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3. Rt

FETH, ¥REFEEROTHETNBLUREH
wE&GEEICERETS.

(1) SHEH (k)

MBEL, MRESEEELT, 9BEEXLETS
EOLEBUtRE, B THOBEBRBORE, BL
VEAHIROBR WD 2 BERORRTHZTLI.

T, MOMEE - FHEBREOERRIIOW T,
bHLEBREN MY KEET SRS, LITOBER
Ko TEEEINS .

L o L
¢, = max {u(dD,,D,;,e,)w,e, =>v,D; +p,D 1
4 D,,,D,,‘,e,,{( d: Y d)\ a%d Er dPd d 4}()

Z T u(DyDle ) HBE DAL, o d5HE,
wid B SR, DHITHMEBEER, o, i3#R, D;IZH
rOBER, v, iZHr OHBHER THS. ZOH
HEORISMRERew)OBEETHD, HdD
BE1ALDD) B - LHOBEERD LU B
MEEERS, ThsiE, RoyDEERLD, UTD
LHCEHINS

D; -p, 2% Va,r, D} =-p, 7 va
d d
@
J
e, =B, df)d Vd
d

ZITTE, =/Z?;: , YLIZHBEOHTE (=we,) .

/e, HEZR, UToPRERLFEICEDE
g 2RETS :

mgx.{ d(vd?pd’wd )+Ed} (3)

ZIT, §RHEEORAEEZZEET 27202
LS FLETHS. 20T 25 LEM LLD.
Gumbel FIZHES &N, T2 LPAERICK
D, EfEd 2RERT 2HEEL,

exP[0¢d (Vd s Pua>Wa )]
=G 4
‘ ;exp[ﬁqﬁd (vdvpd’wd )] @
THEALGNS. TIT, 6 REEMEROHBIIS
A—%, GIRHBZEORE (Fis) TH3.

@) (- EER)
B CETA0EE, EEEKLK b ),

0?70 0

BEEHEEILT, FIEZBALLT DL ORLER -
PRBERRANS - REB LU OREIR &
W2 DEIRITEIEITS.

Y, EER - PHERBANY - ORERIZD
WTH, dUBENHE o iIZ3#d 225, DTO
PEICE > TEREZINS

PLX] = Svixl —wbl - p,c
x; = L{x;,5],c;)

ZIT, plidEEMMERE, Xx!,x b, &%,
IR o ICBTIEXE, DEER, PRBAMOTEE
BRI MV, FERRER, THRERTHS. 0
B ORISR L (p,v,w,0)DEETH D, Hisd
D (1£ELDD) HOLHGBEBRB IV E - it
OTREBEB LS. TH 5, HotellingDEELD,
BTOLDIZEREEINS :

_dI0g JII;,

X, = : Yo,r, x) = , Yo,r,s
ap, av,
(6)
otI; 21
¢, =~—2% Vo,r, b)=-—2 Vo,r
ap, dw,

i, E¥r BT 0RIE, T OREBRKRLST
BZIDIUMR e ERET S :

max A1, (07 v, 2,0, )+ 2 | ™

ZIT, EIRHBEEOBS AR AEOREME
ERTHEDIIMMLAES FAETHD. TOF
> LED LLD. Gumbel AT IZHED &9 1S, HI
d BERTDEE OLEKIT

exp‘_g_'ﬂz ;,V(,,Po:wo)_l,
Sexple T p). v, 0,.w, )]

z, =H’ ®
THEIAEND., TIT ¢ BIHEROSEINS A
—%, HREZIBTICEOBREKFTE)THS.
(3) Hb3= (HbikAl)

MO FIIHR o, , BEBw,E5H4LLTH

BeERTALI AT HEEE - HEHRARLE
RT2. CHELUTOMBICE > TEEINS .

11t = maxdp,s, - wbts, - 16 ) ©

T, s, idbupag, Ll ) tEmER,
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P IIFMBERTHS. Zhb5idHotelling DFIRE L
D, UTOLDITEREINS :

L L
s, = e yy, pp o gy (10)
ap, aw,

(4 WERFERE
HSEIRFEEE L, BB TOEE - R R
EE5HEELT, FAEZERALT S LD Rtz
RE5. Q) QOHEHRERAE, EEORAEEZER
T35, Hilfo XV ZBHT HMAERFEE DM
BHd ~OHBHBEIUTORTEDbEIND :

_ZX exo 1 - - vBil| (11)

" Se|ovi -t -]

THZ5ND. ZIT, o IdBHHZEROSE/NS
A—#&, br 3B 1 AL E o 5 d NETHD
HELRFEBNITHS.

r
T

(6) HIEHERY

BEEHF TOMHEERSE (BROE or BRER
#) 1B, eTHRERERTEDbENS. AAW,
EEMHTHOBERFILTORTEDENS :

X[ =3TL ¥ p=0
(12’)
z,:Xa'>;TD:, if p,=0

2T, plidEtr OEEM ICBIDMEETHS.
Zhid, UTORZHEBESRFELTERTES
a) EEWHTE (U r OEEM 0 ICBT Bt p))

v -{sz; —;T,;,}=0
Vo,r 12)

X, —;To'd 20,p, =0

IhEe< AR, MOTEBEEREOETUTO
EOHEERERE L TERRATES :
b) BB (HrOWBRMIB T DMK,

v -{zro;, -3z —qu;}=0

STy~ 32zix] —q,D;20,v; =0

vd,r (13)

o) L G p,)

[Pd '{Sd ‘222"; ‘qu:}=0 vd (14)

Sy~ zacs -9,D; 20,p, =0
d) HBHE (BeEw,)

wa {q _ 3 5b] -bt —25.,:,1;}=0

94€q ~ Ez;b,: -b; —EE;’OT,,:, 20w, 20

Vd (15)

DED&EO)~1S)Z R LZREZ, U
T Tid & g — RS9 % (MRCGE]) L IES.
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FERRTHO, EESEFTPIRORIEEINLT
NITURXLAOBEBREL Y. TIT, E4FA%RR
BE(VIP: Variational Inequality Problems)DEMEE
Z25%5. £7, Repd, BRWiC, DT ORRSHERE
ZEELUTRELTHEMTH S :

I
qd-{Q—q)d * “:d}=0

Ing
Q-¢, + 0"

[Q{Gﬁg%}=0 (@)

G—;qdzO, Q=0

Yd (43)

=0, g, =0

ZIT, QREETH BN, RN(4a),db)EE L TR
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&, UFTOLOHHBHEHALLTRETES !

] "
z; ’{‘P'—H;+ nzd}=0

J ¢ Vd,r (8a)
! r
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L
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(23

o

- T
T, ~{p5 +wb. —Vv] +ln od }=0
Vo,d,r (112)

T’
. =0, T, =0

o

Py Wby —vy +

and (12)

T, W RBIAHICERE, Bt OHIBREAF
PRSI L TWS Z LR TE 3.

BR, 2ToBEEREQ-(sITEHERGEREL
TEEINS. 2L T, EEROEHEEMEIVIPO
BB —ATHDDT, [MRCGElIZVIPE L TRH
TEBHZLDHS. T72bB, [MRCGE)RZLLT Dk
RESRERABEESMTHS !

[VIP-MRCGE]

Find Y*€K such that
F(Y*)-(Y-Y*)=0VYEK (16)

where

Y=[Ps v,0,w,Q ¥ T, q,z]r EK=R£IZM+3NM+3N+M+1

-E, T 1 (@79)

E,T-Z xG’f )-Q,p(p,) (17b)

s(p,)-E, Zc(Pf) Q,D () (79
QelP.)-EyzblP, )-b'(R,)-BT| (170
F(Y)= G-Elq (17¢)
H-E]z (176)

E'p-El v+B  w+A(T) (17g)
E,Q-2(p,)+©(q) (17h)

| EY-OR+EE) | am

p,V,2ER™ &% pl v,z WRIR U 2SR T B b

o, w.qERY B p,,w,,q, ITHIEUFINT BV

VeER" @ IZRIG LIEFIRT BV

TERY™ T, TR L 25N T BV
COERFY)DEFTRUTEET LI,

[MRCGE|D & HBERAITHIEL TWS ¢
R(17a) 2 EE B T RS &AL,

P = (p,v,p,w), Z= diag[z,; ], X(Pf )= [---,X,; (),:r s

E, 13 NM xN°M fTHIT, E D (or,ody) ERILd =d’

DHEDH (I TH 5.
it(17c)b;tj:ﬂﬁﬁii%iﬂiﬁ%ﬁc(mﬂzmsb,

P, =(o,w),S(®,) =[5, (b~ T el )=[c

D*(,)=[ -0t 0},
Q, =diaglg,| (N xN HATF)

E,iENxNM BT, TD(,47)BEREd=-d OF
EDH 1T THS.
RO HB AT B EEAQ3)ITHEL,

"[‘ “xg () ]r
P >=[--~,D.:<-),---]’,

Z, VX NM xNM* 1750C, O (dr,dr's)EFRZd =d'
MNOr=r OFEDOH 2] (MI30), E,iZNM xN*M 17
FIT, 20 or,0'dr') BRI o =o' DFADH1(f1IZ0),
QAN xNM 75T, Q, =[-,Q,,]TH%.
ﬁ(17d)ci%{ﬁfﬁi%i%f§%#(15)z:ﬁﬁﬁ

e(P,) =, (1T b, )= Fbp ()]
b (P,)=[b5 () s

BN xN’M fT5ITC, ZD(d,0dr)EFRIZd=d D

BEDOH b, (H1120)TH 3.
RA7e)IEHBEEREFR @) icHEL, EJXE2TO

EREPIDONXIFINRT ML TH 5.
R7DREEHRRERB)ICHGL,

r sk s by,

E, A NM xM FHIT, Z0(dr,r)BERZr=r 0%

BDHIHIZ)TH 5.
RA7g) A8 - PRITEE OB BERTE(11a)1C

P = (va

H-[H

FISL, AT)= [l_rgl] S

R(17h)iZHEE O L HRIRTE(da)IC IR L,
q;(pu)=[...’¢d(.),...]',@(q)=[...,]n%’...] <H5.

