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&6(�����6RIWZDUH�(QJLQHHULQJ
/HFWXUH�����'HFHPEHU���������

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

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

1RWNLQ��F������������ �

6RIWZDUH�TXDOLW\�DVVXUDQFH

� %URDG�WRSLF
² 7HVWLQJ

² 6WDWLF�DQDO\VLV

² 5HYLHZV�DQG�LQVSHFWLRQV

² 6RIWZDUH�SURFHVV

² 5HOLDELOLW\

² 6DIHW\

� +LJK�OHYHO�RYHUYLHZ�RI�VRPH�RI�WKHVH�DUHDV
² 6SHFLILF�GRPDLQV�KDYH�DGGHG�WHFKQLTXHV��HWF�

1RWNLQ��F������������ �

.H\��XQDQVZHUHG��TXHVWLRQ"

� 0DQ\�SUREOHPV�ZLWK
VRIWZDUH�HQJLQHHULQJ
UHVHDUFK�DULVH�EHFDXVH
RI�D�ZHDN�XQGHUVWDQGLQJ
RI�WLPH�DQG�PRQH\
FRQVWUDLQWV

� 7KLV�KROGV�IRU�PXFK
64$�UHVHDUFK
² *LYHQ�D�IL[HG�UHVRXUFH
�GROODUV��WLPH��KRZ�GR�\RX
DOORFDWH�64$�DFWLYLWLHV"

Code
Reviews

Testing

Static
Analysis

10 %
60 %

30 %

1RWNLQ��F������������ �

5HYLHZV��HWF�

� 5HYLHZV��ZDONWKURXJKV��DQG�LQVSHFWLRQV�DUH
DOO�LQ�D�IDPLO\�RI�DFWLYLWLHV�ZKHUH�DQ�DUWLIDFW
�VSHFLILFDWLRQ��FRGH��HWF���LV�VWXGLHG�E\�D
SHHU�JURXS�WR�LPSURYH�WKH�DUWLIDFW·V�TXDOLW\

� 7KHUH�LV�D�ODUJH�DQG�LQFUHDVLQJ�OLWHUDWXUH
WKDW�GHPRQVWUDWHV�WKH�HIIHFWLYHQHVV
�DOWKRXJK�QRW�DOZD\V�WKH�FRVW�HIIHFWLYHQHVV�
RI�WKHVH�DSSURDFKHV
² 6RPH�HYLGHQFH�RI�FRVW�HIIHFWLYHQHVV�PD\�EH
DYDLODEOH��DOWKRXJK�LW·V�KDUG�WR�JHQHUDOL]H

1RWNLQ��F������������ �

5HYLHZV��HWF�

� 1�KHDGV�DUH�EHWWHU�WKDQ�RQH
� ,QWHQGHG�WR

² LGHQWLI\�GHIHFWV

² LGHQWLI\�QHHGHG�LPSURYHPHQWV

² HQFRXUDJH�XQLIRUPLW\�DQG�FRQIRUPDQFH�WR
VWDQGDUGV

² HQIRUFH�VXEMHFWLYH�UXOHV

1RWNLQ��F������������ �

3XUSRVHV

� ,QFUHDVH�TXDOLW\�WKURXJK�SHHU�UHYLHZ
� 3URYLGH�PDQDJHPHQW�YLVLELOLW\
� (QFRXUDJH�SUHSDUDWLRQ

� ([SOLFLW�QRQ�SXUSRVH
² $VVHVVPHQW�RI�LQGLYLGXDO�DELOLWLHV�IRU�SURPRWLRQ�
SD\�LQFUHDVHV��UDQNLQJ��HWF�

² 0DQDJHPHQW�RIWHQ��XVXDOO\��QRW�SHUPLWWHG�DW
UHYLHZV
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1RWNLQ��F������������ �

:DONWKURXJK

� $�IRUPDO�DFWLYLW\
� $�SURJUDPPHU��GHVLJQHU��SUHVHQWV�D�SURJUDP
�GHVLJQ�

� 9DOXHV�RI�VDPSOH�GDWD�DUH�WUDFHG
� 3HHUV�HYDOXDWH�WHFKQLFDO�DVSHFWV�RI�WKH
GHVLJQ

1RWNLQ��F������������ �

,QVSHFWLRQV

� )RUPDO�DSSURDFK�WR�FRGH�UHYLHZ
� ,QWHQGHG�H[SOLFLWO\�IRU�GHIHFW�GHWHFWLRQ��QRW
FRUUHFWLRQ�

� 'HIHFWV�LQFOXGH�ORJLFDO�HUURUV��DQRPDOLHV�LQ
WKH�FRGH��VXFK�DV�XQLQLWLDOL]HG�YDULDEOHV��
QRQ�FRPSOLFDQFH�ZLWK�VWDQGDUGV��HWF�

1RWNLQ��F������������ �

,QVSHFWLRQ�UHTXLUHPHQWV

� $�SUHFLVH�VSHFLILFDWLRQ�PXVW�EH�DYDLODEOH
� 3HHUV�PXVW�EH�NQRZOHGJHDEOH�DERXW
RUJDQL]DWLRQDO�VWDQGDUGV

� &RGH�VKRXOG�EH�V\QWDFWLFDOO\�FRUUHFW�DQG
EDVLF�WHVWV�SDVVHG

� (UURU�FKHFNOLVW�PXVW�EH�SURYLGHG

1RWNLQ��F������������ ��

,QVSHFWLRQ�SURFHVV

� 3ODQ
� 2YHUYLHZ
� ,QGLYLGXDO�SUHSDUDWLRQ

² &RGH��GRFXPHQWDWLRQ�GLVWULEXWHG�LQ�DGYDQFH

� 0HHWLQJ
� 5HZRUN
� )ROORZ�XS

1RWNLQ��F������������ ��

,QVSHFWLRQ�WHDPV

� )RXU�RU�PRUH�PHPEHUV
� $XWKRU�RI�FRGH
� 5HDGHU�RI�FRGH��UHDGV�WR�WHDP�
� ,QVSHFWRU�RI�FRGH
� 0RGHUDWRU�FKDLUV�PHHWLQJ��WDNHV�QRWHV��HWF�

1RWNLQ��F������������ ��

,QVSHFWLRQ�FKHFNOLVWV

� &KHFNOLVW�RI�FRPPRQ�HUURUV�GULYHV�LQVSHFWLRQ
� &KHFNOLVW�GHSHQGHQW�RQ�SURJUDPPLQJ
ODQJXDJH
² :HDNHU�W\SH�V\VWHPV�XVXDOO\�LPSO\�ORQJHU
FKHFNOLVWV

� ([DPSOHV
² ,QLWLDOL]DWLRQ��ORRS�WHUPLQDWLRQ��DUUD\
ERXQGV�����
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1RWNLQ��F������������ ��

,QVSHFWLRQ�UDWH

� ����VWDWHPHQWV�KRXU�GXULQJ�RYHUYLHZ
� ����VWDWHPHQWV�KRXU�GXULQJ�LQGLYLGXDO�SUHS
� �������VWDWHPHQWV�KRXU�GXULQJ�UHYLHZ
� ,QVSHFWLQJ�����VWDWHPHQWV�FDQ�WDNH���
SHUVRQ�KRXUV
² )RU��0/2&��WKLV�ZRXOG�EH�DERXW����SHUVRQ�\HDUV
RI�HIIRUW

