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5'+@1@$%$>2$3!6(2,+)>!$.!+2,('!1'(1>!+&!9+6582('!Y$>$+.!1.)!I+@+2$3>!1.)!2,(!)(>$'(!2+!

)(;(%+5! 1! >(16%(>>! $.2(:'12$+.! +&! %+CD%(;(%! $61:(! 1.1%=>$>! C$2,! ,$:,D%(;(%! >3(.(!

$.2('5'(212$+.E! Q.! (1'%=! C+'-! Z*$.&+')! (2! 1%E! \U/! I$6(=! Uc[/! *1=(>$1.! 7(2C+'->! ^*7>_!

C('(! 3+.3($;()! $>+6+'5,$3! 2+! 2,(! 3+65+>$2$+.1%! >2'8328'(! +&! ,$:,D%(;(%! 3+.3(52>/! $E(E!

C$2,!1::'(:12(>!N318>$.:N!2,($'!51'2>E!#,$%(!2,$>!@1>$3!>2'8328'(!$>!$.28$2$;(%=!5%18>$@%(/!

$2! $65%$(>! 2,12!51'2>! 1'(! >212$>2$31%%=! $.)(5(.)(.2!:$;(.!1::'(:12(!)121E!J,$>! $>!.+2! 2,(!

31>(! $.! 61.=! 155%$312$+.>/! ,(.3(! 6+'(! :(.('1%! 5'+@1@$%$>2$3! >2'8328'(>! ,1;(! @((.!

)(;(%+5()E!Q.!Z4+%%('!`!0&(&&('!UV/!R(2++'!`!J1>-1'!]V[!*7>!C('(!(H2(.)()!$.!1.!+@M(32D

+'$(.2()!61..('/!$.2'+)83$.:!0'+@1@$%$>2$3!I(%12$+.1%!a+)(%>E!J,$>!C1=/!3'$>5!'(%12$+.1%!

>2'8328'(>!31.!@(!18:6(.2()!C$2,!1.!1'@$2'1'=!5'+@1@$%$>2$3!)(5(.)(.3=!>2'8328'(E!J+!

)(>3'$@(!68%2$5%(!%(;(%>!+&!:'1.8%1'$2=/!,$('1'3,$31%!*7>!C('(!5'+5+>()!$.!ZR=&2+)$6+>!`!

P%13,!]V[E!#,$%(!2,(>(!3+.2'$@82$+.>!$65'+;(!2,(!(H5'(>>$;(!5+C('!+&!*7>/!2,(=!)+!.+2!

>5(3$&$31%%=! >855+'2! 3+65+>$2$+.1%! ,$('1'3,$(>! +&! 1::'(:12(>! 1>! '(O8$'()! &+'! >3(.(!

$.2('5'(212$+.E!P+'!2,$>!58'5+>(/!*1=(>$1.!9+65+>$2$+.1%!B$('1'3,$(>!^*9B>_!,1;(!@((.!

)(;(%+5()!Z7(861..!]\[!C,$3,!1'(!1%>+!(65%+=()!&+'!2,(!C+'-!$.!2,$>!3,152('!1.)!C$%%!

@(!)(>3'$@()!$.!)(21$%!$.!<(32$+.!TE!!

X.! $.2('(>2$.:! 1%2('.12$;(! 155'+13,! 2+! 3+6@$.$.:! 3+65+>$2$+.1%! ,$('1'3,$(>!C$2,! *7>!

,1>!@((.!5'(>(.2()! $.! Za86&+')!`!e,8!]V[E!B('(/! 1! :'16612$31%! &+'61%$>6! 21-(>! 2,(!

5%13(!+&!,$('1'3,$31%!-.+C%():(! '(5'(>(.212$+./! 1.)! ^5'+@1@$%$>2$3_!51'>$.:!1%:+'$2,6>!

1'(!155%$()!&+'!>3(.(!$.2('5'(212$+./!%(1)$.:!2+!(&&$3$(.2!5'+3(>>$.:/!@82!3+65%$312$.:!2,(!

$.2(:'12$+.!C$2,!%1':(D>31%(!-.+C%():(!'(5'(>(.212$+.E!

F8'!155'+13,/!5'(>(.2()!$.!2,(!&+%%+C$.:!>(32$+.>/!2'$(>!2+!@8$%)!+.!2,(!$.>$:,2>!:1$.()!

&'+6! 51>2! '(>(1'3,/! C,$%(! >$68%21.(+8>%=! (65%+=$.:! >21.)1')$>()! +'! :(.('1%%=!

155%$31@%(!&+'61%$>6>!1>!&1'!1>!5+>>$@%(E!#(!,1;(!3,+>(.!F#?DG?/!2,(!>21.)1')$>()!C(@!

+.2+%+:=! %1.:81:(/! &+'! 2,(! '(5'(>(.212$+.! +&! 2,(! 3+.3(5281%! 6+)(%>! &+'! >3(.(!

$.2('5'(212$+.! $.! :(.('1%! 1.)! &+'! 2,(! >5(3$&$3! 155%$312$+.! )+61$./! 2,$>! $>! 5'(>(.2()! $.!

<(32$+.! SE! J,(! 3,+$3(! +&! F#?! (65,1>$>(>! +8'! $.2('(>2! $.! 3+..(32$.:! 2+! %+:$3D@1>()!

-.+C%():(!'(5'(>(.212$+.!1.)!'(1>+.$.:!>(';$3(>E!*82/!1>!C$%%!@(!>,+C./!C(!68>2!61-(!

8>(!+&!2,(!<#I?!(H2(.>$+.!+&!F#?!2+!(H5'(>>!3'$>5!)(5(.)(.3$(>!@(2C((.!3+.3(52>/!1.)!

C(!68>2!3+..(32!C$2,!3+65+.(.2>!+82>$)(!F#?!&+'!5'+@1@$%$>2$3!6+)(%%$.:E!

X.! $65+'21.2! 3+.2'$@82$+.! +&! +8'!C+'-! $>! 2,(! 182+612$3! 2'1.>%12$+.! +&! F#?! 3+.3(52>!

$.2+!1.!$.2('5'(212$+.!5'+3()8'(!$.!KL<</!)(>3'$@()!$.!<(32$+.!cE!J,(!5'+3()8'(!'(1%$>(>!

1! @+22+6D85/! (;$)(.3(D)'$;(.! 51'1%%(%! @(16! >(1'3,! &+'! 1%%! 5'+@1@%(! $.2('5'(212$+.>/!

:8$)()! @=! 1! *1=(>$1.! 9+65+>$2$+.1%! B$('1'3,=! ^*9B_E! F.(! +&! 2,(! 13,$(;(6(.2>! $>! 1!



!
T!

)(3+65+>$2$+.!+&! 2,$>!5'+3(>>! $.2+! $.)(5(.)(.2!>8@:+1%>!C,$3,!61=!5'+;$)(!(;$)(.3(!

&+'!>(;('1%!,$:,('D%(;(%!3+.3(52>E!

J,(! 5'+@1@$%$>2$3! 6+)(%! $>! )(>3'$@()! $.! )(21$%! $.! <(32$+.! TE! Q2! 5'+;$)(>! 1! '12$.:! &+'!

1%2('.12$;(!$.2('5'(212$+.>!:$;(.!2,(!(;$)(.3(!1;1$%1@%(!>+!&1'/!1.)!1%>+!&+'!5'()$32$+.>!+&!

&828'(!(;(.2>E!#(!8>(!1!*9B!2+!6+)(%!2,(!2(65+'1%!'(%12$+.>,$5>!+&!>(';$3$.:!132$;$2$(>!

1.)!)('$;(!'12$.:>!8>$.:!1!;('=!(&&$3$(.2!5'+@1@$%$>2$3!$.&('(.3(!5'+3(>>E!

Q.! <(32$+.! W/!C(! 5'(>(.2! '(>8%2>! &+'! $.2('5'(2$.:! 1$'3'1&2! 28'.1'+8.)>! 12! 2,(! J+8%+8>(!

*%1:.13!X$'5+'2E!#(!)(6+.>2'12(! 2,(!5'()$32$;(!5+C('!+&!+8'!5'+@1@$%$>2$3! &'16(C+'-!

1.)!>,+C!$2>!(&&(32!C,(.!'12$.:!1%2('.12$;(!$.2('5'(212$+.>E!

#(!3+.3%8)(!C$2,!1!>8661'=!+&!$.>$:,2>!:1$.()!1.)!1.!+82%++-!+.!&828'(!C+'-E!



!
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? @4A2<8,>6)B,54--8*.)

!

Q.!2,$>!>(32$+.!C(!)(>3'$@(!2,(!'(5'(>(.212$+.!+&!@(,1;$+8'!6+)(%>!$.!1!&+'61%!+.2+%+:=E!

F8'!61$.!3+.3('.!$>!2,(!>5(3$&$312$+.!+&!1::'(:12(!6+)(%>!C,$3,!31.!@(!8>()!2+!)(>3'$@(!

1.!1$'3'1&2!28'.1'+8.)!1.)!$2>!3+.>2$282$.:!132$;$2$(>E!!

?C= :..64.2+4)'476434*+2+8,*)

Q.!1!.82>,(%%/!1.!1::'(:12(!$>!1!'(5'(>(.212$+.1%!>2'8328'(!3+.>$>2$.:!+&!!

! D!1!>5(3$&$312$+.!+&!1::'(:12(!5'+5('2$(>/!

! D!1!>5(3$&$312$+.!+&!51'2>/!1.)!

! D!1!>5(3$&$312$+.!+&!3+.>2'1$.2>!@(2C((.!51'2>E!

J+! $%%8>2'12(! 2,(! '(O8$'(6(.2>! &+'! 1::'(:12(! >5(3$&$312$+.>/! 3+.>$)('! 2,(! 1::'(:12( 

Arrival-Preparation 1>!1.!(H165%(E!Q2!,1>!2,(!51'2> GPU-Enters-GPU-Zone, GPU-Stopped-

Inside-GPU-Zone/!1.) Drop-Chocks ^P$:E!"_E!

 

!

!

!

P$:E!"f!9+65+>$2$+.1%!>2'8328'(!+&!2,(!1::'(:12( Arrival-Preparation C$2,$.!1.!1$'3'1&2!

28'.1'+8.)!

J,(!&$'>2!51'2/ GPU-Enters-GPU-Zone/!61'->!2,(!(;(.2!C,(.!2,(!R0A!(.2('>!$2>!)(>$:.12()!

>21.)$.:!1'(1! ^R0A!)(.+2(>!R'+8.)!0+C('!A.$2_E GPU-Stopped-Inside-GPU-Zone @(:$.>!

12!2,(!6+6(.2/!2,(!R0A!,1>!3+6(!2+!1!>2+5/!1.)!(.)>!C,(.!2,(!R0A!@(:$.>!%(1;$.:!2,(!

1'(1!683,!%12('!$.!2,(!28'.1'+8.)E!#(!8>(!5'()(&$.()!g+.(>!&+'!%+312$+.>!&+%%+C$.:!2,(!

C+'-!+&! ZP8>$('! (2! 1%E! ]V[E!J,(!(;(.2 Drop-Chocks 61'->! 2,(!6+6(.2! 1.!+5('12+'!,1>!

)(5+>$2()!2,(!3,+3->!C,('(!2,(!1$'5%1.(!$>!(H5(32()!2+!>2+5E!!

J,(!(H165%(!>,+C>!2,12!@(,1;$+8'!3+.3(52>!+&!)$&&('(.2!-$.)>!5%1=!1!'+%(f!>+6(!(H2(.)!

+;('!1!2$6(!$.2(';1%/!>+6(!61'-!1!2$6(!5+$.2/!>+6(!31.!@(!)('$;()!&'+6!2'13-$.:!)121/!

>+6(! '(O8$'(! >5(3$1%! $61:(! 1.1%=>$>! 5'+3()8'(>E! P8'2,('6+'(/! 1%%! 3+65+.(.2>! +&! 2,(!

1::'(:12( Arrival-Preparation 68>2!+@(=!3('21$.!2(65+'1%!3+.>2'1$.2>!&+'!2,(!6+)(%!2+!

@(! '(1%$>2$3E GPU-Enters-GPU-Zone 2=5$31%%=! 5'(3()(> GPU-Stopped-Inside-GPU-Zone @=!

%(>>!2,1.!1!6$.82(E!X&2('!2,(!R0A!,1>!@((.!5+>$2$+.()/!$2!61=!21-(!85!2+!"]!6$.82(>!8.2$%!

1! 5('>+.! >2(5>! +82! 1.)! )(5+>$2>! 2,(! 3,+3->E! J,(! )8'12$+.! +& GPU-Stopped-Inside-GPU-

Zone '+8:,%=! 3+''(>5+.)>! 2+! 1! 3+65%(2(! 28'.1'+8.)/! @82! )+(>! .+2! 6122('! &+'! 2,(!

)(&$.$2$+.!+& Arrival-PreparationE!!

X>!6(.2$+.()!$.!2,(!$.2'+)832$+./!C(!,1;(!3,+>(.!2,(!C(@!+.2+%+:=!%1.:81:(!F#?DG?!

&+'!)(&$.$.:!1::'(:12(>!1.)!'(%12()!3+.3(52>E!F#?DG?!$>!1!>21.)1')$>()!&+'61%$>6!C$2,!

3%(1'! %+:$31%! &+8.)12$+.>!1.)!5'+;$)(>! 2,(!3,1.3(! &+'!1!>6++2,! $.2(:'12$+.!C$2,! %1':(D

>31%(! -.+C%():(! '(5'(>(.212$+.E! P8'2,('6+'(/! 2,(! +@M(32D3(.2('()! >2=%(! +&! 3+.3(52!

)(&$.$2$+.>! $.! F#?! 1.)! $2>! >855+'2! @=! 6128'(! ()$2+'>! >83,! 1>! 0'+2h:hS! 5'+6$>(!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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Arrival-

Preparation !

GPU-Enters-GPU-

Zone !

GPU-Stopped-Inside-

GPU-Zone!

Drop-Chocks !
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2'1.>51'(.3=! 1.)! >31%1@$%$2=E! <$65%(! 3+.>2'1$.2>! 31.! @(! '(5'(>(.2()! C$2,! <#I?/! 2,(!

<(61.2$3!#(@!I8%(!?1.:81:(/!1%@($2!.+2!;('=!(%(:1.2%=/!1>!C$%%!@(3+6(!1551'(.2!>,+'2%=E!!

J,(!1;1$%1@$%$2=!+&!G?!'(1>+.$.:!>=>2(6>!>83,!1>!0(%%(2!+'!I13('!61=!@(!3+.>$)('()!1.!

1))$2$+.1%! @+.8>/! @82! D! 1>! 5+$.2()! +82! $.! 2,(! $.2'+)832$+.! D! $.3'(6(.21%! >3(.(!

$.2('5'(212$+.! $.! 2('6>! +&!6+)(%D3+.>2'832$+.! +'! 1@)832$+.! >2(5>! $>! .+2! >855+'2()! @=!

38''(.2!G?!>=>2(6>E!B(.3(/! $.!+8'!155%$312$+./! 2,(!8>(!+&!1!3+66('3$1%!G?!'(1>+.('! $>!

%$6$2()! 2+! 3+.>$>2(.3=! 3,(3->! +&! 2,(! 3+.3(5281%! -.+C%():(! @1>(E! J,(! $.2('5'(212$+.!

5'+3(>>!$>!'(1%$>()!C$2,!+8'!+C.!&'16(C+'-!31%%()!<9L7QFI!^<9L7(!Q.2('5'(212$+.!C$2,!

F.2+%+:=D@1>()! I8%(>_! C,$3,! 2'1.>%12(>! 2,(! F#?! 3+.3(52>! $.2+! 1! >(1'3,! &+'!

$.>21.2$12$+.>/!>((!<(32$+.!cE!

Q.!1!G?!>(22$.:/!1.!1::'(:12(!,1>!2,(!&+%%+C$.:!:(.('$3!>2'8328'(f!

 Aggregate_Concept ⊑ Parent_Concept ⊓ 

  ∃=1 hasPartRole1.Part_Concept1 ⊓ ... ⊓ 

  ∃=1 hasPartRolek.Part_Conceptk ⊓ 

  conceptual constraints 

B(.3(!1.!1::'(:12(!C$2,!2,(!3%1>>!.16(!X::'(:12(j9+.3(52!$>!)(&$.()!@=!1!21H+.+6$31%!

51'(.2/! @=! 2,(! 51'2>! 2+! C,$3,! $2! $>! '(%12()! ;$1! ,1>01'2I+%(>/! 1.)! @=! 3+.3(5281%!

3+.>2'1$.2>! '(%12$.:! 1::'(:12(! 1.)! 51'2>! 2+! (13,! +2,('E! J,(! %(&2D,1.)! >$)(! $65%$(>! 2,(!

'$:,2D,1.)! >$)(/! 3+''(>5+.)$.:! 2+! 1.! 1@)832$;(! &'16(C+'-E! Q.! +8'! )(&$.$2$+./! 2,(!

1::'(:12(!61=!.16(!+.%=!1!>$.:%(!21H+.+6$31%!51'(.2!@(318>(!+&!2,(!$.2(.)()!6155$.:!

2+!>$.:%(D$.,('$21.3(!K1;1!2(65%12(>E!P8'2,('6+'(/!2,(!1::'(:12(!68>2!,1;(!(H132%=!+.(!

51'2! &+'! (13,! ,1>01'2I+%(E! #,$%(! 2,(! G?! >=.21H! C+8%)! 1%%+C! .86@('! '(>2'$32$+.>! &+'!

