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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������������ �

7KLV�ZHHN

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

1RWNLQ��F������������ �

/DFNZLW��2·&DOODKDQ�	�-DFNVRQ�

� &RGH�RULHQWHG�WRRO�WKDW�H[SORLWV�W\SH
LQIHUHQFH

� $QVZHUV�TXHULHV�DERXW�&�SURJUDPV
² H�J���´ORFDWH�DOO�SRWHQWLDO�DVVLJQPHQWV�WR�WKLV
ILHOGµ

² $FFRXQWV�IRU�DOLDVLQJ��FDOOV�WKURXJK�IXQFWLRQ
SRLQWHUV��W\SH�FDVWV

� (IILFLHQW
² H�J���DQVZHUV�TXHULHV�DERXW�D�/LQX[�NHUQHO
����./2&��LQ�XQGHU����PLQXWHV�RQ�D�3&

1RWNLQ��F������������ �

3ODFHPHQW

� /H[LFDO�WRROV�DUH�YHU\�JHQHUDO��EXW�DUH�RIWHQ
LPSUHFLVH�EHFDXVH�WKH\�KDYH�QR�NQRZOHGJH�RI
WKH�XQGHUO\LQJ�SURJUDPPLQJ�ODQJXDJH

� 6\QWDFWLF�WRROV�KDYH�VRPH�NQRZOHGJH�RI�WKH
ODQJXDJH��DUH�KDUGHU�WR�LPSOHPHQW��EXW�FDQ
JLYH�PRUH�SUHFLVH�DQVZHUV

� 6HPDQWLF�WRROV�KDYH�GHHSHU�NQRZOHGJH�RI�WKH
ODQJXDJH��EXW�JHQHUDOO\�GRQ·W�VFDOH��GRQ·W
ZRUN�RQ�UHDO�ODQJXDJHV�DQG�DUH�KDUG�WR
LPSOHPHQW

1RWNLQ��F������������ �

/DFNZLW
� 6HPDQWLF
� 6FDODEOH
� 5HDO�ODQJXDJH
�&�

� 6WDWLF
� &DQ�ZRUN�RQ
LQFRPSOHWH
SURJUDPV
² 0DNH
DVVXPSWLRQV
DERXW�PLVVLQJ
FRGH��RU�VXSSO\
VWXEV

� 6DPSOH�TXHULHV
² :KLFK�LQWHJHU�YDULDEOHV�FRQWDLQ�ILOH
KDQGOHV"

² &DQ�SRLQWHU�foo�LQ�IXQFWLRQ�EDU�EH
SDVVHG�WR�free()"��,I�VR��ZKDW�SDWKV
LQ�WKH�FDOO�JUDSK�DUH�LQYROYHG"

² )LHOG�f�RI�YDULDEOH�v�KDV�DQ�LQFRUUHFW
YDOXH��ZKHUH�LQ�WKH�VRXUFH�PLJKW�LW
KDYH�FKDQJHG"

² :KLFK�IXQFWLRQV�PRGLI\�WKH�cur_veh
ILHOG�RI�map_manager_global"

1RWNLQ��F������������ �

/DFNZLW�DQDO\VLV

� $SSUR[LPDWH��PD\�UHWXUQ�IDOVH�SRVLWLYHV�
� &RQVHUYDWLYH��PD\�QRW�UHWXUQ�IDOVH
QHJDWLYHV��XQGHU�VRPH�FRQGLWLRQV
² &·V�W\SH�V\VWHP�KDV�KROHV

² /DFNZLW�PDNHV�DVVXPSWLRQV�VLPLODU�WR�WKRVH�PDGH
E\�SURJUDPPHUV��H�J���´QR�RXW�RI�ERXQGV�PHPRU\
DFFHVVHVµ�

² /DFNZLW�LV�XQVRXQG�RQO\�IRU�SURJUDPV�WKDW�GRQ·W
VDWLVI\�WKHVH�DVVXPSWLRQV
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1RWNLQ��F������������ �

4XHU\�FRPPRQDOLWLHV

� 7KHUH�DUH�D�KXJH�QXPEHU�RI�QDPHV�IRU
VWRUDJH�ORFDWLRQV
² ORFDO�DQG�JOREDO�YDULDEOHV��SURFHGXUH�SDUDPHWHUV�
IRU�UHFRUGV��HWF���WKH�VXE�FRPSRQHQWV

� 9DOXHV�IORZ�IURP�ORFDWLRQ�WR�ORFDWLRQ��ZKLFK
FDQ�EH�DVVRFLDWHG�ZLWK�PDQ\�GLIIHUHQW�QDPHV

� $UFKHW\SDO�TXHU\��:KLFK�RWKHU�QDPHV
LGHQWLI\�ORFDWLRQV�WR�ZKLFK�D�YDOXH�FRXOG�IORZ
WR�RU�IURP�D�ORFDWLRQ�ZLWK�WKLV�JLYHQ�QDPH"
² $QVZHUV�FDQ�EH�JLYHQ�WH[WXDOO\�RU�JUDSKLFDOO\

1RWNLQ��F������������ �

$Q�H[DPSOH
� 4XHU\�DERXW�WKH

cur_veh�ILHOG�RI
map_manager_global

� 6KDGHG�RYDOV�DUH
IXQFWLRQV�H[WUDFWLQJ
ILHOGV�IURP�WKH�JOREDO

� 8QVKDGHG�RYDOV�SDVV
SRLQWHUV�WR�WKH
VWUXFWXUH�EXW�GRQ·W
PDQLSXODWH�LW

� (GJHV�EHWZHHQ�RYDOV
DUH�FDOOV

� 5HFWDQJOHV�DUH�JOREDOV

� (GJHV�WR�UHFWDQJOHV�DUH
YDULDEOH�DFFHVVHV

1RWNLQ��F������������ �

&ODLP

� 7KLV�JUDSK�VKRZV�ZKLFK�IXQFWLRQV�ZRXOG�KDYH
WR�EH�FKHFNHG�ZKHQ�FKDQJLQJ�WKH�LQYDULDQWV
RI�WKH�FXUUHQW�YHKLFOH�REMHFW
² 5HTXLUHV�VHPDQWLFV��VLQFH�PDQ\�RI�WKH
UHODWLRQVKLSV�DUH�LQGXFHG�E\�DOLDVLQJ�RYHU
SRLQWHUV

1RWNLQ��F������������ ��

8QGHUO\LQJ�WHFKQLTXH

� 8VH�W\SH�LQIHUHQFH��DOORZLQJ�W\SH�LQIRUPDWLRQ
WR�EH�H[SORLWHG�WR�UHGXFH�LQIRUPDWLRQ�DERXW
YDOXHV�IORZLQJ�WR�ORFDWLRQV��DQG�WKXV�QDPHV�

� %XW�ZKDW�WR�GR�LQ�SURJUDPPLQJ�ODQJXDJHV
ZLWKRXW�ULFK�W\SH�V\VWHPV"

1RWNLQ��F������������ ��

7ULYLDO�H[DPSOH
• DollarAmt

getSalary(EmployeeNum e)

� 5HODWLYHO\�VWDQGDUG
GHFODUDWLRQ

� $OORZV�XV�WR�GHWHUPLQH�WKDW
WKHUH�LV�QR�ZD\�IRU�WKH
YDOXH�RI�e�WR�IORZ�WR�WKH
UHVXOW�RI�WKH�IXQFWLRQ
² %HFDXVH�WKH\�KDYH�GLIIHUHQW

W\SHV

• int
getSalary(int e)

� $QRWKHU��SHUKDSV�PRUH
FRPPRQ��ZD\�WR�GHFODUH�WKH
VDPH�IXQFWLRQ

� 7KLV�GRHVQ·W�DOORZ�WKH
GLUHFW�LQIHUHQFH�WKDW�e·V
YDOXH�GRHVQ·W�IORZ�WR�WKH
IXQFWLRQ�UHWXUQ
² %HFDXVH�WKH\�KDYH�WKH�VDPH

W\SH

� 'HPDQGV�W\SH�LQIHUHQFH
PHFKDQLVP�IRU�SUHFLVLRQ

1RWNLQ��F������������ ��

/DFNZLW·V�W\SH�V\VWHP
� /DFNZLW�LJQRUHV

WKH�&�W\SH
GHFODUDWLRQV

� &RPSXWHV�QHZ
W\SHV�LQ�D�ULFKHU
W\SH�V\VWHP

• char* strcpy(char* dest,char* source)

• ( numα�refβ��num�α�refγ) �→φ�num�α�refβ

� ,PSOLHV
² 5HVXOW�PD\�EH�DOLDVHG�ZLWK�dest��IORZ�EHWZHHQ�SRLQWHUV�

² 9DOXHV�PD\�IORZ�EHWZHHQ�WKH�FKDUDFWHUV�RI�WKH�SDUDPHWHUV

² 1R�IORZ�EHWZHHQ�source�DQG�dest�DUJXPHQWV��QR�DOLDVLQJ�
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1RWNLQ��F������������ ��

,QFRPSOHWH�W\SH�LQIRUPDWLRQ
• void* return1st(void* x,void* y) {

    return x; }

• ( a�refβ
��b)�→φ�a�refβ

� 7KH�W\SH�YDULDEOH�a�LQGLFDWHV�WKDW�WKH�W\SH�RI�WKH
FRQWHQWV�RI�WKH�SRLQWHU�x �LV�XQFRQVWUDLQHG
² %XW�LW�PXVW�EH�WKH�VDPH�DV�WKH�W\SH�RI�WKH�FRQWHQWV�RI
SRLQWHU�y

� ,QFUHDVHV�WKH�VHW�RI�TXHULHV�WKDW�/DFNZLW�FDQ
DQVZHU�ZLWK�SUHFLVLRQ

1RWNLQ��F������������ ��

3RO\PRUSKLVP
• char* ptr1;

struct timeval* ptr2;
char** ptr3;
…
return1st(ptr1,ptr2); return1st(ptr2,ptr3)

� %RWK�FDOOV�PDWFK�WKH�SUHYLRXV�IXQFWLRQ�GHFODUDWLRQ

� 7KLV�LV�VROYHG��EDVLFDOO\��E\�JLYLQJ�return1st �D
ULFKHU�W\SH�DQG�LQVWDQWLDWLQJ�LW�DW�HYHU\�FDOO�VLWH
– ( c�refβ

��d) �→δ�c�refβ

– ( e�refα
��f) �→χ�e�refα

∀a. ∀β. ∀b. ∀φ.( a refβ, b)  →φ a refβ

1RWNLQ��F������������ ��

7\SH�VWXII

� 0RGLILHG�IRUP�RI�+LQGOH\�0LOQHU�DOJRULWKP
´:µ

� (IIRUWV�PDGH�WR�KDQGOH
² 0XWDEOH�W\SHV

² 5HFXUVLYH�W\SHV

² 1XOO�SRLQWHUV

² 8QLQLWLDOL]HG�GDWD

² 7\SH�FDVWV

² 'HFODUDWLRQ�RUGHU

1RWNLQ��F������������ ��

• *from1 �LV�QRW
FRPSDWLEOH�ZLWK
HLWKHU�*from2
RU�*to2
² %XW�LW�LV�ZLWK
copy:*from,
copy:*to,
copy5:*from �
copy5:*to

1RWNLQ��F������������ ��

0RUSKLQ�FDVH�VWXG\

� 5RERW�FRQWURO�SURJUDP�RI�DERXW���./2&
� 9HKLFOH�REMHFW�FRQWDLQV�WZR�TXHXH�REMHFWV

² &OLHQW�ZDV�LQYHVWLJDWLQJ�FRPELQLQJ�WKHVH�WZR
TXHXHV�LQWR�RQH

� 4XHULHG�HDFK�TXHXH�REMHFW�WR�GLVFRYHU
RSHUDWLRQV�SHUIRUPHG�DQG�WKHLU�FRQWH[WV

� 7KH�WZR�JUDSKV�HDFK�FRQWDLQHG�����QRGHV
² %XW�HDFK�JUDSK�KDG�RQO\�ILYH�QRGHV�KLJKOLJKWHG�DV
´DFFHVVRUµ�QRGHV

1RWNLQ��F������������ ��

([DPSOH

� 7KHVH�ILYH�PDWFKHV�KHOSHG�LGHQWLI\�FRGH�WR
EH�FKDQJHG

� JUHS�ZRXOG�KDYH�UHWXUQHG�IDOVH�PDWFKHV�DQG
PLVVHG�PDWFKHV�ZKHQ�SDUDPHWHUV�ZHUH
SDVVHG�WR�IXQFWLRQV

� &RQWH[W�VHQVLWLYLW\�QHHGHG�WR�GLVWLQJXLVK�WKH
WZR�TXHXH�RQMHFWV
² %HFDXVH�ERWK�DUH�SDVVHG�DV�DUJXPHQWV�WR�WKH
VDPH�TXHXH�IXQFWLRQV



4

1RWNLQ��F������������ ��

5HFDS

� +HOSV�ILQG�UHODWLRQVKLSV�DPRQJ�YDULDEOHV�LQ�D
&�SURJUDP
² ([SORLWV�W\SH�LQIHUHQFH�WR�XQGHUVWDQG�YDOXHV
IORZLQJ�WR�ORFDWLRQV�DQG�WKXV�QDPHV

� $SSUR[LPDWH��DOWKRXJK�VDIH�XQGHU�PDQ\
�PRVW"��FRQGLWLRQV

� 5HDVRQDEO\�HIILFLHQW
² $OWKRXJK�,�GLGQ·W�VKRZ�WKH�QXPEHUV��WKH\�DUH
QRZ�EHWWHU�WKDQ�UHSRUWHG�LQ�WKH�,&6(�SDSHU

1RWNLQ��F������������ ��

6OLFLQJ��GLFLQJ��FKRSSLQJ

� 3URJUDP�VOLFLQJ�LV�DQ�DSSURDFK�WR�VHOHFWLQJ
VHPDQWLFDOO\�UHODWHG�VWDWHPHQWV�IURP�D
SURJUDP�>:HLVHU@

� ,Q�SDUWLFXODU��D�VOLFH�RI�D�SURJUDP�ZLWK
UHVSHFW�WR�D�SURJUDP�SRLQW�LV�D�SURMHFWLRQ�RI
WKH�SURJUDP�WKDW�LQFOXGHV�RQO\�WKH�SDUWV�RI
WKH�SURJUDP�WKDW�PLJKW�DIIHFW�WKH�YDOXHV�RI
WKH�YDULDEOHV�XVHG�DW�WKDW�SRLQW
² 7KH�VOLFH�FRQVLVWV�RI�D�VHW�RI�VWDWHPHQWV�WKDW
DUH�XVXDOO\�QRW�FRQWLJXRXV

1RWNLQ��F������������ ��

%DVLF�LGHDV

� ,I�\RX�QHHG�WR�SHUIRUP�D�VRIWZDUH
HQJLQHHULQJ�WDVN��VHOHFWLQJ�D�VOLFH�ZLOO�UHGXFH
WKH�VL]H�RI�WKH�FRGH�EDVH�WKDW�\RX�QHHG�WR
FRQVLGHU

� 'HEXJJLQJ�ZDV�WKH�ILUVW�WDVN�FRQVLGHUHG
² :HLVHU�HYHQ�SHUIRUPHG�VRPH�EDVLF�XVHU�VWXGLHV

� &ODLPV�KDYH�EHHQ�PDGH�DERXW�KRZ�VOLFLQJ
PLJKW�DLG�SURJUDP�XQGHUVWDQGLQJ�
PDLQWHQDQFH��WHVWLQJ��GLIIHUHQFLQJ�
VSHFLDOL]DWLRQ��UHXVH�DQG�PHUJLQJ

1RWNLQ��F������������ ��

([DPSOH
read(n)
i := 1;
sum := 0;
product := 1;
while i <= n do begin
    sum := sum + i;
    product := product * i;
    i := i + 1;
end;
write(sum);
write(product);

read(n)
i := 1;

product := 1;
while i <= n do begin

    product := product * i;
    i := i + 1;
end;

write(product);

7KLV�H[DPSOH��DQG�RWKHU�PDWHULDO��GXH�LQ�SDUW�WR�)UDQN�7LS

1RWNLQ��F������������ ��

:HLVHU·V�DSSURDFK

� )RU�:HLVHU��D�VOLFH�ZDV�D�UHGXFHG�
H[HFXWDEOH�SURJUDP�REWDLQHG�E\�UHPRYLQJ
VWDWHPHQWV�IURP�D�SURJUDP
² 7KH�QHZ�SURJUDP�KDG�WR�VKDUH�SDUWV�RI�WKH
EHKDYLRU�RI�WKH�RULJLQDO

� :HLVHU�FRPSXWHG�VOLFHV�XVLQJ�D�GDWDIORZ
DOJRULWKP��JLYHQ�D�SURJUDP�SRLQW��FULWHULRQ�
² 8VLQJ�GDWD�IORZ�DQG�FRQWURO�GHSHQGHQFHV�
LWHUDWLYHO\�DGG�VHWV�RI�UHOHYDQW�VWDWHPHQWV�XQWLO
D�IL[SRLQW�LV�UHDFKHG

1RWNLQ��F������������ ��

2WWHQVWHLQ�	�2WWHQVWHLQ

� %XLOG�D�SURJUDP�GHSHQGHQFH�JUDSK��3'*�
UHSUHVHQWLQJ�D�SURJUDP

� 6HOHFW�QRGH�V��WKDW�LGHQWLI\�WKH�VOLFLQJ
FULWHULRQ

� 7KH�VOLFH�IRU�WKDW�FULWHULRQ�LV�WKH�UHDFKDEOH
QRGHV�LQ�WKH�3'*
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1RWNLQ��F������������ ��

3'*�IRU�WKH�H[DPSOH
Entry

read(n) i:=1 sum:=0 prod:=1
write
(sum)

write
(prod)

sum :=
sum + i

prod :=
prod * i

i := i + 1

while
i <=n

� 7KLFN�OLQHV�DUH�FRQWURO�GHSHQGHQFHV

� 7KLQ�OLQHV�DUH��GDWD��IORZ�GHSHQGHQFHV

1RWNLQ��F������������ ��

3URFHGXUHV

� :KDW�KDSSHQV�ZKHQ�\RX�KDYH�SURFHGXUHV�DQG
VWLOO�ZDQW�WR�VOLFH"

� :HLVHU�H[WHQGHG�KLV�GDWDIORZ�DOJRULWKP�WR
LQWHUSURFHGXUDO�VOLFLQJ

� 7KH�3'*�DSSURDFK�DOVR�H[WHQGV�WR
SURFHGXUHV
² %XW�LQWHUSURFHGXUDO�3'*V�DUH�D�ELW�KDLU\
�+RUZLW]��5HSV��%LQNOH\�XVHG�6'*V�

² 5HSUHVHQWLQJ�FRQYHQWLRQDO�SDUDPHWHU�SDVVLQJ�LV
QRW�VWUDLJKWIRUZDUG

1RWNLQ��F������������ ��

7KH�QH[W�VOLGH���

� ��VKRZV�D�IX]]\�YHUVLRQ�RI�WKH�6'*�IRU�D
YHUVLRQ�RI�WKH�SURGXFW�VXP�SURJUDP
² 3URFHGXUHV�Add�DQG�Multiply�DUH�GHILQHG

² 7KH\�DUH�LQYRNHG�WR�FRPSXWH�WKH�sum��WKH
product�DQG�WR�LQFUHPHQW�i�LQ�WKH�ORRS

� 7KLV�VL]H�LVVXH�LV�RQH�RI�WKH�RQHV�WKDW
*ULVZROG�KDV�DGGUHVVHG�LQ�D�FRXSOH�RI�ZD\V

1RWNLQ��F������������ ��

1RWNLQ��F������������ ��

&RQWH[W

� $�ELJ�LVVXH�LQ�LQWHUSURFHGXUDO�VOLFLQJ�LV
ZKHWKHU�FRQWH[W�LV�FRQVLGHUHG

� ,Q�:HLVHU·V�DOJRULWKP��HYHU\�FDOO�WR�D
SURFHGXUH�FRXOG�EH�FRQVLGHUHG�DV�UHWXUQLQJ
WR�DQ\�FDOO�VLWH
² 7KLV�PD\�VLJQLILFDQWO\�LQFUHDVH�WKH�VL]H�RI�D�VOLFH

1RWNLQ��F������������ ��

5HSV�HW�DO�

� 5HSV�DQG�FROOHDJXHV�KDYH�D�QXPEHU�RI�UHVXOWV
IRU�KDQGOLQJ�FRQWH[WXDO�LQIRUPDWLRQ�IRU
VOLFHV

� 7KHVH�DOJRULWKPV�JHQHUDOO\�ZRUN�WR�UHVSHFW
WKH�FDOO�UHWXUQ�VWUXFWXUH�RI�WKH�RULJLQDO
SURJUDP
² 7KLV�LQIRUPDWLRQ�LV�XVXDOO\�FDSWXUHG�DV�VXPPDU\
HGJHV�IRU�FDOO�QRGHV
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1RWNLQ��F������������ ��

7HFKQLFDO�LVVXHV

� +RZ�WR�VOLFH�LQ�WKH�IDFH�RI�XQVWUXFWXUHG
FRQWURO�IORZ"

� 0XVW�VOLFHV�EH�H[HFXWDEOH"
� :KDW�DERXW�VOLFLQJ�LQ�WKH�IDFH�RI�SRLQWHUV"
� :KDW�DERXW�WKRVH�SHVN\�SUHSURFHVVRU
VWDWHPHQWV"

1RWNLQ��F������������ ��

'\QDPLF�VOLFLQJ

� 7KHVH�DOJRULWKPV�KDYH�DOO�EHHQ�VWDWLF
² 7KH\�ZRUN�IRU�DOO�SRVVLEOH�LQSXWV

� 7KHUH�LV�DOVR�ZRUN�LQ�G\QDPLF�VOLFLQJ��WU\LQJ
WR�ILQG�VOLFHV�WKDW�VDWLVI\�VRPH�H[HFXWLRQ
VWUHDPV�RYHU�VHWV�RI�LQSXWV
² .RUHO�DQG�/DVNL�FKDUDFWHUL]H�G\QDPLF�VOLFHV�LQ
WHUPV�RI�D�WUDMHFWRU\�WKDW�FDSWXUHV�WKH
H[HFXWLRQ�KLVWRU\�RI�D�SURJUDP�LQ�WHUPV�RI�D
VHTXHQFH�RI�VWDWHPHQWV�DQG�FRQWURO�SUHGLFDWHV

1RWNLQ��F������������ ��

�3RWHQWLDO��DSSOLFDWLRQV

� 'HEXJJLQJ
� 3URJUDP�GLIIHUHQFLQJ

² 6HPDQWLF�YHUVLRQV�RI�GLII

� 3URJUDP�LQWHJUDWLRQ
² 0HUJLQJ�YHUVLRQV�WRJHWKHU

� 7HVWLQJ
² 6OLFLQJ�FDQ�EH�XVHG�WR�GHILQH�PRUH�ULJRURXV
WHVWLQJ�FULWHULRQ�WKDQ�D�FRQYHQWLRQDO�GDWD�IORZ
WHVWLQJ�FULWHULRQ

1RWNLQ��F������������ ��

5HFDS

� &RRO�LGHD
² 'LFLQJ�DQG�FKRSSLQJ�DUH�EH\RQG�WKH�VFRSH�RI�WKLV
OHFWXUH

� 'LIILFXOW�RQ�SUDFWLFDO�SURJUDPV
² 0D\�EH�FRPLQJ�FORVHU�WR�IHDVLEOH�DIWHU�DOPRVW���
\HDUV�RI�UHVHDUFK

� /LWWOH�GDWD�RQ�WKH�VL]H�RI�VOLFHV
� :LOO�LW�EH�PRUH�WKDQ�D�FRRO�LGHD"

² 0\�JXHVV"��1R��EXW�,�ZRXOGQ·W�EHW�WKH�IDUP�RQ�LW�

1RWNLQ��F������������ ��

,QYDULDQWV

� ,QYDULDQWV�SOD\�D�FHQWUDO�UROH�LQ�SURJUDP
GHYHORSPHQW
² 5HILQLQJ�D�VSHFLILFDWLRQ�LQWR�D�FRUUHFW�SURJUDP

² 6WDWLF�YHULILFDWLRQ�RI�OLPLWHG��EXW�LPSRUWDQW�
LQYDULDQWV�VXFK�DV�W\SH�GHFODUDWLRQV

² 5XQ�WLPH�FKHFNLQJ�RI�LQYDULDQWV�UHSUHVHQWHG�DV
assert�VWDWHPHQWV

� $�QXPEHU�RI�UHVHDUFKHUV�ILUPO\�EHOLHYH�WKDW
WKH�ODFN�RI�VWDWHG�LQYDULDQWV�LQ�SURJUDPV�LV
WKH�URRW�RI�DOPRVW�DOO�HYLO

1RWNLQ��F������������ ��

:KHUH�DUH�WKH\"

� ,QYDULDQWV�DUH�IHZ�DQG�IDU�EHWZHHQ�LQ�PRVW
FRGH
² ,Q�*QX�(PDFV�����RXW�RI����./2&�OLQHV�PDWFK�D
JUHS�RQ�"assert"��VRPH�RI�WKHP�DUH�DFWXDOO\
DVVHUWV�
� 7KLV�LVQ·W�IXOO\�IDLU��VLQFH�FRPPHQWV�PD\�DOVR
UHSUHVHQW�DVVHUWV��DQG�SHUKDSV�RWKHU�SURJUDP
VWDWHPHQWV��WRR�

� ,QYDULDQWV��OLNH�FRPPHQWV��DUH�SUREDEO\
RPLWWHG�LQ�SDUW�EHFDXVH�RI�WKH�RSSRUWXQLW\
FRVW
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1RWNLQ��F������������ ��

,Q�DQ\�FDVH��WKH\�DUHQ·W
WKHUH

1RWNLQ��F������������ ��

2XU�DSSURDFK��G\QDPLFDOO\
LQIHU�WKHP

� �:HOO��DW�OHDVW�VRPH�RI�WKHP�
� ([HFXWH�D�SURJUDP�RQ�D�FROOHFWLRQ�RI�LQSXWV
� ([WUDFW�WKH�YDOXHV�WKDW�YDULDEOHV�WDNH�RQ
GXULQJ�WKHVH�H[HFXWLRQV

� ,QIHU�LQYDULDQWV�DW�SURJUDP�SRLQWV�EDVHG�RQ
WKHVH�YDOXHV

1RWNLQ��F������������ ��

&RPSOHPHQW�WR�VWDWLF

� 7KLV�DSSURDFK��LI�LW�ZRUNV��LV��OLNH�DOO�G\QDPLF
WHFKQLTXHV
² XQDEOH�WR�SURGXFH�VRXQG�LQIRUPDWLRQ�DERXW�DOO
SURJUDP�H[HFXWLRQV

² KHDYLO\�GHSHQGHQW�RQ�WKH�DFWXDO�LQSXWV�VHOHFWHG

� 6WDWLF�WHFKQLTXHV�DUH�DOZD\V�LQWHOOHFWXDOO\
PRUH�DWWUDFWLYH
² %XW�WKH\�DUH�RIWHQ�GLIILFXOW�DQG�RIWHQ�LPSUHFLVH
LQ�SUDFWLFH

� 7KH�DSSURDFKHV�VXUHO\�FRPSOHPHQW�HDFK
RWKHU

1RWNLQ��F������������ ��

([��D�EDVLF�*ULHV�SURJUDP
i,s := 0,0;
do i  ≠ n →
     i,s := i+1,s+b[i]
od

15.1.1:::BEGIN  100 samples

  N = size(B)

  N in [7..13]               (7 values)

  B                          (100 values)

    All elements >= -100     (200 values)

15.1.1:::END    100 samples

  N = I = N_orig = size(B)

  B = B_orig

  S = sum(B)

  N in [7..13]                (7 values)

  B                           (100 values)

    All elements >= -100      (200 values)

1RWNLQ��F������������ ��

$QG�WKH�ORRS�LQYDULDQWV
15.1.1:::LOOP   1107 samples

  N = size(B)

  S = sum(B[0..I-1])

  N in [7..13]                     (7 values)

  B                                (100 values)

    All elements in [-100..100]    (200 values)

  I in [0..13]                     (14 values)

  sum(B) in [-556..539]            (96 values)

  B[0] nonzero in [-99..96]        (79 values)

  B[-1] in [-88..99]               (80 values)

  B[0..I-1]                        (985 values)

    All elements in [-100..100]    (200 values)

  I <= N                           (77 values)

 Negative invariants:

  N != B[-1]                       (99 values)

  B[0] != B[-1]                    (100 values)

1RWNLQ��F������������ ��

%DVLF�VWUXFWXUH

Original
Program Instrumenter

Instrumented
Program

Input Suite

Value
Database

Inference
Engine

Inferred
Invariants

Query
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1RWNLQ��F������������ ��

,QVWUXPHQWDWLRQ

� $�PHUH�PDWWHU�RI�SURJUDPPLQJ
² 1RW�

² $VN�-DNH�

� 7KH�&�&���LQVWUXPHQWHU�LV�VHPL�DXWRPDWLF�DV
QRZ
² %XLOW�XVLQJ�WKH�('*�IUDPHZRUN

1RWNLQ��F������������ ��

&DSWXUHG�GDWD

� 7KH�LQVWUXPHQWHU�HQVXUHV�WKDW�IRU�HDFK
LQVWUXPHQWHG�SURJUDP�SRLQW�WKH�YDOXHV�RI�DOO
VHOHFWHG�YDULDEOHV�DUH�ZULWWHQ�RXW
² /RFDOV��JOREDOV��SDUDPHWHUV��UHWXUQ�YDOXHV�FDQ�EH
VHOHFWHG

� 4XHVWLRQ��VKRXOG�YDULDEOHV�ZLWK�XQFKDQJHG
YDOXHV�EH�ZULWWHQ�RXW�HDFK�WLPH�WKH\�DUH
HQFRXQWHUHG"
² &KDQJHV�WKH�QXPEHU�RI�VDPSOHV�DQG�FRQILGHQFH�LQ
LQIHUUHG�LQYDULDQWV

1RWNLQ��F������������ ��

8VHU�FRQWURO

� 7KH�XVHU�VKRXOG�EH�DEOH�WR�VHOHFW
² WKH�SURJUDP�SRLQWV�WR�LQVWUXPHQW�DQG

² WKH�YDULDEOHV�WR�LQVWUXPHQW�DW�WKRVH�SRLQWV

� 7KLV�LV�LPSRUWDQW�IRU�WZR�UHDVRQV
² 7R�PDQDJH�WKH�SHUIRUPDQFH�RI�WKH�LQIHUHQFH
HQJLQH

² 7R�DOORZ�WKH�XVHU�WR�IRFXV�RQ�WKH�SDUWV�RI�WKH
SURJUDP�WKDW�DUH�RI�LQWHUHVW�IRU�WKH�JLYHQ�WDVN

1RWNLQ��F������������ ��

,QYDULDQWV

� *LYHQ�WKH�YDOXH�GDWDEDVH��WKH�HQJLQH�FKHFNV
IRU�D�YDULHW\�RI�LQYDULDQWV

� 7KH�OLVW�RI�LQYDULDQWV�ZDV�GHYHORSHG�E\
K\SRWKHVL]LQJ�VRPH�EDVLF�LQYDULDQWV��VWXG\LQJ
WKH�*ULHV�SURJUDPV�WR�ILQG�JHQHUDOO\�XVHIXO
LQYDULDQWV
² 8QGRXEWHGO\��WKLV�OLVW�ZLOO�HYROYH

1RWNLQ��F������������ ��

,QYDULDQWV

� )RU�DQ\�YDULDEOH��GHWHUPLQH�LI�LW�LV�D�FRQVWDQW
RU�WDNHV�RQ�D�VPDOO�QXPEHU�RI�YDOXHV

� )RU�DQ\�QXPHULF�YDULDEOH��GHWHUPLQH�LI�LW�LV�LQ
D�JLYHQ�UDQJH
² 2U�LV��RU�LV�QRW��HTXDO�WR�a�PRG�b��ZKHUH�a�DQG�b
DUH�FRQVWDQWV�

� )RU�PXOWLSOH�QXPHULF�YDULDEOHV��ORRN�IRU�OLQHDU
UHODWLRQVKLSV��VWDQGDUG�OLEUDU\�IXQFWLRQ
UHODWLRQVKLSV��FRPSDULVRQV��HWF�

1RWNLQ��F������������ ��

6HTXHQFH�LQYDULDQWV

� )RU�D�JLYHQ�VHTXHQFH��GHWHUPLQH�LI�DOO�LWV
HOHPHQWV�VDWLVI\�VRPH�LQYDULDQW��IRU
LQVWDQFH��DUH�DOO�OHVV�WKDQ�VRPH�FRQVWDQW�

� )RU�PXOWLSOH�VHTXHQFHV��FKHFN�IRU
VXEVHTXHQFH�DQG�OH[LFRJUDSKLF�UHODWLRQVKLSV

� )RU�D�VHTXHQFH�DQG�D�VFDODU�YDULDEOH��FKHFN
IRU�PHPEHUVKLS
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1RWNLQ��F������������ ��

&KHFNLQJ

� $V�HDFK�QHZ�YDOXH�IRU�D�YDULDEOH�LV�UHDG�
FKHFN�HDFK�SRVVLEOH�LQYDULDQW
² 6WRS�FKHFNLQJ�LI�DQ�LQYDULDQW�IDLOV�WR�KROG

� 7KH�OLVWHG�LQYDULDQWV�DUH�FKHDS�WR�FKHFN
² %XW�WKHUH�DUH�D�ORW�RI�WKHP�

1RWNLQ��F������������ ��

6WDWLVWLFV

� 6WDWLVWLFDO�DQDO\VLV�LV�XVHG�WR�GHFLGH�LI
SURSHUWLHV�DUH�OLNHO\�WR�EH�LQYDULDQWV�DV
RSSRVHG�WR�FRLQFLGHQWDO�SURSHUWLHV
² 1HJDWLYH�LQYDULDQWV��UHODWLRQVKLSV�WKDW�PLJKW�EH
H[SHFWHG�WR�RFFXU�EXW�ZHUH�QHYHU�REVHUYHG�LQ
WKH�LQSXW

² ,QIHUULQJ�HQGV�RI�UDQJHV

1RWNLQ��F������������ ��

1HJDWLYH�LQYDULDQW�H[DPSOH

� 5HSRUWHG�YDOXHV�IRU�YDULDEOH�[�IDOO�LQWR�D
UDQJH�RI�VL]H�U�WKDW�LQFOXGHV��

� )RU�D�JLYHQ�YDOXH�RI�x��WKH�SUREDELOLW\�LW�LV
QRW�0�LV�1-1/r��DVVXPLQJ�XQLIRUP
GLVWULEXWLRQ�

� :LWK�v�YDOXHV��WKH�SUREDELOLW\�x�LV�QHYHU�0�LV
(1-1/r)v

� ,I�WKLV�LV�OHVV�WKDQ�D�XVHU�GHILQHG
FRQILGHQFH�OHYHO��WKHQ�WKH�LQYDULDQW�x≠0�LV
UHSRUWHG

1RWNLQ��F������������ ��

*ULHV�SURJUDP��QHZ�LQSXW
15.1.1:::LOOP   986 samples
  N = size(B)

  S = sum(B[0..I-1])
  B                                (96 values)
    All elements in [-6005..7680]  (784 values)
  N in [0..35]                     (24 values)

  I >= 0                           (36 values)
  sum(B) in [-15006..21144]        (95 values)
  B[0..I-1]                        (887 values)
    All elements in [-6005..7680]  (784 values)

  I <= N                           (363 values)

1RWNLQ��F������������ ��

'HULYHG�YDULDEOHV

� 7R�UHGXFH�WKH�FRPSOH[LW\�RI�FRPSXWLQJ
LQYDULDQWV��GHULYHG�YDULDEOHV��DFWXDOO\��YDOXHV�
DUH�XVHG

� $�GHULYHG�YDULDEOH�PLJKW�UHSUHVHQW��IRU
LQVWDQFH��WKH�OHQJWK�RI�DQ�DUUD\

� 7KLV�DOORZV�D�EURDGHU�YDULHW\�RI�LQYDULDQWV�WR
EH�IRXQG�ZLWKRXW�PRGLI\LQJ�WKH�HQJLQH
GHHSO\�HDFK�WLPH

1RWNLQ��F������������ ��

6FHQDULR

� 7DNH�D�VPDOO�VL]HG�&�SURJUDP��DERXW����
OLQHV��DQG�PRGLI\�LW�WR�H[SORUH�WKH�XVH�RI
G\QDPLFDOO\�FRPSXWHG�LQYDULDQWV

� 7KH�SURJUDP�DQG�WKRXVDQGV�RI�WHVW�FDVHV
H[LVWHG�EHIRUHKDQG

� ,W�GRHV�UHJXODU�H[SUHVVLRQ�PDWFKLQJ��EXW
GLGQ·W�SURYLGH�WKH���RSHUDWRU
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1RWNLQ��F������������ ��

,QIRUPDO�ZDONWKURXJK���

� «RI�WKH�FKDQJH�DQG�WKH�XVH�RI�WKH�LQYDULDQWV

1RWNLQ��F������������ ��

'LVFXVVLRQ

� 0L[HG�VWDWLF�DQDO\VLV�ZLWK�WKH�XVH�RI
G\QDPLF�LQYDULDQWV

� ,QYDULDQWV�SURYLGHG�D�VXLWDEOH�EDVLV�IRU�WKH
SURJUDPPHU·V�RZQ��PRUH�FRPSOH[�LQIHUHQFHV
² 6LQFH�WKH�LQYDULDQWV�DUH�LQ�WHUPV�RI�VRXUFH�FRGH
HQWLWLHV��WKH�SURJUDPPHU�FRXOG�GR�RWKHU�DQDO\VLV
WR�EHWWHU�XQGHUVWDQG�WKHVH�LVVXHV

� ,QYDULDQWV�DFWHG�DV�D�VXFFLQFW�DEVWUDFWLRQ�RI
D�PDVV�RI�VXSSRUWLQJ�GDWD

1RWNLQ��F������������ ��

4XHVWLRQ

� 'RHV�DQ\RQH�NQRZ�RI�DQ\�SURGXFW�RU
DSSURDFK�LQ�ZKLFK�LQIRUPDWLRQ�IURP�WHVW
VXLWH�H[HFXWLRQV�LV�VWRUHG�DQG�ODWHU�TXHULHG"

1RWNLQ��F������������ ��

6FDODELOLW\

� :KHQ�WKLV�LGHD�ZDV�ILUVW�SURSRVHG��,�WKRXJKW
WKDW�WKH�ELJJHVW�LVVXH�DQG�SUREOHP�ZRXOG�EH
SHUIRUPDQFH

� 1RZ�WKDW�VHHPV�WR�EH�OHVV�RI�D�SUREOHP
�DOWKRXJK�VWLOO�PDWHULDO�
² %HWWHU�SHUIRUPDQFH�RI�WKH�HQJLQH�WKDW�,
H[SHFWHG��DOWKRXJK�PHPRU\�LV�VWLOO�D�ELJ�LVVXH�

² )RFXVHG�LQVWUXPHQWDWLRQ�DQG�OLPLWHG�YDULDEOH
FKRLFH�LV�WKH�XOWLPDWH�ZD\�WR�UHGXFH�FRVWV
� %XW�ZLOO�LW�KXUW�WKH�XWLOLW\�RI�WKH�DSSURDFK"

1RWNLQ��F������������ ��

3RVVLEOH�XVHV

� (DVLQJ�HYROXWLRQ
� 7HVW�FDVH�FRYHUDJH
� 3URJUDP�XQGHUVWDQGLQJ��HVSHFLDOO\�ZLWK�YDOXH
GDWDEDVH�TXHULHV�

� 8VH�WR�IRUP�D�SURJUDP�VSHFWUXP
� 8VH�WR�KHOS�LQVHUW�DVVHUW�VWDWHPHQWV�LQ
SURJUDPV

� 7R�DLG�FRPSLOHU�RSWLPL]DWLRQV

1RWNLQ��F������������ ��

2WKHU�XVHV"

� $QG�JHQHUDO�FRPPHQWV"
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1RWNLQ��F������������ ��

5HFDS

� ,QYDULDQWV�DUH�´JRRGµ�EXW�LQIUHTXHQWO\
ZULWWHQ�GRZQ�E\�SURJUDPPHUV

� ,QVWHDG��XVH�H[HFXWLRQ�LQIRUPDWLRQ�WR�LQIHU
�OLNHO\��SURJUDP�LQYDULDQWV

� %XW�ZLOO�WKLV�DSSURDFK
² 6FDOH"

² $FWXDOO\�KHOS�ZLWK�DQ\�VRIWZDUH�HQJLQHHULQJ
WDVNV"

1RWNLQ��F������������ ��

7RROV

� 6WDWLF�YV��G\QDPLF
² &RPSOHPHQWDU\

� )LQGLQJ�EXJV�YV��LPSURYLQJ�SHUIRUPDQFH
� 3URJUDP�UHSUHVHQWDWLRQV

² $IIHFW�SUHFLVLRQ�DQG�SHUIRUPDQFH

� 3DUWLDO�VSHFLILFDWLRQV
² <RX�JHW�VRPH�EHQHILW�IRU�VPDOO�FRVW

� ,QIHUHQFH�WR�UHGXFH�SURJUDPPHU�HIIRUW
² 7\SH��G\QDPLF

1RWNLQ��F������������ ��

1H[W��DQG�ILQDO��ZHHN

� 7HVWLQJ�DQG�TXDOLW\�DVVXUDQFH�LVVXHV


