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R}=tD x@ xHwD =@ w 'xDiQo Q=Qk Q_v Ot Ca=U/Qiv ?ULQ@ u=vmQ=m x@ xOWx�=Q= VRwt;
QO R}=tDt |Q=m xwQo xU 'VRwt; ẁv w C}ty= QO Cw=iD xH}DvQO w |Q=m C}y=t
u}= QO '�|R=wQB w |v}tR� |iY u=vmQ=m '|O=DU u=vmQ=m %pt=W '|}=wy |=yCmQW

"CU= xOW ^=Lr j}kLD

|r=t XN=W "4"2
OQmrta x@ xHwD '|D=}rta OQmrta Q@ xwqa |}=t}B=wyCavY |D@=kQ COWx@ Q=R=@ QO
CavY u}= =@ \@DQt C=ar=]t QO xOWx�=Q= |r=t |=yQ=}at "CU= |QwQ[ R}v |r=t
|r=t |@=} RQ= |rY= |=yQ=}at "CU= `}=vY Q}=U |r=t |=yQ=}at x@=Wt ,=twta
w OwU u=R}t '13|rN=O CWoR=@ u=R}t '12x}=tQU CWoR=@ u=R}t %R= CU= CQ=@a
xm 15C}iQ_ pt=a '=yQ=}at u}= Q@ xwqa "=y14|Q=Pox}=tQU |rai Xr=N VRQ=
|=yhqD�= syt G}=Dv R= |m} w [2]|}=wy CmQW Qy |U=U= h=Oy= R= u; |=kDQ=
|=yCmQW OQmrta |@=} RQ= QO syt |=yQ=}at R= |m} u=wvax@ [5]'CU= |Q=HD
4 pwOH QO "OQ=O =yCmQW u}= |Qw;OwU Q@ s}kDUt |Q}F-=D xm CU= |}=t}B=wy

"CU= xOW x�=Q= |}=wy |=yCmQW |@=} RQ= |r=t |=yQ=}at
OQmrta |@=} RQ= |=Q@ |rY= XN=W Q=yJ R= |W=v Q=}at xORv=B ?}DQDu}O@
"CU= xOW x�=Q= Q=wxYqN 5 pwOH QO xm OwW|t |}=U=vW |}=t}B=wy |=yCmQW
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Dv="=yQ=}at |@Uv C}ty= |@=} RQ= |=Q@ |v=@ R |=yQ}eDt "6 pwOH
|}xkvRwP |R=i OOa |v=@ R |=yQ}eDt
(1 1 1 1) u=Um} C}ty=
(1 2 3 4) QDC}ty= sm COWx@
(2 3 4 5) QDC}ty= sm |r}N
(3 4 5 6) QDC}ty= sm
(4 5 6 7) QDC}ty= sm |OL =D
(5 6 7 8) QDsyt |OL =D
(6 7 8 9) QDsyt
(7 8 9 10) QDsyt |r}N
(8 9 10 10) QDsyt COWx@

"=yxv} Ro |@Uv VRQ= |@=} RQ= |=Q@ |v=@ R |=yQ}eDt "7 pwOH
|}xkvRwP |R=i OOa |v=@ R |=yQ}eDt

(8 9 10 10) ?wN COWx@
(7 8 9 10) ?wN |r}N
(6 7 8 9) ?wN
(5 6 7 8) ?wN |OL =D
(4 5 6 7) |rwtat
(3 4 5 6) O@ |OL =D
(2 3 4 5) O@
(1 2 3 4) O@ |r}N
(0 1 2 3) O@ COWx@

"|@D=QtxrUrU p}rLD w |}xm@W p}rLD Ov}=Qi u}@ |rm |xU}=kt "2 pmW

hrDNt Kw]U x@ |Q}os}tYD |xr�Ut 'VwQ u}= QO "OQm O=yvW}B =Q |@D=QtxrUrU
=yxWwNQ} R w =yxWwN '�|}q=@ K]U� hOy u}}=B x@ q=@ R= xm |Qw] 'OwW|t s}UkD
wO Qy QO xJ Qo = [35]"OQ=O Q=Qk �K]U u} QDu}}=B� =yxv} Ro w '�|v=}t Kw]U QO�
=yQ=}at u}@ |HwR C=U}=kt R= |}xm@W p}rLD Ov}=Qi w |@D=QtxrUrU p}rLD *VwQ
|rY= Cw=iD u}rw= "OQ=O OwHw =yv; u}@ sy |}=yCw=iD 'OwW|t xO=iDU= =yxv} Ro w
|}xm@W p}rLD Ov}=Qi R= |Y=N Cr=L |@D=QtxrUrU p}rLD xm CU= u}= =yv; u=}t
w 21�|}xWwN uwQO |oDU@=w� |UQQ@ u=mt= |}xm@W p}rLD Ov}=Qi QO =Q} R CU=
Ov}=Qi QO |]NQ}e Q=DN=U 'Qo}O Cw=iD "OQ=O OwHw 22�|}xWwN u}@ |oDU@=w�
w |]N |Q=DN=U |=Q=O |@D=QtxrUrU p}rLD xm |r=L QO CU= |}xm@W p}rLD

"|}xkvRwP |R=i OOa V}=tv "1 pmW
[6]%OwW|t h} QaD

A1 �A2 = (n1 +m1; n2 +m2; n3 +m3; n4 +m4) (2)

A1 
A2 = (n1m1; n2m2; n3m3; n4m4) (3)

A1 �A2 =
�
n1
m4

; n2
m3

; n3
m2

; n4
m1

�
(4)

kA1 = (kn1; kn2; kn3; kn4) k 2 R (5)

u; QO xm OwW|t h} QaD (X;T; U;M) CQwYx@ |v=@ R Q}eDt Qy Qo}O |wU R=
U &Ovm Q=}DN= Ov=wD|t X xm CU= |v=@ R Q}O=kt xawtHt T &CU= Q}eDt s=v X
CU= |}=vat |xOa=kM w &Ovm Q=}DN= Ov=wD|tX xm CU= |OOa Q}O=kt xawtHt
R= u=wD|t OW xQ=W= QDV}B xm u=vJ [33]"OR=U|t \@DQt U x@ =Q T |xawtHt xm
w |v=@ R |=yQ}eDt u}@ |x]@=Q &OQm xO=iDU= =yQ}eDt u}= V}=tv |=Q@ |R=i O=Oa=
"CU= xOt; 7 w 6 pw=OH QO xar=]t u}= QO xO=iDU= OQwt |}xkvRwP |R=i O=Oa=

|}xm@W p}rLD Ov}=Qi VwQ "4
xm CU= |@D=QtxrUrU p}rLD R= |QD`t=H w QDpt=m |xNUv 17|}xm@W p}rLD Ov}=Qi
Q=Qk Q_v Ot =yv; u}@ OQwNR=@ w =yQ=}at u}@ p@=kDt QF= O}=@ xm |QDxO}J}B p�=Ut QO
p�=Ut |xO=U V}=tv QO |}xm@W p}rLD Ov}=Qi Cwk |x]kv "OwQ|t Q=m x@ 'OQ}o
|oDU@=w w =yQ=}at u}@ |vwQO \=@DQ= Ovv=t |}xO}J}B \@=wQ R= xm CU= |Q}os}tYD
=Q =yQ=}atQ} R |HwR |xU}=kt u=mt= =yvDxv VwQ u}= "CU= Q=OQwNQ@ =yQ=}at u}@
R}v =Q =yQ=}at u}@ |oDU@=w |UQQ@ u=mt= xmr@ 'Ovm|t sy=Qi =yxv} Ro x@ xHwD =@
QO 18|@D=QtxrUrU p}rLD w |}xm@W p}rLD Ov}=Qi u}@ |rm |xU}=kt "OQw;|t O}OB

[34]"CU= xOW xO=O V}=tv 2 pmW
R= |m} =@ =yxWwN w QY=va |t=tD 'OwW|t xOy=Wt 2 pmW QO xm u=vJ
w xiQ]l} |oDU@=w "Ov=\=@DQ= QO sy =@ xkrL =} xiQ]wO 'xiQ]l} |x]@=Q xU
CyH|@ Q=OQ@ w xDyHl} Q=OQ@ =@ ?}DQDx@ 19=yxWwN u}@ Q}F-=D Qou=Wv xiQ]wO

"CU= xWwN l} QO 20QY=va u}@ |oDU@=w Qou=Wv xkrL u}vJty "CU=
|=ypOt O=H}= Qw_vtx@ |Oq}t 1971 p=U QO Q=@ u}DUNv |=Q@ |Da=U
p}rLD �� OwW|t pt=W =Q |i}m |=yQ=}at w |tm |=yQ=}at xm �� |Q}os}tYD
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tqe 3 |xWwN QY=va u}@ |vwQO |oDU@=w Qou=Wv W33 T} QD=t ut[ QO "CU= 3
uRw |x@U=Lt |=Q@ |}xm@W p}rLD Ov}=Qi R= Q=DWwv u}= QO "CU= u; OQwNR=@ w

[38]%OQ}o|t CQwY s=o xU QO =yQ=}at uRw |x@U=Lt &OwW|t xO=iDU= =yQ=}at
'=yQ=}at u}@ |oDU@=w sOa ZQi =@ =D Ovy=wN|t u=oOvQ}os}tYD R= �pw= s=o

"Ovvm xU}=kt |HwR CQwYx@ =Q =yQ=}at
s=Hv= =@ "OwW|t xDiQo Q_v QO u; Twmat Q=Okt 'Twmat |HwR C=U}=kt |=Q@
pY=L 7 |x]@=Q \UwD ,=QYLvt (W1) |rLt |vRw Q=OQ@ '|HwR |=yxU}=kt

%OwW|t
Aw1 = �maxw1 (7)

"CU= A |HwR |xU}=kt T} QD=t |xS} w Q=Okt u} QDnQR@ �max u; QO xm
|vRw Q=OQ@ =D OwW|t Q=Hvy |vwDU CQwYx@ pY=L |rLt |vRw Q=OQ@ TBU
|x@DQ 'OW=@ Q=oR=U,qt=m |HwR C=U}=kt Qo = "O}; CUO x@ (W2) Q=Hvy |rLt
=@ |vRw Q=OQ@ CQwY u}= QO "Ow@ Oy=wN �max = n w '1 Q@=Q@ A T} QD=t
[39]"O};|t CUO x@ A T} QD=t |=yuwDU w =yQ]U R= l} Qy |R=UQ=Hvy
COWx@ |}xm@W p}rLD Ov}=Qi VwQ OQmrta xm CiQo Q_v QO O}=@ =Q xDmv u}=
8 |x]@=Q j@=]t |Q=oR=U XN=W "CU= xDU@=w |HwR C=U}=kt |Q=oR=U x@

%OwW|t h} QaD
CI = (�max � n) = (n� 1) (8)

=@ CU= u=oQ@N |=yCw=[k |Q=oR=U Qou=Wv xm |Q=oR=U MQv C}=yv QO w
%O};|t CUO x@ 9 |x]@=Q R= xO=iDU=

CR = CI=RI (9)

Q=Okt u}= R= |Q=oR=U MQv Qo = "CU= 0 1 Q=Okt CR |=Q@ pw@k p@=k |q=@ OL
[39]"OQm Q_v O}OHD |HwR C=U}=kt QO O}=@ 'OW=@ QDq=@

"OwW|t u}}aD |Q}os}tYD Q@ =yQ=}at *|rN=O|oDU@=w Q}F-=D 'xrLQt u}= QO �swO s=o
|xU}=kt s=Hv= =@ 'Qo}Om} Q@ =yQ=}at QF= OQwtQO OwW|t =[=kD u=oOvQ}os}tYD R=
#CU= QDQ=PoQF= 1 Q=}at Q@ s=Om '3 w 2 Q=}at u}@ R=� p=-wU x@ MU=B =@ w |HwR
T} QD=t 'Q=}at Qy |=Q@ u}=Q@=v@ "OvyO Q_v �#CU= QDW}@ QOkJ u; |Q=PoQF= u=R}t
|vwQO |oDU@=w QF= u}}aD Qw_vtx@ "OwW|t p}mWD |}xv=o =OH |HwR |xU}=kt
'x@U=Lt Q=}atQy |HwR |xU}=kt T} QD=t |=Q@ xOWQ=Hvy |xS} w Q=OQ@ 'Q=}at Qy

"OwW|t xO=O Q=Qk B |vwQO |oDU@=w T} QD=t QO |vwDU Q=OQ@ CQwYx@ w
|xrLQt wO R= pY=L G}=Dv ?}mQD =@ Q=}at Qy |}=yv uRw xrLQt u}= QO �swU s=o

%O};|t CUO x@ 10 |x]@=Q j@=]t 'p@k
wc = BwT2 (10)

xO=iDU= |Q}os}tYD p�=Ut pL |=Q@ |}xm@W p}rLD Ov}=Qi R= OOaDt C=k}kLD QO
w l}DUHr |UQQ@ |=Q@ |}xm@W p}rLD Ov}=Qi R= OQ=wt |NQ@ QO "CU= xOW
?=NDv= |=Q@ 'Qo}O |NQ@ QO w [40]CU= xOW xO=iDU= u}t-=D |xQ}HvR C} Q}Ot
Ov}=Qi R= [44w43]C}i}m OL=w |xaUwD |=Q@ =} [42w41]pkDUt |D=aq]= |=ysDU}U
|=ysDU}U QO =]N Q=DiQlU} Q|UQQ@ |=Q@ "CU= xOW xO=iDU=|}xm@Wp}rLD
|}xm@W p}rLD Ov}=Qi R= [45]"CU= xOW xO=iDU= |}xm@W p}rLD Ov}=Qi R= |Q=m
QO =yxv} Ro |UQQ@ w [32]j}kLD w xaUwD |xSwQB ?=NDv= |xr�Ut |=Q@ ?}DQDx@

"CU= xOW xO=iDU= [46]=yxv=}=Q l}DUHr

[36]"CU= |@D=QtxrUrU
OQm pOt |@D=QtxrUrU Q=DN=U =@ =yvD u=wD|tv =Q |ak=w |Q}os}tYD p�=Ut
p�=Ut u}= QO "OvW=@ xDW=O 23p@=kDt QF= sy Q@ CU= umtt =yxv} Ro w =yQ=}at =Q} R
VwQ Ovv=t xm OwW|t xO=iDU= |}xm@W p}rLD Ov}=Qi R= 'QY=va |=yuRw uDi=} |=Q@
|Q=DN=U |=Q=O VwQ u}= "CU= |HwR C=U}=kt |x}=B Q@ |@D=QtxrUrU p}rLD
|=yQ=}atQ} R u}@ OwHwt \@=wQ� xWwN QO OwHwt \@=wQ |xty w CU= |}xm@W
�=yxWwN Qo}O |=yQ=}atQ} R =@ xWwN l} |=yQ=}atQ} R u}@ |x]@=Q w xWwN l}
p@=kDt \=@DQ= uOQm pOt C}r@=k |}xm@W p}rLD Ov}=Qi [34]"OwW|t xDiQo Q_v QO
Ck}kLQO "OQ=O 24T} QD=tQ@= O=H}= j} Q] R= =Q QY=va w |Q}os}tYD Kw]U u}@
wO u}@ |x]@=Q Qou=}=tv u; R= VN@ Qy xm CU= |WN@OvJ |U} QD=t 'T} QD=tQ@=
3 pmW QO T} QD=t Q@= |twta Cr=L [37]"CU= |Q}os}tYD |xr�Ut R= xWwN

"CU= xOW xO=O u=Wv
"CU= s=m |xWwN QO s=n QYva Qou=}@ em w s=m |xWwN Qou=}@ Cm
|xWwN QY=va Q}F-=D u=R}t xm xOW p}mWD �25xS} w Q=OQ@� |O=OaD R=Wij T} QD=t
|Q}os}tYD |xr�Ut Q=DN=U x@ T} QD=tQ@= Cr=L "CU= s=i |xWwN QY=va Q@ s=j
T} QD=tQ@=� 'OW=@ 4 pmW CQwYx@ xr�Ut Q=DN=U Qo = p=Ft u=wvax@ &OQ=O |oDU@
|HwR C=U}=kt pY=L w '=yQ=}at |rLt |=yC} wrw= |=Q=O xm (W ) �26uRw|@

%OwW|t xO=O V}=tv 6 |x]@=Q CQwYx@ CU=

W =

C1 C2 C3
C1
C2
C3

2664 0 0 W13
W21 0 0
0 W32 W33

3775 (6)

|xWwN =@ xU}=kt QO 2 |xWwN QY=va |=yuRw Qou=Wv W21 T} QD=t u; QO xm
|xWwN =@ xU}=kt QO 3 |xWwN QY=va |=yuRw Qou=Wv W32 T} QD=t 'CU= 1
|xWwN =@ xU}=kt QO 1 |xWwN QY=va |=yuRw Qou=Wv W13 T} QD=t w CU= 2

"T} QD=tQ@= |twta Cr=L "3 pmW

"=yQ=}at u}@ |oDU@=w =@ xr�Ut R= |r=Ft "4 pmW
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|Q}os}tYD |@=} RQ= |=Q@ |O=yvW}B pOt "6
|R=i |xQ=}atOvJ

VwQ wO R= |@}mQD T=U=Q@ |R=i |xQ=}atOvJ |Q}os}tYD pOt VN@ u}= QO
p�=Ut pL |=Q@ |R=i \rDNt |@Uv |@=} RQ= VwQ w |R=i |}xm@W p}rLD Ov}=Qi
VwQ QO "OwW|t x�=Q= C}a]k sOa |=Q=O |=y\}Lt QO xO}J}B |Q}os}tYD
|@=} RQ= VwQ R= w =yQ=}at uRw u}}aD |=Q@ |R=i |}xm@W p}rLD Ov}=Qi R= |O=yvW}B
|O=yvW}B VwQ pL=Qt "OwW|t xO=iDU= =yxv} Ro |Ov@x@DQ |=Q@ |R=i \rDNt |@Uv

%R= CU= CQ=@a
s=Hv= |=yVywSB QwQt R= |Q}oxQy@ =@ =yxv} Ro w =yQ=}atQ} R '=yQ=}at |}=U=vW "1

&u=oQ@N \UwD =yv; O}}-=D w u=oQ@N Q_v w xDiQo
xr�Ut QY=va u}@ OwHwt\@=wQ |}=U=vW w xr�Ut |@D=QtxrUrU Q=DN=U p}mWD "2

&u=oQ@N Q_v R= xO=iDU= =@
sOa ZQi =@� =yQ=}at |@Uv uRw u}}aD w u=oQ@N \UwD |HwR C=U}=kt s=Hv= "3

"|R=i |}xm@W p}rLD Ov}=Qi R= xO=iDU= =@ �=yQ=}at u}@ |oDU@=w OwHw
OwW|t xO=iDU= xQ@N K Q_v R= |Q}os}tYD |xr�Ut pL Ov}=Qi QO O}vm ZQi
j@=]t |v=@ R Q}eDt CQwYx@ =Q OwN Q_v =D OwW|t xDU=wN =yv; R= l} Qy R= w
Q}eDt Qy "Ovvm u=}@ 's=j Q=}at =@ s=i Q=}at |HwR |xU}=kt Qw_vtx@ 6 pwOH

%CQwYx@ |}xkvRwP |R=i OOa CQwYx@ u=wD|t =Q |v=@ R
fexijk = (aijk; bijk; cijk; dijk); k = 1; 2; :::;Kg
xO=iDU= 16 |x]@=Q R= u=oQ@N C=} Q_v |R=UxJQ=Bl} |=Q@ p=L "O=O V}=tv

%OwW|t
exij = (aij ; bij ; cij ; dij) (16)

%u; QO xm

aij = min
k
faijkg ; bij = 1

K

KX
k=1

bijk;

cij = 1
K

KX
k=1

cijk; dij = max
k
fdijkg

CQwYx@X |R=i |HwR |xU}=ktT} QD=t 'u=oQ@N Q_v |R=UxJQ=Bl} R=TB
%OwW|t pY=L 17 |x]@=Q

X = [exij ] =26666664
(1 1 1 1) (a12 b12 c12 d12) ::: (a1n b1n c1n d1n)

(a21 b21 c21 d21) (1 1 1 1) ::: (a2n b2n c2n d2n)
...

...
. . .

...

(an1 bn1 cn1 dn1) ::: ::: (1 1 1 1)

37777775
(17)

xU}=kt QO s=i Q=}at |R=i VRQ= Qou=Wv fxijw '=yQ=}at O=OaD Qou=}@ n u; QO xm
|HwR |xU}=kt T} QD=t |Q=oR=U MQv |x@U=Lt =Hv}= QO "CU= s=j Q=}at =@
'CU= |R=i O=Oa= |=Q=O |HwR |xU}=kt T} QD=t xm =Hv; R= "O@=}|t CQwQ[

\rDNt |@Uv |@=} RQ= VwQ "5
|iQat 1994 p=U QO Q=@ u}rw= |=Q@ xm 27�COPRAS� \rDNt |@Uv |@=} RQ=
|xv} Ro l} x@ u; Cy=@W x@ xHwD =@ =yxv} Ro |Ov@x@DQ |=Q@ CU= |WwQ 'OW
=@ =Q =yxv} Ro R= l} Qy C}LHQ= |@Uv w s}kDUt CQwYx@ VwQ u}= [47]"p;xO}=
u} QDy@ VwQ u}= QO [48]"Ovm|t |@=} RQ= 'xOW xDiQoQ_v QO |=yQ=}at VRQ= x@ xHwD
|HwR |xU}=kt s=Hv= u=mt= w OwW|t ?=NDv= =yQ=}at |xty |=yOQw;Q@ j@] xv} Ro
|=yxYNWt uDiQo Q_v QO =@ VwQ u}= QO u}vJty [49]"OQ=Ov OwHw =yxv} Ro u}@
p�=Ut pL |=Q@ VwQ u}= [50]"OwW|t u}}aD =yv; C}ty= '=yQ=}at |i}m w |tm
"""w xSwQB C} Q}Ot 'O=YDk= 'R=UwCN=U |=yxRwL QO =yxv} Ro |Ov@x@DQ hrDNt

[48]%R= CU= CQ=@a \rDNt |@Uv |@=} RQ= s=Hv= pL=Qt [51w48'47]"OQ=O OQ@ Q=m
%CU= 11 |x]@=Q CQwYx@ |Q}os}tYD T} QD=t O}vm ZQi �hr=

A = [aij ]m�n =

26664
a11 � � � a1n
...

. . .
...

am1 � � � amn

37775 (11)

VRQ= aij w CU=yQ=}at O=OaD Qou=}@ n w =yxv} Ro O=OaD Qou=}@ m u; QO xm
"CU= s=j Q=}at QO s=i |xv} Ro |a]k

=yQ=}at Q}O=kt ẁtHt xrLQt u}= QO %=yxv} Ro 28|Q=O=vat u=R}t |x@U=Lt �?
R= xO=iDU= =@ (Ri) |ivt w (Pi) C@Ft ẁtHt wO CQwYx@ 'xv} Ro Qy |=Q@

%OwW|t x@U=Lt 13 w 12 \@=wQ

Pi =
kX
j=1

a+ij (12)

Ri =
mX

j=k+1
a�ij (13)

"CU= |ivt Q=}at k �m w C@Ft Q=}at k u; QO xm
%OwW|t x@U=Lt 14 |x]@=Q j@=]t xv} Ro Qy |Q=O=vat u=R}t lv}= �G

Qi = Pi +

mP
i=1

Ri

Ri
mP
i=1

(1=Ri)
(14)

"OQ=O |QDq=@ C} wrw= 'QDW}@ (Qi) |Q=O=vat u=R}t =@ xv} Ro %=yxv} Ro |Ov@x@DQ �O
xv} Ro u} QDy@ u=wvax@ OQ=O =Q (Qmax) |Q=O=vat u=R}t u} QDq=@ xm |}xv} Ro |va}

"OwW|t ?=NDv=
%15 |x]@=Q T=U=Q@ =yxv} Ro 29Caivt xHQO |x@U=Lt ��y

Nj = Qj
Qmax

� �100 (15)

[48]"%CU= O}it p}rO wO x@ Caivt xHQO R= xO=iDU=
&sy x@ C@Uv =yxv} Ro uOw@ QDsyt u=R}t R= QD?U=vt |QY@ lQO |x�=Q= "1

Qy ?=NDv= =@ xOvQ}os}tYD |=yxDU=wN w h=Oy= jkLD u=R}t uO=O u=Wv "2
"xv} Ro
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Qiv=}
Qwvu

=Qt=m
wQ_

Dvt
|ra

tqe "=yQ=}atQ} R |rm |R=i uRw |x@U=Lt "7
uRw Q=OQ@ QO ( ewfactors) |rY= |=yQ=}at |R=i |xDU@=w uRw Q=OQ@ ?Q[ =@

"OwW|t u}}aD =yQ=}atQ} R |rm |R=i uRw '=yQ=}atQ} R |R=i |@Uv
p}mWD w u=oQ@N Q_v |Qw;`tH =@ =yQ=}atQ} R x@ xHwD =@ xv} Ro Qy C}ty= u}}aD "8

"xOWQ=Hvy |R=i |Q}os}tYD T} QD=t
x@ xHwD =@ =Q xv} Ro Qy C}ty= =D OwW|t xDU=wN u=oQ@N R= xrLQt u}= QO
|=Q@ R}v =Hv}= QO "Ovvm u=}@ �7 pwOH� |v=@ R |=yQ}eDt \UwD =yQ=}atQ} R
p}mWD R= TB "OwW|t xO=iDU= 16 |x]@=Q R= 'u=oQ@N Q_v |R=UxJQ=Bl}
ZQi Qo = %s}vm|t pta u}vJ u; |R=UQ=Hvyx@ |=Q@ '|Q}os}tYD T} QD=t
Q=}atQ} R x@ xHwD =@ s=i |xv} Ro C}ty= u=R}t exij = (aij ; bij ; cij ; dij) s}vm
xOW Q=Hvy |Q}os}tYD T} QD=t 'OW=@ u=oQ@N Q_v |R=UxJQ=Bl} R= TB s=j

%CU= 20 |x]@=Q CQwYx@
eR = [erij ]n�m (20)

%u; QO xm
erij =

�
aij
d�j
; bij
d�j
; cij
d�j
; dij
d�j

�
%w

d�j = max
i
fdijg

"xOWQ=Hvy |R=i |Q}os}tYD T} QD=t p}mWD "9
T} QD=t ?Q[ =@ (eV = [evij ]n�m) xOWQ=Hvy |R=i |Q}os}tYD T} QD=t
pY=L 21 |x]@=Q CQwYx@ =yQ=}atQ} R |vRw Q=OQ@ QO xOW Q=Hvy |Q}os}tYD

%OwW|t
evij = erij 
 ewj (21)

"|R=i COPRAS R= xO=iDU= =@ =yxv} Ro |Q=O=vat u=R}t |x@U=Lt "10
C@Ft Q}O=kt ẁtHt 'Q=OuRw |xOWQ=Hvy |R=i |Q}os}tYD T} QD=t x@ xHwD =@
\@=wQ� |R=i u}v=wk p=ta= R}v w '13 w 12 \@=wQ R= xO=iDU= =@ |R=i |ivt w
( eQj) =yxv} Ro |Q=O=vat u=R}t TBU "OwW|t x@U=Lt xv} Ro Qy |=Q@ �5 =D 2

"OwW|t u}}aD 14 |x]@=Q \UwD
"=yxv} Ro Caivt |xHQO |x@U=Lt w |Ov@x@DQ '|Q=O=vat u=R}t |R=U|R=i=v "11

|Q=O=vat u=R}t� |}xkvRwP |R=i O=Oa= CQwYx@ 10 |xrLQt R= pY=L G}=Dv
R= xO=iDU= =@CU= sRq =yxv} Ro |Ov@x@DQ Qw_vtx@ p=L "O};|tCUO x@ �=yxv} Ro
u}tND =Q |R=i O=Oa= =@ pO=at |a]k Q=Okt u} QDy@ '32|R=U|R=i=v |=yVwQ
|R=i |OOa l} R= V}=tv u} QDy@ xm |a]k OOa l} |x@U=Lt Ov}=Qi "s}vR@
OwHw Qw_vt u}= |=Q@ |irDNt |=yVwQ [52]"Ovt=v|t �|R=U|R=i=v� =Q OW=@
QO "xQ}e w 36pkF RmQt '35=ir; VQ@ '34`=iDQ= xv}W}@ '33Rm =Qt u}ov=}t %OQ=O
|x]@=Q� u; u=v}t]= C}r@=k w `}Uw OQ@ Q=m p}rOx@ pkF RmQt VwQ R= j}kLD u}=

"CU= xOW xO=iDU= �22
Q�j =

Z
�(x)xdx

�Z
�(x)dx (22)

\@=wQ R= xO=iDU= =@ TBU w xOQm p}O@D |a]k O=Oa= x@ =Q |R=i O=Oa= =OD@= O}=@
VwQ pL=Qt |xt=O= xm CU= QmP u=}=W "OQm x@U=Lt =Q |Q=oR=U MQv 9 w 8
w xrLQt u}= QO \ki w OQ}o|t CQwY |R=i O=Oa= R= xO=iDU= =@ |O=yvW}B

"OwW|t xO=iDU= |a]k O=Oa= R= |Q=oR=U MQv |x@U=Lt Qw_vtx@
"OwW x@U=Lt ( ew1) =yQ=}at|@Uv �30|R=i|xS} w Q=OQ@�|R=i uRw Q=OQ@ O}=@ p=L
(Xa; Xb; Xc; Xd)|a]kT} QD=t Q=yJ '17|x]@=Q QOexijh} QaD x@ xHwD =@

%s}vm|t h} QaD =Q

Xa=

26666664
1 a12 � � � a1n
a21 1 � � � a2n
...

...
. . .

...

an1 an2 � � � 1

37777775 Xb=

26666664
1 b12 � � � b1n
b21 1 � � � b2n
...

...
. . .

...

bn1 bn2 � � � 1

37777775

Xc=

26666664
1 c12 � � � c1n
c21 1 � � � c2n
...

...
. . .

...

cn1 cn2 � � � 1

37777775 Xd=

26666664
1 d12 � � � d1n
d21 1 � � � d2n
...

...
. . .

...

dn1 dn2 � � � 1

37777775
R= l} Qy |=Q@ =Q |a]k �xS} w Q=OQ@� |vRw Q=OQ@ '7 |x]@=Q R= xO=iDU= =@ TBU
|@Uv |R=i uRw Q=OQ@ "(wa; wb; wc; wd) s}vm|t u}}aD xv=o =OH =yT} QD=t

%OwW|t pY=L 18 |x]@=Q j@=]t =yQ=}at

ew1 =

26666664
C1
C2
...

Cn

37777775 =

26666664
�
wa1 ; wb1 ; wc1 ; wd1

��
wa2 ; wb2 ; wc2 ; wd2

�
...�

wan; wbn; wcn; wdn
�
37777775 (18)

w |HwR C=U}=kt R= xO=iDU= =@ =yQ=}at |vwQO |oDU@=w uRw T} QD=t p}mWD "4
Ov}=Qi R= xO=iDU= =@ sy |wQ Q@ =yQ=}at |vwQO |oDU@=w Q}F-=D u=R}t |x@U=Lt

"|R=i |}xm@W p}rLD
u=oQ@N R= '|rY= |=yQ=}at u}@ |oDU@=w u=R}t u}}aD Qw_vtx@ 'xrLQt u}= QO
Q=}at Qy |=Q@ xm CQwY u}= x@ "OwW|t p=-wU sy Q@ =yQ=}at p@=kDt QF= OQwtQO
?}DQD u}O@ "OwW|t s=Hv= Qo}O |rY= |=yQ=}at u}@ |HwR |xU}=kt '|rY=
|xS} w Q=OQ@ w OwW|t p}mWD |R=i |HwR |xU}=ktT} QD=tl} 'Q=}at Qy |=Q@
|vwQO |oDU@=w T} QD=t C}=yv QO "OwW|t x@U=Lt T} QD=t Qy |=Q@ |R=i
p}mWD T} QD=t Qy |R=i |xS} w |=yQ=OQ@ =Q u; |=yuwDU xm (fW2) =yQ=}at

"OwW|t pY=L 'OvyO|t
C=aq]= R= xO=iDU= =@ |rY= |=yQ=}at |R=i |31xDU@=w uRw Q=OQ@ |x@U=Lt "5

"4 w 3 |xrLQt R= pY=L
x@ |rY= |=yQ=}at |=Q@ |R=i |xDU@=w uRw Q=OQ@ 19 |x]@=Q R= xO=iDU= =@

%O};|t CUOewfactors = fW2 � ew1 (19)

"=yQ=}atQ} R |R=i |@Uv C}ty= |x@U=Lt "6
=yQ=}atQ} R '|rY= |=yQ=}at |R=i |@Uv C}ty= u}}aD Ovv=ty 'xrLQt u}= QO
|@Uv uRw Q=OQ@ w OvwW|t xU}=kt |rY= |=yQ=}at =@ x]@=Q QO |HwR CQwYx@

"OwW|t x@U=Lt Q=}atQ} R Qy ( ewsub�factors) |R=i
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"""=@
|}=w

yp
kvwp

tL
Cav

Y
QO|

Q=HD
l}

QW
?=N

Dv=|=yOv}=Qi 'u=Qi=Ut |OvtC}=[Q� xr�Ut |rY= Q=}at Q=yJ pt=W 'swO K]U
"Ov=|vwQO |oDU@=w |=Q=O xm �|r=t |=yXN=W w '|v=tR=U |Q}oO=} '|rN=O
�|rN=O |=yOv}=Qi� 'Q=}atQ} R VW |=Q=O �u=Qi=Ut |OvtC}=[Q� Q=}at
|=yXN=W� w 'Q=}atQ} R Q=yJ |=Q=O �|v=tR=U |Q}oO=}� 'Q=}atQ} R xU |=Q=O
Q_v OQwt |xv} Ro xU w =yQ=}atQ} R u}= xm CU= Q=}atQ} R wO |=Q=O �|r=t
w swU K]U QO ?}DQD x@ �KLM, LuftHansa, British airways�
T} QD=tQ@= |rm Cr=L ut[ QO "OvQ}o|t Q=Qk |@D=QtxrUrU Q=DN=U sQ=yJ

%CU= u}vJ xr�Ut

W =

hOy
|rY= |=yQ=}at
=yQ=}atQ} R
=yxv} Ro

2666664
0 0 0 0fW1 fW2 0 0
0 fW3 0 0
0 0 fW4 I

3777775
hOy =@ x]@=Q QO =Q |rY= Q=}at Q=yJ =D OwW|t =[=kD xQ@N Qiv VW R= "3
w Ovvm xU}=kt |HwR CQwYx@ =yQ=}at u}@ |oDU@=w u=Oki ZQi =@ xr�Ut
'xrLQt u}= QO "�8 pwOH� Ovvm u=}@ |v=@ R |=yQ}eDt CQwYx@ =Q OwN Q_v
O}=@ R}v u; |Q=oR=U MQv '|R=i |HwR |xU}=kt T} QD=t uOW pY=L R= TB
( ew1) |R=i |vRw Q=OQ@ u}vJty &CU= 0 1 R= QDsm u; Q=Okt xm OwW x@U=Lt

%R= CU= CQ=@a u; R= pY=L

ew1 =

2666664
C1
C2
C3
C4

3777775 =

2666664
0 679 0 671 0 666 0 648
0 161 0 190 0 197 0 207
0 122 0 105 0 104 0 109
0 039 0 034 0 034 0 036

3777775

|xv} Ro eQj |Q=O=vat u=R}t |a]k Q=Okt Q�j w C} w[a `@=D �(x) u; QO xm
"CU= s=j

u=wvax@ 'OW=@ (Q�max) |Q=O=vat u=R}t u} QDq=@ |=Q=O xm |}xv} Ro xH}DvQO
"OvwW|t ?DQt |rwRv CQwYx@ Qo}O |=yxv} Ro w OwW|t ?=NDv= xv} Ro u} QDy@
Caivt |xHQO '=yxv} Ro OQmrta u=R}t R= |y=o ; w QDy@ |@=} RQ= |=Q@ C}=yv QO