+52$+.1%! +'! 68%2$5%(! 51'2>/! C(! &+8.)! $2! 8>(&8%! 2+! ,1;(! )$&&('(.2! 1::'(:12(! .16(>! &+'!

)$&&('(.2! 51'2! 3+.&$:8'12$+.>! 1.)! 1! )$>2$.32! ,1>01'2I+%(! &+'! (13,! 51'2! 2+! >$65%$&=! 2,(!

)(&$.$2$+.!+&!3+.3(5281%!3+.>2'1$.2>E!

#$2,$.!2,(!F#?!+.2+%+:=/!3+.3(5281%!3+.>2'1$.2>!31.!@(!(H5'(>>()!8>$.:!2,(!<(61.2$3!

#(@!I8%(!?1.:81:(!<#I?!C,$3,!3+6@$.(>!F#?!C$2,!I8%(a?c!^I8%(!a1'-85!?1.:81:(_E!

Q2!$>!C(%%D-.+C.!2,12!<#I?!'8%(>!61=!318>(!8.)(3$)1@$%$2=!+&!2,(!3+.3(5281%!-.+C%():(!

@1>(!8.%(>>!2,(=!1'(!'(>2'$32()!2+!@(!G?D>1&(/!$E(E!+.%=!155%$()!2+!&132>!^2+!X*+H!3+.2(.2!$.!

G?! 2('6$.+%+:=_E! J,$>! $>! 2,(! 31>(! )8'$.:! >3(.(! $.2('5'(212$+.! C,('(! '8%(>! 1'(! +.%=!

155%$()! 2+! $.>21.3(>!:'+8.)()! $.!>3(.(!)121E!B+C(;('/! 2,('(!(H$>2>!.+!'(1>+.('!C,$3,!

(;1%812(>!<#I?!'8%(>!&+'!1!3+.>$>2(.3=!3,(3-!+&!2,(!3+.3(5281%!-.+C%():(!@1>(E!

<#I?! $>! >855+'2()! @=! 2,(! 0'+2h:h! ()$2+'/!C,$3,! :81'1.2((>! 2,12! 1! 3('21$.! 16+8.2! +&!

3+.>$>2(.3=! $>!61$.21$.()E!P+'!(H165%(/! $2! $>!.+2!5+>>$@%(! 2+!)(&$.(!1! '8%(!C$2,! 3%1>>(>!

C,$3,! 1'(! .+2! )(&$.()! $.! 2,(! -.+C%():(! @1>(/! +'! 2+! 8>(! ;1'$1@%(>! $.! 2,(! 3+.>(O8(.2!

C,$3,!1'(!.+2!$.2'+)83()!$.!2,(!1.2(3()(.2E!!

P+'! 2,(! 1::'(:12( Arrival-Preparation/! 2,(! 21H+.+6$31%! 1.)! 51'2+.+6$31%! >(32$+.>! +&!

2,(!3+.3(52!)(&$.$2$+.!$.!0'+2h:h!'(1)!1>!&+%%+C>f!

 Arrival-Preparation ⊑ Composite-Event ⊓ 

 has-part1 exactly 1 GPU-Enters-GPU-Zone ⊓ 

 has-part2 exactly 1 GPU-Stopped-Inside-GPU-Zone ⊓ 

 has-part3 exactly 1 Drop-Chocks 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
c!,225fii'8%(6%E+':i!



!
V!

J,(! 51'(.2! 3+.3(52 Composite-Event '(&('>! 2+! 1! 3+.3(52! 2=5(! )(&$.()! $.! 2,(! A55('!

a+)(%!C,$3,!C$%%!@(!)$>38>>()!&8'2,('!)+C.E!#(!.+C!)$>38>>!2,(!<#I?!>(32$+.!+&! 2,(!

)(&$.$2$+.f!

Arrival-Preparation(?arr-prep)  
∧  has-part1(?arr-prep, ?GPU-enters)  
∧  has-part2(?arr-prep, ?GPU-stopped) 
∧  has-part3(?arr-prep, ?drop) 

∧  has-start-time(?arr-prep, ?arr-prep-st) 
∧  has-finish-time(?arr-prep, ?arr-prep-ft) 

∧  has-time-point(?GPU-enters, ?GPU-enters-tp) 
∧  has-agent(?GPU-enters, ?GPU-enters-ag) 

∧  has-start-time(?GPU-stopped, ?GPU-stopped-st) 
∧  has-agent(?GPU-stopped, ?GPU-stopped-ag) 

∧  has-time-point(?drop, ?drop-tp) 
→  
∧  equal(?arr-prep-st, ?GPU-enters-tp) 
∧  equal(?arr-prep-ft, ?drop-tp) 
∧  equal(?GPU-enters-ag, ?GPU-stopped-ag)  
∧  min-before(?GPU-stopped-st, ?arr-prep-st, 100) 
∧  min-before(?drop-tp, ?GPU-stopped-st, 1000) 
 

J,(! 1.2(3()(.2! 51'2! +&! 2,$>! '8%(! ,1>! 2,(! >$.:%(! 58'5+>(! 2+! (>21@%$>,! %+31%! ;1'$1@%(>!

^5'(&$H()!@=!1! kdk_! &+'! 2,(!3+.>2'1$.2>! $.! 2,(!3+.>(O8(.2!51'2E!J,(! &$'>2! 2C+!3+.>2'1$.2>!

'(%12(! 2,(!>21'2$.:!1.)! &$.$>,! 2$6(!+&! 2,(!1::'(:12(! 2+!>5(3$&$3! 2$6(!5+$.2>!+&! 2,(!51'2>E!

J,(!.(H2! 3+.>2'1$.2! '(O8$'(>! 2,12! 2,(! ;(,$3%(>! '(&(''()! 2+! $. GPU-Enters-GPU-Zone 1.) 

GPU-Stopped-Inside-GPU-Zone 1'(! 2,(! >16(E! P$.1%%=/ min-before 3,(3->! C,(2,('! 2,(!

)$&&('(.3(!@(2C((.!2,(!&$'>2!1.)!2,(!>(3+.)!1':86(.2!$>!%(>>!2,1.!2,(!2,$')!1':86(.2E!Q.!

2,$>! 31>(/! 2,(! :15>! @(2C((.! 3+.>(382$;(! (;(.2>! 1'(! 3+.>2'1$.()! @=! "]]! 1.)! "]]]!6>/!

'(>5(32$;(%=E! #,(.! 2,(! +.2+%+:=! $>! 2'1.>%12()! $.2+! 1.! $.2('5'(212$+.! 5'+3()8'(/! 1%%!

3+.>2'1$.2>!+&! 2,(! 3+.>(O8(.2!51'2! 1'(! 2'1.>&+'6()! $.2+!1! 2(65+'1%! 3+.>2'1$.2! >=>2(6!

^J97_!C,$3,!:(.('12(>!1!3+.&%$32!C,(.!1!5+2(.2$1%!$.>21.2$12$+.!+&!2,(!1::'(:12(!1.)!$2>!

51'2>!;$+%12(>!2,(!3+.>2'1$.2>E!

7+2(!2,12!1!3+.3(52!>83,!1>!GPU-Stopped-Inside-GPU-Zone!3+8%)!,1;(!1%>+!@((.!(H5'(>>()!

@=!2,(!6+'(!:(.('1%!3+.3(52!Vehicle-Stopped-Inside-Zone/!3+.>2'1$.()!@=!2,(!5'()$312(>!!

GPU(?veh-stopped-ag) 1.) GPU-Zone(?veh-stopped-zn) $.!2,(!<#I?!>(32$+.E!Q.!2,$>!31>(/!

?veh-stopped-zn 68>2!,1;(!@((.! $.2'+)83()!1>!1!;1'$1@%(! &+'! 2,(! &$%%('!+&! 2,( has-zone 

5'+5('2=E #(!,1;(!21-(.!2,(!)(>$:.!)(3$>$+.!2+!5'+;$)(!>5(3$&$3!3+.3(52!.16(>!&+'!1%%!

132$;$2$(>! $.! 1! 28'.1'+8.)! $.! +')('! 2+! (>21@%$>,! 1! 2'1.>51'(.2! 3+''(>5+.)(.3(! 2+! 2,(!

5'+@1@$%$>2$3!1::'(:12(!6+)(%>!C,$3,!C$%%!@(!$.2'+)83()!$.!<(32$+.!TE!

J,(!3+65%(2(!+.2+%+:=!3+65'$>(>!1!)+61$.D$.)(5(.)(.2!A55('!a+)(%/!>,+C.!$.!P$:E!S/!

C$2,! 3+.3(52! 2=5(>! C,$3,! 1'(! :(.('1%%=! 8>(&8%! &+'! >3(.(! $.2('5'(212$+./! '+8:,%=!

3+''(>5+.)$.:!2+!2,(!P%8(.2!91%38%8>!ZI8>>(%%!`!7+';$:!]c[E!J,(!G+61$.!a+)(%!C$2,!2,(!

>5(3$&$3! 3+.3(52>! &+'! 1$'3'1&2! >(';$3$.:! $>! >,+C.! $.! J1@%(! "E! #(! &$'>2! )(>3'$@(! 2,(!

3+.3(52>!+&!2,(!A55('!a+)(%E!!

?C? D7746)B,54-)

J,(! '++2! 3+.3(52! Thing! ^1.1%+:+8>! 2+! 2,(! F#?! $)(.2$&$('! +C%f2,$.:_! '(5'(>(.2>! (;('=!

(.2$2=! C,$3,! $>! .(()()! &+'! >3(.(! $.2('5'(212$+.! ^.+2! +.%=! 5,=>$31%! +@M(32>_E! X 

Conceptual-Object $>!8>()!2+!'(5'(>(.2!1!@(,1;$+8'!3+.3(52!1.)!61=!@(!($2,('!1 State 

+'! 1. EventE! X State $>! 1! 5'()$312(! 2'8(! +;('! 1.! $.2(';1%! 1.)! 1%%! $2>! >8@$.2(';1%>/! 1!

5'+5('2=! C,$3,! $>! +&2(.! 31%%()! N)8'12$;(NE! X State 61=! @(! 1 Composite-State C$2,!

>(;('1%!>212(>!1>!51'2>/!1%%!+&!C,$3,!68>2!@(!2'8(!+;('!2,(!$.2(';1%!+&!2,(!51'(.2!>212(E!X. 



!
\!

Event $>!1!.+.D)8'12$;( Conceptual-Object/! &+'!(H165%(!61'-$.:!1! 2'1.>$2$+.! &'+6!+.(!

>212(!2+!1.+2,('E!X Composite Event 61=!,1;(!>212(>!+'!(;(.2>!1>!51'2>!1.)!$>!8>()/!&+'!

(H165%(/! 2+! )(>3'$@(! 1! 3+65%(2(! 1$'3'1&2! 28'.1'+8.)! +'! 2,(! 1::'(:12( Arrival-

Preparation 5'(>(.2()! 1@+;(E! 0'$6$2$;(! >212(>! 1.)! (;(.2>! ,1;(! .+! 51'2>! 1.)! 2,8>!

3+.>2$282(!2,(!%(1;(>!+&!2,(!3+65+>$2$+.1%!,$('1'3,=E!Q.>21.3(>!+&!5'$6$2$;(>!1'(!2=5$31%%=!

)(2('6$.()!@=!%+C('D%(;(%!5'+3(>>(>!C,$3,!5'+;$)(!2,(!$.582!&+'!>3(.(!$.2('5'(212$+.E!

J,(!+.2+%+:=!1%>+!$.3%8)(>!>+6(!8.8>81%!3+.3(52>!C,$3,!5%1=!1!>5(3$&$3!51'2!$.!+8'!C+'-!

@82! 1'(! .+2! &8'2,('! 1))'(>>()! $.! 2,$>! 3+.2'$@82$+.E! #$2, Intention C(! '(&('! 2+! 2,(!

6(.21%!>212(!+&!1!5('>+.E!X.!Intention $>!.+2!+@>(';1@%(/!+&!3+8'>(/!@82!$.2(.2$+.>!31.!@(!

61)(!51'2!+&!(;(.2!6+)(%>!1.)!61=!@(!$.&(''()!&'+6!+@>(';12$+.>E!

#,$%(! 6+>2! 5'$6$2$;(>! 31.! @(! :(.('12()! &'+6! +@M(32! 2'1M(32+'$(>! +@21$.()! &'+6!

>212$+.1'=!C$)(D1.:%(!316('1>/!2,('(!1'(!$65+'21.2!(;(.2>!C,$3,!'(O8$'(!1!)=.16$31%%=!

3+.2'+%%()!51.D2$%2Dg++6!^0Je_!316('1!1.)!1!>5(3$1%!$61:(!1.1%=>$>!6+)8%(/!&+'!(H165%(!

2+!'(3+:.$>(!C,(2,('!1!5$5(!$>!12213,()!2+!2,(!1$'5%1.(!&+'!'(&8(%%$.:E!X.!(;(.2!+@21$.()!

2,$>!C1=!$>!1))'(>>()!1>!1 Special-Vision-TaskE!

X.+2,('!8.8>81%!3+.3(52!$> Zone C,$3,!)(>3'$@(>!1!O81%$212$;(!%+312$+.!$.!2,(!,+'$g+.21%!

5%1.(E!0'()(&$.()!g+.(>!+.!2,(!15'+.!5%1=!1!>$:.$&$31.2!51'2!$.!(;(.2!6+)(%>!&+'!>(';$3(!

132$;$2$(>/!(H(65%$&$()!@=!2,(!5'$6$2$;(!(;(.2 GPU-Enters-GPU-Zone 1.)!$2>!5'+5('2= has-

zone $.!2,(!(H165%(!1@+;(E!!

Q2!61=!@(!>8'5'$>$.:!2,12!2,(!+.2+%+:=!)+(>!.+2!$.3%8)(!;$(C>!+'!>$6$%1'!3+.3(52>!'(%12()!

2+!2,(!155(1'1.3(!+&!+@M(32>E!Q.!+8'!C+'-!+.!>2'8328'(!'(3+:.$2$+.!$.!2,(!&131)(!)+61$.!

ZB+2g!(2!1%E!]\[/!$.>21.3(>!+&!SG!+@M(32!;$(C>!,1;(!@((.!5'+;$)()!1>!$.582!&+'!,$:,D%(;(%!

$.2('5'(212$+.E!B(.3(!$.2('5'(212$+.!$.3%8)()!+@M(32!'(3+:.$2$+.!@1>()!+.!155(1'1.3(>E!

Q.! 2,(!C+'-!)(>3'$@()!,('(/!,+C(;('/! 2,(!5'$6$2$;(>!(.2('$.:!,$:,D%(;(%! $.2('5'(212$+.!

1'(!'(3+:.$>()!cG!(.2$2$(>!C$2,+82!155(1'1.3(!5'+5('2$(>E!

!

!

!

!

!

!

!

!

P$:E!Sf!A55('!a+)(%!+&!2,(!@(,1;$+8'!+.2+%+:=!&+'!2,(!1$'3'1&2!>(';$3$.:!)+61$.!!

?CE F,G28*)B,54-)

J,(! G+61$.!a+)(%! 3+65'$>(>!6+'(! 2,1.! W]! @(,1;$+8'! 3+.3(52>!C,$3,! 1'(! 51'2! +&! 1!

3+65+>$2$+.1%!,$('1'3,=!C$2, Turnaround 1>! 2,(! '++&! 3+.3(52! ^>((!J1@%(!"_E!X32$;$2$(>!

)$&&$38%2! 2+! '(3+:.$>(! ,1;(! @((.! +6$22()! ,('(/! >83,! 1>! Catering, Air-Conditioning, 

Waste-Removal, Replace-Drinking-Water!(23E!7+2(!2,12!>+6(!3+.3(52>!+338'!1>!1!51'2!$.!

6+'(! 2,1.! +.(! 1::'(:12(E! P+'! (H165%(/ Loader-Enters-Right-AFT-LD-Zone $>! 51'2! +& 

Conceptual- !
Object !

State ! Event !

Composite- !
State !

Primitive- !
State !

Physical- !
Object!

Mobile ! Static !

!"#$%"&'$

!"#$#%()*"+*#"'*,-$

Composite- !
Event !

[0..inf] !

[0..inf] !

Intention !

Thing !

Primitive-
Event !

Zone !

Special-
Vision-Task !



!
U!

Unload-Right-AFT 1.) Load-Right-AFTE!J,$>!$%%8>2'12(>!2,(!16@$:8$2$(>!C,$3,!61=!1'$>(!

$.!@+22+6D85! $.2('5'(212$+.!1.)! 2,(!.(()! &+'! 3+.>2'1$.2>!5'+;$)()!@=! 2,(!(>21@%$>,()!

3+.2(H2E!!

Q.!>(22$.:!85!1!)+61$.!6+)(%/!$2!61=!@(!8>(&8%!2+!$.2'+)83(!1@>2'132!2(65+'1%!@(,1;$+8'!

5122('.>! 1>! 1! 3+66+.! 51'(.2! &+'! 6+'(! >5(3$&$3! 6+)(%>/! >+! 2,12! $.,('$21.3(! 31.! @(!

(H5%+$2()E! P+'! (H165%(/ Passenger-Activity! 1.)! Refuelling! (13,! 3+.>$>2! +&! 2C+!

3+.>(382$;(! 51'2>/! 2,(! &$'>2! 1! Vehicle-Enters-Zone/! 1.)! 2,(! >(3+.)! 1 Vehicle-Stopped-

Inside-ZoneE!J,$>!@(,1;$+8'!5122('.!3+8%)!@(!)(&$.()!1>!1!Visit:!

Visit ⊑ Composite-Event ⊓ 

 has-part1 exactly 1 Vehicle-Enters-Zone ⊓ 

 has-part2 exactly 1 Vehicle-Stopped-Inside-Zone!

