
The problem of computer code: Leviathan
or common power?
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The problem of computer code: Leviathan or common power?

>,@W�LV�WKH�VROXWLRQ�WKDW�FRXQWV��EXW�WKH�SUREOHP�DOZD\V�KDV�WKH�VROXWLRQ�LW�GHVHUYHV��LQ
WHUPV�RI�WKH�ZD\�LQ�ZKLFK�LW�LV�VWDWHG��L�H���WKH�FRQGLWLRQV�XQGHU�ZKLFK�LW�LV
GHWHUPLQHG�DV�D�SUREOHP���DQG�RI�WKH�PHDQV�DQG�WHUPV�DW�RXU�GLVSRVDO�IRU�VWDWLQJ�LW
�'HOHX]H�����������

,V�FRGH�LPSRUWDQW"�2YHU�WKH�ODVW�GHFDGH��VWXGLHV�RI�GLJLWDO�FXOWXUH��LQIRUPDWLRQ�FXOWXUH�
LQIRUPDWLRQ�VRFLHW\�DQG�F\EHUFXOWXUHV�KDYH�IRFXVHG�RQ�WKH�FRQWHQW�RI�QHZ�PHGLD�DQG
KRZ�QHZ�PHGLD�DUH�XVHG��7KHVH�VWXGLHV�LGHQWLI\�FKDQJHV�LQ�WKH�FRPPXQLWLHV�
UHSUHVHQWDWLRQV��LQWHUDFWLRQV��LGHRORJLHV��VXEMHFWLYLWLHV�DQG�HYHQ�FRUSRUHDOLWLHV
DVVRFLDWHG�ZLWK�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ��7KLV�SDSHU�VKLIWV�IRFXV�DQG�DVNV
ZKHWKHU�FRGH���VRIWZDUH�RU�SURJUDPV���LV�LPSRUWDQW�

Why code?

&RGH�REMHFWV�KDYH�YHU\�XQHYHQ�YLVLELOLW\�DQG�VLJQLILFDQFH�ZLWKLQ�FROOHFWLYH�OLIH��6RPH
FRGH�REMHFWV�DUH�PXFK�PRUH�LPSRUWDQW�DQG�VLQJXODU�WKDQ�RWKHUV��0DQ\�DUH�ORVW�WR�VLJKW�
IRXQGHULQJ�LQ�EDQDO�UDWLRQDOLVDWLRQV��WULYLDO�DSSOLFDWLRQV�DQG�VHHPLQJO\�SRLQWOHVV
IDQWDVLHV�RI�LQIRUPDWLF�RUGHU� � �6RPH�IRUP�FULWLFDO�FRPSRQHQWV�RI�NH\��LQIUDVWUXFWXUHV�
(OOHQ�8OOPDQ��D�SURJUDPPHU�IURP�WKH�:HVW�&RDVW�RI�WKH�86$��ZULWHV�RI�KHU�DVWRQLVKPHQW
DW�ILQGLQJ�WKDW�WKH�HQWLUH�WUDQVDFWLRQ�SURFHVVLQJ�V\VWHP�RI�D��JOREDO�FUHGLW�FDUG�SURYLGHU
UHOLHG�RQ�VHYHUDO�GR]HQ�OLQHV�RI�DQWLTXH�DVVHPEOHU�FRGH�WKDW�YHU\�IHZ�SHRSOH�FRXOG
XQGHUVWDQG��8OOPDQ���������1HLWKHU�WKH�LQWULQVLF�SURSHUWLHV�RI�FRGH�DV�DQ�REMHFW
�0DQRYLFK���������QRU�FRQWHVWV�RYHU�LWV�FRPPRGLW\�YDOXH�RU�SURSHUW\�VWDWXV��/HVVLJ�
������0RRG\��������QRU�WKH�SDUWLFXODU�NLQGV�RI�ODERXU��LGHQWLW\�RU�VXEFXOWXUDO�OLIH
DVVRFLDWHG�ZLWK�LW��
SURJUDPPHU
��
KDFNHU
��
NQRZOHGJH�ZRUNHU
��&DVWHOOV��������JXDUDQWHH
WKH�UHOHYDQFH�RU�SRWHQF\�RI�FRGH��

*LYHQ�WKLV��ZK\�DQDO\VH�FRGH�UDWKHU�WKDQ�PRUH�YLVLEOH��DFFHVVLEOH��GLUHFWO\�LQWHUDFWLYH
DQG�DIIHFWLYH�IDFHWV�RI�FRQWHPSRUDU\�FXOWXUH�VXFK�DV�ZHEVLWHV��D�FKDWURRP��FRPSXWHU
JDPHV�RU�D�GDWDEDVH"�'HVSLWH�WKH�H[LVWHQFH�RI�P\ULDG�ERRNV�RQ�KRZ�WR�SURJUDP��GHVSLWH
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WKH�HIIRUWV�RI�ZKROH�DFDGHPLF�GLVFLSOLQHV�GHYRWHG�WR�FRGH�REMHFWV��FRPSXWHU�VFLHQFH�
VRIWZDUH�HQJLQHHULQJ��LQIRUPDWLRQ�V\VWHPV���DQG�LQ�WKH�IDFH�RI�PLOOLRQV�RI�SHRSOH
VFDWWHUHG�WKURXJKRXW�(XURSH��$PHULFD��$VLD��DQG�$IULFD�ZKR�VWURQJO\�LGHQWLI\
WKHPVHOYHV�DV�SURJUDPPHUV��VRIWZDUH�HQJLQHHUV��KDFNHUV��V\VWHP�DQDO\VWV�DQG�VRIWZDUH
DUFKLWHFWV��ZH�FDQQRW�EH�VXUH�ZKDW�FRGH�LV�DQG�ZKDW�LW�GRHV��7KHUH�DUH�VHYHUDO�UHDVRQV
IRU�WKLV�XQFHUWDLQW\�

8VXDOO\��ZH�XQGHUVWDQG�FRGH�DV�D�VHW�RI�LQVWUXFWLRQV�WKDW�FRQWURO�WKH�RSHUDWLRQV�RI�D
FRPSXWLQJ�PDFKLQH��3RSXODU�DQG�DFDGHPLF�DFFRXQWV�FRQVLVWHQWO\�UHLWHUDWH�WKLV
XQGHUVWDQGLQJ��,W�UHGXFHV�FRGH�WR�D�SURJUDP�IRU�D�PHFKDQLVP��:H�VKRXOG�UHVLVW�WKDW
UHGXFWLRQ�IRU�D�QXPEHU�RI�UHDVRQV��0DQ\�GLIIHUHQW�NLQGV�RI�SUDFWLFHV��LQWHUDFWLRQV�
LQVWDELOLWLHV��FRQWHVWV��GLVSXWHV�DQG�HYHQWV�SRSXODWH�WKH�]RQH�EHWZHHQ�WKH�ZULWWHQ
LQVWUXFWLRQV�DQG�WKH�RSHUDWLRQV�RI�FRPSXWLQJ�PDFKLQHV��(YHQ�WKH�VWDUWLQJ�DQG�HQG�SRLQWV
²�WKH�ZULWWHQ�WH[W�DQG�WKH�DFWXDO�RSHUDWLRQV�RI�FRPSXWLQJ�GHYLFHV�²�DUH�IUR]HQ�LQ�SODFH
E\�WKLV�LGHDOLVHG�XQGHUVWDQGLQJ�RI�FRGH��UDWKHU�WKDQ�EHLQJ�VHHQ�DV�WKH�RXWFRPH�RI
FRPSOH[�LQWHUDFWLRQV�LQYROYLQJ�FRPPRGLW\�SURGXFWLRQ��RUJDQLVDWLRQDO�OLIH�
WHFKQRVFLHQWLILF�NQRZOHGJHV�DQG�HQWHUSULVHV��WKH�RUJDQLVDWLRQ�RI�ZRUN��PDQLIROG
LGHQWLWLHV�DQG�JHRSROLWLFDO�WHFKQRORJLFDO�]RQHV�RI�FRQWHVW��&RGH�DV�ZULWWHQ�WH[W��HYHQ�LWV
PRVW�IHWLVKL]HG�IRUP�DV�SURSULHWDU\�VRXUFH�FRGH��WKH�FRGH�WKDW�SURJUDPPHUV�DFWXDOO\
UHDG�DQG�ZULWH��ZKLFK�0LFURVRIW�KDV�UHFHQWO\�DJUHHG�WR�VHOO�IRU�WKH�ILUVW�WLPH�WR
GHPRFUDWLF�JRYHUQPHQWV�LQ�WKH�LQWHUHVWV�RI�DQWL�WHUURULVW�VHFXULW\��/HWWLFH��������/RKU
��������UDUHO\�VWDQGV�VWLOO�RU�PHDQV�RQH�WKLQJ��DV�ZH�ZLOO�VHH��

0RUHRYHU��FRGH�UXQV�GHHS�LQ�WKH�LQFUHDVLQJO\�LQIRUPDWLFDOO\�UHJXODWHG�LQIUDVWUXFWXUHV
DQG�EXLOW�HQYLURQPHQWV�ZH�PRYH�WKURXJK�DQG�LQKDELW��&RGH�SDUWLFLSDWHV�KHDYLO\�LQ
FRQWHPSRUDU\�HFRQRPLF��FXOWXUDO��SROLWLFDO��PLOLWDU\�DQG�JRYHUPHQWDO�GRPDLQV��,W
PRGXODWHV�UHODWLRQV�ZLWKLQ�FROOHFWLYH�OLIH��,W�RUJDQLVHV�DQG�GLVUXSWV�UHODWLRQV�RI�SRZHU��,W
DOWHUV�WKH�FRQGLWLRQV�RI�SHUFHSWLRQ��FRPPRGLILFDWLRQ�DQG�UHSUHVHQWDWLRQ���$V�*HRIIUH\
%RZNHU�DQG�6XVDQ�/HLJK�6WDU�ZULWH��
>L@W�LV�SROLWLFDOO\�DQG�HWKLFDOO\�FUXFLDO�WR�UHFRJQL]H
WKH�YLWDO�UROH�RI�LQIUDVWUXFWXUH�LQ�WKH�´EXLOW�PRUDO�HQYLURQPHQW�µ�6HHPLQJO\�SXUHO\
WHFKQLFDO�LVVXHV�OLNH�KRZ�WR�QDPH�WKLQJV�DQG�KRZ�WR�VWRUH�GDWD�LQ�IDFW�FRQVWLWXWH�PXFK
RI�ZKDW�ZH�KDYH�FRPH�WR�NQRZ�DV�QDWXUDO
��%RZNHU�	�6WDU��������������&RGH�KDV�EHHQ
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QDWXUDOLVHG�WKURXJK�LWV�GLUHFW�SDUWLFLSDWLRQ�LQ�WKH�RUGLQDU\�DQG�ODUJHO\�LQYLVLEOH
LQIUDVWUXFWXUHV�RI�PRUDO��SROLWLFDO��JOREDO��PLOLWDU\��DHVWKHWLF��DQG�HQWHUWDLQPHQW
HQYLURQPHQWV��,W�SRWHQWLDWHV�QHZ�IRUPV�RI�OLIH��OLYHV�ZKLFK�FDQQRW�EH�VHSDUDWHG�IURP
WKHLU�IRUPV��$JDPEHQ��������

Code is a ’solution’, code is a problem

7KHVH�WZR�UHDVRQV�WR�DQDO\VH�FRGH�²�WR�UHVFXH�LW�IURP�WKH�LGHD�RI�D�SURJUDP��DQG�WR
VKRZ�KRZ�FRGH�LV�LQYLVLEO\�QDWXUDOLVHG�²�UDLVH�PRUH�TXHVWLRQV�WKDQ�WKH\�DQVZHU���,Q
UHVSRQVH�WR�WKHVH�TXHVWLRQV��,�ZLOO�DUJXH�WKDW�PRGH�RI�H[LVWHQFH�RI�FRGH�LV�SUREOHPDWLF�
,Q�FRPPHUFLDO�VRIWZDUH�SURGXFWLRQ��FRGH�LV�RIWHQ�FDOOHG�D�
VROXWLRQ
��6RIWZDUH�SURGXFHUV
SURYLGH�VROXWLRQV��7R�ZKDW�NLQGV�RI�SUREOHP�LV�FRGH�D�VROXWLRQ"�&DQ�ZH�DOVR�VHH�FRGH�DV
D�SUREOHP��DV�D�PHDQV�RI�VWDWLQJ�FROOHFWLYH�SUREOHPV"�$�SUREOHP�LV�VRPHWKLQJ�ZKRVH
PRGH�RI�H[LVWHQFH�LV�WURXEOHVRPH��FRQWHVWHG��XQVWDEOH�DQG�VRPHZKDW�FRQWUDGLFWRU\��:H
VHHN�VROXWLRQV�WR�SUREOHPV��EXW�VROXWLRQV�DUH�RIWHQ�SDUWLDO�RU�SURYLVLRQDO��0RUHRYHU��D
VROXWLRQ�GHSHQGV��DV�WKH�HSLJUDSK�IURP�*LOOHV�'HOHX]H�LQGLFDWHV��RQ�KRZ�WKH�SUREOHP�LV
SRVHG�RU�VWDWHG��DQG�RQ�
WKH�FRQGLWLRQV�XQGHU�ZKLFK�LW�LV�GHWHUPLQHG�DV�D�SUREOHP
�
'LIIHUHQW�ZD\V�RI�VWDWLQJ�D�SUREOHP�VXJJHVW�GLIIHUHQW�ZD\V�RI�VROYLQJ�LW��

,Q�WKH�H[DPSOH�WKDW�IROORZV��FRGH�SUHVHQWV�DW�OHDVW�IRXU�SUREOHPDWLF�IDFHWV��7KH
H[DPSOH�LV�D�VKRUW�SLHFH�RI�FRPSXWHU�FRGH�FDOOHG�
IRUNERPE�SO
�WKDW�ZRQ�WKH
7UDQVPHGLDOH�$UW�3UL]H��%HUOLQ�������:LWKLQ�FRQWHPSRUDU\�JOREDO�WHFKQRORJLFDO�FXOWXUHV�
ZKHUH�PHGLDWLF�LQIUDVWUXFWXUH�DQG�LQIRUPDWLRQ�SODWIRUPV�SHUPHDWH�GRPDLQV�RI�PHDQLQJ
DQG�VLJQLILFDWLRQ�LQ�FRPSOH[��PDQLIROG�ZD\V��/DVK���������FRGH�KDV�VWDUWHG�WR�EHFRPH�DQ
DHVWKHWLF�REMHFW���7KH�7UDQVPHGLDOH�MXU\�ZURWH��
IRUNERPE�SO�ZDV�DZDUGHG�>WKH�SUL]H@
DV�D�FUDIWHG�FRGH�ZKLFK�LV�WUDQVIRUPHG�LQWR�DQ�DUW�RI�WHFKQLFDO�WUDQVJUHVVLRQ

�7UDQVPHGLDOH���������7KH�ZRUN�LV�QRW�DQ�LVRODWHG�H[DPSOH�RI�DUWLVWLF�SUDFWLFH�
&RPSXWHU�DUWLVWV�KDYH�EHHQ�ZRUNLQJ�ZLWK�FRPSXWHU�FRGH�VLQFH�WKH�����V���)RU
FRQWHPSRUDU\�H[DPSOHV�RI�VRIWZDUH�DUW��VHH��6RIWZDUH�$UW�5HSRVLWRU\��������
IRUNERPE�SO�KRZHYHU�LV�VWULNLQJ�EHFDXVH�WKH�FRGH�LWVHOI��DV�ZHOO�DV�DQ\�HIIHFW�LW�PLJKW
SURGXFH�LQ�H[HFXWLRQ��LV�NH\�WR�WKH�ZRUN��$V�D�FRQWHPSRUDU\�DUW�REMHFW��FRGH�KHUH
EHFRPHV�VRPHWKLQJ�WKDW�RYHUIORZV�RUGLQDU\�ZRUN��XVH�RU�H[FKDQJH�YDOXH�DQG�H[SOLFLWO\
VHHNV�WR�SRVH�LWVHOI�DV�D�SUREOHP��VRPHWKLQJ�WKDW�ILJXUHV�D�GLIIHUHQFH��D�FRQWUDGLFWLRQ��D
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SRWHQWLDO�IRU�LQYHQWLRQ��JHQHUDWLRQ�RU�PHWDPRUSKRVLV��

IRUNERPE�SO�ZDV�ZULWWHQ�E\�%ULWLVK�DUWLVW��$OH[�0F/HDQ��7KH�HQWLUH�VRXUFH�FRGH��WKH
FRGH�ZULWWHQ�E\�WKH�SURJUDPPHU��IRU�IRUNERPE�SO��LV�OLVWHG�EHORZ�

GLH��3OHDVH�GR�QRW�UXQ�WKLV�VFULSW�ZLWKRXW�UHDGLQJ�WKH�GRFXPHQWDWLRQ��
��LI�QRW�#$5*9�

P\��VWUHQJWK� ��$5*9>�@�����

ZKLOH��QRW�IRUN��^
�H[LW�XQOHVV����VWUHQJWK�
�SULQW���
�WZLVW��ZKLOH��IRUN��^
��H[LW�XQOHVV����VWUHQJWK�
��SULQW���
�`
`
JRWR�
WZLVW
�LI����VWUHQJWK�

$ORQJ�ZLWK�VRPH�WH[W�FRPPHQWDU\��DSSUR[LPDWHO\�KDOI�D�VFUHHQ���WKLV�PXQGDQH�OLVWLQJ�
LQ�DOO�LWV�UXOH�JRYHUQHG�UDWLRQDOLW\��FRQVWLWXWHV�DOPRVW�WKH�HQWLUHW\�RI�WKH�ZRUN� � � �:KLOH
QRW�YHU\�FRPSOH[�E\�FRQWUDVW�ZLWK�WKH�PLOOLRQV�RI�OLQHV�FRPSULVLQJ�D�W\SLFDO�FRPPHUFLDO
RSHUDWLQJ�V\VWHP�RU�PDMRU�VRIWZDUH�LQVWDOODWLRQ��WKHVH�OLQHV�HFRQRPLFDOO\�FRQGHQVH
VRPH�FUXFLDO�GLPHQVLRQV�RI�FRGH�REMHFWV���$FWXDOO\��DQ�HYHQ�PRUH�FRQFLVH�H[SUHVVLRQ�RI
WKH�FRUH�RI�WKH�SURJUDP�ZRXOG�EH�
�ZKLOH���IRUN�
����$�VXEVWDQWLDO�DPRXQW�RI�WDFLW
NQRZOHGJH�FRQQHFWV�WKHVH�OLQHV�RI�FRGH�WR�YDULRXV�RWKHU�SUDFWLFHV���

Two senses of code: text and process

:KDW�NLQG�RI�REMHFW�RU�WKLQJ�LV�IRUNERPE�SO"�,W�UDLVHV�WKH�TXHVWLRQ�RI�ZKDW�ZH�PHDQ�E\
FRGH��7KH�ZRUG�
FRGH
�XVHG�E\�WKH�-XU\�ZKHQ�WKH\�UHIHUUHG�WR�IRUNERPE�SO�RVFLOODWHV
EHWZHHQ�WZR�GLIIHUHQW�EXW�FORVHO\��SHUKDSV�HYHQ�XQGHFLGDEO\�UHODWHG�VHQVHV��WH[W�DQG
SURFHVV��7KLV�XQGHFLGDEOH�RVFLOODWLRQ�OLHV�DW�WKH�URRW�RI�WKH�SUREOHPDWLF�PRGH�RI
H[LVWHQFH�RI�FRGH�

,Q�LWV�ILUVW�VHQVH��FRGH�DV�D�WH[W�LV�WKH�SURGXFW�RI�WKH�SUDFWLFH�RI�SURJUDPPLQJ�RU�FRGLQJ�
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,W�XVXDOO\�WDNHV�WKH�IRUP�RI�D�VHW�RI�WH[W�ILOHV�FRQWDLQLQJ�VRXUFH�FRGH�RU�VFULSW�VXFK�DV
WKRVH�OLVWHG�DERYH��+HQFH�WKH�-XU\�VSHDNV�RI�
FUDIWHG
�FRGH��&RGLQJ��SURJUDPPLQJ�RU
KDFNLQJ�SURGXFHV�FRGH��&RGH�LQ�WKLV�VHQVH�LV�DOZD\V�ZULWWHQ�LQ�VRPH�SURJUDPPLQJ
ODQJXDJH�²�&��3HUO��-DYD��DVVHPEO\�ODQJXDJH��/LVS��&RERO��%DVLF��HWF��7KH�FRGH�VKRZQ
DERYH�LV�ZULWWHQ�LQ�WKH�VFULSWLQJ�ODQJXDJH��3HUO���7KH�UHDGLQJ�DQG�ZULWLQJ�SUDFWLFHV
ZKLFK�JHQHUDWH�FRGH�UDQJH�IURP�KLJKO\�FUHDWLYH�DQG�H[SORUDWRU\�WR�PXQGDQH�DQG
UHSHWLWLYH��&RGH�FUDIW�ZRUN�RYHU�WKH�ODVW����\HDUV�KDV�DFFUXHG�PDQ\�VXE�FXOWXUHV�
ODQJXDJHV��LGLRPV��GLDOHFWV��GHVLJQ��HQJLQHHULQJ�DQG�DUFKLWHFWXUDO�DSSURDFKHV�
,QWHUQHFLQH�VWUXJJOHV�DQG�IDFWLRQDO�GLVSXWHV�FRQVWDQWO\�VKLIW�WKH�PHDQLQJ�DQG�YDOXH�RI
FRGH�ZRUN��6RPHWLPHV�WKHVH�VWUXJJOHV�FRQFHUQ�FRGLQJ�
VW\OH
�DQG�FUDIW�DHVWKHWLF
MXGJHPHQWV�RYHU�KRZ�FRGH�VKRXOG�EH�ODLG�RXW�RQ�VFUHHQ��KRZ�YDULDEOHV�VKRXOG�EH
QDPHG��HWF��6RPHWLPHV�WKH�VWUXJJOHV�KDYH�ZLGHU�LGHRORJLFDO�GLPHQVLRQV��3URJUDPPLQJ
ODQJXDJHV�DUH�SODWIRUPV�IRU�FRUSRUDWH�PDUNHWLQJ�VWUDWHJLHV��$WWUDFWLQJ�VRIWZDUH
GHYHORSHUV�WR�D�SDUWLFXODU�SURJUDPPLQJ�ODQJXDJH�RSHQV�WKH�SRVVLELOLW\�RI�VHOOLQJ�RWKHU
VRIWZDUH�DQG�KDUGZDUH�GHVLJQHG�WR�ZRUN�ZLWK�WKDW�ODQJXDJH��$V�D�NH\V�PHDQV�RI
SURGXFWLRQ�RI�QHZ�FRGH�REMHFWV��SURJUDPPLQJ�ODQJXDJHV�DUH�YLWDO�VWUDWHJLF�UHVRXUFHV�WR
FRPSXWHU�DQG�RSHUDWLQJ�V\VWHP�SURGXFHUV�VXFK�DV�0LFURVRIW��,%0��$SSOH�DQG�6XQ�
0LFURVRIW
V�&��ODQJXDJH��UHOHDVHG�LQ�������FRPSHWHV�ZLWK�6XQ�&RUSRUDWLRQ
V�KLJKO\
VXFFHVVIXO�DQG�ZLGHVSUHDG�-DYD�ODQJXDJH��%RWK�ODQJXDJHV�DUH�OLQNHG�WR�WKH�VDOH�RI�RWKHU
VHUYLFHV��XSJUDGHV��PDLQWDLQDQFH�DQG�KDUGZDUH��7KH�UHODWLYH�HFRQRPLF�YDOXH�DQG
JHRJUDSKLFDO�GLVWULEXWLRQ�RI�FRGLQJ�ZRUN�VKLIWV�FRQVWDQWO\�DV�VRIWZDUH�SURGXFWLRQ�LV
DXWRPDWHG��LQGXVWULDOLVHG��VKLIWHG�WR�FKHDSHU�ODERXU�PDUNHWV��H�J��RXW�VRXUFLQJ�RI
SURJUDPPLQJ�ZRUN�WR�,QGLD��RU�EHFRPHV�
IUHH
��LQ�WKH�IRUP�RI�RSHQ�VRXUFH�VRIWZDUH��
0XFK�URXWLQH�FRGLQJ�KDV�EHHQ�SDUWLDOO\�DXWRPDWHG��IRU�LQVWDQFH��QHZHU�ZHE�DXWKRULQJ
WRROV�REYLDWH�PXFK�RI�WKH�QHHG�IRU�KDQG�FRGLQJ�ZHE�SDJHV���&RGH�DV�D�WH[W�SURGXFLQJ
SUDFWLFH�LV�YDULDEOH�DQG�G\QDPLF�

,Q�LWV�VHFRQG�VHQVH�FRGH�PHDQV�VRPHWKLQJ�H[HFXWDEOH��GHSHQGLQJ�RQ�EXJV�DQG�RWKHU
XQSUHGLFWDEOH�IDFWRUV��ZLWKLQ�D�FRPSXWLQJ�HQYLURQPHQW�RU�RQ�VRPH�FRPSXWLQJ
SODWIRUP�V���7KH�SXUSRVH�RI�FRGH��DIWHU�DOO��LV�WR�ZRUN�RU�RSHUDWH��'XULQJ�H[HFXWLRQ��D
FRGH�REMHFW�EHFRPHV�D�SURFHVV��7KH�HQYLURQPHQWV�LQ�ZKLFK�D�SURFHVV�H[HFXWHV�DUH
GLYHUVH��&RGH�REMHFWV�PLJKW�EH�VRPHWKLQJ�WKDW�D�SHUVRQ�GRXEOH�FOLFNV�RQ�DQG�UXQV��WKH\
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PLJKW�EH�UXQQLQJ�LQ�DQ�HOHFWURQLF�WR\�RU�DSSOLDQFH��RU�WKH\�PLJKW�EH�DXWRPDWLFDOO\
GRZQORDGHG�DQG�H[HFXWHG�E\�D�GHYLFH�VXFK�DV�D�PRELOH�SKRQH��,W�LV�VRPHWKLQJ�WKDW�D
SDUWLFXODU�KDUGZDUH�SODWIRUP��,QWHO��$0'��0RWRUROD��D�3OD\6WDWLRQ�RU�;ER[��HWF���DQ
RSHUDWLQJ�V\VWHP��:LQGRZV��0DF26��8QL[��3DOP26��/LQX[��HWF���RU�SHUKDSV�D�YLUWXDO
PDFKLQH�VXFK�DV�WKH�-DYD�9LUWXDO�0DFKLQH�FDQ�UXQ��&RGH�LQ�WKLV�VHQVH��VRPHWKLQJ
SURGXFHG�E\�WKH�SUDFWLFHV�RI�FRGLQJ��EHFRPHV�VRIWZDUH��'HWDFKHG�IURP�WKH�ZRUN�RI
FRGLQJ��LW�FDQ�EH�SDFNDJHG��VKULQNZUDSSHG�DQG�FLUFXODWHG���,Q�WKH�FDVH�RI�IRUNERPE�SO�
D�SLHFH�RI�VXSSRUWLQJ�VRIWZDUH��WKH�3HUO�LQWHUSUHWHU��WUDQVODWHV�WKH�FRGH�LQWR�FDOOV�RQ
ORZHU�OHYHO�RSHUDWLQJ�V\VWHP�IXQFWLRQV��3HUO�SURYLGHV�D�PLGGOH�OD\HU�EHWZHHQ�WKH
RSHUDWLQJ�V\VWHP�DQG�HQG�XVHU�DSSOLFDWLRQV���

/LNH�WKH�SUDFWLFHV�RI�UHDGLQJ�DQG�ZULWLQJ�FRGH��FRGH�DV�SURFHVV�LV�QRW�D�VLPSOH�
KRPRJHQHRXV�RU�XQGLIIHUHQWLDWHG��2Q�WKH�FRQWUDU\��WKH�HQYLURQPHQW�LQ�ZKLFK�FRGH
H[HFXWHV��WKH�SODWIRUP��LV�D��FRQWHVWHG�VLWH��D�
OLIWHG�RXW�VSDFH
��/DVK������������7KHUH
DUH�WKH�ZHOO�NQRZQ�FRPPHUFLDO�VWUXJJOHV�EHWZHHQ�SODWIRUPV��VXFK�DV�$SSOH�YHUVXV
0LFURVRIW��ZKLFK�IHHG�WKH�HPHUJHQFH�RI�GLIIHUHQW�VXE�FXOWXUHV�RI�FRPSXWHU�XVHUV��7KHUH
DUH�DOVR�VWUXJJOHV�WKDW�FRQFHUQ�WKH�FRPPRGLW\�VWDWXV�RI�D�JLYHQ�SODWIRUP��7KH�
RSHQ
VRXUFH
�RSHUDWLQJ�V\VWHP�/LQX[��IRU�H[DPSOH��FDQ�EH�VHHQ�DV�VSULQJLQJ�IURP�D�GHVLUH�WR
H[WUDFW�WKH�JHQHULF�[���,QWHO�IDPLO\�RI�&38
V�PDQXIDFWXUHG�E\�,QWHO�DQG�RWKHU�FRPSDQLHV
VXFK�DV�$0'�IURP�WKH�WHUULWRULDO�GRPLQDQFH�RI�0LFURVRIW�&RUSRUDWLRQ��%\�UXQQLQJ�D
GLIIHUHQW�RSHUDWLQJ�V\VWHP�IURP�WKH�0LFURVRIW�RSHUDWLQJ�V\VWHPV�WKDW�XVXDOO\�UXQ�RQ�VXFK
FRPPRGLW\�KDUGZDUH��WKH�/LQX[�VXEFXOWXUH�DOWHUV�WKH�KHJHPRQLF�VWDWXV�RI�WKH�RSHUDWLQJ
V\VWHP�LQ�FHUWDLQ�ZD\V��7KH�OLQN�EHWZHHQ�D�SDUWLFXODU�RSHUDWLQJ�V\VWHP�DQG�D
FRPPRGLW\�KDUGZDUH�SODWIRUP�EHFRPHV�PRUH�WHQXRXV�DQG�RSHQ�WR�YDULDWLRQ�

Code integrates and disintegrates

:H�KDYH�DOUHDG\�VHHQ�WKH�FRGH�RI�IRUNERPE�SO�DV�D�ZULWWHQ�WH[W��:KDW�KDSSHQV�ZKHQ
ZH�VHH�IRUNERPE�SO�DV�D�SURFHVV"�:KHQ�WKH�7UDQVPHGLD�MXU\�UHIHUV�WR�IRUNERPE�SO�DV

WUDQVJUHVVLYH
��WKLV�RWKHU�VHQVH�RI�FRGH�DV�H[HFXWLQJ�SURFHVV�LV�LQ�SOD\��$V�D�SURFHVV�
IRUNERPE�SO�LQWHUIHUHV�ZLWK�RWKHU�SURFHVVHV�LQ�H[HFXWLRQ��$�
XVHU
�
UXQV
�WKH�ZRUN�E\
W\SLQJ�
SHUO�IRUNERPE�SO��
��DQG�VRPHWKLQJ�OLNH�WKH�IROORZLQJ�RXWSXW�DSSHDUV�
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-XGJLQJ�E\�WKLV�PRGHVW�RXWSXW��WKH�SHUFHSWXDO�GLPHQVLRQV�RI�WKH�ZRUN�DQG�WKH�DHVWKHWLF
VHQVDWLRQV�LW�LPPHGLDWHO\�HOLFLWV�DUH�PLQLPDO��WR�VD\�WKH�OHDVW��:H�DUH�QRW�VSHFWDWRUV�RI
D�FRQYHQWLRQDO�DHVWKHWLF�REMHFW�KHUH��,W�KDUGO\�UDWHV�DJDLQVW�WKH�LFRQLF�GHQVLW\��FRORXU
DQG�FDUHIXOO\�GHVLJQHG�OD\RXW�RI�WKH�DYHUDJH�FRPSXWHU�LQWHUIDFH�RU�WKH�VSHFWXODU�YLVXDO
GHWDLO�VHHQ�LQ�WKH�ODWHVW�JHQHUDWLRQ�RI�FRQVROH�FRPSXWHU�JDPHV��(YHQ�ZLWKLQ�WKH�UHDOP
RI�VRIWZDUH�DUW��RWKHU�ZRUNV�KDYH�PRUH�H[SOLFLW�SROLWLFDO�DQG�FXOWXUDO�VLJQLILFDQFH��)RU
LQVWDQFH��WKH�ZHOO�NQRZQ�VRIWZDUH�DUWZRUN�&DUQLYRUH3(��&DUQLYRUH3(���������DOORZV�WKH
PRYHPHQW�RI�GDWD�RQ�QHWZRUNV�WR�EH�WUDFNHG�DQG�YLVXDOLVHG��,W�PLPLFV�VRIWZDUH�XVHG�E\
WKH�)%,�WR�FRQGXFW�HOHFWURQLF�ZLUHWDSV��WKHUHE\�PDNLQJ�WKH�RSHUDWLRQV�RI�WKH�86
JRYHUQPHQW�YLVLEOH�DQG�SHUKDSV�PRUH�FRQWHVWDEOH��,Q�WKH�FDVH�RI�IRUNERPE�SO��WKH
H[HFXWLQJ�SURFHVV�KDV�QR�FOHDU�SROLWLFDO�RU�DHVWKHWLF�VLJQLILFDQFH��7KH�RXWSXW�VKRZV�WKDW
DQ�H[HFXWLQJ�SURFHVV�JHQHUDWHV�RUGHUHG�VHWV�RI�PDUNV��+HUH�WKH�VHW�LV�FRPSRVHG�VLPSO\
RI�WKH�ILJXUHV���DQG����-XVW�DV�FRGLQJ�LQYROYHV�HGLWLQJ�WH[W�DFFRUGLQJ�WR�UXOHV�H[SUHVVHG
V\QWDFWLFDOO\�E\�D�SURJUDPPLQJ�ODQJXDJH��WKH�ZRUN�GRQH�E\�H[HFXWLQJ�FRGH�LV�PXQGDQH
QRW�P\VWHULRXV��LW�JHQHUDWHV�VHTXHQFHV�RI�PDUNV�RYHU�WLPH��

+RZHYHU��MXVW�DV�WKH�PXQGDQH�FRGLQJ�ZRUN�LV�DQLPDWHG�E\�PDQ\�RWKHU�G\QDPLFV��WKH
VLJQLILFDQFH�RI�D�VHTXHQFH�RI�PDUNV�GHSHQGV�RQ�KRZ�WKHVH�PDUNV�DUH�FRQQHFWHG�WR�RWKHU
FRQWH[WV��7KH�DUWLVW�$OH[�0F/HDQ�VXJJHVWV�WKDW�WKH�ZRUN�EH�VHHQ�DV�SURGXFLQJ�D

ZDWHUPDUN
�RI�WKH�IXQFWLRQDO�FRXSOLQJ�RI�DQ�RSHUDWLQJ�V\VWHP�DQG�KDUGZDUH�SODWIRUP�
(YHU\�RSHUDWLQJ�V\VWHP�DQG�SODWIRUP�ZLOO�SURGXFH�D�GLIIHUHQW�RXWSXW��(YHQ�WKH�VDPH
FRPSXWHU�ZLOO�SURGXFH�GLIIHUHQW�RXWSXWV�GHSHQGLQJ�RQ�ZKDW�RWKHU�SURFHVVHV�DUH�UXQQLQJ
DW�WKDW�WLPH��&R[��0F/HDQ�	�:DUG����������5XQQLQJ�LW�D�IHZ�WLPHV�EHDUV�WKLV�RXW��EXW�LW
ZRXOG�QHHG�DQ�H[WHQGHG�GHVFULSWLRQ�RI�KRZ�IRUNERPE�SO�ZRUNV�WR�VKRZ�ZK\�WKLV�LV�WKLV
FDVH���



�

,Q�YLHZ�RI�WKH�VRXUFH�FRGH�RI�IRUNERPE�SO�DQG�LWV�RXWSXW�RI��V�DQG��V��FRGH�VKRZV�LWVHOI
XQGHU�WZR�IDFHWV��RQH�RULHQWHG�WRZDUGV�WKH�SUDFWLFHV�RI�SURGXFHUV�VXFK�DV�DUWLVWV�
SURJUDPPHUV�DQG�KDFNHUV�UHDGLQJ�ZULWLQJ�SURJUDPV��DQG�DQRWKHU�IDFLQJ�WRZDUGV�WKH
HQYLURQPHQWDO�SDUWLFXODULWLHV�RI�PDFKLQHV��QHWZRUNV�DQG�RSHUDWLQJ�V\VWHPV�ZKLFK
FRQWDLQ�H[HFXWLQJ�SURFHVVHV�DQG�XVHUV��&RGH�LV�ERWK�ZULWWHQ�DQG�UHDG�E\�SHRSOH��DQG
H[HFXWHG�ZLWKLQ�D�FRPSXWLQJ�HQYLURQPHQW�E\�XVHUV��&RGH�KDV�D�FRPSOH[�RU�IRUNHG�PRGH
RI�H[LVWHQFH��,W�H[LVWV�ERWK�DV�KLJKO\�UXOH�JRYHUQHG�SUDFWLFHV�RI�ZULWWHQ�H[SUHVVLRQ�ZLWK
SDUWLFXODU�WUDLWV�WKDW�ZH�FRXOG�ORRN�DW�PRUH�FORVHO\��IRU�LQVWDQFH��WKLV�FRGH�LV�ZULWWHQ�LQ
3HUO�UDWKHU�WKDQ�-DYD��ZKDW�GLIIHUHQFH�GRHV�WKDW�PDNH"���DQG�DV�VRPHWKLQJ�
SUHKHQGHG

RU�DUWLFXODWHG�ZLWKLQ�WKH�VSHFLILFLW\�RI�DQ�HQYLURQPHQW�WKDW�FRPSXWHV��D�FRPSXWLQJ
HQYLURQPHQW�RU�SODWIRUP�ZLWKLQ�ZKLFK�WKH�FRGH�H[HFXWHV��IRUNERPE�SO�DGGUHVVHV�WKH
SUREOHP�RI�UHODWLQJ�GLIIHUHQW�WLPHV�DQG�SODFHV��WKDW�RI�UHDGLQJ�ZULWLQJ�DQG�WKDW�RI
H[HFXWLQJ�

IRUNERPE�SO�FDQ�GR�PRUH�WKDQ�
ZDWHUPDUN
�DQ�RSHUDWLQJ�V\VWHP��7R�IRUN�LQ�8QL[
RSHUDWLQJ�V\VWHP�WHUPLQRORJ\�PHDQV�WR�VWDUW�D�QHZ�SURFHVV�DORQJVLGH�H[LVWLQJ�SURFHVVHV�

7KH�V\VWHP�FDOO�IRUN�FUHDWHV�WZR�QHDUO\�LGHQWLFDO�FRSLHV�RI�D�SURFHVV��2QH�FRS\�LV
FDOOHG�WKH�SDUHQW�DQG�WKH�RWKHU�WKH�FKLOG��,Q�WKH�SDUHQW�SURFHVV��IRUN�UHWXUQV�WKH
SURFHVV�QXPEHU�RI�WKH�FKLOG��7KH�YDOXH�UHWXUQHG�LQ�WKH�FKLOG�LV�]HUR��,I�IRUN�FDQQRW
FUHDWH�D�QHZ�SURFHVV�WKH�D����LV�UHWXUQHG��7KLV�FDQ�KDSSHQ��IRU�H[DPSOH��ZKHQ�WKH
V\VWHP�SURFHVV�WDEOH�LV�IXOO��RU�LI�WKH�IRUN�FDOO�LV�LQWHUUUXSWHG��%RXUQH������������

$�IRUNERPE�RFFXUV�ZKHQ�DQ�RSHUDWLQJ�V\VWHP�DWWHPSWV�WR�IRUN�WRR�RIWHQ��$V�7KH�1HZ
+DFNHU
V�'LFWLRQDU\�ZULWHV��
D�IRUN�ERPE�SURFHVV�´H[SORGHVµ�E\�UHFXUVLYHO\�VSDZQLQJ
FRSLHV�RI�LWVHOI������(YHQWXDOO\�LW�����ZHGJHV�WKH�V\VWHP
��5D\PRQG��������������7KH�ZRUN
WDNHV�LWV�QDPH�IURP�ZKDW�KDSSHQV�LI�D�XVHU�W\SHV�VRPHWKLQJ�OLNH�
SHUO�IRUNERPE�SO���
�
'HSHQGLQJ�RQ�WKH�SODWIRUP��LQFUHDVLQJ�WKH�QXPHULFDO�YDOXH�DW�WKH�HQG�RI�WKH�FRPPDQG
OLQH�IURP���WR����ZLOO�SUREDEO\�SURJUHVVLYHO\�EULQJ�D�FRPSXWHU�WR�D�KXQJ�RU�
ERPEHG

VWDWH�ZKHUH�LW�SURGXFHV�QR�IXUWKHU�SHUFHSWLEOH�RXWSXW��IRUNERPE�SO�
ERPEV
�D�FRPSXWHU
E\�FRORQLVLQJ�WKH�RSHUDWLQJ�V\VWHP�ZLWK�DQ�H[SRQHQWLDOO\�JURZLQJ�QXPEHU�RI�FORQHV�RI
WKH�IRUNERPE�SO�SURFHVV��HDFK�UHFXUVLYHO\�JHQHUDWLQJ�FRSLHV�RI�LWVHOI��DV�GR�YLUXVHV�VXFK
DV�/RYH%XJ���



��

7KH�GLIIHUHQW�SRVVLEOH�RXWSXWV�IURP�IRUNERPE�SO�²�ZDWHUPDUN�RI�WKH�RSHUDWLQJ�V\VWHP�RU
D�IUR]HQ��
ZHGJHG
�V\VWHP�LQ�ZKLFK�QRWKLQJ�DSSHDUV�WR�EH�KDSSHQLQJ���VXJJHVW�WZR
GLIIHUHQW�FULWLFDO�HYDOXDWLRQV�RI�FRGH��7KH�ZDWHUPDUN�RXWFRPH�UHIOHFWV�RUGHU��FR�
RUGLQDWLRQ��VKDULQJ�RI�UHVRXUFHV��GLVWULEXWLRQ�DQG�GLYLVLRQ�RI�ODERXU��7KH�
ZHGJHG

RXWFRPH�VXJJHVWV�GLVLQWHJUDWLQJ��VFDWWHULQJ��GLVSHUVDO�DQG�GLVDJJUHJDWLQJ�ORVV�RI�ZRUNLQJ
IXQFWLRQDOLW\��:LWK�WKLV�RXWFRPH�LQ�PLQG��QHZVJURXS�DQG�OLVWVHUYHU�UHVSRQVHV�DPRQJVW
3HUO�SURJUDPPHUV�WR�IRUNERPE�SO
V�SUL]H�WHQGHG�WR�EH�ZUDWKIXO��)RU�LQVWDQFH��RQH�LUNHG
UHVSRQVH�UDQ�


'R�KDFN�DWWDFNV�QRZ�FRXQW�DV�DUW"�9LUXVHV"�:RXOGQ
W�DQ�REIXVFDWHG�SURJUDP�WR
FRPSOHWHO\�HUDVH�WKH�GLVN�RI�WKH�VXEMHFW�V\VWHP�EH�HYHQ�PRUH��FUDIWHG��DQG�DQ�HYHQ
JUHDWHU��WHFKQLFDO�WUDQVJUHVVLRQ���DQG�WKHUHIRUH��HYHQ�EHWWHU�DUW"�:LOO�EH�VHHLQJ�>LW
DV@�DUW�D�GHIHQVH�LQ�FRPSXWHU�FULPH�WULDOV�QRZ"
��3HUPXQJNDK���������

$V�WKH�+DFNHU
V�'LFWLRQDU\�JRHV�RQ�WR�VXJJHVW��
FUHDWLQJ�>D�IRUNERPE@�VHOGRP
DFFRPSOLVKHV�PRUH�WKDQ�WR�EULQJ�WKH�MXVW�ZUDWK�RI�WKH�JRGV�GRZQ�XSRQ�WKH�SHUSHWUDWRU

�5D\PRQG��������������

Code evades visibility 

7KH�MXVW�ZUDWK�RI�WKH�JRGV�FDQ�WDNH�RQ�D�PRUH�IXQGDPHQWDOLVW�WRQH��,Q�DQ�DUWLFOH
HQWLWOHG�
7KHUH�LV�1R�6RIWZDUH
��WKH�OLWHUDU\�QHZ�PHGLD�WKHRULVW�)ULHGULFK�.LWWOHU
FKDUDFWHULVHV�WKH�FXOWXUDO�SUREOHP�RI�FRGH�LQ�WHUPV�WKDW�JR�EH\RQG�LUNHG�UHVSRQVHV�WR
WUDQVJUHVVLYH�DUWZRUNV�VXFK�DV�IRUNERPE�SO�

3URJUDPPLQJ�ODQJXDJHV�KDYH�HURGHG�WKH�PRQRSRO\�RI�RUGLQDU\�ODQJXDJH�DQG�JURZQ
LQWR�D�QHZ�KLHUDUFK\�RI�WKHLU�RZQ��7KLV�SRVWPRGHUQ�7RZHU�RI�%DEHO�UHDFKHV�IURP
VLPSOH�RSHUDWLRQ�FRGHV�ZKRVH�OLQJXLVWLF�H[WHQVLRQ�LV�VWLOO�D�KDUGZDUH�FRQILJXUDWLRQ�
SDVVLQJ�WKURXJK�DQ�DVVHPEOHU�ZKRVH�H[WHQVLRQ�LV�WKLV�YHU\�RSFRGH��XS�WR�KLJK�OHYHO
SURJUDPPLQJ�ODQJXDJHV�ZKRVH�H[WHQVLRQ�LV�WKDW�YHU\�DVVHPEOHU������:KDW�UHPDLQV�D
SUREOHP�LV�RQO\�UHFRJQL]LQJ�WKHVH�OD\HUV��ZKLFK�OLNH�PRGHUQ�PHGLD�WHFKQRORJLHV�LQ
JHQHUDO��KDYH�EHHQ�H[SOLFLWO\�FRQWULYHG�WR�HYDGH�SHUFHSWLRQ��:H�VLPSO\�GR�QRW�NQRZ
ZKDW�RXU�ZULWLQJ�GRHV���.LWWOHU������������

,Q�WKLV�SDVVDJH��WKH�SUREOHP�RI�FRGH�KLQJHV�RQ�WKH�ZD\�LW�HYDGHV�SHUFHSWLRQ��$V�KDSSHQV



��

ZKHQ�IRUNERPE�SO�UXQV�DW�WKH�WUDQJUHVVLYH�VWUHQJWK�RI�����
ZH�GR�VLPSO\�GR�QRW�NQRZ
ZKDW�ZKDW�RXU�ZULWLQJ�GRHV
��7KH�JHQHUDO�SUREOHP�RI�FRGH�LV�WKDW�
LW�VHHPV�WR�KLGH�WKH
YHU\�DFW�RI�ZULWLQJ
��.LWWOHU��������������)XUWKHUPRUH��WKH�LQVFULSWLRQV�WKDW�UHVXOW�IURP
WKLV�ZULWLQJ�
DUH�DEOH�WR�UHDG�DQG�ZULWH�E\�WKHPVHOYHV
���������$W�WKH�VDPH�WLPH�
KDUGZDUH�FRQWUDFWV�GRZQ�LQWR�HYHU�PRUH�GHQVHO\�LQWHUFRQQHFWHG�FLUFXLWV�LQ�WKH
FRPSXWHU�KDUGZDUH�LQQRYDWLRQ�UDFH��$V�LQVFULSWLRQ�VKULQN�GRZQ�LQWR�FKLSV��FRGH�LWVHOI
SLOHV�XS�LQWR�D�SRVWPRGHUQ�7RZHU�RI�%DEHO��RU�LQWR�D�FDFRSKRQ\�RI�GLIIHUHQW�FRGLQJ
ODQJXDJHV��VRPHWLPHV�KLHUDUFKLFDOO\�UHODWHG��VRPHWLPHV�QRW��

0RYLQJ�XSZDUGV�DQG�GRZQZDUGV��LQZDUGV�DQG�RXWZDUGV��FRGH�DSSHDUV�WR�ZULWH�LWVHOI��$V
DQ�HIIHFW�RI�WKH�VFDOH�DQG�FRPSOLFDWLRQ�RI�OD\HUV��FRGH�HYDGHV�FRJQLWLRQ�E\�DQ\�RQH
REVHUYHU��,Q�FRQWUDVW�WR�SULQWHG�WH[WV��FRGH�ZULWHV�LWVHOI�KHUPHWLFDOO\��.LWWOHU
V�UHVSRQVH
LV�UDGLFDO�DQG�LQ�VRPH�ZD\V�KDUG�WR�FRQWHVW��WKH�FRQVWLWXWLYH�OLPLW�IRU�FRGH��RQH�WKDW�LW
ZLOO�LQHYLWDEO\�HQFRXQWHU��LV�
VKHHU�KDUGZDUH
�RU�QRQ�SURJUDPPDEOH�V\VWHPV�ZKRVH
FRPSOH[LW\�
PD\�ZHOO�EH�WKH�RQO\�ZD\�WR�HQWHU�WKDW�ERG\�RI�UHDO�QXPEHUV�RULJLQDOO\
NQRZQ�DV�FKDRV
��.LWWOHU��������������1RQSURJUDPPDEOH�V\VWHPV�DUH�LQGHHG�WKH�REMHFW�RI
RQJRLQJ�WHFKQRVFLHQWLILF�VSHFXODWLRQ��,Q�SRSXODU�VFLHQWLILF�DQG�WHFKQRORJ\�PDJD]LQHV
VXFK�DV�1HZ�6FLHQWLVW�RU�7HFKQRORJ\�5HYLHZ�TXDQWXP�RU�'1$�FRPSXWLQJ�V\VWHPV�RI
H[FHSWLRQDO�EXW�DOPRVW�XQFRQWUROODEOH�FRPSXWLQJ�SRZHU�IUHTXHQWO\�FRPH�XS�IRU
GLVFXVVLRQ�

.LWWOHU
V�UHVSRQVH�SRLQWV�WR�D�WKLUG�IDFHW�RI�WKH�SUREOHPDWLF�PRGH�RI�H[LVWHQFH�RI�FRGH�
&RGH�HYDGHV�SHUFHSWLRQ��$V�LW�FRYHUV�RYHU�WKH�QRQ�SURJUDPPDEOH�FRPSOH[LW\�RI�WKH�UHDO
RU�
FKDRV
�E\�VHHNLQJ�WR�QDPH�DQG�RUGHU�LW��LW�JHQHUDWHV�RSDFLW\�DQG�XQLQWHOOLJLEOH
FRPSOH[LW\�DV�E\SURGXFWV��7KH�VSDZQLQJ��PXWDWLQJ�DQG�FORQLQJ�RI�GLIIHUHQW�LGLRPV�RI
FRGH��DQG�LQGHHG�RI�GLIIHUHQW�YHUVLRQV�RI�VLPLODU�VRIWZDUH�DSSOLFDWLRQV�RU�
VROXWLRQV

JHQHUDWHV�FRGH�EDEEOH��7KHUH�DUH�PDQ\�EDQDO�RU�RUGLQDU\�PDQLIHVWDWLRQV�RI�WKLV
GLVLQWHJUDWLRQ��7KH�QHHG�WR�FRQVWDQWO\�XSJUDGH�VRIWZDUH�WR�IL[�EXJV�DQG�HQVXUH
FRPSDWDELOLW\��WKH�VWUXJJOHV�RYHU�VWDQGDUGLVDWLRQ�RI�GLIIHUHQW�SURWRFROV��DQG
SUROLIHUDWLRQ�RI�FORQHV�DQG�YDULDQWV�RI�WKH�VDPH�DSSOLFDWLRQ�RU�VROXWLRQ�DOO�DWWHVW�WR�WKLV
FRGH�EDEEOH�DQG�WR�D�PXOWLSOLFDWLRQ�RI�WRQJXHV��VR�WR�VSHDN��



��

Where is the object? Where is the subject?

