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The History of Fortran I, II, and III
JOHN BACKUS

This article discusses attitudes about “automatic programming,” the eco-
nomics of programming, and existing programming systems, all in the early
1950s. It describes the formation of the Fortran group, its knowledge of ex-
isting systems, its plans for Fortran, and the development of the language in
1954. It describes the development of the optimizing compiler for Fortran I,
of various language manuals, and of Fortran II and III. It concludes with re-
marks about later developments and the impact of Fortran and its succes-
sors on programming today.

>(GLWRU¶V� QRWH�� 7KLV� SDSHU� RULJLQDOO\� DSSHDUHG� LQ� WKH�$QQDOV� RI
WKH�+LVWRU\�RI�&RPSXWLQJ��YRO�����QR�����-XO\������� �7KH�VD\LQJV
XVHG�DV�³SXOO�TXRWHV´�ZHUH�QRW�LQ�WKH�RULJLQDO�SDSHU�EXW�ZHUH�RQ
FDUGV� WKDW� ZHUH� GLVWULEXWHG� GXULQJ� WKH� ����� $),36� 1DWLRQDO
&RPSXWLQJ�&RQIHUHQFH��ZKLFK�LQFOXGHG�D�³3LRQHHU�'D\´�KRQRU�
LQJ� WKH�)RUWUDQ�SLRQHHUV��5HDGHUV� LQWHUHVWHG� LQ� WKH� WRSLF�RI�)RU�
WUDQ�VKRXOG�FRQVXOW�WKH�$QQDOV��YRO�����QR�����ZKLFK�ZDV�D�VSHFLDO
LVVXH� GHYRWHG� WR� WKH� KLVWRU\� RI� WKH� ODQJXDJH� GXULQJ� LWV� ILUVW� ��
\HDUV�@

Early Background and Environment
Attitudes About Automatic Programming in the
1950s
%HIRUH������� DOPRVW� DOO� SURJUDPPLQJ�ZDV�GRQH� LQ�PDFKLQH� ODQ�
JXDJH�RU�DVVHPEO\� ODQJXDJH��3URJUDPPHUV� ULJKWO\� UHJDUGHG� WKHLU
ZRUN�DV�D�FRPSOH[��FUHDWLYH�DUW� WKDW�UHTXLUHG�KXPDQ�LQYHQWLYHQHVV
WR�SURGXFH�DQ�HIILFLHQW�SURJUDP��0XFK�RI�WKHLU�HIIRUW�ZDV�GHYRWHG�WR
RYHUFRPLQJ�WKH�GLIILFXOWLHV�FUHDWHG�E\�WKH�FRPSXWHUV�RI�WKDW�HUD�

•� WKH�ODFN�RI�LQGH[�UHJLVWHUV�
•� WKH�ODFN�RI�EXLOW�LQ�IORDWLQJ�SRLQW�RSHUDWLRQV�
•� UHVWULFWHG� LQVWUXFWLRQ�VHWV��ZKLFK�PLJKW�KDYH�$1'�EXW�QRW

25��IRU�H[DPSOH���DQG
•� SULPLWLYH�LQSXW�RXWSXW�DUUDQJHPHQWV�

*LYHQ� WKH�QDWXUH�RI�FRPSXWHUV�� WKH� VHUYLFHV� WKDW� ³DXWRPDWLF�SUR�
JUDPPLQJ´� SHUIRUPHG� IRU� WKH� SURJUDPPHU�ZHUH� FRQFHUQHG�ZLWK
RYHUFRPLQJ� WKH�PDFKLQH¶V� VKRUWFRPLQJV��7KXV�� WKH�SULPDU\�FRQ�
FHUQ�RI�VRPH�³DXWRPDWLF�SURJUDPPLQJ´�V\VWHPV�ZDV�WR�DOORZ�WKH
XVH�RI�V\PEROLF�DGGUHVVHV�DQG�GHFLPDO�QXPEHUV��H�J���WKH�0,'$&
,QSXW�7UDQVODWLRQ�SURJUDP����

%XW�PRVW�RI�WKH�ODUJHU�³DXWRPDWLF�SURJUDPPLQJ´�V\VWHPV��ZLWK
WKH�H[FHSWLRQ�RI� -�+��/DQLQJ�DQG�1��=LHUOHU¶V� DOJHEUDLF� V\VWHP��

DQG� WKH� $��� FRPSLOHU������� VLPSO\� SURYLGHG� D� V\QWKHWLF� ³FRP�
SXWHU´�ZLWK�DQ�RUGHU�FRGH�GLIIHUHQW�IURP�WKDW�RI�WKH�UHDO�PDFKLQH�
7KLV� V\QWKHWLF� FRPSXWHU� XVXDOO\� KDG� IORDWLQJ�SRLQW� LQVWUXFWLRQV
DQG� LQGH[�UHJLVWHUV�DQG�KDG� LPSURYHG� LQSXW�RXWSXW�FRPPDQGV�� LW
ZDV��WKHUHIRUH��PXFK�HDVLHU�WR�SURJUDP�WKDQ�LWV�UHDO�FRXQWHUSDUW�

7KH�$���FRPSLOHU�DOVR�FDPH�WR�EH�D�V\QWKHWLF�FRPSXWHU�VRPH�
WLPH� DIWHU� HDUO\� ������ %XW� LQ� HDUO\� ������ LWV� LQSXW� KDG� D� PXFK
FUXGHU�IRUP��LQVWHDG�RI�³SVHXGRLQVWUXFWLRQV�´�LWV�LQSXW�ZDV�WKHQ�D

FRPSOH[� VHTXHQFH� RI� ³FRPSLOLQJ� LQVWUXFWLRQV´� WKDW� FRXOG� WDNH� D
YDULHW\� RI� IRUPV�� UDQJLQJ� IURP� PDFKLQH� FRGH� LWVHOI� WR� OHQJWK\
JURXSV�RI�ZRUGV�FRQVWLWXWLQJ�UDWKHU�FOXPV\�FDOOLQJ�VHTXHQFHV� IRU
WKH� GHVLUHG� IORDWLQJ�SRLQW� VXEURXWLQH�� WR� ³DEEUHYLDWHG� IRUP´� LQ�
VWUXFWLRQV� WKDW� ZHUH� FRQYHUWHG� E\� D� ³7UDQVODWRU´� LQWR� RUGLQDU\
³FRPSLOLQJ�LQVWUXFWLRQV�´��

$IWHU�0D\�������WKH�$���FRPSLOHU�DFTXLUHG�D�³SVHXGRFRGH´�WKDW
ZDV�VLPLODU� WR� WKH�RUGHU�FRGHV�IRU�PDQ\�IORDWLQJ�SRLQW� LQWHUSUHWLYH
V\VWHPV�WKDW�ZHUH�DOUHDG\�LQ�RSHUDWLRQ�LQ�������IRU�H[DPSOH�

•� WKH�/RV�$ODPRV�V\VWHPV�'8$/�DQG�6+$&2������

•� WKH�0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��0,7��³6XPPHU
6HVVLRQ�&RPSXWHU�´�

•� D�V\VWHP�IRU�WKH�,OOLDF�GHVLJQHG�E\�'�-��:KHHOHU����DQG
•� WKH�6SHHGFRGLQJ�V\VWHP�IRU�WKH�,%0������

7KH�/DQLQJ� DQG�=LHUOHU� V\VWHP�ZDV� TXLWH� D� GLIIHUHQW� VWRU\�� ,W
ZDV�WKH�ZRUOG¶V�ILUVW�RSHUDWLQJ�DOJHEUDLF�FRPSLOHU��D�UDWKHU�HOHJDQW
EXW�VLPSOH�RQH��'RQDOG�.QXWK�DQG�/XLV�7UDEE�3DUGR���DVVLJQ�WKLV
KRQRU� WR�$OLFN�*OHQQLH¶V�$XWRFRGH��EXW� ,�� IRU�RQH�� DP�XQDEOH� WR
UHFRJQL]H�WKH�VDPSOH�$XWRFRGH�SURJUDP�WKH\�JLYH�DV�³DOJHEUDLF�´
HVSHFLDOO\�ZKHQ� LW� LV� FRPSDUHG� WR� WKH� FRUUHVSRQGLQJ�/DQLQJ� DQG
=LHUOHU�SURJUDP�

$OO�RI�WKH�HDUO\�³DXWRPDWLF�SURJUDPPLQJ´�V\VWHPV�ZHUH�FRVWO\
WR�XVH��VLQFH�WKH\�VORZHG�GRZQ�WKH�PDFKLQH�E\�D�IDFWRU�RI�ILYH�RU
���� 7KH�PRVW� FRPPRQ� UHDVRQ� IRU� WKH� VORZGRZQ�ZDV� WKDW� WKHVH
V\VWHPV�ZHUH� VSHQGLQJ�PRVW� RI� WKHLU� WLPH� LQ� IORDWLQJ�SRLQW� VXE�
URXWLQHV��6LPXODWHG�LQGH[LQJ�DQG�RWKHU�³KRXVHNHHSLQJ´�RSHUDWLRQV
FRXOG� EH� GRQH�ZLWK� VLPSOH� LQHIILFLHQW� WHFKQLTXHV�� VLQFH�� VORZ� DV
WKH\�ZHUH��WKH\�WRRN�IDU�OHVV�WLPH�WKDQ�WKH�IORDWLQJ�SRLQW�ZRUN�

([SHULHQFH�ZLWK�VORZ�³DXWRPDWLF�SURJUDPPLQJ´�V\VWHPV��SOXV
WKHLU� RZQ�H[SHULHQFH�ZLWK� WKH�SUREOHPV�RI� RUJDQL]LQJ� ORRSV� DQG
DGGUHVV� PRGLILFDWLRQ�� KDG� FRQYLQFHG� SURJUDPPHUV� WKDW� HIILFLHQW
SURJUDPPLQJ� ZDV� VRPHWKLQJ� WKDW� FRXOG� QRW� EH� DXWRPDWHG�� $Q�
RWKHU� UHDVRQ� WKDW� ³DXWRPDWLF� SURJUDPPLQJ´� ZDV� QRW� WDNHQ� VHUL�
RXVO\�E\�WKH�FRPSXWLQJ�FRPPXQLW\�ZDV�GXH�WR�WKH�HQHUJHWLF�SXE�
OLF� UHODWLRQV� HIIRUWV� RI� VRPH� YLVLRQDULHV� VSUHDGLQJ� WKH�ZRUG� WKDW
WKHLU�³DXWRPDWLF�SURJUDPPLQJ´�V\VWHPV�KDG�DOPRVW�KXPDQ�DELOL�
WLHV�WR�XQGHUVWDQG�WKH�ODQJXDJH�DQG�WKH�QHHGV�RI�WKH�XVHU��ZKHUHDV
FORVHU�LQVSHFWLRQ�RI�WKRVH�V\VWHPV�ZRXOG�RIWHQ�UHYHDO�D�FRPSOH[�
H[FHSWLRQ�ULGGHQ�SHUIRUPHU�RI�FOHULFDO�WDVNV�WKDW�ZDV�ERWK�GLIILFXOW
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WR� XVH� DQG� LQHIILFLHQW�� :KDWHYHU� WKH� UHDVRQV�� LW� LV� GLIILFXOW� WR
FRQYH\� WR�D� UHDGHU� LQ� WKH� ODWH�����V� WKH� VWUHQJWK�RI� WKH� VNHSWL�
FLVP� DERXW� ³DXWRPDWLF� SURJUDPPLQJ´� LQ� JHQHUDO� DQG� DERXW� LWV
DELOLW\� WR�SURGXFH� HIILFLHQW�SURJUDPV� LQ�SDUWLFXODU�� DV� LW� H[LVWHG
LQ������

,Q� WKH� DERYH� GLVFXVVLRQ� RI� DWWLWXGHV� DERXW� ³DXWRPDWLF� SUR�
JUDPPLQJ´� LQ������� ,�KDYH�PHQWLRQHG�RQO\� WKRVH�DFWXDO� V\VWHPV
RI�ZKLFK�P\�FROOHDJXHV�DQG�,�ZHUH�DZDUH�DW�WKH�WLPH��)RU�D�FRP�
SUHKHQVLYH� WUHDWPHQW� RI� HDUO\� SURJUDPPLQJ� V\VWHPV� DQG� ODQ�
JXDJHV�� ,� UHFRPPHQG� WKH� DUWLFOHV� E\�.QXWK� DQG� 3DUGR��� DQG� E\
-HDQ�6DPPHW���

The Economics of Programming
$QRWKHU�IDFWRU�WKDW�LQIOXHQFHG�WKH�GHYHORSPHQW�RI�)RUWUDQ�ZDV�WKH
HFRQRPLFV� RI� SURJUDPPLQJ� LQ� ������ 7KH� FRVW� RI� SURJUDPPHUV
DVVRFLDWHG�ZLWK�D�FRPSXWHU�FHQWHU�ZDV�XVXDOO\�DW�OHDVW�DV�JUHDW�DV
WKH�FRVW�RI�WKH�FRPSXWHU�LWVHOI���7KLV�IDFW�IROORZV�IURP�WKH�DYHUDJH
VDODU\� SOXV� RYHUKHDG� DQG� WKH� QXPEHU� RI� SURJUDPPHUV� DW� HDFK
FHQWHU� DQG� IURP� WKH� FRPSXWHU� UHQWDO� ILJXUHV��� ,Q� DGGLWLRQ�� IURP
RQH�TXDUWHU� WR� RQH� KDOI� RI� WKH� FRPSXWHU¶V� WLPH�ZDV� VSHQW� LQ� GH�
EXJJLQJ�� 7KXV�� SURJUDPPLQJ� DQG� GHEXJJLQJ� DFFRXQWHG� IRU� DV
PXFK� DV� WKUHH� TXDUWHUV� RI� WKH� FRVW� RI� RSHUDWLQJ� D� FRPSXWHU�� DQG
REYLRXVO\�� DV� FRPSXWHUV� JRW� FKHDSHU�� WKLV� VLWXDWLRQ� ZRXOG� JHW
ZRUVH�

Fortran is a collection of warts, held
together by bits of syntax.

$QRQ�

7KLV�HFRQRPLF�IDFWRU�ZDV�RQH�RI�WKH�SULPH�PRWLYDWLRQV�WKDW�OHG
PH�WR�SURSRVH�WKH�)RUWUDQ�SURMHFW�LQ�D�OHWWHU�WR�P\�ERVV��&XWKEHUW
+XUG�� LQ� ODWH� ����� �WKH� H[DFW� GDWH� LV� QRW� NQRZQ�� EXW� RWKHU� IDFWV
VXJJHVW�'HFHPEHU������DV� D� OLNHO\�GDWH��� ,� EHOLHYH� WKDW� WKH� HFR�
QRPLF� QHHG� IRU� D� V\VWHP� OLNH� )RUWUDQ�ZDV� RQH� UHDVRQ�ZK\� ,%0
DQG� P\� VXFFHVVLYH� ERVVHV�� +XUG�� &KDUOHV� 'H&DUOR�� DQG� -RKQ
0F3KHUVRQ��SURYLGHG�IRU�RXU�FRQVWDQWO\�H[SDQGLQJ�QHHGV�RYHU�WKH
QH[W� ILYH�\HDUV�ZLWKRXW�HYHU�DVNLQJ�XV� WR�SURMHFW�RU� MXVWLI\� WKRVH
QHHGV�LQ�D�IRUPDO�EXGJHW�

Programming Systems in 1954
,W� LV� GLIILFXOW� IRU� D� SURJUDPPHU� RI� WRGD\� WR� FRPSUHKHQG� ZKDW
³DXWRPDWLF� SURJUDPPLQJ´� PHDQW� WR� SURJUDPPHUV� LQ� ������ 7R
PDQ\��LW� WKHQ�PHDQW�VLPSO\�SURYLGLQJ�PQHPRQLF�RSHUDWLRQ�FRGHV
DQG�V\PEROLF�DGGUHVVHV��WR�RWKHUV��LW�PHDQW�WKH�VLPSOH�SURFHVV�RI
REWDLQLQJ�VXEURXWLQHV�IURP�D�OLEUDU\�DQG�LQVHUWLQJ�WKH�DGGUHVVHV�RI
RSHUDQGV� LQWR� HDFK� VXEURXWLQH�� 0RVW� ³DXWRPDWLF� SURJUDPPLQJ´
V\VWHPV�ZHUH�DVVHPEO\�SURJUDPV��VXEURXWLQH�IL[LQJ�SURJUDPV��RU�
PRVW�SRSXODUO\��LQWHUSUHWLYH�V\VWHPV�WR�SURYLGH�IORDWLQJ�SRLQW�DQG
LQGH[LQJ�RSHUDWLRQV��0\�IULHQGV�DQG�,�ZHUH�DZDUH�RI�D�QXPEHU�RI
DVVHPEO\�SURJUDPV�DQG�LQWHUSUHWLYH�V\VWHPV��VRPH�RI�ZKLFK�KDYH
EHHQ� PHQWLRQHG� DERYH�� EHVLGHV� WKHVH�� WKHUH� ZHUH� SULPDULO\� WZR
RWKHU�V\VWHPV�RI�VLJQLILFDQFH��WKH�$���FRPSLOHU������DQG�WKH�/DQ�
LQJ�DQG�=LHUOHU���DOJHEUDLF�FRPSLOHU�DW�0,7��$V�QRWHG�DERYH�� WKH
$���FRPSLOHU�ZDV��DW�WKDW�WLPH��ODUJHO\�D�VXEURXWLQH�IL[HU��LWV�RWKHU
SULQFLSDO�WDVN�ZDV�WR�SURYLGH�IRU�³RYHUOD\V´���EXW�IURP�WKH�VWDQG�
SRLQW�RI�LWV�LQSXW�³SURJUDPV�´�LW�SURYLGHG�IHZHU�FRQYHQLHQFHV�WKDQ
PRVW�RI�WKH�WKHQ�FXUUHQW�LQWHUSUHWLYH�V\VWHPV�PHQWLRQHG�HDUOLHU��LW

ODWHU�DGRSWHG�D�³SVHXGRFRGH´�DV�LQSXW�WKDW�ZDV�VLPLODU�WR�WKH�LQSXW
FRGHV�RI�WKHVH�LQWHUSUHWLYH�V\VWHPV�

7KH� /DQLQJ� DQG� =LHUOHU� V\VWHP� DFFHSWHG� DV� LQSXW� DQ� HOHJDQW�
EXW� UDWKHU� VLPSOH� DOJHEUDLF� ODQJXDJH�� ,W� SHUPLWWHG� VLQJOH�OHWWHU
YDULDEOHV��LGHQWLILHUV��WKDW�FRXOG�KDYH�D�VLQJOH�FRQVWDQW�RU�YDULDEOH
VXEVFULSW��7KH�UHSHUWRLUH�RI�IXQFWLRQV�RQH�FRXOG�XVH�ZDV�GHQRWHG
E\� ³)´�ZLWK� DQ� LQWHJHU� VXSHUVFULSW� WR� LQGLFDWH� WKH� ³FDWDORJ�QXP�
EHU´�RI�WKH�GHVLUHG�IXQFWLRQ��$OJHEUDLF�H[SUHVVLRQV�ZHUH�FRPSLOHG
LQWR�FORVHG�VXEURXWLQHV�DQG�SODFHG�RQ�D�PDJQHWLF�GUXP�IRU�VXEVH�
TXHQW�XVH��7KH�V\VWHP�ZDV�RULJLQDOO\�GHVLJQHG�IRU�WKH�:KLUOZLQG
FRPSXWHU�ZKHQ� LW� KDG� ������ VWRUDJH� FHOOV��ZLWK� WKH� UHVXOW� WKDW� LW
FDXVHG�D�VORZGRZQ�LQ�H[HFXWLRQ�VSHHG�E\�D�IDFWRU�RI�DERXW�����

7KH� HIIHFW� RI� WKH� /DQLQJ� DQG� =LHUOHU� V\VWHP� RQ� WKH� GHYHORS�
PHQW� RI� )RUWUDQ� LV� D� TXHVWLRQ� WKDW� KDV� EHHQ� PXGGOHG� E\� PDQ\
PLVVWDWHPHQWV�RQ�P\�SDUW��)RU�PDQ\�\HDUV��,�EHOLHYHG�WKDW�ZH�KDG
JRWWHQ�WKH�LGHD�IRU�XVLQJ�DOJHEUDLF�QRWDWLRQ�LQ�)RUWUDQ�IURP�VHHLQJ
D�GHPRQVWUDWLRQ�RI�WKH�/DQLQJ�DQG�=LHUOHU�V\VWHP�DW�0,7��,Q�SUH�
SDULQJ�D�SDSHU��IRU� WKH�,QWHUQDWLRQDO�5HVHDUFK�&RQIHUHQFH�RQ�WKH
+LVWRU\�RI�&RPSXWLQJ�DW�/RV�$ODPRV��1HZ�0H[LFR����±���-XQH
������,�UHYLHZHG�WKH�PDWWHU�ZLWK�,UYLQJ�=LOOHU�DQG�REWDLQHG�D�FRS\
RI�D������OHWWHU���ZKLFK�'U��/DQLQJ�NLQGO\�VHQW�WR�PH���$V�D�UHVXOW�
WKH�IDFWV�RI�WKH�PDWWHU�KDYH�EHFRPH�FOHDU��7KH�OHWWHU�LQ�TXHVWLRQ�LV
RQH�,�VHQW�WR�'U��/DQLQJ�DVNLQJ�IRU�D�GHPRQVWUDWLRQ�RI�KLV�V\VWHP�
,W�PDNHV� FOHDU� WKDW�ZH� KDG� OHDUQHG� RI� KLV�ZRUN� DW� WKH�2IILFH� RI
1DYDO� 5HVHDUFK� 6\PSRVLXP� RQ� $XWRPDWLF� 3URJUDPPLQJ� IRU
'LJLWDO�&RPSXWHUV����±���0D\�������DQG� WKDW� WKH�GHPRQVWUDWLRQ
WRRN� SODFH� RQ� �� -XQH� ������ 7KH� OHWWHU� DOVR�PDNHV� FOHDU� WKDW� WKH
)RUWUDQ�SURMHFW�ZDV�ZHOO�XQGHU�ZD\�ZKHQ�WKH� OHWWHU�ZDV�VHQW����
0D\������� DQG� LQFOXGHG�+DUODQ�+HUULFN��5REHUW�$��1HOVRQ�� DQG
=LOOHU�� DV�ZHOO� DV�P\VHOI��)XUWKHUPRUH�� DQ� DUWLFOH� LQ� WKH�SURFHHG�
LQJV�RI�WKDW�VDPH�2IILFH�RI�1DYDO�5HVHDUFK��215��V\PSRVLXP�E\
+HUULFN�DQG�P\VHOI���VKRZV�FOHDUO\�WKDW�ZH�ZHUH�DOUHDG\�FRQVLG�
HULQJ�LQSXW�H[SUHVVLRQV�OLNH�³ DLM���EMN´�DQG�³;���<�´�:H�ZHQW�RQ
WR�UDLVH�WKH�TXHVWLRQ��³&DQ�D�PDFKLQH�WUDQVODWH�D�VXIILFLHQWO\�ULFK
PDWKHPDWLFDO� ODQJXDJH�LQWR�D�VXIILFLHQWO\�HFRQRPLFDO�SURJUDP�DW
D�VXIILFLHQWO\�ORZ�FRVW�WR�PDNH�WKH�ZKROH�DIIDLU�IHDVLEOH"´

7KHVH� DQG�RWKHU� UHPDUNV� LQ� RXU� SDSHU� SUHVHQWHG� DW� WKH� V\PSR�
VLXP�LQ�0D\������PDNH� LW�FOHDU� WKDW�ZH�ZHUH�DOUHDG\�FRQVLGHULQJ
DOJHEUDLF�LQSXW�FRQVLGHUDEO\�PRUH�VRSKLVWLFDWHG�WKDQ�WKDW�RI�/DQLQJ
DQG�=LHUOHU¶V�V\VWHP�ZKHQ�ZH�ILUVW�KHDUG�RI�WKHLU�SLRQHHULQJ�ZRUN�
7KXV��DOWKRXJK�/DQLQJ�DQG�=LHUOHU�KDG�DOUHDG\�SURGXFHG�WKH�ZRUOG¶V
ILUVW�DOJHEUDLF�FRPSLOHU��RXU�EDVLF�LGHDV�IRU�)RUWUDQ�KDG�EHHQ�GHYHO�
RSHG� LQGHSHQGHQWO\�� WKXV�� LW� LV� GLIILFXOW� WR� NQRZ�ZKDW�� LI� DQ\�QHZ
LGHDV�ZH�JRW�IURP�VHHLQJ�WKH�GHPRQVWUDWLRQ�RI�WKHLU�V\VWHP�

�,Q�UHVSRQVH�WR�VXJJHVWLRQV�RI�WKH�3URJUDP�&RPPLWWHH��OHW�PH
WU\� WR�GHDO�H[SOLFLWO\�ZLWK� WKH�TXHVWLRQ�RI�ZKDW�ZRUN�PLJKW�KDYH
LQIOXHQFHG� RXU� HDUO\� LGHDV� IRU� )RUWUDQ�� DOWKRXJK� LW� LV� PRVWO\� D
PDWWHU� RI� OLVWLQJ� ZRUN� RI� ZKLFK� ZH� ZHUH� WKHQ� XQDZDUH�� ,� KDYH
DOUHDG\� GLVFXVVHG� WKH� ZRUN� RI� /DQLQJ� DQG� =LHUOHU� DQG� WKH� $��
FRPSLOHU�� 7KH� ZRUN� RI� +HLQ]� 5XWLVKDXVHU��� >����@� LV� GLVFXVVHG
ODWHU�� /LNH� PRVW� RI� WKH� ZRUOG� �H[FHSW� SHUKDSV� 5XWLVKDXVHU� DQG
&RUUDGR� %|KP�� WKH� ODWWHU� RI� ZKRP� ZDV� WKH� ILUVW� WR� GHVFULEH� D
FRPSLOHU�LQ�LWV�RZQ�ODQJXDJH�����ZH�ZHUH�HQWLUHO\�XQDZDUH�RI�WKH
ZRUN� RI� .RQUDG� =XVH������� =XVH¶V� ³3ODQNDON�O�´� ZKLFK� KH� FRP�
SOHWHG�LQ�������ZDV��LQ�VRPH�ZD\V��D�PRUH�HOHJDQW�DQG�DGYDQFHG
SURJUDPPLQJ�ODQJXDJH�WKDQ�WKRVH� WKDW�DSSHDUHG����DQG����\HDUV
ODWHU��:H�ZHUH�DOVR�XQDZDUH�RI� WKH�ZRUN�RI� -RKQ�0DXFKO\�HW� DO�
�³6KRUW� &RGH�´� ������� $UWKXU� %XUNV� �³,QWHUPHGLDWH� 3/�´� ������
%|KP���������DQG�*OHQQLH��³$XWRFRGH�´��������DOO�DV�GLVFXVVHG�LQ
.QXWK�DQG�3DUGR����:H�ZHUH�DZDUH�RI�EXW�QRW� LQIOXHQFHG�E\� WKH
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DXWRPDWLF� SURJUDPPLQJ� HIIRUWV� WKDW� VLPXODWHG� D� V\QWKHWLF� FRP�
SXWHU��H�J���0,7¶V�³6XPPHU�6HVVLRQ�&RPSXWHU�´�6+$&2��'8$/�
6SHHGFRGLQJ�� DQG� WKH� ,OOLDF� V\VWHP��� VLQFH� WKHLU� ODQJXDJHV� DQG
V\VWHPV�ZHUH� VR� GLIIHUHQW� IURP� WKRVH� RI� )RUWUDQ��$OVR��ZH�ZHUH
QRW� LQIOXHQFHG�E\�DOJHEUDLF�V\VWHPV� WKDW�ZHUH�GHVLJQHG�DIWHU�RXU
³3UHOLPLQDU\�5HSRUW´���EXW� WKDW�EHJDQ�RSHUDWLRQ�EHIRUH�)RUWUDQ
�H�J��� %$&$,&���� ,7���� DQG� 0DWKH�0DWLF���� $OWKRXJK� 3$&7� ,��

ZDV�QRW�DQ�DOJHEUDLF�FRPSLOHU��LW�GHVHUYHV�PHQWLRQ�DV�D�VLJQLILFDQW
GHYHORSPHQW�� LW�ZDV�GHVLJQHG�DIWHU� WKH�)RUWUDQ� ODQJXDJH�EXW�ZDV
LQ�RSHUDWLRQ�EHIRUH�)RUWUDQ��LW�GLG�QRW�LQIOXHQFH�RXU�ZRUN��

2XU�215� V\PSRVLXP� DUWLFOH��� DOVR�PDNHV� FOHDU� WKDW� WKH� )RU�
WUDQ�JURXS�ZDV�DOUHDG\�DZDUH�WKDW�LW�IDFHG�D�QHZ�NLQG�RI�SUREOHP
LQ�DXWRPDWLF�SURJUDPPLQJ�

The one central attribute of Fortran
is its name.

0DUWLQ�*UHHQILHOG

7KH�YLDELOLW\� RI�PRVW� FRPSLOHUV� DQG� LQWHUSUHWHUV� SULRU� WR�)RU�
WUDQ�KDG� UHVWHG�RQ� WKH� IDFW� WKDW�PRVW� VRXUFH� ODQJXDJH�RSHUDWLRQV
ZHUH� QRW� PDFKLQH� RSHUDWLRQV�� 7KXV�� HYHQ� ODUJH� LQHIILFLHQFLHV� LQ
SHUIRUPLQJ� ERWK� ORRSLQJ�WHVWLQJ� RSHUDWLRQV� DQG� FRPSXWLQJ� DG�
GUHVVHV�ZHUH�PDVNHG�E\�PRVW�RI�WKH�RSHUDWLQJ�WLPH�EHLQJ�VSHQW�LQ
IORDWLQJ�SRLQW� VXEURXWLQHV�� %XW� WKH� DGYHQW� RI� WKH� ,%0� ����ZLWK
EXLOW�LQ�IORDWLQJ�SRLQW�DQG�LQGH[LQJ�UDGLFDOO\�DOWHUHG�WKH�VLWXDWLRQ�
7KH� ���� SUHVHQWHG� D� GRXEOH� FKDOOHQJH� WR� WKRVH� ZKR� ZDQWHG� WR
VLPSOLI\�SURJUDPPLQJ��ILUVW��LW�UHPRYHG�WKH�UDLVRQ�G¶HWUH�RI�HDUOLHU
V\VWHPV�E\�SURYLGLQJ� LQ�KDUGZDUH� WKH�RSHUDWLRQV� WKH\� H[LVWHG� WR
SURYLGH�� VHFRQG�� LW� LQFUHDVHG� WKH� SUREOHP�RI� JHQHUDWLQJ� HIILFLHQW
SURJUDPV�E\�DQ�RUGHU�RI�PDJQLWXGH�E\�VSHHGLQJ�XS�IORDWLQJ�SRLQW
RSHUDWLRQV� E\� D� IDFWRU� RI� ��� DQG�� WKHUHE\�� OHDYLQJ� LQHIILFLHQFLHV
QRZKHUH�WR�KLGH��,Q�YLHZ�RI�WKH�ZLGHVSUHDG�VNHSWLFLVP�DERXW�WKH
SRVVLELOLW\� RI� SURGXFLQJ� HIILFLHQW� SURJUDPV� ZLWK� DQ� DXWRPDWLF
SURJUDPPLQJ� V\VWHP� DQG� WKH� IDFW� WKDW� LQHIILFLHQFLHV� FRXOG� QR
ORQJHU�EH�KLGGHQ��ZH�ZHUH�FRQYLQFHG�WKDW� WKH�NLQG�RI�V\VWHP�ZH
KDG�LQ�PLQG�ZRXOG�EH�ZLGHO\�XVHG�RQO\�LI�ZH�FRXOG�GHPRQVWUDWH
WKDW�LW�ZRXOG�SURGXFH�SURJUDPV�DOPRVW�DV�HIILFLHQW�DV�KDQG�FRGHG
RQHV�DQG�GR�VR�RQ�YLUWXDOO\�HYHU\�MRE�

,W�ZDV�RXU�EHOLHI�WKDW�LI�)RUWUDQ��GXULQJ�LWV�ILUVW�PRQWKV��ZHUH�WR
WUDQVODWH�DQ\�UHDVRQDEOH�³VFLHQWLILF´�VRXUFH�SURJUDP�LQWR�DQ�REMHFW
SURJUDP�RQO\�KDOI�DV�IDVW�DV� LWV�KDQG�FRGHG�FRXQWHUSDUW�� WKHQ�DF�
FHSWDQFH� RI� RXU� V\VWHP�ZRXOG� EH� LQ� VHULRXV� GDQJHU�� 7KLV� EHOLHI
FDXVHG�XV� WR� UHJDUG� WKH� GHVLJQ�RI� WKH� WUDQVODWRU� DV� WKH� UHDO� FKDO�
OHQJH��QRW�WKH�VLPSOH�WDVN�RI�GHVLJQLQJ�WKH�ODQJXDJH��2XU�EHOLHI�LQ
WKH� VLPSOLFLW\� RI� ODQJXDJH� GHVLJQ� ZDV� SDUWO\� FRQILUPHG� E\� WKH
UHODWLYH� HDVH� ZLWK� ZKLFK� VLPLODU� ODQJXDJHV� KDG� EHHQ� LQGHSHQG�
HQWO\�GHYHORSHG�E\�5XWLVKDXVHU����/DQLQJ�DQG�=LHUOHU����DQG�RXU�
VHOYHV��ZKHUHDV�ZH�ZHUH�DORQH�LQ�VHHNLQJ�WR�SURGXFH�YHU\�HIILFLHQW
REMHFW�SURJUDPV�

7R�WKLV�GD\��,�EHOLHYH�WKDW�RXU�HPSKDVLV�RQ�REMHFW�SURJUDP�HIIL�
FLHQF\� UDWKHU� WKDQ� RQ� ODQJXDJH� GHVLJQ� ZDV� EDVLFDOO\� FRUUHFW�� ,
EHOLHYH�WKDW�KDG�ZH�IDLOHG�WR�SURGXFH�HIILFLHQW�SURJUDPV��WKH�ZLGH�
VSUHDG� XVH� RI� ODQJXDJHV� OLNH� )RUWUDQ�ZRXOG� KDYH� EHHQ� VHULRXVO\
GHOD\HG�� ,Q� IDFW�� ,� EHOLHYH� WKDW�ZH� DUH� LQ� D� VLPLODU�� EXW� XQUHFRJ�
QL]HG�VLWXDWLRQ� WRGD\�� ,Q�VSLWH�RI�DOO� WKH� IXVV� WKDW�KDV�EHHQ�PDGH
RYHU�P\ULDG�ODQJXDJH�GHWDLOV��FXUUHQW�FRQYHQWLRQDO� ODQJXDJHV�DUH
VWLOO� YHU\� ZHDN� SURJUDPPLQJ� DLGV�� DQG� IDU� PRUH� SRZHUIXO� ODQ�

JXDJHV�ZRXOG�EH�LQ�XVH�WRGD\�LI�DQ\RQH�KDG�IRXQG�D�ZD\�WR�PDNH
WKHP�UXQ�ZLWK�DGHTXDWH�HIILFLHQF\��,Q�RWKHU�ZRUGV��WKH�QH[W�UHYR�
OXWLRQ�LQ�SURJUDPPLQJ�ZLOO�WDNH�SODFH�RQO\�ZKHQ�ERWK�RI�WKH�IRO�
ORZLQJ�UHTXLUHPHQWV�KDYH�EHHQ�PHW�

•� D� QHZ� NLQG� RI� SURJUDPPLQJ� ODQJXDJH�� IDU�PRUH� SRZHUIXO
WKDQ�WKRVH�RI�WRGD\��KDV�EHHQ�GHYHORSHG�DQG

•� D� WHFKQLTXH� KDV� EHHQ� IRXQG� IRU� H[HFXWLQJ� LWV� SURJUDPV� DW
QRW�PXFK�JUHDWHU�FRVW�WKDQ�WKDW�RI�WRGD\¶V�SURJUDPV�

%HFDXVH� RI� RXU� ����� YLHZ� WKDW� VXFFHVV� LQ� SURGXFLQJ� HIIL�
FLHQW� SURJUDPV� ZDV� PRUH� LPSRUWDQW� WKDQ� WKH� GHVLJQ� RI� WKH
)RUWUDQ� ODQJXDJH�� ,� FRQVLGHU� WKH� KLVWRU\� RI� WKH� FRPSLOHU� FRQ�
VWUXFWLRQ� DQG� WKH�ZRUN�RI� LWV� LQYHQWRUV� DQ� LQWHJUDO� SDUW� RI� WKH
KLVWRU\�RI�WKH�)RUWUDQ�ODQJXDJH��WKHUHIRUH��D�ODWHU�VHFWLRQ�GHDOV
ZLWK�WKDW�VXEMHFW�

Early Stages of the Fortran Project
$IWHU�+XUG�DSSURYHG�P\�SURSRVDO�WR�GHYHORS�D�SUDFWLFDO�DXWRPDWLF
SURJUDPPLQJ� V\VWHP� IRU� WKH� ���� LQ� 'HFHPEHU� ����� RU� -DQXDU\
������=LOOHU�ZDV�DVVLJQHG�WR�WKH�SURMHFW��:H�VWDUWHG�ZRUN�LQ�RQH�RI
WKH�PDQ\�VPDOO�RIILFHV�WKH�SURMHFW�ZDV�WR�RFFXS\�LQ�WKH�YLFLQLW\�RI
,%0�KHDGTXDUWHUV�DW�����0DGLVRQ�$YHQXH�LQ�1HZ�<RUN��WKH�ILUVW
RI�WKHVH�ZDV�LQ�WKH�-D\�7KRUSH�%XLOGLQJ�RQ�)LIWK�$YHQXH��%\�0D\
������ZH�KDG�EHHQ�MRLQHG�E\�+HUULFN�DQG�WKHQ�E\�D�QHZ�HPSOR\HH
ZKR�KDG�EHHQ�KLUHG�WR�GR�WHFKQLFDO�W\SLQJ��1HOVRQ��ZLWK�=LOOHU��KH
VRRQ�EHJDQ�GHVLJQLQJ�RQH�RI�WKH�PRVW�VRSKLVWLFDWHG�VHFWLRQV�RI�WKH
FRPSLOHU�� KH� LV� QRZ� DQ� ,%0� )HOORZ��� %\� DERXW� 0D\�� ZH� KDG
PRYHG� WR� WKH� ��WK� IORRU� RI� WKH� DQQH[� RI� ����0DGLVRQ� $YHQXH�
QH[W� WR� WKH�HOHYDWRU�PDFKLQHU\�� WKH�JURXQG� IORRU�RI� WKLV�EXLOGLQJ
KRXVHG� WKH����� LQVWDOODWLRQ�RQ�ZKLFK� FXVWRPHUV� WHVWHG� WKHLU� SUR�
JUDPV�EHIRUH� WKH�DUULYDO�RI� WKHLU�RZQ�PDFKLQHV�� ,W�ZDV�KHUH� WKDW
PRVW� RI� WKH� )RUWUDQ� ODQJXDJH� ZDV� GHVLJQHG�� PRVWO\� E\� +HUULFN�
=LOOHU��DQG�P\VHOI��H[FHSW� WKDW�PRVW�RI� WKH� LQSXW�RXWSXW� ODQJXDJH
DQG�IDFLOLWLHV�ZHUH�GHVLJQHG�E\�5R\�1XWW��DQ�HPSOR\HH�RI�8QLWHG
$LUFUDIW�&RUS��ZKR�ZDV�VRRQ�WR�EHFRPH�D�PHPEHU�RI�WKH�)RUWUDQ
SURMHFW��$IWHU�ZH�KDG�ILQLVKHG�GHVLJQLQJ�PRVW�RI�WKH�ODQJXDJH��ZH
KHDUG� DERXW� 5XWLVKDXVHU¶V� SURSRVDOV� IRU� D� VLPLODU� ODQJXDJH���� ,W
ZDV� FKDUDFWHULVWLF� RI� WKH� XQVFKRODUO\� DWWLWXGH� RI� PRVW� SURJUDP�
PHUV�WKHQ��DQG�RI�RXUVHOYHV�LQ�SDUWLFXODU��WKDW�ZH�GLG�QRW�ERWKHU�WR
FDUHIXOO\� UHYLHZ� WKH� VNHWFK\� WUDQVODWLRQ�RI� KLV� SURSRVDOV� WKDW�ZH
ILQDOO\� REWDLQHG�� VLQFH� IURP� WKHLU� V\PEROLF� FRQWHQW�� WKH\�GLG� QRW
DSSHDU� WR�DGG�DQ\WKLQJ�QHZ�WR�RXU�SURSRVHG�ODQJXDJH��5XWLVKDX�
VHU¶V� ODQJXDJH� KDG� D� IRU� VWDWHPHQW� DQG� RQH�GLPHQVLRQDO� DUUD\V�
EXW�QR�,)��*272��RU�,�2�VWDWHPHQWV��6XEVFULSW�YDULDEOHV�FRXOG�QRW
EH� XVHG� DV� RUGLQDU\� YDULDEOHV�� DQG� RSHUDWRU� SUHFHGHQFH� ZDV� LJ�
QRUHG��+LV������DUWLFOH�GHVFULEHG�WZR�FRPSLOHUV�IRU�WKLV�ODQJXDJH
�IRU�PRUH�GHWDLOV��VHH�WKH�DUWLFOH�E\�.QXWK�DQG�3DUGR����

$V�IDU�DV�ZH�ZHUH�DZDUH��ZH�VLPSO\�PDGH�XS�WKH�ODQJXDJH�DV
ZH�ZHQW�DORQJ��:H�GLG�QRW� UHJDUG� ODQJXDJH�GHVLJQ�DV�D�GLIILFXOW
SUREOHP��PHUHO\�D�VLPSOH�SUHOXGH�WR�WKH�UHDO�SUREOHP��GHVLJQLQJ�D
FRPSLOHU�WKDW�FRXOG�SURGXFH�HIILFLHQW�SURJUDPV��2I�FRXUVH��RQH�RI
RXU�JRDOV�ZDV�WR�GHVLJQ�D�ODQJXDJH�WKDW�ZRXOG�PDNH�LW�SRVVLEOH�IRU
HQJLQHHUV�DQG�VFLHQWLVWV�WR�ZULWH�SURJUDPV�WKHPVHOYHV�IRU�WKH�����
:H�DOVR�ZDQWHG�WR�HOLPLQDWH�D�ORW�RI�WKH�ERRNNHHSLQJ�DQG�GHWDLOHG�
UHSHWLWLYH� SODQQLQJ� WKDW� KDQG�FRGLQJ� LQYROYHG��9HU\� HDUO\� LQ� RXU
ZRUN��ZH�KDG�LQ�PLQG�WKH�QRWLRQV�RI�DVVLJQPHQW�VWDWHPHQWV��VXE�
VFULSWHG� YDULDEOHV�� DQG� WKH�'2� VWDWHPHQW� �ZKLFK�� ,� EHOLHYH�� ZDV
SURSRVHG�E\�+HUULFN���:H�IHOW�WKDW�WKHVH�SURYLGHG�D�JRRG�EDVLV�IRU
DFKLHYLQJ�RXU�JRDOV� IRU� WKH� ODQJXDJH��:KDWHYHU�HOVH�ZDV�QHHGHG
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HPHUJHG�DV�ZH�WULHG�WR�EXLOG�D�ZD\�RI�SURJUDPPLQJ�RQ�WKHVH�EDVLF
LGHDV�

:H�FHUWDLQO\�KDG�QR�LGHD�WKDW�ODQJXDJHV�DOPRVW�LGHQWLFDO�WR�WKH
RQH�ZH�ZHUH�ZRUNLQJ�RQ�ZRXOG�EH�XVHG�IRU�PRUH� WKDQ�RQH�,%0
FRPSXWHU��QRW�WR�PHQWLRQ�WKRVH�RI�RWKHU�PDQXIDFWXUHUV���$IWHU�DOO�
WKHUH� ZHUH� YHU\� IHZ� FRPSXWHUV� DURXQG� EDFN� WKHQ��� %XW� ZH� GLG
H[SHFW�RXU�V\VWHP�WR�KDYH�D�ELJ�LPSDFW��LQ�WKH�VHQVH�WKDW�LW�ZRXOG
PDNH� SURJUDPPLQJ� IRU� WKH� ���� YHU\� PXFK� IDVWHU�� FKHDSHU�� DQG
PRUH� UHOLDEOH�� :H� DOVR� H[SHFWHG� WKDW� LI� ZH� ZHUH� VXFFHVVIXO� LQ
PHHWLQJ�RXU�JRDOV��RWKHU�JURXSV�DQG�PDQXIDFWXUHUV�ZRXOG�IROORZ
RXU� H[DPSOH� LQ� UHGXFLQJ� WKH� FRVW� RI� SURJUDPPLQJ� E\� SURYLGLQJ
VLPLODU�V\VWHPV�ZLWK�GLIIHUHQW��EXW�VLPLODU�ODQJXDJHV���

Fortran—“the infantile disorder”—is
hopelessly inadequate for whatever

computer application you have in mind
today…too clumsy, too risky,

and too expensive.

(GVJHU�'LMNVWUD

%\� WKH� IDOO� RI� ������ ZH� KDG� EHFRPH� WKH� ³3URJUDPPLQJ� 5H�
VHDUFK�*URXS�´�DQG�,�KDG�EHFRPH�LWV�³PDQDJHU�´�%\�1RYHPEHU�RI
WKDW�\HDU��ZH�KDG�SURGXFHG�D�SDSHU��³3UHOLPLQDU\�5HSRUW��6SHFLIL�
FDWLRQV� IRU� WKH� ,%0�0DWKHPDWLFDO� )25PXOD� 75$1VODWLQJ� 6\V�
WHP��)RUWUDQ�´���GDWHG����1RYHPEHU�������,Q�LWV�LQWURGXFWLRQ��ZH
QRWHG�WKDW�³V\VWHPV�ZKLFK�KDYH�VRXJKW�WR�UHGXFH�WKH�MRE�RI�FRGLQJ
DQG�GHEXJJLQJ�SUREOHPV�KDYH�RIIHUHG� WKH� FKRLFH�RI� HDV\� FRGLQJ
DQG� VORZ� H[HFXWLRQ� RU� ODERULRXV� FRGLQJ� DQG� IDVW� H[HFXWLRQ�´�2Q
WKH�EDVLV�PRUH�RI�IDLWK�WKDQ�RI�NQRZOHGJH��ZH�VXJJHVWHG�WKDW�SUR�
JUDPV� ³ZLOO� EH� H[HFXWHG� LQ� DERXW� WKH� VDPH� WLPH� WKDW� ZRXOG� EH
UHTXLUHG�KDG� WKH�SUREOHP�EHHQ� ODERULRXVO\�KDQG�FRGHG�´� ,Q�ZKDW
WXUQHG�RXW�WR�EH�D�WUXH�VWDWHPHQW��ZH�VDLG�WKDW�³)RUWUDQ�PD\�DSSO\
FRPSOH[�� OHQJWK\� WHFKQLTXHV� LQ� FRGLQJ� D� SUREOHP�ZKLFK� WKH� KX�
PDQ�FRGHU�ZRXOG�KDYH�QHLWKHU�WKH�WLPH�QRU�LQFOLQDWLRQ�WR�GHULYH�RU
DSSO\�´

7KH�ODQJXDJH�GHVFULEHG�LQ�WKH�³3UHOLPLQDU\�5HSRUW´�KDG�

•� YDULDEOHV�RI�RQH�RU�WZR�FKDUDFWHUV�LQ�OHQJWK�
•� IXQFWLRQ�QDPHV�RI�WKUHH�RU�PRUH�FKDUDFWHUV�
•� UHFXUVLYHO\�GHILQHG�³H[SUHVVLRQV�´
•� VXEVFULSWHG�YDULDEOHV�ZLWK�XS�WR�WKUHH�VXEVFULSWV�
•� ³DULWKPHWLF� IRUPXODV´� �ZKLFK� WXUQ� RXW� WR� EH� DVVLJQPHQW

VWDWHPHQWV���DQG
•� ³'2�IRUPXODV�´

7KHVH�'2�IRUPXODV�FRXOG�VSHFLI\�ERWK�WKH�ILUVW�DQG�ODVW�VWDWHPHQWV
WR� EH� FRQWUROOHG�� WKXV� SHUPLWWLQJ� D� '2� WR� FRQWURO� D� GLVWDQW� VH�
TXHQFH� RI� VWDWHPHQWV�� DV�ZHOO� DV� VSHFLI\LQJ� D� WKLUG� VWDWHPHQW� WR
ZKLFK� FRQWURO� ZRXOG� SDVV� IROORZLQJ� WKH� HQG� RI� WKH� LWHUDWLRQ�� ,I
RQO\�RQH�VWDWHPHQW�ZDV�VSHFLILHG��WKH�³UDQJH´�RI�WKH�'2�ZDV�WKH
VHTXHQFH� RI� VWDWHPHQWV� IROORZLQJ� WKH�'2� GRZQ� WR� WKH� VSHFLILHG
VWDWHPHQW�

([SUHVVLRQV� LQ� ³DULWKPHWLF� IRUPXODV´� FRXOG� EH� ³PL[HG´�� LQ�
YROYLQJ� ERWK� ³IL[HG�SRLQW´� �LQWHJHU�� DQG� ³IORDWLQJ�SRLQW´� TXDQWL�
WLHV��7KH�DULWKPHWLF�XVHG��DOO�LQWHJHU�RU�DOO�IORDWLQJ�SRLQW��WR�HYDOX�
DWH�D�PL[HG�H[SUHVVLRQ�ZDV�GHWHUPLQHG�E\�WKH�W\SH�RI�WKH�YDULDEOH
RQ�WKH�OHIW�RI�WKH�³ ´�VLJQ��³,)�IRUPXODV´�HPSOR\HG�DQ�HTXDOLW\�RU

LQHTXDOLW\�VLJQ��³ ´�RU�³!´�RU�³! ´��EHWZHHQ�WZR��UHVWULFWHG��H[�
SUHVVLRQV��IROORZHG�E\�WZR�VWDWHPHQW�QXPEHUV��RQH�IRU�WKH�³WUXH´
FDVH��WKH�RWKHU�IRU�WKH�³IDOVH´�FDVH�

$� ³5HODEHO� IRUPXOD´�ZDV� GHVLJQHG� WR�PDNH� LW� HDV\� WR� URWDWH�
VD\��WKH�LQGLFHV�RI�WKH�URZV�RI�D�PDWUL[�VR�WKDW�WKH�VDPH�FRPSXWD�
WLRQ� ZRXOG� DSSO\�� DIWHU� UHODEHOLQJ�� HYHQ� WKRXJK� D� QHZ� URZ� KDG
EHHQ�UHDG�LQ�DQG�WKH�QH[W�FRPSXWDWLRQ�ZDV�QRZ�WR�WDNH�SODFH�RQ�D
GLIIHUHQW�� URWDWHG� VHW� RI� URZV��7KXV�� IRU� H[DPSOH�� LI� E� LV� D� ���� �
PDWUL[��DIWHU�5(/$%(/���������D�UHIHUHQFH�WR

•� E����M��KDV�WKH�VDPH�PHDQLQJ�DV�E����M��EHIRUH�UHODEHOLQJ�
•� E����M��DIWHU� �E����M��EHIRUH�
•� E����M��DIWHU� �E����M��EHIRUH��DQG
•� E����M��DIWHU� �E����M��EHIRUH�UHODEHOLQJ�

7KH� LQSXW�RXWSXW� VWDWHPHQWV� WKDW� ZHUH� SURYLGHG� LQFOXGHG� WKH
EDVLF�QRWLRQ�RI�VSHFLI\LQJ�WKH�VHTXHQFH�LQ�ZKLFK�GDWD�ZHUH�WR�EH
UHDG�LQ�RU�RXW��EXW�GLG�QRW�LQFOXGH�DQ\�³)RUPDW´�VWDWHPHQWV�

7KH�UHSRUW�DOVR�OLVWV�IRXU�NLQGV�RI�³VSHFLILFDWLRQ�VHQWHQFHV´�

��� ³GLPHQVLRQ�VHQWHQFHV´�IRU�JLYLQJ�WKH�GLPHQVLRQV�RI�DUUD\V�
��� ³HTXLYDOHQFH�VHQWHQFHV´�IRU�DVVLJQLQJ�WKH�VDPH�VWRUDJH�OR�

FDWLRQV�WR�YDULDEOHV�
��� ³IUHTXHQF\�VHQWHQFHV´�IRU�LQGLFDWLQJ�HVWLPDWHG�UHODWLYH�IUH�

TXHQF\�RI�EUDQFK�SDWKV�RU�ORRSV�WR�KHOS�WKH�FRPSLOHU�RSWL�
PL]H�WKH�REMHFW�SURJUDP��DQG

��� ³UHODWLYH�FRQVWDQW� VHQWHQFHV´� WR� LQGLFDWH� VXEVFULSW�YDULDEOHV�
ZKLFK�DUH�H[SHFWHG�WR�FKDQJH�WKHLU�YDOXHV�YHU\�LQIUHTXHQWO\�

7RZDUG� WKH� HQG� RI� WKH� UHSRUW� �SS�� ��±����� WKHUH� LV� D� VHFWLRQ
³)XWXUH�$GGLWLRQV�WR�WKH�)RUWUDQ�6\VWHP�´�,WV�ILUVW�LWHP�LV��³D�YDUL�
HW\� RI� QHZ� LQSXW�RXWSXW� IRUPXODV� ZKLFK� ZRXOG� HQDEOH� WKH� SUR�
JUDPPHU�WR�VSHFLI\�YDULRXV�IRUPDWV�IRU�FDUGV��SULQWLQJ��LQSXW�WDSHV
DQG� RXWSXW� WDSHV�´� ,W� LV� EHOLHYHG� WKDW� WKLV� LWHP� LV� D� UHVXOW� RI� RXU
HDUO\� FRQVXOWDWLRQV�ZLWK�1XWW�� 7KLV� VHFWLRQ� JRHV� RQ� WR� OLVW� RWKHU
SURSRVHG�IDFLOLWLHV�WR�EH�DGGHG�

•� FRPSOH[�DQG�GRXEOH�SUHFLVLRQ�DULWKPHWLF�
•� PDWUL[�DULWKPHWLF�
•� VRUWLQJ�
•� VROYLQJ�VLPXOWDQHRXV�HTXDWLRQV�
•� GLIIHUHQWLDO�HTXDWLRQV��DQG
•� OLQHDU�SURJUDPPLQJ�SUREOHPV�

,W� DOVR� GHVFULEHV� IXQFWLRQ� GHILQLWLRQ� FDSDELOLWLHV� VLPLODU� WR� WKRVH
WKDW�ODWHU�DSSHDUHG�LQ�)RUWUDQ�,,�

•� IDFLOLWLHV�IRU�QXPHULFDO�LQWHJUDWLRQ�
•� D�VXPPDWLRQ�RSHUDWRU��DQG
•� WDEOH�ORRNXS�IDFLOLWLHV�

7KH�ILQDO�VHFWLRQ�RI�WKH�UHSRUW��SS����±����GLVFXVVHV�SURJUDP�
PLQJ� WHFKQLTXHV� WR�XVH� WR�KHOS� WKH�V\VWHP�SURGXFH�HIILFLHQW�SUR�
JUDPV�� ,W� GLVFXVVHV� KRZ� WR� XVH� SDUHQWKHVHV� WR� KHOS� WKH� V\VWHP
LGHQWLI\�LGHQWLFDO�VXEH[SUHVVLRQV�ZLWKLQ�DQ�H[SUHVVLRQ�DQG�WKHUHE\
HOLPLQDWH�WKHLU�GXSOLFDWH�FDOFXODWLRQ��7KHVH�SDUHQWKHVHV�KDG�WR�EH
VXSSOLHG�RQO\�ZKHQ�D�UHFXUULQJ�VXEH[SUHVVLRQ�RFFXUUHG�DV�SDUW�RI
D�WHUP��H�J���LI�D�
�E�RFFXUUHG�LQ�VHYHUDO�SODFHV��LW�ZRXOG�EH�EHWWHU
WR�ZULWH�WKH�WHUP�D�
�E�
�F�DV��D�
�E��
�F�WR�DYRLG�GXSOLFDWH�FDOFX�
ODWLRQ��� RWKHUZLVH� WKH� V\VWHP� ZRXOG� LGHQWLI\� GXSOLFDWHV� ZLWKRXW
DQ\�DVVLVWDQFH��,W�DOVR�REVHUYHV�WKDW�WKH�V\VWHP�ZRXOG�QRW�SURGXFH
RSWLPDO�FRGH�IRU�ORRSV�FRQVWUXFWHG�ZLWKRXW�'2�VWDWHPHQWV�

7KLV�ILQDO�VHFWLRQ�RI�WKH�UHSRUW�DOVR�QRWHV�WKDW�³QR�VSHFLDO�SUR�
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YLVLRQV�KDYH�EHHQ�LQFOXGHG�LQ�WKH�)RUWUDQ�V\VWHP�IRU� ORFDWLQJ�HU�
URUV� LQ� IRUPXODV�´� ,W� VXJJHVWV�FKHFNLQJ�D�SURJUDP�³E\� LQGHSHQG�
HQWO\� UHFUHDWLQJ� WKH�VSHFLILFDWLRQV� IRU�D�SUREOHP�IURP�LWV�)RUWUDQ
IRUPXODWLRQ� >�@�´� ,W� VD\V� QRWKLQJ� DERXW� WKH� V\VWHP� FDWFKLQJ� V\Q�
WDFWLF�HUURUV��EXW�QRWHV�WKDW�DQ�HUURU�ILQGLQJ�SURJUDP�FDQ�EH�ZULW�
WHQ�DIWHU�VRPH�H[SHULHQFH�ZLWK�HUURUV�KDV�EHHQ�DFFXPXODWHG�

8QIRUWXQDWHO\��ZH�ZHUH�KRSHOHVVO\�RSWLPLVWLF�LQ������DERXW�WKH
HDVH�RI�GHEXJJLQJ�)RUWUDQ�SURJUDPV� �WKXV��ZH� ILQG�RQ�SDJH���RI
WKH� UHSRUW�� ³6LQFH� )RUWUDQ� VKRXOG� YLUWXDOO\� HOLPLQDWH� FRGLQJ� DQG
GHEXJJLQJ� ���� >�@´��� DQG��KHQFH�� V\QWDFWLF�HUURU�FKHFNLQJ� IDFLOLWLHV
LQ� WKH� ILUVW� GLVWULEXWLRQ� RI� )RUWUDQ� ,� ZHUH� ZHDN�� %HWWHU� IDFLOLWLHV
ZHUH� DGGHG�QRW� ORQJ� DIWHU� GLVWULEXWLRQ�� DQG� IDLUO\� JRRG� V\QWDFWLF
FKHFNLQJ�ZDV�SURYLGHG�LQ�)RUWUDQ�,,�

God is real (unless otherwise declared
in an explicit type statement or in an

implicit declaration).

