AR RREE)
PR 7R EARORIRIIR B SRS BB, BA - BT
FHOBREEEEEE L - BRHED LCC FHE 2B 73]

MeiEE W B ABE R R T2 5es 8 F)
LFEFEE ek E— (BRI m SRR Bh#dR)
AR R (AART =2 =¥ — e 2k att /)

[EZC®IC

VT, ANEOMBCERFE NS, ANEFEDO T A 7% A 723 X b (LCC) FHlic i3 %,
TR - GEFRFEHEZEA) c BEETEEIDLYAR VALY MV AT AOTEEMEN
RSN TWD. FROEBEEWICH ZmT 5 &, BEZEOEERFERENICE < DR S
Niz7e, 50 E 0 fal L7-BiE, TR 202 2MEMNE < FET 5.

BRSO LCC M T, BEHEEOLIEREE N, MEFEHEER, E1T7EMH (Ghko
BT X DRBIRTNEE), BRI Z@EEE AR NN DR —KHTh
5. ZIZT, LCC #EHTHBWTIE, [MBLTHEKY 7 ORBEHFEN—E LIE ST
WA Z ERMEAE LTETF LTV,

—77, ALEED L O RAEFHEMM T, A oBmEE L~V HEEOETEHIZK
ETRET, EMOMESICL 2D L HRIZRLRWVIEERZ V. LEZR-T, ME
FEMHIZIIT HE KD LCCHMIZ B W T, AMOREERD 1 >OfEEHE LT
WRAZDMBENHDEEZOLNDN, ZNETIOL I RRATR IR TRV, KfE T,
FEEREMHIZB W COIERE T2 2 E N TERWAH O EE A Z)E L2 EREED LCC
FHIET OB AT o TR 2 R ETHLDOTHD.

AEEL, 4 HERCTELDON TS, 5§ 1 HTIE, ERAHEORKEIREERE L
ety U =27 LoV OIEREHLE LCC Al FIEDRE 2T o etz e+ 5. 22Tl
EAZRE E LT LCC Of/IMERIRE, FALRIE & U CEESEOB(LE L OMEREIEE~DE
WA 3 OO G % 73 e e WO 28 )% (DUE: Deterministic User Equilibium) 2495, bi-
level fEE LT, BEOERIILZITV, TA MRy hT—7 2 HOTZBT HIT> T b,
figik & LTI, BEHT ALY XL (GA) ZX—RA L LEbOEEH LTV D.

51 CR LIEARE I, BRSO IEMMED S GA & _X—X & LofifiEa A L Twn
7o, RHERFRESCMR DU A RIE A STz, BIEO AT 1 3R LIz
70 & AR —Toh D0, RN 7 fiRVE 2 36 FH FTRE 72 E O SR 2 1T > T2 R 2 56 2
TS TS, 22T, EEAAEORKRITENZ 7 e vy Mg (PSUE:
Probit Stochastic User Equilibrium) THEIL L CTH Y, PSUEIZKIT 2R HT 2 H L 7= ik
ERELTWD. ZHICEY, § 1 5 Txr LIEAFEICE STV 2 3R & fR oI s
BT A R S Tz,

HO3ERTIE, 2 W CHE LR S HICIEL, KMo BEEFEME S NAEL LT
MEEE RO W - E 2 ST 5. 2 2 Cik, ERAAEEE, BEasbicksET7EHO
2, BOREBAIEAIRARIC L » TEE SN A2 A M OB EIRER L OMEREIEEICH: > RBER &
DEAITH U TRIEEIRZ1TH Z L 2 {E L TW5D. LCC f/MERIEEIL, Z 9 L7ziEkH
HEORIGZ 7 ey M SUE IZX > TRELL, ZOXHHIKZ S L LT LCC D/
{£%17 9 Implicit Program & L CER(L L T 5.

%3 MR LEAMoOLZEIEEZ R D 7-02lE, Ao ERELZ EUNCHE T 0
NHD. B AETIE, EREFY NU—7 LICHE SNEASOI &N T — X 2 H
A BR EOREELEZ T 5.
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AWFFETIE, ERAAE ORI RIVTEIZ WA L7 BRI OLCCIMEFIELRE L. Thbb,
IARETTEBARDER XM 2 RIATON T E LERMEOLCCRHMEFiE 2z E 2, *vy FU—27 L~L

TOFHM 2z &FHIC,
BRI A ORISR 2 4RI B 1 BL 53

FIEOILRZAT 72, BRI, BRI E L CLCCof/ME, TALRIEE L CE
2D DEFED HAERL S AL D bi-level i & L CERE L T 5.

£, TAMRY MU= &R E L, BEAZR L. ZORE, BERIITHZ2RHATHZLICX
Y, PERDOFIETIIRI SR BRI OERIEEICTE O ZBRMENSLCCIZ G 2 2 B2 R T Z LR T

7.

Key Words: LCC, bi-level problem, user equilibrium assignment, GA

1. [XCHIC

T, ANFEOMBCEREE(L D, AHisko T 4 74
A 7 AR b (LCC) BHiiC HE %, Zorsk - bl (i
FYEHAER) - BEEETEBEXDVRVAL NVAT
LOEFEMNER S TWS V. BHOEREEIC A %
M5 &, BEORBERREREINCS < Bk ST
W, 50 FEHEVRGE LBIAE, SN A 2 D
Wi fFET 5. RSO LCC FHmIL, EEiE
W e UCORR, B, Foorol, B BUR, S
728, TORTOEREREHNIRZ DLENHSH. H
T, JEESECT S LOC FHmIE, Ak~ A
k2 A7 2 (PMS: Pavement Management System) D—#8 & L
T 1960 AT LT A U 1 2 HUNIAFGEED H i,
WFFEDERNK b TET2.

BEFAR e 2 B3 5 &, JEREEED LCC 7T,
EREREOLUEHEE T, MERFEERE N, &T8M Gh
HOHIZ L DBBRIRTAES) |, BRI 258
BEIEE AN DD ORI THSH. 2T, LCC
HEEHIRBW T, RSl T 5EK Y v 7 ORGETFREN—
EEESINTNDZ RS E LT LS. T
oL, UHMEIND, SREREOBITH HIER

FIRBEORIGE UTHEZ D Z ESATREZR, RREGERINI £
BENTORWVRTESN DS, 7ad7e b, HbOEAT
(W7o, WRNEISO K 9 72) ERRRE I T
EHOBEICIREN 70 & ORPRED T8, O A FH
L2V, LXIBS@TEE L V0D s YHEZD
NAHEHTHD., ZHETIE, SHREEHKUENE RE
SITNDT2D, 9 LICRRIKIEBIROEEN I LT ER
I o T2 h LAV, RIS O im0 3t
DOWMBEREELE RSN DBUEL, 29 L8y
2TV MENGD EEZ LD, £, BEAETH
DAFEFRNEIN Z 5 LT RRIEIEIR O RS 5875 FTRENE
LD, RUBEORERIREZEZ D2 L1C8-TC, &
EFRNCIT HHHER 2 IBERISE O b D EEX D
NH. Fiz, EREMEEICHE D MR EIK I L DT
I O¥ENN & JEREFI FHE OSSR TEN B2 5.2 5 2
LD, 29 LIDRREEIRORENS, o> r (—
RIZIBER R~ R —27 2K) OREEEZE(LSED
7o, EFET Y NU—7 ORBIRIYTENC AT L L5
ZDHRETHAD. ZHLEEZITHESS L, BHDHIEK
X OERES LI O DIEREEIL, thoEiEXHO
SEREIC B, BANTIE, PRMEFEE L W2 A%
v T =7 LAYV TORA TR LS5 2 1272 5.
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MEE Z DX IR D L, PONER COASEEREES
T3, Fy NU—7MREE L CoORIR TR E H %
LCC M EANT 20N H 5. 7= 21E, ERFIHE
ORRBETINZFRIBLL, v U —7 ORERITIR A2 58
B9, Ry NU—7 EORFEEKXEZ*%E1C LCC
MEATHOHEEBLTHED. BREEEEZ R L
PALDES, KFIZZOBERXITFIH S 725,
ZO7, FHlixG L T 5EBXKE CIEELMIZE, &
R, ZOEEEE SR 0 L5 ERAEEE 2D,
&g L7\ 2 &A% LCC Fe/IM Bl & Hkr S duddazeuy
GEBFIH L7220 T, EREOED 72, &2 Tk
FEERALFELRYY) . 22T, ERRy NU—27 0
RO IIGE, EOMERRIIREIETLTEY, £
NEEFAEIC—F a2 hE LTAEEENRTWAZ &
BRI, 22T, oETEsiEo oL
IZE > THROLNDMELRT, FIRBEALY HREL< A
5 ERHEIC, WIATRIEE A OA% LOC FHIZEA
THZERELTCNDD, —fRANCIIAS L b [
WCEETAHNERDS.

Z ZCAMIE T, EEHIAE ORI ESE LT
T NU—7 LoULOiERERE LCC R TEOIRE S

115, BARR9IZIE, EAZREE LT LOC O/ MERTE,

TIRE S U CGEEREDOD bR L OISR EE~ DR
FIFFE OB % 73 A Iy 255, bidevel [
e LT, MEoEAbEITo7z. E6iL, fiHeT A
FRy b U= ZHWEEEF AR LTV,
ARFZEORERIE, LT O THhD. H28TlE, B
TETED L B 2 —%T\, AIFFEONE ST 2B 50N
T5. FI3ETE, BEEEHCFAEERCEIN
% 1LCC DEMABBOERILEZITH. 6 4 ETIE, 5 3
=R LB A WTC, LOC B IMEREA R A
DRESEIR 2 NAAL L7z bidevel & L CERILZATS. &
5FETIE, TA MRy NU—7 BHWEHEREZRL,

B 6ETIE, MEDE LD EABRDEZIIONTIRARS.

2. BEMIEDOLE 21—

PMS (28T, [T U TEBCAHZFIH Sz LCC
IS AT BE, T BVEEIEERE S AT A (FPS:
Flexible Pavement Design System) & &zl o A 7 LA Tk
(SAMP: Systems Analysis Method for Pavements) & S417% 2.
FPS I, 1969 FF-7 3t ZJNGERES, 7 0 Ak,
T XY ARED DR SN DT Y AGREFZES Nk
ST ENT-. FPS TIE, JEBEREIZIWTHREMED
b DA TORFDF S, REFEMIfEZ B L7203 5
LCC #HuMbd D haire TiEaRODH LN TE S, —

75 SAMP I, Hudson 5 DHffFEF— AL VB S , F
FRlEE A 7y M T —2 DN, 5E S/ IR
DY —E AEREA MR L, FEE SAVaREHIRN B MR
? LCC THEFFL 5 2L EERDH DO TH S, A
RHCIE, BT T, A — S— Lo 2H, =& MRS
BT 22NN OMRBREICH L, fal/sllAaiid o
W5, W ATAEBIT, REFE, RiEfEse RS
T AHMHERASEET APNEASINTEY, BHEEERA
T, FIHEERLBE SN TWDONMHITHS.

A2 U FINEREE T (OPAC) 1, DA
2 U AT S, SiEELEHE 2D~ A L N
BHIAT O VAT L THDH ). OPAC TIL, 7otk
(T DG H VR RICBET 2 7 —~ U A LB E I
L, LCC i/ NCixbARhiiEikiibls LU~ A
v MEZRREFTSH. OPAC THRIHEEANEEEINT
W5,

INA T = A FEFHE T /L (HDM: Highway Design and
Maintenance Standards Model) 1%, HFRERITIC L W BAR &,
FHE 7 PMS YV —LE LTEL s Tng Y.
HDM T3, mnfiElRdEREH, A7 A8 HB X
OFIRHEERPERE SN, SRt Py MO
fAGE, ETIREUEESCR T DR OREHIIC
LTV,

INFTIRRFE VAT AL, TaYey h—X,
& D WIIHARDER X A2 7HlixIZR LT 5 D ThHo7
1980 4FAIIHNCIE, 77 U B =R 7 TR A %
17972012, v NT—ZICBIFA8iEv 32 A L h
AT WOREREAT -T2 ). £, I3V ZERRNI,
1980 FARHFHI R > N T —7 Dt~ R AL R RAT
LDOBIFEEITH> TS O FRED 2 AT AT, Kl
{EfERT A BIME L C LCC FHIiAAT 5 MR e LTS
HILD. KESTEmZE B S~ R A N AT A
(MTCPMS) &% v b U —2 L-UL D~ R A b D
OB ENTZHDTHDIN, AT AREREE N
OATHRED, EEITOMIE L 22 D YD E
FAECE AR E L TR NS, LS, E
By MU —7 OGO A 7 T A TIEE B O
REICHE L TR, BAMROEMERET LRGN A]
BETHH W DEDTAFATIE, Xy NT—27 L~UL
TOLCCFHHZAT D v AT A EALESIT HiLb.

HEES D A - VR N, SEES ORI A
B LTS — 1 2RO D FIEEIRE L WD, 2
T, A FURATEOTEE AWV CERSREDS
(LR 2 KRB, HEEREL—/L 28N TN 5.

DL EOBEAAIZE T, ERERED LCC FHlicisW\ T,
HEXEOSEE—TE LT D0, HHOEE LS
T A L C, FIAZERANEESh 0D, X
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v NI —7 COFHiEE 25 &, BKIEIRREIZ X 0 IEKF)
AFEIRE AR 22 b0 EEZLND. —F, oLk
BIEENIC LT, V70 EEELE(TEEE R
Bb. Lo T, AWFIECIERZ1T O ERFIAE D
TR A8 A L7z LCC FHliTlE, #ERDFHMETIE
P2 D Z EMREETH - AR X DI LD
BB AD I ENTEDLDLEEZ LS.

3. ZRAnERIL

(1) LCCHEEHZHITBIRE

EFEEED 1OC 13, SRkl LOMRRT 2B EE g
M, FIR#EE MR L OEREEEOERGAME, Theths
BUEMfE L Lo CRBLS NS b DO T 5. FHEE
MELTE, EREEM, MRPEEEAZ5%x5. 22T
HFEEEOSEIEEICIE, T, A——1 1, K
B2 ERET LD, AR TIEA—— LA DI%
EZDHZ T D, Thbb, (ERETIEOEREEI
DIRNZ EIZL, TRTOEBRETA— S — L AL 0T
PND EET D, LIehhoTC, FIfRSEL 725 1
JLE THEET e = 21TV ERE LT3 e DL T Tl
MDD Z LITT D, AR THIUE, 4FETRT LCCH/h
{ERETIE, A — =LA AN AT e b L~
T DRSNS 208N B D0, £ 9 LIS
FHEN TRV, 29 LIZHFIOZASCERE TiEO3R
BN LT b TOET MEEIZ L D ATREIZ 2 5
HDEEBZHLNDD, AW TIIITORGE L.

—J5, FIFEERE LTS, BT8R L O T g
MEZEZDHZ LICT5. SOICERAAEL BEst
DO TIRC LA RINE L EET 5 LB DD,
HATRASE ] & BITE O % 28 L CRIGEIN AT
HOL L, BRI IRENRHE SR Lo T
B4 5. 7720, BEERARTERAESHR SIS
EREEZERY, ZD X D722 LN AVl Fh
ZHUZBW TR DRHEBINEITO DO B2 NS,

D1, ETEA L ATRRE I R 2 SR
ZXRILCHET D Z LT 5.

2 LCCICBE®RT &R

MG T HER AR Y NU—2 & G, 4) EFRBIT
%. ZZT, N, AIFFERENR Y NU—7 ZHERRT
J—=REV T DEETHY, KRRy T —7 N
BV T %haed ERBTDH. Flo, 1 FIHMEREFEE
179 BE(d) EAT072 0 BEB6S—ad) Iy T bbb L
T5., —ENS d1X, Fy MU= EREEREN Rl s
IZEoTRENDEEZOLND. ZIT, EBEIEEET

SEAIL, Uy o OBEEERE ) L LIEAOF
b U2 SRR b

S = (5] s Sppe) =8

TRELSND. — 7, EREEEATDRWEAE, Vv
7 a DIEREREZ s (=0) & LTEBADX Yy hU—21{E
FEmAEZ hLs

0 0 0
S =(8] sy ) =8

THRAUSND LD LT D, AT, LLTIORTEH
ZRIGUT, JEIEERED LCC 282 TW\L Z &IcT 5.
ZITIRAT 1, 013, FNEIUEHEIEREIM & 2l
SNOW A~ RETH 5.

a) BEER

—fRINT, AERERREANA < 72D L EEEREDOEREH
NG R B BMRHIMEAET D, V7 a DIEREER () 13,
UL a OIERERR (s)) OBSkE 722 Z L0MEESR,
AHFFECIIEE 5 5 2 R BIR C&RE
%.

