
1

&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

� $�IHZ�IRUPDO�PHWKRGV�LQ�DFWLRQ
� 5HSHDW��OLWWOH�DWWHQWLRQ�KDV�EHHQ�SDLG�WR
´QRQ�IXQFWLRQDOµ�UHTXLUHPHQWV
² 7KHVH�KDYH��KRZHYHU��EHHQ�YHU\�KLJK�RQ�\RXU
UDGDU�GXULQJ�FODVV�GLVFXVVLRQV

² 6R�IDU��IRUPDO�PHWKRGV�KDYH�UHODWLYHO\�OLWWOH�WR
FRQWULEXWH�LQ�WKLV��YHU\�GLIILFXOW��DUHD

� 2K�\HDK«,·OO�ZRUN�WKH�ZKLWHERDUG�D�ELW
WRGD\��WRR

1RWNLQ��F������������ �

)RUPDO�PHWKRGV��UHSULVH�

� 7KH�RULJLQDO�XVH�RI�IRUPDOLVP�LQ�VRIWZDUH
HQJLQHHULQJ�ZDV�IRU�SURYLQJ�WKH�HTXLYDOHQFH
EHWZHHQ�D�VSHFLILFDWLRQ�DQG�DQ
LPSOHPHQWDWLRQ
² 7KLV�KDG�D�QXPEHU�RI�SUREOHPV

� %XW�WKHUH�KDV�EHHQ�D�UHVXUJHQFH�RI�LQWHUHVW
LQ�IRUPDO�PHWKRGV
² 0RVWO\�GXH�WR�SRWHQWLDO�XVHIXOQHVV�LQ
VSHFLILFDWLRQ

² $QG�D�IHZ�VXFFHVV�VWRULHV
1RWNLQ��F������������ �

3RWHQWLDO�EHQHILWV

� ,QFUHDVHG�FODULW\
� $ELOLW\�WR�FKHFN�IRU�LQWHUQDO�FRQVLVWHQF\
� $ELOLW\�WR�SURYH�SURSHUWLHV�DERXW�WKH
VSHFLILFDWLRQ��UHODWHG�WR�-DFNVRQ·V�UHIXWDEOH
GHVFULSWLRQV�

� 3URYLGHV�EDVLV�IRU�IDOVLILFDWLRQ��SHUKDSV
PRUH�XVHIXO�WKDQ�YHULILFDWLRQ�

� %XW�QRW�DOZD\V�ZRUWK�WKH�HIIRUW

1RWNLQ��F������������ �

&�$�5��+RDUH������

� 2I�FRXUVH��WKHUH�LV�QR�IRRO�SURRI�PHWKRGRORJ\�RU
PDJLF�IRUPXOD�WKDW�ZLOO�HQVXUH�D�JRRG��HIILFLHQW��RU
HYHQ�IHDVLEOH�GHVLJQ��)RU�WKDW��WKH�GHVLJQHU�QHHGV
H[SHULHQFH��LQVLJKW��IODLU��MXGJHPHQW��LQYHQWLRQ�
)RUPDO�PHWKRGV�FDQ�RQO\�VWLPXODWH��JXLGH��DQG
GLVFLSOLQH�RXU�KXPDQ�LQVSLUDWLRQ��FODULI\�GHVLJQ
DOWHUQDWLYHV��DVVLVW�LQ�H[SORULQJ�WKHLU�FRQVHTXHQFHV�
IRUPDOL]H�DQG�FRPPXQLFDWH�GHVLJQ�GHFLVLRQV��DQG
KHOS�WR�HQVXUH�WKDW�WKH\�DUH�FRUUHFWO\�FDUULHG�RXW�

1RWNLQ��F������������ �

=��´]HGµ�

� 3HUKDSV�WKH�PRVW�ZLGHO\�NQRZQ�DQG�XVHG
PRGHO�EDVHG�VSHFLILFDWLRQ�ODQJXDJH

� *RRG�IRU�GHVFULELQJ�VWDWH�EDVHG�DEVWUDFW
GHVFULSWLRQV�URXJKO\�LQ�WKH�DEVWUDFW�GDWD
W\SH�VW\OH

� %DVHG�RQ�W\SHG�VHW�WKHRU\�DQG�SUHGLFDWH
ORJLF

� $�IHZ�FRPPHUFLDO�VXFFHVVHV
² ,·OO�FRPH�EDFN�WR�RQH�UHHQJLQHHULQJ�VWRU\
DIWHUZDUGV
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1RWNLQ��F������������ �

7KH�EDVLF�LGHD

� 6WDWLF�VFKHPDV
² 6WDWHV�D�V\VWHP�FDQ�RFFXS\

² ,QYDULDQWV�WKDW�PXVW�EH�PDLQWDLQHG�LQ�HYHU\
V\VWHP�VWDWH

� '\QDPLF�VFKHPDV
² 2SHUDWLRQV�WKDW�DUH�SHUPLWWHG

² 5HODWLRQVKLS�EHWZHHQ�LQSXWV�DQG�RXWSXWV�RI�WKRVH
RSHUDWLRQV

² &KDQJHV�RI�VWDWHV

1RWNLQ��F������������ �

7KH�FODVVLF�H[DPSOH

� $�´ELUWKGD\�ERRNµ�WKDW�WUDFNV�SHRSOH·V
ELUWKGD\V�DQG�FDQ�LVVXH�UHPLQGHUV�RI�WKRVH
ELUWKGD\V
² 7KHUH�DUH�WRQV�RI�ZHE�EDVHG�YHUVLRQV�RI�WKHVH
QRZ

� 7KHUH�DUH�WZR�EDVLF�W\SHV�RI�DWRPLF
HOHPHQWV�LQ�WKLV�H[DPSOH
– [NAME,DATE]

² 1RWKLQJ�DERXW�IRUPDWV��SRVVLEOH�YDOXHV��HWF�

1RWNLQ��F������������ �

7R�WKH�ZKLWHERDUG

1RWNLQ��F������������ ��

=�&,&6

� =�ZDV�XVHG�WR�KHOS�GHYHORS�WKH�QH[W�UHOHDVH
RI�&,&6�(6$B9�����D�WUDQVDFWLRQ�SURFHVVLQJ
V\VWHP
² ,QWHJUDWHG�LQWR�,%0
V�H[LVWLQJ�DQG�ZHOO�HVWDEOLVKHG
GHYHORSPHQW�SURFHVV

² 0DQ\�PHDVXUHPHQWV�RI�WKH�SURFHVV�LQGLFDWHG�WKDW�WKH\
ZHUH�DEOH�WR�UHGXFH�WKHLU�FRVWV�IRU�WKH�GHYHORSPHQW�E\
DOPRVW�ILYH�DQG�D�KDOI�PLOOLRQ�GROODUV

² (DUO\�UHVXOWV�IURP�FXVWRPHUV�DOVR�LQGLFDWHG�VLJQLILFDQWO\
IHZHU�SUREOHPV��DQG�WKRVH�WKDW�KDYH�EHHQ�GHWHFWHG�DUH
OHVV�VHYHUH�WKDQ�ZRXOG�EH�H[SHFWHG�RWKHUZLVH

1RWNLQ��F������������ ��

�����4XHHQ·V�$ZDUG
IRU�7HFKQRORJLFDO�$FKLHYHPHQW

� ´+HU�0DMHVW\�WKH�4XHHQ�KDV�EHHQ�JUDFLRXVO\�SOHDVHG�WR
DSSURYH�WKH�3ULPH�0LQLVWHU
V�UHFRPPHQGDWLRQ�WKDW�7KH
4XHHQ
V�$ZDUG�IRU�7HFKQRORJLFDO�$FKLHYHPHQW�VKRXOG�EH
FRQIHUUHG�WKLV�\HDU�XSRQ�2[IRUG�8QLYHUVLW\�&RPSXWLQJ
/DERUDWRU\�

� ´2[IRUG�8QLYHUVLW\�&RPSXWLQJ�/DERUDWRU\�JDLQV�WKH�$ZDUG
MRLQWO\�ZLWK�,%0�8QLWHG�.LQJGRP�/DERUDWRULHV�/LPLWHG�IRU
WKH�GHYHORSPHQW�RI�D�SURJUDPPLQJ�PHWKRG�EDVHG�RQ
HOHPHQWDU\�VHW�WKHRU\�DQG�ORJLF�NQRZQ�DV�WKH�=�QRWDWLRQ�
DQG�LWV�DSSOLFDWLRQ�LQ�WKH�,%0�&XVWRPHU�,QIRUPDWLRQ�&RQWURO
6\VWHP��&,&6��SURGXFW�����

1RWNLQ��F������������ ��

���
� ´7KH�XVH�RI�=�UHGXFHG�GHYHORSPHQW�FRVWV�VLJQLILFDQWO\�DQG

LPSURYHG�UHOLDELOLW\�DQG�TXDOLW\��3UHFLVLRQ�LV�DFKLHYHG�E\
EDVLQJ�WKH�QRWDWLRQ�RQ�PDWKHPDWLFV��DEVWUDFWLRQ�WKURXJK
GDWD�UHILQHPHQW��UH�XVH�WKURXJK�PRGXODULW\�DQG�DFFXUDF\
WKURXJK�WKH�WHFKQLTXHV�RI�SURRI�DQG�GHULYDWLRQ�

� ´&,&6�LV�XVHG�ZRUOGZLGH�E\�EDQNV��LQVXUDQFH�FRPSDQLHV�
ILQDQFH�KRXVHV�DQG�DLUOLQHV�HWF��ZKR�UHO\�RQ�WKH�LQWHJULW\�RI
WKH�V\VWHP�IRU�WKHLU�GD\�WR�GD\�EXVLQHVV�µ
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1RWNLQ��F������������ ��

)LQLWH�VWDWH�PDFKLQHV

� 7KHUH�LV�D�ODUJH�FODVV
RI�VSHFLILFDWLRQ
ODQJXDJHV�EDVHG�RQ
ILQLWH�VWDWH�PDFKLQHV

� 2IWHQ�SULPDULO\�IRU
GHVFULELQJ�WKH�FRQWURO
DVSHFWV�RI�HPEHGGHG
V\VWHPV

� 7KH�WKHRUHWLFDO�EDVLV�LV
YHU\�ILUP

a b

b

a

� $�ILQLWH�VHW�RI�VWDWHV

� $�ILQLWH�DOSKDEHW�RI
V\PEROV

� $�VWDUW�VWDWH�DQG�RQH
RU�PRUH�ILQDO�VWDWHV

� $�WUDQVLWLRQ�UHODWLRQ

1RWNLQ��F������������ ��

0DQ\��PDQ\�PRGHOV

� 3HWUL�QHWV
� &RPPXQLFDWLQJ�ILQLWH�VWDWH�PDFKLQHV
� 6WDWHFKDUWV
� 560/
� «
� «

1RWNLQ��F������������ ��

:DONPDQ�H[DPSOH
�GXH�WR�$OLVWDLU�.LOJRXU��+HULRW�:DWW�8QLYHUVLW\�

1RWNLQ��F������������ ��

$�FRPPRQ�SUREOHP

� ,W�LV�RIWHQ�WKH�FDVH�WKDW�FRQYHQWLRQDO�ILQLWH
VWDWH�PDFKLQHV�EORZ�XS�LQ�VL]H�IRU�ELJ
SUREOHPV
² 7KLV�LV�HVSHFLDOO\�WUXH�IRU�GHWHUPLQLVWLF�PDFKLQHV
�ZKLFK�DUH�XVXDOO\�GHVLUDEOH�

² $QG�IRU�PDFKLQHV�FDSWXULQJ�FRQFXUUHQF\
�EHFDXVH�RI�WKH�SRWHQWLDO�LQWHUOHDYLQJV�WKDW�PXVW
EH�FDSWXUHG�

1RWNLQ��F������������ ��

6WDWHFKDUWV��+DUHO�

� $�YLVXDO�IRUPDOLVP�IRU�GHILQLQJ�ILQLWH�VWDWH
PDFKLQHV

� $�KLHUDUFKLFDO�PHFKDQLVP�DOORZV�IRU�FRPSOH[
PDFKLQHV�WR�EH�GHILQHG�E\�VPDOOHU
GHVFULSWLRQV
² 3DUDOOHO�VWDWHV��$1'�GHFRPSRVLWLRQ�

² &RQYHQWLRQDO�25�GHFRPSRVLWLRQ

1RWNLQ��F������������ ��
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1RWNLQ��F������������ ��

7RROV

� 6WDWHFKDUWV�KDYH�D�VHW�RI�VXSSRUWLQJ�WRROV
IURP�L�/RJL[��67$7(0$7(��5KDSVRG\�
² (GLWRUV

² 6LPXODWRUV

² &RGH�JHQHUDWRUV
� &��$GD��9HULORJ��9+'/

² 6RPH�DQDO\VLV�VXSSRUW

� 6WDWHFKDUWV��URXJKO\��DUH�D�FHQWUDO�SDUW�RI
80/

1RWNLQ��F������������ ��

L�/RJL[�VFUHHQVKRW

1RWNLQ��F������������ ��

$QDO\VLV

� *LYHQ�D�6WDWHFKDUWV�GHVFULSWLRQ��KRZ�FDQ�RQH
WHOO�LI�LW�KDV�VRPH�GHVLUDEOH�SURSHUWLHV"
² )RU�LQVWDQFH��LV�LW�GHWHUPLQLVWLF"

² $UH�WKHUH�GHDGORFNV"

² $QG�GRPDLQ�VSHFLILF�SURSHUWLHV��WRR

� 3HUKDSV�WKH�PRVW�SURPLVLQJ�WHFKQRORJ\�IRU
KHOSLQJ�ZLWK�WKLV�LV�PRGHO�FKHFNLQJ

1RWNLQ��F������������ ��

0RGHO�FKHFNLQJ

� (YDOXDWH�WHPSRUDO
SURSHUWLHV�RI�ILQLWH
VWDWH�V\VWHPV
² *XDUDQWHH�D�SURSHUW\�LV
WUXH�RU�UHWXUQ�D
FRXQWHUH[DPSOH

� ([WUHPHO\�VXFFHVVIXOO\
IRU�KDUGZDUH
YHULILFDWLRQ

� 2SHQ�TXHVWLRQ�
DSSOLFDEOH�WR�VRIWZDUH
VSHFLILFDWLRQV"

Finite State
Machine

Temporal Logic
Formula

Model
Checker

Yes No

1RWNLQ��F������������ ��

6WDWH�7UDQVLWLRQ�*UDSK

� 2QH�ZD\�WR�UHSUHVHQW�D�ILQLWH�VWDWH�PDFKLQH
LV�DV�D�VWDWH�WUDQVLWLRQ�JUDSK
² 6�LV�D�ILQLWH�VHW�RI�VWDWHV

² 5�LV�D�ELQDU\�UHODWLRQ�WKDW�GHILQHV�WKH�SRVVLEOH
WUDQVLWLRQV�EHWZHHQ�VWDWHV�LQ�6

² 3�LV�D�IXQFWLRQ�WKDW�DVVLJQV�DWRPLF�SURSRVLWLRQV
WR�HDFK�VWDWH�LQ�6
� H�J���WKDW�D�VSHFLILF�SURFHVV�KROGV�D�ORFN

� 2WKHU�UHSUHVHQWDWLRQV�LQFOXGH�UHJXODU
H[SUHVVLRQV��HWF�

1RWNLQ��F������������ ��

([DPSOH

� 7KUHH�VWDWHV

� 7UDQVLWLRQV�DV�VKRZQ

� $WRPLF�SURSHUWLHV�D��E
DQG�F

� *LYHQ�D�VWDUW�VWDWH��\RX
FDQ�FRQVLGHU�OHJDO�SDWKV
WKURXJK�WKH�VWDWH
PDFKLQH

a
b

b
c

a
c

S0

S1

S2
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1RWNLQ��F������������ ��

$�FRPSXWDWLRQ�WUHH

� )URP�D�JLYHQ�VWDUW
VWDWH��\RX�FDQ
UHSUHVHQW�DOO�SRVVLEOH
SDWKV�ZLWK�DQ�LQILQLWH
FRPSXWDWLRQ�WUHH

� 0RGHO�FKHFNLQJ�DOORZV
XV�WR�DQVZHU�TXHVWLRQV
DERXW�WKLV�WUHH
VWUXFWXUH

S0

S0

S1

S2S1

S0

S2S1

1RWNLQ��F������������ ��

7HPSRUDO�IRUPXODH

� 7HPSRUDO�ORJLFV�DOORZ�XV
WR�VD\�WKLQJV�OLNH
² 'RHV�VRPH�SURSHUW\�KROG
WUXH�JOREDOO\"
� 7RS�ILJXUH

² 'RHV�VRPH�SURSHUW\
LQHYLWDEO\�KROG�WUXH"
� %RWWRP�ILJXUH

² 'RHV�VRPH�SURSHUW\
SRWHQWLDOO\�KROG�WUXH"

S0

S0

S1

S2S1

S0

S2S1

S0

S0

S1

S2S1

S0

S2S1

S2

1RWNLQ��F������������ ��

0XWXDO�H[FOXVLRQ�H[DPSOH
� 1��	�1���QRQ�FULWLFDO

UHJLRQV�RI�3URFHVV���DQG��

� 7��	�7���WU\LQJ�UHJLRQV

� &��DQG�&���FULWLFDO�UHJLRQV

� $)�&���LQ�OLJKWO\�VKDGHG
VWDWH"
² &��DOZD\V�LQHYLWDEO\�WUXH"

� ()�&��∧�&���LQ�GDUN�VKDGHG
VWDWH"
² &��DQG�&��HYHQWXDOO\�WUXH"

N1/N2

N1/T2T1/N2

C1/N2 T1/T2 T1/T2 N1/C2

T1/C2C1/T2

1RWNLQ��F������������ ��

0RGHO�FKHFNLQJ

� $�PRGHO�FKHFNHU�WDNHV�DV�LQSXW�WKH�VWDWH
PDFKLQH�GHVFULSWLRQ�DQG�D�WHPSRUDO�ORJLF
IRUPXOD�DQG
² HLWKHU�UHWXUQV�´WUXHµ�RU

² UHWXUQV�´IDOVHµ�DQG�JLYHV�D�FRXQWHUH[DPSOH
� D�GHVFULSWLRQ�RI�VWDWH�WUDQVLWLRQV�WKDW�OHDGV�WR�D
FRXQWHUH[DPSOH�RI�WKH�WHPSRUDO�IRUPXOD

1RWNLQ��F������������ ��

+RZ�GRHV�LW�ZRUN"��LQ�EULHI�

� $Q�LWHUDWLYH�DOJRULWKP�WKDW�ODEHOV�VWDWHV�LQ�WKH
WUDQVLWLRQ�JUDSK�ZLWK�IRUPXODH�NQRZQ�WR�EH�WUXH

� )RU�D�TXHU\�4
² WKH�ILUVW�LWHUDWLRQ�PDUNV�DOO�VXEIRUPXODH�RI�4�RI
OHQJWK��

² WKH�VHFRQG�LWHUDWLRQ�PDUNV�WKHP�RI�OHQJWK��

² WKLV�WHUPLQDWHV�VLQFH�WKH�IRUPXOD�LV�ILQLWH

� 7KH�GHWDLOV�RI�WKH�ORJLF�LQGHHG�PDWWHU
² %XW�QRW�DW�WKLV�OHYHO�RI�GHVFULSWLRQ

1RWNLQ��F������������ ��

([DPSOH

� 4� �7��⇒�$)�&�
² ,I�3URFHVV���LV�WU\LQJ�WR�DFTXLUH�WKH�PXWH[��WKHQ
LW�LV�LQHYLWDEO\�WUXH�LW�ZLOO�JHW�LW�VRPHWLPH

� 4� �¬Τ1 ∨ $)�&�
² 5HZULWLQJ�ZLWK�'H0RUJDQ·V�/DZV

� )LUVW��ODEHO�DOO�WKH�VWDWHV�ZKHUH�7���¬7���DQG
&��DUH�WUXH
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1RWNLQ��F������������ ��

([DPSOH

� 1H[W�PDUN�DOO�WKH
VWDWHV�LQ�ZKLFK�$)�&��LV
WUXH��HWF�
² 7KH�DOJRULWKP�WUDFNV
VWDWHV�YLVLWHG�XVLQJ
GHSWK�ILUVW�VHDUFK

² 6OLJKW�YDULDWLRQV�IRU�$)�
$*��()��(*��HWF�

� $W�WHUPLQDWLRQ�
¬7��∨�$)�&��LV�WUXH
HYHU\ZKHUH

N1/N2
¬T1

¬T1 v AF C1

N1/T2
¬T1

¬T1 v AF C1

T1/N2
AF C1

¬T1 v AF C1

C1/N2
¬T1

AF C1
¬T1 v AF C1

N1/C2
¬T1

¬T1 v AF C1

T1/C2
AF C1

¬T1 v AF C1

T1/T2
AF C1

¬T1 v AF C1

C1/T2
¬T1

AF C1
¬T1 v AF C1

T1/T2
AF C1

¬T1 v AF C1

1RWNLQ��F������������ ��

6\PEROLF�PRGHO�FKHFNLQJ

� 6WDWH�VSDFH�FDQ�EH�KXJH��!�������IRU�PDQ\
V\VWHPV

� 8VH�LPSOLFLW�UHSUHVHQWDWLRQ
² 'DWD�VWUXFWXUH�WR�UHSUHVHQW�WUDQVLWLRQ�UHODWLRQ
DV�D�ERROHDQ�IRUPXOD

� $OJRULWKPLFDOO\�PDQLSXODWH�WKH�GDWD
VWUXFWXUH�WR�H[SORUH�WKH�VWDWH�VSDFH

� .H\��HIILFLHQF\�RI�WKH�GDWD�VWUXFWXUH

1RWNLQ��F������������ ��

%LQDU\�GHFLVLRQ�GLDJUDPV
�%''V�

� ´)ROGHG�GHFLVLRQ�WUHHµ
� )L[HG�YDULDEOH�RUGHU
� 0DQ\�IXQFWLRQV�KDYH
VPDOO�%''V
² 0XOWLSOLFDWLRQ�LV�D
QRWDEOH�H[FHSWLRQ

� &DQ�UHSUHVHQW
² 6WDWH�PDFKLQHV
�WUDQVLWLRQ�IXQFWLRQV�

² 7HPSRUDO�TXHULHV

01

1 1

1 10

10

1 1

0

0

x1

x4

x3

x2

Odd Parity

'XH�WR�5DQG\�%U\DQW

1RWNLQ��F������������ ��

%''�EDVHG�PRGHO�FKHFNLQJ

� ,WHUDWLYH��IL[HG�SRLQW�DOJRULWKPV�WKDW�DUH
TXLWH�VLPLODU�WR�WKRVH�LQ�H[SOLFLW�PRGHO
FKHFNLQJ

� $SSO\LQJ�ERROHDQ�IXQFWLRQV�WR�%''V�LV
HIILFLHQW��ZKLFK�PDNHV�WKH�XQGHUO\LQJ
DOJRULWKPV�HIILFLHQW

� :KHQ�WKH�%''V�UHPDLQ�VPDOO��WKDW�LV
² 9DULDEOH�RUGHULQJ�LV�D�NH\�LVVXH

1RWNLQ��F������������ ��

%''�EDVHG�VXFFHVVHV�LQ�+:

� ,(((�)XWXUHEXV��FDFKH�FRKHUHQFH�SURWRFRO
� &RQWURO�SURWRFRO�IRU�3KLOLSV�VWHUHR
FRPSRQHQWV

� ,6'1�8VHU�3DUW�3URWRFRO
� ���

1RWNLQ��F������������ ��

6RIWZDUH�PRGHO�FKHFNLQJ

� )LQLWH�VWDWH�VRIWZDUH�VSHFLILFDWLRQV
² 5HDFWLYH�V\VWHPV��DYLRQLFV��DXWRPRWLYH��HWF��

² +LHUDUFKLFDO�VWDWH�PDFKLQH�VSHFLILFDWLRQV
� 6WDWHFKDUWV��+DUHO���560/��/HYHVRQ�

� 1RW�LQWHQGHG�WR�KHOS�ZLWK�SURYLQJ
FRQVLVWHQF\�RI�VSHFLILFDWLRQ�DQG
LPSOHPHQWDWLRQ
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1RWNLQ��F������������ ��

:K\�PLJKW�LW�IDLO"
� 6RIWZDUH�LV�RIWHQ�VSHFLILHG�ZLWK�LQILQLWH
VWDWH�GHVFULSWLRQV
² :H·OO�FRPH�EDFN�WR�WKLV�ODWHU��FRXQWHUH[DPSOH
FKHFNLQJ�

� 6RIWZDUH�VSHFLILFDWLRQV�PD\�EH�VWUXFWXUHG
GLIIHUHQWO\�IURP�KDUGZDUH�VSHFLILFDWLRQV
² +LHUDUFK\
² 5HSUHVHQWDWLRQV�DQG�DOJRULWKPV�IRU�PRGHO
FKHFNLQJ�PD\�QRW�VFDOH

1RWNLQ��F������������ ��

$Q�DSSURDFK�DW�8:³WU\�LW�

� $SSOLHG�PRGHO�FKHFNLQJ�WR�WKH�VSHFLILFDWLRQ
RI�7&$6�,,
² 7UDIILF�$OHUW�DQG�&ROOLVLRQ�$YRLGDQFH�6\VWHP

� ,Q�XVH�RQ�8�6��FRPPHUFLDO�DLUFUDIW

� KWWS���ZZZ�IDD�JRY�DQG�DQG����DQG����QHZWFDV�KWP

² )$$�DGRSWHG�VSHFLILFDWLRQ

² ,QLWLDO�GHVLJQ�DQG�GHYHORSPHQW�E\�/HYHVRQ�HW�DO�

1RWNLQ��F������������ ��

7&$6

� :DUQ�SLORWV�RI�WUDIILF
² 3ODQH�WR�SODQH��QRW�WKURXJK�JURXQG�FRQWUROOHU

² 2Q�HVVHQWLDOO\�DOO�FRPPHUFLDO�DLUFUDIW

� ,VVXH�UHVROXWLRQ�DGYLVRULHV�RQO\
² 9HUWLFDO�UHVROXWLRQ�RQO\

² 5HOLHV�RQ�WUDQVSRQGHU�GDWD

1RWNLQ��F������������ ��

7&$6�VSHFLILFDWLRQ

� ,UYLQH�6DIHW\�*URXS��/HYHVRQ�HW�DO��
² 6SHFLILHG�LQ�560/�DV�D�UHVHDUFK�SURMHFW

� 560/�LV�LQ�WKH�6WDWHFKDUWV�IDPLO\�RI�KLHUDUFKLFDO
VWDWH�PDFKLQH�GHVFULSWLRQ�ODQJXDJHV

² )$$�DGRSWHG�560/�YHUVLRQ�DV�RIILFLDO

� 6SHFLILFDWLRQ�LV�DERXW�����SDJHV�ORQJ
� 7KLV�VWXG\�XVHV��9HUVLRQ�������0DUFK�����

² 1RW�WKH�FXUUHQW�)$$�YHUVLRQ

1RWNLQ��F������������ ��

7&$6³KLJK�OHYHO�VWUXFWXUH

Own_Aircraft Other_Aircraft

On

• Own_Aircraft
– Sensitivity levels, Alt_Layer, Advisory_Status

• Other_Aircraft
– Tracked, Intruder_State, Range_Test, Crossing, Sense

Descend/Climb

1RWNLQ��F������������ ��

8VLQJ�609

� 609�LV�D�%''�EDVHG�PRGHO�FKHFNHU

� ,W�FKHFNV�&7/�IRUPXODV
² $�VSHFLILF�WHPSRUDO�ORJLF

TCAS
(RSML)

Properties
(CTL)

Model Checker
(SMV)

Partial TCAS
(SMV)
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1RWNLQ��F������������ ��

,WHUDWLYH�SURFHVV

� ,WHUDWH�609�YHUVLRQ�RI�VSHFLILFDWLRQ
� &ODULI\�DQG�UHILQH�WHPSRUDO�IRUPXOD
� 0RGHO�HQYLURQPHQW�PRUH�SUHFLVHO\
� 5HILQH�VSHFLILFDWLRQ

1RWNLQ��F������������ ��

8VH�RI�QRQ�GHWHUPLQLVP

� ,QSXWV�IURP�HQYLURQPHQW
– Altitude := {1000…8000}

� 6LPSOLILFDWLRQ�RI�IXQFWLRQV
– Alt_Rate := 0.25*(Alt_Baro-ZP)/Delta_t

– Alt_Rate := {-2000…2000}

� 8QPRGHOOHG�SDUWV�RI�VSHFLILFDWLRQ
² 6WDWHV�RI�Other_Aircraft�WUHDWHG�DV�QRQ�
GHWHUPLQVWLF�LQSXW�YDULDEOHV

1RWNLQ��F������������ ��

7UDQVODWLQJ�560/�WR�609

On

Off

MODULE main
VAR

state:{ON,OFF};
on_event: boolean;
off_event: boolean;

ASSIGN
init(state) := OFF;
next(state) := case

state = ON &
        off_event: OFF;

state = OFF &
        on_event: ON;

1 : state;
esac;

1RWNLQ��F������������ ��

6WDWH�HQFRGLQJ

A B

D F

E G

S

C

T U

� )ODWWHQ�QHVWHG�$1'
DQG�QHVWHG�25�VWDWHV

� 2QH�YDULDEOH�IRU�HDFK
25�VWDWH
² $Q�HQXPHUDWHG�W\SH�RI
WKH�DOWHUQDWLYHV

• VAR
S: {A,B,C};
T: {D,E};
U: {F,G};

1RWNLQ��F������������ ��

6\QFKURQ\�K\SRWKHVLV

��+DQGOLQJ�DQ�H[WHUQDO�HYHQW

DEFINE
Stable := !Initiate_Move &
             !Move_Finished &
             !Rod_Updated & !Clock_Event
ASSIGN
next(Move_Finished) := case

Stable : {0,1};
1      : 0;

esac;
…for other external events…

1RWNLQ��F������������ ��

7UDQVLWLRQV
VAR RC: {Out, Mid, In};

ASSIGN

T_Out_Mid : Mid; T_Mid_In : In;

T_Mid_Out : Out; T_In_Mid : Mid;

1 : RC;

esac;
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1RWNLQ��F������������ ��

1RQ�GHWHUPLQLVWLF�WUDQVLWLRQV

� $�PDFKLQH�LV�GHWHUPLQLVWLF�LI�DW�PRVW�RQH�RI
T_A_B��T_A_C��HWF��FDQ�EH�WUXH
² (OVH�QRQ�GHWHUPLQLVWLF

� &DQ�HQFRGH�QRQ�GHWHUPLQLVWLF�WUDQVLWLRQV
– next(S) := case

T_A_B & T_A_C: {B,C};
T_A_B : B; T_A_C : C;
1 : S;

esac;

1RWNLQ��F������������ ��

&KHFNLQJ�SURSHUWLHV

� ,QLWLDO�DWWHPSWV�WR�FKHFN�DQ\�SURSHUW\
JHQHUDWHG�%''V�RI�RYHU����0%

� )LUVW�VXFFHVVIXO�FKHFN�WRRN����KRXUV
² +DV�EHHQ�UHGXFHG�WR�D�IHZ�PLQXWHV

� 3DUWLWLRQHG�%''V
� 5HRUGHUHG�YDULDEOHV
� ,PSOHPHQWHG�EHWWHU�VHDUFK�IRU
FRXQWHUH[DPSOHV

1RWNLQ��F������������ ��

3URSHUW\�FKHFNLQJ

� 'RPDLQ�LQGHSHQGHQW�SURSHUWLHV
² 'HWHUPLQLVWLF�VWDWH�WUDQVLWLRQV

² )XQFWLRQ�FRQVLVWHQF\

� 'RPDLQ�GHSHQGHQW
² 2XWSXW�DJUHHPHQW

² 6DIHW\�SURSHUWLHV

� :H�XVHG�609�WR�LQYHVWLJDWH�VRPH�RI�WKHVH
SURSHUWLHV�RQ�7&$6·�Own_Aircraft�PRGXOH

1RWNLQ��F������������ ��

'LVFODLPHU
7KH�LQWHQW�RI�WKLV�ZRUN�LV�WR�HYDOXDWH
V\PEROLF�PRGHO�FKHFNLQJ�RI�VWDWH�EDVHG
VSHFLILFDWLRQV��QRW�WR�HYDOXDWH�WKH�7&$6�,,
VSHFLILFDWLRQ���2XU�VWXG\�XVHG�D�SUHOLPLQDU\
YHUVLRQ�RI�WKH�VSHFLILFDWLRQ��YHUVLRQ������
GDWHG�0DUFK���������:H�GLG�QRW�KDYH
DFFHVV�WR�ODWHU�YHUVLRQV��VR�ZH�GR�QRW�NQRZ
LI�WKH�LVVXHV�LGHQWLILHG�KHUH�DUH�SUHVHQW�LQ
ODWHU�YHUVLRQV�

1RWNLQ��F������������ ��

'HWHUPLQLVWLF�WUDQVLWLRQV

� 'R�WKH�VDPH�FRQGLWLRQV�DOORZ�IRU�QRQ�
GHWHUPLQLVWLF�WUDQVLWLRQV"

� ,QFRQVLVWHQFLHV�ZHUH�IRXQG�HDUOLHU�E\�RWKHU
PHWKRGV�>+HLPGDKO�DQG�/HYHVRQ@
² ,GHQWLFDO�FRQGLWLRQV�DOORZHG�WUDQVLWLRQV�IURP
6HQVLWLYLW\�/HYHO���WR�6/���RU�WR�6/��

� 2XU�IRUPXODH�FKHFNHG�IRU�DOO�SRVVLEOH�QRQ�
GHWHUPLQLVP��ZH�IRXQG�WKLV�FDVH��WRR
1RWH��(DUOLHU�YHUVLRQ�RI�7&$6�VSHF

V_254a := MS = TA_RA | MS = TA_only | MS =3 | MS = 4 |
          MS = 5 | MS = 6 | MS = 7;
V_254b := ASL = 2 | ASL = 3 | ASL = 4 | ASL = 5 |
          ASL = 6 | ASL = 7;
T_254  := (ASL = 2 & V_254a) | (ASL = 2 & MS = TA_only) |
          (V_254b & LG = 2 & V524a);
V_257a := LG = 5 | LG = 6 | LG = 7 | LG = none;
V_257b := MS = TA_RA | MS = 5 || MS = 6 | MS = 7;
V_257c := MS = TA_RA | MS = TA_only | MS = 3 | MS = 4 |
          MS = 5 | MS = 6 | MS = 7;
V_257d := ASL = 5 | ASL = 6 | ASL = 7;
T_257  := (ASL = 5 | V_257a | V_257b) |
          (ASL = 5 & MS = TA_only) |
          (ASL = 5& LG = 2 & V_257c) |
          (V_257d & LG = 5 & V_257b) |
          (V_257d & V_257a & MS = 5);
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1RWNLQ��F������������ ��

)XQFWLRQ�FRQVLVWHQF\
� 0DQ\�IXQFWLRQV�DUH
GHILQHG�LQ�WHUPV�RI
FDVHV

� $�IXQFWLRQ�LV
LQFRQVLVWHQW�LI�WZR
GLIIHUHQW�FRQGLWLRQV�Ci
DQG�Cj�DQG�EH�WUXH
VLPXOWDQHRXVO\

AG !((C1 & C2) |
     (C1 & C2) |
     (C2 & C3))

 V1 if C1
 V2 if C2
 V3 if C3

F =

1RWNLQ��F������������ ��

'LVSOD\B0RGHOB*RDO

� 7HOOV�SLORW�GHVLUHG�UDWH�RI�DOWLWXGH�FKDQJH
� &KHFNLQJ�IRU�FRQVLVWHQF\�JDYH�D
FRXQWHUH[DPSOH
– Other_Aircraft �UHYHUVH�IURP�DQ�Increase-

Climb �WR�DQ�Increase-Descend �DGYLVRU\

² $IWHU�VWXG\��WKLV�LV�RQO\�SHUPLWWHG�LQ�RXU�QRQ�
GHWHUPLQLVWLF�PRGHOLQJ�RI�Other_Aircraft

² 0RGHOLQJ�D�SLHFH�RI�Other_Aircraft ·V�ORJLF
SUHFOXGHV�WKLV�FRXQWHUH[DPSOH

1RWNLQ��F������������ ��

2XWSXW�DJUHHPHQW

� 5HODWHG�RXWSXWV�VKRXOG�EH�FRQVLVWHQW
² 5HVROXWLRQ�DGYLVRU\

•Increase-Climb, Climb, Descend,
Increase-Descend

–Display_Model_Goal
� 'HVLUHG�UDWH�RI�DOWLWXGH�FKDQJH

� %HWZHHQ�������IW�PLQ�DQG������IW�PLQ

² 3UHVXPDEO\��RQ�D�FOLPE�DGYLVRU\�
Display_Model_Goal �VKRXOG�EH�SRVLWLYH

1RWNLQ��F������������ ��

2XWSXW�DJUHHPHQW�FKHFN

• AG (RA = Climb -> DMG > 0)

² ,I�5HVROXWLRQ�$GYLVRU\�LV�Climb��WKHQ
Display_Model_Goal�LV�SRVLWLYH

� &RXQWHUH[DPSOH�ZDV�IRXQG
– t 0 : RA = Descend, DMG = -1500

– t 1 : RA = Increase-Descend, DMG = -2500

– t 2 : RA = Climb, DMG = -1500

1RWNLQ��F������������ ��

/LPLWDWLRQV

� &DQ·W�PRGHO�DOO�RI�7&$6
² 3XVKLQJ�OLPLWV�RI�609��PRUH�WKDQ�����ELW
YDULDEOHV�LV�SUREOHPDWLF�

² 1HHG�VRPH�QRQ�OLQHDU�DULWKPHWLF�WR�PRGHO�SDUWV
RI�Other_Aircraft
� 1HZ�UHVXOW�WKDW�UHSUHVHQWV�FRQVWUDLQWV�DV�%''
YDULDEOHV�DQG�XVHV�D�FRQVWUDLQW�VROYHU

� +RZ�WR�SLFN�DSSURSULDWH�IRUPXODH�WR�FKHFN"
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1RWNLQ��F������������ ��

:KHQFH�IRUPXODH"
´7KHUH�KDYH�EHHQ�WZR�SLORW�UHSRUWV�UHFHLYHG
ZKLFK�LQGLFDWHG�WKDW�7&$6�KDG�LVVXHG�'HVFHQG
5$
V�DW�DSSUR[LPDWHO\�����IHHW�$*/�HYHQ
WKRXJK�7&$6�LV�GHVLJQHG�WR�LQKLELW�'HVFHQW�5$V
DW�������IHHW�$*/��$OO�DYDLODEOH�GDWD�IURP�WKHVH
HQFRXQWHUV�DUH�EHLQJ�UHYLHZHG�WR�GHWHUPLQH�WKH
UHDVRQ�IRU�WKHVH�5$V�µ

�����������������������������������������7&$6�:HE�VLWH

1RWNLQ��F������������ ��

:KHQFH�IRUPXODH"

� -DIIH��/HYHVRQ�HW�DO��GHYHORSHG�FULWHULD�WKDW
VSHFLILFDWLRQV�RI�HPEHGGHG�UHDO�WLPH
V\VWHPV�VKRXOG�VDWLVI\��LQFOXGLQJ�
² $OO�LQIRUPDWLRQ�IURP�VHQVRUV�VKRXOG�EH�XVHG

² %HKDYLRU�EHIRUH�VWDUWXS��DIWHU�VKXWGRZQ�DQG
GXULQJ�RII�OLQH�SURFHVVLQJ�VKRXOG�EH�VSHFLILHG

² (YHU\�VWDWH�PXVW�KDYH�D�WUDQVLWLRQ�GHILQHG�IRU
HYHU\�SRVVLEOH�LQSXW��LQFOXGLQJ�WLPHRXWV�
� 3UHGLFDWHV�RQ�WKH�WUDQVLWLRQV�PXVW�\LHOG�GHWHUPLQLVWLF
EHKDYLRU