%��*UDKDP

7KH�)RUWUDQ�ODQJXDJH�GHVFULEHG�LQ�WKH�3URJUDPPHU¶V�5HIHUHQFH
0DQXDO����GDWHG����2FWREHU�������GLIIHUHG�LQ�D�IHZ�UHVSHFWV�IURP
WKDW� RI� WKH�3UHOLPLQDU\�5HSRUW�� EXW� FRQVLGHULQJ� RXU� LJQRUDQFH� LQ
�����RI� WKH�SUREOHPV�ZH�ZRXOG�ODWHU�HQFRXQWHU� LQ�SURGXFLQJ� WKH
FRPSLOHU��WKHUH�ZHUH�

•� UHPDUNDEO\� IHZ� GHOHWLRQV� �WKH� 5HODEHO� DQG� 5HODWLYH� &RQ�
VWDQW�VWDWHPHQWV��

•� D�IHZ�UHWUHDWV��VRPH�IRUWXQDWH��VRPH�QRW��VLPSOLILFDWLRQ�RI
'2� VWDWHPHQWV�� GURSSLQJ� LQHTXDOLWLHV� IURP� ,)� VWDWHPHQWV
IRU�ODFN�RI�D�³!´�V\PERO��DQG�SURKLELWLQJ�PRVW�³PL[HG´�H[�
SUHVVLRQV�DQG�VXEVFULSWHG�VXEVFULSWV���DQG

•� WKH�UHFWLILFDWLRQ�RI�D�IHZ�RPLVVLRQV��DGGLWLRQ�RI�)250$7�
&217,18(�� FRPSXWHG� DQG� DVVLJQHG� *272� VWDWHPHQWV�
LQFUHDVLQJ� WKH� OHQJWK� RI� YDULDEOHV� WR� XS� WR� VL[� FKDUDFWHUV�
DQG�JHQHUDO�LPSURYHPHQWV�RI�LQSXW�RXWSXW�VWDWHPHQWV��

6LQFH� RXU� HQWLUH� DWWLWXGH� DERXW� ODQJXDJH� GHVLJQ� KDG� DOZD\V
EHHQ�D�YHU\�FDVXDO�RQH��WKH�FKDQJHV�ZH�IHOW�WR�EH�GHVLUDEOH�GXULQJ
WKH�FRXUVH�RI�ZULWLQJ�WKH�FRPSLOHU�ZHUH�PDGH�HTXDOO\�FDVXDOO\�

:H�QHYHU�IHOW�WKDW�DQ\�RI�WKHP�LQYROYHG�D�UHDO�VDFULILFH�LQ�FRQ�
YHQLHQFH� RU� SRZHU� �ZLWK� WKH� SRVVLEOH� H[FHSWLRQ� RI� WKH� 5HODEHO
VWDWHPHQW�� ZKRVH� SXUSRVH� ZDV� WR� FRRUGLQDWH� LQSXW�RXWSXW� ZLWK
FRPSXWDWLRQV� RQ� DUUD\V�� EXW� WKLV� ZDV� RQH� IDFLOLW\� WKDW� ZH� IHOW
ZRXOG�KDYH�EHHQ�YHU\�GLIILFXOW� WR� LPSOHPHQW��� ,�EHOLHYH� WKH�VLP�
SOLILFDWLRQ�RI�WKH�RULJLQDO�'2�VWDWHPHQW�UHVXOWHG�IURP�WKH�UHDOL]D�
WLRQV�WKDW�

��� LW�ZRXOG�EH�KDUG�WR�GHVFULEH�SUHFLVHO\�
��� LW�ZDV�DZNZDUG�WR�FRPSLOH��DQG
��� LW�SURYLGHG�OLWWOH�SRZHU�EH\RQG�WKDW�RI�WKH�ILQDO�YHUVLRQ�

,Q� RXU� QDLYH� XQDZDUHQHVV� RI� ODQJXDJH� GHVLJQ� SUREOHPV²RI
FRXUVH��ZH�NQHZ�QRWKLQJ�RI�PDQ\�LVVXHV�WKDW�ZHUH�ODWHU�WKRXJKW�WR
EH� LPSRUWDQW�� H�J��� EORFN� VWUXFWXUH�� FRQGLWLRQDO� H[SUHVVLRQV�� DQG
W\SH�GHFODUDWLRQV²LW�VHHPHG�WR�XV� WKDW�RQFH�RQH�KDG�WKH�QRWLRQV
RI�WKH�DVVLJQPHQW�VWDWHPHQW��WKH�VXEVFULSWHG�YDULDEOH��DQG�WKH�'2
VWDWHPHQW�LQ�KDQG��DQG�WKHVH�ZHUH�DPRQJ�RXU�HDUOLHVW�LGHDV���WKHQ
WKH� UHPDLQLQJ� SUREOHPV� RI� ODQJXDJH� GHVLJQ� ZHUH� WULYLDO�� 7KHLU
VROXWLRQ�ZDV�WKUXVW�RQ�XV�HLWKHU�E\�WKH�QHHG�WR�SURYLGH�VRPH�PD�

FKLQH�IDFLOLW\�VXFK�DV�UHDGLQJ�LQSXW�RU�E\�VRPH�SURJUDPPLQJ�WDVN
WKDW�FRXOG�QRW�EH�GRQH�ZLWK�H[LVWLQJ�VWUXFWXUHV���)RU�H[DPSOH��VNLS
WR�WKH�HQG�RI�D�'2�ORRS�ZLWKRXW�VNLSSLQJ�WKH�LQGH[LQJ�LQVWUXFWLRQV
WKHUH��7KLV�JDYH�ULVH�WR�WKH�&217,18(�VWDWHPHQW��

2QH�PXFK�FULWLFL]HG�GHVLJQ�FKRLFH�LQ�)RUWUDQ�FRQFHUQV�WKH�XVH
RI�VSDFHV��%ODQNV�ZHUH� LJQRUHG��HYHQ�EODQNV� LQ� WKH�PLGGOH�RI�DQ
LGHQWLILHU��1XWW�UHPLQGV�PH�WKDW�WKDW�FKRLFH�ZDV�SDUWO\�LQ�UHFRJQL�
WLRQ�RI�D�SUREOHP�ZLGHO\�NQRZQ�LQ�6+$5(��WKH�����XVHUV¶�DVVR�
FLDWLRQ��� 7KHUH� ZDV� D� FRPPRQ� SUREOHP� ZLWK� NH\SXQFKHUV� QRW
UHFRJQL]LQJ�RU�SURSHUO\�FRXQWLQJ�EODQNV�LQ�KDQGZULWWHQ�GDWD��DQG
WKLV� FDXVHG�PDQ\� HUURUV��:H� DOVR� UHJDUGHG� LJQRULQJ� EODQNV� DV� D
GHYLFH�WR�HQDEOH�SURJUDPPHUV�WR�DUUDQJH�WKHLU�SURJUDPV�LQ�D�PRUH
UHDGDEOH�IRUP�ZLWKRXW�DOWHULQJ�WKHLU�PHDQLQJ�RU�LQWURGXFLQJ�FRP�
SOH[�UXOHV�IRU�IRUPDWWLQJ�VWDWHPHQWV�

$QRWKHU�GHEDWDEOH�GHVLJQ�FKRLFH�ZDV�WR�UXOH�RXW�³PL[HG´�PRGH
H[SUHVVLRQV� LQYROYLQJ� ERWK� LQWHJHU� DQG� IORDWLQJ�SRLQW� TXDQWLWLHV�
$OWKRXJK� RXU� 3UHOLPLQDU\�5HSRUW� KDG� LQFOXGHG� VXFK� H[SUHVVLRQV
DQG�UXOHV�IRU�HYDOXDWLQJ�WKHP��ZH�IHOW�WKDW�LI�FRGH�IRU�W\SH�FRQYHU�
VLRQ�ZHUH� WR�EH�JHQHUDWHG�� WKH�XVHU� VKRXOG�EH�DZDUH�RI� WKDW�� DQG
WKH�EHVW�ZD\�WR�HQVXUH�WKDW�KH�ZDV�DZDUH�ZDV�WR�DVN�KLP�WR�VSHFLI\
WKHP�� ,� EHOLHYH� ZH� ZHUH� DOVR� GRXEWIXO� RI� WKH� XVHIXOQHVV� RI� WKH
UXOHV�LQ�RXU�UHSRUW�IRU�HYDOXDWLQJ�PL[HG�H[SUHVVLRQV��,Q�DQ\�FDVH�
WKH�PRVW� FRPPRQ� VRUW� RI� ³PL[WXUH´�ZDV� DOORZHG�� ,QWHJHU� H[SR�
QHQWV� DQG� IXQFWLRQ� DUJXPHQWV� ZHUH� DOORZHG� LQ� D� IORDWLQJ�SRLQW
H[SUHVVLRQ�

,Q� ODWH������DQG�HDUO\�������DIWHU�FRPSOHWLQJ� WKH�3UHOLPLQDU\
5HSRUW��+HUULFN��=LOOHU��DQG�,�JDYH�SHUKDSV�ILYH�RU�VL[�WDONV�DERXW
RXU� SODQV� IRU� )RUWUDQ� WR� YDULRXV� JURXSV� RI� ,%0� FXVWRPHUV� ZKR
KDG�RUGHUHG�D������WKH�����KDG�EHHQ�DQQRXQFHG�DERXW�0D\�������
$W�WKHVH�WDONV��ZH�FRYHUHG�WKH�PDWHULDO�LQ�WKH�UHSRUW�DQG�GLVFXVVHG
RXU� SODQV� IRU� WKH� FRPSLOHU� �ZKLFK� ZDV� WR� EH� FRPSOHWHG� ZLWKLQ
DERXW�VL[�PRQWKV�>�@��WKLV�ZDV�WR�UHPDLQ�WKH�LQWHUYDO�WR�FRPSOHWLRQ
ZKHQHYHU�ZH�ZHUH�DVNHG��XQWLO�LW�DFWXDOO\�ZDV�FRPSOHWHG�RYHU�WZR
\HDUV� ODWHU�� LQ� $SULO� ������� ,Q� DGGLWLRQ� WR� LQIRUPLQJ� FXVWRPHUV
DERXW�RXU�SODQV��DQRWKHU�SXUSRVH�RI�WKHVH�WDONV�ZDV�WR�DVVHPEOH�D
OLVW�RI� WKHLU�REMHFWLRQV�DQG� IXUWKHU� UHTXLUHPHQWV�� ,Q� WKLV�ZH�ZHUH
GLVDSSRLQWHG�� RXU� OLVWHQHUV�ZHUH�PRVWO\� VNHSWLFDO�� ,� EHOLHYH� WKH\
KDG�KHDUG�WRR�PDQ\�JORZLQJ�GHVFULSWLRQV�RI�ZKDW�WXUQHG�RXW�WR�EH
FOXPV\� V\VWHPV� WR� WDNH� XV� VHULRXVO\�� ,Q� WKRVH� GD\V�� RQH�ZDV� DF�
FXVWRPHG�WR�ILQGLQJ�ORWV�RI�SHFXOLDU��EXW�VLJQLILFDQW�UHVWULFWLRQV�LQ
D�V\VWHP�ZKHQ�LW�ILQDOO\�DUULYHG�WKDW�KDG�QRW�EHHQ�PHQWLRQHG�LQ�LWV
RULJLQDO� GHVFULSWLRQ��0RVW� RI� DOO�� RXU� FODLPV� WKDW�ZH�ZRXOG� SUR�
GXFH� HIILFLHQW� REMHFW� SURJUDPV� ZHUH� GLVEHOLHYHG�� :KDWHYHU� WKH
UHDVRQV��ZH�UHFHLYHG�DOPRVW�QR�VXJJHVWLRQV�RU� IHHGEDFN��RXU� OLV�
WHQHUV�KDG�GRQH�DOPRVW�QR�WKLQNLQJ�DERXW� WKH�SUREOHPV�ZH�IDFHG
DQG�KDG�DOPRVW�QR�VXJJHVWLRQV�RU�FULWLFLVPV��7KXV��ZH�IHOW�WKDW�RXU
WULSV�WR�:DVKLQJWRQ��'�&���$OEXTXHUTXH��3LWWVEXUJK��/RV�$QJHOHV�
DQG�RQH�RU�WZR�RWKHU�SODFHV�ZHUH�QRW�YHU\�KHOSIXO�

2QH�WULS�WR�JLYH�RXU�WDON��SUREDEO\�LQ�-DQXDU\�������KDG�DQ�H[�
FHOOHQW�SD\RII��7KLV� WDON�� DW�8QLWHG�$LUFUDIW�&RUS��� UHVXOWHG� LQ� DQ
DJUHHPHQW� EHWZHHQ� RXU� JURXS� DQG� :DOWHU� 5DPVKDZ� DW� 8QLWHG
$LUFUDIW� WKDW�1XWW�ZRXOG�EHFRPH�D� UHJXODU�SDUW�RI�RXU� HIIRUW� �DO�
WKRXJK� UHPDLQLQJ� DQ� HPSOR\HH� RI�8QLWHG�$LUFUDIW�� WR� FRQWULEXWH
KLV� H[SHUWLVH� RQ� LQSXW�RXWSXW� DQG� DVVHPEO\� URXWLQHV��:LWK� D� IHZ
EUHDNV� GXH� WR� KLV� LQYROYHPHQW� LQ� ZULWLQJ� YDULRXV� 6+$5(� SUR�
JUDPV�� KH� ZRXOG� WKHQFHIRUWK� FRPH� WR� 1HZ� <RUN� WZR� RU� WKUHH
WLPHV�D�ZHHN�XQWLO�HDUO\������

,W�LV�GLIILFXOW�WR�DVVHVV�WKH�LQIOXHQFH�WKH�HDUO\�ZRUN�RI�WKH�)RU�
WUDQ�JURXS�KDG�RQ�RWKHU�SURMHFWV��&HUWDLQO\�WKH�GLVFXVVLRQ�RI�/DQ�
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LQJ� DQG� =LHUOHU¶V� DOJHEUDLF� FRPSLOHU� DW� WKH� 215� V\PSRVLXP� LQ
0D\������ZRXOG�KDYH�EHHQ�PRUH� OLNHO\� WR�SHUVXDGH�VRPHRQH� WR
XQGHUWDNH�D�VLPLODU� OLQH�RI�HIIRUW� WKDQ�ZRXOG� WKH�EULHI�GLVFXVVLRQ
RI� WKH� PHULWV� RI� XVLQJ� ³D� IDLUO\� QDWXUDO� PDWKHPDWLFDO� ODQJXDJH´
WKDW� DSSHDUHG� WKHUH� LQ� WKH� SDSHU� E\�+HUULFN� DQG�P\VHOI����%XW� LW
ZDV�RXU�LPSUHVVLRQ�WKDW�RXU�GLVFXVVLRQV�ZLWK�YDULRXV�JURXSV�DIWHU
WKDW�WLPH��WKHLU�DFFHVV�WR�WKH�3UHOLPLQDU\�5HSRUW��DQG�WKHLU�DZDUH�
QHVV�RI�WKH�H[WHQW�DQG�VHULRXVQHVV�RI�RXU�HIIRUWV��WKDW�WKHVH�IDFWRUV
HLWKHU�JDYH� WKH� LQLWLDO� VWLPXOXV� WR� VRPH�RWKHU�SURMHFWV�RU� DW� OHDVW
FDXVHG� WKHP�WR�EH�PRUH�DFWLYH� WKDQ� WKH\�PLJKW�KDYH�EHHQ�RWKHU�
ZLVH��,W�ZDV�RXU�LPSUHVVLRQ��IRU�H[DPSOH��WKDW�WKH�³,7´�SURMHFW���DW
3XUGXH�8QLYHUVLW\�DQG�ODWHU�DW�&DUQHJLH�0HOORQ�8QLYHUVLW\�EHJDQ
VKRUWO\�DIWHU�WKH�GLVWULEXWLRQ�RI�RXU�3UHOLPLQDU\�5HSRUW��DV�GLG�WKH
³0DWK�0DWLF´�SURMHFW��DW�6SHUU\�5DQG�

I don’t know what the language of the
year 2000 will look like, but I know it

will be called Fortran.

7RQ\�+RDUH

,W�LV�QRW�FOHDU�ZKDW�LQIOXHQFH��LI�DQ\��RXU�/RV�$QJHOHV�WDON�DQG
HDUOLHU�FRQWDFWV�ZLWK�PHPEHUV�RI� WKHLU�JURXS�KDG�RQ� WKH�3$&7�,
HIIRUW����ZKLFK�,�EHOLHYH�ZDV�DOUHDG\�LQ�LWV�IRUPDWLYH�VWDJHV�ZKHQ
ZH� JRW� WR� /RV� $QJHOHV�� ,W� LV� FOHDU� WKDW� ZKDWHYHU� LQIOXHQFH� WKH
VSHFLILFDWLRQV�IRU�)RUWUDQ�PD\�KDYH�KDG�RQ�RWKHU�SURMHFWV�LQ�����±
������RXU�SODQV�ZHUH�ZHOO�DGYDQFHG�DQG�TXLWH�ILUP�E\�WKH�HQG�RI
������EHIRUH�ZH�KDG�FRQWDFW�RU�NQRZOHGJH�RI�WKRVH�RWKHU�SURMHFWV�
2XU� VSHFLILFDWLRQV� ZHUH� QRW� DIIHFWHG� E\� WKHP� LQ� DQ\� VLJQLILFDQW
ZD\��DV�IDU�DV�,�DP�DZDUH��HYHQ�WKRXJK�VRPH�ZHUH�RSHUDWLQJ�EH�
IRUH�)RUWUDQ��VLQFH�WKH\�ZHUH�SULPDULO\�LQWHUHVWHG�LQ�SURYLGLQJ�DQ
LQSXW�ODQJXDJH�UDWKHU�WKDQ�DQ�RSWLPL]DWLRQ��WKHLU�WDVN�ZDV�FRQVLG�
HUDEO\�VLPSOHU�WKDQ�RXUV��

The Construction of the Compiler
7KH� )RUWUDQ� FRPSLOHU� �RU� ³WUDQVODWRU�´� DV�ZH� FDOOHG� LW� WKHQ��ZDV
EHJXQ� LQ�HDUO\�������DOWKRXJK�D� ORW�RI�ZRUN�RQ�YDULRXV� VFKHPHV
WKDW�ZRXOG�EH�XVHG�LQ�LW�KDG�EHHQ�GRQH�LQ�������+HUULFN�KDG�GRQH
D� ORW� RI� WULDO� SURJUDPPLQJ� WR� WHVW� RXU� ODQJXDJH�� DQG� ZH� KDG
ZRUNHG�RXW�WKH�EDVLF�VRUW�RI�PDFKLQH�SURJUDPV�WKDW�ZH�ZDQWHG�WKH
FRPSLOHU� WR� JHQHUDWH� IRU� YDULRXV� VRXUFH� ODQJXDJH� SKUDVHV�� =LOOHU
DQG� ,� KDG� ZRUNHG� RXW� D� EDVLF� VFKHPH� IRU� WUDQVODWLQJ� DULWKPHWLF
H[SUHVVLRQV�

%XW� WKH� UHDO�ZRUN�RQ� WKH�FRPSLOHU�JRW�XQGHU�ZD\� LQ�RXU� WKLUG
ORFDWLRQ�RQ�WKH�ILIWK�IORRU�RI����(DVW���WK�6WUHHW�LQ�1HZ�<RUN��%\
WKH�PLGGOH�RI�)HEUXDU\��WKUHH�VHSDUDWH�HIIRUWV�ZHUH�XQGHU�ZD\��7KH
ILUVW�WZR�RI�WKHVH�FRQFHUQHG�VHFWLRQV���DQG���RI�WKH�FRPSLOHU��DQG
WKH�WKLUG�FRQFHUQHG�WKH�LQSXW��RXWSXW��DQG�DVVHPEO\�SURJUDPV�ZH
ZHUH�JRLQJ�WR�QHHG��VHH�EHORZ���:H�EHOLHYHG�EDFN�WKHQ�WKDW�WKHVH
HIIRUWV�ZRXOG�SURGXFH�PRVW�RI�WKH�FRPSLOHU�

�7KH�HQWLUH�SURMHFW�ZDV�FDUULHG�RXW�E\�D�ORRVH�FRRSHUDWLRQ�EH�
WZHHQ�DXWRQRPRXV��VHSDUDWH�JURXSV�RI�RQH�� WZR��RU� WKUHH�SHRSOH�
HDFK�JURXS�ZDV�UHVSRQVLEOH�IRU�D�³VHFWLRQ´�RI�WKH�FRPSLOHU��HDFK
JURXS�JUDGXDOO\�GHYHORSHG�DQG�DJUHHG�RQ�LWV�RZQ�LQSXW�DQG�RXWSXW
VSHFLILFDWLRQV� ZLWK� WKH� JURXSV� IRU� QHLJKERULQJ� VHFWLRQV�� HDFK
JURXS� LQYHQWHG� DQG� SURJUDPPHG� WKH� QHFHVVDU\� WHFKQLTXHV� IRU
GRLQJ�LWV�DVVLJQHG�MRE��

6HFWLRQ���ZDV�WR�UHDG�WKH�HQWLUH�VRXUFH�SURJUDP��FRPSLOH�ZKDW
LQVWUXFWLRQV� LW�FRXOG��DQG�ILOH�DOO� WKH�UHVW�RI� WKH� LQIRUPDWLRQ�IURP
WKH�VRXUFH�SURJUDP�LQ�DSSURSULDWH�WDEOHV��7KXV��WKH�FRPSLOHU�ZDV
³RQH� SDVV�´� LQ� WKH� VHQVH� WKDW� LW� ³VDZ´� WKH� VRXUFH� SURJUDP� RQO\
RQFH�� +HUULFN� ZDV� UHVSRQVLEOH� IRU� FUHDWLQJ� PRVW� RI� WKH� WDEOHV�
3HWHU� 6KHULGDQ� �ZKR� KDG� UHFHQWO\� MRLQHG� XV�� FRPSLOHG� DOO� WKH
DULWKPHWLF� H[SUHVVLRQV�� DQG� 1XWW� FRPSLOHG� DQG�RU� ILOHG� WKH� ,�2
VWDWHPHQWV�� +HUULFN�� 6KHULGDQ�� DQG� 1XWW� JRW� VRPH� KHOS� ODWHU� RQ
IURP� 5�-�� %HHEHU� DQG� +�� 6WHUQ�� EXW� WKH\� ZHUH� WKH� DUFKLWHFWV� RI
VHFWLRQ� �� DQG�ZURWH�PRVW� RI� LWV� FRGH�� 6KHULGDQ� GHYLVHG� DQG� LP�
SOHPHQWHG� D� QXPEHU� RI� RSWLPL]LQJ� WUDQVIRUPDWLRQV� RQ� H[SUHV�
VLRQV��� WKDW�VRPHWLPHV�UDGLFDOO\�DOWHUHG� WKHP��RI�FRXUVH��ZLWKRXW
FKDQJLQJ�WKHLU�PHDQLQJ���1XWW�WUDQVIRUPHG�WKH�,�2�³OLVWV�RI�TXDQ�
WLWLHV´�LQWR�QHVWV�RI�'2�VWDWHPHQWV��ZKLFK�ZHUH�WKHQ�WUHDWHG�E\�WKH
UHJXODU�PHFKDQLVPV�RI�WKH�FRPSLOHU��7KH�UHVW�RI�WKH�,�2�LQIRUPD�
WLRQ�KH�ILOHG�IRU�ODWHU�WUHDWPHQW�LQ�VHFWLRQ����WKH�DVVHPEOHU�VHFWLRQ�
�)RU�IXUWKHU�GHWDLOV�DERXW�KRZ�WKH�YDULRXV�VHFWLRQV�RI�WKH�FRPSLOHU
ZRUNHG��VHH�WKH������SDSHU�E\�%DFNXV�HW�DO����

8VLQJ� WKH� LQIRUPDWLRQ� WKDW� ZDV� ILOHG� LQ� VHFWLRQ� ��� VHFWLRQ� �
IDFHG�D�FRPSOHWHO\�QHZ�NLQG�RI�SUREOHP�� LW�ZDV�UHTXLUHG�WR�DQD�
O\]H�WKH�HQWLUH�VWUXFWXUH�RI�WKH�SURJUDP�LQ�RUGHU�WR�JHQHUDWH�RSWL�
PDO�FRGH�IURP�'2�VWDWHPHQWV�DQG�UHIHUHQFHV�WR�VXEVFULSWHG�YDUL�
DEOHV��7KH�VLPSOHVW�ZD\�WR�HIIHFW�D�UHIHUHQFH�WR�$�,��-��LV�WR�HYDOX�
DWH�DQ�H[SUHVVLRQ� LQYROYLQJ� WKH�DGGUHVV�RI�$�������� ,��DQG�.�×� -�
ZKHUH� .� LV� WKH� OHQJWK� RI� D� FROXPQ� �ZKHQ� $� LV� VWRUHG� FROXPQ�
ZLVH��� %XW� WKLV� FDOFXODWLRQ�� ZLWK� LWV� PXOWLSOLFDWLRQ�� LV� PXFK� OHVV
HIILFLHQW� WKDQ� WKH�ZD\�PRVW� KDQG�FRGHG� SURJUDPV� HIIHFW� D� UHIHU�
HQFH�WR�$�,��-���QDPHO\��E\�DGGLQJ�DQ�DSSURSULDWH�FRQVWDQW� WR� WKH
DGGUHVV�RI�WKH�SUHFHGLQJ�UHIHUHQFH�WR�WKH�DUUD\�$�ZKHQHYHU�,�DQG�-
DUH� FKDQJLQJ� OLQHDUO\��7R� HPSOR\� WKLV� IDU�PRUH�HIILFLHQW�PHWKRG�
VHFWLRQ� �� KDG� WR� GHWHUPLQH� ZKHQ� WKH� VXUURXQGLQJ� SURJUDP� ZDV
FKDQJLQJ�,�DQG�-�OLQHDUO\�

7KXV��RQH�SUREOHP�ZDV�WKDW�RI�GLVWLQJXLVKLQJ�EHWZHHQ��RQ�WKH
RQH�KDQG��UHIHUHQFHV�WR�DQ�DUUD\�HOHPHQW�WKDW�WKH�WUDQVODWRU�PLJKW
WUHDW� E\� LQFUHPHQWLQJ� WKH� DGGUHVV� XVHG� IRU� D� SUHYLRXV� UHIHUHQFH
DQG�WKRVH�DUUD\�UHIHUHQFHV��RQ�WKH�RWKHU�KDQG�� WKDW�ZRXOG�UHTXLUH
DQ�DGGUHVV�FDOFXODWLRQ�VWDUWLQJ� IURP�VFUDWFK�ZLWK� WKH�FXUUHQW�YDO�
XHV�RI�WKH�VXEVFULSWV�

,W�ZDV�GHFLGHG�WKDW�LW�ZDV�QRW�SUDFWLFDO�WR�WUDFN�GRZQ�DQG�LGHQ�
WLI\� OLQHDU�FKDQJHV� LQ�VXEVFULSWV� UHVXOWLQJ� IURP�DVVLJQPHQW� VWDWH�
PHQWV��7KXV�� WKH� VROH� FULWHULRQ� IRU� OLQHDU� FKDQJHV�� DQG�KHQFH� IRU
HIILFLHQW�KDQGOLQJ�RI�DUUD\�UHIHUHQFHV��ZDV�WR�EH�WKDW�WKH�VXEVFULSWV
LQYROYHG� ZHUH� EHLQJ� FRQWUROOHG� E\� '2� VWDWHPHQWV�� 'HVSLWH� WKLV
VLPSOLI\LQJ�DVVXPSWLRQ��WKH�QXPEHU�RI�FDVHV�WKDW�VHFWLRQ���KDG�WR
DQDO\]H�LQ�RUGHU�WR�SURGXFH�RSWLPDO�RU�QHDU�RSWLPDO�FRGH�ZDV�YHU\
ODUJH���7KH�QXPEHU�RI�VXFK�FDVHV�LQFUHDVHG�H[SRQHQWLDOO\�ZLWK�WKH
QXPEHU� RI� VXEVFULSWV�� WKLV�ZDV� D� SULPH� IDFWRU� LQ� RXU� GHFLVLRQ� WR
OLPLW�WKHP�WR�WKUHH��WKH�IDFW�WKDW�WKH�����KDG�RQO\�WKUHH�LQGH[�UHJ�
LVWHUV�ZDV�QRW�D�IDFWRU��

,W�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU�WR�JR�LQWR�WKH�GHWDLOV�RI�WKH
DQDO\VLV�WKDW�VHFWLRQ���FDUULHG�RXW��,W�ZLOO�VXIILFH�WR�VD\�WKDW�LW�SUR�
GXFHG� FRGH� RI� VXFK� HIILFLHQF\� WKDW� LWV� RXWSXW� ZRXOG� VWDUWOH� WKH
SURJUDPPHUV�ZKR� VWXGLHG� LW�� ,W�PRYHG� FRGH� RXW� RI� ORRSV�ZKHUH
WKDW� ZDV� SRVVLEOH�� LW� WRRN� DGYDQWDJH� RI� WKH� GLIIHUHQFHV� EHWZHHQ
URZ�ZLVH�DQG�FROXPQ�ZLVH�VFDQV��LW� WRRN�QRWH�RI�VSHFLDO�FDVHV�WR
RSWLPL]H� HYHQ� WKH� H[LWV� IURP� ORRSV�� 7KH� GHJUHH� RI� RSWLPL]DWLRQ
SHUIRUPHG�E\� VHFWLRQ� �� LQ� LWV� WUHDWPHQW� RI� LQGH[LQJ�� DUUD\� UHIHU�
HQFHV��DQG� ORRSV�ZDV�QRW�HTXDOHG�XQWLO�RSWLPL]LQJ�FRPSLOHUV�EH�
JDQ�WR�DSSHDU�LQ�WKH�PLGGOH�DQG�ODWH�����V�
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7KH�DUFKLWHFWXUH�DQG�DOO� WKH� WHFKQLTXHV�HPSOR\HG� LQ�VHFWLRQ��
ZHUH� LQYHQWHG� E\� 1HOVRQ� DQG� =LOOHU�� 7KH\� SODQQHG� DQG� SUR�
JUDPPHG� WKH� HQWLUH� VHFWLRQ�� 2ULJLQDOO\�� LW� ZDV� WKHLU� LQWHQWLRQ� WR
SURGXFH�WKH�FRPSOHWH�FRGH�IRU�WKHLU�DUHD��LQFOXGLQJ�WKH�FKRLFH�RI
WKH� LQGH[� UHJLVWHU� WR�EH�XVHG� �WKH�����KDG� WKUHH� LQGH[� UHJLVWHUV��
:KHQ�WKH\�VWDUWHG�ORRNLQJ�DW�WKH�SUREOHP��LW�UDSLGO\�EHFDPH�FOHDU
WKDW�LW�ZDV�QRW�JRLQJ�WR�EH�HDV\�WR�WUHDW�LW�RSWLPDOO\��$W�WKDW�SRLQW�
,�SURSRVHG�WKDW�WKH\�VKRXOG�SURGXFH�D�SURJUDP�IRU�D�����ZLWK�DQ
XQOLPLWHG�QXPEHU�RI�LQGH[�UHJLVWHUV�DQG�WKDW�ODWHU�VHFWLRQV�ZRXOG
DQDO\]H�WKH�IUHTXHQF\�RI�H[HFXWLRQ�RI�YDULRXV�SDUWV�RI�WKH�SURJUDP
�E\� D� 0RQWH� &DUOR� VLPXODWLRQ� RI� LWV� H[HFXWLRQ�� DQG� WKHQ� PDNH
LQGH[�UHJLVWHU�DVVLJQPHQWV�VR�DV�WR�PLQLPL]H�WKH�WUDQVIHUV�RI�LWHPV
EHWZHHQ�WKH�VWRUH�DQG�WKH�LQGH[�UHJLVWHUV�

Fortran is a language to avoid—unless
you want some answers.

$QRQ�

7KLV� SURSRVDO� JDYH� ULVH� WR� WZR� QHZ� VHFWLRQV� RI� WKH� FRPSLOHU
WKDW�ZH�KDG�QRW�DQWLFLSDWHG��VHFWLRQV���DQG����VHFWLRQ���ZDV�DGGHG
WR�FRQYHUW�WKH�RXWSXW�RI�VHFWLRQV���DQG���WR�WKH�IRUP�UHTXLUHG�IRU
VHFWLRQV� ��� ��� DQG� ���� ,Q� WKH� IDOO� RI� ������ /RLV� 0LWFKHOO� +DLEW
MRLQHG�RXU�JURXS�WR�SODQ�DQG�SURJUDP�VHFWLRQ���

•� WR� DQDO\]H� WKH� IORZ� RI� D� SURJUDP� SURGXFHG� E\� VHFWLRQV� �
DQG���

•� WR�GLYLGH�WKH�SURJUDP�LQWR�³EDVLF�EORFNV´��ZKLFK�FRQWDLQHG
QR�EUDQFKLQJ��

•� WR� GR� D�0RQWH� &DUOR� �VWDWLVWLFDO�� DQDO\VLV� RI� WKH� H[SHFWHG
IUHTXHQF\�RI�H[HFXWLRQ�RI�EDVLF�EORFNV²E\�VLPXODWLQJ�WKH
EHKDYLRU�RI� WKH�SURJUDP�DQG�NHHSLQJ�FRXQWV�RI� WKH�XVH�RI
HDFK� EORFN²XVLQJ� LQIRUPDWLRQ� IURP� '2� VWDWHPHQWV� DQG
)5(48(1&<�VWDWHPHQWV��DQG

•� WR�FROOHFW�LQIRUPDWLRQ�DERXW�LQGH[�UHJLVWHU�XVDJH��IRU�PRUH
GHWDLOV��VHH�WKH�SDSHU�E\�%DFNXV�HW�DO����DQG�WKH�RQH�E\�-RKQ
&RFNH�DQG�-�7��6FKZDUW]���S������

6HFWLRQ���ZRXOG�WKHQ�GR�WKH�DFWXDO�WUDQVIRUPDWLRQ�RI�WKH�SURJUDP
IURP� RQH� KDYLQJ� DQ� XQOLPLWHG� QXPEHU� RI� LQGH[� UHJLVWHUV� WR� RQH
KDYLQJ� RQO\� WKUHH�� $JDLQ�� WKH� VHFWLRQ� ZDV� HQWLUHO\� SODQQHG� DQG
SURJUDPPHG�E\�+DLEW�

6HFWLRQ���ZDV�SODQQHG�DQG�SURJUDPPHG�E\�6KHOGRQ�%HVW��ZKR
ZDV�ORDQHG�WR�RXU�JURXS�E\�DJUHHPHQW�ZLWK�KLV�HPSOR\HU��&KDUOHV
:��$GDPV�DW�WKH�'LJLWDO�&RPSXWHU�/DERUDWRU\�DW�0,7��'XULQJ�KLV
VWD\�ZLWK�XV��%HVW�ZDV�D�WHPSRUDU\�,%0�HPSOR\HH��6WDUWLQJ�LQ�WKH
HDUO\�IDOO�RI�������KH�GHVLJQHG�ZKDW�WXUQHG�RXW�WR�EH��DORQJ�ZLWK
VHFWLRQ� ��� RQH� RI� WKH�PRVW� LQWULFDWH� DQG� FRPSOH[� VHFWLRQV� RI� WKH
FRPSLOHU�� RQH� WKDW� KDG� SHUKDSV� PRUH� LQIOXHQFH� RQ� WKH� PHWKRGV
XVHG�LQ�ODWHU�FRPSLOHUV�WKDQ�DQ\�RWKHU�SDUW�RI�WKH�)RUWUDQ�FRPSLOHU�
�)RU� D�GLVFXVVLRQ�RI�KLV� WHFKQLTXHV�� VHH� WKH�SDSHU�E\�&RFNH� DQG
6FKZDUW]����SS����������,W�LV�LPSRVVLEOH�WR�GHVFULEH�KLV�UHJLVWHU�DOOR�
FDWLRQ�PHWKRG� KHUH�� LW� VXIILFHV� WR� VD\� WKDW� LW�ZDV� WR� EHFRPH� WKH
EDVLV�IRU�PXFK�VXEVHTXHQW�ZRUN�DQG�SURGXFHG�FRGH�YHU\�GLIILFXOW
WR�LPSURYH�

$OWKRXJK�,�EHOLHYH�WKDW�QR�SURYDEO\�RSWLPDO�UHJLVWHU�DOORFDWLRQ
DOJRULWKP�LV�NQRZQ�IRU�JHQHUDO�SURJUDPV�ZLWK�ORRSV�HWF���HPSLUL�
FDOO\�� %HVW¶V� ����±����� SURFHGXUH� DSSHDUHG� WR� EH� RSWLPDO�� )RU
VWUDLJKW�OLQH�FRGH��%HVW¶V�UHSODFHPHQW�SROLF\�ZDV�WKH�VDPH�DV�WKDW

XVHG�LQ�/�$��%HODG\¶V�0,1�DOJRULWKP��ZKLFK�%HODG\�SURYHG�WR�EH
RSWLPDO����$OWKRXJK�%HVW�GLG�QRW�SXEOLVK�D� IRUPDO�SURRI��KH�KDG
FRQYLQFLQJ�DUJXPHQWV�IRU�WKH�RSWLPDOLW\�RI�KLV�SROLF\�LQ������

/DWH�LQ�������LW�ZDV�UHFRJQL]HG�WKDW�\HW�DQRWKHU�VHFWLRQ��VHFWLRQ���
ZDV� QHHGHG�� 7KLV� VHFWLRQ� PHUJHG� WKH� RXWSXWV� RI� WKH� SUHFHGLQJ
VHFWLRQV�LQWR�D�VLQJOH�XQLIRUP�����SURJUDP�WKDW�FRXOG�UHIHU�WR�DQ\
QXPEHU� RI� LQGH[� UHJLVWHUV�� ,W� ZDV� SODQQHG� DQG� SURJUDPPHG� E\
5LFKDUG�*ROGEHUJ�� D�PDWKHPDWLFLDQ�ZKR� MRLQHG� XV� LQ�1RYHPEHU
������$OVR��ODWH�LQ�������DIWHU�%HVW�KDG�UHWXUQHG�WR�0,7�DQG�GXU�
LQJ� WKH� GHEXJJLQJ� RI� WKH� V\VWHP�� VHFWLRQ� �� ZDV� WDNHQ� RYHU� E\
*ROGEHUJ�DQG�'DYLG�6D\UH��VHH�EHORZ���ZKR�GLDJUDPPHG�LW�FDUH�
IXOO\�DQG�WRRN�FKDUJH�RI�LWV�ILQDO�GHEXJJLQJ�

7KH�ILQDO�VHFWLRQ�RI�WKH�FRPSLOHU��VHFWLRQ����DVVHPEOHG�WKH�ILQDO
SURJUDP�LQWR�D�UHORFDWDEOH�ELQDU\�SURJUDP��LW�FRXOG�DOVR�SURGXFH�D
V\PEROLF�SURJUDP�LQ�6$3��WKH�6+$5(�$VVHPEO\�3URJUDP�IRU�WKH
������,W�SURGXFHG�D�VWRUDJH�PDS�RI�WKH�SURJUDP�DQG�WKH�GDWD�WKDW
ZDV�D�FRPSDFW�VXPPDU\�RI�WKH�)RUWUDQ�RXWSXW��2I�FRXUVH��LW�DOVR
REWDLQHG�WKH�QHFHVVDU\�OLEUDU\�SURJUDPV�IRU�LQFOXVLRQ�LQ�WKH�REMHFW
SURJUDP�� LQFOXGLQJ� WKRVH� UHTXLUHG� WR� LQWHUSUHW� )250$7� VWDWH�
PHQWV� DQG�SHUIRUP� LQSXW�RXWSXW�RSHUDWLRQV��7DNLQJ� DGYDQWDJH�RI
WKH� VSHFLDO� IHDWXUHV�RI� WKH�SURJUDPV� LW� DVVHPEOHG�� WKLV� DVVHPEOHU
ZDV� DERXW� ��� WLPHV� IDVWHU� WKDQ� 6$3�� ,W� ZDV� GHVLJQHG� DQG� SUR�
JUDPPHG� E\�1XWW��ZKR� DOVR�ZURWH� DOO� WKH� ,�2� SURJUDPV� DQG� WKH
UHORFDWLQJ�ELQDU\�ORDGHU�IRU�ORDGLQJ�REMHFW�SURJUDPV�

%\�WKH�VXPPHU�RI�������ODUJH�SDUWV�RI�WKH�V\VWHP�ZHUH�ZRUN�
LQJ��6HFWLRQV�������DQG���FRXOG�SURGXFH�ZRUNDEOH�FRGH��SURYLGHG
QR�PRUH�WKDQ�WKUHH�LQGH[�UHJLVWHUV�ZHUH�QHHGHG��$�QXPEHU�RI�WHVW
SURJUDPV�ZHUH�FRPSLOHG�DQG�UXQ�DW�WKLV�WLPH��1XWW�WRRN�SDUW�RI�WKH
V\VWHP� WR� 8QLWHG� $LUFUDIW� �VHFWLRQV� ��� ��� DQG� �� DQG� WKH� SDUW� RI
VHFWLRQ���WKDW�SURGXFHG�6$3�RXWSXW���7KLV�SDUW�RI�WKH�V\VWHP�ZDV
SURGXFWLYH� WKHUH� IURP� WKH� VXPPHU� RI� ����� XQWLO� WKH� FRPSOHWH
V\VWHP�ZDV�DYDLODEOH�LQ�HDUO\������

)URP�ODWH�VSULQJ�RI������WR�HDUO\�������WKH�SDFH�RI�GHEXJJLQJ
ZDV� LQWHQVH�� RIWHQ� ZH� ZRXOG� UHQW� URRPV� LQ� WKH� /DQJGRQ� +RWHO
�ZKLFK� GLVDSSHDUHG� ORQJ� DJR�� RQ� ��WK�6WUHHW�� VOHHS� WKHUH� D� OLWWOH
GXULQJ�WKH�GD\��DQG�WKHQ�VWD\�XS�DOO�QLJKW�WR�JHW�DV�PXFK�XVH�RI�WKH
FRPSXWHU��LQ�WKH�KHDGTXDUWHUV�DQQH[�RQ���WK�6WUHHW��DV�SRVVLEOH�

,W�ZDV�DQ�H[FLWLQJ�SHULRG��ZKHQ�ZH�ODWHU�EHJDQ�WR�JHW�IUDJPHQWV
RI�FRPSLOHG�SURJUDPV�RXW�RI�WKH�V\VWHP��ZH�ZHUH�RIWHQ�DVWRQLVKHG
DW�WKH�VXUSULVLQJ�WUDQVIRUPDWLRQV�LQ�WKH�LQGH[LQJ�RSHUDWLRQV�DQG�LQ
WKH� DUUDQJHPHQW� RI� WKH� FRPSXWDWLRQ� WKDW� WKH� FRPSLOHU� PDGH�
FKDQJHV�WKDW�PDGH�WKH�REMHFW�SURJUDP�HIILFLHQW�EXW�WKDW�ZH�ZRXOG
QRW�KDYH�WKRXJKW�WR�PDNH�DV�SURJUDPPHUV�RXUVHOYHV��HYHQ�WKRXJK�
RI� FRXUVH�� 1HOVRQ� RU� =LOOHU� FRXOG� ILJXUH� RXW� KRZ� WKH� LQGH[LQJ
ZRUNHG��6KHULGDQ�FRXOG�H[SODLQ�KRZ�DQ�H[SUHVVLRQ�KDG�EHHQ�RS�
WLPL]HG�EH\RQG� UHFRJQLWLRQ��DQG�*ROGEHUJ�RU�6D\UH�FRXOG� WHOO�XV
KRZ� VHFWLRQ� �� KDG� JHQHUDWHG� DGGLWLRQDO� LQGH[LQJ� RSHUDWLRQV��
7UDQVIHUV� RI� FRQWURO� DSSHDUHG� WKDW� FRUUHVSRQGHG� WR� QR� VRXUFH
VWDWHPHQW�� H[SUHVVLRQV� ZHUH� UDGLFDOO\� UHDUUDQJHG�� DQG� WKH� VDPH
'2�VWDWHPHQW�PLJKW�SURGXFH�QR�LQVWUXFWLRQV�LQ�WKH�REMHFW�SURJUDP
LQ�RQH�FRQWH[W��DQG�LQ�DQRWKHU�LW�ZRXOG�SURGXFH�PDQ\�LQVWUXFWLRQV
LQ�GLIIHUHQW�SODFHV�LQ�WKH�SURJUDP�

%\� WKH� VXPPHU� RI� ������ ZKDW� DSSHDUHG� WR� EH� WKH� LPPLQHQW
FRPSOHWLRQ�RI�WKH�SURMHFW�VWDUWHG�XV�ZRUU\LQJ��IRU�SHUKDSV�WKH�ILUVW
WLPH�� DERXW� GRFXPHQWDWLRQ�� 6D\UH�� D� FU\VWDOORJUDSKHU� ZKR� KDG
MRLQHG�XV�LQ�WKH�VSULQJ��KH�KDG�HDUOLHU�FRQVXOWHG�ZLWK�%HVW�RQ�WKH
GHVLJQ� RI� VHFWLRQ� �� DQG� KDG� ODWHU� EHJXQ� VHUYLQJ� DV� VHFRQG�LQ�
FRPPDQG�RI�ZKDW�ZDV�QRZ�WKH�³3URJUDPPLQJ�5HVHDUFK�'HSDUW�
PHQW´��� WRRN�XS� WKH� WDVN�RI�ZULWLQJ� WKH�3URJUDPPHU¶V�5HIHUHQFH
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0DQXDO����,W�DSSHDUHG�LQ�D�JORVV\�FRYHU��KDQGVRPHO\�SULQWHG��ZLWK
WKH�GDWH����2FWREHU�������,W�VWRRG�IRU�VRPH�WLPH�DV�D�XQLTXH�H[�
DPSOH� RI� D�PDQXDO� IRU� D� SURJUDPPLQJ� ODQJXDJH� �SHUKDSV� LW� VWLOO
GRHV��� ,W� KDG�ZLGH�PDUJLQV�� \HW�ZDV� RQO\� ��� SDJHV� ORQJ�� ,WV� GH�
VFULSWLRQ�RI�WKH�)RUWUDQ�ODQJXDJH��H[FOXVLYH�RI�LQSXW�RXWSXW�VWDWH�
PHQWV�� ZDV� ��� SDJHV�� WKH� ,�2� GHVFULSWLRQ� RFFXSLHG� DQRWKHU� ��
SDJHV�� WKH� UHVW� RI� LW� ZDV� H[DPSOHV� DQG� GHWDLOV� DERXW� DULWKPHWLF�
WDEOHV�� HWF�� ,W�JDYH�DQ�HOHJDQW� UHFXUVLYH�GHILQLWLRQ�RI� H[SUHVVLRQV
�DV� JLYHQ� E\� 6KHULGDQ�� DQG� FRQFLVH�� FOHDU� GHVFULSWLRQV�� ZLWK� H[�
DPSOHV�� RI� HDFK� VWDWHPHQW� W\SH�� RI�ZKLFK� WKHUH�ZHUH� ����PRVWO\
PDFKLQH�GHSHQGHQW� LWHPV� OLNH� 6(16(� /,*+7�� ,)� ',9,'(
&+(&.��381&+��5($'�'580��DQG�VR�RQ�

2QH� IHDWXUH� RI� )RUWUDQ� ,� LV� PLVVLQJ� IURP� WKH� 3URJUDPPHU¶V
5HIHUHQFH�0DQXDO��QRW�IURP�DQ�RYHUVLJKW�RI�6D\UH¶V��EXW�EHFDXVH
LW�ZDV�DGGHG�WR�WKH�V\VWHP�DIWHU�WKH�PDQXDO�ZDV�GLVWULEXWHG��7KLV
IHDWXUH�ZDV� WKH� DELOLW\� WR�GHILQH� D� IXQFWLRQ�E\� D� ³IXQFWLRQ� VWDWH�
PHQW�´�7KHVH� VWDWHPHQWV�KDG� WR�SUHFHGH� WKH� UHVW� RI� WKH�SURJUDP�
7KH\�ORRNHG�OLNH�DVVLJQPHQW�VWDWHPHQWV��ZLWK�WKH�GHILQHG�IXQFWLRQ
DQG� GXPP\� DUJXPHQWV� RQ� WKH� OHIW� DQG� DQ� H[SUHVVLRQ� LQYROYLQJ
WKRVH�DUJXPHQWV�RQ�WKH�ULJKW��7KH\�DUH�GHVFULEHG�LQ�WKH�DGGHQGD�WR
WKH�3URJUDPPHU¶V�5HIHUHQFH�0DQXDO���ZKLFK�ZH�VHQW�RQ���)HEUX�
DU\������WR�-RKQ�*UHHQVWDGW��ZKR�ZDV�LQ�FKDUJH�RI�,%0¶V�IDFLOLW\
IRU�GLVWULEXWLQJ�LQIRUPDWLRQ�WR�6+$5(��7KH\�DUH�DOVR�GHVFULEHG�LQ
DOO�VXEVHTXHQW�PDWHULDO�RQ�)RUWUDQ�,�

In the good old days, physicists
repeated each other’s experiments, just
to be sure. Today, they stick to Fortran

so they can share each others’
programs, bugs included.

(GVJHU�'LMNVWUD

7KH�QH[W� GRFXPHQWDWLRQ� WDVN�ZH� VHW� RXUVHOYHV�ZDV� WR�ZULWH� D
SDSHU�GHVFULELQJ�WKH�)RUWUDQ�ODQJXDJH�DQG�WKH�WUDQVODWRU�SURJUDP�
7KH� UHVXOW�ZDV�D�SDSHU� HQWLWOHG�� ³7KH�)RUWUDQ�$XWRPDWLF�&RGLQJ
6\VWHP�´��� ZKLFK� ZH� SUHVHQWHG� DW� WKH� :HVWHUQ� -RLQW� &RPSXWHU
&RQIHUHQFH� LQ�/RV�$QJHOHV� LQ�)HEUXDU\� ������ ,� KDYH�PHQWLRQHG
DOO�RI�WKH����DXWKRUV�RI�WKDW�SDSHU�LQ�WKH�SUHFHGLQJ�QDUUDWLYH�H[FHSW
RQH��5REHUW�$��+XJKHV��+H�ZDV�HPSOR\HG�E\�WKH�/LYHUPRUH�5D�
GLDWLRQ� /DERUDWRU\�� E\� DUUDQJHPHQW� ZLWK� 6LGQH\� )HUQEDFK�� KH
YLVLWHG�XV�IRU�WZR�RU�WKUHH�PRQWKV�LQ�WKH�VXPPHU�RI������WR�KHOS
XV�GRFXPHQW�WKH�V\VWHP�

$W�DERXW� WKH� WLPH�RI� WKH�:HVWHUQ�-RLQW�&RPSXWHU�&RQIHUHQFH�
ZH�VSHQW�VRPH�WLPH�LQ�/RV�$QJHOHV�VWLOO�IUDQWLFDOO\�GHEXJJLQJ�WKH
V\VWHP��1RUWK�$PHULFDQ�$YLDWLRQ�JDYH�XV� WLPH� DW� QLJKW� RQ� WKHLU
����WR�KHOS�XV�LQ�RXU�PDG�UXVK�WR�GLVWULEXWH�WKH�V\VWHP��8S�WR�WKLV
SRLQW�� WKHUH� KDG� EHHQ� UHODWLYHO\� OLWWOH� LQWHUHVW� IURP� ���� LQVWDOOD�
WLRQV� �ZLWK� WKH� H[FHSWLRQ� RI� 5DPVKDZ¶V� 8QLWHG� $LUFUDIW� VKRS�
+DUU\�&DQWUHOO¶V�*(� LQVWDOODWLRQ� LQ� 6FKHQHFWDG\��1HZ�<RUN�� DQG
)HUQEDFK¶V�/LYHUPRUH�RSHUDWLRQ���EXW�QRZ�WKDW�WKH�IXOO�V\VWHP�ZDV
EHJLQQLQJ� WR� JHQHUDWH� REMHFW� SURJUDPV�� LQWHUHVW� SLFNHG� XS� LQ� D
QXPEHU�RI�SODFHV�

6RPHWLPH� LQ� HDUO\�$SULO� ������ ZH� IHOW� WKH� V\VWHP�ZDV� VXIIL�
FLHQWO\� EXJ�IUHH� WR� GLVWULEXWH� WR� DOO� ���� LQVWDOODWLRQV�� 6D\UH� DQG
*UDFH� (�� 0LWFKHOO� �VHH� EHORZ�� VWDUWHG� WR� SXQFK� RXW� WKH� ELQDU\
GHFNV�RI�WKH�V\VWHP��HDFK�RI�DERXW�������FDUGV��ZLWK�WKH�LQWHQWLRQ

WR�PDNH����RU����GHFNV�IRU�GLVWULEXWLRQ��7KLV�SURFHVV�ZDV�VR�HUURU�
SURQH� WKDW� WKH\� KDG� WR� JLYH� XS� DIWHU� VSHQGLQJ� DQ� HQWLUH� QLJKW� LQ
SURGXFLQJ�RQO\�RQH�RU�WZR�GHFNV��$SSDUHQWO\�RQH�RI�WKRVH�GHFNV
ZDV�VHQW��ZLWKRXW�DQ\�LGHQWLILFDWLRQ�RU�GLUHFWLRQV��WR�WKH�:HVWLQJ�
KRXVH�%HWWLV� LQVWDOODWLRQ��ZKHUH� D�SX]]OHG�JURXS�KHDGHG�E\�+HU�
EHUW�6��%ULJKW��VXVSHFWLQJ�WKDW�LW�PLJKW�EH�WKH�ORQJ�DZDLWHG�)RUWUDQ
GHFN��SURFHHGHG��HQWLUHO\�E\�JXHVVZRUN��WR�JHW�LW�WR�FRPSLOH�D�WHVW
SURJUDP²DIWHU� D� GLDJQRVWLF� SULQWRXW� QRWHG� WKDW� D� FRPPD� ZDV
PLVVLQJ� LQ� D� VSHFLILF� VWDWHPHQW�� 7KLV� SURJUDP� WKHQ� SULQWHG� ��
SDJHV�RI� FRUUHFW� UHVXOWV²ZLWK� D� IHZ�)250$7�HUURUV��7KH�GDWH�
���$SULO�������%ULJKW�ZURWH�DQ�DPXVLQJ�DFFRXQW�RI�WKLV�LQFLGHQW�LQ
&RPSXWHUV� DQG� $XWRPDWLRQ���� >(GLWRU¶V� QRWH�� 7KLV� VWRU\� LV� DOVR
WROG�LQ�$QQDOV��YRO�����QR�����SS����±���@

$IWHU� IDLOLQJ� WR�SURGXFH�ELQDU\�GHFNV��6D\UH�GHYLVHG�DQG�SUR�
JUDPPHG� WKH� VLPSOH� HGLWRU� DQG� ORDGHU� WKDW� PDGH� LW� SRVVLEOH� WR
GLVWULEXWH� DQG� XSGDWH� WKH� V\VWHP� IURP� PDJQHWLF� WDSHV�� WKLV� DU�
UDQJHPHQW�VHUYHG�DV�WKH�PHFKDQLVP�IRU�FUHDWLQJ�QHZ�V\VWHP�WDSHV
IURP�D�PDVWHU�WDSH�DQG�WKH�ELQDU\�FRUUHFWLRQ�FDUGV�WKDW�RXU�JURXS
ZRXOG�JHQHUDWH�LQ�ODUJH�QXPEHUV�GXULQJ�WKH�ORQJ�ILHOG�GHEXJJLQJ
DQG�PDLQWHQDQFH�SHULRG�WKDW�IROORZHG�GLVWULEXWLRQ�

:LWK� WKH� GLVWULEXWLRQ� RI� WKH� V\VWHP� WDSHV�ZHQW� D�3UHOLPLQDU\
2SHUDWRU¶V�0DQXDO���GDWHG���$SULO�������,W�GHVFULEHV�KRZ�WR�XVH
WKH�WDSH�HGLWRU�DQG�KRZ�WR�PDLQWDLQ�WKH�OLEUDU\�RI�IXQFWLRQV��)LYH
SDJHV� RI� VXFK� JHQHUDO� LQVWUXFWLRQV� DUH� IROORZHG� E\� ��� SDJHV� RI
HUURU�VWRSV��PDQ\�RI�WKHVH�VD\��³VRXUFH�SURJUDP�HUURU��JHW�RII�PD�
FKLQH��FRUUHFW�IRUPXOD�LQ�TXHVWLRQ�DQG�UHVWDUW�SUREOHP´�DQG�WKHQ�
IRU�H[DPSOH���VWRS��������³QRQ�]HUR�OHYHO�UHGXFWLRQ�GXH�WR�LQVXIIL�
FLHQW�RU�UHGXQGDQW�SDUHQWKHVHV� LQ�DULWKPHWLF�RU�,)�W\SH�IRUPXOD�´
6KRUWO\� DIWHU� WKH� GLVWULEXWLRQ� RI� WKH� V\VWHP��ZH� GLVWULEXWHG²RQH
FRS\�SHU�LQVWDOODWLRQ²ZKDW�ZDV�IRQGO\�NQRZQ�DV�WKH�³7RPH�´�WKH
FRPSOHWH�V\PEROLF�OLVWLQJ�RI�WKH�HQWLUH�FRPSLOHU�SOXV�RWKHU�V\VWHP
DQG�GLDJQRVWLF�LQIRUPDWLRQ��DQ���������LQFK�YROXPH�DERXW�IRXU�RU
ILYH�LQFKHV�WKLFN�

7KH� SURSULHWRUV� RI� WKH� VL[� VHFWLRQV� ZHUH� NHSW� EXV\� WUDFNLQJ
GRZQ�EXJV�HOLFLWHG�E\�RXU�FXVWRPHUV¶�XVH�RI�)RUWUDQ�XQWLO�WKH�ODWH
VXPPHU�RI�������+DO�6WHUQ�VHUYHG�DV�WKH�FRRUGLQDWRU�RI�WKH�ILHOG
GHEXJJLQJ� DQG�PDLQWHQDQFH� HIIRUW�� KH� UHFHLYHG� D� VWUHDP�RI� WHOH�
JUDPV��PDLO�� DQG� SKRQH� FDOOV� IURP� DOO� RYHU� WKH� FRXQWU\� DQG� GLV�
WULEXWHG�WKH�LQFRPLQJ�SUREOHPV�WR�WKH�DSSURSULDWH�PHPEHUV�RI�RXU
JURXS� WR� WUDFN� GRZQ� WKH� HUURUV� DQG� JHQHUDWH� FRUUHFWLRQ� FDUGV�
ZKLFK�KH�WKHQ�GLVWULEXWHG�WR�HYHU\�LQVWDOODWLRQ�

,Q� WKH� VSULQJ� RI� ������0LWFKHOO� MRLQHG� RXU� JURXS� WR�ZULWH� WKH
3URJUDPPHU¶V� 3ULPHU� IRU� )RUWUDQ�� 7KH� SULPHU� ZDV� GLYLGHG� LQWR
WKUHH� VHFWLRQV�� HDFK� GHVFULEHG� VXFFHVVLYHO\� ODUJHU� VXEVHWV� RI� WKH
ODQJXDJH�� DFFRPSDQLHG� E\� PDQ\� H[DPSOH� SURJUDPV�� 7KH� ILUVW
HGLWLRQ�RI�WKH�SULPHU�ZDV�LVVXHG�LQ�WKH�ODWH�IDOO�RU�ZLQWHU�RI������
D� VOLJKWO\� UHYLVHG� HGLWLRQ� DSSHDUHG� LQ� 0DUFK� ������ 0LWFKHOO
SODQQHG�DQG�ZURWH�WKH����SDJH�SULPHU�ZLWK�VRPH�FRQVXOWDWLRQ�ZLWK
WKH� UHVW�RI� WKH�JURXS�� VKH� ODWHU�SURJUDPPHG�PRVW�RI� WKH�H[WHQVLYH
FKDQJHV�LQ�WKH�V\VWHP�WKDW�UHVXOWHG�LQ�)RUWUDQ�,,��VHH�EHORZ��

7KH� SULPHU� KDG� DQ� LPSRUWDQW� LQIOXHQFH� RQ� WKH� VXEVHTXHQW
JURZWK�LQ�WKH�XVH�RI�WKH�V\VWHP��,�EHOLHYH�LW�ZDV�WKH�RQO\�DYDLODEOH
VLPSOLILHG�LQVWUXFWLRQ�PDQXDO��RWKHU�WKDQ�UHIHUHQFH�PDQXDOV��XQWLO
WKH� ODWHU� DSSHDUDQFH� RI� ERRNV� VXFK� DV� WKRVH� E\� 'DQLHO
0F&UDFNHQ�����������(OOLRW�2UJDQLFN�����������DQG�PDQ\�RWKHUV�

$�UHSRUW�RQ�)RUWUDQ�XVDJH�LQ�1RYHPEHU�������VD\V�WKDW�³D�VXU�
YH\� LQ�$SULO� >����@�RI� WZHQW\�VL[����� LQVWDOODWLRQV� LQGLFDWHV� WKDW
RYHU�KDOI�RI�WKHP�XVH�)RUWUDQ�>,@�IRU�PRUH�WKDQ�KDOI�RI�WKHLU�SURE�
OHPV��0DQ\�XVH�LW�IRU�����RU�PRUH�RI�WKHLU�ZRUN�����DQG�DOPRVW�DOO
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�������,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R���������

XVH� LW� IRU� VRPH� RI� WKHLU� ZRUN�´� %\� WKH� IDOO� RI� ������ WKHUH� ZHUH
VRPH����LQVWDOODWLRQV�ZLWK�DERXW�������V�DQG�³PRUH�WKDQ�KDOI�WKH
PDFKLQH� LQVWUXFWLRQV� IRU� WKHVH� PDFKLQHV� DUH� EHLQJ� SURGXFHG� E\
)RUWUDQ��6+$5(�UHFHQWO\�GHVLJQDWHG�)RUWUDQ�DV�WKH�VHFRQG�RIILFLDO
PHGLXP�IRU�WUDQVPLWWDO�RI�SURJUDPV�>6$3�ZDV�WKH�ILUVW@�´

Fortran II
'XULQJ� WKH� ILHOG� GHEXJJLQJ� SHULRG�� VRPH� VKRUWFRPLQJV� RI� WKH
V\VWHP� GHVLJQ�� ZKLFK� ZH� KDG� EHHQ� DZDUH� RI� HDUOLHU� EXW� KDG� QR
WLPH� WR� FRUUHFW�� ZHUH� FRQVWDQWO\� FRPLQJ� WR� RXU� DWWHQWLRQ�� ,Q� WKH
HDUO\� IDOO� RI� ������ ZH� VWDUWHG� WR� SODQ� ZD\V� RI� FRUUHFWLQJ� WKHVH
VKRUWFRPLQJV��D�GRFXPHQW�GDWHG����6HSWHPEHU��������FKDUDFWHU�
L]HV�WKHP�DV�

��� WKH�QHHG�IRU�EHWWHU�GLDJQRVWLFV��FOHDUHU�FRPPHQWV�DERXW�WKH
QDWXUH�RI�VRXUFH�SURJUDP�HUURUV��DQG

��� WKH�QHHG�IRU�VXEURXWLQH�GHILQLWLRQ�FDSDELOLWLHV�

�$OWKRXJK�RQH�)RUWUDQ�,�GLDJQRVWLF�ZRXOG�SLQSRLQW�� LQ�D�SULQW�
RXW�� D�PLVVLQJ� FRPPD� LQ� D� SDUWLFXODU� VWDWHPHQW�� RWKHUV� FRXOG
EH�YHU\�FU\SWLF���7KLV�GRFXPHQW�LV�WLWOHG��³3URSRVHG�6SHFLILFD�
WLRQV� IRU� )RUWUDQ� ,,� IRU� WKH� ���´�� LW� VNHWFKHV� D� PRUH� JHQHUDO
GLDJQRVWLF� V\VWHP� DQG� GHVFULEHV� WKH� QHZ� ³VXEURXWLQH� GHILQL�
WLRQ´� DQG� (1'� VWDWHPHQWV�� SOXV� VRPH� RWKHUV� WKDW� ZHUH� QRW
LPSOHPHQWHG�� ,W� GHVFULEHV� KRZ� V\PEROLF� LQIRUPDWLRQ� LV� UH�
WDLQHG�LQ�WKH�UHORFDWDEOH�ELQDU\�IRUP�RI�D�VXEURXWLQH�VR�WKDW�WKH
³ELQDU\� V\PEROLF� VXEURXWLQH� >%66@� ORDGHU´� FDQ� LPSOHPHQW
UHIHUHQFHV� WR� VHSDUDWHO\� FRPSLOHG� VXEURXWLQHV�� ,W� GHVFULEHV
QHZ� SURORJXHV� IRU� WKHVH� VXEURXWLQHV� DQG� SRLQWV� RXW� WKDW�PL[�
WXUHV�RI�)RUWUDQ�FRGHG�DQG�DVVHPEO\�FRGHG� UHORFDWDEOH�ELQDU\
SURJUDPV�FRXOG�EH�ORDGHG�DQG�UXQ�WRJHWKHU��,W�GRHV�QRW�GLVFXVV
WKH�)81&7,21�VWDWHPHQW�WKDW�ZDV�DOVR�DYDLODEOH�LQ�)RUWUDQ�,,�
)RUWUDQ�,,�ZDV�GHVLJQHG�PRVWO\�E\�1HOVRQ��=LOOHU��DQG�P\VHOI�
0LWFKHOO�SURJUDPPHG� WKH�PDMRULW\�RI�QHZ�FRGH� IRU�)RUWUDQ� ,,
�ZLWK� WKH�PRVW� XQXVXDO� IHDWXUH� WKDW� VKH� GHOLYHUHG� LW� DKHDG� RI
VFKHGXOH���6KH�ZDV�DLGHG�LQ�WKLV�E\�%HUQ\FH�%UDG\�DQG�/H5R\
0D\��6KHULGDQ�SODQQHG�DQG�PDGH�WKH�QHFHVVDU\�FKDQJHV�LQ�KLV
SDUW� RI� VHFWLRQ� ���1XWW� GLG� WKH� VDPH� IRU� VHFWLRQ� ��� )RUWUDQ� ,,
ZDV�GLVWULEXWHG�LQ�WKH�VSULQJ�RI������

Fortran III
:KLOH� )RUWUDQ� ,,� ZDV� EHLQJ� GHYHORSHG�� =LOOHU� ZDV� GHVLJQLQJ� DQ
HYHQ�PRUH�DGYDQFHG�V\VWHP�WKDW�KH�FDOOHG�)RUWUDQ�,,,��,W�DOORZHG
RQH� WR�ZULWH� LQWHUPL[HG� V\PEROLF� LQVWUXFWLRQV� DQG� )RUWUDQ� VWDWH�
PHQWV��7KH� V\PEROLF� ������ LQVWUXFWLRQV� FRXOG� KDYH�)RUWUDQ� YDUL�
DEOHV� �ZLWK� RU�ZLWKRXW� VXEVFULSWV�� DV� ³DGGUHVVHV�´� ,Q� DGGLWLRQ� WR
WKLV� PDFKLQH�GHSHQGHQW� IHDWXUH� �ZKLFK� DVVXUHG� WKH� GHPLVH� RI
)RUWUDQ�,,,�DORQJ�ZLWK�WKDW�RI�WKH�������LW�FRQWDLQHG�HDUO\�YHUVLRQV
RI�D�QXPEHU�RI�LPSURYHPHQWV�WKDW�ZHUH�ODWHU�WR�DSSHDU�LQ�)RUWUDQ
,9��,W�KDG�³%RROHDQ´�H[SUHVVLRQV��IXQFWLRQ�DQG�VXEURXWLQH�QDPHV
FRXOG� EH� SDVVHG� DV� DUJXPHQWV�� DQG� LW� KDG� IDFLOLWLHV� IRU� KDQGOLQJ
DOSKDQXPHULF�GDWD��LQFOXGLQJ�D�QHZ�)250$7�FRGH�³$´�VLPLODU�WR
FRGHV�³,´�DQG�³(�´�7KLV�V\VWHP�ZDV�SODQQHG�DQG�SURJUDPPHG�E\
=LOOHU�ZLWK�VRPH�KHOS�IURP�1HOVRQ�DQG�1XWW��=LOOHU�PDLQWDLQHG�LW
DQG�PDGH� LW� DYDLODEOH� WR� DERXW� ��� �PRVWO\� ,%0�� LQVWDOODWLRQV�� ,W
ZDV� QHYHU� GLVWULEXWHG� JHQHUDOO\�� ,W� ZDV� DFFRPSDQLHG� E\� D� EULHI
GHVFULSWLYH�GRFXPHQW���,W�EHFDPH�DYDLODEOH�RQ�WKLV�OLPLWHG�VFDOH�LQ
WKH� ZLQWHU� RI� ����±����� DQG� ZDV� LQ� RSHUDWLRQ� XQWLO� WKH� HDUO\
����V�� LQ�SDUW�RQ� WKH�����XVLQJ� WKH� FRPSDWLELOLW\� IHDWXUH� �ZKLFK
PDGH�WKH�����RUGHU�FRGH�WKH�VDPH�DV�WKDW�RI�WKH������

Fortran After 1958, Comments
%\� WKH� HQG� RI� ����� RU� HDUO\� ������ WKH� )RUWUDQ� JURXS� �WKH� 3UR�
JUDPPLQJ�5HVHDUFK�'HSDUWPHQW���ZKLOH� VWLOO�KHOSLQJ�ZLWK�DQ�RF�
FDVLRQDO�GHEXJJLQJ�SUREOHP�ZLWK�)RUWUDQ�,,��ZDV�SULPDULO\�RFFX�
SLHG�ZLWK�RWKHU�UHVHDUFK��$QRWKHU�,%0�GHSDUWPHQW�KDG�ORQJ�VLQFH
WDNHQ�UHVSRQVLELOLW\�IRU�WKH�)RUWUDQ�V\VWHP�DQG�ZDV�UHYLVLQJ�LW� LQ
WKH�FRXUVH�RI�SURGXFLQJ�D�WUDQVODWRU�IRU�WKH�����WKDW�XVHG�WKH�VDPH
SURFHGXUHV�DV�WKH�����)RUWUDQ�,,�WUDQVODWRU��6LQFH�P\�IULHQGV�DQG�,
QR� ORQJHU� KDG� UHVSRQVLELOLW\� IRU� )RUWUDQ� DQG�ZHUH� EXV\� WKLQNLQJ
DERXW�RWKHU�WKLQJV�E\�WKH�HQG�RI�������WKDW�VHHPV�OLNH�D�JRRG�SRLQW
WR�EUHDN�RII�WKLV�DFFRXQW��7KHUH�UHPDLQ�RQO\�D�IHZ�FRPPHQWV�WR�EH
PDGH�DERXW�WKH�VXEVHTXHQW�GHYHORSPHQW�RI�)RUWUDQ�

7KH�PRVW�REYLRXV�GHIHFW�LQ�)RUWUDQ�,,�IRU�PDQ\�RI�LWV�XVHUV�ZDV
WKH�WLPH�VSHQW�LQ�FRPSLOLQJ��(YHQ�WKRXJK�WKH�IDFLOLWLHV�RI�)RUWUDQ
,,� SHUPLWWHG� VHSDUDWH� FRPSLODWLRQ� RI� VXEURXWLQHV� DQG�� KHQFH�
HOLPLQDWHG�WKH�QHHG�WR�UHFRPSLOH�DQ�HQWLUH�SURJUDP�DW�HDFK�VWHS�LQ
GHEXJJLQJ� LW�� QHYHUWKHOHVV�� FRPSLOH� WLPHV�ZHUH� ORQJ� DQG�� GXULQJ
GHEXJJLQJ��WKH�FRQVLGHUDEOH�WLPH�VSHQW�LQ�RSWLPL]LQJ�ZDV�ZDVWHG�
,�UHSHDWHGO\�VXJJHVWHG�WR�WKRVH�ZKR�ZHUH�LQ�FKDUJH�RI�)RUWUDQ�WKDW
WKH\�VKRXOG�QRZ�GHYHORS�D�IDVW�FRPSLOHU�DQG�RU� LQWHUSUHWHU�ZLWK�
RXW�DQ\�RSWLPL]LQJ�DW�DOO�IRU�XVH�GXULQJ�GHEXJJLQJ�DQG�IRU�VKRUW�
UXQ�MREV��8QIRUWXQDWHO\��WKH�GHYHORSHUV�RI�)RUWUDQ�,9�WKRXJKW�WKH\
FRXOG�KDYH�WKH�EHVW�RI�ERWK�ZRUOGV�LQ�D�VLQJOH�FRPSLOHU²RQH�WKDW
ZDV�ERWK�IDVW�DQG�SURGXFHG�RSWLPL]HG�FRGH��,�ZDV�XQVXFFHVVIXO�LQ
FRQYLQFLQJ� WKHP� WKDW� WZR� FRPSLOHUV�ZRXOG� KDYH� EHHQ� IDU� EHWWHU
WKDQ� WKH� FRPSURPLVH� WKDW� EHFDPH� WKH� RULJLQDO� )RUWUDQ� ,9� FRP�
SLOHU�� 7KH� ODWWHU� ZDV� QRW� QHDUO\� DV� IDVW� DV� ODWHU� FRPSLOHUV� OLNH
:$7)25���DQG�GLG�QRW�SURGXFH�DV�JRRG�FRGH�DV�)RUWUDQ�,,���)RU
PRUH�GLVFXVVLRQ�RI�ODWHU�GHYHORSPHQWV�ZLWK�)RUWUDQ��VHH�WKH�����
SDSHU�E\�%DFNXV�DQG�:�3��+HLVLQJ����

0\�RZQ�RSLQLRQ�DV�WR�WKH�HIIHFW�RI�)RUWUDQ�RQ�ODWHU�ODQJXDJHV
DQG�WKH�FROOHFWLYH�LPSDFW�RI�VXFK�ODQJXDJHV�RQ�SURJUDPPLQJ�JHQ�
HUDOO\�LV�QRW�D�SRSXODU�RSLQLRQ��7KDW�YLHZSRLQW�LV�WKH�VXEMHFW�RI�D
ORQJ� SDSHU��� ,� QRZ� UHJDUG� DOO� FRQYHQWLRQDO� ODQJXDJHV� �H�J��� WKH
)RUWUDQV�� WKH�$OJROV�� DQG� WKHLU� VXFFHVVRUV� DQG�GHULYDWLYHV�� DV� LQ�
FUHDVLQJO\�FRPSOH[�HODERUDWLRQV�RI�WKH�VW\OH�RI�SURJUDPPLQJ�GLF�
WDWHG�E\� WKH�YRQ�1HXPDQQ�FRPSXWHU��7KHVH� ³YRQ�1HXPDQQ� ODQ�
JXDJHV´� FUHDWH� HQRUPRXV�� XQQHFHVVDU\� LQWHOOHFWXDO� URDGEORFNV� LQ
WKLQNLQJ�DERXW�SURJUDPV�DQG�LQ�FUHDWLQJ�WKH�KLJKHU�OHYHO�FRPELQ�
LQJ�IRUPV�UHTXLUHG�LQ�D�SRZHUIXO�SURJUDPPLQJ�PHWKRGRORJ\��7KH
YRQ�1HXPDQQ�ODQJXDJHV�FRQVWDQWO\�NHHS�RXU�QRVHV�SUHVVHG�LQ�WKH
GLUW�RI�DGGUHVV�FRPSXWDWLRQ�DQG�WKH�VHSDUDWH�FRPSXWDWLRQ�RI�VLQJOH
ZRUGV��ZKHUHDV�ZH�VKRXOG�EH�IRFXVLQJ�RQ�WKH�IRUP�DQG�FRQWHQW�RI
WKH�RYHUDOO� UHVXOW�ZH�DUH� WU\LQJ� WR�SURGXFH��:H�KDYH�FRPH�WR� UH�
JDUG�WKH�'2��)25��DQG�:+,/(�VWDWHPHQWV�DQG�WKH�OLNH�DV�SRZHU�
IXO�WRROV��ZKHUHDV�WKH\�DUH��LQ�IDFW��ZHDN�SDOOLDWLYHV�WKDW�DUH�QHFHV�
VDU\� WR�PDNH� WKH� SULPLWLYH� YRQ�1HXPDQQ� VW\OH� RI� SURJUDPPLQJ
YLDEOH�DW�DOO�

%\�VSOLWWLQJ�SURJUDPPLQJ� LQWR�D�ZRUOG�RI�H[SUHVVLRQV��RQ� WKH
RQH�KDQG��DQG�D�ZRUOG�RI�VWDWHPHQWV��RQ�WKH�RWKHU��YRQ�1HXPDQQ
ODQJXDJHV� SUHYHQW� WKH� HIIHFWLYH� XVH� RI� KLJKHU�OHYHO� FRPELQLQJ
IRUPV��WKH�ODFN�RI�WKH�ODWWHU�PDNHV�WKH�GHILQLWLRQDO�FDSDELOLWLHV�RI
YRQ� 1HXPDQQ� ODQJXDJHV� VR� ZHDN� WKDW� PRVW� RI� WKHLU� LPSRUWDQW
IHDWXUHV� FDQQRW� EH� GHILQHG�� VWDUWLQJ�ZLWK� D� VPDOO�� HOHJDQW� IUDPH�
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7KLV�LV�QRW�WKH�SODFH�IRU�PH�WR�HODERUDWH�DQ\�IXUWKHU�P\�YLHZV
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SHUKDSV�QDWXUDO�DQG�LQHYLWDEOH� WKDW� ODQJXDJHV�OLNH�)RUWUDQ�DQG�LWV
VXFFHVVRUV� VKRXOG�KDYH�GHYHORSHG�RXW� RI� WKH� FRQFHSW� RI� WKH� YRQ
1HXPDQQ�FRPSXWHU�DV�WKH\�GLG��WKH�IDFW�WKDW�VXFK�ODQJXDJHV�KDYH
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Acknowledgments
0\�JUHDWHVW�GHEW�LQ�FRQQHFWLRQ�ZLWK�WKLV�SDSHU�LV�WR�P\�ROG�IULHQGV
DQG� FROOHDJXHV�ZKRVH� FUHDWLYLW\�� KDUG�ZRUN�� DQG� LQYHQWLRQ�PDGH
)RUWUDQ�SRVVLEOH�� ,W� LV�D�SOHDVXUH� WR�DFNQRZOHGJH�P\�JUDWLWXGH� WR
WKHP� IRU� WKHLU� FRQWULEXWLRQV� WR� WKH� SURMHFW�� IRU�PDNLQJ� RXU�ZRUN
WRJHWKHU�VR�ORQJ�DJR�VXFK�D�FRQJHQLDO�DQG�PHPRUDEOH�H[SHULHQFH�
DQG��PRUH� UHFHQWO\�� IRU�SURYLGLQJ�PH�ZLWK� D�JUHDW� DPRXQW�RI� LQ�
IRUPDWLRQ� DQG� KHOSIXO� PDWHULDO� LQ� SUHSDULQJ� WKLV� SDSHU� DQG� IRU
WKHLU� FDUHIXO� UHYLHZV� RI� DQ� HDUOLHU� GUDIW�� )RU� DOO� WKLV�� ,� WKDQN� DOO
WKRVH�ZKR�ZHUH� DVVRFLDWHG�ZLWK� WKH� )RUWUDQ� SURMHFW� EXW�ZKR� DUH
WRR�QXPHURXV�WR�OLVW�KHUH��,Q�SDUWLFXODU��,�ZDQW�WR�WKDQN�WKRVH�ZKR
ZHUH� WKH� SULQFLSDO� PRYHUV� LQ�PDNLQJ� )RUWUDQ� D� UHDOLW\�� 6KHOGRQ
%HVW�� 5LFKDUG� *ROGEHUJ�� /RLV� +DLEW�� +DUODQ� +HUULFN�� *UDFH
0LWFKHOO��5REHUW�1HOVRQ��5R\�1XWW��'DYLG�6D\UH��3HWHU�6KHULGDQ�
DQG�,UYLQJ�=LOOHU��,�DOVR�ZLVK�WR�WKDQN�%HUQDUG�*DOOHU��-�$�1��/HH�
DQG�+HQU\�7URSS�IRU�WKHLU�DPLDEOH��H[WHQVLYH��DQG�LQYDOXDEOH�VXJ�
JHVWLRQV�IRU�LPSURYLQJ�WKH�ILUVW�GUDIW�RI� WKLV�SDSHU��,�DP�JUDWHIXO�
WRR��IRU�DOO�WKH�ZRUN�RI�WKH�3URJUDP�&RPPLWWHH�LQ�SUHSDULQJ�KHOS�
IXO�TXHVWLRQV�WKDW�VXJJHVWHG�D�QXPEHU�RI�WRSLFV�LQ�WKH�SDSHU�

References
>(GLWRU¶V� QRWH��0RVW� RI� WKH� LWHPV� OLVWHG� EHORZ� KDYH� GDWHV� LQ� WKH
����V��WKXV�PDQ\�WKDW�DSSHDUHG�LQ�WKH�RSHQ�OLWHUDWXUH�ZLOO�EH�RE�
WDLQDEOH�RQO\�LQ�WKH�ODUJHVW�DQG�ROGHVW�FROOHFWLRQV��7KH�LWHPV�ZLWK
DQ�DVWHULVN�ZHUH�HLWKHU�QRW�SXEOLVKHG�RU�ZHUH�RI�VXFK�D�QDWXUH�DV
WR�PDNH� WKHLU� DYDLODELOLW\� HYHQ� OHVV� OLNHO\� WKDQ� WKDW� RI� WKH� RWKHU
LWHPV�@
>�@� $GDPV�� &KDUOHV� :��� DQG� /DQLQJ�� -�+��� -U��� ³7KH� 0,7� 6\VWHPV� RI

$XWRPDWLF� &RGLQJ�� &RPSUHKHQVLYH�� 6XPPHU� 6HVVLRQ�� DQG� $OJH�
EUDLF�´�3URF��6\PS��$XWRPDWLF�3URJUDPPLQJ�IRU�'LJLWDO�&RPSXWHUV�
:DVKLQJWRQ��'�&���2IILFH�RI�1DYDO�5HVHDUFK��0D\������

>�@� 
$GGHQGD�WR�WKH�)RUWUDQ�3URJUDPPHU¶V�5HIHUHQFH�0DQXDO����)HEUX�
DU\� ������ �7UDQVPLWWHG� WR� 'U�� -RKQ� *UHHQVWDGW�� 6SHFLDO� 3URJUDPV
*URXS��$SSOLHG�6FLHQFH�'LYLVLRQ�� ,%0�� IRU�GLVWULEXWLRQ� WR�6+$5(
PHPEHUV�� E\� OHWWHU� IURP� -RKQ�:�� %DFNXV�� 3URJUDPPLQJ� 5HVHDUFK
'HSW��,%0����SDJHV��

>�@� 
$GGLWLRQV�WR�)RUWUDQ�,,��'HVFULSWLRQ�RI�6RXUFH�/DQJXDJH�$GGLWLRQV
WR�WKH�)RUWUDQ����6\VWHP��1HZ�<RUN��3URJUDPPLQJ�5HVHDUFK��,%0
&RUS����������'LVWULEXWHG�WR�XVHUV�RI�)RUWUDQ�,,,�����SDJHV��

>�@� 
$VK��5���%URDGZLQ��(���'HOOD�9DOOH��9���.DW]��&���*UHHQ��0���-HQQ\�
$���DQG�<X��/���3UHOLPLQDU\�0DQXDO�IRU�0$7+�0$7,&�DQG�$5,7+�
0$7,&� 6\VWHPV� �IRU� $OJHEUDLF� 7UDQVODWLRQV� DQG� &RPSLODWLRQ� IRU
81,9$&�,�DQG�,,���3KLODGHOSKLD��5HPLQJWRQ�5DQG�8QLYDF�������

>�@� %DFNXV��-�:���³7KH�,%0�����6SHHGFRGLQJ�6\VWHP�´�-��$&0��YRO����
QR�����SS�������-DQ�������

>�@� 
�%DFNXV��-RKQ��/HWWHU�WR�-�+��/DQLQJ��-U������0D\������
>�@� %DFNXV�� -�:��� ³$XWRPDWLF� 3URJUDPPLQJ� �� 3URSHUWLHV� DQG� 3HUIRUP�

DQFH�RI�)25
,
5$1�6\VWHPV�,�DQG�,,�´�3URF��6\PS��0HFKDQLVDWLRQ�RI
7KRXJKW� 3URFHVVHV�� 7HGGLQJWRQ�� 0LGGOHVH[�� (QJODQG�� 1DWLRQDO
3K\VLFDO�/DERUDWRU\��1RY�������

>�@� %DFNXV�� -RKQ�� ³3URJUDPPLQJ� LQ�$PHULFD� LQ� WKH�1LQHWHHQ� )LIWLHV²
6RPH�3HUVRQDO� ,PSUHVVLRQV�´�1��0HWURSROLV�� -��+RZOHWW�� DQG�*LDQ�
&DUOR�5RWD��HGV���$�+LVWRU\�RI�&RPSXWLQJ� LQ� WKH�7ZHQWLHWK�&HQWXU\
�3URF��,QW¶O�&RQI��+LVWRU\�RI�&RPSXWLQJ��/RV�$ODPRV��1�0���������
1HZ�<RUN��$FDGHPLF�3UHVV��LQ�SUHVV�

>�@� %DFNXV��-RKQ��³&DQ�3URJUDPPLQJ�%H�/LEHUDWHG�)URP�WKH�YRQ�1HX�
PDQQ� 6W\OH"� $� )XQFWLRQDO� 6W\OH� DQG� ,WV� $OJHEUD� RI� 3URJUDPV�´
&RPP��$&0��YRO������QR�����SS�����������$XJ�������

>��@� %DFNXV��-�:���DQG�+HLVLQJ��:�3���³)RUWUDQ�´�,(((�7UDQV��(OHFWURQLF
&RPSXWHUV��YRO������QR�����SS�����������$XJ�������

>��@� %DFNXV��-RKQ�:���DQG�+HUULFN��+DUODQ��³,%0�����6SHHGFRGLQJ�DQG
2WKHU� $XWRPDWLF� 3URJUDPPLQJ� 6\VWHPV�´� 3URF�� 6\PS�� $XWRPDWLF
3URJUDPPLQJ� IRU� 'LJLWDO� &RPSXWHUV��:DVKLQJWRQ�� '�&��� 2IILFH� RI
1DYDO�5HVHDUFK��0D\������

>��@� %DFNXV�� -�:��� %HHEHU�� 5�-��� %HVW�� 6��� *ROGEHUJ�� 5��� +DLEW�� /�0��
+HUULFN�� +�/��� 1HOVRQ�� 5�$��� 6D\UH�� '��� 6KHULGDQ�� 3�%�� 6WHUQ�� +��
=LOOHU��,���+XJKHV��5�$���DQG�1XWW��5���³7KH�)RUWUDQ�$XWRPDWLF�&RG�
LQJ� 6\VWHP�´� 3URF�� :HVWHUQ� -RLQW� &RPSXWHU� &RQI��� /RV� $QJHOHV�
)HE�������

>��@� %DNHU��&KDUOHV�/���³7KH�3$&7�,�&RGLQJ�6\VWHP�IRU� WKH�,%0�7\SH
����´�-��$&0��YRO�����QR�����SS�����������2FW�������

>��@� %HODG\��/�$���0HDVXUHPHQWV�RQ�3URJUDPV��2QH�/HYHO�6WRUH�6LPXOD�
WLRQ�� <RUNWRZQ� +HLJKWV�� 1�<��� ,%0� 7KRPDV� -�� :DWVRQ� 5HVHDUFK
&HQWHU��7HFK��5HS��5&����������-XQH������

>��@� %|KP��&RUUDGR��³&DOFXODWULFHV�GLJLWDOHV��'X�GpFKLIIUDJH�GH�IRUPXOHV
ORJLFR�PDWKpPDWLTXHV� SDU� OD�PDFKLQH�PrPH� GDQV� OD� FRQFHSWLRQ� GX
SURJUDPPH�´�$QQ��GL�0DW��3XUD�HG�$SSOLFDWD��YRO������QR�����SS������
����������

>��@� %RXULFLXV��:LOODUG�*���³2SHUDWLQJ�([SHULHQFH�:LWK�WKH�/RV�$ODPRV
����´�3URF��(DVWHUQ�-RLQW�&RPSXWHU�&RQI���:DVKLQJWRQ��'�&���'HF�
�����

>��@� %ULJKW��+HUEHUW�6����³)RUWUDQ�&RPHV�WR�:HVWLQJKRXVH�%HWWLV�´�&RP�
SXWHUV�DQG�$XWRPDWLRQ��1RY��������$OVR�LQ�$QQDOV�RI�WKH�+LVWRU\�RI
&RPSXWLQJ��-XO\������

>��@� %URZQ��-�+��DQG�&DUU��-RKQ�:���,,,��³$XWRPDWLF�3URJUDPPLQJ�DQG�,WV
'HYHORSPHQW�RQ�0,'$&�´�3URF��6\PS��$XWRPDWLF�3URJUDPPLQJ�IRU
'LJLWDO� &RPSXWHUV��:DVKLQJWRQ�� '�&��� 2IILFH� RI� 1DYDO� 5HVHDUFK�
0D\������

>��@� &RFNH�� -RKQ�� DQG� 6FKZDUW]�� -�7��� 3URJUDPPLQJ� /DQJXDJHV� DQG
7KHLU�&RPSLOHUV��1HZ�<RUN��1HZ�<RUN�8QLY���&RXUDQW� ,QVWLWXWH�RI
0DWKHPDWLFDO�6FLHQFHV��$SU�������

>��@� &UHVV��3DXO��'LUNVHQ��3DXO��DQG�*UDKDP��-��:HVOH\��)RUWUDQ�,9�:LWK
:$7)25�DQG�:$7),9��(QJOHZRRG�&OLIIV��1�-���3UHQWLFH�+DOO�������

>��@� 'LMNVWUD�� (GVJHU� :��� $� 'LVFLSOLQH� RI� 3URJUDPPLQJ�� (QJOHZRRG
&OLIIV��1�-���3UHQWLFH�+DOO�������

>��@� *UHPV��0DQGDOD\�� DQG�3RUWHU��5�(��� ³$�7UXO\�$XWRPDWLF� 3URJUDP�
PLQJ�6\VWHP�´�3URF��:HVWHUQ�-RLQW�&RPSXWHU�&RQI��������

>��@� +RDUH��&�$�5��� ³$Q�$[LRPDWLF�%DVLV� IRU�&RPSXWHU�3URJUDPPLQJ�´
&RPP��$&0��YRO������SS����������������2FW�������

>��@� 
,%0�� 3URJUDPPHU
V� 5HIHUHQFH� 0DQXDO�� WKH� )RUWUDQ� $XWRPDWLF
&RGLQJ�6\VWHP�IRU�WKH�,%0�����('30��1HZ�<RUN��,%0�&RUS�����
2FW�� ����� �$SSOLHG� 6FLHQFH� 'LYLVLRQ� DQG� 3URJUDPPLQJ� 5HVHDUFK
'HSW���:RUNLQJ�&RPPLWWHH�� -�:�� %DFNXV�� 5�-�� %HHEHU�� 6�� %HVW�� 5�
*ROGEHUJ�� +�/�� +HUULFN�� 5�$�� +XJKHV� >8QLY�� RI� &DOLI�� 5DGLDWLRQ
/DE���/LYHUPRUH��&DOLI�@��/�%��0LWFKHOO��5�$��1HOVRQ��5��1XWW�>8QLWHG
$LUFUDIW� &RUS��� (DVW� +DUWIRUG�� &RQQ�@� '�� 6D\UH�� 3�%�� 6KHULGDQ�� +�
6WHUQ��,��=LOOHU��

>��@� 
�,%0��3URJUDPPHU¶V�3ULPHU�IRU�)RUWUDQ�$XWRPDWLF�&RGLQJ�6\VWHP
IRU�WKH�,%0������1HZ�<RUN��,%0�&RUS���IRUP�QR����������������

>��@� .QXWK�� 'RQDOG� (��� DQG� 3DUGR�� /XLV� 7UDEE�� ³(DUO\� 'HYHORSPHQW� RI
3URJUDPPLQJ� /DQJXDJHV�´�(QF\FORSHGLD� RI� &RPSXWHU� 6FLHQFH� DQG
7HFKQRORJ\��YRO�����S�������1HZ�<RUN��0DUFHO�'HNNHU�������

>��@� 
/DQLQJ��-�+���DQG�=LHUOHU��1���$�3URJUDP�IRU�7UDQVODWLRQ�RI�0DWKH�
PDWLFDO�(TXDWLRQV�IRU�:KLUOZLQG����&DPEULGJH��0DVV���0,7�,QVWUX�
PHQWDWLRQ�/DE���(QJLQHHULQJ�0HPRUDQGXP�(������-DQ�������



The History of Fortran I, II, and III

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

>��@� 0F&UDFNHQ�� 'DQLHO� '��� $� *XLGH� WR� )RUWUDQ� 3URJUDPPLQJ�� 1HZ
<RUN��-RKQ�:LOH\�������

>��@� 0RVHU�� 1RUD� %��� ³&RPSLOHU� 0HWKRG� RI� $XWRPDWLF� 3URJUDPPLQJ�´
3URF�� 6\PS�� $XWRPDWLF� 3URJUDPPLQJ� IRU� 'LJLWDO� &RPSXWHUV�
:DVKLQJWRQ��'�&���2IILFH�RI�1DYDO�5HVHDUFK��0D\������

>��@� 0XOOHU�� 'DYLG� (��� ³,QWHUSUHWLYH� 5RXWLQHV� LQ� WKH� ,//,$&� /LEUDU\�´
3URF�� 6\PS�� $XWRPDWLF� 3URJUDPPLQJ� IRU� 'LJLWDO� &RPSXWHUV�
:DVKLQJWRQ��'�&���2IILFH�RI�1DYDO�5HVHDUFK��0D\������

>��@� 
3UHOLPLQDU\�2SHUDWRU¶V�0DQXDO�IRU�WKH�)RUWUDQ�$XWRPDWLF�&RGLQJ
6\VWHP� IRU� WKH� ,%0�����('30��1HZ�<RUN�� ,%0�&RUS��� 3URJUDP�
PLQJ�5HVHDUFK�'HSW�����$SU�������

>��@� 2UJDQLFN�� (OOLRW� ,��� $� )RUWUDQ� 3ULPHU�� 5HDGLQJ�� 0DVV��� $GGLVRQ�
:HVOH\�������

>��@� 
3HUOLV��$�-���6PLWK��-�:���DQG�9DQ�=RHUHQ��+�5���,QWHUQDO�7UDQVODWRU
�,7���$�&RPSLOHU� IRU� WKH� ����� 3LWWVEXUJK��3D���&DUQHJLH� ,QVWLWXWH� RI
7HFKQRORJ\��0DU�������

>��@� 
� ³3UHOLPLQDU\� 5HSRUW�´� 6SHFLILFDWLRQV� IRU� WKH� ,%0� 0DWKHPDWLFDO
)25PXOD�75$1VODWLQJ�6\VWHP��)RUWUDQ��1HZ�<RUN��,%0�&RUS�����
1RY�� ����� �UHSRUW� E\� 3URJUDPPLQJ�5HVHDUFK�*URXS�� $SSOLHG� 6FL�
HQFH�'LYLVLRQ�� ,%0��'LVWULEXWHG� WR� SURVSHFWLYH� ���� FXVWRPHUV� DQG
RWKHU�LQWHUHVWHG�SDUWLHV�����SS���

>��@� 
�³3URSRVHG�6SHFLILFDWLRQV�´�3URSRVHG�6SHFLILFDWLRQV�IRU�)RUWUDQ��,
IRU� WKH� ����� ��� 6HSW�� ������ �8QSXEOLVKHG�PHPRUDQGXP�� 3URJUDP�
PLQJ�5HVHDUFK�'HSW���,%0��

>��@� 
5HPLQJWRQ�5DQG��,QF���7KH�$���&RPSLOHU�6\VWHP�2SHUDWLRQV�0DQ�
XDO��3UHSDUHG�E\�5LFKDUG�.��5LGJZD\�DQG�0DUJDUHW�+��+DUSHU�XQGHU
WKH�GLUHFWLRQ�RI�*UDFH�0��+RSSHU�����1RY�������

>��@� 5XWLVKDXVHU�� +HLQ]�� ³$XWRPDWLVFKH� 5HFKHQSODQIHUWLJXQJ� EHL� SUR�
JUDPPJHVWHXHUWHQ�5HFKHQPDVFKLQHQ�´�0LWWHLOXQJHQ�DXV�GHP�,QVW��ILU
DQJHZ��0DWK��DQ�GHU�(��7��+��=XQFK���QU�����%DVHO��%LUNKDXVHU�������

>��@� 6DPPHW�� -HDQ� (��� 3URJUDPPLQJ� /DQJXDJHV�� +LVWRU\� DQG� )XQGD�
PHQWDOV��(QJOHZRRG�&OLIIV��1�-���3UHQWLFH�+DOO�������

>��@� 6KHULGDQ��3HWHU�%���³7KH�$ULWKPHWLF�7UDQVODWRU�&RPSLOHU�RI�WKH�,%0
)RUWUDQ�$XWRPDWLF�&RGLQJ�6\VWHP�´�&RPP��$&0��YRO�����QR�����SS�
������)HE�������

>��@� 
6FKOHVLQJHU�� 6�,��� 'XDO� &RGLQJ� 6\VWHP�� /RV� $ODPRV�� 1�0��� /RV
$ODPRV�6FLHQFH�/DE���5HS��/$������-XO\������

>��@� =XVH�� .��� ³8EHU� GHQ� 3ODQNDON�O�´�(OHFWURQ� 5HFKHQDQO��� YRO�� ��� SS�
������������

>��@� =XVH��.���³'HU�3ODQNDON�O�´�%HQFKWH�GHU�&HVHOOVFKDIW�I�U�0DWKHPDWLN
XQG� 'DWHQYHUDUEHLWXQJ�� YRO�� ���� SDUW� ��� %RQQ�� ������ �0DQXVFULSW
SUHSDUHG�LQ�������

-RKQ� %DFNXV� OHG� WKH� GHYHORSPHQW� RI� )RU�
WUDQ� DQG� SDUWLFLSDWHG� LQ� GHVLJQLQJ� WKH� ,%0
����DQG�$OJRO��KH�SURSRVHG�³%1)´�IRU�V\Q�
WD[� GHVFULSWLRQ�� +H� UHFHLYHG� WKH� 1DWLRQDO
0HGDO�RI�6FLHQFH�LQ�������WKH�7XULQJ�$ZDUG
�$&0��LQ�������WKH�,(((�&RPSXWHU�6RFLHW\
3LRQHHU� $ZDUG� LQ� ������ DQG� WKH� &KDUOHV
6WDUN� 'UDSHU� $ZDUG� IURP� WKH� 1DWLRQDO
$FDGHP\� RI� (QJLQHHULQJ� LQ� ������ +H� LV� D
PHPEHU� RI� WKH� 1DWLRQDO� $FDGHP\� RI� 6FL�

HQFHV�DQG�WKH�1DWLRQDO�$FDGHP\�RI�(QJLQHHULQJ��+H�LV�FXUUHQWO\
UHWLUHG� IURP� KLV� MRE� DW� WKH� ,%0�5HVHDUFK� /DERUDWRU\�� 6DQ� -RVH�
&DOLIRUQLD��EXW�FRQWLQXHV�WR�FRQVXOW�ZLWK�,%0�IURP�WLPH�WR�WLPH�

7KH�DXWKRU�FDQ�EH�FRQWDFWHG�DW
���6W��*HUPDLQ�$YH�
6DQ�)UDQFLVFR��&$������


