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i. INTRODUCTION

Bimnon is a speeial prograsming language for siwmulating
dynamical systewms. Systems wmay be described as ovrdinary
differential equationss as difference eguation or  as
combinations of such equations. Models of this type arve
commnon in wmathematicsy bioclogy: sconomiecs and in many
branches of engineering. 8Simnon requives a cowputer with a
graphics terminal. The results are displayed as curves on
the terminal. The language has an interactive inplementation
which wmakes it masy for a user to work with the system.
Bimnon may be used in a very simple way to find solutions to
difference or differantial equations. This requives only six
commands. Thare arve 38 additional ocomwmands in  the system.
They also allow optimizations introduction of sxperimental
data and parameter fitting.

The purpose of this veport is to provide an introduction to
the simulation language. The conceptual framework is first
described in Chapter 2. The repoyt  then proceeds by
examnples. Chapter 3 describes how to solve simple
differential sguations. Bolution of difference eguations is
described in Chapter 4. Chaptey 5 describes gimulation of
mre oomplicated systems which ave obtained by combining
subsystems desoribad by differential or differance
equations. It is ussful to note that all of this can be
accomplished by about a dozen comwands. Some advanced
features are desoribed in Chapter 4. A few ranarks on the
implementation arve given in Chapter 7. Each chapter is
provided with exercises. Do wnot forget to experiment and
test at a terminal as you progress with the reading.
Remembayr that you can always type HELP and that thare is
also a manual which gives a detailed description of the
language constructs. Also remember that a good way to learn
the language is to start by learning how to master a few
conmands and expand the vocabulary gradually.

3 »
R
=. THE CONCEPTUAL FRAMEWORK

Simtnon is  an interactive language for siwmulating dynamical
systemns. The system nay be dascribed by ordinary
differential equatiofisy or difference equations. It is =lso
possible to simulatd‘systems which consist of interconnected
subsystems. This is useful in order to structure 'a large
systan. Siwnon may also be used for other purposes e.g. to
graph functions to fit models to data eto.

The simulation language has Facilities to edit system
descriptions», to integrate differential equations: to store
and retrieve data», to show the solutions as graphs: and to
change parameters and initial conditions.
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To use Bimnon it is necessary to have a basic understanding
of dynamical systems. In pavticulav +to be familiar with the
hotions of inputy output and statae. Tha genaric form of a
continuvous time systen is

ax

== = Fixy u)

dt (!
y = gixs u)} '

whare u is a vector of inputss v a vector of outputs and
is tha state vector. & system like (2.1) ig specified as a
CONTINUOUS SYSTEM in Simnon. Tha analogous Fform for a
discrete time system is

Kt ) Fixlk 2y uft 23
k k

i

k+1
yi(t 3
k

il

gtxit 3y utt 3. ko= 14250,
K k

A system like (2.2) is specified as a DISCRETE BYSTEM.
Simnon allows a system or a subsystem to be described by
either of the forms (2.1) or (2.2). It is alsg possible to
have intervconnected systems where sach subsystem has the
farm (2.1} or (2.2). Connections are described as a
CONNECTING SYSTENM.

Simnon gives information to the user via a graphical screen
which can show curvess text and numbers. It iz alsso possible
to get a hard copy of a picture and to list system
descriptions and data. Bimnon receives information from the
user by commands from the kevhoard. The commands have the
Form

CHMND argl argz ... -

whare CMND is  the namg of {he command and argls argsy sto.
are the arguments. The pane is a combination of up to eight
characters. The arguments wmay be identifiers or tumbars.
Spaces are used as separators. A command is  termihated by
carrviagse veturn (CRY.

Dafault values g /
It is desirable thgt commands ave both short and flexible.
One possibility to achieve these conflicting goals is  +g
allow wvariations of a command which are selected by the
argumnents. A dascription  of the simulation commahd
illustrates the idea.
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The sinuvlation command

The different forms of the command 8IMU which executes a
sinutlation of a system are illustrated in the syntax diagram
Fig. 1.

The diagram implies that any form of the command which is
obtained by traversing the graph in the divections of the
arvows is allowed. For example the command

51U G 160

simulates a system From time Q to tiwme 1000 IF we want to
repeat  the simulation a second  time with different
parameters it suffices to write

SImy

The previous values of the srgumentss:s i.e. 0 and 1005 arve
then used. Most ocommands are provided with default
arguments. These arguments are then ussd unless otherwise
stated.

It follows fFrom Fig. 1 that stavrt and stop times and the
iriitial time increment may be specified. It is also possible
to mark cuvrves by the optional argumsht MOARK. A simulation
may also bhe continued by wusing the end conditions of a
previous simulation as initial values. This is done by the
command option CONT. The results of a simulation may also be
stored in a file. The time spacing between the stored values
is specified by incrament.

Thae syntax for the simulation command may also be described
as follows:

SIMU Ef{start time) {gtop timel L[{incrament)ll
E—-{CONT | MARK Y] tngiIEHama)E{iﬁcrement>3]

In this descvriptions which is called the Backus-—-novrmal form
CBNF 3 9 {...? denotesy an ,argunent i.2. a number or an
identifier. Fuvrtheraprae Lal a2l ...1 denotes optional
arguments which may be omitted and {allaZf...r denotes that
one of tha alternative arguments wmust be chosen. A % after
an avgument denotes that it may be repeated. The syntax for

A Ty

L]

*
r‘StarttimeHStopﬁme]

}

Increment

Fig. 1 Syntax diagram for the command 8IMU.




any command is obtained by typing the command MELP followed
by the name of the command. The syntax is then shows in the
Backus—Naur notation. The synhtax of the commands is given in
Appendix A.
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1. Learn how to log in and log out of vour computer system
and how to get access to mass storage arsas. QGot halp from
your systems manager if necessary. Document what you ape
doing so that you can repaat it on your owe.

2. 0On the Vay implementations you  start Simnon simply by
typing Simnon., Simnon answars by the prompt . You can sxit
Simnhon by typing STOP. Practice this.

S« Try to find out about Simhon by using the command HELP,

4. Use the HELP caommand to find out how the command AXES
works. Experiment with the AXES command to find out how it
works.,

2. DIFFERENTIAL EQUATIONS

SBolution of ardinary tnonlineanr differential aquations is a
simple application nof Simnon. In such applications Simnon
cann be viaswsd Simply as a ecaleculator for diffsrential
equations. Thare are two mingr differences compared to a
caloculator. Simnon  can display cuvrves., In a caloulatar a
function is activated by pushing a dedicated key. In Simnon
functions are activated by typing a command on the keyboard,
How Simhon may be ussd to generate solutions to an ordinary
differential equation is illustrated by an example.
3 .
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Suppose that we would like to know the character of the
salution to the van der Pol squation

2 .

g 2 o

-——Z + atly - bJ#me+ v o= (3.1
- de

for different initial conditions and different values of the
paramaters a and b. Eguation (3.1) is the van der Pol
squation. It is & model for an  electronic oscillator which
is used to describe how ascillations are initialized.




The path towards the solution to the problem can be divided
in the following steps.

1. Enter systewm descriptions

2. Simulation

%Z. fAnalysis of the resulis

4, Changes of parameters and initial conditions

where steps 2+ 3 and 4 are iterated until a satisfactory
result is obtained. The different steps will now be
described in some detail.

The equation (3.1) is first rewritten in the standard state
space form (2.1, Since the egquation (3.1 is of second
order an extra variable is introduced. The eguation (3.1
can then be written as

dy

—— T Y

dt (3.2)
ax . anib - y23 -y

dt ’

The squations are now in standard state space forw: which is
the format nscessary to use Bimnon. A file which describes
the system should now be preparved. This file which is
labeled VDPOL is listed in Listing 1. The first line
indicates that it is a continuous time systen with the nane
UDPOL. The state variables x and vy and their devivatives dx
and dy are declared. Any string with less thanh seven
chavacters may be used as identifiers. The differential
equations are then defined. Notice the strong similarity
with (3.27. Finally valuss are assigned to the parameters a
and b. Simnon separates between parameters and variables.
Pavameters are constants which may be assigned wvaluess in a
program using the notatien 3 for assignment. Parameter
values may be reassigned using the command PAR. Variables
are assighed in a Pvagvam using +the notation = for

assignment .
TR

Listing 1 A Simnon system for eguation (3.2).

CONTINUOUS SYSTEM VDPOL
"The van der P?q gquation

State n vy

Der dx dy

dy=¥x
du=gaxrk{b-y¥yli-y
atl

bril

END




*)
The file can be edited using any editor you are familiar

with. There is also a simple line orientsd editor built into
Bimnon which can be usad to enter the file. This editor is
invoked by thes command

EDIT <({Ffilenams)

where the argument (filename) is an identifier i.e. a leatter
possibly followsd by letters or digits. The facilities in
the editar are described in Appendix A. The syntax of the
system descriptions is given in Appendix B. The command

LIST {filenams})

lists a system description on the terminal.

