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INTRODUCTION

In order to design various chemical and physical transforming apparatuses such as for
the chemical reactions, drying, soaking, cooking, extracting, cooling, heating and so on of
food materials, it is necessary to determine first the chemical and physical transforming
rate equations from the experimental data of chemical reaction, drying, cooking and so
on of foods.

In previous papers, we have studied the drying rate equations of agar gel and carrot !,
the soaking and cooking rate equations of rice 2-6) ydon and kishimen® , and potato and
sweet potato”, and so on®®),

As the types of the chemical and physical transforming rate equations, we can
consider two types. One type is a theoretical or semi-theoretical rate equation based on
various models such as the drying-shell model” and the soaking-shell model® . This type
postulates the conclusions of the previous papers. The other type is an empirical
formulas™® . This one is useful, unless the chemical and physical transforming
mechanism can be analyzed and their transforming model can be postulated approximate-
ly. In this paper, we studied the derivation method of the best empirical rate equations

for the various chemical and physical transformations of food materials.

EMPIRICAL RATE EQUATIONS

The degree or extents y (example of unit: g) of chemical reaction, drying, soaking,
cooking, extracting, cooling, heating and so on of food materials can be expressed as the
changing values of a property such as weight, reological property, temperature and so
on of foods. In general, the experimental data of the chemical and physical trnasfor-
mations are obtained as the relationship of y vs. 8, where 8 (example of unit: min) is
the chemical and physical transforming time of foods.

Most of the chemical and physical transformations of foods have two boundary values
¥ and y. correlated to the initial and equilibrium states, respectively. The values of y
differ greatly by used units, the species of observed property and the limited values of
the initial and equilibrium states which are not values kept constant throughout the
various experimental conditions. The dimensionless expression x(—) as in the following
equation is convenient for the understanding of the chemical and transforming ratio.
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x:I(y*yo)/(ye'yo)l (1)

The values of x vary from O to 1 with the changes of y from y. to ye. When the measures
of the reactant concentration on the chemical reaction, the sample weight on the drying,
or the temperature on the cooling of foods are taken as the degree of chemical and
physical transformations, the values of yo are larger than y,. On the other hand, when
the product concentration on the reaction, the sample weight on the soaking, or the
temperature on the heating of foods are measured, the values of y. are larger than y,.

Most of the relationships of x vs. 6 show a monotonous smooth or a S-shape curve.
The empirical formula of the rate equation may be postulated as follows:

dx/d0 = kne(1—2)"(z+a) 2)

where, kn, o (example of unit: min ! ), n(—) and & (=) are the rate parameters which can
be obtained from the experimental data of x vs. . When the relationships of x vs. 6 do
not show a S-shape curve, the rate equation has to be postulated simply as follows:

dx/d0=Fk,(1—x)" 3)

where, k, (example of unit: min') and n(—) are the rate parameters which can be
obtained.

Most of the data have considerable scatters, then the rate parameters in the rate
equations show some interactions. When the number of the rate parameters increases,
the #nteraction too appreciably increases. Therefore, the two rate parameter’s equation
such as Eq.(3) is more useful than the three rate parameter’s equation such as Eq.(2).
If the values of a in Eq.(2) is large, Eq.(3) excepted « is useful. When the values of « is
small, the following two rate parameter’s equation assumed n=1 is useful.

dx/d0 =ko(1—x )(z+ta) (4)

As a second step, it is necessary to replace the rate equation of Eq.(2) by that of Eq.(3)
or (4). The first step which is necessary as an earlier step is the calculation of the rate
parameters kK o, # and « in Eq.(2). The values of k, and kq in Eqs.(3) and (4) change
appreciably with a slight variation of the values of n and a, respectively. As the third
step, it is necessary to determine the average values of n and a and to fixing by those
approximate values. After these two steps have been attained, we can consider the
Arrhenius and so on relationships on the values of k,, and k4.

CALCULATION OF INITIAL RATE PARAMETERS
The experimental data are generally obtained as the integral data of x vs. 6. The rate
parameters -k, and n in Eq.(3) may be obtained by a linear least square method, from
the data x vs. 8, using the following equations deformed Eq.(3), but the rate parameters
kn.a, n and « in Eq.(2) can not be obtained by the same method.

In(dx/d6) =In(k,) +n In(1—x) ‘ (5)
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Most of the data show considerable scatter, cosequently the derivative values of dx/df in
Eq.(5) cannot be obtained reliably find from the data x vs. 6. This differential analysis
is in general not better than the following integral analysis. '

For an analytical integral analysis, Eqs.(3) and (4) become as follow:
From Eq.(3) :

kn=1/(1=x)""—=1)/((n—1)0) for n# 1.0 (6)
knoa=—In(l—x)/0 forn=1.0 (7)
From Eq.(4) :
P P ®)
(1+a)6 (1-x2)a

However, Eq.(2) cannot be integrated analytically, therefore we must use a numerical
integral analysis. For carrying out the calculations of Eqs.(6)~(8), the assumptions of
the values of 7 and « are required. The analytical integral analysis is really complicated.
The numerical integral analysis used a digital electric computer which was most successful
in various analysis.

Thus, for the preparation of the program on the determination of the empirical rate
equations, Egs.(2), (3) and (4) were integrated numerically using the Runge-Kutta-Gill
method. The rate parameters k, ,a,kn,ka, n and « were calculated by a non-linear least
square method!®~'?(we used the digital electric computer “HITAC 8700-0S7”in the
Computation Center of Hiroshima Univ.).

The values of the following standard deviation o (—) for the valiable x were minimiz-
ed.

ul 172
6= (;l(xobs *:cm/)f/N> 9)

where, X,ps and X, are the observed and calculated values of x,and N is the total
number of the experimental points.

In the numerical integral analysis which used the non-linear least square method, the
initial values of the rate parameter are required. The initial values of the rate parameter
k, in Eq.(3) can be calculated by Eqs.(6) and (7). For the cases of unknown n (second
step), the initial values of k, were calculated by Eq.(7) assuming 17=1.0, and for the fixed
n=0.5, 1.0 and so on (third setp), the values of k, were calculated by Eqgs.(6) and (7).

The initial values of k, o which assuming #=1 in Eq.(2), and kq and a in Eq. (4) can
be calculated by using the following obtained equations. In Eq.(4) fixing n=1 in Eq.(2),
the deformation point of the S-shape curvatures may be given by (x4, 04). Then, the

values of x4 and 64 can be obtained fron. the following treatments:
(d?x/d0®)x-%xg = ka(1 —¢a—2x4) = 0
cxza=(1/2)(1—a) (10

Combining Eqgs.(8) and (10), we obtain :



14

0s=(1/((1+a) ks)) In(1/a)
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an

The tangent line which touches the S-shape curve at point (x4, 6 4) may be given by

x=al+b 12
The values of a and b can be obtained as following :

a= (dx/d0)x=%x4 = ka(1—2x4) (xa+a)=(1/4) ke (1+a)? 13

b=x24—abs=(1/2)(1—a)+ (1/4)(1+a) na (14)
For a(1.0: a=1/4ka, b=(1/2)+(1/4)na (15)
For a=1.0: a=kq, b=0 (16)

The initial values of the rate parameters &, o, kq and a in Eqs.(2) and (4) were calculated

from the calculated values of a and b in Eq.(12) using the linear least square method " ™*?.
For the calculations of a and b in Eq.(12), the data in the limitted range of 0.2 =x =0.8
are used. For the calculated results of & < 0 and b = 0 (first and second steps), the initial
values of ko and o were calculated from a and b using Eqs.(15) and (16), respectively.
For the fixed «=0.5, 0.1 and so on (third step), the values of ko were calculated by Egs.

