODUJH��QXPHULFDOO\

FRQWUROOHG�PLOOLQJ�PDFKLQH�ZDV�SXUFKDVHG��$W�WKDW�WLPH��RQH�XVHG

$37�RU�VRPH�VLPLODU� ODQJXDJH� WR�ZULWH�D�SURJUDP�WR�GULYH�D�QX�

PHULFDOO\�FRQWUROOHG�PDFKLQH��7KH�WUDQVIHU�GRFXPHQW�ZDV�D�SDSHU

GUDZLQJ��5DWKHU�LQDFFXUDWH�WKDW��+HUH��ZH�KDG�VSHQW�FRQVLGHUDEOH

WLPH� DQG� HIIRUW� FDUHIXOO\� IDLULQJ� WKH� OLQHV� FRQVWLWXWLQJ� WKH� VKLS

VXUIDFH�� DQG�ZH�ZHUH� WR� XVH� D� GUDZLQJ� DQG� WKH�� DW� EHVW�� FLUFXODU

LQWHUSRODWLRQ�LQ�$37�WR�PDQXIDFWXUH�WKH�PRGHO��1RW�OLNHO\�

:HOO�� WKHUH� LV� D� FRPSXWHU� LQ� WKH�1&�PLOO��ZH�ZLOO� UHSURJUDP

WKDW�� 1RSH�� WKH� PDQXIDFWXUHU� ZLOO� QRW� UHOHDVH� WKH� VRXUFH� FRGH�

+PP��$�SDSHU�WDSH�UHDGHU�LV�XVHG�DV�WKH�LQSXW�GHYLFH�IRU�WKH�1&

PLOO��6R��ZH�ZLOO�ZULWH�D�SURJUDP�IRU�WKH�3'3�������WKDW�ZLOO�WDNH

WKH�GDWD�IURP�WKH�&$'�SURJUDP�DQG�JHQHUDWH�D�SDSHU�WDSH�WR�GULYH

WKH�1&�PLOO��$� IHZ�TXLFN� FDOFXODWLRQV� VKRZHG� WKDW� WKH� UHVXOWLQJ

WDSH�ZRXOG�EH�VR�ORQJ�WKDW�LW�FRXOG�EH�ZUDSSHG�DURXQG�WKH�UDWKHU

ODUJH�HQJLQHHULQJ�EXLOGLQJ�VHYHUDO�WLPHV�

)LJ�����(YDQV�	�6XWKHUODQG�3LFWXUH�6\VWHP���

$IWHU� ZDONLQJ� DURXQG� LQ� FLUFOHV� VFUDWFKLQJ� RXU� KHDGV� IRU� D

ZKLOH�� 6DWWHUILHOG�� 5RGULJXH]�� DQG� ,� FDPH� XS� ZLWK� WKH� LGHD� RI

IRROLQJ�WKH�FRPSXWHU�LQ�WKH�1&�PLOO�LQWR�WKLQNLQJ�WKDW�WKH�RXWSXW

RI�D�7HNWURQL[������ZRUNVWDWLRQ��FRQQHFWHG�WR�WKH�FRPSXWHU�LQ�WKH

1&� PLOO� YLD� DQ� ,(((� ���� *3,%� EXV�� ZDV� D� SDSHU� WDSH� UHDGHU�

5RGULJXH]� GHVLJQHG� DQG� EXLOW� D� VLPSOH� HOHFWURQLF� LQWHUIDFH� DQG

ZURWH� D� SURJUDP�� UXQQLQJ� LQ� WKH� 7HNWURQL[� ������ WKDW� FRQYHUWHG

WKH�UDZ�GDWD�IURP�WKH�&$'�SURJUDP�LQWR�1&�FRPPDQGV��LQFOXG�

LQJ� WKH�QHFHVVDU\�FXWWHU�RIIVHWV��PDFKLQH�VSHHGV��HWF���DQG�GLG�VR

LQ�UHDO�WLPH��,Q�HIIHFW��ZH�UDQ�WKH�1&�PLOO�IURP�WKH�7HNWURQL[��VHH

)LJ������7KH�SURJUDP�UDQ� WKH�1&�PLOO� LQ�ZKDW� LV�FDOOHG�SRLQW�WR�

SRLQW�PRGH�� WKXV�ZH� KDG� FRPSOHWH� FRQWURO� RYHU� WKH� DFFXUDF\� RI

WKH�FXW��7KH�SURJUDP�DOVR�DOORZHG�SURRILQJ�WKH�GDWD�DQG�SURYLGHG

D� JUDSKLFDO� SLFWXUH� RI� WKH� FXWWHU� ORFDWLRQ� WKDW� ZDV� VHYHUDO� VWHSV

DKHDG�RI�WKH�DFWXDO�FXWWLQJ�RSHUDWLRQ��VHH�)LJ������7KLV�PD\�KDYH

EHHQ� WKH� ILUVW� LQFLGHQFH� RI� D� JHQHUDO�SXUSRVH� JUDSKLFDO�ZRUNVWD�

WLRQ� EHLQJ� XVHG� WR� GLUHFWO\� UXQ� DQ� 1&�PDFKLQH� �VHH� )LJ�� ���� $

VLPLODU�SURJUDP��UXQQLQJ�RQ�D�3&��LV�VWLOO�LQ�XVH�WRGD\�DW�WKH�8�6�

1DYDO�$FDGHP\��,�FRQVLGHU�WKH�7HNWURQL[������WR�EH�WKH�ILUVW�WUXH

SURGXFWLRQ� VWDQG�DORQH� HQJLQHHULQJ� ZRUNVWDWLRQ�� ,W� FRQWDLQHG� D

&38��PDVV� VWRUDJH� �D� FDUWULGJH� WDSH��� D� JUDSKLFV� VFUHHQ�� D� NH\�

ERDUG�� DQG� D� EXLOW�LQ� SURJUDPPLQJ� ODQJXDJH� �%DVLF�� FRPSOHWH

ZLWK�DQ�HGLWRU��DV�ZHOO�DV�ERWK�$6&,,�DQG�*3,%�GDWD�FRPPXQLFD�

WLRQ�FDSDELOLW\�

)RU�QHDUO\�WZR�GHFDGHV��WKH�8�6��&RDVW�*XDUG�JHQHURXVO\�FRQ�

WLQXHG� VXSSRUW� IRU� WKLV�ZRUN��(DUO\� LQ� WKH�SURJUDP�� DV� D� GHPRQ�

VWUDWLRQ� RI� WKH� FRQFHSW�� ,� IDLUHG� WKH� OLQHV� IRU� D� SURSRVHG� &RDVW

*XDUG�LFHEUHDNHU�XVLQJ�WKH�GHVLJQ�V\VWHP��ZKLFK�ZH�FDOOHG�FRP�

SXWHU�DLGHG�PLOOLQJ��2I�FRXUVH�� WKH�&RDVW�*XDUG�JDYH�PH�D�GLIIL�

FXOW� VKLS� WR� IDLU�� 7KH� VKLS� ZDV� VKRUW� DQG� IDW� �IRU� D� VKLS�� DQG
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VWUDLJKW�VLGHG��7KXV��IDLULQJ�ERWK�WKH�VWHUQ�DQG�ERZ�DUHDV�EHFDPH

D�FKDOOHQJH��,Q�IDFW��WKH�ERZ�ZDV�UDWKHU�D�GHSDUWXUH�IURP�FRPPRQ

SUDFWLFH�� ,�ZRXOG�ZRUN� RQ� LW� IRU� DQ� KRXU��ZKLFK�ZDV� DERXW� DOO� ,

FRXOG�VWDQG��JR�WHDFK�D�FODVV��ZRUN�RQ�LW�D�ELW��JR�WR�D�PHHWLQJ��HWF�

&RQVHTXHQWO\��ERWK�WR�FKHFN�WKH�IDLULQJ�DQG�WR�SURRI�WKH�1&�V\V�

WHP��ZH�GHFLGHG�WR�FXW�D�VPDOO�PRGHO�DERXW�WZR�IHHW�ORQJ�EHIRUH

FXWWLQJ�WKH�ILQDO�ODUJH�PRGHO�

)LJ�����7KH�7HNWURQL[�GLVSOD\�RI�WKH�VKLS�KXOO�

)LJ�����$�GLVSOD\�RI�WKH�PLOOLQJ�PDFKLQH�FXWWHU�ORFDWLRQ�

7KH� GD\� EHIRUH� WKH�PRGHO� ZDV� WR� EH� FXW�� ,� FDOOHG� DQG� DVNHG

+RZDUG�&KDWWHUWRQ��RXU�VSRQVRU�DW�WKH�&RDVW�*XDUG��LI�KH�ZDQWHG

WR� FRPH� DQG� ZDWFK� WKH� PRGHO� EHLQJ� FXW�� ,� DOVR� ZDUQHG� KLP� LW

PLJKW�WDNH�DOO�GD\�DQG�WKDW�WKHUH�ZHUH�QR�JXDUDQWHHV��7KH�V\VWHP

ZRUNHG� YHU\� ZHOO�� VR� ZKHQ� &KDWWHUWRQ� DUULYHG� ODWH� LQ� WKH� DIWHU�

QRRQ�� WKH�PRGHO�ZDV� DOPRVW� FRPSOHWH��&KDWWHUWRQ� VDLG� KH� KDG� D

GHVLJQ�PHHWLQJ�ZLWK� WKH�DGPLUDO�DQG�UHSUHVHQWDWLYHV� IURP�DOO� WKH

YDULRXV�GHSDUWPHQWV� WKH�QH[W�GD\�DQG�DVNHG� LI� KH� FRXOG� WDNH� WKH

FRPSOHWHG�PRGHO�ZLWK�KLP��6XUH��ZK\�QRW��KH�ZDV�SD\LQJ�IRU� LW�

2II�KH�ZHQW�ZLWK�WKH�PRGHO�WXFNHG�XQGHU�KLV�DUP��(YLGHQWO\�� WKH

VWUXFWXUDO� HQJLQHHULQJ� GHSDUWPHQW� KDG� D� SUREOHP� ZLWK� WKH� ERZ

GHVLJQ�� 7KH\� VDLG� WKHUH� ZDV� QR� ZD\� LW� FRXOG� EH� EXLOW� VWURQJ

HQRXJK� WR�ZLWKVWDQG� WKH� ULJRUV� RI� UDPPLQJ� WKH� VKLS� LQWR� D� WKLFN

LFH�SDFN��6R��WKH\�VDW�WKHUH�GXULQJ�WKH�PHHWLQJ�DQG�UHGHVLJQHG�WKH

ERZ�E\�GUDZLQJ�RQ�WKH�PRGHO�ZLWK�D�EDOOSRLQW�SHQ��7KH�IROORZLQJ

GD\��&KDWWHUWRQ�DUULYHG�ZLWK�WKH�¦UHGHVLJQHG§�PRGHO�DQG�DVNHG�LI�,

FRXOG�UHIDLU�LW�XVLQJ�WKH�EDOOSRLQW�SHQ�PDUNLQJV��:KDW�FRXOG�,�VD\

H[FHSW�\HV"�$IWHU�D�ZHHN�RI�PXWWHULQJ�WR�P\VHOI��WKH�UHGHVLJQ�ZDV

FRPSOHWH�� 7KH� VXEVHTXHQWO\� EXLOW� WRZLQJ� WDQN� PRGHO� XVHG� WKH

UHGHVLJQHG�ERZ��7KDW�PRGHO�LV�VWLOO�LQ�XVH�DW�WKH�1DYDO�$FDGHP\�

&KDWWHUWRQ�HVWLPDWHG�WKDW�E\�FDWFKLQJ�WKH�SUREOHP�HDUO\��WKH�&RDVW

*XDUG� VDYHG� VHYHUDO�PLOOLRQ�GROODUV�� ,� JXHVV� WKH� UHVHDUFK�PRQH\

ZDV�ZHOO�VSHQW�

)LJ�����7KH�PLOOLQJ�PDFKLQH�FXWWLQJ�RXW�WKH�PRGHO�RI�WKH�VKLS©V�KXOO�

)LJ�����7KH�PLOOLQJ�PDFKLQH�EHLQJ�XVHG�DV�D�GLJLWL]HU�

:H� DOVR�ZDQWHG� WR� FRQILUP� WKDW� WKH� UHVXOWLQJ�ZRRGHQ� WRZLQJ

WDQN�PRGHO��ZKLFK� UHTXLUHG�KDQGZRUN� WR� ILQLVK��ZDV�EXLOW� DV�GH�

VLJQHG�� 7R� GR� WKLV�� ZH� EXLOW� D� GLJLWL]LQJ� SUREH� XVLQJ� D� VWDQGDUG

PDFKLQLVW©V�GLDO�JDXJH�DQG�DQRWKHU�VPDOO�HOHFWURQLF� LQWHUIDFH�DQG

ZURWH�D�SURJUDP�UXQQLQJ�LQ�WKH�7HNWURQL[������WKDW�WXUQHG�WKH�1&

PLOO�LQWR�D�ODUJH��'�GLJLWL]HU��VHH�)LJ������7KH�UHVXOWLQJ�GDWD�ZHUH

VWRUHG�RQ� WKH�7HNWURQL[������ WDSH�XQLW�DQG� WUDQVIHUUHG� WR� WKH�GH�

VLJQ� V\VWHP� IRU� FRPSDULVRQ�� ,W�ZRUNHG� D� WUHDW�� )XUWKHUPRUH�� WKH

UHVXOWV�ZHUH�VXUSULVLQJO\�DFFXUDWH�

$GGLWLRQDO�GHWDLOV�RI�WKH�KLVWRULFDO�DVSHFWV�RI�RXU�ZRUN�LQ�WKHVH

WZR�DUHDV�DUH�FKURQLFOHG�LQ�D�ERRN�FDOOHG�)XQGDPHQWDO�'HYHORS�

PHQWV� RI� &RPSXWHU�$LGHG� *HRPHWULF�0RGHOLQJ�
��
� HGLWHG� E\� /HV

3LHJO��7KLV�ERRN�LV�UHFRPPHQGHG�IRU�WKRVH�ZKR�DUH�LQWHUHVWHG�LQ

WKH�HDUO\�GHYHORSPHQWV� LQ�FRPSXWHU�DLGHG�JHRPHWULF�GHVLJQ��7KH

ERRN�FRQWDLQV� DUWLFOHV�E\�$QGUHZ�$UPLW��5REHUW�%DUQKLOO��3LHUUH

%p]LHU��&DUO�GH�%RRU��,DQ�%UDLG��3DXO�GH�&DVWHOMDX��0DXULFH�&R[�
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&KDUOHV� (DVWPDQ�� -DPHV� )HUJXVRQ�� %LOO� *RUGRQ�� 5REHUW� 0DQQ�

0LNH� 3UDWW�� $ULVWLGHV� 5HTXLFKD�� 5LFK� 5LHVHQIHOG�� 'RXJ� 5RVV�

0DOFRP�6DELQ��DQG�+HUE�9RHOFNHU�� ,� IHOW�KRQRUHG� WR�EH� LQFOXGHG

DPRQJ�WKHVH�WUXH�JLDQWV�RI�WKH�HDUO\�GD\V�RI�FRPSXWHU�DLGHG�JHR�

PHWULF�GHVLJQ�GHYHORSPHQW�
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Comparing the Real and the Synthetic:
Building the Cornell Box
by Holly Rushmeier
,Q�WKH�HDUO\�����V��JUDSKLFV�UHVHDUFKHUV�EHJDQ�WR� ORRN�DW�VLPXOD�

WLRQ�WHFKQLTXHV��VXFK�DV�WKH�UDGLRVLW\�PHWKRG��WR�JHQHUDWH�UHDOLVWLF

V\QWKHWLF� LPDJHV��2QH�JURXS�ZDV�DW�&RUQHOO�8QLYHUVLW\��ZRUNLQJ

XQGHU�WKH�GLUHFWLRQ�RI�'RQ�*UHHQEHUJ�DQG�.HQ�7RUUDQFH�

*HQHUDOO\�� QHZ� LPDJH� V\QWKHVLV� WHFKQLTXHV� DUH� RI� LQWHUHVW� EH�

FDXVH� HLWKHU� WKH\� JHQHUDWH� SLFWXUHV� IDVWHU� RU� WKH\� JHQHUDWH�PRUH

LQWHUHVWLQJ� SLFWXUHV�� ,QLWLDOO\�� UDGLRVLW\� ZDV� DQ� LQFUHGLEO\� VORZ

PHWKRG� IRU� JHQHUDWLQJ� LPDJHV� RI� LQFUHGLEO\� ERULQJ� VFHQHV�� 7KH

LPSRUWDQW� IHDWXUH� RI� UDGLRVLW\� ZDV� WKDW� LW� DFFXUDWHO\� VLPXODWHG

ZKDW� WKH� VFHQH� EHLQJ� UHQGHUHG� ZRXOG� UHDOO\� ORRN� OLNH�� $� QHZ

WHFKQLTXH� IRU� GHPRQVWUDWLQJ� WKLV� IHDWXUH�ZDV� QHHGHG� LQ� SODFH� RI

DPD]LQJ� WLPLQJV�RU�GD]]OLQJ� LPDJHV� WR� MXVWLI\�ZRUN�RQ�UDGLRVLW\�

7R�GHYHORS�WKLV�GHPRQVWUDWLRQ��*UHHQEHUJ�LQLWLDWHG�D�SURMHFW�WR�GR

D�VLGH�E\�VLGH�FRPSDULVRQ�RI�D�UHDO�VFHQH�DQG�D�VLPXODWHG�VFHQH�

,QLWLDOO\�� WR� SHUIRUP� WKH� FRPSDULVRQ� ZRXOG� VHHP� WR� EH� YHU\

VLPSOH��-XVW�EXLOG�D�VFHQH��OLNH�D�ER[��WDNH�D�SKRWRJUDSK�RI�LW��DQG

SXW�WKDW�SLFWXUH�QH[W�WR�D�V\QWKHWLF�SLFWXUH��7KH�SUREOHP�WXUQHG�RXW

WR�EH�IDU�PRUH�FRPSOH[��2Q�RQH�KDQG�ZDV�WKH�GLIILFXOW\�RI�JHWWLQJ

VXLWDEOH�LQSXW�IRU�WKH�VLPXODWLRQ��RQ�WKH�RWKHU�KDQG�ZDV�WKH�SURE�

OHP�RI�JHWWLQJ�D�VXLWDEOH�SKRWRJUDSK�

,Q� WKH� RULJLQDO�ZRUN� DW� &RUQHOO�� &LQG\�*RUDO� KDG� JHQHUDWHG

LPDJHV� RI� DQ� HPSW\� FXEH��ZLWK� RQH� VLGH� EHLQJ� D�ZKLWH� GLIIXVH

OLJKW�HPLWWHU�DQG�WKH�RWKHU�VLGHV�EHLQJ�UHG��ZKLWH��DQG�EOXH�GLI�

IXVH� UHIOHFWRUV�� 7KLV� JHRPHWU\� QLFHO\� LOOXVWUDWHG� WKH� FRORU�

EOHHGLQJ� HIIHFWV� WKDW� FRXOG� EH� SURGXFHG� E\� UDGLRVLW\� VROXWLRQV�

7KH�SUREOHP�ZDV�KRZ�WR�PDNH�D�SK\VLFDO�HTXLYDOHQW�RI�WKLV�ER[�

:KDW�SDLQWV�ZRXOG�EH�GLIIXVH�HQRXJK"�+RZ�ZHUH�WKH�FRORU�YDO�

XHV�IRU�WKH�SDLQWV�WR�EH�GHWHUPLQHG"�+RZ�GR�\RX�EXLOG�D�GLIIXVH

OLJKW�HPLWWHU"�$QG�PRVW�EDIIOLQJ��KRZ�GR�\RX�WDNH�D�SLFWXUH�RI�D

FORVHG�HPSW\�FXEH"

7KH� UHVXOWV� RI� WKH� ILUVW� ER[� EXLOW� E\�0LFKDHO� &RKHQ� �D� FDU�

SHQWHU� LQ� KLV� SUHJUDSKLFV� OLIH�� DUH� VKRZQ� LQ� WKH� �����6LJJUDSK

SDSHU� E\� *RUDO� HW� DO�� 7KH� ZKLWH� HPLWWLQJ� VRXUFH� ¦ZDOO§� ZDV

IRUPHG� E\� UHPRYLQJ� WKH�ZDOO� DQG� SODFLQJ� WKH� FXEH� LQ� D� ODUJH�

GLIIXVHO\� OLW� ZKLWH� HQFORVXUH� ZLWK� D� KROH� LQ� LW� IRU� WKH� FDPHUD�

6LQFH� OLJKW� HQWHUHG� WKH� PLVVLQJ� ZDOO� IURP� DOO� GLUHFWLRQV�� WKLV

VLPXODWHG�D�GLIIXVH�VRXUFH�DW�WKH�ZDOO��7KH�UHVXOWLQJ�SKRWRJUDSK

GHPRQVWUDWHG� WKH� FRORU�EOHHGLQJ� HIIHFWV� EXW� ZDV� FOHDUO\� QRW

LGHQWLFDO�WR�WKH�VLPXODWHG�LPDJH�

,Q�FRQWLQXLQJ�ZRUN�RQ�WKLV�SUREOHP��WKUHH�WKLQJV�EHFDPH�FOHDU�

• %HWWHU� PHDVXUHPHQWV� RI� WKH� ER[� UHIOHFWDQFHV� DQG� OLJKW

VRXUFH�ZHUH�QHHGHG��JXHVVLQJ�ZRXOG�QRW�GR�

• 7KHUH�ZHUH�WZR�SKDVHV�LQ�JHQHUDWLQJ�WKH�LPDJH�WKDW�QHHGHG

WR� EH� H[DPLQHG� VHSDUDWHO\�� VLPXODWLQJ� WKH� OLJKW� WUDQVSRUW

DQG��WKHQ��PDSSLQJ�WKH�UHVXOWV�WR�WKH�JDPXW�RI�WKH�PRQLWRU�

• 3KRWRJUDSKV� ZHUH� LQDSSURSULDWH� IRU� WKH� FRPSDULVRQV�� 7KH

WUDQVIRUPDWLRQV�RI�WRQH�DQG�FRORU�LQ�WKH�SKRWRJUDSKLF�SURF�

HVV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�DQG�PRUH�FRPSOH[� WKDQ� WKH

SURFHVV�ZH�ZHUH�WU\LQJ�WR�VLPXODWH�

%HWWHU� PHDVXUHPHQWV� ZRXOG� VHHP� WR� EH� MXVW� D� PDWWHU� RI

PRQH\�DQG�WLPH��&RQWUDU\�WR�FRPPRQ�SHUFHSWLRQ�� MXVW�ZRUNLQJ

LQ�D�ZHOO�NQRZQ�JUDSKLFV�SURJUDP�GRHV�QRW�DOORZ�DQ�XQOLPLWHG
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EXGJHW��,Q�SDUWLFXODU��ZH�KDG�HVVHQWLDOO\�QR�EXGJHW�IRU�SK\VLFDO

H[SHULPHQWV��$OO�ZH� KDG�ZDV� D� SKRWRPHWHU� WKDW� KDG� EHHQ� SXU�

FKDVHG�IRU�PRQLWRU�FDOLEUDWLRQV��:H�PDGH�WKH�PRVW�RI�WKLV��XVLQJ

LW� WR� PDNH� GLUHFWLRQDO� PHDVXUHPHQWV� IURP� VXUIDFHV�� UHVWULFWLQJ

WKH�ILHOG�RI�YLHZ�XVLQJ� WKH�FDUGERDUG� WXEH�IURP�WKH�FHQWHU�RI�D

UROO� RI� SULQWHU� SDSHU�� 7KH� UHVW� RI� RXU� ¦HTXLSPHQW§� FRQVLVWHG� RI

UHODWLYHO\� LQH[SHQVLYH� SO\ZRRG�� ODWH[� SDLQWV�� OLJKWEXOEV�� DQG� D

PHWDO�WUDVK�FDQ��VHH�)LJ�����

)LJ�����$Q�LQWHUPHGLDWH�YHUVLRQ�RI�WKH�&RUQHOO�%R[�

)XUWKHUPRUH�� MXVW� EHLQJ� DW� D� XQLYHUVLW\� GRHV� QRW� QHFHVVDULO\

SHUPLW� DFFHVV� WR� DOO� RI� LWV� UHVRXUFHV�� 6SDFH� EHLQJ� W\SLFDOO\� WKH

PRVW�SUHFLRXV�UHVRXUFH�RQ�FDPSXV��ZH�IHOW�OXFN\�WR�EH�DEOH�WR�WDNH

RYHU�D�VSDFH�QRW�PXFK�ELJJHU�WKDQ�D�EURRP�FORVHW��7RUUDQFH�JDYH

XV� GLUHFWLRQ� RQ�ZKDW�PHDVXUHPHQWV� ZHUH� QHHGHG� DQG� ZKHUH� ZH

FRXOG�JHW�KHOS�RQ�FDPSXV��:H�ZHUH�IRUWXQDWH�WKDW�VHYHUDO�GHSDUW�

PHQWV�DW�&RUQHOO�ZHUH�JHQHURXV�ZLWK�WKHLU�WLPH�DQG�IDFLOLWLHV�

• 7KH�&ROOHJH� RI�+XPDQ�(FRORJ\� OHW� XV� XVH� LWV� VSHFWURSKR�

WRPHWHU�IRU�DQ�DIWHUQRRQ�

• 7KH�3K\VLFV�'HSDUWPHQW�KHOSHG�PHDVXUH�RXU�OLJKW�VRXUFH�

• $�SURIHVVRU�LQ�WKH�&KHPLVWU\�'HSDUWPHQW�OHQW�XV�ILOWHUV�

• 7KH�6FKRRO�RI�$UFKLWHFWXUH�OHQW�XV�H[WUD�VSDFH�

• 3OXV�� WKH� 6FKRRO� RI� &KHPLFDO� (QJLQHHULQJ� JDYH� XV� VRPH

KHDY\�EODFN�FXUWDLQV�IURP�DQ�ROG�PLFURVFRS\�ODERUDWRU\�

7R�H[DPLQH�VHSDUDWHO\�WKH�WZR�SKDVHV�LQ�IRUPLQJ�DQ�LPDJH��ZH

IRXQG�WKDW�RXU�SKRWRPHWHU�FRXOG�EH�XVHG�IRU�PHDVXULQJ�WKH�UHVXOWV

RI�WKH�OLJKW�WUDQVSRUW�VLPXODWLRQ�LI�ZH�FRXOG�VRPHKRZ�SXW�LW�LQ�WKH

FORVHG�FXEH��:H�FDPH�XS�ZLWK�WKH�LGHD�RI�PDNLQJ�D�VPDOO�GLIIXVH

OLJKW�VRXUFH�LQ�WKH�FHLOLQJ�RI�WKH�ER[�LQ�SODFH�RI�WKH�HPLWWLQJ�ZDOO�

:H�FRXOG�OHDYH�RQH�VLGH�RI�WKH�FXEH�RSHQ�WR�D�EODFN�HQYLURQPHQW

DQG�UHSUHVHQW�WKLV�DV�D�EODFN�ZDOO�DQG��WKHQ��SODFH�RXU�SKRWRPHWHU

RQ�WKLV�RSHQ�ZDOO��2XU�ILUVW�VRXUFH�ZDV�D�IORRGOLJKW�VKLQLQJ�LQWR�D

IRDP�FRUH�ER[�SDLQWHG�ZKLWH�RQ�WKH�LQVLGH��7KLV�ZRUNHG�ILQH�XQWLO

WKH�ER[�VWDUWHG�VPRNLQJ��:H�UHSODFHG� WKH� IRDP�FRUH�ZLWK�D�¦���

LQFK�KLJK�PHWDO�FRQH§¥D�PHWDO�ZDVWHEDVNHW�SDLQWHG�ZKLWH�RQ�WKH

LQVLGH�ZLWK� WKH� ERWWRP� UHPRYHG�� (YHQ�ZLWK� WKH� ZDVWHEDVNHW� DU�

UDQJHPHQW�� LW� ZDV� QRWLFHDEOH� WKDW� WKH� OLJKW� VRXUFH� ZDV� QRW� SHU�

IHFWO\� GLIIXVH�� 5DWKHU� WKDQ� EXLOG� PRUH� VRXUFHV�� ZH� GHYHORSHG� D

YDULDQW�RI� WKH� UDGLRVLW\�PHWKRG� WR� DFFRXQW� IRU� OLJKW� VRXUFHV�ZLWK

GLUHFWLRQDO�YDULDWLRQV�

7KH�VHFRQG�SDUW�ZDV�WR�YHULI\�WKH�PDSSLQJ�WR�WKH�PRQLWRU��:H

ZDQWHG�SHRSOH�WR�VHH�WKH�UHDO�DQG�VLPXODWHG�YHUVLRQV�VLGH�E\�VLGH�

LQ�D�VRUW�RI�7XULQJ�WHVW��WR�VHH�LI�WKH\�FRXOG�GLVWLQJXLVK�ZKLFK�ZDV

ZKLFK��:H�GLG�QRW�ZDQW�WR�XVH�SKRWRJUDSKV��DQG�DQ\RQH�YLHZLQJ

WKH�ER[�DQG�WKH�GLVSOD\�GLUHFWO\�ZRXOG�EH�DEOH�WR�GLVWLQJXLVK�D�ER[

IURP�D�PRQLWRU��7R�RYHUFRPH�WKLV�SUREOHP��*DU\�0H\HU�FDPH�XS

ZLWK� WKH� LGHD�RI�KDYLQJ�SHRSOH�REVHUYH� WKH�VFHQH�DQG� LWV�VLPXOD�

WLRQ� WKURXJK� YLHZ� FDPHUDV� �OHQW� WR� WKH� SURMHFW� E\� WKH� 6FKRRO� RI

$UFKLWHFWXUH���7KH�YLHZ�FDPHUDV�FUHDWH�LPDJHV�RQ�JURXQG�JODVV�LQ

WKHLU� EDFNV� DQG� PDGH� WKH� UHDO� DQG� V\QWKHWLF� YHUVLRQV� DSSHDU� DV

LPDJHV�RI�WKH�VDPH�VL]H��ZLWKRXW�WKH�DOWHUDWLRQV�RI�FRORU�DQG�WRQH

LQYROYHG�LQ�SKRWRJUDSK\�

:H�IDFHG�RQH�PRUH�PDMRU�SUREOHP��RU�IHDWXUH���%\�WKH�WLPH�ZH

ZHUH� UHDG\� WR� GR� RXU� H[SHULPHQW�� &RKHQ� KDG� GHYHORSHG� WKH

KHPLFXEH� DOJRULWKP�� VR�ZH� FRXOG� SXW� REMHFWV� LQWR� WKH� FXEH� WKDW

ZRXOG�FDVW�VKDGRZV��:LWK�DOO�WKH�PHDVXUHPHQWV�GRQH��ZH�ZHUH�VHW

WR� PDNH� LQFUHGLEO\� DFFXUDWH� LPDJHV� FRPSOHWH� ZLWK� LQWHUUHIOHF�

WLRQV��GLUHFWLRQDO�OLJKW��DQG�VKDGRZV��7KH�ILUVW�LPDJHV�ZHUH�D�JUHDW

GLVDSSRLQWPHQW¥WKH\�ZHUH�PXFK�UHGGHU�LQ�DSSHDUDQFH�WKDQ�LQ�WKH

UHDO�ER[��7KH�SUREOHP�ZDV�WKDW�ZLWK�WKH�OLPLWHG�G\QDPLF�UDQJH�RI

WKH�PRQLWRU�� WKH� OLJKW� VRXUFH� LQ� WKH� LPDJH�FRXOG�QRW�EH� UHQGHUHG

ZLWK�D�FRORU�DQG�EULJKWQHVV�FRQVLVWHQW�ZLWK� WKH�UHVW�RI� WKH�VFHQH�

5DWKHU�WKDQ�GHDOLQJ�ZLWK�WKH�G\QDPLF�UDQJH�SUREOHP��ZH�JDYH�XS

DQG�SXW�D�OLWWOH�EODFN�WDE�RQ�WKH�ER[�WKDW�EORFNHG�WKH�GLUHFW�YLHZ�RI

WKH�OLJKW�VRXUFH�

7KH�UHVXOWV�RI� WKH�SURMHFW�ZHUH�UHSRUWHG� LQ� WKH�SDSHU�¦$Q�([�

SHULPHQWDO� (YDOXDWLRQ� RI� &RPSXWHU� *UDSKLFV� ,PDJHU\§� LQ� WKH

-DQXDU\������ LVVXH�RI�$&0�7UDQVDFWLRQV�RQ�*UDSKLFV��7KH�ERW�

WRP�OLQH�RI� WKLV�H[SHULPHQW�ZDV� WKDW�SHRSOH�FRXOG�QRW� WHOO�ZKLFK

ZDV�ZKLFK��DQG��LQ�IDFW��WUDLQHG�FRPSXWHU�JUDSKLFLVWV�JRW�LW�ZURQJ

PRUH�RIWHQ� WKDQ�GLG� UDQGRPO\� VHOHFWHG� VXEMHFWV�� ,Q� WKLV� DUWLFOH�� ,

KDYH�WULHG�WR�SURYLGH�VRPH�LGHD�RI�KRZ�WKH�SURMHFW�HYROYHG�DV�ZH

OHDUQHG�PRUH�DERXW�KRZ�LPDJHV�ZHUH�IRUPHG�DQG�KRZ�WR�SXW�WR�

JHWKHU�H[SHULPHQWV�IURP�H[LVWLQJ�UHVRXUFHV�

+ROO\�5XVKPHLHU�LV�D�SLRQHHU�LQ�DQG�OHDGLQJ�DXWKRULW\�RQ�UDGLRV�

LW\�PHWKRGV��6KH�KDV�FRQGXFWHG�UHVHDUFK�DW� WKH�1DWLRQDO�,QVWLWXWH

RI�6WDQGDUGV�DQG�7HFKQRORJ\�DQG�LV�SUHVHQWO\�ZLWK�,%0©V�:DWVRQ

5HVHDUFK�&HQWHU��6KH�ZDV�6LJJUDSK�SDSHUV�FKDLU�LQ������

+ROO\�5XVKPHLHU�FDQ�EH�FRQWDFWHG�DW

,%0�7KRPDV�:DWVRQ�5HVHDUFK�&HQWHU

3�2��%R[����

<RUNWRZQ�+HLJKWV��1<��������8�6�$�

H�PDLO��KROO\#ZDWVRQ�LEP�FRP
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George Lucas Discovers Computer
Graphics
by Alvy Ray Smith
0\�FROOHDJXHV�DQG�,�KDYH�EHHQ�EOHVVHG�WR�HQFRXQWHU�D�VHTXHQFH�RI

LQGLYLGXDOV� RI� D� XQLTXH� YDULHW\� ,� FDOO� DFFLGHQWDO� YLVLRQDULHV¥D

SHFXOLDUO\� $PHULFDQ� W\SH�� ,� VXVSHFW�� DQG� SUREDEO\� PRUH� IXQGD�

PHQWDO�WR�8�6��WHFKQRORJLFDO�OHDGHUVKLS�WKDQ�LV�FRPPRQO\�DSSUH�

FLDWHG��7KUHH�RI�WKHP��$OH[DQGHU�6FKXUH��SDWURQ�RI�WKH�1HZ�<RUN
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����∑��,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R���������

,QVWLWXWH� RI� 7HFKQRORJ\©V� FRPSXWHU� JUDSKLFV� ODE��� *HRUJH� �6WDU

:DUV�� /XFDV�� DQG� 6WHYHQ� -REV� �QRZ� FKLHI� H[HFXWLYH� RIILFHU� RI

3L[DU��� KDYH� GLUHFWO\� LQIOXHQFHG�P\� OLIH� DQG� KHOSHG� WR�PDNH� WKH

FRPSXWHU�JUDSKLFV�LQGXVWU\�UREXVW�DQG�SHUYDVLYH��7KH\�DOO�GHVHUYH

WKH�WLWOH�¦YLVLRQDU\§�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� SRZHU� RI� WKH

WHFKQRORJ\� WKH\�VXSSRUWHG��ZKLFK� LV�ZK\�,�FDOO� WKHP�¦DFFLGHQWDO

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�%ULGJH�IURP�6DQ�)UDQFLVFR��(G�&DWPXOO�LV�GLUHFWRU�RI

WKH�FRPSXWHU�GLYLVLRQ�RI�/XFDVILOP��DQG�,�DP�GLUHFWRU�RI�LWV�FRP�

SXWHU�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�¦3L[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�JUDSKLFV¥XVHG�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�XQ�

GHUVWDQG�UDVWHU�JUDSKLFV��,�KDG�DOUHDG\�FRPPHQWHG�WR�&DWPXOO�WKDW

¦*HRUJH� GRHVQ©W� NQRZ� ZKDW� KH� KDV�§� $FWXDOO\�� ,� KDG� VDLG� KH

¦GRHVQ©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� GHYLFHV¥UHSHDWDEOH� FDPHUD

GROOLHV� IRU� EOXH�VFUHHQ� VKRWV¥QRW� 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� /XFDV�

ILOP¥DOWKRXJK�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�SUR�

GXFHG�HIIHFWV�IRU�RWKHU�FRPSDQLHV�DV�ZHOO�DV�IRU�/XFDVILOP��,Q�WKLV

FDVH�� WKH�RXWVLGH�FRPSDQ\�ZDV�3DUDPRXQW�3LFWXUHV��DQG�WKH�FRQ�

WUDFW�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�SUR�

SRVH�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�RSSRUWX�

QLW\�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� KDQG¥

SULQFLSDOO\� 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� JHQHVLV

GHPRQVWUDWLRQ�VFHQH�LQ�6WDU�7UHN�,,��,/0�DFFHSWHG�P\�LGHDV�FRP�

SOHWHO\¥HYHQ� JLYLQJ� PH� DQRWKHU� VKRW� WR� GR� �WKH� UHWLQD� ,'� VH�

TXHQFH���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�GHPRQVWUDWLRQ��,

RXWOLQHG�WKH�MRE�WR�WKH�WHDP�DQG�PDGH�D�VWDWHPHQW�VRPHWKLQJ�OLNH�

¦:H�ZLOO�GR�D�ILUVW�UDWH�MRE�RI�VDWLVI\LQJ�3DUDPRXQW�DQG�WKH�VWRU\

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� FDP�

HUD¥WKH�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�FDPHUD�

PDQ©V�FKRLFHV�

6R�P\� LQVWUXFWLRQV� WR� WKH� WHDP�ZHUH� WKDW� ZH� ZRXOG� FUHDWH� D

FDPHUD�PRYH�WKDW�ZRXOG�¦NQRFN�*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
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DOO� WLPHV� EH� UHOHYDQW� WR� WKH� VWRU\� DQG� KHOS� EXLOG� LWV� HPRWLRQDO

IRUFH��$QG��/XFDV�ZRXOG�NQRZ�WKDW� LW�FRXOG�QRW�SRVVLEO\�EH�H[H�

FXWHG�E\�D�SK\VLFDO�FDPHUD�

:H�SURFHHGHG�WR�GHVLJQ�D�PRYH�EDVHG�RQ�WKH�LGHD�RI�D�VSDFH�

FUDIW�IO\LQJ�E\�D�GHDG��PRRQ�OLNH�SODQHW�ZLWK�D�FDPHUD�DWWDFKHG�WR

WKH� FUDIW�� &DUSHQWHU� ZDV� WKH� PDLQ� FRQWULEXWRU� WR� WKLV� PRYH�� GH�

VLJQLQJ�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��FRQ�

WLQXRXV�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

FDPHUD¥QRZ� ORRNLQJ� EDFN¥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�FUHG�

LWV��EHFDXVH�,�KDYH�FRYHUHG�WKHP�FDUHIXOO\�HOVHZKHUH��¦7KH�*HQH�

VLV�'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� ,,¥WKH� VSHFLDO� ILUVW

VFUHHQLQJ� WR� LWV� FUHDWRUV¥WKH� TXLHW�� VRPH� VD\� VK\��/XFDV� SODFHG

RQH� IRRW� LQWR�P\�RIILFH�DQG� VDLG�� ¦*UHDW� FDPHUD� VKRW�§�DQG� WKHQ

ZDV�VXGGHQO\�JRQH�

:H�ZHUH�LQ�/XFDV©V�QH[W�ILOP��5HWXUQ�RI�WKH�-HGL��LQ�D��'�KROR�

JUDSKLF� 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�UHFHQW�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�KDV�UHFHLYHG�WKH�6LJJUDSK�DFKLHYHPHQW�DZDUG��3UHVHQWO\��KH�LV

D�JUDSKLFV�IHOORZ�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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My Inspiration for Dithered (Nonuniform)
Sampling
by Rodney Stock
%DFN�LQ�WKH�VSULQJ�RU�VXPPHU�RI�������,�KDG�WKH�JRRG�IRUWXQH�WR