"OwW|t x@U=Lt 15 |x]@=Q R= xO=iDU= =@ (Nj) =yxv} Ro

|Q=HD l} QW ?=NDv= |=Q@ |O=yvW}B pOt R= xO=iDU= "7
u=Q}= |tqU= |QwytH |}=t}B=wy CmQW

CmQW u=}t |Q=HD hqD�= p}mWD |xr�Ut '|O=yvW}B pOt x@ xHwD=@ VN@ u}= QO
"OwW|t |UQQ@ Qo}O |}=t}B=wy CmQW xU =@ u=Q}= |tqU= |QwytH |}=t}B=wy
�u=tr; QwWm x@ jraDt� =Rv=y Ciwr '�Ovry QwWm x@ jraDt� s="p="l |}=wy |=yCmQW
O=OQ=Qk |=Q=O |}=B wQ= |=yQ}Ut QO xm '�T}rov= QwWm x@ jraDt� R} wQ}= V}D} Q@ w
u=wvax@ xm �� �=ty� u=Q}= |tqU= |QwytH |}=t}B=wy CmQW =@ lQDWt |Q=mty

"OvDUy �� Ovm|t C}r=ai u=Q}= QO 38sJQB pt=L w 37|rt CmQW
xORv=B 'u=oQ@N C=Q_v |Qw;`tH w swO VN@ QO xOW KQ]t EL=@t x@ xHwD =@ "1
QO QDV}B xm xOW xDiQo Q_v QO OwHwt |=yxv} Ro OQmrta |@=} RQ= |=Q@ Q=}at

"CU= xOW x�=Q= 5 pwOH
|@D=QtxrUrU Q=DN=U w xOW xDN=vW |=yQ=}at u}@ |x]@=Q 'xrLQt u}= QO "2
hOy "�5 pmW� OwW|t pY=L =yv; O}}-=D w u=oQ@N Q_v R= xO=iDU= =@ xr�Ut
"OQ}o|t Q=Qk K]U u}rw= QO 'CU= |Q=HD l} QW ?=NDv= xm xr�Ut |rY=

"xr�Ut |}xm@W p}rLD Ov}=Qi pOt "5 pmW
"u=oQ@N \UwD |rY= |=yQ=}at |HwR |xU}=kt "8 pwOH

u=oQ@N Q_v |HwR |xU}=ktsWW |xQ@N sHvB |xQ@N sQ=yJ |xQ@N swU |xQ@N swO |xQ@N pw= |xQ@N
QDsyt |OL =D QDsyt COWx@ QDsyt |r}N QDsyt QDsyt QDsyt |r}N C1 vs C2
QDsyt |OL =D QDsyt QDsyt |r}N QDsyt |OL =D QDsyt |OL =D QDsyt C1 vs C3
QDsyt |r}N QDsyt |r}N QDsyt COWx@ QDsyt QDsyt |r}N QDsyt C1 vs C4

QDC}ty= sm |r}N QDC}ty= sm |OL =D QDC}ty= sm QDC}ty= sm QDC}ty= sm QDC}ty= sm |OL =D C2 vs C3
QDC}ty= sm |OL =D QDC}ty= sm QDC}ty= sm |OL =D QDC}ty= sm QDC}ty= sm |OL =D QDC}ty= sm |OL =D C2 vs C4

QDsyt QDsyt |r}N QDsyt QDsyt |r}N QDsyt QDsyt C3 vs C4
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Qiv=}
Qwvu

=Qt=m
wQ_

Dvt
|ra

tqe "u=Qi=Ut x=oO}O Q=}at x@ xHwD =@ |oDU@=w T} QD=t "9 pwOH
u=oQ@N Q_v u=Qi=Ut x=oO}OsWW |xQ@N sHvB |xQ@N sQ=yJ |xQ@N swU |xQ@N swO |xQ@N pw= |xQ@N

QDC}ty= sm |r}N QDC}ty= sm QDC}ty= sm |r}N QDC}ty= sm |r}N QDC}ty= sm QDC}ty= sm |r}N C2 vs C3
QDsyt |OL =D QDsyt |OL =D QDC}ty= sm |OL =D QDsyt QDsyt QDsyt |OL =D C2 vs C4
QDC}ty= sm QDC}ty= sm |r}N QDC}ty= sm |OL =D QDC}ty= sm |OL =D QDC}ty= sm QDC}ty= sm C3 vs C4

"|rN=O Ov}=Qi x@ \w@ Qt |=yQ=}atQ} R |=Q@ |HwR C=U}=kt "10 pwOH
u=oQ@N Q_v |rN=O |=yOv}=QisWW |xQ@N sHvB |xQ@N sQ=yJ |xQ@N swU |xQ@N swO |xQ@N pw= |xQ@N

QDC}ty= sm QDC}ty= sm QDC}ty= sm QDC}ty= sm |r}N QDC}ty= sm |r}N QDC}ty= sm |r}N C21 vs C22
QDC}ty= sm COWx@ QDC}ty= sm |r}N QDC}ty= sm |r}N QDC}ty= sm COWx@ QDC}ty= sm COWx@ QDC}ty= sm COWx@ C21 vs C23
QDsyt |OL =D QDsyt |OL =D QDC}ty= sm |OL =D QDC}ty= sm |OL =D QDC}ty= sm |OL =D QDsyt |OL =D C21 vs C24

QDC}ty= sm |OL =D QDC}ty= sm QDC}ty= sm |OL =D QDC}ty= sm |OL =D QDC}ty= sm |OL =D QDC}ty= sm |OL =D C22 vs C23
QDsyt |r}N QDsyt COWx@ QDsyt |r}N QDsyt COWx@ QDsyt COWx@ QDsyt |r}N C22 vs C24
QDsyt |r}N QDsyt |r}N QDsyt |r}N QDsyt COWx@ QDsyt |r}N QDsyt |r}N C23 vs C24

\w@ Qt C=Q_v xm Ovvm xU}=kt |HwR CQwYx@ =Q =yQ=}atQ} R =D OwW|t xDU=wN
u}vJty "CU= xOW x�=Q= 10 pwOH QO xvwtv CQwYx@ �|rN=O |=yOv}=Qi� x@

"CU= xOW xO=O u=Wv 11 pwOH QO =yQ=}atQ} R |@Uv C}ty=
CUO x@ p@k |xrLQt wO R= pY=L C=aq]= =@ =yQ=}atQ} R pm |R=i uRw "7

"CU= xOW xO=O u=Wv 11 pwOH QN; uwDU QO G}=Dv xm O};|t
x@ xHwD =@ =Q =yxv} Ro C}ty= u=oQ@N '|Q}os}tYD T} QD=t p}mWD Qw_vtx@ "8
xOW Tmavt xQ@N wO Q_v 12 pwOH QO ,qFt &Ovvm|t u}}aD =yQ=}atQ} R
xOW Q=Hvy |Q}os}tYDT} QD=t 'u=oQ@N C=Q_v |R=UxJQ=Bl} R=TB "CU=

"OwW|t x@U=Lt
x@ \w@ Qt |=yuRw QO xOWQ=Hvy |Q}os}tYD T} QD=t ?Q[ =@ 'xrLQt u}= QO "9
pY=L �13 pwOH� Q=OuRw |xOW Q=Hvy |R=i |Q}os}tYD T} QD=t '=yQ=}at