1.24-10°s!
1+3.70-107 exp(5.44-107%s7)

falsg) = )
S U7 a DEREE H (ven/year).
sk U7 a OIERERRE Oor s™™ <57 < S, )(10°D).
sV T q Dy MERETRIRE (10°m).
Se V> 7 a DEFE 10°m).
ZIT, VU o 0, HHVE, HHFEELL
FEBELTOD. U, BREIEEMTONDGE,
7= ZIE 1 ) OBEREREO L 512, R ETRETH
S THHFENTIRVMEZIRT 5720, FrbOmfEsL
& LTna.
b) #iFEEER
—IRANEREREOE R I, SEEORmIKEE R
-3~ MCI (Maintenance Control Index) |~ L » THIE SN 5. &
EREOSLIREEZ R T L DI, bIEbiEnE, OO
FVERR LU ERH D, MCHEEN DL ZHA L
THRIETHY, 0 (RKRIZHE LIRS 725 10 Gea
PRHETNIRAE) £ TOME LS. Uy a OHERFEHEH
(m) 1%, V7 a® MCUHE (MCL) DBS L 720, AAHFFE
THHRQURTBRTH 2.5 P.

m,(MCI,)=10°(180-18.8MCI ,)S, )

mg V7 a ORERFEPRE H (yen/year).
MCIL; V) > 7 a® MCIH.
o ETEA

—fHIZ, U T OETERIZZED MC i & AETH
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FEORE LTERRESND. ARFFETIE, BE3R D0
FENT— & M ST B TEE O MCTE & A TR
DOERZ VY, ZAUTk L CEEIF T2 #EA L CTED
IR L MO 1T X > TRBIES D &1 T8 B A
WAHZ LTS (R=098) . Ak HIFRT—ZITx L
TEBEYFONTEAT O MERH DD, T —F ANFOREEM:
o ERofEREZEA L. LasL, 29 LA
L AHEHREOR X /enbo B2 b5, B
EFEZ FIDs(=s" ors?) DEFD Y 7 a OEFTEH
1%, U7 a® MCE (MCL) &AETHRE (v) OB L
720, XQ)TEILIND.

. . |32.58-1.828MCI, +0.117MCI}
dr} (MCI,,,v5) = 1,

—0.474v5 +0.004(v%)?

vse{s',s"}, Va (3
drd  AEREmFEZ bLhis(=s" ors®) DIFD Y 27 a D
EATEH (yen/day/peu).
Vi EREERE Y MVDSs(=s" ors”) DD Y 7 a D
AT (k).
I: V7 a DIEE (km).
d KRITEEEER
{ERERFE 2 ML SORD Y 7 a Ofiff TN,
ZOEEDY 7 a DRl EEORE L 72, BPRHY
B2 LT 5E, A@OoRTEIRcEHENS.

0 ﬂ
¥ (") = tif{l " a[%} }

B
_| 94(s")
_(vsj{”“(ca(sb} }

s AEREERIN Y MBS SOBDY v 7 a ORI

(hr/day/peu).

948"y (hr/day): [ERERFE XY MLV SOREDO Y 7 a DREL
Sl
C,(s): V7 alZBWT, Hiflis) DIEREEEZ LT
% & & OIS & (pow/day).

V27 a® A AT ().
v U7 a®HBEFTEE knvhr).
o f/NTA—H.
RT A=K g fIF, EEITHEEBRZT — % (RiEE
LAY 2 W2 FERIE R T Lo TR 2 2
ENTED (- Lm 9) . FRRLS, SR b
VIS SDREDY 7 a DFATRERNE, EDEEDY 7
a DB REREOBEE L 72D, RO TERILSNS.

. ! )Y
td(mA“»=(j%H}+a{%%;3J} ®

tr;" (4. (") : (EREEFE T NS § OO Y 7 a D

JRATIREH] (hr/day/peu).
GdS) IERERFE Y MIVISS DD Y > a DRSS E R
(pcwday).

C,(sh): U7 alZBW\TC, MHiffs, OIEREEEZ LT
% & & DAZIFE & (pow/day).

A TR Y, @3 KOG SR £ (yen/hr,) %
FLDHZETHLND.
e) FRTFEE

U a DFEIFE (v) 13, 155 - & "O7EE 5
EZ, MCUHEDS 4 & 725 F TORMIIIC25 H O L GE
THE, ROTHRESNS.

MCI, - 4.0

MCI,) = max{0,——“——dp,
v, (MC1,) rnaX{ Ml 40 } ©

where,

V
dpa: %

sv: Vv a DFEAFAE.

dpi: V> 7 a OFEEZ BRI D IBUMEENE; (ven/year).

Vi lRRED ) 2 7 a DB PEATE.

Y U7 a DIERFEEL

MCl,: MCI OFKIE (BRBFFE T, BRI 22512

83 L L) .

MCIHEDS 4 LD DIE, —fRANS BT A =3 A

BEUPITETTED FIREE &h, £2F T MA MK

95 EEHEMIAEA 0 & 722 EARE LT B TR

PESNDZ LT D. LNLRAD, MCIAN 4 )

BIERC, MEAVEH O TSR L Gl miln s 5o

F TR, EAICERL TEZnHORICHE LT

RABAVEEEZEZ DD,

f) —HLER
INFETIORLEEAZHWD L, UV r a OFR—

ALFIEE L, ROTHRESND.

2,0.67.0,6) =0, D - desp e -0 +ar?’)
+q, (sr)d(s;)(f s wdrt )
™
g V7 a DRI FEE H (yen/year).
d(sh): U7 alZB\WTHEMs, DEREZTT 5 55103
ERALEE:
D : 4D HE (365).
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@ Ml @52

MCI OiSfRIE, — A R A HE ORI & 70 b =
ERBIN TS, ARFZETIE, K@) ZIHME LT 55K
OHINZ T BIR T MCLlfE 2 #8135,

MCI{0)=MClyz ®)
rN b, _ r b0,

Sy = LD 0 (g dsplis’n

Mt (6) = MCI, (t) - AMCI (g” (1)) (10)

MCL (1) - SHOMCT, +£Sa AU RGP

a

g2 (s(t)) 1 tFEBITEREs(=s" ors®) BT L&D v
7 a DORAHLH 221 (large vehicles/day).
@) tFRICBITDY 7 a ORI R V@ E

(large vehicles/day).
AMCI (g2 () V> 7 a © MQ BT % %k
(MCl/year).

ZITC, U OB E ORI F SRS EED
Bt L 22 o CNVD T EITERE SN2V ZhUE, MCLiE
FRIZOUWT bIBRFIHE ORISR 5 2 & A7R
LTW5. F£72, RADITRSNDHEHRIZL, Bz
RS> DA% MCI feanfEE CTlEIE L, s 1x
AMCI(gh ()| DREEHAS 5 = L ZR LT D, &5
(RGO Y 7 0 MCLE, ERICBT3 2
TRIND. —MANEEED DT AHEEMED DK
T, ZO XD A ER e HER HIE A 3 2 o1
BI7e IR0 S LV, L ULAIFZE T, Y
> alZBT D RSO RN u, LRI,
NN TR AT 2 & 2ARET D.
aMCl,(t+1)

12
ds” (1) ¢ =

dMCI (¢ +1) _ 0MCI,,(t +1) oMt (t) 6" (1)
as’(n M, () g’ () ogl(s ()
aqg(s’(z))+aMc1a(z+1)

as” (1) os" (1)

13)

Ya,Vt

A(3)DLEAE 1 T, BRI K D Z8@A K T
BUED MCI BT T 528 % K Sl e DO 21k
ZEMUCHRELTEY, 6 2 HY, BREEENEED
MCHEICEERIF TR ERELL CWD. Thebb, &
FEVEREDS MCIL IC KU TR FMEDFEL Y H K
ENVEREL TS, ZOFRUEDPENLT 5 & &, H{bD
FHeFHEEEB LTSGR TH- T, AWEDEZ %
HHT 2BERTH 5.

THEEF « A DORFZECIE, KA H ZGEEAS D A5,
97255 3,000 (large vehicles/day) LA EDSA, MCHIFAFF
BICR 03 K N5 2 L& FET—X LVENTND. K
MPECIE, T2 EICT 2 72O KA H B AW &2
3,000 (large vehicles/day) L ED & % 03, 0 (large vehicles/day)
DX 0 (BB L) 721, 14T MC MK T4
H2H0L L, ZOMOAZEREIIKTT 2B I THIEARFIC
FURDDZ LI LT, AHEFEHEDOFBIIRE WD,
MCI ZHEERNT B2 5 DIFET) & 1TFZVERAS, A5
TIINEFEDOZ B BET D Z LICEHREZENTRL,
SOIZANTTRTEREERE LI LT, ThEBEL
VAT

4. =y bT—9 LAILOD LCC /IMERIRED EXIE

— Iz, LCC e/ MERTREIE MCI (Maintenance Control
Index) HlfHIRTREE L CRBLSNS. L LFEBEICE, &
FAEEICTREADR S D720, (ERERIFET ML A HE
P& LTS TGN RV, 2T, JEREED
LCC f/IMEREZ FARTRE S U TIERERRE 7 L4l
L 32 LCC OfIMb, ORI & U CHIEIZAEEL
~OERFIRE ORUGERB T 2R HE R & L,
PUFIZ R bidevel B E L TER LT 5.

Upper level:
[Problem for LCC Minimization: PLM]

(Mcr, (1))
, & lmer,.s ) Z/;SV” ‘
CC — C t | __ae
i °+,Z=1: 1+ r) (1+1)"
(14)
Wwirt
s"(0) = (s] ()5, (1),...) V1
st
Ja() +m,(2)
c,Mc1,,s"(0))= vt (15)
: ) 2., (0, (5" @), ()
s'(t)=0ors™ <s"(t)< S, Va,vt (16)
> L <F vt (17)
acA
where,
MCI=(MCL(@), ... MCIfd), ...)
Co Bt 2r.

C,(MCL,, 5" (1)) 147 F O 7 2RI AR OO,
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A STUDY ON LCC EVALUATION METHOD FOR PAVEMENTS IN ROAD
NETWORK CONSIDERING DRIVERS’ ROUTE CHOICES

Kenetsu UCHIDA, Seiichi KAGAYA, Keiichi SASAKI and Yasushi HIGASHIMOTO

A method for evaluating LCC of pavements considering drivers’ route choice behaviors is proposed in
this study. Extension of existing models, which can deal with one link or a few links, to new one that can
deal with road network as a whole and drivers’ route choices, is carried out. LCC minimization problem
is formulated as a bi-level problem in which two problems, i.e. LCC minimization as upper level problem,
and user equilibrium assignment expressing drivers’ route choices as lower level problem, are included. A
simple numerical example is also presented. This example shows the effect from traffic congestions
brought by repair works on LCC which can not be considered in the existing models.
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A Study on Development of the Life Cycle Cost Evaluation Model for

Pavements Considering Drivers Route Choices

K.UCHIDA", S.KAGAYA”
"Graduate School of Hokkaido University
™ Hokkaido University Public Policy School

Abstract. The modelfor evaluatingLife Cycle Cost [CC) for pavementsonsideringooth
driver’s route choice behavi@nd repair works proposed in this study. It is assumed that
drivers will change their route choices duebtiththe change in driving cost brought the
deterioration of surface conditiom pavementsand the change in trafficapacities brought
by repair workbeingmade onpavementsLCC minimization problem is formulated #se
implicit program, in which LCC is minimized subject tioe probitbasedStochastic User
Equilibrium (SUE) which expresses drivers’ route choic@be solution algorithm for the
LCC minimization problem developed by applying the sensitivity analysis techniqtieefor
probitbased SUE islso presented.The simple numericakesults obtained by using test
networkarelastly presented.
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INTRODUCTION

Life Cycle Assessmen.CA) is nowadaysan important concept to manage and
operate social infrastructurbgcause of tight budget from public sectarconsidering.CA,
Life Cycle Cost (LCC) is used #ise index for measuring efficiency ofiethods for operain
and managmentof social infrastructures.

In the present study, LC@&inimization problenfor pavementslealing withrepair
work in road network is presented. LCC defined in the present study is comprised of
administration costwhich isthe summation ofepair cost and maintenance cost, user cost
which is the summation of traveling time cost addving cost, and salvagealue from
materialsusedfor pavementsThe change in route choicegpressed athe resposesfrom
drivers to thechangein travelingcost i.e. traveling time cost plus driving cos,introduced
to the problemRoute choice change brought by bottthe deterioration ofpavementsand
repair work being made onpavementsand it can affect the deterioration process of
pavements

LCC minmization problemdealt within the present studis formulatedbased on
the idea olmplicit Program in which LCGs minimized subject tthe equilibriumcondition
i.e. the probitbased SUE expressitige responses frordrivers. The algorithm developedyb
applyingthe sensitivity analysis technique ftine probitbased SUE is also presentéchd
lastly, theresults obtained bthe numerical experimerdarried out targetingestnetworkare
presented.

EXISTING STUDIES

Large number of studiegshich deat with LCC evaluation on pavemertisive been
carried out in the past yearBhe reader is referred tdaas et al. (1988) for more details.
Simplified traffic flow analysismodelswereintroduced to the most of existing studies for the
purpose of analyzingdffic flow in calculating LCCon pavementsHowever, because traffic
flow on road cardeterminedeterioration levebn the road And drivers can change their
route choices depending bothdeterioration levebf routesandrepair workbeingmade on
routes traffic flow analysismodet can playan important role incalculating LCC on
pavements It may be reasonable to introduce proper traffic flow analysis model
calculatingLCC onpavements

On the other hand, some attempts to introdbee@incertaintyin the deterioration of
pavementsinto LCC evaluationhave beenmade by usinghe methodologyoriginally
proposed in financial engineering, e.g. Kurino et(aD01) and Tamura and Kobayashi
(2001). In their studes the deterioration process; pavementswas expressed by using
Wiener process, anthen optimal repair rule was finally obtained.The wcertaintyin the
deterioration isone ofimportant factos for considering LCC ompavementshowevertheir
method can not be applicable to network analysis evhreute choices bylrivers are
prevailed.

One of proper traffic flow analysis models applicable to LCCpamementsis
equilibrium traffic flow model, i.e. Deterministic User Equilibrium (DUE) model. In DUE,
route choices frondrivers are determined by &isming the traveling behaviobservedinder
perfect informationBecause ofhe fact that traffic flow calculated by DUE never hapgan
reality, more realistic traffic flow model, i.e. Stochastic User Equilibrium moahely be
better to be appied to the problem. Among othersthe probitbased Stochastic User
Equilibrium (SUE), which was actually applied to the present studyyhichthe error terms
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on traveling timesvereexpressed by multivariate normal distributiowasconsidered to be
the most apmpriate model for its theoretical backgrouiidwe applythe probitbasel SUE
as traffic flow model in LCCevaluation problem onpavements the problem can be
formulated aghe Implicit Program in which LCC is minimized subject ttee equilibrium
condition. Implicit Program can be solved by applyiting technique of sensitivitanalysis
for the probitbasel SUE proposedby Clark and Wathg (2002). Some applications have
alreadybeen proposece.g.the congestion charge problem by Connors et al. (2004 tsnd
optimal frequencies setting problem for public transport by Uchida et al. (2005).

LCC minimization problemon pavementswill be formulated asthe Implicit
Program in the present paperthre same manneasdescribed in the existing studies, tlee
studies by Connors et al. (2004) and Uchida et al. (200&Byever, the difference from the
existing studies is thathe problem containing multiperiod control variablesshould be
additionally processed irthe LCC minimization problemThe new algorithmfor the LCC
minimization problenmodified from the on@roposedoy Uchida et al. (2005) so as deal
with multiperiodcontrol variabless also poposel in the present pape@ne ofcontributiors
from the present paper is the introduction of dfiweoutechoice intothe LCC minimization
problem forpavementsvhich has not beeronsideredn the existing studies>Rev22.

FORMULATION OF MAINTENANCE CONTROL INDEX
Assumptions

A yearcan be divided intdwo periodsby focusing oneachroadlink in the road
network consideing the LCC minimization problenfor pavementsi.e. the periodwhen
repairwork is madeon it; therepair period, andhe periodvhen norepairwork is madeon it
thein-serviceperiod During thein-serviceperiod,it can beassumed thatrivers make route
choices responding taleteriorationlevels on routeswhich can affectdriving cost, andhen
traffic flow on eachlink is determinedbased orthe probitbased SUEOnN the other hand,
during therepairperiod,it can beassumed again thdtivers make route choisgesponding
to boththe reduction in traffic capacity caused tgpair workbeing madeon link which
results inincreasd traveling timecost alonghe linkandthe deterioration levebn routesas
mentioned forthe route choiceduring the in-serviceperiod.As a result, traffic flowduring
the repair period on each link is determined basedtlo® probitbased SUBby usingthe
conditions mentioned abovE&he assumption that deterioration level can affect dsveute
choice maybe reasonabld we introduce the concept of value of time (VOT). That is, the
facts that deterioration level on link can affect driving cost along the linktaatlVOT
suggests the equivalence of traveling time and driving wdbstsupportthe assumptio
However drivers route choice may not be so sensitive to deterioration level, however this
can be explained by high VOWe will introduce the concept of generalized ctistbe
explainedin thelater section for calculating LGCG.e.the cost considerig bothtime cost and
monetary cosby following the idea mentioned above.

The vector ofrepairareason all links in the road networkwhere LCC evaluation is
madeduringthe repair periodh thetth year is:

A= (2 A vt

where /. is the area for linka to berepaired in thetth year(0< A, <S,) (10°m?), andS; is
the total area of the link.The arithmetic sign of T usedin above definition indicates
transposition operation fa vector ora matrix. The vector of repair areasduring the in
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service periodn thetth yearis:
K'= (k) vt

wherek; is the area for linka to berepairedin the tth year(x; =0 Vt,va). Note that,
howeverrepairareafor each linkduringthe in-service periods always O is still used for
the purpose of distinguishing the corresponding traffic flowthe linkdetermined bythe
probitbased SUE

The vector of traffic flowson links calculated by usinghe vector of mtwork
variables ofvn' = (n',...n.,..)" e{A" K} is:

q" E(ql(nt),...,qa(nt),...)T vn' e{At,Kt},

wheregy(n') is the traffic flow on link a calculatedby the probitbasedSUE to be explained
in thelatersectionwhenthevector of network variables is' e{At ,Kt}.
MCI Process

Maintenance codor road pavementcan bedetermined by surface conditione.
deterioration levelwhich can be expressed by MCI (Maintenance Control Indednly
used in JaparMClI is the index expressing deterioration level of road surfabech can be
calculated by usingutting, cracking ratis andvertical flatness, anfMCI takes values from 0
indicating most deterioratesirfacecondition to 10 indicatingerfectsurfacecondition MCI
of a link, in generalcan be expressed #t functon of boththe annual averagdaily large
vehiclesdriving onthe linkandtherepair workmade on the link

The vectorof theannual averagdaily traffics (AADT) onall links is:

Q'=Q'@".a")
=(@,..Q.,.) i,
whereQ; is AADT on linkain the year of:

(D=7, (1) Ja, (K + 7, (2, (AY)

vt,Va, 1
Q. D 1)
where D is the number of days for a year (365 days), apd;,) is the number of days
A
=
©  Dpa
=]
(op
D
t
2 7a(Aa | Draxs 27)
3
>
0

area rehabilitateo]}.a

FIGURE 1Relationship betweethe repairarea andhe day:s
required fortherepair
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requiredfor the repair workof the areat;, made onlink a. z,(4,) has the form as shown in
FIGURE1 and by
: D;
7o(A) =D — %Vt,Va, (2)
P Aatl

where D?_, and p? indicatethe maximal days requickfor the repair workof whole area of
link a and calibration parameter, respectivélize vector ofrepairdays in the yeat for all
links is:

(A = (7, (&), (A),.) vt
Thevector offunctions u;(Q;‘l)Va in the yeat for all links is:
Ut = Ut (ét—l)

= (w6t 6r). ) v,

whereu Q;‘l is the value of MClI on link in thetth year obtained by assuming the annual
averagedaily large vehicleon the link in the—1th yearbe Q.. The vectorof the annual
averageadaily large vehiclesn thetth year on all links is:

&' =(&,..08..) vt.

Then, MCI process can be expressed by Egs. from (3) to (6) by using varidbfesed
above:

=MCl,,, Va (3)
5 = (D—ﬂau;))dam[;)+ﬂa(z;)aa(Af) ot va ”
0 =u -0,(Q) vt,va 5)
TR max{o Ao MCl S(S ﬂt) I } vt,va, (6)

whereMClnaxis the actual maximal value for MClral is assumed to be 9.6 in the present
study. §,(n') in Eq.(4) indicate the number ofdaily large vehicleson link a in the yeart
when the vector of network variables n'ge{At,Kt}. Q, in Eq.@) indicates the annuall

averagedaily large vehicle®n link a in the yeat. T, |Q; | is the deterioratiospeedfor MCI
on linka. We assumethat U, (Q;) has the forn{FIGURE 2):

0,(01)= 1 G viva, ™

based on the resultgven by Seino and Takemoto (200&hered; is the value of MCI on
link a in thetth year obtained by assuming repair work ismade on the link in the-1th
year.The vectorof functions(;, Va is given by

Ot =(0,...0%,..)" vt.

In the case where mixture ratioslafge vehiclesare all equal tan (%) among all linksand
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0,(&) A
©
3
&
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o
3
0 3000 -

thenumber ofannuallyaveragedarge vehicles@;

FIGURE 2Relationship between trennual aveagedaily large vehiclesanc
thedeterioration speed

the passenger car equivalent i (=1.0) among # large vehicls, then q,(n')
vn, e{At,K‘} and Q. arerespectivelyexpressea@s
(m/100p
1-(m /100~ p)
(m /109
1-(m/100(Q-p)
G = (m/100p
° 1-(m/100(1- p)
_ (m /100
1-(m /1001~ p;)
Note that, v& assumed thatll traffic flows except forboth §,(n') Vn, e{At,Kt} and Q!
are countedby using the unit of passengerequivalentpce]

d,(n") [pce]

4.(n) =
(8.a)

q,(n")[largevehicles]vn' e{A', K"}

Q; [pce]

(8.b)

Q. [largevehicles]vt, Va.

COST FUNCTIONS

Administration Cost

Repair Cost

Thevector ofrepaircosts on all links in th&h year is:
F'=F'(A")
= (£ (), F1 A ) W,

where f;(1,) isthecost required fotherepair work & the areat, made on linka in thetth
year.Generallythewider area ofepair workwill bring aboutthe cheaper cogter unit repair

area. Waappliedthe relationship betweeherepairarea andherepaircostgiven byHimeno
et al. (1997)

t
FL(2) = 1.24.10°- 2,

- en) vt,va. 9
1+3.70-10%exd5.44-102 - 1, )(y ) (9)
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Maintenance Cost
Thevector of maintenance costs on all links is:

Mt=M"(U")
= (mi),...m ), )" v,
wherem] (u;) isthe maintenance cost on liakn the yeat when MClof the linkis u_,:
mi (u!) =10°(180-18:8u.)S, (yen)vt,va, (10)

suggested iimeno et al. (1997)
Administration Cost

Total administration cost in thth yeara; is the summation otherepar cost andhe
maintenance cos$or all links:

a =(F+M')1vt, (1D

1 .. a
wherel=(1,..,1,...)". Budgetconstraint fothe administration cosin the yeat can beshown

generally by:

a <A Vt, (12
whereA.is thebudgetallocated tahetth year.
User Cost

Traveling Time
The vectorof traveling times on all links is:

e" =0"(q")
i

:(61”1 (ql(nt)),...ﬁ;“ (qa(nt)),..) vt,
where 9;“ (qal (nt)) is thetraveling timealonglink a whenthe vector of network variables and
thetraffic flow on the link arerespectivelyvn, e {At ,Kt} andg,(n'):

: 0. Y
a8

| Y
:(%Hha( G (N )J } Vvt,Va.
v, C.(n))

t.2: free traveing timealonglink a (hr.).

la: length of linka (km).

v : free traveling speedlonglink a (km/hr.)

a, B : calibration parameters.

C.(n,) in Eq.(L3) is the traffic capacity on linka whenthe network variableregardingthe
link is nj:

(13

C, ifni=2 =0 vtVva
yCoif ni =2 >0 0<y<1.0, Vt,Va,

a

C.(ny) ={ (14)

whereC; andy arethetraffic capacity on linka during thein-service periodand calibration
parameter, respectivelizg. (L4) expressethetwo link capacities for thewo periodsduring
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in-service andepair, respectively
Driving Cost
The vectorof driving costs of all links in tatth year is:

Hn‘ = Hn‘ (Ut’vn‘)
t nt nt nt T

= ) ),
wheren;‘t (u;,vgt) is thedriving costalonglink a whenthe value oMCI for thelink in the
tth year andthe traveling speedalong the link with the vector of network variables of
vn' e{At,Kt} are MCI | andv;“ (km/hr.), respectivelyn;“ (u;,vg‘) can begivenby:
3258-1.82au. +0.117(u})?
—0.474/" +0.004V"")?

(15)

7y (Us.V3) :{ }Ia (yen)vt,va, (16)

by applying the results by Seino et al. (20®\¢Ijerev2‘ can be calculateby using Eq.(13)

t ﬁ
v :vf/{l+a( G (n )) } vt,va. 17)
C.(n;)
User Cost

User cost in thé&h yeary; calculated by usintherelationshipslescribedabove is:

v =(p-neq [ reer +ue)rlnwrea oo vu) vt s

1 ... a
whereD=(D,..,D,...)".

7 valueof time (yen/hr.)
The arithmetic sign of® indicates multiplication for matrices or vectors. For example,
multiplication of matrices oE andN is written asL ® N in which the element representing
ith row and jth column of the matrix idj nj, wherel; and n; indicate the elements
representingth row andth column ofL andN, respectively. The arithmetic sign fwhich
is to be usedaterin the present paper indicates divisioihmatrices or vectors, arld+N
has the element representiitg row andjth column of the matrix;; / nj. Note that, two
matrices (or vectors) used for two arithmetic sign®odr + shoutl have the same size
one of them should be scalar number.
Generalized Cost

Generalizedcostconsumedn thetth yearg; is the summation othe administration
cost andheuser costn thesameyear.

g =Yy +ta Vt. (19)

Salvage Value
Considering recycle of matersfrom pavementsit may bereasonable to introduce
salvage valueto LCC. The vectorof salvage valuesn all linksin thetth year is:

X' =X'U")
.
:(Zi(ui),--.,;(;(u;),...) Vi,
where y; (u.) is the salvagealuefrom materialson link a in thetth year when MCI on the

link is u;,. We applied thesameidea proposed bySeino and Takemot(?005 to estimate
salvage value, artie salvage valuen link a is given by,
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'-4.0
L(ul) = max O,ua— Vt,Va, 20
Za(Uy) { MCl__ —4.0 pa} (20)
wher,
=", va. @y

7. salvage value on lin& in thetth year(yen)

pa: cost depreciation on link (yen/year)

V,: asset valuef materias used follink a in the year of Qyen)
Ya: duration by which asset valuelofk a is depreciated (years).

PROBIT-BASED SUE (PSUE)
Generalized traviig time ofkth route between OD pais, i.e. ¢, is:

Cle =Y d 8% vk, Vs, (22)

da: generalized travidig time alonglink a (hr.).

5. dummy variable which equals to 1 if lirkis contained in th&th route between OD
pairrs, and O otherwise.

The termgeneralized traveling time is defined aghe time which isthe summation ofthe

actual traveling time and thiene which isequivdent todriving costconsumedn the present

study.Then,PSUE is expressed e fixed point problem:

Pl = PsPE(Clprs) VK VIS, (23)
where,
P =Prct +& <c. +¢l Vj #k) Vk,Vrs (24)
D Prs =Py VTS, (25)
k

0, - traffic demandlow regarding OD movemens.

p=(Dy,P,---) - vector of traffic demanélows.

p..=(pL,...0%,..) : vector of route traffic flowsegarding OD movemens.

pr: traffic flow onkth routeregarding OD movemens.

C,.=(ck,...ck,...) : vectorof generalized travelingmesregarding OD movemens.

Pr (): probability.

Multivariate normal distribution is assumed as error term in Zg.(i.e. & (VK,Vrs), in
PSUE.Because the following relationship betwelearoute flows andthelink flow:

G =D, Pl Va, (26)
rs k
is consistenwith, thenEq.@23) can be replaced by:
Pl =pPeld@la,) vk vrs. (27)

d=(d,,...d,,...)" : vector of generalized traveling tisef all links.
Ars In EQ.(Z) is the link-route incident matrix regarding OD pairs, and the element
representingth row andkth columnof the matrixis 5.
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FORMULATION OF THE LCC MINIMIZATION PROBLEM
The LCC minimization problem fopavementscan be formulated ashe Implicit
Program:

6 (X1

minLCC =C, + ; ) nE (28)
with respect to

A=A, A ) (29)
subject to

q" =@®') vn'e{a' K}, (30)

Co:construction cost.
r : discount rate.
LC: life cycle (years) 1
® in Eq.G0) is a mappingR"! — R which givesthe equilibrium link flowsfrom PSUE
calculated byusingthe vector of network variables' e{At,Kt}, and is defined by Eqgs. of
(26) and @7).

The vectorof generalized travielg times when the vectarsf network variables is
n'e{A K} is:

t t t t t T
a = (o lo, )t ). 0 g ).
where d;‘t (qa (nt),n;‘t) is thegeneralizedravelingtime alonglink a whenthe traffic flow and
thetravelingcoston the link arerespectivelygiven by g, (n') and#” (n' e{A‘,Kt}):

a7 0.z )= 67 (6. ))+ 25 vt efa’ k) va. (31)
T

The LCC minimization problem shown above indicates that objective fundésion
minimized with respect tahe vector of repair areas during life cycle subject to BSU
conditiors, wherethe objective function isalculatedasthe summation of present values for
the constructiorcost thegeneralized costonsumedluring life cycle andthe salvagevalue

SOLUTION ALGORITHM
Sensitivity Analysisfor PSUE
We appied the solution algorithmdevelopedbased orthe sensitivity analysis for
PSUEgiven byClark and Watling2002 to the LCC minimization problemThelink based
fixed point problem for PSUE is:
q" —p"{d@”.n))p=0 vn', (32)
wherep" is the matrix of link choice probabilies (JA|x|2]) when the vector of network

variables isn' e{At ,K‘}. A andQ arethe set of links andhe set of OD pairs, respectively.
Let p". denotersth column ofp™ , thenp". is given by

pn =AP” vn',vrs, (33)

whereP'? is the matrix of route choice probabilits regarding OD pairs whenthe vector of
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networkvariables isn' e{A',K'}. Consider the following vector functions:
¥(@",n)=q" -p" (d(q”t ,n‘))ﬁ vn' e{At,Kt}. (34)

Assuming differentiability of the involved functions, and regardinge{At,K‘}, a first

order Tailor series expansion Wf(q" ,n') in the nejjhborhood of(q™ ,n') = q”l‘k),n‘(k))

is:

¥(a".nY)
oY
oq”

(35)

g g )+ 22
t

(n(k) 1(k)j on (n(k) t(k)j

where thederivative terms are the Jacobian matricesYofwith respect toq”‘ and

n' e{A",K'} respectively, which wehall henceforth denotd]' andJj} . J7" andJ} are
respectively giveiby:

<wlg o, nt o)+ [ -n'k) vnt e{at k),

I =1-Y 5, ®[A“‘ aPr: (A“ ) Jad”
p i t t t
=l ® T _ vn'eiA' K
s P ad™ oq" e }
== P ® Zz[f od” Vnte{At,Kt},, (37)

by applying the resultsy Bell and lida(1997) wherel is anidentity matrix.Then,q" can
be approximated by:

q" ~q"® - ( ”t) lJ';‘ (nt—nt(k)) vn' e{At,Kt}. (38)

As a result, the following relationship

n' qnt _ ~N'(K)

aq ~ q
on'  n'-n'(k)
holds.Daganzo(1979) presentedhe method for caIcuIatin@P:;f / 6C?; which was required
in the processsof calculating the Jacobians 8§ andJ" .
Approximation of Equilibrium Flows
The \ectors of equilibrium flows)" correspondingo Vn' e{At,Kt} are required
for the purpose of solvinghe LCC minimization problem. However, calcutat of the
equilibrium flowsfrom PSUE may be time consuming procesB the following, we will
developthe algorithm in whichhe sulproblem forthe LCC minimizationproblemobtained
by substitutingthe approximated equilibrium flowmwith the correspading equilibrium flows
is repeatedlysolved, and finally analytical solutioto the LCC minimization problemis
obtained.
The vectorof functiors u;(Q;‘l)Va in the tth year is expressed dke vector
functiors of the vector ofrepair areas inthe previous yeafThe matrix expressingates of
changein MCI vector regardinghe vector ofrepairareasn the previous yeas calculated

= J'ay wnefar k) (39
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as

t ~
2 = diad (MOl +9) (0" £ 9)) v, (@0)

by using Eq.(6)whereS=(S,,...,S,,...)" . Wedo not deal with theffects fromA,* to u, via
Q! by assumingt, > ¢ Vt,Va, wherez is very small positive value.

The vector of approximatedfunctions u;(le)Va correspondingto any feasible
AT(K) is:

ou' (At—l_At—l(k))

Ut (Atfl) ~ Ut Atfl(k) + —
( ) OA () (41)

=U'(A") vt
Thevector ofapproximated equilibrium flows ofi™ Vvn' e{At,Kt} can bedenoted as:

. : oq™ oU D
qA (At l)qu (At(k),Ut)+ a%tm (Atl_At l(k))
(A (kA" 0) (42)
=g~ (A" vt
t _ t aqu ou' t-1 t-1
A€ (A =g (K U+ T T (A7 - A1)
OU" OA™ | vage) (43)

=g (A" v,

by applying the same é& for Eq.(4). However, ve needdq” /aut vn' e{At,K‘} for
calculating Eqgs. of42) and @3), these can be obtained logrrying out the sensitivity
analysis for PSUE.

The Algorithm

Step 0

Set iteration numbes= 0, and set initibfeasible solution ofA' (k) Vt.

Step 1

Calculateg*'® andg® Wt by solving PSUEby using the present vectors of network
variables ofA'(k) andK' Vt, respectively. PSUE can be solved by apphgA (Sheffi
(1985))

Step2

Calculate the approximated vectors ofU',g* andg® vt . g andg® vt which
respectivelycorrespondo thepresent vectors of network variables Af(k) andK' Vvt can
be calculatedby usingag™ /oUt wt,vn' e{At,Kt} which are obtained byapplying the
sensitivity analysis for PSUE.

Step 3

Solve the sulproblem obtained by substituting approximated veatbis', g and g~ Wt
into Eg.@8), and letA'(k+1) Vvt denotethe solution obtained here. Note thabnnegative
constraints regarding the approximated vectorsadditionally givento the sukproblem.
Subproblem can beeasily solved by applyingSequnetial Quadratic Programmin§QP
(Connors et al. (200%)
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Step 4
Stop the calculatiofif the following condition

max|A' (k)= A'(k+]) K & Vt,

is satisfiedwheree is vely small positive valueandgo to Step 1 bysettingk = k + 1
otherwise.

ROUTE BASED FORMULATION

The formulationpresentedn the previous sectiowas made by usinglink-based
control variabls, i.e. 1, Vt,Va. In the practical situatiormanagementnit for pavements
can be a route rather than a link becamaeses of links belonging taifferentroadclases
can bemanagedby different administratos, anda set oflinks belongingto the sameroad
classcanbe considered asubnetwork, i.e.someses of routes. Furthermorethe number of
routes used bylrivers is, in general, less than the number of links comprighmey road
network It may be reasonable to deal with robi@sel control variables in consideration of
realstic management system for ropavementsas well agor thereductionof the numbepf
unknown variablesncludedin the LCC minimization problem. We will explain hereali
how to deal with routdased control variables.

We assume that all links which comprisaroutehave the same ratio oépairarea
to whole areaThis assumptiomay bereasonablén a senséecause a route belongingthe
same road classhall provide the samedriving quality in terms of MCIThe vectorof repair
ratios ontheroutes between OD pais in thetth year is:

RE = (RO, R @), R

whereK;s and R (t) aretheset of route betweenOD pairrs andthe repairratio forthe kth
(ke K,,) route between OD pais in thetth year respectively. On the other hanke vector
of repairratios orall routes without dignguishing OD pag in thetth year is:

R = (R'®),....R* (t)....RM @),

where K and R¥ (t) are the set of routes and the repair ratio for the k'th (k'e K') route,
respectively.
Letry(t) denoteheratio ofrepairarea on linka in the yeat, thenr,(t) is given by:

() =4/S,
= max(Rr"S(t)o“g" (t) VrsVke K,S),

where 524(t) is adummy variable and equals to 1 if liakis contained irthe kth (k € K )
route between OD pais in thetth year, and @therwise As a result,.; Vt,Va is given by:

2 =S, maxR¢ ()52 () Vrs,VkeK,)
=5, max{R* (1)s¥ (t) Vk'eK),
where ¥ (t) is adummy variable, and equals to 1 if liakis contained irthe Kth (k'e K)
route in theth year, and @therwise

Now, we can apply the same idest®ownin the previous sectiorie theroute based
LCC minimizatbn problemby replacingdU' /6A"™ in Eq.40) by:

(44)

(45)
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oU' AUt oAt

- , 46.
oR_, OATTOR,, (46.8)
and by replacing(AH—A“(k)) in Egs. (41) to (43) by:
(R —R4(K), (46.b)

whereaAH/aRt_1 is A|xK| matrix andthe elementrepresentingath row andk'th (k'e K))
columnof the matrixequals t0S, if and only ifk'=k’, and O otherwise, whete is the route
identifier which satisfies

R. (1) = max{R. (t)sX (t) Vk'eK). (47)

NUMERICAL EXPERIMENT

The resuis obtained by solvinghe LCC minimization problemof link based
formulationfor the network shown iFIGURE 3arepresentedn this section. The network is
comprised of 6 nodes and 10 links. Characteristics of all links in the netwaaksanemed to
be he same, i.e. length of 1.0 (km), free tramgl speed of 60 (km/hr.), traffic capacity of
50,000 (pcu/day)and total area of 9,000 {nCalibration parameters on BPR type function
used in EqXJ3) area = 0.48 angs = 2.82 respectivelyOD trafficdemal flows given to the
networkareshown inTABLE 1. Value of time is assumed to be 534&0 (yen/hr.). Because
the construction cosincludedin the objective function does natfect solution in the present
study, we assume this be The mxture rates oflarge vehiclesand the passenger car
equivalentof large vehicleson all links are assumetb be all 10 (%)and 1.5(pce)
respectivelyThe variance equivalent to 30% of free traveling time is given to each link as an
error term.Life cycle (LC)is assumd to be40 yearsThe number of unknown variables for
this problem is 10 (linksx 40 (years) = 400t took 35 minutesfor solvingthe problem by
using standard PC (pentium8.60GHz, 2.00GB RAM)PSUE and its sensitivitgnalysis
were solved byapplyingMSA based on Monte Carlo Simulation technique in which 10,000
of random samplings froma multivariate normal distribution were done for each OD
movement.lt may be better to introducéhe new efficient algorithm, e.g. the method of
Menddl-Elston by Kamakuwa (199), for calculating PSUE and its sensitivity analysis in
solving a problenfor largescaled real network.

TABLE 2 andTABLE 3 respectivelyshowthe averages anthe varianceof traffic
flows on all links during the in-service period andhe repair period when the objective
function is minimized Thesewo tables indicate that traffic flows dhelinks of b, d, f andh
are larger than those on the other links regardless of the periods. This is bedtmibe¢hef
topology of the network antthe OD traffic demandflows given to the networkAs you can
see from these two tablethe variances of link flowsduring the repair periodare
significantly smaller than thosduring the inservice periodhough differencein averages
from both periods araot so large Sorry to say but we did not get enoughevidencewhich
could explain this resulat the momentHowever, this result indicates thée repair worls
made on links should be done so asniaimize variances of link flowsduring the repair
periodin terms of LCC minimizationLCC in this example was estimated as &gbillion
yen/40 years]. We also calculated LCC as an example for sheypdé rule in whichrepair
work was made orachlink whenever MClon the linkwas less than 4.5. LCC of 185.
[billion yen/40 years] was estimated for the examplewever, only one comparison was

28

TRB 2006 Annua Meeting CD-ROM Paper revised from original submittal.


uchida
長方形


K. Uchida and S. Kagaya

made by using simple networkjs result indicates the advantageha proposednodelover

the traditional ones in whichepair rule was determined based on simpleatera. Because
differences in results obtained by the proposed model and traditional ones will be affected by
thetopology of the networkto be alculated OD traffic demandlows given to the network

and so on, further examinations on the proposed mslu®lld be done for gettinthe
characteristics of the model.

FIGURE 4showsthe transition ofrepairareas orall links in the networkregarding
yearswhen the objective function is minimizeérom this, ifrepair workis made ora link, it
is better taepair whole area of the link in terms of LCC minimizati6iGURE 5shows the
correspondindransition of MCI for each link regarding yeaiidie numbers ofepair worls
during thelife cycle onthelinks of b, d, f andh to which large number of traffiddws are
assignedare all2. On the other hand, the numberg@pair worls on the other links arall 3.
Theseresuls came fromthedifference in the effects fromepairworksmade ortwo types of
links, i.e. the linkgo which largenumber of traffic fbwsare assignednd the linkdo which
not so large number of traffic flonare assignedrheincrease irtheuser costaused by the
repair workon the links ofb, d, f andh are generallymore expensivecompared with the
other links than theuser cossaved by keeping MCI of the links at high level by tégair
work. Thatwas why the numbers ofepair worls madeon the links ofb, d, f andh were
fewer than thosemade orthe other links.

FIGURE 3 Test network

TABLE 1 OD traffic demand flows

from— to | traffic volume (pe/day)
1—- 6 60,000
2— 5 40,000

TABLE 2 Traffic flows (n thein-service period)
links
a | b C d e f g h i ]
average§10°pce/day)| 219|506 | 125 | 494 | 162 | 494 | 150| 506 | 219 | 125
variances 10°) 130(58.1|87.3/58.1| 253|75.1| 216 | 75.1|94.5| 124
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TABLE 3 Traffic flows (in therepair period)

links

13.0/6.87/13.6/6.87|31.6/6.44| 33.5/6.44/23.0/19.6

average§10°pce/day)| 213|504 | 117|496 | 174| 496| 167|504 | 213| 117

variances 10°)

o o0) © < N
—

(QuoTx)patey|iqeyal e

FIGURE 4 Transition ofhe rgair areas on each link in the network during life cycle
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CONCLUDING REMARKS

The LCC minimization problenfor pavementsonsideringdrivers route choicess
presented. In the problem, route choices expressdtea®sponses fromtrivers to the
changes irboth the value of MClandthe traffic capaciy varied by repair workwere taken
accaint. Becauseaute choice frondriver affect the change iMCI for each link it is natural
to introduceit into LCC evaluation fopavementsThe relationship betwedhe increase in
the cost causedby repair workandthe reduction in thecostsaved bykeepingMCI at high
level by repair workwas clarified at each link This relationshipvas obtained by solvinghe
LCC minimization problem where route choicesby drivers, traffic demand flowsand
topology of the networlaresimultaneouslyonsidered

In the numerical experiment, we solvia@ LCC minimization problem by assuming
large vehicle mixture ratio be the same among all links. However, this assumption is not so
realistic because large vehicles cause the deterioratipae@mentsand have the diffrent
path choice functiofrom that by passenger cai$ie appropriate treatment for this problem
will be the application of the multlass users formulation for PSUE to the LCC
minimization problem. This formulation vill allow one deal with differences in
characteristics on route choice between passenger cars and large Vehilcefuture study,
more efficient algorithnshouldbe applied to the problerhecause wesedMSA which is a
little bit of time consuming one for solvirtge probitbased SUEs well as the application of
the multi-class users formulation for PSUSome efficient algorithms for solvirtge probit
based SUBhave alreadybeenproposed in somstudiesrecently presentedhich can be
applicable to the presertugy. We are going to apply the efficiesplutionalgorithm forthe
probitbased SUE tthe LCCminimizationproblemfor efficient calculation
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KBO)D AMCI!, (Bj, ) 1%, ERICEREITDRONER,
V27 aTHZ 5 MCI % b MCliyear) TH Y, tH-HD
R Z5@ s ORS E LTRSS TV, £
7z, MY, HEBIUSREEITORVES, (+ 14EBIC
FEHIF DV 7 a®D MCLEZRL TS, T720b5, ¢
HEHOPEEIE A AR ER (3S) 1Tk “C%O)E
DOEALENIIE SN, T EBTED MCEIC t 4
HIEREZATORVGEO ¢+ 1 HHO M fﬁ# %m
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% (X3Bo) . RGN,  FRIUERET 256, EES
NDIHFED MCIEIL MCl £ ClEHE L, EfES7eu0
HFEO MCUEIE ML L 720, Zn2nomifiiciEd 5
MMEENC L ST, t+1FFEHO MCHER RSN Z &%
RLTWD. 22T, Mt DZORY MVFTRELLIT T
FzFZ LITT 5.

Mt' = Mt’(MCIH,BH)
=(Mt,.. . Mt",.)" Vvt

THE - A QORFFRIC K B L, RIS E R
2D, 972405 3,000 (large vehicles/ day) LA D5,
MCL T TR 03K T2 2 L2327 — 2 L0 ib
LTINS, AHFFETIE, T AfEICT D720
PRI EL F A8 E)S 3,000 (large vehicles / day) D & & 03, 0
(large vehicles / day) D & & 0 (H#HLA2 L) 720, 14H
IZ MCL 2ME T3 5608 L, ZOROGEERITHTS
PILEITFAMIC LV RDD Z i L (KBS),
X-2) .

LBI

et (5,)- 10000

a

Vt,Va (38)

4. ZEFRE%

) EEEER
a) {EHEE R
HEBDEREERRZ MR LLT RS
£ =f/(s])
S

22T =) RIS 22 aicnT
shO WTHEYS T 2 IfEDEREEAT 5 RFOE A (yenyear) T
HD. —RENS, EREIRENIAL 725 L IEMAREDOIERE
HAMNZL 72 BRI ET 5. V7 a DIEREEHI,
VU a DIGEEROBEE 705 2 EMEESN, A
ZECIHEEF S ¥ 2MERT D RGN TR TR 5.

1.24-10% s (1)
+3.70-10% expl5.44- 107257 (1)

fi (s;(t)): 1 ) Vt,Va (4.1)
RADTR LTEER T, BERHANEH IO
720 EEEOEREEELZIRE Ui, EEERANGAE
T 57, NANTHENRZE L 13> T, L
UMD, [EEEIMEREOEMIC L 2R 2K
THHLDOEEZLNDMN, Z9 LR, B 1R
U7 &k & P H B ORRe, @ NITR Lz EhE
[HIfE & ERERBORIE S, MEEICRB SN b L

EzbND. LER-T, BERHERILARVRED)
ERWZELTH, ELOREERBT S ETIE, £
FUF EIEBFZI72ABTE L1305 TR,
b) # I EEE R
B OB HOMERFEIE R MLV ELIF TR
ms' =ms' (MCI')
! )T \Z3

t
= (msl yeens TS,

ZZTms, =ms! (MCIL) 1%, tfFHDY 7 a ® MCI
B3 MCI!, Toh 5 & = ORERFEPEE R (yenyeanZ L,
@2 ord R TH 25 "

ms' (MCI')=10°(180 - 18.8MCI")S, Vt,Ya
HEH DAY DRI BTN M AL T TERT.

mw’ =mw'(s’)

“2)

= (mw{ ..... mwf,,...)r YVt
ZZTmw, = mwf,(sf(t))&i, tTFHDY T a ~OwRE
B 1 FI AT BN s (r) Th D & & O W& FL 2
(yenyeanZ & L, AN RTEURTHZ D Z LITT 5.

mw! (¢ (0)) = sc - 5¢.(1) V1, Va @3)

sc: T B EZE D Bl (yen/unit dispersion).
o BIEEEMR

t FHOBEREERIL, BWOMREIER, &g
HB XA oRmEEERHOME Y, X@HTRT
ZEMNTES.

g, =t +ms +mw' [ 1 vz, @)

1 ..a
where 1=(,...1,..)".

E£72, FFHOBEREEEOTRAFNL, —RrNA@s)
(ORI TEA BN,

(ft +ms’ +mw’)T1£At Vi

At B OEBEE I 5 TR (ven/yean).

@5)

QFREER
a) frfTH R & A
R ORI MV ZLIT TR T

tr' =tr™ (q")
= (trln’ e 170 )T Yt
CoCr = a1, U SRR g TS
KDV 7 a DfiefTHREE A (hr/day/peu) TH Y, (4.6)
THRIT .
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n, )’
tra“’(qé",nfz):t‘?{ﬁa(cjgn;)J }
I no )
={40]{1+0{ 9a j }w,va @6)
Va C,(ny)

02V > aH B TR (hr).

L: U7 a DIEE: (km).

v U 27 a®HE BRI TEE (k).

B /NT A—H.

ZIZTC,(n)iE, V7 adDxy NU—TEHM ! T
HD L X DGERE (pawday) TH Y, LLFIORTEHET
525z EL1275.