J,(!<#I?!3+.>2'1$.2>!)(&$.(!2,(!>21'2!1.)!&$.$>,!2$6(!+&!1!;$>$2!1.)!(.>8'(!2,12!^$_!2,(!

1:(.2>!+&!2,(!2C+!51'2>!1'(!2,(!>16(/!^$$_!2,(!g+.(>!1'(!2,(!>16(/!1.)!^$$$_!2,(!&$'>2!(;(.2!

,155(.>!@(&+'(!2,(!>(3+.)!@(:$.>E!!

Visit(?vis)  
∧  has-part1(?vis, ?veh-enters)  
∧  has-part2(?vis, ?veh-stopped) 

∧  has-start-time(?vis, ?vis-st) 
∧  has-finish-time(?vis, ?vis-ft) 

∧  has-time-point(?veh-enters, ?veh-enters-tp) 
∧  has-agent(?veh-enters, ?veh-enters-ag) 
∧  has-zone(?veh-enters, ?veh-enters-zn) 

∧  has-start-time(?veh-stopped, ?veh-stopped-st) 
∧  has-agent(?veh-stopped, ?veh-stopped-ag) 
∧  has-zone(?veh-stopped, ?veh-stopped-zn) 
→  
∧  ?vis-st = ?veh-enters-tp 
∧  ?vis-ft = ?veh-stopped-ft 
∧  ?veh-enters-ag = ?veh-stopped-ag 
∧  ?veh-enters-zn = ?veh-stopped-zn  
∧  ?veh-enters-tp ≤ ?veh-stopped-st            

J,(!)(&$.$2$+.>!+& Passenger-Activity!1.)!Refuelling 3+8%)!2,(.!>$65%=!'(1)!!

Passenger-Activity ⊑ Visit ⊓ !

 has-part1 exactly 1 Passenger-Stairs-Enters-PS-Zone ⊓ 

 has-part2 exactly 1 Passenger-Stairs-Stopped-Inside-PS-Zone!

Refuelling ⊑ Visit ⊓ 

 has-part1 exactly 1 Tanker-Enters-Tanking-Zone ⊓ 

 has-part2 exactly 1 Tanker-Stopped-Inside-Tanking-Zone!

C$2,!.+!1))$2$+.1%!<#I?!3+.>2'1$.2>E!!

Q.!1))$2$+.!2+!@(,1;$+8'!3+.3(52>/!2,(!)+61$.!+.2+%+:=!3+.21$.>!)(&$.$2$+.>!+&!>5(3$&$3!

g+.(>/!>5(3$&$3!6+@$%(!+@M(32>!^Person +' Vehicle_!1.)!'(&$.(6(.2>!+& Vehicle $.!2('6>!

+& GPU, Loader, Tanker (23E!

J,(! 2(65+'1%! 3+.>2'1$.2>! >5(3$&$()! &+'! (13,! 1::'(:12(! 5'+;$)(! +.%=! 1! 3'8)(!6+)(%! +&!

2(65+'1%!'(%12$+.>,$5>!$.!1!28'.1'+8.)E!X>!2,(!)121!+&!'(1%!28'.1'+8.)>!>,+C/!2,('(!1'(!

>+6(2$6(>! (H3(52$+.>! 1.)! 8.8>81%! )(%1=>/! ,(.3(! 2$:,2! 3'$>5! 3+.>2'1$.2>!61=! (H3%8)(!



!
"]!

;1%$)! $.2('5'(212$+.>/! C,$%(! +;('%=! %++>(! 3+.>2'1$.2>! 61=! >51C.! 2++! 61.=! &1%>(!

5+>$2$;(>E! X>! 5+$.2()! +82! $.! 2,(! $.2'+)832$+./! C(! 2,('(&+'(! )(;(%+5()! 1! 5'+@1@$%$>2$3!

6+)(%! &+'! 2(65+'1%! '(%12$+.>E! 9+.3(5281%%=/! $2! >,+8%)! @(! 51'2! +&! 2,(! +.2+%+:=/! @82!

8.&+'28.12(%=!2,('(!$>!38''(.2%=!.+!C1=!2+!(&&$3$(.2%=!3+..(32!5'+@1@$%$2=!)$>2'$@82$+.>!

C$2,!F#?E!F8'!5'+@1@$%$>2$3!&'16(C+'-/!)(>3'$@()!$.!<(32$+.!T/!$>!2,('(&+'(!'(5'(>(.2()!

+82>$)(!+&!F#?!1.)!3+..(32>!2+!2,(!$.2('5'(212$+.!>=>2(6!12!'8.2$6(E!

!

J1@%(!"f!G+61$.!6+)(%!C$2,!1::'(:12(>!+&!2,( Turnaround ,$('1'3,=!
 
  Turnaround   
 Arrival   
  Arrival-Preparation 
   GPU-Enters-GPU-Zone 
   GPU-Stopped-Inside-GPU-Zone 
    GPU-Stopped 
    GPU-Inside-GPU-Zone 
   Drop-Chocks 
  Airplane-Enters-ERA 
  Airplane-Stopped-Inside-ERA 
   Airplane-Stopped 
   Airplane-Inside-ERA 
 Services   
  Passenger-Activity 
   Passenger-Stairs-Enters-PS-Zone 
   Passenger-Stairs-Stopped-Inside-PS-Zone 
    Passenger-Stairs-Stopped 
    Passenger-Stairs-Inside-PS-Zone 
  Unload-Right 
   Unload-Right-AFT 
    Loader-Enters-Right-AFT-LD-Zone 
    Transporter-Enters-Right-AFT-TS-Zone 
    Unload-Motion-Right-AFT-Belt 
    Transporter-Leaves-Right-AFT-TS-Zone 
    Loader-Leaves-Right-AFT-LD-Zone 
   Unload-Right-FWD 
    Loader-Enters-Right-FWD-LD-Zone 
    Transporter-Enters-Right-FWD-TS-Zone 
    Unload-Motion-Right-FWD-Belt 
    Transporter-Leaves-Right-FWD-TS-Zone 
    Loader-Leaves-Right-FWD-LD-Zone 
  Refuelling  
   Tanker-Enters-Tanking-Zone 
   Tanker-Stopped-Inside-Tanking-Zone 
    Tanker-Stopped 
    Tanker-Inside-Tanking-Zone 
   Pumping-Operation 
  Load-Right 
   Load-Right-AFT 
    Loader-Enters-Right-AFT-LD-Zone 
    Transporter-Enters-Right-AFT-TS-Zone 
    Load-Motion-Right-AFT-Belt 
    Transporter-Leaves-Right-AFT-TS-Zone 
    Loader-Leaves-Right-AFT-LD-Zone 
   Load-Right-FWD 
    Loader-Enters-Right-FWD-LD-Zone 
    Transporter-Enters-Right-FWD-TS-Zone 
    Load-Motion-Right-FWD-Belt 
    Transporter-Leaves-Right-FWD-TS-Zone 
    Loader-Leaves-Right-FWD-LD-Zone 
 Departure   
  Start-Beacon 
  Pushback! !



!
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E H4*462+8*.)2)!;4*4)%*+46764+2+8,*)!/3+4G)96,G)+A4)&*+,-,./)

!

Q.! 2,$>! >(32$+.! C(! )(>3'$@(! 2,(! >3(.(! $.2('5'(212$+.! >=>2(6! <9L7QFI! C,$3,! $>!

182+612$31%%=!:(.('12()!&'+6!2,(!3+.3(5281%!-.+C%():(!@1>(!'(5'(>(.2()!$.!F#?!1.)!

<#I?E!#(!&$'>2!:$;(!1.!+;(';$(C!1.)!5'+;$)(!>+6(!6+2$;12$+.!&+'!)(>$:.!)(3$>$+.>E!#(!

2,(.!)(>3'$@(!2,(!21>->!+&!2,(!3+.;('>$+.!5'+3(>>!$.!)(21$%/!$.!51'2$38%1'!:(.('12$.:!'8%(>!

&+'!'8%(D@1>()!>3(.(!$.2('5'(212$+.!1.)!:(.('12$.:!1!2(65+'1%!3+.>2'1$.2!>=>2(6!^J97_!

&+'!2,(!(;1%812$+.!+&!<#I?!3+.>2'1$.2>E!

EC= B,+8<2+8,*)2*5)!/3+4G)&<46<84I)

J,(!)(>$:.!)(3$>$+.>!C,$3,!,1;(!%()!2+!<9L7QFI!1'(!@1>()!+.!$.>$:,2>!:1$.()!&'+6!51>2!

>3(.(!$.2('5'(212$+.!5'+M(32>!Z7(861..!`!#($>>!]c/!B+2g!`!7(861..!]W[!1.)!>,1'()!@=!

61.=!'(>(1'3,('>!$.!2,(!&$(%)f!

^$_! J,(!$.2('5'(212$+.!>=>2(6!68>2!@(!@1>()!+.!3+.3(5281%!-.+C%():(!'(5'(>(.2()!

$.! 1! >21.)1')$>()! C1=E! J,$>! $>! 1! 5'('(O8$>$2! &+'! '(8>1@$%$2=! +&! -.+C%():(! 1.)! &+'! 1.!

(3+.+6$31%!)(;(%+56(.2!+&!155%$312$+.!>=>2(6>E!

^$$_! Q.2('5'(212$+.!31.!@(!;$(C()!1>!1!6$H()!@+22+6D85!1.)!2+5D)+C.!>(1'3,!&+'!2,(!

@(>2! (H5%1.12$+.! +&! (;$)(.3(! $.! 3+65+>$2$+.1%! 1.)! 21H+.+6$31%! ,$('1'3,$(>E! B(.3(!

$.2('5'(212$+.!>2(5>!31.!@(!6+)(%%()!C$2,!5'()(&$.()!:(.('$3!5122('.>E!

^$$$_! P+'! >2(5C$>(! >3(.(! $.2('5'(212$+./! $2! $>! .(3(>>1'=! 2+! (.2('21$.! >(;('1%! 5+>>$@%(!

$.2('5'(212$+.>! $.! 51'1%%(%E! X! :'(()=! $.2('5'(212$+.! >2'12(:=!C+8%)! @(! %$-(%=! 2+! &1$%/! $.!

:(.('1%/! 1.)! @13-2'13-$.:! C+8%)! 318>(! ,$:,! >=>2(6! 3+65%(H$2=! 1.)! $.(&&$3$(.2!

5('&+'61.3(E!

^$;_! Q.! 1))$2$+.! 2+! 1! %+:$3D@1>()! &'16(C+'-! 1.)! 3'$>5! 3+.>2'1$.2>/! 1! 5'+@1@$%$>2$3!

6+)(%!$>!'(O8$'()!2+!5'+;$)(!5'(&('(.3(>!16+.:!$.2('5'(212$+.!1%2('.12$;(>E!!

#(! ,1;(! 2,('(&+'(! 3,+>(.! 1.! 155'+13,! C,('(! 2,(! 3+.3(5281%! -.+C%():(! @1>(! $>!

3+.;('2()! $.2+!1!'8%(D@1>()!>=>2(6!C$2,!'8%(>!'(1%$>$.:!@+2,!@+22+6D85!1.)!2+5D)+C.!

5'+3(>>$.:/!1.)!51'1%%(%!2,'(1)>!&+'!5'+3(>>$.:!1%2('.12$;(!$.2('5'(212$+.>E!0'+@1@$%$>2$3!

:8$)1.3(! $>! 5'+;$)()! @=! 1! 5'+@1@$%$>2$3! 6+)(%! ,+6+6+'5,$3! C$2,! 3+65+>$2$+.1%!

,$('1'3,$(>!+&!2,(!3+.3(5281%!-.+C%():(!@1>(E!

9+.3'(2(%=/! <9L7QFI! $>! $65%(6(.2()! 1>! 1! K1;1! 155%$312$+.! C$2,! KL<<!! ^K1;1! LH5('2!

<=>2(6!<,(%%_!&+'!'8%(D@1>()!5'+3(>>$.:E!KL<<!$>!+.(!+&!2,(!&1>2(>2!'8%(!(.:$.(>!1;1$%1@%(/!

$2! 31.! )$'(32%=! 61.$58%12(! 1.)! '(1>+.! 1@+82! K1;1! +@M(32>E! P$:E! c! >,+C>! 2,(! 61$.!

3+65+.(.2>!+&!2,(!>=>2(6E!

Q.! 2,(! $.$2$1%$>12$+.! 5,1>(! +&! 2,(! >=>2(6/! 1! 3+.;('2('! ^C,$3,! $>! 1%>+! 51'2! +&! <9L7QFI_!

%+1)>!2,(!-.+C%():(!@1>(!1.)!2'1.>%12(>!$2!$.2+!'8%(>!1.)!2(65%12(>!$.!KL<<!&+'612!^>((!

<8@>(32$+.! cES_E! J,(! '(>8%2! $>! 31%%()! "#$$% &'(&)*+,-.% /('0.)12)% 3-4)! ^K94*_E! J,(.!

,=5+2,(>(>! :'15,>! 1'(! 3'(12()! 3+''(>5+.)$.:! 2+! >8@6+)(%>! +&! 2,(! 3+65+>$2$+.1%!

,$('1'3,=E!J,(=!5'+;$)(!$.2('6()$12(!:+1%>!&+'!2,(!$.2('5'(212$+.!5'+3(>>E!J,(!2(65+'1%!

3+.>2'1$.2>!)(&$.()!C$2,!<#I?!'8%(>!1'(! 2'1.>%12()! $.2+! 2(65+'1%! 3+.>2'1$.2!.(2>! ^>((!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
T!,225fiiCCCEM(>>'8%(>E3+6i!
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<8@>(32$+.!cEc_E! J,(! K94*! $>! %+1)()! $.2+! 1%%! $.$2$1%! KL<<! 2,'(1)>/! 1.)!C+'-$.:!6(6+'=!

(%(6(.2>!^#aL>_!1'(!3'(12()!&+'!2,(!,=5+2,(>(>!:'15,!1.)!2,(!J97!+&!(13,!2,'(1)E!7+C!

2,(!>=>2(6!$>!'(1)=!2+!>21'2!2,(!$.2('5'(212$+.!5'+3(>>!^>((!<(32$+.!cEW_E!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

P$:E!cf!a1$.!3+65+.(.2>!+&!2,(!>3(.(!$.2('5'(212$+.!>=>2(6!<9L7QFI!

<9L7QFI! (H5(32>! '(1%D2$6(! (;$)(.3(! 1@+82! 1.! (;+%;$.:! >3(.(! $.! 2,(! &+'6!+&! 5'$6$2$;(!

>=6@+%$3! 132$;$2=! 2+-(.>! C$2,! 12213,()! O81.2$212$;(! 2(65+'1%! $.&+'612$+.! 1.)! +2,('!

8>(&8%! 5'+5('2$(>! 1>! $.582E! P+'! 1$'3'1&2! >(';$3$.:! >3(.(>/! 2,$>! (;$)(.3(! $>! 5'+;$)()! $.!

2('6>! +&! 5'$6$2$;(! >212(>! +'! (;(.2>! :(.('12()! @=! 1! 2'13-$.:! 3+65+.(.2! 1.)! 1! >$65%(D

(;(.2!)(2(32+'!)(;(%+5()!@=!5'+M(32!51'2.('>E!

J,(!$.2('5'(212$+.!5'+3(>>/!)(>3'$@()!$.!)(21$%!$.!<8@>(32$+.!cET/!(65%+=>!*(16!<(1'3,!

2+! :(.('12(! 5+>>$@%(! $.2('5'(212$+.>! $.! 51'1%%(%! 2,'(1)>E! Q.! (13,! 2,'(1)/! 1! KL<<! '8%(!

(.:$.(!(&&(32>!)121D)'$;(.!'8%(!155%$312$+.>/!1.)!1!K1;1!3+.>2'1$.2!>+%;('!(;1%812(>!3'$>5!

2(65+'1%! 3+.>2'1$.2>! 1.)! 2('6$.12(>! 1! 2,'(1)! $.! 2,(! 31>(! +&! 1! 3+.&%$32E! Q.! 1))$2$+./! 1!

5'+@1@$%$>2$3! $.&('(.3(!(.:$.(!&+'!*1=(>$1.!9+65+>$2$+.1%!B$('1'3,$(>!^*9B>_!5'+;$)(>!

1!'12$.:!+&!(13,!51'2$1%!$.2('5'(212$+.!2+!3+.2'+%!2,(!*(16!<(1'3,E!!

EC? '>-4)H4*462+8,*)96,G)+A4)&*+,-,./)

Q2!,1>!@((.!>,+C.!$.!Z7(861..!`!a+(%%('!]b[!2,12!>3(.(!$.2('5'(212$+.!31.!@(!;$(C()!

1>! 1! >(1'3,! $.! 2,(! >513(! +&! 5+>>$@%(! $.2('5'(212$+.>! )(&$.()! @=! 21H+.+6$31%! 1.)!

3+65+>$2$+.1%!'(%12$+.>!1.)!3+.2'+%%()!@=!3+.>2'1$.2>E!P+8'!-$.)>!+&!$.2('5'(212$+.!>2(5>!

1'(!'(O8$'()!2+!.1;$:12(!$.!$.2('5'(212$+.!>513(!1.)!2+!3+.>2'832!$.2('5'(212$+.>f!

• X::'(:12(!$.>21.2$12$+.!^6+;$.:!85!1!3+65+>$2$+.1%!,$('1'3,=_!

