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In th:.s thes:.s the opt:.mum. generat:n.on schedules for systems

v@:.th var;able-head hydro plants are developed. ‘I'he scheduling problem

:I.s solved by use pf the Newton-Raphson metﬁod where the coord:,na.tion
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: ) INTRODUCTION .
. . .- \
) - 1.1 BACKGROUND . - . . . 3
. N S RS L s, ‘ L .
In .any power system one of the major goals ig. to. attain optimum
o i "economicq,dispatch 'rh:l.s 1nvolves scheduling the generation at various co o . ,

-"Agenerating stations to meet the system s power demand while keeping the )

s -

: ""'.‘ :.' power production coats to a min:Lmum. Usually, this scheduling covers K ‘, ‘.'_"A,z

- "’\

‘." T ‘prescribed peﬂ&ods of t:une. In addition to operating economics the AN . '7:; _

optimum operatiqon of a power .system :I.s governed by other restr:.ctions. - G

‘5 The a.bility to fractionallylreduce power production costs Stlll has -

S L 'priority with electric utility companies.‘ Also, knowledge of the C L

I . "'joptimum dispatch schedule dllows for better planning and deSign of any
Lo PR : . . -
: qu:ur’é equiptment additions to power systems. It is’ for these reasons

, ',‘r .tha.t the problem of economic dispatch has been so’ extens:l.vely researched L .

T (referCh II).... o l

. . RN . . - -.~

€« ¢ e

. In problems con’cermng econom1c dispatch it is customary to con- Q . s

- '-‘”sider the cost. of operation only. Such cons:.deration does not take |
-mto account the expenses of 1abour, capital, start—up and shut-down

."'_'related to t.he duration of the down time of a specific unit v-He’nce, an'

' ‘accurate knowledge oﬁ the manner in which the total operating cost of | L

. each generating unit var:.es with the instantaneous output is essential.'

The hydro-thermal opt:.mization problem :anolves the planning of S

S the usage of a 11mited resource over a prescribed pera.od of t:_me. The Sy
. . .8 ‘
) : ~;"‘3resource being ‘the amount of water available for generation. In some . « °
‘_systems the use of this water :Ls governed hy soc:l.al factors incl‘uding o _\3 . f. :
. : . ‘ :“ E B .
: . ..-; - K b f'.‘,."
' miy e, el
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irrigational and navigational- co:m'itunents. . Other systems,. 'with.hydro v
plants. located on. the same strea.m have special problems concerning ‘water v
e -, [ .

/o transport delay which affects the net’ head and discharge levels. Thus,

o the condit:.ons which ex:.st over the entire optimization J.nterval must be _"
. taken 1nt8 account when - determining the optimum dispatch schedule. For
o . - instance .- a system with a 1arge reservoir may require a.n opt:l.mization
e Sl period of a year... St:.ll another system w1th a; small to moderate storage IR
e . T, R ,K K el T 3
o el \ capacxty may find an opt:.mlzation J.nterval of a day or a week more
-y “ . useful. i ) ’
i i . : "~ 1.2 .-..SCOPE: OF. THE THESIS e
: B In ‘thJ.s thes:.s the opt;unum generat:.on schedules for hydro-thermal """ o o AU
' systems with var:.able—head hydro plants are' ‘developed 'Ihe ' ‘.3 : :‘.- . ”.-“-.?'- -
scheduling problem 15 solved by use, of the Newton—Raphson method where
) the coord:.nation equations (21 27) are employed s Several power systema '\'-
A Lot containing different numbers of plants are considered

:; i P . 'l'he historical background on the problem is presented in Chapter '

o o II.-- In this presentation all previous work concerning optimum hydro-”‘ -

thermal scheduling for systems w:.th variable-head hydro pla.nts is
DOt astailed, ERoRt '

In Chapter III the proble.m s formulation 15 prof:.led. ) ub-sect:n.ons

. e

(3; l) and (3 2) detail the development of the coordmat:.on equations for .

i X

L A variable—head hydro syatems and the dz.scretization of these equations

. e
-

S (," for computer solution. In su.b-section (3 3) 1t 13 shown how ‘the Newton— :
5 : S L o Raphson method is applied to the problem-(j Thls sect:l.on also h:.ghllghts ;_~-.’ ,";".

A “a
“ . - N ‘ B . . : N o -.".’

e k‘\'.:_
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. g g A , .
, g - . T the dxfficulties encountered wi.th excess computer processing t:Lme i ' :
. due to large arrays .and how these problems are'. resolved Sul:-eection L '
( ‘ L (3.‘4\) outllﬁ:e,;e"»'the_ methods for generating: th.e. irllt:iallv —— 'the l. "
SLANE L Qr’ari.a.bles'.:'-': e : R o
J L ] — ,,' chapter Iv presiz}ts tl‘le resu_lts-. from tlxree test systeme. “In v ‘ _
. ‘1f'"" addition to" these tests, an’ eva.luation of the pi:ogram s perfomance‘ ¥ L

Tee ot 4 .

Foene
L I
N
. B -

. h

) -t LY
SIS

‘.

a .

is g:.ven. & 'I'his evaluation tests for the a.lgorithn 8 .response, to chanqes . T

i g Sl A . s

:I.n f_.:l‘l'e system s v;r:lables.- e |” =, ';_- ‘ d . - i)
“ !.['he‘~¢:‘oordination equat;one for systems :havlng hydro plauts witl; \ I., ~§
vwater transport dela:g. .‘p.roblems result:l.ng fromn heing hydraulically : _-"-' .'-' bt : :'- ‘i?;-'
coupled are g:l.ven :m'chapter V. '.l‘h:le el"xepterﬁlooks et several d::;iferent ey "_.'-
o : . T o B VR NS i L R
erranéements and the resul‘t:l.ng coord:.nat:l.on equa.tlons. L s 'L :_‘..':; ‘
s In, cl;apter VI,‘ tlxe major’ coﬁclusione o;. the-work are presented.., . E '

Alsa outlined in this chapter a.re the nreas in wh!.ch further work may .. o

be - conducted. o - a R ' i TR s
A full llst:mg a.nd descr:.ption of the comp%program .13‘ Presente'd “¥ i g
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o past revolved around the a.ssumpt:.op that for short range studies‘.the ..'- B
""", feffect of head variations could be neglected. Howe\__ver

' 1940 relaxed this constant head pr.inciple. In his paper he presentedx'-‘ ‘

", ‘.had developed which utilized variat onal calculus.. As wrth Ricard he

. .on- the long-range scheduling problem.. Cypser tested his method o‘n a 1 )

system conta:.m.ng one thermal and one hydro plant with varied success. L

PR ‘v

Zdetailed the expansién of the basic coordination equations to include

T -tra.nsm:.ssion losées..

i calculus techm.ques.-, T '.-"1'-.', . . ‘

%‘ga‘t

Vand neglrglble tra.nsmlssion losses. 3 '.‘ '

A ‘ R o
Aneglected transmiss:l.on losses an'd 'n ‘addition concentrated his attention

results of this paper was the demonstration of equivalence of R.Lcard s, ;"f

.Kron-s 3 and Cypser -] equation! 'I‘his the anthors show usrng 'variational,:,‘ SR

S . . L e
.“: ! ,\) ) : \4 .: - B ' L3
Fa Y i 1 . .
H Sy . .
: CHAPTER TY" '+~ ° - - Lo T
. %+ A HISTORIGAL REVIEW . = S e e e
2.L A REVIEW OF THE DEVELOPMENTS IN THE PROBLEM oF OPTIMAL VARIABLE-'_.' S
o P, Y K
. HEAD HYDRO-THERMAL Drspmcn T -;::;' :

Much of the wor'k done on optimal hydro-thermal d:.spatch J.n the

B

) coordination equations for systems with net }}ead vatiat:.ons

R

k“'_ . . I - .._

Fqurteen years 1ater J.n 1954, Cypser [12] reported on a method he

i .
n,' i

DRI .-

.,

_ Then in 1958 Gl.unn a.nd Ki.rchmayer [21] in, a’ comprehensive paper, y
R ’ .

1

’.They tested their method on various mode;L systems .

us:.ng the technique of numerlcal :.ntegration._ One Q;E the mportant

o
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’ '_.‘ all of '.=the problems surroundmg the th:utu.zing procedure. y

.t-"".:':‘ g 1 , -z :.' ‘: '_'. ‘: 's. "-.\.1- .“ :.‘ - 4 ,\: , : g ..:: ] :". .J" ,.._-}:‘ K . ,‘ | ;‘. ol g
i :.: B "' ,- 3 - . ' ' ", ',: ..;' .,-‘. Ny
. :".‘_ ) _: :r- AR ':'... .'i:, - -.:< s d : - . ) ) . ) \ 2';’-.‘ -é .

N A lsystems beeeme more fi:eq.uent and researchei"s hegan to t:y‘ new approaches. T _ : o W
: ,, i : . Hence; only two Yesrs .later :.n— 1960 Irisxnunander [l] ﬂutiliz:ln.g \‘rariational.._.. . . --
e g N s .3. o L i s,
D calculus and.employing all the necesea!:y and sufficient,.cbnditions for :.':.; e ! ‘\

- R iy . S s » ¢ .. e
=Y ' optimality, arr:l‘.ved at the requ:.red scheduling equatione. . .ol - T - ..,;:;
# NS g .". = ' 'I'he follwinu'g;ean Dandeno [15]¢reported on the computational ‘E ' i =
.":.'.1 ."':.. exper;l.ence ,gained bY applying the coordination equations to an aotual : o N

: R R 5 RS <2 - G B -, l‘
F i “ _",." operating 'yltem. "rhe computer algorithm he used proceeded to the

! 2
o ‘fi'~ RS

and heavy .core requ:.zements were the ma.Jor d.rawbacks of the method

"

In 1962. Drake et al [lG],,using basioally the _same computer b A

00 algorithm as Dandeno, applied variational methods to functional systems.' ~f . ' . - “

Th:Ls method, although moz'e successful than Dandeno s, did not‘ resolve ok,

N s r v...,. ..' . Nl -
S

; ".'.

;. .. S s R
.

S 'I'he work 'continued and in 1964 Dahlin [13] presented 'his maximum e " ::-.
go ‘.“ principle app“ "ach to_ the problem 8 he baSlS pf thJ.s approach was PR D
KN o . a ¥ .' “' ) ' 3 'l A ) R : ~' . & .: :._:
- "-"developed 'by Pontryagin..p Later ,in 1956 Dahlin along with Shen [14] gk, [ O

deta:l.led the application of lu.e method to several‘ types of systems.

'.I'he numerical analys:.s was perfomed on a test system cons:.stinglo.f

~ v ! ,, e
N o . i v ks \.-f
. .
s fare s .

4

tL one the:mal and one- hydro- plant and wae ma:.nly for the purpose of

T .‘ < % =t N g

explo::ing ‘e convexgence behav:.or. ) . k: ;‘ '
'I.‘he next notesble work caxne in 1971 wheanonaert and El-Abiad [8]

a".' o s D . = e s - P
- ., ._,.': i “‘. N lh ) )

to decomposition, the technique:_ also used perturba.t:.ons to arnve at.
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aeeoc:.eted with the la.near constraints 1n the con{:zol vector.

.t .
ol B

and 'I'ava.res [29]— reported.- on a“ e'oord:,ua.ted“ decqmpoeition technique.

In this procedure the solution was -obta:lned through a: tri-I‘evel hie.rarbh :

solutx n using the Newton—Raph

or’dixia&:l.on equations a.nd ohta:.ns the
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. O 2 " TR b ‘-"_ S Cpt S0y T e T oy 2
R ,coonbmuionf EQUATIONS.‘FOR VARIABLE-EAD HYDRO SYSTEMS ~- . . . o

o ,.",

The coordﬁnation equations for variable—head hydro systems are

B g : R : .’, “r

-

:l an extehslon of. those‘used for fixbd-head systems. For both types of

h .

B

n‘systems the classical’approach~of var1ational calculus 13 utilized :T

To begin, ? is assumed that the reserv01r is large encugh sc;t

.--v T_ . . . ; .
i R . .

u7“that any varlatlon in. net head ma? be neglected It 1s also assumed"

AL

'ﬂthat the fuel cost for the thermal units is

L
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o sormy
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nasa mag tow ¥

(t) = P (t)

In the above equation Ph )':Ls the output of the
. i g, ,P . .; p
the numbez of--hydro plants.

. N ‘gt \-- X
a.nd P (t) is- the syste.m s. power demand.

»

The volume of water available,

Y . S5 Sl

'the rate of‘ water discha.ége-

N

Sae e

the model suggested by Glimn-l(:.r'chmayer [2*]. given by‘

Y
¥

5

where the dependence on net head

ta e p

-is expresaed as -’

The dependence on act:.ve power generation:,Is indicated by '“""-'

K =, cox;stent ‘bf proportiona

fegee

o EOSY
are assumed a\ra:llable. S
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water constra:.nt .

