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Prineipiellt: ifinimera £(x) vnder bivilikoren g(x Y0 o n(x}=0,
T Sversikt gver metoder Lor losning detba problen ged,

av 2
Tnokdelen ned de kinds metoderna Hr att svirigheter uppstir da
olikhetsvilikoren e dr ubiryckbta i de oheroende variablerns.
En ny mebtod,Blbyson klarar av detta problem presenteras. Bt
tegtexenpel wiarbetat av CIGRE envinds slutligen for att unden-

aslka om o hur ELD fungerale

In point of prineiple: Iinimize ©(x) 17 following conditions
shall be satisfied p(x)0 ond h{x)=0.

A sunmery of methods solwving this problem is presented.

The disadventage with Jmovm methods 18 that difficultiecs comnes
1f ineguelity constraints not ere expressed in the independent
variables.

4 new method,BTD,vwhich manage this problem is presented.

A testexsmple worked out by CIGRE is Tinally used to test if

and how BLID works.
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TIEERDII LG

Det ekonomisko belastningstsrdelningsproblenet kan Formuleras
som problemet att minimera de momentana produkitioaskostnaderna
gemtidipt som kraiisystenets bivillkor skall wvers uppfylldea.

gtnadgfunktionens uiseendes

Yostnaden att producera den aktiva effekten P bestbime av some

bhandede 10

F(P)= 2,,,, o, (PeFI, )

i =1

dar ci iy kostnadgfunkibtionen Lox generator nuwner 1 &v de "G

gom Hr 1 Adrdit.

Blyillkor,

a)Tikhetavillkors Vid varje koutpunkt skell gdlla até in 1
nitet injicerad effekt plus beghrd effelt
slall vara like med den vid Iknubpunkten
genererade eflektens

b)OLikhetavillkor:l leveranskontrakt anges det ofta ats
effekten skall levercras vid en spinning
gom tLllAts veriera inom bestinmda grinser.
Miglevensomridet! brukar vears spinningens
nominella virde iﬁ eller Yo PIOCen e
Desgutom finns en dvre grins som beror pd
isoleringen, Mo apdmmingens ahsoluthelopp,
VABS,skell alltsd gilla vid verx o en av do
HB knudpunkterna att:

VI 3:1:114;;,\? ABsiév A

Under normal drift t1illits genererad elbiv
ertelt, PEEIT, o4t variera mellan en dvee o en
wdre grins bestind av restrikitioner p& den

a

drivende turbinen. Cvre grinsen lkon oclksd DS
verkas ev en vissYepinning resexv', Den maxi-
moale reskbiva effekten vid meomximal alciiv
efTekt bestins av generatorn. Den minimala

veaktiva cffelkten bewor pd Limmigan hos



generatorn ablt konsumers
att

forlora synkron
oy de

reaktiv efifekt vian
iseringen,
MG generatorerna 1 dx
elall gHilla att:

2o var 0 en
iE

5 i systemet
ERAS ;f:; PORY &PFIAY
X
T 2
Inutoualcbavariablere

2=0GET
i

e varje Jmutpunkt ioett ra
1T

o
TRELE

Gy

c .fi.J
Spinningens real o imagindrdel (el

b inns £
liew
vinkel) somt in 1 afitet injicerad akiiv o reakiiv effekbe
te man vilja

riabler:
abzsoluithelopp v Tos-
witewsom det Tor verje lmutpunkt Tinns ivi ndbtelkvationer
as hevoende varliablere

wvdh av dem som oberoende o de bAds endre hiir



phoRA UBIODER SOR FULTUBRING UNDBR BIVILLKOR,

Problemnformulering.

Dets mest genereila problemet len formuleras!:

minimera f(x) weder bivillkoren

gj (}C)ﬁ.‘éo i:.] e %4 alil (1 )
h.j (x)-‘-:O j:':'i enov o]}

B x Br en n-dimenslonell vektor.

pud}

ige olika specialfall har man utarbetat oliks metoders

iinimering vtan hinsyn i1 bivillkow (m=p=0),

problanet dr reducerat till abt minimers ©(x). Bt nddvindigh
ment inte tillriekligt villlor fox minimum Hr de elkvabtloner

som definieras av:

Ve (

et stort entel minimeringsmetoder som effeliivi liser detta

el
St

problem haw utarbetats iﬁ]mLB]o

iHnimering dd hiinsyn tes $i11l Likhetsvilikor (ﬁ)O,me).

Det klocsiska sittet att loso afdana problem 8T M.l 0.
Tagrmges ymirlpjllaLOfcr P8ljende ekvationer skall i detta

Tall vara upptylide:
hj(}f)ﬁo J=lessed

D
L CIINO) 2l WL €
oL e’ o

Jinimering d 5 hineyn tas ti1) bide olikhetse o lildiets-

villkor_(p}O myo),

T wtvridgning av metoden med Lagrenges multiplila borer 1ntroe

qucerades av Kuhn-tucker [7], ligtoden. krilver 1ldsning avi

hj(x)xo j:1,.,op

oilx) L\ ah (x)_ ;>~ R jp(_ﬂ)ﬂ 0

ox

U'i g'i (K):O :].::1 o6 00l
.Uéio ]_1110:0:”1

Dessa ekvaticoner Hr olta mycket svira att 18sde



nimering m,he3. numerisks meteder,

De metoder gom hily kommer att diskuteras baserar sig pd

men ken trensformera det ursprungliga problemet (1) t111 et

problen utan bivillkor,vars minimum samanialler med det umnwe

sprungliga problemets, Shkiilet tTill att man transfornerar proe
blemet dr att effekitiva mevoder finng Iir minimering av pro.-

o

hlew wien bivilllor [ﬂ}“[B]« Carrol LB] foreslog en metod som

Mocco-licCormiek }9]m\ﬂi]senare uitvecklades Den Liper (
my0 o p=0. Ledoden gdr ut pd att minimers Tunlkiionen:

- n 1

- v
1

ifav srartar med ettt begynnelsevirde pd x som uppfyller

olikhetevilllkoren o med ettt speclalviivde pf konstanten

a
THre men funnit minimom av i(x ) viljesn rd<r e} ?(x,r

i

meras. DA X bhlivitk

d

P(x,rk) med minimm Tor ©{x). tetoden kellas SULT (Sequ

Uncongtrained Hininization Technique)o 1/ bermens viird

anebbt dd g, (x) ndzmer sig sin grins noll o har dimed
. "
"eepellerendeinverkan, riacco-icCoxmiclk L?d] Foreslos

ghkulle bestimmag av gambanded:

5
1

! %f,%e

T
AT e Z p -
i1=1 ¥4

Jed

In Iorutsdtining dr att e v gudrre Hn neoll, Om inte

1) aa

(5)

alla
I'_;o
)mhmw

lWréckligu stort sermeanfaller minimun L6

ential
e dkar
en

ats »r

reducerar

e (A) genom att o steg av gilven léaogd 1 rikining som ges av

negativa gredienten $ill #(x) o berdlmar 2y efjer varje
$ills ett positivi virde erhdllits.

1
6 maximalt fel SOM_ges av:

IJ(\"’ k) ,_Z"",i - )

ad P(x,gr) mininerats. Bftersom slutvirdena pi gi(x) it
Y

L A
sueg

n olégenhet med facco-liclormicks metod Hr ath virdet pd ()

(1)

te Hy

kinde 48 minimeringsproceszen birjsar lken (7) hars anvindas Tor

att kontrollers metodens konvergens,



Lootama [32] abkte efter en funkiion av gi(x) son skulle ge
ett fel hos f(x) obheroende av gi(x). I funktion vars avvikel-
se Trin ©{x) ken uttryckeos som:

B, )= & (8)
Hr L(x,,r1 )=2 (x)-r, z 11{05 () (9)

under Porubtsiitning att{f vE1ljes som:
(Si:::]'ﬂ = I (1 O )
i
At men ltan specificeracg medfir att f(x) 1 minimumpuninten len
anproximeras med en pé& Forhond bestimd noggrammhetb.

acco-JicCormick o Lootsmas metoder kriver eth pitavitvirde nd x
som nmedfdr att alla olilkhetsvillkoren Hr satisfierade,vilketb
Hr en mycket starxrk begrinsning £or mings vroblems Bt sitt ot
snabbt erhdlla en godlycklig eller gpecificerad shartpmkt dr
avt anvinda LOTJJQde Tunktion:

()= ;;m(g.(x)«b ) (11)

!.’:

Alw bﬁ i1 negativa rongianter,

(x) Hry en funktion uten bivillkor o kan a

3

relte M{x) Vs minimiviiede dr noll, Detta erhdlles A& verje g, (x)
Hr lika med motgvarande b_.. Om hara en puakt gom ligger i den

Ty som,begyaisas av olikhetsvillkoren Onokas kan minimeringen

avbryias dd o b.(ﬂ}ﬁﬁ. Oli¥hetsvillkored g,(x)éﬂ behandlas
i ’H) gon ettt Likhetsvillkor. “]ave( 1) 1+ 8lltsd Toe m=0 o 0

11 minime 1ing av:

P(a)t ()4 Z;, (n. (x))” (12)

\._!.

Minimering av (12) Hr tﬁ]lrxc%llg for ast erhfilla minimum hog

o
—

(%) vnder Foruitsittning att man inte nir ett +tillsténd 4 mini-

meringgnrocessen d& en varisltion i x fr att xeduceraZimﬁermen
medfdr en lika stor Giming av f(x). Under sddans onstindigheter
slulle minimeringsprocessen Tfinna atl P(x) hade nd%t minimam 3

en pmlkt dir likhetsvillkoren e]j &1 uppfyllda,
e att hindea att oveanndmnda minimimpimkt erhdlles modifieras
(12) +ii1:

'k

)t (e 2 () ()7 (13)
2, (.




6

TLHgg ndrke 111 att med rkn1 g (13) o (12) dentigka. Ifter
minimering av ?(x,r1) med r1:1 kem 3 &@ndras 111 fﬁQﬂ o}
minimeringsprocessen repeteras. linimeringen avbryites A
F..termen har reducerats 111 noll,

Koithrbensson [6] har presenterat en metod som kan siges vera
en kombhination aov (3) o] (13)o Hen infdr begreppet muliipli.
katorfunlkition Tor vektbo vnkLJonen/{(x) och hang “generali-
serade lagrangefunktion" Hy:

n{x,c ):L(x)+/a<,(y) n{x)4e b’ (y) h{x) (14)
Macco~licComick 13] presenterade senare en metod som ulbvidgade
deras tidigare metod Till att &dven gilla problem med likhetbss
villkor. De fdreglog att maen adderade en berm till.(?B) S0OMm
tar hinsyn 11l olilkhetsvillkoren,

D

B(x, 7, )= () "'"‘kzﬁt:‘"(‘”")" + mm_% (ng =) (15)

Den stora nackdelen med (15) dr att det fr sviclt abh uppfylla

kravet »d en punkd som nedfdr att olilkhetsvilllkoren Hr satigi-
fierade.

M acoo-Helormiclk [}41 och Zangwill 1}31 modifierade dépriso (13)

i ettt annat sdlt. De flresliog v f‘en'ttzgem 'ammfa 1?11 cernative

P oty )=t () o Z (o, ()% =L 7 (g, (x)-b,)?

T e 121
g, (x) om g, (x)%0
b= i 1 (16)
D o1l gi(x)>0

Ovannimda metod kriver ingen startpunkt som ligger i den mymd

gom begrinsas av bivillkoren wvilket dr en klar Fordel. Zongwill

vinade att mon vwnder vissa omsbEndigheter kon nd ninimum efter
en minineringsprocess o da behdve bara ettt virde pd ».
Proktisglct gtoppas processen da i(y,r ) hay pininerats o minimun-

vErdet Hr tillrdekligl ndra virdet pd £{x).




L0

ELD (Beonomic Toad Dispateh progrem) Hr ettt forslaz $ill los-
ningsmetod som anvinder sig av mutpunktsspimningarnas resl o
imagindrdel som obheroende variashler,

Prinedp fOx mebodens

Hetoden innebir en uividrning sv K.J0ldrtenssons [6] i1 atd
dyven gilla olikhetsvillkor, Vid den fdrsta minimeringen

snrvinds den ubblkade funktionen:

(2, \) =7 (% N (304G T t3) hix) +D {Jl(«c)

‘gi(X) on g, (x)>0
die g1y ()7 o oz, (x50
Denna funkition minimeras med szm drden DQ)\ ¢ o D Om resul-
tatet av denna nininecving blir att det £Hxr nigot 1 gdller abt
gi(x)>0 behandlas gi(x) vid ndsta minimering som ettt likhebs.
villkosr o benilmmes akbivi olikhetsvillker, 1 fortsfiitningen
minineras alltsd

‘(x,;\,//ﬁfw)q-)\ hix)+G N (y) hix) +9. ay( {5 )+
/LE{*TT(X)+D Erpl) By lx)

(x) om gi(xl>0 och olikhetevillkoret
(x)=] alebivt
¢ for Uvrig

fa Er7y

R
L

jiga]

d hjilo av de tre helbalsvelborerna IPVOE), (OVER) o Tvv k),
som uppdaterss efter varje minimering, héller man reaa pd om
olikhetovillkoren Hx» aktiva eller inaktiva., On vesulvatet av
Foregdende ninimering blev att fox» ndgot 1 f.exe en maximum-
orins Sverskridits sitis motsvarande element 1 velitorn =41,

Om 4 gt8llet eh mingring underskridits sitts motsvarande
[

element =1, Bxempel: Om FGEI(8)LPILI(3) sittes UV(S).H1.

.

tedn bovjen Hr gamtliga element i vektorerna 1ike med noll.
P35 de ndrmast Toljende sidorna presenteras Ilddesschemal samt

komuentarer Hill detta.




Rommentarer Till

flodegschenat.

jDLAS IﬂDATA,

+ a3

‘Fljande indata
(%ﬂ heteckns

18

G

IrL

ai(ﬁ@,ﬂgﬁ%a

(A, BT (A
LTI (36, 0 AL G

enr (4
PD{H), OD(HE)

a1 () VA (40
GAAG%%,BAA@%)

RAB () XD 6
cBn (k) , BER (9

LA

T (%)

EZPSP, BYS0
PSTG, BPSQG, BPSV

CyD

m kraftsystenet behtivg 311 BLD:

Br en veltbor,
antalet Inmutpunlkier.
anGelet generatorer,
antolet ledningar,
gom kostnadsfunktion fiiy generator i,
e, yhar i derna algoritm velts ettt
i
endragradspolynom 1 genererad akbiv
effelt:

ST, ! 17, 2
o, (PEEW, J=a0, +al, DPUBH, +02, U,
3 i i 1 i 4
Detta har wvigal 8ig vears en

3

Bl E pp?OX1~
mation i omrdded: 1{-(:ZI'H_;'%,Q;,'L)GJ?}I\T].ffﬁﬁim{,i .
Bitersom al, inte har nigon belbydelse

i
For minimeringen utelimnmas Jdenna.

begridnsninger pi genererad alchlv respe
reakbiv effelkt vid de olika generatorer
Nee

heltalsveltor som talar om antbaled
generaborer vid varje lmuipunik
hegidrd aktiv resp. reaktiv efifeckt for
varje lkmutpunlkd.

begrinsningar »d Imubpunktsopinningen
real resp. imagindvdel av shuntadmi -
Bangen vid konutpunkt A

real respe. lmeagindrdel av impedansen
hog ledningen mellan A o B,

resl respe imogindrdel ov shuntadmite
tansen vid Imutpunkt Be

ndpunkt A pd ledningen,

Andpuonkt B pd ledningen,
testlovantitet Tox likhetsvillkor.
testhvantitet ©or olikhetasvillkor.

oefiiolenter som anvinds i F(x; #HD@




Xo]

2 BKRIV THDARA,

s abh konbtrollera ath rEtt dats sgbonsats o

in skirives

@
o]
c..{.
n

Ly

1.

WS att minimeringen skall g8 sd snabbt som méjligt vill man
vid dntridet ALl minimeringsprocessen ha en 84 god uppskatt-
ning av ninimompunkten som mbjligt. Initialvirdena berdknas i

subrutinen CIHIDG (Gompute I Pial Guesa) 0 gker ddr enligt

ol jondes e
Mtas abt tovale behovet av aktiv eiffekt dr PO =g ?Di. Om
=1

ings begrénsningar fanns pd PERI o ledningsfsrlusterns var
iike med noll skullie fordeiningen av genererad akiviv effekid
péd de olika fﬁ@Gf@%Ofern“9v1d minimal produktionskogtnad undexr

pivillkoret 2. PORIT, =PDI s vara sddan atb dci/dPGEHi var lika

s i X! . " . " .
o samtliga Feneratorers Om vi nu dar hinsyn 4111 bhegrinsningar.

Loey

R )

na genon att sitta den eller de PGIN, som nar en gring lika nmed

grinsen,skall fHr de Ovriga g8lla liksom oven ati 601/6PCLH fy

Farn

lika., Ovangidende resonemeng finns witffrligare hos Blgewrd thﬂ
En subrnbin som uwifor dessa berdlkningsr BLOAL (Eoonomlc Loagd

Dispoteh Hegleeting transmissions Losses) forvdelar 1 Tdrsta

o

get produkitionen 3“8 Metiv effelt pd de olika generaborernsa

1,

=

u
fD

nHe men sébter PDE= 2. PD . Divefter antiindes 1LAT0V (Computes
s golution to the 30?&«1 low pfob]em uging the Hewton-Raphsgon

e

method with cartesion and polar ooord1n?%es) Indata till sub.-
rutinen dr tvd av de fyra kmuispunkisvariablerna. LIL0W berik-
nar d4 de andra tvid. Knutpunkt 1 anvindes som uwhjimningslnet
pmkbe. ed hjdlp av resultatet frén L0V berilmos lednings i
lusterna i ﬂ*gﬁgu PLOBS. LLDNGL enropsze direfter pd nytt, nu

med HDEJ:PLO““IQ PD, o Slutligen anropag LLLOV pd aytbe

A LU PPIIANTH E{IG AV WULTIPLIRATORER,

Ia
by

o likhetsvillloren envinds multiplikstorerna PLAG%% o} QLAG%OF

som tillsammans wigdr vektora .

Y olikhotsvilikoren envinds muliipliketoverna ¥IY(H), 0uv() o
VﬂYC%ﬁ,som tillgmmans utgle vektorn Mo

Mie ZPLA_i sittes Llike med ded virde som BLDIL per ph dci/dPGEHiu

De dvriga multiplilatorema sittes 1ika ned noll,
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5 ITTHIERTHG H°H&éi PIXA IULTTPLIKATORER,

P(x,kyMJ minimeras hir m.hs8. subrutinen fLETN,som arbetar
enlipgt FledcherPowells metod ET] moditierad av Broyden,Shanno
o #ltchew [élutﬁ], ifefoden wtnyttjar Tunkbiongvirde o gradient
wvillka berilmas 1 subrutinen =UNC. ‘

6o ALTeA VILDIKOR UPPHYT JLDAT

51 jende krev stills pd bivilikoven:
ihj(X)[ & WPSP eller BPHO

gi(x)ﬁEPS
A8 BPS sbdr for BPSPG,EPSCGE eller EPSV.
1 BLD har ©oljande hesitlvantiteter onvintes
BPEP=0,01 WV
EP50=0,01 LVAP
BPSPE=0,0001 1
BPS00G=0,0001 1V AR
TPSV=0,0001 kV
7 o AHDRA LULTIPLIKATORBRIIA,
a)Iikhetovillkoren : iultipliksatorema PLA(%% 0 QLAO%) dndras

hér liksom i K.drbenssons wetod [6], med
en ¥
p)Olikhetsvilllkorent Andringarns i Ay R, Y () o VY8 bevor

pd om olikhetsvillkoret var akitivt eller

alctor proportionell mot avvikelsen.

inaktivt under firegiende minimering (av-
gires mehen. IPVOE,TOVER) o v () ).

O det var aktivt o foxrtiorande e Hr upp-
fy1llt dndras multiplikatorn med en Takior
proporbtionell mot D o !gi(x){n Var det
divemod inakLivt under minimeringen men e
uppiyllt efter minimeringen s&tte wultipli-
ratorn lika med en kventitet proporiionell
mot I o igi(x)(Q,

Efter tndringen sy wul tiplikatorerns upp-
dateres de tre vektoverna YPV(k), IOV o

TVV ()«

fndringer sker i subrutinen ADJIIIPL (ADTuss Tultilliers) e

]
=
=
or
—
)
[4s]
]
%)



B.BERLV RESULTAT,

En 1léng rad data skrives utb bl.a. Mawbpunkisspinniagan,
genercrad aktiv eflfekt vid de olika generatorerna, injicerad
alkktiv o reaktiv eifelt vid de olilka knugpunkéernn, virde pd

multiplikatorer samt kogtnadsfunkitionens virde vid minimum,

Exempel pd resultatutskrift finns presenterad i onslutning

t111 testexenplet.

I appendix Tinns listor pd huvudprogrammet AN somt sube-

rubinerna CIHITG, FUHC o ADJLPT.
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TSI PR,

o abt testa om o hur BLD fungerade anvindes den P ettt teste
exemnpel ubarbetat av CIGRE (Conference miternationale desg
Grends Resenux Ilectriques) [ﬁ?]. Kratteysbenets uppbysened o
dota framgdr av de ndrmast f5ljende sidorna, Kogtnaden Hp
given L vissa punkber. iy varje genewvator har Mehefle desss

punkter gjorts en anpassning av et endragradspolynon,
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KRAF TSY%TE MET e v

() E;‘\ OPst
olo ol
i O
. S Ot
(H\J@  22,8+162.6 s M
N 04,0002 i o
Q
TN ,
N - "
oN B g
250 S S
R ) | 2t j07.0 ]
ol - o 00002 -
ol ro cf o 315 ) S
Ot o = N O
S, 2 Sl
™ O + Qf -+
Y nafen [ A
o v o
ol ] —3
o o
100§
SOf  8,2543%%.0 e B 5HJR4TE
‘ 0.0005 A 0.0001 ‘ [_(—]
I—I?\:I ? wuﬂJW r _ ¢ :
N | 2,0+31040 | (ﬂ
Ga [qaooog (m (9 ( 6) Q)
. 1 OJ e _

BETTCEN INGAR:
ﬁ{j K=knutpunkbsnummen:

((}) G=teneratornummen
AR Knutpunktebelootningar. PH 1 Wvw o OD 4 FV A,
an ¢ 1
HABI LA . . . .
wﬁ%ﬁ;ﬂ%EB - RABLIXAB Jedningsimvedsns 1 ohm, BAA=BSR imaginie

del av shuntadmitbons i mho,




UTSKRIFT AV INDATA

INPUT DATA TO ECONOMIC LUAD DISPATCH PROGRAM
Ko e g A K o ok K oo o o s o o ok K s ool ok K ko s ok KK

NUMBER OF BUSES = 10
NUMBER OF GENERATORS = 14
NUMBER OF LINES = 13

COEFFICIENT IN cOST FUNCTION ¢ =
COEFFICIENT IN COST FUNCTION p = 10,0

: NR Al A2 PMIN
CENLNY 71 £ 00340 8040
2 ¢ 395 00443 80.0

3 v 538 « 00407 8040

L . 768 «+ 00350 B80.0

5 o623 « 00384 80.0

(33 636 « 01008 40.0

7 «H96 «00978 40.0

8 +6HT7H «01033 k0.0

9 803 « 009066 40.0

10 ¢ 394 « 00392 80.0

11 1367 200623 40.0

iz 1513 « 00602 300

13 «H 78 +00773 4o.0

i4 489 (00393 800
BUS.INR NGEN PO Qn
1 1 e[ o0

2 2 + () o

3 0 25040 15060

4 H 1000.0 6300

5 0 15040 750

6 e 100,0 350

7 0 100.0 50.0

8 2 250.0 150.0

] 2 100.0 3040

19 1 ) o0
LINE,NR GAA BAA RAB
1 «0 0002 5,00

2 e 0 0002 5.75

3 ¢ 0003 6.00

4 + 0 «0001 5,00

5 o0 <0002 2470

6 o0 « 0002 24,70

7 o0 e 0001 3.75

8 o 0 + 0003 8.25

9 v 0 0002 2.00

10 o0 +Q002 9.50

11 ¢ 0 «00063 6.00

L2 s 0 <0003 8,25

13 2 0 « 0002 22.80

PMAX
217.0
217.0
21740
217490
217, 0
108.0
108.0
108.0
108.0
217.0

i08.0

7240
108.0
217.0

VMIN
205.0
205.0
205.0
205.0
205.0
205.0
205.0
205.0
2050
205.0

XAB
24450
28,00
39,50
24 .50
97.00
97,00
24,75
33,00
10,00
31,80
39,50
32430
62,60

QMIN
=2440
=240
w2l o)
=24 o ()
=2Ua()
“15,0
=150
“1560
=150
=20 .0}
=15.0

=840
=150
=2l e}

VMAX
2h0e0
240+ 0
24040
24040
2400
240.0
240.0
24040
2H0. 0
240.0

GBB
+ 0

o (}
o0
e 0
+
o0

e 0
s 0
o0
()
o0

QMAX
1200
12060
1200
12G.0
120.0

75:0

7540

750

7560
12040

5.0

Upen

7540
1200

BBB
20002
0002
20003
20001
20002
20002
20001
20003
0002
<0002
0003
20003
.0002

LTA LTB
P
13
1 4
2 u
34
3 5
6
4 7
410
5 6
5 9
7 8
8 1




Resultet av ninimeringen,

I nedengtiende tabell anges det smbal funkiionsevalveringar
som erfoxdras iy att nd minimum for olike virden pd

kongtontema C o De

1 10 ‘ 20

>300
85 | 2300 |

do I »300 | y300 | Y300

Tabell 1.

C=5 o D=10 goz del snabbaste resultatet ($id for koming av
hela programet 8,062 s) och Hven det ligsta virdedb pd kogtb.
nadsfunktionen (2785,636),

Totalt produceras 1 debta Tall 1971,38%4 L.

Litersom det sammanlagda behévet dxr 1950,0000 1M blie lednings-

e e

forlusberna 21,3054 i,
Resul tatutskrlls

Trén minimeringen med C=5 o D=10 fimms pd

nasta gido.




u
<
2]

s

o
7]
=

Y.

COUE~N TR E OGN

=
X

LN TGN

1
a
3
i
5
6
7
8
9
0

PINJ
204.0816
386,6647

=249,9983
4%z, 3467
=149,9977

48.4780
=99,9997
33,9833
64,8469
215.6755

PMIN
80,0000
80,0000
80.0000
80,0000
80,0000
40.0000
40.0000
40,0000
40,0000
80,0000
40,0000

30,0000

4040000
80,0000

2.1608
2.1099
2.2748
2.2088
2.2872
2.2235
2+1839
2.2016
22632
21842

GINJ
119,.7097
44,4881

=149,9985
=240,3737

=75.0003
56,5331
=49,9999
=12,6996
27,4735
83,3046

PGEN
20%4,0816
193,5559
193,1088
205,.8221
206,4784

78,0136
77,3392
74,9524

73,5257

217.0000
66,9833

- 62,3103

102,5366

215,6755

QLA
e 000
0000
<0770
« 0000

= 0206

« 0000
v 0006
0000
¢0000
«0000

VMIN
205.0000
2050000
205.0000
205,0000
205.0000
2050000
2050000
205.0000
205,0000
2050000

PMAX
217.0000
217.0000
217.0000
217.0000
217.0000
108.0000
108.0000
108.0000
108.0000
217.,0000
108.0000

720000

10840000

217.0000

e
=
L

SCOLoCC ocooo o

aMy
«Q0U0
« 0000
«0000
« 0000
0000
« 0000
<0000
<0000
« 0000

40000

GENERATOR COST FUNCTION INKL. PENALTIES
GENERATOR cOST FUNCTION EXKLs PENALTIES

VABS VMAX
237.6229 240,0000
24000026 240,0000
2193668 240.0000
229.7383 240,0000
227.8595 240.0000
23003043 240.0000
22841123 240,0000
2329842 240.0000
2366865 2400000
23504277 240.0000

IVY VMY
0 <0000
1 2121
0 <0000
0 20000
0 0000
0 0000
0 <0000
0 0000
0 20000
0 <0000

= 2785,646

= 2785,636

VANG
=,0137

0829
=,1214
=, 0650
=,1331
moOBSB
=,0861
".0‘486
-, 0905
=.0286
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SHUME ATSER, . S

Som Tremglel av tabell 1 dr metodens konvergenshasiished
gtarkt beroende ov valet av € o D. Fir C=5 o D=10 Hr mind-
meringsgtiden nmindre Hn 8 sekunder vartdr meloden Tovr detiha
val av C o D T4r anpes som snabbe. Som vid all minimering av
funktioner av ménga voriabler kon men bara wvara silker pd

aft ett lokelt minimum erhdllits. Om detta Hven Hr ett glo-

nan med ett amnat val av ¢ o D eller en amman initialgissning

kan 4 elbt Ligre virxrde pd lkostnadstunltionen.
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HUVUDPROGRAMME T, MAN

A ok Ok ok R o 30k ok ok 0K ROk ok R g ok ok o8 kol R oRok
¥ ECONOMIC LOAD DISPATCH PROGRAM *
ok ook A 8 o s ROR SOk e g Ok R ok ok oK o ok R OR R ook
FOLLOWING PROBLEM IS SOLVED
MINIMIZE THE COST FUNCTION IF VOLTAGE MAGNITU '
POWER AND GENERATED REACTIVE PDWEﬂggRE LIMITEgE;SgNEgéTEgASEEEg%
EQUATIONS SHALL BE SATISFIED

AUTHOR * JAHN RAGNARSSON 9=~4=1973

SUBROUTINE REQUIRED

CINITG
ELDNL
LFLOW
CMAPRI
DECOM
MAPRI
NORM
S0LvB
FUNC
FRMIN
ADUMPL

START MAIN PROGRAM

gNTEgER gR
ARAMETER MB=Ll0,MGSL149MLZ=13¢:MRB=20, =MRR*% = :
PARIMETER aB MHH=MRB* (MBB+1) /2 MWl=4*MBB
:ggiN:MG;rQEAX(MG):

MIN(MG) P PMAX (MG) r QAMIN(MB) ¢ QAMAX (MB) + VMIN(MB) » VMAX
*PLA(MB)rQLA(MB).PMY(MG)pQMY(MB)rVMY(MB)aIPV(MG)rI@V:mS;:IVV{MB)v
*GAA(ML}vBAA(ML),RAB(ML)pXAB(ML)aGBB(ML)vBBB(ML);LTA{ML).LTB(ML)o
*DPDE (Mg »Mi3) 1 DPDF (MB#MB) + DAQDE {MB¢MB) » DQDF (MB»MB)

FALIMG) rAZ (MG) 1 PGENIMG) rNGEN(MB) » ATNV (MB) ¢ NTYP (MB) »
*P(MR).PINJ(MB)rPD(MB):@(MB)'QINJ(MB)'@D(MB)rVAﬁS(MB}vaNG(MB)r
*VB(MB) » GO (MBB) »

*G{MBEB) 1

AX(MBB) yHIMHH) o W (MWW ) r EPSX (MBB) ¢

*Y(MBoMB) s IB(MB)

COMPLEX VBeIBeY

COMMON/BL 1/ NByNG»NLys IPRINT

COMMON/BL 27 PMIN/PMAX»QAMIN? QRMAX s YMIN? YMAX
COMMON/BL 3/ PLA»QLA?PMY @MY P VMY » TPV TQV, IVVeCeD
COMMON/BL 4/ GAA*BAA'RAB)XABrGBB'BBB*LTA,LTR
COMMON/BL 5/ DPDE(»DPDF f DADE ¢ DQDF

COMMON/BL 6/ A1,A2¢PGENsNGENs AINV)NTYP

COMMON/BL 7/ PePINJ?PDrQrQINJr QDY VARSI VANG s VB
COMMON/BL 8/ G

COMMON/BL 9/ X

CONMON/BL10/ Ys1IB

COMMON/BL1L/ FO,G0

DATA LP/ﬁ/'EP$PG/Oo001/!595@6/0oUOl/r
*EPSP/0.01/EPSQ/0.0L/2EPSY/0¢0L/1CR/S/




56%
57%
58x%
59%
o0
6l
62%
ba%
6l %
65%
66 %
67 %
68%
69%
TO%
Tix
T2%
T3%
Tl
75%
T6x%
T
T8%
79%
80%
81
B2%
83x%
Bl
85%
86%
BT %
BBx*
89x%
G0 %
91 *
Q2%
Q3%
o4 %
GO %
96 %
97 %
Q8%
Q0%
100x%
101%
102%
103%
104
105%
106%
107%
108%
109%
110%
113%
112%
113%
11U
115%
116%
117%
118%
L19x%

oo

ooOoO

10
20
30

hQ
50

110

120

130

22

DAYA JJAC/L/ v MAXIT/20/+EPS/L0E=4/
EXTERNAL FUNC

3k 2k sk ok K e o R o R o ROk ak o ok R K

* READ INPUT DATA *
ok o o ok s o K o ok ROk 0k ok kK

READ(CRf10) NBeNGoNL e IPRINT

REAQ(CRr20} CoD

READ(CR?30) (AL({I)»AZ2(1) yPMINCL) +PMAXCI) s QMINCI) »GMAX (1) ¢ IZ1¢NG)
READ(CRr40) (NGEN(L) #PD(I)»QD(I) pVMINCI)p VMAX (L) ¢ LZ1sNB)
READ(CR?50) (GAA(I) 'BAA(I) +RAB(I) +XAB(I)GBRII)eBBB(I) s
FLTACI)LLTBD) p Izl e NLD)

FORMAT (415}
FORMAT(2F5e1)
FORMATI(FO3rF10.522F5.212F5.1)

FORMAT(ID»4F5.1)
FORMAT(F5.1pF54u4r2F5:2¢F5.11F5.42212)

A sk e sk s sk oK o oK Kok ok o ok ok R K
* PRINT INPUT DATA *

sk o o o K e e ¥ o B R Sl ok ol R R R K

WRITE(LPr200)

WRITE(LP?210) NBeNGINLeCrPD

WRITE(LPr220)

DO 110 I=1:NG

WRITE(LPr230) T,ALCI)sA2{X) »PMINCI) #PMAXL{I) s QMINCL) »QMAX(T)
WRITE(LPr240)

DO 120 I=1+NB

WRITE(LP:250) Y, NGENCI}»PD(I) QD(T) pYMINCI) s VMAX(I)
WRITE{LPr260)

DO 130 I=1eNL

WRITE(LPr270) I,GAA(IL)sBAACI)+RAB(I)sXAB(I)+GBB(I) BBB(T)
#LTa(I)LTR(I)

200 FORMAT(IH1»9Xs 44HINPUT DATA TO ECONOMIC LOAD DISPATCH PROGRAM/

210

*LOX 44 (LH%))

FORMAT(// /710X e 1 7THNUMBER OF BUSES =,15/

10X 22HNUMBER OF GENERATORS =,15/
*10X o L7HNUMBER OF LINES =,15/
*10X+32HCOEFFICIENT IN COST FUNCTION € =¢F5.1/
¥10X#32HCOEFFICIENT IN COST FUNCTION D =rFbel)

220 FORMAT(///710X»10H GEN.NRr10H A1+10H A2 e
*10H PMIN, LOH - PMAX¢ 10H QMIN, 1OH AMAX)

230 FORMAT(LOX?I10eF10e3¢rFl0e5¢4F1041)

240 FORMAT(///10Xe10H BUSeNR*»10H NGEN* L1 0H PDe
#10H QDe1pH VMIN? 1OH VMAX)

250 FORMAT(10Xe2110,4F10,1)

260 FORMAT(///7L0X»L0H  LINENR?» 10K GAAr LOH BAAr
10K RAB?r 10H Xape 10H GBp+ 10H BBB e

*HH LTArHH LTB)

270 FORMAT(LOX?I10vFL0eLrF 0ot s2FL0e2sF10e1PF10ete2IH)

COMPUT AINV (%) e QOMIN(x) AND QAMAX (%)

NA=(

NAa=1

DO 360 I=1rNB
NAAzNAA+NA

NA=NGEN(L)
IF(NAEQen) GO TO 350
NM=MNAA=]

QAMIN(1)=0+0
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120% QAMAX (1)=0.0

121 AINV(1I)=0,0

122% DO 310 J=1+NA

125% QOMIN(I)=QAMIN (I ) +GMIN(NN+J)
124 % QAMAX (1Y =QAMAX (1 Y +QMAX {NN+J)
125% 310 AINV(I)=AINV(I)+1.0/A2(NN+J)
126x% G0 TO 360

127 350 QAMIN(I)=0+0

128x% QAMAX(I)=0+0

129% AINV(I)=0,0

150% 360 CONTINUE

131 ¢

138x% C

133% C s ol o e A e o ¥ o RO

134 % G * MINIMIZE *

13b% ¢ ok sk gk koK ok MOk

136% C

137% C COMPUTE AN INITIAL GUESS
158% C

139% CALL CINITG(DCDPCOSTrJFAIL)
140* IF(JFALIL.MESO) 60 TO 1100
RS C

g2 C ESTIMATE MULTIPLIERS

143% ¢

IR LA DO 370 I=1'NB

145% PLA(I)=DCDP

14H6% QLA{I)=0.0

147 % GMY (1) =0,0

148x% 370 VMY(1)=0e0

149% DO 3280 I=1+¢NG

150% 380 PMY(L)=0.0

151% C

152x% C MINIMIZE WwiTH FIXED MULTIPLIERS
153% C

154% Nz2%NB

155x% MODE=1

156% "

157% DFNz=10.0

158x% DO 290 I=1rN

159% 290 EPsX(1)=0,0001

160% 400 DO 410 I=1+NB

161=* X{I)=REAL(VB(I))

162x% 410 X{I+NB)=AIMAG(VRB(I))

163% C

164% 415 CALL FLET(FUNCeNeXeFrGrHoWeDFNeEPSX e MODE 200019 JEXIT)
165% MOGE=3

166% IF(IEXIT+ERe3) 60 TO 415
1e7% DFN=1.0

168% IF(IEXITeNEL} 0 TO 1100
169% C

170% C CHECK CONSTRAINTS

171=* C

172% NAZ=O

173 NAA=L

174% DO 600 I=1+/NB

L75% NAA=ZNAAHTNA

176% NA=NGEN{L)

177% IF(MAER.0) GO TO 500
178x% C

179% C CHECK ACTIVE POWER LIMITS
180% C

181x% NN=NAA=1

182% DO 450 J=1¢NA

183% IF((PGEN(NN+J) =PMAX (INN+J)) . GT . EPSPG) GO TO 620



24

igg# 450 IF{{PMIN(NN+JI=PGENINN+J) ) GTEPSPG) GO TO 640

% C

186% C CHECK REACTIVE POWER LIMITS

187x% C

188% R=(IL)+@p(l)

189« IFE ((R=QBMAX(I)).GT.EPSQG) GO TO 660

190% IF((QEMIN(I)=R).GT.EPSGG) GO TO 680

191% GO TO 550

192% C

193x% C NO GFNERATOR

194 x C CHECK EQUALITY cONSTRAINTS

195% C

196x% 500 AP=ARS(P{I)+Pn(1})

197% IF(APGTeEPSP) g0 TO 700

198% IF(ABS(Q(I)+QD(1)) «GTLEPSQ) GO TO 720

199x% C

200 C CHECK VOLTAGE LIMITS

20 1% C

202% 550 IF({VARS(I)=VMAX{I)}}«GT.EPSV) GO TO 740

203% IF((VMINCI) =VABS(I) ) eGTEPSY) GO TO 760

204 % 600 CONTINUE

205% C

206% C COMES HEREF IF THE CONSTRAINTS SATISFIED

207 % C

208% JMPL

209% GO TO 900

210x% C

211% 520 NNJ=Nn+J

212% WRITE(LP»630) NnJ

213% 630 FORMAT(/Z10Xr3LHPMAX LIMIT VIOLATED AT GENeNR =¢15)
21x GO TO 800

215% 640 NNJUsNi+J

216% WRITE{LP2650) NNJ

217% 650 FORMAT(/10X»31HPMIN LIMIT VIOLATED AT GEN.NR =¢15)
218% GO TO 800

219% 660 WRITE(LP#670) I

220% 670 FORMAT (/10X 33HRAMAX LIMIT VIOLATED AT BUS NR =¢15)
221% GG TO 800

222% 680 WRITE(LPe690) I

22%% 690 FORMAT(/10Xe33HQAMIN LIMIT VIOLATED AT BUS NR =¢15)
224 x GO TO 800

225% 700 WRITE(LP»710) I

226% WRITE(LP705) ap

227 705 FORMAT(ZL0X13HAPZFL10.3)

228% 710 FORMAT(/L10Xr47HP EQUALITY CONSTRAINT NOT SATISFIED AT BUS NR =¢15)
229% GO TOQ 800

230% 720 WRITE(LPe730) I

231x% 730 FORMAT(/10Xs47HG EQUALITY CONSTRAINT NOT SATISFIED AT BUS NR =¢1I5)
232% GO TO 800

233% 740 WRITE(LLP2790) I

234 * 750 FORMAT(/10X+#32HVMAX LIMIT VIOLATED AT BUS NR =¢15)
235% G0 TO 800

236% 760 WRITE(LP»770) 1

237% 770 FORMAT(/L0X»32HVMIN LIMIT VIOLATED AT BUS NR =s15)
258% GO TO 800

239% C

240x% ¢ ADJUST MULTIPLIERS

24 1% C

242% 800 CALL ADJMPL

24 3% MPz0

24 4% C

2Ubx% C

2H6x% C Aok ok & ook R ook R OR ok ok

247 % C ¥ PRINT RESULT %



248x%
249%
250%
251%
2bH2%
253x%
254%
25bx%
2hbx
257%
258%
259 %
260%
261l%
chw
263%
264 %
265h%
266%
267T%
268%
269%
270%
271%
272%
275%
27T
275%
270%
277%
278%
279%
2680%
281x%
282
283%

{.ND OF COMPLILATION:

¢

C

900
910

320

25

%ok ook g Rk R dok ok ok

WRITE(LPr9l0)
FORMAT (/7 /10X, U2HRESULT FROM ECONOMIC LOAD DISPATCH PROGRAM/

*LOX P82 (1H%))

WRITE(LP:QBU)

FORMAT(///L0Xr10H BUS» 12H PINJr12H QINJ
'

*12H
VMIN, 12H - VABSe12H VMAX ¢ 12H VANG)

DO 930 I=1/NB

g34
WRITE(LPeQHO0) T,PINJCE)I»QINJCT) pVMINCTI) o VABS(I) e VMAX{T) »VANG ()

940

950

FORMAT(LOX*tI10e6F 124
WRITE(LP»9%0) 4
FORMAT(//720%¢10H GEN

NRel2H
*12H PGEN, 12K ) PMAX) PHINY
DO 960 I=1+NG

960 WRITE(LP»970) I,PMINCI),PGENCI) »PMAX(I)

a70

FORMAT(LOX?I10,3F1l2e¢4)

975 WRITE(LP+»980)

980

99y
1900

110

1np20
1930

1nio

1100

*fggMAT(/f/éBXtllHMULTIPLiERS/lUXrlUH BUS»
Arl0H QLArLO
¥10H 1VV e 10H VMY) H Tavs LoH MY
Dg 990 I=1'NB :
WRITE(LP21000) 1PLA(I)  QLA(L)

! 10
FGRMAT(lUx;IIO,zFioou.110;?10.£'1¥éf;igﬁlil)'IVV(I)’VMY(I)

WRITE (LP¢1010)
FORMAT (//10Xs10H  GENGNR/+10H IPV 4 10H PMY)

DO 1020 I=Ll/NG
WRITE(LP#1030) 1o IPVII)PMY(I)

FORMAT(10Xr2I10,F1044)

ﬁﬁéTE{%ﬁ}lg“D’ F+FO

M /10X 43HGENERATOR COST :

o / SENE FUNCTION INKL =

10.3/71L0X 2 43HGENERATOR COST FUNCTION EXKLl.e PE&AE%?EETIEE-Flgfsf)
- )

IF (UMPL.EG,0) GO TO HOO

STOP
END

NO DIAGNOSTICS,




1%
2%
3%
113
Hx
&%
T*
8%
Ox%
10
11%
12x%
13%
1yx%
15%
lox

SUBRUTINEN CINITG

(@]

SUBROUTINE CINITG(DCDP»COSTrJFAIL)

PARAMETER MB=10,M6=14/,ML=13+MBB=20

COMPUTES AN INITIAL GUESS TO THE ECONOMIC LOAD DISPATCH PROGRAM
AUTHOR? JAHN RAGNARSSON 9=4-1973

DIMENSION
*PMIN(MG) ¢ PMAX (MG) + QQMIN (MB) » Q@MAX (MR ) ¢ VMIN(MB) » VMAX (MB)

KGAA (ML) 1 BAA (ML) yRAB (ML) » XAB (ML) +GBE (ML) ¢BBB (ML) rLTA(ML) »LTB{ML) »
*A1(MG) » A2 (MG) »PGEN(MG) ¢ NGEN (MB) # ATNV (MB) ¢ NTYP (MB) #

*P(MR) » PINJ{MB) +PD(MB) » Q(MB) » QINJ(MB) » BD (MB) » VABS (MB) » VANG (MB) ,
*VB(MB) ¢

XY (MBrMB) 2 IB(MB)

COMMON/BL 1/ NByNG#NL¢ IPRINT
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17x% COMMON/BL 27 PMIN:PMAXrQAMINsQAMAX» VMIN? VMAX

18% COMMON/BL 4/ GAA+BAA+RAB, XAB»GBB,BBBsLLTA,LTB

19% " COMMON/BL 67 AL A2tPGENeNGENS/AINVeNTYP

20% COMMON/BL 77 PePINJ!PDY@rQINJ2@D e VARSVANG VB

21 COMMON/BL.10/ Y;IgL NOLL

aek COMPLEX VB?IB»Y»Sho

23% DATA EOLL§(OoDrO 0}/ v JUAC/Z L/ tMAXIT/20/EPS/ L 0E=U/vEPZ/ ) o OE~U/
2% C

25% C

20% C DISPATCH ACTIVE POWER NEGLECTING TRANSMISSION LOSSES
27% C

28% PDEM=0.0

29% De 10 K=1,NB

30% 10 PDEM=PDEM+PD(K)

S1% LIM=1

32% CALL ELDNL(AchErPMINrPGENrPMAX PDEMIEPZyCOSTDCDP e NG» IPRINT
33% 1LIM)

Sl % G

35% C PERFORM A LOAD=FLOW CALCULATION WITH MAXIMUM VOLTAGES
S6% C AT NODES wWITH SUFFICIENT REACTIVE CAPACITY

3T % C '

HB % 160=0

39x% 15 DO 20 K=1,NB

40 = NTYP(K)=2

1% IFI(NGEN(K) +EQ.0) GO TO 18

b2k VANG(K)=0,0

4 3% GO TO 19

Ll 18 QAMIN(KI==1000.0

45% QEMAX (K)=1000.0

4H* NTYP(K)=1

b7 QINJIK) 5=QD(K)

8% 19 VABS{K)=VMAX(K])

49% 20 CONTINUE

50 % NTYP(L1}=3

51% 2% NA=O

B2 % NAA=2

3% DO 50 K=2NB

Bh % PINJ{K)=0.0

55% NAA=NAA+HNA

56 NAZNGEN(K)

57% IF(NA.EQ.0) GO TO 40

58x% , NNzNAA=1

59 ' DO 30 L=1,NA°

6% 30 PINJIK)ZPINJ(K)Y+PGEN(NN+L)

6lx 40 PINJ(KIZSPINJ{K)=PD(K)

6% 50 CONTINUE

63% CALL LFLOK(GAArBAA+RAB XAB) GBB;BBB;LTA;LTBpPINJ:GINJ.@QMIN.@@MAx-
6l % KVMIN, VMAX, VABS) VANG e NTYP, EPSp NB e NL , JUACe MAXI T IPRINT, JFALL ¢ PD QD)
65% IF(JFAILoNEaO) GO YO 100

6o* DO 5% I=1'NB

67* VB(I)=CMPLX(VABS(I)*COS(VANG(I)) e VABS(I)*SIN(VANG(1)))
6H8% P{Iy=PINJ(1)

69% 55 Q(I)=QINJ({L)

T0x% IF{1G0.EQ.1) GO TO 100

T1% C

72% C COMPUTE TRANSMIGSSION LOSSES AND REDISPATCH ACTIVE POWFR
T3% C

T4 DO 80 K=1,NB

75 SL=NOLL

To% DO 70 J=1,NB

77% 70 SL=GL+Y (K, J) VB (J)

78% 80 I8{K)=SL

T9% PLOSS=00

8O DO 90 K=1,NB
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Bl 90 PLOSSZPLOSS+VE{K ) *CONJG (IR {(K))

B2% PDEM=PDEM+PLOSS

Ba% C .

