
!
ȸȲȵɍɐȣ�ȅŬLɅȴɊȁ

ŷĔģƊ:!
ǁĮ�ƠƮ<ȁǸȅ°Ħ�

8�ǏĤ�ǏǏ 
ěê��ǟ 

ÐŋHƢĺńÑŤȫɎȯɐ�

Ǒ�

2012¡10å27ÛǏ(r)ɛî���!
ǣŬLɅȴɊ}ȅ�ñ!2012Ǥ�
2009¡3å5ÛǏ(r)@ƲĄ��!
ǣȸȲȵɍɐȣÞȅ�ñəuŮƮ<ȅxêȁLĮuŮ4ƵǤȘ
ȎȁȄ�

ƋŠȅ7��

•  �ƠŬL<ï!–!�ƠȸȲȵɍɐȣ<ï!–!�Ơ
ċģƊ!–!�Ơƈð!–!ÐŋɏŹĨƊ!.!ɂȣɌŗ
Đ�:!ǟǥ-ķǦȅƯŴ³!

•  KĦä�N!–!ŬLɅȴɊȅ�;!–!uŮ!–!(
İÉù�;:!ř�ĮŻƝ!

•  ǁĮ�ƠuŮƮ<ȅä×ȅŸćȅĬ�!
•  ĻġĮuŮǠǀŴ|LuŮ!
•  ěêƭ�qȺɐȭɎȵɉȲȾƈðȄčǯƸ
ȗǼǿ²ǩǱȁəǏZ6ĮȃŷĔƈðȄȎ…�

ǒ�

�ŴVšâŎǏ(ŪÕɏÑĿâ)�
•  Sheffi,!Y.:!Urban&Transporta,on&Networks,!MIT!press,!1985.!!

–  Z6ɏaūɏȽɉɐɏȰȝɎɌɐȶ[!
•  Patriksson,!M.!:!The&Traffic&Assignment&Problem&:&Models&and&Methods,!1994!

–  ȽɉɐɏȰȝɎɌɐȶ[ɏ�ǳÝȅȚɊȥɉȪɃǭƁǳǨ!
•  Oppenheim,!N.!Urban&Travel&Demand&Modelling,!1995.!

–  ŗĐɅȴɊȁȅÔ_³ȄƮ»ǳǹNested!Logit!v�ƠǀŴ�ĔɅȴɊ
 Őǡ�ƫǠ(İÉùȄƄȓǧȓǏ8�Ȓ(2003)VĚ!

•  Ortuzar,!J.!D.!&!Willumsen,!L.!G.:!Modelling&Transport,!4th!EdiUon,!John!
Wiley!&!Sons,!2011.!
–  UK!ȅɅȴɊǡŬL/ȸȲȵɍɐȣɏɅȴɊȅȹɈɎȩŨǨ!

•  Casce\a,!E.:&Transporta,on&Systems&Analysis:&Models&and&Applica,ons,!2nd!
Ed,!2009.!
–  ȸȲȵɍɐȣɏɅȴɈɐȄȑȔÑĿâǡDay!to!day!ŉȅĬ�ĮŻƝȎ!

•  Small,!K.A.!&!Verhoef,!E.T.:!The&Economics&of&Urban&Transporta,on.!London!
and!New!York:!Routledge,!2007.!
–  �ƠŗĐ�ȁȅÔ_³ȄƮ»!

Ǔ�

•  ré��:!�ƠȸȲȵɍɐȣȅuŮ<ï.ä×
ȅģƊȁŸć.,!�j,!1998.!

•  ré��:!Ʀƕ�ƠǀŴ�ĔȅģƊȁƨĦǟ
ňIŝ−BĦŢuŮƮ<ȅƨĦȄbǰǿ,!
2003.!

•  ré��:!Ʀƕ�ƠǀŴ�ĔȅģƊȁƨĦǟ
ňIIŝǏBĦŢuŮƮ<ɅȴɊȅ�ƶ,!2006.!

•  ǊħĉÒǏ(ı,)ɏOëƺ�Ǐ(ŝū):!�Ơ�
�,!ȡɐɃļ,!2008.!

ǔ�

�ŴVšâŎ!(fÕɏÑĿâ)�
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réŹĨ�ȄǫǰȔɅȴɊǛ
#½/ĊĦȅùĕĮɒZ6Įɚɓċȕ�
Step!1!ŬL� ȅƩ�ǫȑȈƩÄŬLȅ�¤N�
Step!2!� ƷĴ�#Ħȅ�¤N�
Step!3!Step!1ȁStep!2Ȁ�¤NǲȕǹģƊɅȴɊȘ`

�ǵȔǹȍȅɅȴɊȅ�¤N�

Step!4!Step!3Ȁ�¤NǲȕǹɅȴɊȘ`�ǵȔǹȍȅ
řŹ¶yȅWƼ�

Step!5!Step!4ȅřŹ¶yȄxǾǯɔStep!3Ȁ�¤Nǲ
ȕǹɅȴɊȅ`��

Step!6!Ðŋ�ãòȅ©Ǆȅ�Ĕ�
Step!7!Ðŋ�ãòȅſ'�

;6) �ħ,ľê, əŷĔɏŰŷĔƸ)ȁŬLɅȴɊɔǛ
ré��ƊÕƼɔNo.688/IV-53, pp.49-62, 2001. 6!