.
-.. ksl
- i i

e multiplier function l(t)

... Vi .’; u
: Y

e i
o r problem of; (3 1) is chanqed to an ,unconstr:ained problem Qf minimizing e

P ]

R
s v

4 Note tha.t it 19 asstmed"here'“

i
e
:
3
{
-
1
i
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' R ; R Q S o ” TS
£y Sy ‘ e '
e . ' N = -. lﬂo . ; /
.. l ’ :' D .',f" JP A S ‘ 1«
ot g l ) ,.,“,- . N “ . . [ RS ..: .
i When solved, theee equations yield aetive powers, the incremental
. , ¥ : " Lo o cost of power, A(t) - and the base water worth, , i~'.' However, complete R
| ,‘{ solut:.on requires that the follow:.hg constr_aint equat:.ons be adhel_.-ed'_ t_o:n‘ s o
'51 T oo T gy (e) dt = by, o e A= NGY T T e (3.14)
” KE S R R “ - "o . i T o 1,‘.‘;“ L el oL . ,::.4~ o Y]

' L i is. replaced by the assumptlon that operation of the hydro un:l.ts~ results L
". e in a change 1n the net head of the reservoa.rs. . 'I‘hus, for hydro plants
ST ".tw:Lth variable—head characteristics, the generation of actlve power is ::.'f i Y
: e regulated by the rate of discharge, q (t), and also by the volume ,of water : .
% st o ' ) RE? . . ) . ¢
. '.',.da.scharged Q (t) . given by o
o ‘ B L g
}’ E L T

I
2.8 e et 5

B -Jvarlables are now extended to include P (t) and Qi(t)

"

o coef f:.c:.ent,

‘i,_'.«lis. nov("'var;.alole Aax}‘d n:i.q deflnefi;,' 3 ‘-”
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s By.. as-uming tha.t M(t)--ia. constant. o\rer the interval [0 T ], equatibn 3 17 = .,';:
Rl 1 b/ ' : . .
ma '“be.,_written ‘ag T

The coord:l.nat:l.on equatmna for the variable-hea.d hfrdro"system ahe 'g;i;ren..

-..

pj(t)]‘

v
op w il Sagaeey &
0t

sty

.




(t)‘+ L f [1 (t) oCh (t)] dt
i i 0 e . o N '
whe.re i (t)- .ts the na.tural :mflom assumng a vertical sided reservoir.

BN . ' .“‘ R )n

Under the foregoing assumptions the dpt:.mality conditions for a

v -".‘. S !

2,
M

; variable-head hydro system are given by
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] . . ) . .. . e I, | ‘. o g - - . . 7 :\, An ) o “,’l' .
" -3.2. -, DISCRETE COORDINATION EJQUATION R LA o

. 'lz".eplac:ed-“by the equrva;ent‘ fo,nn' ] Lo _;." . '
h 3 ‘ A) &

v,

v requ:.re for digxtal solut:.on., This problem :.s treated in the next

‘-'aeotion. B T ::"' SRR

ot T B - e

I

. C e
‘ .f; ST
—

' To dlscretize equations 3. 25) to (3 29) it is assumed that the fans

fiod T

; ‘,_The dynamic,'equatlons“ﬁ ‘25 to 3 29 are non-linear and a discrete form J.s

‘:‘,optimizatlon 1nterval [0 1 J.s dJ.vided into N discrete :.ntervals. ) e

a 'dlscrete time J.ndex J.S denoted by tk Equat:.on (3 25) :Ls denoted by ;.

" e s '. .

(t) and /s/st’r/a:ght-forward as far as the dlscret:.zatlon proce)ss ‘ig”
.1‘ . ,_—.—"

oncerned. Slmilarlly equatlons (3 26) and (3 28) are,-denoted by

(t)t and f (t) ; respect:.vely. The volume of water constramt given "
:. . .

'

:‘_.j intervals to be of equal leng'th, A. i‘he reservoa.r equa.tion (3 29) is '

S wea s

. i i

Ca \d

qi(tkﬂ =0

(i=1 N )

- ':'by equation (3 2'f.) is replaced by a su.mmat:.on assummg tha.t the discrete

—vr ‘.’_.
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5 o T uhi Pn By i(ﬁ‘)" q, (5
£, () = {v, eipfut]H2 AR = ey ) : :
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The. unknowns are Vv, .and the £ollowing 8
i

- PS&kalf tk =0, 1, acey NT-l
. \ - (’ . /"I .\\
i P (t): t =0, 1, N_-1 T
R
’ ' - . : = cee ’ -1 -
‘ .. ‘ )‘(tk)_ . tk, 0, 1, . NT
'hi('Fk):W:-tk = 1, ";',,’ NT—l .
The interval ov_f wh:.ch h (t ) :.s found, ; .'e. (l,NT-l) ha@e i"t.s'besis' .
S fin the assumption that the reservoir levels h (O) 're known - Thig:is e
described more fully in sect:.on 3. 4. A G e T . con ;
W .33 APPLICATION "OF THE “NEWTON-RAPHSON METHOD TO' THE:PROBLEM .
. Tlfe~ﬁe‘vfton-inaphson method requii'res._ soiving"on__ee'c_h‘.‘iter'ation ol
S . R ‘the folloiwing set- of linear .equations )
T £(x) + J‘A;;m_.s 0. e (3.39)
In the above, -f is the vector nor)linear function to be: solved and J J.S
the Jacob:la.n matr:.x cons:.st:.ng of the first-order partial derivatives
T of: the functions with respect to the unknown variables (Appendix A)
which comprise the vector x. 'I'he :.ndex m denotes the 1teration numher.
The sa.ze of the Jacobian matrix 'depends on the number of unlts in’
: the system and the number of thne mtervals in the period. For each
LY FE T § . e .
v . hydro plant there are t.wo variables per time instant, for each thermal
: s pla.nt only one variable per time :.nstant In addition, one variable '
' ,'_.;,,,_ ) _ : ’
e 0 per hydro plant 15 encountered Also :anluded are the values of
T. * ' } : - ’ . .' x . -v‘ ‘. . . . ‘.4
of . . PR . . " A e A
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' the incremental cost of power, ALtk) ; for each time’ interval. -
. . Solvidg for Ax" requires that the inverse of the Jacobian matrix,
R . ‘ : @
J l, be obtained. This is achieved by (1)s ... or (2); by determinir_xg
* the inverse of the matrix-as a whole or two; by utilizing the method of
. . ) .
matrix partitioning. . , : T
Theé first method provides a direct. path to J-l.‘ "The Jacobian’ - L
) . . . : ‘ ) b - \~.‘
. —— - matrix is set up and its inverse is obta-ined di:reétly th.fough a ’

commer.‘ciali'y -available inversi‘on'routine‘." This method performs -well -

. a ' | ’ 'when cons}oerlng small system:\s.é However, w:.th 1arger systems, 4 plants - -
. .’ "" or more, the amount of tJ.me requlred to obtam J is such that 1t J.,S o i '
! " I':: r}}a longer feas:.ble. : - -I : B I B
‘ e : .f' ';. : h‘,.‘ ‘;‘ 'I‘he ma:.n object:.ve of the.second methad is ‘to restrict' the :.'.” "
- | ‘. applicatlon of the 1nveraion_tout1ne to a ma.tr:.x of the smallest ‘ ) _ ,
i poss:.ble d:i.mens:l..ons. : « ' I SR .: R
et 4' . 'ro accomphsh th:.s a method of ‘matzix- partltioning is. employed f e Lo "
. | The Jacoblan mat x.J\,‘the/nonllnear funct:Lon 'vector, f(x Y, and the - :' . A
.3' ) ' : ' - ‘unkn‘own var:.ablee, Ax .- are d;w:.ded up. or partltioned s0- that a more’ : ‘ ;
" ','efficient procedu-re may be‘. used ) ) | . ‘ -
'i To heg;n, the Jacobia.n matrlx is structured as. shown :m F:.guret EURNE ’
f ) ‘ -3:‘.1.. This arrangement obtains the ma.ximum beneflt from the sparseness‘
- . of the matr:Lx.. FJ..gure 3. 1 also details the partitioning of the matr,:.x : _~ B
. ‘ ""land J.dentlfies the )suhmatricee. ‘ ‘ . .
z‘ ‘ S.uular:.ly, the vectors f(x ) and Ax™ have part:.t:.ons wh:.ch are’ A "

’ .

e structured accord‘:.ng to F:.gure '3, 2 . _’ _—

: . . ! . P - “ r . [ ¢

thatxon (3 38) 1s now rewntten J.n terms of these partlt:.oned
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",\',".;subblock This reduces the computational time substantially. h .'l'he

: '"‘;-,-"other inversion which .'LB performed :LS on a matrix which has the same

o :Wlt]’l three hydro plants and three thennal plants :I.S examined

'.--‘_.'of 24 timef}eriods. _-"

Closer exam.nation of the submatr:’.x JA», reveals that it :.s block

B

. diagonal and, hence, :Lts inverse may be found smply by :anert:mg each ‘

Y

pa 3

The r;

':resulting Jaca.bian matrix:i.has the dimens:.ons [240 X 240] for an interval

Japa L tatn

PR S0

LY T RL s




S numerous.-,{ 'I‘herefore, it\ :Ls necessary to make certain assumptidns and B

procedure wluch contributes to the overall effic:.ency of the program. ;, ;

mom.tored and would be available as input to thé program.ln“ the form of

At The methods by wh:.ch these mltlal values may be obtained are

P

2 Yo

develop part;cular models to produce an 1m.tial variable estimatlon A' L B

\"i S

the variables. '

The first assumption ma.de is tﬂat the level of the reservo:.r is

P

. Thus, the .number of mitial values to be determlnep is re_@uéed’ ."- u
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known, :.t'remains only to determine va.lues for th§ remainder of the '

u'-., N i

results a.re obta:.ned when an adju t:(nent factor-ls uaed. Such a factor ey

o .rA\“‘ '

initial power dema.nd. In other terma )




ol () TRy VGl X Teal (RS SRCEC IR S
C e TR D TR R ENE
. I A_(tk):.'?' AS'to? ,:!‘:._faci_:;(t).‘)_'.. s = . ; ’
.+ . The profile fbx;f the .net ‘head overthe.interval was assumed flat due to~ " e T
o dks! gjx‘fa‘raéfeiqigﬁéaij;y' s;:'o‘v}‘. \;a;';l:ati".’i ! “ith time :

e e NN B

At

o 3o
o PR P
Vet

. g

LV AN

LI i PN

L L s N R}

o
ok, e

% —ve .
]




oo e [ .“.‘ .
I T o
A Per 7 A | v
N Lot g a t at .
b ", i L
;Y "
i B ;
- r e ‘
PRty N
° . * " .
. - ., Ty
' o 2 G
Gy i R 0
e Fegs o, .
- < 8
o 08 e e B
“, Y . e
3 "y
Y, ¥ .
woroo . RO L
iy W ' A T h
v . .. fe ot - = 3
. as &
[} .
‘Y sl .
‘ R o3 -
w, 0 . v
T 50 T . N
e, - f -
o . B
L . N
care 7 e
S -
s
v " M .

Cha.racter:l.z t:lbn test:s arq perfomed‘on this system to detemii':'e"
algorit’hm's ab:ll:l.ty to adjust to va.riations :Ln systen parénat;éks.

second test'syStem_ examined contains two themal plants and two variable-

_1e the..third aystem l;ae
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Por tést system ona the p:pgzam converged in seven iterationq
.error Eriterion of 1 0 Xx- 10

] The optimnl d.ispatch 'schedule :Ls obtairled

‘-and presented in’
It ia _obsarved that' -th'e

-JA-

; riya:o- plam: ptoduced

- '*criteria to reduce themal genexat.i.on and, hence,

guidelines of the qrogram

'Ilfuel cost o a. minimum

Y (t)‘"vary with ti.m

frats

e:?scted since the ncretnen

s e 1n the
'I‘h,is :l.s ‘t;: be'
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The var:[ation &ﬁm ccmpl.:‘.es- \n‘.t:.h ear:l:l.er preaictione that the

'rhe.‘water worth. caeff:.c:.ent: c!,:mre, uLtl 'is detai.led :I.n Figure- :
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MW 3

o . TABLE 4271 e T
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- . “
- . The values for A(t) and v(t) are tabulated in Table 4.2-2. The
-i “variation'in net head is presented in Figure 4.2-5 and Table 4.2-3.°
‘T' Since the inflow to the reservoir is.constant, the value of the net '.'K
n “.' R - . - .
{T head decreases as expected.

N Actual computer print-out for this system is found in Appendix C. . .
3 . . s Lo
T4 " 4.,2.3 'Characterization. Tests Descrrbtion - ¢

. ~

SR ’
. . . . . g
The characterlzatlon tests are carrled’out on the system descrlbed o

'~ﬂ1nl4 2 2 to evaluate the computer algorlthm f",‘; f,ﬁﬁ>;¥”'

o . o - v

’.’_.1.

Three tests are performed on the systen.‘ In the first test the

S

St o : &:? available water is varied.- In the second test the power:demand, P (t),

K

1s changed whlle in the thlrd test the\hatural 1nflow,'1(t);'to the

R . ]

reservoir Ls altered.: The tests and results are—descrlbed hereln..

4.2.4. Characterization Test One , - :

e R

In thls first test the power demand, P (t), and the reserv01r s . 4'} '

.‘,f': T _‘na%ural inflow are heﬁé constant while varylng the availsble water, B.

Then, the effects of the changlng B on, the head varlatlon, the water'-
N ."X ." ‘ . ) . .v; }
worth coeff1c1ent, v(t) and the dally fuel cost are examlned., ' :

Flgure 4 2-6 shows how the head varlatlon was affected by alterlng

w

v

‘-ﬂ,‘Vf:.;;}:'n-.3' Thls head variation refers to the dlfference between the mlnlmum

oo ) ' ) e
. R and maxlmum head levels over the test 1nterval.' As expected, the head e
. \ 'ﬁi u:rlatron-anreased almost lxnearly w;th 1ncreases ‘in B The reason .,~"“”;‘ :
a e for thlB cah be deduced from Flgurev4 2-7 which shows that ae B increasesl“”'ljldt élﬁﬁlu
the water worth coefficient, v(t) and, hence, the cost of water decreases.;?.; : Lo
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TABLE 4,2-2

| T

~

INCREMENTAL COST OF POWER: AND

WATER-WORTH COEFFICIENTS. TABULATED DATA.

| TME PERTOD

HR

NU PLANT NO. 1
S/CF

o~
ﬂghBDAA:

TS/

. . 18
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Sa !

=
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s
e
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g
PN

:ll ~,'“
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w2l
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L 23
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" .. 0.04589

0.04481°

L .0s0a3ar T
i 0:04102. : -
looozs
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'0.03734"

. 0.03681,

10.03622
0.03551

- . 0.03854
~'.0.03809 ’
© 0.03761 .

10.03751
| 0.03696

. 0.03847. .
0.03591- 0" ¢

0.03520 |
0.03400°

T
Lt

[ . 3.784"
3.880-

3.820

3i7ee |
3864
foosees |1
b 3.872 : ‘ :
3,784 |
3.661% ")
3.637
3682, |
3618
©.3/569
3.536
' 3.236
3.é62~"'
13,172
322
3,100
3077
3,087

3.042

"3.040 . ',
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“
This means that more hydro powexr will be generated and thdt tlie theérmal
'output an'd, hence., daily' fuel costs w:Lll be redu'ced; Such is‘the'case

(

as E‘lgure 4 2- Kearly indicates. .

—_— ) . Data for the three curves are tabulated :m Table 4. 2-4

- > B EEN .
50 L - . . o o / ! L. .
4.2.5 Characterization Test Two oL . ‘
i, ) In th.lB second test the natural 1nflow and available water 15 "
5 L ’ : - !
Lo L held constant and the power dema.nd 1s vaned to determme the effects -;-

“‘von the haad var:.at:.ons ’” mcremental cost of power, )‘(t) Iy and the da:.ly

fuel cost. .. , '«: : - .
: ~ ‘j' | :'I'he head var:.a.t:.on remalns.fa.irly con;tant (E‘:tgure 4 2—9) |
. ‘ :' ) (P d (t) lncreases s:mce the inflow and‘B are helcl conetant which results._ T :'.f."‘_
‘ * 1n ‘an 1ncrease in v(t). ",f :
‘ ‘ "; The lncremental cost of power A (t) :anteases as P '(1:) :anrea.ses :
: ?’1“‘ - . . T B wh:,oh is’ exactly as expeoted. Th:.s result .'LB demonst.‘r:a.ted by F:Lgure | '
' i a. 2—10. "' | ‘ ' *
- ., . Exa.mma.t:.on of Flgure 4 2 11. shows tha.t the da:.ly fuel cost also "
‘ . - : . lncreases ;with mcreases m P (t) Th:Ls is not unexpected 'smce ‘ |
L : o S o constant hydro plant che.racteristics result :I.n no increase in hydro .:‘
: hﬂ output. Therefore, the slack must be ta.ken up by the thetmal unit and, -
{ . hence, an increase in the da:.ly fuel cost. ) .'_-f.-" - :-'i. -
. . o 'I'he data for these curves :Ls found 1n Table 4 2-5. BRI
T ~ . T = vl o '-."” - ‘ )
i . . .
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4.2.6 Characterization Test Three . R Y
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con,stant -and “the natural inElow to the reservoir is varied.

- \ 3

A a0 "

2—12 and 4 2-13, raspectively. / S

5 I

& l3 1 )fest System 'l‘wo Descrlption

. oy [

“In th:l.s final test, -the power demand and ava:.lable water are held K

>

’I.‘he- effects - i

on ‘the head var:.ation and the da.lly ﬁ\zel cost are presented in Figures

'I‘est syatem two cons:.sts of ~two thermal and’ tWO var:.able-head hydro

ahte el .-.. 4
PO . s .

plants i

. i o ass
. = b Y >

l.ines w:.th "losses.-. | £ ; . T :

Tt 2 -7 . .
e e . g

<

All units are supply:.ng pouer to a common gr:.d over transm:Ls

CEERETS

4. The quadratic models used to repreaent the fuel costs, hydrf: plants

d

performa.nces, and reservoir va.rzati.ohs are: of the same :Eom as those for ‘
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. C
. - ‘ vl o2 : ;
’ Area = 10 mi
. ) L ) 5 ‘ e )
e Available water.= 2.5 x 10 ot
K Net head (:uutial) 205 - ft
. : o . . . Natural infldw = 5.5 x 10" cfs . - -
.’ The data’ for.res'ervo.i:rv :':cwo is - . N ‘ SRR B

v . ' STt ' 'A -ireg-= 18 mi P ‘ A . ,,

UERTEA Available water = 2:25:% 107 6f ' . : w0 e GG T

S - '. ; B ' . ‘ R L

I - S0 0 I 'Net  head (dndtial)=:206 £t ool L e ; :

_‘{ et ) Lo ‘-"._ ) o ; S A Lo e s '." oA e ','\ -."
I R L ., N T S —'.I ~ “:".' . .. .. S .:‘f‘ 3‘ T "“ « [ ‘..“- I . ..' :."..' .:‘ ) - -~l‘.' iy . '.-: : -
’ S - .y, - a:Natural inflow'= 11 x°10- cfs.: ..o PR T LA S J . g

I ,4 . o o Ag‘hin the:. tegtl intervel 'eevered 'Ei. 24 hour- éer'.ji.dé ';qhic_l'x. v;ae- -subd'i:videa‘: e

T into. 24, one hour 1nt9rvals.- ’

i '.,";' - o ‘ 4 3.2 Comjputatlonal Results N BT T -

T, S A Fo;:“test system two'the -prdgram -conirérg'ed-in' 13 '.iter'atl:"i'o'ns" to','a'nf L
R R RS ,error cr:.ter:.on of 1 x 10 (see F;Lgure 4. 3 1) and reun.red 731 - .
1 - ) ’ ‘secpnds of cpu tJ.me for eo'.l.utlon. S g . - . '_ e I S : . .‘-1:,.:}

o o The opt:.mal diepatch schedule is obtamed and presented 1n Figure j:'_

Ce 4 3—2 and 'ra.bles 4 3—1 and 4. 3- .'.' Again, the thermal generat:.on was : 2 .

: ‘m:l.nimized a.nd the hydro generation accounted for an average of BO% of
2 ‘the total power requ:u:ements. 'I‘he daily fuel costs for themal pla.nts

' .one and two were found to be Sll 764 85 and $11 413 87 reSPBCthGJ-Y- H

-

F:Lgure 4 3-3 is: an enlarged vers:.on of the P (t) port:.on of the

T SR AL

' _-‘composz.te graph Note that as ti.me progresses P (t) ca.rries more of
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TABLE 4.3-2.

OPTIMUM DISPATCH SCHEDULE,

TABULATED RESULTS.

S Y RN A oy o b - o

) §

TIME

HR

PERIOD

HYDRO PLANT
o, 1
MW

HYDRO PLANT
NO. 2
MW

THERMAL PLANT
NO. 1
e

-‘THERMAL PLANT
* NO. 2,
. MW

e
e

LA TS R ) T IR T L SO

560. 26 .

© 588.05 ¢ .
[ 580.83. -
5780267

e07:54%

| e21.60. [
N ezsias

.1664,2§-; -

Cse7.74.7 7

511,42 °

538,14 -

53171
530,72 ¢

. 556, 23

188.99

.207.02" -
19875
o 194,82 "

PR IR ST SR
‘ilses.o2 . n| L 9 -
| :%73;°é-f}
“1f§$i§1§}-;
s29.95

. 216.19

202,29
18197 -

- 183.61
201265
. 1193.38
‘7;8§.4$f“
" 20495
.fgio}éa‘:"

. ",". W ,2101_‘52 :
Caseiez

176.59

e

567,31 " 530.9% 179.73 ] T 17435
11 597.17 553,98 190.55 ° - 185.18
12 ' 576:13- 541.41 . 180.62 175.23
13 | s60.92 533.24 . 173.44 .168.05
1 552.81 . 530,14 169117, o 163.78
115 392.55 421.39 . 110.46 105.03
| 16 [, 3sa.es ;;4i7,063- ' 205.88 .. 100:45
' ‘ﬁi?f 'ﬂ;79¢25 414§05f 162;053 : 96.62-.
18 .-358.94 ‘401.98 94.02 88,58
19 .| 3se.sa 402,22 91.86 .| . 86.42
C20° .'352,7§L»ﬂL- “401.21 .- ~e§.;7 . 5' 83.73
21 ' 351.30 . - doz.18 . 87.37 "81.93
.22 ”1z354;86' ' 4oé;ho‘j‘ :;~36.91 81.46
23 | ..37360: | 419035 . -89.80 , T 8a.ss
24 “-.402ﬂ;4'1,' " 436.03 ‘93,79, " " " 88.35
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in shape as: well ‘as values. U S Co i:"

. - .
’
, 52
the load than 'P-h~- (). - This is as predicted, since reservoir two has a’
s 1 . . )

2]

larger area and greater inflow. The higher starting value of Ph
> : A hy

‘be attributed to the. larger starting value for the available amount of

water.

. *
Figure 4, 3-4 aga:L:n is an expanded portion of the compos:.te showing

‘P (ty. Aas expected, the curves for P (t) and PS (t) are ,very Blmllar

< l el ; 2

-.t.:"‘ W

Figuree 4 3—5 and 4 3-6 present the variatione :|.n A(t) “and. v(t) .

. ]

, .respectively, with time. As for the two plant system, K(t) varies with

‘_the pow@: demand and v(t) decreases ‘a8 the net head, h(t), decreaees.‘. S

[

_;'It J.s mportant to note that the decrease 1n \J (t) is 1ess steep than

(t) 'I‘he reason for th:.s is evident from E'J.gure 4 3-7 which shows -

'the net head variat;ons :Eor the two reservoirs. 'I'he decrease in h (t)

ig less than that of h (), hence, the difference in. v (t) and v (t) s

Thie lesser decrease m h () is due to the larger inflow and
b1

greater area of reservo:n.r one. 'I‘he tabulated dati for these curves is.

_ given in Tables 4.3.3 and 4 3 4.

Actual computer print—out for this system J.B found in Append:.x C. ’
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‘4.4 TEST, SYSTEM THREE : A

* 4.4.1 Test System Three Description’ .~ .

f .

éince nb data is'availeble for luéer s'telns,'the basic h_ydro:

its- of ‘test two' were ‘scaled’

. '

50 that the algorithm could he tested on a sygtem containing five hydro

um.t used for test one and the two themal :

, un:l.tsandtwo thermel units..-,__ L :1.'- ".:, L - T

- 'I‘he basic data for the system is found in the preceeding two test

-;-',".'. descriptions‘ 'and the system power demand ie found :m Appendix C :--' N

'I‘he program converged :.n aeven -.iterations to ’an error c:iterion of

1 x 10 (see Figure 4 4-1) and reqin'.’red 35 min cpu time. 'I'lus is not b

‘ ‘exceptional when one considersﬁxe SJ.ze of the system.- : 3
e s - : )
The opt:l.mal diep;tch -schedule is obtained and is preeented in

v . . . o

\
F:I.g'ure 4 4-2 and 'rable 4 4-1 As can be seen, the thermal generation

.

A was reduced to' a mn:unmh and again the hydro power output suppl:.ed o -

Y e

app:oximately aoa of the total power requz.x:ements. The daily fuel costs

fo2
for thermal pla.nt onql is $16, 693 21 and $17, 020 42 for thermal plant two.

L T , e

e = -
. .

power output, Pq(t) and P (.t) Iz xespectively.,.

Vv

LN Figurep 4 4-5 and 4 4-6 show how A(tl‘and v(_t) varies w:Lth time._ i

FJ.gures 444-3 and 4 4ﬁ__ase/eﬁ.arged v:.ewa of the hydro a.nd thermal ‘
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"_TABLE. 4.4-1..:~OPTIMAL DISPATCH SCHEDULE. -TABULATED RESULTS. .~

N

Loy e 47l S gy e pna

Wiz e 4w am s

-

|- POWER ..
| zosses..
M

. mHERMAL | .

. - BLANT |

. UNO. L) E
L .

-~ MW 'r“ i

HYDRO:’

“PLANT

|ovoiy

| ;u¥oRo” | -
“PLANT .

NO.< 2,

HYDRO
_ PLANT
".NO. 3

- HYDRO

“ PLANT
NO. 4-

.Hw‘

]
b

HYDRO -
PLANT

"'NO: 5.
. 'Mw

107
LR B

1. 263.16 |

| .-260.92 .

- 271:21 '.'.":

.

) \1\{- -
253366 |

252,48 .-

~3 ;.“ ‘d'“ -
| 235,63

232,24 |

e

- . 226"; 7,9‘:‘_:

A

t222.32 |

258.33" |~

263.60° |

. 268.23"

©276:29

-+'266.00".

+.227.41.2].

268.68

-257:56

e

237.33

- 258.74. -

1263.41°

" r240.720 |

3.e8

.- 214.80) " 219.89

572,92,

- 545,09 ¥|

157135

' 565.51 ¢
‘564179

. 590.42. | 5

' 620,98 %

160702

58139 .

2 882.19.. |

587,11

‘57-.2.-56 5727

.545.27 .
57184 |,

55370 |

. 564.99.4

607,25

56159,
582.39. | .

587.32 |

757320

544,90

571.15 |

565.31 -

“564.60

© 590,21

" 620.74

’ e

“.501.19’

"t

- 572,41

582.00°

586.91" .

0 '-572174

545,08

571.32

- 565349

. 564.77

I 590.36

|"620.88

" 606.95

. 581,37

"582.18

St

572,94

157250

'587.09 -

' 545,26

571.49

© 565.66

564.95

590.52

621.02

607.10
572,78
581,55 °
. %82.36'

.587.27

573:15

vﬁg:'x:

PR

< . R -
B .
. . . . “
g L L i
. H . - b
. T LY "
1 - =.
: ¢ =
. . . _i
.
i N K B . - :
1 -
z -
R - . i LI
T . L . .



Y
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P op powzn sysm:us WITH mmno PLANTS RYARY .
- ‘ ON THE SAME STREAM . .'
; : T
. systems w:.th hydro plants on ths same stream is presented Time dela
} ' of flog tween plants is. taken intc account. TheLresuIting equatlcns

represent a natural extension of the pxcneerihg Kron—Ricard equations

from whlch the usefui concepta of water—worth can be obtained*ﬁaaily.
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constra.int is used which requ:l.res an act:l.ve péwer balance.

o . b

ct)‘,_-fr u-.)-— 9 ct) =0/

.7 D' is essumed‘ g:.ven for thq opti;lnizatlon mterval. :

[
'....

'I'he nu.mber of system plants is denoted.}..f

aon

N ’ o o CRRQI ~ONER. Y A
2 oo e gt CEE . e . ,.~"‘._:r"
The pauer syet_em considered :Ls‘ 'aseuméa Xor conta:l.n three hydro. g
ple.nts ‘qn the game strealn. Th:l.s is the m:.nimum number requ:.red £or a D >
: e);eral“foxmulation. '.l‘he plants a:;e ordered ‘as follows-
. ~_=.: ;o T hols S L _-" -_.._' ."‘ .';_-
) Sl N Plant 2 up-stream plant e N FS g
* v,,.Rlai)t'é':,intemediate plant Sl B

Plant 4 down-stream plant o . e 170

o.ar

that the performence cha:acteristlc of each hydro plant
y the Glimn—l;lrcl\mayer model T ' .

e 2 .".'.1'"' ! '5‘ - ) - "‘ W
.mhe rate of‘water discharg“e in m /aec :I.s denotedfhy qi ,.,,tl_ae effective
. . et .--\. R . - P

e e
MW 'I‘he fu.nctions 40 and 9 a.re given by

i
: -

:head in metere :l.e denoted by h v and ;91 denotes the active power ,,gener- i
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Y Each of the hydxo pla.nts is assumed to draw water from a vertlcal L e
' " 2 . N
o —slded reservo:.r whose surface a.rea is 8 ;.n m 'I‘he reservo:u: 5 natuz:ai, A
S water 1nflow is denoted 1(t) in m /s) A forecast of’1(t) 15 assumed N T o
o availa.ble over the opti.m:.zat:.on 1nterva1 [o,T] The contmulty equatlon . -~""_' - ‘
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" As the intermediate reservo:.r, ‘;the inflow is composed of a natural o o L

. . - D . “

- component i (t) as well as, that‘ due to the corztrolled discharge q2 of

the up-stream plant delayed by 1.' hours. ~“As a. result, the cont:multy Lo
equatxon for: reservo:.r three is expressed as 2 ;l“' ' o o
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o tfute the optimality conditions necesaary for solvzéxg the prohlem. i i
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AN

}-_ : The direct optimality oonditiona obtained_above_ can be reducéd to-- ’

' a fom that repr,é'_aents a direct exl:ensién Bf tha well-kmpm xron-nicar:d' ;.. =
: . i l-"' ‘*:"5.-.‘..‘. .'_‘ o o 2 v .
equaj:ionn by simply elimiriati.ng the functiona m- f(t) and

lant we have
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‘Asis common iry‘boniréntional»iheprjé','"‘.-the loss penalty .fa_cj_:‘ors. are gibéh:

v (5.25)
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L for discharge arrivmg at a plant further down-stream —Note -t}‘lat';forﬂ

‘t,he down:-stre'am Jblant only the ‘cougl:'Llng-freel termm 'exists';'lt" S

ot X .

