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2. Implement now or later: An Inquiry into the Timing of
Investment

By Takayuki UEDA and Ma. Sheilah A. Gaabucayan™’
2.1 INTRODUCTION
Cost-Benefit Analysis is traditionally done under the condition
of certainty by Discounted Cash Flow (DCF) models such as
Net Present Value, Using the paradigm of DCF, if NPV > 0,
then the optimal timing for investment is now. On the other
hand, if NPV < 0, the project should never be done.
This paper briefly examines the effect of timing of service
opening on the Net Present Value (NPV) of the project. The
theoretical framework adopted in the analysis is based on the
work of Marglin® who studied ‘the timing of investment in
relation to changes over time’. The main distinction between
this paper and the aforementioned is that this study seeks to
evaluate optimal timing under positive, negative, and zero

growth rate of annual (instantaneous) net benefit @ .

2.2 ASSUMPTIONS
Following the classical framework in the Marglin? and

Morisugis), we assume ;
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(1)Optimal Timing of the service opening is considered as
Point Mass Investment and occurs right after the construction
period.

(2)Only specified cases of constant growth rate of annual net

benefit are considered.

2.3 NET PRESENT VALUE AS A FUNCTION OF
TIMING
Optimal timing optimizes the Net Present Value (NPV). In
symbol, we have
T =arngaxV(T) 8}

V(T)=~Texp(~pT)+ [ (b(0) = c(t) exp(-ptydt 2)
where V(T) - net present value of the project, / - investment
cost, b(2)- annual benefit, c(z) - annual running cost, P - social

discount rate, 7' - Timing of opening of service and T* -

Optimal Timing.

2.4 SPECIFIED CASES OF CONSTANT o
(1) Net Present Value in the Specified Cases
The annual growth of net benefit may be expressed as:

b(t)=c(t)= (b ~ ¢) exp(er) ©)

where (b —7) is the initial value of the annual net benefit at
+=0. Substituting this to equation (3) yields:
V(T) =~ exp(~pT)+(b )| expi@~ p)idr (4.9)

or V(I)=—Texp(-pT)+(b -T)

exp{(@—-p)T} (4.b)

p-w
(2) Optimal Timing when ® =0
From equation (4), we have

V(T) = —Iexp(-pT)+(b — &) '[: exp(-pt)dt  (5.2)

or V(T)={-1+(b —E)i} exp(~pT). (5.b)
P

For this particular case, NPV is a monotonously decreasing
function of 7 if V(T) is positive, and is a monotonously
increasing function if V(7) is negative. Therefore, for zero

net benefit growth rate @ =0, the optimal timing is now

— 1
when V(0)>0. Otherwise, when V(0)=—-[+(b —¢c)— <0,
p

the project should never be implemented.

(3) Optimal Timing when @ >0
When the growth rate is positive, the NPV is the maximal at
T such that (T YdT=0. T is derived as, first

av(T) - _
= plexp(-pT)—(b —¢)expi(w— P)T}’ 6)
={pI — (b ~ ) exp(@T)} exp(~pT)
then pI—(b~-¢)exp(wl)=0, %)
- ( 1 ) pl
finally, T=|—|ln=——. ®)
W b -7
The maximum at 7~" means,
dv ~
—>0 for T<T 9.2)
ar
and W 0 for T>F (9.b)
dr
If _pI >1 then T" =T >0 The implication is that
b-c¢

investment must be at optimal timing 7%, otherwise loss is
incurred.
To determine several characteristics of the optimal T*, partial
derivatives are taken:

ar* 1 pl

———7111‘,—<0 (10a)
Jo o b-C
oT* 1
=—>0 (10.b)
dJp wp
T+ 1
2 =—>0 (10.c)
A ol
oT * 1
<0 (10.d)

b -¢) b ~0)
Equations (10.a)~(10.d) indicate that:
1) A higher growth rate encourages early opening of service;
2) Under a higher discount rate, delay of opening may be
better;
3) The greater the investment required, the more prudent to
postpone; and
4) The greater the initial benefit is, the better to implement
early.

