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Appendix A
Wind Program For Simulation

Fewindc (- Ly 9t 1965

Uses t & the incepencent \arile instead of
Thiranee Ktumundert and Davidl Rufflo
Depertient of Physics
Fectity of Science
Chulalongkom University
Bargkok 10330, Traland

windc - Noverrber 12 194
Passed prints to prinouQ

windc - Cctober 16, 194

Changed size of g, iy 3 amays 5o can be tsed in reutrong!),
printot]). Passed  betasw to printoutl),

windc- Auyst 10t 1994

Changed elerrents!) to incluck eratioll in chosferation effec,
windc - Apil 18h 1994

Reset sstep to ensure that zstep=sstepmmuster.
windc - Mch 15t 1994



Put deceit) before stream!). Removed S]] and imetrix). 67
windlc - Feonary Z1th, 194

Acckdl new amays for strea), ackoted to new fomat of llocation

routines in nrutilc. - Inporteol norvinteger ZDUMP rrechanism from

transporte, mocified to start a 220, New checks on g dlreg

and niotel, New use of TINY. Corrected ermars in mechanism
for fixing negative flues.

windc - My &h 193
Reworked the veriale Ipirt - set up ffotfire LERNT.

windc - Mach 16 193
Fved ootk and ends.  Adced cump caebility. Acoed TINY 0
fluxes within TINY of zero0 becorme 280, and this aren't rejected
if they are negative. Changed TOLERANCE to & coiretion
asolute/refative tolerance,

windlc - Decater 12 199

Vbcified for the new version of strea), dlick) elimireted
confw] elimireted QwTu, etc. are nowat
HH st apin

windc - Noverrer 20th, 199
Calls ckoeit) for cloeleration,
windc - Noverrer 22t 190
elerrents!), step) changed so thet ntrix elements are cifined

at (5t 28, . e, ad i is e nerix
dleent ] a 2 frae) = e (e fr



Now 2eb frae) = (Hborri) e, 0 ) the i
elements are interpoleted as (Leonuly |
+aonfalu (same for

windc - Noverrber 6th 192

Vbin program for simulating the trargport of solar energtic
particles. The possible transport processes are

Sireaming
pitchvarge scatfering
adiattic foousing
adiaetic codleration
injection

Key assuntions incluck neglecting dlifts and ciffLsion
perpercicuiar to the megpetic field and caloulating actaetic
Choeleration s if the solar winol velocity were cirected
along the megretic field and of a constant megpituck
Otherwise, the above processes can ke easlly mocified

by chenging the gopropniate suboroutines,

Necessary files adl suboroutines:

windc  nain elements, step

Coelc  oecel

fielde  dz, ciffooeff, antickv, mucot, ardlengthy recis
Co§ysi, ckeont, zenithy croelrate

intelc it

injecte  inject

mutilc  rreor, chector, hvector, clvatny, cartay
firee chector, fregjvector, free dvetrix, fiee chimay

printoLte printout

dreamc  Stream

triciye  tricky



Variables input from the user:

starttime It value of t (vin)

stoptime Firel value of t (min)

timestep  Time step (min)

s Prirtirg intenal (A)

mu  Nurder of mu points

lergth  Length of simuiation region iA)
m  Nuber of momentum points
gl Morenta{energy unt

m Particle mess (gnergy unis)
betasw  viC of Sdlar wind

lanbce  Scattering rean free peth (A)
q Scatteying poner law ingex 1
pinedra Pt edra diagnostic infomvatio? (0]

Daid Rifoo ard Rrin Asavepibhop
Dyrtert of Physics
Fanty of Sience
Chuidorgom Uniersy
Bk 100%), Thelad
1

P15 My 1992 Mortien Terpratip, Weriar Sorgprakety Pisit Lilaetas 7

firduce <t
(it <o

(Oefire ¢ 0122

(Oefire ATCL 1,009 P Madmum allonable amor (aeoluie) 7

(0efire FIQL 1008 /* Maimum alloneble e (fractiord) 7

(Oefire TNV~ 10e-12

(0efire LFRINT 50 ¢ Vélue of fpirt - set 10 0 for cefauit 7

(Oefire DUMP 1 /*0-DONTDUMP 1-DUMP 1

(Cefire ZDMP 20+ Bxparsion fector for zstep inred nn
(st be greater tenareq 0 ) 7



double
doble  **4, *%;
doble e, *thy e, e A S g h 98 i oy

)

(

AE “fpdnp

couble - nextpnint;

couble - starttirre, stoptime, printing, tepleny, timestap, tive, v;

(tuble "eta, e lengihy m g

Ctuble  a0wery, lates, ¢ betasw; vaw, cizL
(tuble - chapstep, frec, mustep, 2 i, "stay
it mympieds |

g e, Lk

log " heetoQ
void free chiray()free. cbector(), free Ivector),  free chvetriy);
wid nmemQ

couble o)
void  elerents!) itill), - irject)prirtout]), stepl);

P* It peraeters fromthe wser 7

prntf{ Hllo! Weloome to wird Vi)

printffPlease irput the following parametersin'y
prirtfiCSarting value of s=velocity*tire (AJ: 1)
Sanf(’ Yar, Startting);,

pirtfCVFnd value of - (AU: 1)

SCanf(-4f Qstoptine);

prrtiOvs step (A1)

scan( 4 Sanestep);

irtfCs intenal after which to prirt ot ciia (AU 1)



scanth Off Spritie).
prirtiOVINtEr of u paints (et e ot 1)

(' Ye&m);

pintf( \nLergth in the zclirection (AU best if mutiple of sstep): 1)
Sart( %4 et

pntfCVNUtey of monertum (energy) valLes: '}
(e

i (1p <= Q nerroraindt rp <= G

beta. = chectorflnp);
e =dvector(lrp),
P =chectorLrp);
tosLn = chector(Lp);
step = chetor(Lp);
. =hedtorlm);

for ( =1, <o) tsunf] =00

pnd{vrErter 94l morrertum valuss, from lowest to highest” )
pintf(Mi(in energy unts): 1)
for (=L <o) (
it p%d =" )
et OAF &oiw)
)
[ntf{ \Enter-the partice mess (- energy unts): )
sart( Y4 &ny;
printf( \rolar wind velocity dvickd by ¢ 1)
Canfroaf Qoetasw);
printfiMViScattering mean free pethy labc (AJ: 1)
Sart( A" Slantr);
prntfCVEScaltenng power-law ince; g 1)
garff Y4 &),
ntfCilo you vant e to prirt exra dagnostic infomatior? 1)
prnti(Vilnter 1for yes, 0 for )’}
qart( Vel Spirtedra);



[* Calculating nz, ke, beta, and vsw. 7

for ( =L; <npwe) (

el = soytpfuplfntng -

Dete{w] =pll / (ke

f (ot

) print{Miel0@d = 4, et/ = %" kefw,whetafw]);
printf§ '}

VoW = betasw * G

P Calcuiating re, mustep, zstep; lergth is'now an integydl
multiple of zstep. Reset sstep to ansure thet Zstep=rmustep*sstep.

mustep =20/ (colgmy;
M = mustep * betef]| *c * tiestep
nefl] = lergth / M +05
if (] = () rvermorduiret refl] = O)
prirefé imput =L rfL(coLblei=2A, reflirt=%d! lergtre%fn
lergtVzsepLref1 |1 MesigpMI)
lerggh = tenplerg = re(ll * zgM),
for (2 <pwH) (
2stepinl = muste * betahal *c * timestep;
ro] = templery / 2t + 06,
if (el = Q) nvemorfuirct e =G
termpleng = refu] * zstepin;
print{" irput =946t e (ntFo4dl e Y6
e ]zt
}

prrtf(Vimtep = 4 * mtep);
for ( =L; <) print(" ztep04] = %4, zstepiwl);



print¥You input the following peraneters V),
prntffStarting time (min) - : Y42Pstartti);
pirtffAFr time (min)  ; Y42 stoptine);
prindf Tine step (in)  : 92 timestep);
printf{(MPYint infenal (min) : Y421P prirtin);

prirtf(VN.rrter of mu points - %4 ),

printfYiLengh * Y2 e

for (=1, <o) printi( Y = 942 wiwl);

prntf(M\nPartile 1mess - %d2Pny; 1
printffYiSolar wind velocitylc : YA betzsn);
pinfMLantcB (nA) ;%A fanioch);
prrti(Mg 4",
pitfNRieta Y& pineda);
irtfOV* reset lerogh to ke an integrdl mutiple of )
prrti(\f ztepn JFmustep0eta1L ' tmestei);

P It Prchirg 7

if (stoptine < starttine) nrerrorfing: stoptine < startine);
if (timestep <= () nrermordwind timestep <= O

i (orinttirre < tirvestep) nverorfwind: printtine < timestep);
if (ru %2 =0 I mu <= () neorfwingt o is edl);
if (ength <= ) verorfwinct lergh <= O

i (] <=0 nverorwrct Y < G

for (=2 <o) if (oiwi <= piwel) ermorfnindt p's reversed!);
if (m<=0) nemorfuint m<=0);

i (betasw < 0 I betasw >= 1) nrerrorfinct betasw is kect);
if lath <= ) nrermorfint late <= )

if (<0 1q>=2 remorfwind: qis kzd);

[* Defining amas ¥



camraydmpLrelm)
carmayd mp el
ananmlrelm;

if (orintextrg) i Nowwee are here stepl Vi),

f
a
c

@ =owctord, ),

(b = cvectord T

o« =cwectord, )

a =dvectord L my;

' =dvectord L mi;

M = dvectord )

= dhector(QrutLomd 2 rp])
dvector(Omiut+l);
dvector(Qnmul);
urt dector(Qnmu+));
fs = chvetriqLrgl L

If (onedrg) ntiCl Nowwe are here g2 )

0zl = iz mustEpa);

aovery =30 * ozl / [tk

mirtlOA = 94 dz = %4, lantxh = % aoverv = Yz,
lantxh0en);

intia(ppreaten )
it \in tine = O4fartie);

printouftartiree prittie oeta, rp e zstep i betesw);

elementsjtirrestep, oeta, oz ZtEnmUstep a0 VW printextra);

redorint = starttine + prirting;

I+ FOR EACH TIVE STEP
INECT NEWPLLX (F NEESSARY)
CALQLLATE f AT THE NBWTIVE STEP, AQCFONG TOTHE
TRANEPORT EQUATION
PRINT LT THE DATA (FNEESYARY)
1

14



for (time=starttime; timetimestep<=stoptimeHinesten2;time+=timestep) (
inject(tin,tinestep betanpre tepmustepprintexira)
Stepltine inesten e, RNEAtED  \owprineds);
if (tie+timestep >= rexprirt00 *timestep) (
int{\nM time = O tinestinesten);
printoutime+imestep printime e rppreste betasw);
nexprint += prirtting;
)
)

P "DUMR- QUT f R BLECTED 75 so THAT THE RUN VRY BE GONTINUD) 7

if CLM) (
fod p=fopn(timct"’)

rdCYANow dunping f(uz) for a later At
i (xlnp <10 zinp = 10
printfrz = 94d zirp = %4 ez
for ((=L; <npwe) {
Lvpstep = ztep(] *
for (I=1,2205dunpstep;z<=length-zstenfin 20;
I+ZA(057dupstap) (
| =Zzstegfw] +05;
frec = zizstepiwl +05 - (ctukde));
for (=L, <) fonntfp Ay 9828t
(L0 S fusfrec I
)
)

folee{ip currp)
)

G | e i my vkl



free dbector(beta L)
free dhector(le 1)
free chector(p 1)
free chector(tosln L)
free chector(zstep, )

free chector(@a 1)
free dvector(1 )
free obector(oc,);
free dhectorien 1)
free chector(bn 1
free chector{en);
free dector(g0);
free dectorh0);
free chectortB0);
. free dhector(fint 0);
free ovetrx(fs i1 1

free chimay(f L Lre.L)
free chrraya LtpLre.)
free camay(cLp L)
free hector(rz, 1)

}

[* elements

ASBROUTINE R trarsgort
CALLLATES FLEMENTS CF MTRICES USED st
7

wid - demenisimesepbeaonzsty, B jaengvepined)
tuble tinesten, "beta, "zt ) oy, g\,

it m , pieag

oy

|



cuble adplus, diffpls, "evatio, my mpks, , V/Z
nt
long | it

duble ciffeeiQ) muttQ rteQ) cogsQ

couole  *chector();
void free chector()

eratio = dhector(1 )

for ( =L <o) (
v =] *C

+ ARST, CALQULATE THE SCLAR RADILB AT EACH FOINTT.

for (EL ke +) (

= St (09
I = reoiuag),

[+ CALGULATE MATRICES RCR AITGHANGLE SCATTERING AND FOOLBING

IMLICIT CATTERING THE MATIRIX ISQ\LY NOVERO ALONG
THE THRE (B\TRAL DIAGOWALS

THE(, -) ELEVENT 4,
THE(,) EEVNTISHU,
THE( +0) ELEMENT S,

PELIAT LATTERNG TH- MARX IS ALY NOVEROALONG
THE THRE (BNTRAL DIAGONALS

TE(,-) ARV 5]
THE(,) BEVNTES dy =2-
THE ( 1) ELENRNT IS4

7



¥ IF THERE IS NO PITCH-ANGLE SCATTERING OR FOCUSING, EACH
[TERATION MATRX IS THE LNIT MATRX

Set the vector eratiofuj-= EVE = Lmutvewtviseo(si) CA,
which is neeced in the.ciffusion tem
I

fr(=L <= 5 H(
el =00; -
Qi =00
mu =-1 + (W05 mstep;
) eraicf] = 1- - Vaw/(CCroysia);

mpis =10 + s,
for (=L, <L uHmuplustmstep) (

P PITCHANGLE SCATTERING 7

* Tre "2 below gopears because each et
or inlicit Suiostep acoounts for timeste/4.
After four substeps (eqpliatt and inpicit
before and after strearming), they acoourt for
tre full timestep.

Durirg stenQ the size of the Substep and
the numer of substeps will ke repeatecly
changed by a fector of 2 urtil the resuiing
f converges to within TOLERANCE

Quiput of ciffooeffO and muckiO is muiplied
by v here to avoid changing those: routines from
the """ versions. Thus, these outputs a o
be interpreted &s the rates per distance traveled



Cifplus = (Gmestep/(4*mustepmustep)
« v * Chffooeff(muplus mustep a0,

efw]utll = difios *erctiM
il = diffphs * eraifuL;

f+ PDUABATIC FOOLBING 7
ahpis = (Onesep(&* ) *v " colvmplenan),

i+ = ahpls
Gufllu +=ap,

P IFpiniedra IS 1 FRINT QUT SBLECTED MAIRX BEVENTS 7

f (e (
for (=1, <o) (
f(=31 =p(
pirtfCvVetrix Beents: =% |,
it = LFRINT;
if (it <= 0 lprirt >= ref) it = ref4
for (EL; <= J=pring) (
iniOAf =%\ M)
for ( =L; <)
prirtf(e%8 Fo0, ofYEe=elavT AW,
irtCY');



[* step
ASBROUTINE FCR trarport
FEMINCER CF NOTATION
2= AROENGTHA.ONG MIGNETICABLD
mu = GOBINE CF THE ATGHANAE
= INCEX FCR VGRD FOINTS FROM L TOp

|= INDEX FCR ZGRDPOINTS, FROM . TO ]
2= (H9 * zteplw

= INEX FCR muGRD FONTS FRM 1O
=09 * - 10

I = INEX FR muGRID FOINTS, FROM-{mu)2 TO )2
M =1*mstep

THS ROUTINE USES THE ALTERVATING DIRECTION IMPLIATT METHD,
BUT INSTEAD CF DIFFERENONG INTHE 2 DIRECTIN EAHARD
FOINT IS MOVED FROMITO 1+, WHCH QORRESPONCS TO MOMING

2TOz + *zstep = 2 + mutinmestep (zstep=mustap*tinestep)

void - step(tinttimestepbeta, | npprezEanmuswprinxr)
couble tine, timesten, ‘beta, m % *ztep, vaw
it m mu piede;
g,
|
double coarse, “fire, M, "nep
doble averag, asym betasw,

80



it aboreg, allreg, allzerg ke loop, |, ey, totdl,
log | i

wid i), srean)
wid et bideQ

P* ANOTE ON FOINTER UBACE: THERE ARE 5 ARRAYS LD TO
STCRE f VALLES:

fL.rofL.rgfL.rmy] - AN STCRAGE CF fmuzy
hL.my — AN ESTIVATE CF THE UPDATED f{mi), FRARMDZV
LU — e \i]
gfL.rmu) — STORACE KR SAMEPING WTHh AND 18
fintfL.nmul - Temporary storage for new estimete, whioh
Wil e rejected if any elements are negtile.

INACDITION FOLR MCRE POINTERS HAVE BEEN CEHINED, VWHCH
ARE ASSIG\ED TO PARTS OF THE XD STCRAE

fi=fiwfl] - FOINTS TOf(my) FORz = (-5 step, W)
coarse ---- FOINTS TOTHE COARIR ESTIVATE 1 (R 3
fine—-1 1 1ANR

swap----- FCR SAAFPING coarse AND fire

edlul, fu, and cofug contain i elements for a fied
zad \V au), |, ad onu are the same, fut without
foousing - they are used when foousing leads to neetive
flues.

1

[ BEIE O STEP

) BELIAT SOATTERING A\D FOOUBING (F ) R EXCH|
ERIATYN )

?) INRLICIT SOTTERING A\D FOULBING CF i) FR BACH

8l



82
(NPLITTLY Ny

3) PERFCRMITHE ABOVE 3 TIMES AS MAWY TIVES RRQNE THRD
THE sstep, UBING SVALLER STEPS WNTIL THE DIFERENCE IS
BH ONTOLERANCEL

YNOET, ) TOfH, )

5 REFEAT STERS 1,2, A\D3
7

if (oirtedrg) pirtlCf NU INSTEPY

for (loop= ;loop<=2loopH) (
if (oinera) printe loop 2k oop);
for ( =L, <o) (

it = LERNT,
f (it <= 0 0 it >= refl) it = el

- Porfor streaing INBETVERN THE
TWO PITCHANGLE DIFERNOING STERS
i)

if(lop=2{

etasw =vsw/ G

stream(tie imestepbeta, , printref steptw rubetzsprintdre);
)

for (FLleewii+) £
i =iy

FANDQUT FALL [ 11 ARE ZERO (o below TINY), 7
dlzo=1

for (FLllzo 88, <n VW
i <0 (



prinfChine = 94, =%l 1=% =%’ tinew], )
nemorCe: neg #  tart of step)

)
Al = g < TN

)
if (llzro &&pririedra &&( =1 1 =) &I %lpit =1)
pirtiCMl = 96 al entries are Q0

I+ QLY FROCEED FFallzro ISFALSE 7
i (alzro) (

¥ Initigizztion for the loop. Note et the nfotald
resuit is first conpared with the cumert - if the
chfference is below TCLERANCE, this valLe is
acoepted. Othervise, rtotal is triped and aand ¢
are ckcreased by a fector of 2 urtl the rest
converges to within TCLERANCE. Bono aut if ol
> 1000,

.

for ( =L; <) (
aelUl = wu;
o] = calfu;

)
] =00

for ( =L, <amuLuH) (

arfudl = @] + o)/ 20

ol = (eel +1] +du)/ 20
)

oy =00

b i =10- a2

bfl] =1.0- aiZ

for (=2, <smed ) Bl = 10-agfur] - o)
for (=2, <omeLiuH) iy = 10- afusd] - ofued);
oy = 10- o



or{rmy = 10 - arfmue [ 84
aboneg =1

fie =N

0are = 18

for ( =1; <) coarseful] =AU
o = 1

F* DO STERS ) AND 2 riotal TIMES 7
for () (
¥ Creck if -0 24n <0 9,

inecately junp to increase rtotd.
!

if (Btmeg) for ( =LBbonegrlaeneg 88 <)
aboneg =anfu >0 1200y <0 hafi >0

f (leoreg) (
if (rirtadra 88 =1 1 =) 881 %lpirt =)
prntfMI=24d )’ riot);
fr(=L < Uk fedy =AY
for ( =LallregeLneeniotal;n+) (
P BELICT DIFERENONG NnuL fire >g) 7

(11 = (0t e o el
for (=2 <l ) o] = L

H Ootjul* el ofup refueL
g = ggrmrupfingim L2 Golmy ey
f+ INLIAT DFERNING N

trickg SCLVES THE MIRX EQLATION V) ) =



J(i), FOR A TRIDIAGONAL M THE FIRST 3 ARGUMENTS
POINT TO MATRIX ELEVENTS (TOM(, - ',

MU ), , AND Mutr)'S, THE FOURTH ARGUMENT
FOINTS TOy, THE AFTHROINTS TO X AND THE LAST
ISTHE DIMBNBION O THE MATRICES AND VECTORS

g->firt
1

trceglaaocgfint, )

P+ Set fluwes between -TINYSd 280 to 2o,
Check for negetive nuers. - I they gear,
Use vatrix elements with the effect of foousing
reved (el o and o). Bombaut
If negtive runioers persist. Do ot allow
the iteration to end if each susten yielckd
negetive nutoers.

[

for (=1, <qmuuH

if (TINY < finfy &l <) firtiul = Q0;
for ( =l,neg=0; neg & <euuH) neg =firtil <Q;
if (Ieg) allnege0;

if (oriniedra &&( =1 1 =) &&I04rint=L
8. ey prntic4 )

if (orintera &&( =1 1 =) &&4rint=L
&8 Ineg) printfc

if (Ingg) (
for( = <muuH) firel] =finy;
) else (
ol = @Oor{LyfirefL-en{1yinef2;
for ( 22ucsmuLu) g =-an( firgue]
H2CHoruMfireful-orfupireluLl;

85



g =-afmifremd
HQu{myfirgmy;

trickganmangfinerm);

for (=Lreg0neg && <= 5 +)
reg =firelf <00

i (neg)§
pirtiCine =% =] I=Y%dnitime, )
nrerorfste: neg after special treatment)

1

)
)

average =00
fr (<<= ;) aerag 4= e,
awrae /= my

for (=lted0ed && <= UH)
lecl = febs(ccersf] - frl) >ATCL
S&fa(oars] - i) > FICL aereg;
if (tbeol &8 lallne) ek

swap =fire
fire =ooare;
COAISe = SNg);

)

riotdl *=2

if (ot > 1000) (
printffBorrbing out!
pinf{time=0df, =4 Fo4an'time, )
fr(=L <+ piCIpd=en |, A
nrerorsiep: ol > 1000)

for (=, <muuH) (
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e /=20
ald /=20
iU =10+ (dy - LOL20;

M =10+ (or- L0V20;
i = 20
ol /= 20

P NOVE BEST ESTIVATE fireul, TOAI 7

(< + U =fid

[* Deceleration for dl - values a once, inbetween the

two pitchangle cifferencing stegs.
!

iffoop =1 (
choel(tinestenrpplprint e st uewprintexra);
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Appendix B
Program For Fitting

- iy 2 19%
Mecified s follons

Requires user it of the bedyound level (insae Lnits s fitcbiackt)
Background level s subtracted frort cita ) - e of ek is neglectad

Note: e should cielete any lines where the ceta are 280 o suspected

to be usly beograur
I

fircluc <stdioh>

fincluck <vethh>

satic  double Syary

fioeire SORE) (Sorartra)sorary sy

fefire: SNARaE) (coudle tempre); (BH); ()

double  *afurc;
rmaird)
(

ALE  “fnd "o,
doudle %3, bk chisg, oo,

couble %, g
st TegMAALISTA 7
it ik it me mfit ey

double  *dvector(), **cmatrix();
it *vectorQ;



void  free_dvector(), free_dmatrix(), free_ivector(), ifitG;

printf\nNumber of x,y: "ndata);

scanf("%d" &ndata);

printffViNumber of fitting functions: 1ima);
scanfC%d',&ma);

printf("\nBackground level (same units as data): rback);
scanf("%If" &hack);

covar = dmatrix(1,ma,1,ma);
afunc = dmatrix(1,ma,1,ndata);

printf("Reading fitfunc.dat...ndata=%d,ma=%d\n" ,ndata,ma);
fp_f = fopenCfitfunc.dat"n
for (i=l;i<=ndata,i++) (
for(k=1 ;k<=mak++)
d
printff input afunc[%d][%d] = ki);

fscanf(fp_f1%If &afunclKI[il);
printfi'afunc = %If\n" afunclk][i]);
I

fclose(fp_f);

X =dvectord,ndata),
y  =dvectord,ndata);
sig =dvectord, ndata),
a  =dvectord,ma);

printf("Reading fitdata.dat...");
fp_d = fopenCfitdata.dat","r");
for(i=I i<=ndata;i++)(
r printffinput x[%d| = \i); 7
fscanf(fp_d,"%If", &x]i]);
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[' printffinput y[%d] = 1L, 7
fscanf(fp_d,"%If\ &yil);
yi] -= back;

[ printffmput sig[%dl = "i); 7
fscanf(fp_d, %If", &sigfil);

)

fclose(fp_d);

lista = ivector(LIma);
for (k=1;k<=mak++) listafc] =k
mmfit = ma;

printf@  fit=S%d\rf,mmfit);
Ifit(x, y, sig, ndata, a, ma, lista, mmfit, covar.'&chisg);

free_dvector(x,1);
free_dvector(y,l);
free_dvector(sig,1 )
free_dvector(a,l);
free_ivector(lista,1 ),
free_dmatrix(afunc,l ,ma1);
free_dmatrix(covar, 1,ma, 1),

void  Ifit(x, y, sig, ndata, a, ma, lista, mmfit, covar, chisq)
int  ndata, ma, mmfit, *lista;
double *x, *y, *sig, *a, "covar, 'chisq;
(
int kK, j, ihit, i
double ym, wt,  sig2i, "beta,
void  gaussjO, covsrtO, nrerrorO, free_dmatrix(),
double "dmatrixO0,

printfCEntering Ifit, mmfit = %d...\n", mmfit);
beta = dmatrix(1,ma,1,1);
kk = mmfit+1,
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for(j=1;j<=ma;j++) {
ihit = 0;
for(k=1 ;k<=mmfitk++) (
if(lista[k| == j) ihit++;
[* printf(mmfit=Y%d, ihit=%d, k=%d\n‘mmfit,ihitk); */
)
iffihit == 0) (
lista[kk++] = J; 1

printf(‘ihit=%d\n",ihit),
else if(ihit>1) nrerrorfBad LISTA permutation  LFIT-T);

if(kk 1= (ma+1)) nrerrorfBad LISTA permutation  LFIT-2);
for(j=1 ;j<=miTifit,j++) {
for(k=1 ;k<=mmfit;k++) covar[j]J[k]=0 0;
betaljim = 0.0,
)
printfCAVI);
for(i=1 ;i<=ndata;i++) (
ym = y{i
if(mmfit < ma)
for(j=(mmfit+1);j<=ma,jt++)
ym -= a[lista[j||’ afunc(lista[jl|[1];
sig2i = 1.0/SQR(sig[il);
for(j=1 ;j<=mmfit;j++) (
wt = afunc(lista[j]|[i|’ sig2i;
for(k=1 ;k<=jk+ +)
covar[j][k| += wt*afunc[lista[k]|(i];
betafjl[11 += ym'wt;

printffBYF);
if(mmfit > 1)
for(j=2;j<=mmflt;j++)
for(k=1;k<=j-1 k++)
covar[K](j| = covar[j]kl;
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printfCCNn'l;
printf("ma=%d\n",ma);
for(i=1 ;i<=ma;i++)(
for(j=1;j<=ma;j++H
printf(*%If,covarfi][j);

)

printf(V/T); 1,

}

gaussj(covar,mmfit,beta 1);

printfCDNn);

for(j=1;j<= mfitj+) (
a[listafjj| = beta[j]|11;
printf("\n a[lista!%d|| = %le" j.alistafjll);

}

"chisq = 0.0;

for(i=1;i<= data;i+4) (
for(sum=0,j=1;j<=ma;j++) sum += a[j|*afunc[jI(il;
"chisq += SQR((y[i]-sum)/sig[il),

)

printfCVi chi_square = %If ','chisq);
rprint covar00 */

printffVivi');
for(i=1 ;i<=ma;i++)(
for(j=1,j<=ma;j++)(
printf("% 2If  vicovar[i[j);

}

printfCVA");

}

covsrtlcovar, ma, lista, mmfit);
I print covar00 */

printfCW),
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for(i=1;i<=ma,i++){
for(j=1 j<=magj++)(
printf@ %L2le ~ vbovar[i]j);

)

printffVi’);

free_dmatrix(beta, 1Ima, 1,1);
printfCEVI);