Q:!ȂȅStepȄ�°ǵȔȀǳȐǩɚ�

•  ǂƼŹLogitɅȴɊȅȺɈɄɐȯÍ��
•  PTƈðȅ�Ù�
•  KĦä�NiǈȄxǾǯǀŴƸÓȅ�;�
•  ƑĦ(İ<ï�
•  �ƠǀŴ�Ĕ�

•  �ƠŬL<ïȅĺń�Ǝ�
•  �ƠȸȲȵɍɐȣ<ïȅĺń�Ǝ!
•  äŕStep!7!Ș¸ƌǳǹ�ŭĺńȅƯŴ³�

�řĮȄǏStep 1-3, 6-7 

Ơ�ǏStep 1,3-5 

Future!of!ɘ.Step!Travel!Demand!!Model�

•  ü���ƠǀŴ�ĔÁćəkþƻÍ�ćȅ
�ã!

•  ȚȣȳțȻȳțɏȿɐȩȵɏɅȴɊɒABMɓǺǰɚ!
– ĊL7�ƩÄɏĊLßƷƩÄ…!

•  �ƠȸȲȵɍɐȣuŮƮ<ȅÇ¥ȁǳǿȅř
_ǀŴv�ƠȸȲȵɍɐȣuŮƮ<ɅȴɊȁ
ǨǩȚȾɌɐȱȎǧȓ!

•  Ĝ­ɏƹĩɏ¬¸zǃɏ�¬¸zǃȘģŸǳ
ǹƨĦǭƯŴ!

Ǘ�

�ƠȸȲȵɍɐȣɏɅȴɈɐ�

•  �ƎȘSŒȄÊǪȑǩȁǵȔg�!
•  ŬLɅȴɈɐǬȒȌȔȁƥFȄSŒȃɏǂĢ
�Įȃ��ȘǫǨǿǨȔŵǪȔǱȁȎǧȔ!
– ĢƎȅàƤĮćDǠŸȅĜ³ȘÜĻȄǵȔǹȍ
ȅí�ǡ”ĽýĮ”ȄĢ�ȘŵǿǨȔ!

•  ũǨǩǻȆǠ1ŵȃǯ�øȃȚȾɌɐȱɏg
�ɏ²·Ș�șȀǫǯǱȁǭŨǨǠȁ²ǩ�

ǘ�
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BĦŢŬLȁďƽĢƎȅĴ��đ�

ǀŴȦȜȶǛ
BĦŢŬL�

ȸȲȵɍɐȣǛ
ȦɐȻȩ�

ƦƕśȅǛ
ďƽĢƎ�

uŮėȘĂȍȔ�

ďƽĢƎȆɉɎȣ
S�ȀůĢ�

BĦŢŬLȆȸȲ
ȵɍɐȣ�ȀůĢ�

BĦŢŬLȁďƽĢƎ�

•  5ǿȅȶɈȜȹɐǭäĹŗƕȘƩÄǵȔ�
•  äĹŗƕȄ�ƠƱǭƼ
ǵȔ�
•  äĹŗƕȅÚŬßƷǭ{JǵȔ�
•  äĹŗƕȀȃǯȃȔ�
•  AȅŗƕȄȎċȕȔ�
•  BĦǲȕȔǵȊǿȅŗƕȅÚŬßƷ!
ǭŉǳǯȃȔȋȀɔĝºȆ|NǵȔ�

•  ŉǳǯȃǼǹĝºȘŻƝǳȑǩǛ
(BĦŢuŮĝºǏor!WardropuŮ)!

12\Ǐ28< 

0\Ǐ10< 

4\Ǐ12< 

8\Ǐ18< 

6\Ǐ6< 

6\Ǐ6< 

BĦŢuŮƮ<�
•  BĦŢȅŗƕƩÄŬLȅ�ƅ�

– BĦŢȆŗƕȄƸǵȔ�5ȃ¶yȘ¬ǿǨȔ�
– BĦŢȆ�ȄäĹŗƕȘƩÄǵȔ�

•  BĦŢuŮǏ(WardropuŮ,ŉßƷTD)!
– BĦǲȕȔŗƕȅÚŬßƷȆįŉǳǯɔBĦǲ
ȕȃǨŗƕȅÚŬßƷȑȓ�ǲǨǬɔǶǨǷ
ǨŉǳǨĝº�

!

uŮ�

Ǟǟ Ů!
ǌñN�ǟN� Ů!

