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Abstract

This document contains a listing of the package DECNCM desecribed in [1] for
power system load flow analysis. The package implements the Newton complex
method and also employs decomposition techniques for solving large systems of
sparse linear equations.

The package DECNCM has been developed for the CDC 170/730 system with
the NOS 1.4 level 552 operating system and the Fortran Extended (FTN) version 4.8
compiler. The listing contains a total of 862 lines (including 211 comments)
constituting thirteen subroutines. The listing does not include the package CSDSLE

for solving large systems of decomposed equations.
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I. INTRODUCTION

DECNCM is a package of thirteen Fortran subroutines for power system load
flow analysis. The package implements the Newton complex method [2,3] and also
employs decomposition techniques for solving large sytems of sparse linear
equations by an appropriate call to the package CSDSLE [4].

The package DECNCM and documentation have been developed in Fortran IV
for use on the CDC 170/730 system with the NOS 1.4 level 552 operating system.
The package is available at McMaster University in the form of a library of binary
relocatable subroutines. The library is in the group indirect file LIBDNCM
accessible under the charge RIWBAND. The package calls subroutine CSDSLE1 of
the package CSDSLE for solving large systems of sparse decomposed equations; the
package CSDSLE must thus be available when DECNCM is used. The document
does not include the package CSDSLE. Information concerning this package is
found in [4].

The package DECNCM contains 862 lines of which 211 are comments.
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package for load flow analysis with the aid of decomposition", Department
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Canada, Report SOS-83-11-L, 1983.

[2] J.W. Bandler and M.A. El-Kady, "A generalized, complex adjoint approach to
power network sensitivities", Department of Electrical and Computer Engine-
ering, McMaster University, Hamilton, Canada, Report SOS-80-17-R, 1980.

[3] J.W. Bandler and M.A. El-Kady, "Newton's load flow in complex mode", Proc.
ECCTD (The Hague, Holland, August 1981), pp. 500-505.

[4] J.A. Starzyk and J.W. Bandler, "CSDSLE - A Fortran package for the solution
of sparse decomposed systems of linear equations", Department of Electrical
and Computer Engineering, McMaster University, Hamilton, Canada, Report
SOS-83-2-U, 1983.



IlI. LISTING OF THE DECNCM PACKAGE

Subroutine Number of lines Number of words Listing frompage
(source text) (compiled code)
LFNCD 101 1026 4
CCURR 19 50 6
DECAK 95 520 7
DECDS 69 234 9
DGR 34 100 11
FORMK 106 457 12
INTRN 29 53 14
MDDTF 108 315 15
RHSLD 39 327 17
FRPR 82 442 18
FORMU 43 200 20
FORMYT 59 315 21

RDAT 78 720 22
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SUBROUTINE LFNCD (YT,JRYT, ICYT,BCV,V,BNRR, 3TYP,DBEC, IBV, IBL, CMMPWA, IN
1TWA,NB,NTL, ITEL, TIIEL, VEPS, INPT, OTPT, IWRITD)

SUBROUTINE LFNCD IS TEE HIGHEST LIVEL SUBROUTINE FOR SOLVING
LOAD FLOW PROBLEMS USING THE NEWION COMPLEX IMETHO. AITD
THE DECOMPOSITION OF SPARSE SYSTERH OF LINEAR EQUATIONS

LIBRARY : CSDSLE (SEE S{5-83-2)

INTEGER JRYT( 1), ICYT(1) ,BNR(1),BTY-(1),DEC(1), IBV(1), IBL(1), INTWA(C
11> ,07TPT
COMPLEX YT(1),BCV(1),CMPWA(C1),V(1),DV

NSUB=DEC( 1)

NBV=DEC(2)

JDS=1

JAI=JDS+2%NB-2

JSCGLR=JAI+NBE~-1

JAX= JSOLR+4%NB-4

JIRK= JAK -4k IB+6%NTL

JIRX=JJRX+NB/2+1

JICK=J IRK+2%NWB+3xNTL

JDEG=J ICK+2%NB+3%NTL

JINTN=JDEG+NBV

JLNGTH=J INTII+NB

JMD=JLIGTE+(NSUB+1) /2

JIM=JIMD+( 3kNSUB+2) /2

JIN=JIMN+3

JCIH=J IN+NSUB+15+2:%:% ( NSUB~2)

N=1iB—-1

NR=2xN

ICALL=0O ’

CALL DGR (DEC, IBV, IBL, BER, CMPWA(JZEG) ,ID
CALL SECOND (TS)

TT=T8

TA=9

ICALL=ICALL+1

EPS=0.

CALl, RHSLD (V,YT,JRYT, ICYT, BTYP, BNR, BCV,CMPVA(JDS) , CMPWA(JAID) ,N,OT
1PT, IWRITE)

CALL FORIIK (YT,JRYT, ICYT,BTYP,BNR,V,CHMPWA(JAI) ,CMPWA(JAXD ,CMPWA(JJ

" 1RK ,CHPWA(JIRX) ,CIPWACJICK) , N, NX, OTPT, IWRITE)

CALL MDDTF (CIPWA(JIRK) ,CMPWA(JICK) ,DEC, CHPWACJIN) ,CIHPWA(JIID , BIR,
1I1BL, CMPVACJINTI) , CHPWA(JLNGTH) , CPWA(JCM , CITPWA(JMD) , NB, NK, ICALL)
DO 29 ISUB=1,NSUB

- CALL DECDS (DEC,IBL,éNR,CMPWA(JMD),CMPWA(JINTN),CﬁPWA(JDEG),CNPWA(

1JD3) , CHPVWA(JCID , ISUB, T, OTPT, IWRITE)

CALL DECAK (DEC, IBL, BHR, CIPWA(JIM) , CMPWA(JINTN) , CMPWA(JDEG) , CMPWA(
1JAY) , CITPWACJJIRK) , CHMPWACJIRK) , CMPWACJ ICX) , CMPVWACJCID , I18UB, N, 1,0T?PT,
2IWRITE) :

CONTIN

CALL CSDSLE1 (CMPWA(JIN), INTWA, CIPWACJCYD , CIMPWACJIID ,CMPWA(JSOLR))

IAR=IFIX{ REAL(CIPWA(CJIN+1)))

IF (IAR.EQ.1) GO TO 99

JJ=JSOLR+1

Lo 80 1=1,N

DV=CMPWA(JJ)

R=CABS{DV)

L= IFIX(REAL(CMPWA(JJI+1)))

JI=JI+4%

L=(L+1>/2

V{L)=V(L)+DV
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IF (R.GT.EPS) EPS=Ri.

CONTINUE

IF (IWRITE.LT.2) GO+TO 40

WRITE (OTPT, 1202

WRITE (OTPT, 130 (L,V(BHR(L)),L=1,)
CALL SECOND (TIME)

TT=TIME-TS

TI=TT-TA

TA=TT

IF (IVRITE.GE. 1) WRAITE (OTPT, 119) ICALL,EPS,TI,TT
IF¥ (EPS.LE.VEPS) GO'TO 70

IF (ICALL.GE.ITEL) GO TO 50

I (TT.GE.TIMEL) GO.TO 696

GO TO 10

IFLAG=1

GO TO 79

IFLAG=2

ITZL=ICALL

VErS=EPS

TIMEL=TT

IF¥ (IWVRITE.LT.1) GO-TO G0

VRITE (OTPT, 140) ITEL, VEPS, TIMEL
WRITE (OTPT, 120)

WRITE (OTPT, 189> (L,V(BFR(L)),L=1,1D

RETURN

WRITE (OTPT, 199) IAR

STCP

FCRIIAT (/" RETURIT FLAG FROM CSDSLE:", I2/)

FORIIAT (/7" IT =%,12,6¥, "EPS =",5812.6,6X, "ITERATION TIME ",F6.3,6X

1, "TOTAL TIME ",F6.3/)

FORFIAT (s/" VECTOR OF BUS VOLTAGES"/)

FORIAT ((3(3X,14,1¥,2(1X,E18.7))))

FORMAT (/77" RESULTS OF ANALYSIS"//" NUMBER OF ITERATIONS: ",6X, I3/
1" ACCURACY OBTAINED:",2¥X,E19.4-" ANALYSIS TIME: ", 16X,F6.3," SECOND
28"

EID
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COMPLEX FUNCTIONCCURR(V,YT,JRYT, ICYT,ID

THIS FUNCTION SUBPROGRAM CALCULATES THE: VALUE OF CQURRENT INJECTED
INTO THE MTH BUS FOR THE GIVEN VECTOR V OF BUS VOLTAGES

INTEGER JRYT(1), ICYT(L)
COMPLEX V(1) ,YTC(1)

K1=JRYT(ID

K2=JRYT(M+1)-1

CCURR=(9.,6.)

DO 16 I=K1,K2
CCURR=CCURR+YT( D ®VCICYT(ID))
COKRTINUE

BETURN

END
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SUBROUTINE DECAK (DEC, IBL, BNR;,MD, INTN, DEG, AK, JRX, IRK, ICK, CMPLXWA, I

18UB, N, ICALL, OTPT, IWRITE)

SUBROUTINE DECAX INITIALIZES IN THE COMPLEX WORKSPACE VECTOR
CMPLXVWA DATA DESCRIBING THE SUBSYSTEM ISUB (I.E.,VECTORS AKX,
WROW, NCOL)

INTEGER DEC(1), IBL(1), INTN(1),BINR(1),DEG( 1) ,MD( 1), IRX( 1), ICK(1) ,JR

iK(1),0TPT
COIPLEX CMPLIIWA(1),AK( DD

NINT IS THE NUMBER OF INTERNAL VERTICES' OF A GRAPH REPRESENTING

ST OF EQUATIONS

WINT=2:(N-DEC(2))
CALL INTRN (BEC, IBL,BNR, INTN, 2%N, ISUB)

JST (JLTY 1S AN INDEX IN VECTOR IBL OF THE FIRST (THE LAST):
VERTEX OF SUBSYSTEM ISUB

JLT=0

Lo 10 I=1,ISUB
J8T=JLT+1
JLT=JLT+DECC I+I+1)
CONTINUE
KZ=DEC( ISUB+ ISUB+2) '

NINTJ IS THE NUMBER.OF THE INTERITAL VERTICES OF SUBGRAPH ISUB

MINTJI=KI+HKK

J2=J8T+KK-1

I18P=5*150UB

I1A1=ID( I8B-3)~1

1A2=MD{ ISB-2)-1

11=1A1

I2=142

I7 (IWRITE.LT.3) GO'TOC 20
VRITE (OTPT,70) ISUB

DO 406 K=JST,J2

TWO ROWS ASSQCIATED WITH AN INTERXD NODE OF THE SUBSYSTEM
ISUS ARE NOW INITIALISED

L=BNR( IBL(K))
IST=JRI(L> .
ILT=JRX(L+1)—-1
I81=11
IF (ICALL.EQ.1) I32=12
DO 80 J=1I3T, ILT
I1=11+1
CITPLXWA(I11)=AK(J)
IF (ICALL.NE.1) GO TO 39
I2=12+1
CITPLXWA( 12) =CHMPLIZ(FLOAT( INTN( IRX(J))) ,FLOAT( INTNC ICK(J))))
CONTINUE
IF (IWRITE.LT.3) GO'TO 40
WRITE (QTPT,E9) BNR(L)
E=I11-1I81
WRITE (OTPT,%$€) (CMPLIWA(ISZ2+J),CHPLIEWAC(IS1+J),J=1,NE
CONTINUE
J2=J2+1
TO 606 X=J2,JLT
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TWO ROWS ASSCCIATED: WITH A PARTICN BUS OF THE SUBSYSTEM ISUB
ARE NOW INITIALISED:

L=BNR( IBL(K))

I8T=JRK(L)

ILT=JRX(L+1)—1

iS1=11

IF (ICALL.EQ.1) I82=12

DO 50 J=1I8T, ILT

LR=IRK{J)

LC=ICK(J)

IF (INTN(LC) .EQ.0Y GO TO 59

I1=11+1

CIMPLEWA(I1)=AR(J) .

IF (LC.GT.NINT) CMPLXWA(I1)=CMPLXWA(I1) /DEG(LR-NINT)
IF¥ (ICALL.NE.1) GO TO 50

iI2=12+1

CIPLXWA( 12) =CHMPLE(FLOAT( INTN(LR) ) , FLOATU INTH(LC) )
CONTINUE

I¥ (IWRITE.LT.3) GO TO 690

WRITE (GTPT,89) BNR(L)

NE=11-1I51

WVRITE (OTPT,20Q) (CIMPLXWA(IS2+J),CMPLYWACIS1+J),J=1,NE)
CONTINUE

BRETURN

FORMAT (/7" MATRIX OF SUBSYSTEM: ", I2/)

FORMAT (" BUS NO.",I3,":",I3)

FORMAT ((3(38X,2r5.6, ":",2(1%,E11.33)1)

END
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SUBROUTINE DECDS (DEC, IBL, BNR;MD, INTN, DEG, DS, CHMPLXWA, ISUB, Ny OTPT, I

1IWRITE)

SUBROUTINE DECDS INITIALIZES IN THE COMPLEIX WORKSPACE
VECTOR CHMPLXWA SUBVECTOR OF THE RES VECTOR IS ASSOCIATED
WITH TEE SUBSYSTEM ISUB

INTEGER DEC(1), IBL(1),BNR(1),DEG(1),ID(1),0TPT
COMPLEX CMPLXWA(L) ,DS(1)

NINT=2%(N-DEC(2))

JST (JLT) I3 THE INDEX IN VECTOR IBL OF.TEE FIRST (THE LAST)
VERTEX OF SUESYSTEM ISUB

JLT=0

Do 19 i=1, ISUB
J8T=JLT+1
JLT=JST+DEC(2%I+1)~1
COITINUE

J2 IS THE INDEX OF THE LAST INTERNAL BUS OF THE SUBSYSTEM
ISUB APPEARING IN VECTOR IBL

= ISUB+ 13UB+2
J2=sJST+DEC(KK) —-1i

1A IS THE STARTING POSITION IN VECTOR CMPLXWA OF THE
SUBVECTCR I8UB OCF TZE RIGHT-EHAND SIDE VECTOR D8

IA=TID(S*ISUB~1)~1
IST=1A

ELEIENTS ASSCCIATED WITH INTERNAL BUSES. OF THE SUBSYSTEM
ISUB ARE NOW INITIALIZED

B0 20 K=J3T,J2
L=BHR( IBL(X))
L=L+L-1

IA=1A+1
CIPLIWA(CIA)=DS(LD
IA=TA+1
CriPLEWACIA)=DS(L+1) -
CONTINUE

ELEMENTS ASSOCIATED WITH PARTITICHN BUSES OF THE SUBSYSTEM
ISU3 ARLE NOW INITIALIZED .

Ja=Ja+1

DO 20 K=J2,JLT
L=3WR(IBL(I)

L=Ll+L-1

IDG=DEG(L-NINT)

IA=IA+1

CIMPLXWA( 14)=DS(L) 7 IDG
IAa=TA+1
CITPLIWACIA)=DS(L+1>71IBG
CONTINUE

IF¥ (IWRITE.LT.3) RETURN
L=JLT-J8T+1

J8T=J8T-1

WRITE (OTPT,<40) (ISUB, (IBL(JST+K) ,CMPLXWACIST+2%K-1),K=1,L))
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RETURN

FORMAT (/7" RIGHT HAND SIDE VECTOR OF SUBSYSTEM", I2/(1X,4(2X, I3,"
1",2(1%,E11.5))»»

END

-
:
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SUBROUTINE DGR (BEC, IBV, IBL, BNR,DEG,N)

THIS SUBROUTINE CALCULATES DEGREES: OF PARTITION VERTICES
OF A GRAPH REPRESENTING THE SET OF EQUATIONS

INTEGER DEC( 1), IBV(1), IBL(1),BNR(1),DEG(1)

H8UB=DEC( 1)
NBV=DEC(2)
NINT=2%(N-NBV)

NINT IS THE NUMBER OF INTERNAL GRAPH VERTICES

Do 389 I=1,NBV

Ja=9

IVER=IBV(I)

IDGR=0

Lo 20 L=1,NSUB
{=L+L+1
Ji=J2+DEC(K+1)+1
J2=DBEC(IO +J2

Do 1@ J=J1,J2

IF (IBL{J).EQ.IVER). IDGR=IDGR+1
CONTINUL

CCNTINUE

X=2%BHNR( IVER)-NINT
DEG(K) = IDGR
DEG(K-1)=IDGR
CONTINUE

RETURN

END
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SUBROUTINE FORMKX (YT,JRYT, ICYT, BTYP, BNR,V,AI, AK,JRK, IRX, ICK,N,FK, O
1TPT, IWRITE)

THIS SUBROUTINE FORMULATES MATRIX OF PERTURBED FLOW EQUATIONS
(SEE EQUATION (16) OF S0S-86-2). VECTORS AKX, IRX, ICK STORE THE
TEE PERTURBED MATRIX IN A SPARSE FORH

INTEGER JRYT(1), ICYT(1),BTYP(1), IRK(1), ICX(1),BNR(1),JRK(1),0TPT
COIPLEX YT(1),V(1),AK(1),AIC1),CPX,CPY,CCURR,Z,CIT

NKX=90
IF¥ (IWRITE.GE.3) WRITE (OTPT,569)
DO 890 IR=1,N

MATRIX YT IS ANALYSED ROW BY ROW IN THIS LOOP

K1=JRYT{IR)

K2=JRYT(IR+1)-1

CCURR=AICIR)

Z=CONJG(V(IR))

JE=TK+1

JR1=IR+IR

JR=JR1-1

IF (BTYP(BNR(IR)).ER.1) GO TO 26

ETTING UP ELEMENTS: OF A ROW OF MATRIX XK CORRESPONDING
TC LOAD BUS

Lo 10 J=Kl1,K2
IC=ICYT(J)
JCi=IC+1IC
JC=JC1-1

IF (BTYP(BNR(IC)) .EQ.2) GO TO 19
CPI=YT(JI)*RZ
WX=NIK+1

AZ{NK) =CPX
IRZ(NK)=JR
ICHK(NK> =JC
NX=HK+1

ALK =CONJIG(CPIXD
IRZ(NK) =JR1
ICK(NK) =JC1
CCHTINUE

HX=NK+1
A(NK)=CCURR
IRC(NIO =JR
ICK(NK) =JR1
NX=NK+1

AWK =CONJG(CCURR) -
IRX(NK) =JR1
ICX{NK)=JR

GO TO 4©

D& 89 J=X1,X2

SETTING UP ELEMENTS: OF A ROW OF MATRIX X CORRESPONDING -
TO GENERATOR BUS

IC=ICYT(Jd) ’

IF¥ (BTYP(BNR(IC)).ER.2) GO TO 39
JC1=IC+IC

JC=JC1i-1

PH=0.5xYT(J) =%
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CPY=CONJG(CPX)

N=HK+1

AX(HK) =CPX

IR(NK) =JR

ICK(IK) =JC

HK=1K+1

AI(HK) =CPY

IRK(NKX) =JR

ICK{NKX)=JC1

M=0K+1

AR(TKD =CPX

IRH(MK) =JR1

ICK(NK)> =JC

Wi=0K+1

AI(THK) =CPY

IRE(NK) =JR1

ICE{NK) =jC1

CCNTINUR

Cr=CIPLX(B., 1.,CABS(Z))

CPX= (CONJG( CCURR) +CMxZ) /2.
CPY=(CCURR+CIPRV( IR)) /2.
AT(JIE) =AK(JE) +CPX

AT JE+1)=AK(JE+ 1) +CPY
AZ(JIE+2) = AK( JE+2) +CCHIG( CPY)
A JE+3) = AK(JE+3)+CONJG(CPXD
JEX(IR)=JE

IF¥ (IWRITE.LT.3) GO'TO 59O
WRITE (QTPT,79) BNR(IR)
WRITE (OTPT,E89) (IRK(J), ICK(J),AK(J),J=JE,NXD
CONTINUE

O RETURY, JRX(L) POINTS OUT THZ LCCATION OF THE FIRST ELEMENT
OF TWO ROWS CF MATRIX X CORRESPONDING TO THZ LTH BUS (L=1,..,ID.
JRE(N+1> IS THE FIRST VACANT PCSITICON IN MATRIX X

JRI(N+1)=NK+1

RETURN

FORIIAT (7" MATRIX X COF PERTURBED FLOW EQUATIONS"/)
FORIAT (11X, "BUS [O.", I3)

TORWAT ((3(3X,13,1X%,13, ": ", 2(1X,E11.5)3))

SZND

’11”-1"1]*11"d’*j’ﬁ"]’"d’ﬁ’ﬂ*d"‘J"f_l‘*j"4**’1"11"4’7‘,1"11"d*aj"xl"lj’ij’li'ﬁ"d“‘i’*ﬂ%'ﬁ"ﬁ"ﬂ‘]’ﬂ'ﬁ'ﬂ'ﬁ’ﬁ"ﬂ
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SUBBOUTINE INTRN (DEC, IBL, BRR, INTN,NR, ISUB)

SURROUTINE INTRN IDENTIFIES AND ORDERS VERTICES OF THE SUBGRAPH
ISUS

INTEGER DEC(1),BNR(1), IBL(1), INTH( 1)

INDX=0

DO 19 I=1i,NR
INITNC 1) =06
CONTINUE

JLT=0

DO 26 1I=1,1ISUB
J8T=JLT+1
JLT=J83T+DEC(2:%I+1)~1
CONTINURE

L0 89 I1=J3T,JLT
K=2%BNR(IBL(I))~-1
INDH= INDI+ 1
ITTH(K) = INDX
K=7+1

INDH= IHDX+ 1
INTH(KD = INDX
CONTINUR

RETURN

EIND
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SUBROUTINE MDDTF (IRX, ICX,DEC)IN, IM, BNR, IBL, INTN, LNGTH, CMPLXWVA, D,

1B, NK, ICALL)

SUBROUTINE IMDDTF ORGANIZES COMPLE
THE DATA DESCRIBING. BDECOMPOSED POWER SYSTEI AND
N,NINT AND VECTCR NOID

ELEMENTS OF CIMPLEWA-.(I.E.,

INTEGER IRK(1), ICK(1),DEC(1)
1), INTHC1)
COMPLEX CMPLXWACD)

IF (ICALL.GT. 1) IN(B)=7
I¥ (ICALL.GT.1) GO TO 50
HR=2*%(NB-1)

IISUB=DEC( 1)
NDV=2%DEC(2)
IHIGH=N8UB+N8UB—1
VECTOR I IS NOW INITIALIZED
I 4) =NSUB

IM(5)=NSUB

IN(&)=6

IN(9)=1HIGH

IM(106)=HSUB

IN(15)=1

I 19) =NR~-UBV+1

IMmMae)=1

IM(22)=90

IIT(26) =NBV

L=26+IN(9) -2

Li=1L+HSUB

2O 10 1I=1,HSUB
IN(L+I>=1HIGH
IIT{L1+1I)=1HIGCH
IFIGH=I1HIGH-1

COHTINUR

GAL INDICAT C(IN, IMD

WORKSPACE VECTOR CHPLX'FTA FOR
INITIALIZES. SOME

,BNR( 1), IBL(1), INC1),MDC 1), IM( 1), LNGTH

1A8=3% 1IN 16)+¢'«4~IH( 17)+INC11)+1

ITIC 1) b2}
IT2)=9
IT3)=NR

VECTOR ID IDENTIFIES
WORXSPACE VECTOR CMPLXWA.

AX,TROW, V,NON, RESPECTIVELY,

HI8UB=DEC( 1)

DD 29 1I=1,N3UB

LEGTH(I)=0

CCHTINUL

DO 49 ISUB=1,NSUB

CaLl, INTRN (DEC, IBL,BNR, INTN,
Bo 89 I=1,NX

TEE LCCATIONS OF DATA SUBVECTOES IN THE
ENTRI
POINTS OUT THZ LOCATIONS OF TEE FIRST

ES FROM HMD(3%K-4) TO IMD(5%#K)
ELEMENTS OF VECTORS CE,

ASSOCIATED. WITH THE KTH SUBSYSTEM

NR, ISUB)

IF (INTHNC IRK( 1)) .HE.Q.AND. INTN( ICXC(I)) .NE.9) LNGTH( ISUB) =LNGTH( ISU

18> +1
COHTINUR
CONTINUR
L=H3UB+NSUB
IITIT=1AS+L

IND=1

F3 P B 1 e ) b et R P b et e ] bl b b b e el b b 4 L o e b e b e b b b b e b b b e b b b b 1 b
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DO Y0 X=1,N8UB

Ki1=5%

MD(X1-43=INIT

IMB{X1-3)=INIT+2

H=DEC( 1+2%K)

CIPLIWAC INIT) =CMPLE(FLOAT( 2%N) , FLOAT(2%DEC{ 2+2%K) ).)
R=FLOAT(LNGTH(X))

CIPLEWACINIT+1)=CMPLX(R,R)

