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Chapter 1

Getting Started

VisualAivika is a visual simulation software tool. It is focused on System
Dynamics and Discrete Event Simulation (DES). There is an easy-to-use
diagram editor that allows creating nice looking Stock and Flow Maps
(SEM) as shown in figure These diagrams can be used for discrete
event simulation models too.

There is also a simulation component that supports its own high-level
modeling language. The model equations are displayed in a separate
tab panels as demonstrated in figure The user can switch between
diagrams and equations.

There is the Equation Editor, where you can define integrals, arrays,
random functions — look at figure[I.3} The editor is opened right after one
of the entities is selected on the diagram.

Moreover, VisualAivika supports the Monte-Carlo simulation, which
allows providing Sensitivity Analysis. There are means for plotting charts
on the diagram to show the results of simulation in a form of Time Series,
XY Chart and Deviation Chart as shown in figure The results can be
exported as CSV data files.

Futhermore, VisualAivika supports arrays and subscript. Figure
shows the chart that corresponds to some array.

Finally, before starting the simulation, the user can define the simulation
specs as illustrated in figure
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Figure 1.1: Editing the SFM diagram.
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The Equations panel.



10 CHAPTER 1. GETTING STARTED

Equation Editor: Model.Accounts_Receivable

Equation IO escription

init ([Accounts_Receivable) = init [...)

billings / (1 / average_payable_delay + fractional_loss_rate)

Parameters:
average_payable_delay ()
billings 7 8
gy BE
fractional_loss_rate
i
0

Language Constructs:

nat

[fi) i€ 1.N]

[F(i1,12) | 11 € 1M1, i2 € 1.N2 ]

[£(i1, ..., iM) [ i1 € 1.NT, ..., iM € T.NM ]
bl >>> b2

abs(x)

0K Cancel Apply

Figure 1.3: The Equation Editor panel.
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Initial Conditions

starttime ‘ 0.00 ‘

stoptime = ‘ 100.00 ‘

dt= ‘ 0.025 ‘

Integration Method

O Euler's Method
O Znd Order Runge-Kutta

o dth Order Runge-Kutta

0]4 Cancel

Figure 1.6: Defining the simulation specs.
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Chapter 2

How to Create Simple Model

For example, we can reproduce a model from the 5-Minute Tutorial of
Berkeley-Madonna[1] with the following equations.

a = —kaxXa, a(ty) = 100,
b = kaxa—-kbxb, b(ty) =0,
¢ = kbxb, c(tp) =0,

ka = 1,

kb = 1.

There are two ways how to define these equations. The first one is
based on direct using integrals.

Create a new empty model and then define the following SFM Auxil-
iaries connected with help of SFM Links as shown in figure To add
new items, you can use the toolbar of the diagram panel.

Then click on the Equations tab. By clicking on the variable equations,
complete the definition of the corresponding equations in the Equation
Editor. For the first time, it is required to click on some equation to see the
editor. Then the editor remains active and it is enough to click on each
variable equation. In the end, you should define the following equations
as shown in figure

Now it is time to add the chart. Return to the diagram panel by clicking
on the Diagram tab. Select the Result Chart element from the diagram
toolbar and create a chart item on the same diagram. Here you should
receive something similar to that one, which is displayed in figure The

15



16 CHAPTER 2. HOW TO CREATE SIMPLE MODEL

selected fragment on the displayed diagram is a part of the future chart
element we will define.

Then click on the chart element to open the Graph Editor. In the editor
you can add the following variables to the chart: A, B and C. It should look
like figure These variables are integrals.

Now we are ready to launch the simulation. There is the Start Simulation
button on the main toolbar, which is displayed as arrow. It is shown in red
in figure Push the button to start running the simulation!

You should see the results similar to figure

Probably, your chart is not smooth enough as it was illustrated in the
tigure. To fix this and improve the accuracy of plots, open the Simulation /
Simulation Specs menu item and decrease the dt parameter value. Repeat
the simulation run. Now you should see a more smooth and precise chart
as it was shown in the figure earlier.

There is also another method of defining the ordinary differential equa-
tions, which is based on using the SFM Stocks and Flows.
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Chapter 3
How to Create SFM Model

The SFM stock can be a reservoir. Then it becomes equivalent to the
integral, but SFM flows become equivalent to derivatives. The direction of
the SFM flow then shows the sign of the derivative, which can be positive
or negative. The combination of all SFM flows connected to the specified
SFM stock defines the corresponding sum of derivatives with possibly
different signs.

The unidirectional SFM flow is always non-negative per se, while the
bidirectional one may have any value. But the actual impact on the deriva-
tive for each connected integral depends on the combination of all factors:
whether the SFM flow is bidirectional or unidirectional, whether it is inflow
or outflow.

Fortunately, the Equations tab displays the corresponding equations in
a mathematically oriented way, where it is easy enough to see the sign of
each derivative and its actual impact.

To demonstrate the approach, we will use the simple model of expo-
nential growth.

Create anew model and add the following SFM elements to the diagram
by using the diagram component toolbar as shown in figure

Click on the Cash stock to open the Equation Editor. Define the initial
value equal to 1000 as illustrated in figure This value will be the initial
value of the integral that corresponds to the Cash stock.

Then select the Net Interest flow and change the Flow Direction property
in the equation editor so that the property value would be uniflow. You
should see something similar to figure

It means that the corresponding SFM flow can have a non-negative

23



24 CHAPTER 3. HOW TO CREATE SFM MODEL

value only, although the actual impact on the SFM stock may differ by the
sign, which depends on the direction of the SFM flow too. Here the Net
Interest entity is an inflow for the Cash stock. Hence the corresponding
derivative has always a non-negative sign. The stock value must grow as
we will see later.

After we made the Net Interest flow unidirectional, our diagram must
slightly change. Please note to the fact that the corresponding flow element
has one arrow now, while it had two arrows before, in the start and in the
end. Now it has one arrow only in the end, where it connects to the Cash
stock.

Now define the rest of equations so that they would look the same as
shown in figure Note that you should not enter the maximum function
call for the Net Interest entity. It will be added automatically, for the flow is
defined as unidirectional. What you should enter for the flow is expression
Cash * Interest_Rate.

The same equations could be defined directly with help of integrals, but
here we use the SFM elements. The SFM Stock corresponds to the integral.
The SFM Flow is related to the derivative.

If we add the chart element for the Cash stock according to the approach
described in the previous chapter [2, then we will see the next chart as
demonstrated in figure Here the stop time was increased up to 36 in
the Simulation Specs editor.

The point is that VisualAivika provides a comprehensive support of
equations, with help of which we can build and run complex enough
systems of ordinary differential equations. Moreover, VisualAivika has
means for providing the Sensitivity Analysis with help of such equations.
At the same time, VisualAivika allows you to create discrete event simu-
lation models too, which can be combined with the ordinary differential
equations.
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Figure 3.1: The initial SFM diagram for the exponential growth model.
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Figure 3.2: The SFM stock initial value.
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Chapter 4

How to Create Queueing System
Model

To model the queueing systems, VisualAivika uses an approach similar to
the GPSS modeling language[3]], but the implementation is quite different,
which has roots in functional programming. Like GPSS, VisualAivika
allows using blocks, but here blocks are already computations that can be
assigned to variables like integrals or numbers.

Actually at the time of writing this text, there was no yet special visual
support in VisualAivika for blocks, but we can use the same SFM Aux-
iliaries that we used earlier in the previous chapters. We just assign the
block computations to the SFM Auxiliary variables. As a consequence, the
diagram consists of items that are connected in the direction opposite to
the actual transact processing.

Figure 4.1| shows blocks, which are similar to the corresponding code
in the GPSS language.

Code in GPSS

GENERATE 18,6
QUEUE JOEQ
SEIZE JOE
DEPART JOEQ
ADVANCE 16,4
RELEASE JOE
TERMINATE

GENERATE 480

31



32 CHAPTER 4. HOW TO CREATE QUEUEING SYSTEM MODEL

O~ O~—0

51 52 53
Queue Facility
Joeq Joe

Figure 4.1: Block computations as SFM Auxiliaries.

TERMINATE 1

START 1

The corresponding equations in VisualAivika are provided in figure
Here we note that VisualAivika checks the diagrams and equations
for consistency. The warnings in orange colour can be ignored, for we do
not want to complicate the diagram.

The blocks are composable in VisualAivika. They can be connected to
each other with help of the >>> operator to create new blocks and block
chains. The block passes the transacts further, while the block chain either
terminates the processing, or creates an infinite loop.

The provided equations are not complete yet. Now we should create a
stream of random arrivals and then launch the entire simulation. For that,
we add the stream and a special runner element to the diagram as shown
in figure

The complete equations are provided in figure Here we note that
there is a special do! operator to launch the transact processing by the
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module Model {

Joe = Facility.create();
Joeq = Queue.create();

51 = Block.gueue(Joeg) === Block.seize(Jog) >>> Block.depart(Joeq) »»>> 52,

52 = Block.advance(random(16-4, 16+4)) === 53;

53 = Block.release(Jog) >>> Block.terminate;

Figure 4.2: Equations for the block computations.

specified stream of random arrivals and block chain. The act of running is
always explicit in the model.

Now we can define the stop time as 480 and make the integration time
step small enough and equal to 2.5, for example.

Actually, the integration time step is not used in the queueing system
model, but it affects to that how the charts are plotted and how the CSV
tables are created. The chart plotting always happens in the integration
time points, regardless of that whether the integration method is used or
not. Therefore the dt parameter has to have some reasonable value.

Finally, it is time to add some output for the results of simulation. You
can use chapter [p|as a reference material that describes different methods
of displaying the results. However, there is one yet SFM element that can
be useful now and that can decrease the cluttering on the visual diagrams.

Add a new diagram to the model and then add a new SFM Reference
to that diagram as shown in figure Let this reference be connected to
the Joe variable from the main equations of diagram Model. Also add new
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Eunner
/ )
Clients
O~ O~
51 52 53
Queue Facility
Joeq JE"E'

Figure 4.3: The complete model items.

items that are connected to the SFM Reference item. They will return the
facility properties we want to display on the charts.

The corresponding equations for the properties are provided in figure
The functions applied are described in section[5.16

For example, if we plot the Deviation Chart for the queue length prop-
erty and its statistical sibling for 10000 simulation runs then we can get the
followings results as shown in figure 4.7}

Note that the both deviation charts converge, for the random process
becomes stationary fast enoug Also we do not use the fact that the
property is non-negative, but it has a wide enough spread because of high
deviation.

In this model we did not use ordinary differential equations, but actu-

IThe statistics reset can be added to one of the future versions of VisualAivika.
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module Model {

'S =
Clients = Stream.random(18 - §, 18 + 8}

\ A

Joe = Facility.createl();

Joeqg = Queus.create();

- — ~
Runner = do! Block.runByStream(Clients, S10;
. J

51 = Block.gueue(Joeg) »=> Block.seize(Jog) === Block.depart(Joeq) =>> 52;

52 = Block.advance(random(16-4, 16+4)) >== 53;

53 = Block.release({Joe) >>> Block.terminate;

Figure 4.4: The complete model equations.

ally we could. VisualAivika does allow us to use the ordinary differential
equations and discrete event simulation in one combined model.
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Figure 4.5: Use SEM Reference to decrease the cluttering on the diagrams.
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module Graphs {

Holding_Time = Facility.holdingTime({Modsel. Joe);
Queue_Length = Facility. gueuelength{Model Joa);
Queue_Length_Stats = Facility.gueuelengthStats(Model.Joe);

Wait_Time = Facility. waitTime(Model. Joe);

Figure 4.6: Extract the facility properties.
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Queue Length

— Graphs.Queue_Length
— Graphs.Queue_Length_Stats

Figure 4.7: The statistical results of simulation.



Chapter 5

Modeling Language

The VisualAivika modeling language allows you to specify dynamic sys-
tems. The model can consist of stocks and auxiliaries. The stock variable
can be an integral (reservoir). The auxiliary variable is a function of other
variables and computations.

Currently, discrete event simulation entities are supported through the
auxiliary variables only.

5.1 Simulation Specs

There are predefined variables that exist in each simulation:

e starttime defines the initial time;

e stoptime defines the final time;

e dt defines the integration time step;

e time returns the current integration time.

The first three constants like other simulation specs described in this
section can be defined in the dialog window, which is opened by menu
Simulation / Simulation Specs.

If your model contains only discrete event simulation entities, then the
dt parameter can be made arbitrary. Nevertheless, its value reflects on that
how charts are displayed, because values on the chart are sampled in the
dt increments.

39
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VisualAivika supports the following integration methods:
e Euler’s method,;
e 2nd order Runge-Kutta;

e 4th order Runge-Kutta.
Also it supports the following modes of generating random numbers:

¢ asimple mode turns on a standard .NET random number generator,
which is weak but fast;

e astrong mode uses a cryptographic random number generator, which
returns more random numbers but it is rather slow;

e a mode with the specified initial seed, which allows reproducing the
same pseudo-random numbers for each run.

In addition, you can specify the number of simulation runs for the
Monte-Carlo simulation, which is reflected by the following predefined
variables:

e runIndex returns the current run index starting from 0;

e runCount returns the total number of simulation runs within the
experiment.

These two built-in variables are useful for planning the simulation
experiment, when providing the Sensitivity Analysis as shown in section

5.9 below.

5.2 Variables

The following list describes the variable types in VisualAivika.

o Auxiliary. Any variable thatis defined as a function of other variables,
or a constant.

e Stock. The dynamic variable in the model. At present, it can be a
reservoir (integral) only.
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e Flow. The variable that manages a stock. It can be either an inflow or
outflow, bidirectional or unidirectional.

e Table. A table function which parameters are the x-and y- coordinates.
e Range. An index range for arrays.

e Block. A block computation that processes transacts and then returns
transacts, either the same or modified ones.

o Block Chain. A block computation that processes transacts and then,
either finishes the processing or has an infinite loop.

o Generator Block. A generator block computation that can start pro-
cessing the transacts by the specified block chain.

e Stream. A stream of arrival events that come in the modeling system
outside.

e Signal. A signal that can trigger arrival events.

e Action. Some action such as launching the processing of transacts by
the block chain.

e Queue. The queue entity.
e Facility. The facility is such a resource that may have only one owner.

e Storage. The storage is such a resource that can be borrowed by
multiple transacts.

e MatchChain. The match chain can delay the transacts from the same
assembly set.

e Sampling Statistics. The statistics value based upon observations.
e Timing Statistics. The time-persistent statistics value.

o Reference. A mutable reference cell that can be assigned to numbers
and statistics values.

e Array. An array of other variables.
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The variable name in VisualAivika is case sensitive. The first symbol
must be a letter or underscore. The next symbols can contain letters, digits
and underscore in any sequence.

Example

Total_Resources, Scope, X, y

5.3 Equations

The VisualAivika modeling language allows you to define the model by
writing a set of mathematical equations and expressions. The equations
can be written in any order. The order of computation is determined based
on dependencies between the variables.

VisualAivika uses standard algebraic expressions with the same rules
of precedence as those used by Java, C/C++ and other common languages.

Also VisualAivika supports standard mathematical functions and has
additional functions that make writing equations faster and simpler.

Example

integ (1 + 0.2 * y * sin (t) - 1.5 * t » 2, 0);
integ ((y - 2)*2, 0);

Here the integ function returns an integral by the specified derivative
and initial value.

Example
Adequacy_of_Control_Resources = Control_Resources / Desired_Control_Resources;

The Equation Editor automatically ends each equation by the semicolon
symbol.
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5.4 Operators

VisualAivika supports standard binary and unary operators that observe
conventional precedence. The operators are shown in the tables below.

Table 5.1: Unary Operators

not Logical inversion
+ - Plus and minus

Table 5.2: Binary Operators

) Arithmetic power

* /4 - Arithmetic operators
<<=>>= Comparison

== I= Equality and inequality

and or Conjunction and disjunction
>>> Block composition

The block composition operator requires some clarification.

Expressionbl >>> b2 returns a block composition that processes trans-
acts by the first block b1 and then by the second block or block chain b2. If
the latter argument b2 is block, then the result is a block as well. Otherwise,
if the latter argument b2 is block chain, then the result is a block chain too.

5.5 Constants

VisualAivika defines the following constants.

Table 5.3: Built-in Constants

true Logical true

false Logical false

pi The value of 7t

infinity Represents a positive infinity

nan Represents a value that is not a number
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5.6 Functions

CHAPTER 5. MODELING LANGUAGE

Here is a summary table of the basic predefined functions.

Table 5.4: Basic Functions

abs (x) Returns the absolute value of x

sqrt (%) Returns the square root of x

int (%) Returns the largest whole number less
than or equal to x

round (x) Returns the number nearest to x

power (x, V) Returns the same as xVY

mod (x, y) Returns the remainder of x/y

min (x1, x2,

Returns the minimum value of x1, x2,

max (x1, x2,

Returns the maximum value of x1, x2,

sum (x1, x2,

Returns the sum of x1, x2, ...

prod (x1, x2,

Returns the product of x1, x2, ...

mean (x1, x2,

Returns the average value of x1, x2,

sin (x)

cos (x)

tan (x)
arcsin (x)
arccos (x)
arctan (x)
arctan (y, x)
sinh (x)

cosh (x)

tanh (%)

Returns the sine of x

Returns the cosine of x

Returns the tangent of x

Returns the inverse sine of x
Returns the inverse cosine of x
Returns the inverse tangent of x
Returns the inverse tangent of (y/x)
Returns the hyperbolic sine of x
Returns the hyperbolic cosine of x
Returns the hyperbolic tangent of x

sinwave (a, t)

Returns the sine wave of amplitude a
and period t

coswave (a, t)

Returns the cosine wave of amplitude
a and period t

exp (x)

Returns e raised to power x
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log (%) Returns the natural (base ¢) logarithm
of x
log (x, y) Returns the logarithm of x in base y

The sinwave and coswave functions require some note. They are de-

fined as follows.

Definition

1o

sinwave(a, t)
coswave(a, t)

a * sin(2 * pi *
a * cos(2 * pi *

time / t);
time / t);

Table 5.5: Random Number Generators

random (a, b)

Returns the uniform random number
between a and b

randomInt (a, b)

Returns the integer uniform random
number between a and b

triangular (a, m,
b)

Returns the triangular random num-
ber between a and b with median m

normal (m, n)

Returns the normal random number
with mean m and deviation n

exponential (m)

Returns the exponential random num-
ber with mean m

erlang (b, m)

Returns the Erlang random number
with scale b and integer shape m

poisson (m)

Returns the Poisson random number
with mean m

binomial (p, n)

Returns the binomial random number
on n trials of probability p

Table 5.6:

Conditional Expression

if x then y else z

Returnsy if x is true, otherwise returns
z
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Table 5.7: Miscellaneous Functions

step (h, t) Returns 0 until time t and then returns h
pulse (t, d) Returns the pulse of height 1 starting at time
t with duration d

pulse (t, d, Returns the pulse of height 1 starting at time

p) t with duration d and period p
ramp (s, tl, Returns 0 until time t1 and then slopes until
t2) time t2 and then holds s

These functions have the following definition. They use the discrete
operator described further. In short, the operator returns the value, which
doesn’t change except of the integration dt intervals regardless of the
integration method used.

Definition
step(h, t) = discrete(if time + dt/2 > t then h else 0);

pulse(t, d) = discrete(if (time + dt/2 > t) and (time + dt/2 < t + d)
then 1 else 0);

pulse(t, d, p) = pulse(t + (if (p > 0) and (time > t)
then round((time - t) / p)*p else 0), d);

ramp(s, tl, t2) = discrete(if (time + dt/2 > tl)
then (if (time - dt/2 < t2)
then s*(time - tl1)
else s*(t2 - t1))
else 0);

Table 5.8: Interpolation

table ((x1, y1), (x2, Creates a table consisting of
y2), ...) points (x1, yl1), (x2, y2),...,
where the table can be used as a
function later
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table ((x1, yl1), (x2, Lookup x in the list of points

y2), ...0) X (x1, y), (x2, y2), ...using
linear interpolation
step (t) Creates a discrete step-wise in-

terpolation function based on
the specified table t
step (table ((x1, yl1), | Lookup x in the list of points

2, v2), ...)) ) (x1, y1), (x2, y2), ...using
the discrete step-wise interpola-
tion

The table function interpolates the argument according the specified
table.

Example

Effect_of_Scope_Stability_of_Rules =
table ((0, 0.5), (0.2, 0.535), (0.4, 0.585), (0.6, 0.675),
(0.8, 0.82), (1, 1, (1.2, 1.21), (1.4, 1.35),
(1.6, 1.42), (1.8, 1.47), (2, 1.5))

(Scope) ;
Table 5.9: Integral Functions

integ (d, i) Returns the integral of rate d and ini-
tial value i

delay (x, t) Returns a first order exponential delay
of x for time t conserving x

delay (x, t, i) Returns a first order exponential delay
of x starting with i for time t conserv-
ing x

delay3 (x, t) Returns a third order exponential de-
lay of x for time t conserving x

delay3 (x, t, i) Returns a third order exponential de-
lay of x starting with i for time t con-
serving x
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delayN (x, t, n) Returns an n’th order exponential de-
lay of x for time t conserving x

delayN (x, t, n, Returns an n’th order exponential de-

i) lay of x starting with i for time t con-
serving x

smooth (x, t) Returns a first order exponential
smooth of x over time t

smooth (x, t, i) Returns a first order exponential

smooth of x over time t starting at i
smooth3 (x, t, i) Returns a third order exponential
smooth of x over time t

smooth3 (x, t, 1) Returns a third order exponential
smooth of x over time t starting at i
smoothN (x, t, n) Returns an n’th order exponential
smooth of x over time t

smoothN (x, t, n, Returns an n’th order exponential
i) smooth of x over time t starting at i
forecast (x, t, h) | Forecasts for x over the time horizon
h using an average time t

trend (x, t, 1) Returns the fractional change rate of x
using the average time t and starting
with i

Here the delay-like functions have the following idea, where the delayN
functions are a generalization of this rule. If you will compare these
functions with other simulation software tools, then please note that the
delayN functions have no effect of the discrete operator that may implic-
itly present in some other tools. In case of need, this operator can be added
in the equations manually.

Definition

Dl=delay(x, t) if and only if
D1=1/t * integ(x - D1, x*t);

DlI=delay(x, t, i) if and only if
D1I=1/t * integ(x - D1I, i*t);
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D3_3=delay3(x, t) if and only if
D3_3=1/(t/3) * integ(D3_2 - D3_3, x*t/3);
D3_2=1/(t/3) * integ(D3_1 - D3_2, x*t/3);
D3_1=1/(t/3) * integ(x - D3_1, x*t/3);

D3I_3=delay3(x, t, i) if and only if
D3I_3=1/(t/3) * integ(D3I_2 - D3I_3, i*t/3);
D3I_2=1/(t/3) * integ(D3I_1 - D3I_2, i*t/3);
D3I_1=1/(t/3) * integ(x - D3I_1, i*t/3);

For example, figure demonstrates the first-order and third-order
delay functions for the following input and time period.

Example

x=sin(time);
t=40*dt;
dt=0.025;

The smooth-like functions have the next idea, where the smoothN func-
tions are a generalization of the following rule. If you will compare these
functions with other simulation software tools, then please note that the
smoothN functions have no effect of the discrete operator that may im-
plicitly present in some other tools. In case of need, this operator can be
added in the equations manually.

Definition

Sl=smooth(x, t) if and only if
Sl=integ((x - S1)/t, x);

S1I=smooth(x, t, i) if and only if
S1I=integ((x - S1I)/t, i);

S3_3=smooth3(x, t) if and only if
S3_3=integ((S3_2 - S3_3)/(t/3), x);
S3_2=integ((S3_1 - S3_2)/(t/3), Xx);
S3_1=integ((x - S3_1)/(t/3), X);

S3I_3=smooth3(x, t, i) if and only if
S3I_3=integ((S3I_2 - S3I_3)/(t/3), 1i);
S3I_2=integ((S3I_1 - S3I_2)/(t/3), i);
S3I_l1=integ((x - S3I_1)/(t/3), 1i);
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Untitled

Lime

— Diagram_1.=
— Diagram_1.01
— Diagram_1.D3_3

Figure 5.1: The first-order delay, D1, and third-order delay function, D3_3,
for the specified input, x, and time period.

The delay and smooth functions behave different when the time period
is changing.

The forecast and trend functions have the following definition, where
the init operator returns the initial value of the expression at start time of
simulation.

Definition
forecast(x, t, h) = x * (1 + (x / smooth(x, t) - 1) / t * h);

trend(x, t, i) = (x / smooth(x, t, init(x) / (1 + i * init(t))) - 1) / t;
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Table 5.10: Financial Functions

npv (s, r, i, f)

Returns the Net Present Value (NPV)
of stream s computed using the speci-
fied discount rate r, the initial value i
and some factor f (usually 1)

npve (s, r, i, )

Returns the Net Present Value End of
period (NPVE) of stream s computed
using the specified discount rate r, the
initial value i and some factor £

In VisualAivika the financial functions have the following definition.

Definition

npv=npv(s, r, i, f) if and only if

npv = (accum + dt * s * df) * f;

df = integ(- df * r, 1);

accum = integ(s * df, i);

npve=npve(s, r, i, f) if and only if

npve = (accum + dt * s * df) * f;
df = integ(- df * r / beta, 1 / beta);

accum = integ(s * df, i);

beta = 1 + r * dt;

Table 5.11: Simulation Operators

discrete (%)

It returns a value of x, which doesn’t
change except of the integration dt
intervals regardless of the integration
method used

init (x)

It returns the initial value of x

The init operator returns the initial value for the integral. Also it re-
turns the Block.identity block for any block as well as Block. terminate
for any block chain. Finally, it returns the Stream.empty computation for

any stream.
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Unlike other simulation software tools, VisualAivika has slightly non-
standard operators discrete and init. They are related to the very simu-
lation engine of VisualAivika. Any numeric expression can have the initial
value. Also we can treat any numeric expression as something that would
be updated as if the Euler’s method was applied. Usually, you do not need
to apply these operators in your models. Moreover, these two last oper-
ators are specific to VisualAivika and they are not transferrable between
different simulation software tools.

5.7 Ranges

A range is defined by two integer expressions: the low index of the range
and the high index of the range. The expressions must be delimited by
two dots.

Example
N = 10;

I_Range
J_Range

1..N;
1..5;

The ranges can be defined on the diagram like other variables and then
be used in the equations. They are needed for arrays.

5.8 Arrays
To define an one-dimensional array, you can use a special syntax:
[ Element | Index <- Range ]
Here the element expression can depend on the index which values will
be received from the specified range.
This syntax is generalized for other dimensions too. For example, a

two-dimensional array can be defined by adding another index:

[ Element | Index1 <- Rangel, Index2 <- Range2 ]
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VisualAivika supports up to 5 dimensions.
To refer to an element of the one-dimensional array by the specified
index, you can use a subscript like this:

Array[Index]

Similarly, the two-dimensional array element can be referenced by two
indices:

Array2D[Index1, Index2]

The rule is generalized for other dimensions too.

Example

n = 51;

C=[if A =0) or (i == n + 1) then 0 else M[i] / v | 1 <- 0..n+1 ];

M = [ integ (q + k*(C[i-1] - C[i]) + k*(C[i + 1] - C[iDD, ® | i <- 1..n ];
q=1;

k = 2;

v = 0.75;

In this example C and M are one-dimensional arrays that have different
indices. The C array has values C[0], ..., C[n+1], while array M has values
M[1],...,M[n].

By the way, the ranges could be defined as separate variables. For
simplicity, here the ranges are defined within the arrays. The both methods
are acceptable.

5.8.1 Functions for Arrays and Ranges

The following functions are defined for the arrays and ranges.

Table 5.12: Functions for Arrays and Ranges

length (a) | Returns the total element count for the speci-
fied range or array a
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length (a, | Returns the element count for the specified

d array a and dimension d starting from 0

low (a) Returns the low index for the specified range
or one-dimensional array a

low (a, d) Returns the low index for the specified array
a and dimension d starting from 0

high (a) Returns the high index for the specified range
or one-dimensional array a

high (a, d) | Returns the high index for the specified array
a and dimension d starting from 0

min (a) Returns the minimal element of the specified
array a

max (a) Returns the maximal element of the specified
array a

sum (a) Returns a sum of the elements for the specified
array a

prod (a) Returns a product of the elements for the spec-
ified array a

mean (a) Returns an average value for the specified ar-
ray a

The last functions are aggregating. It is useful that we can create inter-

mediate arrays to pass in them to these functions.

The following example is an equivalent to [Vensim 5 Reference Manual,

page 30, example 3], from the documentation of Vensim[4]].

Example

efficiency = prod(factor_efficiency);

US_population = sum(population);

revenue = [ sum([ sales[c, p] * price[p, b] | p <- product 1) |
Cc <- country, b <- brand ];

Please note how an intermediate array is created, when summing the

revenue.

The next example is related to the Theory of Games. It calculates a max-
imin and minimax by the specified matrix of dimension n X 1, respectively.
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Example
max_min = max([ min([ A[i,j] | j<-1..n]1) | i<-1..n 1)
min_max = min([ max([ A[i,j] | j<-1..n]) | i<-1..n 1)

Here the temporary arrays are created only once at the very beginning
of the simulation run.

The arrays can define the block computations as well as resources and
queues. Then we can access to them by index.

5.8.2 Array Initialization

Some arrays can be defined in a table form without direct using ranges and
indices. There is a simplified syntax for that.

Example

Al = [0) 1; 2; 3; 4! S];

A2 = [[0, 1], [2, 31, [4, 5]1;

A3 = [[[0, 11, [2, 311, [[4, 51, [6, 7111;

Only such arrays will always have indices starting from zero.

5.8.3 Plotting Arrays on Charts

The arrays can be plotted on charts. For example, the revenue array defined
in section through aggregation looks like figure

5.9 Sensitivity Analysis

As it was mentioned before, there are predefined variables runIndex and
runCount that return the current run index, starting from zero, and the
total run count for the Monte-Carlo simulation experiment, respectively.

Itis important that the runIndex variable is constant within the simula-
tion run, but then it is updated for another run. There are similar random
parameters that have the same property. They are constant within the
current run, but they are updated for another run.
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Mested Arrays

Mested Arrays / Run1of 3

— Matrix_Aggregation.revenue. [0].[3]
— Matriz_Aggregation.revenue. [0].[4]
— Matriz_Aggregation.revenue.[1].[3]

Matrix_Aggregation.revenue. [1].[4]

Figure 5.2: When plotting arrays on the chart, each element has its own
subscript.

Table 5.13: Random Parameters

randomParam (a, b) Returns the uniform random pa-
rameter between a and b

randomIntParam (a, b) Returns the integer uniform ran-
dom parameter between a and

b
triangularParam (a, m, | Returns the triangular random
b) parameter between a and b with

median m
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normalParam (m, n)

Returns the normal random pa-
rameter with mean m and vari-
ance n

exponentialParam (m)

Returns the exponential random
parameter with mean m

erlangParam (b, m)

Returns the Erlang random pa-
rameter with scale b and integer
shape m

poissonParam (m)

Returns the Poisson random pa-
rameter with mean m

binomialParam (p, n)

Returns the binomial random
parameter on n trials of proba-
bility p

57

Such parameters are useful for providing the Sensitivity analysis. They

can be used in the equations.

By redefining some constants as random external parameters, we can
test the model for stability. For that, VisualAivika supports the Monte-
Carlo simulation to provide the Sensitivity Analysis. The results of this
analysis can be displayed on charts like figure where the Deviation
Chart option is used for the Graph Element.

Furthermore, combining the array initialization syntax and built-in
variables runIndex and runCount, we can specify sampling for the ex-
ternal parameters. Anidea is quite simple. We define an array with values
and then refer to the array by the run index, probably, bound by the array

length.

Example

A = [[1, 2, 3],
2, 3, 11,
(3, 1, 211;

Sample = mod(runIndex, length(A, 0));

X1 = A[Sample, 0];
X2 = A[Sample, 1];
X3 = A[Sample, 2];
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Sensitivity Analysis

n 50 100 150

— Resources Economic_Resources
— Goods. Desired_Econormic_Goods
— Goods.Econamic_Goods

Figure 5.3: The chart shows how stable is the model relative to changes of
the external random parameters.

5.10 Transacts

The block computations process transacts. Most of the blocks take expres-
sions that can have access to the transact attributes by name, which can be
an arbitrary identifier.

Table 5.14: Examples of the Transact Attributes

transact.attribute Access to the "attribute" attribute
of the transact

transact.ABC Access to the "ABC" attribute of
the transact

The transact can have an arbitrary number of attributes.
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When splitting the transact into copies, the changes of transact at-
tributes do not affect other transacts from the same assembly set.

5.11 Stream of Arrival Events

Before creating transacts by the generator block, the corresponding arrival
events have to come in the simulation model outside. Such events are
defined with help of the Stream computation.

Table 5.15: Stream Computation

Stream.empty Returns an empty stream that
does not produce arrival events
Stream.take(s, n) Takes the specified number n of
arrival events from the stream s
Stream.random(a, b) Returns a stream of arrival

events with uniform random de-
lays between a and b
Stream.randomInt(a, b) | Returns a stream of arrival
events with integer uniform ran-
dom delays between a and b

Stream.triangular(a, Returns a stream of arrival

m, b) events with triangular random
delays between a and b with me-
dianm

Stream.normal (m, n) Returns a stream of arrival

events with normal random de-
lays with mean m and deviation
n

Stream.exponential (m) Returns a stream of arrival
events with exponential random
delays with mean m
Stream.erlang(b, m) Returns a stream of arrival
events with Erlang random de-
lays with scale b and integer
shape m
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Stream.poisson(m) Returns a stream of arrival
events with Poisson integer ran-
dom delays with mean m
Stream.binomial (p, n) Returns a stream of arrival
events with binomial random
delays on n trials of probability
p

To create the specified number of arrival events, say 15, at the start time
of simulation, you can create a stream by the following example.

Example

S = Stream.take(Stream.random(®, 0), 15);

Here we create an infinite stream and then take only 15 initial arrival
events from it.

5.12 Generator Block

The generator block computation like GeneratorBlock.byStream can take
the stream of arrival events, take the block chain and then starts gener-
ating and processing of transacts. Usually, this happens implicitly, when
applying the Block.runByStream function, but the information about the
generator blocks should be provided in this document, nevertheless.

Table 5.16: Generator Block

GeneratorBlock.byStream(s) | Returns a new genera-
tor block by the specified
stream s of arrival events
GeneratorBlock.bySignal(s) Returns a new generator
block by the specified sig-
nal s that triggers arrival
events

These both functions are similar. Only the first one takes the stream,
while the other function takes a signal. The signals are considered in

section
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5.13 Block Computation

The transact processing is performed within blocks. The block can delay
the transacts, change them and finally destroy. The blocks are composable
in that sense that we can create a chain of blocks, which can be even infinite
or have loop-backs in case of need.

The composion operator looks like bl >>> b2, where the transacts are
initially processed by block b1 and then by block or block chain b2.

The difference between the ordinary block and block chain is that the
block chain either terminates the processing or has an infinite loop. On the
contrary, the block passes the transact further, possibly by modifying one
of its attributes.

The block computations can be branched with help of the Block. select
operator, or a few block computations can be united into one computation
with help of the composition operator.

The block composition is opposite to the direction in which the transacts
are handled!

Table 5.17: Basic Block Computation

Block.select(if x then y Returns a block chain that
else z) processes transacts by the
block chain y if condition x
is true, otherwise processes
them by the block chain z
Block.terminate Returns a block chain that
tinishes the processing of
transacts

Block.identity Returns a block that just
passes input transacts fur-
ther

Block.transfer (b) Returns a block chain that
redirects the processing of
transacts to the specified
block chain b. It allows cre-
ating loop-backs
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Block.assign Returns a block that as-
(transact.attribute <- signs the specified transact
V) attribute to value v, when
processing the transact
Block.advance (v) Returns a block that holds

every transact for the spec-
ified time interval v, which
can be an expression that
can depend on the transact
attributes
Block.priority(p) Returns a block that as-
signs a new priority p to
transacts, where p can be
an expression that can de-
pend on the transact at-
tributes

The following example creates a block chain that holds every transact
for 10 time units, then holds for the time interval calculated from the
expression and then finally terminates.

Example

B = Block.advance(10) >>>
Block.advance(20 + transact.SomeDelay) >>>
Block.terminate;

Below is another example that defines the simplest infinite loop. The
Block. transfer function allows the simulator to cut the circular depen-
dency. Otherwise, the equation could not be resolved.

Example
B = Block.transfer(B);

To save the current modeling time in the arbitrary ArrivalTime at-
tribute, we can use the next example. Then the transact is passed to the
specified block chain.
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Example

B = Block.assign(transact.ArrivalTime <- time) >>> B2;

Here is a small trick. If the block chain consists of multiple blocks then
it makes sense to name them with help of the same identifiers, which will
differ by some suffix that will indicate to the step number.

Example

Bl = Block.advance(10) >>> B2;
B2 = Block.advance(20) >>> B3;
B3 = Block.advance(30) >>> B4;
B4 = Block.terminate;

Then such equations will appear in the Equations tab sequentially one
by another. The equations are sorted by their name.

Finally, the next example shows how to create two branches B2 and
B3 from the same computation, where the decision depends on the ran-
dom number generator. Here we could check the available resources, for
example.

Example

B = Block.select(if random(®, 1) < 0.3 then B2 else B3);

On the contrary, if we have two block computations B4 and B5, then we
can redirect the both of them to the same block chain B as illustrated below.

Example
B8 = B4 >>> B;
B9 = B5 >>> B;

The both transact processing paths will merge into one.
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514 Running Blocks

Provided some block chain, we can run the processing of transacts by that
block chain. For that we need a generator block, which can be created by
the stream of arrival events, or by the signal of such events.

Table 5.18: Running Block Computation

Block.run(g, b) Returns an action that can be a
subject of applying the do! op-
erator to run the processing of
transacts by block chain b, where
the transacts are prepared by the
generator block g

Block.runByStream(s, Returns an action that can be a
b) subject of applying the do! op-
erator to run the processing of
transacts by block chain b, where
the transacts are received from

stream s
Block.runBySignal(s, Returns an action that can be a
b) subject of applying the do! op-

erator to run the processing of
transacts by block chain b, where
the transacts are triggered by sig-
nal s

Here the second function is just a shorthand for calling the first one with
help of Block.run(GeneratorBlock.byStream(s), b). The same is true
for the third function, which is the shorthand for calling the first function
with help of Block.run(GeneratorBlock.bySignal(s), b).

All the three functions return an action that should be performed yet
with help of the do! operator, which makes the execution explicit in the
equations.

The following example illustrates the simplest complete model, but
which processes nothing.
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Example

A = do! Block.runByStream(Stream.empty, Block.terminate);

Here the empty arrival stream is processed by the termination block
chain. Nothing happens. But it demonstrates the main idea.
Below is another example.

Example
S = Stream.exponential (5);
B = Block.advance(3) >>> Block.terminate;
A = do! Block.runByStream(S, B);
The do! operator can be applied within array items too.
Example
S = [ Stream.exponential(i) | i <- 5..10 ];
B = [ Block.advance(i - 2) >>> Block.terminate | i <- 5..10 ];
A = [ do! Block.runByStream(S[i], B[i]) | i <- 5..10 ];
515 Queue

VisualAivika introduces some entities for gathering statistics. Some of
such entities is a queue. The transact may enqueue and then dequeue.
VisualAivika counts each of these operations.

Table 5.19: Queue Constructor

| Queue.create() | Creates a new queue instance |

To enque and dequeue transacts, we have to use the corresponding
block computations. These computations have an optional increment and
decrement parameters, which are equal to 1 by default.
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Table 5.20: Queue Operations

Block.queue(q) Returns a block that enqueues
the transacts in queue q with the
content increment equal to 1
Block.queue(qg, n) Returns a block that enqueues
the transacts in queue q with the
specified content increment n
Block.depart(q) Returns a block that dequeues
the transacts from queue q with
the content decrement equal to 1
Block.depart(q, n) Returns a block that dequeues
the transacts from queue q with
the specified content decrement

For example, we can enqueue the transacts, delay them and then de-
queue. Usually, we also can try to acquire some resource right after en-
queueing, but the resources are described further.

Example
Q = Queue.create();
B = Block.enqueue(Q) >>>

Block.advance(12 + random(®, 10) + transact.ABC) >>>
Block.depart(Q) >>> B2;

At any modeling time we can receive the information about the queue
properties, for example, to plot them on the chart such as Deviation chart.

Table 5.21: Queue Properties

Queue.content(q) Returns the queue content value
at the current modeling time
Queue.contentStats(q) Returns the queue content statis-
tics summary at the current
modeling time. The statistics
value is time persistent (the tim-
ing statistics)
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Queue. enqueueCount (q)

Returns the enqueue count value
for queue q at the current mod-
eling time

Queue.zeroEntry-
EnqueueCount (q)

Like the former function, but re-
turns such the enqueue count,
where there was no delay be-
tween dequeueing from the
queue and enqueueing

Queue.waitTime(q)

Returns the queue wait time
statistics summary at the cur-
rent modeling time. The statis-
tics value is based upon observa-
tions (the sampling statistics)

Queue.nonZeroEntry-
WaitTime(q)

Like the former function, but
returns such the statistics sum-
mary, where there was a delay
between dequeueing from the
queue and enqueueing
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For example, we create a temporary variable WaitTime to save the
statistics, which can be already added to the deviation chart.

Example

Q = Queue.create();
WaitTime = Queue.waitTime(Q);

516 Facility

Another kind of entities supported by VisualAivika is a facility. The fa-
cility is a resource that may have only one owner. The facility can be
seized, preempted, released and returned. When preempting the facility,
the old owner can be transferred to another block chain to proceed with its
execution. It allows us to model quite a complex behaviour.
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Table 5.22: Facility Constructor

| Facility.create() | Creates a new facility instance

To affect the facility by transacts, there are the corresponding block
computations. Some of these computations may have optional parameters.
The most complex behaviour is inherent in the Block.preempt function.

Table 5.23: Facility Operations

Block.seize(f) Returns a block that tries to seize
facility f. Later, the facility must
be released by the transact
Block.release(f) Returns a block that releases fa-
cility £, which was seized by the
transact earlier

Block.preempt (£) Returns a block that tries to
preempt the specified facility f.
Later, the facility must be re-
turned by the transact. See be-

low
Block.preempt (£, Returns a block that tries to
priorityMode=f1, preempt the specified facility f,
removalMode=£2) where the priority mode and re-

moval mode flags f1 and f2 are
optional. By default, the both
boolean flags are turned off. See

below
Block.preempt (f, Like the former function, but if
priorityMode=£1, the transact is preempted then
removalMode=£2, it will be transferred to the
transfer(b) via block chain b, where the speci-
transact.attribute) fied transact attribute will con-

tain the remaining time, during
which the transact would had to
be hold yet in the delay. See be-
low
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Block.preempt(f,
transfer(b) via
transact.attribute)

A more simple form of the for-
mer function with default mode
flags

Block.return(f)

Returns a block that returns fa-
cility £, which was preempted by
the transact earlier

The most popular use case is to count the queue statistics, when trying
to acquire the facility, simulate some activity with help of the delay and
then release or return the facility. Here the transact will be blocked in case
of the resource sufficiency, which will increase the wait time for the queue.

Example
Q = Queue.create(Q);
F = Facility.create();

B = Block.queue(Q) >>>
Block.seize(F) >>>

Block.depart(Q) >>>

Block.advance(random(10, 20)) >>>

Block.release(F) >>> B2;

Like it was true for the queue, we can request for the facility properties

and statistics during the simulation at any modeling time.

Table 5.24: Facility Properties

Facility.isInter-
rupted(f)

Returns a boolean flag indicat-
ing whether the facility f is in-
terrupted at the current model-
ing time

Facility.count (f)

Returns the facility count value
at the current modeling time

Facility.countStats(f)

Returns the facility count statis-
tics summary at the current
modeling time. The statistics
value is time persistent (the tim-
ing statistics)
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Facility.captureCount(£f) Returns the capture count value
for the facility f at the current
modeling time

Facility.utilisation- Returns the utilisation count
Count () value for the facility £ at the cur-
rent modeling time
Facility.utilisation- | Returns the facility utilisation
CountStats(f) count statistics summary at the

current modeling time. The
statistics value is time persistent
(the timing statistics)

Facility.queueLength(f) | Returns the queue length for the
facility f at the current modeling

time
Facility.queueLength- | Returns the facility queue length
Stats(f) statistics summary at the current

modeling time. The statistics
value is time persistent (the tim-
ing statistics)

Facility.totalWait- Returns the total wait time for

Time () the facility f at the current mod-
eling time

Facility.waitTime(£f) Returns the facility wait time

statistics summary at the cur-
rent modeling time. The statis-
tics value is based upon observa-
tions (the sampling statistics)
Facility.totalHolding- | Returns the total holding time
Time(£) for the facility f at the current
modeling time
Facility.holdingTime(£) | Returns the facility holding time
statistics summary at the cur-
rent modeling time. The statis-
tics value is based upon observa-
tions (the sampling statistics)

As before, we can save any of these properties in some variable and
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then display the result.

We can request for any of the properties during simulation. For exam-
ple, we can test whether the facility is interrupted currently. If the facility is
interrupted then we can terminate the transact processing as shown below
in the example.

Example

Queue.create();

Facility.create(Q);

Block.select(if Facility.isInterrupted(F) then Busy else B2);
2 = Block.preempt(F, prioritylMode=true,

transfer (Add) via transact.P5) >>> B3;

Q
F
B
B

Busy = Block.terminate;

Also here the preempted transact, the old owner of the facility, will be
redirected to block chain Add, where the transact attribute with name "P5"
will contain the remaining time value, during which the transact would
had to be hold yet in the delay.

Section [A]in the Appendix provides some technical details of that how
the facility preemption is implemented in the simulator.

5.17 Storage

Another kind of resources supported by VisualAivika is a storage. The
storage has a capacity. Also the storage can be borrowed by multiple
transacts, while it has the available content.

Table 5.25: Storage Constructor

Storage.create(n) Creates a new storage instance
by the specified capacity n

To use the storage, there are the corresponding block computations.
Some of these computations may have optional parameters.
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Table 5.26: Storage Operations

Block.enter(s) Returns a block that tries to enter
storage s with the content decre-
ment equal to 1. Later, the stor-
age must be left by the transact
Block.enter(s, n) Returns a block that tries to en-
ter storage s with the specified
content decrement n. Later, the
storage must be left by the trans-
act

Block.leave(s) Returns a block that leaves stor-
age s with the content increment
equal to 1. The storage had to
be entered into by the transact
earlier

Block.leave(s, n) Returns a block that leaves stor-
age s with the specified content
increment n. The storage had to
be entered into by the transact
earlier

When trying to enter the storage, if the content is not sufficient then
the transact is blocked. But this behavior is much simpler than the facility
seizing or preemption. Another difference is that the content changes can
differ from 1.

The usual approach is to count the queue statistics, when trying to
enter the storage, simulate some activity with help of the delay and then
leave the storage. Here the transact will be blocked in case of the resource
sufficiency, which will increase the wait time for the queue.

Example

Q = Queue.create();

S = Storage.create();
B = Block.queue(Q) >>>

Block.enter(S) >>>
Block.depart(Q) >>>
Block.advance(random(10, 20)) >>>
Block.leave(S) >>> B2;
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The storage has its own properties. We can request the storage for them

at any modeling time.

Table 5.27: Storage Properties

Storage.capacity(s)

Returns the storage capacity

Storage.content(s)

Returns the storage content
value at the current modeling
time

Storage.contentStats(s)

Returns the storage content
statistics summary at the cur-
rent modeling time. The statis-
tics value is time persistent (the
timing statistics)

Storage.useCount(s)

Returns the total number of
cases for storage s, when the
content had been decreased

Storage.usedContent(s)

Returns the total used content
value for storage s at the current
modeling time

Storage.content-
Utilisation(s)

Returns the storage content util-
isation value at the current mod-
eling time

Storage.content-
UtilisationStats(s)

Returns the storage content util-
isation statistics summary at the
current modeling time. The
statistics value is time persistent
(the timing statistics)

Storage.queueLength(s)

Returns the queue length for the
storage s at the current model-
ing time

Storage.queuelLength-
Stats(s)

Returns the storage queue
length statistics summary at the
current modeling time. The
statistics value is time persistent
(the timing statistics)
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Storage.totalWaitTime(s)| Returns the total wait time for
the storage s at the current mod-
eling time
Storage.waitTime(s) Returns the storage wait time
statistics summary at the cur-
rent modeling time. The statis-
tics value is based upon obser-
vations (the sampling statistics)
Storage.averageHolding- | Returns the average holding
Time(s) time for the storage s at the cur-
rent modeling time

We can save any of these properties in some variable and then display
the result.

5.18 Assembly Set

Every transact created by the Generator Block has its own assembly set.
At the same time, during simulation the transacts can be splitted into
multiple copies, but each copy will belong to the same assembly set. Then
such transacts can be assembled into one, or they can delayed before all
them will be gathered together.

Also we can create so called a Match Chain, so that some transact could
be delayed until another one from the same assembly set would match the
common match chain instance.

Table 5.28: Match Chain Constructor

MatchChain.create() Creates a new match chain in-
stance

There are the following block computations to use the assembly set
that will be common for the whole group of transacts, which were splitted
earlier from the same transact.
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Table 5.29: Assembly Set Operations

Block.split(n, b) Returns a block that splits ev-
ery transact into n copies, each
of them is transfered to the spec-
ified block chain b.

Every copy will belong to the
same assembly set of the source
transact

Block.assemble(n) Returns a block that assembles n
transacts from the same assem-
bly set in one transact, after they
were splitted earlier
Block.gather(n) Returns a block that delays and
gathers n transacts from the
same assembly set, after they
were splitted earlier.

After n transacts are gathered,
they continue their execution
Block.matchChain(c) Returns a block that delays the
transact until another transact
from the same assembly set will
call a similar block with the same
match chain ¢

The following example demonstrates how we can split and then gather
the transacts.

Example

Worker = Facility.create();

S2 = Block.seize(Worker) >>>
Block.advance(random(8 - 3, 8 + 3)) >>>
Block.split(l, S2) >>>
Block.release(Worker) >>>
Block.priority(l) >>>
Block.gather(24) >>> S3;

It captures the facility to make transact copies with delay. Then the
priority increases and 24 transacts are gathered. Actually, in this example
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only one source initial transact is used, but the example creates a plenty of

its copies.

5.19 Link Chain

The Link Chain is a kind of queue that allows temporarily passivating the
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transacts so that they could be reactivated later.

Table 5.30: Link Chain Constructors

LinkChain.createFIFO(Q)

Creates a new link chain instance
by using the FIFO queue (First
In, First Out)

LinkChain.createLIFO()

Creates a new link chain instance
by using the LIFO queue (Last
In, First Out)

LinkChain.createSIRO()

Creates anew link chain instance
by using the SIRO queue (Ser-
vice In Random Order)

LinkChain.createBy-
Priorities()

Creates a new link chain instance
by using the priority queue

To use the link chain, there are the corresponding block computations.

Some of these computations have a special syntax.

Table 5.31: Link Chain Operations

Block.link(c)

Returns a block chain that links
the current transact to the spec-
ified link chain and then passi-
vates the transact until it will be
unlinked later




5.19. LINK CHAIN

Block.linkByPriority(c,
p)

Returns a block chain that links
the current transact to the spec-
ified link chain c with the spec-
ified priority p and then passi-
vates the transact until it will be
unlinked later.

Here p can be an expression that
can depend on the transact at-
tributes. Unlike the transact pri-
ority the less value of p means a
higher priority!

Block.unlink(c,
transfer(b))

Returns a block that unlinks the
top transact from the specified
link chain c and then reactivates
that transact by transferring it to
the specified block chain b

Block.unlink(c,
transfer(b) if e)

Returns a block that unlinks the
transact from the specified link
chain c by predicate e and then
reactivates that transact by trans-
ferring it to the specified block
chain b.

Here eis alogical expression that
can depend on the current trans-
act by keyword transact and
the tested transact by keyword
that

Block.unlinkN(c,
transfer(b), n)

Returns a block that unlinks the
specified number of top n trans-
acts from the link chain ¢ and
then reactivates those transacts
by transferring them to the spec-
ified block chain b
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It is worth noting how the unlinking process happens when the pred-
icate is provided. The unlinking process from the FIFO and LIFO queues
is strongly specified according the sorting order. As regards to the priority
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queue, the unlinking process that occurs by predicate is not strongly spec-
ified, and it depends on that how the binary heap contains its items, where
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the binary heap is used for implementing the priority queue.

We can refer to the both transacts, when specifying the predicate. We
can refer by keyword transact to the current transact that entered the
block. Also we can refer by keyword that to the transact, which is tested

for and which is contained in the link chain queue.

For example, we can write

Example

B® = Block.unlink(C1l, transfer(B1l) if transact.Timel < that.Timel);

The link chain has its own properties. We can request the link chain for

them at any modeling time.

Table 5.32: Link Chain Properties

LinkChain.queueLength(c)

Returns the queue length for the
link chain c at the current mod-
eling time

LinkChain.queueLength-
Stats(c)

Returns the link chain queue
length statistics summary at the
current modeling time. The
statistics value is time persistent
(the timing statistics)

LinkChain.totalWait-
Time(c)

Returns the total wait time for
the link chain c at the current
modeling time

LinkChain.waitTime(c)

Returns the link chain wait time
statistics summary at the cur-
rent modeling time. The statis-
tics value is based upon obser-
vations (the sampling statistics)

LinkChain.average-
ResidenceTime(c)

Returns the average residence
time for the link chain c at the
current modeling time
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We can save any of these properties in some variable and then display
the result.

These properties are also useful if we want to test, whether there are
entries in the link chain queue to decide, where we should transfer the
transact to.

Example

F1 = Facility.create();

Cl = LinkChain.createFIFO(Q);

Bl = Block.select(if Facility.count(F1) > ® then Contl else B2);

B2 = Block.select(if LinkChain.queuelLength(Cl) == 0 then Contl else B3);
B3 = Block.link(C1);

Contl = Block.terminate;

Here we test the conditions before we decide, whether we ever should
link the transact to the queue.

Finally, to unlink all the entries from the link chain, we can request the
link chain for the current queue length and then reactivate the specified
number of entries.

Example
Cl = LinkChain.createFIF0Q);

B4

Block.unlinkN(C1l, transfer(Contl), LinkChain.queueLength(C1));

5.20 Signals

The signal is some activity that can trigger arrival events. It differs from
streams in that sense that the streams are passive. The stream produces
arrival events only when the stream events are requested outside and one
by one, all the time. But the signal is an independent activity that itself
decides when to trigger arrival events. The signal is active.

It is useful that we can create generator blocks by both streams and
signals. It means that the signal may initiate the processing of transacts
like the stream.



80 CHAPTER 5. MODELING LANGUAGE

Table 5.33: Signal Computations

Signal.empty Returns an empty signal that
does not raise arrival events
Signal.merge(x, y) Merge two signals x and y

The initial value of every signal is Signal.empty by definition.

Here the merge function creates a new signal that triggers each time
one of the specified signals is triggered in its turn. It is useful if we are
going to efficiently test the conditional expression as we will see later.

When processing the transact, the corresponding block computation
can suspend its execution by awaiting the specified signal. After the sig-
nal is triggered, the block computation proceeds with its processing of the
transact. This is a key for efficient processing of the conditional expres-
sions, for we can trigger events only at those modeling times, when the
conditional expression must be tested again.

Table 5.34: Waiting for Signals

Block.await(s) Returns a block that waits for
emitting the specified signal,
when processing the transact

Block.await Returns a block that waits for
(transact.attribute emitting the specified signal,
<-'s) when processing the transact.

All the signal values are popu-
lated in the transact by the spec-
ified attribute prefix

The second function allows us to introduce the signal value in the
context of the current transact.

For example, if the signal had attribute Value and we specified the
computationBlock.await (transact.Sig <- s) thenthesignal value will
be put in the nested transact’s Sig.Value attribute. Then we can request
for the corresponding value by using expression transact.Sig.Value.

The reason to use nested attributes is related to the fact that the signal
can have multiple attributes like the transact.

The signals can be created by mutable references considered in section
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5.21 Statistics

Accumulating statistics is an important part of simulation. VisualAivika
uses the approach, where the statistics summary is treated as an immutable
data structure, which simplifies modeling and makes the simulation more
safe and robust.

There are two different types of statistics that we can collect. The first
one is based upon observations, while the latter is based on time-dependent
samples.

5.21.1 Statistics based upon Observations

The first data type is used for accumulating the statistics based upon ob-
servations. An example is the queue wait time.

Table 5.35: Constructing Statistics based upon Obser-

vations
SamplingStats.emptyInts Returns an empty
observation-based statis-
tics for integer numbers
SamplingStats.emptyFloats | Returns an empty

observation-based statistics
for floating point numbers
SamplingStats.add(v, st) | Adds the specified sample v
to statistics st by producing
another statistics instance
SamplingStats.append(stl, | Combines the both statistics
st2) values by producing another
one

Here it is important to note that the SamplingStats.emptyInts and
SamplingStats.emptyFloats instances return different and even incom-
patible statistitics values, which cannot be combined together with help of
the SamplingStats.append function.

The statistics can be displayed on some Result Chart elements such
as Deviation Chart, but we can also request the statistics for some its
properties, which can be either displayed or used within simulation.
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Table 5.36: Properties of the Statistics based upon Ob-

servations
SamplingStats.count(st) Returns the total number of
samples
SamplingStats.min(st) Returns the minimum
value among the samples
SamplingStats.max(st) Returns the maximum
value among the samples
SamplingStats.mean(st) Returns the average value
SamplingStats.mean2(st) Returns the average square
value
SamplingStats.variance(st) | Returns the variance
SamplingStats.deviation(st) | Returns the standard devi-
ation

5.21.2 Statistics for Time Persistent Variables

The second statistics type is very similar, but only now it allows collecting
samples bound to time points. The corresponding random variable is
sometimes called time persistent[2]. For instance, the queue length is an
example of such a time persistent variable.

Table 5.37: Constructing Statistics for Time Persistent
Variables

TimingStats.emptyInts Returns an empty time persis-
tent statistics for integer num-
bers

TimingStats.emptyFloats| Returns an empty time persis-
tent statistics for floating point

numbers
TimingStats.add(t, v, Adds the specified sample v to
st) statistics st at time t by produc-

ing another statistics instance

The statistics can be displayed on some Result Chart elements such
as Deviation Chart, but we can also request the statistics for some its
properties, which can be either displayed or used within simulation.
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Table 5.38: Properties of the Statistics for Time Persis-
tent Variables

TimingStats.count(st) Returns the total number of
samples
TimingStats.min(st) Returns the minimum value
among the samples
TimingStats.max(st) Returns the maximum value
among the samples
TimingStats.last(st) Returns the recent value
among the samples
TimingStats.minTime(st) Returns the simulation time at
which the minimum was at-
tained
TimingStats.maxTime(st) Returns the simulation time at
which the maximum was at-
tained
TimingStats.startTime(st) | Returns the start time of sam-
pling
TimingStats.lastTime(st) | Returns the last time of sam-
pling
TimingStats.sum(st) Returns the weighted sum of
values
TimingStats.sum2(st) Returns the weighted sum of
square values
TimingStats.mean(st) Returns the average value
TimingStats.mean2(st) Returns the average square
value
TimingStats.variance(st) | Returns the variance
TimingStats.deviation(st) | Returns the standard devia-
tion

5.22 Mutable Reference

Mutable references are an important part of discrete event simulation mod-
els. In VisualAivika we can use references to store the values of the follow-
ing types: integer numbers, floating point numbers, statistics based upon
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observations and statistics for time persistent variables. Once the reference
gets its initial value, the reference data type cannot be changed. All the
next values must have the same data type.

Table 5.39: Mutable Reference Operations

Ref.create(v) | Creates a new mutable reference by the
specified initial value

ref(r) Returns the reference value
Ref.changed(r) | Returns the signal that is triggered each
time the reference is assigned to a value

Regarding the last function, it is worth noting that the corresponding
signal will trigger events with attribute Value, which will be assigned to
the current reference value.

We can update the reference value within block computations by using
the following syntax.

Table 5.40: Mutable Reference Update

Block.assign(ref(r) <- v) Returns a block that as-
signs the specified refer-
encer to value v, when pro-
cessing the transact

The mutable references are useful for storing the statistics. For example,
we can put the start time of processing the transact in some transact’s
attribute. Then we define the actual processing time and add it to the
statistics stored in the mutable reference.

Example

Tatym = Ref.create(SamplingStats.emptyFloats);

S1 = Block.assign(transact.ArrivalTime <- time) >>> S2;

S13 = Block.assign(ref(Tatym) <-
SamplingStats.add(time - transact.ArrivalTime,
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ref(Tatym))) >>> S14;

S14 = Block.terminate;

5.22.1 Efficient Testing of Conditional Expressions

Sometimes we need to test the conditional expression in the loop until the
condition is satisfied. We can do this efficiently with help of references and
signals.

Let us assume that we have two references R1 and R2. We have to
proceed with the transact processing only when the sum of reference values
becomes greater than 5.

The solution is as follows.

Example

R1
R2

Ref.create(®);
Ref.create(0);

S = Signal.merge(Ref.changed(R1), Ref.changed(R2));

Bl = Block.select(if ref(R1) + ref(R2) > 5 then N1 else B2);
B2 = Block.await(S) >>> B3;

B3 = Block.transfer(B1);

N1 = Block.terminate;

Initially, we test the condition in block computation B1. If the conidition
is satisfied then we exit from the loop.

Signal S is triggered each time the sum may change. If the condition
was false then we await the signal. Here the computer does not consume
the processor time! It namely waits for the moment at which one of the
reference values will change.

After the signal is triggered, we repeat the loop by using a level of
indirection in B3 to resolve the cyclic dependency.

N1 just denotes the exit from the loop. It could be an arbitrary block
chain computation.
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5.22.2 Features of the Modeling Time

There are subtle things related to that how the modeling time is treated in
differential equations and discrete event simulation.

Let us assume that we have reference R, which we want to observe in
variable X.

Example

R
X

Ref.create(0);
ref(R);

The point is that the X variable is updated only in the integration time
points. Actually, the variable R will never change exactly in such integra-
tion time points, but we will take its snapshot to update X.

When plotting the charts, we will see namely the variable snapshots in
the integration time points.

Another important feature is related to the fact that the event queue
uses an unstable sorting of events. It literally means that if two events
have the same priority and the same activation time then the order of
activating these two events is generally unpredictable. It was made for
efficient sorting of events. If the priority or activation time differ then the
order of activating the events is precisely predictable, though.

5.23 Conveyor Functions

The conveyorislike an integral, but the former uses intensity values instead
of derivatives. Also the conveyor emulates the very process of input data
transition with help of the internal list, where the data are transferred. But
in the rest, the conveyor is similar to the integral. The inflows are like the
derivatives. The conveyor value is like the integral sum.

At present, the conveyor is available only in the Equation Compiler
version of VisualAivika.

Table 5.41: Conveyor Constructors

conveyor(i, tt) Returns a discrete conveyor with
input i that has transit time tt
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conveyor(i, tt, d) Returns a discrete conveyor with
input i that has transit time tt.
Argument d defines a decay rate
conveyor(i, tt, d, <) Returns a discrete conveyor with
input i that has transit time tt.
Argument d defines a decay rate.
The conveyor has capacity c
conveyor(i, tt, d, c, Returns a discrete conveyor with
iv) input i that has transit time tt.
Argument d defines a decay rate.
The conveyor has capacity c.
Argument iv defines the initial
value

After the conveyor is defined, we can request for its value. Also we can
request for some its properties, which are flows. Each output flow returns
the intensity value. It is similar to the derivative’s value too.

Table 5.42: Conveyor Properties

outflow(s) Returns an outflow for conveyor
s

overflow(s) Returns an overflow for con-
veyor s

leakflow(s) Returns a leakage flow for con-
veyor s

It is often easier to create conveyors with help of the Stock and Flow
Maps by using the diagram editor. But the editor itself uses namely these
mentioned functions under the hood.

The conveyors can be put in the arrays.

If we define the transit time then we define how the input data becomes
the outflow. If we define the capacity then there can be an overflow, when
the internal volume exceeds the specified capacity value. If we define the
non-zero decay rate then we actually define the leakage flow. All flows
return the intensity values, which are similar to the derivatives by their
nature.
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5.24 Strings

String literals must be quoted like this:

Example
FileNamel = "/home/david/file-1.csv";
FileName2 = "/home/david/file-\"1 2 3\".csv";

The strings can be useful if we are going to pass the file names in
parameters to external modules, for example.

5.25 Nested Modules

The model can contain modules that can be nested. Each module defines
its own name space for variables.

VisualAivika uses modules to keep variables from the same diagram in
a separate module.

Example

// the global variable
A=1;

module M1 {

// variable M1.B
B=A+1;

module M2 {

// variable M1.M2.C
C=2*B;

// use the qualified name to M1.B
D =C - M1.B;



Chapter 6
Displaying Results

The Result Chart element from the diagram toolbar allows you to see the
simulations results in a preferred way. Figure|6.1{shows the corresponding
element on the toolbar. Then the result output view can be a chart, or
table with CSV data, or something else. The element specifies exactly how
the results will be represented on its view. The diagram can contain an
arbitrary number of chart elements.

Financial Model_Sensitivity

File Edit View Simulation Help
A DEEN D ®0 Qe &

Graphs

P A &

Figure 6.1: The Result Chart element on the diagram toolbar.

B o=

6.1 Deviation Chart

The Deviation Chart view is the most universal view, which is applicable
both to single and multiple runs. If the run is single, then the Deviation

89



90 CHAPTER 6. DISPLAYING RESULTS

Chart becomes similar to the Time Series chart as described in section 6.3l
But if the Monte-Carlo simulation experiment is used, then the Deviation
Chart shows the trend and confidence intervals by the 3-sigma rule.

Figure (6.2 illustrates how we can select the corresponding Deviation
Chart view on the Chart editor. This editor is opened right after you select
any Result Chart element on the diagram. Here you should define the
Result Type field value equal to Deviation Chart and then click on the Apply
button, which is not shown on the figure.

Graph Editor

Chart

Result Typell peviation Chart ~

Title

Cash Flow

Available Selected

gross_income Model.net_cash_flow

. Model.npv_cash_flow
interest_payments

interest_rate
losses

>
net_cash_flow
net_income
new_investment
npv_cash_flow

npv_income

OK  Cancel

Figure 6.2: Selecting the Deviation Chart view.

Figure[6.3]shows how the deviation chart can look on the diagram after
the simulation is finished.

The Deviation Chart view can show the statistics values too. For ex-
ample, it can show the queue wait time or facility content statistics. Here
we suppose that the statistics values are distributed equally for different
simulation runs, but these runs are independent from each other.
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Cash Flow

1000

0

-1000

-2000

— Finance.net_cash_flow
— Finance.npv_cash_flow

Figure 6.3: The Deviation Chart example.

6.2 Extremum Chart

The Extremum Chart is very similar to the Deviation Chart. Only it shows
the trend, minimum and maximum values.

There is a difference if the statistics or ordinary variable is displayed.
The statistics variable always shows historical minimum and maximum
values, while the extrema for ordinary variable are calculated only in the
current integration time point for all the simulation runs, when using the
Monte-Carlo method.

Like shown in figure to dislay the Extremum Chart, now it is
necessary to select the Result Type field equal to Extremum Chart.

Figure[6.4)shows how the Extremum Chart can look on the diagram for
multiple simulation runs.
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Queue Length Extrema

20000 40000 60000 80000 100000

— Graphs.Queue_Length
— Graphs.Queue_Length_Stats

Figure 6.4: The Extremum Chart example.

6.3 Time Series

The Time Series chart displays the ordinary chart, where the series depend
on the modeling time. If the Monte-Carlo method is used, then the corre-
sponding number of charts will be plotted, by one for each run. Hence,
please use the Time Series chart only for single run, or for the Monte-Carlo
method with a small number of runs!

Like shown in figure [6.2} to dislay the Time Series chart, now it is
necessary to select the Result Type field equal to Time Series, which is selected
by default.

Figure[6.5shows how the Time Series chart can look on the diagram for
a single simulation run.
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Chemical Reaction

— Diagram_1.4
— Diagram_1.B
— Diagram_1.C

Figure 6.5: The Time Series example.

6.4 XY Chart

The XY Chart is similar to the Time Series chart described in the previous
section Only the first selected series becomes the X coordinate for the
chart. As before, if the Monte-Carlo method is used, then the correspond-
ing number of charts will be plotted, by one for each run. Hence, please
use the XY Chart view only for single run, or for the Monte-Carlo method
with a small number of runs!

Like shown in figure 6.2} to dislay the XY chart, now it is necessary to
select the Result Type field equal to XY Chart.

Figure|6.6/shows how the XY Chart can look on the diagram for a single
simulation run.
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Chemical Reaction

50

Diagram_1.4

— Diagram_1.B
— Diagram_1.C

Figure 6.6: The XY Chart example.

6.5 CSV Table

The CSV Table view is destined for exporting CSV data to other applica-
tions, or saving the data in the file. A text block component is displayed,
from which you can copy the corresponding CSV data. If the Monte-Carlo
method is used, then the corresponding number of components will be
created, by one for each run. Hence, please use the CSV Table view only
for single run, or for the Monte-Carlo method with a small number of runs!

Like shown in figure 6.2} to dislay the CSV table, it is necessary to select
the Result Type field equal to Table.

Figure|6.7|shows how the CSV Table can look on the diagram.
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Chemical Reaction

Browse the CSV data

time;Diagram_1.A;Diagram_1.B;Diagram_1.C

0:100:0:0
U,UES;E—J?,SEUE—EIETIE’I093?5;2,4EBE?4?395833335:U,DEQ?340&94?916654
0,05:9512294248587967:4,756147043923061:0,120910490197 26118
0,07500000000000001:92 77434865508224:6,058076033081796:0,267
0,1:90,48374183367055:9,048374032367139:0, 4678841339623056
0,125:88,24969029512461;11,031211102800831:0,7190985020744861
0,15000000000000002;86,07079768541755;12,910619437359285:1,018!
0,17500000000000002:83,94570212574838:14 690497626849885:1,36:
0,2;81,87307536222343,16,374614799183934;1,752309838592634
0,225;79,85162193565436;17 966614635694075;2 1817634 286515553
0,25;77,8800783718541,19,47001926804644 3.2 649902 3600994525
0,275;7585721239192426;20,888233059194835:3,15455454 8880901
0,30000000000000004:74,08182214204078:22 224546271727405:3,69
0,325:72,25273544225614;23,482138626861627:4,265125930882224
0,35000000000000003;70,46880905384876;24,66408275725108:4 86,
0,375:68,72892796476157,25,77334755667811;5,497 724478560319
0,4:67 03200469268317:26,81280142961931;6,155193877697517
0.42500000000000004:65.37697860533603:27 785215443586143:6.8-

Figure 6.7: The CSV Table example.

6.6 Last Values

The view of Last Values is destined for displaying the series values at the
final time point of simulation. If the Monte-Carlo method is used, then
the corresponding number of components will be created, by one for each
run. Hence, please use the Last Values only for single run, or for the
Monte-Carlo method with a small number of runs!

Like shown in figure to dislay the Last Values, it is necessary to
select the Result Type field equal to Last Values.

Figure 6.8/ shows how the corresponding element can look on the dia-
gram.

When displaying the statistics summary, this element shows also the
minimal and maximal values as well as the average and deviation. More-
over, the element is able to display all the properties together for the queue,
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Chemical Reaction
Diagram_1.A = 0,004539993127146832
Diagram_1.B = 0,0453999305138309%
Diagram_1.C = 98 8500600763591

Figure 6.8: The example of representing the Last Values.

facility and storage.

6.7 Last Value Histogram

The Last Value Histogram view is destined for plotting the histogram
by series values at the final modeling time, when using the Monte-Carlo
method with multiple runs.
Like shown in figure to dislay the Last Value Histogram, it is
necessary to select the Result Type field equal to Last Value Histogram.
Figure 6.9/ shows how the corresponding element can look on the dia-
gram.

6.8 Last Value CSV Table

When applying the Monte-Carlo method, the Last Value CSV Table view
collects data at final time points, and it is destined for exporting the data to
other applications, or saving the data in the file. A text block component
is displayed, from which you can copy the corresponding CSV data.

Like shown in figure to dislay the Last Value CSV Table, it is
necessary to select the Result Type field equal to Last Value Table.

Figure shows how the corresponding element can look on the
diagram.
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Untitled

800
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D_'_I _--III||III.-_

200

4960 4980 soo0 s020 S040

B Line_Queue.CaptureCount

Figure 6.9: The Last Value Histogram example.