ɒǽȓǧǨȅȁȕǹ��ǳǹĝºɓ�

Vš)!ǀŴȁ&ŘȅuŮ!
ǌñĢ�ļ�/ÐąɏŗĐ�

2012/7/9

1

㧗㏿㐨㊰䛾ᩱ㔠䛿䛹䛖䜔䛳䛶
Ỵ䜑䜛䜉䛝䛺䛾䠛

⇃ᮏ኱Ꮫ෸ᩍᤵ
ᨻ⟇๰㐀◊✲ᩍ⫱䝉䞁䝍䞊

෇ᒣ⌶ஓ
takumaru@kumamotoͲu.ac.jp

1

㧗ᰯ⏕䛾䛯䜑䛾
⇃኱䝽䜽䝽䜽㐃⥆ㅮ⩏
㈨ᩱ
H24ᖺᗘ 㒔ᕷ䜎䛱䛵䛟䜚ධ㛛

ᮏㅮ⩏䛾ෆᐜ

• ᮏ᮶䚸㧗㏿㐨㊰ᩱ㔠䛿䚸䛹䛾䜘䛖䛻Ỵ䜑䜛䛾
䛜ᮃ䜎䛧䛔䛾䛷䛧䜗䛖䛛䠛
–㧗㏿㐨㊰䛾ᩱ㔠䜢↓ᩱ໬䛧䜘䛖䛸䛔䛖୺ᙇ䜒

• ᮏㅮ⩏䛷䛿䚸㧗ᰯ1ᖺ┠䛾䛂ᩘᏛI䛃䛷Ꮫ⩦䛩
䜛2ḟ㛵ᩘ䛾᭱኱᭱ᑠ䛾᪉ἲ䛷䚸㐨㊰䛾ᩱ㔠
䜢タᐃ䛩䜛୍䛴䛾⌮ㄽ䛾ึṌ䜢Ꮫ䜆

• ᭱ඛ➃䛾◊✲䛻䜘䜛㐨㊰ᩱ㔠䛾タᐃἲ䛻䛴
䛔䛶⤂௓

• ㅖእᅜ䛾㐨㊰ᩱ㔠ᨻ⟇䛾᭱㏆䛾஦౛䜒⤂௓

2

ၥ㢟

2㒔ᕷA,B㛫䛻2ᮏ䛾㐨㊰ (䝸䞁䜽1,�2)�䛜䛒䜚䚸䛭䜜䜙

䛾㐨㊰䛾ᡤせ᫬㛫 ,ଵݐ ଶݐ (ศ)�䛿䚸

ଵݐ ଵݔ ൌ ͳͲ ൅ ଵݔ
ଶݐ ଶݔ ൌ Ͷ ൅ ଶݔ�ʹ

䛷୚䛘䜙䜜䜛䛸䛩䜛䚹䛣䛣䛷 ଵǡݔ ଶ䛿䚸䛭䜜䛮䜜䝸䞁䜽ݔ

1,2䛾஺㏻㔞(ྎ)䛷䚸AB㛫䛾஺㏻㔞䛾⥲㔞䛿12�ྎ䛸

䛩䜛䚹䜎䛯䚸᫬㛫౯್䜢 50�෇/ศ䛸䛩䜛䚹

3

A B

䝸䞁䜽1

䝸䞁䜽2

ଵྎݔ ଵศݐ

ଶྎݔ ଶศݐ
ଵݔ ൅ ଶݔ ൌ ͳʹ

ၥ㢟Ͳ⥆䛝

(1)฼⏝⪅ᆒ⾮≧ែ䛜ᡂ❧䛩䜛䛸䛝䚸䝸䞁䜽1,2䛾
஺㏻㔞䜢ồ䜑䜘䚹䜎䛯䚸⥲᪑⾜᫬㛫�ܶܶ ൌ
ଵݐଵݔ ଵݔ ൅ ଶݐଶݔ ଶݔ 䜢ồ䜑䜘䚹

(2)�䝸䞁䜽2䛻ᩱ㔠100෇䜢ㄢ䛧䛯᫬䛾䚸䝸䞁䜽஺㏻
㔞䜢ồ䜑䜘䚹䜎䛯䚸(1)䛸ẚ䜉䛶䚸⥲᪑⾜᫬㛫�ܶܶ
䛿䚸䛹䛾䜘䛖䛻ኚ໬䛩䜛䛛ồ䜑䜘䚹

(3)�䝸䞁䜽2䛾䜏䛻䚸ᩱ㔠䜢ㄢ䛩䛣䛸䛜䛷䛝䜛䛸䛧䛶䚸
⥲᪑⾜᫬㛫ܶܶ䜢᭱ᑠ䛻䛩䜛䜘䛖䛺䝸䞁䜽2䛾ᩱ
㔠 (᭱㐺ᩱ㔠) 䛿䚸䛔䛟䜙䛻䛺䜛䛛ồ䜑䜘䚹 4

䛣䛾ၥ㢟䜢ゎ䛟䛯䜑䛾䝒䞊䝹䞉
⌮ゎ䛧䛶䛚䛟䜉䛝⪃䛘᪉

䛆1䛇 2ḟ㛵ᩘ䛾᭱኱᭱ᑠ (ᐃ⩏ᇦ䛻ไ㝈䛾䛒䜛
ሙྜ) 㧗ᰯᩘᏛI䛾᚟⩦

䛆2䛇 䝸䞁䜽䞉䝟䝣䜷䞊䝬䞁䝇㛵ᩘ

䛆3䛇฼⏝⪅ᆒ⾮㓄ศ

䛆4䛇᫬㛫౯್䚸୍⯡໬᫬㛫

5

኱Ꮫᑓ㛛ㄢ⛬ (஺
㏻ᕤᏛ䛺䛹)䛷⩦䛖

⪃䛘᪉䛰䛜䚸ᇶᮏ
䛿⡆༢䟿

ฟ඾)�ᩘ◊ฟ∧:ᨵゞ∧ᩘᏛI,�p. 78,2006

6

䛆1䛇 㧗ᰯᩘᏛI

Ǒǒ�
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uŮƮ<ɅȴɊȅȜɎȾȲȵ�

•  ɝɜů�
– ȫɎȦȩ/PTƈðǏ(ƧǨȆ?)�

•  ȸȲȵɍɐȣȴɐȯ�
– ɉɎȣȅØbȘPA!
– āƦɔƿĀɔ�ŐɔWebȁȅƧǨ?�

•  ɉɎȣȺȽȠɐɁɎȩƸÓ�
•  ßƷ'0�

– æÖƦƕǭcȋȕȔz_�
14!

BĦŢuŮƮ
<ɅȴɊȀȆ�

•  SŒNǵȔȁǱȖ�
– BĦŢȅŀL:!
– ŀLȅŬLTģ�

•  ǧȔŁ£šǪȔȁǱȖ�
– ďƽĢƎ�
– ŅƷůĢ:!Ģ�ȅȸȲȵ
ɍɐȣȘSŒNǳǿůĢ�

•  ǮǻșȁšǪȔȁǱȖ�
– BĦŢŬLȁďƽĢƎȅ
Ĵ��đ�

•  ļ�ĢƎȄƸǵȔɅȴɊ�
•  ɅȴɊ: Ģ�ȘSŒNǳǿ
ůĢǵȔǱȁ�

•  ƯŴȀȃǨƁŔȃȁǱȖȆ
ĵĪǵȔ�

•  êƓĮȃėȄƍƊȘƼ
ǵ
Ȕ�

•  ¸²ă�Ȅªņǽ�ŷĮ
¶yȅÎ&Ȅ¯ŴQ<ȃɋ
ȿɊȄ!! 

ǣɅȴɊǤȅxê�

15!

o�ǀŴvBĦŢuŮ�

ɉɎȣȺȽȠɐ
ɁɎȩƸÓ�

ŗƕȤȩȵ�

ǀŴȦȜȶǛ
BĦŢŬL�

ƦƕȸȲȵɍɐȣǛ
ȄǫǰȔǛ
ďƽĢƎ�

äĹŗƕǛ
ƩÄ�

ɉɎȣ�ƠƱ�

ŗƕ�ƠƱ�

∑∑=
rs k

a
krskrsa fx ,, δ

krsf ,

( )aa xt

∑=
a

a
krsakrs tc ,, δ, ,

, ,

0, 0
( ) 0

rs k rs rs k

rs k rs k rs

c c f
f c c

− ≥ ≥

− =
16!

äƨNiǈ�

∑∫=
a

x

a
a dt

Z

0
)(

)(.min

ωω

x

0,0

,

,..

,

,,

,

≥≥

∀=

∀=

∑∑

∑

akrs

rs k
krs

a
krsa

rs
k

krs

xf

afx

rsqfts

δ

�ȅäƨNiǈȅKuhn-Tucker
í�ȘĂȍȔȁBĦŢuŮí�
ǭ�ǰȔ: 

ɅȴɊȁȅŉ'³ǭžÜȀǮȔ�

�

ɉɎȣ�ƠƱxa ȄǽǨǿŸȆ�¸�

ŗƕ�ƠƱfrs,kȄǽǨǿȆŸȆ�
¸ȁȆƹȒȃǨ�

ǱȁȎÓ�ĮȄžÜȀǮȔ�

äƨNiǈȅĲĮƸÓŦ Ȅ!Ȓ¸eȆĘǨ�
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ÓģĮäƨNiǈȅɄɉȲȵ�

ȎȁȎȁȅǛ
Ʈ<ɅȴɊ�

ÓģĮǛ
äƨNiǈ�

ŉ'�

ōSȄȆǛ
ŸǰȃǨ�

øǢȃKġĮ
ȃŹŌćǭB
Ħ[ť�

ŸȅĜ³
ȅ<ïȃ
ȂȎ[ť�

18!

Frank!Wolfe!
ćȄȑȔ!
Ʈ<ŹŌȅǛ
ȚɊȥɉȪɃǛ

Ǜ
�

No Yes 

)( n
aa

n
a xtt =

1 ( )n n n n
a a a ax x y xζ+ = + −

n = n+1 

n
ay

ζ

ɉɎȣ�ƠƱȅ?èN�

ĢßėȀȅɉɎȣȤȩȵȄxǾ
ǨǿAll or Nothing Ʈ<ȘŬǩ�

ĲĮƸÓȅ�ü3Ëœ�

ɉɎȣ�ƠƱȅá×�

ɉɎȣȤȩȵȅá×�

Wì@��

end 

�ƠuŮƮ<ȚɊȥɉȪɃȅĬ��

Copyright!(c)!Inoue,!IBS!!
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Bar-Gera, H. (2002). Origin-based algorithm for 
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!
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algorithms for user equilibrium traffic assignment 
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ǋƭqȸȲȵɍɐȣǟ#Link=22,266: #Node=8,168: #zone 568�

Z6ĮȃFrank.Wolfećȁ
ÿƙǵȕȇǠÓĭ.ǠÓ
R.��ơǯuŮŸŌ;�
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ä×ȅȚɊȥɉȪɃȄǽǨǿɒɖɓ�
•  1950¡�ȄĬůǲȕǹɅȴɊ!(Wardrop!
1952,!Beckman!et!al.!1956)ȅǌơŹŌćȅ
ƊÕǭĬůǲȕŚǰǿǨȔɑ!

•  Frank.Wolfe!ćȆZ6Į!
– �ŶúȸȲȵɍɐȣ�~ȀȆǠU�ȃuŮŸȘĂ
ȍȔȄȆŹŌßƷȘŴǵȔ!

– �Q<ȃWìȀȆ�§ȃÐŋ¹£ǭ¬ȒȕȃǨ!
– Ðŋȅ(İɒŉǠȚȝȵȾȲȵɓǭ��ǳȃǨ!

•  OBA,!TAPASȎǳǯȆɁɊȱȤȚCPUȅ	>Ź
Ō(OpenMPŉ)ǭçȋȕȔ!

•  Č~ȅ�ƠǀŴ�ĔɅȴɊȅȭȽȵȝȞȚɏ
ȿɎȰɐȅƶĬŇ�! ǒǑ�

ä×ȅȚɊȥɉȪɃȄǽǨǿɒɗɓ�
•  Ļ�ĮBĦŢuŮƮ<Ȁŗƕ�ƠƱǠɉɎ
ȣ�ƠƱȅOD7ŽȘɒä�ĮȄɓ�¸Ȅ�ȍ
ȔØćȎÎòǲȕǿǨȔ!.!Bar-Gera (2010), 
Bar-Gera et al. (2012)!
– �ŧȄȆǠŗƕ�ƠƱȃȂ�¸ȄĂŸȀǮȃǨ
ȎȅȀǧǼǹ!

•  �ĦĮȃɁɊȱɏȣɈȩɅȴɊȅƶĬȄȎǽ
ȃǭȔǬȎ!
– ÑĿâĮȄȆǠSUEȘBĦǵȕȇŨǨȁǨǩƅÜ
ǺǼǹǭǠ�ĦĮȃɒ�®ǳǿBĦȀǮȔɓ!SUE!Ȇ
�ȃǨǟlogit.SUE!Ȁθ→∞!

ǒǒ�

Convergence!ȅƯŴ³�

•  ȧȷɉȡƷȅÿƙɔȑȓȎWìƄ�ǭ�Ǯǯȃ
Ȕȁ�§ȃÐŋ¹£ǭ;ȃǨ!

•  ɅȴɊȆÀƀĢ�ȘÅƎNǳǹǣȝȭǤȃȅ
ǺǬȒɔɅȴɊ7ƫȀȆ�ƐǳǹǣȝȭǤȘǽ
ǯǱȁǭæĦȁȃȔz_Ȏ�Ǩ!

•  WìǳȃǨȁɔŹŌǳǿǨǿĀÈǻµǨ!
•  Bar.Gera!(2002,2010),!Dial!(2006)!ȃȂȅǌơ
ȚɊȥɉȪɃ,!	>ŹŌȅôź!

ǒǓ�
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Wìí�: ɉɎȣ�ƠƱä�Ƅ�ġε=0.005 24!

BĦŢuŮƮ<ȅĜ­�
•  4Ií�Ș`�ȁǵȕȇɔƆǭŬǼǿȎ`ǴŊǪǭ¬Ȓ
ȕȔ�

•  <GlÓȏ<Gÿġŉȅ´¸ĮȃȺɈɄɐȯǭȃǨ�
•  ƨ=ȃɉɎȣȺȽȠɐɁɎȩƸÓȅż�Ȅȑȓɔ�ƠƱ
ȁÚŬßƷȅ�ØȘŏ£ǌǯÍŹǵȔǱȁǭ[ť�

– <GƮ<ćȆ�Ȅ�ƠƱȅ9Ģ³Ȅ�Ķ�
•  <GƮ<ȅ;Iȁ`Ǵ^łȚȝȵȾȲȵǆĲȘŌ;[ť�
•  �§ȃÐŋ¹£ǭ¬ȒȕȔ�

– ƦƕÔ2ȅ©ǄȄǧȋȓƸ)ȃǨdƚƦƕȅ�ƠƱǭ|L
ǵȔĢƎǭĥǴȄǯǨ�

•  ɅȴɊȅÇ¥³ǭǌǨ�
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BĦŢuŮƮ<ȅƹĩ�

•  �ƎßƷ7(�ÛǧȔǨȆÓßƷ)ȄǫǰȔǀŴ
ȅßƷ|LȘÂǪȃǨ�

•  LĮȃĢƎȀǧȔĒĖȘƨ=ȄÂǪȃǨ�
•  ĒĖĢƎǭ�sǵȔz_ȅɉɎȣȺȽȠɐɁɎ
ȩƸÓȅ_ģĮȃż�ǭnƾ�

•  LĮȧɂɆɋɐȧɇɎȁȅ$Ǩ<ǰ/ÌŚǭ¯Ŵ�
– $Ǩ<ǰȅƘ:!ƴè/Ĺèɔ¢w/ğw,¿ĪŹĨ/Ɓ
ŔŹĨɔ�ƎÐŋ(×ŶɉɎȣ/ÖƲ|N,etc)!

26!

�ǽȅ<ǉƘ�

ǂďƽv� ďƽv�

Ļ�Į�

ŗƕƩÄ�

All or Nothing
Ʈ<�

BĦŢuŮƮ<
(UE) 

ĻġĮ�

ŗƕƩÄ�
ĻġĮƮ<�

ĻġĮBĦŢu
ŮƮ<(SUE) 
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ĻġĮƮ<�

•  BĦŢȆäĹŗƕ�~ȎƩÄǵȔ�
•  ŗƕƑĦȅƂĸƄ�ȘĞņȀ`�ȃȢɎȿ
Ɋ<�Ș��ǵȔȁɌȨȲȵvŗƕƩÄɅȴ
Ɋǭ�ǬȕȔ�
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Ƈǈ:!äƨNiǈȘŸǨǿȌȔ�

)loglog(
1

),( 2211221121 xxxxcxcxxxZ +++=
θ

qxx =+ 21

ǟȁǵȔȁǮɔüȅƸÓZ(x1,x2)Șä�ȁǵȔ
x1,x2ȅŖȘĂȍȃǲǨɕǹǺǳɔc1,c2, q Ȇ
�ÓȁǵȔɕ�ÓȆŦę�ÓȀǵɕǛ

"űȅǧȔ�ȆɔǸȅȁǮȅä�0ZȎĂ
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ǵǱǳ�ŧNǵȔȁ�
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ŹŌȅǽǾǮ�
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( KêȺɈɋɊȸȲȵɍɐȣȅz_: 
ɉɎȣ�ƠƱȁŗƕ�ƠƱǭ`�) 
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�ŧȸȲȵɍɐȣȄǫǰȔǛ
ɌȨȲȵvĻġĮƮ<ȁǛ
ŉ'ȃäƨNiǈ�
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BĦŢuŮö±ȅÇ¥�

•  WardropuŮ(BĦŢuŮ)!
– ȂȅBĦŢȎŗƕȘ|áǵȔǱȁȀŦ<ȅÚŬ
ßƷȘĹŞǵȔǱȁȆȀǮȃǨ�

•  ĻġĮBĦŢuŮ�
– ȂȅBĦŢȎŗƕȘ|áǵȔǱȁȀŦ<ȅÚŬ
ßƷȘĹŞǵȔǱȁȆȀǮȃǨȁ+ǴǿǨȔĝº!

