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([LVWLQJ�6SHFLILFDWLRQ

■ FRPSOH[�GHFLVLRQ�ORJLF

■ VWDWHOHVV

)RUP�RI�WKH�VSHFLILFDWLRQ�

■ LQIRUPDO�QDWXUDO�ODQJXDJH�����SDJHV�
² WKRURXJKO\�UHYLHZHG�DQG�LQ�XVH

■ SVHXGRFRGH�LQWHUSUHWDWLRQ����SDJHV�



$QDO\VLV

■ FRPSOHWHQHVV
² DUH�DOO�FRPELQDWLRQV�RI�LQSXWV�IRU�WZR
IOLJKWV�FRYHUHG�"

■ FRQVLVWHQF\
² LV�LW�HYHU�SRVVLEOH�WKDW�WKH�VSHFLILFDWLRQ
KDV�PXOWLSOH�SRVVLEOH�RXWFRPHV�IRU�WKH
VDPH�LQSXWV�"



���6SHFLILFDWLRQ



,&$2�6SHFLILFDWLRQ

3.1   Vertical Separation Minima

The vertical separation minima shall be:

a) 1000 feet below FL290; or

b) 2000 feet at or above FL290 except above FL450 
               between supersonic and between supersonic and 
               any other aircraft where 4000 feet shall be used.



3VHXGRFRGHBEGIN Vertical-separation-routine.

Vertical separation is 2000 ft

IF at least one of the aircraft is at or below FL280 THEN
vertical separation is 1000 ft

ENDIF

IF both aircraft are above FL450 AND
at least one aircraft is supersonic THEN
vertical separation is 4000 ft

ENDIF

END Vertical-separation-routine.



&DVH�6WXGLHV��&KHFNLQJ
&RPSOHWHQHVV�DQG�&RQVLVWHQF\

■ 7UDIILF�&ROOLVLRQ�$YRLGDQFH�6\VWHP��7&$6�,,�

² �8&�,UYLQH��8:��86�)$$��+HLPGDKO�DQG
/HYHVRQ�

² $1'�25�WDEOHV

■ 2SHUDWLRQDO�)OLJKW�3URJUDP�IRU�86
1DY\·V�$���$LUFUDIW
² 1DYDO�5HVHDUFK�/DE��+HLWPH\HU�HW�DO��

² 6RIWZDUH�&RVW�5HGXFWLRQ��6&5��0HWKRG

² PXOWLSOH�NLQGV�RI�WDEOHV



BEGIN Vertical-separation-routine.

Vertical separation is 2000 ft

IF at least one of the aircraft is at or below FL280 THEN

vertical separation is 1000 ft
ENDIF

IF both aircraft are above FL450 AND

at least one aircraft is supersonic THEN

vertical separation is 4000 ft
ENDIF

END Vertical-separation-routine.

3VHXGRFRGH
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BEGIN Vertical-separation-routine.

Vertical separation is 2000 ft

IF at least one of the aircraft is at or below FL280 THEN
vertical separation is 1000 ft

ENDIF

IF both aircraft are above FL450 AND
at least one aircraft is supersonic THEN
vertical separation is 4000 ft

ENDIF

END Vertical-separation-routine.

3VHXGRFRGH



at least one of the aircraft is at or below FL280

both aircraft are above FL450

FlightLevel A <= 280
FlightLevel B  - don’t care

FlightLevel A - don’t care
FlightLevel B <= 280

FlightLevel A > 450
FlightLevel B > 450

1000 ft

4000 ft

)OLJKW/HYHO
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BEGIN Vertical-separation-routine.

Vertical separation is 2000 ft

IF at least one of the aircraft is at or below FL280 THEN
vertical separation is 1000 ft

ENDIF

IF both aircraft are above FL450 AND
at least one aircraft is supersonic THEN
vertical separation is 4000 ft

ENDIF

END Vertical-separation-routine.

3VHXGRFRGH



at least one aircraft is supersonic

IsSupersonic A = T
IsSupersonic B - don’t care

IsSupersonic A - don’t care
IsSupersonic B = T

4000 ft

,V6XSHUVRQLF
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Required (A,B)

(page 16 of tech report)
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&RPSOHWHG�7DEOH



'HILQLWLRQV AreSeparated

(page 15 of tech report)

Vertical Separation
Required

Lateral Separation
Required In Degrees

Lateral Separation
Required In Miles

Latitude  Equivalent
Long Same
Dir Sep
Required

Within Opp Dir
No Long Sep
Period



)RUPDO�6SHFLILFDWLRQ

■ FRPELQDWLRQ�RI�

² IXQFWLRQ�DQG�SUHGLFDWH�WDEOHV

² $6&,,�EDVHG�SUHGLFDWH�ORJLF
ªGHILQHG�W\SHV��IXQFWLRQV�DQG�SUHGLFDWHV�W\SHV

ª SULPLWLYH�W\SHV��IXQFWLRQV�DQG�SUHGLFDWHV

return values are True or False



3ULPLWLYHV

:flight;

FlightLevel : flight -> num;

IsSupersonic: flight -> bool;

HQVXUH�WHUPV�DUH�DOZD\V�XVHG�FRQVLVWHQWO\

(pages 27-29 of tech report)



6L]H�RI�WKH�IRUPDO
VSHFLILFDWLRQ

■ ���WDEOHV

■ ���GHILQLWLRQV

■ ���SULPLWLYH�IXQFWLRQV�DQG�SUHGLFDWHV

■ IRUPDO�VSHF��LV�����OLQHV

■ ���SDJH�GRFXPHQW
– (see pages 14 - 29 in tech report)



3UHVHQWDWLRQ�RI�WKH
6SHFLILFDWLRQ

+70/ IRUPDO�VSHF��WRRO�LQSXW�

VLQJOH
VRXUFH�"

��FURVV�UHI�XVH�WR�GHIQ
��WDEOHV�LQ�IRUPDO�VSHF�
DV�+70/�WDEOHV

��ERWWRP�XS�RUGHU



PL[HG�+70/���IRUPDO�VSHF

+70/�SUH�SURFHVVRU

+70/ IRUPDO�VSHF

VLQJOH
VRXUFH

��FURVV�UHI�XVH�WR�GHIQ
��WDEOHV�LQ�IRUPDO�VSHF�
DV�+70/�WDEOHV

RQ�OLQH

��ERWWRP�XS�RUGHU

3UHVHQWDWLRQ�RI�WKH
6SHFLILFDWLRQ
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'HILQLWLRQV�RI�&RPSOHWHQHVV
DQG�&RQVLVWHQF\�RI�D�7DEOH

■ FRPSOHWHQHVV�
² GHIDXOW�FDVHV

■ FRQVLVWHQF\�
² QR�WZR�FROXPQV�ZLWK�GLIIHULQJ�UHVXOW
YDOXHV�IRU�WKH�IXQFWLRQ�RYHUODS

■ ZLWK�UHVSHFW�WR�SRVVLEOH�YDOXHV�IRU
URZ�HQWULHV



([DPSOH�RI
&RPSOHWHQHVV

$QDO\VLV�5HVXOWV

Fusion  - Version 1.0
...

>%include minima.s
...
>%comp VerticalSeparationRequired env

...
Invoking interval checker ...

Interval checker partitions the range into:
((FlightLevel A) > 450)
((280 < (FlightLevel A)) AND ((FlightLevel A) <= 450))
((FlightLevel A) <= 280)
...

(page 30 of tech report)



The following cases yield
the default value of 2000
Case 1
Row 1 : ((280 < (FlightLevel A)) AND ((FlightLevel A) <= 450))
Row 2:  ((FlightLevel B) > 450)
Row 3:  DC
Row 4:  DC

DC = “don’t care”

([DPSOH�RI
&RPSOHWHQHVV

$QDO\VLV�5HVXOWV
(page 30 of tech report)
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(page 16 of tech report)
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([DPSOH�RI�&RQVLVWHQF\�$QDO\VLV�5HVXOWV
(page 35 of tech report; table on page 17)

> %cons “LateralSeparation RequiredInDegrees”

Columns 1 and 3 conflict in the following:
Case 1
Row 1 : (((AllOf [A;B]) IsOutsideMNPSAirspace) = T)
Row 2 : (((AllOf [A;B]) (IsOnRoute Routes1)) = T)
Row 3:  (((AllOf [A;B]) (IsOnRoute Routes2)) = F)
Row 4:  DC
Row 5:  (((AllOf [A;B]) IsSupersonic) = T)
Row 6:  (((AllOf [A;B]) FlightLevelAbove275) = T)
Row 7:  DC
Row 8:  DC



6XPPDU\�RI�$QDO\VLV�5HVXOWV
(page 11 of TR)

■ FRPSOHWHQHVV�DQDO\VLV�IRXQG�
² PLVVLQJ�DVVXPSWLRQV�´HYHU\RQH�NQHZ�DERXWµ
�GRPDLQ�NQRZOHGJH�

■ FRQVLVWHQF\�DQDO\VLV�IRXQG�
² WKUHH�SODFHV�ZKHUH�WKH�UHTXLUHPHQWV�DUH
LQFRQVLVWHQW

■ V\PPHWU\�DQDO\VLV�IRXQG�
² DVVXPSWLRQV�DERXW�WKH�SULPLWLYH�WHUPV



$QDO\VLV�0HWKRG

■ IRUPDO�PHWKRGV�
² QRWDWLRQ�ZLWK�DQ�XQDPELJXRXV�V\QWD[�DQG
VHPDQWLFV

² FRPPRQ�IUDPHZRUN�IRU�GHILQLWLRQV�DQG
WDEOHV

² ORJLFDO�FDOFXODWLRQ

² FRQFLVH�GDWD�VWUXFWXUHV



���6XPPDU\



*HQHUDO�$SSOLFDELOLW\�"

■ GHFLVLRQ�ORJLF��DQG�RU��

■ QRW�MXVW�IRU�UHTXLUHPHQWV����
² GHVLJQ

² VRIWZDUH�LQVSHFWLRQ

■ PRGXODULW\��PXOWLSOH�OHYHOV�RI�WDEOHV

At least one of the following conditions is satisfied:
   ...
   iiii) All of the following are satisfied
   ...

² V\VWHP�WHVW

² ���



)RUPDO:DUH

■ IRUPDOL]HG�WKUHDGV��.HQGUD�&RRSHU�

■ DQDO\VLV�RI�DQ�DHURQDXWLFDO
WHOHFRPPXQLFDWLRQV�QHWZRUN��1��'D\�

■ DXWRPDWLF�WHVW�FDVH�JHQHUDWLRQ��0LNH
'RQDW�

■ VDIHW\�DQDO\VLV��.HQ�:RQJ�

■ ���

KWWS���ZZZ�FV�XEF�FD�IRUPDO:$5(



&RQFOXVLRQV

■ DGYDQWDJHV�RI�WDEOHV�
² PRUH�´ZKDWµ�WKDQ�´KRZµ

² FRQFLVH

² PRGXODU

■ DXWRPDWLF�DQDO\VLV�WR�KHOS�VSHFLILHU
² ´SXVK�EXWWRQµ�WRROV

² LWHUDWLYH�DSSURDFK�IRU�UHYLHZ�SURFHVV

² OLIH�F\FOH�VXSSRUW




