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&6(�����6RIWZDUH�(QJLQHHULQJ
/HFWXUH����1RYHPEHU����������

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

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

1RWNLQ��F������������ �

7KLV�ZHHN�DQG�QH[W

� 7RROV�DQG�DQDO\VLV
� ,Q�VRPH�ZD\V��DW�OHDVW�WKH�DQDO\VLV�SDUW
PLJKW�EH�FORVH�WR�WKH�VSHFLILFDWLRQ�WRSLFV
FRYHUHG�ODVW�ZHHN

� %XW�WKH�IRFXV�ZLOO�EH�PXFK��PXFK�FORVHU�WR
WKH�VRXUFH�FRGH

1RWNLQ��F������������ �

:KDW·V�D�WRRO"

� 0HUULDP�:HEVWHU
² D�KDQGKHOG�GHYLFH�WKDW�DLGV�LQ�DFFRPSOLVKLQJ�D
WDVN��WKH�FXWWLQJ�RU�VKDSLQJ�SDUW�LQ�D�PDFKLQH�RU
PDFKLQH�WRRO��D�PDFKLQH�IRU�VKDSLQJ�PHWDO

� )URP�-DUJRQ�)LOH�����������-XO\������
² $�SURJUDP�XVHG�SULPDULO\�WR�FUHDWH��PDQLSXODWH�
PRGLI\��RU�DQDO\]H�RWKHU�SURJUDPV��VXFK�DV�D
FRPSLOHU�RU�DQ�HGLWRU�RI�D�FURVV�UHIHUHQFLQJ
SURJUDP
� )RU�WKHVH�OHFWXUHV��,�ZLOO�RPLW�´LQWHOOHFWXDOµ�WRROV�
IRFXVLQJ�LQVWHDG�RQ�WKLV�NLQG�RI�WRRO

1RWNLQ��F������������ �

:KDW·V�DQDO\VLV"

� 0HUULDP�:HEVWHU
² DQ�H[DPLQDWLRQ�RI�D
FRPSOH[��LWV�HOHPHQWV�
DQG�WKHLU�UHODWLRQV

� :KDW�GR�,�PHDQ��IRU
WKHVH�OHFWXUHV�"
² &RPSXWHU�VXSSRUWHG
´UHDVRQLQJµ�WKDW�LV
LQWHQGHG�WR�DLG�D
SURJUDPPHU�LQ
XQGHUVWDQGLQJ�DQG
LPSURYLQJ�D�VRIWZDUH
V\VWHP

� 2QH�WKLQJ�,�OHDUQHG�LV
WKDW�SV\FKRDQDO\VWV
GRQ·W�KDYH�PXFK�RI�D
VHQVH�RI�KXPRU
² <RX�WU\�WR�ILQG�D
SLFWXUH�RI�D�SHUVRQ
OD\LQJ�RQ�D�FRXFK
WDONLQJ�WR�D
SV\FKRDQDO\VW
VRPHZKHUH�RQ�WKH�ZHE�

1RWNLQ��F������������ �

7RROV�\RX�SUREDEO\�XVH

� &RPSLOHUV
� (GLWRUV
� 'HEXJJHUV

² +RZ�RIWHQ"

� 3URILOHUV
² +RZ�RIWHQ"

� &RQILJXUDWLRQ�PDQDJHPHQW�DQG�YHUVLRQ
FRQWURO�WRROV

1RWNLQ��F������������ �

:KDW�RWKHU�WRROV�GR�\RX�XVH"

� *8,�EXLOGHUV"
² :KDW�NLQGV��KRZ�IUHTXHQWO\"

� 7HVWLQJ�WRROV"
² :KDW�NLQGV��KRZ�IUHTXHQWO\"

� :KDW�HOVH"
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1RWNLQ��F������������ �

6RPH�FRQWH[W

� (QYLURQPHQWV�DQG�&$6(

1RWNLQ��F������������ �

&$6(

� &RPSXWHU
$LGHG
6RIWZDUH
(QJLQHHULQJ

� 8VLQJ
FRPSXWHUV�WR
KHOS�SHRSOH
HQJLQHHU
VRIWZDUH
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1RWNLQ��F������������ �

(QYLURQPHQWV�YV��WRROV

� ,QWHJUDWHG
² 8VHU�LQWHUDFWV�ZLWK�D
VLQJOH�HQYLURQPHQW

² (QYLURQPHQW�LV
UHVSRQVLEOH�IRU�PDQDJLQJ
FRQVLVWHQF\

� 6KDULQJ�RI
UHSUHVHQWDWLRQ

� 6WDQGDORQH
² 8VHU�LQWHUDFWV�ZLWK�HDFK
WRRO�VHSDUDWHO\

² 8VHU�PXVW�DSSO\�WRROV
DSSURSULDWH�WR�HQVXUH
FRQVLVWHQF\

� ,QGHSHQGHQW
UHSUHVHQWDWLRQV

1RWNLQ��F������������ ��

:K\�HQYLURQPHQWV"

� ´'XULQJ�WKH�SDVW�GHFDGH�WKHUH�KDV�EHHQ�D
JURZLQJ�UHDOL]DWLRQ�>WKDW�VRIWZDUH�WRROV@
KDYH�E\�DQG�ODUJH�IDLOHG�WR�UHGXFH�FRVW�DQG
LPSURYH�TXDOLW\��«�>7@KH�HVVHQFH�RI�DQ
HQYLURQPHQW�LV�WKDW�LW�DWWHPSWV�WR�UHGUHVV
WKH�IDLOXUHV�RI�LQGLYLGXDO�VRIWZDUH�WRROV
WKURXJK�V\QHUJLVWLF�LQWHJUDWLRQ�µ
² 2VWHUZHLO������

1RWNLQ��F������������ ��

:K\�HQYLURQPHQWV"

� ´&XUUHQW�VRIWZDUH�GHYHORSPHQW�HQYLURQPHQWV
RIWHQ�KHOS�SURJUDPPHUV�VROYH�WKHLU
SURJUDPPLQJ�SUREOHPV�E\�VXSSO\LQJ�WRROV
VXFK�DV�HGLWRUV��FRPSLOHUV��DQG�OLQNHUV��EXW
UDUHO\�GR�WKHVH�HQYLURQPHQWV�KHOS�SURMHFWV
VROYH�WKHLU�V\VWHP�FRPSRVLWLRQ�RU
PDQDJHPHQW�SUREOHPV�µ
² 1RWNLQ�	�+DEHUPDQQ������

1RWNLQ��F������������ ��

:KDW�DUH�HQYLURQPHQWV"

� ´$�VRIWZDUH�GHYHORSPHQW�HQYLURQPHQW
FRQVLVWV�RI�D�VHW�RI�WHFKQLTXHV�WR�DVVLVW�WKH
GHYHORSHUV�RI�VRIWZDUH�V\VWHPV��VXSSRUWHG
E\�VRPH��SRVVLEO\�DXWRPDWHG��WRROV��DORQJ
ZLWK�DQ�RUJDQL]DWLRQDO�VWUXFWXUH�WR�PDQDJH
WKH�SURFHVV�RI�VRIWZDUH�GHYHORSPHQW�
+LVWRULFDOO\��WKHVH�IDFLOLWLHV�KDYH�EHHQ�SRRUO\
LQWHJUDWHG�µ
² :DVVHUPDQ������



3

1RWNLQ��F������������ ��

&RPSXWHU�KHOS"

� ,QWHUDFWLRQ�DQG�ULFK�XVHU�LQWHUIDFHV
� 7UDQVODWLRQ�RI�KLJK�OHYHO�GHVFULSWLRQV
� 0DLQWDLQLQJ�FRQVLVWHQF\�DPRQJ�ODUJH�DQG
FRPSOH[�UHSUHVHQWDWLRQV

� (QFRGLQJ�NQRZOHGJH�DERXW�DQ�DFWLYLW\�
RUJDQL]DWLRQ�RU�SURFHVV

� %URDGHU�DYDLODELOLW\�RI�SHUWLQHQW�LQIRUPDWLRQ
� &RPPXQLFDWLRQ�PHGLXP

1RWNLQ��F������������ ��

7KH�´SURPLVHµ�RI�&$6(

1RWNLQ��F������������ ��

&$6(�LV����

� ´7KH�&$6(�WHFKQRORJ\�LV�D�FRPELQDWLRQ�RI
VRIWZDUH�WRROV�DQG�PHWKRGRORJLHV��«
6SDQQLQJ�DOO�SKDVHV�RI�WKH�VRIWZDUH
OLIHF\FOH��QRW�MXVW�RQ�LPSOHPHQWDWLRQ��&$6(
LV�WKH�PRVW�FRPSOHWH�VRIWZDUH�WHFKQRORJ\
\HW�µ
² 0F&OXUH������

1RWNLQ��F������������ ��

&$6(�LV����

� ´7R�EH�WUXO\�VXFFHVVIXO��D�&$6(�SURGXFW
PXVW�OLWHUDOO\�VXSSRUW�DSSOLFDWLRQ
GHYHORSPHQW�IURP�ZRPE�WR�WRPE��IURP�WKH
LQLWLDO�FRQFHSWLRQ�RI�DQ�DSSOLFDWLRQ�WKURXJK
LWV�ORQJ�WHUP�PDLQWHQDQFH�µ
² 7RZQHU������

1RWNLQ��F������������ ��

&$6(�LV

� ´&$6(�SURYLGHV�WKH�ULJRURXV�DXWRPDWHG
VXSSRUW�UHTXLUHG�WR�EXLOG�IOH[LEOH��KLJK�
TXDOLW\�LQIRUPDWLRQ�V\VWHPV�TXLFNO\�µ
² 0\OOV������

1RWNLQ��F������������ ��

&$6(�FRQIXVLRQ

� (QYLURQPHQWV�LQ�DFDGHPLD��&$6(�LQ�LQGXVWU\
� &$6(�LQ�LQIRUPDWLRQ�V\VWHPV�	�LQIRUPDWLRQ
WHFKQRORJ\
² 7KH�0,6�ZRUOG�RI�&,2V

² $SSOLFDWLRQ�'HYHORSPHQW��$'�

² ,QIRUPDWLRQ�(QJLQHHULQJ��,(�

² 0HWKRGRORJ\�SOD\V�D�NH\�UROH

� 8SSHU�&$6(�YV��ORZHU�&$6(
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1RWNLQ��F������������ ��

$SSHDUDQFHV�LQ�,163(&

� 3URJUDPPLQJ�HQYLURQPHQW��SURJUDP�GHYHORSPHQW
HQYLURQPHQW��VRIWZDUH�GHYHORSPHQW�HQYLURQPHQW��VRIWZDUH
HQJLQHHULQJ�HQYLURQPHQW��LQWHJUDWHG�SURJUDP�VXSSRUW
HQYLURQPHQW
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1RWNLQ��F������������ ��

�$�IHZ��FODVVLF�HQYLURQPHQWV

� ,QWHUOLVS
� 6PDOOWDON���
� 8QL[
� &HGDU

1RWNLQ��F������������ ��

,QWHUOLVS��;HUR[�3$5&�

� 7HLWHOPDQ�	�0DVLQWHU������
� /DQJXDJH�FHQWHUHG�HQYLURQPHQW
� 9HU\�IDVW�WXUQDURXQG�IRU�FRGH�FKDQJHV
� 0RQROLWKLF�DGGUHVV�VSDFH

² (QYLURQPHQW��WRROV��DSSOLFDWLRQ�FRGH�FRPPLQJOHG

� &RGH�DQG�GDWD�VKDUH�FRPPRQ�UHSUHVHQWDWLRQ

1RWNLQ��F������������ ��

6PDOOWDON�����;HUR[�3$5&�

� *ROGEHUJ������
� /DQJXDJH�FHQWHUHG�HQYLURQPHQW��22�

² &ODVVHV�DV�ILUVW�FODVV�REMHFWV��LQKHULWDQFH��HWF�

� (QYLURQPHQW�VWUXFWXUHG�DURXQG�ODQJXDJH
IHDWXUHV��FODVV�EURZVHUV��SURWRFROV��HWF��

� 5LFK�OLEUDULHV��GDWD�VWUXFWXUHV��8,��HWF��

1RWNLQ��F������������ ��

8QL[��%HOO�/DEV�

� 7RRONLW�EDVHG�HQYLURQPHQW
� 6LPSOH�LQWHJUDWLRQ�PHFKDQLVP

² &RQYHQLHQW�XVHU�OHYHO�V\QWD[�IRU�FRPSRVLWLRQ

� 6WDQGDUG�VKDUHG�UHSUHVHQWDWLRQ
� /DQJXDJH�LQGHSHQGHQW��DOWKRXJK�ELDVHG�
� (IILFLHQW�IRU�V\VWHPV·�SURJUDPPLQJ

1RWNLQ��F������������ ��

&HGDU��;HUR[�3$5&�

� 7HLWHOPDQ������
� ,QWHQGHG�WR�PL[�EHVW�IHDWXUHV�RI�,QWHUOLVS�
6PDOOWDON�����DQG�0HVD

� 3ULPDULO\�ZDV�DQ�LPSURYHPHQW�RQ�0HVD
² /DQJXDJH�FHQWHUHG�HQYLURQPHQW

² $EVWUDFW�GDWD�W\SH�ODQJXDJH
� 6WURQJ�ODQJXDJH�DQG�HQYLURQPHQW�VXSSRUW�IRU
LQWHUIDFHV

² .H\�DGGLWLRQ��JDUEDJH�FROOHFWLRQ
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1RWNLQ��F������������ ��

&RPPHUFLDOL]DWLRQ

� ���FRPSDQLHV�PDWFKHG�´&$6(µ�LQ�&RPSDQ\
3URILOHV�GDWDEDVH
² $ERXW��������PDWFKHG�´VRIWZDUHµ

² ���PDWFKHG�´DSSOLFDWLRQ�GHYHORSPHQWµ

� ��<DKRR�&$6(�FDWHJRULHV
² ������UHJLVWHUHG�&$6(�SDJHV�LQ�<DKRR

² ����-DYD�FDWHJRULHV��WKRXVDQGV�RI�SDJHV�

² �$V�RI�VSULQJ������

1RWNLQ��F������������ ��

7KH�EXVLQHVV�RI�&$6(

� ,'(��6RIWZDUH�WKURXJK�3LFWXUHV�
² )RXQGHG�����

² $FTXLUHG�E\�7KRPVRQ�&6)�����
� a���0�DQQXDO�VDOHV

� 5DWLRQDO
² )RXQGHG�����

² 5HFHQWO\�SXUFKDVH�3XUH�$WULD
� a���0�DQQXDO�VDOHV����a����0�DQQXDO�IURP�3XUH�$WULD�

1RWNLQ��F������������ ��

7KH�EXVLQHVV�RI�&$6(

� 3RSNLQ
² )RXQGHG�����

� a���0�DQQXDO�VDOHV

� &D\HQQH�6RIWZDUH��,QF��������
² 0HUJHU�RI�%DFKPDQ��������DQG�&$'5(�������

� a���0�DQQXDO�VDOHV

� 6WUXFW6RIW��7XUER&$6(�6\V�
² )RUPHG�����

� a��0�DQQXDO�VDOHV

1RWNLQ��F������������ ��

7KH�EXVLQHVV�RI�&$6(

� ,�/RJL[
² )RXQGHG�����

� a���0�DQQXDO�VDOHV

� 5HDVRQLQJ�6\VWHPV
² )RXQGHG�����

� a���0�DQQXDO�VDOHV

1RWNLQ��F������������ ��

6RPH�FRQWH[W

� 6$3�$*
² 5���%XVLQHVV�3URFHVV��5H�(QJLQHHULQJ

² )RXQGHG�����
� !��%�DQQXDO�UHYHQXH

� /DUJHVW�´DSSOLFDWLRQ�GHYHORSPHQWµ�FRPSDQ\�LQ
&RPSDQ\�3URILOHV
² 3URJUHVV�6RIWZDUH������

² a����0�DQQXDO�UHYHQXH

1RWNLQ��F������������ ��

&$6(�TXRWDWLRQ�,

� ´'HVSLWH�WKH�PDQ\�JUDQG�SUHGLFWLRQV�RI�WKH
WUDGH�SUHVV�RYHU�WKH�SDVW�GHFDGH��FRPSXWHU�
DVVLVWHG�VRIWZDUH�HQJLQHHULQJ��&$6(��WRROV
IDLOHG�WR�HPHUJH�DV�WKH�SURPLVHG�CVLOYHU
EXOOHW�·µ
² *XLQDQ��&RRSULGHU��6DZ\HU��,%0�6\VWHPV
-RXUQDO������
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1RWNLQ��F������������ ��

&$6(�TXRWDWLRQ�,,

� ´&$6(�WRROV�DUH�VRPHWLPHV�H[FHVVLYHO\�ULJLG
LQ�IRUFLQJ�WKH�XVHU�WR�LQSXW�WRR�PXFK
LQIRUPDWLRQ�EHIRUH�JLYLQJ�XVDEOH�UHVXOWV
EDFN��&$6(�WRROV�DOVR�W\SLFDOO\�GRQ
W�DGDSW
WR�PXOWLSOH�RU�LQ�KRXVH�PHWKRGRORJLHV«µ
² ZZZ�FRQIOXHQW�FRP������

1RWNLQ��F������������ ��

0\WK����RI�&$6(

� ,QWHJUDWLRQ�LV�MRE���

� ,QWHJUDWLQJ�WRROV�KHOSV��EXW�RQO\�LI�WKH�WRROV
DUH�WKH�´ULJKWµ�WRROV

� 7KDW�LV��LQWHJUDWLRQ�LV�D�VHFRQG�RUGHU�HIIHFW�
QRW�D�ILUVW�RUGHU�HIIHFW

1RWNLQ��F������������ ��

0\WK����RI�&$6(

� *UDSKLFV�LQKHUHQWO\�GRPLQDWH�WH[W
² ´$�SLFWXUH�LV�ZRUWK�D�WKRXVDQG�ZRUGVµ

� 7KLV�LV�D�FRPSOLFDWHG�LVVXH
² 6FUHHQ�UHDO�HVWDWH

² 6KDULQJ�ZLWK�RWKHU�WRROV

² 6KDULQJ�ZLWK�RWKHU�SHRSOH

1RWNLQ��F������������ ��

0\WK����RI�&$6(

� 6RIWZDUH�WRROV�DUH�PRUH�LPSRUWDQW�WKDQ
LQWHOOHFWXDO�WRROV

� )DOVH
² 6RIWZDUH�WRROV�DUH�LPSRUWDQW�EXW�DUH�JHQHUDOO\�D
VHFRQG�RUGHU�HIIHFW

² 6RPHWLPHV�VRIWZDUH�WRROV�FDQ�TXDOLWDWLYHO\
FKDQJH�WKH�ZRUOG��DOWKRXJK�XVXDOO\�LQGLUHFWO\

1RWNLQ��F������������ ��

0\WK����RI�&$6(

� 7RRO�DGRSWLRQ�LV�D�FRQVXPHU�SUREOHP�QRW�D
SURGXFHU�SUREOHP

� )DOVH

1RWNLQ��F������������ ��

2UJDQL]DWLRQDO�LVVXHV
�2UOLNRZVNL�

� ´&$6(�7RROV�DV�2UJDQL]DWLRQDO�&KDQJH�
,QYHVWLJDWLQJ�,QFUHPHQWDO�DQG�5DGLFDO�&KDQJHV�LQ
6\VWHPV�'HYHORSPHQWµ
² 0,6�4XDUWHUO\�%HVW�3DSHU������

� ´>7R@�DFFRXQW�IRU�WKH�H[SHULHQFHV�DQG�RXWFRPHV
DVVRFLDWHG�ZLWK�&$6(�WRROV��UHVHDUFKHUV�VKRXOG
FRQVLGHU�WKH�VRFLDO�FRQWH[W�RI�V\VWHPV
GHYHORSPHQW��WKH�LQWHQWLRQV�DQG�DFWLRQV�RI�NH\
SOD\HUV��DQG�WKH�LPSOHPHQWDWLRQ�SURFHVV�IROORZLQJ
E\�WKH�RUJDQL]DWLRQ�µ
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1RWNLQ��F������������ ��

0\WK����RI�&$6(

� *RDO�VKRXOG�EH�WR�FKDQJH�KRZ�VRIWZDUH
HQJLQHHULQJ�LV�GRQH

� 1R��LW�VKRXOG�EH�WR�HQKDQFH�KRZ�SHRSOH�DUH
GRLQJ�VRIWZDUH�HQJLQHHULQJ

1RWNLQ��F������������ ��

0\WK����RI�&$6(

� 7KH�WRROV�FDQ�KDQGOH�FUHDWLYH�DVSHFWV�RI
VRIWZDUH�HQJLQHHULQJ

� 7RROV�IUHTXHQWO\�IDLO�WR�EH�XVHIXO�EHFDXVH
WKH\�PDNH�SRRU�MXGJPHQWV�DERXW�ZKDW�WKH
KXPDQ�GRHV�ZHOO�DQG�ZKDW�WKH�FRPSXWHU�GRHV
ZHOO

1RWNLQ��F������������ ��

7RROV

� )RU�DW�OHDVW�D�ZKLOH��WKH�SHQGXOXP�VHHPV�WR
KDYH�PRYHG�EDFN�WRZDUGV�WRROV�UDWKHU�WKDQ
HQYLURQPHQWV�&$6(
² 7KLV�LVQ·W�XQLIRUPO\�WUXH��EXW�,�WKLQN�LW�LV�WUXH�RQ
WKH�ZKROH

� 8QGRXEWHGO\��DW�VRPH�SRLQW�WKH�SHQGXOXP�ZLOO
VZLQJ�EDFN�DJDLQ

1RWNLQ��F������������ ��

1HZV�)ODVK��1RWNLQ·V�ZURQJ�

� )URP�WKH�0LOOHU�)UHHPDQ��,QF��QHZVZLUH�IURP
1RYHPEHU���������

� ¶%HWWHU��IDVWHU��FKHDSHU�
�WKH�PDQWUD�RI�WHFKQRORJ\�YHQGRUV
VWLOO�GULYHV�SURGXFW�GHYHORSPHQW�DQG�PDUNHWLQJ��%XW�QRZ�D
QHZ�ZRUG�PXVW�EH�DGGHG��LQWHJUDWHG��7KLV�\HDU
V�,QWHOOLJHQW
(QWHUSULVH�'R]HQ�RIIHUV�WHVWDPHQW�WR�WKH�LPSRUWDQFH�RI
DSSOLFDWLRQ�LQWHJUDWLRQ��7RGD\��YHQGRUV�ILQG�WKDW�FXVWRPHUV
KDYH�WKH�SDUWV��QRZ�WKH\�ZDQW�WKH�ZKROH��%HVW�RI�EUHHG
SURGXFWV�PXVW�DGKHUH�WR�LQGXVWU\�VWDQGDUGV��SDFNDJHV�PXVW
ZRUN�WRJHWKHU��DQG�SURGXFWLYLW\�WRROV��VXFK�DV�GHFLVLRQ
VXSSRUW��PXVW�EHFRPH�FORVHG�ORRS�VROXWLRQV�

1RWNLQ��F������������ ��

3URJUDPPLQJ�ODQJXDJHV

� 0DQ\��UHVHDUFKHUV��HVSHFLDOO\��FODLP�WKDW
ZLWK�EHWWHU�SURJUDPPLQJ�ODQJXDJHV��ZH·G
KDYH�QR�QHHG��RU�VLJQLILFDQWO\�UHGXFHG�QHHG�
IRU�VRIWZDUH�WRROV

� +RZ�PDQ\�RI�\RX�WRRN�&6(���"
² 6FKHPH��0/��+DVNHOO��HWF�

� $VVXPLQJ�\RX�FRXOG�ZRXOG�EXLOG�PRVW
FRPPHUFLDO�SURGXFWV�ZLWK�VXFK�ODQJXDJHV�
ZKLFK�WRROV�ZRXOG�\RX�JLYH�XS"
² 3UREDEO\�QRQH

1RWNLQ��F������������ ��

+RZHYHU

� 7KH�XQGHUO\LQJ�SUHPLVHV�DQG�LPSOHPHQWDWLRQ
VWUXFWXUHV�IRU�PDQ\�WRROV�DQG�ODQJXDJH
LPSOHPHQWDWLRQV�DUH�FORVHO\�UHODWHG

� ([DPSOHV�LQFOXGH�
² 7KH�SURJUDP�GHSHQGHQFH�JUDSK�UHSUHVHQWDWLRQ�LV
KHDYLO\�XVHG�LQ�SURJUDP�RSWLPL]DWLRQ�DQG
SDUDOOHOL]DWLRQ��DV�ZHOO�DV�LQ�VRIWZDUH�HQJLQHHULQJ
WRROV

² 7\SH�LQIHUHQFH�LV�EHLQJ�XVHG�LQFUHDVLQJO\�EURDGO\
DV�WKH�EDVLV�IRU�VRPH�VRIWZDUH�HQJLQHHULQJ�WRROV
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1RWNLQ��F������������ ��

7\SHV

� 7\SH�V\VWHPV�ILW�LQWR�WKH�GHILQLWLRQ�RI
DQDO\VLV�ZH·UH�XVLQJ

� 7KHVH�V\VWHPV�DUH�LQWHQGHG�WR�HOLPLQDWH
VRPH�FODVVHV�RI�HUURUV�LQ�SURJUDPV
² 3URJUDPV�LQ�D�ODQJXDJH�DUH�DQDO\]HG�DQG�RQHV
WKDW�GRQ·W�SDVV�W\SH�FKHFNLQJ�DUH�FRQVLGHUHG
LOOHJDO�SURJUDPV��VWDWLF�W\SLQJ�

² 'XULQJ�H[HFXWLRQ�FKHFNV�DUH�PDGH�WR�HQVXUH�WKDW
ELW�UHSUHVHQWDWLRQV�DUH�QHYHU�PLVLQWHUSUHWHG
�G\QDPLF�W\SLQJ�

1RWNLQ��F������������ ��

7\SH�LQIHUHQFLQJ

� $�GRZQVLGH�RI�W\SH�V\VWHPV�LV�WKDW�WKH
SURJUDPPHU�KDV�WR�ZULWH�PRUH�´VWXIIµ

� 7\SH�LQIHUHQFLQJ�KDV�WKH�FRPSLOHU�FRPSXWH
ZKDW�WKH�W\SHV�RI�WKH�H[SUHVVLRQV�VKRXOG�EH
² 7KH�SURJUDPPHU�ZULWHV�OHVV�GRZQ

² 7KH�SURJUDPPHU�KDV�OHVV�WR�FKDQJH�ZKHQ�WKH
SURJUDP�LV�PRGLILHG

² 7KH�SURJUDPPHU�JHWV�DOPRVW�DOO�WKH�EHQHILWV�RI
VWDWLF�W\SLQJ

1RWNLQ��F������������ ��

$�VLPSOH�WD[RQRP\
� 'XH�WR�0LNH�(UQVW

² %DVHG�SULPDULO\�RQ
SRLQWHU�EDVHG�LVVXHV�
EXW�PRUH�EURDGO\
DSSOLFDEOH

� 'UDZV�RQH�FRPPRQ
GLVWLQFWLRQ�DQG�RQH�OHVV
FRPPRQ�GLVWLQFWLRQ

� 6KRZV�GHVLUDELOLW\�RI
FRPELQLQJ�VWDWLF�DQG
G\QDPLF�DQDO\VHV
² 1RZ�ODUJHO\��LI�QRW
HQWLUHO\��DG�KRF

Bug Finding
Performance
Improvement

Dynamic

Static

Purify

LCLint

Profiling

Alias Anal.

1RWNLQ��F������������ ��

/&/LQW�>(YDQV�HW�DO�@

� >0DWHULDO�WDNHQ�LQ�SDUW�IURP�D�WDON�E\�6��*DUODQG@

� $GG�VRPH�SDUWLDO�VSHFLILFDWLRQ�LQIRUPDWLRQ
WR�&�FRGH�WR
² 'HWHFW�SRWHQWLDO�EXJV

² (QIRUFH�FRGLQJ�VW\OH

� 9HUVDWLOH�DQG�OLJKWZHLJKW
² ,QFUHPHQWDO�JDLQ�IRU�LQFUHPHQWDO�HIIRUW

² )LWV�LQ�ZLWK�RWKHU�WRROV

1RWNLQ��F������������ ��

'HWHFWV�SRWHQWLDO�EXJV

� 6SHFLILFDWLRQV�HQDEOH�PRUH�DFFXUDWH�FKHFNV�
PHVVDJHV

� 0HPRU\�PDQDJHPHQW�D�SDUWLFXODU�SUREOHP�LQ
WKH�&�ODQJXDJH

1RWNLQ��F������������ ��

(QIRUFHV�FRGLQJ�VW\OH

� $EVWUDFWLRQ�ERXQGDULHV
� 8VH�RI�PXWDEOH�DQG�LPPXWDEOH�W\SHV
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1RWNLQ��F������������ ��

/&/LQW�'RHV�1RW

� (QFRXUDJH�SURJUDPPHU�WR�ZULWH
² &RQWRUWHG�FRGH

² ,QHIILFLHQW�FRGH

� 5HSRUW�RQO\�DFWXDO�HUURUV
� 5HSRUW�DOO�HUURUV
� ,QVLVW�RQ�UHSRUWLQJ�D�IL[HG�VHW�RI�SRWHQWLDO
HUURUV
² 0DQ\�RSWLRQV�DQG�FRQWURO�IODJV

1RWNLQ��F������������ ��

([��'HILQLWLRQ�EHIRUH�8VH

� 6DPSOH�FRGH
– if (setVal(n, &buffer)) ...

� 0XVW�buffer �EH�GHILQHG�EHIRUH�FDOOLQJ�setVal"
² <HV� bool setVal(int d, char *val);

² 1R� bool setVal(int d, out char *val);

� ,V�buffer �GHILQHG�DIWHUZDUGV"
² <HV� ��bool setVal(...); {modifies *val;}

² 0D\EH��bool setVal(...); {modifies nothing;}

² 12�� ��bool setVal(...); {ensures
                           trashed(val);}

1RWNLQ��F������������ ��

0RUH�$FFXUDWH�&KHFNV

� &RQYHQWLRQDO�OLQW�WRROV�UHSRUW
² 7RR�PDQ\�VSXULRXV�HUURUV

² 7RR�IHZ�DFWXDO�HUURUV

� %HFDXVH
² &RGH�GRHV�QRW�UHYHDO�WKH�SURJUDPPHU·V�LQWHQW

² )DVW�FKHFNV�UHTXLUH�VLPSOLI\LQJ�DVVXPSWLRQV

� 6SHFLILFDWLRQV�JLYH�JRRG�VLPSOLI\LQJ
DVVXPSWLRQV

1RWNLQ��F������������ ��

$EVWUDFWLRQ�%RXQGDULHV

� &OLHQW�FRGH�VKRXOG�UHO\�RQO\�RQ�VSHFLILFDWLRQV
� 7\SHV�FDQ�EH�VSHFLILHG�DV�DEVWUDFW

– immutable type date;
• date nextDay(date d); { }

– mutable type set;
• void merge(set s, set t); {modifies s;}

� /&/LQW�GHWHFWV
² ,QDSSURSULDWH�DFFHVV�WR�UHSUHVHQWDWLRQ

� ,QFOXGLQJ�XVH�RI�==

² ,QDSSURSULDWH�FKRLFH�RI�UHSUHVHQWDWLRQ
� (�J���IRU�PHDQLQJ�RI�= �VKDULQJ�

1RWNLQ��F������������ ��

&KHFNLQJ�$EVWUDFW�7\SHV

� 6SHFLILFDWLRQ��set.lcl�FRQWDLQV�WKH�VLQJOH�OLQH
– mutable type set;

� &OLHQW�FRGH
– #include “set.h”

bool f(set s, set t) {
  if (s->size > 0) return (s == t);
  ...

• > lclint set client.c
– client.c:4,7: Arrow access field of

              abstract type (set): s->size
– client.c:5,13: Operands of == are abstract

               type (set):  s == t

1RWNLQ��F������������ ��

&KHFNLQJ�6LGH�(IIHFWV

� 6SHFLILFDWLRQ�
void set_insert (set s, int e)
     { modifies s;}
void set_union(set s, set t)
     { modifies s;}

� &RGH��LQ�set.c���
void set_union (set s, set t) {
    int i;
    for (i = 0; i < s->size; i++)
       set_insert(t, s->elements[i]);
    }

� 0HVVDJH�
– set.c:35, 27: Called procedure set_insert may modify t:

– set_insert(t, s->elements[i])
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1RWNLQ��F������������ ��

&KHFNLQJ�8VH�RI�0HPRU\

� 6SHFLILFDWLRQV
– only char *gname;

– . . .

– void setName (temp char *pname) char *gname;

� &RGH
– void setName (char *pname) {

   gname = pname;
}

� /&/LQW�HUURU�PHVVDJHV
– sample.c:2:3: Only storage gname not released before

assignment: gname = pname

– sample.c:2:3: Temp storage assigned to only:
              gname = pname

1RWNLQ��F������������ ��

,I�&�:HUH�%HWWHU���

� :RXOG�/&/LQW�VWLOO�KHOS"
� <HV��EHFDXVH�VSHFLILFDWLRQV

² FRQWDLQ�LQIRUPDWLRQ�QRW�LQ�FRGH

² FRQWDLQ�LQIRUPDWLRQ�WKDW�LV�KDUG�WR�LQIHU�IURP
FRGH

² DUH�XVDEOH�ZLWK�OHJDF\�FRGH��H[LVWLQJ�FRPSLOHUV

² FDQ�EH�ZULWWHQ�IDVWHU�WKDQ�ODQJXDJHV�FDQ�EH
FKDQJHG

² DUH�LPSRUWDQW�HYHQ�ZLWK�EHWWHU�ODQJXDJHV

1RWNLQ��F������������ ��

([SHULHQFH�ZLWK�/&/LQW

� 5HOLDEOH�DQG�HIILFLHQW
² 5XQV�DW�FRPSLOHU�VSHHG

� 8VHG�RQ�ERWK�QHZ�DQG�OHJDF\�FRGH
² ��������������OLQH�SURJUDPV

² 2YHU�����XVHUV�KDYH�VHQW�H�PDLO�WR�0,7

� 7HVWHG�ZLWK�YDU\LQJ�DPRXQWV�RI�VSHFLILFDWLRQ
² /RWV�WR�DOPRVW�QRQH

² /&/LQW�DSSUR[LPDWHV�PLVVLQJ�VSHFLILFDWLRQV

� 5HVXOWV�HQFRXUDJLQJ
1RWNLQ��F������������ ��

8QGHUVWDQGLQJ�/HJDF\�&RGH

� $QDO\]HG�LQWHUSUHWHU��TXDNH��EXLOW�DW�'(&�65&

� 'LVFRYHUHG�ODWHQW�EXJV��RUGLQDU\�OLQW�FDQ�GR�WKLV�

� 'LVFRYHUHG�SURJUDPPLQJ�FRQYHQWLRQV
² 'RFXPHQWHG�XVH�RI�EXLOW�LQ�W\SHV��int, char, bool�

² ,GHQWLILHG��DQG�UHSDLUHG���QHDUO\��DEVWUDFW�W\SHV

� 'RFXPHQWHG�DFWLRQ�RI�SURFHGXUHV
² 8VH�RI�JOREDO�LQIRUPDWLRQ��VLGH�HIIHFWV

� (QKDQFHG�GRFXPHQWDWLRQ�D�FRPPRQ�WKUHDG
² (DVLHU�WR�UHDG�DQG�ZULWH�EHFDXVH�IRUPXODLF

² 0RUH�WUXVWZRUWK\�EHFDXVH�FKHFNHG

1RWNLQ��F������������ ��

)XQGDPHQWDO�EHQHILW

� 3DUWLDO�VSHFLILFDWLRQV
� /RZ�HQWU\�FRVW
� <RX�JHW�ZKDW�\RX�SD\�IRU��RU�PD\EH�D�ELW
PRUH�

1RWNLQ��F������������ ��

3XULI\

� '\QDPLF��FRPPHUFLDO��WRRO�IRU�GHWHFWLQJ
PHPRU\�OHDNV�DQG�DFFHVV�HUURUV
– http://www.rational.com/products/purify/

² ,Q�VRPH�VHQVH��D�G\QDPLF�DQDORJ�WR�WKH�PHPRU\
FKHFNLQJ�DVSHFWV�RI�/&/LQW

� 7UDSSLQJ�HYHU\�PHPRU\�DFFHVV�ZRXOG�EH
RYHUO\�H[SHQVLYH
² 3XULI\�LQVHUWV�IXQFWLRQ�FDOOV�EHIRUH�ORDGV�DQG
VWRUHV�WR�PDLQWDLQ�D�WDEOH�WKDW�KROGV�D���ELW
VWDWH�IRU�HDFK�E\WH�LQ�WKH�KHDS�DQG�VWDFN
� 5HTXLUHV�ZRUNLQJ�ZLWK�PDOORF�IUHH��WRR
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1RWNLQ��F������������ ��

0HPRU\�6WDWH�7UDQVLWLRQV

� :ULWLQJ�WR
PHPRU\�ZLWK�DQ\
E\WHV�WKDW�DUH
XQZULWHDEOH�SULQWV
D�GLDJQRVWLF

� 6DPH�ZLWK�UHDGLQJ
XQUHDGDEOH�E\WHV

1RWNLQ��F������������ ��

2WKHU�YLRODWLRQV

� $UUD\�%RXQG�9LRODWLRQV
² $OORFDWH�D�´UHG�]RQHµ�DURXQG�PDOORF�EORFNV�
UHFRUGLQJ�WKHP�DV�XQZULWHDEOH�DQG�XQUHDGDEOH

� 8QLQLWLDOL]HG�YDULDEOHV
² ,QLWLDOL]H�WKHP�WR�DOORFDWHG�EXW�XQLQLWLDOL]HG
VWDWH

� $FFHVVLQJ�IUHHG�PHPRU\
² 'R�QRW�UHDOORFDWH�PHPRU\�XQWLO�LW�KDV�DJHG

� $JLQJ�FDQ�EH�VSHFLILHG�E\�WKH�XVHU�LQ�WHUPV�RI�QXPEHU
RI�FDOOV�WR�IUHH

1RWNLQ��F������������ ��

2YHUKHDG

� ��ELWV�SHU�VWDWH��DERXW�����PHPRU\
RYHUKHDG�GXULQJ�GHYHORSPHQW

� 5XQ�WLPH�QR�ZRUVH�WKDQ�����WLPHV�RSWLPL]HG
&�FRGH��DQG�XVXDOO\�QR�ZRUVH�WKDQ�FRPSLOLQJ
ZLWK�GHEXJJLQJ�RQ�

1RWNLQ��F������������ ��

1H[W�ZHHN

� 7\SH�LQIHUHQFH��/DFNZLW�
� 3URJUDP�UHSUHVHQWDWLRQV�IRU�WRRO�VXSSRUW