!"#$%&'()*+

,#"-*%./%+0)1%+

2345+6+74859+

!"#$%&'()*+

,#"-*%./%+0)1%+

2345+6+74859
:;&"'<%1%1+

=>)&<1+

:;&"'<%1%1+

=>)&<1

?!@+

2?%A&">)*+

!"#1'>)B#'+@%'9+

?%A&*)'%1+

?!@+

2?%A&">)*+

!"#1'>)B#'+@%'9+

?%A&*)'%1

7!C@D38+

EC77+

8(*%+

C#/B#%+

0!:+

D#F%>%#$%+

C#/B#%+

G>BAB'BH%+7')'%1ICH%#'1+G>BAB'BH%+7')'%1ICH%#'1

D#'%>&>%')'B"#+D#'%>&>%')'B"#

EC77+

!"#$%&'()*+

,#"-*%./%+

0)1%+

EC77+

!"#$%&'()*+

,#"-*%./%+

0)1%

!"#H%>'%>+

2&)>'+"F+

7!C@D389+

G>"J)JB*B1'B$+

K//>%/)'%+

L".%*1 

E)H)+

!"#1'>)B#'+

7"*H%>+
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• X::'(:12(!(H51.>$+.!^6+;$.:!)+C.!1!3+65+>$2$+.1%!,$('1'3,=_!

• Q.>21.3(!>5(3$1%$>12$+.!^6+;$.:!)+C.!1!21H+.+6$31%!,$('1'3,=_!

• Q.>21.3(!6(':$.:!^8.$&=$.:!$.>21.3(>!+@21$.()!>(51'12(%=_!

Q.! +8'! &'16(C+'-/! C(! 3'(12(! '8%(>! &+'! 2,(! &$'>2! 2,'((! >2(5>/! C$2,! >+6(! 1))$2$+.1%!

>855+'2$.:!'8%(>E!Q2!C$%%!@(!>,+C.!2,12!2,(!>2(5!N$.>21.3(!6(':$.:l!@(3+6(>!(H5(.)1@%(!

C$2,!2,(!8>(!+&!,=5+2,(>(>!:'15,>!1.)!51'1%%(%!>(1'3,E!!

"642+8*.) +4G7-2+43)2*5) 3-,+3C! ! *(&+'(! 3'(12$.:! KL<<! '8%(>/! (;('=! 3+.3(52! +&! 2,(!F#?!

-.+C%():(!@1>(! $>!3+.;('2()! $.2+!1! KL<<! +)5*.-+)!C$2,! 2,(!>16(!.16(!1>! 2,(!3+.3(52E!

J(65%12(>!1'(!2,(!61$.!>2'8328'$.:!&(128'(!+&!2,(!KL<<!'8%(!%1.:81:(/!2,(=!1'(!1.1%+:+8>!

2+! K1;1! 3%1>>(>E! X! 2(65%12(! $>! )(&$.()! @=! 1! .16(! 1.)! 1! .86@('! +&! 4.'+4/! C,$3,! 1'(!

3+651'1@%(!2+!2,(!6(6@('!;1'$1@%(>!+&!1!K1;1!3%1>>E!B('(/!>%+2>!+&!1!2(65%12(!1'(!)(&$.()!

3+''(>5+.)$.:! 2+! 2,(! 5'+5('2$(>! +&! 2,(! 3+.3(52! 1.)! 3+65%(6(.2()!C$2,! 1.! 1))$2$+.1%!

>%+2! (-5)/! C,$3,! C$%%! ,+%)! 2,(! .16(! +&! 1! 51'2$38%1'! $.>21.3(! ^(E:E! vehicle_17_E! J+!

5'(>(';(!2,(!21H+.+6$31%!,$('1'3,=!+&!2,(!F#?!-.+C%():(!@1>(/!C(!8>(!2,(!$.,('$21.3(!

6(3,1.$>6!+&!KL<</!C,('(!2(65%12(>!31.!@(!)(&$.()!1>!>8@D2(65%12(>!C,$3,!$.,('$2!2,(!

>%+2>!+&!2,(!51'(.2!2(65%12(E!F8'!155'+13,!)$&&('>!&'+6!2,(!2'1.>&+'612$+.!+&!F#?!1.)!

<#I?!2+! KL<<!)(>3'$@()! $.!ZL'$->+.!]c[!C,('(!2,(!5'+5('2$(>!1'(!6+)(%%()!1>!'61)6)1%

7-&+4!C,$3,!1'(!>$65%=!KL<<!%$>2>/!1.)!2,(!2(65%12(!>2'8328'(!$>!&%12E!J,$>!C+8%)!,1;(!2,(!

(&&(32!2,12!5'+5('2$(>!1'(!)(3+85%()!&'+6!2,(!3+.3(52!2(65%12(/!1.)!2,(!21H+.+6=!68>2!

@(!(68%12()!@=!)85%$312$.:!&132>!1%+.:!2,(!21H+.+6$31%!,$('1'3,=/!)(>2'+=$.:!2,(!+@M(32D

3(.2('()!>2'8328'(!+&!1.!1::'(:12(!1.)!5+>>$@%=!%(1)$.:!2+!>31%1@$%$2=!5'+@%(6>E!!

J/7,+A4343) .627A3E! Q.! 2,(! .(H2! >2(5/! 1! ,=5+2,(>(>! :'15,! $>! :(.('12()! &+'! (13,!

>8@6+)(%!$)(.2$&$()!$.!2,(!3+.3(5281%!-.+C%():(!@1>(!^&+'!)(21$%>!1@+82!>8@6+)(%>!>((!

<8@>(32$+.! cET_E! X! ,=5+2,(>(>! :'15,! '(5'(>(.2>! 2,(! 51'2+.+6$31%! >2'8328'(! +&! 1!

>8@6+)(%/! '(>5(32$.:! 2,(! (O81%$2=! 3+.>2'1$.2>! )(>3'$@()! C$2,! <#I?! '8%(>E! L13,!

,=5+2,(>(>! :'15,! )(&$.(>! 1.! $.)(5(.)(.2! $.2('5'(212$+.! :+1%E! J,$>! 1%%+C>! 1.! (1>=!

6(3,1.$>6! &+'! (;$)(.3(! 1>>$:.6(.2! 1.)! >5%$22$.:! +&! 2,(! >(1'3,! 2'((! $.2+! >(;('1%!

1%2('.12$;(>!C,$3,!1'(!2'13-()!$.!51'1%%(%E!X!,=5+2,(>(>!:'15,!31.!1%>+!@(!;$(C()!1>!1!

>2'8328'(!&+'!3+,('(.2!(H5(3212$+.>E!G8'$.:!$.2('5'(212$+.!$2!31.!@(!8>()!2+!N,1%%83$.12(N!

6$>>$.:!(;$)(.3(!1.)!2,8>!2+!3+.2$.8(!1!5'+6$>$.:!$.2('5'(212$+.!2,'(1)E!

E!

!

!

!

!

!

!

!

!

P$:E!Tf!B=5+2,(>(>!:'15,!&+'!2,(!>8@6+)(% Arrival!

Arrival!

Arrival- !

Preparation !

Airplane-

Enters-ERA !
Airplane-Stopped-!

Inside-ERA !

GPU-Stopped- !

Inside-GPU-Zone !

!"#$%"&'(&)*"'+,-(

Stop-Beacon!

GPU-Enters-

GPU-Zone!

Drop-Chocks !

Airplane-Inside-

ERA !

Airplane-Stopped!

GPU-Inside- !

GPU-Zone!

GPU-Stopped!
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P$:E! T! >,+C>! 1! >$65%$&$()! ,=5+2,(>(>! :'15,! &+'! 2,(! >8@6+)(% ArrivalE! 9+.3(52>! 8>()!

6+'(!2,1.!+.3(!$.!2,(!>16(!>8@6+)(%!1'(!)$>2$.:8$>,()!@=!>8&&$H(>E!L;('=!(%(6(.2!+&!1!

,=5+2,(>(>!:'15,!$>!1>>('2()!1>!1!#aL!$.!2,(!C+'-$.:!6(6+'=!+&!2,(!'8%(!>=>2(6E!!

'>-43E! Q.! 2,(! .(H2! >2(5! +&! 2,(! 2'1.>&+'612$+.! 5'+3(>>/! 2,(! &+%%+C$.:! '8%(>! 1'(! 3'(12()!

&8%%=!182+612$31%%=!&'+6!2,(!+.2+%+:=f!!

• L;$)(.3(D1>>$:.6(.2!'8%(>!

• X::'(:12(D$.>21.2$12$+.!1.)!,1%%83$.12$+.!'8%(>!

• X::'(:12(D(H51.>$+.!'8%(>!

• <5(3$1%$>12$+.!'8%(>!

• J$6(D85)12(!'8%(>E!

X.! )891)(&):-4492(5)(+% 6,.)! 1>>$:.>! (;$)(.3(! C,$3,! $>! 5'+;$)()! @=! %+C('D%(;(%!

5'+3(>>$.:/! 2+! 1! ,=5+2,(>$>! (%(6(.2! C,$3,! $>! 1! %(1&! +&! 1! ,=5+2,(>(>! :'15,E! Q.! 2,(!

5'()$312(! 51'2! +&! 2,(! '8%(/! 2,(! 2(65%12(! 3+''(>5+.)$.:! 2+! 2,(! 1::'(:12(! $>! 1))'(>>()!

^template-x_/! 1.)! 2,(! 2(65+'1%! 3+.>2'1$.2>! 1'(! 3,(3-()! C$2,! 1! 2(>2! &8.32$+.! ^+)4+%

&'(19+9'(-.%).)5)(+_E!J,(!5'+3(>>$.:!+&!2,(!2(65+'1%!3+.>2'1$.2>!$>!)(>3'$@()!$.!)(21$%!$.!

2,(!.(H2!>8@>(32$+.E!Q.!2,(!132$+.!51'2!+&!2,(!'8%(/!2,(!>2128>!+&!2,(!(;$)(.3(!$>!3,1.:()!

&'+6 evidence 2+!assigned,! 1.)! 2,(! >2128>!+&! 2,(!,=5+2,(>$>! (%(6(.2! $>! 3,1.:()! &'+6!

hypothesised!2+!instantiatedE!

J,(!&+%%+C$.:!$>!1!>$65%$&$()!:(.('$3!5122('.!&+'!1.!(;$)(.3(m1>>$:.6(.2!'8%(f!

(defrule aggregate-x-ea-rule 
  ?e-id <- (template-x (name ?e)(status evidence)) 
  ?h-id <- (template-x (name ?h) 
   (status ?status_1)) 
   (test (or  (eq ?status_1 instantiated) 
                    (eq ?status_1 hallucinated))) 
  ;;check temporal constraints  
 => 
  (modify ?e-id (status assigned)) 
  (modify ?h-id (status instantiated)) 
  ;;update temporal constraint net) 

P$:E!Wf!<$65%$&$()!:(.('$3!5122('.!&+'!1.!(;$)(.3(D1>>$:.6(.2!'8%(E!

X.!1226)2-+):9(4+-(+9-+9'(%6,.)! $.>21.2$12(>!1.!1::'(:12(!C$2,!>2128>!hypothesised! $&!1%%!

$2>! 51'2>! 1'( instantiated +' hallucinatedE! J,$>! $>! 1! @+22+6D85! >2(5! $.! 2,(!

3+65+>$2$+.1%!,$('1'3,=!1.)!2,(!@13-@+.(!&+'!2,(!>3(.(!$.2('5'(212$+.!5'+3(>>E!Q2!$>!.+2!

.(3(>>1'=!2+!3,(3-!2,(!2(65+'1%!3+.>2'1$.2>!,('(/!@(318>(!2,$>!,1>!1%'(1)=!@((.!)+.(!$.!

2,(! (;$)(.3(D1>>$:.6(.2! '8%(>! +&! 2,(! 51'2>E! X! >$65%$&$()! :(.('$3! 5122('.! &+'! 1.!

1::'(:12(D$.>21.2$12$+.!'8%(!$>!:$;(.!@(%+Cf!

(defrule aggregate-x-ai-rule 
  ?h-id <- (template-x (name ?h) 
   (status hypothesised) 
   (has-part-1 ?p_1) 
              ... 
   (has-part-n ?p_n)) 
  (template-part_1 (name ?p_1) 
   (status ?status_1)) 
   (test (or  (eq ?status_1 instantiated) 
                    (eq ?status_1 hallucinated))) 
   ... 
  (template-part_n (name ?p_n) 
              (status status_n)) 
   (test (or  (eq ?status_n instantiated) 



!
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              (eq ?status_n hallucinated))) 
 => 
  (modify ?h-id (status instantiated))) 

P$:E!bf!<$65%$&$()!:(.('$3!5122('.!&+'!1.!1::'(:12(D$.>21.2$12$+.!'8%(E!

X!4*)&9-.94-+9'(%6,.)!'(&$.(>!1.!$.>21.3(!2+!1!6+'(!>5(3$1%$>()!$.>21.3(E!J,$>!31.!,155(.!

$&!6+'(! $.&+'612$+.!@(3+6(>!1;1$%1@%(!1>! 2,(!>3(.(!(;+%;(>E!P+'!(H165%(/!1>>86(!2,12!

$.$2$1%%=!2,(!(;$)(.3( Vehicle-Inside-Zone C$2,!5'+5('2$(> Vehicle 1.) Zone ,1>!@((.!

5'+;$)()E! Q&/! 1&2('! 3+.2$.8()! 5'+3(>>$.:/! 2,(! 2=5(! +&! 2,(! ;(,$3%(! 31.! @(! $)(.2$&$()! 1>! 1!

Tanker/! 2,$>! $>!3,1.:()!$.!2,(!3+''(>5+.)$.:!#aLE!7+C!2,(!1::'(:12( Vehicle-Inside-

Zone 31.! @(! >5(3$1%$>()! 2+ Tanker-Inside-ZoneE! J,$>! $>! 1! 2+5D)+C.! >2(5! $.! 2,(!

21H+.+6$31%!,$('1'3,=E!!

X! >$65%$&$()! :(.('$3! 5122('.! &+'! 1! >5(3$1%$>12$+.! '8%(! $>! :$;(.! @(%+CE!B('(/ template-x 

)(.+2(>!2,(!2(65%12(!+&!1!3+.3(52!H/!5!1!5'+5('2=!1.)!>5!1!>5(3$1%$>12$+.!+&!2,$>!5'+5('2=E!

 (defrule aggregate-x-s-rule 
  ?e-id <- (template-x (name ?e) 
                   (status evidence) 
                   (has-property ?p) 

                  ...) 
  (template-sp (name ?p)) 
  (not (template-sx (name ?e)) 
 => 
  (retract ?e-id) 
  (assert (template-sx (name ?e) 
                      (status evicence) 
                      (has-property ?p) 
                       ...))) 

P$:E!Vf!<$65%$&$()!:(.('$3!5122('.!&+'!1!>5(3$1%$>12$+.D'8%(E!

X.!-226)2-+):);*-(49'(% 6,.)! $.>21.2$12(>! 51'2! +&! 1.! 1::'(:12(! $&! 2,(! 1::'(:12(! $2>(%&! $>!

$.>21.2$12()!+'!,1%%83$.12()E!J,$>! $>!1! 2+5D)+C.!>2(5! $.! 2,(!3+65+>$2$+.1%!,$('1'3,=E!X!

>(51'12(!'8%(!$>!3'(12()!&+'!(;('=!51'2!+&!2,(!1::'(:12(E!Q2!C$%%!@(!$.;+-()!$&!1!&132!,1>!.+2!

@((.!1>>('2()!@+22+6D85!@82!@=!+2,('!6(1.>/!(E:E!3+66+.D>(.>(!'(1>+.$.:E!<83,!&132>!

'(3($;(!2,(!>2128>!hallucinated/!1%%8)$.:!2+!1!>(.2(.3(!122'$@82()!2+!a1H!9%+C(>!^"UV"_f!

NY$>$+.! $>! 3+.2'+%%()! ,1%%83$.12$+.NE! Q&! 1.! 1::'(:12(! ,1>! 2,(! >2128>! hallucinated/!

1::'(:12(D(H51.>$+.! '8%(>!C$%%! 1%>+! ,1%%83$.12(! 1%%! $2>! 51'2>E! Q&! >+6(! +&! 2,(! 51'2>! ,1;(!

1%'(1)=!@((.!$.>21.2$12()!@=!1.!(;$)(.3(D1>>$:.6(.2!'8%(!+'!1.!1::'(:12(D$.>21.2$12$+.!

'8%(/!2,(.!2,(!'8%(!C$%%!.+2!&$'(n!1!6(3,1.$>6!&+'!$.>21.3(!6(':$.:!$>!.+2!.(3(>>1'=E!!

Q.!2,(!38''(.2!>212(!+&!+8'!$.2('5'(212$+.!>=>2(6/!1.!(;(.2!^+'!>212(_!C$%%!@(!,1%%83$.12()!

^$_! $&! $2! $>! )(&$.()! 1>! <-..,&9(-+-3.)! $.! 2,(! +.2+%+:=/! ^$$_! $&! $2! 31.! @(! )('$;()! &'+6! 2,(!

2(65+'1%! 3+.>2'1$.2! .(2! 2,12! 2,(! (;(.2! >,+8%)! ,1;(! ,155(.()! @=! .+C/! 1.)! ^$$$_! $&! 1%%!

+2,('!51'2>!1'(!$.>21.2$12()E!J,$>!3,(3-!$>!)+.(!$.!2,(!K1;1!@13-:'+8.)E!P+'!(H165%(/!2,(!

(;(.2! Drop-Chocks $.! 1. Arrival-Preparation $>! )$&&$38%2! 2+! )(2(32! @=! 1.! $61:(!

5'+3(>>$.:!6+)8%(/!>+!$2!3+8%)!@(!)(&$.()!1>!<-..,&9(-+-3.)E!

