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“ho hydrothormal gonoraticm schoduling prablion
oithor of lons ronfoy 0odiun ranso or chort oo ROoluro
io bagicolly o nonlincar progrouning prodlon vith o gon-
lincoy objoctivo Lunction ond a nixturc of limccr tod ‘none
linoor conotrainto, Tho procent work proconto o ncalinoawy
procroaroaing tochnigus oalled Lloxmidlo teoloprance oipopithin
uhdch io a diroct optimiunation cothods IS 4o ucod fox
solving hydrothornal gonoration ochoduling preblen of deth
dotorninictic and otechogtic noturc. The floxible Colo-
ronce olgorithin (9) improvos the voluo of tho odjoetivw
furcticn by uoing snforcotion providsd by focsiblo poluto,
to woll og cortain o nom-foopiblo pointo torpef poow
foroiblo pointo. Tho noor focolbility Ylinits opo orodeslly
vede ooro rootrictive oo $ho georeh proccods Sovondn $ho
polution of tho problog uwntil in tho 1lipi¢ only onbinal
and 2.0piblo voetoro avo found.

A doterninistic ayoton nmodol 1o Lirot procontod
vhich $okon into cccount opilling, bounds on all 0 phy~
nienl voricblop and o ncoalinooy function rolcties Dood ©o
ranervaiﬁ otoranc. Tho pefol cspﬁucaoﬁ 4o cexo pooliotie
then tho oxicting emoss Gho modol ip furbhor imrcvod to
talw into account stochnotic domand uvodng chonco conotzaint



progreconing an@ a case pstudy hos deen worked out. The

algorithim ard the computor code,is found to be capoble

to treat efficiontly nmore complex problems,om thoe banis
of deducwd rosulte.
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NYDROPHLTYAL GEUERARICN SCHEDULING
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Al JLTRCDUCZICD -

In recont yooro thoro hoo boen & pubotontial
incronco both inm tho olzo and comploxity of pOXE
oyctonte This poried bup olgo boon charactoriced/on
inoroase in pricory costo of enorgy ond 4ifforentinl
rico in tho coot of difforont fuol typoso. ITurthor,
tho cmistcnﬁly ivcronsing dorand mado it nocoopoary
to plon the expanoion of exloting gcner'atinc uuﬁ.tgm
or to instoll nov oowreopof gonoration, liony of/novor
osourcos are quiteo differ nt (sush oo punped hydro and
muclosr povor plonbo) from thoe convonbional Thormal or

Rogopveir typo Hyare Fiants,

The incroasing utilisation of intorchenze onorgy |
bhap offoctively provided onmothor nov typo of 0OUCO.
Zho progromne of intorchomging power with thoso altore
nctive goureos 1o thus bocooing nore &iffieult, uot
only boeauce of the lorgor sunber of plonto, but nloo
bocause of the moro couploxn chavactedstico of tho noy
plantg.

Thooo fectars, vhon takon togother, croate tho
neod for o pore oyotomatiec approach to tho dotornicotion
of gonoration schofule for tho wnito (plonts) to bo
gormittod Lo gonvico,



The prooont doy pover pyotons, whieh morcally
conpiot of av large nuthor of gtoon end hyiro gonorating
plonts conncetod to varicus lood contros by o complon intorw
connoctod traonpoiosion notvorlh. ’

Tho noglicible oorginol éost of hydrooloctyic
genoration onkoo tho Eyﬁmmm povor oyoton optiminotion
6 problen of hov to uco, in a givon porded of tire, tho
vater availobility for hyﬁmﬁmlﬁatric gonorotion to roduco
thorral profiuction in ordor to koop thernal genozaticn cost
st 2 pininun. The bople gueation for the docloion oalwop
io to find a troade off botvoon o relotivo goin asgociatod
with inmedicto hydsovlectric gopornticn and tho cimostation
of futurc bonofito ecning fron storngo, 06 moosurod in toros
of the thermul goncrotion coot.

Ths wvater owailsble for ponoration, in o byﬁz«a-—
oleatede gyoton 4o govorned by Che capacity of tho rosorveir
and tho preopoeifiod uith-droval fronm $ho rosorveivs for
oooting the agricultural, snovifjotionnl ond other intorotodo
roquiroranto, Tho golubion to tho probloo of hydrothoroal
- conoration seheau}.mg in o givon intervol of tine conpioto
of dotorainotion of a plan for vithdravol of wator fron tho
rogorvoirs for poucr gonoration and the dotorninatonof tho
corvooponding thormal powor cenexation, so ap to nininico
tho total thoroal fuol cost ovor tho ppocificd poried ubilo
nooting Che total povor donand on tho gyoton and potiolying
tho conotrointo en gtorane diocchorpge and Gonoroting ¢onOCie
tiop of variousc unito.



| Tho eyclic maturo of vator £lov and locd

dorand oo woll oo tho validity of tho nodol acovrmtion,
ou-cooto oplitting the problon into leng ronge,ncdivo vonge,
cnd chort rango problons. For the long rongo problono,

the poried con bo onc yoor (vator flow cyclo) or peorc than
that. It ioc only posoible to cotimnte rivor £flovy and the
oyocton load by oaking uoe of probodility tbnanica,tﬂkinm
tho problon movo difficul¥. Horoovor, it o oocentinl to
tako, votor heed woriation offocting tho hydro gonorction
officioncy, into conciforntion,

In smediun rance problen the poricd ovor which
tho ptuly 4o donc oxtonds £ron one meabh to G yoors The
otpnizotion i dono for ooch wvook or nonth ovor tho ontivo
paﬁdﬂd as the sopo poy bo. Toirly good pouor donand arnd
wator inflov ootimations can be pado £or ooch Antorval |
of otudy over tho eatiro peried uwoing tho data fyop poot
ompporicmeo. Howowor, incorporation of probalistic featﬁroa
#41l rmolo thoe problen moro ronlictic.

Tor sheort poriod iyt optimivcotion, normally
complote Imowledne of rogoervolr inflevws ond gycton locd
ane gonorally anoﬁmcd for tho porded of ono doy o 020
woelks Theso, hovever, tould aot appoar to bo o rocoenadle
aocurmtions, oopecially 4n tho cace of lood dooond vhich
prooonto cirnificont random vodntions ovon in ghort tico
poricds, Onothor asounption pnde in chort torm gpehoduling

/



problon 4o conotant vator hood vhieh io corroct oaly in
¢ho adgoneco of rocorvoeirn with hig rolatiocnohin botuooa
inflow cad capooitys

Fost of tho hydrostotions are nituatod Loy ovny
£ron tho lood contros Thic io Gue to sovernl pocoong,
tho mos&ﬁiqpartant boins the avoillability of wotors Chus
nootly hydrostotions are not lond oriontod. This couson
conoidorablo tranomiooion looo, which, if not aeccuntod
Lory offocts the optimun gehoduling of gonoratien, Thup,
it 40 #n of ionmenco ieportanco to conoider tho tranonionioan
loooon while aanaﬁuiiag»thﬁ conorationa

& thoronl plant, forning 4 componont of Thormal
cubuysteon, ucually consisto of lorge nucbor of ﬁn&ﬁnu Tho
ptart up ond ohut dotm coptn, tho forecd outaso mad 0Aine
tonanco copto of thopo thormul unito vory ané bonco tho
shoring of povor botwoon the waito for opticun conoroting
cvchodulo (freﬁ the ocomony point ﬁf°v$§u} Gopcado upon tho
wmita brought on line in the oxdor of norit for charing
tho lond. Tho dosinion o bring into oporoticm whioh
it ot vhot tico ip noeun o5 unit conpittront prodlon and
io opoin o prolelon to do considercd in tho coelcduling prow
coaps Howowor, it io tooticolly oooumod thoat o pultable
unit connittrent ochedulo io bolnp followed of tho Ciorpal
planto aad tho gonoraticn cehoduling problon 1o givon 01l
prloriticn and concontrotiones



Pusthor, if tho hydro ouboyoton coasiotoc of
cascadod typo plonts thom the dioehnrgo of wolor rzdn one
plant offoots tho comeration (hocd) of othor planto doum
otroan. Honco cenara&iaa pehoduling of povor 4nm puch o
pyston bocomnos m«wb ¢enpxa£ thon tho pyston vithindopondent
rogopvoirso, ﬂornd&dﬁ'if guch cogcodod plonto aro lecatod
plante are located ot ap appreéicble dictance thon $ho
ticn lag in tho wvober dicchoyso fyon upotrean and tho
inflovy to tho doum otrons hog oloo to bo tokon into conpi-
ﬂnﬁntiane

In formlating tho gonopatiom seheduling problon,
tho prineiplo of ‘Triviol too cany omd vital fou' 4o Lopt
in nind. To stort withy o sicplo dut honlthy formulotion
ip dome incorporoting nonlinoar coot and (omorotion fune-
tion and nlpo the influvonco of transnmionion looo. Tho
preponted formilation 4o Dottor ¢hon tho oxioting cuoo
bocouse of (a) tho incorpovabion of tho varicus Cooirable
foaturcs vig, nonlincor coct ond goncration fumction, Sropow
nlcoica loccon ond oteshostie domand, (b) tho foromulation
ic vory cony to L0116y olsc. %Tho oolution tochniquo woed
ip a diroct cobheds Ap compuxod to The offioting algesithing,
thic algorithin 4o footor in convorgones and con efficiontly
homdlo tho lorgo sipe syctons oloo with tho 5GUO CompULLm
tional officioncy. Tho olgorithin furthor punantoos o
global o noay global oolution. '



Froblon atteapeéa‘nuccenazully in this otuly
comon undor the hocd of mid ranrco problocs, Uoth ptoobaop-
tic cnd doterniniotic copop oro dooldt withs Tho otudy
storto with tho survey ¢f the problom shopes ond colubion
tochniquos alroady oxziotings Theoo cre dotailed 4n tho
noxt cheptoy (Chaptor 2). In choptor 3 various fcoturos
of tho hydro ond tho thernol gonoration uhito and thelx
peporato and conbined oposation oro omplorod storting fron
tho olcccntnry lovol, cnolypiog eaﬁhicenpﬁnent of ¢ho probe
lon cnd £imolly choractorising the moin prodblon. Chapﬁor-ﬁ'
Zoocucop upon the solution tochniquo usof and tho dovolopod
pigorithin, otop by otops Choptor § concomtratop won tho
problen foroulation for both cooon, doterministic cad otechao-
tic ond contoing the doto for thooo problong. Chantor 6
dncluvdos tho rogulte cnd o diccunnion toking ensh polution
010 by onos Sovonyond the £inal chopter Ao dowvotod €o cone
cluoion dorived from the rosullos In tho ond o oppondis
is givon containing Computes Progronro Ior sub@uutiﬁc Prode
ucod Go insont the problem in tho poin progrortoe 4n both
dotorninietic and otoshootis capos A poncral oubzoubine
probs for incorting & O hyéeo ond I thorrnl oynten problon
in givon olenguith tho ooin bragramna.‘

-



CHAPTEDR »2

HYDROTUCRIAL GEUEAATICH BCUEDULIRG =
A BURVEY
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FRO3LEN BUAPSO ATD DOLUZIO0N TECENIQULS

-

Tho problon of hydrothorcnl ponoration pochoduling
and tho idoa of thodr coononie opovaticn stoztod £ron the
tico tuo or nore wpito verco connlitted to foko on tholocod
of a povopr oyston vhose tetnol copocitiocs oxeocded tho
gonoratioca roquired. ’

Tho c.}.mz&is-{ gnl tool for hondling ¢ho poncyration
schoduling problom fo the oqual inscronontnl dispateh and
lo0p troatront by moono of loos foroula ond their 4Loplow
nontction Lor on line controls Intorootingly onoughk, i
in ofill found Yo b ono of tho nost offcetive Coohmiquos
in voo.

In tho varly 600; carpontior of oloetric do Prance,
pubforth tho piomooring worls in %m pothonoticnl fornuletion
of ccononie genopatiem pehodulings Ho Uroated tho ocheguling
peoblon oo P & @ occhedulings Chicf motivation bokind hip
verlk wvoo $he hope thot by his nothed ndditionol poving would
bo roolieod which would ko boyond that obtaincd thmough
tho clocoifal nothols The polution of conpontics's formie
lotden 4o o nonlinoor optinisctien whieh koo boen tho
gebjoet of mush obudy v411 dotos

Tho roliobility ef a powor gyoton ip on afditio~
nol and icportant footuro that hoo coms Co $ho Loro dm the
iaot docodoe It hop ¢ profound influvonce on tho not
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laadca'cte§§ {2) bopt point looding, vhore unito oro
putconpivoly loaded to thoir lowest hoat roto poing
boginning vith thonoot offictonl umit, and vorlking dowm
to tho leaot officient unit. Only in the enprly 500 4%
vop rocosnicod ¢hat tho imeremontol nothod or oquol incros-
rontal pothod yioldod tho mest ccononic resulto. By 1931
tho idoc hed orysotalinod pufficiontly and it wap wador
otood that oo a fundazontol principlo the increnonta costs
of cll umite chould bo ogqual, for cocnonie oporationm, &
foct which 46 opprociatod oven to day. Howovor, tho only
variebloo considored in this cpprovech woroe the unit povers
and tho infiuvenco of the trononission notvori: vne icnored,
ko dovorits of thio oquol 4ncrocontal mothed woro tho
ceomutatienal comploxition, coomutetion time ond tho
coeoplonditios dus ¢o randen varintion of loalg.

Thooo vore redueod by the dewvoloprmont of Tho
station lending olido rulc Govelopod for tho conselidatod
Ldipon syotom Coypomation Udlle dm 1930, In 1930 ¢©ho
offoct of 1000 waé recognicod ond o forn for concidoring
thon in toone of inoronantal officioney torns uss intyow
ducod by Stinbeorg and O ith.. . Ihic woo quito oinilox
to tho ponnlty form (A0/8P.FT=1), used to thic 4oy but
applicd to o olnslo teanomicolicnlino, Tho moounl calous
1at1ns>prnccoa_wnn olov ond eumba@ao:bg Dy



ocononic cchoduling problon ao o wholos Ap 0 practico,
tho scourity of o pyoton i asoepoed by dotoraining tho
irnact of a lino on o gepor~tion outeso, Linoar influonco
coofficiont cro uoed for thic purposc. Thoe incorporation
of pocurity ccnoirainto 00 guart ¢f ccononic Giopoteh,
vhooo oolution would Chun yiold rooults vhich oatiofy
ooourity comotrointo, 1o 06il)l o dovoloprontol orofe

Cotimal ponoration geheduling io & compubotionsd
procoso whoroin tho totn) ponerotion roquired 1o allocated
amoanct tho gonopcting unito oavailladblo, oo that tho coantraints
irpoood oo oaticficd and ¢ho ororgy soquircnmonts in tormo
of 1/ oz Curroney/Hr oro oininiood. Optimnl diopateh
agoucos thot wito that drp o tako on lond aro committed
cnd ¢hat no load ruanin conto aro incurrcd irroopoctive
of vhothor o not ¢hoy oro aooimgued $o Loloe on oubrd Gontw

rotione

Coonondo pehodelins dntos back to onrly 20'a
o Ovon Carlicyd vhim tho povror ongincors concornod Lhom-
colvos vith proporly &ividimg tho syoton locd augal Cho
conorating wito, in ondor to dobiove ponerctica OCONOLYe
Prior to 1930, thoroot usod mothedn vore (4) tho baco lood
rothod; vhoro $ho noot officiont wait o leofiod o ifo
noRirun oapability, thon the cocond moot officiont wnit 4o
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loodod otesg (2) bopt point looding, whero unito oro
succonpivoly 1oaded to thoir lovest heat rato point
boginning vith thonont officiont umit, and worlking dowm
to tho loant officient wnit. Only 4in the eocpely 500 4t
wos rocognirod ¢hab tho incromontaol nothod or squoal incroe
montal mothod yioldod tho mest cconocois rosultos. Dy 19351
tho idoso hed cryotaliocd guffieciontly and it woo wador
otood thot ap o fundas~ontol principlo the incrononta costs
of all unito ochould Yo oqual, for ceonomic oporation, o
foct which is approciatof ovon to days Howovor, the only
variebleo conpddored in this cpproach woro the unit powors
ond the influsnco of the tranoniosion notvork vng ipnored,
Tho dorordts of thio oquol inercrontol cothed wovo tho
conputatienal complonitico, computntion tice and the
conploxition duo ¢o rondon vorintion of loalos

Thopo wvore rcduced by the devolopront of tho
stotion looding olido rulc Govelopod for the conoolidotod
Edison gyotom Corporation t.lle im 1930, In 192D ¢ho
of<oct of 1oa0 waé reocogniced ord o forn for considoring
thon im ¢o.no of increnontal officloncy torms was inbrow
ducod by Stinborg ond 5matﬁ., . Zhio woag quito oinilor
to tho ponnlty form (AV/GP.Fle=1), uoed fo this day but
appliocd to o oinglo trancniccicnlino. The moounl ctlou-
lating prosonsc won 0low cnd cumborposns Iy
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By 1940 tho looo fortula wop pripcarily uscd in
econatruction of avorasy loap ohorts, 4 mwthod of proporly
conbining tho dncromonta’ fuel coot with that of traab:iaoion
looson vas mbvioungly noeded, 2ho chaliénsa of rofining
cad giving practicobility to ¢the loos formulo wog tokon
up by Rirehmoyor. M40 offorto rocultod in mueh {mproved
loco Loroula coleuvloting proeodures ( L s |

Iator, in computer ¢odos, Uirchmoyoy furthor
sreecoosfully drived the clnopic cooxdinntion oguation

av, <p |
ﬁ;” * ‘!'Si,z’ - >\ Bnlglyesan {2+

n
Thove thoovoticnld dovalepronts lecd to tho dowvolopmont of
antlog cotputor polutioa procoduros for prapanly mxnauttnm
thio ¢pordinotion oquations 4dn o dispatehing cavireacont.
A ¢$ranonicaion loco ponnlty foeton sonputor vap dovicod by
1954( 5) and vwao uscd in cenjunction with co inceronontel
locddn, olide rulo for producing deily ponorcbicn sehedulos
in o lood dippatching offico. Iotor ong &n 4955, aa 0logw
tronic difforcntinl mnolyson Mgk vas devolopod fo uto in
gconcnis cebinduling £orr off 1ino or oa line uno. Tho ueo
of dicitol cocputors for obloining loading aehnaulaa, o
tasto of tho future t .dng: Yo oomo, op Oleo invootigatod
in 1954 and 1o in uso to Shio doy.
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In 1952, Ixon Qivicod o cothod f£or £indins tho
total inorormentol loosos of intorcomncetof oyotoro uwoing
tho D patricoc of individunl companion (Ls,z, Js Tirchnoyor
oxtondod tho derivation of tho coordinotion oquation to tho
cults u?ua ¢amo(?;>, Tho tnjor difforonco boﬁwqang%%gi
odnglo aroo ond tho sulti oroo coso is that in ho/oron
capo, coch erca'o optiounm intorchanzo, or omcoss (oneopt

ont) hao to be dotorninods Tho total fuol Saput ioc ¢huo

74(Py) donotos tho totel fuol coot in aroo ie
Tho singlo aron conpbraint

BP) e Pp e P mPyePrel e (2.3)
UROTO PuyPn = looding of machinoo 4 and 2 roeopoaltivoly,
koo bocoro

Tor oreon i, wthonoP,, @onotes tho aroo intorshongo
or oxcops roprovented by tho ownmation of nxon A'p tloo

}_)01 - éﬂ. PIFIESS, , ' oy (3'5)

-
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Uoing tho Lngraago4toc&niqun, tho conobonintn
vore avgunontod in tho objoctivo functionn. Iopp and
hio asoociaton analyood the notuarbko to dovisoe o poro
oxnot notuork roprounntﬁtiam prozracso (10-2) ond o
wmigquo tie mofol ealled tho intor oron pateixs X
in 1975« This rodol was uceodzoinly for multi oroa cohoe
dulinse

s,naritéﬁ( 16 ) progontod o model for hydroe
thornol ponorction e&hoﬁélingﬁ The nonlincay footuron
of tho povor concration and sanermtinn cont are inCorpow
votod in thomodels B, matriu‘éa%!uu accounts”  Lop
transaisoion 3oaa¢5w The problon io doolt 0s O vOrio
tion prodlon, lator storogse, which fiunﬁuata_in,ﬁima
wit tho resorvoir water in flow and tho wotor diocherge,
oro conoidorod oo o stote variablop of the oyobome Tho
totnl thoroel ponorotion coot ovor tho opecificd poried
io ﬁknimiﬂéd oftoy ootting tho control wvoriablo “wuator
ddochorget ot 4ite manimua. Coople oxmopplos oro colved
using tho Peatryocin ‘o coxwintning principlo of optiral
controle RePod\gorunl of 0l4{ 25 ) formuloted tho problon
vhich wap quito oindlor to tho Tarita's nofols Tlotiovor,
thoy seolvedfho problonm for gbiggor uise of hydro-thorral
pyotons Digeroto tire fornulation of tho prodblon owomt
uno ooployed. [othef of locol variations wao uped for

the coluticne
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noop opd Larpon( 27 ) dovoloped oo olgcrithn ond

somputor ccdo, using tho dynomic presranning sevsconoive
approzinntion alporithn, for tho optindcation of povor Conoe
rotion cohedulen for uiilitios porticipoting in o cooxdinie
tion ogroocont, Tho pevor pourccn conpidorod wvore 1 (1)
Oydro (2) Thorcol (3) Pump otorapo unito (&) Divoroity
intorchango controcts with out sido uvilition. 2ho proposed
coputor collo wore gugpootioed Lfopr throo optindvoticn.

4 Honthly optinigation ovor ono yoor.

2, Deily optiniection ovOX ono Dembhs

Bs Hourly optimizotionovor 48 houro.

Ballsbgnrusl( 23) proconted an slgorithn bogod on
Zirpt ordor prodiont tebhniﬁn@ in conjuction with o noo-
noping tochnigue for o long ronge hydrothorrnl

1inooy progr
conoration a@hﬁﬁalins problon. %Tho gyoton wvoarieblep woro in
dicorete forme Tho steshaptic nabturo, doocgibed en Lho
provicus doto, of tho wator inflowo and donondy voo takon
into conpidorations Shus, it dosewibed o fovoulation quito
clooe to the reol world prodblons Uning tho algeritho o

2 hydro ond 2 thornal problon vog dealt with,

in ontircly novr tochnique (27) for tLo polution
of hydrothornal ponoration schoduling problonm wop dowolopods
It ip o divoot nothod vhich troatod tho donotrainto oo
limiting ourfacco or subopocop ond thus cutonoticolly reo
triatod tho colubion vithin tho 1indCing ouwboposon.
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Dowdo en uterno, dicchorpe ond gonorating copocitios
vore soacidored. %ho objoctivo function won ccastructod
to nininico tho thoeroal ponoration coots Tho nelol inclu-
dod tho 4nfivozeo of teonpniocoien lescop with doterninioe
tic Soaturco of dorand and Anflouss .

2o ptochagtic footuro of povwor docond, roporvoir
inflovo ocnd Tho outnson af'acaeratinc unito have atlroctod
ineroooinply noro attontion of rocorchors o 0o the tico
odvonecd ond dopand inorocsods In rooponso to $hio ocoothor
noflo) {24) incorporating stochantie fentures wop dovelopod
pininioing tho oyoton eonorpy producticn coots ovor o given
poricds. Tor golution oxplisit stochootic dynanic procrooning
tocunique oo ucod to donl with tho o stoge ctochootic potuwn
function, the rovdon inflova to tho rasorvoirs and the boune
dod notwre 0f tho oyotom conobrointo. Although oogrectticn
of tho wooorwoir cand the hydre plont suboyoton Clmoy
thoush rofucod tho dimcnoienality of tho problen, 1t onde
tho molol lopo roalintics Iuoportant feoturep 1iko cchedulod
dotm $ico for various unitb nointononeo ocbivitics, tho
prodioted particl ond total forcod outoseo and $ho oheChilw
tde pivoy inflown to the rocorvolirs mado Ghe nedol hoolthy.