"OwW|t
ẁtHt 'Q=OuRw |xOWQ=Hvy |R=i |Q}os}tYD T} QD=t R= xO=iDU= =@ p=L "10

OwW|t x@U=Lt =yxv} Ro |Q=O=vat u=R}t xH}DvQO w |ivt w C@Ft Q}O=kt
"�14 pwOH�

=Q =yxv} Ro |Q=O=vat u=R}t|a]k Q=Okt 'pkF RmQtVwQ R= xO=iDU= =@ xrLQtu}= QO "11
|rwRv CQwYx@ |Q=O=vat u=R}t uOw@ QDW}@ x@ xHwD =@ =Q =yxv} Ro w OvvR|tu}tND
w CU= British Airways xv} Ro u} QDy@ 'G}=Dv x@ xHwD =@ "Ovvm|t |Ov@x@DQ
BA>Lufthansa>KLM CQwYx@ xr�Ut u}= QO =yxv} Ro |rm |Ov@x@DQ

hQY QY=va u}@ |oDU@=w R= u=wD|tv xW}ty |ak=w |Q}os}tYD p�=Ut QO "4
Q=}DN= QO |=Q@ u}=Q@=v@ "CiQo Q_v QO sy R= pkDUt ,qt=m =Q QY=va w OQm Q_v
^=Lr xr�Ut QO R}v \@=wQ xvwou}= CU= QDy@ '?U=vt w xv=v}@`k=w G}=Dv uDW=O
j@=]t =yQ=}at u}@ \@=wQ u=oQ@N Q_v R= xO=iDU= =@ 'R}v xr�Ut u}= QO "OwW
|R=UpOt |=Q@ |}xm@W p}rLD Ov}=Qi VwQ R= w xOW xDiQo Q_v QO 5 pmW

"CU= xOW xO=iDU=
xO=iDU= =@ =Q |R=i |HwR |xU}=kt T} QD=t '=yQ=}at |oDU@=w QF= u}}aD |=Q@
Q=}at |=Q@ p=Ft u=wvax@ "s}yO|t p}mWD Q=}at Q=yJ Qy |=Q@ u=oQ@N Q_v R=
|OvtC}=[Q Q=}at Q@ Q=}at s=Om� CQwYx@ p=-wU '�u=Qi=Ut |OvtC}=[Q�
u=R}t� =} �#|v=tR=U |Q}oO=} =} |rN=O |=yOv}=Qi %CU= QDQ=PoQ}F-=D u=Qi=Ut
|oDU@=wT} QD=t xvwtv u=wvax@ "OwW|tKQ]t �#CU= QDW}@ QOkJu;|Q=PoQF=
C}=yv QO w 'xOW xOQw; 9 pwOH QO �u=Qi=Ut |OvtC}=[Q� Q=}at x@ xHwD =@

"OwW|t p}mWD ew2 T} QD=t CQwYx@ |R=i |oDU@=w T} QD=t
xOW x@U=Lt |rY= |=yQ=}at |=Q@ |R=i |xDU@=w uRw Q=OQ@ 'xrLQt u}= QO "5

%CU= Q} R CQwYx@ xm

ewfactors=fW2� ew1 =

2666664
0 431 0 429 0 430 0 424
0 325 0 339 0 341 0 339
0 182 0 175 0 173 0 180
0 062 0 058 0 056 0 058

3777775
u=oQ@N R= '( ewsub�factors) =yQ=}atQ} R |@Uv C}ty= |x@U=Lt Qw_vtx@ "6

ew2 =

2666664
1 1 1 1 0 471 0 538 0 558 0 544 0 590 0 618 0 627 0 622 0 517 0 562 0 571 0 547

0 651 0 665 0 668 0 659 1 1 1 1 0 317 0 295 0 287 0 291 0 341 0 314 0 310 0 329
0 264 0 257 0 257 0 266 0 417 0 361 0 343 0 355 1 1 1 1 0 142 0 123 0 119 0 124
0 086 0 078 0 075 0 075 0 113 0 102 0 100 0 102 0 093 0 087 0 085 0 088 1 1 1 1

3777775
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=yQ=}atQ} R |rm uRw =yQ=}atQ} R uRw =yQ=}atQ} R

(0 189 0 195 0 197 0 191) (0 438 0 455 0 458 0 451) C11
(0 090 0 095 0 097 0 097) (0 209 0 221 0 227 0 230) C12
(0 088 0 080 0 078 0 076) (0 205 0 187 0 181 0 180) C13
(0 035 0 033 0 033 0 033) (0 081 0 077 0 076 0 078) C14
(0 019 0 017 0 017 0 017) (0 043 0 040 0 039 0 039) C15
(0 010 0 009 0 009 0 009) (0 024 0 021 0 021 0 022) C16
(0 138 0 166 0 173 0 170) (0 425 0 490 0 507 0 503) C21
(0 116 0 111 0 107 0 102) (0 358 0 327 0 314 0 301) C22
(0 057 0 049 0 049 0 055) (0 174 0 146 0 144 0 163) C23
(0 014 0 012 0 012 0 011) (0 043 0 037 0 035 0 033) C24
(0 130 0 125 0 123 0 128) (0 713 0 713 0 713 0 711) C31
(0 040 0 039 0 038 0 039) (0 221 0 221 0 221 0 219) C32
(0 012 0 012 0 011 0 012) (0 064 0 066 0 066 0 070) C33
(0 051 0 049 0 048 0 048) (0 831 0 846 0 846 0 831) C41
(0 010 0 009 0 009 0 010) (0 170 0 154 0 154 0 170) C42

"=yQ=}atQ} R x@ xHwD =@ =yxv} Ro VRQ= |xQ=@ QO u=oQ@N Q_v "12 pwOH
swO |xQ@N pw= |xQ@N

=yQ=}atQ} R=yxv} Ro
A3 A2 A1 A3 A2 A1
?wN ?wN COWx@ ?wN |r}N ?wN COWx@ ?wN ?wN C11

?wN COWx@ ?wN ?wN ?wN ?wN |r}N ?wN COWx@ C12
?wN |r}N ?wN ?wN ?wN |r}N ?wN COWx@ ?wN COWx@ C13
?wN |r}N ?wN COWx@ ?wN COWx@ ?wN |r}N ?wN COWx@ ?wN |r}N C14
?wN |r}N ?wN ?wN |r}N ?wN COWx@ ?wN |r}N ?wN C15
?wN COWx@ ?wN |r}N ?wN |r}N ?wN COWx@ ?wN |r}N ?wN COWx@ C16
?wN COWx@ ?wN |r}N ?wN |r}N ?wN ?wN COWx@ ?wN COWx@ C21

?wN ?wN ?wN ?wN COWx@ ?wN |r}N ?wN |r}N C22
?wN |r}N ?wN ?wN ?wN |r}N ?wN COWx@ ?wN |r}N C23
?wN |r}N ?wN |r}N ?wN ?wN |r}N ?wN COWx@ ?wN |r}N C24
?wN COWx@ ?wN ?wN ?wN COWx@ ?wN COWx@ ?wN COWx@ C31

?wN ?wN ?wN ?wN COWx@ ?wN ?wN |r}N C32
?wN COWx@ ?wN |r}N ?wN ?wN |r}N ?wN COWx@ ?wN COWx@ C33

?wN ?wN |r}N ?wN |OL =D ?wN |OL =D ?wN |r}N ?wN C41
?wN |r}N ?wN |r}N ?wN |OL =D ?wN |r}N ?wN |r}N ?wN C42

u=oOvQ}os}tYD =D OwW|tu}}aD xv} Rou} QDy@ '=yxv} Ro |xU}=kt R=TBU "CU=
"�14 pwOH� OvW=@ xDW=O Q=}DN= QO =yxv} Ro OQmrta R= |QDy@ |QY@ lQO

pOt |HvUQ=@Da= "8
'Q}=u=Q}= |}=t}B=wy CmQW QO u; |R=UxO=}B w |O=yvW}B pOt |HvUQ=@Da= Qw_vtx@
|}=t}B=wy u=oQ@N R= |O=OaD |=Q@ |R=UxO=}B R= pY=L G}=Dv w |O=yvW}B pOt
Q_v u}=Q@=v@ "Ovvm |@=} RQ= =Q |}=yv G}=Dv =D OW xDU=wN =yv; R= w OW x�=Q= Q}=u=Q}=
xOW xO=O u=Wv 15 pwOH QO xm OW |Qw;`tH |}=yv |Ov@x@DQ OQwtQO u=oQ@N

"Q=OuRw |xOW Q=Hvy |R=i |Q}os}tYD T} QD=t "13 pwOH
=yQ=}at =yxv} Ro

(+) u=Qi=Ut x=oO}O (+) |rN=O |=yOv}=Qi
(0 24 0 32 0 36 0 42) (0 19 0 26 0 30 0 34) KLM

(0 27 0 35 0 40 0 42) (0 22 0 29 0 32 0 34) BA

(0 26 0 33 0 37 0 42) (0 20 0 27 0 30 0 34) Lufthansa

(+) |v=tR=U |Q}oO=} (-) |r=t |=yQ=}at
(0 11 0 13 0 15 0 18) (0 02 0 04 0 04 0 06) KLM

(0 11 0 14 0 15 0 18) (0 01 0 02 0 03 0 05) BA

(0 11 0 14 0 16 0 18) (0 02 0 03 0 04 0 06) Lufthansa
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"CU= 93 3 Q@=Q@ |O=yvW}B pOt R= pY=L

|Q}oxH}Dv "9
pkvwptL CavY QO |Qw=:vi `} QU C=Q}}eD w C@=kQ uwRi=RwQ V}=Ri= x@ xHwD =@
R= "Ov=xOQm =O}B V}=Qo |Q=HD hqD�= O=H}= CtU x@ |}=t}B=wy |=yCmQW '|}=wy
O=OQ=Qk u}iQ] R= l} Qy OQmrta Q@ hrDNt |=yx@vH R= hqD�= C}kiwt xm =Hv;
u}= R= "O};|t ?=UL x@ |D=}L |Qt= ?U=vt |Q=HD l} QW ?=NDv= 'OQ=Po|t Q}F-=D
"Ovvm |@=} RQ= CkO x@ =Q p@=kt hQ] OQmrta '|Q}os}tYD R= V}B O}=@ =yCmQW wQ
Ov=wD|t xm OW x�=Q= |Q=HD |=mQW |@=} RQ= |=Q@ `t=H |rOt xr=kt u}= QO u}=Q@=v@

"Ovm |UQQ@ =Q |i}m w |tm |=yQ=}at u=tRsy CQwYx@
|=[i w CU}v QwOkt |i}m |=yQ=}at j}kO |Q}oxR=Ov= w VHvU xm =Hv; R=
|=Q@ |R=i |x} Q_v R= 'CU= x=Qty C}a]k sOa w s=y@= =@ |ak=w |Q}os}tYD p�=Ut
|]@=wQ |ak=w p�=Ut QO =yQ=}at u}= xwqa x@ "CU= xOW xO=iDU= pmWt u}= pL
VwQ R= wQ u}= R= 'OQ=O OwHw |oDU@=w =yQ=}at u}@ ,qwtat uwJ w &OvQ=O xO}J}B
=yQ=}atQ} R w =yQ=}at uRw u}}aD w xr�Ut |R=UpOt |=Q@ |R=i |}xm@W p}rLD Ov}=Qi
\rDNt |@Uv |@=} RQ= VwQ R= =yxv} Ro |Ov@x@DQ |=Q@ TBU "CU= xOW xO=iDU=
xO=iDU= 'OyO|t Q=Qk u=oOvQ}os}tYD Q=}DN= QO|WRQ= =@ w?U=vt C=aq]= xm |R=i
CmQW ?=NDv= Q@ |vD@t |ak=w |xr�Ut QO |O=yvW}B pOt C}=yv QO "CU= xOW
xHwD OQwt �u=Q}= |tqU= |QwytH |}=t}B=wy� CmQW =@ hqD�= O=H}= |=Q@ |}=wy
|UQQ@ OQwt u=oQ@N \UwD '|O=yvW}B pOt |Q}oQ=mx@ R= pY=L G}=Dv "CiQo Q=Qk
"CiQo Q=Qk u=oQ@N 93 3 O}}-=D OQwt \UwDt Qw]x@ G}=Dv w CiQo Q=Qk |@=} RQ= w

"|O=yvW}B pOt |R=UxO=}B R= pY=L |}=yv G}=Dv "14 pwOH
eRj ePj =yxv} Ro

(0 02 0 03 0 04 0 06) (0 53 0 71 0 80 0 94) KLM

(0 01 0 02 0 03 0 05) (0 60 0 78 0 87 0 94) BA

(0 02 0 03 0 04 0 06) (0 56 0 74 0 83 0 94) Lufthansa

Q�j eQj =yxv} Ro
0 797 (0 54 0 73 0 84 1 08) KLM

0 892 (0 60 0 80 0 94 1 22) BA

0 825 (0 57 0 76 0 88 1 10) Lufthansa

x@DQ Nj (�) =yxv} Ro
3 89 3 KLM

1 100 BA

2 92 5 Lufthansa

"|O=yvW}B pOt |R=UxO=}B R= pY=L G}=Dv |xQ=@ QO u=oQ@N Q_v "15 pwOH
OYQO C=Q_v O=OaD Cq=-wUji=wD ji=wt xOW x�=Q=
95 19 20 xv} Ro u} QDy@ u=wvax@ BA ?=NDv=
90 18 20 xv} Ro u}twO u=wvax@ LH ?=NDv=
95 19 20 xv} Ro u}twU u=wvax@ KLM ?=NDv=

93 3 17 20 |O=yvW}B |Ov@x@DQ |xQ=@ QO |rm Cki=wt

=yCWwv=B
1. low cost career (LCC)
2. KLM
3. British Airways
4. Luft Hansa
5. seat (inventory) allocation
6. perishable
7. route management
8. eet assignment
9. yield management/pricing
10. revenue management
11. ight frequency
12. return of investment (ROI)
13. internal rate of return (IRR)
14. net present value (NPV)
15. load factor
16. trapezoidal fuzzy number
17. analytic network process(ANP)
18. analytic hierarchy process(AHP)
19. cluster
20. element
21. inner dependence
22. outer dependence
23. interaction
24. supermatrix
25. eigenvector

26. unweighted supermatrix
27. complex proportional assessment (COPRAS)
28. value of signi�cance
29. utility degree
30. fuzzy eigenvector
31. interdependent weight
32. defuzzi�cation method
33. mean of maximum
34. maximum height
35. �-cut
36. center of gravity
37. national career
38. ag career
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