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T} QD=t �Gw= x=t QO xv=RwQ u=Qi=Ut ẁtHt R= Gw= Ca=U u=Qi=Ut O=OaD u}tND

"CU= u}tND p@=k 2004 p=U Gw= Ca=U QO u=} QH
T=U=Q@ �|HwQN sy w |OwQw sy� u=Qi=Ut pm Gw= uDiQo Q_vQO x@ xHwD =@
�nQR@ |=yx=oOwQi QO u=Qi=Ut Gw= Ca=U ptDLt |wor=� [1]x]w@ Qt |=ypwOH
|=wyw?; x@ \w@ Qt |=yxO=O "OwW|t xDiQo Q_v QO 16:59 =D 16:00 Gw= Ca=U

"CAB |xO=O |xawtHt "3 pmW

X
v02V 0

Z(v0)
ik tv

0
+
X
v2V

X
l2N

Y (i;v)
lk tv =

X
v2V

X
l2N

Y (i;v)
kl tv

+
X
v02V 0

X
j2N

X(i;v0)
kj tv

0 8i; k 2 N; (35)X
v02V 0

Z(v0)
ik tv

0 �X
j2N

WijHk 8i; k 2 N; (36)X
v02V 0

X
i2N

X(i;v0)
lj tv �X

i2N
WijHl 8l; j 2 N; (37)

�(v;position)
k =

X
8sk2Sk

�(v;position)
sk 8k; v; position; (38)

�(v0;position)
k =

X
8sk2Sk

�(v0;position)
sk 8k; v0; position;

(39)

�positionsk =
X
8v2V

�(v;position)
sk +

X
8v02V 0

�(v0;position)
sk

8k; sk; position; (40)

�positionsk � � positionmax
sk

8k; sk; (41)

�
(rsk ;position)
sk = 0 8k; sk; position; rsk ; (42)

X(i;v0)
lj ; Y (i;v)

kl ; Z(v0)
ik � 0 8i; l; j; k; (43)

�(v0;landing)
k ; �(v;landing)

k ; �(v0;takeoff)
k ; �(v;takeoff)

k ;

�(v;position)
sk ; �(v0;position)

sk � 0 8i; l; j; k: (44)
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0
= 275)

OvwQi 100 O=OaD x@ l} Qy B757-200 w B767-300ER 'B767-200ER

=y=t}B=wy x@ \w@ Qt |=yxO=O |k@=t 30"OW xDiQo Q_v QO (8v : yv = 100)

QO QwmPt |=y=t}B=wy C=YNWt "OW Ci=} QO =yu; xOvR=U |=yxv=NQ=m C}=U R=
"CU= xOW VQ=Ro 1 pwOH

lqt lQw} w}v QyWuqm \ki |}=yv pOt QO =OYwQU x@ \w@ Qt hOy `@=D |=Q@
%CU= xOW xDiQo Q_v QO Q} R |=yhOy |O=yvW}B |xiOyOvJ pOt QO "OW xO=O Q=Qk

&�xm@W E=OL= w pkvwptL |xv} Ry� =yxv} Ry ẁtHt %f1
&Q=OuRw p@|UO ?ULQ@ lQw} w}v QyWuqm QO =OYwQU COW %f2

&uD ?ULQ@ VOC |oOwr; pm u=R}t %f3
&uD ?ULQ@ NOx |oOwr; pm u=R}t %f4

"Q_v OQwt |=y=t}B=wy C=YNWt "1 pwOH
|xv} Ry [29] SEL CaQU QFm =OL Ov=@ pw] C}iQ_ ẁv pOt |xv=NQ=m
[30]R=wQB (dBA) |wryB O=@ �Cwi� sRq �Qi=Ut ?ULQ@� =t}B=wy =t}B=wy xOvR=U

($/mile) CU=NQ@ CUWv (km/h) R=Ht
13 534 88 4 84 2 30 5630 150 �L� nQR@ A320� 200 Airbus

16 573 87 6 85 30 7300 147 �L� nQR@ B737� 400 Boeing

16 873 86 6 81 7 30 7550 143 �L� nQR@ MD 82 McDonnell Douglas

22 849 89 3 87 4 37 6000 181 �H� u}ovU B767� 200ER Boeing

23 826 89 3 87 4 37 8000 218 �H� u}ovU B767� 300ER Boeing

19 587 85 3 84 6 37 5800 200 �H� u}ovU B757� 200 Boeing
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t"pkvwptL |xv} Ry w =y?=y u=mt ^=Lr R= CMApHMP-R w UMApHMP-R |=ypOt |xv}y@ |=y?=wH |xU}=kt "2 pwOH
pkvwptL |=yxv} Ry Cw=iD OYQO CMApHMP-R UMApHMP-R

��
f�CMApHMP�R�f�UMApHMP�R

f�UMApHMP�R

�
�100 =y?=y u=mt pkvwptL |xv} Ry =y?=y u=mt pkvwptL |xv} Ry

16 66 25; 17; 14; 12; 7; 4 12072695 39 22; 17; 14; 12; 4; 1 10348177 39 0
9 02 17; 14; 12; 9; 7; 4 13463372 74 22; 17; 14; 12; 4; 1 12349621 53 0 3
8 57 17; 14; 12; 7; 6; 4 15396954 39 22; 17; 14; 12; 4; 1 14181489 78 0 6
0 19 25; 17; 14; 12; 7; 4 15482037 37 25; 22; 17; 12; 4; 1 15453074 27 0 9

"UMApHMP-R pOt QO =y?=y QO l}i=QDpO=aD "3 pwOH
WB ��hub w 6 ?=y� ��hub5 w 5 ?=y� ��hub4 w 4 ?=y� ��hub3 w 3 ?=y� ��hub2 w 2 ?=y� ��hub1 w 1 ?=y� �

2012 19 (79 977; 22) (438 572; 17) (80 101; 14) (115 357; 12) (317 873; 4) (137 719; 1) 0
124 66 (82 08; 22) (421 46; 17) (77 658; 14) (104 39; 12) (342 396; 4) (141 615; 1) 0 3
123 67 (62 241; 22) (399 541; 17) (61 199; 14) (93 828; 12) (344 581; 4) (157 935; 1) 0 6
72 83 (180 216; 25) (60 941; 22) (292 78; 17) (90 472; 12) (238 056; 4) (122 643; 1) 0 9

"CMApHMP-R pOt QO =y?=y QO l}i=QDpO=aD "4 pwOH
WB ��hub w 6 ?=y� ��hub5 w 5 ?=y� ��hub4 w 4 ?=y� ��hub3 w 3 ?=y� ��hub2 w 2 ?=y� ��hub1 w 1 ?=y� �

59 00 (133 041; 25) (238 43; 17) (78 16; 14) (118 52; 12) (250 98; 7) (194 327; 4) 0
58 57 (238 43; 17) (74 692; 14) (118 52; 12) (141 068; 9) (250 98; 7) (196 276; 4) 0 3
70 62 (238 43; 17) (73 629; 14) (118 52; 12) (250 98; 7) (64 24; 6) (190 67; 4) 0 6
49 22 (128 393; 25) (236 994; 17) (73 324; 14) (118 52; 12) (188 912; 7) (189 641; 4) 0 9

|=y?=wH |x�=Q= Qw_vtx@ " � C}OwOLt VwQ R= VywSB u}= QO "OQm ?=NDv= =Q QDQ@
"OW xO=iDU= QDQ@ ?=wH ?=NDv= |=Q@ |ywQo AHP VwQ R= w =Q=m

�?=wH |=[i uOw@ |yD=v� xr�Ut uOw@ |vOW "1"8
VwQ R= xO=iDU= xr�Ut l} uOw@ |vOW |UQQ@ QO pw=ODt |=yl}vmD R= |m}

%CU= 31|v=tQ; |R} Qxt=vQ@
min ffj (x) ; j = 1; 2; ::; kg
S:t:

gi (x) � bi i = 1; 2; : : : ;m (48)

uOWxi=[= =@ =yC}OwOLt R= l} Qy 49 |x]@=Q j@=]t ?=wH |=[i |UQQ@ |=Q@
hPL fj (x) hOy `@=wD |t=tD w Ov};|tQO xrO=at pmWx@ |ivt w C@Ft C=i=QLv=
"OQ}o|t Q=Qk pOt QO |ivt w C@Ft C=i=QLv= ẁtHt CQwYx@ |Qo}O hOy `@=D w

min
mX
i=1

d�i + d+
i

S:t:

gi (x) + d�i � d+
i = bi i = 1; 2; : : : ;m (49)

QDsm |QwxQy@ =@ =y?=y Q}=U w QDW}@ s=LOR= =@ =y?=y R= OOa xU xQ=wty wCU= Q=QkQ@
pkvwptL |xv} Ry =@� CMApHMP-R pOt |xv}y@ |=y?=wH "OvDUy wQx@ wQ
pk=OL p=tDL=x@ xm Ovm|t u}t[D �=y?=y QO QDW}@ l}i=QD pO=aD |rw QDq=@ |tm
|=yx=oOwQi |=yOv=@ R= l} Qy |wQ x_Lr Qy QO =t}B=wy wO R= V}@ O=OaD �95
CU=NQ@ =} CUWv C=}rta |=Q@ Q=_Dv= u=tR \UwDt w OvDU}v C=}rta Q_Dvt ?=y
|}=Q=m Qou=Wv 'pY=L *G}=Dv "OwW|tv QDW}@ xk}kO 5 R= Ov=@ Qy |wQ =y=t}B=wy
dwrW |=y?=y QO s=LOR= Vy=m |=DU=Q QO C}iQ_ OQw;Q@ |=Q@ |aQi |=ypOt
`} RwD QDpO=aDt =Q =y?=y QO l}i=QD CMApHMP-R pOt Ck}kLQO "CU=
dwrW |=y?=y QO s=LOR= u=R}t w V}=Ri= =Q Q=m}@ |=y?=y |QwxQy@ u=R}t 'xOQm

"OyO|t Vy=m =Q

(CMAHLMOP-R) |}=yv |xiOyOvJ pOt pL "8
pY=L |xv}y@ |=y?=wH|UQQ@ '|vOW |xiOyOvJ |xr�Utl} pL QO s=o u}rw=
|xr�Ut |vOW |=[i x@ xHwD =@ hOy `@=wD R= l} Qy |xiOylD p�=Ut pL R=
?=wH xOt; CUO x@ ?=wH 'OW=@ u=Um} =y?=wH u}= xJv=vJ "CU= xiOyOvJ
MODM |=yVwQ =@ u=wD|t CQwYu}= Q}e QO "CU= xiOyOvJ |xr�Ut |xv}y@
?=wH MADM |=yVwQ R= |m} ltmx@ TBU w OQw; CUO x@ =Q =Q=m |=y?=wH
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i]Y

t "xiOylD p�=Ut |xv}y@ pL "5 pwOH
=y?=y u=mt hOy `@=D Q=Okt hOy `@=D

25; 23; 17; 14; 12; 7; 4 14416263 42 f1
25; 19; 18; 15; 13; 11; 7; 4 73 05 f2

25; 21� 19; 15� 13; 11; 9� 1 1 98 f3
25� 22; 20; 19; 16; 14; 13; 8� 6; 4; 3; 1 53 43 f4

25; 23; 20; 19; 17� 13; 11� 7; 3 17 29 f5
23; 22; 19� 17; 14; 11; 10; 7; 4 13899 94 f6
25� 23; 21� 18; 16� 6; 3� 1 4 38 f7

25; 24; 22� 20; 18; 17; 15; 14; 11� 7 4323 67 f8

xOW C@=F [31]"CU= ?=wH |=[i hrDNt |=yVN@ QO uwo =vwo |=Q=m |=y?=wH
QmP u=}=W [32]"CU=Q=m?=wH 'VwQ u}= R= pY=L OQi x@ QYLvt ?=wH xm CU=

"OwW|t p=ta= pL R= Oa@ DM Q_v VwQ u}= QO xm CU=
w ?=NDv= uOWxv}tm |=Q@ h=Oy= R= |m} OwHwt hOy `@=D k u}@ R= VwQ u}= QO
|R=Uxv}y@ |xr�Ut |=yC}OwOLt x@ fj (x) � "j pmWx@ Qo}O hOy �k� 1�
XNWt =Q s)=j hOy `@=D Q=Okt |q=@ OL xm CU= |QDt=Q=B "j "OwW|t xi=[=
pmW x@ pOt �fi (x) 'uOWxv}tm |=Q@� s)=i hOy `@=D ?=NDv= ZQi =@ "Ovm|t

%O};|tQO 51 |x]@=Q
min fi (x)

S:t:

gi (x) � bi i = 1; 2; : : : ;m
fj (x) � "j j = 1; 2; ::; i� 1; i+ 1; :::; k (51)

CUO x@ R= TB s=Hv=QU "O}UQ hrDNt |=Q=m |=y?=wH x@ u=wD|t "j Q}}eD =@
|=Q=m |=y?=wH u}@ R= =Q �QDQ@� 33KHQt ?=wH DM '=Q=m ?=wH |O=OaD uOQw;
Q_v R= hrDNt h=Oy= uRw T=U=Q@ ,qwtat ?=NDv= u}= "Ovm|t ?=NDv= xOW Ci=}
C}OwOLt VwQ |=yha[ R= "OwW|t s=Hv= MADM |=yVwQ T=U=Q@ w DM

uOQm p=@vO u}vJty "OQm xQ=W= =y"j R= l} Qy Q}O=kt ?=NDv= QO s=y@= x@ u=wD|t "
"CU}v u=U; VwQ u}= QO |U-=Q |=Q=m ?=wH

" � C}OwOLt VwQ |=QH= "5"8
|k@=t w ?=NDv= uOWxv}tm |=Q@ =yxv} Ry ẁtHt |va} �f1� pw= hOy `@=D =Hv}= QO
R=Uxv}y@ sD} Qwor= GAMS Q=Ri=sQv R= xO=iDU= =@ "OvOW xOQ@C}OwOLt x@ hOy `@=wD

w |yD=v ?=wH |=[i OW=@ QiY Q@=Q@ pOt |xv}y@ pL R= hOy `@=D VRQ= xJv=vJ
"CU= |vOWv CQwYu}= Q}e QO w '|vOW xr�Ut

=yhOy p}rLD "2"8
|v=Um} |xv}y@ |=y|Q}oCyH 48 |x]@=Q =@ pOt hOy `@=D k =}; xmu}= syi |=Q@
=Q hOy `@=wD l}=m} uDiQo Q_v QO R= pY=L |xiOylD |xr�Ut k 'Q}N =} OvQ=O

%s}vm|t pL 50 |x]@=Q CQwYx@ xv=o =OH Qw]x@
8j : min fj (x)

S:t:

gi (x) � bi i = 1; 2; : : : ;m (50)

|xv}y@ |Q}oCyH hOy `@=wD 'OW=@ u=Um} jwi |xr�Ut k |xv}y@ pL xJv=vJ
QO "CU= xiOyOvJ |xr�Ut |xv}y@ pLx=Q 'pY=L ?=wH w OvQ=O |v=Um} ,qt=m

"CN=OQB xr�Ut pL x@ MODM |=yVwQ R= xO=iDU= =@ O}=@ CQwYu}=Q}e

=yhOy p}rLD w xr�Ut uOw@ |vOW |=QH= "3"8
xr�Ut |vOW |=[i CPLEX R=Uxv}y@ sD} Qwor= GAMS Q=Ri=sQv R= xO=iDU= =@
C@=F |xv} Ry w 0 5 Q@=Q@ ��� p=kDv= VN@ h}iND ?} Q[ "CiQo Q=Qk |UQQ@ OQwt
=@ xr�Ut hOy `@=D VRQ= uOW QiY "OW ZQi QqO uw}r}tl} ?=y Qy E=OL=

"Ow@ ?=wH |=[i uOw@ |yD=v Q@ p}rO 49 |x]@=Q
hOy `@=D 'pwB OL=w ?ULQ@ xv} Ry pw= hOy `@=D '|}=yv |xiOyOvJ pOt QO
sQH ?}DQDx@ sDiy =D swU hOy `@=wD 'Q=OuRw p@|UO ?ULQ@ =OYwQU COW swO
w uD ?ULQ@ =y=t}B=wy R= |HwQN SO2 w CO2 'CO 'NOx 'VOC |=yxOv}q;
=yhOy R= l} Qy u}=Q@=v@ "CU= uD ?ULQ@ |iQYt CNwU sQH sDWy hOy `@=D
G}=Dv "CU= pmWt u; uOQmxJQ=Bm} w xOw@ OwN x@ XwYNt OL=w w T=}kt |=Q=O
xOW VQ=Ro 5 pwOH QO 50 |x]@=Q j@=]t xiOylD p�=Ut |xv}y@ pL x@ \w@ Qt

"CU= xOW p}mWD xt=O= QO R}v 32|QwxQy@ T} QD=t "CU=
p�=Ut |xv}y@ pL 'CU= XNWt |QwxQy@ T} QD=t w 5 pwOH QO xm u=vJ
|=yVwQ R= O}=@ wCU}v xv}y@ pLx=Ql} |=Q=O xr�UtTB 'CU}v u=Um} xiOylD

"OQm xO=iDU= MODM

" � C}OwOLt VwQ "4"8
VwQ u}= |=yC} Rt xrtH R= "OW xO=iDU= " � C}OwOLt VwQ R= VywSB u}= QO
O}rwD |}=v=wD w '?OLt=v w ?OLt hOy |=[i =@ p�=Ut QO xO=iDU= u=mt= '|oO=U

f1 f2 f3 f4 f5 f6 f7 f8
f1 14416263 42 75 04 3 743 66 38 21 98 15397 17 4 87 4887 97
f2 2 9126� 107 73 05 2 87 61 73 27 12 14945 73 4 87 5169 47
f3 2 6412� 107 74 73 1 98 56 65 23 74 14854 45 4 69 4715 72
f4 2 3629� 107 74 57 2 43 53 43 23 19 13901 00 4 39 4412 40
f5 2 4104� 107 74 73 3 56 62 90 17 29 15864 11 5 03 5036 14
f6 1 8291� 107 74 31 3 59 59 47 26 65 13899 94 4 41 4412 75
f7 2 8226� 107 74 73 3 73 60 78 28 54 13900 89 4 38 4381 95
f8 2 1537� 107 74 44 3 61 59 34 28 08 13919 31 4 42 4323 67
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t"CU= xOW Tmavt 8 pwOH QO |R=UT=}kt|@ u}= |xH}Dv "CU= xH}Dv

nij =
max
i
rij � rij

max
i
rij �min

i
rij

(52)

"CU= rij |xOW p=tQv |x}=QO nij u; QO xm
xDiQo Q_v QO =Q 5 pmW j@=]t |@D=QtxrUrU Q=DN=U QDQ@ pLx=Q ?=NDv= Qw_vtx@
|xOmWv=O u}kkLt R= xRwL u}= u=oQ@N R= Qiv xO "OW xO=iDU= |ywQo AHP R= w
u=tR=U |SQv= w CU} R\}Lt |xQ=O= R}v w MIT x=oWv=O |OQwv=[i w |OQwv=wy
|L=Q] x@ C@Uv =yQ=}at C}ty= |HwR C=U}=kt T} QD=t =m} Qt; p=QOi |OQwv=wy
xO=iDU= =@ w C=Q_v u=Um} C}ty= ZQi =@ "OvOQm x}yD =Q |}=wy pkvwptL |xm@W
T} QD=t C}=yv QO w xJQ=Bl} QwmPt |=yT} QD=t 'Expert Choice Q=Ri=sQv R=
"CU= xOy=Wt p@=k 5 pmW Q} R QOT} QD=t u}= "OW xOQw;CUO x@ =yXN=W u=Rw=
=yXN=W u=Rw= T} QD=t QO xOW T=}kt|@ |Q}os}tYD T} QD=t ?Q[ =@
swO |=Q=m ?=wH |}=yv T} QD=t u}= x@ xHwD =@ "OwW|t xH}Dv 6 pmW Q} R T} QD=t
?=wH R= pY=L u=tmw?=y |xm@W 6 pmW "OwW|t ?=NDv= QDQ@ pLx=Q u=wvax@
u=Wv ?=yQ}e |=yxQo Q=vm QO nvQViv@ O=Oa= "OyO|t u=Wv =Q xOW ?=NDv= QDQ@

"Ov=xOW pYDt |}=y?=yxJ x@ xm OyO|t

|Q}oxH}Dv "9
"OW x�=Q= ?=y |=yx=oOwQi QO s=LOR= pmWt pL |=Q@ |rOt VywSB u}= QO
sDU}U |=v@tQ@ Ov=@ Qy |=Q@ =RHt|=yhY CQwYx@ hY sDU}U Qw_vtu}O@
|OwQw C}iQ_ uOQw; CUO x@ |=Q@ xv=oxU |aQi |=ypOt w 'h} QaD M=G=1
u=Wv xrY=L G}=Dv "OW x�=Q= |@}mQD wCU=NQ@ 'CUWv |=yOv=@ x@ =y=t}B=wy |xv}y@
=@ xU}=kt QO �CMApHMP-R� C}iQ_ C}OwOLt =@ pOt |xv}y@ ?=wH xm O=O
xm@W |=y?=y QO l}i=QD Q=@ �UMApHMP-R� C}iQ_ C}OwOLt uwO@ *pOt
OQw;Q@ |=Q@ |aQi |=ypOt |}=Q=m xH}Dv u}= "Ovm|t Q=QkQ@ |QDpO=aDt CQwYx@ =Q

"=y"j |=Q@ hrDNt Q}O=kt ?=NDv= "6 pwOH
"8 "7 "6 "5 "4 "3 "2 ;Q=m ?=wH

4700 4 7 15000 20 60 3 4 75 1
4500 4 9 14500 22 59 2 9 74 2
4600 4 5 14300 21 61 3 3 75 3
4800 4 8 15300 20 62 3 4 74 5 4
4550 4 6 14400 21 60 3 74 5 5
4700 4 5 14600 21 63 3 75 6
4900 4 6 14400 22 61 2 8 74 7
4700 4 6 14600 21 60 2 9 75 8
4500 4 5 14200 21 66 4 75 9
4600 5 14400 20 61 3 2 74 5 10

x@ hrDNt |;Q=m ?=wH 6 pwOH j@=]t hrDNt "j Q}O=kt ?=NDv= =@ CPLEX

"CU= xOW Tmavt 7 pwOH QO pL R= pY=L G}=Dv "OW xOQw; CUO
Qou=Wv u; |=yQ]U xm CU= |Q}os}tYD T} QD=t l} Ovv=t x@ 7 pwOH
Q=}at 'pL R= Oa@ "CU= hrDNt |=yXN=W Qou=Wv u; |=yuwDU w =yxv} Ro
"OW xi=[= =yXN=W |xawtHt x@ R}v (WB) xm@W |=y?=y QO l}i=QD pO=aD
|R=UT=}kt|@ VwQ "OW xO}t=v rij jwi |Q}os}tYD T} QD=t |=yx}=QO R= l} Qy
u}= QO |Q}oxR=Ov= T=}kt "OW p=ta= T} QD=t u}= |wQ 52 |x]@=Q j@=]t |R=i
u} QDy@ |=Q@ 1 w u} QDO@ |=Q@ QiY xm |Qw]x@ CU= 1 w QiY u}@ |R=UT=}kt|@

"" � C}OwOLt VwQ R= xOt; CUO x@ |;Q=m ?=wH "7 pwOH
WB f8 f7 f6 f5 f4 f3 f2 f1 ;Q=m ?=wH
47 34 4574 66 4 56 14410 26 20 60 3 38 74 51 14573631 63 1
47 12 4500 4 48 14174 99 22 58 72 2 89 74 14551420 59 2
43 62 4515 36 4 5 14223 42 21 60 12 3 28 74 67 14896844 30 3
42 70 4649 15 4 64 14644 92 20 62 3 4 74 50 14915792 11 4
43 81 4550 4 53 14332 54 21 59 93 3 74 50 15075312 40 5
46 26 4518 64 4 5 14233 74 21 59 56 3 74 80 15089735 54 6
39 11 4571 43 4 55 14400 22 60 17 2 80 74 15003718 89 7
46 78 4599 49 4 58 14488 42 21 60 2 9 74 82 14554390 62 8
44 30 4500 4 49 14175 05 21 59 81 3 25 74 67 14937928 33 9
45 76 4571 40 4 56 14400 20 60 42 3 2 74 50 15130100 27 10
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0 0 5 0 5 0 5 1 0 61 0 03 0 38 0 96 1
0 03 1 1 1 0 1 0 85 1 1 2
0 45 0 9 0 88 0 9 0 5 0 57 0 2 0 18 0 4 3
0 56 0 0 0 1 0 0 0 39 0 37 4
0 43 0 66 0 69 0 66 0 5 0 63 0 67 0 39 0 09 5
0 13 0 88 0 88 0 87 0 5 0 74 0 67 0 02 0 07 6