ﬁﬁwavmw“ﬁﬁin ineroanod nﬁm‘aampuenﬁianal OO
plonity for © large gyotom and long rongo problon. Quipw
tono in cnothor codol (30) propontod o forrmlation for
ocononice digpateh of gmulti croa oyotonm, with aunctéaiuﬁo
on lino £flovn and npinndny Ebccrvns. Thoprodlon oo SO
culatod 0o o lincar opbinisotion problone. Sho polutien



tochniquoe applicd vos ¢ho Dontoin Uolfo Bocompooitien
Principlo. .
) (LK

Pionooring verk vos dono by ﬂaVbDU?%£31 ) ot ol.
in the aron of sencitivity aoolysio of optinun oporalion
of hydrothornol oystons BbEwt torn hydrothornal optimisation
hoo boon solvods Tho sonoltivity onclysis for corvocting
the optimum pehodule for ocall ordor chonpoos in tho pyoton
finput ond forovact paranotorp hod boon donmos Tho congitivity
of the eoot functicn to ponll oxdor voriotionp veo invooti-
cotod.

| Tho cormonly used solution tochniques for ¢ho
optinnl lood schoduling probion hove boon Lirst vapintional
nothod sooond dynonic pr
principle ond gonoral nothomotical prozromning tochniquos.
Tho bopic Aifficulty thot ropoing 4o o hovmonico nccurnto
nodeliling with tho abdlity of oelving large sealo roal
oyctenss Tho practicod monupulotion,to oggroguto tho hydro-
olostric syoton in compopito recorvoirs(zo,21) or thormal
sycten in soncontrated thormal unite (/e )y thoush roducos
problen diconcion and $huo oalos the omleting tochniquo
usoblo, dut 4o on undosirablo pluplificationo, |

agrnnning R third Pontryosints nmaxioun

The cothed of locnl voriaticno meods a dicwoto
timo doseription of tho cyctoms It (25) comsicto of
~dotornining on aptamnl trajoctony by ovecouoivoly cozrooting
on ipiticd trdol ¢rajoctory, ocohioving inm tho progoso on
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irprovocont in tho objoctive finction in coch corroction
of tho trajcctory pugh that tho coot indow %u deercacos
Sren dtoration to itoraticn 241l o satiofeoctory convergonce
to on optical trajeetory is obtnined,

Tho pajor ifficulty in odopting tho calculus of
voxiation approach for o hyﬁxnthﬁrual pynton is that all
tho syoten varicbles muct be pode tins dopondent. TFor a
typieol hydrothornal olocteie aystonm this londs to o compli-
coted oxprossion subjooted to, pany ncn&inaﬁx eonotrainto,
Further, tho solution connot bo sbrictly glebol optimole

Tho dynanic propromning 4o a wvidoly used tool
for tho solution of hydrothormal ﬁcnaraﬁion oschoduling. It
hoo aloo boon used for long rango problomo (8.29. Tho probe
lom is5 donlt oo o multdotose docision pYocood.

| Dynapie progromming approach rootricto tho size
of the problem to bo solved oo AP has tho curso of dicone
plovality, thus roquiring considerably moro CPU timo ond
nenery opoces  This undooiroble footuro pokop it foroidable
to wsc dynanie prosronming er vordctions of Gynopic Progroe
dnge

Pontryogint'o ooxioun principle ic an approach
procticed by nony rovorchorp (s'¢)s This cothod howovor,
io computaticnally piople for o omall oico gycton bub is
appliod 4o o looo loon cyoton conpiobing of on cquivalont
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thoronl plont with sovoral reocorvoirs. Unfortunatoly in
thio aopo tho convorponed 4o not fopt due to opocificd
£incl otorago boing talton o thoe rogorous or hard comotroint
£or obtaining tho solution.

Nonlinoccy progrooning techniquos have egtarted
attrooeting nore attontion pineco lant fou yoorss In o modol
( 23) thén ponlincar progrouming tochoique of conjusoto
grodiont mothod hap boen usod for hydrothermal Conoration
pohoduling. Hopo logvongion maltipliors take ocopo of the
ogquality constraints cnd Povoll's ponalty function ic usod
for the inoquolity congtrainto. This increcgos tho complow
zity of thoe problom and the computations ¢o be corricd out,
Nowovor, 4t proves to bo & botior tochniquo than ethor
boeouso of tho soving in tho CUU timo,whilo hondiing o vory
aceurnto meflols, The golution givos moorly globoly optirmal
rooults. The oomoe Sochniquo “ao boon vtilisod for tho Inmk
lorpgo nenlo nonlinocy optioipotion of the enorny capobility
for hydroolootric oyoton. |

LA
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CUUAR  PLATZO

Feon tho point of viow of ocononic oporation of
tho stoan planto it bocomos nocosgory €0 proporly chorite
toriced thoo. Ear %hiusahnrnﬁtarinatzﬁn oony torno oo
ncod to bo introducods, For tho purpeso, oinplificd porfore
papco curvon of trpical turbine gonerator boilow unit oxo
ohowm in TAooe Jely 362y ond Je3s In Tige3s? the Lfucl input
in D20/bour is the dopondont wvariodblo vhilo tho povor bHruce
output io tho indopendont voricblo. Corresponding hoat rato
in DRU/MU-hr dofined usn the zatio of input to tho output
ic ohom in Tig.8.2+ %ho incronontal fuol rato $o0 oquol
to tho ratio of ocoall chonpo in dnput to thoe corrooponding
output ( = input/ output J. Ao the dAifforonbicl quose
titico boooms oraller and onollor (fnoremontol fucl »oto o
é(input)/d(output)), tho unito soocointod with the incro-
coptol fuol reto cro(3RW/IU-hy) oorg oo that of oot »oto.
Sho ineromentol fucl coot 4o ogual to tho prodvet of Gho
incromontal fuel rate in DRU/IV-hy and tho fuol cootd in
ﬂnrranﬁgwﬁcp B@U; oxprooncd In RUPESS/Iiehy,

The incroncntal production ceut of o givon Lhopr-
a1 ayoton conatitube of two parte (1) inordmcnbtad fuol ceot
{2) incromontal cost of guch dtowmp ag ladouwr, suppliosn,
pointonance ond wnter otce .fﬂv a real world onolypic it
ia ogoontial to incorporate this 2nd port of fecepoconial
ceot oo woll, hevovor no hard and fast rulc or oothold oxmicto
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thore fZor talkinn thon into account. Arbitoary oothelo
availablo ow oot to take inte coconnt Choeo incrooontal
coct oo & cortain porcontose ©f tho fuol cost,

Optinun Cchoduling of Gonoration s

(a) Doglecting troanomiosion loosoo.

I, = input to n°® unit in Do./he.

IN, = totol input to the oyoton in Rae./hr.

Dhon y

We = é%. Ty

It 1o desired to cohodulo tho ponoration cuch
that

mg « ninioun . e (3*‘”

oubject to

éﬁ Wn - Pﬁ = rocoiveflond P (5.2) |

vhore, PI, = output of tho n B unit
Py = rocelived load

541 iz ochiovod caticfying 3.2 vhon

g;h e A | "o (Se3)

n

Thors, axnn/afw = igc;cn?nta%rproductian oont of unit n
o IO wre L ¢ ™

A = incronomtal coot of rocoiyod povor in
10« /by

21



The volue of A must bo chocon such that

% P, e Py . (543}
In vordn tho ninimun oporotion cost for o pivon dooond 4o
pobiovod vhon a1l gonorating units aro operated ot tho samd
incromontol productien ceote Doustion 3,5 shovo thot tho
total poporation ip diroctly proportioncio to »

(b) Ineluding tropooiosion 10o00D.

In the ecpo of larpo intepratod powor gyotons opow
robiong, 4t ic of iomonco ioportonce to £ind cptioun conorpe
tion sobedulo taling into conoidoration the offecto of doth
incrooental produection cnﬁt ond ineromontol trovondincion
loooes. Thuns ©o combino incrorcontol preduction coct ond
vranoniooien loggos 4t bocooop accopotry to Omproos $ho incro-
pontol trancoisolon loooos ap choxgoo of o rato aqual to tho
inoromontal cost ©f povor wocoivod. '

Ohe pinfoun input in Do hr for o propcribod roacived
lood 40 obtodnod by solving the following simultancoun
oquations

Erad i S
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| aI ar.
ory E‘EL’E’ Py --;% a 1 : e (345)

PL o total ¢rancniscion locooes

“5/@3? e incropontal tranoniooicon leos ot nth

in INvo/ixr»
A o drcropontol eont of povor rocoivod in Do/tiehr

rlont

in gozosal tho {nerocontol tvonooicoion 1063 can o
cxproocod ap |

ar.
_é'*;‘né-?ﬁ?’?

B e o . (3.6)

Bﬁm [ ﬁzanamias&bn lazs.fgfmula coantont matyine

Tha inemmnml production cont of a civon plont
ovor o linitoed rmnsa is

e T Fi, ¢ £,

*w ' (37)

I, = olopo of increrontal production cost curvo

£, = intorcopt of incronontol production cont curvo

Thon the gomoral pirultontoun 0.« becoron

pﬂ&wﬂ * Ly 4 /\é 2By Fpy = A .o (348

Solution for 4ifforcnt tobtnl londo aro obtoincd by
vorying tho nopnitudo of A a



In tho ipproved forculction tho bounds i tho
gcnorutinu aapaoitiﬁﬁ oo aloe irddy includod. Tho aplie-
ool ceheduling of powor in Chip enso &o only o otalic
optinisaticon probloms Tho optiral oporotion doponda only
on tho conditionp Chot cuint fron Ingtant o inptcat, Cho
objootive bLoing minimicetion of inctomtomoous funl coot
vhich s o function of typo, olime cmdlocdins of ¢ho Choronl
unito anbgecteﬂ to tho cquality conobroints of tho pouor
pyotorp derond as woll ap ﬁh@/éguulzﬁy sonstroints of ¢he
povor cycten ogquippont ratings. In ouch @ caso tho inge
ttntonoous ccdnony in achoduling of pover gonoraticn gﬁam
ronteos long ronpo coondonmye Sho optioal cehoduling con bo
vory otoily obtaincd by the oolution of tho clonic cow
ordinntion oquation, with tho oot of oquality and inoquoe
1ity aumeﬁﬁn&ahn boding takon coxo off pipultonoounly.s

The coat function vwhich io eptinizoed Lor 0oCnoO-
nienl mﬁneration gohoduling of tho thoroal unito o of thoe
form

(Py) = 0Py » QEFEQ Gﬁgi ® owee ansﬁ e (3.9)

vhich &5 ofunetion of ordior ne. Tho voluo of tho todchbing
Sumotion faila as the oxdor rigepns IX &uﬁnﬁ in §%'0 puroont
£orn tho solutiom procops of tho nodel gonoroted boeccon
wory eooplerm to golva, ovonm with a vory officlont cotholds
It 4o on opprociablp coold opd accopteble procgico Pl
yioldin: most cotiofoctory rosulto to comoidor a quedrotic
ceat Lunotion of the form

. | 2
g(Pi} & QqPy o Oplg | e (3,10



In cege tho fornuloticn is confined Go limoor
progronning tho coot function which s to bo taken chounld
bo lincor in noture, Thio con be achiovod only aftor fow
voak aooumptionsy vwis. tho difforcnticl coct which hao a
parebolic gort of noture io pecountod by tho gocond ondor
and bigher oxdor torms,is toton og & conoloants B0 linoari.
sing moans taldng this coot choractoristic to be of conotant
noturce The €ost funotion in thio cooo bBoecormog

Fﬁ?ﬁ)-m B4Fy + I I io tho sonotant , (3.91)

Guch formulation though pinplifiop the golution procoso
but no guarontoo for gotting on optinmnl sclution com do givon.

“rononicoion Loony Ito Influomcoo ond Iornuls @

In the initinl otoros tho gonorotion cshoduling
application were restricted to puall intorconnocted oychong.
The golutlons for such systono, dorivod using tho coordinie
tion oquation without inoluding Srarcoinoion locpon comcopt
vore quite ootiofacterys An tho oyoton oigo ineroaped with
the sioultonoous zico in thoe dntercoanoctod notwvorl: olwo,
it bocore dnposoiblo o ot o0 optinnl colution without cone
olddoring tranooisoicn lecooo dn tho intorehanco of poOvOTs
“hun, whon tho tronscoiocion loscos tro o foctor,n oyolon
ic ocporated at o minimun cout vhom incronontol ¢oot of
dolivored enorp - 4o the onco fron oll plonto,



A taanaaiafiomvlnam forovla exprescing the total
tranonipoion losson in terop of tho pover dolivored by
tho thormal plents vap firot presonted by Z.E. Goorpo in
1943, The puroooted formulo woe of tho following form -

Py © oun of tranoniopion lospon

* 2323?3?5 4 anne %mnymg n e ) (5»12)

£ Z p g
* 5 a FolBum P
Pas B, o sourco loodings

By = traneoission leoo forpule coofficiontpe

The dotorninntion of tho B, coofficionts wng boped
on ﬁh& tediovo ond tiro somcuning yraee&ura, Afsor tho
advont of tho notwork analysow, ond ils opplicotien to
dotornine a oinilor less forpule cg ou gootod by Uoed and
Lopociatos in 1990, the procooss of conputing By Co0LE -
ciont bocamo oagys Iatey on o thoe pise of tho gyoton
incrcooced the orithmatic ealouvlotions bDocaro prehibitobly
lorgo. 2411Fho introduction of digitol computor copy
ropenrchors proconted o cothed - * bottor thon $ho othor.
Tho chapo of tho leso fermulo rencined tho corg, horovor,
conputotionol toactien Lopt on Aoprovings



in nabtrir 2orn =
Lrid
PL s P*DD _ - (53413)

P io an x4 noteixn
Bis o n uan oateiw

Tho rovonuo to bo gaincd by properly dbilling for
loopos invelved Guring intorcoonoction tronsactieon ooy bo
Q wory lorge oune Tronsnioolion loog conoidorotions hove
ofton proved o bo iopoviont in thoe plomning of fﬁtura‘
gyntong in p rticulor rozord to location of piﬁata ond
picaniang tho comotzrustion of trousniooion 1linoo.

Tho basic Gopumptionsundorlying the formulation

of ¢he looo formulo avo .,

1) Taeh lozd curpont »oooing o conotond conplox
ratio of tho totol lond current irrenpoctive
of tho lood lovols

2) Tho VAR op UAT? retio of 0ll gonorctorn and

of tho tiop romnin constonts.

3) “ho doviation oflaanaraﬁar veoltagopn cod aagles
fron thooo incorporntod in the loss forcula

are ooalls



Digital conputor wore incronoinsly usoed (
for tho purposo of dotorninntion of loos foroula ecooffidiont.
A wvory popular nothod of colouloting looc cocfficionto @es
dovolopod boped on Bron'es vork roported in o coprlos of papors
{ ) titlod *Rwenoorisl onolyein of intogratod Sranomiccion
cyaton'y tho firat tuo povto conoidorod lossos in apinsie
oroa and tho lotter tuo porto oconoidored locoos in intor-

connoctod arodg.

Ap dictated by thoe afoye pentioned apnsudntion tho
looo forouln 4s foumd to bo of tho forn -

P_ B D s (348)

Py, = ‘é-‘ﬁ' o “mn “n

I8 oueh loado (Alunminiun or Dapor Fills) como on the cyston
vhich 8o not vory over‘tha'éaily 10aﬂ ¢yelo in tho cane
cannor oo tho root of the oyotom londe thon thofe none
conforping lozdp poy bo rroporly includod in (ho loon for-
ela, Tho leocdn ot oneh buo ooy dbe dovided into o conotont
cotponont and o ¢onponont thot oointoino o ccantont votio
to tho totnl locd. %ho ccapinmt ccrponont of lood ano
troatod agnogotive gororation in the loso foroula, Tho
loco forimla Ghon Colwo thoe foro

Py w Py By, P, ¢ B Py 4 By ve (5+15)

vhoxoy By, © 293”n3



93*yk = conoleat 7 coopononto of leadp

ﬂns e utuval looo forouln ceofficionto bolicon eonobont
copmnononty of lﬁaﬁn-nnﬂ gnnnrcﬁarﬁa

Bdk o ggégﬁgﬁg cutual lose foroulo coofficiont ?c@
conponcnt of ioado,

Tho B confficiont looo Lorouln prsvi&enruriast
neone for coleunlcoting incromontnl loooosn uithout tho noed
for diroct network solutions. Thus, trcosuiccicn lesnoo
can be coordinated inbe ceenooie sechoduling preblen vithout
largo overbonds in compubtor tico storopo.

WYDRO PLANTS

Folling vntor pawanoﬁ the ooohines ol conting
long bofore coal, oil, gos or uraniun ovor did. Iven tho
begining griot oille apd ooy oillp clustored are'nd tho folip
on rivors end ptrocmo. Sy tho ond of 18th conbury oloce
tricity conorcting stoticons hod Joinod tho nillo. In the
wootern countrion by carly 19th contury buro hyldroslocirie
projocts vore institutéd to hovomoootho $rocondous potorsw
tinl of tho laygo rivors. Dut By tho ond of 403 losgo
control otenn plantp firzed by ccal, oil and ¢oo began o
furn ovt choonor POOle
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Althoush loargo hydro projocts woro otill occononi-
cal, suitadble placos to build nov progocts of large oico
vore boooning inorconingly searco, Feoanwbilo, ocallor
hydroplonte becane looc ccononicol to run.

To-doy the priceo of povor Lron conly o0il, Coo and
waonivg fo olioding otoodily, reflocting oharp increnpe
in Che cont of fuol, copitold oquipment, oporction, Daintow
panco ano eavironnontol probvoctions Othor altorpobivo
povex Soureos, ouch g golar and wind, aro preoumisin; but
nood much éare regooreh snd devolopnent bofero thoy con
bo ecconomienls Bo, in nocd of near tornm, rToooonobly
pricod onorgy solutiong is asoin turning to hydro.

Hydro hos oueh to rooonoond 4t in toron of cople
taly oporabing ond naintenonco conts, fuely tochmolony ond
onvironnontol concidorationss Tho fullina vator that
pouers hydrogleotrie plontc Lo opoentinlly fyoo, ropictont
¢0 inflation and ovoilablo to gono oxtent ot pany pPlacos.,
New ongincorine dovolopnonts, duttroosod by furthor rosearch,
arc advancing hydro from o moture tochnolegy to tough cone
pobitive statuo roqu'rod to-doye.

Tespito toposrophic and hydrologic vordntions
from one hydro éita o an ofthor, tho bapie of all hydro
plonto aro tho semo. Uator is colloeted in o pond on
ronorvnir-§ohinﬂ.n‘dam, thon convoyoed through tunnols ov
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~ ponotookn o turbinos, Tho folling wotor apino tho turbdbine,
 vhieh in twrn drivo tho povoy housoe genorators. Tho rosult
io oloetricitys The onorg. potontiol at otek inotallation
dopondsn on two nodn foetorn tho hoad (Giffcroneo in olovie
$ion botwoon rooorvoix nnﬁtaii‘wnﬁev) ond tho quantity bf
voator rolodged through the turbino.

Eumpaﬂhhyaau,_ig an oporgy ntornge techniquo rethor
ﬁhnn a.ﬁﬁ£m&n$A§£¢rgy rosourco, 08 in convontionnl hydro.
Toos costly off pool cloctricity powors o punp turbine to
Eovo wator from o lover to on upper pooorvolr, soporated by
- 300 to 4200 £t Vhop olectricity donond peohp,the wmator
in tho uppor rosorveir ic let doun thro gh tho Surbines to
tho lowor rosorvoir, thoroby ponorating elﬁa%rﬁe&ﬁy ot louwor
ovorall coct thom many other pooking optioms,

Tho gonorel oxpropoion for tho povor gomoezatod
by o hydre wmit ic givon by
' e woH/75 . {3416)
Y ® ﬁonuity'hg/ha
Q = diochorgo in mgfcaa

H = bood in notoro
Pi» hydwo onorgy gonorptod in HeDs
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Tho denpity v pomoing aloest conotont amd ¢ho
poro £or oach atoticn io 4000 hg/ﬁ?, oo

I e 4000 CR/75 Ha3* " {D17)

Agadn tho d4ncharce § io o contrelling foctor.
<ho hoad 48 & function of dipchorgoe and the infloups and con
bo ogprosecd op & function of thooo iu tho Eollouing forn «

By o £(QX) ® Hyolt & Oy %) o (3478)

Iore, Hy, 4o the buschoed. C€; io tho corrostion fecter
used for toking into secount tho storsgo variatlong duo to
roinfoll ond ovoprations The rainfoll 4s noaouascﬁ,by'a
nogotive disehorco whoco value 40 ogual to tho ompoctod
golue of rainfoll during ony pordeds Thio volud io cooputod
Lrom tho ovailablo poast hictory. Cinilorly tho ovoprotion
loopon in tho rocorvoirs aro cocouncd o bo funetiono of tho
tomporcture and tho vator aurfﬂca arots Tho oxpootiod valuo
of tho tooporature Lor oooh intoermnl ic odbtoined and Lostorsn
oro foupd for ooch intorval vhich whon multiplicd Ly otorage
oo into Gecount thooe offoeto oo tho poucr oquetion
LOCOLOD ~ .
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if ¢ho 3:31}1 ponorotod in o poried &o to bo found
¢hon $ho ooon otorase has e bo talon into tho aecont:
theo,
Xy » 3(2,(00) & (=) ve  (5.20)

Tho ototo cquation doperiding tho hydro oyotoo
dynoanics io

B, (1) & 5g(k) o §4(L) = Uy(i) ou (3.21)

K in ¢o donoto tho poriod,

In coneralicod fernm Chio oquotion com bo ommrosnced

‘b for Hﬁh poricd oo bOLGY =
Tt
Ri(ﬁ) & XS,G & }::é‘}: 3‘,1(1:) - uiﬁ!) e (3.22)

Thus ¢ho pouor gonorated in HaPs L0

[l

Y Ji(:;.ﬂ) we Uicbﬂ’;))/75 e PlJE  se  (5a23)
ond in v wito 4o
Pl o THLHP 1 780 1 3000/1000/4000 os  (3a28)

= 75/100,000 & PH,OP . ee  (3425)
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In cooe of hydro oyoton conoicting of nunbor of
planto of divorso maturo and with rocorvoirs of aifferent
pizos snd hydrologie charactoriotico, thb ocononic ccehoduling
of povor bocemon zi rolatively conoplox prodblon. Oince tho
inoromental coot of hydro gonor tion is negligiblo, tho
objective of oceononic pehoduling in thio cogo will bo poxie
nising hydro onergy ahﬁﬁ son bo producols It 4o woll Imowm
tho the lood denand varies pooponclly and pealk occurs in
nid wintor. ﬁhﬁanaauitn in the nood for spprocisble storaco
dravedowm to mﬂaﬁ the gyostom lood roquioments and providing
the opaco for 3%%@%%”310@&& flowing ivto the rovervoirs.
bravdotm too enrly in the ostsen ¢em couse o connldorablo
lons of onergy because all oubsogquont flous are used ot
roduced hoods On tho other hond, foilurc to dravdovn ouffi-
clontly reoults 4n spillepe of wobor vhich othoswriso could
hove boen used for povoer genoration. Thup, tho ocononice
pseheduling of povor in {his casc dopondn upon the voter
uonge policy over tho ontiso oporoting poried. %ho nonioun
eevnoty con only tho obtoincd by the planned won e of wator
~ovor tho on%ira oporoting poricd undor considorotions

Purther the hylrosyoten ooy bo cpnnintins of
6 punbor of cosecadod pyoctorm dbopidop tho indopondont tppe
reporvelr ocyotens In such capes, aguentionod ourlioa,‘tha
‘poloase of wator from the uwp oteoam planto affoeto tho |
ctoraco, hood and honco gencration of thoe dovn styoon plantos
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Honee optinal ponoration sehoduling in thic eone bocosoo

nora cormlon than that in cooo of oyotonn with indopondont
rosorvoiro. This complomify io furthor cpbanoecdif tho
copeodod plante have sufficiont dilotanco botuoon Lhoro Chom L.0.
sapnaitanco &auﬂﬁn@ 4mlﬁy oy tino leg.

ﬁhabésoaevam-hyﬁrn‘n plvantosos « 4o pociotoneo
to inflotion, its indopondenco from vioisg fuol costo, ito
zolative freedom from pollution, 4to romovability, 4o ovoie
lability ocndits provon teohnolony - oo conpollingy oonccife
1ly to oleotris utilitico roctricted in their onorgy altor.
notivos And 2o tho prico of oworgy fron ollg gono, coaly ond
uranivg ricop, tho £alling wator Lhat povrcrod ths nonbdnd
fron dto oorliont dnys ol poroe opd DOYo CONCO.

HYDROTHCRYIAL SYSTEN

Vhort ¢ ono hen@ tho negligiblo conorution coot
foaturo, of o hydro oyoton pledgos otronsly for it'c ooxioun
ubilization the otoshoaptic fonburop vize, inflosn, bood,
ptorase otes. Dobking it looo cad lono rolicblo roptricto ito
uge to o cordain linit oalye. Thin aport, oot of $ho hydro
ntotions are oituatod for cwoy fron tholood contros This io
duo to covoral roanems, tho noot &ﬁpaxtanﬁ boing tho ovollo-
bility of votops Thupy noot of the hyire otationo cro nol
102d orionteds Thin roouitins in conpidorudlo loco 0f onorpy

in tranopicoion, Bﬁ troannniooion lopooos (@ tho ccatrary



tho ptoan ploato, woins eoal oo f£vel wvhich 1o availadlo dn
nbﬁzﬂanco, thodr 132G erdontod losation (dn nmoot of tho
ecoco) ond larce cico of goncyoting vni o chlloo $hon noro
rolinblo oo comporod to hydvo plonto. Dut oteon pleats ag
o mattor of fact boo o wvery high gomoration coot boeouco of
£u0l and othor évorhead,nﬁaonﬁary faicforontinl chamren,
lobour, cointonanco, supplico otic) chorpos,

A vwipo doclofon 4o €0 corbine tLho cood foaturo of
tho two oltornotivoo and elininating tho wmdegiscd onoc uping
tho pood onos of tho othor, Thio concopt cad tho Jooturon
contionod in tho obovo pora reocomsonded tho docliclcn volwop
%o uco tho hydro thormol gonortticn fooility. In on  dntorw
cozpoctoll hydrotherral gyoton tho bosic quoztion is to Linmd
o trodo off bobtween o relative Galn acoeclatoll with iroedi-
0vo hydroolebtric gonorantion and tho eupoetotica of Lufiure
bonofitc ancng fron storogo, 0ll poacurcd in toroo of thormal
fuol oconomys Thug chp problon boeosnoco 0 dyncnie optinicOe
¢ion prodlon. | '

The tioo pordod, in vhdeh tho diotinet cyoleo vieg,
locd ond rivor inflowp and poosonnld domonds ropook, arc a
doy cné on yoor roopoctivolys It will thoroforo bo coavoe
niont, ond olgo nocoonary bacouco of cvoiladle inforoontion
about Sho gysten Co eplit tho ponorotion pohoeduling problon,
intoa long torn probdlon -, oprocding ovor o opon of O yoor
or poe Thon that, o nid ranco problen oxtonding £ren o rooth
fo o yoor and o chort roone torn probloo oprocdins ovor @

K I Y T o, N
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oot nid |
In tho longAcnpe schoduling conoidoring optinination

ovor a poriod of onc yoor or rorc, the infloup into hydro
rogervoirs ond povor doutnd on the syston due %o ito scagonal
vordation 4s talkon as & cyelis procogs repeating evory poriod.
It is essontinl in puch o caso to prodict tho lond donand

and rosorveir inflous using otatisticol mothods. “husy tho
otochoptic formulatios ioc osopntiale Tho objeotive in thip
sone io to ninindzo the empootol valuopn of thoe copt of thor=
ool poneration 4n the entire poriecd of ghbudy with on oxtra
ecphagis to reduee the ek of ovor £low of tho rososvoirs .
Logouso of Che stoshootic noture of the problon it ip cpprod-
chod in cno of tho following Aivcotion

do Choracteorizo tho randon noture of tho wotor inflov
and decand by opecific p.d.fs and thon roprosont
- the problen by sono stochostic nedols o

2e Dovolop & model thot uoos dotorniniotic hydrology
ond Gonnond poking uvoe of chort topn protiotiong
bosod on historical Gata,

The short repso problon, on tho othor hand, ottompts
0 nininiso tho ovorall cont of ponoration ovor a doy/uoolkze
The offoct of vardation in ¢ho hecd of ¢ho rosorvelr oy nob
bo cruledal. A nero omoet Toprosontation to accoumt Ghe
trapothiooion loooos 4o hovovor vory cooomtial oo ao to moot
tho pivon lood poatvorn ot 0ll tho inotonto, for opbioum cyoton
cocuritys S
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DETIRIINICCNZIC CAUR 4

“ho prodlon of eopbinnl scheduling of powoy

ptction con bo ptated oo folloun

Givon thoinitinl ond fipol utoragaa'oi tho hydro
poscrvoirs ond lond demand curve evor & perlod, it is
roquirod o £ind tho raton of wator dischargo nnd tho
roquired thornol genoration over thoprosceribod poricd
ouch thot «

1) Lond dembnd at ovory inetont is satinficd,

2) Coot of fuel ovor the ontive period is
winioun,

5) Ratooof wator disehorgo, storage ab ony
ingtant ond the thormal goneration do not
violate thoir pinisun or moxinun 1initc.

Conocidering o ayﬁéothormal nyoton which hes
II rogorvoir ¢ype planto and I thormal plonto connoctad
throvsh an arbitary transmicoldon oyotons Locd docond ond
vator inflov into the roseryoirs arc aocsumed $o bo 4otorw
oinioti#d. Tho problon, optinisotion of the onnunl soot of
thorenl genoyction vith full ubilication of available vator,
con bo visuclicod no o P otogo Scoicion procoos by oobdivie
ding the yoar into P subintorvalo,



Lo

Pirpt ¢ o thorpal sycton io conoidercd. The
thoreal penoyation of A thoponl 9lnnt/hnﬂ rth period
in E?i(k) ond tho cost aooociated with this conorntion
io givon by

P(ER, (1)) = o) ¢ BPIE () ()

now i thoe peried of otudy is divided in P intorval,

PEP7, (k) = 0,70, (k) & byPI5(k) donotos tho cont

of thormal ponorution at iﬁh plont ia_kth‘pﬁriﬁﬁa Phus,
the sum of thormal gonerntion coot for R plonty in hﬁh
poriod in '

R
PP, () w - P N
(P24 (1)) = oy () ¢ BIIEE) e (5a)

agodn for P intervals d.0, Loy tho total poricd

P B
P e = = ( 0gPT(k) + byPI3(E)) v (Ba10)

i B % |

Ao dofinod carlicr, thoe objoctivo of tho obtudy is to ninindse
the tho-mol goncrabion eane¢ “horatnra, tho dbgoctiva funce
tion 45 minindeo P = é é (niwi(kﬁ s BFTS())  (841)

vhich 1o o neonlinocy functions och of tho thorrpol planto
hnéo o moripn ponoration copocitys Acain onch of thonm havoe
& lowvor bound algco on $ho ponorations 5o



L1
Iv“i.‘gin F;‘i(!:) W?w . (£e2)

Re '1’?'! P
i B Qees b1

Giving D° De?2 conotrainto.

Pydroe oystom, on tha othor hond, hovo boupdo on
oteroge copacity, diccharge rato ond ponerotion copocitys

The hydro gonorcntion for 4tB plont in k#k'g&m%aﬂg
iy (), 40 o funetion of both the dischorgo through tho
turbinen, ond the hoods It ooy be ascumed thot tho hood
vorioo onponontially os o function of reccorvoir otorose,
Uoing thic asguoption the hiydro plont gonerction Eﬂi(k),
io ogodn o nonlipenr Lumetion -

P () & Qq() BT (epto™ TELED o= BETY)  (aus)

A ond (3 oro ronl svo cenofrvofubox conctonto.

Thio givon osoticfoetory hydro goneoration cotination
ond io alos vory realiotice Tho dynanic footuro of the
hyﬁra byaten 1o oxmproused by tho following oxproopion in

£rEon oo Anflovs and dioohorCoe

 torno of otorago, &
T
2400 @ Xg(0) + = (I() - Q(E))  ee (48}
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Pho obovo czprepoion giveo ¢ho hydro otorogo for 3“‘“ byéro
plont in nth poricls

Tho bounlo oa tho otorone 1&‘1(1;) for 4B hydro
»iont in 5B poziod aro

e oz ) < 2P v (545)
i [~ q‘l L2 X II
e dgenael?
Giving O°P2 4n oquolity conotrainta,.
Douwndo oa ddccharge Qif:k)., for 2%h hydro plont in xR
poriod aro '
Qgin < Q:l(k) < ng e (445)
1 = ‘3”“ H
II = q;qwq F
Givins O°re2 soenntraintos

Dowdn on tho hydro gonorotion for AL plont in xR
poriedi aro -

PIRS < o, (k) < oEPRE .o (447)
i -4 q;o»sfm i

h Lo ‘ii-’tzﬁ P
Giving in all %02 constrointo,
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Dzethor, tho voriodblo gy (k) vhieh cceombo foz the
opiliing for 4D hyoro plant dn P poried 4o to bo connde
flopod oincs opilling 4o cluvoyo 0 nen nogativo quantitys
Thoroforo, '

qi(k) > 0 . (&.8)

I¢ has boen cooumsd that on geccoss onorgy E$(k)
£ron ich plont 4n Eeh poriod mnml&b&ﬁb boon pﬂﬁ&ﬁﬁua uoing
tho opilldng watory Thus 4% would not mako comso o allow
opilling unlooo Loth the rosorveiyr ctorage cud tho dicchargo
¢throush Choe Curbinog ore 6t thoir roopootive toxioun valucns
Thio 40 accoounbod for by tho Lollouing non-~oqualiticn.

(ng w Qa (1)) gy () = 0 det, to B, Io? to P .
{449)

(ﬂiwz- - ﬂi(ﬁ))'&i(ﬁ) e O 11, to Hy ket to P
Shuo giving (P2 cguality eonotrointo,

In rofomn povor plation monorvoir tho probablility
0f opilling io cado noglinibly lov ot tho dendonirs otogo
onlys LDovovor, ovon 42 sore lonkaso/conpace io thoro 4%
io found to bo nogliciblo ao cooporod to tho dicchow(oe
Thoroforoy thocoo oqunliﬁ& conptrointoc ¢on onoily bo deoppod
vithout offoeting the optical oolution of all, 42 mooded,
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- Conpidordns tho foetor of tho povor doraed oo tho
ochoduling ic dene Lér coeh fntorvol ovor tho ontiro poried
of otudy, tho corbined hydro cod thormal gonorition chould
oot tho donand, Thun,

. n

= PH(E) e = PR,(E) = PB(E) or  (5490)
O 4 Joq =V .

Purthory in intnrapancaﬁca oyotong, the tranofor of powor
£ron ono point to anothor coucae sculficiont troanopionicn loooos.
Thooo muct oloo be occountod for $n tho domand oguation,

PLC30 (L) "s“‘“ zxgz@ (k) D, 2,(%) o:#ﬂ)
) T it gon 2 TAIY e i

o 4,1&#&?
Fg(lﬂ = mﬁ(h)g (iﬂ1unmﬁ)
Pe(k) = mj(z:), (3elle9ees TD)y (Jotes.B)

Byy io ¢ho tronomiosion lono ccofficiont potrix
0o ozpleinocd carlioy,

Coubining looo with tho docond/gonor.ticn oquation,

o ot
41 R _
v'é‘.' mi(k) L 4 é md(k) - ?Mﬂ(k) £ FD(E) o8 (4912)
11 ' Je=1

Ko Tees P
Civing P oquality conotraints,
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Hed ot ony dnotont, if tho roporvofr hos an asnroxi-
patoly wniforn erose soctioncl aron, io civon by

For i?h’plunﬁ and kph intorvals

In oxdoy to noke the prodlom polution casy whilﬁ'
civing full regowrd to vitol foaturos oné kooping tho formu~
lotion ales cloco to rool world proﬁaﬁm, the nonlinoarition,
tho bounds ard tho cqualition oro nocesparily talkon into
account 0o the total mathomatical nodel of thﬁ hydro thoranl
ﬂﬂh@ﬁu&iﬁﬁ problen cop be summoriged ao one
including oquotion Be7y Be2y 445y 4,6 4 427y 548, 220y 8412
end tho dynanie equation of the hydre systeons

Thuoy in o)l, thore erc (H*P*B+P*R*2) inoqunlity
coaotraints ond P oquality conotraintse

Uoing thio dotoroiniotic modol a 4 hydro and 4 thorw
nal problom for o poriod of ono yeowr, Givided in pin intore
volo, vhore f£irot intorvnl ctorts fron the month of July,
io oolvod,

Tho dato of the problom io given bolows

nare votor storasc u,xﬁng(m?/bcc) u 70,0
nin. vater storaco e Rgin (malaaa)'a 0,0
basic uwotor locd P Ha(mt) w 20,0
DORe tOtcr hond o ﬁgan(m) » &Ba0
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pone watop Alicohargo o Quax(ﬁgfsac) n 150.0
ln, vator diocharpo = Qniﬁtm3/noe)_ s 20
non offoctivo Gincharsos qa(nﬁfbec) = 240
coxte hydroulde output = PO S () = 35.0
bine hydrorlic output o PHSR(m) o 0,0
paze thorral owtput o FERO(mM) = 580
nine thorool oubput = PR (m) e 0.0

Yor oll intorvolo ﬂnter :
infioy I (@/o0e) = 400,0

looc formula co0ffs = Bag(1/m)° e 0,0005
Bop(1/m0)® & 040005
321 © ﬂqa»(q/ﬁﬂ)g m 0,0

thoreal fuol coot cooffe 04 o 245
' bﬂ e 0,05

Popicl o I Ilewe 96  we »eV1
Dorand o 55, 35, Eﬁg 59, 5@, 30 in,nur

Por the polutdon of this nonlianggrprasrcnaing :
problon, tho eomputor pregranmo dovoloped/tho prceviovoly
omplodnod flomivle toleramco nlgorithn, 4fgusode Tho
progrenme and tho gubroutino problon dovoloped for inooiw
ting this problom in tho projran io givon in tho Appondix
(Ap=1 0nd Ap=2 voopoetivoly)e
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Inothor conorad purpoce pubroutino probdlon
io dovoloped fLer Arncortins o O hydro onéR thoronl oyoton
gororcticn ochoduliin for P povicidns. This ip givon 4n
Apnoniis (Oped)e |

COCTINLTNIC CALD

The hydrothernal goseration ochoduling yproblon,
uvhich, o dotoilod oarlior, io booicolly octochaotic in
noturo beeause of tho probabilictic featurcs (ranfen noturs)
of dorond coming on tho opstom and inflovs to the POCOTw
voirn, Tor chort ronce ochoduling problon, tho prodlen
ccn onaily bo discercticod omd vory good onticntoo of thoe
dorond ond iInflovs can bo modeuoaing the forocnot infornie
tion fron dotue gcothered in thopoot,. Ag tho timo oonso of
tho problen incroocpos, it beoofios undopiroblo to roly op
preh datae

In ceddun yonno ond lons ronno sohoduling problon,
co long tho incerconing cooploxity dooo not LOCODO WINIANO
Goblay 4t 40 Qonirablo to inclulo tho probablictic Locturop
of Jouond atlenst and furthor ¢hat of tho infloo o the

POCOTVOLirne

Fony approachos aro onioting in which thin cohodue
1ing probdlonto probobiliotic fcooturos havo bBoon inclufod.
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Fony of then bave the limitotion en oino of tho oyoton to
bo doaodlt or tho nomlimoar ¢oot of gonoﬁation functicn have
boon undopirobly codo linoor or tho nothod is Goo complox
tazing tho compubtationnl officioncy.

Pollowing 40 o forpulotion for o ctochactic probe
lom Gonidn: vith a gyoton of i hydroe ord R thormal syston
for P porlcds, %oking into account the probobilioctic fooe
turoo of doronfs. Ao villh be ween, the foroulction io
beoically similoy in noturc to that of for dotorninictic
ilalale] {ac91§ with improvious soction) loavins the Qonond

ﬁoantrainvg

Chaneo cenotraint programming methed 1o used to
incorporato probn»i&iati# docond fecturos Using thio cothed
Cho pzoblon can bo rodofined 00 =

P R
cininice 2(Fy) & £ < (0,72, (%) < hiygg(g)) (4.18)
| el 4o

oubjoet to ¢

Pl (PHg(E) ¢ PRCE) = PLOSO(R)) L)) By (6e15)

vhich conr bo gtoted in werds op 'tho probabiliy that

the roandon varioble (whieh in thic coco do ouppooed $o
folloy noroal ﬁiacribution) of dorned FO(k) vill bo groater
than or oqudt to tho pover availablo { IRy (k) o 393(h)~
FLA3C(EY, PACE) gor 1P poriod 40 lcoo thom or oqual &0

Pp (B 001 for thio caco), oo rovelting tho oxproooion -



P.( PAC(KE) < PD(E)) < . : (La15)

pince ¥D{k) f£ollow norrol distribution on ecch intorwal
vith o moen ard vordance of FO(k) and Sﬁz(k) roupoctivolys

Thus otondordiscing the rondom ovoiloblao for
stondord normal diatribution (meon 4 ond warioncs. 0)

P @AQETB(RY/TR() < (PRG)CEBURY/E0() ( py  (5017)
Purthor Zp, (k) » % (PAGK= FB)/ BoP(k) ond

2p(k) = (PD(E)EB(E)// BT (k)

S50 tho oquotion (4.,17) roducos to

I’r(‘?’m < ﬁx} ) < Pp »e | (’-&Q“iﬁ)
Fr(zn 7/3?5) <Py e (&e19)
oy —'s-.?r(zn <hpp ) < Pn se (8.20)
ory P2y (Bpy ) > Py . (4421)

Ilow aay‘Ei’ia tho standord norpol variote foy vhioh

B, (By) = (4mp,) .o (4e22)



Thus,

or 9 (21,1\) g (E ) ., (4.23)

or Zpy > Iy o e (3,28)

R i h
or, Jé" PRe = e PLOSS (k)~FD (k)
/' wvor (p)

n i gt

or, 324 P2+ = PR~ PLOSS(K) = PB(K) 2 Ey(i)e/ TD"(k)
| | (4,26)

| n it | —
o%s fq PRy 4 = Py(x) PLOSS(E) ~ () > B (k) EP(K)

(4 L] 27)

Eence the equality comstraint for demandhos now bocone the
inequality conctraint of the following fornm

R :
é mdcn) + = PH (k) = PLOSO(K) » FO(k) « E,(k)/ E (k) > o
1= (4+28)
Rw "1;‘0-&‘1; |

Civing P incquality conctrainta.

‘Thus the foroulotion for stochastic cass can be
sunnariged ns bolow (81l varianble denote the came guantity

they a4d in provious section). 177044
EEBTRNL LIERERY U1V OF DOoaME
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, P R 2
min P(PRY) = = o (8PP (k) « byPIT (K)) .o (4.29)

kaq 401

subjcet to

T

P B , —
= PT,0) ¢+ = FH(k) = PLOSO(K) = PD(k) = B,(k)/ ED°(x)>0
31 dmt

B “figo P |
mi""‘g PR (k)< PIPE

ke "?;'uﬂl“
5. L] 'QQ.QWQIQ-

S N O RS o

k= 1;&&‘?

ie "Qwutﬂ
oin %
Teomw < =

= gene P
i = qgﬁrﬂv n

1n A
Pﬁz < i( )< A

1! - "'mli ?
i m 1yeee H

1 - 1,01‘ H

E L J ‘Igtﬁ

L2

ve (8430)

v (8e31)

.- (QQBQD

as  (4433)

ve  (4438)

s (B35)
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LQTK .- Qg_(k))(!i(k) e 0 2] {Q“O%)

(E§°F = Xy (L)) qq(k) = O | v (8437)
1o yeneld § Halgese P

Uith tchoompropoicne for Gynomic equatian.ana gauor oquation
of tho hydro ayatoma -

frwl
g () = Xg(0) + ii; (3 () = Q) o (3.38)

and

iﬂi(lz) e Q&(k} Himx (*Iﬁpéa” xi(k”q) - g g )) (6e39)

In thic copo thoro are in all (HeP®B + P*R%2 4 P)
conotrainto of incquolity typoe Thoro ore in 011 (HOP &
R*P) indopondont voriablods

Uoing thio farmulaﬁiun for ptochoantic genoratlion
ochoduling o 4 hydro ané thormal oyoton for o poriod of
o yoor ntosting fron tho nonth of July, aividod in pix
intervole 4o Qonlt with. Tho dato for this problom fo tho
pomo oo that of tho problen donlt in dotornminigtic coce in
tho loot ocefilon dcaving thoe domonds Domond, wvhich follovo
tho normal &iotribution, is givon below for onch intorval,
with roon ond vorionoe of dooond oo givon bolowy i -



Interval £ 1+ 2 3 4 5 G
lionn ¥ 5 35 35 5 30 30
Vardancs CDP 3.5 345 3.5 3.5 3.5 3.5

Acain computer programme for floxible tolerance algorithu
is umed for its aolution, fetching & satisfcotory solution,
The gubroutine problem for this problem, developed for
inserting the proble . in cain packsge, is given in Apet
and ' p-4 soctions of Appondimy vespectuwel

»e L3
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GIIT2IC) TLOMMICUE
, - C22.A)

Tho gezoral TIP prodlon io found to bo of tho forn
oip 1 £(x) ¥ eP

cubjoot Lo hiﬁi’) e O lelyee ey
C&(ﬁ) >z 0 iﬂi&#ﬂgi{rﬂg?

. ubors £(x)y Ei(n), ond gi(x) ooy bo bt lincoar ond/or
non ligcar functions. In mony nomlinoor progrocning moethods
o gonsidorablo pertion of the computotion tice i0 spont on
pagiolying rotbor rigeroup fonpibility roguiromonbs, The
£lozible tolorance algorithinm (OR 1959, DH Hinmelblou Vol 47)CI8
on the otlor hand inpreovos the wvolue of tho objeoctive funce
ticn by wing dnformation providod by foanible poinbs, as
woll ap cortoin nenfonpidleo points teorned ncor Loboible
pointo. Tho noar Zonpibility 1imits oro grodunlly modo
poyo rastrictive oo tho docweh proceods tovardno Cho oolue
tion of Tho progroccing problonm, until in tho linit only
Zoanible ¥ woctor in (5.1) oro sccopted. Ac o rooult of
thio basice stroateny the IILP problonm of (5.4) ccm DO OXPIO-
opod 0

oin ¢+ 2(E) ¥ ¢ e (5+2)

pubjoot to 1 £ (k) - TEI)>0

vhore, £ (k) 1o tho voluw of tho floxiblo folorance critoriom
for foopibility on ¢ho LD gtage of poseoh, and °(F) io o



positive fimectional of oll) tho oquolity ord/or inoquolity
ccactrointo of prodlon in (5.1) uced oo o poooure of tho
oxtdnt of sonotroint voilotion,

DoLinition of tolorcace conotroint voiloation - amd the
conocpt of noor fcno&biliﬁy‘ﬁolarnnea eritoriam 4

Tho Golorance oritorion 2 4o soloctod to bo o
+v0 Qeooronoing funetion of Tho vortices of tho Llomible
polybodren in [Py g8 o g8 (x{B)) 20, £ xlk) 5,

Tho function P cebo ap o Coloraonco ¢ritorion for sonctroint
voilotion through out tho ontire ceoreh, ond 0lso DOFVOD
ap o eritorion for tornination of soarch, Tho dofinition
of @ inﬁarpﬁrataéﬂ/égn clgordithin is

_ . r@ﬂ
¢ o win {M‘M’. Bl - ,}2"} a9 o 2(ne)t
o
| s (5e3)
vhovoy ¥ = sleo of initiol polyholiren
‘@ s nucbor of Jquality conotrainto
2{*? ath vortex of polybodron in £

T o (Den) o nuchor of dooroon of frocdon of £(x)
in problon (5.4)
Eéﬁ% = WDten corrooponding ¢o controid vith n » ¥

E = 041.se 40 tn indox roforrving to nurber of
canplotoﬁ ptanen 0f poardhe

ﬂ(h“Q} » value of toloroneo critordon on (I»1) ot
ptaro of ocarchs



Lot the cocond toro in tho brncoa in ogquotion (J,§)
bo demotod by @<E),

. 4 .
e(L) % T ﬂﬁ(i} xri.% (| = ;&;% ihﬂ 3% ((k’)

3,9} T G

uhoro u§32 Jolyesasng aro tho aoowﬁinatan of tho 4th vortox
of Gho flomiblo polyhedron in i% Oboorvo that 8%
noprooontn tho ovorose dictonce Srom oosh E§L2 2% PR 2%
to tho controid %L1 of tho polybodron in EB. It 4o obvious
that tho volue of € vill dopond om tho oicge of tho polye
hodeon in E@g uhich ony Pomadn unehoncody cnpond on controct,
Ceponding on vhich oporation io uced o coarryout tho trone
gition fronm xgk) taﬁgk*ﬂ).. “huo ﬁ(h) bohavon 4o o 4vo
Qeoroooing function of I, althou:h.e(k) roy ineroaco o
deeroago during tho progross of ho soareh, and ap $ho Dolu-
ti0a of the problon ip appreachod, both @487 gma glb)
approach zorods |

g(0)> ﬁ(") > eae > ﬁ(r‘)?; o} . (545)

Sho eritorion for conotrolnt vollation ()

Coanddor no o functlonal of tho oquolity ard
inoquolity conotrainto of  (Sa1)



al ¥ %
. o T 2 ) ‘ 2 Ly
_ LCE.) * Lfﬂ hi(é} !fv iiﬁ-‘i ﬂiﬁi 6‘5’}] " | (S«G)

vhoro vy ia tho voighting function oueh thoy niac for
64(Z) 20 cmd wy = 1 for g, (F) <0 . Thorefore 2(E) 1o
dofinod oo tho «vo oaquaro root of tho oun of tho oquaved
valuvop of oll ¢ho violntod nquolity omd/or inoquolity
ocactroin o of problon (5e1)s B(E) 20 for o1l X c Y

in porticulory if 2 "?C::} ic convex and tho 5&(‘),

1 o elyseny? OTO canaavn functiono, thom (%) ic o convex
funotion with o globod minimon for all foupidle T | voetoros
Leos fo oy X/ b e 0 03 20 gor (e
&1oo, (i) 2 0 for ell E wvootors that oro nnnﬁoamihla, Por
'?(k} € ﬁ“, tho value of @(”) ovaluatod at x{k) voing (5.6)
cta Do uged to distinguich botween fousiblo and Bonfoonible
pointos If HEE)) & 0, ) 30 foastvies 12 2(E(E)) >0,
7 40 nonfoasiblos On tho othor ﬁnn&, o ornll voluo of
2(x(5?) 1npites that T 45 polotively noor to the fonsie
blo roglons, ond olowrge volue for ?(ﬁ(k)} implieo thot 5 (ke
is rolativoly for from thoe foroidlo ropione

Tho concept of ncoy Zoosibility

lloor fousiblo T wootors ovo thoso poimto im L°
thut aro not foapibley but novortholoos Qlpoot foapidlo,
in tho gonco givon bolows R0 ootoblioh o cloar cut diotinge
tion botvoon fonpidblo, ne.p fonnible, cnd nonfonniblo pointo,
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1ot @(h) bo tho volue of @ en tho LD ntaco of the opbini-

gatien cocrebh and lot E(z’) ba ooy wveetor in E%y Cho ()

voatcr 40 ocaid ¢o O

14 Tocotble, if 2(EE)) w o
24 Doop-foooible, if 0 < @'C,ﬁﬁ""}) < ﬁ(k)
3, Nonfocoible, i (WD) gt

Thuo tho rogicn of nocrefonoidbility io dofined og

) o) > o - (547)

on ony tramsition fren ) o RV ¢no movo 1o ool

to bo foasidle if m(ﬁ("‘w‘)) = Oy noox foapiblo if 0&?(@‘:‘*” Y
g5 ang nonfocoivic 12 o™y ), 16 40 soportont

to note thot the volue of § on tho (k9)th otogo of tho
cocroh ie dotornined only aftor X% nos boon lesaved

np eithor o foanible or nonspwfoooiblo point.

Proccdure for £indinn foosiblo or moor foapiblo pointo

Tho proeodure Loy -6bs:uﬁ.n,inz oithor o fonoiblo ov
8 noarfoaoiblo peoint con bo punnsriced ao folloust
1o Lot £° = ) vo o nonfosoivlo point in iP cna g
bo tho valuo of tho toloranco eritorion dotornimod £rom (5.3)
“on tho 1" stogo of the cooreh procodurc. Lot t e 0,05 x
ﬁ(’:) vo tho ocico of tho initial polybodren for the oinind.
sation of O(E) otor@ing from E(°),



6o

pozt 2ot X®) » T o o nomsonoivle potst in . Co
initiote tho peoarch to roedueo tho woluo of Z(E) (ne1)
initicl vworticoo z‘:g"}, 2a%ses (ne1), that ooy or coy not
fora o ropulcr polyhcdron in OB, ovo roquired, %ho
(ne1) vorticos chould bo dhoson in ouch o wvay that any
pubgot of n vootors 4ip lincorly indopondonts For oll proce
tical purpones it 4o moot convoniont to build o ropulay
polyhodron minz; i(") op tho bapo point, The (pe1) vordie
coo of the fnitial polyhydren in L® oro found fyen

iéﬁ) x ﬁ(@} # Bﬁ L PR S BT (5.8)

vhero Dy 1s o column voctor, in which tho compenonto oro, tho
olononto of the 1°P column of tho n : (ned) pabris, D

The cooareh poth followod depondo upon the oico
and w&,anmmm of tho initicl polybodeon, vhen $ho oico |
of the initiol polybodron io onodl coopored with $ho oino
of tho foapiblo rogiem, the sooreh poth 4o noorly indopon-
domt of tho eriontation of tho imitial polyhyaram, Do
oo}l valuco of ¢, ¢ho cosveh poth follousn tho dirvoction of
otoopont doccont vith roopoet to tho Lunotiom 2(x) Loisly
clooolye ot loaot durdng the oorly otogoo of tho cooazch.

In thio alporithn tho olno of Che inditicl polyw
hddron for tho miminioaticn of T(x) ot ococh otago k 4o
caleulatod from ¢ho ompiricnl rolaticne

¢ = 0,05 Q(h) . (5.9)
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thoro ﬁ(k) t0 tto valuo of the $oloranco oritorien oa tho 1°B

oscs0 aa computed £res (5.3)e Tho oipo of the polyhedron

usod to pindinico £(F) 4o firod ot on initinl oizo of tho

otort of tho soocrch for the ninimunm of 2(X), cnd 4o roducod
only oo tho ¥ wvoetorn f0il to simprove £(Z).

Pron oguotdon (5.6)y compute T(x) ol oooh ono of
tho (B+1) VQWMg that 1‘3_‘ T(gga)), &:‘?gégwgﬂ#"o

| aininize
2, Uith Cely R 0,5y ond P o 2,/7(x)s 4t tho ond of
otch otase o, souporo tho snellost valuo of QCﬁgb)) Lor
L & Tyvesy nody thot do T(E{E)), uttn tho valuo oz ¢(X),

5« If ?(xfﬂ})z,ﬂ(h), oithor 6 fouodblo or nocr~Loosiblo
point hos boon dotormino@s I T(EL?) > O, rToploeo tho

| (1) o 708)  n enen pCEY . 2{0)
nenfoaoiblo point xi by Kl - 80 that E2™ « Kl ic
oithor fooanible or noorwfonoiblo and torainato tho oininie
natdon of 7(®)e If 2(E{®)) o 0 ond n = 0, co to otop 7
bOLaize

Le I Q(K§Q)}~3 ﬁ(k)g conputo
\ 2Voae ')jaf' e (3490)
“wt -

(o) A
2107 o ne+ 1

whoro Q(xﬁfg ) io tho vnlue of R{T) ot tho controid of
tho polyhodren on Thoe a“h ptace of tho nininicotica of (%)
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v, ()
S5e If 8'°7> ﬂcf7. roturn $o otop 2 ond precocd with tho
nininicotion of T(x) on to tho (o +« 1) ot etcro.

Gy If e 7;%5“7, thoe flemibic polyhédron 4o obout Go
collapsa into apoint without o fecusiblo or o noop-fonoible
point hoving boon found, Tho proceduro poy onccunfon
difficultdien whon ALY gﬁd‘V i¢ & large nusber of nomlincor
oquality and inequality conotraints aro invelved in tho
Gofinition of T(X) at the vorticos Eiﬁ) bocowoo A(035‘10“?q
Undor such conditiono (%) Surns out $o bo guito o cooplex
function in the memfooniblo rogions Lot %{“3 bo tho vorbox
corrospondingto the lovost voluwo of T(x), Inotond of tormi-
noting tho search atb ﬁg”} yithout boing able to £ind o foow
pibvlo or nvarefonoible point, the olporithn thon £he toorchos
along ooch eno of tho diroetions parallel to tho coordinato
axig of ¥ to dotornimo thoe ninioun of T(x) as £ollown.

Lot §%, J=%gansylty DO the minfoa of T(X) aloag onoh roopoce
tivo diroction porallel to tho coordinote cunis of 33* yon
ﬁgﬁ);-ﬁetaxmﬁna %;*ua thot T(x) io aninioun in Cho diroction
parallel to tho socrlinoto of X,y from X, dotornino Ij, ond
go on, wntil all ﬁ;kfow Jelgwweyny aro detoprnined, Tho toch
nique uned econoisto in dotornining the intorvol 1, that
ﬁbnﬁaiua the oinicun of T(x) in tho direction wndor conocido~
rotions Thon o tmidinongicencl ocoreb io carricd out by golden
goorchnothof until tho pico of tho intozval thot eontodne
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%] 10 roducod to loos than 1 porcont of $ho valuo of (™)
Tho purpose of corrying eut tho unidinoncional poapehop 4o
to locato o nov point avny rrﬁn;§§”3 and thon ropoat tho
coarch, ntorting from atop 4, with o larger initiol pa13~v
hodrone .

- At the ond of eoch unddimonpional ssoreh in tho
diveotion parallel to tho coordinute smiog Bt toot is GO
cutod to dotorning 3¢ tho nov volue of @(ﬁgj g.ﬁ{h)¥ in
vhich cage ﬁ(h) ia roplosod by ﬁg”amﬁ tha-miaimigatiaa of |
T(z) 1o tﬂfﬁiﬂﬂﬁﬁﬁt I aﬁ%ar searehing &m 61l coordinato
éircotiono o fomniblo or o mna:mﬁaamibl& point otill bes
not boonfoumd, tho algorithm returns to etop 1 ond ropoats
tho cocreh, once apoin startins with x ne YhOt doy the point
at vhich 7(£) 1o & nindoun 4n tho direction parallcl o bho
nth coordinate omios If tho provodure stopo 4 throush 6 «
foilo to £1ind o foooiblo or o nonr-foapiblo point three
¢icoo 4o ¢ rewy Cho ninipication 4o torminuted as o follure.

7« If ?(§§°)} a ?{§§k37 e 0, bofore yeturning to tho
pininicotion of £(Z), tho dntorpolotion Comerdbod:ha 46

carricd out to noko coptodn that I e z:(‘-") 1o not car
fronm tho bovndorico of tho onnatrninta khmc VoL vioaazod

Just prier to odtoining K\°7,
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Initiction cnd Torminationo? Conreh s

(n+1) woirticoo, vhoro n io tho tetal n ober of
variables (dopondent omd indopondont) in prohlon (S5.1),
oro wood in the mininisation of T(x), whorcon (£41) vore
ticens r » nen io thonurbor of degrooc of fooodon in prob.
(541) 6ro usod in the pininicotion of £(H)e If n = 0,
thot isy prodvlom hao no oquolity constroioto, thon » o n
ond tho m&nimisaﬁi@n-@f £(x) involvos tho came pusbor of
dogreon of froodon oo doos tho nimimizotion of FE)e

To initiate the poureh for tho ninimioction of £(x)
wing tho fioxiblo toloranco clporithnyeno noodn to haow an
ingtial 2$0), the siao of tho initial polyhodron by tho
valiuo mﬁ‘ﬂ(”)ﬁ ond e In ordor to otart the oininicction of
£{xz) vith tho approprintc polyhedron oizo, ¢ ohovld Lo 00loC-
ted oo & funotion of ﬁhe ozpoctod ronso of vardotion of tho
voarioblos »x. Uouvally uvppor ond lowor boundo on X oro nown,
4n vhioh caco the follewins ogquotios aon b0 veod 00 O PO0-
sonablo optimate of . |

—

¢ o otaf

0.2 m (o
""‘;“" é (US:*IJi)J ] (ﬁimxﬂ)gm.«*(ﬁn*%)‘j (JOQ#)
S
vhore (u¢~mi} io tho difforcmoo botuoen the uppor opd lowvor
boundn on $he voriablo Lge I€ uppor ond louoxr bounlo of =

aro not known, & voaoeneble guoon for € will hovo to ouffico.



03

/\4\- -
Xd io roduced to lopo thonm 41 poreont of Tho valuo of Qck)

The purposo of corrying cut tho wnidinonsional coaychoo 4o
to locato o now point awvoy fron ﬁi”) and thon ropoat tho
ocoarch, otortins fyron stop 4, with a larpger initicl pakyw’
hodron,

- At tho ond of eoch unddimonpionnl ssarch in tho
direetion porallol to tho cooréinate owioy ol toot 10 cXow
cuted to dotornine 42 the nouw wvuluo of ?(ﬁgj g.ﬁ(k), in
vhich case X{™) fa roplascd by I and tho inioisotion of
T(z) io terminntod. If after scorehing in 6ll coordinate
éirvotionoc o feonnidlo or o annxuiaaniblé point otill bos
not boeonfound, tho algorithn retumo té‘at@p 4 and ropeato
tho cocreh, onpe agoin startin: with x ns Thob iz, tho peoint
ot which (X) is & oinioun 4n tho direction porsllol to tlo
nth coordinatc oxios If tho proecdure stepo 4 throich 6 «
foilo to £ind o foosiblo or a noor-foaoiblo pednt thwoa
¢iooo dn m;xaw@ tho mindminotion 4p torminutod es a foilure.

7¢ If ?(§§&}).a chfk)) e O, boforc voturning ¢o tho
nininisation of £(E), the intorpelotion Crmribodrsn io

/\
carriod out teo mako cortain that é(LD x§°3 i pot far
£ron the bomdorics of the eanotrminﬁg thnt vore vﬁo&atoﬁ

just prior to chtaining X{°7,
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Cltoonx(" t,o8, 7,0, and 4% 5 Am+ D

STARY ......_c. Obtain x{*) WA= L,..., 541, c0c0rd1..; to the proceduro
described in Svesisn K4
koke] P
Yes y
6 . { 1T <o®r fermad e T o that T¥)
~ () feex(¥) o L)
n” ' “l‘il ;k)) N i " No <O . ket X!. kx‘ .
' (;ompntc l‘(»xg )).
U v
h@tk)‘c? ---2--&- STOP |
No
Detrine 58 = ¢ el ,f‘k)) .
A Determine
- . o
_ 1 ] e
, No § i
Minimize T(x(%)) 1o thar Tx{®) WTagl <o
® 1orx® o
< 0, Lot x{) = (9 BTl <o®2
Compute f(xm ) Yol '
S . ‘ No \
- "":; Yes Minimizo 'l"(xgz) so that ?(x}”)
, : sganee TR 3 < Q(k) Joet x“"‘) - x?)
ks f(&%) < “"g‘b U Cofnpute f(x“‘) :
N Yes ol :
g - nersni : ‘:' - ‘ ,. L ‘ 3 ' ‘f
Mfalh <l feon L2 (“’) <f(x( 2 -
‘ _ Is f{xgz) < f(x?") i
Yos jYes : o
V- ' | %uc S
Dstermine xgk) - xﬂ)‘}"f ' Determine "(k) * "(k)’ Yes | Determine x;.k) - xﬁ‘;
&), & rral)y ’ ' | I
T ‘ foxy ) l‘(’ Y | el
Determine xm - ,‘(k) *B(x{‘k’ (k%) ' ' — aﬁ
6 . No e ‘ Dotermine xif? = (0} "1
o 71 Minimize T )) o that TY) ta® = ol |

% 00‘) l.eg n‘k) . x(') Campute { (! lr))

. li.‘f(xﬁ‘%) ‘,Q(k)',

o - (k) - , ,
Yas” | n«tamm"u -x Determine new values fos “"2”)%-::4
v '," f(x“";-m‘“) ey
el <toih | ]

.t”!

No . +@crmim u‘” =y “*0.5(8“‘) - “)).i-' t.

Flow diagram of the flexible t_otemnco algofimm'. vy el e
TR LITARY DR CF uicm

N a—n
Aateate S el eSurial
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xnitintian end Zomminationof Qaurcb.s

{n+1) vorticon, vhore n io tho Cotal nsnﬁaf of
voriobles (dopondent omd indopondont) in problon (S.1),
oro usod in thoe mininivation of T(X), wvhorcos (o1) vore
ticony © = nen 40 thonunbor of dogroos of froodon ip probe
(541) are usod in tho vininipation of £()e If n e O,
thot is, problonm hoo neo cquuality constroionto, thon 2 e 0
ond ¥he sininicotion of £(x) dmvolvos tho vepe nucbor of
doprecn of froodon as dooo tho nininizotion of 2(H)e

Te initioto tho pooreh for the nininizotion of £(x)
using tho flomiblo tolorarco olgorithn,ono noodn to Laoy an
initinl 2$°), tho siso of tho initinl polyhodron G, Sho
v@lﬂa‘mm‘ﬁﬁayt ond v In ordor %o otoart the nininicotion of
£(x) with tho pppropricto polyhodron size, t ghoild Bo 00loc-
tod oo & function of tho ompoetod rongo of varisticn of tho
vordoblos xs Uounlly uppor ond lowor boundo on x cro bnoun,
in whieh cago the followins oguation eon bo upod 0o & POGe
ponable cotinmate of t. |

p—

: . n L
t = mf 223 é {BimLa)J‘ (ﬁaﬂnﬂ)'nuu’(vnﬁ%}jg {5¢‘1'1)

L=

vhoro (Uy~L,) io tho difforcnco botuoon tho uppor ond lowor
boundn on the varioblo I, I€ uppor ond lo.or boundo of =
ore not lmoun, © yvonoomablo gucos for € will hovo to cuffice.



Uith ¢ho algorithn propocod in ¢ .1o otudy, nenglodbal
solutionn oro caplcr Lo ovold 4f the initinl polyhddron io
oprocd oul widoly ovor Gho Copolesy of £(x)e Cho otzatosy
of tho olhoritha Goos not ¢opond on ony locol proporty of
£() nor on any cochinntion of tho proportios of £(x) and
tho eonotrainto, In coeh otago of tho coareh wlng tho
£icmidlo Coloranco algoritho, inforcution for €ho mont movo
10 provided by tho (2+1) vorticen of tho polyhedien in £V,
“horeforo on ioportant cdvantopo of tho proposcd olgoedithn
ip thaty, in tho bogimning of tho coorch, o lagge nunbor of
vortioon uﬁﬂ»uiﬁciy uood o obtain infornation about £{x),
onhonedn; tho ehance that goro E{E) will bo found that loads
to 0 lecol optinum £hat io botter than any othor locol
optinun,e

1% is sliso cdvantosoous to build the initial poly-
hodron with on () that 4o foosiblo or mocr-fonpidlo. If
tho initicl polyhodron is built foxr cuny feem tho Zoooiblo
rogion, (re1) verticoo will hawo to bo roplocod by vorticas
closer to tho Locniblo ropion,

Tho procofurc for obtoining tho worticco K§°) y A=ty
LBy roguirod Co otart tho copreh 4 Qo £olloups FPron
cxpropoion (5,35) camputa‘ﬂ(”) w 2(0+1)t cnd conpute ¢ho
valuo of ?(x) at tho initinl vootor x(")‘g 12 ‘23(3.(") )Sﬁ(")
#(°), tnon 2¢®) 45 o fonoiblo or nocr-fonoiblo point ond tho



- 67

initiad vortlcon, X %%, 4od4sss Ded, OFo obtoibods 12
nx{9)y 5 g(9), o(z) 10 nininioed uatil a foooivle oo
noagwfoaoiblo & vootor 4o obtuined, and thio x wootor
bocoroo tho boco point for bullding the initinl polyhydron,

Tho alporithn torningtos under twe cirounntoncoos

1» Uhon Q(“)fg.E, s in vhick case tho peoareh io

conoidorod comploted and succonoful,

OR
2+ Yhon 0 fonaible or & noar-fonoible point coannot

bo obtained in vhich caso tho scoreh io tormie
notod ond the usor 4o Inotrustod to chooao o
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Tho initinl voluon of tho variablos of intoroot,
the nurbor of conotrainio both oquolity cnd inoqualily
ond tho senvorgonce critoprion chonen ore printod in tho
computor ocutputo fer both dotornminintic amd gtochantic
caoos 7Tho volue of tho edjoctivo function, toloronco
critorion and tho sun of violated constrninto Lo tho
initinl otogo 3o aloe printed on tho ouﬁpnt{ AECOR Qvory
I otopos tho voluen of objoctive function, toloronco
eritorion, variablop of iﬁtﬁﬁﬁﬂ#, cquolity nana@raiﬁﬁa
opd inoquolity conctraints io enleulotod anﬂ,ﬂwinma&u
Tho voluo of & dopends upon the numdor of wvordablon ond
tho nunborpf cquality conobroint. %he outpub fornot for
both dotorninintric und stechootic coccnls the otoo.

Ag tho tolawpneo critorion moots tho prodofincd
SONVOPEAnes 1in£ﬁ!‘¥ha polution eonvorpges o the optical
point. Totol nuobor of coleulotion otogon in peintod
oloag with tho 2inol volue of toloronco @rieoriﬂn; indom
pondont woetorp (ot thoe optimal point), t o voluop of tho
ogquality ond inoquality sonnteainto. Tinelly tho progyance
indtontos the ond of the nclution proceco by Cyping "RUUSE
ARE THE PIDAL ANBUERGS". Tho CPU tire upod for $ho dotornie
niotio problon 4o found to Do 55.8 cocondne Tho total aunbor

of caleulntion otocoo for tho dotorniniotic copno, oo roquized

-
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by tho algerithn o convorge Co thooptinal point, ip 519,
The optinnl ¢lLorcal gomoraticon coot givon by tho voluo of
tho objectivo funotiocon valun 4n 2£85.035 unito of curoncy.
Tho convorgonco 1init for tho final stego 4o 0.75345 x 1077,

Tor tho otochastic ense, tho OPU timo roquired
i 89.5 cocoe. Tho total nunbor of ﬁamumi:im .aimgﬁﬁ fox
thic eogo aro 203. The optinol thormal gonorution cost
givon by tho volwo of the objoctive function valuo io
305,52 unito of ourronby, the convorgonce 1init at tho f£inal
atage io '0.?9891 = -*10"’5 + Tho vmuaa of tho vardablos of
intoract orc pivon mﬂﬂﬁ the hoed *The Infdepeondoent Vactorp
ore =o', Pirst oizm voluos aro for thermnl goneraticn end
tho next oix for the hydre iocharpo in eudh of tho oin
intorvolo roopoctivolys

DILOUI0IOE

In oxdor to study ond dincuco tho Pooults
obtodnod, ploto hove beon drovm for detorminiotic oo w011
op gtoohostic cano. Tircn, op porthe norm, is takon oo
¢he indopondont voariablo on tho ¥ aric end the vordiobloo
vicyy donond, thorral gonoration, hydro mnomt‘iozx ond water
dicehorge aro considorod oo depondont variobleo takon on
tho Y axis. To molw the analysdio of tho rosults all the
‘variobloo cro conciderod in tho somo plote Tho poriod of
oo yoar, dovidod inte oin intorvalo, otaris Cron tho
noath of July, the covonth nonth of tho yoors Odneo tho
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oonooon 40 soheduled by tho thio poenth, paxioug leod 4o
Sronoferred to the hydro planto in tho nonmtho of Finy ond
Juno (6th intorvals)y oo that pufficiont opaco can be cren-
tod in tho rooorvedro to asconscdato tho monuoon inflous.
Thugy tho thormnl ponor-fion in tho sinth intorvolo rooning
ot 10 lou lovel ng compored to hydro pgonorotion which mooto
$he major part of the load, Purthor, in tho fourth intorval
covoring the sonth of Janunry-Fobruory, the pover domond
poaks (50 M§§g This lond ip chored by the bydro ond thorw
ool plonte, therosl plants shorving more londs ALY of the
incquality and equality conotraints eve satioficd in ro0po-.
nablo limits. In bokh the cogos (e) dotorminictris ond (b)
btn@hamtié}ﬁé%a above Zeoturos hovo beon oncowntorods Ao

- the solution approsches the globol optimel rogion, $he iopro
venent in tho objootivo function bocomos Brosrospivoly lopoor.

The ioprovement &n the oatiofaction of conotrainto, hovovor,

 continuop. |
For thio zoaoon, tho indopondont woriabloo (of

futorent) are variod till thoy roach: the optinnl point
sotiofying all tho conotraninto and globly optinnl point 4o
roochod,

Tho only difference in oaeo of tho ptoshastio
eago in the xéaaannbly high increaso in the voluo of tho
objoctivo functions This 40 due to tho socwrity constrainto
on the donand taldng into cecount Choe probobiliotic foaturoo
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of tho dooonbe %Yhooe conctraints aro voopeacbly cotiofiod,
Tho pumbor of otore caleulation to roacch the optical point
40 Lound €0 bo looo {n thig cace oo conpared to Tho 4oTCPrm
niniotric cacos Thio 40 dbocowoo of ¢ho moro cppropriato
initicl voluoo. In otochastic eonce moro losd docand 4o
divorted towvorde tho otonm plantos This io bBocouse tho
ptoon plont hove o high someration copoeity, maliing thon
moro relioble gourecn of povOLs

ﬁ*hm* tho rooulto ore Lfound to Lo vory GOt 40w
factory ap well as mammim Tho algorithn proved ito
high efficioncy tolking only 5548 oveondp of CPU tieo in
dotorninietric oooo ond 893 coconds of CPU timo {on DuC
20/50 oyston) in the cocs of otochootic foromlotiom.

LR
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4 Qotailod oludy cf $ho ni@ roance b drothoroal
conoration ceheduling problom han bdoon donoce Zho oycton
conpidorced f£or tho problon conpists of cno hydro ond ono
thornal conorotion plomt. In thoproblon formulotion all
tho rolovont foaturon vis. nonlineny thormnl ponmorntion
ccot function, nonliroar hydro gonoration function, Sranpe
nicoion lozoon, cenptrainto on opilloge ore incoyporatod.
Turthor, tho forpulntion 4o r2do nore roalictic Coking
into occeunt thoe boundo on thozpal povor copoeilys bydro
pouor copocity, atnmm;@vcapaﬂitya dicchurgo copocilys

Tho foroulation 10 node nore rinstdc roalictie
tal:ins into cecount thoe rondon nawat'ﬁamnnd¢ Chonco cong-
trajved progracning (28) o-prooch, on officiont cothed to
incorpornto ronden footuro of €ho ayoton wnlor conuidoration,
io nedo uco of for dncorxporuting the obtechootic foaturo of
doronde This foroulation 40 furthor uwood for oolving onow
thor hydrothornal ponoration schoeduling problon.

Tho £loxiblo tolorenco olgorithn of wnonlinocy
programning o uwooed for tho solution of tho problonps. This
nothod 4o found to bo foot in convorgonto, Tho rosulio
obtoined ore vory realistie and oo guorantced by tho
olgorithn, ore optical. Sho vator dlcehorgo ond thozxool
conoration policion arn vorys logicnles Tho CPU Cimo conouncd
Zo» oolutiom of thoproblon 4o rocommobly loco.
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| Tho dovoleped pachosoe OBRDDROTRIDE PRC3y for inclue
aing o 0 highbéro cnd B thormol plontsc con furthor bo wood
fopr golving lorgo oyotord gonoration oehoduling problon.
Coin~ the chanco conotrainoed programming tho probobilistio
footuro of tho river infloun com aloo bo takon into cccounts.
A4 1littlo modification in tho oubroutine prob. con axtond
it une for ﬁt:mhoaua problonn,

Tho podol offisioncy ond clononcoo to ronl world
problon roconnondo itfqma for procticnl purpocos and for
lorpor oyotens, whick 42 prosticed, will rosult in conodw
doroblo oovingte

L
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