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Early Computer Graphics Developments in
the Architecture, Engineering, and
Construction Industry
KRISTINE K. FALLON

Despite 30 years’ experimentation and 20 years’ availability of commercial
products, the architecture, engineering, and construction industry in the mid-
1990s had yet to achieve an effective integration of computer-based tech-
niques into its business processes. Business processes in all industries are
resistant to change, and people tend to use new tools in the same way they
used their old ones: computers as pencils. In the architecture, engineering,
and construction industry within the United States, this tendency has been
aggravated by the segmentation of the work process into myriad specialties,
frequently performed by separate companies, with the information flow ob-
structed by professional licensing, regulation, contracts, the profit motive,
and even the training of design professionals. However, a number of devel-
opments—the emergence of object technology; industry standardization ini-
tiatives; widespread adoption of Internet technologies; and competitive pres-
sures—are converging to create both the feasibility of and the necessity for
rethinking and restructuring the industry. This article focuses on computer
graphics precedents related to the architecture, engineering, and construc-
tion industry.
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Introduction
RQVLGHULQJ� WKH� FXUUHQW� XELTXLW\� RI� DQG�P\ULDG� XVHV� IRU� WKH
FRPSXWHU��LW�VHHPV�DVWRQLVKLQJ�WKDW�LW�ZDV�QRW�XQWLO�WKH�PLG�

����V� WKDW� FRPSXWHUV� ZHUH� XVHG� IRU� DQ\WKLQJ� EHVLGHV� QXPEHU
FUXQFKLQJ�DQG�QXPHULFDO�RXWSXW��DW� OHDVW� LQ� WKH�FRPPHUFLDO�PDU�
NHW��7KH� VSHFLILFDWLRQ� IRU�&RERO�� WKH� ILUVW� XVHU�IULHQGO\� SURJUDP�
PLQJ� ODQJXDJH��ZDV� QRW� ILQDOL]HG� XQWLO� ������7KH� ILUVW� ,%0�ZRUG
SURFHVVRU� ZDV� LQWURGXFHG� LQ� ������ %\� WKDW� WLPH�� FRPSXWHUV� KDG
HQRXJK�FRPSXWLQJ�SRZHU� WR�EHJLQ� WR� LQWHUSUHW� DQG�SURFHVV� WH[W� LQ
DGGLWLRQ� WR� QXPEHUV�� %XW� LI� D� SLFWXUH� LV� ZRUWK� D� WKRXVDQG�ZRUGV�
ZKDW�NLQG�RI�FRPSXWHU�ZDV�UHTXLUHG�WR�SURFHVV�FRPSXWHU�JUDSKLFV"

0XFK� RI� WKH� EDVLF� WHFKQRORJ\� WKDW� ZRXOG� PDNH� FRPSXWHU
JUDSKLFV�SRVVLEOH�ZDV�GHYHORSHG�DW�0,7¶V�/LQFROQ�/DERUDWRU\�DQG
DW�+DUYDUG�EHWZHHQ�WKH�����V�DQG�����V��,W�LV�FOHDU�WKDW�WKLV�ZRUN
KDG� QHLWKHU� SUHFHGHQW� QRU� URDG� PDS�� ,W� FRQVWLWXWHG� D� YHU\� SXUH
IRUP�RI�FUHDWLYLW\�� ,W�ZDV�SULPDULO\�JRYHUQPHQW�IXQGHG��GHIHQVH�
UHODWHG�� DQG� FODVVLILHG��0XFK� RI� WKH� DYDLODEOH� LQIRUPDWLRQ� DERXW
WKLV� SHULRG� LV� IRXQG� RQO\� LQ� WUDQVFULSWV� RI� WKH� 6,**5$3+�����
VSHFLDO�SDQHO�VHVVLRQV�HQWLWOHG�5HWURVSHFWLYHV��7KH�(DUO\�<HDUV�LQ
&RPSXWHU�*UDSKLFV�DW�0,7��/LQFROQ�/DE��DQG�+DUYDUG�

Pioneering Efforts in Computer Graphics
7KH� ILUVW� UHDO�WLPH� FRPSXWHU²WKH�:KLUOZLQG�� GHYHORSHG� DW�0,7
LQ�WKH�ODWH�����V²KDG�D�ILYH�LQFK�7HNWURQL[�GLVSOD\��,W�DOVR�RFFX�
SLHG� D� TXDUWHU� DFUH� RI� VSDFH� DQG� KDG� ������ YDFXXP� WXEHV�� 7KH
WHDP�GHYHORSHG�D�GLDJQRVWLF�SURJUDP�WKDW�RXWSXW�WR�WKH�7HNWURQL[
GLVSOD\��&DOOHG�³:DYHV�RI�2QH�´�WKH�WHVW�UDQ�WKURXJK�HDFK�VWRUDJH
WXEH�DQG�OLW�XS�D�FRUUHVSRQGLQJ�VSRW�RQ�WKH�VFUHHQ�LI�DOO�ZDV�ZHOO�
,I�LW�HQFRXQWHUHG�D�IDLOXUH��WKH�SURJUDP�VWRSSHG��7KH�WULFN�ZDV�WR
GHWHUPLQH�H[DFWO\�ZKHUH�LW�KDG�VWRSSHG��5REHUW�(YHUHWW�LQYHQWHG�D
³OLJKW�JXQ´�WR�UHDG�WKH�SRVLWLRQ�RI�WKH�ODVW�GRW�RQ�WKH�VFUHHQ��7KLV
ZDV�WKH�SUHFXUVRU�RI�WKH�OLJKW�SHQ�

7KH�QH[W�VWHS�ZDV�WKH�GHYHORSPHQW�RI�DQ�DLU�GHIHQVH�FRPSXWHU�
6$*(�� D� PXOWLXVHU�� LQWHUDFWLYH� V\VWHP� GHYHORSHG� LQ� ������ FRQ�
YHUWHG� UDGDU� LQIRUPDWLRQ� LQWR� FRPSXWHU�JHQHUDWHG� SLFWXUHV�� 7KH
V\VWHP�XVHG�WZR�FRQVROHV�SHU�RSHUDWRU²RQH�IRU�JUDSKLFV�DQG�RQH
IRU�PHVVDJLQJ��2Q�WKH�JUDSKLFV�WHUPLQDO��WKH�OLJKW�JXQ�ZDV�XVHG�WR
LGHQWLI\�WKH�DLUFUDIW�RI�LQWHUHVW��7KH�SURWRW\SH�ZDV�WXUQHG�RYHU�WR
,%0�IRU�SURGXFWLRQ��5HDO�WLPH�FRPSXWLQJ�EHFDPH�WKH�KDOOPDUN�RI
0,7¶V�/LQFROQ�/DERUDWRU\¶V�HIIRUWV�

7KH� QH[W� FRPSXWHU� GHYHORSHG� DW� 0,7¶V� /LQFROQ� /DERUDWRU\
ZDV�WKH�7;����RULJLQDOO\�EXLOW�WR�WHVW�WKH�SUDFWLFDOLW\�RI�WUDQVLVWRU
FRPSXWHU�FLUFXLWV�DQG�ODUJH�VFDOH�PDJQHWLF�FRUH�PHPRU\��$QRWKHU
LQQRYDWLRQ�ZDV�WKH�7;��¶V�'LUHFW�,QSXW�8WLOLW\�6\VWHP��D�SUHFXU�
VRU�RI�WKH�PRGHUQ�RSHUDWLQJ�V\VWHP��,W�FRQVLVWHG�RI�D�VHW�RI�XWLOLW\
SURJUDPV�WKDW�PDGH�LW�SRVVLEOH�WR�
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•� FRPPXQLFDWH� GLUHFWO\� ZLWK� WKH� FRPSXWHU� YLD� DQ� RQOLQH
W\SHZULWHU�

•� ORRN�DW�RU�FKDQJH�SURJUDP�LQVWUXFWLRQV�
•� LQVHUW�SDUDPHWHUV�
•� VHDUFK�IRU�VSHFLILHG�DGGUHVVHV��DQG
•� SHUIRUP�D�QXPEHU�RI�RWKHU�SURJUDPPLQJ�WDVNV�

,Q�������%HQ�*XUOH\��ZKR�ZRXOG�ODWHU�GHYHORS�'LJLWDO�(TXLSPHQW
&RUSRUDWLRQ¶V�ILUVW�FRPSXWHU��WKH�3'3����VHH�)LJ������LQYHQWHG�WKH
OLJKW� SHQ�� D� PLQLDWXUL]HG� OLJKW� JXQ� PHDVXULQJ� �� ���� LQFKHV� LQ
OHQJWK�DQG����� LQFK�LQ�GLDPHWHU�� ,W�ZHLJKHG�RQO\�RQH�RXQFH��7KH
3'3���HYHQWXDOO\�UHSODFHG�WKH�7;���DW�/LQFROQ�/DERUDWRU\�

)LJ�����'(&�3'3���
�3KRWRJUDSK�VXSSOLHG�E\�'LJLWDO�(TXLSPHQW�&RUSRUDWLRQ��&RUSRUDWH�3KRWR�/LEUDU\�

7KH�7;���FDPH�RQOLQH� LQ� ODWH������� ,W�ZDV�D� OHDS� IRUZDUG� LQ
WHUPV�RI�FRPSXWDWLRQDO�SRZHU�DQG�VXSSRUWHG�VRPH�H[WUDRUGLQDU\
ZRUN�LQ�FRPSXWHU�JUDSKLFV�

2QH�RI�WKH�ELJ�KDUGZDUH�LVVXHV�LQ�WKH�HDUO\�����V�ZDV�KRZ�WR
JHQHUDWH� FKDUDFWHUV� DQG� OLQHV� RQ� D� WXEH��&KDUDFWHU� �WH[W�� JHQHUD�
WRUV�FRVW�������� WR���������DQG�ZHUH�QRW� VWDQGDUGL]HG��7KH� ILUVW
VWRUDJH�WXEH�VFUHHQV�EHJDQ�WR�DSSHDU�LQ�WKH�PLG�����V���7KH�JUHDW
DGYDQWDJH�RI�VWRUDJH� WXEHV�ZDV� WKDW� WKH\�GLG�QRW� UHTXLUH� WKDW� WKH
LPDJH�EH�FRQVWDQWO\� UHIUHVKHG�� ,QVWHDG�� WKH�SKRVSKRU� LQ� WKH� VWRU�
DJH� WXEH� ZDV� FRQWLQXRXVO\� LOOXPLQDWHG� E\� D� ORZ�OHYHO� VSUD\� RI
HOHFWURQV��2QH�FRXOG�ZULWH�RQFH�ZLWK�DQ�HOHFWURQ�EHDP��DQG�WKHUH
ZDV�QR�QHHG� WR�UHIUHVK�XQWLO�DQ� LPDJH�XSGDWH�ZDV�UHTXLUHG��7KLV
DOORZHG� IRU� KLJK� UHVROXWLRQ� DQG� UHGXFHG�PDFKLQH�RYHUKHDG�� SHU�
PLWWLQJ� WLPH�VKDULQJ��0XOWLSOH�JUDSKLFV� WHUPLQDOV�� HYHQ� UHPRWHO\
FRQQHFWHG��FRXOG�EH� UXQ� IURP� WKH�VDPH�FRPSXWHU��7KH�7HNWURQL[
����� VWRUDJH� WXEH� GLVSOD\�� DW� ��������ZDV� WKH� EUHDNWKURXJK� WKDW
PDGH�FRPSXWHU�JUDSKLFV�³DIIRUGDEOH�´�7KH�FRVW�SHU�FRQVROH�KRXU
GURSSHG�IURP�EHWZHHQ�����DQG������WR�EHWZHHQ�����DQG������7KH
7HNWURQL[������ �VHH�)LJ�� ��� SURYLGHG� D� ���LQFK� GLVSOD\� DQG�ZDV
ZLGHO\�XVHG�LQ�HDUO\�FRPPHUFLDO�&$'�V\VWHPV�

7R� WKLV� SRLQW�� WKH� LPSHGLPHQW� WR� FRPSXWHU� JUDSKLFV� GHYHORS�
PHQW� KDG� EHHQ� KDUGZDUH�� JHWWLQJ� HQRXJK� FRPSXWDWLRQDO� SRZHU
DQG�DQ�DGHTXDWH�GLVSOD\�GHYLFH�� ,Q� WKH�����V�� WKH� LVVXHV�RI� VRIW�
ZDUH� DQG�GDWD� VWUXFWXUHV� JDLQHG� SURPLQHQFH��&RPSXWHU� JUDSKLFV
GHPDQGHG� GDWD� VWUXFWXUHV� RI� JUHDWHU� FRPSOH[LW\� WKDQ� WKH� DUUD\V

DQG�OLQN�OLVWV�WKDW�KDG�EHHQ�LPSOHPHQWHG�XS�WR�WKDW�SRLQW��6WHYHQ
&RRQV�GHYHORSHG�WKH�FRPSXWHU�JUDSKLFV�WHFKQLTXHV�IRU�GHVFULELQJ
VXUIDFHV��+LV� SXEOLVKHG� QRWHV� RQ� WKH� WRSLF� ILUVW� DSSHDUHG� DURXQG
������ 7KH� LQLWLDO� ZRUN� GHVFULEHG� D� QRQSDUDPHWULF� PHWKRG� WKDW
SURGXFHG�D�VXUIDFH�WKDW� LQWHUSRODWHG�JLYHQ�ERXQGDU\�FXUYHV��)XU�
WKHU�ZRUN�GHILQHG�³EOHQGLQJ´� IXQFWLRQV�DQG� LQWURGXFHG� WKH�SDUD�
PHWULF�PHWKRGV�WKDW�DUH�VWLOO�XVHG��&RRQV�RULJLQDOO\�FRQFHLYHG�RI
WKHVH� LGHDV� ZKLOH� ZRUNLQJ� IRU� *UXPPDQ� $LUFUDIW� GXULQJ�:RUOG
:DU� ,,�� ,W� WRRN� ��� \HDUV� IRU� WKH� WHFKQRORJ\²QDPHO\�� FRPSXWHU
SRZHU�DQG�GLVSOD\V²WR�FDWFK�XS�WR�ZKDW�KH�HQYLVLRQHG�

)LJ�����7KH�7HNWURQL[������GLVSOD\�

,Q�������D�VHULHV�RI�SDSHUV�ZDV�SXEOLVKHG�E\�0,7��&RRQV¶V�SD�
SHU�� ³2XWOLQH�RI� WKH�5HTXLUHPHQWV� IRU�D�&RPSXWHU�$LGHG�'HVLJQ
6\VWHP�´�DUWLFXODWHG�D�SKLORVRSK\� WKDW�KDG�D�ZLGH�UDQJLQJ� LQIOX�
HQFH�RQ�WKH�HDUO\�ZRUN�LQ�&$'��+H�ZURWH�

6WDUWLQJ�LQ������ZH�RXWOLQHG�D�V\VWHP�WKDW�ZRXOG��LQ�HIIHFW�
MRLQ�PDQ�DQG�PDFKLQH� LQ�DQ� LQWLPDWH�FRRSHUDWLYH�FRPSOH[�
$�FRPELQDWLRQ�WKDW�ZRXOG�XVH�WKH�FUHDWLYH�DQG�LPDJLQDWLYH
SRZHUV�RI�PDQ�DQG�WKH�DQDO\WLFDO�DQG�FRPSXWDWLRQDO�SRZHUV
RI� WKH� PDFKLQH�� HDFK� ZLWK� WKH� JUHDWHVW� SRVVLEOH� HFRQRP\
DQG�HIILFLHQF\��:H�HQYLVDJHG�HYHQ�WKHQ�WKH�GHVLJQHU�VHDWHG
DW� WKH�FRQVROH�GUDZLQJ�D� VNHWFK�RI�KLV�SURSRVHG�GHYLFH�RQ
WKH�VFUHHQ�RI�DQ�RVFLOORVFRSH�WXEH�ZLWK�D�OLJKW�SHQ��PRGLI\�
LQJ�KLV�VNHWFK�DW�ZLOO��DQG�FRPPDQGLQJ�D�FRPSXWHU�VODYH�WR
UHILQH�WKH�VNHWFK�LQWR�D�SHUIHFW�GUDZLQJ��WR�SHUIRUP�YDULRXV
QXPHULFDO� DQDO\VHV� KDYLQJ� WR� GR� ZLWK� VWUXFWXUDO� VWUHQJWK�
FOHDUDQFHV�RI�DGMDFHQW�SDUWV��DQG�RWKHU�DQDO\VHV�DV�ZHOO���

/DZUHQFH�5REHUWV� RULJLQDWHG� D� QXPEHU� RI� FRPSXWHU� JUDSKLFV
WHFKQLTXHV�� ,Q� WKH� HDUO\� ����V�� KH� VFDQQHG� SKRWRJUDSKV� LQWR� WKH
FRPSXWHU� XVLQJ� DQ� HDUO\� IDFVLPLOH� PDFKLQH� DV� WKH� VFDQQHU�� +H
ZRUNHG�RQ� LPDJH�FRPSUHVVLRQ� WR� UHGXFH� WKH�EDQGZLGWK� UHTXLUHG
WR� WUDQVPLW� SKRWRJUDSKLF� LQIRUPDWLRQ�� 7KH� WHFKQLTXHV� KH� GHYHO�
RSHG�ZHUH� XVHG� WR� VHQG� EDFN� LPDJHV� RI� WKH�0RRQ� DQG�0DUV� LQ
VRPH�RI�WKH�HDUOLHVW�VSDFH�H[SORUDWLRQV�

)URP�WKHUH��5REHUWV�PRYHG�RQ�WR�DWWHPSWLQJ�WR�SURFHVV�SKRWR�
JUDSKV�LQWR��'�REMHFWV��7KLV�SURFHGXUH�LQYROYHG�WUDLOEOD]LQJ�ZRUN
LQ� IHDWXUH� DQG� HGJH� GHWHFWLRQ� DQG� VROLGV�PRGHOLQJ�� 5REHUWV�ZDV
DEOH� WR� FUHDWH��'�REMHFWV� IURP�VFDQQHG�SKRWRJUDSKV�DQG�GLVSOD\
WKHP�� LQ� OLQH� UHSUHVHQWDWLRQ�� IURP� YDULRXV� SRLQWV� RI� YLHZ��+H� LV
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FUHGLWHG�ZLWK� LQYHQWLQJ� WKH� ILUVW�KLGGHQ� OLQH�DOJRULWKP�DV�ZHOO�DV
FRPELQLQJ� WKH�PDWKHPDWLFDO� WHFKQLTXHV� RI� SHUVSHFWLYH� JHRPHWU\
DQG�PDWULFHV�IRU�SHUVSHFWLYH�WUDQVIRUPDWLRQV�

*HQHUDOO\�� KRZHYHU�� FRPSXWHU� JUDSKLFV� SURJUDPPLQJ� LV� FRQ�
VLGHUHG�WR�EH�WKH�EUDLQFKLOG�RI�,YDQ�6XWKHUODQG��ZKRVH������0,7
GRFWRUDO� GLVVHUWDWLRQ� LQ� HOHFWULFDO� HQJLQHHULQJ�� ODLG� WKH� VRIWZDUH
IRXQGDWLRQ� IRU� FRPSXWHU� JUDSKLFV� SURJUDPPLQJ�� 6XWKHUODQG¶V
JRDO�ZDV� WR� LPSURYH� WKH�KXPDQ�PDFKLQH� LQWHUIDFH��+H�VXJJHVWHG
VHYHUDO�DUHDV�ZKHUH�FRPSXWHU�JUDSKLFV�FRXOG�EH�XVHIXO�

•� IRU�FUHDWLQJ�KLJKO\�UHSHWLWLYH�GUDZLQJV�
•� IRU�PDNLQJ�VPDOO�FKDQJHV�WR�H[LVWLQJ�GUDZLQJV�
•� IRU� JDLQLQJ� VFLHQWLILF� RU� HQJLQHHULQJ� XQGHUVWDQGLQJ� RI� RS�

HUDWLRQV�WKDW�FRXOG�EH�GHVFULEHG�JUDSKLFDOO\��DQG
•� DV� JUDSKLFDO� LQSXW� WR� FRPSXWDWLRQDO� SURJUDPV� UHTXLULQJ

WRSRORJLFDO� GDWD�� VXFK� DV� FLUFXLW� VLPXODWRUV� RU� VWUXFWXUDO
DQDO\VLV�SURJUDPV�

6NHWFKSDG�ZDV�GHYHORSHG�DW�0,7¶V�/LQFROQ�/DERUDWRU\�RQ�WKH
7;��� FRPSXWHU�� FRQWHPSRUDQHRXVO\� ZLWK� ERWK� 5REHUWV¶V� DQG
&RRQV¶V� HIIRUWV��*UDSKLF� LQSXW�ZDV� DFFRPSOLVKHG� E\� SRVLWLRQLQJ
GUDZLQJ�HOHPHQWV�RQ�WKH�GLVSOD\�VFUHHQ�ZLWK�D�OLJKW�SHQ�DQG�XVLQJ
SXVK�EXWWRQ�FRQWUROV�WR�HQWHU�FRPPDQGV�� WKHUH�ZDV�QR�NH\ERDUG�
5RWDWLRQ� DQG� PDJQLILFDWLRQ� ZHUH� HIIHFWHG� E\� WXUQLQJ� NQREV�
6NHWFKSDG� VXSSRUWHG� RQO\� WZR� JUDSKLF� SULPLWLYHV�� VWUDLJKW� OLQH
VHJPHQWV� DQG� FLUFXODU� DUFV�� +RZHYHU�� LW� SHUPLWWHG� WKH� JURXSLQJ
DQG� HVWDEOLVKPHQW� RI� UHODWLRQVKLSV� EHWZHHQ� JUDSKLF� HOHPHQWV�
6NHWFKSDG� DOORZHG� WKH� JURXSLQJ� RI� HOHPHQWV� LQWR� VXESLFWXUHV�
7KHVH�VXESLFWXUHV�ZHUH�LQVWDQFHG��VR�WKDW�FKDQJLQJ�WKH�GHILQLWLRQ
ZRXOG�FKDQJH�DOO�RFFXUUHQFHV��$QG�WKH\�FRXOG�EH�QHVWHG²D�VXE�
SLFWXUH� FRXOG� LQFOXGH� RWKHU� VXESLFWXUHV�� 6NHWFKSDG� DOVR� VWRUHG
WRSRORJ\²LI� WKH� XVHU�PRYHG� D� SRLQW�� WKH� OLQHV� FRQQHFWHG� WR� WKH
SRLQW�VWUHWFKHG�RU�EHFDPH�VKRUWHU�DFFRUGLQJO\�

6XWKHUODQG� DOVR� SURJUDPPHG� D� QXPEHU� RI� FRPSXWHU� JUDSKLFV
FRQVWUXFWLRQ�WHFKQLTXHV�WKDW�DUH�VWLOO�IDPLOLDU�

���5XEEHUEDQGLQJ� VKRZHG� D� OLQH� RU� DUF� VWUHWFKLQJ�� VKULQNLQJ�
RU�UHSRVLWLRQLQJ�DV�LW�ZDV�EHLQJ�GHILQHG�

���6QDS�WR�(QG�3RLQW�DOORZHG�WKH�XVHU�WR�DWWDFK�D�OLQH��DUF��RU
VXESLFWXUH� WR� WKH� H[DFW� HQG� SRLQW� RI� DQ� H[LVWLQJ� JUDSKLF
HOHPHQW�

���&RS\�'HILQLWLRQ�IDFLOLWDWHG�LQIRUPDWLRQ�UHXVH�
���*HRPHWULF�FRQVWUDLQWV�SHUPLWWHG�WKH�SUHFLVH�FUHDWLRQ�RI�

•� YHUWLFDOV�
•� KRUL]RQWDOV�
•� SHUSHQGLFXODUV�
•� SDUDOOHOV�
•� OLQHV�RQ�FLUFOHV��DQG
•� OLQHV�RI�HTXDO�OHQJWK�

6XWKHUODQG�YDOLGDWHG�WKH�6NHWFKSDG�FRQFHSW�E\�XVLQJ�LW�WR�FUH�
DWH� D� YDULHW\� RI� GUDZLQJ� W\SHV�� HOHFWULFDO��PHFKDQLFDO�� VFLHQWLILF�
PDWKHPDWLFDO�� DQG�DQLPDWLRQ��)RU�RXWSXW�� KH�XVHG�D�SORWWHU� IURP
(OHFWURQLF� $VVRFLDWHV� ,QF�� 6XWKHUODQG¶V� GLVVHUWDWLRQ� LQGLFDWHV� D
VWURQJ� HPSKDVLV� RQ� WKH� GHYHORSPHQW� DQG� RSWLPL]DWLRQ� RI� WKH
JUDSKLF� GDWD� VWUXFWXUH�� ,Q� KLV� $FNQRZOHGJPHQWV�� KH� LQFOXGHV
&ODXGH�6KDQQRQ��0DUYLQ�0LQVN\��&RRQV��/HRQDUG�+DQWPDQ��DQG
5REHUWV�

7KH� HDUOLHVW� FRPPHUFLDO� DSSOLFDWLRQV� RI� FRPSXWHU� JUDSKLFV
ZHUH� ODXQFKHG� DW� DERXW� WKH� VDPH� WLPH�� ,7(.� FRQWUDFWHG�$GDPV
$VVRFLDWHV�WR�GHYHORS�WKH�ILUVW�HOHFWURQLF�GUDIWLQJ�PDFKLQH��EDVHG

RQ�WKH�3'3����VHH�)LJ������7KH�GHYHORSHUV�ZHUH�-RKQ�*LOPRUH�DQG
'DYLG�:HLVEHUJ�� ERWK� IURP�0,7��7KH� V\VWHP�KDG� WZR�PRGHV�RI
RSHUDWLRQ�� ,Q� VNHWFK�PRGH�� WKH� OLJKW� SHQ�ZDV� XVHG� OLNH� D� SHQFLO�
:LWK� D� VHW� RI� FRQWUROV� RQ� WKH� &57� GUDZLQJ� ERDUG�� WKH� RSHUDWRU
FRXOG�FRQVWUDLQ�WKH�PRWLRQ�RI�WKH�GUDZLQJ�SRLQW�KRUL]RQWDOO\��YHU�
WLFDOO\��RU�WR�VRPH�VHOHFWHG�DQJOH�RU�DUF��WKHUHE\�FUHDWLQJ�WKH�LOOX�
VLRQ�RI�GUDZLQJ�RQ�WKH�&57�ZLWK�VWUDLJKW�HGJH�WRROV�

,Q� FRQVWUXFW� PRGH�� WKH� OLJKW� SHQ�� XVHG� OLNH� D� SRLQWHU�� DFWL�
YDWHG� FRQWUROV� WKDW� GHILQHG� QXPHULFDO� HQG� SRLQWV� RI� OLQHV�� FHQ�
WHUV�RI�FLUFOHV��DQG�RWKHU�ERXQGDU\�FRQGLWLRQV�RI�LQWHUHVW�� ,7(.
PDUNHWHG�WKLV�V\VWHP�DV�WKH�('0�PDFKLQH��,7(.�ODWHU�VROG�LW�WR
&RQWURO� 'DWD� &RUSRUDWLRQ�� ZKHUH� LW� EHFDPH� WKH� 'LJLJUDSKLFV
V\VWHP��/RFNKHHG�$LUFUDIW�DQG�0DUWLQ�0DULHWWD�ZHUH�DPRQJ�LWV
ILUVW�XVHUV�

$QRWKHU�HDUO\�FRPPHUFLDO�XVH�RI�FRPSXWHU�JUDSKLFV�ZDV�*HQ�
HUDO�0RWRUV¶V�'HVLJQ�$XJPHQWHG�E\�&RPSXWHU��RU�'$&���� >(G��
VHH�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��YRO������QR�����SS����±��
IRU�DQ�DUWLFOH�RQ�WKLV�WRSLF�E\�)UHG�.UXOO�@�.UXOO�GHYHORSHG�LW�ZLWK
3DWULFN� +DQUDWW\�� 7KH� '$&��� XVHG� DQ� ,%0� $OSLQH� 'LVSOD\�� D
SUHFXUVRU� WR� WKH� ,%0� ����� JUDSKLFV� FRQVROH�� ZKLFK� ZDV� LQWUR�
GXFHG�ZLWK�WKH�,%0�6\VWHP�����FRPSXWHU�LQ�������VHH�)LJ�����

)LJ�����,%0�6\VWHP�����0RGHO����ZLWK�WKH�,%0������&57�
�&RXUWHV\�RI�,%0�

,W� ZDV� WKH� ,%0� 6\VWHP����� ZLWK� WKH� ����� JUDSKLFV� FRQVROH
WKDW�VXSSRUWHG�1LFKRODV�1HJURSRQWH¶V�YHU\�LQWHUHVWLQJ�ZRUN�LQ�WKH
DSSOLFDWLRQ� RI� PDFKLQH� LQWHOOLJHQFH�� DV� ZHOO� DV� JUDSKLFV�� LQ� DQ
DUFKLWHFWXUDO� �L�H��� EXLOGLQJ� GHVLJQ�� FRQWH[W�� 1HJURSRQWH¶V� SUHP�
LVH�� DUWLFXODWHG� LQ�KLV� �����ERRN�7KH�$UFKLWHFWXUH�0DFKLQH��ZDV
WKDW� WKH� IDLOXUH� RI� PRGHUQ� DUFKLWHFWXUH�� SDUWLFXODUO\� XUEDQ� SODQ�
QLQJ�� KDG� UHVXOWHG� IURP� DUFKLWHFWV¶� QHHG� WR� JHQHUDOL]H� SURJUDP�
PDWLF�UHTXLUHPHQWV�EHFDXVH�WKH\�ZHUH�XQDEOH�WR�NHHS�LQ�PLQG�DOO
WKH�QHFHVVDU\�GHWDLO�VLPXOWDQHRXVO\��9HU\�HDUO\�LQ�WKH�,QIRUPDWLRQ
5HYROXWLRQ��1HJURSRQWH�LGHQWLILHG�WKH�QHHG�WR�SURFHVV�LQIRUPDWLRQ
LQ�QHZ�ZD\V�

%HFDXVH�RI�WKLV��DQ�HQYLURQPHQWDO�KXPDQLVP�PLJKW�RQO\�EH
DWWDLQDEOH� LQ� FRRSHUDWLRQ� ZLWK� PDFKLQHV� WKDW� KDYH� EHHQ
WKRXJKW� WR�EH� LQKXPDQ�GHYLFHV�EXW� LQ� IDFW� DUH�GHYLFHV� WKDW
FDQ� UHVSRQG� LQWHOOLJHQWO\� WR� WKH� WLQ\�� LQGLYLGXDO�� FRQVWDQWO\
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FKDQJLQJ�ELWV�RI�LQIRUPDWLRQ�WKDW�UHIOHFW�WKH�LGHQWLW\�RI�HDFK
XUEDQLWH�DV�ZHOO�DV�WKH�FRKHUHQFH�RI�WKH�FLW\��

1HJURSRQWH� DOVR� IRUHVDZ� WKDW� FRPSXWHUV� ZRXOG� QRW� EHFRPH
IXOO\� DFFHSWDEOH� XQWLO� WKH\� EHFDPH� SHUVRQDO�� DQG� KH� XQGHUVWRRG
WKDW� VRPH�ZD\�� VRPHKRZ�� SHUVRQDO� FRPSXWHUV� ZRXOG� SHUPLW� DF�
FHVV�WR�D�YDVW�LQIRUPDWLRQ�VWRUH�

<RX�QHHG�QRW�ORRN�WRR�IDU��PD\EH�WHQ�\HDUV��������VXFK�RPQL�
SUHVHQW� PDFKLQHV�� WKURXJK� FDEOH� WHOHYLVLRQ� �SRWHQWLDOO\� D
WZR�ZD\� GHYLFH��� RU� WKURXJK� SLFWXUH� SKRQHV�� FRXOG� DFW� DV
WZHQW\�IRXU�KRXU�VRFLDO�ZRUNHUV� WKDW�ZRXOG�EH�DYDLODEOH� WR
DVN�ZKHQ�DVNHG��UHFHLYH�ZKHQ�JLYHQ��

$FWXDOO\�� LW� ZDV� PRUH� WKDQ� ��� \HDUV�� EXW� E\� WKH� PLG�����V�
WKHUH� ZHUH� ,QWHUQHW�EDVHG� VXSSRUW� JURXSV� OLNH� WKH� :DONHUV� LQ
'DUNQHVV��D�PDLOLQJ�OLVW�IRU�SHRSOH�ZLWK�FKURQLF�GHSUHVVLRQ��SURF�
HVVLQJ�PRUH�WKDQ�����PHVVDJHV�ZHHNO\�IURP�DURXQG�WKH�JOREH��

Negroponte ... understood that some
way, somehow, personal computers

would permit access to a vast
information store.

,Q�WKH�HDUO\�GD\V��WKH�KXPDQ�PDFKLQH�LQWHUIDFH�ZDV�D�SUHVVLQJ
LVVXH��0RVW�RI� WKH� HDUO\�0,7�ZRUN� LQYROYHG� VSHFLDO� SXVK�EXWWRQ
LQSXW� GHYLFHV�� OLNH� WKH� RQH� FRQILJXUHG� ZLWK� WKH� ����� JUDSKLFV
FRQVROH� �VHH�)LJ�����RU�SURJUDPPLQJ�RQ�VFUHHQ�EXWWRQV�DFWLYDWHG
E\� WKH� OLJKW�SHQ�� ,Q� WKH�&LYLO�(QJLQHHULQJ�'HSDUWPHQW� DW�0,7�� D
VHFRQG� DSSURDFK� ZDV� XQGHUWDNHQ� LQ� WKH� PLG�����V�� WKH� XVH� RI
3UREOHP�2ULHQWHG�/DQJXDJHV��32/V���7KHVH�SURYLGHG�DQ�(QJOLVK�
ODQJXDJH�� HQJLQHHULQJ�RULHQWHG�� FRPPDQG�VWUXFWXUHG� V\QWD[� IRU
WKH� VROXWLRQ� RI� FLYLO� HQJLQHHULQJ� SUREOHPV�� 7KH� DSSURDFK� ZDV
FORVHU� WR� WKDW� WDNHQ� LQ� WKH�GHYHORSPHQW�RI�EXVLQHVV�RULHQWHG� ODQ�
JXDJHV� OLNH� &RERO�� 7KH� ,QWHJUDWHG� &LYLO� (QJLQHHULQJ� 6\VWHP
�,&(6�� DSSHDUHG� LQ� ������ 7ZR� RI� LWV� PRGXOHV�� &RRUGLQDWH� *H�
RPHWU\� /DQJXDJH� �&2*2�� DQG� 6WUXFWXUDO� 'HVLJQ� /DQJXDJH
�6758'/���KDYH�EHHQ�FRQWLQXRXVO\�XSGDWHG�DQG�DUH�VWLOO�XVHG�E\
HQJLQHHUV�� )URP� WKH� ����V� WKURXJK� WKH� SRSXODUL]DWLRQ� RI� WKH
JUDSKLFDO� XVHU� LQWHUIDFH� ��� \HDUV� ODWHU�� D� GHEDWH� FRQWLQXHG� DERXW
ZKHWKHU� FRPPDQG�GULYHQ� RU� PHQX�GULYHQ� XVHU� LQWHUIDFHV� ZHUH
SUHIHUDEOH�LQ�&$'�DSSOLFDWLRQV�

Computers in Architecture, Engineering,
and Construction Practice
(OOHUEH�$VVRFLDWHV�LV�FUHGLWHG�ZLWK�EHLQJ�WKH�ILUVW�EXLOGLQJ�GHVLJQ
ILUP� WR� FRPSXWHUL]H�� ,Q� ������ LW� SXUFKDVHG� D�%HQGL[�*�����7KLV
%HQGL[�FRPSXWHU�ZDV� WKH�VL]H�RI�D� UHIULJHUDWRU��DQG�FRPPXQLFD�
WLRQ�ZDV�E\�HOHFWULF�W\SHZULWHU��2XWSXW�ZDV�SULQWHG�RQH�OHWWHU�DW�D
WLPH�RQ�DQ�HOHFWULF�W\SHZULWHU��7KH�PDFKLQH�ZDV�HTXLSSHG�ZLWK�D
SDSHU�WDSH�SXQFK�DQG�UHDGHU��DQG�SURJUDPV�ZHUH�VWRUHG�H[WHUQDOO\
RQ�SDSHU�WDSHV��(OOHUEH¶V�ILUVW�DSSOLFDWLRQV�ZHUH�LQ�VWUXFWXUDO�HQJL�
QHHULQJ�� PRPHQW� GLVWULEXWLRQ� FDOFXODWLRQV� IRU� FRQFUHWH� IUDPHV�
7KHVH�SURJUDPV�UHSODFHG�WKH�VOLGH�UXOH�DQG�SHQFLO�

5XVW�(QJLQHHULQJ�ZDV�DQRWKHU�HDUO\�DGRSWHU�RI�FRPSXWHUV��ILUVW
EX\LQJ�DQ�,%0������WKHQ�XSJUDGLQJ�WR�DQ�,%0�������'DYLG�6LGHV
DQG�/DYHWWH�7HDTXH�GHYHORSHG�D�FULWLFDO�SDWK�PHWKRG� URXWLQH� IRU
WKH� ����� LQ� PDFKLQH� ODQJXDJH�� 6LGHV� DQG� 7HDTXH� ZHUH� DOVR� UH�

VSRQVLEOH� IRU� VRPH� RI� 6NLGPRUH�� 2ZLQJV� DQG� 0HUULOO¶V� �620�
HDUO\�HIIRUWV�LQ�&$'�

&DXGLOO� 5RZOHWW� 6FRWW� �&56�� DFTXLUHG� LWV� ILUVW� LQ�KRXVH� FRP�
SXWHU�FDSDELOLW\�LQ�������7KLV�FDSDELOLW\�ZDV�VRRQ�IRFXVHG�RQ�WKH
UDSLG�SURFHVVLQJ�RI� ODUJH�TXDQWLWLHV�RI�SURMHFW�GDWD��$W�&56�� WKH
FRPSXWHU�DSSOLFDWLRQV�ZHUH�GHYHORSHG�QRW�LQ�GHVLJQ��EXW� LQ�SURM�
HFW� VXSSRUW�� PDQDJHPHQW�� DQG� DFFRXQWLQJ�� ,Q� ������ &56� HVWDE�
OLVKHG� D� VHSDUDWH� FRUSRUDWLRQ�� &RPSXWLQJ� 5HVHDUFK� 6\VWHPV� �
�&56����7KLV�RUJDQL]DWLRQ�KDQGOHG�DOO�&56�FRPSXWLQJ� IXQFWLRQV
DQG�� LQ� DGGLWLRQ�� RIIHUHG� FRPSXWLQJ� VHUYLFHV� WR� RWKHU� DUFKLWHF�
WXUDO�HQJLQHHULQJ� ILUPV�� JRYHUQPHQW� IDFLOLWLHV� JURXSV�� KHDOWK� DQG
HGXFDWLRQDO� LQVWLWXWLRQV�� DQG�GHYHORSHUV��7KHVH� VHUYLFHV� LQFOXGHG
VRIWZDUH� GHYHORSPHQW�� FRQVXOWLQJ�� DQG� GDWD� SURFHVVLQJ� VHUYLFHV�
2YHU� WLPH�� WKH� VRIWZDUH�GHYHORSPHQW� HIIRUWV� FUHDWHG� D� OLEUDU\�RI
DSSOLFDWLRQV� WKDW�&56�� WKHQ� VROG� WR�RWKHUV�RU�XVHG� LQ� LWV� VHUYLFH
EXUHDX��7KHVH�DSSOLFDWLRQV�LQFOXGHG�

•� DQ�DFFRXQWLQJ�V\VWHP�
•� XQLYHUVLW\�IDFLOLWLHV�DQDO\VLV��SURMHFWLRQ��DQG�PDQDJHPHQW�
•� FRVW�HVWLPDWLQJ�
•� HQHUJ\�DQDO\VLV�
•� VSHFLILFDWLRQV�
•� SURMHFW�VFKHGXOLQJ�
•� VSDFH�LQYHQWRU\�DQDO\VLV��DQG
•� KHDOWK�IDFLOLWLHV�HTXLSPHQW�SURMHFWLRQ�DQG�VSHFLILFDWLRQ�

,Q� ������ (ULF� 7HLFKRO]�� WKHQ� D� VWXGHQW� DW�+DUYDUG¶V�*UDGXDWH
6FKRRO� RI� 'HVLJQ�� IRXQGHG� 'HVLJQ� 6\VWHPV� DQG� EHJDQ� RIIHULQJ
FRPSXWHUL]HG�SHUVSHFWLYHV�WR�WKH�%RVWRQ�DUFKLWHFWXUDO�FRPPXQLW\�
/DWHU� WKDW�\HDU��KH�ZDV� MRLQHG�E\�7RP�)ROOHWW�� DQG� WRJHWKHU� WKH\
VWDUWHG� GHYHORSLQJ� SURJUDPV� IRU� WKH� DUFKLWHFWXUDO� ILUP� RI� 3HUU\�
'HDQ� DQG� 6WHZDUW� �3'	6��� &RPSURJUDSK� JHQHUDWHG� VFKHPDWLF
IORRU� SODQV� EDVHG� RQ� WKH� EXLOGLQJ� HQYHORSH�� URRP� VL]HV�� DQG
IXQFWLRQDO� UHODWLRQVKLSV�� 3'	6� ZDV� SUREDEO\� WKH� ILUVW� ILUP� WR
XVH�FRPSXWHU�JUDSKLFV�DQG�FHUWDLQO\�ZDV� WKH� ILUVW� WR�DWWHPSW� WR
SURGXFH� DQG� PDUNHW� LWV� V\VWHP� WKURXJK� D� VSLQ�RII� FRPSDQ\�
'HFLVLRQ� *UDSKLFV�� .DLPDQ� /HH� DQG� -RKQ� 1LOVRQ�� DV� ZHOO� DV
7HLFKRO]�DQG�)ROOHWW��FRQWULEXWHG�WR�WKH�GHYHORSPHQW�RI�3'	6¶V
$5.��� V\VWHP�� ZKLFK� UDQ� RQ� D� '(&� 3'3����� 7KH� SURJUDP
PRGXOHV�LQFOXGHG�

•� VSDFH�SURJUDPPLQJ�
•� SODQ�RSWLPL]DWLRQ�
•� GUDIWLQJ�
•� SHUVSHFWLYH�DQG�VLPXODWLRQ�
•� VSHFLILFDWLRQV��DQG
•� RIILFH�PDQDJHPHQW�

%\�WKH�PLG�����V��WKHUH�ZHUH�D�KDOI�GR]HQ�$5.���V\VWHPV�LQ�XVH
LQ�ILUPV�LQ� WKH�8QLWHG�6WDWHV��&DQDGD��(QJODQG��6ZLW]HUODQG��DQG
$XVWUDOLD�

620�EHJDQ�GHYHORSLQJ�VWUXFWXUDO�HQJLQHHULQJ�SURJUDPV�LQ������
,Q�������1HLO�+DUSHU�DQG�6LGHV�LPSOHPHQWHG�WKH�ILUP¶V�ILUVW�DUFKL�
WHFWXUDO� DSSOLFDWLRQ�� WKH� %XLOGLQJ� 2SWLPL]DWLRQ� 3URJUDP� �%23��
%23�UDQ�RQ�WKH�,%0������DQG�WRRN�D�OLQHDU�SURJUDPPLQJ�DSSURDFK
WR�FUHDWH�WKH�LGHDO�EXLOGLQJ��*LYHQ�WKH�GHVLUHG�VTXDUH�IRRWDJH�DQG�WKH
GLPHQVLRQV�RI�D�VLWH��WKH�V\VWHP�XVHG�UXOHV�RI�WKXPE�

•� WR�GHWHUPLQH�WKH�QXPEHU�RI�IORRUV�DQG�QXPEHU�RI�HOHYDWRUV�
•� WR�GHVLJQ�WKH�FRUH�
•� WR�RSWLPL]H�WKH�VWUXFWXUDO�ED\�VL]H��DQG
•� WR�JHQHUDWH�D�SUHOLPLQDU\�FRVW�HVWLPDWH�
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,QLWLDOO\��%23�RXWSXW�D�IORRU�SODQ�RQ�D�SULQWHU��ODWHU��LW�GLG�VR�RQ�D
SORWWHU��620�DOVR�GHYHORSHG�D�KRVSLWDO�SURJUDPPLQJ�DSSOLFDWLRQ
WKDW�JHQHUDWHG�GHWDLOHG�VSDFH�SURJUDPV�IRU�KRVSLWDOV�RQ�D�GHSDUW�
PHQW�E\�GHSDUWPHQW� EDVLV� DQG� GHYHORSHG� WKH� 6WRUDJH� DQG� 5H�
WULHYDO� RI� $UFKLWHFWXUDO� 3URJUDPPLQJ� ,QIRUPDWLRQ� �6$5$3,�
SURJUDP� WR� VWRUH� DQG� DQDO\]H� IDFLOLW\� UHTXLUHPHQWV� LQIRUPDWLRQ
JDWKHUHG�LQ�FOLHQW�LQWHUYLHZV�

,Q�������620�KHOG�ZKDW�ZDV�SUREDEO\� WKH�DUFKLWHFWXUH��HQJL�
QHHULQJ��DQG�FRQVWUXFWLRQ��$(&��LQGXVWU\¶V�ILUVW�VWUDWHJLF�WHFKQRO�
RJ\�SODQQLQJ�VHVVLRQ��620�GHFLGHG�WR�GHYHORS�PRGXODU�VRIWZDUH
DQG� WR� XVH� VPDOO� LQ�KRXVH� PDFKLQHV� DXJPHQWHG� E\� ODUJHU� PD�
FKLQHV�DW�VHUYLFH�EXUHDXV��$W�WKDW�WLPH��VHUYLFH�EXUHDXV�SXUFKDVHG
ODUJH�� H[SHQVLYH� FRPSXWHUV�� W\SLFDOO\� ,%0� ���V�� DQG� WKHQ� VROG
FRPSXWHU� WLPH� WR� GHVLJQ� ILUPV�� %HFDXVH� WKH� FOLHQW� GHVLJQ� ILUPV
SDLG� IRU� ERWK� FRQQHFW� WLPH� DQG� UXQ� WLPH�� WKH\� EHQHILWHG� E\� SUH�
SDULQJ�DQG�FKHFNLQJ�WKHLU�LQSXW�GHFNV�RI�SXQFKHG�FDUGV�RIIOLQH��RQ
VPDOOHU� LQ�KRXVH� V\VWHPV�� ,Q� WKH� HDUO\� ����V��'RXJODV�6WRNHU� LQ
620¶V�&KLFDJR�RIILFH�ZDV� IDFHG�ZLWK� WKH� GDXQWLQJ� WDVN� RI� SUH�
SDULQJ�WKH�VWUXFWXUDO�DQDO\VLV�GHFN�IRU�WKH�6HDUV�7RZHU��620�WKHQ
KDG�DQ�,%0������LW�XVHG�IRU�SUHSDULQJ�WKH�LQSXW��EXW�WKH�ILUP�UDQ
WKH� DQDO\VLV� DW� WKH� 8QLYHUVLW\� &RPSXWLQJ� &HQWHU� DW� WKH� ,OOLQRLV
,QVWLWXWH� RI� 7HFKQRORJ\�� %HFDXVH� WKH� 6HDUV� 7RZHU� VWUXFWXUH� ZDV
UHJXODU��6WRNHU�ZDV�DEOH� WR�GHYHORS�D�SURJUDP�RQ� WKH� ,%0�����
WKDW�ZRXOG�DXWRPDWLFDOO\�JHQHUDWH�WKH�QRGH�FRRUGLQDWHV�DQG�SXQFK
FDUGV��7KLV�ZDV�WKH�EHJLQQLQJ�RI�WKH�6WUXFWXUDO�*HQHUDWLQJ�6\VWHP
�6*6���6WRNHU�ODWHU�JHQHUDOL]HG�WKH�SURJUDP�VR�WKDW�LW�FRXOG�FUHDWH
LQSXW� WR� DQ\� VWUXFWXUDO� DQDO\VLV� SURJUDP� IRU� DQ\� EXLOGLQJ�� 7KH
V\VWHP�ZDV�IXUWKHU�GHYHORSHG�ZLWKLQ�WKH�620�&KLFDJR�FRPSXWHU
JURXS� LQWR� WKH� 6WUXFWXUDO� 'DWD� 0DQDJHPHQW� 6\VWHP� �6'06��
6'06�XVHG�D�SUREOHP�RULHQWHG�ODQJXDJH�DQG�JUDSKLF�IHHGEDFN�WR
SHUPLW� HQJLQHHUV� WR� GHILQH� VWUXFWXUDO� JHRPHWU\� DQG� JUDSKLFDOO\
UHYLHZ�DQDO\VLV�UHVXOWV�

)LJ�����:LOOLDP�.RYDFV�DQG�'RXJODV�6WRNHU� LQ�620�&KLFDJR¶V� FRP�
SXWHU�URRP��FLUFD�������7KH�FRPSXWHU�LV�D�'(&�3'3�������

%\�WKH�PLG�����V��WKH�ODUJHU�$(&�ILUPV�ZHUH�EHJLQQLQJ�WR�DF�
TXLUH� LQ�KRXVH�PLQLFRPSXWHU�V\VWHPV��7KHVH�V\VWHPV�ZHUH�VXIIL�
FLHQWO\�SRZHUIXO�WR�KDQGOH�FRPSXWHU�JUDSKLFV��'LJLWDO�(TXLSPHQW
&RUSRUDWLRQ�EHFDPH�WKH�GRPLQDQW�KDUGZDUH�YHQGRU��ILUVW�ZLWK�WKH
3'3����VHULHV�RI�FRPSXWHUV��VHH�)LJ�����DQG�WKHQ�ZLWK�WKH�9$;�
)RU� QHDUO\� D� GHFDGH�� WKH� 9$;� UHPDLQHG� WKH� ZRUNKRUVH� RI� WKH
&$'�LQGXVWU\�

2QFH� ILUPV� KDG� FRPSXWHUV� LQ� KRXVH�� �'� PDVV� PRGHOLQJ� EH�

FDPH� H[WUHPHO\� SRSXODU�� SDUWLFXODUO\� IRU� SRVLWLRQLQJ� D� SURSRVHG
VWUXFWXUH� ZLWKLQ� D� FLW\VFDSH�� 7KH� �'� PRGHOV� ZHUH� DOVR� XVHG� WR
VWXG\�VRODU�VKDGLQJ�DQG�VKDGRZ�HIIHFWV��E\�SURMHFWLQJ�YLHZV�IURP
WKH� VXQ¶V�SRVLWLRQ� �VHH�)LJV�� �D� DQG��E���6RPH�H[WUDRUGLQDU\� DU�
FKLWHFWXUDO� YLVXDOL]DWLRQ� ZRUN� ZDV� GRQH� LQ� WKH� HDUO\� ����V� E\
'RQDOG� 3�� *UHHQEXUJ� DW� WKH� &RUQHOO� 8QLYHUVLW\� &ROOHJH� RI� $UW�
$UFKLWHFWXUH�� DQG�3ODQQLQJ� LQ�FRRSHUDWLRQ�ZLWK� WKH�9LVXDO�6LPX�
ODWLRQ�/DERUDWRU\�RI�*HQHUDO�(OHFWULF��*UHHQEXUJ¶V�JURXS�FUHDWHG
D�PRYLH�RI�D�ZDON�WKURXJK�&RUQHOO¶V�$UW�4XDGUDQJOH��PRGHOLQJ�D
SURSRVHG� PXVHXP� DPRQJ� WKH� H[LVWLQJ� VWUXFWXUHV�� 7KHVH� LPDJHV
ZHUH� QRW�ZLUHIUDPH�� EXW� UDWKHU� RSDTXH� FRORUHG� VXUIDFHV�� *UHHQ�
EXUJ¶V� ZRUN� LQIOXHQFHG� GHVLJQ� ILUPV¶� XVH� RI� FRPSXWHU� JUDSKLFV
DQG�GHYHORSPHQW�GLUHFWLRQV�DPRQJ�FRPPHUFLDO�&$'�FRPSDQLHV�
1HYHUWKHOHVV�� PRVW� RI� WKH� �'� PRGHOLQJ� ZRUN� GRQH� GXULQJ� WKH
����V�FRQVLVWHG�RI�ZLUHIUDPH�UDWKHU�WKDQ�VXUIDFHG�PRGHOV��,W�ZDV
QRW�XQWLO�WKH�����V�WKDW�RSDTXH�FRORU�LPDJH�RXWSXW�EHFDPH�ZLGHO\
DYDLODEOH�

)LJ�� ��� 7KH� �'� ZLUHIUDPH�PRGHO� FUHDWHG� ZLWK� 620¶V� '5$)7� VRIW�
ZDUH��D�SUHFXUVRU�WR�$(6��1RWH�WKDW�WKH�XVHU�FRPPXQLFDWHG�ZLWK�WKH
V\VWHP�WKURXJK�D�32/�

7KHUH�ZHUH�WZR�SRVVLEOH�DSSURDFKHV�WR�FRPSXWHU�JUDSKLFV²EX\
RU� EXLOG�� ,Q� WKH� PLG�����V�� :LOOLDP� .RYDFV� EHJDQ� GHYHORSLQJ
620¶V��'�FRPSXWHU�JUDSKLFV�V\VWHP�WR�UXQ�RQ�620¶V�3'3������
DQG�3'3�������FRPSXWHUV��VHH�)LJ������.RYDFV�VRRQ�OHIW�620�IRU
+ROO\ZRRG��ZKHUH�KH�FRIRXQGHG�:DYHIURQW�7HFKQRORJLHV��$W�620�
1LFKRODV�:HLQJDUWHQ�DQG�PDQ\�RWKHUV�FRQWLQXHG�JUDSKLFV�GHYHORS�
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PHQW��$UFKLWHFWXUDO�ILUPV�EXLOGLQJ��DQG�HYHQWXDOO\�PDUNHWLQJ�� WKHLU
RZQ� VRIWZDUH� LQFOXGHG� +HOOPXWK� 2EDWD� .DVVDEDXP� �+2.��
-XQJ�%UDQQHQ��DQG�$OEHUW�&��0DUWLQ�	�$VVRFLDWHV��DV�ZHOO�DV�620�

(DUO\� FRPPHUFLDO� &$'� SURGXFWV� WRRN� D� YHU\� GLIIHUHQW� WXUQ
IURP� WKH�ZRUN� XQGHUWDNHQ� DW�0,7� DQG� &RUQHOO�� IRFXVLQJ� RQ� �'
GUDIWLQJ�� 7XUQNH\� &$'� SURYLGHUV� WR� WKH� $(&� LQGXVWU\� LQ� WKH
����V� LQFOXGHG� $SSOLFRQ�� $XWR�WURO�� &RPSXWHUYLVLRQ�� DQG�0	6
&RPSXWLQJ��ODWHU�,QWHUJUDSK���7KH�ODUJH�HQJLQHHULQJ�ILUPV�WHQGHG
WR�WDNH�D�PL[HG�DSSURDFK�WR�&$'�LPSOHPHQWDWLRQ��EX\LQJ�WXUQNH\
V\VWHPV� DQG�XVLQJ� WKHP�DV�SODWIRUPV� IRU� WKHLU� RZQ� VRIWZDUH� GH�
YHORSPHQW� HIIRUWV�� &RPSDQLHV� WKDW� XVHG� WKLV� DSSURDFK� LQFOXGH
%HFKWHO��%ODFN�	�9HDWFK��DQG�6DUJHQW�	�/XQG\��,W�LV�LQWHUHVWLQJ�WR
QRWH�WKDW�DOWKRXJK��'�GUDIWLQJ�V\VWHPV�ZHUH�FRPPHUFLDOO\�DYDLO�
DEOH�LQ�WKH�����V��WKH�GHYHORSPHQW�RI�GHVLJQ�VRIWZDUH�ZDV�EHLQJ
GRQH�E\�DUFKLWHFWV�DQG�HQJLQHHUV��VHH�)LJ�����

��

�D���������������������������������������������������������E�

��

�F���������������������������������������������������������G�
)LJ�� ��� 7KH� �'� FRPSXWHU� JUDSKLFV� ZRUN� IRU� WKH� ����V�� $� URXJK� �'
PRGHO��D��ZDV�JHQHUDWHG�DQG�UHSHDWHG��E���WKHQ�YLHZHG�LQ�SHUVSHFWLYH
SURMHFWLRQ��F���+LGGHQ�OLQHV�UHPRYDO��G��WRRN�VHYHUDO�KRXUV�RQ�WKH�3'3
������� �'HVLJQ� VWXG\� RI� VWXGHQW� KRXVLQJ� FOXVWHUV� IRU� D� XQLYHUVLW\� LQ
6DXGL�$UDELD�SUHVHQWHG�E\� WKH�DXWKRU�DW� WKH� ����� FRQIHUHQFH� RI� WKH
,QWHUQDWLRQDO�8QLRQ�RI�:RPHQ�$UFKLWHFWV��

The PC Revolution
%\�WKH�PLG�����V��WKH�SUHFXUVRUV�RI�WKH�SHUVRQDO�FRPSXWHU�EHJDQ
WR�DSSHDU��7KH�$OWDLU�������EDVHG�RQ�WKH�,QWHO������SURFHVVRU�� LV
FRQVLGHUHG� WR�EH� WKH� ILUVW� WUXH�³SHUVRQDO�FRPSXWHU�´� ,W�ZDV� LQWUR�
GXFHG� LQ� ������ 7KH� ILUVW� 3&�EDVHG� &$'� V\VWHP� ZDV� 7�6TXDUH�
GHYHORSHG� IRU�7	:�6\VWHPV� IRU� LWV�7(5$.�FRPSXWHU� LQ� �����
7KH� 7(5$.�ZDV� DQ� /6,���� PDFKLQH� ZLWK� D� ���� �� ���� PRQR�
FKURPH�PRQLWRU�����NLORE\WHV�RI�PDLQ�PHPRU\��DQG�����NLORE\WH
GULYHV�� ,W� UDQ� WKH� 8&6'� 3DVFDO� RSHUDWLQJ� V\VWHP�� ODWHU� NQRZQ
VLPSO\�DV� WKH�3�V\VWHP��7RP�/D]HDU�RI�7	:�6\VWHPV�KDG�EHHQ
0,6�GLUHFWRU�DW�)OXRU�'DQLHO��7KH� LQLWLDO� UHOHDVH�RI�7�6TXDUH�GLG

