
OPTIMUM HYDRO-THERMAL GENERATION 
SCHEDULE 

A DISSERTATION 

Submitted in partial fulfilment of the requirements 
for the award of the degree 

of 
MAS fER OF ENGINEERING 

in 
ELECTRICAL ENGINEERING 

UMESH NARAIN KHANNA 

DEPARTMENT OF ELECTRICAL ENGINEERING 
UNIVERSITY OF ROORKEB 
ROORKEE-247672 (INDIA) 

July, 1982 



Cortifiod. ttat th e .iaa r Cation ontittod  

'O1?IflUfl DRQ TLflIAL GEl LiICtI C ULDU V' uhLob .0 

bow suh ittod by r *tWiI8Th til AIN 	r' flA in pts 

tulftlnent of tho reufrooue LCD the awl of the 

of the I 	I? gar flOOflX , CC1 	(t,P) is the 
record of u4ono mm wart ea2r oA out - by bin under 
my .euporviton a 	1 nc . The ctttor ov,b iod in 

this Diacertstion hon not boon submitted to the aid 

tt LD furthcr COit itie% that be bas 
~r 	r a 	

s► 	s 	a w a.a 	a: 	rW 	= 	a » 

July 1982 for pzopahini3 this caortztion ct this 
Thiivoraity 

Dated July 27,x, 982 
Leot;uror in 

1iootrica1 Bim;. eport ori' 
tnivoDDity of Roorkoe 

oor1 e 

 



ACRITOULEDGEREUT 
rf1J1.tJrIT 	 -1r -- r-t-1T 

Tho author uiaboo to oxprooc bin profound 

k 	 Utndo to bin op 	cot, r', Gomumcw, tor tho 
unfailina inapiration ft4 va1ttb10 ionco CiVtm 

by hiD t)oubout tho COiUCO Of tJiO ttOt. RO iü 

also tboi*.tui to tho road Of thot1octica1 Enctj. 
Jopcthont for oxtoniliva val fcciUtion of tho 
aOpZZtOnt for carryina out the work* 

Tho author la nino thankful to DD.Shcx,u, 
ocuor in tioctrioai rzeincorinG Dopnzbthont, tYniver 

city of floorieo, floorco for tho animating aicousciano 
nzd ouccontiono Given in tho couroo of tia tork* 

In propwation of tbic ii000rtaton tho 
author ban had amply conculto(L tho litoraturo of marq 
rocoorchorn xi tho oubjoct !o GratorU21Y co1odoo 
on and all of tbo* 

u ar .iiwt 

00 



LfI 

Tho byotbctai coio acici b flUnG pc.  or 

o f Eo.' Of 1on~ ; rcnco, tiui 	co or OIIC Q O UC8 O3 

is basically a nonitnoai pro3rr 	ob on with a t 

, of objoctivo A mcti i n& it ritzuro of iin cr c 'n +. 

UnoGr coo4nto. Tho pz000ut work moon o a 1iuo3r  
, 	t i chniquo ci110 f3.orthio tab 	Co iCOithifl  

rihicb ioa ciroct optiet 	t► 	ic uoigoz 

ooivtn 	Oro orr3a•L Conov3Uon ccboubin prcblctio2 both 

doinic on toobotto nouto. The rio tibio 14 oio— 

.' co ciorLthin () inpr ovoo tbo `S ' .uo of t o o cc i' 

ncticn by uoin 	focoticpzovi&4 by 	oib2o poico, 

co o1i i+ off 	n y-, octblo pointo tc'rcdcc 

focaibjo pointo Tho noz fc,ibi1itylimits to cUy  

c o Coro zoo ic'iiio co thQ iamb p oc o 	QCiQ thO 

oobution of tho probloc unci. in thio ittiit on2.y o 

oG -acibio voctoo oro found.* 

A aote n c is o o on to 4o1 to f z of pocoito i 

Which tea into account opi11inc, btu o all tc pi 

oica3 v* cb c c a a+ rA1inor funotiou.tt 	loo to 

z~Qz'votr otoxQCO Tho mciio1 o ocaoa to ccv ?ociicia 

thin the ox ct as 000. Thocotoi to fboi i r vo to 

I 

tc±o Into Qecount otoohactic do d cza j cbcco co a c t 
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procraing and a case ty has been worked out , Clho 
, oa its an the coriputoD codo,io found to be capable 

to treat efticionti7 more CozpIez probieiris,a tho bao 
of 4" e6ucad rate. 
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MI MOR0,LMUM ,  

Zn rocont yocro thoro be bQon t cuhotonttoa 
incooao both in tho of ond cor2piodty of poo 

far 
cycto* This poriod ba ciao boon chetorco6/n 

rico in th* coot of difforant tuol typ000 Purthor, 

to l4Lm  the OxPauGiou 01 oiotinj Gonoratinc trnitQ 
t1iO 

or to Inatall notr noucocot Gonoratton# rxmyof/otor 

Rocorvoir 	fj4 

The inorcablus Utilization of intorc1icnje ono 
Ire offoctivoly provided n othor net to of ocurco* 

uctivo ocurooc j3 Ow bOCQiiI flOO diftioato  not 
onibocaiioo of the 3oor mzrbor of pier to1  but *iico 

'Jb000 tuotoroo, ubou toion t:ootbor, croito the 
no*d for a ooro oyotortic approccb to the dotorriirnt ion 

at conoration ochodulo for the unite (p), to:) to he 
cotzittQd to eorvico4 



. 	 a 

Tho pzoont &y paz'ri ayctox, to ic1, r 	1 
conciot 02 a iso nwbor cit oto and 	o Co c t 

p3.crntz connocto to tic o 1oo contrcn b a cv ioz into 
conoct t3no:tc3Qion notsort. 

D. 	1 .i 	ncirtjinoi coct of doo1ootitc 

x 	t. .a ~l 	a ~A 	~~c" 	s 	 i. 	w 	t 	ro 	..~ 	• a 	s 	 1 s 

r a s 	n. 	~ r 	r 	f r 	F onor r 	a 	a 	s 

..
.:f ii 	$ 	it 	1.t- 	w 	+Yn i 	•' 	! 	 C i -! 	. i i 	lk.i 	

i .jF. 	.. 	 w 3 

^>.; 	p ..$ `•H'._.i}.. 	 ik 	#- A'#.,' 	M~ 	3'-CA 	1-f 	:.Mi 	1 +t 	
w... 	

i •. FSK 	cWzlo 

w 	 #. 	b 	'f, Y: 	f .M - ro 	/ 	• G, 	 0 	0 	6 	4 . ~E 	M i 	rl 	1 

t~ 	r 	=rte • 	r ' a 	ti , i 	•„o 	:• 	sr k 	a 	r rr 	• 	x 	+t 	* 	s ' 	t 

	

Y. `c w A 	■ 	k 	e 	rs iI ' e v s 	a m r s 	r 	~a • q• 

v u 	¢ 	a • r •' 	a • 	~ 	' a 	o .~ ~e 	~ 	W s 	i~ 	e 	~ 	! 	.r 

o o t 	ootori is 	rno by the capacity of tho roaorvoir  
tin tbo proo c ' c4. ` - k :a2 .fry tbo c afro f ' 

oiucj tbo .acriou2turttI, .nvotianaicM c.tho intoototo 
quicono. ho oiu4ou tothpobos of 	otbO 1  

conor t .a cabo u . 	# V u intom , Of ter *+ c otO 
of aotor4nction of a plan for .rciol of uator r a tho 
z000zvotro for pornr onorction n6 tbo otorninutmi1 of tbo 
CO OPO dinC torxLl p# r conorution, so ac to i$ritico 
tho total thorcal fuol coat ovor tho zpocific porio Milo 
toot in tho total poor +aote +rte tho oyotco and oticfyint  

tho cvoctro.into oa otoro o dioahcrc cnd noz' 	c c oil- 
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Tito cyclic natu of t ator flQt2 on l 
do =d no tali Co the valiaity o " the uo of acoio, 
cwx Coto 	ittin„a the pz ob cr into Iona r o,r uj 
M 01k011« Don O probiota. Pte* tho Ion rtino pobloto, 

the porio con be one .qtr ( toto floz cycle) Or rei'o tom, 
that Xl. to cly poco iblo to ootimto Diver Elci and the 
cyotoo load by cc1 is ?X: of p ”Obebiity theorieo,rrzin  
tb y aal o 13ODO 4iffiCUit.I O O 	it tO OOQnUO1 to 

ta10 ua or hand iition offoctin the ;moo out  ton  
oficiency, into coorction,  

t 	• J[ ;. 
	A .. - tC 	i. * i 4 	e 	i!R 	# S 	tZ. 	►t P i 	t :.. 	'1. # 	s 	_ . 3 

t o 	•.i 	a 	c to t  

~+ 	s, 	e 	u 	s i 	_ 	art 	t a s 	w+€ 	* 	 r • 	+s 

4~ S 4' s 	d ft - F 	w • 	! t o pt 	 ~f.. 
	

p o m 	6t 	a ,i! 	s 	R 	o .F d! 	S 	t. 	#.. p 	-# a . 

co loco Io1lo&O of rocorvoir : *era andcyctoo l 
CZ'O COflOZ'Oil Coote forthe porio of OflO: day + 	O 

~iook. Itoo, bcc' r, fi ou14 not appeAr to ho a recconablo  
aocuopticno, oopoc ctuy In the ca co of load docm 4 tAtcb 
proconto clCMIL t. do 	tl ovon shy 'dim 
poDicao, 2notbor Qcourptin iido in i hort tovi oC1icuiini  

I 
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Doblox in conatiint thtOD boci tihiob to co roc O2.7 in 
tho cbconeo of roco oiro wit ► h', rolationohip botuoon 
Ijarlt oust of apt of y, 

gfoøt Of tho 	ootc,iorc m oituato4 fo au 

from the load o .tro. Thin Ln dao to oovex1 r r.ono 

tlio tiot tzortmt boin. thea' UM1>i1it of rotoz Chun 
zootly bdotoUonc ro not Xo oionto4. Thin ocuoco 
con.o54orabio tthoion 2.oa, bicb, " not acute 
Coe, o foo o the opthw as 	at C)or3tici. 2b nn, 
it in u of inzonco L oDtanco to conoicr the ta•oriaojon  
loonon oto soto4u1ip tc•noitio* 

thorat p2Ant1  torx.•to co!iponon of ozve2. 
ouboyntoz, uoul' ,  c 	•o o Of ODO nUtIbOZ Cf UA t w 

Ott 'pOn4 oht dotn ctc $y 	out a 	i t- 

tonenco cooto of tb000 thorn oto 3X bon= 
obx?bC of mor bottoon the units for optima v at 
oche o (.tvon the occtoxzy point of m) opcnc upa. the 
units brcht on Uno in the 	 r of norit fo obi 
the 1oo4 Tho 6eoininn. to bid Into operation mob 
unit attihit tico in mor no unit co .•t con probior and 
in a.tn a poio.a to bo coni54ero8 in the c c&i 	pr 
cow f rovor it in thio .: ' onaunod that u ouitQbiO 
unit oonittiont ccbouio to bo; toUo a of tho 	ii. 
p anto out the Gonora t oobodulin pDobl r, to ivon all 
prIoritioo afd ocn 11tZOti -.. 
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V tI o `, if tho by6xo ouboyototi conaiato of 
cmoc od t 	punto that tho diochctrGo, of tzator to o.o 
} 1ant offot to tiio Conorti ► (hoc4) of otlior lantc (Wan 

otroc13, Ibnco C0otiocobotauiin of poo 	t ouch a 

	

ooy toti bocotnoo 	on tbAn the oyatori wit 	adm 
rocorvofra, o ~ 	ouch caoco4o planta ciro ioccto . 
p1anto oro located at an appci6ioblo dot co thou the 
tito iaj In thov to 8 ockaro fro upotrcau ando 

to O & 	at O bAC 0100 to be t 021 Into cooi~ 

	

Into 	t113 the OflOrat ton ocboduUat probien, 
tbo in p 	- ' T i 	too cany and. vital O IP to iopt 
In oind. To otart dth, a aip10 but hoaltby toLlation  
to on incorporati nonlinoorcoot and E noxa is fune 
t ton and 31LO the tuf1oo o2 tranar .O 	1OOOo '21O 

pz000utod to u3.aticm to t,ottor than the o ,o in Goo 
►o auo of (a) the 	 ooa i of the amicus (oof.reblo 

t euros a. onli c COSt Lif4 GOncra lion IMO Pionf trb4no '.. 

400tcn loccoo and atocottc dori +.4,, (b) the fortmlc t on 
to vory oaer to folic aloe. T o uoluUon toohnjuood  
to a dict ; o ho . l cotporod to the OiotinC OlCO'tthtoo,  

thio aiorjth.xa to faotori canvoonco and eon ofiotontly  
Kar o the lcro Viso ayatooa aloa Ytth the nano cOpUta  
ttanc&l o Sictonc . hc. alGoritixin Thor cu atooa a 
lab 	no Global. oo1ut .ono 
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l z`obloD tttOCOO ouccoao2uily Ifl tIItQ c :i 
coo unor the Nord of miff rmco px'ohiotho. fotb of 10 

tic cd &tozninioic ccoc a'o 6oz3t ziit , Tho ctu 

at to with to cuzvoy of tho prob oo i,bopep and oo]uton  

not cbcptor (raptor 2). in ch t 	VaXioUD curoa  
of 

 
tbo bio cnd t 'bat]. rono t ion uhitc an the 

OOH tO QX4 COflbnOa OOX?ZtLC OO O't O  

t ;o olocontcz7 loyal,, alyaintj  cash Ch en of tho probe.. 
ion can. tic' tlr c 	etoricinG tho tin p oblor.  . Virc pto 
2ocmooD upon tho roiutton tocbniqio used Q . tho dovo iop 
c covithi : , otop by stop. CQ, to , eonconttoa tion tho 
prob on 2onulit ion for both cc.000, doto 	3t is ci. otocmo- 
tic endcontsino the 6ato for tbeoo p ob o • Chor 6 

Cat. QD tbo rouits c e L .cn ooton tckins each colutI 
coo by ono Gctn4 the final o as for io 6ovtoL to can-
oltoicn 1oriv4from the raulto. In the o1 #n aonaiz  
JO civen coutaininG Coaputc Lt'oraua 2oD aubroutino }ob. 

'cod. 
 

to Zoo't the probioii in tO txk1n po i1 as  in both  
iotozinIatic rd ate hectic coca, A c o orol coutino  

prob, 2Oz 	QV ,; a 1 'Q E1 fl t aort,. Or0tCm pZQb1OD 

to tivon olonctith the xutn 0 
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0 8 	'2 tn 
-1; 

NOUflAt GZLEU'XQfl 6OIIEDUZfl0 

A 8URVET 
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TIo problorz of 	otbo ." a Conor t o cboduiinr  

a do taxa of tirnfr ocootc eotionototo4 fOZ3 tho-  

Uro o a !o2, OuziitL oro cociitte8to tam +cam thq1oa 

of. a poo' cyotoa *opo totc1 capoitocood 	bo 

OfO Dticue r qui. 

a 	tool or 	 ono atiun  
s: s ac a 	: u 	p~ 	c 	ae 	i. 	a' 	wi. a- 	a 	a 	s• 	.. a 	o 

$ 	# t 	 ' 9i 	ult ~t 	T" A 	l~ 'R 	tit# 4 	d -. 	u1 IF 	# ~' 	/ 	r 	 '. •. •,C,.,. 	~, i 	* 	._. 

Xn the oc '21 6Oo c n io O oloetric de Pico, 
PutfoDt1b the iM'1lfSP oorin 	 in the  Imat i;ozatio tci i4tttion  

oconotic OzOtLan ac 	no tTcCtgsi the  

mo lomao P Q cc 	1 in 	 . matvttion bohiti4r 

	

o tco the hope that bt eEothth4& tion c 	*u d 

be oclitx thicb tioDo boor4that 	touh  

tho c1 o&& 	o 	q ooluttun ofC D1Q*'Ofob 
lam . 	a non1inocz 	ti cto tihicb moo. boon :bo 

oubjcct of uucb ctu till oto. 

The i i i' of a poor ctO3 iu an 4itio  
0 	~R 71 4 	•Y r 	

_ 	
►,iE

...
f •# 	,i . ! 	,.. ~y ! 	„. i 	k! 3R~a4 	-' r 	

- 	
r w 1~. ' M 	Y. 9 

iaat Lo o It boo a profound it1 cc an thozot 
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loodod oto.; (2) boat point loi4irit, tboo unito oxo 
onccooivoiy iooa to tboir loveot hoot rato point 
boC;Inninrj with thqmoat offiønt emit,. and uotirC  do= 
to they boot officiout unit. Only in tho  Orly  300  it 
tmo rcoc5nizod that tio inez'cnontal nothcd or oqu4 fteroø. 
Otl nothod vicldod to moot oconooio roculto. BY 1931 

tho i4OO bed c 	cUxo4 ou.ficiont1y .an4 it io0 mor 
otooA that on o *mdconto3. prinepbo the inc* cooto 
of all uita oboul8 bo oqual# for co0404e OpOratioal, a 
Loot vUoh to approoiatod ovou to ae0 Howovort  tho only 
vribboo oonoidoi'ea in thin rpprooeh toothO unit pOioo 
carn2 tho iniuienco or tho tz'ononiooiOD notwork VttC icc4. 
¶O &OZitO O tblo OUB Inaro=utca zothod t10() tho 
coroutationa cotVlozatleo j computation tim oza tho 

cctn1oitioø due to rzo ariattc of 1ozido* 

o0O voro reftood by tho 1OV1 	Of tho, 
atation Imaina oli(Lo rubo dovolopod for tba ornobicaote 
FicoZ4icou syotom Corporation T3.C. in 1930, In IWO tho. 
effoct of 1030 %A0 D*OOC1iDO(L O1. a fort for cciLorin 
thom in to---cc of inor,ntcii offloioncy torto uac intro 
duood by 8t5!nborJ cn """Cath. 	Zhic uc.o quito oii.lo 
to tho pomt,ty ro= (V/ML'1),=ad to t&40 dcq but 
uppiioL to a cinbo t?ono3iaoio21inc. Tho cant1 
botina pr000a ran obo' coil c*ab0000. Dy 



0 

ocoor1c ccboau1in; `ob1oD CX.1#L bO O ACa MOU0E01 

tho ion 	off" aoyztot ic tumoaood b aoozinftj tho 
i!act of a lino s 	otto out o. U 	luo co' 
ori `ficion coo wood for Chic puzp000. Tho ineorpozatioD  
of coc' ity caro; -oto 3 qciz of ocouoDic dicpatcI, 

ub030 aoiutiti 'U4  
oOawitr Owotr nto ic ottfl o 1ovoojnontoi tea. 

C,tiiic1i Coflot'ctttorzO hC8.uiifl3 io e ooutctionoi  
pZ0CQ3C t!hOZOZL tho tata. Cou c ti o ruU 	cated 

+ ,,o ti O Conoz- 	' t' ava4ldb O, CO that tbo C ctr~a. tO 

izO3o,oro octtiofio4 on tho 	 r j OUiZO23UtO iti tOI C  

of t : /1iZ t Cu oUe7 	Q tIlitljt3Od., Opt1i x 1 &ttcb 
c 	r twit unto that erc to t10 en 3oc4 oz'o otuiitto L  

at1 t oload1: ., OOtOOZO iflCDOa 	OCO0tivO 

of aha :hr or not thoy oo onoicjno to taio on Q« 	*now" 
ration* 

,wot o c c boQI to otoo brat to o .+1y 204 
or OVOfl O41iO ton the poto cninooro conco 

	tio- 
colvoc tr&tb 	iviin3 WIS oycton Joz4 	tho 
coo  coocUt tnito, in r,(.or to dobiovo Coo,,.tia 000 Ot. 
Prior to 1930, thqoat uo 	tboao ioro (1) do boco . 