RA7D)ITEZEO ST HFERITE(Sa)liTHE L,

)=bm 08

@QBROFEE—ET®

Edey i vIPOE R EEA T NIE, [VIP-MRCGE]
DROEEBLC—BHERINT D ENTES.

7, BosglR, RAHOEHR F()NHEER
(strongly montone) :

(F(X)-F(Y)) (X-Y)>a|X - Yqz VX, YEK,X,Y=0
THNERIEEND. =7L, XFTE, HEEOH
Kzd D, KLOBMREGEOEHIIEETS.
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BOo—BHICOWTIE, RANDEHF(-) HHEE
B (strictly monotone), J 785,

(F(X)-F(Y)) (X-Y)>0 VX,YEK,X,Y =0

THNIRITFE 3. Z0&EEE, RAHYOERICE
B3, AFOEFINOBERIE, UTOLET
T, ~BRBREDZ DM (REEHOFMC
DWTHEHMBRESR)  ARBREOHOEBHENT
EMBRYEDBHLULTH O, BEBDECHHLY
BRTEMEYEOBRMU FTH D5, BEA
EHfERp, HENBRMMEE Y, BERR,, B
BEeRw, WEHHQ, HERBYII-BICHRES.
L, BRERT, BANY—q, MMy -2
O—BEHRHRZIHTLUBREETNAN (ZN50—EH
BRATH-DICE, ISRMAMNBEHESBET
5. FOFMIOWTIEMER1 258) .

() BOREH

—fIZ, MEEKDEKNDEZFIZL > TEES
NEVIPEKR)IE, X7 bV -FY)2YRBITS
Thy s, KEZRZ MUV -FERERE
EOBROEERERDDEELBRTED (B-2%
BR) . HoT, HARE Y FroRic@®A
-F(Y) OHBNELT B EEADDIZEARTHD.

T T T T T /'

P S . D
g

B-2 ERTEXBBEEAIMLIE

UL, $20RE YRSZOXDBHABER
(adjustment process)iZ &> TEE N/IREY — a F(Y)
WA KEIZH D LB S50y (RN
Zri<Aeonsz —BEBEETTINOMBEHEE
Tatonament process V&, FAFBRNEE TN TR
BHEBEOHEEELTVS. LML, RO
> TWBZEMK CGEEF N T, TOENLEER
Kko T, HBREOMICBNTHYENITHIC
B3N TWEEEXZONERLABRRN K I
EENBEVWIBRENMLELEELS) . 22T
HTK NTOHREELET DL LHABEREZE
ATHKD.

FTOLOSREFEE™MAELLBER, B0 S
B, TITHE, BROLEMTHR NSA-F%Z
FERN) EEALND “EHF (normal projection)”
ORI E TV TOERERY. ¥7, K O
HYHEE Proj, o) EUTOLIICEEL LS -

Projg oX = arg.mzin {(z -x)-Qz~x) sz ZEQ} (18)

EEL QREARTERMESF. DED, & x 5
(—27Yy REBETH>T) BDAW K LOK 2
M Projg oz TH D (BMEMITIE, Mx M5 K~
“HEF BTATIERMELTS) .
RIZ, DO, RE Y BEOLKIZHB 1 -FY)
DHEMIBHTERELEBEON Y- oY) &
KENHELESEUTOISICERTS !

H(Y) = Projy oY - 07'F(Y)) 19)

K FzF 0822 HRINZEYN 1) -FY)&%
FTWBEE, Z0 HY) OHBRNRENET S
EEZBDIIBHOTEHRTH D (H-3 2818) .

H-3 REELInER

ZIT, UTORBBREEXTHLD :
¥(r) = H(¥(t)) - ¥(t) (20)

THE, TOREBRRIL, FAEHZS (KEK
IZ) LyapunovZETHD Z EMRIEEND. TR,
KROBEE

Go(Y)= max. F(Y)-(Y -2)-=(v -2)-0(Y - Z)

L
2
= F(¥)-{Y - H(Y))- S (B(Y)- Y)- 0@ (¥)- )
@1
M, FOBAWSEHETTIE, LyapunovBK&nsZ
ERNSEATED GIAORMIIMHE2 238 .
P, ERORBIREE, —RBICHEgEmE»
SZERFHINTVEHOD, BT L EREER
D BRI EHERE L TORBEREELEELT
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W ERRTEZLEBRSRN (BBAA, ETIR
Lo Tid, ERNICEBNZERNTERZbOOHD
53). LHL, EREEEO AR BEESHE
R 2 & U EIENRAERBOBE, H50WET0
REREHET LIS, AIEHD “RFI—4
BBETHS. BiZ, RO ATAICHLT
Lyapunov B Z#ET D (. BEWERMHEIELT D)
BRI AERBREETHASNTRRNI LIZEE
Lk B/ & 0 ERENGRERBEOREREEH
FE - ERT ORI, BRCEEHSLENHA LM
THWEREBRELZTO LyapunovBIEPEMN TS
ZEIEODTERTH 5.

X7, ORI, ek, —N7R VIPORET
TU XL DOHFRIZE W T Fukushima(1992) MR L
7 “meritBE” ERA-FERXTHB. 2O EMSD
HohizLdic, ZOMBS Ot RE  LyapunovBask
i& [VIP-MRCGENZ Xt 9% KU A Bl B 0
MRIEHATS LB TETHS.

5. KYBEKBLZETILORETH

EARETTRUEETNIGE, AERK - OHAEK
ZrEEREITIE, KBERETHHETETX

DEBRKRBENOESRHEICERTES. XEHTH,

FOLS 7 (—REFINOREKLD) BEALLT,
UTOREZBWEHE (IT [MRCGE-L]&H.5)
BEAD

- ¥, HEOAEREBEEIL Leontieff!

- EEREODARRIIERY

- Bk - RGEEFEOTEIIREERD

- HEE, CEOIHBERIINEL LN

73, MHSEREPRIICEA LR BE, 510
S5hOsWMREEBN TN, LTFTRTLI A%
HREAEEERTD LR TERN (ZDHIZD
WTOBSIIAER 3 25H).

(1 ‘'R
R)DOHBREOHABRKIL, UTO LD REREO
RTEbINBET B :

u(Dd,ed)=Zu'(D;)+uL(D:)+uW(ed) (1)

ZZT, w(ut(u ()i, &4, BrOWE, i
HE, H¥EHEBICL2PHAEETHS. Z0EE, F
SrOBE/MGEEIILTOL S ICEDINS :

v ¢, il ag
Dy ==p, oyt =i D = -, 30 = Die,)
]
€a = b af:d =eslwy) Vr @)
d
]
where B, =1/5z—d, Y, =wse,
d

R@), (NOELEBLIUTHEDEEEREIILLTD
£57 LeontiefREORTEDLINZ LTS !

1r Mr r r
X X b c
Ly b c; )= min| T Ko Be S0 sy
[ri,, Yor Vor Vor
bL
Lf,(b,f)=;"7, ©@)

v ey t NI A=Y

£0C, EEBIVHEORE/LREKIIZNE
NEUTFOLIICEbIND :

where

x) = y:,rXt: Vs, b, =}/:,,rXar7 <, =y0L,,X; ©2)
b;‘ = Q:Sd (10’3.)

T, BEEOLEERILTOMBEEEAR

ZZ'(2yLyj+yqu+7LPu—P;)=0

KR w L r r
27();‘}0 +y0,rwv +yu,rpa _pa = 0’ Xo =0
s

Yo,r (6°b)

BLY, £E#OUHHHEREQRICLDRES N
3. £, THOBBEBIIDToOMGEMESER

{Sd '(a:Wd ‘Pd)=0

aiw,-p, =0, S, 20

vd (10°b)

BRUOLHOMFHGEEFN)ICEIDRESIND.
HEEBLUCEONHBRRTEZE LR,
q,\Vd),z;(Vd,r )3T 5D EERK T 5.
Bk - BOCEE DITBIIEREH TH D280, LLTO
HEEAERTEDINS :

{T; (o5 + w5 -v;)-0

Vo,d,r 11)

pr+wb, —v;20,T, =20

F(1),2)(5):(6°),(97),(10),(11),(12)~ (15) & # /= &
KEM[MRCGE-L|THB. I3, 41HOEZHZ
Auhid, NTOLSRVIPESEMTHS :
[VIP-MRCGE-L] '

Find Y*€K, such that

F(Y*)-(Y-Y*)=0VYEK, (22)
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22T, Y=[pv.o.wESX], K, = RIMM,

[ ZX-ET
E,T-ATX-Q,D(v)
S-E,ZA}X-Q,D*(0)
F(Y)=|-BT-E,ZAYX-AlS+Q,e(w)
E'p-Elv+B'w
-P+A, W

| -P+AV+AT w+Alp

AY =diagly”, |, A" = diag[yZ, |(NM x M %17 ),
A, = diaglat |(N x N xtf1751),

A VX NM x NM 21751 T, Z D (or,0r's)BFido =o' 2
D r=r DBEDHy, (RLIZ0)TH 5.

R(22) OETEEROVIP 1%, —KIZ, FH F(Y)
MRS FRETHNE, UTORAOBELHEE

m‘i{n.fF(Y)dY subjectto YEK,

EEMTHHIENFENTNS. ZOEEERFMHL
THEET NV ERFENCRBLEBICREZES (B
BN, TORBEBROTEERND) KL, HEH
BCELZER/ FEEROTRETD EERRZ
ENEV. L0 BMERYIZIE, [VIP-MRCGE-L)IE, BAF
IRENDRRIC PriceBH, 5 W IZQuantityEE DB
ERAERELEVIPIKERTE, Thick D&k
EtERE (Cp) REHTES. £LT, £0 CPH,
EF N OWE OB HER ORI ERZHER
TEHRICHEDTEDTHS.

2, EROLS hEMEELHMEORRICERL,

BT T ECPLDBRE®RR L 2RI, 1R,
SEELSEFETS BAE, ®~11). TITRY
Fikid, VIP OBHZHNWS ZEICE> T, £No 2
ED—-BLAEbOEMBEITONS.

(2) Price E MR RO EMBEL &

[MRCGE-L|iZ R A EH & Price BEICIRE LT
DOVIPEEMTH 3.
[VIP-MRCGE-L-Dual]

Find (p*,v',p',w')EK,_D such that

-Q,p{v Hv-v')-@,p* (o’ }o-0)

+Q, e(w')-(w -w')z 0 Yip,v,0,W)EK,, =

Ep-Elv+B'w=0,

Aw-p=0,
K, = v,0,w)] 2 24
w0 = 1P, Av+Alp+A¥w-p=0, @4

p=0v=00z20w=0

ZZT, BHED(v),D (o), e(w) DEERIL, Roy®
EERICLD, WMEDHRRERQ)OERIZHS.
WE, BB ORD, FFIEORRGA L, 77 (27,

—ARICIER DR TH ) ERTHEERETE

B25, NYELBOEHK F(Y) ITHYTHEE, H#
e sBL THEAHNETHD. Lo T, [VIP-
MRCGE-L-Dual ld A T O E B EREICIRE TS .

[CP-MRCGE-L-Dual]
mi,r.";zb(pvv7p’w)= gﬂdqd¢d(vd>p4,wd) (25)

subjectto  p. +b), —v} 20 Vo,d,r  (26)

Svisvi vy W Vi P - Py =0 Vd,r  (2T)

ajw, -p, =0 ¥d (28)

pz=0,v20020w=0 (29)
T T, HRRERES), (27), (28)iF, &Xx, EX¥EE
OEHHERES, CREOREYOLE, HEORIE

FoOR#E2EKRLTWS. BREKIZEHE ORI ZF
EHmEL 0 EBRENS.

(3) Quantity ZE$ kR OO F (i &1L FE R

[MRCGE-L) D% B/#t48 B3 D; (p; ) DX (0, he, (w, )
I3 ME D D; ), ;L D! e (e, ) S EET B.
NERNSE, [MRCGE-L|iZRMER % Quantity B 1K
ICRRELZUTOVIPILHERTES
[VIP-MRCGE-L-Primal]

Find (x‘,D’,DL',e',s,T)eKL,, such that

~op*{o}Ho-0')-0,07(0" ot 0]

. . (30)
+Q,e'(eHe-e)=0 V(X DD eS8 T)EK,,
ZX=E,T,
L [E.T=A/X+Q,D,
X,D,D*,
KS,,=( eST]S=E3ZAfX+Q2DL, G

Q,e=E,ZAY X+A]S+BT,
X=0D=0D"20e=>0,8=0,T=0

5 (2) & Ak, REO)FDOES D (D) D (D) e (e)
WAHER T S EEL 72 ETRATEETHD. o T,
L& VIPIEL T OMGHEEEICREET S -
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[CP-MRCGE-L-Primal]

mu.sznDﬂg&TL;qde;@mw

X,D,D! S, T

X (32)
+3 4, fo! D7, (@)do - XANACLE

subject to ;Tof, =zIX, Vo,r (33)
ETOZ =§Z£7§,X§ +q,D; Vd,r  (34)

S, =zyyi, X;+q,D; Vd (35)

4eeq = Zz,;y;f,x,; +als, +225,,;T,,; vd  (36)

X=0,D=0,D"=20,e=0,8=20,T=0 37

Bl SRETN(33),(34),(35),36)iF, &%, HEEHICHBIT
LE OB, MEHICB T A OEREE, Tl
DFMGHE, FHBOBRIERGEEEKRL TS, X
7z, BEIKIETO HRBEEIT, ARNRRIEEKRT S
L&D