1RWNLQ��F������������ ��

0RUH�FULWHULD

� 7LPLQJ�FULWHULD
� 'DWD�YDOLGLW\�FULWHULD
� 'HJUDGDWLRQ�FULWHULD
� )HHGEDFN�FULWHULD
� 5HDFKDELOLW\�FULWHULD

1RWNLQ��F������������ ��

:KDW�DERXW�LQILQLWH�VWDWH"

� 0RGHO�FKHFNLQJ�GRHV�QRW�DSSO\�WR�LQILQLWH
VWDWH�VSHFLILFDWLRQV
² 7KH�LWHUDWLYH�DOJRULWKP�ZLOO�QRW�UHDFK�D�IL[SRLQW

� 7KHRUHP�SURYLQJ�DSSOLHV�ZHOO�WR�LQILQLWH�VWDWH
VSHFLILFDWLRQV��EXW�KDV�JHQHUDOO\�SURYHG�WR
EH�XQVDWLVIDFWRU\�LQ�SUDFWLFH

� 2QH�DSSURDFK�LV�WR�DEVWUDFW�LQILQLWH�VWDWH
VSHFLILFDWLRQV�LQWR�ILQLWH�VWDWH�RQHV
² 'RLQJ�WKLV�DQG�SUHVHUYLQJ�SURSHUWLHV�LV�KDUG

1RWNLQ��F������������ ��

$�PLGGOH�JURXQG

� -DFNVRQ�DQG�'DPRQ�KDYH�IRXQG�DQ
LQWHUHVWLQJ�PLGGOH�JURXQG

� :ULWH�LQILQLWH�VWDWH�VSHFV��LQ�WKH�VW\OH�RI�=�
� 8VH�´PRGHO�FKHFNLQJµ�RQ�DOO�LQVWDQFHV�RI�WKH
VSHFLILFDWLRQV�XS�WR�D�FHUWDLQ�VL]H
² 5HSRUW�FRXQWHUH[DPSOHV��LI�IRXQG

² 6XFFHVV�GRHVQ·W�JXDUDQWHH�WKDW�WKH�SURSHUWLHV
KROG�LQ�WKH�VSHFLILFDWLRQ��EH\RQG�WKH�FKHFNHG
VL]HV�

1RWNLQ��F������������ ��

1LWSLFN

� 7KH�WRRO�WKDW�FKHFNV�IRU�FRXQWHUH[DPSOHV
JLYHQ�D��VXEVHW�RI��=�VSHFLILFDWLRQ

� ([DPSOHV�LQFOXGH
² 3DUDJUDSK�VW\OH�PHFKDQLVPV

² 7HOHSKRQH�VZLWFK�VWUXFWXUHV

� 7ZR�YDULDQWV³H[SOLFLW�VWDWH�VSDFH
HQXPHUDWLRQ�DQG�%''�EDVHG�FKHFNLQJ
² 0RUH�UHFHQW�YHUVLRQ�XVLQJ�D�ERROHDQ�VDWLVILDELOLW\
HQJLQH��:DONVDW�
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1RWNLQ��F������������ ��

([SOLFLW�YV��V\PEROLF

� 7KH�H[SOLFLW�FRXQWHUH[DPSOH�FKHFNHU
LGHQWLILHV�LVRPRUSKV��GRHV�VKRUW�FLUFXLW
HQXPHUDWLRQ��HWF�

� 7KH�V\PEROLF�FRXQWHUH[DPSOH�FKHFNHU
WUDQVODWHV�WKH�UHODWLRQDO�GHVFULSWLRQV�LQWR
ERROHDQ�VWUXFWXUHV�DQG�WKHQ�XVHV�%''V

� 7KH�%''�EDVHG�KDV�OHVV�FRQVLVWHQW�EHKDYLRU�
EXW�LV�VRPHWLPHV�PXFK�IDVWHU

1RWNLQ��F������������ ��

0RGHO�FKHFNLQJ�ZUDS�XS

� 7KH�JRDO�RI�PRGHO�FKHFNLQJ�LV�WR�DOORZ�ILQLWH
VWDWH�GHVFULSWLRQV�WR�EH�DQDO\]HG�DQG�VKRZQ
WR�KDYH�SDUWLFXODU�GHVLUDEOH�SURSHUWLHV
² :RQ·W�KHOS�ZKHQ�\RX�GRQ·W�ZDQW�RU�QHHG�ILQLWH
VWDWH�GHVFULSWLRQV

² 'HILQLWHO\�DGGHG�YDOXH�ZKHQ�\RX�GR��EXW�LW·V�QRW
WXUQNH\�\HW
� 6RPH�RWKHU�H[SHULHQFH�E\�RWKHU�UHVHDUFKHUV��WRR��DQG
ZH·YH�ZRUNHG�RQ�DQ�HOHFWULFDO�GLVWULEXWLRQ�VSHF��D
UHVHDUFK�SURWRW\SH�DW�%RHLQJ�

² 'HILQLWHO\�IHDVLEOH�RQ�PRGHVW�VL]HG�V\VWHPV

1RWNLQ��F������������ ��

)RUPDO�PHWKRGV

� :H�ORRNHG�DW�WZR�VW\OHV�RI�IRUPDO
VSHFLILFDWLRQ
² =

² )LQLWH�VWDWH�Z�PRGHO�FKHFNLQJ

� ,W�LV�FHUWDLQO\�QRW�D�VLOYHU�EXOOHW
� ,W�FDQ�LQ�VRPH�FDVHV�LQFUHDVH�FODULW\
� ,W�FDQ�LQ�VRPH�FDVHV�VXSSRUW�DQDO\VLV
� ,W�LV�VWLOO�SUHWW\�GLVWDQW�IURP�FRGH


