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ABSTRACT

Solution of many chemical engineering problems 

requires the use of numerical integration techniques. The 

most popular integration technique for such problems is 

the classical fourth order Runge-Kutta that in some cases 

can be used only with very low efficiency.

In the last few years new methods have been 

developed which seem to be efficient for regular and 

stiff problems. Some of these new methods were compared 

in the solution of chemical and physiological systems. 

The program written by C. W. Gear, which includes two 

slightly different algorithms for stiff systems and a 

third algorithm for regular systems was found to be the 

most stable and efficient in all cases.

To increase accessibility of the Gear program 

for general engineering usage, a set of subroutines was 

written. These subroutines were designed with the 

following objectives:

a) Minimization of input requiremtns.

b) Minimization of interaction between user and 

integration program.

c) Giving the user the option of calculating the 

values of the dependent variables at certain specific 

values of the independent variable.



d) Giving the user the option of dynamically 

selecting the algorithm to solve the problem in question 

efficiently.

The behavior of the different algorithms in the 

solution of selected problems is also discussed.
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INTRODUCTION

Solution of many chemical engineering problems 

requires the use of numerical integration techniques. The 

most popular integration technique for such problems is the 

classical fourth order Runge-Kutta. The main.advantage of 

this method is that it can be easily programmed and its 

efficiency is reasonable for simple problems. However in 

many chemical engineering problems this method cannot be 

used at all, or may only be used with very low efficiency.

Problems like simulation of a tubular reactor [3] 

or simulation of batch distillation columns [6] are stiff 

problems which have very large negative eigenvalues. For 

such problems the Runge-Kutta method is less efficient than 

the simple Euler method. Also for regular (non-stiff) 

problems, some of the predictor corrector methods proved to 

be less time consuming than the Runge-Kutta method.

In the last few years new methods have been developed 

[4] which seem to be efficient for regular and stiff problems.

The aim of this work is:

1) To compare the efficiency of the new methods for 

typical chemical engineering problems.

2) To prepare a general purpose integration 

subroutine which will be easy to use and will solve 

chemical engineering problems efficiently.

1



Chapter 1

NUMERICAL INTEGRATION GENERAL CONCEPTS

The natural laws in any scientific or technological 

field are not regarded as precise and definitive until they 

have been expressed in mathematical form. Such a form, 

usually an equation, is a relation between the quantity of 

interest, say product yield, and independent variables such 

as time and temperature upon which yield depends. When it 

occurs that this equation involves, in addition to the 

function itself, one or more of its derivatives it is 

called a differential equation. Except in those few cases 

in which the differential equations can be integrated 

directly, the solution will have to be approximated using 

numerical integration techniques.

An approach to the numerical approximation for the 

solution of differential equations is the difference method 

The solution is approximated by its value at a sequence of 

discrete points called the mesh points. Ideally the 

solution could be represented by its actual value at each 

mesh point so that it could be approximated to high 

accuracy by interpolation between the mesh points. However 

two problems interfere with this ideal:

1) The exact solution of the differential equation 

is not in general known and cannot be calculated, so the

2



3
solution to a different problem which can be calculated is 

sought. Thus the truncation error can be defined as the 

error introduced by using a mathematical formula which is an 

approximation to the true problem and is a direct function 

of the interval size, the numerical method and the 

particular system under consideration.

2) Numbers cannot be represented exactly in the 

numerical processes involved. The change introduced by 

this mechanism will be called rourid-off error. Rounding 

of numbers is a necessary evil in machine computation 

because of the fixed digit capacity of the memory and 

arithmetic units. We have to consider also the local 

truncation error defined as the amount by which the solution 

of the differential equation fails to satisfy the equation 

used in the numerical method.

Consequently the difference method solution will be 

represented by a finite precision number containing two 

sources of error, round-off and truncation.

When we think of approximating a solution numerically 

we naturally are concerned with how accurate we can make the 

numerical solution to the actual solution. When we pick a 

method it may depend on one or more parameters, for example, 

the step size or the number of terms in a series expansion. 

We would like to know how to pick these parameters to 

achieve any desired accuracy. It is possible that there is 

an error below which it is not possible to go.

Before attempting to numerically integrate a system 

of differential equations, we have to be sure that the
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system has a unique solution. This can be done using the 

following theorem: (A proof of which can be found in [12].)

If y* = f(y,t) is a differential equation such that 

f(y,t) is continuous in the region 0 < t < b, and if there 

exists a constant L such that

|f(y,t) - f(y*,t)| < L|y - y* | (1)

where (y,t) and (y*,t) are two different points in 

the region 0 < t < b with the same value for t for all 

0 < t < b and all y,y*.

Then there exists a unique continuously differentiable 

function y(t) such that

y’ (t) = f (y(t) ,t)
(2) 

and y(0) = y^, the initial condition.

The condition expressed by equation (1) is called 

the Lipschitz condition and L is called the Lipschitz 

constant.

In addition to insure that the problem has a 

solution, we have also to assure ourselves that it is 

"well posed". By this we mean that small perturbations in 

the stated problem will only lead to small changes in the 

answers. Fortunately it can be shown that the Lipschitz 

condition for an ordinary initial value problem is a 

sufficient condition to be "well posed".

Any desired degree of accuracy can be achieved for 

any problem satisfying a Lipschitz condition by picking a 

small enough step size. Since as the step size decreases
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the number of points and hence the amount of calculations 

increases, we would expect the effect of round-off errors 

to increase because there are more of them. Therefore in 

defining convergence, we must require that the computations 

indicated in the method be performed exactly. In practice, 

this means that additional digits are carried in the 

computations as the step size decreases.

At each step of the numerical integration, the 

process is considered to have converged when each component 

of the dependent variable vector has satisfied a convergence 

criterion. In testing for convergence, two successive 

values (for each component) at the point in question are 

compared. Let the difference between the two for the ”jth"

user be EP.

stated as:

1) Standard error

attained so

requirement is:

(3)EP

Let (Vj)M bo the largest absolute value 

far in the integration by the dependent

j/

component be 6^, and let the error tolerance allowed by the 

Three convergence error criteria can then be

variable y^. The convergence

j — l,2,...,n

if (y.)M < EP2 j M it is replaced by EP.

2) Relative error

Let yj be the current approximation to the 

respective dependent variable. The convergence requirement 

is:
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(4)

(5)

is, 

suceeding steps. Convergence does not necessarily imply 

stability.

The problem of instability arises because in most 

instances the order of the approximation difference equation 

is higher than that of the original differential equation. 

Hence, the difference equation possesses extraneous 

solutions which in some instances can dominate the solution, 

so that the solution of the difference equation bears little 

if any resemblance to the true solution of the original 

differential equation. It happens frequently that the 

spurious solutions do not vanish even in the limits as the 

increment sizes approach zero. This phenomenon is called 

strong instability, and implies lack of convergence as well 

as lack of stability. When a method possesses convergence 

but has unstable asymptotic behavior, the phenomenon is 

called weak instability. If the extraneous solutions tend 

to grow as the calculations progress, but at a rate much 

j = 1,2EP ,n

The convergence requirement is:

EP3

The concept of stability is associated with the

numerical technique as thepropagation of errors of the

calculations progress with a

one step will have on

3 •'3

finite interval size, that

if [y^l < EP, it is replaced by EP in the test.

3) Absolute error

the effect errors made on

j = 1,2 ,.. . ,n
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slower than the true solution, the solution is said to 

posess relative stability; if the extraneous solutions tend 

to grow as the calculation progresses, at a rate faster than 

the true solution, the solution is said to be unstable.

The methods which require a knowledge of the 

differential equations and initial values only are called 

one-value methods. They are usually called one-step 

methods because they only require the value at one mesh 

point to compute the value at the next.

There are other kinds of methods which require 

several pieces of information about the dependent variable 

at time t = tn_j in order to compute the equivalent pieces 

of information at t = t . We call these methods multi-n 
value methods since they use more than one value of the 

dependent variable. Often these methods use the values of 

dependent variable and its derivatives at "k" different 

mesh points t i't 2,•••They are therefore called 

multi-step methods.

A multi-value method consists of two processes 

which are called prediction and correction. In the 

predictor process an approximation to yn is computed from 

yn_^ by linear extrapolation. This approximation is called 

yn (q) and it is given by

in,(0) = 5 yn-l !6)

where B is any suitable matrix of constants.

The prediction process does not make use of the 

differential equation in any way, so the correction process 
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corrects the approximate values if they do not satisfy the 

differential equation at t = t . The differential equation 

is written as:

0 = G(y ) = -(y ) + hf((y )0) = -hy’ + hf(y ) (7)

where (y). is the ith component of the vector y. G(y ^/nx) 

is the amount by which yn n^Q) does not satisfy the 

differential equation.

A vector multiple of this scalar is added to yn 

to correct it by the process

Y„,(D = Yn,(0) + <8)

This process can be repeated by

yn,(m+l) = yn,(m) + m = 1'2.....  (9)

for a fixed number of iterations or until there is no

further change in yn .

y . where M is either Jn, (M)
convergence, that is such

The value used for y is then ■In
fixed or large enough to get

that G(y ) is zero to the Jn, (M)
accuracy desired. We say that M is the number of corrector

iterations.

We can distinguish two special cases of multi-value

methods:

1) Explicit

When the method provides an explicit way of 

computing yn and hy^ from the values of y and its derivatives 

at preceding points. It requires only a vector inner product 

and one evaluation of the function f for each step.
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2) Implicit

When the method is represented through a non­

linear equation involving the function f and that must be 

solved for y , we have an implicit method.

•In accordance to the magnitudes of the eigenvalues, 

we have regular systems and stiff systems of differential 

equations. Stiff systems are those in which the magnitudes' 

of the eigenvalues vary greatly, and when this happens the 

system has components whose values will be quickly very 

small if compared with the values of other components. 

To guarantee a good solution most of the numerical 

integration methods require that the absolute value of the 

product of the interval size and the eigenvalue be bounded 

by a single small number, the order of which is from 1 to 10. 

As a result, an extremely small interval size has to be 

used over the entire range of integration and the computation 

time can become excessive.

1.1 Stiff Stability

Gear [1] defined stiff stability as follows:

A method is stiffly stable if in the region 

R^(Re(hX) < D) it is absolutely stable, and in 
R2 (D < Re(hX) < a, |lm(hX)| < 9) it is accurate.
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Figure 1.1
Stiff Stability

The rationale for this definition is as follows: e is the 

change in a component in one step due to an eigenvalue X. 
If hX = u + iv, then the change in magnitude is eU. If 
u < D < 0, then the component is reduced by at least eD in 

one step. We are not interested in the accuracy of components 

that are very small, so for some D we are willing to ignore 

all components in R^. We just require that the method be 

absolutely stable. Around the origin we are interested in 

accuracy, for which relative or absolute stability is 

necessary.
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1.2 Systems of Equations and Equations of 

Order Greater than One

One common technique for handling equations of the 

form:

y(p) = f (y,y,,...,y(p-1) ,t) (10)

where f satisfies a Lipschitz condition in each of the y^\ 

and y is a notation for d^y/dt^, is to transform them 

into an equivalent first order system. If we define the 

variables:

y1 = y^1-1) i = 1,2,...,p (11)

we can write (10) as

(yp)' = f(y1,y2,y3,.••/yp,t). (12a)

VThile by differentiation of (11) for i = 1,2,...,p-1 we get:

(y ) ' = y = y (12b)

Equation (12) is a system of p first order equations which 

can be handled by the methods used to solve first order 

equations.

The original problem (equation 10) will have 
initial values specified for y^ ^^(0), i = l,2,...,p 

so (12) will have initial values specified for y* (0) as 

required.



Chapter 2

SELECTION AND DESCRIPTION OF METHODS

2.1 Selection of Methods

Among the recommendations made by Hull et al. [4] , ■ 

the following were considered.

If a program library is to provide the best available 

method for whatever situations may arise, it must contain 

several different methods, including:

1) An extrapolation method for situations in which 

function evaluations are relatively inexpensive.

2) A variable order Adams method for situations in 

which function evaluations are expensive.

3) A fourth or fifth order Runge-Kutta method for 

calculations in which the function evaluations are simple 

and the tolerance not very stringent.

4) The library should also contain special methods 

for special problems. The most important of these is a 

special method for stiff systems.

5) It also may be helpful to have special methods 

that can be applied directly to higher order differential 

equations.

Regarding extrapolation methods, only the one 

originated by Bulirsch and Stoer was tested and it is 

therefore the only one that can be recommended.

12
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The variable order Adams method originated by 

Gear can also be recommended because it is almost as 

efficient as the Krogh’s, but in addition to that it 

includes an option for handling stiff systems that is very 

efficient.

In accordance with these recommendations the 

following methods were chosen:

The extrapolation methods selected are the 

implementation presented by Gear [2] of the Bulirsch and 

Stoer rational function extrapolation which also includes 

the polynomial extrapolation method and the Bulirsch and 

Stoer algorithm modified by Crane and Fox [7].

The Gear implementation of the variable order 

Adams method was selected because it is very efficient and 

contains in the same program the option for stiff systems.

One of the most important attractions of using 

Runge-Kutta methods is that they are quite a bit easier to 

program than variable order Adams methods. The fourth order 

Runge-Kutta was selected because Runge-Kutta of order 

higher than fourth requires a more complicated algebraic 

work.

2.2 Description of Methods

Fourth Order Runge-Kutta

The Runge-Kutta of the fourth order approximates 

the differential equation with a Taylor’s series expansion 

of order 4 but it is derived in such a way that all higher 

order terms are expressed in terms of first order derivatives.
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This method employs a recurrence formula as follows:

yi+l = yi + alkl + a2k2 + a3k3 + a4k4 U3)

to calculate successive values of the dependent variable of 

the differential equation

y* = f(xfy) (14)

where k1 = hf(xi,yi)

k2 = h£(xi + plh'yl + qllkl)
(15) 

k3 - hf(Xi + p2h,yi + q21k1 + q22k2)

k4 = hf(x. + p3h,y. + q31k1 + q32k2 + q33k3).

The p’s and q’s assume values such that (13) becomes

yi+l = yi + l(kl + 2k2 + 2k3 + k4>• (16)

The principal advantage of the Runge-Kutta methods 

is the self-starting feature and resulting ease of 

programming, and one disadvantage is the requirement that 

the function f(x,y) must be evaluated for several slightly 

different values of the independent variable in every step 

of the solution. This repeated determination of f(x,y) 

usually results in a less efficient method with respect to 

computing time, than do other methods of comparable 

accuracy, in which previously determined values of the 

dependent variable are used in subsequent steps. Another 

disadvantage is that it is more difficult to estimate the
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per-step error for higher order Runge-Kutta solutions than 

for solutions obtained by some other commonly used methods.

The computer program uses the Runge-Kutta-Merson 

method which is a fourth order Runge-Kutta process that 

simultaneously gives an approximation to the single step 

error.

Merson [8] has suggested the following equations:

n0 = yn k0 = hf(n0)

or

kg - 3k2 + 4k^
n4 = no + ------ T----

k1 = hf (rij) 

k2 = hf (n2) 

k3 = hf(n3) 

k4 = ht(n4)

k0 + 4k3 + k4 
yn+i ° “ no+------ -------

ko + 4k3 + k4 
yn+l = yn + ------ -------

(17)

The additional computation serves to determine the 

error, in an approximate sense. If the interval is small 

enough, so that we can represent f(x,y) by the linear 

approximation:

f(x,y) = Ax + By + c. (18)
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Merson shows that

n4 = y^n+l1 " I?0h5y<5) + °(h<5, ,19>

and n5 = yCtn+j) " 75o'h5y(5^ + 0(h6>« (2°)

Thus the difference hg - is an indication of the local 

error. This method has been used successfully in a number 

of automatic step selection methods.

Bulirsch and Stoer and Polynomial Extrapolation (DIFSUB) 

Two algorithms are used in this program:

1) Rational function extrapolation

2) Polynomial extrapolation

The original rational extrapolation algorithm was 

proposed by Bulirsch and Stoer [9]. The particular imple­

mentation we have used is based in the FORTRAN version by 

Clark [10] of the Bulirsch and Stoer ALGOL program. This 

algorithm was certified and modified slightly by Crane and 

Fox [7], and such a version corresponds to the program 

DESUB that has also been used in this work.

A rational function is one which is the quotient of 

two polynomials. The algorithm uses diagonal rational 

polynomials (i.e., rational functions of the form:

E (h) = P-»<h) _ P0 + Plh + " ' " + PuhU

m Qm|h| q0 + ‘Zj.h + ... + qvhv

where u = integer part of m/2

v = integer part of (m+l)/2).
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Defining R^(h) as the rational approximation which

agrees with y(x,h) at h = h.,h,h., , where i i+J- i+m
h. > h.., > . .. > h., and ^(0) = R1, then the R's can bei i+l i+m m m 
obtained by the formula:

R^ = 0 (This is used to get the recurrence started.)

Rj = y(tzhi)

(21)

1
m > 1

This formula involves calculating the differences of numbers 
that are getting closer and closer to the answer R®, so 

less floating point error is obtained by calculating the 

differences directly.

Thus (21) can also be written:

and

m > 1

m > 1

(22)

(23)

(24)
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, _i -i r,i+lwhere D = R - R ,m m m-1 (25)

(26)

i 
m R m

R1"1 
m (27)

Polynomial extrapolation, the other algorithm used 

in DIFSUB is performed by integrating the differential 

equation over the interval (0,t) using step size h^ to 

get the results y(t,h) for i = 0,l,2,...,m where

h_ > h, > ho > ... > h > 0. The polynomial in "h" of "m" 0 12 m -z
that passes through these results is then evaluated at h = 0.

The Aitken interpolation process allows a rule for 
constructing a triangle of approximations to R^(h) in which 

two values 

relation:

I h. , / \ i+m /

where R (t,h) is a polynomial of degree m in h. m

Aitken Interpolation

are used the next approximation byto

(28)Rm-T
R 7 - R  m-1 m-1

Y(t,hQ)

y(t,h1)

y(t,h2)

Y(t,h3)
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As can be seen this type of method has the potential 

for being of arbitrarily large order (by making "m" larger) 

and for reducing the step without voiding the results of 

work at larger steps (by increasing "i" for fixed "m").

In practice, these procedures are limited by rounding errors 

and instabilities. Increasing "m" or "i" increases the 

number of calculations in the basic integration by the 
Euler method at the rate of 2m+\ This means that 

precision will be lost as "i" or "m" increase.

The stability of the polynomial extrapolation methods

is still an open question. Experience has shown that 

equations with very negative values of 9f/3y cause severe

instability problems until the basic step size "h " is 0
reduced to the point where

h 3f 
Ody is close to 1.

Hull [4] says that the Bulirsch and Stoer method is 

particularly good when the functions evaluations are not 

very expensive.

Crane and Fox "DESUB"

The algorithm used in this program to integrate a 

set of first order ordinary differential equations is 

based on an extrapolation procedure. Extrapolation to zero 

interval size is a familiar device for improving a discrete 

approximation, T(h), whose truncation error can be 

expressed in powers of the discretization interval "h".
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Let
T(h) = tQ + t-jh551 + t2hP2 + .... (29)

where tg is the exact answer and the rest of the sum 

represents the truncation error. In extrapolation, a 

sequence of h's, hg,h^,h2,..•. tending to zero is used to 

compute successive approximations T(hg),T(h^),T(h2)  

The first two approximations can be used to eliminate the 
term of order hP1, the next one to eliminate the term of 

order hP2, etc. In other words, a polynomial of powers in 

"ti" is fitted to the approximations and extrapolated to 

zero interval size, h = 0.

Instead of a polynomial a rational function of "h" 

may be used and extrapolated to zero, often with improved 

convergence. The program DESUB is based on the use of 

rational functions as developed by Bulirsch and Stoer [9]. 

Rational extrapolation is used in their algorithm, to a 

modified midpoint integration rule.

Let

dyj^
= f (x,y1,y2,.. . ,yn) i=l,2,...,n (30)

be the system of differential equations to be integrated 

with the initial conditions

7^(0) = yi0 i = l,2,...,n. (31)

The algorithm described below for a single equation

= f(x,y) dx (32)
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applies, for a system, to each equation in the system.

The modified midpoint rule at any point is based on 

a "lower" value, "y^^" of "y", and a middle value, "y ", of 

"y" at an interval "h/2" ahead of "y1". These values are 

used to compute an "upper value", "yu"z of "y" at an 

interval "h/2" ahead of "ym"« The value "y " is computed 

from

y = y, + h • f (x ,y ).Ju x 1 m'-^m (33)

Figure 2.1 Modified Midpoint Rule

At the next step "y " becomes "y,", "y " becomes "y ", and 

the process continues until the final "yin" is the value at 

the end of the integration interval. A final correction

sets the value of "y" at this point to an average.

1 . ( fhL, J y = y^ + y-i + f(x ,ym)2 m 1 [2J m m J

To start the process the algorithm uses:

(34)
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= ^0
r 1 (35)

ym = ^0 + {ljf (x0^0)-

Under suitable differentiability conditions the modified 

midpoint approximation to the solution y(x) has the 

asymptotic expansion:

9 4TCh,x) = y(x) + t1(x)hz + t2(x)h + .... (36)

and an extrapolation to zero interval size can be applied.

A rational extrapolation of order 6 is used in the programmed 

implementation; that is at each integration step as many as 

six applications of the midpoint rule are computed for 

sucessively smaller "h" and extrapolated to h = 0 in 

attempting to achieve convergence. This method allows the 

user to make his own choice among three different conver­

gence criteria.

GEARSB

This program includes two methods:

1) Adams predictor-corrector

2) A multi-step method suitable for stiff systems 

The Adams predictor-corrector formulas are as follows:

A) K-step Adams-Bashfort formula (explicit multi- 
step method):

k-1 
yn = yn-l + h .En u vD £n-l <37>

j = 0

which expresses an approximation to the value of y(t) at t n 
in terms of the value at t , and the backwards differences n-1
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of the derivatives at "t ''.n-1
The backwards differences are given by;

Vq+1f = 
m Vqf 

m Vqfm-1

where V^f = f
m m

1
Y4 = (-Dj [ [-'fids.
3 JO 3J

The Adams-Bashfort formula can also be written as:

k
¥ = Y i+h Z (3. . f .■^n ^n-l ki n-1

. , k-1 f .
where B, . = (-1)1 Z y. . -,_

ki ••13 1“13=1-1 J

(38)

(39)

B) method formula (implicit multi­Adams -Moul ton

step method)

(40)

(-Dj ds.30

This formula be expressed in the following form:can also

(41)hyn-iy.

where 3

of stability for the implicit Adams-The region

methods isMoulton larger by a factor of ten or more than

*
3yn fn

k-1 
h Z

j=0
1

yn-l

k-1 
Z 

j = l

f .36ki - (-1)j

k-1
Z B* f . . n ki n-i 1=0

where yt3

that of the explicit Adams-Bashfort method. The truncation 

errors are also smaller for the implicit methods, so the 



implicit methods can be used with a step size that is 

several times larger than that of the explicit methods.
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The local truncation error is proportional to a 

derivative of the solution "y(t)". The derivative can be 

estimated by using a numerical differentiation formula.

If it is desired to control the single step 

truncation error to be less than e, we must select h so 

that:

Cq+1 9! Taq S = (42)

where Va^ is the backwards difference of the last component 
of a and a = [y,hy*,...,h^y/q\]T.

When a system of equations is to be integrated, it

may be desirable to control the error in each component

differently, so we control

Cq+1 (43)

where for each member

which is defined: 

of the system there is a Va^ 

component and a weight component w. ||* I I2 the L2 norm

i
I|a||2 =

where the a1 are the components of the vector a.

The basic step control mechanism is to execute one 

step and to perform the test (43). If the test suceeds, the 

step is accepted; otherwise it is rejected. The step size 

to use for the next step or to repeat the rejected step is 

estimated to be ah where
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. q+iC , , q! a.q+1 w = e.
2

(44)

and if the error were

test (43) can reasonably

is

estimated by:

£ (45)

It is also necessary to test size that could be

used in other orders.

Since

(46)

the step sizes that could be used in orders q+1 and q-1 can

be estimated to

£
1.4

£ For order q-1.(48)1.3

2

a q

i 
a q 
0)

V2a 
q

2 q! y

__ 1_
V2a 

a
U)

constant, so a slightly

be ah, where

is if Va is constantq
just be satisfied next

C q!q

2
1 
q

from step to step), the test would

be expected to be satisfied. In the program, a

Cq+1 -J'

Cq+2

If the step size were used 
exactly proportional to h*^4""*- (that

2 
the step

time. However, Va^ is not usually 

smaller step is used in order that

1
Va q 
w

1
q+2

For order q+1 (47)

1 
q+i

= hq+2 v(q+2) 
q! y

1 a

1a -

1 
a =
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The factors 1.3 and 1.4 are to provide a similar range in 

which test (43) will succeed. They were chosen on an 

ad hoc basis to bias the method in favor first of not 

changing the order since it requires additional computer 

time, and then in favor of reducing the order because it is 

a little less work per step.

The estimates of a are made:

1) If a step fails, except then no attempt is made 

to increase the order.

2) q+1 steps after the last change in order or 

step size.

3) Ten steps after the a were last estimated if no 

step increase was made at that time. (This is to reduce the 

overhead of testing too frequently.)

When the a are estimated, the order corresponding to 

the largest is chosen and the step changed appropriately. 

The program does not increase the step at the current 

order q if a < 1.1 since it is felt that the increase is 

not worth the computer time to perform it.

Starting is almost automatic. The value of hy^ can 

be calculated from the initial value and the differential 

equations. This is sufficient to allow a first order 

process to be used. The order control mechanism can then 

increase the order to a desirable level.

The estimated single step errors are controlled so 

as to be less than the error test constant (EPS), thus, 

the overall error is proportional to the number of steps if 

f is independent of y. If the equations are stable, early 
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errors are decreased so the error is smaller; if they are 

unstable, the error is larger. This is because the error 

control is based on estimates of the local truncation error 

only.

Multistep Method Suitable for Stiff Systems:

In order to express the order and the error 

coefficient in a convenient way, define the polynomials

k k-1p(C) = E a. r1
i=0

(49) 
k k-1a(?) = 5 B. C 1.
i=0 1

For a stiffly stable method, o(£) must have at 

least as great a degree as p(?). Otherwise, one root at 

H = oo is oo. This means that the methods are implicit. 

Consequently we have to solve the corrector equation. For 

an implicit multi-step method:

y^m+l) = k ( (m) + hy'l^ + B* hf(y<m)) (50)
*1 -L 11 J- J- 11 J- v 11

which converges if

|h60 5f||<K (51)

Unfortunately in this case h(9f/dy) can be very 

negative, so we must use a different iteration. A Newton 

solution can be expensive if the evaluation of 8f/9y is 

expensive, but 3f/3y need not be re-evaluated at each 

iteration if it does not change much. If a Newton type 

method in which 3f/3y is not re-evaluated as each step 

converges, it goes to a solution of the equation. When the 



method is expressed in a (k+1) value normal form, we 

usually perform the corrector iteration:
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(52)

(53)

is a scalar such thatwhere w

(54)

this expressionSolving by a Newton

+ Ito

we have

(55)n, (m)

W = (56)

W depends on the order of the method

the iteration of (55) for a single step or over several

steps in which the step and

corresponding to a(£) 1 < k < 6 is selected.

The matrix W is re-evaluated only if the order is 

changed or if the corrector fails to converge in the sense

iteration.

a n

Hull et al. [4] have worked with this method and

iteration, and writing

Hence, if the method converged, it would converge to

If 3f/3y is slowly varying, W will not change much during

order do not change. The I

a , , ,. + a , x + IF (a , xn (m+1) n, (m) n, (m)

a = a ,nx + n n (0)

(via Bq), h and df/3y.

3f"l 1 
3y

F(a ) = F(a ,AX n n(0)

an,(m) an,(0)

+ Iw) = 0.

that the corrections WF(a , . are not small by the third n, (m) 2

-1

have found that it is very efficient for stiff systems.



Chapter 3

STATEMENT AND DISCUSSION OF RESULTS 
OF THE PROBLEMS SELECTED

Once the programs mentioned in Chapter 2 were 

modified to fit our computer system and properly implemented, 

we proceeded to consider several typical chemical engineering 

problems and we selected the following:

a) A system of reaction rate equations.

b) A stirred tank reactor with exothermic reaction.

c) A turbulent boundary layer on a flat plate.

d) A periodic chemical reaction.

1. Sinusoidal forcing function

2. Bang-bang forcing function

e) The thermal decomposition of ozone.

f) The transient behavior of a catalytic fluidized 
bed.

g) A biological system.

The four computer programs provide the following 

algorithms, each implementing double precision arithmetic.

1) DIFSUB

a) Bulirsch and Stoer Rational Extrapolation.

b) Polynomial Extrapolation.

2) DESUB

Modified Bulirsch and Stoer Rational Extrapolation.

29
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3) GEARSB

a) Adams Multi-step Predictor Corrector.

b) Gear's higher order implicit method for 

stiff systems (option 1). For this algo­

rithm, the user, must provide a subroutine to 

evaluate the Jacobian of the system. (For

x1 = f(x), Jacobian J(x) = 9f/3x.)

c) Gear's method for stiff systems (option 2). 

This algorithm has its own subroutine to 

compute the partial derivatives by numerical 

approximation.

4) Runge-Kutta-Merson (fourth order).

DESUB was also implemented in single precision to 

observe its behavior in both cases.

Considering that the program GEARSB offers two 

slightly different algorithms for stiff systems (for one of 

which the user must provide analytically the terms of the 

Jacobian, while the other algorithm frees the user of this 

often formidable task by numerically approximating the 

Jacobian), we decided to use both algorithms and observe 

the difference in accuracy as well as in computation time 

caused by this factor. Thus, we tried to solve each 

problem with eight algorithms, using error allowances of
-3 -5 -71 x 10 , 1 x 10 and 1 x 10 . In some cases these error

allowances had to be automatically increased in order to 

avoid convergence problems and complete the integration 

successfully. For all these runs the dependent variables
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were printed whenever (t ., - t ) > t , where t was a n+1 n - p p
preselected constant.

Each problem was also solved with no printed output 

but with the purpose of determining the computational time
-5 for an error allowance of 1 x 10 ; to accomplish this we

used the subroutine FSTIME [12] which has a negligible 

overhead of eight microseconds. The time comparison was 

carried out considering only the double precision arithmetic 

algorithms. This work was done in the Engineering Systems 

Simulation Laboratory using an IBM/360-44 computing system.

The results of the different methods for each 

problem are presented in a table which includes for each 

error allowance, the amount of steps taken to perform the 

integration, the number of times that the system of deriva­

tives were evaluated, and, for the error allowance of
-51 x 10 , the integration time for the IBM/360-44 system.

If the amount of steps and the range of the 

integration are known, the average stepsize can be 

calculated. The number of derivative evaluations is 

important since the computational time is strongly 

dependent upon this, particularly in the cases where the 

expressions representing the differential equations involve 

many arithmetic operations.

The amount of steps was not determined for DESUB 

because this would have required a modification of the 

structure of this system. In addition, since DESUB is a 

modified rational extrapolation algorithm, the amount of 

steps taken by DESUB will closely parallel the steps 
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taken by the other rational extrapolation algorithm, DIFSUB.

Failure of solution for certain cases was due to 

either of the following reasons

a) Premature stoppage of the run, due to program 

"blow up" (numerical instability).

b) The requested error allowance was smaller than 

that which could be handled by the method.

In the tables presenting the results, "a" is indicated 

as "unstable", while "b" in indicated as "no convergence".

For a non-linear system the eigenvalues are a function 

of the state variables, whenever reported these were 

calculated at certain values of the independent variable 

using the Jacobian at the same point.
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3.1 A System' of Reaction Rate Equations

The concentrations of the reactants in a complex 

chemical reaction system are given by a set of first order 

differential equations defining the rates of change of 

concentration with time as functions of the concentration 

only. Thus a typical set may be written:

H^=f(y). (57)

Seinfeld, Lapidus and Hwang [3] solved the following system:

dyl 43^= -o-o4yi + io4y2y3 (58)

dy 2 4 7 2
= 0.04yi - 10 y2y3 - 3 x 10 y2 (59)

dy3 7 2
—= 3 x 10y2 (60)

with initial conditions

y1(0) = 1, y2(0) = 0, y3(0) = 0

where y^, y2 and y3 represent the mole fractions of the 

three species and t is the independent variable, time.

This problem is a very stiff set of non-linear 

ordinary differential equations, the eigenvalues of which 

are initially 1^=0, X2 = 0, X3 = -.04, but at t = 0.02 

X3 = -2405.

Figure 3.1 shows a plot of the solution for this 

system. The behavior of each algorithm in the solution of 

this problem in the range from t = 0 to t = 15 is shown in 

Table 3.1.
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In the solution of this problem, GEARSB has shown 

an absolute superiority over the other subroutines 

because the stiff algorithms in such a program were 

stable in all three different error allowances, while the 

rest of the programs were unstable at an error allowance 
-3of 1 x 10 or less; the polynomial extrapolation algorithm

-5was also unstable at an error of 1 x 10 . In addition,

the Adams predictor-corrector algorithm in GEARSB was
-3 unstable at an error of 1 x 10 but it showed stability at

-4 an error of 1 x 10 . With respect to the execution time,

GEARSB stiff method showed a superiority ranging 

approximately from 1:300 to 1:1000 of the time taken by the 

other methods. It is interesting to note that Robertson [191 

predicts the difference between the best and the worst 

computation time in the solution of this problem to be a 

factor of 1000. The single precision version of DESUB was
-7 very inefficient for an error of 1 x 10 and it required

more function evaluations than the double precision version. 

The slight difference in computation time between the two 

algorithms for stiff systems from GEARSB is due to the fact 

that additional function evaluations had to be made in order 

to numerically approximate the partial derivatives.
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Table 3.1 A System of Reaction Rate Equations 
Integration from t = 0 to t = 15

-3Error = 1 x 10 -51 x 10 1 x 10 7

Program Algorithm Steps
Func.
Eval. Steps

Func.
Eval.

Time 
Secs. Steps

Func.
Eval.

D 
I 
F 
S 
U 
B

Rational
Extrapolation a 6915 211181 498.58 6969 215573

Polynomial 
Extrapolation a a 6189 190121

D
E 
S 
U
B

Double 
Precision a 395225 1084.89 361210

Single 
Precision a 523733 1009.50 87191*

G
E
A
R
S
B

.« WWtfee-»w*-»"• -I. .leer*"*

Runge-
Kutta

Adam's Predic­
tor-Corrector 34217 104926f 32674 99482 533.15 38377 119791

Gear's Stiff
Option 1 31 104 47 126 1.14 92 222

Gear's Stiff
Option 2 27 126 ' 47 162 1.19 92 264

Runge-Kutta- 
Merson a 26783 133915 391.27 38347 191735

a unstable*.This integration was performed only from 0 to 1.5^rror = 10-4

GJ
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3.2 A Stirred Tank Reactor

This development is similar to that of Aris and

Amundson [20] , which was numerically integrated by Shannon 

[13] using his changeable independent variable technique.

For the case of a non-adiabatic stirred tank reactor with an 

exothermic first order irreversible reaction occuring with 

rate

(E1-rtJ- (61>
For a specific numerical example. Shannon [13] shows the 

following equations:

$ = 1 - ? exp 50 (62)

= -2(n - 1.75) - 30 (n - 1.75) (n - 2.0) + exp 50

(63)

XA 
where —XA0

X, = mole fraction of A in the reactor A
= mole fraction of A in the feed stream AO

C T
n = ___ E..—

XA0(SH)

Cp = specific heat of reacting mixture, Btu/mole°R

T = temperature in the reactor, °R

with the initial conditions

^(0) = 1.0, n(o) 1.75.
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At t = 0 the eigenvalues of the system are = 5.9572,

X2 = -1.02625 and at t = 10, X = -2.625 + 2.4225i,

X2 = -2.625 - 2.42251.

Figure 3.2 shows the solution of the system while 

in Table 3.2 the behavior of the different algorithms can 

be observed.

The behavior of the algorithms in the solution of 

this system can be summarized as follows:

GEARSB stiff algorithm was again the best, however 

in this case the computation time ratio among this and the 

slowest one (DESUB) was of only 1:1.35.
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Table 3.2 The Stirred Tank Reactor Problem
Integration from t = 0 to t = 10

-3Error = 1 x 10 -51 x 10 D -71 x 10

Program Algorithm Steps
Func.
Eval. Steps

Func.
Eval.

Time 
Secs. Steps

Func.
Eval.

D 
I 
F 
S 
U 
B

Rational
Extrapolation 32 736 40 984 2.55 ' 58 1552

Polynomial 
Extrapolation 32 736 38 930 2.245 54 1406

D
E 
S 
U 
B

Double 
Precision 783 783 2.86 1071

Single 
Precision 627 851 1.88 2348*

G
E 
A 
R
S 
B

Adam's Predic­
tor-Corrector 98 246 165 382 2.63 241 577

Gear's Stiff
Option 1 45 135 105 290 2.133 172 460

Gear's Stiff
Option 2 43 148 105 310 2.133 172 484

Runge-
Kutta

Runge-Kutta- 
Merson 66 330 136 810 2.31 367 1835

error = 10 o
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3.3 A Turbulent Boundary Layer Problem

Bullin 114] shows the momentum equation for a two- 

dimensional boundary layer problem on a flat plate for an 

incompressible fluid to be:

For the inner region

f 9fdf1+ 2Re f (64)f' 1 1 +SReJ n ,dReJ_

For the outer region

2 ff' '-ff' * 2Re f d Re J n_ (65)f' 1 '

boundary conditionswith

similarity variabledimensionlesswhere f

f1 x

similarity variable =dimensionlessn

x

5

o

= derivative of 
and X

1-e ng

2^

u yO'1

'af'' 
a Re

(
11 +

2? duo 
" uo d5

1 + ?J

uO n — dx ua

at n -> 00 <
/ f' '

1 
2vua5

f = y- u . OJ

f with respect to n at constant

r f = o 
at n = 0 <

/ f = 0

= independent similarity variable in x-direction, ft. 
x

9 9-ff”. +. .X[i-(.f,.)z] - gn(f'’)
f ” ’ = ------------- -----------------
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ua = streamwise approach velocity, ft/sec

uq = streamwise velocity at the outer edge of boundary 
layer

2\) = kinematic viscosity, Ibs/ft
g = constant = 2k^ (2Re)

k = constant in Eddy viscosity equation, dimensionless 
u C

Re = Reynold's number = ——

n6 = value of n at outer edge of boundary layer, 
dimensionless

Yrr, - a m
b

• 1 E.maximum value of y

a = turbulent damping factor

b = constant
y+ = distance in y-direction in terms of wall law, 

dimensionless
2E = Eddy viscosity, Ibs/ft .

As can be seen, the equation is a non-linear, third 

order ordinary differential equation. In order to solve 

such a problem, we transformed it into an equivalent first 

order system of three equations.

f-L = f (66)

f2 = f” (67)

f-j = f1 1 1 [given in equations (64) and (65)]

Because we were only interested in the numerical integration 

of such a system, and not in the solution of the two point 

boundary value problem, we used the initial value of f1 * as 

calculated by Shannon [13], as well as the coefficients 
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calculated by the linear regression analysis subroutine 

written by"Shannon.

The numerical values of the different parameters we 

used were:

a =1.0

b =25.0

n = 34.42o
k =0.4

X = 0.
7Re = 1 x 107

and the initial conditions:

f(0) = 0,

^(0) = 0,

f2 (0) = 5.4

at ri = 0 the eigenvalues of the system are X^ = -1. 7544, 

X2 = -1.7544 and X3 = -1.7544.

The shape of the solution is presented in Figures 

3.3.1 and 3.3.2 and the summary of the performance of the 

algorithm is in Table 3.3.

Runge-Kutta was unstable with an error allowance of 
-3only 10 . The single precision arithmetic version of

—6DESUB presented a limiting error of 5.58 x 10 and therefore
-7 the problem was not solved for an error allowance of 1 x 10 

with this method while the GEARSB stiff algorithm could only
— Q be solved for an error allowance of 1 x 10 , however the

Adams predictor-corrector algorithm of GEARSB program had 

the best computation time showing a superiority ranging 

from 1:1.06 to 1:1.79.
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f

Figure 3-3.1 Turbulent Boundary Layer
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Figure 3.3.2 Turbulent Boundary Layer Cn



Table 3.3 The Turbulent Boundary Layer
Integration from n = 0 to n = 34.42

Error = Ju x IO-3 - 51 x 10 D -"71 x 10 '

Program Algorithm Steps
Func.
Eval. Steps

Func.
Eval.

Time 
Secs. Steps

Func.
Eval.

D 
I 
F 
S
U 
B

Rational
Extrapolation 30 630 40 944 10.12 57 1469

Polynomial 
Extrapolation 33 725 38 886 9.197 54 1370

D 
E 
S 
U
B

Double 
Precision 463 1005 11.83 2193

Single 
Precision 475 561 5.02 b

G 
E 
A 
R
S 
B

Adam's Predic­
tor-Corrector 99 450 164 786 6.63 224 1252

Gear's Stiff
Option 1 70 410 127 794 7.05 205 1240*

Gear's Stiff
Option 2 67 458 125 910 7.69 205 1340*

Runge-
Kutta

Runge-Kutta- 
Merson a 158 790 8.29 453 2265

a unstable
b no convergence
* -6error = 10
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3.4 Periodic Chemical Reaction Problem

Sincic 118] has investigated forced oscillation in 

a chemical reaction using the inlet temperature of the 

feed stream as a forcing function. Two forms of forcing 

functions were considered: sinusoidal and "bang-bang" (step 

functions); in both cases the middle value of the function 

was the same.

The following system with specified numerical 

values was selected:

|| = 6.5 - C - 1.75754943 x 1014 exp(-14088/T)C (68)

dT 1 S= 2.162(T0 - T) + 4.745383461 x 10 DC exp(-14088/T) 

(69)

where C = concentration, moles/liter

T = temperature, °K

t = time, dimensionless.

For the sinusoidal forcing function:

Tq = 390 + lOcos (2irt/p) 
where p = period = 6.

For the bang-bang forcing function:

C 400 for 6n + | < t < 6n + 
T = <® / 380 for 6n < t < 6n + |

*1 p
and for 6n + —^ < (n + 1)6

where n=0, 1, 2, ... .
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It is interesting to notice that while the sinusoidal 

forcing function may vary the value of the parameter "Tq" 
smoothly, the bang-bang makes it vary sharply and allows only 

two values; this factor obviously is cause of additional 

stiffness in the numerical integration.

At t = 0, the eigenvalues of the system are:

= -.3804 + .73201, = -.3804 - .73201; while at

t = 1.57, X1 = -.1926645, X2 = -.5944355 and at t = 18.282,

X1 = .4097, X2 = .6798.

Table 3.4.A shows that for the case of the sinusoidal 

forcing function, the three algorithms of GEARSB had very 

similar behavior and all three were superior to the rest.

The slowest one was the Runge-Kutta, which took 3.83 times 

the time required by option one of GEARSB stiff algorithm.

The rational extrapolation and polynomial extrapolation 

algorithms form DIFSUB took respectively only 1.97 and 1.53 

times more time than GEARSB stiff algorithm.

Figure 3.4.A shows the plot of the solution of 

this problem.

For the case of the bang-bang forcing function, it 

is interesting to notice that stiff algorithms from GEARSB 

took less time in performing the integration than the others, 

but they had convergence problems at small error allowances
-5of 1 x 10 ; however, the system could not be solved by

-7 this algorithm for an error allowance of 1 x 10 

Although Runge-Kutta and DIFSUB algorithms lacked convergence 

problems for small error allowances, Runge-Kutta required 



more time by a factor of eight than the stiff algorithm 

from GEARSB, and rational extrapolation and polynomial 

extrapolation from DIFSUB required the same by a factor 

of 4.77 and 4.25 respectively.

49



500

ns
rt

D
jF

ir
oy

gi
D

time

Figure 3.4.1.A Periodic Chemical Reaction (Sinusoidal Forcing Function)



3O
H

ftU
iK

(+
30

O
t!O

O

Figure 3.4.1.B Periodic Chemical Reaction (Sinusoidal Forcing Function)



Table 3.4.A Periodic Chemical Reaction (Sinusoidal Forcing Function) 
Integration from t = 0 to t = 18

1 -31 Error = 1 x 10 1 x 10 5 1 x 10 7

Program Algorithm Steps
Func.
Eval. Steps

Func.
Eval.

Time 
Secs. Steps

Func.
Eval.

D 
I 
F 
S 
U 
B

Rational
Extrapolation 37 889 48 1232 7.855 75 2071

Polynomial 
Extrapolation 36 868 46 1174 6.105 70 1918

D
E 
S 
U
B

Double 
Precision a 963 4.948 a

Single 
Precision a a b

G 
E 
A 
R 
S 
B

Adam's Predic­
tor-Corrector 115 281 201 493 4.195 293 738

Gear's Stiff
Option 1 65 235 141 442 3.986 217 669

Gear's Stiff
Option 2 69 318 • 141 476 4.043 217 745

Runge- 
Kutta

Runge-Kutta-
Merson 790 3958 728 3640 15.283 2246 11230

a unstable
b no convergence Ul
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Figure 3.4.2.A Periodic Chemical Reaction (Bang-bang Forcing Function) CHCO
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Table 3.4.B Periodic Chemical Reaction (Bang-bang Forcing Function)
Integration from t = 0 to t = 18

-3Error = 1 x 10 1 x 10~5 1 x 10 7

Program Algorithm Steps
Func.
Eval. Steps

Func.
Eval.

Time 
Secs. Steps

Func.
Eval.

D
I 
F 
S
u 
B

Rational
Extrapolation 197 5639 306 9128 38.5236 545 16537

Polynomial 
Extrapolation 178 5064 285 8509 34.3618 517 15709

D
E
S
U
B

Double 
Precision a a a

Single 
Precision a a b

G 
E 
A
R 
S 
B

Adam's Predic­
tor-Corrector 1007 2800 1374 3662 29.02 b

Gear's Stiff
Option 1 210 802 234 914 8.07* b

Gear's Stiff
Option 2 220 1094 232 1157 8.3573* b

Runge- 
Kutta

Runge-Kutta-
Merson 1197 55985 3246 16230 68.7887 9678 48390

a unstable
b no convergence ' vj
The error allowance had to be automatically increased to an average of 5 x IO”4
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3.5 The Thermal Decomposition of Ozone

This problem was used by Bowen et al. 116] as an 

important system in singularily perturbed form with which 

to derive an analytical solution approximation via 

matched asymptotic expansions. The accepted kinetic steps 

involved for a dilute ozone oxygen mixture are
-X

03 + 02 ___  0 + 2O2
k2

k3
03 + 0 —2O2 •

Aiken and Lapidus 115] defined the following dimensionless 

variables

y = IO]/EI03J0 (70)

x = [O3]/[O3J0 (71)

k = 2k2[O2]()/k1 (72)

E = k, [O9]n/2k_[O7]n (73)
JL 4m U O O v

where [0]= initial concentration of oxygen atom

[02]o = initial concentration of oxygen molecule

[O3]0 = initial concentration of ozone

[0] = concentration of oxygen atom

[02J = concentration of oxygen molecule 

lOg] = concentration of ozone

and the time scale divided by 2/k^[O2]g. They described 

the transient behavior by
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-x - xy + Exy (74)

x - xy - Exy (7 5)

with initial conditions 

x(0) = 1, y(0) =0.

This problem was solved utilizing the following 

numeric values: 

E = 1.0/98 

k = 3.0. 

The eigenvalues of this problem at t = 0 were = 0, 

X2 = -102 and at t = 100, Xx = -2.0137 + 1.40921, 

X2 = -2.0137 - 1.40921. 

In Figure 3.5 we can observe the shape of the 

solution while in Table 3.5 we can see the behavior of the 

algorithm in its solution. 
-7 For high accuracy results (error allowance of 10 )

the single precision version of DESUB was very inefficient, 
-3while for an error allowance of 10 the double precision 

version showed instability; however, the problem can be
-4 solved with an error allowance of 10 

The most efficient method for this problem was the 

stiff algorithm of GEARSB. Its superiority in time 

computation ranged from approximately 1:2 if compared with 

DIFSUB to 1:3.5 if compared with DESUB.

dx 
dt

dy



Figure 3.5.1 Thermal Decomposition of Ozone inCO
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Table 3.5 Thermal Decomposition of Ozone
Integration from t = 0 to t = 100

ueee.eiireie wm--uv

Error = x 10 3 -51 x 10 -71 x 10

Steps
Func.
Eval. Steps

Func.
Eval.

Time 
Secs. Steps

Func.
Eval.Program Algorithm

D 
I 
F 
S
U 
B

Rational
Extrapolation 105 3013 163 4167 7.855 206 6038

Polynomial 
Extrapolation 98 2758 125 3589 6.105 125 5699

D
E
D 
u
B

Double 
Precision 5104* 4925 11.828 5467

Single 
Precision 4075 4920 6.93 19504

G
E 
A
R 
S 
B

Adam's Predic­
tor-Corrector 510 1457 746 1891 10.28 1045 2227

Gear's Stiff
Option 1 86 232 186 495 3.565 274 698

Gear's Stiff
Option 2 86 .268 ' 186 539 3.614 274 764

Runge- 
Kutta

Runge-Kutta-
Merson 401 2005 578 2890 8.273 1272 6360

* ~4error = 10
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3.6 Transient Behavior of a Catalytic Fluidized Bed

Luss and Amundson 117] have examined a specific 

model for the dynamics of a catalytic fluidized bed in which 

mixing is complete and heat and mass transfer resistances are 

lumped at the particle surfaces. An irreversible gas 

phase first order reaction (A -> B) is assumed to occur 

within the uniform porous catalyst pellet, each of which 

is at the same partial pressure and temperature. Aiken 

and Lapidus [15] solved this problem with the equations 

and parameters numerically specified as follows

ire = 1-30(y2 - x> + 41.04 . 10 ky (76)

dyl 3
dt = 1*88 * 10 [y3 - yi(l + k)] (77)

dy2
= 1752 - 269yo + at 2 267x (78)

dy3 d?= o-i + 320yl " 321y3 (79)

and initial conditions

x(0) = 759.167,

yi(0) = 0.0,

y2(0) = 600, 

y3(0) = o.i

where k = 0.0006 exp(20.7 - ISOOO/y^)

x = temperature of the particles, °R

y^ = partial pressure of the particles, atm

y2 = temperature of interstitial fluid, °R

y- = partial pressure of the interstitial fluid, atm.
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Luss and Amundson I17J report the existence of three 

possible steady states, and they determined the eigenvalues 

by solution of the fourth order polynomial by use of the 

Newton-Raphson method. The values of the eigenvalues for 

the three steady states are:

First
Steady State

Second
Steady State

Third
Steady State

h -0.00632 +0.00610 -0.00898

X2 -0.91177 -1.26387 -12.6008

X3 -270.3147 -270.731 -270.7236

A4 -2186.977 -2183.084 -2258.0596

Since the eigenvalues of these states differ by six orders 

or magnitude, the system is very stiff.

Figure 3.6 shows the plot of the solution of this 

problem while in Table 3.6 it can be seen that the algorithms 

for stiff systems in GEARSB are very superior to the others. 

Its superiority in computational time for an error allowance
-5of 1 x 10 was approximately 1 to 100 if compared with 

polynomial extrapolation of DIFSUB and 1 to 125 if compared 

with rational extrapolation of DIFSUB and Runge-Kutta.
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Table 3.6 Transient Behavior of a Catalytic Fluidized Bed 
Integration from t = 0 to t = 10

-3Error = 1 x 10 -51 x 10 -71 x 10

Program Algorithm Steps
Func.
Eval. Steps

Func.
Eval.

Time 
Secs. Steps

Func.
Eval.

D 
I 
F 
S 
U 
B

Rational
Extrapolation 4152 128368 4160 128600 462.55 4168 128780

Polynomial 
Extrapolation 3698 113566 3701 113677 366.8 3711 113991

D 
E 
S 
U
B

Double 
Precision a a a

Single 
Precision a a a

G 
E 
A 
R 
S 
B

Adam's Predic­
tor-Corrector 18988 61068 19192 61733 439.43 21574 71729

Gear's Stiff
Option 1 45 105 108 268 3.69 205 522

Gear's Stiff
Option 2 45 161 ■ 108 336 3.83 205 622

Runge- 
Kutta

Runge-Kutta-
Merson 21332 106660

LUU.Ill IUI III, J. n

21475 107375 454.058 21992 109960

a unstable
b no convergence U1
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3.7 Mathematical Model of Human Muscle-Chemical Aspects 

Bidani and Flumerfelt 121] have developed a 

mathematical model for the closed loop human respiratory 

system. The muscle model presented here is one of its 

subsystems. This lumped model accounts for transport 

(convective, diffusive and active), storage, depletion 

and interconversion of the respiratory species (physically 

dissolved oxygen, oxyhemoglobin, physically dissolved carbon 

dioxide, bicarbonate ion, hydrogen ion and carbamino).

For details on this development refer to 

Bidani [21] .

Because of blood flow transit delays inherent 

in the respiratory system, the equations describing it take 

the form of non-linear differential-difference equations. 

Solution of such a system proceeds sequentially, each 

subsystem being integrated in turn.

The limitation imposed on such a sequential 

integration of the system is that the maximum time step 

taken for numerical integration of any of the subsystems 

must be less than the smallest value of the delay time in 

the model. It is for this reason that the Muscle equations 

are solved here with time step equal to 0.05 minutes, and 

for the same reason we decided to use the fixed step 

Runge-Kutta-Gill algorithm, rather than the variable step 

Runge-Kutta-Merson used in all the other problems.

This model was solved using only the double 

precision algorithms.
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Equations for Muscle System

Intracellular Fluid

Dissolved carbon dioxide:

GO 2
F

C02
P
Cc02

P sesc

V c GO 2
kuaCO2Pc

^^c[HC03]c
(80)

Oxygen: Physically dissolved and chemically

combined with myoglobin

dP
C°2

(81)

Bicarbonate ion:

(1 - F)Mm - D , (r [HCO-] - [HCO-.]^)' * T n csb cs 3c 3scu2

+ Vc kuaCO2Pcco

(82)
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Hydrogen ion:

+
dt

(83)

Interstitial Fluid

carbon dioxide:Dissolved

PB

(84)
k

Physically dissolved oxygen

1
(85)P

dt

Bicarbonate ion:

(86)

V c
JL
V c

V s

D pso D 
SCO

D 
CSC

C02

°2

[hco3]s>

C02

d[HCO3Js

P
S°2

[His)

kuaCO2Ps

1
V 
SJ

C°2j

D , (r [HCO.,] csb cs 3c

6C

k s 3 s

P
Sc02

u CO 2 s

P
Sc02

(1 - f)mt

P
Cc02

V°2 S

C0„
2J

rlHls[HC03]g

K„ . (t [H] csh cs c
2.303[H]

ir[H1c[Hco3ick PU C02 CCO2

P s

fdP
S°2

fd[H1c

D . (r [HCO-»] - IHCOJ ) + Vspb sp 3 s 3 p s

CO 2

dt

spc
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Hydrogen ion:

csH(tcs c [H]s)

D , sph
IH] s
r sp

aC0 k'PBC02 BC02
Thccl^ 2.303IH] s

(87)

Whole Blood

Dissolved carbon dioxide:

(dPBBco2
aCO2QBa Vco2 B

PrBc02a
(88)

D (P - PD I spc[ sco2 bco2 V ' - V - V prpr erer ercarb

Oxygen: Physically dissolved and in chemical
combination with hemoglobin

(89)

Blood Plasma

'd[HCO3]p

dt J
Qd f[HCO_]B 3 ppl ^a

tHC03]p

(90)

+ Dc , (r [HCO^]o - IHCO J ) - R +spb spb J s 3 p epB prpr
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where

prpr 1' 2

Verer = el + e2(fl/£2>

RepB.= b8 + b9^fl^£2^ + b10^el + e2^fi/f2^

£1 = c5 " elc4

£2 e2c4 c6

c4 1 + (1 + c3)b^0

c5 = c2 - (1 + c3)b3

c6 = °3 " (1 + c3)b9

el = ,bl + b2b3 " rdl " rd2d3,/rd2

e2 = <b3/ra2>

dl = (b]/r)

f
2.303aco k'

2vB Bere

BCO2a BCO2
[Hd03]p +

dQ = 1.5V . + 0.6 ROnHb3 ercarb 2

C1 (.[HCO^l
^a

IHCO..1 ) a p

C2 = (rb6 -C1)VB 
e
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k'

Dsph sp

+

k'

b2b3)

PB

b5

b8

bl

b2

^5
VB b3

b10

b3 [HC03]p

VB 
.e
VB

Pj

C3

PBCO2

Pbco2

<H1s

2-303 CO

b4 = "

aCO k'PBC02 BCO2
[HCO_]3 p

inaD.]3 pj

(b4b6 + b5b7 " bl

01 CO k'PBC02 BCO2

(IHCO.]_)2 
ir

QBr, CO„
P 2 
v%

k'
2

B pP

tHC03]p

VB
2

C02a

Bc02a
ThcoTT3 p

b9



72

b6 [HCO_] )3 Psp 3 sIKGO-J3 Pa
—2.
VB

PJ

[nco-]^3 p
PspB
VB 

PJ

V , ercarb

V , = - Qn (carb - carb) ercarb Ba *e

carb = a

[H],G [HCOo]*• b a . . 3 p ^a
a. + G IHCO,]4 a 3 paJ

a [HCOq]^r = — a 3 Pa

100

a * rr[HCO3lp kz + o. k'PB 1
a. 2 2 j

3 pa
“co k'PB C°2 BCO2a

a2a 
r[HCO3] k 

^a

al = (1 " sa/10°)rkz 
a

a2 = (sa/100)rk0
za

a4 = (k'/rkc)

s
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carb =
IVGLHCO3] ' 
a4 + GlHCO3]p

a^.lHCO^]^ ........ a9.[HC0_.]^_ — p I 2 3 p
fr[HCO^J k + a" k'PR T rr[HCO^] kn + a_n k'Pp3 p z CO2 Bc0 , 3 p 0 CO2 B

2J I 2

2 3u = 0.925v + 2.8vz + 30 v

+ 0.04326 fP
C09aI 2 J

a^ = (1 - s/100)rkz

a2 = (s/lOOJrkg

100

RO Hh _ B max______ aku2hd - (100)(22.4)

f = c __ “__Bn max(l + u
U2

v = [0.004273 + 04326fPTD£>
535 ,PBO

2

2 3u = 0.925v + 2.8v + 30v a a a a

a 10.004273 -. 535
B°2a



14

2j
“o2a

^2

“02

(1 - u)

+ a°2

Bc02
n o

Cmax(0,925v + 2-8v + 30v ) 0.004273 + 0.04326fP

C (321.221)
1 max

100
3.228 + PL0

System Parameters and Initial Conditions: Normal Man at 
Rest (Steady State)

Qd = 0.84 (L/min)

Mtco
0.0425/22.4 (L/min)

0.05 (L/min)mt
°2jo

r = 0.7 (dimensionless)

C max 0.201
L02

L bloodj

[Hb] = 0.02058 (M)/(L erythrocyte)

-5ex = 3 x 10 (M)/(L blood) (mm Hg)
C02

-5cxo = 3 x 10 (M)/(L blood) (mm Hg)
2

ku = (0.13)(60) (l/min)

kv = (89)(60) (l/min)

-.535'

____ L
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k* = (IO)"6,1 (M/L)

k 
k = k* (M/L)

. UJ
kz = 7.2 x 10~8 (M/L)

— QkQ = 8.4 x 10 (M/L)

kc = 2.4 x 10 (M/L)

HCRIT = 0.39 (dimensionless)

8p = -0.0061 M/(L)(PH unit)

8e = -0.056 M/(L) (PH unit)

6S = -0.0021 M/(L)(PH unit)

Bc = -0.0195 M/(L)(PH unit)

VB = 1.0 (L)

Vg = 3.46 (L)

Vc = 26.5 (L)

Qb = Q (1 - HCRIT/100) (L/min) 
P

Qr = Q_(HCRIT/100) (L/min)is £5e

VB = VB(1 " HCRIT/100) (L/min) 
P

VB = VB(HCRIT/100) (L/min) 
e

-4Cm = 1.64 x 10 (L oxymyoglobin/L IGF) 
max
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mt =
°2

Mt
C02

fMT 1
°2j0

P_ =39.0 (mm Hg)

P_. = 100.0 (mm Hg)

[HCO3] = 0.022888 (M/L)

MT f
C02 0

mt
O2j0

P
C°2
10

Mj
CO ^2 0

Mt
O2]0

P > 10.0

P < 10.0

P > 10.0 -

P < 10.0

PBCO2' B02 [HCO3)p: Solution to the following

three non-linear algebraic equations.

PR
C02a01co2* * qb

Qn (carb - carb)b ae

Pbc°2
2j

f^B + r%
I P eJ

[HCO-l3 p ^a
[HCO_]J

3 P

0+ M +
C02
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% + rQB '
P ej

(Or, B + Qr. £ 1 p VB e [HC0o] - lHC0o] 1 + 2 —2-------® 
3 pa 3 P| 2.303

BCO2a B.CO2
IHCO] “ [HCO-T 3 Pa 3 P

R HCO2a bCQ2
lHC03]p + tHC03]p

+ 1.5Qn (carb - carb) - 0.6RO_Hb = 0 Ba 2e

MT
°2
QB C 1—:  -max(l + uj O2 Bq

(AP) = 2.0 mm Hg
Bco2

(AP) = 5.0 mm Hg
SB=2

(AP) = 5.0 mm Hg
Scco2

(AP) = 5.0 mm Hg
SC°2

x = 0.90 (dimensionless) 

z = 0.10 (dimensionless)

F = 0.80 (dimensionless)

t = 0.5 (dimensionless)

res = 29.88 (dimensionless)
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r = sp

P
SC02

mcx^s =

Dspc ""

[H]s =

D „ = spB

D ti sph

P
Cc02

tHCO3]c =

Dcsc

0.95 (dimensionless)

0.027 (M/L)

(x - z)

2

fM, (1 + z - x)

(1 + z - x)

sp

(M/L)0.012

x

z
V s,

Mt
co

T CO

P
Sc°2

lH]s

(AP)
Cc02

P + (AP)
C02 BCO2

MTCO-
____ £1

k p. u C02 SCO2

T-^IHCOQ]k 3 p

C02 
(AP) s

CC°2

“co k'PB
2 C02
[HCO^]^

3 P ;

CO-
(Ap)s

Bco2

2j __________
lHC0o]- [HC0o] ) sp 3s 3 p
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2J.
T CO

tHC03]c

DcsB

IH]C

(1 - X)

(F x)
Vd'

Mm
C02

cstHC03]c " lHC03]sl
•*> V* w O J

k a_,_ P
U C02 CC02 

fF^ v 
k ,

'mtCo 1 * (1 " ^)
= 2]

CSH ft [H] - [HJ( cs c sJ

M
• °2

n = i .»J.
sco (AP)s
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Figures 3.7.1 through 3.7.4 show the transient 

response of the eleven variables of this model, while in 

Table 3.7 the performance of the algorithms can be observed.
-7For error allowance of approximately 10 the three 

algorithms of GEARSB had convergence problems, however
-5 at error allowance of = 10 , the three algorithms of such

a program were more efficient than all of the others.

The superiority of the option 1 for stiff systems algorithm 

ranged from 1:8 if compared with Polynomial Extrapolation 

of DIFSUB, to 1:15 if compared with DESUB.

Because this is an eleven equation system, the 

overhead of numerically approximating the terms of the 

Jacobian was significant, and caused a difference in 

efficiency of approximately 6.6% between the two options 

for stiff systems in GEARSB.
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Table 3.7 A Biological System

-3Error = 1 x 10 -51 x 10 1 x 10 7

Program Algorithm Steps
Func.
Eval. Steps

.. .....Func.
Eval.

Time 
Secs. Steps

Func.
Eval.

D
I
F

Rational
Extrapolation

713 19635 717 19821 630.86 736 20418

S
U
B

Polynomial 
Extrapolation 704

Liu*...—I.,r I.r.eii,.w,n,.n*n*r

18735 709 19059 588.65 723 19797

D
E 
g

Double 
Precision 28920 29228 1073 31037

U
B

Single 
Precision

G p
Adam's Predic­
tor --Corrector 2468 6477 2710 7353 268.2 b

A
R
S
B

Gear's Stiff
Option 1 969 1014 984 1130 72 b

Gear's Stiff
Option 2 1063 3326 .987 1311 76.76 b

Runge- 
Kutta

Runge-Kutta-
Gill 1600 19200 1600 19200 614.81 1610 19312

b no convergence
00 
cn
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3.8 Discussion of Results

For the purpose of discussion of results, it is 

convenient to separate the problems as follows:

I. Moderately stiff systems

1) A stirred tank reactor with exothermic 
reaction.

2) A turbulent boundary layer on a flat plate.

3) A periodic chemical reaction sinusiodal 
forcing function.

II. Highly stiff systems

1) A system of reaction rate equations.

2) A periodic chemical reaction bang-bang 
forcing function.

3) The thermal decomposition of ozone.

4) The transient behavior of a catalytic 
fluidized bed.

5) Mathematical model of muscle chemical 
aspects.

It will also be convenient to identify the different 

algorithms as follows:

A-l. Bulirsch and Stoer Rational Extrapolation in 
DIFSUB.

A-2. Polynomial Extrapolation in DIFSUB.

A-3. Double Precision version of DESUB

A-4. Single Precision version of DESUB

A~5. Adam's Predictor Corrector in Gear program.

A-6. Stiff algorithm Option 1 in Gear program.

A-7. Stiff algorithm Option 2 in Gear program.

A-8. Runge-Kutta-Merson.

In this section the error allowance criterion will be 

indicated as EPS.
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3.8.1 Comparison of the Overall Efficiency of the Algorithms

In order to compare the overall efficiency, of the 

different methods, the integration times of the problems were 

normalized (division of the computational times of the 

different methods by the time of the best for every example) 

and are shown in Tables 3.8.1.A and 3.8.1.B (Algorithm A-4 

was not considered.)

From these tables it can be seen that for the stiff 

systems, algorithm A-6 was the most efficient in all cases. 

The difference in efficiency between this algorithm and the 

algorithms in the rest of the programs ranged from 1:1.7 in 

problem II-3 solved by algorithm A-2, to 1:952 in 1-1 

solved by A-3.

For the moderate systems the three algorithms of Gear's 

program are superior to the others, however this superiority 

is not as notable as for the stiff systems.



Table 3.8.1.A Normalized Times for Stiff Systems

Runge-
Kutta-
Merson

DE SUB DIFSUB GEARSB

Problem
Double

Precision
Rational 
Extrap.

Polynomial 
Extrap.

Adam*s
P. - C.

Stiff
Option 1

Stiff
Option 2

3.1 A System of Reaction 
Rate Equations 343.219 951.658 437.350 a 467.675 1 1.044

3.6 The Transient 
Behavior of a Cata­
lytic Fluidized Bed 123.051 a 125.352 99.404 119.087 1 1.038

3.7 A Biological System 8.539* 14.903 8.762 8.176 3.725 1 1.066

3.5 The Thermal Decompo­
sition of Ozone 2.321 3.318 2.203 1.712 2.884 1 1.014

3.4.B Periodic Chemical 
Reaction 
Bang-bang Control 8.524 a 4.774 4.258 3.596 1 1.036

a unstable
*Runge-Kutta-Gill

00CO



Table 3.8.1.B Normalized Times for Moderate Systems

Runge-
Kutta-
Merson

DE SUB DIFSUB GEARSB

Problem
Double 

Precision
Rational 
Extrap.

Polynomial 
Extrap.

Adam's 
P. - C.

Stiff
• Option 1

Stiff
Option 2

3.2 The Stirred Tank 
Reactor 1.083 1.341 1.195 1.052 1.233 1 1

3.3 The Turbulent 
Boundary Layer 1.250 1.784 1.526 1.387 1 1.063 1.160

3.4.A Periodic Chemical
Reaction 
Sinusoidal Control 3.834 1.241 1.971 1.532 1.052 1 1.014

co
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3.8.2 Comparison of the Effect of the Error Allowance 
on the Different Methods

-5Table 3.8.1.A shows that for EPS - 10 algorithm

A-6 was superior to all other algorithms by a factor ranging 

from 1:8 to 1:14 in problem II-5, and by a factor of 1:4
-7to 1:8 m II-2. However at EPS = 10 algorithms A-5, A-6 

and A-7 had convergence problems, while the other algorithms 

lacked those problems. Thus it seems that for systems like 

those mentioned, the price to be paid for a very efficient
-5 -7solution is to allow EPS - 10 or larger. For EPS - 10

a good choice should be algorithm A-2.

Algorithm A-4 consistently had convergence problems or 
-7was found to be very inefficient for EPS - 10 . More

detailed information about this point is provided in section 

3.8.4.

3.8.3 Comparison of Stability of the Different Algorithms

Algorithms A-6 and A-7 were stable in all the runs

attempted. Algorithm A-5 was unstable only in the
-3 solution of II-l for EPS - 10 , but it was stable for

. -4 -3EPS ~ 10 . A-l was unstable also for II-l for EPS = 10

The rest of the algorithms showed unstability in at least 

two cases.

3.8.4 Comparison of Single and Double Precision
Versions of DESUB

In general algorithm A-4 works reasonably well for
-5EPS = 10 , however as a higher accuracy is required, the

-7 efficiency of this algorithm decreases and at EPS 10 ,

its performance is really bad (too many function evaluations) 
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or there is no convergence.

To illustrate these points the following facts can 

be mentioned:
-5a) In solving 1-1 for an EPS - 10 , A-4 took

1.88 seconds (a-3 took 2.86), while in attempting to solve 
-7the same problem for an EPS 10 with no printed output 

it took more than forty-two minutes.

b) Table 3.1 shows that in the solution of the
-5problem II-1 for EPS - 10 the single precision version took

-7 93% of the time taken by the algorithm A-3 while at EPS = 10 

the double precision version required 361210 function 

evaluations to perform the whole integration and the 

single precision version took 87191 for only 10% of the 

integration.
-5c) In II-3, at EPS - 10 it can be seen that the 

behavior of both versions of DESUB is very similar. However
-7for an EPS =; 10 , A-4 took more function evaluation than

A-3 by a factor of 3.574.

d) In 1-2, while algorithm A-3 solved the problem 
-7at EPS 10 , algorithm A-4 lacked convergence for such

an EPS.

3.8.5 Comparison of the two Algorithms for Stiff Systems 
in GEARSB Program

The difference in integration time among algorithms 

A-6 and A-7 is due to the fact that while A-6 needs only 

one evaluation of the analytically expressed terms of the 

Jacobian every time that this matrix has to be evaluated, 

algorithm A-7 requires a number of evaluations equal to the 
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number of dependent, variables of the right hand side of 

the differential equations to numerically approximate 

such a matrix. As can be seen this difference can be 

significant for large systems. In problem II-5, built by 

eleven equations, the difference in function evaluations 

between those algorithms was 181 while in computational 

time the difference was - 6.6%.

It is also interesting to note that in the same 

problem (II-5) algorithm A-7 took 3326 function evaluations
-3for EPS 10 , while the same algorithm took 1311 for

-5 . . .EPS - 10 . This can be explained considering that m the

numerical approximation of the Jacobian, the change (R) 

made to each dependent variable to disturb the system 

(and so evaluate the corresponding term of the Jacobian) 

is calculated as a direct function of EPS, therefore for 

large EPS's, R is also large. In some cases this can origi­

nate inaccuracies in the numerical approximation that will 

slow the convergence. This seems to be the case in this
-4 problem since for EPS 10 the same algorithm took 1612 

function evaluations.

3.8.6 Comparison of the Extrapolation Algorithms

In general A-l and A-2 had better performance than 

A-3. This can be better seen in the highly stiff systems. 

If A-l and A-2 are compared, A-2 is more efficient that 

A-l by an average factor of approximately 1.20:1.
-3 However, in problem II-l, A-2 was unstable at EPS = 10

and at EPS ~ 10 , while A-l was unstable only at EPS = 10
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3.8.7 Performance of Runge-Kutta-Merson Algorithm

For stiff systems algorithm A-8 is very inefficient. 

Such an inefficiency can be seen in Table 3.8.1 which shows 

that its best performance in problem II-3 is 2.3 times 

slower than the best algorithm for such a problem, while in 

problem II-l the factor was 343. For moderate systems 

its performance is acceptable.



Chapter 4

CONCLUSIONS

From the results obtained in Chapter 3, it can be 

seen that the three algorithms in the program written by 

Gear can, if properly selected, solve efficiently stiff as 

well as non-stiff systems of ordinary differential equations. 

The Adam's methods whose extraneous eigenvalues are zero is 

usually the best choice to solve any problem [2]. Therefore 

such an algorithm should be attempted first. If it is found 

that the problem is stiff, any of the two options for stiff 

systems should be used.

To increase the accessibility of Gear programs for 

general engineering usage, a driver set of subroutines 

(DRGERT, DATARD, INVAR, PARESC and ESCINT) was written with 

the following characteristics:

a) Minimization of input requirements. The user 

has to specify only the following parameters

1) The number of equations

2) The printed output interval

3) The required error allowance

4) Initial value of both dependent and independent 
variables

5) Final value of the independent variable

b) Algorithm to be used (optional).

94
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The rest of the parameters to the Gear program are properly- 

handled by the driver set of subroutines.

b) The driver system increases automatically the 

error allowance as required up to three orders of magnitude 

to avoid convergence problems. (This in some cases prevents 

the premature stoppage of the integration because of the fact 

that the requested error is smaller than can be handled.)

c) The driver system has flexibility to allow the 

user to provide his own output subroutine, and it also 

provides a standard printed output for all of the users who 

do not have special output requirements.

d) The initial values of the dependent variables 

can be provided through punched card or the user can provide 

a subroutine to calculate them. The subroutine (DATARD)

has card reading instructions for such variables that will 

be bypassed if the user inserts his own initial values 

subroutine.

e) Because Gear's method automatically adjusts the 

step size (and order) as the calculation proceeds to achieve 

specific accuracy requirements, the solution at specific 

values of the independent variable is not available. 

Considering that in some cases this is an important factor, 

an algorithm was implemented in the subroutine (ESCINT) to 

obtain the solution at such specified points. This feature 

should be used rationally since it implies a reduction of 

efficiency.

Thus the user can select between:
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1) Asking for the solution at specific values 

of the independent variable.

2) Asking for the solution at values between 

certain points of the independent variable. 

((t ., - t ) > t , where t is a constantn+1 n - p' p
selected by the user.)

f) Because the program has three algorithms that 

can solve efficiently most of the problems, it is important 

to dynamically select the adequate algorithm for the most 

efficient solution of the problem in question.

To handle this situation, the driver system offers 

three alternatives

1) The user decides which algorithm to use. For 

the cases in which the user’ already knows the 

characteristics of the problem that is being 

solved.

2) The user lets the driver system decide between 

using Adam's Predictor Corrector or the Option 1 

for stiff systems. In this case, the user has 

to include a subroutine (PEDERV) to calculate 

the terms of the Jacobian.

3) The user lets the driver system decide between 

using Adam's Predictor Corrector or the Option 2 

for stiff systems. In this case the Jacobian is

numerically approximated if the algorithm 

selected is the stiff Option 2.



97

For the selection mentioned in points 2 and 3r

Schacham Iprivate communication] proposed the following 

strategy:

The integration is started with the Adam’s method, 

using an error allowance EPS^. The integration in continued 

until a stable value for step size h^ is obtained. The 

integration of the same interval is repeated using another 

error allowance EPS2, where EPS2>> EPS^. If the step size 

is limited by the accuracy requirements, then the new step

size will be

h2 hl
'eps2‘
EPS^

1 
n

where n is the order of the integration method.

If this expression holds, then the integration may be

continued with the Adam's method. If the new step size is 

much smaller than expected or - h^, then the step size is 

limited by stability, and the integration must be continued 

using the stiff algorithm.

This strategy was implemented using the average 

value of the step size rather than its last value, and for 

the cases in which the order was different (in the two 

integrations), the following expression was used.

1
EPS2n2

EPS^l
h2 hl
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This selection algorithm had satisfactory performance 

in all the problems attempted as can be seen in Appendix A.

Listings of all the algorithms used as well as 

example problems can be found in the appendix section.

Many problems in continuous system simulation lead 

to systems of ordinary differential equations which require 

the solution of a simultaneous set of non-linear and 

implicit algebraic equations each time that the derivatives 

are to be evaluated. Thus, the actual system should be 

extended to provide the capability of simultaneous 

numerical solution of differential-algebraic equations.

A unified method for handling this is discussed by Gear [22]f 

and would be a friutful extension of this work.



NOMENCLATURE

y* = dy/dt

f = any function

t = time (independent variable)

y = dependent variable

yn = approximation to the dependent variable at 
point n

Yn,(0) = predictor approximation to y by linear 
extrapolation

B = matrix of constants used in the predictor 
process

G(Yn, (0)} = amount by which yn does not satisfy the
differential equation in the corrector process

M = number of corrector iterations

0 (h) = any function of h such that there exists constants 
hg and k independent of h for which |0(h)| < kh 
for all |h| < hg

c = constant coefficient

(y>i = ith component of the vector y

y(1) = d1y/dt1 (ith derivative of y with respect to "t")

Em<h> = rational approximation which agrees xvith y(x,h) at 
h = hi'hi+l.. hi+m Where hi > hi+l > ••• > hi+m

D1
m

= R1 - Ri+1
m m-1

i 
em = R1 - R1 

m m-1
wi
m

= R1 - R1""1 
m m

R1(t,h) m ' = polynomial of degree m in h

99
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= step sizeh

T(h)

EP

D

dsj .D

(-Dj

= weight componentU)

a

2

error allowed£

X

o(?)

k-1
P(O a.

= hX plane

vector x x

matrix xx

s

8 .
0

E 
i=0

two sucessive extrapolated 
component

difference between 
values for the jth

Va q

= a discrete approximation for an ordinary 
differential equation

3,*.ki Yj

i-1

(-1)1

6ki

L2 norm

Lo'Li

fj

= (t - tn_1)A
= compenents of vector I

s j0 rjjds 

k-l
. Z Yj 
j=i-l

1 f s+1
0

k-l 
E

j=l

= backwards difference of the last component of a
1 Q (cr) T= [y,hy f...zh^y /ql] (T = transpose operator)

= eigenvalue
k 

= E
i=0

(-I)1"1

error tolerance
(-l)j J1
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APPENDIX A

This appendix contains the following material:

1) Listing of Gear program. Identified as GEARSB 

through all this work, such a program was modified to allow 

the user to choose his own names for the subroutines to 

evaluate the right hand side of the differential equations, 

and to evaluate the terms of the Jacobian matrix. In the 

GEARSB version such subroutines must be named as DIFFUN and 

PEDERV respectively.

2) IBM Scientific Subroutine Package matrix 

inversion routine MINV.

3) Driver set of subroutines for GEARMF as follows: 

DRGERT (Main routine).

DATARD (Data and parameter reading).

PARESC (Writing of parameters routine). 

INVAR (Initialization of variables). 

ESCINT (Integration driver).

4) Solution of the selected problems using 

different options of the driver set are presented. The 

solution of "A system of reaction rate equations" is pre­

sented in two forms:

a) "Natural" solution of Gear method.

b) Solution forced at exact intervals (of unity) 

of the independent variable.

Note the difference in function evaluations as well 

as integration steps taken in each case.
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5) Solution of the "Mathematical model of human 

muscle-chemical aspects" problem.

If not explicitely presented, the main program for 

all the examples in part 4 is similar to the first one 

presented.



L: SLBRCLTINE GE ARP F (N y T , Y , S .AVE , H t HM IN * fr*-'AX »EPS , NF, ¥?■'AX , E R RC R, K FL AG > GEAR 1C
2: 1 JSTART.MAXDERiPk,PPWtLLL,NNN,DIFFUN»PECERV) GEAR 20
3 : IMPLICIT REAL*8 (A-H,Q-Z) GEAR 30
'i : EXTERNAL 0 IFFUN,PEDERV GEAR 4 0
5: C * * * 4 * * 4 * "t **<><• 4 4 4 4 » * ♦ » » -1 + * * ♦ •> ❖ * * ❖ # ***❖*»***❖*» V *****❖❖*»*** # * * * * GEAR 50
6 : C* THIS SUBRCLTINE INTEGRATES A SET OF N ORDINARY DIFFERENTIAL FIRS* GEAR 60
7 : c* CRRER ECUATICNS OVER ONE STEP CF LENGTH F AT EACH CALL. F CAN BE* GEAR 70
8: c* SPECIFIED BY THE USER FOR EACH STEP, BUT IT NAY BE INCREASED CR * GEAR EC
9: Cs-. DECREASED BY DIF5UB WITHIN THE RANCE HMIN TO HMAX IN ORDER TC * GEAR 90

1C: c« ACHIEVE AS LARGE A STEP AS POSSIBLE WHILE NOT COMNITTING A SINGLE GEAR ICC
11: c* STEP ERROR WHICH IS LARGER THAN EPS IN THE L-2 NCPN, WHERE EACH * GEAR 110
12: c» COMPONENT OF THE ERROR IS DIVIDED BY THE COMPONENTS CF YNAX. * GEAR 120
1 3 : Cv * GEAR 130
14: c* THEPROGRAM REQUIRES THREE SUBROUTINES NAMED * GEAR 140
1 *> * C--- GEAR 15G
16 : c* NOTE: 4 G L *'j R 160
I 7 : C THIS VERSION WAS MODIFIED SC THAT IT CALLS ’NINV’ 4 G E A R 1 /C
IH; c* FROM THE IBM SCIENTIFIC SUBROUTINE PACKAGE. GEAR 1 «0« r t; a t>L « * V t. >* x

2 0 : 'Vt CIFFUN(T,Y,DY) * GEAR 2GC
2 I: c* |VATINVIPw,N,M, J) 4 G E A R 2 10
22: c* PEDERV (T,Y,PW,M) 4 GEAR 220
2 3 : c * THE FIRST, DIFFUN, EVALUATES THE DERIVATIVES OF THE DEPENDENT 4 GEAR 2 3C
z *1 * c* VARIABLES STORED IN Y(1,I) FOR 1=1 TC N, AND STORES THE 4 GEAR 2 40
25: G V L'-’R IVAT IVES IN THE ARRAY DY. THE SECOND IS CALLED ONLY IF THE 4 G l A R 2 50
26 : c* METHOD FLAG MF IS SET TC 1 CR 2 FOR STIFF METHODS. IT MUST INVERT GEAR 26C
27: c* THE N BY MATRIX STCRED IN THE ARRAY■PW I M , M). IF THE INVERSION IS* GEAR 270
2 B: c* SUCCESFUL, J SHOULD BE SET TO 1, OTHERWISE IT SHOULD BE SET TC -1 GEAR 2 BO

*? 3 c* PEDERV IS USED ONLY IF MF IS 1, AND COMPUTES THE PARTIAL * GEAR 290
0 <* DERIVATIVES CF THE DIFFERENTIAL ECUATICNS AS DESCRIBED UNDER THE* GEAR 300

31: c* MF PARAMETER. * GEAR 3 10
32: c* 4 GEAR 320q 2 ; c* THE PROGRAM USES DOUBLE PRECISION ARITHMETIC FOR ALL FLOATING * GEAR 330
34: c* POINT VARIABLES EXCEPT THOSE STARTING WITH F. THE FORMER ARE 4 GEAR 340
35 : c* SINGLE PRECISION TO SAVE TIME ANO SPACE. * GEAR 3 50

o
U1



36 C* * GEAR 36C
37 C» THE TENPCRARY STORAGE SPACE IS PRCVICED EY THE CALLER INT THE GEAR 3 7C
8 c* SINGLE PRECISION ARRAY PV. AND THE CCLBLE PRECISION ARRAY SAVE. * G E A R 38C

39 c* THE ARRAY PH IS USED ONLY TO HOLD THE MATRIX GF THE SAFE NAME,BUT GEAR 3 90
4G CONTINUE GEAR 400
A 1 c* SAVE IS USED TO HOLD SEVERAL ARRAYS. THE REGIONS USEE ARE GEAR 4 1C
A2 c» SAVE(J,I) 1.LE.J.LE.8 AND l.LE.I.LE.N IS USED TO SAVE THE * GEAR 420
43 c* VALUES OF Y IN CASE A STEP HAS TO BE REPEATED. * GEAR 430
4 4 c* SAVE(9,I) IS USED MAINLY TO HOLE THE CORRECTION TERMS IN THE. * GEAR 4 4G
4 5 c» CORRECTOR LOOP. * GEAR 4 50
4 6 c* SAVE(10,I) IS USED TO SAVE THE VALUES OF THE SUMS OF ALL CF THE GEAR 4 60
47 c* CORRECTION TERMS IN THE PREVICUS STEP AFTER THEY * GEAR 4 70
48 c* HAVE BEEN ACCUMULATED IN THE ARRAY ERROR INT THE * GEAR 480
49 c* CURRENT STEP. THIS ENABLES THE BACKWARDS DIFFERENCE * GEAR 4 90
5G 0* CF ERROR TO BE FORMED. IT IS USED TO ESTIMATE THE GEAR 5CC
5 1 c» STEP SIZE FOR CNE ORDER HIGHER THAN CURRENT. GEAR 5 10
52 c* SAVEINl+1,1) IS USED TO STORE THE DERIVATIVES WHEN THEY ARE GEAR 520
C ■? c* COMPUTED BY DIFFUN. IT IS ALSO ACCESSED AS * GEAR 5 3 0
54 c* SAVE(N2»I) AS A COMPLETE ARRAY. * GEAR 5 40
5 5 c* SAVE(N5+I,1) HOLDS THE DERIVATIVES DURING JACOBIAN EVALUATIONS. * GEAR 550
56 c* IT IS REFERENCED AS SAVE(N6,1) AS A COMPLETE ARRAY. GEAR 560
57 c* THE PARAMETERS TO THE SUBROUTINE DIFSUB HAVE * GEAR 570
5 8 c* THE FOLLOWING MEANIGS.. * GEAR 5 8 0
59 c* N THE NUMBER CF FIRST ORDER DIFFERENTIAL EQUATIONS. N GEAR 590
6 0 c* MAY BE DECREASED ON LATER CALLS IF THE NUMBER CF * GEAR 6CC
6 1 CONTINUE GEAR 6 10
62 c» ACTIVE ECUATICNS REDUCES, BUT IT MUST NOT BE * GEAR 620
63 c* INCREASED WITHOUT CALLING WITH JSTART = 0. GEAR 6 30
6 4 c* THE INDEPENDENT VARIABLE. * GEAR 6 4 C
65 c* AN 8 BY N ARRAY CONTAINING THE DEPENDENT VARIABLES AND * GEAR 650
6 6 c* THEIR SCALED DERIVATIVES. Y(J+1,I) CONTAINS * GEAR 66C
67 c* THE J-TH DERIVATIVE CF Yd) SACALFD EY * GEAR 670
68 c» H**J/FACTOR IALNJE WHERE H IS THE CURRENT * GEAR 680
69 c* STEP SIZE. ONLY YN1,IE NEED BE PRCVICED BY * GEAR 690
7C c* THE CALLING PROGRAM CN THE FIRST ENTRY. * GEAR 700
71 c* IF IT IS DESIRED TO INTERPOLATE TO NON MESH POINTS GEAR 710



72: C« THESE VALUES CAN BE USED. IF THE CURRENT STEP SIZE * GEAR 720
7 3 : c* IS H AND THE VALUE AT T + E IS NEEDED, FORM * GEAR 7iC
l<i: c* S = E/H, AND THEN COMPUTE => GEAR 1 AC
75: c» NG * GEAR 750
76 : c« Y(I) NT + E) = SUM Y(J*l,I )*S**J * GEAR 760
77: c* J^C * GEAR 77C
78: c* SAVE A BLOCK OF AT LEAST 12»N FLOATING POINT LCCATICNS * GEAR 780
79: c* USED BY THE SUBROUTINES. * GEAR 790
SC: c* THE STEP SIZE TO EE BE ATTEMPTED CN THE NEXT STEP. » GEAR 8CC
8 1: c* H MAY BE ADJUSTED IP OR DCKN EY THE PROGRAM * GEAR 810
82: c» IN ORDER TO ACHEIVE AN ECONOMICAL INTEGRATION. * GEAR 820
83 : c* HOWEVER, IF THE H PROVIDED BY THE USER DOES » GEAR 830
84: c* NOT CAUSE A LARGER ERROR THA REGUESTEC, IT * GEAR 840
85: C4 WILL BE USED. TO SAVE COMPUTER TIME, THE USER IS * GEAR 850
86 : c ADVISED TO USE A FAIRLY SMALL STEP FOR THE FIRST ♦ GEAR 860
87: c* CALL. IT WILL BE AUTOMATICALLY INCREASED LATER. * GEAR 870
88: c» EMIN THE MINIMUM STEP SIZE THAT WILL BE USED FOR THE * GEAR 880
89 : CONTINUE GEAR 890
SC : c INTEGRATION. NOTE THAT ON STARTING THIS MUST * GEAR 9CC
9 1: c* MUCH SMALLER THAN THE AVERAGE h EXPECTED SINCE * GEAR 910
92: c* A FIRST ORDER METHOD IS USED INITIALLY. * GEAR 920
9 3 : c* HHAX THE MAXIMUM SIZE TO WHICH THE STEP WILL BE INCREASED » GEAR 93C
'"v s * c* EPS THE ERROR TEST CONSTANT. SINGLE STEP ERROR ESTIMATES * GEAR 940
9 5 : c» DIVIDED BY WMAX(I) MUST BE LESS THAN THIS * GEAR 950
96 : c* ADJUSTED TO ACHEIVE THIS. * GEAR 960
S7: c* MF THE METHOD INDICATOR. THE FOLLOWING ARE ALLOWED.. » GEAR 970
98: 0 AN ADAM,AS PREDICTOR CORRECTOR IS USED. * GEAR 980
99: c* 1 A MULTI-STEP METHOD SUITABLE FOR STIFF ■ * GEAR 990

ICC: c* SYSTEMS IS USED. IT WILL ALSO WORK FOR * GE AR 1CCO
1C1: c» NON STIFF SYSTEMS. HOWEVER THE USFR * GEAR1010
1C2 : c« MUST PROVIDE A SUBROUTINE PEDERV WHICH * GEAR1C2C
1C 3: c» EVALUATES THE PARTIAL DERIVATIVES OF » GEAR1C3C
1C4: c* THE DIFFERENTIAL EQUATIONS WITH RESPECT 4 GEAR104C
105: c* TO THE YHS. THIS IS DONE BY CALL * GEAR1050
1C6: c* PEDERVNT,Y,PW,ME PW IS AN N BY N ARRAY * GEAR1C6C
1C7: c» WHICH MUST BE SET TO THE PARTIAL CF 4 GEAR1070

o



1C 8: C* THE I-TH ECCATICN UITH RESPECT * CEAR1C8C
1G9:
1 1C :

C* TO THE J DEPENDENT VARIABLE IN Pk(I,J).
CONTINUE

* GEAR 1090
GEAR1ICC

111: 0* Pk IS ACTLALLY STCREC IN AN P EY N 4 GEAR 111C
112: C* ARRAY kHERE P IS THE VALUE CF N USED CN * GEAR1120
113: c* THE FIRST CALL TO THIS PROGRAM. * GEAR113C
1 1A : c* 2 THE SAPE AS CASE 1, EXCEPT THAT THIS * GEAR114C
115: c* SUBROUTINE CCNPUTES THE PARTIAL =» CEARU5C
116: c* DERIVATIVES BY NUMERICAL DIFFERENCING * GEARU60
117: c* OF THE DERIVATIVES. FENCE PECERV IS ♦ GEAR117C
1 18: c* NOT CALLFD. * GEAR 11 EC
119: c* YNAX AN ARRAY OF N LOCATIONS WHICH CONTAINS THE MAXIMUM * CEARU90
120: c» CF EACH Y SEEN SC FAR. IT SHOULD NCPMALL Y EE SET TC * GEAR12CC
121: c* 1 IN EACH COMPONENT BEFORE THE FIRST ENTRY. (SEE THE * GEAR1210
122: c» DESCRIPTION OF EPS.) 4 GEAR1220
123: c* ERROR AN ARRAY CF N ELEMENTS WHICH CONTAINS THE ESTIMATED * GEAR123C
124: c* ONE STEP ERROR IN EACH COMPONENT. 4 GEAR124C
125: c* KFLAG A COMPLETION CODE WITH THE FOLLOWING MEANINGS.. 4 GEAR1250
126:
127 :

c* +1 THE STEP WAS SUCCESFUL.
CONTINUE

4 GEZ1R126C
CCAR127C

128: c* -1 THE STEP WAS TAKEN WITH H = HMIN» BUT THE 4 CFAR128C
129: c* REQUESTED ERROR WAS NOT ACHIEVED. 4 GE AR 1290
1 3 C : c* -2 THE MAXIMUM ORDER SPECIFIED WAS FOUND TC 4 GEAR13CC
131: c* BE TCO UARGE. 4 GEAR 13 10
132: c* -3 CORRECTOR CONVERGENCE COULD NOT DE 4 CEAR1320
133: c* ACHIEVED FOR H .GT. HMIN. 4 CEAR133C
134: c* -4 THE REQUESTED ERROR IS SMALLER THAN CAN 4 GEAR1340
135: c* BE HANDLED FOR THIS PROBLEM. 4 GEAR1350
136: c* JSTART AN INPUT INDICATOR WITH THE FOLLOWING MEANINGS.. 4 GEAR136C
137: c» -1 REPEAT THE LAST STEP WITH A NEW F 4 GEAR137C
138: c* 0 PERFORM THE FIRST STEP. THE FIRST STEP 4 CEAR138C
139: c* MUST BE DONE WITH THIS VALUE CF JSTART 4 GEAR13SC
14C: c» SC THAT THE SUERCUTINE CAN INITIALIZE 4 GEAR14CC
14 1: c* ITSELF. 4 GEAR14 10
142:
143:

c» +1 TAKE A NEW STEP CONTINUING FROM THE LAST. 
CONTINUE

4 GEAR1420
GEAR143C

108



1A 4 :
145:
146:
147:
148 :
149:
15C :
151:
152:
153 :
154 :
155:
156:
157:
158:
159:
160:
16 1:
162:
166:
164:
165 :
166 :
167:
168:
169:
17C:
171:
172:
173 :
174:
175:
176:
177:
178:
179:

C» JSTART IS SET TG NC. TEE CURRENT ORDER GF TEE NETEOD
C» AT EXIT. NO IS ALSO THE ORDER OF THE NAXIEUf'
C» DERIVATIVE AVAILABLE.
C* EAXDER THE MAXIMUM DERIVATIVE THAT SHOULD BE USED IN THE
C* METHOD. SINCE THE CRCEP IS ECUAL TO TFE HIGHEST
C* DERIVATIVE USEDt THIS RESTRICTS THE ORDER. IT MUST
C* EE LESS THAN 8 FOR ACMAS AND 7 FOR STIFF METHODS.
C* A BLOCK OF AT LEAST N**2 FLOATING POINT LOCATIONS.

4 G E A R 14 4 C
* CEAR145C
* GEAR 14 60
* GEAR 14 70
* C E A R 1 4 8 C
* GEAR1490
* GEAR15CC
* GEAR 15 10

C* 4<,4**4*44***»* ****<=*****»»❖***» ❖****»*** ■»<-******»*4*4***44******* GE AR 1 5 2C
CIMENS ION Y(8,1),YMAX(1),SAVE(10,1),ERROR! 1 ) ,Pk( 1) , CEAR153C

1 A(8),PERTST (7,2,3) GEAR154C
gear 155c 

DIMENSION PPW(l) GEAR1560
DIMENSION ILL(1) ,MMM( 1 ) GEAR157C

c $ $ $ $ $ $ $ $ i $ t $ $ $ $ $ $ $ i $ $ $ $ $ $ i $ $ 111 t $ $ $ t $ $ $ $ t $ $ $ $ $ s $ $ $ t $ $ J rt $ $ $ $ $ i i«$ 5 $ $ $ $ c e a r i 51 c 
C4**44 4<-4**>14*»4 44***4 4*44**4*4<-**»4 4*44<'*4*»4*444»***»**4*4****4<‘44»* C E AR 1 590 
C« THE COEFFICIENTS IN PERTST ARE USED IN SELECTING THE STEP AND * GEARlfCC
C* ' ORDER, THCRCFCRE ONLY ABCLT ONE PERCENT ACCURACY IS NEEDED. « CEAR161C

DATA PERTST /2.0,4.5,7.33 3, 10.42, 13.7, 17.1 5, 1.0,
1 2.0,12.0,24.0,37.89,53.33,7C .08,87.9 7,
2 3.0,6.0,9.167,12.5,15.98,1.0,1.0,
3 12.0,24.0,37.89,53.33,70.08,87.97 , l.C,
4 1.,1.,0.5,0.1667,0.04133,0.008267,1.0,
5 1.0,1.0,2.0,1.0,.3157, .074C7,.0139/
DATA A(2) / -1.0/ 
IRET = 1 
KFLAG = 1 
IF (JSTART.LE.C)G0 TO 140

£ * * ****<<**»*** -4. 4 x-.}:* 444*4*4 X-* 4 *4444*44**>i4444**4444***4444*4****4****4***GEARl 730 

C* BEGIN BY SAVING INFORMATION FOR PCSSIELE RESTARTS AND CHANGING GEAR174C
C* H b BY THE FARTGR R IF THE CALLER HAS CHANGED H. ALLL VARIABLES GEAR175G
C* DEPENDENT ON H MUST ALSO P.E CHANGED GEAR176C
C* E IS A COMPARISON FOR ARRCRS CF THE CURRENT ORDER NC. EUP IS GEAR177C
C» TO TEST FOR INCREASING THE CRDER, EDUN FOR DECREASING TFE GRCER. GEAR1780 
C* FNEh 2S TFE STEP SIZE THAT WAS USED ON THE LAST CALL. GEAR179C

G H, A R 1 6 10 
C E A R 1 6 4 0 
CFAR165C 
G E A R 11 6 0 
G E A R 1 6 7 0 
GEAR 1680 
GEAR1690 
GEAR 17CC 
GEAR 17 10 
GEAR1720

o
VO



180: C******************************* 4 <=****4 *»************<<*******»* *****»»*4G E A R 18 C 0
1E1: ICO CC 110 I = 1,N CE/SR181C
182: CC 11C J= 1»K GE/JR182C
183: 110 SAVE(J,I) = Y(J,I) GEAR1830
184: HCLC = HNEk GEAR184C
185: IF(H.EC.HCLD) GC TC 13C GEAR185C
126: 120 RACUM = H/HOLD CEAR1860
187: IRET1 = 1 GEAR187C
18 8: GO TC 750 .GEAR188C
18S: 13C NCCLO = NQ CE£R18SC
ISC: TCLC = T GEAR19CC
1S1: RACLN = 1.0 GEAR 191C
1S2: IF(JSTART.GT.O) GC TC 250 GEAR192C
193: GC TO 170 GEAR1930
1S4 : 140 IF(JSTART.EQ. -1) GC TC 160 GEAR194C
195: C4 44****»*4***4»»**»»4**4*4444**********»*****»*******44*****4********GEAR1950
196: C» C\ TFE FIRST CALL, ThE ORDER IS SET TC 1 ANC THE INITIAL CEAR1960
1S7 : C* DERIVATIVES ARE CALCULATEC. GEAR1S7C
198 : Q4***4*44*****44444**44***4**44****444****44******4*****4**4*****4******GEAR198C
19 9: NO = 1 GE AR 19 SO
2CC : N3 = K GEAR2CCC
2C 1: M = N*1C GEAR2C1C
2C2: N2 = N1 + 1 GEAR2O2O
2C3: N4 = N**2 GEAR2030
2C4 : N5 = M + N GEAR2C4C
2C5: N6 = N'5 + 1 GEAR205C
2 06: CALL CIFFLN(T,Y,SAVE(N2,1)) GEAR2060
2C7 : CC 150 I = 1,N GEAR2C7C
2C8: 150 Y(2,I) = SAVE(M + I,1)*F GEAR2C8C
2C9 : FNEW = H GEAR2090
210: K = 2 GEAR21CC
211: GO TC ICO GEAR211C
2 12: Q4***4 4 44*4 4***4*****444*44**444***4******44’C‘4444***44************4**444GEAR212C
213: C* REPEAT LAST STEP BY RESTORING SAVED INFCRNATICK. GEAR2130
214: (;* * ******* 4*44*44******* *****4****4**444*********4**********4***4*******(3(:^R214C
215: 16C IF(NQ.EC.NCCLO) JSTART = 1 GEAR215C



2 16: 
2 17: 
218 : 
2 19:
220:
221: 
2 2 2 : 
223:
224 :
225 :
2 26:
227:
228:
229:
230:
23 1: 
2 32: 
233: 
2 34 : 
2 36 :
236:
237:
2 3 8 : 
2 39: 
24C:
24 1:
242 :
243 :
244 :
245:
246:
247 :
248 : 
249: 
250 : 
251:

I = ICLD GEAR216C
NG = NGGLC CEAR2170
K = NC + 1 GEAR21 8C
GOTO 12C CEAR2 19C

C***4*<^»****»»4 4»4***»***»**4***»4:»**<:**»*****»***»**»**4**»********»»*Cl:^R22C0
C* SET THE CCEFEICIENTS TH4T DETERMINE THE ORDER AND THE METHOD GEAR221C
C* TYPE, CHECK FCR EXCESSIVE ORDER. THE LAST ThO STATEMENTS OF GEAR222C
C* THIS SECTION SET IkEVAL .GT. C IF PW IS TO EE REEVALLATEC GEAR223C
C* EECAUSE OF THE ORDER CHANGE, AND THEN REPEAT THE INTEGRATION .GEAR224C
0* STEP IF IT HAS NOT BEEN DONE (IRET = 1) OR SKIP TO A FINAL GEAR22 50
C* SCALING BEFORE EXIT IF IT HAS BEEN COMPLETED (IRET = 2). CEAR2260
C» * * 4*4*44 *****4*4*4***44***4*****************************4'»********V***GEAR227C
170 IF(MF.EC.C) GO TO 180 GEAR228C

IF(NQ.GT.6) GO TO 19C GEAR2290
GO TO( 221,222,223,224,225,226),NQ GEAR23C0

180 IF( NC.GT.7) GO TO 190 CEAR23 10
GO TO (211,212,213,214,215,216,217),NG GEAR232C

190 KFLAG = -2 GEAR2330
RETURN GEAR234C

C*********************************************************44*4*****4****GEAR235C
C* THE FOLLOWING COEFFICIENTS SHOULD BE BEFINED TO THE MAXIMUM GEAR2360
C* ACCURACY PERMITTED BY THE MACHINE. THEY ARE, IN IN THE ORDER USED.. G E A R 2 3 7 C
C* GEAR238C
C* - 1 GEAR2390
C* -1/2,-1/2 GEAR24C0
C* -5/12,-3/4 ,-1/6 GEAR24 1C
C* -3/8,-11/12,-1/3,-1/24 GEAR2420
C* -251/720,-25/24,-35/72,-5/48,-1/120 GEAR2430
C* -95/288,-137/120,-5/8-17/96,-1/40,-1/720 GEAR244C
C* -19C87/6C48C,-49/4 0,-203/270 ,-49/192 ,-7/144 ,-7/1440,-1/5040 GEAR2450
C« CEAR2460
C* 1 GEAR247C
C* -2/3,-1/ GEAR248C
C* -6/11,-6/11,-1/11 GEAR2490
C* -12/25,-7/10,-1/5,-1/50 GEAR25CC
C« -12C/274 ,-225/2 74 ,-85/2 74,-15/274,-1/274 GEAR25 10



252 : c* - 18 C/441 t -5 8/6 3 , -15/3 6 ,-25/252,-3/252,-1/1764 GE4R25 202 5 3 : C**»**44*»*4*4*4*»**4***4* ***»**»»»» 4-»****4***»»*»*****4»*4*****»****»**(;EjSR2530
254 : 211 A ( 1 ) = -1.0 GE4R2540
255 : GO TC 230 GE4R255C
256 : 212 Ad) = -C.5CCCCCCCC GE4R2560
257: A (3) = -C.5CCCCCCCC GE4R2570
258 : GC TC 230 GE4R25EC
259: 213 A { 1) = -0.416666666666667 CEAR25SC
260: A(3) = -C.75CCCCCCC . CE4R26C0
2 61: ^(4) = — 0.166666666666666 7 GE4R26 10
26 2: GO TC 230 GE4R262C
263: 214 AU) = -0.375CC0GCC C-E4R2630
264: A 13} = -0.9166666666666667 GE4R264C
26 5: A (4) = -0.3333333333333333 GE4R 26 50
266: A ( 5) = - C.C4166666666666667 GE4R2660
26 7: GO TO 230 GE4R2670
2 6 8: 215 A ( 1 ) = -0.3486111111111111 GE4R268C
26 9: Al(3) = -1.0416666666666667 GE4R2690
270: A ( 4 ) = -0.4861111111111111 GE4P27C0
271 : A (5 ) = - 0.1041666666666667 G E 4 R 2 7 1 0
2 72 : A ( 6) = -0.008333333333333333 GEAR272C
2 73: GO TO 230 CE4R27J0
2 74 : 216 A ( 1 ) = -0.3298611111111111 GE4R274C
2 7 5 : 4(3) = -1.1416666666666667 GE4R275C
276: 4(4) = -0.625000000 GEAR276C
277 : 4(5) = - 0.1770833333333333 GE4R277C
2 78 : 4(6) = -0.0250000000 GE4R278C
279: 4(7) = -0.001388888888888889 CF4R279C
280: CO TO 230 GE4R28C0
281: 217 4(1) = -0.3155919312169312 GE4R28 10
282 : 4(3) = -1.235CCCCCC GEAR2820
283: 4(4) = -C.75 185185 185 185 19 GEAR283C
2 84: 4(5) = -0.2552083333333333 GE4R284C
285: 4(6) = - 0.04861111111111111 GE4R285C
286: 4(7) = - C.004861111 11 1 1 1 1111 GE4R2860
2 87: 4(8) = -0.0001984126984126984 GE4R287C

H
H 
N>



2E8 : GC TC 230 GEAP288C
2E9: 221 Ad) = -l.COCCCOOCO GEAR2F9C
2 b C: GC TC 230 CEAR29CC
291: 222 3d) = -o.efebfcfcfcGfcfcGfcetifefci GEAP2910
292 : M 3) =-0.3333333333333333 GEAR292C
293: GO TO 230 GEAR2930
294: 223 />(!) = -0.5454545454545455 GE4R2940
295 : A ( 3 ) = All) GEAR295C
296: A(4) = -.09090909090909091 GEAR296C
297: GO TO 230 GE 492970
298: 224 Ad) = -0.48CCCC0C0 GEAR29EC
299: A(3) = -0.700000000 GE4R299C
3CC: A(4) = -0.200000000 GEAR 3000
3C1: A(5) = -0.C2C0CC0C0 GE AR 30 10
3C2 : GO TO 230 G E 4 R 3 C 2 0
3 C 3: 2 2 5 4(1) =-0.437956204379562 GEAR 3030
304: A(3) = -0.821 16788321 16788 C E A T< 3 0 4 0
305 : 4(4) = -0.3102189781021898 G E A R 3 0 5 0
3 C 6: 4(5) = -0.05474452554744526 GEAR 3 060
30 7: 4(6) = -0.0036496350364963504 GEAR3070
308 : GC TC 230 G E A R 3 0 8 C
309: 226 4 ( 1 ) = -0.4081632653061225 GEAR 3090
3 10: 4(3) = -C.92C63492063492C6 GEAR 3100
3 11: 4(4) = -0.4166666666666667 G E A R 3 1 1 0
3 12: 4(5) = -0.0992063492063492 G E A R 3 1 2 C
313: 4(6 ) = -0.01 19047619047619 GEAR3 1 30
314 : 4(7 ) = -0.000566893424036282 G E A R 3 1 4 0
315: 230 K = NQ + 1 GEAR 3 1 50
3 16: IDCLB = K GEAR316C
317: f-'TYP = (4 - MF)/2 GEAR 3 1 70
3 18: ENC2 = .5/FLC4T(NC + 1) GEAR3 180
3 19: EN03 = .5/FLCAT1NQ + 2) GEAR319C
320: ENG1 = 0.5/FLOAT(NO) GEAR32C0
321: PEPSH = EPS GEAR321C
322: ELP = (PERTST(NQ,|VTYP,2)*PEPSH)**2 GEAR322C
323: E = (PERTST(NQ7.MTYP,1)*PEPSH)**2 GEAR3230



324 EDWN = (PERTST(NQtMTYP,3)*PEPSH)*»2 GEAR3240
325 IF (ECWN.EC.O) CC TG 780 GEAR 32 50
3 26 BND = EPS*EISQ3/DFLCAT (M GEAR326C
327 240 IWEVAL = NF GEAR327C
328 GC TC (250,680 ), IRET GEA.v 12 EC
325 Q<t*********iit**>(<*<:»*»*****»»***Ti<»**»***********4*i{r*****44*4**4**4**4***>ii<(:£^^22SC
3 3 C C* TEES SECTION CCPPLTES THE PRECICTEC VALLES EY EFFECTIVELY GEAR33CC
331 C* MULTIPLYING TFE SAVED INFORMATION BY THE PASCAL TRIANGLE GEAR3 3 10
332 C* MATRIX GEAR332C
3 3 3 C»**3o>4»»*»**4<'**4*»*******»»*»***»*»**< ‘*********x-******<**>f*******4<**44CEAR333C
334 250 T = T + h GEAR3340
335 CC 26C J= 2,K GEAR335C
336 CC 26C JI = J,K GEAR3360
337 J2 = K - JI + J-l GEAP3370
338 CC 260 1= 1,N GEAR 3380
339 260 Y(J2,I) = Y(J2,I) + Y(J2+1,I) GEAR339C
340 Q* ****4**44**44444* *4*4** »*****<-*»»»»»*»***»»»»***  *****»*»***4-*»***»<>44*GEAR 3 4C0
341 C* UP TC 3 CCRRECTCR ITERATIONS ARE TAKEN. CONVERGENCE IS TESTED GE AR 34 10
342 C* BY RECLIRING CHANGES TC EE LESS THAN ENC WHICH IS CEPENCENT ON GEAR342C
3 43 C* THE ERROR TEST CONSTANT GEAR3430
34 4 C* TFE SUM OF TFE CORRECTIONS IS ACCUMULATED IN THE ARRAY GE AR 3440
345 C» ERRCR(I). IT IS ECUAL TC THE K-YH DERIVATIVE OF Y MULTIPLIED G E A R 3 4 5 0
3 4 6 C* BY H»*K/(FACTCRIAL(K-1)»A(K)),AND IS THEREFCRE PRCPCRTICNAL GEAR 3460
34 7 C* TC THE ACTUAL ERRORS TO TFE LOWEST POWER OF H PRESENT. eH*»Ke GEAR3470
348 Q4**4«*4*«*4********4*44444444444**4444*4444**4444**4******444****444*44(:g4^3^(;C

349 CO 27C I-=1,N GEAR349C
350 270 ERROR( I ) = C .0 CEAR35C0
351 CC 430 L=l,3 G E A R 3 5 1 0
352 CALL CIFFLN(T,Y,SAVE(N2,l)) GEAR352C
3 5 3 NK = N**2 GEAR3530
354 (;***4*44*44444*4<*444***444*4*4444*4**444***4**4**4******4*********4**44Gg^R35Z,  Q
355 C« IF THERE HAS EEEB A CHANGE CF ORDER OR OR THERE FAS BEEN TROUBLE GEAR 35 50
356 C* WITH C3NVERGENCE ,PW IS RE-EVALUATEC PRIOR TC STARTING TFE GEAR356C
357 C* CORRECTOR ITERATION IN THE CASE OF STIFF METHODS. IWEVAL IS GEAR357C
358 C* THEN SET TC -1 AS AN INDICATOR THAT IT FAS EEEN CONE. GEAR358C
Q C (J C4***44****«4*44**4****4**4**44***4*****4*****4***44*4***4***4444*444*4*(:gj5R35gQ



36C: IF( IkEVAL.LT, 1} GC TC 35C CE/)R36CC
361: IF(MF.EQ.2) GO TO 31C CE/SR361O
362 : CALL PECERV(T,Y,PW,N3) GEAR362C
363: R = A(1}*H GEAR363C
366: CO 28C 1=1,N6 CEAR3660
365 : 230 Ph(I) = P'a(I)*R GEAR365C
366: C***4****************<,;**<t*,<,4,*****4;************4<*******<4*4»***»*******»(:EAR366C
367: C» ACC THE IDENTITY MATRIX TC TEE JACCEIAN ANC INVERT TC GET Pk. CEAR367C
3 6 8: C**:<'*li,*******4;i4<***,i,ii,**4******4*****4i********i6*4******<***»********»***CEAR36EC

387: 1600 FORMAT(IX,1SINGULAR MATRIX')

369: 290 CC 3CC 1 = 1,N GE AR 36SC
37C: 300 Pkt I*(N3 + 1)-N3) = l.C * Pk ( I*(N3-f D-N3) GEAR 37CC
371: IWEVAL = -1 CEAR3710
372 : 0 GEAR372C
3 73 : C THE CARDS INCLLDED BETkEEN THE TkC ALL ♦$' CARDS WERE ACCEC IN GE AR 373 0
3 76 : c ORCER TO MATCH THE CALLING OF THE MATRIX INVERSION SUBRCLTINE CFAR3760
3 75 : c TC THE MINV SUBROUTINE OF THE IBM SCIENTIFIC SUBROUTINE PACKAGE GEAR 3 7 50
376 : c ORIGINALLY THE GEARS8 PROGRAM HAD THE FCLLCkING CARD C E A R 3 7 6 C
3 7 7 : c • CALL MATINV(Pk,N,N3,JI) Ch AR 3 7 70
3 78 : c G E A R 3 7 V. C
"3 7 9 : C $ $ $ 111111 $ 1 $ $ $ $ H $ $ $ $ $ 1 $ $ H $ $ i ( H $ $ $ $ H U1 m 4 m m I m H $ H H H H $ $ I GEAR375C
3 C: CO 1CC0 I = 1,NK GEAR38CC
381: 1000 PPk( I ) = Pk( I ) G E A R 3 8 1 C
3 82 : CALL MINV(PPk,N,POET,ILL,MMM) GEAR 3 8 2 C
3 8 3: IF< ABStPDET).LE. l.E-C5)PDET = C.ECC G E A R 3 8 3 C
386 : IFtPDET.EC.O.EOO) JI = -1 G E A R "3 8 6 0
3 E 5 : c GEAR 38 5C
386: IFtPDET .EC. C.ECC) kR I TE (6,1600) GEAR 38 60

CEAR387C

385: IF( POET.NE.C.ECG) JI = +1 CEA’^ ’ESC 
300: DO 11CC I = 1,NK GEAR39C0 
351: 11CC Pk(I) = PPk(I) GEAR351C 
3 52: GE AR 35 2C 
353: IF( Jl.GT.OGC TC 350 CEAR3O3C
396: GO TC 660 GEAR396C 
355: C************:<'****4*****<<4*******=ot»4i*******************4444****4*44*****GEAR395C



3S7: C* EVALLA7E THE JACOBIAN INTC Ph BY NUMERICAL CIfFERENCING. R IS THE CEARZ^TC 
JSia: C* CHANCE MACE TO THE ELEMENT OF Y.IT IS EPS RELATIVE TC Y hITF GEAR3980 
399: C* A MINIMUM CF EPS**2 GEAR3SSC 
ACC: C**:>'****:<1****<t*********,8t*******,il****************:i‘*********<4,****,6*******GEARACCC
AO 1: 310 CO 320 1=1,N GEtRAO 10
AC2 : 320 SAVE(9,I) = Y(l, I) G E A P A C 2 C
AC?: CO 3AC J=1,N G E A R A C 3 C
ACA: R = EPS*DMAX1(EPS,DABS(SAVE(9, J) ) ) CEARACAO
AC5: Y(1,J) = Yd,J) + R G E A P A C 5 C
ACE : D = A( 1 )»H/R GEARAC6C
AC7: CALL DIFFLMT,Y,SAVE(N6,1)) G E t P A C 7 C
ACS: CO 330 I = 1,N GEARAOSO
AC9: 330 Ph(1+(J-l )*N3) = (SAVE(N5 + I,1) - SAVE(N1♦ 1,1))*C GEARACSC
A 10: 3AC Y( 1,J) = SAVE(9,J) GEARA ICC
All: GO TO 290 CEARA 1 1C
A12: 350 IF(MF.NE.C) GO TO 370 CEARA12C
A 13: CC 36C 1 = 1,N GEARA 1 3C
A 1A: 360 ■ SAVE(9,I)= Y(2,I) - SAVE(N1+I,1)*H CEARA 1A0
A 15 : GC TC A10 GEARA 1 5C
Alt: 370 CC 38C 1= 1,N C E A R A 1 6 C
A 17: 380 SAVE(N5+I, 1) = Y(2,I) - SAVE(N1+I , 1)*H GEARA170
A 18: CC AOO 1 = 1 ,N G E A R A 1 E C
A 19: C = C.C G E A R A 1 < C
A2C: CO 39C J=1,N G E A R A 2 C C
A21: 390 C = G + Ph( I + (J-l )*N3)»SAVE(N5 + J,1) CEARA 2 10
A22: ACC SAVE(9,I) = C G E A R A 2 2 C
A 2 3: A 10 NT = N G E A; < A 2 2 C
A2A: (;4*4<*4***4*4* *********>>**************»***»**************************»**GEAP. A 2 A 0
A25: C» CCRRECT ANC SEE IF ALL CHANGES ARE LESS THAN 8ND RELATIVE TC YMAX. GEARA25C
A26: C* IF SC, HE CCRRECTCR IS SAIC TC HAVE CCNVERGEC. GEARAzfC
A27: C******************************************************^*^**************GEARA  270
A28: CO A20 1=1,N GEARA2&0
A29: Y(1, I ) = Y(1, I ) + A(1 )*SAVE(9, I ) GEARA29C
A3C: Y(2,I ) = Y(2,I) - SAVE(9,I) GEARA3CC
A31: ERRCR(I) = ERROR(I) + SAVE(9,I) GE ARA3 10
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432: IF(CABS(S^VE(9,I))-LE.(BND*YMAX(I))) NT = NT - 1 GEAR4320
433 : 420 CCNTINLE GEAR433C
4 34 : IF (M.LE.C) GC TC 490 GEAR434C
4 35 : 43C CCNTINLE CEAR435C
4 36: C*<!,!,:4***<‘**:4*4*<44i?4»>>**>t***4**4*******»**»**»i<*<'»****<<***4»************GtAR4 3 6C
437: C* THE CCRRECTCR ITERATION FAILEC TC CONVERGE IN 3 TRIES. VARIOUS GEAR437C
438: C* POSSIBILITIES ARE CHECKED FOR. IF H IS ALREADY ERIN AND GEAR438C
439: C» THS IS EITHER ADAMS METHOD CR THE STIFF METHOD IN hUCh THE GEAR4390
440 : C* MATRIX Ph HAS ALREADY BEEN EVALUATED, A NO CONVERGENCE EXIT GEAR4 ACC
4 4 1: C» IS TAKEN. CTHERhISE THE MATRIX Ph' IS RE-EVALUATED AND/CR THE GEAR44 10
4 42: C* STEP IS REDUCED TO TRY AND GET CONVERGENCE. GEAR4420
443 : £»:*******:»** $*$;»* *$*4*****4***:4*4*****=M4*>i***:4*»*4>**’C‘*44************»*»GEAR443C
444 : 440 T = TOLD CEAR444C
445: I F((H .LE.(HMIN*1.0CCC1)).AND.((IhEVAL - HTYP).LT.-l)) GC TC 460 GEAR4450
44 6 : IF ( (MF.EC.O).CR.(IWEVAL.NE.O)IRACUM = RACLM*0.25D0 GEAR446C
4 4 7 : IhEVAL = MF GEAR447C
4 4 8: IRET1 = 2 GEAR448C
4 4 9: GC" TC 750 GEAR44 50
4 50 : 460 KFLAG = -3 C E A R 4 5 C C
4 5 1: 470 CO 480 I=1,N C I A R 4 5 1 0
4 5 2 : CO 480 J=1,K GEAP4520
4 5 1 : 480 Y(J , I ) = SAVE(J, I ) GEAR453C
4 5 4 : H = HOLD GE AR454 0
455: NC = NCOLC GEAP4550
456 : JSTART = NC GEAR456C
4 57: RETURN GEAR45 7C
458: C*****’}****5?****’}******** ************************* **********************GEAR45 8 0
459: C* THE CCRRECTCR CONVERGED AND CONTROL IS PASSED TO STATEMENT 520 GEAR459C
46C: C* IF THE ER CR TEST IS C.K., AND TC 540 CTHERhISE. GEAR46CC
461: C* IF THE STEP IS O.K. IT IS ACCEPTED. IF IDCUE HAS BEEN REDUCED GEAR46 10
4 6 2: C* TC CNE, A TEST IS MADE TO SEE TO SEE IF THE STEP CAN PE INCREASED GEAR4620
463 : C* AT THE CURRENT ORDER BY GOING TO ONE HIGHER OR ONE LCh'ER. GEAR463C
464 : C* SUCH A CHANGE IS ONLY MACE IF THE STEP CAN EE INCREASED BY AT GEAR464C
465: C* LEAST 1.1. IF NO CHANGE IS POSSIBLE IDCUB IS SET TC 10 TC CEAR4650
4 66: C* PREVENT FURTHER TESTING FOR 10 STEPS. GEAR466C
467: C* IF A CHANGE IS POSSIBLE, IT IS MACE AND IDCUB IS SET TC GEAR467C



At 8 : C* NC + 1 TC PREVENT FLRTHER TESTING FCR Tb/>T NUMBER CF STEPS. CEAR46FC
A G 9: C* IF TFE ERROR NAS TOO LARGE, THE OPTINLH STEP SIZE FCR THIS CR CEAP4690
47C : c* LCNER CRCER IS CCPPUTED, ANC THE STEP RETRIED. IF IT SHCLLD GEAR47CC
A 7 1: c* FAIL TNICE NCREIT IS AN INDICATION THAT TEE DERIVATIVES THAT HAVE ACCGEAR47 1C
A12: c* COLLATE: IN TEE Y ARRAY HAVE HAVE ERRORS CF THE NRCNC CRCER CEAR472C
473: c* SC TEE FIRST DERIVATIVES ARE RECOMPUTED AND THE ORDER IS SET TC 1. GEAR4730
4 74 : (;***4*******4»*****************4»*******<'******4******4**»****=i****i»**>>*GEAR474C
4 75 : 490 D = C.C GEAR475C
476: CO 500 1=1,N GE AR4780
4 77 : 5C0 D = C + (ERRCRID/YMAXII) )**2 GEAR47 7C
47 8: INEVAL = C GEAR4780
479: IF(D.GT.E) GO TO 540 CEAR4790
4 80 : IF(K.LT.3)GC TC 520 GEAR48CC
48 1: C***4*»**» ***»**<:*** ****»****>0'*4************<‘*4*4*4****564*4***4****<**44CESR48 1C
4 82: 0* CCMPLETE THE CORRECTION OF THE HIGHER ORDER DERIVATIVES AFTER A CEAR4820
4 83 : C* SLCCESFUL STEP G E A R 4 8 3 C
4 8 4 : Q»*»**/vX'*»*»<‘*4‘<'*<>**<=****»4**********:0,**,C,**4*,i,)6*,il*4****,0:4***;t**:0*4*4***<lCE4R4P4C
4 8 5: DC 510 J=3,K GEAR 485 C
4 8 6: CO 510 I=1,N CEAR4P8C
4 E 7 : 510 Y(J, I ) = Y(J, I ) + A(J)»ERRCR( I ) GE AR 48 7C
4 E 8 : 520 KFLAG = +1 C E A R 4 8 8 0
4 8 9: H N E N = H GEAR4890
4SC : IF(ICCLB.LE. 1 ) GO TO 550 G E A R 4 9 C C
49 1: IDCLB = IDCLE -1 CEAR49 10
492: IF(ICCUB.GT.l) GO TO 7CC CEAR4920
493 : DC 530 1=1,N GEAR49 3C
494 : 530 SAVE( 1C , I ) = ERROR 11 ) GEAR494C
49 5: GO TC 7C0 GEAR4950
4 96 : G»-i‘*4*4:>*4***4*4X**4**********=t4********)>*164**=i>i,4******I6***********4****GE^R496C
4 97 : C* REDUCE THE FAILURE FLAG COUNT TC CHECK FCR MULTIPLE FAILURES. GEAR497C
498: 0* RESTORE TC ITS ORIGINAL VALUE AND TRY AGAIN UNLESS THERE HAVE G E A R 4 9 8 C
499: c* THREE FAILURES. IN THAT CASE THE DERIVATIVES ARE ASSUMED TC HAVE GEAR49S0
5C0: c* ACCUMULATED ERRORS SC A RESTART FROM. THE CURRENT VALLES CF Y IS GEAR5CCC
5C1 : c» TRIED GEAR5C 1C
5C2: (2>',<<<*4*4******>}i4:****Xt*>6I********>0:***4:4:»**4*******44******<:i*4*******3>4****GE4R5C2C
5C3: 540 KFLAG = KFLAG - 2 GEAR5030
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5C4 IF(b.LE.(H^IN*l.CCCCl)) GC TO 74C GEAR5040
5C5 T = TCLC GEAR5C5C
5C6 IF(KFLAG .IE. -5) GC TC 720 G E A R 5 C £ C
5C7 (;***a)*4<,*4<r^**44*4***»**4>!'**<‘*** ********* ***4******»4i**4*i»444*****4<4*44(:e;r5C7C
5C8 C* PR1,PR2,PR3 WILL CONTAIN THE AMOUNTS BY WHICH THE STEP SIZE GEAR508C
5C<3 C* SHCLLC E CIVICEC AT CREEP CNE LOWER, AT TEES CRCER, ANC AT ORDER GEAR5CSC
5 1C C* ONE HIGHER RESPECTIVELY GEAR51CC
5 11 Ct****4*>>***<*********4 *************************************************CEAR5110
5 12 550 FR2 = (C/E)**ENC2*1.2 GEAR5120
5 13 PR3 = 1.E+2C GEARS I 3C
514 IFKNG.GE. MAXDER1 .OR. (KFLAG.LE, -D) GC TO 570 G E A R 5 14 0
5 15 C = G.O GEAR515C
5 16 CO 56C 1=1,N GEAR 5 1 6C
5 17 560 D = D + ((ERRCR(I) - SAVE(1C , I))/YMAX(I))**2 GEAR5 1 70
518 PR3 = (C/EUP )**ENG3*I.4 GEAR5 IE C
515 57C PR1 = I.E+20 GEARS ISC
5 2 C IF(NG.LE.l) GO TC 59C GEAR52CC
52 1 C = 0.0 0 E A R 5 2 10
522 EC 58C I = 1,N G E A R 5 2 2 C
523 580 0 = D + (Y(K,I)/YMAX(I))»»2 GEAR52 30
524 PR1 = (D/ECWN ) 4*ENQ1»1.3 GEAR5240
5 2 5 590 CONTINUE G F A R 5 2 5 C
5 26 IFIPR2.LE.PR3) GC TC 650 GEAR 52tC
5 27 IF (PR3.LT.PR1) GO TO 66C C E A R 5 2 7 0
528 600 R = 1.0/AMAX 1 (PR1, l.E-4) GEAR52EC
5 25 NEWC=NC-1 GEAR529C
5 3C 610 I DCLB = 1C G E A R 5 3 C C
531 IF( (KFLAC.EQ.1).AND.IR.LT.( 1. 1) )). GO TO 7CC GEAR53 10
532 IF(NEWC.LE.NC) GC TC 630 GEAR532C
53 3 C* **** * ***************************************************  ************4*(:[:^r 5 3 iQ
5 34 C* COMPUTE ONE ACCITIONAL SCALED DERIVATIVE IF ORDER IS INCREASED G E A R 5 3 4 0
c 3 C***************************4*******************************************GEAR535C
536 DC 62C I = 1,N GEAR536C
537 620 Y(NEWC+1,I) = ERROR( I ) *A(K )/DFLCAT(K) GEAR5370
5 38 630 K = NEWC+1 GEAR53EC
5 3 9 IF(KFLAG.EC.l) GC- TC 670 GEAR53SC



54C : RACLN = R/SCLfr»R CEAR54CC
5A 1: IRET1 = 3 CEAR54 10
542: CC TC 750 GE AR 542 0
543 : 640 IF ( NEV.C.EC.NC ) GC TC 250 GEAR543C
544 : NO = KEkQ GEAR544C
545: CC TO 170 GEAR5450
5 4 6 : 650 IF(PR2.GT.PR1 ) GC TC 600 GEAR546C
547: NEkQ = NO G E A R 5 4 7 0
548: R = 1„C//>MAX1(PR2, l.E-4) GF AR542 J
549 : GC TC 610 GEAR 5490
550 : 660 R = 1.C/ANAXKPR3,l.E-4) C E A R 5 5 C C
551: NEkC = NO + 1 C E A R 5 5 1 0
552 : GC TC 610 G E A R 5 5 2 0
5 5 3 : 670 IRET = 2 - GEAR55 20
5 5 4 : R = DNIN1(R,H|VAX/DABS(H) ) GEAR554C
5 5 5 : F F*R C E A P 5 5 5 C
5 54: F N C U = li CCAR 55 60
5 5 7: IF(NO.EC.NEkC) GC TC 680 GCAR5570
5 5 8: NO = N'EhQ GEAR55H0
5 59 : GC TC 170 GEAR 5590
560: 680 R 1 = 1. C G E A R 5 6 0 0
5 L I : CO 690 J = 2,K G E A R 5 6 1 0
562 : R1 = R1<=R GEAR562C
563: DC 690 I = 1,N GE AR 5 6 30
5 64 : 690 Y( J, I ) = Y(J,I)*R1 GEAR5640
565 : ICCUB = K CEAR565C
5 66 : 7CC CC 710 1=1,N GEAR 5 6 6 0
567: 710 YPAX(I) = CFAX1(YYAX(I),DABS(Y(1,I))) CEAR567C
568: JSTART = NO GEAR5680
5 69 : RETURN GEAR56SC
5 70 : 720 IF(NG.EG.l) GO TO 780 GEAR57CC
571: CALL CIFFUN(T,Y,SAVE(N2t 1) ) GEAR57 10
5 72 : R = H/HCLC GEAR572C
573 : CC 73C I = 1,N GEAR572C
5 74: Y( 1, I ) = SAVE! 1, I ) GEAR5740
575 : SAVE(2,I) = FCLC*SAVE(N1+I,1) GEAR57 'J
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5 76: 730 V (2» I ) = SAVE(2,I )*R GEAR576C
5 7 7 : NC = 1 GEAR577C
5 78: KFLAG = 1 CEAR578C
5 79 : CO TO 170 GEAR5790
sec: 74 0 KFLAG = -1 GEAR58CC
58 1: FNEk = H GEAR58 10
582 : JSTART = NG CEAR5820
583 : RETURN GEAR583C
584: (2 * * 4 ***** * * * >.‘t * 4 4 * 4 * * * ***<!***» 4 ******* 4 -i1 ******** 4= 4 * * 4 * 4 4 4 4 ****** 4 4 * 4 4 G E 3 R 5 8 4 C
585: C* THS SECTION SCALES ALL VARIABLES CONNECTED UITH H ANC RETURNS GEAR5850
586 : C* TC THE ENTERING SECTION GEAR586C
5 87 : G*****************************************4**44***4*44*44*444444**44**44GEAR587C
588: 750 RAC'JM = DNAX1 (DAB S (HMIN/HOLD) ,RACLP) GEAR588C
589 : RACUM = CFIN1 (RACUM,CABS(FMAX/HCLC)) GEAR589C
5SC : R1 = 1.0 GEAR59CC
59 1: CO 760 J = 2»K GEAR59 10
592: R1 = R1*RACUN GEAR592C
593: CO 760 I = 1,N GEAR593C
5 9 4: 760 Y(J,I) = SAVE(J,I)*R1 CEAR594C
> v 5 * F = HCLC*RACUM GEAR5950
596 : CC 770 1=1,N CEAR596C
5 97 : 770 Y(1,1) = SAVE( 1,1 ) GEAR597C
598 : ICCUB = K CEAR5980
599 : GC TC (130, 250,640),IRET1 GEAR59SC
6CC: 780 KFLAG = -4 GEAR6CCC
6C 1: GO TO 470 CEAR601C
6C2 : END GEAR6C2C



1: C M I NV 10
2: c .MINV
3: C MINV 20
A : c SUBROUTINE MINV MINV 4 0
5 : c MINV 50
6 : c PURPOSE M I N V 60
7: c INVERT A NATRIX MINV 70
8: c MINV 60
9 : c USAGE MINV SC

10: c CALL MINV(A,N,D,LTN) MINV ICC
11: c M I NV 1 10
12 : c DESCRIPTION OF PARAMETERS MINV 12C
13: c A - INPUT MATRIX, DESTROYED IN' COMPUTATION AND REPLACED BY MINV 1 3C
Ht: c RESULTANT INVERSE. MINV 140
15 : c N - ORDER OF MATRIX A MINV 1 5C
1 6 : c D - resultant DETERMINANT MINV 1 CC
17: c L - kORK VECTOR OF LENGTH N M I NV 1 7 0
18: c M - kORK VECTOR OF LENGTH N MINV 1 8 0
19 : c MINV ISC
2 C: c REMARKS MINV 2CC
21: c MATRIX A MUST BE A GENERAL MATRIX M I NV 2 10
22 : c MINV 22C
23 : c SUBROUTINES AND FUNCTION SUBPROGRAMS REGUIRED M INV 23C
2A: c NONE MINV 2 40
25 : c MINV 2 5C
26 : c METHOD MINV 26C
27: c THE STANDARD GAUSS-JORDAN METHOD IS USED. TFE DETERMINANT M I NV 2 70
28: c IS ALSO CALCULATED. A DETERMINANT OF ZERO INDICATES THAT N I NV 280
2 9: c THE MATRIX IS SINGULAR. MINV 2SC
3C: c M INV 3CC
j I: c .MINV 3 10
32 : c M INV 3 2C
3 3 T SUBROUTINE MINV(A,N,C,L,M) MINV 33C
34: DIMENSION A(1),L(1),M(1) MINV 340
35 : c MINV 35C
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36 : c . Ml NV 3 6C
37 : C M I N V 3 7C
3B: C IF A DCLBLE PRECISICN VERSICN CF THIS RCUTINE IS DESIRED, THE M INV 380
39 : c C IN CCLUMN 1 SHOULD BE REMOVED FROM THE DOUBLE PRECISION M I NV 390
4C : c STATEMENT WHICH FOLLOWS. MINV 4CC
4 1: c M INV 4 10
42: c DOUBLE PRECISION A , D , B I GA , HOLD M I NV 420
43: c MINV 43C
44 : c THE C MUST ALSO BE REMOVED FROM DOUBLE PRECISION STATEMENTS MINV 44C
45: c APPEARING IN OTHER ROUTINES USED IN CONJUNCTION WITH THIS MINV 4 50
46 : c RCUTINE. M I NV 460
47: c MINV 47C
48: c THE DOUBLE PRECISION VERSICN CF THIS SUBROUTINE MUST ALSO MINV 480
49: c CONTAIN DOUBLE PRECISION FORTRAN FUNCTIONS. AES IN STATEMENT MINV 4 90
50 : c 10 MUST BE CHANGED TO DABS. MINV 5CC
51: c MINV 5 10
52: c .MINV 5 20
53 : c MINV 5 30
54 : c SEARCH FOR LARGEST ELEMENT M' I NV 540
55: c M I NV 5 5 0
5 6: D=1 .0 M I NV 560
5 7 : N l< = - N MINV 5 7 0
58: DC 80 K=1,N M INV 5 80
59: N K = N K + N M INV 590
60 : L(K)=K MINV 6 CO
6 1 : M ( K ) = K MINV 6 1C
62 : KK=NK+K M I NV 620
63 : EIGA=A(KK) MINV 6 30
64 : DC 2C J=K,N MINV 640
65: 1Z=N»(J-1) M INV 650
66: CO 20 I=K,N M 1 NV 660
67: IJ=IZ+I MINV 6 70
68: 1C IF( ABS(BIGA)- ABS(A(I J) ) ) 15,20,20 MINV 6 80
69: 15 E1GA=A( IJ ) MINV 690
70: L ( K ) = I MINV 7CC
71: M(K)=J MINV 7 10
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72 : 2C CCNTI ME MINV 72C
7 3 : C MINV 730
74 : C INTERCbjiNGE ROWS MINV 74C
15 : C MINV 75C
76: J=L(K) MINV 760
77: IF(J-K) 35,35,25 MINV 770
78: 25 KI=K-h MINV 780
79: CO 3C 1=1,N MINV 790
80: KI=KI+N MINV 8C0
81 : HCLO=-A(KI) MINV 810
82 : JI=KI-K+J MINV 82C
83: A(KI )=A(JI) MINV 830
84: 30 A(JI) =FOLC MINV 840
85 : C MINV 850
8 6: c INTERCHANGE COLUMNS MINV 860
87: c MINV 870
88: 35 I=M(K ) MINV 880
89 : IF(I-K) 45,45,38 MINV 8 SC
SC: 38 JP=N*(I-1) MINV 9CC
91: CO 40 J=1,N MINV 9 1 C
92 : JK=NK+J MINV 9 2 C
9 '3 : J I = JP + J MINV 93C
9 4 : FCLC = -A(JK ) MINV 940
9 5 : A(JK ) =A(J I ) MINV 9 5 C
96 : 4C A(JI) =HCLC MINV 9 6 C
97: c MINV 970
98: c C1VI0E COLUMN BY MINUS PIVOT (VALUE OF PIVOT ELEMENT IS MINV 98C
99 : c CONTAINED IN 8IGA) MINV 99C

ICC: c MINV 1CC0
101: 45 I F(H I GA ) 4 8,46,48 MINV10 10
1C2: 46 C = C.C MINV102C
1C 3 : RETURN MINV 103C
1C4: 48 LC 55 1=1,N MINV1U40
1C5 : IF(I-K) 50,55,50 MINV1C50
1C6: 5C IK=NK+I MINV 1C6C
1C7: A(IK)=A(IK)/(-QIGA) M INV 1070
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1 C 3: 55 CONTINUE MNV1080
1C9: C MNV! CSC
11C: C REDUCE MATRIX PI NV 1 ICC
111: C PI NV 1 1 10
112: CO 65 1=1,N PINV1120
113: IK = M<+ I PINV1 1 30
114: HCLD=A(IK) PINV1140
115: IJ= I-N PINV1 150
116: LC 65 J=1,N PINV1UC
117: IJ=IJ+N PINVU7C
1 18: IF( I-K) 6C,65,60 P INV1 180
119: 60 IF(J-K) 62,65,62 PINVU90
12C : 62 KJ=IJ-I+K PINV12CC
121: A( I J)=HCLD*A(KJ)+A(IJ) P INV 12 10
122: 65 CONTINUE PINV1220
123 : C P I N V 1 2 3 C
124 : C DIVIDE RCk OY PIVCT P I N V 1 2 4 C
125: C PINV1250
126: ■ KJ=K-N PI NV 1260
127 : LC 75 J=1,N PINV127C
128 : KJ=KJ+N P I N V 1 2 8 C
129: IF(J-K) 7C,75,7C P I NV 1290
1 3C : 70 A'KJ)=A(KJ)/8 IGA PI NV 1 iCC
131: 75 CONTINUE PIN V 13 1 C
132: C P INV 13 20
133: C PRODUCT OF PIVOTS PI NV 1330
1 34 : C P I N V 1 3 4 C
135 : D=D*BIGA PINV I35C
136: C PINV1360
137: C REPLACE PIVOT BY RECIPROCAL MNVI370
1 '3 8: C PINV138C
139: A(KK)=1.C/BIGA PINV1390
140: 80 CONTINUE P I NV14C0
141 : C PI NV14 10
142 : C FINAL ROW AND COLUMN INTERCHANGE PINV142C
143: C PINV 1430

cn



1AA: K = N M N V 1 4 4 0
145: ICO K=(K-1) M N V 1 4 5 C
L4 6: IF(K) 150,150,105 P I N V 1 4 6 C
14 7: 1C5 I=L(K) P I N V 14 7 0
148: IF(I-K) 120,120,108 PIPV1480
14S : 1C8 JC=N*(K-l) P I N V 1 4 9 C
15C: JR=K*(1-1) P INV 15C0
151: CO lie J=1,N PIPV15 10
152: JK=JC+J PINV152C
153: HCLD=A(JK) P I N V 1 5 3 C
154: J I = JR+J PINV1540
155: A(JK)=-A(JI) PIPV155C
156: 11C A(JI) =HCLC P I IS V 15 6 C
157: 120 J=M(K) P I NV 15 70
158 : IF(J-K) ICC,ICO,125 PINV15EC
159: 125 KI=K-N PINV15SC
16C: CO 13C 1=1,N P I N V 16 C 0
16 1: KI=KI+N PI NV 16 10
162 : HCLC=A(KI) P I N V 1 6 2 C
163: J I=KI-K+J P I NV 163C
164 : A(KI)=-A(JI) P I N V 1 6 4 0
165: 130 A(JI) =1-010 P I NV 16 50
166: CO TO ICO PINV166C
167: 15C RETLKN PINV 1670
168 : ENO PINVIEEC
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1: SCBRCLTI NE DRGERT (DIFFLN, PECERV,OUTP,VAUNT) DRGE 1C
2: IMPLICIT REAL»8 (A-H,C-Z) DRGE 2C
3 : <3* *************<*****»* *4*** ****************** *************<:**********»*CR GE 3C
A : C* THIS SYSTEM HAS DESIGNED HAVING IN MINI) THE FOLLOWING *DRGE 40
5 • C* OBJECTIVES : URGE 50
6: C* *DRGE 60
7: C* 1 TO MAKE AS EASY AS POSSIBLE THE USE OF THE NLMiE- . *DRGE 7C
8 : 0* RICAL INTEGRATION PROGRAM WRITTEN BY C. GEAR. *DRGE 8 0
9 : 0* * D R G E 9 0
10: C* 2 TO TEST THE CRITERION FOR RESTRICTION OF THE *DRGE ICC
11: C* STEP SIZE BECAUSE OF ACCURACY REGUIREMENTS *DRGE 1 10
1.2: c AND THEREFORE DETERMINE IF THE SYSTEM BEING SOLVED *DRCE 120
13 : c* IS A STIFFF ONE. THIS WILL PERMIT SELECTION OF THE *DRCE 13C
1A : c* ALGORITHM TO SOLVE THE PROBLEM IN CUESTICN *DRGE 14C
15: c* EFFICIENTLY DRGE 1 50
16 : c* * C R G E 160
17: c* 3 TO GIVE THE USER THE OPTION OF CALCULATING *DRGE 17C
18: c* THE VALUES OF THE DEPENDENT VARIABLES AT CERTAIN *DRGE 180
19: c * SPECIFIC VALUES OF THE INDEPENDNT VARIABLE *DRGE 190
2 C: c* (EXACT INTERVALS). DRGE 2CC
2 1: c* < D R G E 2 1C
22: c* 4 TO ALLOW USER TO PROVIDE THE INITIAL VALLES OF * C R C F 2 20
23 : c* THE DEPENDENT VARIABLES BY CARD OR BY A SUBROUTINE *DRGE 2 30
2A : 0* *CRGE 2 4C
25: CONTINUE DRGE 2 50
26 : c* 5 TO ALLOW FOR STANDARD- OUTPUT OR SPECIAL OUTPLT *DRGE 2 60
27: CA= ROUTINE IF SC DESIRED BY USER. * D R G E 2 7C
28: c* *DRGF 280
29: c» 6 TO PROVIDE FOR PREESP EC IFICAT I ON OF PARTICULAR * D R C E 2SC
3C: c* OPTION OF SOLUTION BY USER. *DRGE 3CC
31: c* *DRGE 3 10
32: c* 7 TO ALLOW FOR SUPRESSING OF PRINTED OUTPUT OF PARA *DRGE 3 20
3 3: c* METER LIST. URGE 3 30
34: c* *DRGE 340
35: CONTINUE DRGE 350
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36 x C* *CRCE 360
37: C* TC CALL THE SYSTEM USE : *CRGE 3 10
38 : 0* CALL DRCERT(DIFFUN,PECERV,CUTP,VALINT) 4DRGE 3FC
39 : C :<: *ERCE 390
40: c* WHERE: »CRCE AGO
4 1 : c* *DRGE 4 1C
42: c* DIFFLN NAME CF THE SUBRCUTINE TC CALCULATE THE RIGHT *CRCE 420
43: c* HAND SIDE OF THE DIFFERENTIAL ECL’ATICNS *CRCE 4 30
44 : c* *DRGE 4 40
45: c« PEDERV NAME CF THE SUBROUTINE TC CALCULATE THE *CRGE 4 50
46: c* JACOBIAN. *CRCE 4 60
47: c* *DRGE 470
A8: c* CLIP NAME CF THE SUERCUTINE FOR PRINTED CUTPUT *CRGE 4EC
40: C-* + lRCE 4 9 0
50 : c* VALINT SUBROUTINE TO PROVIDE INITIAL VALUES OF TH *CRGE 5CC
51: c* DEPENDENT VARIABLES. CRGE 5 !C
52: CONTINUE CRCE 5 20
53: c* *CRCE 530
54 : c* THE LAST THREE SUBROUTINES ARE OPTIONAL AND *URGE 54 C
55: c* SHOULD BE INCLUDED CNLY IF THEY ARE *DRCE 550
55: c* REQUIRED BY THE USER. CRCE 5 60
5 7 : c» HOWEVER MUST INCLUDE THE NAMES IN *CRCL 5 ZO
5 8 : c* CALL INSTRUCTION. 4CRCE 580
5 9: c* * D R C E 5 90
60 : (;******** »*<=****** ****»*****»***»***********4****************CPGE 6 CO
61 : EXTERNAL DIFFUNt PEDERV,0UTP,VALINT DRGE 6 1C
62: COMMON /BLI<l/JrJSTART, JC, JF,MAXDER., MF,N,IE,IF,IC,IM,KFLAG CRCE 620
63: COMMON/BLK2/F,FMIN,SFL,EPS,FEPS,T,SPLM,SPLM1,DELTA,FSEL,HNAX , T1 URGE 6 30
6 4 : CCMMCN/BLK/,/ SAVE(12,25),Y(8,25),YMAX(25 ), ERROR ( 2 5 ) , Y F ( 2 5 ) DRGE 6 4C
65: COMMON/BLK5/ PW(625),PPW(625) DRGE 650
66 : C0MM0N/BLK7/ LLL( 25) ,MMM.( 25) CRGE 660
67 : CCMMCN /BLK15/ EPS1,EPS2 DRGE 670
68: COMMCN/BLK17/ JGRDER CRGE 680
69: COMMON /BLK2C/ IP CRCE 6 90
70 : CCMMCN NCFNS CRGE 7CC
71 : CALL ERRSET(208,999,-l,l) CRGE 7 1C
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7 2 : CALL FRRSET(209,999,-1,1) DR GE 7 2C
73: CALL DATARC CRCE 7 50
7^ : CALL INVAR C R C E 7 4 0
75 : CALL PARESC DRCE 750
76: C*^:***^ ***<-***>!'***❖**>:•»***»»**»**»*****<<**»***********<-**********44***44[;F3GE 76 0
77: C* IF TFE USER FAS DECIDED WHAT METHOD TO USE READ 'NF» FROM *CRGE 770
78: C* THE NEXT CARD. *CRGE 7FC
79: c * MF METHOD FLAG FCR THE INTEGATICN METHOD TC BE USED . *CRCE 790
80: c» 0 ADAM'S PREDICTOR CORRECTOR *CRGE 800
81 : c* 1 GEAR'S STIFF OPTION PROVIDING 'PEDERV *DRGE 810
82: c* 2 GEAR'S STIFF METHCC WITHOUT 'PEDERV *ERGE 820
U J • C—
84 : c CRCE 840
85 : IF(IM .NE. 0) GO TG 396 CRCE P5C
86: READ!5,1CC4)MF CRCE 860
87: 1004 FORMAT(II) CRCE 870
88 : IE = IF CRCE 880
89 : SPLM1 = SPLM CRCE 890
90 : EPS = EPSI CRGE 900
91 : WRITE(6,570)MF CRGE 910
92: 57C FORMAT!////IX,37(’*')/ CRGE 920
9 3 : I 1X,’*M!ETHOD FLAG SELECTED BY USER IS ',1X,I2,'*'/ CRCF 930
94 : j 1X,37('*')) CRGE 940
95 : CALL ESCINT CRGE 950
96: RETURN CRGE 960
97 : C CRGE 970
98: (;*****>;!*^ *************** ❖**»*******»**»******»*>i'**********4*************CR GE 9 8 0
99: C* TRY ADAMS METHOD WITH EPS = l.D-07 *CRGE 990

i r n * r1 U ♦
1C 1 : c URGE 10 1C
102: 396 IE = C CRGE102C
103: SPLM1 = O.C1DCO*SPLM CRCE1030
104: IFtSPLMl .LT. 0.5C00) SPLM1 = C.5C00 CRGE 1040
105: IFCSPLM1 .GT. l.CDCO) SPLM1 = l.ODOO CRGEI050
106: M F = C CRCE1060
107: EPS = 1.00-07 CRCE1C70
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1C8 : CALL ESCIM OR CL" 10 EC
1C9: JC = J CRCF 1090
110: H1A = T/JC CRCE 11 CO
111: URITE(6»315)EPStHlA CRGF LUC
112: 315 FORMAT (///IX FCR EPS = IX, 015.7/ * AW‘S PRECICTCR CCRRECTOR CRCE 1 I2C
113: {AVERAGE STEP SIZE IS ’,015.7) CRCF1 1 30
114 : kRITE(6,316)JORCER C R C E 1 1 4 C
115: 316 FCRNATl/lX,'THE ORDER CF THE INTEGRATION IS *,I2/) 0 R G E 1 I 5 C
1 16 : J0RD1 = JCRDER CRGE1160
1 U: Q* ** * * **-.<******** X‘*************4**************4:**4*****4*****»***» :******CRG Ell 70
118: C* TRY ACARS RETHCO WITH EPS = 1.0-04 ODRGEl 1EC
119: C CRC-E1 190r o c. r i o n12 U •
121: CALL INVAR ‘ CRCE 12 1C
122: EPS = 1.CD-04 CRCE 1220
123: CALL ESCINT C R C E 1 2 3 0
124 : JF = J C R C L" 1 2 4 0
125: H2A = T/JF CRCE 125C
126: WRITE(6,315)EPS,H2A CRCE 1260
127: WRITE(6,316)JORCER C R G E 1 2 7 C
128 : JCRD2 = JCRDER 0 R C E 1 2 F C
129: FL = { l.D-C4)*»( l.UOC/DFLCAT(JCRC2) ) C R C E 1 2 9 0
1 30: F2 ( l.D-C7)»*( l.DOO/DFLOAT(J0RD1)) CRCE 1 300
131: H2C = H1A*(F1/F2 ) CRCE 13 IC
132: WRITE(6,317)EPS,H2C CRGE132O
133: 317 FORMAT( IX, ’STEP SIZE CALCULATED FOR EPS = •,015.7,3X,•IS =•,C15.7)ORCE1330
1 34 : IF (H2A .LT. 0.9D00*H2C) PF = IM • CRCEL34C
135: IF (H2A .LT. C.9DCC*H2C) WRITE(6,318)MF CRCE 1350
136: 318 FORMAT(///IX,44(•*•)/ CRCF1360
137: 1 IX.'X-METHCC SELECTED IS GEAR"S STIFF OPTION ',11,'*’/ CRCE 1370
138: I 1X,44()) C R G E 1 3 E C
139: IF (H2A .GE. 0.9DCC*H2C) MF = C CRCE 1390
140: IF( H2A .CE. 0.9DC0*H2C) WRITE(6,321) CRGE 14CC
14 1: 321 FCRMA.T(///,1X,47( )/ DRGE14IC
142: | 1X,'*METHCD SELECTED IS ADAM”S PREDICTOR CCRRECTCR*'/ CRCE1420
143: | 1X,47(’*')) CRGE143C
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14 4: EPS = EPSI CRCE1440
14 5 : SPLP1 = SPIN CRGE 14 5C
145 : IF = IF CRGE14E0
147: CALL INVAR CRCE1470
148 : CALL ESCINT DRGE14 EC
149: RETLRN CRGE 1490
150: 852 MF = C CRGE15C0
151 : CALL INVAR - CRCE151C
152: CALL ESCINT CRGE152C
153: RETURN CRGE1530
154: END CRGE154C



1
2
"3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
2 5
26
27
2 8
2 9
30
3 1
32
33
3 4
35

K>

c * * * » * 
c*

SUBROUTINE DATARD DATA 
IMPLICIT REALES (A-H,C-Z) DATA 
IMPLICIT INTEGER*4 (0) DATA 
EXTERNAL CIFFUN,PECERV,OUTP,VAL INT DATA 
COMMON /BLK 1 /J , JSTART,JO,JF,MAXCER,MF,N, IE, I F, 10, IM,KFLAG DATA 
CCMM0N/BLK2/H,HMIN,SEL,EPS,FEPS,T,SPLM,SFLM1,DELTA,FSEL,HNAX,T1 DATA 
C0MM0N/BLK4/ SAVE( 12,25),Y(8,25),YMAX(25 ) ,ERROR(25) ,YF(25) CATA 
C0MMCN/BLK5/ PW(625) , PPW ( 625 ) CATA 
C0MM0N/BLK7/ LLL(25) , MMM(25) CATA 
C0MMCN/BLK8/ 0HEADI2C) CATA 
COMMON /BLK9/YK25) CATA 
COMMON /BLK15/ CPS1,EPS2 CATA 
COMMON /BLK2C/ IP CATA 
CON MON NCFNS CATA 
:*<:**********❖***** *********»»***********4**»4********************<:CAT A

1C 
2C 
30 
40 
5C 
6 0 
7C 
FC 
90 

ICO
I 1C 
12C 
1 3 0 
14C 
1 5C
k V U
l 7C
1 ec 
19 0 
2C0
2 1C 
220 
2 30 
24 0
25C 
260 
270 
2FC
2 90 
3C0
3 1C 
320 
330
3 40 
350

C 0 A IA
3535 READ(5, 1CC5) (CHEAD(I) , 1 = 1,20) CATA
1005 F0RMAT(2CA4) CATA

C CATA
Q >;? i): V * * * X‘ * v * v * »i? * # * * * t << >;• » (i t (< 11- <' >} t iKi * t111 * * * * * * 4 < < 4 t 4 t ♦ i1 <> t t 4 t11 4 4 [ A ] A
C* READ THE FOLLOWING PARAWETRS *CATA
C* IE 0 IT IS NOT REQUIRED OUTPUT AT EXACT INTERVALS *CATA
C» 1 IT IS RECUIREC OUTPUT AT EXACT INTERVALS *CATA
C* 10 C IT IS DESIRED STANDARD OUTPUT *CATA
C« 1 USER IS TO INCLUDE HIS OUN OUTPUT SUBROUTINE *CATA
C* IV 0 INITIAL VALUES PRCVIDEC THROUGH PUNCHED CARDS *CATA
C* 1 INITIAL VALUES kILL BE PROVIDED PY SUBROUTINE =»CATA
C- ’VALINT’. *CATA
C* IN 0 THE USER DECIDES WHICH METHOD TO USE *CATA
C* 1 THE USER WANTS THIS SYSTEN TO DECIDE BETWEEN *CATA
C* ADM'S PREDICTOR CORRECTOR AND GEAR'S STIFF *CATA
C* METHOD ( 'PEDERV MUST EE PROVIDED) DATA
0* 2 THE USER WANTS THIS SUBROUTINE TO DECIDE =»CATA



u>

3c: C» BETWEEN ACAPS P.C. AND GEAR'S YETFCS .OPTION 2 * C A T A 3 60
37: C* (IN THIS CASE THE JACOBIAN IS APPROXIMATED NU- * C A I A 3 70
3 8 : C* MERICALLY BY GEAR'S PROGRAM. *CA 1 A 3 80
38 : IP C THE USER kANTS THE PARAMETERS TO BE PRINTED <CA TA BSC
AO : c* 1 THE USER UANTS TO BE SUPPRESSED THE PRINTING OF THE *C ATA AGO
Al : c* INTEGRATION PARAMETERS * C A 1A A 10
A 2 : r —. A 20L.~* L> i' • M

A3: c DATA A 3 0
AA: REAC(5,10C3) IF, IOf IV, IM, IP DATA A AO
A5: 1 003 FCRMAT(5I1) DATA A5C
AT,: c DATA A6C
A7: c DATA A 70
A8: c DA TA AEG
A 8 : c* ********************************************  ******************** * * * * * * D A I A ASG
50: c* READ THE FOLLOWING PARAMETERS: *CA T A 5 00
51 : c* SEL INTERVAL IN WHICH IT IT DESIRED OUTPUT *CA TA 5 10
52: c* N THE NUMBER CF ECUATICNS * C A I A 5 20
5.3: c* EPS THE ERROR ALLOWANCE * C A T A 5 30
5A: c* T TEE INITAL VALUE OF THE INDEPENDENT VARIABLE *CA T A 5AG
55 : c* SPLM THE SUPERIOR LIMIT OF THE NUMERICAL INTEGRATION * r, A T A 5 50

5 60Cf
5 I". c LATA 5 /O
5 8: c DA TA 58C
59: RCAD(5,1CCC)SEL,N,EPS1 ,T1 ,SPLM LATA 5SC
60: 1000 F0RFAT(D6.2, 3X,I2 , 3(3X,D6.O) LATA 600
61 : C DATA 6 10
62 : C DA LA 620
6 3 : £$*#4*$** $$ ****** ***************** *:0t»************** ’!‘***$**:t*********:M**OATA 630
6A : C* TEST IF TEE INITIAL VALUES OF THE DEPENDENI VARIABLE WILL BE READ *CATA 6A0
65 : C*FRCN CARCS CR V^iILL BE CALCULATED GY A SUBROUTINE *DA TA 650
66: 660c
67: c LATA 670
6 8 : IF ( IV .EC. 0) GO TO 2510 DATA 680
69: c DATA 6SC
70: CALL VALINT(Y1,N) DATA 700
71: GO TC 2511 DA TA 710



72 : C DATA 72C
73 : C ****************************  ❖******4:**ii‘44*****>!<********444**4*****4****[; A TA 7 3 C
74: C» READ THE INITIAL VALUES CF THE DEPENDENT VARIABLES *CATA 74C
75: C* IF THE USER IS GOING TO PROVIDE THE INITIAL VALLES BY CARD ♦CATA 750
7 A • L ——————— — ———— — — - L M | H 1 C. U
77: c CATA 77C
78: 2510 CONTINUE CATA 780
79 : REAC(5,101C) ( YKI), 1=1,N) DATA 7SC
8C: 101C FCRNAT(5(D12.4,4X)) CATA 8CC
81: C CATA 810
82 : 2511 RETURN CATA 82C
83 : END CATA P3C
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1 : SLl'-RCLTINE P4RESC PARE 1C
2: IMPLICIT RE AL*8 (A-H,Q-Z) PARE 20
3 : IMPLICIT IMEGER»4 (C) FARE 3C
A : EXTERNAL C IFFUN,PECERV,CL TP,VAL INT PARE 4 C
5: COMMON /bli<i/j,jstart,jc,jf,maxcer,mf,n,ie,if,ic,im,kflag PAPE 50
6 : CGMMCN/BLK2/F,hMIN,SEL,EPS,FEPS,T,SPLM,SPLM1,DELTA,FSEL,HMAX,T1 FARE 60
7 : CCMMON/BLKA/ SAVE(12,25),Y(8,25 ),YMAX(25 ),ERROR(25),YF(25) PARE 70
8: CCMMON/BLK5/ Ph(625) ,PPk(625) PARE EC
9: COMMO,M/8LK7/ LLL( 25) ,M!MM( 25) PAPE 90
1C: CCMMON/8LK8/ CHEA0(20) PARE ICC
11: COMMON /BLK15/ EPS1,EPS2 PARE 1 10
12: COMMON /BLK2C/ IP PAPE 120
13 : COMMON NCFNS PARE 1 30
1A : C PARE 140
15: IF (IP .EQ. 1 ) PARE 150
16 : I RETURN PARE 160
17 : C***»»***********************»****************4*»******4*4*****»******4*PARE 1 70
18 : C'.= kRITE ALL THE PARAMETERS TO THE NUMERICAL INTEGRATION * F A R E 180

ISC1 v 5

2C : C PARE 2CC
2 1: C PARE 2 10
22: kRl TE(6,1C2C)OFEAU FARE 220
23 : 1020 FORMAT(1H1/////1X,20A4) PARE 2 30
2^i : kRITE(6,lC3C)SEL, N,h,FMIN,EPSl,MAXDER,T PARE 240
25: 1030 FORMATl 1H-, 'OUTPUT AT INTERVALS OF ',09.2/ PARE 250
26: 1' NUMPER OF EQUATIONS IS ',12/' INITIAL STEP SIZE IS ',09. 2/ PARE 260
27 : 2' MINIMUM STEP SIZE IS ',09.2/' TOLERANCE IS ',09.2/ PARE 2 70
28 : 3' MAXIMUM DERIVATIVE TO BE USED IS ',11/' INITIAL VALUE OF THE INCPAPE 280
29: AEPFNLENT VARIABLE IS ' ,09.2) PAPE 290
3C: kRITt(6,1041)HMAX,SPLM PARE 2 CO
31: 1041 FORMATl IX ,'MAXIMUM STEP SIZE ALLCkEC IS ',015.6/ PARE 310
32: 1' SUPERIOR LIMIT OF THIS INTEGRATION IS l,D15.6) FARE 320
3 3: IF(IF .EQ. 1 ) PARE 330
34 : I kRITE(6,52C) PARE 340
35: 520 FORMATl IX,'EXACT INTERVALS kILL BE PROVIDED') FARE 350
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36: IF ( IO .EG. 1 ) PAPE 360
37 : I WRITE(6,525) PARE 3 7C
3.3 : 525 FCRNATtIX, •THE USER IS GOING TO INCLUDE FIS OUTPUT SUBROUTINE ') PARE 3 EC
*4 * IF(IV .EQ. 1 ) PARE 3SC
4 0: | hRITE(6,53C) PARE 4C0
4 1: 530 FCRNATllX ,'THE INITIAL VALUES WILL BE PROVIDED BY THE SUBROUTINE PARE 4 1C
42: • * ' VALINT*• • ) PARE 420
43: I F ( IM .EQ. C ) PARE 4 30
44 : I WRITE(6,54O) PARE 4 40
45: 54C FORMAT(IX, * THE USER HAS SELECTED THE INTEGRATION METFCD*) PARE 45C
4 6: IF( IM .EC. 1) PARE 460
47 : I WRITE(6,55C) FARE 4 ?C
4 3 : 550 FORMATdX,’ADAMS PREDICTOR CORRECTOR OR OPTION 1 OF GEAR”S stiffpare 4 EC
4C;: I METHOD WILL BE SELECTED’) PARE 4SC
50: IF (IM .EQ. 2) PARE 50 ()
51 : I WRITE(6,560) PARE 5 1C
52: 56C FCRMATt LX,'ADAM' ’S PREDICTOR CORRECTOR OR OPTION 2 OF GEAR”S ST I FPARE 5 20
5.3: •F METHOD WILL BE SELECTED') PARE 5 3 0
54 : WRI TE (6,1040 ) (Y( I , I ) , I = 1,N ) PARE 54 0r cr . 104C FORMAT( 1HC THE INITIAL VALUES OF THE DEPENDENT VARIABLES ARE V PARE 5 5 0
56 : 1 10(2X,D12.4)//// ) PARE 560
57: LIN = 60 PARE 57C
58 : RETURN PARE SEC
5S: END PARE 590

f—1CaJCTi



1: SUBRCUTINE INVAR INVA 10
2 : IMPLICIT REAL*8 (A-H,C-Z) INVA 2C
3 : EXTERNAL L’lFFUN.PECERVrCUTPfVALlNT INVA 30
4 : COUPON /BLKl/JtJSTARTtjC,jF7.PAXDER,NF,N,rEi,IF,IC,IP,KFLAG INVA 40
5: CGPiMCN/BLK2/hthMlN,SEL ,EPS,FEPS, T,SPLM, SPLM1 ,DELTA,FSEL ,HNAX ,T1 INVA 50
6: CCPNCN/BLKA/ SAVE(12,25),Y(8,25 ) ,YMAX(25 ),ERROR(25 ) ,YF(25 ) INVA 60
7: CGPPCN/BLK5/ Pk(625) ,PPU(625) INVA 70
8: COMMON/BLK7/ ILL(25),MMM(25) INVA 80
9 : COMMON /BLK9/YU25) I N V A 90
1C: COMMON /8LK1C/ LIN INVA ICC
11: COMMON ZRLK15Z EPS1,EPS2 INVA I 10
12 : COMMON NCFNS INVA 120
13: C IN VA 1 3 0
1A : C INVA 140
15: C, ❖*’M>M4-ii‘<,*44***<’C<*’(':<‘*4$:»*’Cl*4l<'4<**4*****************><<***<'*<«*<,**,4,********<,IN9A 150
16 : c INITIALIZE ALL TEE VARIABLES RFCLIRED BY TFE NLMERICAL * I N V A 160
17: c* IMECRAT I ON. » I N V A 1 10
18: c* NOFNS ACCUMULATE 1 HE NUMBER OF FUNCTION EVALUATIONS * I N V A 180
19 : c* J NUMBER OF STEPS TAKEN *INVA ISO
2C: c* H STEP SIZF TC BE ATTEMPTEC ON TEE NEXT STEP 4 IN V A 200
21 : c* EMIN THE MINIMUM STEP SIZE THAT CAN BE TAKEN IN TEE * IN V A 2 10
22 : c* NUMERICAL IN TECRATION. INVA 220
23: c* MAXDER THE MAXIMUM CRCER OF TEE INTEGRATION 4 IN V A 220
2A: c* JSTART REFER TO GEAR’S PROGRAM COMMENTS FCR EXPLANATION * IN V A 240
2 5 : c* YMAX ARRAY USEC BY GEAR METHOD MLST BE ASSIGNED VALUE * I N V A 250
2 6 : C>:< OF UNITY TC EACH OF- ITS ELEMENTS BEFORE STARTING 4 I N V A 260
27: C* THE NUMERICAL INTEGRATION. * INVA 270
*7 n • r — — — 2 p cc (» • C
29 : c INVA 250
3C : T = T1 INVA 3 00
31: NCFNS = 0 INVA 3 10
32 : J = 0 INVA 320
33 : JSTART = 0 INVA 330
-I zt • H = l.D-CA INVA 3 40
35 : LIN = 60 INVA 3 50



36: hPIN = 1.OC-1O IN V A 3 6 0
37: jVAXUER = 6 INVA 3 70
39: C IN V A 3E0
39: C INVA 390
AO : CC 55 I = 1,N INVA AGO
Al: Y:VAX(I) = l.CCC INVA A 10
A2: 55 CCNT INUE INVA A 20
A3 : C INVA A 30
A A : c INVA A AC
A5: c ******** * ***********************************  j-t**************************^^^ A5C
4 6 • C*SET CTFER VARIABLES TC PROPER VALUES BEFORE STRATING THE INTEGRATICN*INVA A6C
A 7 : C* HNAX THE PAXINUN STEP SIZE THAT CAN BE TAKEN IN THE INTEGRATION*INVA A 70
A a : C* FEPS IS THE PAXINLM ERRCR ALLCUANCE FCR THE SYSTEM THAT *INVA A8C
A9:
5C:

C* IS
r — — — — —

BEING INTEGRATED. IS THREE ORDERS OF MAGNITUDE LARGER THAN EPS*INVA A90
500L

5 1: c INVA 5 10
52: FN.AX = SPLM INVA 520
53 : Q****» ««*«*«**«*«*«««#*«**«***#********««**  **^«***4<«*««#********«**«*[\VA 5 30
5 A ; C* A VALLE EGLAL TC THE INTERVAL IN GUESTICN * INVA 5 A C
5 5:
56 :

C* IF EXACT INTERVAL ARE RECL'IRED THE MAXINUM STEP SIZE IS ASSIGNEE *INVA 5 50
560c *■

57: IF (IF .EC. 1) UMAX = SEL INVA 5 70
5a : c INVA 5EG
59: c INVA 5 90
60 : FEPS = EPS1*1.D+O3 INVA 600
6 1: DELTA = SEL INVA 6 10
62: FSEL = SEL INVA 620
6 3 : c INVA 630
6 A : CO 60 I = 1,N INVA 6 AC
65: 60 Y ( 1, I ) = Yl( I ) INVA 6 50
66 : RETURN INVA 660
67: EMJ INVA 670

H
CJ
CO



1 
2 
3 
A 
c

6 
7 
8 
9 

1C 
11 
12 
13 
14 
15 
15 
17 
18 
19

2 1 
22 
23
2 4 
25 
26 
27 
28 
29 
3C 
31
3 2
3 3 
34 
35

SL'PRCLTINE ESCINT ESC I 1C
IMPLICIT REAL*8 (A-H,Q-Z) ESC I 20
EXTERNAL C IFFUN,PECERV,OU TP,VALINI ESCI 3C
CTWCK /BLK1/J, JSTARTt JO, JFfMAxCER,MF,N, IE, IF, IO, IM,KFLAG ESCI 4C
COP MON/BLK2/H,HP IN,SEL , EPS,FEPS,T , SPIN , SPLN 1,CELT A , FSEL,FFAX , T1 ESC I 50
CCNMON/BLK4/ SAVE( 12,25),Y(8,25),YMAXt 25) ,ERROR!25) ,YF(25) ESCI 60
CON NGN/8LK5/ PW(625 ) , PPW(625 ) ESCI 7C
CCNNGN/BLK7/ LLL(25) ,NNN(25) ESC I 80
COMMON /BLK1O/ LIN ESCI 90
CCNNCN/BLK17/ JCRCER ESCI ICC
COMMON NCFNS ESC I lie

C*********** 4 ***44 i*************** ************* ****<:*i!<**4************>i‘***ESC I 120
C* INCREASE BY CNE THE NUMBER OF STEPS TAKEN BEFORE PERFORMING *ESCI 1 30
C* THE NEXT CNE. * ESC I 140

15 0</
C ESCI 160

JSWIE = 3 ESCI 1 7C
KFLAG = 1 ESCI 180

80 J = J + 1 ESCI ISO
JSUTE = JSUIE + 1 ESCI 20 0
IF (KFLAG .GT. C) TO = T ESC I 2 10

C ESCI 2 20
C ***** v*****************************************************************E$ci 2 30
C* •TO' CONTAINS THE INDEP. VARIABLE VALUE BEFCRE INTEGRATION STEP ESC I 240

9 R f IL v 1 c D'J

C ESCI 260
IF(IE .EC. 1 ) TO = T ESCI 270
IFIJSWIE .EQ. 1 ) GO TO 315 ESCI 280
IF(JSWIE .NE. 2 ) GO TO 315 ESCI 290
H = DT ESCI 3CC

c***********************************************************************esc I 3 10
C* PERFORM ONE INTEGRATION STEP ♦ ESCI 320

□ *2 CL j v 1 3 — U

C ESCI 340
C ESC I 350
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315 CONTINUE ESCI 360
37 : CALL CEAR/^F (N, T, Y, SAVE,h, HM IN , HMA X , EPS, M F , YJv A X , ER RCR , KF LAG r J START ,ESC1 370
38 : 2 ^AXOER,P^rPP^,LLL,^YPTCIFFUh,PECERV) ESCI 3EC
39: C ESCI 390
AO : C ESCI ACC
A 1: C**********************$»****»****»******»*********************4*»******ESCI A 1C
A2: C» TEST IF THE PREVIOUS STEP hAS SUCCESFUL *ESCI A2C
A3: C- *ESCI A30
A 4 • L. L. «j kz L "i 1 L*

A5: C ESCI A5C
A6: IF (KFLAG .LT. 0 ) GO TO AGCO ESCI A60
A 7 : ***»***<« ***********»<'***»******<'***4******»***********************ESCI A 7 0
A8: C* TN CONTAINS THE VALLE OF THE INDEPENCENT VARIAELE AFTER THE INTEGRA<ESCI AFC
A9: C<= TICN STEP HAS BEEN EXECUTED. *ESCI A90

5 1 : IF (IE .EC. 1) TN = T ESCI 51C
5 2: C ESCI 520
53: C ESCI 530
5A : C ESCI 5AC
55 : q x:*********************************»***********************44**********<ESCI 550
56: C* TEST IF TFE EXACT INTERVAL FEATURE HAS BEEN RECUESTEC *ESCI 560
57 : C* IF NOT SKIP THE CORRESPONCING INSTRUCTIONS *ESCI 570
> n •
59: C ESCI 590
60: IF ( IE .EG. 0 ) GO TO AGCO ESCI 6CC
61 : C ESCI 61C
62: C*»***<* **************************************  * j{.*******4*******4********ESC I 6 2 0
6 3 : C* IF TFE NEXT EXACT POINT HAS BEEN EXCEEDED CETERNINE THE EXCESS *ESCI 630
6A : C* AND REPEAT THE PREVIOUS INTEGRATION STEP WITH A NEW STEP SIZE SUCH *ESCI 6AC
65: C* THAT THE REPEATED STEP WILL GIVE THE VALUE OF THE INCEPENCENT VARIA *ESCI 650
66: C« OLE EXACTLY AT THE POINT DESIRED *ESCI 660
c ! - L J v I Cj • xj
68: C ESCI 680
69: IF(T .LT. CELTAY0.SS99DCCIGO TO AGCO ESCI 690
70 : CT = TN - TO ESCI 7CC
71: H = DELTA - TO ESCI 710

o



7 2:
73:

DELTA = DELTA + SEL 
1F(CA8S(H) .LT. 1.D-C6) GC TO 4CCC

ESCI 72C
ESCI 730

74 : J ST ART = -1 ESCI 74C
75: J SV.1 IE = 0 ESCI 75C
76: CO TO 8C ESCI 76C
7 7: C ** ********* <' ***4******4****4**************»****************<‘***»*4‘**<‘<‘*ESCI 7 7 0
IV.: C* DETERMINATION OF THE PRCBLEM IN THE INTEGRATION STEP AND CORRECTIONS*ESC I 78C
7 9 * L •J v 1 f v v
80: 4uC0 CONTINUE ESCI 800
81 : I F(KFLAG.GT.0 ) GO TO 81 ESCI 81C
82 : IFIKFLAG.EC. -1) JSTART = -1 ESCI F2C
83: IFIKFLAG.EG. -2) k. RI T E ( 6 ♦ 2 2 5 ) ESC! 830
84 : 225 FORMAT(1H-,‘THE MAXIMUM ORDER SPECIFIED IS TCO LARGE1) ESCI 840
85 : IFIKFLAG .EG. -3) WRITE(6,230) ESCI F5C
8 7j: 23C FORMAT( 1H-, ’CORRECTOR CONVERGENCE NOT ACHIEVED FCR H.GT.EMIN’) ESCI 860
87: IFIKFLAG.EG. -4) WRITE(6,235) ESCI 870
88: 235 FORMAT( 1H-RECUESTEC ERROR IS SMALLER THAN CAN BE HANDLED1) ESCI 880
84: IFIKFLAG.EQ. -4) GC TO 579 ESCI 840
40: IFIKFLAG .NE. -1) GO TO 96 ESCI 900
51: IF(HM IN. LT. 1.0-09 ) WRITE(6,666)HMIN ESCI 910
<52: 666 FORMAT( 1H-, 12X PROGRAM TERMINATED HMIN = ’,015.6) ESCI 920
0 3: HM. IN = HMIN/2.DC0 F S C I 9 3 0
44 : CO TO 80 ESCI 940
45: 81 CONTINUE ESCI 45C
46: C**************************************************»**»*****************ESCI 960
47 : C* SAVE THE ACTUAL ORDER OF THE INTEGRATION BEFORE ASSIGNING NEW *ESCI 970
48 : C* VALUE TC JSTART *ESCI 480
*3 7 * U - L-

ICO : C ESCI1CCC
10 1: JCRDER = JSTART ESCI 10 1C
102: JSTART = 1 ESC I 1020
103: C ESC I 1030
1C4 : !■/*</»****************************************************************£SC  I 104C
1C5 : C* CHECK IF IT IS TIME TC PRODUCE PRINTED OUTPUT *ESC I 1C5C

1C7: C ESCI 1070



1C8 
ICG
I 1C 
1 1 1 
112
I1 3 
114 
115 
1 16 
1 17 
118 
1 15 
120 
121 
122 
I 2 3 
1 24 
1 2 5 
126 
127 
128 
1 29 
130 
131 
132 
133 
134 
135 
136 
137 
1 3 8 
139 
140 
14 1 
142 
143

IF(T .LT. FSEL*0.9999CCC ) GO TO 95 ESCUC8C
IF (SPLF1 .NE. SPIN) GO TC 95 ESCUCSC
FSEL = FSEL + SEL ESC I 1 ICC

C ESC I 11 10
C»***<: ********* * ***************4***4 ********************4*4*******44****[;sci 11 2 C
C* TRANSFER THE VALLES OF THE DEPENDENT VARIABLES TC THE OUTPUT VECTOR *ESCIU20 
c------------------------------------------------------------------------------- ESCI 1140
C ESCI115C

CO 22 2 I = 1,N ESC I 1 16C
222 YF( I ) = Y( 1, I ) ESC I 1 1 70

C ESCIU8C
C***********************************************************************ESC111SC 
C* TEST IF THE USER IS GOING TO INCLUDE HIS CUN OUTPUT SUBROUTINE *ESCI12C0 
C*IF NCT THE STANDARD UPTUT ROUTINE WILL BE EXECUTED *ESCU21C 
c------------------------------------------------------------------------------ E SCI V22C 
C ESCI 1230

IF ( 10 .EC. 0) GO TC 41CC ESC1124C 
C***************<*******************************************************ESCI I 26 C 
C* IHIS SLBRCLTINE WRITTEN BY THE USER ALLOWS HIP TO PRINT ANY OF THE *ESCI12CO
C*FCLLOWING DATA: *ESC 1 1 270
C* N NLNBER OF ECUATICNS *ESCI 1 2 FC
c* T INDEPENDENT VARIABLE (NCRPALLY TIRE) *ESC I 1290
C* J NUMBER OF STEPS TAKEN UP TC THIS POINT IN THE NLP. INT. *ESC I 1 300
C* YF A VECTOR CCNTAINIG THE VALUES OF THE DEPENDENT VARIABLES *ESCI 1310
c* IT HAS ' N" ELEMENTS. ESC I 132C
c* SAVE TWO DIMENSIONAL ARRAY CONTAINING THE DERIVATIVES IN * ESC I 13 30
c* THE SUBARRAY SAVE(N2,I)) WHERE N2 = N*10 + 1 * E S C I 1 3 4 C
c* REFER TC GEAR PROGRAM FCR MCRE INFORMATION ABOUT THIS *ESCI 135C
c* PARAMETER ESC I 1 360
c* SEL TIME INTERVAL FCR PRINTING *ESCI1370
c* CT PREVICLS STEP SIZE *ESCI I3EC
c* NOFNS NUMBER CF FUNCTION EVALUATIONS UP TC THIS POINT *ESCI 1390
r ■ rL * '"*l j I I 1 *t L U
c ESCI 14 1C
c ESC 11420

CALL OUTP(N,T,J» YF,SAVE,HtDT,NOFNS) ESCU430

142



Hi A
14 5 
146 
147 
143 
14<;
15 C 
151 
152 
153 
154 
155 
156 
157 
153 
155 
16C 
161 
162
16 3 
164 
16 5 
166 
167 
168 
165 
170 
171 
172 
173 
174 
175 
176 
177 
178 
175

: GO TO 95 ■ ESCI1440
: C . ESCI 145C
: C • ■ ESCI146C
: C::'****:t:i5,****************:<t*,i‘*,1‘*******:******:<<******r,ir*,i,***44***#**,***<r*****ESC I 14 7C
: C* STANCARC CUT PUT ■ S ECT I ON -i =»ESCI14EC
: C-------------------------------------- ------- ---------------- ---------------- ESCI149C
: C ■ ■ ESC I 15CC
: . 4 IOC CONTINUE ESC I 15 10
: IKLIN .IE. 56)60 TO 963 ESCI152C
: 57hRITL(6,lC5) ■ E S C I 15 3 0

105 FORMAT! 1H1,3X,'DE. EV. •, ’ ACC UM. STEPS•j6X,•STEP SIZE', ■ ESCI1540
: 1' INCEP. VARIABLE', 2X, ' DEP.; i VAR ( 1) DEP.VAR(2) aiJMIh ' FSCI155C
: LIN = 4 E S C 1 15 6 C

963 WRITE(6,91)N0FNS,J,H ,T ESCI157C
. 91 FCRMATIlh , 3 X , 16,2 X , I 6 , 1C X , C 15.8 , 1 X , D 14.7 ) ESCI15EC

: kRITE(6,1950) ' (YF( I ) , I=-1,N) ESC1155C
: 195C FCRNAH 1H+,58X,4( IX,015.8,IX)J6(/1X,58X,4(1X,C15.8,IX))) ■ ESCI16CC
: LIN = LIN + 1+ N/4 ESCII610
: C ESCI162C

C*********❖*»**********»**********»»»***»*******4'*******»»**»*»*****4*4*ESCI1630
: .C* TEST IF ThE INTEGRAT I ON HAS REACHED THE SUPER ICR ■ UIM I T *ESC11640
: C------------------------------------------------------------------------------- ESC I 1650
: C ESCI166C
: 95 IF ( T.LT.SPLM1) GO TO 8C ESCI1670
: C ESCI168C
: IF( SPLM1 ..NE. SPLMHGC TC 96 ■ ESCII6SC
: 'wR ITE (6,9 9 JNOFNS ■ ESCI17C0
: 99 FCRMATIIHO,'TOTAL NUMBER OF FUNCT ION EVALLATICNS* , 16) ESCI171C
: 96 CCNTINLE ESCI172C
: RETURN ESCI173C
: C ESCI174C
: C ESCI175C
: . C********************************************************************  * * * E SC I 17 60 
: .C* IF IHE ERROR REQUESTED HAS BEEN SMALLER.THAT CAN BE FANCLED *ESCI1770 
: C* INCREASE IT .IP TC A MAXIMUM CF 1.0E+03 TIMES THE .TN ITI AL-ERROR *ESCI17EC
: .C4 USING INCREMENTS .CF 1.CE + C1 EACHdlME •: . <£3011790

u>



18C: - ------------------------------------------------------------------------------------------------------------------------------- ----ESCU8C0
18 1: C ESC 118 10
182 : 579 EPS = EPS*10.CC0 ESCI 1820
183: IF (EPS .GI. FEPS) GC TC 581 ESC I 182C
184: kRITE(6,58C)EPS ESC 11840
185 : 580 FCRP/1T (IX ,'NEW TOLERANCE IS' , D15.7) ESCI 1850
186 : JSTART = -1 ESCI I860
187: GC TC 8C ESC I 1870
188: 581 ITE ( 6,582 ) FEPS ESC I 1880
189 : 582 FORMAT(IX,'ERROR THAT CAN BE HANDLED GREATER THAN ',015.7/ ESCI 1890
ISC: | IX, * PROGRAM TER.vi NATED' ) ESC I 19CC
191: 3535 STOP 3535 ESC I 1910
192: 3333 RETURN ESCI1920
193: END ESCI1930

144
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GENERAL PROGRAM LINKAGE

Figure A.l



NA IN CATE - 74321 04/37/52 PAGE CC01FCKTRxii-i IV G LEVEL IS

CLO 1
CCC2
CCC3
CCG4
CC 0 5

implicit real»s ia-h,c-zi
EXTERNAL C IFFUN>PECERVtCUTP,VALINT 
CALL DRGERT(0IFFLN,PECERV,CUTP,VALINT) 
STEP 
ENC

m



FCii (RAN IV G LEVEL 1-; DIFFLK CATE = 7^321 04/37/52 PAGE CCC1

C C C 1 
CC J2 
CCL3 
CCCV. 
0 C ■j 5 
C C C 6 
CCC7

SLCRCLTINE 0 IFFLN(T,V,DY)
IMPLICIT REAL*£ (A-h,0-Z) 
CIEERSICR Y(8,3),DY(3) 
CCFPCN i\CF!\S 
^Cr^S = NCFNS + 1
OY(L) = -0.04CC0*Y(L,1) + 1CCCO.DCC*Y(1,2)*Y(1t3> 
0Y(2) = C.CADCC^Y(111) - 1CGCC.C00*Y(1,2)*Y(1,3)

1 - 3.C+C7*(Yll,2)**2)
ccce
ccc$
C01C

DY(3) = (3.C+O7)*(Y{1,2)»*2)
HETLRN
END



IV c LEVuL 1C PECcRV CATE = 74321

SLERCLTINE PECERVI T,Y,Ph,P)
IMPLICIT REAL*6 (A-H.Q-Z)

c<-^ C J PENS I Ch Y (8,3 ) , PW(3,3 )
CCC-'i Pkt 1 ,1) = - C.C4

Phil,2) = ( l.D + C4)*Y( 1,3)
Ph (I, 3) = ( 1 . C + 04 ) »Y ( 1,2 )

CCC7 Ph(2,1) - C.C4
CGCS Ph (2,2) = t-l.D + C4)*Y(l,3) -(6.D+C7),*Y(1,2)
CCCY Ph(2,3) = (-l.C+04)*Y(1,2)
CC1C PV(3,1) = C.C
ccll Ph(3,2) = (6.D+C7)»Y(1,2)
CCL2 Ph(3,3) = 0.0
ceil RETLRt,
CC14 c,\o

04/37/52 PAGE CCC1
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PisGL’LE^ 3.1 A SYSTEM CF REACTICN RATE EQLATICRS

CLJPLJ AT IXTEkVALS CF 0.10C 01
NLFrttzR OF EOLATIONS IS 3
IM'TiAL STEP SIZE IS C.1CD-C3

i A I M C P STEP SIZE IS C.1CC-G9
TClERAACE IS C.1C0-C4

.’-.IXl.'-uF DERIVATIVE TO 3E LSEC IS 6
IMTIAL V-LUE CF T;--E IfcCEFEKCENT VARIABLE IS C.O
.-•'AJiIFLP STEP SIZE AlLCutC IS O.ICCOOOD 01
SLPERICR LIMIT CF THIS IMEGRATICA IS 0.4CCCC0C 02
EXACT INTERVALS hILL BE PRCVIDED
ACAMS PRECICTCR CCRRECTCR CR CPTICA 1 CF GEAR«S STIFF METHOD WILL BE SELECTED

THE INITIAL VALLES CF THE DEPENDENT VARIABLES ARE
L.iCOCC Ci 0.0 C.O

FCR EPS = O.lCOCCOOC-06
ADAM'S PRECICTCR CCRRECTCR AVERAGE STEP SIZE IS

THE CfDcR CF THE INTEGRATION IS 1

0.3571021C-03

FCR EPS = C. 1CCCCCCD-C3
ADAM'S PRECICTCR CCRRECTCR AVERAGE STEP SIZE IS 0.52067730-03

THE ORDER CF THE INTEGRATION IS- 1

STEP SIZE CALCULATED FCR EPS = C.10000000-03 IS = 0.35710210 CO 

osETHCD Si-LECIED IS GEAR'S STIFF CPT1CN 1*

149



CE. L"V. ACCll*1. STEPS STEP SIZE INCEP. VARIABLE CEP. VAPID DEP. VARI2) ....

5^ 21 C.462511480'-01 0.1C0CCC0C 01 C.96646452D 00 0.307470340-04 0.335C4734D'-01
LI 28 C.23.6278860--01 0.2CCCCCC0 Cl 0.94 IE 13880 CC 0.270184580-04 C.583591040 -01
E B 3 5 C.SCE2C66S0'-01 0.3CCCCC0D 01 0.921901150 00 0.243828060-04 0.780744680--01

103 41 0.5905434 ID--0 1 0.4COCCCCD Cl 0.905534090 cc 0.224065970-04 0.944435040 -Cl
i 17 4 6 C.59C54341U--01 0.5COCCGCO 01 0.891531300 cc 0.208540880-04 0.108447840 00
", ? 3 51 0.461084950 CO 0.6C0CC000 01 0.879235250 00 C. 195S6548D-C4 0.120695150 CO
129 54 0.461G84S5D 00 0.7CCCCCC0 Cl 0.868387550 cc 0.185511220-04 0.131593900 CO
I 3 5 5 7 €.461084950 GO 0.8C0CC003 01 0.858561080 00 C. 176648470-04 0.141421250 CO
1<>L 60 0.46 1CE495D CO C.9CCCCCC0 Cl 0.8496C837D cc 0. 169013580-04 C. 150374730 00
D7 63 C.461CE4950 CO 0.ICCCCOOD 02 0.84137994C co 0.162347C10-04 0.158603830 CO
153 6 6 0.461084950 co 0.11CCCCCD C2 0.833762270 cc 0.156460070-04 O.166222CEO CO
159 6 9 C.46 1064950 co 0.12CCCCCU 02 0.826666850 cc 0.15121156C-C4 0.173318030 00

72 0.46 1084950 co 0.13CCCCCD C2 0.820023200 co 0.14649343D-C4 0.179962150 co
lc8 7 5 C.461084953 oc C.14CCCCC0 02 C.8137743EO cc 0.1422216C0-04 0.186211400 00
171 78 G.461CE495C co O.150CC00D 02 0.80787366C co C. 138229400-04 C. 1921 12510 co
175 31 0.461084950 00 C. 16CCCCCD 02 0.802282270 cc 0.134763330-04 0.197704250 00
1 7d c 4 C.461084950 00 0.17C0CCCC 02 0.796967680 00 0.131479860-04 0.203019170 co
181 8 7 0.461084950 00 C.18CCCCCU 02 0.791902250 cc 0. 128443170-04 0.208084910 co
ISA 9C C.461084950 cc C.1SCCC000 02 0.787C62370 00 0. 12562345C-04 0.212925C70 00
1 A 8 93 0.491084950 00 C.2CCCCCCD 02 0.782427750 cc 0.122995800-04 C. 2 1 7559950 cc
191 9 6 0.46 1084950 co C.21CCCC0D 02 0.777980630 cc 0.12C539C9D-04 0.222007320 co
195 5 9 0.461084950 00 0.22CCCOOC C2 0.773705580 co 0.118235 ICC-04 0.226282600 cc
/ L U 1C2 0.461084950 cc C.23CCCCCD 02 C.769589150 cc 0.116068640-C4 0.230399250 00
2 C 7 L .. V C • 4 6 1 0 8 4 9 5 D 00 0.24CCC00D 02 0.76561918C co C.114026590-04 0.234369420 co
212 1 u :I 0.461084950 cc C.25CCCCCJ 02 0.761785020 cc 0. 112C96 76C-04 0.238203770 co
216 1 1 1 C.461084950 co C.26CCCCCC 02 C.758C77130 00 0.11026949C-04 0.24191 1850 co

L 114 0.461084953 co O.27CCCCCD 02 0.754487020 cc 0.108535360-04 0.245502120 cc
222 117 0.461084950 co 0.2PCCCCC0 02 C.751007070 co 0.106887310-04 0.248982240 00
2 30 12C 0.461084950 00 0.29CCCCC0 02 0.747630250 00 0.105317440-C4 0.252359220 cc
235 123 C.'iL- 1084950 co C.3CCCCCC0 02 C.74425C31O cc 0.103820600-04 0.255639310 00

3 126 0.461084950 00 0.31000000 02 0.741 161510 00 C. 10239C 160-04 0.258828250 co
129 0.461364950 co C.32CCCCCD 02 0.738058670 cc 0. 10 1022390-04 0.261931230 00

2 5 6 132 0.461064950 co 0.330CCC03 02 0.735036970 00 0.997 1 15290-05 0.264953060 cc
261 135 C .4'6 1084950 00 0.34CCCCCD 02 0.732092080 cc 0.984550500-05 0.267898070 co
2 70 138 0.461084950 cc C.35CCCCCC 02 0.729219920 co 0.972476620-05 0.270770350 00
277 14 2 C.77S3CC93C--01 0.3tCCCCCC 02 0.726416850 cc 0.960874290-05 0.273573540 cc
2 8 1 146 0.778300930--01 C.27CCCCOO 02 0.723679340 cc 0.949706260-05 0.276311160 co
2dc 150 0.770300930--Cl O.380CC00D 02 0.721004380 co 0.938950090-05 0.278986230 co
293 154 0.77E3CC930--Cl C.39CCCCCD 02 0.718388540 cc 0.928574310-05 0.281602180 co
JCG 153 0.773300930--01 0.40000000 02 0.715832140 co 0.918575700-05 0.284158680 co

TCTAL NUPEER CF FUNCTION: EVALUATIONS 302
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PrtCeLEt' 3.1 A SYSTEM CF KEACTICIS RATE ECUATICNS

CLTrLT AT INTERVALS CF C.10C 01 
NtFUER CF ECLATIlNS IS 3 
iMTI/.t Si'P SIZE IS C.1CC-C3 
M.MFL’v STEP SIZE IS C.1CC-C9 
7CLE.1.1NCE IS C. 100-04 
f-'AXIfiLf' DERIVATIVE TO BE LSEO IS 6 
INITIAL VALUE CF TFE Ii\CEPENCENT VARIABLE IS 0.0 
MAXIFLP STEP SIZE ALLCkrC IS 0.4C0000D 02 
SUPERIOR LIMIT CF THIS INTEGRATION IS C.4CCCC0C 02 
ALANS PRECICTCR CORRECTCR CR OPTION 1 OF GEAR'S STIFF METHOD WILL BE SELECTED

Tl-E INITIAL VALUES CF TFE DEPENDENT VARIABLES ARE 
C. 1CC0D Cl C.C C.O

FCS EPS = C. 1CCCC0CC-C6
ALAF’S PRECICTCR CORRECTCR AVERAGE STEP SIZE IS

TEC CRCER CF TFE INTEGRATION IS 1

0.35710210-03

l-CR EPS C. 1CCUCCGC-C3
■'-.LAP'S PRECICTCR CORRECTCR AVERAGE STEP SIZE IS

Tl-E CRCER CF TFE INTEGRATION IS 1

STEP SIZE CALCULATED FCR EPS = ’ C.1CCCCC0D-03

C.5208773C-03

IS = 0.35710210 CO

A •; •> <■ •> < ♦ t <■ * o *; * 4 A v 4 4 * * # V v A A 4 <• A * s>» » * X1 v * * * <> * * * * 
v.^Efi-CC SELECTEC IS GEAR'S STIFF CPTICN 1* 
$ * .x;y 4 * v * V »

H
U1



Cc• EV* A C C L P• S 7 E P S STEP SIZE INCEP* VARIAOLE CEP. VAR(l) DEP. VAR(2)

.1 20 C. 195274420 00 0.1 147C23D Cl 0.962381890 CO C.3C1C23S9D-C4 0.37588CC60 -01
eC 24 C.321366740 CO 0.20542130 Cl 0.940430730 CO 0.268522290-04 0.595424130'-01
6'5 27 0.321366740 CO 0.30183140 Cl 0.92155709C CO C.24341951D-C4 0.784185660'-01
77 11 C.52C97727D OC 0.45033910 01 0.898216700 CO C.21579976C-04 0.101761720 00
82 32 0.520977270 00 0.50243680 01 0.891195930 00 C.20818449D-C4 0. 1C8783250 CO
87 34 C.52C97727O CC 0.60662230 Cl C.878502720 CC C.195191C50-04 0.121477760 CO
<; i 3 4. C.758103860 00 0.71082770 Cl 0.867255040 00 C. 18446315C-C4 0.132726510 CC

3‘3 C. 758 103860 00 0.86244850 01 C. 852858390 CC C. 171738 190-04 0.14712443C CO
ICC 39 C.758103860 00 0.93825890 01 0.846361730 CO 0.166344030-04 0.153621640 CO
1C'2 40 0.758102360 00 0.1C14C690 02 0.840254100 CC C.16146CC7D-C4 0.159729750 CO
1C6 42 0. 112661690 Cl C.11656900 02 0.829029040 00 0.152934400-04 0.170955660 CO
108 43 0.1 1266 1690 01 0.12783520 C2 0.821408210 CC C.14746446D-C4 0.178577040 CO
113 4 4 0. 11266 1690 01 0.13910130 02 0.814302730 00 0.142576750-04 0.185683020 CO
115 4 5 0. 11266 1690 0 1 0.15C36750 C2 0.807644370 00 C.13818087D-C4 0. 19234 1810 CC
i ia 46 0. 1 1266 1690 01 0.16163370 C2 0.801277580 CC C. 134 197210-04 0.198609000 00
1 2 u 47 C. 11266 1690 01 0.17289980 02 0.795456390 co C. 13C564520-C4 0.20453C550 co
i 4 8 C. 167946900 01 0.184 16600 C2 0.789842490 CC C. 12723358D-C4 0.210144790 co
124 4 9 0.167946900 01 0.20096070 02 C.78197532C 00 0.122745300-C4 0.218012400 co
129 50 0.167946900 01 O.2177554O 02 0.774633140 co C. 1 1873C37O-C4 C.225354990 00
1 il 51 C. 167946900 Cl C.23455010 C2 C.767747130 co 0.115115620-04 0.232241360 co
134 52 0.167946900 Cl 0.25134480 C2 G.7612612CD CC C. 1 1 183635O-C4 0.238727610 co
130 53 C. 167948900 Cl 0.26813950 02 C.755128890 CC C.108842880-04 0.244860230 00
1 3 fl 54 0.250332450 01 0.28493420 02 0.749 31 1400 00 C. 10609529D-C4 C.25C677SSD co
L *< Vl 5 5 0.25033'450 0 1 C.30996740 02 0.74 1 I 54740 CC C. 1C2389C8D-04 0.258835020 co
1 *1 > 5 6 0.250332450 01 0.335CC06D 02 0.733537460 OC C.990690870-05 0.266452630 co
14 7 5 7 0.250'332450 01 0.36002390 02 0.726289630 CC C.56C 761560-C5 0.273600770 co
150 5E C.250332450 01 C.38506710 C2 0.719654120 00 0.933576860-05 0.280336540 co
152 59 C.250332450 01 0.4 101C040 02 0.713283550 00 C.SC873311D-C5 0.286707360 co

TOTAL NUM3ER GF FU^CTIC^ EVALLATICKS 152

tn
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OIFFLN DATE = 76321 04/66/01

SIPP.CL'TIKE DIFFLNIT.VfCY)
IXPLICIY (A-H,G-Z)
UIA-CASICN V(8,l),DYil)
COhFC.\
NCFNS = NCFNS + 1
ZE = CEXP(5C.COO*(.5CC0 - (1.DC0/Y( 1,2) ) ) )
ZZ = -2.DCC*(Y(1,2) - 1.75CCC) - 30. CCO*(Y(1,2 ) - 1.75CCCJ*

1<Y(1,2) - 2.DCC) + Y(1,1)*ZE
DY!;) = (1.000 - YC1,1) - Y(1,1)*ZE)
cyiz; = zz
RETURN



PEDERV CATE = 74321 04/44/01 PAGE C0C1■-GH.'.iAN IV G LEVEL IS

C C C 1

cco? 
CCC4 
« C C 5 
CCCt 
G007

SL8RCLTINE PECERVt T,Y,Ph,F)
IMPLICIT KEAL»E (A-H,C-Z)
CIPcLSICN Y(0,l},Pk(2,2)
Pa(1,1) = - l.DCC - DEXP(50.CCO*(0.5CC0 - (1 .COO/Y (1,2))))
PWtl,2) =-I 5C.. CCC* Y' 1, 1) / Y ( 1,2 ) **2 ) *OEXP ( 25. CCO - 50. COO/Y (1,2) )
Pa(2,1) = 0EXP(25.CCC - 5C.CCC/Y(1,2)) 
PW(2,2) = - 2.CCC - 3C.DCC*(2*Y(1,2) - 3.75000)

1 + (50.COO*Y(1,1)/Y(1,2)**2)*CEXP(25.COO - 5C.DOO/Y( 1,2) )
c c c ?
CGOS

RETLRN 
ENC

Ln
4^



TrE STIRRED TA^K RE4CTCR PROBLEM

OLIPLT AT IMLRVALS CF: C.2CC CO 
MI'EER Or ECUATICNS IS 2 
1MTI4L STEP SIZE IS O.ICO-G3 
M.'iU'LM STEP SIZE IS 0.1CC-09 
TZLERAr:OE 15 C. ICL-CA

IML'.'- DERIVATIVE TC BE L'SEC IS 6 
li-.ITIAL VALLE CP TEE IM'EPENCENT VARIABLE IS 0.0 
MAMMLM STEP SIZE ALLOWED IS 0.2CC0C0D 00 
SUPE1UCR LIMIT GF THIS INTEGRATION IS 0. 1CCCC0D 02 
EXACT INTERVALS KILL EE PROVIDED
ADAMS PREDICTOR CORRECTCR OR OPTION 1 OF GEAR'S STIFF METHOD WILL BE SELECTED

THE INITIAL VALUES GF The DEPENDENT VARIABLES ARE
G.1CG0C 01 0.175CC Cl

FOR EPS = C. 1CCCCC0D-C6 
ALAM,'S PREDICTOR CORRECTOR AVERAGE STEP SIZE IS

Tee ORDER OF TEE INTEGRATION IS 5

0.18248930-01

FOR EPS =• 0.1CCOCOOO-C3
ADAM'S PREDICTOR CORkSCTCR AVERAGE STEP SIZE IS

TrE ChOER OF THE INTEGRATION IS 3

STEP SIZE CALCULATED FCR EPS = C. 1CCCCC0D-03

0.41172440-01

IS - 0.21276690-01

v » v f. 4 n '> » # » <• v <• 4 <• '4 * V * A •> * A 4 * f » 14 » •> » * * * V <# » * <■ * << * *

S;:LlCTEL* IS AC/»^’S PREDICTOR CCRRECTOR* 
V¥*v**i,^***#»44'*v4'»vv*a>1iv4**<i:4i44******4'*****4**

CH
CH



Ct. ^'V. ACCi.l1'. STEPS STEP SIZE 1K0EP. VURIAELE CEP. VrtR(L) CEP. VARI2)

2 7 12 C. 149522360-01 O.2CCCCOGO 00 0.99452448C 00 0.17606274D 01
-.4 21 G.94214C51D-02 0.4CCCCCCD CO 0.988024160 00 C. 17SC8C54D Cl
-5 2 25 C.2C2326960-02 C.6CCCCCC0 CO C.97455641C GO 0.185325630 01

4 2 0.259045730-02 0.8CCC COCO CC 0.934 1 1225C CC C. 193337250 Cl
1 14 54 C. 139562910-01 O.ICCOCCCD 01 0.83CC62C40 00 0.2C0688C3C 01
14 3 u 7 0.166206660-03 0.12CCCCC0 Cl 0.646456930 00 C.206 168 150 Cl
I 89 9 0 0.152341870-02 0.14CCCCCD Cl 0.487367300 CO C.2C5E2CE6D Cl
229 ICE 0.665673650-02 0.16CCC00D G1 C.444 136310 00 C.202313850 01
250 120 0.5485CC84C-01 0.18CCCCC0 01 0.451500440 00 C.2CC32042D Cl
210 1/2 C. 5779 1 1950-0 1 0.2CCCCCC0 Cl C.468755560 CC C. 199602510 01
282 13 2 C.527C7599C-01 0.22CCC00D 0 1 0.483756440 00 0.199482290 Cl
2 14 136 0.527C7599O-CI C.24CCCCC0 Cl 0.493725200 CC C. 199 588760 Cl

14C C.527075990-01 0.26CCC00D 01 0.499088230 GO 0.199744240 01
314 1<4 0.527075990-01 0.2eCCCCCD Cl 0.501255520 CC C.1S9E73E20 Cl
321 14E- C.527C75S9D-C1 C.3CCCCC00 01 C.501643240 GO 0.199957010 Cl
323 152 0.527075990-01 0.32CCCCCD Cl O.5O128354D 00 C. 1S9S992CD Cl
3 36 156 C. 52 7C759SO-O1 C.34CCC0CD 01 C.5CC76875D CC C.2CCC14250 01
3 4 2 160 0.527075990-01 0.360CC00D 01 0.500355480 00 C.2CCC 152CO C 1
3^7 164 C.527C7599D-01 0.38000000 Cl C.5CCJC318D CC C.2CCC10930 01
3 53 168 C.52707595C-01 0.40000000 01 0.499983640 00 C.2CCC06 120 Cl
357 172 0.527075990-01 0.42CGCCCD Cl C.499946790 CC C.2CCC0258D Cl
3c 1 17c 0.527075990-01 0.44000000 01 0.499949990 00 0.200000560 01
365 180 0.527075990-01 0.46CCCCCD 01 0.499966250 CC C. 199999690 Cl
8 72 184 C.527C7599C-C1 0.48CCC0G0 01 0.499982160 00 0. 199999470 01
3 74 ! cP 0.527075990-01 0.5CCCCCCD 01 C .499993 1 30 co C. 199999560 Cl
3 / « 1’7 2 C. 5 2 70 7 59 9:3-01 C.52CCCCCD 01 C.499999C50 CC C. 199999720 Cl
3 2? ; \ c 0.52 /U75990-01 0.54000000 01 0.5CCC0139D 00 0.199999860 Cl
Ji. 1 2CC 0.527075990-01 G.56CCCCCD Cl C.5CCCC1830 CC C. 199999950 Cl

2C4 0.527C7S99C-G1 0.58000000 01 0.500C0142C GO C.20CCC0CCC 01
396 208 0.52707599D-C 1 0.6CCCCCCD Cl C.5CCCC08 30 co C.2CCCCCC20 Cl
40 1 2 12 0.527075990-01 0.62CCCC0D 01 0.5CCCCC41C 00 C.200C0002D 01
4 3'5 216 O.527O7599C-O1 0.64CCCCC0 01 0.5CCCCC14C . CC C .2CCCCCC ID Cl
4 U < 2 L C.527075950-01 C.66CCCCC0 01 0.499599960 00 0.200000010 01
4 14 2 2'-. 0.527075990-01 0.68CCCCCD 01 0.499999920 GO C.2CCCCCCCD C 1

; 9 c 0.527075990-01 C.7C0CCCCD 01 0.499999950 CC C.2CCCCCCCD Cl
4 24 2 3 2 C.527075990-01 0.720CC00D 01 0.499999930 CO C.2CCCCCCCD Cl
<2,3 2 36 0.527075990-01 0.74CCCCCD Cl C. 499999950 CC C.2CCCCCCCD Cl
4 34 24C 0.527075990-01 0.76000000 01 0.499999920 co 0.2CCC00C0D 01
439 244 0.527075990-01 O.78CCCCCD Cl 0.499999950 CC C.2CCCCCCCD Cl
*i 2 2 4 8 C.527C7599C-C1 0.80000000 01 C.499999980 co C.2CCC00C00 01
4', 7 Z 5 2 0.527075990-01 0.62000000 Cl 0.499999990 co C.2CCCCCCC0 C 1
4 2 266 C.527075990-01 0.84CCCCC0 01 0.5CCCCCCCD CC C.2CCCCCC0C 01
4 5 6 2<>C 0.527075990-01 0.86000000 01 O.5C0CC0CG0 co C.2CCCCCCCC Cl
41 264 0.527075990-01 C.EPCCCCCG Cl C.5CCCCCCI0 CC C.2CCCCCCCD 01
4 66 2 6 3 0.527075990-01 0.90000000 01 0.500C0001C 00 0.2CCCC0CCC 01
<7C 2 72 0.527075990-01 C.92000000 Cl C.5CCCCCC1D CO C.2CCCCCCCD Cl
4 75 / 7 c C.527075990-01 0.94000000 Cl 0.5CCCCCC1C co O.20CCOOGCD 01
/« 7 ^7 «. i".' u 0.527075990-01 0.96GCCCCD 01 0.5CCCCCC 10 CC C.2CCCCCCCD Cl
A /* •’) 2 Ci A C.527C75S9D-01 G.98CCCC00 Cl C.499999990 00 C.2GCCC0CCC Cl
'i<JC 233 0.527u7599C-C 1 0.1CCCCCCD G2 0.499999990 00 C.2CCCCCCC0 01

CF FUNCTICN EVALliATICM 489
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MAIN DATE = 74321Hr<TKAN IV G LEVEL lr>

CCC 1 IMPLICIT ilFAL*8 (A-HtC-Z)
CCC2 CCPMCh /OLKl/CA
CCC ? DIMENSICN CA(i,4,3)
CCC'4 EXTERNAL D I FFUN«PECERV fOUTPfVALINT
c c c DC 5 i\RE = l.'i
CCCc 5 RCAO(5,51C) (( CA(I,J,NRE), I = 1,3). J=l,4)
CGu: 510 FCPMATt 6C1C.4)
CClE V.RITE (5.605 )
c c c s 6C5 FCRMATt1H1,'COEFFICIENTS'//)
CC1L DC 5C NRE = 1.3
CC 1 1 ■aRITE(6,610) <( CAII.J.NRE), I = 1,3), J=l,4)
CC 12 610 FCRMATilH ,3015.4)
CC 13 50 CCNTINLE
0014 CALL CRGERT(0 IFFUN.PEDERV,OUTP,VALINT)
CG15 STCP
CO 16 ENO

04/50/15 PAGE 0001



DIFFUN C4TE = 74321 04/50/15 PAGE CCC1FCKTrt.’,N IV C LEVuL IS

C.CC I SLEJPCLTINE DI F FIN ( X , Y , DY )
C0C2 IMPLICIT PEAL»e (A-H,Q-Z)
CCC 3 REALES KC
CCG4 r-.EAL»8 1A PSD A
C C 0 5 C1PE.XSICN Y(8,3),DY(3)
CCC6 LATA AA/ l.DOC/
CCC7 DATA 8 /25.CCC/
CCC8 DATA ETACEL/34.42DC0/
CC07 DATA XC/0.4000/
CC1C DATA LAPSE A / C.CCO/
ecu DATA XE/l.D+7/
CG12 DATA TRPT/6.484000/
CC 1 > CCPPCN XCFXS
C C 14 COPP ON /CCPLK/EPCM>8ETA,TERP1,TERP2
CO 15 CCPPCh /CCPL2/ ANLK
CU lb CCP'FCN /CCMU3/ DELTA
CC17 NCFNS = KCFXS + 1
CClc BETA = 2.0CC»(KC**2)*DSQRT(2.DCC»RE)

0 L 0 Phi = { ( ( (2.CCC*RE)-»*.25)*DS0RT(5.4CCDC0> *ETAOEL) - AA)/8
CC2C NCF.XS = .XCrXS + 1
'w V L D Y ( 1 ) = Y { 1 , 2 )
C022 DY (2 ) = YU ,3)
C 02 3 C = PbUX/ETADEL
CC2 4 TERRI = l.DCG - CEXP(-C)
CO25 TERY2 = 1.000 + (C-1.0CC)*OEXP(-C)
CO? 1 EPC.XU = (BETA/2.DOO)v{X»*2)* Y ( 1,3 ) <- ( TERM 1»* 2)
C C2 7 CALL DFLTACIX, DELTA)
C C 2 8 IF(X .GT. TRPTi CC TC 25
CC29 ANUP = - YU,3)«Y( 1, 1) + LAMBDA*! l.DOC - Y(l,2)**2)

I - 8ETA*X* Y (1,3 )**2*TERM 1 *TERM2
CC3C DY<3) = AMM/U.OCC + 2. CC C* E PCXU )

1 + DELTA /( l.DOC + 2.D00*EPCNU)
ecu CC TC 30
CC32 25 DY(3) =((-.VU,l)»Y<l,3)

: + LAXBDA»t(l.DOC - Y( 1,2))**2>)/(1.CGC + EPCNU)>
i + DfcLTA/( l.CCO + EPONU)

CC2-3 30 CCMIME
CC34 KETLRN
0035 EixC
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:v g level is CATE = 74321 04/50/15DELTAC

CCC 1 SLi’RCUTIiXE CELTACiX,DELTA)
CCC2 ii-Pl. ICIT REAL»e (A-HrO-Z)
CCC 3 CIi'-EASICN CAO,4,3) ,F(4,3)
CCC4 CGhFCN /PLKl/CA
CCDS CO 2 K = 1,3
C C C 6 i3C 2 J= 2,4
C C C 7 2 F<J,K) = CA(1,J,K) + CA(2,J,K)* X
ccc;> TERvi = (F(3,3) - F(3,1))/(4.D + 6)
CO J9 TER.^2 = (F(2,3) - F ( 2 , 1) ) / ( 4.0 + 6 )
CC 1C DELTA = 2.0C0»RE»((F(3,2)*TERP1) -
CO 11 RETURN
C012 END

+ CA(3,J,K) *(X**2)

(F(4,2)*TERM2))

PAGE C0C1
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PEDERV CATE - 74321 04/50/15 PAGE 0001
h!.'". I .U.M iV G LEVEL

c j2 
iL j 
CCC4 
0005 
CCCt 
CCC7 
CC’JS 
CC G5

i l 
G 1 2 
CC 1 3 
CC 14 
CCL5 
CG16 
CC i 7 
CClrt 
C C 15 
CC2C 
-.021 
CC22

SLERCLTIXE PECERVl X,Y,Ph,P)
implicit keal^c (;.-h,q-z)
OII-E.xSICX Y ( 8,3 ) , Pk ( 3,3 )
REAL* £ LAYBDA
DATA LAMBDA / C.DCO/
DATA TRPT/6.4E4DC0/
CCPPCN /CC!-'L.X/EPCNL,BETA,TERML,TERr'2
CCMMCN /CC.VU2/ AMIM
CC.'-MCK /CCPU)/ DELTA
P k ( 1 ,1 ) = C . 0
P k ( 1,2 ) = 1. C
PW(1,3> = 0.0
Pkt 2,1) = 0.0
Ph(2,2) = €.0
Ph(2,3) = 1.0
IFtX .GT. TRPT) GG TO 25
Pl.(.3,l) = - YG,3)/( 1. + 2.*EPCNU)
Ph!3,2) = - 2.»LAM0DA»Y(1,2)/{1. + 2.*EPCNU)

DEMJM = -Y(l,l> - 2.»BETA*X*TERM1*TERM2*Y( 1,3)
ABAI = l.DCC + 2.DC0*EPCXU
CCEN1 = 2.DCC»EPCNL7Y(1, 3)
Pkta.a) = (AL’Al*CENUM - ANUM*CDEN 1)/ABA 1**2

i - A,\LtJ*C0SNl/ASAL**2
CC 2 3 
c:;24 
C C 2 0 
C G 2 t 
CO2 7 
CC28 
CC2S

GG 7C 30
25 CGM'LXUE

I'hi3,i) = -Yll,3)/(1. + EPCNU)
Ph(J,2) = -2.*LAPtlCA*Y(l,2)/<l. «• EPCAU)
ABA2 = l.DCG + Ei'ONU
Cli:A2 = EPCNL'/Yt 1,3)

ARP-2 = <-Y(l ,1)*Y(1,3)

0030
! * LAMBOA»(( I.DCO - Y(l,2))**2))
P.<(3,3) - ( A3A2» t-Y( 1, 1 } ) - ARR2»DDEN2)/ABA2**2

CG3 1 
0032 
0033

1 - CELTA*CCEA2/A8A2*»2
3 0 COM I ME 

RETURN 
END
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CCEFr ICIEMS

- 0 . i C u 6- C 
C.6l*G‘.O 
C.13A5O 
C . 0

-C.1O23C
C . 6 8 2 tt, 
u . 1'2 2^ 
0.0

-C. llcSO 
0.683 ID 
0.118CC

0.1CCCD Cl C.C
0 L G.7755C CG C.27300-C2
cc G. 1295C-C1 -C.1330D-03
0 1 -C.32CCD-C3 C. 1163D-C5

0.1CCCD Cl C.C
01 0.7743D 00 C.2547C-02
cc 0.11S'!1)-C1 -C. 11300-03
C 1 -C.265eD-C3 C.82510-06

0.1CCCC CL C.O
Cl 0.78CCC CO C. 22380-02
cc C. 1124D-CI -C.1CC40-C3
01 -0.2486C-C3 C.85590-C6
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PROBLEM 3.3 TbE TLRdbLENT 8CUNDARV LAYER CM A FLAT PLATE

CLTPLT AT INTERVALS GF G.50C CO
M>'BER Or ECLATIChS IS 3
IMTIAL STEP SIZE IS C.1CC-C3
PIMMl/’' STEP SIZE IS O.1CC-C9
KL^RA^CE IS C.iCu-uA
MAxIML.M DERIVATIVE TO BE LSED IS 6
IMTlAu VALUE CF THE INCEPENCENT VARIABLE IS 0.0
MAXIMUM STEP SIZE ALLCkEC IS 0.5C0C00D 00
SUPERIOR LIMIT CF THIS INTEGRATION IS 0.34C0C0C 02
EXACT INTERVALS WILL BE PROVIDED
AOaMS PRcCICTCR CORRECTOR OR OPTION 1 CF GEAR’S STIFF METHOD WILL BE SELECTED

ThE INITIAL VALLES CF THE DEPENDENT VARIABLES ARE
C.O C.C C.54C0D 01

FOR EPS C. 1CCCCCCD-C6
ADAM'S PREDICTOR CORRECTOR AVERAGE STEP SIZE IS 0.51553880-02

TrE ORDER OF THE INTEGRATION IS 6

FLP EPS = 0.1CCGCC0C-C3
ADAM'S PRcCICTCR CORRECTOR AVERAGE STEP SIZE IS

THE CRCER CF TEE INTEGRATION IS ■ 4

STEP SIZE CALCULATED FOR EPS = 0.10000000-03

0.98499420-02

IS = 0.75670750-02

v » V V -f -r * V •> -t » ■'> » i '4 ¥ •. » V * » » * V » * * >> »? >> * S < * * * * * ■> » * *
MMETHOC SELECTED IS ADAM'S PREDICTCR CCRRECTCR* 
*»<.»♦*¥** i!'***************^**-.******************
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CE. EV. ACCjJ.'-'. STEPS STEP SIZE INDEP. VARIABLE DEP. VAR(l) DEP. VARI2)

2?0 66 C. 2C3 135 7SD--Cl 0.5CCCCCCD CC 0.21921C83D CC C.552499760 CC 0.178491570 CO
•'f £ U E3 C.23151799C--01 0.1COOCOOD 01 0.51235205C 00 0.612813990 OC 0.859985670-01
SC 8 96 0.491832590'-01 0.15CCC00D 01 0.828C5732C 00 0.647652730 CC C. 5725C238O-C1
536 104 0.95C23C4tl>-02 0.2CCCCCCD Cl C.115635340 Cl C.672347760 CC C.428898040-01
563 1 1 1 C.2C542167D CO C.25CCCCCD Cl C.149946620 Cl C.691475290 CC 0.342591350-01
55 <3 118 C.243222920 CO C.3CCCC0CC 01 C.1R4924650 01 0.707075750 00 0.284951750-C1
6 34 126 C.4S48C5C2C--Cl 0.35CCCCCD 01 C.220616110 Cl 0.720239740 CC 0.243718640-01
6 54 132 0.854066350--01 C.4CCCCCCD Cl C.256918990 Cl C.731617380 CC 0.212761880-01
6E2 139 C.39324 1460 CO 0.45CCCCCC 01 C.29375531C 01 C.741628490 00 0.1886727C0-01
7C6 14 5 C. 1067 56540 CO C.5CCCCCCD Cl C.331C64110 Cl C.75C562E80 CC 0.169377650-01
718 147 C.5CCCCCCC0 co O.55CCCOCO 01 0.368797340 01 C.758622680 co 0.153592870-01
7 38 152 0. 125CCCCCD co 0.6CCCCCCD Cl C.4C691474D 01 C.765963680 co C. 14C41873C-01
756 15 7 C. 125CCCCC0 GO C.65CCCCCD 01 0.445363650 01 C.7727C352O CC 0.13C26143D-01
7 76 16 2 0.125CCC0GD 00 0.7CCCCCC0 Cl C .4 84 161490 Cl C.779206 190 CC C. 12975754C-C1
7u6 167 0.125CCCCCO CC 0.75CCCCCD Cl C.5233C371D Cl C.785677190 CC 0.129089080-01
756 172 C. 125CCCCCD CC c.eccccccc 01 C.562748670 01 C.792115730 00 0.128458330-C1
606 17 7 0.125CCC00C 00 C.85CCC000 01 0.602514770 01 C.796523580 CC C. 127861C1O-C1
6 76 182 C. 125CCCCCD 00 0.9CCCCCCD Cl C.6426C0540 01 C.804902330 CC 0.127293540-01
'326 18 7 C. 125CCCCCO CC O.95CCCCCO Cl 0.683C04540 01 0.811253380 CC 0.126752860-01
6 36 19 2 C. 125CCCOCO 00 O.IOCCCOGO 02 0.723725440 01 O.817578C2O CC 0.126236380-01
n46 19 7 0.125CCCC00 00 0.105CCCCD C2 0.764761930 Cl C.823677380 CC 0.125741850-01
£56 2C2 C. 125CCCOCO CC 0.11CCC0CD C2 C.8C611277D Cl C.83C152530 CC 0.125267330-01
L C G Z V l C. 125CCCOCC 00 0.115CCC0D 02 0.847776790 01 0.836404420 CC 0.1248 1 1120-01
r / u 212 0. 125CCCC0D 00 0.12CCCCC0 02 0.889752840 01 C.842633930 CC 0. 1 2437 1740-C1

Hu 2 7 C. 125CCCCCU oc 0.125CCCCD C2 C.932C3962O Cl C. 848841850 CC 0.123947860-01
c S 6 z 2 z C. 125CCCCC0 co C.13CCCC0D 02 C.974636680 01 0.855028950 00 0.123538330-01
t, 06 22 7 0.125CCCOCD co C.135CCG00 02 0.101754240 02 0.86 1 1959 10 CC 0.1231421C0-C1
i h 232 C. 125CCCCGD co C. 14CCCCCD C2 C. 1C6C7559D C2 C.867343370 CC C. 122758240-01

-;?6 2 37 C. 125CCCCCC CC 0.145CCCCU C2 C. 1 10427640 02 0.873471920 oc 0.122385920-01
v> '-6 24 2 C. 125CCCCCC 00 0.15CCC00D 02 G. 114 8 16280 02 C.879582 140 CC C. 122C24390-C1
x/*a L 2z>? C. 125CCCCC0 co 0.155CCCCO C2 O.11922343O C2 C. 885674530 CC C.121672950-01
9 5 6 252 C. 125CCCCCD CC 0. 16CCCCGD C2 C.123667CC0 C2 C.891749590 CC 0.121330990-01
9t6 257 C. 125CCC0CC 00 0.165CCOOC C2 0.128140900 02 0.897807780 CC 0.12099796D-C1
<J76 21.2 0. V25CCCOOD co 0.17CCCCC0 C2 0.1 32645C5O C2 C.9C3849530 CC C. 12C673320-C1
r> "6 26 7 C. 12 5CCCCCD co C.175CCCC0 C2 C. 137179370 C2 C.909675240 CC 0.120356620-01
CO 6 272 0. 125CCCCCD CC C.18CCCCCD 02 C. 14 1743780 02 C.915885310 CC 0.12CO4742D-O1

i v •- u 27 7 0.125CCCG0C- co 0.1E5CCCCD C2 0.146338200 02 C.9218801CD CC C. 1 19 7453 1D-C1
1016 *9,0 ) C. 125CCCCC0 co C.19CCCCCD C2 C. 15C96 25 5O C2 C.927859960 CC C.1 19449950-01
i cf. 2'cl C. 125CCCCCD CC 0.195CCCC0 C2 C.155616770 02 C.933825200 CC 0.1’9160970-01
1V 6 2C>2 C.125CCC0CC 00 0.2CCCC000 02 0.160300780 02 0.939776160 CC C. 1 1887 8C8O-O1
1 l 6 29 7 0. 125CCCCCC CO 0.2C5CCCCD C2 C. 165C 145 10 C2 C.945713110 CC 0.118600980-01
i C 5 6 2 02 C. 12 5CCCCCO CC C.2ICCCCCD C2 C. 169 757690 C2 C.95 1636350 CC 0.118329390-01
1C6 6 3C7 C. 125CCC00D 00 0.215CCOCO C2 0.17453C850 C2 C.957546140 CC 0.1 18063070-01
IL 7 6 312 C. 125GCGCCD 00 O.22CCCCCD C2 O.17933333O C2 C. 963442740 CC C. 1 178C 17E0-C1
1C .? 6 3 17 C. 125CCCCCD CC C.225CCCCU C2 C. 164 165260 C2 C.969326390 CC 0. 1 17545300-01
1LS6 32 C. 125CCCCCD CC C.23CCCCCD 02 C. 189026570 02 C.975197340 CC 0.117293430-01
1 1 06 -.2 7 O.125CC.CCC0 CO 0.235CCC00 02 0.193917210 C2 C.981C558 ID CC 0.1 17C45970-C1
1 1 Ju 3 3 2 C. 125CCCCCD co 0.24CCCCCD C2 C. 196 6 37 1 10 C2 C.9869C2C 10 CC 0. 1 16802750-01
; 126 237 C.125CCCCCO co C.245CC0CD 02 C.203786210 02 C.992736150 CC 0.116563580-01
1 136 34 2 C. 125CCCCCC co 0.25CCC0CD 02 0.208764450 02 C.998558430 CC 0.116328320-01
11A o 24 7 G. 125CCC0CG co O.255CCCCD C2 C.213771770 C2 C. 1CC4369C0 Cl C. 1 16096810-01
*156 : *' 2 C. 125CCCCC3 co 0.26CCCCCD C2 C.2186C612D C2 C. 1C1C1682D Cl 0.115868910-01
1 4 1*5^ C. 125CCCCCD co 0.26-5CC00C 02 C,223873440 02 0.101595600 Cl 0.115644490-01
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oc. t-V. ACCLf'. STEPS STEP SIZE IKCEP. V/li<IA8LE CEP. VAR(l) OEP. VAR(2) ....

1 1 76 362 C. 125CCCCCO CO 0.27CCCCCD C2 0.22896,7660 C2 C. 102 173270 Cl 0.1 15923920-01
1186 36 7 C. 125CCCCCD CO 0.275CCCC0 C2 C.239C9C75D C2 C. 1C279989D Cl 0.115205580-01
: i i 3 72 C. 125CCCCCC CO C.28CCCCCC 02 C.239292630 02 0.103325330 01 0.1 19990860-01
1 z S 6 3 77 0. 125CCCC0C 00 0.285CC00D 02 0.299923260 02 0.103699750 C 1 0. 1 19779190-01
1216 382 C. 125CCCCCC 00 0.2SCCCCCO 02 0.299632590 C2 C.1C997313D 01 C.11957C39D-01
1226 38 7 C. 125CCCCCD CO C.2S5CCCCD C2 0.259E7056D C2 C. 105095960 01 0.1 19369390-01
12 36 39 2 C. 125CCCCCC co C.3CCCCCCD C2 C.26C 137120 C2 0.105 616770 01 C. 119161C6C-01
1266 397 C. 125CCCCCD co 0.3C5CCCCD C2 C.265932220 C2 0.106187080 Cl 0. 1 1396C92C-01
1256 AC2 C.125CCCCCD co 0.31CCCCCD 02 C.270755610 C2 0.106756380 Cl 0.113762320-01
1266 AC7 C.125CCCCCD co C.315CCCC0 C2 C.276 1C7P90 C2 0.107329700 01 0.113566690-01
1276 912 C. 125CCCCCD cc C.32CCCCG0 02 C.281988260 02 0.107892050 01 0.113373960-01
1286 917 C.125CCCCCD co 0.325CCCCD 02 C.286897030 02 0.108958990 01 0.113182550-01
12S6 922 C.125CCCCCD cc C.33CCCCC0 C2 C.292339C90 02 G.109C23880 01 0.112993880-01
13C6 927 C.125CCCC0D 00 0.335CC00D 02 0.297799900 02 0.109588380 01 0.112807910-01
1316 932 C.125CCCC0C 00 O.390CCC0D 02 0.303292910 02 0.110151960 01 0.112623050-01

TCTAL ^.UMEER CF FUNCTION EVALUATIONS 1318
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[V G LEVEL 19 CIF FUN CATE = 7A321

CCCi SUCRCLTINE DI FF UM X , Y ,0 Y )
CC'.)2 I.'-PLICIT PEAKE tA-HtQ-Z)
CCCI LIPENSICN Y(8,2),CY(2)
CCC9 DAIA E.PERID / E.CCC/
CCu'j t’ATA UCSPI / 6.28318EC0/
CCCr. CCI*t-Ci\ NCFNS
CCC7 NCFNS = NCFNS + 1
CCG8 ARGLP = CCSPI*X/BPERID
CUU9 AF = CCCS(ARGUF)
CMC TC = 39C.CCC 4 1G.COO*AF
coil DYd: = 6.5DCC - Y{ 1 , 1) - 1.7 57 5494 3D 1 A*

I CEXP(-140ea .CCO/Y( 1,2) )*-Y< 1 ,1)
CC12 DY(2) = 2.162CC0MTC - Y(l,2)) +

I 4.745383461C15*CEXP(- 14088.DOO/Y(1,2))»Y(1,1)
CO 13 RETURN
C014 ENC

05/10/44 PAGE 0001
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PEDERV CATE = 74321 05/10/44 PAGE C0C1KKfrt.W IV C LfVCL IS

LGu 1 
CC02 
CCC 3 
CCC4
C005

SLCRCLTINE PECERVi X,Y,Ph,P)
IMPLICIT R£AL*E (A-H,Q-Z)
CIPEASICiX Y(8,2>,Pk’(2,2)
Pkil.l) = - l.CCC - 1.75754943C14*CEXP( - 14088.COO/Y(1,2)) 
PW( 1,2) = - 1.757549430 14*CEXP(-14088.DCC/Y( 1,2))*Y(1,1)»

1 ( 14C88.CC0/( Y (1,2 )*»2 ) )
ccct
CC07

Pk(2,l) = 4.74538346015*CEXP(-14088.CCO/Y(1,2))
Pti(2,2) = - 2.162DCC + 4.745383461015*

! LEXP( - 14 08 8 . CCO/Y ( 1,2 ) )*Y(1,D*
I ( 14C£8.CCC/(Y(l,2)**2))

CC08
cccs

RETURN
EiXC
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PhCSLE?' 3.4.A ThE PERICCIC CbEMICAL REACTION (SINUSOIDAL FORCING FUNCTION

output at intervals of c.zsd co
NUPCFR OF ECUAIICNS IS 2
INITIAL STEP SIZE IS 0.1CC-C3
FIMi'l? STEP SIZE IS C.1CC-C9
TCLEPANCC IS C.1CI;-C4

CERIVATIVE TC EF USED IS 6
If.ITIAL VALUE Ci- THE INCEPENCEM VARIABLE IS 0.0
PAXIPUM STEP SIZE ALLCkED IS C.25CCCCD CO
SUPERICR LIRIT CF THS INTEGRATION IS 0.18CCCCD 02
EXACT INTERVALS kILL 3E PRCVICEO
ACAHS PRCCICTCR CORRECTOR OR CPTICN 1 CF GEAR'S STIFF FETFCC WILL BE SELECTED

Ti-E INITIAL VALUES CF TEE DEPENDENT VARIABLES ARE
C.IS2VC Cl 0.4265C C3

FCR EPS = C. 1CCCCCC0-C6 
ALAN'S PRECICTCR CORRECTOR AVERAGE STEP SIZE IS

Tut CP.uER CF THE INTEGRATION IS 5

C.26308090-01

rCR EPS = 0.1CCCCCCC-C3
LEAF'S PRELICTCR CORRECTOR AVERAGE STEP SIZE IS

THE ORDER CF THE INTEGRATION IS- 3

SfEP SIZE CALCULATED FCR EPS = C. 10CCCOCD-O3

0.62794520-01

IS > 0.3C67298C-01

AFE'IFCD SELECTED IS ADAN'S PRECICTCR CORRECTOR* 
<'^»*»>>4»*<‘**»<‘**»**ve*»i>***>i>*»i>»*********»*****
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Cc. EV. ACCU.V. STEPS STEP SIZE UDEP. V/iRIABLE CEP. V»R(1) CEP. VAP<2>

?'.
40

1C 
16

C.673CC5E5D-C3
0. 19694432C-01

0.25CCCC0D
0.5000 GOOD

CO 
co

C.258819500 01 0.423668630
0.422262040

C3
C20.30755424C 01

52 IS 0.897266300-01 C.75CCCCCD 00 C.34311116D Cl 0.421609430 03
6 1 22 0.12055662C 00 0.10000000 01 0.36977255C 01 0.42C62426D C3
70 25 0.120556620 CO C. 12500000 01 C.392546980 C 1 0.418606910 03
E5 2S 0.624184820-01 0.15000000 01 0.41640146C 01 0.41491334C 03
96 33 0.624184820-01 C. 17500000 0 1 0.443835240 Cl C.409580300 03

108 37 0.624184820-01 0.2CCCCCCD 01 C.47356203C 01 0.403467400 03
1 19 4 1 0.624184820-01 O.225CCCCD 01 0.5O2588S7C Cl 0.397602440 03
130 45 0.624184820-01 0.25000000 01 0.5287C2160 01 0.392611440 03
14 0 49 0.624184820-01 0.27500000 01 0.551C0671C 01 0.388714800 03
148 53 C.6241E482D-01 C.3CCCCCC0 Cl C.569462490 Cl C.385924130 03
155 57 C.624184820-01 0.32500000 01 0.58441373C 01 0.384 177380 C3
163 61 0.624184820-01 0.35CCCCCO Cl C.5S631958D Cl 0.383393320 03
171 6 5 0.624184820-01 0.37500000 01 0.60562581C 01 0.38348428C 03
179 69 0.624184820-01 C.4CCCCCCD Cl 0.6127089 10 Cl C.384354720 C3
IE 7 73 0.624184820-01 0.42500000 Cl C.617852950 01 0.38589836C 03
195 77 0.624184820-01 0.45CCCCCD Cl 0.621240260 01 C.387S98C5O C3
? •*'. 3 81 0.624184820-01 0.4 75CCCCD Cl C.622948020 Cl C.39052918C C3
211 8 5 0.624184820-01 0.50000000 01 0.622949880 01 0.392 3656 20 C3
219 r S 0.624184820-01 0.525CCCCD 01 0.621125110 Cl C.396386210 C3
2 2 5 S3 0.624184320-01 0.55CCC00C 01 0.61728074C 01 0.399479970 03
?33 9 7 0.624184820-01 0.57500000 Cl 0.6 1 1 192880 C 1 C. 402 54 76 10 03

i 10 1 0.624 1E!4.e320-0 1 C.6CCCCCCC 01 C.60267417C 01 C.405497600 C3
24 9 105 0.624184820-01 O.625CCCCD 01 0.591678140 0 1 C.4CE234C5O 03
2 9 / 109 0.624 184820-01 C.65CCCCCD 01 0.578458940 01 0.410632170 03
267 113 0.624184820-01 0.67500000 Cl C.56381745C 01 0.412494960 02
277 117 0.624 184820-0 1 0.70000000 Cl 0.549436300 Cl 0.413492970 03
2F8 121 0.624184820-01 0.72500000 01 0.53809350C 01 C.41314CC50 02
300 125 0.624 184820-01 0.75CCCCCD 01 0.533C33C8D 01 0.410969130 03
3 1 I 129 0.624184820-01 0.77500000 01 O.53595543C 01 0.406988700 03
321 133 0.624 184820-01 0.8CCCCCC0 01 C.545479300 01 0.401920740 C3
3 32 137 0.624 184820-01 0.82500000 01 0.558406910 01 0.396747460 03
343 141 0.624184820-01 0.85000000 01 O.571S4713C Cl C.292 166570 C2
35.3 145 C.624184820-01 0.87500000 Cl 0.584506910 Cl 0.388497600 03
361 14 9 0.624184820-01 0.90000000 01 0.595421710 Cl 0.385828220 03
359 193 C.62418482D-C1 C.S25CCCCD Cl C.604534570 Cl C.384144060 C3
376 157 C.6241E482C-01 0.95000000 01 0.611915830 01 C.383391240 03
382 161 C.624184820-01 0.97500000 Cl 0.617712130 01 C.383497140 03
39 0 165 0.624184820-01 0. 1CCCCCCD 02 0.62206983C 01 C.384374400 C3
39 8 169 0.624164820-01 0. 1C25CCC0 C2 0.625095590 01 C.3E5S21C4D C3
4 06 173 0.624184820-01 0.1C5CCGCD 02 0.626834560 01 0.388022150 03
4 1 4 177 0.624184820-01 0.1075 COCO C2 0.627257690 01 C.39C55423D 02
422 18 1 0.624 184820-01 C. UCCCCCO C2 0.626256060 01 C.3S33921CD 03
4 2 9 105 C.624184820-01 0.11250000 02 0.62364454C 01 C.396414730 C3
4 Z 5 189 C.624184820-01 C. 115CCCCD 02 0.619179550 01 C.399511560 C3
4 43 1S3 C.624184320-01 0.11750000 02 0.61259679C 01 C.402583730 03
451 197 0.624184820-01 0. 12000000 C2 0.603675840 Cl C.4C554C37O 03
4 59 2C 1 C.624184820-01 0.12250000 02 0.592341520 01 G.408286650 03
467 2C5 0.624184820-01 0.12500000 C2 0.578E2131D 0 1 C.41C6SS440 C2
477 2C9 0.624184820-01 0.1275CCCU 02 0.563890050 Cl C.412583940 C3
488 213 0.624184320-01 0.13000000 02 0.549209280 01 C.413612120 C3
499 217 C.624184820-01 0. 1325CCCD C2 0.537559110 01 C.4132941 ID C3
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eV. ACCLI-'. STEPS STEP SIZE INCEP. VARIABLE CEP. VAR(l) CEP. VARI2)

SI l 221 C.6241E482C-01 0.135CCOOD 02 0.53223563C 01 0.411148670 03
522 225 0.624184820-01 C.1375CCCD 02 0.5350 195CD 01 0.407166920 03
5 3 2 2 25 C.624184820-01 C.14CCC0C0 02 C.544552UC 01 0.402070650 03
54 3 233 0.624 184820-01 0.1425CCCD 02 0.557582640 Cl 0.396858450 03
5 54 237 C.6241E4820-01 C.145CCCC0 02 0.571257470 01 0.392242270 03
5 64 24 I 0.624L8482C-01 0.1475CCC0 02 0.583947970 01 0.388546750 03
572 ^*15 C.6241E4820-CI C.15CCCCC0 02 0.594976200 01 0.385859220 03
5cO 24 9 C.62418482C-01 0.15250000 02 0.60418265C 01 0.384 163260 03
587 253 C.624 18482D-C 1 0. 155CCCCD 02 0.611639270 01 0.383402990 03
593 257 C.624184820-01 0.1575CGCC 02 0.617495480 01 0.383504270 03
601 261 C.624 18482C-C1 0.16CCCCCD 02 0.621SCC5CD 01 0.384378670 03
6CS 2 6 5 C.6241E4820-C1 C.16250000 02 0.624963480 01 0.385923550 03
617 269 0.624 184820-01 0.165CCCCC 02 0.626731700 01 0.388023580 03
625 27 3 C.62418482D-C1 C.16750000 02 C.627177800 01 C.39C555C9C 03
6 3 3 277 0.62418482C-01 0.17000000 02 0.626 194230 01 0.393392430 03
640 281 C.624184820-01 C. 17250000 02 0.623596950 01 0.396414760 03
64 6 285 C.624164820-01 0.17500000 02 0.619143240 01 0.399511390 03
654 289 C.624184820-01 0.1775CCCD 02 0.612569510 01 0.402583380 03
662 253 C.624184820-01 O.18CCCC0D 02 0.603655900 01 C.405539850 03

TCTAL NUPEER CF FUNCTION EVALUATIONS 664
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r Cr< I AM

CmCI 
LC‘02 
CCG 3 
C C C A 
u jOG 
CCC6 
CCC7 
cue a 
C C 0 9 
CC1C 
CC 1 1 
CO12

C013

CC1A 
CC15

IV G LLVeL IS DI FFUN CATE = 74325

SLBRCLT^E DI FF LN ( X, Y , DY)
If-'PLICIT REAL»8 (A-H,Q-Z)
DI PENS ICN Y(8,2),DY(2 )
DAIA BPEIUD / 6.CCC/
DATA DOSPI / C.28318EC0/
CCPPCN NCFNS
NCFNS = NCFiXS + 1
TG = 380.DCC
ARCLK = COSPI»X/0PERID
AF = DCCS(ARGLP)
IF ( AF .LT. C.DCO) TO = 4C0.DCG
DY(l) = 6.5D0C - Y< 1, 1) - 1.75754943D14*

I CEXP(-L4O88.C0O/Y(l,2))»Y(1,1)
DY(2) = 2.162DC0*(TG - Y(l,2)) +

I 4.74538346 ID 15*DEXP(- 14088.DOO/Y( 1,2))*Y(1,1)
RETURN
END

01/25/55 PAGE CCC1
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FCk It' AN IV C LEVEL IS PEDERV CATE = 74325 01/25/55 PAGE COOL

CCu 1 SLPRCLTINE PEDERVI X,Y,Ph,P)

C C C .5 
CCCA 
GOOS

IMPLICIT REALES (A-H.O-Z)
Uli'EASICN Y(8,2) ,Pk(2,2)
Phfl.l) = - l.OCC - 1.75754943C14*CEXP( - 14088.COO/Y (1,2 ) ) 
Phil, 2) = - 1.75754943014*0EXP(-14088.DCO/Y(1 ,2))*Y(1,1)*

1 (14088.000/(Y(1,2 )*»2 ) )
CCG6
0007

Ph(2,l) = 4.74538346015*0EXP(-14088.COO/Y( 1,2 ) ) 
PW(2,2) = - 2.162000 + 4.74538346 ID 15*

1 CEXPf - 14088.COO/Yl 1,2 ) )*Y( 1,1)»
1 ( 14CE8.DCC/(Y(l,2)**2))

COO 8
CCC9

RETURN
ENC



PaCeLEI*' 3.4.R THE PERICCIC CHEMICAL REACTION (BANG-BANG FORCING FLNCTION)

CLTPLI AT INTERVALS CF C.1CC CO 
number of eolations is 2 
INITIAL STEP SIZE IS C.1CD-C3 
MINIMUM STEP SIZE IS 0.1CC-C9 
TOLERANCE IS C.1GD-03 
MAXlF'uP CERIVAUvt TO BE USED IS 6 
INITIAL VALLE CF THE INCEPENCENT VARIABLE IS 0.0 
MAXIFL.’-' STEP SIZE ALLOUEC IS 0.1000000 00 
SUPERIOR LIMIT OF THIS INTEGRATION IS 0. 1800CCD 02 
EXACT INTERVALS uILL TIE PROVICEC 
THE LShR HAS SELECTED THE INTEGRATION METHOD

THE INITIAL VALUES GF THE DEPENDENT VARIABLES ARE 
0.19295 01 0.A265C 03

e » w » * v <■ * * X-************************* 
FLA3 SELtzCTED FY LSER IS 04 

lyV^************-*^********^*^ *»*»<«*♦**



l£. L-V. ,'CCC!-'. SfLPS STEP SIZE INDEP. VARIABLE DEP. VAR(l) DEP. VAR12) ....

11 G 0.225766600-01 0.1CCCCCCD CC 0.223EOAIOD Cl C.42C610E8D 03
19 10 C.2277666CC-C1 0.2CCCC00D 00 0.255337060 Cl 0.415028330 03
27 18 0.2277666CD-01 0.3CCCCCCD CO 0.286261610 01 C.4C99043C0 03
J 5 18 0.2277666CD-01 0.ACCCCCOD CO C. 315965180 Cl C.405338780 03
AS 22 C.2277666OG-C1 0.5C0CC00D co C.3AAC2285C 01 0.401360840 03
SU 26 O.2277666GD-O1 0.6CCCCCCD co 0.3702 18670 Cl C.397950950 C3
56 3C 0.227766600-01 0.7CGCC0GD 00 0.39AA79A2D 01 0.395062210 03
63 3 A 0.227766600-0 1 0.8CCCCCCD co O.A 16E2218D Cl C. 392635970 03
70 3 8 0.227766600-01 0.9C0CC00O 00 0.A3731653D 01 0.390610910 03
7 7 A2 0.227766600-01 0.1CCCCCG0 01 0.A56C6128D 01 0.388928620 C3
tiA A 6 C. 227766600-01 0.11CCCCC0 01 C.A7316926D 01 0.387536080 03
91 50 C. 227766600-01 0.12000000 01 0.A8875820C 01 0.386386610 03
93 5A 0.2277666CD-CI 0. 13CCCCC0 01 C.5C2SA522D 01 C.385439930 C3

105 58 0.227766600-01 0.1A0CC00D 01 0.515863590 01 0.384661710 03
136 6 / 0.633 120960-03 0.15CCCCCD 01 O.52755A75D 01 C.384023690 C3
1A8 73 0.551CCA5CD-01 0.16CCCC0D 01 C.53791U9D 01 0.387425970 03
ISA 75 0.100000000 00 0.17CCCCCD 01 0.566693800 01 C.39C3123CD 03
160 7 7 C. 1CCCCCCCD CO 0.18CCC00D 01 0.556520060 01 0.392763710 03
166 79 C.1C00GC0CD 00 0.1SCCC000 01 0.560882580 01 0.394874310 03
172 8 1 0. 1CCCCCCCD 00 C.2CCCCCCD 01 0.566075190 01 0.396717370 03
172 6 5 0.100000000 00 0.2100C00D 01 0.570190030 01 0.398350040 03
IRA 8 5 0. 1CCCCCCCD co 0.22CCCCCD 01 C.573315G8D 01 0.399817110 03
: 90 8 7 C.1CG0CCC0L' 00 0.23000000 01 0.575532190 01 0.401154090 03
l'/6 8 9 0.1CCCCCC0D CO 0.2ACCCCCD 01 01.5769 157 70 0 1 0.402389440 03
zu2 9 1 c. icccccoci: oc O.250CLOOD 01 0.57753]760 01 0.603566420 03
.’OK 9 i 0. lOGOCCOOl) 00 0.26CCC(.CI) 01 0.577636960 01 0.404644510 03
21A v: C.1CCCCCGC0 00 0.27GCCG0D 0 1 G.576678310 01 0.405/00500 03
2ZU 9 7 0.100000000 00 0.2GCCCCCD Cl O.57529239D Cl 0.406729420 03
2 26 59 0. 1CCCCCCCD co 0.29CCCC0D 01 O.5733C63CD Cl 0.407745430 03
232 101 0.1CC00C000 00 0.30000000 01 0.570726360 01 0.408762550 03
2 38 1C3 0. 1CCCCCCCD GO 0.31CCCCCD 01 0.567556C2O Cl C.409795590 03
PAA 105 C.1CC0CC00D 00 0.320CC00D 01 0.563772680 01 0.410861210 03
250 10 7 O'. 1CCCCCCCD GO 0.33CCCCCD 01 C.559331310 Cl 0.411979360 03
2 56 109 C.1CCCCC00D co 0.3A00CC0D 01 0.556155720 01 0.413175470 03
262 11 1 0. ICCCCCCCD 00 0.35CCCCCD 01 0.548121620 01 0.414483950 03
268 113 C.ICCCCCCCO co 0.36CCC000 01 0.541031020 01 0.415954470 03
282 118 0.25G0CCCCD-01 0.37CCCCCD Cl 0.532606920 Cl C.4 1 7653370 C3
286 120 C. ICCCCCCCD co 0.380CC00D 01 0.522293170 Cl 0.419710450 03
298 125 0.2500CC00D-01 0.390CC000 01 0.509140780 01 0.422346350 03
008 130 C.25CCCCCCD-01 0.ACCCCCCO 01 0.491116500 01 0.426C40260 03
122 1 3 5 C.250CCCC0C-01 0.A10C000D 01 0.462828240 01 0.432095880 03
’,/! 152 0.328AC126C-02 0.A2CCCGC1) 01 0.399130170 01 C.446836170 03

1 277 C.229A52A7D-G2 O.ATCCCCCtJ 01 0.6 1 266 1C4D-C2 C.545226470 03
2 'j 3 5 9 0. 1356357 7D-O2 0. AACCCCCD 01 0. 112C77540-C1 C.532652190 03

1 C 7 8 A 1 2 0. U8916A6C-02 0.A500C00D 01 0. 186990890-0 I 0.522448470 03
1175 A A 7 0.3 15OA8AAD-O2 0. ACCCCCCO 01 0.351736210-01 0.5 10092420 03
Izl6 A6a 0.639A6695D-02 0.A7CCCCCD 01 0.607230850-01 0.499841170 03
12 3 5 A 7 3 0. 1357AA06D-01 0.A80CCCC0 01 0.969723270-01 0.491247050 03
1ZAA A 79 C.23981C77D-O1 O.ASCCCGCD 01 0.1452774 30 CC 0.483927160 03
12 56 AGS C. 1E65CSASD-02 0.5C0CCCC0 01 C.206659860 00 0.477578860 03
126 7 A91 O.559528A7O-O2 0.51CCCCC0 01 0.282108700 CO 0.471956600 03
12 77 A96 C.25CCCCCCO-O1 0.52CCC00D 01 C.372773940 CO 0.466855450 03
1287 501 0.250000000-01 0.53000000 01 0.480307720 00 0.462094820 03
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CL. eV. ACCU^. STEPS STEP SIZE INDlP. VARIABLE DEP. VAR(l) DEP. VAR(2)

1 297 5C6 C.25CCCCCCO-C1 0.54CCCCCD Cl 0. 607 137C3D CC C.457505570 03
1 ’CT 6C8 C. 1CC0CC00C 00 0.550CC00D 01 0.756523290 00 C.45292581D C3
L S'JV 5 10 C. 1CCCCCCCD CO 0.56CCCCCD 01 C.9325814CD cc C.44819C44D C3
1 ill 512 C. 1CCCCC00D 00 0.570CCG0D 01 0. U392436D 01 C.443165660 03
1.321. 514 0.1CCCCCC00 00 o.seccccci) Cl 0.137872600 Cl C.437777220 C3
I 127 516 C. 1CCCCCCCD co 0.59CCC00D 01 0. 164952550 01 0.432055650 03
1 35 3 5 IB 0.10U0CC00D 00 0.6CCCCCCD Cl 0.194533970 Cl C.426 151720 C3
13 37 5 2C C. 1CCCCCCCU 00 0.61CCC00D 01 0.225611830 01 C.42C29777D 03
134 3 522 0. ICOOOCOOC 00 0.62CCC00D 01 0.257075240 01 C.4 14731670 C3
1349 C 0 C. 1CCCCCCCD cc 0.63CCCCC0 Cl C.28796644D Cl C.409632350 03
1353 526 G.1CC0CC00D 00 0.640CC00D 01 0.317601860 01 C.405G9671D C3
1361 5 2c 0. 1CCCCCCC0 co C.65CCCCCD Cl 0.345568460 Cl C.401 150450 03
1367 5 3C C.1CCCCC00D 00 0.6600C00D 01 0.371660840 01 0.397771440 03
1j73 532 0.1CCCCCCCD cc 0.67CCCCCD 01 0.395813740 Cl C.394911220 C3
13 77 5 34 C. 1CGCCC0CD CO 0.680CCU0D 01 0.418C49C8D 01 0.392510240 03
138 1 536 O.IOOOCCOOD 00 0.69CCCCCD Cl 0.438439710 Cl C.39C5C7C2D C3
1 IE 5 5 38 C. 1CCCCCCCD 00 0.7CCCC00D 01 0.457086270 01 0.38884324D 03
1.18 9 54 0 0. ICOOOCOOC 00 0.71CCCCCD Cl 0.474 102470 Cl C. 3874662 10 C3
1 39 3 54 2 C. 1CCCCCCCD GO 0.72CCCOOD Cl C. 489606 37D Cl C.386329630 03
13 9 7 5*. 4 O.IOOOCCOOD 00 0.7iOOOOGD 01 0.50371505D 01 C.385393590 C3
1401 546 0.1CCCCCCCU co C.74CCCCCD Cl C.516541580 Cl 0.384624120 03
1 ■’< 0 5 54 8 G. 1CC0CC00D 00 0.7500C00D 01 0.528193260 01 C.383992580 C3
14?5 955 0. 141 IC744D-C2 C.76CCCCCD 01 C.5386C172D Cl C.386936480 C3
14 31 55 7 C. ICCOCCOCU 00 C.77COCCCO 01 0.547585560 01 0.389897470 03
1-. 3 < 5 5 9 0.1CCGCC00D 00 0.78OCCCCI) C 1 0.555212240 C 1 C. 392402640 C3
I 4 4 3 5 o 1 C. ICCCCCCCD 00 0.79CCCC0I) 01 0.56 151)0480 01 U.394597030 03
k '< 4 : *3 U j 0 . 1CU00C00 C GO C.dCCCCCCt) Cl 0.566 782420 Cl G . 396435740 C3
14 51 56 5 C. ICCCCCCCD CO 0.81CCC0U0 Cl C. 5 70909 140 Cl C.398097450 03
1455 56 7 0.1CC00C0CC 00 0.820CC000 01 0.574C4760D 01 0.399588 1 ID C3
14 59 569 0. ICCCCCCCD CO 0.83CCCCCD 01 C.576279320 C 1 C.4CC944190 0 3
14 6 3 571 C.1CC0CCC0D 00 0.840CC00D 01 0.577678590 01 C.402 194890 C3
1467 5 7 3 ■ C. ICCCCCCCD GO 0.85CCCCCD Cl C.578311510 Cl C.4C3364C5D 03
14 71 5 7 5 C. ICCCCCCCD 00 0.8600CGCD 01 G.57P23524D 01 G .404471550 03
I 975 5 7 7 '0. ICCCCCCCD CO O.87CCCCCO Cl O.57749733D Cl C.405534470 03
1 4 7 9 5 7 9 C. ICCCCCCCD CC 0.88CCCC0D 01 G.576135120 01 0.406568030 03
I 4 d > 98 1 O.IUCOOCOOD GO 0.8GCCCCCD Cl C.5 74 1 74 800 Cl C.40 7586420 C3
14 >1 i 5 8 J C. ICCCCCCCD CO 0.9C0CCC0D 01 G.57163021D Cl C.4C8603620 03
14 9 1 585 0.100CCC00C 00 0.91CCCCCD 01 0.56850079D 01 C.409634220 C3
1495 567 C. ICCCCCCCD co 0.92CCCCCD 01 C.564768570 Cl C.41G69443D 03
14 99 *; h 9 c. ICCCCCCCD 00 0 .930C000D 01 0.560393290 01 C.4118C348D C3
1'3(3 3 59 1 0. ICCCCCCCD 00 0.S4CCCCCI) Cl C.555304440 Cl C.412985570 C3
1C 7 5 9 3 C. 1CCCCC00D 00 0.950CC00C 01 0.54938802C 01 0.414273040 03
15 i 3 5 9 4 C.ICCCCCCCD co 0.96CCCCCD Cl 0.542463120 Cl C. 4 1 5 7 1 1 870 C3
1519 59 7 C. ICCCCCCCD co 0.97CCCC0D 01 C.534238290 01 0.417371820 03
1325 599 0. lOOOCCOOO 00 O.SECCCCCD 01 O.5242226CD Cl C.4 19367360 C3
15 37 6C4 C • 2 5C. CCCCCD-G1 ’ 0.99CCC00U 01 C.511564280 01 C.42189632D 03
154 7 6 G 9 0«2vG0uC00L—01 0.1CCCCCCU 02 0.494455350 01 C.425383631) C3
. ’> rVa 6 14 C. PS'.CCCCCD-Ol C. 1C1CCC0D C2 C.468339560 Cl C.43C92586D 03'
11 6 29 C . 4 5 3 1 3 5 8 2 D - G 2 G. 1C2CCG0D 02 0.414607960 01 0.443168660 03
1 e t. 3 742 C. 105480030-02 0.1C3CCOOD 02 C.551C64740-•02 0.547374360 03
2 1 3 2 3 34 C. 2C9 1 5443D-02 C.1C4CCCCD C2 C. 1C2767C1D- Cl C.53439C34D C3
2 311 ES6 C. 17681C87U-G2 0. 105CCCC0 C2 C. 174C12740- Cl C.523858760 03
2426 537 0.491638220-02 0.1C6CCCCD 02 0.331144530- 01 C.511236180 03



Cl. EV. ACCUM. STEPS STEP SIZE INOEP. VflRIAULE CEP. VAH(l) CEP. VAR(2)

2A68 95 5 0.P9C87CC70-■02 0.1C7CCC01) 02 0.576781550-■01 0.500792770 03
2A86 964 0.3569579313-■02 0.1C8C0CCD 02 C.92785015D--01 C.4920502CD C3
2 <T-;a 971 0. 122364290-•0 I 0. 1C9CCCCD 02 0. 139E267CD cc C.484616940 03
2'jC8 9 7 7 0.198933790-■01 0.110CC00I3 02 0.199850680 co 0.478 182720 C3
? s i v 932 C.250000000-■01 0.111CCCCD 02 O.273E2755D cc C.472497C60 C3
/ - > c 987 G.250000000--01 0.11200000 02 0.362889360 00 0.467351880 03
2-;a i 99 2 0.2500000013-•01 0. 1 13CCCGD 0 2 0.468628240 co C.462564610 C3
2553 997 0.25COCCGCD-•Cl 0.U4CC00D 02 0.593382420 00 0.457965280 03
256A LC02 0.25CCCC00D-•01 0.1 15000013 02 0.740385050 cc C.453388480 C3
2570 1CC4 0. 100000000 GO 0.11600000 02 0.913555390 00 0.448676940 03
2 57 6 ICOu 0.1COOOCOOC 00 0. I 17CCCCD 02 O.1117O113C 01 C.443685720 C3
2582 1CC8 0. 1CCCCCCCU CO 0. 1 1800000 02 C. 135320430 Cl C.438334220 03
2 58 3 1010 0.1CCUCC0CD 00 0.11900000 02 0.162 107350 01 C.432641C20 C3
2 5')h 1C12 0. 1CCCCCCC0 co 0. 12000000 02 C. 19 1479350 Cl C.426745630 03
2 5 V 8 1C14 0.1CC0CC0CC 00 0.12100000 02 0.222458210 01 0.420875370 C3
2604 1016 0. 1CCCCCCC0 00 0.12200000 02 0.253930420 Cl C.415271C2D C3
2610 1016 ■ C.1CCCCC00D 00 0.123OCOOO 02 0.284914920 01 0.410119170 03
26 16 10 20 C.1CCCCCC0D 00 0.124CCCCO 02 0.314699160 C 1 C.405524840 C3
2622 1C22 0.ICCOCCCCC CO 0.12500000 02 C.342845390 01 0.401519880 03
2 62'3 1024 0.1COOCCOOD 00 0 . 12600000 02 0.369 1306 30 0 1 C.398C85E80 C3
2co4 1C26 0.1CCCCCCC0 co C.12700000 02 0.3934/8250 01 C.395176250 03
2 6 3 H 10 2.3 C. 1G00CC00D 00 0.12800000 02 0.415903300 01 C.392732C 10 C3
2 l6 2 1C3C C. ICCOCCCCD co 0. 129CCCCD 02 . 0.436474780 Cl C.39C691620 03
2 (.4 6 10 32 0.ICOCCCOOC 00 0.13000000 02 0.455291310 01 C.388996290 C3
?<.‘>0 10 34 0. ICCCCCOCI) 00 0. 1 3 1CCCC0 02 0.472465760 Cl C.387592710 0 3
2.'.'"-4 10 36 c. icccecoco 00 0.1 32CCOOO 02 0.4881 16030 01 0.386433930 03

1 u 3 H 0 . 100 0 000013 co 0.1 3300600 02 0.502359490 C 1 C.3854794C0 C3
2< 62 114 0 c. icccecoco co 0.134CCOCO 02 0.515309690 01 0.384694610 03
26 66 104 2 0.1COOCCUOO 00 0.13500000 02 0.527074560 Cl C.384C5C39D C3
2 6 3 6 104 9 0.140973330-■02 0.136CCCCD 02 0.537585990 01 0.386983950 03
2692 1051 0.1CC0GC00C co 0.13700000 02 0.546662900 01 0.389936640 C3
2696 1053 0. ICCCCCCCO co 0.13800000 02 C.554373820 Cl C.392435C90 03
2 704 1055 0.1CCGCC00C 00 0.139CC00D 02 0.560818510 01 C.394584C3O C3
2 708 105 7 C.ICCCCCCCO GO 0. 14000000 G2 0.566089970 Cl C.396458250 03
2 7 12 ics1; C.1CCCCCC0U 00 0.14100000 02 0.570280030 01 C.3981 16230 C3
2 7! 6 106 1 0. ICCCCCCCO CO C. 142CCCCI) 02 C. 573476300 Cl C. 3996C3 7 70 C3
2 /2C ICC 1 0.1CC0CC0C0 GO 0.143CCUG0 02 0.575760840 01 G.4C09572C0 03
2 724 1065 0. ICCCCCuOD co 0.14400000 02 O.5772C846O 01 C.402205620 C3
2 728 1067 0. ICCCCCCCO co 0.14500000 02 0.577885700 01 0.403372800 03
2 7 32 106 9 0.100000000 00 0.146CCCCD 02 O.57785C110 01 C.404478560 C3
2 7 36 10 / 1 0. ICCCCCCCO CO 0.14700000 02 C.577149620 01 C.405539920 03
2 74 0 1073 C.lOOGOGCOO 00 0.148CCC0C 02 0.575821890 0 1 C.4C6572C60 C3
2 74 4 1^75 C. ICCCCCOCI) cc 0.14900000 02 C.573893460 Cl C.407589140 03
2 74 4 lb i I C.ICOCCCOOC 00 0.15000000 02 0.571378470 01 C . 408605C90 C3
2/92 10 79 . 0. ICCCCCCCO co 0.15100000 C2 0.568276670 Cl C.409634460 03
2 7 56 10 81 0.1CCCCC000 00 0.152CC00D 02 0.564570430 01 0.410693440 03
2 760 1U8J C. ICCCCCCCO cc 0.15300000 02 0.560219840 Cl C.411801190 C3
2 764 10 8 5 0. 1CCC0C0C0 00 0.154CCC00 02 0.555154830 01 0.412931840 03
2 i b I CH 7 0.1CCCCCCOD co 0.15500000 02 0.549261960 Cl C. 414267660 C3
2 f /4 1CHV C. ICCCCCCCO cc U.156CCG0U 02 0.542361140 01 0.415704440 03
2 7 -1) 109 1 0. lOOQCCOOC co 0.15700000 02 0.5341622CD Cl C.417361690 C3 H

2 736 109 3 C . 1C 00 0 0C CD co 0. 158CCCCD 02 C.524176560 Cl C.419353360 03 Cn
2 7 98 1098 0.2500CCOCC- 01 0.15900000 02 0.511557040 0 1 C.421876230 C3



LE. GV. ACLUiv. STEPS STEP SIZE INDEP. VARIABLE DEP. VAR(l) CEP. VAP(2) ....

2hC8 1 LC 3 C.25CCCCCCD-C1 C.16CCCCCD 02 0.494507720 Cl C.425352320 03
2^21 11C8 C.25CCCCC0C-01 0.161CCOOD 02 0.468513850 01 C.430867970 03
2 KO 1’25 0.4220560CD-02 U.162CCCCI) C2 O.41525746D Cl C.442994450 C3
3- Zu 1232 0.26 1594&2D-03 0.16296480 02 O.544C6719C-C2 C.547692880 C3
3 A 17 132', C. 161CCE22D-02 0.16399620 02 C. 1C2 155S6O-C1 C.534516340 03
3567 1380 0.46804298C-02 O.165CCCCO C2 0.173638610-01 C.523930170 03
3b 70 14 14 0.655540090-02 0.166CCCCD 02 C.33CC6C65O-C1 C.511299610 03
3 712 1432 C.33717C6CO-O2 0.167CCCC0 02 0.5752629CD-C1 C.500845230 03
3 7A0 1443 C.97038962C-02 0.16800000 02 0.925619740-01 C.492C94E60 C3
3 751 14 4 9 C.464572920-02 0.16SCCCCD 02 C.139527570 CO C.484654810 03
3 762 1454 C.25GCCCG0C-01 0.17000000 02 0.199488640 00 0.478215260 03
3773 1459 0.25UCCCCCU-C1 0.171CCCCO C2 O.27338621D CC C.4725262CO C3
378A 1464 C.25CCCCCCD-C1 0.172CCC00 02 0.362364500 00 0.467378560 03
3 795 146'-; 0.250000000-01 0. 173CCCCD C2 0.468C08440 CC C. 462589800 C3
3P07 1474 C.25CCCCCCD-C1 0.174CCCCO 02 C.592652430 CC C.457989900 03
31'18 1479 0.250GCCOCC-01 0.17500000 02 0.739524820 00 0.453413410 C3
3 82 A 14 81 C. 1CCCCCCC0 CO 0.176CCCC0 02 C.912542310 CC C.448703030 03
3 8 30 14 8 3 0.1CC0CC00D 00 0.17700000 02 0.111582590 01 C.443713590 C3
31’36 1 s <5 ■_> C. 1CCCCCCCC co C.178CCCC0 02 0.L351841CD Cl C.438364100 03
3EA2 14 8 7 C.1C00CC00D 00 0.17900000 02 C.161955C5C 01 0.432672470 03
3848 1489 C.1CCCCCC0D 00 0.18CCCCCD 02 0.191315460 Cl C.426777620 C3
3E52 14 9 1 C.1CCCCCCCD co 0.181CCOOC 02 0.222288640 01 0.420906550 03

ICTAL AuM.-.LR CF fURCTICA EVALUATIONS 3852
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FC 1< T i< AN IV G level IS OIFFLN CATE ’ 74321 05/30/01 PAGE COCI

CCC1
CC02 
CCC3 
C C C 'i

SLE'HCL'TIKC DI FFUN ( X , Y , DY ) 
IFFLICIT REAL*8 (A-H.Q-Z) 
CI.-lNSICX Y( 8,2), DY (2) 
DATA 0K/3.DCC/

C EPSLC.1; IS ECUAL TO 1. ODD C/S 8 . DCO
CCC5 
ccct 
CCC7 
C 0 J 8 
CCCS 
C C 10 
COIL

DATA EFSLCA / C .0 1020408 163 2D CO/
CCF^CN NCFkS
NCFNS = NCFNS + 1
DY(1) = -Y(l,l) - Y( 1, 1)»Y(1,2> + EPSLON*OK*Y( 1,2)
DY(2) =(Ytl,l) - Y(1,1)»Y(1,2) - EPSLCN*CK*Y ( 1,2 ) l/EPSLON
XETLRN
ENC



PEDERV CATE = 74321 05/30/01 PAGE COCIOKfAAN IV G LEVEL 1S

CCC 1 
v ul; 2 
CCC3 
CCCi

SLRRCLTINE PECERVI X,Y,Pk,P) 
implicit real*s <A-h,a-z) 
CIPEiXSIC.S Y(ti,2),PW(2,2) 
DATA DK/3.CCC/

C EPSLOiY IS ECUAL TO I. GDOO/S8.DCC
C C 0 ‘3 
CCC6 
CCC7 
ccos 
ccos 
CC 1C 
0011

DATA EPSLCh / C.C1020408 1632CCC/
P'rtd ,1) = - l.CCC - Yd,2)
Pk(l,2) = - Yd,l) + EPSLCMDK
Pa(2,1) = ( l.COO - Y( 1,2)l/EPSLON
Pk(2,2) = - (Y(l,l) + EPSLCN*CK)/EPSLGN
RETLRN 
ENC
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;-RCt1LE.v 3 Tr.E THERMAL C ECCMPCS I T ICN OF OZONE

ClIFLT AT INTERVALS CF O.1OC 01
NLMtitR OF EQUATIONS IS 2
IMIIsl STEP SIZE IS C.1CD-C3
HMPV? STEP SIZE IS 0.100-09
TOLERANCE IS C. 1CD-CA

:.-.u.v OORIVATIVE W EE LSEO IS 6
INITIAL VALUE CF THE INCEPENCENT VARIABLE IS C.C
HAXIMLR STEP SIZE ALLChEC IS 0.1CCCG0C 01
SUPERIOR LIMIT OF THIS INTEGRATION IS 0.1CCCC0C 03 
EXACT INTERVALS *ILL BE PRCVIOEC
AOAMS PRECICTCR CORRECTOR OR OPTION 1 CF GEAR’S STIFF METHOD WILL BE SELECTED

THE INITIAL VALLES CF THE DEPENDENT VARIABLES ARE
C.1GCGC 01 0.0

FOR EPS = C. 1CCCC0CD-C6
ADAM'S PRECICTCR CORP.ECTCR AVERAGE STEP SIZE IS C.42035090-02

The CRCER CF THE INTEGRATION IS 4

FOR EPS = 0.1CC0C00C-03
ADAM'S PRECICTCR CO.RKCCTCR AVERAGE STEP SIZE IS

ThE CRCER CF THE I NTECRAT ICN IS- 3

STEP SIZE CALCULATED FCR EPS = 0.10C0CC0D-03

*;<.;>cc sllectec is stiff opiicn l*
4*44-**4c*v-*v**v*»^*4,*4‘*Vae44i>***44****4***»**4

0.91191190-02

IS - 0.10971820-01
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LE. EV. iCCUN. STEPS STEP SIZE INDEP. VARIABLE DEP. VAP(l) OFP. VARI2) ....

266 106 0.259667260-01 c. 1CCCCCCD Cl C. 159905690 CC C.85C2C257O CO
3C5 115 C.393075040--01 0.2C0CC00D 01 0.387C1923C-01 0.596943430 OC
3 31 129 C. 120627520 CO 0.3CCCCCCD Cl 0. 162C424CD-C1 C.381660530 CC
354 137 C. 1 53041230 CO 0.4CCCC0C0 01 0.954630530-02 0.260111420 CO
3 7C 14 3 0.119470650 00 0.5CCCCCCO Cl 0.665646500-02 C. 192626460 CC
3f;6 149 C. 1 19470650 CO C.6CCCCCCU 01 0.508332590-02 C. 151724340 CC
398 155 0. I 19470650 00 0.7CCCCCCD 01 0.410197940-02 C. 124 7 297 70 CC
4CS 161 0. 1 19470650 GO 0.8CCCCCCD Cl C.343394460-02 C.1057116C0 CC
418 167 C. 119470658 00 C.9C0CC00D 01 0.295085190-02 C.916368010-01
424 173 0.119470650 00 0.1CCCCCCD C2 0.25E57C7C0-C2 0.606250640-01
4 30 179 C. 119470650 00 O.llOCCOCD 02 0.230024840-02 0.722660190-01
4 36 185 0.119470650 00 0.12CCCCCD C2 O.2C71O859O-C2 C.653265920-01
44 2 191 0. 119470650 co C.13QCCCC0 02 C.188313690-02 0.595949170-01
4 4 3 197 0.119470650 00 0.14CCCCCD C2 0.172624750-C2 0.547765920-01
4 54 2C3 C. 1 19470650 co C.150CCCCC 02 C. 15933363O-C2 C.5C6769610-C1
4c 0 209 0.119470650 00 0.16GCC00D 02 0.147931650-02 C.47 1427220-01
466 215 0. 1 19470650 cc 0. 17CCCCC0 C2 0. 138C44150-C2 0.44C662890-01
472 221 C. 119470650 00 0.180CC00D 02 0.129389160-02 C.413644960-01
478 227 G. 1 19470650 cc 0.19CCCCCD C2 0.121 75C45D-C2 C.38973CS9D-C1
4 £4 233 0. 1 1947G650 co 0.2CCCC0CD 02 C.1 14959460-02 C.368417120-01
4<?C 239 G. 1 19470650 00 0.21CCCCCD C2 0.1081-82890-02 0.349302590-01
4-7 6 245 0. 1 19470650 cc C.22CCC00D 02 0. 1034 13920-02 C.332C648C0-C1
SC2 2 51 0.1 19470650 oc 0.23CCCCC0 C2 0.984660040-03 0.31644 1090-0 1
SC 8 257 0.11947C65O cc 0.24CCCCCD C2 C.9396823CD-C3 C.30221559D-C1
'-14 26 3 0. 1 1 94 7C(>'".0 00 0.25CCC00I) 02 0.8986 19890-0’3 0.2P9209120-Cl
5 20 269 0.1194/0650 co C.26CCCCCD C2 C.86C984CCD-C3 C.277271670-01
526 275 C. 119470650 00 O.27CC0O0D 02 0.826363840-03 C.266277490-0 1
532 281 C. 1 19470650 00 0.2FCCCCCD C2 0.794411630-C3 0.256116620-01
538 287 0. 119470650 cc C.29CCCCCD 02 0.764831030-03 G.246704250-01

293 0.1 I-/47065C 00 0.3CCCCCC0 02 0.73736794C-C3 C .237955 120-0 1
sso z S '*» 0. 1 194 70650 cc 0.31CCCCCD C2 C.7 118C328C-C3 0.2298034CC-C1
£57> 305 0.119470650 00 0.32CCOOOD 02 0.687947110-03 0.222 19CC90-C1
56 2 311 0.1 19470650 cc O.33CCCCCD C2 C.665634C3O-C3 C.215C6361D-C1
56 8 317 C. 1’19470650 co 0.340CC000 02 0.644719220-03 0.20837885C-C1
5 74 323 0.119470650 cc 0.35CCCCCO C2 0.625075490-03 C.2C2C96C10-C1
550 329 C. 1 19470650 cc 0.36CCCCCC C2 C.60659C54C-C3 0.196179990-01
53 5 3 3 5 0.1 19470650 co O.37CCCCCD 02 0.589 16496C-C3 0. 1905996 10-0 1
592 34 1 0. 1 19470651) co C.38CCCCCD C2 C.572710330-03 C. 185327170-C1
598 34 7 0.1 19470650 co 0.39CCCCCD 02 0.557147830-03 0.18C33767D-C1
604 353 C. 1 19470650 00 0.4CCCCCCD C2 C.5424C6910-C3 C. 175609580-C1
CIO ■ 59 C. 119470650 GO 0.410CC00D 02 0.528424300-03 C.17U222 3O-C1
616 365 0. 1 1947C650 co C.42CCCCCD C2 C.515143CCD-C3 0. 166656200-01
c22 37 1 C. 119470650 00 O.430CCC00 02 0.502511640-03 0.162800960-01
6 28 37 7 C. 119470650 00 0.44CCCCC0 C2 C.49C48368O-C3 0.156935950-01
t3< 383 0. I 19470650 co C.45CCCCCC 02 C.479016980-03 0.15524982C-01
64 0 289 0.1 19470650 00 0.46CCCCC0 02 0.468C7318D-C3 C.15173C47O-C1
646 395 C. 1 19470650 cc C.47CCCCC0 02 C.457617350-C3 C. 148366830-C1
6 5 2 40 1 0.119470650 00 0.480CCC00 02 0.447617610-03 0.145146820-01
65 8 40/ 0, 1 19470650 co 0.49CCCCC0 C2 C.438C448CD-03 0.142C67170-01
664 4 13 0.119470650 00 0.5CCCCC0D 02 C.428872160-03 C.139U343C-01
670 4 19 C. 1 19470650 cc 0.51CCCCCD C2 0.42CC7515D-C3 C. 136279790-01
6 7 6 4 25 C. 1 19470650 co 0.52CCCCCD 02 0.411631180-03 0.133559100-01
63 2 431 0.119470650 00 O.53CCCCCD C2 0.403519450-03 C.13C944720-C1
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L£. t’V. iCCLX. STEPS STEP SIZE INDEP. VARIABLE CEP. VAF(l) CEP. VARI2) ....

cP 3 

7CO 
7C6 
712 
718 
724 
73 C 
736 
742 
743 
754 
760 
766
7 72 
778 
724 
MO 
"?0G 
EC2 
808
8 14 
220 
8 ?. <> 
8 J2 
8 it 
8-',4 
ESC 
656 
862 
868 
8 74

8 8 6 
ES2 
893 
SC4 
910 
S 16

2
9 28

94 0 
94 6 
952 
958 
9 64

43? 
44 3

4 5 5 
46 1 
467 
473
4 79 
485 
49 1 
497 
SC3
5 09 
515 
521 
527 
533 
5 39

551 
857 
5 6 3 
569
5 75 
5f; I
58 7
59 3 
599 
605 
611 
61 7
6 23 
6 29 
635 
641 
647 
6 5 3 
6 5 9 
66 5 
671 
677 
6 83 
689 
695 
701 
7C7 
713

C. 1 194 70650 
0.1 1947C65C 
C. 1 19471650 
0.11947C65C 
C. 1 19470650 
C. 11947C650 
C. 1 19470650 
C. 1 1947C650 
C. 1 19470650 
0.119470650 
C.119470650 
0. 1 19470650 
0.11947065C 
C. 1 194 70650 
0. 1 19470650 
0.1 19470650 
0. 1 194 70650 
C. 1 19470650 
0. 1 19470650 
0.11947C65C 
0.119470650 
0.11947C65C 
C. 119470650 
C.119470650 
0.119470050 
0. 1 19470650 
G. 1 194 7C65C 
C. 1 19470650 
0.1 19470650 
C. 1 19470650 
0.11947C65C 
0.1 19470650 
C.11947C65C 
0.119470650 
0.119470650 
0.119470650 
0. 1 19470650 
0.119470650 
0. 119470650 
C. 1 1947065C 
0. 1 194 70650 
C.11947C65C 
C. 1 19470650 
0.119470658 
C.119470650 
0. 119470650 
0.119470650

CO 
CO 
CO 
00 
CO 
00 
cc 
00 
00 
co 
00 
CC 
00 
CC 
00 
GO 
CC 
co 
cc 
co 
co 
00 
co 
on 
cc 
00 
00 
cc 
co 
co 
oc 
cc 
co 
cc 
00 
00 
cc 
00 
cc 
co 
cc 
co 
cc 
00 
cc 
cc 
00

0.54CCC0G0 
O.55CCCCC0 
0.56CCCCCD 
0.57C0CC00 
0.58CCCCCD 
0.59CCC00D 
0.6CCCCCCD 
0.610C0C00 
0.62CCCCCD 
C.63CCCCCD 
0.64CCCCCD 
C.65CCCCC0 
0.6600CCOD 
0.67CCCCCD 
C.680CC00C 
C.69CCCCCD 
C.7CCCCCCC 
C.71CCCCCD 
C.72CCCCC0 
O.73CCCCCO 
0.74CCCCCD 
O.75OCC0OC 
C.76CCCCCD 
O.77OCCOOD 
0.78CCCCCO 
0.79CCCOOO 
o.ecccccca 
0.81CCCC0D 
O.82CCCCCD 
0.83CCCOCO 
0.84CCC00D 
C.85CCCCCD 
O.86OCCO0C 
0.87CCCCCD 
0.88CCC0CD 
0.8CCCCCCD 
C.9CCCCCCC 
0.910CCCC0 
C.S2CCC0CD 
0.93CCCC0D 
C.94CCCCCD 
0.950CC00D 
C.96CCCCCD 
0.97C0C00D 
C.98CCCCCD 
C.99CCCCCD 
0.1CCCCCCD

C2 
C2 
02 
02 
C2 
C2 
C2 
02 
C2 
02 
C2 
02 
02 
C2 
02 
C2 
C2 
C2 
02 
C2 
C2 
02 
C2 
02 
C2 
02 
C2 
02 
C2 
C2 
02 
C2 
02 
C2 
02 
C2 
02 
C2 
02 
02 
C2 
02 
C2 
02 
C2 
02 
C3

0.39572C74C-03 
0.3882173CC-C3 
C.3ECS9268D-C3 
0.374C3164C-03 
0.36732CC30-C3 
0.36084471C-03 
C. 35459339(1-03 
C.34855470C-C3 
0.342717940-03 
C.337073190-C3 
C.33161112C-C3 
C.326323020-03 
0.3212C071C-C3 
C.31623652D-C3 
O.3U42325C-03 
0.306754120-03 
C.30222276C-03 
0.29782317C-C3 
C.293549680-03 
0.289396960-03 
0.285359960-C3 
0.28143391C-03 
C.277614300-03 
0.27389688C-03 
C.27C27758O-C3 
C.26675259C-03 
0.263 3 IE26O-C3 
C.259971150-03 
0.2567C797C-C3 
C.25352562D-C3 
0.25042112C-C3 
C.247291660-03 
0.244434540-03 
C.24 1547220-03 
0.23872725C-03 
0.235972290-03 
C.23328C140-03 
O.23C64867C-C3 
0.228075850-03 
0.22555974C-03 
0.223098490-03 
0.22069032C-03 
C.218'33550-03 
0.216C2653C-03
O.21376772O-C3 
C.211555610-03 
0.2C938878C-C3

0.128430560-01 
C.12601CS7D-C1 
0. 12368C72C-01 
0.121434950-01 
C.119269160-01 
C.11717915C-C1 
C.115161030-01 
0.11321114C-01 
0.111326090-01 
0.109502690-01 
C. 107737990-0 1 
0.1C6C2917C-C1 
0.1C437366C-0 1 
0.102768970-01 
0.101212820-01 
0.997030240-02 
0.98237561C-02 
0.968144960-02 
0.954320250-02 
0.940884290-02 
C.9278210C0-02 
C.915115C3C-C2 
0.902752CCO-02 
0.890718140-02 
0.879CCC560-02 
0.86758691C-02 
0.8 5 6465 5 70-C2 
0.84562540C-02 
C.835C5595O-C2 
0.82474715C-02 
C.814689530-02 
0.8C487398D-C2 
C.79529192C-C2 
0.785935080-02 
0.77679565D-C2 
0.767866110-02 
0.759139360-02 
0.750608520-02 
0.742267130-02 
0.734106890-02 
0.726 1279C0-C2 
0.718318400-02 
0.710674960-02 
0.703192300-02 
0.695865450-02 
0.688689570-02 
C.68166CC5O-C2
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PPCetEiv 3.5 TbE THERMAL 0 ECOMPC SIT ICN OF CZCNE

CLTPLT AT INTERVALS CF O.1OC 01
NLM3ER GF ECUAflONS IS 2
INITIAL STEP SIZE IS 0.1CD-C3
UMI-LM STEP SIZE IS 0.10C-C9
"ICLcRANCE IS C.1C0-C4
FAXIMLiH DERIVATIVE TO RE LSED IS 6
INITIAL VALUE Cr THE INDEPENDENT VARIABLE IS 0.0
HAXIHLM STEP SIZE ALLChEC IS O.ICCOOOD 01
SLPERICR LIMIT CF THIS INTEGRATION IS C.1CCCC0D 03
EXACT INTERVALS WILL BE PROVIDED
ADAM'S PREDIC7CR CCPRECTCR CR CPTICN 2 CF GEAR'S STIFF METHCD WILL BE SELECTED

THE INITIAL VALUES CF THE DEPENDENT VARIABLES ARE
C.1C00D Cl 0.0

FOR EPS = 0 . ICCCCCCD-Cfc
ADAM'S PREDICTOR CuRRECTCR AVERAGE STEP SIZE IS

The ORDER CF THE INTEGRATION IS A

C.92035090-02

FCK EPS --= C , 1CC0CCOC-03
ADAM'S PREDICTCR CGRRECTCR AVERAGE STEP SIZE IS 0.9119119C-02

THE CRCEP. CF THE INTEGRATION IS 3

STEP SIZE CALCLLATED FCR EPS = C. 1CCCCC0D-03 IS = 0.1097 182D-01

» »> Ir * < * » i + » »■» » * A 4 * * » » <’» if * * » * <> <1» * A * » * V * * » * » * * 4 

vMETFCC SL-LECTEC IS GEAR'S STIFF CPTICN 2» 
>)V¥VL»4*V»4»**»*<:*‘»<<V*«***4*t*<'»**l<<*<******
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t:. E.V. ACCU?'. STEPS STEP SIZE INOEP. VARIABLE OEP. VAR(l) DEP. VAR12) ....

2B8 106 0.259667260-01 c. icccccco Cl 0.159905690 CC C.65C2O257O CC
331 US C.393075040--Cl C.2CCCCG0D Cl C.387C19230-01 0.596943430 CO
35 7 129 0.120627520 00 0.3CCCCCC0 Cl 0.162C424CC-G1 C.381660530 CC
382 137 C. 1 53041230 00 G.4CCCC0CD Cl C.95463C530-C2 0.260111420 CC
3SS 143 0.119470650 00 0.5CCCCC00 01 0.66564850C-02 0.192628480 CC
414 149 C. I 19470650 oc 0.6CCCCCCD Cl 0.50833259D-C2 0.151724340 CC
4 2 6 1 * c 0.119470650 00 0.7C0CCG0D 01 0.4 10 19794C-02 0.124729770 CC
4 37 161 C. 1 19470650 co o.ecccccco Cl C.3433S446D-C2 0.105711800 CC
4 4 6 16 7 0.119470650 00 0.9CCCC00D 01 C.295C851SC-02 C.916388C1C-01
4 5 4 173 0.1 19470650 00 0. ICCCCCCD C2 O.25857C7CO-C2 0.80E25C640-C1
46C 179 0. 1 19470650 00 0.11CCC0CD 02 C.230C2484D-02 0.722660190-01
466 0.1 19470650 00 0.12CCCCCD C2 0.207 1085SC-C2 0.653285920-Cl
472 19 1 0. 1 19470650 co G.13CCCGCD C2 C. 188313690-02 0.595949170-01
490 19 7 0.119470650 co 0.140CCC0D 02 0.17262475C-G2 0.54778592D-C1
4E6 20 3 0.119470650 co C.15CCCCC0 C2 C. 15S33363D-C2 C.5C676961D-01
4S4 2CS 0.119470650 00 0.160GC00D 02 0.147S3165C-02 0.471427220-01
5C2 215 C.119470650 co 0.17CCCCC0 C2 0.138044150-02 0.440662890-01
S10 221 0. 1 19470650 cc 0.18GCCC0D 02 C. 129389160-02 0.413644960-01
SlTi 227 C.l 19470650 00 0.1SCCCCCD C2 0.12175C45D-C2 C.38973CSSD-C1
5 26 233 0.119470650 00 C.2CCCCC0D 02 C.114959460-02 0.368417120-01
534 2 j 9 0.1 19470650 GO 0.21CCCC00 02 0.10888289C-02 C. 349302590-0 1
54 2 245 0. 1 19470650 co C.22CCCCCD C2 C. 1C341392D-C2 C.332C648CD-01
5 5 0 251 0.119470650 00 0.230CC0GD 02 0.9846CC04C-03 C.316441C9C-C1
55 h 2 57 0. I 19470650 co 0.24CCCCCD C2 C.9396823C0-C3 C.3C22155SD-C1
54 6 2 6 3 C.119470650 00 0.250CC000 02 C.898619890-03 C.289209120-01
5 74 269 0.1 19470650 00 O.26CCCCCD C2 0.860S84CCD-C3 0.277271870-01
5r,2 2 75 0 . 1 194 70651; cc 0.27CCCCCD 02 C.826363840-03 0.266277490-01
55 0 281 0.1 194 70650 00 O.28CCCCGD C2 0.7944 1163C-C3 0.256 1 18820-0 1
s-;a 2 B 7 C. 1 19470650 cc C.2SCCCCCD 02 C.764831C3D-C3 C.246704250-C1
6 Co 293 0.1 19470650 00 0.3C0CCC0D 02 0.73736794C-C3 0.237955120-01
614 299 0. 1 19470650 co 0.31CCCCCD C2 C.711EC32P0-C3 C.22S8C34CD-G1
622 305 0.1 19470650 00 O.32CCC0GD 02 0.687947UC-03 0.222190090-01
6 30 311 0.119470650 cc G.33CCCCCD C2 0.665 6 340 30-^03 C.215C6361O-C1
6 3 3 3 17 C. 1 19470650 co C.34CCCCCC 02 C.6447 1922C-03 C.208378850-C1
64 6 323 0.1 19470650 00 O.35GCCCCO C2 0.625C7549C-03 C.2C2C96C1D-C1
o 3 <> 5 29 C. I 194 700 50 cc C.36CCCCCD 02 0.606590540-03 C.196179S9C-C1
46 2 33g C.l 194 706 5 0 00 0.-uccccco C2 0.58916496C-C3 C. 190 599610-01
0 7 0 34 1 C.l 194 70650 cc 0.3ECCCCCD C2 C.57271C33C-C3 0. 185327170-C1
4 76 34 7 C. 119470650 00 0.39CCC00D 02 0.557 14783C-03 C.18C33787C-C1
6S6 353 0.1 19470650 cc C.4CCCCCCD C2 C.5424C69 10-C3 C. 175609580-01
494 359 C.l 19470650 co O.410CCG0D 02 0.52842430C-03 0.171122330-01
702 365 C. 119470650 00 0.42CCCCCD C2 C.515143CCD-C3 C. 1668582CO-CI
710 37j. 0.1 194 706 50 co C.43CCCC0D C2 0.502511640-03 0.162800960-01
713 37 7 0.119470650 00 C.44CCCCC0 C2 0.49048368C-C3 C. 1 58935550-01
72g 3E 3 0.119470650 cc C.45CCCCCD C2 C.479016980-03 0. 155249820-01
734 3 8 9 0. 1 1947065C 00 0.46CCCCC0 02 0.468C7318D-03 C.15173C47O-C1
74 2 395 0. 1 19470650 cc 0.47CCCCCO 02 C.4576 17350-03 0.148366830-C1
7 50 401 0.119470650 00 0 .480CCC00 02 0.44761761C-03 C. 145 148820-01
7511 4 0 7 0. 1 194 70650 GO 0.49CCCCCD C2 C.438044800-03 0. 142067 170-0 1
7'.6 4 13 C.119470650 GO 0.50CCGC0C 02 C.428872160-03 0.139113430-01
7 74 4 19 C.l 19470650 GO C.51CCCCCD C2 0.42CC75150-C3 C. 136279790-01
7-32 4 25 0. 1 19470650 cc C.52CCCG0C 02 0.411631180-03 0.133559100-01
790 43 1 0.119470650 co 0.53CCCCCC C2 0.403519450-03 0. 130944720-01
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Cl;. EV. ACCUX. STEPS STEP SIZE IhOEP. VARIABLE CEP. VAP Cl) CEP. VARI2) ....

79 8 437 C. 11S47C650 CO C.54CCCC0D 02 C.395720740-03 C. 128430560-C1
RC6 44 3 0.11947C65C 00 0.55CC6CCD 02 0.38821730C-03 C.126C1CS7D-C1
BIA 44S C.11947C65D GO 0.56CCCCC0 C2 C.3ECS9268D-C3 C.12368072D-C1
8Z2 455 C.11947C65C CO 0.570CC0CC 02 0.37403164C-03 0.12143495D-C1
8 HO 46 1 C.11947C65D CO O.58CCCCCO C2 O.36732CC3D-C3 C.119269160-01
E38 4c 7 C. 11947C65C 00 0.59CCCCCD 02 0.36084471C-03 0.11717915C-01
846 47 3 C. 1 1S47C65L’ CO 0.6CCCCCCD C2 0.3545S339D-C3 C.115161C3D-C1
E54 4 7S C. 1 19470658 CO C.61CCCOOC 02 C.348554700-03 C.11321 1 140-01
862 485 C. 1 1947C65C 00 O.62CCCCCD C2 0.342717S40-C3 C.111326CSO-CI
870 491 C.i 19476650 CO O.63CCCCCD 02 0.337673190-03 C. 1C95026SC-C1
878 4S7 0.11947C65C CO 0.64CCCCCC 02 0.33161112C-03 C.1C77379SD-C1
8 8 6 5 Ce 3 C. 1 1947C65D CO 0.65CC6CCD C2 C.326323C2D-C3 C. 1C6C2917D-C1
E9-> 5CS C.11S47C65C 00 0.66006000 02 0.3212C071C-03 C.10437366D-C1
SC2 5 15 0.11947C650 CO 0.67CC6CCD C2 C.316236520-C3 6. 1C2768S7O-C1
SIC 521 C.11947C65C 00 0.680CCCC0 02 0.31 142325C-03 C.101212820-01
0 i s 527 0.1 1947C65D co 0.69CCCCCD C2 0.306754120-03 C.S97C3C24O-C2
S26 533 C.11947C65D co C.7CCCC0CC 02 0.3C2222760-03 0.982375610-02
S4 539 0.11947065C co 0.71CCCCCC C2 0.297E2317C-C3 C.96E144S6O-C2
;)«, 7 t. l n C.119476650 cc C.72CCCCC0 02 C.29354968C-C3 C.S5432C250-C2
S50 55 1 C.11S47C65C GO 0.73CC6000 02 0.289396960-03 C.940884290-02
<: <•; 5 57 G.119476650 cc C.74CCCCCD C2 C.28525SS6O-C3 C.927E21CC0-02
Sfcc 563 C.119470650 00 0.75006000 02 0.28143391C-03 0.915115C3C-C2
974 569 C. 1 19476650 cc C.76C6CCCD C2 0.2776 143CD-C3 C.9C27526CD-C2
SP2 575 C. 1 1947C65D co C.77CCCGCD C2 C.273E9688C-03 0.890718 140-C2
'J 9 0 5 8,1 0.1 194 7C65D 00 C.78CCCCCD C2 O.27C27758O-C3 C.E7SCCC56D-C2
S‘>8 6 3 7 C. 1 19476650 cc 0.79CCCCCD 02 C.266752590-03 0.867586910-02

1CC6 593 0.119476650 GO 0.8CCCCCCD 62 0.263318260-C3 C.85646557O-C2
5 9 S C. 1 19476650 co o.aicccooo C2 C.259971150-63 0.845625400-02

1C2 2 c C 5 0.1 1947C65C 00 O.82CCCG0D 02 0.256707970-03 C.835055950-02
1 330 611 C.11947C650 co 0.83CCCCC0 C2 C.25352562O-C3 C.824747150-02
1C38 617 C.11947C65C 00 0.84000000 02 0.250421120-03 C.814689530-02
104 6 623 C. 1 19476650 cc C.E5CCCCCD C2 C.247391660-03 C. 804673980-02
ICE 4 62S 0.119470656 co O.86CC6OC0 02 0.244434540-03 0.795291920-02
I.) 6 2 6 3 5 C. 1'19476650 00 0.87CC6CCD C2 0.24154722D-C3 C.785935080-02
IC ?0 C-l 1 C. 1 194 76650 cc 0.88660000 C2 C.238727250-03 0.776795650-02
1C7 3 64 / C. 1 19470650 00 0.89CCCCC!) 02 0.235972290-03 6.767866110-02
1086 65 3 C. 1 19476650 cc C.9CCCCCCD 02 0.233280 140-03 0.759139360-02
1C94 659 0.11947C650 oc G.91CCCC0D 02 0.23G648670-03 C.750608520-02
1 1C2 665 C. 1 19476650 cc C.92CCCCCD C2 C.228C75E5D-C3 0.742267130-0211 JO 671 6.1 19476650 co 0.930CCO0D 02 0.225559740-03 C.7341C8ESC-C2
1118 677 C. 1 194 76650 00 0.S4CC6CCD C2 C.223C9E490-C3 0.726 1279CD-C2
; 124 6 83 C. 1 19470650 00 O.S5CGCOOG 02 0.220690320-03 0.71831840C-C2
1 .14 o3 9 C. 1 19476650 co 0.96CCCCCI) C2 0.218333550-03 0.710674960-02
1 14 ? 6 95 C. 119476650 cc C.S7CCCCCC 02 C.216626530-03 G.7031923CD-02
116.0 701 G. 1 19470650 GO O.98CCCCCO C2 0.21376772C-C3 0.695865450-02
1 I‘J 8 7C 7 6.119476650 cc G.SSCCCCOD 02 0.211555610-03 0.668689570-02
1166 713 0.119470650 00 0.1CCCCC0D 03 0.209388780-03 0.68 166CC5O-C2
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DATE = 74321 05/35/31 PAGE C001rCRTRAN IV G LEVEL 19

CCO 1
C G u 2
CCC3
CCC4
CC05

CCC7
C GC 6
CCC9
CC 1C
CC1L
C012

SLERCLTINE 01 FELM T, Y ,0Y ) 
IMPLICIT REAL»8 (A-H.Q-Z) 
LIFEASICA Y(8,1),CY(1) 
COFCN NCFAS 
NCFKS = NCFXS + 1 
TK = G.CC06C0C»CEXP(2C.7CCC - 15.0 + 3/Y{1,2 ) ) 
DY(4) = 1.296135eSSCCC*{Y(l,2) - Yd,4 )) + 1 .036908720 + 4 »TK*Y (1, 1) 
DY(1) = 186fc.76DCC*(Y( 1,3) - Y(1,1)*(1.DCO +.TK))
CY(2 ) = 1752.COO - 269.26?DCC*Y( 1,2) + 266.667DCC*Y(1,4)
07(3) = 0.1DGC + 320.C00*Y(l,l) - 321 . CC0*Y(1,3 ) 
RETURN 
ENC
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FCxlKAN IV 6 LlVEL Is PEDERV CATE = 74321 05/35/31 PAGE 0CC1

SLPRCLIINE PECERVl T,Y,Pk,P) 
IMPLICIT REAL»E (A-H,C-Z) 
CI^E^SIC^ Y(8,4 ) .Pk'lArS)

,1)*DTKY2

c c c >•> Ti< = C. CCC6DCC»0EXP ( 2C.7CCC - 15. D + 3/Y (1,2 ) )
C C 0 ‘j UTkY2 = TK*(15.D+3/(Y( I,2)**2 ) )
CCCA Phd.l) = - 18t 6.76EG C * (1. EC C + TK)
CCC7 Pk(l,2) = - 18t6.76ECC*Y(1t1)*DTKY2
CCUti Pkt 1,3 ) = 1866.76ECC
C'JUV PW(1,4) = O.ECC
L C It Pk(2,l) = C.ECC
ecu Pk(2,2) = - 26S.267E0C
CO 12 Pk(2,3) = C.ECC
CC13 Pk(2,A) = 266.E67EC0
CC IA Pk(3,l) = 32C.ECC
CO 15 PW(3,2) = C.ECC
CC16 Pk(3,3) = - 321.ECO
CC 17 Pk(3,4) = C.ECC
CO 18 Pk(4 , 1 ) = l.C3E9CE72E + 4*TK
CO ll> PW(4,2) = 1.2961358G9EC0 ♦ 1.0369C872E*4*Y(1
CC2C Pk(4,3) = C.ECC
CCS 1 Ph(4,4) = - 1.2961358S9ECC
C022 RETURN
CC23 ENC
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PRCDLEy 3.6 ThE IRflNSIEM BEHAVIOR OF A CATALYTIC FLUIOIZEC BED

CLTPLf AT INTERVALS CF C.TOC 01 
.M,.-dCR <17 ECLAT IONS IS A 
IM1IAL STEP SIZE IS C.KC-C3 
VTMVLE' STEP SIZE IS 0.1CC-09 
TCLcRANCE IS C.1CC-CA 
f'AXINL'H CERIVA7IVE TO BE LSEC IS 6 
INITIAL VALUE CF THE INCEPENCEN'T VARIABLE IS 0.0 
PAXIJ-LM STEP SIZE ALLCkEC IS C.1C0C00C 01 
SLPcRICR LI.VIT CF THIS INTEGRATION IS 0.5CCCCCD 02 
EXACT INTERVALS KILL BE PRCVICEC 
ACAPS PREDICTOR CORRECTOR OR OPTION 1 CF GEAR'S STIFF METHOD WILL BE SELECTED

TrE INITIAL VALLES CF THE DEPENDENT VARIABLES ARE 
0.0 0.60000 03 C.1CC0D CO C.7592D 03

FOR cPS = C.1CCCCCCD-C6
ACAE'S PRECICTCR CORRECTOR AVERAGE STEP SIZE IS C.362S429C-C3

THE CRCER CF THE INTEGRATION IS 1

< CI< EPS = C . IC00CC0C-C3
ADAM'S PRECICTCR CCRRtCTCR AVERAGE STEP SIZE IS

TFC ORDER CF THE INTEGRATION IS' 1

STEP SUE CALCLLATEC FOR EPS = 0.10C0C00C-03

C.49808290-03

IS = 0.3429429D 00

* V » 4 •-/ i.* ■'» V V »•> < * » 4 * » <f * v V V V * V * * 4 V * < * v * it ■< * V t * * t * 
^i-EIHCU SELECTED IS GEAR'S STIFF OPTION 1»

00



STEP SIZE INCEP. VARIAOLE CEP. VAP(l) CEP. VARI2)EV. ACCLP. STEPS

212 86 0.658375120-01 0.1C00C00C 01 0.7285U89C-01 0.757715360 03 0.729456650-01 C.7585233CO C3

2 3 7> 5 3 C.325953150-01 0.2C0CCC0C 01 0.692111750-01 0.757750650 03 0.693127770-01 C.758558640 C3

250 98 0.12069786C 00 0.3C0CC00D 01 0.681802880-01 0.757735570 C3 0.682810440-01 C.758552440 03

260 103 G.205281790 00 0.5CCCCCCD Cl 0.678852600-01 C.757719520 03 0.679857440-01 0.75853722C 03

269 ica C.205281790 CO C.5CCCCCC0 Cl 0.678C95C5D-C1 C.757701720 03 0.679098870-01 0.75851924C 03

276 112 C.205281790 CO 0.6CCCCCC0 01 0.677955910-01 C.757683070 03 0.678959210-01 C.7585CC4 ID 03

281 118 C.2C528179C 00 0.700CCCOD Cl 0.677993580-01 C.757665C90 C3 C.678996390-01 C.758481250 C3

286 123 0.205281790 CO o.ecccccco Cl 0.678082120-01 C.757644950 03 0.67908467D-C1 C.75846192C 03

291 128 C.2C528179D CO 0.9CCCCCCD Cl C.67818579D-C1 C.757625680 03 0.679188CCC-01 0.75844246C 03

296 133 C.2C52E179D CO C.ICCCCCOD 02 0.678295200-01 0.757606290 03 0.679296060-01 0.758422880 C3

301 138 0.205281790 00 0.U0CC00D 02 0.67850550C-01 C.757586790 03 0.679405910-01 C. 758403190 C3

306 193 0.205281790 CO 0.12CCCCC0 C2 0.678515560-01 0.757567 180 03 C.67951673O-C1 C.758383390 C3

311 168 0.20528 1790 CO 0. 13CCCCCD 02 C.67862755D-C1 C.757547460 03 0.67962826C-0L 0.758363470 03

316 153 C.2C52E179D CC C.15CCCC0D 02 0.678739980-01 C.757527620 03 0.679740440-01 0.758343440 C3

321 158 C.205281790 CO 0.150CC00D 02 0.678853160-01 C.757507670 03 0.679853260-01 0.758323290 C3

326 163 0.205281790 00 0. 160CCCCD C2 0.678966970-C1 C.7574876CO 03 0.679966720-C1 0.7583C3C30 C3

3 31 163 0.205281790 CO 0.17CCCCCD- 02 C.679C8152D-C1 C.757467420 03 C.68CO8C81C-C1 0.758282650 03

3 36 17 3 0.205281790 CO 0.18CCC000 02 0.679196510-01 0.757447120 03 0.680195540-01 0.758262150 03

3411 178 C.2C526179C 00 0.19CCCC0D 02 0.679312250-01 0.757426710 03 0.680310920-01 C.758241540 C3

36 6 183 0.205281790 00 0.2CCCCCC0 C2 0.679528630-01 C.7574C618O 03 C.68042693D-C1 C.75822C81C C3

351 188 0.205281790 CO 0.21CCCCCD C2 C.67955586O-C1 C.757385530 03 C.68C5436CC-01 0.758199960 03

3 56 193 0.205281790 CO 0.22CCCC00 02 0.679663350-01 0.757364760 03 0.68066092C-01 0.758178990 C3

361 198 C.2C5281790 00 0.23CCC000 02 0.67978169C-01 C.757343880 03 0.680778890-01 C.7581579CC C3

366 203 0.205281790 00 0.25CCCCC0 C2 C.6799CC7CC-01 C.757322E8O 02 C.6EC89752O-C1 C.75813669C 03

3/1 2C8 C.205281790 CC 0.25CCCCCD C2 C.68CC2C36D-C1 C.757301750 C3 0.681C1681C-01 0.75811536C C3

.3 76 213 C.2C52S179D CC 0.26CCCCC0 02 0.68C15C69D-C1 0.757280510 03 0.681136770-01 C.758093910 C3

381 218 C.205281790 CO O.270CC00D C2 0.680261690-01 C.757259140 03 0.681257390-01 C.758C72340 C3
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Cl. EV. ACCLI-'. STEPS STEP SIZE INCEP. VitRIAGLE CEP. VAR(l) DEP. VARI2)

386 223 0.205281790 00 O.28CCCCCD 02 0.68038337C-C1 0.757237650 03 0.681378680-01 C.758050640 03

391 228 0.205281790 CO C.29CCCCC0 02 C.68C5C5720-C1 0.757216040 03 C.6815CC65C-01 0.758028810 03

396 233 0.205281790 CO C.3CCCCCC0 02 0.680628750-01 0.757194310 03 0.681623290-01 0.758006870 C3

ACT 23E C.205281790 00 0.3100C00D C2 0.680752460-01 C.757172450 03 0.681746620-01 0.757984800 03

406 24 3 0.205281790 CO O.32CCCCCD C2 0.680876860-01 C.757150470 03 C.6E187C63D-C1 0.757962600 03

411 248 0.205281790 CO 0.33000000 02 0.681001950-01 C.757128360 03 C.681995330-01 0.757940280 03

416 2 53 0.205281790 CO C.34CCCC00 02 0.681127730-01 C.757106130 03 0.682120710-01 0.757917830 C3

421 25E C. 205281790 00 0.35000000 02 0.68125421C-01 0.757083770 03 0.682246800-01 C.757895250 03

426 263 0.205281790 co 0.36CCCCCD 02 C.68128139C-C1 C.757061280 03 0.662373570-01 0.757872540 03

431 26 8 C.205281790 00 0.37000000 02 C.681509270-C1 0.757038660 03 0.682501050-01 0.757849710 03

436 273 0.205281790 cc 0.38000000 C2 0.681637860-01 0.757015920 03 0.682629240-01 0.757826740 03

441 278 0.205281790 00 0.39CCC00C 02 0.681.767150-01 0.756993050 03 0.682758130-01 0.757803650 03

4 4 6 28 3 C.20528 1790 co 0.4CCCCCC0 02 0.681897160-01 C.756970050 03 0.682687730-01 0.757780420 03

461 2 8 8 0.205281790 co 0.4 ICCCCCD 02 0.682027890-01 0.756946920 03 0.683018C5C-C1 0.757757060 03

4 56 293 0.205281790 cc C.42CCCCCD 02 C.682159330-01 0.756923650 03 0.683149080-01 0.757733570 03

461 298 C.2C52S179C co 0.430CCC0D 02 0.68229150C-01 0.756900260 C3 0.683280840-01 0.757709950 03

466 303 0.205281790 co 0.44CCCCCD 02 0.682424400-C1 0.756876730 03 0.683413320-01 0.757686190 03

471 308 0.205281790 co C.45CCCCCD 02 0.682=58030-01 0.756853070 03 0.68354653C-01 0.757662300 03

476 313 0.205281790 co 0.46CCCC00 02 0.682692390-01 0.756829280 03 0.683680470-01 0.757638270 C3

431 318 0.205281790 00 0.47000000 02 0.682827490-01 C.756805350 03 0.683815140-01 0.757614110 03

486 323 0.205281790 co C.48000000 02 C.682963320-01 0.756781280 03 C.6E395C55O-C1 C.757589810 C3

491 328 0.205281790 co C.49000000 02 C.683099910-01 0.756757080 03 0.684086710-01 0.757565370 03

4 96 333 C.205281790 cc 0.5CCCCCC0 02 C.683237240-01 0.756732750 03 0.684223610-01 0.757540800 03

ICTAL NuyPER CP PLNCTICN EVALLATICNS 1<97
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PRCELE.v 6 TEE TRANSIENT BEHAVIOR OF A CATALYTIC FLUIDIZED BED

uLTPLT AT INTERVALS Cr C.1OC 01 
NiyEER GF ECUATICKS IS 4 
IMIIAL STEP SIZE IS C.1CD-C3 
i-'IM/'l.?' STEP SIZE IS 0.1CD-09 
TCLcRANCE IS C. ICD-C4 
FAXIpLE' DERIVATIVE TO BE LSED IS 6 
•NITIAL VALUE CF THE INDEPENDENT VARIABLE IS 0.0 
?--AAi?'L.v STEP SIZE ALLChEC IS 0.1CCCC0D 01 
SUPERIOR LI^IT CF THIS INTEGRATION IS 0.50CCCC0 02 
EXACT INTERVALS KILL BE PROVIDED 
ADAMS PREDICTOR CORRECTOR CR OPTION 2 CF GEAR’S STIFF METHOD WILL BE SELECTED

TEE INITIAL VALLES CF THE DEPENDENT VARIABLES ARE 
C.O C.600CD 03 G.1CC0D CO C.75S2D 03

FOR EPS = C. 1CCCCCCD-C6
ADAM'S PREDICTOR CGRP.ECTCR AVERAGE STEP SIZE IS

The CRDER CF THE INTEGRATION IS 1

C. 34294 2SD-C3

FOR EPS = 0.10CuC0CC-03
ADAM’S PRECICTCR CCRRcCTCR AVERAGE STEP SIZE IS

TEE ORDER Of TrE INTEGRATION IS 1

STEP SIZE CALClLATEC FOR EPS = 0.10COOOOC-03

0.49808290-03

IS = 0.3429429D CO

-»!'ET;iCL SELECTED IS GEAR'S STIFF OPTION 2»
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CE. EV. ACCLf.. STEPS STEP SIZE IKDEP. VARIABLE CEP. VAR(l) DEP. VAR(2)

268 86 C.t5837412D-Cl C. 1CCCCCC0 Cl 0.728411890-01 €.757715360 03 0.72945665C-01 0.7585333CD C3

297 S3 C.326C6437D-C1 0.2CCCCCC0 Cl C.692 1 11740-C1 €.757740650 03 0.69312777C-01 0.758558640 03

318 98 €.120556910 CO C.3CCCCCCD 01 0.681802840-01 0.757734570 03 0.682810410-01 0.758552440 03

32 8 103 C.2C5C6897C 00 0.40000000 01 0.678852550-01 0.757719520 03 0.6798574C0-01 0.758537220 03

337 1C8 0.205068970 00 C.5CCCCCCD 01 0.678095030-01 €.757701720 03 0.679098860-01 0.758519240 03

3^4 113 0.205068970 CO 0.6CCCCCCD 01 0.677955910-01 €.757683070 03 0.67895921C-01 0.7585C041D 03

349 lie C.2C5C6E970 OC 0.70000000 01 0.677S93480-01 0.757664090 03 0.678996390-01 0.758481250 03

3 54 123 0.205068970 00 0.8CCCC000 01 0.678C82120-01 C.757644950 C3 0.679084670-01 0.758461920 03

359 128 0.205068970 00 0.90000000 Cl 0.678185790-01 €.757625680 03 C.679188CCD-C1 0.758442460 €3

364 133 0.205068970 CO 0. 1CCCCCCD C2 0.6782S4200-C1 €.757606290 03 0.679296C6C-01 0.758422880 03

369 138 C.2C5C6E97D CO 0. UCCCCOD 02 0.678404400-01 0.757586790 03 0.67940591C-01 0.758403190 03

3 74 14 3 0.205068970 00 0.12000000 02 0.678515560-01 C.75756718C 03 0.679516730-01 €.758383390 €3

37 9 148 0.205068970 00 0.13CCCCC0 02 0.678627440-01 €.757547460 03 0.67962826D-C1 €.758363470 03

384 153 0.205068970 00 0. 14CCCCCD C2 C.678739980-01 €.757527620 03 0.67974044C-01 0.758343440 03

389 158 0.205068970 00 0.15000000 02 C.678853160-01 0.757507670 03 0.679853260-01 0.758323290 03

39 4 16 3 0.205068970 00 0.160CC00C 02 0.678966970-01 C.757487600 03 0.679966720-01 0.7583C3030 03

399 168 0.205068970 00 0.17CCCC0D 02 0.679081420-01 €.757467420 03 0.680080810-01 0.758282650 C3

404 173 0.205068970 CO 0. 18000000 02 C.679196510-01 €.757447120 03 0.6E019554C-01 0.758262150 03

4 09 178 C.2C5C6897O CO 0.1SCCCCCD C2 C.679312250-01 0.757426710 03 0.680310920-01 0.758241540 03

414 183 0.205068970 00 0.200CCC0D 02 0.679428630-01 C.757406180 03 0.680426930-01 C.75822C81D 03

419 198 0.205068970 00 0.210CCCCD 02 0.679545660-01 0.757385530 03 C.6EC5436CD-C1 0.758199960 03

424 193 C.2C5C68970 CO 0.22CCCCCD 02 C.679663350-01 €.757364760 C3 C.68C66C920-01 0.758178990 03

429 198 0.205068970 CO 0.23000000 02 C.679781690-01 0.757343880 03 0.680778890-01 0.7581579C0 03

4 34 2C 1 0.205066970 00 0.24CCCC0D 02 0.679900700-01 0.757322880 03 0.680897520-01 C. 758136690 €3

4 39 2C8 0.205C68970 00 0.25000000 C2 0.680020360-01 €.757301750 03 0.681016810-01 0.758115360 03

444 213 0.205068970 CO C.26CCCCCD 02 C.680140690-01 €.757280510 03 0.681136770-01 0.758093910 03

44 9 2 18 0.205068970 CO 0.27000000 02 C.680261700-01 C.757259140 03 0.681257390-01 0.758072340 C3
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u t . c V . A C CIP . S T £ P S STEP SIZE UDEP. VARIABLE CEP. VAR(l) CEP. VAR(2) ....

A54 22 3 C.2C506897D 00 0.28000000 02 0.68038337C-01 0.757237650 C3 0.681378680-01 C.758C5C64D C3

A 59 228 0.2C506897D 00 0.2SCCCCCD 02 0.680=05720-01 C.757216C4O C3 C.6E15CC65D-C1 C.758C2881C 03

469 233 0.205068970 00 C.3CCCCCC0 02 C.680628750-01 C.757194310 03 C.6E162329C-01 0.75800687C 03

469 238 C.2C5C6E97C CO C.31CCCC0D 02 0.680752460-01 0.757172450 03 0.681746620-01 . 0.757984800 C3

4 74 243 C.2C5C6897C 00 0.32000000 02 0.680876860-01 0.757150470 C3 0.681870630-01 C.7579626C0 C3

479 248 0.205068970 00 0.330CC0CD C2 0.681C0195C-C1 C.757 128360 C3 0.681995330-01 C.75794028C C3

484 253 0.205068970 CO 0.34CCCCCD 02 0.681127730-01 C.757106130 03 C.682120710-01 0.757917830 03

489 258 C.2C5C6897D CO 0.35CCCC0D 02 C.681254210-01 0.757083770 03 0.682246800-01 O.75789525D 03

4 94 263 0.205068970 00 0.360CC000 02 0.68138139C-01 0.757061280 C3 0.682373570-01 C.757872540 C3

499 268 0.205068970 00 0.370CCCC0 02 0.681509270-01 C.757C3866O C3 C.6825C1C5D-C1 C.757849710 03

5D4 273 0.205068970 00 C.38CCCCCD C2 0.681637860-01 C.757C1592D 03 0.682629240-01 0.757826740 03

5 09 278 C.205068970 co 0.39000000 02 0.681767150-01 0.756993050 03 0.682758130-01 0.757803650 03

514 2 8 3 0.205068970 00 0.40000000 02 0.681897160-01 C.75697CC5D C3 0.682887730-01 C.7577EC420 C3

519 2bti 0.205068970 00 0.4 KCCCCD 02 0.682C278SC-01 C.756946920 C3 C.683C1EC5O-C1 C.757757C6C C3

524 293 0.205068970 co 0.42CCCCCD 02 0.682159340-01 C.756923650 03 0.683149080-01 C.75773357C 03

529 298 0.2C5C6E97D co C.43CCC0CD 02 C.682291500-01 0.756900260 03 0.683280840-01 C.7577C995O C3

534 3C3 0.20'5068970 00 0.44000000 02 0.682424400-01 0.756676730 C3 0.683413320-01 C.757686190 03

539 308 0.205068970 00 0.45CCCCC0 C2 0.68255803C-C1 C.756853C7O C3 C.683546530-01 C.7576623CC C3

54 4 313 C.205068970 co C.46CCCCCO C2 C.6826923S0-C1 C.756829280 03 0.68368C47C-01 0.75763827C 03

.54 9 318 0.205068970 co C.47CCCC0D 02 0.682827490-01 0.756805350 03 0.683815140-01 C.757614110 03

5 5 -> 32 3 0.205068970 00 0.48000000 02 0.68296332C-C1 C.756781280 C3 0.68395C550-01 0.757589810 03

559 323 0.205068970 00 0.49CCCCC0 C2 0.683C9991C-01 C.756757C8O C3 C.6E4C8671D-C1 C.75756537C 03

564 333 0.205068970 00 0.5CCCCCCD 02 C.68323724D-C1 C.756732750 03 0.664223610-01 0.75754080C 03

TCTAL NUMBER CF FUNCTICN EVALCATICNS 565
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IV PAIN 74325 02/48/10 PAGECATEG LlVlL

c ------------------------------------------------ETSS 30
40Xy

v ETSS 50
C0G1 IMPLICIT REAL*8(A-H.G-Z) ETSS 60
J v u / PEAL <-8 KPRIHE,KA,KC,KU,KV,K,KZ , KO , M TMO 2 , P TMCC2 , KCSHM ETSS 70
CCG3

c
RtAL*4 PRIRA

ETSS 80
u004 CCPKGN/BLCCK1/hCRIT»BETAP,BETAE,R,CPAX.ALPHAC.ALPHAC,HB,ABN2,ATN2 ETSS 90
CCC ‘j CCPPCN/8LCCK2/KPRIPE,KA,KC,KU,KV,K,KZ,K0 ETSS ICO
ccct C CPPCN/(! LOG K 3/PCC2 AP ,HCC3AP , CARCAR , PC.2AP ,CC2 AP, PN2AP ETSS 110
Uvv / CfjPMGN/BL0CK4/PCC2MrHCO3PM,CAR3M,PO2P.lC02M,PC2P.C,PSCP,HCC3SM,HSM, ETSS 120

lPCCP,hCC3CP,HCP,PS0M,PSOPO,PCOM,PCOMO,PN2P,PN2M0,PSNR,PSNPC,PCNP., ETSS 130
2PCNPC ETSS 140

lUu-3 C0PP.CN/BL0CK5/YR( 8, 11) ETSS 150
CCC lJ CCPPCN/BLCCK7/BFTASM,BET ACM,VSR,VCR,DSPCM,DC ECM,DPSOM,DSCOR, ETSS 160

1 CP,VPC> ,CPPAX , 0 PSNP , DSCNP , PTPC2 , PT PCC2, TCSP , RCSM, RSPM, DSPBM , ETSS 170
2 0 SPUR,CCSBP , KCSHP , FM ETSS 180

u C i u CCPP0N/UL0CK8/FFTIM ETSS 190
ecu CCPPCN ZBLCCK9/ FSEL,SPLM,CSEL,SEL ETSS 2C0
Cul2 CORPCN/BLCKIC/J ETSS 2 10
001 j CGPPCN/BL0K11/T ETSS 220
CC14 CCPPCN/CLCK12/LELT ETSS 230
CC 15 COPPCN NCFNS ETSS 240

c ETSS 250
CO I o

c 
c

tXTERN/.L CIFFUN, PECERV.OUTP ETSS
ETSS

260
2 7C
280

c ETSS 290
c ETSS 3C0

CC 1 7 V.RITE(6,61C)
COD-. 610 FORMAT! 1H1,/IX,361 '*')/

1 IX,'♦PROBLEM 3.7 A BIOLOGICAL SYSTEM*'/
I IX,36! '*')//)

vb 19 CALL CA1A ETSS 310
c ETSS 320

CG20 TIPE=C.&CCO ETSS 330
C C 2 I SLL - l.DCC
GO? 2 FT IMF- 16.CDU0 ETSS 350
C u 2 3 FFTIP»2.05COO ETSS 360
C (. 2 DlLT=C.05DC0 ETSS 370
»» » PRIRA = SEL/OELT
CC2C KOS = 0
CC2 7 1=C.CUCO ETSS 3EC
0028 SPLM=C.COCC ETSS 390

. c ETSS 400
c ETSS 410

420
ETSS 430

c
CO?*/ 5 IFISPLP .EC. C.OCOO) CALL 1NTAL ETSS 450
1 j v; SPLP-SPLM+UELI ETSS 460
uC'CL IKSPLM .GT. FTIME) GO TO 40 ETSS 4 70
C0 32 IF (CABS(SPLP-FFT IM) .LE. 0.0001000) GO TO 2 ETSS 480
CC3 1 GO TC 1 ETSS 490

CCC1
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F C K T K AM iv G LEVEL 19 MAIN DATE = 74325 02/48/18

C ETSS SCO
CG 3'. 2 CCM I NUE ETSS 510
CO 3s CALL FORCE ETSS 520

C ETSS 530
CO i'j 1 CCM I MIL- ETSS 540
-Ujf IF'.KCS .LT. IFIX(4.E00*PRIRA) )GC TC 11
Uu3 "1 K C S ~ 0
C C j 9 kRITt(6,215)
CCAC 215 FCRPATt 1H1///)
GOA 1 11 CCNT INUE
C0A2 KCS = KCS + 1

C ETSS 550
L 1 j j v v

C ETSS 570
C04 3 CALL MUSCLE ETSS 580

c ETSS 590
c
c ETSS 610

CCAA GO TC 5 ETSS 620
c ETSS 630

OCA!> 40 CCNT INUE ETSS 640
C

CCz>t STOP ETSS 7CC
GG47 ENO ETSS 710

PAGE 0002
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02/48/18CATE 74325 PAGE C001IV G LEVEL IS MSCLE

U u 1 SLBKCLTINE MUSCLE MU SC 10
c MUSC 20r*

c MUSC 40
c MUSC 50

U C u 2 IMPLICIT REAL»8(A-H,0-Z) MUSC 60
ecu ■i REAL*8 KPR [Pt,KA ,KC,KU,KV,K,KZ.KO,RTMC2,MTMCC2,KCSHM,PTMM02 MUSC 70
L u U 4 RCAL»8 INTAPA .INTAPM,PHiPPS,Nf'C MUSC 80
tv 0 0 5 REAL*8 L1.L2 MUSC 90
C C 6 REAL*4 PW.PPW MUSC ICO

L, MUSC 1 1C*

c MUSC 130
CCC7 CCPPCN/PLCCKl/HCRIT,BETAP,BET AE,R,CMAX,ALPHAC,ALPHAO, bB,ABN 2,ATN2 MUSC 140
COuH CCyy.GN/BLCCK2/KPRIPE,KA,KC ,KL ,KV,K,KZ,KO MUSC 150
cue--, CuPVCN/P.L0CK3/l’C0 2AM, IICO 3AM , C ARB AM , PO 2AN , CO 2AP , PN2AM MUSC 160
CC 1C CCPMCN/BLCCK4/PCC2IV.,HCC3P M ,CA RBM, P02M, CC2M, PC2M0, PSCM , HCG3SM, HSM , MUSC 170

1 ?CCiv > HCG3C.iv ,1IC M , P SQM, P SGMC , PC CM , PCCPC , PN2 P, PA2MC, PS NP , PSNMG, PCNM, MUSC 180
ZPCM'C MUSC 190

con CCPMCN/BLCCKO/YM18,11) MUSC 2C0
L# U L / CCPMCN/f!LCCK7/BE T A SM , 8 E TAC M , V SM , VCR , OS PCM , DC SCM , DPS CM , CSCCM , MUSC 2 10

1 CM, VM13, CRM AX, DPSNM , IJSCNM , M TM02 ,MTMC02,TCSM,RCSM,RSPM,CSPBM, MUSC 220
2 CSPhM;DCSKM,KC5hM,FM MUSC 230

ecu CCMMCiX/BLCCKd/FFTIM MUSC 240
v 1 A CCMMCN /bLCCKC/ FSEL,SPLM.DSEL.SEL MUSC 250
C «v k CCMMCN/P.L0K10/J MUSC 260
.Clt CGMMCN/BLCK11/T MUSC 270
Uv 1 i C0MMCN/BLCK12/DELT MUSC 280
uO 1 V, CCMM.CN NOFNS MUSC 290

c MUSC 3C0
CUI 9 DIMENSION SAVE(12,11),YMAXf11),YF(11).ERROR ( 11 ) ,PW (121 ) , MUSC 310

1 PPh( 121) ,LLL( 11) ,M.M.M( 11) MUSC 320
c MUSC 3 30

C 0 2 C EXTERNAL DIFFLN,PEDERV,CUTP MUSC 34C
c MUSC 350

c MUSC 370
I. MUSC 3 80

v v 2 L ir-CT .EO. C.ODCO) GO TO 111 MUSC 390
CG2 2 DC TC 222 MUSC 4C0
CO? J Ill \CFNS=C MUSC 4 10
C024 J = G MUSC 420
CC2'j jstart=o MUSC 430

c MUSC 440
c PARAMETERS FOR GEAR • S SYSTEM. MUSC 450
c MUSC 460

CC2L FSEL=SLL MUSC 470
CU2 7 11 MUSC 4 EC

c MUSC 490
c PARTIAL DERIVATIVES PROVIDED ANALYTICALLY IN PEDERV MUSC 500
c MUSC 510

u C 2 f- MF = 1
c MUSC 530

CC2') HMIK=1.0D-10 MUSC 540
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(.AiPAfl IV G LLVL L IS MUSCLE CATE = 74325 02/48/18

GC JJ EPS - '5.CD-C5
G I .‘■'.AXCtP = C MUSC 560

LU 4 2 li."AX = GELT MUSC 570
CU 4 < USFL=l)CLT MUSC 5EG
Lt. 3A H- l.CD-04 MUSC 590
CC 35 DELTA = USEL MUSC 6C0
CC 3L DC IC 1=1,11 MUSC 61C
L u 3 7 YMAX( I ) = 1.COCC MUSC 620
u G J 8 i U ccm ix'u:■= MUSC 630
CC39 222 CCM IMJE MLSC 640

C MUSC 650
0U4u IFtT .GT. C.ODCO) H=OELT MUSC 660
C041 IF(CABS(T-FFTIM) .LE. CELT) H=1.00-04 MUSC 670

C MUSC 6EC

c MUSC 7C0
U04 2 CALL MPGRM2(N,T,YM,SAVE,H,HMIN,HMAX,EPS,MF,YMAX,ERROR ,KFLAG , MUSC 710

1J START.MAXOER,Pk,PPW,LLL.MMM,YF,OELTA,CIFFUN,PEDERV,OU TP ) MUSC 720
c MUSC 720

c MUSC 750

c MUSC 770
w C4 3 ico CCM IMJE MUSC 7E0

c MUSC 790
C u ‘i RETURN MUSC 800
UUA 5 lNC MUSC 8 10

PAGE CGC2
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PAGE 1

IO

1 • FUNCTION SLOP El ( Cf1'AX »ALPh AC» PC2 r PCC 2 ) SLOP 1C
2: C SLCP 2C

f*3 * u 3 0
4 : c SLCP AC
5 : IMPLICIT REAL*8(A-HTC-2) SLCP 5C
6: c SLCP 60

*7 r/ • c
8: c SLCP EC
<?: c SLCP 5G

10: R=C.004273CCC+C.04326DC0*PC02**(-C.535DCC) SLCP ICO
11: V=R*PC2 SLCP 1 1C
12: A=C.925DCC+5.6DCC*V+90.CCCG*V*V SLCP 120
13: U=0.925DGC*V+2.8DCC*V*V+3C.C0*V*V*V SLCP 130
14 : SLCPE1 = CMAX*A*R/(1 .OCCQ + U )*»2 + ALPHA0 SLCP 14C
15: c SLCP 15C

i a r1 5 • c JL C U
17: c SLCP 170
18 : RETURN SLCP 1 EC
15: END SLCP 190



PAGE 1

1: FUNCTICN SLCPE2(CPNAX,ALPKAC,PC2) SLOP IC
2: C SLOP 20

rJ • C 3 C
c SLOP 40n * IMPLICIT REAL»8(A-HtC-Z) SLOP 50

6: c SLOP 60
■7 • r/ N L t U
8 : c SLCP EC
9: CC=99.509000 SLCP 90

10: AA=-321.221000 SLCP ICC
11: EB=3.228DCC SLCP 1 10
12: SLOPE2=-CMMAX*AA/(BB+PC2)**2+ALPHAO SLCP 120
13 : c SLCP 130

r 1 /. r1 T • L -J L L 1 1 M L

15: c SLCP 150
16: RETURN SLCP 160
17: END SLCP 170
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1: FUNCTION SLOPE3(CNAX,ALPHAC,PC2tPCC2) SLCP 10
2: C SLOP 20n r3 « L
A: c SLCP 40
5: IMPLICIT REAL*8(A-HtO-Z) SLCP 50
6: c SLCP 60
•7 • r i rL
8: c SLCP 80
9 : c SLCP 9 0

1C: R=C.C04273C0C+0.04326CC0»PCG2**(-0.535COC) SLCP ICC
1 1: V=R»PC2 SLCP 1 10
12: A=0.925COO*5.6COO*V+90.0DCO*V»V SLCP 120
13: L=0.925CCC*V+2.8COO»V»V+30.00*V*V*V SLCP 130
14: SL0PE3=R*CMAX*((5.6DCC+180.ODCO*V)»R/(1.CDOO+U)**2-2.0000♦A*A*R/ SLCP 140
15: 1 (l.CDC0+U)»*3} SLCP 150
16: c SLCP 1607 i r17. c u L L 1 1 i L
18 : c SLCP 180
19: RETURN SLCP ISC
2C: ENO SLCP 2CC
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PACE 1

1: FUNCTICN SLCPE4(CM'AX,PC2 ) SLCP 1C
2: C SLCP 20•j * rD • L D U

c SLCP 4C
5: IMPLICIT REAL*8(A-H,C-Z) SLCP EC
6: c SLCP 6 07 * r( * U 7 C
8: c SLCP EC
9: c SLCP 90

10: AA=-321.2210CC SLCP ICO
11: E8=3.228DC0 SLCP 1 1C
12: CC=99.5C9DC0 SLCP 12C
13: SL0PE4 = 2.CDCC*C1VMAX*AA/(B8 + P02)*»3 SLCP 1 30
14 : c SLCP 140

rID* L 1. w
16: c SLCP 160
17: RETURN SLCP 17C
18: END SLCP 1EC
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1: SLBRGUTINE CCNC(CPAX , PC2,PCC2 ,CC2«CCC2) CCNC 1C
2: C CCNC 20
3: C *<**4»*****4*****4****»***4******»’4*4**»*<*4****************<‘*»**»*CChC 30
4: C * *CONC 40
5: C * THIS RCLTINE CALCLLATES THE CCNTEf\TS CF CXYGEN ANC CAPEGN - 4CCNC 50
6: C » CIGXICE C0RR0SPCNDING TO GIVEN PARTIAL PRESSURES CF CXYGEN ♦ CCNC 60
7: C * ANC CAREGN CICXIDE FCR WHOLE ELCCC ♦ CONC 70
8: C * 4CCNC 80
9: C * 4**44 4**4*44 4**4**4*»**4444»*******4***»************4****»****4***CCNC 90

10: IMPLICIT REAL*8(A-H,G-Z) CONC ICC
1 1: CATA SCLC2/3.CC-05/ CGNC 1 10
12: V=(0. C04273 + C.04326*PCC2**(-0.535))*P02 CCNC 120
13: L=0.925*V*2.8»V**2+30.*V**3 CCNC 130
14: CC2=CMAX*L/(1.+U)+SCLC2*PC2 CCNC 140
15: CC02=(C. 14S-C.C14*L/(l.+U))»PCC2**0.35 CCNC 150
16: RETURN CCNC 160
17: ENO CONC 170
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1: SUBRCLT1NE CLIP(N ,T , J , YF,SAVE,H,CT,NCFNS) OLTP 10
2: C CUTP 20r n n3 • L j <J

: c CUTP 40
5: IMPLICIT REAL*e(A-H,C-Z) CUTP 50
6: c CUTP 60
( • CCMMCN/ELCCK4/PC02M« HCC3PM»CARBM,P02M«CO2M,P02M0»PSCM,HCG3SM ,HSM , OLTP 70
a: lPCCP,HCC3CN,HCNtPSCP , PSONC,PCCP,PCCPC,PN2PtPh2MC,PSNP,PShMC, PCNM , CUTP EC
9: 2PCNM0 CUTP 90
10: c CUTP ICC
11: CIMENSICN YF(1),SAVE(12,C1) CUTP 110
12: c CUTP 12C

r1 J • U 1 3 U
14: c Cl TP 140
15: c CUTP 1 5C
16: c CUTP 160
17: h R I T E ( 6,8 ) CLIP 1 /C
ia: a FCRMAK LX,125( •-')/) CUTP 1EC
19: c CUTP 190
20: U R IT E ( 6,5 ) CUTP 2C0
z 1 : r FCRPAT(1X,*NLPERICAL INTEGRATION SCL. (GEAR) :*) CLIP 2 1C
22: kRITEI 6,1)T tCT ,NOFNS , J ,H CUTP 220
23: 1 FORMAT(//1X, 'TIME = ' ,F 1C.3T5X, ' STEP SIZE =',012.5,5Xv'CE. EV . =' , CUTP 2 30
24 : 1 16,5X,'ACCOM. STEPS =’,I6,5X,' F =',012.5/) CLIP 240
25 : c CUTP 25C
26: WRITEt6,2 ) (YF(I),1 = 1,8) CUTP 260
27: 2 FORMAT(22X,'PCC2M =',020.12,5X,*HCO3PM =',020.12// CUTP 270
2 5: 1 22X,'PSCM =' ,020.12,5X,'HCC3SM =* , 020.12,5X, ' HSM =', 020. 12CUTP 2EC
29: 2 //22X,'PCCM =',D2C.12,5X,'HCC3CM =',020.12,5X,•HCM = CUTP 290
30: 3 020.12/) CUTP 3CC
3 1: C CUTP 3 1C
32: c CUTP 320
33: WRITE(6,22)(YF(I), 1 = 9, 11) CUTP 330
34: 22 FCRMAT(22X,'PC2M =',020.12,5X,»PSCM =*,020. 12, 5X,'PC0M = •, D2C.12 ) CLTP 340
35: C CUTP 350
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36: C CUTP 36C
37: C CLIP 370
38: C -------------------------------------------------------------------------- CLIP 3EC
39: C CUTP 39C
40: RETURN CLIP 4C0
41: END CLIP 41C
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1
2
3
4
5
6
7
8
9

10
1 1 
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34 
35

SUBRCLIINE IMH INTA 10
c INTA 20

- T K T A 2 nc ■ 1 l\ I A j u
c INTA 40

IMPLICIT REAL*8(fl-H,C-Z) INTA 50
REAL *8 KPRIPE,KA,KC,KL,KV,K,KZ,KC,lvTMC2,RTMCC2,KCSHf' INTA 6C

c IMA 70
COPPON/BLCCK1/HCRIT,EETAP,EETAE,R,CRAX,AL  PFAC,ALPPAG,HEtABN2,A TN 2 INTA 80
CGyF0N/BLCCK2/KPRIPE,KA,KC,KU,KV,K,KZ,KC INTA 90
COMMON/BLOCK3/PCO2AM,HCO3AM,CARBAM,PC2A^,CO 2 AM,PN2AM INTA ICC
CCMMCN/BLCCK4/PCC2M,HCC3PM,CARBM,PC2M,CG2M,P02MC,PSCM,FCC3SMtHSM, IMA 110
1PCCM,HCO3CM ,HCM , PSCM , PSCMC ,PCCM , PCCMC,PN2M,PA2MC,PSNM,PSNMC,PCNM, INTA 120
2PCNM0 IMA 130
CCMRCN/8LCCK5/YM(8,11) IMA 140
CGMMGN/BLCCK7/8ETASM,BETACM,VSM,VCM,CSPCM,DCSCR,CPSCR,CSCCM, INTA 150

1 QM,VMB,CMMAX,DPSNM,DSCNM,MTM02,MTMC02,TCSM,RCSM,RSPM,CSPEM, IMA 160
2 CSPHM,CCSBM,KCSHM,FM IMA 170

c IMA 1EC
c INTA 190

- T K T A o r nc 1 l\ 1 A 4L U U
c IMA 2 10

PCC2M = 4 5. 1 11CC66 3 3 3DCC INTA 220
HCG3PM=0.€247542034915DCC IMA 230
CARBM=C.CC238165321520C00 INTA 240
PC2M=37.0 16931C044CCC IMA 250

c IMA 260
CALL CCNC(CMAX,PC2M,PC02M,C02M,CC02M) INTA 270

c INTA 280
r - T A1 T A o c exU •IMA Z 7 U
c INTA 300

CPSCM=MTMC2/5.0C00 IMA 310
CSCCM=MTMC2/15.CDC0 INTA 320

c INTA 330
CPSNM=CPSCM/2.0D00 INTA 340
CSCNM=DSCCM/2.CDCC INTA 350
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26: C INTA 360
37: C IMA 370
38 : PC2NC=PC2?/ INTA 380
3S : PN2K=PN2AN INTA 350

PN2^0=PN2N INTA 4CC
Al: C INTA 4 10
A2: PSCy = PC2P-Mf'C2/DPSCh' INTA 420
43: PCCM = PSCN1-PTP02/DSCCN INTA 430
AA: C INTA 440
A5 : PSCNC=PSCP INTA 4 50
46 : PCCN0=PC0P IMA 460
47: PSNM=PN2M IMA 470
48 : PCN.''=PN2P IMA 480
AS : PSNNC=PSNP IMA 450
5C: PCNPO=PCNP IMA 500
51: C IMA 5 10
52 : c IMA 5 20
t * ** w r _____ — w —*, w-.w———ww-, — •••.« C 3 nL> D 2. U
5 A : c IMA 54 0
55 : c INTA 550
56 : CELSPN=2.CCCC INTA 560
57: LELCSP= 5.COCO INTA 5 70
58 : XN=0.9C00 INTA 580
55 : Fy=C.8CDCC IMA 550
c C : TCSM=C.5DCC IMA 600
61: RCSM=29.882DC0 IN TA 6 10
62: RSP^=C.95CC0 INTA 6 20
6 3: Ziv=C. 1CDCC INTA 620
64: C INTA 640
65 : C INTA 650w • w «• •* a a rc c • ecu

u *) r\O i * o r U
68 : c IMA 680
65: c INTA 650
70: PSCy=PCC2N+0ELSPN INTA 700
71: CSPCM=MTMCC2*(XM-ZM)/DELSPM IMA 710
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72: 
73 :
74:
75: 
76 :
77:
78:
79: 
EC: 
81:
82 :
83 :
84:
85: 
86 : 
E7:
88: 
89 : 
GC : 
9 1: 
92 :
S3: 
S4 :
95 :
96 :
97:
98:
99:

ICC: 
101: 
1C2 : 
1C3 : 
1C4:

C
C 
c

c 
c 
c 
c 
c

c 
c

bCC3SM=0.027CC0
HS^ = ( KL*ALPHAC*PSCP-NTb'CC2<lZM/VSM ) / <KV/K*hCC3SM )
CSPBM = MTMCC2*(1.CDC0 + ZP-X)/(RSPN»HCC3SN-PCC3 PH)
CSPHM = MTMCC2*( 1.0DC0 + ZM-XM)/(HSM/RSPM-ALFHAC*KPRI HE*PCC2P/HCC3PM)

PCCM=PSCM+CELCSM
CCSCM=HTMCC2/DELCSM*XM
HCO3CM=O.C12DCC
PCM. = ( KU*AIPP AC*PCCM-MTMCC2*(FM-XM )/VCM ) / ( KV/K*HCC 3CM )
CCSBM=HTMCC2*(l.ODCO-XM)/(RCSM*HCC3CM-HCC3SM)
KCSHH = M.TMCC2*( l.CDCO-XM) / ( TCSM*HCM-HSH )

YH( 1, 1)^PCC2M
YH( 1,2)=HCC3PM
YH( 1,3) = PSCM
YM(1,4)=HCC3SH
YM{ 1,5 )=HSM
YM(lf6)=PCCM
YM(1,7)=HCC3CM
YM( 1,8 )=HCH
YM(1,9 ) = P02M
YM(1 , 1C)=PSCH
YM(1,11)=PCOM

RETLRN
END

IMA 720 
INTA 73C 
INTA 74C 
INTA 750 
INTA 76C 
INTA 770 
IMA 780 
INTA 79C 
INTA 8CC 
INTA 810 
INTA 82C 
INTA E3C 
INTA 84C 
IMA 850 
INTA 86C 
IMA 870 
IMA 880 
I N IA 8 9 0 
INTA 9CC 
IMA 910 
INTA 92C 
INTA 93C 
INTA 940 
IMA 9 50 
IMA 9 6C 
IMA 970 
IMA 980 
INTA 99C 
INTA1CCC 
INTA10 10 
INTA1C2C 
IN TA1C3C 
INTA104C
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1:
2 : C

SUBROUTINE FORCE FCRC
FCRC

1C
2Ci r3 • c L

A: c FCRC 4C
5: IMPLICIT REAL*8(A-H, 0-2) FCRC 50
6 : c FCRC 6C
7: CCMMCN/3LCCK3/PCC2AM tHCC3AM»CARBAM»PC2AM ,CO2AM»PN2AM FCRC 70
8: COMMON/BLOCK4/PC02M, HCC3PMiCARBM,P02M,CC2M , PG2MC»FSCM।HCC3SMtHSM , FCRC 80
9: lPCCM,hCC3CM,HCM,PSCM ,PSOMC,PC0M,PCOMO,PN2M,PN2M0tPSNM,PSNMO,PCNM , FCRC SC

1C: 2PCNMG FCRC ICC
11: c FCRC 1 10ID*1 Z • L 1 L b 1 c L
13: G FCRC 1 3C
14: CMAX=C.2C1CCO FCRC 14C
15: PCC2AM=PCC2M FCRC 150
16 : HCC3AM=HCC3PM FCRC ICC
17: CARBAM=CARBM FCRC 1 70
) 8: P02AM=60.CC0C FCRC 180
19 : CALL CCNC(CMAX,P02AM ,PC02AM,C02AM,CCC2AM ) FCRC ISC
2C : c FORC 2CC

7 1 H2 1- c £ LU

22: c FCRC 22C
23: RETURN FORC 22C
24: END FCRC 240

bJ o



K>

CO

1: SUBROUTINE PEDERV(T,YM,PktM) PECE 1C
2: C PECE 2C

r) • L * L

A: c PECE 4C
5: IMPLICIT REAL*8(A-H,O-Z) PECE 50
6 : RE AL*8 KPR IME ,KA ,KCtKU ,KV,K,KZ,K0,NTMO2,MTMCC2»KCSHM,MTMMO 2 PECE EC
7: REAL*4 Pk PECE 70
8 : c PECE 80
9 : CCMNCN/ELCCK 1/HCR IT,BETAP,BETAE,R,CMAXtALPHAC,ALPhAC,HB,ABN2,ATN2 PECE 9C
1C: CCNMCN/BLCCK2/KPRINE,KA,KC,KU,KV,K,KZ,KC PECE ICC
11: CONMCN/BLCCK3/PCC2AN ,HCC3 AN,CARBAN,PC2AN,CC2AN,PN2AN PECE 1 1C
12: COMMON/BLCCK4/PCO2M,LCC3PM,CAR8M,PO2M,CO2M,PO2MC,PSCN,HCC3SN,HSM, PECE 12C
13 : 1 PCCN ,hCC3CM ,HCN,PSCN , PSCNC,PCON,PCCNC,PN2N,PN2MO,PSNN,PSNNO,PCNM, PECE 13C
14: 2PCNN.0 PECE 14C
15: CONMON/BLOCK 7/BETASM,BETACM,VSM,VCN,OSPCN,DCSCM,CPSON,CSCCM, PECE 150
16 : 1 CM ,VMB ,CNNAX,0PSNN,CSCNN,NTNC2,NTMC02,TCSM,RCSN,RSPM,CSPBN, PECE UC
17: 2 DSPHM , DCSBM,KCSHN,FN PECE 17C
18: c PECE 180
19 : DIMENSION YM(08,ll),PW(ll,U) PECE ISC
2C : c PECE 2CCrZ 1 • L ■ r c L c 2 10
22 : c PECE 22C
23: VPN=VNB*(1CO.ODOO-HCRIT)/1CO.OCCO PECE 2 3C
24: CPM=QN *( ICO.CDCO-HCRIT)/ICC.COCO PECE 240
25 : VEM = VMB*FCR IT/1OO.ODCO PECE 25C
26: CEN. = GN *HCRI T/1OO.ODCO PECE 26C
27: c PECE 27C
0 g • r ■PECE 2 80
29: c PECE 2SC
2C: TIME=T PECE 3C0
31; c PECE 310
32: FCC2M = YN{ 1,1) PECE 32C
33: HCC3PN=YN(1,2) PECE 33C
34: PSCM =YM(I,3) PECE 340
35: FCO3SM = YM{ 1,4) PECE 35C



36: hSP =YM(lt5) FECE 3 60
37: PCCP =YP(lt6) PECE 3 70
28: bCO3Clv = Yh*( 1,7) PECE 380
39: 8CM =YM(1,8) PECE 3 90
^iC: PC2P=Yr(1,9) PECE 4CC
^1: PSOM=YM(1,10) PECE 410
42: PCOM=YM(1,11) PECE 420
43 : C PECE 4 30
44 : C PECE 440
4 5: IF(PCCM .LT. C.ODCC)PCCN=C.CDCC PECE 4 50
46 : IFCPCCP .LE. 10.0000) PTPMO2=MTMO2=»PCOM/1C.CDC0 PECE 460
47: IFtPCCP .LE. 10.0D00) GC TC 31 PECE 470
48: MNMC2 = MTNC2 PECE 4 80
49: 31 CCNTINUE PECE 490
5C : C PECE 500

r C i n1 • L# Dll
52: c PECE 520
53 : c PECE 530
C /. w rL 5 4 0
55: c FECE 550
5 6 • c ELCCC FECE 560
57 : c PECE 570

cL J c U
59: c FECE 590
60: E1 = CPN*/1LPFj6C*KPRINE/VPP* {PCC24P/FCC3AM-PCC2M/FCC2PM ) PECE 6CC
6 1: 8 2 = CSPHF »(HSF/RSPF-ALPHAC*KPR IE*PCC2F/FCC3PP ) PECE 6 10
62: E3=-2.303CCC*ALPHAC*KPRI ME/(2.DCC*VPF*BETAP)*(PCC2AN/FCC3AM*PCC2P/FE0E 620
63 : 1 KCC3PM) PECE 620
64: B4=-ALPHAC»KPRIME»PCC2M/HCC3PM*»2 PECE 640
65: E5 = KPR IME/I-CC3PM PECE 650
66 : E6=CPM/VPM4(HCC3AM-HCG3PM)+DSPBM/VPM*(RSPM»HCO3SM-HCC3PM)' PECE 6 60
67 : c PECE 6 70
68: SM=(CG2M-ALPHAC*PC2M)/CM A X*ICC.OCCC PECE 680
69: c PECE 690
70: A 1=(1CC.0CC0-SM)*R*KZ/100.OCOO PECE 7CC
71: A2=SM»R*KC/1CC.ODCC PECE 7 10
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72: /i 4 = KPR I ME / (R*KC ) PECE 720
73: F=Al*bC03PM/ (R*PCO3PM»K2:*ALPHAC*KPRIME*PCC2M) FECE 730
74 : 1 + A 2*HCC 3 PM / (R #HCC "3 PM*KC + AL PHAC *KPR I ME * PCC 2M ) PECE 740
75 : C PECE 750
76: CARBM=F*HB»HCC3PM/(A4+F*FCC3PM) PECE 76C
77: VERCAB=-QEM* ( CAR8AM-C ARBM.) FECE 770
78: C PECE 7EC
79: B7 = AL PHAC*CM*(PC02AM-PCC2M)/VMB + DSPCM*(PSCM-PCC2M )/VM6-VERCAE/VM8 PECE 79C
80: E8 = VPM/84*(84*B6 + 85*87-8 1-82*B3) PECE 8CG
81: B9 = VPM/B4*(B4/VPM-B5/VMB-B3 ) FECE 810
82 : eiC=-VPM»B5/(B4*VMB) PECE 820
83: C1=(GEM/V EM)*R»(HC03AM-HCC3PM) FECE 830
84: C2=(R*B6-C1)*VEM PECE 840
85: C3=R*VEM/VPM PECE E5C
86: C1=B 1/R PECE 860
87 : C2 = -2.303CCO*ALPHAC*KPRIME/(2.DCC*VEM*BETAE*R)* FECE 870
88 : 1 (PCC2AN/HCC3AM+PCC2M/HCC3PM) PECE EEC
89: C PECE 890
90: C FECE 900
9 1 : RC2h8=CM*((CC2M-ALPHAG*PC2M)-(CC2AM-ALPHAG*PC2AM))/22.4DCC PECE 910
92: C PECE 920
93: C3= 1.5CCC*VERCAB + O.6CCC*RO2HB PECE 930
94 : E1=(B1 + B2=»B3-R*D1-R*C2<-C3 ) / (R*D2 ) PECE 940
95: E2=B3/(R*C2) PECE 950
96: C4=1.DCG+(1.CCG+C3)*B1C FECE 960
97: C5=C2-(l.CC0+C3)*B8 FECE 970
98 : C6=C3-(1.CCO+C3)*B9 PECE 9EC
99: F1=C5-E1*C4 FECE 990

ICO: F2=E2*C4-C6 FECE1CCC
1C1: C FECE1C 10
i r *) • r . o c r c i n ? p1 L c • • L L L. X L# Ij
1C3: c PECE103C
1C4 : VPRPR=F1/F2 PECE1C4C
1C5: \/ERER = El + E2»Fl/F2 PECE1C5C
1C6: REPB= B8 + 89*F1/F2 +B10*(E1 +E2*F1/F2 ) FECE1060
1C7 : c FECE1C7C

o



1CB 
iCG 
11C 
111 
112 
1 13 
114 
115 
1 16 
1 17 
118 
1 IS 
12C 
121 
122 
123 
124 
125 
126 
127 
128 
129 
1 30 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143

C 
C 
C 
C 
C 
C

C

C

C

C

C

C
CCDF = A4*He*HCC3PN/(A4 + F«l-CC3PN )**2

CA2DPC = DSDPC2*R*KC/ICC.CD CO 
. CA2DPB=DSCP8*R*KC/1CC.CDCC

CA1DPB=-DSCPB*R»KZ/ICC.CD CO 
CA1CPC=-CSCPC2*R*KZ/1CC.CCCC

1
2

V=( .C04 2 73CCC+C.04 326DCC»PC02M**(-C. 53 5DCC))*PC2P
L=O.925C0C«V*2.8DCC*V*V+3C.ODC0*V*V*V

CVDPB=(0.C4326000*(-C.535DCC)*PCC2M«*(-1.535DC0))*PC2P
CVDPC2=0.CC4273DO0*0.C4326*PCO2M»*(-C.535DCC)
DL0PB=(C.925DC0+5.6CC0*V+90.0CC0»V*V)»CVCPE
CLDPC2=(0.925DC0+5.6DCC*V+9C.CDCC*V*V)*0VDPC2

FEDElOeC 
P E C E 1C S C 
PEEE L ICO 
PECE1 1 10 
FECE1 12C 
PEEE1130 
F E E E11 4 0 
PEEE115C 
PECE1 UC 
FECE1170 
FEEE11 EC 
PECE1 ISC 
PECE12CC 
FECE12 1C 
PCCE122C 
PECF123O 
PI-CE1240 
PECE125C 
P E C E 1 2 6 C 
FEEE1270 
PECE12EC 
PECE 12SC 
FECE1 3C0 
FECE1 3 1C 
PELE132C 
PECE 1330 
FECE 134C 
PECE135C 
PEL'E136C 
FECE1370 
PECE13EC 
PECE139C 
FECE14C0 
FECE14 1C 
PECE142C 
PECE143C

A = C.9 2 5DCC-f5.6D00<‘V + 90.0CC0»V»V
LRDPB=C.C4326DC0*(-C.535DC0)*PCC2P»*(-1.535CC0)
CADPB=(5.6C0C*180.0DC0«V)»P02M»DRDPB
CCrJPB = ClvAX*CLCPB/ ( 1.0C004U)**2
CAMBPB = CMAX<-(-2.0DCC*A*D\/DPC2»CUDPe/(l.CC00 + U)**3-f

1 (A4CRCPB*DVDPC2*DADPB)/{1.CDCC+U1**2)

0SDPB= 1CC.CDCC/(1.OCCC + L)*»2*(0.925 COO + 5.6C00*V + 90.CDCC*V*V)♦
1 (.C432 6DCC*(-0.535DCC)*PCO2P*»(-1.5 35D00)*PC2P )
CSDPC2=10C.0C00*CUCPC2/( l.CC0G + U)*=»2

C FCPB = -A l*bCC3PP* AL PHAC<-K PR IME/( R*HC03PM*KZ + ALPHAC»KPR I PE*PCC2P ) 
**2-A2*HCC3PP*ALPFA WPRIPE/ (R*F:CC3PiV*K0 + ALPHAC*KPR IME* 
PCC2P )**2+-HCC3PP»CA 1DP8/ (R*HCC3PP*KZ +ALPHAC*KPR IPE»PCC2P )

N> H



144: 3 +HCC3PM*DA2DPB/(R*HCC3P^*K0+ALPHAC»KFRINE*PCC2M) FECE1440
145 : C FDPC2 = t-CC3Pf7*CA 1CPO/ ( R*HCC3PM*KZ+ALPHAC*KPRIME*PCC2P ) PECE 14 5C
14E: 1 +HCC3PP»CA2DPC/(R*hCC3PM*K0 + ALPHAC*KPRIME*PC02P) PECE14iC
147: C PECE147C
148: CCBCPE=CCCF*CFCPB FECE1480
149: CCBCPC=CGCF*CFCPC2 PECE14SC
ISC: C PECE15CC
151: C ---------------------------------------------------------------------------FECE1510
152: C PECE152C
153: CGDBP = A4*HE*F/(A4 + F*ECC3PP) **2 PECE152C
154 : C FCBP = ALPHAC *KPR I PE* PCC2M* ( AI / (R*HCC3PIV* KZ + ALPHAC *KP R I NE* PCC2P ) ** 2 F E C E 1 5 4C
155: 1 *A2/(R*HCC3PM*KO+ALPHAC*KPRIME»PCO2M)**2) FECE155C
156: C PECE156C
157: CCBDBP=DGDBP+DGDF*DFCBP FECE157C
158: C FECE15EC
159: C PECE15SC
16C: C ----------------------------------------------------------------------------- PECE16C0
161: C PECE161O
162: CVCEPB=CEP*DCBCPB PECE162C
163: CVCBEP=GEP*DCBDeP PECE162C
164: CVCBDC = QEh'*DCBDPO PECE164 0
1 4 5 : C P E E E 1 6 5 C
166: C PECE166C
167: C ---------------------------------------------------------------------------PECE167C
168: C PECE1680
169: C PEDE169C
17C: CRHBP8 = CN*CPAX«DSCPB/(22.4C00*100 .OCCO) PECE17CC
171: CRHBDC=QM*CMAX*DSDPO2/(22.4000*ICC.CDCO) FECE1710
172: C FECE172C
173: C PECE172C
174: C -------------------------------------------------------------------------- PECE 1740
175: C FECE175C
176: CB1CPB=-CPP*ALPHAC*KPRIME/(VPM*HCO3PM) PECE1760
177: DBlDBP = CPM*ALPHAC*KPRIME/VPM*PCC2M/h.CC3PM**2 PECE177C
178: C PECE178C
179: CB2CPe=-ALPHAC*KPRIME*CSPF;M/HC03PM FECE179C
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180: CB2CEP=CSPrM*^LPHAC*KPRIME*PC02M/(HCO3PN*HCC3PM)
181: DB2CHS=DSPHN/RSPM
182: C
183: CB3CPB=-2.3O3DCO*ALPHAC*KPRIME/(2.CDCC*VPM*0ETAP»hCC3PM)
184: CB3CeP = 2.3C3CC0*ALPHAC*KPRIME/(2.CCCC*VPM*BETAP )*PCO2M/(bCO3PM*
185: 1 HCC3PM)
186: C
187: CB4CPB = -KPRIME*ALPHAC/(KCC3PM»HCO3PM )
188: CB4DBP = 2.CCCC*ALPHAC*KPRIME*PCC2F/(h€C3PM*b:CC3PM*hCC2PM)
189: C
190: CB5CBP=-KPRIME/(HCC3PM*hCC3PM)
191: C
192: CB6DBP=-(CPM+DSPBM)/VPM
193: CB6CBS=DSPBM*RSPM/VPM
194: C
195: C870PB=-ALPHAC*QM/VMB-DSPCM/VMB-CVCBPB/VMB
196: CB7CBP = -CVCef!P/VMB
197: CB7CPS=CSPCM/VMB
198: DH7CPC = -[J,vCPDC/VMB
199: C
2CC: CB8CPE = VPM/B4* ( B6 » CB4CPB-> E 5»DB7DP 8-DB 1DP E-B 2<-DB 3D PB-B 3*D8 2DPB )
2C1: 1 -(E4*E6 + 85*E7-E1-E2*E3)*VPM/(84*E4 )»CE4DPB
2C2: CB8CBP = VPM/B4»(B6*D840BP+E4*DB6DEP + B5*CE7CBP+ B7*CE5CEP-CE 1DBP
2C3: 1 -E2»CB3CBP-B3*DE2CEP)-(E4*B6+B5*B7-B1-B2*B3)*VPM/(E4*E4)»
204: 1 DE4CBP
2C5: CB8CPS=VPM/B4*B5*DB7DPS
206: CE8CES=VPM*DE6DBS
2C7: CBEChS=-VPM/E4*B3*CB2ChS
2C8: CBflDPC=VPM*85*CB7DPC/B4
2C9: C
2 10: CB9CPE = VPM/B44- ( DE4 CP8/VPM-CE 3DPB )-VPM/( B4*B4 ) ♦( B4/VPM-85/VMB-B3)
211: 1 »DE4DPB
212: CB9DBP = \/PM/B4* (DB4DBP/VPM-D85DEP/VMB-DB3 CEP )-VPH/ ( B4*84 ) *
213: 1 (B4/VPM-B5/VME-83)*0B4DBP
214: C
2 15: C81 CPB = VPM/VMB*B5/(B4*B4)*DB4DPB

FECE18CC 
PECE 18 10 
PECE 182C 
PECEi83C 
PECE 1840 
PECE 1850 
P E C E1 8 6 0 
PECE187C 
PECE1E8C 
FECE189G 
PECE19CC 
PECE19IC 
PECE 1920 
PECE 1930 
FECE 1940 
PECE 1950 
FFEE 1960 
PECE197C 
P f: L E 1 9 8 0 
PE EE 1990 
FECE2C0C 
PECE2C 10 
PECE2C2C 
FECE2C3C 
PECE2C4C 
PECE2050 
FECE2C60 
PECE2C7C 
PECE20EC 
PECE209C 
PECE21CC 
PECE21 10 
FECE212C 
FECE213C 
PECE214C 
PECE215C
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216 
2 17 
218 
219 
220 
221 
222 
223 
2 24 
225 
2 26 
227 
228 
2 29 
2 30 
231
2 32
23 3 
2 34 
2 3-j 
236 
237 
238 
229 
240 
241
24 2 
243 
244 
245 
246 
247 
248 
249 
250 
251

C 
C

C

C

€

C

C

C

C

C

CB lCBP=-VPfVvyB*(84*08508P-B5»DB4DBP)/(B4*B4)

CC108P = -R*CE^/\/EP.

CC2CBP=VEP*(R*C86CBP-DC1CEP)
CC20BS=R*VEN*D86CBS

CC1CP8 = DB 1CPB/R
CClCBP=C81CeP/R

CC2CP8=-2.3C3DC0*ALPHAC*KPRI ME/(2.CDCC*VEP*RETAE*R*hCC3PN)
CC2C8P=2.3G3COO*ALPHAC*KPRIME/(2.CCCO»VEM*R*BETAE)*PCC2M/

1 (HCC3PM»HCC3PP)

CC3LPE=1.5CC0*CVCePB*0.6CCC*DRHBPB 
cD3DBP=i.5i:cc*cvceep
•CD3DPC=1.5CC0»DVCBDC+C.6DCC*DRHeBC

LE1CP8= ( ( 0 8 lLPB-tL,2*DH3CPE-t83*0820PB-R*CC 1CPR-R*0 2*003CP8-R*D3»
1 CD2DP8) *0 2- ( 8 l + B 2*83-R*C 1-R*0.2*03 ) *0020P E )/ (R*C2*C2 )
CE1DEP=((CE1DBP+B2*DB3D8P+83*082OBP-R*DD1D8P-R*D2*CC3CBP-R*D3*

1 CC2CGP)*C2-(B1+B2*83-R*C1-R*C2*C3)*CC2C8P)/(R*D2*D2)
CE1DHS=B3*CB2OHS/{R*D2)
CE1CPO=-OC3DPO

DE2DPB=(D2*De3DPB-E3*CC2CPE)/(R*C2*C2 ) 
0E2CBP=(02*083DBP-B3*002DBP)/(R*D2*02)

CC4DP8=(1.CDC0 + C3 )*DE1CPE
CC4DBP=( l.CDCC + C3)*D81CBP

CC5CPE=-{1.0CC0+C3)*CE8CPE
CC508P=DC2DBP-(1.CDCC+C3)*08808?
CC5CPS = -( 1.0DCC + C3 )*DB8DPS
CC5CES = DC2C8S-(1.0C00 + C3)*088 DBS

PECE2 160 
PECE2170 
PECE21EC 
PECE21SC 
PEOE22CO 
PECE22 1C 
PECE222C 
PECE222C 
FECE2240 
PECE225C 
PECE226C 
PECE2270 
PECE22EC 
P E 0 E 2 2 9 C 
PEC 0 2300 
P E 0 E 2 3 1 0 
PE0E232C 
P E 0 0 2 3 10 
P 0 0 E 2 5 4 0 
P E 0 E 2 3 5 C 
PE0E236C 
FECE2370 
PECE 23EC 
PECE239C 
PECE24C0 
P E 0 E 2 4 1 C 
P E 0 E 2 4 2 C 
PECE2430 
FE0E244C 
PECE245C 
PE0E246C 
FECE247C 
PECE24EC 
PECE249C 
PECE25C0 
PEDE251C



252 : CC5CHS=-(1.0CC0+C3}*CB8CbS P E 0 E 2 5 2 C
253: CC5DPC=-(1.CCCC+C3)*0880 PC PECE253C
254: FECE2540
255 : CC6CP8 = -(1.0CC0 + C3 )*089DP 8 PECE255C
256 : CC6DBP=-(1.CCCC+C3)*08908P P E 0 E 2 5 6 C
257: c PECE257C
258 : c PECE258C
259: OF1DPE=DC5CPE-E1*CC4DPE-C4*CE1CP8 PECE259C
26C: CFlt:BP = DC5DBP-El*0C4D8P-C4*DElDBP PECE26C0
261: CF1CPS=CC5CPS PECE2610
262: CF1CES=CC5CBS PECE262C
263: 0F1DHS=DC5DHS-C4*DE1DHS PECE263C
264: 0F1CPO = DC5CPO-C4*DE 1DP0 PECE264C
265 : c PECE265C
266: CF2DPB=E2*CC4DP8+C4*CE2DPB-DC60Pe PE0E266C
267: CF2CBP=E2*CC4D8P+C4»DE2D8P-DC6DBP PECE2670
268: c PECE268C
269: c PECE26SC
2 70 • c
271 : c PECE27 10
272 : CVPRPB={F2*DF1CPE-F1*DF2OPB)/(F2*F2) PECE272C
273: C'JPRBP=(F2*DF1DBP-F1*DF2CEP)/(F2*F2) PECF273C
274: CVPRPS=DF1OPS/F2 FECE274C
2 7 5 : CVPRBS=CF1CBS/F2 PECE275C
276: CVPRHS=DF1CHS/F2 PECE276C
277: CVPRCO=CF1CPC/F2 FECE2770
278 : c PECE278C
279 : CVERPB=DE1CPE+E2*CVPRP8+VPRPR*CE2CPE PECE279C
280: CVFRBP = CE lCBP-tE2*CVPRBP + VPRPR*DE2DBP PECE28CC
281: CVERPS=E2*CVPRPS PE0E28 1C
282: DVERBS=E2*0VPRES PECE282C
2 83: DVERHS=DE1DHS+E2*DVPPHS PECE283C
2 84: 0VERCC=DE1CPC+E2*DVPRCC PECE284C
285 : c PECE285C
286: CREPPB=D88CP8+89*0VPRPB+VPRPR*0890PE+B10♦CVERPE+VERER*CB10PE PECE286C
287: CREP8P = D8 8C8P+ 89*0 VPR8P + \/PRPR*DB9DBP + B 10*0 VERB P + V ERE R*D8 1C BP PECE287G

M
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288 : CREPPS = DeECPS-tB9*DVPRPS + BlC-i'DVERPS FECE2880
289 : CREPES = CE8CeS + E9*CVPRBS-tElC*DVERHS PECE289C
29C: CREPHS=DB8CHS+B9»CVPRHS+E10*DVERES PECE29CC
29 1: CREPDG = D68CPC + B9*DVPRDC+B ICWVERDG FECE291C
292: C PECE292C
293 : C PECE292C
"DC/. • rZ b M • U
295: c FECE2950
296 : c PECE296C
297: A PEC 2 =SIC PEI (CPAX,AL PHAC,PC2P,PCC2P) PECE297C
298: APB8G2=SLCPE3(CMAX,ALPHAG,PO2M,PCC2P) FECE2980
2 99 : CALL CCNC(CPAX,P02P,PCG2P,C02M,CC02M) PECE299C
3CC: APCC2 = SLCPE2(CPPAX,AL PHAC,PCOP) PECE3CCC
3C1: AMCCC2=SLCPE4(CPPAX,PCCP) PEEE30 10
3C2: c FECE3020
2 r n • rj I j • L r L- w I— J v G

3C4: c PECE304C
3C5: c FECE3O5O
3C6: PW(1,1 ) = (-ALPHAC*GM-CSPCM-DVPRPB-CVERPB-CVCEPB)/(ALPHAC*VP8) PECE3C6C
3C7: Pk( 1,2) = (-DVPRBP-CVERBP-C\/CBBP)/(ALPHAC*\/PB) PECE3C7C
308: PW(1,3)=(-CVPRPS-DVERPS+DSPCM)/(ALPHAC*VPB) PECE3080
3C9 : Pk ( 1,4 ) = (-CVPRES-CVERBS)/(ALPHAC*VMB) PECE3CSC
31C: PM 1, 5) = (-CVPRHS-DVERBS)/(ALPHAC»VPE) P E C E 3 1 C C
3 11: PWl l,6) = 0.CDCC FECE31 10
312: Pk(l,7)=0.CCC0 FECE3 120
3 13: PWl1,8)=C.CDCO PECE313C
3 14: PWl 1,9 ) = (-DVPRDO-DVERDC-CVCBDC)/(ALPHAC*VPB) PFCE314C
315: c FECE3 150

rj 1C • L rLLLJICv

317: c PECE317C
318: PW(2, 1)=(~CREPPB+DVPRPB)/VPM FECE3180
3 19 : PW(2,2)=(-CPP-CSPBP-CREPEP+CVPRBP)/VPM PECE31SC
32C: PWl2,3)=(-CREPPS+CVPRPS)/VPP PECE32CC
321: PW(2,4)=(-CREPBS+DVPRBS*DSPBM*RSPP)/VPP PECE3210
322 : PW (2,5 ) = (-CREPHS + CVPRHS)/VPM PECE322C
323 : PW(2,6)=O.CDCC PECE323C
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32^ : PM 2,7)=C.CDCC PECE324C
325: PVi(2,8) = 0.CDCC PECE325C
326 : Pk ( 2f9 ) = (-CREPCO*CVPRCC)/VPM PECE326C
3 2 7 : C P E C E 3 2 7 C
q t c * r r L L L J <. L v

329: C PECE3290
3 3C : PM3,1)=CSFCN/(ALPHAC*VSP) PECE33CC
■2 0 1 ; Pk(3,2)=C.CDCC PECE33 10
332: Pk (3» 3 )=(-CSPCM-DCSCM-\/SM*KU*ALPHAC)  /( ALPHAC*VSM) PECE3320
3 3 3 : Pk(3,4) = KWK*HSM/ALPI-AC PECE333C
334: Pk( 3,5)=KWK*HCC3Sy/ALPHAC PECE334C
335: PW(3,6) = DCSCM/(ALPHAC*VSf<) PECE3350
336: Pk'(3T7)=0.CCC0 PECE336C
337: Pk(3,8)=C.CDCO PECE337C
338: C FECE338C
j a n • r - r, c r c 7 > c n5 D 7 • L ■rtLtJ.7 7b

34C: C PECE34CC
34 1: Pk(4, 1) = C«CDCC PECE34 10
342: PW 14,2 ) = CSPBM/VSM PECE3420
343 : Pk(4,3 )=Kl*ALPHAC PECE343C
3 4 4: Pkt 4,4) = (-tJCSBP-DSPBP*RSPN-VSP*KV/K*HSN)/VSN PECE344C
34 5: Pk(4,5 )=-KV/K*hC03SM FECE3450
34 6 : Pk 14,6)=O.CCCO PECE346C
347 : Pk(4,7)=DCSBN*RCSN/VSP P E C E 3 4 7 C
348: PW(4,8)=0.CDCC FECE3480
349 : C FECE349C
q C n • r •DPrP^crrJ -* c * u rLUL-'^Uv

351: C PECE351C
3 52 : Pkt 5,1 ) = ( CSPhf/*AL PHAC*KPR IK E/HCO 3PM ) * (-2.3C 3DC C*H SP ) / ( BE 1A St* ) FECE352C
3 5 3 : Pkt 5,2) = (CSPHM*ALPHAC*KPR IME»PCC2M/hCC3PM**2 )*(2.303CCC*bSM)/(VSM*PEBE 3 5 2C
3 54: 1 BETASM) FECE354C
355 : Pk(5,3 ) =-KL*ALPHAC*2.3C3DCO*HSM/BETASM FECE355O
3 56 : Pk(5,4)=KV/K*HSM»2.303C00*hSM/eETASM PECE356C
357: Pk(5,51 = (-'KCSHM-DSPHM/RSPP-\/SM»K\//K*HCC3SM)*(-2.3C3CC0*FSM ) PECE3570
358: 1 /(BETASM*VSM)-KKCSHM*(TCSM*HCM-HSM)-CSPHF*(HSM/RSPM- FECE3580
3 59: 2 ALPH.AC*KPR IME*PCC2M/HCO3PM )+VSM* ( KU*ALPHAC*P5CM-KV/K*HSM*PECE3 59C



36C : 3 kCC3S^ ) J* (-2.303COO/ OETASMVSM ) ) PECE36CC
361: P’rtl5,6)=C.CDCC PECE36 10
36 2: PW(5,7)=C.CDCC PECE3620
363 : Ph'(5,8 )=KCSHh/»TCSM/VSM*(~2.303CC0*HSM/BETASM ) PECE3630
364: C PEEE364C

rj o> •
366: c PECE366C
3 6 7 : Pk(6»1) =0 .CDCO PECE367C
368 : Pk(6,2)=C.CDCC PECE368C
369 : PW(6,3 ) = DCSCM/(ALPI-AC*VCM ) FECE3690
37C: Pk(6,4)=0.CCC0 PECE37CC
371: Pk(6,5)=C.CDCC PECE371C
372: PW(6,6)=(-CCSCM-VCM*KU*ALPHAC)/(ALPHAC*VCfr') PECE372C
373 : Pk(6,7)=KV/K♦HCM/ALPHAC PECE373C
374: Pk( 6,8) =K\i/K»HCC3CP/ALPHAC PECE374C
375: c PECE3750
7 *7 A • rJ f U • L
377 : c PECE377C
378: Pkt 7, 1) = C.CDCC FECE378C
379: PW(7,2 ) = O.CDCO PECE3790
3EC: Pk(7t3)=0 . CCO 0 PECE38CC
38 1: Pk(7,4)=DCSBF/\/CP PECE38 10
382: PW(7,5)=0.CDCC PE EE 3820
38 3 : PW(7,6)=Kl*ALPHAC PECE383C
3 84 : Pkt 7,7) = (-CCS8P*RCSP-VCN*KV/K^HCN)/VCF PEEE3840
385: PW(7,8)=-KV/K*HC03CM PEEE3850
386 : c PEEE386CQ C 7 • rJ C / • u
388: c FEEE38EC
389: FW(8,1)=O.CCCO FEEE389C
39C: Pkt 8,2)=0.CDC0 PECE39CC
391: Pkt 8,3 ) = C.CDCC FEEE39 10
392: PW(8,4 ) = O.CCCO FECE3920
393 : pkt 8,5)=-2.3C3C00*HCP»KCSHP/ (VW8ETACM ) PECE393C
394: Pkt 8,6)=-2.3C3DCC*KL*ALPHAC*HCP/BETACP PEEE394C
395: Pkt 8,7) = 2.3C3DCC*KV/K*HCH*HCM/8ETACM FECE3950
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396: PW(8t8) = (-VCM*KV/K«HCO3CM-l<CSHM«TCSM)«(-2.3C3DC0*l-CJ'/{VCh'*BETACP>  )PECE3960
397: 1 +((1.CCCC-FM)4MTMC02+VCM*(KL*ALPHAC*PCCM-KV/K*HCM*HCC3CN)PECE397C
398 : 2 -KCSHN* ( TCSN*hCN-HSM) ) * (-2.303CC0/ (VCM*E ET A Civ ) ) PECE39EC
3 99: C FECE3990
^tCO: C FECE4CCC
/, r i • r o r r c /. r i rill* L r L L L H v 1 v
4C2: c FECE402G
403: PW(9, 1 )=-QM*CCDPD / ( VMB*Ay B02 )-QM* (CO 2AIV-CC2H ) *0 AP E PE / ( VPB*A^EC2* FECE4030
4C4 : 1 A^EC2)+DPSCf'*(PC2N-PSCN) / ( APEC 2* AMEC 2*VME ) *C AMBP E PECE4C4C
4C5: 0 PECE4050
406: CO 50 1 = 3,8 FECE4060
4 Cl: 50 PW( I, 9)=O.CCCO PECE4C7C
4C8: C PECE4C8C
4C9: Pk(9t 9)=-CM/(VM8) -CM*(C02AM-C02N)/(VM8*AMBC2* AMBC2 ) *AMEEC2 FECE409C
4 10: 1 -CPSCM/(VMB*AMBO2)+CPSCM»(P02M-PS0M)/(AMBC2*AMBC2*VMB)* FECE41CC
4 11: 2 AMEEC2 PECE4 1 1C
4 12: c PECE4 12C
4 13: CO 60 1=2,8 FECE4130
4 14 : PW (9, I )=O.CDCO PECE414C
4 15: 6 0 CCNTINLE PECE415C
416: c PECE4160
4 17: P W ( 9 « 10) = CPSCM/(AMBO2*VMB ) FECE417C
4 18: Pk( 9 , 11 ) =0.0000 P E C E 4 1 E C
4 19: c FECE41SC

r — cure/, o r n4 2 0 • U • rCLiZ**£LU
421: c P E C E 4 2 1 C
422: CO 61 1=1,8 PECE422C
423: PW( 10 ,I)=C.OCCC PECE4230
424 : 61 CONTINUE PECE424C
4 2 5: C PECE4250
4 26: PW ( 10 ,9) = CP SOM/(ALPHAC*VSM) FECE4260
427 : PW ( 10 , 10)=-(CPSOM + CSCOM ) /(ALPHAO*VSM ) PECE427C
428 : PW( 10 ,1 1)=CSCCM/(ALPHAC*VSM) PECE426C
429: C PECE429C

r*t 3 U • L r C L Jlli
431: c PECE43 1C
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^32: CC 62 1=1,8 PECE^SzC
433: 62 Pk( 11, I ) = C.CDCC . PECE433C
434: C FECE4340
4 35 : PW(11 ,9)=C.0CCC PECE435C
436: PM ll,lC)=CSCCrVUIvCC2*VCP) PECE4360
4 37: PW( 11, ll)=-DSCOM/( AMC02*VCM l-DSCCN* ( PSCN-PCC^) / ( VCP*/1^CC2*ANCC2 ) » PECE4 3 70
438: 1 AMCCC2 + MTPM02/(AMC02»AMCC2*VCM )*ANCC02 PECE43PC
435: C PECE439C
4 4 C : C . P E C E 4 4 C 0
441: C ------------------------------------------------------------- :-------------PECE441C
442: C PECE442C
443: C -------------------------------------------------------------------------- PECE4430
444: C PECE4440
445: CC 63 1=1,8 PECE445C
446: CC64J=1C,11 ' PECE446C
447: 64 PW( I,J ) = 0.CDC0 PECE44 70
448 : 63 CCMIMJE PECE44EC
4 49: C PECE44SC
45C: C ----------------------------------------------------------------------------- PECE45CC
451: C ---------------------------------------------------------------------------FECE451C
452: C PECE452C
453: RETURN PECE453C
454: END FECE4540
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1: SUBROUTINE DATA CA TA 10
2: C CATA 20

r -TATA3 • U L> h 1 A 3 U

A : c CA1A 40
5 : IMPLICIT REAL*8(A-H,C-Z) CATA 50
6: REAL* 8 KPRIRE,KA,KCfKL,K\/,K,KZtKCt MTMC2,RTMCC2,KCSbM CATA 60
7: c CATA 70
8 : CCPNCN/ELCCK1/hCRIT,BETAP,8ETAE,R, CMAX,ALPHAC,ALPHAC ,HB,ABN2,ATN2 CATA EC
9: CCRPCN/BLCCK2/KPRIRE,KA,KC,KU,KV,K ,KZ,K0 CATA 90

10: CCivNON/BLCCK3/PCC 2AF , HOC 3 AM , C AR 8 A R ,PC2AM ,CC2AR,PN2AM CATA ICC
11: COR NON/BLCCK4/PC02M,hCC3PM,CARBM,P02M,CO2M,P02M0,PSCM,HCC3SM,HSN, CATA 110
12: lPCCM,HCC3CR,HCM,PSCM,PSCMCtPCCM,PCCM0,PN2M,PN2M0,PSNM,PSNMC,PCNM, CATA 1 2C
13: 2PCKM0 CATA 130
14: COMHON/8LCCK7/BETASM,BETACM,VSM,VCM,DSPCM,DCSCM,DPSOM,DSC CM, CATA 140
15: 1 CM,VMB,CMMAX,CPSNM,CSCNM,MTHC2, MTMC02 ,TCSM,RCSM,RSPH,CSPBM, CATA 150
16: 2 DSPhM,DCSBH,KCSHM,FM CATA 160
17: c CATA 170

-TATA i c r18* L L# m 1 A leu
IS: c CATA 190
20: c CATA 200
21 : HCRIT=39.CC0 CATA 2 10
22 : BETAP=-0.CC61DC0 CATA 2 2 C
23: EETAE=-0.C56DCC CATA 220
24 : R=0.7CC0 CATA 240
25: R IRCC2 = 0.04 2 5 000/22.4000 CATA 250
2 6 2 MTMC2=C.C5DCC CATA 260
27: CMAX=0.201000 CATA 270
28: EETASM=-0.C021000 CATA 2EC
29: BETACH=-0.C195DCC CATA 290
30: VSM=3.46DCC CATA 300
31: VCM = 26.5000 CATA 310
22: KA=3CCCCC.DCC CATA 320
33: KC=2.4D-05 CATA 330
34: hB=O.02058000 CATA 340
35: KPRIHE=10.C0CC0»*(-6.1CCC) CATA 3 50

NJ
NJ



36: K\/ = 8<? e CDCC*6C .ODOO CATA 36C
37: KL = C. 130CC*6C.CDCC CATA 37G
38: K = KPR IME»KV/KU CATA 380
39: KZ=7.2C-G8 CATA 39C
AC: KC=8.4D-C9 CATA AGO
Al: ALPhAC=3. CC-C5 CATA AIO
A2: CPNAX = 1.6AC-0A CATA A2C
A3: VPB=1.CDCC CATA A2C
AA: CM=C.8A0CC CATA AAO
A5: ALPh AC = 3. CC-05 CATA A5C
A6: C CATA A6C
A7: C ----------------------------------------------------------------------------- CATA A7C
A8: C CATA A80
AS: PCC2AP=3S.CCCO CATA ASC
5C: PC2AM=1CC.CDCC CATA 5C0
51: bCC3AM=C•C22888DCC CATA 510
52: CARBAP=C.1285A2682157C-02 CATA 52C
53: C CATA 530
5A: CALL CONC(CMAX»P02AM«PCD2AHtC02AM ,CCC2AN) CATA 5A0
55: C CATA 55C
56: C ---------------------------------------------------------------------------CATA 56C
57: C ' CATA 570
58: PATM=760.CCC0 CATA 5EC
59: PAH2C=A7.CCCC CATA 5SC
6C: PN2AH=PATH-PAH2C-PCC2AP-PC2AH CATA 6CC
61: AEN2= 1.72C-05 CATA 610
62: ATN2=1.4SC-05 CATA 62C
63: C CATA 630
64; c ----------------------------------------------------------------------------- CATA 640
65: C CATA 650
6c: C ----------------------------------------------------------------------------- CATA 660
67: C CATA 670
68: RETURN CATA 680
69: END CATA 6SC
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1: SUBRCUTINE 0 I FFUN(I,YM,CERYM) CIFF 1C
2: C CIFF 2C

f* -rrcc "3 P,3 • L ■ L 1 r r U

4: c CIFF 40
5 • IMPLICIT RE»L*8(A-HtC-Z) CIFF 5C
6: REAL* 8 KPRI|VE,KA,KC,KL,KY,K,KZ,KCfNTNC2,NT^CC2tKCSFR,FT^^C2 CIFF 60
7: c CIFF 70
8 : CCPFCN/ELCCKl/l-CRITtEETAP , EET A E ,R , CPAX» AL PH AC, ALPFAO,FE, AEN2, A TN 2 CIFF EC
S: CCFFCM/ELCCK2/KPRIFE,KA,KC,KU,K\/,K,KZ,K0 CIFF 50

10: COFFON/8L0CK3/PCO2AM,HC03AM,CARBAF,PC2AF,CC2AF,PN2AF CIFF ICO
11: CCFFCN/ELCCK4/PCC2F,HCC3PM,CARBM,P02M,CO2M,PO2FG,PSCF,HCC3SM,HSM, CIFF UC
12: 1PCCF ,HCC3CF ,HCF,PSCF,PSCFC,PCCF,PCCFC,PN2F,PN2FC,PSNN,PSNFC,PCNM, CIFF 12C
13: 2PCNF0 CIFF 130
14 : CCFFCN/ELCCK7/BET ASM,BETACM,VSM,VCM,DSPCF,DC5CM,DPSCF,DSCCF, CIFF 14C
15: 1 CM ,VMB,CMMAX,DPSNM,CSCNM,MTMC2,MTMCC2,TCSM,RCSM,RSPM,CSPEM, CIFF 15C
16: 2 DSPHM ,CCSBM,KCSHM,FM CIFF 160
17: CCMMGN/EL0CK8/FFTIM CIFF 170
18 : CGMMGN NCFhS CIFF 1EC
15: c CIFF 15C
20: CIMENSION YM(C8,11),CERYM( 11) CIFF 2C0
2 1: c CIFF 2 1C- r r r c2 2 1 c L 1 1 I Z d L

23: c CIFF 230
24: ERR=1.0C-05 CIFF 24C
2 5: ERR1=1.CO-10 CIFF 25C
26: YPM=VMB*(1CC.COCO-HCRIT)/1CC.0CCC CIFF 260
27: CFM = CM *(ICO.OCOO-HCRIT)/ ICC.OCCC CIFF 27C
28: YEM=VME*HCPIT/IOO.ODCO CIFF 28C
29: GEM=QM ♦HCRIT/100.CDCC CIFF 250
30: c CIFF 3C0

r - n t p p '3 i rJ 1 • L 1 r r j 11

22: c CIFF 320
33: TIME=T C IFF 330
34 : c CIFF 340
35 : FCC2M=YM(1,1) CIFF 3 5C

K)
NJ
U)



36 : HCC3PN=YN(1,2) CIFF 36C
37: PSCN =YN(1,3) C I FF 37C
38: FC03SM=Y,Y{ 1,4 ) CIFF 380
39: HSN =YN(lt5) CIFF 3SC
4C: PCCN =Y|v(l,6) CIFF 4C0
41: hCC3CM=YM(1,7) C IFF 4 10
42 : HCM =YH(1,8) CIFF 42C
4 3: PC2P =YP(1,9) CIFF 43C
44 : PS0M=YP(1,10 CIFF 44C
45 : PCCP=Y^(1,11) CIFF 4 5C
46 : C CIFF 46C
47: C CIFF 47C
48 : C CIFF 480

rn 7 • U 4 9 C
5C : c - CIFF 5CC
51: IFtPCCM .11. C.CDCC) PCCN=C.CDCC CIFF 5 1C
52: IF(PCCM .LE. 10.0CC0) NTNMC2=MTMO2*PCOM/10.COCO CIFF 520
53 : IFIPCCr .LE. 10.0CC0) GC TC 31 CIFF 53C
54: yiMNC2=MTPC2 CIFF 540
55: 31 CCNTINUE C IFF 550
56 : C CIFF 56Cc "7 • r n ~i r
58: c CIFF 580
59 : c CIFF 5SC
6C: c CIFF 6CC
61: AMBC2 = SLCPE1 (CNAX,ALPHAC,PC2N ,PCC2f/) CIFF 6 10
62: CALL CCNC(CMAX,PO2M,PCO2M,CO2M,CCC2P) CIFF 620
63: APCC2=SLCPE2(CPMAX,ALPFAC,PCOH) CIFF 6 30
64 : c CIFF 640
65: c CIFF 650
A A • r a a rC U • L c cl
67: c CIFF 6 70
68: c BLCCD CIFF 680
69: c CIFF 690•7 n • c ICCI# flu
71: c CIFF 710

to to 4^



72: Bl=CPP*AlPHAC*KPRINE/VPN*(PCC2»^/bCC3AN-PCC2N/HCC3PP) C I FF 720
73: E2=CSPhM »(HSM/RSPM-ALPHAC»KPRIPE*PCC2P/HCC3PP) CIFF 730
76 : E3 = -2.30 3 CCO* ALPH A C*KPR IP E/ ( 2 . COO*VPM*8ETAP ) * ( PCC 2AM/HCO 3AM4-PCO2M/0 I FF 740
75: 1 HCC3PN) CIFF 750
76: E4=-ALPHAC*KPRIME»PCO2M/hCO3PH**2 CIFF 760
77 : E5=KPRIPE/hCC3PM CIFF 770
78: B6 = CPP/VPP* (HCC3AP-HCC3PM+CSPEP/VFP*(RSFN ,*HC03SP-HCC3PM ) CIFF 780
79: C CIFF 790
80: SM=(C0 2M-ALPhAC*PO2M)/CMA X* 100.CDCC CIFF 800
81: C CIFF 8 10
82: A 1=(ICC.CDCC-SM)*R*KZ/10C .0000 CIFF 820
83: A2=SM*R*KC/1CC.CDCC CIFF 830
84 : A4=KPRIME/(R*KC) CIFF 840
85: C CIFF 850
86: F=A1»HCC3PM/(R*HCC3PM*KZ*ALPHAC*KPRIME*PCC2M) CIFF 860
87 : 1 4-A2*HCC3PM/ (R*HCC3PM*KC+ ALPHAC*KPR IME *PCO 2M ) CIFF 870
88: C CIFF EEC
89: CARBM=F*HB*HCC3PM/(A4+F»HC03PM) CIFF 890
90 : VERCAB = -CEM*(CARBAM-CARBM ) CIFF 900
9 1: C CIFF 9 10
92: B7 = AL PHAC*CM*(PCC2AM-PCC2M)/VM8 + 0SPCM*(PSCM-PCC2N ) /VME-VERCAE/VME CIFF 920
93: E8=VPM/B4*(B4*B6+B5*B7-B1-B2*B3) CIFF 930
94 : E9 = \fPM/B4*(B4/\/PM-E5/VME-E3) CIFF 940
95: B lC=-\/PM*B5/(B4*VMB) CIFF 950
96: Cl=(CEM/VEM )*R*(HCO3AM-HCC3PM ) C IFF 960
97: C2=(R*B6-C1 )*VEM C IFF 970
98: C3=R*VEM/VPM CIFF 980
99: C1=B1/R CIFF 990
ICC: C2 = -2.30 3 CCO* ALPHAC*KPR IM E/ ( 2 . DCC *VEM*BE "I AE*R ) * CI FF1CCC
1C 1: 1 (PCC2AM/HCC3AM + PCC2M/FCC3PM ) CIFF1C 1C
1C2: c CIFF102C
1C3: RC2HB = QM*((CC2M-ALPHAC*PC2M)-(COZAM-ALPHA0*P02AMJ )/22.4DCC CIFF1C3C
1C4: c CIFF1C4C
1C5: 03=1.5DCC*VERCAB+C.6DCC*RC2HB CIFF1C5C
106: El=(Bl+B2*E3-R*Dl-R*D2*D3)/(R*D2) £ I F F10 60
1C7: E2=E3/(R*C2) CI FF1C7C

225



ica: CA=1.COC+(1.CCO+C3)*B1C CIFF1C8C
1C9: C5=C2-(1.DCC+C3)*E8 CIFF1CSC
110: C6=C3-(l.CCC+C3)*BS CIFF11C0
111: F1=C5-E1*C4 CIFF111C
112: F2 = E2»C4-C6 CIFFU2C
113: C CIFF113C
114: C -------------------------------------------------------------------------- CIFF114C
115: C CIFFU5C
116: VPRPR=F1/F2 • CIFF116C
117: VERER = E1*E2*F 1/F2 CIFF117C
118: REPE = e8*E9*Fl/F2 + E10*(E1 + E2*F1/F2 ) CIFF11EC
119: C CIFF119C
120: C -------------------------------------------------------------------------- CIFF12CC
121: C CIFF121C
122: C CIFF122C
123: CERYMt 1) = (CP*ALPHAC*(PCC24M-PC02M) + 0SPCN*(PSCN-PCC2F)-VPRPR-VERER CIFF123C
124: 1 -VERCAE)/(ALPHAC*VME) CIFF124C
125: C C I FF 1 2 5C
126: C CIFF126C
127: CERYP(2)=(CPM*(HCO3AM-FC03PM)-REPB  +VPRPR + DSPBR*{RSPP*HCC3SP-FCC3FPC I FF1270
128: 1 ))/VPP CIFF126C
129: C CIFF129C
130: C ---------------------------------------------------------------------------CIFF13C0
1 3 1 : C C I F F13 1C
132: C CIFF132C
133: C ---------------------------------------------------------------------------CIFF1330
134: C CIFF1340
135: C INTERSTITIAL FLUIC CIFF135C
136: C CIFF136C
137: C ------------------------------------------- CIFF1370
1 3 8 : C C I F F 1 3 8 C
139: C CIFF139C
14C: RSRM=KL*ALPHAC*PSCP-KV/K*HCC3SP*HSP CIFF14C0
141: C CIFF1410
142: CERYP(3 ) = (-CSPCP*(PSCM-PCC2M)tCCSCM*(PCCN~PSCM)-VSM*RSRM)/ BIFF 1420
143: 1 (ALPHAC*YSM) CIFF143C

MN) CT>



1AA: C CIFFIA^C
14 5: 0 ER YM ( 4 ) = (LC S EM* ( RC SM* FCO 3CM-HCC 3 SN )-D SP E P* ( R SP N* HCC 3 S f'-bCCS P P ) C IFF 1450
146: 1 -tVSP*RSRM )/VSM CIFF146C
14 7 : C CIFF147C
14 8: CERYP(5) = (KCSHP*(TCSP*HCP-HSM)-CSPHP*(HSP/RSPP-ALFH^C*KPRIPE* C IFF 14 EC
149: 1 PCC2N/HCC3PM)+VSN*RSRM)«(-2.3C3DCC*HSP/(YSP*BE™SP)) CIFF149C
15C: C CIFF15CC
151: C CIFF151C
152: C ---------------------------------------------------------------------------CIFF1520
153: C CIFF153C
154: C IMRACELLUL^R FLUID CIFF154C
155: C CIFF155C
156: C -------------------------------------------------------------------------- CIFF156C
1 5 7 : C C I F F 15 7 C
158: C CIFF15EC
159: RCRM=KU*ALPFAC*PCCM-K\//K*FCC3CP*HCP CIFF1590
16C: C CIFF16CC
161: CERYPI6) = (-DCSCP*(PCCP-PSCP ) + PTPCC2*FP-VCP*RCRP)/(ALPFAC*VCN ) CI FF 16 1C
162: C CIFF162C
163 : CERYPI7 1 = (-DCSEP*(RCSN*HCC3CM-HC03SM) + (1-DCC-FM)*PTPCC2 + YCP*RCRP)/CIFF163C
164: 1 VCP CIFF164C
165: C CIFF1650
166: C ERYM ( 8 ) = (-KCSFM* ( TCSP*HCP-HSP!) + ( 1. CDCO-F P ) *P TPCC2 + VCP«RC RM ) * CIFF1660
167: 1 (-2.3C3CC0*F.CP/(BETACP*VCP) ) CIFF167C
168: C CIFF168C
169: C CIFF1690
17C: C ----------------------------------------------------------------------------- CIFF17CC
1 7 1: C C I F F 17 I C
172: C ---------------------------------------------------------------------------CIFF172C
173: C CIFF1730
174: C ' CIFF174C
175: C CIFF175C
176: CERYM(9)=(QM»(C02AM-C02P)-DPSOP*(PC2P-PSCP))/(APEC2*VPB) CIFF1760
177: C CIFF177C
178: C CIFF17EC
179: CERYPI 1C ) = (DPSCP*(PC2P-PSCP)-DSCOP*(PSCP-PCCP ) )/(ALPFAC*VSP) CIFF179C

MK>



N) M 00

18 C: C CIFF18CC
181 : C CIFF181C
182 : DER'fh' (11) = (DSCCP*(PSCP-PCCM-NTNf'C2 )/( AMCC2*VCM ) C I F F 1 8 2 C
183: C C I FF183C
184: C CIFF184C
1 o r •1 C J • L#
1 86: c CIFFI860
187: IFdlME .LE. FFTIM) GO TO 20 C IFF1870
188 : GC TC 21 CIFF188C
189: 20 COMIME C I FF 189C
190: C CIFF19CC
1 9 1 * Lit i 1 v 1 L

192: C CIFF192C
193: IFIDABSIDERYP( 1)*ALPHAC) .LE. ERR) CERYH1)=0 .OCCC C I FF1930
194: IF(CA0S(CERYM2)*VPM) .LE. ERR) DER YM ( 2 ) = C. COCO CIFF1940
195: IF(CABS(CERYM3)*ALPFAC) .LE. ERR) CERYP ( 3 ) = C .OCCC CIFF195C
196: IF(CABS(DERYR(4)) .LE. ERR) UERYM4)=0.0 CO0 C I FF 1960
197: IF(CABS(CERYM(5) ) .LE. ERR) DERYM5)=C.CCCC CIFFI970
198 : IF (CA8S (CERYM6 ) *ALPHAC ) .LE. ERR) C E R YP ( 6 ) = C . OCC C CIFF198C
19 9: IF(DABS(OERYP(7)) .LE. ERR) DERYN(7)=0.0 COO CIFF 19 90
2C0: IF(CA8S(CERYP(8) ) .LE. ERR) DERYP(8)=0.CCCC C IFF2CCG
2C1 : IF(DABS(CERYM(9 )*AP8C2 ) .LE. ERR) CERYM(9 ) = G . CDCO CIFF2C 10
2C2 : IF(DABS(DERYP(10)*ALPHAC) .LE. ERR) CERYP (10 ) =0.0 COO C I FF2C2C
2C3: I F ( DABS ( DERYM ( 11) <‘AMC02 ) .LE. ERR) DERYP (11) =0. CDCO C I FF2O3C
2C4: C CIFF2C4C
2C5 : C CIFF2C5C
2C6: 21 CONTINLE C I FF206C
2C7: C C IFF2070
2 C 8:
2C9: C C I FF2C9C
210: NCFNS=NOFNS+1 C IFF21CC
211: C CI FF21 1C
2 12 >
2 13: C C I FF213C
214: RETURN CIFF214C
215: END C IFF215C



1: SUBROUTINE PPGRM2(N,T,T,SAVE»H,HMINtHMAX,EPS»NF,YPAX,ERRCR,KF LAG, NPGR 10
2: 1 JSTARTtNAXDER,PU,PPW,ILL,NNN.YF,DELTA, NPGR 2C
3 : 1 DIFFLN ,PEDERV,CUTP) NPGR 2C
A: IPPLICII REAL*8 (A-H,G-Z) NPGR 40
5: EXTERNAL C IFFUN,PEDERV,OUTP NPGR 50
t: E INENSICN YF(N) NPCR 6C
7: CINENSICN SAVE(12,1) ,Y(8,1), YNAX(1),ERROR(1),R(1), NPGR 70
8: 1 PW ( 1 ) ,PPM 1 ) ,LLL ( 1) ,NNM( 1) NPGR 80
9: CCNNCN /ELCCK9/ FSEL,SPLN,CSEL,SEL NPGR SC

1C : CCNNCN /BLCK1C/ J NPGR ICC
11: CCNNCN NCFNS NPGR 110
12: CALL ERRSET(208,999,-1,1) NPGR 12C
13: CALL ERRSEI(209,999,-1,1) NPGR 12C
1^: FEPS = EPS*l.D+3 NPCR 140
15: K F L A C = 1 NPCR 150
It : 80 J = J 4 1 NPGR ICC
17: IFtKFLAG .GT. C) TC=T NPCR 1 7C
IB: CALL Cl.ARNF (N, T, Y, SA V E , F , l-M IN , HNA X , E P S , NF , YN A X , ER RCR ,KFLAG, J START ,NPCR 1 H 0
19 : 2 NAXCER,PW,PPW,LLL,NNN,0 IFFUN,PE 0ERV) NPCR ISC
2C: IF (KFLAG .LT. 0 ) GC TC 4CC0 NPGR 2C0
21: TN = T NPCR 2 10
/ 2 • IF(T .LT. CELTA*0 .S999CCC)GC TO 4CCC NPGR 220
2 3: CT = TN - TC NPGR 220
24: F = DELTA - TC NPGR 240
25 : IF(CARS(F) .LT. 1.D-C6) GC TO 4CCC NPGR 25C
26 : J START = -1 NPGR 26C
27: CELTA = DELTA 4 DSEL NPGR 27C
28: GC TC 80 NPGR 280
29: 4CCC CENTIME NPGR 2SC
3C: IFtKFLAG.GT.C) GC TC 81 NPCR 3CC
31: IFtKFLAG.EQ. -1) JSTART = -1 NPCR 310
32 : IF (KFLAG.EC. -2) WRITE(6,225) NPCR 32C
33 : IF(KFLAG .EC. -3) URITE(6»230) NPGR 3 3C
34: IFtKFLAG.EC. -4) kRITE(6,235) NPGR 340
35: IFtKFLAG.EC. -4) GC TO 579 NPGR 35C

229



36: 225 FCRPAT( Ih-, 'THE MXINUN CRCER SPECIFIED IS TOO LARGE') MPGR 36C
37: 23C FCRNAK1H-, 'CCRRECTCR CC.WERGEKCE KCT ACHEVEC FOR F.GT.FNIN’J MPGR 3 7C
38: 2 3 5 FORNATI IH- , 'REQLESTED ERRCR IS SMALLER THAN CAN EE FANDLEC*) MPCR 380
39: IFIKFLAG .KE. -1) GO TO 96 MPGR 390
-iC: IF(hPIN.LT.l.C-09) WRITE(6,666)FPIN MPGR 4CC
A 1: 666 FCRRATI 1H-,12X,‘PROGRAM TERMINATED HMIN = *,D15.6) MPCR 4 10
A2: FM IN = FMIN/2.CCC MPCR 420
A3 : GO TC 8G MPGR 4 3C
4 4: 81 CCNTINLE MPGR 4 4C
45: JSTART = 1 MPCR 4 50
46 : IF(T .LT. FSEL*0.999SCCC) GO TO 95 MPGR 46C
47: CO 222 I = 1,N MPGR 4 7C
48: 222 YF( I) = YU,I) MPCR 480

r — — — v c r o /, c rr r l K *♦ 7 L
5C: C THIS SLRRCLTINE WRITTEN EY THE USER ALLCWS HIM TO PRINT ANY OF TFE MPCR 5CC
5 1: C FCLLCkING OAIA: MPCR 5 10
52: C N = NUMBER OF EQUATIONS MPGR 5 20
5 3: C I- = INDEPENDENT VARIABLE (NCRMALLLY T IME ) MPGR 52C
54: C J = ANCLNTC OF STEPS TAKEN UP TP THIS POINT IN TFE NUM. INT. M PGR 5 40
5 5: C YF = A N ELEMENT ARRAY CONTAINING THE DEPENDENT VARIABLES VALUESMPCR 550
56 : C SAVE = ARRAAY (TWC CIMENSICNAL CONTAINING THE DERIVATIVES IN MPGR 560
57: C THE SL8ARRAY SAVE(N2,I)) kHERE N2 = N*1O + 1 MPCR 5 70
58: c SEL TIME INTERVAL FOR PRINTING MPCR 5 80
59: c kA PREVIOUS STEP SIZE MPCR 59C
6C : c NCFNS NUMBER OF FUNCTION EVALUATIONS UP TC THIS POINT MPGR 6CC
61: CALL CUTP(N,T,J,YF,SAVE,H,DT,NGFNS) MPGR 6 10

r — iu or o a s rcz • Lw———- r r u n CAL
63 : FSEL = FSEL + SEL MPGR 63C
64: 95 IF ( T.LT.SPLM) GC TC 8C MPCR 640
65: 96 CCNT INUE MPGR 650
66 : 3333 RETURN MPGR 66C
67: 579 EPS = EPS*1C.DCC MPGR 6 70
68: IF (EPS .GT. FEPS) GO TO 581 MPCR 680
69 : kRITE(6,58C)EPS MPGR 690
7C: 58C FORMAT!IX ,'NEU TOLERANCE IS* , D15.7) MPGR 7CC
71: JSTART = -1 MPGR 710

MU> O



72: GO TO 80
73: 581 kRI IE (6,582 1FEPS
74: 582 FORMAT( IX ERROR THAT CAN BE HANCLEC GREATER THAN ’,015.7/

| IX,’PROGRAM TERMINATED')
76: STOP 3333
77: END

MPCR 720
MPGR 73C
MPCR 74C
MPCR 75C
MPGR 76C
MPGR 77C

to
UJ



4; < y V •> * * '*.« * » * 4 •<« » 4 V < *• # * <• » * * * V *
4?.!t i-urM i.z 4 illCLCGICAL SYSTEM 
4 4-4 4 4 4 v v » * < ***4**»M <t * * 4 * * <= s1» * * * ♦ 4 ♦

."■iLKERICAL iriTEGRATIGN SCI. (GEAR) : 

II^E = l.CCC STEP SIZE = 0.500000-01 CE. EV. = 62 ACCOM. STEPS =61 H = 0.2CCC0D-C3

PCC2M = 0.45 1 1 100663330 02 HCC3PM = 0.247542034 915 0-01

PSCP = 0.4711100663330 02 HC03SM = 0.270CCCCCCCCCD-C1 HSM = C.413727319691D-C7

PCCM = 0.5211100663330 02 HC03CM = 0.120000000C00C-01 HCM = 0.1035438699 710-06

PC2P = 0.3701693100440 02 PSOM = 0.320 16931CC440 C2 PCOM = C. 17016931CC440 02

AUPcRICAL INTEGRATION SCL. (GEAR) : 

TIME = 2.CCC STEP SIZE = 0.5CCCCD-G1 CE. EV. = 122 ACCOM. STEPS =121 H = 0.2CCCCD-C3

PCC2M = C.451 1 100663330 02 HC03PM = 0. 2475420349150-01

PSCP = C. 47111006633'30 02 HCC3SM = 0.270000000CC0C-01 HSM = C.413727319691D-C7

PCCM = 0.521 1 100663330 02 HC03CM = 0. 12CCCCCCCCCC0-01 HCM = C. 1035438699710-06

PC2M = C. 3701693100440 02 PSOM = 0.320 1693 10044C 02 PCCM = 0.1701693100440 02

NUMERICAL INIuCRATICN SCL. (GEAR) : 

TIME = 3.COO STEP S12C = C.5CCC00-C1 DE. EV. = 308 ACCOM. STEPS = 204 H = 0.35126D-C1

PCC2M = 0.4733837223360 02 HCO3PM = 0.255 123490EC1D-C1

PSOM = 0.4843915591C5D 02 HCC3SM = 0.270925926239C-01 HSM = C.421763775951D-C7

PCCM = 0.5222523142600 02 HC03CM = 0. 1200608036550-01 HCM = C.1036224151990-06

PC2M. = C.34607442339 10 02 PSCM = 0.300425359294C 02 PCCM = 0.1631496125030 02

numerical integratign scl. (gear) :
TIMi. = 4.COU STEP SIZE = 0.50C0CD-01 CE. EV. = 404 ACCOM. STEPS =264 H = C.35136D-C1

PCC2M = C.477C4E 1C9455D 02 HC03PM = 0. 256589452597C-C1

PSCM = 0.4878332288260 02 HCG3SM = 0.2723641015530-01 HSM = C.4226359124890-07

PCCM. = 0.523740 1049180 02 HCC3CM = 0. I20189287798C-01 HCM = C. 1037864963510-06

Pr/M = C.3 1h817SC4965l; C2 PSCM = C .2927188 8 3367C 02 PCCM = C. 1542405322750 02

232



NL.'-'Er- UAL IMTECRATICN SCL . (GEAR) :

11 Me = 5.CCC STEP SUE = 0.500000-01 CE. EV. = 470 ACCOM. STEPS = 324 H = 0.35136D-C1

PCC2M = 0.4781630 14 3060 02 HC03PM = 0.2573966558610-01

PSCM = 0.4893859428350 02 HCC3SM = 0.2736994694820-01 HSM = C.422226631917D-C7

PCCM = 0.52523161294 ID 02 HC03CM = 0. 1203271602140-01 HCM = 0.1039617433150-06

PC2M = 0.3346461447180 02 PSOM = 0.287823C00721C 02 PCCM = 0. 1472252625010 02

MMcRICAL IMEGRAT1CN SCL. (GEAR) :

TIME = 6.000 STEP SIZE = C.5CCCCD-C1 DE. EV. = 530 ACCOM. STEPS = 384 H = 0.351360-01

PCC2M = 0.4789101057960 02 HCC3PM = 0.2580822707580-01

PSCM = 0.49059393930 ID 02 HCC3SM = 0.2749010581210-01 HSM = 0.4216945738530-07

PCCM = 0.5266941679420 02 HCC3CM = 0.1204639979830-01 HCM = C. 104134921C17D-C6

P02M = 0.33169 12453700 02 PSON = 0.2842570628290 02 PCCM = 0.1418585896890 02

Mil-' ER I CAL INTEGRATION SCL. (GEAR) :

TIMl 7.LOG STEP SIZE = 0.500000-01 CE. EV. = 590 ACCOM. STEPS = 444 H = 0.351360-01

PCC2y =’ 0.4796286459270 02 HC03PM = 0.2587004378450-01

PSCM = 0.4917333791401) 02 HC03SM = 0.2759830053800-01 HSM = 0.4212567757830-07

PCC.*' = 0.528124 1C4085D 02 HC0 3CM = 0.1205981328740-01 HCM = 0.1043039927400-06

PC2M = 0.3294837762030 ।02 PSOM = 0.2815597349330 02 PCCM = C. 1377143316950 02

MMERiLAL INTEGRATION SCL. (GEAR) :

I IMe = fl.COG STEP SIZE = G.5CC0CD-C1 DE. EV. = 650 ACCOM. STEPS = 504 H = 0.351360-01

PCC2M = 0.4803687611970 02 HCC3PM = 0.2592608862350-01

PSCM = 0.4928535906150 02 HC03SM = 0.2769589742030-01 HSM » 0.4209400338530-07

POOP = 0.5295229634500 02 HC03CX = 0.1207294548080-01 HCM = 0. 1044689170430-06

PG2X = 0.3278042125380 <02 PSOM = 0.2794869365970 C2 PCCM = 0.1344784867220 02
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PC2t< = C.32^111741509510 C2 PSQb' = 0.274 P80667620 C 02 PCCM « 0.1270 294267400 02

XLMlRICAL

TIPE =

IN FL GRAT I ON SCL.

9.CCU STEP

PCC2M

PSCM

PCCM

PC2M

(GEAR) :

SIZE = 0.5C0C0C-01

= C.48U3C2C714CD

= 0.4939596021380

= C.53C8S2728033D

= 0.3265144714340

CE. EV. = 710 ACCOM. STEPS

0.259769757604C-01

0.2778406974220-01

0.120858094050C-01

•277E794544160 02

= 564

HSM

HCM

PCCM =

H = 0.351360-01

= C.4207327057470-07

= 0.1046299509460-06

0.1319303439330 02

02

02

02

02

HCC3PM

HC03SM

HCC3CM

PSOM = 0

NuPEH1CAL INTL-CRAT1CN SCL. (GEAR) :

T IX £ = 10.CC0 STEP SIZE = C.5CCCC0-C1 DE. EV. = 770 ACCOM. STEPS = 624 H = 0.351360-01

PCC2M = 0.4619051277990 02 HC03PM = 0.2602326613690-01

PSCM = C.495C486C0045D 02 HCC3SM = 0.278638593528C-01 HSM = 0.42061767C7C4D-C7

PCCM = 0.5322348479550 02 HCO3CM = 0. 120984 1729330-01 HCM x C.1047873293360-06

= u . 3255 1924536 ID 02 PSCM = 0 .276626005171C 02 PCCM = 0.1299118683690 02

NlMERICAL INTtuRATION SCL. (GEAR) :

TIRE = ll.CCO S1EP SIZE = 0.500000-01 CE. EV. = 830 ACCLM. STEPS = 684 H = 0.351360-01

PCC2M = ' C.4826861535140 02 HCC3PM 0.260654716738C-01

PSCM = 0.4961174391040 02 HC03SM 0.279362016 1860-01 HSM = 0.4205792531370-07

PCCM = C.5335502673960 02 HCC3CM = 0.121107772441C-01 HCM = 0.104941222561D-06

PC2M = 0.3247502611750 02 PSOM = 0 .2756462143960 02 PCCM = C. 1283071647350 02

M PEi< I CAL INTEGRATICX SCL. (GEAR) :

TIME = 12.ecu STEP SIZE = 0.5CCCC0-C1 DE. EV. = 890 ACCOM. STEPS = 744 H = 0.351360-01

PCC2M = 0.4834675805760 02 HCO3PM 0.261C4C516214D-01 •

PSCM = C.4971639110050 02 HCC3SM = 0.280019350C17C-C1 HSM = C.4206042484380-07

PCCM = 0.5348395716230 02 IICC3CM s C. 12122894CC 12D-C1 HCM = C.1050917476560-06

234



M/tRICAL IN ClORAT I CN SCI. (GEAR)

f IRE = U.uOO STEP

i’CCZf'

PSCM

PCCP

PC2M

SIZE = C.5C0CCD-C1

= 0.4842451875860 02

= C.40818670355CD 02

= 0.536103118603D 02

= 0.3237031*980850 02

OE. EV. =

HCC3PM

HCG3SM

HCC3CM

PSOM =

950 ACCOM. STEPS

= 0.261394143273C-01

= 0.280618C77866C-C1

=-- 0.1213477016460-01

0. 274284590216C C2

= 804

HSM

HCM

PCCM =•

H = 0.351360-01

= 0.4206816985220-07

= C.1052389851900-06

0.1260124653320 02

MUyCRICAL IN TEGRaTICN SCL. (GEAR) :

tlve = 14.CCC STEP SIZE = 0.500000-01 CE. EV. = 1010 ACCOM. STEPS = 864 H = 0.351360-01

PCC2P = C.4850 158 763*960 02 HC03PM = 0.2617192121340-01

PSCP = 0.49'91851602260 02 HCC3SM = 0.2811648498100-01 HSM = C.4208024906530-07

PC CM - 0.5 )734 1 L33-i2CD 02 IIC03CM = 0- 1214640713610-01 HCM = 0.1053829926370-06

P G 2 P = 0. )233590426260 02 PSCM = 0 .273P23678855C 02 PCCM = 0. 1252050463610 02

NLEERICAL INFL-CRATICNl SCL. (GEAR)

r LV c = 15 . k'. C 0 STEP SIZE = 0.5CCCCD-C1 DE. EV. = 1C70 • ACCOM. STEPS = 924 H = 0.351360-01

PCC2P = C.4857773709940 02 HCC3PM = 0.262C18913C35C-C1

PSCM = C.5CC159C70C16D 02 HC03SM = 0.2816655559830-01 HSM = 0.4209590035740-07

PCCM = C.5385537714130 02 HCC3CM = 0.1215780576030-01 HCM = 0. 1055238136850-06

PC2N = 0.3231C2865847O C2 PSOM = C.2734712787860 02 PCCM = 0.1245670035690 02

isLNEH [ CAL INrcCRATION SCL. (GEAR) :

timl = IE.CCC STEP SIZE = 0.50C00D-G1 CE. EV. = 1130 ACCOM. STEPS ’ 984 H = 0.351360-01

PCC2,v = C.4865279971 130 02 HC03PM = 0.262296056993C-01

PSCM = 0.5011085164200 02 HCC3SM = 0.2821254C0065D-C 1 HSM « 0.4211448282890-07

PCCM = 0.5397411591810 02 HCG3CM = 0.1216896673250-01 HCM = 0.1056614844370-06

p;:2P = 0.3229173794390 02 PSOM = 0.273206427942C 02 PCCM = C. 1240665069290 02



APPENDIX B

This appendix contains:

1) Subroutine DIFSUB. Because this subroutine as 

it stands can solve systems of up to ten equations, to 

solve the eleven equations of the "Mathematical model of 

human muscle-chemical aspects" problem, it was properly 

modified. Such a modification (only in DIMENSION instruc­

tions) is not presented.

2) Subroutine BISYEX. This subroutine drives the 

Bulirsch and Stoer and polynomial extrapolation methods of 

DIFSUB, and also implements an algorithm to provide the 

solution at pre-specified values of the independent variable.

3) As an example, the solution of the problem 

mentioned in Part 1 is presented. (Refer to Appendix A for

a complete list of all the subroutines used by this problem.)
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1: SUBRCUT INE 0 IFSUB (N,T,Y,CY,H,HMINiEPS,PF,\PAXTERRCR,KFLAG, DIFS 1C
2: 1 JSTART,NAXCRC,PAXPTS) DIFS 2C
3: IPPLICIT REAL*8 (A-H,C-Z) 0 I FS 3C
A: 40c • C* THE PARAPETERS TC THIS INTEGRATICN SUBRCLTINE HAVE tDI FS 5C
6: C* THE FCLLChlKG PEAMNGS * 0 I F S 60
7: C* N THE NUPBER OF FIRST ORDER FIFFERENTIAL EOLATIONS *0 I FS 70
8 : c* T THE INDEPENDENT VARIABLE ’DIFS EC
g ; c* Y THE DEPENDENT VARIABLES, UP TC 10 ARE ALLOWED 4DIFS SC

10: c» DY AN ARRAY OF 1C LOCATIONS WHICH WILL CONTAIN THE *0 I FS ICO
11: c* VALUES OF THE DERIVATIVES ON EXIT. *D I F S 1 10
12: c* H THE STEPSIZE THAT SHOULD EE ATTEPPTED. IT PAY BE *DIFS 12C
13: c» INCREASED CR DECREASED BY THE SUERCUTINE. *DI FS 130
14: c * FP IN THE MINIMUM STEP SIZE THAT SHOULD BE ALLCUE GN THIS »CIFS 140
15: c» STEP. *DIFS 150
16: c* EPS THE ERROR TEST CONSTANT. THE ESTIMATED ERRORS ARE <C I FS 160
17: c* REQUIRED TO BE LESS THAN EPS*YPAX IN EACH COMPONENT. *D I FS 170
18 : c* THE ERROR TEST WILL BE RELATIVE FOR THCSE COMPONENTS *0 I FS 180
IS: c* GREATER THAN ONE AND ABSOLUTE FCR THE OTHERS. »C I FS ISO
20: c* P.F THE METHOD INDICATOR. THE FOLLOWING ARE ALLOWED.. *0 I FS 200
21 : c* 0 BULIRSCH-STCER RATIONAL EXTRAPOLATION *0 I FS 2 10
22: c* 1 PCLYNCPIAL EXTRAPOLATION <0 I FS 2 2 C
2 3: c* YPAX THE MAXIMUM VALUES OF THE DEPENDENT VARIABLES ARE *C I FS 230
24 : c* SAVED IN THIS ARRAY. IT SHOULD BE SET TC + 1 BEFORE * C I F S 240
25 : c* THE FIRST ENTRY. (SEE THE DESCRIPTION OF EPS). *01 FS 250
26: c» ERROR THEESTIPATED SINGLE STEP ERROR IN EACH COMPONENT *0 I FS 260
2 7: c* KF LAG A COMPLETION CODE WITH .THE FOLLOWING MEANINGS.. *01 FS 270
28: c* -1 THE STEP WAS TAKEN WITH H = HPIN *CIFS 2EC
2S: c* BUT THE RECUESTEC ERROR WAS NCT ACHIEVED .*D I FS 240
30: c* +1 THE STEP WAS SUCCESFUL. * D I F S 300
31: CONTINUE DIFS 310
32: c* JSTART AN INITIALIZATION INDICATOR WITH THE MEANING.. *C I FS 320
"2 D • c* -1 REPEAT THE LAST STEP, RESTORING THE *0 IFS 3 30
34 : c» VALUES OF Y AND YPAX THAT WERE USED *DIFS 34C
35: c* LAST TIME. <CIFS 3 5 C
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M

00

26: C* +1 TAKE A KEk STEP. <E IFS 36 C
37: C* PAXCRD THE MAXIMIM ORDER OF EXTRAPOLATION ALLChEC. IT FUST *E I r s 1 7:)
38 : c* EE LESS THAN 11. ■»C I r S 3 6
3G : c* NAXPTS THE FAXIMF NUFEER OF CIFFERENT SUE STEPS SI2ES USD <C I FS 24C
4G: c* IN THE EXTRAPOLATION PROCESS. «C I FS 4t C
A 1: C***4*)i3i,*,i,i!':#16444<*4V4i!=<,i>4*4*i:*4'*<:4***>C‘*44*4**X'<4444****4**>»***4***i>***»4C I F 5 4 10
A 2 : CI PEN SIGN Y (10) ,CY (10 ) ,YP AX (10 ) ,YS/.VE ( 10 ) ,YNP.H 10 ), YN( 10 ) ,DYN( 1C ) ,C I F S 4 2C
43: 1 YFAXSVt 10) ,CLCT(11,2),EXTRAP(1C,11),YNPlhV(10,12) C I FS 4 3C
44: 2 ,YNFV( 10,12) ,YPAXHV( 10, 12).ERROR(10) DIFS 440
45: 45C
46: €« THE ARRAYS ARE USED FOR THE FCLLChliXG CATA.. *C I FS 460
47: C* YSAVE THE INITIAL VALLES OF Y ARE SAVED FOR A RESTART *CIFS 4 70
48: c * YNP1 Y(N-l), THE PREVIOUS VALUE OF Y IN THE FICPOINT METHOD *CIFS 4 EC
4S: c* YN Y(N), THE CURRENT VALUE CF Y IN THE FICPCINT INTEGRAT.,*C I FS 490
50: c* CYN THE INITIAL VALUE GF THE DERIVATIVE CF Y. »C I FS 500
51 : c* YiVAXSV THE SAVED VALUES CF YMAX AT THE INITIAL POINT. »CI FS 510
52 : c* QUCT THE QUOTIENTS (h(I)/H(I +F))*»2 USED IN THE *C I FS 52C
53: c* EXTRAPOLATION. *C I FS 530
54 : c* EXTRAP THE MOST RECENT EXTRAPOLATED VALUES OF Y IN THE CASE *CI FS 5 4 0
5 5: c* CF PCLYNIMIAL EXTRA PCLATICN, CR CF THE DIFFERENCES IN *CI FS 550
56: c* THE CASE CF RATIONAL FUNCTION EXTRAPCLATICN. * C I F S 560
57: c* YNMIhV THE VALUES CF YNM1 AT THE MIDPOINT OF THE BASIC I NTERVAL*CIFS 5 70
5? : C<‘ IF THE NUMBER CF SUBSTEPS IS CIVISIBLE BY 4. THIS <C I FS SEC
50: c* INFCRMATICN IS USED TC AVCIC RECCING THE INTEGRATION 4C I FS 5 90
60: c* IN CASE THE STEP IS HALVED. 4CIFS 600
61: c* YNHV THE SIMILAR VALUES OF YN *CIFS 6 1C
62: c* YMAXHV AND THE SAME FOR YMAX 4C I FS 620
63: c* ERROR THE ESTIMATES OF THE SINGLE STEP ERRORS ARE SAVEC HERE. *C I FS 630
64 : Q**3g1>i1»<<***<<»*41*4:*44*<:*4*4*S>’/***4*44:**44*44***444*****44***********>i‘*****CIFS 640
65: CATA GLCT /I. ,2.25,4. ,9. , 16.,36. ,64., 144.>256.,576 ., 1024., CI FS 65C
66: 1 1., 1.777777777777777,4.,7.111111111111111, CIFS 660
67: 2 16. , 28.44444444444444,64., 113.7777777777777, CI FS 6 7C
68: 3 256.,455.11111111 11111, 1024./ CI FS 680
69: CATA F^AX/ICCCCCCC./ CIFS 690
70: (;***444**»4*4*444*4*4*»*4'44**»4**4*******4********4***»4****4i***»***44c**dPS 7CC
71: c* FPAX IS A NUMBER SMALLER THAN THE FIRST INTEGER THAT CANNOT BE *CIFS 7 10



12 C* REPRESENTED EXACTLY IN FLCAT1NG PCINT. 4DIFS 72C
13 (;* ** * * <, **^ ^ * * <.**<>*» 4;* * * * * * 4 **<4*4*4**<*4*4<CIFS 7 3 C
74 IFUSTART .LT. 0) GO TO 2 DIFS 790
75 C4C*4<****4:»* *4***44*4***444*4444*44444*444444*444*444**44*4444444444444440185 7 5 C
76 C* SAVE THE VALLES CF Y ANO YPAX IN CASE A RESTART IS NECESSARY. *CIFS 760
77 C**44*4*4*4 4*44444 4 44****4***44*4****4*4***4********4*****4*******4*****CIF S 7 70
78' CC 1 I = UN DIFS 78C
IS YSAVE(I) = Y(I) DIFS 790
80 1 YMAXSV(I) = YMAXII) ■ 0 IFS 800
81 CALL CIFFLN(T,Y,CYN) CIFS 81C
82 GC TC 4 CIFS 820
83 C*«44 4 4***44*4*4444*****4*444*44**«***44**4*4*44**4*4**444444*444*****4*CIFS 8 3 C
84 C* RESTORE TEE VALUES CF Y AND YMAX FOR A RESTART. ♦CIFS 89C
8 5 C*4******4***«4***********«**4*44*******44*4**4 *4444*4*44*4444*4**44*4**CIfS
86 2 CC 3 1= 1,N CIFS 86C
87 Yd) = YSAVE ( I ) CIFS 870
88 3 YNAXd) = Yf'AXSV(I) CIFS EEC
8-5 A CONTINUE C IFS 890
90 C444*44****4***444**4*44*4*4**4**4*«*4**4*44****4******4****4**4******4*CirS 9 CO
91 c* THE FCLLCkING COUNTERS AND SWITCHES ARE USED.. ♦CIFS 910
c 2 c* J IS THE CCLM THROUGH THE DIFFERENT SUB STEPS G USED. ♦CIFS 920
9 3 c* JOCC IS 1 IF J IS ODD, 2 IF J IS EVEN ♦CIFS 930
94 c* JHVSV IS THE NUN30R OF SUBSTEP SIZES FOR WHICH HALF WAY ♦CIFS 990
c 5 C4 INFORMATION HAS BEEN SAVED. ♦CIFS 950
96 C4 JHVSV1 THE VALUE OF JHVSV FROM THE PEEVICLS CYCLE ♦CIFS 960
97 C-F N THE NUMBER CF PAIRS OS SUBSTEPS WHICH MAKE UP THE STEP H4CIFS 970
98 c* M TAKES THE SECUENCE 1,2,3,4,6,8,12,16, ETC. ♦CIFS 9EC
99 c* MNEXT THE NEXT VALLE CF M ♦CIFS 990

ICC c» MTWC THE NEXT BUT ONE VALUE OF M. ♦ CI FSICCO
1C1 c* CUOTSV THE LAST VALUE CF GUCUT IS IRREGULAR CUE TC THE FACT ♦ CI FS1C 10
1 C 2 c* THAT THE SECUENCE BY THE MULTIPLES 9/4,16/9 (/CCD) OR ♦CIFS1020
103 c* 16/9, 9/9 (EVEN UNTIL THE FINAL MULTIPLE CF 4. HCWEVER*C IFS1030
1C4 c» (H (0)/H(M ) )*42 IS ALWAYS M4*2. THE REGULAR VALUE CF ♦CIFS1C9C
1C5 c* CLOT IS SAVED IN QLCTSV, AND REPLACED EY M**2. ♦CIFS1C50
1C6 c* KONV IS SET TO +1 INITIALLY, AND RESET TC -1 IF THE ERROR ♦CIFS1060
1C7 c* TEST FAILS ♦ CI FS1C7C
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1C8
ICS
11C
111
112
113
114
115
116
1 17
118
119
12C
121
122
123
12 4
125
1 2 (.
127
128
129
1 3C
131
132
133
134
135
136
137
138
139
14C
14 I
142
14 3

C***44** *4:»*»*<>** *4=*>i‘4**** *****4****44**’i'***»4<'***************CIFS131C

5 JHVSV1 - C C I F S 1 C S C
KFLAG = 1 CIFS L1CC

6 JFVSV = 0 C I F S 1 1 10
7 A = H + T C I FS 1 1 2C

JOCC = 1 C I FS 1 1 30
N = 1 CIFS1140
NNEXT = 2 CIFS1 1 5C
MWC = 3 CIFS1 16C
CG 23 J = 1,PAXPTS CIFS117C
CUOTSV = QLOT(JtJOCD) CIFS1180
CUCTtJ,JCCC) = M*N CIFSUSC
KCNV=1 CIFS12CC
IF( J.IE.(PAXCRD/2)) KCNV = -1 CIFS121C
IF ( J.IE. (PAXCRD+1)) GC TC 8 CI FS122C
L = PAXCRO t 1 CIFS122C
FCHNGE = . 7C7 1C680C*HCHNGE C IFS124C

■ CO TC 9 C I F S I 2 5 C
8 L = J C I F S 1 2 6 C
FCHNGE = l.COC + (PAXCRC + 1 - J)/6.0C0 C I F S 1 2 7 0

98= H/M C 1 F S 1 2 8 C
C = 8*0.510 L I F S 1 2 S C
IF (J.GT.JHVSV1) GC TC 11 CIFS13CC

(244444444444444:444*4*4*  4 *4 44*44 4 **4*44:444**4 44*444<'*****4444444444444*4 :|iC I FS13ziC
C* THE VALUES CF TFE PICPCINT INTEGRATION VERE SAVEC AT THE *CIFS132C
C* HALF MY FCIM IN THE PREVICUS INTEGRATION. USE THEM. 4CIF S 132C

CO 10 1=1,N CIFS135C
YN(I) = VNbV(I,J) CIFS136C

YNMHI) = YNMHV(I,J) CIFS137C
10 YMAX(I) = YMAXHV(I,J) CIFS138C

GC TC 16 CIFS13SC
C*J{,**>),*:i>X<,>‘****5}‘,6:***************43i‘,!i:**4‘**4*************** ,t4***4*4l***,044***CIFS14CC
C* INTEGRATE OVER TFE RANGE H BY 2*^ STEPR GF A PICFCINT NETHCC. 4CIFS141C 
(24 4***4*4***4*444*4*4*4*44**4**44*********36*4**4***4**44****4*********44[;iFSlzf2C

11 CC 12 1= 1,N CIFSK3C
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M

1A A : 'fNPl(I) = VSAVE (I ) CIFS144C
145: VN( I ) = YS4VE(I) + G*DYN( I ) CIF S14 50
146 : 12 YNAX( I ) = YMAXSV( I ) C I F S 14 6 C
14 7 : N2 = P fr CIFS 147C
145: IL = T CIFS148C
149 : CO 15 K = 2,N2 CIFS14SC
1 5 C: IL = Tl + G CIFS15CC
15 1: CALL DIFFLMTLfYN,DY) C I FS15 1C
152: EC 13 I = 1,N CIFS1520
1 5 3 : L = YNN1{ I ) + B*DY (I ) CIFS153C
154: YNMKI) = YN(I) CIFS154C
155: YN( I ) = U CI FS1550
156: L = CAES(L ) CIFS156C
157: 13 IFtL.GI.Y^AX(I)) YPAX(I) = L C I F S 15 7 C
158: IF((K.NE.f,).CR.(JHVSVl.NE.C).0R.<K.EQ.3}) GC TC 15 CIFS1580
159 : JHVSV = JFVSV + 1 C I F S 1 5 9 C
16C : CC 14 I = l,h C I F S 1 6 C C
16 1: YNNY( I ,JHVSV ) = YN( I ) C I F S 1 6 1 0
16 2: YN^D VC I,JHVSV) = YNMMI) C I F S 1 6 2 C
U 3: 14 YNAXHV1 I tJHVSV) = YPAX(I) C I F S 1 6 2 C
164: 15 CCNTINLE CIFS164C
16 5: 16 CALL CIFFLNlAfYN,DY) CIFS165C
166 : CC 22 I = Uh CIFS166C
167: V = EXTRAP{1,1) CIFS167C
168 : 4*4*44**»*******)}*4<»**»***4*»**»********»*»********»*******CIFS1680
169: C* CALCULATE THE FINAL VALUE TO BE USEC IN THE EXTRAPOLATION PROC. *CIFS16SC
17C : q**********:********<********************44*****4********4***********4****[;IFS17CC
171: TA = (YN(I) + YNMl(l) + G»DY(I ) )*C.5D0 C I FS1710
172: C = TA CI FS172C
173: C**************************************44**********4******1:*4*44**4****4^rFS173C
174: C* INSERT TEE INTEGRAL AS TEE FIRST EXTRAPCLATEC VALUE. *CIFS174C
175: C***’i*4***<:M**43>****4:*4*'**»***4******:>*******3t>>:M*X<******>t*************CIFS175C
176: EXTRAPI U1 ) = TA CIFS176C
177: IF (L.LT.2) GC TC 21 CIFS177G
178: IF (CABS(V )*PMAX.LT.CABS(C)) GO TC 27 CIFS178O
179: IF (EF.GT.C) GC TC 19 CIFS17SC



180: C***************’6'*** *<,****->:4'44 >>*****4* 4 4<4*<'**<**i<,****»<**44»*4****t4*4*LirSn:CC
1E1: C* PERFCRP IHE E XTR ARC L A11 C l\ BY RATICNAL FLNCTIChS CN TEE <LMSlrlC
182: C* SECCNC ANC SUBSEQUENT INTEGRALS. *LIFSLB2C
18 3: C** *** *:»: ** * >:‘ 44444444444 *****4*4******444*44******ii,*****4*44**ie,***<‘44*4**CnS183C
18 4: CC 18 K = 2,L C I F S 1 8 A C
185: Bl = CUOT(K,JODD)*V C I FS1P5C
186 : 8 = Bl -c CIFS186C
187: I = V C I F S 18 7 C
188: IF (B.EQ.C) GC TC 17 C IFS188C
1 89: E = (C - V)/B CIFS189C
190: U = C*E CI FS1SCC
15 1: c = ei*e CIF S19 10
192: 17 V = EXTRAPIItK) C I FS1920
193 : EXTRAP(I,K) = U CI FS193C
ISA : TA = TA + L CIFS19AC
195: 18 CONTINUE C I F S 19 5 0
196: CO TO 21 C I f S 1 9 (. 0
197 : -4 4 44444 4 44444444444444444 4 4444444444444444444444444444444444444444CIFS19 7 C

198: C* PERFCRP TEE EXTRAPOLATION BY PCLLYNCNIALS ON TEE 4 C I F S 1 9 8 0
19 9: C* SECONC ANU SUBSEQUENT INTEGRALS. »C I F S1990
2CC : Q«««4«444444444444444444444444444444444444444444444444444444444444444444CIFS2CCC

2C 1: 19 CC 20 K = 2,L CIFS20 10
202: TA = TA + (TA-V)/(QUOT(KtJOCD) - 1.CD0) CIFS2020
2C3 : V = EXTRAP(I,K) CIF S2C 10
20 4 : EXTRAPC I , K) = TA C I F S 2 C A C
205: 20 CONTINUE C I FS2050
2C6 : CC TC 21 CIFS2C6C
20 7 : 21 L = DAQS(TA) CIFS2C7C
2C8: IF(U.GT.YPAX(I ) ) YPAXt I) = I C IFS2C8C
209: ERROR( I ) = DABStY( I ) - TA) CIFS209C
21C: Y(I) = TA CIFS2 ICC
2 11: IF (ERROR(I).GT.EPS*VPAX(I)) KCNV=-1 CI FS21 1C
212: 22 CONTINUE CIFS2120
213: CUCT(JtJCCC) = CUCTSV CIFS213C
214: IF (KCNY.GT.C) GO TC 25 C I FS214C
215: JOCD = 3 - JODD C I FS2150
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2 16: V - F^EXT
217: ^'^Exr =
2 IE : muc = y + y
2 19: 23 CCNTIME
2 20 : JF.VSV1 = JFVSV
221: 24 IF (CAES(H).LE.HMIN) GC TC 26
2 2 2 : H = H*C.5CC
223: IF (CAESIH.GE.KMIN) GO TO 6
224 : H = CSIGMFMINrH)
2 2 5 : GC TC 5
226: 25 F = ^-|*PCH^GE
2 27: T = A
2 2 E : RETURN
2 29 : 26 KFLAG = -1
230: CO TO 25
23 1: 27 CUCT(JtJCCC) = CUCTSV
232 : GO TC 24
233: ENO

CIFS216C 
CIFS217C 
C I F S 2 1 EC 
C I FS21SC 
CIFS22C0 
CIFS221C 
C I FS222C 
C I FS223C 
C.IFS224C 
CI FS225C 
C IFS2 26C 
CI FS22 7C 
C I F S 2 2 E C 
C I FS22SC 
CIFS23C0 
CIFS231C 
C I FS2320 
CIFS2330

M
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1 : SLDRCCTINE BISYEX (N , T ,Y,DY»H,hPINtEPS♦MFtYMAXfERROR»KFLAG
2:
3:
4 :

6:
7:
8 :
5 : 

1C: 
11:
12:
13:

1~ J STAR I, PAXCRD , PAXPTS .DELTA)
IMPLICIT REAL*8 (A-H,O-Z) 
CINENSICN Y(1).DY(1) ,YF(5)
L-1 P E N S I C N Y P A X (1)
LIKENS ION ERROR!1)
CCPPCN /BLOCKS/ FSEL , SPLN,DSEL,SEL
C C P P C K / E L C K 10 / J
CCPPCN NCFNS
CALL ERRSET(208.999.-1,1)
CALL ERRSET(209,999,-l,l)
J START = 1 
KFLAG=1

14 :
15:
16:

8 0 J = J + 1 
IF(KFLAG .GT. C) TC=T 
CALL GDFSUB(N,T,Y.DY.H.HPIN.EPS,PFfYPAX.ERRCR.KFLAG.

17 : 1 JSTART,PAXCRC,MAXPTS)
15 : 701 IF (KFLAG .LT.O ) GC TC 4000
IS:
20:

7C2 TN = T
IF(T .LT. CELTA’t’O . 9999DCC ) GC TO 81

2 1:
22:
2 3:

703 CT = TN - TC
H - DELTA - TO
IF(DABS(F) .LT. 1.D-C6) CO TO 81

24 :
25:
26:
27:

705 JSTART = -1 
T = TC 
DELTA = DELTA + DSEL 
GC TC 80

2 8:
2S:
30:
3 1:
22:
33:

4CCC CCNTIME
JSTART = -1
IF()-P: IN.LT.l.D-10) GC TO 2593
H = H/1.0D+1
FPIN = HP IN/1.0 +Cl
CO TC 8C

34:□ c .
81 CONTINUE

JSTART = 1

BI SY 10
EISY 20
EISY 30
El SY 40
BISY 5C
EISY 60
BISY 70
EISY EC
E I SY 90
EISY ICC
EISY lie
EISY 120
EISY 130
BISY 140
E I SY ISO
EISY 160
BISY 1 70
BISY 1EC
EISY ISO
EISY 200
EISY 2 10
8 I SY 220
E I SY 230
ei sy 240
B I SY 250
P I SY 260
EI SY 2 70
EI SY 2EC
E I SY 290
EISY 3 CO
BI SY 3 1C
EISY 320
E I SY 330
BISY 340
EISY 350
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ICO SMALL STEP SIZE, SIX,

36 : IF(T .LT. FSEL*O.9S99CC0 ) GC TC 95
37: LO 222 I = 1,N
38 : 222 YF(I) = Y( I)
3S : CALL CLIP (N,T,J,YF,CY,H,CT,NCFNS)
AC" FSEL = FSEL + SEL
4 1: 95 IF ( T.LT.SPLM) GC TC 80
42 : 9 6 CCMIM'E
43: GC TC 2599
44: 2 59 3 k R I T E(6,2 5 9 7 )
45 : 2597 FCRRAT(2H-,5X,* INTEGRATION REQUIRES
46: | 'PRCGRAM TERMINATED1)
47: 2599 CONTINUE
48 : 9 C C C RETURN
49: END

e i sy 36C
e i sy 3 70
ei sy 3 EC
EI SY 39C
E ISY 4CC
E ISY 4 10
e i sy 42C
EISY 420
EISY 440
BI SY 450
EISY 460
EISY 470
EISY 4EC
EISY 490
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FCRTkAN IV G LcVcL I’) XAIN CATE ■=■ T'.GZd \3tY31Mx

CCC 1 
u l' (; 2 
CCC 3

CCC1; 
C C G 
CCCc
CCC7

CCC8
cCu7

CO 10 
ecu 
C C 1 2 
CO I 
GO 1 '< 
ecu;

C V l /’
CC1 7

CC18

C C 1V
C

CC2E 
0 u 7 V 
C u j u 
C C .11 
CC 3?

C

C
IMPLICIT REAL+6(A-H.C-Z)
REAL *8 KPR [.v.E,KA,KCTKUfKVfK,KZ,.,<0,MTMC2,ll'T.vCC2iKCSHN
R E A L » A P R I R A

C
CCP VC\/BLCCK 1/HCRI I,BE IAP , 8ETAE , RfCP A X»AL PHAC , ALPbAC,hB,APN2»ATN2 
C C PC G / P L C C K 2 / K P R IM E , K A , K C , K L , K V , K , K 7. , K C 
CCPPCN/HLCCK3/FCC2AP,hCG3AR,CARBAR,PC 2AP,CC2AR,PN2AM 
CCPMCiX/HLCCKA/PCC2M »HCC3PM ,CARBM, PC2M ,CC2M,PC2MC, PSCM , HCC3SM , l-SM, 

lPCCM,hCC3CM,HCf-'.,PSOM,PSOMO,PCCM,PCCMGrPN2MrPh2MC,PSNF<,PSNMC,PCNM, 
2PCNMC

CCMMCK/BLCCK5/YM(11)
CCMMCNZBLOCK 7/EETASM,BETACM,VSM,VCM,DSPCM ,DCSCM ,DPSCM ,DSCCM ,

1 CM,V."E ,CMMAX, CPSNM, CSCNM,M TMC2 ,MTMCO2, TCSM, RCSM, RSPM, CSPBM ,
2 D SPHM , DCS8I-' ,KCShM ,FM

CCMMCN/9L0CK6/EFTIM
CCMMCN /BLCCKS/ FSEL,SPLM,CSEL,SEL
COMCK/BLCKIO/J
CCWMCN/BLCK11/T
CCr-MCS/ELCK12/CELT
CCMPCN NCFhS

C
c
c -------------------------------------------------------------------------------------------------------------------------------------------
C
C

XR ITu(6,ElC)
610 FCRMAT(1HI,/1X,36('<" )/

i IX , 'X-PRCBlEM 3.7 A BICLCGICAL SYSTEM*'/
1 IX,**1)//) 

CALL DATA 
C

TIME = C. CU.CC
FT IME= 1 UGDCC
FFTIM=2.C5CCU
I; i: L T C. C CCCC
r=c.ccGC
SFLP=O.CCCO
SCL = l.CCCC
PRIkA - SEL/OELT
KCS = 0

C
c

C
5 IFfSFLM .EC. C.OCCO) CALL IISTAL 

SPLM=SPLM+DELT 
IFtSPLP .CT. FUME) GO TO AC 
IF(CABS(SPLM-FFTIM) .LE. O.OOOIDOO) GO TO 2 
GC IC 1

C
2 CONTINUE

PAGE CCC1
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f'AIN CATE => 74326 13/13/44 PAGE CCC2(C-:i.<Ar; I'v G LtVcL LC

CL 3 4
c

CALL FC?CE

C C 3 5 1 COM INUt
CC 11 IFtKCS .LT. IF 1X(4.ECC*PR IRA) ) GC TC 11
v C .*. 1 KCE = 0
CG3c '.-.RITE (6,2 15)
C C 3 s 215 FCRt'ATdhl///)
lC4v I 1 CCMIME
CC41

C
C

KCS = KGS + 1

c
CC42

c 
c

CALL MUSCLE

c
004 3

c
CO TC 5

CC44 40 CCMIME
004 5 STEP
CG46 ENO

to itx



rT^iRAN IV C I.CVLL IS MUSCLE CflTE = 74326 13/13/44 PAGE CCC1

C C u I
C
C 
c

SLERCLTINE PLSCLE

CCJ2
c

IMPLICIT REAL»3( A-ri,O-Z )
CCC3 BEAL*8 KPPIPE.KA ,KC,KU,KV,K,KZ,KO,NTPC2,PTMCC2,KCSHM,PTMP02
CC Om REAL* 8 IN TAP A , I MANN ,NP,NPS ,NNC
lOv'j REAL*8 L1,L2
C C C 6

c 
c 
c

REAL*4 PH.PPW

CCC 1 CLPNCN/ELCCKl/hCRIT,BETAP,BETAE,R,CMA X,ALPHAC,ALPHAO,HB,ABN2,ATN2
CCCE CC.>-MCr\/eLCCK2/KPRIME,KA,KC,KL,KV,K,KZ,K0
ecu-; C(<f;M CN/ELCCK 3/PCO 2 AM , HC03 AM , C ARB AM , PC 2 AM , CC2 AM , PN2 AM
CC LC CCMMC.\/f:LCCK4/PCC2M,HCC3PM,CARBM,P02M,C02M,PC2MC,PSCM,HCC3SM., HSM, 

IPCCM ,HCC3CM ,HCM,PSCM,PSOMC,PC CM,PCCMC,PN2M,PA2MC,PSNM,PSAMC,PCNM, 
2PCi\MC

CO L1 CGMMC.\/BLCCK5/YM( 11)
CC 12 CCMM CN/BLCCK7/EETASM, CET ACM , VSM , VCM , L'SPCM , CCSCM , DPSOM ,CSCCM ,

1 0M,VM'’,CMMAX,0P5NM,DSCAM,MTMC2,MTMC02,TCSM,RCSM,RSPM,CSPBM,
2 £ SPI-M.CC SUM, KCSHM, FM

L C k ) CCMMCN/PLCCK8/FFTIM
C C 1 4 CCMMCN /BLOCKS/ FSEL , SPLM ,0SEL,SEL
C C 1 *J CCMMCWI'LCK 1C/J
CC H. C C M N C i\ / I! L C K L 1 / T
CC 1 7 GCMMCK/t-.LCKU/DELT
CO I K CCi-'MCN N OF IMS

cc i<;
c 
c 
c
c 
c

UI MLN SICA CY(11),YF(11),YMAX(11).ERROR (11 )

C U ? >/ IF(7 .EC. C.CCCC) GO TO 111
-. vt L GC TC 222
2w2? 111 r:CFN<=C
0023 J = C
CC24

c
JSTART=1

CU?3
c

FSEL=SEL
C02!.

c
N= J1

002 7
c

MF = 0
0 025 MAXCRE = 6
CC2G

c
MAXPTS = 5

CO 3U rM IN= 1.CC-1C
CC3L uPS = l.C-OS
0 u 3 2 MAXGER=6
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rChli-'An IV C LEVI.L 1'1 MUSCLE DATE = 7A326 13/13/A^t

CvJT HMAX-DCLT
U0.1O ;jSEL = CELr
LCiJ H=l.CU-C-t
CC it DELTA - DSEL
CCJ7 DC 1C 1=1,11
C0J3 YMAXI I 1 = 1 .OUOC
CC:S 1C CCMUUE
LC'-.; 2 22 CCMIME

C 
CC'.l IF(T .GT. O.OCCO) h = DELT
CCA2 IF(DAES(T-FFTII') .LE. CELT) F = 1.0C-04

C 
c -------------------------------------------------------------- :------------------------------------------------------------------------------
C 

CO-,3 CALL BISYEX (N , T , YM, D Y, H, HM IN, E P S , MF , YM AX, ERROR , KF L AG ,
1 JSTART.MAXCRC,MAXPTS,DELTA)

C

C
C -------------------
C

GCAA ICO CONTINUE
C

CC-VJ RETURN
CCA5 END

PAGE 0002
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I'i.rt 17 C n: VEL IS CLIP CAFE = 74326 13/13/44 PAGE CCC1

CCC 1

CCC2

CCC i

CCC4

CC05 
ccct

CCC7 
C C v r 
c c c s 
GG 10

CC11
CUI?

CC13
0014

CC1 5
CC 11

SbF’KCUTl.NE CL1PU,T,J,YF,OY, H,OT,NCFf\S) 
C 
c ---------------------------------------------------------------------------------------------------------------------------------------------
c 

IMPLICIT REAL*2(A-H.C-Z) 
C 

CC>.vCN/CLCCK4/PCC2f',hCC3PP,CAReN,PC2.v,CC2H»PC2MCt PSCM , ECO 3SM, FSP, 
1PCCP.HCC3CK ,HCP,PSCl',PS0PC,PCCP,PCCPC,PN2P,Ph2.«C,PSNP,PSNMC,PCNM, 
2PCf>PC 

C 
DI PEAS I Ch YF(1),CY(11) 

c ---------------------------------------------------------------------------------------------------------------------------------------------
C 
C 
C 

WRITE(6,8) 
8 FCRPAT(1X,125<'-')/)
C 

a i< I 1 t ( 6 r 5 ) 
5 FCRPAT( IX, 'NGPER ICAL INTEGRATION SOL. (EXTRAPOLATION) :•) 

kRITE(6,1 IT ,C I ,NCFAS,J ,H
1 FORMAT(//IX, 'TIRE =' , F10.3 , 5X , •STEP SIZE =',C12.5,5X,•CE. EV. =',

1 16,5X,'ACCOM. STEPS =',I6,5X,1 H =',012.5/1
C 

URITE(6,2) (YF(I) ,1 = 1,8)
2 FORMAT(22X,'PCC2M =•,U20.1 2,5X,'UCC3PM =' ,D2C. 12//

1 22X,'PSCM = ' , D20.12,5X,'UCG ISM = ' , I) 2 C . I 2,5X , ' H SM =',020. 12
? //22a,'FCCM =•,020.12 ,5X,'HCC3CM =•,C20.12,5X, ' FCM =',
3 C2C.12/)

C

hRITE(6,22)<YF(I),1=9,11)
22 FCKMAT(22X,'P02M =',020. 12,5X,'PSOM =',020. 12, SX.'PCCM =’,020.12) 
C 
C

C -------------------------------------------------------------------------------------------------------------------------- -------------------
C

RETLRN 
END
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■vFRC^LbV 1.7 A 8ICLCGICAL SYSTEM*
^^^^V^^jy^VV******^****^*^*^*****^***

NLMtRlCAL INTtCRATICN SCL. (EXTRAPCLATICN)

T 1 A- i5 - l.CCO STEP SIZE = O.5OCOCC-O1 CE. EV. = 1C93 ACCOM. STEPS = 53 H = 0.750000-01

PCC2M = C . A 5111CCC63330 02 HCC3PM = 0.247542034915C-01

PSCM = 0.47 11IC0663330 02 HC03SM = 0.27CCCC0CCCCCD-C1 HSM = C.413727319691D-C7

PC CM = C.52111CC6633 3D 02 HCC3CN = 0.12CC00C00C00C-01 ECM = C.103543869971D-06

PC2M = 0.3701‘93LC044C €2 PSOM = 0.3201693100440 02 PCOM = 0.17016931C044D 02

NUMCKI CAL INTEGkATION SCL. (EXTRAPCLATICN)

r I y e = 2.CCC STEP SIZE = 0.50C00C-01 CE. EV. = 1913 ACCOM. STEPS = 93 H = C.75CCCD-C1

PCC2M = C.45111CC6E333D 02 HCC3PM = 0.2475420349150-01

PSCM = 0.4711100661330 02 HCC3SM = 0.270 CO COCCC0CC-0 1 HSM = C.4 127273 1969 1U-C7

— —. PCCM - C.5211100663330 02 HC03CM. = 0.12CCCC000CCCC-C1 ECM = 0.1035438699710-06

PC2M = 0.3701693100440 02 PSCM = 0.32C169310044C 02 PCCM = C. 17016931C044C 02

NLMcR ICAL l.STtGRATICN SCL. (EXTRAPCLATICN) •

T IAE - J.CCO STEP SIZE = 0.5CCCCD-C1 DE. EV. = 3789 ACCLM. STEPS = 166 H = 0.666670-01

PCC2M = 0.4733871530110 02 HCC3PM = 0.2551215107960-01

PSCM = 0.4843961610420 02 HC03SM = C. 270925791 1C3C-C1 ESM » 0.4217697005290-07

PCCM = C.5222540510060 02 HCC3CM = 0.1200609494870-01 HCM « C. IC36226C7553D-C6

PC2M = €.3460776872710 02 PSCM = 0.3004271867870 02 PCCM = 0.1631453137470 02

MAcR ICAL INTtCRATICN SCL. (EXTRAPCLATICN) :

TIME = A.CCO STEP SIZE = 0.500000-01 DE. EV. = 5033 ACCLM. STEPS - 208 H = 0.66667D-C1
N>

PCC2M = C.477C492748670 02 HCC3PM = 0.2565887767590-01 U1

PSCM = 0.4878347768 190 02 HC03SM = 0.2723637362C30-01 HSM « C.422638C13151C1-07



Mf-'ERI CAL INTEGRATICN SCL. (EXTRAFCLATICN)

TIRE = 5.CC0 STEP SIZE = O.5CCCOD-OI DE. EV. = 6249 ACCOM. STEPS = 251 H = 0.750000-01

PCC2M = C.47E16AC20ail0 02 HCC3PM = 0.257396419838L-01

PS CM = 0.4893870447140 02 HC03SM = 0.2736991146260-01 HSM = 0.4222279589430-07
— PCCP = C.5252333985140 02 HCC3CM = 0. 120327323701C-C1 HCM = 0.1039619614630-06

PC2M = 0.3346461398990 02 PSOM = 0.287823C1317CD C2 PCCM = C.1472243895470 02

NUMERICAL INTEGRATION SCL. (EXTRAFCLATICN) :

TIME = 6.CC0 STEP SIZE = 0.500000-01 CE. EV. = 7493 ACCOM. STEPS = 293 H = 0.666670-01

PCC2M = C.4789110621690 02 HCC3PP = 0.258082146418C-01

PSCM = 0.4905949529230 02 HC03SM = 0.2749C07719790-C1 HSM = 0.4216956789480-07

PCCM = C.5266959058680 02 HCC3CM = 0. 120464154646C-01 HCM = 0.1041351313700-06

PC2M = 0.3316911574010 02 PSOM = 0.2842575634680 C2 PCCM = 0.1418581397610 02

NUMERICAL IMEGRA1ICN SCL. ( EXTRAPCLATICN) :

TIME = 7.GG0 STEP SIZE- = 0.500000-01 DE. EV. = 8733 ACCOM. STEPS * 336 H = 0.750000-01

PCC2M = C.4796295793490 02 HCC3PM = 0.258700360532C-01

PSCM = 0.4917343737060 02 HC03SM = 0.2759827882890-01 HSM » 0.4212577753240-07

PCCM = 0.5261257553940 02 HCC3CP = 0.120598282631C-01 HCM = C. 104304 1950430-06

PC2M = 0.3294837626730 02 PSOM = 0.2815597088710 02 PCCM = 0. 137714109247C 02

NLMERI CAL INTEGRATION SCL. (EXTRAFCLATICN) :

TIME = b.CCO STEP SIZE = 0.500000-01 CE. EV. = 9953 ACCOM. STEPS x 378 H = 0.666670-01

PCC2M = C.4803696777730 02 HCC3PM = 0.259260841382C-01

PSCM = 0.4928545764640 02 HC03SM = 0.276958817C930-C1 HSM = 0.4209409566320-07

PCCM = C.5295245529380 02 HCC3CM = 0.120729598148C-01 HCM = 0.1044691 118170-06

PC2M = 0.3278042520010 ■02 PSOM = 0.27948735C086C C2 PCCM = 0.1344783998610 02
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NL.uttt ICAL I\'TECRATIGN SCL. (EXTRAPCLATICN)

I [HE = S.CCC STEP SIZE = 0.5C000G-01 CE. EV. = 11197 ACCOM. STEPS = 420 H = 0.666670-01

PC02P = C.A811311C6249D 02 HC03PM = 0.2597697390320-0 1

PSCP = 0.4939605778560 02 HCC3SM = 0.277840591 1240-01 HSM = 0.4207335624770-07

• PCCP = 0.5308942604490 02 HC03CM = 0. 1208582314950-01 HCM = 0.1046301387710-06

PC2H = C.3265145400560 02 PSCM = O.277E8O583868C 02 PCOM = C. 1319303436200 02

NLt'cR ICAL I.'iTEGRATION SCL. ( E XTRAPCLA TI CM :

TIRL- = 1O.CCC STEP SIZE = 0.500000-01 CE. EV. = 12413 ACCOM. STEPS = 463 H = 0.750000-01

PCG2P = C . 48 19C6C079790 02 HC03PM = 0.2602326646900-01

PSCR ■= C. 4950495630980 02 HCG3SM = 0.2786385300850-01 HSM = 0.4206184686510-07

PCCR = 0.5322363274240 02 HC03CM = 0. 1209843049400-01 HCM = 0.1047875107230-06

PC2P = 0.1255193611760 02 PSOM = 0.2766263288990 02 PCCM = 0. 1299 1 19312830 02

AcRtRICAL INTEGRATICN SCl. (E.XTRAPCLATIGM :

TIRE = ll.CCC STEP SIZE = 0.500000-01 CE. EV. = 13657 ACCOM. STEPS = 505 H = 0.666670-01

PCC2R = 0.4826870139910 02 HC03PM = C.2606547383480-01

PSCP = 0.4961183874520 02 HCC3SM = 0.2793619888370-01 HSM » 0.4205799983230-07

— PC CM = 0.5335516974470 02 HC03CN = 0. 1211078994030-01 HCM = 0.1049413979480-06

PC2M = 0.3247503881530 02 . PSCM = 0.2756469046170 02 PCCM = 0. 1283072663800 02

NLREHICAL INIEGRATICN SCL. (EXTRAFCLATIOM :

TIRE = 12.CCC STEP SIZE = 0.375000-01 CE. EV. = 14921 ACCOM. STEPS =- 548 H = 0.375000-01

PCC2M = 0.4834684208990 02 HCC3PM = 0.261040553069C-01

PSCM = 0.4971648432190 02 HC03SM = 0.2800193530190-01 HSM = C.4206049466580-07

PCCM = C.5348409552980 02 HCC3CM = 0.1212290622670-01 HCM = C.1050919174170-06

PC2M = 0.3241575655750 >02 PSOM = 0.2748808213860 02 PCCM = 0.1270295575200 02
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.'.U,*Ek ICAL INTEGRATION SCL. (EXTRAPOLATION)

TIME = 13.GCC STEP SIZE = C.5CCCCC-OL CE. EV. = 16117 ACCUP. STEPS = 590 H = 0.66667D-C1

PCC2K = 0 .A8A2A60C7727D 02 HC03PM = 0.26139A19278AD-01

PSCP - c .4SE1876Lti6A20 02 HCC3SP = 0.280618106331C-01 HSM = C.A2C68235AA6CD-C7

PCCP = 0 .53610AA58555D 02 HC03CM = C. 1213A7819A86C-01 HOP = 0.1052391496530-06

PC2P = 0. 3237C33AS381D 02 PSCP - 0.27A285029131C 02 PCCM = C. 1260126126800 02

NLPeRICAL INTEGRATION SCL. (EXTRAPOLATION)

TIME = 1A.CCC STEP SIZE = C.5CCCGD-01 DE. EV. = 17361 ACCUP. STEPS = 632 H = 0.66667D-C1

PCC2P = 0.4850166766310 02 HCO3PM = C.261719272C81D-C1

PSC.M = C.4951860576830 02 HCC3SP = 0.281164899563C-01 HSM = 0.420803 108729D-C7

PCCP = 0.5373424319880 02 HC03CM = 0. 121464185C46D-C1 HCM - C.1053831520880-06

P0 2P - l.3233591881830 02 PSCN = 0.273824551758C 02 POOH - 0.125205203265D 02

AUPERI CAL INTEGRATION SCL. (EXTRAPOLATION) :

TIME = 15.CCC STEP SIZE-' = C.5CCCCC-01 CE. EV. = 18601 ACCUP. STEPS = 675 H = O.75CCCO-C1

PCC2.V ■= 0.4857781513760 02 HC03PM = 0.2620189816950-01

PSCP = C.5CC15S9492970 02 HCC3SF = 0.281665623557C-01 HSM => 0.4209595872180-07

PCCP = O.538555O3O661C 02 HC03CM = 0. 1215781673620-01 HCM = C.105523968378C-06

PC2M = C.3231C3C27107D 02 PSCF = 0.273471479588C 02 PCCM = 0.1245671698360 02

NLPGR(CAL INTCGRATICN SCL. (EXTRAPOLATION) •

TIME = 16.000 STEP SIZE = C.5CCC0O-01 DE. EV. = 19821 ACCOM. STEPS = 717 H = 0.666670-01

PCC2P = C .4865287582690 02 HCC3PM = 0.2622961325290-01

PSCM = 0 .5011093774650 02 IIC03SP = 0.2821254823010-01 HSM - 0.42 114.5381379C-07

PCCM = c .5397423810050 02 HCG3CM = 0.1216897733640-01 HCM = C.1056616346020-06

PC2.v = 0. 3229175335810 02 PSOM = 0.2732069405400 02 PCCM = 0.1240666753880 02
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APPENDIX C

This appendix contains:

' 1) Listing of DESUB system. Only the double 

precision version is presented.

2) Subroutine MPDDSB to drive DESUB.

3) As an example of this system, the solution to

"A stirred tank reactor with exothermic reaction" problem is 

presented.

The subroutine SEDDS used by this program corresponds 

to a modified version of DDEOUT from DESUB for a better 

printer spacing handling.
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1: SUBROUT INE CCE(XFX,N,Y,XI,XF,HI,EPS,DERR,XCLTX) DDE 10
2 : C DDE 2C
3: C DOUBLE PRECISION VERSION OF DE DDE 3C
4: C DDE 40
5 : c USING DDE CAUSES VALUES OF DEPENDENT VARIABLES TO BE PRINTED AT DDE 5C
6: c POINTS ALTCRATICALLY SELECTED BY TFE PROGRAM. DDE 6C
7 : c DDE 70
8 : c DDE 8C
<5: IMPLICIT REAL*8 (A-H,C-Z) DDE SC

1C: DIMENSION Y( 11) DDE ICC
11: DOUBLE PRECISION X I,XF,HI, EPS , Y DDE 11C
12 : c $$$$$$: DDE 12C
13: EXTERNAL XFX,DERR , XCLTX DDE 130
14: DOUBLE PRECISION SP DDE 140
15 : CCNPCN /DDESPC/ NPf KCUNT DDE 15C
16: KOUNT = C DDE 16C
17: NP = C DDE 170
18: SP = O.ODO DDE 1EC
IS: CALL XCDE(SPtXFX,N,Y,XI,XFtHItEPStDERR,XCUTX) COE ISC
2C: RETURN DDE 2CC
21: END DDE 21C

256



I: SUBROUTINE CCESP{SP,XFX,NfY,XI,XF,HI,EPS,DERR,XOLlX) COES 1C
2 : IMPLICIT REAL*8 (A-H,C-Z) DDES 2C
3: C COES 30
4: C CCUBLE PRECISION VERSION OF DESP DDES 40
5: C DDES 5C
6: C USING CDESP CAUSES VAUUES OF DEPENDENT VARIABLES TI EE PRINTED AT DDES EC
7: C SPECIFIED POINTS IN ADDITION TO THOSE AUTCPATICALLY SELECTED. COES 70
8: C DDES • EC
S: CINENSICN Y(ll) DDES SC

1C: DOUBLE PRECISION Y,HI,EPS COES ICC
11: EXTERNAL XFX,DERR,XOUTX DDES 110
12: CCUBLE PRECISION SP,XF,XI COES 12C
12: CCNEON /DDESPC/ KP, KCLNT COES 130
14: NP = 1 COES 140
15 : KCUNT = 0 DDES 15C
16 : IF(SP*(XF-XI ) ) 2,4,10 CDES 1EC
17: 2 SP = DSIGN(SP,XF-XI) COES 17C
18: CO TO 10 CDES 180
19: 4 IF(SP .NE. 0.000) GOTO 10 CDES ISC
2C: NP = C CUES 2C0
21: 10 CALL XDCE(SP,XFX,N,Y,XI,XF,HI,EPS,ERR,XCUTX) DDES 2 10
22 : RETURN CDES 22C
23 : END CDES 22C
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1: SLBRCLTINE XCDE(SP,XFX,N,Y,XI,XF,H,EPS,CERR,XCUTX ) XCCE 10
2: IMPLICIT REAL*8 (A-H,O-Z) XCCE 20
3 : C XCCE 3 0
4 : C COES DCLBLE PRECISION FCUSKEEPING CURING INTEGRATION, XCCE 40
5: c CHECKS INPUT PARAMETERS, CHECKS FOR SPECIFIED OUTPUT XCCE 50
6 : c POINTS, STEPS h, ETC. XCCE 60
7: c XCCE 70
8: CI MEN SION \(11),DY(11),S(11),R(11),YR(11) XCCE 80
9: CCUELE PRECISION Y,DY,YR,XI,XF,XIPRT,XFPRT,TTL,X,XP,XPMX,XR,XT,S, XCCE 90

10 : I R,D20T,CP2,0 EM IN,CEM AX,EX,ER,EH,ChDIV,D2CTUP,HI,HI PRT,HMIN,HMAX,HPXDCE ICC
11: 2,HC,HR,FH,EPS,EPSPRT,SP,H,SPPRT XCCE 1 10
12: COMMON /CCESPC/ NP, KOUNT XCCE 120
13 : COMMON /IPARAM/M,NMAX XCCE 1 30
14 : COMMON /DPARAM/DZCT,CP2,CEMAX,CEM IN,CFD IV,CZCTUP XCCE 140
15: COMMON /DINFC/ EX , ER,EH,NE,NERR XCCE 150
16: COMMON /OUTPUT/ SPPRT,HIPRT,X I PRT,XFPRT,EPSPRT,NPPRT , T I TLE XCCE 160
17: LOGICAL SIYPE,KCNVF,TITLE XCCE 170
18: EXIIKNAL XFX,DERR XCCE 180
19: i m j ]• i i 7 p CONSTANTS S***********1^******** »*$******♦*»*♦***** XCCE 190
20 : C7CT = 2.770-17 XDCE 2CC
2 1 : 0 P 2 = 3 2 7 6 E . D C XCCE 2 10
22: CEMAX = 1.CC-C2 XCCE 220
23: CEMIN = 1.00-18 XCCE 230
2 4 : CHOIV = 1024.DOO XDCE 240
25: CZCTUP = 3.6D16 XCCE 250
26: M = 6 XCCE 260
27: NMAX = 20 XDCE 270
28: £»****<** CPECK PARAMETERS AND PERFORM INITIALIZATION ********** XCCE 280
29: TITLE=.TRLE. XCCE 290
30: STYPE=.TRLE. XDCE 3CC
31: NPPRT=NP XCCE 3 10
32: SPPRT=SP XCCE 320
33: HIPRT=HI XCCE 330
34 : XIPRT=XI XCCE 340
35: XFPRT=XF XCCE 350
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36 EPSPRT=EPS XCCE 360
3 7 IF ((N.LE.C).CR.(N.GT.NMAX)) GOTO 84 MCE 3 7C
3 ? IF ( (EPS.LT.OEMN) .OR. (EPS.GT.CENAX) ) GOTO 85 XCCE 3EC
2S 7TL=XF-XI XCCE 390
AC F = H I XCCE 4C0
4 1 IF (TTL»H) 86,87,12 XCCE 4 1C
42 12 IF (C(H/TTL)<= CP2 . LT . 1. ) .CR . ( t H/T TL ) . GT . 1. } ) GCTC 88 XCCE 420
43 CO 14 1=1,N XCCE 430
44 S ( I } = CABS (Y( I ) ) XCCE 440
45 14 CENTIME XCCE 450
46 KCNVF=.TRUE. XCCE 4 60
47 FP IN = F7CFC IV XCCE 470
48 HPAX=TTL XDCE 480
49 FP=C. XCCE 490
50 XP = XI XCCE 500
51 X = XI XDCE 510
52 C**»***4-* BEGIN 5CLUTICN OF DIFFERENTIAL ECUATICNS **»*4**4*»*4 XCCE 52C
53 20 h=H/3. XCCE 5 30
54 F=3.*H XCCE 540c c IF ((NP.EC.C).AND.(.NCT.STYPE)) GCTC 50 XCCE 5 50
56 XPMX=XP-X XCCE 560
57 F I- = X P M X J F XCCE 5 70
58 IF (FF.GT.CZCT) GCTC 50 XDCE 580
5 9 c***44»*» get TC SPECIFIED VALLE CF X AND CALL XCUTX ****44******* XCCE 590
60 30 IF (DABS(FH).GT.DZOT) GOTO 34 XCCE 600
61 CC 32 1 = 1,N XDCE 6 10
62 YR(I)=Y(I) XCCE 620
63 32 CONT INUE XCCE 630
64 HG = HP XDCE 640
65 XR = X XCCE 650
6 6 GCTC 36 XCCE 660
67 34 FC=XPPX+FP XCCE 670
68 hR = HC XDCE 680
69 XR = XT XCCE 690
70 CALL CREDIF (N,XR,YR,DY,FR,HQ,EPS,M,S,R,KONVF,XFX,DERR) XCCE 700
71 FiC = XR-XT XDCE 710
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72 36 CALL XFX (YR,XR,CY) XDCE 72C
73 STYPE=.1RLE. XCCE 73C
74 CALL XCUTX(YR»CY»NtXR»STVPE) XDCE 740
75 STYPE=.FALSE. XCCE 75C
76 IF (KCNVF) GCTC 40 XCCE 76C
77 38 IF (KCNVF) GCTC 7C XCCE 77C
73 COTC 82 XCCE 78C
75 c»*»*4*** STEP 7C NEXT SPECIFIED CUTPUT VALLE ********* XCCE 75C
EC 4C IF ((XF-XR)/ITL.LE.C.DC) GCTC 70 XCCE SCO
81 KCUNT = KCLNT+1 XCCE 810
8 2 XP = XI+FLCAT(KCUNT)*SP XDCE 820
83 IF ((XP-XF)/H.GT.C . DC ) XP = XF XCCE 830
84 GOTO 2C XCCE 840
8 5 C*^***^** CUTPUT RESULTS AT A NATURAL STEP ******* XCCE 850
8 c 5C IF ((CABSt(X-XR)/H)).LE.CZCT) GCTC 60 XCCE 86C
87 CALL XFX (Y,X,DY) XCCE 870
88 CALL XCUTX(Y,DY,N,X,STYPE ) XCCE 880
85 PERFCRP A STEP IN SCLUTION CF DIFFERENTIAL EQUATIONS ******* XDCE 8SC
5C 60 IF I(XF-X)/TTL.LE.C.DC) GCTC 70 XCCE 5C0
51 IF (CABS(F).LT.hMIN) H = DS I GN(HP IN ,H) XCCE 910
52 IF (CABS(F).GT.hMAX) h = DS IGMHPAX,H ) XCCE 920
5 3 IF ((XF-X-H)/T IL.LT.C.D0 ) F = XF-X XCCE 930
54 XT=X XCCE 940
55 CALL DCESL'B (N , X, Y, DY , h , FM IN, EPS ♦ M , S , R , KCNVF , XF X , CERR ) XCCE 95C
56 HP=X-XT XCCE 560
57 IF (KCNVF) GCTC 20 XCCE 970
58 CCTC 80 XCCE 980
55 c»»****x:* STANDARD RETURN CN CCFPLETICN CF SCLUTION *♦♦♦*♦** XDCE 550

ICC 7C RETURN XCCE1CCC
101 C******** SET UP ERROR RETURN AND DIAGNOSTICS ******** XCCE1010
1C2 80 NERR=1 XCCELC2C
1C3 ER=C.DC XCCE1030
1C4 CO 81 1=1,N XCCE1040
1C5 IF (ER*SI I ).GE.R( I ) ) GCTC 81 XCCE1C5C
1C6 ER=R(I)/S(I) XCCE1C6C
1C7 NE=I XCCE1C70
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ICS: 81 CCM INUE XCCE1C8C
1C9: E H = 8 P XCCE1CSC
11C: EX = X XDCE nee
111: CALL XFX {7,X,DY) XCCE 1 1 1C
112: CALL XCUTX(Y»DY»N»X»STYPE) XCCE1120
113: CCTC 92 XCCE 1 13C
1 82 NERR= 1 XCCE1140
115: ER=C.CC XCCE1 150
116: CC 83 1=1,K XDCE1160
117: IF (ER*S <I)-GE.R(I)) GCTC 83 'XCCE117C
118: ER = R( I )/S( I ) XCCE1 180
119: hE=I XCCE1 ISC
1 2 C : 83 CCISTI ME XCCE 12CC
12 1: EH = FQ XCCE 12 10
122: EX=XR XCCE1220
123: CCTC 92 XDCE 12 EC
12^: 84 NERR=2 XCCE124C
12 5: CCTC 90 XCCE125C
126 : 85 hERR=3 XCCE126C
127: GCTC 9C XCCE 127C
128: 8 6 i\ERR = 4 XCCE1280
129 : CCTC 90 XCCE 12SC
13C: 87 N E R R = 5 XDCE 13CC
121: GCTC SC XCCE131G
132: 88 ^ERR=6 XCCE1320
133: 9C CALL XFX (Y,XI,DY) XDCE133C
134: CALL XCLTXlY,DY,N,XI,STYPE) XCCE1340
135: 92 CALL DERRCR XCCE1350
136: RETURN XCCE136C
137: END XCCE137C
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1: SLBRCLTIKE CDESUB (, X , V, C Y, h IK , EPS , Jh* «S ♦ R , KChV F , FCT , C ERR ) . CCES IC
2: IMPLICIT REAL»8 (A-HtO-Z) CCES 2C
3 ; C CCES 30
4 : C*»***<.*»**»*»<-*****»»4:*4**PERFCRP imtializaicn to call CCERSE*********CDES 4C
5: C CCES 50
6: CCPMCN/CCERCM/ YA( 11 ), SA( 1 1),DZ( 1 1 >,JMAX CCES 60
7: CIPEKSICN Y(ll),CY(ll),R(ll)tS(U> CDES 70
8: DOUBLE PRECISION Y,S,YA,SA,CZ CCES 80
9: EXTERNAL FCT,CERR . CCES 90

10: (2>)r4:*4******>?4***44******4»**4»4444*4444*>!:**4*4<*4*<l**444*:ii‘:t***1!‘4**i<‘*****C0ES ICC
11: C***4*44***»FCR AN EXTRAPOLATION OF ORDER JMt JM+1 UNEXTRAPCLATED*4<****CCES 1 IC
12: C APPROXIMATIONS ARE REQUIRED. THREE MORE ARE ALLChEC IN CCES 120
13 : C ATTEMPTING TO ACHIEVE CONVERGENCE COES 13C
14: J MAX = JM + 4 CCES 14C
15: C*4*4444**»$AVE THE INITIAL VALUES FOR THE CEPENCENT VARIABLES ANC* <»*=»» C C ES 150
16: C THE ERROR TEST VESTCR FOR THE STEP CCES 160
17: CO ICC I = 1,N COES 17C
18: YA(I) = YlI) CCES 180
19: SA(I) = S(I) CCES 190
20 : 100 CONTINUE COES 2CC
2 1: C*****^***^^ ihE FUNCTION ROUTINE TO OBTAIN THE INITIAL S LOP ES* =» *>»*** C 0 E S 2 IC
2 2: C CZ = DY/DX CCES 220
23 : CALL FCT(Y,X,CZ) CCES 230
24 : £««*X'4444**PERFCRN AN INTEGRATION STEP **************»**=»******♦»♦=»****<C0ES 24C
25: CALL CDERSB(NtX,Y,DY,H,HMIN,EPS,JM,S,RtKCNVF,FCT,CERR) CCES 250
26: RETURN COES 260
27: END CDES 27C
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1: SLBRCL'TIh'E CR EC IF ( K, X , Y , C Y , h, HP IN, EPS , JP t S, R r KONV F t FC T > DERR ) CRED IC
2: IMPLICIT REAL*8 (A-H.C-Z) CREC 2C
3: C CREC 30
A : C*:'<‘*<I*******:31PERFCRM I N IT I AL I Z AT ICN TO CALL DDERSB *»*****4»»*»*********CRED AC
5: CCPPCN/CDERCP/ YA(ll) ,SA(11},CZ(11)»JPAX CREC 5C
6: CIPENSION Y(11),DY(11),R(11),S(11) CREC 60
7 : CCUBLE PRECISION Y,YA,SA,CZ CREC 7C
e : EXTERNAL FCT,CERR . CREC EC
S: CO 3CC I = 1,N CREC SC

IC: Y( I ) = YA( I) CREC ICC
11: 3C0 CCN7IME CREC 11C
12: C****»*****PERFCRN. AN INTEGRATICN STEP *»*»*******4*****4*****»*****4***CREC 12C
13: CALL CCERSE(NtX,Y,DY,H,hPIN,EPS,JM , S,R,KCNVF,FCT , CERR) CREC 130
1A : RETLRN CREC 1AC
15: END CREC 150
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1: SUBROUTINE DCER SB(N,X , Y,DY,H,HP IN,tPS,, S,R,KCNVF,FCT,DERR) CCER 10
2: C CCER 20
3 : C IPPLENENTS THE ALGCRIThM IN CCUELE PRECISION CCER 30
a ; C AND PERFCRN CNE INTEGRATION STEP CCER 40
5: C CCER 50
6 : CCNPCN/CCERCP/ YA(ll),SA(ll)t'JZ(ll),JMAX CCER 60
7: CCPPCN / CPARAN / CZCT ,CP2 ,CEPAX,CENIN,CFC IV,CZCTUP CCER 70
8: DIMENSION Y( 1 1 ) ,DY( 11 ) ,S( 11 ) ,R{ 1 1 ) , YL(1 1) , YF( 11), CCER 80
9: I C(7),CT(11,7),YG(11,8),YH(11,8),SG(11,8) CCER 90
1C: CCUELE PRECISION Y,CY,S,R,YA,YLtYF,CZ,SA,C,CT,YG,YF,SG,X,F,FFIN,A, LCER ICC
11: 1EPS,FC,G,E,B1,XU,U,V,C,TA , DZCT , DP 2 ,DEFIN , DEFAX,DHCI V,CZCTUP CCER 1 10
12 : LCGICAL KCNVF,KCNV,BC,eF CCER 120
13: C16:*****»***»****THE LCGICAL VARIAELEt EH CETERNINES kibETER THE ******* SCO ER 130
14: C STEPSIZE HAS BEEN HALVED. INITIALLY FALSE. CCER 140
15: C LATER BF IS FALSE IF THE STEPSIZE IS CUT BY A FACTOR NCT 2 CCER 1 50
16: 1C EH = .FALSE. COER 160
17: c*******»*» PRESET THE CCNVERGEKCE SUCCESS FLAG TRUE ****»4*»******4s**4£CER 170
18: KCNVF = .TRUE. CCER 180
19 : ThE INCEPEKCENT VARIABLE BY THE STEPSIZE, H »»»*»*1» * *CD ER ISO
2 C: 20 A = H + X CCER 200
2 1: C»**<44**4*SET TEE SWITCH 80 FOR THE FIRST SET CF COEFF IC I EMS,C** *»»**»CCER 2 10
2 2 : EC = -FALSE. CCER 220
23 : C**»*****4»IMTI/1LIZE THE H SECLENCE F/N ,H/JR ,H/JS *4<*444*4*4*4*44*.**CE:ER 230
24: F = 1 CCER 240
25 : JR = 2 CCER 250
2 6: JS = 3 CDER 260
27: C***4****** JJ IS THE INDEX FCR THE ARRAY CF VALUES SAVEC IN** ♦»<*♦*=»** 4 4 C C ER 270
28: C CASE TEE INTERVAL MUST BE HALVED CCER 280
29: JJ = C CDER 290
3C: (24:4i44444*4:*4:4***4**4:4<4:4=****4<**44 2!14**4444*444*1iI4*4444‘*44I444444*444i4444444LCER 300
31: C INTEGRATION STEP CCER 3 10
32 : c FICPCINT 4 EXTRAPOLATION CCER 320
3 3 : (;44444t4‘**44i**4‘4>i‘4*************44***4:***4*4*4*44444444*4444444444*4i44**44CCER 3 20
34: CO 2CC J = 1,JFAX CCER 340
35 : £«444444444444444444444444444444444444444444444444444*44444444t444*4444« CDER 350
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36 : C*********** SET TEE VALUES OF THE EXTRAPOLATION CCEFFICINTS TO 44444444CCER 36C
37 : C THEIR CORRECT VALUES FOR THIS EXTRAPOLATION STEP ODER 37C
3 c : IF(.NOT. EC)GC TO 2C1 CCER 38C
39: 0(2) = 16.00/9.00 CCER 39C
AC : 0(4) = 64.00/9.CO ODER 4CC
A 1: C(6) = 256.DC/9.DO CCER 4 10
42: GOTO 2C2 CCER 420
43 : 201 0(2) = 9.CC/4.CO ODER 430
44 : D(4) = S.CC CCER 44C
45: 0(6) = 36.CC CCER 450
4 6: c*4******»*4 IF ThE CRCER OF THE EXTRAPOLATION STEP BEING COMPUTED IS **CCER 460
47: C LESS THAN JN/2, SET KCNV FALSE CCER 4 70
48: 2C2 KCNV = .TRUE. CCER 480
49: IF(J.LE. (JN/2)) KCNV = .FALSE. CDER 4 90
5C : IF(J.LE.(JN+1 ) ) GOTO 2C3 CCER 5CC
5 1: C * 4 4 -e 4 * 4 ***4*44 4 *4 * » * * <■ » » * ************** \’<»**:M<'*:t*****=t****»**:6»4*****:eCCER 5 10
5 2* c RESTRICT THE ORDER OF THE EXTRAPOLATION TO JM ******************0CER 520
53 : c ACJLST THE EXTRAPOLATION CCEFFFICIENT CDER 5 3 0
5 4 : ■l = jn + i CCER 540
D > * C(L) = 4.0C*C(L-2) CCER 550
56 : C**»<-**4***C ISCCLRAGE THE STEP-INCREAS ING FACTOR,FC, BV A FACTOR OF ****CCER 560
57 : C SCRT(2) SINCE CONVERGENCE NAS NOT CETAINEC I JN CCER 5 7C
5P : c EXTRAPOLATIONS CCER 580
59 : FC= . 7C7 1C68CC*FC xCCER 59 0
6C : GOTO 2C4 CDER 6CC
6 1: C*4*4*444**»THE NLPBER, J, OF EXTRAPOLATIONS HAS NOT EXCEECEC JR ♦444444CCER 6 10
62 : C FIND C(J) = (h DIVIDED BY H/M)**2 CCER 620
63: C ACJUST THE FACTOR, FC,USED TO ADJUST THE STEPSIZE FOR CDER 630
6 4: C THE NEXT STEP TO BE TAKEN CCER 640
65: 203 L = J CCER 650
6 6: C(L) = FLCAT(y*H) CDER 660
67: FC = l.DC + FLCATtJN + 1 - J)/6.CC CCER 670
68: 0***4*4444*44»4444****»4»4*4i4**444»*4**4*******************»********4***CCER 680
6 9 : c NCCIFIEC NICPCINT RILE USED FO FINE FIRST CCER 690
7C : c VALLE FOR THE THIS EXTRAPOLATION STEP CCER 7CC
71: C***4*4**4*4***4************4*****4****4*************4*4****«**4**4*****CCER 7 10
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72: 204 N = N+M CCER 720
73 : G = H/FLCATI?1*) CD ER 7 30
1A : e = G + G CCER 740
75: £***<*<***» if THE STEPSIZE HAS M"T EEEh HALVEC CR IF THE CREEP CF THE *CCER 75C
76: C EXTRAPOLATION STEP EXEEEDS THAT FOR hHICH PREVIOUSLY CCER 760
77: C CCNPLTEC VALUES WERE SAVED, THEY MUST EE COMPUTEC CDER 770
78: IF ({.NOT.EH).CR.(J.GE.(JMAX-1)) ) GCTC 205 CCER 780
79: C»**=6****CTHERW ISE THE VALUES HAVE BEEN SAVED AND CAN EE RESTORED *****=»CCER 790
80 : CC 210 I = 1,N CCER 800
8 1: \m ) = YH(I ,J) CCER 810
82: YL( I ) = YG(I,J) CCER 820
83 : S (I ) = S G ( I, J ) CCER 830
84 : 210 CCNTIME CCER 840
85: GOTO 2C6 CCER 850
86: 4=m»*C0MPUTE SAARTING VALUES FOR THE MODIFIED MIDPOINT RILE *****»**CCER 860
87: 205 CC 220 I = 1,N CDER 870
88: YL( I) = YA(I ) CCER 880
89: YM( I) = YA( I ) + G»DZ( I ) CCER 890
SC : S( I ) = SA( I ) CCER 900
91: 220 CCNTIME CCER 910
9 2: KH = M/2 CCER 920
S3 : XU = X CCER 930
9 4 : C*#*******!^.^ NEPBER CF THE H SEQUENCE BEING USED EY THE MIDPOINT »****=»CL)ER 940
b • C INTEGRATIC.N RULE IS H/M. CCMPUTE TC THE ENC CF THE STEP CCER 950

$ 6 * C CCNTINUCSLY UPDATING THE VESTOR,S, CONTAINING THE LARGEST- CCER 960
97 : C VALLE-SC-FAR FCR EACH CEPENCENT VARIAELE CDER 970
98: CO 23C K = 2,M CCER 980
99: XU = XU + G CDER 990
ICC : CALL FCT(YM,XU,CY ) CDER1CCC
1C 1: DC 231 I = 1,N CCER10 10
1C2: U = YL ( I ) + B*DY( I ) CCER1020
1C3 : Y L ( I ) = Y M ( I ) CCER1C3C
1C4 : YM(I) = L CCER1C4C
1C5: L = DABS(U) CCER1C5C
1C6: IFIU.GT.S( I ) ) S(I ) = U CCER1C6C
1C7: 231 CCNTIME CDER1C7C
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•4h Alt

ice C********!^ CASE TbE INTERVAL POST DE HALVED NEXT TIME. SAVE THE *******CDER ICEC
1C9 C VALLES AT HALFUAY ALONG(KH*M/2) THE STEP UNLESS K = 3 CCER1C9C
110 IF ((K.NE.KH).0R.(K.EQ.3) ) GOTO 230 CDER1ICO
111 JJ = 1 + JJ CCER111C
112 CO 232 I = 1,N CCER 1120
11.3 Yhd.JJ) = YM(I) CCER1130
1 14 YG( I ,J J) = YL(I) CDER1140
115 SG(I , JJ) = S (I ) CDERI15C
1 16 232 CCNTIN'LE CCER 1160
117 230 CCNT INUE CDERU7C
ne 206 CALL FCT(YN,AtCY) COER 1 1EC
n? CO 24C I = 1,N CCER119C
120 C»***»***IS USED TG SAVE THE VALUE OBTAINED BY THE MIDPOINT RULE *******cc ER 12C0
121 C LSING THE PREVIOUS MEMBER OF THE H SECUENCE CDER121C
122 c THE FIRST TIME THROUGH THIS VALUE IS MEANINGLESS, EUT IT CCER1220
123 c IS NOT USED SINCE L IS LESS THAN 2) CCER123O
124 V = CT ( I, 1 ) C D E R 1 2 4 C
125 C*»******CCHPUTE THE FINAL VALLE DETAINED FCR THIS MAMEER CF THE *****4*LCER125C
126 C H SECUENCE BY THE MODIFIED MIDPOINT RULE' C L E R 1 2 6 0
127 CT (1,1) = (YM(I) * YL ( I ) + G*CY(D) *.5 (. C E R 1 2 IC
12S C = 0 T ( I , I) C C E R 1 2 E C
12? TA = C CCER12SC
130 AT LEAST T'aC VALUES ARE NEEDED TO START E X TR A PC L A T I CN ******** C 0 E R 1 3 C 0
131 IF (L.LT. 2) GOTO 242 CCER 13 1C
132 C»***»4**** IF THE VALLE JUST CCMPLTED 8Y THE MIDPOINT RLLE SHCkS A *****CCER 1320
1 3 C LARGE JUMP FROM HE PREVIOUS, HALVE THE INTERVAL CCER133O
134 IF((DABS(V)»CZCTUP.LT.CABS(C)).AND.(h.NE.HMIN).AND.(J.GT.JM/2 + 1) ) CDER13 4C
135 1 CO TO 3C CCER135C
136 C***<*****4PERFCRM THE L STEPS FOR THE CURRENT LTH ORDER ***************cCER1360
137 C EXTRAPLCATICN STEP. IF THE DENOMINATOR CF THE RATIONAL CCER 137C
138 c FUNCTION GOES TO ZERO AT ANY STEP, SET CT AT THAT STEP CCER13EC
139 c TO ITS VALUE JUST BEFORE CCER13SC
140 CO 241 K = 2,L CCER14CC
14 1 Bl = D(K)*V CDER14 1C
142 B = Bl -C CCER142C
143 U = V CCER1430
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144: IF(E.EC.O.CO) GO TO 243 CCER1440
145: E = (C-V)/E ODER 1A5C
146: L = C*B C C E R 1A 6 0
147: C = 8 1»B CCER1A70
148 : 243 V = CT(I,K ) C0ER1A EC
14 <5: CT(I ,K) = L C C E R 1 4 S C
150: TA = U + TA ECER15C0
151: 24 1 CONTINUE CCER151C
152 : C**»»**»»**L!$E the ERROR ROUTINE FOR EflCF EEPENCENT VARIABLE TO ChECK**4CDER152C
153: C WHETER CONVERGENCE HAS BEEN ACHIEVED CCER1530
154: 242 CALL CERR(TA,Y(I),S(I),R(DtEPSfKCNV) CCER154C
155: 240 CONTINUE ODER 155C
156: IF(KCNV) GO TO 40 CCER156C
157: r^^^^^^+^RESET TFE EXTRAPOLATION COEFFICIENTS »**»**»»*♦»***»»*»***»»***C0ER1570
158: C (3) = 4.CO CDER 1 5EC
15 0: C(5) = 16.CO C C E R 1 5 9 C
160: C»4»44444FL IP Tl-E HO SWITCH FOR THR NEXT SET OF COEFFICIENTS ***♦»*♦*♦♦* C C E R16CU
161 : 80 = (.NOT.PC) 0 D E R 1 6 1 C
162: C 4* 4 4 4 4 444IAKE THE NEXT FERBER CF THE H SECUENCE 4 * 4444 * 444 4 4 44 4 44 * 44 4 4 4 4QcER 162C
163 : F = JR EC ER 1630
164 : JR = JS C C E R 1 6 4 C
165 : JS = F + F CCER 16 5C
166: C»444*»44*AN0 GO BACK FOR THE NEXT EXTRAP0LATICN »*♦*♦♦»******♦44 *4**C0ER 166C
167: 2C0 CO N'T INUE CCER16ZO
16 8: C-<:*4** AFTER ALL THE EXTRAPOLATIONS ALLOWED, CONVERGENCE FAS 4444400ER 1 68C
169: C NOT BEEN ACHIEVED, ATTEFPT TO HALVE F SC THAT TFE SAVED CCER 1690
170: C VALUES CAN PE USED (SET BH TRUE FOR THIS PURPOSE) CCER17C0
171: C IF HALVING H FAKES IT LESS THAN HFIN, SET H = FFIN CCER 17 1C
172: c IN THIS CASE TFE SAVED VALUES CANNOT EE USED CCER172C
17 3: c IF F FAC ALREADY BEEN AT HFIN, CONVERGENCE CANNCT EE CCER1730
174: c ACh'IEVEC FOR THIS FFIN AND THIS EPS CRITERION. SET KONV FALSE CDER174C
17 5: BH = (.NCl.BH) CCER 175C
176: 30 IF(DABS(H).LE.HMIN) GO TO 50 CCER1760
177: F = F/2.C0 CCER17 70
178: IF (DABS(H).GE.HFIN) GO TO 20 CDER17EC
179: H = DSIGN(HFIN,H) CCER179C
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18C: GO TO 1C CCER 18CC
181: 50 KONVF = .FALSE. CCER18L0
182: C»»»*****kHETER CR NCT CCNVERGENCE HAS BEEN ACHIEVED ♦*<**t************* CD ER 182C
183: C SET A hEk SLGGESTEC STEPSIZE FCR THE HEXT STEP CCER 183C
184: C ASSIGN THE END OF STEPVALUE TO THE INDEPENDENT VARIALELE CCER1840
185: 40 F= FC*H CCER185C
186: X = A CCER 186C
1E7: RETURN CCER187C
188: END CCERIEEC
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1: SUBROUTINE DC ECUT(Y,CY,N,X,STYPE ) CD EG ID
2 : IMPLICIT REAL*8 (A-HtC-Z) CCEC 2C
3: C CCEC 30
4: C OUTPUT ROUTINE FOR COUELE PRECISION RESULTS CCEC 4C
5: C CCEC 5C
6: CIPENSICN ll)tDY(ll) CCEC 60
7: COUELE PRECISION Y,DYtX,SP«H,XI,XF,EPS CCEC 70
8 : LOGICAL ST'fPE,TITLE CDEC EC
9: COUPON / CCTPLT/ SP,H,XI,XF,EPS,NP,TITLE CCEC 90

10: C***<*4** IF TITLE = .TRIE. kRITE HEADINGS AND SET TITLE = .FALSE. *4***[CEC ICO
11: IFI.NCT. TITLE) GO TO 10 CDEO 110
12: TITLE = .FALSE. CCEC 120
13: kRITE(6,89) N,XI,XF,EPS,H CCEC 130
14 : IF(NP.EC.l) WRITE(6,E8) SP CCEC 140
15: kRITE(6,87) LCEO 150
16: 4»»|JE TERRINES k.HETER CLTPLT POINT IS SPECIFIED PCINT<*4***»*»I»»*:»*LCEC 160
17: C OR NATURAL STEP AND OUTPUT IT CCEC 1 7 0
18: 10 IF((NP.EC.1).AND.STYFE )CC TO 20 CDEO 1 FC
19: kRIIE(6,86) X,(Y(I ) ,I = 1,N) CCEC ISC
20: RETURN CDEC 2C0
21 : 20 URITE (6,85 )X, (Yd),I =1,N) CDEC 2 1C
22: RETURN CCEC 220
23: 89 FORMAT( Ihl, 1CX, 19F0E SOLUTION FOR N =,I2,24H EQUATIONS FROM XSTARTCDEC 2 30
24 : 1 =,C12.5,1CH TC XEND =,C12.5/8X,3 1HWI TH LOCAL ERROR TOLERANCE EP =CDEC 240
2 5: 2,1PD12.5,26H AND INITIAL STEP SIZE H =,0PD12.5, 1F./8X,44FPRINTING CCEC 25C
26: 3CCCURS AT EACH NATURAL STEP IN TIME) CCEC 260
27: 88 FORMAT (1F + , 52X, 37HANC AT SPECIFIED POINTS (XSART + K*SP)/EX,22HFCPCD EC 2 70
28 : 1 K=C,1,... AND SP =,C12.5,42H (SPECIFIED POINTS ARE IDENTIFIED WITCDEC 2EC
29: 2 H * ) . ) CCEC 2SC
30: 87 FORM AT(1HC,14X,4 7HTHE OUTPUT COLUMNS ARE X, Yd), Y(2),..., Y(N)/CCEC 300
31: 1 ) CDEC 3 1C
32: 86 FORMAT! 1H ,1CX,4(025.16,5X)/(4IX, 3(025.16,5X) ) ) CDEO 320
33: 85 FORMAT ( IF; ,4X,1H»,5X,4(D25.16,5X)/(41X,3(025. 16 ,5X))) CDEC 330
34 : END CDEC 340
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FACE 1

1: SLBRCLTINE CERRCR DERR IC
2: IMPLICIT REAL*8 (A-HtC-Z) DERR 20
3: C CEFR 30
4 : C KRITES AN ERROR DIAGNOSTIC IN THE CASE CF ERROR FAILURE DERR 40
5: c IN DCLELE PRECISION DERR 5C
6: c DEAR 60
7 : DOUBLE PRECISION EX,EH,ER CEFR 70
fi: CCNPCN/DINFC/EX,ER,EH,NE,NERR CERR EC

GOTC(1C,2C,3C,4C,5C,6C),NERR DERR 90
1C: 10 KRITE(6,91JEX,EH,ER,NE CEFR ICO
11: 91 FCRNAT(5HC**** ,5X,35HNC CONVERGENCE IN AECVE STEP TO X =,012. 5, 9FCERR 1 IC
12: 1 KITH H =,012.5, 1H,,5X, 4H»**»,/1CX ,22HTHE LIMITING ERRCP IS , CERR 120
13: 2C12.5,13h. IN EQUATION ,12//) CEFR 130
14: RETURN CERR 140
15: 20 K R I T E { 6,9 2 ) CERR 150
16: 92 FORMAT(5FC»*»*,5X,19FN.LT.0 .OR.' N.GT.20,5X,4H**»*) CERR 160
17: RETURN CERR 1 7C
18: 30 • k R I T E ( 6,9 3 ) CERR 1 EC
19: 93 FORMAT(5HC***»,5X,29HEP.LT.l.D-18 .OR. EF .GT . 1.0-2,5X,4H****) CEFR 19C
2C : RETURN CEFR 2CC
2 1 : 40 KRITE(6,94) CERR 2 IC
22: 94 FORMAT(5HC<4 * *,5X , 22HH*(XEND-XSTART) .LT. 0,5X,4H<***) CERR 220
23: RETURN CEFR 2 30
24 : 50 KRITE(6,95) CERR 24C
2 5: 95 FORMAT(5HC**** ,5X,21HH = C. .OR. XEND = XSTA PT,5X,4H****) CERR 250
26: RETURN CEFR 260
27 : 60 KRITE(6,96) CERR 27C
28: 96 FCRMAT(5HC*»**,5X,48HH.LT.(XENC-XSTART)/2**15 .CR. F.GT.tXENC -XSTACERR 2EC
29: 1RT),5X,4H*44* ) CEFR 290
30: RETURN CEFR 3CC
31: END CERR 3 IC



1: SL8RCLTINE DSE(TAtY , S , R,EPS,KONV) CSE 1C
2: IMPLICIT REALES (A-H,O-Z) CSE 2C
3 : C CSE 3C
4 : C CHECKS FCR CCUBLE PREC ISICN CCNVERGENCE USING CSE 4C
c * C SATANDARD ERRGR TESI CSE 50
6: C CSE 60
7: CCUBLE PRECISION TA,S,U CSE 7C
8: L = DABS(TA) CSE 80
9: IF(U .GT. S) S = U CSE 90

10: CALL CERR(TA,Y,S,R,EPS,KCNV) CSE ICC
11: RETLRN CSE I1C
12: END CSE 120
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1: SUBROUTINE ORE( TA,Y,S,R,EPS,KONV) ERE 1G
2 : IMPLICIT REAL*8 (A-H,C-2) CRE 20
3: C ORE 2C
4: C CHECKS FOR DCLBLE PRECISION CONVERGENCE USING ERE 4G
5: C RELATIVE ERROR TEST CRE 5 C
6 : C CRE 6C
7: COUBLE PRECISION Y,S CRE 7G
8: S = GA8S(Y ) CRE 80
9: CALL CERR(TAtY?S,R,EPS,KCNV) CRE SC

1C: RETURN CRE ICC
11: END CRE 110



1

1: SUSRCUT INE Dyi E ( TA » Y t S »R t EPS ♦ KONV ) CAE 10
2: IMPLICIT REAL»8 (A-HyC-Z) CAE 2C
3: C CAE 3C
4: C CHECKS FOR COUBLE PRECISION CONVERGENCE USING CAE 40
5 : C AESCLUTE ERROR TEST CAE 5 C
6: C CAE EC
7: COUBLE PRECISION S CAE 70
8: S = l.ODO CAE EC
9: CALL CERR (TA,Y»S»R»EPS»KCNV) CAE SC

10: RETURN CAE ICC
11: END CAE 110



1: SL8ROUTINE CERR(TA,Y»S,R,EPStKCNV) CEFR 10
2 : IMPLICIT REAL«8 (A-H,C-Z) CERR 2C
3: C CERR 3C
4: c PERFORMS DOUBLE PRECISION CONVERGENCE TEST CEFR 4 0
5 : c CERR 5C
6: DCLELE PRECISION TA,Y,S,R»EPS CERR 6C
7: LOGICAL KCNV CEFR 70
8: R = CABS (Y - TA) CERR EC
<3: Y = TA CERR SC

10: I F{S.LT.EPS) S = EPS CEFR ICC
11: IFIR.GT. EFS=»S)KCNV = .FALSE. CEFR 1 1C
12: RETURN CERR 12C
13: END CERR 130

cn



PACE 1

1: SLBRCUTINE NPCCSH(FEVAL , N,YSTART,XSTAR I,XEN0,H» EPS,DSE,COECLT) MPCD 1C
2: IMPLICIT REAL*8 (A-H,C-Z) MP CD 2C
3: INTEGL:R*4 ENCA MPCD 30
4 : CCU8LE PRECISION XSTART,XEN0,H,EPS,YSTART MPCD 40
5: UIPENSICN YSTART(Cl) MPCD EC
6: CIMENS ION ENCA(20) MPCD 60
7 : COMMON NCFNS MPEG 7C
8 : EXTERNAL FEV AL , DO ECUT,CSE MPCD E C
9: CALL ERRSETt208,999,-1,1) MPLC 9 0

10: CALL ERRSETC209,999,-1,1) MPCD ICO
11: 1CCC REAC(5,39C0,ENC=5000) ( ENCA(I), 1= 1,20) MPCD 1 10
12: NCFNS = C MPCD 120
13: 3900 FORMAT(20A4) MPEG 1 30
14 : UR ITE (6,3950 ) ENCA MPCD 140
15: 395C FORMAT! 1H1.2CA4) MPCC 1 50
16: REAC(5,40CC)N,X START,XEND,H,EPS MPLC 160
17: 4000 FORMAT! I 2,4X,4(C12.4,4X) ) MPCD 1 70
18 : READ(5,431C) (YSTART(I), 1= 1,N) MPCD 1EC
19: 4010 FORMAT! 5(D12.4,4X)) MPLC 190
20 : CAI L CCE(FEVAL,N,YSTART,XSTART,XEND,H,EPS,DSE,DDECLT) MPCD 2CC
21 : URITE(6,97) NCFNS MPCD 2 1C
2 2: 97 FORMAT! 1HC ,5x,36HTCTAL NC OF FUNCTION EVALUATION'S IS ,16) MPCC 220
23: CO TO 1000 MPCC 2 30
24 : 50CC RETURN MPCD 240
25: END MPCC 250
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r- L K I H A .'M

UDO I 
CCC2 
C C C
C C 6 S
CCC5 
C C C c 
GUC7
OGOfc

IV G LEVEL IS PAIN CATE = 74325 01/32/44 PAGE 0C01

IMPLICIT REAL*? (A-H,O-Z)
Cilf'ENSICN YSTART(2)
EXTERNAL FEVAL.SECCS ,CSE
CCMPCN /PRINT2/ SEL
SEL = 0.1 COO
CALL PPCCSeiFEVAL.N.YSTART.XSTART.XENC.F.EPS.CSE,SECDS )
STEP
END

M



rCKTHAN IV C LEVEL IS FEVAL LATE = 74325 01/32/44 PAGE CCC1

LOu I 
Luu? 
CCC3 
C C C 4 
CGOti 
CCC6 
CCC7

SLERCLTIh.E FEVALI Y,X,DY)
IMPLICIT REAL<E (A-H,O-Z)
Di FENSICA Y( 1 ) , L’Y ( 1 )
CCFRCA ACFAS
NCFNS = NCFNS + 1
ZE = CEXP(5C.CC0*( .5000 - (l.DOO/Yl 2))))
0Y(2)= -2.0C0*(Y( 2) - 1.75CG0) - 30.C00»(Y( 2) - 1.75CC01*

1(Y( 2) - 2.DCC) + Y( 1)*ZE
CCOd
CCCG
C01G

DY (I) = (1.000 - Y( 1) - Y( 1)*ZE)
RETLRA
END

co



PRCrtlt^ J.2 A STIRRliC TANK REACTCR WITH EXOTHERMIC REACTION.

Lt SCLLTICN rCR N = 2 ECLATlCNS FRCM XSTART = 0.0 
WITH LOCAL ERROR TOLERANCE EP = 1.CCC00D-05 AND INITIAL 
PRINTING OCCURS AT EACH NATURAL STEP IN TIME

TO XEND = 0.1CCC0D 02 
STEP SIZE H = 0.100000-02.

THE OUTPUT COLUMNS ARE X, Yd), Y(2),..., YIN)

C.11333CO7E12ASSSS0 CC 
0.2S7<.926757L'12-iU8C 00 
€.36723901367187470 CO 
C.5B185852C5C761210 CC 
0.87378778076171810 CC 
0.13116816711425770 01 
0.18225578765809120 01 
C.2333434082C312470 01 
C.29294503217163C5D Cl 
0.36248156013488730 Cl 
U.4436C68C94253535U 01 
0.56529468336105270 01 
0.70726386961936850 01 
0.89655611796378940 Cl 
O.ICOOCOOCCGCOCCOCO 02 

0.99688915425704080 00 
0.99289 11305563 1 120 CO 
0.9885513103139648C CO 
0.97646661535924690 00 
C.90525985883 1CC590 CC 
0.54334506062836300 00 
0.45329810151056060 00 
0.49096072719213990 CO 
0.501634C594138951C 00 
O.5CC3157327516672O CO 
0.49993172210196380 00 
0.5CC0C25178889163D 00 
0.5CC0004036273776D 00 
0.5OCCCG17783293240 00 
0.5CC0CC0198373969D CO

0.1754524729554151C Cl
0.17665236478179720 01
C.17E7911C77C32473D Cl
0.18462905205757830 01
0. 196168146744549CC 01
0.2C684344215531610 Cl
0.20019302386487280 Cl
0.19954181578564890 Cl
0.19993284610680780 Cl
C.2CCC1482487142820 Cl
0.2CCCC05115976391D Cl
0.19999996492746590 01
0.2CCCCCCC92654519C Cl
0.19999999329022910 Cl
0.2CCCC0CC143307240 01

TCTAL NC CF FUNCTICN EVACUATIONS IS 783
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APPENDIX D

This appendix contains:

1) Runge-Kutta-Merson algorithm (programmed using 

PL/1).

2) Solution of "The thermal decomposition of ozone" 

problem.

Note: Refer to IBM Scientific Subroutine Package for 

Runge-Kutta-Gill algorithm.
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P >5 G E 4

7£ : I M E G : P R C 0 CFTICNS(N/lIh); INTE 10
79: CCL XL B IN(53),PF4C ING CHAR(10C)t N FIXED, INTE 20
6C: (CELCUT,CELT, ER,FINTIM) EIN(53) EXT; INTE 30
e 1 : DELCLT ,DELT ,ER ,FIMIP = C; INTE AC
82: /NEXT: GET DATA ( FEAD I .\G , M ; PIT ED I T ( h E A C I NG ) ( PAGE , A ) ; INTE 50
2 2: EEGIN; CCL YC(M EIN(53), FUN ENTRY; INTE 60
E4: GET LIST(XC,YC) CCPY; PIT SKIP; INTE 70
2 5: GET DATA CCPY; /*DELClT,CELT,ER,FIMIN*/ INTE 80
26 : IF FINTIP=C 8 CELT=0 £ DELOLT=C THEN DELT=1E~2; INTE 90
27: IF ER=C TFEN ER=lE-3; INTE ICC
28: IF CELT = C £ FINTIP -> = C THEN DE LT= ( FI NT IP-XC ) /1E3 ; INTE 1 10
89: IF FINTIM = C THEN FINTIM = XC + DELT* IE 3 ; INTE 120
90 : IF CELCUT = C THEN CELCUT = CELT*10 ; INTE 130
9 1: CALL RLNGE(XC,YO,FLN ,N ) ; INTE HC
92: END; GCTC NEXT; INTE 150
93 : END INTEG; INTE 160
9A : * process; INTE 170
95 : tNCUFL ) : INTE 180
96 : RUNGE: PRCC(XC,YC,FUN,N ) ; INTE 190
9 7 : DCL (XC,YC(*) ,(Y,K1,K2,K3,K33,K4,YCLC,Y3)(N),H,CELSUM,EA , IR ) GIN(53), INTE 2CC
98: (IT,IIT,IITT) FIXED INITIO), I X , C E L P I N ) BIM53), INTE 210
99: FUN ENTRY I E IN(53 ) ,I *)BIN(53),I *)BIN(53)), INTE 220
CC: ( C E LC L T , C E L T , E R , F I NT I P ) BIM53) EXT, (I,J,N) FIXED; INTE 230
Cl: PUT ECITI •X‘, I *Y• , I DO 1 = 1 TC N) , *H • ) I SKIP,X(7),A(16), INTE 240
02: ( N ) ( A , F I 2 ) , X I 1 2 ) ) , A ) ; INTE 250
03: PIT ECITCACCLN. STEPS', 'NC.CF S T E PS •, ' RAT 10 ' ) INTE 260
C4: (X(7),A(12),X(3),A(15),X(3),A(5)); INTE 270
05: PUT SKIPI2); INTE 280
06: PUT EDIT(XC,(YC I I ) CC 1=1 TO N))I X(3),EI 12,5 ) ) ; INTE 290
C 7: DELMN = (FINTIN-XC)*lE-7; CE L SLF = C E LCUT ; H = CELT; EA=ER; INTE 3CC
08: x=xc; Y=YC; IT=-1; INTE 310
09: IITT = -1; INTE 320
10: PR: X=X+H; it=it+i; INTE 3 30
11: I ITT = IITT + 1; INTE 340
12: CC k'HILE (X)DELSUM ) ; IR = (DEL SUM-X+H ) /H ; Y3 = Y* I R + YCLD* ( 1-1 R ) ; INTE 350
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F C E c

I 13: PUT SKIP ED IT(DEL SUM,(Y3(I) DO 1 = 1 TO N) ,H)(X(3),E(12,5)); INTE 360
1 14: PIT EDIT( I ITT ) (X (5 ), F (6 ) ) ; INTE 37C
115: IF IIT>C THEN INTE 360
116: PUT EDIT!IT,1CO*IT/IIT) INTE 390
117: (X(6),F(3), X(7),F(3)); INTE 4CC
118: DELSLN=CELSLN+DELCLT; IT,IIT=O; INTE 410
119: ENC; IME 4 20
120 : IF EA < l.E-15 TFEN EA = ER/5. ; INTE 430
12 1: H=H*C.9*(ER/EA)**C.25; INTE 44C
122: INTEG: IF X>FINTIM THEN GOTO CUT; IIT = I IT + 1; INTE 450
123: IITT = IITT + 1; IME 46C
124: CALL FLN(X,Y,K1); K1=H»K1; INTE 47C
125: CALL FUN(X4H/2,Y + K1/2,K2) ; K2 = H*K2; INTE 480
126: CALL FUN(X-th/2,Y + K2/2,K3) ; K3 = H»K3; INTE 490
127: CALL FLMX4h,Y-Kl-t2»K2,K33); K33 = F*K33*. INTE 5CC
128: CALL FLN ( X-tH , Y + K3 ,K4 ) ; K4=H*K4; INTE 510
129: YCLC = Y; Y = YGLC + (Kl + 2*K2 + 2«K3 + K4)/6; INTE 520
1 30 : Y3=YCLL+(Kl+4*K2+K33)/6; INTE 5 30
121: E A= SC R T ( S IP ( ( Y ( 4 ) - Y3 ( » ) ) * *>2 ) ) ; IF EA<ER TFEN GCTC PR; INTE 540
132: IF H>CELPIN TFEN DC; IME 550
133: IF EA < l.E-15 THEN EA = ER/5. ; INTE 560
134 : F=H*C.9*(ER/EA)4».25 INTE 570
135: GCTC INTEG; INTE 580
136: END; ELSE DC; PUT ECITCTCO SMALL STEP S IZE REQUIRED,INTEGRATION IME 590
137: TERMINATED*)(SKIP(5),A); GCTC CUT; END; INTE 6CC
138 : GUT: END RUNGE; INTE 610
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fun: prcc (x,y,k); PAGE 2

S IPT LEVEL NEST
1 FUN: PRCC (X,Y,K);
2 1 CCL (X,(Y,K)(*))BIK(53) ;
j 1 CCL CK DINC53) INIT13.E00);
4 1 UCL EPSLCN BIM53) I M I ( 0.0102040816 32 EO ) ;
5 ! K(l) = - Ytl) - Y(1)*Y12) + EPSLON»DK*Y(2) 5
6 i k(2) = ( Y(l) - Y(l)*Yt2> - EPSLCN*DK*Y(2)l/EPSLON
7 1 END FLN;
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PM-HlEr' J.5 THE THERMAL U ECRMPO SI T I ON CF OZONE
C
1

UELCLT=1.
CCLT = lF.-4 
EP=lE-5
F iM 1P = 1CC ;

X V 1 Y 2 H ACCUr. STEPS NC.CF STEPS

C.CCCCCE + cc l.CCCCCE+CC C.GCOOOE+OO
l.CCCCCE+CC 1.5SS4 CE-C1 8.50221E-01 2.75445E-02 160 80 ICC
2.JCOCCE+CC 3.2723 1 E-C2 5.96S63E-C1 4.87246E-C2 216 28 100
1 .CCCLCE + CC 1.62147E-C2 3.8174RE-C1 8.19751E-02 248 16 ICC
A.CCOCCE+CC 9. ‘3 ‘jCO 9 E-G3 2.60172E-01 1.2S946E-C1 268 10 ICC
s.cuc^cr. + cc 6.6612EE-C3 1.92722E-G1 1.79822E-01 280 6 ICC
6.L00t)CFt0C 5.U8784F-C3 1.5183CE-01 2.3E824E-C1 290 5 100
7.COCCCL+CC 4.lC4HfcE-C3 1.24802E-01 2 .99558E-C1 298 4 ICC
ti.CUOl. CE+CC 3.4 3 6 7 J E- C 3 1.C5785E-C1 3.53408E-C1 304 3 100
9.U00uCE+CC 2.95122E-G3 9.16469E-02 4.13487E-C1 310 3 100
1.CCCCCE+C1 2.58768E-C3 a.0R7ti6E-02 4.55685E-0 1 314 2 ICC
1 . U'3;.Cl"»-C 1 2.3C2C7E-C3 7.23160E-C2 4.978G1E-01 318 2 100
1.2uC;;CE + u 1 2.0 7253E:-C3 6.53696E-C2 5.379CCE-C1 322 2 100
i. 5 c c c c► o 1 1.od4G3 L~03 5.96184E-02 5.73517E-01 326 2 ICC
1.4CCLCE+G1 1.72C63E-C3 5.4787CE-C2 5.89086E-01 328 1 IOC
1 , ■j J 0 U C' L + u 1 1.-J9428E-03 5.C7C23E-02 6.15221E-01 332 2 100
1.6GCCCF + C1 1 .4 79P. LL-03 4.71'544E-02 6.349 9 3E-0 1 336 2 ICC
1 . /COCCI' H 1 1. liMCCC-C'i 4.4C8C0E-C2 6 .423 iZE-Ol 3 38 1 ICC
1 . f r. c C + L I 1.294 !.:'i:-C3 4.13761E-C2 6.55247E-C1 34 2 2 LOO
i. >;cc-c;:i *c i 1.2 1 i’OGi.-O 1 3.893061:-02 6.6Gl22r:-Cl 344 1 ICC
2 . < C C C !• <• G 1 1. 14 S C L1 C - C 3 3.6H5C2E-02 6.67833E-01 348 2 IOC
2. KO.CErCl 1. G /■: 9 1 C F- C 3 3.4S3-33E-C2 6.7G87 7E-C1 350 1 100
2.2U(X0t+G L 1.03442E-03 3.32 1 19E-02 6.75 75 5F-CI 354 2 100
?. jCCC CL + C1 9.H4894E-C4 3.16480E-02 6.77707E-01 356 1 100
2.4J0..CE + C I 9. 39EE4E-C-4 3.02245E-G2 6.8C873E-01 360 2 100
2 . *"10 C. > C t + 0 1 8.9S829E-C4 2.8924 IE-02 6.82161E-C1 362 1 100
2.tCCvC:'.+ Gl 8.61119E-C4 2.77280E-02 6.84291E-C1 366 2 ICC
2 . TCOCLE + v1 8.2C55CE-C4 2.663C2E-02 6.85172E-01 368 1 100
2 -.ce+g i 7.94 49 I E-04 2.561 10E-C2 6.66644E-01 3 72 2 100
2.bCCCCc+U1 7.64992E-G4 2.46721E-02 6.872626-01 374 1 ICC
j.CCCCCC+Cl 7.374C7E-C4 2.37933E-C2 6.87819E-01 376 1 ICC
3 . L 0 0 G 0 E * 0 I 7.11938E-C4 2.29812E-C2 e.e e? 7 is-ci 380 2 100
3.2CCGCE+C1 6.88016E-04 2.22 178E-02 6.89 I76E-C1 382 1 IOC
4. ICCCCE + Cl 6.6574 1C-C4 2.15064E-02 6.89876E-01 386 2 IOC
■j .C.?, L C1" < C 1 6.44PC3E-C4 2.0837 1E-C2 6.SC184E-0L 388 1 100
3 . >a 01. C i <01 6.25199C-O‘t 2.O2O8HF-O2 6.9C723i:-Cl 392 2 100

tCC'-CL-rC I 6.0667EE-C4 1.96173E-02 6 .90957E-0 1 394 1 IOC
3 . 7U0LCF + G1 5.RS 22 5E-C4 1.9C584E-02 6.91370E-C1 398 2 100
3.t-.00GCf+Ul 5. /27S4E-C4 1.85319E-02 6.91557F-C1 4C0 1 100
3. ‘JCOGCE + C 1 E.57186E-C4 1.80315E-02 6.9189 1E--01 404 2 ICC
4 . C C G 0 C E < 0 1 5.424P4E-C4 1.756CCE-02 6.92039E-01 4 06 1 100
4 . IOOjCE + GI 5.28468E-C4 1.711C2E-C2 6.92175E-C1 4C8 1 100
4.2 C C C C L + u 1 5. I‘1210 8-04 1.66845E-02 6.92427E-C1 4 12 2 ICC
4 . JCCCCE + CI 5.O2E65F-C4 1.6278JE-G2 6.92545E-01 4 14 1 ICC
4 . 430u0u + U I 4.9C54CE-C4 1.58S19E-C2 6.S2751E-C1 418 2 100
4.50CI.CE + 01 4.790 74E-0X, 1.55234E-02 6.92842E-01 420 1 ICC
4 .ECOCCf + C1 4.68 1 17E-C4 1.51710E-C2 6.93019E-01 424 2 ICC
4*7C0_<Cl + CjI 4.57674E-C4 1.483506-02 6.931C3E-C1 426 1 LOO

RATIO
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U1} <, Ct U I A .■'> ZCSCL-OA 1 .45125L-02 6 .93249E-C 1 4 30 2 ICC
a . c c ■: c i. <• c: 6. JECGSt-CA 1.4205UE-C2 6.93314E-0L 4 32 1 ICC
b • C C C L C F *■ L I A..?l<SC‘;F-OA 1.3909 1L-02 6.93379E-Cl 434 1 100

. 1UCCCL + C1 A .20 12A E-OA 1.36261E-02 fc.935C8E-Cl 438 2 ICC
>• 2CCLCEt-Gl A. 1 16 7AL-CA 1.335 18C-02 6 .93566E-01 440 I ICC
5. jOOLCErC 1 A.U35E2F-CA 1. 1C924E-02 6.93664E-C1 444 2 100
5 .AuOuGlitG 1 3.95766E-OA 1.28410E-02 6.93714F-C1 4 4 6 1 100
5. LCCbCL-i-CL 3.8(:25 Il-CA 1 .259886-02 6.93816E-01 4 50 2 ICC
S.LGOiCEfUl 81C3 7E-CA 1.23660E-C2 6.9386CE-01 452 1 100
5. ZDO.jCErUl 3. /AC61E-CA 1.2 14 ICE-02 6.93934E-C1 4 56 2 100
5 - HOC C C L r u 1 3.67 36 5C-CA 1.19248E-02 6 .939736-01 458 1 ICC
S.-vCUoCE-rCl 3.6CE79E-CA 1.17156E-G2 6.94017E-01 460 1 ICC
6 .'..00 ..C'E + C 1 3.5A633E-0A 1.15139E-02 6.94092E-C1 464 2 100
t . 1 C C C C c + 0 1 3.A8592E-0A 1.13189E-02 6.94121E-01 466 1 ICC
c .zCCCCE + C1 3. A27‘jAE-CA 1. 113C3E-02 6.94182E-01 470 2 ICC
6.3 0 0 0 C E + 0 1 3.371 12E-CA 1.094600-02 6.94219E-C1 472 1 100
t . A C 0 C C F + i.i 1 3.3 16636—CA 1.07714E-02 C.94281E-C1 476 2 ICC
6 . SC C L CE* C 1 3.2c361E-C6 1.06007E-02 6 .94302E-01 478 1 IOC
6.6C0 ".Cr + Q 1 3.2123CE-C6 1.04349E-02 6.94324E-C1 480 1 100
G.. 7 J 0 v C l: + GI 3. 16276E-0A 1.02746E-02 6.94385E-C1 4 64 2 ICO
6.cCuCCt+Cl 3.1L656E-C6 1.01L89E-02 6.944 16E-01 4 86 1 ICC
6. >; u c c c e+c i 3.067PSE-CA 6.96796E-03 6.944536-01 490 2 100
7 .GOOUOE + Ol 3 .G2257E-06 9.82 140E-03 6.S447CE-C1 492 1 LOO
7. ICCCCr + C I 2.9 /I35 5E-C6 9.67902E-03 6.94526E-01 496 2 ICC
Z . 2 C C u C e * L 1 2.93583^-06 G.54C86E-03 6.94553E-C1 498 1 100
7.JU0oCE+0l 2.8962&L-CA 9 .4C632E-C3 6.9458 1E-C1 5 02 2 100
7.AC0CCt+01 2.85395E-0A 9.27586E-03 6 .945946-01 504 1 ICC
7 .CCCcCr K. 1 2. 1’ 1 A66F-CA 9.148646-03 6.94618C-01 506 1 ICC
I <(i 1 2 . 1 ! 6 6 H1 - 0 A 9.025 131 -03 6.94 6 ZU - Cl 5 10 2 100
Z. ZuOCCUbl 2.7 3928I--CA 8.90473L-03 6.946846-01 5 12 1 ICC
7 . .-CCLCi I C 1 2.7C IICC-CA F . 7 :• 7 5 7 E - 0 3 6.94ZU1E-01 516 2 ICC
7.5 C 0 J C E + u 1 2.6.678S3-0A E.67345E-C3 6.94723F-0L 518 1 100
8.CCCUCE+CI 2.6 33A8E-06 8.56215E-03 6.94773E-C1 522 2 ICC
e. ICCCCLi-Gl 2.6CCC6F-C6 8.45384E-03 6.947826-01 5 24 1 ICC
a.2C3UCEtC1 2.S67J6E-C6 E.34758E-03 6.94794E-CI 528 2 100
e. iuoucE+oi 2.93558E-06 8.245G4E-03 6.948156-01 530 1 100
E.ACCCCEfCl 2.9C651F-C4 8.14438E-03 6.94843E-01 532 1 ICC
H.COOvCE+ul 2.47A23E-CA 8.C4628E-C3 6.94869E-01 536 2 100
F-.tuO ./CE+C 1 2.44465E-CA 7.95C44E-03 6.94868E-C1 53 8 1 100
e.7CGCCE+C1 2.A1577E-CA 7.85685E-03 6 .9489 7L— 01 542 2 ICC
ti.F.COJCErC 1 2.3E75FE-CA 7.76549E-03 6.949256-01 544 1 ICC
8. YOGJOF + Ol 2.36CC IE-04 7.67611E-03 6.94945E-01 548 2 100
9. CCOCCt + C1 2.33 31 IE-04 7.58893E-03 6.949406-01 550 1 ICC
9. ICCCCEtC1 2.3C677E-C4 7.5C352E-03 6.94947E-01 552 1 ICC
9.200UOE+01 2.28 107E-CA 7.42C19E-C3 6.94999E-C1 556 2 100
9.3GCCCE+C1 2.25989F-04 7.33856E-C3 6.95016E-C1 558 1 ICC
9. -.CCCCE-i-C 1 2.23I2EE-C4 7.25877E-03 6.95005E-01 562 2 ICC
O.ouOcCE+Cl 2.2C 72CE-C4 7. 18068E-C3 6.95GUE-C1 564 1 100
9.60CGCE+01 2.lb362E-04 7.10421E-03 6.95067E-CI 568 2 100
9.7CCCCE+C1 2.16C57t-C4 7.02943E-03 6.95081E-01 570 1 ICC
9.8000CE+C1 2.137S5E-C4 6.95608E-C3 6.95C62E-C1 574 2 100
9.900LCE+G1 2. U58 6E-04 6.88439F-03 6.95066E-C1 576 1 100
1 ,CC0CCE*C2 2.09A 17E-C4 6.814C4E-03 6.95097E-01 578 1 100

if.ELACl FILE SYSIN - E.'.C CF FILE ENCOUNTERED IN STATEMENT CCC04 AT OFFSET +CCC9A FROM ENTRY PCINT INTEG
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APPENDIX E

This appendix contains:

1) Listing of FSTIME routine.

2) Usage of such a subroutine to determine the 

integration time for the "Mathematical model of human 

muscle-chemical aspects" problem with an error allowance
-3of 1 x 10 .
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PAGE 2

1 » FSTI^E FSTI 1C
2 FSTIPE CSEC7 FST I 20
3 * FAST TIME SUBROUTINE FOR IBM 36C/44 WITH THE FSTI 30
4 ❖ HIGH RESCLUTICN TIMER FEATURE. FSTI 40
5 USSAGE: FSTI 50
6 £ CALL FSTIME(Kl) FSTI 6C
7 FSTI 70
a * KI = AN INTEGER*4 VARIABLE IN WHICH THE CLOCK VALUE IS •FSTI 80
9 * RETURNED. FSTI 90
10 ❖ FSTI ICC
11 * NCTE: FSTI 1 10
12 * IN 0. S. OPERATING SYSTEM THE INTERNAL CLOCK IS RESET AT FSTI 120
13 * 6:C0 O'CLOCK AND AT MIDNIGHT. FSTIME DOES NOT CHECK FSTI 1 30
14 FOR THIS, SC DC NOT USE FSTIME AT THESE TIMES. FSTI 140
15 FST I 150
16 NCTE 2: FSTI 160
17 * THE CLOCK IS A DOWN COUNTER THAT IS DECREMENTED FSTI 1 70
18 ❖ EVERY 13.CC2 MICRO SECONDS BY A 76.8 KC CSC. SINCE THE FST I 180
19 CLOCK IS A DOWN COUNTER, ONE MUST SUBTRACT THE SECOND TIME FSTI 190
20 FROM THE FIRST TIME TO GET A POSITIVE TIME DIFFERENCE. FSTI 200
2 1 ♦ EXAMPLE : FSTI 2 10
22 CALL FSTIMF(Kl) FSTI 220
2 3 * C/UL FSTIME(K2) FSTI 2 30
2 4 * KTCTAL = KI - K2 FSTI 2 40
25 $ TIME = KTOTAL * .CCC013 FST I 250
26 * THE TIME DIFFERENTIAL IS IN 'TIME' IN MICRO SECONDS. FSTI 260
2 7 * FSTI 270
28 EXECUTION TIME - MICRO SECONDS FST I 280
29 L 1,0(1) 2.25 FSTI 290
3 0 L 0,80 2.0 FSTI 300
31 ST C,G(1) 2.25 FSTI 3 10
32 BCR 15,14 1.75 FSTI 3 20
33 * FSTI 33C
34 * TOTAL TIME =8.25 FSTI 340
35 END FSTI 350

MCO



f//! I N CAIE = 74324 22/27/11 PAGE CC01rr.R l.-'.AM IV G LLVlL is

c -------------------------------------------------------------------------------------- ------------------------------------------------------ ETSS 30

c ETSS 50
CGO1 IMPLICIT REAL*E(A-H,O-Z) ETSS 60
CC02 REAL»8 KPR1PE,KA,KC,KU»KV»K,KZ,KO,MTMO2, MrMCC2,KCSHM ETSS 70
CUG5 f-.EAL^A PR IRA

C ETSS 80
CCC4 CCPPCN/BLCCKl/hCRIT,BETAP,BETAErRfCPAX,ALPHAC,ALPHAO,HB,ABN2,AIN2 ETSS SC
CCO5 CCPXCN/RLCCK2/KPRIPE,KA,KC,KL,KV,K,KZ,KO ETSS ICO
UGU6 CCP'-‘CN/BLCCK 3/PCO 2 AM, HCO3AM , CAR BAM , PC2AP ,CC2AP,PN2AP ETSS 110
CCC 7 CCPPCK/eLC.CK4/PCC2P,HCO3PM,CARBM, PO2M ,CO2M , PC 2PC, PSCM ,HCC3SM ,HSM , ETSS 120

1PCCP ,HCC3CP ,HCP,PSOP,PSOPC ,PCCP,PCCPC,PN2P,PA2PC,PSAP,PSKPC,PCNM, ETSS 13C
2PCAPC ETSS 140

CC08 CCPPCh/BLCCK5/YP(8,11) ETSS 1 50
CCCS CCPPCN/8ICCK7/BETASP,BETACP.VSP,VCP.CSPCM,DCSCM,OPSOP,CSCCM, ETSS 160

1 CP, VPB , CPPAX,DPSNM,DSCNP,PTMC2,MTMC02 ,TCSP,RCSM,RSPM,OSPBP, ETSS 170
2 CSPHP,CCSBP,KCSHM,FM ETSS ieo

CC1G CCPPCN/HLCCK8/FFTIP ETSS iso
Coll CCPPCN /HLCCKS/ FSEL,SPLP , DSEL , SEL ETSS 2C0
CC12 CCPPCN/liLCK IC/J EISS 210
CC13 CCPPCA/2LCK11/T ETSS 220
CC14 CCPPCK/BLCK12/UELT ETSS 230
CO 15 CCPPCN NOFNS ETSS 240

C ETSS 250
CClt EXTERNAL D1FFLA,PECERV,CUTP ETSS 260

C ETSS 270
*

c ETSS 2SC
c ETSS 300

00 17 «;■< IT E ( 6,6 10 )
LC18 610 FCRPAT(lhl,/lX,36(«*')/

I 1X,'*PRCELEP 3.7 A BICLCG1CAL SYSTEM*1/
I IX,36( '*')//)

CC19 CALL CATA ETSS 310
C ETSS 320

CC20 TIPE=C.CDCC ETSS 330
CI; 2 1 SEL = 16.0DC0
CC22 FTIPE=16.CCCO . ETSS 350
Cu2J FFT!P=?.C5DCC ETSS 360
G024 DELT=0.C5CCC ETSS 370
COES PRIRA = SEL/CELT
CC26 KCS = 0
CC27 T=C.CUCC ETSS 380
0028 SPLM=O.ODCO ETSS 390

C ETSS 4C0
c ETSS 4 10

c ETSS 430
C**<l*<lV<‘**'***V»*************'*****,61***1***********************************
C» TAKE THE READING OF THE TIMER BEFORE STARTING INTEGRATION *

— — - — — — — — — — — — — —
c 

G029 CALL FSTIME(KRTI)
C
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CCC2C H r A N IV C LEVEL 15 MAIN CATE '■= 74324 22/27/11 PAGE

C030 c IKSPLM .E«. C.CDCC) CALL INTAL ETSS 450
uO.;l SPLM = SPLM+C.ELT ETSS 460
CC 32 IKSPLM .GT. FUME) GO TO 40 ETSS 470
CC3 i IFIDABSISPLM-FFTIM) .LE. O.OOOICOO) GC TC 2 ETSS 4EC
C C "3 A GG TO 1 ETSS 490

c ETSS SCO
CC 55 2 CONTINUE ETSS 510
CC 3 6 CALL FORCE ETSS 520

C ETSS 530
CC J 7 1 CONTINUE ETSS 540
v'J 3lj IFIKCS .LT. IFI X(4.EGO*PRIRA) )GC TC 1 1
cC3'; KLS = 0
CCAC kRITE(6,215)
CCA 1 215 FORMAT!1U1///)
C0A2 11 CONTINUE
0043 KOS = KOS + 1

C ETSS 550
C -ETSS 560
c ETSS 570

CC44 CALL MUSCLE ETSS 580
C ETSS 590
c -ETSS 600
C ETSS 610

CC45 GG TC 5 ETSS 620
c ETSS 630

GC46 AU CENT INUL ETSS 640

c* TAKE THE READING CF THE TIMER AFTER THE INTEGRATION IS OVER *
c--------

CCA 7 CALL FSTIMEIKRT2)
c
C^t’^^^^^^3*****^*********************************************************
c» CALCULATE THE ELAPSED TIME AND PRINT IT CUT ♦

OCA 8

c---------
c

KTCTAL '= KRT1 - KRT2
C C A 9 TIMEl= KTCTAL*13.020-06
C v 5u hRITE(6,5555)TIMEI
Cl)5 1 5555 FCRM.ATI///20X,‘THE INTEGRATION TIME IS:1, 015.7, 2X, 1 SECONDS')

C
CC52 STEP ETSS 7CC
CO53 END ETSS 710
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MUSCLE DATE = 7^t32A 22/27/11 PAGE 0001FORTRAN IV G LcVLL 19

CCC 1
C

SLr’RCLTINE MUSCLE MUSC
MUSC

10
20

C MUSC AC
C MUSC 50

C002 IMPLICIT REAL*8(A-H.O-Z) MUSC 60
COG 3 REAL*8 KPRIME.KA , KC,KU,KV,K,KZ,KO,MTMC2,MTMCC2,KCSHM,MTMM02 MUSC 70
CCGA RE AL* 8 INTAMA,INTAMM,,MM.,MMSfMMC MUSC 80
000 5 REAL*8 L1,L2 MUSC 90
C0C6 REAL*4 PW,PPW MUSC ICO

c MUSC 1 10

c MUSC 130
CCC7 CCMMCM/BLCCKl/HCRIT,BETAP,GETAE,R,CMAX,ALPHAC.ALPHAO, EC, ABN2,ATN 2 MUSC 190
ecus CCMMC\/bLCCK2/KPRlME,KA,KC,KL,KV,K,KZ,K0 MUSC 150
UUC9 CCMMCN/BLOCK 3/PC02AM,HCO3AM,CARBAM,PO2AM,C02AM,PN2AM MUSC 160
CC10 CCMMCA/ELCCKA/PCC2M,HCC3PM,CAR8M,P02M,CC2M,PC2M0,PSCM,HC03SM,HSM, MUSC 170

1PCCM., HC03CM, HCM,PSCM,PSGMC,PCCM,PCCMC,PA2M,PA2MC,PSNM,PSARC,PCNM, MUSC 180
2PCAMC MUSC 190

ecu CCMMCA/BLCCK5/YM(8,11) MUSC 2C0
00 12 Cf.MMCN/BL OCK 7/RE T A SM., BE T ACM , V SM , VCM , OS PC M , DC SCM , OPSCM , CS COM , MUSC 2 10

1 CM,VMH.CMMAX,DPSNM,DSCNM,MTMO2,MTMCO2,TCSM,RCSM,RSPM,OSPBM, MUSC 220
2 CSPHM,CCSBM.KCSHM,FM MUSC 230

ecu CCMMCUVBLCCK8/FFTIM MUSC 290
U <r 1 *t CCMM.CN /HLCCK9/ F SEL , SPLM , DSE L , SE L MUSC 250
C 0 I 5 CCMMCA/BLCK10/J MUSC 260
CC LC CCMMCr-.VIiLCKU/T MUSC 27C
CUI 7 CCMMCN/BLCK12/DELT MUSC 280
coie CCMMCN ACFNS MUSC 290

c MUSC 3C0
0019 DIMENSION SAVE!12,11) ,YMAX(11),YF(11),ERROR(11),PW(121), MUSC 310

1 PPk(121),LLL(ll),M.MM(ll) MUSC 320
c MUSC 330

CC2C EXTERNAL DIFFLN,PEOERV,GUTP MUSC 39C
c MUSC 350
c
c MUSC 370
c MUSC 380

Lo21 IF(T .EQ. O.OCCO) CO TO 111 MUSC 390
CC22 GC TC 222 MUSC 9C0
UC2 3 111 NCFNS=C MUSC 9 10
GC2<» 0 = 0 MUSC 920
CG2 5 JSTART=O MUSC 9 30

c MUSC 990
c PARAMETERS FOR GEAR • S SYSTEM MUSC 950
c MUSC 960

CC2C FSEL=SEL MUSC 970
0027 N=ll MUSC 980

MUSC 990
c PARTIAL DERIVATIVES PROVIDED ANALYTICALLY IN PECERV MUSC SCO
c MUSC 510

0028 MF = 1
c MUSC 530

C029 HMIN=1.CD-1C MUSC 590
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F C r < Ar; IV C- LcVi_-L IV MUSCLE DATE = 74324 22/27/11 PAGE 0002

CD 30 CPS = 1.C0-C3
L0 31 MAXi.Ef? = 6 MUSC 560
CC 12 HMAX=DELT MUSC 570
CCS 1 DSEL=DCLT MUSC 5F0
C C J zi 11= 1.CD-C4 MUSC 550
cess DELIA = CSEL MUSC 6CC
cc st DC 1C 1=1,11 MUSC 6 10
uJ3 7 YMAXd ) = 1.CDCC MUSC 620
COSS 1C COM INUE MUSC 630
cc ss 222 CCATINUE MUSC 640

C MUSC 650
G040 IFtT .GT. O.OCCO) H=OELT MUSC 660
CC41 IF(DZBS(T-FFTIM) .LE. DELT) H=l.00-04 MUSC 670

C MUSC 6EG

C MUSC 7C0
C0,t2 CALL MPGRM2(N,T,YM,SAVE,H,HMIN,HMAX,EPS,MF,YMAX,ERROR,KF LAG, MUSC 710

1JSTART.MAXCER ,PW,PPW,ILL,MMM,YF.DELTA,CIFFUN,PECERV,OLTP) MUSC 720
C MUSC 730

MUSC 750e—V#
c MUSC 770

CC4 3 ICO CCNTINUE MUSC 7E0
c MUSC 7SC

CCA A RETURN MUSC 8C0
CO AS ENC MUSC 8 10



»ptiLL-lJ-P 3.7 A HICLCCICAL SYSTEM* 
**»»¥**¥v4<V-vyx4*v<<v*4:wy*-<<*»**X<*****4

NL^cRICAL INTEGRATICN SCI. (GEAR) :

TIME = 16.000 STEP SIZE = 0.5C0C00-C1 DE. EV. = 1014 ACCOM. STEPS = 969 H = 0.109570-01

PCC2N = C .4865275004570 02 HCC3PM = 0.2622960999290-01

PSCM = 0 .5011079934460 02 HC03SM = 0.2821255206410-01 HSM = 0.4211443015550-07

PCCM = 0 .5397403131500 02 HCC3CM = 0.1216895976480-01 HCM = 0.1056613765850-06

PC2M = 0. 3229172772570 02 PSOM = 0.2732063251770 02 PCCN » 0. 1240664024800 02

THE INTEGRATION TIME IS : 0.63699370 02 SECCNDS
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