@) 7ILINX L

[MRCGE-L|iZ LEOEREA WD &, S X E4%
BTN T XL EBRBITHERTDENTES. K
BeE U Tid, 1) —AeiadstE RN U CERICHE
MENTWAHRYT I T XLEEH, 2)BEEK
HI 28R TiHnm L 2 HEE\OHERRE B8R
FHEL TR ; W3 2DDAMABHD 5%,

AR TR, BEICHNSD D720, LHEHEMT
implementation DB AR A &L T, [CP-MECGE-
Primal] I Frank-Wolfel EZBA T35 DB ERT. £
DT IS RUTOEDTSHS !

Step.0: ELE$Kn =0, MMHFERYO 2RD 5.
Step.1: JTOMEEBAL L = HBREZEE, £
DAY ERAVWTHBOKE vector d™ =¥ -y
EROB.
Step.2: ATFOURKFTEECEEEMBE, stepsize a %
RDS :
minZo(Y(")+ad(")) st.0su=l
ZZT z,(): RETEbIN S HRER.
Step.3: LTFORICL DBERETTS ¢
Y('H-l) = Y(")+ad(")
Step.d: WRHEFRMHEFHE L THHIEKET. £5T
2iidn=n+1 &L TStep. 1.

ZzTyWw =[X("),D(k),DL(“,T{“] ik EHEOEERL

TBIBBTHS.

Step.1 DFHBNEIEIX, [CP-MRCGE-Primal]® H #E]
BEBRHELL THONARVAERETHS. &2
U, [CP-MRCGE-Primal]iZ, SIKISA(35)EB6)DEE
ERAVNSEEH S, e ZHETE, HRNARAERK
ZX,DD,TORIBETES. o T, BHENIZH
BIEEEUTOL DI S ¢

[CP-MRCGE-Primal-sub]

minZ,(¥)- -3 Set, X+ 3 3ef, D -3 3l
r d r d r

+ci Dy (38)
d
subject to
STy =z X; (39)
d
ST =S zivi, X +a.D; (40)
X=20,0=0D"=20T=0 (41)

zz, v-[xb,041],
oty mzyly watyt, ki) <2, =q,0;0(08)

ot =g, {07, (D) - ate i), et =bre;lel)

, Ha) 4 ro L yrln) {n)
N DR P )

% D AR

e,(," )

Z ORI SEE D LB AT W BRI R AT E
{LRIETH D720, HEKEBZBETHED TED
MR ZENTES. 5T, [MRCGEL] &, X
BELZMETS, TOFank-Wolfelkizk > T, &R
EHRMITRDEND T NN,

6. HhYIz

AHFFETIE, ERNHIBETTI EEHEREL
F—BEEHET TN ESRE UL EENL S - RI9%E
EFNOTONYA TERLE. ELT, EAAEX
FIO—FIZLD, FNEIVATITFyIIIES &
DOTEARMBERL, BOBNEIT .

T B, —RNABBFEOICEA E LT, £ERK
& ERANAERITHEELINE, Z0TFIVANNE
EEEICRET S EER L. £, METEMEIC
WY BBEEZFATHL, TFIICRTDHENR
M7NITUXLEHETED L EE2RLE.
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DTOBREZL A#TIREDdTahskds, &5
%H 2 VWIESHIBCGEET N ERICEET 2 EER
ETH5:

1) [MRCGE] %% \d [MECGE-L] DERE®K

FET B 7 DEEMS

2) REEAVWERERREY, TOBERBILS

&0 BAkeY - FEMIn L E AT

3) MHMICERNREND S, HDWIdREDEER

BUC IR A D 2 E ORI TOEEIEEIC

B9 % e AR AT
INSOFBICONTIE, FHRORREFRT S Z
& T, &%, ILHRMEREDTTERN.
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18%1. BO—EMEDEIA
mO—EIE, SR OEFMHE (55113, ZDlacoban
DOEEEY) 2ANB I ETHRRETES. 22T}, &9
RS

[VF(Y)}, = S[vF(Y)], Vi

i

(A1)

ZRY, S oicREER/MEDARREICRERESHET
3. ROBIUVGRAWNE, Z7RUZEERZLUTOL

SR HEREUSHSER O Rt LS
95, M,
o{p,} = op,om, (A-2)
o'nt Jn;
alw, ) oy va

2 2
a
a, b, ,¢‘ vd,r
v, dp, vyow,

0 s I

a(v;)z < dvgov,
)
3(.04 )Z o,
2’9, > I'¢,
8(wd)2 ST ow, v

z?X;:Z
I py
ﬁx;’s&x;'+ ﬁx;"
dv, dp, Sav, dp, Iw,
Vd,r =t

2
e 20 vy
004,

(A-3)

2
+ 99 vd
ow,dp,

aX, 99X, 9X;
$2e, 0% TRy,
s dv, dp, dw,

ax; dx;
Ly L

(a-4)
dc, Sﬁc;’ dc;
ip, 9p,
db; db;
aw, dp,

dc,
+S—4+—L Y4 r
sdv, dw,
ab, ab,
+3—+—4Vd,r
sdvy, dp,

E2T, (A-DN~A-HVFERIND 5, FER(A- DL
. GUIZAEST L7ty), F(Y) Dlacobianid ¥ FEETHT
H5.

fT8k2. REKDHA

V()75 LyapnovB$k &753 D13, BAIF 03D 0L
ENBHPETH S :

(@) v(Y)=0vYeK
(i) Y RHERTHB(Y=0)2r(Y)=0

(i) Y SEERT/RN(Y 20)=2 v {Y)F (Y)<0

£, REHTHShIN2EKE, FEHICELTHAT
B0, EER16)EHEZLEY EKITHLTOBG,(Y )=0

TH5B. £oT, G,() BHRHG ((HEHET. T5iT,
B4R F(Y) D Jacobien?SEEMEE 51, Fefrii b Mg
I, UTOXSICUTHBTES.

7, G,(Y)0RER

VG, (Y)=F(Y)-{vF(Y)-0} (H(Y)-Y) (B-1)

&7, LEiosT
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VG, (Y) F (¥)={F(v)+ o(E(Y)- Y)}- (E(Y)- Y) B2
- {vr(¥)- (m(y)- v)}-(a(x)- v)

TH5. ZORDEDE L BOFBRHITEE, $hbb

fr(v)+ o(m(y)-Y)}-(a(y)-v)s0 (B-3)
TH5. 585, HYEE Proj, VI3, £EDOYEK I
HLT

(¥ - Proj, ,Y}(Z - Proj,_,Y)<0VZEK (B-4)
LD, ThEHY)DERICLD

(Y -0 F(¥)-H(Y))0(z-H(Y))<OVZEK (B-5)
ERBEMETHS. F (Y)DEHER(B-2),B3)EME2ED
whud, '

VG,(Y)F (Y)s -{vF(y)-(H(Y)- Y)}- (H(Y)- Y)

= -{vF(YF (Y)}-F (¥)

L7320, BRF DJacobian WS EEE 5 LyapunovBIs D 5
(iNBRILT 5.

(B-6)

18%3. IAMBIRITEIE ANTIHE DB

HHMB—REEEFIVICBNTUHBEREEATIEA,

1159 DBEMSEYE - REEAMUZNED, Sifizdy
SHEMBEEMRT B LR TE AN, Zhid, THERE
WALE—REEEFI TR, 2OVPOERFY)D
Jacobian AVHEMTHI&E/8D T & (e, T FTRENE) DMREET
ERNWEDTHS.

FEHTIXET, [MRCGE-L)IZHERMN I HERITE % 3
ALEETFVERL, ZRRRULTHAEEOTTE, &
D—BUEMREZND T EERT. 512, TOEKOT
T (IHBRITBOASZETINIIHLTS) Silizg
B{EEEEHETEE L ERT.

[MRCGE-L]IZ, [MRCGE]&Fitk, FIFERIULEXDS
> ¥ NPRAERICE T W BRI LB RTE (KB
KT8 ZHALLEETIN (BUF, [MRCGE-L++]&IEE)
EEXED. TOEFME, 4% (1) BLY, 58 1D
HREAVNE, LTOESFERME [VIP-MRCGE-L++]
KRBT ENBEHRHND

Find Y*EK = RVMM48M oo that

F(Y*)(Y-Y*)=0VYEK (c-1)

[ -]

Y, = [q,z,Q,‘I’T Y, = [p,v,p,w,T,S,XT

r
ry
A

e

ZX-ET
T

-ATX-Q,D

b.0-0(e) 6l T X-0,0)

EV_Tp )+ Alz) S-E,ZA'X-Q,D'(p)

()= CoE JE(Y)=|-BT-E,ZAYX-AlS
H—EZ'(zl E/p-E]v+B'w

-p+A,wW
—p+A,v+A;”w+A1LpJ

Y, BXUFR(Y) R, ThENTHRRICHET RO,
BIURETDEHRTHD. Y, BLUF,(Y)EIHgRIz
BEELZWRAEE, BIUHIETEEHTHS.
() Bo—8H

[VIP-MRCGE-L++] DD —EHI1Z, RC-1DF#F(Y)
PRBERTHNIREINS. £, F(Y)D Jacobian
VF(Y) BIEERZEFFFITHIE, FY) ORBEBIENRIT S
N5, 22T UFTR vRY) OFEEEEHETS.

