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&6(�����6RIWZDUH�(QJLQHHULQJ
/HFWXUH����2FWREHU����������

'DYLG�1RWNLQ
'HSW��RI�&RPSXWHU�6FLHQFH�	�(QJLQHHULQJ

8QLYHUVLW\�RI�:DVKLQJWRQ
ZZZ�FV�ZDVKLQJWRQ�HGX�HGXFDWLRQ�FRXUVHV�����&XUUHQW4WU�

1RWNLQ��F������������ �

2XWOLQH

� 6RIWZDUH�FKDQJH
² %DVLF�EDFNJURXQG

² $SSURDFKHV�WR�FKDQJH

� $OWHUQDWLYH�DSSURDFKHV�WR�PDLQWHQDQFH
² ,QWURGXFWLRQ

² 6RXUFH�PRGHOV

² 9LVXDOL]LQJ�VRXUFH�PRGHOV

� +RZ�GR�\RX�HYROYH�VRIWZDUH"

1RWNLQ��F������������ �

6RIWZDUH�HYROXWLRQ

� 6RIWZDUH�FKDQJHV
² 6RIWZDUH�PDLQWHQDQFH

² 6RIWZDUH�HYROXWLRQ

² ,QFUHPHQWDO�GHYHORSPHQW

� 7KH�REMHFWLYH�LV�WR�XVH�DQ�H[LVWLQJ�FRGH�EDVH
DV�DQ�DVVHW
² &KHDSHU�DQG�EHWWHU�WR�JHW�WKHUH�IURP�KHUH�
UDWKHU�WKDQ�VWDUWLQJ�IURP�VFUDWFK

² $Q\ZD\��ZKHUH�ZRXOG�\RX�DLP�IRU�ZLWK�D�QHZ
V\VWHP"

1RWNLQ��F������������ �

$�OHJDF\

� 0HUULDP�:HEVWHU�RQ�OLQH�GLFWLRQDU\
² ´D�JLIW�E\�ZLOO�HVSHFLDOO\�RI�PRQH\�RU�RWKHU
SHUVRQDO�SURSHUW\µ

² ´VRPHWKLQJ�WUDQVPLWWHG�E\�RU�UHFHLYHG�IURP�DQ
DQFHVWRU�RU�SUHGHFHVVRU�RU�IURP�WKH�SDVWµ

� 7KH�XVXDO�MRNH�LV�WKDW�LQ�DQ\WKLQJ�EXW
VRIWZDUH��\RX·G�ORYH�WR�UHFHLYH�D�OHJDF\
² 0D\EH�ZH�IHHO�WKH�VDPH�ZD\�DERXW�LQKHULWDQFH�
WRR��HVSHFLDOO\�PXOWLSOH�LQKHULWDQFH

1RWNLQ��F������������ �

&KDQJH

� ´7KHUH�LV�LQ�WKH�ZRUVW�RI�IRUWXQH�WKH�EHVW�RI
FKDQFHV�IRU�D�KDSS\�FKDQJHµ�³(XULSLGHV

� +H�ZKR�FDQQRW�GDQFH�ZLOO�VD\��´7KH�GUXP�LV�EDGµ
³$VKDQWL�SURYHUE

� ´7KH�UXOLQJ�SRZHU�ZLWKLQ��ZKHQ�LW�LV�LQ�LWV�QDWXUDO
VWDWH��LV�VR�UHODWHG�WR�RXWHU�FLUFXPVWDQFHV�WKDW�LW
HDVLO\�FKDQJHV�WR�DFFRUG�ZLWK�ZKDW�FDQ�EH�GRQH�DQG
ZKDW�LV�JLYHQ�LW�WR�GRµ�³0DUFXV�$XUHOLXV

� ´&KDQJH�LQ�DOO�WKLQJV�LV�VZHHWµ�³$ULVWRWOH

1RWNLQ��F������������ �

:K\�GRHV�LW�FKDQJH"

� 6RIWZDUH�FKDQJHV�GRHV�QRW�FKDQJH�SULPDULO\
EHFDXVH�LW�GRHVQ·W�ZRUN�ULJKW

� %XW�UDWKHU�EHFDXVH�WKH�WHFKQRORJLFDO�
HFRQRPLF��DQG�VRFLHWDO�HQYLURQPHQW�LQ�ZKLFK
LW�LV�HPEHGGHG�FKDQJHV

� 7KLV�SURYLGHV�D�IHHGEDFN�ORRS�WR�WKH
VRIWZDUH
² 7KH�VRIWZDUH�LV�XVXDOO\�WKH�PRVW�PDOOHDEOH�OLQN�LQ
WKH�FKDLQ��KHQFH�LW�WHQGV�WR�FKDQJH
� 6SDFH�VKXWWOH�DVWURQDXWV�KDYH�WKRXVDQGV�RI�H[WUD
UHVSRQVLELOLWLHV�EHFDXVH�LW·V�VDIHU�WKDQ�FKDQJLQJ�FRGH
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1RWNLQ��F������������ �

.LQGV�RI�FKDQJH

� &RUUHFWLYH�PDLQWHQDQFH
² )L[LQJ�EXJV�LQ�UHOHDVHG
FRGH

� $GDSWLYH�PDLQWHQDQFH
² 3RUWLQJ�WR�QHZ�KDUGZDUH
RU�VRIWZDUH�SODWIRUP

� 3HUIHFWLYH�PDLQWHQDQFH
² 3URYLGLQJ�QHZ�IXQFWLRQV

� 2OG�GDWD��IRFXVHG�RQ
,7�V\VWHPV«QRZ"
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1RWNLQ��F������������ �

+LJK�FRVW��ORQJ�WLPH

� *ROG·V������VWXG\
VKRZHG�WKH�IUDFWLRQ�RI
SURJUDPPLQJ�HIIRUW
VSHQW�LQ�PDLQWHQDQFH

� )RU�H[DPSOH������RI
WKH�RUJDQL]DWLRQV�VSHQW
����RI�WKHLU�HIIRUW�LQ
PDLQWHQDQFH
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1RWNLQ��F������������ �

7RWDO�OLIH�F\FOH�FRVW

� /LHQW]�DQG�6ZDQVRQ�GHWHUPLQHG�WKDW�DW�OHDVW
����RI�WKH�WRWDO�OLIH�F\FOH�FRVW�LV�LQ
PDLQWHQDQFH

� 7KHUH�DUH�VHYHUDO�RWKHU�VWXGLHV�WKDW�DUH
UHDVRQDEO\�FRQVLVWHQW

� *HQHUDO�EHOLHI�LV�WKDW�PDLQWHQDQFH�FRVWV
VRPHZKHUH�EHWZHHQ��������RI�WRWDO�OLIH
F\FOH�FRVWV

1RWNLQ��F������������ ��

2SHQ�TXHVWLRQ

� +RZ�PXFK�PDLQWHQDQFH�FRVW�LV�´UHDVRQDEOH"µ
² &RUUHFWLYH�PDLQWHQDQFH�FRVWV�DUH�RVWHQVLEO\�QRW
´UHDVRQDEOHµ

² +RZ�PXFK�DGDSWLYH�PDLQWHQDQFH�FRVW�LV
´UHDVRQDEOHµ"

² +RZ�PXFK�SHUIHFWLYH�PDLQWHQDQFH�FRVW�LV
´UHDVRQDEOHµ"

� 0HDVXULQJ�´UHDVRQDEOHµ�FRVWV�LQ�WHUPV�RI
SHUFHQWDJH�RI�OLIH�F\FOH�FRVWV�GRHVQ·W�PDNH
VHQVH

1RWNLQ��F������������ ��

+LJK�OHYHO�DQVZHU

� )RU�SHUIHFWLYH�PDLQWHQDQFH��LW�VHHPV�WKDW
WKH�REMHFWLYH�VKRXOG�EH�IRU�WKH�FRVW�RI�WKH
FKDQJH�LQ�WKH�LPSOHPHQWDWLRQ�WR�EH
SURSRUWLRQDO�WR�WKH�FRVW�RI�WKH�FKDQJH�LQ�WKH
VSHFLILFDWLRQ��GHVLJQ�
² ([��$OORZLQJ�GDWHV�IRU�WKH�\HDU������LV��DW�PRVW�
D�VPDOO�VSHFLILFDWLRQ�FKDQJH

² ([��$GGLQJ�FDOO�IRUZDUGLQJ�LV�D�PRUH�FRPSOLFDWHG
VSHFLILFDWLRQ�FKDQJH

1RWNLQ��F������������ ��

2EVHUYDWLRQV

� 0DLQWDLQHUV�RIWHQ�JHW�OHVV�UHVSHFW�WKDQ
GHYHORSHUV

� 0DLQWHQDQFH�LV�JHQHUDOO\�DVVLJQHG�WR�WKH
OHDVW�H[SHULHQFHG�SURJUDPPHUV

� 6RIWZDUH�VWUXFWXUH�GHJUDGHV�RYHU�WLPH
� 'RFXPHQWDWLRQ�LV�RIWHQ�SRRU�DQG�LV�RIWHQ
LQFRQVLVWHQW�ZLWK�WKH�FRGH

� ,V�WKHUH�DQ\�UHODWLRQVKLS�EHWZHHQ�WKHVH"
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1RWNLQ��F������������ ��

/DZV�RI�3URJUDP�(YROXWLRQ

� /DZ�RI�FRQWLQXLQJ
FKDQJH�%HODG\�	�/HKPDQ
² ´$�ODUJH�SURJUDP�WKDW�LV
XVHG�XQGHUJRHV
FRQWLQXLQJ�FKDQJH�RU
EHFRPHV�SURJUHVVLYHO\
OHVV�XVHIXO�µ

² $QDORJLHV�WR�ELRORJLFDO
HYROXWLRQ�KDYH�EHHQ
PDGH��WKH�UDWH�RI
FKDQJH�LQ�VRIWZDUH�LV�IDU
IDVWHU

� 3�W\SH�SURJUDPV
² :HOO�GHILQHG��SUHFLVHO\
VSHFLILHG

² 7KH�FKDOOHQJH�LV
HIILFLHQW�LPSOHPHQWDWLRQ

� (�W\SH�SURJUDPV
² ,OO�GHILQHG��ILW�LQWR�DQ
HYHU�FKDQJLQJ
HQYLURQPHQW

² 7KH�FKDOOHQJH�LV
PDQDJLQJ�FKDQJH

1RWNLQ��F������������ ��

/DZ�RI�LQFUHDVLQJ�FRPSOH[LW\

� ´$V�D�ODUJH�SURJUDP�LV�FRQWLQXRXVO\�FKDQJHG�
LWV�FRPSOH[LW\��ZKLFK�UHIOHFWV�GHWHULRUDWLQJ
VWUXFWXUH��LQFUHDVHV�XQOHVV�ZRUN�LV�GRQH�WR
PDLQWDLQ�RU�UHGXFH�LW�µ
² &RPSOH[LW\��LQ�SDUW��LV�UHODWLYH�WR�D�SURJUDPPHU·V
NQRZOHGJH�RI�D�V\VWHP
� 1RYLFHV�YV��H[SHUWV�GRLQJ�PDLQWHQDQFH

² &OHDQLQJ�XS�VWUXFWXUH�LV�GRQH�UHODWLYHO\
LQIUHTXHQWO\
� :K\"

1RWNLQ��F������������ ��

6WDWLVWLFDOO\�UHJXODU�JURZWK

� ´0HDVXUHV�RI�>JURZWK@�DUH�F\FOLFDOO\�VHOI�
UHJXODWLQJ�ZLWK�VWDWLVWLFDOO\�GHWHUPLQDEOH
WUHQGV�DQG�LQYDULDQFHV�µ
² �<RX�FDQ�UXQ�EXW�\RX�FDQ·W�KLGH�

² %DVHG�RQ�GDWD�IURP�26�����DQG�VRPH�RWKHU
V\VWHPV

² ([��&RQWHQW�LQ�UHOHDVHV�GHFUHDVHV�RU�WLPH
EHWZHHQ�UHOHDVHV�LQFUHDVHV

� ,V�WKLV�UHODWHG�WR�%URRNV·�REVHUYDWLRQ�WKDW�DGGLQJ
SHRSOH�WR�D�ODWH�SURMHFW�PDNHV�LW�ODWHU"

1RWNLQ��F������������ ��

$QG�WZR�RWKHUV

� ´7KH�JOREDO�DFWLYLW\�UDWH�LQ�D�ODUJH
SURJUDPPLQJ�SURMHFW�LV�LQYDULDQW�µ

� ´)RU�UHOLDEOH��SODQQHG�HYROXWLRQ��D�ODUJH
SURJUDP�XQGHUJRLQJ�FKDQJH�PXVW�EH�PDGH
DYDLODEOH�IRU�UHJXODU�XVHU�H[HFXWLRQ�DW
PD[LPXP�LQWHUYDOV�GHWHUPLQHG�E\�LWV�QHW
JURZWK�µ
² 7KLV�LV�UHODWHG�WR�0LFURVRIW·V�´GDLO\�EXLOGVµ

1RWNLQ��F������������ ��

+RZ�GR�\RX�JR�DERXW�LW"

� 7KLV�LV�KDUG�WR�FRYHU�LQ
JURXSV
² +HQFH�P\�HPDLO�WRGD\

� ,·G�OLNH�WZR�RU�WKUHH�RI
\RX�WR�GLVFXVV�IRU�D
IHZ�PLQXWHV�KRZ�\RX
FKDQJH�VRIWZDUH
² 7KHQ�ZH�FDQ�JHW
FRPPHQWV�DQG�UHDFWLRQV
IURP�WKH�RWKHU�VWXGHQWV

1RWNLQ��F������������ ��

$SSURDFKHV�WR�UHGXFLQJ�FRVW

� 'HVLJQ�IRU�FKDQJH��SURDFWLYH�
² ,QIRUPDWLRQ�KLGLQJ��OD\HULQJ��RSHQ
LPSOHPHQWDWLRQ��DVSHFW�RULHQWHG�SURJUDPPLQJ�
HWF�

� 7RROV�WR�VXSSRUW�FKDQJH��UHDFWLYH"�
² JUHS��HWF�

² 5HYHUVH�HQJLQHHULQJ��SURJUDP�XQGHUVWDQGLQJ�
V\VWHP�VXPPDUL]DWLRQ��«
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1RWNLQ��F������������ ��

$SSURDFKHV�WR�UHGXFLQJ�FRVW

� ,PSURYHG�GRFXPHQWDWLRQ��SURDFWLYH�
² 'LVFLSOLQH��VW\OL]HG�DSSURDFKHV

� 5HGXFLQJ�EXJV��SURDFWLYH�
² 0DQ\�WHFKQLTXHV��FRYHUHG�ODWHU�LQ�WKH�TXDUWHU

� ,QFUHDVLQJ�FRUUHFWQHVV�RI�VSHFLILFDWLRQV
�SURDFWLYH�

� 2WKHUV"

1RWNLQ��F������������ ��

'LG�\RX�WU\�WR�XQGHUVWDQG"
� ´7KH�XOWLPDWH�JRDO�RI�UHVHDUFK�LQ�SURJUDP
XQGHUVWDQGLQJ�LV�WR�LPSURYH�WKH�SURFHVV�RI
FRPSUHKHQGLQJ�SURJUDPV��ZKHWKHU�E\
LPSURYLQJ�GRFXPHQWDWLRQ��GHVLJQLQJ�EHWWHU
SURJUDPPLQJ�ODQJXDJHV��RU�EXLOGLQJ
DXWRPDWHG�VXSSRUW�WRROV�µ�³&OD\WRQ��5XJDEHU��:LOOV

� 7R�PH��WKLV�GHILQLWLRQ��DQG�PDQ\��PDQ\
VLPLODU�RQHV��PLVV�D�NH\�SRLQW��:KDW�LV�WKH
SURJUDPPHU·V�WDVN"

1RWNLQ��F������������ ��

When assigned a task to modify
an existing software system,
how does a software engineer
choose to proceed?

$�YLHZ�RI�PDLQWHQDQFH
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1RWNLQ��F������������ ��

6DPSOH��VLPSOH��WDVN

� <RX�DUH�DVNHG�WR�XSGDWH�DQ�DSSOLFDWLRQ�LQ
UHVSRQVH�WR�D�FKDQJH�LQ�D�OLEUDU\�IXQFWLRQ

� 7KH�RULJLQDO�OLEUDU\�IXQFWLRQ�LV
– assign(char* to, char* from, int cnt = NCNT)

² &RS\�cnt �FKDUDFWHUV�IURP�to �LQWR�from

� 7KH�QHZ�OLEUDU\�IXQFWLRQ�LV
– assign(char* to, char* from, int pos, int cnt = NCNT)

² &RS\�cnt FKDUDFWHUV�VWDUWLQJ�DW�pos �IURP�to �LQWR�from

� +RZ�ZRXOG�\RX�PDNH�WKLV�FKDQJH"��,Q�JURXSV�

1RWNLQ��F������������ ��

5HFDS��H[DPSOH
� :KDW�LQIRUPDWLRQ�GLG�\RX�QHHG"
� :KDW�LQIRUPDWLRQ�ZDV�DYDLODEOH"
� :KDW�WRROV�SURGXFHG�WKH�LQIRUPDWLRQ"

² 'LG�\RX�WKLQN�DERXW�RWKHU�SHUWLQHQW�WRROV"