•  BĦŢǭȂȅȑǩȄǣ+ǴǿǨȔǤȁšǪȔǬǛ
(BĦŢȅƂĸ÷Ƣ)ȄȑǼǿøǢȃɅȴɊNǭ[ť�

•  ǝƂĸƄ�ȅĻġ<�ȘȂȅȑǩȄÂǩǬȀ|N�
•  ǹǺǳɔĢ�ȅȸȲȵɍɐȣȀŹŌ[ťȃɅȴɊȆƹȒȕȔ

(ǜɌȨȲȵvĻġuŮ)!

!
34!

Ó¤Ȁȅĳ¹ĮȃƅÜ�

ɌȨȲȵvĻġuŮƮ<ɅȴɊ�

ɌȨȲȵvĻġƮ<ɅȴɊ�
ɉɎȣȤȩȵǆǭŃ<
vȄ�

0
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1
min. ( ) ( ) logax rs rs
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Z t d f fω ω
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= +∑ ∑∫x

, ,

1
min. ( ) logrs rs

a a k k
a r s k

Z x t f f
θ

= +∑ ∑x
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ĻġuŮĝºȀȆ�

•  ďƽȎšǪǹuŮȤȩȵȀɌȨȲȵvȅŗ
ƕƩÄǭ½ņǳǿǨȔ�
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ɌȨȲȵvĻġuŮǛ
Ʈ<ɅȴɊ�

ɌȨȲȵvĻġƮ<ɅȴɊ�

EǅȅäƨNiǈȅKuhn-Tuckerí�ȑȓ�ŻuŮí�¤ǭ
�ǰȔ: 
ɅȴɊȁȅŉ'³ǭÓ�ĮȄžÜȀǮȔ�
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ĻġĮBĦŢuŮɅȴɊ�

ɉɎȣȤȩȵƸÓ�

ŗƕȤȩȵ�

ǀŴȦȜȶǛ
BĦŢŬL�

ƦƕȸȲȵɍɐȣǛ
ȄǫǰȔǛ
ďƽĢƎ�

ɌȨȲȵvŗƕƩ
Ä�

ɉɎȣ�ƠƱ�

ŗƕ�ƠƱ�
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ȋȁȍ�

ǂďƽv� ďƽv�

Ļ�Į�

ŗƕƩÄ�

 
All or NothingƮ<�

 
BĦŢuŮƮ<�

ĻġĮ�

ŗƕƩÄ�

(ɌȨȲȵv) 

 
ĻġĮƮ<�

ĻġĮBĦŢ�

uŮƮ<�

0
min. ( )ax
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t x dx∑∫min. ( )a a a
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x t x∑

, ,

min. ( ) logrs rs
a a a k k

a r s k

x t x f f+∑ ∑
0

, ,

min . ( ) logax rs rs
a k k

a r s k

t d f fω ω +∑ ∑∫

SUEǺȁŗƕȽɌɐŸȎh��

ƦƕÃƒȅ(İſ'Ǐ!
(ót/ƲêǏŝūǏ2008)�

•  çȋǳǨ�ƠǀŴ�ĔÁć!
1)  �ƠǀŴȅǣ�ǬȒ�ȉǤ
ȅ�Ĕ!

2)  ǀŴ|LvȀ�5�ãȘ
��ǳȃǨŗƕƩÄ!

3)  ɂȣɌŗĐģƊȁȅÔ_!

�

Ǔǘ�

ǱȕȒȅŴƉȄ�°[ťȃBĦŢuŮ
ȅĬ�ɅȴɊȆxêĮȄƶĬĐȌ�

ǀŴ|LvBĦŢuŮɅȴɊ�

•  ÐŋȄȑǼǿODǀŴǭ|NǵȔ!
– Ơ�ȅUEȆɔODǀŴo�!

•  ÐŋȄȑȔƃĬ�ƠɔƗÏ�ƠȃȂȘÔ_
ĮȄůĢ[ť!

•  ŗĐģƊȁȎÔ_Įȃ(İſ'ǭ[ť!
•  �ƠǀŴ�ĔÁćȁǳǿȅkþƻÍ�ćȅ
iǈėȅ�ƫȘŸă[ť!

ǓǙ�

øǢȃȹɉȟɐȧɇɎ�

•  ODǀŴɏƮ<ř_Ǐ(Beckmann!ɅȴɊ)!
•  <ÆɏƮ<ř_!

– ǌơƗÏġ7ĥvȎǸȅ�ł!

•  <�ɏƮ<ř_!
•  <�ɏ<ÆɏƮ<ř_�
•  Ĭĥɏ<�ɏ<ÆɏƮ<ř_!
•  ȵɉȲȾɏȱȞȜɎƩÄř_v!
•  ĊLƩÄǏetc!ȁȅř_vǟɒƲóȒɓ!

ǔǐ�



BeckmannvǀŴ|Lv!
ɍɐȶɌȲȾuŮȅ�¤N�

0, ≥=∑
∈

iji
Jj

ij fqf
i

!"

!
#
$

=≥

>=

0

0

ijiij

ijiij

fifc
fifc

λ

λ
iJjIi ∈∀∈∀ ,

cij : OD i ȅɉɎȣǏj ȅÚŬßƷǏ�
λi : OD i ȅä�ÚŬßƷ�
fij : OD i ȅŗƕǏj ȅ�ƠƱ�

I : ODɀȚȅƼ_�
Ji : OD i ƷȅŗƕƼ_�
qi : OD i Ʒȅ�ƠǀŴ 
Di(.): ODǀŴƸÓǏ 
ǟǟǟǟ(Ğņv)�

( )i i iq D λ=

i I∀ ∈

i I∀ ∈

ǔǑ�

uŮȅĴŲ³í��

!"

!
#
$

=≥

>=

0

0

ijiij

ijiij

fifc
fifc

λ

λ
iJjIi ∈∀∈∀ ,

( ) 0=− iijij cf λ 0,0 ≥≥− ijiij fc λ Ǭǽ�

1( ( ) ) 0i i i i iq c D q λ−− =

0, ≥=∑
∈

iji
Jj

ij fqf
i

( )i i iq D λ=

0, ≥=∑
∈

iji
Jj

ij fqf
i

1( ) 0i i ic D q−− ≥
ǔǒ�

ŉ'äƨNiǈ�

1

0 0
min. ( ) ( )a ix q

a i
a A i

Z t w dw D dω ω−

∈

= −∑ ∑∫ ∫�

iij

Ii Jj
ijijaa

Ii Jj
iji

JjIif

Aafx

Iifqts

i

i

∈∀∈∀≥

∈∀=

∈∀=

∑∑

∑∑

∈ ∈

∈ ∈

,0

..

,δ

ǔǓ�

Ÿȅ³ƓɏŹŌć�

•  Ơ�ȅUEȅɉɎȣȤȩȵƸÓȀɔǀŴƸÓD(.)
ǭē�ƸÓȀǧȕȇɔĲĮƸÓȆğŠ:Ƹ
ÓȁȃȓɔŸǏ(x,q)Ȇh�!

•  ǀŴƸÓȅż�ć!
– ÁþƩÄɅȴɊȃȂȘƨĦ!
– ȟɎȵɌȼɐv<�ɅȴɊŉȘƨĦ!
– Pivot!PointvɅȴɊȘBĦ!

•  ƫ<Ŝ¨NćȃȂǭBĦ[ťǏ(ré��,!
1998)!

ǔǔ�



Pivot!PointvɅȴɊ�
•  ĹèȅōĪv�ĔȄæĦ!

•  ĢĝȅODȺȯɐɎȆ�5Ȅ9Ģ!
– ɅȴɊȅĢĝ9Ģ³ȘǌȍȔȁǨǩǃ/ȃ#õ
Șlƪ!

– ǹǺǳɔ�Y<�ȅ|NȃȂȆ�ĔȄXȓƛȍ
ȃǨ!

•  Incremental!vȅ�Ĕ�
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ßȅODǀŴ�
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ÁþAɉɎȣȤȩ
ȵƸÓ�
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ɅȴɊȁŉ'ȃäƨNiǈ�
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Ɗėɒɖɓ�
•  ǸȎǸȎǠBȮɐɎƷODůȅŏ£ȘĻ*ǵȔ¯
ŴǭǧȔȅǬɚ!
ǟǟɒorȀǮȔȅǬǠĜȄßƷ�AODůɓɚǟ!

– ODȵɉȲȾÓǸȅȎȅȆǠ�ƠÐŋȅſ'ÉùȀȆ
ȃǨ!

•  ODůȅŏ£ǭ��ǳǹz_ȄǠ�ƠÙŋȅſ
'ŏ£ǭȂȅŁ£|NǵȔȅǬȘôźǵȊǮ!
– ODůȅĻġ|LȘš»ǳǹ�ƠƮ<ɅȴɊȀ<ï
[ťǬ!

•  ßƷ�AODȅŏ£!
•  ODůȅ+ǇPƷǠȬɌȵɉȲȾȅODȫɊǠÔÓ
ǜ�ÓȅÇ�)Óȅż�� ǕǙ�

Ɗėɒɗɓ�

•  ȮɐɎAǠ³ɏ¡ǎƻ�AȅlWġȅ�ȅ
ODůȅŏ£ȉȅôźǡ!
– ũ¡�ȅlWġǭ�Ǩǡ!

•  ȮɐɎAǠ³ɏ¡ǎƻ�AȅlWġȅ�Șŵ
Ɣǳǹɒl�ɅȴɊŉȅBĦɓǠƬƟƮ�Ʊ
Ș|NǲǶǹƈðȅ�§³!

•  �2ɌȲȵȄǫǰȔƻ�AȅƞJÃ4ȅ�Ŗ
Ȍȅôź!
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