EH�GLQLQJ�ZLWK�D�ORQJWLPH�IULHQG��/\QQ�&RQZD\��,�KDG�QRW�VHHQ�KHU

LQ�D�ZKLOH¥LQ�IDFW��QRW�VLQFH�VKH�KDG�JRQH�WR�ZRUN�IRU�;HUR[�3DOR

$OWR�5HVHDUFK�&HQWHU��$W�GLQQHU��VKH�H[FLWHGO\�WROG�PH�DERXW�ZRUN

VKH� ZDV� GRLQJ� RQ� 9/6,� GHVLJQ� DQG� DERXW� D� ERRN� VKH� ZDV

FRDXWKRULQJ�ZLWK�&DUYHU�0HDG�RI�WKH�&DOLIRUQLD�,QVWLWXWH�RI�7HFK�

QRORJ\�� FDOOHG�$Q� ,QWURGXFWLRQ� WR� 9/6,� 6\VWHPV�� 7KH� EDVLF� FRQ�

FHSWV� ERLOHG� GRZQ� WR� WKH� LGHDV� WKDW� WUDQVLVWRUV� ZRXOG� EH� YHU\

FKHDS��ZLUHV�ZRXOG�EH�H[SHQVLYH��DQG� WRROV�FRXOG�EH�VXIILFLHQWO\

DXWRPDWHG� WR� DOORZ� IRU� GHVLJQ� RI� ODUJH� FXVWRP� V\VWHPV�� $W� WKH

WLPH��,�ZDV�GRLQJ�KDUGZDUH�GHVLJQ�DW�$PSH[�RQ�D�IUDPH�EXIIHU�IRU

D�YLGHR�SDLQW� V\VWHP��EXW� ,�ZDV�VWLOO�TXLWH� LQWHUHVWHG� LQ��'�KDUG�

ZDUH�GHVLJQ�IURP�P\�GD\V�LQ�WKH�HDUO\�����V�DW�(YDQV�	�6XWKHU�

ODQG��ZKHUH�,�ZRUNHG�RQ�WKH�GHVLJQ�RI�VKLS�DQG�IOLJKW�VLPXODWRUV

�DORQJVLGH� WZR� FROOHDJXHV� ZKR� DOVR� ZRXQG� XS� DW� $PSH[� DW� WKH

VDPH�WLPH�DV�PH���$OWKRXJK�,�ZDV�TXLWH�EXV\�ZLWK�YLGHR�GHVLJQ�

LQ�P\�OLPLWHG�IUHH�WLPH�,�FRXOG�QRW�KHOS�EXW�WKLQN�DERXW�KRZ�RQH

FRXOG� DSSO\� &RQZD\©V� DQG� 0HDG©V� ZRUN� WR� GHVLJQ� KLJK�

SHUIRUPDQFH��'�JUDSKLFV�HQJLQHV�

Pathological cases would be far more
unlikely if the sampling pattern were
some nonregular pattern, such as a

dither pattern.

,I� WUDQVLVWRUV�ZHUH� FKHDS�� RQH�REYLRXV� LGHD�ZRXOG�EH� WR� KDYH

PXOWLSOH�SURFHVVRUV�ZRUNLQJ�RQ�UHQGHULQJ�RQH�LPDJH��,QWHUOHDYLQJ

SURFHVVRUV�LQ�LPDJH�VSDFH�ORRNHG�OLNH�D�GHFHQW�DSSURDFK�WR�SDUWL�

WLRQLQJ� WKH� ZRUNORDG�� DQG� IRU� SRLQW�VDPSOHG� �L�H��� XQILOWHUHG� RU

DOLDVHG��UHQGHULQJ��WKLV�ORRNHG�OLNH�D�JRRG�ZD\�WR�JR��2Q�WKH�RWKHU

KDQG��SHRSOH�ZHUH�MXVW�EHJLQQLQJ�WR�JHW�IXVV\�DERXW�MDJJHG�HGJHV

DQG� ¦FUDZOLQJ� DQWV§� RQ� LPDJHV�� DQG� WKH� SDSHUV� FRPLQJ� RXW� RI

6LJJUDSK�ZHUH�PDNLQJ�LW�FOHDU�WKDW�VSDWLDO�ILOWHULQJ�KDG�WR�EH�GRQH

LQ�VRPH�IDVKLRQ�WR�DQWLDOLDV�WKH�V\QWKHWLF�LPDJHV�

)LOWHULQJ�UHTXLUHG�WKDW�WKH�LQWHUOHDYHG�SURFHVVRUV�FRPPXQLFDWH

ZLWK�HDFK�RWKHU�LI�WKH\�ZHUH�WR�DYRLG�UHFRPSXWLQJ�WKHLU�QHLJKERUV©

SL[HO� YDOXHV�� 8QIRUWXQDWHO\�� XVLQJ� ORWV� RI� FRPPXQLFDWLRQV� �L�H��

ZLUHV��ZDV�DQDWKHPD�WR�9/6,�GHVLJQ��7KLV� OHG�PH�WR� WKLQN�PRUH

DERXW�VXSHUVDPSOLQJ��ZKHUH�PXOWLSOH�VXESL[HOV�DUH�FRPSXWHG�DQG

DYHUDJHG� WRJHWKHU� WR� JHW� D� SL[HO� YDOXH�� 7KLV� DSSURDFK� KDG� EHHQ

WULHG� DQG�XVXDOO\�ZRUNHG� IDLUO\�ZHOO¥EHWWHU� WKDQ� MXVW� LQFUHDVLQJ

WKH�SL[HO� UHVROXWLRQ¥EXW� WRR�RIWHQ�ZRXOG�HQFRXQWHU�SDWKRORJLFDO

FDVHV�� (G� &DWPXOO� KDG� SRLQWHG� RXW� DW� 6LJJUDSK� WKDW� HYHQ� ZLWK

VXESL[HO�DYHUDJLQJ��D�UHFHGLQJ�SLFNHW�IHQFH�ZRXOG�DOZD\V�DOLDV�DW

VRPH�GLVWDQFH�DZD\�XQOHVV�SUHILOWHULQJ�ZHUH�GRQH��,�UHDOL]HG�WKDW

ZLWK�KLJK�UHVROXWLRQ�VXESL[HO�DYHUDJLQJ��WKH�HUURU�IURP�RQH�VDP�

SOH� FRXOG� XVXDOO\� EH� PDGH� TXLWH� VPDOO� �ZLWK� UHDVRQDEOH� UHVWULF�

WLRQV�RQ�WKH�GDWD�LQSXW���EXW�WKDW�WKH�SUREOHP�DURVH�ZKHQ�WKH�VPDOO

HUURUV�DGGHG�XS�WR�ODUJH�RQHV¥,�WKRXJKW�RI�LW�DV�WKH�HUURUV�EHLQJ

FRUUHODWHG�� EHFDXVH� WKH� VDPSOLQJ� SDWWHUQ� KDG� D� KLJK� FRUUHODWLRQ

ZLWK�WKH�LPDJH�

7KDW�OHG�WR�WKH�IODVK¥WKH�LQVLJKW�WKDW�WKH�FRUUHODWLRQ�RI�WKH�HU�

URUV� ZDV� WKH� SUREOHP�ZLWK� WKH� SDWKRORJLFDO� FDVHV¥LI� WKH� HUURUV

FRXOG�EH�XQFRUUHODWHG��L�H��� LI� WKH�VDPSOLQJ�SDWWHUQ�GLG�QRW�FRUUH�

ODWH� ZLWK� WKH� LPDJH� EHLQJ� VDPSOHG��� WKHQ� WKH� PRVW� FRPPRQ

SDWKRORJLFDO� FDVHV�ZHUH� IDU� OHVV� OLNHO\� WR� FDXVH�PDMRU� SUREOHPV�

3DWKRORJLFDO� FDVHV� ZRXOG� EH� IDU� PRUH� XQOLNHO\� LI� WKH� VDPSOLQJ

SDWWHUQ� ZHUH� VRPH� QRQUHJXODU� SDWWHUQ�� VXFK� DV� D� GLWKHU� SDWWHUQ�

'LWKHU�SDWWHUQV�KDG�EHHQ�VSHFLILFDOO\�ZRUNHG�RXW�WR�PLQLPL]H�DQ\

�'� RU� �'� SDWWHUQV� WKH� H\H�PLJKW� GHWHFW�� )RU� WKDW� UHDVRQ�� LW�ZDV

DOVR�FOHDU�WKDW�UDQGRP�SDWWHUQV�ZHUH�QRW�ZKDW�ZDV�FDOOHG�IRU�KHUH�

EHFDXVH�WUXO\�UDQGRP�SDWWHUQV�FDQ�DOORZ�IRU�ERWK�GHJHQHUDWH�VDP�

SOLQJ� DQG� UHJXODULW\� LQ� WKH� VDPSOLQJ�� :KLOH� QRW� DQ� DQDO\WLFDOO\

SHUIHFW�VROXWLRQ��GLWKHULQJ�WKH�VDPSOH�SRLQWV�VXUHO\�VHHPHG�OLNH�D
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JUHDW� SUDFWLFDO� ZD\� WR� JHQHUDWH� DQWLDOLDVHG� LPDJHV� XVLQJ� PDQ\

SURFHVVRUV� WKDW� GLG� QRW� QHHG� WR� WDON� WR� HDFK� RWKHU�� 7KLV� ZDV� IDU

EHWWHU�WKDQ�ZKDW�ZDV�EHLQJ�GRQH�DW�WKH�WLPH�

:RZ��7KLV�ZDV�ELJ�WLPH�H[FLWLQJ��,�WKRXJKW��(DJHU�IRU�FRQILU�

PDWLRQ��,�DVNHG�RXU�DOJRULWKP�JXUX��7RP�3RUWHU��WR�ORRN�LQWR�LW�

'HHSO\�IRFXVHG�RQ�SDLQWLQJ�DOJRULWKPV�DW�WKH�WLPH��KH�UHWXUQHG�D

FRXSOH� RI� KRXUV� ODWHU� DQG� VDLG� KH� GLG� QRW� WKLQN� LW�ZDV� SDUWLFX�

ODUO\� XVHIXO�� ,�ZDV� FUHVWIDOOHQ¥LW� KDG� ORRNHG� OLNH� VXFK� D� JRRG

LGHD�WR�PH��%XW�KH�NQHZ�D�ORW�PRUH�DERXW�PDWK�DQG�DOJRULWKPV

WKDQ�,�GLG��DQG�,�KDG�D�ORW�RI�FRQILGHQFH�LQ�KLP���,�VWLOO�GR��$V�LW

WXUQHG�RXW��DW�/XFDVILOP��3RUWHU�ZHQW�RQ� WR�PDNH�PDMRU�FRQWUL�

EXWLRQV� WR� WKH� DOJRULWKP� DQG� EHFDPH� D� FRDXWKRU� RI� WKH� IDPHG

�����6LJJUDSK�SDSHU��¦'LVWULEXWHG�5D\�7UDFLQJ�§��1RQHWKHOHVV�

GHVSLWH� 3RUWHU©V� GLVFRXUDJHPHQW� DW� WKH� WLPH�� ,� FRXOG� QRW� JHW� LW

RXW�RI�P\�KHDG�WKDW� WKLV�ZDV�D�JRRG� LGHD��VR�,� ORRNHG�IRU�SULRU

UHVHDUFK�

The government of Quebec, Canada,
was so proud of us three Quebecers

that Rene Levesque and his
government ministers interrupted the
proceedings of the National Assembly

to telephone their congratulations to us
at the University of Montreal.

,�WKHQ�VSRNH�ZLWK�'DYH�-DPHV��DQ�DXGLR�GLJLWDO�VLJQDO�SURFHVV�

LQJ� WDOHQW��ZKR� VDLG� WKH� FORVHVW� KH� KDG�KHDUG� RI� VXFK� LGHDV� FRQ�

FHUQHG� WKH� DGGLWLRQ� RI� SVHXGRUDQGRP� QRLVH� WR� DXGLR� VLJQDOV� LQ

RUGHU�WR�PDVN�TXDQWL]DWLRQ�HUURUV�DQG�VRPH�UHVHDUFK�RQ�WKH�HUURU

HIIHFWV�RI�XQLQWHQGHG�QRQXQLIRUP�DXGLR�VDPSOLQJ�UDWHV��+RZHYHU�

QHLWKHU�VHHPHG�GLUHFWO\�UHOHYDQW�WR�P\�UHVHDUFK��6RPH�WLPH�ODWHU�

DW�DQ�XQIRUJHWWDEOH�GLQQHU�DW�&KDUOLH�%URZQ©V�5HVWDXUDQW��,�DVNHG

6WHYH�*DEULHO��RXU�YLGHR�GLJLWDO�VLJQDO�SURFHVVLQJ�JX\�DQG�D�FUHD�

WLYH�ZKL]�DW�VDPSOLQJ�WKHRU\��ZKDW�KH�WKRXJKW�DERXW�WKH�LGHD��$I�

WHU� ILYH� PLQXWHV� RI� SRQGHULQJ�� KLV� IDFH� OLW� XS�� DQG� KH� H[FLWHGO\

SURFODLPHG�WKDW�QRW�RQO\�ZRXOG�LW�ZRUN�EXW��LQ�IDFW��LW�ZDV�DQ�H[�

FHOOHQW�LGHD��$OO�ULJKW�

7KH� QH[W� \HDU�� ,�ZHQW� WR� /XFDVILOP©V� 6SURFNHW� 6\VWHPV� �QRZ

3L[DU�� WR� OHDG� WKH�3L[DU� LPDJH� FRPSXWHU� KDUGZDUH�SURMHFW��2QFH

DJDLQ��V\QWKHVLV�ZDV�QRW�P\�IRFXV��EXW�,�FRXOG�QRW�JHW�WKH�GLWKHUHG

VDPSOLQJ� LGHD� RXW� RI�P\�KHDG�� ,� VRRQ� EHJDQ� VXJJHVWLQJ� WKDW� WKH

�'�JX\V�FKHFN�LW�RXW��(YHQWXDOO\��5RE�&RRN��ZKR�KDG�WKH�QHHGHG

PDWK�DQG�VRIWZDUH�EDFNJURXQG��DJUHHG�WR�ORRN�LQWR�LW��GHVSLWH�KLV

KHDY\� ZRUNORDG�� +H� JHQHUDWHG� LQWULJXLQJ�� H[FLWLQJ� WHVW� LPDJHV

ZLWKRXW�DOLDVHV�DQG�HVWDEOLVKHG�WKDW�UDQGRP�VDPSOLQJ�ZDV�QRW�WKH

ULJKW� DSSURDFK¥YDOLGDWLQJ� P\� LQLWLDO� LQVLJKW� WKDW� GLWKHUHG� VDP�

SOLQJ�ZRXOG�EH�VXSHULRU�WR�UDQGRP�VDPSOLQJ��$W�WKH�VDPH�WLPH��LQ

DQ� DPD]LQJ� FRLQFLGHQFH�� $OY\� 5D\� 6PLWK� DSSHDUHG� ZLWK� D� MXVW

SXEOLVKHG�6FLHQFH� DUWLFOH� FRQFHUQHG�ZLWK� WKH�GLVWULEXWLRQ�RI� URGV

DQG� FRQHV� LQ� D� PRQNH\©V� H\HV¥WKH\� ZHUH� QRQXQLIRUP�� +RO\

VPRNHV��WKLV�ZDV�WKH�ZD\�QDWXUH�GLG�LW��:KDW�D�YDOLGDWLRQ��,W�ZDV

RQH�RI�WKH�PRVW�H[FLWLQJ�PRPHQWV�RI�P\�FDUHHU�

)URP� WKHUH�� 3RLVVRQ� GLVN� GLVWULEXWLRQ�� WLPH� GLVWULEXWLRQ� IRU

PRWLRQ�EOXU��OHQV�GLVWULEXWLRQ�IRU�GHSWK�RI�ILHOG��DQG�IRUPDOL]DWLRQ

WR�VWRFKDVWLF�VDPSOLQJ�DQG�0RQWH�&DUOR�LQWHJUDWLRQ�ZHUH�DGGHG�E\

&RRN�DQG�RWKHUV¥VHH� WKH������6LJJUDSK�SDSHU�E\�&RRN��3RUWHU�

DQG� /RUHQ� &DUSHQWHU�� &RRN©V� HOHJDQW� GHYHORSPHQW� RI� VWRFKDVWLF

VDPSOLQJ�PHWKRGV� LV� LQ� WKH� -DQXDU\� �����$&0�7UDQVDFWLRQV� RQ

*UDSKLFV�

5RGQH\�6WRFN�HQJLQHHUHG�(YDQV�DQG�6XWKHUODQG�IOLJKW�VLPXODWRUV

LQ�WKH�����V��+H�OHG�WKH�KDUGZDUH�GHVLJQ�HIIRUW�IRU�$PSH[�SDLQW

V\VWHPV�DQG�IRU�WKH�/XFDVILOP�3L[DU�LPDJH�FRPSXWHU��,Q�������KH

IRXQGHG�WKH�&RPSXWHU�$UWV�,QVWLWXWH��ORFDWHG�LQ�6DQ�)UDQFLVFR��+H

KDV�SDUWLFLSDWHG� LQ�VHYHUDO�6LJJUDSK� WXWRULDOV�DQG� LV�DQ�HGLWRU� IRU

&RPSXWHU�*UDSKLFV�:RUOG�

5RGQH\�6WRFN�FDQ�EH�FRQWDFWHG�DW

���&\SUHVV

6DQ�$QVHOPR��&$��������8�6�$�

H�PDLO��UVWRFN#PLFURZHE�FRP
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The Virtual Humans Story
by Nadia Magnenat Thalmann
and Daniel Thalmann
,Q�WKH�HDUO\�����V��ZH�GHYHORSHG�0,5$��RQH�RI�WKH�ILUVW�DEVWUDFW

GDWD�W\SH�ODQJXDJHV�IRU�JUDSKLFV�DQG�D�IRUHUXQQHU�RI�PRGHUQ�RE�

MHFW�RULHQWHG�ODQJXDJHV��0,5$�ZDV�GHVLJQHG�WR�IDFLOLWDWH�WKH�DQL�

PDWLRQ�RI�YLUWXDO�ZRUOGV� DQG��'�FKDUDFWHUV��'HVSLWH� LWV� DSSDUHQW

DQWHFHGHQWV� LQ� /DWLQ� DQG� 5RPDQFH� ODQJXDJH� ZRUGV� UHODWLQJ� WR

YLVLRQ�� WKH� ODQJXDJH�ZDV�DFWXDOO\�QDPHG�DIWHU�RXU�GRJ��0RUH� UH�

FHQWO\�� RXU�GRJ�KDV�EHHQ� FRPPHPRUDWHG� LQ�0,5$�/DE�� WKH� ILUVW

DXWKRU©V� ODE� LQ�*HQHYD��8VLQJ�WKH�0,5$�VRIWZDUH��ZH�KDYH�SXU�

VXHG� RXU� JRDO� RI� V\QWKHVL]LQJ� KXPDQ� ILJXUHV�� ZKLFK� ZH� FDOO

¦YLUWXDO�KXPDQV�§�,Q�WKLV�HVVD\��ZH�ZLOO�EULHIO\�UHFDOO�VRPH�VRFLDO

PRPHQWV�RI�RXU�UHVHDUFK�

,Q�������LQ�FROODERUDWLRQ�ZLWK�3KLOLSSH�%HUJHURQ��ZH�SURGXFHG

'UHDP�)OLJKW��D�ILOP�GHSLFWLQJ�D�SHUVRQ��LQ�WKH�IRUP�RI�DQ�DUWLFX�

ODWHG�VWLFN�ILJXUH��WUDQVSRUWHG�RYHU�WKH�$WODQWLF�2FHDQ�IURP�3DULV

WR�1HZ�<RUN��7KLV�ILOP�ZRQ�VHYHUDO�DZDUGV��LQFOXGLQJ�ILUVW�SUL]H

DW�WKH�2QOLQH�&RQIHUHQFH�LQ�/RQGRQ��7KH�JRYHUQPHQW�RI�4XHEHF�

&DQDGD��ZDV�VR�SURXG�RI�XV�WKUHH�4XHEHFHUV�WKDW�5HQH�/HYHVTXH

DQG� KLV� JRYHUQPHQW�PLQLVWHUV� LQWHUUXSWHG� WKH� SURFHHGLQJV� RI� WKH

1DWLRQDO�$VVHPEO\�WR�WHOHSKRQH�WKHLU�FRQJUDWXODWLRQV�WR�XV�DW�WKH

8QLYHUVLW\�RI�0RQWUHDO�

,Q�O�����WKH�(QJLQHHULQJ�6RFLHW\�RI�&DQDGD�FHOHEUDWHG�LWV����WK

DQQLYHUVDU\��$�PDMRU�HYHQW�ZDV�SODQQHG�IRU�WKH�3ODFH�GHV�$UWV�LQ

0RQWUHDO��7KH�PDLQ�VSRQVRUV��%HOO�&DQDGD�DQG�1RUWKHUQ�7HOHFRP�

ZHUH� LQWHUHVWHG� LQ� VLPXODWLQJ� $OH[DQGHU� *UDKDP� %HOO� LQ� D� VH�

TXHQFH� WKDW� ZRXOG� VKRZFDVH� ERWK� KLJK�WHFK� DQG� DUW� LQ� &DQDGD�

,QVWHDG�� ZH� SURSRVHG� GHSLFWLQJ� ILJXUHV� ZLWK� D� ZLGHU� DSSHDO�

(YHQWXDOO\�� WKH� LGHD� HPHUJHG� WR� VLPXODWH� 0DULO\Q� 0RQURH� DQG

+XPSKUH\� %RJDUW� PHHWLQJ� LQ� D� FDIH� LQ� WKH� ROG� WRZQ� VHFWLRQ� RI

0RQWUHDO��7KH�GHYHORSPHQW�RI�WKH�VRIWZDUH�DQG�WKH�GHVLJQ�RI�WKH

�'� FKDUDFWHUV� �QRZ� FDSDEOH� RI� VSHDNLQJ�� VKRZLQJ� HPRWLRQ�� DQG

VKDNLQJ� KDQGV�� EHFDPH� D� IXOO� \HDU©V� SURMHFW� IRU� D� WHDP� RI� VL[�

)LQDOO\��LQ�0DUFK�O�����WKH�DFWUHVV�DQG�DFWRU�ZHUH�JLYHQ�QHZ�OLIH

DV�YLUWXDO�KXPDQV�

7KH�YLUWXDO�0RQURH�DQG�%RJDUW�DUH�QRZ����\HDUV�ROG��0RQURH

KDV�DFTXLUHG�D�GHJUHH�RI�LQGHSHQGHQW�LQWHOOLJHQFH��VKH�HYHQ�SOD\V

WKH�DXWRQRPRXV�UROH�RI�D� UHIHUHH�DQQRXQFLQJ� WKH�VFRUH�RI�D� UHDO�



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

WLPH� VLPXODWHG� WHQQLV�PDWFK� RQ� D� YLUWXDO� FRXUW�� FRQWHVWHG� E\� WKH

�'�FORQHV�RI�WZR�UHDO�SOD\HUV�VLWXDWHG�DV�IDU�DSDUW�DV�/RV�$QJHOHV

DQG�6ZLW]HUODQG�

'XULQJ�WKH�����V�� WKH�DFDGHPLF�HVWDEOLVKPHQW�SDLG�RQO\�VFDQW

DWWHQWLRQ� WR� UHVHDUFK�RQ� WKH� DQLPDWLRQ�RI� YLUWXDO� KXPDQV��7RGD\�

KRZHYHU�� DOPRVW� HYHU\� JUDSKLFV� MRXUQDO�� SRSXODU� PDJD]LQH�� RU

QHZVSDSHU� GHYRWHV� VRPH� VSDFH� WR� YLUWXDO� FKDUDFWHUV� DQG� WKHLU

DSSOLFDWLRQV�� +XQGUHGV� RI� UHVHDUFKHUV� ZRUN� LQ� WKH� DUHD�� DQG� DOO

PDQQHU�RI�VLWXDWLRQV�DUH�EHLQJ�VLPXODWHG��'XULQJ�WKH�\HDUV�ZKHQ

ZH�ZRUNHG�RXW�RI� WKH�PDLQVWUHDP��ZH�SHUVHYHUHG�EHFDXVH�RI� WKH

ZLGHVSUHDG�SXEOLF�DSSHDO�RI�RXU�WRSLF�DQG�WKH�VDWLVIDFWLRQ�RI�IRO�

ORZLQJ�RXU�RZQ�YLVLRQ�

1DGLD�0DJQHQDW�7KDOPDQQ�DQG�'DQLHO�7KDOPDQQ�KDYH�GHYHO�

RSHG� QXPHURXV� WHFKQLTXHV� IRU� PRGHOLQJ� DQG� DQLPDWLQJ� KXPDQ

ILJXUHV��7KH\�KDYH�SXEOLVKHG�DQG� OHFWXUHG�ZLGHO\��3UHVHQWO\��1D�

GLD�0DJQHQDW� 7KDOPDQQ� GLUHFWV� WKH�0,5$� /DE� LQ� *HQHYD�� DQG

'DQLHO�7KDOPDQQ�LV�ZLWK�WKH�&RPSXWHU�*UDSKLFV�/DE�RI�WKH�6ZLVV

)HGHUDO�,QVWLWXWH�RI�7HFKQRORJ\�

1DGLD�0DJQHQDW�7KDOPDQQ�DQG�'DQLHO�7KDOPDQQ�FDQ�EH�FRQ�

WDFWHG�DW

&RPSXWHU�*UDSKLFV�/DE��(3)/�/,*�

6ZLVV�)HGHUDO�,QVWLWXWH�RI�7HFKQRORJ\

&+������/DXVDQQH��6ZLW]HUODQG

H�PDLO��1DGLD�0DJQHQDW�7KDOPDQQ���WKDOPDQQ#FXL�XQLJH�FK

H�PDLO��'DQLHO�7KDOPDQQ���WKDOPDQQ#OLJ�GL�HSIO�FK


