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The performativity of code: software and cultures of circulation 
�

Adrian Mackenzie 

Introduction 
,Q�D�UHFHQW�QRYHO��'LVWUDFWLRQ��%UXFH�6WHUOLQJ�GHVFULEHV�D��IXWXUH�VFHQDULR�LQ�ZKLFK�
LQIRUPDWLRQ�QHWZRUNV�KDYH�WXUQHG�EDG��6WHUOLQJ���������%\�������&KLQD�KDV�IORRGHG�WKH�
ZRUOG
V�FRPSXWHU�QHWZRUNV�ZLWK�SLUDWHG�FRSLHV�RI�FRPPHUFLDO�VRIWZDUH���7KH�86�
HFRQRP\��ORQJ�VXSSRUWHG�E\�PRQRSROLVWLF�LQWHOOHFWXDO�SURSHUW\�DUUDQJHPHQWV��KDV�
FRQVHTXHQWO\�FROODSVHG��$�SRSXORXV�XQGHUFODVV�RI�XQHPSOR\HG�WHFKQLFLDQV��SURJUDPPHUV�
DQG�HQJLQHHUV�FDOOLQJ�WKHPVHOYHV�0RGHUDWRUV�URDP�WKURXJK�VSOLQWHUHG�XUEDQ�DQG�UXUDO�
]RQHV�LQ�EDQGV�KDUYHVWLQJ�DQG�UHF\FOLQJ�WHFKQRORJLFDO�MXQN�DQG��ZDVWH�SURGXFWV��
H[WUDFWLQJ�HQHUJ\��GLVFDUGHG�FRPSRQHQWV�DQG�PDWHULDOV�DQG�FRQYHUWLQJ�WKHP�LQWR�WRROV��
HQHUJ\�DQG�PDWHULDOV�IRU�WKHLU�RZQ�XVH���$W�WKH�FHQWUH�RI�SRVW�FRQVXPHU�QRPDGLF�
0RGHUDWRU�OLIH�VWDQGV�DQ�LPSRUWDQW�LQIUDVWUXFWXUDO�FRPSRQHQW��WKH�VHUYHUV��7KH�
0RGHUDWRUV
�VHUYHUV�PRQLWRU��FROODWH�DQG�UHFRUG�WKH�VWDWXV�RI�PHPEHUV�RI�WKH�
FRPPXQLW\��,QGLYLGXDO�VWDWXV�IOXFWXDWHV�LQ�UHDO�WLPH�LQ�UHVSRQVH�WR�FRQWLQXDO�SROOLQJ�E\�
WKH�VHUYHUV�RI�WKH�FRPPXQLW\
V�RSLQLRQ�RI�LQGLYLGXDO�FRQWULEXWLRQV�WR�WKH�OLIH�RI�WKH�
FROOHFWLYH���

6WHUOLQJ
V�VFHQDULR�LV�QRW�WRR�UHPRWH�IURP�VRPH�FRQWHPSRUDU\�UHDOLWLHV��$OWKRXJK�
VRIWZDUH�GHYHORSHUV�GR�QRW�LQ�DQ\�ODUJH�PHDVXUH�UHJDUG�WKHPVHOYHV�DV�D�GLVHQIUDQFKLVHG�
QRPDGLF�XQGHUFODVV��DQG�SURSHUW\�ULJKWV�KDYH�QRW�FROODSVHG��LQ�PRVW�GRPDLQV���VRIWZDUH�
FXOWXUHV�LQFUHDVLQJO\�GLVSOD\�WKH�NLQGV�RI�FRPSOH[�FROOHFWLYH�RUGHULQJV�WKDW�6WHUOLQJ�
GHVFULEHV��,PSRUWDQW�VHFWRUV�RI�VRIWZDUH�SURGXFWLRQ�DUH�LQ�WUDQVQDWLRQDO�PLJUDWLRQ�²�
EHWZHHQ�8.�(XURSH�86�DQG�$VLD�²�DQG�LQ�WUDQV�LQVWLWXWLRQDO�PRYHPHQW�EHWZHHQ�
FRUSRUDWLRQV��XQLYHUVLWLHV�DQG�ORRVH�DJJUHJDWHV�RI�SDLG�DQG�XQSDLG�ZRUNHUV��6RIWZDUH�
ZRUNHUV�PRYH�IURP�$VLD�WR�(XURSH�DQG�WKH�86$�XQGHU�VSHFLDO�LPPLJUDWLRQ�TXRWDV�DW�WKH�
VDPH�WLPH�DV�(XURSHDQ�DQG�$PHULFDQ�FRPSDQLHV�RXWVRXUFH�WKHLU�VRIWZDUH�GHYHORSPHQW�
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WR�VRIWZDUH�KRXVHV�LQ�,QGLD�RU�WKH�&DULEEHDQ��$W�WKH�VDPH�WLPH��VHOI�RUJDQLVHG�VRIWZDUH�
SURMHFWV�UHO\LQJ�RQ�QHWZRUN�VHUYHUV�JHQHUDWH�ODUJH�VFDOH�FRGH�REMHFWV�VXFK�DV�RSHUDWLQJ�
V\VWHPV�DQG�ZHE�VHUYHUV�ZKLFK�OHDGLQJ�FRPSXWLQJ�HQWHUSULVHV�VXFK�DV�,%0�DQG�$SSOH�
WDNH�XS��VSRQVRU�DQG�SURPRWH� � ��3URJUDPPHUV�VXFK�DV�/LQXV�7RUYDOGV��/DUU\�:DOO��$ODQ�
&R[��DQG�5LFKDUG�6WDOOPDQ�UHDFK�FHOHEULW\�VWDWXV�ZLWKLQ�SURJUDPPLQJ�FXOWXUHV��DQG�
PLQRU�VWDUGRP�LQ�WKH�PDVV�PHGLD��

$OWKRXJK�WKHUH�KDV�EHHQ��D�SURIXVH�DFNQRZOHGJPHQW�RI�WKH�PRELOLW\��G\QDPLVP�DQG�
RSHUDWLRQDOLW\�DVVRFLDWHG�ZLWK�LQIRUPDWLRQ�QHWZRUNV��3RVWHU�������&DVWHOOV��������/DVK�
��������XQGHUVWDQGLQJ�WKH�FXOWXUDO�VSHFLILFLW\�RI�VRIWZDUH�RU�FRGH�REMHFWV�UHPDLQV�
GLIILFXOW��7KDW�VSHFLILFLW\�LV�SUREOHPDWLF��VRIWZDUH�KDV��EHHQ�KHDYLO\�FRPPRGLILHG�VLQFH�
WKH�HDUO\�����V�ZKHQ�SHUVRQDO�FRPSXWHUV�ILUVW�EHJDQ�WR�FKDQJH�IURP�KREE\LVW�GHYLFHV�WR�
RIILFH�FRPSXWHUV�UXQQLQJ�VSUHDGVKHHWV�VXFK�DV�9LVLFDOF�DQG�ZRUG�SURFHVVLQJ�SURJUDPV�
VXFK�:RUG6WDU��/RKU���������<HW�VRIWZDUH�UHVLVWV�FRPPRGLILFDWLRQ�LQ�YDULRXV�ZD\V�²�WKH�
WRROV�QHHGHG�WR�GHYHORS�VRIWZDUH�DUH�ZLGHO\�DYDLODEOH�DQG�SURSULHWDU\�FODLPV�RYHU�
DOJRULWKPV�DUH�KDUG�WR�GHIHQG��6RIWZDUH�RIWHQ�UHPDLQV�LQYLVLEOH�EHFDXVH�LW�LV�
LQIUDVWUXFWXUDO��%RZNHU�	�6WDU��������DQG�GLVWULEXWHG�WKURXJK�PDQ\�GLIIHUHQW�FKDQQHOV��
6RIWZDUH�SURGXFWLRQ�DQG�FRQVXPSWLRQ�LV��DOVR�WKH�REMHFW�RI�LQWHQVHO\�HPERGLHG�
LGHQWLILFDWLRQV�DQG�SHUVRQDO�VW\OHV�3HUO�SURJUDPPHUV�YV�3\WKRQ�SURJUDPPHUV��-DYD�
SURJUDPPHUV�YV�&���FRGLQJ���,W�LV�GLYLGHG�LQWR�SODWIRUP�VSHFLILF�VXEFXOWXUHV��8QL[�
SURJUDPPHUV�YV�:LQGRZV�SURJUDPPHUV���,W�LV�DW�RQFH�WKRURXJKO\�SHUYDGHG�E\�LQWHUOLQNHG�
JOREDO�VWDQGDUGV�DQG�FRQYHQWLRQV��VXFK�DV�FRPPXQLFDWLRQ�SURWRFROV���DQG�DQDUFKLFDOO\�
SRO\PRUSKLF�DQG�PXWDEOH��1HZ�FRQYHQWLRQV�FRQVWDQWO\�FRPSHWH�ZLWK�H[LVWLQJ�VWDQGDUGV����
1XPHURXV�GHEDWHV��LGHQWLWLHV��IRUPV�RI�FRPPRGLILFDWLRQ��FDSLWDOLVDWLRQ��DQG�UHJXODWLRQ�
VZLUO�DURXQG�VRIWZDUH��(VWDEOLVKLQJ�D�FULWLFDO�\HW�V\QRSWLF�FXOWXUDO�YLHZSRLQW�RQ�VRIWZDUH�
DQG�FRGH�DV�RSHUDWLRQDO�REMHFWV�UHPDLQV�GLIILFXOW���

7KLV�SDSHU�LQYHVWLJDWH�VRPH�FRQWHPSRUDU\�PLJUDWLRQV��WUDQVORFDWLRQV�DQG�WZLVWV�LQ�WKH�
WHFKQRVFDSH � � �DVVRFLDWHG�ZLWK�RQH�KLJKO\�FRPSOH[�DQG�SRO\PRUSKRXV�FRGH�REMHFW��WKH�
/LQX[�NHUQHO��WKH�FRUH�FRPSRQHQW�RI�WKH�*18�/LQX[�RSHUDWLQJ�V\VWHP��/LQX[�LV�RIWHQ�
FLWHG�DV�WKH�SULPDU\�H[DPSOH�RI�IUHH�VRIWZDUH�RU�
2SHQ�6RXUFH�6RIWZDUH
���LWVHOI�D�WHUP�
FRLQHG�E\�FRPPHUFLDO�VRIWZDUH�SURGXFHUV�DQG�FRPSXWHU�ERRN�SXEOLVKHUV�LQ������WR�
GLVSHO�WKH�PRUH�ILQDQFLDOO\�GLVWXUELQJ�FRQQRWDWLRQV�RI�
IUHH
�VRIWZDUH�GXULQJ�WKH�GRW�FRP�
ERRP���/LQX[�KDV�PDGH�WKH�FRYHU�RI�7LPH��LW�KDV�IUHTXHQWO\�EHHQ�GLVFXVVHG�LQ�HGLWRULDOV��
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UHFHLYHG�WKH�*ROGHQ�1LFD�SUL]H�RI�$UV�(OHFWURQLFD��$UV�(OHFWURQLFD���������LW�KDV�
JHQHUDWHG�VXEVWDQWLDO�VSHFXODWLYH�DFWLYLW\�RQ�ILQDQFLDO�PDUNHWV�GXULQJ�WKH�ODWH�����V�
�7D\ORU���������,W�KDV�HQUROOHG�WHQV�RI�WKRXVDQGV�RI�SURJUDPPHUV�DQG�VRIWZDUH�
GHYHORSHUV�LQ��PRVWO\��XQSDLG�VRIWZDUH�GHYHORSPHQW�SURMHFWV��$W�WKH�VDPH�WLPH��/LQX[��
DQG�WKH�RWKHU�PDMRU�RSHQ�VRXUFH�VXFFHVV�VWRU\��$SDFKH��D�ZHE�VHUYHU���KDYH�EHHQ�IDLUO\�
TXLFNO\�VORWWHG�LQWR�FRUSRUDWH�VRIWZDUH�SURGXFWLRQ�DW�FRPSDQLHV�VXFK�DV�,%0��&RPSDT��
+HZOHWW�3DFNDUG��$SSOH��DQG�6XQ�0LFURV\VWHPV��,Q�WKH�PHDQWLPH��RSHQ�VRXUFH�VRIWZDUH�
KDV�JHQHUDWHG�KXJH�TXDQWLWLHV�RI�PHWD�FRPPHQWDU\�DERXW�VRIWZDUH��RI�ZKLFK�WKLV�SDSHU�
IRUPV�D�SDUW���DQG�FKDOOHQJHG�WKH�EODFNER[LQJ�RI�FRPPHUFLDO�VRIWZDUH�LQ�LPSRUWDQW�
GRPDLQV���

7HFKQLFDOO\��WKH�/LQX[�NHUQHO��GDWLQJ�IURP�ODWH��������LV�QRW�DQ�RULJLQDO�RU�WRWDOO\�QHZ�
WKLQJ��$V�LV�ZHOO�NQRZQ��LW�H[SOLFLWO\��FORQHV�DQRWKHU�ROGHU�PDLQVWUHDP�RSHUDWLQJ�V\VWHP��
8QL[��LWVHOI�GDWLQJ�IURP�WKH�ODWH�����V���2UJDQLVDWLRQDOO\�WRR��/LQX[�LV�D�KLJKO\�
FHQWUDOLVHG�SURMHFW�LQ�PDQ\�ZD\V��7KH�YHU\�WHUP�NHUQHO��RU�FRUH��LPSOLHV�D�GHJUHH�RI�
FHQWULQJ�WKDW�PRUH�UDGLFDO�WHFKQLFDO�DUFKLWHFWXUHV�KDYH�GLVSHQVHG�ZLWK���(YHQ�DIWHU����
\HDUV��WKH�SURMHFW�LV�FORVHO\�FRQWUROOHG�E\�DQG�ILJXUHG�LQ�WHUPV�RI�RQH�SHUVRQ��WKH�)LQQLVK�
SURJUDPPHU�/LQXV�7RUYDOGV��1HLWKHU�WKH�PLQRU�FHOHEULW\�RI�7RUYDOGV��QRU�WKH�UHODWLYHO\�
FRQYHQWLRQDO�DUFKLWHFWXUH�RU�WHFKQLFDO�IHDWXUHV�RI�/LQX[�LWVHOI�FRQVWLWXWH�UDGLFDO�
LQQRYDWLRQV��6R�KRZ�GRHV�VRPHWKLQJ�VXFK�DV�/LQX[�EHFRPH�WKH�REMHFW�RI�LQWHQVH�IHHOLQJ"�
+RZ�GRHV�LW�PDQDJH�WR�HQOLVW�KDFNHUV�DQG�SURJUDPPHUV�WR�ZRUN�LQRUGLQDWHO\�KDUG�RQ�LW��
DQG�DW�WKH�VDPH�WLPH�EHFRPH�VRPHWKLQJ�WKDW�:DOO�6WUHHW��:HVW�&RDVW�YHQWXUH�FDSLWDO��
WKH�3HQWDJRQ��WKH�(XURSHDQ�8QLRQ��VFKRROV�LQ�*RD��WKH�-DSDQHVH�JRYHUQPHQW���DQWL�
JOREDOLVDWLRQ�SURWHVWHUV�LQ�*HQRD�DQG�PDQ\�RWKHU�LQVWLWXWLRQV��EXW�QRW�86�&RQJUHVV�
�1HZV)RUJH����������RUJDQLVDWLRQV��JURXSV�DQG�LQGLYLGXDOV�VHH�DV�D�GHVLUDEOH��DV�D�
VROXWLRQ�WR�WKHLU�SUREOHPV"��

7KLV�SDSHU�DUJXHV�WKDW�WKH�RQJRLQJ�GHYHORSPHQW�RI�/LQX[�FDQ�EH�XQGHUVWRRG�DV�D�SDUWLDO�
VROXWLRQ�WR�D�PRUH�JHQHUDO�SUREOHP�FRQFHUQLQJ�WKH�UHODWLRQ�EHWZHHQ�LQIRUPDWLRQ�
LQIUDVWUXFWXUHV�DQG�FRQYHQWLRQV��SURSULHWDU\�REMHFWV��DQG�WKH�JHQGHUHG�LGHQWLW\�RI�

NQRZOHGJH�ZRUNHUV
�VXFK�DV�SURJUDPPHUV��/LQX[�UHSUHVHQWV�D�IRUP�RI�FROOHFWLYH�DJHQF\�
LQ�WKH�SURFHVV�RI�FRQVWLWXWLQJ�LWVHOI�SHUIRUPDWLYHO\��%\�YLUWXH�RI�LWV�RSHUDWLRQDOLW\��,�ZLOO�
VXJJHVW�WKDW�LQ�VHPLRWLF�WHUPV�/LQX[�DPRXQWV�WR�DQ�LQGH[LFDO�LFRQ��VRPHWKLQJ�WKDW�
UHFXUVLYHO\�UHIHUV�WR�D�GHVFULSWLRQ�RI�LWVHOI��3XW�PRUH�FRQFLVHO\��LW�LV�
D�VHOI�UHIOH[LYH�XVH�
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RI�UHIHUHQFH�WKDW��LQ�FUHDWLQJ�D�UHSUHVHQWDWLRQ�RI�DQ�RQJRLQJ�DFW��DOVR�HQDFWV�LW
��/HH�	�
/LSXPD��������������7KH�SHUIRUPDWLYH�FRQVWLWXWLRQ�RI�FROOHFWLYH�DJHQF\�DVVRFLDWHG�ZLWK�
/LQX[�LV�FRPSOH[��-XVW�DV�WKH�/LQX[�NHUQHO�ZRUNV�E\�FR�RUGLQDWLQJ�DQG�VFKHGXOLQJ�
FRPSXWLQJ�SURFHVVHV�RI�PDQ\�GLIIHUHQW�NLQGV��VR�WRR�WKH�RQJRLQJ�GHYHORSPHQW�RI�/LQX[�
LQYROYHV�FR�RUGLQDWLRQ�DQG�VFKHGXOLQJ�RI�PDQ\�GLIIHUHQW�SURJUDPPHUV
�ZRUN��7RJHWKHU�
WKH�VRFLDO�RUJDQLVDWLRQ�RI�FRGH�ZRUN�DQG�WKH�RSHUDWLQJ�V\VWHP�LWVHOI�FRQVWLWXWH�D�
SHUIRUPDWLYH�SURFHVV�LQ�ZKLFK�GHVFULELQJ�DQG�HQDFWLQJ�ZKDW�LV�GHVFULEHG�FRDOHVFH��
,PSRUWDQWO\���SHUIRUPDWLYLW\�ZRUNV�E\�FRYHULQJ�RYHU�DQG�KROGLQJ�VRPHWKLQJ�LQ�SODFH��,Q�
WKLV�UHJDUG��DV�ZH�ZLOO�VHH��WKH�FDSDFLW\�RI�WKH�/LQX[�FROOHFWLYHV�WR�FKDOOHQJH�JHQGHU�
QRUPV�UHPDLQV�VHYHUHO\�OLPLWHG����

The problem of operationality 
,QIRUPDWLRQ�QHWZRUNV�WDNH�PDQ\�GLIIHUHQW�IRUPV�DQG�UHO\�RQ�D�YDULHW\�RI�GLIIHUHQW�
PDWHULDOV�WR�SURSRJDWH�DQG�FLUFXODWH�PHVVDJHV��HWKHUQHW��FDEOH��PRGHP��ZLUHOHVV��
VDWHOOLWH��UDGLR��PLFURZDYH��RSWLFDO�ILEUH�HWF���7KHVH�GLIIHUHQW�PDWHULDOV�JHQHUDOO\�
FRQQHFW�LQWR��D�UHODWLYHO\�VPDOO�UDQJH�RI�FRPSXWLQJ�KDUGZDUH��,QWHO��6SDUF��3RZHU3&��
DQG�RSHUDWLQJ�V\VWHP�SODWIRUPV��8QL[��:LQGRZV��/LQX[��0DF26���$V�/DVK�VD\V��SODWIRUPV�
FRQVWLWXWH�]RQHV�RQ�ZKLFK�
WHFKQRORJLFDO�IRUPV�RI�OLIH
�GHSHQG��/DVK������������ � � � �/LQX[�
FRQVWLWXWHV�RQH�VXFK�SODWIRUP� � � ��,W�LV�DQ�RSHUDWLQJ�V\VWHP�FXUUHQWO\�RSHUDWLQJ�DW�WHQV�RI�
PLOOLRQV�RI�GLIIHUHQW�SRLQWV�LQ�WKH�LQIRUPDWLRQ�QHWZRUNV���,W�FRQVWLWXWHV�D�GRPDLQ��,�ZLOO�
DUJXH���ZKHUH�SUREOHPV�RI�SURSHUW\��FRPPRGLW\�VSHFLILFLW\��FRPPXQLFDWLRQ�DQG�
SURGXFWLRQ�DUH�SOD\HG�RXW�IDLUO\�LQWHQVHO\��/LNH�RWKHU�RSHUDWLQJ�V\VWHPV�VXFK�DV�WKRVH�
SURGXFHG�E\�0LFURVRIW�RU�$SSOH��/LQX[�SXWV�OD\HUV��PDQ\�OD\HUV�LQ�IDFW���RI�FRGH�EHWZHHQ�
WKH�ORRVHO\�DVVHPEOHG�FRPPRGLW\�KDUGZDUH��FSXV��PRWKHUERDUGV��GLVN�GULYHV��QHWZRUN�
LQWHUIDFHV��YDULRXV�SDUWV��JUDSKLFV�DQG�VRXQGV�FDUGV��HWF��DQG�WKH�DSSOLFDWLRQ�VRIWZDUH�
�YDULRXV�SURJUDPV�DQG�DSSOLFDWLRQV�VXFK�DV�ZHEVHUYHUV��GDWDEDVHV��ZRUG�SURFHVVLQJ�
SURJUDPV��RQ�ZKLFK�XVHU�LQWHUIDFHV�DUH�IRFXVHG��/LQX[�GLIIHUV�IURP�RSHUDWLQJ�V\VWHPV�
VROG�E\�0LFURVRIW�DQG�$SSOH�LQ�WKDW�LW�UXQV�RQ�D�UDQJH�RI�GLIIHUHQW�KDUGZDUH�SODWIRUPV��
UDQJLQJ�IURP�KDQGKHOG�FRPSXWHUV��6KDK���������WKURXJK�JDPH�FRQVROHV�VXFK�DV�6HJD�
'UHDPFDVW�DQG�6RQ\�3OD\6WDWLRQ�WR�,%0�VXSHUFRPSXWHU�FOXVWHUV��/DWHO\�/LQX[�
SRUWV
��RU�
DGDSWDWLRQV��KDYH�DSSHDUHG�IRU�YDULRXV�HPEHGGHG�RU�UHDOWLPH�SODWIRUPV�XVHG�LQ�
FRQWUROOHG�QRQ�FRPSXWLQJ�GHYLFHV�RU�V\VWHPV��
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�$SDUW�IURP�WKH�LQFHVVDQW�VWUXJJOHV�RYHU�PDUNHW�VKDUH�EHWZHHQ�0LFURVRIW�DQG�$SSOH��DQG�
WKH�HQGOHVV�GHEDWHV�DQG�FDPSDLJQV�WKDW�VWUXJJOH�RYHU�WKH�UHODWLYH�PHULWV�RI�0DF�YV��
:LQGRZV��WKH�TXHVWLRQ�RI�ZKDW�RSHUDWLQJ�V\VWHP�UXQV�RQ�D�JLYHQ�KDUGZDUH�SODWIRUP�
ZRXOG�KDUGO\�DSSHDU�WR�EH�D�SUHVVLQJ�FXOWXUDO�TXHVWLRQ��/LQX[�HPHUJHV�IURP�WKH�
UHODWLYHO\�DIIOXHQW�GRPDLQV�RI�XQLYHUVLW\�FRPSXWHU�VFLHQFH�GHSDUWPHQWV��FRUSRUDWH�,7�
GHSDUWPHQWV�DQG�UHVHDUFK�ODEV��DQG�YDULRXV�VRIWZDUH�86�FRPSXWHU�FRPSDQLHV��/LQX[�KDV�
KRZHYHU��WR�D�FHUWDLQ�H[WHQW��JRQH�EH\RQG�WKHVH�SULYLOHJHG�GRPDLQV�RI�WHFKQLFDO�
SURGXFWLRQ��2QH�TXHVWLRQ�LV�KRZ�WKDW�KDV�KDSSHQHG���/DVK�VXJJHVWV�WKDW�
>L@Q�WKH�
UHSUHVHQWDWLRQDO�FXOWXUH�WKH�VXEMHFW�LV�LQ�D�GLIIHUHQW�ZRUOG�WKDQ�WKLQJV��,Q�WKH�
WHFKQRORJLFDO�FXOWXUH�WKH�VXEMHFW�LV�LQ�WKH�ZRUOG�ZLWK�WKLQJV
��/DVK��������������:LWKLQ�
WHFKQRORJLFDO�FXOWXUHV��RSHUDWLQJ�V\VWHPV�DQG�VHUYHU�VRIWZDUH�FRQVWLWXWH�MXVW�VXFK�WKLQJV�
RU�FXOWXUDO�REMHFW��$V�FXOWXUH�EHFRPHV�
RSHUDWLRQDO
��RU�DV�LQIRUPDWLRQ�WHFKQRORJLHV�
EHFRPH�PRUH�FXOWXUDO��WKDW�LV��DV�WKH\�PHUJH�LQWR�ZLGHU�FLUFXODWRU\�SUDFWLFHV�RI�RUGHULQJ�
DQG�FRGLQJ��RI�UHSUHVHQWLQJ�DQG�UHJXODWLQJ�GLIIHUHQFHV�LQ�VRPH�ZD\V�DQG�QRW�RWKHUV��
HUVWZKLOH�LQIUDVWUXFWXUDO�WKLQJV�OLNH�RSHUDWLQJ�V\VWHPV��SURWRFROV��DOJRULWKPV�DQG�FRGH�
ILJXUH�PRUH�VLJQLILFDQWO\���

,Q�ZKDW�VHQVH�GRHV�DQ�RSHUDWLQJ�V\VWHP��RU�IRU�WKDW�PDWWHU���D�JHQRPH��D�SXEOLF�
GDWDEDVH��D�VWHP�FHOO��HWF��FRQVWLWXWH�D�FXOWXUDO�REMHFW"�$Q�RSHUDWLQJ�V\VWHP�LV�KDUGO\�D�
PHGLXP��LQ�WKH�VHQVH�WKDW�WHOHYLVLRQ�RU�QHZVSDSHUV�DUH�PHGLD���1RU�LV�DQ�RSHUDWLQJ�
V\VWHP�D�PHVVDJH��ZKRVH�FRQWHQW�RU�PHDQLQJ�FDQ�EH�DQDO\VHG��&HUWDLQO\��RSHUDWLQJ�
V\VWHPV�DUH�RIWHQ�SURGXFWV�WKDW�DUH�SDFNDJHG��FLUFXODWHG��UHJXODWHG��DV�LQ�WKH�86�
$WWRUQH\�*HQHUDO
V�DQWL�WUXVW�DFWLRQ�DJDLQVW�0LFURVRIW�&RUSRUDWLRQ
V�:LQGRZV�RSHUDWLQJ�
V\VWHP��DQG�FRQVXPHG�RQ�D�PDVVLYH�VFDOH��<HW�DW�WKH�VDPH�WLPH��DV�/LQX[�LQGLFDWHV��DQ�
RSHUDWLQJ�V\VWHP�PD\�QRW�EH�UHGXFLEOH�WR�D�FRQYHQWLRQDO�FRPPRGLILHG�REMHFW�LI�LW�
FRQVWDQWO\�PRGXODWHV�DV�LW�PRYHV�WKURXJK�D�GLVWULEXWHG�FROOHFWLYH�RI�SURJUDPPHUV�DQG�
V\VWHP�DGPLQLVWUDWRUV��%\�FRQWUDVW��WKH�VDPH�WKLQJ�FDQQRW�EH�VDLG�IRU�FRPSXWHU�
KDUGZDUH��$OPRVW�ZLWKRXW�H[FHSWLRQ��FRPSXWHU�KDUGZDUH�LV�FRPPRGLILHG�DQG�LWV�
SURGXFWLRQ�LV�LQGXVWULDO���

$Q�RSHUDWLQJ�V\VWHP�VXFK�DV�/LQX[�FKDOOHQJHV�WKH�W\SLFDO�DQDO\WLFDO�VHSDUDWLRQ�EHWZHHQ�
SURGXFWLRQ��FLUFXODWLRQ�DQG�UHFHSWLRQ��FRQVXPSWLRQ��XVH��VSHFWDWLQJ�RU�DXGLHQFLQJ��LQ�D�
QXPEHU�RI�ZD\V��,I�PXFK�VRFLDO�DQG�FXOWXUDO�WKHRU\�UHOLHV�RQ�WKDW�VHSDUDWLRQ�GH�IDFWR��
WKH�TXHVWLRQ�UHPDLQV��ZKDW�NLQG�RI�FXOWXUH�REMHFW�LV�/LQX["�7KURXJK�ZKDW�PRGDOLWLHV�



������
�WHFKQRORJLFDO��FRPSRVLWLRQDO��VRFLDO��DQG�DW�ZKDW�VLWHV��SURGXFWLRQ��UHFHSWLRQ��DV�DQ�
REMHFW�LQ�LWV�RZQ�ULJKW��VKRXOG�LW�EH�DQDO\VHG"�

Software performance and performativity 
$V�D�WHFKQLFDO�REMHFW��WKH�SULQFLSDO�FODLPV�PDGH�IRU�/LQX[�KDYH�EHHQ�UHPDUNDEO\�
FRQVLVWHQW��7KH�FODLPV�DUH�WKDW�/LQX[�LV�
IUHH
�DQG�WKDW�LW�SHUIRUPV�EHWWHU�WKDQ�VLPLODU�
FRPPHUFLDO�SURGXFWV�VXFK�DV�WKRVH�PDGH�E\�0LFURVRIW�RU�6XQ��/HDYLQJ�DVLGH�IRU�PRPHQW�
WKH�TXHVWLRQ�RI�ZKHWKHU�RU�KRZ�/LQX[�LV�
IUHH
��/LQX[�KDV�EHHQ�DQG�FRQWLQXHV�WR�EH�
FOHDUO\�ILJXUHG�LQ�WHUPV�RI�LWV�WHFKQLFDO�SHUIRUPDQFH���)RU�LQVWDQFH��D�UHFHQW�DGYHUWLVLQJ�
FDPSDLJQ��IRU�WKH�GDWDEDVH�DQG�
HQWHUSULVH�LQIUDVWUXFWXUH
�FRPSDQ\�2UDFOH�&RUSRUDWLRQ��
FODLPV�WKDW�/LQX[�DQG�2UDFOH�WRJHWKHU�DUH�
XQEUHDNDEOH
��2UDFOH�&RUSRUDWLRQ���������
&RPSXWHU�FRPSDQLHV�UDQJLQJ�IURP��,%0��&RPSDT��+HZOHWW�3DFNDUG��WR�'HOO��DV�ZHOO�DV�
UHWDLOHUV�VXFK�DV�:DO�0DUW�DOO�FXUUHQWO\�VHOO�/LQX[�RQ�WKLV�EDVLV��)RU�WKH�PRVW�SDUW��WKH\�
PDUNHW�/LQX[�WR�FRUSRUDWH�DQG�JRYHUQPHQW�FOLHQWV��+RZHYHU��LQ�VRPH�SODFHV��FRQVXPHU�
VDOHV�RI�/LQX[�KDYH�EHFRPH�VLJQLILFDQW��,Q�&KLQD��ZKHUH�OHJDO�FRQWUROV�RYHU�LQWHOOHFWXDO�
SURSHUW\�DUH�EHJLQQLQJ�WR�EH�HQIRUFHG�DV�D�FRQGLWLRQ�RI�&KLQD
V�HQWU\�LQWR�WKH�:RUOG�
7UDGH�2UJDQLVDWLRQ��D�GLVWULEXWLRQ�/LQX[�FDOOHG�7XUER/LQX[�RXWVHOOV�0LFURVRIW�:LQGRZV�
�7XUER/LQX[���������:H�FRXOG�VD\�WKHQ�WKDW�DV�D�FXOWXUDO�REMHFW��/LQX[�ILJXUHV�ODUJHO\�LQ�
WHUPV�RI�SHUIRUPDQFH�FRPELQHG�ZLWK�ORZ�FRVW��+RZ�FDQ�WKDW�SHUIRUPDQFH��GHQRWHG�E\�
WHUPV�VXFK�DV�
XQEUHDNDEOH
��
SURYHQ�SHUIRUPHU
��5HGKDW���������RU�
VWDELOLW\�
�EH�DQDO\VHG�
ZLWKRXW�IDOOLQJ�EDFN�RQ�D�QDWXUDOLVHG�RU�WHFKQRORJLVWLF�XQGHUVWDQGLQJ�RI�SHUIRUPDQFH"�

%URDGO\�VSHDNLQJ��WKH�WHFKQLFDO�SHUIRUPDQFH�RI�/LQX[�LV�UHSUHVHQWHG�ZLWKLQ�D�GLVFXUVLYH�
IRUPDWLRQ�DVVRFLDWHG�ZLWK�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�SURFHVVHV��7KDW�IRUPDWLRQ�
GLVFXUVLYHO\�VLWXDWHV�DQG�FRPSOLFDWHV�DQ\�XQPHGLDWHG�WHFKQLFDO�
SHUIRUPDQFH
�RI�/LQX[��
&UXFLDOO\���,�DP�SURSRVLQJ�WKDW�WHFKQLFDO�SHUIRUPDQFH�LWVHOI�LV�FRXSOHG��LQ�ZD\V�WKDW�QHHG�
WR�EH�DQDO\VHG��WR�SHUIRUPDWLYLW\��$V�SRZHU�EHFRPHV�PRUH�
SHUIRUPDWLYH
��
SRZHU�LWVHOI�
LV�QR�ORQJHU�SULPDULO\�SHGDJRJLFDO�RU�QDUUDWLYH�EXW�LQVWHDG�LWVHOI�SHUIRUPDWLYH
��/DVK�
������������LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�V\VWHPV�DQG�QHWZRUNV�FRPH�WR�EH�RQH�
LPSRUWDQW�YHQXH�LQ�ZKLFK�WKH�SHUIRUPDWLYLW\�RI�SRZHU�LV�HQDFWHG���:KDW�GRHV�LW�PHDQ�WR�
VD\�WKDW�DQ�REMHFW�EHFRPHV�SHUIRUPDWLYH"�*LYHQ�WKH�PDQ\�ZD\V��VLWHV�DQG�OHYHOV�DW�
ZKLFK�SHUIRUPDWLYLW\�ZRUNV��DQG�WKH�ODUJH�VFDOH�GLIIHUHQFHV�RI�FODVV��UDFH��JHQGHU�DQG�
VH[XDOLW\�IRU�ZKLFK�WKH�FRQFHSWXDO�DSSOLFDWLRQV�RI�SHUIRUPDWLYLW\�KDYH�EHHQ�GHYHORSHG��



������
KRZ�LV�VRPHWKLQJ�TXLWH�LQIUDVWUXFWXUDO�OLNH�/LQX[�DW�DOO�VLJQLILFDQW�LQ�WKH�FRQWHPSRUDU\�
SHUIRUPDWLYLW\�RI�SRZHU"���

2QH�UHDVRQ�WR�VSHDN�RI�SHUIRUPDWLYLW\�LV�WR�DFFRXQW�IRU�WKH�HIIHFWV�RI�SRZHU�LQ�WHUPV�RI�
REMHFWLILFDWLRQV�RI�OLQJXLVWLF�SUD[LV��$FURVV�WKH�ZLGH�UDQJLQJ�GLVFXVVLRQV�LQ�VRFLDO��
SROLWLFDO�DQG�FXOWXUDO�WKHRU\�RI�SHUIRUPDWLYLW\�RYHU�WKH�ODVW�GHFDGH�RU�VR��%XWOHU��������
'HUULGD��������WKLV�GLPHQVLRQ�RI�SHUIRUPDWLYLW\�KDV�EHHQ�FRQWLQXDOO\�HPSKDVLVHG���$V�D�
SHUIRUPDWLYH�REMHFW��/LQX[�ZRXOG�KDYH�WR�EH�XQGHUVWRRG�QRW�MXVW�LQ�WHUPV�RI�WKH�
PHDQLQJV�DVFULEHG�WR�LW��RU�LQ�WHUPV�RI�WKH�HIIHFWV�RI�LWV�SHUIRUPDQFH�RQ�WKH�PRYHPHQWV�
RI�GDWD�DQG�LQIRUPDWLRQ�LQ�FRPPXQLFDWLRQ�QHWZRUNV��5DWKHU�LW�ZRXOG�EH�DQ��
REMHFWLILFDWLRQ�RI�D�OLQJXLVWLF�SUD[LV��DV�D�
VHOI�UHIOH[LYH�XVH�RI�UHIHUHQFH�WKDW�HQDFWV�WKH�
DFW�WKDW�LW�UHSUHVHQWV�
��+HQFH�DQDO\VLQJ�/LQX[
V�SHUIRUPDWLYLW\��ZRXOG�LQYROYH�H[WHQGLQJ�
D�VSHHFK�EDVHG�QRWLRQ�RI�SHUIRUPDWLYLW\�WR�WKH�GLVFXUVLYHO\�PHGLDWHG�SUDFWLFHV�RI�FRGLQJ�
RU�SURJUDPPLQJ��GLVWULEXWLQJ��FRQILJXULQJ�DQG�UXQQLQJ�DQ�RSHUDWLQJ�V\VWHP��$V�/HH�DQG�
/LSXPD�ZULWH��

7KH�DQDO\WLFDO�SUREOHP�LV�KRZ�WR�H[WHQG�ZKDW�KDV�EHHQ�D�VSHHFK�DFW�EDVHG�QRWLRQ�RI�
SHUIRUPDWLYLW\�WR�RWKHU�GLVFXUVLYHO\�PHGLDWHG�SUDFWLFHV��LQFOXGLQJ�ULWXDO��HFRQRPLF�
SUDFWLFHV��DQG�HYHQ�UHDGLQJ��:KDW�LV�LQWHUHVWLQJ�DERXW�SHUIRUPDWLYHV�LV�WKDW�WKH\�JR�
EH\RQG�UHIHUHQFH�DQG�GHVFULSWLRQ�LQGHHG��WKH\�VHHP�WR�FUHDWH�WKH�YHU\�VSHHFK�DFW�
WKH\�UHIHU�WR���������

:KDW�ZRXOG�EH�WKH�
DFW
�RI�VRPHWKLQJ�OLNH�/LQX["�7KH�LQVLVWHQW�FODLPV�DERXW�VXSHULRU�
WHFKQLFDO�SHUIRUPDQFH�DQG�EHLQJ�
IUHH
�PHQWLRQHG�DERYH��FRQVWLWXWH��,�ZRXOG�VXJJHVW��
WKH�SXEOLF�IDFH�RI�WKH�
VSHHFK�DFW
�LQ�TXHVWLRQ�KHUH��,QVRIDU�DV�EHLQJ�IUHH�DQG�EHLQJ�
WHFKQLFDOO\�EHWWHU�PDWWHU��/LQX[�VXFFHHGV�DV�D�VSHHFK�DFW��+RZHYHU��WKH�SHUIRUPDWLYLW\�
RI��/LQX[�LV�FRPSOH[��$UJXDEO\�LW�LV�QRW�FRQVWLWXWHG�SULQFLSDOO\�WKURXJK�PHDQLQJ�PDNLQJ�
SURFHVVHV�VXFK�DV�QDUUDWLYH��EXW�UDWKHU�WKURXJK�ZKDW�/HH�DQG�/L3XP�WHUP�
FLUFXODWLRQ
��
7KH\�ZULWH��

3HUIRUPDWLYLW\�KDV�EHHQ�FRQVLGHUHG�D�TXLQWHVVHQWLDOO\�FXOWXUDO�SKHQRPHQRQ�WKDW�LV�
WLHG�WR�WKH�FUHDWLRQ�RI�PHDQLQJ��ZKHUHDV�FLUFXODWLRQ�DQG�H[FKDQJH�KDYH�EHHQ�VHHQ�DV�
SURFHVVHV�WKDW�WUDQVPLW�PHDQLQJV��UDWKHU�WKDQ�DV�FRQVWLWXWLYH�DFWV�LQ�WKHPVHOYHV��
2YHUFRPLQJ�WKLV�ELIXUFDWLRQ�ZLOO�LQYROYH�UHWKLQNLQJ�FLUFXODWLRQ�DV�D�FXOWXUDO�



������
SKHQRPHQRQ��DV�ZKDW�ZH�FDOO�FXOWXUHV�RI�FLUFXODWLRQ���/HH�	�/L3XPD�������������

/HH�DQG�/L3XPD�DUJXH�WKDW�FLUFXODWLRQ�SURGXFHV�SHUIRUPDWLYH�HIIHFWV��7KDW�LV��SURFHVVHV�
RI�FLUFXODWLRQ�WKHPVHOYHV�REMHFWLI\�OLQJXLVWLF�SUD[LV��7KH\�HQDFW�VRPHWKLQJ���,I�ZH�DFFHSW�
WKDW�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�FRQVWLWXWH�D�FHQWUDO�YHQXH�IRU�WKH�SHUIRUPDWLYLW\�RI�
VRPH�LPSRUWDQW�FRQWHPSRUDU\�IRUPV�RI�SRZHU��WKHQ�WKH�FLUFXODWLRQ�DQG�H[FKDQJH�RI�
VRIWZDUH�DQG�FRGH�LQYROYHG�LQ�WKH�LQIUDVWUXFWXUH�RI�FRPPXQLFDWLRQ�FRXOG�ZHOO�EH�
DQDO\VHG�WKHUH�LQ�SHUIRUPDWLYH�WHUPV��)URP�WKLV�SHUVSHFWLYH��WKH�H[SOLFLW�FODLPV�DERXW�
/LQX[
V�WHFKQLFDO�SHUIRUPDQFH��DV�WKH\�DSSHDU�LQ�DGYHUWLVHPHQWV��HGLWRULDOV��QHZVJURXSV��
KRZ�WR�PDQXDOV�DQG�SRSXODU�SUHVV�DFFRXQWV��ZRXOG�EH�RQO\�D�VHFRQGDU\�HIIHFW�RI�WKH�
PRUH�SULPDU\��FROOHFWLYHO\�SHUIRUPDWLYLW\�RI�SUDFWLFHV�FKDQQHOOHG�WKURXJK�FRPSXWHU�
FRGH��

Circulating, distributing,  and co-ordinating code 
7KH�FHQWUDO�FODLP�WKDW�,�DP�DGYDQFLQJ�KHUH�FRQFHUQV�WKH�VHW�RI�SUDFWLFHV�WKDW�SURGXFH��
FLUFXODWH�DQG�FRQVXPH�/LQX[���$V�DQ�RSHUDWLRQDO�REMHFW�VHUYLQJ�DV�D�SODWIRUP��/LQX[�
TXLWH�OLWHUDOO\�FRRUGLQDWHV�WKH�FLUFXODWLRQ�RI�VSHFLILF�VRFLDO�DFWLRQV�SHUWDLQLQJ�WR�
LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�QHWZRUNV��$W�WKH�VDPH�WLPH��FRRUGLQDWHG�DFWLRQV�
FHQWUHG�RQ�/LQX[�FRQVWDQWO\�PRGXODWH�LW�DV�DQ�REMHFW�LQ�VHOI�UHIHUHQWLDO�ZD\V��)RU�
LQVWDQFH��GHYHORSPHQW�ZRUN�GRQH�E\�SURJUDPPHUV�RQ�WKH�/LQX[�NHUQHO�PRGLILHV�WKH�YHU\�
SODWIRUP�RQ�ZKLFK�WKH\�GR�WKHLU�SURJUDPPLQJ��7KH�FRGH�WKH\�ZRUN�RQ�FDQ�EH�VHHQ�DV�DQ�
LQWULFDWH�GHVFULSWLRQ�RI�WKH�PDQ\�IHDWXUHV�RI�D�KLJKO\�FRQILJXUDEOH�WHFKQRORJLFDO�
HQVHPEOH��7KDW�IHDWXUHV�RI�WKDW�GHVFULSWLRQ�FRQVWDQWO\�FKDQJH�WKURXJK�
NHUQHO�KDFNLQJ�
��
6XFK�FKDQJHV�LQ�WXUQ�DIIHFW�KRZ�WKH�HQVHPEOH�LWVHOI�RSHUDWHV��%HFDXVH�LW�RSHUDWHV�
GLIIHUHQWO\��/LQX[�DV�DQ�RSHUDWLRQDO�DFW�FKDQJHV��(DFK�UHOHDVH�RI�WKH�NHUQHO��WKHUH�KDYH�
EHHQ�GR]HQV�RI�UHOHDVHV��FLUFXODWHV�GLIIHUHQWO\�EHFDXVH�LWV�IHDWXUHV�KDYH�FKDQJHG��1HZ�
KDUGZDUH�FRQILJXUDWLRQV��QHZ�FRPPXQLFDWLRQ�SURWRFROV�DQG�QHZ�NLQGV�RI�FRQQHFWLYLW\�
DUH�FRQVWDQWO\�LQFRUSRUDWHG�LQWR�WKH�NHUQHO��7KURXJK�WKDW�PRGXODWRU\�FLUFXODWLRQ�DQ�
REMHFWLILFDWLRQ�RI�OLQJXLVWLF�SUD[LV�RFFXUV�ZKLFK�JLYHV�ULVH�WR�ERWK�WKH�HIIHFWV�RI�WHFKQLFDO�
SHUIRUPDQFH�DQG�WKH�IUHHLQJ�XS�RI�WKH�SURSULHWDU\�VWDWXV�RI�WKH�FRGH� � �

7KH�DJHQFLQJ�HIIHFW�RI�SHUIRUPDWLYHV�UHVWV�RQ�WKHLU�FDSDFLW\�WR�
REMHFWLI\
�VRPH�NLQG�RI�
SUD[LV��W\SLFDOO\�OLQJXLVWLF�SUDFWLFHV���7KLV�REMHFWLILFDWLRQ��KRZHYHU��RQO\�VXFFHHGV�



������
SURYLVLRQDOO\�RU�SDUWLDOO\��-XGLWK�%XWOHU�ZULWHV���

,I�D�SHUIRUPDWLYH�SURYLVLRQDOO\�VXFFHHGV��DQG�,�ZLOO�VXJJHVW�WKDW�´VXFFHVV��LV�DOZD\V�
DQG�RQO\�SURYLVLRQDO���WKHQ�LW�LV�QRW�EHFDXVH�DQ�LQWHQWLRQ�VXFFHVVIXOO\�JRYHUQV�WKH�
DFWLRQ�RI�VSHHFK��EXW�RQO\�EHFDXVH�WKDW�DFWLRQ�HFKRHV�SULRU�DFWLRQV��DQG�DFFXPXODWHV�
WKH�IRUFH�RI�DXWKRULW\�WKURXJK�WKH�UHSHWLWLRQ�RU�FLWDWLRQ�RI�D�SULRU�DQG�DXWKRULWDWLYH�
VHW�RI�SUDFWLFHV��,W�LV�QRW�VLPSO\�WKDW�WKH�VSHHFK�DFW�WDNHV�SODFH�ZLWKLQ�D�SUDFWLFH��EXW�
WKDW�WKH�DFW�LV�LWVHOI�D�ULWXDOL]HG�SUDFWLFH��:KDW�WKLV�PHDQV��WKHQ��LV�WKDW�D�
SHUIRUPDWLYH��ZRUNV��WR�WKH�H[WHQW�WKDW�LW�GUDZV�RQ�DQG�FRYHUV�RYHU�WKH�FRQVWLWXWLYH�
FRQYHQWLRQV�E\�ZKLFK�LW�LV�PRELOL]HG���%XWOHU�������������

&RXOG�WKH�DQDO\VLV�RI�SHUIRUPDWLYHV�H[WHQG�WR�WKH�UHSHWLWLRQ�RU�FLWDWLRQ�RI�D�SULRU�
DXWKRUL]LQJ�VHW�RI�SUDFWLFHV�LQ�FRGH"��+RZ�ZRXOG�WKH�
UHSHWLWLRQ�RU�FLWDWLRQ
�LQYROYHG�LQ�
/LQX[�KHOS�XV�XQGHUVWDQG�LWV�VXFFHVV"�:KDW�LV�FLWHG�RU�UHSHDWHG"�:KDW�LV�FRYHUHG�RYHU"�
:KDW�H[WUD�SXUFKDVH�ZRXOG�WKH�LGHD�RI�WKH�SDUWLDO�ZRUNDELOLW\�RI�SHUIRUPDWLYHV�JLYH�XV�LQ�
XQGHUVWDQGLQJ�FROOHFWLYH�LQYHVWPHQW�LQ�/LQX["���

’Distros’: repeating and citing Linux 
2QH�FXULRXV�IHDWXUH�RI�/LQX[�LV�LWV�SURSHQVLW\�WR�FLUFXODWH�LQ�PDQ\�GLIIHUHQW�IRUPV��$W�
RQH�HQG�RI�WKH�FRQWHPSRUDU\�VSHFWUXP���ZH�FRXOG�SRLQW�WR��UHFHQW�GLVWULEXWLRQV�RI�/LQX[�
DV�DQ�DUWZRUN��$Q�RQOLQH�DQG�UDGLR�EURDGFDVW�SHUIRUPDQFH�RI�/LQX[�UDQ�GXULQJ�IRU�WKH�
ILUVW�KDOI�RI������FDOOHG�5DGLR)UHH/LQX[��5DGLRTXDOLD���������7KH�ZRUN�FRQVLVWHG�VROHO\�RI�
WKH�VRXUFH�FRGH��WKH�SURJUDP�DV�ZULWWHQ�DQG�UHDG�E\�SURJUDPHUV��RI�WKH�/LQX[�NHUQHO�
�WKH�FHQWUDO�SDUW�RI�WKH�RSHUDWLQJ�V\VWHP�WKDW�LQWHUIDFHV�EHWZHHQ�WKH�HQGOHVV�YDULDWLRQV�
LQ�KDUGZDUH�DQG�WKH�DSSOLFDWLRQ�SURJUDPV�DQG�VHUYLFHV�WKDW�XVHUV�UXQ�RQ�WKHLU�
FRPSXWHUV��EHLQJ�UHDG�RXW�OLQH�E\�OLQH�RYHU�YDULRXV�UDGLR�DQG�VWUHDPLQJ�ZHE�UDGLR�VLWHV���

$OWKRXJK�QRW�SDUWLFXODUO\�IDVFLQDWLQJ��WR�OLVWHQ�WR��WKH�ZRUN�VLJQDOV�WKDW�WKH�YDOXH�RI�
FRPSXWHU�FRGH��
VRXUFH�FRGH
��LV�FKDQJLQJ��2Q�WKH�RQH�KDQG��LW�LV�
IUHH
�LQ�WKH�VHQVH�RI�
IUHHO\�DYDLODEOH�WR�EH�FRSLHG�DQG�GLVWULEXWHG��,W�LV�RIWHQ�JLYHQ�DZD\�RQ�WKH�&'�5206�
VWXFN�WR�WKH�IURQW�RI�SRSXODU�FRPSXWHU�PDJD]LQHV��2Q�WKH�RWKHU�KDQG��VRXUFH�FRGH�
SRVVHVVHV�WR�D�JUHDWHU�RU�OHVV�GHJUHH�VRPH�VRFLDO�RU�FXOWXUDO�YDOXH�DSDUW�IURP�HFRQRPLF�
YDOXH����7KH�WLWOH�5DGLR)UHH/LQX[��VXJJHVWV�WKDW�VRXUFH�FRGH�VKRXOG�FLUFXODWH�RU�EH�



�������
EURDGFDVW�OLNH�QHZV�RU�HQWHUWDLQPHQW��7KH�ZRUN�LV�QRW�DQ�LVRODWHG�DEHUUDWLRQ��,Q�������
WKH�/LQXV�7RUYDOGV�ZDV�DZDUGHG�D�VLJQLILFDQW�QHZ�PHGLD�DUW�SUL]H�DW�$UV�(OHFWURQLFD��
/LQX[�KDG�DOPRVW�EHFRPH��SHUKDSV�QRW�TXLWH��DQ�REMHFW�RI�DHVWKHWLF�YDOXH��

7KH�-XU\�RI�WKH��QHW�FDWHJRU\�DZDUGV�WKH������*ROGHQ�1LFD�WR�/LQXV�7RUYDOGV�DV�
UHSUHVHQWLQJ�DOO�RI�WKRVH��ZKR�KDYH�ZRUNHG�RQ�WKLV�SURMHFW�>/LQX[@�LQ�SDVW�\HDUV�DQG�
ZLOO�EH�SDUWLFLSDWLQJ�LQ�LW�LQ�WKH�IXWXUH������,W�LV�DOVR�LQWHQGHG�WR�VSDUN�D�GLVFXVVLRQ�
DERXW�ZKHWKHU�D�VRXUFH�FRGH�LWVHOI�FDQ�EH�DQ�DUWZRUN���$UV�(OHFWURQLFD���������

(YHQ�LI�DUW�SUL]HV�DUH�SDUWO\�GULYHQ�E\�WKH�GHVLUH�IRU�IUHTXHQW�UHYROXWLRQV�DQG�
LQQRYDWLRQV��ZKDW�GRHV�LW�VLJQLI\�ZKHQ�VRXUFH�FRGH�EHFRPHV�DQ�DUWZRUN"�*LYHQ�WKDW�
VRXUFH�FRGH�IRU�SURJUDPV�KDV�EHHQ�DURXQG�IRU�DW�OHDVW����\HDUV��ZK\�KDV�VRXUFH�FRGH�
EHFRPH�VRPHWKLQJ�ZKLFK�SHRSOH�ZDQW�WR�
UHDG
�QRZ"��

$W�WKH�RWKHU�HQG�RI�WKH�VSHFWUXP��HDUO\�LQ������6RQ\�&RUSRUDWLRQ�DQQRXQFHG�WKDW�LW�ZDV�
UHOHDVLQJ�D�YHUVLRQ�RI�/LQX[�IRU�WKH�JDPHV�FRQVROH��3OD\6WDWLRQ���7\SLFDOO\�JDPLQJ�
GHYHORSPHQW�HQYLURQPHQWV�VXFK�DV�3UR'*�IRU�WKH�3OD\6WDWLRQ�FRVW�EHWZHHQ��86�����
������IRU�UHVWULFWHG�GHYHORSHU�OLFHQFHV��61�6\VWHPV���������6RQ\�LWVHOI�OLFHQFHV�JDPHV�
GHYHORSPHQW�LQ�RUGHU�WR�FRQWURO�WKH�TXDOLW\�RI�WKH�JDPHV�FRPPHUFLDOO\�UHOHDVHG�IRU�WKH�
FRQVROH��,Q�D�VKLIW�RI�OLFHQFLQJ�SROLF\�WKH�6RQ\�DQQRXQFHG�/LQX[�IRU�3OD\6WDWLRQ�E\�
VD\LQJ��

7KH�3OD\6WDWLRQ���VSHFLILF�OLEUDULHV�ZLOO�EH�UHOHDVHG�XQGHU�WKH�/*3/��WKHUH�DUH�QR�SURSULHWDU\�OLFHQVHV�
LQYROYHG��6RQ\
V�GLVWULEXWLRQ�RI�/LQX[�LV�EDVHG�RQ�.RQGDUD��ZKLFK�LQ�WXUQ�LV�EDVHG�RQ�5HGKDW��7KH�
GRFXPHQWDWLRQ�ZLWK�WKLV�NLW�ZLOO�JLYH�DOO�WKH�VDPH�LQIRUPDWLRQ�DERXW�WKH�36��KDUGZDUH�WKDW�6RQ\�
SURYLGHV�LWV�OLFHQVHG�JDPH�GHYHORSHUV��EXW�LW�ZRQ
W�JLYH�DFFHVV�WR�WKH�V\VWHP
V�DQWL�SLUDF\�PHFKDQLVPV���
7KLV�ZLOO�LQFOXGH�IXOO�GHWDLOV�RQ�WKH�36�
V�SURSULHWDU\�(PRWLRQ�(QJLQH�FRUH�LQVWUXFWLRQ�VHW��WKH�*UDSKLF�
6\QWKHVL]HU��DQG�WKH�9HFWRU�3URFHVVLQJ�8QLWV����:HQ���������

7KH�PLJUDWLRQ�RI�RSHQ�VRXUFH�FRGH�RQWR�WKH�SURSULHWDU\�KDUGZDUH�36���SODWIRUP�LV�QRW�
XQLTXH��$V�PHQWLRQHG�DERYH��/LQX[�KDV�EHHQ�
SRUWHG
�WR�PDQ\�GLIIHUHQW�SURSULHWDU\�
KDUGZDUH�SODWIRUPV�UDQJLQJ�IURP�3'$V�WR�PDLQIUDPHV�� � �7KLV�DQQRXQFHPHQW�SRLQWV�WR�
VRPHWKLQJ�HOVH��
6RQ\
V�GLVWULEXWLRQ�RI�/LQX[�LV�EDVHG�RQ�.RQGDUD��ZKLFK�LQ�WXUQ�LV�EDVHG�
RQ�5HGKDW
��7KLV�DYHUV�WR�WKH�IDFW�WKDW�/LQX[�H[LVWV�LQ�PDQ\�GLIIHUHQW�
GLVWURV�
�.RQGDUD�
DQG�5HGKDW�DUH�H[LVWLQJ�GLVWULEXWLRQV�RU�UHSDFNDJLQJV�RI�WKH�/LQX[�NHUQHO�DORQJ�ZLWK�



�������
DVVRFLDWHG�VRIWZDUH��7KXV�WKH�36���GLVWUR�ILJXUHV�DV�MXVW�RQH�DPRQJVW�DURXQG�DW�OHDVW�
����GLIIHUHQW�FRPPHUFLDO�DQG�QRQ�FRPPHUFLDO�GLVWULEXWLRQV�RI�/LQX[��'LVWUR���������6RPH�
RI�WKHVH��VXFK�DV�36���/LQX[���KDYH�WKH�VSHFLILF�SXUSRVH�RI�PDNLQJ�D�KDUGZDUH�SODWIRUP�
PRUH�ZLGHO\�SURJUDPPDEOH�DQG�OHVV�RI�D�EODFNER[��6RPH�FRQFHQWUDWH�RQ�SDUWLFXODU�
DSSOLFDWLRQ�GRPDLQV�VXFK�DV�
GHVNWRS�XVHUV
��7KH�(XURSHDQ�&RPPLVVLRQ�IXQGHG�$JQXOD�
GLVWULEXWLRQ�IRFXVHV�RQ�DXGLRYLVXDO�FRPSXWLQJ��2WKHUV�KDYH�VSHFLILFDOO\�D�QDWLRQDO�RU�
ODQJXDJH�IRFXV��7XUER/LQX[�IRU�LQVWDQFH��DV�WKH�ILUVW�/LQX[�GLVWULEXWLRQ�WR�SURYLGH�
&KLQHVH�ODQJXDJH�VXSSRUW��IRFXVHV�RQ�VHOOLQJ�/LQX[�LQ�&KLQD��7XUEROLQX[����������)RU�WKH�
ODVW���\HDUV��QHZ�GLVWULEXWLRQV�RI�/LQX[�KDYH�DSSHDUHG�DQG�GLVDSSHDUHG�DW�D�KLJK�UDWH��
0RVW�SHRSOH�ZRUN�ZLWK�/LQX[�E\�GRZQORDGLQJ�D�SUH�SDFNDJHG�EUDQGHG�GLVWULEXWLRQ�VXFK�
DV�5HGKDW��0DQGUDNH�RU�'HELDQ��DQG�WKHQ�FRQILJXULQJ�WKH�V\VWHP�WR�WKHLU�RZQ�QHHGV��,W�LV�
DOVR�SRVVLEOH�WR�EXLOG�WKH�RSHUDWLQJ�V\VWHP�E\�GRZQORDGLQJ�WKH�NHUQHO�VRXUFH�FRGH�
�ZZZ�NHUQHO�RUJ��DQG�VRPH�RWKHU�SLHFHV�RI�VRIWZDUH�LQGHSHQGHQWO\�RI�DQ\�RI�WKH�
EUDQGHG�GLVWULEXWLRQV���

+RZ�FDQ�ZH�XQGHUVWDQG�WKH�H[LVWHQFH�RI�WKLV�PXOWLSOLFDWLRQ�RI�GLIIHUHQW�LQFDUQDWLRQV�RI�
WKH�VDPH�WKLQJ�WKH�/LQX[�NHUQHO��UDQJLQJ�IURP�DQ�DXGLR�EURDGFDVW��WR�TXDVL�SURSULHWDU\�
6RQ\�GLVWULEXWLRQ��WKHQ�WR�GR]HQV�RI�EUDQGHG�GLVWULEXWLRQV��DQG�ILQDOO\�WR�WKH�VRXUFH�FRGH�
LWVHOI��UHDGLO\�DYDLODEOH�IURP�PDQ\�GLIIHUHQW�ZHEVLWHV��IWS�VHUYHUV�DQG�PLUURU�ZHEVLWHV"�
/LQX[�FLUFXODWHV�DV�DUWZRUN��DV�FRPPHUFLDOO\�SDFNDJHG�FRPPRGLW\�VROG�E\�PDQ\�
GLIIHUHQW�FRPSDQLHV��DQG�DV�IUHHO\�DYDLODEOH�VRXUFH�FRGH�ILOHV��FRQVWDQWO\�ZRUNHG�RQ�DQG�
H[FKDQJHG�XVLQJ�VRSKLVWLFDWHG��VRIWZDUH�PHFKDQLVPV�RI�FR�RUGLQDWLRQ��VFKHGXOLQJ�DQG�
RUJDQLVDWLRQ�UXQQLQJ�RQ�/LQX[�VHUYHUV��7KH�FRPPHUFLDO�GLVWULEXWLRQV�KDYH�ODUJHO\�FRPH�
LQWR�H[LVWHQFH�DV�D�ZD\�RI�FDSWXULQJ�WKH�
IUHH�ODERU
�HPERGLHG�LQ�/LQX[��:LWKRXW�YLRODWLQJ�
WKH�IDLUO\�VWULQJHQW�*3/�OLFHQFHV�ZKLFK�SUHYHQW�WKH�VRIWZDUH�LWVHOI�EHLQJ�VROG��FRPSDQLHV�
OLNH�5HGKDW�DQG�,%0�HIIHFWLYHO\�JLYH�DZD\�/LQX[�GLVWULEXWLRQV��EXW�FKDUJH�IRU�WKH�VXSSRUW�
VHUYLFHV�QHHGHG�WR�FRQILJXUH�DQG�PDLQWDLQ�WKHP�LQ�RSHUDWLRQ��7D\ORU���������$W�WKH�VDPH�
WLPH��WKH�IUHH�ZRUN�RQ�WKH�YDULRXV�FRPSRQHQWV�RI�/LQX[�FRQWLQXHV��DQG�WKH�FKDQJHV�
FRQVWDQWO\�PDGH�WR�LW�E\�QXPHURXV�SURJUDPPHUV�DUH�VXFFHVVLYHO\�LQFRUSRUDWHG�LQWR�QHZ�
UHOHDVHV�RI�WKH�FRPPHUFLDO�DQG�QRQ�FRPPHUFLDO�GLVWULEXWLRQV��7KH�HFRQRPLFV�RI�WKLV�
SURFHVV�ZHUH�VXEMHFW�WR�VWURQJ�VWRFN�PDUNHW�VSHFXODWLRQ�GXULQJ�WKH�ODWH�����V��7D\ORU��
������5HGKDW���������DQG�H[WHQVLYHO\�DQDO\VHG�E\�DFDGHPLF�UHVHDUFKHUV��7XRPL���������

7KH�LQWHUQHW�EDVHG�FR�RUGLQDWLRQ�PHFKDQLVPV�WKDW�SHUPLW�FROOHFWLYH�GHYHORSPHQW�ZRUN�



�������
RQ�WKH�NHUQHO�KDYH�EHHQ�IDLUO\�WKRURXJKO\�GHVFULEHG�LQ�ERWK�VHPL�SRSXODU�DQG�DFDGHPLF�
DFFRXQWV�RI�RSHQ�VRXUFH��0RRG\��������%H]URXNRY����������)RU�WKH�PRPHQW��WKH�
LPSRUWDQW�SRLQW�LV�WKDW�WKH�FLUFXODWLRQ�RI�/LQX[�LQ�GR]HQV�RI�GLIIHUHQW�GLVWULEXWLRQV�
FRQQHFWV�WHFKQLFDO�SHUIRUPDQFH�DQG�WKH�SHUIRUPDWLYLW\�RI�/LQX[�DV�D�FXOWXUDO�REMHFW��
7KH�GLVWULEXWLRQV�FRQILJXUH�/LQX[�VR�WKDW�LW�FDQ�FLUFXODWH�DFURVV�GLIIHUHQW�KDUGZDUH�
SODWIRUPV��DQG�EHWZHHQ�GLIIHUHQW�FXOWXUDO��LQVWLWXWLRQDO�DQG�QDWLRQDO�GRPDLQV��(DFK�QHZ�
GLVWULEXWLRQ��DQG�HDFK�VXFFHVVLYH�UHOHDVH�RI�DQ�H[LVWLQJ�GLVWULEXWLRQ�LQFRUSRUDWHV�DQG�
UHSHDWV�WKH�FRQYHQWLRQV�HPERGLHG�LQ�WKH�/LQX[�NHUQHO�EXW�DGDSWV�WKRVH�FRQYHQWLRQV�WR�D�
VOLJKWO\�GLIIHUHQW�VLWXDWLRQ�²�D�GLIIHUHQW�KDUGZDUH�SODWIRUP��D�GLIIHUHQW�ODQJXDJH�
JURXSLQJ��D�GLIIHUHQW�NLQG�RI�FRPSXWLQJ�WDVN��VXSHUFRPSXWLQJ��RIILFH�SURGXFWLYLW\��
H&RPPHUFH��JHQRPLF�VHTXHQFH�VHDUFKLQJ�DQG�DOLJQPHQW����

Linux: an object out of control?  
$FFRXQWV�RI�VFLHQFH�DQG�WHFKQRORJ\�RYHU�WKH�ODVW�GHFDGH�VXFK�DV��/DWRXU���������
�+DUDZD\��������DQG��/DVK�������KDYH�VRXJKW�WR�DQDO\VH�ZK\�FHUWDLQ�FRQWHPSRUDU\�
REMHFWV�OLNH�/LQX[�DUH�
RXW�RI�FRQWURO
��%\�
RXW�RI�FRQWURO
��WKH\�PHDQ�WKDW�WKHVH�REMHFWV�
JHQHUDWH�XQH[SHFWHG�FRQVHTXHQFHV��7KH\�SUROLIHUDWH�DW�D�UDWH�WKDW�FDQQRW�EH�DFFRXQWHG�
IRU�E\�WKHRULHV�RI�LQQRYDWLRQ�EDVHG�RQ�GLIIXVLRQ���6XFK�DFFRXQWV�DUJXH�WKDW��WHFKQLFDO�
REMHFWV�OLNH�/LQX[�EHFRPH�XQVWDEOH�DQG�SUROLIHUDWH�DV�D�FRQVHTXHQFH�RI�WKH�WUDQVODWLRQ�
RU�REMHFWLILFDWLRQ�RI�VRFLDO�DQG�FXOWXUDO�UHODWLRQV�LQWR�DQG�WKURXJK�WKHP��$V�/DVK�SXWV�LW��
REMHFWV�JHW�RXW�RI�FRQWURO�DV�DQ�XQLQWHQGHG�FRQVHTXHQFHV�RI�PRGHUQ�UXOH�UHJXODWHG�
UHIOH[LYLW\��

>5@HIOH[LYLW\�LQYROYHV�WKH�UHIOH[LYH�PRQLWRULQJ�RI�WKH�REMHFW�E\�WKH�VXEMHFW��LQ�ZKLFK�
WKH�VXEMHFW�VXEVXPHV�WKH�REMHFW�XQGHU�UXOHV������7KH�PRUH�ZH�PRQLWRU�WKH�REMHFW��WKH�
PRUH�WKH�REMHFW�HVFDSHV�RXU�JUDVS������7KLV�PRPHQW�RI�FRQWLQJHQF\��LV�ZKHUH�WKH�
REMHFW��RU�WKH�VHOI��HVFDSHV�WKH�FRJQLWLYH�FDWHJRULHV�RI�WKH�VXEMHFW��LV�LQGHHG�
DHVWKHWLF���/DVK������������

$V�DQ�REMHFW��WKH�/LQX[�NHUQHO�LQFRUSRUDWHV�D�WDQJOHG�ZHE�RI�UXOHV��FRQYHQWLRQV��
VWDQGDUGV��DQG�SURWRFROV�SHUWDLQLQJ�WR�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�QHWZRUNV��DV�ZHOO�
DV�VSHFLILF�IHDWXUHV�UHODWLQJ�WR�WKH�FRPPRGLW\�FRPSXWLQJ�KDUGZDUH��7KH�FRQYHQWLRQV�
UDQJH�IURP�WKH�IXQGDPHQWDO�ELQDU\�DEVWUDFWLRQ�RQ�ZKLFK�DOO�FRGH�RSHUDWLRQV�UHVW�WKURXJK�



�������
WR�WKH�KLJKO\�FRQYHQWLRQDO�SURWRFROV�IRU�WUDQVDFWLRQV�DQG�PHVVDJHV�RQ�WKH�LQIRUPDWLRQ�
QHWZRUNV��7KHVH�FRQYHQWLRQV�DUH�GHILQHG�E\�UHJXODWRU\�DQG�VWDQGDUGV�RUJDQLVDWLRQV�VXFK�
DV�WKH�,62��,QWHUQDWLRQDO�6WDQGDUGV�2UJDQLVDWLRQ���WKH�:�&��:RUOG�:LGH�:HE�
&RQVRUWLXP���,(((��,QVWLWXWH�IRU�(OHFWULFDO�DQG�(OHFWURQLF�(QJLQHHULQJ���DQG�$16,�
�$PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH���7KH�FRQYHQWLRQV�DQG�SURWRFROV�DWWHPSW�WR�
VXEVXPH�LQIRUPDWLRQ�V\VWHPV�XQGHU�UXOHV�WKDW�UHQGHU�WKRVH�V\VWHPV�LQVSHFWDEOH�RU�
UHSRUWDEOH��6R��IRU�LQVWDQFH��/LQX[�
DLPV�IRU�326,;��3RUWDEOH�2SHUDWLQJ�6\VWHP�
,QWHUIDFHV��FRPSOLDQFH
��/LQX[�.HUQHO������[���������

'R�WKH�FRQYHQWLRQV�SUHVHQW�LQ�/LQX[�H[SODLQ�LWV�SUROLIHUDWLRQ��LWV�SURSHQVLW\�WR�
HVFDSH�
RXU�JUDVS
"��,I��DV�/DVK�ZULWHV��
WKH�PRUH�ZH�PRQLWRU�WKH�REMHFW��WKH�PRUH�WKH�REMHFW�
HVFDSHV�RXU�JUDVS
��LW�FRXOG�DOVR�EH�DGGHG�WKDW�WKH�REMHFW
V�HVFDSH�IURP�
WKH�FRJQLWLYH�
IDFXOWLHV�RI�WKH�VXEMHFW
�LV�QRW�DQ�DFFLGHQWDO�ORVV�RI�FRQWURO��D�UHVXOW�RI�ULVN�DQG�
XQFHUWDLQW\��5DWKHU��LW�IORZV�IURP�WKH�SHUIRUPDWLYLW\�RI�FLUFXODWLRQ��,I�WKH�QRWLRQ�RI�
SHUIRUPDWLYLW\�KDV�DQ\�WUDFWLRQ�LQ�H[SODLQLQJ�
FXOWXUHV�RI�FLUFXODWLRQ
�VXFK�DV�WKRVH�
DVVRFLDWHG�ZLWK�/LQX[��LW�PLJKW�EH�WKDW�LW�SURYLGHV�D�GLIIHUHQW�ZD\�RI�DSSUHKHQGLQJ�WKH�
SUROLIHUDWLRQ�DQG�FRPSOH[LILFDWLRQ�RI�REMHFWV��0\�DQDO\VLV�RI�/LQX[�DV�D�FROOHFWLYH�
IRUPDWLRQ�LQ�WKH�SURFHVV�RI�SHUIRUPDWLYHO\�FRQVWLWXWLQJ�LWVHOI�KLQJHV�RQ�WKLV�SRLQW��7KH�
NHUQHO�LQVWLWXWHV�D�SHUIRUPDWLYH�DFW�WR�WKH�H[WHQW�WKDW�LQ�GHVFULELQJ�D�QH[XV�EHWZHHQ�
FRPPRGLW\�KDUGZDUH�DQG�FRQYHQWLRQDO��UXOH�JRYHUQHG�RUGHULQJV�DQG�PRYHPHQWV�RI�
LQIRUPDWLRQ��LW�DOVR�HQDFWV�WKDW�QH[XV��$W�FRUH��WKH�OLQH�EHWZHHQ�FRGH�REMHFW�²�WKH�
NHUQHO�²�DQG�FRGH�VXEMHFW��WKH�KDFNHUV�DQG�SURJUDPPHUV�SHUVRQLILHG�LQ�WKH�ILJXUH�RI�
/LQXV�7RUYDOGV�²�ZDYHUV�XQFHUWDLQO\��7R�EH�D�KDFNHU�ZRUNLQJ�RQ�/LQX[�PHDQV�LQ�VRPH�ZD\�
WR�VHH�/LQX[�DV�D�PRUH�WKDQ�MXVW�DQ�REMHFW�WR�EH�DSSUHKHQGHG�FRJQLWLYHO\��EXW�DV�D�IRUP�
RI�OLIH�ZKLFK�LQYROYHV�FKDOOHQJLQJ�QRUPV�RI�SURSHUW\�RZQHUVKLS�DQG�FRUSRUDWH�
RUJDQLVDWLRQ�RI�ZRUN��0RRG\��������+LPDQHQ����������

What Linux covers over 
3HUIRUPDWLYLW\�XQGHUPLQHV�WKH�SUHURJDWLYH�RI�HLWKHU�D�VXEMHFW�RU�DQ�REMHFW�WR�JLYH�
PHDQLQJ�WR�WKLQJV��7KH�DJHQWLDO�HIIHFW�RI�SHUIRUPDWLYLW\�DULVHV�ILUVW�RI�DOO��DV�ZH�KDYH�
VHHQ��WKURXJK�UHSHWLWLRQ�DQG�FLWDWLRQ��/LQX[�UHSHDWV�LWVHOI�DFURVV�SODWIRUPV��DQG�LQ�
GLIIHUHQW�FRQWH[WV��%XW�DQRWKHU�GLPHQVLRQ�RI�LWV�SHUIRUPDWLYLW\�QHHGV�WR�EH�DQDO\VHG��
3HUIRUPDWLYHV�DOVR�
VXFFHHG
�QRW�RQO\�E\�FLWLQJ��RU�HQDFWLQJ�WKURXJK�GHVFULELQJ��EXW�E\�



�������

FRYHULQJ�RYHU�
�DV�%XWOHU�VXJJHVWV��WKH�
DXWKRULWDWLYH�VHW�RI�SUDFWLFHV
�ZKLFK�OHQG�IRUFH�WR�
WKH�HQDFWLQJ��:KDW�
DXWKRULWDWLYH�VHW�RI�SUDFWLFHV
�RU�
FRQVWLWXWLYH�FRQYHQWLRQV
�GRHV�
/LQX[�FRYHU�RYHU"��

-XGJLQJ�E\�ZKDW�LV�VDLG�LQ�DGYHUWLVHPHQWV��LQ�QHZVJURXSV�RU�LQ�HGLWRULDOV�DQG�HVVD\V�
DERXW�/LQX[��WKHUH�ZRXOG�EH�VRPH�MXVWLILFDWLRQ�LQ�WKLQNLQJ�WKDW�WKH�KLVWRU\�RI�/LQX[��LWV�
ELRJUDSK\�DV�D�WHFKQLFDO�REMHFW�DQG�FRPPRGLW\��LV�EULHI��OLQHDU��XQFRPSOLFDWHG�DQG�
GDWHV�IURP�DURXQG�1RYHPEHU�������$URXQG�WKLV�WLPH���WKH�,QWHUQHW�ILUVW�EHJLQV�WR�HQWHU�
LQWR�SXEOLF�DZDUHQHVV��7KH�KLVWRU\�RI�/LQX[�LV�RIWHQ�SUHVHQWHG�DV�D�FRQVHTXHQFH�RI�WKH�
FR�RUGLQDWLRQ�DQG�FLUFXODWLRQ�RI�FRGH�WKDW�WKH�,QWHUQHW�SHUPLWWHG��0RRG\���������
+RZHYHU��DV�PHQWLRQHG�DERYH��/LQX[�FORQHV�DQ�HDUOLHU�FRPSXWHU�RSHUDWLQJ�V\VWHP��8QL[��
'UDZLQJ�RQ��8QL[��/LQX[�VHGLPHQWV�D�FRPSOLFDWHG�UHODWLRQ�WR�SURSULHWDU\�KDUGZDUH�DQG�
VRIWZDUH��%XW�8QL[�ZDV�DQG�UHPDLQV�QRW�MXVW�D�SLHFH�RI�VRIWZDUH��EXW�DOVR�DQ�DVVRFLDWHG�
VHW�RI�FRGLQJ��VRIWZDUH�GHVLJQ�DQG�V\VWHP�DGPLQLVWUDWLYH�SUDFWLFHV��VRPHWLPHV�UHIHUUHG�
WR�DV�WKH�
8QL[�SKLORVRSK\
��7KHVH�SUDFWLFHV�DUH�KLJKO\�JHQGHUHG��/LQX[
V�
DXWKRUL]LQJ�
FRQWH[W
��WR�XVH�%XWOHU
V�WHUP��LV�FRPSOLFDWHG�EHFDXVH�LW�FRPELQHV�UHJXODWRU\�SUDFWLFHV�
DQG�FRGLQJ�KDFNLQJ�SUDFWLFHV��$V�DQ�HYHQW���/LQX[��LV�FRPSOH[�LQ�ZD\V�WKDW�WKH�SRSXODU�
QDUUDWLYHV�RI�WKH�
FORQLQJ�RI�8QL[
��+LPDQHQ��������0RRG\�������/RKU�������RFFOXGH���

7KH�NHUQHO�DUFKLYH�VLWHV��VXFK�DV�IWS�NHUQHO�RUJ��VKRZ�WKDW��/LQX[�KDV�EHHQ�WKURXJK�
GR]HQV�RI�UHOHDVHV�F\FOHV��DQG�KXQGUHGV�RI�PLQRU�XSGDWHV��:KDW�VWDUWHG�DV�D�ILOH�RI�D�
IHZ�KXQGUHG�NLORE\WHV�LQ�VL]H�LQ������KDV�JURZQ�WR���0E\WHV�E\�PLG���������,I�ZH�ZDQWHG�
WR�DVN�KRZ�/LQX[�EHJLQV�WR�WDNH�RQ�LWV�RZQ�YRLFH��RU�KRZ�LW�EHJLQV�WR�DFFXPXODWH�
DJHQWLDO�IRUFH��ZH�PLJKW�DOVR�ORRN�DW�ERWK�DW�ZKDW�ZKDW�WKDW�JURZWK�LQYROYHV�DQG�FRYHUV�
RYHU��7KH�5($'0(�WH[WILOH�IRXQG�LQ�HYHU\�UHOHDVH�RI�WKH�NHUQHO�VRXUFH�FRGH�VLQFH������
EHJLQV��

:+$7�,6�/,18;"�/LQX[�LV�D�8QL[�FORQH�ZULWWHQ�IURP�VFUDWFK�E\�/LQXV�7RUYDOGV�ZLWK�
DVVLVWDQFH�IURP�D�ORRVHO\�NQLW�WHDP�RI�KDFNHUV�DFURVV�WKH�1HW��,W�DLPV�WRZDUGV�326,;�
FRPSOLDQFH���.HUQHO��������������

�

)LUVW�RI�DOO��DOWKRXJK�
ZULWWHQ�IURP�VFUDWFK
��/LQX[��KHDYLO\�FLWHV�DQRWKHU�RSHUDWLQJ�V\VWHP�



�������
RU�VRIWZDUH�SODWIRUP��8QL[��6R�DOO�WKH�GLVWULEXWLRQV�RI�/LQX[�FXUUHQWO\�FLUFXODWLQJ��DQG�
FRPSHWLQJ�ZLWK�YDULRXV�GHJUHHV�RI�FRPPHUFLDO�DQG�QRQ�FRPPHUFLDO�VXFFHVV�DUH�YHUVLRQV�
RI�V\VWHPV�ORRVHO\�JURXSHG�XQGHU�WKH�QDPH�
8QL[
��
D�7UDGHPDUN�RI�WKH�%HOO�7HOHSKRQH�
/DERUDWRULHV
��.HUQLJKDQ�	�5LWFKLH��������L[���8QL[�LWVHOI�GDWHV�IURP�VXPPHU������ZKHQ�
WZR�FRPSXWHU�VFLHQWLVWV��'HQQLV�5LWFKLH�DQG�.HQ�7KRPSVRQ��DW�WKH�%HOO�7HOHSKRQH�
/DERUDWRULHV�LQ�1HZ�-HUVH\�GHYHORSHG�DQ�LQWHUDFWLYH�RSHUDWLQJ�V\VWHP���

Authorising context (a): interaction and economy 
:K\�FORQH�8QL[�UDWKHU�WKDQ�:LQGRZV��0DF26��RU�VRPH�RWKHU�RSHUDWLQJ�V\VWHP"�%\�WKH�
HDUO\�����V��ZKHQ�WKH�/LQX[�NHUQHO�ILUVW�DSSHDUHG��8QL[�ZDV�ZLGHO\�XVHG�DW�XQLYHUVLWLHV�
DQG�UHVHDUFK�LQVWLWXWLRQV�LQ�86$�DQG�(XURSH��:K\�ZDV�LW�VR�ZLGHO\�XVHG"�:LWKRXW�JRLQJ�
LQWR�WKH�WHFKQLFDO�OLQHDJHV�RI�RSHUDWLQJ�V\VWHPV��DQG�WKH�FRQVWDQW�WUDGHRIIV�DQG�
H[FKDQJHV�EHWZHHQ�DFDGHPLF�FRPSXWHU�VFLHQFH��FRPSXWHU�PDQXIDFWXUHUV��WKH�8�6��
PLOLWDU\�DQG�WHOHFRPPXQLFDWLRQV�FRPSDQLHV��WKH�ILUVW�DFDGHPLF�SDSHU�SXEOLVKHG�E\�
5LWFKLH�DQG�7KRPSVRQ��UHSRUWLQJ�RQ�8QL[�LQ�������5LWFKLH�	�7KRPSVRQ��������HPSKDVLVHG�
WKH�FRPELQDWLRQ�RI�WKH�SRZHU�RI�
LQWHUDFWLYH�XVH
�DQG�HFRQRP\�LQ�UHODWLRQ�WR�KDUGZDUH��

3HUKDSV�WKH�PRVW�LPSRUWDQW�DFKLHYHPHQW�RI�81,;�LV�WR�GHPRQVWUDWH�WKDW�D�SRZHUIXO�
RSHUDWLQJ�V\VWHP�IRU�LQWHUDFWLYH�XVH�QHHG�QRW�EH�H[SHQVLYH�HLWKHU�LQ�HTXLSPHQW�RU�LQ�
KXPDQ�HIIRUW��81,;�FDQ�EH�UXQ�RQ�KDUGZDUH�FRVWLQJ�DV�OLWWOH�DV����������DQG�OHVV�WKDQ�
WZR�PDQ�\HDUV�ZHUH�VSHQW�RQ�WKH�PDLQ�V\VWHP�VRIWZDUH��5LWFKLH�	�7KRPSVRQ��������
�������

7KH�
LQWHUDFWLYH
�FKDUDFWHU�RI�81,;�ZDV�DQ�
H[SUHVVLRQ�RI�RXU�GHVLUH�IRU�SURJUDPPLQJ�
FRQYHQLHQFH
��5LWFKLH�	�7KRPSVRQ�������������UDWKHU�WKDQ�DQ\�SUHGHILQHG�RSHUDWLRQDO�
REMHFWLYHV�IRU�WKH�V\VWHP��,Q�RWKHU�ZRUGV��WKH�NLQG�RI�ZRUN�WKDW�SURJUDPPHUV�IDFH�ZDV�
GHHSO\�HPEHGGHG�LQ�WKH�GHVLJQ�RI�8QL[�LQ�D�QXPEHU�RI�GLIIHUHQW�ZD\V���1RW�RQO\�ZHUH�
WKH�NLQGV�RI�IHDWXUHV�DQG�IXQFWLRQDOLW\�DYDLODEOH�LQ�8QL[�VXLWHG�WR�SURJUDPPHUV��8QL[�ZDV�
LWVHOI�FRHYDO�ZLWK�D�SDUWLFXODU�SURJUDPPLQJ�ODQJXDJH��&��WKDW�EHFDPH�DQ�LQGXVWU\�
VWDQGDUG�DQG�LV�XVHG�WR�ZULWH�/LQX[�FRGH��,Q�FRQWUDVW�WR�RWKHU�FRPPHUFLDO�RSHUDWLQJ�
V\VWHPV�DW�WKH�WLPH��5LWFKLH�DQG�7KRPSVRQ�H[SOLFLWO\�VHW�RXW�WR�GHVLJQ�D�V\VWHP�IRU�

SURJUDPPHUV
�FRQYHQLHQFH��&RQVHTXHQWO\��8QL[�WRRN�RQ�D�SDUWLFXODU�VKDSH�EDVHG�RQ�WZR�
PDMRU�DEVWUDFWLRQV��7KHVH�DEVWUDFWLRQV�VWURQJO\�DIIHFWHG�/LQX[��7KH�QRWLRQ�RI�HYHU\WKLQJ�



�������
DV�D�ILOH��.HUQLJKDQ�	�5LWFKLH�����������72'2��FKHFN�WKLV����WKH�QRWLRQ�RI�
WKH�SURFHVV
�
�WKH�RWKHU�IXQGDPHQWDO�DEVWUDFWLRQ�LQ�8QL[��DQG�WKH�SURYLVLRQ�RI�PDQ\�WRROV�DQG�XWLOLWLHV�
IRU�DFFRPSOLVKLQJ�VSHFLILF�SURJUDP�DQG�V\VWHP�PDLQWHQDQFH�WDVNV�VWLOO�FRPSOHWHO\�
SHUYDGHV�/LQX[��

%\�WKH�HDUO\�����V��MXVW�EHIRUH�/LQX[�HPHUJHG��8QL[�DOUHDG\�KDG�LWV�RZQ�TXLWH�
FRPSOLFDWHG�KLVWRU\�RI�H[FKDQJH�DQG�YDOXH��VHH�6DOXV�����������2QH�RI�WKH�VWDQGDUG�
XQGHUJUDGXDWH�WH[WERRNV�RQ�RSHUDWLQJ�V\VWHPV�DW�WKH�WLPH��7DQHQEDXP
V�2SHUDWLQJ�
6\VWHPV��'HVLJQ�DQG�,PSOHPHQWDWLRQ��VD\V��

81,;�KDV�EHHQ�PRYHG��
SRUWHG
��WR�PRUH�FRPSXWHUV�WKDQ�DQ\�RWKHU�RSHUDWLQJ�V\VWHP�LQ�
KLVWRU\��DQG�LWV�XVH�LV�VWLOO�UDSLGO\�LQFUHDVLQJ���7DQHQEDXP�����������

8QL[�PLJUDWHG�WR�PDQ\�GLIIHUHQW�KDUGZDUH�SODWIRUPV�ERWK�EHFDXVH�RI�LWV�VSHFLILF�
WHFKQLFDO�DWWULEXWHV�RI�8QL[�DQG�WKH�%HOO�$7	7�OLFHQVLQJ�DUUDQJHPHQWV�WKDW�PHDQW�XVHUV�
QHHGHG�WR�ZRUN�ZLWK�HDFK�RWKHU�WR�NHHS�WKHLU�V\VWHPV�UXQQLQJ��7KH�
LQWHUDFWLYLW\
�RI�8QL[�
�LWV�DELOLW\�WR�VFKHGXOH�DQG�FDUU\�RXW�PRUH�WKDQ�RQH�FRPSXWLQJ�WDVN�DW�RQFH��DQG�LWV�

SRUWDELOLW\
�DUH�DWWULEXWHV�FHQWUDO�WR�/LQX[��)URP�WKH�RXWVHW��WKH\�ZHUH�FRXSOHG�WRJHWKHU�
LQ�WKH�ZD\�8QL[�FLUFLXODWHG��7KLV�FRPELQDWLRQ�RI�FLUFXPVWDQFHV�FHUWDLQO\�IRUPV�D�
FRQVWLWXWLYH�FRQYHQWLRQ�IRU�/LQX[��7KH�KLVWRU\�RI�8QL[�OLHV�DW�D�FRPSOLFDWHG�MXQFWLRQ�
MXQFWXUH�EHWZHHQ�WKH�RUJDQLVDWLRQ�RI�FDSLWDO��VWDWH�UHJXODWLRQ�RI�FRPPXQLFDWLRQ��DQG�
WKH�WHFKQLFDO�ZRUN�RI�SURJUDPPLQJ���

8QL[
�FLUFXODWLRQ�EHWZHHQ������DQG�������ZDV�VWURQJO\�DIIHFWHG�E\�DQ�DQWL�WUXVW�FDVH�
LQLWLDWHG�LQ������E\�WKH�8�6�)HGHUDO�'HSDUWPHQW�RI�-XVWLFH�DJDLQVW�:HVWHUQ�(OHFWULF�DQG�
$7	7��FRPSDQLHV�WKDW�MRLQWO\�RZQHG�%HOO�7HOHSKRQH�/DERUDWRULHV��%HWZHHQ�WKH�ILUVW�
SXEOLF�UHOHDVH�RI�8QL[�LQ������DQG�������$7	7�KDG�EHHQ�ERXQG�E\�WKH�WHUPV�RI�D�FRXUW�
MXGJPHQW�PDGH�LQ������WR�GLVWULEXWH�8QL[�DW�D�QRPLQDO�IHH�WR�DQ\RQH�ZKR�ZDQWHG�LW��$V�
D�WHOHSKRQH�FRPSDQ\��WKH\�ZHUH�OHJDOO\�SURKLELWHG�IURP�SURILWLQJ�IURP�FRPSXWHU�
VRIWZDUH���$W�WKH�VDPH�WLPH��EHFDXVH�WKH\�ZHUH�OHJDOO\�SURKLELWHG�IURP�PDNLQJ�DQ\�
SURILW�RQ�DQ�RSHUDWLQJ�V\VWHP�VXFK�DV�8QL[��$7	7�SURYLGHG�QR�VXSSRUW�DQG�QR�IL[HV�IRU�
EXJV�LQ�WKH�V\VWHP��8QL[�ZDV�XQVXSSRUWHG��$V�6DOXV�ZULWHV��
>W@KH�GHFLVLRQ�RQ�WKH�SDUW�RI�
WKH�$7	7�ODZ\HUV�WR�DOORZ�HGXFDWLRQ�LQVWLWXWLRQV�WR�UHFHLYH�8QL[��EXW�WR�GHQ\�VXSSRUW�RU�
EXJ�IL[HV�KDG�DQ�LPPHGLDWH�HIIHFW��LW�IRUFHG�XVHUV�WR�VKDUH�ZLWK�RQH�DQRWKHU��7KH\�



�������
VKDUHG�LGHDV��LQIRUPDWLRQ��SURJUDPV��EXJ�IL[HV��DQG�KDUGZDUH�IL[HV
��6DOXV�������������,Q�
������D�VHFRQG�DQWL�WUXVW�DFWLRQ��VLPLODU�WR�WKH�RQH�PRXQWHG�FXUUHQWO\�UXQQLQJ�DJDLQVW�
0LFURVRIW��GLYHVWHG�$7	7�RI�WKH�%HOO�2SHUDWLQJ�&RPSDQLHV�DQG�FKDQJHG�WKH�FRPPHUFLDO�
VWDWXV�RI�8QL[���,Q�WKH�DIWHUPDWK�RI�WKH�VHFRQG�DQWL�WUXVW�DFWLRQ��WKH�QHZO\�IRUPHG�$7	7�
%HOO�7HOHSKRQH�/DEV��QR�ORQJHU�D�OHJDO�D�SDUW�RI�D�WHOHSKRQH�FRPSDQ\��FRXOG�OLFHQFH�
8QL[�IRU�DQ\�DPRXQW�LW�ZDQWHG�WR��7KH�FKDUJH�IRU�WKH�DOO��LPSRUWDQW�VRXUFH�FRGH�URVH�
VWHHSO\�LQWR�WKH�RUGHU�RI�VHYHUDO�KXQGUHG�WKRXVDQG�GROODUV�DQG�LW�SURKLELWHG�WKH�VRXUFH�
FRGH�IURP�EHLQJ�VWXGLHG�LQ�XQLYHUVLW\�FRXUVHV��6DOXV�������������ZKHUH�8QL[�KDG�EHFRPH�
D�VWDQGDUG�WHDFKLQJ�WRRO�IRU�FRPSXWHU�VFLHQFH�VWXGHQWV���

,�DP�VXJJHVWLQJ�WKDW�8QL[�LV�DQ�LPSRUWDQW�FRPSRQHQW�RI�WKH�DXWKRULVLQJ�FRQWH[W�ZKLFK�
/LQX[�HPHUJHV�RXW�RI��8QL[�H[LVWHG�IRU�D�ORQJ�WLPH�DV�VRPHWKLQJ�WKDW�WKH�86�JRYHUQPHQW�
SURKLELWHG�D�WHOHFRPPXQLFDWLRQV�FRPSDQ\�IURP�FRPPHUFLDOLVLQJ��$7	7�%HOO�ZDV�
FRPSHOOHG�WR�JLYH�8QL[�DZD\�IUHHO\��$W�WKH�VDPH�WLPH��EHFDXVH�$7�	7�FRXOG�PDNH�QR�
SURILW��LW�SURYLGHG�QR�VXSSRUW��VR�DGRSWHUV�RI�8QL[�ZHUH�PRWLYDWHG�WR�GR�WKHLU�RZQ�
PDLQWHQDQFH�DQG�GHYHORSPHQW��&RQVHTXHQWO\��8QL[�EHFDPH��D�SHGDJRJLFDO�REMHFW��,W�
ZDV�XVHG�WR�WHDFK�FRPSXWHU�VFLHQFH�VWXGHQWV�DW�XQLYHUVLWLHV�GXULQJ�WKH�����V�DQG�����V�
DERXW�RSHUDWLQJ�V\VWHPV��%HFDXVH�LW�FDPH�ZLWK�LWV�RZQ�SURJUDPPLQJ�ODQJXJDJH��&��8QL[�
ZDV�DOVR�D�KLJKO\�PXWDEOH��UHFRQILJXUDEOH�REMHFW��&RPSXWHU�VFLHQWLVWV�XVHG�8QL[�DV�D�
WHVWEHG�WR�H[SORUH�QHZ�SURWRFROV��GDWD�VWUXFWXUHV�DQG�XVHU�LQWHUIDFHV��8QL[�JUHZV�DV�D�
SDUW�RI�WKH�HPHUJLQJ�LQIUDVWUXFWXUHV�RI�QHWZRUNHG�FRPSXWHU�HPHUJLQJ�LQ�WKH�ODWH�����V�
DQG�JURZLQJ�GXULQJ�WKH�����V�LQWR�WKH�LQWHUQHW��7KLV��DVSHFW�RI�WKH�DXWKRULVLQJ�FRQWH[W�
FHQWUHV�RQ�D�SDUWLFXODU�VHW�RI�FRPPXQLFDWLRQ�SURWRFROV��7&3�,3���$FFRUGLQJ�WR��$EEDWH
V�
,QYHQWLQJ�WKH�,QWHUQHW���WKH\�ZHUH�ILUVW�LQFRUSRUDWHG�LQWR�8QL[�LQ�WKH�ODWH�����V��PDLQO\�
WKURXJK�$53$�IXQGLQJ��$EEDWH������������� � � � ��

*HQHUDOO\��VSHDNLQJ�WKH�SULPDU\�FRPSRQHQW�RI�WKH�DXWKRUL]LQJ�FRQWH[W�XQGHUSLQQLQJ�WKH�
SHUIRUPDWLYLW\�RI�/LQX[�FRPHV�IURP�WKH�SHFXOLDU�VHW�RI�8QL[�SUDFWLFHV�ZKLFK�LQWLPDWHO\�
OLQNHG�SURGXFHUV�DQG�XVHUV�FRQVXPHUV�RI�RSHUDWLQJ�V\VWHPV��

Authorizing context (b): co-ordinating and communicating 
:KDW�GRHV�LW�PHDQ�WR�VD\�WKDW�
/LQX[�LV�D�8QL[�FORQH
"�,Q�FORQLQJ�D�FRPSXWLQJ�
HQYLURQPHQW��ZKHUH�GRHV�WKH�OLQH�EHWZHHQ�ZKDW�LV�FORQHG�DQG�ZKDW�LV�QRW�JHW�GUDZQ"�



�������
/LQX[�DFFRUGLQJ�WR�7RUYDOGV�ZDV�D�
SURJUDP�IRU�KDFNHUV�E\�D�KDFNHU
���7RUYDOGV���������
MXVW�DV�8QL[�ZDV��DFFRUGLQJ�WR�.HUQLJKDQ�DQG�5LWFKLH��D�V\VWHP�E\�SURJUDPPHUV�IRU�
SURJUDPPHUV
�FRQYHQLHQFH��*LYHQ�WKDW�8QL[�KDG��DV�7DQHQEDXP
V�WH[W�ERRN�VWDWHV��
DOUHDG\�EHHQ�
SRUWHG
�WR�PRUH�SODWIRUPV�WKDQ�DQ\�RWKHU�RSHUDWLQJ�V\VWHP�
LQ�KLVWRU\
��
ZKDW�ZDV�DW�VWDNH�LQ�KDYLQJ�LW�FORQHG�E\�KDFNHUV"� � � � �

�$�VHFRQG�FUXFLDO�DQG�LQWHUORFNLQJ�FRPSRQHQW�RI�WKH�DXWKRUL]LQJ�FRQWH[W�ZKLFK�
XQGHUJLUGV�/LQX[
V�SHUIRUPDWLYLW\�UHVLGHV�KHUH��/LQX[�IROORZV�LQ�WKH�ZDNH�RI�RWKHU�
SRUWV
�
RI�8QL[�WR�SHUVRQDO�FRPSXWLQJ�KDUGZDUH�VXFK�DV�0LQL[��%XW�WKH�ILUVW�SLHFHV�RI�FRGH�WKDW�
FRXOG�UHFRJQLVDEO\�EH�FDOOHG�
/LQX[
�ZHUH�H[SHULPHQWV�ZLWK�D�SDUWLFXODU�IHDWXUH�RI�WKH�
,QWHO�������FKLS�FDOOHG�
WDVN�VZLWFKLQJ
��,Q�D������LQWHUYLHZ��7RUYDOGV�VDLG��

´,�ZDV�WHVWLQJ�WKH�WDVN�VZLWFKLQJ�FDSDELOLWLHV�>RI�WKH������@��VR�ZKDW�,�GLG�ZDV�,�MXVW�
PDGH�WZR�SURFHVVHV�DQG�PDGH�WKHP�ZULWH�WR�WKH�VFUHHQ�DQG�KDG�D�WLPHU�WKDW�
VZLWFKHG�WDVNV��2QH�SURFHVV�ZURWH�
$
��WKH�RWKHU�ZURWH�
%
��VR�,�VDZ�
$$$$%%%%
�DQG�
VR�µ������´*RGV�,�ZDV�SURXG�RYHU�WKDWµ��0RRG\������������

$OWKRXJK�LW�LV�D�FORQH�RI�H[LVWLQJ�8QL[�V\VWHPV�ZKLFK�KDG�EHFRPH�LQFUHDVLQJO\�
SURSULHWDU\�E\�WKH�HDUO\�����V��/LQX[�WRRN�URRW�LQ�DQ�LQGLYLGDO�GHVLUH�WR��
WHVW�WKH�WDVN�
VZLWFKLQJ�FDSDELOLWLHV
�RI�WKH�L����IDPLO\�RI�PLFURSURFHVVRUV�SURGXFHG�E\�,QWHO��:K\�ZDV�

WDVN�VZLWFKLQJ
�RI�LQWHUHVW"�2QH�RI�WKH�IXQGDPHQWDO�8QL[�DEVWUDFWLRQV��
WKH�SURFHVV
��
VXSSRUWV�8QL[�LQWHUDFWLYLW\��%\�XVLQJ�WKH�WDVN�VZLWFKLQJ�FDSDELOLWLHV�RI�WKH�,QWHO�SODWIRUP�
�ZKLFK�XQGHUOD\�DQG�VWLOO�XQGHUOLHV�PRVW�SHUVRQDO�FRPSXWHUV���7RUYDOGV�FRXOG�EXLOG�IURP�
WKH�JURXQG�XS�D�FRQFUHWH�LPSOHPHQWDWLRQ�RI�WKH�IXQGDPHQWDO�SURFHVV�DEVWUDFWLRQ��8QL[�
FXOWXUH�WKHQ�FRXOG�PRYH�RXW�RI�WKH�LQVWLWXWLRQDO�DQG�FRPPHUFLDO�HQYLURQPHQWV�LQ�ZKLFK�
LW�KDG�EHHQ�GHYHORSHG��DQG�UHJXODWHG�YLD�WKLV�DGDSWDWLRQ�WR�D�FRPPRGLW\�FRQVXPHU�
KDUGZDUH�SODWIRUP��9LD�WKH�DSSURSULDWLRQ�RI�FRQVXPHU�FRPSXWLQJ�KDUGZDUH�HIIHFWHG�E\�
/LQX[��WKH�FRQYHQWLRQDO�REMHFW�8QL[�EHJLQV�WR�PHWDPRUSKRVH�LQWR�VRPHWKLQJ�PRUH�
G\QDPLF�DQG�SURFHVVXDO��/LQX[��ZH�FRXOG�VD\��WUDQVIRUPV�WKH�FRQVXPSWLRQ�RI�FRPPRGLW\�
FRPSXWLQJ�KDUGZDUH�E\�RSHQLQJ�D�ZLQGRZ�RQWR�WKH�
DXWKRUL]LQJ�FRQWH[W
�HPERGLHG�LQ�
8QL[��+RZ�LV�FRQVXPSWLRQ�XQGHUVWRRG�KHUH"�,Q�WKH�FDVH�RI�/LQX[��FRQVXPSWLRQ�RI�
FRPPRGLW\�RFFXUV�WKURXJK�FRGLQJ��7KURXJK�FRGH��WKH�SURSULHWDU\�KDUGZDUH�VSHFLILFLWLHV�
RI��GLIIHUHQW�FRPSXWDWLRQDO�GHYLFHV�DQG�SHULSKHUDOV�DUH�DGGUHVVHG���



�������
7KH�ILUVW�UHOHDVH�RI�WKH�NHUQHO�LQ�ODWH�1RYHPEHU������FRQWDLQV�D�ZDUQLQJ�DERXW��UHODWLRQV�
WR�WKH�SURSULHWDU\�GHYLFHV��

LINUX 0.11 is a freely distributable UNIX clone.  ... LINUX runs only 
on 386/486 AT-bus machines; porting to non-Intel architectures is 
likely to be difficult, as the kernel makes extensive use of 386 
memory management and task primitives. 
(Torvalds, 1991)  

6R��LQ�WKH�ILUVW�SXEOLFDOO\�UHOHDVHG�YHUVLRQ�RI�/LQX[��D�NH\�SLHFH�RI�FRGH�FRQWDLQHG�LQ�WKH�

PDLQ�F
�ILOH�VHWV�WKH�RSHUDWLQJ�V\VWHP�WLPH�IURP�D�KDUGZDUH�FORFN��

�
�
�
�<HDK��\HDK��LW
V�XJO\��EXW�,�FDQQRW�ILQG�KRZ�WR�GR�WKLV�FRUUHFWO\�
�
�DQG�WKLV�VHHPV�WR�ZRUN��,I�DQ\ERG\�KDV�PRUH�LQIR�RQ�WKH�UHDO�WLPH�
�
�FORFN�,
G�EH�LQWHUHVWHG��0RVW�RI�WKLV�ZDV�WULDO�DQG�HUURU��DQG�VRPH�
�
�ELRV�OLVWLQJ�UHDGLQJ��8UJKK��
�
��
�
�GHILQH�&026B5($'�DGGU���^�?�
RXWEBS��[��_DGGU��[�����?�
LQEBS��[�����?�
`��
.HUQHO�������PDLQ�F�

$V�WKH�FRGH�FRPPHQWV�VD\��WKLV�LV�
XJO\
�PDWHULDO�WR�ZRUN�ZLWK��HVSHFLDOO\�DV�D�
UHVHDUFKHU����7KH�OLQHV�RI�FRGH�DUH�H[HFXWHG�ZKHQ�WKH�RSHUDWLQJ�V\VWHP�VWDUWV�XS��7KH\�
DFWXDOO\�UHIHU�WR�VRPH�RWKHU�OLQHV�WKDW�UHODWH�WR�KDUGZDUH�VSHFLILFLW\��,I�ZH�WUDFH�WKH��
OLQH�
RXWEBS��[��_DGGU��[����
��WR�WKHLU�GHILQLWLRQ�LQ�DQRWKHU�VRXUFH�ILOH��ZH�ILQG�WKHP�
GHILQHG�DV��

�GHILQH�RXWE�YDOXH�SRUW��?�
BBDVPBB���RXWE���DO���G[����D���YDOXH���G���SRUW���
�
�
�GHILQH�LQE�SRUW���^�?�
XQVLJQHG�FKDU�BY��?�
BBDVPBB�YRODWLOH���LQE���G[���DO��� D���BY���G���SRUW����?�
BY��?�
`��
����NHUQHO�������LQFOXGH�DVP�LR�K��

7KH�FRGH�EHFRPHV�HYHQ�XJOLHU�DQG�OHVV�HDVLO\�UHDGDEOH��7KH�LQFUHDVLQJ�XQUHDGDELOLW\�
VKRZV�VRPHWKLQJ�LPSRUWDQW��7KHVH�LQVWUXFWLRQV�UHDG�DQG�ZULWH�WR�VSHFLILF�VSDWLDO�
ORFDWLRQV�RQ�WKH�,QWHO�[���IDPLO\�RI�&38V��VSHFLILFDOO\��,2��LQSXW�RXWSXW��SRUWV���6RPH�RI�



�������
WKH�YHU\�ILUVW�OLQHV�RI�WKH�/LQX[�NHUQHO�DUH�YHU\�FORVHO\�WLHG�WR�WKH�GHHSO\�HPEHGGHG�
VSHFLILFLWLHV�RI�WKH�,QWHO�������FKLS��)UXVWUDWHG�E\�WKH�RSDFLW\�DQG�REVFXULW\�RI�WKH�
KDUGZDUH��7RUYDOGV�ZULWHV�LQ�WKH�FRGH�FRPPHQWV��
,�FDQQRW�ILQG�RXW�KRZ�WR�GR�WKLV�
FRUUHFWO\�
���

'XULQJ�HDUO\��������SRVWLQJV�RQ�QHZVJURXSV�VXFK�DV�FRPS�RV�PLQL[��VROLFLWLQJ�
SURJUDPPHUV�WR�ZRUN�RQ�/LQX[��ZHUH�IUDPHG�LQ�WHUPV�RI�WKH�GLIILFXOW�VSHFLILFLWLHV�RI�
KDUGZDUH�GHYLFHV��7KLV�LV�/LQXV�7RUYDOGV�LQYLWLQJ�SHRSOH�WR�ZRUN�ZLWK�RQ�ZKDW�ZRXOG�
ODWHU�EH�FDOOHG�/LQX[��

'R�\RX�SLQH�IRU�WKH�QLFH�GD\V�RI�PLQL[������ZKHQ�PHQ�ZHUH�PHQ�DQG�ZURWH�WKHLU�RZQ�
GHYLFH�GULYHUV"�$UH�\RX�ZLWKRXW�D�QLFH�SURMHFW�DQG�MXVW�G\LQJ�WR�FXW�\RXU�WHHWK�RQ�D�26�
\RX�FDQ�WU\�WR�PRGLI\�IRU�\RXU�QHHGV"�$UH�\RX�ILQGLQJ�LW�IUXVWUDWLQJ�ZKHQ�HYHU\WKLQJ�
ZRUNV�RQ�PLQL["�1R�PRUH�DOO�QLJKWHUV�WR�JHW�D�QLIW\�SURJUDP�ZRUNLQJ"�7KHQ�WKLV�SRVW�
PLJKW�EH�MXVW�IRU�\RX������7RUYDOGV��������

7KLV�ILUVW�DQQRXQFHPHQW�DQG�FDOO�IRU�YROXQWHHUV���
PHQ
����IRFXVHV�RQ�WKH�DOO�QLJKW�
SOHDVXUHV�RI�ORZ�OHYHO�V\VWHP�SURJUDPPLQJ�RI�
GHYLFH�GULYHUV
��WKH�SDUWV�RI�DQ�RSHUDWLQJ�
V\VWHP�WKDW�VSHDN�WR�VSHFLILF�SLHFHV�RI�KDUGZDUH�UDWKHU�WKDQ�KLJKHU�OHYHO�DEVWUDFWLRQV��
7KH�PHQWLRQ�RI�D�WLPH�ZKHQ�
PHQ�����ZURWH�WKHLU�RZQ�GHYLFH�GULYHUV
�SUHVXPHV��ILUVW�RI�
DOO��D�WLPH�ZKHQ�PHQ�KDG�DFFHVV�WR�WKH�GHYLFH�LQ�TXHVWLRQ��,Q�WKH�WHQ�\HDUV�VLQFH��DV�WKH�
VRXUFH�FRGH�IRU�WKH�NHUQHO�KDV�JURZQ�IURP�D�IHZ�KXQGUHG�NLORE\WHV�����N%��WR�
DSSUR[LPDWHO\���0%�LQ�VL]H��FRGH�WKDW�DGGUHVVHV�SURSULHWDU\�GHYLFH�VSHFLILFLWLHV�KDYH�
EHHQ�DGGHG�WR�WKH�V\VWHP��$V�/LQX[�LV�
SRUWHG
�RQWR�GLIIHUHQW�SODWIRUPV��QHZ�KDUGZDUH�
VSHFLILFLWLHV�KDYH�WR�EH�DGGUHVVHG��$W�WKH�VDPH�WLPH��DVVXPSWLRQV�DERXW�KDUGZDUH�
VSHFLILFLWLHV�EXLOW�LQWR�SUHYLRXV�YHUVLRQV�RI�WKH�FRGH�KDYH�WR�EH�UHQGHUHG�H[SOLFLW�DQG�
WKHQ�PRYHG�RXW�RI�VKDUHG�FRGH�LQWR�VSHFLDOL]HG�DUHDV��

$�ILQDO�IDFHW�RI�WKH�FRQVWLWXWLYH�FRQYHQWLRQV�DW�ZRUN�LQ�WKH�SHUIRUPDWLYLW\�RI�/LQX[�PXVW�
EH�PHQWLRQHG��7KH�/LQX[�NHUQHO�LV�GHHSO\�WLHG�WR�D�JHQGHUHG�FRUSRUHDO�VHW�RI�SUDFWLFHV�
RI�SURJUDPPLQJ�ZRUN��7KH�PHQWLRQ�RI�
DOO�QLJKWHUV
��RI�D�WLPH�ZKHQ�
PHQ�ZURWH�WKHLU�
RZQ�GHYLFH�GULYHUV
��UHPLQGV�XV�WKDW�/LQX[�LV�D�SURJUDP�E\�PHQ�IRU�PHQ�ZKR�OLNH�WR�SOD\�
ZLWK�FRPSXWLQJ�KDUGZDUH��7KH�VSHFLILFLW\�RI�WKH�FRPPRGLW\�FRPSXWHU�KDUGZDUH�IRU�
ZKLFK�/LQX[�KDFNHUV�ZULWH�GHYLFH�GULYHUV�FRUUHODWHV�GLUHFWO\�ZLWK�WKH��GHVLUH�WR�
PRGLI\�
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Conclusions 
,�VWDUWHG�RXW�IURP�WKH�TXHVWLRQ�RI�KRZ�FRPSXWHU�FRGH��FRXOG�EH�D�FXOWXUDO�REMHFW��7KH��
EDFNJURXQG�WR�WKLV�TXHVWLRQ�FRPHV�IURP�PRUH�JHQHUDO�DFFRXQWV�RI�WKH�RSHUDWLRQDOLW\�RI��

WKH�LQIRUPDWLRQ�RUGHU
��/DVK�����������RU�QHWZRUN�VRFLHWLHV��&DVWHOOV����������,Q�FHUWDLQ�
ZD\V��WKH�/LQX[�NHUQHO�UHYHDOV�V\PSWRPDWLF�IHDWXUHV�RI�WKH�FRQWHPSRUDU\�RUJDQLVDWLRQ�
RI�PDWHULDO�FXOWXUH��,Q�SURGXFWLRQ��FLUFXODWLRQ�DQG�FRQVXPSWLRQ�RI�LQIRUPDWLRQ���LQ�WKH�
ZD\V�WKDW�WKLQJV�OLNH�/LQX[�PHGLDWH�LQIRUPDWLF�VRFLDOLW\��DQG�LQ�WKH�ZD\V�WKH\�DUWLFXODWH�
QHZ�LQWHUVHFWLRQV�EHWZHHQ�WKH�GLIIHUHQW�VHWV�RI�SUDFWLFHV�DQG�FRQYHQWLRQV��FRGH�REMHFWV�
GHPRQVWUDWH�WKDW��RSHUDWLRQDOLW\�GHSHQGV�RQ�WKH�FRQVWLWXWLRQ�RI�FROOHFWLYH�DJHQF\��:KLOH�
WKH�WHFKQLFDO�SHUIRUPDQFH�RI�/LQX[�YHUVXV�RWKHU�RSHUDWLQJ�V\VWHPV�LV�D�PDWWHU�RI�HQGOHVV�
GHEDWH��LWV�SHUIRUPDWLYLW\��LWV�FDSDFLW\�WR�HQDFW�ZKDW�LV�UHSUHVHQWV�RU�GHVFULEHV��LV�
KDUGHU�WR�FRQWHVW��7KH�SUROLIHUDWLRQ�RI�GLVWURV��VLWHV��HQWHUSULVHV��SURGXFWV�DQG�GHVLJQV�
DVVRFLDWHG�ZLWK�/LQX[�DWWHVWV�WR�WKDW�SHUIRUPDWLYH�IRUFH��

7KH�PDLQ�WKUHDG�RI�P\�DQDO\VLV�RI�/LQX[�ORFDWHV�RSHUDWLRQDOLW\�ZLWKLQ�D�VSHFLILF�FXOWXUH�
RI�FLUFXODWLRQ�ZKLFK�ZRUNV�SHUIRUPDWLYHO\��([WHQGLQJ�SHUIRUPDWLYLW\�IURP�VSRNHQ�RU�
ZULWWHQ�WH[WV��WR�REMHFWV�LV�QRW�QHZ��/DWRXU��IRU�LQVWDQFH��ZULWHV��
>S@URJUDPV�DUH�
ZULWWHQ��FKLSV�DUH�HQJUDYHG�OLNH�HWFKLQJV�RU�SKRWRJUDSKHG�OLNH�SODQV��<HW�WKH\�GR�ZKDW�
WKH\�VD\"�<HV��RI�FRXUVH��IRU�DOO�RI�WKHP�WH[WV�DQG�WKLQJV�DFW��7KH\�DUH�SURJUDPV�RI�
DFWLRQ�ZKRVH�VFULSWRU�PD\�GHOHJDWH�WKHLU�UHDOL]DWLRQ�WR�HOHFWURQV��RU�VLJQV��RU�KDELWV��RU�
QHXURQV
��/DWRXU��������������,Q�FODLPLQJ�WKDW�
SURJUDPV
��GR�ZKDW�WKH\�VD\��/DWRXU�
DWWULEXWHV�SHUIRUPDWLYLW\�WR�REMHFWV�LQVRIDU�DV�WKH\�
UHDOL]H
�VSHFLILF�VRFLDO�DFWLRQV��7KH�
JORVV�,�ZRXOG�DGG�WR�WKDW�SRLQW�LV�WKDW�UHDOL]LQJ�SURJUDPV�RI�DFWLRQ�LV�FRPSOLFDWHG�����

$XJPHQWLQJ�WKH�FODLP�WKDW�REMHFWV�DFW�DQG�VSHDN�E\�YLUWXH�RI�GHOHJDWLRQ��,�ZRXOG�VXJJHVW�
WKDW�WKH�SHUIRUPDWLYLW\�RI�D�FXOWXUDO�REMHFW�VXFK�DV�/LQX[�FDQ�EH�DQDO\VHG�DV�D�SDUWLDO�
VROXWLRQ�WR�D�SUREOHP�RI�VRFLDO�LGHQWLW\�IRU�LQIRUPDWLRQ�HOLWHV��&DXJKW�EHWZHHQ�KLJKO\�
FRPPRGLILHG�KDUGZDUH�SURGXFWLRQ��WKH�VWULQJHQW�UHJXODWLRQ�RI�LQWHOOHFWXDO�SURSHUW\��DQG�
DQ�HWKRV�RI�IUHH�ZKHHOLQJ�FUHDWLYLW\�DQG�DXWRQRPRXV�ZRUN��KDFNHUV��KDYH�VWDELOLVHG�
VRPH�WKLQJV�²�JHQGHU�QRUPV�²�DQG�UDGLFDOO\�UHRUJDQLVHG�RWKHUV�²�WKH�SURGXFWLRQ�DQG�
FRQVXPSWLRQ�RI�VRIWZDUH��,I�SHUIRUPDWLYLW\�LQYROYHV�DQ�REMHFWLILFDWLRQ�RI�VRFLDO�SUD[LV��
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WKHQ�WKH�VWDELOLW\�RU�GXUDELOLW\�RI�WKDW�REMHFWLILFDWLRQ�GHSHQGV�RQ�WKH�FLWDWLRQ�DQG�
UHSHWLWLRQ�RI�
D�SULRU�DXWKRULWDWLYH�VHW�RI�SUDFWLFHV
��WR�XVH�%XWOHU
V�WHUPV��/LQX[�FRXOG�EH�
VHHQ�DV�VWDQGLQJ�DW�WKH�SRLQW�RI�FRQYHUJHQFH�RI�SUDFWLFHV�FRPLQJ�IURP�DFDGHPLF�
FRPSXWHU�VFLHQFH��HPERGLHG�LQ�8QL[��DQG�ODUJH�VFDOH�SURGXFWLRQ��FLUFXODWLRQ�DQG�
FRQVXPSWLRQ�RI�FRPSXWHUV�DV�FRQVXPHU�HOHFWURQLFV��/LQX[�FRQVWLWXWHV�D�SDUWLDO�VROXWLRQ�
WR�WKH�SUREOHP�RI�KRZ�GLIIHUHQW�DXWKRUL]LQJ�FRQWH[WV�FRPLQJ�IURP�WKH�TXDVL�DFDGHPLF�
HWKRV�RI�8QL[�FRPSXWLQJ�DQG�LWV�FRGLQJ�FRQYHQWLRQV��SURSULHWDU\�OLFHQFLQJ�RI�VRIWZDUH��
WKH�SOHWKRUD�RI�FRPPRGLW\�FRPSXWLQJ�KDUGZDUH�DQG�SURWRFROV�IRU�QHWZRUNLQJ�FDQ�EH�
DUWLFXODWHG�WRJHWKHU��/LQX[�UHPDLQV�D�SDUWLDO�VROXWLRQ�VLQFH�WKH�SURJUDPPLQJ�FROOHFWLYH�
KDV�EHHQ�XQDEOH�WR�RYHUFRPH�LWV�RZQ�OLPLWDWLRQV�LQ�UHJDUG�WR�JHQGHU��7KH�PRVW�HJUHJLRXV�
IHDWXUH�RI�/LQX[�²�WKH�IDFW�WKDW�WKH�FUHGLWV�OLVWLQJ�LV�DOPRVW�ZLWK�H[FHSWLRQ�PDOH�²�VKRZV�
WKDW�WKH�REMHFWLILFDWLRQ�RI�VRFLDO�SUDFWLFH�V\QWKHVLVHV�VRPH�WKLQJV�ZLWK�JUHDW�QRYHOW\�EXW�
NHHSV�RWKHUV�VWDWLF��

$V�D�SRVWVFULSW�WR�WKH�RSHQLQJ�VFHQDULR�IURP�%UXFH�6WHUOLQJ
V�'LVWUDFWLRQ��DV�PHQWLRQHG�
DERYH��D�FRQGLWLRQ�RI��&KLQD
V�HQWU\�LQWR�WKH�:RUOG�7UDGH�2UJDQLVDWLRQ�LV�D�VWUHQJWKHQHG�
UHJXODWLRQ�RI�LQWHOOHFWXDO�SURSHUW\�ODZ��7KH�JURZWK�RI�/LQX[�LQ�&KLQD��DQG�LWV�UHFHQW�
DGRSWLRQ�E\�WKH�%HLQJ�FLW\�JRYHUQPHQW�VXJJHVWV�WKDW�6WHUOLQJ
V�ILFWLRQ�PLJKW�PLVV�WKH�
PDUN�RQ�WKLV�SRLQW��+RZHYHU��WKH�EURDGHU�SRLQW�RI�WKH�VFHQDULR�IURP�'LVWUDFWLRQ�
SUREDEO\�GRHV�KROG��D�WUDQVIRUPDWLRQ�LQ�WKH�RUJDQLVDWLRQ�RI�PDWHULDO�FXOWXUH�LV�LQYROYHG�
LQ�WKH�HPHUJHQFH�DQG�G\QDPLVP�RI�WKLQJV�OLNH�/LQX[��,I�
D�VKLIW�IURP�D�UHJLVWHU�RI�
PHDQLQJ�WR�RQH�RI�RSHUDWLRQDOLW\
��/DVK�������������LV�XQGHUZD\��RSHUDWLRQDOLW\�ZLOO�QHHG�
WR�EH�XQGHUVWRRG�QRW�LQ�WKH�PDWKHPDWLFDO�WHFKQLFDO�WHUPV�WKDW�SUHGRPLQDWH�LQ�VRPH�
DFFRXQWV��EXW�DV�DQ�DUWLFXODWLRQ�RI�GLYHUVH�UHDOLWLHV��

�

 References 
$UV�(OHFWURQLFD�
�*ROGHQ�1LFD�IRU�/LQX[��/LQXV�7RUYDOGV��)LQODQG���/,18;��
KWWS���SUL[DUV�DHF�DW�KLVWRU\�MXU\EHJU������(��ZZZ�KWPO����1RY������

�%HQMDPLQ�/HH�DQG�(GZDUG�/L3XPD��
&XOWXUHV�RI�&LUFXODWLRQ��7KH�,PDJLQDWLRQV�RI�
0RGHUQLW\
�3XEOLF�&XOWXUH��������:LQWHU���������������



�������
%H]URXNRY��1LNRODL�������
2SHQ�6RXUFH�6RIWZDUH�'HYHORSPHQW�DV�D�6SHFLDO�7\SH�RI�
$FDGHPLF�5HVHDUFK
�)LUVW�0RQGD\��
KWWS���ZZZ�ILUVWPRQGD\�RUJ�LVVXHV�LVVXH�B���EH]URXNRY�LQGH[�KWPO�

                                                 
L8QGHU�WKH�FXUUHQW�FLUFXPVWDQFHV��LW�EHFRPHV�LQFUHDVLQJO\�GLIILFXOW�WR�ORFDWH�VRIWZDUH�RU�FRGH�REMHFWV�DV�D��

SDUW�RI�PRQROLWKLF�JOREDOL]LQJ�MXJJHUQDXW��IODWWHQLQJ�ZKROH�GRPDLQV�DV�LW�UROOV�DFURVV�WKH�IDFH�RI�WKH�
JOREH��1DWLRQ�VWDWHV�VXFK�DV�WKH�8�6�$��DWWHPSW�WR�EUHDN�WKH�PRQRSROLHV�RI�PDMRU�VRIWZDUH�FRPSDQLHV�
�H�J��WKH�'HSDUWPHQW�RI�-XVWLFH
V�DQWL�WUXVW�FDVH�DJDLQVW�0LFURVRIW���ZKLOH�VHOI�RUJDQLVHG�JURXSV�RI�
VRIWZDUH�GHYHORSHUV�FORQH�ZKROH�RSHUDWLQJ�V\VWHPV�LQ�WKHLU�
IUHH
�WLPH��IRU�LQVWDQFH��WKH�/LQX[�
RSHUDWLQJ�V\VWHP����

LL7KH�QRWLRQ�RI�
WHFKQRVFDSH
�RXWOLQHG�E\�$UMXQ�$SSDGXUDL�LQ�WKH�IUDPHZRUN�RI�KLV�LQIOXHQWLDO�QRWLRQ�RI�WKH�

HWKQRVFDSH
�RIIHUV�RQH�SRVVLELOLW\�KHUH��
E\�WHFKQRVFDSH��,�PHDQ�WKH�JOREDO�FRQILJXUDWLRQ��DOVR�HYHU�
IOXLG��RI�WHFKQRORJ\�DQG�WKH�IDFW�WKDW�WHFKQRORJ\��ERWK�KLJK�DQG�ORZ��ERWK�PHFKDQLFDO�DQG�
LQIRUPDWLRQDO��QRZ�PRYHV�DW�KLJK�VSHHGV�DFURVV�YDULRXV�NLQGV�RI�SUHYLRXVO\�LPSHUYLRXV�ERXQGDULHV
�
�$SSDGXUDL�������������,I�WKH�ZHOO�NQRZQ�QRWLRQ�HWKQRVFDSH�FRXSOHV�PLJUDWRU\�PRYHPHQWV�RI�SHRSOH�WR�
LPDJLQHG�PRYHPHQWV��
JRLQJ�KRPH
��
PDNLQJ�D�QHZ�OLIH
�HWF���WKH�WHFKQRVFDSH�FRXSOHV��E\�DQDORJ\��
PRYHPHQWV�RI�WHFKQRORJ\�ZLWK�LPDJLQLQJV�RI�WKDW�PRYHPHQW�7KH�QRWLRQ�RI�WHFKQRVFDSH�UHPDLQV�
UHODWLYHO\�XQGHYHORSHG�LQ��$SSDGXUDL���������,W�UHIHUV�RQO\�WR�D�
IOXLG�JOREDO�FRQILJXUDWLRQ
�DQG�WKH�
PRYHPHQW�RI�WHFKQRORJ\�DFURVV�ERXQGDULHV��EHWZHHQ�FRXQWULHV��EHWZHHQ�ZRUNSODFH�DQG�KRPH��HWF����
7KH�FRQFHSW�RI�WHFKQRVFDSH�QHHGV�WR�RIIHUV�ZD\V�RI�WDONLQJ�DERXW�KRZ�WHFKQRORJLHV�PRYH�DERXW�
WRJHWKHU�ZLWK�LPDJLQLQJ�KRZ�WHFKQRORJLHV�PRYH��7R�PDWFK�WKH�FRQFHSWXDO��VRSKLVWLFDWLRQ�RI�
$SSDGXUDL
V�XQGHUVWDQGLQJ�RI�WKH�HWKQRVFDSH��WKH�WHFKQRVFDSH�QHHGV�WR�FRXQWHQDQFH�D�WRSRJUDSKLFDOO\�
DQG�PDWHULDOO\�GLYHUVH�GRPDLQ��PDUNHG�E\�ERXQGDULHV��WKUHVKROGV�DQG�SDWKV��SRSXODWHG�E\�GLIIHUHQW�
LPDJLQLQJV��GHYLFHV��LQIUDVWUXFWXUHV�DQG�V\VWHPV�LQ�LQWHUDFWLRQ���
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WKDW�SHUIRUPDQFH�UHOLHV�RQ�WKH�SHUIRUPDWLYLW\�RI�WKH�SUDFWLFHV�DVVRFLDWHG�ZLWK�/LQX[���

YL6RQ\�LV�JLYLQJ�GHYHORSHUV�DFFHVV�WR�WKH�
SURSULHWDU\�(PRWLRQ�(QJLQH
��2Q�WKH�RQH�KDQG��JDPHV�SODWIRUPV�
DUH�FHQWUHG�RQ�WKH�SURGXFWLRQ�DQG�PDQLSXODWLRQ�RI�DIIHFW�WKURXJK�YLVXDO��DXGLR�DQG�WDFWLOH�HYHQWV��,Q�
JDPH�SOD\��FHUWDLQ�NLQGV�RI�ODERXU�
LQ�WKH�ERGLO\�PRGH
�KHDYLO\�LQWHUDFW�ZLWK�DXGLRYLVXDO��DQG�WDFWLOH��
LQIRUPDWLRQ�REMHFWV��6RPH�RI�WKH�PRVW�GHQVH�DQG�FRPSOLFDWHG�LQWHUIDFHV�WR�LQIRUPDWLRQ�V\VWHPV�DUH�
IRXQG�LQ�JDPLQJ��2Q�WKH�RWKHU�KDQG��DV�WKH�ILQH�GHWDLO�RQ�WKH�3OD\6WDWLRQ�/LQX[�VLWH�VKRZV��6RQ\�LV�QRW�
JLYLQJ�DQ\�SURJUDPPDWLF�DFFHVV�WR�WKH�'9'�RU�&'�GULYHV��8QGHUVWDQGDEO\��WKH\�DUH�WU\LQJ�WR�SUHYHQW�
WKH�3OD\6WDWLRQ�IURP�EHFRPLQJ�D�'9'�ULSSHU��VRPHWKLQJ�WKDW�ZRXOG�XQGHUPLQH�6RQ\
V�EURDGHU�
DXGLRYLVXDO�HQWHUWDLQPHQW�EXVLQHVV��

YLL'XULQJ�WKH�ODVW�WZR�GHFDGHV��WKHVH�SURWRFROV�KDYH�FRPH�WR�DOPRVW�XQLYHUVDOO\�UHJXODWH�WKH�IORZ�RI�GDWD�
EHWZHHQ�KRVWV�RU�VHUYHUV�RQ�WKH�,QWHUQHW��7KHVH�SURWRFROV�SURYLGHG�D�ZD\�RI�FRQQHFWLQJ�PDQ\�
FRPSXWHUV�WRJHWKHU��DQG�RUGHULQJ�WKH�PRYHPHQW�RI�GDWD��SDFNHWV��EHWZHHQ�GLIIHUHQW�SDUWV�RI�WKH�
QHWZRUN�ZLWKRXW�PDNLQJ�PDQ\�DVVXPSWLRQV�DERXW�WKH�FRQWHQW�RU�LQWHUQDO�VWUXFWXUH�RI�WKH�GDWD��

YLLL([SUHVVLYH�WUDLWV�RI�8QL[�HQWHU�/LQX[�SDUWO\�WKURXJK�XQLYHUVLW\�XQGHUJUDGXDWH�FRXUVHV�RQ�RSHUDWLQJ�
V\VWHPV��/LQX[�EHDUV�WKH�PDUNV�RI�/LQXV�7RUYDOGV
�FORVH�UHDGLQJ�RI�7DQHQEDXP
V�DFDGHPLF�WH[WERRN�RQ�
RSHUDWLQJ�V\VWHPV�GXULQJ�������,Q�WKH�PLG�����V���7DQHQEDXP��D�FRPSXWHU�VFLHQFH�DFDGHPLF�LQ�
$PVWHUGDP�ZURWH�D�8QL[�FORQH�FDOOHG�0LQL[�DV�D�FRPSDQLRQ�WR�KLV�WH[WERRN�DQG�LQ�RUGHU�WR�EH�DEOH�WR�
WHDFK�VWXGHQWV�DERXW�8QL[�DV�DQ�RSHUDWLQJ�V\VWHP�ZLWKRXW�LQFXUULQJ�$7�	�7
V�QHZO\�LPSRVHG��OLFHQVLQJ�
IHHV���7KH�VRXUFH�FRGH�RI�$7	7
V�8QL[�ZDV�QRW�DYDLODEOH�WR�VWXGHQWV��%\�FRQWUDVW��WKH�VRXUFH�FRGH�IRU�
0LQL[�ZDV�SXEOLFDOO\�DYDLODEOH�IRU�D�VPDOO�IHH�VR�WKDW�VWXGHQWV�FRXOG�XQGHUVWDQG�KRZ�WKH�V\VWHP�
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ZRUNHG���7KXV�E\��������DV�DQ�XQGHUJUDGXDWH�FRPSXWHU�VFLHQFH�VWXGHQW�DW�+HOVLQNL�8QLYHUVLW\��/LQXV�
7RUYDOGV�KLPVHOI�KDG�DFFHVV�WR�D�SUH�H[LVWLQJ�FORQH�WKDW�FRXOG�UXQ�RQ�DQ�,QWHO�EDVHG�3&��DQG�D�WH[WERRN�
ZKLFK�JDYH�D�FRPSOHWH�DFFRXQW�RI�WKH�DUFKLWHFWXUH�RI�D�8QL[�RSHUDWLQJ�V\VWHP�WR�H[SODLQ�LW���%XW�ZK\�
WKHQ�GLG�/LQX[�FRPH�LQWR�H[LVWHQFH��JLYHQ�WKDW�0LQL[�DOUHDG\�UDQ�RQ�SHUVRQDO�FRPSXWHUV�DQG�SURYLGHG�
8QL[�VW\OH�FRPSXWLQJ�WR�DOPRVW�DQ\RQH��VWXGHQWV�LQFOXGHG��IRU�D�VPDOO�IHH"���7DQHQEDXP
V�0LQL[��ZKLFK�
KDG�WHQV�RI�WKRXVDQGV�RI�XVHUV��ZDV�D�V\VWHP�GHVLJQHG�WR�VXSSRUW�WHDFKLQJ�DERXW�RSHUDWLQJ�V\VWHP�
GHVLJQ��,W�GRZQSOD\HG�KDUGZDUH�VSHFLILFLWLHV�VR�WKDW�WKH�V\VWHP�ZRXOG�VWD\�VLPSOH�DQG�HDV\�WR�
XQGHUVWDQG��,W�ZDV�RQO\�VORZO\�HQKDQFHG�WR�GHDO�ZLWK�D�ZLGHU�UDQJH�RI�KDUGZDUH�GHYLFHV����,I�0LQL[�
HPHUJHG�LQ�UHVSRQVH�WR�WR�WKH�OLFHQFLQJ�UHVWULFWLRQV�RQ�8QL[�VRXUFH�FRGH��/LQX[�ZDV�GHILQHG�LQ�UHODWLRQ�
WR�WKH�SURSULHWDU\�QDWXUH�RI�KDUGZDUH��/LQX[�ZDV�D�V\VWHP�WKDW�WUDQVIRUPHG�D�GLGDFWLF�SURMHFW�ZLWK�
UHVWULFWHG�FLUFXODWLRQ��0LQL[��LQWR�D�ZLGHO\�FLUFXODWLQJ�DQG�UDSLGO\�PRGXODWLQJ�REMHFW��


