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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

MODELING PROGRAMS

This data set catalog consists of one 9-track, 1600 BPI, ASCII magnetic
tape created on the MODCOMP IV computer. It contains & files of various

modeling programs as listed below.

ot ct
D-34471 C-20664
FILE PROGRAM NAME NSDF ID
1 QUIET SUN MAG. FIELD COMP. PS-10A
PROGRAM
2 JACKSON'S BOTTOMSIDE PROGRAM PI-11A
3 JACKSON'S TOPSIDE PROGRAM PI-21A

(SHORT VERSION)

4 JACKSON'S TOPSIDE PROGRAM PI-21B
(LONG VERSION)

e

I

o

M-FACT PI-31A
6 ORB PX-21A

7 ora1z
E=um

8 CARPET PLOT (CRP) PACKAGE PX-30B



http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=XXSE-00001
http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=XXSE-00002
http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=XXSD-00001

DOCUMENTATION

FILE PROGRAM NAME DOCUMENT
1 QUIET SUN MAG. FIELD
COMP PROGRAM
2 JACKSON'S BOTTOMSIDE PROGRAM X-625-71-186
3 JACKSON'S TOPSIDE PROGRAM "
(SHORT VERSION)
4 JCAKSON'S TOPSIDE PROGRAM
(LONG VERSION)
5 M-FACT NSSDC 70-13
B06843-000A
6 ORB LOCATED ON SHELF
IN ROOM 121B
7 ORBIT "
8 CARPET PLOT PACKAGE o
9 BOW SHOCK & MAGNETOPAUSE X-692-70-452

CROSSING




REQUEST AGENT RASH NO. ACQ. AGENT
WL RB 3155 CcDW
PR

QUIET SUN MAG. FIELD COMP.

PROGRAM

PM-10A

This data set catalog consists of one tape containing the Quiet Sun
Magnetic Field Computations Program. The tape is 556 BPI, BCD, 7-track,

1 file. It was created on the 360/30 using the 7094 utility card to tape

program.
This catalog contains a listing of the program.

o ct

D-11293 C-08462



P e T ‘ NSOF FREE TZXT ENTRY SHEET (Working Copy)

NSDF ID _PM-10A Originator ____ Pate ___

Short Name Quiet Sun Mag. Filed Computations

File Coordinator .

Dats

Agent Assigned _ CDW__ Date 11/8/72

3___] 3rief Descxiption E,‘ Now DAddiHon i D Roplacement
S - '

{1l Name D.\'ew DAddition ; D Replacement
Dna:a Set Documeritation D.\'ew DAddition . DReplacemen:

This data set is & computer program, written in fortran, that can

be used to generate or draw coronal field lines based upon the current
sheet model of the solar t;orona. Solar magnetogram data of the
longitudinal photospheric magnetic field is used as input. The program
yields the vector n.ugnetic field anywhere from 1 to 20 or 30 solar radii

.’ from the center of the sun,

ol e s e e e
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DEFINE FILE 25(110:1944,U,1IV)

DEFINE FILE 25(110,1944,U,1V)

REA. LONG

INTEGER RSsRMAX

DIMENSION BRS({(24,27).:BTS(24:27) «BPS(24,27)

DIMENSION R(30)eG(10:10:2)sH(10:10 +2) sB(26 427) +85(248:27,3)
DIMENSION BUFF (4001)

CIMMON NMNsLONGIX.IY,ARG(24) ,ANG(24) ;COSARG(24 )+ GsH
COMMION /GHHG/ GH{100100)

EQUIVALENCE (BS(1:1:1)¢BRS(14+1)) ¢ (BS(1:1:2)87S(1,1))
EQUIVALENCE (BS(1s153)BPS(1,1))

DATA RAD/S5729S7795131/y DPH/13+33333/ sTST/'TEST/

INITIALIZE CONSTANTS

DO 3 K=1,2
DO 2 I=1,10
D) 1 J=1,10
G( Isd el )=0.0
H{ TeJ s K)=0.0
CINT INUE
CONT INVE
WRITE(6,151)

READ(S9e154) NsRMAXsRSeTIXsIYsLONGsLAT] sLAT2 sLATDsL N1 sLN2sLND,TEST

1 4SCC

READ(S+155) (R{I)sI=1,RMAX)
Ny =N+1

MAX=NN*NN

G(1,3,1)=R(1)

G{ 1, 39 2)=R(RS)

IF(IX sLE-O0) GO TO &

INITIALIZE PLOTS AND DRAW GRID

CALL PLOTS(BUFF,16000)
CALL PLOT(15.3=302s-3)
CAL. FACTOR(SCL)

CAL. GRID{R(1)sR(RS).RAD)

GENERATE S0URCE FIELD

DD 10 I=1424
CISARG(I)=(12.5-71712,0
ARG(I)=ARCOS(COSAR:{I1})
ANG( I)=ARG( I )%RAD
CIONTINUE
IF(TESTEGTST) GO TO 5
READ( 5,156) B

GO TO 9

D} 8 I=1,24
B(I,1)=5,0%CDSARGII)*#SIN(ARG(I))/(2.0%(R{1)%%3))
D) 7 J=2,27

Bl IsJ)=B(1:J-1)
CONTINUE

COMPUTE FOURIER-LEGENDRE COEFFICIENTS ON SUN SURFACE
CAL_ GANDHI(G:H.B)
CIMPUTE FIELD AT BOUNDRY R=R(RS) SOLAR RADII

D3 22 J=1,27

00000100
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000165
00000170
00000180
00000220
00000223
00000226
00000229
00000242
00000243
00000244
00000246
00000247
00000248
00000249
00000290

00000300
00000310
00000320
00000330
00000340
00000345
00000350
00000360
00000370
60000380
00000399
000C0400
00000410
00090420
00000470

00000480
00000499
00000500
aoapnEon
00000540
00000550
00000560
00000565
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38

40

000

60
70

150

151
152
1653
154
155
156

RHI=AMOD( JEXDPH » 360, )
DD 20 I=1,24

CALL FIELD(GsHsR(RS) sARG(I) yPHI sBR BT 4 BP)
IF(BRLT00) GO TO 12
BRS( 1,J)=BR

BTS(1,J)=BT

BPS(I+J)=BP

GO T2 14

BRS( I, J)==BR

BTS(1.J)=-8BT

BPS(I,sJ)=-8BP

CONT INUE

CONT INUE

CONT INUE

COMPUTE FDURIER-LEGENDRE COEFFICIENTS OUTSIDE BOUNDRY

CALL FITGH(BS+G{1+1+2)sH{15142) sGH sMAX)
WRITE(&s 150) B+GaH

CIMPUTE FIELD AT EACH RsTH,PH REQUESTED

KK =1

DO 40 K=1sRMAX

GORTall27

KK =2

CONTINUE

WRITE(6,153)

D) 35 J=LN1,LN2,LND

PHI=( J*DPH )

DO 30 I=LAT1,LAT2,LATD

CALL FIELD{(G(1,1;KK)sHI1s1+KK) sRIK) ARG(I) sPHI sBR:BT,BP)
WRITE(6s152) R(K)sANG(I) +PHI 3BR +8T oBP
CONT INUE

CONT INUE

IF{<K sEQe1sANDKsEQsRS) GO TO 25

CONT INUE

IF(IXeLE«C) RETURN

PLOT FIELD LINES

DO 70 J=LN1,LNZ2,LND

D3 60 I=LAT1LAT2,LATD
THE=ARG( I)

PHI = (J%DPH)/RAD

CALL BL INE(THE sPHI)

CONT INUE

CIOINTINUE

CALL PLOT(10es=5e9s-3)

CAL. PLOT(=0ss-0ss999)
FIRMAT(*1 BLOSI(24:27)"/:27(2(12F7.2/))/
1 *1G(NsM) ®°9/9s20(1Xs10E12.4/)//
2 "1H(NsM) *5/,Z0(1X,10E12.4/))
FORMAT(1H1)
FORMAT(1X»s3F 70 203E1244)

FIRMAT( "1 R LAT LONG BR 8T
FORMAT(SI3+sFSsl9E13,A6,F5a1)
FORVAT(15FSel1s/915F541)
FORMAT(12F663)

END

SUBROUTINE BLINE(THETA sPHI)
AMAG(A3BsC)I=SART(A*A+BXB+C*C)
LOGICAL POSTIV

BpP* )

00000570
00000580
00000590
00000595
00000600
00000610
00000620
00000622
00000624
00000626
00000628
00000630
00000690
00000695
00000700
00000710
00000720
00000730
00000750

00000760
00000790
00000800
00000810
00000820

00000830
00000840
00000850
00000860

00000890
00000900

00000903
00000906
06000909
00000910
00000912
00000913

90000920
00000930
00000932
0C000934
000009 38
00000940
00000950
000009650
00000970
00000980
00000990

00001005
00001010
00000100
00000110
00000120
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COMMON NNsLONGosTXsIV9ARG(24)D(48) oG(10+102)sH(10,10+2)
DIMENSION XYZ(3).B3(3).,DX(3)
EQUIVALENCE (RS¢G(1e3+2))
EQUIVALENCE (B2¢83(3))s (BYyB3(2)), (BX,B83(1))
DATA P1/6.,2831€E530/s BMIN/1:,0E-3/, RAD/S7.2957795131/
K=1
RL=RS=-0.15
RM=RS+0.15
L.O0P =0
R=1s0
PHD=>HI%RAD
CALL FIELD(G+sH:R:THETA,PHD :BR1 ,BT1 .BP1 }
IF(ABS(BR1)eLTeBMIN) RE TURN
XYZ{1)=SIN(THETA)*COS(PHI)
XYZ(2)=SIN(THE TA)*SIN(PHI)
XYZ(3)=COS(THETA)
CALL PLOT(XYZUIX)eXYZ(1Y) o3)
POSTIV=aTRUE «
IF(BR1eLTe0e0) POSTIV=eFALSE.
GORTAUIS
K=1
IF(R.GE .RS) K=:Z
PHD=PHI%*RAD
CAL. FIELD(G(14+1sK)sH(151sK)sReTHETAPHDBR1,BT1 ,BP1)
BC=R/( AMAG{BR1:+BT1,BP1)%20.0)
IF(PISTIV) GO TDO 8
IF(K.EQ.2) GO TO &8
BC=-BC
Dx(1)=BR1%BC
DX(2)=8BT1%*BC/R
DX( 3)=BP1*BC*RAD/Z{R*SIN( THETA})
L=1
IF((R+DX(1)) eGERS) L=2
PHD=PHI*RAD
CAL. FIELD(G(1s1sL)sH(1s14sL)sR#¥DX(1) THETA+DX(2) sPHD#DX(3) >
1 BRZ:BT2¢BP2)
IF(2JSTIV.OCR.K.EQe.L) GO TO S

BR 2=-BR 2
BY 2=-8T2
BPR 2=-8P 2

BR=( BR1+BR2)/2 0

BT=(BT1+BT2)/2.0

BP=(BP1+BP2)/2.0

BC=R/( AMAG(BR+BT ¢BP)*20.0)
IF(POSTIVsORsK:EQs2) GO TO 11

BC=~-BC

BRC=BR*BC

DX(1)=BRC+R

IF(DX(1)sLEsSeC) GD TO 12
SCALE=(5+0-R)/7ABS(BRC)

GO Yal3

IF{DX(1)«GEelsC) GO TO 14
SCALE=(R—-1+0)/ABS(BRC)

BR=BR*SCALE

BT=BT*SCALE

BP =B * SCALFE

CAL. ROTATE(BR BT +BPsRsTHETAPHI +BX+BY sBZ)
IF(R «GT «RL sANDRsLTsRM) BC=BC/4.0
DX(1)=BX*BC

BX(2)=BY*BC

DX(3)=BZ*BC

IF((BR L Te0s0) sORe((NDToPOSTIV)esANDeKesEQs2)) GO TO 18
GO T2 20

CALL PLOTU(XYZCIX)4DX(IX) /2+XYZLLIY)+DX(IY)/2:3)

00000130
00000140

00000150
00000160
00000162

00000163
00000164
00000165
00000166
00000168
00000180
00000190
0000C200
00000210
00000220
00000230
00000240
00000250
00000255
00000258
00000260
00000270
00000273
00000276
00000279
00000280

00000303
00000305
00000308
00000310
00000320
00000322
00000324
00000326
00000328
00000330
00000340
00000350
00000360
00000362
00000363
00000364
00000370
00000380
00000390
00000393
00000396
00000399
00000400
00000410
00000420
00000430
00000435
00000440
00000450
00000460
00000470
00000475
00000520
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XYZ(1)=XYZ(1)+DX{1)
XYZ(2)=XYZ(2)+DX(2)
XYZ(3)=XYZ2(3)+DX( 3)
R=AMAG(XYZ(1)sXYZ(2)+sXYZ(3))
N1=SQRT(XYZ( I X)X XYZ(IX)+XYZ(I Y)%RXYZ(1Y))
1ICODE=2
[Z=6~IX~1Y
Q=1,
IF(CIY=IX)eEQe=100Re(IY-IX)eEQe2)Q=—1¢
IF(RL1eLFele0ecAND(Q®RXYZ(I1Z))LTe00) ICODE =3
CALL PLOTO(XYZ(IX)sXYZ(IY),ICODE)

LOOP=LO0OP+1

IF(_D00OP.GE «#0) GO TO 40

IFIR<GE «5e0s0ReR«LEs1.0) RETURN
THETA=ARCDS( XYZ(3)/R)
PHI=AMOD{(ATAN2(XYZI(2) s XYZ(1))+PI,PI)
G) TI 4

WRITE( €65 170) LOOP

FIRMAT( * %%k ABNORMAL CONDITION *kk®,

Ze® ¥%k% TERMINATE LINE DUE TO SEGMENT COUNT OF® sI3,°

RETURN

END

SUBRIUTINE FIELD(GsHsRsTHETAsPHI s8R+BT ,,8P)
DIMENSION G(10+10),H(10,10)

COMMON NN

DATA RAD/57.2S57795131/

COMPUTE MAGNETIC FIELD FROM GIVEN POSITICN AND

FIURIER-LEGENDRE COEFFICIENTS

BR =00

BT =00

BP =040

RSR=G( 1, 3)/R

DO SO N1=1,NN

N=N1=1

RR=RSR*x%x(N+2)

DD 40 M1=1,N1

M=M1-1

AR G=AMOD(M*PHI 4360.0) /RAD

SINMP=SIN(ARG)

COSMP =COS(ARG)

CORE1=RR*{ G{N1yM1)XCOSMP+H (N1 sM1)%SINMP)
X=CI)S(THETA)

PNM=P (N1sM1yX)

BR=BR+N1*CORE1%XPNM

BT=BT=CORE 1%DP (N1 +M1 s X)

BP =BP +M*RR ¥ { GIN1 s M1 )% SINMP-H (N1 ¢ M1 ) *COSMP) *FNM
CINT INUE

CONT INUE

BP=BRP /SIN(THETA)

RETURN

END

SUBRIUTINE GANDH(G.HsD)

REAL LONG

COMMON NNsLINGsIXsIYsARG(24),ANG(24) COSARG(24)
DIMENSION D(24+27)+sG(10,10),H{(10,10) oCSC(24)
DATA R/5729577S55/¢ DPH/13.333333/

CIMPUTE FOUR IER~-LEGENDRE COEFFICIENTS FRCM
RADIAL COMPONENT, BRs ONLY

DEL=0.0
RS=G( 1, 3)

k%0 )

00000530
00000540
00000550
00000552
00000554
00000555

00000560
00000576
00000578
00000580
00000620
00000630
00000640
00000642
00000644
00000646
00000648
00000650
00000100
00000110
00000115
00000120
00000122
00000124
00000126
00000128
00000130
00000140
00000150
00000155
00000160
000001790
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
000002790
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000100
000001102
00000115
00000120
00000130
00000135
00000140
00000145
00000150
00000160
00000162



'. K=1 00000163

IF(2S.GT+1.0) GG TO 40 00000165
DO 10 I=1,24 00000166

@ 10 C5C(I)=1+0/SIN(ARG(I)) 00000167
K=0 00000168

SUM=0 0 00000170

q. DO 30 I=1,24 00000180
DS =00 00000190

DO 20 J=1,27 00000200

(] 20 DS=DS DI 1,J) 00006210
DEL=DEL +DS*CSC (I ) 00000220

30 SUM=SUM+CSC( 1) 00000230

¢ DEL=DEL /( 27+ 0% SUM) 00000240
40  CONT INUE 00000245

D0 80 N1=1,NN 00000250

(] N=N1-1 00000260
DO 70 M1=1,N1 00000270

M=M1=1 00000280

® COREG=040 00000290
COREH=0.0 00000300

D0 60 I=1,24 00000310

® PNM=P (N1sM1sCOSARG(T)) ) ’ 00000315
IF(K «EQs0) PNM=PNMkCSC(I) 00000318

DO 50 J=1,27 00000320

®» S=(D( IeJ )=DEL )XPNM 00000330
AR =AMDDIM¥* (=LONG+J%DPH) s 360.0) /R 00000340
COREG=COREG+S*C0OS(AR) 00000350
COREH=COREH+S*SIN (AR ) 00000360

50 CIONT INUE 00000370

60 CONT INVE z 00000380

® COEF=( 2%N+1)/( (N+1)%64840) 00000390
G(N1sM1)=COREG*CDEF 00000400

. H( N1 +M1)=COREH*COEF 00000410
® 70 CONTINUE 00000420
80 CONT INUE 000004 30
RETURN 00000440

[v) END 00000450
SUBROUTINE FITGH(DeGsHeGHeN) 00000100
DIMENSION D(24:27:3)9G{10,10) sH(10,10) +C1 (648,3) 5C2(64853) 00000110

®» DIMENSION A1(1C0)sA2(100) ¢X(100) +C3(648,3) 00000120
DIMENSION Y(10€) 000001 30

COMMON NN 00000140

®» DIMENSION GH(NsN) 00000150
EQUIVALENCE (C1(1+1),A1(1))s (C1(142)5A2(1))s (C1(1+3)sX(1)) 00000160

DATA PIVMIZ1.0E-6/ 00000170

® c 00000189
C FIND FOURIER-LEGENDRE COEFFICIENTS OQUTSIDE 00000190

© BOUNDRY BY YLEAST MEAN SQUARE FIT® SOLUTION OF 00000200

‘. G OVERDETERMINED LINEAR SYSTEM OF 1244 EQUATIOARS AND 00000210
(o NNENN UNKNOWNS (G®'S + H'S) 00000220

c 00000230

® c (GH)X = ¥ 00000240
c 00000250

C VECTOR X CONTAINS G'S + H®S 00000260

® c 00000263
G NAOTE FOR M=Cs THE H(N1,1) ELEMENTS MUST BHE OMITTED 00000266

(g} 0 GH BFECDMES SINGULAR.GH USED HERE REFERS TO AB IN WRITE-UP, 00000269
1.. Y REFERS TO GH IN WRITE-UP. 00000270
NM=( N +NN )/ 2 00000280

IND=NM 00000285

(] D) 20 N1=1,NN L 00000290
DO 10 M1=1,N1 00000300

c 00000310

. = EACH CALL COMPUTES ONE COLUMN OF ALPHAS AND ONE 00000320
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COLUMN OF BETAS

CALL AANDB{(N1.,M1,IND)
CONT INUE
CONT INUE

COMPUTE INNEFR PRODUCTS OF COLUMNS TO FIND TRANSFORM
MATRIX GH AND VECTOR Y

WORK WITH TWO COLUMNS SIMULTANEOUSLY TO REDUCE THE
NUMBER OF READ OPERATIONS BY (N/2) %%2
NOTE « N MUST BE 0ODD
DD 40 N1=1sN,2
READ( 25°*°N1) C1
GHIN1,N1)=XTY(C1:Cl,1944)
N2=N1+1
READ{ 25*N2) C2
GHIN2s: N2 )=XTY(C2,C2,1944)
GH{N 1sN2)=XTY(C1,C2,1944)
GH{N2,N1)=GH(N1,N2)
IFI{N2.GE«N) GO TO 35
N3=N1+2
DO 30 M1=N3¢N
READ(25*M1) C3
GHIN1:M1)=XTY(C1,C3,1944)
GH{N2:M1)=XTY(C2,C3,1944)
GH(M1:N2)=GH{NZsM1)
GHIM1,N1)=GH(N1,M1)
CONT INUE
FIND( 25*N3)
YI(N1)=XTY(C1sDs1944)
Y{N2)=XTY(C2,D»1544)
CONT INUE

SILVE LINEAR SYSTEM BY LU DECOMPOSITION

IF=-2 GIVES PARTIAL PIVCTING WHICH CAN BE USED
WITHOUT DEGRADING RESULT BECAUSE GH IS POSITIVE-DEFINITE

IF==2
CALL LUDCN(GHsAl13A2:NosPIVMIsIF sANsRHO)
CALL L INSY(GHsX3sYsAl sA2sN)

SAVE G®S + H®*S IMN PROPER LOCATIONS

J=NM

I1=0

DO 60 N1=15NN

D) 50 M1=1,N1

I=1+1

G(N1y4M1)=Xx(I)

IF(M1 «EQe1) GO TO 4S5

J=J+1

HIN1sM1)=X(J)

GO T2 S0

H(N1:M1)=0.0

CONTINUE

CONT INUE

RETURN

END

SUBROUTINE AANDB(N1sM1,IND)
DATA INDEX/0/

COMMON NN LONG»IX9IY9ARG(24)sANG(24) yCOSARG(24 )
CIMMON /GHHG/ GH(100,100)

00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000403
00000406
00000409
00000410
00000420
00000440
00000450
00000451
00000452
00000453
00000454
00000455
00000456
00000457
00000470
00000490
00000500
00000506
00000509
00000510
00000520
00000550
00000560
00000565
00000570
00000600
00000610
00000611
00000612
00000613
00000614
00000620
00000630
00000640
00000710
00000720
00000730
00000735
00000740
0000075¢C
00000760
00000770
00000780
00000784
00000788
00000800
00000804
00000808
00000810
00000820
00000830
00002840
00000100
00000105
00000110
00000120
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DIMENSION HG(E48,7) s SINP(27) :COSP(27)

DIMENSION ALPHA(24,27)s BETA(24,27). GAMMA{24,27)
DIMENSION DELTA(24:27)y ETA(24,27) s ZETA(24 427)
DIMENSION A{(1S44),B(1944) A
EQUIVALENCE (GH({1+1) sHG(14:1) s ALPHA(L 1) sA(1))
EQUIVALENCE (HG(1:4)BETA(Ll31)sB{1))s (HG(1:2) sGAMMA(1+1))
EQUIVALENCE (HG(1,5) sDELTA(L 1))+ (HG(1,:3) ;ETA(L1.1))
EQUIVALENCE (HG(146)9ZETA(101))s (HG(1+7)+SINP(1))
EQUIVALENCE (HG(30,7)+COSP{1))

M=Mi=-1

D0 10 J=1, 27

AX =AMODCM* J%x13,3333),360.0) /57.29577951 31
SIN2(J)=SIN{AX)
COSP(J)=COS(AX)

D) 30 I=1, 24
PNM=P(N1:M1,COSARG(I))
DPNM=DP(N1eM1:COSARG(I))
SINARG=M/SIN(ARG(I)}

DO 20 J=1,27

ALPHA(IsJ)= N1%COSP(J)*PNM
GAMMA( I,:,J)==COSP(J)*DPNM
ETA(I.J) = SINARGXSINP(J)%PNM
IF{M.EQes0) GO TO 20

BETA{ T,J) = N1XSINP(J)*PNM
DELTA( I»sJ)==SINP(J)%XDPNM
ZETA(I+J3) =—SINARGX*COSP{ J)*PNM
CONT INUE

CONT INVUE

INDEX=INDE X+1
WRITE( 25° INDEX) A
IF{M«EQ.0) RETURN
IND=IND+1

WRITE(25*IND) 8

RETURN

END

SUBROUTINE GRID(RSUNsRBjsRAD)
CALL PLOT(0s235454—3)

CALL PLOT(1e+0es3)

DO 2 1I=1,361

ANG=I/RAD

X=RSUN*COS(ANG)
Y=RSUN*SIN(ANG)

CALL PLOT(XsYsZ2)

CALL PLOT(RBs+0ss3)

DD 3 I=1,361

ANG=I1/RAD

X=RB%*COS(ANG)
Y=RB*SIN{ANG)
ICODE=3-MOD(MOD(I53),2)
CALL PLOT(Xs Ys ICODE)

CONT INUE

CALL PLOT( 2295049 3)

CALL PLOT(Ees04es2)

CALL PLOT(0s9Z453)

CALL PLDOT(O0esE5s¢2)

RE TURN

END

SUBROUTINE ROTATE(BRsBTsBPsRs THETA ¢PHI ¢BXsBYeBZ)
SIN?®=SIN(PHI)

COSP=COS(PHI}

SINT=SIN(THETA )

CIST=COS{THETA)

BX= BR*SINT#COSP + BT*COST#COSP = BP%SINP
BY = BR*SINTASINP + BT#COSTA#SINP + BP%COSP

000001 30
00000140
00000150
00000155
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000313
00000316
00000318
00000320
00000340
00000360
00000370
00000380
00000390
00000400
00000420
00000430
00000460
00000510
00000520
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
cQo000220
00000230
00000240
00000250
00000252
00000254
00000256
00000258
00000260
00000270
00000100
00000110
00000120
00000130
00000140
00000203
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BZ= BR*COST = BT*SINT

RETURN

END

FUNCTION DP(N1eM1,X)

N=N1=1

M=M1-1

KX =X%k% 2

IF(XX=1e0) 10s20,20

DP =(N*XKkP(N1osM1sX)={N+M)*P (NsML sX) ) /SAQRT (1 0 —XX)

RETURN

DP =0 s 0

RETURN

END

FUNCTION P{N:MsANG)

REAL*8 XsXXsNORM,FACTOR(19)

DATA FACTOR/1e0D0s 1e0D0s 2oPD0s 6<0DO0 24 ¢0D0 9 120.0D0s
1 720.0D0, 504C.0D0, 4032, 0D+1, 1.6288D+55 3.6288D+6,
2 3e9917D+Te 4e79D%8s 6+227D+DB s BaT7178D+10s 1e30770+12»
3 2.09230+#13y 2.5569D+14, €E.4024D+15/

IF{(MEQ.0) GO TO 150

IF(M«GT<N) GO TO 150

IF{N.GT.10) GO TD 150

NIRM=DSQRT(( 2.0DO% FACTOR(N--M+1)) /FACTOR(N+M-1))

X=DCOS({ANGD)

X=ANG

GO TO(10:20930940:50+60570:80590,100) 5N
PL{0,0)

P=1.0D0

RETURN

IF{M=-2) 22,24,150
P(1,0)

P=X

RETURN
P(1+1)

P=DSQART( 1.0D0-- X¥%2)%NORM

RETURN

IF(M=2) 32,34,36
P(2,0)

P=06SDO%X(30D0%( X%k%2)~1+0D0)

RETURN
P(2s1)

P=3, 0DO%XX%DSQRT( 1.0D0-X*%2)%*NORM

RETURN
Pl{2,2)

P=3,0D0%(10D0-X%%2)%NORM

RETURN

GO TO(42,84,46,48):M
P(3,0)

P=0.5DC*{ S.0D0%X¥kX=-3,0D0) *X

RETURN
P(3.1)

P=1,5D0%DSQRT(1:0D0-X*%2) % (S, 0DO*( Xk%2 ) =1,000) *NORM
RE TURN
P(3,2)

P=15,0D0%X%k(1.CD0-X%%2)%NORM

RETURN
P(3,3)

P=15.0D0%( (1 0DO~X%%2)%%{1.5) ) *NORM
RETURN

GD TO(S51e52sE2:54455)¢M
P(4,0)
P=(35.0DCk(X*%%4)-30,0D0% ( X%%2)+3,000) /8,000
RETURN
Pl4as1)

00000209
00000210
00000220
00000100
00000110
00000120
000001 30
00000140
00000150
00000160
00000170
00000180
00000190
00000100
00000110
00000111
00000112
00000114
00000116
00000120
000001 30
00000140
00000145
00000150
00000155
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000279
00000280
00000290
00000300
00000310
00000320
00000330
0CCcCC 340
00000350
00000360
200000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
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P=2¢50D0%DSAR T (1 0D0=X* X) % (7 0DO¥X%kX~3 .0D0 ) kX &NORM
RETURN
RP(as2)
P=Te 50D0%( 70D 0k Xk X=10D0) % (1, 0D0~X%kX) XNORM
RETURN
P(4s3)
P=105.0D0% Xk ( (1.0D0~X%kX) %%k (1e/5))kNCRM
RETURN
P(4,4)
P=105.0D00%((1.CD0~X%X)%%2)%NORM
RETURN
GO T3(6l.62. 63.64.65!66) oM
P(5:0)
P=(((63.0D0%XkX~700D0) % X%kX+15.0D0)%X) /8,000
RE TURN
P(Ss1)
P=15-0DO¥DSQRTL{1:0D0- X% X)%kNORM
A ¥((2]1.0D0%X%X-14,0D0)%X%X+1.0DO0) /8. 0DO
RETURN
P(5,2)
P=52+5D0%X*(10D0-XkX)%(3.0D0%kX%kX~1,0D0) *NORM
RETURN
P(5,3)
P=525D0%((1.0D00-XkX)%%1:s5)%(9.0D0%X%kX~10D0)%kNORM
RE TURN
P(5:4)
P=945,0D0% Xk ( (1.0D0—=X%kX)*%2) % NORM
RETURN
P(5+5)
P=945,CD0%((1.CDO~X¥kX)%%2,5)%NORM
RETURN
GO TO(T71:72973:74:75:76:77) sM
P(6+0)
P={((231DO0%X%¥X=315:D0)%X%kX+?205:D0)%kX*X~5,0D0) 716 «0DO
RETURN
P(5e1)
P=21.0D0%DSQRTI(1.0D0~-X%*X)%NORM
A %(((33.0D0%X*xX-30.0D0)*%X%kX+5,0D0) %X} /8,0D0
RETURN
P(6,2)
P=105D0%(1eDO0-XkX)%((33:D0%X%kX-18,D0) *X%X+1 ,0D0 ) *NOCRM/8 0 DO
RETURN
P(5s3)
P=157e5SD0% Xk ( (1.0D0- X%k X)%%15)% (11 .0D0%X%X~340D0 ) *NORM
RE TURN
P(5:4)
P=945.D0%({(1.0D0-XkX)*%%2)%(11+0D0% X*¥X~1s0D0) *NORM/2 +0D0
RETURN
P(6s5)
P=10395.0D0% X%k ((1.0D0-X%X)*%%2,5)*%NCRM
RETURN
P(646)
P=10395.0D0%(( 1.0D0~-X%X)%%3)%NORM
RETURN
G) TD(B1s82:839E49859864587:88) M
P{7+0)
P=((((429.D0*%X*kX~693eD0) ¥ X% X+315D0) ¥X%X=35,D0)%X)/16.0D0
RETURN
P(7+1)
P=(((429.0D0%X%*X-495,0D0) % X% X+135:D0) ¥X%kX=-5.0D0) *NORM
A ¥DSAORT(1.0D00-%X%X)%7,0D0/16.0D0
RETURN
P(7,2)

00000550
00000560
00000570
00000580
00000590
000600600
00000610
00000620
000006320
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000520
00000830
00000840
00000850
000008BED
00000870
00000880
00000890
00060900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000990
00001000
00001010
00001920
00001030
00001040
00001050
00C01060
60001070
00001080
00001030
00001100
00001110
00001120
80001130
00001140
00001150
00001160
00001170

P=({1:0D0=X%X)*(((142:D0% X%X=110sD0)% X%kX+15 D0 ) %X ) %6 3 .D0 *NORM/8.0D000001 180
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RETURN
Pl(7¢3)
P=((429.D0OKX%kX—1S8+:DO ) Xk X+9e 0D0) % ((1.0D0~-X%kX) %%l 5) ¥105:D0/8.0D0
P=PXNDRM
RE TURN
Pl(7+4)
P=3465D0X Xk (1o0DO~XEX)*%k2)% (] 3,.0D0%X%X~3.,0D0 ) *NORM/2,0D0
RETURN
P75
P=10395D0%( (1eDO=XkX)%%k2:5)%k(13.0D0%X%X~1 o0D0 )% NORM/2 0 D0
RETURN
P(T«6)
P=135135.0D0%X%( (1.0D0-X%X)%%3) *NORM
RETURN
P(7:7)
P=135135.000%( (1.0D0=X%X)*%3,5) *NORM
RETURN
GO TO(91992093958995996sS7:98:99) oM
P({8,0)
P=((((E435.D0%XkX-12012DC)I% X%k K+69300D0) kX %kX=1260 D0 ) kX %X ¢35 D0 )
A /128.0D0
RETURN
P(8,1)
P=({(715.0D0%X*%X-1001.D0) %¥X%kX$+385.0D0) ¥X%X~=35,.0D0 ) *X%NORM
A ¥9,0D0%*DSQART(1:0D0-X%*X) 716.0D0
RETURN
P(8,2)
P=(((143.0D0%X*X-143,0D0)%X%kX+33,0D0) *X%X—-1.0D0) *NCEM
A ¥315.D0%(1.0DC-X%X)/16.0D0
RETURN
P(8,3)
P=(((429:D0% X* X~286sD0) % X%k X+33,D0) *¥X) #315, DO *( (1 s DD =X %X) ¥%1,.5)
A ¥NIRM/8.0DO0
RE TURN
P(8:4%)
P=({65.D0% Xk X=26oD0)*X%kX4+1,0D0) *10395,D0%( (1.,0D0—X%kX)*%%2)/8.0D0
P=P*NORM
RETURN
P(8,5)
P=135135:D0% X% {((10DO0=-X%¥X)%%2:5) %¥(5, 0D0O%kX%kX~1.0D0 ) %NORM/ 2.0D0
RETURN
P(8,6)
P=135135eD0%(( 1.0D0-X%.X)%%3) %(15,0D0%X*X~1 «0D0 )k NORM/ 2«0 DO
RETURN
P(8.7)
P=2027025.00% X*%((1.,0D0-X%*X)%¥%3,5) ¥ NORM
RETURN
P(8,8)
P=2027025%.D0%( (1.0D0~-X%kX}*%4) #NORM
RETURN
G) TO(101,102+103:,104510551065107,108,1095110) «M
P(9:0)
P=(({(48620sD0%X%kX~102960sD0) %¥X%kX+720724D0) +X%kX—-18480 D0 )
A ¥XkX+1260.D0)%X/512.0D0
RETURN
P(9,1)
P={(([ 2431 .0D0%X%X~4004,0D0)% %X%kX+2002,0D0) ¥X%¥X-=308.00D0)
A kX¥X+70D0)*45,D0O¥DSQRT{1.0D0~ X%k X)*NCRM/128,0D0
RETURN
P(9,2)
P={( (221 e ODORX%¥X=273s0D0) X% X#91 s0D0) R X%k X~T70D0) #X %*NORM
A ¥495.D0%(1.,0DC0-%%X)} /16,000
RETURN
P(9:3)

00001190
00001200
00001210
00001215
00001220
00001230
00001240
00001250
00001260
00001270
00001280
00001290
00001300
00001310
00001320
00001330
00001340
00001350
00001360
00001370
00001380
00001390
00001400
00001410
00001415
00001420
00001430
00001440
00001450
00001460
00001470
00001480
00001490
00001500
00001510
00001520
00001525
00001540
00001550
00001560
00001570
00001580
00001590
00001600
00001610
00001620
60001630
00001640
80001650
000016690
00001670
00001680
00001690
00001700
00001710
00001720
00001730
00001740
00001750
00001760
00001770
00001780
00001790
00001800
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P=(((22]10D0%X%X=195,0D0) %X X+39.,0D0) %X%kX-1.0D0) kNORM
A ®%3465eD0%({ 1.D0-X¥X)%%! «5)/16.0D0

RE TURN
P{9:+4)

P=((170D0%X%X~10e0D0 )% Xk X+1o0D2) % X*135135.00D0 *NORM

A X((1.0D0=-X%kX)%%2)/8,0D0

RETURN
P(9,5)

R={{ 050D0%X¥X~30e0D0) % X%kX+10D0)*{(1.0D0~X%X) %%k2 .5 ) *NORM
A *¥135135.0D0/8.0D0

RETURN
P(9:6)

P=(17eD0%X%kX~-30D0) % X%k ((1.D0~X#X)%*%*3)%675675.00%NARM/ 2.0 DD

RETURN
P(9:,7)

P=(170D0%X%kX~1.0D0)% ((1.0D0—X%X)*%%3.5)*%2027025. DO *NCRM/ 2.0 DO

RETURN
P{9.,8)

R=34455425,D0% Xk ( {1.0D0~X%kX)%%4) kNORM

RETURN
P{9:9)

P=34459425.D0% ((1.0D0-X%kX)*%4,5) kNORM

RETURN
CONT INUE
F=0.0

HE TURN
END

. //STEPR EXEC FORTRANF:PARM=°EBCDIC,LIST, XREF +ID:MAP, OPT=1"*
//SOURCE «SYSIN DD *

Bl g A,

.
(o (o] nrbnnnr:nnnnnﬂnr\nnﬂnnnr‘.nnnnn.

SUBROUT INE

(& LUDCD (AsKgsLoN,PIVMI

s IFLAG ; ANORM,RHO)

THIS SUBROUTINE EFFECTIVELY COMPUTES THE LU DECOMPOSITION

JF MATRIX A 8Y GAUSSIAN ELIMINATION IN AN EXCHANGE ALGORITHM

WHICH EMPLOYS EITHER PARTIAL OR COMPLETE PIVOTING.
THIS SUBROUTINE COMPUTES THE FOLLOWING

1 THE INFINITY NORM,

2 RHO.

ANORM, OF MATRIX A. REF. 1 PAGE 98
A PARAME TER WHICH CAN BE USED TO ESTIMATE THE ROUND OFF
ERRORS AND FLOATING POINT ARITHMETIC ERRORS INTRODUCED

BY GAUSSIAN ELIMINATION REF.1 PAGE 102
WHEN CALL ING THIS SUBRCUTINEees e

1AL

A N#+1

TO A N
TO A 2N

CONTAIN THE FIRST ROW OF MATRIX A,
CONTAIN THE SECOND ROW OF MATRIX A

HENCE ARRAY A HAS AT LEAST DIMENSICN N*%2.

2

KT
L) |

ARRAYS K AND L WILL CONTAIN PIVOTING INFORMATION
REQUIRED BY THE COMPATIBLE SUBROUTINES IDENTIFIED BELOW.
CONTAINS THE NUMBER OF THE ITH PIVOT ROW
CONTAINS THE NUMBER OF THE ITH PIVOT COLUMN.
THE CALLING PROGRAM MUST DIMENSION K AND L AT LEAST N.
UPON RETURN TO THE CALLING PROGRAM,

ETCe

THE LU DECCOMFOSED MATRIX A

000018190
00001820
00001830
00001840
00001850
00001860
00001870
00001880
00001890
000019C0
00001910
00001920
00001930
000019240
00001950
00001960
00001970
00001980
00001990
00002000
00002010
00002020
00002030
00002040
00002045
00002050

WILL RESIDE IN ARRAY A AND WILL BE IN THE PROPER FORM TO COMPUTE
THE SOLUTION OF AX=B BY CALLING LINSY.

REFERENCES
le FORSYTHE AND MOLER,

SYSTEMS

2e STIEFEL

DIMENSION A 1

oK 1

oL

1

INTRODUCTICON TO NUMERICAL ANALYSIS

Rs F. THOMPSON, APRIL 1968

COMPUTER SOLUTION OF LINEAR ALGEBRAIC



B IF(IFLAG#2) 36,35,36
35 LEARP=1
36 CINT INUE
®» D01 I 1.N
wirio
TR B
ﬂ.‘i; RHO 040
NCV 0
Gd TO 20

0

SEARCH FDOR MAXIMUM PIVOT

0

@
N

NP IV NPIV+1
PIV 0.0
GO T2 (30:40)LEAP

PARTIAL P IVOTING

o) [elle)

@ 30 LT=NPIV
DD 32 KK=1:N
DO 33 I=1,NPIV
IF(K(T)-KK) 33,32.33
33 CONT INUE
M=LT+{KK=1}%N
IF(PIV-ABS(A(M))) 31+32,32
31 PIV=ABS(A(M))
KT XK
32 CONTINUE
G0 TO 42

COMPLETE PIVOTING

@®--

40 DO 6 KK 1sN
DO3 I 1.NPIV
IF(K{ I)-KK) 3:6€,3
3 CONTINUE
MM KK=-1 %N
D3OS LL 1N
D04 I 1,NPIV
IF(_(I)-LL) 4:5.:4
4 CONTINUE
M MM+LL
IF(PIV-ABS(A(M)}) 41:5.:5
41 PIV ABS A M
KT <K
Tl
S CONT INUE
6 CONTINUE
42 K N2IV KT
ERNAE VY
IF(PIV-RHD ) €2;£2,61
61 RHO=PIV
52 IF(PIV-PIVMI) €3:63+7
63 CIONT INUE

o
“I'n L)

EXIT, SYSTEM ILL CONDITIONED

IFLAG=NP IV~-1
GO TO (37,38),LEAP
27 WRITES6,18) IFLAG
18 FORMAT(S5X, **% %% PARTIAL PIVOTINGe ONLY'IS5 ' EXCHANGES PERFORMED®)
RETURN
38 WRITE(6+19) IFLAG
FIRMAT(SX, *%%%% THE RANK OF A 15 APPROXIMATELY® IS)

® o
=
0
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C
72
8
9
10
111
1]
12
C
c
20
21
21t
212
22

n oo n«wr‘lhn o0

RETURN

CONT INUE

IF(NP IV=-N) 72,71,72
RHO=RHO/Z/ANORM
RE ( JRN

EXCHANGE OF REDUCED MATRI X
CONT INUE
MK N* K NPIV =1
MP MK+L NPIV
DO 9 LL 1sN
DO 8 I 1.NPIV
IF(LL-L{(I)) 8:5,8
CONT INUE
M MK +LL
AM -AM /A MP
CONT INUE
DO 12 KK 14N
DO 10 I 1sNPIV
IF(<K-K(I)) 10,12,10
CONT INUE
M N¥ KK=-1
KPC M+L NPIV
APC A KPC
DD 11 LL 1N
DO111 I 14NPIV
IFCLOTI)-LL) 111,111,111
CONT INUE
NM M+LL
MKLL. MK+LL
A NM A NM +APC¥A MKLL
CONT INUE
CONTINUE
63 10 2

COMPUTE IARFINITY NORM OF A
CONTINUE

ANO3IM 0.0

SUM 0.0

DO 22 NROW 1.MN

MK N*¥ NROW-1

DO 21 NCOL 1N

M M< +NCOL

SUM SUM+ABS A M

IF{SUM—-ANORM) 212,212,211

ANORM=SUM

CINT INUE

SUM 0.0

CONT INUE

G) TO 2

END

SUBROUTINE L INSY (AsXeBsKsLsN)

THIS SUBROUTINE SOLVES THE LINEAR EQUATION AX B.

A IS AN N BY N MATRIX IN LU FORM SEE SUBROUTINE LUDCOM .

THE FIRST N ELEMENTS OF A CONTAIN THE FIRST ROW OF THE MATRIX,
THE SECOND N ELEMENTS OF ARRAY A CONTAIN THE SECOND ROw OF
THE MATRIXs ETC.

DURING COMPUTATION, THE CONTENTS OF ARRAY B ARE ESSENTIALLY

REPLACED BY INVERSE OF L #Bs WHICH !S5 REFERRED TO AS AUGMENTATSONS

USING THIS AUGMENTED FORM OF B, X IS CUMPUTED AS THE
SCLUTION TO AX B BY SIMPLE BACK SUBSTITUTION.



s alfaiel

AFTER EXECUTION
AX Ba AN TITERATIVE
CALL ING SUBROUTINE I TERAT.

DIMENSION A 1 +X 1 +8 1

N1 N=1

D. DD 4G I 1,N1

U._‘*************
<

MM L I #N%x K I =1

WL kR
KK K I

B KK =B KK /A MM

DO 15 J 1N
DO 14 JJ 1,1

IF(K(JJ)-J) 14,15,14

14 CONTINUE
M L.+Nx J=1

8 1 B J #8 KK %A M

1S CONT INUE
16 CONTINUE

C BACK SUBSTITUTION

MM _ N #N¥% K N =1

KK < N
(IS (SN

X LL B KK /A MM

DO 1 81T e NIY
IIaiN= ¥
KK K II
PSR ITHT
KACEN | =BicK

“' JJ 1
DRI T

Jd JJu-1
MK N*x KK-1
NN N=-JJ
LLUL L NN
MM MK #LLL
17 X tE
18 CONT INUE
RETURN
END
/7 EXEC ASSEMBLR
//SOURCE «SYSIN DD *

START O

EQU 8

8C 15,12(1%)
DC Xe7e

ncC CLTEXTY

VECTORS X AND Y,

FUNCTION XTY({XsYsN)
THIS 0S/3€0 ASSEMBLY PROGRAM CAN BE REFERENCED
AS A FORTRAN FUNCTION SUBPROGRA Me
THIS PROGRAM ACCUMULATES THE INNER PRODUCT OF
EACH HAVING N COMPONENTS.
ACCUMULATICN IS DONE IN DOUBLE PRECISION
AND THE FINAL VALUE IS CHOPPED TO SINGLE PRECISICN.
(REF JoH.WILKINSON, ROUNDING ERRORS IN ALGEBRAIC PROCESSES,
PRENTICE HALL,

1963)
NOTE «

L]

STY 14,125,12(13)

BALR B0

o K

X LL +A MM %X LLL

IN

ReF o THOMPS ON»

1 oL 1

THE CALLING PROGRAM,

X WILL CONTAIN THE DIRECT SOLUTION OF
IMPROVEMENT TO X CAN BE ATTEMPTED BY

APRIL, 1968

THE

FOR I=1ss00Ns

X{I) AND Y(1I) MUST BE REAL VARIABLES
OF LENGTH 4, AND N MUST
VATIABLE OF LENGTH 4.

GEN REG 1 CONTAINS

OF PARAMETER LIST.
ADDRESS OF X(1) AT 0(1)

Y(1) AT 4(1)
N AT 8(1)

BE AN INTEGER

ADDRESS
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CAL. FACTOR(SCL)
CALL GRID(R(1):R(RS)sRAD)

GENERATE SOURCE FIELD

DD 10 (=124
COSARG(I)I=(12eS~1)/12.0
ARG( 1 )=ARCOS(COSARG(I))
ANG( I )=ARG (I )*RAD

CONT INUE
IF(TEST.EQ.TST) GO TO 5
READ( S, 156) B

GONTO S

DD 8 [=1,24

B 1,1)=5.0%COSARG(I)*SIN(ARG(I))/(2.0%(R(1)*%3))
DO 7 J=2,27
B(IpJ)=B(IsJ-1)

CONT INUE

COMPUTE FOURIER-LEGENDRE COEFFICIENTS CN SUN SURFACE
CALL GANDH({GsHB8)
COMPUTE FIELD AT BOUNDRY R=R(RS) SOLAR RADII

DD 22 J=1.27

PHI=AMOD( J¥DPH »360s )
DD 20 I=1,24

CALL FIELD(GsHsR(RS)sARG(I)PHI +BR BT »BP)
IF(BR «L.Te0e0) GO TO 12
BRS(14J)=RR

BTS(I,J)=BT

BPS( 1sJ)=BP

GO TO 14

BRS(1+J)=-BR

BTS( 1,4)=-8BT

BPS(I1e¢dJd)=-8BP

CONT INUE

CONT INUE

CONT INUE

COMPUTE FOURIER-LEGENDRE COEFFICIENTS QUTSIDE BCUNDRY

CALL FITGHI(BSsG(1s1+2)sH(1:1+2) sGH sMAX)
WRITE(Es 150) BiGeH

COMPUTE FIELD AT EACH RsTHPH REQUESTED

KK =1

D) 40 K=1,RMAX

G) TO 27

KK =2

CONT INUE

WR ITE(6+153)

DD 35 J=LN1:LNZ.LND

PHI=( JXDPH )

DO 30 I=LAT1.LAT2.LATD

CALL FIELD(G(1:1sKK)sHI(151:KK)R(K);ARG(I) 4PHIBR:BTYBP)
WRITE(E:152) R(K)IWANG(I) oPHI +BR BT «BP
CONT INUE

CONT INUE

IF(<K sEQe1sANDKEQsRS) GO 7O 25

CONT INUE

IF(IXsLEsO0) RETURN
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L.OOP

#* * * *

ouT

%
N
RESULT

@ el

VIV I

1

USING *,8
L Te8(1)
MVC N(4),0(7)
. 7 oN LOOP LIMIT IN REG 7 (N)
= Te=Fo1e
SlE Te2
LA S0 LOOP COUNT IN REG 5 (I)
LA €,4 INCREMENT I N REG 6 (1)
It 250(€1) X{(1) ADDRESS INTO REG 2
I, 3,4(1) Y{1) ADDRESS INTO REG 3
SDR 0,0 . FL REG O WILL ACCUMULATE (SUM=0,)
e 2:0(552) LOAD X(I) INTO FL REG 2
ME 200(5:3) X(I)xY(]) NOW IN FL REG 2
ADR 02 (SUM=SUM+X(I) %Y (1))
BXLE S.:6.L00P (I=1I+1 IF{I«GTN) GO TO CUT)
PREPARE FOR NEXT PASS THROUGH LOOP
EXIT ROUTINE
SHE 0sRESULT STCRE FUNCTION VALUE IN RESULT
L DRESULT STORE RESULT IN GEN REG O
LM 2:12028(13) RE STORE REGISTERS
MVI 12(13)+sX"FF ¢ FLAG RETURN TO CALLING PROGRAM
BCR 15,14 RETURN TO CALLING PROGRAM
(RETURN ADDRESS IN GEN REG 14)
Ds 1F
DS )L
END
DEFINE FILE 25(110:1944,U,1V)
REA. LONG

INTEGER RS,;RMAX

DIMENSION BRS{24,27) sBTS{24,27) sBPS(24 ,27)

DIMENS ION R({ 30)eG(10010+2)sH{10:10 92) ¢B{24 927) +BS(24,27,3)
DIMENSION BUFF(4001)

COMMON NNsLONGIXsI1YsARG(24) sANG(24) ¢COSARG(24),sGeH
COMMON /GHHG/ GH({100,100)

EQUIVALENCE (BS(1:1:1)3sBRS(151)), (BS(151,2)+BTS{1,1))
EQUIVALENCE (BS(1+1,3)+BPS{1,1))

DATA RAD/S57.2S57765131/, DPH/13.33333/ oTST/°TEST/

INITYAL IZE CONSTANTS

D) 3 K=1,2
DO 2 I=1,10
DO 1 J=14+10
Gl IsJ9sK)I=Do0
Hl IsJ+sK)=0,0
CONT INUE
CONT INUE
WRITE(6s151)

READ( 59154} NeRMAXsRSeIXsIYsLONGsLATL sLAT2 :LATDL NI oL N2 NDsTEST

» SCL
READ( 5+ 155) (R(I)sI=1,RMAX)
NN =N+1
MAX=NNXNN
G(1s 39 1)=R(1)
G( 1: 3. 2)=R(RS)
IF(IXsLEO) GO TO 6

INITIALIZE PLOTS AND DRAY GRID

CALL PLOTS(BUFF,16000)
CALL PLOT(1S+s~30e9~3)
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PLOT FIELD L INES

O 0O0n

DD 70 J=LN1sLNZ2oLND
0D 60 I=LAT1.LAT2sLATD
THE=ARG( I)
‘. PHI = (J%DPH)/RAD
CALL BL INE(THE sPHIT)
60 CONT INUE
70 CONT INUE
CALL PLOT(10e9s=Se9=3)
CAL- PLOT(=0ss~0029999)
RETURN
150 FIRMAT('1 BLOS(24,27)%/:27(2(12F7.2/))7/
1 F1GIiNeM) 2o/7:20{1Xs10E12.:4/)/7/
) 2 P1H(NsM) %¢/+20(1Xs10E1204/))
151  FIRMAT( 1H1)
152 FORMAT(1Xe3F Te2s3E12e4)
) 153 FORMAT(®1 R LAT LONG BR aT
154 FORMAT{SI3:F5:1:613,A4:F501)
155 FORMAT(1SFSels/p15F5.1)
) 156 FORMAT(12F6e3)
END
SUBROUTINE BLINE(THETA ¢PHI)
) AMAG(A+BsC)=SQRT(AXA+B*B+C*C)
LOGICAL POSTIV
COMMON NNsLONGsIXeIYsARG(24)sD[48) 9G(104+10+2)sH(10,10,2)
) DIMENSION XYZ(3)83(3).DX(3)
EQUIVALENCE (RSsG(10352))
EQUIVAL ENCE (BZsB3(3))s (BY:B3(2)), (BXesB3(1))
) DATA P1/6.2831€530/y BMIN/1.0E=~3/s RAD/57.2957795131/

K=1
1" RL =RS~0e15

D RM=RS+0.15
LOOP=0
R=1.0
D PHD=PHI*RAD
CALL FIELD(GsHsRs THETA sPHD sBR1 sBT1 +BP1)
IF (ABS(BR1)eLT«BMIN) RE TURN
] XYZ(1)=SIN(THE TA)*COS(PHI)
XYZ(2’=SIN(THETA)*SIN(PH[)
XY Z(3)=COS(THETA)
b CALL PLOTUXYZ(IX)oXYZUIY) +3)
POSTIV=aTRUE »
IF(BR1eLTe0e0) PGSTIV=sFALSEs

1] caleTa s
a k=1
IF(R «GE«RS) K=Z
i) PHD=P HI*RAD

CAL . F‘ELD(G(llloK)'H(‘llQK):RQTHETA,PHD-BRIvBTlval,
5 BC=R/({AMAG(BR1:8T1,8P1)%20.0)

- IF(POSTIV) GO TO 8
IF(K +EQe2) GO TO E
BC=-8C

] 8 DXx(1)=BR1%8C

DX(2)=BT1%BC/R
DX{ 3)=BP1*BC*RAD /{R*SIN(THETA))

] L=1
. IF((R4DX (1)) «GE.RS) L=2
PHD=P HI*RAD
5] CALL FIELD(G(1s1sL)sH(1s14sL)sREDOX{1) s THETA4DX(2) s PHD4DX(3)

1 BR2,BT2.8P2)
IE(POSTIV.0R «K+EQeL) GO TO S
™ CR2=-BR2

BP® )
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BT 2==-BT2
BP 2=-8BP2
BR=( BR 1+#BR2) /2,0
BT=(BT14+BT2)/2.0
BP=(BP1+BP2) /2.0
BC=R/( AMAG(BRsBTBP)*20.0)
IF(POSTIV.ORaK2EQs2) GG TO 11
BC=-BC
BRC=BR*BC
DX(1)=BRC+R
IF(DX(1)¢l.EoS20) GO TO 12
SCA_E=(5.0-R)/ABS(BRC)
GRETE) s
IF(DX(1)sGEes1.C) GO TO 14
SCALE=(R~1.0)/ABS(BRC)
BR=BR*SCALE
BT =BT*SCALE
BP =8P % SCALE
CALL ROTATE(BR +BTsBPsRs THETAsPHI s8 X.BY +82)
IF(R «GT oRL cANDeReLLTeRM) BC=BC /4.0
DX(1)=BX*%BC
DX(2)=BY%*RC
DX (3)=BZ*%RC
IF((BR oL Te0e0)eORo((«sNOTsPOSTIV}eANDsKsEQs2)) GO TO 18
GO TO 20
CALL PLOT(XYZ(IX)+DX(IX)/2oXYZ(IY)+DK(IY)/2,3)
XYZ(1)=XYZ{1)+DX(1)
XYZ(2)=XYZ(2)4+DX(2)
XYZ(3)=XYZ(3)+DX(3)
R=AMAGIXYZ(1)+XYZ(2)XYZ(3))
RI=SQRT(XYZ( IX)RXYZ(IX)+XYZ(I Y)%XXYZ(IY))
ICODE=2
1Z=6=-1X=-1Y
Q=1
IF({IY-IX)eEQe=1e0R(IY-IX)eEQe2)Q=~-10
IF(R1eLEele0eANDo(Q%XYZ(IZ))oLT.0.) ICODE =3
CALL PLOT(XYZ(IX)XYZ(IY),ICODE)
LOOP=LO0OP+1
IF(LOOP «GE «60) GO TO 40
IF(ReGEe520e0R eRelLE2120) RETURN
THETA=ARCOS(XYZ(3)/R)
PHI=AMOD(ATAN2(XYZ(2) s XYZ(1)) +PIPI)
GO TO 4
WRITE(6&,170) LOOP
FORMAT( " #*%% ABNORMAL CONDI TION *%%®,

1 /¢° %%% TERMINATE LINE DUE TO SEGMENT COUNT OF® s13,2 X%x%')

RETURN

END

SUBROUTINE FIELD(GsHsR+:THETAsPHI sBR-BT 8P)
DIMENSION G(10,10),H(10,10)

COMMON NN

DATA RAD/57.2557795131/

COMPUTE MAGNETIC FIELD FROM GIVEN POSITION AND
FOURIER-LEGENDRE COEFFICIENTS

BR=0.0

BT=0.0

BP =040
RSR=G( 1, 3)/R
DY SO N1=1sNN
N=N1-1
RR=RSR®¥%*(N+2)
D3 40 MI=1,.N1
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M=Mi=1

ARG=AMOD(MXHHI ¢ 360.0) /RAD
SINMP =SIM(ARG)
COSMR =COS(ARG)

CORE1=RR*(GINL1sM1)¥COSMP+HINL y M1 )% STNMP)

X=COS{THETA)

PNM=P {N1sM1lysX)

BR =R ‘N1*CORE 1 kPNM
BT=BT=CORE 1¥DP (N1:M1,X)

8P =8P +M*RR*{ GUN1 s M1 )R SINMP=H L N1 s M1 ) *COSMP) SFENM

CONT INUE

CONT INUE

BP =BP /SIN( THETA)

RETURN

D

SUBROUTINE GANDH{GsHsD)
REAL LONG

COMMON NNsLONG:IX+IYARG(24),ANG(24) ¢COSARG(241)
DIMENSION D(24:27)+G(10,1C):H(10+10) 2CSC(24)
DATA R/57.2957755/s DPH/13.333333/

COMPUTE FOURIER-LEGENDRE COEFFICIENYS FRCM

RADIAL CUOMPONENT, BR. ORLY

DEL=0.0

RS=G{1+3)

K=1

IF(RS«GTa1.0) GO TO 40
DO 10 I=1,24
CSClI)=1.0/SINCARG(I))
K=0

SUM=0 0

DO 30 1=1,24
DS=0.0

Dl 20 J=1,27
DS=05+#D(1,J)
CEL=DEL +DS*CSC(1)
SUM=SUM+CSC( 1)
CEL=DEL /£ 27+ 0% SUM)
CONT INUE

NI 80 N1=1.NN
N=Nl=-1

O3 TO Mi=z=1sMi
M=M]i-1

COREG=0,.0
COREH=0.0

DO 60 I=1,24
PNM=P(N1:M15COSARG
IF(K eEGeG) PRM=PNM
DO 50 J=1,27
S=(DL1,J)-DEL 3%PNM
AR=AMOD(M% (~LONG+J%DPH) +36C.0) /R
COREG=COREG+S®COS(AR)
CIPEH=COREH+S%(SIN(AR ]

CONT INUE

CONT INUE

CIEF=( 2#N+1) /(L (N#1)%648.,0)
G{M1:#1)=COREG*COEF
HIN1,M1)=COREHXCOEF

CINT INUE

CONT INVUE

RETURN

END

SUBADUTINE FITGHID+GeH G ¢N)

)
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DIMENSION D(24+27:3)¢G(10610) sH(10610) sC1(648,3) 9C2 (6485 3)
DIMENSION A1(1C0),A2(100) ¢X(100) :C3(648,3)

DIMENSION Y(100)

CDOMMON NN

DIMENS ION GH(NN)

EQUIVALENCE (C1(1s1)sA1(1))s (C1(14+2)2A2(1))» (C1(1+3).X(1))

DATA PIVMI/1.0E~-6/
FIND FOURTER~LEGENDRE COEFFiCIENTS OUTSIDE
BOUNCRY BY °*LEAST MEAN SQUARE FIT° SOLUTICN OF
OVERDETERMINED LINEAR SYSTEM OF 1944 EQUATIONS AND
NN#*NN UNKNOWNS (G®*S + H®S)
(GH)X = Y
VECTOR X CONTAINS G*S + H®S

NITE FOR M=0s THE H{NIe.1) ELEMENTS MUST BE OMITTED

OR GH BECOMES SINGULAR.GH USED HERE REFERS TO AB IN WRITE-UP,

Y REFERS TC GH IN WRITE-=-UP,
NM=(N+NN)/2
IND=NM
DD 20 N1=14NN
DD 10 M1i=1,N1

EACH CALL COMPUTES ONE COLUMN OF ALPHAS AND ONE
CILUMN OF BETAS

CALL AANDB(N1sM1,IND)
CONT INUE
CONT INUE

COMPUTE INNEFR PRODUCTS CF COLUMNS TO FIND TRANSFQORM
MATR IX GH AND VECTOR Y

WIRK WITH TWO COLUMNS SIMULTANEOUSLY TO REDUCE THE
NUMBER OF READ OPERATIONS BY (N/2) %%2
NOTE « N MUST BE 0ODD
DO 40 N1=1,N,2
READ(25°*N1) C1
GH(N1sN1)=XTY(C1,C1,:1944)
N2=N1+1
READ( 25'N2) C2
GHINZ2sN2)=XTY(C2:;C251944)
GHIN1:N2)=XTY(C1:C2,1544)
GH(N2sN1)=GH(N1,N2)
IF(N2 «GEN) GO TO 35
N3=N1+2
DO 30 MI=N3.N
READ( 25*M1) C3
GHIN1sM1)=XTY(C1,03,1944)
GHIN2yM1)=XTY(C2:C3,1944)
GH{M 1, N2)=GHIN2.M1)
GHIM14N1)=GH(N1,M1)
CONT INVUE
FIND( 25°N3)
Y{N1)=XTY(C1+Ds1944)
YIN2)=XTY(C2:D»1544)
CONT INUE

SOLVE LINEAR SYSTEM BY LU DECCMPCSITION

IF==2 GIVES PARTIAL PIVOTING WHICH CAN BE USED
#ITHOUT DEGRADING RESULT BECAUSE GH IS POSITIVE-DEFINITE
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IF==-2
CAL. LUDCO(GHoA1,A29NaPIVMIIF sANsRHD)
CAL. LINSY(GHsXsYsA1l,A2,:N)

SAVE G*S + H®'S IN PROPER LOCATIONS

J=NM

1=0

DD 60 N1=1sNN

DD 50 M1=1,N1

I=1+1

GINAsM1)=X(T)

IF(M1 .EQel) GO TO 45

J=J+1

HENLsM21)=xX(J)

GO TD 50

HI{N1sM1)=0.C

CONT INUE

CONT INUE

RE TURN

END

SUBROUTINE AANDB(N1sM1,IND)

DATA INDEX/0/

COMMON NNsLONGsIX:IYsARG(24) sANG(24) sCOSARG(24)
COMMON /GHHG/ GH{100,100)

DIMENSION HG(648:7),SINP(27)4COSP(27)

DIMENSION ALPHA(24,27)s BETA(24.27)s GAMMA(24,27)
DIMENSION DELTA(24,27)s ETA(24,27) » ZETA(24 ,27)
DIMENSION A(1544),B(1944)

EQUIVALENCE (GH(1,1) sHG(1 1) sALPHA(L »1)A(1))
EQUIVALENCE (HG(1,4)BETA(1,1)B(1)) s (HG(1:2) sGAMMA(1,1))
EQUIVALENCE (HG(1¢5)sDELTA(191))s (HG(1+3) sETA(1 1))
EQUIVALENCE (HG(1:6)sZETA(1+1))s (HG(1,7)sSINP(1))
EQUIVALENCE (HG(3097)+C0OSP(1))

M=M1~-1

DO 10 J=1,27

AX =AMOD{ M ( Jk13.3333)+360.0)/57.29577951 31
SINP(J)I=SIN(AX)

COSP( J)=COS(AK)

DD 30 I=1,24

PNM=P(N1:M1sCOSARG(I))

DPNM=DP(N1,M1,COSARG(I)}

SINARG=M/SIN(ARGI(I))

D) 20 J=1,.27

ALPHA( IsJ)= N1%COSP({J)*PNM

GAMMA( 15,J)==COSP(J)*DPNM

ETA(I,J) = SINARG*SINP{J)*PNM
IF(M.EQ.0) GO TO 20
BETA(IsJ) = N1XSINP(J)*PNM

DELTA{ 1o J)=—SINP(J)XDPNM
ZETA(I,0) =—SINARGXCOSP(J)%XPNM
CONT INUE

CONT INUE

INDEX=INDEX+1

WR ITE( 25 INDEX) A

IF(M.EQe0) RETURN

IND=IND+1

WR ITE( 25'IND) B

RETURN

END

SUBROUTINE GRID{(RSUNsRB sRAD)
CALL PLOT(O0e95eS5-3)

CALL PLOT(1690e93)
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DD 2 I=1,3€1
ANG=1/RAD
X=RSUN*COS{ANG )

Y=RSUNXSIN(ANG)

CALL PLOT(XeYoZ2)

CALL. PLDOT(RBs0as3)

DO 3 I=1,361

ANG=1/RAD
X=RB*COS(ANG)

Y=RB%S IN{ANG)

ICODE=3-MOD(MOD(I93)+2)

CALL PLO (X, YsICODE)

CONT INUE

CALL PLOT(3e+04:3)

CALL PLOT(Se900¢2)

CALL PLOT(De03e93)

CALL PLOT(0esSee?2)

RETURN

END

SUBROUTINE ROTATE(BR sBTsBPeRs THETA sPHI 9BXeBY BZ)

SINP=SIN(PHI )

COSP=COS(PHI)

SINT=SIN{THETA)

COST=COS(THETA)

BX= BRXSINT®COSP + BT*COST*COSP - BP%SINP

BY= BR*SINT*SINP + BT*COSTxSINP + BP*COSP

BZ= BR*COST - BTHSINT

RE TURN

END

FUNCTION DP(N1sM1,X)

N=N1-1
M=M1-1

XX =X %% 2

IF(XX-1.0) 10420,20

DP =( NXXXP{N1+M1sX)—(N+MIXRP(NsM1 sX))/SQRT(10-XX)

RETURN

DP=0.0

RETURN

END

FUNCT ION P (N sMsANG)

REAL %8 XsXXsNORMSsFACTOR(1S)

DATA FACTOR/1.0D0, 1.0D00s 2.0D0s 6.0D0, 24,000, 120.0D0.
1 720.0D0, S040,0D0 4032, 0D+#15s 3:6288D+5, 3,6288D+46,
2 3.9917D4+7s 4.79D48B, 6.227D+9, 8.7178D+10, 1.3077D+12,
3 2.,0923D+13; 2.,5569D+14, €.4024D+15/

IF(M.EQ.0) GO TO 150

IF{MGT.N) GO TO 150

IF(¥+GTs10) GO TO 150

NORM=DSQRT({ 2.0D0% FACTOR{(N—-M+1)) /FACTOR(N+M-1))

X=DCIS(ANGD)

X=ANG

GO TO(10:20530540:50,60570:805905100) N
P{0,0)

P=1.0D0

RETURN

IF(M=2) 22,24, 150
P(1:0)

P=X

RE TURN
P(1,1)

P=DSQRT( 1.0D0~ X%%2)%NORM

RETURN

IF(M=-2) 32,34, 26
P(2:0)

000001 20
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000252
00000254
00000256
00000258
00000260
00000270
00000100
00000110
00000120
00000130
00000140
00000203

00000209
00000210
00000220
00000100
00000110
00000120
00000130
06000140
00000150
00000160
00000170
00000180
00000190
00000100
00000110
00000111
00000112
00000114
00000116
00000120
0000013¢C
00000140
00000145
00000150
00000155
000001£0
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
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P=0e 5DOX({ 30D0F( Xk%k2)~1,0D0)
RETURN
Pl2.1)
P=3.0D0XXXDSQART( 10D 0O~ Xk%k2) XNORM
RETURN
Pl2,2)
P=3.0D0% (1 i )O=X%k%2)%kNORM
RETURN
GO TO(42:44,46,48)M
P(3,0)
P=0e5D0%(5.0D0%XkX-3.0D0) %X
RETURN
P(3,1)
P=1e5D0%DSART{ 100D 0= Xk%k2) %k (5o 0D Ok ( Xk %2 ) -1.0D0) *NORM
RE TURN
P(3,2)
P=15.0D0%X*( 1 0D 0~-X%k%2)%NCRM
RETURN
P(3,3)
PZ150D0%( (1 0D0~ X%k%k2)%%(15) ) KNORM
RETURN
GO TO(S51952953454455)eM
Pl(4,0)
P=(35.0D 0% {X*¥% 4)=30,0D0% { Xk%2)+3.0D00) /8.0D0
RETURN
Pila,1)
P=2.50D0%DSART(10D0-XkX) k(7 0DOkXkX=3o0D0 ) %Xk NORM
RETURN
Pl4a,2)
P=7e50D0%( 76 ODCk X%k X—-10D0)*(1 o DDO~ X% X) XkNORM
RETURN
pr4a;3)
P=1050D0% X% ( (1.0D0-X%xX)*%(1.5))*NCRM
RETURN
P(4,4)
P=1050D0%((1.CD0-X¥X)*%2)%*NORM
RETURN
GD TO(A19629639E4+65:66) M
PI5,0)
P=(((H63.0D0%k Xk X~T700D0)%kX%kX+15,0D00)%X)/8.0D0
RETURN
P(5,1)
P=15.0D0%DSQRT(1.0D0=X%kX)*¥NORM
A *((21.0D0%X%kX~14,0D0)%X% X+1,0D0)/8.00D0
RETURN
P(5:2)
P=52e5D0%X%(1.0D0-XkX)*(3,0D0%X%kX~1,0D0) *NCRM
RETURN
P(5.3)
P=52s5D0%( (1000~ X%X)%%1,E)%(9e0D0O%X%kX~100D0) . NORM
RETURN
P(5,4)
P=945+0D0% X% { { 1e0DO~ X% X} %2 *NORM
RE TURN
P(5:5)
P=945.0D0%{ (1, CD0~X.kX)%%2:5)%NORM
RE TURN
GO TO(T71972s7374s75s7677) M
P(6,0)
P=(((231eD0%X%EX~3156DO0)¥X%X4+105:00) % X%k X~54000) /164000
RETURN
P(6s1)
P=21,0D0%#DSQRT(1+0DO0=X% X)%¥NORM
A #((({33:,0D0%%X*X=3040D0)% X%kX4+5,0D0) %X) /8,000

00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570
00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
000006690
00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
000008190
0ooo00820
00000830
00000840
00000850
000008660
00000870
000008890
00000890
00000900
00000910
000004920
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RE TURN 00000930
P(6,2) 00000940
P=105.D0%( 1 aDO=XEX)R{ (33,D0%kX%kX=18,D0) #X%X+1.,00D0 ) #NORM/8 40 DO 00000950
RE TURN 00000960
P(6:3) 00000970
P= 157 eSD0% X%, 1e0D0=XEX)%%15) k(11 0DO%RXKX~300D0 ) *NCRM N00009280
RE TURN 00000690
P(6s4) 20001000
P=945.D0%( (1 0D0-XkX)%%2)%(11 ¢ 0DOk X%k X--1 ,0D0) XNORM/2 o0 D0 00001010
RETURN 00001020
P{6,5) 00001030
P=10395.0D0% Xk (( 1 0D0O—- X%k X)%%205) kNORM 00001040
RETURN 00001050
P(6,6) 00001060
P=10395.0D0%{ (1000~ X¥kX)%*%3) xNORM 00001070
RETURN 00001080
GO TO(B819820830E84985:869E788) M 00001090
P{7,0) 00001100
P=((((429.D0%X%kX~693.D0) %k X*kX+315.D0) kK%kX-35,D0)%X)/16.0D0 00001110
RETURN 00001120
P(7,1) 00001130
P=(({429.0D0%X%X-495,0D0) %Xk X+135.D0) kX%kX~5,000) *NORM 00001140
A ¥DSQRT(1.0D0-X%kX)*k7.000/16.0D0 00001150
RETURN 00001160
P(7,2) 00001170
P=(10D0-X%X)%(((143:D0%kX%kX~110eD0 )%k XkX+15 oD0) %X ) %6 3,00 %NORM/8.0D000001180
RETURN 00001190
P(7:3) 00001200
P=((429eD0%X%kX-198sD0) % X%kX4+90e 0D0)* ((1:0D0O-X%X) *%1,5)%105.D0/8.0D0 00001210
P=P%NORM 00001215
RETURN 00001220
P(7:4) 00001230
P=3465.D0%X*( (1.0D0-X%X)%*%2)%(13,0D0%X%X~3,0D0 )%*NORM/2.,0D0 00001240
RETURN 00001250
P{7.:5) 00001260
P=10395eDO%( (1 DO=XkX)%k%2:,5)%(13,0D0%X%¥X~1,0D0)%NORM/2.0D0 00001270
RETURN 00001280
P{7+6) 00001290
P=135135:.0D0% X*{ (1.0D0~X%kX)*%%3) kNORM 00001300
RETURN 00001310
P(7:7) 00001320
P=135135.0D0%{{(1.0D0—-X%®X)*%3,5) *NORM 00001330
RETURN 00001340
GO TO(S1:92+53+54+55956:s57s58:999) M 00001350
P{8,0) C0001360
P=((((6435sD0%XkX~12012.DC)I*X%¥X+6930.D0) kX%X=1260D0) %X%X+35.D00) 00001370
A /128.0D0 00001380
RE TURN 00001390
P(8s1) 00001400
P={((715:;0D0%X%kX~1001.D0) *X%X+385,0D0) #X%X=-35,0D00) %X %*NORM 00001410
A #¥9.0D0%DSQRT(10D0-X%X) /16.0D0 00001415
RETURN 00001420
P(8,2) N0001430
P=(((143.0D0%X%X~143,0D0)% X% X+33,0D0) %#X%X~1,000) *NCFRM 00001440
A £315.,D00%(1.0DC-X%X)/16,0D0 00001450
RE TURN 00001460
P(8s3) 00001470
P=(( (429 DOk X% X=286sD0) %k X%k X+33.D0) %X) %315, 00%( (1 «DO ~X%X) %%1:5) 00001480
A #NORM/78.0D0 00001490
RETURN 00001500
P(8s4) 00001510
P=(( 65005 X%k X=26,00)% X%k X41:000)%10395,00%((],00)=X%X)%%2)/8.000 00001520
P=PANORM 00001525
RETURN 00001540
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P=135135.D0% X%k ((1.0D0=X*X)%%2:5) k{5, DDO% X% X~1 000 ) *NORM/ 2 . 0DO
RETURN
P(8.6)

P=135135DC: "{10DO=XkX)%%3) k(i S5.0D0OKX%X~1 0DO0 ) NORM/2 <0 DO
RETURN
P(8.7)

P=202702S5.DO% X%k( (10D0~ X% X)%%k3,5) % NORM

RETURN
P(8:,8)

P=2027025.D00%( (1 0D0~ X%k X) %%4) xNORM

RETURN

G) TD(101+,102+:10351044+105,106107¢910851095110) oM
P(9:0)
P={(((48620.D0%X%kX=102960D0) *X%kX+72072.D0) #X%X~-18480 .00 )
A ¥XkX+1260eD0)%X/512.0D0

RETURN
P(9,1)

P=((( (2431 0D0%X*X~4004.0D0) % XkX+2002¢0D0) X% X~308.000 )

A EXkX+7.0D0)%4E,D0%D SQRT(1.0D0~X%kX) *NORM/128 .0 DO

RETURN

P(9,2)

P=(( (221 ¢0DO*X¥X=273e0D0) %Xk X+9120D0) kX%kX-~7o,0D0) #X *NORM
A ¥4S55,D0%(1.0D0-X%X) /16,000

RETURN
P(9,3)

P=(((221.0D0O%X%X~195,0D0) % X% X4+39.0D0) kX%kX~-1,0D0) *NORM
A X¥3465.D0%((1eD0~XkX)%k%145)/18640D0
RETURN
P(9,4)
P={(17.0D0%X%kX~10s0D0)%kX%kX+1,0D0) *X%135135,0D0%*NORM
A ¥((1.0D0-X%kX)%*%x2)/8.0D0
RETURN
P{9.:5)
P=({ 85,0D0%X%kX~=300D0)*X%kX+1,0D0)%({1:0D0-X*%X) *%2,5 ) *NORM
A *¥135135.,000/8.0D0
RETURN
P{(9:6)
P=(17eDOkX%kX—30D0)% X&((1eD0~X%kX)*%3) k675675 eDOXNORM/ 240 D0
RETURN
P(9:7)
P=(17:0D0%X%kX=-1.0D01%((1,0D0-X%kX)%%3,5)%2027025.D0%NCRM/2.0D0
RETURN
P(9,8)
P=34459425,D0% X% { (1.0D0—X%X) %%4 ) kNCRM
RETURN
P(959)
P=344539425.D0%((1.0DO-X%X)*%%4,5) «NORM
RETURN
CONT INUE
P=0e0
RETURN
END

//STEP2 EXEC FORTRANKsPARM=*EBCDICsLISTs XREF ¢1DysMAP, OPT=1"*
@ //SOURCE.SYSIN DD *

nnnnn(.

SRR JUT INE
C LUDCO (AsKsLsNsPIVMI SIFLAGsANIRM,RHO)

THIS SUBROUTINE EFFECTIVELY COMPUTES THE LU DECCMPOSITION

IF MATRIX A BY GAUSSIAN ELIMINATION IN AN EXCHANGE AL GORITHM
WHICH EMPLOCYS EITHER PARTIAL OR CCMPLETE PIVOTING.

THIS SUBROUTINE COMPUTES THE FOLLOWING

00001550
00001560
00001670
00001580
00001590
00001600
00001610
00001620
00001630
00001640
00001650
00001660
00001670
00001680
00001690
00001700
00001710
00001720
00001730
00001740
00001750
00001760
00001770
00001780
00001790
00001800
00001810
00001820
00001830
00001840
00001850
00001860
00001870
00001880
00001890
00001900
00001910
00001920
00001930
00001940
00001950
00001960
00001970
00001980
00021990
00002000
00002010
00002020
00002030
00002040
00002045
00002050



ODDODODO00O0 N0 nr\A..r;n oilaile fte)

)
)
)
)
G
) ¢
)
)
]
G
D ¢
C
2]
c
) ¢
C
D
]
D
J
=
c
'@
]

36

30

27

31

32

40

W

1 THE INFINITY NORM, ANORMs OF MATRIX A, REF. 1 PAGE 98
2 KS4De A PARAMETER WHICH CAN BE USED TO ESTIMATE THE ROUND OFF
ERRHRS AND FLOATING POINT ARITHMETIC ERRORS INTRODUCED
BY G: 1SSIAN ELIMINATION REFe.1 PAGE 102
WHEN CALL ING THIS SUBROUTINEees e
1 A1 TOA N CONTAIN THE FIRST RCW OF MATRIX A,
A N+1 TO A 2N CONTAIN THE SECOND ROW OF MATRIX A, ETC.
HENCE ARRAY A HAS AT LEEAST DIMENSICN N%*%2.
2 ARRAYS K AND L WILL CONTAIN PIVOTING IN-ORMATION
REQUIRED BY THE COMPATIBLE SUBROUTINES IDENTIFIED BELOW.
K I CONTAINS THE NUMBER OF THE ITH PIVOT ROW
L I CONTAINS THE NUMBER OF THE ITH PIVOT COLUMN.
THE CALLING PROGRAM MUST DIMENSICN K AND L AT LEAST Ne
UPON RETURN TO THE CALLING PROGRAMy, THE LU DECCMFOSED MATRIX A
WILL RESIDE IN ARRAY A AND WILL BE IN THE PROOER FORM TO COMPUTE
THE SOLUTION OF AX=B BY CALLING LINSY.
REFERENCES
1. FORSYTHE AND MOLER, COMPUTER SCOLUTION OF LINEAR ALGEBRAIC
SYSTEMS
2. STIEFEL, INTRODUCTICN TO NUMERICAL ANALYSIS
ReFes THOMPSON, APRIL 1968

DIMENSION A 1 oK 1 oL 1

LEAP=2

IF(IFLAG+2) 36,35,3¢€
LEAP=1

CONT INUE

DBl I 1aN

K I v

1 LSS § 0

RHO 0«0

NP IV 0

GATA 20

SEARCH FOR MAXIMUM PIVOT

NP IV NPIV+1
PIV 0.0
GO TO (30540)LEAP

PARTIAL P IVOTING

LT=NP IV

DD 32 KK=1sN

DO 33 I=1,NPIV
IF(K(I)-KK) 23,32,33
CONT INUE
M=LT+(KK=1)%N
IF(PIV=ABS(A(M))) 31,32,32
PIV=ABS(A(M))

KT =KK

CONT INUE

GO TO 42

COMPLETE PIVOTING

DJ 6 KK 19N

DD3 I 1,NPIV
IF(K( L)-KK) 35€+3
CONT INUE

MM KK-=1 %N

DOS LL 1N

ah
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41

37
18

38
19

T1

72

10

11
12

D04 I 13NPIV

IFCLCX )-LL) 4:8,4
CONT INUE

M MM #+L.L
IF(PIV-ABS(A(M))) 41:5,5
PIV ABS A M

KT KK

Lyl

CONT INUE

CONT INUE

K NPIV KT

T N2V T
IF(PIV=RHO ) €E2+:€2,61
RHO=RP IV

IF{PIV-PIVMI) €3:83,7
CONT INUE

EXITs SYSTEM ILL CONDITICONED

IFLAG=NP IV-1

GD TO (37:38):LEAP

WRITE(6,18) IFLAG

FORMAT({S5X, %%%%% PARTIAL PIVOTING.
RETURN

WR ITE(6,15) IFLAG

FIRMAT( SX, **%%% THE RANK OF A IS APPROXIMATELY®

RETURN

CONT INUE

IF(NP IV=-N) 72,771,472
RHO=RHO/ANORM
RETURN

EXCHANGE (OF REDUCED MATRI X
CONT INUE
MK N* K NPIV -1
MP MK +L NPIV
D3 9 LL 1sN
DO 8 1 1.NPIV
IFC_L=L(T)) B8s5.8
CONT INUE
M ML HLL
A M -A M /A MP
CONT INUE
DO 12 KK 1sN
DO 10 1|15 NPTV
IF(KK-K(I)} 10,12,10
CONT INUE
M N¥ KK-1
KPC M+4L NPIV
APC A KPC
DO 11 LI 15N
D012l I LeNP LIV
IF(L(I)-LL) 111,115,111
CONTINUE
NM M FLL
MKLL MK4LL
A NMY A NM +APC*¥A MKLL
CONT INUE
CONT INUE
G T 2

COMPUTE IRFINITY NORM OF A

EXCHANGES PERFORMED®)
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CONTINUE

ANORM 0.0

SUM 0.0

DD 22 NROW 14N
MK N* NROW-~1

DO 21 NCOL 1N
M MK +NCOL

SUM SUM+ABS A M
IF(SUM-ANORM ) £12.2120211
ANORM=SUM

CONT INVE

SUM 0.0

CONT INUE

(cu k) dag -]

END

SUBROUTINE LINSY (AsXsBoKsLoN)

THIS SUBROUTINE SOLVES THE LINEAR EQUATION AX B
A IS AN N BY N MATRIX IN LU FORM SEE SUBROUTINE LUDCOM .
THE FIRST N ELEMENTS OF A CONTAIN THE FIRST ROW OF THE MATRIX,
THE SECOND N ELEMENTS OF ARRAY A CONTAIN THE SECOND ROW OF
THE MATRIXs ETCe
DURING COMPUTATION, THE CONTENTS OF ARRAY B ARE ESSENTIALLY
REPLACED BY INVERSE OF | *By WHICH IS REFERRED TO AS AUGMENTATOIO0N.
USING THIS AUGMENTED FORM OF B, X IS CCMPUTED AS THE
SOLUTION TO AX B BY SIMPLE BACK SUBSTITUT ION.
AFTER EXECUTIONe X WILL CONTAIN THE DIRECT SCLUTION OF
AX Be AN ITERATIVE IMPROVEMENT TC X CAN BE ATTEMPTED B8Y
CALLING SULBROUTINE ITERAT.

Re Fe THOMPSONes APRIL, 1968

DIMENSION A 1 oX 1 sB8 1 »K 1 LL 1

N1 N-

1

DO 16 1 1,N1

MM _
e s
KK <
B KK

I ®N® K1 =1
1
I
-B KK /A MM

DB 1 501 N

DO 16 JJ 1,1
IF(K(JJ)=J) 14,515,114
CONT INUE

M LL#N%* J-1

B J

B J 4B KK %A M

CONT INUE
CONT INUE

BACK SUBSTITUTION

#N* K N -1

B KK /A MM

DO 18 I 1,N1
LEaN=T

KK K
(ES N
X L
JJ 1

11
I
-8 KK

DO 17 Jislsl
JJ JJ-1

MK N% KK-1
NN N=JJ

LLL L NN

MM MK +LLL



J7 17 X LL X LL +A MM %X LLL
18 CONT INUE
RE TURN
® END
// EXEC ASSEMBLR
/SOURCE «SYSIN DD *

® FUNCT ION XT Y(Xs¥sN) 00000110
THIS 0S/3€60 ASSEMBLY PROGRAM CAN BE REFERENCED 00000120

* AS A FORTRAN FUNCTION SUBPROGRAM. 000001 %0

® = THIS PROGRAM ACCUMULA TES THE INNER PRODUCT OF 00000140
* VECTORS X AND Yy, EACH HAVING N COMPCONENTS. THE 00000150

* ACCUMULATION IS DONE IN DOUBLE PRECISION 00000160

® » AND THE FINAL VALUE IS CHOPPED TGO SINGLE PRECISICN. 00000170
® {REF JeHeWILKINSONy ROUNDING ERRORS iIiN ALGEBRAIC PROCESSES, 000001 80

* SRENTICE HALLs 1963) 00000190

‘. * NOTE« IN THE CALLING PROGRAM: FOR T=1:0esNe 00000200
* X{1) AND Y(I) MUST BE REAL VARIABLES 00000210

X OF LENGTH 4, AND N MUST BE AN INTEGER 00000220

® = VARIABLE OF LENGTH 4. 00000230
XTY START 0 GEN REG 1 CONTAINS ADDRESS 00000240

B EQU 3 OF PARAMETER LIST. 00000250

i) BC 15,12(1€) ADDRESS OF X(1) AT 0(1) 00000260
DC Xe7e Y{1) AT 4(1) 00000270

DC CL7IXTY . N AT 8(1) 00000280

® ST 14,12,12(13) 00000280
BALR B0 00000300

USING %8 00000310

-] L 758(1) 00000320
MVC  N(a&),0(7) 00000330

L 7N LOOP LIMIT IN REG 7 (N) 00000340

@ S 7e=FU1® 00000344
. SLL 792 00000348
LA Se0 LOOP COUNT IN REG 5 (1) 00000350

i) _A 604 INCREMENT IN REG 6 (1) 00000360
L 2,0(1) X(1) ADDRESS INTO REG 2 00000370

L 3,4(1) Y(1) ADDRESS INTO REG 3 00000380

. SDR 040 FL REG 0 WILL ACCUMULATE (SUM=0,) 000003290
* 00000400
Lvae LE 2,0(5+2) LOAD X(I) INTC FL REG 2 000004 302

) ME 240(5¢32) X{I)*Y(I) NOW IN FL REG 2 00000450
ADR 042 ( SUM=SUM+X(I) %Y (L)) 00000460

BXLE 5.6,L00P (1=1+1 IF(I.GT.N) GO TO CUT) 00000470

® = PREPARE FOR NEXT PASS THROUGH LOOP 00000480
* 00000520

* EXIT ROUTINE 00000530

® = 00000540
OUT STE  0,RESULT STORE FUNCTION VALUE IN RESULT 00000550

L C0sRESULT STORE RESULT IN GEN REG 0 00000560

@ LM 25129 26(13) RE STCRE REGISTERS 00000570
MVI 12(13) s XFF® FLAG RETURN TO CALLING PRCGRAM 00000580

BCR 15, 14 RETURN TO CALLING PROGRAM 00000590

® = (RETURN ADDRESS IN GEN REG 14) 00000600
N DS 1F 00000610
RESULT DS 1F 00000620

@ END 00000630

-_n
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