I IS5 THE NUMBER OF BUSES OF SUBSYSTEM. NUMBER OF EQUATIONS IS 2%N

ID(X1-2) =D(K1-3) +LNGTI(K)
MD(X1-1) =!D(K1-2)+LNGTH(X)
LL=D(XKi-1)+H+N

(K1) =LL

INIT=LL+N~1

PO 66 Ki=LL, INIT

I1=BNR( IBL(IND))

IND=IND+1

I2=11+11

CYPLYEWA(CKK =CIMPLX(FLOAT( 12-1) , FLOAT( I2))
CONTINUE

IIT=10T1IT+1

COHTINUE

Li=21+1

ID(LL) =INIT
IM(25)=1INIT-1AS

DIRECTORY I8 NOW INITIALIZED

IHIGH=IN(2)+1
IDIR=1AS-1
IA=IDIR+INC 19
DO 2% X=1,NSUB
CIYPLIHAC IDIR+X) =CMPLI( FLOAT( IHIGE-K) , 1.)
K1=3%K
IS=ID(K1-4)
LG=ID(X1+1)~1I8
13=18-1DIR
IPLIEWAC 1A+ =CHMPLM(FLOAT(LG) , FLOAT( IS8))
CONTINUE
RETURN
END

ket b b dmd b e b e bk e 0 bnd b ed b i b e b o b R bl o bl b b b b e b e bt b b bl
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SUBROUTINE RESLD (V,YT,JRYT, ICYT,BTYP,BNR,BCV,DS, AI, N, OTPT, IWRITE)

THIS SUBROUTINE CALCULATES VECTOR DS OF PERTURBED LOAD FLOW
EQUATIONS (SEE EQUATION. (17) OF 3S0S-8¢-2) AND BUS CURRENTV
VECTOR Al

INTEGER JRYT( 1), ICYT(1) ,BTYP(1),BHNR( 1) ,0TPT
COMPLEX V(1) ,¥YT(1),BCV(1),DS(1),AIC1),CCURR, S

N1=N+N
DO 20 I1=1,N

Ji=1+1

J=Ji-1 ,
AI(1)=CCURR(V, YT, JRYT, ICYT, D

S=V( 1) #CONJG(AIC 1))

IF (BTYP(BNR(I1)).EQ.1> GO TO 10

S=BCV(I1)-3

DS(J) =CONJIG(S)

DE(J1) =8

GO TO 29

$=CHPLI(REAL(S) , CABS( V(1))

S=BCV( 1) -3

D3(J) =8

DS(J1) =CONJG(S)

CONTINUE

IF (IWRITE.LT.3) RETURN

WRITE (OTPT,29)

WRITE (OTPT,49) (BNR(I),DS(2%I-1),I=1,1

WRITE (OTPT,59)

WRITE (OTPT,49) (BNR(ID),AICD),I=1,ID

RETURN

FORIIAT (~/~" RIGHT HAND SIDE VECTOR DS OF PERTURBED FLOW EQUATIONS®
1)

FORIIAT ((3(3%, 18, ":",2(1X,E11.5))))

FCRIAT (///" VECTOR Al OF BUS CURRENTS"/)

END .

~t

e N e N e e e e el el N e e e e e e R e e e e e e |

od jod ekt ek ek ek ek ek ek
CONOMALON~OOOMNRNUND N -

I

[N VR
O~

24

i

DN
[OY

NN
(LR



18

|

anan

SUBROUTINE FRPR (¥T,JRYT, ICYT, BCV,V, BNR, BTYP, IBV, WS, LWS, NB, NTL, NBV
i, INPT,OTPT, IFLAG, IWRITE)

SUSROUTINE FORMPR RENUMBERS BUSES CF THE POVWER SYISTEM AND
FORITULATES TEE LOAD: FLOW PROBLEM. ON RETURN,THE LOAD
PROBLEM 18 GIVEN BY VECTORS YT,JRYT, ICYT,BCV,V INDEXED
AS DEFINED BY VECTOR BINR

INTEGER BNR( 1), IBV(1) ,JRYT(1), ICYT(1),BTYP(1),0TPT
REAL BCV(1),WS(1)
COMPLEX YT(1),V(1)

ananan

IFLAG=0

JBINP=1

JECUT=JBINP+NTL

JINPG=JBOUT+NTL

JIiPB=JINPG+NTL

JLE=JINPB+NTL

JLE=JLG+NTL

JOUTG=JLB+NTL

JCUTB=JOUTG+NTL

JTAP=JOUTB+NTL

JHR=JTAP+NTL

JVIH=JNR+HB

JVA=JVIHNB

JGP=JVA+IB

JLP=JGP+HB

JLR=JLP+NB

J8TL=JLQ+NB

JI¥H=JSTL+NB

iF (JIZI.GE.LW8) GO TO 50

CALL RDAT (WS(JBINP),WS(JBOUTD) ,WS(JINPG) ,WS(JINPB) ,WS{(JLG) , WS(JLB)
1, ¥3(JOUTG) , W3(JOUTB) , WS(JTAP) , W3(JNR) ,BTYP, WS(JIJVID , WE(JIVA) , WS(JIGP)
2,WsS(JLP) , WS(JLQ) , WB(JSTL) , JRYT, I3, NTL, NLB, IEPT, IWRITE)

BUSLES ARE RENUMBERED TO GIVE THE HIGHEST NUMBERS TO PARTITION

BUSLES

aaaa

O i I=1,NB

BIIR(I)=1

JRYTC D) =JRYT( I+ 1)=JRYT( 1)
i® CCNITINUE

X=1B~-1

DO 29 I=1,NBV

L=IBV(IS

BIR(L) =K

BRI =L

JR=JRYT(X)

JARYT(K) =JRYT(L)

JRYT(L)=JR

29 CONTINUE
L=1
DO 86 I=1,NB
M=JRYT(I)
JRYT(I)=L
L=I1+L

2/ CONTINUE

JRYT(I) 15 AN INDEX OF THE FIRST ELEMENT OF THE ITH ROW OF THE
I'ODAL ADMITTANCE MATRIX (I IS A BUS INDEX DEFINED BY VECTOR BENR,
i=1,2, , NB)

anaane

OO CON =
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CALL FORMYT (WS(JBINP),WS(JBOUT),BKR, IBV, WS(JINPG) , WS(JINPB), WS(JL
16) ,WS(JLB)Y , W8(JOUTG) , WS(JOUTB) , WS(JTAP) , WS(JBTL) , JRYT, ICYT, YT,IB, N
2TL, ¥NYT, OTPT, IWRITZ) -

CALL FORMU (BTYP,BNR, WS(JVID , WS(JVA) ,¥S(JGP) ,WS(JLP) , WS(JLQ ,BCV,N
1B, 0TPT, IWRITE)

K1=JVi-1 .

X2=JVa-1

Lo 46 I=1,NB

R1=WS(X1+D)

R2=WS(X2+1D)

V(BNR( 1)) =CHMPLE(R1*COS(R2) ,R1*SIN(R2))

CONTINULR

RETURN

FLAG=~-1

RETURN

EITD

B e
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SUBRCOUTINE FORMU (BTYP,BNR,BVIMOD, BVARG, BGP,BLP, BLQ, BCV,NB, OTPT, I¥R
1ITE)
C
C SUBROUTINE FORIMU FORMS THE RIGHT HAND SIDE VECTOR:BCV OF THE
C POWER FLOW EQUATIONS
C
INTZGER BTYP(1),BNR(1),0TPT
REAL BVMOD( 1) ,BVARG(1),BGP(1),BLP(1),BLR(1),BCV(D)
C
Do 49 i1=1,NB
J=2%BHR(I)-1
IF (BTYP(I)-1) 19,20,30
SETTING UP ELEMENTS. OF BCV CORRESPONDING TO LOAD BUS
o BCV(I=BGP(I)-BLP(D)
J=Jd+1
BCV(J)=-BLQ(I)
GO TO 49
C
C SETTING UP ELEMENTS: OF BCV CORRESPONDING TQO GENERATCR BUS
C
29 BCV(J>=BGP(I1)-BLP( 1)
J=J+1
BCV(J)=BVHOD( D)
GO TO 49
C
C SETTING UP ELEMENTS. OF BCV CORRESPCNDING TO SLACK BUS
C
39 BCV(J>=BVMODB( I)
J=J+1
BCV{J)=BVARG( D)
49 CONTINUR
IF (IWRITE.LT.3) GO TO 390
WRITE (OTPT,69)
VRITE (OTPT,79) (BNR(I),BCV(2%kI-1),BCV(2%I),I=1,1B)
50 EETURN
69D FORMAT (/7" RHS VECTCR BCV OF POWER FLOW EQUATIONS"/)
70 FORTIAT (8(3X, 13, ":",2(1X,E13.7)))

END

OO NG U N -
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SUBROUTINE FORMYT (LBINP,LBOUT,EKR, IBV,LINFG,LINPB,LG,LB,LOUTG,LOU
1TB,LTAP, B3TL, JRYT, ICYT, YT, NB, NTL, NYT, OTPT, IWVRITE)

SUBROUTINE FORMYT FORMS TEE NOPAL ADMITTANCE IMATRIX OF POWER
SYSTEM AND STORES IT IN A SPARSE FORM BY VECTORS YT,JRYT, ICYT,
Us1iG BUS INDICES DEFINED BY VECTOR BNR-

INTEGER LBINP(1),LBOUT( 1) ,JRYT(1), ICYT(1),BNR(1), IBV(1),0TPT

REAL LINPG(1),LINPB(1),LG(1),L3(1),LOUTG(1),LO0UTB(1),LTAP(1),BSTL(
117

COMPLEX YT(1),Y

NYT=NB+2%NTL '
ON ENTRY JRYT MUST BE INDEXED: AS DEFINED BY VECTOR BNR

DO 10 iI=1,NB

J=JRYTCI)

YT(J)=CIPLX(®.,BSTL(BNR(I)))
ICYT(NYT+I)=J

CONTINUE

DO 29 I=1,NTL

IB1=BNR(LBINP(I))

IB2=BNR(LBOUT( 13>

Y=CITPLX(LG(I) ,LB( 1))

Li=JRYT(IBL)

L2=JRYT( IB2)

YT(LD =YT(LD +CMPLIE(LINPG( ) ,LIRPB( D)) +Y/(LTAP( I) *%2)
YT(L2)=YT(L2) +CMPLX(LOUTG( 1) ,LOUTB( 1)) +Y
ICYT(L1)=1B1

ICYT(L2)=1IB2

K1=NYT+1IB1

XK2=HYT+1IB2

ICYT(XD) = ICYT(K1D)+1.
ICYT(EK2)=ICYT(K2)+1.

Li=I1CYT(KD)

L2=1CYT(K2)

Y=-Y/LTAPCI)

YT(L1)=Y

YT(L2>=Y

ICYT(L1)=1B2

ICYT(L2)=1IB1

CONTINUE

IF (IWRITE.LT.3) GO TO 40

WRITE (OTPT,S59)

DO 86 I=1,NB

Xi=JRYT( 1)

X2=JRYT(I+1)-1

WRITE (OTPT,60) BNRCICYT(K1)):.

¥WRITE (OTPT,70) (BHRCICYT(J)) ,YT(J),J=K1,X2)
CONTINUE

RETURN

FORIAT (/7" BUS ADHMITTANCE MATRIX YT"/)
FCRIIAT (/" BUS NO. ", I3)

FORIIAT (3(38X, I3, ":",2(1X,E18.7)))

END
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SUBROUTINE RDAT (LBINP,LBOUT,LINPG,LINPB,LG,LB,LOUTG,LOUTB, LTAP, BN
1R, BTYP, BVMOD, BVARG, BGP, BLP, BLQ, BSTL, JRYT, NB, NTL, NLB, INPT, IWRITE)

SUBROUTINE RDAT READS INPUT DATA DESCRIBING POWER SYSTEM

INTEGER LBINP(1),LBOUT(1),BNR(1),BTY2(1) ,JRYT( 1)

REAL LINPG(1),LINPB(1),LG(1),LBC(1),LOUTG(1),LOUTB(1),LTAP(1),BVHOD
1¢1>,BVARG(1),BGP(1),BLP(1),BLQ&(1),BSTL(1) ,EDLNC12)

COIMPLEX Z

READ (INPT,119) (EDLN(I),I=1,12)
READ (INPT, 139) X%,NB,X,X,NTL

DO 16 I=1i,NB

JRYT(ID) =1

CONTINUE

IF (IWRITE.LT.1) GO-TO 20

WRITE (6,119) (HDLN(I),I=1,12)
WRITE (6,156) NB,NTL

BEAD (INPT, 116€) (HEDLN(I),I=1,12)
IF (IWRITE.LT.2) GO:TO S0

WRITE (6,110) (HDLI(I),I=1,12)
READ C(INPT, 120) (HDLN(I),I=1,12)
DO 4@ I=1,NTL

READ ( INPT, 149) LBINP(I),LBOUT(I),LINPG(I),LINPB(I),LG(I),LB(I),LO
1UTG( 1) ,LOUTB( 1) , LTAP( DD

DEGRELS OF BOTH BUSES INCIDENT TO THE LINE ARE INCREASED
BY ONE

J=LBINPC(D)
JRYT(JI)=JRYT(J)+1
J=L30UT( D)
JRYT(I)=JRYT(J)+1
CONTINUE
17 (IWRITE.LT.2) GO'TO 69
WRITE (6, 129) (EDLI(ID), I=1,12)
DO £ I=1,NTL
WRITE (6, 149) LBINP(I),LBOUT(I),LINPG(I),LINPE(I),LG(I),LB(D),LOUT
1G( 1) ,LOUTBC 1) ,LTAP(D
CONTINUE
DG 78 I=1,NTL
CZ=1.,/CHPLR(LGCIY ,LBCI))
LG{ 1) =REAL(Z) ’
L3I =AITIAG(Z)
CONTINUE
BZAD (INPT, 119) (ZEDLN(I),I=1,12)
IF (IWRITE.GT. 1) WRITE (6,118) (IEDLNC(I),I=1,12)
RTAD (INPT, 129) (HDLN(I), I=1,12)
NL3=0
H=JRYT(1)
JRYT(1)=1
JRYT(NB+1)=0
O 89 I=1,NB
READ ( INPT, 149) L,BTYP(L),BVIMOD(L),BVARG(L),BGP(L),BLP(L),BLQ(L),B
1STL(L)
BNR(L)=1
IF (BTYP(L).E2.6) NLB=NLB+1
J=I+1
I1Y=JRYT(J)
JRYT(JI)=JRYT(I)+1IX
1%Z=1Y
CONTINULE

ok p ek ek ped ek ek (o ek
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IF (IWRITE.LT.2) GO*TO 160

WRITE (6,120) (HDLN(I),I=1,12)

DO 90 1=1,NB ‘

WRITE (6, 140) BNR(I),BTYP(I),BVMODC(I),BVARG(I),BGP(I),BLP(I);BLE(I

1y ,BSTL( DD
%9 CONTINUE
109  RETURN
119 TFOIIAT (//12A10/)
120  FORMAT (12410)

12 FORMAT (1X, A5, 13,245, 14)
149 FORIIAT (2(1X, 15),2X,%(2X,E13.7))
159 FORMAT (" NB =",13.3,", ", "NTL =",14.3)

END