� +RZ�DFFXUDWH�ZDV�WKH�LQIRUPDWLRQ"
² $Q\�IDOVH�LQIRUPDWLRQ"��$Q\�PLVVLQJ�WUXH
LQIRUPDWLRQ"

� +RZ�GLG�\RX�YLHZ�DQG�XVH�WKH�LQIRUPDWLRQ"
� &DQ�\RX�LPDJLQH�RWKHU�XVHIXO�WRROV"

1RWNLQ��F������������ ��

6RXUFH�PRGHOV
� 5HDVRQLQJ�DERXW�D�PDLQWHQDQFH�WDVN�LV�RIWHQ�GRQH�LQ
WHUPV�RI�D�PRGHO�RI�WKH�VRXUFH�FRGH
² 6PDOOHU�WKDQ�WKH�VRXUFH��PRUH�IRFXVHG�WKDQ�WKH�VRXUFH

� 6XFK�D�VRXUFH�PRGHO�FDSWXUHV�RQH�RU�PRUH�UHODWLRQV
IRXQG�LQ�WKH�V\VWHP·V�DUWLIDFWV

Document

Document

Document

Document

Document

Document
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(a,c)
...

(d,f)
(g,h)

Extraction Tool
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1RWNLQ��F������������ ��

([DPSOH�VRXUFH�PRGHOV
� $�FDOOV�JUDSK

² :KLFK�IXQFWLRQV�FDOO�ZKLFK�RWKHU�IXQFWLRQV"

� $Q�LQKHULWDQFH�KLHUDUFK\
² :KLFK�FODVVHV�LQKHULW�IURP�ZKLFK�RWKHU�FODVVHV"

� $�JOREDO�YDULDEOH�FURVV�UHIHUHQFH
² :KLFK�IXQFWLRQV�UHIHUHQFH�ZKLFK�JOREDOV"

� $�OH[LFDO�PDWFK�PRGHO
² :KLFK�VRXUFH�OLQHV�FRQWDLQ�D�JLYHQ�VWULQJ"

� $�GHI�XVH�PRGHO
² :KLFK�YDULDEOH�GHILQLWLRQV�DUH�XVHG�DW�ZKLFK�XVH�VLWHV"

1RWNLQ��F������������ ��

&RPELQLQJ�VRXUFH�PRGHOV

� 6RXUFH�PRGHOV�PD\�EH�SURGXFHG�E\�FRPELQLQJ
RWKHU�VRXUFH�PRGHOV�XVLQJ�VLPSOH�UHODWLRQDO
RSHUDWLRQV��IRU�H[DPSOH�
² ([WUDFW�D�VRXUFH�PRGHO�LQGLFDWLQJ�ZKLFK
IXQFWLRQV�UHIHUHQFH�ZKLFK�JOREDO�YDULDEOHV

² ([WUDFW�D�VRXUFH�PRGHO�LQGLFDWLQJ�ZKLFK
IXQFWLRQV�DSSHDU�LQ�ZKLFK�PRGXOHV

² -RLQ�WKHVH�WZR�VRXUFH�PRGHOV�WR�SURGXFH�D
VRXUFH�PRGHO�RI�PRGXOHV�UHIHUHQFLQJ�JOREDOV

1RWNLQ��F������������ ��

([WUDFWLQJ�VRXUFH�PRGHOV

� 6RXUFH�PRGHOV�DUH�H[WUDFWHG�XVLQJ�WRROV
� $Q\�VRXUFH�PRGHO�FDQ�EH�H[WUDFWHG�LQ
PXOWLSOH�ZD\V
² 7KDW�LV��PRUH�WKDQ�RQH�WRRO�FDQ�SURGXFH�D�JLYHQ
NLQG�RI�VRXUFH�PRGHO

� 7KH�WRROV�DUH�VRPHWLPHV�RII�WKH�VKHOI�
VRPHWLPHV�KDQG�FUDIWHG��VRPHWLPHV
FXVWRPL]HG

1RWNLQ��F������������ ��

3URJUDP�GDWDEDVHV
� 7KHUH�DUH�PDQ\�SURMHFWV�LQ�ZKLFK�D�SURJUDP
GDWDEDVH�LV�EXLOW��UHSUHVHQWLQJ�VRXUFH�PRGHOV
RI�D�SURJUDP

� 7KH\�YDU\�LQ�PDQ\�VLJQLILFDQW�ZD\V
² 7KH�GDWD�PRGHO�XVHG��UHODWLRQDO��REMHFW�RULHQWHG�

² 7KH�JUDQXODULW\�RI�LQIRUPDWLRQ
� 3HU�SURFHGXUH��SHU�VWDWHPHQW��HWF�

² 6XSSRUW�IRU�FUHDWLQJ�QHZ�VRXUFH�PRGHOV
� 2SHUDWLRQV�RQ�WKH�GDWDEDVH��HQWLUHO\�QHZ�RQHV

² 3URJUDPPLQJ�ODQJXDJHV�VXSSRUWHG

1RWNLQ��F������������ ��

7KUHH�FODVVLF�H[DPSOHV
� &,$�&,$����$77�5HVHDUFK��&KHQ�HW�DO��

² 5HODWLRQDO��&�&��
– http://www.research.att.com/sw/tools/reuse/

² &,$2��D�ZHE�EDVHG�IURQW�HQG�IRU�SURJUDP�GDWDEDVH
DFFHVV

� 'HVHUW��%URZQ�8QLYHUVLW\��5HLVV�
² 8VHV�)UDJPHQW�LQWHJUDWLRQ

� 3UHVHUYHV�RULJLQDO�ILOHV��ZLWK�UHIHUHQFHV�LQWR�WKHP

– http://www.cs.brown.edu/software/desert/

² 8VHV�)UDPH0DNHU�DV�WKH�HGLWLQJ�YLHZLQJ�HQJLQH

� 5LJL��VXSSRUW�IRU�UHYHUVH�HQJLQHHULQJ�
– http://www.rigi.csc.uvic.ca/rigi/rigiframe1.shtml

