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PREFACE

Part of Rand's continuing effort in facilitating biological model-
ing and man-computer communication, this report is one of a series on
BIOMOD, an interactive computer graphics system. A detailed descrip-
tion of the use of BIOMOD, it is directed toward users of the system
and computer scientists designing similar systems. A companion report,
BIOMOD: An Interactive Computer Graphics System for Modeling, G. F.
Groner, R. L. Clark, R. A. Berman, and E. C. DelLand, The Rand Corpora-
tion, R-617-NIH, July 1971, illustrates the use of BIOMOD through an
example model; another, The BIOMOD System Implementation, R. L. Clark
and G. F. Groner, The Rand Corporation, R-747-NIH, July 1971, describes
the implementation.

A general knowledge of the use and applicability of BIOMOD is a
prerequisite to this report. This knowledge can be gained by reading
the first report cited above or by witnessing a demonstration of the
system. Neither the principles of biological modeling nor the under-

lying mathematics is described herein.
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SUMMARY

BIOMOD is a computer-graphics system for modeling continuous sys-
tems. It features man-machine interaction, hierarchical model struc-
turing, and user-oriented model-definition languages.

The user communicates with BIOMOD by using a data tablet to draw
diagrams, handprint text, and activate program functions; he may also
enter text through a keyboard. The user's input and the system's re-
sponses are displayed on a catﬁode—ray tube display screen.

The user deals with two phases of BIOMOD: a Construction Phase,
in which he describes a model, and a Simulation Phase, which calculates
and displays the results, and which allows him to interact with the
simulation. These phases are linked by a non-interactive Compilation
Phase, which translates the model into an executable computer program.

A model is described by a block diagram. Each block of the dia-
gram may represent an analog-computer-like primitive function, a set
of mathematical (algebraic or differential) equations, a set of chemical
equations, a set of Fortran statements, or another block diagram. This
last option permits models to be structured hierarchically, enabling
complex models to be devised a portion at a time. The Construction
Phase also provides a file system for storing models.

The Simulation Phase displays the values of simulation variables,
either numerically or graphically, as the simulation proceeds. The sim—
ulation may be stopped at any point. The user may then rescale displayed
curves, request different curves, or change either parameter values or
the integration technique. He may then restart the simulation or con-
tinue it from the current point.

BIOMOD provides a facility for producing a hardcopy image of the
display screen contents, both on paper and on 35 mm film. Compatibility
with the IBM System/360 Continuous System Modeling Program (CSMP) en-
ables the user either to construct a model that can be run in a batch-
mode computer installation or to intefactively simulate a model that was

originally written for batch-mode CSMP.
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1. INTRODUCTION

This section, which describes features and operations used through-
out the system, should be read first. Sections 2, 3, and 4, which re-
spectively describe model construction, model compilation, and model
simulation, may be read in any order. Appendices provide aids to
symbol recognition, describe additional facilities of the system, list
the mathematical functions provided by the system, and summarize mes-—
sages produced by the various phases of the system. A glossary defines

the specialized vocabulary of BIOMOD.

1.1 BIOMOD OVERVIEW

BIOMOD, an interactive computer-graphics system for modeling con-
tinuous systems, was developed by The Rand Corporation, where it is
currently in operation. Though the system's primary goal is to facil-
itate biological modeling, it is also applicable to modeling in numerous
other disciplines.

The BIOMOD system features man-machine interaction, hierarchical
model structuring, and user-oriented model-definition languages. The
system employs an interactive graphics console (Fig. 1) comprising a
Cathode Ray Tube (CRT), a data tablet, and a keyboard. The user may
communicate with the system by drawing block diagrams, handprinting
or typing text, and activating program functions via the data tablet.
BIOMOD provides immediate feedback, on the CRT, about its interpreta-
tion of user actions. The user may represent a model by a block dia-
gram, each component of which in turn may be defined in more detail by
another block diagram. This hierarchical organization facilitates de-
vising complex models a portion at a time. The user ultimately defines
model components by analog-computer-like elements, by algebraic, dif-
ferential, or chemical equations, or by Fortran statements. This ob-
viates the requirement that he translate his model description into a
conventional simulation language. During model simulation, displayed
curves are automatically and continually updated; the user may stop the
simulation and then display curves for different variables, change

scales, or alter simulation parameters.
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ics console

Video Graph

Fig. 1 —BIOMOD user at



The user deals with two phases of BIOMOD: a Conetruction Phase,
in which he draws and specifies models, and a Simulation Phase, which
simulates the models and allows interaction with the results. Both
phases are designed to provide a high degree of naturalness, together
with rapid interactive response.

The Construction Phase is derived from GRAIL [1], an experimental
system developed at Rand to enable users to draw and execute program
flowcharts. The Simulation Phase is based on the IBM System/360 Con-
tinuous System Modeling Program (CSMP) [2], a function-oriented lan-
guage for simulating continuous systems. Data curves representing
selected output variables may be displayed and modified as the simula-
tion proceeds.

The Construction Phase is linked to the Simulation Phase by the
Compilation Phase, which includes a special BIOMOD Compiler together
with the standard CSMP compiler routines. The BIOMOD Compiler trans-
lates a user's description of a model into a CSMP program. The CSMP
Translator, Fortran Compiler, and Linkage Editor complete the trans-—
lation into an executable program. The resulting program then performs

the simulation.

1.2 ENVIRONMENT

BIOMOD currently operates on an IBM 360/65, utilizing a partition
of approximately 228,000 bytes. The operating system is the MVT version
of 0S/360, augmented by the Video Operating System (VOS), which serves
as a link to Rand's Video Graphics System (VGS) [3].

VGS consists of an IBM 1800 computer, a number of Video Graphics
consoles, and an image display system for transmitting and storing

video pictures.

1.2.1 Console

The basic configuration of a Video Graphics console contains a CRT
display screen, a typewriter-like keyboard, and a control panel. 1In
addition, consoles used with BIOMOD must include a data tablet.

The control panel (Fig. 2) contains several switches used to com-

municate with VGS, and lights that indicate system status. In the



Display Screen

Control Panel
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A Talk button (not utilized)

B Microphone/Speaker (not utilized)
C Power On light

D Power On/Off switch

E Disconnect button

F System Ready light

G Connect/Call VOS button

H Station On - line light

I Program Interrupt button

Fig. 2 -- Console Control Panel
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center of the panel is a large black Power On/Off rocker switch. Push-
ing the top of this rocker switch turns the console power on; pushing
its bottom turns console power off. A green Power On light, to the

- left of the switch, is lighted when power is on.

On the right side of the panel are three push-button switches
labeled Disconnect, Connect/Call VOS, and Program Interrupt. Pushing
the Disconnect button informs the 1800 that the console is no longer
active. The 1800 forwards this information to the 360/65 if the con-
sole is communicating with a program. The Connect/Call VOS button
(the Call VOS button) is pushed to logically connect the console with
the 1800. If the comsole is already connected and in communication with
the 360/65, the Call VOS button is interpreted as a request to communi-
cate with VOS rather than with the user's program. Use of the Program
Interrupt button depends on the program with which the console is
communicating.

Two white indicator lights, labeled System Ready and Station On-
line, appear on the control panel just above the three push-button
switches. The System Ready light is on whenever the Power On/0ff switch
is on and the 1800 is active. (If the 1800 is not active, BIOMOD can-
not be used.) The Station On-line light indicates that the console is
connected to the 1800.

A microphone/speaker and a button labeled Push to Talk are in-
tended for user-operator communication. These devices are not currently
used.

The display screen resembles a conventional television screen in
both appearance and operation, but differs from a conventional television
screen in having more horizontal scan lines crossing its surface (873
versus 525). The display screen is utilized as the output device, and
conveys various forms of information. In general, information is dis-
played on the screen in response to the user's inputs. Specific dis-
play formats used by BIOMOD are described in subsequent sections.

Above the screen is a closed panel containing such standard tele-
vision adjustment knobs as Brightness, Contrast, Vertical Linearity,
Horizontal Hold, Vertical Hold, and Focus. It also contains a switch

labeled POS/NEG (not found on commercial television receivers), which



reverses the polarity of the display from black-on-white to white-on-
black and vice versa. Telephone extensions for console service are

printed inside the panel.

1.2.2 Data Tablet

Several types of data tablets are available. In general, each
type provides a horizontal writing surface, approximately 10 inches
square and a pen-like stylus (hereafter called a pen). The user holds
the pen as a conventional writing instrument. On some tablets, the
orientation of the pen is important; if so, either the pen is so
marked or the shape of the pen itself indicates the correct position.

The tablet surface and the display screen may be regarded as a
single surface; each point on the tablet surface corresponds to a point
on the screen, and vice versa. As the pen is moved above the tablet
surface, a dot on the screen follows its motion; this direct feedback
point helps the user position the pen for pointing or drawing. When
the pen is pressed against the writing surface, a switch closes,f noti-
fying the computer that an action is beginning. During the Construction
and Simulation Phases, this information, together with pen position data,
is used to signal the user's intentions.

The pen may be used to print, push, or drag. When printing, the
user places the pen on the tablet surface, moves it, and lifts it off
as he would in printing on paper. As the pen moves across the tablet,
its track is displayed on the screen——the pen appears to have ink. When
it is lifted, the switch opens and inking ceases. The pen track is
analyzed by symbol-recognition routines [4]. When a symbol is recognized,
the ink is replaced by a hardware-generated symbol. The recognized sym-
bols appear in Fig. 3. Further information regarding symbol recognition
appears in Appendix A.

Pushing is associated with a virtual button--a displayed area on
the screen and a corresponding area on the tablet. To push a button, the

user simply touches the pen to the tablet in the button area, then lifts

On some tablets, an electronic test determines whether the pen is
"close to" the surface.
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the pen. The program responds by taking the action indicated by the
button's label.

Dragging is used either to reposition a geometric figure or to
. move a copy of displayed text, rather than printing or typing it.
Dragging is accomplished by pressing the pen down in the area of a
suitable displéy, then moving the pen. The display follows the pen's
movements, and is reinterpreted in its new position when the pen is

lifted. There is no ink associated with dragging.

1.2.3 The Keyboard

The keyboard (Fig. 4) resembles a conventional typewriter, but
has four case shifts. Although not required by the BIOMOD system, the
keyboard occasionally proves useful for entering large amounts of text.

The keyboard contains two keys and three lights not normally found
on a typewriter. The red and green lights on the left side indicate
respectively that the keyboard is locked or unlocked. Locking and un-
locking are performed under program control. When the keyboard is
locked, it cannot be used. The amber light on the right side of the
keyboard is lighted when the keyboard is in the function mode. This
should never be the case while BIOMOD is in use. The function mode is
controlled by the FUNCTION key near the amber light. To disable the
function mode and turn off the light, press the FUNCTION key at the
lower end, then release. The characters on the top of the keys are pro-
duced via the conventional up- and down-shift mechanism. The third
case key, on the left of the keyboard, invokes the additional character
set that appears on the front of the keys. Only the following six of

these characters are of interest to BIOMOD users.

Typed via
Graphic Name Symbol
+ Left arrow third case "I"
+ Right arrow third case "0"
° Initial sign third case "X"
A Delta third case "H"
f Integral sign third case “D"+
v Square root sign third case "F"

1-

This character appears on some keyboards as a tilda (V), but
produces the square-root sign when typed.
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To type one of these characters, hold down the near edge of the
third case key and press the required alphabetic key. The keyboard

automatically returns to the normal mode when the third case key is

- released.

In order to properly position keyboard characters, BIOMOD uses a
cursor. This character appears on the screen as an underscore immed-
iately below the place where the next typed character will be positioned.
To establish a cursor, touch the pen to the tablet and 1lift it up again,
making no other motion. This is the same action used to write a period;
in fact, if done in a suitable area, both the period and the cursor will
appear (.). Once a cursor is established, it may be used until the pen
is next touched to the tablet surface. Each normal keyboard character
is positioned over the current cursor, and the cursor is moved one
position to the right.

The cursor may be repositioned from the keyboard itself. The space
bar is divided in two parts marked SKIP and BLANK. Either of these
moves the cursor one space to the right. The BLANK key blanks the
character (if any) at the current cursor position; the SKIP key does
not. The BACKSPACE key moves the cursor one position to the left with-
out altering any characters. The RETURN key moves the cursor to the
left margin of the next lower line. The CNTL key moves the cursor to
the left margin of the next higher line. The TAB key moves the cursor
five spaces to the right; the BACKTAB key moves it five spaces to the

left. When the pen is used again, the cursor disappears.

1.2.4 Hardcopy

The hardcopy facility enables BIOMOD users to obtain high quality
copy of the display screen contents. It is activated by pushing the
HARDCOPY button in the control area. The system writes an image of
the current display screen contents for subsequent processing on a
Stromberg-Datagraphix 4060 microfilm plotter. Hardcopy is returned,
generally the next morning, in two forms. One form is 35 mm film suit-
able for mounting as slides; the second is an 8 1/2 x 11 in. printed
sheet, on which the display is reproduced in an area approximately

7 inches square. Additional copies can be produced directly from
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the 35 mm film. The hardcopy facility was used to produce all of the
figures appearing in this veport that illustrate the contents of the

display screen.

1.3 MECHANICS

1.3.1 Logon Procedure

BIOMOD is initiated by using the Remote Job Entry facility of
IBM's Conversational Programming System (CPS), which has been augmen-
ted by facilities for interfacing with VGS. The following logon pro-
cedure is used (where items in quotation marks are typed exactly as
shown, (:) indicates the RETURN key, manno indicates the user's man

number, and jobn indicates a legal job number):

Step 1--Turn the console power on. This is necessary only if

the Power On light is off. Press the top of the Power On/Off
switch.

Step 2--Check that the System Ready light is on. 1If not, the
1800 is down .and BIOMOD cannot be run.

Step 3--Push the Call VOS button. This should produce a display

enabling you to select the 360/65. If not, push the Disconnect
button and try again.

Step 4--Type "1". This requests communication with the 360/65

and should produce a logon request; if not, the 360/65 may be

down. Subsequent inputs are forwarded to VOS.

Step 5—--Type "manno jobn (52_:, This identifies you to VOS. The
screen should display LOGON COMPLETE; if not, try again.

Step 6--Type "CREATE <+*> CPS CEZJL. The arrows are third case "I"

and "0". This requests a bidirectional message path from your

console to CPS. If CPS is running, the system will respond
INITIATED WITH CPS; if not, it will reply AWAITING CPS, PGM
INTERRUPT ENDS WAIT. In the latter case you cannot proceed until
the INITIATED WITH CPS message appears.
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Step 7--Type "USE CPS '". This directs your subsequent inputs
to CPS.

Step 8--Type "login(manno,jobn) (:) ". This identifies you to
CPS.

Step 9--Type "sched(biomod)c5075 (:) ". This requests that CPS

schedule the job control language necessary to run BIOMOD. CPS
will reply manmoRnn ENTERED SCHEDULE QUEUE AT time, where nn is
a two-digit number assigned by CPS.

Step 10 (optional)-——Type ''coremap (ﬁ) ". This produces a display

of all partitions of 360/65 storage, and it enables you to follow
the progress of the job. Your job (marmmoRnn) should first appear
in the DRIVER partition for allocation and then be assigned to

some other partition for execution.

Step ll--Push the Call VOS button. This directs subsequent in-

puts to VOS, rather than to CPS.

Step 12--Type "'CREATE <+ BIOMOD (ﬁ) ". Now await the message
INITIATED WITH BIOMOD.

Step 13--Type "USE BIOMOD (ﬁ) ". This completes the logon pro-
cedure. The screen should display the message ENTERING CONSTRUC-
TION PHASE. This indicates that BIOMOD is ready for use as
described in Sec. 2. The screen could also display BIOMOD IS

IN USE or BIOMOD REQUIRES A TABLET. 1In the former case, someone

is already using BIOMOD. Push the Disconnect button and try
again later. 1In the latter case (assuming the console appears to
have a tablet), check with the Operations Group that the console
is properly connected to the 1800,

1.3.2 Logging Off

To terminate a BIOMOD session, push the Disconnect button.

1.3.3 System Failures

In a hardware-software complex as large as BIOMOD, it would be

difficult to list all the failures that could arise. This section
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lists those failures that occur most frequently and provides general

guidelines that may be applicable to other failures.

Failure

Construction Phase displays
FAULT AT ... IN ....

Simulation Phase displays
FORTRAN ERROR NO: ....

Compilation fails; system
displays ENTERING ERROR-
ANALYSIS PHASE, then dis-
plays program listings.

Diagnosis/Corrective Action

An error has been detected by the
Construction Phase. This indicates an
error in the BIOMOD system, usually
resulting from a model that has grown
too large, or from a hardware error.
Complete a Trouble Form (provided at
each console) to enable the User Con-
sultant to diagnose the error. Then
(1) push the Program Interrupt button,
(2) push the Call VOS button, and

(3) continue from Step 12 of the logon

procedure (see 1.3.1).

An error has been detected during sim—
ulation of a model. This situation

is usually due to incorrect model for-
mulation. A list of these errors
appears in Appendix F. 1In some cases
the error may be due to uninitialized
data and will vanish if the simulation
is restarted; others may benefit from
a change in integration method or
parameters. Most require reformulating

part of the model, and recompilation.

The CSMP Translator, Fortran Compiler,
or Linkage Editor has detected an error
in the user's model. The most common of
these appear in Appendix E. If the
error is apparent, push the START OF
MODEL button and correct it. Other-
wise, ask the User Consultant for

assistance.



Failure

Construction Phase
fails to respond; pen
" will not ink.

Construction Phase
fails to respond,

but pen does ink.

14—

Diagnosis/Corrective Action

At least four possible causes: The
1800 is down, the 360/65 is down,
BIOMOD missed data, or BIOMOD termi-
nated. To determine which, press the
Program Interrupt button. If the
screen displays "What we have here

is a failure to communicate (w/360)",
the 360/65 is down or stopped. Con-
tinue trying this for a minute or two.
If the screen displays the message
BREAK AT ... IN SVC, it is likely
that BIOMOD was locked out by higher
priority jobs and missed data. Press
the Program Interrupt button again
and resume operation. If nothing
happens in response to the Program
Interrupt button, push the Call VOS
button. If the display changes, BIOMOD
probably terminated. Begin anew from
Step 7 of the logon procedure (see
1.3.1). 1If the Call VOS button has
no effect, the 1800 is probably down.
(This should also be reflected by the
System Ready light.) Push the Dis-
connect button and retry from Step 3

of the logon procedure.

BIOMOD is probably in a loop. Push
the Program Interrupt button, type
"QUIT (:) ", push the Program Inter-
rupt button twice more, push the Call
VOS button, then continue from Step
12 of the logon procedure. If the
situation repeats, notify the User

Consultant.
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Failure Diagnosis/Corrective Action
Simulation Phase Causes are probably the same as above,
fails to respond. but the Program Interrupt button will

not help. If the System Ready light

is on, the best technique is to continue
probing with the pen. If nothing happens
within a minute, push the Disconnect
button and begin anew with Step 3 of the
logon procedure. If the System Ready
light is off, the 1800 is down and
BIOMOD cannot be run.

1.4 PERVADING CONCEPTS

The subsections that follow describe certain concepts that relate
to all phases of BIOMOD. Where differences exist, these concepts are

described more fully in the discussions of the particular phases.

1.4.1 Programming Continuous Systems

Certain fundamental differences exist between conventional pro-
gramming and programming in a Continuous Systems Simulation Language
(CSSL), of which CSMP is an example. In conventional programming lan-
guages, statements are executed in the order of their appearance. 1In
a CSSL, all statements are effectively executed in parallel. A sort-
ing algorithm reorders the statements so that the output of each state-
ment at a particular time is computed on the basis of input values at
the same time. Without the sorting algorithm, some statements might
be evaluated on the basis of inputs from the previous time step. This
would introduce phase lags that could seriously affect the stability
and accuracy of the solution.

Users occasionally construct models that cannot be sorted properly.
This occurs when a set of variables is defined such that the value of
each element in the set depends on the value of some other element in
the set. This produces a circular definition called an algebraic loop,

e.g.,
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A=23%*C+Kl
= 1.5 - SIN(4)
C =B - K2

Here, A depends on C, C depends on B, and B depends on A. Such a loop
can be broken by any of three functions: INTGRL, DELAY, or IMPL.

The INTGRL (integral) function breaks loops because integration is
performed between iterations. Therefore, the outputs of integrals are
known values at the start of an iteration. Thus, if one of the elements
of an apparent loop depends on the integral of another element, there
really is no loop. Because INTGRL functions are automatically generated
by some statements on the Mathematical Equations and Chemical Equations
forms, some apparent loops may not result in errors.

The DELAY function bases its output only on some previous values
of its input. Therefore, because it is not necessary to know the cur-
rent value of the input, no loop exists.

If a loop can be broken by inserting a valid INTGRL or DELAY func-
tion, the loop is really due to improper model formulation. Occasionally,
however, a real loop exists and is necessary to the function of the model.
In this case, the IMPL (implicit) function must be used to compute the
variables in the loop. The IMPL function, in effect, directs the system
to perform subiterations at each time step within the implicit loop un-
til the algebraic relationship has been satisfied. A standard conver-
gence formula is provided for which the user can specify the error
criterion. If there is no convergence within 100 subiterations, the
Simulation Phase displays an error message.

The IMPL function should be used only on the Mathematical Equations

form. The user writes a statement of the form

y = IMPL (Ze, p, fofy)

where y is the variable whose convergence is being tested, Zc the initial
guess of the variable y provided by the user, p the error criterion to
be met, and fofy the output name of the last statement in the algebraic
loop definition. This statement must be followed immediately by a set

of statements evaluating fofy.
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Note that the statements defining fofy must meet the following
requirements.
1. As many statements as necessary may be used to define fofy,

but the output name in the last statement of the definition
must be identical to the third argument of the IMPL statement.

2. The implicit variable y must appear on the right side of an
equals sign at least once in the definition statements.

3. An implicit loop cannot be defined within another implicit

loop.

The first time the IMPL routine is entered, ¥ is given the user's
initial guess ic. After each calculation of fofy, the program flow
returns to the IMPL subroutine where the convergence criterion is
tested. If the criterion is satisfied, y assumes the most recently
calculated value of fofy. If the convergence criterion is not satis-
fied, the iteration continues. If convergence fails after 100 iter-
ations, the simulation is terminated with an appropriate message.

Convergence is indicated if:

y Y
ﬂl‘__g < D, when yn+l > 1
Yn+1
or Yn+1 ¥n = p, when Yn41 = 1

If loops are not properly broken, the model cannot be simulated.
Attempting to do so results in failure of the CSMP Tranmslator. This
failure will be reported to the user by the Error-Analysis Phase.

1.4.2 Variables

A variable is a quantity represented by a name. The term 'vari-
able" is normally used in BIOMOD regardless of whether its value
actually varies. Occasionally, distinctions are made, but these
ghould be clear from context. The name of a variable consists of
from one to six letters and/or digits, the first of which must be a

letter. The name may not contain embedded blanks or any other special
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characters except as noted below. Thus, P, DIVIDE, K23, and H20 are
valid names.

Seven variable names are reserved by CSMP and therefore by BIOMOD.
. These names are TIME, DELT, DELMIN, DELMAX, FINTIM, PRDEL, and OUTDEL.
The user may use these names in calculations but may not assign values
to them. TIME is the independent variable. DELT represents the current
integration step size. DELMIN and DELMAX are the minimum and maximum
allowable step sizes, but may be undefined for some integration methods.
FINTIM is the time at which the simulation is to be stopped; it is al-
ways set to 1050 by BIOMOD. PRDEL and OUTDEL do not apply to BIOMOD
usage.,

Another set of names is reserved for variables that are created by
CSMP or BIOMOD. These are names beginning with the letters ZZ, IZ, or
ZY. Because the meanings of these are assigned by the BIOMOD Compiler
and the CSMP Translator, the user cannot predict their usage in advance.
Therefore, names of this class may not be used.

BIOMOD provides three types of names that do include special char-
acters. Such names are called restricted names and have special mean-
ings assigned by BIOMOD, which the user is not free to change. A re-
stricted name consists of at most four letters and/or digits (the first
of which must be a letter), followed by a special character, and often
followed, in turn, by a digit. The special character must be one of
these symbols: prime ('), initial sign (°), or delta (A).

A name of the form ABCD'X represents the kth derivative of ABCD
with respect to TIME. Here, kK may be any digit from 1 through 9. When
k is equal to 1, it may be omitted, resulting in the name ABCD'. The
coding forms allow an alternate representation of these names by writing
the required number of primes directly. Thus, SAM'3 and SAM''' are
equivalent. Derivatives may be defined only on the Mathematical Equa-
tions férm, but they may be used in computing other values on any type
of form.

A name of the form ABCD°k represents the initial value of the kth
derivative of ABCD; kX may be any digit from O through 9. When k is
equal to 0 it may be dropped, resulting in the name ABCD°, which repre-

sents the initial value of ABCD., Initial values arise in the translation
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of differential equations and chemical equations. They cannot cur-
rently be defined except by entering values on the Data Page, but they
may be used on any type of form. '

A name of the form ABCDA represents a gain or loss for the chemical
species ABCD. No digit may follow the delta. Names of this type are
\”défined via gain terms on the Chemical Equations form. Their values

may be used on any applicable form.

1l.4.3 Constants

A constant is a string of characters representing a fixed numerical
value. A constant is specified by a string of at most 12 characters.
The first character may be a sign (+ or -), but need not be specified
if positive. This is followed by a string of digits which may include
a decimal point. Following the digits there may appear the letter E
and an optionally signed 1- or 2-digit number representing a power of
10 by which the preceding number is to be multiplied. Some examples

appear below.

Constant Meaning

0. 0.
-97.43 -97.43

13, 13.

0.136 0.136

6E2 600. (= 6 + 10°)
-12.41E-1 ~1.241 (= -12.41 « 107%)

1.4.4 Control Area

During BIOMOD operation, the display screen is usually divided into
two or more distinct areas. The lower area(s) have several different
uses; the upper area, however, is always reserved as a control area.

The control area contains a number of virtual buttons that allow the
user to direct the system. It is the principal means of effecting tran-
sitions within the system.

A user directs the system to perform a particular function by lo-

cating the appropriately labeled button in the control area and touching
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it with the pen. When the pen is lifted again, BIOMOD responds by
performing the function {or by displaying a message if the function
is inappropriate).

Because functions available through the control area differ accord-
ing to the phase in control, these functions are discussed separately

under the specific phases.

1.4,5 Text Editing Features

The pen and tablet may be used to handprint text in any area of a
display where text entry is appropriate. When a character is recognized,
it is displayed at the character position nearest the center of the ink
that described it. Any character already appearing in that position is
replaced. Thus, it is not necessary to erase a character before cor-
recting it; the correct character may simply be printed over the old one.

A character may be erased by a back-and-forth scrubbing motion,
resembling the movement of an eraser on paper. If the scrubbing action
extends over more than one character on a line, all the characters
covered by the scrub are deleted. However, if the line consists of
several fields, only one field can be scrubbed at a time. It is not
possible to scrub characters from more than one line with a single action.

If a scrubbing action covers only blank characters, the system in-
terprets the action as a request to close up the line. The characters
to the right of the scrub are moved left to adjoin those to the left of
the scrub. The close-up operation does not, however, move characters

from one field to another.

Example:
Original line: RICHES
User overprints: &ACHES
Result: RACHES
User overprints: RACHéS
Result: RACHGS
User scrubs: RAMNGS
Result: RA GS
User closes up: RAMGS

Result: RAGS
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Additional editing features are provided in the Comstruction

Phase, and described in Sec. 2.
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2. CONSTRUCTION PHASE

The Construction Phase enables a user to specify the details of

.models and to maintain them in a file system. A model is represented
by a block diagram, drawn by the user. Each block of the diagram may
be defined in greater detail by Mathematical Equations, Chemical Equa-
tions, Fortran statements, or another block diagram. Blocks may also
represent references to certain primitive functions supplied by BIOMOD.
The user can augment the set of primitive functions by defining new
functions of his own design. These new functions can then be used re-
peatedly throughout the model, just as primitive functions can. As

the model is built, BIOMOD maintains and displays on command lists of

the variables defined and used in the model.

2.1 GENERAL FEATURES OF THE CONSTRUCTION PHASE

The subsections that follow describe certain features and conven-
tions that are used throughout the Construction Phase. All of the

features described in 1.4 are also available.

2.1.1 Use of Control Area

The control area for the Construction Phase appears in the upper
portion of the screen (Fig. 5). It contains a number of buttons and
a message area.

The most frequently used buttons in the control area appear in the
six rectangles centered on the top two lines of the display. The names
and functions of these buttons depend on the state of the system at any

given time. The buttons that may be displayed in this area are

LOGON Displays the Logon Page.
MODEL EDITOR Displays the Model Editor Page.
START OF MODEL Displays the first page of the block diagram

for the top process of the current model.
This is the same diagram that appears when
a user directs the Model Editor to "Create"
or "Go to" a model.

DATA Displays the Data Page for the current process.
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Fig.5—Construction phase control area
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PROCESS LIST Displays the Process List for the current
process.
HARDCOPY Produces microfilm and paper hardcopy of the

currently displayed information.

CURSOR Causes a cursor to follow the pen. If the
pen is lifted in the control area, the cursor
disappears. If the pen is lifted outside the
control area, the cursor remains. This serves
as an alternate to establishing the cursor by
pointing (printing a period). It is not
normally used but may prove useful when hard-
ware misadjustments make the pen ''moisy' and
recognition difficult.

CORE SURVEY Displays data used by system designers.

SYSTEM EDITOR Enables system designers to access a list of
models and the identifications of their owners.
This button is inoperative unless a special
logon identification is used.

Three buttons, labeled YROLL4, +PAGE+, and ORIGIN, appear at the
right of the control area. The ROLL button extends the functions avail-
able through the control area. When the user pushes one of the arrows,
BIOMOD replaces the buttons on the top two lines of the center section
of the control area with another set. The buttons have been arranged
so that the most commonly used functions appear in the initial set of
buttons. The PAGE button and the ORIGIN button are used for selecting
the portion of a display that is to appear on the lower portion of the
screen (see 2.1.2).

In the upper left corner of the control area are a pair of buttons
labeled STORE and RECALL. The STORE button causes BIOMOD to 'remember"
the current position in the model, and the RECALL button causes the
remembered position to be displayed. This feature is not used in normal
operation of BIOMOD.

The box below the STORE and RECALL buttons is called the process-
name button. It contains the name of the process of which the current
display is a part (see 2.1.4). If the current display is part of tem~
porary copy of a model, the words '"TEMPORARY COPY'" appear below the
name. If the current display is either the Logon Page or the Model
Editor, there is no current model and no process; the name of the page

is displayed instead.
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The line below the six central buttons describes the type of dis-
play that appears below the control area. If the display consists of
two parts, both types are listed, one as the primary (PRIM) and the
. other as the secomdary (SEC). Other features dealing with primary and
secondary displays are implemented, but these have not been exploited
in BIOMOD usage and are not discussed here.

The area below the primary and secondary labels is called the
message area. It is used to display messages from the system to the
user. These messages generally indicate an error on the user's part
or failure by BIOMOD to understand a user's intentions. A list of

Construction Phase messages appears in Appendix D.

2.1.2 Scrolling and Paging

The amount of information a user can provide on a form is not
limited by the size of the display screen. In effect, the screen
represents only a "window" into a potentially large expanse of infor-
mation. The Construction Phase enables the user to position this
window by scrolling and paging.

Scrolling applies only to textual displays. Each of these dis-
plays contains the characters 4+ SCROLL ¥. The arrows (called seroll
arrows) are buttons used to move the text through the window in the
indicated direction. The text is advanced one line at a time. Move-
ment begins when the pen touches a scroll arrow, and continues until
the pen is lifted (or until the beginning of the information is reached
if scrolling downward).

Paging applies to both textual displays and block diagrams. The
button labeled + PAGE + appears in the control area. It applies to
the display indicated in the control area as primary (PRIM). If the
primary display contains text, pushing one of the arrows is interpreted
as a request to advance the text in the indicated direction by the num-
ber of lines appearing on the display. This has the same effect as
scrolling the same number of lines, except that it occurs faster.

When the primary display is a block diagram, paging causes the
screen to display another "page" of the diagram, on which boxes, ovals,

and flowlines may be drawn. If nothing has yet been drawn on the page,
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it appears completely blank. Paging, like scrolling, is performed con-
tinuously; new pages appear uuntil the pen is lifted.

One additional button, labeled ORIGIN, appears in the control area
" to position display windows. Like the PAGE button, it applies to the
primary display. Touching the ORIGIN button is equivaléﬁt to paging
repeatedly until the beginning of the display 1is reached.

2.1.3 Extended Text Editing

The Construction Phase provides several means of editing text in
addition to those described in 1.4.5. These features enable the user
to insert characters into an existing line, to insert blank lines be-
tween existing lines, and to remove blank lines from a display.

The user may insert a string of characters between two characters
by drawing a caret (A) between them. The display dims, and a dashed
line appears above and to the right of the caret to indicate the maxi-
mum character-string length that may be inserted. The user prints his
insertion, which appears at normal intensity, above the dashed line.
When the caret is scrubbed or when the pen is touched to a meaningless
area, the dashed line and the caret vanish, and the display returns to
normal intensity with the new string inserted.

The user may insert blank lines between existing lines by drawing
a sideways caret or greater-than sign (>) in the left margin where an
additional line is desired. The lines below are moved down by one
space and a new blank line is inserted. The previously displayed
bottom line disappears.

If the user erases all the characters on a line and then erases
again on the blank line, the line is deleted. The lines below then

move up one space.

2.1.4 Processes and Instances

Two concepts are fundamental for a full understanding of the Con-
struction Phase facilities and the resultant code produced by the Com-
pilation Phase. These concepts arise in conjunction with named boxes.
We recommend that readers who have used neither BIOMOD nor a conven-
tional programming language reread this section after reading 2.4 and

2.8.
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The first concept is that of a process. A process is a collec-
tion of statements and/or block diagrams, over which a set of variables
has the same meaning. In BIOMOD, the block diagram that appears when
* the START OF MODEL button is pushed is part of the top process of the
model. The top process also includes all of the model description that
defines the unnamed boxes of this block diagram. It does not include
any model description used to define named boxes.

A named box represents a function that can be used repeatedly
throughout a model, usually with different sets of arguments each time
it is used. Because the variables used to describe the function are,
in general, different from those the user wants to use in his calcula-
tions, each set of names is kept distinct--that is, they appear in
different processes. BIOMOD provides a mechanism called the Translation
Page for associating names used inside the process with those used
outside.

A named box may itself utilize other named boxes; in such a case,
the process represented by the first named box includes all of the
description of the box itself, but not the description of the other
named boxes.

A named box need be defined only once. The first time the user
needs the function, he draws and names a box, then proceeds to define
it. After the definition is complete, he returns to the box and speci-
fies the arguments by completing a Translation Page. Whenever he needs
the function again, he merely draws another box and provides the same
name. He can then proceed directly to the Translation Page to specify
the arguments. Each box bearing a particular name is called an instance
of the process of the same name. If a box with the name B is used in
the definition of another box named A, we say that process A contains

an instance of B (but not the statements that define B).

2.1.5 Primitive Functions

A number of commonly used functions are predefined in BIOMOD and
may therefore be used without requiring a definition. We call these
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primitive functions. Primitive functions may be used in two ways:
by using a named box or by referencing them on a coding form. The
-syntax of a coding form reference is described in 2.7. Use of primi-
" tive functions through named boxes is described in 2.4.4 and 2.8. A

complete list of primitive functions appears in Appendix C.

2.2 LOGON PAGE

The first display that appears when the Construction Phase is
entered is the Logon Page (Fig. 6). This display provides space for
the user to enter an identification of up to eight characters. The
identification may be his initials, his name, or any other string of
characters. Leading and trailing blanks are ignored, but blanks and
punctuation marks appearing between nonblank characters are significant.

The identification is used in BIOMOD to determine ownership of
models. It is therefore important that a user provide the same iden-
tification each time he uses BIOMOD. When a model is created, it is
associated with the current user's identification. Thereafter it can
be destroyed or modified only by a user who provides the same
identification.

The user accesses a model through use of the Model Editor, which
he calls up by pushing the MODEL EDITOR button in the control area.
This action is permitted only if he has previously entered an identi-
fication; otherwise, an error message is displayed in the message area.

Should the user discover that he has erroneously entered his
identification, he can return to the Logon Page via a control area
button, change the identification, and proceed again to the Model
Editor.

2.3 MODEL EDITOR

The Model Editor performs a number of functions on models, such
as creating a new model, destroying an outdated one, '"going to" or
copying an existing model, or causing it to be compiled ard simulated.

The Model Editor display (Fig. 7) consists of a list of model

names (the model 1ist) in the central portion of the screen, and, in
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Construction Phase

MODEL _8DITOR

MARDCOPY

3 woLt ¥)

K 3L 1 {2

LOG O [

MY IDENTIPICATION 1S RLC

TO LOG OFF, PUSH THE CONSOLE DISCONNECT SUTTON

Fig. 6 —Logon page
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the lower portion of the screen, a set of function boxes for requesting
operations on the models. The model list can be scrolled, using the
scroll arrows that appear above it. The order of the model list is

" determined by the dates models were created; the newest ;saéis appear
at the top of the list.

Each line in the model list comprises a name field, which contains
the model name, and a comments field, in which the user may write com-
mentary. System maintenance is facilitated if the user includes in
the commentary both his name and the date he created or last changed
the model. The user cannot write in the name field; this field is main-
tained by BIOMOD.

Each function box contains some words identifying the box, one or
two text lines on which the user enters model names, and a button
labeled for requesting the indicated service. The user may enter
a model name on the text lines by printing, by typing, or by dragging
from the name field of the model list or from another text line. This
last option is a very convenient way to enter the name of an existing
model. The name need not be dragged directly onto the text line; if
the pen is lifted anywhere inside the function box, BIOMOD will position
the name on the text line (or on the nearer text line if two lines
appear). The Model Editor does not respond to a function box until the
button, which appears in the upper left corner of the box, 1s pushed.

The user can create a new model by using the function box labeled
CREATE MODEL ____ . He first enters a model name on the text line, then
pushes the button. (The model name may consist of any string of six or
fewer characters, but must not duplicate a name already appearing in the
model 1ist.) BIOMOD dims the display to indicate that no further inputs
will be accepted, and formats the data structure for a new model. Dur-
ing this process, the model name is added at the top of the model list.
When the data structure is formatted, the system replaces the Model
Editor display with a blank page, representing the block diagram for
the top process of the model. The user can then begin to comstruct the
model.

A user can access an existing model by using the function box

labeled GO TO MODEL . The model must have been created under the
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same identification currently in use. The user first enters the model
name onto the text line, then pushes the button. The system dims the
display while loading the model, and then replaces the Model Editor

- display with the block diagram that represents the top process of the
model.

Although the user is generally not aware of it, BIOMOD actually
produces a working copy whenever it creates or goes to a model. This
copy safeguards the original model against destruction due to system
failures or inadvertent user actions. When the user returns to the
Model Editor or Logon Page from the model description, the system re-
places the earlier model with the working copy. The user can take
advantage of these operations to prevent losing time because of fail-
ures. During a long session, it is generally a good policy to return
periodically to the Model Editor in order to update the saved copy.
This guarantees that a failure will cost the user no more time than
he has invested since last returning to the Model Editor.

It is possible to examine, but not to alter, a model that was
created by some other user. This is provided by the function box
labeled GO TO TEMPORARY COPY OF _ . This function box operates in
exactly the same way as the GO TO MODEL _____ function box except that
(1) the user's identification need not match that of the model, and
(2) upon return to the Model Editor or Logon Page, the model name is
not reassociated with the working copy; thus, any changes the user has
made are lost and will not affect simulations.

A user can purge a model from the model list by using the DESTROY
MODEL function box. The user's identification must match that
of the model. The user requests destruction by entering the model name
in the function box and then pushing the button. BIOMOD dims the dis~
play, removes the model name from the model 1ist, then returns the
display to normal intensity when destruction is complete. Because
file space is limited, users should destroy models as soon as they are
no longer needed.

The function box labeled COPY __ NAME IT _____ enables the user
to make a copy of an existing model. The name of the old model to be

copied is entered on the first text line; the name to be assigned to
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the new copy is entered on the second line. The same rules apply to
the new model name as do when creating. The user's identification
need not match that of the old model, but will be applied to the new
. copy. Copying is initiated by pushing the button. The display dims,
the name of the copy is added to the model list, then the display re-
turns to normal intensity. The system does not automatically go to
the new model; the user must explicitly request this function.

The Model Editor is also used to initiate compilation and simu-
lation of completed models. The user enters in the function box labeled
SIMULATE MODEL __, a name that appears in the model list. The user's
identification need not match that of the model. When the button in the
function box is pushed, BIOMOD usually enters the Compilation Phase.
Under certain circumstances the Compilation Phase is circumvented, and
BIOMOD can proceed directly to the Simulation Phase. This occurs when
(1) the same model has already been simulated during the session and is
the last model simulated, and (2) the user has not gone to or destroyed
the model since returning from the last simulation. Going to a tem-
porary copy of the model does not force recompilation since this opera-
tion cannot change the model. This permits a user to leave the Simula-
tion Phase, re-examine his model, then return to simulation without
experiencing the delay associated with compilation. If processing by
the Compilation Phase is required, the Model Editor display remains on
the screen and the message COMPILATION IN PROGRESS appears in the
message area. When the BIOMOD Compiler has finished, the Model Editor
display is replaced by flashing messages that inform the user of the
state of the translation.

The user normally leaves the Model Editor by creating, going to,
or simulating a model. In addition, the LOGON button in the control

area causes a return to the Logon Page.

2.4 BLOCK DIAGRAMMING PAGE

The fundamental means of describing a model in BIOMOD is via a
block diagram. A block diagram is a pictorial representation of the

model, consisting of boxes, ovals, and flowlines. Boxes are used to
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represent computational procedures. Ovals and flowlines do not affect
the structure of a model, but provide a means of illustrating the re-
lationships between boxes. Block diagrams enable a user to represent
‘models hierarchically; that is, a box appearing in a block diagram may
itself be represented by another block diagram. This nesting of defi-
nitions may be carried to any required depth. Block diagrams also
provide the means by which users may define their own processes to

augment the set of primitive functions.

2.4,1 Drawing Block Diagrams

The Block Diagramming Page (Fig. 8) recognizes hand-drawn boxes,
ovals, and flowlines, in addition to the symbols described in 1.2.2. A
box is drawn as a rectangle of dimensions of at least 1 inch square. The
upper bound on the box size is determined only by the area available for
drawing. When recognized, the ink is replaced by a stylized box of the
same size and shape. Each box includes a definition button, labeled
(DEFN), on the top line.

The size and shape of a box can be altered by dragging its lower
right corner (stretching). The upper left corner remains in place, but
the lower right corner follows the pen, limited by system constraints
on the minimum dimensions of a box. If the user plans to name the box,
he should ensure that its width allows room for the name to appear on
the top line.

A box can be moved by dragging its upper left corner. The size
and shape are not changed. The box follows the pen and stops in the
position where the pen is lifted.

An oval is drawn as an elliptical figure, roughly 1 in. wide by
1/2 in, high. When recognized, the ink is replaced by a stylized oval.
The size and shape of an oval are fixed by the system. Ovals, like
boxes, may be moved by dragging the dot near the upper left "corner"
of the oval.

It is not permissible for boxes and/or ovals to overlap one an-
other. If the user tries to draw such a figure, it will not appear

and the message OVERLAP will be displayed in the affected area of the
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screen. If a figure is dragged or stretched to overlap another, either
the action is rejected or the figure being moved is deleted, depending
on the amount of information loss that would result. In any event, the
. OVERLAP message is displayed. This action occasionally serves as a
convenient way of deleting a box or oval.

Flowlines may be drawn between boxes and/or ovals. Only one flow-
line may terminate at a given oval, but many flowlines may be drawn from
an oval or to or from a box. A flowline is drawn by touching the pen
to the border of a figure, then moving the pen away from the figure un-
til it reaches the border of another figure. When the pen touches the
first figure, that figure is brightened. If the pen is lifted before
reaching another figure, the flowline is ignored and the portion already
displayed disappears. The flowline is displayed as a series of con-
nected line segments; new segments are begun when the direction of the
flowline changes by an appreciable amount. An arrow head is automat-
ically displayed at the terminal point of the flowline to indicate the
direction of flow.

Boxes, ovals, and flowlines may be deleted by scrubbing. The scrub
may cover any portion of a flowline, but should extend over the entire
geometric boundary of a box or oval. When a box or oval is scrubbed,
all flowlines connected to it are also removed. When a flowline is
scrubbed, the figures it connects are unaffected. If the user attempts
to scrub an unnamed box that has a definition, the system rejects the
action and displays the message ERASE DEFINITION FIRST. This prevents
the user from inadvertently destroying his only means of accessing the
definition. The definition must be completely scrubbed before scrubbing
the box.

A box or oval that is connected by one or more flowlines cannot be
dragged. To reposition the figure, the flowlines must first be scrubbed.
This rule also applies to stretching a box.

2.4,2 Ovals and Flowlines

Ovals and flowlines have no effect on the definition of a model.
They may, however, prove useful in helping the modeler and others to

visualize the model. By convention, these figures are used to represent
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signal or material flows between boxes. The user writes in an oval

the name of a variable that passes from one box to another and connects
the oval to the boxes to indicate the direction of flow. Flowlines

_may also be drawn directly between boxes when the names of.the variables

are understood or unimportant.

2.4.3 Unnamed Boxes

An unnamed box is a box that contains no text on its top line other
than the definition button, which the system supplies. The space below
the top line may be used to provide any commentary the user desires.

Unnamed boxes serve as conceptual placeholders, allowing a user
to suppress the details of a procedure to some lower level. The under-
lying definition of an unnamed box is treated just as if it were written
in place of the box--that is, it appears in the same process as the box
iteelf. However, two unnamed boxes defined by Chemical Equations are
not equivalent to a single box since each box delimits a chemical com-
partment (see 2.7.3).

The user defines an unnamed box by pushing its definition button.
This causes the system to provide a Choice Page through which the user
selects a mode of definition and proceeds to define the box. If a box
is already defined, pushing its definition button causes the system to

display the definition.

2.4.4 Named Boxes

A named box is a box that contains a valid name (defined in 1.4.2)
on its top line. If the name appears in the list of primitive functions
(Appendix C), the box is treated as an instance of the primitive func-
tion. Otherwise, it is considered an instance of a user-defined function.
As with unnamed boxes, the space below the top line may be used for
writing commentary.

The definition of a named box does not exist in the same process
as the box itself. In the case of primitive functions, the definition
is supplied by the system and cannot be displayed. For user~defined
functions, the variables used in the definition are dummies, and are

placed in correspondence with the real variables of the model through
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use of a Translation Page. This enables the user to provide multiple
instances of the function, each operating with and computing different
variables.

When the user pushes the definition button of a named box, the
system first ascertains whether the process named by the box is defined.
Primitive functions are always considered defined; user~defined functions
are defined if a definition has been provided for any instance of the
process. If the process is defined, the system displays the Transla-
tion Page for this instance of the process. 1f the process is undefined,

the system displays a Choice Page, just as for unnamed boxes.

2.5 CHOICE PAGE

The Choice Page enables a user to select the mode of definition
for a box of a block diagram. This display (Fig. 9) appears when the
user pushes the definition button of a box that is undefined. (If the
box is defined, the Choice Page is bypassed, and the system displays
instead the definition of the box, or its Translation Page.)

The Choice Page lists five options that may be used to define the
box. Four of these enable the user to enter a new definition: Block
Diagramming, Mathematical Equations, Chemical Equations, and Fortran
Procedures. The user indicates his choice by pushing the displayed
button (X) that appears to the left of the language of his choice.

This action also causes the system to leave the Choice Page and dis-
play the definition form selected for the box.

The fifth option creates a copy of an existing process. This op-
tion is applicable only if the box being defined is named. The user
first enters the name of an existing user-defined function in the space
provided and then pushes the displayed button. The system copies the
process and proceeds to the definition of the new process. The user
can then modify the definition to meet his needs. This option is use-
ful when two processes have similar, but not identical, definitions.

If the definitions are identical, a copy is not required; the box could

be defined as another instance of the existing process.
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2.6 DATA PAGE

The Data Page lists all of the variables defined and/or used in
a process. The list is divided into two columns, shown in Fig. 10.

" The left column lists variables that are defined; the right column
lists those that are used but not defined. Variables whose names are
reserved by CSMP (i.e., TIME, DELT, DELMIN, DELMAX, FINTIM, PRDEL, and
OUTDEL) never appear in either column. Scroll arrows above the list
provide for scrolling hidden values.

Two fields appear to the left of the variable names in each column.

These fields indicate how the variable is to be treated by the BIOMOD
Compiler and other parts of the system. The user marks a field by
touching it with the pen; BIOMOD displays an X in the marked field.
The fields are mutually exclusive; when one is marked, the other is
automatically unmarked if necessary. If both fields are blank, the
BIOMOD Compiler treats the variable as if the right field had been
marked.

The significance of the two fields varies, depending on whether
the Data Page applies to the top process of the model (as in Fig. 10)
or to a lower process (a user—-defined function). For the top process,
the fields on the left column indicate whether or not the variable is
plottable. Up to 20 variables may be marked plottable; in addition,
TIME is always so treated by the system. (If more than 20 variables
are marked plottable, the system selects 20 from the marked set.) Dur-
ing the Simulation Phase, the user may display values and/or curves for
plottable variables, but not for others.

The fields adjacent to the right column of a top process Data Page
indicate whether the variable is modifiable during simulation—-that is,
whether the variable is one of the parameters of the model. Up to 20
variables may be marked modifiable; if more are marked, the system makes
the selection. During the Simulation Phase, the user may change the
values of one or more parameters and then continue or restart the
simulation.

Also associated with the right column of a top process Data Page
is a value field. This field always contains a value for the asso-
ciated (undefined) variable. Initially, this field contains the default
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value +1.0000E+00. The user may change the signs or digits by over-
printing, but the format of the number is fixed by the system.

For user-defined functions, the Data Page has different fields
. (Fig. 11). On the left column, the marked fields indicate whether
the variable is a renameable output or a local variable. Renameable
outputs appear on the Translation Page of the process and enable the
values to be used outside the process; local variables are unknown
outside the process and are generally used for intermediate results.

The marked fields on the right column indicate whether the vari-
able is a renameable input or a non-renameable input. 1In either case,
the variable appears on the Translation Page for the process, but the
translation for non-renameable variables is supplied by the system and
cannot be varied from instance to instance; the name of the variable
is used as its own translation. No value field is associated with the
right column for user-defined functions; values must either be passed
into the process from a higher level or defined internally.

Some additional space appears on the Data Pages of both the top
process and user-defined functions. This space may be used to write
comments about the variables. These comments are carried over to the
Translation Page to remind the user of the meanings of variables.

If, after scrolling, a row of asterisks appears on the Data Page,
the process contains more variables than the Data Page can store. This
should not affect the operation of the model, but it may require some
extra effort to mark the variable types and/or values. Should this
situation arise, the assistance of the User Consultant should be sought.

When a coding form is displayed, the lower portion of the screen
displays a restricted Data Page. This display is identical in form and
function to the full Data Page described above, except that (1) fewer
lines are displayed at a time, and (2) only variables appearing on the
coding form appear on the restricted Data Page. Note, however, that a
variable defined elsewhere but used on the coding form is displayed in

the left (defined) column of the restricted Data Page.

2.7 CODING FORMS

BIOMOD provides three different types of coding forms: Mathemat-

ical Equations, Chemical Equations, and Fortran Procedures. These forms
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share many common characteristics. The specific characteristics of each
form are discussed in subsequent sections. Here we shall confine our
comments to the similarities among the forms.

Each coding form contains space for 15 textual statements. A pair
of scroll arrows enables the user to extend this space. Each statement
is divided by vertical lines into several fields. To erase an entire
line, each field must be erased separately. The nature of the informa-
tion that goes in the fields is determined by the type of form. The
usual editing features are provided, including overprinting, scrubbing,
closing up, insertion via the caret, and insertion of blank lines via
the sideways caret (>).

Whenever a coding form is used, the lower portion of the screen also
displays a restricted Data Page. This display lists only those variables
appearing on the coding form. However, a variable used on the current
form but defined on some other form appears in the left (defined) column.

When a statement is complete, it is analyzed for syntactical val-
idity. (The system considers a statement complete when the user touches
the pen or moves the cursor to some other line or outside the text area.)
If the statement is invalid, it is displayed in bright intensity, and a
message is placed in the control area diagnosing, insofar as possible,
the nature of the error. If the statement is valid, its intensity re-
mains normal. Moreover, the Data Page is updated to include the vari-

ables appearing in the statement.

2,7.1 Expressions

An expression is a collection of variables, constants, and primi-
tive functions, connected by arithmetic operators and grouped where
necessary by parentheses. The arithmetic operators are +, -, *, /, and
** representing, respectively, the operations of addition, subtraction,
multiplication, division, and exponentiation. Two operators may not
appear in succession. Parentheses, if used, must be balanced in the
usual sense. Names of functions must appear in the list of primitive
functions (Appendix C) and must contain the number of arguments speci-

fied in the 1list. Except within names of variables or constants, or
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the ** operator, blanks may be used freely to improve readability.

The following are valid expressions:

A+B
~ALPHA + BETA* (GAMMA-DELTA)
C - SQRT(D)

A + INTGRL (C,SQRT(D))
-3.14159

Listed below are a few examples of invalid expressions:

A* -6.3 double operator

A B missing operator, or blank
imbedded within a name

ALPHA- (BETA* (GAMMA+1) unbalanced parentheses

AMOD (X1,X2,X3) incorrect number of arguments

Expressions within parentheses are always evaluated first. When
parentheses are omitted, or when an entire arithmetic or functional
expression is enclosed within a single pair of parentheses, the order

in which the operations are performed is

Operation Priority
Evaluation of functions 1st (highest)
Exponentiation (*#*) 2nd
Multiplication and

division (* and /) 3rd
Addition and subtraction
(+ and -) 4th (lowest)

For operators of the same priority, except exponentiation, the com-
ponent operations of the expression are performed from left to right.
Thus, the arithmetic expression A/B*C is evaluated as (A/B)*C. For
exponentiation, the evaluation is performed from right to left. Thus,

the expression A**B**C is evaluated as

a®S)
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The four functions that CSMP implements as system macros (MODINT,
REALPL, LEDLAG, and CMPXPL) and the multi-output OUTSW function may

not appear in expressions.

2.7.2 Mathematical Equations Form

The primary function of the Mathematical Equations form is to
facilitate solving differential equations. However, the power of this
form makes it a good choice for entering statements that are not re-
stricted to some other form. The principal advantage of the Mathema-
tical Equations form is that it can rearrange an equation to solve for

a particular variable. Thus it is possible to write the equation

((A+B)*C-D)/E = F

and to request that it be solved for B. This is equivalent to writing

B = (F*E+D)/C-A

Each statement line on the Mathematical Equations form is divided
into two fields as shown in Fig. 12. The user prints in the rightmost
field, an equation consisting of two expressions joined by an equals
sign. The left field may be used to specify the variable for which
the equation is to be solved (the target). If no target is specified,
BIOMOD selects and displays the first variable appearing in the equa-
tion. The target may not be a restricted name (one that includes
primes, initial signs, or deltas). However, if the target variable
appears with a prime sign in the equation, BIOMOD solves the equation
for the highest derivative of the target, and (implicitly) generates
integral equations to define the target. For example, if the user

writes the equation

A+X'"' =X

BIOMOD would select A as the target. The user may override this choice

by specifying X as the target. Because X appears with prime signs, the



-47- Construction Phase

STORE | RECALL § LOGC ON T wooer epiToR | HARDCOPY 4 ROLL ¢
FRAME 008311 ~TFARY _OF WODEL PNGCESE 1%y | AT A
- L) T 144 iYi e PAGE
FIGL RE
ORIGIN
| LR LXT
) ¢ scroLt &
MATHEMATICAL EQLATIONS CODING FORM
DEFINES DEFINITION
Y
Az11.8
B:=CsD/A+SORT(2 3-E)
(E-Be(SIN(CI/A) /TARGET)1 /(2 4-BETA) =0
X**teK12X = O
VARTABLES PARAMETERS
CHECK 1F: CHECK 1IF: ¢ scroilL &
PLOTTABLE MODIFIABLE
luor PLOTTABLE luor MODIPIABLE
‘ NAME COMMENT * NAME VALUE COMMENT
X1 Xe * +
X Xe - -
X'2 X1 . .
TARGET BETA . -
3 D B IS
B C . .
a 2

Fig. 12—Mathematical equations form



48—

equation is solved for the highest derivative of X, namely X''. The

resulting USMP statements are eguivalent to

X'2 =X - A
X'l = INTGRL (Xe1,X'2)
X = INTGRL (Xe,X'l).

Thus, when the original statement is analyzed, three variables (X, X'l,
and X'2) are added to the left (defined) column of the Data Page and
three other variables (A, X and Xe¢l) are added to the right column.
Certain restrictions govern the kinds of equations that may be
solved. Because the routines that solve equations do not collect

terms, the highest derivative of the target may not appear more than

once in an equation. This means that the equation

K*¥X' - 5.3%X = 6.,3*X'

cannot be solved for X, but the equivalent equation

~-5.3*X = (6.3-K)* X'

can be. The equation

X = INTGRL (XO0,A*SQRT(X))

must be broken inte the two statements

Q = A*SQRT(X)
X = INTGRL(X0,Q)

Moreover, because not all primitive functions have inverses, the
highest derivative of the target may not appear in the argument list of

any function. It is therefore not permissible to write

X + SQRT(X') = O.



-49- Construction Phase

This equation may be reformulated, however, as

X+ X'#%% 5 = 0,

2.7.3 Chemical Equations Form

The Chemical Equations form is designed to facilitate simulating
chemical reactions. Each Chemical Equations form represents a chemical
compartment--a conceptual region that isolates the species within from
those in other compartments. The form (Fig. 13) is divided into four
distinct fields and permits entry of five types of statements. Comments
appear above the statement area to remind the user of how the fields
are used for the various statement types.

Two of the statement types are utilized to specify chemical re-
actions. A chemical reaction consists of two sides connected by an
equals sign. A side comprises a set of terms connected by plus signs.
Each term is made up of an optional one or two digit coefficient fol-
lowed by a variable name. A variable that appears in a chemical reac-
tion is called a chemical species. The names of chemical species must
consist of four or fewer characters and may not include the special
characters prime, initial sign, or delta. Two examples of chemical

reactions are

NACL = NA + CL
2 H2 + 02 = 2H20

Chemical reactions are classified as slow reactions or fast re-
actions. BIOMOD solves slow reactions via integral equations; fast
reactions are forced to equilibrium at each time step by a series of
matrix operations.

For slow reactions, the user must specify two rate coefficients,
which represent the rates at which the reactions proceed in the forward
and backward directions. The reaction is written in the fourth (right-
most) field of the Chemical Equations form. The letter "S" (for "slow")

is written in the first field to indicate the statement type. The
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second field may contain either a positive constant or a variable name,
representing the forward (left to right) rate coefficient, Similarly,
the third field may contain either a positive constant or a variable

- name, representing the backward (right to left) rate coefficient. If
either of these fields is left blank, the constant 0.0000E+00 is auto-

matically supplied. The two slow chemical equations

S K1F K1B E + 25 = ES
S K2F 0.0 ES = E+ P

are equivalent to the differential equations

dE/dt = SUM-(K1B*[ES] -~ KlF'[E]'[S]2 + K2F+[ES])
dS/dt = -2+SUMe (K1F+[E]+[S]% - K1B*[ES])

dES/dt = SUM'(KlF'[E]'[S]z - K1B+[ES] - K2F+[ES])
dP/dt = SUM<*K2Fe*[ES].

In the above, [X] denotes the concentration of X, and SUM represents

the sum of the species in the compartment, e.g.,

[E] = E/SUM

and, assuming that these equations completely describe the compartment,

SUM = E + S + ES + P.

For fast reactions, the user specifies an equilibrium coefficient,
representing an equilibrium concentration ratio. The reaction is written
in the fourth field of the Chemical Equations form. The letter "F"

(for "fast") is written in the first field. The second field may con-
tain either a positive constant or a variable name, representing the
equilibrium coefficient. If this field is left blank, it will be set
to 0.0000E+00. A zero equilibrium coefficient field indicates that the
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gystem should compute an equilibrium coefficient during the initializa-
tion of the simulation, based on the initial amounts of the reactants.

The third field must be left blank. The fast Chemical Equation
F KEQ 2H2 + 02 = 2H20
means that
(12]%+[02]/[H20]? = KEQ

is forced to be true at each time step.

Whenever the user completes a syntactically valid statement in-
dicating a fast or slow reaction, BIOMOD adds the name of each species
appearing in the reaction to the left (defined) column of the Data Page.
It also generates names for the initial amounts of the species (by
affixing initial signs to the species names) and adds these names to
the right column of the Data Page. If variable names are used to repre-
sent rate coefficients or the equilibrium coefficient, these are also
added to the right column.

When the user wants to describe a transfer of material into or
out of a compartment, he indicates this flow by a gain term. (Losses
are represented as negative gains.) The gain term is represented by

an expression to be added to the derivative of the species at each time

step. The user writes the expression in the fourth field and places
a "G" (for "gain") in the first field. 1In the second field he writes
the name of the species to which the gain or loss applies. The third
field must be left blank.

When a valid gain statement is completed, BIOMOD generates a name
for the gain term (by affixing a delta to the species name) and adds
it to the left column of the Data Page. The variables referenced in
the defining expression are added to the right column, unless they are
already defined.

If material flows directly from one compartment to another, the

loss (gain) in one compartment may be easily represented as the nega-

tive of the gain (loss) in the other. To do this the user merely
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defines the gain of one species in the usual way, then indicates that
the gain in the second spécies is - namel, where name represents the
name of the first species. S

ff is often necessary to indicate that the amount of material in
a compartment is greéter than the sum of the species described by
chemical reactions. BIOMOD provides for this by allowing the ﬁser to
describe nonreacting species. A nonreacting epecies contributes to
the mass of the compartment, but does not participate in reactions.
This enables BIOMOD to compute concentrations appropriately. To indi-
cate a nonreacting species, the user writes an '"N" in the first field
and the name of thé species in the second field. The third and fourth
fields‘must be left blank. When the statement is completed, the name
of the species is added to the left column of the Data Page, and its
initial amount is added to the right column. A gain terﬁ may be
specified for a nonreacting species. In the absence of a gain term,
the species always assumes the value specified by its initial value.

The final type of statement is used for specifying arbitrary
expressions. These are equivalent to the assignments made on any other
type of coding form, except that they are not '"solved" as those on the
Mathematical Equations form. Arbitrary expressions are a convenient
way of specifying the computation of rate coefficients or equilibrium
coefficients on the same page with the reactions they affect. An
arbitrary expression is written by placing an "A" in the first field
and the name of the variable to be assigned in the second field, leav-
ing the third field blank. The fourth field may then contain any ex-
pression. The BIOMOD Compiler treats such a statement as if the user
had written the first and third fields and had placed an equals sign
between them. When the statement is complete, the variable in the
first field is added to the left column of the Data Page and the vari-
ables mentioned in the expression are added to the right column (un-—
less defined elsewhere).

Two special functions are provided for use with chemical species.
The function CONC(x) computes the concentration of the species x--that
is, the ratio of the number of moles of x to the total number of moles

in the compartment. The function DERV(x) computes the derivative of
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species x. This could be calculated by using the DERIV function, but
DERV uses information already calculated by the chemistry routines

and is therefore more efficient and more accurate. If these functions
are applied to variables other than chemical species, an error message
'prevents simulation.

» Models are restricted to include no more than the following num-
bers of chemical components. A model that exceeds these limitations

will cause an error message in the Simulation Phase and cannot be

simulated.

Component Limit
Compartments 25
Reactions 200
Reactions in any compartment 25
Chemical species 250
References to chemical species 800
Chemical species in any compartment 50

2.7.4 Fortran Procedure Form

The Fortran Procedure form allows a user to write four types of
statements derived from the Fortran language: assignment, arithmetic
(but not logical) IF, GO TO, and CONTINUE. This enables the user to
include statements in his model that are executed only when certain
conditions apply. The Fortran Procedure form differs from other coding
forms in that its statements are never reordered. Rather, they are
executed in the order of their appearance unless a statement is en-
countered that passes control (i.e., branches to a specified state-
ment). When this occurs, the specified statement is executed, followed
by the succeeding statements, until either the end of the procedure is
reached or control is again passed.

The Fortran Procedure form (Fig. 14) is divided into two fields.
The first field may contain a statement numbef—-a string of five or
fewer digits. The second field contains the statement itself. A
statement need not have an associated statement number, but each state-

ment number must be followed by a statement.
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Fig. 14 —Fortran procedure form
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An assignment statement consists of a variable name followed by

an equals sign and an expression, e.g.,

QSET = -1.2/SQRT(B-Q)

This statement causes the value of the expression to be assigned to
the named variable. This has the same affect as a statement on the
Mathematical Equations form, except that no rearranging can be per-
formed. It is also the same as is performed by the arbitrary expres-
sion statement on the Chemical Equations form. The variable name
appearing to the left of the equals sign may not include the special
characters prime ('), initial sign (), or delta (4A).

The arithmetic IF statement consists of the word IF, a left paren-
thesis, an expression, a right parenthesis, and three statement numbers,

separated from one another by commas, e.g.,

IF (QSUM-2.4) 10, 1275, 2

The effect of an arithmetic IF statement is to evaluate the parenthe-
sized expression, and then to pass control to one of the statements
whose statement numbers are listed following the expression. If the
value of the expression is negative, the first statement number is
used; if it is zero, the second statement number is used; if positive,
the third statement number is used.

The GO TO statement consists of the words GO TO followed by a

statement number, e.g.,
GO TO 125
The effect of this statement is to pass control to the statement whose

number is specified.
The CONTINUE statement consists simply of the word CONTINUE. This

statement does not affect the execution of a program; contrdi passes
directly to the next statement in sequence. The CONTINUE statement is
normally numbered and used as a destination for control when no further

computation is required.
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As an illustration of a Fortran Procedure, suppose a user wishes

to define Y as follows:

1.0 1if X1 s X < X2
Y= 0.0 4if X2 <X < X3

0.5 otherwise
where X1 < X2 < X3.

He could specify this function on a Fortran Procedure form in the

following manner.

Y=.5
IF (X-X1) 99, 91, 10

10 IF (X-X2) 91, 90, 20

20 IF (X-X3) 90, 99, 99

90 Y = 0. .
GO TO 99

91 Y = 1.

99 CONTINUE

The first statement sets Y, assuming the "otherwise' case. The second,
third, and fourth statements together pass control to statement 99 if
Y should be 0.5, to statement 91 if Y should be 1.0, and to statement
90 if Y should be 0.0. If control reaches statement 90, Y is set to
0.0, and then the GO TO statement passes control to statement 99. If
control reaches statement 91, Y is set to 1.0 and control continues
on to statement 99. Statement 99 is simply a convenient place to col-
lect control, once the desired value has been assigned to Y.

Note that the above example contains three different statements
that assign values to Y. This type of redefinition is a feature of
the Fortran Procedure form. It should not be done on any other type
of coding form, or errors will result. Moreover, even this form should
not be used to redefine variables that are defined elsewhere. The only
variables that may be redefined are those whose sole definitions exist
on the same Fortran Procedure form. Violation of this rule may cause

the CSMP Translator to detect algebraic loops where none exist.
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2.8 TRANSLATION PAGE

The Translation Page provides the mechanism for associating the
inputs and outputs of a lower-level process with the variables of the
" higher-level process that uses it. This display appears whenever a
user pushes the definition button of a named box that has a definition,
whether primitive or not.

The display (Fig. 15) consists of a scrollable list of variables
together with space for entering their translations (i.e., their names
in the higher-level process). Any comments that were entered on the
Data Page appear on the Translation Page to the right of the transla-
tions. For primitive functions, the comment represents the standard
form of the function, shown in Appendix C, e.g., Y = INTGRL (IC,X).

Arrows separate the variables from their translations. The arrows
point to the right for outputs and to the left for inputs. Names of
variables declared on the Data Page to be non-renameable inputs appear
in both positions; these translations cannot be changed by the user.
For other variables, the user writes the translation in the space to
the right of the arrow. BIOMOD checks whether the name supplied for
the translation of an output variable has been defined elsewhere in the
higher-level process; if so, an error message appears.

The Translation Page for a user-defined function provides a button
labeled DEFN, which enables the user to proceed ''through" the Transla-
tion Page to the definition of the process. For primitive functions,
this button is replaced with a message stating that the process is
primitive.

It is important that the user return to and update the Translation
Page for each instance of a process whenever he changes the definition
of the process. The Translation Page will display an updated list of
inputs and outputs. If a translation exists for a variable, and if
subsequent changes cause the variable to disappear from and then re-
appear on the Translation Page, the translation will reappear along
with the variable. The user should also realize that because all in-
stances of the process utilize the same definition, any change in the

definition affects all instances of the process.
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Construction Phase
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2.9 STATE TRANSITIONS

One of the more difficult aspects of using BIOMOD is getting
from one part of a model to another. The subsections that follow

describe a number of ways in which this can be accomplished.

2.9.1 Leaving the Model

The user can always leave a model by pushing either of the con-
trol area buttons labeled LOGON and MODEL EDITOR. These cause the

system to return to these pages.

2.9.2 START OF MODEL Button

Pushing the control area button labeled START OF MODEL causes
the system to display the first page of the block diagram for the top
process. This is the same page that appears when the model is entered
from the Model Editor. From this point, the user can go down inside

boxes until he reaches the desired point.

2.9.3 Process List

The control area button labeled PROCESS LIST causes the system
to display the Process List for the model. This display (Fig. 16)
resembles the Model Editor display, but it lists processes in the
model rather than models in the file system. The list always contains
at least one entry, i.e., the name of the model itself. It also in-
cludes the names of lower-level processes for which either a definition
or an instance exists. These may be either user-defined functions or
primitives.

Of the eight function boxes at the bottom of the display, only
one, the box labeled GO TO PROCESS __ , is used. The user prints or
drags a process name onto the text line and pushes the button. This
causes the system to display either the first page of the process' de-
finition if it is defined, or the first page of a process that contains
an instance of the selected process, if undefined. Primitive functions

are treated as undefined because their definitions cannot be displayed.
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Going to the process bearing the name of the model is equivalent to

going to the model from the Model Editor.

2.9.4 ENTRY Buttons

A button labeled ENTRY appears just below the control area in
the left corner of each coding form, and in the left corner of the
first page of each block diagram. (From any other page of a block
diagram, the first page can be displayed by pushing the control area
ORIGIN button.) When the ENTRY button is pushed, BIOMOD takes one
of the two following actions, depending on the current position in

the model.

1. If the current display represents the definition of an un-
named box, the system displays the block diagram that con-
tains that box;

2. Otherwise, the system displays an Instance List for the cur-
rent process. The Instance List is exactly like a Process
List except that it lists only those processes that contain
an instance of the current process. If the current process
is either the top process or a process without instances,
the Instance List will be blank. In this case the user can-
not drag a process name, and therefore must write one in the

function box labeled GO TO PROCESS .

2.9.5 Process—-Name Button

The process-name button appears on the left side of the control
area, just below the STORE and RECALL buttons. This button has no
effect if the system is currently displaying a coding form or a block
diagram. If the system is displaying some other form, such as a
Translation Page, Data Page, or Choice Page, pushing this button
causes the system to redisplay the block diagram or coding form that

was most recently displayed.
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3. COMPILATION PHASE

The Compilation Phase translates a model into an executable pro-

" gram. During this phase, the data tablet is inactive and the user cannot
interact with the system. (He can, however, terminate the session by
pushing the Disconnect button.)

Compilation is initiated by pushing the button on the Model Editor
function box labeled SIMULATE MODEL .+ If a model with the spec-
ified name exists, the BIOMOD compiler is invoked. While the BIOMOD
Compiler is operating, the message area displays the message COMPILA-
TION IN PROGRESS.

When the BIOMOD Compiler finishes, three other routines are called
to complete the job: the CSMP Tramslator, the Fortran Compiler, and
the Linkage Editor. Flashing messages indicate the state of the com-
pilation and provide positive indications that the system is still oper-
ating. If any of these routines fails, a subphase called the Error-

Analysis Phase is entered to provide information about the error.

3.1 BIOMOD COMPILER

The BIOMOD Compiler converts a user's description of a model into
a CSMP program. The CSMP program consists of several distinct parts,

which appear in the following predictable order:

1. A TITLE card bearing the name of the model.
2. Macro definitions for each unique, user-defined function. Each

macro definition consists of:

a. A macro prototype that contains: the word MACRO, the
names of the renameable outputs, an equals sign, the name
of the process, a left parenthesis, the names of the re-
nameable inputs, the names of the non-renameable inputs,
and a right parenthesis.

b. The statements representing the definition of the process.
These are compiled in the same way as those for the top

process.
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The statement ENDMAC.
d. If the process involves integration or delay functions,
or uses another process that does so, an additional card,
consisting of the word MEMORY and the process name is
supplied.
The statement INIT.
For each variable appearing on the right side of the Data Page
for the top process, a card bearing the word PARAM, the vari-
able name, an equals sign, and the value appearing in the value
field. If the Data Page was never displayed, the default value
+1.0000E+00 is provided.

The statements:

ZZFLAG = 0.
DYNAM
The compilation of the top process.
The statement NOSORT.

If the model uses Chemical Equations, the statements:

IF (ZZFLAG.EQ.0.) CALL ZZCHEQ
ZZFLAG = 1.
CALL ZZDAUX

The statements:

ZZCTL = ZZPLOT(1l.)
TERMIN
FINISH ZZCTL = .5
TIMER FINTIM = 1,.E50, DELT = 1.E-8, DELMIN = 1.E-10
END
STOP

A Fortran subroutine named ZZSET1 consisting of:

a. The statement SUBROUTINE ZZSET1.

b. A statement COMMON, which CSMP expands into several cards
describing the COMMON block.

c. A statement REAL*8 ZZNAM1(Z7), ZZNAM2(jj) where %% and jj

are the number of plottable variables and modifiable
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parameters, respectively. <7 is always at least 1, be-

cause TIME is provided by default. Jjj is forced to be

at least 1 by use of the system-generated parameter *NONE%,
d. A statement, beginning with the word DATA, identifying the

names of the plottable variables and modifiable parameters

and assigning them to the arrays ZZNAM1 and ZZNAM2.

e. For each plottable variable, a statement of the form
CALL ZZSET2 (%, name, ZZNAM1(Z))

where 7 is a unique variable number and name is the vari-
able name.

f. For each modifiable parameter, a statement of the form
CALL ZZSET2(~j, name, ZZNAM2(j))

where j is a unique parameter number and name is the
parameter name.

g. The statements:

RETURN
END
11. The statement:

ENDJOB
which does not appear on the output listing.

A single technique is used to compile both the top process and the
definition of a user—defined process. If the definition consists of a
block diagram, each box is considered. If an unnamed box is defined
by another block diagram, the blocks it represents are also considered.

The BIOMOD Compiler converts all names that include primes, ini-
tial signs, or deltas into names of the form ZYnnnn, where nnnn is a

four~digit number.

3.1.1 Named Boxes

When a named box is encountered, whether primitive or not, a macro
instance is produced. The macro instance has the same form as the

corresponding macro prototype, except that the word MACRO is omitted
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and the arguments are replaced by the corresponding variables from the
box's Translation Page. The order in which the variables appear is

the same as in the prototype. 1If a translation was not provided, or

" {f the box has no renameable outputs, the compiler supplies the illegal
name *NONE*, causing the CSMP translation to fail.

3.1.2 Mathematical Equations

When a Mathematical Equations box is encountered, each statement
is compiled separately. For each statement, the compiler outputs a
commentary card consisting of two asterisks and the user's statement.
This is followed by a card containing the rearranged version of the
equation, solved for the highest derivative of the target. Additional
cards are supplied to perform any necessary integrations until the

target itself has been defined.

3.1.3 Chemical Equations

When a Chemical Equations box is encountered, the compiler first
generates a unique two-digit compartment number 7. This is used in

the cards

PROCEDURE ZZDMi7 = ZZFFi7(TIME)
IF (ZZFRST.NE.0.) GO TO 9237¢
CALL ZZCHM1

Then, for each S, F, or N statement in the compartment, the compiler

produces a card of the form
CALL ZZCHM2(a, b, ¢)

and, for each species in the statement, a card of the form

CALL ZZCHM3(d, e, f, g)

where:
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O for S or N

a =
l for F
s forward rate coefficient for S
b = l equilibrium constant for F
0. for N
‘ backward rate coefficient for S
e =
l 0. for F or N
coefficient of species for F or S
d =

0. for N
e = species name
f = 1initial amount of species

( gain term if present

g=
l 0. otherwise

When all equations have been generated in this manner, the compiler

outputs the cards

CALL ZZCHM4
92371 ZZDMii = 0.
ENDPRO

This is followed by integral equations for each species. These are
of the form

name = INTGRL(namee, DERV(name) + ZZDMi7)

Cards are also included for the assignments of G and A statements.
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3.1.4 Fortran Procedures

When a Fortran Procedure box is encountered, the compiler generates
a PROCEDURE card. The inputs and outputs of the procedure are deter-—
- mined by the statements appearing on the form. Every variable that
appears on the left-hand side of an assignment statement is considered
to be an output. Every other variable that is mentioned on the form is

considered an input. The PROCEDURE card has the form

PROCEDURE outputl, output2, ..., outputn =
ZZPRi1 (imputl, input2, ..., inputm)

where 77 is a unique procedure number generated by the compiler. The
statements from the coding form are then copied to output cards. Fin-

ally, a card is output consisting of the word ENDPRO.

3.2 CSMP TRANSLATOR, FORTRAN COMPILER AND LINKAGE EDITOR

When the BIOMOD Compiler has finished, the resulting CSMP program
is passed to the CSMP Translator, which generates a Fortran program.
This program is normally passed to the Fortran Compiler, which produces
an object module. The Linkage Editor then combines the object module
with other object modules, extracted as needed from a library, and
builds a load module.

This entire procedure may take from 3 to 6 min, depending on the
complexity of the model and on the demands on the 360/65 by other pro-
grams operating concurrently. During this time, the screen displays
the messages CSMP TRANSLATOR HAS CONTROL, FORTRAN COMPILER HAS CON-
TROL, and LINKAGE EDITOR HAS CONTROL to keep the user posted on the
progress of his model. These messages flash on and off to provide a
positive indication that the 360/65 is running. If they stop flashing,
either the 360/65 has gone down, BIOMOD has abnormally terminated, or
the 360/65 has been stopped. In the last case, the flashing should
resume in a few minutes. Otherwise, there has been an unrecoverable
error, and the user must logon again and reinitiate the compilation.

If the model is compiled successfully, BIOMOD continues toward
simulation by flashing the message COMPILATION SUCCEEDED. During
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this time, the diagnostic listings produced by the CSMP Translator,

the Fortran Compiler, and the Linkage Editor are copied onto the de-

vice used for printed output. When all listings have been copied, the
" screen displays the message ENTERING SIMULATION PHASE and proceeds to
the Simulation Phase.

3.3 ERROR-ANALYSIS PHASE

Some models may fail to compile. The failures usually occur in
the CSMP Translator, but occasionally appear in the Fortran Compiler
or the Linkage Editor. In any of these cases, the screen displays the
message ENTERING ERROR-ANALYSIS PHASE. After a few seconds, this
message is replaced with the Listings display (Fig. 17).

The top portion of the Listings display is, as usual, a control
area. Under the heading DISPLAY: are four display buttons that enable
the user to access various parts of the listing. Under the heading
GO TO: are three exit buttone, used to exit from the Error-Analysis
Phase. Under the heading DO: is the HARDCOPY button.

Just below the control area are three more pairs of buttons,
labeled 4PAGEY, 4SCROLLY and <+SHIFT+. These are used to view different
parts of the listings.

The remainder of the screen contains the listings. The listings
are divided into three sections, representing the information produced
by the CSMP Translator, the Fortran Compiler, and the Linkage Editor.
Each section is preceded by a line of asterisks. Pushing the display
button labeled CSMP LISTING positions the text so that the first line
of the CSMP listing appears at the top of the display area. Similarly,
pushing the buttons labeled Fortran LISTING and LINK-EDITOR MAP position
the text so that the top line displays the Fortran listing and Linkage-
Editor map, respectively. (A full Linkage-Editor map is not normally
produced; the LINK-EDITOR MAP button does, however, cause the display
to reveal whatever output the Linkage Editor produced. Appendix B
describes the procedure for producing a map.) If no Fortran or Linkage
Editor listing exists because of premature termination of the compila-

tion, the buttons produce messages to that effect.
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The button labeled END OF LISTINGS positions the text so that
the bottom of the screen contains the last line of information pro-
duced by whatever component failed. This is useful because these com-
_ ponents tend to place their diagnostic messages last.

The HARDCOPY button, as usual, produces film and paper hardcopy
of the display screen contents, This button is rarely used, as printed
listings are always produced automatically.

The 4+PAGE+Y buttons allow the user to view the next or previous
page of information. The upward arrow is touched to view the next page
(to move the text up one page); touching the downward arrow moves text
down and reveals the previous page.

The 4SCROLLY buttons perform as the 4PAGEY buttons, except that the
text moves a line at a time. Scrolling occurs continuously until the
pen is lifted.

The +SHIFT-+ buttons shift the text, four characters at a time, to
the left or right. This is necessary because a printed line may con-
tain more characters than can be displayed on the screen.

The exit buttons labeled TEMPORARY COPY, START OF MODEL, and MODEL
EDITOR return control to the appropriate parts of the Construction
Phase. If the START OF MODEL button is pushed and the model does not
belong to the user, the system will return to the Model Editor and
display the message THAT'S NOT ONE OF YOUR MODELS. While in transi-
tion, the message ENTERING CONSTRUCTION PHASE is displayed. To termi-
nate the session without returning to the Construction Phase, push
the Disconnect button on the console.

The error messages that may be ﬁroduced by the CSMP Translator are
listed in Appendix E. Error messages produced by the Fortran Compiler

or Linkage Editor should be referred to the User Consultant.
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4. SIMULATION PHASE

The Simulation Phase performs the simulation of a model, displays
. the results, and allows the user to interact with the simulation. This
phase is entered immediately upcn completion of the Compilation Phase;
during the transition, the screen displays the message ENTERING SIMU-
LATION PHASE. When the Simulation Phase begins, this message is re-
placed by the Simulation form.

4,1 THE SIMULATION FORM

The user controls the simulation and displays its output via the
Simulation form (Fig. 18). The form is divided into several distinct
regions. The large square region near the center of the screen (the
central region) is normally used to display plotted curves. It may
also be used to display other information: a form for selecting inte-
gration methods, a list of plottable variables, or a list of modifi-
able parameters. The other areas have fixed purposes. As usual, the
upper region is a control area that contains virtual buttons for in-
voking system functions. The space between the control area and the
central region is called the message area and displays system messages
to the user. The rest of the screen (to the left of the central region
and below it), is called the specification region, and is used for

specifying the plotted curves.

4.1.1 Use of Control Area

The control area provides groups of virtual buttons and a title.
The PLOT, PARAMETERS, VARIABLES, and f METHODS buttons control the type
of information appearing in the central region. The RESTART, STOP, and
CONTINUE buttons are used to control the simulation. The THIN ALL DATA
and THIN THIS DATA buttons are used to reduce the number of stored simu-
lation data. The TEMPORARY COPY, MODEL EDITOR, and START OF MODEL
buttons are used to leave the Simulation Phase.

Whenever the HARDCOPY button is pushed, a description of the dis-

play is copied onto an output device so that hardcopy can be produced.
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When the copy process is completed, the message HARDCOPY COMPLETED
appears in the message area.

The buttons across the top are intended to provide for scrolling
. the lists of buttons below them; these buttons are not implemented at
present. Neither are the ENTER and ANALYZE buttons. If any of these
buttons is pushed, the message NOT IMPLEMENTED appears in the message
area,

The title below the buttons lists the type of information in the
central region (INTEGRATION, PLOT CURVES, PARAMETERS, or VARIABLES),
the run number for this simulation (which presently can only be 1),
the name of the model, the current month, day, and year (in the form

month/day/year), and the time of day (in the form hour:minute).

4.1.2 MESSAGE AREA

The area just below the control area is reserved for messages
that inform the user of system status (HARDCOPY COMPLETED, SIMULATION
RUNNING), report errors (UPPER Y MUST BE > LOWER Y, TOO MANY CHEMICALS),
and provide other helpful information (SET UP GRAPH AND f METHOD, DEFN
OK).

4,1.3 Specification Region

The specification region contains a number of subregions used to
specify the format of displayed curves. The large box to the left of
the central region is called the Y-name box. The names of up to five
plottable variables may be entered in this box. This causes the curves
for these variables to be plotted on the Y (vertical) axis of the
central region. A smaller box below the central region is called the
X-name box. It is used to specify the name of the variable that is
to be plotted on the X (horizontal) axis. TIME appears in this box
by default, but the user may change it.

Two range boxes appear on each axis. Each range box contains a
number and a pair of range arrows. The numbers in these boxes indi-
cate the ranges of the axes. The range arrows may be used to change

the numbers. Each axis also contains a log/linear box, which contains
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one of the words LOG or LINEAR. These specify the type of scale (log-
arithmic or linear) used on the axes.

In the lower left-hand corner of the display is a box that con-

. tains the word SHIFT and four shift arrows. The arrows are buttons
that may be used to shift the curves in the directions indicated, with-
out changing the magnification of the curves.

The box at the bottom of the display labeled PLOTTING INTERVAL =
is the plotting interval box. It is used to specify the density at
which points are to be plotted and/or data are to be saved.

The X-limit box appears in the lower right-hand corner of the
display, It is used to specify an upper or lower bound on the value
of the X-axis variable. When this bound is crossed, the simulation
automatically stops.

The current-X display appears just above the X-limit box. It
specifies the current value of the variable whose name appears in the
X-name box. Because this value reflects the state of the simulation,
it cannot be altered by the user.

In general, numbers appearing in the specification region within
boxes can be changed by overprinting or typing; other numbers may not

be changed.

4,2 TINTEGRATION METHODS

When the Simulation Phase is first entered, or when the f METHODS
button is pushed, the Integration display (Fig. 18) appears in the
central region. This lists the available numerical integration methods
and the parameters for the method currently checked. For methods that
use a variable step-size, it also describes the step-size adjustment
algorithm. If the model does not require integration, the message
MODEL HAS NO INTEGRATORS appears, instead of a list of methods; the only
parameter in this case is a fixed step-size.

The methods are listed in order, from the simplest to the most com—
plex. The first five methods use the specified step-size throughout the
simulation. The others increase the step-size (while meeting the step-
by-step error criteria) if integrator output values are changing slowly,
and decrease the step-size if values are changing rapidly. The sys-

tem initially chooses the 4th-order Runge-Kutta variable step-size
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method and the integration parameters shown in Fig. 18 because this
usually works well. Generally, the user should start with a rigorous
method and stiff error criteria, then try looser criteria and simpler
- methods as he learns more about his model. Rough-looking curves and
variable values outside of their expected ranges usually indicate that
the method is too simple, the step-size too large, and/or the error
criteria too lenient.

The type of integration may be changed by pushing or marking be-
tween the parentheses next to the desired method. Integration param-
eter values may be changed by overprinting. Whenever the type of
integration or the value of an integration parameter is changed, the
simulation must be restarted. The message NEW INTEGRATION--RESTART
appears if this rule is violated. If the initial integration step-
size is smaller than the minimum allowable step~-size, the message
STEP SIZE CAN'T BE < MIN appears. If, during the running of the simu-
lation, the error criteria require adjustment of the step-size to a
value less than the specified minimum, the simulation stops and the
message STEP-SIZE TOO SMALL is displayed. The user should then change
either his model, the integration method, or one or more integration
parameters before restarting the simulation. Once the user leaves the
integration display and returns to it, he may watch the variable step-

size change as the simulation runs.

4.3 VARIABLES DISPLAY

The Variables display (Fig. 19) appears in the central region
whenever the VARIABLES button is pushed. The upper portion of this
display lists the names of variables along with their current, minimum,
and maximum values. The variables are TIME and up to 20 plottable
variables; in addition, this list may be augmented by up to five aux-
iliary variables defined in the lower portion of the display.

It is not possible to write in the upper portion of this display
because the variables are defined elsewhere and their values are com-
puted as part of the simulation. The names and values may, however,

be dragged to the auxiliary variable definition area to fill these
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fields. The names may also be dragged to the X-name or Y-name boxes
to indicate which variables are actually plotted, and the values may
be dragged to range boxes to indicate ranges.

When this display occupies the central region, the user may ob-
serve the variable values being updated continuously as the simulation

runs.

Auxiliary variables may be defined at any time. They are speci-
fied in the form

variable-name = operand operator operand operator operand

where variable-name is a valid six-character name (as defined in 1.4.2)
that is not already used for a plottable variable or an auxiliary vari-
able; operand is either a valid constant or the name of a plottable
variable or auxiliary variable defined above this one; and operator
may be +, -, *, or /. The rules are:

1. operand and operator fields may be omitted, but at least one

operand must appear.
2. Two operands must be separated by an operator.
3. Every operator must be followed by a operand.

Thus a valid definition is

NEWl__ = OLD1_____ - XVARY / 13.6

where OLD1 and XVARY have been previously defined. If the definition
is valid, the message DEFN OK appears in the message area, and the new
variable's name, together with its current, minimum, and maximum values,
appears below those of the plottable variables. This new variable is
now treated as a plottable variable, i.e., it may be plotted, and its
values are updated on the Variables display as the simulation runs.

It does not, however, affect the value of any plottable variable. This
ifacility makes it easy to scale existing variables or to plot curves
that indicate allowable bounds on variable values, without returning

to the Construction Phase to add this to the model. If an auxiliary
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variable is defined replacing one that is then being plotted, the mes-
sage DEFN OK, Y-NAME CHANGE or DEFN OK, X-NAME CHANGE appears to call
this to the user's attention. If the definition is not valid, the

. message DEFN INVALID: field appears, where field represents the con-

tents of the first definition field that is in error.

4,4 SETTING UP GRAPHS

When the Plot Curves display (Fig. 20) occupies the central region,
up to five Y-axis variables may be plotted as curves against a single
X-axis variable. The same axis ranges are used for all curves.

The graph is set up by indicating the variables that are to be
plotted, the ranges of the axes, whether the scales are linear or log-
arithmic, and a plotting interval.

The system initially sets up the graph such that the X-axis vari-
able is TIME, the ranges of both axes are 0.0 to 1.0, the scales are
linear, and the plotting interval is 0.0. No Y-axis variables are
specified initially. It is convenient to have the Variables display
appear in the central area while setting up the graph, because that

display lists the plottable variables and their current ranges.

4.4,1 X-Name Box

The X-axis variable is specified in the X-name box. Any variable
listed in the Variables display may be entered here, either by dragging
from that display or by printing or typing. If an invalid name is
entered, the message name INVALID, TIME USED appears and any Y-axis
variables will be plotted against TIME.

4.4,2 Y-Name Box

Up to five Y-axis variables may be specified in the Y-name box.
The Y-name box contains three columns, labeled Y-NAME, RUN, and ID.
Any variable listed in the Variables display may be entered under
Y-NAME, either by dragging from that display or by printing. If a name
is not acceptable, the message name IS AN INVALID NAME appears. I1f a

name is accepted, the number 1 will appear under RUN, the first two
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characters of the name will appear under ID if the ID field is blank,
and any values already computed for this variable will be plotted as
a curve. The ID characters appear at the right end of the curve.

The RUN number may be changed by overprinting; however, at pre-
sent any number but 1 will result in the message nwmber IS AN INVALID
RUN NO. The ID characters may also be changed by overprinting. If
either the system or the user generates a duplicate ID, the warning
message 7d IS ALREADY USED appears. If either the variable name or
the RUN number is invalid, no curve will be plotted for this variable.

Duplicate IDs are acceptable.

4.4.3 Range Boxes

Axis ranges are specified by entering numbers in the range boxes
at the ends of the axes. A number may be entered by printing or typing,
by dragging from the Variables display or from the current-X display,
or by pushing one of the range arrows. When a range arrow is pushed,
the range number is changed continuously until the pen is lifted. A
range arrow indicates the direction a curve will move when the arrow
is pushed. Thus, if an upward arror (4) is pushed, the curve moves
upward in the central region. Equivalently, the value at the end of
the axis moves down, so that the range number decreases in value.
Similarly, pushing a right arrow (+) causes an X-axis range number to
decrease, and pushing a down (¥) or left arrow (+) causes the corres-
ponding range numbers to increase.

The upper Y-axis range number must be greater than the lower num-
ber; otherwise, the message UPPER Y MUST BE > LOWER Y appears. Sim-
ilarly, if the right X-axis range number is not greater than the left
number, the message RIGHT X MUST BE > LEFT X appears. If a logarithmic
scale is used, the axis values must be positive. A non-positive range
number will result in the message Y AXIS VALUES MUST BE > O or X AXIS
VALUES MUST BE > 0.
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4,4.4 Log/Linear Boxes

There is a log/linear box near each axis. Pushing one of these
boxes changes the scale type of the corresponding axis from logarith-
" mic to linear, or vice versa. If a Y-axis range number is non-positive,
the message Y AXIS VALUES MUST BE > 0 will appear when the scale is

changed to LOG; a similar situation applies to the X-axis.

4.4,5 Plotting Interval

Curves are displayed as line segments between plotted points.
Points are separated in the X direction by an amount greater than or
equal to the plotting interval. Thus, if the plotting interval is
zero, all computed points are plotted. If the plotting interval is
increased, the curves will generally look rougher. Because no more
than 50 points are plotted for each curve, the message INCREASE PLOT
INTERVAL (which might appear during simulation, when the plotting
interval is decreased, or when the X-axis range is widened) indicates
that the plotting interval should be increased (or the X-axis range
narrowed). The plotting interval is displayed in the box at the bottom
center of the screen, next to the words PLOTTING INTERVAL =; it may be

changed by overprinting or typing.

4.5 THE PARAMETERS DISPLAY

The Parameters display (Fig. 21) lists up to 20 modifiable param-
eters and their current values. If no parameters have been marked
modifiable, then *NONE* = vglue is displayed. Parameter values may
be changed by overprinting. These values are never changed by the
system, so even if this display occupies the central region during
simulation, it will remain static. After the user changes a parameter
value, the simulation may be either restarted or continued with the

new value.

4,6 CONTROLLING STMULATIONS

The simulation may be started at TIME = 0., stopped either manually

or automatically, then continued or restarted. Whenever the gsimulation
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is stopped it is possible to manipulate the curves, examine variable

values, and change the integration method or parameter values.

" 4.6.1 The RESTART Button

The simulation is started at TIME = O. by pushing the RESTART
button. The system responds by displaying the message SIMULATION RUN-
NING. Generally, system response is also indicated by changes in the
central region (e.g., extended curves or updated variable values) un-
less the Parameters display appears there. Another indication that
the simulation is running is that the current-X display is updated
each time step; when X corresponds to TIME this acts like a simulation-
time clock. If the model includes fast chemical reactions, any indi-
cation that the simulation is running, other than the message, will be

delayed until the equilibrium state is computed.

4,6.2 The CONTINUE Button

A simulation that has been stopped may usually be continued from
the current value of TIME by pushing the CONTINUE button. If this is
acceptable, the system gives the usual indications that it is running.
If the user has changed the integration method, or if a CSMP or Fortran
error has been detected, the simulation must be restarted. This is
indicated by the message NEW INTEGRATION--RESTART or YOU HAD AN ERROR--
RESTART.

4.6.3 Stopping

A simulation may be stopped manually by the user, or automatically
by BIOMOD. The user stops the simulation by closing the pen switch.,
Because this signal is interpreted only at the end of a time step, the
switch should be held closed until the system responds. When the signal
is recognized, the message SIMULATION STOP: PENDOWN appears in the
message area.

BIOMOD automatically stops the simulation when a limit or an error
is encountered. The limits include a user-specified bound on the value
of the X-axis variable, as well as limits on the number of points that

can be plotted, and the number of data that can be stored.
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The user-specified bound stops the simulation when it meets the
criterion specified by the X-limit box. The box allows the user to
specify both a number and a relation (less-than or greater—than). The
" number may be changed by overprinting. The greater~than sign (>) is
supplied by default. It may be changed to the less-than sign (<) and
back again. If the X-axis variable (e.g., TIME) increases, the greater-
than sign should be used; if it decreases, the relation should be less-
than. When the simulation stops due to the X-limit, the message SIMU-
LATION STOP: X-VALUE is displayed.

The plotting limitation is that only 50 points may be plotted
across the screen., If the curves have been extended to this limit,
the message INCREASE PLOT INTERVAL appears and the simulation stops.
The number of plotted points may be reduced by moving the curves to
the left (e.g., with a range arrow or a shift arrow), or by increasing
the plotting interval near the bottom of the screen. Once this is done,
the simulation may be continued.

The limitation on the number of stored data arises because com-
puted values of all the plottable variables are saved during the simu-
lation. The maximum number of values that can be saved for each
variable is either 2500 divided by the number of plottable variables,
or 500, whichever is fewer. Thus, the more plottable variables there
are, the fewer values may be saved for each. Auxiliary variables do
not affect this limit. If the limit is reached, the message THIN
THIS OR ALL DATA is displayed, the simulation is stopped, and the user
must reduce the number of saved data values in order to continue. The
number of data are reduced by thinning the data according to the current
value of the plotting interval. Thus, if the X variable is TIME, the
plotting interval is 0.0l1, and thinning is indicated, only those data
computed at values of TIME that differ by at least 0.0l are saved. If
the THIN ALL DATA button is pushed, the current set of data is thinned
according to the current plotting interval; subsequent data are thinned
according to the plotting interval in effect at the time they are com-
puted. If the THIN THIS DATA button is pushed, only the current data
are thinned. If the plotting interval is not suitable for both thin-

ning and plotting, it may be changed prior to thinning, then changed
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back for plotting. When thinning i1s completed, THINNING COMPLETED is
displayed.

The system will stop the simulation and display a message if it
. detects an error that must be corrected by the user. Generally, this
requires a change of a parameter value or a different method of numer-
ical integration, followed by a restart of the simulation; sometimes
it requires a change of the model in the Construction Phase. This
section lists the error messages in groups; they are described more
fully in Appendix F,

When the model is first simulated, the system prepares for the
solution of any chemical equations. If the model is not properly

specified or is too large, one of the following messages is displayed:

ERROR: CAN'T FIND VALUE

ERROR: MANY COMPARTMENTS
ERROR: TOO MANY CHEMICALS
ERROR: TOO MANY REACTANTS
ERROR: TOO MANY REACTIONS

These errors require a return to the Construction Phase.
1f the model includes chemical equations, one of the following

messages may occur during simulation:

ERROR: CHEMICAL VALUE < O
ERROR: EMPTY COMPARTMENT
ERROR: SEE PRINTOUT
ERROR: SINGULAR MATRIX

These errors can be corrected in this phase, but they require restart-
ing the simulation.
Any errors detected during simulation by CSMP or Fortran require

a simulation restart. The CSMP error messages are

ERROR: FNC INPUT TOO LARGE
ERROR: FNC INPUT TOO SMALL
ERROR: STEP-SIZE TOO SMALL
ERROR: TOO MANY ITERATIONS
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All Fortran error messages have the form:

FORTRAN ERROR NUMBER nn

If the user attempts to continue the simulation after any of these

errors occurs, the message YOU HAD AN ERROR--RESTART is displayed.

4.7 MANTPULATING AND EXAMINING THE CURVES

Once the simulation is stopped, the user may want to change the
appearance of the curves because the axis ranges or scale types are
not appropriate, or he may want to plot different variables. The
graph may be changed using the mechanisms described in 4.4. Some addi-

tional useful techniques are listed here.

4.7.1 Rescaling

The right vertical boundary of the graph can be made to corre-
spond to the current value of the X-axis variable by dragging the
number in the current-X display to the right range box for the X axis.
This is a convenient way of producing a full-scale plot on the X axis.
Similarly, the curve for any variable may be plotted at full scale by
bringing the Variables display to the central region, dragging the
minimum and maximum values of the variable to the appropriate range
boxes, then returning to the Plot Curves display.

A range may be changed continuously by pushing one of the range
arrows. The set of curves may be shifted up, down, right, or left
without changing their magnification, by pushing one of the shift
arrows in the lower left corner of the screen; the curves move in the
direction the arrow points. As the curves move, both range numbers
along an axis change, but a constant difference between them is main-
tained. During one of these manipulations, the message INCREASE PLOT
INTERVAL is displayed if too many plotted points are brought into the
graph area. This situation may be corrected by moving some points
outside the graph area, or by increasing the plotting interval.

If the two ranges of an axis differ significantly in magnitude,
LOG is a better choice for a scale type than is LINEAR. The scale
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type of either axis may be changed by pushing the appropriate log/

linear button.

" 4.7.2 Changing Curves

An additional curve may be created by adding a variable name to
the Y-name box; the simplest way is to drag a name from the Variables
display. A curve may be deleted by scrubbing its name from the Y-name
box. The simplest way to delete a curve temporarily is to change its
run number to 0; because this is an invalid run number, the curve is
removed from the graph area. The curve is redisplayed if the run num-
ber is changed back to 1; this does not necessitate reprinting or drag-
ging the variable name.

One curve is replaced by another when a name in the Y-name box
is overprinted with another, or when a variable name is dragged to a
line in the Y-name box where a variable name already appears. The
user may scrub or overprint the existing ID, or leave it as is. Un-
less the user scrubs the existing ID, the system does not create a

new one for the new variable name.

4.,7.3 Meters

Because no grid is displayed in the central region, it is often
difficult to estimate the coordinates of a plotted point by examining
only the numbers in the range boxes. BIOMOD therefore establishes an
X-Y meter (Fig. 22) in the central region whenever the pen is placed
down in that region and curves are being plotted. The meter jumps to
the pen position (with its point at the place corresponding to the pen
point), then follows the pen as it is moved 6n the tablet surface. If
the pen is lifted, the meter remains in place; if the pen is placed
down again in the central region, the meter jumps to the new position.
The meter disappears if it is dragged outside the central region, or
1f the curves are rescaled.

The values in the meter always correspond to the position of the
meter's point. The X value is computed from the point's position and

the X-axis bounds; its Y value is similarly computed from the Y—axis
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bounds. The X and Y meter values are also displayed in the message

area in the form

X = 4.69E407, ¥ = 13.6E-03

Note, in the message, that X relates to the X-axis variable and Y
relates to the set of Y-axis variables. Thus, if the variable X is
plotted on the Y-axis against TIME on the X-axis, the meter's X corre-
sponds to the variable TIME and the meter's Y corresponds to the vari-
able X,

4.8 LEAVING THE SIMULATION PHASE

The buttons in the right column of the control area are used for
leaving the Simulation Phase. The buttons labeled TEMPORARY cory,
MODEL EDITOR, and START OF MODEL return control to the appropriate
parts of the Construction Phase. The START OF MODEL button acts like
a "GO TO" from the Model Editor, rather than accessing a temporary copy.
Therefore, using this button automatically necessitates recompilation.
If this button is pushed and the user's identification does not match
that of the model, the system returns to the Model Editor and displays
the message THAT'S NOT ONE OF YOUR MODELS. To examine but not change
the model, it is better to use the TEMPORARY COPY button, which does
not necessitate recompilation. While in transition, the message ENTER-
ING CONSTRUCTION PHASE is displayed in place of the Simulation form.

To simply terminate the session without returning to the Construction

Phase, push the console Disconnect button.
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Appendix A

SYMBOL RECOGNITION

The characters in the left column below are automatically recog-
nized by BIOMOD when they are handprinted. Generally, these charac-
ters may be written in a variety of styles; however, the right column
indicates the styles that are most easily recognized. The direction
of each stroke is indicated by an arrow. The stroke order is not
usually important. Characters are separated from one another by
timing (no more than 0.5 sec may elapse between the completion of one
stroke and the start of another in the same character) and by stroke
position. Thus, if handprinted characters are not being treated as
entities it may help to write strokes in quicker succession and over-

lap strokes.
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Appendix B

EXTENDED FEATURES

The normal logon procedure (see 1.3.1) permits use of all of the
features described in this manual. However, there are several addi-
tional modes of operation that may interest sophisticated users. This

Appendix describes their use.

LINKAGE EDITOR MAPS

When a model becomes so large that storage space is critical, a
Linkage Editor map may be helpful. The map lists the subroutines
that are used, the space they require, and the overlay scheme by which
they enter and leave storage. This map may help the User Consultant
find ways to reduce storage requirements. To include a map with the
Linkage Editor output, substitute for Step 9 of the logon procedure

the following step:

Step 9 - Type "sched(biomap)c5075 ",

The file biomap is the same as the file biomod except that it requests

a map.

CARD INPUT

It is possible to provide BIOMOD with a card deck specifying a
model, and thereby bypass the Construction Phase. This feature is
most useful when a user already has a program that runs in batch-mode
CSMP. The card deck must be a CSMP program, modified to conform to
the specifications in 3.1. In particular, the cards described in Steps
5, 7, 9, and 10 must be added in order to interface the program with
the display-handling routines.

Once this conversion has been made, the deck must be set up for
"over the counter" service from the 360/65. The order of the deck is:

1. A JOB card, in the format currently required by the Operations
Group. Use the largest time estimate that is permitted.
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2. The cards:

//STEP EXEC BIQOMOD,OPTION=CARDS
//FTO1F001 DD *

3. The modified program deck, ending with an ENDJOB card.

4. An end-of-file card and an end-of-job card:
/*
/]

After submitting this deck, find a console and execute Steps 1, 2, 3,

4, 5, 12, and 13 of the logon procedure (see 1.3.1).

CARD OUTPUT

The output of the BIOMOD Compiler can be saved as a deck of cards,
either for re-entry with the Card Input option or for running under
batch-mode CSMP (after suitable modifications). To generate a deck,

substitute for Step 9 of the logon procedure the following step:

Step 9 - Type "sched(biodek)c50754££l:.

The file biodek is the same as the file biomod except that it directs
the compiler output to the device used to punch cards. After entering
the Construction Phase, continue to the Model Editor and simulate the
desired model. This has the side effect of causing the CSMP Translator
to abnormally terminate. To continue using BIOMOD, it must be re-
scheduled. It is also advisable to notify the Operations Group that

a deck is expected, to ensure that it is returned.
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Appendix C

PRIMITIVE FUNCTIONS

This Appendix lists the BIOMOD primitive functions. Each func-
tion is listed in the format

output = name ( imputl, imput2, ... , inputh )

(except the OUTSW function, which has two outputs). When using these
functions on a coding form, the arguments must appear in exactly the
order specified. When used as a named box, the names that appear on
the Translation Page will be the same as those used here, and must be
assigned accordingly.

A few of these functions differ slightly from those used in CSMP.
In particular, the integral sign (f) and the square root sign )
may be used as alternate names for the functions INTGRL and SQRT.
Also, integer arguments have been eliminated from the functions DELAY,
RNDGEN and GAUSS. The first argument of the CSMP DELAY function (the
number of points to save) is always set to 10 by BIOMOD. The first
argument of GAUSS and RNDGEN, which CSMP requires to be an odd integer,
is specified in BIOMOD as a real number having an odd, integral value.

Form Name Function
Y = f(IC,X) Integrator Same as Y = INTGRL(IC,X)
Y = /(X) Square root Same as Y = SQRT(X)
X if X =20
Y = ABS(X) Absolute value Y =
-X if X <0
Y = AFGEN(FUNCT,X) Arbitrary function See Note 1 (p. 106)
generator (linear
interpolation)
Y = AINT(X) Integer part Y = (sign of X)*(largest
integer < |X|)
Y = ALGAMA(X) Log-gamma Y = logeF(X)



Form
ALOG (X)
ALOG10(X)

AMOD (X1,X2)

AND (X1,X2)
ARCOS (X)
ARSIN(X)
ATAN(X)

ATAN2 (X1,X2)

COMPAR(X1,X2)

CONC(X) -

COS (X)

COSH(X)

COTAN(X)
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Name
Natural logarithm
Common logarithm

Modular arithmetic

Arc-cosine

Arc-sine

Arc-tangent

Arc-tangent

Comparator

Chemical-
concentration

Cosine

Hyperbolic cosine

Cotangent

Appendix C

Function
logeX

loglOX

X1 modulo X2

X1 -Q * X2

where Q is the largest inte-
ger whose magnitude does not
exceed the magnitude of X1/X2.
The sign of Q is the same as
the sign of X1/X2.

s 1. i1f X1 > 0. and X2 > 0.
I 0. otherwise

Q such that cos Q = X
(Y is in radians)

Q such that sin Q = X
(Y is in radians)

Q such that tan Q = X
(Y is in radians)

Q such that tan Q = X1/X2
(¥ is in radians)

0. if X1 < X2

1. if X1 = X2
(number of moles of X)/(total
moles in compartment contain-
ing X)
See Note 2 (p. 106)

cos X
(X is in radians)

cosh X
X + e7%y/2.

cot X
(X is in radians)



Form

Y = CMPXPL(IC1,IC2,
P1,P2,X)

Y = DEADSP(P1,P2,X)

Y = DELAY(P,X)

Y = DERIV(IC,X)

Y = DERV(X)

Y = DIM(X1,X2)
Y = EOR(X1,X2)
Y = EQUIV(X1,X2)

Y = ERF(X)
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Name

Complex pole
(2nd order lag)

Function

Y(0) ICl

Y(0) = 1IC2 9

Y 4+ 2*%P1*P2 + P2°*Y = X
Equivalent-LaPlace Transform:

1/(s2 4+ 2eP1eP2e+s + P22)
See Note 3 (p. 106)

f 0. if P1L <X < P2
Dead space Y = { X-P2 if X > P2
] X~P1 if X < P1
AY
Py \ 45°
Y
45° P
‘ 0. TIME < P
Delay Y =
I X(TIME-P) TIME = P
Equivalent LaPlace Transform: e-Ps
Derivative Y = i
X(0) = IC
Equivalent LaPlace Transform: s
Chemical Y = i
derivative See Note 2 (p. 106)
Positive Y = X1 - min(X1,X2)
difference
‘ 1. if X1 < 0. and X2 > O.
Exclusive OR Y = 1. {if X1 > 0. and X2 < 0.
I 0. otherwise
‘ 1. if X1 < 0. and X2 < 0.
Equivalent Y = 1. i1f X1 > 0. and X2 > 0.
( 0. otherwise

Error function

2
2 f e--u du
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Form . Name Function
ERFC(X) Complemented error Y = 1 - ERF(X)
function
EXP(X) Exponential Y = ex
X2 if X1 < 0
FCNSW(X1,X2, Function switch Y= < X3 if X1 =0
X3,X4) X4 if X1 > 0
* x-1
GAMMA (X) Gamma function Y=TX) = f u e Ydu
0
For integer X > 0, T'(X) = X!
GAUSS(P1,P2,P3) Normally distri- Pl = any odd, integral constant
buted random P2 = mean
number generator P3 = gtandard deviation

Y is normally distributed with
mean P2 and standard deviation P3

HSTRSS(IC,P1, Hysteresis loop Y(0) = IC
P2,X)
X-P2 if Xn > Xn_1 and
< -
Yn—l (Xn P2)
Y = X-P1 if X <X and
n n n~1
> -
Y o = (X -P1)
Y otherwise
n~-1
Y

P, 45°




‘Form

Y = IMPL(IC,P,FOFY)

Y = IMPULS(P1,P2)

<
[}

INSW(X1,X2,X3)

"
1l

INTGRL(IC,X)

o]
L]

IOR(X1,X2)

2]
[}

LEDLAG(P1,P2,X)

=102~

" 'Name -

Implicit function

Impulse generator

Input switch

Integrator

Inclusive OR

Lead-lag

" Function

Used to break up algebraic loops.
This statement should be used
only on a Mathematical Equa-
tions form. The statements
comprising the loop should
appear on the lines immediately
following this function. FOFY
is the name of the last output
variable defined in the loop.
IC is a first guess used to
compute Y. CSMP executes this
code repeatedly until Y satis-
fies the criterion in 1.4.1.

‘ 0. if TIME < Pl
1 if (TIME-P1) mod P2=0.

Y = .
I 0. otherwise

Note that this function
"fires" only when TIME-Pl is
an exact multiple of P2,
Round-~off errors may cause
this function to produce
unexpected results.

X2 if X1 < 0.
X3 if X1 =20,

Y(0) = IC

Y=[ Xdt+1IC
0

Equivalent LaPlace Transform:
0. if X1 £ 0. and X2 < 0.
1. otherwise
P2 %Y +7Y=PlL*X+X
Equivalent LaPlace Transform:

(Ples + 1)/(P2+s + 1)
See Note 3 (p. 106)

1/s
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Form Name Function
w— ‘Pl 1f X < P1
Y = LIMIT(P1,P2,X) Limiter Y= 14X if P1 s X = P2
) l P2 if X > P2
Y
— -
X
Py
‘ X1 1f X1 2 X2
Y = MAX(X1,X2) Maximum Y =
l X2 otherwise
X1 if X1 < X2
Y = MIN(X1,X2) Minimum Y =
X2 otherwise
t
g[ X3 dt + IC if X1 > 0.
0
Y = MODINT(IC,X1, Mode-controlled Yn =1 IC if X1 < 0. and X2 > 0.
X2,X3) integrator Yn—l if X1 < 0. and X2 = 0.

See Note 3 (p. 106)

; 0. if X1 > 0. and X2 > O.
Y = NAND(X1,X2) NOT AND Y =
I 1. otherwise
1. if X1 < 0. and X2 = 0.
Y = NOR(X1,X2) NOT OR Y =
0. otherwise
1. if X = 0.
Y = NOT(X) NOT Y =
0. if X > 0.
Y = NLFGEN(FUNCT,X) Arbitrary func- See Note 1 (p. 106)
tion generator
(quadratic

interpolation)



Form

Y1,Y2 = OUTSW(X1,X2)

Y = PULSE(P,X)

Y = QNTZR(P,X)

Y = RAMP (X)

Y = REALPL(IC,P,X)
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Name

Output switch

Pulse generator

Quantizer

Function
X2 if X1 < 0.
Y1l =
0. if X1 = 0.
0. if X1 < 0.
Y2 =
X2 if X1 = 0.

See Note 3 (p. 106)

1. if Q S TIME=<Q+ P
Y = or X > 0,
0. otherwise

where Q is the first time
at which X > 0.

Y=Q*P

where Q is an integer such
that -P/2 < X-Q*P < P/2

Y

\

- P ~|

Ramp function

X
‘ 0. if TIME < P
Y =
l TIME-P if TIME 2 P
45°
e
Time

Real pole (first
order lag)

PxY+Y=X
Y(0) = IC

Equivalent LaPlace Transform:
1/(P*s + 1)
See Note 3 (p. 106)



Form

RNDGEN (P}

RST(X1,X2,X3)

SIGN(X1,X2)

SIN(X)

SINE(P1,P2,P3)

Y = SINH(X)

Y = SQRT(X)
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Name

Uniformly distri-
buted random
number generator

Resettable
flip-flop

Sign transfer

Sine

Sine with delay,
frequency and
phase parameters

Y |-—— ZTV/P2 ———

Appendix C

Function

Pl = any odd, integral constant
Y is uniformly distributed on

the interval [0,1].
if X1
if X2

X1

1.-Y if X3

n

Y = X1
X2

Y if X1
X2
X3

Y = (Sign of X2) * |X1|

Y = sin X
(X is in radians)

0. if TIME < Pl
Y =

WYV VvV

WAKh KWWYV
OO0 O0CC OO O

and

and
. and

.

and
. and

.

sin(P2 * (TIME - P1) + P3)

if TIME = P1

Hyperbolic sine

Square root

Pl = Delay time

Time

P2 = Frequency (radians per

unit time)

P3 = Phase shift (in radians)

Y = ginh X

X

= (X -2

Y= |/X]|

(X must be = 0.)
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Form Name Function
— g. if TIME < P
= STEP(P) Step function Y =
’ 1. if TIME = P
Y= TAN(X) Tangent Y = tan X
(X is in radians)
Y = TANH(X) Hyperbolic tangent Y = tanh X
=@ - e+ e™
Y = ZHOLD(X1,X2) Zero-order hold Y(0) = 0.
X2 if X1 > 0.
Y =
n Y if X1 < 0.
n-1

Equivalent LaPlace Transform:
1 - e*T)/s

NOTE 1: The AFGEN and NLFGEN functions are driven by tables of
values. The current version of BIOMOD does not provide for entering
these tables. However, they can be written directly on a Mathematical
Equations Coding Form using the FUNCTION statement described in Ref. 2.
This statement will be flagged as an error, but will be passed through
to the CSMP Translator, which performs the desired operationms.

NOTE 2: Functions CONC and DERV must use as arguments the names
of chemical species. These species should be defined on a Chemical
Equations form via F, S or N reactions. If either function is used to
refer to a variable other than a species of this type, an error message
will prevent the simulation from running.

NOTE 3: Functions CMPXPL, LEDLAG, MODINT, OUTSW, and REALPL may
be used as named boxes but may not appear on any type of coding form.
The restriction on OUTSW is due to the fact that it produces two out-
puts and therefore cannot be used in an expression. The other four
functions are "system macros" of CSMP. Certain CSMP restrictioms on
the use of these functions makes them incompatible with the manipula-
tions performed by the BIOMOD Compiler.
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Appendix D

CONSTRUCTION PHASE MESSAGES

This Appendix lists messages displayed in the control area by the
Construction Phase. The messages are grouped according to the portion

of the Comstruction Phase that produces them.

LOGON PAGE MESSAGES

ENTER IDENTIFICATION
The user has attempted to leave the Logon Page without having

entered an identification.

INAPPROPRIATE BUTTON

The user has pushed a button that is meaningless in the present

situation.

MODEL EDITOR MESSAGES

COMPILATION IN PROGRESS

The BIOMOD Compiler is translating a model in response to a
SIMULATE MODEL function box request.

DISK FILE SPACE NOT AVAILABLE
The system limit of file space has been reached. No new models

can be created or copied until one or more models are destroyed.

ENTER A MODEL NAME

The user has pushed a function box button and the text line does

not contain the name of an existing model.

THAT ACTION IS NOT IMPLEMENTED

The user has pushed a button for which the implied action has

not been implemented.

THAT NAME IS ALREADY USED
The user has tried to create or name a copy of a model with a

name that already appears on the model 1list.
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THAT'S NOT ONE OF YOUR MODELS
The user has attempted to go to or destroy a model whose iden-

tification does not match the user's (or the model name is blank).

CHOICE PAGE MESSAGES

SORRY, THE NEW PROCESS MUST BE LABELED
The user has attempted tc define an unnamed box by copying

another process.

THAT PROCESS DOES NOT EXIST
The user has attempted to copy a process, but the process is

undefined (or the name is blank).

DATA PAGE MESSAGES

TOO MANY MODIFIABLE PARAMETERS
More than 20 parameters have been marked modifiable. The system

will use only 20.

TOO MANY PLOTTABLE VARIABLES
More than 20 variables have been marked plottable. The system
will use only 20, plus TIME which is always used.

TRANSLATION PAGE MESSAGES

SORRY, THAT'S NOT RENAMEABLE

The user has tried to change the translation for a non-renameable

input.

VARIABLE IS MULTIPLY DEFINED
The translation specified for an output variable is already de-
fined elsewhere in the process. The model is incorrectly

formulated.

MESSAGES COMMON TO CODING FORMS

DON'T USE MULTI-OUTPUT FCNS ON THIS FORM
An expression refers to the primitive function OUTSW, which has

two output arguments.
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DON'T USE SYSTEM MACROS ON THIS FORM
An expression refers to a primitive function that CSMP imple-
ments via a system macro (i.e., MODINT, REALPL, LEDLAG or CMPXPL) .

HIGHEST LEGAL DERIVATIVE IS 9

A name is followed by more than nine prime signs.

ILLEGAL USE OF RESERVED NAME
A statement attempts to define one of CSMP's reserved names
(TIME, DELT, DELMIN, DELMAX, FINTIM, PRDEL, or OUTDEL) or to

use or define a name starting with the letters ZZ, IZ, or ZY.

INVALID SYNTAX
The statement is invalid, but the system cannot precisely diag-

nose the problem.

LEFT PAREN SHOULD FOLLOW FUNCTION NAME
The name of a primitive function appears in an expression, but

it is not followed immediately by a left parenthesis.

STATEMENT DOES NOT CONTAIN EQUALS SIGN

An equation-like statement does not include an equals sign.

STATEMENT HAS MORE THAN ONE EQUALS SIGN

An equation-like statement contains too many equals signs.

UNBALANCED PARENTHESES

The parentheses in an expression do not match properly.

VARIABLE IS MULTIPLY DEFINED
A variable defined by the most recently entered statement has
been defined elsewhere. If the coding form contains a Fortran
Procedure or chemical equations, "elsewhere' means other than
on this form. On the Mathematical Equations form, this message
also appears if the same target is specified for two statements
on the same form. The message is only a warning; the offending

statement is not displayed in bright intensity.

WRONG NUMBER OF ARGUMENTS FOR FUNCTION
An expression refers to a primitive function but specifies an

incorrect number of arguments.
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MATHEMATICAL EQUATIONS FORM MESSAGES

HIGHEST DERIV. OF TARGET APPEARS TWICE
The equation contains more than one reference to the highest

derivative of the target.

HIGHEST DERIV. OF TARGET IS FUNCTION ARG
The highest derivative of the target appears in the argument

list of a primitive function.

TARGET DOES NOT APPEAR IN STATEMENT
The specified target does not appear in the equation. (The
equation field may be blank.)

TARGET IS INVALID NAME
The target field does not satisfy the definition of a variable

name.

TARGET IS RESERVED OR FCN NAME
The specified target is a reserved name or the name of a primi-

tive function.

CHEMICAL EQUATIONS FORM MESSAGES

FIELDS INDICATED - - - MUST BE BLANK
One or more characters appear in a field that should be blank

for the specified statement type.

INVALID EQUILIBRIUM FIELD
The second field of an F-type statement contains neither a

valid name nor a valid constant.

INVALID LEFT RATE FIELD
INVALID RIGHT RATE FIELD

The specified field of an S-type statement contains neither a

valid name nor a valid constant.

INVALID NAME FIELD
The second field of an A-type statement does not contain 2

valid name.
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INVALID SPECIES (4-CHARACTER LIMIT)
A species is an invalid name, a reserved name, Or consists of

more than four characters.

INVALID TYPE FIELD
The type field does not contain one of the letters A, F, G, N

or S.

MISSING EQUATION
The fourth field of an S- or F-type statement is blank.

MISSING EXPRESSION
The fourth field of an A- or G-type statement is blank.

FORTRAN PROCEDURE FORM MESSAGE

INVALID NUMBER FIELD

The statement number field contains an invalid statement number.

MISCELLANEOUS MESSAGES

DON'T INSERT THERE
The user has drawn a caret at a place where insertion is not

allowed.

HARDCOPY COMPLETED
A description of the display has been copied onto an output

device for generating hardcopy.

SPACE IS TIGHT. PART OF THIS LINE MAY BE LOST.
The system has run out of space for storing text. No more

should be added on this form.

TOO MANY VARIABLES IN PROCESS name
The named process (a user-defined function) contains more vari-
ables than BIOMOD can save. Errors are likely to occur unless
the process is restructured into two or more smaller processes.

This message appears when the user leaves the named process.
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Appendix E

COMPILATION PHASE MESSAGES

When the Compilation Phase detects errors, it activates the Error-
Analysis Phase to display the listings. This Appendix lists messages
that may appear in the listings produced by the CSMP Translator. The
list is not exhaustive, but errors other than those listed indicate
either "bugs" in BIOMOD or limitations on statements produced by BIOMOD,
and are outside the users' control. Similarly, errors detected by the
Fortran Compiler or the Linkage Editor are not listed, since these,
too, are probably too serious for the ordinary user to correct. Any

unlisted errors should be referred to the User Consultant.

MESSAGES

*% NEXT LINE NOT COMPILED -- UNKNOWN SYNTAX *#*
A syntactically invalid statement has been encountered on a
Chemical Equations or Fortran Procedure form. The next line

is a commentary card containing the statement.

*% NEXT LINE(S) NOT COMPILED -- UNKNOWN SYNTAX
One or more unrecognizable statements have been encountered on
a Mathematical Equations form. The next lines contain the equa-
tion fields of the statements. If the lines are recognized by
CSMP, no problem exists. If not, CSMP will also produce an

€rror message.

** ABOVE LINE NOT COMPILED DUE TO LENGTH OF RESULT
The statement that appears in the commentary line preceding this
message was encountered on a Mathematical Equations form. When
this statement was solved for the target variable, the result

did not fit on one card. The statement must be shortened.

### ERRORS APPEAR ABOVE
At least one statement has been deleted from the model due to
a syntactical error or the length of the code produced by a

statement. The model cannot be run in its present form. The



-113- Appendix E

number signs (###) are considered invalid characters by CSMP,
so this message will be followed by the message ''ILLEGAL CHAR-
ACTER OR DOUBLE OPERATOR."

CSMP STATEMENT INCORRECTLY WRITTEN
The CSMP Translator has detected an error in the statement
printed before this message. The statement should be checked
carefully, including parentheses and commas.

DATA HAS NOT BEEN SPECIFIED FOR AN AFGEN FUNCTION

DATA HAS NOT BEEN SPECIFIED FOR AN NLFGEN FUNCTION
An AFGEN (or NLFGEN) function has been used, but the correspond-
ing data have not been specified using the FUNCTION statement.

DYNAMIC STORAGE EXCEEDED. THIS CASE CANNOT BE RUN.
The limitation on simulator data storage has been exceeded.
The storage in this array includes the current values of model
variables, function and error tables and integration history.
The User Consultant should be contacted to determine where
equations can be combined to reduce the number of required

entries in the array.

ERROR IN COORDINATE ENTRIES
An error has been detected in the previously printed FUNCTION
statement, There is either an odd number of entries in the

data table or an improper sequence of X-coordinate values.

ILLEGAL CHARACTER OR DOUBLE OPERATOR
In the previously printed statement, an illegal character or
double operator has been detected. This may result from fail-
ure to provide a translation for an input or output of a

function.

INCORRECT IMPLICIT STATEMENT
The CSMP Translator has detected an error in the IMPL function
printed before this message. The statement should be checked
to see that the third argument is the output name of the last
statement in the loop and that the name of the variable defined
by the function appears at least once on the right side of an

equals sign.
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INCORRECT MACRO STATEMENT
The CSMP Translator has detected an error in the instance
printed before this message. The statement should be checked
to ensure that the number of arguments and outputs is correct

and that the argument list ends with a parenthesis.

NUMBER EXCEEDS 12 CHARACTERS
In the previously printed statement, a constant exceeding 12

characters has been detected.

NUMBER INCORRECTLY WRITTEN
In the previously printed statement, an incorrectly written

constant has been detected.

OUTPUT NAME HAS ALREADY BEEN SPECIFIED
In the previously printed statement, the output variable name
to the left of the equals sign has appeared to the left of the

equals sign in a preceding statement.

PARAMETERS NOT INPUT OR OUTPUTS NOT AVAILABLE TO SORT SECTION**%*
SET TO ZERO***

A list of variable names will be printed following this heading.
Variables that are not parameters specified on PARAM cards are
set to zero. Output variables names that are not defined are

initially set to zero, but may change as the problem is run.

PROBLEM CANNOT BE EXECUTED
At least one diagnostic message will have been printed among the
source statements indicating the reason why the problem cannot

be executed.

PROBLEM INPUT EXCEEDS TRANSLATION TABLE nn
During tranglation of the problem, the capacity of an internal
table has been exceeded. The specific table is identified by
nn in the following list

Translation Table

More than 500 statement output names
More than 1400 statement input names
More than 400 parameter names

More than 300 INTGRL or MEMORY outputs

|:
Sw N S
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nn Translation Table
5 More than 1400 input names and unique block
names ,
7 More than 100 initial condition numeric values
9 More than 100 unique block names and symbolic
names with first letter I, J, K, L, Mor N
12 More than 100 MACRO arguments, outputs, and
statement numbers for one MACRO
13 More than 50 MACRO functions
14 More than 120 MACRO definition cards
15 More than 50 HISTORY or MEMORY functions
16 More than 15 MEMORY functions
17 More than 85 variables that are neither param-
eters specified on PARAM cards nor outputs
18 More than 150 duplicate names in COMMON (out-
puts or inputs to INTGRL blocks)
19 More than 100 parameters
21 More than 600 structure statements

(For any other value of nn, contact the User Consultant.)

SIMULATION INVOLVES AN ALGEBRAIC LOOP CONTAINING THE FOLLOWING
ELEMENTS
A list of output variable names will be printed following this
diagnostic. The sorting algorithm has been unable to find an
integration or memory block in the loop involving these vari-
ables (see 1.4.1).

SYMBOLIC NAME EXCEEDS 6 CHARACTERS
In the previously printed statement, a variable name exceeding

six characters has been detected.

SYMBOLIC NAME INCORRECTLY WRITTEN
In the previous statement, an incorrectly written variable name

has been detected.

TOO MANY CONTINUATION CARDS. MAX=n
The previously printed statement has been continued on too many
cards. If n=3, a MACRO prototype statement has over three con-
tinuation statements. If n=8, a structure statement has over
eight continuation statements. Contact the User Consultant for

assistance in reformulating the model.
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TOO MANY LEFT PARENTHESES
TOO MANY RIGHT PARENTHESES

Too many left (or right) parentheses have been detected in the

statement printed before this diagnostic.
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Appendix F

SIMULATION PHASE MESSAGES

This Appendix lists messages that may be displayed in the message
area by the Simulation Phase. Fortran error messages and others that
include the word ERROR require at least a change in the integration
method or in a parameter value, followed by a restart of the simula-
tion. When a Fortran error occurs, the indicated results are used,

and the simulation continues to the end of the iteration.

DEFN INVALID

The auxiliary variable field is blank or the expression is
syntactically invalid.

DEFN INVALID: field
The indicated name or operator causes the definition of an

auxiliary variable to be invalid.

DEFN OK

The auxiliary variable just defined is acceptable.

DEFN OK, X-NAME CHANGE
The auxiliary variable just defined is acceptable, but it re-

sults in an undefined X-axis variable.

DEFN OK, Y-NAME CHANGE
The auxiliary variable just defined is acceptable, but it re-

places one of the Y-axis variables.

ERROR: CAN'T FIND VALUE
A CONC or DERV function refers to a variable that is not a
chemical species. This error must be corrected in the Con-

struction Phase.

ERROR: CHEMICAL VALUE < 0

The value of a variable that represents a chemical species is

negative.

ERROR: EMPTY COMPARTMENT

The amount of material in a chemical compartment is zero.
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ERROR: FNC INPUT TOO LARGE
ERROR: FNC INPUT TOO SMALL

The input to an AFGEN or NLFGEN function is outside the spec-

ified range.

ERROR: MANY COMPARTMENTS
The model includes more than 25 chemical compartments. This

error must be corrected in the Construction Phase.

ERROR: SEE PRINTOUT
An error occurred while solving chemical equations. The type
of error and related data will be printed. Disconnect and read

the resulting printout.

ERROR: SINGULAR MATRIX
The matrix that describes the fast chemical reactions has be-

come singular.

ERROR: STEP-SIZE TOO SMALL
The step-size required to satisfy the step-by-step error cri-

teria is smaller than the minimum allowable step-size.

ERROR: TOO MANY CHEMICALS
There are either more than 50 chemical species in a compartment
or there are more than 250 chemical species in the entire model.

This error must be corrected in the Construction Phase.

ERROR: TOO MANY ITERATIONS
One hundred iterations of an implicit loop have been run and
convergence has not yet occurred. One possibility is to change

the error condition so that the convergence criteria can be met.

ERROR: TOO MANY REACTANTS
There are more than 800 occurrences of chemical species in
chemical equations. This error must be corrected in the Con-

struction Phase.

ERROR: TOO MANY REACTIONS
There are either more than 25 chemical reactions in a compart-
ment or more than 200 chemical reactions in the entire model.

This error must be corrected in the Construction Phase.
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FORTRAN ERROR NUMBER 207
An attempt was made to generate a number larger than the com-
puter's largest possible floating-point number. The largest

possible number is used as the result.

FORTRAN ERROR NUMBER 209
An attempt was made to divide by zero. The dividend is used

as the result.

FORTRAN ERROR NUMBER 241~247
An attempt was made to evaluate an expression of the form X**Y
with X = 0 and Y = 0. Zero is used as the result. The error
number indicates the representation of X and Y according to the

table below.

Error Number X Representation Y Representation
241 integer integer
242 real integer
243 double precision integer
244 real real
245 double precision double precision
246 complex integer
247 double precision complex integer

FORTRAN ERROR NUMBER 251

1/2

An attempt was made to evaluate SQRT(X) with X < 0, IXI is

used as the result.

FORTRAN ERROR NUMBER 252
An attempt was made to evaluate EXP(X) with X > 174.673. The

largest possible floating-point number is used as the result.

FORTRAN ERROR NUMBER 253

One of the following situations occurred:

Invalid Argument

Expression Range Result Used

ALOG (X) X=0 - largest possible number
ALOC (X) X <0 log |X|

ALOG10(X) X=20 - largest possible number
ALOG10 (X) X <0 log, Ix|
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FORTRAN ERROR NUMBER 254
An attempt was made to evaluate either COS(X) or SIN(X) with

|x] = 2185, /7 1is used as the result.

FORTRAN ERROR NUMBER 255
An attempt was made to evaluate ATAN2(X,Y) with X = 0 and Y = O.

Zero is used as the result.

FORTRAN ERROR NUMBER 256
An attempt was made to evaluate either SINH(X) or COSH(X) with
IXI 2 174,673, The largest possible floating-point number is

used as the result.

FORTRAN ERROR NUMBER 257
An attempt was made to evaluate either ARSIN(X) or ARCOS (X) with

IXI > 1. Zero is used as the result.

FORTRAN ERROR NUMBER 258
An attempt was made to evaluate either TAN(X) or COTAN(X) with

|X] 2 218ﬂ. One is used as the result.

FORTRAN ERROR NUMBER 259
An attempt was made to evaluate TAN(X) with X '"too close to an
odd multiple of m/2." The largest possible floating-point num-

ber is used as the result.

HARDCOPY COMPLETED
A description of the display has been copied onto an output

device for generating hardcopy.

INCREASE PLOT INTERVAL
An attempt was made to plot more than 50 points across the graph
area. Delete points by increasing the plotting interval or by

moving them off screen.

NEW INTEGRATION--RESTART
The simulation must be restarted because the integration method

was changed.

NOT IMPLEMENTED

The control area button that was pushed is not implemented.
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RIGHT X MUST BE > LEFT X
The right X-axis range number must be greater than the one on

the left, i.e., X must increase to the right.

SET UP GRAPH AND [ METHOD
The Simulation Phase was just entered. The user should specify

an integration method and set up the graph for plotting.

SIMULATION RUNNING

The simulation is running.

SIMULATION STOP: PENDOWN

The simulation was stopped because the user closed the pen switch.

SIMULATION STOP: X VALUE
The simulation was stopped because the value of the X-axis
variable is greater than (or less than, whichever is specified)

the specified X-limit.

STEP SIZE CAN'T BE < MIN
The specified initial integration step~size is less than the

specified minimum allowable integration step-size.

THINNING COMPLETED
The stored variable values have been thinned according to the

plotting interval.

THIN THIS OR ALL DATA
No additional variable values can be stored. Push a control
area button to thin either these data or these data and‘all

subsequent data.

UPPER Y MUST BE > LOWER Y
The upper Y-axis range number must be greater than the lower

one, i.e., Y must increase in the upward direction.

X AXIS VALUES MUST BE > 0
The X-axis scale type is logarithmic. Values along the XJaxis
must be positive to avoic. taking logarithms of nonpositive

numbers.
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X~-NAME DEFN INVALID: field
The indicated name or operator causes the definition of the

auxiliary variable in the X-name box to be invalid.

X=xvalue, Y=yvalue
The X-Y meter is at the position xvalue,yvalue in the central

region,

Y AXIS VALUES MUST BE > 0
The Y-axis scale type is logarithmic. Values along the Y axis
must be positive to avoid taking logarithms of nonpositive

numbers.

YOU HAD AN ERROR--RESTART

The simulation must be restarted because an error was detected.

Y-NAME DEFN INVALID: field
The indicated name or operator causes the definition of one of

the auxiliary variables in the Y-name box to be invalid.

x-name INVALID, TIME USED
x-name appears in the X-name box, but it is not the name of a
plottable variable; Y-axis variables will be plotted against
TIME.

1d IS ALREADY USED
The same ID, namely id, is used for more than ome variable

appearing in the Y-name box.

y-name 1S AN INVALID NAME
y-name appears in the Y-name box, but it is not the name of a

plottable variable; no curve will be plotted for this variable.

no. 1S AN INVALID RUN NO.
no. appears in the RUN column of the Y-name box and is not equal

to 1; no curve will be plotted for the corresponding variable.



© 1800

360/65

/ METHODS button

algebraic loop

arbitrary expression

arithmetic IF statement

assignment statement

auxiliary variable

BIOMOD Compiler

block diagram

Block Diagramming Page
box

button

Call VOS button
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Appendix G

GLOSSARY

The IBM 1800 computer used to switch
messages between Video Graphics consoles
and the 360/65.

The IBM System 360 Model 65 computer on
which BIOMOD operates.

A virtual button in the Simulation Phase
control area, used to call up the Inte-
gration display.

An illegal set of CSMP statements in
which the current value of each variable
computed in the set depends on the current
value of some other variable in the set.

A type of statement that allows the user
to define non-chemical variables on a
Chemical Equations form.

A type of statement specified on a
Fortran Procedure form to enable the
procedure to select the next statement
to be executed,

A type of statement specified on a Fortran
Procedure form to assign the value of an
expression to a variable.

A variable specified as an elementary
combination of constants, plottable vari-
bles and/or other auxiliary variables on
the Variables display.

The portion of the Compilation Phase that
translates the user's description of a
model into a CSMP program.

A graphical representation, comprising
boxes, ovals, and flowlines, of a model
or part of a model.

A form provided by the Construction Phase
on which block diagrams may be drawn.

An element of a block diagram used to
represent a computational procedure.

A hardware or software device used to
perform a particular function. See also
virtual button.

A hardware button on the control panel
of the console, used to attach the con-
sole to the 1800 or to divert subsequent
inputs from BIOMOD to VOS.



caret

caret, sideways

central region

Chemical Equations form

chemical reaction

chemical species

Choice Page

close up

coding form

compartment

Compilation Phase

compile

Connect/Call VOS button

console
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A hand-drawn symbol (A) used in the
Construction Phase to signal that text
is to be inserted on a line.

See gideways caret.

The large, square portion of the Simula-
tion form used for the Plot Curves dis-
play, the Variables display, the Param-
eters display and the Integration display.

A coding form provided by the Construction
Phase that allows chemical reactions to be
specified in their natural format.

A type of statement entered on a Chemical
Equations form to describe the computation
of chemical species; the format of these
statements closely resembles the format
used by chemists.

Any variable appearing in a chemical re-
action on a Chemical Equations form.

A form provided by the Construction Phase
to enable the user to select the mode in
which a box is to be defined.

To remove blanks embedded in a character
string by scrubbing with the pen.

A form on which statements are entered to
define a model; specifically, a Mathema-
tical Equations form, a Chemical Equations
form or a Fortran Procedure form.

A conceptual region which isolates the
chemical species within from those in
other compartments.

The portion of BIOMOD which translates a
user's model into an executable program;
the Compilation Phase comprises the
BIOMOD Compiler, the CSMP Translator,

the Fortran Compiler, the Linkage Editor,
and the Error-Analysis Phase.

To translate data into another language
so as to prepare it for execution; spe-
cifically, to use the Compilation Phase
of BIOMOD.

See Call VOS button.

A Video Graphics console comprising a
display screen, a control panel, & key-
board and (for BIOMOD use) a data tablet.



constant

~ Construction Phase

CONTINUE button

CONTINUE statement

Continuous System Modeling

Program (CSMP)

control area

control panel

CORE SURVEY button

CSMP
CSMP Translator

current-X display

cursor

CURSOR button

curve
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A string of characters representing a
fixed numerical value. The syntax of
a constant is described in 1.4.3.

The portion of BIOMOD in which a user
specifies a model.

A virtual button in the Simulation Phase
control area, used to continue a simula-
tion from its current state. cf. RE-
START button.

A type of statement used on a Fortran
Procedure form to collect controcl at a
point where no computation is required.

An IBM language for simulating contin-
uous systems, used as the basis of the
BIOMOD system.

The upper portion of the display screen,
which contains a number of virtual but-
tons used to control BIOMOD.

A set of buttons, switches, and lights
on the front of a Video Graphics console.

A virtual button in the Construction
Phase control area used only by system
designers.

See Continuous System Modeling Program.

The portion of the Compilation Phase
that translates a CSMP program into a
Fortran program.

A number appearing on the Simulation
form following the message NOW X =
which represents the current value of
the variable in the X-name box.

A displayed underscore indicating where
the next keyboard character will be
positioned.

A virtual button in the Simulation Phase
control area, which can be dragged in
order to position the cursor; the normal
means of positioning a cursor is by
touching the pen to the tablet in the
desired position.

A graphical display of a plottable or

auxiliary variable as a series of con-
nected line segments in the Simulation
Phase.



DATA button

. Data Page

data tablet

definition button

delta

derivative

differential equation

direct feedback point

Disconnect button

display screen

drag

ENTRY button
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A virtual button in the Construction
Phase control area, used to call up the
Data Page for the current process.

A list of the variables in a process,

on which the user can select certain
attributes and, where appropriate, spec-
ify values. Cf. restricted Data Page.

A hardware device, e.g., a Rand Tablet,
comprising a pen-like stylus and a
writing surface, used as the principle
means of communicating with BIOMOD;
occasionally used to refer to the writ-
ing surface alone.

A virtual button labeled (DEFN) appearing
in the upper left corner of a box of a
block diagram. Used to call up the Choice
Page, the Translation Page or the defini-
tion, whichever is appropriate.

The special symbol (A), typed as a third-
case H, used to indicate a gain term for
a chemical species.

The rate of change of a variable with
respect to TIME, the independent variable.

An equation written on the Mathematical
Equations form which includes references
to derivative(s) of the target.

A small dot appearing on the display
screen to indicate the logical position
of the pen.

A hardware button on the control panel

of the console, used to logically detach
the console from the 1800 and to terminate
use of BIOMOD.

The cathode-ray tube portion of the Video
Graphics console on which pictures and
text appear.

To move a portion of a display by touch-
ing it with the pen and then moving the
pen across the tablet surface.

A virtual button appearing just below

the control area of a Block Diagramming
Page or a coding form, used to call up
either the Instance List of the named

box or the block diagram containing the
unnamed box that the current page defines.



equilibrium coefficient

Error-Analysis Phase

error criteria

expression

fast reaction

field

flowline

Fortran Compiler

Fortran procedure

Fortran Procedure form

function box

gain term

GO TO statement

-127- Appendix G

A value specified on a Chemical Equations
form to indicate the equilibrium concen-
tration ratio of a fast reaction.

A subphase of the Compilation Phase, which
displays program listings when a error is
detected by the CSMP Translator, the
Fortran Compiler or the Linkage Editor.

The set of conditions which a variable
step-size integration method must satisfy
while attempting to increase the step-size.

A collection of variables, constants and
primitive functions connected by arith-

metic operators and grouped if necessary
by parentheses, used to represent a num-
erical value.

A chemical reaction which is solved by
matrix operations so as to ensure that
an equilibrium state is reached at each
iteration.

A portion of a line of text, usually de-
limited by vertical lines or special
symbols.

An element of a block diagram used as
commentary to indicate signal or material
flow between boxes.

The portion of the Compilation Phase that
translates a Fortran program into object
code.

A set of statements that enables the user
to express conditional computation of
variables.

A coding form provided by the Construction
Phase on which the user may write a Fortran
procedure.

Any of eight boxes appearing at the bottom
of the Model Editor, a Process List or an
Instance List, used to request functionms.

A term specified on a Chemical Equations
form to indicate a flow into or out of a
compartment; the value of the gain term

is added to the derivative of the indi-

cated chemical species.

A type of statement specified on a Fortran
Procedure form to alter the sequence in
which statements are executed.



hardcopy

HARDCOPY button

hierarchy

identification

initial sign

initial value

ink

insert

instance

Instance List

Integration display

integration method
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OQutput produced by the Stromberg-Data-
graphix 4060 microfilm plotter in the
image of the display screen at the time
the hardcopy was requested; both 8 1/2
x 11 in. paper and 35 mm film are
produced.

A virtual button appearing in the control
areas of the Construction, Error-Analysis,
and Simulation Phases, used to cause pro-
duction of hardcopy.

A model structure in which boxes of a
block diagram are themselves defined by
more detailed block diagrams; this
structure facilitates the organization
of models into meaningful substructures.

A string of up to eight characters en-
tered by the user on the Logon Page and
associated with the models he creates or
copies.

A special symbol (°), typed as a third-
case X, used to indicate the initial
value of an integrand or a chemical
species.

The value of a variable when TIME is zero.

A set of vectors displayed to indicate
the path of the pen when writing on the
tablet.

To position additional characters within
an existing line by using a caret; to
insert a line between existing lines by
using a sideways caret.

A reference to a user-defined or primitive
function.

A list provided by the Construction Phase
of all processes containing instances of
the current process.

A list of integration methods, displayed
in the central region of the Simulation
form; this display enables the user to
select a method, step-size and error
criteria.

One of several techniques for numerical
integration provided by the Simulation
Phase.



intensity

iteration

keyboard

Linkage Editor

local variable

log/linear button

LOGON button

Logon Page

logon procedure

macro

macro instance

macro prototype

mathematical equation
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The level of brightness at which text
and lines are displayed; in BIOMOD,
bright (high-contrast) intensity usually
indicates an error, dim (low~-contrast)
intensity indicates that the system is
processing a request and is unprepared
for further inputs, and normal intensity
indicates the normal state.

A complete computational cycle through
a model with a particular value of TIME.

The typewriter-like component of a Video
Graphics console, used as an alternate
to the pen for entering text.

The portion of the Compilation Phase
which combines the object code produced
by the Fortran Compiler with subroutines
found on system libraries to form the
executable program used in the Simulation
Phase.

A variable used only for intermediate
computations in a process but not passed
to any higher level process.

A virtual button containing either LOG
or LINEAR, appearing on each axis of the
Simulation form, and used to change the
scale type of the corresponding axis.

A virtual button appearing in the Con-
struction Phase control area, used to
call up the Logon Page.

The Construction Phase display on which
a user enters his identification; this
is the first display that appears when
BIOMOD is initiated.

A series of steps used to initiate BIOMOD;
this procedure appears in 1.3.1.

The CSMP structure used by the BIOMOD
Compiler to implement user-defined
functions.

A CSMP statement used by the BIOMOD com-
piler to invoke a macro, representing a
user-defined function.

The first statement produced by the
BIOMOD Compiler to define a user-defined
function, its inputs and its outputs.

The type of statement used on a Mathe-
matical Equations form to define a vari-
able; mathematical equations include
differential equations.



Mathematical Equations form

meter

model

Model Editor

MODEL EDITOR button

model list

modifiable

name

named box

nonreacting species

non-renameable input

operator, arithmetic
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A coding form provided by the Construc-
tion Phase to facilitate specification
of differential and other mathematical
equations.

A numerical display of the scaled co-
ordinates of the pen position in the Plot
Curves display.

A collection of block diagrams and coding
forms, together with related data values,
designed to computationally simulate a
real or hypothesized situation.

The portion of the Construction Phase that
displays the model list and provides func-
tions dealing with the file of models.

A virtual button appearing in the control
area of the Construction, Simulation, and
Error—-Analysis Phases, used to call up the
Model Editor.

A list displayed by the Model Editor of
all models existing in the BIOMOD file
system.

Capable of being modified during the Sim—
ulation Phase; variables must be desig-
nated modifiable during the Construction
Phase by use of the Data Page.

A string of one to six letters and/or
digits, the first of which must be a
letter, used to represent a variable or
to name a process.

A box appearing on a Block Diagramming
Page with a name on its top line; a named
box represents an instance of a primitive
or user-defined function.

A species specified on a Chemical Equa-
tions form which contributes to the mass
of the compartment but does not parti-
cipate in any reaction.

A variable used in a user-defined func-
tion whose translation outside the process
is the same as its name inside.

A symbol used to represent one of the five
arithmetic operations: addition (+), sub-
traction (-), multiplication (¥*), division
(/), and exponentiation (**).



ORIGIN button

oval

overprint

page (noun)

page (verb)

PAGE button

PARAMETERS button

Parameters display

pen

PLOT button

Plot Curves display

plottable

plotting interval

plotting interval box
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A virtual button appearing in the Con-
struction Phase control area, used to
display the first lines of a text form
or the first page of a block diagram;
the ORIGIN button applies only to the
primary display.

An element of a block diagram that may
be used to denote a variable that
passes between boxes.

To edit text by printing one character
directly over another; the new character
replaces the original.

The amount of information that can be
displayed on the screen at one time.

To change the information displayed on
the screen 8o as to view the next logical
portion of information.

A virtual button in the Comstruction
Phase control area, used to change the
page of displayed information.

A virtual button in the Simulation Phase
control area, used to call up the Param-
eters display.

A list of modifiable parameters displayed
in the central region of the Simulation
form; this display enables the user to
alter parameter values.

The pen-like portion of a data tablet.

A virtual button in the Simulation Phase
control area used to call up the Plot
Curves display.

A (possibly empty) set of curves displayed
in the central region of the Simulation
form.

(A variable that is) marked {on the

Data Page for the top process) as a can—
didate for plotting; plottable variables
appear on the Variables display and, at
the user's option, in the Plot Curves
display.

The minimum separation along the XJaxis
between plotted points in the Plot Curves
display.

An area at the bottom of the Simulation
form in which the user may specify the
plotting interval.



Power On light

Power On/Off switch

primary display

prime

primitive function

print

process

Process List

PROCESS LIST button

process—name button

Program Interrupt button
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A green light on the console control
panel which is lighted when the console
power is on.

A black rocker switch on the console
control panel used to turn console power
on and off.

The display appearing below the control
area in the Construction Phase, but ex-
cluding the restricted Data Page that
accompanies a coding form.

The special symbol (') used to indicate
derivatives of variables.

A function supplied by BIOMOD to perform
commonly used calculations; a list of
primitive functions appears in Appendix C.

To use the data tablet pen in a manner
analogous to printing on paper, utilizing
symbol recognition to interpret the pen's
movements.

A portion of a model over which variables
have the same meaning; a process does not
include the definition of a named box
that it references.

A list provided by the Construction Phase
of all processes in a model.

A virtual button appearing in the Con-
struction Phase control area used to call
up the Process List.

A virtual button, labeled with the name
of the current process, in the Construc-
tion Phase control area, used to call up
the most recently displayed portion of
the process' definition.

A hardware button on the console control
panel used in the logon procedure and in
certain error-recovery procedures.

push To touch a virtual button with the pen,

thereby requesting the indicated function.
range arrow One of two displayed arrows in a range box,

used to continuously change the value appear-

ing in the range box, thereby moving the curves.
range box One of four rectangles displayed at either

end of the axes on the Simulation form;
each range box contains both a number re-
presenting the range of the associated
axis and a pair of range arrows.



rate coefficient

RECALL button

recognize

renameable

RESTART button

restricted Data Page

restricted name

ROLL button

scale type

scroll

scroll arrow

scrub

secondary display

shift arrow
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A value specified on the Chemical Equa-

tions form to indicate the rate at which
a slow reaction proceeds in a particular
direction.

A virtual button appearing in the Con-
struction Phase control area; this button
is not used in normal BIOMOD operation.

To interpret a movement of the pen as
one of the symbols used in BIOMOD.

An input or output of a process whose
name outside the process can be selected
by the user.

A virtual button in the Simulation Phase
control area used to restart a simula-
tion from TIME zero. cf. CONTINUE button.

A shortened version of a Data Page
appearing below a coding form and list-
ing only those variables appearing on
the coding form.

A name consisting of at most four char-
acters, followed by one of the symbols
prime, delta or initial sign, sometimes
followed in turn by a digit; restricted
names have special meanings assigned by
BIOMOD.

A virtual button appearing in the Con-
struction Phase control area used to
alter the set of virtual buttons that
appear in the center of the control area.

The type of scale used on one of the
Simulation form axes; the scale type may
be either linear or logarithmic.

To change the displayed portion of a
textual display by moving the text a
line at a time.

A virtual button used to scroll a textual
display.

To delete a symbol by making a back-and-
forth motion in the desired area with the
pen.

The restricted Data Page associated with
a coding form; if a coding form is not
displayed, there is no secondary display.

One of four arrows appearing in the lower
left corner of the Simulation form, used to
continuously change both of the range box
values of an axis and shift the curves with-
out affecting their magnification of the
curves.



sideways caret

simulate

Simulation form

Simulation Phase

slow reaction

sorting algorithm

species

specification region

START OF MODEL button

statement number

Station On-line light

step—size

STOP button

STORE button
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A symbol (>) drawn in the left margin

of a Construction Phase textual display

to cause insertion of a blank line between
existing lines.

To use the Simulation Phase to compute
numerical results of a model; occasionally,
to compile and simulate a model.

The display that appears throughout the
Simulation Phase, comprising a control
area, a central region and a specifica-
tion region.

The portion of BIOMOD that computes and
displays the numerical results of a model.

A chemical reaction that is.solved by
integral equations and does not neces-
sarily reach equilibrium at each iteration.

A portion of the CSMP Translator that re-
orders statements to ensure that updated
quantities are computed before they are
used.

see chemical species

The portion of the Simulation form, to
the left of and below the central region,
in which the user describes the form of
displayed curves.

A virtual button in the control area of
the Construction, Simulation and Error-
Analysis Phases, used to call up the
first page of the top process of the
current model.

A string of five or fewer digits used to
identify statements on a Fortran Pro-
cedure form.

A white light on the console control
panel that is lighted when the console
is attached to the 1800.

The value by which TIME is incremented
between iterations in the Simulation
Phase.

A virtual button in the Simulation Phase
control area used to stop a simulation;
pushing any other area has the same effect.

A virtual button in the Construction Phase
control area; this button is not used in
normal BIOMOD operationm,



stretch

stylus

symbol recognition

System Editor

SYSTEM EDITOR button

system macro

System Ready light

tablet
target

temporary Ccopy

TEMPORARY COPY button

thin

THIN ALL DATA button

THIN THIS DATA button

TIME

top process

translation

Translation Page
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To alter the size and shape of a box by
dragging its lower right corner.

See pen.
See recognize.

A portion of the Comstruction Phase that
enables system designers to determine the
identification associated with a model.

A virtual button in the Construction Phase
control area, used to call up the System
Editor.

One of four primitive functions, CMPXPL,
LEDLAG, MODINT and REALPL, which CSMP
implements via macros; these functions
cannot be used on a coding form.

A white light on the console control panel
indicating that the 1800 is operating.

See data tablet.

The variable defined by a mathematical
equation.

A working copy of a model that is not
saved upon return to the Model Editor.

A virtual button appearing in the control
area of the Simulation and Error—Analysis
Phases, used to call up a temporary copy
of the model.

To remove excess data values from the tables
saved by the Simulation Phase.

A virtual button in the Simulation Phase
control area, used to thin data thoughout
a simulation run.

A virtual button in the Simulation Phase
control area, used to thin only those
data available at the time it is pushed.

The independent variable of all simulations.

The model, exclusive of definitions of
user—defined and primitive functions.

The name (in a higher-level process) supplied
on a Translation Page to Correspond to a re-
nameable variable in a lower-level process.

A form provided by the ‘Construction Phase
to enable a user to rename the variables of
a lower-level process.



Trouble Form

unnamed box

User Consultant

user-defined function

value field

variable

VARIABLES button

Variables display

VGS
Video Graphics System (VGS)

Video Operating System (VOS)

Virtual button

VoS

working copy

X axis
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A paper form provided near consoles used
for BIOMOD on which users can report
errors to the User Consultant.

A box appearing on a Block Diagramming
Page without a name on its top line; the
definition of an unnamed box belongs to
the same process as the box itself.

A person responsible for helping users to
formulate models and to understand system
behavior; the User Consultant serves as a
link between users and system designers.

A process used in a model to extend the
set of primitive functions; user—defined
functions are used only through named
boxes.

A portion of the Data Page of a top process

in which the user can enter values for other-

wise undefined variables.

A quantity, represented by a name, whose
value may or may not change during a
simulation.

A virtual button in the Simulation Phase
control area, used to call up the Variables
display.

A list of plottable and auxiliary variables
and their values, displayed in the central
region of the Simulation form; this dis-
play also enables the user to define auxil-
iary variables.

See Video Graphics System.

A set of hardware and software used to
operate BIOMOD; this system includes con-
soles, the 1800, software for the 1800,
and VOS.

A software system residing within the
360/65 to enable consoles and programs to
communicate with one another.

A displayed area which is touched with the
pen to request a particular function.

See Video Operating System.

A copy of a model, which BIOMOD automati-
cally uses while the user is manipulating
the model in order to reduce the conse-
quences of a system failure.

The horizontal axis of the Plot Curves
display.



X-1limit box

X-name box

Y axis

Y-name box
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An area in the lower right corner of the
Simulation form in which the user may
specify a bound for the variable displayed
on the X axis; if the value of the vari-
able crosses the bound, the simulation
automatically stops.

An area below the X axis of the Simulation
form in which the user specifies the vari-
able to be displayed on the X axis.

The vertical axis of the Plot Curves
display.

An area to the left of the Y axis of the
Simulation form in which the user specifies
the variables to be displayed on the Y axis.
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