
�

)RUPDO�6SHFLILFDWLRQ

�7HFKQLTXHV�IRU�WKH�
XQDPELJXRXV�
VSHFLILFDWLRQ�RI�
VRIWZDUH

2EMHFWLYHV
� 7R�H[SODLQ�ZK\�IRUPDO�VSHFLILFDWLRQ�
WHFKQLTXHV�KHOS�GLVFRYHU�SUREOHPV�LQ�
V\VWHP�UHTXLUHPHQWV

� 7R�GHVFULEH�WKH�XVH�RI�DOJHEUDLF�
WHFKQLTXHV�IRU�LQWHUIDFH�
VSHFLILFDWLRQ

� 7R�GHVFULEH�WKH�XVH�RI�PRGHO�EDVHG�
WHFKQLTXHV�IRU�EHKDYLRXUDO�
VSHFLILFDWLRQ

7RSLFV�FRYHUHG
� )RUPDO�VSHFLILFDWLRQ�LQ�WKH�VRIWZDUH�
SURFHVV

� ,QWHUIDFH�VSHFLILFDWLRQ
� %HKDYLRXUDO�VSHFLILFDWLRQ

)RUPDO�PHWKRGV
� )RUPDO�VSHFLILFDWLRQ�LV�SDUW�RI�D�PRUH�
JHQHUDO�FROOHFWLRQ�RI�WHFKQLTXHV�WKDW�DUH�
NQRZQ�DV�¶IRUPDO�PHWKRGV·

� 7KHVH�DUH�DOO�EDVHG�RQ�PDWKHPDWLFDO�
UHSUHVHQWDWLRQ�DQG�DQDO\VLV�RI�VRIWZDUH

� )RUPDO�PHWKRGV�LQFOXGH
² )RUPDO�VSHFLILFDWLRQ
² 6SHFLILFDWLRQ�DQDO\VLV�DQG�SURRI
² 7UDQVIRUPDWLRQDO�GHYHORSPHQW
² 3URJUDP�YHULILFDWLRQ

$FFHSWDQFH�RI�IRUPDO�PHWKRGV
� )RUPDO�PHWKRGV�KDYH�QRW�EHFRPH�
PDLQVWUHDP�VRIWZDUH�GHYHORSPHQW�
WHFKQLTXHV�DV�ZDV�RQFH�SUHGLFWHG
² 2WKHU�VRIWZDUH�HQJLQHHULQJ�WHFKQLTXHV�KDYH�
EHHQ�VXFFHVVIXO�DW�LQFUHDVLQJ�V\VWHP�TXDOLW\��

² 0DUNHW�FKDQJHV�KDYH�PDGH�WLPH�WR�PDUNHW�
UDWKHU�WKDQ�VRIWZDUH�ZLWK�D�ORZ�HUURU�FRXQW�
WKH�NH\�IDFWRU��)RUPDO�PHWKRGV�GR�QRW�
UHGXFH�WLPH�WR�PDUNHW

² )RUPDO�PHWKRGV�DUH�KDUG�WR�VFDOH�XS�WR�ODUJH�
V\VWHPV

8VH�RI�IRUPDO�PHWKRGV
� 7KHLU�SULQFLSDO�EHQHILWV�DUH�LQ�
UHGXFLQJ�WKH�QXPEHU�RI�HUURUV�LQ�
V\VWHPV�VR�WKHLU�PDLQ�DUHD�RI�
DSSOLFDELOLW\�LV�FULWLFDO�V\VWHPV

� ,Q�WKLV�DUHD��WKH�XVH�RI�IRUPDO�
PHWKRGV�LV�PRVW�OLNHO\�WR�EH�FRVW�
HIIHFWLYH



�

6SHFLILFDWLRQ�LQ�WKH�VRIWZDUH�
SURFHVV

� 6SHFLILFDWLRQ�DQG�GHVLJQ�DUH�
LQWHUPLQJOHG�

� $UFKLWHFWXUDO�GHVLJQ�LV�HVVHQWLDO�WR�
VWUXFWXUH�D�VSHFLILFDWLRQ�

� )RUPDO�VSHFLILFDWLRQV�DUH�H[SUHVVHG�
LQ�D�PDWKHPDWLFDO�QRWDWLRQ�ZLWK�
SUHFLVHO\�GHILQHG�YRFDEXODU\��V\QWD[�
DQG�VHPDQWLFV� 6SHFLILFDWLRQ

6SHFLILFDWLRQ�DQG�GHVLJQ
5HTXLUHPHQWV�
'HILQLWLRQ

5HTXLUHPHQWV�
'HILQLWLRQ

5HTXLUHPHQWV�
6SHFLILFDWLRQ
5HTXLUHPHQWV�
6SHFLILFDWLRQ

$UFKLWHFWXUDO�
'HVLJQ

$UFKLWHFWXUDO�
'HVLJQ

6RIWZDUH
6SHFLILFDWLRQ
6RIWZDUH

6SHFLILFDWLRQ

+LJK�OHYHO
'HVLJQ

+LJK�OHYHO
'HVLJQ'HVLJQ

,QFUHDVLQJ�&RQWUDFWRU�,QYROYHPHQW

'HFUHDVLQJ�&OLHQW�,QYROYHPHQW

6SHFLILFDWLRQ�LQ�WKH�VRIWZDUH�
SURFHVV

5HTXLUHPHQWV�
'HILQLWLRQ

5HTXLUHPHQWV�
'HILQLWLRQ

5HTXLUHPHQWV�
6SHFLILFDWLRQ
5HTXLUHPHQWV�
6SHFLILFDWLRQ

6\VWHP�
0RGHOLQJ
6\VWHP�
0RGHOLQJ

$UFKLWHFWXUDO
'HVLJQ

$UFKLWHFWXUDO
'HVLJQ

)RUPDO
6SHFLILFDWLRQ

)RUPDO
6SHFLILFDWLRQ

+LJK�OHYHO
'HVLJQ

+LJK�OHYHO
'HVLJQ

6SHFLILFDWLRQ�WHFKQLTXHV
� $OJHEUDLF�DSSURDFK

² 7KH�V\VWHP�LV�VSHFLILHG�LQ�WHUPV�RI�LWV�
RSHUDWLRQV�DQG�WKHLU�UHODWLRQVKLSV

� 0RGHO�EDVHG�DSSURDFK
² 7KH�V\VWHP�LV�VSHFLILHG�LQ�WHUPV�RI�D�
VWDWH�PRGHO�WKDW�LV�FRQVWUXFWHG�XVLQJ�
PDWKHPDWLFDO�FRQVWUXFWV�VXFK�DV�VHWV�
DQG�VHTXHQFHV��2SHUDWLRQV�DUH�GHILQHG�
E\�PRGLILFDWLRQV�WR�WKH�V\VWHP·V�VWDWH

)RUPDO�VSHFLILFDWLRQ�ODQJXDJHV

�� &63
�� 3HWUL�1HWV

�� =
�� 9'0
�� %

0RGHO�EDVHG

/RWRV/DUFK$OJHEUDLF

&RQFXUUHQW6HTXHQWLDO

8VH�RI�IRUPDO�VSHFLILFDWLRQ
� )RUPDO�VSHFLILFDWLRQ�LQYROYHV�LQYHVWLQJ�
PRUH�HIIRUW�LQ�WKH�HDUO\�SKDVHV�RI�
VRIWZDUH�GHYHORSPHQW�

� 7KLV�UHGXFHV�UHTXLUHPHQWV�HUURUV�DV�LW�
IRUFHV�D�GHWDLOHG�DQDO\VLV�RI�WKH�
UHTXLUHPHQWV�

� ,QFRPSOHWHQHVV�DQG�LQFRQVLVWHQFLHV�FDQ�
EH�GLVFRYHUHG�DQG�UHVROYHG

� +HQFH��VDYLQJV�DV�PDGH�DV�WKH�DPRXQW�RI�
UHZRUN�GXH�WR�UHTXLUHPHQWV�SUREOHPV�LV�
UHGXFHG



�

6SHFLILFDWLRQ

6SHFLILFDWLRQ

'HVLJQ�	�
,PSOHPHQWDWLRQ

'HVLJQ�	�
,PSOHPHQWDWLRQ

9DOLGDWLRQ

9DOLGDWLRQ

:LWKRXW�IRUPDO�VSHFLILFDWLRQ :LWK�IRUPDO�VSHFLILFDWLRQ

&R
VW

'HYHORSPHQW�FRVWV�ZLWK�IRUPDO�VSHFLILFDWLRQ ,QWHUIDFH�VSHFLILFDWLRQ
� /DUJH�V\VWHPV�DUH�GHFRPSRVHG�LQWR�
VXEV\VWHPV�ZLWK�ZHOO�GHILQHG�LQWHUIDFHV�
EHWZHHQ�WKHVH�VXEV\VWHPV

� 6SHFLILFDWLRQ�RI�VXEV\VWHP�LQWHUIDFHV�
DOORZV�LQGHSHQGHQW�GHYHORSPHQW�RI�WKH�
GLIIHUHQW�VXEV\VWHPV

� ,QWHUIDFHV�PD\�EH�GHILQHG�DV�DEVWUDFW�
GDWD�W\SHV�RU�REMHFW�FODVVHV

� 7KH�DOJHEUDLF�DSSURDFK�WR�IRUPDO�
VSHFLILFDWLRQ�LV�SDUWLFXODUO\�ZHOO�VXLWHG�WR�
LQWHUIDFH�VSHFLILFDWLRQ

6XE�V\VWHP�LQWHUIDFHV

6XE�V\VWHP
$

6XE�V\VWHP
$

6XE�V\VWHP
%

6XE�V\VWHP
%

,QWHUIDFH
REMHFWV

7KH�VWUXFWXUH�RI�DQ�DOJHEUDLF�
VSHFLILFDWLRQ

6RUW �QDPH!
,PSRUWV �OLVW�RI�VSHFLILFDWLRQ�QDPHV!
6RUW �QDPH!
,PSRUWV �OLVW�RI�VSHFLILFDWLRQ�QDPHV!

,QIRUPDO�GHVFULSWLRQ�RI�WKH�VRUW�DQG�LWV�RSHUDWLRQV,QIRUPDO�GHVFULSWLRQ�RI�WKH�VRUW�DQG�LWV�RSHUDWLRQV

2SHUDWLRQ�VLJQDWXUHV�VHWWLQJ�RXW�WKH�QDPHV�DQG�WKH�
W\SHV�RI�WKH�SDUDPHWHUV�WR�WKH�RSHUDWLRQV�GHILQHG�
RYHU�WKH�VRUW

2SHUDWLRQ�VLJQDWXUHV�VHWWLQJ�RXW�WKH�QDPHV�DQG�WKH�
W\SHV�RI�WKH�SDUDPHWHUV�WR�WKH�RSHUDWLRQV�GHILQHG�
RYHU�WKH�VRUW
$[LRPV�GHILQLQJ�WKH�RSHUDWLRQV�RYHU�WKH�VRUW$[LRPV�GHILQLQJ�WKH�RSHUDWLRQV�RYHU�WKH�VRUW

�6SHFLILFDWLRQ�1DPH!��*HQHULF�3DUDPHWHU�

6SHFLILFDWLRQ�FRPSRQHQWV
� ,QWURGXFWLRQ

² 'HILQHV�WKH�VRUW��WKH�W\SH�QDPH��DQG�
GHFODUHV�RWKHU�VSHFLILFDWLRQV�WKDW�DUH�XVHG

� 'HVFULSWLRQ
² ,QIRUPDOO\�GHVFULEHV�WKH�RSHUDWLRQV�RQ�WKH�
W\SH

� 6LJQDWXUH
² 'HILQHV�WKH�V\QWD[�RI�WKH�RSHUDWLRQV�LQ�WKH�
LQWHUIDFH�DQG�WKHLU�SDUDPHWHUV

� $[LRPV
² 'HILQHV�WKH�RSHUDWLRQ�VHPDQWLFV�E\�GHILQLQJ�
D[LRPV�ZKLFK�FKDUDFWHULVH�EHKDYLRXU

6\VWHPDWLF�DOJHEUDLF�
VSHFLILFDWLRQ

� $OJHEUDLF�VSHFLILFDWLRQV�RI�D�V\VWHP�
PD\�EH�GHYHORSHG�LQ�D�V\VWHPDWLF�
ZD\
² 6SHFLILFDWLRQ�VWUXFWXULQJ���
² 6SHFLILFDWLRQ�QDPLQJ���
² 2SHUDWLRQ�VHOHFWLRQ���
² ,QIRUPDO�RSHUDWLRQ�VSHFLILFDWLRQ
² 6\QWD[�GHILQLWLRQ
² $[LRP�GHILQLWLRQ



�

6SHFLILFDWLRQ�RSHUDWLRQV
� &RQVWUXFWRU�RSHUDWLRQV��2SHUDWLRQV�
ZKLFK�FUHDWH�HQWLWLHV�RI�WKH�W\SH�
EHLQJ�VSHFLILHG

� ,QVSHFWLRQ�RSHUDWLRQV��2SHUDWLRQV�
ZKLFK�HYDOXDWH�HQWLWLHV�RI�WKH�W\SH�
EHLQJ�VSHFLILHG

� 7R�VSHFLI\�EHKDYLRXU��GHILQH�WKH�
LQVSHFWRU�RSHUDWLRQV�IRU�HDFK�
FRQVWUXFWRU�RSHUDWLRQ

,QWHUIDFH�VSHFLILFDWLRQ�LQ�FULWLFDO�
V\VWHPV

� &RQVLGHU�DQ�DLU�WUDIILF�FRQWURO�V\VWHP�
ZKHUH�DLUFUDIW�IO\�WKURXJK�PDQDJHG�
VHFWRUV�RI�DLUVSDFH

� (DFK�VHFWRU�PD\�LQFOXGH�D�QXPEHU�RI�
DLUFUDIW�EXW��IRU�VDIHW\�UHDVRQV��WKHVH�
PXVW�EH�VHSDUDWHG

� ,Q�WKLV�H[DPSOH��D�VLPSOH�YHUWLFDO�
VHSDUDWLRQ�RI����P�LV�SURSRVHG

� 7KH�V\VWHP�VKRXOG�ZDUQ�WKH�FRQWUROOHU�LI�
DLUFUDIW�DUH�LQVWUXFWHG�WR�PRYH�VR�WKDW�
WKH�VHSDUDWLRQ�UXOH�LV�EUHDFKHG

$�VHFWRU�REMHFW
� &ULWLFDO�RSHUDWLRQV�RQ�DQ�REMHFW�UHSUHVHQWLQJ�D�FRQWUROOHG�VHFWRU�DUH

² (QWHU��$GG�DQ�DLUFUDIW�WR�WKH�
FRQWUROOHG�DLUVSDFH

² /HDYH��5HPRYH�DQ�DLUFUDIW�IURP�WKH�
FRQWUROOHG�DLUVSDFH

² 0RYH��0RYH�DQ�DLUFUDIW�IURP�RQH�
KHLJKW�WR�DQRWKHU

² /RRNXS��*LYHQ�DQ�DLUFUDIW�LGHQWLILHU��
UHWXUQ�LWV�FXUUHQW�KHLJKW

3ULPLWLYH�RSHUDWLRQV
� ,W�LV�VRPHWLPHV�QHFHVVDU\�WR�LQWURGXFH�
DGGLWLRQDO�RSHUDWLRQV�WR�VLPSOLI\�WKH�
VSHFLILFDWLRQ

� 7KH�RWKHU�RSHUDWLRQV�FDQ�WKHQ�EH�
GHILQHG�XVLQJ�WKHVH�PRUH�SULPLWLYH�
RSHUDWLRQV

� 3ULPLWLYH�RSHUDWLRQV
² &UHDWH��%ULQJ�DQ�LQVWDQFH�RI�D�VHFWRU�LQWR�
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Enter (S, CS, H) =
    if        In-space (S, CS )  then  S exception (Aircraft already in sector)
    elsif   Occupied (S, H) then  S exception (Height conflict)
    else    Put (S, CS, H)

Leave (Create, CS) = Create exception (Aircraft not in sector)
Leave (Put (S, CS1, H1), CS) =
      if CS = CS1 then S else Put (Leave (S, CS), CS1, H1)

Move (S, CS, H) =
     if S = Create then Create  exception (No aircraft in sector)
    elsif not In-space (S, CS) then S  exception (Aircraft not in sector)
    elsif   Occupied (S, H) then S exception (Height conflict)
    else   Put (Leave (S, CS), CS, H)

-- NO-HEIGHT is a constant indicating that a valid height cannot be returned

Lookup (Create, CS) =  NO-HEIGHT  exception (Aircraft not in sector)
Lookup (Put (S, CS1, H1), CS) =
     if CS = CS1  then H1 else Lookup (S, CS)

Occupied (Create, H) = false
Occupied (Put (S, CS1, H1), H) =
      if (H1 > H and H1 - H ≤ 300) or (H > H1 and  H - H1 ≤ 300)  then true
     else Occupied (S, H)

In-space (Create, CS) = false
In-space (Put (S, CS1, H1), CS ) =
     if CS = CS1 then true else In-space (S, CS)

sort Sector
imports INTEGER, BOOLEAN

Enter - adds an aircraft to the sector if safety conditions are satisfed
Leave - removes an aircraft from the sector
Move - moves an aircraft from one height to another if safe to do so
Lookup - Finds the height of an aircraft in the sector

Create - creates an empty sector
Put - adds an aircraft to a sector with no constraint checks
In-space - checks if an aircraft is already in a sector
Occupied - checks if a specified height is available

Enter (Sector, Call-sign, Height)  → Sector
Leave (Sector, Call-sign)  → Sector
Move (Sector, Call-sign, Height)  → Sector
Lookup (Sector, Call-sign) → Height

Create  → Sector
Put (Sector, Call-sign, Height)  → Sector
In-space (Sector, Call-sign)  → Boolean
Occupied (Sector, Height)  → Boolean

SECTOR 6SHFLILFDWLRQ�FRPPHQWDU\
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GHILQLWLRQV

� $OO�RSHUDWLRQV�WKDW�UHVXOW�LQ�FKDQJHV�
WR�WKH�VHFWRU�PXVW�FKHFN�WKDW�WKH�
VDIHW\�FULWHULRQ�KROGV