1RWNLQ��F������������ ��

,QIRUPDWLRQ�FKDUDFWHULVWLFV

ideal conservative

optimistic approximate

no false positives false positives
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1RWNLQ��F������������ ��

,GHDO�VRXUFH�PRGHOV

� ,W�ZRXOG�EH�EHVW�LI�HYHU\�VRXUFH�PRGHO�H[WUDFWHG
ZDV�SHUIHFW
² $OO�HQWULHV�DUH�WUXH�DQG�QR�WUXH�HQWULHV�DUH�RPLWWHG

� )RU�VRPH�VRXUFH�PRGHOV��WKLV�LV�SRVVLEOH
² ,QKHULWDQFH��GHILQHG�IXQFWLRQV���LQFOXGH�VWUXFWXUH��HWF�

� )RU�VRPH�VRXUFH�PRGHOV��WKLV�LV�QRW�SRVVLEOH
² ,GHDO�FDOO�JUDSKV��IRU�H[DPSOH��DUH�XQFRPSXWDEOH

� )RU�VRPH�VRXUFH�PRGHOV��DFKLHYLQJ�WKH�LGHDO�PD\�EH
GLIILFXOW�LQ�SUDFWLFH

1RWNLQ��F������������ ��

&RQVHUYDWLYH�VRXUFH�PRGHOV

� 7KHVH�LQFOXGH�DOO�WUXH�LQIRUPDWLRQ�DQG�PD\EH
VRPH�IDOVH�LQIRUPDWLRQ��WRR

� )UHTXHQWO\�XVHG�LQ�FRPSLOHU�RSWLPL]DWLRQ�
SDUDOOHOL]DWLRQ��LQ�SURJUDPPLQJ�ODQJXDJH�W\SH
LQIHUHQFH��HWF�
² ([��QHYHU�PLVLGHQWLI\�D�FDOO�WKDW�FDQ�EH�PDGH�RU
HOVH�D�FRPSLOHU�PD\�WUDQVODWH�LPSURSHUO\

² ([��QHYHU�PLVLGHQWLI\�DQ�H[SUHVVLRQ�LQ�D
VWDWLFDOO\�W\SHG�SURJUDPPLQJ�ODQJXDJH

1RWNLQ��F������������ ��

2SWLPLVWLF�VRXUFH�PRGHOV

� 7KHVH�LQFOXGH�RQO\�WUXWK�EXW�PD\�RPLW�VRPH
WUXH�LQIRUPDWLRQ

� 2IWHQ�FRPH�IURP�G\QDPLF�H[WUDFWLRQ
� ([��,Q�ZKLWH�ER[�FRGH�FRYHUDJH�LQ�WHVWLQJ

² ,QGLFDWLQJ�ZKLFK�VWDWHPHQWV�KDYH�EHHQ�H[HFXWHG
E\�WKH�VHOHFWHG�WHVW�FDVHV

² 2WKHUV�VWDWHPHQWV�PD\�EH�H[HFXWDEOH�ZLWK
RWKHU�WHVW�FDVHV

1RWNLQ��F������������ ��

$SSUR[LPDWH�VRXUFH�PRGHOV
� 0D\�LQFOXGH�VRPH�IDOVH�LQIRUPDWLRQ�DQG�PD\
RPLW�VRPH�WUXH�LQIRUPDWLRQ

� 7KHVH�VRXUFH�PRGHOV�FDQ�EH�XVHIXO�IRU
PDLQWHQDQFH�WDVNV
² (VSHFLDOO\�XVHIXO�ZKHQ�D�KXPDQ�HQJLQHHU�LV�XVLQJ
WKH�VRXUFH�PRGHO��VLQFH�KXPDQV�GHDO�ZHOO�ZLWK
DSSUR[LPDWLRQ

� 7XUQV�RXW�PDQ\�WRROV�SURGXFH�DSSUR[LPDWH
VRXUFH�PRGHOV��PRUH�RQ�WKLV�ODWHU�

1RWNLQ��F������������ ��

6WDWLF�YV��G\QDPLF

� 6RXUFH�PRGHO�H[WUDFWRUV�FDQ�ZRUN
² VWDWLFDOO\��GLUHFWO\�RQ�WKH�V\VWHP·V�DUWLIDFWV��RU

² G\QDPLFDOO\��RQ�WKH�H[HFXWLRQ�RI�WKH�V\VWHP��RU

² D�FRPELQDWLRQ�RI�ERWK

� ([�
² $�FDOO�JUDSK�FDQ�EH�H[WUDFWHG�VWDWLFDOO\�E\
DQDO\]LQJ�WKH�V\VWHP·V�VRXUFH�FRGH�RU�FDQ�EH
H[WUDFWHG�G\QDPLFDOO\�E\�SURILOLQJ�WKH�V\VWHP·V
H[HFXWLRQ

1RWNLQ��F������������ ��

0XVW�LWHUDWH
� 8VXDOO\��WKH�HQJLQHHU�PXVW�LWHUDWH�WR�JHW�D�VRXUFH
PRGHO�WKDW�LV�´JRRG�HQRXJKµ�IRU�WKH�DVVLJQHG�WDVN

� 2IWHQ�GRQH�E\�LQVSHFWLQJ�H[WUDFWHG�VRXUFH�PRGHOV
DQG�UHILQLQJ�H[WUDFWLRQ�WRROV

� 0D\�DGG�DQG�FRPELQH�VRXUFH�PRGHOV��WRR

Document

Document

Document

Document

Document

Document

(a,b)
(c,d)
(c,f)
(a,c)
...