1RWNLQ��F������������ ��

,VVXHV�LQ�LQVSHFWLRQV

� &DQ�JURXSZDUH�WHFKQRORJ\�VLJQLILFDQWO\
LPSURYH�LQVSHFWLRQV"

� &DQ�\RX�KDYH�LQVSHFWLRQV�ZLWKRXW�PHHWLQJV"
² 6LQFH�PHHWLQJV�DUH�H[SHQVLYH�WR�KROG�DQG
VFKHGXOH

² 6LQFH�WKH�SUHSDUDWLRQ�PD\�FDWFK�PRUH�GHIHFWV
WKDQ�WKH�PHHWLQJV

1RWNLQ��F������������ ��

64$�6WDWLVWLFDO�DSSURDFKHV

� 7KHUH�DUH�D�QXPEHU�RI�DSSURDFKHV�WR�TXDOLW\
DVVXUDQFH�WKDW�DUH��LQ�YDU\LQJ�VHQVHV��EDVHG
RQ�VWDWLVWLFV
² 6RIWZDUH�UHOLDELOLW\

² 1�YHUVLRQ�SURJUDPPLQJ

² &OHDQURRP

1RWNLQ��F������������ ��

6RIWZDUH�UHOLDELOLW\�>567@

� 7KH�SUREDELOLW\�WKDW�VRIWZDUH�ZLOO�SURYLGH�IDLOXUH�
IUHH�RSHUDWLRQ�LQ�D�IL[HG�HQYLURQPHQW�IRU�D�IL[HG
LQWHUYDO�RI�WLPH
² $�V\VWHP�PLJKW�KDYH�UHOLDELOLW\������ZKHQ�XVHG�IRU�D�RQH
ZHHN�SHULRG�E\�DQ�H[SHUW�XVHU

� 0HDQ�WLPH�WR�IDLOXUH�LV�WKH�DYHUDJH�LQWHUYDO�RI
WLPH�EHWZHHQ�IDLOXUHV

� 2QH�FRPPRQ�XVH�RI�VRIWZDUH�UHOLDELOLW\�PRGHOV�LV�WR
GHFLGH�ZKHQ�LW·V�2.�WR�VKLS�D�SURGXFW

1RWNLQ��F������������ ��

2SHUDWLRQDO�SURILOHV

� $�VXIILFLHQWO\�DFFXUDWH�RSHUDWLRQDO�SURILOH�LV
QHHGHG
² )UHTXHQF\�RI�DSSOLFDWLRQ�RI�VSHFLILF�RSHUDWLRQV
IRU�WKH�SURJUDP�EHLQJ�VWXGLHG

� $Q�RSHUDWLRQDO�SURILOH�LV�WKH�SUREDELOLW\
GHQVLW\�IXQFWLRQ��RYHU�WKH�HQWLUH�LQSXW
VSDFH��WKDW�EHVW�UHSUHVHQWV�KRZ�WKH�LQSXWV
ZRXOG�EH�VHOHFWHG�GXULQJ�WKH�OLIH�WLPH�RI�WKH
VRIWZDUH

1RWNLQ��F������������ ��

8QGHUVWRRG�GRPDLQV

� ,Q�LQGXVWULHV�VXFK�DV�WHOHFRPPXQLFDWLRQV�
RSHUDWLRQDO�SURILOHV�FDQ�EH�IDLUO\�HDVLO\
JDWKHUHG

� 7KH�SKRQH�FRPSDQ\�KDV�UHFRUGV�RI�YLUWXDOO\
HYHU\�FDOO�PDGH�LQ�WKH�ODVW����\HDUV
² 3KRQHV�DUH�XVHG�LQ�SUHWW\�FRQVLVWHQW�ZD\V
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1RWNLQ��F������������ ��

/HVV�XQGHUVWRRG�GRPDLQV

� %XW�IRU�VKULQN�ZUDSSHG�VRIWZDUH�SURGXFWV�
RSHUDWLRQDO�SURILOHV�DUH�KDUGHU�WR�GLYLQH

� �+RZ�ZLOO�GLIIHUHQW�XVHUV�XVLQJ�GLIIHUHQW
SURGXFWV�ZLWK�GLIIHUHQW�IHDWXUHV�EHKDYH"
² &3$·V�YV��FROOHJH�VWXGHQWV�XVLQJ�D�VSUHDGVKHHW"

� :LOO�XVDJH�FKDQJH�RYHU�WLPH"
² 0RUH�RU�OHVV�WKDQ�WKH�SKRQH�V\VWHP"

1RWNLQ��F������������ ��

&RVW

� 7R�DVVHVV�UHOLDELOLWLHV�SDVW�WKH��UG�RU��WK
GHFLPDO�SODFH�FDQ�UHTXLUH�DQ�HQRUPRXV
DPRXQW�RI�WHVWLQJ
² ,V�LW�QHFHVVDU\�WR�GR�VR"

� 6KRXOG�DOO�IDLOXUHV�EH�FRQVLGHUHG�HTXDOO\
EDG"
² 6KRZVWRSSHUV�YV��´ZURQJ�FRORUµ

� 2UDFOHV�RI�´FRUUHFWQHVVµ�DUHQ·W�DOZD\V�HDV\
� 0RQLWRULQJ�SKRQH�VZLWFKHV�LV�UHODWLYHO\�HDV\�
PRQLWRULQJ�VKULQNZUDS�LVQ·W

1RWNLQ��F������������ ��

$SSO\LQJ�UHOLDELOLW\�PRGHOV

� 7KHUH�LV�H[WHQVLYH�UHDO�XVH�RI�PRGHOV�LQ�WKLV
VW\OH

� 7KHUH�LV�DOVR�D�WRQ�RI�WKHRUHWLFDO�ZRUN�WKDW
LV�QHYHU�YDOLGDWHG
² 9DULDQWV�RQ�PRGHOV�QHYHU�FRPSDUHG�WR�UHDOLW\

� 7KHUH�DUH�FRXUVHV��ERRNV��HWF��DERXW�KRZ�WR
DSSO\�UHOLDELOLW\�PRGHOLQJ�LQ�SUDFWLFH

1RWNLQ��F������������ ��

1�YHUVLRQ�SURJUDPPLQJ

� 7KH�LGHD�RI�1�YHUVLRQ��PXOWL�YHUVLRQ�
SURJUDPPLQJ�FRPHV�IURP�D�FRPPRQ�KDUGZDUH
UHOLDELOLW\�DSSURDFK��UHSOLFDWLRQ

� 7KH�EDVLF�QRWLRQ�LV�VLPSOH
² +DYH�1�LQGHSHQGHQW�WHDPV�ZULWH�1�YHUVLRQV�RI�D
SURJUDP

² 5XQ�WKHP�DOO�VLPXOWDQHRXVO\�DQG�KDYH�WKHP�YRWH
DW�VSHFLILHG�SRLQWV

1RWNLQ��F������������ ��

2EMHFWLYH

� 6LQFH�WKH�SURJUDPV�DUH�EXLOW�LQGHSHQGHQWO\�
WKH�REMHFWLYH�LV�WR�LPSURYH�WKH�TXDOLW\�E\�D
PXOWLSOLFDWLYH�IDFWRU
² $�EXJ�RQO\�KXUWV�LI�LW�DOVR�DSSHDUV�LQ�DQRWKHU
�1������YHUVLRQV

² 7KLV�LGHD�LQGHHG�ZRUNV�SUHWW\�ZHOO�LQ�KDUGZDUH

� 7KH�FRVW�LVVXH�LQ�VRIWZDUH�LV�GLIIHUHQW�
WKRXJK
² 1RW�D�PDWWHU�RI�SURGXFLQJ�DQG�WHVWLQJ�PXOWLSOH
FKLSV��EXW�RI�SURGXFLQJ�PXOWLSOH�LPSOHPHQWDWLRQV

1RWNLQ��F������������ ��

$VVXPSWLRQ

� %XW�WKHUH�LV�DQ�XQGHUO\LQJ�DVVXPSWLRQ�DW
ZRUN
² 7KH�LPSOHPHQWDWLRQV�ZLOO�IDLO�LQGHSHQGHQWO\

� /LNH�WKH�FKLSV�LQ�KDUGZDUH�WKDW�IDLO�EDVHG�RQ�SK\VLFDO
VWUXFWXUHV

² 2WKHUZLVH��D�PXOWLSOLFDWLYH�IDFWRU�ZLOO�QRW�EH
JDLQHG

� 'R�LQGHSHQGHQWO\�EXLOW�LPSOHPHQWDWLRQV�RI
WKH�VDPH�VSHFLILFDWLRQ�IDLO�LQGHSHQGHQWO\"
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1RWNLQ��F������������ ��

3UREDEO\�QRW

� .QLJKW�DQG�/HYHVRQ�GLG�VRPH�H[SHULPHQWV
WKDW�VKRZHG�WKDW�WKLV�DVVXPSWLRQ�LV�SUREDEO\
IDOVH
² ,Q�SDUWLFXODU��WKH\�VKRZHG�WKDW�VLPLODU�HUURUV
RIWHQ�DULVH�LQ�LQGHSHQGHQWO\�LPSOHPHQWHG
YHUVLRQV�RI�WKH�VDPH�VSHFLILFDWLRQV

� $Q�DGGLWLYH�EHQHILW�PD\�DULVH�IURP�1�
YHUVLRQ�SURJUDPPLQJ��EXW�QRW�D�PXOWLSOLFDWLYH
RQH

1RWNLQ��F������������ ��

:K\"

� (UURUV�DUH�RIWHQ�LQ�WKH�VSHFLILFDWLRQ
� (UURUV�DUH�RIWHQ�PDGH�DW�ERXQGDU\
FRQGLWLRQV

� 7KH�FRPSOH[LW\�RI�D�SURJUDP�LV�RIWHQ�LQ�D
VPDOO�SLHFH�RU�WZR��ZKLFK�HDFK�JURXS�KDV
WURXEOH�ZLWK

� 7KH�EDFNJURXQG�DQG�WUDLQLQJ�RI�SHRSOH�LQ�DQ
RUJDQL]DWLRQ�DUH�RIWHQ�VLPLODU

1RWNLQ��F������������ ��

$QG�QRZ���

� 1�YHUVLRQ�DGYRFDWHV�DUH�VWLOO�RXW�WKHUH�LQ�DQ
DJJUHVVLYH�ZD\

� 7KHUH�DUH�VRPH�H[SHULPHQWV�VKRZLQJ
LQGHSHQGHQFH

� 7KHUH�DUH�DWWHPSWV�WR�LQWURGXFH�YDULHW\
H[SOLFLWO\
² 'LIIHUHQW�VSHFV��GLIIHUHQW�ODQJXDJHV��HWF�

� ,·P�VWLOO�FRPSOHWHO\�RSSRVHG�WR�WKLV�DSSURDFK
EDVHG�RQ�WKH�.QLJKW�/HYHVRQ�H[SHULPHQWV

1RWNLQ��F������������ ��

&OHDQURRP�>+DUODQ�0LOOV@

� &OHDQURRP�FRPELQHV�PDQDJHULDO�DQG�WHFKQLFDO
DFWLYLWLHV�LQWR�D�SURFHVV�LQWHQGHG�WR�OHDG�WR
YHU\�KLJK�TXDOLW\�VRIWZDUH
² &RPELQHV�IRUPDO�PHWKRGV�ZLWK�VWDWLVWLFDO�WHVWLQJ
IRU�UHOLDELOLW\�ZLWK�LQFUHPHQWDO�GHYHORSPHQW

² 'RHV�QRW�DOORZ�XQLW�H[HFXWLRQ�RU�WHVWLQJ

� (IIHFWLYHQHVV�LV�D�FRQWURYHUVLDO�LVVXH

1RWNLQ��F������������ ��

%DVLFV��ILYH�SRLQWV

� )RUPDO�VSHFLILFDWLRQ
² ´5HTXLUHG�V\VWHP�EHKDYLRU�DQG�DUFKLWHFWXUHµ

² %ODFN�ER[�VWLPXOXV�UHVSRQVH�VSHFLILFDWLRQ

� ,QFUHPHQWDO�GHYHORSPHQW
² 3DUWLWLRQHG�LQWR�´XVHU�IXQFWLRQ�LQFUHPHQWVµ�WKDW
´DFFXPXODWH�LQWR�WKH�ILQDO�SURGXFWµ

� 6WUXFWXUHG�SURJUDPPLQJ
² /LPLWHG�XVH�RI�FRQWURO�DQG�GDWD�DEVWUDFWLRQ
FRQVWUXFWV��VWHSZLVH�UHILQHPHQW�RI�VSHFLILFDWLRQ

1RWNLQ��F������������ ��

%DVLFV��ILYH�SRLQWV��FRQ·W�

� 6WDWLF�YHULILFDWLRQ
² &RPSRQHQWV�VWDWLFDOO\�YHULILHG�XVLQJ�PDWKHPDWLF
FRUUHFWQHVV�DUJXPHQWV

² ,QGLYLGXDO�FRPSRQHQWV�QHLWKHU�H[HFXWHG�QRU
WHVWHG
� 1R�ZKLWH�ER[�WHVWLQJ��QR�EODFN�ER[�WHVWLQJ��QR
FRYHUDJH�DQDO\VLV

� 6WDWLVWLFDO�WHVWLQJ
² (DFK�LQFUHPHQW�LV�WHVWHG�VWDWLVWLFDOO\�EDVHG�RQ
RSHUDWLRQDO�SURILOH
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1RWNLQ��F������������ ��

7KUHH�WHDPV

� 6SHFLILFDWLRQ�WHDP
� 'HYHORSPHQW�WHDP

² &RGHV

² 6WDWLFDOO\�YHULILHV�XVLQJ�LQVSHFWLRQV

� &HUWLILFDWLRQ�WHDP
² 'HYHORSV�DQG�DSSOLHV�VWDWLVWLFDO�WHVWV

² 5HOLDELOLW\�PRGHOV�XVHG�WR�GHFLGH�ZKHQ�WR�VKLS

1RWNLQ��F������������ ��

&ODLPV

� 9HU\�DJJUHVVLYH�SRVLWLYH�FODLPV
² $ERXW�������V\VWHPV��DOO�XQGHU����./2&�

� ���./2&�V\VWHPV�ZLWK��ZHOO��XQGHU����HUURUV
LQ�WKH�ILHOG�LQ�WKH�ILUVW�\HDU�RU�WZR

� )LQGV�����HUURUV�./2&�GXULQJ�VWDWLVWLFDO
WHVWLQJ

� 6RPH�SURMHFWV�FODLP�����LPSURYHPHQW�LQ
GHYHORSPHQW�SURGXFWLYLW\

1RWNLQ��F������������ ��

&RXQWHUFODLPV�>%HL]HU@

� 6HYHUDO��UHODWHG��TXHVWLRQV�UDLVHG
² $UH�FRPSDULVRQV�WR�RWKHU�PHWKRGV�IDLU"

² :K\�HOLPLQDWH�XQLW�WHVWLQJ"

² :K\�WUXVW�VRIWZDUH�UHOLDELOLW\�PRGHOLQJ�VR�PXFK"
� (VSHFLDOO\�KDUG�WR�JHW�JRRG�RSHUDWLRQDO�PRGHOV

� &ODLP�LV�WKDW�XQOHVV�&OHDQURRP�HPEUDFHV
PRGHUQ�WHVWLQJ�DSSURDFKHV��LW�ZLOO�IDLO�WR�EH
XVHG�EURDGO\

1RWNLQ��F������������ ��

7HVWLQJ

� 7HVWLQJ�LV�WKH�SURFHVV�RI�H[HFXWLQJ�SURJUDPV
WR�LPSURYH�WKHLU�TXDOLW\
² 7KLV�FOHDUO\�FRQWUDVWV�ZLWK�SURRIV�RI
FRUUHFWQHVV�DQG�VWDWLF�DQDO\VLV��OLNH�/&/LQW��W\SH
FKHFNLQJ��HWF���LQ�ZKLFK�WKH�DQDO\VLV�LV�SHUIRUPHG
RQ�WKH�SURJUDP�WH[W

� 7KHUH�DUH�RWKHU�IRUPV�RI�WHVWLQJ��VXFK�DV
XVDELOLW\�WHVWLQJ��WKDW�DUH�TXLWH�GLIIHUHQW

1RWNLQ��F������������ ��

&RQILGHQFH

� 'LMNVWUD�REVHUYHG�D�ORQJ�WLPH�DJR�WKDW
WHVWLQJ�FDQQRW�VKRZ�WKDW�D�SURJUDP�LV
FRUUHFW��WHVWLQJ�FDQ�RQO\�VKRZ�WKDW�D
SURJUDP�LV�LQFRUUHFW

� 7KLV�LV�DFFXUDWH��EXW�ODUJHO\�LPPDWHULDO
² 7KH�REMHFWLYH�LV�WR�EXLOG�FRQILGHQFH��HYHQ�LQ
VDIHW\�FULWLFDO�DSSOLFDWLRQV

² $�PRUH�LPSRUWDQW�TXHVWLRQ�LV��´&DQ�WHVWLQJ�EH
PDGH�PRUH�ULJRURXV"µ

1RWNLQ��F������������ ��

.LQGV�RI�WHVWLQJ

� 6\PEROLF�WHVWLQJ

� 0XWDWLRQ�WHVWLQJ

� )XQFWLRQDO�WHVWLQJ

� $OJHEUDLF�WHVWLQJ

� 5DQGRP�WHVWLQJ

� 'DWD�IORZ�WHVWLQJ

� ,QWHJUDWLRQ�WHVWLQJ

� :KLWH�ER[�WHVWLQJ

� %ODFN�ER[�WHVWLQJ

� %RXQGDU\�WHVWLQJ

� &DXVH�HIIHFW�WHVWLQJ

� 5HJUHVVLRQ�WHVWLQJ

� 6\VWHP�WHVWLQJ

� «�PRUH�«"
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1RWNLQ��F������������ ��

2WKHU�GHILQLWLRQV

� $�IDLOXUH�RFFXUV�ZKHQ�WKH�SURJUDP�DFWV�LQ�D
ZD\�LQFRQVLVWHQW�ZLWK�LWV�VSHFLILFDWLRQ

� $�IDXOW�RFFXUV�ZKHQ�DQ�LQWHUQDO�V\VWHP�VWDWH
LV�LQFRUUHFW��HYHQ�LI�LW�GRHVQ·W�OHDG�WR�D
IDLOXUH�

� $�GHIHFW�LV�WKH�SLHFH�RI�FRGH�WKDW�OHG�WR�D
IDXOW��DQG�WKHQ�XVXDOO\�D�IDLOXUH�

� $Q�HUURU�LV�WKH�KXPDQ�PLVWDNH�WKDW�OHG�WR
WKH�GHIHFW

1RWNLQ��F������������ ��

7HVW�FDVHV

� $�WHVW�FDVH�VXFFHHGV�LI�LW�UHYHDOV�D�GHIHFW�LQ
D�SURJUDP
² 7HVW�FDVHV�XVHG�WR�VXFFHHG�LI�WKH\�H[HFXWHG�DV
H[SHFWHG

� %XW�WHVW�FDVHV�WKDW�´IDLOµ�KHOS�LPSURYH
FRQILGHQFH
² 0DQ\�WHVW�FDVHV�DUH�FKRVHQ�EHFDXVH�WKH\�DUH
FKDUDFWHULVWLF�RI�D�FROOHFWLRQ�RI�UHDO�H[HFXWLRQV
RI�WKH�SURJUDP

1RWNLQ��F������������ ��

&KDOOHQJHV�RI�WHVWLQJ

� 3URGXFLQJ�HIIHFWLYH�WHVW�VHWV
� 3URGXFLQJ�UHDVRQDEO\�VPDOO�WHVW�VHWV
� 7HVWLQJ�ERWK�QRUPDO�DQG�RII�QRUPDO�FDVHV
� 7HVWLQJ�IRU�GLIIHUHQW�FODVVHV�RI�XVHUV
� 7HVWLQJ�IRU�GLIIHUHQW�6:�HQYLURQPHQWV
� 7HVWLQJ�IRU�GLIIHUHQW�+:�HQYLURQPHQWV
� 7UDFNLQJ�UHVXOWV�RYHU�WLPH
� «�PRUH�«�"

1RWNLQ��F������������ ��

:KLWH��YV��EODFN�ER[�WHVWLQJ

� $�FRPPRQ�GLFKRWRP\�IRU�WHVWLQJ�LV�ZKLWH�
ER[�YV��EODFN�ER[�WHVWLQJ

� ,Q�ZKLWH�ER[��WKH�WHVWHU�VHHV�WKH�FRGH
² $�NH\�TXHVWLRQ�LV��´:KDW�FRGH�LV�FRYHUHG"µ
² 2IWHQ�GRQH�HDUOLHU

� ,Q�EODFN�ER[��WKH�WHVWHU�VHHV�WKH
VSHFLILFDWLRQ�EXW�QRW�WKH�FRGH
² 7KH�SULPDU\�TXHVWLRQ�LV��´'RHV�WKH�FRGH�VDWLVI\
WKH�VSHFLILFDWLRQ�IRU�VSHFLILF�WHVW�FDVHV"µ

² 2IWHQ�GRQH�ODWHU

1RWNLQ��F������������ ��

%ODFN�ER[�WHVWLQJ

� ,QFRUUHFW�IXQFWLRQV
� 0LVVLQJ�IXQFWLRQV
� ,QWHUIDFH�HUURUV
� 3HUIRUPDQFH�SUREOHPV
� ,QLWLDOL]DWLRQ�DQG�VKXWGRZQ�HUURUV

� &DQ�EH�GRQH�DW�WKH�V\VWHP�OHYHO�DQG�RU�DW
WKH�PRGXOH�OHYHO

1RWNLQ��F������������ ��

%ODFN�ER[�FKDOOHQJHV�,

� :KDW�FODVVHV�RI�LQSXW�SURYLGH�UHSUHVHQWDWLYH
FRYHUDJH"

� ,V�WKH�V\VWHP�SDUWLFXODUO\�VHQVLWLYH�WR
FHUWDLQ�LQSXW�YDOXHV"

� +RZ�DUH�ERXQGDULHV�RI�WKH�V\VWHP�WHVWHG"
� +RZ�GR�ZH�SURGXFH�WKH�DSSURSULDWH�RUDFOH"

² 7KDW�LV��KRZ�GR�ZH�NQRZ�WKH�´ULJKWµ�DQVZHU
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1RWNLQ��F������������ ��

%ODFN�ER[�FKDOOHQJHV�,,

� +RZ�GR�ZH�HIILFLHQWO\�FRPSDUH�WUXH�RXWSXW
WR�WKH�H[SHFWHG�RXWSXW"

� :KDW�GDWD�UDWHV�DQG�GDWD�YROXPH�FDQ�WKH
V\VWHP�KDQGOH"

� :KDW�HIIHFW�ZLOO�VSHFLILF�FRPELQDWLRQV�RI
RSHUDWLRQV�DQG�GDWD�KDYH�RQ�V\VWHP
RSHUDWLRQ"

1RWNLQ��F������������ ��

&RYHUDJH�FULWHULD
>*KH]]L��-D]D\HUL��0DQGULROL@

� ,Q�EODFN�ER[�WHVWLQJ�RQH��FRQVFLRXVO\�RU�VXE�
FRQVFLRXVO\��SDUWLWLRQV�WKH�LQSXWV�LQWR�D�VHW
RI�FODVVHV
² �$JDLQ��WKH�H[SHFWDWLRQ�LV�WKDW�D�VLQJOH�WHVW�FDVH
ZLOO�LGHQWLI\�FRPPRQ�GHIHFWV�IRU�WKDW�FODVV

� 7KHUH�DUH�IRUPDO�GHILQLWLRQV�RI�WHVW
VHOHFWLRQ�FULWHULD�DQG�RI�FRQVLVWHQW�DQG
FRPSOHWH�FULWHULD

1RWNLQ��F������������ ��

7HVW�VHOHFWLRQ�FULWHULRQ

� $�WHVW�VHOHFWLRQ�FULWHULRQ�VSHFLILHV�D
FRQGLWLRQ�WKDW�PXVW�EH�VDWLVILHG�E\�D�WHVW
VHW
² ([��2YHU�LQWHJHUV��WKHUH�PXVW�EH�SRVLWLYH�
QHJDWLYH��DQG�]HUR�WHVW�YDOXHV

� 7KHUH�DUH��DOPRVW��DOZD\V�PXOWLSOH�WHVW�VHWV
WKDW�VDWLVI\�D�JLYHQ�FULWHULRQ

1RWNLQ��F������������ ��

&RQVLVWHQW�DQG�FRPSOHWH

� $�FRQVLVWHQW�FULWHULRQ�LV�RQH�IRU�ZKLFK�DQ\
WZR�WHVW�VHWV�WKDW�VDWLVI\�WKH�FULWHULRQ�
HLWKHU�ERWK�VHWV�VXFFHHG�RU�ERWK�VHWV�IDLO�RQ
WKH�SURJUDP

� $�FRPSOHWH�FULWHULRQ�LV�RQH�IRU�ZKLFK��LI�WKH
SURJUDP�LV�LQFRUUHFW��WKHUH�H[LVWV�D
VDWLVI\LQJ�WHVW�VHW�WKDW�GHPRQVWUDWHV�WKLV

� +DYLQJ�D�FRQVLVWHQW�DQG�FRPSOHWH�FULWHULRQ
ZRXOG�JXDUDQWHH�ILQGLQJ�HUURUV�LQ�D�SURJUDP

1RWNLQ��F������������ ��

%XW

� 7KHUH�LV�QR�ZD\�WR�JXDUDQWHH�FRQVLVWHQF\�DQG
FRPSOHWHQHVV
² ,Q�JHQHUDO��WKHUH�LV�QR�ZD\�WR�FRPSXWH�ZKHWKHU�D
FULWHULRQ�LV�FRQVLVWHQW�RU�FRPSOHWH

� 6R�ZH�WHQG�WR�XVH�LQIRUPDO�RU�KHXULVWLF
DSSURDFKHV�WR�DSSURDFK�FRQVLVWHQF\�DQG
FRPSOHWHQHVV

1RWNLQ��F������������ ��

6\QWD[�GULYHQ�WHVWLQJ

� ,Q�VRPH�VLWXDWLRQV��WKH�SRVVLEOH�LQSXWV�WR�D
SURJUDP�DUH�FKDUDFWHUL]HG�XVLQJ�D�IRUPDO
JUDPPDU
² ([��&RPSLOHUV��VLPSOH�XVHU�LQWHUIDFHV��HWF�

� ,Q�WKHVH�FDVHV��RQH�FDQ�JHQHUDWH�WHVW�VHWV
VXFK�WKDW�HDFK�JUDPPDU�UXOH�LV�XVHG�DW�OHDVW
RQFH

� 7KLV�LV�D�JRRG�H[DPSOH�ZKHUH�HQWLUHO\
UDQGRP�WHVWV�DUH�HVVHQWLDOO\�XVHOHVV
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1RWNLQ��F������������ ��

:KLWH�ER[�WHVWLQJ

� $�FHQWUDO�REMHFWLYH�RI�ZKLWH�ER[�WHVWLQJ�LV
WR�LQFUHDVH�FRYHUDJH
² 7KDW�LV��HQVXUH�WKDW�DV�PXFK�FRGH�LQ�WKH�SURJUDP
DV�SRVVLEOH�LV�H[HUFLVHG

² 7KH�WKHRU\�LV�WKDW�DQ\�FRGH�WKDW�LV�H[HUFLVHG�E\
QR�WHVW�FDVH�LV�OLNHO\�WR�KDYH�GHIHFWV

� 7KH�DFWXDO�RXWSXW�PD\��DW�WLPHV��EH�RI
VHFRQGDU\�LQWHUHVW

� )RU�ODUJH�V\VWHPV��HIIHFWLYH�ZKLWH�ER[
WHVWLQJ�UHTXLUHV�WRRO�VXSSRUW

1RWNLQ��F������������ ��

6WDWHPHQW�FRYHUDJH

� 7KH�VLPSOHVW�QRWLRQ�RI�FRYHUDJH�LV�WR�HQVXUH
WKDW�DOO��DV�PDQ\�DV�SRVVLEOH��VWDWHPHQWV�DUH
H[HUFLVHG

� 3UREOHP��ZKDW·V�D�VWDWHPHQW"
² 6ROXWLRQ��UHSUHVHQW�SURJUDP�DV�D�FRQWURO�IORZ
JUDSK�DQG�HQVXUH�DOO�VWDWHPHQW�QRGHV�DUH
H[HFXWHG

� 3UREOHP�
– if x > y then max := x else max := y

1RWNLQ��F������������ ��

3URJUDP�DQG�LWV�&)*
• if x > 0 then

x := -x;
endif

� 7KH�WHVW�VHW�{x = 1}
H[HUFLVHV�DOO�QRGHV
�VWDWHPHQWV�

x >= 0?

x :=  - x

Yes

No

1RWNLQ��F������������ ��

(GJH�FRYHUDJH

� 7R�HOLPLQDWH�WKH�REYLRXV�SUREOHPV�ZLWK
VWDWHPHQW�FRYHUDJH��RQH�FDQ�UHTXLUH�WKDW�DOO
HGJHV�RI�WKH�SURJUDP·V�&)*�EH�H[HUFLVHG
² 1RZ�D�WHVW�VHW�OLNH�{x = 1, x = -1} �LV�QHHGHG

� (GJH�FRYHUDJH�LV�DOZD\V�DW�OHDVW�DV�JRRG�DV
VWDWHPHQW�FRYHUDJH
² 7KDW�LV��DQ\�WHVW�VHW�WKDW�VDWLVILHV�HGJH
FRYHUDJH�IRU�D�SURJUDP�ZLOO�DOVR�VDWLVI\
VWDWHPHQW�FRYHUDJH

1RWNLQ��F������������ ��

&RQGLWLRQ�FRYHUDJH�,

� $�ZHDNQHVV�LQ�HGJH�FRYHUDJH�DULVHV�ZLWK
FRPSRXQG�FRQGLWLRQDOV
– if x >= 0 and x <= 1000 then

     S1
else
     S2
endif

� $�WHVW�VHW�RI�{x = 10,x = 1997}�ZLOO�VDWLVI\
HGJH�FRYHUDJH

1RWNLQ��F������������ ��

&RQGLWLRQ�FRYHUDJH�,,

� ,QVWHDG��RQH�FDQ�UHTXLUH�WKDW�DOO
FRPELQDWLRQV�RI�WKH�FRPSRXQGV�EH�WHVWHG
² +RZHYHU��WKLV�PD\�QRW�EH�IHDVLEOH�LQ�DOO
VLWXDWLRQV��VRPH�FRPELQDWLRQV�PD\�QHYHU�DULVH

� $Q�DOWHUQDWLYH�LV�WR�UHTXLUH�HGJH�FRYHUDJH
SOXV�D�UHTXLUHPHQW�WKDW�HDFK�FODXVH�LQ�WKH
FRQGLWLRQ�LQGHSHQGHQWO\�WDNH�RQ�DOO�YDOXHV
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1RWNLQ��F������������ ��

&RQGLWLRQ�FRYHUDJH�,,,

� $�ZHDNQHVV�ZLWK�HGJH
DQG�FRQGLWLRQ�FRYHUDJH
LV�WKDW�FRPELQDWLRQV�RI
FRQWURO�IORZ�DUHQ·W
FKHFNHG

� 7KLV�H[DPSOH�LV
FRYHUHG�ZLWK
{x=-1,z=-1;x=1,z=1}

x < 0

x := x + 1 x := x - 1

z < 0

z:= z + 1 z := z - 1

Yes

Yes

No

No

1RWNLQ��F������������ ��

$�EULHI�DVLGH

� $�NH\�SUREOHP�LQ�FRYHUDJH�WHVWLQJ�RI�DQ\
VRUW�DULVHV�ZKHQ�RQH�OHDUQV�WKDW�VSHFLILF
HOHPHQWV�DUH�QRW�FRYHUHG�E\�\RXU�WHVW�VHW

� +RZ�GR�\RX�FUHDWH�D�QHZ�WHVW�FDVH�WKDW
FRYHUV�VRPH�RU�DOO�RI�WKRVH�XQH[HUFLVHG
HOHPHQWV"

� ,�GRQ·W�NQRZ�RI�PXFK�UHVHDUFK�WKDW
DGGUHVVHV�WKLV��DOWKRXJK�WKHUH�PD\�EH�VRPH
² 6RPH�ZRUN�LQ�SURJUDP�VOLFLQJ�PLJKW�KHOS

1RWNLQ��F������������ ��

3DWK�FRYHUDJH

� 3DWK�FRYHUDJH�UHTXLUHV�WKDW�DOO�SDWKV
WKURXJK�WKH�FRQWURO�IORZ�JUDSK�EH�H[HUFLVHG

� )RU�WKH�ODVW�H[DPSOH��ZH·G�QHHG�IRXU�FDVHV
– {x=-1,z=-1;x=1,z=1;x=-1,z=1;x=1,z=-1}

� $�SUREOHP�ZLWK�SDWK�FRYHUDJH�LV�WKDW�ORRSV
DUH�LQWUDFWDEOH
² ,W·V�JHQHUDOO\�LPSRVVLEOH�WR�HQVXUH�WKDW�DOO
SRVVLEOH�SDWKV�DUH�WDNHQ�LQ�D�SURJUDP�ZLWK�D�ORRS

� $OVR��QRW�DOO�SDWKV�DUH�IHDVLEOH
1RWNLQ��F������������ ��

/RRSV�ZLWK�SDWK�FRYHUDJH

� 7KH�SDWK�WDNHQ�E\
x = -10 �LV�GLIIHUHQW
IURP�WKH�SDWK�WDNHQ�E\
x = -20

� $OO�SDWKV�FDQQRW�EH
WHVWHG��VR
UHSUHVHQWDWLYH�RQHV
PXVW�EH�XVHG
² %RXQGDULHV

² ´$YHUDJHµ

x < 0

Yes

x := x + 1

No

1RWNLQ��F������������ ��

'DWD�IORZ�DSSURDFKHV

� 7KH�FRYHUDJH�DSSURDFKHV�VKRZQ�VR�IDU�UHO\
RQ�FRQWURO�IORZ�LQIRUPDWLRQ

� 5DSSV�DQG�:H\XNHU��������VXJJHVWHG�XVLQJ
GDWD�IORZ�LQIRUPDWLRQ�IRU�FRYHUDJH�LQVWHDG
² %DVLF�LGHD�XVHV�GHI�XVH�JUDSKV

² &RYHUDJH�RI�YDULDEOH�GHILQLWLRQV��HVVHQWLDOO\�
DVVLJQPHQWV��DQG�XVHV�FRQVLGHUHG

1RWNLQ��F������������ ��

([DPSOH��[\�

� GHI�LV�DQ�DVVLJQPHQW�WR
D�YDULDEOH

� F�XVH�LV�D�FRPSXWDWLRQDO
XVH�RI�D�YDULDEOH

� S�XVH�LV�D�SUHGLFDWH�XVH
RI�D�YDULDEOH

���scanf(x,y); if (y < 0)

������pow = -y;

���else pow = y�

���z = 1.0;

���while (pow != 0)

������{z=z*x;pow--;}

���if (y < 0)

�������z = 1.0/z;

���printf(z);
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1RWNLQ��F������������ ��

)ORZ�JUDSK

� 7KHUH�DUH�PDQ\
DOWHUQDWLYH�FULWHULD
² DOO�GHIV

² DOO�S�XVHV

² DOO�XVHV

� &RXOG�UHTXLUH�2�1���LQ
��ZD\�EUDQFKHV��EXW
HPSLULFDOO\�LW·V�OLQHDU

� 1HHG�WR�ILQG�WHVW�FDVHV

1

98

76

5

4

32

{y} {y}

{y}{y}

{pow} {pow}

def={x,y}
c-use={}

def={pow}
c-use={y}

def={}
c-use={z}

def={}
c-use={}

def={}
c-use={}

def={z}
c-use={}

def={z}
c-use={z}

def={pow}
c-use={y}

def={z,pow}
c-use={x,z,pow}

1RWNLQ��F������������ ��

5HODWLRQVKLSV�DPRQJ�DSSURDFKHV

� )UDQNO�	�:H\XNHU�KDYH
VKRZQ�HPSLULFDOO\�WKDW
QRQH�RI�WKHVH�GR
VLJQLILFDQWO\�EHWWHU
WKDQ�WKH�RWKHUV

� 7KH\�DOVR�VKRZHG�WKDW
EUDQFK�FRYHUDJH�DQG
DOO�XVHV�SHUIRUP�EHWWHU
WKDQ�UDQGRP�WHVW�FDVH
VHOHFWLRQ

path
coverage

all-uses

all-p-uses/
some-c-

uses

all-p-uses

branch
coverage

statement
coverage

all-c-uses/
some-p-

uses

all-defs

1RWNLQ��F������������ ��

0XWDWLRQ�WHVWLQJ
>'HPLOOR��/LSWRQ��HW�DO�@

� 7KH�LGHD�KHUH�LV�WR�WDNH�D�SURJUDP��EULQJ�D
YDULDQW��PXWDQW��RI�LW��DQG�FRPSDUH�KRZ�WKH
SURJUDP�DQG�WKH�YDULDQW�H[HFXWH

� 7KH�REMHFWLYH�LV�WR�ILQG�WHVW�FDVHV�WKDW
GLVWLQJXLVK�EHWZHHQ�WKH�SURJUDP�DQG�LWV
PXWDQWV
² 2WKHUZLVH��WKH�WHVW�FDVHV��RU�WKH�PXWDWLRQ
DSSURDFK��DUH�ZHDN

1RWNLQ��F������������ ��

([DPSOH�>-DORWH@

� &RQVLGHU�WKH�´SURJUDPµ
– a := b*(c-d)

² ZULWWHQ�LQ�D�ODQJXDJH�ZLWK�ILYH�DULWKPHWLF
RSHUDWRUV�{+,-,*,/,**}

� 7KHUH�DUH�HLJKW�´ILUVW�RUGHUµ�PXWDQWV�RI�WKLV
SURJUDP
² )RXU�RSHUDWRUV�FDQ�UHSODFH�* �DQG�IRXU�FDQ
UHSODFH�-

1RWNLQ��F������������ ��

2WKHU�NLQGV�RI�PXWDWLRQV

� 5HSODFLQJ�FRQVWDQWV
� 5HSODFLQJ�QDPHV�RI�YDULDEOHV
� 5HSODFLQJ�FRQGLWLRQV
� ���

1RWNLQ��F������������ ��

3URFHVV

� 'HILQH�D�VHW�RI�WHVW�FDVHV�IRU�D�SURJUDP
² 7HVW�XQWLO�QR�PRUH�GHIHFWV�DUH�IRXQG

� 3URGXFH�PXWDQWV
² 7HVW�WKHVH�PXWDQWV�ZLWK�WKH�VDPH�WHVW�VHW�DV
WKH�EDVH�SURJUDP

² 6FRUH�´GHDGµ�YV��´OLYHµ�PXWDQWV��RQHV�WKDW�DUH
DQG�DUH�QRW�GLVWLQJXLVKHG�IURP�WKH�RULJLQDO
SURJUDP�

² $GG�WHVW�FDVHV�XQWLO�WKHUH�DUH�QR�GHDG�PXWDQWV
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1RWNLQ��F������������ ��

8WLOLW\"

� 7KHUH�DUH�VRPH�TXHVWLRQV�DERXW�ZKHWKHU
PXWDWLRQ�WHVWLQJ�LV�VHQVLEOH
² 'RHV�LW�UHDOO\�KHOS�LPSURYH�WHVW�VHWV"

² 7KH�HYLGHQFH�LV�PXUN\

� 7KHUH�DUH�DOVR�SHUIRUPDQFH�TXHVWLRQV
² ,I�QRW�DXWRPDWHG��LW·V�D�ORW�RI�PDQDJHPHQW

² &RPSXWDWLRQ�RI�WKH�PXWDQWV�DQG�DSSO\LQJ�WKH
WHVWV�WR�WKH�PXWDQWV�FDQ�EH�YHU\�FRVWO\

1RWNLQ��F������������ ��

2SHQ�WHVWLQJ�TXHVWLRQV

� 0LQLPL]LQJ�WHVW�VHWV
� 7HVWLQJ�22�SURJUDPV
� ,QFUHPHQWDO�UH�WHVWLQJ

² ´&KHDSµ�UHJUHVVLRQ�WHVWLQJ

� %DODQFLQJ�VWDWLF�DQDO\VLV�ZLWK�WHVWLQJ
² &DQ�VRPH�SURSHUWLHV�EH�´SURYHQµ�XVLQJ�WKLV
FRPELQDWLRQ"

� «�PRUH�«�"

1RWNLQ��F������������ ��

6RIWZDUH�SURFHVV

� &DSDELOLW\�PDWXULW\�PRGHO��&00���,62������
3HUVRQDO�6RIWZDUH�3URFHVV��363���«

� 7KHVH�DUH�DOO�H[DPSOHV�RI�DSSURDFKHV�WR
LPSURYLQJ�VRIWZDUH�TXDOLW\�WKURXJK�D�IRFXV
RQ�VRIWZDUH�SURFHVV�DQG�VRIWZDUH�SURFHVV
LPSURYHPHQW
² 5HODWLYHO\�OLWWOH�IRFXV�RQ�WKH�WHFKQLFDO�LVVXHV�RI
VRIWZDUH

1RWNLQ��F������������ ��

$�OLWWOH�KLVWRU\

� 7KH�ZDWHUIDOO�PRGHO��HWF���KDYH�EHHQ
FRQVLGHUHG�VLQFH�WKH�ODWH�����·V�HDUO\�����·V

� ,QFUHPHQWDO�GHYHORSPHQW�PRGHOV��WKH�VSLUDO
PRGHO��%RHKP���DQG�RWKHUV�DURVH�DV
UHILQHPHQWV

1RWNLQ��F������������ ��

����

� $W�WKH������,QWHUQDWLRQDO�&RQIHUHQFH�RQ
6RIWZDUH�(QJLQHHULQJ��,&6(���/HH�2VWHUZHLO
SUHVHQWHG�D�SDSHU�WLWOHG��´6RIWZDUH
SURFHVVHV�DUH�SURJUDPV��WRRµ
² (VVHQWLDOO\��WKLV�VDLG�WKDW�RQH�FRXOG�DQG�VKRXOG
UHSUHVHQW�VRIWZDUH�SURFHVVHV�H[SOLFLWO\

² $OORZLQJ�RQH�WR�´HQDFWµ�SURFHVVHV�DV�SDUW�RI�DQ
HQYLURQPHQW

� +LJKO\�FRQWURYHUVLDO��LQFOXGLQJ�D�UHVSRQVH�E\
0DQQ\�/HKPDQ

1RWNLQ��F������������ ��

:K\�FRQWURYHUVLDO"

� ,PSRUWDQFH�RI�WHFKQLFDO�LVVXHV�DQG�GHFLVLRQV
Z�U�W��PDQDJHULDO�LVVXHV�DQG�GHFLVLRQV"

� 3UHVFULSWLYH�SURFHVVHV�YV��GHVFULSWLYH
SURFHVVHV"

� &DSWXULQJ�SURFHVVHV�DV�SURJUDPV"
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1RWNLQ��F������������ ��

,Q�DQ\�FDVH���

� 7KLV�OHG�WR�DQ�HQRUPRXV�LQFUHDVH�LQ
² LQGXVWULDO�LQWHUHVW��DQG
² UHVHDUFK�LQ�VRIWZDUH�SURFHVV

� 6RIWZDUH�SURFHVV�ZRUNVKRSV
� 0RUH�UHFHQWO\

² $�MRXUQDO�RU�WZR
² $�QXPEHU�RI�FRQIHUHQFHV
² /RWV�RI�SDSHUV�LQ�JHQHUDO�VRIWZDUH�HQJLQHHULQJ
FRQIHUHQFHV

� ´0RVW�LQIOXHQWLDO�SDSHU�RI�,&6(��µ
1RWNLQ��F������������ ��

&00��6(,·V�ZHE�SDJH�
� ´7KH�6RIWZDUH�&00�KDV

EHFRPH�D�GH�IDFWR
VWDQGDUG�IRU�DVVHVVLQJ�DQG
LPSURYLQJ�VRIWZDUH
SURFHVVHV�

� 7KURXJK�WKH�6:�&00��WKH
6(,�DQG�FRPPXQLW\�KDYH
SXW�LQ�SODFH�DQ�HIIHFWLYH
PHDQV�IRU�PRGHOLQJ�
GHILQLQJ��DQG�PHDVXULQJ�WKH
PDWXULW\�RI�WKH�SURFHVVHV
XVHG�E\�VRIWZDUH
SURIHVVLRQDOV�µ

1RWNLQ��F������������ ��

&00��/HYHOV���DQG���

� ,QLWLDO��7KH�VRIWZDUH�SURFHVV�LV�FKDUDFWHUL]HG�DV
DG�KRF��DQG�RFFDVLRQDOO\�HYHQ�FKDRWLF��)HZ
SURFHVVHV�DUH�GHILQHG��DQG�VXFFHVV�GHSHQGV�RQ
LQGLYLGXDO�HIIRUW�DQG�KHURLFV�

� 5HSHDWDEOH��%DVLF�SURMHFW�PDQDJHPHQW�SURFHVVHV
DUH�HVWDEOLVKHG�WR�WUDFN�FRVW��VFKHGXOH��DQG
IXQFWLRQDOLW\��7KH�QHFHVVDU\�SURFHVV�GLVFLSOLQH�LV�LQ
SODFH�WR�UHSHDW�HDUOLHU�VXFFHVVHV�RQ�SURMHFWV�ZLWK
VLPLODU�DSSOLFDWLRQV�

1RWNLQ��F������������ ��

&00��/HYHO���

� 'HILQHG��7KH�VRIWZDUH�SURFHVV�IRU�ERWK
PDQDJHPHQW�DQG�HQJLQHHULQJ�DFWLYLWLHV�LV
GRFXPHQWHG��VWDQGDUGL]HG��DQG�LQWHJUDWHG�LQWR�D
VWDQGDUG�VRIWZDUH�SURFHVV�IRU�WKH�RUJDQL]DWLRQ��$OO
SURMHFWV�XVH�DQ�DSSURYHG��WDLORUHG�YHUVLRQ�RI�WKH
RUJDQL]DWLRQ
V�VWDQGDUG�VRIWZDUH�SURFHVV�IRU
GHYHORSLQJ�DQG�PDLQWDLQLQJ�VRIWZDUH�

1RWNLQ��F������������ ��

&00��/HYHOV���DQG���

� 0DQDJHG��'HWDLOHG�PHDVXUHV�RI�WKH�VRIWZDUH
SURFHVV�DQG�SURGXFW�TXDOLW\�DUH�FROOHFWHG��%RWK�WKH
VRIWZDUH�SURFHVV�DQG�SURGXFWV�DUH�TXDQWLWDWLYHO\
XQGHUVWRRG�DQG�FRQWUROOHG�

� 2SWLPL]LQJ��&RQWLQXRXV�SURFHVV�LPSURYHPHQW�LV
HQDEOHG�E\�TXDQWLWDWLYH�IHHGEDFN�IURP�WKH�SURFHVV
DQG�IURP�SLORWLQJ�LQQRYDWLYH�LGHDV�DQG�WHFKQRORJLHV�

1RWNLQ��F������������ ��

0\�RSLQLRQ�V�

� )RU�VRPH�RUJDQL]DWLRQV��PRYLQJ�XSZDUGV�DW
WKH�YHU\�ORZ�OHYHOV�LV�VHQVLEOH

� 7KH�IRFXV�RQ�SURFHVV�LPSURYHPHQW�LV
LQKHUHQWO\�JRRG

� 7KH�GHWDLOV�RI�WKH�DFWXDO�OHYHOV�DUH�QRW
HVSHFLDOO\�PDWHULDO�IRU�PRVW�RUJDQL]DWLRQV

� 7HFKQLFDO�LVVXHV�DUH�VWLOO�GRZQSOD\HG�IDU�WRR
PXFK
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1RWNLQ��F������������ ��

&00�PDQLD

� 6:�&00
� 3HRSOH�&00
� 6\VWHPV�HQJLQHHULQJ�&00
� ,QWHJUDWHG�SURGXFW�GHYHORSPHQW�&00
� 6RIWZDUH�DFTXLVLWLRQ�&00
� &00�LQWHJUDWLRQ
� 363

1RWNLQ��F������������ ��

,62�����

1RWNLQ��F������������ ��

Code
Reviews

Testing

Static
Analysis

10 %
60 %

30 %

?

?

?

?

?

?
?

1RWNLQ��F������������ ��

/DVW�ZRUGV

� /RWV�RI�VRIWZDUH�HQJLQHHULQJ�UHVHDUFK
PLVVHV�WKH�PDUN�Z�U�W��LQGXVWULDO�SUDFWLFH

� %XW�ORWV�FRQWULEXWHV��WRR��ERWK�GLUHFWO\�DQG
E\�OD\LQJ�D�IRXQGDWLRQ�IRU�WKH�IXWXUH
² 5HVHDUFK�SDSHUV�DQG�SURWRW\SHV�DUH�RXU
´SURGXFWVµ��DQG�WKH\�KDYH�PDQ\�RI�WKH�VDPH
SUHVVXUHV�DV�\RXU�SURMHFWV
� (YDOXDWH�WKH�UHVHDUFK�´DOSKDVµ�	�´EHWDVµ�LQ�WKDW�OLJKW

� 3UDFWLWLRQHUV�KDYH�VRPH�UHVSRQVLELOLW\�LQ
KHOSLQJ�WR�JXLGH�DQG�UHILQH�UHVHDUFK�LQ
VRIWZDUH�HQJLQHHULQJ


