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DISCLATMER.

This Fsrogram was written in Fortran IV for 38 Honewwell
Multics 68780 swustem¥. Altnoush  srodgram Lests have Deen
mader no guarantee (exrressed or dmeliedcds s made D Lhe
aguthors  redarding  acouracw or  erorer Punctioning of this
srodgram on #2111 comruter sustems.

¥ Brand or masnufacturers’ names used in this rerort are Tor
deserirbive rureroses only snd do not constitute  endorsement

nw the U8, Geolodgical Surves,
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Hu James Rauanikaus and Walter L Anderson

INTRODUCTION.

Frogram  MOALVEMCPL (Merousvdb-Leventurs Bls
Couslins) @ o@ comrugber program whioh i TE L .
Fregusncyg-cdomain:s  elecbromasgnetic  (EM)  courlins
wayvamelters of @ laverved earth model having either real
comelex  concducbiviti EM cousling data are messuremsnls
of mutual imredance hvlwwmn two sbraighty grounded wires
the eartn’s  surfs leteils of  the comeutations  are
wcr)hvd i Kauaniks arc Anderson (1979 ang Anclerson
T imelif the srogramminge: only the collinesr
By Taw corsd e red s te come Lex
(OHHHLIIVLLIP% are sesuymed Lo he described bu "Cole-Cole®
relaration model (Felton ek a2l 1% whase &g nave
teern modified to dimevove the pilitw of the inversion.  An
IMsl {Internastional Mathemati ared Statistical Librs
1977 dervivaebive-Tress Levenours-Marauarat (Byrown FINTN
Hernmisy 1972y nonlinesr : asufrerogramn (IXEHEY Qs

O e gt e notes Ffor conver:

o for the inver: 3 6 &
o other swesltems where Lhe Linrary is not availaible.

P e

Thne Tfollowing erodram orbions are carrentlys availatle!

{1y Simultaneous (or Jdodint? dnversion of ameiituder  Fhases
real sarlt andsor ausdrature sart of the EM courling Tor
aremnants made al various Tracgencies
tllhaneou inversion of EM oo Ll data for
arenlt dirole seaci 5
{3y Deltermination of i ther real cormduetivities ar
Gl Codle comelesw corncductivitic
Soal Ill“ ST @I E and observation srapes
i F Lo reducs round-of T

.
o
e f

amaters Tixed or constrained.

ceprhad
Farmat control of reading bthe observed

- me
matrix.

iy Using an dnfinditesimsal dirole~dirole courling mode
wrullmJnfrw inversion iﬂmﬁd BN N
o le- 20 s wreater Lhan i
et ore 1354 T more £
ciivnle-dirole model For the

SR IR N
i O 15
S L

2L Tor
!Mnll”H for
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PoaRkaMETERS AND DATA REGUIRED.

are  drsut

ryogram  MOALVEMOF
temerts with fio rmame
frarms contains raranelers Whion
tesausres mindmization rart of the
| init conmtains earameters which define
Lhe form of Lthe Fileld date earnd the model 2nd which defins
Lthe  methods by wnich the models are csloulated. Reassonahle
it valu Mave i incorrorated into the  srogram
rarameters ard Lhease e Lis e WiItEnEVer
sarresrondinsg ravameter de omibtted dm o2 mamelist drneuat.
it date mabtrix dis vesd From a2 ortionsl alternste File
(unless overridden? wsing 2 Fortran  obdect-time Format.
Freceding the $rarms atement iz & reauired &80 {(or  le
oharacter tiltle.

Farameters reeuldred
nE Farbran mame ] y
pearms anod $init.  Nameli
govern bhe nonlinesr L
FyQETan and nam

. ¥
=3

o

The deneral orger of ineuat Lo srogran MOLVEMORL dsi

Te Title lime {(alwsws renuireds max. 80 characlters).

2o Hrarms --nonedefaull raranelterse-$
(note $ravms maw Desin in cole 1 oon Multics).

S (Obdect-time Tormet) statement defining  the format of
the  drnegh matrix., The obdect Tormael besins wilth 2
latt Oty oplaced din ocole L.

4, The 3w e inserbed ey e if the
alternaste—o - orFtion  is  nobt  used (see  $frarme
rarameter dallt below).

e $init eenon-dedf L o rarameteyras-—4f

$e.  hubseauent vuns dsing Lthe  same
i ffere Frarms andg $inilt rarame S MEs D tiw
paestin sters  Le2edr  and 9 (selt $rarms ard

make sure that iallt does mot ecusl 5.

i

matriz ol wilth

Trye

general dnrult order ie recuired whether Lhe
don ds [

rurr dn bime-snaring or Datoh modes T
oFerating instructions nelowd .

PROGRAM FILES.

File(h titlery dinerul rarameters $rarmse obJect FTormat {(For
reading dets maebrix on unit s et Pan ity a2
$imit raramelters.

Filedd oubteut on~line srinter file {(see Tileld For moyve
cetail outeul).

Fileld pefeult imneut dats mabvix Tile read wunder  the
aobviect  Formalt siven in Filedd, rarameter ialt=10
(oefeaullt) maw be changed Lo anw Fi rmper obher
than 0613y or 16, Note di21t=08 will mean the
i matyix  is dAncludeo immediately after  the
agndect-time Tormat on TileOdH.

iy

g

-y
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B

obeut sorvaton disk @ reaudred  durins
ewecution of MOLVEMOE

outeut mast

Ffila-—contsins

reber wrinhebure

comslets erintable oulbeul.

DETATL FARAMETER AND DATA DEFINITIONG.

ravameters (with defaults and cross-references)i

i lucie
i

hR:

i

low wrefi

o wWwith YR oare ol wsed by MELVEMOPL e
ad nere Lo g todn conversion 4T the  Talll
rawlaced bw CALL MARQRT {(see awrendis 2 raragrash

fawra of 13

Mumber of o spweo cats o roints wlided=lecsviny
Wi e ALV TN Tive ture  of observstion is
erxelicitly defined by $imit dob.

Total number  of  sarametl
The wvalue  of kb must bhe ¢
where $init rerameter mm>d is Lhe number of L
i bhe model s ared Lomelsdsnm s cbive roamber of
lTawers which will have comelex conduchivilties
(ovefd $indidt warvametervs mmediomely and $earms nell.

pya (] mirnO(EGerm .
aial bo 2Emmeldiome L3

WE TS

Numizer of  omitited rarameterss Letey  rmumber of
warsmeters  held Fixed or copstrained vis arvraw
to dmdtial dneoal values siven dim arras Y.
dw=d o with bhe restri iorns thatl L@

R A )
.

(orefi $eavms blermedbh (2 amed ).

giver  Ln
Lere The

Mumiber of inderendent vaeriables  (me
the  ddats maebrix (wiirex{ieddvd=lemlvi
value of m omust pe i Followsi
whnern  $init  Frarame g (oeTines  specific
ghwervation twre dn o w(L23s

rameter {(refines i ve
ireowlnr ovia wmiheZrrs

srame e pLotms (et ines mixed
chservation  ftwres  dn wi{dl 21 st mixed
dirole-dirole seravalionses nne ia m{ivddd,
Fravrms dwhe  $dimit  dobs ek DATS MATRIX
nelow Tor 211 definiltions of w(iem) usen).

-

Trwat data matrix alternate  lodical wumilt  number
(oefault 10 Tor  resding  bhe dabts  under  the
obdect-time Tormat srecified in TiledS: The value
of dalt can be are o ovalue  the orersbing s LG
aurFmarhasy oot carmol be eousl to S013y or 1. I

ialt=h 5L NI e Lie riata mal i

A
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Faste

Clwdddemddedyodmlomivimlorn) Wi ll immediately
follow the obdect formst on FiledS,
(orefl $rarms neme $inilt dobhd.

O to continde srocessing sfter  comel
current  sroblem {dle.e.¢ s total v sart) with the
same dats matbrix ss last ciy bl b o wsing &
revised titley $rarmse  obdectb-time Tormale and
#imdit ravameters. HNobte thel dstos=0 can  only bDe
ged  whenever  dslt  ds mot § (since Tile ia2lt i

rewounsd and read @

ation of the

3

fa i) . Alaory  all  $rarms  and
$irmit  waveamelers ereviously used will De sssumeds
Wit the exeerbion of arraw DHO0Y whioh must alweys
D silver.

i (defaultr Lo stor the run afleyr comsletion of  the
curraent sroblem.
(oret i $rarms Dedallld.

O faefaulty for unweidghhted observaltionsd dl.e.0 s811 n
observationsg w{idedim=lycesvnm Will De weilsnted wunitw
fwiti amed  sbandard deviations sousl to 1.07.

L For wei obsarvations  sSiven Dw o tne  Tormuls
Whed 3=l 0/ e ldemtl Y KE WIE T e widemtd) s hihe
standard deviation augmented to  the date malr:
For Lhe sgSiven mois3. Moted whiil=1.0 is storeg
automatically  1i¥  1wb=0 oy e dwte=l arl
wldemtdd=0,0 (Lo avoid division w 0).

(oretd  $esrms meme $indt  dobes arad DATAE MATRIX
NOTES 3

e

i

¥

X dcier= O (default) Lo use analutic derivativess which calls
3

Ay he

=) For detail

nokn Torward Frablem Cfoocte st analwbic
derivative (reodel subroutines.

Loto use sstimated devivativesy whioch ocalls onlw
airoutineg  foode. LT convertir Lo subErosean
MARART {(as in aerencdix 230 then dders=] must alwsus
e pmects ines soocde ds o os chammy roubdned.

{orefi $rarms dell.

O tdefeult) for standavd abbrevigted srintout Tormat
macn  dterstion. Mote  scaled vialues o f
paramsters  DOJY and ghi (sum of scuares) will be
dilvern via rarameter scales.
rrintout  Formalt  Tor  easch  diterations
qoludes bhe raremeter  changes From Lhe
alsoritnm. Cmote  dsrt=1l  behaves like
Lepls uless converting to suberograsm MARDRTI.
=1 (recommerded Lf s lorG used)  Tor abhbrevisted
srintout  FTormalt  Tor  eaech iteration wilth srinted
unscaled values of DOd bul scaled values of shil.
same  as  derts=-L 0 bt slso erinbts on filedd
naasrvational corntainingd observed value

Wi oh
Mo

-y
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(obe=w{i13)y celeulasted value (oally resloual
(reosdy anc Hiiel . Note Fileld  will sluwa
contain the comelele obs- ~rea snd w{lemd A
rrintout. Oetion  drred: maw e wuseTul  for
Lime-sharing runs to exsmine  orne-line  bthe Finsl
asoluticon and residusls.

{(eref! $earms dioulsss and DATA MATRIX NOTES).

Mavimum  number  of dterations allowed hefora
accerting  the results  as  "Torced of " (defasult
niter=10),. Four different tures of converdencs
; are rossible omne of which dis tevmed "Toroed
af f%: which will ocour whenever niter has  been
reached  angd one of the obnery convergence oriteris
has mot neen scohilieved.  Usding & swmall niter maw he
wseful to momitor  Lhe  srosress For 2 Larsde
srob lame ard a2z an zid For asendevinsg s convenident
restarting srocedure with the last b-vector ss &
new initisl estimate.

{oref? frearms b el Marauardt (1983 Tor
converdgence teshts usedl.

{(cefeult) Lo omit nmonlicesr  confidence  resion
caloulations.

Lo comeute nonlinesr confidence vedions aflter the
last dteration. This ortion oslls  subroutine
Foode manw Limess ST mot recommendes Tor
ﬁ@n@r&] use  with syozivam MOLVEMOFL unless one is
interes! i a2 detailed nmonlinear statistical
srmalue the fFimal solution.

{mae : Share srosram No. 1428 Tor more details
on bthis ostbionld.

Lt

Variasnce F-ratio stetistic (defaull 4.0 wsed Lo
comsute linear suprort-rlane confidernce limits and
rarl inear (LT dnon=0Yy  confidence  limits  after
convergence or ndter dterastions. The default
value is adecuate Tor most arslications.

Student s  t-statistic (defaullt 2,07 Lise Lo
comeute  one-rarameter linear  confidernce  limits
i convergence  or niter iterations. The
value is adeauate Tor most seelications.

Converdgence  oritevion  btest sarameter {oiefault
43, Far v\um;!wv Tor Z2-Figure acouracwy Use
e, 3LF Tor 3-Fidure BOCLITHOW,  LEE ae, 0Ly el
Lfor MOLVEMCRFL: e i« ; ivaelent Lo $frarms ers (see
e low)d,

foreld: Marauardby 198630

e
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foage Converdgence oriterion  btest  raramelter (oiefaylt
le )
(orefi Marouardb: 1983,

Wl Tedtiael Marauardlt’ s lambdse facotor (default .01y Lo
me added to the diassonsl of the Jacobian btranseose
fimes Jacobdan malteris. Foy HOME VT
ill~conditioned =roblemsy oy Tor soor  inditisl
rarameter estimalese 2 lardger =2l (e.sier 107 maw
srove hbo be advants

] Marauardbe: 1960

*

Nk
Toama THM Shave  srodram Nos

modlan= 1 (default) Lo use & modified Msveusrab lambcda
mathod a8t esch  dteration as described in Tebals
anc ITto (1973,
= O to wse bLhe oviginsl Marousvadld (1943 lambde melhod
at ezch dteration.

gamors Mayvousrdt e oriditicsl angle  Detween  the  gradient
art  addustment  wvectors  (defaull 45,0 degress)
The value of d@amer should nolt bhe set dreater  Lhan
PO dedgrees.  The defaulldl value is wususllw adecuste
for most areslicati :
foerefd Marauwardby 198630,

Factor Lis e LT finite-differences eauations
(adetault le-%). Note del iz wsed onle when iders]
for estimated rartial derivaltive calculations.
{orefd $rarms iders.

e b g Simsilarity criterion for matyrix LPVBTELon
(odefeault  le-31)s wWwhich maw he selected greaster
than or eoual bto the maohine  smallest ewsonentd

range .

qohs Fyimbout Filedd and Fileld contyrols

=] {defsult) Tor srintahle oubtsul on both FiletGsd  ana
Fileld.
For erint oubsul onls on FPiledd,
Moted Tileld ouwlsuat maw e wseful For deferred
outegt when runminsg bhe Jdon From & bime-sharing
terminaldy  slesor Tileld maw e used as an ineugb
File Tor abther eroc ing  esrograms {(e.d.r  plol
routines). I bhids version of the srosgivame oubsul
Lo fileGd has  peen recuced o take less time Lo
Frintout o s time-shaving terminsld:  howevers for
iout=1 (deTault)e comelete srintable outsult  ds
alusws given on FTileld.
{(crefi $rarms ierhl).

)
At
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w8 raramaeter sealing

soaler (eauivalent names
ol ion.
(clefaultr to ignore sarvameter scesaling {(il.e.¢ Lo
dse unscaled raramelers?.
Crecommanded  Tor  erodgram MOLVEMCRLY  to soale
saramalers pidr using Imdhidldrye  srovided Lhe
initial nliy=0 for all dsleZescevke  HNote scaleps]
will asutomsticallw ¢ Lraln e Timael  solution
sty bhat D =00 Forv osllododm (lelds
@  wraramebters DOy using a2resinhibhidrie.
ortion 2llows for log-twee rarsmeter scaling
whernever DY is positive or nedgative for ame J in
(leld s Howevers For  srogsram MOLVEMUEFL Lrie
irdtial rarameters  DOIYE0 must  De #ivens henees
: anould not De RS . s detined here oy
i ble use in obther arsrlicationsy.