1 0 52 0 56 0 52 0 0 56 1 1 0 22 7
0 07 0 33 0 37 0 33 0 5 0 61 0 83 0 0 99 8
0 37 1 0 94 1 0 5 0 67 0 25 0 18 0 33 9
0 19 0 52 0 5 0 52 1 0 48 0 33 0 39 0 10
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hQ]Q@ =t}B=wy u=} QH w u=Qi=Ut u=} QH T=U=Q@ xm@W |L=Q] pmWt ?}DQDu}O@ w
|}=yQ=}at uDiQo Q_vQO =@ xiOyOvJ pOt |x�=Q= VywSB u}= |=y|Qw;wv Qo}O R= "OW
|}xJ} QO VywSB u}= "CU= CNwU hQYt w =wy |oOwr; '|DwY |oOwr; uwJ
xOwWo =yu=Uv=|oOvR|ak=w |=yVr=J =@ ?=y|@=}u=mt p�=Ut |m}ORv x@ |O}OH

"Ovm|t p�=Ut u}= OQ=w =Q |SQv= w CtqU |=yxRwL Q=@ u}rw= |=Q@ w
O=R; x@ u=wD|t xOW x�=Q= |=ypOt |xaUwD |=DU=Q QO w j}kLD u}= |xt=O= QO
`@=wD uOQm^=Lr '?=yQ}e |=yxQo u}@ s}kDUt |=yQ}Ut OwHw sOa ZQi uOQm
QO w 'hrDNt |=yu=} QH |=R=x@ u; uOw@ C@=F |=Hx@ h}iND ?} Q[ |=Q@ |v=mrB
Q}e |}xRwL x@ xOW x�=Q= pOt s}taD w QiU u=tR uwJ |Qo}O |=yhOy uDiQo Q_v

"OQm xQ=W= |}=wy pkvwptL R= "KHQt ?=wH "6 pmW

f1 f2 f3 f4 f5 f6 f7 f8 WB

Goal 0 09 0 08 0 11 0 12 0 12 0 12 0 12 0 14 0 10

s)=i |=Q=m ?=wH %Sol i
Sol1 Sol2 Sol3 Sol4 Sol5 Sol6 Sol7 Sol8 Sol9 Sol10

Goal 0 50 0 77 0 59 0 24 0 55 0 58 0 58 0 45 0 62 0 46
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1. center for air transportation systems research

%C}=U R= Ci=} QO p@=k "2
http://catsr.ite.gmu.edu/pubs/AirlinePaxTripDelayReport2007

.pdf

3. multiple allocation p-Hub median problem (MApHMP)
4. uncapacitated single allocation p-Hub median problem
5. Uncapacitated Multiple Allocation p-Hub Median Problem
6. capacitated single allocation Hub location problem
7. capacitated multiple allocation Hub location problem
8. uncapacitated single allocation Hub location problem
9. uncapacitated multiple allocation Hub location problem
10. cross wind
11. prevailing wind
12. peak hour analysis
13. position
14. mixed integer programming
15. landing and takeo�
16. cruise
17. taxi-out
18. climb-out
19. approach-landing
20. taxi-in
21. climb
22. descent
23. European environment agency
24. sound exposure level
25. equivalent sound level
26. A-weighted decibel

%|DvQDv}= TQO; R= xO=O xawtHt u}= "27
http://people.brunel.ac.uk/�mastjjb/jeb/orlib/�les/phub4.txt

"CU= Ci=} QO p@=k
%|DvQDv}= TQO; R= xDiQoQ@ "28

http://www.wunderground.com/history/airport/

%|DvQDv}= |v=Wv R= "29
http://www.aopa.org/asf/publications/taxi%

"OW xDiQo
%|DvQDv}= TQO; R= =y=t}B=wy `=wv= R= l} Qy SEL x@ \w@ Qt |=yxO=O "30

http://www.aircraftnoisemodel.org/index.php/login

"CU= Ci=} QO p@=k
31. goal programming
32. tradeo� matrix
33. preferred solution
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