(d,f)
(g,h)

Extraction Tool
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1RWNLQ��F������������ ��

$QRWKHU�PDLQWHQDQFH�WDVN

� *LYHQ�D�VRIWZDUH�V\VWHP��UHQDPH�D�JLYHQ
YDULDEOH�WKURXJKRXW�WKH�V\VWHP
² ([��angle�VKRXOG�EHFRPH�diffraction

² 3UREDEO\�LQ�SUHSDUDWLRQ�IRU�D�ODUJHU�WDVN

� 6HPDQWLFV�PXVW�EH�SUHVHUYHG
� 7KLV�LV�D�WDVN�WKDW�LV�GRQH�LQIUHTXHQWO\

² :LWKRXW�LW��WKH�VRIWZDUH�VWUXFWXUH�GHJUDGHV
PRUH�DQG�PRUH

1RWNLQ��F������������ ��

:KDW�VRXUFH�PRGHO"

� 2XU�SUHIHUUHG�VRXUFH�PRGHO�IRU�WKH�WDVN
ZRXOG�EH�D�OLVW�RI�OLQHV��SUREDEO\�RUJDQL]HG
E\�ILOH��WKDW�UHIHUHQFH�WKH�YDULDEOH�angle

� $�VWDWLF�H[WUDFWLRQ�WRRO�PDNHV�WKH�PRVW
VHQVH
² '\QDPLF�UHIHUHQFHV�DUHQ·W�HVSHFLDOO\�SHUWLQHQW
IRU�WKLV�WDVN

1RWNLQ��F������������ ��

6WDUW�E\�VHDUFKLQJ

� /HW·V�VWDUW�ZLWK�JUHS��WKH�PRVW�OLNHO\�WRRO�IRU
H[WUDFWLQJ�WKH�GHVLUHG�VRXUFH�PRGHO

� 7KH�PRVW�REYLRXV�WKLQJ�WR�GR�LV�WR�VHDUFK�IRU
WKH�ROG�LGHQWLILHU�LQ�DOO�RI�WKH�V\VWHP·V�ILOHV
– grep angle *

1RWNLQ��F������������ ��

:KDW�ILOHV�WR�VHDUFK"

� ,W·V�KDUG�WR�GHWHUPLQH�ZKLFK�ILOHV�WR�VHDUFK
² 0XOWLSOH�DQG�UHFXUVLYH�GLUHFWRU\�VWUXFWXUHV

² 0DQ\�W\SHV�RI�ILOHV
� 2EMHFW�FRGH"��'RFXPHQWDWLRQ"���$6&,,�YV��QRQ�
$6&,,"���)LOHV�JHQHUDWHG�E\�RWKHU�SURJUDPV��VXFK�DV
\DFF�"��0DNHILOHV"

² &RQGLWLRQDO�FRPSLODWLRQ"��2WKHU�SUREOHPV"

� &DUH�PXVW�EH�WDNHQ�WR�DYRLG�IDOVH�QHJDWLYHV
DULVLQJ�IURP�ILOHV�WKDW�DUH�PLVVLQJ

1RWNLQ��F������������ ��

)DOVH�SRVLWLYHV
– grep angle [system’s files]

� 7KHUH�DUH�OLNHO\�WR�EH�D�QXPEHU�RI�VSXULRXV
PDWFKHV
– …triangle…, …quadrangle…

– /* I could strangle this programmer! */

– /* Supports the small planetary rovers
   presented by Angle & Brooks (IROS ‘90) */

– printf(“Now play the Star Spangled Banner”);

� %H�FDUHIXO�DERXW�XVLQJ�agrep�

1RWNLQ��F������������ ��

0RUH�IDOVH�QHJDWLYHV

� 6RPH�ODQJXDJHV�DOORZ�LGHQWLILHUV�WR�EH�VSOLW
DFURVV�OLQH�ERXQGDULHV
² &RERO��)RUWUDQ��3/�,��HWF�

² 7KLV�OHDGV�WR�SRWHQWLDO�IDOVH�QHJDWLYHV

� 3UHSURFHVVLQJ�FDQ�KXUW��WRR
– #define deflection angle

...
deflection = sin(theta);



8

1RWNLQ��F������������ ��

,W·V�QRW�MXVW�V\QWD[

� ,W�LV�DOVR�LPSRUWDQW�WR�FKHFN��EHIRUH�DSSO\LQJ
WKH�FKDQJH��WKDW�WKH�QHZ�YDULDEOH�QDPH
�degree��LV�QRW�LQ�FRQIOLFW�DQ\ZKHUH�LQ�WKH
SURJUDP
² 7KH�SUREOHPV�LQ�VHDUFKLQJ�DSSO\�KHUH��WRR

² 1HVWHG�VFRSHV�LQWURGXFH�DGGLWLRQDO�FRPSOLFDWLRQV

1RWNLQ��F������������ ��

7RROV�YV��WDVN

� ,Q�WKLV�FDVH��grep�LV�D�OH[LFDO�WRRO�EXW�WKH
UHQDPLQJ�WDVN�LV�D�VHPDQWLF�RQH
² 0LVPDWFK�ZLWK�V\QWDFWLF�WRROV��WRR

� 0LVPDWFKHV�DUH�FRPPRQ�DQG�QRW�DW�DOO
XQUHDVRQDEOH
² %XW�LW�GRHV�LQWURGXFH�DGGHG�REOLJDWLRQV�RQ�WKH
PDLQWHQDQFH�HQJLQHHU

² 0XVW�EH�HVSHFLDOO\�FDUHIXO�LQ�H[WUDFWLQJ�DQG�WKHQ
XVLQJ�WKH�DSSUR[LPDWH�VRXUFH�PRGHO

1RWNLQ��F������������ ��

)LQGLQJ�YV��XSGDWLQJ

� (YHQ�DIWHU�\RX�KDYH�H[WUDFWHG�D�VRXUFH
PRGHO�WKDW�LGHQWLILHV�DOO�RI��RU�PRVW�RI��WKH
OLQHV�WKDW�QHHG�WR�EH�FKDQJHG��\RX�KDYH�WR
FKDQJH�WKHP