}

void  covsrt(covar,ma,iista,mmfit)
double **covar;
it~ ma, listaf|, mmfit 1

int i,

double swap;

for(j=1 ;j<=ma;jt++)
for(i=j+1;i<=ma;i ++) covar(illj] =0.0,
for(i=1l<=mmfit;i++)
for(j=i+1 ;j<=mmfit;j++) |
if{ listaljl > lista[i| )
covar(listafjl|[lista[i]] = covar[i][)i,
else
covar[lista(if[[listafj[] = covar[][j;
)
swap = covar[1|[1];
for(j=Lij<=majt+) (
covar[L|[j| = covar[j|[jl
covarljltjl = 0.0;
)
covar(lista[1]][lista[l]| = swap;
for(j=2;j<=mmfit;j++) covar[lista[j|[lista[jj] = covar[1]j,
for(j=2;j<=ma;jt++)
for(i=1 ;i<=j-L ;i++) - covar[i](j] = covar[j|[i|
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void nrerror(erroi_text)
char errorJextO;

(

void exit();

fprintf(stderr, Numerical Recipes run-time eror...YT);
fprintf (stderr,"%s\ " error_text);

fprintf(stderr,',..now exiting to system...\ -)

exit(L);

void  free_dvector(v,nl)
double *v;
int

free((char*) (v+nl));

}

void  free_dmatrix(m,nrl,nrh,ncl)
double **m;
int nrl.ncl,
int  nrh;

int i,
for(i=nrh;i>=nrl;i-j freedchar*) (m[iJ+ncl));
freedchar*) ( + )

void gaussjla, b, )
double **a, **b;

int ., m

int  *indxc,*indxr, *ipiv;

int —i,icolirow,j kI, Il *ivector();



void  nrerrori), freejvectorO;
double big, pivinv, dum,

indxc = ivectord, );
indxr = ivectord, );
ipiv = ivectord . );
for(=L;j<= ;Jt+) ipiv] = 0,
for(i=1;i<= ji++) (
big = 0.0;
for(j=1;j<= J++)
if(ipivjl '=1)
for(k=l ;k<= ;k++) (
if(ipivk]==0) i
if(fabs(a[jl(k|) >= big) (
big = fabs(afj][K]);
irow=j;
icol=k;
)
) else if (ipivkl > 1) nrerrorCGAUSSJ: Singular Matrix-T);
)
++(ipivficol]);
if (irow != icol) (
for(l=1;1<= ;1++)  SWAP(a[irow][l aiicoll[ll)
for(I=L ;l<=;1++)  AP(b[irow][1),b[icoll[l])
)
indxr[i]=irow,
indxc[i]=icol;
if (aficol][icol] == 0.0) nrerrorCGAUSSJ: Singular Matrix-2");
pivinv=L.0/aicol](icol];
a[icoll[icol] = L0;
for(l=1;1<=n;1++) aficol][l] *= pivinv;
for(I=L,I<=";l++) bcol]{l] *= pivinv;
for(ll=1;ll<= ;ll++)
if (I != icol) (
dum = alfficol];
a(ll](icol| = 0;



for(I=1 <= ;1++) a[llj[ij -= a[icol|[li*dum;
for(I=1;1<=:1++) B[] -= blicol][1l7*dum;
)
1
for(I=n;I>=LH (
if (indxr[Il = indxc[l])
for(k=1k<= k++)
SWAP(a[K][indxr[']],a[k|[indxc[I]});

[* print covar[][] 7

printfCViX ),
for(i=1;i<= ;i++)(
for(j=1i<= j+tH
printf(% 2If "aliJy])

)

printffYT);
free_ivector(ipiv,1, );
free_ivector(indxr,11);
free_ivector(indxc, 11);

)

void free_ivector(v,nl)
int *v, ;

free((char") (v+nl));

)

double *dvector(nl,nh)

int!nh;

I
double *v,
v = (double *)malloc((unsigned) (nh-nl+1)*sizeof(double));
if (v) nrerrorCallocation failure in dvectorQ");



return v-nl;

int *ivector(nl,nh)

int nl.nh;
int *v: 1.
V= (int *)malloc((unsigned) (nh-nl+1)*sizeof(int));
if ('v) nrerrorfallocation failure in ivectorQ");

return v-nl;

)

double **dmatrix(nrl,nrh,nci,nch)
int nrl,ncl,nch;
int  nrh;
I
int i
double '
m = (double **) mallocdunsigned) (nrh-nrl+1I'sizeof(double’));
if () nrerrorfallocation failure 1 in dmatrix(r);
-=ml,
for(i=nrl;i<=nrh:i++) (
m[i| = (double * malloc((unsigned) (nch-ncl+1)*sizeof(double));
if ( [i) nreriorfallocation failure 2 in dmatrixID;
Il -= ncl;

return
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