B4 x CALL ELDNL{AL»A2:PMINIPGENPMAX ¢ PDEMsEPZyCOSTDCOP e NG IPRINT
85% 1LIM)

B6* C

B7% C PERFORM A NEW LOAD=FLOW CALCULATION WITH MAXIMUM VOLTAGES
BE% C

89% IGo=1

90 % GO TO 15

9ix 100 RETURN

92% END

cND OF COMPILATION: NO DYAGNOSTICS.




1
2%

3%

i x

Hx%

O%

T %

B%

9k
10%
11l=
12%
1 3%
14
15%
16x%
17%
18x%
19%
2%
21%
22%
23%
Y S
25%
26%
27 %
28%
29%
S0
S1%
32 %
33%
34k
35%
Sb#
AT %
S8%
39 %
0%
4 1%
b 2%
b ox%
Lg%
B5%
Yox
7%
8%
49x
50%
S51%
52%
Hd%
bl %
55%
56%
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SUBRUTINEN FUNC

sleNelalaslslalaFasNoRooNeN ol oRaN ¥ o

OO
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SUBROUTINE FUNC(XeNeF»GrFXXr IFXX1ICON: IERR)

PARAMETER MBz10,MG=1l4,MBB=20

DIMENSION
*PMIN(MG)rPMAX(Mb)fQQMIN(MB)rQQMAX(MB)rVMIN(MB)rVMAX(MB)v
KPLA(MB)Y »QLATMB) yPMY (MG) 1 QMY (MB) » VMY (MB) » IPV(MG) o JQV (MB) s IVV (MB) +
*DPDE(MBr MR ) s DPDF (MB» MB} » DADE (MBMB) s DADF (MB2 MB ) ¢

*¥AL(MG) s A2 (MG) P PGEN(MG) s NGEN(MB) r AINV(MB) ¢ NTYP (MBI} »

*¥P (M) 2 PINJIMB) v PD(MB) » Q{MB) v QINJ(MB) v QD(MB} » VABS (MB) s VANG (MB) ¢
¥VRE(MB) 2 GO (MBB) v

*¥G(1) e X (L) pFXX(IFXXe1)

Y (MReMB) 2 IB(NMB)
RVBR(ME) VR (MB)

COMMON/BL 1/ NByNGeNL2IPRINT

COMMON/BL 2/ PMINsPMAX/»QAMIN QAMAX s YMIN» YMAX

COMMON/BL 37 PLA»QLA»PMY, QMY e VMY, IPV IQV, IVVeCeD

COMMON/BL 9/ DPPEDPDF »DQDE rDQDF

COMMON/BL 6/ ALrA2+/PGENsNGEN?AINVeNTYP

COMMON/BL 7/ PrPINJIPDrQrQINJY QDI VABS Y VANG? VB

COMMON/BL1G/ YeIB

COMMON/BL1L/ FO0.G0

COMPLEX VR*IB¢SIL#NOLLsY
DATA NOLL/{Qe0r040}/¢LP/B/1EPZ/1e0E=H/

COMPUTES F AND THE GRADIENT OF F WITH RESPECT TO X
REFERENCE » BUBENKO vELEKTRISKA KRAFTSYSTEMvy KAPITEL 8

AUTHOR r JAHN RAGNARSSON 1973=03=15

X (%) INDEPENDENT VARIABLES
G (%) GRADIENT OF F WITH RESPECT TO X
F FUNCTION VALUE INKL.PENALTIES
N, NUMBER INDEPENDENT VARIABLES
SUBROUTINE REQUIRED CMAPRI

MAPRI

ELONL

START

DO 10 I=1.NB

VBR(I)=X(1)

VBI(I)=X(1+NB)

VABS (1)} =SORT(VBR(I) *2+VBI(I) %#%2)
VANG{ 1) =ATAN2(VBI(I) ¢ VBR(1))
VB(I)=CMPLX(VBR(I)$VBI(I))

COMPUTE BUS CURRENTS

D0 30 I=1.NB
SL=NOLL
DO 20 J=1,NB

20 SL=SL+Y (I J)*VB(J)
30 IB(1)=sL




30

57% C PRINT oUT?
58% ¢
99% IFCIPRINT) 40+40¢60
60 B0 WRITE(LP#45)}
61% 45 FORMAT (119X 30H BUS CURRENTS/Z10X¢30(1H=))
62% WRITE(LP u7)
63% 47 FORMAT(//17Xe3HBUSs 12H REAL(IB),12H  AIMAG(IB))
B4 % DO 50 X=1l,NB
65% 50 WRITE(LP¢55) 1+.1B(I1)
66* 55 FORMAT(/10Xr110+2F12e4)
YL C
68x% ¢ COMPUTE ACTIVE AND REACTIVE POWER
659% C
70% 60 DO 70 i=1l¢NB
T1% P(1)SREAL(VB{I)%CONJG(IB{I)))
1% PINJ(I)=P(I)
73% Q{I)=AIMAGLVB(I)*CONJG(IB(I)))
7% 70 @INJ(I)=Q(L)
75% ¢
76% C PRINT OQUT?
T7% C
78% IF (IPRINT=1) 800800120
79% 80 WRITE(LP90)
B0% 90 FORMAT(///10Xe21HBUS VOLTAGE AND POWER/Z10Xr21(iH=)//10X
81% lvtoH BUS
82x% 2r12H VMIN
B 3% 3ricH VABS
B4 % boloH VYMAX
Bbx% Yrl12H VBR(I)
B6* Orl12H VBI(I)
87% Tel2H P(I)
88x% 8rizH &(I))
- B9% DO 100 I=1¢NB
90x% ABSO=CABS(VB(I))
91 100 WRITE(LP#110) I,VMINCI)»ABSOrVMAX (L) VBR(I)
92 % LVBI(I)+P(I}eQ(I)
93% 110 FORMAT(L10X»XI10v7F124¢4)
QY % C |
95% C COMPUTE DPDEDPDF+DODE AND DQDF IF VBZE+JF
Q6% C
97 % 120 DO 140 I=1+NB
98x% DO 130 J=1/NB
99% SL=VB(I)RCONJG(Y{(Ird))
100x% DPDE(1+J) =REAL (5L)
101 IF(I.EQev) DPDE(IVJISDPDE(I+J)+REAL(IB(I))
102x DPOF{1,J)=AIMAG (SL)
103% IF(1.EQeJ) DPDF(LeJ)=DPDF(I+J)+AIMAGLIB(I))
104 DARE (T J) =AIMAG (SL)
105% IF(I+EQoed) DADE(I+J)=DADE(LeJ)~AIMAG(IB(I))
106% DGDF (I+d) ==REAL {SL)
107 130 IF(I1.EGedJ) DADF(L¢J)=DADF (I J)+REAL(IB(T))
108x% 140 CONTINUE
109% G
110% C PRINT oUT?
111% C
Llex IFCIPRINT) 15001500200
113% 150 WRITE(LP+160)
11b% 160 FORMAT(//Z10X o BHPPDE/LOX sl (1H=)/)
115x% CALL MAPRI(DPDE,NB¢NB/MB)
116% WRITE(LP#170)
117% 170 FORMAT(// /10X 4HDPDF/ 10X 4 (1H=)/)
118x% CALL MAPRI(DPOF)NBeNBeMB)
119« WRITE(LP»180)

120% 180 FORMAT(///710Xs8HDADE/LOXe 4 (1H=}/)




121%
122%
12 3%
L2t
12h%
126%
127%
128%
129%
130%
131%
132x%
133%
134 %
135%
136%
137%
138%
139%
140%
141%
L4ex
P14 3%
L4
145%
186%
147
148%
149%
150%
151
152%
153x%
1odx%
155%
156%
157%
158
159%
160%
16l
162%
163
164
165%
166%
167
168%
169%
170%
171%
172%
173%
17 4%
175%
176%
177%
178x%
1L79%
180%
181%
182%
183%
184%

(s el g

(el ol o

oo

L]

L Il o]

[eNeNe

190

200

210

220

230

240

2b0

259

260

270

51

CALL MAPRI{DQDE,NBrNB»MB)
WRITE(LP#190)

FORMAT (/7 /7L0X 1 4pDRDF /10X i (1H=) /)
CALL MAPRI(DGDF,NB+NByMB)

COMPUTE F AND G(*}

Fz0.0

FOi".O o0

DO 210 I=1'NB
GO(I}=0.0
GO(I+NB)=0+0
G(1)=0.0
G{1+NB)=0,0
NA=O

NAA=L

D0 600 I=1'NB
NAAz=NAATNA
NAZNGEN(L)
IF(NAEG0) GO TO 400
PDEM2P{I)4+PD(I)
Limz=i

IPRINT=IPRINT+]
CALL ELDNLCAL(NAA) + A2(NAA) P PMINCNAA) o PGEN(NAA) ¢ PMAX{NAA) »