� *OREDO�UHSODFHPHQW�RI�VWULQJV�LV�DW�EHVW
GDQJHURXV

� 0DQXDOO\�ZDONLQJ�WKURXJK�HDFK�VLWH�LV�WLPH�
FRQVXPLQJ��WHGLRXV��DQG�HUURU�SURQH

1RWNLQ��F������������ ��

'RZQVWUHDP�FRQVHTXHQFHV

� $IWHU�H[WUDFWLQJ�D�JRRG�VRXUFH�PRGHO�E\
LWHUDWLQJ��WKH�HQJLQHHU�FDQ�DSSO\�WKH
UHQDPLQJ�WR�WKH�LGHQWLILHG�OLQHV�RI�FRGH

� +RZHYHU��VLQFH�WKH�VRXUFH�PRGHO�LV
DSSUR[LPDWH��UHJUHVVLRQ�WHVWLQJ��DQG�RU
RWKHU�WHVWLQJ�UHJLPHQV��VKRXOG�EH�DSSOLHG

1RWNLQ��F������������ ��

$Q�DOWHUQDWLYH�DSSURDFK

� *ULVZROG�GHYHORSHG�D�PHDQLQJ�SUHVHUYLQJ
SURJUDP�UHVWUXFWXULQJ�WRRO�WKDW�FDQ�KHOS

� )RU�D�OLPLWHG�VHW�RI�WUDQVIRUPDWLRQV��WKH
HQJLQHHU�DSSOLHV�D�ORFDO�FKDQJH�DQG�WKH�WRRO
DSSOLHV�JOREDO�FRPSHQVDWLQJ�FKDQJHV�WKDW
PDLQWDLQ�WKH�SURJUDP·V�PHDQLQJ
² 2U�HOVH�WKH�FKDQJH�LV�QRW�DSSOLHG

² 5HGXFHV�HUURUV�DQG�WHGLXP�ZKHQ�VXFFHVVIXO

1RWNLQ��F������������ ��

%XW

� 7KH�WRRO�UHTXLUHV�VLJQLILFDQW�LQIUDVWUXFWXUH
² $EVWUDFW�V\QWD[�WUHHV��FRQWURO�IORZ�JUDSKV�
SURJUDP�GHSHQGHQFH�JUDSKV��HWF�

� 7KH�WHFKQRORJ\�2.�IRU�VPDOO�SURJUDPV
² 'RZQVWUHDP�WHVWLQJ�LVQ·W�QHHGHG

² 1R�VHDUFKLQJ�LV�QHHGHG

� %XW�LW�GRHV�QRW�VFDOH�LQ�WHUPV�RI�HLWKHU
FRPSXWDWLRQ�VL]H�RU�VSDFH
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1RWNLQ��F������������ ��

5HFDS

� ´7KHUH�LV�PRUH�WKDQ�RQH
ZD\�WR�VNLQ�D�FDWµ
² (YHQ�ZKHQ�LW·V�D�WLJHU

� 7KH�HQJLQHHU�PXVW�GHFLGH�RQ�D�VRXUFH�PRGHO
QHHGHG�WR�VXSSRUW�D�VHOHFWHG�DSSURDFK

� 7KH�HQJLQHHU�PXVW�EH�DZDUH�RI�WKH�NLQG�RI
VRXUFH�PRGHO�H[WUDFWHG�E\�WKH�WRROV�DW�KDQG

� 7KH�HQJLQHHU�PXVW�LWHUDWH�WKH�VRXUFH�PRGHO
DV�QHHGHG�IRU�WKH�JLYHQ�WDVN

1RWNLQ��F������������ ��

%XLOG�XS�\RXU�LGLRPV

� +DQGOLQJ�HDFK�WDVN�LQGHSHQGHQWO\�LV�KDUG
� <RX�FDQ�EXLOG�XS�VRPH�PRUH�FRPPRQ�LGLRPDWLF
DSSURDFKHV
² 6RPH�WDVNV��SHUKDSV�UHQDPLQJ��DUH�RIWHQ�SDUW�RI
ODUJHU�WDVNV�DQG�PD\�DSSO\�IUHTXHQWO\

² $OVR�LQWHUQDOL]H�VRXUFH�PRGHOV��WRROV��HWF��DQG
ZKDW�WKH\�DUH��DQG�DUH�QRW��JRRG�DW

� %XW�GRQ·W�FRQVWUDLQ�\RXUVHOI�WR�RQO\�ZKDW
\RXU�XVXDO�WRROV�DUH�JRRG�IRU

1RWNLQ��F������������ ��

6RXUFH�PRGHO�DFFXUDF\

� 7KLV�LV�LPSRUWDQW�IRU�SURJUDPPHUV�WR
XQGHUVWDQG

� /LWWOH�IRFXV�LV�JLYHQ�WR�WKH�LVVXH

1RWNLQ��F������������ ��

&DOO�JUDSK�H[WUDFWLRQ�WRROV��&�

� 7ZR�EDVLF�FDWHJRULHV��OH[LFDO�RU�V\QWDFWLF
² OH[LFDO

� H�J���DZN��PNIXQFWPDS��OH[LFDO�VRXUFH�PRGHO�H[WUDFWLRQ
�/60(�

� OLNHO\�SURGXFH�DQ�DSSUR[LPDWH�VRXUFH�PRGHO

� H[WUDFW�FDOOV�DFURVV�FRQILJXUDWLRQV

� FDQ�H[WUDFW�HYHQ�LI�ZH�FDQ·W�FRPSLOH

� W\SLFDOO\�IDVW

1RWNLQ��F������������ ��

����WRROV��&�

� 7ZR�EDVLF�FDWHJRULHV��OH[LFDO�RU�V\QWDFWLF���
² V\QWDFWLF

� H�J���&,$��)LHOG��FIORZ��ULJLSDUVH��HWF�

� PRUH�OLNHO\�WR�SURGXFH�FRQVHUYDWLYH�LQIRUPDWLRQ�WKDQ�D
OH[LFDOO\�EDVHG�WRRO

� KDYH�WR�SLFN�D�FRQILJXUDWLRQ

� QHHG�WR�JHW�WKH�VRXUFH�WR�D�SDUVHDEOH�VWDWH

1RWNLQ��F������������ ��

$SSO\�D�V\QWDFWLF�&*(�WRRO

� &�,QIRUPDWLRQ�$EVWUDFWRU��&,$�
² H[WUDFWV�UHIHUHQFHV�EHWZHHQ�IXQFWLRQV

� &RQVWUDLQWV�
² VSHFLILF�FRQILJXUDWLRQ��OLEUDULHV��HWF�

� 4XHULHV�
– cref func - func socket

HTFTP.c  get_listen_socket -> <libc.a> socket
HTTCP.c  HTDoConnect       -> <libc.a> socket
accept.c NetServerInit     -> <libc.a> socket

� &DQ�GXPS�WKH�HQWLUH�VRXUFH�PRGHO
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1RWNLQ��F������������ ��

+RZ�SUHFLVH"

� $UH�WKH�VRXUFH�PRGHOV�H[WUDFWHG�E\�&,$
FRQVHUYDWLYH"

� ,W�LV�W\SLFDOO\�GLIILFXOW�WR�GHWHUPLQH�WKH
DQVZHU�WR�WKLV�NLQG�RI�TXHVWLRQ

� %XW��WR�SHUIRUP�D�WDVN�FRQILGHQWO\��\RX�QHHG
WR�JHW�D�KDQGOH�RQ�WKH�SUHFLVLRQ
² PD\EH�E\�UHDGLQJ�WKH�WRRO·V�GRFXPHQWDWLRQ

² PD\EH�E\�FRPSDULVRQ�WR�RWKHU�WRROV

² PD\EH�E\���"

1RWNLQ��F������������ ��

$�&*(�H[SHULPHQW

� 7R�LQYHVWLJDWH�VHYHUDO�FDOO�JUDSK�H[WUDFWRUV
IRU�&��ZH�UDQ�D�VLPSOH�H[SHULPHQW
² )RU�VHYHUDO�DSSOLFDWLRQV��H[WUDFW�FDOO�JUDSKV
XVLQJ�VHYHUDO�H[WUDFWRUV

² $SSOLFDWLRQV��PDSPDNHU��PRVDLF��JFF

² ([WUDFWRUV��&,$��ULJLSDUVH��)LHOG��FIORZ�
PNIXQFWPDS

1RWNLQ��F������������ ��

([SHULPHQWDO�UHVXOWV

� 4XDQWLWDWLYH
² SDLUZLVH�FRPSDULVRQV�EHWZHHQ�WKH�H[WUDFWHG�FDOO
JUDSKV

� 4XDOLWDWLYH
² VDPSOLQJ�RI�GLVFUHSDQFLHV

� $QDO\VLV
² ZKDW�FDQ�ZH�OHDUQ�DERXW�FDOO�JUDSK�H[WUDFWRUV
�HVSHFLDOO\��WKH�GHVLJQ�VSDFH�"

1RWNLQ��F������������ ��

3DLUZLVH�FRPSDULVRQ��H[DPSOH�

� &,$�YV��)LHOG�IRU�0RVDLF�������FDOOV
UHSRUWHG�
² &,$�IRXQG�DERXW�����RI�WKH�FDOOV�WKDW�)LHOG
IRXQG

² )LHOG�GLG�QRW�ILQG�DERXW����RI�WKH�UHIHUHQFHV
&,$�IRXQG

² &,$�GLG�QRW�ILQG�DERXW�����RI�WKH�FDOOV�)LHOG
IRXQG

1RWNLQ��F������������ ��

4XDQWLWDWLYH�5HVXOWV

� 1R�WZR�WRROV�H[WUDFWHG�WKH�VDPH�FDOOV�IRU
DQ\�RI�WKH�WKUHH�SURJUDPV

� ,Q�VHYHUDO�FDVHV��WRROV�H[WUDFWHG�ODUJH�VHWV
RI�QRQ�RYHUODSSLQJ�FDOOV

� )RU�HDFK�SURJUDP��WKH�H[WUDFWRU�WKDW�IRXQG
WKH�PRVW�FDOOV�YDULHG��EXW�UHPHPEHU��PRUH
LVQ·W�QHFHVVDULO\�EHWWHU�

� &DQ·W�GHWHUPLQH�WKH�UHODWLRQVKLS�WR�WKH�LGHDO

1RWNLQ��F������������ ��

4XDOLWDWLYH�UHVXOWV

� 6DPSOHG�HOHPHQWV�WR�LGHQWLI\�IDOVH�SRVLWLYHV
DQG�IDOVH�QHJDWLYHV

� 0DSSHG�WKH�WXSOHV�EDFN�WR�WKH�VRXUFH�FRGH
DQG�SHUIRUPHG�PDQXDO�DQDO\VLV�E\�LQVSHFWLRQ

� (YHU\�H[WUDFWRU�SURGXFHG�VRPH�IDOVH
SRVLWLYHV�DQG�VRPH�IDOVH�QHJDWLYHV
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1RWNLQ��F������������ ��

&DOO�JUDSK�FKDUDFWHUL]DWLRQ

ideal
none

conservative
compilers

optimistic
profilers

approximate
software

engineering tools

no false positives false positives
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1RWNLQ��F������������ ��

1H[W�ZHHN

� 6RIWZDUH�UHIOH[LRQ�PRGHOV
² 6RIWZDUH�VXPPDUL]DWLRQ��WDVN�EDVHG�DSSURDFK

� 5LJL��DQG�SHUKDSV�VRPH�RWKHU�FOXVWHULQJ
DSSURDFKHV�

� 0LVFHOODQHRXV