Simulation
To run a system the appropriate system must first be
compiled. This is done by the command

SYST VDPOL

If there are any ervors during the compilation an errop
message is given and the system enters the Simnon editor so
that the ervor may be povrrected. If you want to use another
editor sinply type LEAVE to exit Simnon’s editor. If we
would like to see the solution curves as they arve integrated
we must First draw axes on the sereen. This is done with the
comma nd

AXES H O Z0 V ~4 &

which means that the ranges of the horizontal <(HY  and
vartical (V) axes are chosen as (O 203 and (-&y 4),

The commsnd
PLOT x v ot
instructs the program to plot the variables x and y.

To perfore a2 simulation it is necessary to give appropriate
initial conditions to the state variables. The command

#) On the LTH/RT Vax system yvou can invoke the screen editor
TEVE to edit the file VDPOL as

TEVE VEPRPOL.T
if yvou ave in VMS or

HTEVE VBPOL.T
if you are in Bimnon. In the Vax/VMS system all Simnon
system files have the extension *.77.




IMIT x=i

assigns the initial valus 1 to the state variable x. Initial
values are automatically set to zero if no assignments are
made. We are now ready to parform a simulation. The command

SimMuy 0 20 — MARK

activates a simulation from time © to time 20y and the
result shown in Fig. 2 is obtained. The argument -MARK
implies that the curves ave labeled with integers 112s... in
the order they appear in the plot command.

Some times when you make a simulation you will find that the
results are wrong at the beginning. It is then useful to be
able to break the simulation immediately. There are
facilities fovr doing this in Simnon. The details ave
implamentation dependent. On the standard Vax systems the
simulation is interrupted by typing CNTRL-C.

State variables x and y marked 1 and 2

%
-6 #’ F

Fig,_2 Bimulation of the van der Pol egquation for a=l and
b=1 with initial values x{O¥=1 and y{0)=0,
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Suppose that it is of interest to explore how the character
of ths solution is influsheed by the parameters a and b. The
comma nd

PAR b:2
assigns the valus 2 to the paramatey b. The comwmand
SIiMU

now genavates a new simulation. Notice that it is  not
necessary to specify any arguments in the command SIMU. The
previously given values O and 20 are automatically used as
default values. The use of default values simplifiss the
user interaction considerably.

It is now easy to continue +to explore how the solution is
influenced by the paramsters of the solution by a repeated
use of the commands PAR and SIMU.

Curvent wvalues of all statessy derivativess variables and
parameters may be displayved. Tha command

DIBP

digplays all current data. Belective displaye aof the
parameter a» the state x and the variable y is dons by the
conma nd

DIGF a x ¥

Tha display wmay also be dirvected to the line printer. A
simple way to find out how the command DISP works is to type

HELP DISP .
The help function can be applied to all commands.
A

Staring and editing results of a simulation

= L AL 5 Py Ty N B ) b B S 4

It may be useful to store some resultsy to compare results
from differeant simulations and to plot different state
variables in different diagrawms. Suppose for example that we
would like to compats; the results for the parvameter sets
a=1» b=l with a=1s pb=2. Two data files ave first generated.
The comnand

PAR azl
PAR b=l

sets the parameters. The command




STORE x ¥

t@lls that the state variables x
The ocommand

5IMU/BL

a sinmulation and
The value of b is set

then performns
called Bl.

PAR b:iZ

and the command

SIMU/BZ

simulates and stores the results
SPLIT 2 1

splits the screen into two windo
ASHOW n/BZ

plots the variable x from file

and v should be stored.

stores
to 2 by

x and ¥ in a file

in file BZ2. The command

The command

WE .

BZ in the first window using

avtomatic scaling. The command

SHOW x/R1
plots the variable x from file Bl in the same window. The
conmands

ASHOW vy /B2

SHOW y/BiL
plots the variable y from files B2 and Bl in the sacond
window. To document the results it is useful to generate a

havdocopy of the ocurves obtained

hardware. On a
L ]
HOOPY yto
sends a ocopy of the picturs on
gueus. The results shown in Fig
conad g
SPLIT 11

“y
plears the secoveen and resets
covers the full scresn.

plotting to one

. The details depend on the

normal installation the commnand

the scresn to

3 are then

the plotter
obtained. The

window which
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Stata variabla x

Stata variable vy

State variablae vy

Solution of the van der Pol squation for b = 1 and b
3.,
2.
1.
0 -
-1 i
~2.
3
’r
"'3. T T —
.y i "'é ' 0. ’ 2. 4.

Sicte_varlobie ;

Fig. 4 Phase plane plot of the van der Pol equation for a =

I+« b= 1:

X L0

= 1s yi0) = 0,
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For two-dimensional differential equations it is useful to
visuyalize the results as phase plane plots. This may be done
simply by

AXES H -4 4 V -3 3
SHOW yix) /Bl

which generates Fig. 4.

Generglities

The general way of using Simhon as a “ecalculator for
differential sgquations” will now be given. The genervic form
aof a system description is given in Listing Z. The system
description starts with CONTINUOUS 8YSTEM (lIdentifierr. It
is terminated by a line which contains END. An identifier is
a letter which may be followed by at most seven letters or
digits. Both upper and lower cas® letters may be used
although the compiler doss not distinguish betwesn them. The
system description has two partss a declaration and a body.

Thevse are threse typess of declarations. & time variable may
b declared for simulation of time varying differsntial
gpquations. This is done by the key word TIME followed by an
idantifier. The state wvariables and the derivatives arve
declared by the keywords STATE and DER followed by a list of
the state variables and the derivatives. associated by their
sequential order in the lists.

Tha body of the systsm descoription specifies the derivatives
of the state wvariables in terms of state varviables and
parameters. Auxiliary variables wmay also be used. The body
also contains assigrment of pavameters and initial wvaluss.
The order of the statements in the body is unimportant. A
variable may only be assigned a valus once.

L

Listing 2 Generic form of system description for simulation
of differential eguations.

COMTINUGOUS BYBTEM (Identifisr}
“Ganeral diFFerén?ial gguation Comment
State (Identiflér ...<Identifierm -
Dar {Identifier)...{Identifiev} - Deglarations
Time {Identifiem
Computation of auxiliary varviables

Computation of derivatives

] - Body
Parameter assignmnent

Initial value assignment i |
END
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Expressions and operators

The expressions available in Bimhnoan are similar to those in
& proceduvral language like Algol or Pascal. An axpressian
may be a strings a numeric constant Or a variable. It wmay
alsg ba cowmbinations of variabless aperators and functions.
Conditional expressions of the form IF...THEM...ELSE ara
also permitted. Simnon has arithmetics relational and
laogical operators. All variables are floating point numbers.
The numbers are written in the conventional way as 4.5 1.1
or 4E7. The result of boolean expragsions is 1.0 if it is
true and 0.0 if it is false.

Arithmetic operators

The arithmetic aperators  ars additiaon, subtraction,
multiplications division and exponentiation. They are
denoted as

o= %/ A

whare A denotes sxponantiation.

Relational operators

Thare are only three ra2lational operators. namely equals
greater thans and smaller than. They are denoted by

=3 {

l.ogical operators

The logical operators are ANDs OR and MOT.

as

Functions

L) .
Thae following functiong are available

abs(x) absolute valus

-1 KO
signix) ) =0

L4

g { HIO
intix: largest integer less than »
mod (xey)d X mod vy
maxKixiy) largest of x and y
mirixsyd smallest of x and y
sgriix) sgquare root of x» x:D
expixl exponantial function
Indxs natural logarvithm of x




log(x) logarithm (base 103 of «
Sinix? sine of ¥ (x is in rvadians?
s (K cosine of x (x is in radians?
tanixl tangent of x (& is in radians:
arcsinixd arcsine
arccos(x) arcoos
atanix) avrctangent of ¥ result in {(-n/2 w/22
atan2ixyl arvctangent of x/y result in (—ms w)
ginhixnd hyperhbolic sine
coshix) hypaerbolic cosine
tanhinl hyparbolic tan

Summary

it has been demnonstrated that Siwmnon may bs used to gensrate
solutions +to ovdinary differential eguations in a very
simple way. To do this the differential equations are first
written as a system of first order egquations like

nnnnn = fix{tr»tl.