F (CV)DF(Y)IZHT 2 VR(Y)IZEFO &S BB TS
75

U, U,

VF(Y):[UZI Un] where U, =|v,F| (C2)
ZIT, U,,U,RREBIT bisymmetric (EEHTFI A =g, |28
bisymmetric T 5 &1, ADERICLL FOBENK DI DT
LEED g =-a, Vizj) T, D, HABENHEED
TATHs. BAMICE, U, CEMAERNEERT,
U, ONABRRUTOLBEOFTREERS :

) Vd,r (C-3)
vy

3D:(p‘)<0 aed(wd)>0 vd (C-4)
ap, Toaw,

WoT, UTOBRLEM:

T DRSBTS HITH L THBEFNTH D,
B BLE L HOFEEIBITHIE T BMGHIZH L THBEZH
BLTHS

0

DHET, VF = [UO“ } D YEK (REL Y #0)

2
HLT, YIVRY>0&R3. UL, —&i2,
U,.U, & ¥Yo-42#EFsTH LS, —RITI,

VF(Y) DIEEERIIRES L.
WE, FEOBRRSENBRICL ST —E THOMRS

DB TIZR Y, Thbs,
B=B=B,==8, (C-5)

EVSEBERELTHLD. ZOLREOT TR, Rk
DTOXSEREEMTHS !
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4 -{Emﬁ@ () E%qu}=0
Vd (4°3)
- By, (-)+E%1nq, 20, 9,20

236 -Bya.}-0
BG-Bq,20, Q20
d

COHERIIHELTU, EU, 2BET I E BHEREN
IZ bisymmetric& 755 ZENEND END. /o T,

(4’v)

Y7'VFY = Y'VEY>0 VYEK (=ELY=0).

0T, GHCSD T TIRRCH)DER F(Y) R BHR T
HY, BE—BIREZIEMRIEEINS.

(2) HGHRBEILME

[MRCGE-L++]i&, (C3)P&HEN TS, VF(Y) 2SR
Tzwed, BEF(Y)EMATHIENTEY, LR
BB ICEBRTERL. LML, &#C3) OFTIL,

BERIZAR). > T, TOEREROAICRELZ VIP O
BEHrBEyTsI &Ik T, LT OB/ % e
EWRTES

. -1 ‘
min. = f3 G;ln ;eXP[e 4(varpaw, )]

| SR

es LnSokminpm)] ©0

subjectto p’ —v; +b., 20, Yo,d,r (C-7)
atw,-p, =0, Vd (C-8)
pz20,v=20, p=0, w20 (C-9)

ZOBEOENBEROEIRIZERE OV A ORI 2RI
PELELOTHD, SHREEORBEOBMTSHS. T
DLW, SIHERITEZBIRAICEAL 2RI LT
b, THBORERADASMRICESTELYL (MDOMEick
59 —E) | EWSEH (CHDTFTH, HMaBmEtiEE
PHETE 5.

VF(Y) % bisymmetric 725728, EREERERDHIC
BEL~E VIP 2K TE, 512, 0 VIP ODEHD
Jacobian EIXFREALD HEEOHMMICLY, BEEKAERD

ERFEXT7IN—FIZ k52— BIgEHETIL
AN B, HE FHE, BT AlE

EHEE, EHFRERMRE (VIP: Variational Inequality Problems) DB E T X, ZHIK CGE (Computable General
Equilibrium) ®FNEVATIT 4 v 7R, BHTE, 510 DBENTHONEOFRESNET I T XLEHRER
BB ERTHDOTHS. ZHITLD, RO CGEETFIMFIIBNTHEE Ao TWE a) BOFEOBESBIN,
b) WHRORIEINMEOHE, o SETTIEOESHE WRORESSBHMENS. ARWTRET, Tobyr7Ln
HEHIMCGETF N EERLT S, RiT, The VIPRERT S —REGEERT. LT, VIP BRICESWHIBORNT
¥ BOEE, —Ef FE 257, BRIC, DRASLTREFIVCET 2 EERESESEhTE, MEtERH
BICREL, e A)w Mo B I EMRENS.

Variational Inequality Approach for Multi-Regional Computable General Equilibrium Modeling

By Takashi AKAMATSU, Masaki HANDA, and Takeshi NAGAE

This paper proposes a general framework for analyzing multi-regional CGE models. The framework is based on the theory
of Variational Inequality Problems, which gives us the systematic methods for two indispensable works in developing the
CGE models: analyzing the properties of the models such as existence, uniqueness and stability of equilibria; developing
the efficient and convergent algorithms for solving equilibria of the large scale models. In this paper, we first show the
framework using a prototype multi-regional CGE model, and then consider a particular model that reduces to a convex

programming,.which demonstrates a typical example of the merit obtained by employing this framework.
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