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ABSTRACT

Mechanisms that describe the formation of photochemical smog are devel-
oped using a computer modeling technique directed toward the simulation of
data collected in two smog chambers: an indoor chamber and a dual outdoor
chamber. The results of simulating 164 different experiemnts are presented
in Vol. I. Individual compounds for which specific experiments were simu-
lated and mechanisms developed include the following: formaldehyde, acet-
aldehyde, ethylene, propylene, butane, and toluene. Experiments in both
chambers were simulated for all these compounds. The mechanisms reported
describe the decay of the precursor organic compound, formation and decay of
secondary organics, conversion of nitrogen oxides, formation of nitrates,
and the appearance and decay of ozone. Special emphasis is given to the
chemistry of toluene. Also included is a study of a generalized smog-based
or carbon-bond mechanism developed in a previous study. Vol. II contains
the user's manual and coding for a chemical kinetics computer program, .CHEMK.

This report was submitted to the U.S. Environmental Protection Agency
in fulfillment of Contract No. 68-02-2428 by Systems Applications, Incorpor-
ated. This report covers the period 23 August 1978 to 23 August 1979, and
work was completed as of 23 August 1979.
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SECTION 1
INTROCUCTION

Calculation of the time-dependent concentration profiles of a number
of reacting species in a complex reaction mechanism is central to the
science of chemical kinetics. Such calculations allow the validation of
kinetic schemes and reaction rate constants through the comparison of
predicted concentrations with experimental data. The need to rely on
approximation methods such as steady-state assumptions, quantum yields,
and a "rate-determining step" in making these calculations adds uncertainty
to predicted concentrations and could possibly conceal inaccuracies
in the kinetic mechanism if the experimental data were highly scattered.
These approximation methods are also time-consuming in that the user must
formulate them and evaluate their impact on the predictions.

Work by Whitten (1974) and Overton (1976) led to the development of
fast and efficient computer programs that make complex calculations common-
place. These computer programs integrate the system of ordinary differen-
tial equations (ODEs) associated with a kinetic mechanism, given a set of
initial conditions. The method used to integrate the system of ODEs was
developed by Gear (1971) and modified by Hindmarsh (1974). Initial work
by Whitten (1974) led to the development of a computer program that could
handle 50 chemical species and 200 chemical reactions. That program,
CHEMK, used the modified Gear routines documented by Hindmarsh (1974).

Since that time Spellmann and Hindmarsh (1975) have modified the Gear
routines to handle sparse matrices. The Jacobian, or the matrix of partial
differential equations, associated with a given chemical kinetic mechanism
is usually sparse, meaning that it contains more zero elements than non-
zero elements. Thus, the use of a routine designed specifically for sparse
matrices would increase the efficiency of the computer program CHEMK in
terms of central processing (CP) time. The work of Spellman and Hindmarsh




and oqur experience with the limitations of the first versions of CHEMK led
us to modify CHEMK.

In this report, we present a new version of CHEMK that can handle
chemical kinetic mechanisms containing up to 89 species and up to 200
reactions. The new version can also handle photolysis rate constants and
temperatures that vary with time, and reaction schemes with stoichiometric
coefficients. The Gear routine used is that of Spellmann and Hindmarsh
referred to above.

The version of CHEMK documented in this report requires approximately
44000 decimal words to load on a Control Data Corporation (CDC) 7600 com-
puter. The efficiency of the new program has been increased about a factor
of 3 from the original versions of CHEMK. Rather than present a detailed
description of the program and its various routines, the emphasis in this
report has been placed on providing a description of program inputs and
options available to the user. A complete program listing is provided in
Appendix A. Appendices B and C give the input data for an example run in
the CHEMK and the EPA format, respectively. Appendix D gives the output
of that example run in EPA format, and Appendix E provides an example of
variable photolysis and print options.



SECTION 2

CHEMK INPUT

A brief description of each data input card and its argument 1ist is
given below. Both initial program specification and modified operation
are treated in this presentation. The data input flow is illustrated
schematically in Figure 1.

BASIC INPUT FOR A NEW PROBLEM

General Data Card

The arguments that can be entered on this card are:

> The last number of the reaction sequence.

> Choice of reaction format.

> Print option to print only instantaneous concentrations
at specified intervals.

> Dilution factor.

> Number of time intervals in which the photolysis rate
constants are changing.

> The time interval of each photolysis number.

> The number of photolysis reactions.

> The number of temperature values.

> The time interval of each temperature value.

> Option to plot the photolysis values as a function of time.

The last number of the reaction sequence should correspond to the number
on the last card in the reaction scheme, even though it is not the highest
reaction number. The next parameter (choice of reaction format) is to
enable users of EPASIM (Overton, 1976) and users of the first versions of
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CHEMK to use the current version of CHEMK. A more detailed discussion of
this option is presented in the section on kinetic mechanism cards.

An option has been added to the CHEMK program that will control the
printing of the species' net rates of formation and the net rates of reac-
tion. When this option is not used, only species concentrations are printed
at specified time intervals.

To activate this option so that species net rates of formation and
net rates of reaction will be printed at the same specified time intervals,
the user enters any alphanumeric character anywhere in columns 11 through
14 of the General Data Card.

The dilution factor represents a constant dilution rate for every
species such that:

dC,
@ - 0 (1)

where

Ci = concentration of species i

D = dilution factor.
In many experiments all species are being diluted by a common first-order
factor. If this factor is entered in the third field of the General Data
Card (the one that identifies the last reaction and on all subseguent

appearances of such a card), then this option will be activated. If one
species (e.g., 02) is part of the dilution gas, a first order "flow out"”
(e.g., 02, the only reactant with no products) reaction with a negative
rate constant equal to the dilution factor will cancel the dilution for

such a species.




The next three parameters (number of time intervals in which the
photolysis rate constants are changing, the time interval of each photoly-
sis number, and number of photolysis reactions) are used to input the con-
ditions of the time-varying photolysis rate constants. If a blank or zero
is entered for the number of time intervals, then the time interval and
number of photolysis reactions should not be entered. If the number of
time intervals is nonzero then the first card after the General Data Card
should contain the vector of reaction numbers that identify the reactions
with varying photolysis rate constants. Up to seven numbers may be placed
on each card.

The next card(s) will contain the initial photolysis value and the
values at the end of each time interval. If, for example, the user inputs
5 as the number of time intervals and 60 (minutes) as the time interval,
then six photolysis values should be entered on the card (one for the
initial value and one for every 60 minutes thereafter). Up to seven
photolysis values may be entered on one card. The total time in which the
photolysis rate constants are changing in the above example is 300 minutes.
If the simulation is carried for a longer period of time (e.g., 600 minutes)
then all photolysis rate constants are set to zero after 300 minutes. The
maximum number of time intervals is 97 for each simulation. If more values
are needed the MORE option may be used (see section on MORE option).

If the number of temperature values is nonzero, the next set of cards
is the vector of temperature values (initial plus the end of each time inter-
val specified on the General Data Card). The format for the temperature
values is similar to that for the photolysis values. All temperature values -
must be in units of degrees Keivin (K). A1l activation energies entered on
each reaction card must also be in units of degrees Kelvin. The temperature
at each specified printout time is printed with the rest of the species
under the column TEMP.



If the user wishes to obtain a plot of the photolysis values as a
function of time, then a nonzero value is declared in columns 56 to 60.
A Tine printer plot is produced at the end of the species concentration
versus time profiles. This option should be activated only when the plot
option is declared.

2. Kinetic Mechanism Cards

Each chemical reaction in the mechanism must be entered individually.
Entry requires (1) that the reaction be numbered, (2) that its components
be specified in alphanumeric form, and (3) that the rate constant at 298K be spec-
ified. If the reaction is temperature-dependent, then the activation energy
(in degrees Kelvin) can also be specified. A maximum of 200 reactions is
allowed by the program.

The user has a choice of two different input formats for the reactions.
To accommodate users of EPASIM (Overton, 1976) CHEMK allows nonunity stoichi-
ometric coefficients for the products of the reactions. The reaction input
format described in EPASIM and summarized in Table 1 is available for users
of EPASIM and the current version of CHEMK. A maximum of three reactants and
three products (with stoichiometric coefficients) are allowed under the
EPASIM format. To use the EPASIM format, the user must enter a nonzero value
in the second field of the General Data Card (see preceding subsection).

Reaction identification numbers are not used under the EPASIM format
as described by Overton {1976). Therefore, we introduced this parameter in
columns 17, 18, and 24 of the reaction card. The first field represents the
reaction number from 1 through 99. If the user has more than 99 reactions,
a modulus factor must be specified in column 24 to convert the reaction num-
ber to a number greater than 100. For example, a reaction identification
number of 13 is given on the reaction card in columns 17 and 18 while column
24 is left blank. A reaction identification number of 123 is given on the



reaction card first by input of 23 in columns 17 and 18 and 1 in column 24.
For reaction 200, columns 17 and 18 are left blank (representing zero) and
a 2 is entered in column 24.

For users of earlier versions of CHEMK and new users a different reaction
input format is available. A maximum of three reactants and four products
(without stoichiometric coefficients) is allowed under this format.

For the reacting species, any combinations of letters and numbers can
be used to identify the individual entries with the exception that the letter

M is exclusively reserved to designate the total pressure and TEMP is reserved
for the temperature. '

To specify a "flow in" reaction, that is, the continuous addition of a
particular species, a reaction with only products can be used where the reac-
tion rate k is equal to the flow rate. A reaction with a reactant but no
products implies a first-order "flow out" process.

When preparing the data, one must ensure that the rate constant is in
units consistent with the order of the reaction as specified in the reaction
mechanism. Instead of input of a rate constant for each photolysis reaction,
a photolysis ratio is entered when variable photolysis is used (see the section
on the General Data Card). This ratio is the ratio of the actual photolysis
rate constant to the photolysis values entered on the card{s) following
the General Data Card. For example, if the user inputs photolysis values,
then each of the photolysis reactions will have a photolysis constant
determined at each instant in time from the product of the interpolated
photolysis value and the ratio entered on the reaction card. All photol-
ysis values must be declared on the card after the General Data Card,
as discussed earlier. Therefore, for example, if the photolysis values
represent.NO2 photolysis rate constants, then the NO2 photolysis reaction
identification number must be declared and a value of 1.0 entered for
the rate constant. It is also wise to keep in mind the following points:



> HO2 and HOO will be treated as different species.

> 2NO will be treated as a new species and not as two NOs
unless the EPASIM format is used.

> The maximum number of different species is 89.

Title Card

Each simulation is titled by entering the desired notation in columns 1
through 28 of this card. Anything may be entered in the first four columns
of this card with the following exceptions:

> A1l blank: This card will terminate the program.

> CONT: This is an option indicating that concentrations and
species from a previous run will be used as initial con-
ditions for a new run.

> MORE: This choice indicates that new reactions or new photo-
lysis and temperature values are to be added.

> PLOT: This entry activates the plotting routine.

Qutput Specification Card

The first two items on this card specify the number of reactants with
nonzero initial concentrations and the number of integration steps between
print cycles. Normally, the program suppresses the printing of the concen-
trations of all species as a function of the integration steps. However,
the user may key the output to the frequency of the integration steps by
entering a negative number of sfeps between print-outs in the appropriate
slot on the data card. Thus, if the user enters a value of -5, the pro-
gram will print the instantaneous concentrations every 5 iteration steps.
If the user only wants concentrations printed at specified intervals, then
this option should not be activated (i.e. leave this slot blank). To
obtain output at specific times, the user enters the initial print time
and then either a fixed time increment or a fixed multiple to be used
between subsequent printings. For example, a user may specify an initial
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print time of 10 minutes and set the time increment at 10 minutes. In
this case, output will be printed at 10 minutes, 20 minutes, 30 min-

utes, and so on. Or the user may specify an initial print time of 10 min-
utes and then set the print multiple at 2, in which case output is pro-
vided at 10 minutes, 20 minutes, 40 minutes. 80 minutes, and so on.

Initial Reactant ldentification Card(s)

The vector containing the aiphabetic designation of all reactants with
a nonzero initial concentration is given on this card(s).

Initial Reactant Concentration Card(s)

The initial concentrations of all reactants, in appropriate units, are
provided on this card in the same sequence as species are entered on the
Initial Reactant ldentification Card(s).

Time Specification Card

The simulation starting time and ending time are the first two arguments
on this card. Their time unit should be identical to that used to specify
rate constants. In addition, the absolute temperature and the error toler-
ance for the integration step may be entered on this card. Default values
of these parameters are 298K and 10'2, respectively.

After each simulation the user may choose the following options:

> Start a new simulation with the same mechanism by first
inserting a new title card.

> Terminate the program by inserting a blank card.

> Provide a new or changed reaction sequence and start a
new calculation using the MORE option.

10



- Continue the calculation using the current results but
with some parameter changed using the CONT option.
Plot the computed output using the PLOT option.
A11 of these possibilities are discussed in the following section.

PROGRAM OPTIONS

More Than One Computation

Rather than enter a terminating blank card, insert a new title card
followed by a new set of initial condition data. The new data will provide
computational results using the previously specified reaction scheme.

To Continue with Previously Calculated Species

If the new title card has CONT in its first four columns, the species
from the previous calculation and their concentrations will be used as initial
conditions for a problem in which either new reactions are entered or the
temperature or error tolerance is changed. The next card must in this case
be the time specification card, having the starting and ending times, error
tolerance, and temperature.

New or Changed Reactions

To introduce either new or changed reactions into the kinetic mechanism,
enter a card with the word MORE punched in co1%ﬁes 1 through 4 followed by
the set of cards used for specifying the changes in the kinetic mechanism.
This set includes a first card similar to the General Data Card. Any
parameter controlled on the original General Data Card can be changed
on this new version. The difference between this card and the original
is that all blank fields will default to the parameters controlled on
the original card or to the present values changed by previous uses of

11



the MORE option. For example the dilution factor may be the only change
desired. To accomplish this a MORE card followed by a card with only the
new dilution factor in columns 21 through 30 would be used. The next
card in this example might then be a CONT to continue the previous cal-
culation or a new title to start an entirely new calculation with the
same mechanism modified only by the new dilution factor.

The most frequent utilization of this option is typically for addi-
tions or alterations tc the original mechanism. To alter any reaction a
new reaction card is entered with the same identification number as the
original. The new card must contain the complete reaction in its new
form since it will replace the original. New reactions must have identi-
fication numbers not previously used in the original mechanism. In any
case the identification number of the last reaction card to be read in at
this time must appear on the new General Data Card in columns 1 to 3.

A new variable photolysis vector, a new variable temperature vector,
or a new set of photolysis reactions controlled by the variable photolysis
vector can also be introduced using this option. If a new photolysis reac-
tion is to be added to the original set that varies with the time dependent
photolysis vector, then the entire new set, inciuding both the originals
and the new additions, must be read in.

Plot Option Card

At the end of the computational cycle, a card with PLOT in its first
four columns must be entered. This signals the program that the plot option
is to be used and plot data are to follow.

Plot Title Card

If a plot has been selected by entering the word PLOT on the above card,
then the user must supply a plot title card, which may have storage option

12



entry and an option to print the species concentrations at certain time steps.
The storage option entry determines whether the plotted output will be stored
on a tape file for later access. If the output is to be stored, the user need
only insert any nonzero number in the option argument space.

The data is stored on a file titled TAPE 7 in unformatted form. The
following parameters are written to the file TAPE 7:

> NTIT--The plot title.

> NAME(L)--The Lth species being plotted.

> CLOW--The lowest concentration entered on the plot
specification card.

> CHIGH--The highest concentration value entered on the
plot specification card.

> TLOW--The lowest time value entered on the plot
specification card.

> THIGH--The highest time value entered on the plot
specification card.

> NDAT--Number of observed data points.

> NPNT--Number of calculated data points.

> (TIME(J),J=1,NDAT)~-The vector of time values of the
observed data.

> (DATA(J),J=1,NDAT)--The vector of observed
concentration values.

> (SAVTIM(J),J=1,NPNT)--The vector of time values of
the calculated data.

> (SAVCON(L,Jd),J=1,NPNT)--The vector of calculated concentrations.

The twelve parameters are written with a single WRITE statement and should
be read in the same manner.

If the user is interested in the actual concentrations of the species
being plotted, then a nonzero value entered for this option will activate the

13



printing of the actual concentrations at the times closest to every one-
eightieth of the total simulation time. Thus, if the total simulation time
is 400 minutes then calculated concentrations at 5-minute intervals are
printed.

Plot Specification Card

The plotting routine can handle up to three species on one piot. This
is done by specifying the number of species to be plotted on the plot speci-
fication card. The information entered on this card is: The number of spe-
cies to be plotted, the concentration labels for the vertical axis (five labels
must be entered), the lowest and highest values of the concentrations, and
the Towest and highest values of the integration time.

Species Information Card

This card contains the name of the species to be plotted (the species
identification code), the number of data points to be plotted from experi-
mental data, and the plot output symbol. If the number of experimental data
points is zero, the next card is not entered. A species identification card
must be entered for each species to be plotted.

Experimental Plot Data Cards

A unique feature of the PLOT program is its ability to overlay
experimental data over a computer concentration profile. To do this, pairs
of time and concentration values must be entered for each species. Four
pairs of these values appear on each card, and the number of entries corres-
ponds to the value specified on the previous data card.

End of Plot Data Card

A blank card must be entered to signal the end of the plot data. The
next card can start a new simulation.

14



End of Program Card

A blank card entered instead of a new title or option card ends the
program.

Table 1 provides an individual description of each data card, its
argument list, format code, and column entries.

Calculation of the Round-Off Error

The variable UROUND in block data ALPHA1 should be set to the round-
off error associated with each computer system. Currently, UROUND is set
to the round-off error of 7.5 x 10']5 associated with a CDC 7600 computer
system. To reset UROUND, the card (W.16) in block data ALPHA1 should be
changed:

DATA UROUND/user's round-off error/ (card W.16)

UROUND is calculated from the number of significant digits (N) used
for the mantissa of a floating point constant:

UROUND = 27N
For example, on the UNIVAC 1110 computer, each word contains 36-BITs of

which 27 are used for the mantissa. Thus, 2'27 is equal to approximately
7.5 x 10™°. This is the value required for UROUND in CHEMK.

15



TABLE 1. INPUT CARD DESCRIPTION

Card Column Format Description
General Data Card 1-3 13 Last number of reaction sequence
6-10 15 Choice of reaction input format:
Nonzero=EPASIM, default=CHEMK
format
11-14 A4 Print option for net rates of

reaction and species rate of
formation: default=printing is

suppressed
15-20 -- Not read
21-30 F10.0 Dilution factor
31-35 15 Number of photolysis time units
36-40 15 Time interval of each photaolysis
time unit
41-45 15 Number of photolysis reactions
46-50 15 Number of temperature time units
51-55 15 Time interval of each temperature
time unit
56-60 -- Option to plot photolysis values
as a function of time
61-80 - Not read
Next card(s) 1-10 7110 If there are variable photolysis
11-20 rate constants, the reaction
21-30 jdentification vector identify-
. ing number of each photolysis
. reaction is read here
61-70
71-80 -- Not read
Next card(s) 1-10 7F10.0 The initial photolysis and the
11-20 value at the end of each time
21-30 unit. If photolysis occurs for
31-40 N units of time, then there
. should be N+1 photolysis values
61-70
71-80 -- Not read

16



Table 1 (Continued)

Card Column Format Description
Next card(s) 1-10 7F10.0 If variable temperature is
11-20 used then the temperature
21-30 values are read here. If
31-40 there are N units of time
. in which the temperature
changes, then there should
. N+1 temperature values
61-70
71-80 -- Not read
Kinetic Mechanism Card 1-4, Ad The names of the reactants
(EPASIM format) 7-11, A4 (up to three are allowed)
13-16, A4
17-18 I2 The identification number
of the reaction (number
may be between 0 and 99; 0
only if next field is
nonzero)
19-23 F5.0 The stoichiometric coeffi-
cient of the first product;
a blank implies a default
value of 1
24 I Modulus factor for reaction
identification numbers
greater than 100 (values are
0 or blank, 1, and 2); if a
value of 1 is entered, the
reaction identification num-
ber will be between 100 and
199 depending on the value
in columns 17 and 18
25-28 A4 The name of the first
product
32-36 F5.0 The stoichiometric coeffi-
cient of the second product
37-40 A4 The name of the second
product
41-45 F5.0 The stoichiometric coeffi-

17

cient of the third product



Table 1 (Continued)

Card Column Format Description

49-52 A4 The name of the third
product

55-64 F10.0 The rate constant at 298K
or, for photolysis reac-
tions, the ratio of the
photolysis value to reac-
tion number 1

66-72 F7.0 The activation energy in
. degrees Kelvin (K)

Kinetic Mechanism Card 1- 3 13 The reaction identifica-
(CHEMK format)* tion number
6~ 9 A4 The names of the reactants
11-14 (up to three allowed)
16-19
21-24 A4 The names of the products
26-29 (up to four allowed)
31-34
36-39

41-50 F10.0 The rate constant at 298K
or the photolysis ratio
for photolysis reactions

51-60 F10.0 The activation energy in
degrees Kelvin (K)

Title Card 1-72 18A4 The first four columns must
not all be blank or contain
one of the following: MORE,

CONT, PLOT
Qutput Specification 1- 3 13 NMumber of reactants with
Card initial nonzero concentra-

tions (maximum is 89)

21-30 110 Number of integration steps
between print cycles;
default is 10% to suppress
printing keyed to step size.

31-40 F10.0 Specific time of initial
print (independent of step
size)

18



TABLE 1 (Continued)

Card Column Format Description
41-50 F10.0 Time interval
51-60 F10.0 Time multiple (note that
at Jeast one of the above
two fields must be blank)
Initial Reactant Card(s) 1- 4, A4 Alphanumeric identification
11-14 of the reactants with ini-
21-24 tial nonzero concentrations
. seven species per card
61-64
65-80 - Not read
Initial Reactant Con- 1-10 F10.0 Initial concentrations of
centration Card(s) 11-20 reactants. Concentrations
21-30 must be given in the same
. sequence as the species are
. given on Initial Reactant
Card(s)
61-70
71-80 -- Not read
Time Specification Card 1-10 F10.0 Simulation starting time.
Time must be in the same
units as the rate constants
11-20 F10.0 Simulation ending time.
Time must be in the same
units as the rate constants
21-30 F10.0 Temperature (constant
throughout the simulation
if variable temperature
profile is not used;
defaul t=298K)
31-40 F10.0 Error tolerance; default=10"
41-80 - Not read

19
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TABLE 1 (Continued)

Card Column  Format Description
Options Card 1- 4 A4 Plot initiated if PLOT is
entered. Additional kin-
etic steps are processed
if MORE is entered. A
new starting time is used
if CONT is entered. Pro-
gram terminates if blank
card is inserted.
5-80 - Not read
Plot Option Cards:
Plot Title 1-12 3A4 Title of simulation
13-54 -- Mot read
55-60 Option to print actual con-
centrations of all plotted
species
61-65 15 Data storage option. If
nonzero, plot data is saved
on a file named TAPE7
66-80 .- Not read
Plot Specification
Card 1- 5 - Not read
6- 7 12 Number of species to be
plotted; up to three species
may be placed on one plot
8-15 - Not read
16-19 A4 Concentration labels:
21-24 Five arguments must be
26-29 entered
31-34
36-39
41-50 F10.0 Lowest concentration value
51-60 F10.0 Highest concentration value
61-70 F10.0 Lowest time value
71-80 F10.0 Highest time value

20
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TABLE 1 (Concluded)

Card Column Format Description
Species ldentification 1-4 Ad Name of species to be
Card (one card for each plotted
species)

6- 7 12 Number of data points to
be plotted from experimen-
tal data. Value must be
between 1 and 80. 1If set
at zero, no experimental data
are read

8 -- Not read

9 Al Symbol for plotted output

10-80 -- Not read
Experimental Plot Data 1-10 F10.0 Time
11-20 F10.0 Concentration
21-30 F10.0 (A total of four sets of
31-40 time and concentration are
. placed on each card)
61-70,
71-80
End of Plot Data 1- 4 A4 Blank card
5-80 -- Not read
End of Program 1- 4 A4 Blank card
5-80 -- Mot read

* Default reaction format

21
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APPENDIX A
PROGRAM LISTING

A-1



b-3b 33 b 3

aeXzizizizizinizizizizizizinizizizininininlin A el e

PP PP PP PP PP RRRELRPRRRPEBILRPERPPD

OO0

CHEMK IS A FORTRAN PROGRAM WHICH, WHEN GIVEN A PREDETERMINED
KINETIC MECHANISM, COMPUTES THE CONCENTRATIONS OF THE VARIOUS
REACTANTS IN TIME. IT WAS WRITTEN BY GARY Z. WHITTEN OF SYSTEMS
APPLICATIONS INCORPORATED IN SAN RAFAEL, CA AND INCORPORATES
THE GEAR INTEGRATION PACKAGE OF A. HINDMARSH OF LAWRENCE LIVERMORE A
LABORATORIES IN LIVERMORE, CA. THE PRINTER-PLOT ROUTINE WAS A
PROVIDED BY DAVID C. WHITNEY OF SAI AND THE PROGRAM WAS CONVERTED A
ANS] FORTRAN BY JIM MEYER OF SAI. THE COMPUTER CODE THAT FOLLOWS A
IS EXECUTABLE ON ANY IBM OR CDC MACHINE WITH A FORTRAN IV COMPILER A

A
TWO SEPARATE SETS OF DATA ARE NEEDED TO EXECUTE THE PROGRAM. ONE A
SET CONTROLS THE COMPUTATIONAL PART OF THE PROGRAM AND IS - A

NECESSARY TO ESTABLISH THE INTEGRATION ROUTINE. THE SECOND SET OF A
CONTROLS THE PLOTTER OUTPUT AND PROVIDES THE PARAMETERS NECESSARY A
SPECIFY THE OUTPUT FORMAT. THE READER IS REFERED TO THE PROGRAM A
FOR FURTHER INFORMATION.

GARY Z. WHITTEN

SYSTEMS APPLICATIONS INCORPORATED
950 NORTHGATE DRIVE

SAN RAFAEL, CALIFORNIA 94903
(415) 472-4011

COMYON /DATA/ NR,KR(200,7),A(200),5(200) ,ITITLE(7),TEMP,ERR,START,
1STOPP, PC,NP,S1G(91),1P(91), ITYPE(260) ,R(200) ,BK,SG,DILUT

COMMON /NAMES/ SPECIS(91),REACT(91),NS

COMMON /FRPLOT/ NIT(3),SAVCON(90,80),SAVTIM(80),JGRID(89,40) ,NT
COMMON /ALPHA/ 1GO(4),IBLANK,MBLANK,JINTER

COMMON /APLOT/ JVERT(52,2),JBLANK,JSTAR,JPLUS , JBAR

COMMON /GEAR1/ T,GUESS,HMIN,HMAX,EPSL,UROUND,NC ,MF1 ,KFLAGL,JSTART
COMMON /GEAR2/ YMAX(100)

COMMON /INOUT/ IN,IOUT,ITAPE

COMMON /HEAT/ CV,Q(200),5€(200,7),15C(200,3),ITEMP

COMMON /SPARSE/ IA(91),JA(1000)

COMMON /STORE/ AST(35),IPL(7),TEMEND,NTEMP,TMI NPHOT ,PHI,IL ,NFRST,
1IPH(30) ,QM(100) ,PM(100) ,PSTOP

COMMON /PHOTR/ IPP,RDAT(80),RTIM(80),RR1,IN10

DIMENSION C(91), IRS(200,7), KRS(7), SC1(7)

INTEGER SPECIS,REACT,PHI,TMI,AST

ALPHAMERIC DATA ARE PREASSIGNED IN BLOCK DATA ALPHAL
DATA NPLOT/4HSAVE/,IBLK/1H /

DATA IN2,IN3,INS,ING,IN7,INS, IN9/7*1/
DATA XN4,XN6,XN9/3*1.0/
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INITIAL PARAMETERS

IN=5
10UT=6
ITAPE=7

CLEAR PATTERN MATRIX AND SET THE FIRST ELEMENTS
ALSO SET STOICHIOMETRIC COEFFICIENTS EQUAL TO 1

D0 5 J=1,200
D0 5 K=1,7
IRS(J,K) =IBLANK
SC(J,K)=1.

5 KR(J,K)=0

DO 10 J=1,200
A(J)=0.
R(J)=0.

10 S(J)=0.
NR=0
NS=0

NX = LAST NUMBER OF THE REACTION SEQUENCE
NPLOT = PLOT OPTION
DILUT= DILUTION FACTOR

READ (IN,185) NX,NEPA,NPLIT,DILUT,NPHOT,PHI,IL,NTEMP,TMI,IPP
0 TO 20

15 NS=NS-1
READ (IN,185) NX,IN2,IN3,XN4,INS,ING,IN7,INS,ING,INIO
IF (IABS(IN2).NE.O) NEPA=IN2
NPLIT=IN3
IF (ABS(XN4).NE.0) DILUT=XNA4
IF (IABS(IN5).NE.0) NPHOT=INS
IF (IABS(ING).NE.O) PHI=ING
IF (IABS(IN7).NE.Q) IL=IN7
IF (IABS(INS).NE.O) NTEMP=INS
IF (IABS(IN9).NE.O) TMI=ING
IF (IABS(IN10).NE.O) IPP=IN10

20 IF (IL.LE.0.OR.IN7.LE.0) 60 TO 25
READ (IN,200) (IPH(I),I=1,IL)

25 IF (NPHOT.LE.0.OR.IN5.LE.O) GO TO 30
NPHOT=NPHOT+1
READ (IN,190) (PM(I),I=1,NPHOT)
PM(NPHOT+1) =2.. 0%PM(NPHOT ) ~PM(NPHOT-1)
PM(NPHOT+2)=3. 0*PM(NPHOT }-2 . 0*PM(NPHOT-1)
PSTOP=FLOAT ( (NPHOT-1)*PHI)

30 IF (NTEMP.LE.0.OR.INS.LE.O) GO TO 35
NTEMP=NTEMP+1
READ (IN,190) (QM(I),I=1,NTEMP)
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QM(NTEMP+1) =2 *QM(NTEMP ) -QM(NTEMP-1)
QM(NTEMP+2) =3, O*QM(NTEMP) -2. C*QM(NTEMP-1)
TEMEND=FLOAT( (NTEMP-1)*TMI)

35 IF (NX.GT.0) WRITE (IOUT,130)
IF (NX.LE.Q) NS=NS+1
IF (NX.LE.0) GO TO 80

REACTION INPUT DATA

40 IF (NEPA.LE.O) READ (IN,135) J,(IRS(J,I),I=1,7),A(J),S(J)
IF (NEPA.LE.O) 60 TO 55
READ (IN,220) (KRS(I),I=1,3),Jd,SC1(1),dJ,KRS(4),(SC1(LL-3),KRS(LL)
1,LL=5,6) ,RTE,ENERGY
IF (JJ.GT.0) J=JJ*100+J
DO 45 II=1,6
45 IRS(J,IT)=KRS(II)
A(J)=RTE
S( J)=ENERGY
DO 50 II=4,6
50 SC(J,I1I)=SC1(11-3)
55 D0 60 I=1,7
60 IF (SC(J,I).LE.0.) SC(J,I)=1.
D0 75 K=1,7
NL=K*5
NF=NL-4
D0 65 LK=NF,NL
65 AST(LK)=IBLK
IPL(K)=IBLK
IF (K.EQ.1.0R.X.EQ.4) GO 70 70
IF (IRS(J,K).NE.IBLANK) IPL(K-1)=JPLUS
70 IF (IRS(J,K).NE.IBLANK) CALL VALU (SC(J,K),K,NF,NL)
75 CONTINUE
WRITE (IOUT,140) J,(AST(I1),I=1,5),IRS(J,1),IPL(1),(AST(I),]=6,10),
1IRS(d,2),IPL(2),(AST(I),1=11,15),IRS(J,3),IPL(3),(AST(I),1=16,20),
2IRS(J,4),IPL(4),(AST(I),I=21,25),IRS(J,5),IPL(5),(AST(I),I=26,30),
3IRS{J,6),IPL(6),(AST(I),1=31,35),IRS(J,7),IPL(7),A(J),S(J)
KR(J,1)=100
IF (J.GT.NR) NR=J
IF (J.NE.NX) GO TO 40

ESTABLISH REACTION MATRIX AND SET UP SPARSE JACOBIAN VECTORS
CALL MATRX (C,IRS)

CALL SPARS (IA,JA,NS-2)

INX=1

TITLE CARD AND OPTIONS

80 READ (IN,195) (ITITLE(I),I=1,7)
NFL=0

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
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85

90

95

IF (ITITLE(1).EQ.IGO(1)) GO TO 15

IF (ITITLE(1).EQ.IGO(2)) GO TO 115

IF (ITITLE(1).EQ.160(3)) GO TO 85

IF (ITITLE(1).EQ.IBLANK) STOP

GO TO 90

CALL PLOT

READ (IN,180) (NIT(I),I=1,3),IDT,KALCMP
NT=NT-2

CALL PLOT (NIT,NT,NS,SPECIS,SAVTIM,SAVCON,IDT,KALCMP,JGRID)

GO TO 80

OPTIONS CARD

READ (IN,155) N,NPRNT,TPRNT,TSTEP,TFACT
TIME STEP SKIP OPTION

IF (NPRNT*NPRNT.EQ.0) NPRNT=100000

TIME STEP LENGTH OPTION

IF (TPRNT*TPRNT.EQ.0.) TPRNT=1.E10
CONCENTRATION OF SPECIES INITIALLY PRESENT

READ (IN,125) (REACT(I),I=1,N)
READ (IN,190) (C(I),I=1,N)

STARTING AND ENDING INTEGRATION TIMES

READ (IN,175) START,STOPP,TEMP,ERR
IF (START*START.EQ.0.) START=0.

SPECIFICATION OF THE TEMPERATURE IF UNSPECIFIED IN INPUT
IF (TEMP.LE.O.) TEMP=298.

SPECIFICATION OF THE ERROR BOUND IF UNSPECIFIED IN INPUT
IF (ERR*ERR.EQ.0.) ERR=1.E-2

OUTPUT OF THE INITIAL CONDITIONS

WRITE (IOUT,145) (ITITLE(I ) 1,7),(REACT(I),I=1,N)

I=
WRITE (IOUT,150) (C(1),I=1,N)

COMPUTE THE NET RATES OF REACTION
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100

105

IF (NTEMP.GT.0) TEMP=QM(1)

IF (ITITLE(1).EQ.IGO(2).AND.NTEMP.GT.0) TEMP=TEMOLD
CALL RATES (C,N)

OUTPUT OF THE TEMPERATURE AND ERROR BOUND
WRITE (IOUT,160) TEMP,ERR
OUTPUT OF THE DILUTION FACTOR

IF (DILUT*DILUT.EQ.0.) DILUT=O0.
IF (DILUT.NE.O.) WRITE (IOUT,170) DILUT

SET LIMITS FOR TIMED OUTPUTS

IF (TSTEP.NE.O.) YMAX(1)=TSTEP

IF (TSTEP.NE.O.) PC=TSTEP

IF (TSTEP*TSTEP.EQ.0.) YMAX(1)=1.E10
IF (TSTEP*TSTEP.EQ.0.) PC=1.E10

IF (TFACT.NE.O.) YMAX(2)=TFACT

IF (TFACT*TFACT.EQ.0.) YMAX(2)=1.

RATE CONSTANTS
WRITE (I0UT,165) (R(I),I=1,NR)
WRITE INITIAL CONDITIONS OF THE CELL

IF (NPHOT.LE.O0) GO TO 105

WRITE (IOUT,215) (IPH(I),I=1,IL)

D0 100 I=1,IL

J=IPH(1)

YMAX (10+1)=R(J)

CONTINUE

WRITE (IOUT,225) (YMAX(10+1),1=1,IL)
NPT=NPHOT

WRITE (IOUT,205) PHI,(PM(I),I=1,NPT)
IF (NTEMP.LE.O) GO TO 110

NPT=NTEMP

WRITE (IOUT,210) T™MI,(QW(I),I=1,NPT)

110 GUESS=1.E-10

T=START

IF (NPLOT.EQ.IBLANK) YMAX(3)=0.
IF (NPLOT.NE.IBLANK) YMAX(3)=1.
IF (NPLIT.NE.IBLANK) YMAX(4)=1.
IF (NPLIT.EQ.IBLANK) YMAX(4)=0.

INITIALIZE PARAMETERS
CALL YFIX (NS,TPRNT,C,NPRNT,INX)
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INX=4
TEMOLD=TEMP
GO TO 80
c
C  CONTINUATION OF DATA
c

115 READ (IN,175) START,STOPP,TEMP,ERR
IF (TEMP.LE.O.) TEMP=298,
IF (TEMOLD.NE.298. .AND.TEMOLD.NE.O.) TEMP=TEMOLD
IF (ERR*ERR.EQ.0.) ERR=1.E-2
D0 120 I=1,NS
120 REACT(I)=SPECIS(I)

C
c INITIAL CONDITIONS
c
WRITE (I0UT,145) (ITITLE(I),I=1,7),(REACT(I),I=1,NS)
=NS
G0 TO 95
o
C

125 FORMAT (7(A4,6X))

130 FORTA; (1H1,14H THE REACTIONS,86X,13HRATE CONSTANT,2X,15HACT. ENER
16Y (K))

135 FORMAT (13,2X,7(A4,1X),2F10.0)

140 FORMAT (/,2X,13,2X,3(5A1,1X,A4,2X,A1),1H=,2X,4(5A1,1X,A4,2X,A1),1P
1£11.3,2X,E13.3)

145 FO???T (1H1,30X,7A4,//,23H INITIAL CONCENTRATION ,//(10X,10(4X,A4,
14X

150 FORMAT (/(8X,1P10E12.3))

155 FORMAT (13,17X,16,4X,3F10.0)

160 FORMAT (/,34H THE TENPERATURE OF THE CELL WAS =,1PES. 2 26H AND THE
1 ERROR TOLERANCE =,£9.2)

165 FORMAT (/,29H THE RATE CONSTANTS USED NERE,/,(/,SX,1P10612.3))

170 FORMAT (/,30H THE OVERALL DILUTION RATE WAS,1PE9.2)

175 FORMAT (8F10.0)

180 FORMAT (3A4,43X,215)

185 FORMAT (I3,2X,15,A4,6X,F10.2,615)

190 FORMAT (7F10.3)

195 FORMAT (7A4)

200 FORMAT (7110)

205 FORMAT (/44HOTHE NO2 PHOTOLYSIS NUMBERS IN INTERVALS OF ,13,15H TI
IME UNITS ARE,/,(1H0,1P10E13.3))

210 FORMAT (/34HOTHE TEMPERATURES IN INTERVALS OF ,I3,15H TIME UNITS A
1RE/(1HO,1P10E13.3))

215 FORMAT (/29HOTHE PHOTOLYSIS REACTIONS ARE,/(1H0,9113))

220 F?RMAT (2(M,2X),A4,12,F5.1,11,A4,2X,2(F5.0,1X, A4,2X) ,F10.2,1X,F7.
12

225 FORMAT (57HOTHE PHOTOLYSIS RATIOS OF EACH OF THE REACTIONS ABOVE A
1RE/(1H0,4X,1P9E13.3))
END
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SUBROUTINE YFIX (NO,TLAST,C,NQ,INDEX)

THIS IS THE NORMAL OUTPUT ROUTINE

COMMON /SPARSE/ TA(91),JA(1000)

COMMON /DATA/ NR,KR(200,7),A(200),5(200),ITITLE(7),TEMP,ERR,START,
1STOPP,PC,NP,SIG(91),1P(91),ITYPE(200),R(200),BK,SG,DILUT

COMMON /NAMES/ SPECIS(91),REACT(91),NS

COMMON /FRPLOT/ NIT(3),SAVCON(90,80),SAVTIM(80),JGRID(89,40) NT

COMMON /GEARY/ D,H,DUM(4),IDUM(4)
COMVON /GEAR2/ YMAX(100)
COMMON /INOUT/ INPP,IOUT,ITAPE

COMMON /HEAT/ CV,Q(200),5C(200,7),1SC(200,3),ITEMP
COMMON /STORE/ AST(35),IPL(7),TEMEND,NTEMP,TMI,NPHOT ,PHI, IL,NFRST,

1IPH(30),QM(100) ,PM(100) ,PSTOP

COMMON /PHOTR/ IPP,RDAT(80),RTIM(80),RR1,INI1O

DIMENSION C(91), RT(200)

INTEGER SPECIS,REACT,TMI,PHI,AST
DATA 1GO/4HCONT/

DATA NT1/1/

DATA START1/0.0/

N=NS-1

NS2=NS-2

NFRST=1

-TIME INTERVALS

IF (ITITLE(1).NE.IGO) GO TO 30
IF (NT1.EQ.0) GO TO 30
TDC=(STOPP-START1)/80.
TD=START1+TDC

J=0

NTSV=NT

D0 25 I-1,80

J=J+l

IF (J.GT.NTSV) GO TO 20

IF (SAVTIM(J).GE.TD) 60 TO 10
GO TOS

10 SAVTIM(I)=SAVTIM(J)

00 15 K=1,NS

15 SAVCON(K,I)=SAVCON(K,J)

NT=I
GO TO 25

20 IF (I.EQ.1) NT=1

SAVTIM(I)=TD

25 TD=TD+TDC
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GO TO 40

30 TDC=(STOPP-START)/80.
TD=START
DO 35 I-1,80
TD=TD+TDC

35 SAVTIM(1)=TD
START1=START
NT=1

40 NC=0

INITIALIZE PARAMETERS

NHS=0
MS=IABS(NQ)
TPRNT=TLAST+START
TSTEP=PC
TFACT=YMAX(2)
IF (TFACT.GT.1.) TSTEP=0.
MT=50-( (NS-1)/10)*3-(NR-1)/10
NN=NS+1-MINO(NS/10,1)
IF (YMAX(3).EQ.0.) NPLOT=0
IF (YMAX(3).NE.0.) NPLOT=1
IF (YMAX(4).EQ.0.) NOPT~0
IF (YMAX(4).NE.O ) NOPT=1
IF (NOPT.EQ.0) MT=50-((NS-1)/10)*2
NTP=0
NTL=NPLOT
IF (NPLOT.EQ.0) NT=-1
IN=INDEX
=START
TNEXT=START+1.
CALL DIFFUN (NS2,TNEXT,C,RT)
CALL SAVLIN (T,C,NS2)
NFRST=2
IF (T-START) 60,60,50
45 TNEXT=AMINL(TPRNT,STOPP)
IF (T.EQ.START) GO TO 55
50 IF (NQ.LT.0.AND.IABS(NQ).NE.O) IN=3
55 CALL DRIVES (NS2,T,H,C,TNEXT,ERR,21,IN,IA,JA)
T=TNEXT
IF (T.GE.STOPP) TPRNT=STQPP
60 IF (T.EQ.START) TIMNW=START
IF (T.NE.START) TIMNW=TPRNT
IF (T.EQ.START) GO TO 65
IF (NQ.LT.0.AND.IABS(NQ).NE.O) TIMNW=T
NHS=NHS+1
IF (NHS.GE.MS.OR.T.GE.TPRNT) GO TO 65
60 TO 45
65 NHS=0
CALL DIFFUN (NS2,TIMWA,C,RT)
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IF (NOPT.LE.O) NTP=NTP+(N/10)+4
IF (NOPT.GT.0) NTP=NTP+(N/10)*3+(NR-1)/10+12
IF (NTP.GT.MT.OR.T.EQ.START) WRITE (IQUT,120)
IF (T.EQ.START) GO 7O 70
IF (NOPT.LE.O.AND.NTP.LE.MT) GO TO 75
70 CONTINUE
IF (NTP.GT.MT) NTP=0
IF (NN.GE.11) WRITE (IOUT,115) (SPECIS(I),I=1,NN)
IF (NN.LE.10) WRITE (I0UT,125) (SPECIS(I),I=1,NN)
75 CONTINUE
IF (NS.GE.11) WRITE (IOUT,130) TIMNW,(C(I),I=1,10),H,(C(I),I=11,NS
12),TEMP, SG
IF (NS.LE.10) WRITE (IOUT,130) TIMWW,(C(I),I=1,NS2),TEMP,SG,H
IF (NOPT.EQ.O0) WRITE (IOUT,135)
IF (NOPT.EQ.0) GO TO 95
RT(NS)=0.
RT(N)=0.
DO 80 I=1,NS2
80 RT(NS)=RT(NS)+RT(I)
WRITE (I0UT,105) (RT(I),I=1,NS)
DO 90 I=1,NR
J=R(I,1)
IF (J.EQ.0) RT(I)=0.
IF (J.EQ.0) GO TO 90
JT=ITYPE(I)
XT=1.
00 85 L=1,JT
J=KR(I,L)
X1,
IF (J.GT.0.AND.J.LE.NS2) XJ=C(J)**ISC(I,L)
IF (ISC(I,L).EQ.-1) XJ=C(J)**sSC(I,L)
IF (J.EQ.NS) XJ=SG
XT=XT*XJ
85 CONTINUE
RT(1)=XT*R(I)
90 CONTINUE
WRITE (IOUT,110) (RT(1),I=1,NR)
95 IF (TIMNW.EQ.START) GO TO 55
IF (T.GE.STOPP) RETURN
IF (IN.EQ.3.AND.T.LT.TPRNT) GO TO 45
TPRNT=TPRNT*TFACT+TSTEP
GO TO 45

105 FORMAT (/,10H NET RATES,2X,1P10E12.3,/,(12X,1P10€12.3))

110 FORMAT (//,2X,22HTHE REACTION RATES ARE,/,(1H ,1P10E13.2))

115 FORMAT (/,4X,SHTIME ,4X,10(4X,A4,4X),/,2X,8HINTERVAL, 3X,10(4X,A4,4
1X),/,(13%X,10(4X,A4,4X)))

120 FORMAT (1H1)

125 FORMAT (/,4X,SHTIME ,4X,10(4X,A4,48X),/)
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130 FORMAT (/,1P11E12.3/,11E12.3/,(12X,10€12.3)) B 151
135 FORMAT (1H ) B 152
END B 153-
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SUBROUTINE RATES (C,N)

THIS SUBROUTINE SETS THE INITIAL CONCENTRATIONS AND CALCULATES THE

RATE CONSTANTS

INTEGER SPECIS,REACT

COMVON /DATA/ NR,KR(200,7),A(200),S(200),ITITLE(7),TEMP,ERR,START,
1sToep,PC,NP,SIG(91),1P(91),ITYPE(200),R(200),BK,SG,DILUT

COMMON /NAMES/ SPECIS(91),REACT(91),NS

COMMON /HEAT/ Cv,Q(200),SC(200,7),1SC(200,3),ITEMP

COMMON /ALPHA/ 1GO(4),IBLANK,MBLANK,JINTER
DIMENSION C(91)

FCT=1./298.-1./TEMP

SIGG=0.

DO 5 I=1,91

5 SIG(I)=0.

00 15 I=1,N

00 10 J=1,NS

IF (SPECIS(J).EQ.REACT(I)) SIG(J)=C(I)
IF (SPECIS(J).EQ.REACT(I)) GO TO 15

10 CONTINUE

SIGG=SIGG+C(I)

15 CONTINUE

N=NS

M=N-1

C(N)=0.

DO 20 I=1,M
C(N)=C(N)+SIG(I)

20 C(1)=516(I)

BK=0.

IF SIG(N) DOES NOT EQUAL ZERO, IT IMPLIES THAT THAT THE CONCENTRAT
SPECIES N HAS BEEN READ. OTHERWISE M IS THE SUM OF THE INITIAL

CONCENTRATIONS.

C(N)=C(N)+SIGG

IF (SIG(N).NE.O.) BK=SIG(N)-C(N)
IF (SIG(N).NE.O.) C(N)=SIG(N)
NP=0

00 25 I=1,\R

IF (KR(I,1).EQ.0) GO TO 25

CALCULATE THE RATE CONSTANTS
IF (ABS(S(I)).EQ.0.) R(I)=A(I)
IF (ABS(S(I)).NE.O.) R(I)=A(I)*EXP(S(I)*FCT)
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25 CONTINUE
IF (NS.LE.9) SPECIS(NS+1)=JINTER
RETURN
END
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SUBROUTINE DIFFUN (N,T,X,XT)

j

COMMON /DATA/ NR,KR(200,7),A(200),5(200),ITITLE(7),TEMP,ERR,START,
1STOPP, PC,NP, SIG(91),IP(91). mps(zoo) R(ZOO) BK, SG.DILUT

COMON /NAMES/ spec15(91) JREACT(91) NS

COMMON /HEAT/ cv,0(200),s<:(zoo,7),150(200,3),1TEM>

COMMON /STORE/ AST(35),IPL(7),TEMEND,NTEMP,TMI ,NPHOT,PHI, IL,NFRST,

1IPH(30),QM(100),PM(100) ,PSTOP

COMMON /PHOTR/ 1PP,RDAT(80),RTIM(80),R1,IN1O

DIMENSION XT(N), X(N)
INTEGER PHI,TMI
INTEGER SPECIS
P=8K
DO 5 I=1,N
XT(I)=-DILUT*X(I)

5 P=P+X(I)
Sa=P

IF (NFRST.EQ.1) F ((3355 7046E-6)*TEMP-1.) /TEMP

IF (NFRST.EQ.1) GO
IF (T.EQ.TOLD) GO TO 30
IF (T.LE.1.) GO TO 30

10 IF (NPHOT.LE.O) 60 TO 30
IF (NFRST.NE.1) GO TO 15
PINT=FLOAT(PHI)
PINV=1./PINT

15 CONTINUE
IF (T.GT.PSTOP) GO TO 20
1Z=IFIX(T*PINV)+1
Z=T*PINV-FLOAT(1Z-1)

IF (T.LE.PINT) R1=PM(1)+(0.5*PM(3)*(Z-1

12-2.))*Z
IF (T.LE.PINT) GO TO 20

R1=PM(1Z)+0.25*Z*(5.*PM(1Z+1)-3.0*PM(IZ)-PM(1Z-1)-PM(1Z+2)+(PM(1Z~

THIS SUBROUTINE CALCULATES THE DERIVATIVE VECTOR OF THE ODE!S

11}-PM(1Z)-PM(1Z+1)+PM(1Z+2))*Z)

20 IF (R1.LT.0.) R1=0.
00 25 IK=1,IL
IR=IPH( IK)
R(IR)=R1*A(IR)
25 IF (R(IR).LT.0.) R(IR)=0.
30 TNOW=TEMP
IF (NFRST.EQ.1) GO TO 35
IF (T.EQ.TOLD) GO TO 50
IF (T.LE.1.) GO TO 50
35 CONTINUE

. )+0.5%PM(1)*(Z-3.)-PM(2)*(

ODDDOOOOC’DOOODCJODUOUUOODOOOOOOUUODOOUOOOUOOOUOOOUO
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IF (T.GT.TEMEND) GO TO 50
IF (NFRST.NE.1) GO TO 40
TINT=FLOAT(TMI)
TINV=1./TINT

40 CONTINUE

IZ=IFIX(T*TINV)+1
Z=T*TINV-FLOAT(IZ-1)

IF (T.LE.TINT) TNOW=QM(1)+(0.5%QM(3)*(Z-1.)+0.5*QM(1)*(Z-3.)-QM(2)

1*(2-2.))*Z
IF (T.LE.TINT) GO TO 45

TNOW=QM(1Z)+0.25%Z*((5.*QM(1Z+1)-3.0*QM(1Z)-QM(1Z-1)-QM(1Z+2) )+(QM

1(1Z-1)-QM(1Z)-QM(1Z+1)+QM(1Z+2))*Z)

45 CONTINUE

IF (TNOW.NE.TEMP.AND.TNOW.GT.0.) FCT=((3355.7046E-6)*TNOW-1.)/TNOW

50 D0 70 IR=1,NR

55

I=KR(IR,1)
IF (I.EQ.0.0R.R(IR).EQ.0.) GO TO 70

CHEXX FOR A ZEROTH ORDER REACTION

RT=1.

JT=ITYPE(IR)

DO 55 L=1,JT

T=KR(IR,L)

IF (I.EQ.99.0R.I.EQ.0) GO TO 55
IF (I.NE.NS) RT=RT*X(I)

IF (I.EQ.NS) RT=RT#P

CONTINUE

IF (ABS(S(IR)).NE.O..AND.T.GT.1.) R(IR)=A(IR)*EXP(S(IR)*FCT)
RT=RT*R(IR)

DO 60 L=1,JT

I=KR(IR,L)

IF (1.EQ.0.0R.I.GT.N) GO TO 60
XT(I)=XT(I)-RT

60 CONTINUE

65

DO 65 K=4,7
I=KR(IR,K)
IF (I.€Q.0) GO TO 70

I WILL BE NEGATIVE IF CLEAN HAS BEEN CALLED
IF (I.LT.0) GO TO 65

XT(I)=XT(I)+SC(IR,K)*RT
CONTINUE

70 CONTINUE

TEMP=TNOW
TOLD=T
RETURN
END
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SUBROUTINE MATRX (C,KR)

MATRX CREATES A NR X 7 MATRIX OF THE REACTION SCHEME WHERE EACH
ROW REPRESENTS A REACTION. THE FIRST THREE COLUMNS ARE REACTANTS
AND THE LAST FOUR ARE THE PRODUCTS. THE ELEMENTS CORRESPOND

TO THE INDIVIDUAL SPECIES AND WILL BE USED AS SUBSCRIPTS.

OO0

mmmmmmmmmrnrnrnmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

INTEGER SPECIS,REACT

COMMON /DATA/ NR,IR(200,7),A(200),5(200),ITITLE(7),TEMP,ERR,START,
1sT0PP,PC,NP,S1G(91),IP(91),ITYPE(200),R(200),BK,SG,DILUT

COMMON /NAMES/ SPECIS(91),REACT(91),NS

COMMON /GEAR1/ T,H,HMIN,HMAX,EPS1,UROUND,NC,MF1,KFLAGL, JSTART
COMMON /ALPHA/ 1GO(4),IBLANK,MBLANK,JINTER

COMMON /HEAT/ CVv,Q(200),SC(200,7),1SC(200,3),ITEMP

DIMENSION C(91), KR(200,7)

NOLD=NS+1

DC 90 I=1,NR

SKIP REACTIONS ALREADY PROCESSED

IF (IR(I,2).EQ.NOLD.OR.IR(I,3).EQ.NOLD) IR(I,3)=99
IF (IR(1,2).EQ.NOLD) IR(I,2)=0

IF (IR(I,1).EQ.NOLD) IR(I,1)=99

IF (IR(1,1).EQ.NOLD) IR(I,3)=99

IF (IABS(IR(I,1)).NE.100) GO TO 90

IF LESS THAN THREE REACTANTS, FILL FIRST SLOTS.

IF (KR(I,1).NE.IBLANK) GO 7O 5
IF (KR(I,3).NE.IBLANK) KR(I,1)=KR(I,3)
IF (KR(I,3).NE.IBLANK) SC(I,1)=SC(I,3)
SC(1,3)=1.
KR(I,3)=IBLANK
IF (KR(I,1).NE.IBLANK) GO TO 5
KR(I,1)=R(I,2)
KR(I,2)=1BLANK
sc(I,1)=sc(1,2)
SC(1,2)=1.
5 IF (KR(I,2).NE.IBLANK) GO TO 10
IF (KR(I,3).NE.IBLANK) SC(I,2)=SC(I,3)
SC(1,3)=1.
IF (KR(I,3).NE.IBLANK) KR(I,2)=KR(I,3)
KR(I,3)=IBLANK
10 DO 15 K=4,7
C
c GET RID OF M AS A PRODUCT

OO0

OO0

A-16

WOWOoONAAC L WN -



OO

OO OO0

IF (KR(I,K).EQ.MBLANK) KR(I,K)=IBLANK
15 CONTINUE

IF LESS THAN FOUR PRODUCTS, FILL FIRST SLOTS.

IF (KR(I,4).NE.IBLANK) GO TO 30
DO 20 K=1,3
INDEX=8-K
IF (KR(I,INDEX).NE.IBLANK) GO TO 25
20 CONTINUE
INDEX=5
25 KR(I,4)=KR(I,INDEX)
KR(I,INDEX)=IBLANK
SC(1,4)=SC(I,INDEX)
SC(I,INDEX)=1.
IF (KR(I,1).NE.IBLANK.OR.KR(I,4).NE.IBLANK) GO TO 30

IR(1,1)=0
G0 TO 90
30 CONTINUE
IF (KR(I,5).NE.IBLANK) GO TO 35
F (KR(I,7).NE.IBLANK) KR(I,5)=kR(I,7)
IF((KR§I,7).NE.IBLANK) sc(1,5)=Sc(1,7)
7)=1
KR(I,7)=IBLANK
IF (KR(I,5).NE.IBLANK) GO TO 35
KR(I,5)=(R(I, s)
KR(1,6)=IBLANK
SC(1,5)=SC(I,6)
SC(1,6)=1.
35 K=KR(I,6)
IF (K.NE.IBLANK) 6O TO 40
KR(I,6)=KR(I,7)
KR(I,7)=
SC(1,6)=SC(1,7)
SC(1,7)=1.
40 0O 85 J=1,7
K=KR(1,J)

PROCESS REACTANTS HERE
IF (J.GT7.3) GO TO 65
ALL M DEPENDENT REACTIONS ARE TO HAVE A 99 IN THE THIRD SLOT
IF (K.NE.MBLANK) GO TO 60
GO TO (45,50,55),d
45 KR(1,1)=KR(1,2)

SC(1,1)=SC(I,2)
50 KR(I,2)=KR(I,3)
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SC(1,2)=SC(I,3)
SC(I,3)=1.
KR(1,3)=MBLANK
55 IR(I,3)=99
60 X=KR(1,J)

ZERO ORDER REACTIONS HAVE 99 IN FIRST SLOT

IF (KR(I,1).EQ.IBLANK) IR(I,1)=99
IF (KR(1,1).EQ.IBLANK) K=99

ALL BLANKS ARE SET EQUAL TO ZERO

IF (J.EQ.3.AND.K.EQ.MBLANK) K=99
65 IF (K.EQ.MBLANK.OR.K.EQ.IBLANK) IR(I,J)=0
IF (K.EQ.IBLANK.OR.K.EQ.99) GO TO 85
IF (NS.NE.O) GO TO 70
NS=1
GO TO 80
70 DO 75 L=1,NS
IF (K.NE.SPECIS(L)) GO TO 75

SLOT SET TO SPECIES NUMBER

IR(I,d)=L
G0 TO 85
75 CONTINUE

IF NO SPECIES ARE FOUND, ADD ONE TO THE LIST

IF (SPECIS(NS).NE.ITEMP) NS=NS+1
80 SPECIS(NS)=
C{NS+2) =C(NS+1)
C(NS+1)=C(NS)
C(NS)=0.
IR(I,J)=NS
85 CONTINUE
90 CONTINUE
IF (SPECIS(NS).NE.ITEMP) NS=NS+1
SPECIS(NS)=ITEMP
SPECIS(NS+1) =MBLANK
NS=NS+1
DO 95 IK=1,NR
DO 95 MT=1,3
J=IFIX(SC(IK,MT)+UROUND)
ISC{IK,MT)=J
95 IF (SC(IK,MT)-FLOAT(J).GT.4.*UROUND) ISC(IK,MT)=-1
D0 100 I=1,NR
IF (IR(1,1).E0.0) GO TO 100
ITYPE(I)=2
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103
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110
111
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113
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CHECK FOR 99 CODE AND SUBSTITUTE M WHICH IS THE LAST SPECIES

IF (IR(I,1).EQ.99.AND.IR(I,3).EQ.99) IR(I,1)=NS

IF (IR(I,1).EQ.NS.AND. IR(I,3) £Q.99) IR(I,3)=0
(IR(I,2).EQ.0.AND.IR(I,3).EQ.99) IR(I,2)=NS

IF {(IR(I,2).EQ.NS.AND.IR(I,3).EQ.99) IR(I,3)=0

IF (IR(I,2).EQ.0) ITYPE(I)=1

IF (IR(1,3).NE. O) ITYPE(I)=3

IF (IR(I,3).EQ.99) IR(I,3)=NS

100 CONTINUE
RETURN
END
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SUBROUTINE PLOT (NTIT,NPNT,NTOT,NAME,SAVTIM,SAVCON, IDT,KCP,JGRID)

C SUBROUTINE Wik D | T ik

c

C THIS SUBROUTINE READS THE PLOT CARDS AND PLOTS THE RESULTS AS PART
C OF THE PRINTED OUTPUT -~ IT DOES NOT DRIVE A PLOTTER.

C

C SYMBOL DESCRIPTIONS --

c

C CGRID
C CHIGH
C CLOW
C CSPAN
C DATA
c IoT

KR?‘?(&
383

CON
TIM

=

e Xninininininininizizizizisizizizinininin]
55335383
EREDEE

=3
_-‘

THE LENGTH OF THE VERTICAL AXIS, PPM

HIGHEST CONCENTRATION VALUE, PPM

LOWEST CONCENTRATION VALUE, PPM

CONCENTRATION NORMALIZATION FACTOR

CONCENTRATION DATA POINTS, PPM, UP TO 80

IF NOT ZERO THEN PRINT RAW DATA USED FOR PLOTS
DO-LOOP INDICES OR LOCAL POINTERS

A HOLLERITH WORD OF FOUR BLANK CHARACTERS
CONCENTRATION LABELS

THE PLOTTING GRID

HOLLERITH SYMBOL FOR NO DATA POINTS

THE CHARACTER >+>

THE CHARACTER >*>

SYMBOL TO BE USED FOR PLOTTING SAVED POINTS

VERTICAL LEGEND

THE CHARACTER >XO

DO-LOOP INDICES OR LOCAL POINTERS

IF NOT EQUAL TO ZERQ SAVE DATA FOR OFFLINE PLOTTING
CONCENTRATION COORDINATE ON GRID

TIME COORDINATE ON GRID

DO-LOOP INDICES OR LOCAL POINTERS

DO-LOOP INDICES OR LOCAL POINTERS

LIMIT ON NUMBER OF VERTICAL POINTS

MAXIMUM NUMBER OF SAVED TIME AND CONCENTRATION POINTS
LIMIT ON NUMBER OF HORIZONTAL POINTS

D0-LOOP INDICES OR LOCAL POINTERS

SPECIES NAMES, ONE PER SPECIES

NUMBER OF CONCENTRATION DATA POINTS

THE FORTRAN INPUT UNIT (NORMALLY 5)

THE FORTRAN OUTPUT UNIT NUMBER (NORMALLY 6)

THE NUMBER OF SPECIES TO BE PLOTTED

NUMBER OF SAVED TIMES AND CONCENTRATIONS

SPECIES NAME FOR TESTING

USER-INPUT TITLE FOR PRINTOUT, 3 FOUR-CHARACTER WORDS
TOTAL NUMBER OF SPECIES

FLAG FOR CORRECT SPECIES TEST

SPECIES CONCENTRATIONS, PPM, ONE PER SPECIES AT 80 TIMES
TIMES THAT CONCENTRATIONS ARE SAVED, MIN, UP TO 80 VALUES
THE LENGTH OF THE HORIZONTAL AXIS, MIN

HIGHEST TIME VALUE, MIN

TIMES AT WHICH CONCENTRATIONS ARE INPUT, MIN, UP TO 80
LOWEST TIME VALUE, MIN
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C TPRINT  TIMES FOR PRINTOUT ON HORIZONTAL AXIS, MIN
C TSPAN  TIME NORMALIZATION FACTOR

C

C BEGINNING OF PROGRAM.
C

C ENTRY POINT

C

C SET DIMENSIONS OF INCOMING ARRAYS

C

DIMENSION SAVCON(90,80), SAVTIM(80), NTIT(3), NAME(91)

C
C SET DIMENSIONS OF LOCAL ARRAYS
C

DIMENSION JCONC(5), TIME(80), DATA(80), JN(3)
DIMENSION JGRID(89,40), TPRINT(9), KVERT(52)

c
C DEFINE THE VERTICAL LABEL AND ESTABLISH ALPHAMERIC DATA
c

COMMON /APLOT/ JVERT(52,2) ,JBLANK,JSTAR, JPLUS, JBAR

COMMON /PHOTR/ IPP,RDAT(80),RTIM(80),RR1,INIO
c
C DEFINE MISCELLANEOUS DATA VALUES
c

COMMON /INOUT/ NIN,NOUT,ITAPE

DATA MAXTIM/89/ ,MAXCON/40/ ,MAXPNT/80/

DATA TGRID/88./,CGRID/40./,X/1HX/ ,INO/1H /

DATA KVERT/11*4H  ,8HP AHH ,8H0 ,8HT ,4HO ,8H L ,4H
1Y ,8HS ,8HI ,8HS ,8H ,8HC ,8HO ,8HN ,4HS ,4HT
2,84 A JBHN AHT 22¢H  /

c

C DEFINE VERTICAL AXIS VIA ASSIGNMENT STATEMENTS

C
IF (IDT*IDT.EQ.Q) GO TO 10
WRITE (NOUT,150)
WRITE (NOUT,145) (NAME(I),I
DO 5 J=1,NPNT

=1,NTOT)

5 WRITE (NOUT,155) SAVTIM(J),(SAVCON(I,J),I=1,NTOT)

10 DO 15 J=1,40
JGRID(1,J)=JBAR
15 CONTINUE
JGRID(1,1)=JPLUS
JGRID(1,11)=JPLUS
JGRID(1,21)=JPLUS
JGRID(1,31)=JPLUS
JN(1)=JSTAR
IN(2)=JPLUS
IN(3) =JX
TSPAN=-10.
C
C READ PLOT CONTROL CARD
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c

20 READ (NIN,130) NPLT,JCONC,CLOW,CHIGH,TLOW,THIGH

C
C TEST FOR END PLOTTING
¢
IF (NPLT.EQ.0) GO TO 105
c WRITE (NOUT,160) NTIT
C SET NORMALIZATION FACTORS AND VERTICAL LABELS
c
CSPAN=CGRID/ (CHIGH-CLOW)
TSPAN=TGRID/ ( THIGH-TLOW)
JVERT(1,2)=JCONC(5)
JVERT(11,2)=JCONC(4)
JVERT(21,2)=JCONC(3)
JVERT(31,2)=JCONC(2)
o
C SET HORIZONTAL TIME LABELS
c
DO 25 J=1,9

TPRINT(J)=FLOAT(J-1)/8.*(THIGH-TLOW)+TLOW
25 CONTINUE
C
C CLEAR GRID
c
DO 35 K=1,MAXCON
D0 30 J=2,MAXTIM
JGRID(J,K)=JBLANK
30 CONTINUE
35 CONTINUE
NX=0
00 95 LK=1,NPLT
READ (NIN,135) NTEST,NDAT,JSYMB
C
C TEST NUMBER OF DATA POINTS AND READ DATA
¢
IF (NDAT.LE.O) GO TO 45
IF (NDAT.LE.MAXPNT) GO TO 40
WRITE (NOUT,185) MAXPNT

G0 TO 125
c
C READ DATA POINTS
¢

40 READ (NIN,140) (TIME(J),DATA(J),Jd=1,NDAT)
c
C TEST FOR CORRECT SPECIES NAME
C
45 DO 50 L=1,NTOT
IF (NTEST.EQ.NAME(L)) GO TO 55
50 CONTINUE
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WRITE (NOUT,190) NTEST
NX=NX+1
IF (NPLT.EQ.1.0R.NX.EQ.3) GO TO 20
IF (NPLT.EQ.2.AND.NX.EQ.2) GO TO 20
GO TO 95

c

C IF THERE ARE CALCULATED POINTS, GET THEIR COORDINATES

c
55 IF (NPNT.LE.0) GO TO 65
DO 60 J=1,NPNT
KTIM=IFIX((SAVTIM(J)~TLOW)*TSPAN+1.5)
Y=(SAVCON(L , J)-CLOW)*CSPAN-0.5
IF (Y.LT.0.0) 60 TO 60
KCON=IFIX(Y)
KCON=MAXCON-KCON
C
C CHEXX FOR BEING WITHIN GRID, THEN PLACE ON GRID
C .
IF (KTIM.LT.2) 60 TO 60
IF (KCON.LT.1) GO TO 60
IF (KTIM.GT.MAXTIM) GO TO 60
IF (KCON.GT.MAXCON) GO TO 60
JGRID(KTIM,KCON)=JSYMB
60 CONTINUE
C
C IF THERE ARE DATA POINTS, GET THEIR COORDINATES
C
65 IF (NDAT.LE.O) GO TO 75
DO 70 J=1,NDAT
KTIM=IFIX( (TIME(J)-TLOW)*TSPAN+1.5)
Y=(DATA(J) -CLOW)*CSPAN-0. 5
IF (Y.LT.0.0) GO 70 70
KCON=IFIX(Y)
KCON=MAXCON-KCON
c
C CHECK FOR BEING WITHIN GRID, THEN PLACE ON GRID
c
IF (KTIM.LT.2) GO TO 70
IF (KCON.LT.1) GO TO 70
IF (KTIM.GT.MAXTIM) GO TO 70
IF (KCON.GT.MAXCON) GO TO 70
IF (LK.EQ.1) JGRID(KTIM,KCON)=JSTAR
IF (LK.EQ.2) JGRID(KTIM,KCON)=JPLUS
IF (LK.EQ.3) JGRID(KTIM,KCON)=JX
70 CONTINUE
75 IF (NDAT.GT.0) GO TO 85
WRITE (NOUT,195) NTEST,JINO,JSYMB
60 T0 90
85 WRITE (NOUT,195) NTEST,JN(LK),JSYMB
c
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C SAVE DATA FOR OFFLINE PLOTS IF DESIRED
c

90 IF (KCP*KCP.EQ.0) GO TO 95
WRITE (ITAPE) NTIT,NAME(L),CLOW,CHIGH,TLOW,THIGH,NDAT NPNT, (TIME(J

1),J=1,NDAT), (DATA(J) ,J=1,NDAT), (SAVTIM(J),J=1,NPNT), (SAVCON(L,J),J F 205
2=1,NPNT) 206
95 CONTINUE 207

DO 100 K=1,MAXCON
WRITE (NOUT,165) JVERT(K,1),JVERT(K,2),(JGRID(J,K),J=1,MAXTIM)
100 CONTINUE

C 211
C PRINT THE HORIZONTAL AXIS AND LABELS ZliZ
C 213
WRITE (NOUT,170) JCONC(1) 214
IF (THIGH.GT.80.) WRITE (NOUT,175) TPRINT 215
IF (THIGH.LE.80.) WRITE (NOUT,180) TPRINT 216
60 TO 20 217
c 218
C END OF SUBROUTINE -- RETURN TO CALLER 219
c

105 IF (IPP.LE.Q) RETURN
IF (IN10.LE.O) RETURN
IF (TSPAN.LE.O.) RETURN
JVERT(1,2)=4H0.80
JVERT(11,2)=4H0.60
JVERT(21,2)=4H0.40

JVERT(31,2)=4H0.20 227
JCONC(1)=4H0.00 228
CSPAN=CGRID/0.8 229

WRITE (NOUT,200) NTIT
DO 110 I=1,MAXCON
D0 110 J=2,MAXTIM
110 JGRID(J,I)=JBLANK
DO 115 I=1,NPNT
KTIM=IFIX({(RTIM(I)-TLOW)*TSPAN+1.5)
Y=(RDAT(1)-CLOW)*CSPAN-0.5
IF (Y.LT.0.0) GO TO 115
KCON=IFIX(Y)
KCON=MAXCON-KCON
IF (KCON.LT.1) GO TO 115
IF (KTIM.LT.2) GO TO 115
IF (KTIM.GT.MAXTIM) GO TO 115
IF (KCON.GT.MAXCON) GO TO 115
JGRID(KTIM,KCON)=JSTAR
115 CONTINUE
D0 120 K=1,MAXCON
WRITE (NOUT,165) KVERT(K),JVERT(K,2),(JGRID(J,K),d=1,MAXTIM)
120 CONTINUE
WRITE (NOUT,170) JCONC(1)
IF (TPRINT(9).6T.80.) WRITE (NOUT,175) TPRINT

230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247

249
250
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nN
1
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IF (TPRINT(9).LE.80.) WRITE (NOUT,180) TPRINT F 251
RETURN F 252

125 CONTINUE F 253
STOP F 254

F 255

LIST OF FORMAT STATEMENTS F 256
F 257

F 258

F 259

130 FORMAT (5X,12,8X,5(A4,1X),4F10.0) F 260
135 FORMAT (A4,1X,12,1X,Al) F 261
140 FORMAT (8F10.0) F 262
145 FORMAT (/,4X,5HTIME ,4X,10(4X,A4,4X),/,(13X,10(4X,A4,4X))) F 263
150 FORMAT (1H1) F 264
155 FORMAT (1P11E12.4,/,(12X,10E12.4)) F 265
160 F?RMAT (1H1,///1111111,62X,3R4,/,32X, THSPECIES,2X, 5SHEXPT., ,2X,4HSIM F 266
1. F 267
165 FORMAT (16X,2A4,89A1) F 268
170 FORMAT (20X,A4,1H+,8(11H-=ecemecoun +)) F 269
175 FORMAT (125,2X,8F11.0,/,62X,14HTIME (MINUTES),/) F 270
180 FORMAT (125,2X,8F11.3,/,62X,14HTIME (MINUTES),/) F 271
185 FORMAT (33H PROGRAM CANNOT HANDLE MORE THAN ,14,28H PLOT POINTS -- F 272
1 JOB ABORTED.) F 273
190 FORMAT (33X,13HSPECIES NAME ,A4,26H NOT FOUND IN SPECIES LIST) F 274
195 FORMAT (33X,A4,6X,A1,5X,Al) F 275
200 FORMAT (1H1,/////11111,62X,3P4,//) F 276
END F 277-
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SUBROUTINE VALU (VAL,N,NF,NL)

COMMON /STORE/ AST(35),IPL(7),TEMEND,NTEMP,TMI ,NPHOT,PHI, IL NFRST,

1IPH(30) ,QM(100) ,PM(100) ,PSTOP

COMMON /GEAR1/ T,H,HMIN,HMAX,EPS1,UROUND,NC,MF1 KFLAGL,JSTART

DIMENSION AC(5), AD(5), BC(5)
INTEGER AC,AD,BC,AST
DATA IBLK/1H /,IPER/1H./,IZRO/1HO/
AVAL=ALOGLO(VAL)
IF (AVAL.EQ.0.) RETURN
D0 5 I=1,5
AC(1)=IBLK
AD(1)=1ZRO

5 BC(I)=IZRO
TAD=IFIX( AVAL-+UROUND)
IF (IAD) 30,10,10

10 IREM=3-1AD
[AD=1AD+1
JREM=IFIX( VAL+UROUND)
REM=VAL-FLOAT(JREM)
IF (REM.GT.UROUND.AND.IREM.GT.0) GO TO 15
CALL CONVT (JREM,AC,5)
GO TO 50

15 CALL CONVT (JREM,AD,IAD)
JREM=IFIX(REM*(10,**IREM)+0.1)
CALL CONVT (JREM,BC,IREM)
D0 20 J=1,IAD

20 AC(J)=AD(J)
AC(IAD+1)=IPER
DO 25 K=1,IREM

25 AC(K+IAD+1)=BC(K)
G0 TO 40

30 IAD=IABS(IFIX(AVAL-0.1))-1
IVAL=IFIX(VAL*10000.+0.1)
CALL CONVT (IVAL,AC,5)
AC(1)=IPER
DO 35 I=1,IAD

35 AC(I+1)=IZR0

40 IF (AC(5).NE.IZRO) GO TO 50
DO 45 K=1,4
L=6-K

45 AC(L)=AC(L-1)

AC(1}=IBLK
GO TO 40

50 DO 55 I=NFNL
K=I-NF+1

55 AST(1)=AC(K)

RETURN -
END
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SUBROUTINE CONVT (NUM,L,N)

SUBROUTINE CONVT CONVERTS INTEGERS TO ALPHANUMERICS
FOR PRINTING

ASSUMES VALUE OF INTEGER IS POSITIVE
DIMENSION L(5), JDIGIT(10)

DATA JDIGIT/1HO,1H1,1H2,1H3,1H4,1H5,1H6,1H7,,1H8,1H9/
DATA JBLANK/1H /

NI=NUM

00 5 I=1,N

L{1)=JBLANK
5 CONTINUE

DO 10 K=1,N
I=N-K+1
NEXT=NI/10
NDX=(NI-NEXT*10)+1
L{1)=JDIGIT(NDX)
IF (NEXT.LE.O) GO TO 15
NI=NEXT

10 CONTINUE

15 RETURN
END
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SUBROUTINE SAVLIN (T,C,N)
COMMON /FRPLOT/ NIT(3),SAVCON(90,80),SAVTIM(80),JGRID(89,40) ,NT
COMMON /PHOTR/ IPP,RDAT(80),RTIM(80),RR1,IN1O
DIMENSION C(91)
DATA NFRST/1/
IF (NFRST.EQ.1) GO TO 5
IF (T.EQ.TOLD) RETURN
5 IF (NT.LT.0) RETURN
NFRST=2
TOLD=T _
IF (NT.GT.80) RETURN
IF (T.LT.SAVTIM(NT)) RETURN
SAVTIM(NT)=T
RTIM(NT)=T
00 10 I=1,N
10 SAVCON(INT)=C(I)
RDAT(NT)=RR1
NT=NT+1
RETURN
END
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SUBROUTINE SPLNA (N,X,Y,J,D,C,W)
DIMENSION X(10), Y(10), D(2), C(30), W(30)

- . P D S T R D D R L S A5 D D G D Y A S SR T - -

OVER THE INTERVAL X(I) TO X(I+1), THE INTERPOLATING
POLYNOMIAL

Y=Y(1)+A(I)*Z+B( 1) *Z**2+E (1) *Z**3
WHERE Z=(X-X(I))/(X(I+1)-X(I))

1S USED. THE COEFFICIENTS A{1),B(I) AND E(I) ARE COMPUTED

BY SPLNA AND STORED IN LOCATIONS C(3*I-2),C(3*I-1) AND
C(3*I) RESPECTIVELY.

WHILE WORKING IN THE ITH INTERVAL,THE VARIABLE Q WILL
REPRESENT Q=X(I+1) - X(I), AND Y(I) WILL REPRESENT
Y(I+1)-Y(I)

s S L - D D D - D Y T b e e S - e D e e e - -

Q=X(2)-X(1)

YI=Y(2)-Y(1)

IF (J.EQ.2) 60 TO 5
IF THE FIRST DERIVATIVE AT THE END POINTS IS GIVEN,
A(1) IS KNOWN, AND THE SECOND EQUATION BECOMES
MERELY B(1)+E(1)=YI - @*D(1).

C(1)=0*D(1)

¢(2)=1.0

W(2)=Y1-C(1)

60 T 10

- - == D =D T - D D D T T D D D D =R D D D D YRy SR D 4D D A T WP P s B P W D . -

IF THE SECOND DERIVATIVE AT THE END POINTS IS GIVEN
B(1) IS KNOWN, THE SECOND EQUATION BECOMES
A(1)+E(1)=YI-0.5%Q*Q*D(1). DURING THE SOLUTION OF

THE 3N-4 EQUATIONS,Al WILL BE KEPT IN CELL C(2)
INSTEAD OF C(1) TO RETAIN THE TRIDIAGONAL FORM OF THE
COEFFICIENT MATRIX.

- > - > . T S Y — - - - - - . A - . B - - - - - - - -

- D S - - D U S - P D = A e D D D L 4 S R WD AP WD M W A A D W =P =k W

UPPER TRIANGULARIZATION OF THE TRIDIAGONAL SYSTEM OF
EQUATIONS FOR THE COEFFICIENT MATRIX FOLLOWS--

- . D > D T - D D D D W - D D D b e T P D D S R D A @ WD w W A

00 15 I=1,M

AI=Q

Q=X(1+2)-X(I+1)

H=A1/Q

C(3*1)=-H/(2.0-C(3*I-1))
W(3*I)=(-YI-W(3*I-1))/(2.0-C(3*I-1))
C(3*1+1)=-H*H/(H-C(3*I))
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W(3*I+1)=(YI-W(3*1))/(H-C(3*1))
YI=Y(I+2)-Y(I+1)
C(3*1+2)=1.0/(1.0-C(3*I+1))

15 W(3*1+2)=(YI-W(3*I+1))/(1.0-C(3*I+1))

E(N-1) IS DETERMINED DIRECTLY FROM THE LAST EQUATION
OBTAINED ABOVE, AND THE FIRST OR SECOND DERIVATIVE
VALUE GIVEN AT THE END POINT.

20 IF (J.EQ.1) GO TO 25
%3;3—;);(?’0*0(2)/2.0-"(3*?{-4))/(3.0-C(3*N-4))
25 C(3*N-3)=(Q*D(2)-YI-W(3*N-4))/(2.0-C(3*N-4))
30 M=3*N-6
IF (M.LE.O) GO TO 40

BACX SOLUTION FOR ALL COEFFICENTS EXCEPT
A(1) AND B(1) FOLLOWS--

D0 35 II=1,M
[=M-11+3
35 C(I)=W(I)-C(I)*C(I+1)
40 IF (J.EQ.1) GO TO 45

IF THE SECOND DERIVATIVE IS GIVEN AT THE END POINTS,
A(1) CAN NOW BE COMPUTED FROM THE KNOWN VALUES OF
B(1) AND E(1). THEN A(1) AND B(1) ARE PUT INTO THEIR
PROPER PLACES IN THE C ARRAY.

C(1)=Y(2)-Y(1)-w(2)-C(3)
C(2)=W(2)

RETURN
45 C(2)=W(2)-C(3)
RETURN

END
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SUBROUTINE DRIVES (N,TO,HO,YO,TOUT,EPS,MF,INDEX,IA,JA)
DIMENSION IA(1), JA(1), YO(N)
DIMENSION Y(91,6)
COMMON /GEARL/ T,H,HMIN,HMAX,EPSC,UROUND,NC,MFC,KFLAG, JSTART
COMMON /GEAR2/ YMAX(100)/GEAR3/ERROR(100)/GEARA/WL(90,3)
COMMON /GEARS/ IW1(91,9)/GEAR6/W2(2000)/GEAR7/IW2(2000)
COMMON /GEARS/ EPSJ,IPTI2,IPTI3,IPTI4,IPTR2,IPTR3,NGRP
COMMON /GEAR9/ HUSED,NQUSED,NSTEP,NFE ,NJE,NZA ,NPL ,NPU,NZL ,NZU,NZRO
COMMON /INOUT/ INP,LOUT,ITAPE
DATA NMX/90/ ,LENW2/2000/ ,LENIW2/2000/
NGP=0
IF (INDEX.EQ.4) 60 TO 15
IF (INDEX.EQ.0) GO TO 30
IF (INDEX.EQ.2) 60 TO 35
IF (INDEX.EQ.-1) GO TO 40
IF (INDEX.EQ.3) GO TO 45
IF (INDEX.NE.1) GO TO 135
IF (EPS.LE.0.) GO TO 120
IF (N.LE.O) GO TO 125
F ((TO-TOUT)*H0.GE.0.) GO TO 130
MITER=MF-10* (MF/10)
F ((MITER.NE.1).AND. (MITER.NE.2)) GO TO 15
NP1=N+1
NZA=IA(NP1)-1
MAX=LENIW2/2
IPTI2=MAX+1
CALL SORDER (N,IA,JA,IW1,IW1(1,5),MAX,IW2,IW2(IPTI2),IER)
IPTI2=NZA+1
IF (IPTI2+NZA-1.GT.LENIW2) GO TO 145
DO 5 I=1,NP1
5 IW1(I,2)=IA(I)
D0 10 I=1,NZA
10 IW2(1)=3A(1)
CA%% NSCORD (N, IW1(1,2),IW2,IW1(1,3),IW2(IPTI2),IW1,IW1(1,5),IW1(1
1,8
MAXPL=(LENIW2-NZA) /2
TPTI3=IPTI2+MAXPL
MAXPU=LENIW2-IPTI3+1
CALL NSSFAC (N,IW1(1,2),IW2,MAXPL,IW1(1,3),IW2 (IPTIZ), W1(
1PU,IW1(1,5),IW2(IPTI3), IW1(1,6),Y(1,6),IW1(1,9),Y,Y(1,2),Y
21(1,7),IW1(1,8),Y(1,4),¥(1,5),IER)
NPL=IW1(N,4)
NPU=IW1{N,6)
NZL=IW1(N+1,3)
NZU=IW1({N+1,5)
IPTR2=NZA+1
IPTR3=1PTR2+MAXO( NZA,NZL )
IF (IPTR3+MAXO(NZA,NZU)-1.GT.LENW2) GO TO 145
15 D0 20 I=1,N
YMAX(1)=ABS(YO(I))

1,4) ,MAX
(1,3),Iw
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IF (MAX(I).EQ.0.) MAX(I)=1.E-10
20 Y(1,1)=Y0(1)
NC=N
T=10
H=HO
NZRO=0
TST=EPS*1.E-10
00 25 I=1,N
25 IF (Y(I,1).GT.TST) NZRO=NZRO+1
NZRO=MAXO(NZRQ, 1)
NOLD=NZRO
HMIN=ABS(HO)
HMAX=ABS(TO-TOUT)*10.
HMAX=AMIN1(HMAX,20.)
EPSC=EPS
MFC=MF
JSTART=0
NO=N
NMX1=NMX+1
EPSJ=SQRT(UROUND)
NHCUT=0
GO TC 50
30 HMAX=ABS(TOUT-TOUTP)*10.
HMAX=AMIN1(HMAX, 20.)
GO TO 80
35 HMAX=ABS(TOUT-TOUTP)*10.
HMAX=AMIN1 (HMAX, 20. )
IF ((T-TOUT)*H.GE.0.) GO TO 150
GO TO 85
40 IF ((T-TOUT)*H.GE.0.) GO TO 140
JSTART=-1
NC=N
EPSC=EPS
MFC=MF
45 CONTINUE
50 CALL STIFFS (Y,NO,IA,JA,W1,NMX,IWL,NMX1)
KGO=1-KFLAG
G0 TO {55,95,110,100),KGO
55 CONTINUE
D=0.
NZRO=0
D0 70 I=1,NC
IF (Y(1,1).GE.0.) GO TO 65
NGP=NGP+1
00 60 1,6
K=(J-1)*N+I
60 Y(K,1)=0.
65 CONTINUE
IF (Y(I,1).GT.TST) NZRO=NZRO+1
AYI=ABS(Y(I,1))
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70

75

80

85

90

95
100

105

110
115

120
125
130
135
140
145
150

YMAX (1) =AMAX1(1.E-10,AYI)
D=D+(AYI/YMAX(I) )**2
NZRO=MAXO(NZRO, 1)

IF (NZRO.NE.NOLD) JSTART=-1
D=D* (UROUND/EPS) **2

D0 75 I1=1,NC
YO(I1)=Y(II,1)

CALL SAVLIN (T,YO,N)

IF (D.GT.FLOAT(N)) GO TO 115
IF (INDEX.EQ.3) GO TO 150
IF (INDEX.EQ.2) GO TO 85
IF ((T-TOUT)*H.LT.0.) G0 TO 45
CALL INTERP (TOUT,Y,NO,YO)
GO TO 160

IF (T.GE.TOUT) GO TO 90

IF (((T+H)-TOUT).LE.0.) GO TO 45
H=(TOUT-T)*(1.+4.*UROUND)
JSTART=-1

GO TO 45

JSTART=-1

H=AMINL(H,1.)