C,(n))y=C: if n! =s2(1), Vt,Va

Cotnty=17 Co 1 e
C; ifn, =s.(t)=0, Vt,Va

@7

ifn! =s7(£)>0, 0<y<1.0, Vt,Va
(4.8)

if ! =s9(0),Vt,Va,
0<7<1.0

nC,

C,(n})=C’ - p
pd 'na +1

49)
V27 a DEMORRRE.

y,pd,n./\7)‘ 4 fd.
T70bb, Eﬂ;ﬁ@i_ﬁﬂ;ﬁ@ﬁau&% (C) =R L L

K@) , EREEEET O HEORER &I E T B
yO0<y<10)fiz&72 R@g) , LWOEEAEIZHOW

I, EOREH AW L7\ VERE CIEE oD 1 (0<y
<10) 5 & 7220, EAid DI oON TEBOREITHET L
TEHET AT 2R LT D (H[@9), E-3)
b) EfTER

HEHDOETER~Y MVELIFTHRT.

dr" =dr™ (MCI,,v"™)
= (drl"’ e dr ) ’)r Yt

ZZCdr) =dr) (MCIL VI 1L, tFEDV Y a ®
MCL B2 MCI,, =D& EDFy NI —7 <7 b,
EATHIE R 22N, € 5,50 |, v () & L
75 E0OEITER (yen/daylpeu) THD. AWFIECILIHE

4.10)

REBRE
C,
C, (3 CSpgum)
UC; rd
0 5 0]
BO-3  GRER FAn  & A OB

5 PowfseasEIc, N@1)TH 2T

. n . |32:58-1.828MCI, +0.117(MCI!)?
dr™ (MCI v ) = l,

—0.474v™ +0.004(v"™)?

V1,Va (4.11)
ST = gl i, RAOTR LR R
@I THAH T LR TES,
.
Y (q;;x ,n;): vg/ {1 + a[cq(nf)J } V1, Ya @4.12)
o FIREER
PR LB E NS &, ¢ R ORI
KA1 THZ BN,

T
E(( s —dst)®qs?) (tv@trs? +drs?)

T r r
+(dst ®qs’) (tv@trs' +drs'j , (413)

w s{l T s{[ sd
+(D ®q’j (tv@tr’ +drf)Vt

1 a 1 a
where D* = (D°,..,D*,..)  and D* =(D",..,D",..) .
w: H#F'ﬁﬁiﬂ (yenthr).

ZCHAERL S ® X, 1TAIEIEY MV OFERE R
%@“é 72 21, MONIL, myn, % ifTjHIDEHR L
THIHNE 72D, 22 Tmy, my 1IIENTH, {THIM &
THIN O 1T jHDOEFRER LTS, £z, %ICHEH
SNDWEFERLEHL, 1THIEIENY M OBREART
ZEITT D, e ZE, MENUE, myn % 1T B0
ETDHITHNER D, TRHDOEKETIE, M & N OYA
KRy, FTTEGLDNAH T —TRITFIUIR 5
720N,

Q) —hLEMH
t FHO—B b= A NI, FEREEEM ERIHEE O
Fnezen, @1 THZ LS.

g, =u,+a, Vvt “4.14)
(@) FEA7 B
MEIOBFIRNMEEZS 2, EREEEO G PEMIE A 77

i LT LCC 8- TER Y AND Z &9 5.
IR ML E LR CFET.

sv' =sv/ (MCI")

tHEE DR

_ t t r v
=8V 500y SV e t

ZZTsv =svi(MCI)) X, t FHDOU 7 alldiTh
MCI i3 MCI., T % & & O CHDH. = 2Tl
THEF - A YOWSE 2S5, MCEN 4 725 ETO
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A2 72 b O EAE L, R@ISNTRTBRTH 2
HZEITTB.
MCI' - 4.0

a0 U va@ls
MCI,. —40 p"} a@.13)

dpazl% Va.

svi EEDY 7 a OFAHAE.

dp.: V) vV a DEEEZBIT D IBUMEREE (yen/year).
VBRSO U v q OGREE.

Y. Uo7 a DEEWESL.

svi(MCIY) = max{O

4.16)

where

5. FOEw MUFERMFIAESE PSUD

OD 7 rs [ENZIST & k2 H ORI BT 2 — ik ki

Wdu 1%, REHTREINS.
du’ =Y d o7 Yk, rs G.1)
d;: V27 a O—RALRHE ().
8.% :ODXT rs[HID k& H DRIRIZY > 7 a VEENT
WL 1, 9 TRITFIUL0 & & DK

Z I TBARR &0, TR TIRER & AR T A AR
L7 b OO E AL TIIERT D, ZDE X, PSUE
ARG ARELERE S L TER b TE 5.

P = p Pl (du(p)) Vk,Vrs (52)

where,

B =Pr(du;’ +¢&; <du? +¢&7 Vj#k) Vk,Vrs (53)

>0 = s,
k

Dys :OD T 15 [ DFRE LA H & (pew/day).

P FEALEEY FL,

PR 70— b,

P :ODT rs IO k3 B 2RI 45 28 .

du: RS EREE< 2 hoL.

Pr () : FEINN DS 24 T e,

PSUE T3, #&tHe," (Vk,Vrs) (CSHEIERST 44
T4, 22T, RETva—L Vs -3 G
IRTBIRMBERANLT 572, E21EX(G6)E LTHFERE
"RETH D.

9. = zzpl?é‘fk Va
k

rs

4

5)

pr = p Pl ld(q | A™)) ks (56)

d V7 —R{LRER S boL.
ZIZT, AL, OD X7 s BT ARIR-Y A vy
T MTFITHY, alTkHNDOERNS,, Thd.

6. LOC&/IMERIEDERE

HEREEED LCC H/MERIEEIE, LAUFIZART Implicit
Program & L CHREITE 5.

LC-1 LC\T
minLCC=Cy+ 3 8tV )LCI ©1)
a1+ 1+

wrt
ST = (5] (t)yrns(0),..)" VI 62)
s = (s (0)yerr st (0),..)" V2 (63)
st
Q" =@, |MCI') vn, < §/.s"s/ | (64)
where,
Co: FER 2.
rEIGE.

LC: T4 744 7\ (years).

ZZTROHD D 1E, MCI X7 MLs MCLOYS, =+
v T =D BHFGRT FIV () (SRS BB 7 T a—
2525 R 5 R 0GR THY, REOITELEAR
BERE & RGCHDOBRP S ERSND. DFED, UTF
R o7 BB A U T Y vy T m =ik
HEND. v NU—IZHs bAin, e f),s0sd |
ThHEE, U7 O~ NV (hr/day/peu) %
LIF &Y.

dmzdm@mmHJ

am S

oA =dM (g ™ 1L, VY o ORSSSEE,
HEATEMRENZ gy, dr) (Vn, e {s,’,s?,sf}) Th
BHEEXDO—ALRFHETH Y, A(6STRKIND.

n,

azlozar )= o J+

Vn, € {s,’,s?,sf’},Va 65)

FREo LCC fIMERiES, dks, EEEEM, 7
B JONEREEEOFAAmE, Ch2hz e
fEfb L7z Mbz B L L, SAEDERERRT N2
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R VES K OVHRERS (LA B MV ERTET DRET
b5, R UERRAZE, EcBnTEsy oo
MCI 5 L OB EEIC X A AEA RN T, AR
TIE, MRS X OGERS IEAAR I & D2l m o2
b, ZFNENEBE L TREERAITOMIE L 2o T
%.
EROPEE 2T 5E, HIUCEET 2RI EA2 S
BT A2M0ENRHDHD, ZZTHEHEERAIN WA, F7,
B biiE s L ek d 5 2 LN TEIUE, BB
7 EIRT T AT AL b O TE S
AREMEDS S 5. RIS OWTIE, ABFE CIREIRF A
DA TEN NS D 2 LICFHIREEWL TN D720
BEHERHRTHD EFRR L QWi n, BELRNWI &
IZUL7=. iz, BEICOWTE, LCCIRERFI# D42
W TEN A R EIEHR A EA LT T 5728
e B THLCFRBL T & 2 MR & i ki s L CF
ALEIT->TN5.

1. &%

(1)PSUE [ZEDUN=RRESHT

Z 2T, Clak and Watling (2 & % PSUE (%42 &
FESHTEICIE S REAZ T AREDFR Y MU — 72K
7 MVE n, TERL, ZEErh & LTE LD B
Ta—_7 fMLE QY TRTZ EIFRRROEY ThHD.
ZorE, U _—AD PSUE OARELSRIEIERG.)
TRIND.

o —p"(aq™.n,))p =0 vn, 1)

ph L, Ry NU—I BT MVHn, DD Y 7 ik
PHEFRATH] (4 > Q) THY, D sHIEHDORT MLi
pr LFIIT S L, A7) TREND.

P =A P Vn,,Vrs 72

ZITA Q1 FhENY VIES, ODSTOHELST
b%. FILPPIL, Ry MO BN PVR O
D OD X7 15 (ZBHT DRREKRIGERYIN Y ML ThD.
IZUOIZ, RI)TERINHY MBEAEE X 5.

W™ .n,)=q" —p™(d(q".n))p ¥n, (73)

BRI DB (2 2Tl e /e &D) n 2L
TP FATRETHH Z 2 WET H &, EEOSHA
mmmgzﬁwﬂmmﬂmﬁﬁéwmmmgK%#é#
WOT—7 —EITA(THTERIND.

\P(qn[ 7nt)
. oY -
zT@fmJ”%»+ s @,_qxw)
a(l (q"’(k),n[(k))
+8_T (nt _nt(k)) vnt (7'4)
M g6, 00)

XOHICEBNWT, 2 oD0WMB»EITENEH,
(q“’(k),nt(k))’f“?wﬂﬁéﬁ”béq“‘ En TS Y o=
BT ATHITHY, LIFTiXzEhERIY, Iy THEL
THZ LTS I, 3L, EhEnAas), X (76)
ThHz 5% (Bellandlida) .

=13, ®[A:§ %(AMZZJ

75)
. _op od™
=1- e @ ——-—— Vn
;p S Gd"’ aqn[ t
nt n/‘
aer ad (’7.6)

J=-dp @2~ vy
2 rzsprs 6dn’ 6Ilt n,
22T LIFENHATAICH D, Zolaq™ i, XINT
T2 Z LN TE 5.
n n n -1 n
q" =" ® (1) 3% (n, -, (0) ¥m, 77)
L7235 T, RONTIRIT IR 5.

n,

B q“t _ q“:(k)

oq n, J1yn
~ =—\J C Y 78
on, n,-n,(k) (Jl TJz ne 09
KOEYTR LT a BT ATH] (I, d5) Zf5729DI
I, BREEEREEROY 2 £ 7 A8 (0P /odu™ ) A3k
D HMERH DA, ZHUTE L TIE Daganzo 224
LHEEERT D ERDDHZENTED.

Q) ZEHDELRR

—J, AWFIETHE 2D LOC aHlilE, A4E0D MCI i
7 RV MCIVt) E5F 0y NT—7 BERT MUk
BEGYSEILSY WL (q" n, e f],s,s0 ) BN
5L, FHEMETHS. 22T, q" Vn,e{s,’,s?,sfl}
1T T PSUE (2L » TEIBLSN, ZHARHHEAZE LT T
EEHEEH A HEERIGEEZKITT. 3772bb, K
TR S LCC f/IMERMREZ MRS 729DIlE, ZDih
{EfEZ R < WfE TR END, & TORERIZET 51T
BORE YN, e §,s0,5¢ [ RIET 5 ™ MEHE S
T 67<, HREANOBD CTEVWTETH S, ©
ZC, DURCIImEsIC A M, ol U7 Sy
B L - GREELE N S HiBIEZ R K LR 2 &
WZEoT, fRERDHT NI XLEEZ TN Z &I
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T5.

HEHO MCHE~Z UL, RFEOERERE N FL
L RSB FIE R MLV ORI Y LTERETH &
N TE L. AHEOEREREMENY MUK 25 t FH D
MCI 7 FVDZAERIE, KWK LTZEHR B
79T BHRMGF LD T8, R(T9)THIND.

MCI,, — Mt

OMCI, ifa=a'

! _ 5 (7.92)
0s(t-1) ()a otherwise.
t
Si-1

Z ZCdiagA) (A:~7 MV) 1L, ADIFHDOER o, %
AT iFOXAER E L, ZRLSNOERE 0 LT 5175
ThDH. 22T, KRES)IZRLEBERICBNT
sty = e Vi,Va (IS 7RIEDfH) SRETHZ
LIZEST, sh(t=1) 5 B RO MCI! ~DR8
PNHLOELTWD, 2L, EREmEOREITG2)
WOR LT EREH B DBHRIC L W RSN D 7280, Zan
EREIRIFEIC L D LCC ~D B2 KBTS, —JF, AitE
DEFHEIEFIEAT R R WTHT 5 t4EH O MCIHE
7 MVOZE LT, RGBT 2555, R (7.10)TH
Ehb.

OMCI' _ oMCI' oMt~ 9B 6Q"" p¢*-

os’, oMt aB"' Q" agttt osi,
1
((S—s;1)+s)®(— —j
_ ding 10000 Zq_d s
® @ (p +365) &
100
(7.10)
where S=(S, 8,0

RONR LT E 2 2 L, MCL' 23s!,,s2, |12
BIL T ATRE T 5 Z L 2 IET 2 &, (EEDOBI
(st = 570 0,52, (0) I2381 1 ML BBk
OT7T—Z7—BEIITI)TESR, kY, TE
DIATAHE RS, 8¢ [R5 MCUHERZ ML AT
5.

MCI' (5] ,.51) = MCI' (87, (k.52 )

!
N 8M?I (str_l _S:—l (k))
08,1 (s, 0)
t
N aMSI (sf,l -si, (k))
ast—l (s,’,l(k)»sflfl(k))

=MCI'(s/ ,s%,) vt (7.11)

Z TSI (k) st (k) 1, FRER (-1 AER OEREmE
7 ML EHSERE RS R MUZRET AR DS
FUETHY, ZNHOMIZBWNTYa T U nFHE SN
2.
I 7 v — O PURBZE 2 T ¢
Vn, e {sj,s?}&:ob YT, 1~ 1 FHOERERRE Y ML
IZED, MCESZMEL, ZOfEE, B~ a—H29k
T5. I, RTINTRUIZFERD D, t—1 BB
FERS AR 7 FUc kY, MCERNELL, 20
R, BT a—b28kt 5. Uk 2 o0REE X,
XEIDIC R LR EZEHAT 2 L, q
v, e b0, ZRERREL), A TEET S
ZEMNTES.

qs: (s115 Sfl—l )

~q" (s;‘ (k),MCI’)

.
, s )
omcr' os!, | T

(57 G008y (s, ()

s, t
N oq" OMCI

d d
aMCIt 5Sd 1 (Sz—l =S (k))
—

(57 sy (st ()

=q% (s)y.s0y) V1 (7.12)

0
q" (Szr-lssfl—l)
sO (.0 t
=q" (st ,MCI )
0 t
oq* OMCI
+——

s —si_(k
OMCI' 3s/ (” 1€ ))

(5057, ()82 ()
SO t
, 09" omcCI

d d
s, 1 —8, (k)
oMCI' o5, bt =t @)

(5057 ()52 ()

_~s? r d
=q" (S-158-1) V¢ (7.13)

—F, @ 1ToWTIE, 2 SOMEOMIC, ERD
BRI e M VASBIfE 7 o —IC BB S-% 5%
REEZ TR LR. THEBERDE, ¢ X
R TELELT 5 2 LR TE B,

¢ d d
qs, (st ’st—lvs;—l)

~ qsf (sﬁl (k),MCIt)

(),

(52 (08 (s ()
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Sld t
61(3/([1CI’ (?’CI 52 = 5740
S st s ao0)
S[d t
ai/([lc[f ag/[dCI (std—l —s{ (k))
v (57 (st (0571 6)
Eag@?ﬁip¥4)Vt (7.14)

coT, oq” fos{ L aq™ JoMCL v, e )80 s¢ | %
RDODBMENRH B0, TIUISEI PSUE (ZxFd 2 B
IRTEATH Z L THRLNS.

Q) EBIEFAY FILERW L
LCC e/ MURTEIE, 55 6 T Cor L7z [RE & i | i)
TN, KTRHT1) TERI SN A BT L > THER S 1L
DAHBHARE A AR 0 K UL 2 Sl k> Tz Red 5
ZEITT A, ZoBEZIL, BESTR TR LfifkE
NR=2LTHLDOTHD. FrROEEE, HIEEEY
M 1 SO—HIFTEAE x5 & LT\A28, Z 2T
FT DT, WA MR 2 SO MR EE
fiE mODWR AN SN TEY, Z O TIEROfifE L
T2 5. LRCZEDOT VT Y R LERT.

Step 0

k=0 & LT, PIISATRTRE RS, (k),s¢ (k) Vt 252 %.
Step 1

BHEDT > BT — 7 BEeT bIVs! (k),s?,s¢ (k) Vi %P
5.4 LC PSUE %%, q%® g% .q%® vi %3k 5.
Z Z7C PSUE IF, MSAY% AT % Z Lok - TiE =
LINTE 5.

Step 2

BIEDOR Yy NU =7 BT MvaEfib5 & LT,
o Jos¢ , oq™ [oMCT' Vi v, e sl s.s¢ | 35
L, ZiERTINHTIR UTZBIRD BT e~
FUMCT,GY,§Y,§Y Ve kb,

Step 3

Step 2 TR ML, G, %, q v ZENTRAL
THLID LCC i MEREOHBIEA R, 2T
BoNTffE s (k+1),s7(k+1) Vi &35, 12171, =
ZTCRDIVAIRTE, FRROTRIEHA Y MR L e
LA THLDOTH D, Z 2 TORIMERTEL, FE
HRE R LR 6t DA HER Zefiis (72 & 20, SQP
ED) X TR Z EATRETH 5.

Step 4

LIT®D 2 SOXMEGT-THE, s (k+1),s¢ (k+1) Vt
ZhEaEfiEE LCHRT. 5 TRIFIUE, k=k+1&LT

Step 1~ ZZTe,, eqld, TNEIUSHERIFE, BRESDH
1EAIEAT B B DU R AR E O+ N S 7T
HbD.

max |8/ (k) —s/ (k+1)[< &, Vi

max | s/ (k) —s? (k+1)[< &, Vi

ZZTORLET AT RAATIE, LCC AR B &
2o TCWDEE, ORI Clx LCC HMERT-E
& ORI T D720, BN ZITfRTARI I
WD Z enirEsng GEMIfeo=d) . —4,
B-1 (TR LI2Btgn b, EMABMBERE LTRESN
TWD72, LCCRFEDIEIE & 72> T ARG 72
V. DT, FIHROS 2 5K > TR DN
D FREMEIIRETE ARV, 29 LRI F T, 22
ORLIZT AT ALEHEHAT D &, ORI
i LT R AT SR D D Z LIS TE A, EBI, 55
NTfROZEZBRTIUE, BWob oM (e
i) THHNE I NZONT ORI GARETHSH. =2
T, PRI ZIUZE S B2 DMEFR. 208D
\Z, PRGSO EW A BRI CEIUL, &
BIRDAET HIEIC S IR ET&E 5. 29 Lichk
FSATREZ R DV, RIEZ TR T L T XL THRT %
FOITER L L TV B2 THS.

8. ETEH5I

ZIZTE BHATRT 6l — R, 10 KDY o
(RENDFEANDOT VT 7y ")) 7 7F T D)
MO ESINDT A ARy MU —7 Z%54Z LCC 7l

EiTotz. £V 7R RIARTE LS, R 10 (km),

H HETTHE 60 (kmhr), A7 50,000 (powday), A
& 9000 ) &{RE LT 5. BPR BID (T A —4 il
(@ p) 1L, (048,282 L L7=. v hI—2IiZhH-27= OD
LiEEAR- T, £, £V 7 ORGERET,
1.0 (million yen/year) &5 L7-. i’ TRFHE HIZEIR T2

IRERMIEL L, 25 11 IREEFFHEC L D R HE A5 &

L7ili% 25512, 53.12%60 (yenhr) & L7=. LCC @ HAIRY
BICEHEENLERET, 2T, RECEEEE L7
WEDEBB LN L2 Lz, M O FIZEfRT 5

FIUHASMELY, —fY > 7 ORASEED 10 (%), &
FEVESEICPE © AW R B FE HO 5F] (v = 05) £TIKT,
EREMEZEICEET 5 HEUTET 537 A —21fi1L, (p.,
D) = (10, 50) EGE LTS, KHOSEAEIT T

A—FEE, (po,)=(10,07) & L, HERS AR EO
BORABNE 10 (BEHRL) ERGE LT, F72, DY =60 (days),
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sc = 1.0 (million yenimit dispersion) & & E L CW\5. 7t

v MUET/WCIRIT HFAEHEOREE, BB RO
30%IFEYS T D EEE S U 7 20, ftkic, &
Fi % BUE MBI R B 720 DOFES 2RI 40 (%) & L,
FHMAERL % 40 (years) & L CRtREAFTH Z L2t 5.

=2, &3, T4, LCC i MEEN =B HEH,
EREVEZER, AHIZNENORSZEEED R L U%
BARL TS, Tl PIISATRMEMR & L CiEkE
FEY ML, BHER IEAR R MLET_T o L

LTHEZATHLNEHEDOTHD. ZIHDFRNG, HIT
Blo63 Y 7 b, d, f, h OB ZSEEMIO Y 7 L
L TEWZ b, 2L, Gzxizxry hU—7
fErE L OD BB DOREDETH L LEZOND.

-5 1%, EREmEOHEEZ LTS, T LD,
EEEATOWE, V7 T _XCOEMEEERET 208X
WEDRERNE LNz, B-6 12 MCL O 2.
kXY, Z8EEOZNY 7 b, d f h TiE, SRR
2 28], AEEODINENLISND Y > 7 TIHEREREL
N 3EENHFERNMGE SN ZAUT, BREEEICED
EHFRAFE ORI TR OBINEE L LD L EZ B
5. bbb, ZZORULEFICEL T, KEENRS
WU U 7B HIEREEEIC X A ZER RN E, M
RO LYV THERFT 5 2 LI KD ETE A O EL VD
HRE W, BREMEEZ D72 LIz LCC HrIMb
DB TR TH D L SN bD LN R 5.

B-6, &4 \ZENTH, HAER LRI EOHER
AHNZI1T DB AEED R L O D5 #E =~
ZNEMD, bdfh WS TRASERDZ N 7T
1%, %< OBFELIEAID AT SN TR Y, FIRRIUIIS
U= HAR DM DTN D Z L vbins. KHIoREIC
BAL I, BEFERSIEAIBARIC X D A EFRIR I LRI X
NTWReW=®), ZoXH RGN0 EE X
bhb.

APRD X 912, BH SPR@ )R LR D, 1K
DY 7IERTD L, EETHHEAITT N TomEL
KB LTDE0D, ERNC L DRRITEHR SN AR
2o TCWD, 2L, EREEFTOENIC L 5215403, &
REE N CEEE ADAERBL S TR, BT 7
AREMEN B D, ZHUTOWTIE, EBRORhE L 2sime
LD N L— R T OBRTIRE SN DT80, EREEAIC
[EEE 2 FE Uz L CORBINMEL 725,

&1 ODIER
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) (107pewday) 220 506| 126|494 161 494|150/ 506|129 125
57 HC12321107/107/107)599|124|411)124|316| 195

T3 BUsEE (EREEE)

V7

alblcldlel| flglh|lil|l]J

P4 (10°pewiday)| 213 | 504 | 117|496 174]496| 167|504(213| 117

53 |46.5[155]35.5]15.5162.7)12.3]45312.3|53.3| 326

&4 BoysomEi (&)

V7

al|lblcldlel|lflglh|i]|l]

EH) (107pewday)| 217 | 505|123 |495| 166 495]155(505(217| 122

5y 191]69.6/24.0{70.0| 664|87.3| 839|87.3| 257| 291

9.FEDH

AT, FESEREAHICIIT A4 OSBRI A%
J& LT EREEED LCC FHIET VA RE L. F£T,
PSUE ORE T2 L7-fifE bR Lz, 57 40T,
HHIZRWTIIREALIREE, (SEIEEICHE ) RRR =
DD, AN TIIHEERA IEABR I L D 2T 5
AR A A8 LT E A S ORI Z WAL LT
W5, ZOFER, 295 Li-Rmiking Kp Lz ET
LCC Z e/ IMbd D AEREVESER HE & SRR L Ao s T
PEOLNDZ &N, FHEMIL Y RSN,

FHEBICR LR, &Y o 7126 LT 2 DOZHL
(EREVEREmAE, WRSBLIERIBU &) 28 L, IbiZ
40 FFEEEE L CGRHESND LCC 2% 2D 0ENH D,
REVER 800 & 70 2 K2 BETH D (Z 2Tl
Yt 7 v — DN IELZ TR L LTS T, b T
FHREAWIRE L, WEORHIERSN TS, V7
TIFe< [EhE, VOB, BRSO SRS,
INHEERN LTI R Yy b U—7 BB E U CEREHE,
AW O EEFHE 2 CHOON L VHENTH D %5
265, ZOX I RENLEI TS TG E, Kiglakam
EROWBD IR CE, FHREEON E2X D ENRT
&%. F72, PSUE #itH3 5720, AL TIXES T
IrvyIal—rarEwEA L MSA ZEEALTE
D, ZOEHSOHBEARPRKEV. TFETIE, BT
NayRalb—ya YEEAETIC PSUE 7 r—% 35
THHELREBEINTEY, ZhadElTs28ick-
T, FHEOEREDKOND EEZBND. Bl T
INHOBENESNTERY, KRRy hT—27 -~
O REE BB H D = LITHEETE 2. Ll

7o, FRLOREEIIHANIZ IR ATRE T H D LB X
B, FHUEREFENEERIC X o TRAZEE O£ & HIE
T, RoEfbRIEE LTERET D Z L oEK S A
HEDHEDEEZLND. 2D 2 HIZOWTIE, 5%
DAL LT, BIFERTE~OEH 2SI EE, &
DI ZEED TS FHETH 5.

(NS

ZIZTE, T EORLETPESE RO CERSR
HAIREDT AR T VIR AR T A AR, £
DOITETIE, FTTOREOABL I CE 5 Z & &R T
ZOXHTEETE DA, ZOARERE AV CHih
RAREA RV R LIRS = 210k~ T, fdRIeid % =
EDHIFFTE S,

MEOREE 2 BT 5720, (ERERE Y ML LBk
FEBHIERIBAR N7 b VvE F & OT-HEES~Y Mg x
THRUT D, £, FHOEGAGRENRY MaEE L
72b0% fTEHL, &5, MCXY hUL g THRE
THZEILTH. 22T, BBl BRI 28 A
7 MV y, MCLICERRT D8~ MLa 2 TRELT
%HE, LATOBMRD AT 5.

y=y(f(0) (A1)

z= z(g(x)) (A2)
IOk, HHE LD LCC & V TERT L, XA))
TEIEINS.

V=V(y,z) (A3)
RAI)DHREEEIZ BT 2 40E, AL TRINS.

oV _ovoyor oviondg

A%
Ox Oy of ox o0z Og Ox
T 2T, EEORIBERARY My x = x (0 (3B 5 A0
ZR(AS)TEILT 5.
(Z_V EW(X(k)) (AS)
X x=x(k)

RT1R)NTIHB L ORTINHEN TS £ & g ORlEZE
B FVTEET D x=x(k) IZBIT 52— ROT—F—J#
BlE, EhneEnAae), A7) TRIINS.

f(x) = f(x(k))+ A(x(h) \x—x(k))=T(x),  (A6)
g(x) ~g(x(k))+ B(x(h)[x-x(k))=g(x), (A7)
where
ox = A(x(k))and % =B(x(k)).
OX|y—x(k) X|x=x(k)

—J5, RE GNA6B IUONAT) AW TERAS
NoHHBHEZ A8 TEFRT 5.

V= V(y(?(x)l z(ﬁ(x))) (AB)
RAR)DHIHZES Y MBS 5 x = x(k) (23T 54
fdi, A9 TEEIND.
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| v vadR
ox ex(h) 0y of Ox x=x(k) 0z 0g Ox x=x(k)
~ O A+ 2 (k) (A9)
oy of 0z 0g
=u(x(k))

x=x(®) DEE, V=V, wxk)=ulx(k) 720, K(A3)
ERAY)YDER L ORI —E L, ZoilEThiug,
BRI ARLASTOMBEO AR AT TE 5 Z L v
5. Tbb, XAYlE, XAHITHB VT,
ofox ~ A(x(k)) 3 X N og/ox =~ B(x(k)) & TE D55 %18
EL TN AlLE 7e>TD.
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A STUDY ON AN EVALUATION METHOD FOR LCC OF PAVEMENTS
CONSIDERING WINTER TRAFFIC SITUATION IN COLD REGIONS

Ken'etsu UCHIDA, Seiichi KAGAYA

A method for evaluating LCC of pavements considering drivers’ route choice behaviors is proposed in
this study. It is assumed that drivers will change their route choices due to the changes in driving cost
brought by deterioration of surface condition of pavements, and the changes in traffic capacities brought
by both surface conditions in summer when repair works are made to pavements, and in winter when
antifreezing admixture dispersion is carried out. LCC minimization problem is formulated as an implicit
program, in which LCC is minimized subject to probit-based SUE which expresses drivers’ route choices.
A simple numerical example obtained by using test network is lastly presented.
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AT D FFME
(1) BRI 72 ME
3@ (Traffic stream)iL, 1H i A RIC T ANCHEITL COD L H DOV MIHTE OB OLE
EVTHY, WH iiﬁé&L%éT Rl RETDEANRERICIIZEE ¢, 220
VIR v, ZS0EE k 3BV, g =kXv OREGRRHS.

F7o, BRI B KRETRDEE RS2 EICUC, Bl 23 BICETCE5 H Bk (GER
W) fEUE S, FIGZTAEDT-DIZEITO B BRI VA B T IR O — D> DOAREEIC
TFAHTENTE, 2D 2 SO BETEMEN KX RS,

PLED 3 FHIZENENDHEBEBRERD, g-v HE, kv B, kg tHEIZZZWIREE 225 £ T
HERBARTHS. LLTICZOBBRZRHT 5.

T

(2) ZiEEE VHHE (g-v FHEE)

REf I Z 22 B, M PR EEED p A
&, WEOBRITR 1 0XoIc2s. &ZiE
BENDleneE, HEITREGELS), &
RN A O E TR 5.
ZLTC, BN RRITRDE, WD
PIDHITONZEELBDL, ZOKRK
EDHIH% TH m%ﬁ&%&%ﬁ?iﬁ&%@%ﬁnﬁi
SFHNG. Fo, A ROIRRED L X, K
ViR Eéli)mtﬁ’\ OA DEE(=¢q/v)
DR BE AR

i

g-v HBICIBNTIE, 1 DO @RIk Eff{wlwgf"ﬁ
LC2 oOMENFIET D, WE, il - l >~
@KL T v & v, BbY, ZREROK 91 Imax 4
WL ky, k' B E, k< k) SV 1 g-v Hhik

RIZHD. A RO B B ClIE
AT BE IO, EITL TWDELI D5
BN DI, HOHH SR EEITTD
i OEHEL TBIISN D@ EIT gk
725, —77, B RO E I CIE
EATIHE iiﬁtu\ﬁiﬁﬁ@%ﬁ%&ﬁ%w
7o, AHEIT A REFIEROZHE g &
2%,
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(3) 2P B LS (k-v FHES)

TR | A S 5 O | YA R A
LoHl, WA OBRIXK 2 OIOITRD.
RIEHENNSNEE, AT RE R
<), ZZE FENHIN DIV 1
BOT5. Fo, A ROREOEE, R
HONEHAE (= kXv) PR B EE R
7.

I LB R OIRMEZ R THO
THY, k BREeD, THROLIRMEE
MRELIRDE, HIARROB A ITEH 722
WIS 95, F, A, B RIZE WD
TRIEE q 1TFELLRDIENR DD,

W — B BRSO W T, ZLOHF
JEE DR % RBBIEATREL TR, £
NHEDWONELL FIZRT.

D B. D. Greenshields, E. S. Olcott

k
v=vf[1——]
kj

2 kv ihig

@ H. Greenberg

v=cln| -+
k




® L. C. Edie @ D. R. Drew

k n+l

vove IR e, 1_[k :

k,

J

k. N
v:cln(T/J AR =

k
v v
Vs
Vy
)
1
]
1
!
1
| E
0 k K,k o k ko k

3 k-v HiIf
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(4) 7SR JE L AZm B (g-k FHE)

| Z AR, M A B A LD
&, WA ORI 4 OIHITb. ZKiE

BEMEWEE, R@EIEE<, R
FENRHININTDIC oA @ E I 5.
ZLC, ZMENRKITeDE, W
WEEINT DICON @RI 5. 2
DI KIEDOHI% TH EEY}IL&@%Y’FHY}IL(E%@
WA TTeN5. 2, C mOIRFED
&, UMD E DTS \occ?){tﬁ%( q
k) DR R E AR

g-k FABICEWTIL, 2 DDA @K JE
WZXLT 1 DOZREEDFET D, Zi
[ZDWTh, ARE - im0 B H i Ik
&R B AR ORI SE IR BV T
NENZBEEDBHISNDTZO ThHD.

4 max

4 g-k iR
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(5) AR DRFIEAE

SR REE, AL, A EDOBAMRAEN 5 ITRLT. £, ¢k FHBIC R W TRl @A i R E7R
DIRE I KRAZIE R g, &V, e RASB BN AETT S DI O 2 i FORE (Critical speed) v, £V,
F-Z OO A I FE A W W FE (Critical density) k.(= g1 v.) £V, KRB EEZ T EITD
FRABIEL B BRI XIS LS. A D 0 DEE DM LE H HHE (Free speed) vl Y, F
7 by G, FTITAS@E RN 0 L7280 ) | XAAFNEE E (Jam density) EFFIEILD.

q

9 max = A

X 5 AZIEPHED RFIEE
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ER PR T 20—
(1) EEOERE

B O BT IREIN TWAR KT 5E, 23 mbgee, THR 5 EMRE, 22
HED 3 DIZiTHN5.

ZZIEERE (Function of highway) L\ )k, InEHBRA~D HAD LT &% 2308 (77 2 A
HE; Access function) &, N+¥% HEYHETODTIELS, RIEICBEIS T2 LN TEX DO ENIHEEE
(N7 4>V BERE; Mobility function) S\Z3FETED. 77 ABRELIE, 1H LN E R O H A D
LT SR TRESHE. B OMIE D EDE 2 LTIV DI, —RITITEN D7,
MMEL, N7 ERNEON Y 7 a5 R DB KIEE T 7 B ASREN BRSNS, L2~ TC, EE
I, pASEHI N2 S DIE R TIE, 77 B AREED HE IS M B THY, W EEE K, SRR
7R M A e 21E B TIE, T B ABREA IR LN T 7 ¢ ZBERED i\ B BN EREND.

TR FR R RELIL, T B ABRES G- T MBI R THY, JEERFA TR (ZIE
BEETHD. ZhUT, ERESZOMREA ML CHuls R N D8N, PSEHBIR, FEEDORRE)
(DR MDHERE T D, ZOiE I IS BT OF B AR 2 IR ZREMR L TRt iU, 2 misaE
MERIELCLEI=0, WHEFHE O ECHERERERO—D>THD.

ZEEIFERE X AL ZEM 2 IRE SN IC B W CRICEE R ZE 2 Ff > T 5. ZHUd,
WEMERS K SAEHERS 1 72 & OJEWTZEf & U C OB, Bt @M, WO, #Ass s LT
DOATEEREEZEM], ET7KE, 48R, HUTER, BEEY, JLENE, MR SRR DIL
KREMRERDHTOEND.

B ORETE EOSFIZLL T OIS TS GE SIS .

1) FEEHLER
FEU THUEA TG & 6 L OV B2 80 T B D 5 K W il 2 & &b I M 5 AR TR I AR AL 2 i
THEH T, TEHIZH->TUE, Ny 7 RARZEELZVEKEZ VW, Bz h> TER
WENEL, Ny 7 ENE - P THHEKE).
2) ERHE K
W ER I > TIE, FEELTHLGATRRBEIN O “IRATRE OB ERHER T 510, TEEBHR

A 5E L C R AETR B A A 3 518 C, Ny 7 BRI E <SSl & i) 20

HEEEW). BTEICH > T, ZOEHBBIOEBEX O/ DB T, Ny 7 R -4

TAS AR A2 B KA.

3) B ERE
MRz 8> TIE, FEELTHUG ATERBEN O — IRAETEE OB AR 3512, MIRER
AR C— R TR AR B2 S 5 2. B o TUE, B X B s 21 ik

THIEREAEND.

4) Z DDA
BB D T N ETOT 7 v A HEE ELLER TNy 7 R, Rl S/ NSV iE

AN,

ERICEDRSNDHEREL L, AW OB ENZ L4, 2 Ol ICBEIS T2 L12HY, ZOREE,
FIRHFICHREMEZ R T H2812HD. LT, miRy NI — &AL, B3 - FEEDORES
BRELEVSTZREREEEZHSTND, 22T, ZEERED DB B OKFH O L 72 5
BOBEEDHTIEIZOWTLL FITRT.
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(2) KiEAEE
B O (FARH, HIEEOE R E OELE /2 E) 138 B4 I Thd ), 42
B 3IE B ORI R ECALE 2 A DH ICEB L C0D. LTI B s O R A B8 O Rt %
IR

fpﬁ’“’%@rﬂ rE)

6 [ZH IR BEZICDOFZR LIz DO THY, ftdhidH BREEERL TS 2O, 4/
Ii’uc BEE 1.0 LLIZEZD ARIRBREDOFETHS. ZORING, #TEHEM RO @ &L 4
A3 12 A2t T 1.0 FHEDETHY, BB Doz enbnd. LnL, 1 Al —ERd Lz
%, 3 A/ T 2 A 55, —77, BOLERKIZOWTIE 5, 7, 8, 3 AIZBWTEHE %75:
HRKLTWD—FHTEDOMD A IZOWTIFE R Z @ &L TlEloTnha. E7o A BRI
KT 14, KIKT0.8 LEFBHDIED KEL, RBHREOFRINHLIENDND.

1.50

140 + —— TR D)

' —s— ARG AR

1.30 - H1 5 4

1.20 BCE R 0l
1.10

1.00 '\‘*N_/__’.‘;&Q____ —R= /.
0.90 |

0.80 -

0.70

44 5H 6H T7H 8H 9H 10A 11H 12H 1H 2H 34

6 HBIzm&EZboBl
AL
B 7 130 H AREEEOFZ R LD DO THY, HelhiImE B REEERL TWD. ZOfElE,
KRR A 1.0 LU EOME A ZBED R THS. 22T, A RBEIZBV UL, Ela@Elc:
WSRO N DHS. Fiz, —OBERICB WA @ EE—# 3252, +, BREBIZHED 3
D, =07, BUGERKICHEOTE L, HIERICRERASEFENFEAL TNDA, FH I
TWAHZENDIND.
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1.20

115 | —e— TN ETE
—s— AR — 1

110 | T SRR — R
105 | o . %ﬁﬁ%iﬁ&i& _
1.00 | /" . 1
095 |
0.90
0.85
0.80

H A A8 K 7N & +

7 W HZEEE OB
24 RFEEE
BRI, BEAEISEEE XX DZENEROERND, EIG TR, FEEEEWRE ST
HIEMERDERETELTHD. ZTNODORHEIXERTE O EIX AN AEIET 58] 7 BEHHK
7 RFECORM 12 FFICBIT AR ENELRD, BB OLAITIE, KM 12 FEFIZBIT 55 W &
ML T2 DA E R > TD. ZOMRBLE N LIER ORI EZ R TR ChOBKHE (=1 H 24 I
MDAz B B 12 R AiE & CEl 7 l) 2% 4.1 l[TRLT-.

x1 BER

. s (AR LWLl

ﬁ DO) *’E IR

BEOME i Hh M 0 o TS
N ) 1.37 1.33 1.37 1.35

&EE(%®M) 1.34 1.26 1.25 1.29
— % EE 1.36 1.31 1.34 1.34
T 1.34 1.25 1.28 1.30
*%ﬁbﬁ‘ 1.32 1.27 1.26 1.29

FEHEIZRBW T, BB L TEOE I LI RE LY — 2 2K HE (B BhEERE]) &2
H%/:EL E%@ﬂ%%w”ﬂ#é TE O ILE OB B SIS Ul T il e/ R Al S L~ T

WEDD, ZOBIT AIRER B EE R EEVY). RIBR & (Capacity)&1X, 5 2 HAVT-E B &AM,

ZEBEAFOLET, HDH—ERERIPICHEREIITEEOH W E S LT e KM E @R 528
DNHIFFCE LM E TP THE DR KB EERIND. BEIL 1 FEdH-v TR,
AR L7891, HDIE A BT T DM ENEINT UL, ZWE B O EL/2, E1TH
X5, RBEFRETERSFEZRTHRETHY, LB BEDPRKINVEE LSRR
D, —ERKHEIL EFHT5. 207, RERAZBEDNBEIBL T —EOEITHE D HERSND.
D, ZIEFHEIZBWTIRBFTFENHEE SNDE, ZOTHEIZ—EO Y —E AR AEZ L
TELRBERBEEFEEL, BROBEERETS.
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Vs

9 max q

X 8 ZilAEE g-v BfR

(3) FXFtREA R
DORETIHE, BRBLORESEMEC, RBEAEEOFEDONFHICLY, HARLEE &,
i, XAl ASEAY %0) 3DIHTTHOGLILTWA.
1) AR 5 (Basic capacity)
f?&ﬁﬁé@f;@%ﬂi, G OHET, 1 BRI E X EHGE (2 1A B E R Tl
M) O 1 Witk @i L) 53 B O KL L CEFRSNS. BERZE R B L OSGE ST,
HFARA7R1E
1. HHOME BN WA BB A 52 720 (35mU EdhDZl)
2. BN DIEEYECTORREN, HmOBE IR EE 52720 (5 R#B2Y 1.7m LLED
BHZE)
TE A (e A8, BT AR, e S) M E DR EE 5.2 7an
BFRARM 72 A B S
1. Z@EFEIERA EO L5 (KA, B ime, Bt STEeS3E £
V)
2. JRBEHI PR M
EWVIREETHD.
ZORRIZ, BAZZEA L, LT ULLBLEORD FIZHIT 8@ & TITRV. 2O X7kl
B BAEINEEIC R D@ OBLAN IR EECH D03, IR/ E S 2 R o BEAFE I T OB
FERIND, LT OISR AL BE RN G2 51 TND.
% Hif 2,200 X HLHEL (pcu/h)
2 5 2 BER (TEEGEH) 2,500 (peush)

a

REACIH

II>>}

2) m Tﬁbf‘\ £ (Possible capacity)
FEEROBE R B IO EFOH LT, 1 RIS B E I EE O 1 W iR 41818 LD 2 Hl 0O fe K
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BaST. 2L, FEEREOBERZBICBW TRBA K T AL 767 08B R, hiE RN,
AER7RE Offi 2 DERZBE LT EAEE, AL BERRIZRLLIE _ct@:%ﬁtﬂéné.
FIREAIEA | C, DRERIT, L DI,
C,=Co Xy Xy . %y, %y,

IIE, €, ARERERA R
C, D AR EA =
v, BLEIEBICEAMIE
7. sy N R Y i
v, RBIEICEAHIE
Voo IRESMHCEAHIE

3) ixEI 2B & (Design capacily)

EROBRFHINNWOZER B THY, ZOERKITERSND Y —EADRREE (FHEAKYE) ITET
tﬁﬂ#%T%QL@%kﬁbég IZEROLND. FHEIKUE(Level of service) i, FHH 5% F
SNTHEFR 72 E DS B ARE IR T REF — RO EZ R THHIE ChD. BB OSE, D
DAETIT Y RLE R OVERS - EEEREIISU T, RMEE DALY 3 SOTI7RRESI TN
%.

AT YE 1— G H AR R CHERRONE — 7R 228 & (13 H 288 &) 25 TREAS A o il

ZIRN,
ng 7}@% 2—§+ﬁﬁ*aj$7)*(“6$|aﬁ 10 H#F%EET, E"*—?H%EF'?&‘ iER= ) §EI§E’ ﬁgﬁ%ﬁié.

ﬁ&%ﬁﬁ z 7”51&/@&4 el ,ﬁﬁi L] ﬁitb}’,; (= V/C) ﬁ)ﬁﬁu\%h 2% 4.7 129 G
JKYE 1 OAEI TR ORER 228 B O LB RHEND, (30 % H FEfZm &) /(1% B R 228 &) O
RE YR FEECh oM 7 HE R =0.75, #RTTHHER=0.80 [ZHRLC\5. -D%D, 30 7 H KM

B EE L OKETEIRSEINICLE > THELZERSES.
3 2 EEEOFFE K UE

2 ; WO R
7 F 7K E T e
1 0.75 0.80
2 0.85 0.90
3 1.00 1.00
20y, DEEAWT, @@ RIIL T ORIV ET .
C,=C,xy,
TS G AR R
C A AEATIR A B
7p D AR — ARl R

ZORRICRR R B A BOR HIT, FHEKED LICFRE ST IRMEE O f K EE nRERR B &
WU TRDD. T, ROONIZFEFH R BERE EITE D LS 7228 @RIl L%éﬁ%aﬁﬁﬁ)ﬁ‘é X 9 I
R (2 A2 1 B — ATl A b (V/C) , el v 2B\ =b O T, Rl I A B A A A R
WIYEBTIRLICb D THHIZ0, KL g-v BIRE ARt D&%, ZobE, y, =10 13E KA &
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DRAIVCWDIRAECTH D720, FREIL B Rk, SRtk CTh 5.
WE, FHEIKYE 1 CREMCEA REARETDH. 75,
C,=C,xyr" = (30 % HRefH 22 i)
Liph. 2k, 30 7 H RFFASH BT R O KYE 1 CEATARATREERD. — 77, 7, Leve 1=(30
FHRFMZEE) /(1 F BRI EE) THHMD, C=(1 FHRHZER) Leb. 372bh, 7]
FEASERET 1 HHERZEREZ MBS EDIENTEXDLIEND, FHEAKYE 1 NIERTED. F,
REHKHEI 2B 2D, ZOYGE,
C,=C,xy™" =C, = (30 % H el m &)
DFED, 30 F H RFAIASHE AN Al REAC & ThY, 4FH 30 RpfHFRE, B — 7 IR¢f 2810 &7)Y AT REAS W
KEAEZ 5 GHEKYE 3). 7ok, FHEKYE 3 T RAIEL TR L.
vA

Vi

0 kil kg2 kw3 4
9 ik
PLEDEHIZ, 30 F H A5 R A AT REASE@ A B 0D L DK HE TS AN Lo TR K HED Y
BEZ TG, KL CIEATREZIA S 1 % B IR ZS0 B L2570, 1ERNICh=5% 1
DI KA R B TR C TS DL D, £72, KU 3 TIE ATAEAS A fas 30 % H
HE[ 2858 B 72 D700, LD KA AR (1~29 7 B RER S ) MR A Lz b X, et
DHZETIRD.
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TR D BN RN T E N RAC L DR 23 F 3t THD. ZOFiEIT, HEasa E i TaHR
D1, BTN OWIREAL, #t— R MERSYE, 2 LD N RS e &G BERZEHE T 15 TH
HEFEZ L. LU, fHli T IEIIAIMN TOBH 2 iR ICR WV TRY, MERmMICBWTZDOEE
USRIV R0 D, FRIC, AWNERE BOFEIC IV TE, BREAK
DIEED LU THTS RS2V — 5 TE D030 050728, E D RIEVFERSNDHE DR HD.
T, SMERERBEDZAUIC LD A @A~ D FENMERE TS, LW EORIAFFE TSR0,
A WA OB LOFH, FHlARSI TRV D EEZ R TV, ZZTAMIZETIE, Lo B #)
HAZBIRILO EBACZRAD. FELZDET L, UTORDIIICELDLND.

#3 FEOIH

FEOFIH EEDONRE
EHENEE | B KEEH, DEEMICLHLZEOEEE, E ORI
W, RS BAOHF 1T k> TR DR mEE
[ELEERP YN BB UKL, IR B R TFIRAK
PO Bedr, IRETVBR U DA OMEIK T
BT FHE ol IS LD AR O HH 158 - {5 18
A S EEDEBRIRE ORREFIRE LSS, TOEREID
L DIEEMO G
B2 A Nt A% BEOFEROZOMENTLEN, REHICEIAME, 5

DU TN LA - VERE

B O WS, ES

HAY LT E DT ~IEBIREAME FL, 2y 755
SIS AR, BRI LB AR, B
HE, B L B B K S B A S, 1R
LRI, RFRBWEOWEA~OKE

M EE | L

BTN R 2E R, $l, FEEW % OE

A ERED L E ALEHNCAS K DRBIZE DT, (LA

SHILOPERE ARLYBEAY, F =X DR, W BE(AX YL ARl
FOfETH)

A VRO IR AE BRI L DA B IR O IR IEA AT LW DI - 18 D3

EN

Wofili, NAE2 el

W OB O¥ERIZELOW i, NEE DR

AW GET DA TRER DO AZMA I, AFOZMEREED I G 2 D5 B 533 %b
DTHD. ZDOIDREE -FEEN, HEEHIEIC G 2008, BEfFIIC G008, ETREICE
AL, FIAN—DLEIRIUC G Z DR B A BB LT EATHRIE A~ D BEE 25N D.

H G Z G- 2 D58 BRI DAY, BLEE B O, BRSO B oL

BTG DL G- R D 53 BT D WA - R - DIE BRI LD HIEh RO IE &, E1TEE DK

T, EREEEEORE K
EATERBICEZ DB T, RS RS LA R OB, RO
DERRIUC -2 D2 - LGB D EITITRT DA R, 5
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ESSCIRE A |

TN ENSD LT O T D, S SESOHEH IS

FOHF TIZEOBIBICIVE EOHHIT

TIREANLEAL THOBmE FHER>TEW E23D. ZBEDZNWEZITZATILOEE

TITERITRELARD, HOEIRE
IERIEAR IO RS, ZARFITEOETCREEEICIVMLFEOLNTESIC

ZE LRI F 0,

2R THIE EASSARS, THASS S5 (K50 H) THRE)
720, FEZASKSY

EDOREDPMEEDNRICKREEET LD, ENETNIZA T LT, BFIETa TR
AL, SOOEFTHEFHCAHEIEND. o, FRIB ZAZDPALNBIZEFIT209700.
4 B
b - SR i glond) | P
(kglem®)
s o TI<DE. === 0.1 Aijf —
B IR) ﬁ@i_u&%mi ki 0.05~0.3mm DFH
Z7ppE M5, FHEEMEIZIO LS S5 | BT ORB0DIR KL 0.27~0.41 —
x.
s ChibR) BB B30, B0 | RiFE 0.3 mm DL EOOFA
. IEHE, BEARAOTBEE, (LML | 2R R0 DN | 0.28~0.50 —
(EHHE) N
PCTTEA. Y 572
(BR) BLo®OBNTZS. | Kif£0.05~0.3 mm DEHE
JENEE KHENHRP R EHFT W | RIS AW B 2721 | 045~0.75 | 20~170
whe. TORMPDED
(BOIR) FES 12K 2NRIBEL T | Bifk 0.5~2 mm DL
KR WolobD, JEX 1 omm LL | fiK THEME 01~05| 07580 kL | 90~300
E. mm DRIB%EE T
(BEAR) K DBER B -T2 | Bifk 0.1~0.4 mm D%
Sl O, JEEZ1mm LT, FEIZ | sk CERE 0.01~ B B
R BT NEDE | 0.1 mm DRIAEE L
.
KA T=pE (R BERET b0, B | kIR 1 mm LA EOFA 0.8~0.96 B
Er—Xyh) | OWEETIER LD, (2R DR\ VRE

flLich, DK DK D 12,

K

(Lo TIHOSF | DNESTURIENHY, 2 JEHEET,

TREICHAERE>TODREL DL D%, D5F TREKREN, 2 BHEET, BEoOF s T
RNbDZ, TIRETEKREND. Fe, Rl BSITWETHIROSHLIKM OKIER, FifHH
SIFNETHIRDOHDEETL, FEHITHDLT .

60



TR E T KR

HEFNIRDF VKR
BE1 Bk

A TRIE I DR

61



FRT —2NHO% BHER

FRT — 2%, BB L O8IAIC, SEFIHT27 —2EL T 1 Kb D@ L
PIEREZ D,

ATEIE TOMFICIX, 28E LA /N ZRIEIZEVIEEIL TV, L, g-v #lifiE 2 iR
B THY, HFHEROERER /N eB 258, WEMENEW, FTHA NN Z LN e M-
RELTHENRSTE. 22T, 5 ENT v-k BiBROREFH O MBI T A—2EHEFHL, ¢-v HhFRE R
L7,

Vo7 T (ZE M) R EE v(km/h) L2885 q(peu/h) , FEE k(peu/km) ORI,

qg=k-v
RBBURNHD. T2 T, peu VX passenger car unit DN T, KB/ E O HELISOEN 1 H%
H By A B SR L7 B B SR R T D, E, v SEE kT

1
L
v=v/{1—[k£J }
j

RBBUR DD, 22T, v, [EEET OB OMEE(H HEEE), &, 1EHREE2SY R0 & X8 (R
BE)THD. ZNOOREBRID, 3HE v LA E x OMIZLL FORBEBRMARESLIND.

1 1
1) T 1) 1m
v—v,1- i =0=v—v/ 1- ii
’ kj kj %

[~
L

1-m) | ;=
q=k,v 1—(LJ
Vs

LV, g-v BIFRO— R SELND. 22T, m=0, =3 L 754,

1
2 3
q:kjv[l—LJ —ky -2 = kj[vz—V—J
Vs Vs Vi

LR%.
AR CIE, kv difRO—fE



1
{ (k][_l}l_m
v=v, 1- k_
j

WZBWTC, FERE RN —RICED, LT Da, b, ¢ #HFT52810725.

ol

ZZC, a=v,, b=l-1, c= !

1-m

L7zMo T, HEFHLTo/RTA—EM0 kv #2512,

1 1

(A-m) | 11 1
4 Vv |¢
qzkj\/{l—[;J } ijv 1-[;)

L.
IR e/ N 2 el
B/ 2 TIEEIE, n ORI ANTA=F x={x;,x,,+,x, }BATD m f (m>n) DFEREE

f=U0 Lo 1}

Silxnxp,x,} ((=1--,m) 1)
WZHLTC, B0 2 Fefn(FE72 2 )

1 1 2
S() =32,/ @ =3/, &)

ER/NCT DR X RDDHIETHD. ZITHE, B f BT A= x (L TERIE Th GG

IZOWNWTEZD.

IR I/ 2 FIEICEB TS, B S, (x) OFIZFEBEORMBEI LIS ESETHY, 2 Ffin S(x)
X n RICD/RTA—ZERNZBWTHEMER 55F 0 EL, 2RO NEERF> TODIGERSDH. 2
DEx, AT A—RIERNETD S(x) DSDENEMY, KIKE7a 5 Mz KD 52 LI AL
V. EHBIEE DIV TOWDIRIEIL T R T, HOYIHEE STA—=ZOIEHIZBITD  S(x) O MiF
ERODLOTHD. Thbb, MENOHETHE L ST A—ZOIHIE x© 23 el T,

S(x) BT BHINCRBRELT, S(x) ZHNT I x" 2R %.

2 FANS(x) 35, ¥ 1BV THUNERBT-DITIE, 20 1IRIKSS 0 L2 AT E MU TH .

aS(x):zaf"(x)ﬁ(x):O (j=12,---,n) @)

ox . i axj

J

TIabH, NIMLITHIORATETIE, Yar T 1750 J(x) = [of, (x)/ox,] &2~ T,

VS(x)=J"(x)f(x)=0 4)
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Thd. ZOFEMIE, [ (x) BDBIBEOGAEIITERFRADOE TEITLN, Z2THE n uoELFE
BB THL. Fz, @)RA =T x, 13 S(x) DIFE R THLN, TNDH/N R THDTZDIZ

1%, S(x) D 2 RIEITENA~T T ATHN N FEA EEBEITHITRIT TR b0,
BE%S(x) D 2 IREEF TR DI ET D,

*S(x) _ 5 9 (x) 9 (%) o f,(x)
Ox ;0x ;. _Zi ox; Ox, +Z"8xj6xj.

fz(x) (]!]I:]-vzv’n) %)

VES(x) = JT () (x)+ D [ (V2 £ (x) (6)

ZODH 2 DB £, (x) DIERTENE (2 I53) M HAEL D TH D,

IR I/ N 2 RIEDOT NAYZ LT T, REMITIE () OB IR TR AR Ll
7275, WNLIERE TR RO A Th D=2 —h - T7 >/ (Newton-Raphson) 4 (3) Ui 5
&, k7 B OMEUE x P 1ok BT Ax® 13,

; ale [ axj Jij' = axj (] =12,---,n) )
V2S(x®) = —vs(x®)

Tebb,
T () IxW) + Z’f, W21 (O PAx® = —J7 (xP) £ (x D) @®

2N 1 LU TR TRDOIS. —OHETIE, B2 0EE x© 633 5L,
x 8D = 0 4 gy ® 9
WCEVKES B LT, g x IR 5.

Za— R TTYUENE, X O TR RN NED, 2 RS VA S (x) ZEEIFHE

THVENRHY, N E D NESNZERNZ WO TEATIIRW. 22T, =a—h 57V
EEIELL DD, bo LT HICHE TE T, bo L REITNR T DI RIEI RO DI, <D
IERRIE /N 2 LRSI TND.

ZDOWT, b HERITIEN, T A =a—h (Gauss-Newton) 1 THY, (8)2T 2 WK D

HVf(x) BT 200 ThD. $72bb,

J YT Ax® = =T (x®) £(xP) (10)
R ZORUX, BHR/N 2 FIEICBITHIEH R
J'Ix=-J"y (11)

EHARIZFCTHY, WOBEHZEZL TODHITT IR,
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J o J(x")

x > Ax®) = x*D _ (6 (12)

yo ay® =0-f(x")
HI A = a— N ARITERIE R/ 2 TedE s DIERE I HEE U7 7 U CHEGR IR THY,
PEFIRL DN TEIZ, LLZDOFIEL, MR REINEEOREZE f,(x7) BDREINEXITIE,

RN NI FEEL LT,
T ma— B BT —oDHFELLT, A0)RDSE AW 220 FEME T, #i/l

K+ a®0<a® <1) 2T,
wED )y o0 4B (13)
LUC, ROA—FETHTHHERDS. 22T, a®ix, SEE) B SEP) KT a551H

i 2.
SHIZ, AVAR=ma— b AEEW R T =20 EELT, L—_U )L <L) —h
(Levenberg-Marquardt) D 5 {E0 5. 2k, (10)RD A0 O XA I IIEZINZ T,

T I W)+ A9 DO = g7 (x) £ (x™) (14)

RS D THS. D® 1L 2\ ORIR U= AT (I L 2 AT HEAATHN ) THY, [’ AP 2L
TR L EERD. HL AW Zd TRE G L, DY =T Dlx, (14)ROMITFEENI

4 = 20)7 ()£ ()

= —(1/2D)VS(x*) =

Eheh. 2T, 2 B S(x) O xP BT R AR T 1A -{VS(x)}E I TN T, ZDK

&% YAV NTRDINTUEBDOLRFIRTED. ZDOL—_U LT = L —MNER, B §T

PEREDN L.
HMIGIEDRSHIZRENGEICHE M TXDIDITIEOIIZENEA TEY, =2 —F
(quasi-Newton)iE LS IVOBEIEIE DS IR TE H S T0D. ZOJ7ETIE, RAES R O Thk

HEnD f(x®), J(x) DEDRFNERNT, 2 ki VIS(xX7) (B)2)EHEELEHETS. bL,

BA%L S (x) S0 1OThIUR, /"TA—F x DUl x > xR T, IROITLIBIFRS—
ENIEVRVASE

V2S(x)(x'—x) = VS(x') - VS(x) (16)

ZZT, VIS(x) O G2 AT A HO 8B, HriiunSgx—214 x0T 1 )iy
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VIS(x®) mEOND L, 1T H P 2 HHLTC,

HY =H"Y 4 4H® 17)

H® (x® —x69) = vS(x®) - vS(x* ) (18)

Zil= T INC HP 2RD D, 010D EHARICHLWANARGIERSS.
F7z, Wma— R ARIZIENWANWARERERHY, S(x) D 2 RGBT DI R EE
EEHLIOETANCLEST, IO IS EENS.

(1) V2S(x) &kaHei- stk

(2) VZS(x) DIFFTHNEMEE - THHTT 2515

(B) V2S(x) DD Y f1(x)V? £, (x) 20 AHERE - WHT D71

HI, ZNH0O7 VTR LEFEBRL i 7 AR /G R, (3)D HiEAHEREL T s,

P EIZHR 7= iEOMIZ, 2 FBIEL F (x) 126 LT, — X DRI B DI/ Mb D FiEE %
DEFHNLHTELHDN, 2 BROEEEE LT RO TIEICHARDEIUROE SR w7
ETH-TEY, HELETER.

ST, BLETHRIER/N 2 SIEOREOBIEZHA LD ThLAS, Zibiz @+ 51E

BHEAZZIRNTRERZL.

)]

O]

®)

(4)

FERIE A D ARSIV CIE, T 22 910 x© 2HEE T 52N KRETHS. PIHE
X T, I FICRET D5E, PA TWDR/IMBRRME) XSO RR/ MR R 45
BAERENDD. IHMEOHEE 121X, AL LS E T D00 53 B T O ka4 i i 5 24 B
%, EEOBEN T HIME S R L CIHREE i 52 b A ThD.

R/ 2 FfRIETIY, KIS RO FIZBWT, IERIEHOT0 5 D\ IEUER7e78 74
DI=OIZHENL 1 RFTFRRDESRIEITIR, T 7% LEELDIENGDD. ZOBHE DR RET
LAY LD FNHAIRIA A TEPIRNE, 78T A—=Z DI AxD N TEHDITRELARD, ¥
BT 5. MIEARIE T 7 BEHEL T/l 2 Bl NV ARE WD T L, L—_r L
7 e A —NED I KB A EE A CTL 2 bR ik, S, HLOE=2—k
ETEHHAL QD AR5ERL AT —(Cholesky)iE72 E 03 5.

RF A4 x O B HEHT DR, Bl FRERAOM AxP 22 OEEMNDHIELH D, (13)

XDIo, P o TE YR — VR T a® 27BN, SE) R FEICHED TS
oIt A2E8 2. HEO#E= 2 — R AETIE, Ax® OFmOER FIZERLT, BEE

S(x® +a® Ax®Y p3 N2 D AT AR D TV,

IR/ 2 ’IFED L1, YL T ATH I (x) WD ARBD/STA—=ZfE x (2B,

R O, (x) /0, DY SE T ATHIE R TEBEICL THBLZENBELL. FEOT B
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(®)

T LOIER DR EE 2G5 12T, B LS Trae T ATIEF R L Tli>Th L. 7272
L, ZO%HEIITFHERZENRELL D720, HEHE TOT 73 H O ERLI RO E 72
EDGRMERRLSTDUENRDD.

IR /N 2 FfREZBRGTT 2 ETHLO O, RO 3 BOHESREZ BN ET DL
ThoD. T72bb, OIEIWHKTHE1C Ax® 2 a® 2RO D70 DSM(Z DM 2=+
FT A L a® BZROET), QUURLIZEHEL CHAZFTHE L0 DKM, BLUORE
EDRYESHEFRL AR 7o (ORI I - IR E) - 45 72 E DN EEZ [>TV D) ZE 2 EL T
HEEZFTHULI-ODOEMD 3 FETHD. ZNOHITEICEEHAOBRZEDOETVEVDLZATO
HIEDRDHITIY, WD TEER THMERIERIZET VB f, (x) ISR LA B2 E

SMARETHZLITREL T, BT, Q)REM-T X713 S(x) DIERE A TIEH->Th,

T LB TRV R RE S ZENHY, EDOIHRIGEITHRIGTEDINIE ZRT
AN ECAYAN A
QDI MRIEICEAE DL DLH 50, — I, () 4x© omERsmx

(-VS(x)) DR EL > TWAZE, (i) 2 FFEEOM S(x*) 23fiH A2V TOME S(xP) &
DL L TWVAZE, O 2 &ERHITFHNA.

@DULHCHIE SIFIIE, OO FlFaifTdie otz BT, (i) 7% |f, (x)] 23(Z DR 5
I ART)Fo/hSNZE, (iv) BEESRZML fW) L ae 7 U475 05~ kL
of (xW)/ox, EMT RTDATA—=H x (j=12,+,n) ITOVWTHRELLTNDIE, (V)37

A—HDLALDORES [ - x®

MTA—FORES [xV] Fekt 1~ T) s

&, REDOFMNRHETHND. QDFTYIVSEMEEL TE, O&fM-ST, @bli/oSWEE Rk
K ThHD. 12770, EBRIL, ZNHOFRMETERBIT L7 EAELZLIXREETHY, 1<
ORI EF A B DR T, (MEINERL ST B LTS, £z, 2—FRH5N0D
A L BB 7V BISGEM R O EREFREL TRE, Tha @il 2E5H 5 AT HY)
HIEHMETHD.
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* 5 HERHRR

Bk v, -1 |1(L-m)| +HEE
FESRERT 180| 57.772| 1.1881| 1.2771| 0.8651
Z&= 53.646| 1.6939| 3.5381| 0.898
/ m Vo C,
27 | 2.1881] 0.217] 30.26] 2,504.6
A2 | 2.6939| 0.7174| 31.08| 1,774.3
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HEFHIEIE, v, , [-1, 1/A—m) D 3EHThD. ZZC, k, 13180 LLiz. ZOMMELT, W 1
BT 120 2B E A DI TEY, ZOMEICERL WD, 7272, 3 R THHDD 360 (2725008
BOENEN, B ENHDEITHDT0, 1 FA7VOEREN 50%E I EL, 180 LL7-. HEFHH; H
FVY(I-1), m-1%Z3EL, ¢g-v HRZROTAERDUT ThL. BERARIHY T 5q,, 1%
TR, AFENEN 2504 L 1,774 THY, LZRTHFED 71%E 29%K T 352812705,
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