(13) and (14).

DETERMINATION OF EMPIRICAL RATE EQUATIONS

N, Y0,¥e, 00, Oe,
yibiri=l N

——

Calculation of dimentionless values:
x0=0.0,xe=1.0, and xj used Eq.(1)

Observed results

I

SENSAS: Calculation of @ and b in Eq. (12)
using data of 0.2 = x; 0.8

<0 Initial values : n=1.0,
kn, o and aused Eq. (15)

=0

Initial values : n=1.0, a=1.0,
kn, o used Eq. (16)

L
HISENS (DIFEQA) : Calculation of kn,aon

and & in Eq. (2)
NS

Calculated results (first step)

<0
Cont. 2

Cont. 1

Fig. 1. Flow chart of main program for the
determination of empirical rate
equation (Cont. to Fig. 3).

From the experimental data of x vs. 6, the
rate parameters k, o, 7 and « in Eq. (2)
must be calculated as the first step calculation
by a non-linear least square method using a
digital electric computer. The flow chart for
the first step calculation is shown in Fig. 1.

For the reason descrived above, Eq. (2)
must be simplified to Eq.(3) of (4) which have
a lesser number of rate parameters for the
second step calculation. For the higher average
values of a(a,, =0.75), Eq.(3) can be used as
the next step rate equation, and for the lower
values (@,y < 0.75), Eq.(4) can be used.
The reason why the value of 0.75 was used is
shown in Fig. 2. The curves in Fig. 2 are
obtained from the following equations alternat-
ing Eqgs.(6)~(8).
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dimensionless extent x (-)

0 0.5xa a 1.5xa

transforming time related rate parameters

knf or ko (-)

Fig. 2. Relations between the dimensionless extent and the
transforming time related rate parameters for various
values of n or Q.
Calculated results of solid lines (x vs. kn@) : for Eq. (3)
From upper line : n=0.5,1.0, 1.5 and 2.0
where,2=1.17,1.39, 1.66 and 2.00
Calculated results of broken lines (x vs. k0) : for Eq.(4)
From upper line: ®=0.001, 0.01, 0.1 and 0.5
where, 2=13.81,9.25,4.25 and 1.85

From Eq.(3):
x=1— (1+k,0 (n—1)""™ for n#1.0 1
z=1—exp(—kn=10) for n=1.0 19
From Eq.(4) :

_alexp((1+a)kat)—1)

1
aexp ((1+a)kqe0)+1 19

From the obtained curves in Fig. 2, it was found that the results of Eq.(3) used lower
values of n approach where the results of Eq.(4) used higher values of «. The curves of
1n=0.5 and «=0.5 are almost similar.

For the reason descrived above, Egs.(3) and (4) must be simplified to the rate
equations fixing n and « as the third step calculation, respectively. From the calculation
of the average values of n and « in a series of data, the most approximate fixing values of
n and « can be obtained. For the third step calculation of Eq.(3), we used n=0.5, 1.0,
1.5 and 2.0 as the fixing values in the cases of n,, < 0.75, 0.95 =n,, <1.25, 1.25 =n,,
< 1.75 and 1.75=n,, respectively. For the calculation of Eq.(4), «=0.5, 0.1, 0.01 and
0.001 were used in the cases of a,y, =0.25, 0.25> a,, =0.05, 0.05 > a,y = 0.005 and
0.005 > a,,, respectively. The flow chart for these calculations is shown in Fig. 3. The
flow chart of relationship between main program and subroutines is shown in Fig. 4, and
the practical program is shown in Appendix. The calculated results in Appendix are as

we shall show later.
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Cont. 1

Initial values : n=1.0, kp [ Inital values:
used Eq. (7)

ko and ccused Eq. (15) |

|
Initial values : &= 1.0, &,
used £q.(16) « ]

T
HISENS (DIFEQB) : Calculation
of ky and n in Eq. (3)

Calculated results WHISENS (DIFEQD) Calculation ofka
(second step) L]_And «in Eq 4)
. “Calcul. t d 1t
Fixed values for ’ d(;:czn% srt?es;;l) $
n=0.5: nav < 0.75 LT ]
n=1.0:0.75 s nav < 1.25
n=1.5:1.25snyy<1.75 Fixed values for
| n=2.0: 1755nav ‘ @=0.5 Oqy 20.25
| i a=0.1:0.25>04y= 0.05
=0.01 : 0.05 >0y = 0.005
[ Initial values kn o= v
| used Eq. (6) or (7) _@=0. 001 0.005 > oy
HISENS (DIFEQC) : Calculation | :ﬁ“i‘éalEVal"eg: ka
of kp in Eq (3) fixed n (| Lused Egs.(13)and (14)
. HISENS (DIFEQE) : Calculation
| Calculgted results } . of kev in Ea.(4) fixed
"“lgh/uﬁg% o in Eq.(4) fixe
[ Calculated results
P L (thlrd step)
( Stop )

Fig. 3. Flow chart of main program for the determination of empirical
rate equation (Cont. from Fig. 2).

TP — " Subroutine of linear leastﬂ
| Main program e 11~13).
squar
s — quare SENSAS |
Subroutine of non-linear least 5| Subroutine of simultaneous
square 10~12). HISENS “linear equations '4) : GAUYOS
v T
Subroutine of simulation of rate
equation with data: SUB Egll};?utmes of empirical rate
L T .
Subroutine of ordinary differential | F:O" Eq. (2) : DIFEQA
. 14.15) k2 For Eq. (3) : DIFEQB
equation” ">/ : URKGS For Eq. (3) fixed n : DIFEQC
For Eq. (4) : DIFEQD
For Eq. (4) fixed @ : DIFEQE

Fig. 4. Flow chart showed the relationship between
main program and subroutines.

EXAMPLES OF CALCULATION
As data of the examples of calculations, the relationships of y (example of unit: g)
vs.0 (example of unit: min) were estimated by the following equations alternating Eqs.(1)

Table 1. Rate parameters estimated dada.

kn (min') and n(-) for Eq.(3) kogmin™") and a(~) for Eq.(4)
Run kn n Run kn n Run kg o Run g, o
1-1  0.060 0.5 3-1 030 15 5-1 0.12 05 7-1 030 0.01
20050 0.5 2025 15 2 010 05 2025 001
30040 0.5 3020 1.5 3008 05 3020 001
4 0030 05 4 015 15 4 006 05 4 015 0.01
2-1 012 1.0 4-1 080 2.0 6-1 0.20 0.1 8-1 040 0.001
0.10 1.0 2 060 2.0 2 015 0.1 2030 0.001
0.08 1.0 3050 2.0 3012 0.1 3 025 0.001
4 0.06 1.0 4 040 20 4 010 0.1 4 020 0.001
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and (6)~(8) and using the rate parameters from Table 1. The number of runs in one

series of data with the same value of n or @ was estimated to be four in each case.
From Eq.(1):

y=yt (ye=yo) o
From Eq.(3):

=1/ (1—xN"'—=1) /(n—1) ks)  for n#1.0 @

0=—In(1—2z)/ kn= for n=1.0 22
From Eq. (4) :

0 1 r+ta o

T o " o«

The data were given at the experimental points of x=0.05,0.1,0.2,...0.8,0.9,0.95 (-)
as shown later in Table 3. The number of data points was eleven. We used the values of 6
calculated with the significant figure of three from the values of x. The values of y which
were used as the original data were calculated with the significant figure of four from the
values of x, using yo,=1.500 and y.=1.000. The estimated data are shown by using

sphericals sysmbol in Figs. 5~8.

1.0

0.8

dimensionless extent x (=)
dimensionless extent x (—)

L o 1 1 I a1 J
0 10 20 30 40 50 0 10 20 30 40 50

transforming time 6 (min) transforming time 0 (min)

Fig. 5. Relations between the dimensionless Fig. 6. Relations between the dimensionless

extent and the transforming time. extent and the transforming time.
From upper solid line : for Run 1-1,1-2, From upper solid line : for Run 2-1, 2-2,
1-3and 1-4 2—-3 and 2-4

(O: estimated data, — : calculated results QO : estimated data, — : calculated results

From upper broken line : for Run 3-1, From upper broken line : for Run 4-1,
3-2,3-3and 3-4 4-2,4-3and 4—4

A\ estimated data, — : calculated results A\ : estimated data, — : calculated results
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1.0|
0.8
0 0
® %
E § 0.6
5 s
g 3 04
5 8
g 5
£ E 0.2
B °
0 L ' !
0 10 20 30 40 50
transforming time 6 (min) transforming time  (min)
Fig. 7. Relations between the dimensionless Fig. 8. Relations between the dimensionless
extent and the transforming time. extent and the transforming time.
From upper solid line : for Run 8-1, 8-2, From upper solid line : for Run 7-1, 7-2,
8-3 and 8—4 7-3 and 7-4
(O : estimated data, — : calculated results O+ estimated data, - calculated results
From upper broken line : for Run 6—1, From upper broken line : for Run 5-1,
6—2,6—3 and 6—4 5-2,5-3and 5-4
/\: estimated data, — : calculated results [\ estimated data, — : calculated results

The rate parameters in Eqs.(2)~(4) were calculated from the above estimated data
using the program in Appendix. A part of the calculated results in shown in Tables
2~4. As for the calculated results of the rate parameters shown in Table 2, the best
empirical rate equation may be determined as the rate equation for the third step. The
values of the rate parameters k, or ky of the third step fixing both # and « in a series of
data may be correlated to the experimental conditions such as the chemical and physical
transforming temperature and so on. The calculated results compared to the estimated
data are illustrated by solid lines in Figs. 5~8. The example of the calculated result

Table 2. Initial and calculated values of rate parameters.

For Run 2—-1
Initial values Calculated values
Step Y =
Kmin 1) n(-)  a-) 8(-). k(min™'y n(-) a-) 8(-)
1 0.5* 1.0 1.0 0.386 0.0876 1.28 1.21 0.00984
2 0.120%** 1.0 - 0.000392 0.120 1.00 - 0.000383
3 0.120%* (1.0) - 0.000392 0.120 (1.0) - 0.000383
For Run 7-1
Initial values Calculated values
Step
k(min™Y) n(-) a(-) 5(=) k(min~!y n(-) a(-) 5(-)
1 0.267* 1.0 0.0150 0.0255 0.298 0.993 0.0102 0.00330
2 0.267*** (1.0) 0.0150 0.0255 0.300 (1.0) 0.00994  0.00333
3 0.315%** (1.0) (0.01) 0.0403 0.300 (1.0) (0.01) 0.00333

( ): fixed values, *, ** and ***: k is kn,qin Eq. (2), kpy in Eq.(3) and kg in Eq.(4), respectively.
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Table 3. Comparisons of estimated data and calculated values of dimensionless extent x(-).

For Run 2-1 For Run 7-1

Xobs Yobs 6 Xcal(—) 6 Xcal(—)

= @ (min)  Step 1 Step 2 Step 3 (min)  ‘Step1 Step2  Step 3
0 1.500 0 0 0 0 0 0 0 0
0.05 1.475 0.427 0.045 0.050 0.050 6.08 0.050 0.050 0.050
0.10 1.450 0.878 0.091 0.100 0.100 6.26 0.100 0.100 0.100
0.20 1.400 1.86 0.186 0.200 0.200 10.8 0.200 0.200 0.200
0.30 1.350 297 0.285 0.300 0.300 12.5 0.298 0.298 0.299
0.40 1.300 4.26 0.388 0.400 0.400 13.9 0.396 0.396 0.396
0.50 1.250 5.78 0.492 0.500 0.500 15.4 0.509 0.509 0.509
0.60 1.200 7.64 0.596 0.600 0.600 16.6 0.599 0.600 0.600
0.70 1.150 10.0 0.697 0.699 0.699 18.6 0.696 0.697 0.606
0.80 1.100 13.4 0.796 0.800 0.800 19.8 0.799 0.799 0.798
0.90 1.050 19.2 0.890 0.900 0.900 22.5 0.901 0.900 0.900
0.95 1.025 25.0 0.936 0.950 0.950 25.0 0.951 0.951 0.950
1.00 1.000 50.0 1.00 1.00 50.0 50.0 1.00 1.00 1.00

Table 4. Calculated values of rate parameters.

RunStep | kmin™')y n(-) a-) &) Run Step|k(min”Y)  n(-=) a-) 5(-)
1-1 1 0.0569 0.842  0.888 0.0157 5-1 1 [0.119 0998 0.503 0.000784
2 0.0600 0.500 - 0.000610 2 0120 (1.0 0.500 0.000788
3 0.0600 (0.5) - 0.000610 3 10120  (1.0) (0.5) 0.000788
1-4 1 0.0292 0.852  0.849 0.0200 5-4 1 |0.0606 1.00 0.495 0.000270
2 0.0300 0.502 - 0.000355 2 |0.0601 (1.0) 0.499 0.000293
3 0.0300 (0.5) - 0.000400 3 10.0600 (1.0) (0.5) 0.000298
2-1 shown in Table 3 6-1 1 |0.201 1.00 0.0993 0.000330
2-4 1 0.0474 1.30 1.08  0.0135 2 10201  (1.0) 0.0994 0.000331
2 0.0599 0.999 - 0.000435 3 10200 (1.0 0.1) 0.000396
3 0.0599 (1.0) - 0.000442 6-4 1 |0.100 1.00 0.0999 0.000575
3-1 1 .51 1.71 1.82  0.00662 2 |0.100 (1.0 0.100 0.000576
2 0.301 1.50 - 0.000307 3 |0.100 (1.0 0.1) 0.000578
3 0.300 (1.5) - 0.000343 7-1 shown in Table 3
3-4 1 0.0954 1.76 1.41  0.00794 7-4 1 |0.148 0986  0.0103 0.00268
2 0.150 1.50 - 0.000352 2 10.150 (1.0) 0.00991 0.00281
3 0.150 (1.5) - 0.000416 3 (0.150  (1.0) (0.01) 0.00282
4-1 1 0.298 2.18 2.57  0.00507 8-1 1 |0.397 0989 0.00104 0.00238
2 0.814 2.02 . 0.00247 2 | 0400 (1.0 0.000986  0.00247
3 0.806 (2.0) - 0.00276 3 10400 (1.0 (0.001) 0.00249
4-4 1 0.185 2.21 2.03  0.00625 8-4 1 |0.201 1.00 0.000962  0.000538
2 0.407 2.02 - 0.00244 2 |0.201 (1.0 0.000980  0.000591
3 0.403 (2.0) - 0.00269 3 {0200 (1.0 (0.001) 0.000755

( ) etc.: same to Table 3.

shown in Appendix is the result of Run 7—1 in which the number of runs in a series of
data had decreased simply into one.

If the values of # and « cannot be obtained as constant values in one series of data,
the parameters must be correlated to the experimental conditions such as temperature



20 Kiyoshi KuBoTA

and so on, too. When the range of conditions is wide, the values of k,, or ko cannot be
theoretically correlated well to all the conditions. If the values of n and « cannot be
obtained as constant values in one series of data, it is preferable to reduce the range of
conditions in one series of data.

The method and the computer program for the determination of the empirical rate
equations shown in this paper are available for a series of data giving a monotonous
smooth curve or a S-shape surve from which the values of #» and « can be obtained as
constant values.

This computer program can be used not only for the rate equations of the various
transformations of foods, but also for the over-all rate equations of the thermal and
catalytic cracking of hydrocarbons!'®~'® and so on. For the heat transfer phenomena,

the values of ¥ can be obtained as the values of the temperature of the sample, and the
Fourie’s equation may be taken from Eq.(4) fixing n=1. One the other hand, for the
mass transfer phenomena, the value of y can be obtained as the concentration, and the
Fick’s equation may be taken, too.

RESULTS
The method and the computer program for determining the empirical rate equations
of the chemical and phsical transformations of foods were investigated, and then the
examples of the calculations using estimated data were demonstrated.
Since the mechanism of the transforming of foods is really complicated, the program
for the determination of the ‘empirical rate equations shown in this paper may be very
useful in these cases.

SUMMARY

In order to design and automatically control various chemical and physical trans-
forming apparatuses such as chemical reaction, drying, cooking, extracting apparatuses
and so on of food materials, it is required to formulate first the best transforming rate
equations. Most of the transforming mechanisms of foods can be analyzed, but a theo-
retical rate equation can not be obtained. In these cases, the empirical formula of rate
equation must be used. We investigated the method and the computer programs in order
to determine the empirical rate equations. The method and the computer program of
the determination of the empirical rate equations shown in this paper are available for
the data giving a monotonous smooth curve or a S-shape curve. The program shown in
this paper can be used not only for the determination of the empirical rate equation of
the various foods, but also for the empirical rate equations of other materials.’

v ‘ NOTATIONS
aand b : constants in Eq.(12), (example: min_‘)4and (-)
Kk, ko and
Ko . rate parameters in Eqgs.(2) and (4), respectively, (example: min!)
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total number of experimental points, (—)

rate parameter in Eqs.(2) and (3), (-)

dimensionless expression of y expressed by Eq.(1), (—)

degree or extent of chemical and physical transformations, (example: g)
rate parameter in Eqs.(2) and (4), (—)

chemical and physical transforming time, (example: min)

standard deviation by Eq. (9), (-)

Q@ DR < x I Z

Subscripts ;

av average value in a series of data

d . deformation point of S-shape curve
Oande : initial and equilibrium states
obsand cal : observed and calculated values
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APPENDIX

MAIN PROGRAM, BY KIYOSHI KUBOTA.

ESTIMATION OF RATE EQUATIONS,»

BY NONLINEAR LEAST SQUARE METHOD.

YB(MYsN,M)=, DEPENDENT VARTABLES,

XB(MXsNsM)=s INDEPENDENT VARIABLES,

MY,MX=, NUMBER OF DEPENDENT AND INDEPENDENT VARIABLES.

NsM=s NUMBER OF EXPERIMENTAL POINT AND RUN.

AB(Ls»KsM)»SD(K)=> PARAMETER AND STANDARD DEVIATION.

LyK=» NUMBER OF PARAMETER AND ITERATION.

YC(MYsNsK)=s» CALCULATED VALUES OF DIPENDENT VARIABLES.

COMMON AN AM

DIMENSION YBA(2,10)sYB(2525+10)9YBE(2510)5XBA(1510)5XB(1525510)
1sXBE(1510)sX(1525)sXA(1)sXE(L) sHX(1)»Y(2,25)5W(2525)5DYA(2,1)
2,YA(2)sYE(2)sA(35,21)sHM(21)sHS(21),5D(21),YC(2,25+21),0vC(2+25,21)
3,AB(3510)YCS(252554),DD(394)yDYY(2)5YY(2)5AA(3)5Q(2),DYS(2)5YS5(2)
QaYYY(ZS);XX(Z,ZS)sNN(ZS)»AAA(Z);YYC(ZS)yNM(lO)

DATA HAA/0.0005/>HM(1)sHS(1)/2%1.0/>HMM,HSS/2%0.5/,HST/0.0001/
15EPS/1.0E-50/sMYT/2/sMXT/1/sNT/25/5MT/10/3sLT/3/5L1/4/sKT/20/
25K1/21/3NNT/25/,5LLT/72/

EXTERNAL DIFEQA>DIFEQB>DIFEQC,DIFEQD»DIFEQE

READ(5510) M

WRITE(6550) M

1F(M) 10551055110

IM=0

IM=1M+1

IF(M=IM) 12091255125

READ(5510) MY,MXsN

READ(5515) (YBA(JY»>IM)s(YB(JYsIsIM)s1=15N)sYBE(JYsIM)»Jy=1,MY)

READ(5515) (XBA(JXsIM)s (XB(JIXyIsIM),I=1sN)sXBE(JIX>IM)»JIX=1sMX)

WRITE(6551) MYsMXsN

WRITE(6552) (YBA(JYsIM)s (YB(JY>I»IM)sI=15N),YBE(JY,IM)»JY=1sMY)

WRITE(6553) (XBA(JXsIM) s (XB(JIXsI3IM)sI=15N)sXBE(JIXyIM)IX=1sMY)

NM(IM)=N

CALCULATION OF Y(MY) CONVERTED RATIO.

DO 130 JY=1,My

DO 135 I=1,N

YB(JYslsIM)IZABS((YBA(JY» IM)I=YB(JYs15IM))/(YBA(JYsIMI=YBE(JY>IM)))

YBA(JY>IM)=0.,0

YBE(JY»IM)=1,0

WRITE(65,52) (YBA(JY»IM) s (YB(JYsI»IM)»I1=15N)sYBE(JIY5IM)sJY=12MY)

CALCULATION OF A(1)5A(2)5A(3)

IN DY(MY)=A(1)%#(1,0=Y(MY))®XA(3)#(Y(MY)+A(2)).

WRITE(6+54)

MM=1

DO 140 JX=1sMX

DO 145 I=1sN

X(JXs 1)=XB(JIXs 1y IM)

XA(JIX)=XBA(JIXsIM)

XE(JX)=XBE(JXsIM)

HX(JX)=(XBE (JXs IM)=XA(JX))/200.0
DO 150 JY=1,MY

DO 155 1=1,N

Y(JY s 1)=YB(JYsIsIM)

W(JYs1)=1,0

DO 160 JX=1sMX

DYA(JY »JX)=(Y(JYs1)=YACJIY))/(X(JIX»1)=XA(JIX))

YA(JY)=YBA(JY s IM)

YE(JY)=YBE(JY,IM)

GO TO (1955,320,410,515,610)s MM

L=3

CALCULATION OF INITIAL VALUES OF A(1)»A(2)5A(3).

LL=2

I1=0

NN=0

[1=11+1

IF(N=11) 20552105210

IF(Y(1511)-0.2) 20022159215

IF(0.8-Y(1511)) 2005220220

NN=NN+1

YYY/NN)=Y(1s11)

XX(15NN)=1,0

XX (29NNY=X(1s11)

NW(NN)=1.0

GO TO 200

CAL!. SENSAS(YYYsXXsAAAsYYCrWWySSDyNNsNNTLLsLLTsILL)

IFCILL) 22552305225

ARITE(6555) ILL

GO 70 105

GO TO (525,525»5255530)s MM
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[F(AAA(L)) 235,240,240
A(251)=1.0/EXP(2.0-4.0%AAA(L))
AC1s1)=4,0%AAA(2)/ (1. 0+A(251))%¥%2
A(351)=1.0

GO TO 245

AS=0.0

D0 250 II=1-NN

AS=AS+YYY(IT)/XX(1s11)

A(151)=AS/NN

A(2,1)=1.0

A(3,1)=1.0

WRITE(6556) (A(IL»1)»IL=1,L)

HM(1)=1,0

HS(1)=1.0

CALL HISENS(Y’X’AvHAA,HM)HMMsHS’HSSvHST)N)DYCrYC!VCS
1,DDsSDsMY s MYTsMXsMXTsNsNTsLsLTsKsKTsL15K1»EPS»DYYsYY
2,AA>QsDYS>YSsDYAsYAsYEsXAsXEsHXsDIFEQASILL)
IF(ILL) 22551655225

ARITE(6557) LsK

WRITE(6,58)

WRITE(6559) HM(K1)sHS(K1)s (ACILsK1)»IL=15L)»SD(KL)
WRITE(6559) HM(K)sHS(K)s (ACIL»K)»>IL=1sL)>SD(K)
WRITE(65,60)

DO 170 JY=1,MY

WRITE(6559) (YC(JYsIsK1)»I=15N)

WRITE(6559) (YC(JYsIsK)sI=1sN)

WRITE(6959) (DYC(JYsIsK1)sI=1yN)
WRITE(6559) (DYC(JYsIsK)»I=15N)

CONTINUE

D0 175 IL=1sL

AB(TIL»IM)=ACIL»K)

GO TO (115,300,40055009600)> MM

SAM=0,0

DO 180 IM=1,M

SAM=SAM+AB(2s]M)

AMAV=SAM/M

IF(AMAV-0.,75) 18591909190

IM=D

WRITE(6550) M

MM=MM+1

[M=]M+]1

IF(M=-IM) 305,310,310

N=NM(IM)

CALCULATION OF A(1)»A(2) IN DY(MY)=A(L)®(1.0-Y(MY))%*¥A(2).

WRITE(6561)

GO 70 315

L=2

CALCULATION OF INITIAL VALUES OF A(1),A(2)
AS=0.0

DO 325 I=1sN

AS=AS-ALOG(1.0-Y(1sI))/X(1sD)

A(1s1)=AS/N .

A(2,1)=1.0

WRITE(6956) (A(IL»1)sIL=1sL)

HM(1)=1.0

HS(1)=1,0

CALL HISENS(YsXsAsHAAyHM>HMMsHS»HSS»HSTsWsDYCHYC5>YCS
150D5SDsMY sMYTsMXsMXTsNsNTsLsLTsKsKTsL1sK1sEPS»DYYsYY
25AA,QsDYS,YS>DYA> YASYEs XAsXEsHXsDIFEQB, ILL)
IFCILL) 22551655225

SAN=0.0

DO 330 IM=1,M

SAN=SAN+AB(25IM)

ANAV=SAN/M

IF (ANAV=0,75) 33593409340

AN=0,5

GO TO 345

IF(ANAV-1,25) 350»355,355

AN=1.0

GO TO 345

IF(ANAV-1,75) 3601365,365

AN=1.5

GO TO 345

AN=2.0

IM=0

WRITE(6550) M

MM=MM+1

IM=IM+1

IF(M=IM) 1009405,405

N=NM(IM)

CALCULATION OF A(1) IN DY(MY)=A(1)#(1,0-Y(MY))%*AN,
WRITE(6+62) AN

GO TO 315

23
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410 L=1
CALCULATION OF INITIAL VALUES OF A(1).
IF(AN=-1) 420,425,420
425 AS=9.0
D0 430 I=1sN
430 AS=AS-ALOG(1.,0-Y(1,I))/X(1s1)
A(151)=AS/N
GO TO 435
420 IF(AN-0,5) 44054455440
445 AS=0,0
DO 450 I=1,N
450 AS=AS-2.0%(SQRT(1.0-Y(1s1))-1,0)/X(1s1)
A(151)=AS/N
GO TO 435
440 AS=0.0
DO 455 1=1,N
455 AS=AS+(1.0/71.0-Y(1s1))%%(AN-1.0)-1,0)/C(AN-1,0)3X(151))
A(151)=AS/N
435 WRITE(65,56) (A(ILs1)5IL=1,L)
AM(1)=1,0
HS(1)=1.0
CALL HISENS(YsXsAsHAA HM;HMM 3 HS 3 HSSyHSTyWsDYC,»YC,»YCS
15DDsSDsMY sMYT s MXsMXTaNsNTsLsLTaKsKTsL1sK1sEPS»DYYsYY
2>5AA,Q5DYS»YSsDYAsYASYE»XAsXEsHXsDIFEQGC,ILL)
IFCILL) 22551655225
185 IM=0
WRITE(6550) M
MM=MM+3
500 [M=TM+1
IF(M-IM) 505,510,510
510 N=NM(IM)
CALCULATION OF A(1)sA(2) IN DY(MY)=A(1)3#(1.0=Y(MY))IH(Y(MY)+A(2)),
WRITE(6+63)
GO TO 315
515 L=2
CALCULATION OF INITIAL VALUES OF A(1),A(2),
GO TO 520
530 IF(AAA(1)-0.5) 535,540,540
535 A(2,1)=1.0/EXP(2.0-4,0%AAA(1))
A(191)=4,0%AAA(2)/(1.0+A(251) ) %K2
GO TO 545
540 AS=0.,0
DO 550 II=1sNN
550 AS=AS+YYY(II)/XX(1,11)
A(151)=AS/NN
A(251)=1.0
545 WRITE(6356) (A(ILs1)sIL=1,L)
HM(1)=1,0
HS(1)=1,0
CALL HISENS(Y3XsAsHAAZHMyHMM 3 HS yHSS,HST »WsDYC»YCH»YCS
150D5SDsMY s MYTyMXsMXTaNsNTsLsLTsKsKT»L15K19EPS»DYYsYY
2,5AA»QyDYSsYSsDYA»YAs YEsXA»XEsHXsDIFEQDs ILL)
IFCILL) 22551655225
505 SAM=0,0
D0 555 IM=1,M
555 SAM=SAM+AB(2,IM)
AMAV=SAM/M
IF(AMAV-0,25) 56015659565
565 AMz0,5
GO TO 570
560 IF(AMAV~0,05) 5759580,580
580 AM=0,1
GO TO 570
575 1F(AMAV-0,005) 585,590,590
590 AM=0,01
GO TO 570
585 AM=0.001
570 IM=0
WRITE(6550) M
MM=MM+1
600 IM=IM+1
- IF(M=IM) 100,605,605
605 N=NM(IM)
CALCULATION OF A(1) IN DM(MY)=ACL1)35%(1.0=-Y(MY))(Y(MY)+AM),
WRITE(6,64) AM
GO T0 315
610 L=1
CALCULATION OF INITIAL VALUES OF A(1).
AS=0,0
DO 615 I=1,N .
615 AS=AS+4.03(Y(1s1)~(0.5%(1,0-AM)+0,25%(1,0+AM)*ALOG(AM)))
1701 0+AM) %#2%X (19 1))
A(151)=AS/N
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WRITE(6556) (ACILs1)sIL=1,L)

HM(1)=1.0

HS(1)=1.0

CALL HISENS'Y,XyAvHAAyHH1HMM:H5,HSS,HST’hyDYC:YCyYCS
1yDDaSD)MYyMVTaMX,MXTyN’NT)L»LT:K)KT:LI’KlyEp51UYY1YY
2,AA,Q,DYS,YS;DYA,YA;YE:XA,XErHXrDIFEQEvILL)

[F(ILL) 225,165,225

STOP

FORMAT(1014)

FORMAT(10F8.0)

FORMAT(1H15,2HM=3,5X>14)
FDRMAT(1H0’3HMY=,I495X13HMX=,l4y5Xy?HN=y14)
FDRMAT(]HD)31HYBA(MY’M)1YB(MY;N;M)yYBE(MY;M)z/(lH »5E€13.5))
FORMAT(]H0131HXBA(MX1M),XB(MX:N;“)yXBE(MXyM):/(lH »5E13,5))
FDRMAT(1H0»42HDY(MY)=A(1)*(1.0-Y(MY))*%A(B)%(Y(MY)#A(?)))
FORMAT (1H1»4HILL=»18)

FORMAT(1H0»7HA(L»0)=/(1H »5E13.5))

FORMAT (1HQ s 2HL =3 145X 6HK= 035Xs2HK=514)

FORMAT(1H 3 25HHM(K) sHS (K) s A(LsK) »SD(K) =)

FORMAT(1H ,5E13.5)

FORMAT(lHOtllHYC(MY!N’K):/lH » 12HDYC (MY N»K) =)
FORMAT(lanquDV(MY)=A(1)“(1-0“Y(MY))§*A(2))
FDRMAT(1HO:27HDY(MY)=A(1)#(1.O‘Y(MY))%%AN/IH s3HAN=»F8.4)
FORMAT(1H0136HDY(MY)=A(1)N(l.O—Y(MY))#(Y(MY)#A(?)))
FDRMAT(IHO:B“HDY(MY):A(1)*(1-0°Y(MY))#(Y(MY)*AM)/lH »y3HAM=3FB.4)
END

SUBROUTINE SENSAS(Y>XyAsYCoWsSDaNsNTsLsLTH»ILL)

METHOD OF LINEAR LEAST SQUARE

DIMENSION Y(NT)1X(LTyNT)’A(LT)aYC(NT)pw(NT)vT(20y21)
IF(N.GE.L.OR.l..GF.2.0R.L.LE.20) GO TO 20

1LL=30000

GO TO 999

LP=L+1

LM=L-1

DO 100 I=1,L

DO 200 J=15LP

T(1,4)=0.0

PO 100 K=1,N

0O 300 J=1»L

TCIad)=T(Tsd)+XCIaK)IHX(J oK) H#uW (K)#32
T(IsL+1)=T(TaoL+1)+X (1KY (K) i (K)x#2

DO 400 I=1,LM

[F(T(1s1)) 30540530

ee=l

G0 7O 999

1P=1+1

no 400 J=1PsL

DO 400 K=JsLP

T(JsK)=T(JsK)=(T(Ls N®TCIH,K)/TCTH 1)

Nno 500 I=1»L

J=L+1-1

K=J

AT=0.0

IF(L=K) 500,500,50

AT=ATHA(K+1)IRT(JsK+1)

K=K+1

G0 TO 60

ACI) =(T(JrL+1)=-AT)I/T(JsJ)

CO 600 1=1,N

yC(1)=0.0

DO 600 J=1,L

‘/C(I)=VC(])"A(J)*x(J)l)*N(I)

D=0.0

DO 700 I=1,N

DD+ (Y (1) #WCI)-YCCI) ) ¥#%2

SD=SQRT(D/N)

ILL=0

RETURN

END

SUBROUTINE HlSENS(YrX,AyHAA,HH)AMM,HS,HSS,HST,NvDYC!YC’YCS'
IDD,SD1MY9MYT,MX)MXT'N)NTyLaLTsKyKTyLlrKlyEPS9DVV9YY,AAr01
ZDYS1YSyDYAaYA;YEyXAvXEvHX’DIFEQ)[LL)

METHOD OF NONLINEAR LEAST SAUARE

DIMENSION YfMYTaNT>sX(HXT)NT):A(LT,KI);HH(KllyHS(Kl)’W(HYT,NT)y
IDYC'MVTyNT,Kl)yYC(MYT.NT’Kl)’YCS(HYTyNTyLl)yOD(LTle):SD(Kl),
2HA(20)1AS(20)yDDS(20),DYY(MYT)1YY(HVT)sAA(LT)’Q(MYT)sDYS(MVT),
3VS(VYT),DYA{HYT,MXT)vYA(MVT)tYE(MVT)vXA(MXT)yXE(MXT)yHX(MXT)
IF(KT.GE.I.OR.HY.GE.I.OR.MX.GE.1.UR.N.GE.L.OR.L.GE.1.0R
l.L.LE.?0.0R.L.LT.Ll.OR.KT,LT.KI.DR.EPS.GE.0.0) GO TU 200
[LL=30000

GO TO 999

200 K=1

HS (K1) =HS (1)

25
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HM(K1)=HM(1)
SDS=0.0
DO 10 TA=1,L
10 A(TAK1)=A(IAy1)
888 CALL SUB(DYCsYCrXsAyMYsMYTIMX,MXT9NsNTsLsLTsKsKT>K1sDYY,YY,
1AA»QsDYSsYSsDYAsYAs XAsHX>DIFEQs ILL)
IFCILL) 30054002300
300 IF(SDS) 999,999,700
400 D=0.0
00 20 I=1,N
D0 20 J=1,MY
20 D=D+((Y(Js1)=YC(JaIsK)IHW(JIs]))H#%2
SD(K)=SQRT(D/ (N#MY))
IF(SDS) 999,500,600
500 SDS=SD(K)
SD(K1)=SD(K)
DO 30 I=1,N
DO 30 J=1yMY
YCS(JsIsL1)=YC(Js 1K)
DYC(Js1sK1)=DYC(JrIsK)
30 YC(JsIsK1I=YC(JsI9K)
00 21 IA=1,L
21 A(TASK1)=A(IA,1)
GO 10 777
600 IF(SDS-SD(K)) 700+9800,800
700 HS(K)=HS(K)¥#HSS
IF(HST~HS(K)) 6661999,999
800 IF(KT-K) 999,999,900
900 K=K+1
HM(K)=HM(K=1)%HMM
HS(K)=HS(1)
SDS=SD(K-1)
D0 40 JA=1,L
40 ACTAIK)=A(TAyK=-1)
DO 50 I=1sN
DO 50 J=1,MY
50 YCS(Jalsl1)=YC(Js1sK-1)
777 DO 60 IA=1,L
AST=A(TAsK)
HA(TA)=A(TAsK)%HAA
ACTAIK)=A(TASK)+HA(TA)
CALL SUB(DYCsrYCsX2AsMYsMYTsMXyMXT yNsNTsLsLT sKsKTsK1sDYY,YY,
1AA>Q@5DYS>YSsDYAs YA XAyHXsDIFEQs ILL)
IFCILL) 999510005999
1000 DO 70 I=1sN
D0 70 J=1,MY
YCS{Js 15 TA)=YC(JyIsK)
70 YCS(JsI»1A)=(YCS(JsI>TA)-YCS(Js1sL1))/HACIA)
60 A(IAsK)=AST
LP=t+1
DO 80 IAl=1sL
D0 80 [A2=1,L
DD(TA1s1A2)=0.0
D0 80 I=1,N
N0 80 J=1sMY
80 DD(1A171A2)=DD([A11[AZ)‘YCS(J:I’lAl)#YCS(J’I’IAZ)
1%W (s )32
D0 90 IA=1,L
DO(TAS TA)Y=DD(TA> TA)H(1.0+HM(K))
DD(IA,LP)=0.0
00 90 I=1,N
DO 90 J=1,MY
90 DD(lA;LP)=DD(IA9LP)*YCS(J1IrlA)%(Y(Jv])-VCS(J9I:L1))
1XW( s T)sex2
IF(L-1) 999,333,222
222 CAL! GAUYOS!DDsLsLPsLTsL1+EPS,ILL)
IFCILL) 999,1100,999
333 DD(152)=0D(152)/0D(1,1)
ILL=0
1100 DO 110 IA=1sL
AS(IAY=A(TA,K)
110 D0SC(IAY=DD(I1A,LP)
666 D0 120 IA=1,L
OD(TASLP)=DNS(IA)®HS(K)
120 ACIA»K)=AS(IA)+DD(IASLP)
GQ TO H8S8
999 RETURN
END
SUBROUTINE SUB(DYCsYCsXsAsMYsMYTsMXyMXTsNsNTsLsLTsKsKT5K19DYYs

LYYsAA»Qs0YS>YSsDYA>YASXAsHXsDIFEQ, ILL)
CALCULATION OF EGUATIONS FOR SIMULATION

DIMENSTON DYC(MYTsNT>K1)sYC(MYTsNT K1) sX(MXTsNT)»>A(LTsK1)
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10YY(MYT) VY (MYT) 5 AACLT) 5Q(MYT)sDYS(MYT)»YS(MYT) sDYA(MYT 4 MXT)
235YAI(MYT) s XA(MXT) s HX(MXT)

XX=XA(1)

HXX=HX(1)

00 100 I=1>»L

AACT)=A(],K)

DO 200 I=1sMY

DYY(I)=DYA(I»1)

YY(TI)=YAC])

QAC1)=0.0

DO 300 I=1,N

IF(XX=X(1s1)) 40095005500

DO 600 J=1>MY

DYS(J)=DYY(J)

YS(J)=YY ()

CALL URKGS(DYYsYYsXX3AA»Q@sHXXsMYsMYTsLsLTH»DIFEQ@>ILL)
IFCILL) 99957005999

IF(XX=X(1s])) 40055005500

DO 300 J=1,MY
DYC(Js1+K)=DYY(J)=(DYY(J)=DYS(J))#(XX=X(1s1))/HXX
YC(JeIsK)=YY () =(YY(J)=YS(JI)I#(XX=X(1s1))/HXX
RETURN

END

SUBROUTINE GAUYOS(AsNsN1sNTsNT1EPS,ILL)
GAUSS-JORDAN METHOD

DIMENSION A(NT,NTL)

DO 10 K=1,N

BIG=ABS(A(K,»K))

I1P=K

Kl=K+1

IF(K1.,GT.N) GO TO 14

DO 11 I=K1,»N

IF(ABS(A(1,K)),LE,BIG) GO TO 11
BIG=ABS(A(1,K))

1P=1

CONTINUE

14 IF(BIG.GE.EPS) GO TO 12

ILL=1000
GO TO 999

12 IF(IP.EQ.K) GO TO 15

DO 13 J=1,N1
TEMP=A(K»J)
A(KsJ)=ACIP»J)

13 ACIP»J)=TEMP
15 W=A(KyK)

DO 20 J=K1,N1

20 A(KsJ)=A(K»J)/W

DO 30 [=1,N
IF(I1.EQ.K) GO TO 30
W=A(IsK)

DO 40 J=K1,N1

40 ACI»J)=AC]J)-WiA(KSJ)
30 CONTINUE
10 CONTINUE

ILL=0

999 RETURN

200

100
999

END

SUBROUTINE URKGS (DY sYsXsAsQsHXsMYsMYTsLsLTsDIFEQ,ILL)
RUNGE-KUTTA~GILL METHOD

DIMENSION DY(MYT)sY(MYT)sA(LT)>Q(MYT)sT(20)sR(20)5P(6)5B(4)5C(4)
DATA P(1),C(1),C(4)/3%0,0/58(1)/1.0/
DATA B(2)/0.2928932/5B(3)/1.707107/
PX=X

P(2)=0.5%#HX

P(3)=0.5%HX

P(6)=0.5%HX

P(4)=HX

P(5)=HX

B(4)=1,0/3.0

C(2)=0.7071068%HX

C(3y=-C(2)

DO 100 J=1y4

X=PX+P(J)

CALL DIFEQ(DY,YsXsAsMYsMYTsLsLT5ILL)
IFCILL) 99952005999

00 100 I=1,MY

T()=P(J+2)#DY(D)=QCI)
R(I)=B(NHXT(D)

Y(ID)=Y(D)+R(I)
QeI)=3,0%R(1)-T(I)+C(JI#DY (D)

RETURN

END
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SUBROUTINE DIFEGA(DYsYsXsAsMY,MYT,L,HLT,ILL)
CALCULATICN OF ORDINARY DIFFERENTIAL EQUATIONS.
DY(MY)=, DIFFERENTIAL VALUES OF Y(MY) BY X,
Y(MY)sX=s CEPENDENT AND INDEPENDENT VARIABLES.
A(L)=» RATE PARAMETERS.

CALCULATION OF DY(MY)=AC1)#(1,0-Y(MY))#*A(3)3#(Y(MY)+A(2))
DIMENSION DY(MYT)sY(MYT)HA(LT)

AA=1,0-Y(1)

IF(AA) 10052005200

AA=1,0E-10

DY (1)=A(1)HAAMRA(3) (Y (1) +A(2))

fLL=0

RETURN

END

SUBRAUTINF DIFERB(DYsYsXsAsMY,MYTsLsLTsILL)
CALCULATION OF DY(MY)=A(1)3#(1,0-Y(MY))3#XA(2)
DIMENSION DY (MYT)sY(MYT),A(LT)

AA=1.0-Y(1)

IF(AAY 100,200,200

AA=1.0C-10

DY (1) =A(1)3#AAKA(2)

[LL=0

RETURN

END

SUBROUTIMNE DIFEQC(DY Y sXsAsMY,MYT,L,LT>ILL)
CALZULATION OF DY(MY)=A(L1)#(1,0-Y(MY))%%AN
COMMON AN, AM

DIMENSTION DY(MYT)sY(MYT)A(LT)

AA=1.0-Y(1)

IF(AA) 10052005200

AA=1.0E-10

DY(1)=A(1)3¢AA AN

ILL=0

RETURN

END

SURBROUTINE DIFEQD(DYsYsXsAsMY,MYT,L4LT,ILL)
CALCULATION OF DY(MY)=A(L)#(1,0-Y(MY))%(Y(MY)+A(2))
DIMENSION DY(MYT)sY(MYT)>A(LT)

AA=1,0-Y41)

IF(AA) 10052005200

AA=1,0E-10

DY(1)=A(1)AAX(Y(1)+A(2))

ILL=0

RETURN

END

§25§8ET$NE DIFEQE(DY»YsXsAsMY  MYT oL sLTyILL)
ATION OF DY(MY)=A(1)#(1,0-Y

COMMON AN, AM (MY) )% (Y (MY)+AM)
DIMENSION DY(MYT)s»Y(MYT)sA(LT)

AA=1,0-Y(1)

[F(AA) 10052005200

AA=1,0E-10

DY(1)=A(1)AAX(Y(1)+AM)

ILL=0

RETURN

END

1 MX= 1 N= 11

YBA(MY ;M) s YB(MYsNsM), YBE(MY M) =
0.15000E 01 0.14750E 01 0.14560E 01
0.13000E 01 0.12590E 01 0.12000E 01
0.10500E 01 0.10250E 01 0.10000E 01

0.14000E 01

0.13500E 0
0.11500E 01 0

0,11000E

——

XBA(MXyM) s XB(MXsNsM) y XBE (MXsM) =
0.00000E 00 0.60800E 01 0.82600E 01
0.13900E 02 0.15400E 02 0.16600E 02
0.22500E 02 0.25000E 02 0.50000E 02

0,12500E 02
0,19800E 02

0.10800E 02
0.18000E 02

YBA(MYsM)sYB(MYsNyM) s YBE(MYsM)=
0.00000E 00 0.49999E-01 0.87999E-01
0.40000E 00 0.50000E 00 0.60000E 00
0,90000E 00 0.95000E 00 0.10000E 01

0.,20000E 00
0.70000E 00

0,30000E 00
0.80000E 00

DY(MY)=AC(1)¥(1.0-Y(MY))#tA(3)#(Y(MY)+A(2))

A(Ls0)=

0.26651E 00 0.15036E-01 0.10000E 01



Determination of the Empirical Rate Equation of Foods

L= 3 K= 0 K=

HM(K) sHS(K) »A(LsK)»SD(K) =
0.10000E 01 0.10000E O1
0.26170E-01
0.19073E-05 0.78125E-02
0.45424E-02

YC(MY NsK) =

DYC(MY,NsK)=
0.583376~-01 0.10999E 00
0.48455E 00 0.56637E 00
0.92755€E 00
0.47911E-01 0.96905E-01
0.50933E 00 0.60031E 00

0.94997E 00
0.18413E-01
0.68612E-01
0.18201E-01
0.16628E-01
0.77153E-01
0.14117€E-01
M= 1

0.29656E-01
0.67174E-01

0.29295E-01
0.73673E-01

20

0.26651E 00
0.30629E 00

0.20657E 00
0.65688E 00

0+.19725€E 00
0.69755E 00

0.46855E-01
0.61444E-01

0.50591E-01
0.64424E-01

DY (MY)=AC1)%(1.0=-Y(MY))3#(Y(MY)I+A(2))

A(L»0)=
0.26651E 00

L= 2 K=

0.15036E-01

0 K=

HM(K) »yHS(K) sA(LsK)»SD(K) =

0.10900E 01
0.30518E-04

YC(MYsNyK) =

DYC(MY sN>K)=
0.58337E-01
0.48455E 00
0.92755€E 00
0.48659E-01
0.50862E 00
0.95149€ 00
0.18413€E-01
0.68612E-01
0.18201€-01
0.16756E-01
0.77034E-01
0.14109€E-01

M= 1

0.10000E J1
0.61035€E-04

0.10999E 00
0.56637E 00

0.97841E-01
0.59960E 00

0.29656E-01
0.67174E-01

0.29320E-01
0.73793E-01

16

0.26651E 00
0.30266E 00

0.20657E 00
0.65688E 00

0.19794E 00
0.69718E 00

0.46855E-01
0.61444E-01

0.50359€E-01
0.64771E-01

DY(MY):A(])*(I.O-Y(MY))#(V(MY)*AM)

AM= 00,0100

A(L»0)=
0.31401€E 00

L= 1 K=

0 K= 20

HM(K) yHS(K) sA(L9K)»SD(K) =

0.10000F 01
0.19073E-05

YC(MYsN,K) =

DYC (MY sNs>K)=
0.55029€E-01
0.56493E 00
0.96488E 00
0.49860E-01
0.50898E 00
0.95027€E 00
0.19295E-01
0.78515€-01
0.10752E-01
0.17041E-01
0.76331E-01
0.14308E-01

0.10000E 01
0.25000E 00

0.11195E 00
0.65567E 00

0.99667E-01
0.59914E 00

0.34005E-01
0.71949E-01

0.29585€E-01
0.73142E-01

0.31401E 00
0.29964E 00

0.22745E 00
0.74841E 00

0.20017E 00
0.69593E 00

0.57592E-01
0.59914E-01

0.50363E-01
0.64318E-01

0.15036E-01

0.91506E-02

0.29623E 00
0.75752E 00

0.29620E 00
0.79948E 00

0.58383E-01
0.49918E-01

0.65514E-01
0.48597E-01

0.15036E-01
0.95398E-02

0.29623E 00
0.75752E 00

0.29636E 00
0.79985E 00

0.58383E-01
0.49919€-01

0.65146E-01
0.49023E-01

0.39401E-01
0.4B547E-02

0.33850E 00
0.84052E 00

0.29834E 00
0.79807E 00

0.72390€E-01
0.42585€E-01

0.64828E-01
0.48886E-01

0,10000E 01
0,10134E 01

0,38333E 00
0.86671E 00

0.39472E 00
0.90003E 00

0,65455E-01
0,31322E-01

0,74345E-01
0,26990E-01

0,26170E-01
0,46147E-02

0,38333E 00
0,86671E 00

0.39437E 00
0.90131E 00

0,65455E-01
0.31322E-01

0.74011E-01
0.27205E-01

0,44547E 00
0,92552E 00

0,39571E 00
0.89962E 00

0.79280E-01
0,21878E-01

0,73438E-01
0,27358E-01
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