G0 TO 150

CONTINUE

IF (NHCUT.EQ.10) GO TO 105
NHCUT=NHCUT+1

HMIN= . JXHMIN

H=. 1%H

JSTART=-1

GO TO 45

WRITE (LOUT,165)

IF (KGO.EQ.4) WRITE (LOUT,180) T
STOP

WRITE (LOUT,170) T,H

STOP

WRITE (LOUT,175) T
KFLAG=-2

STOP

WRITE (LOUT,185)

STOP

WRITE (LOUT,190)

STOP

WRITE (LOUT,195)

STOP

WRITE (LOUT,200) INDEX
STOP

WRITE (LOUT,205) T,TOUT,H
STOP

WRITE (LOUT,210)

STOP

TOUT=T
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DO 155 I=1,N
155 YO(I)=Y(1,1)

CALL SAVLIN (TOUT,YO,N)
160 INDEX=KFLAG

TOUTP=TOUT

HO=HUSED

IF (KFLAG.NE.O) HO=H

RETURN

165 FORMAT (//44H PROBLEM APPEARS UNSOLVABLE WITH GIVEN INPUT//)

170 FORMAT (//35H KFLAG = -2 FROM INTEGRATOR AT T = ,E16.8,5H H =,El16
1.8/524 THE REQUESTED ERROR IS SMALLER THAN CAN BE HANOLED//)

175 FORMAT (//37H INTEGRATION HALTED BY DRIVER AT T = ,E16.8/56H EPS
1TOO SMALL TO BE ATTAINED FOR THE MACHINE PRECISION/)

180 FORMAT (//35H KFLAG = -3 FROM INTEGRATOR AT T = ,E16.8/45H CORREC
1TOR CONVERGENCE COULD NOT BE ACHIEVED/)

185 FORMAT (//28H ILLEGAL INPUT.. EPS .LE. 0.//)

190 FORMAT (//25H ILLEGAL INPUT.. N .LE. 0//)

195 FORMAT (//36H ILLEGAL INPUT.. (TO-TOUT)*H .GE. 0.//)

200 FORMAT (//24H ILLEGAL INPUT.. INDEX =,15//)

205 FORMAT (//44H INDEX = -1 ON INPUT WITH (T-TOUT)*H .GE. O./4H T =,E
116.8,94 TOUT =,E16.8,6H H =,E16.8)

210 FO%MAT (//42H INSUFFICIENT WORKING STORAGE IN IW2 OR W2//)
EN

RARARARAARXARARAARRXRARRARRARARAARARXKRARAARR
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SUBROUTINE STIFFS (Y,NO,IA,JA,WI,NMX, IW1,NMX1)
COMMON /GEARL/ T,H,HMIN,HMAX,EPS,UROUND,N,MF ,KFLAG, JSTART
COMVON /GEAR2/ YMAX(100)/GEAR3/ERROR(100)
COMMON /GEAR6/ W2(2000)/GEAR7/IW2(2000)
COMMON /GEARS/ EPSJ, IPTI2,IPTI3,IPTI4,IPTR2,IPTR3,NGRP
COMMON /GEARY/ HUSED,NQUSED,NSTEP,NFE ,NJE , IDUMMY/(5) ,NZRO
COMYON /DATA/ NR,KR(200,7),A(200),5(200),ITITLE(7) ,TEWP,ERR, START,
1STOPP, PC,NP,SIG(91), IP(91),ITYPE(200),R(200),BK,SG,DILUT
COMMON /HEAT/ CV,Q(200),5C(200,7),1SC(200,3),ITEMP
DIMENSION Y(NO,1), IA(1), JA(1), WI(NMX,1), IWI(NMX1,1)
DIMENSION EL(13), TQ(4), RT(3)
DATA EL(2)/1./,0LDLO/1./
KFLAG=0
TOLD=T
IF (JSTART.GT.0) GO TO 50
IF (JSTART.NE.O) GO TO 10
CALL DIFFUN (N,T,Y,W1)
D0 5 I=1,N

5 Y(1,2)=H*W1(I,1)
METH=MF/10
MITER=MF -10*METH
NQ=1
L=2
100UB=3 .
RMAX=1.E4
RC=0.
CRATE=1.
HOLD=H
MFOLD=MF
NSTEP=0
NSTEPJ=0
NFE=1
NJE=0
IRET=3
60 70 15

10 IF (MF.EQ.MFOLD) GO TO 25
MEO=METH
MIO=MITER
METH=MF/10
MITER=MF-10*METH
MFOLD=MF
IF (MITER.NE.MIO) IWEVAL=MITER
IF (METH.EQ.MEO) GO TO 25
100UB=L+1
IRET=1

15 CALL COSET (METH,NQ,EL,TQ,MAXDER)
LMAX=MAXDER+1
RC=RC*EL(1)/0LDLO
OLDLO=EL (1)

20 FN=FLOAT(NZRO)
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EDN=FN*(TQ( 1) *EPS)**2
E=FN*(TQ(2)*EPS)**2
EUP=FN*(TQ(3) *EPS)#*2
BND=FN* (TQ(4)*EPS)**2
EPSOLD=EPS
NOLD=NZRO
G0 TO (30,35,50),IRET
25 IF (EPS.EQ.EPSOLD.AND.NZRO.EQ.NOLD) GO TO 30
IRET=1
G0 TO 20
30 IF (H.EQ.HOLD) GO TO 50
RH=H/HOLD
H=HOLD
IREDO=3
GO TO 40
35 RH=AMAX1(RH,HMIN/ABS(H))
40 RH=AMIN1(RH,HMAX/ABS(H) ,RMAX)
R1=1.
D0 45 J=2,L
R1=R1*RH
DO 45 I=1,N
45 Y(1,J3)=Y(1,d)*R1
H=H*RH
RC=RC*RH
IDOUB=L+1
IF (IREDO.EQ.0) GO TO 290
50 IF (ABS(RC-1.).GT.0.3) IWEVAL=MITER
IF (NSTEP.GE.NSTEPJ+20) IWEVAL=MITER
T=T+H
DO 55 J1=1,NQ
DO 55 J2=J1,NQ
J=(NQ+J1)-J2
DO 55 I=1,N
55 Y(I,d)=Y(1,3)+Y(I,J+1)
60 DO 65 I=1,N
65 ERROR(I)=0.
M=0
CALL DIFFUN (N,T,Y,W1(1,2))
NFE=NFE+1
IF (IWEVAL.LE.0) GO TO 140
IWEVAL=0
RC=1.
NJE=NJE+1
NSTEPJ=NSTEP
CON=-H*EL (1)
ISV=M
LSv=L
NZ=1A(MN+1)-1
DO 70 I=1,NZ
70 W2(1)=0.
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DO 125 IR=1,NR

IF {KR(IR,1).EQ.0.0R.KR(IR,1).EQ.99) GO TO 125

MT=ITYPE(IR)
D0 85 I=1,MT
IF (KR(IR,I).EQ.N+2) GO TO 85
JX=I+1-1/3*3
KX=1+2-1/2*3
J=KR(IR,JX)
K=KR(IR,KX)
XJ=1.
IF (J.EQ.0) GO TO 75
XJ=Y(J,1)
IF (J.EQ.N+2) XJ=SG
75 XK=1.
IF (K.EQ.0) GO TO 80
XK=Y(K,1)
IF (K.EQ.N+2) XK=SG
80 RT(I)=R(IR)*XJ*XK
85 CONTINUE
DO 120 K=1,MT
I=KR(IR,K)
IF (I.EQ.M2) GO TO 120
DO 100 L=1,MT
J=KR(IR,L)
IF (J.EQ.N+2) GO TO 100
M=IA(J)-1
90 M=M+1
IF (1-JA(M)) 90,95,90
95 W2(M)=W2(M)-RT(L) g
100 CONTINUE
D0 115 L=4,7
J=KR(IR,L)
M=IA(1)-1
IF (J) 115,120,105
105 M=M+1
IF (J-JA(M)) 105,110,105
110 W2(M)=W2(M)+RT(K)*SC(IR,L)
115 CONTINUE
120 CONTINUE
125 CONTINUE
DO 135 J=1,N
KMIN=IA(J)
KMAX=IA(J+1)-1
D0 130 K=KMIN,KMAX
W2(K)=W2(K)*CON

IF (JA(K).EQ.J) W2(K)=W2(K)+1.-CON*DILUT

130 CONTINUE
135 CONTINUE

CALL NSCORA (N,IA,JA,W2,IW1(1,2),W2(IPTR3),W2(IPTR2),IW1,IW1(1,7),

11W1(1,8))
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CALL NSNFAC (N,IW1(1,2),IW2,W2,IW1(1,3),IW2(1PTI2),IW1(1,4),W2(IPT L
1rR2),W1(1,3),IW1(1,5),IW2(IPTI3), IWl(1,6),W2( IPTR3), W1, IW1(1,7),IWl L

2(1,8),IER)
M=1SV
LsLSV
IF (IER.NE.Q) GO TO 160
140 DO 145 I=1,N
IF (M.LE.Q) GO TO 145

IF (-H*W1(I,2)*10..6T.Y(I,1)) 6O TO 155

145 W1(I,1)=H*W1(1,2)-(Y(I,2)+ERROR(I))

CALL NSBSLV (N,IWl,IWl,IW1(1,3),IW2(IPTI2),IW1(1,4),W2(IPTR2),W1(1
163%,1H1(1,5),IH2(IPT13),IH1(1,6),HZ(IPTRB),HI(I,Z),Nl,N?)

00 150 I=1 N
ERROR(1)=ERROR(1)+W1(I,2)
D=D+(W1(1,2)/YMAX(I))**2

150 Wi(I,1)=Y(I,1)+EL(1)*ERROR(I)

IF (M.NE.O) CRATE=AMAX1(.9*CRATE,D/D1)
IF ((D*AMIN1(1.,2.*CRATE)).LE.BND) GO TO 175

D1=D

M=M+1

IF (M.EQ.3) GO TO 155

CALL DIFFUN (N,T,W1,W1(1,2))
GO TO 140

155 NFE=NFE+2
IF (IWEVAL.EQ.-1) GO TO 170

160 T=TOLD

=2.
DO 165 J1=1,NQ
DO 165 J2=J1,NQ
J=(NQ+J1)-J2
DO 165 I=1,N

165 Y(I,d)=Y(I,d)-Y(I,J*1)

IF (ABS(H).LE.HMIN*1,00001) GO TO 285
RH=.25

IREDO=1

GO TO 35

170 IWEVAL=MITER
GO TO 60

175 IF (MITER.NE.O) IWEVAL=-1
NFE=NFE+M
D=0.

DO 180 I=1,N :

180 D=D+(ERROR(I)/YMAX(1))**2
IF (D.GT.E) GO TO 195
KFLAG=0
IREDO=0
NSTEP=NSTEP+1
HUSED=H
NQUSED=NQ
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D0 185 J=1,L
DO 185 I=1,N
185 Y(1,J)=Y(1,J)+EL(J)*ERROR(I)
IF (IDOUB.EQ.1) GO TO 205
IDOUB=1D0OUB-1
IF (IDOUB.GT.1) GO TO 295
IF (L.EQ.LMAX) GO TO 295
00 190 I=1,N
190 Y(I,LMAX)=ERROR(I)
GO TO 295
195 KFLAG=KFLAG-1
T=TOLD
DO 200 J1=1,NQ
D0 200 J2=J1,NQ
J=(NQ+J1)-J2
00 200 I=1,N
200 Y(I,d)=Y(1,d)-Y(1,J3+1)
RMAX=2.
IF (ABS(H).LE.HMIN*1,00001) GO TO 275
IF (KFLAG.LE.-3) GO TO 265
IREDO=2
PR3=1.E+20
GO TO 215
205 PR3=1.E+20
IF (L.EQ.LMAX) GO TO 215
D1=0.
DO 210 I=1,N
210 D1=D1+((ERROR(I)-Y(I,LMAX))/YMAX(I))**2
ENQ3=.5/FLOAT(L+1)
PR3=( (D1/EUP)**ENQ3)*1.4+1.4E-6
215 ENQ2=.5/FLOAT(L)
PR2=( (D/E)**ENQ2)*1.2+1.2E-6
PR1=1.E+20
IF (NQ.EQ.1) GO TO 225
D=0.
D0 220 I=1,N
220 D=D+(Y(I,L)/YMAX(I))**2
ENQ1=.5/FLOAT(NQ)
PR1=((D/EDN)**ENQL)*1.3+1.3E-6
225 IF (PR2.LE.PR3) GO TO 230
IF (PR3.LT.PR1) GO TO 240
GO TO 235
230 IF (PR2.GT.PR1) GO TO 235
NEWQ=NQ
RH=1./PR2
GO TO 255
235 NEWQ=NQ-1
RH=1./PR1
GO TO 255
240 NEWQ=L
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RH=1./PR3
IF (RH.LT.1.1) 60 TO 250
D0 245 I=1,N
245 Y(I,NEWQ+1)=ERROR(I)*EL(L)/FLOAT(L)
60 TO 260
250 1DOUB=10
GO TO 295
255 IF ((KFLAG.EQ.0).AND.(RH.LT.1.1)) 60 TO 250
IF (NEWQ.EQ.NQ) GO TO 35
260 NQ=NEWQ
L=NQ+1
IRET=2
60 T0 15
265 IF (KFLAG.EQ.-9) GO TO 280
RH=10. **KFLAG
RH=AMAX1(HMIN/ABS(H) ,RH)
H=H*RH
CALL DIFFUN (N,T,Y,W1)
NFE=NFE+1
00 270 I=1,N
270 Y(1,2)=H*W1(1,1)
IWEVAL=MITER
100UB=10
IF (NQ.EQ.1) GO TO 50
NQ=1
L=2
IRET=3
60 T0 15
275 KFLAG=-1
GO TO 295
280 KFLAG=-2
GO TO 295
285 KFLAG=-3
G0 TO 295
290 RMAX=100.
295 HOLD=H
JSTART=NQ
RETURN
END
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SUBROUTINE COSET (METH,NQ,EL,TQ,MAXDER)

DIMENSION PERTST(12,2,3), EL(13), TQ(4)

DATA PERTST/1.,1.,2.,1.,.3158,.07407,.01391, .002182, .0002945, .0000
13492, .000003692, .0000003524,1.,1.,.5, .1667, .04167,1.,1.,1.,1.,1.,1
2.,1.,2.,12.,24. ,37.89,53.33,70.08,87.97,106.9,126.7,147.4,168.8,19
31.0,2.0,4.5,7.333,10.42,13.7,1.,1.,1.,1.,1.,1.,1.,12.0,24.0,37.89,
453.33,70.08,87.97,106.9,126.7,147.4,168.8,191.0,1.,3.0,6.0,9.167,1
52.5,1.,1.,1.,1.,1.,1.,1.,1./

5 MAXDER=5 :
&0 10 (10,15,20,25,30),NQ
10 EL(1)=1.0
GO TO 35
15 EL(1)=6.6666666666667E-01
EL(3)=3.3333333333333E-01
GO TO 35
20 EL(1)=5.4545454545455E-01

EL(3)=EL(1)

EL(4)=9.0909090909091E-02

GO TO 35

25 EL(1)=0.48

EL(3)=0.7

EL(4)=0.2

EL(5)=0.02

GO TO 35

30 EL(1)=4.3795620437956E-01

EL(3)=8.2116788321168E-01

EL(4)=3.1021897810219E-01

EL(5)=5.4744525547445E-02

EL(6)=3.6496350364964E-03

35 DO 40 K=1,3
40 TQ(K)=PERTST(NQ,METH,K)

TQ(4)=.5*TQ(2) /FLOAT(NQ+2)

RETURN

END

ZTTIXIIZZETTTREXTEZEZEXRZEERERRRZIIZIZIZIZXE
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SUBROUTINE NSCORA (N,IA,JA,A,IAP,JAWORK,AWORK,C,IR,ICT)
INTEGER IA(1),JA(1),IAP(1),JAWORK(1),C(1),IR(1),ICT(1)

REAL A(l),AWORK(1)

DO 5 K=1,N

IX=C(K)

IR(ICK)X

JMIN=1

DO 15 K=1,N

IX=C(K)
JMAX=OMIN+IA(1CK+1)-IA(ICK)-1
IF (OMIN.GT.JMAX) 60 TO 15
TAINK=IA(ICK)-1

00 10 J=JMIN, MAX
TAINK=]AINK+1

JAOUTJ=JA( IAINK)
JAOUTJ=IR(JAOUTJ)
JAWORK ( J) =JAOUTJ

10 AWORK(J)=A(IAINK)
15 MIN=gMAX+1

D0 20 I=1,N

20 ICT(I)=IAP(I)

JMIN=1

DO 30 I=1,N

ICK=C(I)
MAX=MIN+IA(I(X+1)-IA(1(X)-1
IF (JMIN.GT.JMAX) GO TO 30
DO 25 J=JMIN,JMAX

JAOUT J=JAWORK( J)
ICTJ=ICT(JAOUTY)
A(ICTJ)=AWORK(J)
ICT(JAOUTI)=ICTa+1

25 CONTINUE
30 MIN=JMAX+1

RETURN
END
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SUBROUTINE NSNFAC (N,IA,JA,A,IL,dL,ISL,L,D,IU,J0,ISU,U,X,IRL,JRL,]

1ER)
INTEGER IA (1),IL(1

INTEGER IU

1),IsL(1)
L(1),RL(1)

(1),
(1),
REAL A(1),L(1)
REAL LKI
IER=0
D0 5 K=1,N
IRL(K)=IL(K)
5 JRL(K)=0
DO 90 K=1,N
X(K)=0.
11=0
IF (JRL(K).EQ.0) GO TO 15
I=JRL(K)
10 12=RL(I)
RL(I)=I1
I1=I
X(1)=0.
I=12
IF (I.NE.O) GO TO 10
15 MIN=ISU(K)
MAX=MIN+TU(K+1)~TU(K) -1
IF (JMIN.GT.MAX) GO TO 25
DO 20 J=JMIN,JMAX
JUJI=Ju(J)
20 X(Jud)=0.
25 JMIN=IA(K)
MAX=]A(K+1)-1
DO 30 J=JMIN, IMAX
JAJ=JA(J)
30 X{JAJ)=A(J)
I=11
F (I.EQ.0) GO TO 50
35 IRLI=IRL(I)
LKI=-X(I)
L(IRLI)=-LKI
JMIN=IU(I)
JMAX=IU(I+1)-1
IF (JMIN.GT.JMAX) GO TO 45
ISUB=ISU(I)-1
DO 40 J=JMIN,JMAX
ISUB=ISUB+1
JuJ=Ju(1SUR)
40 X(Jud)=X(JUJ)}+LKI*U(J)
45 I=RL(I)
IF (I.NE.O) GO TO 35
50 IF (X(K).EQ.0.) GO TO 95
DK=1./X(K)
D(K)=DK

(1),0(1)

JA )L
Ju(1),Isu(1),1
,D X
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IF (K.EQ.N) GO TO 90
JMIN=IU(K)
MAX=TU(K+1)-1
IF (JIMIN.GT.JMAX) GO TO 60
JSUB=ISU(K) -1
DO 55 J=JMIN, JMAX
ISUB=ISUB+1
JUJ=JU(ISUB)
55 U(J)=X(JUJ)*DK
60 CONTINUE
I=I1
IF (1.EQ.0) GO TO 85
65 IRL(I)=IRL(I)+1
I1=RL(I)
IF (IRL(I).GE.IL(I+1)) GO TO 80
ISLB=IRL(I)-IL(1)+ISL(I)
J=JL(ISLB)
70 IF (I.GT.JRL(J)) GO TO 75
J=JRL(J)
GO T0 70
75 RL(I)=JRL(J)
RL(J)=I
80 I=I1
IF (I.NE.Q) GO TO 65
85 ISLK=ISL(K)
IF (IRL(K).GE.IL(K+1)) GO TO 90
J=JL(ISLK)
JRL(K)=RL(J)
JRL{J)=K
90 CONTINUE
RETURN
95 IERX
RETURN
END
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SUBROUTINE NSBSLV (N,R,C,IL,JdL,ISL,L,D,IU,JU,1SU,U,X,B,Y)
DIMENSION R(1), IL(1), JL(1), IU(1), Ju(1), C(1), ISL(1), ISu(1)
DIMENSION L(1), X(1), B(1), U(1), Y(1), D(1)

INTEGER R,RK,C,(X
REAL L

DO 5 K=1,N
RK=R(K)
Y(K)=B(RK)

DO 15 K=1,N
MIN=IL(K)
MAX=IL(K+1)-1
YK=-D(K)*Y(K)
Y(K)=-YK

IF (MIN.GT.JMAX) GO TO 15
ISLB=ISL(K)-1

DO 10 J=JMIN,JMAX
ISLB=ISLB+1
JLJ=JL(ISLB)

10 Y(JLJ)=Y(JLJI)+YK*L(J)
15 CONTINUE

K=N

DO 30 I=1,N

SWM=-Y(K)

JMIN=IU(K)

JMAX=TU(K+1)-1

IF (OMIN.GT.JMAX) GO TO 25
ISUB=ISU(K)-1

00 20 J=JMIN,JIMAX
ISUB=ISUB+1

JUJ=Ju(ISUB)

20 SUM=SUMHU(J)*Y(JuJ)
25 Y(K)=-SWM

CK=C(K)
X(CK)=-SUM

30 K=K-1

RETURN
END
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SUBROUTINE YSMER (A,K,Al)
INTEGER A,A1(2)
COMMON /INOUT/ INP,LOUT,ITAPE
WRITE (LOUT,S) A,K,A1(1),A1(2)
RETURN

C

C

¢

5 FORMAT (1X,A10,16,2A10)

END
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SUBROUTINE INTERP (TOUT,Y,NO,YO)
COMMON /GEAR1/ T,H,DUMMY(4),N,IDUMMY(2),JSTART
DIMENSION YO(NO), Y(NO,1)
00 5 I=1,N
5 Yo(I)=Y(I,1)
L=JSTART+1
S=(TOUT-T)/H
S1=1.
D0 15 J=2,L
$1=51*S
DO 10 I=1,N
10 YO(1)=YO(I)+S1*Y(I,J)
15 CONTINUE
RETURN
END
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SUBROUTINE SPARS (IA,JA,N)
COMMON /DATA/ NR,KR(200,7),A(200),S(200),ITITLE(7),TEMP,ERR,START,
1sTopp,PC, NP, SIG(91),1P(91),ITYPE(200) ,R(200) ,BK,SG,DILUT

DIMENSION IA(N), JA(N)
D0 5 I=1,N
5 IA(I)=1
KT=0
IA(N+1)=1
JA(1)=0
DO 70 IR=1,AR
IF (KR(IR,1).EQ.N+2) GO TO 70

IF (KR(IR,1).EQ.0.0R.KR(IR,1).EQ.99) GO TO 70

MT=ITYPE(IR)
DO 65 K=1,MT
I=KR(IR,K)
IF (KR(IR,K).EQ.N+2) GO TO 65
DO 30 L=1MT
J=KR(IR,L)
IF (KR(IR,L).EQ.N+2) GO TO 30
K1=IA(J)
K2=1A(J+1)-1
IF (K1.6T.K2) G0 TO 15
D0 10 M=1,K2
10 IF (I1.EQ.JA(M)) GO TO 30
15 DO 20 M=J,N
20 IA(M+1)=IA(M+1)+1
KT=KT+1
KD=T-K2
K2=K2+1
00 25 M=1,KD
25 JA(KT+2-M)=JA(KT+1-M)
JA(K2)=1
30 CONTINUE
K1=IA(I)
00 60 L=4,7
K2=IA(1+1)-1
J=KR(IR,L)
IF (KR(IR,L).EQ.N+2) GO TO 60
IF (J) 60,65,35
35 IF (K1.GT.K2) GO TO 45
00 40 M=K1,K2
IF (J.EQ.JA(M)) GO TO 60
40 CONTINUE
45 DO 50 M=I,N
50 IA(M+1)=IA(M+1)+1
KT=KT+1
KD=KT-K2
K2=K2+1
DO 55 M=1,KD
55 JA(KT+2-M)=JA(KT+1-M)
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JA(K2)=J

60 CONTINUE
65 CONTINUE
70 CONTINUE

DO 80 I=1,N

K1=IA(I)+1
K2=I1A(I+1)-1

IF (K1.6T.K2) GO TO 80
MT=K2-K1+1

DO 75 K=1,MT

DO 75 M=K1,K2

IF (JA(M).GT.JA(M-1)) GO TO 75
J=JA(M-1)
JA(M-1)=JA(M)

JA(M)=d

75 CONTINUE
80 CONTINUE

M=N

DO 95 I=
IF (IA(I
NM=I+1
NN=N+1
KMIN=IA(NM)
KMAX=IA(NN)

DO 85 J=KMIN,KMAX
KM=KMAX+KMIN-J

1,M
+1).GT.IA(I)) GO TO 95

85 JA(KM)=JA(KM-1)

KNOW=IA(1I)
JA(KNOW) =1
DO 90 LL=NM,NN

90 IA(LL)=IA(LL)+1
95 CONTINUE

RETURN
END
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SUBROUTINE SORDER (N,IA,JA,P,Q,MAX,V,L,IER)
INTEGER IA(1),dA(1),P(1),Q(1),V(1),L(1)
INTEGER S,SFS,PI,Pd,PK,VI,VJ,VK,QVK,DTHR,DMIN

5

IER=0

D0 5 S=1,MAX
L({S)=S+1
SFS=1
L(MAX)=0

DO 10 K=1,N
P(K)=X
Q(K) =
V(K)=1

10 L(K)=0

15
20

25

30
35

45

SFS=SFS#N

DO 50 K=1,N
MIN=TA(K)
MAX=IA(K+1)-1

IF (JMIN.GT.JMAX+1) GO TO 145

KDIAG=0

DO 45 J=JMIN, MAX
yJ=JA(J)

IF (VJ.NE.K) GO TO 15
KDIAG=1

G0 TO 45

LLK=K

LK=LLK

LLK=L (LK)

IF (LLK.EQ.O0) GO TO 25
IF {V(LLK)-VJ) 20,30,25
LLK=SFS

IF (LLK.EQ.0) GO TO 150
SFS=L(SFS)

V(K)=V(K)+1

V(LLK)=vJ

L{LLK)=L(LK)

L(LK)=LLK

LLK=VJ

LK=LK

LLK=L(LK)

IF (LLK.EQ.0) GO TO 40
IF (V(LLK)=K) 35,45,40
LLK=SFS

IF (LLK.EQ.0) GO TO 150
SFS=L(SFS)
V(VJ)=V(VJ)+1

V{LLK)=X

L{LLK) =L (LK)

L(LK)=LLK

CONTINUE

IF (KDIAG.EQ.0) GO TO 160
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50 CONTINUE
J=0
DTHR=0
DMIN=N
I=0
55 I=I+1
IF (I.GT.N) GO TO 140
JMIN=MAXO(J+1,1)
IF (OMIN.GT.N) GO TO 70
60 DO 65 J=JMIN,N
VI=P(J)
IF (V(VI).LE.DTHR) GO TO 75

IF (V(VI).LT.DMIN) DMIN=V(VI)

65 CONTINUE
70 DTHR=DMIN
DMIN=N
MIN=I
60 TO 60
75 PI=P(1)
P(J)=PJ
Q(PJ)=J
PI=VI
P(1)=PI
Q(PI)=I
LI=VI
80 LI=L(LI)
IF (LI.EQ.0) GO TO 105
VK=V(LI)
LLK=VK
LJ=VI
85 LJ=L(LJ)
IF (LJ.EQ.0) GO TO 100
VI=V(LJ)
IF (VJ.EQ.VK) GO TO 85
90 LK=LLK
LLK=L (LK)
IF (LLK.EQ.0) GO TO 95
IF (V(LLK)-VJ) 90,85,95
95 LLK=SFS
IF (LLK.EQ.0) GO TO 155
SFS=L(SFS)
V(VK) =V(VK)+1
V(LLK) =VJ
L(LLK)=L(LK)
L(LK) =LLK
60 TO 85
100 IF (V(VK).GT.V(V1)) GO TO 80
[=1+1
QVK=Q(VK)
P1=P(1)
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P(QVK)=P1
Q(PT)=qvK
P(1)=VK
Q(VK)=I
GO TO 80
105 LI=VI
110 IF (L(LI).EQ.0) GO TO 135
LI=L(LI)
VK=V(LI)
LLK=VK
QUK=MINO(Q(VK),I)
LK=LLK

LLK=L (LK)
IF (LLK.EQ.0) GO TO 120
VEV(LLK)
IF (Q(VJ).6T.QVK) 60 TO 115
V(VK) =V(VK)-1
L(LK)=L{LLK)
L{LLK)=SFS
SFS=LLK
LLK=LK
G0 TO 115
120 IF (Q(VK).LE.I) 60 TO 130
IF (V(VK).LE.DTHR) GO TO 125
IF ((DTHR.LT.V(VK)).AND. (V(VK) .LT.DMIN)) DMIN=V(VK)
G0 TO 110
125 J=MINO(Q(VK)-1,J)
DTHR=V(VK)
G0 70 110
130 L(LK)=SFS
SFS=L(VK)
G0 T0 110
135 L(LI)=SFS
SFS=L(VI)
G0 TO 55
140 RETURN
145 CALL YSMER (3HROW,K,13H OF A IS NULL)
30 TO 165
150 CALL YSMER (3HROW,K,16H EXCEEDS STORAGE)
GO TO 165
155 CALL YSMER (6HVERTEX,VI,16H EXCEEDS STORAGE)
G0 TO 165
160 CALL YSMER (6HCOLUMN,K,19H.. DIAGONAL MISSING)
165 IER=1
RETURN
END

115
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SUBROUTINE NSSFAC (N,IA,JA,MAXPL,IL,JL,ISL,MAXPU,IU,JU,ISU,P,V,IRA
1,RA,IRAC,IRL,JRL,IRU,JRU,IER)

INTEGER IA(1),JA(1),IRA(1),JRA(1),IL(1),dL(1),ISL(1)
INTEGER IU(1),3U(1),ISU(1),IRL(1),RL(1 ) IRU(1),JRU(1)

INTEGER P(1), V(l) IRAC(l)

INTEGER VI,VJ,VK,PK,PPK,PI,CEND,REND

[ER=0
DO 5 K=1,N
IRAC(K)=0
JRA(K)=0
JRL(K)=0

5 JRU(K)=0
D0 10 K=1,N
IAK=IA(K)

IF (IAK.GT.IA(K+1)) GO TO 200

IF (JA(IAK).GT.K) GO TO 10
JATAK=JA(1AK)
JRA(K)=IRAC( JAIAK)
TRAC(JAIAK) =
10 IRA(K)=I1AK
JLPTR=0
IL(1)=1
JUPTR=0
1U(1)=1
DO 195 K=1,N
P(1)=1
V(1)=N+1
LSFS=2
VI=IRAC(K)
F (VJ.EQ.0) GO TO 30
15 PPK=1
20 PK=PPK
PPK=P(PK)
IF (V(PPK)-VJ) 20,220,25
25 P(PK)=LSFS
V(LSFS)=vJ
P(LSFS)=PPK
LSFS=LSFS+1
VI=JRA(VJ)
IF (VJ.NE.O) GO TO 15
30 LASTI=0
1=
35 I=JRU(1)
F (1.EQ.0) GO TO 60
PPK=1
JMIN=IRL(I)
MAX=ISL(I)+IL(1+1)-IL(I)-1
IF (LASTI.GT.I) GO TO 40
LASTI=I
LASTID=JMAX~JMIN
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IF (JL(MIN) .NE.K) LASTID=LASTIO+]
40 IF (JMIN.GT.JMAX) 60 TO 35
D0 55 J=JMIN,JMAX
VJ=dL(J)
45 PK=PPK
PPK=P(PK)
IF (V(PPK)-VJ) 45,55,50
50 P(PK)=LSFS
V(LSFS)=vJ
P(LSFS)=PPK
PPK=LSFS
LSFS=LSFS+1
55 CONTINUE
0 TO 35
60 P1=P(1)
IF (V(PI).NE.K) GO TO 225
IF (LASTI.EQ.0) GO TO 65
IF (LASTID.NE.LSFS-3) GO TO 65
IRLL=IRL (LASTI)
ISL(K)=IRLL+1
IF (JL(IRLL).NE.K) ISL(K)=ISL(K)-1
IL(K+1)=IL(K)+LASTID
IRL(K)=ISL(K)
0 TO 80
65 ISL(K)=JLPTR+1
P1=P(1)
PI=P(PI)
VI=V(PI)
70 IF (VI.GT.N) 60 TO 75
JLPTR=JLPTR+1
IF (JLPTR.GT.MAXPL) GO TO 230
JL(JLPTR)=VI
P1=P(PI)
VI=V(PI)
GO TO 70
75 IRL(K)=ISL(K)
TL(K+1)=IL(K)+JLPTR-ISL(K)+1
80 P(1)=1
v(1)=N+1
LSFS=2
MIN=IRA(K)
JMAX=IA(K+1)-1
IF (JMIN.GT.JMAX) GO TO 100
DO 95 J=JMIN,MAX
VJI=JA(J)
PPK=1
85 PK=PPK
PPK=P(PK)
IF (V(PPK)-VJ) 85,205,390
90 P(PK)=LSFS
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V(LSFS)=vJ
P(LSFS)=PPK
95 LSFS=LSFS+1
100 LASTI=0
1=
105 I=JRL(I)
IF (I.EQ.0) GO TO 130
PPK=1
MIN=IRU(1)
MAX=ISU(I)+1U(I+1)-IU(1)-1
IF (LASTI.GT.I) GO TO 110
LASTI=]
LASTID=JMAX-JMIN
IF (JU(JMIN).NE.K) LASTID=LASTID+
110 IF (JMIN.GT.JMAX) GO TO 105
DO 125 J=JMIN,JMAX
Vd=JU(J)
115 PK=PPK
PPK=P(PK)
IF (V(PPK)-VJ) 115,125,120
120 P(PK)=LSFS
V(LSFS)=VJ
P(LSFS)=PPK
PPK=LSFS
125 LSFS=LSFS+1
GO TO 105
130 PI=P(1)
IF (V(PI).NE.K) GO TO 210
IF (LASTI.EQ.0) GO TO 135
IF (LASTID.NE.LSFS-3) GO TO 135
IRUL=IRU(LASTI)
ISU(K)=IRUL+1
IF (JU(IRUL).NE.K) ISU(K)=ISU(K)-1
TU(K+1)=IU(K)+LASTID
TRU(K) =ISU(K)
60 TO 150
135 ISU(K)=JUPTR+1
PI=P(1)
PI=P(PI)
VI=V(PI)
140 IF (VI.GT.N) GO TO 145
JUPTR=JUPTR+1
IF (JUPTR.GT.MAXPU) GO TO 215
JU(JUPTR)=VI
PI=P(PI)
vI=v(PI)
60 TO 140
145 IRU(K)=ISU(K)
TU(K+1) =IU(K)+JUPTR-ISU(K)+1
150 I
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102
103
104
105
106
107
108

110
111
112
113
114
115
116
117
118
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123
124
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130
131
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133
134
135
136
137
138
139
140
141
142
143
144
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155 I1=JRL(I)
CEND=ISL(I)+IL({I+1)-IL(I)
IF (IRL(I).GE.CEND) GO TO 160
IRLI=IRL(I)
J=JL(IRLI)
RL(I)=RL(J)
JRL(J)=I
160 i=I1
IF (1.EQ.0) GO TO 165
IRL(I)=IRL(1)+1
GO TO 155
165 I
170 I1=JrU(I)
REND=ISU(I)+IU(I+1)-IU(I)
IF (IRU(T).GE.REND) GO TO 175
IRUI=IRU(I)
J=JU(IRUI)
JRU(I)=RU(J)
JRU(J) =1
175 I=IL
IF (1.EQ.0) GO TO 180
IRU(1)=IRU(I)+1
GO 70 170
180 I=IRAC(K)
IF (I1.EQ.0) GO TO 195
185 I1=RA(I)
IRA(I)=IRA(I)+1
TF (IRA(I).GE.IA(I+1)) GO TO 190
IRAI=IRA(T)
IF (JA(IRAI).GT.I) GO TO 190
JAIRAI=JA(IRAI)
JRA(1)=IRAC(JAIRAI)
IRAC(JAIRAI)=I
290 i=I1
IF (I.NE.O) GO TO 185
285 CONTINUE
ISL{N)=JLPTR
ISU(N)=JUPTR
RETURN
200 CALL VSMER (3HROW,K,13H OF A IS NULL)
GO TO 235
205 CALL YSMER (3HROW,K,20H HAS DUPLICATE ENTRY)
GO TO 235
210 CALL YSMER (3HROW,K,17H HAS A NULL PIVOT)
GO TO 235
215 CALL YSMER (3HROW,K,19H EXCEEDS JU STORAGE)
GO TO 235
220 CALL YSMER (3HCOL,K,20H HAS DUPLICATE ENTRY)
GO TO 235
225 CALL YSMER (3HCOL,K,17H HAS A NULL PIVOT)
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151
152
153
154
155
156
157
158
159
160
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GO TO 235 U 201
230 CALL YSMER (3HCOL,K,19H EXCEEDS JL STORAGE) U 202
235 IER=1 U 203

RETURN U 204

END U 205-
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SUBROUTINE NSCORD (N, IA,JA,IAWORK,JAWORK,C,IR,ICT)
INTEGER IA(1),JA(1),IAWORK(1),JAWORK(1),C(1),IR(1),ICT(1)

DO 5 I=1,N
ICT(1)=0
IAWORK (1)=1
DO 15 K=1,N
IX=C(K)
JMIN=TAWORK (K)

MAX=MIM+TA(IOK+1)-IA(ICK) -1

TAWORK (K+1) = JMAX+1

IF (MIN.GT.JMAX) GO TO 15
TAINK=IA(ICK)-1

DO 10 J=JMIN, JMAX
TAINK=TAINK+1

JAOUTJ=JA{ TAINK)
JAOUTJ=IR( JAOUTJ)
JAWORK ( J) =JAOUTJ

10 ICT(JAOUTJ)=ICT(JAOUTJ)+1
15 CONTINUE '

IA(1)=1
D0 20 I=1,N
IA(1+1)=IA(I)+ICT(I)

20 ICT(I)=IA(I)

00 30 I=1,N

MIN=TAWORK(I)
JMAX=TAWORK(1+1)-1

"F (JMIN.GT.JMAX) GO TO 30
DO 25 J=JMIN, MAX
JAOUTJ=JAWORK (J)
ICTJ=ICT(JAOUTJ)
JA(ICTJ)=1

25 ICT(JAOUTJ)=1CTJ+1
30 CONTINUE

RETURN
END
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BLOCK DATA ALPHAL

COMMON /ALPHA/ 1GO(4),IBLANK,MBLANK,JINTER

COMMON /APLOT/ JVERT(52,2),JBLANK,JSTAR,JPLUS, JBAR

COMMON /GEAR1/ T,GUESS,HMIN,HMAX,EPSI,UROUND,NC,MF1,KFLAGL,JSTART
COMMON /HEAT/ CV,Q(200),5C(200,7),15C(200,3),ITEMP

COMMON /STORE/ AST(35),IPL(7),TEMEND,NTEMP,TMI,NPHOT,PHI, IL,NFRST,
11PH(30),QM(100) ,PM(100) ,PSTOP

COMMON /PHOTR/ 1PP,RDAT(80),RTIM(80),RR1,IN10

DATA 1GO(1)/4HMORE/,1GO(2)/4HCONT/,1G0(3)/4HPLOT/,1G0(4)/4H  /,1
1BLANK/4H  /,MBLANK/4HM  /,JINTER/HINTV/

DATA JVERT/12%*4H ,4HC ,4HO ,4HN ,8HC ,4HE ,8H N ,4H
1T ,84R ,4HA ,8HT ,8H1 ,4HO ,8HN ,8H ,4HP ,4HP
2,0H M ,75%H  /

DATA JBLANK/4H  /,JSTAR/1H*/,JPLUS/1H+/,JBAR/1HI/

DATA ITEMP/4HTEMP/,TEMEND/0.0/,PSTOP/0.0/,IN10/1/

DATA UROUND/7.5E-15/

END
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APPENDIX B
INPUT DATA--CHEMK FORMAT

B-1



BONOBIOWN~D

10

SAVE
NO2
(4]
o o
foz 03
no: O
on 03
1102 03
on no2
ou co
no NO
o "ol
no2  MoJ
0 1102
flo2 1o
[+] PAR
an ran
1] OLE
0 OLE
onu QLE
03 OLE
03 aLe
(1) ETH
1] L
oun T
0 ETIt
NO ACOJ
N RAN2
no nAQ2
RO nED2
ro MEO2
No MEU2
03 RBO2
a3 RACG2
03 MEDO2
on cana
au CARD
CARD
QQ
qaQ
CARD
FAR X
HO2 ACO3
PAN
102 ACOd
102 MEO2
Ho CRIC
02 cCnic
CARD CRIGC
nn uene
no2  NCRG
CARD NG
Y
[HIRI"]
Gl
[RLHTEE
[H{H
e
ene
ull ARO
on AlQ
oty Al
CARB W

o

AppenDIX B
INPUT DATA--CHEMK FORMAT

. 000324
X0

0

xo2

cann
cannp

cCann
cani

[IIP}

Hy
1ol
103
Y
CLY
cLY

co
o2

PAR
Pat

(H1¥
‘o

(M1
13

B-2

co

1.000E+00
4.400F+06

2.38E+01
4.800£-02
1.J340E+04
7.T00E+0 1
8.000E+00
1.400L+04
4.400L+02
1.500E~Q4
2.800L+04
1.560C-03
1.200E+04
{.300E+04
2.0008+01
1.6001+03
2.700£+03
2.700F+00
4.200L+04
8.000E-03
8.000E~03
6.000L+02
6.0001;+02
1.2000+04
2.400E-03
3.800£+03
1.200L+04
1.200F+04
4.000E+03
8.000E+93
3.000E+02
8.000L+00
2.000£+02
8.000E+00
9.3001.+v3
9.300£+03
1.000E+00
1.000£+02
1.000E+02
3.500E-01
1.000E+03
2.000L+03
2.800£-02
4.000E+03
4.0000+03
§.200L+04
8.000L+03
2.000L+03
3.2001+04
01.0000:+03
2.0000«03
6.T008 0
8.4 1009
¥, 000,00
Vhautiiel
H.400i. 0038
4. 250¢002
8.800K+01
6.000E+03
1.600F+03
1.300E+04
1.00V0E+3

1450.8
2430.0

1000.0
1823.0

-10600.0

12300.90



23 R

25 3

. 008
. 186

.268
. 142
074
.039
036

RO CARB PAR
RO3 AERD
CARB CARB
AERO
802 G6C Co
Y Y Y
XEO2 HO2 GC
. 090324
RO O
eQ
Cco
N02 CARB MEO2 X
NO2 CARB HO2
NEO2 HO2 GG
o8
co
69.
OLE PAR
ETH
.99 7.38
.878
303.3
9.20 90.40 0.60 0.080
18. . 002
8. .188
138, 432
198. .62
288. .68
318. 613
18. .272
78. 024
138. .01
198, .006
288. . 006
318, . 908
16. . 198
8. .98
138. .234
198. 117
286. .068
818, .938
BLANK CARD
BLANK CARD

B-3

3.000k+01
1.000E+01
3.000E+04
6.800E-01
1.000E+04
1.000E+02
2.0208E-01

.3

. 00064
. 80032
2770,
9230.
072
.93

. 0803

901
-.000324

60,
ARD

A7

48,

108.
168.
228,

340,

48,

108,
168,
228,
28%.
348,

45.

108,
168.
223.
283,
343.

942
.338
387
.68

638
594

. 983
013
007
.006
. 805
903

.383

171
07
.08
.37



AppenDIX C
INPUT DATA--EPA FORMAT

C-1



382°°883°°2°§3 5852282552 8

8338

1 SAVE

LE L LY I SR
AR 111

PmNOALLIN~-

52 ogReegEs

S13AREAGEERCEEERE § nangsEsaes

88

ArBgEEt EEsgRg R o

AppenDix C
INPUT DATA--EPA FORMAT

ol
oa

FAR
CRIC

NO2
CARB
CARD

cAnn
cann

PAR
PAR

4.4000+06
S.3%0L01

1.300E+04
2.000E+01
1.3500E+03
2.700E+03
2.?00E+03
4.200E+04
8.000£~02
8.000E-03
6.0Q0E+02
6.000E+02
1.200E+04
2.400E-03
3.800E+03
1.200£+04
1.200E+04
4.000E+03
1.000E+03
8.000E+43
$.000E+02
3.000E+00

5.000E+00
9.300E+03
9.300E+03
1.000E£+00
1.000E+02
1.000£+02
3.300E-01
1.000E+03
2.000E+03
2.800E-02
4,.000E+03
4.000E+03
1.200E+04
8.000E+03
2.000E+03
1.200E+04
8.000E+03
2.000E+03
6.700E+02
2.400E+02
9.000E+01
1.8500E+02
3.400E+02
4.230L+02
8.500E+01
6.8002+03
1.600E+03
1.800L+04
1.000L+08
8. 000E+01
1.800E+01
8.500L+04
6. 000E-01
1.008E+04
1, 000E+02
2.923E-01

1430,
2480.



T4 1 SAVE
RO2
CARB
CARB
RO NEO2
L HEO2
GLY
RX
o3
820
EC-337
10
ro no2
RX co
.37 106
004 .
360.
PLOT
LC~-337
3

o3 230

. 002
60. 1
120, 391
180, -394
240. 638
300. .628
J60. 504
R 25N
[ B 377
69. .04
126. .811
180. . 906
240, 006
380, . 005
360. . 003
Ro2 23 2
[ . 106
60. .368
120. .268
180. . 142
240, .074
300. .039
360. 836

et 54

000324
o]
a
€o
o2
NO2
MEO2
oH
co
60,
OLE PAR
ETH
-89 ?.38
.878
303.2
$.20 0.40 0.60
18. .902
78. . 188
136. 483
198, .62
238. .68
8. 813
18. 272
?8. 024
138. .01
198, 006
238. . 806
818, 008
18. . 198
8. .33
136, <234
193, 11?7
a8s. 068
s18. . 038
BLANK CAND
BLANK CARD

CARB
502

60.
ARO

1T

.80 O,
30.

180.
210.
270.
330.

J0.
90.
180.
210,
270.
130,

3.
0.
180.
210,
3380.

8
+ 00064
« 99032
PP 277e.
HO02 92360.
cG 072
.03
<983
001
-.000324
CARB H30
<1912 24000.
.8 ..
.01 48,
» 264 108,
81t 168.
.64 228.
+ 648 288.
683 348.
« 169 48,
.18 108.
007 168.
. 006 228.
903 288.
. 008 348.
29 45,
-324 108.
+« 208 168.
. 996 228.
063 288.
348.

594




APPENDIX D
OUTPUT DATA

(using EPA input format for the chemical reactions)
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ApPENDIX D
OUTPUT DATA

‘0~
‘0=
‘0~
‘0-
-0~
‘9=
‘o~
‘g~
‘0~

‘9~

‘9~
‘0w
‘9~
$0+3090°1 -
-
P
‘9=
‘9~
CO+3020°1 .
€O+J000"°t
‘9=
€0+309¢°T
Co+300% 1
‘@
‘9=

) ADNINT QDY  INVLAENOD AL\Y

£0+3000°0
£0+3000°)
£0+3000°%
$043002° 1
$0+300%° 4
£e+3008°C
©0-300%°C
ves3002° 1
£0+3000°9
£0+3000°9
€0-3000°0
£0-3000°0
#0+3002 ¢
£o0+3002°C
€0+3002°C
£0+3000°1
10+73000°C
t0+000° 1
$0+3002°1
£o-3090°1
s0+3000°8
$0-3000°)
£0+3009°9
$0+300% "
0953000°9
t0s1002°4
sesa0r0°l
T0-3000°%
1043060 ¢
s0+3000°9
00+1000°1

con

44
con
<on
£0D

0

+*

ouvd

MV
Quvo
Tuvd
zom
DD

con
UM
2140

uvd
codVv

o

coN
com

TON

<on

CoN

won
V)
o0
quvd
toam
auvd
auvo
tovu
o
TOM
TOM
com

TON

ton
con
con
coun
no
Ton
oN
CoN
TON

oN

ot

ToO|U

Toam
Tovy
Tom
eodv

n3
na
fcali]
a7
k1]

ale
e

con
con
CoN
coN

OoN

(1]
ToN

oN e
dd oc
ON 6z
oN 14
oN E 14
oN L 24
€0 $T
RO *"
0 €
0 T
€0 e
co o
no 6
(] m
o 0
no 91
(4] 1 1]
oon *
oN ci
ToN ol
on 1 1]
onN ol
no L]
no e
con 2
no ’
<o ]
<ON L4
o €
(1) z
TN L
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..-
‘o-
‘o-
‘om
‘o-
‘o-
‘o-
‘o-
ro-
‘o-
‘o-
ro-
‘o-
‘-
co-
‘o-
‘o-
‘o-
ro-

$0+306T°1

..-
ro-
co-
‘o=
‘o-
‘o-
‘o-
.
‘om
‘on
‘on
‘0-

BRI

20+3000°1
#0+30090°1

€0+3009°1
€0+¢3000°9
10+3008°9
T0+3082°%
C0+300%°'C
T0+3008°1
-eoueor.o
T0+300%'2
<0+3002°9
€0+3000°T
€0+3000°'0
¥0+3003°1
€0+3000°2
€0+3000°0
$0+1002°1
€0+3000°%
£0+3000° %
TO-3008°2
€O+3000°2
20+3000°1
16-3008°¢
Z0+3000°1
€0+3000°1
00+3000°1
€0+43008°6
€0+3008°6
00+3000°¢
TOLIN00 T
00+3000°0
€0+3000°¢9

e

A * ATD

X + A0

A

0d + ool
<0d + coll
0d + no
<02

uvd + Uuvd
uvd +  ivd
aquvd

Guvd

zoN

coud + X
0d

X

[13¢]

con
con
<on

3}

no
cou
con
auvy
<0dN
<o

02

€00V

(4]

ouv
ouv

OudH
udil
OUdH
J1ud
oJud
o1UD
TOIU
€OV

[>vied

auvd
amuvd
TOIH
covu
coind
o

mvd
0o
no
no

DU

DMON

oUdN

DUOW

214D

214d

2142

auvd

“ON
OoN
Tuvd
Z0N

guvd
o
1o
€0
€0
€0
ON

ce
9
1
09
6S
23]
i<
9¢
(14
*<
ce
(44
(B4
(4
(14
:14
v
9y
114
144
ch
t44
1
(114
6C
115
e
9t
[ 1+
| 4
£e
£44
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PRSP

10-28%0°C
Co+3000°1
90430001
10-2000°9
*9+3008°C
19043008°1
19+3000°0

TOAN
As
con

AT

P P

[ ]}
(1]
| 1
29
”
[ 1)
*e
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) ADMIANI

.?
‘o-
‘o-
o
‘o-

‘LOV  INVISNOD AWM

$0-31092°C-
€o-3000°1
£0-3000°¢C
T0-3000°C
T0-300T°2
£0+30€T°6
€0+30622°2
$0-3003°C
$6-3006°9
10-3000°€C

20 + zou

coa + Mmvd
dd - @uvd

02

(/]

oTH
co

A0
o + oN
oI + oN

BNOTL™ T InL

1 2]
€L
T2
12
(24
i1c
6T
1%
ac
]
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co-3000°1
8043000°9
Omvnooa.-
B0+3000°1
80+3000°1
80-3000°0
se-3008°1

10-3002°0
na

TO+3000°)
10+30008°'0
co+3000°C
CO+2000° 1
Co+3022°8
90+700%°Y
Co+T08H 'Y

8+20001
Ce+3000°y
Ce+2000°'0
*0-2009°9
¥o+R008° S
Co+z002°8
s0+3000°1

Te-2008°Y
x

19-3000"%
Ce+200%°0

sesa008°t

CO+36800°6
*0+3002°1
co+2002°C
00+T6000°'8

99+300%°3
ot

$0+3008°0
To+3000°1
Ce+3000°0
Co+3000°¢
€0+2000°'C
Co+3009°¢
10¢29901 ‘0

19+3000°%
10+3000°¢
Co+2000°0
00+3080°9
£0-300%°C
10+32000°C
0+30%8°1

10-30LL°8
oy

0-200%2° ¢~
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