J,(!&+%%+C$.:!$>!1!>$65%$&$()!:(.('$3!5122('.!&+'!1.!1::'(:12(D(H51.>$+.!'8%(f!

(defrule aggregate-x-ae-rule 
(template-x (name ?h) 

         (status hallucinated) 
         (has-part ?p)) 
  ?p-id <- (fact-p (name ?p) 
                 (status hypothesised)) 
 => 



!
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  (modify ?p-id (status hallucinated))) 

P$:E!\f!<$65%$&$()!:(.('$3!5122('.!&+'!1.!1::'(:12(D(H51.>$+.!'8%(E!

J,(! +95):,*1-+)% 6,.)4! >(2! 2,( has-finished 5'+5('2=! +&! 1! 5'$6$2$;(! >212(! 2+! true! 1.)!

85)12(!2,(!2(65+'1%!3+.>2'1$.2!.(2E!J,(>(!'8%(>!1'(!.(3(>>1'=/!@(318>(!1!5'$6$2$;(!>212(!

,1>!1!)8'12$+.!1.)! $>!1))()!1>!(;$)(.3(! 2+! 2,(!C+'-$.:!6(6+'=!12! 2,(!6+6(.2!+&! $2>!

&$'>2! +338''(.3(! $.! 2,(! $.582! )121! >2'(16E! J,$>! $>! )(>$'1@%(! >+! 2,12! +2,('! '8%(>/! %$-(!

(;$)(.3(D1>>$:.6(.2! '8%(>! 1.)! 1::'(:12(D$.>21.2$12$+.! '8%(>/! 31.! &$'(! @(&+'(! 2,(!

5'$6$2$;(!>212(!,1>!&$.$>,()E!P+'!(H165%(/!1 Vehicle-Enters-Zone (;(.2!31.!@(!$.&(''()!

(;(.!2,+8:,!2,(!5'$6$2$;(!>212( Vehicle-Inside-Zone ,1>!.+2!=(2!&$.$>,()E!Q&!2,(!85)12(!

318>()! @=! 1! 2$6(D85)12(! '8%(% %(1)>! 2+! 1.! $.3+.>$>2(.3=! +&! 2,(! J97/! 2,(! 2,'(1)!

'(5'(>(.2$.:!2,$>!$.2('5'(212$+.!1%2('.12$;(!C$%%!)$(E!

3.3 Temporal Constraints 

J,(! 2(65+'1%! 3+.>2'1$.2>! $.! 2,(! <#I?! >(32$+.! +&! 2,(! +.2+%+:=! 8>(! (H5'(>>$+.>! +&! 2,(!

&'(8);% +95)% *'9(+% -.2)36-! ZY$%1! UT[E! J,(% =..)(% +)5*'6-.% '*)6-+'64% 8>()! $.! 2,(!

<#I?J(65+'1%F.2+%+:=W! 1'(! .+2! (H5'(>>$;(! (.+8:,! &+'! +8'! 58'5+>(>/! @(318>(! 2,(=!

+.%=! 1%%+C! 2+! 6+)(%! O81%$212$;(! '(%12$+.>/! C,('(1>! 2,(! 3+65%(H$2=! +&! +8'! )+61$.!

'(O8$'(>!O81.2$212$;(!2(65+'1%!6+)(%>E!!

X>!2,(!@1>$3!&+'612!+&!1!2(65+'1%!'(%12$+.!$.!2,(!3+.;(H!2$6(!5+$.2!1%:(@'1/!C(!8>(!

! ! ! 2S!D!2"!o!3"S! ! ! ! ! ! ! ! ^"_!

C,('(!2"!1.)!2S!1'(!'1.:(D;1%8()!;1'$1@%(>!&+'!2$6(!5+$.2>!1.)!3"S!$>!1!3+.>21.2E!X!'1.:(!

$>!1!8.1'=!3+.>2'1$.2!>5(3$&=$.:!2,(!6$.$61%!;1%8(!26$.!1.)!61H$61%!;1%8(!261H!C,$3,!1!

2$6(!;1'$1@%(!2!61=!21-(E!X.!(;(.2! $>!)(>3'$@()!C$2,!1!>$.:%(!2$6(!5+$.2/!1!>212(!C$2,!1!

>21'2!1.)!1! &$.$>,!2$6(!5+$.2E!#(!8>(!<#I?!'8%(>!2+!(H5'(>>!1'@$2'1'=! %$.(1'D$.(O81%$2=!

'(%12$+.>!@(2C((.!2$6(!5+$.2>!+&!)$&&('(.2!1::'(:12(>E!J,$>!C1=/! $2! $>!5+>>$@%(!2+!6+)(%!

$65+'21.2!&(128'(>!+&!2,(!2(65+'1%!>2'8328'(!+&!1!>3(.(E!

J(65+'1%! 3+.>2'1$.2! .(2>! 1'(! :(.('12()! &+'! (13,! 1::'(:12(! +&! 2,(! +.2+%+:=! 1.)! 2,(.!

6(':()!$.2+!1!3+.>2'1$.2!.(2!&+'!(13,!>8@6+)(%E!P$:E!U!>,+C>!2,(!2(65+'1%!3+.>2'1$.2!.(2!

&+'!2,(!>8@6+)(% Arrival $.2'+)83()!$.!P$:E!TE!J,(!>8&&$H!N>2N!$.)$312(>!1!>21'2!2$6(!5+$.2!

1.)!2,(!>8&&$H!N&2N!1!&$.$>,!2$6(!5+$.2!+&!1!>212(E!J,(!>8&&$H!N25N!$.)$312(>!2,(!2$6(!5+$.2!+&!

1.! (;(.2E! X! )$'(32()! 1'3! '(5'(>(.2>! 1.! $.(O81%$2=! 133+')$.:! 2+! LOE! "/! C$2,! 2,(! 1''+C!

5+$.2$.:! &'+6! 2"! 2+! 2S! 1.)! 2,(! .86@('! 12! 2,(! 1''+C! '(5'(>(.2$.:! 3"SE! X! )+8@%(D(.)()!

1''+C!C$2,!2,(!+&&>(2!]!$.)$312(>!(O81%$2=!+&!2,(!3+..(32()!2$6(!5+$.2>E!!

Q.$2$1%%=!2,(!'1.:(!+&!(13,!2$6(!;1'$1@%(!$>!+5(.D(.)()/!$E(E! [-∞ +∞]. #,(.!1.!(;$)(.3(D

1>>$:.6(.2! '8%(! +'! 1! 2$6(D85)12(! '8%(! &$'(>/! 2,(! 3+''(>5+.)$.:! ;1'$1@%(>! C$%%! '(3($;(!

3+.3'(2(! ;1%8(>! C,$3,! 1'(! 2,(.! 5'+51:12()! 2,'+8:,! 2,(! 3+.>2'1$.2! .(2! 1>! &+%%+C>!

Z7(861..!\U[f!

p!!a$.$61!1'(!5'+51:12()!$.!():(!)$'(32$+.f!!!!!!!!!!!!!!!2S6$.q!!r!61H^2S6$./!2"6$.!s!3"S_! ^S_!

p!!a1H$61!1'(!5'+51:12()!1:1$.>2!():(!)$'(32$+.f!!!!2"61Hq!!r!6$.^2"61H/!2S61H!m!3"S_! ^c_!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
K!,225fii5'+2(:(E3$6cE.(2i3:$D@$.iC$-$E5%d<#I?J(65+'1%F.2+%+:=)
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X! J97! $>! 3+.>$>2(.2/! $&! 261H! t! 26$.! ,+%)>! &+'! 1%%! 2$6(! ;1'$1@%(>E! J,(! J97!61$.21$.>! 2,(!

3+.>$>2(.3=! +&! 2,(! 3'$>5! 2(65+'1%! 3+.>2'1$.2>/! C,$%(! 2,(! >3(.(! $>! (;+%;$.:E! Q2! $>!

$65%(6(.2()! 5'+3()8'1%%=! $.! K1;1! 8>$.:! 4<-1'0% 7-&+4! ZP'$()61..DB$%%! ]c[E! J,$>! C1=/!

3,1.:(>!+&!2,(!J97!1'(!$66()$12(%=!;$>$@%(!2+!KL<<!1.)!61=!(&&(32!'8%(!132$;12$+.>E!

!

!

!

!

!

!

!

!

!

!

!

!

!

P$:E!Uf!J(65+'1%!3+.>2'1$.2!.(2!&+'!2,(!>8@6+)(%!ArrivalE!

ECL D38*.)!>1G,54-3)

A>81%%=/!>(;('1%!6+)(%>!,1;(!2+!@(!3+.>$)('()!$.!1!>3(.(!$.2('5'(212$+.!21>-E!F.(!'(1>+.!

$>!2,(!.(()!2+!3+5(!C$2,!>(;('1%!1%2('.12$;(!;1'$1.2>!+&!1!>3(.(!6+)(%E!Q.!+8'!)+61$.!+&!

1$'5+'2! 132$;$2=! 6+.$2+'$.:/! &+'! (H165%(/! 2,('(! 1'(! 28'.1'+8.)>! C$2,! +'! C$2,+82!

'(&8(%%$.:/!C$2,! +'!C$2,+82! )(D$3$.:! (23E! F.(! 31.! (1>$%=! $61:$.(! 2,12! 2,('(! 1'(! >$6$%1'!

>$2812$+.>!$.!+2,('!)+61$.>/!C,('(!1%2('.12$;(!6+)(%>!(H$>2!2,12!;1'=!$.!>+6(!51'2>!@82!

1'(!(>>(.2$1%%=!$)(.2$31%E!!

!

!

!

!

!

!

!

P$:E!"]f!G(3+65+>$2$+.!+&!>(51'12(!6+)(%>!$.2+!>8@6+)(%>!

A !

B ! C !

D ! E ! F ! G !

A !

B ! C !

D ! E ! G !

A !

B ! C !

B !

D ! E !

C1!

F ! G !

C2 !

G !

!"#$%&$'()($*+

M1 !

M2 !

M1!

M2 ! M3 ! M4 !

,-'.&-/)+/"0-)($*+

'12#0-''+/"0-)($*+

Arrival-sp! Arrival-ft!

Arrival- !

Preparation-st!
Arrival- !

Preparation-ft!

GPU-Enters- !

GPU-Zone-tp!

GPU-Stopped-!

Inside-GPU-Zone-st!

GPU-Stopped- !

Inside-GPU-Zone-ft!

Drop-Chocks-tp!

Airplane-Enters-!

ERA-tp!

Airplane-Inside- !

ERA-st!

Stop-Beacon-tp!

0! 0 !

0 !

5 !

0 !

9.5!

0 !

Airplane-

Stopped-st!

1!
1 !

GPU-Inside- !

GPU-Zone-st !

GPU-Stopped-st !

GPU-Stopped-ft!

GPU-Inside- !

GPU-Zone-ft !

0 !

1 !
0 !

30 !
0 !

1 !

Airplane-Stopped-!

Inside-ERA-st!

Airplane-Stopped-!

Inside-ERA-ft!
Airplane-

Stopped-ft!

Airplane-Inside- !

ERA-ft!

0 !

60 !
0 !

1!
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F.(! C1=! +&! 3+5$.:! C$2,! 1%2('.12$;(>! $>! 2+! 3'(12(! >(51'12(! 3+65%(2(! 6+)(%>E! J,$>!

155'+13,!$>!$%%8>2'12()!C$2,!2,(!1@>2'132!6+)(%>!a"!1.)!aS!+.!2,(!%(&2D,1.)!>$)(!+&!P$:E!

"]E! Q2! ,1>! 2,(! +@;$+8>! )$>1);1.21:(! +&! %(1)$.:! 2+! '()8.)1.3$(>! $.! 2,(! $.2('5'(212$+.!

5'+3(>>/!>$.3(!$)(.2$31%!1%2('.12$;(>!,1;(!2+!@(!61$.21$.()!$.!51'1%%(%E!X!@(22('!155'+13,!

$>!2+!)(3+65+>(!2,(!1%2('.12$;(!6+)(%>!$.2+!>(;('1%!>8@6+)(%>/!1>!)(5$32()!+.!2,(!'$:,2D

,1.)!>$)(!+&!P$:E!"]E!J,$>!,1>! 2,(!1))()!1);1.21:(!+&!1%%+C$.:!>8@:+1%>! 2+!@(!)(&$.()/!

(13,!+&!C,$3,!61=!@(!$.2('(>2$.:!&+'!1!6+.$2+'$.:!21>-!$.!$2>!+C.!'$:,2E!

<8@:+1%>! %(1)! 2+! $.2('6()$12(! '(>8%2>!C,$3,!C$%%! .+2! @(!)$>31')()! 1.)! 31.!@(!8>()! 1>!

N,$:,('D%(;(%! (;$)(.3(N! &+'! +2,('! 1::'(:12(>E! Q.! 2,(! F#?! +.2+%+:=/! 3+.3(52>!

3+''(>5+.)$.:! 2+! >8@:+1%>! 1'(!61'-()! 1>! context-free/! $.)$312$.:! 2,12! 2,(! 3+.3(5281%!

)(&$.$2$+.! $>! )(>$:.()! 2+! @(! ;1%$)! $.! >(;('1%! 3+.2(H2>E! J,$>! $>! 1! >$:.1%! &+'! 2,(!

2'1.>&+'612$+.!5'+3(>>!2+!:(.('12(!>8@6+)(%>!C$2,!2,(>(!3+.3(52>!1>!'++2>E!X%2('.12$;(!

>8@6+)(%>!31.!@(!)(&$.()!1>!;1'$1.2>!+&!1!3+66+.!51'(.2E!Q&!1!'++2!I!+&!1!>8@6+)(%!a-!

$>! $.>21.2$12()/! 2,$>! $.>21.3(! $>! 1))()! 1>! ,$:,('D%(;(%! (;$)(.3(! 2+! (;('=! $.2('5'(212$+.!

2,'(1)!C$2,!I!+'!1!>85('3%1>>!+&!I!1>!1!%(1&E!!

F.! 2,(! '$:,2D,1.)! >$)(! +&! P$:E! "]/! 2,(! 3+.3(52>! *! 1.)! 9! 1'(! 61'-()! 1>! context-freeE!

P8'2,('6+'(/!9"!!!9!1.)!9S!! 9E!P+'!(H165%(/!9"!3+8%)!>21.)!&+'!1 Service C$2, De-icing 

^P_/! 1.)! 9S! &+'! 1 Service C$2,+82! De-icingE! Q&! 9"! +'! 9S! $>! '(3+:.$>()! ^$.>21.2$12()_/! 1!

3+''(>5+.)$.:! ,$:,('D%(;(%! (;$)(.3(! $>! 5'+;$)()! &+'! (;('=! $.2('5'(212$+.! 2,'(1)!

3+.21$.$.:! 1! 3+.3(52! +&! 2=5(!9! 1>! 1! %(1&E! Q.! +8'! (H165%(! 2,$>! 3+8%)! @(!a"!6+)(%%$.:! 1!

TurnaroundE! 

P+'! 2,(! 2'1.>&+'612$+.! 5'+3(>>! &'+6! F#?! 1.)! <#I?! 2+! KL<<! '8%(>/! >8@6+)(%>! 318>(!

>(51'12(! ,=5+2,(>(>! :'15,>/! 1.)! 1! 2(65+'1%! 3+.>2'1$.2! .(2! $>! :(.('12()! &+'! (;('=!

>8@6+)(%E!P8'2,('6+'(/!(;$)(.3(D1>>$:.6(.2!'8%(>!1'(!:(.('12()!.+2!+.%=!&+'!5'$6$2$;(!

@82!1%>+!&+'!,$:,('D%(;(%!(;$)(.3(E!

ECK %*+46764+2+8,*)M6,;433)

#(! 31.! .+C! :$;(! 1.! +;(';$(C! +&! 2,(! $.2('5'(212$+.! 5'+3(>>! C$2,! <9L7QFIE! Q.! 2,(!

$.$2$1%$>12$+.!5,1>(!2,(!&+%%+C$.:!>2(5>!1'(!5('&+'6()f!

p! J,(! F#?! 3+.3(5281%! -.+C%():(! @1>(! ^$.3%8)$.:! <#I?! '8%(>_! $>! 182+612$31%%=!

2'1.>&+'6()! $.2+! 1! KL<<! 3+.3(5281%! -.+C%():(! @1>(E! X%%! .(3(>>1'=! 2(65%12(>! 1.)!

'8%(>!1'(!:(.('12()E!

p! X!,=5+2,(>(>!:'15,!1.)!1!2(65+'1%!3+.>2'1$.2!.(2!$>!:(.('12()!&+'!(;('=!>8@6+)(%E!

p! X!>(51'12(!$.2('5'(212$+.!2,'(1)!$>!3'(12()!&+'!(;('=!>8@6+)(%!a-E!L13,!2,'(1)!,1>!

$2>! +C.! $.)(5(.)(.2! KL<<! (.:$.(!C,$3,! $>! $.$2$1%$>()!C$2,! 1%%! 2(65%12(>! 1.)! '8%(>/!

1.)!C$2,!2,(!,=5+2,(>(>!:'15,!3+''(>5+.)$.:!2+!a-E!

7+C!2,(!>=>2(6!$>!'(1)=!2+!>21'2!2,(!$.2('5'(212$+.!5'+3(>>E!Q2!'(3($;(>!5'$6$2$;(!>212(>!

1.)!(;(.2>!1>!$.582/!1.)!&(()>!2,(>(!1>!#aL>!2+!(;('=!$.2('5'(212$+.!2,'(1)E!J,(.!2,(!

'8%(>!1'(!155%$()!1.)!61=!(;(.281%%=! %(1)!2+! $.>21.2$12()!1::'(:12(>/!C,$3,!1:1$.!61=!