Brarms Deld.

T

Al

alew (eauivalent nemes? i a&n observation
Lims owbion.

default) to ddgnore obpservation scaling (l.e.v Lo
use unscaled observaeltions wiil)l.

Lo rale  observations Wil LIS Im{w{idly
FrOV o wld 0 For 211 d=lsy2vseern.

Lo scale obeervabtions  w(i) wusing arcsinh(uilli.
This astian allows  Tor los-twre observaebion
sealing whenever wiill} is  rositiver negabiver or
HETO for ary 1 i {lemd. A sracisl 5
sutomaticelly occurs whenever : iob=He and
bobth amelitude  and  shese  date are includeds i
Liis caser Lhe MAOR LI T OIS T E Wi ll
Ir{amslitude) or arcsinhi{sh Yoacooardinsle.
{(oref s $indt dioby $wravms noandg DATH MATRIX NOTES)

Li e

For all bkeraramelers.
2 sy lied grester than zero
(hemer rosibive conauoebivits

ault  wvalu
are  selt to  m(d Lo ke osnd woulo
result dn o an ervor condgition 0F srw DAY was nol
s lied dgrester Lhamn zero.

of dirmdltial
These  valuss  mud
for srogvam MOLY
ravamneters and b

Foar  $imit  domela=Ge e rarvameter order must Do

siver awsi

PLLYsn (2l e e ee{mm) &6 e i javer
corchyctivities Cin mhos/meater)y and

pimmrl e Ommd23e oo v CEKMmM1 7 are  bne mmel lawer
Lhickre:

(i meters).

Foy $imdt domela>0e the waramebter order  must Do
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#iven aai

pllreiZirseerimer are Lthe mo=mmbicmel«¥3d  lauer

conduetivity saramebtersy irmeluding Lhe Cole-Cole
sarameters (1Y ¢ and

plmedtlrenimed2treceeimedtmm-1r are Lhe mm-1 Lawer
s (4 mebers).,
{orafi frarms fvirein arnc Fimit

mmrdiobviomelxslomeled s

i e fBrraw of dr-dndicies (in any order) corrvessoncins
o anw hi) warameter neld Fiwxed to its dreul
value. PE=deindly=3v i (2= will hold Fixed
D03y e () i cbne 1 L seuares. I+ 4 pru
{(cleTault)y leave oul arraw 1D im0 bthe namelist.
(oreT i $rarms dwed).

Lthe following $earmes are  rsraneters  gsed  onle e ITMEL
autrrodgran SXSE0 and  carnnot e used iF converting  to
superogran MARGRT as desoribed in arrendis 20,

KR RTCE A 1 (oefauld) imerlies
GRS T RS 1% caesir
Marauardl al@orithm (ZX5E
used in the inrul arraw sarmil.
O dmelies stricht descent is nol neces
"hest or ostimum Mereusrdt rarameter o
wield & sbriclt decreasing sum of sauares
iteration).
2 odmelies  sbrict descent ds desired with LIGE
ravrameber  oholces  as #siven {(or assumed) in insul
arraw Farmnid.

¢

(eretd $fwarms rarmi) ).

strict deseent of the sum  of
1 i the derivetive-Trae
vy with default values

iRTY (le@ar Le
d omaw not
at easch

Farmi s arrad of lendgth 4 recuired only when iorsb=3. The
ciefault is Farmll=0le2:v180eely  where @acnh
element ie defined bhw the corressording index
followsi

=1y the inittial value of the Marausrdb rarameter “
Lo socale bthe diasgonal of the srerodimate Hessian
matrixy MJdtde  Dw  the Taetor  (LeOdrarm{lid. {1
amall wvelue dgives & HNewbon stery while a large

cly Each Cole~Cole conductivity is desoribed e 4 sarameters. Thew
are (in the orvder anbticirated he srodvem MRLVEMCPL throusgh the $earms
Oy arraw) Lhe zero-frecusney conduelivitues  oha trilitwy  Freausnow
deserddencey ang time constant (Pelton ed ale 19787 FUNCTION COL i
arrendix 1. For exsmplers Lhe DO arraw for 2 two lawer wmodel with
AT sEoonc Lawer fravirs & come L e conauotivity woulad  he

sislesigdroharged s Pradesdebimedebhick] 7.

“h
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value gives a steerest descent stes, {ofefault
sarm{Lli= 0L,

the scaling Factor wsed to modife the Marousrdl
rayvameters  which is decre:s ] yoafter an

oD FETm
immediately  succ wl o e arvt. directions arid
inereassen e bhe  souare  of sarmid) it omot.
{oefeullt rerm{2)=2 where rarmi{2YsL must De  used).
ary  uFEeser pound Tor  dnoreasins o Marausredt
raramneter, The searon Taor & o wod ok
agngrodoned 17 rarm(3) ds ewoesded. earm{33F1l00 is
recommanded. (deTaullt rarml{3i=120).

value for indicsating  when central vather  than
Torward diffevencing is to he for caloulatins
e Jacobian (sarvtial deriv: The switonh
made  whern  bhe norm of the of the sum of
gauares Tunction bhecomes Ller than sarmid).
Cerntral differencing  is  sood in bthe vicinitwe of
the solutiomes so rarmid) sihou o Al amall.
{cefault rarm{d4)=1).
{(oreTi $rarms josl),

The Tirst conversience oriterion. Convergence is
asatislie sive  dberaltionse L

T 4iF  om 2 sucoe:s
raramater estimates asgreer comeonent by comsonents

to msig odisits. (iefault ns; Fougsing neldsl mew

mot conversie since sinsgle srecision is used).

i
sive idterstions the
imates nave relative
difTferences <= apg, {oefaull ers=0.0).

(oretd $rarms ey which iz ecuivalent Lo ers).

The second converdgence oriterion. Conversienos
statisfied 41T on 2 sucoe

dual sum of seuares

e Lhird converdsence oriterion. Converdgence  Ls
statistied it e Fuclidesn Mo of  the
BF O dient
et

Lmate  sre delta. (ofefault

3.0

Nipled The Marauars iteration is tevminasted: and
converdencs 1s considered achieveds if anw one  of
Lhe  Lhre convergence  conditions (neigryersy OF
deltal) ie satisfied,

The maxinuam numzer of Ffunction evalustions  {d.e.s
calls Lo subroutine FUNC i Z2X85Q) sllowed. The
srbual mumber of calls to FUNDC maw exeeed maxtn
, Mote:d nlesas maxwtr-Q 1s sHivens
b¥riter dis used as Lhe default vaelue.
$frarms Eryndtery where defasullt niters=1073.
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Geri Cend of $earmes mamelist]

Findt eeprameters (With defaults amd cross-referemnces?d

4 O (Iheservation-ture delined For wiilri

I (default) defimes wii) ase¢ the amelitude of the EM

courling (volls amprerel,
2a Lie  shase  of  the EM O courlings

Fodr (e dKLO0Qe b i L0000 milliradians.

v ow (1) #2s bhe real rart of the EM  courlins.

= 4 gdefines w{i) as the oauadrature rart of the BEM

congr s

(riohe d Tor doaba=4e  m=1l must also bhe given in

$Frarmsl.
S defines mixed observalbion-twre Frecuency sourcdings
whnere  the Hd-th observation twee ds  #gHiven D
M2l 0 Tor amelitudes =2,0 for shasey =3.0 for
rasl  rarty  or =4,.0 FTor auadrature eart of the EM
oo Ling.
(notei for
Brarms) .

& defines mixed obhservalbiorn-ture Frecuencs sourdinss
at il srert aly SR s Wi re the  d-th
observation is siven bhw =i« the same s8¢  fTor
dob=He ard the nm seracing i sfiven dmn w{ie3,
{(roted Tor dob=de must  also  bhe sHiven in
Brarmsd .

$rarms meD()e $imit mmermy and DATA MATRIX

2,

must  also  De  dgiven  in

s Number of lawvers in the model (I<=mmd=10% cdefaunlt
mis=l ) .
Moted make sure $earvms k=2¥mn-14+icmelk3,

(erefi $rarms ke (e $init 1oDeiomelsd,

NN L Oirole sracingy seraration beltween closest rsoints
of aree gred receiver  wires de sivern Dy onrkel
CrmeeGe aefsult nrsly dgnored when iobh=dl.
(oretfd  $indt dobeyrleslis

e ] = Source wire length {(metersl.

rl= Receiver wire lendgth (meters),

Twre of wire model comeutations

L (default: For infimitesimnal dirole-dirole
caloulation. i¥ Tm=aly Lhid s ie & sood
arerroximation FTor ppsr=3

2 Tor Tinite-wire Glouble intedration) caleoulation.
Corefi Ffimdt  Tiambllefimbl2e dinmdleinZe meviemeviy
ref iy e
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Lo ] s Tolerance used for accerbance of Harnkel transform
caloulations {(defaullt tol=l.e-3),

Fimtbide= Tolerance  Tovr intemrvation alorns BOUT O WiLre
(odefault Fintli=l.e~3).

Fiamt]ds Tolevrance fFor  intesgration along PrECeLVEer  WIre
{cjefaullt fintla= TR I

T

dorid e Ture of intesdrvation desired a20ross sQUPee wire:
{(cddefault) for adasbive cuadrature intedgrations
for non-adartive auadrahbare intedgration.

A Ture of intedgration desired a0ross receiver  wWwires

L {defauldt) for asdasbive auadrature intedyationy
2 for non-adarbive cuadrature intedgration.

mey e Maximum rumber of Ffunction evaluations allowed Tor
intedgration across source wire (defsult mevi=3003,

mey e Maximum rmumbey of Ffunction evalustions a2llowed Tor
irbegration BOTD piver Wive {adefault
meyds 000 .

e

i des e dnterval dirn log-seace (=02 mfin) Wit which
the auintic seline nodes sre csloulasted for the
couiale dntesration (default nfin=l.

Lo ] s Mumber of lswer conducltivities in the model  whioh
sBre comy L {ofefault poemelw=0). Noted
pomelslmmin (G mmd d make GLITE $rarms
o2 kmme L b L ome Laokd .

{orefi  $earms DOk ard $imit mmelomsla ).

lomslaCr= arraw  of icomelw-indices  (in ascendinsg ovrader)
corresranding o Lhe lawers whose conductivities
are comelesy @ e s iome L=y Tomelsw{l =
Lomelw(23=2 signifies thalt the cormaductivitse of the
Fivelt and secornd laders are Lo be comsles. ¥
iomely=0y bhe lomely arrasy is dgnored.
(erefd  $ravms b oand $imdit dfomelmaemm).

u

$ond Dend of $imilt rarameters]

A MNOTE ON COMPLEX CONDUCTIVITIES

The comslex conduetivity Ffunction wused by srogyram
MOLVEMOPL  ds  slishtly modified from the Cole-Cole Tunction
used hw Felton esLe a1, (1978, The waro-freauency
corciuctivityy  charvdgeasbhilityy  and Frecusnow dererdence are
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e samed howeverys Lb wass mecessary Lo modifw the  time
constent because of & serious corrvelation beltween it and the
Fraqusnoy derendences saramelery e Thereforay the
conversion is

time-constant{(here) = Lime-constant{Felton)iie

The user maw cohsnsge  Lhe functional Torm of  the ocomelex
comduetivity  a2s loms as it still reauires four rarazmeters.
Sueh ohanges showid bhe made to the COMPLEX FUNCTION COLE i
AEperciise 1.

DAt MATRIX NOTES.

The data matrix is defined ass the seauence of ordered
POWES S (ulidelivddvd=lem¥Edy where i=row rodmber Ledeeosons
ared mk=mt+l if iwb=ly obherwise E s The data maltrix is
read  on losical unit ialt {(defTs L0y wusing an obdect-lLime
Farmat statement ( 2 oanw Forbran marodald. The mumber  of
items  read o o $rarms mediwl o and $indt dob as
ereviously defined. The variows date maltrix orbions  are
asummarized se Tollows:

P

(a) SreciTic observaltion turery Trecuency sowncding for
amrlitudery  shasey real warbly or auadrature sarl of EM
courling (lobds=4 m=Ly arnd & madimum of 3 items
recordl i

Te wlid= i-th observaltion: wnhere $inilt dobhad=4 defines

the rarticular tupe

Pela= d-bh FPrecusney (0iel 3200 Heeds

ey atandard cleviation of obhservation i
Cimelude onle 4T dwh=12.

)
R

,.
et

(Y Mirxed observaltion lturess amelituder shases real  wart
and/or auadrature rart  of  EM  courling freouenou
soundings (dob=%y me=2y oand 5 maximum  of 4 dtems  rer

»

recoradl

Le  w(id= i-Lh observaltion {where actual ture 6w
cefined by w{isdy2.

S wmilivids d-bth Frecuency (il )00 Meeds

3o wide2ys observaebion bwee dn o w{i¥d use HideZrs= 1.0
FTor  amelitudes 2.0 For  shasey =3.0 Tor
real rarty or =4.0 for ausdrature  sart of
EM o cowsling,

Laria cdeviation of observaltion i

Cimoclude  only iF dwh=13. Note! for Jdoint

ion of amelitude and  ehisse  datae 2

Wwelstnten least sauares should bhe  used

Ciwt=1 orbicon to Frocduce e areaaual
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magrnibucies,

(o) Mised observaltion bwres arnd odisole s :

() buwre  datz mabvi with  the tLiomn of column
LTwimg  bhe  $imdl disole i rarameter ri
{iob=dym=3y and & maximum of 5% items wer recordari

)

&

Lo w{id o (where  a2otusl bupe 1

Widedad

gy (0l L3060 Meods

shior ture dm ow{i)d  wmliedy = 1.0y
20y 3.0 or 4.0 se descoribed din (D) above.

4, wmldiedr o= o owvaluse  to o wuse din comeuabins disole
seaeing (MOLe3220,.00,

B wmided) = slandard deviation ot apservation i
Cimclude onlwy OF dwh=1).

PR

2 wmideld

Ao omided]

The dates matrix should be
consecutive Frequencils wWitn

T,

or ordeved WGith eousl

Lo oeach observation

OF  TMNPUT PaRaME ANTE DATA ORDE

ING

1 ErM cowrling smelitude  souncdicnss resl conduetivities

Feoull dob=lyiomelag=d)i

3 MmOre Ohs
Firvit mm=3erl=l00esl

arvaliornsd -
TGO w ripps

oy
S EE

——

cousling ameldbucs aariieisie Tirst 1as

comslax  (defaull  dob=ly note the
wdired in the i) arraw Lo :
conduetivitey of Lhe

concuctivits
GLITY PR TS Bre

the  oomeslex

examnele @

$rarms 1

e [ ‘ 0 e }

Lerlsldd.s

MOTe Ohsery
Firdt mm=3vicomela=le lomel:

LTG0y

Ao Mimed o

ervation bures (lob=5re amelitude ardgd shzsse of

EM courling: and weilshted obseprvations (dwb=123
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o bhe [Denver
cirvectore?

Tollowins
2reh rules
work insg

Gy

tihe
fi
Lhe
BB
Lib..emy

Tithle

@i
P to
aflter

rle s

rde s ared rimlrimsl .

ascil (stream)
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Files Faledi arnd  Tileld Ffor rszrameters  and  desta
sl ol ve lw To attachn Tilelldy Lure:d
io attach Fileld file. deta.file.nane

4. underflow  comndition  handley of T bhwe  busingd

ey P

5 Erecute srodgram MOLVEMOPL by tweingd  melvemorl

I+ Filedd was not attachedy then Lthe wuser  must
anticirete Lhe recuired titlery $rarmsy obdect Fformates and
$imdt o be tweed on Yuseroinsgtt. FPromeslt messases a2re nob
srimted on bthe terminal.

Hote "fileld” is the comelete srint File (novmally disk
orn Multics)ye ared "Filedd® is  alwsws the oaon-line fLerminal
srint  file. Fileld should either be deleted or derinted to
g limne-svirter after rvunmdng srostram MOLVEMUFL . Alaoe
Fileld Cif  used) should be delebted after running Lhe
rrogram. To submit bLhe Jdob as s bhatob Jdob (called absentee
are Mulbtios)s rrarsare  sters 1 throush 5 abhove in B

witty sehsin suffix and use  Lhe "erteroahs.reauest?

ERROR MESHAGES .

Most rarameter and/or  datas  errors  are noted bhw
gself-exrlanstory messades arrearing in the srinted Filelsds
and the  Jdob is herminsted. For examsley the messade
terrvar--some $ravrms out of range” mesns theal a2 violation (or
omissiorn) of & recuired rarameter range has  oeen  commitbted
i tne  $rarms nemelists  Cheolk all f$rarms valuese correcths
ang resunmit Lhe Jon.

Exearnent underflow may occur when the argument is  less
tharn  10¥K-38 o Multicss this dis  not  fatal since 0.0
rerlaces 211 underflows. To GBLIFFTO5S the virde v low
messagesy bLhe command  “set.oufl -of " can bhe used srior Lo
executing MOALVEMIPL .

Exromnent overflow and/or arvithmetic overflow messadges
will terminate bthe rum under Multics contrals  Arn overflow
condition wsually mesns & wverw soor  dnitial rarameler
aetimate was  givern in srraw ) for the model (mm) chosen.
First check that 211 $rarmey $indite data matrix valuese and
ohJusct-time format are correct. IT o errors are Founde
thern try Lo revise the model {(mm) and or use better due of

2y

estimates Tor bthe starting rarvameters in arrawy ).

I army rarameber  hedginsg L0 28reroach Tero or Decoms
untounced during Lhe least sousres idtevationse thern one  maw
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fix A(constrainy the wrarameter Lo & ressonanle velusee snd
restart the srodgram to obtsin 2 constrained least sauares
aalulion. This ds  uwswuallw recuired when the data are not
aufficient to resolve all the rarameters Ffor  the model o
CHOSEer .

DECTPHERING THE FRINTED OQUTRUT

Results are svicbed on logical wunild & (Filedd) and on
unit 1é6 (Filelédd. A comrlete  samele  oubsat "

Listing of
fileléd has been included for reference in Arpendix 3.

The following table defines edditionzl names or terms
eed in bne erinted  outroat Files which neve not been
rreviouslys defined as  $rarms orv $indit saremelers. Mames
srefixed with & "¥" are n$olb used e MILVEMCFL: bt are
included here in case Lne Call. IMSLMA is rerlasced bhw CALL
MARART as described in Asrendix 2 Nemes srefixed with 2
A gyl w ornly  to  IHMSLMA  srintout  {(see  TMEL. 1977y
cdocumentaetion of ZXES0 for ils on these  oubeat  namess)
Names  without any  erefix  aeely Lo both IMELME and MARQET
srinted oubrut.

Lenm defipibion

ng

A dgradient the sradient vecltor (scaled wvia $rsrms
ar ) corressoncding bo bthe Fimal solution.

A onorm of dradient  lensgth of dgradient vector,

LEme rigite estimated number of =
of the solutior.

A maraugardl sarameter -or- Klambadz
Marauardt (1Y83) Lambda TFaetor Lo De
added Lo the disgonal of  the JUscobisn
tramsrose  bimes Jaocobdian matrix st sach
iteration (Final iteration For  ITHBLME) .

Aowmsa o vore Kl wdghted sLim-OF-sauares resdoiual
fumetion cief Lred aver the I
ohservationss the value of the Funclion

Lo De minimized bhw nonlinear lesst

GOLIETES .

¥ iter mador iteration oot WV e
iPterd=riter.




