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0RGHOOLQJ�XVLQJ�6HTXHQFHV

��6HTXHQFHV
��7KH�ILQLWH�VHTXHQFH�FRQVWUXFWRU
��9DOXH�GHILQLWLRQV��HQXPHUDWLRQ��VXEVHTXHQFH
��2SHUDWRUV�RQ�6HTXHQFHV

��&DVH�6WXG\��WKH�%$6(�7UXVWHG�*DWHZD\
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7KH�ILQLWH�VHTXHQFH�W\SH�FRQVWUXFWRU

,Q�9'0�6/��D�VHTXHQFH�LV�D�ILQLWH�RUGHUHG�FROOHFWLRQ�RI�YDOXHV�
7KH�SUHVHQFH�RI�GXSOLFDWHV�DQG�WKH�RUGHU�LQ�ZKLFK�HOHPHQWV�DUH
SUHVHQWHG�LV�VLJQLILFDQW�

7KH�ILQLWH�VHTXHQFH�W\SH�FRQVWUXFWRU�LV� 
seq of X

ZKHUH X LV�DQ�DUELWUDU\�W\SH��7KH�W\SH seq of X LV�WKH�FODVV�RI
DOO�SRVVLEOH�ILQLWH�VHTXHQFHV�RI�YDOXHV�GUDZQ�IURP�WKH�W\SH X.
)RU�H[DPSOH�

seq of nat1

seq of (seq of char)
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)LQLWH�VHTXHQFH�YDOXH�GHILQLWLRQV

6HTXHQFH�YDOXHV�FDQ�EH�UHSUHVHQWHG�LQ�YDULRXV�ZD\V�

• (QXPHUDWLRQ��H�J� [3, 5, 2, 5, 45]
[ {34}, {34,7}, “Fred” ]

   HPSW\�VHTXHQFH []

• 6HTXHQFHV�RI�FKDUDFWHUV�PD\�EH�JLYHQ�DV�VWULQJV�LQ�TXRWDWLRQ
PDUNV��H�J�

[‘l’,’i’,’n’,’u’,’x’] = “linux”

• 6XEVHTXHQFH: ,I�ZH�KDYH�D�VHTXHQFH�q�WKHQ�ZH�FDQ�WDNH�DQ
H[WUDFW�IURP�q��H�J� q(3,…,5)= [q(3), q(4), q(5)]

�&RPSUHKHQVLRQ��7KH�VHTXHQFH�FRPSUHKHQVLRQ�QRWDWLRQ�LV
QRW�RIWHQ�XVHG�DQG�LV�GHVFULEHG�LQ�WKH�WH[W�

��1RWH�WKDW�VHTXHQFHV��OLNH�VHWV��DUH�ILQLWH�
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2SHUDWRUV�RQ�ILQLWH�VHTXHQFHV

hd: seq of X -> X 3DUWLDO�RSHUDWRU� s <> []
)LUVW�HOHPHQW

tl: seq of X -> seq of X 3DUWLDO�RSHUDWRU� s <> []
7DLO��1%��D�VHTXHQFH��

len: seq of X -> nat OHQJWK�RI�VHTXHQFH

elems: seq of X -> set of X       HOHPHQWV�LQ�WKH�VHTXHQFH
�UHGXFHG�WR�D�VHW�

inds: seq of X -> set of nat      LQGLFHV�RI�WKH�VHTXHQFH
^��«�OHQ�V`

_ ^ _ : seq of X * seq of X -> seq of X

VHTXHQFH�FRQFDWHQDWLRQ

conc: seq of (seq of X) -> seq of X

conc s = WKH�FRQFDWHQDWLRQ�RI�DOO�WKH�VHTXHQFHV�LQ s
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7KH�%$6(�7UXVWHG�*DWHZD\

7UXVWHG
*DWHZD\

High
Security
System

Low
Security
System

High
Security
System
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7KH�%$6(�7UXVWHG�*DWHZD\

(DFK�PHVVDJH�LV�D�QRQ�HPSW\�VHTXHQFH�RI�FKDUDFWHUV�VWDUWLQJ
ZLWK�WKH�VHTXHQFH�³675´�DQG�HQGLQJ�ZLWK�WKH�VHTXHQFH�³673´�
7KH�WRWDO�OHQJWK�RI�D�PHVVDJH�PXVW�QRW�H[FHHG������
FKDUDFWHUV�

String = seq of char

Msg = String

inv m ==
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7KH�%$6(�7UXVWHG�*DWHZD\

$�PHVVDJH�PD\�EH�RI�KLJK�RU�ORZ�VHFXULW\�

Classification = <High> | <Low>

$�PHVVDJH�LV�GHILQHG�DV�KLJK�VHFXULW\�LI�LW�FRQWDLQV�DQ
RFFXUUHQFH�RI�WKH�VWULQJ�³6(&5(7´��,I�LW�GRHV�QRW�FRQWDLQ�WKH
VWULQJ�³6(&5(7´�DQG�LW�GRHV�FRQWDLQ�WKH�VWULQJ
³81&/$66,),('´�WKHQ�WKH�PHVVDJH�LV�WUHDWHG�DV�ORZ�VHFXULW\�
,I�QHLWKHU�VWULQJ�LV�SUHVHQW��WKHQ�WKH�PHVVDJH�LV�FODVVHV�DV
KLJK�VHFXULW\�

Classify: Msg -> Classification

Classify(m) == ???
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7KH�%$6(�7UXVWHG�*DWHZD\

:H�PXVW�PRGHO�VWULQJV�RFFXUULQJ�DV�VXEVWULQJV�RI�ORQJHU�VWULQJV�
VR�ZH�XVH�DQ�DX[LOLDU\�IXQFWLRQ�IRU�WKLV�

occurs: String * String -> bool

occurs(s1,s2) ==

7KHQ�ZLWK�WKH�DLG�RI�WKLV�IXQFWLRQ��PHVVDJH�FODVVLILFDWLRQ�LV
HDV\�WR�PRGHO�

Classify: Msg -> Classification

Classify(m) ==
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7KH�%$6(�7UXVWHG�*DWHZD\

Gateway :: input : seq of Msg

           outHi : seq of Msg

 outLo : seq of Msg

AnalyseInput: Gateway -> Gateway

AnalyseInput(g) ==

pre
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5HYLHZ�([HUFLVH

,Q�WKH�UHDO�7UXVWHG�*DWHZD\��ZH�GLG�QRW�VHDUFK�IRU�SDUWLFXODU
VWULQJV�LQ�WKH�LQFRPLQJ�PHVVDJHV��,QVWHDG��WKH�JDWHZD\
FRQWDLQHG�WZR�FROOHFWLRQV�RI�VWULQJV�FDOOHG�FDWHJRULHV��WKH
³KLJK�FDWHJRU\´�DQG�WKH�³ORZ�FDWHJRU\´�

,I�WKH�LQFRPLQJ�VWULQJ�FRQWDLQHG�D�VWULQJ�IURP�WKH�KLJK
FDWHJRU\��WKHQ�LW�ZDV�FODVVHG�DV�KLJK�VHFXULW\��,I�WKH�LQFRPLQJ
VWULQJ�FRQWDLQHG�QR�KLJK�FDWHJRU\�VWULQJV�DQG�FRQWDLQHG�VRPH
ORZ�FDWHJRU\�VWULQJV��WKHQ�LW�ZDV�FODVVHG�DV�ORZ�VHFXULW\�
2WKHUZLVH�LW�ZDV�WUHDWHG�DV�KLJK�VHFXULW\�

$GG�WKH�FDWHJRULHV�DV�VHWV�RI�VWULQJV�WR�RXU�PRGHO�RI�WKH
JDWHZD\�DQG�PRGLI\�WKH�FODVVLILFDWLRQ�IXQFWLRQ�DSSURSULDWHO\�
5HFRUG�WKH�UHVWULFWLRQ�WKDW�WKHUH�VKRXOG�EH�DW�PRVW����VWULQJV�LQ
HDFK�FDWHJRU\�


