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EHEROEELEI¥TE, »5KAELET—EH
Bz BB T XA T E VT o (availability) 2 R RIZS
B2EOBEEBIN-IPREINTEL. TRT1T
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TaIE, B2, EAOIN—NESRICREL
THL I EMBERRD. —F, FEER TIINE
LIRS EsEETERNED, RERRITBN
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7(w) = min {t [x= x((u,t)}
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7T =E (t(w)) =fﬂr(w)P(w)dw )
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BESE TR, AP OBIEYDORRIERIC
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EETHD. NOHEMIER/ BHREREEZ DT
BIZIE, TOREBEIRDE—1 27 T OME/EHT
FNRETIMEOERPLEELRRS. FEOUT
Tit, B—o 27 SO/ EFETNICESERD
TEETH. _

B—3 AT AOMR/ EHFMRICERER>TH,
A7 50BRAHEICEDT TO—FOHENRR
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EiEhW, SATHANERERMITEELIR
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FHRBEERD. —FE, 127 7HBESTHEED
BRI EZE L& D IS/ B EBE AT 5
TEMMEERD. TOEIITA T T OME/EH
BEEVEM > 7 S OBRAEEIC K D ERBNEER-
TW5, TRTOYA TOREIEE e/ it/ =
HEFNERET D EERAELTHD, BBEDSY

A TR UM/ BHET NV ERRE ST 222V,

AW TIL, SEBNEEE DR/ EFMEDOY (T
OFEMS, o EHMBERNEERDEEZEDH
5. Thbb, EROUAMMERTIE—1
TS DR/ EHEBECEREDTHILELET D,
DY A TORETIE, MBI 79NV BRAER
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127 S5OHENSEE, BE, HFEEERT
FHICELZETOSOV 2T b o1 7REHICD
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B ERARFETHS. 107 70EEE (LULT,
EEE LR 13, BROFHETEUZZENTN
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DREBIEFTEREFHEZBFIN—NELT
EDTBLENHS. LT TR, MR/
WmEFERILL, 12T SOMBEFN—INERDS
BAMBEAHFERALLD. 0WE, 12T750K
BEEB () DEERE X, THERu() OEHRRE
UEEZS. 7OV b4 TTBTHERDOR
B tE[0,0) IZBT BT 27 T DHLIRE()EX T
FRERNWERE () EEBEOTHu()EU K
U CHEEMS RN

x = g(x(t),u(t),w(t)) Q)]
RS THB T 5. IS IIREZE x(0)=x(0) & &
T, %(0) BHEEMTHD. REMEREFI IR
fEx@)eX E1TBu()EU DRI DEFR

M:x()EX —u(t)EU ®
ELTEBTES. BRECESKEFHEE EOR
SNEREAICBVWTOARAEBINDHENDPRR
w. Thbb, BEEOTHuE)EU ITEREKT
1172<, BEDERAKRBVTOAREOREEZED
B4 IUVARIBERTEREINS. WE, BER
BEe k=1 - )TEREENZELL, 12/
FIHERKu(@)EU %

1-if t=6,(k=1-")
ut) = .
0 otherwise

©)

EEHERLED. AN AHENRERENDFES
8,k =1, - - YKBWT, KBRS OEEKEX
RESMIC Sy > 75, SLBEMNAT /UL
HENAHIIILAER?)R

£(t) = h(x(t), w(t)) +{ X - x()}u(t)

LETZEMTES. ZOB, 1V AHIEOH]
BIZBNT, REEHN

(109

x(6;) = lim a::h(x(r),w(r))dr (il.a)

x(8,)=X(k =1, (11.b)

BT BEERLD. ZOXIITMOTO YA

TESICEBEL TR ZENTES.

(3)sic FEDEAR R

Wk, BaEMSKERRICES OV F5A
TR ORIE T 1 791 7 )V EER OBREMEZ
BARICTBLICTRDALMETOMBEEZER X
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Oz bOBMFEREREZRKICT DL 2R
NAHEEERBT DY, LEEKEY K

® 5EE

VO = max E, [f; 5O exp(-pidr )
.a

-S{FeE) 1)+ 0) exp(—po.-)]
s.t.
(1) = h(x(t), (1)) +{X - x(t)}u(r)
x(0) =x(0): given (12.c)
ELTERETES. 727U, a@x@)idsricd
WT7Ooz ) MSEZMTEREERT. Y27
NRA ) TEXRBITHG@OEU MERINS.
E,[|RI>TNNRRA 0 T THIREE & 5EET
THO, pl3tt2WBI5IRTHS. HNEKO122)DH
W1 HIEROREMMEEZ, F2HIMEERAO

(12.b)

BEMEERT. Fx(6;),X)+Q MEEBRATHD,

ERVERINDIAI T 0, BV TORIAT

AROEE LS. SICHBETIIR SN RicBNT
DHERNERIND D, ERBRAICIEEER
OMEEND. BEBRANEELRZINE, sIC
BOBRETEHIESBK TS A 50, SICREILEE
DOHERHHEEICRS.

SICHRBIL, A NNV AKIBOY 1 I TE2HRET
SEBELTEHEASNS 0, @ OEBEHME
DEELEE (R )y —F O ORKEFER) %
BRTDZENTERN., TOXI RN E:

FOMEREERIHEE (BEEERE BELTE,

LRTEONFTHEMERLE O, Z0kSk
SHTE2FEZIICHT IMBEICERL-HEEL
TEFE Mpifonsd. sic MEZRESILREE
DT7NITUXLERBNTHNTALD. 0WE, $5
Bl LBV THEREEERLAANWI ENRETH D
EMHBALTWBELLD. Bl ic BT 2w
#E )

V(x(t)=E, [ [ 2(x@)exp{-p(u ~)}du )
+exp(-pdt )V (x(t +dt))]
ERTIENTES. BEHFFIR2)NNL 2 RE
FFORM T 57 B
x(t) = —ax(t)dt - Bx(t)dW (t) (14)
IS H/E, X(3)%E: DIFHET Taylor BRTZZ &
L0, WEHEER

20

av p?

,dW
-ax—+—x"—5
dc 2

p (15)
BESNBEERLE . 2L, a,p515
BERETDHNRIA-S, we) RIERSHNO,) T
WO 4 F—BETHD. HLBELVUMETO) H
SHED, BELBWIEHBETHIRY, HR
DEEMBE 2RI REBBIR V() HBHSHERQS)
> TEL (BD) 95 SEAENRANER
BolBAABRANBFLEINZIERESETHA
W, WE, HEOERICK DIKRELTE x() DEAD
EKRBERELLD. BEEERLAVI ENE
BTHDHRO REZH () B DEFE  1ITF
ETDET) MOHBRRAS)PRILTS. £/, B
BOBmBERHKERZ Y LRTD. 51T, BEYR
RBEA F(x(6;),X) = f(X -x(8;)) EH5A BN, 2
ROBRBILEHEMETHELLD. RBEERAKE
X iZBWT

-pV +a(x)=0

V() =max{-f(X -x)-Q+V(X)} (16)

MEALT 5. TTIZ, V(X)) IREEBOHIEKEX
PORBICEBELZERLZBEICE NS EEEA
BThHs. RU6)ZERKITT B LD B EEE KHE
X&X EREDS. RQG)IEHR X TEEEZEETS
ONmBETHIUL, EFEFMOY KBWTEHEINS
BEEBER S, BREOSLAEY TERINIR
BHEBEH CEBERAONNELLARBZEVS value
matching RHZEZRL T3, ZIT, REMBEEAXK
V(X)) SR f(X -x) 22 BIESMS AT TH
5ELE&D. OB, sIC BERMS HER1S)EE
A&

VX )=-f(X -x)-0+V(x) (17.2)
P -x) _dVX') (7.)
X X
) X -x) 17.9)
dx ax

DT THRFBEIREINS. K(17)IEAHRD value
matching &, ROTbNIEHEIRE X" 123 2 RS
f, KA7YTEEAALE ¢ BN TRE BN ES:
WA FIRETH 2728 D smooth pasting 5t P TH 5.

ZDEDIT SIC MBI HER2H < HEICRE
T5. Lal, BEO MBETHEEERL HR
TKHE " THSI FTHET A2 < smooth pasting & - AYERIT L
BOWHEENDR<IBWN. ZOBE, BREEMN 1A
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PERSPECTIVES AND RESEARCH AGENDAS OF INFRASTRUCTURE
MANAGEMENT

Kiyoshi KOBAYASHI and Takayuki UEDA

This paper overviews traditional approaches in engineering economics and reliability engineering to
maintenance and replacement and examines their applicability to infrastructure management. Problem of
infrastructure management is formalized as a general stochastic impulse control (SIC) model and then a
way for solving it is instructed. As a special case of the problem, the discrete stochastic dynamic
programming (SDP) is illustrated with its application to replacement of an infrastructure. Finally, the
research agendas for the methodological development of infrastructure management, particularly topics in
project accounting system, mechanism design are discussed in perspective view.
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