' , 75 f L

:' ' ! A

, "over the optimizatiqn vinterval as long as discharge.1'exceeds the natural .

i inflow into the jreeervoir.. This concept ha.s heen d:.scovered by léron and ,
Rxcard and J.llustrated vnn.dly by Glmn and Kirehmayer “for p]:ants that
) ' - are hydraul:.cally J.solated o : R BRI ‘
" ' : The coordination equat:.one derived herelfor syetems w:.th piants :
’ on‘the ' same stream prov:Lde us wi.th the basia for- obtaining Av.»ater-worth '
' | functions)‘ o (t) def:med by Equat:.ons (s 17) -. 5 19) . and . 21) | sl

' , Inspectlon of each ofhthe equations reveais tha. _the water—woz:th is~ - . :-":f ’ ‘.Z
.J xnade.of two components. The fJ.rét 1.s the coupl.lng-free tet'm v ¢ ;t o) ‘ ‘
‘ ;hxle the second conponent pertains to coupllng and represents a penalty 4
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’ CHAPTER VI
'F- CONCLUSIONS AND FUTURE WORK o : 1
. - . . Y ' » '
."6.,1° CONCLUSIONS -

An algori-tim baeed on the Newton-Raphson iterative technique is e

developed for application to the problem of optimal economic operation K

of variable-head hydz:o electric power systeme When this algorithm is

applied‘to eeveral teet eysteme, .the results show that it ie eucceesful

W 0
I

m obtaining the opti,mal hydro-themal dispatchmg schedule. L . e

The computer eva.luation of ‘the behav.ior of the variablee under

varying syste.m constraint conditions ie consistent with the pzedetemined

‘w

_j analytical obaervations, ' In other uords, 1he variables react ‘as pre-- .

dicted to changee in t.he system.‘

<

- k

the succeesful solution of the problem is 51gnificantly reduced by

exploiting the epars:.ty of the Jacabian matr.uc. As is po:.nted out in

. Section 6 2, even further eavihgs are realiza.ble through this procees. o e

’

The coordination equations for hydraulically coupled variable—head

hydro-themal electric powei' eyeteme are developed for several config-'
'.. ‘, N ) T RN : .

urations of eysteme e

The a.mount of computer etorage and cmputational time requ:.red for '

o
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“;sparsity and obtain more savings. Thl.E additional work should be
\ :-directed tWa.rds performng the matrix ma.nipulations on an elemental

'~'ba5ie. This will requirel further partitioning of the suhmhtrlces

'»reduce the computational time required “for. solution.

I's ‘
for any continumg work on th:.s top:.c.

o It is shown" .1.n the preceedmg chapters how explo:.tation of the.

wsp'a'.rs‘ity‘of the J'a.co,b'ien, matrix results -in redu'ced core space‘ a;nd - P

Y e S

- combuter'-time’., As ment:.oned, J.t J..B poss:.ble to further explo:.t this .

[

A

block dlagonal ma.trlx J’A o

Another path would be to work towards improving the methods used

“r N AR

' "'to obta:.n the im.tial esta.mates of the Variahles. Such an improvement

'

v

Aa another point, the optmality equations for hydraulica:lly— ’

coupled hydro pla.nts in hydro-themal systems should be implemented.

LN

' "jAs well, the program cohld he expanded to. include pumped storage units.A ':-:

.
vt ~

As a last J.tem, xindepth senaitun.ty analysis of the program

should be performed to determine, :Lf any, .the l:unitat:.ons of the

-

v

program that are not ohva.ous through the testing that has been performed

'
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s S Tte computerprogram presented herein solves fer Ithe Optlm;m hY‘.h""’“i'”;“'

‘ "..-,‘ thern;al dinatch schedule..{ The algor:.thm, descr‘:l.beé in. the te"‘t' te—- < .

" . ’ volves around the Newten—Rephson technique v;'here the 5°1“t1°“ is’°btained‘ ‘
| o The ~'Pr':'c:.gra\m 1og:.c 1ald’eta11ed 1n the flowcha.rt presented 1n Figure

number of themal plants in the system

B Y

. L.
8 v
e .
.
i
ALl

P

B

o ‘_I h
s S
. - i
T The followmg llst conta::.ns the defJ.nltJ.ons and diméns:l.ons of the S l ‘
s ‘. _-“- . R \. . Y R “ o i ‘~.. RV RN _l‘ S 1_
‘ " '_',. terms used 1n the. program. 'I‘hey are- cataloged accordmg to theJ.r ERISEENEEN ?!‘f ;
i : .“‘ [ ! N ;o ‘ ;
- i -‘ . ’ . : o '. e '.;‘-“‘
‘ ' ' ‘ ' number of discrete tuue :.nterva.ls J.nto which the 1:;,'
study per:x.od is d1v1ded BT T R
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: et e THE HETHOD UTILIZES TRE HEL S e :

‘ 1., KNOWN. NEWTON-RAPHSON METH R S

.- *,.TO'OBTAIN THE SOLUTION . °
./ ‘THROYGH ITTERITIVE TECHNIQUES

ETHE PROGRAH IS SUBDIVIDED INTOA Co
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“THE. HAIN PROGRAM is. RESPONSIBLE SRR

- FOR ALL_ARRAY "AND DATA MANIPULATION - = © -7 ...

" AND- CONTROL THE PROGRAM ALSO T T RPN P
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4 L > " _DATA FROM - THE -DATA FILE TO. THE: e e
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OF -EPCE(T). THIS QUADRATIC : o
EQUATION MODELS THE RESEVIOR‘ °
VARIATIONS. . .o

SUBROUTINE T IS RESPONSIBLE FOR.
CALCULATING. THE VALUES .OF THE
- SYSTEM- EQUATIONS THAT ARE 'TO ‘BE
 MINIMIZED. ONCE THESE VALUES
'ABE{DETERMINED THE SUBROUTINE
" THEN' POSITIONS THEM IN.TWO - ~ "
‘ARRAYS YO.'AND YT. "THESE, AND'
" . THIER STRUCTURES ARE FURTHER
. DESCRIBED IN THE TEXT S

"ff“,SUBROUTINE JAC CALCULATES THE
- ..*THE VALUES. OF ;THE PARTIAL:
~ DERIVATIVES OF .THE:-SYSTEM . nzrwu
-+,  EQUATIONS AND ‘POSITIONS THEM
. ... WITHIN THE..SUBMATRICES. AS . -
- DESCRIBED IN. ‘THE ‘TEXT.IT .
.+ " ".ALSO ‘DETERMINES:THE" INVERSE
‘.. .OF ‘THE BLOCK: DIAGONAL HATRIX
'“;NAMED "JA LIRS

‘4‘.jSUBROUTINE GUESS IS THE
'<f'SUBROUTINE WHICH: GENERATES
- - THE" INITAL ESTIMATES THAT - -
',‘,T»ARE USED IN:THE" SOLUTION '
e 'OF THE OPTMAL STRATEGI. -

“¢SUBROUTINES MINVRD AND \‘\\‘,»
*., SUBMXD -ARE - THE- COMHERICALLY

- *:OBTAINED ‘SUBROUTINES: HHICH g
. ""“TOGETHER -FIND 'THE" INVERSE

R

L fSUBROUTINES X1HULT AND XZMULT
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L 1003 conr:nug S

43.”. ‘DO 200 NHS 1 UM A U e e . 3

K READ(10 111)AZ(NH) AO(NH) AT(NH) SN R
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