.totb k; trho. o tho moot off ciont tuiit 10 loz9oa to ito 
ooUu capibL1My, thou tho àoco moot otftciont unit le 
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lotidod + too  # () boat point 1 r i2i(, Whom un.it oro 
cumowivoly 3.ocioa. to tboir T+ Oat heat to oiut 
botnnin3 dth hgnoot o iciont unit, un4 u 3"' :., C 4a m 
to tho ioiot otticicnt unit. 	' In the o " y 	it 
arcrocoz4iod that the tneror2ontoI nothea oequal e 
cittaamøtbod ;ie16.o4the most oconor4o oculto Zy 1931 
the iäoo bu1 c 1oiioca a tic tent ly au4 it 
o d that ce o. tu 	ontc prircip10 the ci n 	os s 
of all unite .cboilG be oquALfor economic O o 
fact tthLcb in potato oo.n to day* oovoro the only 
varitblop c iore to thin cpoach tioro the unit O'oz o 
and the intltnco of b tr .o son notto o  
The &vorito of tbio o Ca . inertmto1 cetho4 ioothe 
ccnputaUcncl con1orttioo, coputmUon ti c ho 

ootnj1zitioee du s to rhe vztctttrn of 1oo,  

oo too cuoO by the iovo1opzvt of the 
eta tion xzae a1 Co rti3o 8.o 1 e tov the oonoo1i.eto8 

.co s ototu Copottoi U*t 	1)3C* Efl 19 tho . 
affect of 1030 vim► roccnicoI or a 'oa foa ciovinG  
t .cpminVm- Dfl of oS incrontal efficient' home t;ee intro 
duco t by Ctinhorj cnd Ora it b. , 	. Thi '2Co 4to olmU 
to the melyf 	( /? 	), uood.totbo& b 

,3.etinr pmoeooa ana e1oii cnd .a mo • y 
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" 4940 t'ho loco ou1c was ►r z ii' ucd in 
ccaotrzctim of c vorloco chcrto, L tGtbodof oporIy  
oozinin tbo incro=uta" fuol coot uith that of tttoon  

.Q"..' coo xaøDbvi012ZiZ nood : fpr 2Iio cbiionry of 	̀in1nt 

. j ivinzj practicobUity to t 	o"ns Zc u1C t toion 

hc, Ilio o!tort a ronultod in tnrnh iceov•d 
loco fora c u1&t 	odu o 

` 	r 	fit~ra[a 

Th000 tbootioai dovo 	ontø Jens, to tIIO 	4opx3nt of 

zo aootUiiatLon o u ioao in a aiaptcttnc cuvfrcz3nt. 

Atmomi s 	locopncity f tOI 	pU Cz to dOViCOL. bv 

1k54( )  4 v ucd in r 4uzction it1 c.n inotoi. 
10 4 ,: oU to 10 fc pro u*i i;6i1y on cttci 000duioc 
in c low 4t itcbin o12.tco* 	for on* in 195, a: olo 
tat ie #2ifgocntio1 d o 	7a &.0 tio1o4 fes+ Q in 

000rio&o cctcduiin,, fo off lino or c mo. uzo. 10 uca 
of dicji'tn3. c uuor $cr obcnin toaeiacøcu1o, a 
to to of tho tutuo t. riucz; to 	s# trne a so 	QCatOd 

.c in uco to this +day,* 
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In 1952, IIvc Givtcod a cot for fee-tho 
tot . i oro nt , i00000 or tntocozrnocto+ ayz,to - o Wine 
do 13 CLtDiCQC O indivi Q3 copni0o (3, Z, ). 	o i or 

o on4o 
 

tho 4er.tvtion of tho cooiniton owtio to the 
tuft 	oc c o(7 ), Tho t z3 ~ diftorouco botocn tho  
oiuj10 cra and tho cats ODO cacti is that i tltO/ox!oa 

opo# opt a,' o optima 	a, or ozeoza(ozeopt  
onO) hcin to bo døtoinoI. 	totol fuol input is Luo  

b ¶ 	P1) + ; t 3(P33) 4 *,. 	 (2.2) 

ir a?) 6onotoo tbo totes. fuoi. coot in cwoQ 

?ovinci1`a oconotint  

o(P )a-' +P _P- M*P : 0 	, 	(2.3) 

t oro 	P ai*4in of'aoll oo I and 2 rcctvo1i, 

of ( j) 	' ► ' P 	" ,Po "`» 'G +c !► . 	. * (2.4)  

Vor oroa 	thouo '0 6 oton tbo moo toobcno 
or O COOL D rOoentoby tho 0Ua i 	Q. Mo tJLO 



At 

UsingC thoo r crn'o tcoIrnio# tbo 0OnotajnQ 
t'o o mujuzcn oO in tbo objoctivo 	at . o to 	m 
bia 0000CitLtO3 GnO.1COd tho nouor10 to tov co a. coo 

oxcot nottoDk rcproccrntcttio . pry= (io-►) and a 
mid tie rno4o called tho tntorarca rtrz 4 
in 19 ?54 This 12 o] low uc4ainiy tor uiU cost cc ]o 

,I7c t 	.i  b'„000rito6 a rzoo1 toz  
h D x 1 LmOr'tOn cc to iin The n•onlincrnr Coat 

of tho poor onoration and o or-Mon coot a o . 
rated In thooctiol. 1L rotrizW 	cco ' ”• for 

100400* ¶bo prop ,oi to 2#alt 00 0 iDia 

tion problem* U ratoraot  tbicb flucuto In do 
wit the reservoir uatov in £ w and the uctor trio heMot  
co c ift 	a otu o v'io.bloa of tho oyoom.  
total tborAl norat ion *oat over tbo cpocit.teti pori. 
.o ainiood aftortt t tho control vriolo'tinter 

d aob 	' at ito 	mw*  Copla oloc 0o oolwd  

uctrc tho 'ccin 0 aintn priciplo otoptic 
control, o?, aa1 at al. ( 2 s) tarda od tho pobloc 
biioo *uito o .Uar to tho'oat O aotiol. flovOvor,  

they 6ólvo4iic problozi for c Cor cico of by  than . 
c o oi. 	aerate tic + fcrnulatto of tbo prob oa 
uco oloyo 	flothoti of local vriatioo cc coti . + 
the colut ion.. 



licos + "Dtt ( zz) iovopca on ciioic.bz Ona 
øOpUOZ CO, UOifl, thO 4t2fl117iC 1 	main xt COCl 

zotrtian 1 itht, SOD tbo otiricLtion o poior ono-  
tion ochees for uiiiiUot p ticipcinj in a eooz'Lina..  

tion r000nt. T o , pc o ocurcoca c c dorod roto 1 (1)  
fly*Lro (2) h 	) 	otoro uriito () Dtvorot y 

tiorchcnco contvoco with out  ai4o utiittio, ho propo u 4 

coutocio oz ouoo ad for tboo 	icttc 

rrix 

ODtO1( 2-3 ) 000nto4 n GlGoritlua b£ o4 on 
ftrct oar° tt4iont tocbniuo in eonuction pith a no 
•Uno3rro jx  oo t OlJ U0 f QX 0 1on XZGO ydraMor 
ncorotiou oc 4uinobjoo. 'bo oyotoø va3? o Zco t7orO in 

4ioo'oto tom, ThD otccotic ntiof d c b4 on tho 
provioic &n of tho ator th ovv 	4 ox.n4. trnotokon 
into cci4orUon • 'buc it 600czibo t c oziu1ation quito  
01030 to tho o1 io4 problc . T!Oin tho 	0iD a 

o cmii 2 tborto1 p of iox tioa iiolt iitb.  

tn ontoi not toebn q 	-z7) for i s ooition  
of rLrctborc 	onortt ion coIc duiinpro1oia io 	iopoELi, 
Ott to t 4iroot otbo uhict 	c oto4 the o otrino cue 
2iaitin3 ourfcicoo or cniboococ eM h' out + t icoUy roe* 
trioto4 tho c1ution tzithin i;Iio liottinc oub, t coo. 

I 



ounQo oii c. t c ~ ;U,, a&cc O?CQ' tedC0flOtflC CQpE C .t OO 
eo °c co otoca. "4..o QbjOOiV3 nC iO2 t 0 0trWto . 

to x4nnico t1 o t o=11 otorittm coot. Tho cioioi ii oft 

tied tho 2,sttz•03 O 	nOOiOOO10500,0 with tiOC?ti iC  
tic cOQtU O o dOc 	G .flO1O, 

.o atoohactio toctt o of ► ori ocrnL r000ivofr 

x 	.. c •.3 i 	s. a 	s' 	r 	~r 	nt 	a 	s s s 	s 

s r~' .f 	• s. 	r 	m r 4. 	• 	roh 	s 	L 	s 	". ~e~s 

i 	i y+ 	r 	::  

m 	. r 	1~ 	r = "~ r r~ 	:~ 4 	, 	r ~8 	~ ` 	Axa 	a • 	sv 	a 	► e ; 

y 	- 	ix' 	 +r' 	a~ 	 ilk 	'i 1 at ~. 	i' 	 1 	.I 	k 	• 	i A 	 t 	a ill 

	

a e 	r 	a. r 	s 	 M 	a 	o • ,t s a . ~"r ~t 	w 	r 

* 	$. 	'. 	r 	h eIE 	1l i i~ Ir78 	'4 r 	s tI 	# 	:::.~ 	 ''F A i , . ~..:► 	!. 	l.~y alF 	'3 	:r1 • 

tbou: ro•Luooa the 	ouiitr of the prob1ori i rGQ 

to moi. of 1000' 	iii 	te' Xi+y;•)O4r 	t focitU OC 2 	00b04 0a 

tiotn ti tox vrou untb cztouonCO activitto ,  
O to c8 purti1 cntt total fwd outcc3U On ho cCGhcc-

tic zivo intiozc to tire 000rvoi'z 10 tbo t2coi X2Oa1tb7' 

pity for c 3oCo cyn of € . ions DO p b .ora 	xtr 

ain oot1ioi 	o). (3c) 000nto8 Q .fo iAc ioi oz 

ocon c diopa tcb of i41ci c roa Z OtOD, with oow.actr ftto 

on lino flouo and opinnj r000ro, +Ieboppo on t7co .for*►  

Ijnoox otitisxtion probiot 	1 o oo u i 



[N 

tocbtçuo +a p ioL uac'1ia cnzi Uo32o fl000aiticn  

CUK 

Pi ca'in tc2 ic Loo by ,.VODu (31 ) at a. 

r s • 	a 	w 	f 	 a s 	« a 	M 	P 	• r 	M ,1! rc s 	C 'M 

♦ ' + 	♦ 	!. • 	i1 1:. 	/ 	t 	a 11 . 	S• 	!r .f 	a 	R. 	Yqy~ 	s 	i M 	tL 	s' 	!, iK ` 	!F + 	F i 

I t o 	a L 0 u 	a• 	f t t. 	ht g 	s y ! 	 t• 4' 	~. 	.. 	 y- 

i#- 	•11 	H l~li 	S k l.'9 ~°.- , 	1 	tF" 	it 	! 	b 	•i a r . 	i 	a 	a 	_ a 	 i~ T i 	i 11 

vae 	at~i ~e #r 	~r 	s'a s ~• l 4 a: 4xti 'a a~sxa 	x 

a "w . 

Tho *=only uøod 43OiUttOflto bn  ton nr tbo 

	

ioca 3.,Echo 	inj Dobio1bvc bco ftrct m at 
ot4,zo ynarnc porin,tbtrd ontoino n=:LM ' 11 

	

pthcipio a 	onor1 	horxitLec p "O ` nriin toc . cjuao. 
btt0cdifficulty thatroroinn io to oono accwto 

mo4oIUnG with tho ability of oalvitl1 Imo ocalo oal 

	

CtOt3. 	O Ac1iCO CGflUPU3ctiOfl,tO 	oto tho h;rd3? 

.oet c cat 'z In 5~oo .to S oo oi»ro (2 o, z i) o" thorn 
e e +o it 	out atoG tbomi unite (I 6 ) # thoib. O .Uc ► 
prb.cn diixwoicn ap4fo rrci2on thea atLn trniOqu 

	

wmbo,but 	oo c h10 of plU ioc ti+c 

Tho 

 

tbad of local oS.otio UGQ+ a  
i+ 

 
doceription of the c1otot, It (zs) con3tcto of  

doto on opttl troctoiy b ouoc000i 	oo oetfz 

on nttia1 tzal t ?c octet bow n tho pzoc000 on 
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itroiYocont in thO ob oct .vv funotton in anob c000tion 

2 tbo trjcctoDy otcb t1it ti2o eot inoz 	ezoacoc 
torah to itorCtior till o saUfctoD oonvoonco 

to ,rte ODtil t? oCtCZ'y is oht Oi. 

Tho major ificulty in ioptin tbo ccilculuo of 
variation oppiocicb for 	dotboal ayntoizi is that all 
the cyctes v.r abbe. muot be reo t.ico dpncnt. Poi a 
t7piool bydro h rl o oc 	oyatos this loa to e cel 
cate4 of so o ubjeotod to, 	nOnUflCc3? COna rcLift . 

V 	o 	ho cOutian caimot be strictlyo 	optimal. 

for the solution of bydothorrnab conoti : ochoiuiinr, It 
boa a boon uo6. f " 1on ono probboxo 6, z 	'bo pr+ 
Ion is dealt cw a eulttct*adootsion press4 

m i l e 	•niini.. CLpjocLcb rottr°icto thy] o zo 
of the obbon to be oolv4 c f it has the curee of 4iaono. 

e ouc ,, Chi. r qct can crobly ODO 	t 	d 
azo o o o '" hia 	oofrablo fouturo cakes 	 `tea $rab 
to use a a c pro oci or' v 	i of+y ancpro a 

Ponrycin'n cit principle is snapproach 
practcea by cony t tomo . ( ib) This totbo. botiovor, 
is cotiputotionofly oicpio fora as. Ii e sa Boz but is 
oppl o to a loss 10cm 57ct0u cmaicttinG of en oquvu1ont  



i0  

t arz i plant with ovol roto a c Untortuirntaly- ► 
thin COCO i}IO CQnVO QfCO tI not foOt due to Op()CiftO . 

final oto 0 bo in toIou a tho roorouc or hard oonotraiut 

flonlinocr procmJLnc tacbtqzocbcvo ctortoL  

ft 	i t 	4 	9 	4 	#} 	~i• f 	■ 	• 	R 	f. i 	i 	@ A 	9 	i 	@ 	iR d.i 

	

- A` 	Q g 't 	iYr:G 	I '4=1k 	#.il $ 	* "S ri 'J 	..~~F i t. 	} 	;l 	', • 	M « 	.M A 	A '9~ k 	i { 

n 

r 	a... "tib- - 	p 	+ 	(M 	FS. _ dM'. 	(r°Y ! 	1` 	
t .A - 	s 	

'f 	•, (S 4` 	
.. # 
	• • !. 

~t 	# ! 	f ! 1~# iF..i' rn ~ 	A 	i 	# 	7A 	@ 	~ ♦ ~t 1 	k ■ 	#1R 4! 	t 

	

,r 	# 	- K 8 	i 1•N 	$ f 9h 	1 Lo 	k o9r. Yt 	A 	# 	► 	'•P 	R Y 	# 	 f~ 	! 

• Ir, lE 	k 9~ 	k 	' 	k' i 	$ 	v 	• 	y' 	t !k 	 !S 	f: 	• 	~j A : ~I. w 	 1~ 	w $ 	w 

r i. 	 -: i- 	; IR .. E 	■ 	f 	d. -. A 	S dC 	•# 1 $ 	~`e 9 dw 	f # 	# 	•` i! ti.4 i 

r 

0 
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QTThDCTEU18IC OV G1iflIfltG 
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ta 



EJ 

Prot tho point of vioc of oconotic opoDctioz of  

tto toti pionto it boon nococoory to propor1 cImcc 

tori :ee thoa. V* '' 't`hlx: ab corintton r n tom' am 
noxa to bo intro1uco. '# to purp#3o, otoplifiod porfor  

eco cmc. of t;picctl. turbino onoxcttor bo . o . unit oo 

its in ' c 3..1., 3., and 5.3. Xn rio.3i tho foal input 
in u U .oiw JIM the ioponont 'vazabio vhUo tiio poor Lrnxza  
output in ' ho tho 40DIDn4Ont 	ob .o Corrccpondin boat rat+ 

B 'U,M ,.»brdofino an the ratio of input to they output  
to om in# # ?bó incoacmta]. fuel rote to ocito1  
to the ratio of oxU cbono in input tO tlio Oo Qpcin 
tint 	p / oust . Ac the itroc int quon.. 
ti ico bocos nmiior and a 	oz' •(noDcaontoi, 1UOi to 
d(input)/(output)),  the imitc o.000eiatod ui h the more-
COntO. fUOl ' O o OTIVA i4U) :0O 00 thfrt of boat OtO. 

Tho inorocontol fuel coot to ouol to the proLiet of the  
incro ntol fuel zoto in V/flti..hr end the fuol *oat in 

The 	 amtel pzoiu*tio Co3t of u GiVQf t O 

 roora 	t.i o of Co p + (1:) 1na 	toj fuoi cost 
c oronto1 *oat of ou h itoco en labour, p 1ioct. 

rrnintononce and trntor etc Lor recd: world anolrnio It 
to onoontial to izcorpoeto thin 2n(1 pert of crocoritoi 
coat no uo l,, bot,ovor no hard end fact rule or cothc v ita 



J tJ 1 	 C 6 



3Z 	 c 

frr MI 
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t ho 	oz ta! nC tI on into iOCount, Avbi1orr o3thc& 
avQjiclbio ov;toot to Who into account thoco cracci3to3 

coo on a cocain porccrntao of tho ,fol coat. 

Otitiur Ccto 1u1 in Of Ccnoration  

(a) Ilo1octintj tr not1ioi3io 1OOaOem 

1~ 0input to U unit 	rs .o,h' 

;t os total input to the .oyotor in R o . 
m4bon. 

'u't 

Zt in cio to ocbouio tb onorot&on ouc1  

3uboct to 

#0  0.2) 

tho , PT. output of tuGU th unit 
T'D 	zcoi r load 

3i in acbtovoti catitn 3.2 r3 on 

ZN 	
A 	 (,3) 

iibovo, d. 	. a c o .ta production coot of unit n 

A a o coma. coot of ooøivot poor in 



¶ o v uo o A iict bo cbocon OUCh that 

D 	 (3.3) 

b .o a tihon ciU ;;onov'c' ini 'nits oro opera o at tho ceo  

icotxrtc. pvouction cot. Equation 33 ohWo thc tho  

} ► 	R 	# -~; a 	4~ 	i g 	a6 	iY 	~ 	~ 	s ~• w 	a ~ s 	i► 	a 

(b) Thc1uM1n3 t•rAnoriariou 0000 o 
	 0 

in ° ho tcoo of . 	i t ar t 4 po 'o `. cyo otc opo 

rctio*w, it Is of irrcnco ipportafl*O to fUd pticuz3 co #orm 
tion cobc4uio tiiin3 into conoiortion tho offocto of both 
incnt4 production *oat• oudir3cronthi trcotiooion  

idr to 0 * ►uo, to eobino c ont . ra1uetLozi coot onci  

Ur4aof loocco tt ooh no o' to o r*oo tIO iiCi  

inter tranoicot on 3. rmo 	o o o t o= to o(ucti to 
iUOtOflZktck1 coot of perrocoiVQ0 

• • .• 	ao~ 	s 	►s 	v, rs. 	v 	a 	s s~ .r 

P 
(3.4) 



b  a total tDCziCDiGiOfl OCs 

L/ u 	c o ►ttai trouotiooicn loss at  

Xfl Coorai tbo i 	iontaI t zticc ]oø can bo. 

c 	CO1Lc 

7'(36) 

'arm b 3fliccOfl ace mu C0IDtrnnt t1t'iZ. 

dN 
p7  

T m Ol0pO O inCrO!fltO production COtt CUZVO  

0 iztoDeopb 0' iucrorxrntal production cost cuzvo  

i hcn tbo conn ► . oxultoriaouø o.. bcc o 

pnnpj,n  .,, ç  4, /1 	26 	O 	A * 
0.  

Solution or t o n total 1 .d s am obtcinc4  
vczyinc tbo trnttu10 oz A 



tho .tprovo . o mulction tto bounclo cm tL o 
Cozvratixg oactitioo cz'o o 	z ei ot, 'Lo c pt 

3. cehc&1in of poio poi in tld.n caro Io o f a atat .c 
opt iaizatLc p oblo Cho optir4 opoatLo OODO& oar 

bo co itiono that G1iDt froo inotont to inotcat,  
objoctivo boi tinixtoctioof i tontauooun1 cot 
which to functian of typo, o.izo 	ot4in of the horM 
unto aubjoctod to tho Oqualsty0cno ctnoorti tvOtIO 

in 
ootosz. doxM as 	V a/oai lit cons of o of o 

s`"~ 	~ 	~ 	r. fe 	~S ~ 	t . ~' 	s 	~ 	~ 	■ 	m 	r ~ 	d 	,r t ~ a 	Y•t 	~ a: s 

I .~h , s t 'Y E ~ 	!" 	~7 l F ♦ : #r' 	i 	C k * i # 	R 	k 	'moi . 	X11 7~ t 	1. 

N: 1 ~r 	'! 16 t 	9k 	R.* 	! 	t { s y~r . fl 	a 	Y6R 	k ! t !: 	~W 	& ► 	4t 

ozft::ticD ouatto, lith the MMt of duality c2 ioq 

	

s 	a • e a 	s o 	f s 	w 	 • 	• 

To coot function which to o ioiaa for c c» 
c . Generation ochod 	or tho oizai unite ic or the 

	

r 	 q . wo 	 ►. 

which to afunc.ticrL of order n 	he void of t o tO titi 
twiction tcUo an tho order iaoo Zf tarn in t' o poct  
` m tho solution p cone 09 the o r I ooAzoo 

very coo « to tai' , citron uith a vary oIf. font cthc 
It La an app oiab3 ocL c aecoptoblo practice V 
'io1in coat otjofactory rod o to conci4or a qca atic 
coat Zc Lon of the Zero  

n 



In ceoo tho fora1cittcn io c of of to 1t o 
on in t o cot ttinction ti .c b is -t to bo toou otoi4 

bo 1inOtr;n ncLtWe. ¶btOC 	a O a dOfl17morfou 
w0 	OouionOp VØ t O ditto  ?Cnt .O1 cost ¶1Y .0 bac; a 
pazboUo zcDt cit trig to ocoo of by tho 000a±1 c o 
and hiho mor tom, c to.on cO o.. cootctnt. £o 1. aria 
ein OOflC ti1ifl tbLI Coot Cb* . to iatic to be o conotcrnt  

e 	sW 	* 	Yr 	t o as s ►s s m 

cit b'*rinntio ' 'ho 	VI 	o 3 the solution ' ? O. O 

ra 	sa'. •r. 	ee 	•? 	r Fs -O f—IN 	 a 

it tho tnttica cCoo do C onorc ttcm of bo 'Un 
,ication Vero rootrictoL to oc11 intorcoznootoO. a oz o  

ho coluttono for Duch o 0 os ,, aorivod uoinc tho 000riuod-

ion OquQt m itbout tho1uin tr o .00 on 100040 concopt  
uoro quito oatictz', 10 tbo oyotoo of o caoo. Ult 

jhd? ti . t to 11 rico in tho ntorc onnoctcd utl ioDi Quit,, 

it boecico trpoc3iblo to Cot a optirmi colution tr.ttboxt con 
o ori tz'ciooicoicz loc o in tbo iztor0hnc of oiic . 
'huc, uhou tho tanoziicotou lscooc oro a £sac t ,ci oVtOz 
to oporato1 at a otniva coot whoa incrocontal cost cit 
aolivorca o oaf: - to tho Saco from all pl to, 



FA 

formula orprecainG tim toa1 

trociaoicn 103000 in tot= of tho poior dolivomd by 
tho tborz1 plonts woo firo1 prcconto by E,, Goocjo in 
1.30 Tho Ouccoated tc.rxu 	o of tim toiIain ftn - 

autt at trnnami0olm iooüoo 

+ 	 + 

* 	4. 	•• 2flt!nPPfl 	 4, .12) 

Tho dotormination of tho 1I 

todiory 
tzLvont at tho vobv*rL,  aoiyoez, and its applioation to 
oto'tio a otraijcx low formula no awcoatod by. UcirL •ath 

A0000tcitor3. in 190 tho pocoo of .coiutin D 	000tti 

ciont boc@ro ooy, tcr on co tim Cize of tim oycton 
incrocioca tho arithtiitio c loulcitiono bocce poibicbiy 
]oro 	iipbo Introductim of dfgitoi computor ecipy 
000arcbora procontod o rtIo4 'bottor ticxn tho othor. 
?ho obcio of tbo loot) forma z'ooatuoa tho 	hotovo, 
ooputioricil tactiec Impt on itj,Doifl 



for A. 

PiQflzixti 

Bo a n 	matrix 

for 

+ F 	& :I! 	X11 	• 	# 	+E 	1! 0 	'RM'! t}' 	AI. 1'~ 	~. 	11' 	~F 	E ~.:: 	i Y~ 	,y, r 	P 	-p. 

e r r 	s sr 	e 	v 	 • 	a 	~: 	r 	s t 	w' 	. 	 n 	m: 

	

_~'.:t '~ 	 Y • 	:xs, 	dr uk 	l6 - 	_ r A- . ~I 	ii 	f k 	Pr . 

Tho aoi* ew tjp iA, 	 lyti theor uY on 

of the loco foxtubo Oro 

1 2cCb 1 	Ort4nO t COmIten COUpbOZ  
ratio of 1x total 1034 curvont iirecpoctio  

2) rho V 	UA.T reUo of all GQfloDCtoDo 
or the t LOO 	c t t 

3) The aoittt of Conoetor vo tejo 	4 Cache 
fi'o tho c Sxcor retod. tr the loco foDcu1CL  

ODO ormbl. 



Lor tbO pUZpOQO of •&tcrunctton of boo for la cooff44iont* 
A ter' pOpU1QV OOtllO..alou..atin boG COO tOicato 
dovobopo buoc on trro&o iozl roporto4 in a conic i of p .koro 

tMMbo 'Tonaorii oniycii of intortoi tnot4coion  
o O O' tho- Lirot to Porto conoidooc boc000 in c z o 

aoa and tb jttoz tuo artc oonoi4orodbocooc in Inter.. 

~~a `: ~e s a ~ r 	♦ ws «' wa r u~ 

• 

	 D. 	 a, 	q14) 

	

ouch lot d (Ajutiniva or Vapor 	 .lrz) Coto . the octan 
tflidb 0 not r r ovor tho &ii1y load cycle Lu the co zo 

nnor ac the root of the cyotow l Io thou ao 
c fo z in boc coy be rroporly tnclttdo4 in tbo loco for- 

,a.. `aha born at each bun cay be cviaod Into a canotcint  
ccconont an a covcuont thct riintoinc a CCtLDt ratio 
to tbo total. load, 	l 	mo : 	cc . oncr t of 1.c1 czo 
troctto+ cono Qtivo ooration in the boo Bola, . 4 

1030 £ouia' than taboo tbo forts 

	

P 13-'m "m 'I 4r", 0 Pu *,Dai, 	a, 	(5015) 

u o r , B 0 0 	n j 



zv 4) j  

conotct ca oponan10ofIat1p 

Dn  a crntuci 1.000 	'.ca coofficicmtc ovooZ ccat  
loo` on& t c o. 

B 	so ' d tmtuAl loao toga 000fficiort fo 
coatimt cow ont of 	 c. 

Tb 	cotSiciont loco foz1n2n provM 	fcat 
=coo for ia10U1 	 10 Coo utthou tho need 

f odiroci nook colutionc, Thua1  t nazLccLo. ioaaoc 

al .. 	'rotor +c «`o o tho tahiuoa G1 c3!2i. 

bonc bafoiocool,,#  oil., con or uiaaiuz3oar dido Vic : tho 

a 	GriotOi11I and w 1Ljl3fl c l UD CZ OG ".f t130 LOflO 

on DV ODD d ' t 	+ By tho ona of ' fh coz 	oboe- 	• 

tcit1 onorttinC otQ it 	4 oinca tto rillo1 n tho 

t•on countrioo by eaDLy 1h Stu buro broobocie 
' z`*Jocto tioo intitutd to ht cneactho 	otdoa poto 

tii4 Of mo 	O VjV000 But by tho ont of  

coutrot 000c planta a by o 1, oil ori1 	bin to 
turnooAi?' eb0000r p, o+S. o 

B 
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Al bo h 1~c I rdxo pr o j oc o o oro still oc n omi . 
Cal, ouit# blo pltooi to build now prooCto Of Jirjo ci o 
torn b000tinf norocoiiiy r crco, roczn1hilo. oixUor 
by op anto boc u boo oconooii to run# 

~t 	@ _ 	Q '' .f-.: i # :9 	-• 	''w 3 	't d 	'~R i 	.9 	# ~1 r M -. 	Z 	4 	.il. 	x E9 	t 	. 

# 	ih f 	ri! 	!f ~r E. `4c 	# i i 	W # 	¢ n 	+ .4 	♦ NNW . 	1 k 	w' i~ 	iR ! 	!.> * 

6 f 	'L 'h. ► 	4* i#' 	i #t 	♦ 	~~. 	An -ii t it 	~q: 	b !i -. 	S 	M 	- 4 t.'! ! - 1. 	~_ + 

hydro hao tucb t* r000zcn4 it in tom of cap ' 
t .• OporatftiC Ofl D.fltOnOflCO COotO fuo1t toc" obo C? .d. 

onvixonaota1 conoiiorat4ono. Tho ftUinc rotor that 
poori h7roobootz.tc v c tc io o ontially toot z'oo of t 
to flo i , O*I4 ctVa ictw to ; OOO ;Or extent at O7 pIOCOU, 
I+ r O a eo ► : ; on 	to, bubtrC0004 by Lvov z'000 	,: 
ox'o c4vcincinrj br4 o from a =two tocImobo to tom coza- 

titive stat o roircd to» ,  

toporapbic and hydroio :O VOZiaUC 
foz ono by6z'o oito 10 On o o , tho bcoic of aU byIro 

pi oto aro the rcto. Fetor to colbocto& in a ,per on 

r000rvoir t bind. a & z a, than cony 	through twos of 
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pouotoOkz3 to turbiioci Tho CaUiziG water spino ib tuDbino, 
ticb in t drvo the po-mr bouo CenoDxtoto. ¶o zoouIt 
10 oloctz'tcity, The cnort potOntLøl at øcob 	t11ttio 
doponda on t1O tALD foatm tbo IZOaL (6Utoronco In olovam. 
Ucm botwoonoiorvofr m8tt1 mtor) Ond this quantity Of 
ctor roloavo& through tbo turbine. 

_____ 

___ 

ovo watar from a lavor to an u]poD rcocrvoi, topzcto4 by 
300 t o 1200 ft0 Uhon óctricity dot 	p*C*O*thO mtoz 

tho louor rea oir, thoroby ConoratinG oioctl?ictty at 1wor,  
ovorQU coat tbon mmw othor pod. optionO 

3io tozorai ozpropio31 foz tho pooz 
by a bo mtt &a civon by 

I'll a tiQfl/75 	 1* 	(34G) 

FTf= bydro ono 	GozoratoA in H.P. 
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'iio Concity v Po'ina c1to oonotnt ca1 tho 
oano sor cach tat ion it) 1000 	00 

ii! 0 4000 (H/ nr 	#01 	(p.1?) 

CO.th tho &Locbcro Q to a Controllinc factor's. 
jKlill 

ho czpcod np U function of tbonc in tho toioiin torn 410 

Q,X) 	+ ci 	.. 	( p.18) 

toro, fl 	is the, bacohotdo, CL &o tho coocion faot=  
used for takinro  into Occout tho ctorrco Variatiaw duo to 
rainfall aM ovopratImp, 111ho raftifo1 in acaotmtoL by- 
zioCnivo diocharcovoo vauo in oqua1 to tho oz1occoi 
valuo Of rainfall duz?in3 Czy porioao ThIa valun in cozuto4 
from tho availablo pnct hictoryo Cii1or1y tLo ovoprtion 
ioa000 in tho rocozvoirc ann ctcouno4 to bo funcflrno of tho 
tonporoture cmd tho tator nurfaco arco'*  Tho opoto4 vnluo 
of tho tocxraturo Tor orb into raZ in obtaincA ona factoro 
Qr) found for oacb oral ihob "00, 	 bv ntorco 
tabo Into acro 	torso otfocto no tho pcior oquaioz 
b000roa 

PH, CIS  1000 	 (319) 
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tho IT1, Conor ct in a poric1 to to bo oula . 

thou tho coon otorcCo bciø o bo ta1 into tho cisco: nt 

0 0 	(32O) 

Tbo OtcLto cquation f1oocibintj tho bLDO OrOtOC 

yuaric8 is 

g to to onoo io poxio, 

ib conorc1icoa f0rz3 Ohio ouaUon can bo ooco 

ao for r t" z1i 	bolos . 

IZ (V) t3 X4  + 	J4  t) U4(i)00 	(3.22) 

Tbu a tbo pTioL Gonorat iin fl,P. to 

S a ili.UP = 74G : 4 	ice/' 	 (3,02 

?5/i00000 a £fl.1P 	 (3.25) 



H 

3 

Zn cccc of ho cyototi conaictincj of nunboz of 
pi to or Livorno naturo and with ro oorvofro of diffo nt 
cizoc and h. o a is ch=acto otioo$  tho oconoià ccbociu1in  

of pOtor boo*r 	oiotivoly a p o probioo,. 3inco thio 
inorocntn. coot of bdro Conor-tion is notjiirjibo, tho 
oboctiv: of econooiç ncbo4u1inn Lu thin coo tUi bo ttcui. 

. 	d o onog the can bo pDoduco8o Zt is wall 
thatthe oc orx4 varies OO Qfl nn1` and POO 000wo in 
Did jfltØr, , iqt'aa ltc in the nood for approoio4o of ort co 

i 

r ` udo 
 

to oar  Lu tho caocon ccn conoo a coizb10 
boas of er bocuce cli oubooquont flows ore jao : at 

ueo hcci4. cntho otbor haM, fiiur to drcr4otin O i4' 

ly roaut in op 	o tiOtor ttbioh otbcDtilu could 
bwo boon used fo pcor cenotioa. bua tho oconotic 

d.bc2lin of 	 c 	this 000 doponda upon the totor 

u000 obey GGD tho onto oporttinC ptoc. hoiiw 
OCouOqy Con Ofli. t10o obt oa b . ho pbonno4 uoao of t for 

over thO auto oporotin poric8. unAQD conaidorotiou* 

rurthoD the b roCyotOo air bo ConoiotiXt, Of 
a nuobor of c c vd t y t i boo ,doo t o in4operndont t 
onoirrotQo In ooh cacao, o9rniont4 o Uor t  tho  

robocco of unto from the up otroon pionta affo to tho 
Ot ZCO,. ho a4 aM bonco C norat ion 0" tho datm aroco pi to 



lion co oiz coorction ccbo6uiüz tn thiG ccafl b co=oD 
Mora cotzpioz tIcu that tn ccco of o,gaton '?ith iridoronaort 
roo , o.. o, This CO .OZLy o fwtbo ` OfltOXICOd i tho 
c c oL. p1cta to onfficont dot co bot toot tcixz t ho  iso. 

capxctConco ouuøinj oiy or t2i1O c. 

i be e000 	.rOOD vont ,or -*,` ito r G atanao 
tO 	cttim ttc thOpO4cuco fDO 	oiu t1 c3to, ft a 

jtj 	 o o fovz Pollution# Its voot1Lt io o.voi- 
lability o 4t pin too1rno10 ` - o o 	.1.* 	oopoci » 
Uy to oZooteto utiUtpo roctictodthox or oD altar- 
a 	to tho ;fico ot ooy 1oz oil#  Gam, cam# end 
y nimricoc, tho f . 	tenor d c plc +tho 	M 
frou Ito cctrliootóya zi1oo Toro cM coro conco 

nDt1rnritL Q 
111 	L$1 

Ube oz o hcntl tho vOGiiCib3.o coion c 03t 

roctw, of a lzyi2ro  c ctoc p10 oo otrnc1y 	t' o cif, 

ui1izotiar. do 	cootic fcc tea v3., inflcio, bo c1, 
o r O Oo zQtinC It Loco cad loco iO2iOb1O rOiCO its 

o to o oo c n 3.iu t 	,* 'bto cprrt, most oC tho h o 
otottono oro oUncod, for away from thoiooi cont* ^bio in 
:u+ to oovorQi ,coo n,, tho hoot inporiont bot tho a'ci1c-

bility of trctor. hucl  cook of tba b : o ctcU . o o not  
orlontoa,. 2tio root1tinC in co2lcifloroblo to:c 09 OnC 

in roz of tocion ac tronootocion loococ On C tho contra 



Q 

to ctoC plc ta, t 	COQI 	f ' . i .Ch to Lwoilabio in 
abninca, boir 	k .ot, o l Icoati (in coat of tho 
CMO) ona iarco Aizo of uctir3 tint .o coo MOM o `o 
x iicb10 a oot,aot to bo planta* But ntoo p1co ao 
a c tto' of fact boo a vory h,kb CooitLon coot boer►ica of 

o3. cat otbor ovo " oa , 0000r4Qi7 Kifltorontica c1 i jor 

inbour, t in a anca cup . ao ate) ohorcoo.  

A uiix doc a ,on in to ootb a tho Coo L facto of 
tier two oi.tonativoo on4 o1ininUzj to uxaicoic + or; unitj  
tbo cOoa COs Of thOr otbo 	',its can apt o d tho 'oa u o 
cntioa4 In tboabor rcc o of tho ootocmor 
to u o the hyiro therva . Coor'tic icoiUt7. 	an into. 
ca aoctoI b othøo1 ootor tbo booio o: U= to to finO. 
a tzdo off bot on a zeiativo r a a ao io o with.~- 
at-o 	ooio8tfio anoration.an tho o2Octc n of 
bond `i o oncnrj fran of 	o, oil roacurcin tem of thorEl  

of oeoio, T uo tho pr bLoo boconoc a d; aoic aticiina+ 
Uan Dr 1 r1. 

ttnt, pri•o4, in tth ch tho +1io15nct cycloc Viso 
4k 	t 	i ,~ 1 	e. q 	~' t. 

	
U 	@ 	i. ~k, ~ 	.i # I $ 17+! i 	i~ # ~~ 1~ ~ ~! 	•.. ; 4 	R 	i 	1 

day + on yoaz' roajoctivo1y, Zt Vill thorofoo bo arc OW 
n .o t, aM also nococoory bocouco o ` cva .lab o 	o~.ation 
about the ytot to op3 i th0 Conoz'Qtion OObokUUUtJ ob .Onq 

into a 1c2 torta pz ob oa -, uvoaC in oror a apon of a 
o o'o than that, a raid ronco problem mtondin ftoz a nonth 
to 4 yao r d a abs rano torn problon oproodtn C a 



3? 

on Did 
In tho to /r o h u3 n C.- -ma or inc o atir it otion 

ovor r period of ozs4 yo= Or CGZ0••, the inflatia into 	`o 
roto o c oi4 point docond on the eyetoc duo to Ito seasonal 
variation to tckcn a$ Q CG1i00000 	poa . o 3 y portod.  
it Le 000ntio1 in ouch a caoo to predict tho Load doted 
and r o o. infiotø UtnC 0ttiOti01 IGth0O 31 Thfl$ : tI 

otochctic toirtioa i., oaa n tc . Tho obot&7 in thi.o 

Corn to to otctoo the opectod ici1uoo of he Cant of thou 
co conoz'atton in the enter poiod of uy with en t ra 

oabocic to roduca the rich of ovor icr of the 	on w  
)oeaw3o of the ctocheottc netuxo of the. pro bion it ie appy 

*hod., in 0 . 0 of the foitouin dfroction # 

Cbez'actorizo the rcnth,ri nature of the trato3? tofIor 
4 dGE0nd by o o` o mdJ and ton roout  

the rob1ee by coco of octet is oio1 

2. flcvolop a cool that co 2otori4nicttoh$roioy  
cad ttoix4 =LUQ u o of Cho tOvzi pZ'OOti0n0 

bccod on hiatorical data*  

The short 	 ;o p ono  of the othor honti, Gttocpto 
to moo * the ovox.11 coot of onorotion over a /uooh , 

Tisa effect of i rtoti . in hO becd of the 	OIVOir tC '' not 
ho crutciziiv 	cove ortcV op3?000ntation to 	otrnt the 
trc*nobiooiou 1ore0G tO bGOVQ2? VQry cownticI 00 ca to.ot  
the Givon l!o4 patio= at all the inatatito, £03 t . 	O O 



CflApTfl.4 

romrnXACTI 

** 	• 
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D M11MI[ 10 CE 

'.o problot of o proal ocbcc2uUni of votioz 
otc4 ou can ho otatod no 10U0lw  a 

Givon thointtitl and final o oz oo at the bydro 
roaorofro and. load der 	cum over period, it is 
DO4aUlretl to a And the rCLtOO OS stator 4iocbar o and too 
?oqu5xo6. teal. COnOrItiOT. p cribo 
ouch that 

II roaorvoir typo plEmte ond ► tborral iCLntO onnoctOd.  
Y4 + f h 	Wkbi =7 n4' 	 i3.i:1EfP 

 

aion  oyotoo. Lo doc=4. oriä 
1ctoD inflov into the coroio aro ooumod to be .oto-

The p oblon3 optinioaUon of the oz3n3 coot of  

tbori4 gouo tio : With full utiUction of reiablo ' !'rotor, 
cn be tcuoliood 	a P OtWJO aooii jon pz'ococa by cub6tvi  

the year int+ o f torval . 



trot t Q thorixi syttoD to conotdercd. Tho 
t or 	COnorti+t of t h  Bro n. r cnt/tom Tt porio. 
10 ',{ and tho cost xo int L ¶lith th norct ion  
tO Ci OZ* by 

+ b4 (k) 	(.18) 

now if tho perio of oto to iiivLdd in P intorv49  

() 	r bP4(k) doncta tho coat  

at tbox,aal ionOrtionat 	plant in.Its̀  
tho 	sum of 	 aorrx: 	C newt on coot forU p3anto to L 
Dorm in 

R 

jol  

tn for P intovoio to for tho total  tcta3. porio  

P 
b*i t1 

Aø 4otirod c 	or, tho oboctivo of ho oto to to aininie 
the t :tt oncition coc , Thoroforo, tho obJoctivo tunc 

bi 

tthicb to a noninocr functiort. O0b of he thorn p1cwto. 
hyo a i!oirnit ro orrt ion ccpa it .. 4ain Ocob of tb( 
a ioror ba4 oleo on tho onortiti 	So 



tin 	2(I) 	r 	(4.2) 

Iz as I,t*r* P 

iv 	1>0 fl 	c ct t t't3 

oorcico c Q ' #.djxo rtG ønd onoxttocopcoity. 

The hyo ono ttoofor t p2Gnt &flpori 
rili(t),j in t tun On of both tbo tiOCO tbzouh tho  
twbinoø, and the bo : it ty be acouzø that the hood 
vo oc o o ti 	wi a 'uc. 	of coioi ci ado 
toga► thin w3oucptiou tho bro p1nt Couortion Z1L(1t),  
to ns4n a nonitnet tunot ioni 

,  (. 3) 

Thin c iVOc. OttiOt + O► b'dro onOitiOn OOiDtiOfl  

andic o o 	cct3iotic, 1bo 4ynooio footu of the 
c if •: +► 	C + ~ 	M. 1► 	a1 	=- 	i i Ai-w 	:i. + 	MIs 	".• 	-s 	#- 	~ _ `p 	i i t 	• ~ 

of oto co, 	 f1Q c cirnL d 0Qb Q 

X(n) 1 X4 (0) 	(J 4(k) ) yr q (k)) 	 ( ' ''~'~`I► 



Tho bovD C DQCOiOf CiVCo tbo #moo O Or CO toy th by4ra~ 
1>1ant in Till" porion r 

O o bo '1c 4n tho oto oCa X (k) for i';h' by o 

( <  #*  X4.5) 

Givin fl C3 2 in oqi.&i1 ty conotttnt .o 

13c+ da to @ G ? 	o for L't ' ; 	► Zont in th 

i 	fl 

0 

t act ". Mo 	00nnts t'a i 

E ou 	on tho bo. conor .t 	for .th plant 	l 
pori $Lo 

Giving a ll flOc2 omt=into* 



1t t oit  tho Diablo q (h) hhi b ocooimtc f< tho 
QP .]i in gc th  bsO 3. Dt in int'' pODiOd iO to b3 c 

to ctt:oya a nazi noeaU vo gut . 
Tiovoioto, 

(4.8) 

7-0 bio boon cutm that'on oacoøo oris 	( ) 
fran i 	n ! 	o6 cod h.vo boon otuco uoin  
tho o 	, .h ; tiato # v".. 	stow not: uiato oon o to i110  
opilhinr unioco both tho soa oi!; OtQDOjQ Ofl.d tho 4icabarO 
tIzozh tho t b1IIOD are O thofr QOCUVO 1ttIZI vt1uooo  
Thic io tcooun o1 or b 'tho aU , 'tn n+ o 	.too, 

(4.9)  

 0 iii, to fi, ii to 

'h CiVin: tI' *. 	iciity conotrainto. 

Xn ct o po':o r t t ion 000rvoir thoz'obabiUty  
09 c41iinr io r o not b low at tho 4oai 	r t G 
o', t 'ovoi , avo:n It ooco 3ool o/coa o io tb.O It 

fob to bo nO1IILb1O 00 co a to tho iCCb0?CO. 
c koro 	thorn oquQ1 .ty comtrainto Con onaily OOO 
¶1.itboxts o toctin tho optiri oo xt .o at all i2 



4 

Conoiorin tho f'c,*ct cr o ` tho poor t .oc ' d ao the 
ccbodui2.nr; ib O to fóx oaoI intorvoloz tho o tivo poriod  

of otu6y, tho cotbbc bro and tbori 	onotiozi otiou1+ 
coot tbz =do Thus, 

n 

	

(k) 	* 	(.10) 
ir3l 	dal' 

Pubo , in int 	cto oyatoizø,the traoto of yo 
fro one point to anothor cuoc aufftoioit t naitooici l00000. 
mono aurt o1.c o bo ocoountoa for in tho aocx4 outition. 

il4R Hon 
2LGO (1) 	 PP4 (k) his, 	k) 	 (4.14) 

it1 SOS 

a 

	

P . a 	(L),  

	

 

T(I),  (i fl+1*4, 	t) 	,~Yi Mn 

to ha t anc a,i n locoo cooJM fio on M l+iatrin 

QC o4cino4 cuu i.ior, 

	

Gotbininj lone iiitii 	4ot e/cono t . ojut tori 

to Cot 

R 
(4.12) 

i1  31 

Gives oucait7 oonotr4 to 
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Had at any &tctont, 	tho ro as or iuic on )10 .. 
Mt o 	c 'oao *ootioi arort1, is cvon by 

Ij(1~)e*Rip +C ()) 
	

(4.13) 

For 	plant and ~' into. 

In ordor o tcxo tho pvobioia 	ory trjbilO 

Gid -full rear to vital oat 	and 1oopinc the forniu- 
c10 oboe to Mal ttoi1d pro p , tho nontinocuitioo, 

tho boon and. t} o o 	, .t .+ aorD nocoxiriby thion into 
CLccoimt 00 tho totct1 zzothoxLticob riodci of tho hydio tborQlni  
ccho4u1inr problem oon be c xnarizo4 to one 

inci4in eguot . 	*10. w ,, 4.5 4,6 , %7 4oE , 4.9,j *1 

the dncnie equation of the yirO ayetoi.  

Th t; in oil, thoro Oro (B' P 8+P `. ° ) iuouoiity, 

co trzti.x' a cad ' cquu t conotieintc,  

eel pobboi. for jovio4 of one soar, divided. A. Di.z inter 
bts*. tthoro fiat iiowei otor m from the i oath of Jam, 

is eoi od.. 

The duto of the p#blow ic , c i n bobo 

ecr* uator ctoZo 
rain* toter otora o 

buoic cantor to .d 
tic uz' bo 

, Zr (D3/toe) 70.0 
'` ( `/cac) a 0 

fl0( 	.O 

► 26.0 



t 	ticito3c' $ coo 	Q 	f o 	eta 150.0 

?fl. vatoD (1100hCOI '° % (ti/aoo) 	2'*0 

non otfoctivo $ Sccli C;o ' (r /cmc) 	sr 2,0 

C 1, by1rau1ic output 	>. 	(mv) 	35,0 

cm. byLrc1ic output a P ( ) 	w 0,,0 

sin, i hozx1 output 	 0,0 

L'ar ctU inform► imtoz 
inf1+i 	 t'/oac) s 100.0 

boo forrna eoott. 	1 'l (1/r) 	0#0005 

	

B1 1 a ala 	)i, 0,0 

t rec1 tuc4 cost cooff. t 	2,5 

000, 

ri 	a1I II,.... 	,, q► ..VX 

. or the 0o tt c of Chia no .in.ODr pD 	 .3 
for 

prob .oD1 the onp $o Ntaroro ao o 	io DzOViOO17  
oMiiitnaa o ib o toloronco a1corit m iqu=d* he  
prorco on the cub ovt to prob]oQ iaoo for ticor 
tine thio probboD xi the p -ao la ivon in the 4j)pOMiz  

a /~p.2 roeoct 	v 



,,Irothor control urpoco cub.'outino problon 

COz:or ttict3 oe L*iiin ur P r*r : 	r* 	o civon in 
A oiQ (L pui 3 ) 

Tho Ltothornc2, concrotion cobcuiin rot o 

n turn beam of tho pr*bobtiictic ' atw co (roc nates) 
of &tand coag an the cow cm infioto to the rotor 
Vow * i7o abort rcuce  ocbo<u1inj probIo, MO prob ori 
CCZ1 o i; '1)0 6ioerotioo On+ V027 ° oLtittoo of tho 
towed and infioo coxt bo ntit ua:n the r000ct im» 

it'oz ot h CctberoeL in thopait. A t o ti 	no Of 
tho p oblon 	col it ' a+oa 	ODicxbio to ro on  
cech iuta, 

In ctiuc zo on ian rono IO1 QG t nfJ  prob3.ot, 
co lam, tbo icocuin o is rity 400c not boco> urAno. 
Goblo, It in doofr b10 to icito tho ` fbobi ctic fortwoo 
Of (2cuQnd otlOW3t ona txthoz' that  Of t120 inf.G0 to 'tbo 
"Qoo .''v'o , 

tom' cppocehoc o o otint in titich thin cobo 
iin prob1o1 t o pro bUUic ie fo tur # Novo boon  
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of Me=II irnvo tho limitation +tea 4O of tbo fi1Oz to 
bo do It o tho nOiUO3 " co t of Cpno at o 'UUCti have 
boon uocir3t r co .ifOcV OD tho COtbO4 to too Com► .OZ 

tc$nG tho oorpucticnci of ` 0 ionto ;  `. 

Po11 	rj is forou1xtion fora t ocht t prob- 
1ot aool&sc with a oyotod of hydro hyrc c8 R tborta1 oycfot 
far L poricaa, Vokin8 into cccoimt tho probabiliotic foo  
tuoo of dozmo4 Ac ti , ..b be Veen the f+ 	on ic 
bwioofly GiE1iiO in LttW O tO that o for toinictic 

c.00 f 1ooit a itb inproviotzo section) :o avin the+d 

co 'Z o! t o p bbi1iotic doan6 fcct*uo.Usti t hhic othod  
tho p'ob!oa can be rosiofinoL no 

P7 R 
tiiniai f ( 	) 	(,4) 

cubjoct to I 

r ( ) + 	i  » - :IO.0£3 (~ )) < p( 	po  ('.,15) 

tthtch can be o etc4 in orda o Otho obab ity that 
the rondoc u lab10 (ihicti in tic 0=0 Ia Ou ►pO3od to 
tol i no' tai intributi ) of dam (!) 'ti t 1 bo crt0r 
tom► or off?. to the poor or c .3.ablo ( 	It(t) * 	Tj 
PLGZC(1)), L (i) ft L-th porio In 1000 thon +per' oun1 to 

( ape o.oi t thLo a 



PD(i)) < ► 4 

vesico 3() to11 i, nor. mi iotribution on each into va1  
tiitb a man and vino of iØ) ana ( ) rco,oGt i 	. 

,C 	~.: s t 	t 	.t ♦- 	IS i 	4 	,w 	.fir 	Y ~', # ♦ 	 kY 0 t 9 	8; X f 	• 	i~ ; C'. ~- 

SPA)T'(k))f' 6 ( < 	`~)r 	~< , (.i?) 

'mho Z., 	jo 	N y 	( and 

4.18) 

Pr ZD "jA 	$a 	 010 	(4,19) 

0D1 i iP (ZD <Z 'A ) < !o 	 I# 
	(4.20) 

(21)  

hots 	E io 'rho of ac . noDirnl VLDiC1tO T car tI Qb 



0 

Thua 

OV 0 (Zpf ) 7~0 ( n) 	 00 	 (4,23) 

or 	~; 	 Q 

or, 

O (4.25) 
(PD) 

R 

JIM 	1 
(4,26) 

(4 .27 

inequalityo rzint or the oThwin  

a 
T P O) + 	PX ¼(k) . PL C(k) 	() E( k)/ 	() o 

(4,28) 

Oil P in ca1it conotriintee 

'ThU9 the toruition for etocbatiC can$ can be 
auizuariged as below (1i vartab.e donote the oono øiartity  

they id in pro cue aocUion)* 	/77O4 
OWL LIEU., Y t'' ,' :'; 	~; ~ 



PR 	 2 Din P(P) 	C ( a 	( ) + b 	)) . 	(4.29) 
is 

aubjact to 

P 	 11 
1 

a k 	 * 0 (4,30) 

; 	r 

#0 (4.32) 

*0 (4.33) 

4, (4*Y0 

•,. (4,35) 
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 Q,(t )), j O{) a 0 	 00 	(4.36) 

(r 	,(L)) i j (Tz) C* 0 	 .. 
L e I f,00*9 0 	O,0 P 

eitti t o 	000ioiø ta 6 	iC equation cM p or oquation 

X  (o) + 	J ( ) 	 * 	(4.8) 

cM 
04,39) 

n thtt eo + o thoro 	 +o ,  in all (' '° + Pfl2  + P) 

R*P) iMoponLont variabloa. 

Uj3 thin forculaUonfor et 	tic onorut ion 

ocho.u1in Q I h, 'o ozdi th*rzi oyotoa for pori of  
a rot w of r .nc, * Prot tbo oonth of Ju '$. t .vi ,c4 in o z 

intovclo te onit iit. Tho data for thin pz,obl z in tho 

ccu o cothat of thea p ob en 80.lt in Lotor niattc caco in 

tho loot ooction lotvix tho+ omudo Da ds. ubiob toll oto  

tho nor 	+ io ibution in ivon bolo for oaob intorvt1., 

withcoon and varicinoo of 4oac d as ivon boil 



EN 

Intek E 1 2 3 4 5 6 
N 35 35 35 50 30 30 
Ma res 3.5 3.5 3.5 3,5 3#5 

lcoin computer pr y► for f].oxibLo to1crance aorit 
is used for its solei. # 'etCi4nG a s tiatc ory out& , 
the s 	problem 	thia problems 	Io e 
inse S rho j,Toblo . in t2&fl Dac.. is Given iA 

sn&.p.4 soctiona of ppoia  , :,  



Cli!Pi3U5  

l Alai 1!'1111 



C42. A ) 

Co cr 1 P problon io foumi to bo of tbo form 
uin*f(i) ! 

oubjccl to i hid) 	+ ; 
Cj ) • 0 

• t h 	t( z), (z), cud i = liroa 	c/o  
men 1irior c i 	oI* ate' . 	inD? piin 	tthoda  

a c a ao b10 portion of O CpUtOtiOfl tip o spout on 
QatiaZy nn o riooup tooiblity roQuoontos  Tho 

loribio tolornco t Lor3th (OR i99# 1 Hir!lblau Vol *17)0 $. 
to do o' '..or hand itxrovoc the vcLw of bbo objective  
" .by uøiu 	'ort ion p-rovio4 by f000i 1.o points, c 
tPoli ac cortcxn flcfltOa44blG points tortxi. noor iowib10 
pointc. Tho no fotaibiZity liritto arc rLizal1r zo 
zoro rootrtcUve tic procoo& f 	OMO  oolu- 
tion of t10 prof-.&nj problora# until in to W4t tic t 

vQetor in(%) Co Oac tCZ ► /Q a rOOU3 t of 
t iio baoie otrr cy t 	problo of (5.i) oca bo oproi 

14 I . 	, 	 *. 	(5.2) 

vLvoat to 1 0 (tz) . ' "3> 0 

tibo , 0 (fit) to the vulizc of tbo flozible tolorcinoG ZitOriOU  

JT 	casibility on tt o I- 1' afro of oo h, cod 	a 

5 



Po3it ive ttrnciona1 of oil tho o uolity o 	.' !o city 
c c of inta of pEobioz in (5.1)  uc r o a ccuz o tho 

oz 5nt of oc txaint. voiiatiozo 

Doi'initic of toiorcnco oonoctint voilation • ant tho 
conoojt of noc tocoib i to o'Lnoo c i10 io 0 s 

o tolQDcxlCO oritoz'ion 0 to oloe o81 to bo a 
4,voiccD000tnC '=c1ic of to rt a of 	 fl ib%o 
pu bo 	 (Z'), lt 

o function 0 acus co a oloroxico cxitoion for cootoint 

voUctton touh out t o on fro o o 	.a.L ioo ovoo 

in  
of 0 inoorpox'at4z/t1toes 	to 

(.) 

oos 

 

oio o2 initialpoi 	On 

• nutoz of q=lity conot*'ainto 

Oita rt+ v4r► 	. 

(a-m) = xurbor at 40000 of froo 	t( ) 
in ob1OD(5.1)  

votoz oozoopc 	,c to controt tiith rl 13 ' 
It 	0,1,, to n inoz roforrinC to nuzhcr of 

cóoploto4 of ,cc *2 scarab, 

or t' or ct critorion on 	) of 
OtC O of oou'cb , 



Lot the con' oz in tho bxocos b oquoti (5.3) 
bo aonoto b 	L')# 

e(1) 	; 

1 )2} 	 (5oi) 

oft .o flozib&o poi o6ron in 42`*  bcorv: thcit 6(11) 
Dopr000ntc ' oa r ,odic tso frozoc 	. 	' 
to tXio co o .+ ' 'ot tho po ybo o in 	&o ob 
ht t tho voiu 	`° t!j.l. +boon on tho o cO of Ia O17-- 
co1 c in i'4, wt icb o ►cb o y Oz 1 on o ►trooi , 
CQnin on iILCI carat o la WW Vo C yd tho rori. 
oiU cn from X 0)  to 	' o  2'h' O(h boirnvoo an 
4aocro 
acorocioa din 	t o proroEa o2 tho cociroi, taxis aa tho 	t+ l 

tion of tho prot4o ic as 	Com, bOth I j 
ap 	c 	r , 

 (1) ; 	> 	0 

?bo cr tori+ 	oonotrc tht: +cro ati t T()  

C Qir1or no a tzictioc1 of tho o Ubj' and 
inoqmhi " oOnotr3into oa (5."1 

5? 



QaC2 'IJ 4 i 

tea wu 

thco '¼ is tto uoihth tmCtLOn 13UCb tht uwO for  

E)7 O 

	

=a 	I for cfl<0 Thoremo () io 
ooI cc the &vo nurro root of tho cum of tbo,  oquoxod 

vc1eo of 	1zc 4aiO4 oçuiity on*/or inouUty 
ocnaVraln o of robioo ($.1). E) 0 for cit c- 
in g4tioui, i £ 4 

	

o2? 	(z to coitvoz iu4 tho 
 

are oona'ro fwiettono, then () to a convoz 
I'llmotim witi.. a ciooX micimm for all toaoibio vcotaraj 
i4O QZi h) 	0, o 	for .,. p 

£1oo, (f) 0 for all k Voctma that co uofoeaibio. Pr 

i 	 q!() ovaluatod at 	ttw (5.6) 
C t'O UcOI to 8tGtt..UiOb bOtWOOn fOtbiO and iozocoibio 
,ointo it: () 0 	to f000tbio; U 	> 0,. 

ic o.toaøib1o.. 4i tbo otbr toad#  CL ocoil voino of 
iiaplies that (h) 

bie 'cion, and, alcrao vciuo for 	iUoo that 
to rollatlVOU for from thø focciblo ro0ion,  

Tho oanoe of 	 fowtbiitt 
- 	-.-HrI-M*4 T 1t 

oar focnibio vootoo oo tb000 pointo in 
that cro no fccibXo, but neVK*tZX'iQaO Gliaoct f000ii3o, 

in tho oonco rivon boli, To ootihiiob a e1OO out (AioinC- 
tion bOtt?OQr £aaciblo, to 	Occtbio, orz4 nautonolblo pointo, 



to 	L-  bo tLo 'o1uo of 0 Cfl t!# 1 th  otctCa of tl c oL*ini.. 
atio ooc1 s +i lot 	be 	vector .th 1.1io 

vootor ic Cola to bO 

. a, if  

2,, OC1.QO.OiblO1  

50, ro oc oib o it  

Thuc tho z'otion of no x'400 Lbi1tY is + of od 

001) 	()';- 	 10 
 (5k?) 

OflY trc 	tx'OZ 	to — 	the 	o iø Mid 
to be fo bio It 	0 ZO foO0ibXo U  

(k ),. a . 	aoiio it ( +l  > 	46 it to Invot 
to note that tbo vniuo Of 0 on the (b44)  	t O of  tha 
corn& to .o o 	e . only ofto 	We boon 	o ; + 
oi otthe : £ociaib10 or c 	0 b o: point. 

?rocoto for indi foao . 	Danto oibpo ►o s 

Tbo pxccoLwo t. obcoin1ni either a fc,iaeiblo or 
o noorZoAoiblo point con be 	= øOL CC f olI do t 

i fat 	i fro a nantooati,io point in'en 
be the voluo of the tolozonco ortox'io*4otor 	from (5.3) 
on the 'kth  oto o of the ccarab produro.- Lot t 0,00 
O(L-) be the otco at the initial pol o& on for the oin1nii 

of C(s) ooain 



Cat lot 	 CL noufoaaiblo point in 	+ 
'titi tho coorob to oiuco tho volLo of TOO (iw ) 

initial vDrt.tcoo ifo)v i1#** (aø1) that txy or y not  
to ikn a VOc fl1Arpo 'hoi Lxon n& L 32 r+ i.eioui,o1. Cho. 

;~ 	~s 	ti a'!t► 	dt"s w 	s 	►1 	~ ~ a e~ 	f 	! 	i 	l 	• r 	t 	1;," 

aubcot of fl VOOtODioino397 4opor ont. .0 " all  
tieol pi000ct ic cocV ccnvouont to buil1 a rotjulctr  

poho8i'oninc O) 	the boo point. The ( i)cit 
coo of the bifid elbrdron in texo found fro 

1horc' D is a coli cctor1 in" thich the 	orvIl o 	o cwcl the 
clonono of "rho 	» 	colt=of tho nr± (n+i) tiat i 	Dir 

The 00C7?cb tt *U 0 iQ k d.0D0n40 upon the 
and orient ltion of the i Ual pot heron ihon to a ct 
o ' the initial p 	orou to troll coporoc1 iith the ,vino 
of the foociblo roiiono the noozob pc b ic noly •.op - 
tot of tho orionto4on of tho initial pOly1WDon. 7OI 
ocall valuco of t, the coarob path tolloto tho cirootiorof  
otoopeot aoccont Uitb rzoyyetto the function 2(i) z irl 
ol000ly, at Icact CLurinn the early otaoa mf he aoab. 

Zn thin aloithm the ama of the iigtial pot 

dram gm the nthioetio of 	) at each ota o i is 
Calculated fra the oopiriocLl relation, 

t a 005 () 	 10* 	(5109 
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U1?O OW to to vciiuo of tho to1oønco critoricm ozi tho th 
oco cia cozpuoa frc (5,3).,  Tho cio of tho poiybod'on 
wc4 to D5.inLio f(s) io fl=d at cm inititl vino ct tho 
ocz't Of tho oocrcb for tho minimum of 	), on6 io z'o&zeoa 
only co tho ' v000rc fail to ciirovo f(E) 

Prot oquUon 	cocuto T() at octoh oao of 
Ilio (n4hl) vortora that ir  

tinirnic 
20  With cCcl, S e 	 2/(). It thO oi8 of 
occb otcio as  cororo tho SMA110st vz4zo of TZito)( 	for 

1,..., n+41 that o 	ttith tho c1to Of 

3. If 	Ø(, cithor a toAoi4o or no20ocibio 
point hao boon 4otorminodo It 	2 0# voploco tbo 
nfaiib10 point 	tr 	 £°) ia 
oithoz foa.oib2.o or oD4oz1otbio and torina.to tho riattii- 
aatton ot). it 	 0 0It8I n = Ot  CO tøøo7 
bo1cii, 

4. If 	 cozput0 

LJ1 	 ) 9 
0 	

00  

tiboro (4 ) la tIo va.1ao of ¶!() at tho controiL of 
tho PoUbO&CU an tho Oth ctaCo of the ainiitLi o 



W 

I `   	rotur to atop 2 nn i pi,ccoc titth tho 

minirirciot of T( ) on to o (0 + 1) ct otcro. 

G, a A(C) 	# trio nzibio po1yMron o tc 	o 
oo11aps o into a point uithout a touaibio or a nowib10 
point Vi boonfood 	*CQ . 	OfC O 
tliffiouUteo vhon A > « 	Li o: 1rcjo nun bor o2 ncniirotr  

ocjuW an ineuc1ityc 	xtaamInoc In tho 
dof.th ti n of " ( at tbo' rt icon 	b cacao A~D)< i(r 
tndor nuct conLitiono' (3 tiwna out. to bo vito a cope o 
funotton Iz 	oz 	g .•, lot (bo tbo votoz  
corronponttnto tho 3otootuuo of T(i) * la to of toriii 
nc.tizij'hos + 	tX'estthot bGLUC able to £z4 	"m 

. b.or na fotb10 point* the 	then tho ooi tioc 

alone ouch ono of tbo j 4 iOnO parallel tO tho coordinate 
ono of Xto Ot02i.Othe LLnitnt of 	 o follow 

bo the xS.ea of (z) t3.oic oc b opoc 

tivo LtoeUon p3raU of to tho 000incto CZia of I 

dotorT4no 	ao that r( i) io eaiioun t cio di'oction  

para3lol to tho oocriauto of 241# tom `, doom s r + 

•00 	uti1 all 	f 	. ° 	oro c3.otozr4noL,: 	o• tech 

nique uoe4 coainto in 6to'rinini tho intorvnl 10 that 

containc the minimum of ¶) in the diroation unor conaido- 
ration* Than a 	d 	i t l ooarcb La carrio.out by oidon 
coorthothc4 untU. tho ciao of tho .ntoz'val that contain 



j in z'oducod to love thn I OrCont of to 'duo of 

Tho pO3O of crrD7inC out tbo un i&thonoional 000choQ ic 

to 3oao ci no point 	 onâ ' bon rop a tbo 

oo4Zo1't at tinG fro atop I #itVh a ioror initina po3s 

«'fir o V ion porallo to the oeo mto i , at toot in  

eu o to do orin if tho not v .o of. ,w ) < ..w in 

ilbicli one .LMt 	pincod by  +kDt 	thoc :ini Y. ! AM!'a4' of 

in teftu2to4. 	cftcri cei rct 	in 42.7 co Lna * 

i oe -i m, a o aib o oil dA ou oaci o point ci iU  bo 

n i
JY'
it b' ontow ,, he a c * t 	etwa to atopcin 	poato 

tho corch onto nain: at 	r uith X that I the point 

at t hicb L() 	 a t ninur3 in tho 	ec .0 p waU i to the 

nth coo in a =Loo I ho p0004uroo atepo I thvotz h  

tniio to find a fow4bio ov a noaD4ocu3ibto point  
tits in a ro*. tho c4ninicction in tordnt 	a tnthwo.. 

r ,: 	 '' 	, before rotito tho 

zltnitth3ation of tC), the iutcrpocitton x in 
ct~ioc1 out to ca3o certain that 	to not far 
from the bathorioo of the conotrainto that ioro violated  

t tz'ioz to obtc4nin 4 . 
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nititOn cn ortiuQtiozof Coo=h s 
4ILjrtiT 	 It1 	11-0_01. 	 am  

(n+1) vorticoci, vhOrO n in ttko tOtOI. 1. nbor of 
varidblee (dopondont Cmd indopondOot) in PVOMOM (5.1), 

oz'o uo4 irl tho riniriiion of () , 	 orcQo (i) vo 

ticoo, r sm v.m to tbonutboz of do2ooc at f3oLou in  

(5,4) aw ucod In tlio 	iitatton of t(). U M o 0, 

that Lo, problom hao no *quality, constzaintr, men r p a 

Cmd 	 : flintZt&Ofl Of t(Z) .Lnvoivoe: tha cam nuz~)Or of 
6oreoe of $røo4on ca aOQG the em t?1tLtiOfl of 	). 

TO Ldtito tho oo.zcb for the :ieictton of t(z) 
uolnZ the flor4bU to3oanoo aiozith,ono 1QoOO to Imov an 

initis 	the Duo of the initial poiyodxou t, the 
value of 	 In ort(ov to otaDt thO C1ni.ItiOn of 
f(s) with the approprinto po3.jhoro oto, t ahotl4 be rioloc. 
tod oz a function of the orocto eno of vrictioz of the 

vQriablQC z# tJtntally upor ond ioor bounle On cro known 
in tthtob coca the faUo:in ouatLon con be tco4 cc a  ram- 

oonablo ootitcte of t. 

04-2 Y1 

- 

LL (uLi)i*.. (tcJLn)j 

ti1oo (UL) so the 4itforeneo bottioon the Uppor and O?O2 

boimn on tho ve'ablo 	If umv c4 lo:oz boumO of z 

aro not mom, a zotiocriable cuece for t Vill bzvo to out fico. 



j in ciucca to loan than I pozec out of do vauo O O(h) 

The pu a3O of c cr;;C out tbo uiiitonaiono, ooczcboc is 
to .00ao a now point Wfrot '3)  ono thou co at the 
00 b, atc in:; 2ro atop I#  with a 1arjGr itiOI po: - . 

At the ondof each wtitxzmtono1 cobin tho 
liroctton porctUol to the ceozinato at o, ,,au toot in r 
cutod to dg oho U the nets due ofT( %*) 

ubiou Coca x 	to piao 	WA the ainiint&ox of 

t1iroctiic a tomibo or a noazfeocibio point a ili has 
not b on oimc, the 	ittm z'ctwuo tó atop I an ropoia s 
oa point 

Wu uh h: () a a aiuteua in. tbQ •4icUon pkr11eIto tLo 
nth 000,inte oo* It tho pr owe stops thDoZh4 

faflo to Una a feasible or a n.oitoaaibic point then 
titzxc in a zots, the 	cat ivz is tor , o 	a, 

1 ) O bofozee roti to the 
cintisaUc of C ), the i O1pOlQtiOfl 	 in 
coed out tO aOO cortain that (L) i 	in not fO  
fro the bozn&ioo of the ca roto that ucro violoto6 
Just prior to o t o 



I :((aa + 1) t. 
START 	Obtstn aS'), i ! 1,.. , r + 1. aacordt .. to the procedure 

dccdbed in 	Msf i 

I k-k+ t I 

liemdnø)° f(I ,  Zr) )) — 

is,(k < s ? 	Yes 	STOP 
No 

fk) ,  * o( 

 

(&}  (k)  k) 

	

ustermine tcr+3•x02 	xyy,~ _ 'c (  

No 
Igialmlzs T(xc+j) so thatT(tc~s)) 

•(k). L at.x(k) _ u(s). 

•Compo.!@ f(r4+3. ) 

Is T(x(k ) 

II T(4) 0(k) 4 

Hinimize T(4k}) so that 
< O(k)..E.et xtk) 

Comets 

Det"Was 

zs+! * x'*'f(Z 3 — xcr3) 

isT(x(k) O(k) ? I 

Yes 

!s i(at) < f(x±4  

MInimizeT(x( j so that 
Ofk} µLet x( m x?). 
C puto f(x(k;). 

(k)„ z(k}
.. 

Xh 	r+3 

No' 
Is f(*) < 

YeE. 

Determine xh) * ~cr 
f(zh )) = f(xM3) 

is f(x )) c t(xlkh 

No 

!) 	yci Determine k
) . X(k) 

t(x )) qn(k) ) 

Detam~ihe zt+5 " x11+2 + p(41k) -- XJ 

(k) 
 

No 	 ne % * xr+4 
Minimize T(x f+3) to that T(4) )f(x4)

4 0(k).I.ort 1kS`lt(s) Computef(x(k3
I)Tfe(tl~ 

Ycs 	 laeKearnrLna (k) . z(k) 

	

i" s 	 DatsrmWs oew +macs for t(x kf)4 

Is ft' S) <((4 
as 

Na 	isrmint► kI'. &k)+o5tk)_ x(k)iij.l....,t+! 

Flow diagram of the fl.xihle cainrirtea alaoritltm 

it_ L'.t 	/ 7)x'1 



1nitction cn ortitionof Coo cb 

(n+) vovtcoo, iho o n in tho to c1 , nbor of 

.,db ss(is ondont and ido 	:oz t) in p o ,orr (j ,i), 
air iiaod it tbo 	ut . of ' ,g ubo'c (vol) vo 

t oss is non ic tb ubor of dodoo of ` QO .Ot in ob 

uooa tithe 	iztmUono , ). I *0, 

that io, prob1or ho. no ou1itr eonatDainto, than oii 

on tbo u n ,g nat . 	) involvoo tho aano n* z of  

d.ocxeoc of 	04c tLO dOQG 1O Q 	iition of 

Th 	 la 	:c occich for tho aini4tiou of f() 

initial 	. tho aio of thobttiI Do1yhodroi t, tho 

vxiuo of (0)  end r. Zn ozdo to at -t tho cm iationof 

stith tho ,a p3 ric to po1hOror2 oio t oho 1 bo oo oc-► 

ta funoton ooctod. ono of x1c do of tho 

vcmiab1o3 . Ucao13,y ipor and. iooi boun10 on co ton, 

in which eano tho to1iotin oucation con bo ucod. 

oonablo octiacito of 

042  V1 	-  

LL' 	(U J,  
D 

u crc 	L in t to 8 tfo Inco botiioon tho UFO O ' and 

bo*m40 on tho vvr ab10 	L iwo 	i 1o.. or bovizio of 

am not 	Ct romcnablo CU000 fOT t Vila. bVO. tO Out fico. 



RM 

Ulth t :o a1oLt,bn ropocodi 	iO atuy, ncn1otai 
ooiuti o co ccic cs 'o avoid if tho Snit po1yh on ta 
ojroc out vioiy ovt,r tho toy c y of f( s). ."t to 	atoy o 
of tho a 	it Coot not 4o n On any l *cal pDOpOVcy  

f () nor on any cothinction of tho p?oortioo of C() cnO. 
tho cono#:rcLinta0  In oaeh otaro of tho cocuc1 uonr tho 
gloniblo t o o ra aco a1orithzi 	o t i+ for tho no tam 
to pr c .CL by tbo (x.`+i) vflcot of to rt "l 	r" to in 'P 
hooforo an 	 o +c t cd tc o of tho p3 oz al oritbm 

io tbat in the botrntn3 of tho comb, a 	o nuriboz of 
icoo orid4o2y uoo to obtain intoraaticm abcut f(), 

O cin c o *bane* tot o•oo ' gill bo fom t Qt loa c 
to a Iccal optimum tb to botbor o ctIor local  

It to c3lao a4vantejoouu to build tho initi . po]y 
bodron t4tb onX (0)  that to oao o or noar foao bZo  + I 
tho Initis polio6ron to built far atmy fro tho foociblo 
r 	(moi) varticoc will havo to bo p lc cod by oricoo 
cloar to tho foociblo roCion. 

Tho procouro for ob ainj tho vortio 4O)  , 

r+11  r i iro to otort tho coarcb is an fol loo, ron 
c 	ooi (5.3) oputo 10(0)  ,* ( 11)t and coapuo tho 
va].uo of T() at the inittal voctor'r ► ,w If  

, 	S  t 	(o)  to a. fooa blo or noc-foaciblo point on+ tho 



rim 

Initial voz'ticoa 	ii,,., r+11  oxo oiciihc44, If 
r((0))> (o) 	lo ci jr3ito until a i'ooibio o 
no.foaoib10 X vootor iO obro, miL thio vootoz' 
bocoo tho bcco point for buil4fta tho ftiict polyb3rdromw 

¶ho ct,rjoritbt to incoo lmder tio cirou=tonoocs  

1. tJon 	E. ,. in tbjch 0000,  tho 000=b io 

2., Whon a f0toiblo or a no-toaaib1c pdrd crnnot 
be obtainod in whioh cao tbo porcb in 

the twos io szotruatod to choco 
8tto.rcnt tct in p0 	 ° tnG/oz' o aiforont 

0 
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K CSVI...TS 	^1. 

DETER N11N1ST1G CASE . 

* * . 	*#*: *# *** **# : *##** * ***ASF*** 	* - 

OF 	,t, 	0 AI!I) F..`!'riEvE~ Ai. 	, SCE-[ 	J, _14; POJn 

j..I':Rfifa1f.'1C r'=1 ,P=1. 

CJ, UP' I I'F:u'E:. [' E t.'►' VAHIAHI.,F:S 	1 2 
[J. fJI E(!I)ni,JTY Cfr,S'IRA.1++T3 	Fi 
1), OF' 3 F OTY , CI.' S'i'T' 	42 

Si -ZF; Of I i,:(TIiJ, HvLYHEL'FdUV 0, l7U00 +02 
'I'tt 	1) iIHF:i>CtJs~VERGF:i'CE 15 0.100001 —04 

T..,F; (',ot-IF'`u T;_' I 	SECS 0.000001 +O() 

;TTi~c; 	VECTr:H 	S 	J,t•;C'rEf) 	HY INS 	1S 
)000. +U2 ,.I.1,dUU0 	+02 0.11()00(>F+[)7. 0 •200000E+02 
) ~00!~ /0~ 	+ r07 ~1, 1 1t, 0O0rIk, fU2 0,1  ~!.170!0~ Of ~ E+•03] 0 , 1 	200W +03 .I L 
'.'. S.'0V 	'~0 u, I12U}OOC',+0 3 0. 1.X2000t`.,+03 0 .1120 V0i,+0 

ThtZ 	T~-:I`4'I .11 	̀ .i'IJh, 	15 0.23f100 	+03 
;,(1 	OF 'J0f1,ALI' I) 	C,O'!,5'I Js/\luj 1,, 	1.5 	(,, 	1&4)5 , a•E.);l 

** ** * ***# 4'.* **** * * T*** -* 4 . 	4*44 	' 'i 4 * *4*4*4 *+x**** **** 

,`AGF CAI 	, 	l,l,,= 	1 Trll,.E ilV,,- U•23 000fL+0$ 

IF 	F'~J' 0 	VAL, = 	0.237750(1+03 

'. 	 'f. l~ 	1)t'.. ~4 '~~ VECTO}<) ARE 

10U001:402 0.1101,000F+02 U.11(l0 	OE+0)2 0,2000000L+02 
)0000F 40) C.1 .100000 	+02 t . 11.200f)GF;+03 0,1 12u0o0 	+03 
?UO(~oE+(i 3 O.112 0000i+03 0.1120000E+03 0, 1120000r:+t)3 

\LJTY 	f_u"FSTRAI=1's VAE,IiES 	ARE 
124u,+01 -0.19.112 ~F'F+'C)1. -0. 19117931' +01 —(). H0 	0~31#•;1 
1I65 5E+01 (,.30e8629+01 

1.C( .S'l1',`a. VAI, 
)00C OP.+0.3 	0,1 100000F+03 	0,1 100000F+03 	0,11 0000I+0i 
)000(lt-.4 03 	0,1 1U04)00I+03 	0.J 80O000+U2 	0, 1 s3U0000E +u2 
i0000c+02 	0.1 800000F'+02 	0.1 500000E+02 	0. 1?0O000h.+02 
)0000F.+02 	0,4('00000F+02 	0.34)t)0000F+02 	0,7700000.' 40) 
)U0)0OF;4 02 	—0.200000014.01 	0. 1)0()ti0 	4 t)2 	(), 24000(..)()r:i 02 
'0000E+02 	0.480000 D'+02 	').60O00(,0 	+02 	0,7200000k4 	2 
?;00 	(oK+02 	0.11000oUr+0) 	0.1.100000F 	02 	0.20fjv00O 	+-0;;1 
000o' +07 	, , 11000001 +02 	0,3900o00 	402 	, (',390u000+0)  

10000':4+ 02. 	0, 3000000r,+02 	0. 3900000E+02 	0 	390oo0U0#'.+02 
.ogO8bt,+02 	0,125998HE'•+02 	(t.1259°91h.+U2 	0.129`394h.-402 
i999H4 02 	',1259999E402 

:** *4*4 4*4* **** **** * *f 4 4* 4*4* 4*4* 4*4*4** *4*44* 4 *4*z4 +*++4 

F\( 	(AL(, A (J. 	28 	 T(JI,.(t~'3'Iv.= 	0.1 U9424P.+v2 
E F IJ C 'JAL,  _ 	0.1991989E+03 

:Pax:i UF;['~'I' VCCT11IllS ARE 
249' +01 	t.9S70315;+0.1 	0.7975255i +01 	,0.2,3054.3'+02 
)0E03I +O1 	(.8557340F+01 	0.11417,10E+?'3 	0, K357917EL+o3 
11431'+03 	Cl • I &.70253k4 U3 	0.11 57256E4.03 	0 • ts9630o8P,+02 

,IJTY C(J;t "i'h11T;.TS' VAI U S ARE 



,j l'A'AGa CAI,C. , •j.= 	56 	 '0n.CRT= 	G.101t,51tiI)t 
E. Vus'iC VA1, . 	0,2797424+o3 
PF;P, ,iI vT VECTC)N.+ AF F 
3551F'+02 	0.12951314E+02 	0.1248246E+02 	0,2791 33!St.+Q2. 
49H9E 01 	O.1.1h411.6+02 	0,1176385E+03 	0.1t.?9-461,(N;+,).J 
3297F.+03 	(..,jo971t3oF,403 	Q,l1f3916RE+()3 	0.919J.2U'/r:+o;, 

J 1'1 Y CO STKi~I( TS VAI-UE,S AHE 
3430E.,s0Q 	-t).3<)472~s6E+OO 	-0.3817933k.'+O0 	-0.7t) 35b9p-s00 
513E-0i 	-O. 21313577400 

.00"'.5I'TS. Vli1,. 
63E5403 t,i07 i619F;+03 0,.1103297E+03 0,10771b6E+i)3 
Y16+0 .~s911207F+09 ().123h15tita+U2 0,2Q13b10E+u2 
7035E+0l. '), 2D7.D 41 P'.+c)2 0, 11()B 3 t~,F+02 0. 	8;) 3 /93r +02 
fh 150F 4 02 ('. 4249 	r0+€ 2 0.30.16495F,+02 0.2o451 3+o7 
452 	F+01 0.9622451F.'+01 0.1763850fi,+02 0,175QQt)401;i-02 
3u05 	407 0,4954 64E+07 0,684h54PE'+02 0,ta(,3 7755?1+0; 
3551H: +s)2 o.17.958l.4i+02 0,124s 24cF:+02 f), 17 9) 	35 	+2 
49Fs9e:+O1 0, 11 6411.6 .+02 0. -38f)h449E+U2 (.370418~u:+(J2 17Si4L402 0.2209165E:-402 0 	43x 0!-901,E+0 4 0. 838',4-()I 
771b1402 (', 1 Sa,775)F;+02 0, 12 553399k+O2 0.130 5b4_+t!2 
1661 F+`02 s1. 1.663.75 5E+02 _ 

44 4* **'* **** **** 4:4 ***4 ** * ** *****4: ***4* *** x 4 4**4* 

, FAGF CA14C. 	) r 	8 4 	 TUL .CRT[ .= 	0. 1v1h51E+- 01 
E; F'Ui,C VA!,, = 	t).278631i5E+03 

NF. ir;'1 VF.r'rOR5 ARE 
4977x+02 	0.1282420n,t02 	0.12313314E+02 	0.282912402 
1527E+01 	0.1150170F;+02 	0.1173065E+03 	0,.1089321,L+03 
0663l +O3 	U.10Q7t)92E+-03 	0.12404494E+03 	0,91964101,+02 
L (TV C0S'rxh,It,gs V,AI, E 	ARF 
U4U0E-(3). 	-0.7088F,2'1'+U0 	.914~3~i4hFiF00 	-D,39bU145F:+l.ef 
9166+O0 	-0,34)7627E+00 

.Cu'a5TlS, TAT,, 
3(Th5h'+03 19.1069320E+03 0.1 :1 i 0 	63FE+03 0. 1077b€)2E+U:3 
44 94E+03 0.899641.0F±02 0.1269347F +02 0.21 06804P'+02 
3371.)F'+02 o.20231'83F,+0) 0.95"o591k.;+0a. U, 3403590 	+02 
Y347402 0, 4:3 11 t51 F:+02 (?. 3069521,7.+-02 C, 2092'U4x +U2 
f =350F.+0t) 0-85,1 25 3^3F'+01 O. 1 ? 	0653F+U2 i).2b23849r'l+(, J 
0479E+02 0,490)396t +02 0,t'952.. 377+o2 0.6,146747h+02 
4977E+02 0. 12F~242oF+02 0.123(? 314x;-+02 0.282,9128E+o2 
1527E4-01 0, 11501.70Ff02 ().3805(}237+02 0, 3717581rh+02 
1)h8br:+02 0.21.10(j7)F.'+(~? („439 	l4 1L+0) 0, 3849d30L+o) 
3H55 '+02 0.13 	35o 	 +111 0.t2381-66F+07 0. 13u4b11P1+02 
1009f +O2 G.16 	 07177;+t)2 

*4 	x44 **#* * r *.. ****. * 	* 4:** 44** 	: 	**4;* 	:* * **4**c * * * 

	

.T'AC;E C:rA1.('., r u,= 	112 	 'fJf,CiTld,~ 	0.4b142t00 
f: FDNC. VAL, 	0, 2$330 4F+Q3 
PENr)F;r T VECT1iFS ARE 
0637E+02 	0.1.316€377}02 	0.1256450F:+02 
2449F; +U1 	0.116()27 Pl4102 	0.1 7 305E+U3 
6177E+03 	;:.1094h8 (F"+03 	O, 1207225F+03 

i.JTY CC1sNS'YR4.Gi`.r,`? VATIUFfl AF 
2..324E+00 	-0 3720&70E+00 	~()„48909631 '-U1 
827E400 	--0.1147526E+0() 

.C'JNST S. VAL. 

	

s. rf... . a 	~....~_... a-.~_ 	 .._ems.. - 	- 	- 

0.2071039.+02 
0,1084107F:+,03 
0.9230437E;+u2 

-U, 476404HE-01 



tP 	 ur. is`I' 	'1F.( 'i'( .ZS 	AKr; 
H552 ,+o2 	().i3'71-1E+02 	0.1 249890e+02 01055kv'+0I 	( .11 h391.3 	07 	0. 11.72H84P,+03 
37 s 93R+O-3 	i.;.1,k'95495FI4 )3 	f~.1 206712k f tai 

I'FY Cc:1;JS'riJn1 '1.`r VALUE; AHS; 
34127-01 	-c•.11 66254h.+J[1 	-0.9392004E-01 52345x1-0i. 	-k~.117n893E+0o 

•t).28Iu191N.+(12 
0,10b6V34r.+v3 
0.924o ' 7 +~r2 

^-0.40056 51 J.,-01 

i,4.CU yST'rS 
52cs84E+u3 
3h712E:+(J3 
2 i07'iF;+U2 
71,161E+U2 
2.2037E-01 
70101E+-02 
5525r'+{,2 

UI 055E-+0 
5011 u;#02 
54218E+p2 
1{6971x:+(,2  

vA+,. 
o. 1. (,rn934F'+03 
C,9;~trr847F 02 
^.21+45050 ,+02 
(,44u1tt1.8h;+Q2 
(', 7t,h9744N i 01 
.4925058 '+02 

0. 134/161E+02 
,.1163913E:+02 
t .212980991+02 
0. 1 . 26121 r.+O2 
').1t,51,f330E+112 

:r.1.11T 7q 193E+03 
0. 1 2 1 161 F.+02 
0. . 3 2 8 ()1, E + O 1 
U.3029t"42L+02 
0.1728839E+02 
0.h99217€1+02 
U.1249+~90E+02 
0. 38144751': ir02 
0,433q8951.07 
0.12256061;+02 

0, 1. 075'- 95 +0 j 
0,21 3U€S7+C2 
0.3759153x,+0 
o.2074942t +-02 
0.259R182r;'+02 
0,623 3025t: +t!'2 
0. 28701 1e,+o2 
0.3wr5 839E+;)2 
0, 3836()87h;+(,2 
0,, 1309004F,+02 

*4r** •~k*4* **4* **4*. *K'K# ***1- 4*** **** *4***** 44**+* ***'# *4C*4 
r'ArF: CAW'. il().= 	168 	 'rpt 1.,,c'tz ~rIN, = 	0.9673 49.-o1 

VF; h'ur1C VAL, = 	).285313bE4-(73 

i:p L 	VIC' 0RS ARE 
144401E,+o2 	0.13576'+02 	0.1252769E;+07 	0,2870671E•'+02 59-'85E+01 	u«1170137rr+02 	1).1 J.742041;+003 	0.10 7066E+c~ 3 72b3E+Ei3 	U, 1O964AO tui 	0, 1205235 +o3 	0.9249687E+02 
Ab 

 
IT Y  CLMS`i'RAINTS Viklili S AkRL' 

	

339o01 	-0.1 056520F-01, 	-0.63730050:-01. 

	

27(15 3I:-():t 	'"Q. 3b82463:-ot -0.1612112 .:-01 

~.CUj' SIT S, 
542049+03 
35235E+u3 
27)72E402 
57.59E+02 
377401.;-01 
85530tr+02 
4403 E + 02 

59485E +0 t 
17231 E+.02 
515779'.+02 
97527E+02 

VAl. 
v.106706i,F+03 
o,90496 7E'+02 
0.20351,97x:+07. 
U, 13t1729AP.+02 
0.74762;429:+(O 1. 
0.49503339.+o2 
0,1, 357n51H+02 
0.1170137 ;+02 
0, 2179329E;+02 
0.1325857fr 02 
0. 1650062E;- 02 

0.1117293N+03 
0.1257959  E 4 .02 
0. 476457K-,•0.1 
0.301.447k)E+02 
0. 1, 74'2041 h'+02 
0.7002688E•4.02 
0. l2527h9kF +02 
0.38155979.+U2 
0.4384052E;+02 
0.1225416F,+02 

0.. tO764R0E:+03 
u.2129339F+Q2 
0,375031 3I+02 
t:, 20 49u67r.+02 
0.2612 702P:+02 
(),+575237 51,,+(02 
0, 21()671+2 
0.3642349H:+u2 
0. 382 b3+o2 
(3, 13070.34h+02 

AGF 	c ALC, 	N'(.= 	196 tC;l 	(r?TN- (),4b1249F:-(J J. 
IP- 	F(JN( 	VAL. 	_ 	00.2H56936E+U3 
PK)E9~7' 	VECTO 	S 	ARE 

36450E4, 07 
78265E+01 

0.135582r,e+02 
11.117185'9+C12 

0.1257064 ;+02 
0.1173 	25E~+U3 

0.28723809.+02 
U.1G 	727 	t +C33 372341,0+03 0.1096132E;+03 !j.1205332 '+03 0.9250960:+02 

`•,).~ 1` y 	('(.?NSI RAlIN'.' a 	VAL IJE:S 	AJ F: ?51.41k;-U2 
71979p:-U1 

-0.:-'.44745L)F-01 
-Q.i933347E-01, 

-O.2226431-01 -0.628Q902t-'-U,, 

4,CUNST' 5. V  i 9259;403 
?5332 ;4p3 0.111672, 76F-'+O3 

0.905664k.+02 0.11j72.34E+03 
0.1.260754E+02 

0.1076132r,403 
0.2127?43F.-4 17 ?76600+U2 

)0 54E 112 

0.203681F+02 
0.43879' 7E +o2 

(; 	9460789E401 
0.30151)57L+02.- 

0,374g036L+01 
6 , 70543 3HF i U7 - 



~ JTY (:3,..Stti11.~T, VALUES Ac. 
99,-03 	-(15169501 	-•O, 1861601f-02 
93'12E.-02 	—0, d4741 HI;—o2 -0,853326L—o2 

3b51.E+03 
~5 344Ei 03 
5!22I+02 
,3494E+02 
0641, E.-02 
6298E-4.02 
~7 74+Q2 
'4564 '4564E+01, 
1293F+02 
2(- %34E4 02 
9309 a: 402 

VAL. 
0,10675311,;+03 
0,9052422E;+02 
0.2)39445+o2 
0,4 3BR1H0E+02 
0.7472Fs!;3F401 
0.49411853E?+09 
0.13S6262E+02 
0.117266bE+(J2 
0.21.27697E+02 
0,.1.324927x'+02 
0. 1649515:+O2 

0.11 17441E+03 
O,1263494k;+(?2 
0, 9 465595E+() 1 
0, 3(J137021+02 
{).17365Ohp:+02 
0.7000293E+02 
0, 1.258707E+02 
0„3~1262bE:+0 
0.4379b44E+02 
0.12250961.+u2 

0.10760558+0.3 
0,2;1246P171: o2 
U, 3747578x;+o2 
0.20531.47E+or2 
0,26 118208+02 
0.62527148+02 
0.2f3723038+02 
0.364 373 8*U 2 
0,3827335r: 02 
0,.130788/lpa+o2 

,,TAGE CAC, ►ro.= 	252 	 iUL,CRTI ,= 0,20525u-0t 
E; FDNC VA1, « = 	0.2858964E+G3 
VE(I, r}E'N'V VECTORS ARE 
6750E+02 	01.13566871"+U7 	0.125763H1+02 	0.213722961+U2 2 t 541+01 	0.,11731,841+02 	U. 1:1.73b4RF+03 	0.1.087465N:+03 737t)E+03 	x.10960841;+03 	0.1105201E+03 	0,9 51.285:+02 

T,.C'TY CoNs'YKAI11ITS MkiafjS ARC. 
259}sls-02 	—!,.12272241—u1 
4940(~,—O2 	"'0,6355)25;.03 

—0.1375483 -01 -0, 80848 ?E—U2 

, CU ylf 5T11 ( 

'3fI 46E+03 
5201E+03 
6206E+02 
1517E+02 
Ub44E-02 
6P29E+02 
6751.1E+02 
2151F+01 
2362c:+02 
2289E+02 
95906E+02 

VA1,. 
0. i.06744465F;i 03 
Q, 9051, 285I~:+o2 
0.2039151)x,+02 
0.4386B65E+ 02 
0, 74893861: +-o'i 
El,4947779,t+o2 
0.13566872:+02 
0.1 i73684+02 
0.2:1 27704.f02 
0..a 325059E+02 
0.1b49742P *02 

0,11173798+03 
().1261,517E+02 
0.9479941E+01 
0,3(0J 307 l: 02 
0.17.313483E+02 
(..6gq9777E+(72 
0,,) ?576388+02 
U.381325 	02 
0 ,4379785E.~02 
U. 1225233E+02 

0. 10760b4r,+U3 
G, 2125.341n;+02 
0,3748715E+U2 
0, 2052229+o2 
0,26131 0,2613135x402 
U,62510b1c+02 
0. 2872296x,+02 
0, 3643 3 1 3 6 t 02 
{),3826.316F.+u"2. 
0.1 3U7b28+o2 

4 #*** 'Ir4 ** ** * **** **44 *C4 444* *4*4 ****44* 4x4*44 ##* 	*•*** 
;3I'AGE CAJ.,C, :tJO. 	280 	 'rU{a.c127'r;,= 0.76139i-o2 

hr 'UM.. VL, = 	0.285970403 

E'►:id[)'T VI(:'1fl ?,5 Al 
b363+02 	0,11574+o7 	0.1258307E+02 	U,2t372274E+02 04091;+()~t  

	

0.1i734994-o2   	0.1173945E+03 	0, 108741 3E+ 3 75468 {} 3 	0.10962718+03 	11, 1 2 ((47796,+03 	0 ,9252927:+O2 
1, TTY CONSTRA1; 	VATe11r. ; ARE 
5(klo7E-02 	—0,1683d7—u2 	—0, 3$855011—v2 7'i02EE-02 	0. 7hC 3904r —03 

• 
3945E+03 
4 77'')F,+(33 
4536 E +02 
05488+02 
0389Ew-172 
900468+02 
)3631;+02 
01, 9E+01 
li3.}:+02~ 

VAT,, 
0. 10674t3+03 
0, 9052927:+x12 
a, 2U3721171:+4.12 
0 a 43864 	02 
0.74752 31.E+oi 
0149517591;+02 
0. t357864+02 
0, 11734994;+02 
,.212772L12  

0.1117546i+03 
0.1260548E+02 
0,9522'J91    E+01 
0.30109548+02 
0.1'7394528+02 
0.69995508+02 
0.9.258307E+02 
0,38136378402 
11 iL:1'7os.ic:nt-. 

-0,46429866-02 

0,107b271 J,+0.3 
0, 2125 698+07 
0,37 47073V+U2 
0,204824)1.;+(;2 
0, 261.35828+02 
0, 6252477-'+U2 
0, 28722741'+02 
0, 364213i+2 



.CCJ STTS, 
53957 +03 
.)47U3f":+03 
~4fi42F +02 
50434E+02 
'2330Th-02 
i' 305E+02 
16340x:+02 
,V661 r:+0.1 
11740F,+02 
i2072E+U2 
)0 32E+v2, 

VAJ~, 
0,1'ah743Rr+03 
(J, 9.)52872);+02 
).2037447+O2 
C. C. t3r3r'~051r:+02 
u,7 74402E+0Z 
-), tk951859P'+02 
0.1357935x+U2 
0,1 .l7343SfO2 
u.2127744H +-02 
r►, 13251134.o7 
0. 1b4925+07 

U.111753bE+v.3 
0.1260434x.'+~.)2 
0,952.1711 ;+O1 
0.301 694E+02 
3.1739566E+02 
1).69996} 1r:+02 
0.1 25J2bO+02 
0. 3 8136b0p~'+02 
0.4379034x+02 
0,1224920E+02 

0,1)7b255k.*03 
0.2125b17i j2 
U.3747128r:+u2 
0 2U48141j+u2 
().2013949H:+o2 
0, 62525b0E+ )2 
0.28 72256r.+002 
0, 36f2U65E+02 
0,3 826565 + Q 2 
0,3 3074H4k,+.J2 

rtlAGF CLC. 	.= 	336 	rf)t,.CRTh.= 0,419485x.,-02 
't E'UN(, ; VAI4, z 	0.2€3600U5E:+03 
PJE)f 'i' VECTORS AI- E 

Ib509E+02 	0.1 57877 	1). 125fj /0")E+02 	0 2t?722a8E4')Z ,9382E+01 	U. i. t 73401w,+U7. 	0, 11 74o0UE+03 	0, 10~i741 1 F:++)3 f75i3.i )'+f)3 	0, 1C1 	335 ;+03 	TT. 1704739F:+(ri 	0, 925239OP:+o2 
,14I".UY Cf,~r"JSTRAT~.'c5 VAIJ)h, S ARE 

	

9434E-03 	-0. 160011OP —v2 	— 0.6976394F:-03 

	

2357E-03 	—0.12611~a4f•:-02 —0.3253099E—v2 

I,Co:JsTrs, 
44000E+03 
4739E+03 
4989 E + 02 
0000E+02 
4626E-02 
u 124E+02 
6509:+a2 
4382F: 01 
1300E+02 
J. 96 bE+02 
0519E+02 

V)\ I,, 
0,1067411 ;+03 
0.9052390E;+02 
0,2036 4r3r+02 
0.4t38S#88tc+0)2 
0.7477404 	I 
0. 4'#52474 .02 
0, 1357876;+v7 
v, 1173411 1L-A-02 
0.21 2 7712,".+02 
0.1.325157,-;+02 
0, 1649521E+02 

rJ , 11 1 7501!+03 
0.1 260000E4 02 
0.9526062E:+0 i, 
0, 3010n76E+02 
t►.174oQoU;+U?, 
;, .6999H7Ut:+02 
0.12` 87QOF:,+02 
{ .38131 1r+U2 
Lu. 437562L+02 
U.:1224989PI +02 

0, 1076.335F:+o3 
0.2.1.: 5887r 4,-)2 
0.3747610F+02 
0,204752,4):}02 
(i,26J 41 t3+02 
0,5226o+()2 0, 252260E+()2 
0.2872288E+02 
0, 3642124+02 
0, 3826599E'+02 
0, 1307324 +02 

* ** 	*; ** **** **** ** * ** 	**** ***4 +* *+-p* )r**#*:.f )::***** *** 
STAGE C'A11(., a:,~_ 	364 	 'f"0[J.C'RT!4.+ 0,IOilb82t1'-32 

£E FUUrJC 11A1. = 	0,2Hi,0297E+O3 
PF; 1u1)k MT 

 
;CT RS ARE 

6632fn 02 	0.1358O341+,+0+2 	0.12586e5E+02 4_'174E+o1 	6 117 34t 	0, 111,39 	F  0:3 75 32+o3 	9.109632.3,•:+ Co3 	0,120473 1E+03 
14 1: 'Y C iit• aTRAL4Ts UAI,f' ,:S A1' E 
I'120E:-03 	0.2f398µ25-' ~3 
3B85F'-03 	—0.2312295k ;:o3 

• C0 ,1"r S. 
3985 F, +03 
4731E+03 
4576:+02 
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40279.04 
9461.E+02 
5632E+02 
41 74E+u I 
1.315E+02 
2015E+02 
O535k:+02 

U I14 
'3.11 742nn:+93 
0.90524H4~`,4.02 
x.20 3 6 7688+02 
9.13hSr~6 :+02 
9,7475+)ah,,;+G1 
0.4952693E 02 
0.135;f034 +02 
0.11 73486E+02 
0.2127403x,+u2 
0.1325133F;+.Q2 
0. 164950718 +o2 

—0.4.287651 03 

u. 11 17532E;+0 3 
0. 1,260145E+02 
0.9526'03E-f00I 
0, 31)1tS391,4•02 
0.173PH 5E+02 
11,'1000001HE+02 
0.I25 bd5E+07 
0.381 336 iJ +(32 
G. 4378583L+02 
(is 1224927E+02 

0,2872597;+( 
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0, 9252484-E+02 
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0,1 076323+3 
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0, 37917516x,-+(32 
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0.2x5. q1 37 +U2 
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0 ,2H72597+02 
0. 3(4J 966E+02 

0,1 30 /34At+02 

$ T 4` 7 '7' T T ***4; T 1' '7. T 	T T T  



0.125 3668E+02 
0,117397 3E+03 
0. 1204714E+03 

0.2448913 :-04: 

0„2872650x,:+02 
0.1037439E,+U3 
0, 92S2b~i2r:+02 

-0, 

 

466231 31 -03 

0.:111.75h4E:+03 
0.1260219F.:+02 
0.952Rt26F )1 
Q.3010fx76T:'t02 
0.1739781k;+02 
0.699s4931E+U:2 
0.1258668E+02 
0,3H13393E402 
0.43785413F+02, 
0. "1224863E+02 

0, 107629Fn:+-03 
0,2125609L.t, 02 
0, 37473l8 +•02 
0,2047206E:-c02 
0.2614171E+O2 
0,6252 b 13 02 
0, 2872650E+02 
0, 364.2063h:+02 
0,3826563E+02 
0.13073. 8I +u2 

24476E,+02 
0i 84K+02 

~.►6262E-03 
6969 iiF,+02 
bb61 6E+02 
1e1355t':+01 
11333+02 
52023L402 
)0552E+()2  

1 .2,73r>93g1-:+U2 
0.4385f326F+02 
0.7 4737r:3P:+01 
o 4952760E402 
0.135'7971E+02 
0.1173135E+02 
0.21 27 360E4 02 
0,1325117F+02 
0.1649472p:+02 

0,9527708 +01 
0,3010302E 02 
0.1739H11E+02 
O, 6999989E+02 
0, 12596671:+02 
0, 381 33E34E:+02 
0.4378565E+U2 
5.122488 7E+,02 

0.3747366P:+02 
0,204724OP- 402 
0,2614174E-t(,2 
0.62526231 +tj2 
0, 21372640E:+02 
0.3642029E402 
0.38265b5E+u2 
0, l3073i2I:; u2 

LTtt C,F CALC, [d ,= 	420 	`f_'1j1.,,,cD'rrv.= 	0..iO3-482-'o2 
/h: E'Ut~C` VAL, = 	0, 2F,60265k~+03 

I i ' )E,N1.' VEC'FC)(<S ARE 

	

36607r+02 	0.1 35737E+02 

	

14518E+01 	0.117 3437€ +o2 

	

37564E:tll3 	0. 1 iAh29PE+03 
\J JTY C0NSTrAI;IS VALUE'S ARE 

	

3294E-03 	-0.448334(E-03 

	

)9110F-(J3 	-o.3279299M'-.o3 
iCOi:STTS, 'A]1. 
3978E+03 0.1.967139N+03 
34714E+03 0.90526821:+02 
}4357-.402 0.2037020E+02 
rv219E+02 0.438582:+o2 
3552,9E-O3 0,747336+o1 
39814E++O2 0,14952794E' +t)7 3n607E,+02 0'..1357937!x'+02 
4518F,+01, 0, 1173437E-t02 , 

Via, 332..E+02 d}, 212735UsK+t}2 
i2029E;,+02 Q, 13251 11 	:+02 90570E+02 0„ 1.549463E+02 

STAGE CATC. )(O.= 	440 	 TrUJ,,T,J,= 0,559490-o3 
!E I UN'C, VM, = 	0„2860307E•03 
:I3 E: Iv l3 i'.'J VECTORS ARE 
6684E402 	0.1.357943x+02 	0.1.258654E402 44713E+01 	0.11134,59E+02 	o,1173951E+Q3 

17569E+03 	0„1096312E+03 	0..1204722E+03 

0.2d72053h:+0E 
0.10874448!.+)3 
0, 9252099E+02 

,Ijl.'J'Y; C"OSTRJcrr1'1'E; VAI,0114'5 AkE 
, 5337E:-04 	-0.21'0406E-03 
6291.E-o3 	-0.7565040E-04 

,CO;TT,, vc~j,, 
395.1 IE'+0 3 0.10!744 3r +013 
4722:+U3 0.90526991;+02 
4312E+02 O.2036313 	'+O2 04RHE~+O2 0.443 	0U4, 02 

0.74 72771 1--+Q1 9680r:+02, 0.4952799'+07 
0613 h+02 0.13S7943i,'+02 4713 '+ol O.1173459N:+02 1 :~4hE:+012  

).2l2 7347:4o2 2.08 3'~'+02 o 13250,9-,1,:+{12 
055.3E:+02 o, i f)41 )459t~a+ 02 

S'1'A(,E CAa4C, V),= 	476 

-0.28774141,, -04 

0.111.7569E+03 
0.12_604813E+02 
0,9527756E~01 
o.3010320r +02 
0, 1739512h~+02 
0,7000023E+02 
0.1258654E+02 
0.3~t 1 331 f E+02 
0,4378529E 02 
0.1224854E+02 

-0, 1610518E-0.3 

0.1076312E+()3 
0,2125S21F'+u2 
0,3747301F+02 
0,204720 1E+02 
0„2613992x'+02 
0, 6252723:+o2 
0.28726 i3r.s u2 
0.3942057k.t02 
0, 382r>5411+V2 
0, L 307371!.+U2 

7'tll,,CRTN.= 0,) )9499r:TQ3 

Q...2860_2_q fl 



0.125861F3E+02 
0.1.1.73937f'+03 
0.120471SE+03 

0, 9F17698E- 04 

0. 287267 fih.+02 
0,10b7461E+03 
0.9252913h;+02 

-~0,2374575r:-o3 

0.1258622E+02 
0.1173936E+03 
0.1204715E'+03 

81.35481531 -04 

0,.28`/2h98E:+0 
0. 10$74031t+03 
0,925281)OEto2 

0, 10~27952a:.-05 

11bb699';+02 
(214n17t,+01 
3744 360K+02 
1152 t 05b,+02 
1 090552E+02 

o. 137928,+02 
0.117344hF+02 
0.21.;.'735REf002 
0.132508HHE+02 
0.1649454E402 

0. 3.25$11)41t.+ 02 
0.3813301h.4.02 
0.437H518F +02 
0.1224H43E±02 

0, 2872 42e:+02 
0, 3€ 2072K+o2 
0.382h552P+02 
0, 1307370E+02 

TTT T *4**  * ** 	 *4T *$**  TT )}' m* ** T *** M**T* T T ***1: 4c * 	 ****4& T'I 

STAGE CAJ-C, hO.= 	504 
	

Tt.)i,•CR`t't •= 
	

0, b549003 

n'.IVE F'tJ C VAI,. = 	0.2~3602&7ta;+03 

r)t!PE~.UL•;NT VECTORS A€~E 
1186709FE+02 	fi..1357899E+02 
(215028E+01 	(,1173404E+02 
313759U+03 	o.1U96297P,+03 

t!tir'.1i1't'y COr~STF~Ai :TS UA,Lt1F'SS Ai; 
7041357E-04 	-0 .3 H43149F-03 
2350314E-'03 	-0.1998590E-03 

. C0JSl'TS, 
1153937E+03 
ii 4715E+03 
1624(J91E;+02 
526' 30k:,+02 
(,771f88E-04 
39B9893E+02 
1 1 FJb709E+02 
(2J 5028 +01 
3741.382 '+Q2 
11521.1.21,+02 
1090568E+02 

0.106746 1E+03  
0. 052913.+02 
0.2037033E-+02 
U, 43860 6E+02 
0.747u81 1E+01 
0.4952H6'0E+02 
0.1357s;gqE+02 
00117 3404E+02 
002127324E+02 
,?,132506 7+02 
t . ,164941. ° P:t0. 

0.3-1 1759 t r<+03 
0.1260 30k+02 
0„` 528530E+U1. 
0.3010107E+0 ; 
0. 173917t. +02 
i) • 7000007E *02 
0.1.2SA618f+02 
0 3813291X+02 
0, 4378497E+02 
0.1224F10Mt02 

0. 107t:,297ht03 
9, 212.53€ 6E+02 
O,3747oH7t:+02 
0, 2047140k.+02 
0.2613984K+02 
0.6252919h:+02 
0, 2372fa76E44" 
0.3b42101.i:+02 
0.382t3 95r_+ 02 
0'.130740)1 i+02 

,iuF CAjjC„ 'I.A(E5= 519 
	

C_UirVR.t,Yi-fiz`1'= 0,753445-014 

Vi Y1 EUNC VA L. = 	0 0 2F1e,0334 ki-03 

)F Pb:Nat)ENT VECTORS AIJ 
1186721E+02 	0,1357931;+02 
6215 h:tE+01 	0,11 73429+02 
1.137 °18 BBE+03 	0. 1 09629BE+03 

t.IUJ\T.,1,TX C(JtiS'rRAIia3'w v/1OUES AE 
2826843E-04 	0.4k3 389(6E-04 
1 195.399E-.(1.4 	.-0.410bU64f-U5 

I,Ee . CO. 1STT3. 
115393r,E+03 
1184715E+03 
1(,24 12 1 E+02 

2b0642E+02 
3814 ,97E-05 
39898 63E+02 
I1H6721'+02 
fs215261E+01 
1741378E+02 
1.152114E+02 
1090567E+02 

VAL. 
(J.1(fk)7463P403 
0.9052890 h;+U2 
0.20 37018E+02 
0.'! 3dhO1 btE+o2 
;}.74711(18 +01 
0.49528 45F +02 
0. 1 3 5 7 9 3 1 1'~ i 02  
0.117.34291,+02 
0,21273021402 
0. 13251€h4'r +02 
0.1 49421F;+02 

(i.11:1758BE+03 
0.12606442E+02 
0.9528452E+V1 
u, 30101.37E+02 
0.1 73935iil +t)2 
0.7 0000()O :+02 
0.1 258f>22I 4 02 
0,381.32791+t!2 
U.4378474E+02 
0.122481hE+02 

0.107t~29HE+U3 
0.2125. 74H;+ta2 
o,37471t0 +02 
0,20'i7155+1)2 
0,2613984 ;+02 
0. h2528 t)F i 02 
0.2872698E+(12 
'j, 3642069E+012 
0.3U26571r:+o2 
0„ 1 307398E+u2 

THESEARE FINAL AN 1AE S 
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Ir 

4. 	1 	i 	L. Cl Li l_..' 3 	1 Y 	E ~`: (y i' L i, 	I 



+2 S'F 	P -i 3 kli 	A 4.4 
+7 i 	,Y +i-) f 	O)f-H'hK fit 
+14 K3 +'t5 ri 	i i 	1 is 
-►21 K +22 r,9 t2.3 
+23b10 K +47230 Si 	1 t4 -1.37+ 
+4770 C,FAi., 	: +47 105 L 	L) i 4 ?7u I 

+2 i,7 +3 1,+; ' 	4 
+7 H3A +1s 

+ G .  

+17  
4.24 Xi 
+475', S.< 

+1 (c 
+1' l 
i!3 s2 
{1 , i{'1 
+•i 	! -1 X2 
+4 / 7 €4. 4. 4 R' [, L ) 

.r' rY i. -iIKi 	.'SP(I) /.t 	II^11i.) lr — E2 	12:j5 	1'taf 1 

UI. 	;1, X(L •), 1(JJ.J,1u,),X2(1U),lOti1 	) 	(1i) ► (1L:~) ► 

C' ) 	/ 1/ ti, •~, 	LC,S)'~.1'rA1,i•'11 ,1i~. `A,GA•A I 	l_rvP' 	 n 
1K I, 1. r.,.~ 	► ,v%,.G'K 	► XrRI~){l ► K ► 13la , .vIsl{,EZ , Lrl1,`,CAL1:,1C~LH ) 
Cu tr /Fg2/,,r°.  

L 	+ .`)* (+..']kA(3) 	 (3)+2.*X(4)+. J5 X(4) 'X(4)+L.5$ 

lay f) AKRHY', 	i 	+J! 	~i 	:X J,T.CI. t 	i)E 	f , .T- 'P CU J 	- 	"%" 	vt)`i' LtE 'r.:tt~'`. ('I•.) 	1 

t L L 

I 	) 	:~<r;i... 4S 	 j- , ..C`i'€':;) . 1 



i1~,r iM 	I 	,' (:?j) /<1 	II—,3u~—t2 	11.49 	Fi;. ) 

•r 	±i 	;i t 	) r ?{1(9. 	,i(, (i),X2(1(J),IUU),i (11t)„ig 	(1 	)rf,(1v.)r 
1 	R 	-(1 	), 	(i') 

CJ 	/ 1/ /, {:, Ic,s'+EP,AI,FA,:TA, 	 r F't)ik'P 	,SF' )1.,,'s F, i 
C9 X,X1,X2,R,L. r !' `. H,F~i;~.l', CAL, 	r f'i.►i,i, 

co / /  
C 	r;:1uA1, ti 'Y 	 Ery i 	S 

fd(t } 	(1) f 3.24::C1+(•5N.-7)*(24O—X( I)))*X{7) 'C)-•eUi,va 
(I 4 (.`~' —7) EE,., —(1)a)*x(7.))—X(1)' X(1)*,00,)5-35 

() (1)+ .2*(1+.5(1. 3':— T) (440"2#X(7)X(>K))) x()#(1- 
1 	, 

T 9. 2)
+1=x(1)+(1—.U4~j01#(1+U„S'RC1.►- 7 )#Cf~ktt—ZT (7)-2#YCF3)—YES)))

• 
k~`t'+l)'~ 1.~ f 1. ►.•.a (1".K—"T ) (h~'O—?tX(7)'"`,~ xt8 —Y,(9l) 
^, 	 -.(i) X(3)#U.0v0b-35 

1/CL )))(!  
))n( i)-X( 4 )*X(4)"VO 0)U`a-50 

► (w )=,  
1—. i. )—A(I1))) X(I).))*0 2*(1+0.5*(1,h-73 (t0,kt)-2¢X(7) 
2'( )— ,((ta)_2*X(1O)--x(1].)))*X(11)AX(5)•*X(5)#1.UU)5~-3C 
;(,.,), 	)+c.) ~ ,t ,tau_l#(1+~y (j.5 (1 q,r:-7)#(a24c)~ x(7/ )—?, X()-2 ( ) 
j 	( 1 )_2' X(11 )X(

j 

2) ) )*X (12) ) *0w!
ry 

( i+0.5*( 1 • L.7) (i. ~l, J 
~—?i•.~(l )—!"'k.(r~)-2^`X(~? -2#X()U)-~1#%E11)—~"(1:~J))'~xC1.~)"X(4~)#h(n) 

F 

~f Ci'S 

216) 
+1 ii( +2 STEp '+•3 AI.'H +4 

+ (,F +., f +7 ) r F +1() # 	1.)J_t.- 	;t +1 1 
+17, t:i i13 K2 •414 <3 +15 41f 
+17 +:l {7 21 K +rte +23 
+7 ; X l +? 7;. Xf +23h10 R +47230 S' +< 47i7. 
+x17540 S:' 4.:r 77f)4 • LIQ 450050 SC1a.LF. +50214 F +S&21 5 

•+ 2 L'/ +3 !~ + 
+5 R2A +7 K'3A }.0 

A - CALI.r`', , 

l~ ..) Akh'HY;-, 	C 	 XPLL.IC1 •. t)EF'I' I'ri 	i - 	n `-.'" t',! J'1' 	F;FErd~'I , CL 	J 



IIN,r'f)R 	F, ' 	.`) ,(,-; 1) 	/\1 

LF; 



•r(! 	 •5(ri1) /' 	17^-,*Gl„—i), 	11:"9  

1)1 	(). 	),Y1(1 	,1' '),X2(1('J,I 	j ) , 	(I 	) 	t' 	(i 	, )irEl,t'~:)f 

,• / 	/ . , t , L(.~S'i'.~,t+[~Fj~,Hi
„Y'lY r CsF i.,J 	,I `.r` 

+ :,F~ 	~~ ~7:'i 	1, 	r t~ .,tZ, ill 	,E• ~;;it,it~)(.,~';i i►I F.,F ~li,_ 
CL 	/ ~/ 	!.~' i:>I /, 	,(9, 	,•12A,Fe3 

ir(1)"(1}—L 

(' 	)-,t(] 	) - 2 

:(i=,(l1)-2 
f j)=1 j...7i7) 

( 	i  

((1)=1) —,(1I) 
(1 )=1; —(12) 
(J( )=l7— (7) 

ii(7 127 —c(7)-'X(b) 
(21)-.~7 .—,,(7)—k()X(9) 

F (7;)= - 7 .-f(7)X( )X(9)A(1G)().1) 
(2 )-7 —7)—X(ts)X(9)X(1V)X(i1)X(t2) 

t(27)- X(7) ) ( ) XC9)-3J0 
k(7 )x(7) . (r3)4X(q)t-(LU).4O(: 

nr. )=it(7)+ (tt)±X9)t;<(1)+X(tl)+X(12)—hUt~ 
'(3j)X(!) 

cC33) :XI 
h(3ti)=X(5) 
:2( 3' )-X(') 
k(37)=5, —X(1) 

rtr 	 )=5, --X(:3) 
(} )=5 —x() 

i(47)5 —x(:) 

—' X(Ii)—X(12))/2.) X(12) 

] —Ec(31)}/2) X(11) 

)/2.) 'X(Ju) 
ilt r Ta)=3:s—'y, 	C} t (1~'',•-.:'7) (64_0—Xt7) 2-'X(ti) 2RX('?))/2) X(~~) 

rr  i L t 
E 	S 	 , 



F 	'/.b.' (t,2.E) / 	17^.) lip—n1 
	

11 t 4 4 	f -u.-. 1--I 

L i C 4 S 

71c) 

G' 
+12 ;~ 7 

424 x1 
4754f ;; 

+5  

y 
+r, L. 
+13 f2 

x2 
-+'±77L4  

+1 [j 6 
+0  

k1 E 	r 

+14 ~( 3 
+21 Kri 
+23619 n 
+~477O5 6CAf,E 

+2 l.)7 
+7 );3A 

+3 +' 
1 d 	r, 't 41 	1 

+15  
±22  
+ ,.►7230 S*:  
+47706 N I►t,) 1-" .! 1' 

+-3 t-18 +4 
-+1V 

Cpl I.i,~ 

P. I 	Aft' V 	( 	r~ ,~ 	.(j FXPI ICyI P L)vF' C: •TT T.tlt, — ~~ %3E 	~u'1 t-. FM '.:CEP 

L u; ,. 

' GRht t' S DI~TF C'~'El' J 



+3 R Fai,'r~ ±4 

+15 
N , a1L \ #-11 

+22 
tr4 
A9 

+~t~ 
123 

+`47230 ,Sli,..; +47374i +47706 f'tlt,i) f477;17 

+4 4, lu 

rC 

till i< 2 

+l 7. x2 
4 77;14 R~1L t) 

4' 2 

+7 i 
+1,4 K.1 
4-21  
42~y 36(1~ 0 R~+/+ 

+47705 SCATJk, 

71,; 
i L • 
+5 (j.' 
+12 
+17 

*4754 ,`, 

EL) 
' 	~'" 0) 	+' 2 	 7 ~, 	k2A  

47 	R3f~ 

„~c •i r lk. 	~, t , 	~ • 5 C 21) /t 	i/rt..,~ 71,F;a 	PA6.~. 1 
5 	r 	w. H ~ 

Di. r...  
1 	r 	1., (+ 	) 	 ►Z rt/? r k.(13J}r►St~' (1,1'},r(1,,t,j. 

/ 	/ X 	C 	1Cr 	t 	, iJ A,  	, 	,., ,L F' Fi)1h1.1< 1f, ti ► r,' F
'(S, 
	

f 	,F`i,l~r.~ 	X2 r ~rl ,F,SF{rL,t),SC IE.l'r ) 	' 2/ i , : 	~,f. , I O,1 1,;JR, I,rarkI A 	2 	R3A 
'{ /1 w F1 T . 	9 } } • 	_7 x +- 3 "7̀  	+ 2 • F} T X (`C 4 • V J X 4 	(4 1 .{• 2 * ~”} ,,~' 

( .S 

r 	:Xt ..'.tC 	 ' ü,~►''J..TT.I,e"1iv - r, " YJ 	R 	'F;FiF: C17 



A P--3 	C,~~~~ ~R A L15CD +a r2og, SIB 2c~c~7lntPc 

j$. '(JH F()R'PRrA,l V,5(621 .1 /KI 	1.7—~►[]L—P2 	i227 	PAGE: 1 

. Hyl)RUU Ali) R •'rt~c:R:tiAC, (F;r;KRAT t)v 5(;t11,l)UI. Ctv(; P[ti1t3l~r' 	P,(j4M[Jt,A i'tll„*** 

ltt':AL 6J,1 
I)Tjvi ."i,SjOi4 11 it:-(25),I1;IAX(25),XtMMIr!(25),XIIAX(25) 
I)t 	'5T() 	pC 	(75) r >T'1t11X(24,),1ttT1N(2 ) ,PU AX(25) 
I)11,•;•a.rip CC(25),VIH(25),lTls(25r2:i),ACr)F:h'(27),!3 C0 LE•am (25)  

'Sfli 	pH(25,75? PI,(155(15) ,Pt(25) ,XX(5,15) ,LJJ(l5, 15) 
DT,Ir:.4SIri . ilii( 1!, t ),!'.1`(15,15),fIf(5l0) ,Xt400) 
Cu; ,,r,,° /A~cl•.'Ai/H,H,P 
cu,:) /ElI;T^:A 1./1i,.Tl~ (i - iAX r XHltT I,Xj'•sAx 
CO3' '1) /E`.IlE:AT /PT ;'L i,PT,;  AX, }'1{1„S3it r F'Niw1A){ 

/AIS':A1/CC, HfI,48,ACUF.F3 OEF°,P' ,XX,JJ 

IX= P*k 
DI) 5 I=1 , (t 
f)O 5 K=1,P 

	

5 	P'I'(T, )=X((i1)*P4K) 
1)U h T_1 ,H 
DU h =1,P 

	

f 	(UI(T.<)X(1.X+(1-1.)*P4 K) 

CAr,C1ss,ATE XX(i,K) 
DO 10 K=1,T? 
1)U 1i, T=l,ri 	

-t1 L1f,J r K) 1V 
 

XX (J,t+• L1 )-XX(1,K)4.)I(.L,r:)  
CAtCIAA'i'r PH(?,K) 
LDO 12 1=1,H 
U1.1 12 K=1 , I' 

	

12 	Tia-i(T,t~)=Ii (t)*Ial1CI,K)*(1.+CC (1)*(XX(I,K)+XX(I,K4.1))/2,)/c; 
('AI,CIrt,f'r'b: PL(iSS C K) 

rpt) 13 k 1,P Fi1a3(K)='►. 
DO 13 T=1,H 

	

13 	PJ,[),5s(K)=)'la1s c(K)+ptI(1,K)E14(1,I)*PfI(i,K) 
1) C) 14 K -1 , F 

On 14 .13i + 1 , h Fi 

	

[4 	1't,SS(K)P ()SS(K)+F'`l'(J-NF1,K)'+P'J(.I—J{„K) BF?(J,,.I) 
([i T() (R0, 1,€32)INC) 
CALCDI,AT'r; i4:o.Ct7l~5TRAiN'1'E'; 

	

0 	DO 15 K-1 , P 
RR(►'•)=—l-ll(K)—P1,t7SS(K) 
1)U 16 1J=1 

16 RR(K)-- fl K)+PT(0,K) 
0U 15 X=1 , H 

	

15 	RR(K) :RP(K)+J>H(I,K) 
R1;TliR 
CAl C11lA't'i. I N:raCDI\JcTRA:[t r 	(Ptrtn-?) 

	

1 	L)C) 2O K-1,r' 
Ort 20 T-1,IH 

?2 
 

RP (P* 	7)=0J •AXCI)—idii(T,K) 

	

CT 	RH(t<.*I•'+I)=till(j,K)-Ut1Ii4(T) 
CAL CM,ATE 5'T'ORACI.:  
Dt) 3') K=1,P 
G!1 311 7=1, H 
Rlt(P*(I14H4H+K)+1.)=XI'AX(L)—XX(i,K4-1) 



JK.FfiR FnR''kAI V. 51, (621 ) /c:1 	17-.JU1,-f~2 	12e27 	PAGE J-1 

30 	ftP(P (H +Ii+K)+r)=XX(),K+i)—X!CMIt (1 ) 
IX=44*P*r., 
IX.i=IX+P*R 
►rn 	35 	K=1 , k 
DOO 	35 	I_1,R _ 
R1~(7x.l+K*P+1)=PrGt'uX(1 ). P'J'L.s 	K) 

35 "r(]. F(7?+ 	p+C?=I' / h)—kt`M►.rt( 	) 
1X=4*-P*F,+2-fP*f. 
xxi=IX+1)'*H 
Do 7 	40 	K= t ,P 
Du 4 	T=1,H 
RP(XXt+K 	P+1),Phr 4X(1)—P11(1,K) 

~;F'Ttlr, 
CALCIJI,EATK 	()t4 JF-C'►'JVE; 	I'`UNC. 

fit IX=f,1P*tit) -?.#P*R+P 
kk (TX )=0) 
LDOO 	45 	K=1 , P 
DO 	45 	I=1,x 

X15 RH (IX )=RRC TX) +ACS)LF (I) 4PTC)K)+P.('.tH,'(1)*P9 (I,K)*''U( t, K) 
RET) 	If ç 
kr -' D 

:1CKS 

2573) 
K 	+1 	p 	 +2 0:41 M  +3 	U AX 	+34 

;5 X','AX 	+116 	P'J 	IN 	+1 47 PI'MAX +200P P1J r 	4231 
262 CC 	+313 	HH 	+344 i b +375 	CU EF 	+1556 
I 6(7 PO 	+1640 	XX 	+1671 JJ +2232 

I" C,ALLEI) 

Q) ARRAYS . 	NO EXPLICIT 1F'fFTtNY`1't,r1N 
	

NOT HE,FEKh, tUE,U 1 
*K, 2 

S4 tit] 365 
l 1 1 ,4S0006 2112 
116 .50001 2117 
123 .50t)lt) 2743 
747 .90012 2750 
754 .15!)027 2755 
744 .Su024, 3745 

•50030 3 
PH '726 
.50O{)5 2113 
.50000 2120 
.500155 2744 
.50011  2751 
NH 275.6 
•50023 3746 

PT 4 PLOSS 345 
4 J 2107 •S00 s7 2110 
.50004 2114 .50003 2115 

*I1 x 1 7.121 .50017 2122 
*TN 2745 „S00t4 2746 
.50010 2752 .10000 2753 
.50026 3742 * rX 1743 
.50022 3747 .S021 375() 

NO ERRORS D1;Tf~;C'I'EO l 



,K.Hi!R FfR ,rRA.N V.5A((21) /KI 	17—,JU.lf,-82 	12;27 	AE .1 

5t_)FRR[)JITINE RFA1) 
I'tTf GER Fi,R,P 

REAis J~.J 
f)Ir1Er sjn:d 14'II,td(25),4.liU X(15) r YcM.T i(25),XMAX(2 5) 
r)iM?.'rD•q.Tu". PTi4l:t' I25),PT11AX(25) r PHill1.@4(15),13 H ,MAXC25) 
1)1MP:i4ST1)1, CC()5),{H(25) ,h (25,25) • ACIJE:x(75),E3C0EF(25),P)C251, 

1XX(1 ,15),JJ(1.5,15) 
C0Mfl;` _ /ANEAI /H, R, 1' 
C 1'M O 	/ ,;,EA1./tt tw,L14PX,X4I.t3,Xr4AX 
COM'~O ' /AREA1/PT? I,~,PTMAX,PHHit4,PUMAX 
COF1I D' /ANEA1/CC HH,F3t3,A(,t-)E~,BCUFV',P11,XX„tJ 
t'lt>Er' ft1IT=1,F'1Ui~tK.DAT 
READ (i,*) ti,R,F 
REAL) C) , 	(tib#it:( L) , 	1,H) 
REAL? (1,*) (!l AXCI),I=1,t{) 
READ (1,*) (Xi,1())r)) ri) 
REAR> (1,*.) (?•;i1X(r).1'1rtt) 
PEAti(j,*) ( rk,I►'J(.(),.1=1 ,R) 
REAP (1,*) (PTMAX(I),I=1rk) 
REAli (1,*) CPH?, IT.`( I ) ,I1,F1) 
KE:A;l 1,*) (PHt-1AX(I),.L'1,H) 
FEA1) (1,*) (CC( ),I 1,H) 
NEA!) (1,*) Cf;H(I),I=1,H) 
D0 5 l =1,R+H+ 
REAS) (1, ) (EHP(1.K),.i 1 R+H) 
READ (1,*) (/CIIEF(I),I =1 ,K) 
RA{) r1.,*) (FCflEF(J),I=1,R) 
REA 1, (1,*) CPD(I),I=1,p) 
REA1) (1 ,*) (XX( , t),1 i,H) 
N) R I.C,ti 
kEA1) (1,) (1Js:J(.1,K),K 1.,P) 
CL0,5F. (!- i'1T^i.) 

R( EnTtr 
Li r:; 1) 

ICKS 

7573) 
I k +1 P +2 +3 	UMAX 	+34 
55 XM-SAX +116 PTc1:IN +147 PTMAX +200 	PEHrMIt, 	4, 231 
262 CC +313 HF! a-344 11R +375 	ACUEE 	+-1556 
16t►7 VDD +164,0 XX +1671 ,.1,.T +2232 

'r6 CALJ1FT, 

,?t_, ARRAYS r ” a" in EXPLICIT 	'INIT1ON — "% NOT tEFERECED > 

*K 	2 	, 50©07 3 	,,hO()06 4 	• $0005 5 

	

.50003 7 	• S0002 10 	, S001 1 11 	. Su000 12 

W 

R 



sl-4K,FrIR FAIRTkAuu V.5A(621.) /KI 	17—N11,1J,-^82 	12,27 	PAC,. 1-1 

? 13 	 14 	..SOr.15 15 	• SO01 4 16 	• S0033  1 7 
20 	. 5coi l 21 	.SOO1O 22 	# [. 	23 	.S(102:1 24, 

b 75 



h~PEr.tfltx 
401f .r 
©02 

A P--q 	ST C 	*1,liYI1KO 	1T'dERI-lAb 	GFN 	SCHEuit►,,T. 	(; 	PR(J Si.irRntJTJtriF: 
0031 	. 
Gti~!'r.1 

pRfItj) DX; t~~ia,SItt 	X(100),X1(100,100),X2(1Oti 1 i?), 
OG S̀+ }'t 
0 0 `> Q ..r 

E'7lllin(100), 	(100) 
1 CY;OIS'~ f̂}.';/E~) ~{ :I)C t, t , [_ 	r! .1.C~/ 	~, T Pp 	Al [A 	iiF'TA 
1 ~\ 	, t\ "4 	r~ 	~) 	7 	~► 	 ~i 	{ r K 	, 

007",(; 
d\ 	f~ 	i\ 	1\ ~, 	/ 	t 	r 	,Xp Kl 	X2,~.,.iE1 ~;t, 	(;.l/A1/(.,F. FAS, Ia5, J,E~, 1,7, i 	tz1A, ,L 	, Oouo,,o C 	EQUAI,TTY 	Cur;s1:fAIr T3 

010OU 
. ',Ti; (JLJTIE 	PP( R2 

O14 
U13(1(!  

1 	to t)  
d15ou 
01611 
C/l 7Cii~ 

Ct 	11 	/F►i!.(~(, 	i(.', `t [(", S'I'F;r', ~1[a}'A R t31:T 	,t 1K3 	4 	K5 	Kb 	c ~  K 2 
01Roc.' 

 
CC 	"o , '/HA2/'r:f;.,, 1,5, Lfa 	1,7  

019 	) 
s2!o,V l 	(H(  

R(z)=X(2)+0.7*()+,5*(l.F-7a*(440-• 02) (tu 
022t;:J i 

1 	7)*u,0U05-3 	359~:A71 
	(~40— 	Xr7)..• 

023tr 
 024C;;~ 
 025O 2* X ( q)-X(3)*X(3)*0.0005-3w,3  9 

027; 
 023  

030G~ 1-?*X(1 , )-X(11l))*X(11)) 	t►„1 	(1+( 
0320k 
031(, 

 
.. 

O330¼ 
 

E~(c;)=X(t, )+((—.UVOi_ 	C 	~U • ~i 	(1•(✓ ^~7) 	~) 
05ou(} 	~mC~ 3 3* , 	oo5— ,' ~ .34359 
0
3
37 

U3(UD 
,)  

R(R)=X(El)-2 
040`  
041tG;, 

t1 (11.)=X(11)-7 
(12)=X( 12)-2 042r . N(13)I 	nX(7) 

0440 
0434,v  —X(9) 
045 	E3 

} 	( 
t<f16 	13O—Xr10 046(1) 

04700 R(17)=13t.o—X(11.) 

O 4R `~ 
R(i)=13o-X(12) 
i;f1 	)=1~s~•.X(7) 

O49C,; 
050(0 8(20)=27,—X (7)—X(t3) 
0511) 

 O53~ `553(  
055[ 
05400 

 

05660  
R(2(,) ~•X(7)+X(R)-2f)C! 

057co 
 0580, 

 
f31)=X(1) 

R(32)=X(2) 062u(. 
()63(oD RC33)=XC:3) 
064c0  

R(34)=X(4I) 

0650x1  ()66'.;  
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