318>(!,$:,('D%(;(%!1::'(:12(>!2+!@(!$.>21.2$12()E!Q&!2,('(!$>!6+'(!2,1.!+.(!132$;12$+.!&+'!

1.!(;$)(.3(D1>>$:.6(.2!'8%(!C$2,$.!+.(!2,'(1)!^$E(E!$&!68%2$5%(!(;$)(.3(!1>>$:.6(.2>!1'(!

5+>>$@%(_/! 2,(.! 2,$>! 2,'(1)! $>! 3%+.()! $.2+! >(;('1%! 2,'(1)>/! +.(! &+'! (13,! 5+>>$@%(!

1%2('.12$;(!1>>$:.6(.2E!X!.(C%=!3'(12()!2,'(1)! $>!1.!(H132!3+5=!+&! 2,(!+'$:$.1%! 2,'(1)E!

J,(.! ! 1! )$&&('(.2! 1>>$:.6(.2! $>! 5('&+'6()! &+'! 2,(! +'$:$.1%! 1.)! (13,! +&! 2,(! 3%+.(>! @=!



!
"U!

&+'3$.:! 2,(! 3+''(>5+.)$.:! '8%(! 2+! &$'(E! J,$>! C1=/! 1! >(1'3,! 2'((! $>! (>21@%$>,()! C,$3,!

(H16$.(>!1%%!$.2('5'(212$+.!5+>>$@$%$2$(>!$.!51'1%%(%E!

<+!&1'/!C(!,1;(!.+2!=(2!)$>38>>()!,+C!2+!)(1%!C$2,!.+$>(/!C,$3,!31.!($2,('!+338'!$.!2('6>!

+&! 132$;$2$(>! .+2! 6+)(%%()! $.! 2,(! +.2+%+:=/! +'! 1>! (''+'>! +&! %+CD%(;(%! 5'+3(>>$.:E! *+2,!

-$.)>!+&!.+$>(!1'(!1@8.)1.2%=!5'(>(.2!$.!+8'!1$'3'1&2!>(';$3$.:!)+61$.E!Y1'$+8>!-$.)>!+&!

;(,$3%(>!.+2!21-$.:!51'2!$.!1!>(';$3(!+'!5('&+'6$.:!>+6(!8.-.+C.!21>-!(.2('!1.)!%(1;(!

2,(! >(';$3$.:! 1'(1! 2,'+8:,+82! 1! 28'.1'+8.)E! X%>+/! %+CD%(;(%! 5'+3(>>$.:! $.! +8'!

155%$312$+.!$>!)$&&$38%2!1.)!.+2!12!1%%!5('&(32/!,(.3(!>2'1.:(!(;(.2>!.+2!3+''(>5+.)$.:!2+!

'(1%!132$;$2$(>!1'(!)(%$;('()!1>!$.582!2+!<9L7QFIE!

#(! ,1;(! 2,('(&+'(! (H2(.)()! +8'! >3(.(!6+)(%! 2+! $.3%8)(! 1! .+$>(!6+)(%!C,$3,! 1%%+C>!

1.=2,$.:! .+2! 3+;('()! @=! 2,(! 28'.1'+8.)!6+)(%! 2+! ,155(.! 12! 1.=! 2$6(E!7128'1%%=/! 2,$>!

318>(>! 1.! (H5+.(.2$1%! (H5%+>$+.! +&! $.2('5'(212$+.! 2,'(1)>f! P+'! (13,! (;$)(.3(/! 2,(!

.86@('!+&!2,'(1)>!12!%(1>2!)+8@%(>/!'()83()!+.%=!@=!$.3+.>$>2(.2!2,'(1)>E!!

X>!$2!28'.()!+82/!<9L7QFI!31.!5'+3(>>!85!2+!31E!W]!2,'(1)>!$.!51'1%%(%!1.)!$.!'(1%D2$6(!+.!

1.!+')$.1'=!09E! Q.! 3+.>(O8(.3(/! 2,(!.86@('!+&! $.2('5'(212$+.! 2,'(1)>! '(O8$'()! &+'! 1%%!

5+>>$@$%$2$(>!C$%%!(H3(()!2,(!31513$2=!1&2('!1!&(C!>2(5>E!9%(1'%=/!1!5'(&('(.3(!6(1>8'(!$>!

'(O8$'()!C,$3,!1%%+C>! 2+!)$>31')! %(>>!5'+6$>$.:! 2,'(1)>!(;(.! $&! 2,(=!>12$>&=! 2,(!>3(.(!

6+)(%E! J+! 2,$>! (.)/! C(! ,1;(! )(;(%+5()! 1! 5'+@1@$%$>2$3! >3(.(! 6+)(%! C,$3,! C$%%! @(!

5'(>(.2()!$.!2,(!.(H2!>(32$+.E!

!

!!
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L :)M6,1218-83+8;)B,54-)9,6)!;4*4)%*+46764+2+8,*)

!

X>!(H5%1$.()!$.!2,(!5'(3()$.:!>(32$+./!>3(.(!$.2('5'(212$+.!31.!@(!3+.2'+%%()!@=!1!3'$>5!

3+.>2'1$.2! .(2/! $.! +8'! 31>(! 2,(! 2(65+'1%! 3+.>2'1$.2! .(2!J97/! >83,! 2,12! +.%=! 3+.>$>2(.2!

$.2('5'(212$+.>! >8';$;(! $.! 1! 51'1%%(%! >(1'3,E! J,$>! 155'+13,! ,1>! 2,(! 1);1.21:(! 2,12! 2,(!

>3(.(!6+)(%!31.!@(!3+65%(2(%=!'(5'(>(.2()!$.!F#?!1.)!<#I?/!1.)!2,12!2,(!3+.>2'1$.2!

>+%;('!31.!@(!'(1%$>()!(&&$3$(.2%=E!B+C(;('/!1>!5+$.2()!+82!@(&+'(/!3+.>2'1$.2>!61=!.+2!@(!

2$:,2/!(%>(!3+''(32!$.2('5'(212$+.>!61=!@(!6$>>()E!B(.3(!2,(!$.2('5'(212$+.!>=>2(6!61=!

:(.('12(!61.=!&1%>(!5+>$2$;(>/!)(5(.)$.:!+.!2,(!)$>3'$6$.12$;(!O81%$2$(>!+&!2,(!(;$)(.3(E!

#(! ,1;(! 2,('(&+'(! )(;(%+5()! 1! 5'+@1@$%$>2$3! '12$.:! >=>2(6! 2+! +@21$.! 1! 5'(&('(.3(!

6(1>8'(!&+'!3+.>$>2(.2!$.2('5'(212$+.>E!*=!3+6582$.:!2,$>!'12$.:!&+'!$.2('6()$12(!51'2$1%!

$.2('5'(212$+.>/! 2,(!6+>2!5'+6$>$.:!+.(>! 31.!@(!-(52/! 8.%$-(%=!+.(>! 31.!@(!)$>31')()E!

X55%$()! 2+!68%2$5%(! 3+.>$>2(.2! &$.1%! $.2('5'(212$+.>/! 1! >$.:%(!6+>2! %$-(%=! $.2('5'(212$+.!

31.!@(!>(%(32()E!

#(! &$'>2! &+'68%12(!1!:(.('1%!5'+@1@$%$>2$3!6+)(%! &+'! >3(.(! $.2('5'(212$+.!1.)!)('$;(!1!

'12$.:! &+'! 51'2$1%! 1.)! &$.1%! $.2('5'(212$+.>E! #(! 2,(.! 5'(>(.2! *1=(>$1.! 9+65+>$2$+.1%!

B$('1'3,$(>! ^*9B>_! C,$3,! 1'(! >5(3$1%! 5'+@1@$%$>2$3! 6+)(%>! >2'8328'()! $.! 3+.:'8(.3(!

C$2,!2,(!3+65+>$2$+.1%!,$('1'3,=!+&!2,(!F#?!+.2+%+:=E!

LC= :)H4*462-)M6,1218-83+8;)B,54-)9,6)!;4*4)%*+46764+2+8,*)

Q.!1!:(.('1%!&+'6/!5'+@1@$%$>2$3!>3(.(!$.2('5'(212$+.!31.!@(!6+)(%%()!1>!(;$)(.3(D@1>()!

'(1>+.$.:!C$2,! %1':(! M+$.2! 5'+@1@$%$2=! )$>2'$@82$+.>! ^K0G>_E! Q.! 2,(! 3+.2(H2! +&! 1! 51'1%%(%!

>(1'3,/! 2,(! 21>-! $>! 2+! )(2('6$.(! C,$3,! +&! a! 1%2('.12$;(!6+)(%>! 155%$(>! 2+! 1! >3(.(E! X!

:(.('12$;(!5'+@1@$%$>2$3!6+)(%!&+'!1!>3(.(!31.!@(!C'$22(.!1>!

! ! ! ! ! !! ! ! ! ! ! ! ^T_!

#(!1>>86(!2,12!2,('(!1'(!a!3+65(2$.:!6+)(%>!C$2,!5'$+'>!O6/!6!r!"!EE!aE!L13,!6+)(%!$>!

)(>3'$@()!@=!1!K0G!3+.>$>2$.:!+&!,$))(.!;1'$1@%(>!u!r!Zu"!EE!u7[!1.)!+@>(';1@%(!;1'$1@%(>!

v!r!Zv"! EE!v4[E!J,(!$.)$3(>!>8::(>2!)$>2$.32!3+.3(5281%!(.2$2$(>!^&+'!(H165%(!1::'(:12(>_/!

(13,!)(>3'$@()!@=!1!;(32+'!+&!'1.)+6!;1'$1@%(>/!$.)$312()!@=!2,(!8.)('%$.(E!!

Y1%8(>! &+'! +@>(';1@%(! ;1'$1@%(>! 1'(! 5'+;$)()! @=! (;$)(.3(! &'+6! %+CD%(;(%! 5'+3(>>$.:/!

;1%8(>! +&! ,$))(.! ;1'$1@%(>! 1'(! )(2('6$.()! @=! 5'+@1@$%$>2$3! $.&('(.3(E! Q.! +8'! 2(65+'1%!

6+)(%! &+'! 2,(! 1$'3'1&2! >(';$3$.:! )+61$./! 2,(! +@>(';1@%(>! 3+''(>5+.)! 2+! 2$6(! 5+$.2>!

61'-$.:! 1! 5'$6$2$;(! (;(.2! >83,! 1> Vehicle-Stopped-Inside-Zone/! C,('(1>! ,$))(.!

;1'$1@%(>! 3+8%)! )(>3'$@(! @(:$..$.:! 1.)! )8'12$+.! +&! ,$:,('D%(;(%! 132$;$2$(>! >83,! 1> 

Arrival-PreparationE!!

03%822('!$>!1!3123,D1%%!)$>2'$@82$+.!&+'!(;$)(.3(!.+2!&$22$.:!1!6+)(%E!J,$>!3+8%)!>$65%=!@(!1!

K0G!6+)(%%$.:!2,(!+338''(.3(!+&!N8.(H5%1$.1@%(N!(;$)(.3(!+@M(32>!)8'$.:!1!28'.1'+8.)!

1>!$.)(5(.)(.2!(;(.2>E!

J+! :8$)(! 2,(! $.2('5'(212$+.! 5'+3(>>/! C(! 1'(! $.2('(>2()! $.! '1.-$.:! 1%2('.12$;(! 51'2$1%!

$.2('5'(212$+.>!:$;(.!(;$)(.3(!(E!X%2('.12$;(>!)+!.+2!+.%=!1'$>(! &'+6!2,(!6+)(%>!"! EE!a!

@82! 1%>+! &'+6! 1%2('.12$;(! 1>>$:.6(.2>! +&! (;$)(.3(! C$2,$.! 1! 6+)(%E! P+'! (H165%(/! 1!

Vehicle-Enters-ERA! (;(.2! ^LIX! $>! 2,(! %1':(! L.2'1.3(! I(>2'$32()! e+.(! C,('(! 1%%!

28'.1'+8.)!132$;$2$(>!+338'_! 31.!@(!51'2!+&!61.=! >(';$3(!132$;$2$(>!+&! 1! 28'.1'+8.)/! $.!

51'2$38%1'/! $&! 2,(! 2=5(! +&! ;(,$3%(! $>! 8.3('21$.! +'! 2'13-$.:! (''+'>! ,1;(! +338''()E!
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X%2('.12$;(! 1>>$:.6(.2>! 318>(! 1))$2$+.1%! 3+65(2$.:! $.2('5'(212$+.>E! P8'2,('!

1%2('.12$;(>!1'$>(!&'+6!1>>$:.$.:!>+6(!+&!2,(!(;$)(.3(!D!>1=!(.s! D! 2+!2,(!6+)(%!1.)!2,(!

'(>2!D!>1=!(.D!D!2+!3%822('/!5+>>$@%=!)$&&('(.2!&+'!(13,!6+)(%E!J+!>$65%$&=!2,(!.+212$+./!C(!

(.86('12(!1%%!1%2('.12$;(>!D!)8(!3+65(2$.:!6+)(%>!1.)!1%2('.12$;(!1>>$:.6(.2>!D!8>$.:!

2,(!$.)(H!.E!!

J,(! '1.-$.:! I.! +&! 1! >3(.(! 6+)(%! .! $>! :$;(.! @=! 2,(! 5'+@1@$%$2=! 2,12! 2,(! 6+)(%! ,1>!

:(.('12()! (.s! 1>! 51'2! +&! 2,(! >(';$3(!6+)(%! 1.)! (.D! 1>! 3%822('E! J,$>! $>! 31528'()! @=! 2,(!

&+%%+C$.:!(O812$+.f!

! ! ! ! ! ! ! ! ! ! ! ! ^W_!

LOE!^S_!>,+C>!2,12!1%2('.12$;(!'1.-$.:>!31.!@(!)(2('6$.()!&'+6!LOE!^"_!@=!61':$.1%$>$.:!

2,(!+@>(';1@%(>!+&!(13,!6+)(%!.!C,$3,!,1;(!@((.!3,+>(.!&+'!(;$)(.3(!1>>$:.6(.2/!1.)!

3+6582$.:!2,(!'(>8%2$.:!5'+@1@$%$2$(>E!

J+! )(2('6$.(! 2,(! &$.1%! $.2('5'(212$+./! +.(! ,1>! 2+! 5('&+'6! 2C+! 61H$6$>12$+.>E! P$'>2/!

)(2('6$.(!2,(!,$:,(>2D'1.-$.:!6+)(%!.w/!1.)!2,(.!)(2('6$.(!2,(!;1%8(>!H.w!&+'!,$))(.!

;1'$1@%(>! +&! 2,$>! 6+)(%! C,$3,! 61H$6$>(! $2>! 5+>2('$+'! 5'+@1@$%$2=E! J,(>(! >2(5>! 1'(!

)(>3'$@()!@=!2,(!&+%%+C$.:!(O812$+.>f!

! ! ! ! ! ! ! ! ! ! ! ! ^b_!

!

! ! ! ! ! ! ! ! ! ! ! ! ^V_!

7+2(!2,12!2,(!5'+@1@$%$>2$3!6+)(%!:$;(.!@=!LOE!^T_!)+(>!.+2!(H5%$3$2%=!133+8.2!&+'!6$>>$.:!

(;$)(.3(/! &+'! (H165%(! )8(! 2+! +33%8>$+.! +'! 2'13-$.:! %$6$212$+.>E! J+! )(1%! C$2,! 2,$>/! 2,(!

'1.:(! +&! +@>(';1@%(>! 3+8%)! @(! (H2(.)()! 2+! $.3%8)(! N6$>>$.:! (;$)(.3(N! 1>! 1! 5+>>$@%(!

N;1%8(N/!@82!1.!1>>$:.6(.2!1.)!5'+@1@$%$>2$3!155'(3$12$+.!C$%%!.(3(>>1'$%=!)(5(.)!+.!2,(!

3+.2(H2E!J,(!$>>8(!+&!6$>>$.:!$.&+'612$+.!C$%%!.+2!@(!2'(12()!$.!2,(!>(O8(%E!

Q&! $.2('5'(212$+.!$>!5('&+'6()!$.!'(1%D2$6(/!5'+@1@$%$>2$3!6+)(%>!61=!@(!1)152()!2+!2,(!

5'+:'(>>$.:! 2$6(E! Q.! +8'! 155%$312$+./! 1! >3(.(! 6+)(%! 1>! :$;(.! @=! LOE! ^T_! C$%%! $.;+%;(!

2(65+'1%!'1.)+6!;1'$1@%(>!'(5'(>(.2$.:!+@>(';1@%(!(;(.2>!+.!1!O81.2$212$;(!2$6(!>31%(!

'(%12$;(!2+!>+6(!3+66+.!'(&('(.3(!(;(.2/!&+'!(H165%(!'(%12$;(!2+!1.!$.$2$1%!+@>(';12$+.E!

I(1%D2$6(!5'+3(>>$.:!8>$.:!>83,!1!6+)(%! $65%$(>! 2,12!C(!,1;(!1!38''(.2! 2$6(!23!C,$3,!

5'+:'(>>(>!1>!C(!+@>(';(!1!3+.3'(2(!>3(.(/!1.)! 2,12!6+)(%%()!(;(.2>!.+2!+@>(';()!>+!

&1'! 1'(! @+8.)! 2+! ,155(.! 12! 2$6(>! 2! x! 23/! $&! 12! 1%%E! J,$>! >,+8%)! $.&%8(.3(! +8'! '1.-$.:! +&!

1%2('.12$;(>!2+!2,(!(&&(32!2,12!'()83()!3,1.3(>!&+'!1.!(;(.2!318>(!1!'()83()!'1.-$.:E!

?(2!(!@(!(;$)(.3(!1>>$:.()!85!2+!2$6(!23/!1.)!J.!y!v!@(!8.1>>$:.()!2(65+'1%!+@>(';1@%(>!

+&!1!6+)(%E!J,(.!2,(!'1.-!+&!6+)(%!.!12!2$6(!23!$>!:$;(.!@=!

! ! ! ! ! ! ! ! ! ! ! ! ^\_!

LOE!^W_!>,+C>!2,12!2,(!'1.-$.:!+&!1.!1%2('.12$;(!6+)(%!3,1.:(>!133+')$.:!2+!$2>!>,1'(!$.!

2,(!5'+@1@$%$2=! >513(! &+'! 2,(! '(61$.$.:! 2(65+'1%! ;1'$1@%(>E!J,$>! '(&$.(>!LOE! ^W_!C,$3,!

$65%$()!2,12!2,(!3+65%(2(!5'+@1@$%$2=!>513(!C1>!%(&2!&+'!8.1>>$:.()!;1'$1@%(>E!7+2(!2,12!

'(1%D2$6(!85)12$.:!)+(>!.+2!155%=!2+!,$))(.!2(65+'1%!;1'$1@%(>! &+'!C,$3,!;1%8(>!2!z!23!

61=!@(!$.&(''()E!!
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LC? @2/4382*)",G7,38+8,*2-)J84626;A843)

Q.! +')('! 2+! 5'(>(';(! 2,(! 1);1.21:(>! +&! +.2+%+:=D@1>()! >3(.(! 6+)(%>/! $2! $>! 8>(&8%! 2+!

13,$(;(!1! 2$:,2! $.2(:'12$+.!+&! 2,(!5'+@1@$%$>2$3!6+)(%!C$2,!1! %+:$3D@1>()!3+65+>$2$+.1%!

,$('1'3,=E! X>! 1.! $65+'21.2! >2(5! 2+C1')>! $.2(:'12$+.! C(! 5'(>(.2! 1.! 155'+13,! &+'!

&+'68%12$.:! 5'+@1@$%$>2$3! >3(.(! 6+)(%>! $.! 2('6>! +&! 5'+@1@$%$>2$3! 1::'(:12(! 6+)(%>!

3+65%(6(.2$.:! 2,(! 1::'(:12(! )(&$.$2$+.>! $.! F#?E! Q.! ZI$6(=! Uc[! 3+65+>$2$+.1%!

,$('1'3,$(>!,1;(!@((.!6+)(%%()!8>$.:!2'((D>,15()!*1=(>$1.!7(2C+'->!^*7>_E!J+!(.>8'(!

(&&$3$(.2! 5'+3(>>$.:/! ,(! ,1)! 2+! 1>>86(! 2,12! 51'2>! +&! 1.! 1::'(:12(! 1'(! >212$>2$31%%=!

$.)(5(.)(.2!:$;(.!2,(!51'(.2!1::'(:12(E!Q.!Z7(861..!]\[!1!6+'(!5+C('&8%!,$('1'3,$31%!

5'+@1@$%$>2$3!6+)(%!,1>!@((.!5'(>(.2()/!31%%()!*1=(>$1.!9+65+>$2$+.1%!B$('1'3,=!^*9B_E!

Q.!2,(!&+%%+C$.:/!C(!@'$(&%=!>8661'$>(!2,(!)(&$.$2$+.!+&!1!*9B!&+'!1'@$2'1'=!5'+@1@$%$2=!

)$>2'$@82$+.>E!J,('(1&2('/!C(!)(>3'$@(!2,(!>2'8328'(!+&!1!R18>>$1.!*9B!C,$3,!$>!2,(!-$.)!

8>()!&+'!6+)(%%$.:!2,(!2(65+'1%!>2'8328'(!+&!1$'3'1&2!>(';$3(>!$.!+8'!C+'-E!!

X!*9B! $>! 1! 5'+@1@$%$>2$3!6+)(%! +&! 1! 3+65+>$2$+.1%! ,$('1'3,=E! Q2! 3+.>$>2>! +&! 1::'(:12(>/!

(13,!6+)(%%()! $.)$;$)81%%=! @=! 1.! 8.'(>2'$32()! K0G! $.! 1.! +@M(32D3(.2('()!61..('E! J,(!

,$('1'3,=!$>!&+'6()!@=!8>$.:!2,(!1::'(:12(!,(1)('>!1>!51'2!)(>3'$52$+.>!$.!1::'(:12(>!+&!

2,(!.(H2!,$('1'3,$31%!%(;(%/!1@>2'132$.:!&'+6!)(21$%>!+&!51'2>!12!2,(!%+C('!%(;(%E!!

P$:8'(!"! $%%8>2'12(>!2,(!>3,(612$3!>2'8328'(!+&!1!*9BE!L13,!1::'(:12(! $>!)(>3'$@()!@=!1!

K0G!0^X!*"EE*4!9_!C,('(!X!$>!2,(!1::'(:12(!,(1)('!5'+;$)$.:!1.!(H2('.1%!)(>3'$52$+.!2+!

2,(!.(H2!,$:,('!%(;(%/!*"EE*4!1'(!)(>3'$52$+.>!+&!2,(!51'2>/!1.)!9!(H5'(>>(>!3+.)$2$+.>!+.!

2,(!51'2>E!J,(!,$('1'3,=!$>!3+.>2'832()!@=!21-$.:!2,(!1::'(:12(!,(1)('>!12!1!%+C('!%(;(%!

1>!51'2!)(>3'$52$+.>!12!2,(!.(H2!,$:,('!%(;(%/!,(.3(!*"^"_!r!X^S_!(23E!!

!

!

!

!
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!

!

!

P$:E!""f!<3,(612$3!>2'8328'(!+&!1!*9BE!J'$1.:%(>!'(5'(>(.2!1::'(:12(>/!3$'3%(>!'(5'(>(.2!

51'2>E!X::'(:12(!6+)(%>!+;('%15/!2,($'!,(1)('>!'(5'(>(.2!51'2>!+&!1::'(:12(>!12!2,(!.(H2!

,$:,('!%(;(%E!

Q.! +8'! 1$'3'1&2! >(';$3$.:! )+61$./! &+'! (H165%(/! 1 Turnaround 1::'(:12(! 3+.>$>2>! +&! 1!

,(1)('!C,$3,!5'+;$)(>!1.!(H2('.1%!)(>3'$52$+.!+&!1!28'.1'+8.)!$.!2('6>!+&!$2>!)8'12$+.!

^1@>2'132$.:! &'+6!)(21$%>!1@+82! 2,(!51'2>_/!1.)!1.! $.2('.1%!)(>3'$52$+.!+&! 2,(! 2(65+'1%!

>2'8328'(! +&! 2,(! 2,'((! 51'2>! Arrival, Services 1.) DepartureE! J,(! 51'2>! 1'(! 1%>+!

)(>3'$@()! 1>! 1::'(:12(>! 2,(6>(%;(>/! &+'! (H165%( Arrival $>! 1.! 1::'(:12(! C$2,! 51'2>!

Arrival-Preparation, Airplane-Enters-ERA 1.) Stop-Beacon/! 3+651'(! C$2,! 2,(!

,$('1'3,=!>,+C.!$.!J1@%(!"E!

Q.!:(.('1%/!2,(!K0G!+&!1!3+65%(2(!,$('1'3,=!$>!:$;(.!@=!
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! ! ! ! ! ! ! ! ! ! ! ! ^U_!

J,$>! '(61'-1@%(! &+'68%1! >,+C>! 2,12! 2,(! K0G!+&! 1!*9B! 31.!@(! (1>$%=! 3+.>2'832()! &'+6!

$.)$;$)81%! 1::'(:12(! '(5'(>(.212$+.>/! 1.)! @(%$(&! 85)12(>! 31.! @(! 5('&+'6()! @=!

5'+51:12$+.! 1%+.:! 2,(! 2'((! >2'8328'(E! ?(2! 0k^*$_! @(! 1.! 85)12(! +&! 0^*$_/! @=! (;$)(.3(! +'!

5'+51:12$+.!&'+6!$2>!51'2>!@(%+CE!J,(.!2,(!85)12()!1::'(:12(!K0G!$>!

! P'(A B1 .. BK C) = P(A B1 .. BK C) P'(Bi)/P(Bi) ! ! ! ! ^"]_!

X!>$6$%1'!(O812$+.!,+%)>!C,(.!0^X_!$>!85)12()!@=!5'+51:12$+.!&'+6!$2>!51'(.2!1@+;(E!

<2+'1:(! 1.)! 85)12$.:! +5('12$+.>! &+'! %1':(! ,$('1'3,$(>! 31.! @(! 3+658212$+.1%%=! ;('=!

(H5(.>$;(E! #(! ,1;(! 2,('(&+'(! )(;(%+5()! 1.! $65%(6(.212$+.! &+'! 1::'(:12(>! C$2,!

68%2$;1'$12(! R18>>$1.! )$>2'$@82$+.>E! I+8:,%=! >=66(2'$3/! 8.$6+)1%! )$>2'$@82$+.>! 31.!

+&2(.!@(!155'+H$612()!@=!1!R18>>$1.!$.!1!'1.:(!3+''(>5+.)$.:!2+!DSσ!EE!sSσ!/!C,('(!σ!$>!

2,(! >21.)1')! )(;$12$+.E! a8%2$;1'$12(! R18>>$1.! 1::'(:12(! 6+)(%>! 31.! @(! 3+65132%=!

'(5'(>(.2()! @=! 6(1.>! 1.)! 3+;1'$1.3(! 612'$3(>/! 1.)! 5'+51:12$+.! $.! 1! *9B! 31.! @(!

5('&+'6()!;('=!(&&$3$(.2%=!@=!3%+>()D&+'6!>+%82$+.>/!1>!>,+C.!$.!2,(!&+%%+C$.:E!

?(2!R!r!ZL!P[!@(!1!;(32+'!+&!R18>>$1.!'1.)+6!;1'$1@%(>!'(5'(>(.2$.:!1.!1::'(:12(E!?(2!P!

@(!2,(!>8@>(2!C,+>(!)$>2'$@82$+.!$>!3,1.:()!@=!(;$)(.3(!+'!$.3+6$.:!5'+51:12$+.E!P!31.!

@(! 2,(!1::'(:12(!,(1)('! $.! 2,(!31>(!+&!)+C.C1')!5'+51:12$+.!+'!1!51'2!,(1)('! $.! 2,(!

31>(!+&!85C1')!5'+51:12$+.E!#(!C1.2!2+!3+6582(!2,(!(&&(32!+&!2,(!3,1.:()!)$>2'$@82$+.!

+&!P!+.!RE!*(&+'(!5'+51:12$+./! 2,(!)$>2'$@82$+.!+&!R! $>!0^R_!r!7^µR/!ΣR_!C,('(!µR! $>! 2,(!

6(1.! ;(32+'! 1.)! ΣR! 2,(! 3+;1'$1.3(! 612'$HE! J,(! 51'2$2$+.>! 3+''(>5+.)$.:! 2+! L! 1.)! P/!

'(>5(32$;(%=/!1'(!)(.+2()!1>!>,+C.f!

     

 

 

P+'!1!5'+@1@$%$2=!85)12(/!C(!1>>86(!2,12!2,(!)$>2'$@82$+.!+&!P!$>!3,1.:()!2+!!

0k^P_!r!7^µPk/!ΣPk_E!J,(.!2,(!.(C!)$>2'$@82$+.!+&!R!$>!0k^R_!r!7^µRk/!ΣRk_!C$2,!
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-1

 ΣF'         ^"S_ 

 µE' = µE +  ΣEF ΣF
-1

(µF' - µF)         ^"c_
  

Q2!$>!(;$)(.2!2,12!@+2,!85C1')!1.)!)+C.C1')!5'+51:12$+.!&+'!1.!1::'(:12(!C$2,!'1.)+6!

;1'$1@%(>!X!*"!EEE!*4!9!31.!@(!5('&+'6()!@=!&1$'%=!>$65%(!612'$H!3+658212$+.>E!!

a8%2$;1'$12(!R18>>$1.>!1'(!1%>+!;('=!3+.;(.$(.2!&+'!3+6582$.:!2,(!'1.-$.:!1>!)(>3'$@()!

$.! LOE! ^W_E! J,(! 61':$.1%$>12$+.>! '(O8$'()! &+'! '1.-$.:! 1%2('.12$;(! $.2('5'(212$+.>! 1'(!

)$'(32%=! 1;1$%1@%(! &'+6! 2,(! 1::'(:12(! 3+;1'$1.3(>/! 1.)! 2,(! &$.1%! 61H$6$g$.:!

$.2('5'(212$+.!133+')$.:!2+!LO>E!^b_!1.)!^V_!31.!@(!:$;(.!$.!2('6>!+&!2,(!6(1.!;1%8(>!+&!

,$))(.!;1'$1@%(>E!
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!
ST!

J,('(!1'(/!,+C(;('/!3%(1'!%$6$212$+.>!+&!2,(!155%$31@$%$2=!+&!68%2$;1'$12(!R18>>$1.!*9B>/!

&+'! (H165%(! $.! 3+..(32$+.! C$2,! )$>3'(2(! '1.)+6! ;1'$1@%(>/! '1.:(D%$6$2()! &%12!

)$>2'$@82$+.>!+'!2,(!2'8.312()!)$>2'$@82$+.>!1'$>$.:!$.!'(1%D2$6(!85)12(>!133+')$.:!2+!LOE!

^\_E! Q.!>+6(!31>(>! $2!61=!@(!5+>>$@%(!2,+8:,!2+!8>(!R18>>$1.>!1>!155'+H$612$+.>E!J,$>!

C$%%!@(!>,+C.!$.!2,(!&+%%+C$.:!&+'!2,(!2(65+'1%!>2'8328'(!+&!1$'3'1&2!>(';$3(>E!

LCE :)76,1218-83+8;)G,54-)9,6)+A4)+4G7,62-)3+6>;+>64),9)286;629+)346<8;43)

J+! 5('&+'6! '(1%D2$6(! $.2('5'(212$+.! +&! 1$'3'1&2! >(';$3$.:! +5('12$+.>/! 1! *9B! &+'! 1%%!

1::'(:12(>!>,+C.!$.!J1@%(!"!,1>!@((.!)(2('6$.()!&'+6!2,(!>212$>2$3>!+&!WS!28'.1'+8.)!

'(3+')>E!P+'!(13,!1::'(:12(/! 2,(!2(65+'1%!>2'8328'(!+&! $2>!51'2>! $>!>5(3$&$()!$.!2('6>!+&!

3+''(%12()!'1.)+6!;1'$1@%(>!&+'!)8'12$+.>!1.)!)(%1=>E!P$:E!"S!$%%8>2'12(>!2,(!>2'8328'(!+&!

2,(! 1::'(:12( Arrival-Preparation 1>! 1.! (H165%(E! Q2! $>! )(&$.()! @=! 2,(! 2C+! '1.)+6!

;1'$1@%(> Delay1 1.) Delay2 C,$3,! )(.+2(! 2,(! )(%1=>! @(2C((.! 2,(! 5+$.2! (;(.2 GPU-

Enters-GPU-Zone/! 2,(! @(:$..$.:! +& GPU-Stopped-Inside-GPU-Zone 1.)! 2,(! 5+$.2! (;(.2 

Drop-Chocks/!'(>5(32$;(%=E!J,(!1::'(:12(!,(1)('!$>!1!'1.)+6!;1'$1@%(!&+'!2,(!)8'12$+.!+& 

Arrival-Preparation/!$2>!;1%8(!$>!)(&$.()!1>!2,(!>86!+& Delay1 1.) Delay2E!!

!

!

!

!

!

!

!

P$:E!"Sf!J(65+'1%!>2'8328'(!+&!2,(!1::'(:12( Arrival-Preparation!

J1@%(! S! >,+C>! 2,(! 6(1.>! 1.)! 2,(! 3+;1'$1.3(! 612'$H! +&! 2,(! R18>>$1.! K0GE! <$.3(! 2,(!

)8'12$+.! +& Arrival-Preparation $>! )(2('6$.()! @=! 2,(! >86! +&! 2,(! '1.)+6! ;1'$1@%(>!

)(>3'$@$.:!2,(!51'2>/!2,(!3+;1'$1.3(!$>!>$.:8%1'/!@82!2,$>!)+(>!.+2!M(+51')$>(!2,(!85)12$.:!

5'+3()8'(E! J,(! 5+>$2$;(! 3+''(%12$+.! @(2C((.! 2,(! )(%1=>! '(&%(32>! 2,(! +@>(';12$+.! 2,12!

132$;$2$(>!$.!>+6(!28'.1'+8.)>!1'(!:(.('1%%=!&1>2('!2,1.!$.!+2,('>E!

J1@%(!Sf!a8%2$;1'$12(!R18>>$1.!K0G!&+' Arrival-Preparation ^8.$2>!$.!6$.82(>_!

! ! ! ! ! ! ! 6(1.! ! 3+;1'$1.3(!

! Arrival-Preparation   6  29,3 2,25 27  

 Delay1     1  2,25 0,25 25 

 Delay2     5  27 2 25 

!

X%%! 1::'(:12(! 6+)(%>! ,1;(! 1! >$6$%1'! >2'8328'(/! C$2,! 132$;$2$(>! )(>3'$@()! @=! 2,($'!

)8'12$+.>! 1.)! '(%12()! 2+! (13,! +2,('! @=! )(%1=>E! R18>>$1.>! 1'(! 8>()! C$2,! 2,(!

8.)('>21.)$.:! 2,12! +.%=! 2,(! '1.:(! DSσ EEE! sSσ! $>! ;1%$)! $.! 2,(! 6+)(%E! J+! (.>8'(! 2,12!

