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Appendix il

Chain-growth model parameter estimation

This Appendix describes the chain growth model fitting program
used for parameter estimation from the model presented in Chapter
4. The program is written in FORTRAN and has been run on the Main
Frame IBM 3081.

3.7 Program Minimum _

This is a program that can provide parameter estimates for a
function of several variables, by minimizing the function using a
quas.-Newton method. The user must provide a subroutine to
 calculate the function and its gradient (first partial derivatives
with respect to the variables of interest.) This function is the
objective function, which consists of the summation of the square
of the difference of the experimental data goints and the function
evaluated at these points using the current estimates of the
solution vectoer. The user initially inputs the number of variables (2
in our case) and an estimate or initial guess of the solution vector
for these variables, and the original experimental data points. The
program iteratively searcnes for the parameter values that |
minimize the provided objective function. Finally, the‘ program
output gives the final solution wvector, and the function values that
correspond to the experimental data points, as well as a termination

indicator that indicates whether convergence occurred.
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‘MINIMUM' is the name of the FORTRAN main program used here;
it is & general error minimization routine that can be used for any
user-supplied function. The Subroutine '‘SUMDATA' provides the
chain growth mode! objective function and its partial derivatives
with respect to the two parameters, T and tm. The Subroutine 'FUNC
that is called by subroutine 'SUMDATA' actually evaluates the Fn(t, n,
1, Tm) that is obtained as a solution for the chain growth model
presented in Chapter 4 at input values of these four parameters. If a
different solution function needs to be used, it can be modified in
this subroutine. The user als¢ inputs as data the F (rise) curves
obtained from the transient response isotopic trecer experiments
. described in Chapter 4. The input requires the carbon number of the
F curve, initial guesses of t and 1, and finally, t, Fexpi(t;) pairs. A

listing of the program follows.



PROGRAM MINIMUM

C---nnu--------.--—------a------------------l—-’--‘-- ==. ------MINOOOiO
MINCOR20
Program Minimum MINDQO3D
MINDOO4Q
implicit none MINOOQSO
MINCOOED
INTEGER INPUTINIT, MAXDATA, N MINO0070
imteger nvar,ihess.maxf,irhess,iwhess.iprint MINCGOOBO
INTEGER IERR, ISWICH, ITER,NFCALL. 1 MINDOQSD
parameter {nvar=2,ihess=_.5*nvar*{nvar~l)} MINOG1Q0
real=d tolx.toly. sprec,extbnd, rin,objf histry, MINODOL10
2 xinvar},g(nvar),solvec(nvar), sThvec(nvar),grdvec{nvaryMIx0Q12c
REAL=E RESS {IHESS) , SCRVEC(NVAR) . NORM, T (100) , FEXP{100) MINCO130
real«g fn,deltau,deltauk MINQQ140
LOGICAL RLWAYSTRUE MINOOXSC
c external functieon calls for psi and phi MIKOO1 6D
MINDDITC
extetnal sumdata MINCO180
. MIROO190
c initialize inpur parameters for the minimizatien routine MINGQO20C
MIK3021i0
daza maxf,tolx,tolg, sprec,extbnd, irhess.ivhess, iprinat, jerr, MINQOZ20
z iswuch, rin/s500, 1d-6,1a-20,.1,2.,0,0,0,0,2, 1d-6/ MINGO230
MINDO24D
data AlwaysTrue/s.true./s MINCO250
Ta inputunit/20/ MINOO2Z260
DATA OBJF/D.0DO/ MINQD270
MINOD280
COMMON FEXPTDATAR/T.FEXP MINUDZS0
commen, /exptdatal/MaxDaca MINOD300Q
COMMON /CRRBON/N MINOD31O0
CCCCECOE e L et CCeottCe Ot ereasteaCtceceeeceettcececeeeececcececcacceccecccee MINSTI20
" MINJO330
[ QFEN (UNIT=INPUTUNIT.[ILE=*INPUT.DBAT®, STATUSH ‘UNKNOWN ") MINQO340
[=f QREN (UKIT=INPUTUNIT) MINDC35C
¢ initial guess on parameters MINOC360
MINGO3To
c READ (INPUTUNIT. *} X MINOO380
[ WRITE(6, ") X MINQQ390
DO I 1=1,NVAR MINOOZ0D
READ(2C.*IX(I) MINQO41C
1 CONTINUE MINOL420
¢ data points used in fitting function MIKOO&30
MINQO&LQ
[ I=0 MINDOQ4SE
C DO WHILE (ALWAYSTRUE) MINOO4 60
MINQQ4T0
C ImT«l MINOCU4ED
c READ(INPUTUNIT, *, END=095, ERR=0999) T (I}, FEXP (L) MINCOS9D
c MINODSO0
c ENDDC MINQUS1EQ
c MINDOS20

ces CLOSZ (UNIT=INPUTUNIT)

MINODS30
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c nete:

MAXDATA = I-1

MAXDATA IS THE & OF DATA POINTS:N IS THE CARBON

READ (20, ") N, MAXTATA
DO 2 I=1,MAMDATA
READ(20,=)%{(1},FEXP(I)
WRITE(6,*) *I=",T(I). 'FEXP* ,FEXP (I}
CONTINDE
do iml,ihess
hessti)y=C,0d0
enggo

¢ OF DATA

call gqpfgs(nvar,x.iswtch,maxs,iter.iprint.tolx. tolg.vfn,
sprec,extbnd,obif, ihess, hess.g, lerr,nfcall, srhvec,
solvec,grdvec, scrvec, kistity, irhess, iwhess,  sumdata)

WRITE(22,*)'OBSF: ', 0OBJF

KORM = C.0DC

ago i = l,nvar .
aerm = norm + g(i)==?

endde

NORM =DSORT {NORM)

WRITE(22, *) "FINAL X: ',SQOLVEC
WRITE (22, %) "GRADIENT: *
WRITE[22,*){G{I),I=],NVAR]
WRITE(22,") *NORM: *,NORNM
WRITE(22,*) *CARBONS " N
WRITE(2Z,*) "ITER: ", ITER
WRITEZ(22.%) "IERR: ', JERR
WRITZ(22.%} *NFCALL: ',KFCALL
WRITE(22.*)

WAITEZ(23.%) "“MODEL*_N,*".°

do i = l,.™axData
call FUNT{T{i},FN,DELTAU,DEZTAUB, X, MaxDazal
WRITE(23,*) T(I).FN

endde

WAITE(23. "}

WRITE(23,™) ‘“EXP'.N,'™.°

DS I = 1.MAXDATA
WRITE(23,*) T(I),FEXP(I}

EXN2DO

stop
end

2.1 Teal variebles Ir this routine are gouble precision
¢ SO rake sure thar any variable transfered into the routine is
c couble precision (66 bBi%)

subroutine gabfgsinvar, x, iswteh, maxf, iter.iprint, telx,tcilg,

-
-

Z

ré¢n,sprec,extbnd,obif, thess, hess, g, lerr, nfcall, sthvec,

solves,. groves, serves, histry,.irhess, jwhess, funct)

MINOCSSD
MINCOSOC
MINQCSEC
MINGI3TC
MINQCSBO
MINOQSSU
MINC060C
MIRNQOELD
MINQOE2C
MINCOE3D
MIRCOE4C
MINOOESC
MINDO6ED
MINCOE7D
MINDOESO
MINDDESD
MINDOT70D
MINOGT710
MINOOT20
MINOCTIC
MINOCT740
MINQQTS0
MINCO768
MINOQTIO
MINODTBR
MINOOT790
MINGO80D
MINOCBID
MINCOBZC
MINCGOB3C
MINDDOBSCD
MINOD8SC
MINJOBEC
MINQOB70
MINCOBBO
MINCOBS0
MINOCSQ0
MINQOS21O
MINQOS20
MIN3J093D
MINOQS40
MINQO950
MINCO960
MINJO970
MINOO980
MINODSST
MIND1COC
MIND1C1Y
MINC1C2C
MINCIC3C
MIKG104C
MINC1DS0
MIKOICEL
MINC107C
MINGIOBD
MIND1O90
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MINC110D

implicit real*f la-h,o-2) MINCI110
‘ MINC1128

cimension =x{avarl,hess(ihess),gi=var),srhvecinvar}, MINCI130
H solvec(nvar),qrdvec(nvar), scrvecinvarj MIND1140
MINOI15O

external funct MINO1160
) MINO11T7O

this subroutine minimizes & function of several variables MINJ1180
obif(x(1),x{2), ....x{nvar)) using & quasi-newton method MINO1190
eptionally erploying the dfp and bfgs updating farmulas. MINC1200
the user must provide a subroutine o calculate objI(x) and MINO1Z210
its gradient (first partial derivative) vector gix}. MINQ1220
MINQ1230

CE R Rt R R AN TN NN A RN ER PRI TR VIR P RSN AR T P TS TN R R T AN T AR HINQiZ‘Q
chis zoutine invokes the package modules search and uphess MINQ1250
ang she user supplied subreouytine funct. MINDIZE0
Y T LTI T R LN R A R R R AL Ll AL Al A LA A Ll bl MIN01270
' MIKO1280

on input: HING1250
MINO13C0

nvar is the number of variables. it is alsc the dimension of MINO131O0
the vectors x, g, srhwec, solvec, grdvec and scrvec. MIND1I3Z20
MIND1330

x <ontains an estimate of the =olution vecter MINOG1340
(xt{l),%x{2)..--.K(nvarl}. MINO1350Q

MINCL 360

iswtgh is a parameter set egual to k which selects tLhe MING1370Q
formula used to update the approximation Teo the hessian MINO13BD
inverse. for MINQ1390
MINO1400

k = 1 - the dfp update, MINO1410

k = 2 - the bfgs update. MINDO1420
MINO1430

the bfgs uvpdate is recommended. MIND] 440

’ MIRO1450

raxf is the limit on the number of calls te the function MIKO1460
evaliation routine funel. MINC1470
MINQ1480

funet iz a user supplied subrovtine to evaluate objlix} MINC1450
and the components ¢f the gradient gix) at the estimate MIND1SQO

xii), & = 1.2.....,nvar. Decrernal in calling LAROLIGOMINDISIC
routine. MIND1S20
MINQ253D

tolx,Tolg are the accuracies required irn the solution, i.e. a MINO1540
normal returr from the routine occurs if the difference MINOISSD

tween the comporents Gf TwWo successive estimates of the MINGL560
solution are not greater than max(tolx=abs(x{il}.tolw MINQ1570

for all i, and the 12 norm of the gradient is not greater MINOISSEQ

than folig. MINGCI®S0
MINQ1600

rfr is an estimate of the expected reductien in eopjfix). MINO1610
this estimare is used only on the first iteration so an MINZ1620
order ©f magnituage estimate will suffice. the information MINC1&30

car be provided in the following ways depending upor the MINJ1640

value of rfn. for

MINO1€58
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rfn .gt. C.0 - the serting of zfn itsel? will be Taken
as the expected reductios in oRjZiX),

rfn = 0.0 - it is assumed That an estimate of the
minimum value of obifix) has been set
in the argument obif, and The expecied
reduction in objfix) wlll be computed,
as (initial function value) minus objf,

rfn .1t. 0.0 - a multiple absirfn) of the modulus of
the injtlal function value will be taken
as the expected reduciion.

sprec is the accuracy reguired in the linear search technique
invoked by ogbfgs, i.e. a point xm 1is accepred as che
minimum along the search direstion if the ratioc of the
directional derivative at xm over the direcricnal
derivatiwve at rthe initial point is ntT greater than sprec.

the setting 0.100 is recommended,

exzond is the upper bound on the multiplicative increase in
=he search scang the extrapelation phase cf Lhe
lineaT search technique.

the setting 2.C00 is recommended.

cbif contains ar estimate of the minimum value of obifix)
if ¢fn = ¢.0. ctherwise it is only an oulpul parameter.

iness if a parameter set equal To The dimension ¢f hess

which is at least nvarvinvar~l}/2.
hiszry is a dummy parameter.
outTput

% contains the best available estimate of The solution vecter.

objs contains the funetion value at x.
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FINJ16E0
MINZ1€70
MINC1l€s0
MINC16SD
MINO1700
MING1710
MING1720
MINO1730
MINO1T40Q
MINQ1750
MINC1760
MINO1T7TD
MINO178C
»INC179C
mInNoleoc
MINGIBID
MIND1820
MINO1830
MIND1B40
MINO1850
MINC18&L
mMINOlIEYD
MING1880
MINO1R9C
MINS1S900
MING1S10G
MING192C
MINQ1930
MINQ1940
MINO1950Q
MIND196€0
MINO1970
MINO1980
MINC1930
MINOZ20QO
MINO2C10
MING2020
MINC2033
MING20430
MINQ2050
MINO20OED
MIRQZ070

- MINOZOBO

hess is an array of dimension ihess which contairns the
upper triangle of the most recent approximation To the
hessian inverse stored row-wise.

¢ conzains the components of The gradient at x.

MINQ2C90
MINQ2100
MIND2110
MINC2120
MIKC2130
MIND2140
MINS2150

ierr is a parameter ser equal te Kk which gives the followingMIND2160

serminaticn indications

normal termination.
x =L,
intermeciaze Termination. *

mINOZ170
MINDZ2180
MINDJ2190
MIN{2200
MINd2210
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k = =n(n any integer) - user terminatier,

k = 1 - failure to converge in max! calls of funct,

kK = 2 = linear search techrnigue indicates that it is
lixely that ne minimum exists,

nfcall is the number of calls tao funct.

sThvec contains the current search direcricn vector.
sclvec <oOntains the current solution vector.

grdvec contains the current gradient vector,

scrvec  is a scratch vector,

written by k. e. hillstrem, march, 1976,

initialize the fcllowing parameters

ier: - the termination indicator

nfcall = the number of calls To Tunct

redfen ~ the initial predicted reduction in objf
iter - the current iteratien number

Lery = 0
iter=C
nfcall = 2
Tenp = objI

AR TN N S AN R R F R A P YN P T NS TP RN T T T F PPN PN AR R T TIRNETTR S

call functinvar,x.objf,gl

il L A A A A A A LA AR AR LA L RS AR R Al Al ARl il Rl A Rl AN SRS ALSELRSERS 22

sqgraz=0._
dc 22C iii=1,nvar
sagrag=sggrad+g(1ii) **2

% tie-r .lt. 0} go to 41C

Tecfcn & rin

if (rfn .eq. C.D) redfcn » objif -~ temp

if (rfn .1lt. 0.0) redfen = abs(redfen * obif)
f {recfcrn .le. 0.0 redfcn = 1.0

read initial estimate &f hessian inverse, if desired

[N}
(%]
¥

280
2C1

-

iftirhess.eq.l) go teo 200

read{ll,202) {(hess(ii}.ii=1, ihess)
format (5el6.9)

gc to 388

begln The quasl-newion process by initializing the approximation
To the hessian inverse to unity
iftiprint.pe.0) write1l,201) '
format (//2x, *>>>> guasi-newtion procedure started, with search',
' girectior seb & -g') )
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MIND2220
MINO2230
MINC2240
MING2250
MINO2260
MINQZ270Q
mMINCZ280
MINGZ290
MINGZ300
MIND2310
MINO2320
MING2330
MINOZ340
MINQ23Z0
MINOZ23E]
MINO2370
MINO2380
MINO2380
MING2400
MINGZ2410
MINOZ2420
MIND2430
MINO2440
MING2450
MINGZ460
MINOZ470
MINCZ480
MINOZ490
MINO25C0
MING2510
MING2520
MIKD2530
MINQ2540
¥INO2550
MING2560
MINO2570
MINOZ580
MINCZS9D
MIND2600
MINO2610
MING2620
MINCZ630
MING2640
MINO2650
MINO2660
MINO2670
MINO2680
MIND2690
MINO2700
MINOQ2710
MINO2720
MIND2730
MING2740
MINQG2750
MINQ2760
MIND2TI0
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Kk = ] + nvar * {(nvar+l) / 2
de 218 1 = I, avar
de 265 5 = L, 1
Kk =Kk =1
hess¢k) = 0.0
205 continue
hessik) = 1.0
210 continue
8% iftiprini.eg.0) go to 301
euclidesgrt (sqgrad)
iftiprint.ge.20.and.mod(iter,10).ne.0) go to 308
wrize($,3207) iter.nfcall,obijf,euclic
307 format(lx, *iteration:',i%, Z6x, "function evaluation:*®, 16,
b4 /1%, "cbijective funciion:’'.e2C.13,2x,*'gradient ncrme:’,
2 e28.13)
358 ifimed{iter,ipriny).ne.0) go To 301
write(.0.:3C2) iter,nfcall
352 format (////2x,'iteration no *,i5//2x,"number cf functien and *,
1 ‘gradient evaluations = *,i5//2x,'paramerer values')
write(i9,303) (j.x(3}, 3=1,nvar)
323 forman (/3 (2x, 'x{*.i4,') =~ ', el6.8})
writerll, 304) objZ
274 forman{//2x, "funci:on value bl = ', el6.B///2x,'gracient "}
write(10.30€6) (j.413), =i, nvar]
30€ formaT(f3(3m, "G, i4,") = ,el6.8))
L.l iterw_.tere;
begin an iteratiorn by saving the current best estimale oI the
functicr anc the solution ang gradient vectors.
dc 310 L = [, nvar
selves (i) = x{i}
grdvecil) = gtl}
310 continue
toZ}f = okl
caleyiate the segrch direction veetor in  srhives anc the
.rectional gercivative in dirdev
¢ 34T 5 = L, nvar
2 =C.C
ge 338 7 = 1, nvar
z = 7 =~ g(i) = ress{i}
if (% .ge. I} g e 325
L4 = 131 - nvar - 2
az tc 33
3zs ’ i= o i3 a2
338 conLinye

MING2780
M.NCZTED
MINZ2EDC
MIND2B1C
MIND2B2C
MINC2838
MING2840
MINOZ2BS0
MIND286C
MINGZB70
MINOZERO
MING2890
MIND2900
MINJ291C
MINGZO20
MINZ2930
MIND2S40
mMINQ2950
MINC296C
MIKC2970
MINO2880
MINC2993
MING3000
MINC3010
MIKCI020
MINCACID
MINC3CLO
MIKND3059
MIKQ30ED
MIND3GTO
MING3080
MINC30SC
MIND310C
MINC3110
MING3120
MINC3130
MINC3I4C
MINC31ST
MIND3160
MIKS3170
MINCA182
MINGI19D
MIKD320C
MINZ3Z:C
MINC2220
MIKC3Z3C
MINC3240
MINS3258
MINC3Z26D
MING327C
MINGI260
MINZ3293

MINZ33LC
MINCIZ2C

MINSZI35S
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srhves(il = 2

3¢0 co=ntinue

izdev = .0

do 350 i = 1, nvar
dirdev = dirdev + srhvecii) * g(i}

35C continue

if the directional derivative dirdev is .gt. 0, there is no
guarantee that a search in the w direction will result in a
smaller objf. therefore, the guasi-pewton process is
restarted at the current estimate of the selution with srhvec
ses Lo -g.

£ {dirdev .gt. ¢.0) go teo 200
if (dirdev _eq. ¢.0) go to 500

-

compute the initial search scaha and conduct the
linear seazc¢h by means of a call t¢ search

alpha = =2.0 * recfcn / dirdev
if (aipha .gT. 1.G)} alpha = [.C
recdicn = cbyl

(AT L L L L R R RN R LRI L L L L R R LR LA AL Ll LR

call searchinvar,x,g.srhvec,opjf, alpha,dirdev, sprec,
: exthnd, nfecall, scrvec, jerr, funct, maxf)

L R R R e R R L e P L S LR L R L R L R R L L N L AL L]

test Ior abnormal termination

if (iecr ,lt. C: go to 500

- Lf (nfcall .ge. maxf) go ro 400

12 tfalpha .1T. ..0e=2Q) .or.
1 {aipha .gT. 1.0e20)) go te 810

test for convergence

sggrac = 0.C
iconv = C

de 36C 1 = I, nvar
temp = alpha * srhvec(l)
sggrac = ‘sggrad + g(i} = g(i)
T = olx * absix(i)}
18 (2 .ie. tolx} T = tolx
{ {abs(lemp) .6L. Ty icaonv = 1

{scgrac .gi. tolg*tolg) iconv = 1
(sggrac .eqg. 0.0) iconv = O
ticerv ,eg. 0} go ro 500

trhe linear search technique fas located a minimum., call uphess
i¢ upca2tie the approximation to the hessian iaverse using the
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MINO3II40
MINQ3350
MINO3360
MINO3370
MINOZ380
MINO3390
MINO3400
MINO3410
MINO3S20
MINO3§30
MINO33240
MINOIS50
MINO3460
MINOI4 70
MINO34ED
MIND349C
MINO3S00
MINQ3510
HMING3IS2C
MINQISID
MIND3540
MINO3SED
MINO3S5€&D
MINQ3ISTO
MINO1S8D
MINO3590
MINGI600
MINO3E10
MING3620
MINC3630
MINC3640
MINQ3650
MIND3IE6D
MINC2ETQ
MINO36BC
MINOIESO
MINO3IT00
MIKC3710
MINQ3720
MINDI730
MINCIT40
MIND3750
MINQITEC
MIND3770
MINQ3780
MINQ3750
HMINO3800
MINO3B10
MIND3IB2C
MINQ383D
MIRO3840
MIND3850
MINJ3IBE0
MINQIAB7D
MIND3880
MINQ389Q
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dfp or bigs updating fermulas MINCO3I900
mINC3%2C

I-I.-I'I--.-'l'--.-'t---w--.--.---t-----.'-..‘lIII--.-iwt--I-.O R:N:ngs
call uphess(nva:.x.g.iness,hess.solvec.qrdvec.scrvec.iswtcn,iexi:)H:NOBEBO
-I.'--D'-.-I.-.-I'I'U‘"-I'l'."""'l"l"’!"..l..-l"'.‘ TRTEN HINOJQ‘Q
MINO3850

if the update is not successful the gquasi-newion Process is MINJ3960
restarted with a descent step at the current estimate ol the MIND3IST0
solution MINO3IBEBO
MINC3I990

redfen = redfcn - obif MINO40QQO

if (iexit .ne. 0) go To 200 MINO4OQ10
MINO4 Q20

now start a new itreratien MINDO4O30
MINO4D4A0

write the current estimate of the hessian inverse, if desired. ~MIND4OS0
if{iwhess eg.0) go te 300 MINQ4DEC
writel12,202) (hessiii).ii=l.ihess) MIND4070
MINO4QH0

go toc 3C0 MINC408D
MINO§100

error return because there have been at least MINOS11C
funct MINDE12Q
MINC4130

400 ierr = @ MINO4140
go te 450 MIND4ISO
MIKO4160

ecror recirn because linear search techrique indicates That it is MINQS1TQ
likely tha: ag minilmum exists MINDS1BE
MINQ4£190

£10 lerz = 2 MiNC4200
MIND421D

450 g 455 i = 1, nvar MINDA 220
x{i} = sclvecii) MIND4230

G(i) = grdvec(i) MINDg240

455 continue MIND4§250
MIND&260

obijf = tobif MIND427C

508 rezurn MINJS 280
MINDL29Q

ead MINDO4300
MIND4310

CC et CeOe CeECCECECCeEeCeCCECLCaCECCrCeeCLEeEeeCogtCeCcececoticaceiccc MINQ4320
sgbrovtine uphessin,x,g,ih, k. solvec,gravec, servec, iswich, iexit) MINOZ 33D

nHNonoaonon

1
-

implicic real*f (a=h,o0=2}

dimension

x(nl,gln),Ntik) . salvectin),

gravec(nj,scrveci(n)

MINOE3SC
MINO435C
MIND4360
MIND4370
mMINDS3BO
MIND4390

this subroutine updates an approximation to the hessian inverse MINO&4CO

us-ng the dfp or bifgs Lormula

on inout

n is the dimension of tThe veslors

MIND4410
MIND4420
MIND4430
MINDA44&0
ana MIKD4450

186



anN N o000 nNaoa0a0nNoOnnNnonnnnNoaanNannNananNoannonnonan

noaaoaans

i1i¢

scTvec.
X eontains an estimate cf the solution vector.

g contalns the components of the gracdient corresponding to
the = vector,

ih is a parameter set equal to the dimension of Xk which is
AT least n"(n+1)/2.

n iz an array of dimension ik which contains the upper
triangle of an approximaticon toc the hessian inverse stored
by rows.

solvec <ontains the current solutien vector.

grdvec contains the current gradient vector.

iswich is a4 parameTer sert egual to k which sel=cts the
updating formula. for

k =1 - the dfp formula is used,
k = 2 -~ the bfgs formula is used.

on output

iex is a parameter ser equal Tc Kk which indicates the

following. for

C - the update was successful,

i
k = 1 - the update failed due To zerc divisers.

h contains the updated approximation to the hessian inverse
if  jexit = 0.
fervec is a scratch vector.

written by k. e. hillstrom, march, 1576,

initialize the eanit indicator iexit
lexit = ¢

calculate the solution and gradient difference veciors from twe
" comsecutive jterations. frem this sectjion on

sglvee - centains delrta, the solution Eifference vector
gravec ~ contairs gamma, the gradien: difference vector

ge JIC L =1, n
solvec (i) = x(i) - sGlvecii)
gravec (i)l = gfi) = gravec(i)
continue

calculate 2z # (gamma transpose) * oelta and alpha =

187
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(gamma transpose) * (hessian inverse) " gamma occuring as
denomirators in the efp formula. from this section on

h - econtains the approximation to the hessian inverse
scrvec - contains the successive elements of (gamma rranspose}
* thessian inverse)

z = 0.0
alpha = 0.0

do 130 L = 1, n
vt = groavec(i)
Z = 2z + wt " solvec(i)
k= i
wt = C.0

€o 12¢ i =1, n
wt = wt + grdvec(ij} * hik}
if (i .ge. i) go to 115
kK =k +n - 3}
, go o 120
115 Kk =k -1
120 continue

alpha = alpha + wt * grdvec(i)
scrvec (i) = wt
130 gantinue

error exit if the dfp or bigs formula breaks down due To zero
divisors 2z andser alpha

if ((z .eg. £.C) .a-.
1 falpha .eq. ¢.0 .and. iswtch .eq. 1))} go to 20C

upaate The approximatica 20 the hessian inverse using the dfp
or bpfgs vupdating formula

do 160 L = I, n

do 150 =L, n
if {iswzeh .eg. ) go to 135
hik) = hik} - (sclvecii) * scrvec(d) « scrvecii: -
1 solvec(i)) / z + (1.C = aipha /7 Z) * (solvecti) =
sclvectd) / 2)
ge To 140
3% hik) = hik) » sclvecl(i) "™ sclvectj) / & - scrvec(i) =
1 scrvecid) / alpha
142 k =k » 1
is¢ continue

LY}

€0 continue

Ggo to 3CL
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c error return due %o zero diviscrs in the updating formuls MINCISEO
< MINGS590
208 iexit = 1 MiK05600
350 rezurn MINOS€10

c MINDS620
end MIND5630
MINOSG40D

[T ceces eocecococoecececccececececcccoteee MINOS€650
subroutine search(nm,x.q,s.f,alpha.dirdev,sprec,extbnd, mINOS660

1 nfcall,w,ierr, funct, maxt) MINUS670

= MINOS680
implicit real=8 (a-h.o-I} MINOS5690

c MINOST00
dimension x(n),qg(n),.sin},win} MINOSTIO
MINOST20

this subroutlne obtains an estimate of The sclutlion MINOSTI0

xm = x0 + alpha * s which minimizes I by means of a linear MINQS74C
search ip the s directien. MIRNOSTS0
MINDST60

on input MINGST70
HMINCSTRO

n is the number of variables, it is alsc the dimension of the MINOS79%

vectors x, g and s. MINOSBQQ

MINOSEB1Q

X contains an estimate 0f the solutlon vecior MINOSB20
(x0(1),.x0(2},...,x0(n)). MINOS830

MINOSS40

s contains the search directicn vector. MINQSE30

' MINOS860

¢ contains the objective function fix). MINOS870

MINDS880

funct is a user supplied routine to evaluate £(x} anc the MINOSBESQ
components of the gradient gix} at the estimate in =x. MINO5S00

MINOS5910

alpha is the initial step sca LARDSBUOMINGS920

. MINOS5930

dirdev is the directional cerivative at x. MINOS940
MINQS95D

of the directional derivative at »xm over the directional
derivative ar x0 1is notr greater than sprec.

extbng is the upper bound on the myltiplicative increase in
alpha during extrapolation,

nfeall is the number of calls to the fungtion evaluation
subroutine fcn.

w is a scratch vector.
on outpet

x contains the estimate of the minimum
(xm(l),xm(2). . ... %x0(n))

nnnnnnnnnnnnonnnnnnnnnnnnnnnnnnnnnnnnnnnnn

sprec is the acsuracy required in the search, i.e. a peint umMINQS960
is accepted as the minimum along directior s if the ratio MINO5970

MINGS980
MINOSS90
MINQEOOD
MINOGO10
MINGE020
MINOEQ30
MINOGO40
MINOEQS0
MINO6O6C
MINOEOT0
MINO6082
MINDEOSD
MINDE100
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ierr

is a paramerer set to a negative integer if the user
wishes to force an exit from search. otherwise it is
unaltered.

contains the components of the gradient at x.

contains the funcrion value f£ix}.

alpha is the final step sca

dirdev is the directional derivative at x.

nfecall is The number of calls to the functicn evalualtichn

subroutine funct.

initialize the following parameters and indicators

Tot = the sum of the extrapelation steps
cairev ~ the current directional derivative
poirev ~ the previcus directional derivative
iers - the error indicator

ret = 0.0g8

ccirev = d:rdev
pdirev = dirdev

Test whether alpha is zcoo small

if (alpna .le. 1.0d¢+201 ge to 150

begln the linear search by incrementing the solution vectior

and caicuviating the function and gradient at the incremented

g 108
wil
Xii

centin

LEE R A AR AR LRSI Rl R R R R R AT 222 Rt e Ll

I=l,0n

o= oxiid

) = x(i} + alpha * s(i)
ue

call funct(n.x,ftesz,q)

CAA RS A A AL R A A Al Rl R S TR a3 P AL R P R N P A R R R ey Y

nfcall « 1

-
xf.le.nfcally g¢ te 160
rr

Lle. 0) go te 152

compute the direciicnal aerivative dirdev ar =x - alpna = s

cirdev

do 1iC

= $.0d8

i= 1, n

dirdev = dirdev + g{i) " s(i)
coazinve

tes: wherher fi{x + a.pha * s) is less than fix).
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MINO645D
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MINOE470
MIND64BO
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MINOESOC
MINOES10
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145

158

160

1

if (itest .ge. ) go te 120

if tdirdev / pdirev} is less than the search precision . sprec,
alpha is accepted. cotherwise alpha is medified

if (abs(dirdev / pdirev) .le. sprec! go to 140

alpiwe is modified, test whether alpha is to be revised by
extrapolation or interpolaticr

if (dirdev .gt. 0.0d40} go te 120

alpha is revised psing anp extrapolation formula and a new step
is taker if the sum &f the steps already made is not To¢
the input parameter extbnd limits the multiplicative change
in alpha

Lot = Tot + alpha
if (tot .gt. 1-0d18) go to 145
temp = extbnd
if (cdirev ,lt, dirdev]) temp = divdev / {Cdirev - dirdev)
if (temp .gt. extbnd] temp = extbnd
f = Iftest
irev = dirdev
alpha = alpha * temp
go to 105

x is reset to the curtrent estimate, alpha is revised using the
cubic jinterpelation Zermula and 2 new step is taken il the
convergence criterjia have not been satisfied.

do 130 i = 1, n
x(i) = wi{i}
centinue

temp = 3.0d0 * (7 - frest) / alpha « dirdev + cdirev

wi = abs(temp) .

if(wi.lt.aps{dirdev)] wimahs(dirdev)

S{wz.li.abs{cdirev}}] wt=abs(cdirev}

= temp [/ wt

= ww * ww - cdirev / wt * dirdev / wT

iww _1t. 0.0d0) wwe = §.0d4C

= QdsgrT(ww) * Wi

Temp = 1.0d0 - (dirdev -~ ww - temp) / (2.0d0 = ww + dirdev -
edirev)

alpha = alpha = temp

o =¢ 105

| S}

ENEE

alpha is accepted
f = frest
alpha = ot - alpha

TetuIn

dge 1790 i = 1, n

MIROE700
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MINQET20
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x€i) = w(i)
170 continue
return

end

SUBROUTINE SUMDATA (NVAR, X, OBJF,G)
[ FILE TO GENERATE FN!T) FOR FISCHER=TROPSCH MODELLING AND FIT DATA
N IS CARBOK NUMBER,NO IS THE KO OF DATA POINTS
< TAU AND TAUB ARE GUESSES

n

IMPLICIT REAL*B (A=H,0=2)

COMMON JEXPTOATAR/T,FEXP

COMMON /EXPTDATAI/NC

COMMON /CARBON/N

DIMENSION T(100},FEXP (100}, X{NVAR} ,G{NVAR],Y(2)
cl'.‘...'.'-."--‘-..-'-l"-""."'-'."""--'."U’.-...-.'.I'-'-"I‘“'It
c OBJF IS SUM OF {¥ (EXPT)=F(T) }*~2:DOFTAU 15 D/DTAU OF ORJIF;
c DOFTAUBR IS D/DTAUB OF OBJF

Crww [apppprerepepeperr eI TIS T L TP AT PR L L L LIS S A A S A A L R A A A Al b el

OBJF=0,0D0
DOFTAU=0.0D0
DOFTARUB=C, 020
DTAU=0.0DC
DTRUB=C . QDO

- DELT=1.0D-5

o0 2 I=1,ND
Yily=Xx(l)
vi2i=X(2)
TIMERT (I}
CALL FUNSZ{TIME,FK,DELTAU.DELTAUR, X, NVAR)
OBJF=OBJF ~ (FEXP {I1~FN)»*2
DOFTAU=DOFTAU- (~2 . 0DO* (FEXP (1} ~FR) *DELTAU)
DOFTAUS=DOFTAUE« (=2 .00 (FEXP (I') ~FN) "DELTAUB)
Y{l)m=X{(1)*(1.C = DELT/Z. )
CALL FUNC (TIME,FNT,LELTA,DELTAB, Y, NVAR)
¥{1)eX{1)"{1.0 - DELT/2. )}
CALL FUNC(TIMET,FNT1,DELTA,DELTAR. ¥, NVAR)
DYAUaDTAU~ (=2. 000 (FEXP (1) -FN) * {FNT~FNT1) / (X (1) *DELT))

Yilr=X{1]
Y(2)=X(25*{1.0 « DELI/2.0D0)

- CALL FUNC{TIME,FNTL,DELTA.DELTAB, Y, NVAR)
Yi2)=X(2)*{1.0 = DELT/2.0D0)

CALL FUNC{TIME, FNTBl,DELTA,DELTAR, Y, NVAR)
DTAUB=DTAUB« (=2 ,0D0~ (FEXP (I} -FN) * (FNTB=FNTB1) /(X (2} "DELT})
2 CONTIKUE
WRITE(6,") *O.F*,OBJF, DTRG, DTAUB
WRITD(E€, =) "TAU=" X {1}, "TALR ' . X{2)
c G (1) =DOFTRU
c G (2)=COFTAUE

G(1)=DTAD
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G({2)=0TAUB

RETOURN
END

SUBROUTIKE FACTIM,J}
J=1

IF(M.EQ.Q}GOTO 4

Do 1 I=1,M

J=J=1

CONTINUE

RETURN

END
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MIN0I820
MINO7830
MINO840
MINDO7850
MINO7860
MINDIB7C
MINOT880
MINQ785C
MINOT9CO
MINOCT910
MINO?920
MINO?930
MINO7940
MING7950

C'"""’"""""""""""""'"""""""""""""""""""""MINO?SGU

FUNC EVALUATES FN(TIME).AND PARTIAL DERIVATIVES WRT TAU AND TAUB MINO7S70

[
C

DELTAU AND DELTAUB

Crwesncessare

COMMON fCARBON/N
DIMENSION X(NVAR)
TAU=X (1]

TAUB=X (2)
Al=TAUB/ (TAU~TAGR)
ARK1~0.0D0O
AKZ2=0D_0DC

Do i Is=l,N

AK1mAKl+ (Al*=I)* ((=1}*=(I+1}}

CORTINUE
AK2=AKZ+((-Al}=1.)
DO 2 I=2.K
WRITE(22.")TIME,NI
bo 3 IRl~1.I-1
IR=IR1-1

CALL FACT{I~IR-1,IRR)
WRITE(22, "1 TIME, IRR
IF{IRR.LE.Q}GOTO 20C

t.c-'-'t-w.t!.ti-."'!.ytnt-'w'l-I.'-w.--------1--'----'--'

SUBROUTINE FUNC(TIME,FN,DELTAL, DELTAUB. X, NVAR}
IMPLICIT REAL*B(A-H,0-2)

MINO7980
MINC7990
MINCBOOO
MIRCBO1D
MING8020
MINOBRID
MINDRO4D
MINOBCSO
MINOBD&D
MINOBQ70
MINCBOED
MINOBOS0
MINOB1OQ
MINOE110
MINDE120
MINOEL13C
HMINOB140
MINOB150
#INOB160
MIN0810
MINOB180
MING8150

AK2-AK2‘[1.DOO/(TAU"I))'(TAU"(IR*JJ‘TIHE"(I-IR-I)'(-I*('AI)"tIHINOSZDO

1R+11) /IRR)

CONTINCE

AK2=AKZ+(1.000) " ({=Al)*=(I)-1.]

CONTINUE.
T1=TIMESTAD
T2=TIME/TAUB

IF(T1.LT.75.00.AKD.T2.LT,75.DC1G0 TO 20

FN=1.,008

IF(T1.LT.75.DG) FN=1.000+AK2~DEXP (-TIME/TAL) /N
IF(T2..T.75.D0) FE=1.0D0+AKI/N*DEXP (~TIME/TAUB)

Go 70 21

FN=1.,0+ (AK1/K} *DEXP (-~TIME/TAUB) +AKZ*DEXP (~TIME/TARU) /N

ALI=0.000
AL2=AK2
AL3=0.000
AL4=0.0D0C
Do 4 I=1.N

MINOB21LO0
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MINOE340
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200
201

194

ALl=ALl+{-TAUB) **I=I/{ (TAU-TAUB}** (I+1)) MINOE380
CONTINUE MINO&3IQ0
AL3I=ALI~1,.0%((—A1)=-1.0D0) /TAD MINOB4O0
AL4=AL4+1.0DC/TAU { (=Al=-1.0D0) ~TAU™ (=Al} / {TAU-TAUB] ) MIKO8410
3¢ 5 I=z2,N MIND8420
DO € IRI=1,I=1 MINOB430
IR=IR1=1 ’ MINOB440
CALL FACT{(I-IR-1,IRR) . MINDS4S0
IF(IRR.LE.GIGD TO 200 MIRG84 60
AL3=AL3+1.00/TAD®*{I+1) =T« (TAU) ** (IR+1} *TIME®® (1-1R-1} /TRR" {1+ (~AMINDS4 70
11)*=(IR+1)) MINOB4BO
ALSwALG+].0/TAUs®InTIME*> (I=IR=1) FIRR* { (ITR+1) *TAUT* IR~ (-1~ (-Al) =~ (MINOB490
1TR+11}~(TAD*Y(IR+1) = {{IR+1} " (=A1) =* {IR+1) /{TAU-TAUB) ! }} MINOBS00
CORTINUE MINCEBSLO
ALI=ALI+I/TAU®{(-Al)="1-1.0D0) MINOBS20
AL4=AL4+I/TAD" { (A1) *=I~1.CDO-TAU* (-=Al) **1/ (TRU-TAUB}) MINOBS30
CONTIRUE MINGBS40O
IF{T1.L7.75.D0.AND.T2.LT.75.D0)G0 TG 22 MINOBSSO
DELTAU=0.0D0 MINCES60
IF(T1.LT.7%.D0) DELTAU=GEXP (=T1) /8" (TIME/TAU*=2~AL2-ALI+AL4} MINOE57TD
IF(t2.17.75.00) DELTAUSALL/N*DEXP {~TIME/TAUB) #INDESEC
GO TO 23 MINOBSSD
DELTAU=AL] /N*DEXP (~%IME/TAUB) +DEXP (=TIME/TAU) /N" {TIME/TAU="2vAL2-AMINOBECD
1L3-AL%) : MINOB6LD
WRITE (6, ™) *TIME*,TIME, 'DELTAU*, DELTAU, X (1) . X (2] MINOCBE20
AMZ2=C.C MINOBE30
AMIeZ . MINJBE4D
DO 7 I=1,K MIKOBE50
AMZEANZ .+ (~1) =¥ (1«1} " I*TAUSTAUB"* (I~1) /{TAU=TAUB) "= (I+1) MINDOB&60
AMI=AMS-TAU/ (TAU-TAUR) *=2 MINDEETO
DO 8 I=2.K : MINQEE80O
0O & IRI=1,I-1 MINOBESC
IR=IR1=1 MINCBTIO0
AMImANI=] | 7TRUTR I (TAUT® {IR+2) *TIME®= (I-IR=-1) " (IR+1] = {~TAUB) **IR/IMINCE710
1RR/ {TAU=TAUB} ** (IR+2]) . ) MINOE720
CONTIKUE ’ MINO8730
AMI=AMI=TAU=I=(=Al} =" (I=1)/ {TAU-TAUB) **2 MINOE740
CONTINUE MINO8750
ZE(T1.L7.75.0C.ANS.T2.1T.75.00)60 TO 24 MINOET60
DELTAUS=%.000 MINDET70
IF{Z2.LT.75.00) DELTAUB=EXP (=T2) /N* (TIME/TAUB**2 "AK1~AM2) MINOB7B0
IF{TL.LT.75.D01 DELTAUS=AM3 /K*"DEXP (=T1) MINOB750
RETURN MINDBROO
DELTAUB=EXF (- TIME/TRUR) /N* (TIME/TAUB" "2 *AK1+AMZ ) +EXP (~TIME/TAU) /N*MINOBELO
1am3 MINOBE20
RETURN MINO8S830
WRITE(E,20D) INOBB4D
FORMAT {1X. °*FACTORIAL RETURNED NEGATIVE') MINGRBSH
END MINOSRED
MINQE870

MINDOB8SY
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