IPPDEMIERPZrCOSToDCOP +NAPIPRINT 1 LIM)
IPRINT=IPRINT=1

PLA(I)=DCDRP

FO=ZFO+C 05T

DO 230 J=1¢NB

G{D =G () +DCDPxPPRE (14 J)

G{U+NB) =G (JH+NB) +DCDOP*DPDF (11 J)

GO (J)=6(J)

GO (J+NBI =G (J+NB)

CHECK INEQUALITY CONSTRAINTS

NM=iNAA=1

PPMIN=0+0

PPMAX=040

DO 240 J=1rNA
PPMIN=PPMIN+PMIN(NN+J)
PRMAXZPPMAX+PMAX (NN+J)

CHECK INEQUALITY CONSTRAINTS

DO 300 J=1¢NA
HP=PGEN (NN+J) =PMAX (NN+J)
IF(HP)Y 25002559260
HP=PMIN(NN+J) =PGEN(NN+J}
IF(HP) 255255270
IF(IPV(NN+J)Y) 2700300,260

ACTIVE POWER MAX LIMIT VIOLATED

T=PMaX (NN+J) /PPMAX
IFCIPVNN+J)) 28002804290

ACTIVE POWER MIN LIMIT VIOLATED

Tz=PMIN(NNFtJ) /PPMIN
IFCIPVINN+J)) 2900280,280

VIOLATED INACTIVE INEQUALITY CONSTRAINT




185x%
186%
187%
188%
189%
190%
191%
192%
193x%
194 %
1956%
196%
197%
198%
199%
200%
201x%
202%
203%
204%
205%
206%
207%
208x%
209%
210%*
211x%
2lex
213%
214%
2L15%
2Llex
217%
218%
219%
2e0%
221%
2eex
223%
2ol
225%
2ebx
2277 %
22 8%
229%
250%
231%
232%
233%
234 x
235%
236x%
237%
258x%
259%
240%
2U 1%
2U2%
2HI*
24l %
245%
24 6%
2047 %
248

O o0

leleRe leR el e

O

280 FzF+DxHP®%J
DO 285 K=1'NB
C GRIZGIK) 43¢ 0kDxTH*DPDE (T2 K) ¥HP*%2
285 G(K+NB)ZG(K4+NB) +3 0Dk T*DPDF (I oK) xHP* %2
GO TO 300

VICLATED ACTIVE INEQUALITY CONSTRAINT

290 FoF +PMY {NN+J) kHp+D*HP %k 2
DO 29% K=1'NB
GIK)=G(K)+PMY (NN+J}*T*DPDE(I¢K) +
712.0*D*T*DPDE(IrK)*HP
295 G(K+NB)=6(K+NB)+PMY (NN+J) xT*DPDF (1K) +
%2 o 0%D* T*DPLF (1K) *HP
DO 298 K=s17NB
. ggEKLéG?(KéTEMY(TN;S;*T*DPDE(I;K)+2.0*D*T*DPDE(I:K)*HP
] K+NB =0 +Ngli+ (NN+J )Y R TRDP +
B0 o InE B DPDF (TP K)+2. 0%DXTHDPDF (1 s K )} *HP
Rz (1) +QD (1)
IF(R=QGEMAX(I)) 3050307310
305 IF(QAMIN(I)=R) 307¢307¢320
307 IF(1QVil)) 3205000310

REACTIVE POWER MAX LIMIT VIOLATED

310 He=R-GaMAX(I)
T=1.0
IF(1ViI)=0) 33003509340

REACTIVE POWER MIN LIMIT VIOLATED

320 HE=QAMIN(II=R
Tu=1e0
IFCI1QVII)) 340,330¢330

VIOLATED INACTIVE INEQUALITY CONSTRAINT

330 FzF+0*xHQ%¥%3
DO 335 JZ1!NB
(N E6 () +THDADE (T2 J) %30 0%DFHO**2
335 G(J+NB)SG(JHNBI+TXDADF (I+J) %30 0% DxHA*%2
GO TO 500

VIOLATED ACTIVE INEQUALITY CONSTRAINT

340 FziF+amy (1) ¥HQ+DxHQ%*2
DO 345 J=1'NB
G =G (D) +T*EMY (1) *DADE(I» J) +T4D%2, 0% HA*DQDE (19 J)
4L G (JHNR) =G (JENB) + TxAMY (D) %DADF (Lo J) 4 TkD¥% 2,4 0%HA%DADF (19 )
DO 350 J=1*NB
GO =0 (I +THQMY (1) ¥DQDE (1 v J) +T4D%20 0xHR*DQDE (I )
350 GO(J+NB) =GO (JENRY +THAMY (1) #DADF (T e ) +TxD%2, 0xHA%DADF (1r J)

60 10O 500
BUS WITHOUT GENFRATOR

400 SEP(1)+PLLL)
IF(5) 405,450,405

u05 FoF+PLA (L) ¥S+CRSHk2
Do 410 J=17NB
G(JIZG(J)+PLA(IYADPDE () ) 42 0% CxSKDPDE(L ¢ J)

410 G(J+NB)IZG (JHNBI+PLALT) *DPDF (12 J) 42, 0% C*SEDPDF (1 d)
DO 420 J=1+¢NB
GO () =GO (JY+PLA{I) *DPDE(I pJ) +20 0%CxSkDPDE (I ¢ W)
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24 9% 420 GO(J+NB) =60 (J+Ng) +PLACI)Y«DPDF (1o J)+2, 0% CkSkDPDF (1r J)
250% 450 R=@(IY+QD (1)
2b1l% IF(R) 455,500+455
252x% 455 FzF+QLA{I) *R+CHRE*x2
253x% DO 460 J=1rNB
254 * G{U)ZG(JY4QLA(T)*DADE(LrJ) +2¢0 C*R*D@DE{I;JJ
255x% 460 G({JeNR) =G (J+NBY+OLALTI%DADF (1, J)+2, 0%CxRxDADF (1¢ J)
256% DO 470 J=1¢NB _
257% Go{d):Go(J)+@LA(I}*DQDE(Ird)+2-0*C*R*DQDE{Ird)
258 470 GO(JENR) =GO (JENR) +QLA(I)I%DODF(1eJ) 424 0 CxkR&DADF (1 e J)
259% C
260 C CHECK VOLTAGE LIMITS
261 % C
262% 500 IF(VABS{L)=VMAX(I)) 505¢507+510
263% 505 IF(VMIN(X)=VABS(I)) B07+507¢520
26U % 507 IF(IVV(I)) 520:600¢510
265% C
266% C VOLTAGE MAX LIMIT VIOLATED
267 % C
268x% 510 HV=VvABS{I)=VMAX(I)
269% Azl ,0/vABs (1)
27T0% IF(IVV(I)=0) 530,530+540
271x% C
272 C VOLTAGE MIN LIMIT VIOLATED
27 3% ¢
2T4% 520 HV=yMIN(L)=VABS(I)
275% Az=1.0/VARS(I)
276% IF(IVvV(I)) BU0»5302530
277% ¢
278x% ¢ VIOLATED INACTIVE INEQUALITY CONSTRAINT
279% C
280% 530 FzF+DkHV*%d
281% DO 535 Jz1eNB
282% G(J) =G (JI4+REAL(YB(I) ) %A%Be 0xDEHV K2
283% 535 G(JU+NB)=G(JINBI+AIMAGIVB (1) ) %A% e Ok EHY k2
284 % GO TO 600
285% G
© 2BO% C VIOLATED ACTIVE INEQUALITY CONSTRAINT
287 % C
288% SU0 FzF+yMY (1) XHVHDRHV %2
289x% ARZREAL (VB L) ) %A
290 % AT=AIMAG(VB (L)) %A
291x% DO 545 Jzs1eNB
292% G{J)=G(J)+ARKVMY (1) HAR*D%2 o BRHY
293% 545 G (J4+NB) =G (JENBI+ATXVMY (1) + AT XD %2 o Ok HY
294 % DO 550 J=1rNB
295« G0 (J) =G0 (J) +AR*VMY { 1) +AR%D*2 ¢« OxHV
296% 550 GO(J+NB)u60(d+NB)+AI*VMY(I)*AI*D*2 0#*HV
297% 600 CONTINUE
298% 610 F=F+FO
299% C
300%* C PRINT QUT?
301% C
302% 620 IF(IPRINT=1) 630063001000
303% 630 WRITE(LPers40)
304% 640 FORMAT(///710Xs46HREACTIVE POWER GENERATED AND VOLTAGE MAGNITUDE/
300H% ¥LOX e 46 (1H=} /710X
306% 1rioH BUS
307% 2¢12H QAMIN
308% 3r12H Q+QD
309% hoi12H QEMAX
310% S5e12H YMIN
311% 6rl2H VABS

312% Tel2H VMAX)




213%
KL T
315%
316%
217%
518x%
319%
320 %
321%
d2e*
32 3%
S24 %
325%
3H26%
A2T*
328%
329%
330%
331
332%
333%
A3 %
33bx%
336%
A37*
358%
339%
340
341 %
Au2x%
S 3%
344
345%
346%
347 %
348%
A4 9%
350%
351%
AH2%
353%
354 %
350Dx%
356%
357x%
A58%
Ab9x
360%
361l%
362%
363%
364 %
365%
366%
367%
368%
A69%
370%
371
ATex
37 3%
37h%
ATH*
376%

oOo
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B0 650 I=1+NB

50 E:G(I}+@D(é)

6 RITE(LP»660) T,0QMIN(L) pRsQOMAX (L) s VMIN{I) »V/

660 FORMAT(10XsI10r6F1204) P VMINCI) »VABS (1) o VMAX(T)
WRITE(LPr&70)

670 FORMAT(//7/710X»22HACTIVE POWER GENERATED/10Xe22(1H=)//10X
1910H GENERATOR

21 12H PMIN
Sr1eH PGEN
hel2H PMAX)

DO 680 I=1/NG

680 WRITE(LP»690) I,PMIN(I)+PGEN{I) 1 PMAX(I)

690 FORMAT(L0X+I1093F12.4)
WRITE (LP9700) F,FO

700 FORMAT (///710%: 43HGENERATOR COST FUNCTION IN N =
1F10,3/10X, 43HGENERATOR COST FUNCTION EXKL;PEEAL?%EQLTIEE.F10:3/)
IF(IPRINT) 705¢705¢740

705 WRITE(LP#710)

710 FORMAT(///10X»10H 8USr 10H G(I)r10H  G(I+NR))
DO 720 Iz1+NB '

720 WRITE(LP?730) I,6(I)sG(I+NR)

730 FORMAT(L0XrI310,2F10¢3)

PRINT oUT INPUT DATA?

740 IF{IPRINT=1) 75001000,1000
750 WRITE(LPr760)
760 FORMAT{(///710Xs LIHMULTIPLIERS/10Xe L1(1H=)/10X

1:10H pus
2r10H PLA
30 10H QLA
By10H aMy
5¢10H VMY )

DO 770 I=1+NB
770 WRITE(LPe780) I.PLACI)»QLACI) »@MYL{I) VMY (D)
780 FORMAT(LOX?I10)4FL10+3)
WRITE{LP»790)
790 FORMAT(///10Xs LIHMULTIPLIERS/10Xr11(1H=)/10X
Lr10H GENERATOR
2r10H PHMY)
D0 800 I=1¢NG
800 WRITE(LPe8LO) I,PMY(L)
810 FORMAT(10X+I10sF10.3)
) ?RITE{LP'8§0) C»D
820 FORMAT(///710Xy43HCOEFFICIENTS IN THE GEN S
Lo ) /1% ERATOR €CO>T FUNCTION/
2r2HC=F10,3/
310X 2HDZPFL106 3}
WRITE(LP»830)
830 FORMAT(///10Xs12HY=BUS MATRIX/10X+12(1H=))
CALL CMAPRI{Y/NB/NB?MB)
WRITE(LP»840)
BH0 FORMAT(///10Xy
149HACTIVE(=1) OR INACTIVE(=0) INEQUALITY CONSTRAINTS/

110X, 89(iH=)/710X,10H ' RBUS
21104 1Qv
3r10H 1vy)

DO 850 I=1+NB

850 WRITE(LPe860) I,1QVII)2IVV(YI)

860 FORMAT(10X3110)
WRITE(LP+BOS)

865 FORMAT(///710X»10H GENERATOR?10H iPy)
DO 870 I=1rNG

870 WRITE(LP+880) I,IPV(I)
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STRES 880 FORMAT(10X»2110)
578 WRITE(LP2900)

379% 900 FORMAT(///7L0X»36HNUMBER GENERATORS AND DEMANDED POWER/
380% 110%,36(1H=)/10X

381x% 21104 BUS

382% 3r10H NGEN

583% 4r12H Pp

384 % SrieH an)

d85H* DO 910 I=1+NB

386% 910 WRITE(LPe920) I,NGEN(I),PD{I)sQD(1)

387% 920 FORMAT(1OXr2110:,2F12:4)

388* 1000 IF(IPRINT=2) 101001010+1020

389% 1010 WRITE(LP+700) FsFO

390% 1020 RETURN

301x% END

END OF COMPLLATION: NO DIAGNOSTICS,
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SUBRUTINEN ADJMP

1x SUBROUTINE ADJMPL

2% PARAMETER MB=10,M6=14,MBB=20

3% C

b x ¢ ADJUST MULTIPLIERS USED InN THE ECONOMIC LOAD DISPATCH PROGRAM
Hx C .

6% C AUTHOR + JAHN RAGNARSSON 9=4-1973

¥ES C

8% DIMENSION

G XPMINCMG ) e PMAX (MG) + QAMIN(MB) r SAMAX (MB) o VMINIME) » VMAX (MB) ¢

10% ¥PLAMB) rQLAIMB) » PMY (MG) 1 @MY (MB) 2 VMY (MB) ¢ IPV(MG) s TQV(MR) ¢ IVV(MB} ¢
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COMPLEX VB

DATA LP/&/

PRINT OUT?

NByNGsNL» IPRINT

PMINe PMAX »QAMIN» GAMAX » VMINe VMAX
PLAY»QLAPPMY @MY P VMY » IPVeTQV, IVVeCHD
DPHE ¢ DPDF 1 DADE » DRDF

AL p2tPGENYNGEN» ATINVINTYP
PrPINJ'PDrQrQINJ2QD VARS VANG» VB

G

X

YrIB

FOsGO

C IF(IPRINT=2) 51519
5 WRITE (LPr6)

¥ 10H GENeNR e 7H FXHX)

NA=D
NAA=)

DO 400 I=1+NB
NAAZNAA+NA

NASNGEN(L)
IF{NA.EQeD) GO TO 205

NM=NAA=]

PPMIN=0.0

PPMAX=Z0.0

DO 10 J=1,NA
PRMINZPPMINFPMIN(NNYJ)
PPMAXZPPMAXHPMAX (NN+J)

CHECK ACTIVE POWwER LIMITS

IPNz0
DO 100 J=1fNA
HP=PGEN (NN+J) =PMAX (NN+J)
IF(HP) 15,1520
HP=PMIN{NN®J) =PGEN(NN+J)
IE(HP)Y 17,1725
IFCIPVINNS®J)) 259100020

ACTIVE POWER MAX LIMIT VIOLATED
T=PUAX (NN+J) /PPMAX

IPN=1

IFCIPV (NN+JY) 60060065

ACTIVE POWER MIN LIMIT VIOLATED

Te=pPMININNTJ) /PPMIN
iPN==1
IF(IPVINN®J)) B5:60160

VIOLATED INACTIVE INEQUALITY CONSTRAINT

BUS




75% 60 PMY (NN+J) =3+ 0%DxHP*%2
76% IPV (NN+J)=IPN
77% G0 TO 100
T8% C
79% C VIOLATED ACTIVE INEQUALITY CONSTRAINT
80x% ¢
Blx 65 PMY (NN+J) =PMY (NN+J) +2 ¢ OKkD%HP
82% IF(PMY (NN+J)) 700700100
83% C
Bl* C TEST IF MULTIPLIER POSITIVE
85% C
B6x 70 PMY (NN+J)=0,0
87% IPVINN+J) =0
88% GO TO 100
89 C
Q0% 100 CONTINUE
9l% ¢
92% C CHECK REACTIVE POWER LIMITS
93% C
Y 110 R=a(I)+QD(L)
95% 1aN=0
96« IF(R=GGMAX{I)) 11521155120
97 * 115 IF{QQMIN(I)=R} 117117130
98x% 117 IF(yev(I))y 130,310,120
9Gx% C
100% C REACTIVE POWER MAX LIMIT VIOLATED
101% C
102x% - 120 HezR=qaMaAX(I)
103% T=1.0
104 IQN=1
105% IF(YQV(I}) 170+170+180
106% C
107% C REACTIVE POWER MIN LIMIT VIOLATED
108x% ¢
109% 130 He=EaMIN(I)=R
110% T==1e0
111% ION==1
112 IF(IQV(IY) 1800170170
113% C
11l4x% ¢ VIOLATED INACTIVE INEQUALITY CONSTRAINT
115% "
116% 170 QMY (1) 230 0*DKHAK%2
117% 1QVEI)=1aN
118% GO TO 310
119% C
120% C VIOLATED ACTIVE INEQUALITY CONSTRAINT
121% C
122% 180 GMY (1)=0MY(I)+2,0%D*HQ
123% C
124% ¢ TEST IF MULTIPLIER POSITIVE
120% C
126% IFtaMY (1)) 19001900310
127% 190 QMY (1)=0.0
128% 1av(r)=0
129x% GO TO 310
130% C
151% C CHECK EQUALITY CONSTRAINTS
132% C
133% 205 Szp(I)+PO(I)
154x% IF(5) 210:220¢210
155% 21U PLA(I)=PLACI)+2,0%C*S
136% 220 R=Q(I1)+GD(IL)
137% IF(R) 230,310,230

138% 230 QLACII=QLACI)Y+2.0%(C*R




139* C
140% C CHEK VOLTAG
Th1e C AGE LIMITS
i4ex ¢
izg: 310 Ivnz=0
] IF (VABS (D) =VMAX (1)) 315¢315r320
132: §i? IF(VMINCI)=VABS(I)) 3179317:330
IF
Th7e . FOIVV(I)) 330,400,320
148« C VoL - -
P ¢ OLTAGE MaX LIMIT VIOLATED
igg* 320 Hy=vaABS(1)=VMAX(I)
DL ¥ A=1.0/vABS (1)
152% IVN=1
153%
b . IFCIVV(I))Y 370+¢3700380
155%
o g VOLTAGE MIN LIMIT VIOLATED
igg: 330 HV=vARS(IY=VMIN(I)
5 Az=1.0/VABRS(I)
159% IVNzZ=1
160%
IF(
Lo1s c IVV(I)) 380370370
162% C : -
Toss ¢ VIOLATED INACTIVE INEGQUALITY CONSTRAINT
igg: 370 VMY (L)=3e0%D%HVR%2
oo IVV(I)=IVN
GO
P . TO 400
168% C -
Lo ¢ VIOLATED ACTIVE INEQUALITY CONSTRAINT
izg: 380 VMY (3)=VMY (I)+2,0%D*HY
LIk . IF{YMY (1)) 39039025400
17 3% C TES
170 ¢ FST IF MULTIPLIER POSITIVE
175% 390 VMY (I)=0.0
i;?: IVv(I)=0
L e ) GO TO 400
179% C
132* 400 CORNTINUE
181l% RETURN
182* END

END OF COMPILATION: NO DIAGNOSTICS.
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