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p = 1; 2; 3 : : : ; 7
min

pX
i=1

Xq

j=1 xij � COSTij q = 1; 2; 3; : : : ; 7 (3)

Subject to :
pX
i=1

qX
j=1

xij �(q � 1) (4)

0 � xij � 1 (5)

xij + xji = 1 (6)
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+fLO:WLOy + ccr:ncr + 0 03:Csc) 10
9

(2)

CNwU 'u}ovU CNwU hQYt MQv Q@=Q@ ?}DQD x@ fLO w fDO 'fHFO u; QO xm
?}DQD x@ R}v w WLOy w WDOy 'WHFOy "CU= xOvvmu=wQ |=yuewQ w pR}O
C}=yv QO w xtON O=OaD w ORtDUO ncr w ccr 'p=U l} pw] QO =yMQv u}= |=yuRw

[21w20]"CU= |DWm Ct}k Csc
Qi=Ut O=OaD uOw@ XNWt '=yxr}Uw |D=}rta |xv} Ry |x@U=Lt R=}v u}rw=
|xv} Ry C}=yv QO w R=}v OQwt |=yxr}Uw O=OaD u=wD|t Q=Okt u}= ltm x@ '=Q} R CU=
xm |v} Qi=Ut O=OaD OwW|t ZQi 'xar=]t u}= QO "OQm XNWt =Q xm@W pm |}=yv

"OW=@ Qiv 250 =@ Q@=Q@ 'OvQ=O =Q =y xm@W u}= x@ CQi=Ut OYk
"OQ}o|t CQwY Q}Ut Qy x@ xr}UwX}YND 'Qi=Ut O=OaD uOWXNWt R=TB
|t=tD |}=Hx@=H ut[ xm OW=@ u=vJ O}=@ |@=NDv= |=yxr}Uw C}iQ_ 'xrLQt u}= QO
|R} Qxt=vQ@ VwQ R= Qw_vt u}O@ "Ovm p}tLD CmQW x@ =Q xv} Ry u} QDsm 'u=Qi=Ut
pL |=Q@ 4 (MST) xv}tm |=WwB CNQO w 3 (MILP) K}LY OOa |@}mQD
"OwW|t xU}=kt Qo}Om} =@ VwQ wO Qy |}=yv |xv} Ry '=yDv= QO "OwW|t xO=iDU=

MILP VwQ =@ xm@W |L=Q] "1"2
|}=yQ}Ut ?=NDv= p=@vO x@ 'Q}Ut Qy |xv} Ry uOw@ XNWt =@ VN@ u}= QO
=@ "OW=@ xv}tm R}v u; |xv} Ry ẁtHt w xOQm pYw sy x@ =Q xQ} RH 7 xm s}DUy
u} QDsm 'OvW=@ xDW=O OwHw xm@W QO O}=@ Q}=RH |t=tD xm xr�Ut u}= x@ xHwD
ZQi xiQ]wO =yQ}Ut |t=tD xr�Ut u}= QO "Ow@ Oy=wN 6 Q@=Q@ Q}Ut O=OaD

"OwW|t
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@|

=yQ}
Ut[21]"|}=BwQ= |=yQwWm QO |QyW u}@ |=yQiU `=wv= |=Q@ u=tR VRQ= "3 pwOH

O�wU Ovry T}rov= Tv=QiwO p}= xUv=Qi
XNWt=v 21 XNWt=v 22 3 17 5 |Q=m

8 3 10 6�11 12 6 10 xtwL R= QiU
5 7 7 5 5�10 8 7 6 8 OQ=wt Q}=U

"hrDNt |=yQ}Ut x@ |DWm w =t}B=wy u=tRsy X}YND sD} Qwor= "1 pmW

VRQ= 'xr}Uw Qy |=Q@ DOC |x@U=Lt x@ \w@ Qt \@=wQ uDW=O CUO QO =@
xO=iDU= =@ Q}Ut Qy x@ xr}Uw X}YND Q@ sm =L \@=wQ 'Q}Ut Qy |xrY=i w |v=tR

[22]%R= Ow@ Oy=wN CQ=@a MILP VwQ R=

Objective :

min
pP
n=1

qP
i=1

ni� p = 1; 2; 3; : : : ; 13
(DOCi + ti � V OT � seati) q = 1; 2; 3; : : : ; 12

(9)

Subject to :
pP
n=1

qP
i=1

ni�seati � pax (10)

ni � 0 (11)

ẁv 8 w =t}B=wy ẁv 4 x@ xHwD =@ "CU= xr}Uw ẁv Qou=}=tv i O=tv 9 |x]@=Q QO
=@ "CU= xr}Uw Qy x@ \w@ Qt O=OaD n "OQm Oy=wN Q}}eD 12 =D 1 R= j 'OwHwt j}=k
|=yj}=k w =y=t}B=wy u=}t R= xr}Uw u} QDsm C}iQ_ w QoWOQo 250 O=OaD x@ xHwD
O=OaD u} QDW}@ u}=Q@=v@ "CU= Qiv 20 Q@=Q@ SeaLounge x@ \w@ Qt xOW ?=NDv=

"Ow@ Oy=wN 13 Q@=Q@ q u} Qi=Ut |}=Hx@=H |=Q@ R=}v OQwt |xr}Uw
xr}Uw C}iQ_ x@ \w@ Qt seat 'OwW|t xOy=Wt 10 |x]@=Q QO xm Qw]u=ty
|=yxr}Uw C}iQ_ O=OaD ẁtHt "Ow@ Oy=wN �Qiv 250� QoWOQo O=OaD pax w
VRQ= ?}DQD x@ ti w V OT "OW=@ u=QoWOQo O=OaD R= QDsm O}=@v xDi=} X=YDN=
|xv} Ry uwJ OW xQ=W= R}v QDV}B xmu=vJ "Ow@ Oy=wN QiU u=tR w xOW ZQi |v=tR

"OW Oy=wN ?Q[ u} Qi=Ut O=OaD QO xv} Ry u}= 'OvR=OQB|t O=Qi= |t=tD =Q u=tR

Matlab |R=Uxv}y@ |x@aH R= xO=iDU= "4"2
OOa |R} Qxt=vQ@ VwQ wO x@ xr�Ut pL 'OW u=}@ V}B |=yVN@ QO xm Qw]u=ty
Matlab Q=Ri=sQv R= Qw_vt u}O@ "CU= xDiQo s=Hv= xv}tm |=WwB CNQO w K}LY

CLD |@} Q[ '=yv; |R=Uu=Uty w Cw=iD u}= u=Q@H |=Q@ "OW=@ |k]vt xr}Uw wO
[25]"OW xDiQo Q_v QO u=tR |xv} Ry =} 5 (VOT) �u=tR VRQ=� u=wva

?wULt pkv w ptL O=YDk= QO =yQDt=Q=B u} QD|O}rm R= |m} �u=tR VRQ=�
p}rLD QO u; R= =D xOW s=Hv= u;u}tND |=Q@ |Q=}U@ |Q_v w|rta C=k}kLD w OwW|t
CiQo Q_v QO|}xv} Ry u=wD|t =Q QDt=Q=Bu}= "OwW xO=iDU=l}i=QD |R=UpOt w =yxv} Ry
uO}UQ |=Q@ |OQi Qo = 'p=Ft u=wva x@ "OvR=OQB|t u=tR uOQm xQ}NP |=Q@ u} Qi=Ut xm
QqO 30Ct}k x@ Q}Ur= `} QU Q=]k w QqO 10Ct}k x@ Tw@ wD= |xv} Ro wO 'OYkt x@
=@ QiU OQi xm |DQwY QO "CU=Ca=U 6 w 4 Q@=Q@?}DQD x@l} Qy QiU u=tR w xDW=O
QqO 20 '=Q} R Ow@ Oy=wNCa=U Q@ QqO 10 Q@=Q@ u; u=tR |xv} Ry 'Ovm ?=NDv= =Q Q=]k
C=ar=]t u} QDsyt R= |m} [27w26]"CU= xOQm CN=OQB u}tRCa=U wO |xQ}NP |=Q@
"CU= xDN=OQB xUv=Qi QO u=tR |Q=PoVRQ= R= pY=L |=yxO=O p}rLD x@ xv}tR u}= QO
"CU= Cw=iDthrDNt |=yQiU QO whrDNt |=yQwWm QO u=tR VRQ= 'T=U= u}= Q@
R= �OQ=wt Q}=U� |DU} QwD |=yQiU |=Q@ =B wQ= QO u=tR VRQ= '3 pwOH j@=]t
QO Ca=U Q@ QqO 6 Q=Okt 'xar=]t u}= QO "CU= Q}eDt Ca=U Q@ QqO 10 =D 5 5
R}v Ca=U Q@ QqO 8 OOa 'u}vJty "CU= 2014 p=U x@ \w@ Qt xm xOW xDiQo Q_v
"OvwW xU}=kt Qo}Om} =@ |}=yv |xOW |L=Q] |xm@W =D OW ^=Lr C=@U=Lt QO
=Q u=tR |xv} Ry s}kDUtQ}e CQwY x@ '|rkv w ptL |xr}Uw QO Qi=Ut Qy
w xOW p}O@D xv} Ry x@ QiU u=tR 'xr}Uw wO Qy uDiQo Q_v QO Qw_vt x@ "Ovm|tCN=OQB
"OW s=Hv= xr}Uw wO Qy pm |xv} Ry x@ xHwD =@|}=yv |xU}=kt "OW `tH pm |xv} Ry =@
COT = V OT � Capi (7)

Ctot = COTi +DOCi (8)

CN=OQB Qi=Ut Qy xm CU= |v=tR |xv} Ry x@ \w@ Qt COT '8 w 7 |x]@=Q QO
?}DQD x@ Ctot w Capi "CU= 3 pwOH j@=]t xm xOw@ u=tR VRQ= V OT 'Ovm|t
uDW=O CUO QO =@ uwvm = "Ow@ Oy=wN i |xr}Uw |}=yv |xv} Ry w Qi=Ut O=OaD Q@=Q@
Ovv=ty xr}Uw X}YND pL=Qt '|}=wy w |@; |=yxr}Uw s=tD |=Q@ |}=yv |xv} Ry

"OyO|t u=Wv =Q xrLQt u}= |rm sD} Qwor= 1 pmW "Ow@ Oy=wN p@k VN@ wO
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}QW

l}
v=mt

|U
Ovyt "Ca=U Q@ QqO 6 |v=tR VRQ= =@ Q}Ut Qy x@ xDi=} X=YDN= |xr}Uw xv}y@ O=OaD "4 pwOH

ẁtHt
T40 HD WS Q300 ATR72 Ci=Ut Q}UtC}iQ_ (km)

250 1 � � � 3 375 u=wq � sWk
260 1 � 1 2 � 220 V}m � sWk
260 1 � 1 2 � 200 |Uwtw@= � sWk
250 1 1 1 1 � 22 5 nQR@?vD � sWk
260 4 � � 2 � 205 |Q}U � sWk
250 1 � � � 3 331 |@=QwOvy � sWk
260 1 � 1 2 � 193 V}m � u=wq
260 1 � 1 2 � 170 |Uwtw@= � u=wq
250 1 � � � 3 396 nQR@?vD � u=wq
260 1 � 1 2 � 152 |Q}U � u=wq
260 1 � 1 2 � 173 |@=QwOvy � u=wq
260 1 � 1 2 � 127 |Uwtw@= � V}m
250 1 � � � 3 372 nQR@?vD � V}m
260 1 � 1 2 � 126 |Q}U � V}m
250 1 1 1 1 � 28 |@=QwOvy � V}m
260 1 � 1 2 � 53 nQR@ � |Uwtw@=
260 1 � 1 2 � 56 |Q}U � w@=
260 1 � 1 2 � 188 |@=QwOvy � w@=
260 1 � 1 2 � 70 |Q}U � nQR@
260 1 � 1 2 � 165 |@=QwOvy � nQR@
260 1 � 1 2 � 123 |@=QwOvy � |Q}U

%OQm xO=iDU= u=wD|t Matlab Q=Ri=sQv
[Tree; pred] =

graphminspantree

(UG;R;0Weights0; :::;0Method0; :::)
(14)

'=yp=} uRw Weights '\=kv O=OaD R 'Q=OCyHQ}e Q=Owtv UG 'u; QO xm
�Q}=RH� \=kv pt=W Q=Owtv 'xr�Ut u}= QO xm CU= |@=NDv= pL sD} Qwor=Method

s}kDUt |D=}rta |xv} Ry =@ p=} Qy uRw xm CU= �p=}� =yu; u=}t |=yQ}Ut |t=tD w
xv=Y} QL sD} Qwor= 'u}vJty 'OwW|t x@U=Lt Q}Ut Qy x@ xDi=} X=YDN= |=yxr}Uw

"OW ?=NDv=

G}=Dv p}rLD w Q}UiD "3
|=yQ}Ut |=Q@ |v=tR VRQ= Cr=L wO |=Q@ DOC |x@U=Lt |=yp}rLD w G}=Dv
|=yQ}Ut |L=Q] C}=yv QO w Q}Ut QO xv}y@ OQmQ=m =@ |}=yxr}Uw |x�=Q= 'hrDNt

"OwW|t x�=Q= xm@W |}=yv |xv} Ry |R=Uxv}tm hOy =@ xv}y@
|iQat w j}=k w =t}B=wy |=Q@ DOC |x@U=Lt x@ \w@ Qt \@=wQ R= xO=iDU= =@
Qi=Ut 250 |}=Hx@=H Qw_vt x@ xv} Ry u} QDsm =@ |}=y?}mQD '|v=tR VRQ= Q=Okt wO
Q}Ut Qy x@ xDi=} X=YDN= |xr}Uw O=OaD 5 w 4 |=ypwOH QO xm OvOW ?=NDv=
xU QO =y=t}B=wy |=Q@ C=@U=Lt '=yQ}Ut uOw@ x=Dwm x@ xHwD =@ "CU= xOy=Wt p@=k
xHwD =@ "OW xDiQo Q_v QO �=B Q=Ry 12 w =B Q=Ry 9 '=B Q=Ry 6� hrDNt |R=wQB `=iDQ=

OOa |R} Qxt=vQ@ |rm Cr=L Qo = "CU= xOW xO=iDU= |R=Uxv}y@ x@ \w@ Qt |x@aH w
%s} Q}o@ Q_v QO 10 |x]@=Q CQwY x@ =Q K}LY

Objective :

min
x
fTx

Subject :

Ax � b;
Aeq:x = beq

lb � x � ub (12)

|x]@=Q R= Matlab QO K}LY OOa |R} Qxt=vQ@ |xr�Ut pL |=Q@ 'u}=Q@=v@
%OQm xO=iDU= u=wD|t 11

[x; f min] =

int linprog(f; int con;A; b; Aeq; beq; lb; ub)
(13)

OOa =yQ}eDt R= l} s=Om xm OyO|t u=Wv int con w CU= hOy `@=D f u; QO xm
'|Qw=Ut=v Ow}k CU=Q CtU Q=Okt b '|w=Ut=v Ow}k ?}=Q[ A 'OvDUy K}LY
QO w q=@ OL lb '|w=Ut Ow}k CU=Q CtU Q=Okt beq '|w=Ut Ow}k ?}=Q[ Aeq

"Ow@ Oy=wN xrO=at u}}=B OL ub C}=yv
QO 12 |x]@=Q R= 'xv}tm |=WwB CNQO uOQw; CUO x@ |=Q@ 'u}= Q@ xwqa
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=xO
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xv}y
@|

=yQ}
Ut"Ca=U Q@ QqO 8 |v=tR VRQ= =@ Q}Ut Qy x@ xDi=} X=YDN= |xr}Uw xv}y@ O=OaD "5 pwOH

ẁtHt
T40 HD WS Q300 ATR72 Ci=Ut Q}UtC}iQ_ (km)

266 � � � 1 3 375 u=wq � sWk
260 � � 1 � 3 220 V}m � sWk
260 � � 3 � 3 200 |Uwtw@= � sWk
250 4 1 1 � � 22 5 nQR@?vD � sWk
260 � � 1 � 3 205 |Q}U � sWk
266 � � � 1 3 331 |@=QwOvy � sWk
260 � � 1 � 3 193 V}m � u=wq
260 � � 1 � 3 170 |Uwtw@= � u=wq
266 � � � 1 3 396 nQR@?vD � u=wq
260 � � 1 � 3 152 |Q}U � u=wq
260 � � 1 � 3 173 |@=QwOvy � u=wq
260 � � 1 � 3 127 |Uwtw@= � V}m
266 � � � 1 3 372 nQR@?vD � V}m
260 � � 1 � 3 126 |Q}U � V}m
250 4 1 1 � � 28 |@=QwOvy � V}m
250 4 1 1 � � 53 nQR@ � |Uwtw@=
250 4 1 1 � � 56 |Q}U � w@=
260 � � 1 � 3 188 |@=QwOvy � w@=
250 4 1 1 � � 70 |Q}U � nQR@
260 � � 1 � 3 165 |@=QwOvy � nQR@
260 � � 1 � 3 123 |@=QwOvy � |Q}U

QO =yvD "OwW|t O=yvW}B |DWm R= xO=iDU= =yCi=Ut w =yQ}Ut QFm = |=Q@ u=vJty
?} Q[ 'QiU|vqw] u=tR x@ xHwD =@ 'CU= QDtwr}m 300 |q=@Ci=Ut xm|}=yQ}Ut
|}=Hx@=H |=yxv} Ro <RH R}v =t}B=wy 'u}=Q@=v@ w xDW=O |QDW}@ Q}F-=D |v=tR VRQ=
xiQY x@ 'QDsm C}iQ_ =@ |Q@ Qi=Ut |=yj}=k 'u=}t u}= QO "Ow@ Oy=wN u} Qi=Ut
Jetfoil j}=k 'p=Ft u=wva x@ "OwW|t xO=iDU= u} Qi=Ut |}=Hx@=H |=Q@ w CU=
hQYt p}rO x@ QDq=@ DOC uDW=O x@ xHwD =@ 'QDq=@ CaQU uDW=O seQ|ra

"CU= xOWv O=yvW}B xr}Uw |=yxv} Ro u=}t QO O=} R CNwU
ZQi =@ xDi=} X=YDN= |=yxr}Uw x@ \w@ Qt 5 w 4 pwOH wO |xU}=kt =@
=@ 5 pwOH QO "OQ@ |B u; C=Q}}eD x@ u=wD|t 'Ca=U Q@ QqO 8 w 6 |v=tR VRQ=
u}=Q@=v@ "O@=}|t V}=Ri= QiU u=tR COt 'QDtwr}m 100 R= V}@ x@ Ci=Ut uO}UQ
"OwW|t xO}O |O=yvW}B |=yxr}Uw R= |�RH u}= R= QDq=@ |=yCi=Ut QO R}v =t}B=wy
?} Q[ 'CU}v |vqw] QiU u=tR COt QDx=Dwm |=yQ}Ut QO xm u}= x@ xHwD =@ =t=
|}=Hx@=H |=yxv} Ro u} QD|rY= =yj}=k u}=Q@=v@ w 'OQ=Ov |v=OvJ Q}F-=D |v=tR VRQ=

"Ow@ Ovy=wN u} Qi=Ut
"OvDUy QiU x@ QO=k R}v |}=} QO x=Dwm |=yQ}Ut QO =y=t}B=wy hqNQ@ =yj}=k
|DL=Q Vy=m Ea=@ xr�Ut u}= xm CU= sm CaQU 'QiU QO =yj}=k |U=U= pmWt
=yj}=k s}kDUt |D=}rta |xv} Ry 'OwW|t x_Lqt xm u=vJ =t= "OwW|t u} Qi=Ut

|R=wQB `=iDQ= xU QO ATR72 |=t}B=wy |=Q@ s}kDUt |D=}rta |xv} Ry "2 pmW
"OwHwt |=yQ}Ut |=Q@ hrDNt

?=NDv= |}=yv C=@U=Lt |=Q@ =B Q=Ry 6 `=iDQ= '�2 pmW� xOt; CUO x@ G}=Dv x@
"OW=@ C=}rta x@ QO=k |QDW}@ |=yQ}Ut =D OW

6 |v=tR VRQ= uOwRi= seQ|ra 'CU= xOy=Wt p@=k R}v 4 pwOH QO xm u=vJ
'=t}B=wy x@ C@Uv |Q@ Qi=Ut |=yj}=k DOC uOw@ u}}=B p}rO x@ 'Ca=U Q@ QqO
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|xv} Ry |=Q@ xt=vQ@ |=QH= u=tR QPo =@ xm@W |}=yv |xv} Ry C=Q}}eD "1 Q=Owtv
"x}v=F Q@ QqO 6 |v=tR

VwQ wO R= xO=iDU= =@ |QoWOQo |xm@W |}=yv |=yxv} Ry |xU}=kt "2 Q=Owtv
"MST VwQ w MILP

QDtwr}m 300 |q=@ Ci=Ut x@ xDi=} X=YDN= |=yxr}Uw QO =t}B=wy OwHw seQ|ra
xm@W u}= QO xv}y@ |xDi=} X=YDN= |xr}Uw w xOw@v xm@W <RH =yQ}Ut u}= '=t=

"Ow@ Oy=wN j}=k R= |@}mQD
|=yxr}Uw w Q}Ut ^=Lr R= xm@W ẁv 'Ca=U Q@ QqO 8 x@|v=tR VRQ=V}=Ri= =@
?}DQD u}= x@ QiU \=kv 4 pmW x@ xHwD =@ "O@=}|t Q}}eD Q}Ut Qy x@ xDi=} X=YDN=
u} QDsm "sWk w nQR@ ?vD '|Uwtw@= '|Q}U 'V}m '|@=QwOvy 'u=wq %Ow@ Oy=wN
ẁv xU R= u} Qi=Ut |}=Hx@=H |=Q@ xm xOw@ QDtwr}m 22 5 QiU u}= QO Ci=Ut
u} QDxv}y@ xm CU= QDtwr}m 173 Q@=Q@ R}v Ci=Ut u} QDW}@ 'CU= xOW xO=iDU= j}=k
xaH=Qt� CU= Touring 40 j}=k l} w ATR72 |=t}B=wy 3 R= xO=iDU= Cr=L
CaQU Cra x@ =t}B=wy R= xO=iDU= '|v=tR |xv} Ry uDiQ q=@ p}rO x@ "�5 pwOH x@

"Oy=wN |QDsm |}=yv |xv} Ry xm@W u}= QO 'QDsm QiU u=tR xH}Dv QO w QDq=@
u=tR QO =Q xv} Ry `@=D C=Q}}eD w hrDNt Q}O=kt u=wD|t 2 w 1 |=yQ=Owtv QO
xt=vQ@ QO 'OwW|t xOy=Wt 3 |x]@=Q QO xm Qw]v=ty "OQm xOy=Wt sD} Qwor= |=QH=
p@=k R}v Q=Owtv QO C=Q}}eD u}= xm Ovm|t Q}}eD R}v xm@W |xv} Ry 'Q}Ut Qy Q}}eD =@
|xm@W x@ |}=Qoty x@ \w@ Qt Q=Owtv |=yDv= QO |v=yo =v C=Q}}eD "CU= xOy=Wt

VwQ x@ |@}mQD pkv w ptL |xm@W �RtQk nvQ� |xv}y@ |=yQ}Ut "3 pmW
'nQR@?vD 'sWk '|Q}U 'u=wq ?}DQD x@ 'Ca=U Q@ QqO 6 |v=tR VRQ= =@ MILP

"|@=QwOvy 'V}m'|Uwtw@=

MILP VwQ x@|@}mQD pkv w ptL|xm@W �RtQknvQ� |xv}y@ |=yQ}Ut "4 pmW
'|Uwtw@= '|Q}U 'V}m '|@=QwOvy 'u=wq?}DQD x@ 'Ca=U Q@ QqO 8|v=tR VRQ= =@

"sWk 'nQR@?vD
'u=wq � sWk Q}Ut |=Q@ 'p=Ft u=wva x@ "Ow@ Oy=wN QDsm Q=}U@ =t}B=wy =@ xU}=kt QO
R= QDsm Qi=Ut Qiv 50 C}iQ_ =@ Waveshuttle j}=k s}kDUt |D=}rta |xv} Ry
|=t}B=wy s}kDUt |D=}rta |xv} Ry xm CU= |r=L QO u}= 'Ow@ Oy=wN QqO 500
hqDN= u}= "Ow@ Oy=wN QqO 2500 Q@=Q@ Q}Ut u}ty |=Q@ 'x@=Wt C}iQ_ =@ Q300
|W=v CU= umtt 'OwW|t xO}O R}v nQR@ |=y|DWm =@ xU}=kt QO |DL xm xv} Ry
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1. intrinsic origin - destination
2. air transportation association of america
3. mixed integer linear programming (MILP)
4. minimum spanning tree (MST)
5. value of time
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