& continuous time system is  then generated in Bimnon by
denlaring the stats variables and the darivatives. The
function §f» which defines ths right hand side of the
differential eqguations iz then introduced using ordinary
assignment statements: and assighments of parameters. There
is no  veckor notation so all efquations wmust be written in
scalar notation. Any editor may be used. There is also a
special editor incorporated into Bimnons which is invoked by
the comnand EDIT. The command LIST can be used to list
files. The sxecution of the simulation way be done by using
six basic commands: SYBT: AXES, PLOT. IMIT: PAR and BIMU.
+ 4

In order to edit: manipulate and document rasults  fFrom
saveral different simulations it iss howsvers also useful to

use six more commands: namely STORE, SHOW. DIBP. SPLITs AREA
and HCOPY.

The HELP command is &s?Ful in order to see what the commands
do. B

i, Learn how to use an sditor on your system. Fractice by
editing the system in Listing 1.
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<. Learn how to enter and exit from Simmnon. Use the command
LIST to list the system you have sdited on the soreen and on
the line printer. (Note in the Vax implementation you may
invoke a program called PRG from Simaon by typing $PRG
without leaving Simnhon,)

3. Repeat the simulation described in this chapter on your
W .

4. Change paramaters with *the command PAR and initial
conditions with the command INIT and investigate how the
solutions to the van der Pool esquations change.

3. Experimenf with the commands AXESs SPLITy SHOW: ASHOW
and AREA.

A. Use the HELP command to investigate the basic simulation
commands AXES: PLOT: INIT» PAR: BYST and SIMU.

7. Introduce a formal error in the program in Listing 1 by
changing the assignment of dx to dx = a¥x¥{b—y*y-y3. Try to
simulate the incorrect program. {(When an error  is detectead
the command EDIT is automatically executed. You mray covrrect
the mistake using the line editor. The simulation is then
avutomatically continued when you esxit the sditor by typing
E. You can also leave the eaditor by the command LEAVE and
use yaur favourite editor for the correction.?

. Use the help caomwmand +to investigate the auxiliary
cowmands STORE: SHOW: DISP. ASHOW: SPLIT and AREA.

7. Look at the commands LISTs: LP and HCOPY and learn how to
get hardoopies of listings and plots on vour system.

10, Consider the following van der Pol aquation
LY " E . -
g ¥y + Ly =1) v + y = ge

Investigste the limit Fyeles obtained for £ = 0.05 and 0.993
£ 1. .

T a %1 e

11. The following equations called the Volterra |lotka

equations represent a simple model for the devalopment of

two campeting species

dx

—— = {a — bvix

at YN i
§

dy . a3l

—— = ‘.EH —

dt Y

Make a Gimnon program to study the eguations. Start with the
following nominal wvaluss: a=2.7s b=0.7: o=1 and d=73.

12. A simple model for a satellite orbit is given by




2 =

dr [dm} i
z ot 2

dt r

dg = dr dg o

——— —— —_——

th vt dt

wherae v is the radius from the center of the earth, gy the
azimut angle armd kK 3 gravitational constant. Simulate the
equations.

13. Learn how to intervrupt a sinulation on YOy
installation.

4. DIFFEREMCE EQUATIONS

There arvre also facilities For simulating difference
equations in Bimnon. This is done analogously to simulation
of diffevential equations. An exampls is fivst given and the
ganaral principles are then stated.

Consider the following difference equation

RE k = 02191... (4.1

¥ = X, + v ¥ ® % (l-¥
I i

k+1i i

This is a simple model of a population dynamics. The

variable L denotes the number of individuals at time k in a

normalized scale. There is an equilibrium value x=1 at which

the population remairk constant. For Kk<1 the population
TR '

increases with the factor 14y in sach generation. For Kk>1

the population will decrease. Assume that it is of interest
to investigate how ths population changes with time.

A difference equatioh ?5 charactarized as a DISCRETE S5YSTEM
inn Bimnan. The desttiption of a system which simulates the
difference egquation (4.1) is givewn in Listing 3.

The state wvariable x is declavred in the same way ag for
continuous time systenm using the STATE declavation. The
derlarvation NEW is ussd to declars the variable nx: which is
the new valus of the state wvariable. NEW is thus the analog
af DER for continuous time systems. '
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Listing Z A Simnon system for simulation of the differance
equation {(4.1).

DISCRETE SYSTEM POPRPDYN

"Simple model for population dytramics
State

Mew nx

Time k

Tsamp ts

FIXN = H+r#Ex®{l—-xl

ts = k+1

HEDLS

rEOLZ

END

When simulating difference equations it is necessary to
provide a mechanism for waking the state variables change at
certain times. For example the state variable i aguation
(4.1 changes periodically at k = 1y 2y ... . In the gensral
case  there mayr howevers be mores irregular changes. The
mechanism used to describe this in Simnon is o introduce a
variable TSAMP which +tells the next fime +the system should
be activated.

In Listing 2 the first assignment statement is simply a
definition of the right hand side of the difference equation
(d.13. The second line! ts = k + 1 assigns the value k + 1
to the sampling variable ts. This tells that the system will
bae activated hext at time k + 1.

Discrete tine systems arve run in  the same way as cohtinuous
time systems. A simulation is thus sxecuted by the commands

Svat POBRDYN

Split 3 1 oo
axes H o 8o v ol
Plat o

Simu 0 20

This generates the uppermost curve in Fig. 5. The2 commands

BxEs 1 /¢
Par rfz.70 1
Simu

Bxes

Payr priz2.83

Simuy

repeats the simulation for r = 2.70 and p = 2.83» and plats
the corrvesponding cuvrves shown in Fig. 3. Motice that the
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Fig., © Simulation of population dynamics.

bahaviour of the solutions change drastically with wmoderate
changes in the paramsters.

Graphs_of functions

Simnon is conveniently used to obtain a graph of a function.
Assume For example that we want a graph of the polynomial

Firy = RCHFII O+ Cr—2T (x—-33,

This is accomplished th the following system.

14 [ ]
DISCRETE SYSTEM POL
Tima X
Tsamp =
Ff o= (HFTIRCRFZI SRR OH—ZIF(n~3)
= o= ouddR
dx 2 0D.05 1

The commatds




SY5T POL
Btore f
Simu —-3.4
Ashow F

-
t

« G

Wwill then generate Fig. &.

Simnon is also

conveniently used to generats

level cuvrvesy

field plots and conformal maps. To illustrate such
applications consider for sxample the problem of finding the
image  of the lines arg z = n/® and arg =z = In/4 in the
contformal map
z Ktiy H
Giz) = @ =8 =@ (gos ¥y + i sin yi.
This wmay be sccomplished by the systemn
DISCRETE SYBTEM EXPZ
Tims nr
Tgamp s
ti = alpha ® pi/i80
X = p % pogifil
y = v % sin(fiz
RelG = sxpix) ¥ cos(y)
ImB = expixl) % ginly)
|
150. 1‘
FCxO !
100, | |
50, |
0.]
-850
-100. |
 -150. , i .
-, -2 0. 2, 4,
=
Fig. & Graph of the function FIx) = (x+2) (R+1) XOx—~13 (x—22

L e

genserated by Simnhon.




i3

s r 4+ dr

dr: 0,01

pi: 2.1413924
alphai 20

END

w 1§

The commands

ayst EXPZ

agxezs h ~1 1 v O 1.5
plot ImG(Rel)

simu O F.14

par alphas: 135

simag O 4.44

ther gensrate the graph shown in Fig. 7.

The general form of a description of a discrete time systenm
iz given in Listing 4. It is analogous to the continuous
time system. The only semantin differvence is that the
sampling variable TSAMP must be assigned and that der is
replaced by naw.

1.5.
In G
1,25
f.
0.75]
0.5
0.25]
oy
0. $e

-1 ' -0.5 ' Q. ' 0.5 ' 1,

Fig._7 . Graph of the map of the rays arg z = w/l and

arg = = an/d4 in the map Gzl = a .




Listing 4 Structure of Simnan system fopr simulating
difference equations.

DISCRETE SYSTEM {(Identifier}

"General difference equation commant
State ({Identifier)...{Identifier) 1
Mew {Identifier)...{Ildentifier t declarations
Time {Identifier? i

Tsamp {Identifier) J

Computation of auxiliary variables 1

Computation of new values of the states i

Update the variable Tsawmp ¥

Parameter assignmant |

Initial value assighwent J

END

body

Difference equations are simulated in the same way as
diffevrential equations. The systen description DISCRETE
SYSTEM is used instead of CONTINUDUS SYSTEM. The gimulation
commands are the same as  for diffevrential squationss i.e.
six basic commands AXESs PLOTs INIT» PAR» SYST and SIMY and
Bix auxiliary cowmnands STORE» SHOW, DISPs, SPLIT, AREA and
HCOPY .

Exerciges

1. The difference eguation

Bt T

P2

is a well known algovithm for canputing the square root of
a. HWrite a discorete system in Bimnon and axplore the
algovrithm. 3

2. Modify ths Simulatiaﬂ'pragvam in exercise 1 so that the
stationary solution to the equation is conputad and plotted.

3. The following is a simple Reynesian model of a macro
economnic system

yiE) = olt) + %ﬁty + glts
ottty = a yit—-1)
i€t) = b Ledt) —olk—1)3

where vy is tha gross national products ¢ consumptionm. i
investment and g government gxpenditures. Write the
gquations as a system of fivst order equations and sinulata
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the eguations. Investigate the response of the system to a
gsudden inorease in  government spending. What are the
influences of the parawmeters a and b? Try the wvalues
a = 0,79 and b = 0.5, 1 and Z.

4. Investigate the properties of the following difference
squation

ey 2 = 2
Py + vy )} oExp -0.1ix™ + y 213
HLED

I

witk+12
yit+1D

Il

for different values of the pavaﬁeter r.

S. COMEBINATION OF BYBTEMS

It is often useful to structure a lavrge problem into smallar
subproblems. In simulation this is done by decomposing a
large system into interconnected subsystems. A subsystem is
aften represented as a box with inputs and outputs and the
interconnections are represented by dirscted lines hetween
the boxss. Buch a structure can be represented in Sisnon.
This is done by adding declavations of inputs and outputs to
the system descriptions. The subsystems can then be
degoribed as s CONTINUDOUS SYSTEM ov a DIBCRETE SYSTEM. A
special type of systam is used to describe the
intevrconnections. This system is called a3 COMNECTING SYSTEM.

Consider the control system ghown in Fig. 2 which is a
combination of two subsystems

CONTINUDLS BYSTEM REG
Input yref vy

Butput u
' 3 .
. F R
END
yr
% LREG PROC
7«

2 Block diagram of an intsrconnscted system.
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CONTINUDUS BYSTEM PROC
Input u
Cutput v

END
and the system which describes
by

CONNECTING BYBTEM CON

the interconnection is given

Time t

vrefIREGT = 1

vyEREGI = yILPROCI

ubPROCI = uLREGI]

END
Notice that statess wvariables, and parvamebers are local
variables in each subsysteam. Variables in differant
subsystens may be specifised by adding the system name in
sgquare brackets after the idenmtifier. Also notice that

sxpressions may be used
Constructions like

v LREGI

are thus possible.

to describe

the interconnsctions.

if 4l then O =lse sin(k*xyIPROCI)

The simdlation of an interconnected system is done using the

same Ccomnands  as  was
differantial equations.
negessary to activats
interconnected system. This is

8Y8T SYS51 SY5Z2 CON

The connecting system must be

The order of the gystem

used to simulate differvence or
The only differesnce is that it is
all subsystems that describe the

done by the command

the last system in the list.

is otherwiss irvelevant. Continuous

atd discrete system may e mfxed fresly.
H
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A pontindous time process with
conveniently described as an
process may be vepreagwted a5
control computer as & DISCRETE

Listing 5 describes
continuous time
ragulator called

a
process
PIREG.

cal
The p

input satuvation. The interconnections

connacting system CON.

fasdbaok

a computer control system is
interconnectsd system. The
& CONTINUOUS 8YBTEM and the
SYSTEM.

loop
led PROC
rooRss

consisting of a
and a digital PJ
ig an integrator with

ave described by the




Ligting 5 8iwnon description of a simple control loop
congsisting of a continuous tims process and a
discrete time PI regulator.

CONTINUDUS SBYSTEM PROC

"Integrator with input saturation

Input u

Output v

Btate ¥«

Dey dx

upr=if u{-0.1 then —-0.1 elss if uD.l then u else 0.1
dxR=upr

Y=Y

END

DISCRETE SYSTEM PIREG

"PI regulator with anti-windup

Input yr oy

Output o

Btate i

Mew ni

Time t

Taamp ts

8=y r—y

vk el

u=if viulow then ulow else if v{uhigh than v else uhiigh
ni=i+hxh*a/ti+u—v

ts=t-+h

ksl

tizl

hi. 5

tlowi—j

vhightil

END

CONNECTING SYSTEM coN

"Connecting system for simulation of provess PROC
"with PI regulati%n by,system REG
time t R

yrLPIREG]

y EPIREGI =y LPROC]

UuEPROCI=uLPIRERG]

END

%
,,r’




The following annotated dialogus illustrates how Simnon is
used.

Commamnd fAction

SYST FPROC PIREG CON Activate the system.

STORE vr ylprocd upr Belasct variables to be
stored.

SIMUY O 40 Simulate.

SPLIT = 1 Form two scresn windows.

AGHOW v yr Draw v and vy with automatic

scaling in first window.

ASHOW upy Draw upr with automatic
scaling in second windaow.

Motice that the names ave loecal +o sach subsystean. To
distinguish between wvariables that ocoedr in diffevent
subsystem the name of the subsystem is writtemn in sgUara
brackets as in y LCprocl. Variables can be transmitted
betwaesn subsystem by declaring them as inputs and outputs.

The results of the simnulation are shown by the oscillatory
curves in Fig. 9. The discrete nature of the control actions
generatad by the computer arve clearly visible in the curves.
These curves show that thsre is a considerable overshoot due
to windup at the integral. This is avoided by telling the
regulator what the promess limitations are. The commands

PAR ulow:-0,1
PAR uhighic.l

changes the necessary parameters. The conmands

GIMU O

AREA 1 .
SHOW v vr 4
AREA 2 :

gHOW upr

40

Shows that the overshoot is reduced significantly. Compare
Fig. 7.
Y

Generalities pe

Simnon allows three types of system descriptionss namsly
CONTINUCUS SYSTEM. DISCRETE SYSTEM and CONNECTING SYSTEM.
The discrete and the continuous systems may be sinmulated
individually provided that ho inputs and outputs are
declared. Interconnected systems may also be described by
using the connecting system. The complete syntax for the
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Output v and yraf
o
[w]

Control variabla u
)

Fig. % Results of simnulation of process control with a PI
regulator. Ths curves with & large overshoot
correspond to an ordinary regulator. The other set
af curves are obtained with a regulator with
gvershoot inhibition.

system descriptions is given in Appendix B.

i. Look at the syntax of the commands 8YBT and SIMU using
thae he=lp command. What oavre the differances betweaen
simulation of single systems and inteyconnected systems.

2. The HELF command hgé gﬁ hievarchical strunture. Explore
this experimentally. 1’

3. Use the command HELP LANGUAGE STRUCT to find the farm of
the different system descriptions.

4. Assume that the variable y is used in two subsystemns in
an interconnected systeh. Construct a simple test exampls to
find out what happa%%. What diagnosis is produced? Haw can
the variables be sepavated?

5. Consider the system in the example. Repeat the
simulation on your oW conputer. Investigate the
conssquences of changing the sampling period.
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4. Study the structure of the systen descriptions.

&. ADVANCED FEATURES

Simnon may be used in many different ways. Bo far we have
described problems which may be solved by using only a dozen
commands. This is sufficient For many applications. For mare
demanding probless there are however several additional
features. These may all be exploved by using the HELP
command or by veading the wmanual. A brief description of
some useful fesatures will be given here to indicate sone
possibilities.

Macraos

The commands are normally read from a terminal. It is
however:s useful to have the option of reading a ssgquence of
pommands From a file instead. The construction

MaAcRO NAME
Command 1
Command 2
Command 3

END

thus indicates that the commands 1, 2 and 3 are not executed
directly but stoved on a file. The command sequehce is then
activated simply by typing NAME.

Az an illustvation we give the following macro which
generates Fig. 7.

MACRO FIG

syst proc pireg con
stove yr yiproeol upr
simy O 40/wup .
par ulowi-0.1 "
pav uhigh®0.1

simud Fhowup

split 2 1

aghow y/wup

show yvr ¥/ howup

ashow upr/wup %
show upr/nowup? *

END

1

Notice that lower case letters may be used to get a wore
rpadable codesr although Simnon does not distinguish theam
from upper cass lettevs. Macros for gensvating all figures
for this report are given in Appendix C.




Macros are useful for documentation. They are also
convenient For simplification of a dialogue. Command
sequencesy that are commonly useds may be defined as macros.
A simple macro call will then activate a whole sequengs af
comnands. Macros may also be used to gensrate new cammands.

The usefulness of wacros may be extended considerably by
introducing commands to control the program flow it a macros
facilitiss for handling local and global variables and by
allowing macros to have arguments. By having ecommands for
reading the keyboard and for writing on the terminal it is
also possible to implswment wmenu deiven dialogues using
Macyros.

Even a casual user is strongly recommended to learn simple
uses of the macro fasility.

P e P T 2 A P P = B LR L

Differential equations are solved in Simnon using numeric
integration routines. A predictor corrector fForoula by
Hamming with automatic step length adjustment is naormally
used. Thea initial value of the step length is chosen as one
hundredth of ths integration interval. & different initial
step eize may be chosen by an optional arvgument in +the
comand SIMU. Ien the algorithm the step length is reduced
until the difference betwesn the prediction and the
corvection is sufficiently swmall. The tolerance may be sat
by the cowwand ERROR.

It is also passible to choose other integration algorithms
by the command

ALGOR {HAMPC[RK{RKFIX|DAS}

where HAMPL is Hammings predictor corrector methods RK is 3
fourth order Runge-Kutta algorvithm with automatic staplength
adjustment. RKFIX is; also a fourth order Runga-Kutta
algorithm but it has, & fixed step Iength. DAS is  an
algorithm for integration of stiff eguationss i.e.
differential equations with both slow and Fast modes.
Further details on the different algovithms are given in the
Simnon manual.

%
Fortran systems g o /

The Simnon language is simples easy to use ahd veliable
because of all the diaghostics that is built ints it. The
language has howsver a limited exprassion power. There are
no possibilities to control program  flows there are no
arrays or other data types and there are ho procedures. For
models whose descriptions require a mors powsrful language
it is possible to interface Fortran routines to Simnon. This
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also makes it possible to use library subroutines like
Eispac and Linpac in the simulations. The Simnon wanual
describes in detail how to do this.

There are several standard systeans in Simnoh. & list of the
available systems is normally displayed on the scresen when
the gsystem is started. & few of the systewms arve listed
below.

]

DELAY time dslay

FLUNCL nonlinesarity defined by a table

LOGGBER — logging of stored variables

NOISEL white gaussian noise gensrataor

orPTA — optimizer

IFILE discrete system which reads output variables
from file

I

¥
3

!

There avre also move sophisticated systems like linear
guadratiec gaussian vregulators: self-tuning regulators in
some implemsntations. A description of the standard systems
are givenn in the manual. The command HELP SYSTEMS also gives
infarmation about the systems. The standard systems arve
aften implemented as Fortran systeass.

All wvariables in Sisnon systems ave logal. When using
Fartran systems or standavd systems it mays howevers be
necessary to transfer global data. Glaobal variables are used
for this purposs. The global variables ave et by & LET
conmand. An example illustrates the use of global variables
and standard systems.

s

gssume that we want to* include a function defined by a table
in a simulation. Thigtis’conveniently done by the function
FUNCL. This function has ons input o and ona output y. The
function has one global parvameter N.FUNCL which gives the
number of entries in the table. The arguments are specified
by the local parameters uil, wui2y ... . The corresponding
function values ave specified by thea argumsnts gils gils
ven - The local bapameter  ORDER specifies  staircase
(order = @) or linebht (order = 1) interpolation.

The following dialogue illustrates how the function wmay be
used.




[N ]
L

let n.funcl = 4
syst FUNC1 FUNCPRLOT
par wil: -3

par gils -1

par uiz: -1

pay giz: -2.8

par ui3: 1
par giZ: 1.5
par uid: 4
par gid: 2
par order: 1

Tha global paramster n.funel must be assigned a value befarse
the system is activated by the 8YST command. The local
parvameters may be changed by the PAR command as parvameters
in ordinary Simnon systems.

With

CONNECTING BYSTEM FUNCPLOT
Time t

ufFUNCLI = &

yp = yIFUMCi3

END

the commands
fAres H -4 4 ¥V -3 =
plot vp
Simu -4 4

then generates a graph of the function. Ses Fig. 10.
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There are several facilities which are useful when working
with large systewns or with large amounts of data. Bystem
descriptions are stored as files on the memary. These filss
have the file extensjon LT on the VAX/UMS system. The
subsystems also have a pnawe which is the identifier given on
the firgt 1line of the system daescription. See Appendix B.
Notice that the file mname and the system name may be
diffaerent. This is very ussful when simulating different
versions of a model because the same macros and the same
connecting systems may ba ussed. The salection of a
particular model is gdope when the systems are activated by
the command SYST. A iYlustration is given in the maocro FIGD
which is listed in  the appendix. A& PI ragulator with the
name REG is stoved in a file called PIREG and a system with
the name PROC is stored in a file called INTEGBR. The systams
are activated by the command

syst INTEGR RPIREG CON
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Fig._10 Graph of a function defined by a tahle generated
using the Simnon function FUNCI.

The variables of the system arse lahsled by [REGI and L[PROD]
respactively. This makes it possible to use a standard
connecting system for diffarent processes and regulators.
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The command SAVE stores parameters and initial wvalues inh a
file. The values may be retrieved by ths command GET. Thase
commands are very useful  when warking with large wmodels,
because pavameters and initial values are not introduced
manually. Assume for dxample that the systems FUNC1I and

FUNCPLOT have heesn achivated as in  Example &.1 by the
comma nd

Syst FUNC1 FUNCPLOT
The comnmand
Sy
Save FUNCPAR o

then generates a fila FUNCPAR.T of the form




CFUNC1]
uilts 3%
iz —1
uiZs i
uids: 4
gils: -1
gizt -2
gi3is 1.
gid: 2
orders 1
EFUNCPLOT]

&

in e

It is convenient to edit files of this type for pavrameters
and initial values when simulating large systems.

It is often useful to keep a running log  of an intervactive
session. The command

SHITCH LOG ON
generates a file of all commands in a session.

The secale factors in the graphs are computed by an
algorithin, The same axss are obtained in horizontal or
vertical direction if +the horizontal range is divisible by
four and the vertical by 3. It is possible to get scale
factors 1+ 2 and S only by the command

TURN 5125 0N

It is possible to add text to the axes by the command MARK.
This is used in the macros which generate the cuvves in the
report.

it is also useful to hawe access to operating system
commands undar  Bimnon. In  the Vax implementation this is
done simply by typihg1 % followsd by any oapevating system
command . ;o '

7. IMPLEMENTATION

lhen using Simnon it‘iﬁ halpful to have some insight into

how the program works and how it is implemented. A brisf
description is given in this chapter.




When the comnand BYST is given the =squations describing the
system to be simulated ave First sorted so that all
caleulations are done  in the corrvect order. It is possible
to store ths sorted sguations in a text file by using the
aptional argument L/<{(filenam=)l. The commuand

Syst IMNTEGR PIREG CON/SLASK
thug gives the following file:
SORTED IMITIAL ERQUATIONS

SORTED TIME-INDEP. EQUATIONS
C0N yirLREGI = |

SORTED DERIVATIVE ERUATIONE
PROC ¥y = XK

CON yLREG] = yLPROGCT
REG 8 = ¥r = Yy
v = k¥ + i

IF v{ulow THEN ulow
ELBE IF wvd{uhigh THEN v ELBE uhigh
COM U IPROCI = ulREGI
PROC upy = IF u{-0.1 THEN -0.1
ELSE IF u{G.1 THEM u ELSBE 0.1
dx = upr

i

SORTED CONTINUOUS EQUATIONS

SORTED DISCRETE ERUATIONS
REDG ni = i + kaesh/ti + g — v
ts = £ + h

The subsystem name is given.to the left and the egquation to
the right. The eguations are sorted so that the calculations
may bs performed in seguential order. The squations are then
brought to the standatd férm of a system of +irst orvder
diffsrential esguations? wHich are then integrated using the
chosen integration routine. The state variables of discrete
time systems are constant betwsen  the sampling instants.
They may change discontinuously at the sampling instants.
The intsgration is therefore carvied out only to the nearest
sampling instant. The states of the discrete systams  are
thaen changsed and thifivkegratian is continued.

When systems are interconnscted it may happen that the
mguations can not be sorted so that the variables way be
obtained by sequential computations. A simple examples which
illugtrates what may happen is given below.




CONTINUOUS SYSTEM Si1
Input u

Output vy

Yy = u

CONTINUDOUS BYSBTEM 8=
Irput u

Output y

Y = u

COMMECTING SYSTEM C
yr = |1

UEB1I = yr + k¥yilgz]
uf8231 = yI[81i1

kr G.5

END

When the command
SYST 81 82 C

is given the error diaghosis "algebraic loop detected" is
given. The attempt to sort the eguations result in

g1 ¥y o= u

c vI821 = yEBi3]

52 Y o= U

c ¥IBLY = vpr + k¥y[52]
51 Yy = u

The variable ulS1l thus can not be solved sequentially. A
simple calculation shows that the variable is given by the
following algeshraic s=guation:

-

ub81l1 = yvvr + k¥xul3i13]

This explains the ﬂamg,algébraic loop. In this particular
case it is easy to dolve the gquation if k £ 1. In the
general case the algebraic eguation wmay be nonlinear. It is
than difficult both to detevmine if a solution exist and to
find it if it does. Simnon will not attempt +o find a
solution. It will jJust give an error message. The pressnce
of an algebraic lopp is often an indication of pooy
modeling. Models witr‘aﬂgebvaic loops may be integrated with
the routine DASB.
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A schamatic flow chart for Simnon is shown in Fig. 11. The
main loop reads a command, decodes it and performs  the
required actions. All parts of Fig. 7 except the action




Intrac
Initialize
Normal
___//;h———-———-Keyboord
Read command |
Macro
Yy Data base !
Decode command
J r i
Command SYST Command STOP
Y Y

Fig. 11 Bkeleton flow chart for a Simhon.

routines are implemented as a package of subroutines called
Intrag. These subroutines perform comanand decodings file
handling» listing and plotting. Intrac also contains the
macro facility. & summary of the commands in Intrac and

Simnon is given in Appendix D«

The sopurce oode for Intrac is  about 7000 lines of Fortran
rodey  which compiles to about 90 kbytes of cods. Simnon
itmelf has a source code of about 25 000 lines of Fortran
codes which conpiles into 340 kbytes of code.

2. REFERENCES

Simnon  wWas develnped? in donhection with a progect  for
computer aided design df cdontral systems. See

Astréms K J and Wieslanders J (19313! Computer aided
design of control systems - Final Report 8TU Projects
TE-IE53, 752776 and 77-3548. Dept of Automatic Controls
tund Institute of Techhologys Lund: Swedern» Report CODEN:
LUTFQE!CTFRT—Ei&Oﬁ?yF23/{1?BI).

Simnon inherited wmany ideas from the tradition of analog and
digital simulation in the control engineering field. When
the work on Simnon was started there were a number of
digital simulation languages like CBEL and CSMP available.
These are described in the book




Kovney G. A. (1978): Digital Continuous System Simulation.
Preptice Hall. Englewood Cliffsy New Jersay

which contains much useful infaormation on simulatian.
Languages like CBMP and CBS8L werey howsvers implasaented
using batch calculations. Since the languages largely weve
inspired by analvg simulation techniques they alsoc inherited
several constraints imposed by +the analog hardware. For
axanple the state space notation which is so natural was not
supported by proper  languags constructs. When Simnon was
developed the wmain idea was to provide a tool which supports
the state space notation with good wman—machine interaction
based on interactive computing.

The first version of Simnon was defined in  implemented by
Hilding Elmgvist as an MB dissertation in 1972. The work was
continued and a usable language and a manual were available
in 1975.

Elmgvists H (19733: SIMNON: an intervactive simulation
program for nonlinear systems. Dept of Automatic Controls
Lund University of Lunds Swaedens Report TFRT-3Z071.

A readable description of S8imnon is also found in

Elmgvisty H (19772 BIMNON — An interactive simulation
program for nonlinear systems. Simulation 777» Montraux,
Switzevrlandy June 1977.

& new Bimnon wmanual by Elmgvist is in praparvation.

The Simnon language has been used extensively in teaching at
the department of Automatic Control at Lund Institute of
Taechnology sver since. It is  incresasingly being used at
other schoonls and industries.

Aan innovative use of Simnon «&ds given in the textbook

Asterdmy K J and wiqtsnmarks B (19843%: Computer Control
Thaory. *
!
A1l graphs for simulation results in the book are ganerated
by Bimnon Macros which are accessable to the students. Thay
can then sasily changs parvameters and wmodify graphs.

The interaction principles wsed in Simnons which are based
on camnmands and macru‘phere developed i1in a wmove gensral CAD
context. See §

Wieslandevrsy J {(197%3% Interaction in computer aided
analysis and design of control systems. PhD  thesis»
Dept of Automatic Controls Lund Institute of Technology:
Lund» BSwedet Report CODERN:
LUTFDRZ2/(TFRT-10193 /1 -222/ (1977 .




and

Wieslandersy J (1980al3: Interactive programs — Gsnaral
guide. Dept of Automatic Controls Lund Institute of
Technolagys Lunds Swadsn» Report CODENM:
LUTFDR/ CTFRT-31063 /1 -30/ 019807 .

The program Intrac: which is the core of the interaction
with the user: is described in

Wigslanders J and Elmgvist: H (1973%: INTRAC: A
communication module for interactive programs. Language
mantal. Dept of Automatic Controls Lund Institute of

Tachnology:s Lunds Sweaden Report CODEN:
LUTFD2/(TFRT-314%9) /14607 (13780 ., .




APPENDIX A — Syntax for Simnon commahds

A list of the commandsy their syntax and brief descriptions
are given below. Bowme Intrac commands (denoted by 3 are
also included in the list. More details about the cowmands
ave obtained using the command HELP. All Intrac commands are
listed in Appendix D. The list is valid for implementations
on VAX~11 systems. The following motations arve used:

f{opl | ««. | opn} Defines different alternatives of which
one must be given.

| A Parts within sguared brackats are
optional and can be omitted.

LR, A star indicates that the previous part
can be repeated.

LA Befines avgumsnts for the commands.

ALGOR LHAMPCIRKIRKFIX|DASY
To select integration routins.
HAMPLT ~ Hamming predictor corvrector (defauld)
RK - Runge-Kutta vaviable step size
RKFIX Runga—~Kutta fiued step size
DAS Integration routine for stiff systens

{

AREA {row} {columnn}
To define the plotting area to be used next: ses SPLIT.

ASHOW {L{start! {(stop)l {{variable) r* [{{variable)’] L[-MARKI|
~LIBTY L[/{filenamerl
Toa plot stored variables with automatic scaling.
Similavr to SHOW. "

AXES [{axis spec) [{axis specyl]
To draw axes. 3 *
{axis spec)ii= {H|M} “min value) {max valus)
H - horizantals V - vertical

DIsP LCADIS|TPILPXFFILFIY?] C[{variable)ls
To display variables.
DI& ~ display (default)
TP ~ telaprintset I'4

LP = line prinkér

FF - fovm feed tdefault when na wvariables are
specifisd)

LF = line fead (default when variables are specified?

If no variables are given all variables are displayed.

ERIT {(filenams
To =dit a file. The sditor has two modes: IMPUT and




o
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EDIT. The mode is changed by entering an empty line. In
the edit mode it is possible to change the ourrent
file. The followinhg commands are available:?

OCPPENDI (string} — Append string to currgnt line

BLOTTI] - Line pointer to bottom

CrHANGT  /r/y/ - Replace string x by string ¥y
DILELT (integer? - Delste n lines

pIs L[ON}OFF1 - Echo check enable/disable

ELXITI - Leave editor with updated file
FLINDI <{(string’ - Find string at the beginning of a
lins :

IENST {string’ ~ Insert a line below currant lins
LIOCY {string - Locate string anywhere in a line
LEAVE - Leave the editor without update
NEEXTI {intmger) -~ Move line pointer down n lines

OIVERL] {integer) — Overlay n lines by new text
PCRINTI {integer) — Print n lines on display

RIETYP1 {string) =~ Retype current line
TLOP] - Move line pointer to the top of the
fils

ERROR {error bound}

Te chose error bound for integration routine. Default
value is £.001.

GET (filename)
To get paramster values and initial values from a file
that previously has besen stored using SAVE or edited.

HCOPY [{scale factar}l " {commnent?
Make a hardocopy of curves on display. The havdeopy is
scaled with ({(scale factords: which wmay be in the
intarval (0.5 1.43. The comment is obtained on the
havrdoopy too.

HELP [ (command? JEDIT|INTRAC|SIMNON|SYSTEMS}]
To get more informatiown about the commandsy the sditors
Intracs Simnons and the standard systeas. A mend  of
commands is ubtai§ad by typing HELP.
L ]

INIT {state vavriable):d{ndmbar)|{variable))
To change the initial value of a state variable.

LET <{variable} = {numbevr) 1
an  Intrac command that also is used +to set global
paramgters for Ehe standard systems.

LIBT E{{DES]TP]LP}tﬂ?ILFJDE {{filename) %
To list textfiless. The first arguments are the same as
For the command DISP. When typing the command LIST the
files are sent to a print File. Type the command LP to
initiate the printing.

LP
Initiate 1listing on lineprinter of the print Ffile




MARK

NEWS

genarated by the commands DISP, LISTy LOG ar PRINT.

To introduce text into a plot. For syntax +type HELP
INTRAC MARIK.

To abtain news about Simnon.

PAR {(paramgter) : {{number) |{variahle}?

PLOT

To change a parameter value.

L £4{variable)} % {{{variable)3’l 1

To sslect variables +to hbe plotted when making the
command SIMU.

Examples: PLOT Xi X2 gives X1 and X2 as functions of
time while PLOT X1(X2) gives X1 as function of 2.

PRINT L(L{DIS|TPILPY LFF{LF131 <{filenams) Et{lines}]

BAVE

SHOW

SIMU

L/ {start time)1l

To list file generated with the commands STORE+BIMY,
{lines) lines starting from ({start tima) will be
printed. The other pavameters are the same as for DIGR,

(Filename? [{systamnama)] C-LPAR|INIT2X]

To save parvameter values and initial values for a given
system {(systemhnama) on a file namad (Filenama) to be
used by the command GET. Only parameters or initial
values are saved with the option PAR or INIT.

{E{start) (stop?] <{<{variable)}* [({variable)3}] £—-MARKI |
=LISTY E/{Ffilanamsa)]

To plot stored vaviables from file {(filenams). To be
used with the comwmand STORE. The spacified variables
are plotted from {(start) to {stop} time. If MARK is
used the different variables ars numbered on the plot,
The LIST-option lists the names of all variables,

Listart time) (stgp time) [{increment)] [—{option?]

L/ {filename) C{incremgtit) 11

{optiond i={MARK | CONT>

To simulate the system from {(start tima) to {stop time)
using the maximum stepsire {(increment) tdefault (stop
time -~ start time)/i00). Using MARK the variables
defined by PLOT are numbered. With CONT the simulation
is rcontinued with tha previously obtained state
variables as initifdl values. When spacifying {filenams)
then the platté& variables are stored in {Filenams)
with {increment} as sampling interval,

SPLIT {rows) <{columns)

To split the scresn into maximum =ix plotting aresas.
(rows} i={1]|2|3} default 1
{colums) i={1|2} default i




4.0

8TATE

A special command: which is only used with the
integration routine DAS.

sTor  ft
To lsave Simnon.

STORE [{variable)l® [—~ADD]
To solect wvariahbles to be stored at each simulation.
With ADD new variables can be added to a previously
defined list of wvariables. The wvariables can be
displayed using ASHIW or SHOW and printed using PRINT.

SWITOH {CLOCK|DATE |ECHO|EXEC|[L.OG| TRACEY {ON|OFFY
To control the sxecution of Intrac.
CLOCK — Adds time to harvdeopy output. Default OFF.

DATE -~ Adds date to havdeopy output. Default OFF.

ECHO - Macro comwmands are achosd. Default OFF.

EXEC - Commands exepcuted while typed during macro
genesration. Default OFF.

LOG - Executed commands are logged on line printar.

Default OFF.

TRACE Affects ECHO and LOG.

8YST {{subsystem) ¥ [-{option}l L/ {(filsnamel]
{option) i={EDITJEXIT?
To define the system. The subsystems are compiled. IF
there are several subsystems the last one has to ba a
connecting system. EDIT means that the compiler goes
into the editor for each file. If filename is specified
the sorted sqguations arve written into a text file.

TEXT * {any string not containing single guoted’
To include text an paper plot.

TURN £S125{DARK|DIS|OVFLOY {ON|OFFY}
To turn on and off switches.
6125 -~ Selects a limited set of scale factors (l.y 2.9
5.} whan chosing scales on axes. Default OFF.

DARK ~ ON means’ that plotted curves will npot  be
connected 7' between the sampling instants.
Default OFF.

DIs -~ Informs SIMNON if +the useyr has a graphie
display. Default ON.

OVFLO — ON means that the simulation stops if overflow

occurs an the caloculations. Default OFF.

¥ 4
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APPENDIX B ~ Byntax of system descriptions

Simnon allows three types of systems! CONTINUDUS SYSTEM.
DISCRETE SYSTEM and CONNECTING SYSTEM. The following Bachus-—
Naur rotations are used to deseribe the syntax.

< b ayntactic unit

HHE denotes

| axclusive ov

X 3 optional slement

{ > compulsory slement
* repetition

The ¥following syntactic slements are nesded to describes tha
systems.

LETTERS

(letter) 1 :=A[BIC|D|E{F|GIH[I[JIKILIMIMNIOIRPIRIR[SITIUIV|X]Y]Z
albjeidle|flgihfi|glk]limlnloipigirisitulvix]y]z
(digit) t:=0|1|2|3|4{S[6|7|8]7

IDENTIFIERS

{identifiev)ii={letter} | {identifier (lattavr) |
{identifier) (digit?

VARIABLES

{(systen identifiem 1i={identifisyr)

{simple variable)ii={identifiar

{variable}iti={(simple variable)|{simple variable) [system
identifiery]

3} .
The generic form of thef%y%tem descriptions are:

COMTINUOUS SYETEM {gystam identifier}
EINPUT ({simple wvariablel*]

EQDUTPUT <{simple variable)#l

ESTATE ({simple wvariabla)*]

[DER (simple variablg) =]

LTIME ({simple varihble’l

[INITIAL 1
[Computation of initial values for state variables]




[Computation of suxiliary variables]
{Computation of output variablesd
[Computation of derivativesl]
Parameter assignment

[Initial wvalue assighmantl

END

DISCRETE BYSTEM (system identifiew}
CINPUT ({simple variable¥]

EOUTPUT (simple variablelxl

FSTATE ({simple variable)xl

CHEW {gimpla variable) %]

£TIiME {simple variable}l "denotes the new values of
the states

TEAMP {simple variable? "danotes the next sampling
instant

FINITIAL

| [Computation of initial values for output variablesl
| [Computation of initial valuss for the TBAMP-variablel
|SORT

1
| iComputation of initial values for state variablesl |
!
[

[Computation of auxiliary variables]

[Computation of output vaviables]

[Computation of new valuss of the statesl
Updating of the T8AMP-variable

[Modification of states in continuous subsystemsl
Paramater assignment

[Initial valus assignment]

END

DONNECTING SYSTEM {(system identifisv
[TIME ({simple variablel]

[Computation of auxiliary variables]
[Computation of input vaviablesl
[Parametsr assigﬁments%

END '
R

Note that the order of the computations and assigrnment is
unimportant becausse the squations will be sorted
automatically. The section Initial wmakes it possible to
compute initial values to state outputs and TEAMP. These
variables can nurmal&?;ﬁot he assigned an sxprassion.




ARPPENDIX C - Macros for gensrating the figures.

This appendix gives Bimnon macros for generating the Figures
in the report

MACRO FIGZ
"Genarates Fig. 2
syst vdpol

areg h O 20 v -4 A
plot x vy

store ® v

init x=i

simua O 20 -mark/bi
mark a 2.5 O

mark "Tims &

mark a 1 1

mark v "State variables x and y marked 1 and =
END

CONTINUQUS SYSTEM VDPOL
"The van der Pol sguation
State x vy

Day dx dy

dy=x

du=a#uk h—y*y -y

atl

bhei

END

MACRO FIG3

syst wvdpol

init x31

store x y

simy @ 20/bi1 m
payr b2

sinu /b2

split 2 1 .
axess h O 20 v & & 1’
show x /bi

show ® /b2

axes v —3 3

show v /bl

show v /b2 ‘
mark a 2.5 0 4
mark "Time t §
mark a 2.5 6.5

mark "Time t

mark a 1 1

mark v 'State variable v
mark a 1 7.

mark v 'State variable x

END




a4

MACRD FIG4

"Phase plane for the van der Pol aquation
ayst wvdpol

init nil

split 1 1

axes h -4 4 v =3 3

plot yixl

simu O 20

mark a 2.5 0

mark "State variable X
mark a 1 1

mark v “State variable y
END

MACRD FIGH

ngimulation of population dynawics O 20
syst popdyn

gplit 3 1

axes h 0 230 v 01

payr ri0.2

plot X

simy 0O 20

mark a 2.5 0

mark "Oenevation K

mark 11

mark v "Population x

mark a 1 3.5

mark v “"Population x

wmark a 1 10

mark v "Population ¥

aRes

par ri

simel

-3 =2=1 -

par rrZ.a

simny

END 3 .
' [ *

it}

Js2

-7

r

Gl

DISCRETE SYSTEM POPDYN

v8imple model for papulation dynamics
State x

New nx

Time k 4 4

Tgamp ts P

AREHEPERECL-ND

te=k+1

®ED.3

PR

END




MACRO FIGA

Syst POL
Stor=

Simuy -3.4 3.4
Ashow F

mavrk a 17 ©
mark "

mark a 2.5 12
marlk "FIix2
END

DISCRETE SYSTEM POL

Time X

Tsamp =
Fo{ut+ZI R {nF2I ¥R X (K-2I % (H—F)
R Tl a3

dxi0.05

END

MACRO FIGY
"Gensrates Fig. 7
Syst EXPZ

Axes h ~1 1 v ¢ 1.5
plot ImG{RaiG)
sine O 2.14

par alfarl3o

simu O 4.44

mark a 17 O

mark "Re 8

mark a 0.3 12
mavrk "Im G

END

DISCRETE BYSTEM EXPZ
Time v

Tsamp s

Fi=alfa*pi/izo0
x=r¥cas(Fil 1
y=p#sin(fil
Reli=sxpix)¥cosiy)
InG=expixi%¥siniyl

s=r+dr

drs0.ol

pii3. 14157264 Y
alfas:70 §e
END

MACRD FIG?

"Generates Fig. 7
syat integr pireg con
store yr ylprocl upry
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simy O 40/wup

par ulowi—-0.1

par uhighio.il

Simu /nowup

split 2 1

ashow y/wup

show yr y/nowup

ashow upr/wup

show upr/nowdp

mark a 2.5 0

mark "Time ©

mark a 1 1

mark v “Control variable u
mark a 1 7.5

mark v "Output v and yref
END

EONTINUOUE SYSTEM PROC
"Integrator dynamics
"File walled INTEGR
Input u

Output v

State «o

Doy dx

upr=if u{-0.,1 then -0.1 else if u{0.l then u slss 0.1
dx=upnr

Y=HK

END

DISCRETE SYSTEM REG

"PI regulator with anti-windup
"File called PIREG
Input yr v

Output u

State 1

New ni

Time t

Tsamp ts

s=y -y E) .

vER*a+d I

wu=if viulow then ulow else if v{uhigh then v else uhigh
ni=i+hk¥esh/titu—v

ts=t+h

ksl

izl

i3 %

ulow:—1 yo f

vhigh#l

END

CONNECTING SYSTEM CON
"Conneoting system for simulation of PI contraol




Time €
yriREGI=1
yLregi=ylprocl
ulprocl=suiregl
END

MACRO FIG10

"“Mapro for generating Fig. 10
let n.funcl=4d

syst FUNC1 FUNCPLOT

get funcpary

axes h -4 4 v -3 3
plot yp

simu —4 4

mavk a 17 Q

marvk "x

mark a 1 12

mark "FOxD

END

COMNECTING SYSTEM FUNCPLOT
Time X

u LFUNC1d=x

yp=y LFUNGLI

END

[FUNC1]

ULis-3.

Uizi—i.

UIs:i.

Hid:sa,

GIiz—1.

GIZi-2.5

GIiz:i.S -
PR

ORDER: 1.

[FUNCPLOT] 3 .

47




APPENDIX D - Intrac and Simnon commands

This appsndix lists all the commands in Intrac and Simnon.

INTRAC COMMANDE

i. Input and output

READ —~ Read wvariable §from keyboard

WRITE ~ Write variables

BWITCH ~ Utility command

STOP — Stop sxscution and veturn to 08

2. Assighoent

FREE - Releases assigned global variables
LET - Assigns global variables

3. Control of program flow

LABEL L. - declaration of label

GOTO L -~ transfer control

IF..G0TO — Transfer control
FOR..TO - Loop

NEXT V

4. Macro

DEFALLT — Assigns default values

MACRO ~ Macro definition

FDRMAL ~ Declaration of formal argumsnts
END - End of maecro definition

SUSPEND - Suspend exscution of wmacro
RESUME - Rasume exzcution of macyro

SIMNON COMMANDS

i. Input and output

EDIT ~ Edit system description

nige - Display paramesters

GET ~ Bet parameter’éﬂa initial values

LIST ~ Ligt files

PRINT - Print files

SAVE — Save parvamaiteyr values and initial valuses in a file
STOP -~ Stop

Z. Graphic output *

AREA ~ Gelact winfidw on screen

ASHOW — Plot stored variables with automatiec sealing
AXES — Draw axes

HCOPY ~ Havdoopy of the scresn

MARK — Write text an axes of graphs

SHOW -~ Plot stored variables

SPLIT — 8plit scraeen into windows

TEXT ~ Transfer text string to graph




3. Bimulation

&LGOR - Select integration algorithm
ERROR ~ Choose ervor bound for integration routine
INIT - Change initial values of state variables
PAR - Change parametsrs
PLOT - Choose variables to be plotted
5IMU - Bimulate
8TATE - Spmcial cosmmand for the integration routine DAS
STORE -~ Choose variables to be stored
SYST - Activate systews
4. Auxiliary
HELP ~ Bives guidance
NEWS - Bives news about Simnon
TURN ~ Set switches

3 .

1t

T
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(BNF3s 3

advanced features: 26
algebraic loop. 33
algebraic loopsy 32
ALLGOR, 272 373 49

AREAy 13, 200 37 48
arithmetic operators, 12
ASHOW, 37+ 45

AXES: &2 139 20, 372 45

Backus—-normal form. 3
changing parameters: 2
combination of systemssy 21
commands 2

command syntaxs 4y 37

computer controls 22

CONy 44

conformal mapss 13

connecting system: 2y 24, 432
connecting system.s 21
continuous systems 2y 21, 244 41
CeEMPy 34

CESL., 34

DAaS, 27+ 33

DEFAULT: 48

default values: =

DELAYs 25

DER: 11

differencse eguations., 15, 1é
differential =quations, 4

discrete systems 2y 20. 21 24, 42
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documentations 31
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ENDs 48 :

ERRORY 27 3, 4%
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EXPZy A4S ?ﬂ /
field plots, 18

FIGioy 47

FIG2y A3

FIGE. 43

FIG4. 44

FIgsys 44

FiG&s 45




FIG7. AS

FIG9s 2&y 45
FOR..TOy 48

FORMAL Y 435

Fartrans 27

Fortran systemss 27
FREE: 439

FUNE1., 28s E1
FUNCPLOT: 30. 47
functions, 12

GETs 30y 358y 45

global paramster, 28
global vaviables, 28
GOTO L, 48

graphs of functions: 17

HAMPL s 27

hardcopys 7
HOOPY ., 95 13, 20, 22, 48
HELP: 13, F2+ 47

IDENTIFIERS, 41

IF..B0TG.: 48

IFILEs 282

INITy 79 13 20y 385y 49
integration algorithmss =27
interaction principles: Z
Intrac, 34

LABEL L. 48

large simulations: 29

LEAVEs &

ILET: 355 48

LETTERS, 41

level ocurves: 18

LIST. &y 13 F8s A2 -
local parameters 28

Iocal variables, 24, 22
LOGBERy 28 4 '
logical operatovs, 12 1' "
lower cass letters: 11. 264
LPs 22 ‘

FIACROY 243 42
macrogy 246

Macros for generatin?ﬁtpe figuresy 4

MARK. 31. 3% 45

NEWS s 37 4%

NEXT Vs 45

NOIBEY 22

numeric integrations 27

operatorsy 12

=
-t
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oPTA. 2B

PARy Sy &3 13+ 20« 3%
paramsterss o

phase plans plotss 11
PI vegulators ZZ
PLOT2 &2 13« 203 379
POLY 45

POPDYN: 44

population dynamicsy
PRINT: Z%: 4%

PROC: 44

READy 43

REG, 44

relational operators,
RESUME, 48

retrieve paramneterss
RiK» 27

RKFIXs 27

SAVEs 30 3%, 48
scale factors: 31
SHOW, 13 205 37 45
Simnon commandss: 48
Simnon lahguages 27
SIiMUs 3y 7Fe 132 209 3
simulation: &
simtlation commands 3
sovrting, 32

source codes 34
SPLITs 1%, 20, 395 48
startdard systems: uss
STATE: 11+ 40y 49
STOR, 44 42

STOREy 7+ 13s 202 40,
store parameterss IO
suhsystemn, 21
SUSPEND, 458

SWITCH: 31s 40: 43
syrtaxs 3. 37

syntax diagrams 3
SYSETs &Ly 133 201 224

v 4%

a7

15

12

30

7y 4%

I3

of

4%

3
A

Ay 47

system descriptions 5. 41

table nonlinsarities.,
TEXT: 405 4%

TIME» 11 4
T8AMP: 1&

TURNy F1ls 40s 4%
upper case letters, i

vah der Pol squations
vavriahless 5 41

25

oy
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variables transmission to other systems: 24
VDPDL, 43

vector notations 13 28

WRITE. 42
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