&RPSDUH�.LWWOHU
V�WUHDWPHQW�RI�FRGH�DV�ZULWLQJ�WKDW�DWWHPSWV�WR�LQWHOOLJEO\�RUGHU�WKH
LUUHGXFLEOH�FRQWLQJHQFLHV�RI�PDWWHU�DQG�HQGV�XS�UHQGHULQJ�RUGHU�DOPRVW�XQLQWHOOLJLEOH�
ZLWK�WKH�VWDQGSRLQW�RI�%UXQR�/DWRXU��:ULWLQJ�DERXW�WKH�FRPSOH[LW\�RI�FRQWHPSRUDU\
WHFKQLFDO�REMHFWV��/DWRXU�REVHUYHV�

7KH�SDUDGR[�RI�D�WHFKQRORJLFDO�REMHFW�ZLWK�PLOOLRQV�RI�LQVWUXFWLRQV�LV�WKDW�LW�LV��IURP
WKH�VWDQGSRLQW�RI�WKH�GLYLVLRQ�RI�ODERXU��D�IUDFWDO�REMHFW�WKDW�LV�HTXDOO\�VLPSOH�DW
HYHU\�SRLQW��DQG�ZKROH�ORRNV�QHYHUWKHOHVV�OLNH�D�/HYLDWKDQ�WKDW�LQILQLWHO\�VXUSDVVHV
KXPDQ�PHDVXUH���/DWRXU������������

7KH�
/HYLDWKDQ
�RI�FRGH�
�KDV�DIILQLWLHV�WR�.LWWOHU
V�
ZH�GR�QRW�ZULWH�DQ\PRUH
��.LWWOHU�
������������/HYLDWKDQV�RIWHQ�VHHP�WR�EH�PRQWURXV�DQG�RXW�RI�FRQWURO��%XW�/DWRXU�ZULWHV

>W@KH�HQWLUH�WHFKQRORJLFDO�ZL]DUGU\�OLHV�LQ�WKH�LPSHQHWUDEOH�SDUWLWLRQV�DQG�LQ�WKH�SHJV
WKDW�PDNH�LW�SRVVLEOH�WR�KRRN�RQH·V�WDVN�WR�D�QHLJKERXU·V
��������+HUH�WKH�HIIHFWV�RI
%DEHOLVDWLRQ�GHVFULEHG�E\�.LWWOHU�DUH�HYDOXDWHG�GLIIHUHQWO\��D�VRFLDO�RUJDQLVDWLRQ�RI
ERXQGDULHV��GHWRXUV��RI�IROGV�DQG�RUGHULQJV�SHUPLWV�
D�SLOLQJ�XS�RI�5XVVLDQ�GROOV
��������

/LNH�.LWWOHU
V�DFFRXQW��D�SURFHVV�RI�SLOLQJ�XS�RU�OD\HULQJ�RI�FRGH�DFFRXQWV�IRU�WKH
DSSDUHQW�GLVDSSHDUDQFH�RI�VSLULW�LQWR�PDWWHU��,Q�FRQWUDVW�WR�.LWWOHU��QR�LUUHGXFLEOH�
QRQSURJUDPPDEOH�GRPDLQ�XQGHUZULWHV�D�TXDVL�WUDQVFHQGHQWDO�MXGJPHQW�RI�ZKDW�FRGH
FDQ�RU�FDQQRW�GR��,QVWHDG�RI�FRYHULQJ�RYHU�LUUHGXFLEOH�FRPSOH[LW\��WKH�FRGH�REMHFW�LV

HTXDOO\�VLPSOH�DW�HYHU\�SRLQW
���/DWRXU�ZULWHV�

:H�WKRXJKW�WKHUH�ZDV�D�IURQWLHU�EH\RQG�ZKLFK�RQH�UHDOO\�PRYHG�LQWR�PDWWHU��WKDW
LQHUW�DQG�FROG�VWXII��IXQFWLRQDO�DQG�VRXOOHVV��ZKLFK�HDUQHG�WKH�DGPLUDWLRQ�RI
PDWHULDOLVWV�DQG�WKH�VFRUQ�RI�WKH�KXPDQLVWV���/DWRXU������������

,Q�IDFW��DFFRUGLQJ�WR�/DWRXU��RQH�QHYHU�HQFRXQWHUV�D�EDUULHU�EHWZHHQ�VLJQ�DQG�WKLQJ
VLQFH�DW�HYHU\�OHYHO�WKHUH�DUH�IXUWKHU�IRUPV��
KDOI�LPSULQW�DQG�KDOI�WH[W
������� � � � �

,W�LV�VWULNLQJ��DQG�WKLV�SRLQWV�WR�D�IRXUWK�SUREOHPDWLF�HOHPHQW�LQ�FRGH��WKDW�WKH
/HYLDWKDQ�VHHPV�WR�VXUSDVV�
KXPDQ�PHDVXUH�
�/DWRXU
V�DFFRXQW�VHHV�FRGH�DV�FRQFHDOHG
VRFLDO�RUGHU��DQG�DV�WKH�RXWFRPH�RI�FR�RUGLQDWHG�SDUWLWLRQLQJ�RI�EHKDYLRXUV�DQG�DFWLRQV



��

EHWZHHQ�GLIIHUHQW�DFWRUV��KXPDQ�DQG�QRQ�KXPDQ��+LV�DFFRXQW�DOORZV�XV�WR�LQWHUSUHW
IRUNERPE�SO�DV�D�PLQL�/HYLDWKDQ��DV�DQ�H[SUHVVLRQ�RI�FR�RUGLQDWLRQ�DQG�UHFLSURFDO
LQWHUDFWLRQ�EHWZHHQ�D�PXOWLWXGH�RI�DJHQWV�ZLWKLQ�FRQWHPSRUDU\�FROOHFWLYHV��,Q�/DWRXU
V
WHUPV��WKH�IDFW�WKDW�IRUNERPE�SO�UXQV�DW�DOO�DWWHVWV�WR�D�SLOLQJ�XS�RI�5XVVLDQ�GROOV��D
ODEU\QWKLQH�IROGLQJ�WRJHWKHU�RI�GLIIHUHQW�DFWLRQV�WR�ZKLFK�QR�XOWLPDWH�OLPLW�LV
SUHVFULEHG��/DWRXU
V�XVH�RI�WKH�WHUP�
IUDFWDO
�FRQYH\V�WKDW�VHQVH�RI�QHVWHG�RU�UHFXUVLYH
RUGHU��,Q�WKLV�FDVH��WKH�RUGHULQJ�SHUWDLQV�WR�FRPSXWLQJ�UHVRXUFHV��IRUNERPE�SO�KLJKOLJKWV
WKH�ILQLWH�DOORFDWLRQ�RI�FRPSXWLQJ�UHVRXUFHV�DYDLODEOH�RQ�DQ\�FRPSXWHU��7KH�DOORFDWLRQ
RI�FRPSXWLQJ�UHVRXUFHV�ZLWKLQ�FRPSXWLQJ�HQYLURQPHQWV�XQGHUSLQV�WKH�HIIHFWV�RI
LQWHUDFWLYLW\��UHVSRQVLYHQHVV��QDYLJDELOLW\��UHWULHYDELOLW\�DQG�VWRUDELOLW\�RQ�ZKLFK
LQIRUPDWLF�IRUPV�RI�OLIH�GHSHQG��7KH�LPPRELOLVDWLRQ�SURGXFHG�E\�IRUNERPE�SO�RQO\
VLJQDOV�WKDW�WKH�RUGHULQJ�SURFHVV�KDV�QRW�EHHQ�FDUULHG�VXIILFLHQWO\�IDU�HQRXJK�WR�FUHDWH
WKH�HIIHFW�RI�D�WUXH�/HYLDWKDQ��D�PRQVWHU�RI�
LQILQLWH�PHDVXUH
��$QRWKHU�VHW�RI�GHWRXUV�
WUDQVODWLRQV��PHGLDWLRQV�RU�K\EULGLVDWLRQV�LV�QHHGHG��7KH\�FRXOG�EH�VRFLDO��D�V\VWHP
DGPLQLVWUDWRU�PLJKW�VHW�D�OLPLW�WR�WKH�QXPEHU�RI�SURFHVVHV�WKDW�FDQ�EH�
VSDZQHG
�E\�DQ\
VLQJOH�SURJUDP�²�RU�WKH\�EH�WHFKQLFDO�²�DQ�RSHUDWLQJ�V\VWHP�PLJKW�VWDUW�GLVWULEXWLQJ�WKH
UHFXUVLYHO\�JHQHUDWHG�SURFHVVHV�RQWR�RWKHU�PDFKLQHV�IRUPLQJ�SDUW�RI�D�FRPSXWLQJ
FOXVWHU�RU�D�
VHUYHU�IDUP
��

Theorematic code

7KURXJK�IRUNERPE�SO��WKH�SUREOHPDWLF�PRGH�RI�H[LVWHQFH�RI�FRGH�DSSHDUV�LQ�D�QXPEHU
RI�GLIIHUHQW�JXLVHV��&RGH�RVFLOODWHV�EHWZHHQ�WH[W�DQG�SURFHVV��,W�LQWHJUDWHV�DQG
GLVLQWHJUDWHV�FRQWH[WV��,Q�DWWHPSWLQJ�WR�ELQG�FRQWH[WV�WRJHWKHU�ZLWKLQ�D�FRPPRQ
ODQJXDJH��LW�UH�GLVWULEXWHV�DQG�GLYLGHV�WDVNV�LQ�ZD\V�WKDW�RYHUIORZ�DQ\�RQH�VWDQGSRLQW
DQG�HYDGH�SHUFHSWLRQ��)LQDOO\��FRGH�FDQ�FRQVWLWXWH�D�FRPSUHVVHG�/HYLDWKDQ��D�FROOHFWLYH
ZKHUH�ERGLHV��DFWLRQV��UXOHV�DQG�SRZHU�DUH�RUFKHVWUDWHG��,W�FDQ�JLYH�WKH�DSSHDU�RI�DQ
DOPRVW�H[HFXWLYH�SRZHU��\HW�LQ�UHDOLW\�LW�UHOLHV�RQ�D�ILQLWLH�DOORFDWLRQ�RI�UHVRXUFHV�

7KH�H[DPSOH�RI�IRUNERPE�SO�LV�D�ULVN\�RQH�LQ�FHUWDLQ�UHVSHFWV��:KHQ�FRGH�EHFRPHV�DQ
DHVWKHWLF�REMHFW��KRZ�FDQ�ZH�MXGJH�LWV�LPSRUWDQFH"�7KH�SKLORVRSKHU�$�1��:KLWHKHDG
ZULWHV�

2QH�FKDUDFWHUL]DWLRQ�RI�LPSRUWDQFH�LV�WKDW�LW�LV�WKDW�DVSHFW�RI�IHHOLQJ�ZKHUHE\�D



��

SHUVSHFWLYH�LV�LPSRVHG�XSRQ�WKH�XQLYHUVH�RI�WKLQJV�IHOW���:KLWHKHDG�����������

,Q�WUHDWLQJ�WKH�H[HFXWLRQ�RI�IRUNERPE�SO�DV�DQ�DXWRQRPRXV�DHVWKHWLF�SKHQRPHQD��FDQ
ZH�ORFDWHRU�LQYHQW�GLIIHUHQW�SHUVSHFWLYHV�
XSRQ�WKH�XQLYHUVH�RI�WKLQJV�IHOW
"�'RHV�LW�DOORZ
XV�WR�VHH�KRZ�DQG�XQGHU�ZKDW�FRQGLWLRQV�FRGH�EHFRPHV�LPSRUWDQW"

7KHUH�DUH�FRPSHWLQJ�LQWHUSUHWDWLRQV�RI�WKH�LPSRUWDQFH�RI�FRGH��,Q�WKH�DFDGHPLF
GLVFLSOLQHV�RI�FRPSXWHU�VFLHQFH�DQG�VRIWZDUH�HQJLQHHULQJ��ZKHUH�D�IRUPDOLVW�RU
WKHRUHPDWLF�XQGHUVWDQGLQJ�RI�FRGH�SUHYDLOV��WKH�LPSRUWDQFH�RI�FRGH�FRQVLVWV�LQ
DEVWUDFWLRQ��7KHVH�HQJLQHHULQJ�GLVFLSOLQHV�UHSUHVHQW�FRGH�DV�D�V\VWHP�ZKRVH�SURSHUWLHV
FDQ�EH�PRGHOOHG�DQG�H[SUHVVHG�ULJRURXVO\��SUHIHUDEO\�LQ�D�IRUPDO�JUDPPDU��LI�QRW�DV�D
PDWKHPDWLFDO�SURRI��&RPSXWHU�VFLHQWLVWV�IRUPXODWH�WKHRUHPDWLF�LQWHUSUHWDWLRQV�RI�FRGH
XVLQJ�VHW�WKHRU\�

$OPRVW�DOO�WKH�HQWLWLHV�DULVLQJ�LQ�WKH�VWXG\�RI�FRPSXWHU�VRIWZDUH�V\VWHPV�LQFOXGLQJ
FRPSXWHU�SURJUDPV��ODQJXDJHV��GDWD�VWUXFWXUHV��DQG�RSHUDWLQJ�V\VWHPV��FDQ�EH
DEVWUDFWO\��PDWKHPDWLFDOO\��GHILQHG�DV�
DOJHEUDLF�V\VWHPV
��L�H���DV�VHWV�RI�REMHFWV
WRJHWKHU�ZLWK�FHUWDLQ�
UHODWLRQV
�DQG�
RSHUDWLRQV
�DVVRFLDWHG�ZLWK�WKH�VHWV��/HZ�������
����

)URP�WKLV�SHUVSHFWLYH��WKH�ZRUN�FRGH�GRHV�ZLWKLQ�FROOHFWLYH�OLIHXOWLPDWHO\�UHGXFHV�WR
UHODWLRQV�DQG�RSHUDWLRQV��VXFK�DV�VRUWLQJ��FRPSDULQJ��FRS\LQJ��UHPRYLQJ��SHUWDLQLQJ�WR
LQIRUPDWLRQ�HQWLWLHV��7KH�DFWXDO�FRGH�WKDW�SURJUDPPHUV�UHDG�DQG�ZULWH�FRQVLVW�RI
SUDFWLFDO�H[SUHVVLRQV�RI�DEVWUDFW�UHODWLRQV�DQG�IRUPDO�RSHUDWLRQV�EHWZHHQ�HQWLWLHV
JURXSHG�LQ�VHWV��7KH�FRQFUHWH�GRPDLQ�LQ�ZKLFK�WKHVH�HQWLWLHV��UHODWLRQV�DQG�RSHUDWLRQV
H[LVW�DQG�WKH�DFWXDO�FRGH�WKDW�H[SUHVVHV�WKHP�ZRXOG�EH�VHFRQGDU\��6XFK�DQ
LQWHUSUHWDWLRQ�DOORZ�D�IRUPDOLVW�UHDGLQJ�RI�IRUNERPE�SO
V�FRGH��(DFK�OLQH�RI�WKH�FRGH
ZRXOG�HLWKHU�GHILQH�DQ�HQWLW\��D�UHODWLRQ�RU�DQ�RSHUDWLRQ�RQ�UHODWLRQV�EHWZHHQ�HQWLWLHV
ZLWKLQ�WKH�GRPDLQ�RI�DQ�DOJHEUDLF�V\VWHP��6R�IRU�LQVWDQFH��WKH�OLQH�

P\��VWUHQJWK� ��$5*9>�@�����
ZRXOG�GHILQH�DQ�HQWLW\��LQ�WKLV�FDVH�D�YDULDEOH���DVVRFLDWH�LW�ZLWK�D�QDPH��
VWUHQJWK
��
DVVLJQ�LW�D�YDOXH��LQ�WKLV�FDVH��E\�UHIHUULQJ�WR�D�YDOXH�VXSSOLHG�E\�WKH�XVHU�DQG�FRQWDLQHG
LQ�WKH�YDULDEOH��$5*9>�@���DQG�WKHQ�FDUU\�RXW�WKH�DULWKPHWLF�RSHUDWLRQ�RI�DGGLQJ���WR



��

WKH�YDULDEOH�QDPHG�
VWUHQJWK�
�7KH�WKHRUHPDWLF�LQWHUSUHWDWLRQ�UHVWV�RQ�D�ZHOO�
HVWDEOLVKHG�VHSDUDWLRQ�EHWZHHQ�IRUP�DQG�FRQWHQW�ZKLFK�KRPRJHQLVHV�FRQWHQW�DQG
VXERUGLQDWHV�LW�WR�IRUP�

$�GLIIHUHQW�LQWHUSUHWDWLRQ�RI�FRGH�FRUUHODWHV�PXFK�PRUH�FORVHO\�ZLWK�WKH�GD\�WR�GD\
SUDFWLFHV�RI�SURJUDPPHUV��DQG�SHUKDSV�DFFRUGV�VRPH�JHQHUDWLYH�SRWHQWLDOV�WR�FRGLQJ�
'HOHX]H�DQG�*XDWWDUL�ZULWH��
ZKHUHDV�WKH�WKHRUHP�EHORQJV�WR�WKH�UDWLRQDO�RUGHUV��WKH
SUREOHP�LV�DIIHFWLYH�DQG�LV�LQVHSDUDEOH�IURP�WKH�PHWDPRUSKRVHV��JHQHUDWLRQV��DQG
FUHDWLRQV
��'HOHX]H�	�*XDWWDUL��������������,Q�WKHLU�DFFRXQW�RI�KRZ�
FROOHFWLYH�ERGLHV

FDQ�WULJJHU�QRYHO�FRPSRVLWLRQV�RU�PHWDPRUSKRVHV��'HOHX]H�DQG�*XDWWDUL�DWWULEXWH
SRWHQF\�WR�
IULQJHV�RU�PLQRULWLHV
�JUDSSOLQJ�ZLWK�WKH�SUREOHPV�SRVHG�E\�TXLWH�WHFKQLFDO
HQWHUSULVHV�VXFK�DV�PHWDOOXUJ\��PXVLF��FDWKHGUDO�RU�EULGJH�EXLOGLQJ��������������RU�ZH
FRXOG�DGG��FRGH��7KH�SUDFWLFHV�RI�WKHVH�IULQJH�JURXSV�GHPRQVWUDWH�D�GLIIHUHQW�UHODWLRQ
EHWZHHQ�IRUP�DQG�FRQWHQW�WKDQ�WKH�XVXDO�LPSRVLWLRQ�RI�IRUP�RQWR�FRQWHQW�PDWWHU��$
OHVV�WKHRUHPDWLF�DQG�PRUH�SUREOHPDWLF�DSSURDFK�DSSHDUV�WKHUH�

>0@DWWHU��LQ�QRPDG�VFLHQFH��LV�QHYHU�SUHSDUHG�DQG�WKHUHIRUH�KRPRJHQL]HG�PDWWHU�
EXW�LV�HVVHQWLDOO\�ODGHQ�ZLWK�VLQJXODULWLHV��ZKLFK�FRQVWLWXWH�D�IRUP�RI�FRQWHQW���$QG
QHLWKHU�LV�H[SUHVVLRQ�IRUPDO��LW�LV�LQVHSDUDEOH�IURP�SHUWLQHQW�WUDLWV��ZKLFK�FRQVWLWXWH
D�PDWWHU�RI�H[SUHVVLRQ���'HOHX]H�	�*XDWWDUL������������

,I�ZH�WDNH�WKHVH�LGHDV�RI�PDWHULDO�VLQJXODULWLHV�DQG�WUDLWV�RI�H[SUHVVLRQ�VHULRXVO\��FRGH
FDQQRW�EH�VHHQ�DV�D�IRUPDO�VHW�RI�RSHUDWLRQV�DQG�UHODWLRQV�FRQFHUQLQJ�HQWLWLHV��7KH
PDWWHU�RQ�ZKLFK�FRGH�ZRUNV�LV�QHYHU�KRPRJHQHRXV�RU�IXOO\�SUHSDUHG��7KH�
PDWWHU
�RQ
ZKLFK�FRGH�RSHUDWHV�LQFOXGHV�FROOHFWLYH�DUUDQJHPHQWV�RI�NQRZOHGJH�SURGXFWLRQ�
FLUFXODWLRQ�DQG�FRQVXPSWLRQ��SDWWHUQV�RI�WUDQVDFWLRQ�DQG�H[FKDQJH��LQGLYLGXDO�DQG�PDVV
FRPPXQLFDWLRQ�LQWHUDFWLRQ��SURGXFWLRQ��UHFHSWLRQ�DQG�DXGLHQFLQJ�RI�YDULRXV�DXGLRYLVXDO
WH[WV�UDQJLQJ�DFURVV�VRXQG��LPDJH�DQG�WH[WV��PDQDJHPHQW�DQG�RUJDQLVDWLRQDO�VWUXFWXUHV�
HWF�²�LV�KLJKO\�KHWHURJHQHRXV��G\QDPLF�DQG�PXWDEOH��

Problematic code

:KDW�ZRXOG�WKHVH�PHDQ�LQ�WHUPV�RI�DQDO\VLQJ�IRUNERPE�SO�DV�SLHFH�RI�FRGH"�$V
VXJJHVWHG�DERYH��IRUNERPE�SO�LV�D�VRPHZKDW�VHOI�UHIHUHQWLDO�ZRUN��$OO�LW�GRHV�LV



��

JHQHUDWH�DQ�H[SRQHQWLDOO\�LQFUHDVLQJ�QXPEHU�RI�FRSLHV�RI�LWVHOI��$W�WKH�VDPH�WLPH��WKH
ZRUN�UHOLHV�RQ�WZR�SDUWLFXODU�GLVWLQFWLYH�IHDWXUHV�RI�FRQWHPSRUDU\�PXOWL�XVHU�LQWHUDFWLYH
RSHUDWLQJ�V\VWHPV��7KHVH�IHDWXUHV�DUH�GLUHFWO\�UHDGDEOH�IURP�WKH�FRGH�LWVHOI��7KH�NH\
OLQHV�WKDW�SRLQW�WRZDUGV�ERWK�PDWHULDO�VLQJXODULWLHV�ZLWKLQ�WKH�FRPSXWLQJ�HQYLURQPHQW
DQG�WUDLWV�RI�H[SUHVVLRQ�ZLWKLQ�WKH�FRGH�DUH�

ZKLOH��QRW�IRUN��^
�H[LW�XQOHVV����VWUHQJWK�
�SULQW���

IRUNERPE�SO�UHOLHV�RQ�WKH�SUHVHQFH�RI�D�
IRUN
�RSHUDWLRQ�ZLWKLQ�WKH�SURJUDPPLQJ
ODQJXDJH�3HUO��1RW�DOO�SURJUDPPLQJ�ODQJXDJHV�KDYH�VXFK�D�FRQVWUXFW��7KH�ILUVW�SRLQW
KHUH�LV�WKDW�IRUNERPE�SO�FRXOG�QRW�EH�HDVLO\�ZULWWHQ�LQ�MXVW�DQ\�SURJUDPPLQJ�ODQJXDJH�
3HUO�GLVSOD\V�VRPH�SHUWLQHQW�WUDLWV�RI�H[SUHVVLRQ��

7KH�IRUN�RSHUDWLRQ�LQ�3HUO�RZHV�LWV�H[LVWHQFH�WR�WKH�IDFW�WKDW�ODQJXDJH�ZDV�RULJLQDOO\
GHVLJQHG�E\�D�FRPSXWHU�V\VWHP�DGPLQLVWUDWRU�IRU�XVH�E\�RWKHU�V\VWHP�DGPLQLVWUDWRUV�
8QOLNH�PRVW�ODQJXDJH�GHVLJQHUV��ZRUNLQJ�LQ�DFDGHPLF�FRPSXWLQJ�VFLHQFH�GHSDUWPHQWV�RU
ODUJH�FRUSRUDWH�RU�LQVWLWXWLRQDO�UHVHDUFK�ODERUDWRULHV��/DUU\�:DOO��WKH�ODQJXDJH�GHVLJQHU�
ZDV�ZRUNLQJ�GXULQJ�WKH�����V�DV�D�V\VWHP�DGPLQLVWUDWRU�LQ�D�FRUSRUDWH�HQYLURQPHQW�RQ
WKH�:HVW�&RDVW�RI�86$��VRPHZKDW�UHPRYHG�IURP�WKH�WKHRUHPDWLF�DJHQGD�RI�FRPSXWLQJ
VFLHQFH�DV�DQ�DFDGHPLF�GLVFLSOLQH��0RRG\��������������7KH�PRWLYDWLRQ�IRU�3HUO�
DFFRUGLQJ�WR�:DOO��VWHPPHG�IURP�DQ�XQRFFXSLHG�
HFRORJLFDO�QLFKH
�LQ�H[LVWLQJ�FRPSXWLQJ
HQYLURQPHQWV��:DOO���������$SDUW�IURP�GHVNWRS�3&V��PRVW�FRPSXWHU�V\VWHPV�DW�WKH�WLPH
XVHG�DQ�RSHUDWLQJ�V\VWHP�FDOOHG�8QL[��EXW�V\VWHP�DGPLQLVWUDWRUV�KDG�WR�HLWKHU�XVH�YHU\
ORZ�OHYHO�WRROV�RU�KLJK�OHYHO�VRIWZDUH�DSSOLFDWLRQV��'DWLQJ�IURP�������3HUO�DWWDLQHG
DOPRVW�XQULYDOOHG�SRSXODULW\�LQ�ZHE�SURJUDPPLQJ�DQG�DV�D�V\VWHP�DGPLQLVWUDWRU
V�WRRO
EHFDXVH�LW�OLHV�PLGZD\�EHWZHHQ�ORZ�OHYHO�SURJUDPPLQJ�ODQJXDJHV�VXFK�DV�&�DQG�KLJK
OHYHO�VRIWZDUH�WRROV�DQG�DSSOLFDWLRQV��/DUU\�:DOO�GHVFULEHV�KLV�PRWLYDWLRQ�DV�IROORZV�

:KHQ�,�VWDUWHG�GHVLJQLQJ�3HUO��,�H[SOLFLWO\�VHW�RXW�WR�GHFRQVWUXFW�DOO�WKH�FRPSXWHU
ODQJXDJHV�,�NQHZ�DQG�UHFRPELQH�RU�UHFRQVWUXFW�WKHP�LQ�D�GLIIHUHQW�ZD\��EHFDXVH
WKHUH�ZHUH�PDQ\�WKLQJV�,�OLNHG�DERXW�RWKHU�ODQJXDJHV��DQG�PDQ\�WKLQJV�,�GLVOLNHG��,
ORYLQJO\�UHXVHG�IHDWXUHV�IURP�PDQ\�ODQJXDJHV������:KDWHYHU�WKH�YHUE�\RX�FKRRVH��,
YH



��

GRQH�LW�RYHU�WKH�FRXUVH�RI�WKH�\HDUV�IURP�&��VK��FVK��JUHS��VHG��DZN��)RUWUDQ��&2%2/�
3/�,��%$6,&�3/86��612%2/��/LVS��$GD��&����DQG�3\WKRQ��7R�QDPH�D�IHZ��7R�WKH�H[WHQW
WKDW�3HUO�UXOHV�UDWKHU�WKDQ�VXFNV��LW
V�EHFDXVH�WKH�YDULRXV�IHDWXUHV�RI�WKHVH�ODQJXDJHV
UXOHG�UDWKHU�WKDQ�VXFNHG���:DOO�������

:LWKRXW�JRLQJ�LQWR�WKH�GHWDLOV��PXFK�RI�WKH�IRUNERPE�SO�FRGH�VKRZQ�DERYH�FRXOG�EH
DQDO\VHG�LQ�WHUPV�RI�WKH�ZD\�LV�
ODGHQ�ZLWK�VLQJXODULWLHV
�GUDZQ�IURP�DQWHFHGHQW
SURJUDPPLQJ�ODQJXDJHV��7KH�XVH�RI�D�
ZKLOH
�VWDWHPHQW��IRU�LQVWDQFH��UHIOHFWV�WKH
LQIOXHQFH�RI�WKH�&�SURJUDPPLQJ�ODQJXDJH��7KH�PRUH�LPSRUWDQW�SRLQW�KHUH�LV�WKDW�UDWKHU
WKDQ�EHLQJ�D�IRUPDO�GHVFULSWLRQ�RI�UHODWLRQV�EHWZHHQ�D�VHW�RI�HQWLWLHV��3HUO�HIIHFWLYHO\
VWDWHG�D�SUREOHP�WKDW�H[LVWHG�DPLGVW�WKH�DVVHPEODJH�RI�ODUJH�VFDOH�FRPSXWLQJ�QHWZRUNV
GHYHORSLQJ�GXULQJ�WKH�ODWH�����V��3HUO�UHVSRQGV�WR�WKH�SUREOHP�RI��DV�:DOO�SXWV�LW��DQ

XQRFFXSLHG�HFRORJLFDO�QLFKH�
�

:DOO�FRPELQHG�IHDWXUHV�IURP�PDQ\�GLIIHUHQW�SURJUDPPLQJ�ODQJXDJHV��DV�ZHOO�DV�GUDZLQJ
RQ�OLQJXLVWLF�WKHRU\��7KH�ODQJXDJH�
IROORZV�WKH�FRQQHFWLRQV�EHWZHHQ�VLQJXODULWLHV�RI
PDWWHU�DQG�WUDLWV�RI�H[SUHVVLRQ��DQG�ORGJHV�RQ�WKH�OHYHO�RI�WKHVH�FRQQHFWLRQV��ZKHWKHU
WKH\�EH�QDWXUDO�RU�IRUFHG
��'HOHX]H�	�*XDWWDUL��������������&RPELQLQJ�VLQJXODULWLHV�RI
PDWWHU�DQG�WUDLWV�RI�H[SUHVVLRQ�WKDW�HTXDOO\�FRQFHUQ�WKH�DUFKLWHFWXUH�RI�KDUGZDUH
SODWIRUPV��WKH�H[LVWHQFH�RI�ZLGHO\�VKDUHG�SUDFWLFDO�NQRZOHGJH�RI�SDUWLFXODU�SURJUDP
FRQVWUXFWV��VXFK�DV�ORRSV�DQG�DUUD\V���WKH�FRPPRQDOLWLHV�RI�DYDLODEOH�RSHUDWLQJ�V\VWHPV�
DQG�H[LVWLQJ�ZD\V�RI�RUJDQLVLQJ�DQG�GLYLGLQJ�FRGLQJ�ZRUN��3HUO�FKDQJHV�KRZ�SURJUDPPHUV
ZRUN��

&RQQHFWLQJ�VLQJXODULWLHV�RI�PDWWHU�DQG�WUDLWV�RI�H[SUHVVLRQ�DOVR�LQYROYHV�
DQRWKHU
RUJDQL]DWLRQ�RI�ZRUN�DQG�RI�WKH�VRFLDO�ILHOG�WKURXJK�ZRUN
��'HOHX]H�	�*XDWWDUL�������
������%H\RQG�WKH�VPDOO�H[DPSOHV�RI�SDUWLFXODU�SURJUDPPLQJ�FRQVWUXFWV�ZH�KDYH
DQDO\VHG��ZH�FRXOG�H[DPLQH�ZKDW�3HUO�KDV�GRQH�WR�FRGH�GXULQJ�WKH�ODVW�WZR�GHFDGHV��,W
ZRXOG�EH�SRVVLEOH�WR�PDS�RXW�WKH�NLQGV�RI�SURJUDPPLQJ�FRQVWUXFWV�WKDW�3HUO�VXSSOLHV�
WKH�V\QWDFWLFDO�LGLRPV�DQG�FRQWUDFWLRQV�LW�PDNHV�DYDLODEOH��RU�WKH�YDVW�OLEUDU\�RI�DGG�RQ
3HUO�
PRGXOHV
��LQ�DUHDV�VXFK�DV�FU\SWRJUDSK\��GDWDEDVH�DFFHVV��QHWZRUN�FRQWURO��WH[W
SURFHVVLQJ�DQG�SDWWHUQ�PDWFKLQJ��WKDW�KDYH�EHFRPH�IUHHO\�DYDLODEOH�RYHU�WKH�ODVW���
\HDUV���3HUO�KDV�EHHQ�LPSRUWDQW�EHFDXVH�LW�DOORZV�FRGH�WR�EH�ZULWWHQ�TXLFNO\��RIWHQ�XVLQJ
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KLJKO\�FRPSUHVVHG�DQG�LGLRPDWLF�V\QWD[��6XFK�FRGH�KDV�EHHQ�SDUWLFXODUO\�XVHIXO�IRU
V\VWHP�DGPLQLVWUDWRUV�DQG�SURJUDPPHUV�ZKR�HIIHFWLYHO\�VWLWFKHG�WRJHWKHU�WKH
LQIUDVWUXFWXUHV�RI�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WRGD\��3HUO�PDGH�LW�SRVVLEOH�WR�ZULWH
FRGH�WKDW�OLQNV�ZHE�VHUYHUV�LQWR�RWKHU�LQIRUPDWLRQ�V\VWHPV��IRU�LQVWDQFH��LQ�H&RPPHUFH
ZKHUH�ZHEVHUYHUV�QHHG�WR�EH�FRQQHFWHG�WR�GDWDEDVHV�DQG�WUDQVDFWLRQ�SURFHVVLQJ
V\VWHPV���

7KH�IDFW�IRUNERPE�SO�LV�ZULWWHQ�LQ�3HUO�FDUULHV�D�FHUWDLQ�FRQQRWDWLRQ�RI�EHLQJ�FRQQHFWHG
WR�WKH�LQIUDVWUXFWXUHV�RI�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ��%HFDXVH�3HUO�LV�D�V\VWHP
DGPLQLVWUDWRU
V�WRRO��ZULWLQJ�LQ�3HUO�LV�DVVRFLDWHG�ZLWK�LQKDELWLQJ�WKH�LQIUDVWUXFWXUHV��

Conclusion: a feeling for code

3UREOHPV�RFFXS\�D�VWUDQJH�VSDFH��$�SUREOHP�LV�D�WDVN��DFFRUGLQJ�WR�0DQXHO�'HODQGD�
GHILQHG�E\�
D�GLVWULEXWLRQ�RI�WKH�VLQJXODU�DQG�WKH�RUGLQDU\��WKH�LPSRUWDQW�DQG�WKH
XQLPSRUWDQW��WKH�UHOHYDQW�DQG�WKH�LUUHOHYDQW
��'HODQGD��������������,�KDYH�EHHQ�DUJXLQJ
WKDW�FRGH�KDV�D�SUREOHPDWLF�PRGH�RI�H[LVWHQFH�LQ�VHYHUDO�ZD\V��LQ�WKH�UHODWLRQ�EHWZHHQ
WH[W�DQG�SURFHVV��LQ�WKH�FRQWHVW�EHWZHHQ�RUGHULQJ�DQG�GLVRUGHULQJ��LQ�LWV�EHFRPLQJ�
LPSHUFHSWLEOH��DQG�LQ�WKH�FROOHFWLYH�KXPDQ�QRQKXPDQ�IRUPDWLRQV�LW�LQVWLWXWHV��&RGH
H[LVWV�DV�D�SUREOHP�LQ�WKH�ZD\�WKDW�D�PDWKHPDWLFDO�SUREOHP�PLJKW�EH�VDLG�WR�H[LVW��DV
VRPHWKLQJ�WKDW�SHRSOH�WU\�WR�SRVH�RU�VWDWH��DV�VRPHWKLQJ�WKDW�DWWUDFWV�GLIIHUHQW
VROXWLRQV�DQG�VRPHWKLQJ�WKDW�OHDGV�WR�DIIHFWLYH�UHVSRQVHV��

,V�FRGH�LPSRUWDQW"�&RGH�SURYLGHV�PHDQV�DQG�WHUPV�IRU�VWDWLQJ�VROXWLRQV�WR�FHUWDLQ
SUREOHPV�SRVHG�ZLWKLQ�FROOHFWLYH�OLIH��$�SUREOHP��ZULWHV�'HOHX]H��
DOZD\V�KDV�WKH
VROXWLRQ�LW�GHVHUYHV��LQ�WHUPV�RI�WKH�ZD\�LQ�ZKLFK�LW�LV�VWDWHG�����DQG�RI�WKH�PHDQV�DQG
WHUPV�DW�RXU�GLVSRVDO�IRU�VWDWLQJ�LW
��'HOHX]H�������������7KHVH�PHDQV�DQG�WHUPV�DUH�QRW
LQGLIIHUHQW��DKLVWRULFDO��WUDQVFHQGHQWDO��DSROLWLFDO�RU�LQFRQWHVWDEOH��:H�FDQQRW�WKLQN
FRGH�LI�ZH�UHGXFH�LWV�VSHFLILFLW\�WR�D�WRWDOLVHG�XQGHUVWDQGLQJ�RI�WHFKQRORJ\�RU
LQIRUPDWLRQ�VRFLHW\��RU�ZH�LQIODWH�LWV�VWDWXV�WR�D�UDGLFDOO\�QHZ�NLQG�RI�VXEVWDQFH�RU
JURXQG��

&DQ�FRGH�SURYRNH�LQYHQWLYH�RU�FULWLFDO�WKRXJKW"�,V�FRGH�JRRG�WR�WKLQN�ZLWK�SROLWLFDOO\�RU
RQWRORJLFDOO\"�&DQ�FRGH�WURXEOH�WKH�W\SRORJLHV�DQG�RQWRORJLHV�JRYHUQLQJ�FRQWHPSRUDU\



��

XQGHUVWDQGLQJV�RI�LQIRUPDWLRQ��QHZ�PHGLD��FRPPXQLFDWLRQ�DQG�FROOHFWLYH�OLIH"
IRUNERPE�SO�JLYHV�D�IHHOLQJ�RI�KRZ�FRGH�HQDEOHV�SDUWLFXODU�VROXWLRQV��SDUWLFXODU�ZD\V�RI
FRQQHFWLQJ�PDWHULDO�VLQJXODULWLHV�DQG�WUDLWV�RI�H[SUHVVLRQ��&RGH�LV�ZULWWHQ�DQG�UXQ�ZLWKLQ
VLWXDWHG�SUDFWLFHV��ZLWK�UHIHUHQFH�WR�SDUWLFXODU�GRPDLQV��DQG�ZLWKLQ�SDUWLFXODU�RUGHULQJV
DQG�GLVRUGHULQJV�RI�FROOHFWLYH�OLIH��,WV�IRUPV�DQG�DEVWUDFWLRQV�DUH�DWWDFKHG�WR�OLYHV��9LD
3HUO��IRUNERPE�SO�WDSV�LQWR�PDWHULDO�VLQJXODULWLHV�FRQFHUQLQJ�WKH�GLVWULEXWLRQ�DQG
DOORFDWLRQ�RI�FRPSXWLQJ�UHVRXUFHV��D�NH\�VLWH�RI�FRQWHVWDWLRQ�ZLWKLQ�FRQWHPSRUDU\
WHFKQRVFDSHV��7KHVH�FRQWHVWV�SHUYDGH�FRPPRGLW\�FRPSXWLQJ�SODWIRUPV��$V�XQZDQWHG
EURZVHU�ZLQGRZV�DSSHDU��DV�HPDLO�VSDP�ILOO�WKH�PDLOER[HV��DV�YLUXVHV�FRUUXSW�KDUG�
GULYHV��DQG�DV�GHQLDO�RI�VHUYLFH�DWWDFNV�UHQGHU�$O�-D]HHUD
V�ZHEVLWH�LQYLVLEOH��UHVRXUFH
DOORFDWLRQ�FRQWHVWV�VWUXFWXUH�WKH�HYHU\GD\�H[SHULHQFH�RI�LQWHUDFWLYH�FRPSXWLQJ�WKDW�ZH
PRVWO\�WDNH�IRU�JUDQWHG�DV�SDUW�RI�WKH�EXLOW�HQYLURQPHQW��7KH�WUDLWV�RI�H[SUHVVLRQ
IRUNERPE�SO�GUDZV�RQ�DUH�HPEHGGHG�LQ�3HUO��7KH\�SHUWDLQ�WR�DQ�RUJDQLVDWLRQ�RI�FRGLQJ
ZRUN�GHYHORSHG�RQ�WKH�PDUJLQV�RI�PDLQVWUHDP�FRPSXWLQJ�VFLHQFH��LQ�WKH�WHFKQLFLDQ
V
GRPDLQ�RI�V\VWHP�DGPLQLVWUDWLRQ��7KH�RQFH�UHODWLYHO\�PLQRU�WHFKQLFDO�ZRUN�RI�FRPSXWHU
V\VWHP�DGPLQLVWUDWLRQ�WRGD\�KDV�EHFRPH�DQ�LQWHJUDO�OLQN�LQ�FRQVWUXFWLQJ�QHWZRUNV�DQG
DOORZLQJ�PRYHPHQW�EHWZHHQ�FRPSXWLQJ�HQYLURQPHQWV��

8QGHU�ZKDW�FRQGLWLRQV�GRHV�D�IHHOLQJ�IRU�FRGH�LPSRVH�D�SHUVSHFWLYH�XSRQ�WKH�
XQLYHUVH
RI�WKLQJV�IHOW
"�+RZ�GRHV�FRGH�EHFRPH�DQ�REMHFW�RI�DIIHFWLYH�UHVSRQVH"�,Q�SULQFLSOH�
IHHOLQJ�WDJV�D�VKLIW�LQ�UHODWLRQV�EHWZHHQ�ERGLHV��,Q�WKHLU�DFFRXQW�RI�WKH�UHODWLRQ�EHWZHHQ
IHHOLQJ�DQG�FROOHFWLYH�OLIH��WKH�SROLWLFDO�SKLORVRSKHUV�*HQHYLHYH�/OR\G�DQG�0RLUD�*DWHQV
VXJJHVW�

7KH�DZDUHQHVV�RI�KXPDQ�FROOHFWLYLWLHV���WKH�DZDUHQHVV�RI�ERGLHV�LQ�UHODWLRQ���LV�QRW�D
PHUHO\�FRJQLWLYH�DZDUHQHVV�RI�ERGLO\�FKDQJH��,W�LV�VKRW�WKURXJK�ZLWK�HPRWLRQ���ZLWK
WKH�DZDUHQHVV�RI�ERGLO\�WUDQVLWLRQ�WR�JUHDWHU�RU�OHVVHU�VWDWHV�RI�DFWLYLW\��6RFLDELOLW\�LV
LQKHUHQWO\�DIIHFWLYH���*DWHQV�	�/OR\G�����������

$Q\�IHHOLQJ��LQFOXGLQJ�D�IHHOLQJ�IRU�FRGH��RI�FRGH
V�LPSRUWDQFH��DULVHV�IURP�
ERGLHV�LQ
UHODWLRQ
��WR�XVH�*DWHQV�DQG�/OR\G
V�6SLQR]LVW�WHUPLQRORJ\���

+RZ�GRHV�D�IHHOLQJ�IRU�FRGH�RU�DERXW�FRGH�FRPH�DERXW"�,Q�*DWHQV�DQG�/OR\G
V�WHUPV�
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FRGH�PD\�LQYROYH�WUDQVLWLRQ�WR�OHVVHU�RU�JUHDWHU�VWDWHV�RI�DFWLYLW\��LW�PD\�SRWHQWLDWH�RU

SDVVLYDWH
�ERGLHV�LQ�UHODWLRQ��,�KDYH�EHHQ�VXJJHVWLQJ�WKDW�FRGH�KDV�D�SUREOHPDWLF��UDWKHU
WKDQ�WKHRUHPDWLF��PRGH�RI�H[LVWHQFH��&HUWDLQ�VROXWLRQV�UHGXFH�WKDW�SUREOHPDWLF�DVSHFW
WR�RUGLQDU\�RSHUDWLRQDOLW\��,Q�IDFW��PXFK�RI�ZKDW�EHFRPHV�LQYLVLEOH��QDWXUDO��HDV\�LQ
LQIRUPDWLRQ�LQIUDVWUXFWXUHV�DWWHVWV�WR�D�UHGXFWLRQ�WR�WKH�RUGLQDU\�RU�WKH�QRUPDO��0XFK�RI
WKH�HYHU\GD\�ZRUN�RI�FRGLQJ�WDNHV�SODFH�DV�D�VHW�RI�RUGLQDU\�RUGHULQJ�SUDFWLFHV��2WKHU
VROXWLRQV�PDLQWDLQ�D�FORVHU�UHODWLRQ�WR�WKH�SUREOHP�IURP�ZKLFK�WKH\�VSULQJ�
2FFDVLRQDOO\��WKH�VROXWLRQ��D�SLHFH�RI�FRGH��DFWXDOO\�UHIRUPXODWHV�DQG�UHQGHUV�YLVLEOH�D
SUREOHPDWLF�QH[XV�WKDW�SUHYLRXVO\�KDG�EHHQ�EDGO\�IRUPXODWHG�RU�SRVHG�LQ�D�FRQIXVHG
ZD\��

References

$JDPEHQ��*LRUJLR��
)RUP�RI�OLIH
�HGV�+DUGW��0LFKDHO�	�9LUQR��3DROR��5DGLFDO�7KRXJKW�LQ
,WDO\��$�3RWHQWLDO�3ROLWLFV��8QLYHUVLW\�RI�0LQQHVRWD�3UHVV��0LQQHDSROLV�	�/RQGRQ�������
�������

$SSDGXUDL��$UMXQ��0RGHUQLW\�DW�ODUJH��FXOWXUDO�GLPHQVLRQV�RI�JOREDOL]DWLRQ��8QLYHUVLW\
RI�0LQQHVRWD�3UHVV��0LQQHDSROLV�������

%RZNHU��*HRIIUH\�&��	�6WDU��6XVDQ�/HLJK�6RUWLQJ�7KLQJV�2XW��&ODVVLILFDWLRQ�DQG�,WV
&RQVHTXHQFHV��0,7�3UHVV��&DPEULGJH�0$������

%RXUQH��6WHSKHQ��5��7KH�8QL[�6\VWHP�9�(QYLURQPHQW��$GGLVRQ�:HVOH\�3XEOLVKLQJ
&RPSDQ\������

&DUQLYRUH3(��KWWS���ZZZ�UKL]RPH�RUJ�FDUQLYRUH������-DQXDU\������

&DVWHOOV��0DQXHO�7KH�,QWHUQHW�JDOD[\���UHIOHFWLRQV�RQ�WKH�,QWHUQHW��EXVLQHVV��DQG
VRFLHW\��2[IRUG�8�3�������

&R[��*HRII��0F/HDQ��$OH[�	�:DUG��$GULDQ�
7KH�$HVWKHWLFV�RI�*HQHUDWLYH�&RGH
�
KWWS���ZZZ�JHQHUDWLYH�QHW�SDSHUV�DHVWKHWLFV�LQGH[�KWPO�����'HFHPEHU�������

'HODQGD��0DQXHO��,QWHQVLYH�6FLHQFH�DQG�9LUWXDO�3KLORVRSK\��&RQWLQXXP�%RRNV��/RQGRQ�	



��

1HZ�<RUN������

'HOHX]H��*LOOHV��	�*XDWWDUL��)HOL[��$�7KRXVDQG�3ODWHDXV��WU��%ULDQ�0DVVXPL��8QLYHUVLW\�RI
0LQQHVRWD�3UHVV��0LQQHDSROLV������

'HOHX]H��*LOOHV��%HUJVRQLVP��=RQH�%RRNV��1HZ�<RUN������

*DWHQV��0RLUD�	�/OR\G��*HQHYLHYH��&ROOHFWLYH�,PDJLQLQJV��6SLQR]D��SDVW�DQG�SUHVHQW
5RXWOHGJH��/RQGRQ�	�1HZ�<RUN������

.LWWOHU��)ULHGULFK��
7KHUH�LV�QR�VRIWZDUH
��/LWHUDWXUH�0HGLD�,QIRUPDWLRQ�6\VWHPV�HG
-RKQVWRQ��-RKQ��*	%�$UWV�,QWHUQDWLRQDO������

/DVK��6FRWW�&ULWLTXH�RI�,QIRUPDWLRQ�6DJH�3XEOLFDWLRQV�/WG�����

/DWRXU��%UXQR�$UDPLV��RU�WKH�ORYH�RI�WHFKQRORJ\��WUDQV��E\�&DWKHULQH�3RUWHU��+DUYDUG
8�3������

/HVVLJ��/DZUHQFH�&RGH�DQG�RWKHU�/DZV�RI�&\EHUVSDFH��%DVLF�%RRNV������

/HWWLFH��-RKQ���������
06�SOD\V�WKH�VHFXULW\�FDUG�LQ�*RY�VKDUHG�VRXUFH�UHWUHDG
��7KH
5HJLVWHU��KWWS������������������FRQWHQW���������KWPO����-DQ������

/HZ��$UW�&RPSXWHU�6FLHQFH��$�0DWKHPDWLFDO�,QWURGXFWLRQ��3UHQWLFH�+DOO�,QWHUQDWLRQDO�
����

/RKU��6WHYH��¶0LFURVRIW�WR�*LYH�*RYHUQPHQWV�$FFHVV�WR�&RGH·�1HZ�<RUN�7LPHV�
%XVLQHVV�)LQDQFLDO�'HVN�����-DQXDU\���������6HFWLRQ�&���S����

0DQRYLFK��/HY��7KH�ODQJXDJH�RI�QHZ�PHGLD�0,7�3UHVV��&DPEULGJH������

0RRG\��*O\Q�5HEHO�&RGH��/LQX[�DQG�WKH�2SHQ�6RXUFH�5HYROXWLRQ���3HQJXLQ��������

3HUPXQJNDK�������
*UHDW�TXRWH�
�KWWS���XVH�SHUO�RUJ�FRPPHQWV�SO"FLG ����	VLG ����
����-DQ������

5D\PRQG��(ULF��7KH�1HZ�+DFNHUV�'LFWLRQDU\��� ��� �(GLWLRQ��0,7�3UHVV������

6LHYHU��(OOHQ��6SDLQKRXU��6WHSKHQ��	�3DWZDUGKDQ��1DWKDQ��3HUO�LQ�D�1XWVKHOO��$�'HVNWRS



��

4XLFN�5HIHUHQFH��2
5HLOO\�	�$VVRFLDWHV��6HEDVWDSRO������

6RIWZDUH�$UW�5HSRVLWRU\�KWWS���UXQPH�RUJ�����-DQ������

7UDQVPHGLDOH������3UL]HV��KWWS���ZZZ�WUDQVPHGLDOH�GH�HQ����SUHVVUHOHDVHV�SKS����
-DQ������

8OOPDQ��(OOHQ��&ORVH�WR�WKH�0DFKLQH��7HFKQRSKLOLD�DQG�LWV�'LVFRQWHQWV��&LW\�/LJKWV
%RRNV��6DQ�)UDQFLVFR������

:DOO��/DUU\��
3HUO��WKH�ILUVW�SRVWPRGHUQ�FRPSXWHU�ODQJXDJH
�
KWWS���ZZZ�SHUO�FRP�OSW�D���������SP�KWPO����-XO\������

:KLWHKHDG��$OIUHG�1RUWK�0RGHV�RI�7KRXJKW�&DPEULGJH�8QLYHUVLW\�3UHVV������



L $�PDMRU�RQOLQH�FRGH�UHSRVLWRU\�VXFK�DV�6RXUFH)RUJH��6RXUFH)RUJH��������KRVWV�WKRXVDQGV�RI�FRGLQJ
SURMHFWV��,Q�-DQXDU\�������6RXUFH)RUJH�FODLPHG�WR�FRQWDLQ��������SURMHFWV�DQG�KDYH�DURXQG�D�KDOI
PLOOLRQ�UHJLVWHUHG�XVHUV��$OWKRXJK�WKH�QXPEHU�RI�UHJLVWHUHG�XVHUV�RQO\�DPRXQWV�WR�D�VPDOO�FLW\�LQ
FRQWHPSRUDU\�WHUPV��DURXQG��������GLIIHUHQW�VRIWZDUH�SURMHFWV�DUH�XQGHU�GHYHORSPHQW�WKHUH��

LL 7KLV�FRGH�IUDJPHQW�VKRZV�D�FRXSOH�RI�LPSRUWDQW�WKLQJV��7KH�WH[W�EDVLFDOO\�FRQVLVWV�RI�WZR�
ZKLOH
�ORRSV�
7\SLFDOO\��WKH�ZRUN�RI�FRGLQJ�LQYROYHV�PDNLQJ�ORRSV��VSOLFLQJ�ORRSV�WRJHWKHU��DQG�QHVWLQJ�ORRSV�ZLWKLQ
ORRSV��/RRSV�RIWHQ�LQWHUDFW�ZLWK�HDFK�RWKHU�GXULQJ�H[HFXWLRQ�RI�WKH�FRGH��,Q�WKLV�FDVH��WKH�ORRSV�
WZLVWHG�WKURXJK�HDFK�RWKHU��FRQVWDQWO\�DOWHU�HDFK�RWKHUV
�ERXQGLQJ�FRQGLWLRQV�WR�D�GHJUHH�UHJXODWHG�E\
WKH�
VWUHQJWK
�YDULDEOH�SURYLGHG�WKH�XVHU��

LLL ,Q�D�VHQVH�WKHQ��/DWRXU
V�SRVLWLRQ�HFKRHV�WKH�SKHQRPHQRORJLFDO�GHVFULSWLRQ�RI�FRGH�JLYHQ�DERYH��FRGH�LV
VRPHWKLQJ�ERWK�UHDG�DQG�H[HFXWHG��LW�GHVFULEHV�DQG�RSHUDWHV��LW�H[SUHVVHV�VRPHWKLQJ�DQG�GRHV
VRPHWKLQJ��LW�UHSUHVHQWV�DQG�SHUIRUPV�ZKDW�LW�UHSUHVHQWV��7KLV�VXJJHVWV�WKDW�FUXFLDO�TXHVWLRQV�DERXW
FRGH�ZLOO�FRQFHUQ�QRW�ZKHWKHU�RU�QRW�LW�FDQ�FDSWXUH�WKH�UHDO��EXW�KRZ�FRGH�FDQ�VHHP�WR�GR�ERWK�WKLQJV
DW�RQFH��ERWK�D�WH[W�GHVFULELQJ�D�QDUURZO\�GHILQHG�FRQWH[W��DQG�D�WUDLQ�RI�RSHUDWLRQV�RUGHULQJ�DQG
UHJXODWLQJ�D�FRQWH[W�


