
7KH�+RSHV�DQG�+XUGOHV����������������
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$XWRPDWLF�9HULILFDWLRQ

0DUWD�.ZLDWNRZVND
6FKRRO�RI�&RPSXWHU�6FLHQFH
8QLYHUVLW\�RI�%LUPLQJKDP

,QDXJXUDO�/HFWXUH����WK�2FWREHU�����



/HFWXUH�SODQ

� 6HWWLQJ�WKH�FRQWH[W
� $XWRPDWLF�YHULILFDWLRQ

² ZKDW�LV�LW"
² ZK\�YHULI\"
² ZKDW�DUH�WKH�FKDOOHQJHV"
² ZKDW�DUH�WKH�IXWXUH�SURVSHFWV"

� $�JOLPSVH�RI�ZKDW�ZH�GR�LQ�%LUPLQJKDP
� :KDW�ZH�KRSH�WR�ZRUN�RQ�LQ�IXWXUH
� 3HUVRQDO�FRUQHU



6HWWLQJ�WKH�FRQWH[W

)URP�WKH�QHZV��VRPH�UHDO�OLIH�VWRULHV�\RX�PD\�
KDYH�KHDUG�DERXW«



7KH�$ULDQH���VWRU\

$ULDQH ��ODXQFKHU��(6$�
�(XURSHDQ�6SDFH�$JHQF\�

6KRZQ�KHUH�LQ�PDLGHQ�IOLJKW�
RQ��WK -XQH�����

��VHFV�ODWHU�VHOI�GHVWUXFWV�
8QFDXJKW�H[FHSWLRQ��QXPHULFDO�RYHUIORZ�LQ�D�FRQYHUVLRQ�URXWLQH�
UHVXOWV�LQ�LQFRUUHFW�DOWLWXGH�VHQW�E\�WKH�RQ�ERDUG�FRPSXWHU
Source: http://sunnyday.mit.edu/accidents/Ariane5accidentreport.html



7KH�1$6$�0DUV�VSDFH�PLVVLRQ�VWRU\

0DUV�3RODU�/DQGHU
/DXQFKHG��UG -DQXDU\�����

/267��UG 'HFHPEHU�����
(QJLQH�VKXWGRZQ�GXH�WR
VSXULRXV�VLJQDOV�WKDW�JDYH�IDOVH�
LQGLFDWLRQ�WKDW�VSDFHFUDIW�KDG�
ODQGHG

0DUV�&OLPDWH�2UELWHU
/DXQFKHG���WK 'HFHPEHU�����

/267���UG 6HSWHPEHU�����
&RQYHUVLRQ�HUURU�IURP�(QJOLVK�
XQLWV�WR�PHWULF�LQ�QDYLJDWLRQ�
VRIWZDUH
Source: http://mars.jpl.nasa.gov/msp98/



7KH�/RQGRQ�$PEXODQFH�6HUYLFH�VWRU\

&RPSXWHU�$LGHG�'HVSDWFK�
V\VWHP��/RQGRQ�$PEXODQFH�
6HUYLFH

$UHD����VT�PLOHV
3RSXODWLRQ����PLOOLRQ
�����SDWLHQWV�SHU�GD\
����������FDOOV�SHU�GD\
��������������FDOOV�SHU�GD\

,QWURGXFHG�
��WK 2FWREHU�����

6HYHUH�V\VWHP�IDLOXUH��
3RVLWLRQ�RI�YHKLFOHV�LQFRUUHFWO\�UHFRUGHG��PXOWLSOH�YHKLFOHV�VHQW�WR�
WKH�VDPH�ORFDWLRQ���������SHRSOH�FODLPHG�WR�KDYH�GLHG�DV�D�UHVXOW
Source: http://www.lond.ambulance.freeuk.com/cad.html



7KH�/RQGRQ�WUDIILF�OLJKWV�VWRU\

1HZ�VRIWZDUH�WR�
JRYHUQ�WUDIILF�LQ�
3LFFDGLOO\�DUHD

������WUDIILF�OLJKWV
��FRPSXWHUV
��������YHKLFOHV

��WK -XO\�������������DP
7RWDO�MDP�LQ�7UDIDOJDU�DUHD��RQH�RI�WKH�FRPSXWHUV�IDLOV�DQG�
IRUFHV�WKH�RWKHU�WZR�LQWR�GHIDXOW�PRGH�
Source: The Times 25th July 2002



7KH�%0:�VWRU\

%0:���6HULHV��
ELJJHVW�VHOOLQJ�%0:

���V�RI�HPEHGGHG�
FRPSRQHQWV�XVHG�LQ�
PRGHUQ�FDUV

([WHQVLYHO\�WHVWHG

%0:�NQRZQ�IRU�
TXDOLW\��EXW�����

������ VDIHW\�UHFDOO�RI���������FDUV
)DXOWV�ZLWK�DLUEDJ�FRQWURO�XQLW�� LQ�FHUWDLQ�
FRQGLWLRQV�DLUEDJ�FDQ�LQIODWH�IRU�QR�UHDVRQ

Source: http://www.theaa.co.uk/motoringandtravel/carrecall/



7KH�$PXOHW�VWRU\

$PXOHW�L��LQFOXGHV
�.%�5$0����.%�
520�DQG�$PXOHW��
SURFHVVRU

'HVLJQHG�DW�WKH�
8QLYHUVLW\�RI�
0DQFKHVWHU

/RZ�SRZHU��
KLJK�SHUIRUPDQFH�
DV\QFKURQRXV�
$50�HTXLYDOHQW�

6L]H����[���PP

6LOLFRQ�LQ�\HDU�����

��������WUDQVLVWRUV�����������LQ�5$0�
)ODZV�GHWHFWHG�DIWHU�FKLS�PDQXIDFWXUH��FHUWDLQ�
RSHUDWLRQV�IDLO�GXH�WR�ORJLF�RYHUVLJKW�

Source: http://www.cs.man.ac.uk/amulet/projects/AMULET3i.html



7KH�%OXH7RRWK�PHHWV�:L)L�VWRU\

(ULFVVRQ�7����
%OXH7RRWK
HQDEOHG���*�

�����² %OXH7RRWK LQWHUIHUHV�ZLWK�:L)L��������E�
,I�OHVV�WKDQ��LQ�DSDUW��%OXH7RRWK�IRUFHV�:L)L�
WR�UHWUDQVPLW��FDXVLQJ�VXEVWDQWLDO�GHOD\V

3'$��
%OXH7RRWK
HQDEOHG�

/DSWRS�3&��
%OXH7RRWK�
	�:L)L
HQDEOHG�

3ULQWHU��
%OXH7RRWK
HQDEOHG�

1R�
ZLUHV�

Source: http://www.extremetech.com/article2/0,3973,66509,00.asp



:KDW�GR�WKHVH�VWRULHV�KDYH�LQ�FRPPRQ"

� 3URJUDPPDEOH�FRPSXWLQJ�GHYLFHV
² FRQYHQWLRQDO�FRPSXWHUV DQG�QHWZRUNV
² VRIWZDUH�HPEHGGHG LQ�GHYLFHV�

� DLUEDJ�FRQWUROOHUV��PRELOH�SKRQHV��HWF
� 3URJUDPPLQJ�HUURU GLUHFW�FDXVH�RI�IDLOXUH�
� 6RIWZDUH FULWLFDO

² IRU�VDIHW\
² IRU�EXVLQHVV
² IRU�SHUIRUPDQFH

� +LJK�ILQDQFLDO FRVW LQFXUUHG
� )DLOXUH�DYRLGDEOH



&DQ�ZH�HQJLQHHU�EHWWHU�VRIWZDUH"

'HVLJQ�UHYLHZV

3URMHFW�PDQDJHPHQW

7KRURXJK�WHVWLQJ

&RGH�UHYLHZV

5LVN�DQDO\VLV

5LJRURXV�UHTXLUHPHQWV

0RGHOOLQJ

9HULILFDWLRQ

$OO QHHGHG�WR�HQVXUH�IDLOXUH�IUHH�VRIWZDUH�



7KH�SUREOHP�RI�VL]H�DQG�FRPSOH[LW\

���� DWRPV

��������� VWDWHV



0DQDJLQJ�GHVLJQ�FRPSOH[LW\

$EVWUDFW 3UHGLFW

0RGHO 0DWKHPDWLFV

7HVWLQJ

6\VWHP



:K\�PRGHO�DQG�DQDO\VH"

� (QVXUH VDIHW\
² PXVW�QHYHU�DGPLQLVWHU�ZURQJ�GRVDJH

� (QVXUH UHOLDELOLW\
² ZLOO�QHYHU�FUDVK

� 5HGXFH SURGXFWLRQ�FRVWV
² DQDO\VH�DQG�GHEXJ�ILUVW��WKHQ�PDQXIDFWXUH�FKLS

� (QVXUH WLPHO\�UHVSRQVH
² ZLOO�SURGXFH�WKH�QH[W�EDWFK�ZLWKLQ����VHF

� 3UHGLFW SHUIRUPDQFH
² ZLOO�WUDQVPLW���0%�SHU�VHFRQG�RQ�DYHUDJH



:KDW�LV�DXWRPDWLF�YHULILFDWLRQ"

9HULILFDWLRQ  
PHWKRG�IRU�HQVXULQJ�WKDW�WKH�SURJUDP�LV�FRUUHFW
EHIRUH�LW�LV�H[HFXWHG�

$PRXQWV�WR SURYLQJ WKDW�WKH�SURJUDP�VDWLVILHV WKH�
VSHFLILFDWLRQ�

$XWRPDWLF YHULILFDWLRQ� 
PHFKDQLFDO��SHUIRUPHG
ZLWKRXW KXPDQ�LQWHUYHQWLRQ��



:K\�PXVW�ZH�YHULI\"

´7HVWLQJ�FDQ�RQO\�VKRZ�WKH�
SUHVHQFH RI�HUURUV��QRW�WKHLU�
DEVHQFH�µ

´,Q�WKHLU�FDSDFLW\�DV�D�WRRO��
FRPSXWHUV�ZLOO�EH�EXW�D�ULSSOH�RQ�
WKH�VXUIDFH�RI�RXU�FXOWXUH� ,Q�
WKHLU�FDSDFLW\�DV�LQWHOOHFWXDO�
FKDOOHQJH��FRPSXWHUV�DUH�ZLWKRXW�
SUHFHGHQW LQ�WKH�FXOWXUDO�KLVWRU\�
RI�PDQNLQG�µ

(GVJHU�:\EH�'LMNVWUD
���������

7R�UXOH�RXW�HUURUV�PXVW�FRQVLGHU�DOO SRVVLEOH
H[HFXWLRQV ² RIWHQ�QRW�IHDVLEOH�PHFKDQLFDOO\�
Source: http://www.cs.utexas.edu/users/UTCS/notices/dijkstra/ewdobit.html



9HULILFDWLRQ��LW�EHJDQ�LQ�WKH�EHJLQQLQJ
)ULGD\����WK�-XQH�����
('6$&�LQDXJXUDO�FRQIHUHQFH��&DPEULGJH

&KHFNLQJ�D�ODUJH�URXWLQH E\�'U�$��7XULQJ�

´+RZ�FDQ�RQH�FKHFN�D�URXWLQH�LQ�WKH�VHQVH�
RI�PDNLQJ�VXUH�WKDW�LW�LV�ULJKW"�,Q�RUGHU�
WKDW�WKH�PDQ ZKR FKHFNV PD\�QRW�KDYH�
WRR�GLIILFXOW�D�WDVN�WKH�SURJUDPPHU�
VKRXOG�PDNH�D�QXPEHU�RI�GHILQLWH�
DVVHUWLRQV ZKLFK�FDQ�EH�FKHFNHG�
LQGLYLGXDOO\��DQG�IURP�ZKLFK�WKH�
FRUUHFWQHVV RI�WKH�ZKROH SURJUDPPH
HDVLO\�IROORZV�µ

Source: Annals of the History of Computing, Vo 6, No 2, April



$VVHUWLRQ�EDVHG�YHULILFDWLRQ

� ,QWURGXFHG�E\�)OR\G�������
² DQQRWDWLRQ�ZLWK�ERROHDQ DVVHUWLRQV

^3` FRPPDQG�^4`
² SURYH�WKDW�DOO DVVHUWLRQV�WUXH�RQ

DOO SRVVLEOH�H[HFXWLRQV
² XVH�DXWRPDWLF WKHRUHP�SURYHU

� $[LRPDWLF��+RDUH �����
² GHGXFWLYH LQIHUHQFH�UXOHV�
² IRUPDO�SURRI RI�FRUUHFWQHVV

� 3URJUDP�FDOFXOXV��'LMNVWUD �����
² SURJUDPV�FRUUHFW�E\�FRQVWUXFWLRQ



7XULQJ·V�YLHZ�RI�YHULILFDWLRQ

3URJUDPPHU &KHFNHU

$VVHUWLRQV
From A to B 
with r’=1, u’=1

Source: Annals of the History of Computing, Vo 6, No 2, April 1984

3URJUDP



)OR\G·V�YLHZ�RI�YHULILFDWLRQ

3URJUDPPHU 7KH�YHULI\LQJ�FRPSLOHU

∀S∃T
∀S

Source: R.W. Floyd, Assigning Meanings to Programs, 1967

$QQRWDWHG SURJUDP
^D�1�	�E �`
EHJLQ
D� D����E� E�D
HQG
^D�1���	�E D` ∀S∃T

∀S
∀S∃T



'LMNVWUD·V YLHZ�RI�YHULILFDWLRQ

3URJUDPPHU�	 3URYHU

3URJUDP FRUUHFW�E\�FRQVWUXFWLRQ

ZS�D�1���	�E D�
GR D�1�→ D� D����E� E�D
RG ^D�1���	�E D`

∀S

ZS�D�1��«�
JXDUG��D�1�

FRPPDQG

Source: E.W.Dijkstra, A Discipline of Programming, 1976



$VVHUWLRQ�UHDVRQLQJ��WKH�KXUGOHV

� +RZ�WR�GHDO�ZLWK�FRQFXUUHQF\"
² LQWHUIHUHQFH�IRU�VKDUHG�YDULDEOHV
² SURRI�UXOHV�GLIILFXOW

� +RZ�WR�DXWRPDWH"
² QHHG�D�WKHRUHP�SURYHU

� +RZ�WR�HQVXUH�DFFHSWDQFH E\�SURJUDPPHUV"
² LPSUDFWLFDO�IRU�UHDOLVWLF�SURJUDPV
² PHWKRGRORJLFDO�GLIILFXOW\"
² PDUNHW�GHPDQG"�

3URJUHVV VORZ�VLQFH��������
7KH�YHULI\LQJ�FRPSLOHU�VWLOO�DQ�LGHDO�



0RGHO�EDVHG�YHULILFDWLRQ

� ,PSOLFLW�LQ�3QXHOL ������
² SHUWDLQV�WR�D�VLQJOH�SURJUDP
² VSHFLILFDWLRQV�JLYHQ�LQ�WHPSRUDO ORJLF��H�J�

IRU�DOO H[HFXWLRQV��HYHQWXDOO\ UHVSRQVH�UHFHLYHG
² GHFLGDEOH IRU�ILQLWH�VWDWH�PRGHOV
² XQLIRUP IRU�VHTXHQWLDO�	�FRQFXUUHQW�V\VWHPV

� ,PSOHPHQWHG�DOUHDG\�LQ�������&ODUNH�	�(PHUVRQ��
4XLHOOH�	�6LIDNLV��DV�´PRGHO�FKHFNLQJµ
² PRGHO GHULYDWLRQ�DXWRPDWLF
² IXOO\ DXWRPDWLF SURSHUW\�FKHFNLQJ

1RW DV�SRZHUIXO�² EXW�SXVK�EXWWRQ�WHFKQRORJ\�



9HULILFDWLRQ�YLD�PRGHO�FKHFNLQJ

)LQLWH�VWDWH�PRGHO

7HPSRUDO�ORJLF�VSHFLILFDWLRQ

0RGHO�&KHFNHU

LQLW → ◊UHVSRQVH

9
RU

8
(UURU WUDFH

/LQH����«
/LQH�����«
/LQH�����«
«

/LQH�����«
/LQH��������



+RZ�GRHV�LW�ZRUN"

,V�LW�SRVVLEOH WR�UHDFK�D�
GDQJHU VWDWH�IURP�WKH�LQLWLDO�
VWDWH"
'RHV�HYHU\ H[HFXWLRQ�IURP�
WKH�LQLWLDO�VWDWH�OHDG�WR�
GDQJHU VWDWH"

0RGHO�ILQLWH�VWDWH��KHQFH�
WHUPLQDWLRQ�DVVXUHG�

(QWU\�SRLQW



9HULILFDWLRQ«�RU�IDOVLILFDWLRQ"

� 0RUH�YDOXH�LQ�VKRZLQJ�SURSHUW\ YLRODWLRQ"
² PRGHO�FKHFNHUV�XVHG�DV�GHEXJJLQJ WRRO�
² DW�,%0�EXJV�GHWHFWHG�LQ�DUELWHU�WKDW�FRXOG�QRW�EH�IRXQG�

ZLWK�VLPXODWLRQV
� :LGHO\�DFFHSWHG LQ�LQGXVWULDO�SUDFWLFH

² ,QWHO��&DGHQFH��%HOO�/DEV��,%0��0LFURVRIW�����
� 0DQ\ VRIWZDUH�WRROV��LQFOXGLQJ�FRPPHUFLDO

² VPY��63,1��)'5���)RUPDO&KHFN��5XOH%DVH�����
² KDUGZDUH�GHVLJQ��SURWRFROV��VRIWZDUH��«

0XFK�SURJUHVV�VLQFH�������
+RSHV�DUH�EHLQJ�UDLVHG���%XW���
Source:http://www.haifa.il.ibm.com/projects/verification/RB_Homepage/acm.html



5HDO�VRIWZDUH�

� 6HPDQWLF�JDS EHWZHHQ�SURJUDPPLQJ ODQJXDJHV
² PHWKRGV��LQKHULWDQFH��G\QDPLF�FUHDWLRQ
DQG�PRGHO GHVFULSWLRQ IRUPDOLVPV
² DXWRPDWD

� ,QILQLWH VWDWH�PRGHOV��PXVW�DEVWUDFW

0RGHO3URJUDP

*DS�

YRLG�DGG�2EMHFW�R��^
EXIIHU>KHDG@� �R�
KHDG� ��KHDG����VL]H�
`

2EMHFW�WDNH���^
«
WDLO �WDLO����VL]H�
UHWXUQ�EXIIHU>WDLO@�
`



&RQFXUUHQF\�

� 0DQ\�V\VWHPV�FRPSRVHG�RI�FRQFXUUHQW FRPSRQHQWV
² PLFURSURFHVVRUV��-DYD�SURJUDPV�ZLWK�WKUHDGV
² FRPSOH[�LQWHUDFWLRQ�SDWWHUQV

� 6WDWH�VSDFH�H[SORVLRQ�SUREOHP
² ��FRPSRQHQWV�����VWDWHV�HDFK�² SRWHQWLDOO\�����VWDWHV
² ���FRPSRQHQWV�����VWDWHV�HDFK�² SRWHQWLDOO\������VWDWHV

� 6\PEROLF�PRGHO�FKHFNLQJ�KHOSV
² ´�����VWDWHV�DQG�EH\RQGµ��&ODUNH�HW�DO
² ������ DFKLHYHG�ZLWK�GHFRPSRVLWLRQV

%XW���������WUDQVLVWRUV�LQ�$PXOHW�L��
SRWHQWLDOO\����������VWDWHV



&ORFNV�DQG�RWKHU�VHQVRU�LQSXW

� 0DQ\�V\VWHPV�DUH�K\EULG
² GLVFUHWH WUDQVLWLRQV�
² FRQWLQXRXV IORZV

� UHDO�WLPH��GLVWDQFH��WHPSHUDWXUH

� 0RGHOV�DUH�KLJKO\ LQILQLWH�VWDWH�
² XQGHFLGDELOLW\ UHVXOWV�DERXQG�
² DXWRPDWLRQ�SUREOHPDWLF

� 1HHG�PHWKRGV�IRU
² GHULYDWLRQ RI ILQLWH�VWDWH�PRGHOV
² SURRI�PHWKRGRORJLHV
² YHULILFDWLRQ�DOJRULWKPV�	�WRROV



:KDW�DERXW�SUREDELOLW\"

� &RLQ�WRVVLQJ�XVHG�LQ�GLVWULEXWHG�SURWRFROV
² DV�D�V\PPHWU\�EUHDNHU
² IRU�IDVWHU�SURWRFROV

� 3UREDELOLW\ XVHG�WR�PRGHO
² IDLOXUHV
² SDFNHW�ORVV�UDWHV
² SDFNHW�DUULYDO�UDWHV

� 1HHG
² SUREDELOLVWLF VSHFLILFDWLRQV�
² PRGHOOLQJ IRUPDOLVPV
² YHULILFDWLRQ�DOJRULWKPV�	�WRROV



0RGHO�FKHFNLQJ�YHUVXV�WKHRUHP�SURYLQJ�

(IIRUW

*
D
L
Q

0RGHO
FKHFNLQJ

7KHRUHP�SURYLQJ

Source: John Rushby, FORTE’99 invited lecture

0RGHO
FKHFNLQJ

:KDW·V�QHHGHG���



7KH�VRIWZDUH�LQGXVWU\�UHVSRQVH

´«�DXWRPDWLF�VRIWZDUH�YHULILFDWLRQ KDG�DGYDQFHG���
/HW
V�MXVW�VSHQG�����PLOOLRQ��EX\�35(IL[��DQG�XVH
LW�RQ�RXU�RZQ�VWXII�WR�LPSURYH�LW��DQG�WKHQ�SXW�LW�
RXW�DV D�SURGXFW��$QG�WKLV�LV�ZKHUH�\RX��SURYH�
SURJUDPV��� FDQ�WKH\�KDYH�D�EXIIHU�RYHUUXQ"�FDQ�
WKH\�KDYH�DQ�LQYDOLG�FRQGLWLRQ"��ZKLFK�KDV�EHHQ�D�
+RO\�*UDLO��

:KHQ�,�ZDV�D�FRPSXWHU�VFLHQFH�VWXGHQW��ZKLFK�LV�
QRZ����\HDUV�DJR��ZH�WKRXJKW�ZH�ZHUH�RQ�WKH�
YHUJH�RI�SURYLQJ�SURJUDPV�DW�+DUYDUG�µ

4	$��%LOO�*DWHV�RQ�7UXVWZRUWK\�&RPSXWLQJ��
0D\���������

Source: http://www.informationweek.com/story/IWK20020517S0011

%LOO�*DWHV�
0LFURVRIW

7RZDUGV�WKH�9HULI\LQJ�&RPSLOHU"�6WUDFKH\ OHFWXUH�E\�7RQ\�+RDUH�



:KDW�ZH�DFWXDOO\�GR�LQ�%LUPLQJKDP

� )RFXV�RQ�SUREDELOLW\ DQG�UHDO�WLPH
² PRGHOOLQJ IRUPDOLVPV
² PRGHO�FKHFNLQJ�DOJRULWKPV
² LPSOHPHQWDWLRQ�WHFKQLTXHV
² VLPXODWLRQ

� 7KH�VRIWZDUH�WRRO�3UL60 �3UREDELOLVWLF�6\PEROLF�
0RGHO�&KHFNHU�
² ZZZ�FV�EKDP�DF�XN�aG[S�SULVP�
² RSHQ�VRXUFH�������GRZQORDGV��DOUHDG\�LQ�XVHG�WR�DQDO\VH�

� $SSOLFDWLRQV�RI�PRGHO�FKHFNLQJ�LQ�WHOHSKRQ\
� &DVH�VWXGLHV



&DVH�VWXG\��)LUH:LUH�SURWRFRO

Source:http://www.apple.com/pr/library/2001/aug/22fwemmy.html

� )LUH:LUH��,(((������
² RQH�RI�IDVWHVW VWDQGDUGV��KLJK�GDWD�UDWH
² PXOWLPHGLD GDWD
² RULJLQDOO\�E\�$SSOH��PLG���V
² ZLQQHU�RI������3ULPH7LPH�(PP\�(QJLQHHULQJ�$ZDUG
² QR�UHTXLUHPHQW�IRU�D�VLQJOH�3&��DF\FOLF WRSRORJ\��QRW�WUHH�
² ´SOXJ�DQG�SOD\µ

� ,QLWLDO�FRQILJXUDWLRQ
² LQYROYHV�OHDGHU�HOHFWLRQ
² V\PPHWULF��GLVWULEXWHG SURWRFRO
² XVHV�HOHFWURQLF�FRLQ�WRVVLQJ DQG WLPLQJ�GHOD\V



7\SLFDO�)LUH:LUH�FRQILJXUDWLRQ



)LUH:LUH�,QLWLDO�&RQILJXUDWLRQ

5



)LUH:LUH�5RRW�&RQWHQWLRQ

5RRW
FRQWHQWLRQ



)LUH:LUH�5RRW�&RQWHQWLRQ

5RRW
FRQWHQWLRQ

5RRW
FRQWHQWLRQ5



)LUH:LUH DQDO\VLV

Source:http://www.cs.bham.ac.uk/~dxp/prism/

� 5HDO�WLPH SURSHUWLHV
² DQDO\VHG�E\�9DQGUDDJHU�DQG�6WRHOLQJD
² XVHG�WKH�833$$/�PRGHO�FKHFNHU
² VKRZQ�FRUUHFW�ZLUHV�ORQJHU�WKDQ�VWDQGDUG

� 3UREDELOLVWLF�DQDO\VLV�
² FRQVLGHUHG�H[SHFWHG�WLPH WR�URRW�FRQWHQWLRQ
² XVHG�WKH�3UL60�PRGHO�FKHFNHU
² WLPLQJ�GHOD\V�WDNHQ�IURP�VWDQGDUG
² HVWDEOLVKHG�WKDW�URRW�FRQWHQWLRQ�UHVROYHG�ZLWK�SUREDELOLW\��
² D SHFXOLDULW\�IRXQG«��FRQMHFWXUHG�E\�6WRHOLQJD�



)LUH:LUH��$QDO\VLV�5HVXOWV
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3UREDELOLW\�RI�IOLSSLQJ��WDLOV�
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3UREDELOLW\�RI�IOLSSLQJ��WDLOV�
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8QIDLU�FRLQ�JLYHV�DGYDQWDJH�



Source: http://www.cs.bham.ac.uk/~dxp/prism/

0RUH�3UL60 FDVH�VWXGLHV�

� ,(((������� 0$&�SURWRFRO
² UDQGRP�EDFN�RII�VFKHPH�
² SUREDELOLVWLF�DQDO\VLV

´ZKDW�LV�WKH�SUREDELOLW\�WKDW�D�VWDWLRQ�GHOLYHUV�D�SDFNHW�
ZLWKLQ�������PLFURVHFRQGV"··

� &URZGV�DQRQ\PLW\ SURWRFRO
² IRU�GLVJXLVLQJ�WKH�RULJLQDWRU�RI�PHVVDJHV
² DOUHDG\�LPSOHPHQWHG
² XQXVXDO EHKDYLRXU�IRXQG��SUREDELOLW\�RI�EHLQJ�GHWHFWHG�

LQFUHDVHV�DV�WKH�FURZGV�VL]H�JURZV



)XWXUH�YHULILFDWLRQ�SURMHFWV

� 3URRI�VXSSRUW�IRU 3UL60
² FRPSRVLWLRQDOLW\ DQG�DEVWUDFWLRQ
² DQDO\VLV�RI�SUREDELOLVWLF�SURWRFROV

� $QDO\VLV�RI�DG�KRF�QHWZRUNV
² URXWLQJ�SURWRFROV
² YHULILFDWLRQ�E\�PRGHO�FKHFNLQJ
² 4XDOLW\�RI�6HUYLFH�DQG�SHUIRUPDQFH��%OXH7RRWK��HWF�

� 'HVLJQ�VXSSRUW�WRROV�IRU�DV\QFKURQRXV�KDUGZDUH
² IRUPDO�YHULILFDWLRQ�XVLQJ�)'5�
² GLVWULEXWHG�VLPXODWLRQ
² DV\QFKURQRXV�GHVLJQV�VXFK�DV $PXOHW



&HQWUH�RI�([FHOOHQFH
� )RFXV�RQ�/DUJH�&RPSOH[�6\VWHPV

² FRQFXUUHQF\�DQG�LQWHUDFWLRQ�SDWWHUQV�
² HYROXWLRQ�RYHU�WLPH�DQG�LQ�VSDFH

� 0RGHOOLQJ RI
² VLOLFRQ�FKLSV�IRU�YHULILFDWLRQ
² KLJKZD\V�IRU�WUDIILF�SUHGLFWLRQ
² SDUWLFOH�SK\VLFV�H[SHULPHQWV
² PROHFXODU�VWUXFWXUHV
² DOOR\V
² HWF

� &ROODERUDWH��VKDUH�H[SHUWLVH



3HUVRQDO�FRUQHU

3DXVH�WR�UHIOHFW�DQG�VD\�WKDQNV�



3HUVRQDO�MRXUQH\�

� ,QWHOOHFWXDOO\
² IURP�VRIWZDUH�SUDFWLFH��WR�WKHRU\��EDFN�WR�SUDFWLFH

� *HRJUDSKLFDOO\�DQG�FXOWXUDOO\
² IURP�.UDNyZ LQ�3RODQG��YLD�/HLFHVWHU�WR�%LUPLQJKDP

� 9HUWLFDOO\
² FDUHHU�ZLVH



5HVHDUFK�0RWWR
´�,PDJLQDWLRQ�LV�PRUH�LPSRUWDQW�WKDQ�NQRZOHGJH�µ
´�$Q\RQH�ZKR�KDV�QHYHU�PDGH�D�PLVWDNH�KDV�QHYHU�WULHG�DQ\WKLQJ�QHZ�µ

$OEHUW�(LQVWHLQ

´7KRXJK�D�PDWKHPDWLFLDQ�QHHGV�QR�ODERUDWRULHV�RU�H[SHQVLYH�HTXLSPHQW��
KH�GRHV�QHHG�D�SURSHU�PDWKHPDWLFDO�DWPRVSKHUH���)RU�D�UHVHDUFK�
ZRUNHU��FROODERUDWRUV�DUH�DOPRVW�LQGLVSHQVDEOH��IRU�LQ�LVRODWLRQ�KH�ZLOO�LQ�
PRVW�FDVHV�EH�ORVW���������$Q�LVRODWHG�UHVHDUFKHU�NQRZV�PXFK�OHVV�WKDQ�
WKRVH�ZKR�ZRUN�DV�D�WHDP���2QO\�WKH�UHVXOWV�RI�UHVHDUFK��WKH�ILQLVKHG�
ULSH�LGHDV��FDQ�UHDFK�KLP�DQG�WKHQ�RQO\�ZKHQ�WKH\�DSSHDU�LQ�SULQW���7KH�
LVRODWHG�UHVHDUFKHU�GRHV�QRW�NQRZ�ZKHQ�DQG�KRZ�WKH\�KDYH�EHHQ�
REWDLQHG��KH�GRHV�QRW�H[SHULHQFH�WKLV�SURFHVV�WRJHWKHU�ZLWK�WKHLU�
DXWKRUV�µ

=� -DQLV]HZVNL��2Q�WKH�1HHGV�RI�0DWKHPDWLFV�LQ�3RODQG������



&ROODERUDWRUV��FRQWULEXWRUV�² WKDQNV�
6DPVRQ�$EUDPVN\��5DMHHY�$OXU��6LPRQ�$PEOHU��&KULVWHO�%DLHU��%DUG�
%ORRP��0DUFHOOR�%RQVDQJXH��6WHIDQR &DWWDQL��$QGUHZ�&KDQ��
6LEXVLVLZH�&KL\DQJZD��(G�&ODUNH��&RVWDV�&RQVWDQWLQRX��6DGLH�&UHHVH��
3HGUR�'·$UJHQLR��&RQUDGR�'DZV��/XFD�GH $OIDUR��-DFR�GH�%DNNHU�
$EEDV�(GDODW��'RXJ�(GZDUGV��$PDQL (O�5D\HV��6WHSKHQ�*LOPRUH��
0LFKDHO�*ROGVPLWK� 'LPLWDU�*XHOHY��5DMHHVK�*XSWD��&KU\VDILV
+DUWRQDV��9LFN\�+DUWRQDV�*DUPKDXVHQ��%RXGHZLMQ�+DYHUNRUW��
+ROJHU�+HUPDQQV��-RH�+XUG��0LFKDHO�+XWK��-DQH�+LOOVWRQ��%HUWUDQG�
-HDQQHW��-RRVW�3LHWHU .DWRHQ��.ODXV�.HLPHO��3HWHU�.QRZOHV��.LP�
/DUVHQ� =KHQ\X /LX��$QQDEHOOH�0F,YHU��1LFN�0HDVRU��5DVKLG
0HKPRRG��&KULVWRSK 0HLQHO��&DUUROO�0RUJDQ� *HWKLQ 1RUPDQ��&ROLQ�
2·+DOORUDQ��$QWRQLR�3DFKHFR��'DYH�3DUNHU��'RURQ�3HOHG��:RMWHN�
3HQF]HN��6\OYDLQ�3H\URQQHW� ,DLQ 3KLOOLSV��0DUN�5\DQ��5REHUWR�6HJDOD��
0LNH�6KLHOGV��9LWDO\�6KPDWLNRY��6DQGHHS 6KXNOD��0DUNXV�6LHJOH��
-HUHP\�6SURVWRQ��*HRUJLRV�7KHRGRURSRXORV��5LFN�7KRPDV��0RVKH�
9DUGL� )X]KL :DQJ��3HWH�:DWNLQV��,UIDQ�=DNLXGGLQ� %RKXPLU�=RXEHN



3UL60 &RQWULEXWRUV



:RPHQ�DQG�&DUHHU�/DGGHU�

Source:The Times Higher  May 25 1999



:RPHQ�LQ�8.�8QLYHUVLWLHV�

Source:http://www.shu.ac.uk/witec/ukprojects/documents/conferencereport.pdf



:RPHQ�3URIHVVRUV�/HDJXH�7DEOH

Source:The Times Higher  May 25 1999



,W·V�DERXW�UROH�PRGHOV�

Source: http://www.aip.org/history/curie/contents.htm

$5,(�6./2'2:6.$�&85,( RSHQHG�XS�WKH�
VFLHQFH�RI�UDGLRDFWLYLW\��6KH�LV�EHVW�NQRZQ�DV�WKH�
GLVFRYHUHU�RI�WKH�UDGLRDFWLYH�HOHPHQWV�SRORQLXP�DQG�
UDGLXP�DQG�DV�WKH�ILUVW�SHUVRQ�WR�ZLQ�WZR�1REHO�
SUL]HV��)RU�VFLHQWLVWV�DQG�WKH�SXEOLF��KHU�UDGLXP�ZDV�
D�NH\�WR�D�EDVLF�FKDQJH�LQ�RXU�XQGHUVWDQGLQJ�RI�
PDWWHU�DQG�HQHUJ\��+HU�ZRUN�QRW�RQO\�LQIOXHQFHG�WKH�
GHYHORSPHQW�RI�IXQGDPHQWDO�VFLHQFH�EXW�DOVR�
XVKHUHG�LQ�D�QHZ�HUD�LQ�PHGLFDO�UHVHDUFK�DQG�
WUHDWPHQW�



7KDQN�\RX�IRU�\RXU�DWWHQWLRQ�


