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Fhio work opono with tho aoﬂinition of tho rield of uator
yorourecs oyoteno, cophcolizing 446 phyciecl cnd noturel oconponcntOs
Tho introduciion csploino tho eonplonity ol rect probleme 4n thio
fiocld. It thoroforo neodo o broad approncs to thoir annlyein and
oelution which 40 efferod by cya%c&a opgicoordn ¢ It 10 briofly
dooeridbod An sho oocatont of dooirn ard oporation of vater resouyeco
gyotecn, 4 roviov on technical popors on valter rOHOOURESS plunniaog

1. proseniod in Chupter 1i,

scon; verieuo problemo portaining to dovelopmont of uator
rcoeureco cnsdzooring, 10 tho ascquencitg ond scheduling problo,
vhich 1o tho topie of this thoodo vworik. Cuopbor ik doals with
tho deterniniotic enso of the problcy vaen tho desand 4o asvusod
to fnorcuse only oftor every tico intorval, tho intervel beiny ono
yoore 1t 40 pscomed hezo that thoe optinnld oisBng ond locntiono
of Tho projocto hiwo nlrondy boon docided by She deoloion Lolory,
4ho ochedulin problcn 40 concoraod vith optimsdl ooloctiém of
av.iloble projocto, wad to docide vhen to concisuct coch of oologbod
prejocto with cindoun overall cenponditurcs weogucnoiny 10 o opocicd
cono of ochoduling problen vhord only osquameing of conotruction o
dceideds (=1 intojor progrozcing foroulation 1 upod 1n.%hiavrcopoa
e iuplictts cnuneraifoa aliorithn 1o ucod to 0:lve o ochedulins
problen of 4 projocto. Loter tho probleom wiitl ctoc aotie wotor
Gonond 40 celved uoldns como dopoicdt cnuoopation Locandoue An
thoptoy 1V,

Eno of tho woin componento of tno watcs cuppdy ayotca 40 he

racervoir. Tho polense policien of tho pecorvolr - (b caount



(v)

o2 uator Lo bo rolootod 4in omch month or sopcon -~ hoo to bo
dooidod vhich rogulto in optioun oporationnl coot. A oyodcy of
POsORVOLE oporntod alons vith on acquidfor 40 Schem for onalysic
ond to ovaluoto tho polonvo policlicd in Caoptor Ve llomréf:
policy iteration tochniquo L0 upd to oolvo tho problcy and to
arrivo ot tho optincl rdlonsoe policloo,

Tho computor progren for implicit cnuncration Sochniguo
ugod for colving G-t intogor pro_rooning problen 4o pgiven fu
Apponddx - As A subroutino dovolopod by the cuthor, oimplifioon
the vork anoccosonry £ proparc tho dato £for tho naln progron,

1o given in Appondis B,



t. LO2ROPYUCTEIO

Low’o guoot for o bo%aar'uao of nvnilablo vator 40 oo old
ocohind 4t%oal €,  totor 4o o ronounblo rosowreo thot fellowd dn
supo, o path o8llod tho hydrologsiend oyelos Hon hoo oluayo $riod
Sop tho hydrelogienl ayola at ono or roro pointo in orxdor %0
iXico tho vator foxr & vorioty of purponu, Hid ndtcapio o toko
vantago of edetain adpocts of hydrologiend oyclo gove rioo to
tor rocourend projoasts of o wido rangoe of oophistiention. In
cir sicploot Lowvm, such projocto a¥o nothing nore thom primitive
cilitico for tho otorogse of roainwvator im clstorno or digging of
1lo for exploltotion of ground vobors In thfe moot sophioticat
3o, vobor rocources projoeto involvo o conplox of cultipurpooo
racturcs thot rogulote otrosy flows, roghorgoe sround untoer
uiforo, ponorateo hydroaloctrice poucr, protoction L£ron floods ote
¢ culti-purpood projocto are 2ofinod oo “enplinoorins vorke vhigy
Y70 QOro thon ono priveipol purpose, and vhore tho wvnluo of
nofito ocecoruing from cach ouch purpenc 10 comuonsuratc wth tho
ption of total oood cllottod to At ~. In botwoon thooo $vo
APeao0 ~ prinitivo vntor otornzo facilition ond Antricobo .
XULpLe-pArpono projocto -~ thoro aro cony poeooiblo vayo in
deh wotor rocourecs any bo dovalopod or utilirnod, Lodh 0f thooo

WO Poppeoacnto o soldnbion SO o pRooPonodngs problco.

It 1o ooy shopoforo to roaline thot $hH0 inoponoing couplox

D ontor FOCOuRCCo oyotcno gives pico $0 o hoot of problcao



wanoetcd vith tho devalopmoent, contsol, clloontion; trontoeat,
1tilicntion, ornd rouso of gator,. Zhe cnndyodn oad ocplution of

meao probicme from tho fiold oF 'wvatcr ro ourcos casinooring',

Yho nodn provlica in wvotor woodusrcos ocnpgincordng and
wraano the problom in Lto noct peancyod formulation, arioco
ron tho Zaet that votor 1o oficn mv@ilmhlc ot tinon, aa.lacnzior
nd 0f o gundity adfforont Lfron thwoo vhich defino tho demand for
Se In odittion Lo thip, tho cogount of nétor'av341abxo nay bo ot
rarionece uith thopo roguired for eorioin ccomonice anctivition.
onoidoring thio oituatior, thich can bo charneborisod by tho
el diotritution of untor in tino and in opace couplod ulth &to

Fton undooired guality, thooo major guestions arico @

f. ot oyotcm bno 0 bo built in ordor to mininlino
hio dioercponey cxioting bobuoon tho noturad supply of wator
in tinc, opaco ond quolity) ond the deonnd for it 2

2 T0 uhat ontent chould Sho vator rogourdacs bo dovalepod

nd hou Oox%onoive ochould bo the rogion corvicod by tho oyutes 7

S« Umeo 3t 40 buile, how cuould tho oyotca bo oporatod oo
B to achiovo & given oot of oticotivan 4n tho boot posoible
By 7

ho ordor ia vhich tnooc guootiono aro dovaleopod hoyo
orrospond to tho ¢hronologicnl ocquones in vhich the onowero wop
ttcaptod for plemninmg, dovolopacnt cnd oporotion of voidr

wpourecs oyobton,



Comprebenoive plano for the gonotruotion and opcrotion of
Gcooy eonclo, ond oo on havo boca eonplotod and aro doing inplo-
ncatod An o nunboy of countricse Thooo plcono €0 not nocoooarily
covor nll popocto of vator u$iligaddon; cono nopoato oxro ond wvill
renodn of no dntoroot to como countrico, Flomo &n conmo coundrion -
pay b0 forpulatod oalnly Loy hydropowor genoration and agricul turo
foquircaonts thoropo tho Myorfamoe noy bo for {1lood control or
drinking vator in othor countires And 4t noy bo naovigotions
projocto to improvo tho tronsportstion actvork in como othor plooco.
In the arid rogiono tho nood for wator for cgricalturnl purpoocso
hao clooyo ecxcooded tho poinfoll supplys Ground uolor cupplion idn
thioso rogionc might bo ropidly doploted. Tho 'chortposno' of proocad
vator rocouyeos uill foroo tho ploaning of eomplon achenoo O

tronofor oxecos woator to tho oress of untor chorfego.

4 oyontcn in goneral 40 on grbitrary icolatod conbination of
clczonto (oabotraet ond orbiteary subdivicdono) of tho venl world.
Usunldy tho clemonto m'rroupbnﬂ o iho phiyoien) esnpononto of tho
reod vordd, oo fllustratod in Figi"’i& for o rivor baoin -~ oonpononto
such 0o pivers, doppn, courcds of oator and wnoors of vator. In
nany cvuntrico tho dovalopmeat of vator posourcos bhogoem with o

oajor attontion to rivor dnoin dovolopnont.

“boro orc cemo countricu ond roglous 4n couo countrios vhore

tho notupad eourecs of otroon flov o vopry licitod coopored o the
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/dcaaaé. 3ho pdanning 0f rocourceoo ic Chan divoptoed on oxpleitetion
gyound uster thsoush ohollou wolls, decp vollo. Tho chortazo of
rooources colicu tho ploancrs to think of concorvation of wotor

end locdo to tho plonping of wagte vator roclocetion, Sovoral
elusoes of uasto'vstor can bo roclainod cnd rousod porticalarly
chorce tho inpurition oro Aeaguﬁahlo.nraanio opottor. %ho ugod
vator urc teippod waopovor poooiblo, purifiod pnd veeveulabed 4o
tho comcLuncros. Sho lztﬁoral statos Lind tacoocolven in nbundont
ropoures of coa vator. losalinntion plonto aro plonnod for rocsupe
went of uator oupply. Tho rogiono haming ne furthor potentiol
noturcl courco of vator, plan 10 izport wator £1on othor rozionoc.
Conalo aro Jug or giont pipos aro 1aid to carry uvotor. ALl tho
above odtowntive pchoemes cld) pud togothor or 4n variouo conbinoe
tion nay bdo tho 700l of wntor rusamraés dovcdl opaont authority. 4

typlerd untor ronource dovolonuont ochcoe 40 choun i Vi.e 362426

| Tho fijurc gchcmoticndly showes tho untor rocoures oyoten
propoood £or trp deoand podnto (arcas) moporatod poorrephienlly
by 40 nilcc, Yhis digtonco i dividod Spto 10 conop, <ithin thie
diovanes tuorc arc 18 coureon of untore Tho wollo 31(1 =1, 2,
3, 4, 9) cupply uvantor to Aroca & ~nd tho wello 24 = 6, 7, 8,
9 ond 10) to Arca 2. Thoro ie on cloctrodyaliocio plomt locoted
pidvay votucen tho $vo arono. Froch surfaco wanlor io avniiahla noeoay
Aron te A dooclinotion ploat fo logcntod noor Arca 2, Doth aroco
have got Advenmeou .aoto Hooyclo Cyoten. 4 complinentary oRgos ovoy
oyoticn 40 propocod thich oon ecrry curfueo uator to arca 2 ond
i%np docndinotod wotor o ABea 1 £ron 2. Thdo oyetea opn bo otudiocd

for o floziblo ond oncomporting cnolyoiso of ocltornativo cources of
vaten, '
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Joter rocoureos oyotes in mony rocpocto dofy rationcl
dooeriptien. %o thooo 11v1n5 fn ordid cnvirornent voaltdr rocouraens
pyoten ceom food ond £ibre, o thooo in hunid aroos the oyotca
brisso o ciud wollo ond wvator wvorko, prctoetion osainnt floedo,
bydroclociico povors <o tho outdeorercorcation~nindod, tho
oyptcan npo virduol copordemo Sor fiching, booting, ovincing,
croipdn; cnd other nctivision, %o tho casinoor tho oyotcos may do
denoy dAvorotons, tunnclo, pucping, olootric povor plant, voiro,
opilioyo olee. 10 tho lnuyor, o untor posourecs oyotcn 46 o
dovice Tor tho inmplcacntation of vntor »irshiss, Thore 10 hordly
ono vator rocourees projoct in vhich logol ovortonco arc nbocnt,.
To tho econonios, tho £icld 1o pyrodonincntly ocononie offiecicacy,
incono rodictribution, oticulotion of occononic grouvth, pricing

policico, ctes ho venlo of invootmont roquirod uotor sourcco dovol

pomt oyoten, tho long ocononioco 1ifo of tho oyotco, cupplying tho
nood of diffcorcnt coabination of uoors, iatogrotion of wivars and
roglonnd aronn - odl thooo odocmedtcns cheractorioticn tond o
kocy €uc votor rocourcos oyotcn undor the Govorancat control.
Thuo, politicnl fonotoro nloo piay o vitezd) rolo in ocloction ond

oparpticn 0L o vator FOCOURCO OYBtCh.

woboP Pocourcon nyﬁﬁén indood ioncludo o) thooo polnto of
viow. <Jhoy oro physienl, thoy aro coddologlionl; thoy ovo
Bblodosiend, coonczie, pelitient, lcaul, ecopivultuscl oo woll,
Thuo wator rocouresa onsinvcorin: ecovers tho ovorlon ond cntends

aleo imto the ronlon Of notaro) oeicneon (Nathésatienal, hydrology



0%, ) cad cooind seioncos (oconoswien, coclodlogy, publie
adainioteation)s Tho rolativo exce uvith thich ¢no of thooo
nopeaso tisht bo guontificblo, 00 coapared to cnothor, doco

not in cuy way rofloct o corroopondicgly atéator inportonco.
oho untor rasoureon oyotcao caginoor heo to rocognice ond Anto-

grato thono peay quentitotivo and nonquantitotivo dimcnoions of

tho oyotca to tho pgrontoct ontcat peooidlo.

Tho dondgn of wator rosourecs oyotem 10 co eoplex o
problcn that o broad spproach io zoguized €0 4to conlycdo ond
colution, inong tho fuetors [Roying o o Jor rele ora votor
dcaondos wator cupply, untor guolily, ~weiloblo todinolony,
nonagenent fruoovert snd defo gothoring focilisioo, A1 of the
hovo bo be ottunod to ooch othor cnd to o 00t of 0bjoctiveo which
aro oithor apetllca out ozplicitaly or includod impliecitoly 4a tho
foromlation of tho problen,

ier o plaﬁ t0 bo roxlly ceaprohqoneivo, it chould add ot
tho optinun dovclopaent of oll rosourceas of o rivor bacin
inoluding lond, wvator and othor natural rocourcos, %o optiniso
tho bencfito froa the invostod oapitol, projoeto cannot bO evalucs
tod by conoidoring aach cdlcmont in tho projoet individuallye.
rrojocto onn bo onvicioncd, plomncd Lo ond doolgned corrootly
only uhem thoy arc econcidored co eoupononto of gvoradd dovalopmont
vdthin o zcgion, In tho ocontont of tho dovolopmant of votor
reoconrels, unifiod dovolopment 4o cehioved by nultiumit, cwltie

purpoos cyodeany that 4o coda unit of tho oyobea, cudy oo o 4on,



OO0 CONY PUFPoses - $rrigotion, chopgy. L£leod control and
reotion « cad alce ann o conbined vith othor undto in tho

Aca 0 coarvo thoe totol dczcado oun tho oyptch.

Thic brocd poropeetive of wator Pocourcen problcoo rogairon.

ovdd appIonci. Iorhinpo, tho cont imporvont ndvoncod m3&0 in
cat yooro im wator pecourecod ven $tho cdoptien of oyctcno
sncordng to tho cnnlyoin of problens dn tho £4clds Syotcas
Ancoring, 40 in o caco, tho attadiing o cosnplon pooblen oen o
ad fronts Verdabloo doneribiny cotponcato or odates of o
tca ean bo dofinod ond rclotionohipo botuocn thea roproscntod
ougih equationc in n nathcaotienl medol. Theoo =olationohipo,
thor linoor or nonlinaor ¢mn be proporliy oviluniced by o varioty
tochniquen, 2000 of vhfich Bave boca modo pocuiblo by tho advanes
computor celoness oyotcas oumalynid 1o andortaica in ordor $oO

§%g§§gaé dogiolone in oo for oo Pocoiblo oo $o optimnl dooninn,
ption or opoxaticn of o piynicol Oyotcoe. A0 REghS bo ozpoctod,
¢ onolyoio 4o prinarily ucoful dn dooding with plomning
blcao that are sufficicntly complon thet no one mon ean bo

pidorod an 'oxport' on oveory acpoct of tho situation,

Zo provido o dottor peoropoctive on tho oyoicao approad:
o vubor pooourcos oyotcn, wo £irot oco ao to how tho oyotono
hasas
lyoic Calco ploeo in goneoral. Jevorad é&%é% ecn bo diotinsuicho

L focdbaek poroible £ren any phooo o oo onrdliaor phooo.

¥» “ho f£irct phooo of oyolcud obolyolo eoncioto of
ceotending ond tranolating into gquentitativo torzo tho objocotive

porfornoned requircacnto covshit for tho oyotcn in volatdon to

rrenend tomnrxaad  Sean WP d Ll A B s s s



~ 8

2s Tho nozd phooe 40 $0 forsnloto quontitotivaly (cege, by

o flou Gilcgron) tho giructuro cnd boundarico of tho pyoten.

Je¢ Then n mothenntiesd rodel hino to bo pronavod Lor tho
pyotca that includoos odl tho poucibleo intcrrolationn botuwoca $ho
voriableo that ¢on bo quontifiod, m fho quentifinble constrodnto
puot bo incdludod in the t:édOI, in oddition to tho functiono yilelding
tho input-output ralotions botucon tho vordicblon,

4e Tho coofficicptn in tho nodel rust do eotinatod and thoe
dosired input rolations opocificd,

5. %ho podel should bo validstod in light of tho objoetives
ootobliochod by ogtep 1.

Pigs Vedet chovo concoptunlliy tho oyclic naotuxe of thooo
pheson,

Finclly, taking into sesount cll the phasoe of tho anclyolo
in 0o uuch dotadl op posoible (but slvays being linitod by oo
ecoot 4nvolvod cnd by lock of infosmntion) tho annlyot 10 proporod

¢o uce tho modcl for

(3) _
bo eocpreoood by computor oimulation oo that oxioting nnd propoood

nbion - Shoe oyotcn Gime cenlo con

oporotiono ool B0 oxeninod fn rolatively ronconadlo tinon,

(2) pntzenoletion - Botromo ren 00 0f oporating conditiono
e bo onendnod withowt dncurein; dempes thot ciget arioo o ronl
phycionl oyoton.

(3) |

podicica - “Wlemcnto of tho oynien om be rearrcngoed, nou foetorn
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introducod, cnd tho destign of futuro oyotco ovaluatod,

{4) Lffoct of ntoehrotic yordrbled -~ Hondon off0eto com bo
introducod vith know otatioctics for tho rondsn variables.

(5) sScnoitivity - Fho offocbo on outputo of changes in
individusl ond joint voriabloo cnd porcomdtors eon bo oxoninods

A1 of tho abovo uoo of wodcl portoin to desizn ond
oporntion without aectunll; undortrliing tho physiesl conotruction
-of tho ayatd:;

ou conclidoring tho prooondural otops involved in oyoten
anolysio ond waing tho nodal dovoloi=ont, the oyoten cnolyct trico
toe find anovcro for tho Zollouins questions in onddition.

te uhaﬁ‘alternntivc oyatca e n Be econaidered 7
2. dhet offoglo or consoguchnoss oro icpocod on tho wooro

by tho varioun proapoctivo oyotosm 7

S« Hou rolinblc aro tho ostimatos of oyoten coots ond
rovermos 7 And hou Gson tho lovol of peldqbility affoct
tho choico of cliornogliven ¥

FOTLY SN YR el gy

by n
SRt aaadl

4. Aro tho genooguenecs of tho oyotcm altorngtivos neoapured,
ovabuntod and provontod to the dociolion nohoprs 7
Begauoo tho prociico of analysing csoseatially o singlo
olternative ond eubuitting 4t to the lowalkors for o ‘yoo!
or 'no' dogieion 10 not in thoe boeot intorost of tho

profosaion or ;cacz d public,

Jo choll oeo hoy to rolate tho concopto of oyoteas onnlyoio



to tho provlcre of walor recsupceos niangeocuts Flonmdng for tho
devclopzent 0F wotor recourcon of o river booin, for cxomplo,

rpoquircs cxanination of tho fallouing intorrclotod nctivitico o

1+ 7Tho idontification of objoctiven for tho uobox

rosourcco oyotcs.

2+ Soloation of the wvardoun otrxuoturds involvesd in the
oyoten vige domo, roocevoira, eamclo, puaping ototlionsc -

thedr optioun odro ond loeation,

3e  Soguoneiny tho conctruction of tho projoato thuo docidod

o0 o0 %6 achiove opticun cownocy ovor tho plomoing korwd.

4¢ Optinum oporoting policqy of the oyoton. Or tho opticum

ocheduling of pocorvwoly dloda~rgo, otorngs ote.

In thio work, tho nctiviticn 1, 3 and 4 vill b0 conoidorods
Thoro aectivitios are furthor clbborated no follous ¢

In goneral tho nadn objocti- 0 0f o wdor rosources dovalop-
ncat projoet 1o o :nc;.ximisa tho beaolits or tho rogional wolfzros
fho tero ‘rogion® io caployod to doastd o progerapbicul oroa ronsing
in 0iz0 from o omnl) far-in; ficld to cn outcaolve river baocin,
Tho obfoctivo con bo (o) mabkfne oooting rogiirced wator doxando in
fLuture o2 difforint eatoory 0O unors 180 induotericd, ivrigotion,
Lyarocloctric povor plonta, (D) te oot roguirod voler gqualidy thieh
10 mCasurad in tomo ¢f dioselved oxy cn oad intan dblo benofito liko

roercution .. ¢ity, flood coutrol,
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Kow, assuming that theé cutoone of eadh of J and 4 acotivities
can be orxpressed ns benolit of re.crd i, we can auy {4 is o function
of two sota of variubles w.ich we would like o optimize. She
conptratats of this optintzation problims will be the objeotives

outlined earlier.



-0 bovo poon in provious choplor, tho complex naturc of
v o recoureos oyotono, 140 mony phnoco of wcoo ond tho noecusity |
t0 introtco tho eonocpt of oyoton chndyocio Loy ploaniig ond OpOrLe
t4oa of <ho oyotcns It 1o fo Do éc:at:a&mma that noithor vator |
rocoursco nor thedr neny usos woreo opvetod vith mothointiend
onalysio in nind, Thoro {0 probobly no otondordisod mothod of
onalyolo chooo etructuro confommo $o tho rool wordd of mtér‘_
roasourecs woll asough thot 4¢ oo DO e oo o gonoral nothcate
ticnd nmodol for ito optiminotlion,

Anong tho oarliont eaap#c&xm&w foroulotiong of problcao
in untop rocourcon dovolopmont, utilicotion bnd conoorvotion wono
tko ropost of tho Unitod Staten' Iresidont tuntor Hocourceon Foligy ‘
Coonfooion 4n 1950, Thio roport gove iopoteo to fuptaor invostie
gotiono and geonoratod cufficient intoroot o obtnrt pooocareh
ogbiviticy in o aunbor 0f wnivorciticeos & nunbor of warkors of
tho Univorsity of Culifornia in 1955 bogen obudydng the problen of
optimiontion of vator socourea0 pyotean, Tho ocorliost mcntion of
coneorn in thio aven 10 porhapn o problon fupgootod Ly k0. Holl
iun tho booi on dynemie progrooning by Re Ly Doldoan. Ono of tho
£irot product of tho zosoorch wno o fundoacatcl popor chosdng
tho onad, 040 of pojucntiel cultiotogo docioion procosocs im votor
rocourgos ngindoring, through tho oppiiection of dyncale
PEOSTCTC ARG, '

-i
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With tho pocongo of- time; tho conedt of comprchonnive
plonndps for vator ond othor nnturcd rocpureos hovo pednod
aeeoptinco ropidly, '50@:@00, lergo votor cupply oyoteno involvon
erorco of FanQes in copitolinveotoent wmnd enroful plonning io
oocentiol. Zho groving cophicticgation of eomputins nochinory
hoo not oady codo poooiblo tho ropid ond pecurato porforconco of
t8diono and repotitivo enloulantiono, btut hoo aloo bowm o ondalytic
gnctor An tho ovolution of ovoveral nathomatd end Shoorion and
nothodcs Uo phall voviow tho latoot dovolopoont of variouo
nothodnlosioo,

The problcos ean be Aividod brondly into $vo docoifione
tiono (1) plonning tho oogquenbing and ochofaling of vntor oupply
projocts; 1.0. thea or vhothor ¢o build oach or canol,

(44) tho oporating cddodulo ef tho rooorvoir oF Gooo, lavortholooo
both thooo typoo ean aleo eontinod to L£ind optinal celuition.

| Lintar ncodn oro gonorolly ontinatod on tho banioc oFf
onpeetod groutk in deonnd ovor o fulvr? poriecds In cony indtoncoso,
thoro arc o nunbor of poncdblo Andopendont projoeto vhiech,; ia tho
oggrogato cpo onpoetod to noot tho roguircuonts upie vono futuro
dntices 7ho dneicien on cogucnco of eonotruction 1o dbacod on tho
proacat cinicen ooot wiich 10 influcnesd by the dlope of tho watos
deoond eurvo, tho diocount roto applienklo, cnd tho rolotive cooto

capned tdco 4
end operodson of tho vator cupply Sacidlitios covdonsode

It 20 ndluayo bonnﬁcé.g‘ez% to pootpenc o projoet 31l 4t io
acedod to oot tho dczonde .0y tuo dntlpont on tho coount

dnvcolicd 42 o Qoos $4A) thoe projoot 4o pul into oporntionm. Thuo



ig ca A0 tho enpitzd edot of tho projoot 4, tho intcooot wolo 40 »
ond tac projoet wlll bo conotrucetod oficr o tico -_inﬁow& te thonm
tho preocat valuo of tho caplted €00t 40 G (1 + 1Y, %ho tino volwo
of tho eopitel ao oxproocod 4n Sho diocopunt Loeotor onbkco tho problca
of projoot coloction éyncaie, that 1o, tho ooloetionof omponcion
projoctn dopondo upon provious dclcw%ieno ond wpon tinc. Dynanie
projoot schofnliing ¢a bo cloooificd inte fovr diotinot eotogorics

vhich oro depletod im Table 2.1,

TABLE 2-4.
im0
Continuono discrolo
projoct Continuono I _’ IX
0380 pneroto 111 Iv

A ochoduling problcn vill bo sofopyod o oo o S4nsl0 -
Location Frojoot Uchodunling problem (OLbul) 62 tho googrophiend
voluo of projocts ic not tohon ioploottcdy imto sccount, She
lcngsth of é&m sehoduiing or planning bordeon odoo ¢harnetordcos o
projochd ochodéuling problczs FPlmning hordmno aro considorod %o
bo oithor £inito or infinito. In & $ypd I SLPOR (000 foblo)
for lincorxly groving donand functiono, Honno® chowed that for tho
infinito plomning horicon, tho optingl ochoduling poliey vao to
congtract cquoal-~0icod projocto ut rogelar- intorvclo. A comeavo
projoot-copitol coot-gapocity rolationohip of tho forn O(J) = Bu
voo coounod, clong uith o dcoand funotios of D(t) = as. Cubica®
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continuod lirnnetes appronch oad ontondod 1% Co plonndnms Gor tho
finito horicon., Ho oblninod wocullo Lor both lincar dcoand functions
ond pgoomotfie dcannd funotions of tho fomn

2(¢) = Do.cSt

I¢ ono aocunco that tho t&no poriedo are diceroto, tho

objootivo funetion of tho pindooen o8¢ typo 11 BLPUP com bo urifton

o)
% U
oin Fon E‘m t %95(33}2{1(:
whoro,

v (31) s Copital evot of buildding projoot 4
in yoar £ et n oexlo (ﬁi)

5‘1‘; - =& docloton t6 bulld projoet 4 4n yoor t.

Sho prodvlca 4o diffiovlt to colvo, bocnuoo of tho mulliplie
eabive foofors of Ci‘t;( 81) cad };12:, Somo fochniquen of nonlinocow
intogor progrooning bovo boon ﬂWﬂlOQOﬁéu A0 on él%cmatzvu to
coouning Sho avollability of o contiauwous cenlo of projoet olsco,
4t noy Ocle noro ocaod to l1init conoidopation to0 onoe or noro sicod
projocto for ococh pouscidla oito, This 10 pooniblo beeauwons (L) projoct
cont daforoation £0 ucually found with o ymzmw pmjc#%z agalo
ond consisurction in mind; (44) fundin; ond polisied docloiono
vith Poopoet to o projoed aro ucually o 4o, given o £izod projoot
confisuration, ZThic dioeroto pRojoct olco configuention 1o pogdie
orlorly opplicablo £0 w.lor mocourcos oyobczve Typo IIX ond Typo IV
ULFSP Fodl undop fhofy thio aoto oy ﬁg 2hic typo I1I ond IV JLPOPO
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4t 40 oooused that o fimita oot of U fennilhlo projoste have boos
procorocnod, tochnianlly -nd ocononically, LUopnende foaoidility io
dotorminod uounlly by invootisating on individunl projoet'o ratdo
of diceountod benofito to disepunntod cootln oo onpinined by L-:ocoa,
In typo 1IL problemo, tho uator dorond function D ¢) over tho plemning
horicon 4c o continuwonn, nondocronoin; functiom. In tho type IV

JLEP D(t) © Dt 30 n conctent, cnnu Aly projoctod roquArcsomt ovor

tho planning horicong nondocroncing ovor tho indeon oot of plennidag
yooro (O 1, weey T)e Tho tino increnont for copueity 4o tokan to bo
onc yoor and it io cooured thot tho projected dennrdo oro nloo ondo

on on chnanl roguirenent bacio,

Butchor, Hotwds & tianzﬁ dovoloped o Dynemioc Progroooing
clgorithn to vpolve tho typv IV JLPOP, Yhey vodo voe of Bmlmm’aa‘

‘principlo of optinality' to formulabo o rocursivo rolotionchip
votvocs tho ndjaccat vto§oss .orking on tho pemo model Merdn®o
dovnlapéém o padificntion of Dutehor ot al. algerithp {0 colvo noro

gonorol ochofuling problen.
She typo 1V SL¥OP problen ¢m bo formelly ototod ao follows

Given
i, 0 Qcoond funotion, I{S) = Db, of a1oeroto voluoo
doginod ovor on indox 00t © € {Uy 1, +.e T},

with Dgpt 7 Dy

2¢ A oot of projooto fin{ly 2, eep 1} 3 tho 4L projoet
bio on annond ecpredty < “nd o copital coactruction

cost Cyp each 10 conctant ovor tao pleaning horipon,
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3. A diocount factor on ndl conctruction coot, (1 ¢ 2 )”t,'
t € 40, 1, seey %‘} , thora ¥ 40 o conobint ovor tho plonning

horloon.
2ind o ocheaulo of Il gut of [ peoJootn t

.= (1), t0qy)s 2Dy $p505 won s (1)) Yypy)

where (1) .4onotoo tho 1th ordorod projoct tuilt in tho sobodnlo 3.3
3 demotos tho jth projocty t{ 1) denotSon tho conotsuosion Hime of the
1th ordorod projoet. Thuo tho prooont voluo coot (FVC) of tho.

occhesnlo,

H

Ve (S.) = X -
( ~.) wcm (1 « ) {4)

is nininicod end tho avoailoblo eapocity cluayo oguolo or  onecodo
tho dcacnd De 8 = {B, A} 4oplies B(q) = Py 006 Pepy @ Ppa

41lieno ond miug propoood to wvrito thio problom in o Q=1

intcpor prograoming fornulotions

WBOTHD - Li- norinw nood into oy progrooming formulation for
coquencin; ond schd&ulmg 0% tho projoctos EBo hno conoidorod
multiplo dcacnd functions by includdns o dcoond conolent for cuch
typo of Foguircaont ot oneh your G i\:al‘txdmbnmiaml prEO jocto woro
then 4Ancludod onoily into tho 1D foromlation, Conttradnt oquution

vao vritton in gcnoral no

1;:. Yp By (8 7 D (0) s Ve e, D)
o I " 2 ooy :’:
Bo koo fuzthor choun $ho obvantogo of tho I... foroulotion
13 tho eaco &n thich eortodn tyne of projocto dntordopineico,

finoneiel ad othor conotrodnt. exn bo incorporatod. Lo ouemplo,
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of projoct '1' connmot bo built boforo projoct ‘n' vo afoply cpprad
tho following conotraint to tho Intogor Fropronms

%
1% thoro 10 o linitation €$ﬁ§ of tho copitol onpendituro in
poriod t, cnothor constraint cun Bo n@pcnaoﬁ to incorporate this

rogquircacnt

i1
123‘ C * 3t & B

Doth Forin opd uilliomo houover havo peointod out tho
oxcossivo eooputationol roguircaonto of l.P. problecnm. Lvem o
enall problen involving 4 projocty, 3 dononds ond o 50 yoar pluaning
Borigon tould hove 4n oxcono of «LO doelsion varichlos end 150

conttrainte,

A comnon prodlom in the optimization of rogional uator rosourcos
oyotes Lo to 4dontify on appro .rinto trado-off bdbotudea comprchonsivos
‘nooo ond cioplicity of dooeription, Hdvanesd oyctcneonnlycle tochniquor
allovw oo oxcet dooertiption of tho syoten but thoair applieation 4o
uoucdly poutriotod to Zodrly Goakl oigo probvlome.  Sinplo vochngdcun,
oach ou lincor progroacing ollow tho plonnor to donl with lavgo oonlo
problons, but only aftor rothor dractic oisplificntionn in their

formulnidiono. Clanoan‘o

offorod quadrantic progsesning vhich 4o
ooon o0 O compronioo; tho mothenatico and nunerden 4o roathor oinplo,

but noep=-linonritico ewm ho considarod,

Haro tho objoctive funciion (hieh 2o tho eoct function) 4o
of the dypos



A « :
xg) o agng 3, Av0, 04% <1 s (20)
vhoro Q{zé) ic co0t ococoeintod vith treatomeat of votopr quantity Zg
and an ’ xj aore conntanto. Howovey, An o plonning cituntion ralisblo
infozruation on tho actucl eoot ciruoturo &o d1fficalt to obinin, A&

rosponnble estpronice 1o to corlk uvlth quodeeutic cont funstiono.

O{Kj) £ ‘Oj - ’/2 bs 31)33 Y (202}

Tho optinization procoduro 4o boood wpon cininipation of tho
guadroutio cbjootive funetion. If pevor coot functions are providod
00 input to tho nodol, thooo will bo approutmatod by quodrautic
functiono of tho type given 4n oguation (2.2) in prooeribod intorvalo
oround oven current voluos of thoe wariablop. Thooo £i¢tins procoduro
is porformod by linoar rogroolon on tho coot function doepivativoo
yiclding tho paranotora o ond b, 1a oquotion (2.2} oo oioplo aadlytieal
fonctionc of tho original poronotoro iy and Kj in cguntion (2.1),
Zho omtiro proccdure ie ropootod until tho optical colution 4o 4ntorior
in tho prosorided £iteing Antorvoly wouclly in o fov Atorationo,

o quootionablo foaturos of mony onicting otudiso of enmacity
onpenolon picaning problcan 4n vator rocourocces aﬁo (1) tho nodalliing
of tho oupenoion oo dotorniniotic procoso ond (2) tho lack of control
ovor tho incidcnco of oyotcn fodluros oyoten folluro 1o relatod to tho

2 uood o

ocourrened of ohoreealin in uator cupply. Robort .. Hinke
pogueaticl docicion nodol oo o ccneénl frcaovark for tho foroulaotion
of otochootie 4Achand eapaelty ozncndion peoblono cubjoct to ralinbility
conoirainty dosicnod vo rogulnto tho incideaco of oyosten Lailuro,
Vgr&omo dtfforeat tyroo of conoirainty vero investinntdd and Ancooporo -

/toﬂ into o dyncoic procroaning coluntion proocduro by noomo of



Loseowpion thoosys Tho corolreinto conoidered woro (4) tho cnyﬁcﬁod
valuo of tho total nundor of oycter foilupce durings the ombiro plonnins
intervol chould mot cxeced < ; (2) tho probabilisy of fatlurc during
aBy yoor ¢ 4n tho plonning intorvel chould mot ogcosd B‘b’ g ﬁi* < 13
{3) tho probability of 1l or moro fhilurco during tho cn%iro pleonning
intorvol chould mot encood ¥ , 0S¥ & 4,

fandacs & ﬂoabjorﬁ‘g

dcvolopod o noy Bymeade progran
clgorithn for ooquencing ond ocaoduling problca, %ho modal tokeo
into acodunt tho cepital investnont ond oloe tho oporotionsl cooto.
Ctochaotic deuond was  conoddorod, Sho onthonatied formulationo

vore foxmecd tith choneo condbtraint model ond ponclty oodol.

Heccrveir eporating policioo fourn onothor foportcat wutor
rocourcos ocheduling provlem. Tho oporating pelicy 1o Jooeribod oo
folloun : 4An oporator of o wator cupply oyotcen hoo Lo doetdo from
tino to tico hou innodinto doeoondo on tho oyoton oro to ko not,
Lithout dot:ilced foraino-lod 0 of inflous ¢ and dcaapdo on tho
pyotes ia futuro ho connot cuorcat 06 to find tho boot way of uslmp
¢hoe oyotcas Al bho oon hopo %0 de 4o to dovien b policy vhich Will
bo ﬁho'bost, {dven tho uaeortninty, In gcoting theoo denonds ho
noy h vo sovoral objootivon im ind, such co coot cdninization,

coxsndecnbion ol benofite, otos

Damloy & Gaiddop'd dcoerided o nothod of uoing dotorminiotic
dyacnice progronalns to dotornins tho lons tora onorntins policy fon -
rozepvelr opatcns  Cho léag torn policy 40 dofined $o0 bo the policy
t:hi.ch 10 10 BO ucod an o mattor of sovtino vithout forchno.ladno of
futuro ovento. tho orno onthoro u.cd policy itopction todaniquo omd

valuc itoration tochniguod 0 o (io=2oLCEwie 0poration problon.



Pow geing bvack to tho oporator of tho oyotca, ho may oporato
tho oyotcs vith intuition vhich comoo out 0f oxporicics. <hio intuitd
io0 o endlcalatod nosogonent of pont osporicneo conbined vith ot ho
thinko tho futuro night bring. But in o complor oyoton 4% nay nob
bo oll obvious how to oporoto tho oyotes to adaiovo tho voquirod
goclos iho  problem bocono conpler with poro thon only Suo PCOCIVWOAYO
eporating im conjunction mooting vorioun dcoondo., 4 docoupooition
nothod fox tho lons tory vologting of rocorveirs in nerios was

pronemoﬂ‘ 5.

The cuthor dlocusood o sothod for wookly oporoting
policico of o powor oyolca of n msnm:l,m in coriocss Sho mothod
takoo into account tho otochaoticity of rivor flows, It conoioto of
rovrdting or doconpooing tho otochantie nonlincar optinisotion prodblec
of n ototo varichlos oo -1 problcan of tvo otato vapialloo tvhich

nro colvod by Dynanmde progromoinz, Yhoe roleousc policy obtalnod vith
thio notkod for roocorveir i 4u o function of the wator contcat of

tho roscrvodr ~nd of tho tot-l cooumt of potentiel onorgy otorod im

tho sl oPPocn rouervolsrs.

Optinicapion of o mtjaz* gouources oyolca ouot appropriatcly
mook tho modolling of the oyoicn uith tho optiniaation tocaniquo
uoods 4% tho oyotcs modo) 1o linonr, p ny offoctivo optici. ation
tocaniquo oniot. But 42 tho todcl 4¢ monlinoor &n tho obdjoetdvo
function wnd/or coantrainto, vory fou optinisation nothods culot,
Kmiaolblmm dooaribod hov o vator rosoureos oyoten, induling
vobor ouculitty cad quality ¢ bo coddllod 1o fem o nor-lincor

progroisuidiy, preblea.  Tho predlcn of vetor quatlity bod colved by tvo



techniques (e) Oeneralizsd Reduced Oradient Hethod, end (b) a
Conjugate Uradient rrojeection ..ethod,

4 pusber of techniques are available in tackling water
resources provlens, It is for the oysten analyat to use any of
the technignes available which ¢an be mont suitable for 2 specifioc
problem, f£ro the visw point of simpllicity aad efficiency.



Sel Q 'h yohle:

Untor noode oro gonoradly ootinated on tho baoclo of ozpoctod
grovth &n dcoond over o fufuro poriod. In nony dnotemeds, thoro axo
o nunbor of poooillo indcpopdont projoeto vhich, in o ngarogato
oro cupoctod o woot tho rogirciondo wpteo come futurc date, undh
peejoet boeomoo of ocomomical conolidoration, ond tho cpply-deoond
eritorion will noo% pm&ably bo conotructod vhen nocdods 1€ tho
dcacad 40 © linonr function of $400 ond old projocto havo about tho
ocno nondown eapocdty, tho offoot of fntorcot zoto on capitol coot io
to dictnto tho corotruction of Zho unit tith tho lovoat unit cort
firote LDowovdr, thio cinplo eritorion will not bo ouffiecicat if the

dconn@o oro not linmoor nd output of projocts are GLfforcnt.

Lot uo 11dustrato thic point vith o oloplo otanple ol tud
projocto. Tho deaend ooy, incepouocs ot thoe rofo of 1/9 unito por
yoar to 10 wnits ovor o rogiod of 30 yoarc, Lot tho conund dioecant

rate bo 5‘/:‘0 w":’)“"l Liman l},,‘r,v{\l‘a“ ur
_ BGU G 2y, e
Ig projoet Lee t hao o eopanelty of 4 nnito cnd o cost c,

of o 500,000, itn unit copt 4o L. 125.00/= for projoet 2 of 6 unito
copoaelty tho coot 4o noounod ao e 600,000/« thuc vith o unit coot
of e 100,000/~ Uo anovao projoct ilo. § 40 conatructod Lirot.

Jdth AC0 copoedty of 4 units, it ¢m@ £oo% tho dcoand $4l) o pordod
of 12 _oaru nftorp vhich tho voeond projoct chould bo rosdy €0 cood
tho dccond.  Tho o0l proocnt oood of building thoc:d e projoelo
311 bo 500000 * 660,000 (1.05)°32 « o, 36,620,
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I projoct 2 3c conotyuctod Lirot, tho projoct &4 1o noodod to

Do cooniosionod only oftor 18 yonro, %ho proscat golwe of coot ia
this ¢noo uwill bo

-18 _

600,000 + 500,000 {1,05) L 807,750

Thuo, it 40 oconomicnl 0 built tho projoet 2 £Arot L.0.

tho projoct with lcoo por unit ceaf, or tho largoot projoat.

In ¢the problom above 12 tho prrojoet 2 hao 2 copaclty of
6 unito cnd a cont D 700,000 the i1tu unit coot io B, 116,667. In
that ence, tho provent coot whén projoet 1 1§ conotzuctod firot o

500,000 + 700,000 {1,05)"'% = i, 890760
ond 700,000 + 500,000 (1.08)"'® & o, 967750
shicn projoct 2 io comotruetod Zipot,

Horo 4% 40 oconontosl ¢ busld tho projoet lio. 1 PAFot 1.0, tho
projoet with Righor unit coot or the cualloot projoet. Thuo unit
cout 4o 20t o ontiofoctory oritorion. iho offoot of sdlepo of watop
dcoond ouzve aleo ployo eignificant rolo in ooqueoneim; of pxo Jooto.
7o 1llnotroto, vo nodify tho socohd oftaplo problon by Antpedaclng
o dcaana'?ato of 1 unit por yoars Loy AL the firot projoet vith

4 unitc oculput iAo construetod Firos, tho projoct 2 vill noed to bo
An opcrotion oftor 4 yooro,

fauo tho total proocat valng of the cost io
SOC000 + 76,000 (1.05)~% = &, 1075390
vhercao tho totel coot thon projoot 2 4 conotruchod £irot 4o
7€0,600 ¢ 560,000 (1.05)"% o L 1073100
shuoc tho opticvra dootoion 4o ta'cnnanrucﬁ the lorgor pyrojoet £iros

chonging the optinn} doeicvion thonm tho dorsnd inoroaco vas 13 uvnit

B4 IMP WIN TS



o econcludo fron thooo oacoplos tho docicion of coguencien -
tha projocto bacod on nintnun proscat voluwc of tho totol ¢%ot 40
oquelly influoncod by tho clopo 0Ff wator dezand curvos, $ho dnbopcod
rato, o rolotive cooto ond enpacitico of tho wator cupply projoct.
tho problca vill bo nuch noro cooplox vhea tho projoets aro poro thon
$vo ond thopo oo cultiploo of deanndn, Ue, thoroforo, nood on

optinization techniquo to polvo f$houo prodlong,

3e2 '
t. %ho dloeroto projoet ochoduling ond ooquencinsg vill bo
forpulotod.

2s O nooumd o finito oot of I fonoiblo prejoct vhich hoo
bocon preoerocnod 0 by politienlly, tochnlenlly ocnd oconoemicnlly
odndociblo.

Je Tho enpitnl o0t of conctruction GA’ ond tho oaticated
prmucl yiodld of o projoct, QL oro ascuncd o bo kaovn ond of £inod
velues ovor tho plonning hors zon.

4. Tho 4cmond funetion D{t) 1o coouncd, Thdéro pay bo aushor
of dcuando on aach pivloot vim., izrigoation, povor geaoration,
induotzicl. D(t) ic mondoeroncing ovor tho indoz osot of plenning
yoorsd {0p 1y eevep T)e Tho timo inorcuont %07 ooty 4o tokon to %o
1 yoor omd 4t 40 coounod that projoct demomdo aro olno mado on on
cpnucl requircnont bosio. ?roﬁahnm%&e dccand 40 concidorod

ooparntoly,

5 4% 40 oocunod eoot €, Lo diocowntod to o oingle joried of
tino; that ip, tho tiro ot vhichy tho projoot 1o eoncidored opoarational



pnd cblo $o capply ito full capoeity. Zrojoet "lorm-up® 10 nod
conoidered 4n tho foroulation, It cuot bo pnovorod that amplo 'lond

tino' 40 availcblo to doeirn ond conolzuch cny one of tho projocta,

6o It 40 coounod 1n£tially.tha% oporational unit esot ovor
o projoct lifo fico oro pinor ﬁztn roopoet 10 oopital outlayo.
It 4n ccﬁamatod copital cvoto of conotiuction may bo 500 ticoo
groator $hum cunual opopation ond mainlonenco ecoto. Thuo eporationnl

anit oootis urc droppod £rom conoidoration,

Ts Frojooto undor comoidoration woro indcponfcnt of coch
- othor, Pooeiblo intordeponeioo oro (1) finah¢ia1§7(£1} politienl,
mnd (441) phyoleal or hydrolostead. -

B, DMfforcncos in tho guality end uwoofulnone of wator
yicldod by ooch projoet 1o mnot considoredy that 1o, ono unit of
oupply from cny projoct 1o dguivalont to that of any othor im toron
of 4%0 nbility to oati-fy tho denond,

I¢ noy bo vory 4ifficult to formuloto o nwdol for projoct
ochoduling thoro oll the cbovo nosuspiions ore roloaccds

L)

Tho digforones botwoon ocdaoduling and ooquencing prodlen 4o
boaouoc of ono oocudption. In ocheduling problen w0 havo to solood
only o cuboot of I esmoidored projocto cnd cogucnco thoir conctruction.
do enn oay tho outrut frem Al) prejoets vill bo oqual ¢o or rcoro
thaa tho dcomad ot tho chd of plenntn; horiodne L60.



3]
E Qi 7/;)‘9) fﬂx‘ t = C!,f; [ X2 ¥ ) ‘2
4o

A cpoednl oace of thin ochcduling problon ocewro whan ue
maﬁa the noranption thot totnd eapaeity of I pojooto oqualdo tho
decnnd of tho ead of pleaning poriod, 3.0,

n
1ot

vhich noono oaly togucacing of pw;oeﬁ conttruction is invelvod.
Ad) tho projooto havo 50@ %0 bo cooploted of tho cnd of plonning

horicon (o oot tho doaond,

Lot @ bo tho oot of dovdopucnt psvjocto
(99 2, enep U)o unch projoct L € § 10 doocribod by on (IF + 1) -
WapLo (Gyp Yyqr QYov ses 9 Gy)y AR chded, € 40 Sta copitol oot
0f conciruction ond Qﬁl@ 1o tho emacity (outsut) of tho 1th projoet

to ooticly tho Jth dcoond. 40 neprojoct ocogueaco, & eonoiota of

3
n
cn erdorod cubcot (B, Ky seo 5 £,) 0F tho 8 { € §) projocto

fron ﬂe

Tho J~dincaoioncd projoet ochoaulins peoblcy o to find

a .cumemco S, ond a gob of nococintod csnplotion $ine ¢o co W

-l
;sz 610 3 cubjoot o
ae;;ﬂ

1¢€¢
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&
4

ie p . .

5 b Bl 2 i vt e (o, T)
deg
vhopro

P = conbtinvous intorcot zalo,
“5. = conofdouetion complotion Sico ¢f the ith dovdlopoont
projoet,
aa(m = o uait otcp fumetion thich 4o cguod to mowo $2 ¢ <Oy
8 1o oguel to Y AF § 2 €,

(¢} o projooted inopoano An dcoong forp tho jth rocpurco £ron
tino *0O' to timo '¢* {(Horo it 1o oocunod that initicl
eapaedty 40 ogual to o indticl donmnd)

7 = lcagth ¢f ploandng herdoon

Thuo tho problca fo to £ind that Zubood of dovdopncal

projoato Sopotlics uith tholr on ecloted cenplotion dimo.

2s

in tho continucus tico codcl, tho dcmond 4o noowned to
imopcocs continusuoly ovor tho plonndns poidods  dho tino poriod
4% diloeroticod W cae yoor ooch, vill meoult im dideroto wodol.
Zho Gcoend 4¢ dnoroacod only of tho cnd of cocdd yoor tipo intorvel
cnd anpdn; cadh dntervod dac doaond LoF vator 42 conotmat.  Sho B(Q)
dv dvea o oty funetion 2oy dilercto S4r0 Zorouloticn. Sho rodd
4o o 24nG,

T o ‘nﬁf)’ L ot, 2) see U}

{;D{Jp ip to's?



o ¢o 1o
Lin Z: Gw xi’i sans P (3&3&1)
4ot
-2k
TROP0 Cak o o st e (3&3»2)
cw boing tho proccat walwo of tac colt of projoet 4 to bo bulls

aftor tize L.

oubjoet to tho coaditiens

"
> Byt 0 321, 2 000 sos (3.3.3)
kel

Tho conotzoint (3.3.3) cacures tact ongh projoot o epnaidered
orly once for conotmgtion. al,

& 11
Z Z ¢ X, )/ D (i‘;f, £ C'JC, 1' "euy ¥’y
$ef  k=U 1 Tk 2

oot
iel beo 12 4k 77200 P

: (343.4)
S _
2.3 L‘;ZE:Q ~411 Kik b%;(ﬁ)l e 0’ " seuy &

E.“J s Gord i, I sevs (30305}

0o ogurtdeans (Jeded) ape tic eoosizadnt. 50r weinaduy hot Gho
gonbincd satput of Wil projoot. (VM) eopacopunding tu tho typo of

decaand uﬁ(‘i;) (20234 o pope Gun the (Cuomue <0040 caaotRalnts w0



o
o

conotrucd Loz tho projoct of pritidincanoion im acturc, iBhich
moras $ho 4cornd 40 not for o cinjlo purpeco, but for pultipurpeso,
the deoond Loims uj(t). 323, 2peeap i

“uc scro-ono vowdoblo x,. of ogn-tion J.3, 5 Sckon thoe valuo
1 42 projoet '4¢ 1o cotplotod im poried 'k cnd talteo tho valwo G,
othorcice,

‘2iu C-1 dntcogor progyoring formulation 0 uwsod 0 oolvo a
proedicsl nultidincnoionnl oehoduldng problon whidh vidl bo
dooeribed in coctlion 3.5

L fou woro conotrodats cmn BO nddoed o tho nedol 4fF
roquieof. ror oxoople, i€ projoct 'l ennmnot Bo buils boforo
projoot 'a'y w0 introduco tho conoticint,

ﬂ .

Z (3nk—ﬂlk)7/ﬁ ‘b mC‘,?.gg,‘I‘

el

If the ecapdtod cupeadituro io o bo linited to Pt in o pcriod t,
tho cozobreint vill bo

I
s.%s Oy 5y LBy

34

ho doplicity cauncration cupxoach 4o wood 0 colvo tho
problens o drplicit cauncopation alsorithc 4o only appliechlo

0 the cpocdnd eano vhoro cacd vordoblo tobeoo on tho vidno ¢ or 1,

020 procodnro $0 colvo vt s oootd A0 10 CRCIARD Coveory
poosiblo cuviuniica of Gho v.silblco uCt cga '} to O ond 1. Yhic



- 31

0 totod 02 onplicdt chawnopation. Tho esobimofien that oatiofico

all tho onoteninto and ndndngizon tho objootivo funoiion o0 declarcd
tho ontican) colution. Hovover, thic rognires oncninies 2® COnbHim
actiono ¢ fho vord~blon uhieh 5.::5 vory dif{icalt vhon <ho punber of
vardzblo oro Lercs Haneo, 4t muld bo vocefal to have o proeodurc that
vould gyotematienily axonino ealy o cooll caboet of nll poooidlo
conbinntiono of tho varicblao boﬂforoﬂ roodaing on optincl colution,
Thio 45 vhat tho foplicdit anunopation olovsithn G000,

Basictlly, tho iopliedd cmu—orotion clegé algporithn begino
vith oofting nll the variadblos to gowo and oyotematieally soto
cortuin vorichblos to toho tho vadue of 1 until a foaciblo zodution
‘40 obtainods, Sho olgorithn oyotcaaticalldly looko of varieus ¢onbince
tionc of tho vordsbloo sob oqucd to zove ond ono that eon pos ibly
ioprove ¢ tho boot Zonocibio solution 10 dnto, $41d €ho gptimun
pelution io rondaod, #omy conbinntiono that connet poooibly lacd
o o bottor founiblo selutien ore net aucincd cng thue codd 0 Lo

2L plicityly Cauncratod.

dt%f ;ﬂ& 2-3‘:! $
e O=1 dntegor progeea hoeo tho fomm

]
pindndce o o 35’1 e{a) v s(3)
| | 3
oubjoot to .{X) o =« B{X}+ 2‘,’ n(L, 8)*u(d) > ©
J=

X L] ‘3 -\.-.9 gep ﬂ
A{d) = & o §

vol, O, eFeses, U



The £9%ntion uncd 10 3

PRL:

LVLLa

i

ve

Lo

o

tho oot 0f cubooripnto o2 tho vordchbleo that have nog
been opteiPied 10 o O or 1.

tho cov of cudboopintic of the vapinbles thot bave tocn
cpocdfiod %o Do € or ¥, 12 on clemont of UIRLL fo
resntivo, the éox’re;pcaaim - vordchlo hao been opocdficd to
ve O, othoruvioo, 4t hias toca cpocdficd €0 bo 1. TFho
firct clazont (loft cout) dm UPREL corrospinds to tho
firot vordeblo opoeificd to bho O or 1. Likewloo tho
cocond clenont in Lidel corrospendo 0 0 cocond v.glablo

ppecifiod t bo O or 1 olice

the voluc of tho objcotivo fuaction oorro-ponding to tho

beot fonoiblo 'aolut:%.ozx o dnte

tho oet of vicloted conotrainto,
the varicbloo in Viti. tbot bovo
(u2 in objoodivo fumetion ceofficiont lcoo thon LUULD
waoro, BOUGD o Giku = S, &(I)°x(I)
| I €UYPRLD
(b) 4 pooitivo confficlieomt 4n ocmo comoipoint in VO

Y. = cus ovor all suboerdptc in LidLE

I €rins



I
sk s
wCh Lsdiols o= "’ 2, ses u)
Hl s = #, tho copty cob
AL £ 1010
Y

Clgulote 23 (1)°%(1)
16LPRAN
woto that cono of tho Z{I)%0o 4n the odovo wem moy Lo opocifiod o

have tho vrl;zc Cs

Dvcluato cody conotmoind Q(1), (I=d, 2, e, H) uoing tho UPROD
vorioblos cnch net oqual ¢o O, If onch of tho conotrodnt aro
foaniblo (cativfiod), thea the woluco ol vordchloo wood $6 ovalucto
tho conatrainto conntitutio o feasiblo wz.nﬁon.

Lch VO caaoto tho oob oy violoted conouradntos

Yy

Ig VC AC coptye g0 to otcp 183 othoruios, 0 0 of¢y S

IR 5
ot DTN = Tllle Z

Jalogt tho L2 varichloo that hovo o ¢irnec to nako oil of tho
ceaotrodinto oo dblo. Thnt 10 ot ¥ b0 tho Dot of vardabloo in
PRLL that bavo

fs O pooitivo eoofficicnt 4n ocao esnntradnd inm VO

2¢ 8 edjoctivo funetica coofilofcat < DCULD
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o viokcted esnotraint on cnly B wado 'roro' dnfepcitlo
by cofling €0 1 o vordctlo uvith noC-tdvo crofficliat da o
conctradet, co only voricblou with o pooitivo opofficicat in o
given eoactroiat havo o ditneo 0 00i3C t20 e3nodraint Loanible

( 20). Iihovioo, o vorioblo X([) in ril. cach that

2 C(I)Aa(X) » o(B) 2 LI
I &UP3BE
chould not bo gcnpoidored for m&noim in URA0D oingo the fcasibdlo

colution corpooponding 40 ZiIN 4o clzo.dy otlonot as cood.

it 1
I£ & 4o oopty, go to otop Ot othorsiso go to stop 8.

For onch conptraint in VO
Sat t0 1 tho FRED vorichloo ic T thot bovo positivo goofficiconic
in the civan conotenint,

cod o sy vardebloos ogeal te thddy ppoaified VaLROC,

GREP

i€ any of tho conotrainto aro 0tildl violotod, go to otop 11
othorvioe 5o to otep 10,

g2 10 |

dczovo £ron DRUL cnad ndd to LPRID the vardakle 4n @ that would
pinindoe tho totod diotonoo fi0n Concibility ovor oll copotroint.,
“Bio prootos 4o edvorod in dotodd in ~ftepo 104 - 1CC.

Ltk 3Genry
vor euch vordcblo, cay (1), Yy ovdlusto cach eonnbraint



30

GlI)y (T o 1y 25 sesy 17)y undng tho HILCD vorinbles uith tholr
cpoeigicd values, A(k) = 1, cad tho rennining PREE vosinblco

cacda oot cqual to O.

20 ho wogative rowdSa Leoc olop 10~ ond Lot ASUS Do tho aboolubo &
volue of _une. 7Zho pbooluto volue of coch nesotivo pooult 40 tho
coound Lo coprcaponding conotroint nuol bo ineronied Co bo foaoiblo.
flcago, \Jd0T ¥opretonto in come oumoo the totel dictanco fron
fcandbility using .X(h) S

AS’Q%’“ 19*@

Lemovo fron PRED ond add to UPIDE tho varinble 4n € vthm% bao tho
cneldoot totol diotoneo froo foacdbility (tho candlest 43Wl). Co

to otep 2.

Z3E2 13

I2 Die 2o cupty, go to otcp 213 othorvyioo no fonoiblo cooplotion
of tho portin)l colution roproscated Ly HVILT had o smv.w vaiuo -
thon tho cupeamt aald, oo go o >tep 6.

SAIR 12

“ho vapiobloo in BPRED with thoir opocdificd voluos, clong vith thoe

varichloo in FHLD pet oqual to G, form o eenploto colubion.
Go to ctey 13

peias 13
12 . < JEGy (o %o otcp 143 otheruloo, 2 o0 ptcp 15



Lha

dob w.lu o .. dove tho comploto colutlon and go to otep 15,

Boo: trocs. If LFT&l 1o coply, tho foncible colution

(L) 2 6 (L o1y 2, sesy L) 40 0ptiond, 0o go to otop 203
obtheor.ico (0 S ohep 16.

' SRew 16

I£ ¢ ioos cdlecont An DPibe 40 mogative, oo to atop 163 othoruice
co S0 otcp 17, dhe rightroct oclencnt 4n UPRUS 40 eonoidored to bo
tho laot 'c@e::euﬁ in UFRIE,

ﬁg?? 'Z

Lioho tho loot (rightoont) olencat in (Y17 nogative cnd go to
otop 2. “ho.varisbleo copreoponding te tho 1-0t clcueat heo beon
spoediiod to bo 1 {corronponding cubveript 4o LULER hoae boon
pooitive). .2 novw opoedfy the vari.blo 0 bo goro (chango the
olgn of tho lost clczeat 4m Ll GL to nimuo).

e
£

i£ 01l clencnto 4n LPOLUS aro nogotive, o optinal coluidon beo
been reoched, o go %0 otep 203 ethorvico (o to otcp 19.

A DL
4,

fioie Ao oigdteost pesitive alaacat 4n LJHEL aogotivo aad mcaovo
tao pecndning dlemonto to tho visat Lroo LIPHES, 444 tao droppal
clenenbo o IAlNe G0 to ctep 2.

IRE Yl
S G

e eonrleSo colutien corpacpenddn: €0 LI 4o optincl. If
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7w 3677, no foacible colutiocn., Lrind roculd . Stop.

Lo £eosibdo oelution 4o Gho problc.s olope
%ho flov chord £or o sdgoritho 49 JAven An Tige Sedets

Tho progron wood £ron  rofoscnec (5) is givea oo

sppcadin {4). Tho following notations 20 wood 4n €0 prosrcis

L - Totol nunbor of ccnulirnints
i - Ho. of varieblos

HLLE - Uumbop of < (4 = conptrainto
LGLT - liumbor of 7 U = conot@ainto
pe $\ - fegbor of = comntroluto
LRY8 « O for oinindsation probla

1 for cosinication problon

OODE{I) = ¢ 1f < O = esnotpoind
1 42 7 U = conotsoind
2 Af < Conotroint - ——
wlfanl Wdiot FLIVESTTY o awwnaey
D{1) = Conctant in tho conotrlE>Y
(%, d) o Coofficdonto 4n tho conotrodnto

d) o Coot cocfrichntofd of odjoativo funchicn.,

0C progr vill colve both mazicicatica ond ninioicntion prodlomo
aich r0JAtivo or nosotivo oot cocificlorSe.  Tho peobda 40
preocsted o the progren 4n 460 ordsdncd foro cad thoe pregren

T.Loe 630 0f the neeossary bosuuorhk €0 ot 48 4n tho otondord



CALCULATE

> _ ~ITN X Yt
L= VAN AV

1€ NFREE

FREE =(42 --=--- N)
ZMIN = 1010

FOR
MINIMIZ ATION
PROBLEM

VC=SET OF VIOLATED
CONSTRAINTS USING NFREE YES
VARIABLES PLUS FREE

NO

N\
( BOUND= ZMIN-Z )
J

LET T BE THE SET OF
VARIABLES IN FREE
WHICH HAVE: (1) AN
OBJECTIVE FUNCTION
COEFFICIENT < BOUND
AND(2)A POSITIVE
COEFFICIENT IN SOME
CONSTRAINT IN _VC

T YES

NO FEASIBLE COMPLETION OF THE
PARTIAL SOLUTION REPRESENTED BY _@
NFREE HAS A SMALLER VALUE

THAN THE CURRENT ZMIN VALUE

NO

YES

> NFREE = &

EMPTY

NO

FOR EACH CONSTRAINT IN VC
(a) SET TO ONE THE FREE VARIABLES
IN T THAT HAVE POSITIVE

COEFFICIENTS IN GIVEN CONSTRAINT.

{b) SET NFREE VARIABLES EQUAL TO
THEIR SPECIFIED VALUES.

ANY OF THE YES

NO FEASIBLE SOLUTION
TO PROBLEM

CONSTRAINTS STIL
VIOLATED

REMOVE FROM FREE AND ADD
TO NFREE THE VARIABLE IN T

THAT WOULD MINIMIZE THE TOTAL
DISTANCE FROM FEASIBILITY
OVER ALL CONSTRAINTS.

FIGURE .3.4.1

FLOWCHART FOR ALGORITHM



ALONG WITH THE
VARIABLES IN FREE SET
EQUAL TO ZERO FORM A

@ _—

VARIABLES IN ‘NFREE’

h]

Z<ZMIN

COMPLETE SOLUTION

\
SAVE CURRENT

3o | CORRESPONDING TO {=

COMPLETE
! SOLUTION
BACK TRACK e N
YES
ELEMENT MAKE LAST ELEMENT
IN NFREE N NFREE > =
NEGATIVE NEGATIVE

MAKE RIGHT MOST
POSITIVE ELEMENT IN
NFREE NEGATIVE.
DROP ELEMENTS TO
RIGHT FROM NFREE

AND ADD TO FREE

U
\

IN NFREE
NEGATIVE

COMPLETE SOLUTION

n

ZMIN IS OPTIMAL

FIGURE .3.41 FLOWCHART FOR ALGORITHM



fora for tho feplicdt caursration clsordohn. fho only reguircaent
jo thot the objoetive function cmifor tho comotzoints ruot do
cultd licad by propor conotonto to0 celo ell tho inpud dato in
tho intoger Lorom.
suhaondine

iho totesor progresning hao {7 <+ 1) doetoion vordcbloo
end (o ¢ & {2 + 1)) conontfoint s Thuo cvend o cnnldd) prodbles
inviting 4 psojooto, I denoadr -ud 10 yooro planning hosicon otuld
have 44 doednicn varlabloo and 2Y corotezintc.  Pho conntroint
coofSiedendo (/(I, J) il bo 14 = 33 = 1452,

Thio cnoraous dato t0 bo punehed, und diechod vill involvo
o long tizes Lot of onloulaticn inwvolvcd in finding ocut tho oond
coofiicdient o8 tho ebjoetive fanction, wuclins cquation (Je5.2)
cnd €0 dcoond ip c.ed yoop. Jarshor alroot dho Jolo prococo
hoo t0 bo roposted 1f tho probic nend 0 Do aolved for dAiLforont

plopning hordoeu.

a0 cass thio pralisinary comi, G <uabroutinc 4o developod by
tho cathor ond 1o glven 4n upncaddz (v). it 40 coeuch to fcod tho
dnte Gipoet £2on tho problesa, e cubecntinoe el oulotcs ond
pecpr2cs tho dat- Ao propce fLowm taat Ao aeoertchle $o ¢tho

nnin PEOUP I



4L foup projoct oogquonoing cmd oghoduling prodlen oo given
in Toblo 3.5.1 4o tohem up oo o saople problen. Tho dcaond projoow

tion Lor tho probico 40 oooumod t6 bo of tho fom

Dé(ﬁ) s jSa ¥ b’ﬁ oGy 1es 410 vee (3.5.1)

Prﬁjanﬁ ﬂap&&dl | banand Prozcction

Hoe cont
1 g

(10° ) a9, 4y § o v,
1 10,500 2,0 12,0 2200 |« 0,222 2.4%
2 57,600 36,0 208,0 2360,0 2 0015 0
3 25,500 16,0 45,0 925.,0 3  2,0M 0
s 33,200 13,0 82,0 2670,0

Tho unit of D,(0) g0 107 noro-£0ct, D,(t) 1o ealeumlotoq for cll
tho throo typos of'acmaﬁﬂu {3 =4, &y 3) ond for 10 yoars plomning
poriods Both D {t) oo voll a3 G, woing oquation (3e3.2) arc cole
oulotod 4o tho oubroutinc. a$3 corrve:pond to i{l, J) in tho

progremg D{t) to B(I) and Cop B0 e{d)e

Givc oll thoso informntion, tho provlen 1o to coloet
projocto out of tho four to cupply tho desomdo ond £ up tho dato
0f thodp conotruetion 4in noquened to achiovo ovorall pinicun proucnd
valuo of tho totol coot,



o Sue projoct problca with 3 typco of demondl Lo takea
for solution. %ho eopite}l epod, outputo and dcmand ovofflcionto

aro given 4n ¥odlo 4e4.2.

2rojoot cﬂgual CUTPUTC mg acro-£o0t  Donond projoetion
llo. ﬁgaf o6 - -~ , RAXEORORD
4 3 10 . .
Yt M2 Yy I b3
1 57,900 88,0 330 VESGD.O i 0 S2.502
2 214,000 2004,0  £05.0 20700.,0 2 = 04,1485 15,927

3« 7.603 835,554

3.6 Rogultp ¢

The rooultc obtoinod from tho conputdy rwn 40 givon in
2ablo 3,641 for Ozemplo 1. Tho progean printo the roouldio of tho
optinal wvoluo of the funetion LiIL epid tho valuoo of tho variodlos
. yiodding Zilli. GIIG Ao tho prosont voluo of tho optincl couvt of
tho projoete, from tho voduoo of $ho varinblou yiolding $ho woluo 1,
tho coquonaing of tho projoets oo vodl oo tho conplotion datoo

of conotragdion can bo dorivod &iroetly.

Yho probdlces that voo tohicn :’az} socults in 5110 cqunl o
8 46 = 1% o vartablon yiclddng 1 oro Z,, od ... Thio noonuy
projoet lio. 3 ouot bo roady 4dn the Lipnt yoor «nd projoet Lo. 4 bO
ready on Cho oifhch yoar, £ron Lo boginndng of OLo ploaning poeriod,

Zho &ntorprotation 10 oo followo ¢
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TABLE 3.6-1.
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Fho vardicblo Bypo - T 2,_;" Aond kel ¥, aep 10
aro convorded $o simslc wubuerint vapdicblos totadling 44.(4 = 11)
cnd nunborod in that ordor ot n,. X, OG0 z, ,0 corroopondo %o
feo “1,‘00 carroaponds fo Tyye zr.‘%a 0 By otos Thuo $ho roculds
Ty, ORE B 42 cogrcopond %o 23,1 cnd %48 fron vhida 4% 10 tmown Shat
projoot Jo. 3 in tho f£ixot yoor ond projoet fo. ¢ &n cighth yoar

crct bo POnays

thic problca noodad 5 minutor 40,09 nocondo CPU timo DNOC-20

cooputor o oten,

fov bxwv—fb_ 2
Rooultc obtainod £ron conputor men 1o given in Toblo J66.2

It ¢on bo coon that tho optinun et $0 0 203 = 106., Only ono
projoct 4¢0s Hos 2 10 to bBo conploted 4n tho Lirot yoare Tho
iV ino Sobon 40 15,51 00condo.
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40 for vo aoouncd tho futuro denond of vator io dotorminiotic.
Lut in roolity 4t nust bo rogardod 09 o otochantie vagrinble, boeouno
tho mmm dcmond oannct bo ymaia‘;ma vith cortaimty. Tho dotor-
niniotic fonotion (¢) is roplocod by o ocrios of stochaotie
vordnblos D(t). thich of courso uill influcneo tho optionl division
to bo tokone Ue can dofing

P{n(t) s c} = PO

4400 pﬁ(a), $ U 1) sauep T 40 tho probubility diotribution
funotion of tho dcaond fn tino porded ¢ On thic bonio, w0 csuld
try 0 0ot up tho model for futuro roguircaontio.

Cao posooibility 4o %o weuﬁo n&)g t 5 0, esvy 5 indopondent,
pormclly m:y%mbn’eod roaden verdablo uith poon v cad otondord
dovintica oy 3 e ond o3 an gmcml boing inerooacing function
of t. Ue ¢an forrulato ﬁhc optinal ochoduling undor gtochnotie
dcaond oo o 'Choneo Conotroint Hodol',

vaca tho etnooguenccs of chortago fo 4ifficult to oveluato
in oconenlde torno, tho chonoc conuSroint lincar progrosning roprooont
on nltommnto way of teling otochostie futusro into aoeutmt@ 5o tho
acao cuggeoto thic tocaniquo B bo wood $0 colvo problco involving
cdaoneo conotradnto, thot 4o coastrotats hoaving finito probability



of being violated. 7The constrainte are permitied to be violated
by a specified probadbility. The decision nekers hwn to exprees
their prefersnces against shortage in the shape of oconfidence
level 1 ~«, defined dy reguiring that the prodadbility of shortsge
in a given time period must not exceed <

The constraint equation in the linear prograusing
prodiem 14

n .
3§‘ ‘ij 1&: > bi’ A = ig 2y sve e £ (4¢2.1)

Let p, be the probability of that this constraint could
be viclateds Let b, and var(b,) denotes the mean and variance of
the noraally distrituted rendom variable, bei that ie,

" . .
F {3%1 a‘.a xd é b‘] S 91 “he (4.2:2}

fl‘hh can be written as ,

u - ——
X =D b, = b
P [ J,Z.;‘ M < '—M] S P

or,
n x o .
' a, - D b, « ) .

[var 59 /Vartey)
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or

n -

R~ Z. 8, k, =D

by =~ b 1 b 3
! var (1)) /" var (v))

*ees : ("2.3)

it Bi represents value 0f the standard normal ferdete
variate at which (1 = p;) = $(Z,), con be sated the squation
(4+2.3) scoordsng to definition of prodebility

2 ey =By
4§ [-/gl —— ] 7 ¢(3“) Y oo (4.244)
Yar (bi) : - o

which § ie the comulative probadility of the distribution

This is posaidble only 1i

n -
Z o, ik,=)
- 13 73 i
-—J 1 7 ‘>/ 31 “as (4#&!5)
Var(b‘}

oF,

n
- - - B ey ,>/ 4] .he {4;2;6)
séa 84 %y =D Ei/ Var h,)
Thus the atochastic linesr programming problem can be
stated in ite equivalent determinietic protlem using aguation

(4.2,6),

Ve can introducge this theory to our Integer Vyrogramming
foruulatioh of the preficus section as follows.



LI

Lindnd oo az‘::‘ cﬂz 5323 cebjoet w0 twne (QQZQ")
by
112;‘0 Bene £t cone (4e248)
‘g SE D, (%) Bré) JE, > 0
dyoq By, ™ $} - o o3 % >
£ %0 41 ik 3 B,08) *Te

b1 t _— '

i’, ,fjo Ao gy = D) ~ TDyltyety 7 O
» L4 (4&209
b4 :

: o
R - i
Z I Yo Bt RV -0 (opfy 7 O

xﬂl =0 or 1 y Vi B vae ‘(‘m?;?ﬂ)

J8neo tho atodhgotie enco pogucading cand ochodaling
probdca ic fermmlatod 4m O~1 intogor progrocning nodol, tho
Iopliedt tnunoration slgoritho 4o unod to colvo thio typo of
probicooe ¢he lieting eR tho f—ptvertn Lppeadix (6,
<ho cubroutin uscd in tho dotorminiotic endo problen, nomtiscnod

in CGagptor ILI 2o not wood horos 2Zho dotno 10 dirootly catorod 4n
+ho nodn progies it%oalf.
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Zho 4 prajooto ononplo 40 onodn el oad gdven badov dn
Foblo fJolele

tpiod TS, AR LOEre. 2008 5. 107)
Fraoet (§§§?8 . 106) ‘ 4 Y2 AQaa
1 10,500 240 12,0 220,0
2 57.600 . 360 208,0  2360,0
3 25, 500 1600 85,0 925.0
8 334200 13,0 82,0  20G0.0

I

7ho peon dcannd durling overy yoor rad for ovory antosorny
of dconnd oro aocunods Throo doommd oatogorios oro aocurode Tho

dcoondo aro givea 4o Tablo 4.4.2,

Loon B
Di {0) a 0 132(0) n 0O 133(0) a. O
D{1) = 1.5 D{1) = C.07 Dglt) = 1e2
pla) = 3 D,(2) o 0.27 pl2) = 5
- D3 = 3.5 Dy{3) = 0.6 (3 = 1
p,{4) o 5.5 D,(4) = bgld) = 19.3
D) o 7 Dy5) o k6 D4(3) = 30
B’(G) L= 8.3 Datﬁ) L 3&5 DB(G) = 4&3.5

Dy(7) = 95 Dy(T) = Jed Dy{7) = 60



o477

plo) = M DyB) = 4.3 py(8) = €0
() = 12 DyM9) & G5 pgl9) = 100
D (10) o 13,2 D,(10) & 6.7 pg{10} = 120

Zno plemning hovizmm, T = 10 yoorc, tho intoroot rato
ic 5% Tho uaito of H¢) ond 49 oxro 109 nero=-£00% g ?63 Qe
foot sospectivaly. Sho atondord dovintion 4o tolkea no ono dcath

of tho necn vod uo of denands

It 40 furthor coowaod $hat tho conotwaintc owo ¢o bo |
paticfiod vith o prodability of ot 2oadt U.9,

lﬁ(ﬁi) 2 (49

e B, = 1.3 grews tho $:010o of otandard norool vardato.

-3
Jith all %hooo detbs given ond sowusod, tho problen {0 udloed
ond soquoneing of tho projoot. out of tho four givon in ordor %o

achiovo tho nindnun proocat  voluo of tho eoot,

G669 [onpden

%ho roculto obfained £xon tho compubor 4o gsiven in £ablo 4 et
I8 eom Bo ccca tho optinun coot 4o £ 24,29 % 106. Tho projocto
oalogbod aro pyojoet Ko, 3 t0 10 coplotod at tho doglondng of
oceond yoars Only 1{@“3 projoet (Irooob Do 3) io ooloetod, ubieh 1o

sufficicat U0 noot old tho dcronde $13) 10 yoors oo

“ulio problca roguirod 1 ndnuto 48.84 vocondn CsU ¢ino

0f DiG=20 cooputor uyotcn.
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THE QPTIMAL VALUE OF THE OBJECTIVE FUNCTION

TABLE 4.5.1



S¢1 Enhen of the npoblcn

A ctornne Tooorvelir 40 ono of Gho poot ionportmmt dlconto
in a vator rosoureo oyoken, Tho Godipn ¢F sooorvoiro sust toko
into nocownt tho otochaotie nopoet of tho inflows. Tho optinsl
dovoloy:jcat of wvator pocourecs 4o condlitional aloo on tho ootabe
lichncal of nppropriate oporating policioo. Tho opoyrating policy
ic o tino oghodulo of raleacos £oon yodervoelrs, of punposcs fren
ocguiforo and/or rooorvoiso ond 0f acguifor rochero oporations.
Tho ootablichnt of cuch ochoduloc which indieato quontdtios of
vator to bo nffeoted ot diffepent pointo in tino, ic an inportont
protirn An untor rocourcou caginooging. Zho prodlca 40, 0f cour.o,
the coloction of tho oporoting peocodurco $hot £11) boot aechicovo tho
ctobod objoetivos of tho dovclopaont adicno,

“ho oporobing muloo voro prociioeod on tho Lasin of poroennd
judacacat adono. o altornato proeourc wvoro Lootods Tho rwles
poge (1) otoro cll inflow unloos neodod to moot a $apgot output,
{2) vhen ovniloblo, roloaso wator fwom odoross to fulfil dmmodinto
nooda, (3) otudy all denoging floodo on rocord in tho fleod control
anol yoic.

“ho objootivo of oporation 0f tho rooorveir nay be nOCtAng
tho roquirod doonnd and 4o doing oo achiove ooot nindnipation oy
oprindcation of bonofits. Tho opdrator of tho apoten leoho ot ¢tho

ototo 0f tho opotca and hoo to Aceido on vhat rolococs ond Sronoforo
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hovo to Do 0odo of thot $4no. Tho obato of tho oyaten nopmo tho
lovel of untor im tho rosorvoir cnd tho oopcon in chich tho peloaso
hoo to bO naéo. ho oporating policy con bo ooca to to the pot of
doetcions of ocndh poocdblo otnlbo of tho oyotca,.

In o cooplox gyoticn A¢ vey not bo ob oll obviouo hou ¢
opcrato tho nyotca to cchicvo tho roguirod goodo. Tho cyotca boeszon
coopdco tacn tuo Or mOre YOSOoPVeArs aro linked ond oporotod.

Linkod posorvoirs chould porforn dottor thon thooo vorkod cinrsly.
Zho objoetivo of oporating linkod rosorvoirs 10 to imeronoo tho

corplcnentarity cmong thcs,

Pupthomors 4t 1o pocogniced thad oporating procodurco wpe
ooqucatiod dcei. lon probleao ond hevo o bo troatod os cuchs Shoso
problcoo Sole cecpunt of tho £aoets thnt o &ee&a&cn io l&ta&y 0 Lovo
concogueneos that oztond ovor o conosidopnblo povdod of timo. sho
conpoguenee ©f o docdoion rogording tho raloase of vator £roo o
rbmcpvaan io not only tho yield of thot podoaso but oleo tho yloldo
fron o ocqueace of rolonoos £ollowing tho £irot once Tho optinie
sotion tochniquo 0f dynesic progrooming 3¢ wvoll cuitod vo colving
ooquentiod dooiodon probloue. Dut considonin; the QGnmeoptaiaty of
infloun into tho rosorvoir, o voriation of thio todiniquo enllod
otochnotic dyaonie progromning 40 vory ucoful nothod in colving
wach problesos.  Tho dotofdo of thio ema Do ooon'ﬁp

502 Jpluffen Foehniang
she naturol dnflou to the roporvoiro oro prodoblictie 4n

noturcs  <ho proecas 0f eango of ctatos v rocorveiro (lovels) emn



bBo ¢orod oo o ot Mancevian  proescc.

o0

Tho probobility of

vrenoiticn Lren otato 4 ob oto0 ny 0 cloto § ab clono n=t1 40

acnotod by Py g Tho oot of probobilitico for i ototoe $n tho

pyotcn 40 epnvonicntly roproacatod by tho tranoition cotein I,

-
p" ' YX3 L)

(322 E]

o

1 LR R XN

IS 12 R E S

Dn1 sanD
L

PLJ saDwE p‘w

913 [EE 2N pm

Eﬂé deony pm

-

4

veo (5e241)

Tho clenonto in rov 1 nro tho probobilidios of tronoition

to otone je Thuo,

pad 3,

pm
g Y

i

Tho probability of bodng ob ot.ge § of o%ago n-1 demoted by
T peg(y) Lo dotormincd fren qultiplying tho probabtility cmd

of bodng in oPaso 4 at stogo B by the trencition probability Dy

cnd thon cumodng ovor all otgios ot otoro n.

K
To-1(3) © Eé, Pyg This)

vlth overy diongo of etobo, o 2ovord or ooot 40 crontod,

pondins to F thero 40 a et ootepixn

Gt uw&ﬂ% thh%f;m oF JCTliHED

nOORLLD

j 3 1; $8ey i

Bty seeg U

CoBrotm
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ﬂ ca‘QQGQO O&J’iltlﬂo vooaﬁ; oo (5‘&)
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°

S URRRAI - IR LLECERICRA '

! )
2ho tetal onpcwea.wuﬁ £200 & sB otyge pROCOLG oxpronoed

POCAPOAVA yy

(1) = 3%‘ Pyy [Cog ¢ Guui(B] B =2 00s D wse (5:2.3)
IZ thoro ore a munbor of docioione available nt ooch otoldo,
20 e introdacd ¢ho daaﬂ;mim nakm Ante tho nultictosno Horkovion
iodol by pornitting o choleo among oovornl tronoitionc ond coot
potriecn. 4 dogioldon vorichblo 4, =lts B= 1y eve i dooignnton tho
c20ic0 0f tho hth tremocition oatriz and bth coot nateiz. Sho
probobility of ¢roncition is donotod by 9&3(%) tad tho edot
by c“(%). the oapoected coet fxoo n ofogos otorting dn olato 4,
io then

il .
cau’an”'&i) o ?'gis(%)c‘cﬁjtﬂn) ¥ Cn._.‘(Jﬁ ﬂnxgonw ﬁi)] see (52

Moplying roeurcive optindcodicn 40 vindnico tho oxpootod
oot (or caainiso $ho rovard) :1a denoting the stnindod onpootcd

oot £res m otoses by fnia) uo Lave
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o
£,(4) o cia ”’z‘,m1 Pyglay) (Cyqla) + 2 (9] ser  (542a95)

GZB = “aageln k

o |
Tho ¢osm gzi p;j‘dn) ca:‘Qn’ 40 juct tho ozpoetod coot fron
oteso B, cnd 4o denotod by q£(6n3

nnwara7 esllod tho nolution of thio cquation oo ' Voluo

Itoration *. Tho oquation arc solved ogoln and cgofin $111 tho

{n + 1)th otoso voluo 10 oene 0o that of nth otogCe Dud thoro
aro ceao’roéorvutxon obout thioc cxitorion, It voo ctadod

that maﬁer chmngoo ooh oecar aftor thio points Tho policy itorpe
tion thot will Lo duoeribod 4An cuoonoeding porac 10 found %0 bo o
bottor tochaiquo to arrivo at the optinmm policay.

Inotond of woluo itor Pion, vhoro tho coavorgonedn 1o not
eortoin, 4t 10 boftor $0 havo o dircet scordh of o1l poocibilitiou
ead cazyoro tho ospootod cooto cnd aprivo ot tho solution rhich givol
tho cialoun v-luos In that exco, for b obtotoo ond K cltorantiveo
Loz cach otato, wo bovo t0 poadh Eﬁ pooaibilitios tldch Ao vory
loborfous ovea £or 4 otateos and I cliomstives prodles. Tho
cnouor $0 thio quoption 4o pdlicy iSowaiion, In thio out of tho
various clterantives avalloblo ono not of oltomnntives aro chooca
oo prodininory policy. For thio cot of oltemative tho optinum
enot 40 enxlealated uoing tho ocquntion

ol A
Cilnet) = g < ﬁl Pyg Oj(n) L fg By aop I1 vos (5e246)
hen dn cneh otato, tho oxpoetod oont for oll citdmantivon
oro edeadnbtcde If the coot 4o ninind cd furtlor for cny cdtopantdve
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k dn tho o%0%0 4, thon fop tho nltomntivo 4n tho peolinincry
polioy, tho rou altornntivon oro takon oo tho noy policy for $ho
proeccos  .ooin thio noy polioy 4o uccd o cvoluato tho oxpoetod
gooin and policy ioprovezcnt. Ihio Ao continucd til) it 40 fowmd
thoro 40 no inprovenont in tho dopliolon plrondy Caliom ond tho
£innd poliey 1o tho optimun long tomm podicy. Tho iftorction oyolo
proccoo conocicting of policy ovaluation and policy ionrovaiont 4o

bnova o ko;iey ltoration’.

Tho ntato spoeo 45 specificd by lovolc in tho rasorvody (1)

cnd tho concono (4). Tho tronoition oodvix b

Gopoons '
F = y 2 3 4
1 5y .

2 8, sos  (5e3a1)
Goaoeno | 3 .
" 3
4 -h;é ot

<inco tho tronoition con Coko plaed Lron ono coosou o
tho cuceceding ooacons tho cutitos are zoroos othor thon tho
cubzabricoa, lowovor, tho cubzatedeos S 41l havo nopecoro

onsrios 933

Tho otochastic dyncade progremsdng cquatieon oonbidcring
tho dicccaating fnctor for pro.nt €y edot fop tho canogtod

cont Lo
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I3
Glneilo q ¢ 32,,:1 pwiﬁ ) U (n) sse {563.2)
vhego du 40 tho cubcoript dcaotips tho docloien varicdblo end P ic
diccoriding Lactor,

By oetriz notation oquation (5,3.2) con v urditten oo

s
BACKEID 3] I 7, IEREIS)
Eg(m ¢ 1) : qz 52 ca2(n)
Gmen) | T |G *D - T3in)
ACRRIE ﬁg‘“. L 3‘4 3 | | catn)]

oos  (5.3.5)

Hhero Eﬁ” Ty “53, 34 are voetors of cout for tho otatoo in
cach 0Cn.0Re
Luponding oguation (S.5.3) ond putting T - PJ givos,

31 {n+1) = K‘ #tf;éa(ﬁ)

LR X} (5’3'4)

SESD R

()4(114-1) = ‘: *Q::;!(n)

40 m boeamoo largd, O.(n ¢ 1) = € (n) ond oguation (5.5,4)

com bo vrdtica,

a0 (5.305)




Ur, vo gan urito,

P ‘::‘ % "’tzz + 'T;’"";i'-z“a + 73‘"'227533 4 3 Qﬁa"'s‘“@"s
Putting
ﬁ, = 3?1?52”%4 o %‘§2§3§4 end Y {5e3:6)
7:3" - E" + ?:51(;3 + ‘512(33 + "53'3“‘3‘) S { 5347}
uo obtain
.&z-,
C‘ e (- ﬂi) Q‘ ' {Ss3.8)

ho couation (5.3.8) con do solved for '51

Tho cquation (5.5.8) gives tho conotent proocat day totod coot for
tho oyotca for tho docisiono (oporatins rulcc) agiuped initinlly.
Proc '51 v ¢nn find tho coot of ‘52,. “('53 otes, using oquation ( Se 36 50

o mormal dtor tivo otachectic dynomie prograncidng, vhen
thoro aro & policy opbons orc avallcoble in cack otato, tho
optinnl docioion 40 emo vhich giveo 2,(4),

2 (4) = in Z, Pt [C,0a) © £, (0] oo (5:3.9)

%51.2. '..E



whero (a) ¢, (a) = g¢id)
o ;i P13'%" 15 % %

gubotttuting tho voluos found for uanm*. c,, for gn-t“) in
cquation {(5.%.9) givoo tho minimwn ooot “54.. If shouo voluog 4iffor
£yon that for 34 found from cquation {5.3.5}), tho nov cost and

tho corrooponding decicion is u-od to find "53 end ?:"-2‘ Cngo the
botter poldey 4o aprivod ot the procoduro 1o onrriod evor Lroa

the boginning. hen the valuoes for %,.fmﬁ fron oguatitng (5¢3.5)

ond {5.9.9) aro oono the procoduro i otoppod,

20 chall $oke o olmplo oyctea of o single rogorvoir ond

nequifor. Tho dato anoruned oro as bolov ¢

Rogorvolr wolumo V, = 30,000 ng (million godlons)
Rosorveir {contento) Jtatoo JA = &, 1000C, 20,000, 30,000 mege
Rolonoo dogioiono La = 5000, 8000, 12060 mg.

Lonisua Lolonoo Lrom cequifor 48 o 10,000 o

Loogs
Holonce fren rdoorvoir = D 16,008nm.g.
foleono from acquifor e 3y 2000/0egs
Pcunlty coot oo dofiolt to domand = B, 2500/Dege
Spddlopo eoat s Us &/0age

.95
Froocat vodth footor or Dicodunt footor o #598% por nonth
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Laondning Sahlofh, we em arpive ot tho prolicdnary
g:olaéy for cach ofato that gives tho pinioum aspoeiod goot.
Tho poddegy 40 Subudatod in TadroS6,

Aoblo 5,8
, nodr
Wooe bavold Joaoon %agm
1 ' .

Q 2 4
10C0¢C 3 6
20000 3 6
30000 5 6

Thoso decioion: are nov upod to cob up tho P codl g

notxdeco ¢
7 ‘ Scoson ' Jonzon 2
ad :
stato
Sinn O 10000 20000 J00L0 0 100CO 20000 30000
oticdo
doz,:mm 0 B | ‘ 10.92 0,0_’;‘3 o 0 ]
3 :
10066 :0o45 G55 O Q
' 20000 [ @ 045 0,55 0
36060 [ © 0 0,85 0,55
- dudeatid " : ~ W AR P
0 0.96 0.08 0.G ©
Oceson  10C00 0,76 0a26 ©  ©
2 20000 o062 074 Cu20 O
S0C00 0,00 C,02 0,74 0.28:
3 o




q = Starting
: state
o [ 17350 ]
| 12000
2e230N 10000
' 20000 12000
0000 1 2000
0 29300
10000 26300
~BEL0N
2 20000 20000
0000 | 20000 |
R, »0.,95° [0.92 008 ¢ o ]
Ged5 0,88 0 ©
| 0 0 0.45 0.55
= 0.9 [0.941 0,056 o
8589 | Ceth 3 &
0,95 0,15 0
0.35 0.52 013
L 0,009 0,341 0.52
" [ 0.8469  0,0%04 0O
UeB55 0,135 0
U315 G, 468 0,117
| c.0c81  C.3089 C. 468

DaY6 Golid
0476 0424
0,02 C,74

X 0 Q.G2

e
4]
Ol 4

0 ~
¢
¢
04917

-y
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T-R = | 0,153 - 0,0504 0
~C4855 0.865 G
-0, 315 -0, 468 0,663
040081 ~0,3065 -0, 468
4y = [173%0 0,92 C,08 ¢ 0
12000 |, (g5 | Osd5 Gu55 © O
12060 o 0.45 0,55 0
12000 0O 0 0.45 0,59
=| 44501
35132
31125
31000
T 01531 - 0,0504 O o [[e]
«0.655 0.865 O 0 o,
~Ue315 -0.468 0,883 0 o
| 0,008t .0,3069 ~-0.468  ©0.083] | O,
I-K, &
e ] 449503 |
Ca - | 48esn
s 451343
| “0J | 446149 |

G
G
0
0,803

2g500
20800
20000
20000

44501 |
35132
31128

| 31000 |
&,
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lowv 32 = Ea + '5231 .
Cg 29300 .96 €04 G O 449503
o 20300 076 0e28 0@ G 82514
Cp | = |20000| + 0,95 |002 0.74 0,28 © 454343
Gy 20000 0 0,03 0.78 0.24] [446149

o] |asTE82 |

S 454852

[
Cq 470651
¢, 448104 |

The reculto cdovo for '5' ad 32 givo sho proocnd doy
czpogtod ecoots of oporating tho epotea for tho tuo rencono for
tho poliaqy caounocd 3o Cho bogimning, licny vo procccd farthor o
coc &€ thecoe coodo oro opticun, 1% aot bhou to inprovo thens ior

Wi Uo ued o dyaende progronsing recurcive cquotion

g
¢ln » )% o g%+ S gy Ofe) 1=5 6,78
% ¥

where £ 40 doolinion nunbor

Thoro arc tuo otogen cocoon § ond orvacon 2, The eptinigation
io ecarricd ont tho 2nd conoom, uvoing tho oxpcotod coot of seadon
found chovo omd 913'0 fren Tabloss for ccaven 2 Lor cach gtato

{5, 6, 7 ™d 8) of tho oeaoon 2.For otato 5, doslaten &,



és(nn_)* = 29300 + 0,95 (0,96 0,04 ¢ 0)  [449503 ]
- |asasn
| 451343
| 446149
= 457582
cylne)® = 29700 + 0,95 (1 © © ) [449503]
482511
451343
| | | 446149
- 456727
Cs(nw?)ﬁ m,¥31?d§ +0,75(t 0 0 0) [449503]
K 482511
| 451343
446149

= 458727
The optimal velne for state 5 le 456727 which is the

Amprovement of the cost fourd for Vg from 7,, which is 457580,
Decision 5 &8s optical at present,

Similar caloulationa arye done Zor state 6, 7 snd 8 in

Deason 2.
Cé(n+1)‘ a 26000 + 0,95 {0a22 0oT4 0.08 G) [ 449503 ]
4B2511
451343
| 446148 )

= 477442
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Cslne1)® = 24000 + 0,95 (0,38 0,62 0 ©C) |449503
82511
451343
446149

» 470469

Go(n+1)® = 20300 + 6,95 (0,76 0,24 © ©0) 449508 |
482511
451343
446149

w 43485

The optional cost for state 6 is 454852 from V.
That is decision No. 6, remains sithout changse.

FYor State 7

¢n + 1)% « 26000 + 8.95 (0 0,22 0,74 0.08) |449503
482511
451343
446149 |
| = 461092
Gln +1)% = 20006 + €95 (0 0,38 0.62 G ) 449503
482511
!‘! 451343
'1 446149



‘ c?(m.)ﬁ 2 20,000 ¢ 0,55 (0,02 0.74 G.24 C)

= 470652

The minimuz cost i@ 461092 of policy 4.
vor state

'08(n¢1)4‘s 26000 + 0,95 {0. & 0,22 0.75)

= 450926

c&(nmf’ s 24000 + 0,35(C O 0,33  G,62)

w 449719

cﬁ(mw)6 a 20000 + 0,95 (0 0.02 G.74 0.24)

o 448184

-~y

(449503
482511
451343

L445‘| 49 )

(449503 ]
482511
451343

(449503
482511
451343

| 446149

-

449503
482511
451343

| 446149 |

| 446149 |
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The optional coat is 448184 and decision 45 6.

'o!‘this procedure for season 2 18 ps follows ¢

73

The resuld

State liew Decision Hew Cogt
05 b 4567127
Gs 6 454352
¢ 4 461092
G 6 448184

Using the new policey for seanson 2, the optimization e

carried out for tho season 1,

cia + )7 = 19000 + 0.95 (6,71 0.2 O 1)

» 462374

C,‘(mi}a o 17350 + CoS5 (GoD2 Gal8 & 0)

w 451058

{
01‘

» 454040

n+1)7 = 20150 +6,95(1 6 € © ) |456727
454652
461092
449182

456727
454852 |
461092
443184

456727
454852
401092
448184




due optimal coat is 449503 end the decision e 2,

for_siate 2 1
o ne1)} w 19000 ¢ 005 L © 075 0,25 0) 456127
454852
461092
448183,

= 452591

6727
494852
461092
441152

o 452594
Cofn + 1% & 1600 + C.75 (0.09 G.6T 0.l4 C) | 456721
454852
461092
4
44184

= 443214

gne)? & 12000 # (.95 (0u45 0,55 O ©) 456721
454852
461092
448184

= 444911
The minizur cost 40 444911 for decision Ec. 3




!aa “E“ﬁﬁ : :
03(n+1)‘ = 15000 + 0,95 (0 O 0.75 0.25)

= 453971

456727
454852
461092
448182

' 2
03<m1)

16000 + G,95 ( O 0,09 007 C.04)

453012

456727
454852
461092
448182,

ca(nn}s 1206C + 0.95 (€ 0,45 0.55 ©)

= 447369

456727
454852
461092
442184

The optinmal cost cosparing 5! iz 447369 for decision ko, 3

" ;
Cyln + )Y = 19000 + 0.95(0 © G 1)

= J34775

456727
454852
461092
44184
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tln + 132 - 16000 + C.95 (0 € 0.0  0,91)

e 442078

34(n*1)3 e 12660 ¢ 0,95 (¢ O C.45 0©,55)

e L3293

4556727
454852
451092

448184,

456727
454852
461092

448164

Ghe optinal coot comnaring 'f‘i’ 16 442878 uith correoponding

docicion lics 2»

20y tho nov policy to 92 wood io

Stato
{ Rooorvoir)
lovel

2cedoion

Foaton

1

Jeazon

2

0
10000
20000
50000

GO IR N

5
6
4
6

Uoing this nov policy the ¥ ﬁnd E motrices aro ogain

pot up fron tho datu 4n 2cdblo 5,5 end sdoilor colaladtiono oro

garricd outs, The final polioy ic reached thon the opitnun 8vod

for “53, 10 the como 0o found woimg tho oquation




Gi(nﬂ)fu qf LI niif 33(5}

J
in thie problem the optimum policy was arrived after 5

iterations, The opiicum pdlicy io

Stute Degioton
( Ragervoir
level) Senson Jeadon 2

$0G00
20000
36000

LY SR * Y
L= AT + T « AR -
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CIAPTRR = VI

CoOnoLYSION

Tho vork proosented in thic dicsoriction 4o ericnted tovords
opticol soqueneing ond schoduling of wabtor yocourcor oyobemo, Tho
£odod preocnted wao baced on corowone intogor progreoning eode for
poth dotorminisctic end ctochastio typos of demandas  Tho intogor
progrocoing modod uvao uoed with tho purposst of cose of progroming
end 10 quito floxible for cny wodificationo pogquirod. I cnm bO
uood to Lodal a wide rongo of tochuolozienl roloticnchip.

1;1 alnoot oll oacco of progromning coden £or tho scquendars
end oohoduling pm.hlam, the conputationnl tione rdiguircaont boconou
vory lorgo so tho numbor of projooto ineronsos. In tho probloads
oncndnod An thio thooio, tho projoeto wero noouncd to bo indepomdent
of coch othep, If Shove oro projoct inlordopendenco, thot ean bo uced
o reducs the problem olzes Por oxample if projoet lHo. 3 muot procode
Lo 5, tho problen can bo colvod with projoct Ho. 5 onittod until
ouch timo the projoct lo. 3 1o coguencod. Dy thio sort of arrungeocat
tho initial prodlos sied con sonouhat bo roducod.

Tho cuceo.s of & modal doponds on 0 o lorge cntent on tho

proper data input, In resnl sityntions the deonnd pattorn of vater
nd inflov of uator through otromme into tho rooervoirs aro stochn. tie.
I% io bottor %o hove o noar nccurate omalyaic of inflovedcrand pattern:,

ibhore oro 0 Yoy poporo pablicnod on firecsosing thooo chornetoriotico.

130 cogqueneins prodlca onamplo conoidored only tho eapitd
cests of tho projoets In oyatoms vhore tho oporction invelvos pumpod

otoroge syoten., punping fron oacguifor oo, tho opcrationo gootu foro



73

o conoidornblo part of tho eopital ozpcaditurs anmunlly. ?hnvofoi*o,
4% beesooo noccacary $o construot tho wodd indluding tho operationcl
coctu vhtch can b colvod either by nimod intogcr progrusing code or

by Dynamic Frogwrinning.

In tho iaiticl cucptor in pextiemior and in cut:uequcn%
chopterstho numcrons problend involved in vatopr roogu 0o syoics
ospanoion have born nentioncds Tho coquonedng problc is ouly ono
of them, It 1o for tho ryoston anelyot to udo ony colution tochniguo
ouiting the prodlicen in hend £roo tho view point of bottor offieioncoy,

and coconomy.
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