)8'12$+.>!+&!132$;$2$(>!21-(!+.%=!5+>$2$;(!;1%8(>/!2,($'!6+)(%>!1'(!3+.>2'1$.()!@=!µ!x!SσE!

Arrival-Preparation

GPU-Enters-

GPU-Zone

GPU-Stopped-Inside-GPU-Zone

Drop-Chocks

Delay1

Delay2

!"#$%



!
SW!

J,(! '(1)('! 61=! C+.)('! ,+C! 2,(! 5'+@1@$%$>2$3! 6+)(%! '(%12(>! 2+! 2,(! 3'$>5! 2(65+'1%!

3+.>2'1$.2>!+&!2,(!+.2+%+:=E!X>!1!6122('!+&!&132/!2,(!3'$>5!3+.>2'1$.2>!,1;(!$.$2$1%%=!@((.!

2,(! +.%=! 6(1.>! 2+! (H5'(>>! 2(65+'1%! '(%12$+.>,$5>! Z*+,%-(.! `! 7(861..! ]U[/! 1.)!

(H5('$6(.2>!>,+C()! 2,($'!>2'(.:2,>!1.)!C(1-.(>>(>E!X!31'(&8%%=! 21$%+'()!5'+@1@$%$>2$3!

6+)(%! C$2,! g('+! 5'+@1@$%$2$(>! +82>$)(! 1! >5(3$&$3! '1.:(! C+8%)! 61-(! 2,(! 3'$>5! 6+)(%!

)$>5(.>1@%(/!+&! 3+8'>(E!*82!>$.3(!C(!)(3$)()! 2+!(65%+=!1!68%2$;1'$12(!R18>>$1.!6+)(%!

C$2,!21$%>!C,$3,!1'(!.+2!O8$2(!'(1%$>2$3/!1!3+6@$.12$+.!+&!2,(!2C+!6+)(%>/!C,('(!2,(!3'$>5!

3+.>2'1$.2>!382!+&&!2,(!)$>2'$@82$+.>!+82>$)(!2,($'!DSσ EEE!sSσ!'1.:(>/!>((6>!2+!@(!1!:++)!

>+%82$+.E! E



!
Sb!

KC))%*+46764+8*.):86;629+)N>6*26,>*53)

)

Q.! 2,$>!>(32$+./!C(!5'(>(.2!'(>8%2>!+@21$.()! $.!(H5('$6(.2>!C$2,!'(1%! 28'.1'+8.)!)121E!

P$'>2/!C(!)(6+.>2'12(! 2,(!5'()$32$;(!5+C('!+&! 2,(!*9B!1.)!3,1.:(>! 318>()!@=!51'2$1%!

(;$)(.3(E!J+!2,$>!(.)/!2,(!(>2$612()!2$6(%$.(!&+'!28'.1'+8.)!(;(.2>!1.)!2,(!'(61$.$.:!

8.3('21$.2=! ^6(1>8'()! $.! >21.)1')!)(;$12$+.>_!,1>!@((.!)(2('6$.()! &+'! 2C+!31>(>/! ^$_!

1&2('! +@>(';$.:! 2,(! ;('=! &$'>2! (;(.2/ GPU-Enters-GPU-Zone/! 1.)! ^$$_! 1&2('! +@>(';$.:! 1%%!

(;(.2>!85!2+!1!%12(!Airplane-Enters-ERA!/!>((!J1@%(!cE!!

J1@%(! cf! L>2$612()! 2$6(%$.(! +&! 1! 28'.1'+8.)! 1&2('! 1.! $.$2$1%! +@>(';12$+.! ^91>(! "_! 1.)!

1&2('! +@>(';12$+.>! 85! 2+ Airplane-Enters-ERA ^91>(! S_E! 9+%86.>! >,+C! 2$6(>! J! 1.)!

8.3('21$.2$(>!+&!(>2$612(>!G!^>21.)1')!)(;$12$+.>_!$.!6$.82(>E!

!
         Case 1 Case 2 

                                                T D T D  

Turnaround-Beg       0 0 0 0 
Arrival-Beg        0 0 0 0 
Arrival-Preparation-Beg      0 0 0 0 
GPU-Enters-GPU-Zone-Eve      0 0 0 0 
GPU-Stopped-Inside-GPU-Zone-Beg     1 0,5 1 0 
Drop-Chocks-Eve       6 3 6 0 
Arrival-Preparation-End      6 3 6 0 
Airplane-Enters-ERA-Eve      9 6 15 0 
Airplane-Stopped-Inside-ERA-Beg     9 6 15 0 
Stop-Beacon-Eve       17 6 23 1 
Arrival-End        17 6 23 2 
Services-Beg       19 8 26 3 
Passenger-Activity-Beg      19 8 26 3 
Passenger-Stairs-stopped-Inside-PS-Zone-Beg   19 8 26 3 
Passenger-Stairs-stopped-Inside-PS-Zone-End   55 16 62 15 
Passenger-Activity-End      58 17 65 15 
Unload-Right-Beg       23 9 30 5 
Unload-Right-AFT-Beg      23 9 30 5 
Loader-Stopped-Inside-Right-AFT-LD-Zone-Beg   23 9 30 5 
Transporter-Stopped-Inside-Right-AFT-TS-Zone-Eve  25 9 32 5 
Unload-Motion-Right-AFT-Belt-Beg    29 9 36 6 
Unload-Motion-Right-AFT-Belt-End    39 10 46 7 
Transporter-Stopped-Inside-Right-AFT-TS-Zone-End  41 10 48 7 
Loader-Stopped-Inside-Right-AFT-LD-Zone-End   43 10 50 7 
Unload-Right-AFT-End      43 10 50 7 
Unload-Right-FWD-Beg      24 12 31 10 
Loader-Stopped-Inside-Right-FWD-LD-Zone-Beg   24 12 31 10 
Transporter-Stopped-Inside-Right-FWD-TS-Zone-Beg  25 12 33 10 
Unload-Motion-Right-FWD-Belt-Beg    29 13 36 11 
Unload-Motion-Right-FWD-Belt-End    39 13 46 11 
Transporter-Stopped-Inside-Right-FWD-TS-Zone-End  41 13 48 11 
Loader-Stopped-Inside-Right-FWD-LD-Zone-End   43 14 50 12 
Unload-Right-End       43 13 50 11 
Refuelling-Beg       33 31 40 30 
Tanker-Stopped-Inside-Tanking-Zone-Beg   33 31 40 30 
Pumping-Operation-Beg      36 31 43 30 
Pumping-Operation-End      43 31 50 30 
Tanker-Stopped-Inside-Tanking-Zone-End   47 31 54 30 
Services-End       55 23 62 22 
Departure-Beg       57 24 69 21 
Start-Beacon       57 24 69 21 
Pushback-Beg       58 25 70 22 
Pushback-End       60 25 72 22 
Departure-End       60 25 72 22 
Turnaround-End       60 25 72 22 



!
SV!

7+2(!2,12!(H2(.)()!132$;$2$(>!1'(!61'-()!C$2,!2,(!>8&&$H!D*(:!1.)!DL.)!$.)$312$.:!@(:$.!

1.)!(.)/!'(>5(32$;(%=/!C,$%(!5+$.2!(;(.2>!1'(!61'-()!C$2,!2,(!>8&&$H!DL;(E!Q2!31.!@(!>((.!

2,12!+@>(';12$+.>!$.!91>(!S!>$:.$&$31.2%=!3,1.:(!2,(!(H5(3212$+.>!+&!&828'(!(;(.2>!)8(!2+!

2,(! 3+''(%12$+.>! C$2,$.! 1::'(:12(! 6+)(%>E! X%>+/! 1>! 2+! @(! (H5(32()/! 2,(! 8.3('21$.2=! +&!

(>2$612(>!)(3'(1>(>!C$2,!1))$2$+.1%!(;$)(.3(E!!

P$:E! W! $%%8>2'12(>! 2,(! 3,1.:(! +&! (H5(3212$+.! &+'! 2,( Stop-Beacon (;(.2! $.! 2('6>! +&! $2>!

5'+@1@$%$2=! )(.>$2=! @(&+'(! 1.)! 1&2('! 2,( Airplane-Enters-ERA (;$)(.3(E! 7+2(! 2,12! 2,(!

)(.>$2=!;1%8(>!>31%(! 2,(! '12$.:/!,(.3(! 2,(!(;$)(.3(!C$%%!,1;(!1! >$:.$&$31.2! $.&%8(.3(!+.!

3+.2'+%%$.:!2,(!@(16!>(1'3,E!!

!

!

!

!

!

!

!

!

P$:E!Wf!9,1.:(!+&!2,(!5'+@1@$%$2=!)(.>$2=!+& Stop-Beacon 318>()!@=!(;$)(.3(!&+'!1!%12(!

1''$;1%E!

#(!.+C!)(>3'$@(!2,(!$.$2$1%!5,1>(!+&!1!3+.3'(2(!>3(.(!$.2('5'(212$+.!21>-!2+!)(6+.>2'12(!

2,(!>(%(32$;(!(&&(32!+&!2,(!'1.-$.:!5'+;$)()!@=!2,(!*9B!$.!1!*(16!<(1'3,E!J,(!$.582!)121!

,1;(!@((.!+@21$.()!&'+6!+.(!+&!2,(!\]!28'.1'+8.)>!'(3+')()!12!2,(!*%1:.13!X$'5+'2!$.!

J+8%+8>(!@=!%+CD%(;(%!5'+3(>>$.:!+&!5'+M(32!51'2.('>!$.!P'1.3(!1.)!L.:%1.)E!!

P+'!'12$.:!$.2('5'(212$+.>!$.!*(16!<(1'3,/!2,(!5'+@1@$%$2=!+&!3%822('!,1>!@((.!>(2!2+!]/]"!

C,$3,! $>! %(>>! 2,1.! 2,(! 2=5$31%! 5'+@1@$%$2=! +&! 2,(! '(:8%1'! 5$(3(! +&! (;$)(.3(! &+'! 1!

28'.1'+8.)E!7+2(!2,12!2,(!5'+@1@$%$2=!)(.>$2=!$>!21-(.!2+!6(1>8'(!2,(!N5'+@1@$%$2=N!+&!1.!

(;(.2E! X! >61%%! 3+.>21.2! &132+'! ∆2! &+'! 1! 2$6(! >51./! +;('! C,$3,! 1! )(.>$2=! 68>2! @(!

$.2(:'12()/! $>! +6$22()! &+'! 3%1'$2=E! <$.3(! 2,(! '12$.:>! 1'(! .128'1%%=! )(3'(1>$.:!C$2,! (13,!

>2(5!1.)!61=!'(13,!;('=!>61%%!.86@('>/!1!>31%$.:!&132+'!+&!"]]!$>!155%$()!12!(13,!>2(5E!

J,8>/!1!3%822('!1>>$:.6(.2!'(.)('>!'12$.:>!.+6$.1%%=!8.3,1.:()E!!

*1>()! +.! (;$)(.3(! 85! 2+! 2,(! (;(.2 Airplane-Enters-ERA/! <9L7QFI! :(.('12(>! \!

1%2('.12$;(! $.2('5'(212$+.>! ^+.(!+&!C,$3,!,1>! 1%'(1)=!@((.!)$>O81%$&$()_/! 5('&+'6$.:! 1!

3+65%(2(!>(1'3,!C,('(!(;('=!(;(.2!3+8%)!1%>+!@(!1!3%822('!(;(.2E!Q.!P$:8'(>!b!1.)!V/!C(!

>,+C!2C+!3+65(2$.:!$.2('5'(212$+.>/!C$2,!=(%%+C!@+H(>!^12!2,(!@+22+6_!&+'!2,(!(;$)(.3(!

'(3($;()!>+!&1'/!:'((.!@+H(>!&+'!2,(!$.>21.2$12()!51'2>!+&!2,(!1''$;1%!6+)(%/!1.)!)1'-!@%8(!

@+H(>!&+'!(H5(32()!&8'2,('!(;(.2>!133+')$.:!2+!,=5+2,(>$>!2'((>E!J,( Drop-Chocks (;(.2!

3+8%)!.+2!@(!+@>(';()!1.)!C1>!$.&(''()!&'+6!2,(!3+.2(H2!1>!N,1%%83$.12()NE!J,(!&$:8'(>!

)+!.+2!>,+C!1.=!+&!2,(!>(;('1%!3%822('!(;(.2>!C,$3,!)$)!.+2!&$2!2,(!51'2$1%%=!$.>21.2$12()!

6+)(%>E!

!

!"#$%

0,25
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0,15

0,1

0,05

0

&'()*)"+"!,%

-$./"!,%
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0   2   4   6   8  10  12  14  16  18  20  22  24  26  28  30 



!
S\!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

P$:E!bf!Q.2('5'(212$+.!1%2('.12$;(!7+E!T!:(.('12()!@=!<9L7QFI!1&2('!c!6$.82(>!'(1%D2$6(!!

!

!

!

!

!

!

!

!

!

!
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!

P$:E!Vf!Q.2('5'(212$+.!1%2('.12$;(!7+E!W!:(.('12()!@=!<9L7QFI!1&2('!"]!6$.82(>!



!
SU!

J,(!61$.!)$&&('(.3(!@(2C((.!2,(!$.2('5'(212$+.>!$>!1.!(''+.(+8> Airplane-Enters-ERA 

(;(.2!:(.('12()!@=!%+CD%(;(%!5'+3(>>$.:!&+'!1!21.-('!3'+>>$.:!2,(!LIX!>,+'2%=!@(&+'(!2,(!

1''$;1%!+&!2,(!1$'5%1.(E!P$:8'(!\!>,+C>!2,(!3+''(>5+.)$.:!;$)(+!&'16(>!21-(.!@=!+.(!+&!

2,(!($:,2!316('1>E!J,(!3'+>>$.:!21.-('!$>!;$>$@%(!$.!2,(!&1'!@13-:'+8.)!+&!2,(!$61:(!+.!

2,(!%(&2E!!

!

!

!

!

!

!

!

!

P$:E! \f! <.15>,+2>! +&! 2,(! LIX! ^L.2'1.3(! I(>2'$32()! X'(1_! 1&2('! 3+65%(2$.: Arrival-

PreparationE!J,(!R0A!^R'+8.)!0+C('!A.$2_!1.)!3,+3->!1'(!$.!5%13(E!J,(!21.-('!3'+>>$.:!

2,(!LIX!$.!2,(!@13-:'+8.)!^%(&2_!318>(>!1.!(''+.(+8>!$.2('5'(212$+.!2,'(1)!^>((!2(H2_E!

J,(! '12$.:>! &+'! 2,(! 51'2$1%! $.2('5'(212$+.>! +&! @+2,! 1%2('.12$;(>! 1'(! >,+C.! $.! J1@%(! TE!

Q.2('5'(212$+.!T! $>! 2,(! (''+.(+8>! 1.)! Q.2('5'(212$+.!W! $>! 2,(! 3+''(32! +.(E! Q.$2$1%%=/! 2,(!

1''$;1%!+&!2,(!R0A!>(2>!1!3+.2(H2!C,('(!1!;(,$3%(!$>!(H5(32()!2+!(.2('!2,(!LIX/!,(.3(!2,(!

3'+>>$.:! 21.-('! $>! 1! 31.)$)12(E! *82! 1>! >++.! 1>! 2,(! 2'8(! 1$'5%1.(! (.2('>/! 1.! 1%2('.12$;(!

1'$>(>!1.)!$>! &1;+8'()!@(318>(!2,(!5'+@1@$%$>2$3!6+)(%!(H5(32>!1. Airplane-Enters-ERA 

(;(.2! \!6$.82(>! 1&2(' GPU-Enters-GPU-Zone/! 1.)! 2,(! 1$'5%1.(k>! 1''$;1%! $>! 3%+>('! 2+! 2,12!

(>2$612(! 2,1.! 2,(! 21.-('k>E! 7+2(! 2,12! 3%822('! (;(.2>! .+2! 1>>$:.()! 2+! ($2,('! +&! 2,(! 2C+!

$.2('5'(212$+.>!1'(!.+2!>,+C.!$.!2,(!21@%(E!!

J1@%(!cE!Q.$2$1%!'12$.:>!+&!2,(!2C+!1%2('.12$;(!$.2('5'(212$+.>!>,+C.!$.!P$:8'(>!b!1.)!V!

e1 =  mobile-inside-zone-86 
e2 = mobile-stopped-90 
e3 =  mobile-inside-zone-131 
e4 =  mobile-inside-zone-155 

est = (>2$612()!(;(.2!

L;$)(.3(!!!J$6(! Q.2('5'(212$+.!T! I1.-$.:!T! Q.2('5'(212$+.!W! I1.-$.:!b!

e1 17:10:31 GPU-Enters..  100  GPU-Enters..      100 
e2 17:10:32 GPU-Stopped..  1154  GPU-Stopped..  1154 
e3 17:13:31 Airplane-Enters-ERA 4885  Clutter     1154 
e4 17:20:35 Clutter  4885  Airplane-Enters-ERA 6143 

est ≥17:13:35 Airplane-Stopped.. 194898 
est ≥17:13:35 Stop-Beacon    4489092 
est ≥17:20:35      Airplane-Stopped.. 245082 
est ≥17:28:35      Stop-Beacon  5644964 

!

J,(!21@%(!1%>+!$.3%8)(>!2,(!(>2$612()!2$6(>!+&!2,(!.(H2!(;(.2> Airplane-Stopped-Inside-

ERA 1.) Stop-Beacon 2+:(2,('! C$2,! 2,(! (H5(32()! '12$.:>! +&! 2,(! 3+65(2$.:!
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