SLSLQJ�LVRPHWULFV�DQG�ELOOV�RI�PDWHULDOV��,Q�������WKH�8QLYHUVLW\�RI
$UL]RQD�ZDV� ORRNLQJ� IRU� ORZ�FRVW� &$'� V\VWHPV� IRU� LQVWUXFWLRQ�
7	:� UHZURWH� 7�6TXDUH� IRU� PRUH� JHQHUDOL]HG� �'� GUDIWLQJ� IXQF�
WLRQV��DQG�WKH�8QLYHUVLW\�RI�$UL]RQD�ERXJKW�HLJKW�V\VWHPV�

7KH�$SSOH� ,,� �VHH�)LJ������ WKH� ILUVW�SHUVRQDO�FRPSXWHU� WR�EH�D
PDMRU� FRPPHUFLDO� VXFFHVV�� ZDV� LQWURGXFHG� LQ� ������ DQG� LW� ZDV
ZLGHO\�DGRSWHG�LQ�VFKRROV��7KHUH�ZDV�D�GHPDQG�LQ�WKH�HGXFDWLRQDO
PDUNHW� IRU� D�JUDSKLFV�SURJUDP�� ,Q�������7	:�6\VWHPV�SRUWHG
7�6TXDUH�WR�WKH�$SSOH�,,��ZKHUH�LW�EHFDPH�&$'$SSOH��7KH�,%0
3&��VHH�)LJ�����ZDV� LQWURGXFHG� LQ�������7KH�RULJLQDO�3&�KDG�QR
KDUG�GULYH�EXW�ERRWHG� IURP� IORSS\�GLVNV��'26�ZDV�QRW� WKH�RQO\
RSHUDWLQJ�V\VWHP�DYDLODEOH�IRU�WKH�3&��WKH�3�V\VWHP�ZDV�DOVR�DQ
RSWLRQ��%HFDXVH�7	:¶V�&$'�V\VWHP�KDG�EHHQ�GHYHORSHG�XQGHU
3�V\VWHP�� WKH�FRPSDQ\�FKRVH� WR�SRUW� WR� WKH� ,%0�3&�XQGHU� WKH
3�V\VWHP��9HUVD&$'�IRU�WKH�,%0�3&�DSSHDUHG�LQ�������,W�ZDV�D
FDSDEOH� DQG� FRPSDUDWLYHO\�PDWXUH� SURGXFW�� EXW� LW�ZDV� XQGHU� WKH
ZURQJ�RSHUDWLQJ�V\VWHP��7R�TXRWH�%LOO�*DWHV�

)HZ�UHPHPEHU� WKLV�QRZ��EXW� WKH�RULJLQDO� ,%0�3&�DFWXDOO\
VKLSSHG�ZLWK�D�FKRLFH�RI�WKUHH�RSHUDWLQJ�V\VWHPV²RXU�3&�
'26��&3�0�����DQG�WKH�8&6'�3DVFDO�3�V\VWHP��:H�NQHZ
WKDW� RQO\� RQH� RI� WKH� WKUHH� FRXOG� VXFFHHG� DQG� EHFRPH� WKH
VWDQGDUG�� :H� ZDQWHG� WKH� VDPH� NLQGV� RI� IRUFHV� WKDW� ZHUH
SXWWLQJ�9+6� FDVVHWWHV� LQWR� HYHU\� YLGHR� VWRUH� WR� SXVK�06�
'26�WR�EHFRPH�D�VWDQGDUG��:H�VDZ�WKUHH�ZD\V�WR�JHW�06�
'26� RXW� LQ� IURQW�� )LUVW� ZDV� WR� PDNH� 06�'26� WKH� EHVW
SURGXFW�� 6HFRQG� ZDV� WR� KHOS� RWKHU� VRIWZDUH� FRPSDQLHV� WR
ZULWH� 06�'26�EDVHG� VRIWZDUH�� 7KLUG� ZDV� WR� HQVXUH� 06�
'26�ZDV�LQH[SHQVLYH�

:H� JDYH� ,%0� D� IDEXORXV� GHDO²D� ORZ�� RQH�WLPH� IHH� WKDW
JUDQWHG�WKH�FRPSDQ\�WKH�ULJKW�WR�XVH�0LFURVRIW¶V�RSHUDWLQJ
V\VWHP�RQ�DV�PDQ\�FRPSXWHUV�DV�LW�FRXOG�VHOO��7KLV�RIIHUHG
,%0�DQ�LQFHQWLYH�WR�SXVK�06�'26��DQG�WR�VHOO�LW�LQH[SHQ�
VLYHO\��2XU� VWUDWHJ\�ZRUNHG�� ,%0� VROG� WKH�8&6'�3DVFDO
3�V\VWHP�IRU�DERXW�������&3�0����IRU�DERXW�������DQG�06�
'26�IRU�DERXW�����

������(YHQWXDOO\�,%0�DEDQGRQHG�WKH�8&6'�3DVFDO�3�V\VWHP
DQG�&3�0����HQKDQFHPHQWV��

9HUVD&$'�ZDV� SRUWHG� WR�'26�� EXW� LQ� WKH� LQWHULP� LW� ORVW�PR�
PHQWXP�WR�D�QHZ�3&�&$'�FRQWHQGHU��$XWR&$'�

7KH�KLVWRU\�RI�$XWRGHVN� LV�ZHOO�GRFXPHQWHG� LQ�7KH�$XWRGHVN
)LOH�� DYDLODEOH� LQ� ERWK� ERRN� DQG� EURZVHU��$XWR&$'� EHJDQ� DV� D
SRUW� RI� D� FRPSXWHU� JUDSKLFV� SDFNDJH� RULJLQDOO\�ZULWWHQ� E\�0LNH
5LGGOH�IRU�WKH�0DULQFKLS�6\VWHPV�0������,W�ZDV�ILUVW�UHOHDVHG�IRU
WKH�3&�SODWIRUP� LQ�'HFHPEHU�������7KH�$XWRGHVN�)LOH� LQGLFDWHV
WKH�IROORZLQJ�FRPSHWLWLYH�DVVHVVPHQW�RI�WKH�SURGXFW��EHIRUH�LW�ZDV
SRUWHG�

,QVWDOOHG�RQ�D�GHVNWRS�FRPSXWHU�FRQILJXUDWLRQ� LQ� WKH����.
WR����.�UDQJH��LW�LV�FRPSHWLWLYH�LQ�SHUIRUPDQFH�DQG�IHDWXUHV
WR�&RPSXWHUYLVLRQ�&$'�V\VWHPV�LQ�WKH����.�UDQJH��7KHUH
DUH�QR�NQRZQ�FRPSHWLWLYH�SURGXFWV�RQ�PLFURFRPSXWHUV� WR�
GD\� �DOWKRXJK� WKHUH� DUH� VRPH� YHU\� VLPSOHPLQGHG� VFUHHQ
GUDZLQJ�SURJUDPV�IRU�WKH�$SSOH��DQG�ZH�PXVW�EH�FDUHIXO�WR
H[SODLQ�KRZ�ZH�GLIIHU��

:H�FDQ�SUREDEO\�REWDLQ�VXEVWDQWLDO�IUHH�SXEOLFLW\�E\�LVVXLQJ
SUHVV� UHOHDVHV� DQG�ZULWLQJ� DUWLFOHV� VWUHVVLQJ� WKH� WLH�LQ�ZLWK
FRPSXWHU�DLGHG�GHVLJQ�DQG�WKH�,%0�URERW�FRQWUROOHG�E\�WKH
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,%0�SHUVRQDO�FRPSXWHU��:H�FDQ�DOVR�DLP�WKH�DGV�WR�VHOO�WKH
SURGXFW�DV�D�³ZRUG�SURFHVVRU� IRU�GUDZLQJV�´�3RWHQWLDO�FXV�
WRPHUV� DUH� DQ\ERG\� ZKR� FXUUHQWO\� SURGXFHV� GUDZLQJV�
6PDOO�DUFKLWHFWXUDO�RIILFHV�DUH�LGHDO�SURVSHFWV��

)LJ�����7KH�$SSOH�,,H��7KH�$SSOH�,,�VHULHV�ZDV�WKH�ILUVW�FRPPHUFLDOO\
VXFFHVVIXO�SHUVRQDO�FRPSXWHU�

�&RS\ULJKW���$SSOH�&RPSXWHU��,QF��8VHG�ZLWK�SHUPLVVLRQ��$OO�ULJKWV�UHVHUYHG��

)LJ�����7KH�,%0�3&�
�&RXUWHV\�RI�,%0�

,Q� ������$XWR&$'� DQG� RQH� RWKHU� 3&�&$'� V\VWHP� IRU� HOHF�
WURQLFV�� 3�&$'�� DSSHDUHG� DW� WKH� 1DWLRQDO� &RPSXWHU� *UDSKLFV
$VVRFLDWLRQ� VKRZ�� �����ZDV� WKH� \HDU� 3&�&$'� WRRN� RII�� $UFKL�
WHFWXUDO�7HFKQRORJ\�RUJDQL]HG� LWV� ILUVW�&$'�VKRRW�RXW�DQG�DVNHG
PH� WR� UHYLHZ� D� SDFNDJH� FDOOHG�'UDZLQJ� 3URFHVVRU��$V� LW� WXUQHG
RXW�� ,� QHHGHG� DQ� HOHFWULFDO� HQJLQHHU� �&KDUOLH� 3RFLXV�� DQG� D� VRO�
GHULQJ�JXQ� WR�JHW� LW� WR�SORW��'HVSLWH� WKH�RXWSXW�SUREOHPV�� ,� OLNHG
WKH� 'UDZLQJ� 3URFHVVRU� DSSURDFK²WKH� V\VWHP� KDG� RQO\� HLJKW
FRPPDQGV�DQG�FRXOG�EH�PDVWHUHG�LQ�D�FRXSOH�RI�KRXUV�E\�DQ\RQH
ZKR�XQGHUVWRRG�VFDOHG�GUDZLQJV��7KH�'UDZLQJ�3URFHVVRU�HYDOXD�
WLRQ�LQFOXGHG�D�FRPSDULVRQ�WR�WKH�FXUUHQW�³EHVW�SUDFWLFH´�RI�XVLQJ
D�UHSURJUDSKLFV�DSSURDFK�WR�SURGXFH�SODQV�RI�UHSHWLWLYH�IDFLOLWLHV�

LQ�WKLV�FDVH�DQ�DSDUWPHQW�FRPSOH[��DQG�VKRZHG�WKDW�VXFK�GUDZLQJV
FRXOG�EH�SURGXFHG�PRUH� TXLFNO\� RQ� WKH� FRPSXWHU� �VHH�7DEOH� ���
1RWH� WKDW� WKH�VWHSV�DQG�VHTXHQFH�RI� WKH�ZRUN�SURFHVV�ZHUH�TXLWH
GLIIHUHQW��

%\������� WKH�3&�$7�ZDV�RQ� WKH�PDUNHW�� DQG� WKHUH�ZDV� OLYHO\
FRPSHWLWLRQ�LQ�WKH�3&�EDVHG�&$'�PDUNHW��,Q�LWV�-DQXDU\�)HEUXDU\
LVVXH��$UFKLWHFWXUDO�7HFKQRORJ\�SXEOLVKHG�D�GHWDLOHG�HYDOXDWLRQ�RI
QR� IHZHU� WKDQ� ��� 3&�EDVHG� &$'� SDFNDJHV��:LWK� WKH� DGYHQW� RI
ORZ�FRVW�JUDSKLFV�FDSDEOH�KDUGZDUH��WKHUH�ZDV�D�VHD�FKDQJH�LQ�WKH
DSSURDFK�WR�FRPSXWHU�JUDSKLFV�GHYHORSPHQW��)URP�WKH�ILUVW�FRP�
SXWHU�JUDSKLFV�H[SORUDWLRQV�LQ�WKH�����V�WKURXJK�WKH�����V��WKHUH
KDG�EHHQ�D�YHU\�RSHQ�HQGHG�H[SORUDWLRQ�RI�KRZ�FRPSXWHUV�PLJKW
EH�XVHG�LQ�GHVLJQ�SUDFWLFH��ZLWK�DUFKLWHFWV�DQG�HQJLQHHUV�LQYROYHG
LQ� EXLOGLQJ� VRIWZDUH� WRROV� LQ� D� YHU\� KDQGV�RQ� IDVKLRQ�� ,Q� WKH
����V��WKH�EDWRQ�ZDV�SDVVHG�WR�WKH�YHQGRU�FRPPXQLW\��DQG�GHVLJQ
SURIHVVLRQDOV�EHFDPH�FRQVXPHUV�RI�VRIWZDUH�SURGXFWV�

'XULQJ�WKH�VDPH�SHULRG��DQRWKHU�DSSURDFK�WR�&$'�HPHUJHG²
WKH� 8QL[� ZRUNVWDWLRQ�� EDVHG� SULPDULO\� RQ� WKH� 0RWRUROD� �����
IDPLO\� RI� SURFHVVRUV�� %\� ������ WKH� 6LJPD� $55,6� V\VWHP� ZDV
DYDLODEOH�RQ�8QL[�ZRUNVWDWLRQV�IURP�6XQ�DQG�$XWR�WURO�VRIWZDUH
ZDV� DYDLODEOH� RQ� $SROOR� ZRUNVWDWLRQV� �VHH� )LJ�� ���� 7KH� 8QL[
ZRUNVWDWLRQ� VKDUHG� RQH� PDMRU� DGYDQWDJH� ZLWK� WKH� 3&�� ,W� ZDV� D
GHGLFDWHG�PDFKLQH��YHUVXV� WKH� WLPH�VKDULQJ�DSSURDFK�RI� WKH�3'3
DQG�9$;� SODWIRUPV��8QL[�ZRUNVWDWLRQV�ZHUH� FRQVLGHUDEO\�PRUH
SRZHUIXO� WKDQ� WKH� HDUO\� 3&V� DQG� ZHUH� UHDGLO\� QHWZRUNDEOH� IRU
GDWD�VKDULQJ��+RZHYHU�� WKH\�ZHUH� DOVR� DERXW� ��� WLPHV�PRUH� H[�
SHQVLYH�� 2YHU� WKH� QH[W� ��� \HDUV�� WKH� SULFH� DQG� SHUIRUPDQFH� RI
WKHVH� WZR� FODVVHV� RI� SURGXFWV� FRQYHUJHG�� 7DEOH� �� VKRZV� D� FRP�
SDULVRQ� RI� ZKDW� �������� ERXJKW� LQ� WKH� 3&� DQG� WKH� ZRUNVWDWLRQ
PDUNHWV� LQ� ������%\� WKDW� WLPH�� WKH� GLVWLQFWLRQV� EHWZHHQ� WKH� WZR
FODVVHV�RI�SURGXFWV�ZHUH�DOUHDG\�EOXUULQJ�

)LJ�����$Q�$SROOR�ZRUNVWDWLRQ�

%\� WKH�PLG�����V�� WKHUH�ZDV� D� JUHDW� YDULHW\� RI� FRPPHUFLDO
&$'�SURGXFWV�DW�D�EURDG�UDQJH�RI�SULFHV��,QWHUJUDSK�ZDV�VWLOO�RQ
WKH�9$;�� EXW� LQ� ������%HQWOH\� 6\VWHPV�� ,QF��� UHOHDVHG� D�&$'
SURGXFW²0LFUR6WDWLRQ²WKDW� HPXODWHG� ,QWHUJUDSK¶V� FRUH
JUDSKLFV�V\VWHP��,*'6��DQG�UDQ�RQ�D�3&��D�QXPEHU�RI�SURGXFWV
�LQFOXGLQJ�$55,6��$XWR�WURO�� &DOFRPS�� DQG�*'6��ZHUH� DYDLO�
DEOH�RQ�ZRUNVWDWLRQV�� DQG� WKHUH�ZDV� LQWHQVH�FRPSHWLWLRQ� LQ� WKH
3&�PDUNHW�
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TABLE 1
REPROGRAPHIC VERSUS CAD PRODUCTION OF DRAWINGS 1984

5HSURJUDSKLF�3URFHVV &$'�3URFHVV

$FWLYLW\ 1XPEHU�RI
+RXUV
5HTXLUHG

$FWLYLW\ 1XPEHU�RI
+RXUV
5HTXLUHG

'UDZ�SODQV�DW������ ��
�� ���� 'HYHORS�V\PERO�OLEUDU\ �����
'HYHORS�DSDUWPHQW�SODQV ����
3ORW������GUDZLQJV �����

0DNH�SKRWRFRS\�UHGXFWLRQV ����� 5HGXFH�DVVHPEOH�SODQV �����
'UDZ�SODQV�DW������ ��
�� ���� 3ORW������GUDZLQJV ������
0DWWH�ILOP�SRVLWLYH �����

BBBB BBBB
7RWDO ���� �����

TABLE 2
HOW MUCH HARDWARE COULD BE BOUGHT FOR $15,000

IN FEBRUARY 1988

)HDWXUH $SROOR�'1���� 36���0RGHO���
3URFHVVRU ����� �����
&RSURFHVVRU ����� �����
5$0 ��0E\WHV ��0E\WHV
)ORSS\�GULYH ����0E\WHV������� ����0E\WHV������
+DUG�GLVN ����0E\WHV ����0E\WHV
'LVSOD\�UHVROXWLRQ ���������� ���������
2SHUDWLQJ�V\VWHP $HJLV�RU�81,; 26���RU�$,;
:LQGRZ�PDQDJHU ,QFOXGHG ,QFOXGHG
1HWZRUN ,QFOXGHG ([WUD
1HWZRUN�PDQDJHU ,QFOXGHG ([WUD
1HWZRUN�GLDJQRVWLFV ,QFOXGHG ([WUD
$FFHVV�VHFXULW\ ,QFOXGHG ([WUD
3ULQW�TXHXH�PDQDJHU ,QFOXGHG ([WUD

2QH� RI� WKH� HPHUJLQJ� UHDOL]DWLRQV� ZDV� WKDW� WKH� FRVW� RI� &$'
WUDLQLQJ�ZDV�DW�OHDVW�HTXDO�WR�WKH�FRVW�RI�KDUGZDUH��,Q�WKH�FRYHUDJH
RI� WKH� VHFRQG� $UFKLWHFWXUDO� 7HFKQRORJ\� &$'� VKRRW�RXW�� LW� ZDV
VXJJHVWHG�WKDW�&$'�XVHUV�EH�DOORZHG�RQH�WR�WZR�ZHHNV�RI�RII�VLWH
WUDLQLQJ�DQG�WZR�WR�VL[�PRQWKV�WR�JHW�XS�WR�SURGXFWLYH�VSHHG��$Q�
RWKHU� QHZ� LGHD� ZDV� WKDW� RI� D� PXOWLSXUSRVH� VLQJOH�XVHU� ZRUNVWD�
WLRQ�� 7KH� 3&²ZLWK� VSUHDGVKHHW�� ZRUG� SURFHVVLQJ�� DQG� &$'
VRIWZDUH²FRXOG� EH� XVHG� IRU� D� YDULHW\� RI� SXUSRVHV�� ,VODQGV� RI
DXWRPDWLRQ�ZHUH�EHJLQQLQJ�WR�PHUJH�

,QWR� WKLV� WXUEXOHQW�PL[� RI� WHFKQRORJLHV� FDPH� WKH�$SSOH�0DF�
LQWRVK��VHH�)LJ�������LQWURGXFHG�LQ�-DQXDU\�������$FWXDOO\��PRVW�RI
WKH� VOLFN� WHFKQRORJ\� LQFRUSRUDWHG� LQWR� WKH� 0DFLQWRVK²D� ELW�
PDSSHG�YLGHR�GLVSOD\��D�JUDSKLFDO�XVHU� LQWHUIDFH��DQG�D�PRXVH²
KDG� EHHQ� GHYHORSHG� DW�;HUR[� 3$5&�EXW� QHYHU�PDUNHWHG��$SSOH
KDG� ILUVW� LQWURGXFHG� WKHVH� IHDWXUHV� ZLWK� WKH� /LVD� FRPSXWHU� �VHH
)LJ������ LQ�������$W���������� KRZHYHU�� WKH�/LVD� IHOO� VRPHZKHUH
EHWZHHQ� WKH� SHUVRQDO� FRPSXWHU� DQG� 8QL[� ZRUNVWDWLRQ
FODVVLILFDWLRQV�� 'HVSLWH� LWV� VRSKLVWLFDWLRQ�� WKH� /LVD� ZDV� QHYHU� D
VXFFHVVIXO� SURGXFW�� 7KH�0DFLQWRVK� FDPH� LQWR� WKH� PDUNHW� DW� WKH
ULJKW�SULFH��7KH�PDUNHW�DFFHSWDQFH�RI�WKH�0DF��DQG�WKH�IDFW�WKDW�LWV
XVHU�LQWHUIDFH�FOHDUO\�LPSURYHG�HDVH�RI�XVH��PDGH�D�FOHDU�FDVH�IRU
D�JUDSKLFDO�XVHU�LQWHUIDFH��,Q�DGGLWLRQ��LWV�QDWLYH�DELOLW\�WR�KDQGOH
JUDSKLFV� HQFRXUDJHG� WKH� GHYHORSPHQW� RI� D� ZHDOWK� RI� JUDSKLFV
DSSOLFDWLRQV� WKDW� KDG� QRWKLQJ� WR� GR� ZLWK� &$'�� 7KHVH� LQFOXGHG
GHVNWRS� SXEOLVKLQJ� DQG� LPDJH� PDQLSXODWLRQ� V\VWHPV�� 7KH

LPDJH� PDQLSXODWLRQ� V\VWHPV�� 7KH� 0DFLQWRVK� ILUPO\� HVWDEOLVKHG
LWVHOI��SDUWLFXODUO\�ZLWKLQ�WKH�JUDSKLF�GHVLJQ�LQGXVWU\�

2YHU�WKH�QH[W�GHFDGH��SULFHV�IHOO�DQG�SURGXFWV�FDPH�DQG�ZHQW�
%XW�PRUH�&$'�SURGXFWV�ZHQW� DZD\� WKDQ�FDPH�DORQJ��$V�SULFHV
GURSSHG��GHVLJQ�ILUPV�DQG�WKHLU�FOLHQWV�PRYHG�PRUH�DQG�PRUH�RI
WKHLU� SURMHFW� GRFXPHQWDWLRQ� LQWR� WKH� HOHFWURQLF� HQYLURQPHQW�� $V
WKH\�GLG� VR�� LW�EHFDPH�DEXQGDQWO\� FOHDU� WKDW� LW� LV�PXFK�PRUH�HI�
IHFWLYH�WR�WUDQVIHU�LQIRUPDWLRQ�HOHFWURQLFDOO\�WKDQ�WR�RXWSXW�LW�RQWR
SDSHU�� WUDQVIHU� LW�� DQG� WKHQ� UHHQWHU� LW� LQWR� WKH�GHVWLQDWLRQ� V\VWHP�
&$'� GDWD� WUDQVODWLRQ� DQG� GDWD�H[FKDQJH� WHFKQLTXHV� EHFDPH
SUHVVLQJ�WHFKQLFDO�DQG�EXVLQHVV�LVVXHV�

)LJ������7KH�0DFLQWRVK�
�&RS\ULJKW���$SSOH�&RPSXWHU��,QF��8VHG�ZLWK�SHUPLVVLRQ��$OO�ULJKWV�UHVHUYHG��

$XWRGHVN��LQ�WKH�LQLWLDO�GHYHORSPHQW�RI�$XWR&$'��KDG�PDGH
WKH� ULJKW� VWUDWHJLF� GHFLVLRQV�� WR� GHYHORS� DQ� RSHQ� V\VWHP� ZLWK
³KRRNV´� IRU� WKLUG�SDUW\� GHYHORSHUV� DQG� D� GDWD�H[FKDQJH� FDSD�
ELOLW\�� 1RWHV� IURP� WKH� $XWR&$'� GHYHORSPHQW� ORJ� LQFOXGHG� LQ
7KH� $XWRGHVN� )LOH� LQGLFDWH� WKDW� WKH� GHFLVLRQ� WR� LPSOHPHQW
VRPHWKLQJ�OLNH�';)�ZDV�PDGH�LQ�WKH�VXPPHU�RI������
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�������,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R���������

$OO�YHUVLRQV�RI�0LFUR&$'�>WKH�ILUVW�QDPH�FKRVHQ�IRU�$XWR�
&$'@� VKRXOG� EH� DEOH� WR� ZULWH� DQ� ³HQWLW\� LQWHUFKDQJH� IRU�
PDW´�ILOH��7KH�XWLOLW\�ZKLFK�GRHV�WKLV�PD\�QRW�EH�DFWXDOO\�LQ
WKH�PDLQ�SDFNDJH��RU�PD\�EH�FDOOHG�DV�DQ�RYHUOD\��$OO�YHU�
VLRQV� RI�0LFUR&$'�� UHJDUGOHVV� RI� LQWHUQDO� ILOH� UHSUHVHQWD�
WLRQ��ZLOO�EH�DEOH�WR�LQWHUFKDQJH�GUDZLQJV�WKLV�ZD\��,QVWDOOHG
LQ�0LFUR&$'�����

,Q�WKHLU������ERRN��&RPSXWHU�:DUV��&KDUOHV�+��)HUJXVRQ�DQG
&KDUOHV�5��0RUULV� FRQWHQGHG� WKDW�PDUNHW� GRPLQDQFH� DQG� FRUSR�
UDWH�SURILWDELOLW\�LQ�WKH�JOREDO�LQIRUPDWLRQ�WHFKQRORJ\�LQGXVWU\�RI
WKH� ����V� ZRXOG� GHSHQG� RQ� WHFKQRORJ\� FRPSDQLHV¶� DELOLW\� WR
FRQYHUW� VXSHULRU� WHFKQRORJ\� LQWR�D�SURSULHWDU\� LQGXVWU\� VWDQGDUG�
7KH\�FRPPHQWHG�RQ�$XWRGHVN�

)LJ������7KH�$SSOH�/LVD�
�&RS\ULJKW���$SSOH�&RPSXWHU��,QF��8VHG�ZLWK�SHUPLVVLRQ��$OO�ULJKWV�UHVHUYHG��

$XWRGHVN�VHOOV�GHVNWRS�FRPSXWHU�&$'�VRIWZDUH� WKDW�KDV�D
SDUWLFXODUO\�VWURQJ�IROORZLQJ�DPRQJ� WKH� �UHDO��DUFKLWHFWXUDO
FRPPXQLW\²WKDW� LV�� WKH� SHRSOH� ZKR� GHVLJQ� KRXVHV� DQG
EXLOGLQJV��$XWRGHVN� SURWHFWV� LWV� FRUH� VRIWZDUH� IURP� LPLWD�
WRUV��EXW�KDV�SURYLGHG�LQGHSHQGHQW�VRIWZDUH�GHYHORSHUV�ZLWK
WRRO� NLWV� WR� IDFLOLWDWH� DGG�RQ� VSHFLDO�SXUSRVH� SDFNDJHV²D
NLWFKHQ� GHVLJQ� SDFNDJH�� IRU� H[DPSOH�� WKDW� UXQV� LQVLGH� RI
$XWRGHVN¶V�EDVLF�&$'�SURJUDPV��7KH�DYDLODELOLW\�RI�DGG�RQ
VRIWZDUH�IRU�$XWRGHVN�SURGXFWV� LV�QRZ�PDQ\�WLPHV�JUHDWHU
WKDQ� IRU� LWV� FRPSHWLWRUV�� $W� WKH� VDPH� WLPH�� $XWRGHVN� KDV
PDGH�VXEVWDQWLDO�LQYHVWPHQWV�WR�DVVXUH�WKDW�LW�ZLOO�UXQ�RQ�DV
PDQ\�GLIIHUHQW�SODWIRUPV�DQG�RSHUDWLQJ�V\VWHPV�DV�SRVVLEOH�
7KHUHIRUH�� LW� KDV� DFKLHYHG� D� FHUWDLQ� DUFKLWHFWXUDO� FRQWURO
RYHU�D�UHODWLYHO\�VPDOO�EXW�YHU\�OXFUDWLYH�FRPSHWLWLYH�VSDFH�
ZLWKLQ� RWKHU� SHRSOH¶V� RYHUDOO� RSHUDWLQJ� VRIWZDUH� HQYLURQ�
PHQWV�� $V� WKH� LQIUDVWUXFWXUH� RI� $XWRGHVN�FRPSDWLEOH� VRIW�
ZDUH�SURGXFWV�VWHDGLO\�LQFUHDVHV��VR�GR�FXVWRPHU�VZLWFKLQJ
FRVWV�� $QG� DV� WKH� SURGXFW� EHFRPHV� PRUH� SHUYDVLYH� DQG
FXVWRPHUV� URXWLQHO\� H[FKDQJH� $XWRGHVN� ILOHV�� WKH� ORFN�LQ
FDQ�EHFRPH�YHU\�VWURQJ���

%\�WKH�PLG�����V��D�QXPEHU�RI�VXUYH\V�VKRZHG�WKDW�PRUH�WKDQ
���SHUFHQW�RI�GHVLJQ�ILUPV�KDG�$XWR&$'�OLFHQVHV��HYHQ�LI�$XWR�
&$'�ZDV�QRW�WKHLU�RQO\�RU�WKHLU�SULPDU\�&$'�V\VWHP�

7KH�XVH�RI�&$'�V\VWHPV��KRZHYHU��FRQWLQXHG�WR�EH�IRFXVHG�RQ
DXWRPDWHG�GUDIWLQJ��SULPDULO\�LQ�WKH�FRQVWUXFWLRQ�GRFXPHQWV�SKDVH
RI� WKH� GHVLJQ� SURFHVV��$� VHSDUDWH� FODVV� RI� SURGXFWV�ZDV� XVHG� WR
FUHDWH�VDOHV�RULHQWHG�YLVXDOL]DWLRQV�DQG�DQLPDWLRQV��7KHVH�PRGHOV
WHQGHG�WR�EH�WRR�LPSUHFLVH�DQG�LQIRUPDWLRQ�SRRU�WR�EH�XWLOL]HG�LQ
WKH�GHYHORSPHQW�RI�WHFKQLFDO�GRFXPHQWDWLRQ��:KDW�KDG�KDSSHQHG
WR�6WHYH�&RRQV¶V������YLVLRQV"

WKH� GHVLJQHU� VHDWHG� DW� WKH� FRQVROH� GUDZLQJ� D� VNHWFK� RI� KLV
SURSRVHG�GHYLFH�RQ�WKH�VFUHHQ�RI�DQ�RVFLOORVFRSH�WXEH�ZLWK�D
OLJKW�SHQ��PRGLI\LQJ�KLV�VNHWFK�DW�ZLOO��DQG�FRPPDQGLQJ�D
FRPSXWHU�VODYH� WR� UHILQH� WKH�VNHWFK� LQWR�D�SHUIHFW�GUDZLQJ�
WR� SHUIRUP� YDULRXV� QXPHULFDO� DQDO\VHV� KDYLQJ� WR� GR� ZLWK
VWUXFWXUDO� VWUHQJWK�� FOHDUDQFHV� RI� DGMDFHQW� SDUWV�� DQG� RWKHU
DQDO\VHV�DV�ZHOO�

%\�������LQGLFDWLRQV�DSSHDUHG�WKDW�WKHVH�YLVLRQV�PLJKW��LQGHHG�
EH�IXOILOOHG�

•� $� QXPEHU� RI� &$'� SURGXFWV� VXSSRUWHG� ³LQWHOOLJHQW´� ZDOO
W\SHV�DQG�SURYLGHG�OLEUDULHV�RI�SUHGHILQHG�ZDOO�DVVHPEOLHV�

•� 0DQ\� &$'� V\VWHPV� LQFRUSRUDWHG� SDUDPHWHUL]HG� URXWLQHV�
DQG�DW�OHDVW�RQH�UHWDLO�SURGXFW�SHUPLWWHG�WKH�GHYHORSPHQW�RI
D�IORRU�SODQ�WKURXJK�WKH�VL]LQJ�DQG�SODFHPHQW�RI�SDUDPHWHU�
L]HG� EXLOGLQJ� FRPSRQHQWV²WKH� RYHUDOO� IRRWSULQW�� URRPV�
DQG�VR�RQ�

•� 0DQ\� &$'� V\VWHPV� KDG� LQFRUSRUDWHG� DXWRPDWHG�� UXOHV�
EDVHG� JHQHUDWLRQ� URXWLQHV� IRU� EXLOGLQJ� HOHPHQWV�� VXFK� DV
VWDLUV�DQG�UDPSV�

•� &RQVWUXFWLRQ� SURGXFW� GDWD� ZHUH� ZLGHO\� DYDLODEOH� RQ� &'�
520�

•� 7KH�&RQVWUXFWLRQ�&ULWHULD�'DWDEDVH�SURYLGHG�VWDQGDUG�FRGHV
DQG�JRYHUQPHQW�VSHFLILFDWLRQV�LQ�PDFKLQH�XVDEOH�IRUP�

•� &$'�SURGXFWV��HVSHFLDOO\�WKRVH�IURP�*HUPDQ\�OLNH�$OOSODQ
�1HPHWVFKHN� 6\VWHPV�� DQG� VSHHGLNRQ� �,(=��� SURYLGHG� GH�
WDLOHG�TXDQWLW\�WDNHRIIV�

$V�WKH���VW�FHQWXU\�QHDUV��WKH�,QWHUQHW�KDV�HPHUJHG�DV�WKH�QHZ
FRPPXQLFDWLRQ� EDFNERQH� IRU� SURMHFW� FRPPXQLFDWLRQ��:KHUH� WKH
UXEEHU�PHHWV� WKH� URDG��HDUO\�DGRSWHUV�VXFK�DV�%HFKWHO�DUH�EHJLQ�
QLQJ� WR� ILHOG� WLJKWO\� OLQNHG� V\VWHPV²EXLOW� RQ� REMHFW� WHFKQRORJ\
DQG�LQFRUSRUDWLQJ�EXVLQHVV�UXOHV�WKDW�FRPSUHKHQG�PXFK�PRUH�WKDQ
&$'²DQG�WR�WUDQVIRUP�WKH�SURFHVVHV�RI�GHVLJQ�DQG�FRQVWUXFWLRQ�
7KH� ,QWHUQDWLRQDO� $OOLDQFH� IRU� ,QWHURSHUDELOLW\� KDV� FRQYHQHG� DQ
DVWRQLVKLQJ�QXPEHU�RI�SDUWLFLSDQWV� IURP�D�EURDG�VSHFWUXP�RI� WKH
$(&� LQGXVWU\� ZRUOGZLGH� WR� DJUHH� RQ� D� ��VW�FHQWXU\� REMHFW�
RULHQWHG� LQIRUPDWLRQ� VWUXFWXUH� �WKH� ,QGXVWU\� )RXQGDWLRQ�&ODVVHV�
IRU�GHVLJQ�DQG�FRQVWUXFWLRQ�

7KHVH� GHYHORSPHQWV� VXJJHVW� D� UDGLFDO� GHSDUWXUH� IURP� WUDGL�
WLRQDO� GUDZLQJ�RULHQWHG� &$'� V\VWHPV�� 7KH� TXHVWLRQ� LV� ZKHWKHU
WKH�$(&�LQGXVWU\�DV�D�ZKROH�LV�UHDG\�WR�FKDQJH�WR�D�YHU\�GLIIHUHQW
ZD\�RI�GHVLJQLQJ�DQG�GRFXPHQWLQJ�IDFLOLWLHV�
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