¥ s -ore e

¥ lendtn

¥ samma

¥ —erailon Ltesth

¥ samma lamnoas

X Hamms ersllon

¥ ~fFores of

Ve

¥ Hres.orr

Mg e

Mulbtics

test

foest

Documentatl
MOALVEMOCFL

Frogram

ol
HERUBTER

sltandard error
roolt mesn
agart (sbd S (e

pebimate {(or weistnted
ervoary defined as se =

fobied ).

lengtn  of the Marauardt addustment

vearhor.
dedgreas) helween Lhe sSradient
aoJdustment veclor.

angle (in
and Marausrdt
COrMVergence teal 5 6 17 whi@reyver
aps{deltaddr/ (tautabes{(nddr )< Tor a1
HJvownere delts ds the sduaustment veotor
arvd b ois bhe rarameter tors

W
CONMVarsencs frasaod
Lamiardd
criterion
% SLAE:S da) i ;
rarameter govrrections are
Large  rounding ervors--glmost
cue Lo bne Fresence of
correlations amors Ly Farametarr
patimates.

test Wharmeve
iemmar?0  desrees. Thidw
rather Lhan the
Ty WHEr the

cerendent on
certainle

VYT

Pansad

: wWhenaver
ecyriterion is used 4if
necomse small enousn
an a2 result of

CONYRrEanoe

HammatEamnor.
rarameter increments

Lo rass the ersilon €
sceessive  nalving the increments,
Whern this ocourss the valuwe of  m=hi

rresumed minimized wnibthin the limits
Lhe roundinsg error.

1

kil

o convergernee after nmiter dtervations.

wiir imnrut dererndent  variable

LTyesovrne

apnserved
for

caloulated derendent variable For

imle e e vnie

resiosl (o . wiidd oal For

dmly g

s ¥

reveent residual error o= 100XresScal.

wideddvd=lem

DaTad MATRIX

Lt

inderendent variables
NOTES Z
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*o-umscaled forced scalersgcealew=0 afler
iteration to rroduce unscaled
e ar force of F.

OF COnyars

e

¥ rartials ~ar- %

didesealed) ravtial derivative
dJeootian matrix.e The derivalti:
the changes in the  mooge calo
Wi th 32 Lo cranEes
rarameters,

ny

¥ orbyr dnverse —~or- % osdbd dnverse
inverse of bthe Jdaocobisn bramsrose mabrix
times the Jaconian mabrix.

correlation matrix rarsmeter covrelation coefficient matrix
devived from the (%2 sl or () oAt
inverse mabris,.

st error (.l rarameter  standaerd ervor definsen f
ervrori{dl={*-yneascaled-"sedXgart (ebe Cded) .

¥ one-ravameter one-warameter  lower ang ussar Linear

contidernce  limits.e pased on Studenl s
P 0 (default).

¥ surrort slane Linear lower angd urser suesovrlt elane
contidence  limilse 0O varLancs
Feratio =

atistic Ff=4,0 (defaull).,

abo.errrarm ravameter relative srror defined 2s shd
grrorldySraraneter value (s
intivity of seecilfied

v {0} g

reslativitbuid raal resishivity of i-th lswer.

chardeant ity Cole-cole come e

civardgsani Lity.

o Cole-cole oy L

frequency-dererdence rarameler .

LCole-cols come e

corvstant s

index Tor Lhicknes anc  oerbh

et (i to the oottom of the itk 1

T v
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o

returned to  the  aultnor. This mebhod of relessing fthe
Frogran was  selected i orvder to satisfw recussts For the
latest urdated version. The madnetic tare will bhe recorded

+

i o bne following mode (unless olherwise requested)d

Industry comeratiblet  Y-brscky urdeheled:s FERCDID modes
oda-rarituy GO0 npei densitws  BO-character recorcds
(b locked card dmages)s and conhained on one File.

Mote?l The source code fTor 211 ITHMSL Librare routines used
(ZXS5Qy LEQTIPy LUDECE ut LINVIFYy andg THTY asre onlws
available from Intermationsl Mathematical and Statisticsl
Libraries (1977)y  whose adodreo: is #iven i the reference.

-
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COMPLEX FUNCTION COLEZ2(F«BO«RM« Ly Tal
COMPLEX 29 ONE

DATA ONEHAFPI/ 0L 00003 1. 5707963277
GMEGﬁ%éﬁEBBI“UKIH

ER2=807 (ONE~RM¥ CONE~Z 3
RETURN

ENI

COMPLEX FUNCTION CZEX(RByNEWRI

CEEX COMPUTES THE FPORY TERM WHICH IS
DOURLE INTEGRATED OVER FINITE LIMITS.

IT Is PaRYT OF THE EQUATION FOR THE
FLECTRIC FIELD OF AN ELECTRIC DIPOLE.

B INDUCTION NUMBER
R DIGTANDE
NEW CONTROLES ZLAGHO TNTEGRATION

e LZEX 18 TDENTICAL TO ZEX EXCEFT THAT

ALLOWS FOR COMPLEX CONDU

FIVITIES

MHLLH ARE COMPUTED BY USER-DEFINED COMPLEX ROUTINE
HTGMA

COMPLEX ZLAGHO» TWODELI »ONE »SLGMAHTEMAL » LB OK
EXTERNAL F3

CGMM“NxFF!ﬁﬁf?ﬂ(i@)vTFMrLf

COMMONAPARMATISTER » &1 v A2y A3 SIEL v A% v M TOL
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DAaTA ONE/(L 0000/

FEX=OMPLYX (G000

CEEUMPLACEB BYRCEARTCOR LY

FOMLEQ Ly GO TO 2

*TMUﬂEL3$&KEX+(HNf fUNi%FP)ﬁl!F!f PrARRwE
RN

SUBROUTINE EEMOPLOY o X PARME Ko N TITLE » TOUT

TERMINATION ROUTIME FOR NONLINEAR LEAST SQUARES INVERSTON
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CHARAGTERKXS TITLE
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