The derivative suggests,
dv -
—< 0= pl—(b-C)exp(wT) <0
dr

= -pl+( -C)exp(@T) >0
= since w>0 or wl >0,
—(p—) +(b —E)exp(aT) >0
=V({T)>0
This implies that if @ >0, any timing T>T* results in
positive NPV, /(T) > 0.
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(4) Optimal Timing when © <0

Under the negative growth rate, again we have:

f:iln:’z{: such that fzZ:O.
dT

o b-c
However, we have in contrast to the case of @ >0,

£K<0 for T<T (lla)
ar

wd P20 for TST (11.b)
ar

T gives the minimum of NVP. Then we can conciude that
the best timing is 7*=0, “do it now! | so far as }(0)>0.

In the same manner as the previous subsection, we have
dav -
7T >0= pl—(b~c)exp(wl)>0

= —pl+(b -¢)exp(@l) <0

= since w<0 or wl<0
—(p-w) +(b —¢)exp(wT) <0

=>V({T)<0

This implies that any timing beyond T resultsina negative
NPV.

2.5 Too Early Loss and Too Late Loss
(1) Definition of the Loss
As was defined at the beginning of this article, when the
opening of service is not implemented at optimal timing 7%,
loss is incurred. The loss may be defined as
L=V(T" +h)~-V(T") (12)

The loss is dependent on two factors: the optimal timing T*
and the displacement in time from the optimal 4. By
definition, L is always non-positive, and L is Too-Early-Loss
if & > 0 and Too-Late-Loss if 2 < 0. Thus utilizing the
equation (1) , we can express the loss L as:

L=1I[exp(—pT )—exp{-p(T" +h)}] . (13)

~SClexp{(@— )T }—expl(@—pXT" 4]

To determine the consequences of loss under various cases,

the partial derivative of L with respect to 4 is taken:
OL _av(I"+h)
oh dh
= plexp{=p(I" + )}~ (b = )exp{(@~ pXT +h)}

.(14)

(2) The Loss in the case when @ >0
Based on this equation, for ® >0 and constant 0 , ],

andp -z, we have

¥ X —T—X 7=y b, Real Option Approach, T #i

oL
— <0 for h >0, (15.a)
Jh
oL

and — > 0 for 2 < 0. (15.b)
oh

(15.a) and (15.b) again mean that the best timing is 7=T7*.

Under these conditions, the NPV is positive even when we
have the Too-Late-Loss, while the NPV can be negative when
the Too-Early-Loss. This is the direct implication of the
derivation in 4.3. The Too-Late-Loss may be more tolerable
than the Too —Early-Loss. The NPV is positive even if the

opening is delayed.

(3) The Loss in the case when @ <0

In contrast, for the case of @w<0 ,
L=V(0+h)-V(0). We cannot find the clear characteristic
like (15.a) and (15.b). However, we find that when T7*=0,
(T > 0 and V(0)>0), if the delay is beyond T or h>T ,the
NPV is negative ¥V (k) < 0. This holds from the derivation in

we have

4.4. This implies that the project must be abandoned if the

implementation is delayed over T.
In the above case, there exists 0<T<T such that

dV(T)/dT=0. TFor 0<T<T , the NPV is postive,

V(T)>0. If the delay is less than 7 or 0<h<T, then

the project must be implemented. We can therefore call T

the maximum tolerance of delay.

ACKNOWLEDGEMENT
The authors wish to express their appreciation for the helpful

comments by Prof. H. Morisugi.

3. vz MREDEAI LT EIH”
—Real Option approach (= & % TEAREHEHH T OFFE—
sk

31 FLBIC
AR Uy MIROIHEEY. EoT
TuYxel FARIRINBELENDRE L, REERITER
LT EN AR E ORI T ZBFEEL, FoRiC
HEREBET ARREER S . Thbb I ay =y
F DEARBEFIC BN T, FEERPEREIC SNSRI
DL AT DOTTHRET B NI OV TSRS Z Lk
TERV. THREN Y27 MEY, ERBICRE
T AT D RHEREREARE .
EEUAZBABRSMIC I > TT ey a7 MEER

-735 -



wHohs &, BEREEZOBRREL 45, F192
7, ZKIEIZ L2V 2y (now-or-never basis)] (ZBRESN5.
Net Present Value 03 IE THIUE, T I LESBRBENT
BRI NERT D T4, WE, BIEsmEL
T (MOBAZHEMESETN) TEET(<T)HRITK
TERDZEMRARIIR-ELE Y. Zo8GNESD
BEMBEXT-T)85, B<RELTov=s ME
WOBMACE > THRMT DB TE S,

=7, Bxhlx OHSBBABRL ARG, Tov
I RNEIOFA IV EBRIRTCE R r—A%EZL LS.
IDEEITHIRR, T HEFOLBONDFEERERE
ZRLAEBLBEOWREMTbIAS. WE, AT I
BROMANEEE AFENE EICO®ENTWD ET 5.
BREOBBHREMBEIRAT, -T) Thbd. ZIT, H
BROFERTERIC L TR T (< Ty BcER S &9
HE, BEREZBINZE T oV NOBREORER W
(T, -THYETHREELT A LNRTE L. ThbbEf
(T, = T) P OEEZIT, - T TS h 2 F# 2 F
LT, LVESOTPRT, OFEREHRT 5 2 L35
ReLled. BEEETTIHE, AT UBCEET S
fEi O Y ZHMEICELIER . FO—FT, Bl
(T, -y M OREE(T, - T OBOHEREOEE X -
T, WROBEHETANREBLLTFrY =y MIRERIC
U D REMESS, FOHOTRMAEETS. T7hbb
THHER ORI OMEL, LV ESEERRESBHELT
FRAEATCTEAMES L THEMIND Z LD,

Dlokdic7ney=0 FoT#HE2EET 2HEETO
PN, eV MREOBBREREIRTET 5.
Z T Tl Real Option Approach ZFf LT, TH% 4
T HEWROREF M ETT 5 2 0OEFT N EERILT S.

3.2 Net Present Value & THIGE#E

HEMER P ERRE  CHRICH e 53R % B() & &
9. B(t) DNRIANAERIZE 2 b, BERIBREIIHES.
BB EETL B() BE ) ERBRRIC YW TH-2 TS
EF D HTHERBER L TOARWVERR KBTS,
b LHERBSFETEE O (BER) ERB() (D
EHME) 2D ENTEDLELRETS. IFULDHIC
now-or-never basis (2 - S HEDORFEREEZEZL LS.
WERI CBNT, BRBOMRERLAEZLELED. Net
Present Value IZA F D L 91252 515,

NE@)= | EB@}B0)expl- pz—nlar-c

2.
<
=z

B

Ep [Bo|iaszmin By 1o 85< B > 0 D&
BEEARL WS, pidttaiiEiEsE, ciikegf%s

#L, WINL—ETHD EIET S, THT SRR
WERTH & EOBEREAKRATERIND.
(B -
- = Else s niF@lewt o} @

ThRbbIHORFREEROMEL, 1 SR ELh
LEROEFHE DO RAERMHEARLE T 5.

VVE, EIRBBRETT T U L EEIGNITE D S {RET
5 &, THEREEREIRGORE SCRED

dB(f) = UB(t)dt + GB(NAW () 3)
- a_n%@ =B(t)expl- o1} “)

L ®=p-—U>0%ETS.

3.3 Real Option Approach & THi5E#E

ERy, ERORRMABRL(TnY=s b
ELTOMBRTDDRRET D75 —AIONTEZL
. TROLBEBREEIRELFEITTLHET, ey
=7 MEBEOHERMEGE Lo3T 5. B 0B RRE
RigEixkRIc L Rah 5.

F(B(t)) = max E[ | B@)expl- p(r —)}dr

84T
- Cexp{- p(6 - t)HB(t)] ®)
BEELITHOBHOERITEET 5. lREgsy 11
7, BEEEB(HOMITHT (REMICRES) BR
KUER IZEFET DL G" LB, Lo THREDEFNC
BWT, &S OMEIROEHEEEE TS 2 5hb.
F(?(r)):E[ i 2 Yexpl- p(z - )t

o' +T

-C exp{— p@" - t)}E (t)] 6)

1181 > Ele] iﬁ#*ﬂe* CET B MEERIESR, WHID
E[e]ixmzi 0" iz B KM B® WEH L7 T TOLMA
BB 2 FT. ERNRMT T 0 L EEBGITHES L&,
LT & 9 RIS Rl BRI, K EN R bR 5.

FB@)=y7(y =17 ®7C7 Bty exp{-10T} (1)

f+yf*+2p0

y=—Y D), f=——u @®
O'

B =y(y 1) ®Cexpl®T} )
THRERIND E B IEL Y, Zhick> TR
BERFZI0 OHFHE G /XL 22D THI R A ERET
HLEEOEZEIKATEZLNS.

oF (B . L=

- f‘ar(—t)) =(r ="' (@C)"7 B(t)" expl- 10T} (10)

Net Present Value @7 — A & [AI#RIZ, TEAEREOMEILE
BE B IEFET .

-736 -



3.4 BhYiz

TeYx=s bOTEHRERI ALY BEOBRERE
MR R D IREICERGEOERE TRITE S L5105,
Z I, THoOREESEROF AR IS 5
FICER LT, LHEHE E39 28 oM & #Em 3
BFERBERT AR OVTREN Lz, S%IER6)H
&0 52 615 — eV BB RIS b THISEMEOMR
ZEMT 5. KOBEWHRE, 30t fImEeRs
WEETD.

4. HEEXOT VT L—FOBRERESH
% xS

4.1 Iz
ANOREEDELAER L LT, 2B L5%IT
BEOMER EZAMIER LS5, WEDE AT
P AEREE LT PR LML E o TE T
WA, LALARNRG, oA TR LT
12, EAREEOSETREIUEEEL OMERERSh
TELY, Blozoitl - BEOFEGRERESHBIE
STV ZERKDENTWA., & 2T, THEWME
EORIFHR DT v 77— &KL BESTIThh s 7
nYxl FOBRRAERSIICE T 2BESLE LTIER)
ORERFIEORBELZIEHL, SHOBELZEE LV

42797 ~-T YT OERBEREMTORK
ITE, FEELOMRE YTRESRB LI, ZONE

BT DHELRLIIEN I EHED L HICh>TE.

ULnLARE, EBLULTRESEFEMEBINR
BNAHEITHD. Tw&ilE, KEMRORE BRI
~=a TVUTH, KERROELOBERER ST EE
T HICHI->T, BA L L TWMELOIOO T EE %,
B8 & LTI & » TR 218 E R EE ORI
AR EL, BEMISEEERITH Lo T 5.
ZIC, HHEICRMUAEER, WEOMEHREEET
24, BEOEEMEICHTAHEESAN LN TN
ZETHBHNR, bHIOEEERMENFEETH. £
i, BRHOBERETHS.

4.3 777 L—T4 o UDER

BE, BRBER S T with project” & “without
project” & DELEEEITH . 70V =y FAEBINES
EERINRVEGEEEEAT, £hth, BRHLERY

XX REYVRY, TS v—F 4 V7, BB
*10F— U —X : KFV R T, WEZE

BEEL, ThEHEETHIOTHD.

BEEORRA 2 OESIE, BERAOEMME, [TEE)
FUTTHEIUTERE 2RBEIRAE U —RAREN,
L Lads, BEORRPEET DHBEICIE,
Twithout] D47 — AT, #iF - - BEFOBEFALEL A
FRURAERPYETHD. 20D, To7 Tl —F
4V T EITHIBEOERIL, Twithout) O —A kL
fwithy D/ —ATELZ2BEAOZEL LTRBEI AT
2. Twithout) (2T LY, BAMNER TEARW
HETHE. WIBOEE» LHMTEBET I, 0%
&, THEETT v P I L—F 4 ) v I BEEOER)
2 TEFHOBHCICHES BA (OBIFE) | & TEFRICE
LCHELRDBRADE (DHFE) ) L1622
LERTIENTED., S5, FEFOBILELRS
HROET, BEEICBITAEHRAOZE RO
WHEAOEEOFLR D, - T, BFORHIZE
STHEUDZERAMAMEICRELL 2TIE, BRELT
BHCBHECTEE (FHEA) ortBx 55610
N, Tl S v—F 4 Yo S OBERIIRES - L %<
REOLNRITHIERES 2N &It 5.

4.4 Byl

B A, Twithout] XFNEMR, SHRAZEROER
HaE&EATHS., ZOBEERTIE, lwithouw) ZELDHT
LODWREETIIRY. ol ki, BTLETy oL
—F 4 VU PRS2 TIERCD, BABRMTOE
FEICBR LTI, S54RI TRA] ICEBELRY ZLPE
HEEAHD.

5. KEBWOEHFEAZILI

HIRELZ
51 IFL®HIC
PR - IR RESR I B TAREEFRFROBEIC LY
ZEROTERFEE LI L, REFBOERRE
B - BREOLE AN D ORLE. TITE, AEER
FROFHFOZA I /BT 2 BEBRECETHET
NP ERT.

5.2 REDEIEY XU DiEiE
WECLSFREELSXESERE LT, &F
L, MTEMF, WAREM, BRESL (§H, R
ERHD. BEREFHCHIRBOFTEEEH LN
LOBEREZERBET S Z LiIIEEREThHY, HMUFE
WX HHE (HERW) #2022 Lic k) SEERO
fERRE & SRRl 5.

- 737 -



1

ARSI BN THER - ERESOBEEREEZTHH
&, ZEFEERUTO2BEOY AV ITEHT 5.
DB DOAZR2MEITED VR Y - BRI TT N TOERE

REFEETE S LIZRL V.

DLW ORFELLIZET 2 U A7 BRI LS

HITT 5700, BEREATELEThHo5EL, HE

FHHRORBERRIIARIC > TW S AR H 5.
DY, BEOXA I TERRET DERICEEE 2D
Dit, QDRELIZETD Y 22 ThHS.

5.3 ERREDET LA

() ERRELNEBAICBESATNSES

B & e TRL, BERERSZ=0&T5. =01
BIDOTHEEORGEY T, REBORRE (GERHEORERE
) k&35 TRLLYUEERIL: = -2 IZBWTH
EXhibo LT 5.

Bt IC B BB EE g 2RI LW EHETS.

g(ty=e ™" ey}
ZIT, aiFENEREERDIRT AT A—FTHS.
FEROLZEHICETARELRTHEE KL s TRT
(s=012,.n). BER(20) 2B HHREBOWES
P & 75, HERARICL, s=0L2,.2-1DFRBIT
WEELZTT, s=n DRBRILTEETLILOLT5.
SHIZEEA ¢t TBWTHEBRNBICAEL W AHEL
Py LTET. t=-hiZBWTR(-h=1+T2. FE
ORELICELT O L O s FRATET.

Py =—4,P,

P =AP ~A P (s=12,.n-1)

P, =P~

F, =P, @)

Ty BBUNERICBTT A IBEORIERETHD. (2)
At ZEMICET 2 RES LR R TENREETH S
ZeHERLTND.

FREOREN s, THD I & 52 E LR ¢
DR LB AR T, REROREN s ThHlES
Pi) &5, HEEL (= 0ZBWTHBOREY s Th
DReEED L THL, P

P)=Y BiPi®) 3)

§1=0
LLTHELNRA.

FREFA L, »OEETAETHEENEL ¢ 1280 T
BOLHAE, ZORRICBTIEROYE (BEELEE
P LETR (MOEE) CEET S, Bl B AT
FEOMBESHARBAUTOL I IRETS.

ﬂ”_ﬂwwm<%5ﬁ@ﬁbrw&w%@>
| or  (RRAEE LSS
C)
y() XA ¢ ISR DR EORTEREERTS. —F,

v IERB OB o) IWIEREL, RATERENS.

Wi) = B,q(t) = Bye ™" 3
Bl ¢ IZBWTC, REMBEL THRWRY, TEEIR
@) EBIORTHHEEBAL e TED. o THEE
BRA—-ORBIZBELRITILEAOEESNSDAE
U, IERATEIND.

U(T, )= J'[ W)+ ips Ewe™dr (6)

ZZT, BIFKEIEIBIETH L.
TESHEZIT 5 &, BERICBIT AZEBORESH
LN A LD LTS, BEHREE L &I, TEERFE
BEEHTAOEPERETS. ZZTHREHFIZL-T
FEORBEM, Zetl bFER (r=-n OREBIZER
THLOETH. AESEDRIDAIL, BRESE=0)1C
B AFEEDRSG, FROBRYL, FRBORE&MEICHE
TAHEERBESIAIZLUTOL kRSN AS.
FREEHLIHE

T

B(T) = J B, Y Bi() e Par )
=0 =0
DWHERN s TEHF LRV E
T n
B (T.h) = fBozP;(z) e g ®)
=0 575

TR OMBIEER:, EEEEREOT & BERO%E
WS RIESRE A oGy L, EREM L OEE
LTHExbND. €T, BMHRN s, THTHED
FIBEME £,(T ) ITRDO XL S ICERIND.

Sull, k) =B (T)~B(T,h)-C, )
ZIZTC L, R s ORBORFCETLBEATH .
A TiE, BFCETZERAOM D ARICET 250100
FELRVWEDET 5. ZOBRE, EHOMBIEMHES
EThhL, FrEEREFRLZERT 5.

EROBEFNOEHRr—AL LT, n=1, C,=C, (A
FEA—E) OBED, BEK G TEEERELD
BEAE— 1R, f(Th), f(T,h) 1% Th B L CH
FINEE L 0B, ERBEAR—-0BE, KAV NE
Uy (ElR) I EIZEEHOAL T 0 7RSS
AT EWBSND. E5IT, BREEENRESICEES
NTNBESE, THEZWOBRENEGTLK5EERE
CREE BT THEICIR Y 2RO FHRSEOME LB
HZEph, MESNEZT O, EED GREo T
HIEFEFET, R 1 CTHIIEEHTD) BT DA
HEOHRELRD.

-738 -



0 >
REOBE |
WERL £ (T,h) >0, f(T,h)>0

B

(BRI £,(T,h) <0, £,(T,h) <0
H—1 BE - &6 L EEREOBEOH

ST .m0, f((T,h)>0

(2) FRBFRAOMBEZHEEELZBE

Wiz, DWHERESBE LT %Iz, OBESTE
BEH»EETSH, OFKE THORES S/
LTEERETS, LW 2EEOBRIRNTRETH LS
EEREZD. BRETORELs THY, REOWER
Wid ¢t =r IKBWCEBIND LT5H, ZOLEOFES
ORMBELEE O BEHE F () ITRD L 5 IR END.

F,(r)= {2 P (rymaxf,(T—r,h+ r),o]}e-ﬂ’ (10)

s=s1
Tikrea (t=r BT HMERWEBE LSS, B
PRI BT D EHOMBIEME £,(T,h) (9 BET
HOHBETEOTY, F,(0) > f,(T,) THIL, BHF D
BEEEEZEHELEIEZIDEE L.

54 ghyic

ZITH, KREFZROFFOEBBREETH T
BERUE. FEOZ2MHICET A EREEET 720
[TERZRTOBRBEET L LD, E@ERBlro s 1
IVTEONTHRET HZMNBRELS.

6. BB I VITRED-HOEANFEZ™
—KEBREHEIOS Y FEHIIZ—
AR
6.1 [ZL I
EBEOTaT el MIOWTHREY A I T HRRET
BTdIE, F—FERVTRRORRE TR L, Tk

*1 F—U—X ; KEE, MPEC, GA

B EROELA ERICEET S EBUETHA.
NPVIETH S D0, RHEFMICE U TR TE D

VTP NATrary77a—FThAhHn, T ORETEE
FCERRY. Lo T, EROEE ERICEET S
OO EMNBRBERPLETHS.

IRRES, HDWVIRBEAR T a2y N EERET RS
BT, FETET TR LEPEFR o Ut G i & OVE
WHUE CRFEE BB Lok e ZERPEEST 5. KRR
WE Y =7 ORI, BERREICKT AHEK
HETEOBEROBEKE ERE, EEFEDLZBUT
BEEPEREIC O B T L, FORBIIRKAITEIT
RETSH. £, YROZERBRBAD, BHEE- £
MR, FEEMRER L UHB R Sk 4 2 BRI SS
BIET 5. &5, EROEESEESHEEBILITR
DOERICEEERIT TR, S voiz ETFRER
BNEET 5.

DL RABREERICIRZ D20IE, ZREER
Lkl e v Vv, IR, EER~0EE
EEET S LaFEIRY. BA—REEEFIIED
REFEREFLTHY, ZHETORERROBEALERIC
Y0, FERERAERLREOT—FOBELESR, DRV
EOBNWTFHRINTEL L5k TE LB A. =
ZTH, AR T VSR R S AN B
RIS — R SHTT LY, Yed=s FOBRER
BLOD, TOFENORERT V2 FORES 13
U R EERATHIC RO T B RIRE TS,

6.2 MPEC DERAL
BES A I BRET B0, BEER
T & A9 S 10\ 57 o T S RO A BB e i 1L P RE
(Mathematical Programming with Equilibrium Constrain : %
LTMPEQ) & 72 5. BAIEEEUL, (DR L o izkah 5.
J J
ggZﬁvaVakmeth (1)
ZIC, AR, i BERERTIET, B, o
BIBIE, EV . SMaOREZE, N:H1H 0 (5EAMYIEE

6.3 RANFE

0L I ITHIRGRCEBEORARFIED 2R 5 X
D IRREHET T VAR L D e, M ETH
PO Z IS E A ERATRETHSDH. LichioT,
72 A B OEAER BRI A A W OGRS & kD
T Ly, ZOFARFED 1 SICEEHT L
Y X A(Genetic Algorithm : #& L T GA)RH 5.

GA L iAEDEERERWT, BERERLCEBEETO
RNE L - THBAEEh, TIMEEICK U CERS

-739-



RAOPHITEEEY, 95 TRIFIWERRT D 0D
R/ ESTERMELL T B2 EET &
LTIRZTEHDOTHS ®—28R). iz REfFosE
SRIZHWS &, BFETLAREEOSH S TXTCOMAED
WOV THEZ A RER L, HAEDhREOIER
WEWBBEIZOWTOMES LTERRZLOTH B, =
OHFEEFRBINCGER LTS L, BI-3 1R TE972
FENTHT 5 MBI O R 72T ETTRIR A 7 ¥ 2 —
ABELE.
| BHOES

| PHEE0ER |

!
| BEEOHE |Je—

Yes @

No
L s%f% |
L ﬁfi ]
| z=nz®  ———

—{ _ #&7 ]

H—2 @EEHTATY XNGA)DHE Y a—

BERECR)
4000
o W
3000
2500 '/'/'
o’ R
2,000 e b
/ T
1500 - o 7
y A T St N B
1,000 / » X
ﬁ/ T e
s00 . ¥
= g
0 f/* Tl 56 Ue Be S5 NSRS LN eSS

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Zl)lomk

-3 HeOHEBAREEA YV a—1

6.4 BEAAITREICODLVWTOEANESE
FLHORDIT, LAFEEEHLTLS.
OB 5
FreEAZBERE LT, BHIREHRH L. EFRERESK
FREVFAF ¥ VAT D L LEIRBERGE S
ELTHY, 2T LIEECHEETHS.
OBEYED I A LT T

REITAICIHSEETE V. RS, (FEMOERICL
DEML LR ASET DICIEEVEEEETS. b
WBEEA LT TREHDID, ZNERIDUBERDD.
@without O T

BRI TR EELRS., Lzd - T, Without
DFAIZOVT BEL-LVORMGFHPEETHS.

7. BHYIT

UbdD X o G R EMIIRBIT 2 R#E e i&RE X A 2
YITDBY FIZONWT, FEEREE RN ITIERE
RNTEBRZLEHETS.

£%X#k, REFFERENCE

Ly ARERE] - AR - BEEER)SF - oo ax bk ek
ARBETE : VT AA Ty a7 T a—F, {)|EE
X, 9% 7%, pp.4l17-422,2001.

2)Marglin, S.A. : Approaches to Dynamic Investment
Planning, Amsterdam, 1963.

3)Morisugi, H. : Application of CBA to Infrastructure
Planning, Doctoral Dissertation, Kyoto University, 1977.
AYFEEPRESE - IR - BOEE - AREETICRT S
mEMERENV—, TRFERIIE, 6671V-50, pp.1-14,
2001.

SYAFBLZ « T - [AHER « 20—« THRELER
LI ZBO T T 5 BBREEEDET A3, TAGHE
SRS - BCEE, No.17, pp.401-410, 2000.

-740 -