6.9 Last Value Statistics Summary

When applying the Monte-Carlo method, the Last Value Statistics Sum-
mary view collects data at final time points and presents the results on the
corresponding component.

Like shown in figure to dislay the Last Value Statistics Summary, it
is necessary to select the Result Type field equal to Last Value Statistics.

Figure shows how the corresponding element can look on the
diagram.

There is one subtle thing related to displaying the count parameter
for the time persistent statistics. Before displaying the time persistent
statistics, the latter is transformed to a similar representation based upon
observations, where the count parameter becomes to show a completely
different value, while the rest parameters remain correct. Such a trans-
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Untitled

Browse the C5V data

Run;Line_Queue.CaptureCount
0:4994
1,5000
2,5002
35006
4:4985
;5008
6;4991
7,59013
g;4998
89,4989
10;4985
11,4996
12;4999
13:4997
14,5000
15,5018
16:4897

Figure 6.10: The Last Value CSV Table example.

formed statistics is called normalized in VisualAivika. So, this element does
not show the count parameter for the time persistent statistics. In other
cases, the count parameter is what it is meant to be.

For example, the mentioned figure[6.1T|displays two statistics summary
objects. The first one is an ordinary observation-based sampling statistics.
The second block corresponds to the transformed version of the time per-
sistent statistics, where the count parameter is a result of normalization.

Here it is important to note that Bessel’s correction is not applied to the
normalized version of the statistics.
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Graphs.Queue_Length
mean

deviation

Minimum

maxirmum

count

Graphs.Queue_Length_Stats
mean

deviation

Minimum

maximurm

count

is the statistics normalised?

Untitled

0,16899999999999986
0,3749394345485408
0

1

1000

0187868068267331
0,4122502542915388
0

3

100000

true

Figure 6.11: The Last Value Statistics Summary example.
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Chapter 7

Stocks and Flows

Stocks and flows are in the very heart of System Dynamics. They are
related to ordinary differential equations, but they can actually represent
more entities than just integrals. The stock can be an integral or conveyor,
where the latter is similar to the integral somewhere. The flows can be
derivative values for integrals. If we use the conveyor then the flows
represent already the corresponding intensity values that also show how
the conveyor value changes in the modeling time.

Thus, the stock is some abstraction for some sum of items. The flow is
an abstraction for that how the sum changes.

7.1 Integral Stock

The integrals can actually be created with help of the integ function.
Nevertheless, the integral can be represented on the diagram with help
of the Stock element too, where its derivative values become the Flow
elements. The bidirectional flow value can have any sign, while the unidi-
rectional flow value is always non-negative. The positive inflow increases
the derivative value, while the positive outflow decreases. If the sign of
the flow is negative then the effect is opposite.

The diagram visually illustrates whether the derivative value repre-
sents the inflow or outflow. Also it shows whether the flow value is
unidirectional. The corresponding Flow element shows the direction. If
the direction comes to the Stock element then this is the inflow. If the
direction comes from the Stock element then this is the outflow. The bidi-
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rectional flow has two arrows on its ends, while the unidirectional flow
has one arrow only. Anyway, you always can look at the Equations tab to
check that the diagram is correct.

Here we return to the model from chapter 2] The corresponding dia-
gram is shown in figure

Model 1 - VisualAivika

File Edit View Simulation Window Help
J i >

DB o6 ® =]

Maodel Stock Array terg T

~ Model_1 “ Om&rE& W AR
~ Stock

Cash
Interest_Hate Exponential Grd
Net_Interest Net Interest —

~  Stock_Array b
10000

Cash m—

Interest_Rate ]
O
N 1

Interest i
Net_Interest Rate 1

~ Intergal_Array 0 10 20

Cash

— Stock Cash

Interest_Rate

N Diagram

Figure 7.1: The integral stock on the diagram.

We can see that the Net Interest variable denotes the unidirectional
inflow for stock Cash. The latter is actually an integral as we can see in the
corresponding equations.

Example
module Stock {

Cash = integ (Net_Interest, 1000);
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Interest_Rate = 0.07;
Net_Interest = max (0, Cash * Interest_Rate);

} // Stock

7.2 Integral Array

To create an array of integrals, we could actually rewrite our equations so
that the integrals would be represented as the Auxiliary element instead
of Stock. The general array syntax is quite flexible. We can use this syntax
to define the integral array.

Figure|7.2|illustrates the corresponding diagram.

Model 1 - VisualAivika

File Edit View Simulation Window Help
R Eoen ® =
Model t tock Array Intergal Array

~ Model_1 “ Om&r® W AR

~  Stock

Cash )
Exponential Gro
Interest_Rate Net Interest Cash

Net_Interest j? 30000 ‘i
| - | p

~  Stock_Array \ — | ]
/ 20000 J

Cash [ ]
10000

Interest_Rate ]
Interest - ]

N Rate I B e B e s B |

Met_Interest

~  Intergal_Array = Intergal_Array.Cash[1]
— Intergal_Array.Cash[2]
Cash — Intergal_Array.Cash[3]

Interest_Rate

N Diagram

Figure 7.2: The integral array represented with help of the Auxiliary ele-
ment on the diagram.
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The corresponding equations can be as follows. They use the general
and rather flexible array syntax.

Example
module Intergal_Array {

Cash = [ integ(Net_Interest[i], 1000) | i <- 1..N ];

Interest_Rate = [ 0.07 + i * 0.01 | i <- 1..N J;

N = 3;

Net_Interest = [ max(0®, Cash[i] * Interest_Rate[i]) | i <- 1..N 1;

} // Intergal_Array

It is worth noting that the subscript index can have different names
in these equations. For example, we could use letter j instead of letter i
somewhere. Also we could define one of the ranges as (2-1)..(N-1+1)
and so on.

The point is that the written form is quite flexible. The equations must
not be similar to each other. Only the array dimension must match.

7.3 Integral Stock Array

The integral stock array is already a different beast. The array syntax is not
already such flexible. The array subscript must be identical and the array
ranges must be very simple.

The same integral array is shown in figure Only now the integral
is defined with help of the Stock element.

The equations are similar, but they use a special artificial syntax, which
can resemble of array operations in Matlab, Octave and NumPy. The
Auxiliary element currently does not support this syntax, butit can change
in the future.

The corresponding equations are provided below.

Example
module Stock_Array {

Cash = integ (Net_Interest, [ 1000 | i <- 1..N 1);
Interest_Rate = [ 0.07 + 1 * .01 | i <- 1..N ];
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Model 1 - VisualAivika

File Edit View Simulation Window Help
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Figure 7.3: The integral stock array on the diagram.

N = 3;
Net_Interest = max (0, [ Cash[i] * Interest_Rate[i] | 1 <- 1..N 1);

} // Stock_Array

These equations define the same maths, but their form is quite different.
Note how the array subscript is identical in all the array equations. Also
the array range consists of integers and variables only.

Regarding the Equation Editor, the corresponding equations must con-
tain the arrays. For example, figure[7.4 shows how the stock initial value
can be defined. The initial value is an array as well as the basic flow value
is an array too. This is the point.
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Equation Editor: Stock_Array.Cash

Equation

init (Cash) = init {...)

[1000]i¢e1.N]

Figure 7.4: The integral stock array initial value.

7.4 Conveyor Stock

Like integrals the conveyors can be defined with help of the corresponding
conveyor function, when using the Auxiliary element. But there is a more
simple to use and intuitive way, when the conveyor and its flows can be
defined with help of the Stock and Flow elements on the diagram.

The following figure [7.5 shows the diagram for a simple model with
one conveyor stock, two inflows and three outflows. The outflows are
actually specialized, which we will speak soon about.

Currently, the conveyor stock looks like the integral stock on the dia-
gram. Although they are indeed similar, the visual look may change in
the future. The both integral and conveyor are accumulators, where their
flows show how fast the accumulator value changes in the modeling time.

Before we consider the Stock and Flow elements in detail, it is worth
providing the corresponding equations.

Example

module Conveyor {
conveyor A {

inflow of Inflow_1, Inflow_2;
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@ #  Simple Conveyor [fhome/david/projects/VisualAivikaiVis.. /modelsfvl 1/SimpleConveyorArray.aivika] - VisualAivika
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Figure 7.5: The conveyor stock on the diagram.

outflow of Outflow_A;
overflow of Overflow_A;
leakflow of Leak_A;
init = 0;

}
Capacity_A = 50;
Inflow_1 = if (time >= 0-dt/2) and (time <= 2+dt/2) then 25 else 0;

Inflow_2 if (time >= 1-dt/2) and (time <= 3+dt/2) then 20 else 0;
Inflow_A Inflow_1 + Inflow_2;

leakflow Leak_A from A {
decay_rate = 0.05;
}
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outflow Outflow_A from A {
transit_time = 3;

}

overflow Overflow_A from A {
capacity = Capacity_A;
}

} // Conveyor

Here the stock and flow equations are declarative. They say what
they define. Then these equations are translated into the corresponding
functions from section 5.23]

The conveyor stock defines its initial value and the corresponding flows.
The outflow defines the transit time that affects how long the input data
are contained in the internal queue of the conveyor. The conveyor may
leak and its leakflow defines the corresponding rate. The overflow can
occur, when the conveyor has a finite capacity. Therefore, the overflow
parameter is the capacity value.

For example, figure illustrates that we can define the conveyor
capacity, when editing the overflow equation.

Equation Editor: Conveyor.Overflow_A

Equation
Flow Direction: Specialty:
capacity = ...
Capacity_A

Figure 7.6: The conveyor stock capacity.

Regarding the equations themselves, we create the inflow, when the
overflow occurrs after modeling time value 1.25. Also we can see in figure
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that the outflow has a delay exactly as we specified in the equations.
The leakage flow is small enough. Some portions of the input data are
gone via the overflow, because of which the outflow form differs from the
form of input data.

Conveyor and its Flows

4IZI—: \
20 \
] "‘\. —
I:I T T - T I T ‘ll L I T T T I T T T I T T T I
2 4 6 8 10

— Conveyor.Inflow_aA

— Conveyord

= Conveyor.Overflow_A
Conveyor.Leak_A
Cornveyor.Outflow_A

Figure 7.7: The conveyor and its flow values.

It is important to note that the form of the conveyor and its flow values
on the chart is stable enough relative to small changes of the integration
time step parameter dt. It is related to the fact that the flows are intensity
values like derivatives for the integral.

7.5 Conveyor Stock Array

As before, we could define the conveyor arrays with help of the array
syntax and built-in conveyor function. But here we extend the previous
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model so that the Stock element would denote already the array of con-
veyors. The diagram remains absolutely the same as it was illustrated in
figure We change the equations only. Instead of scalar values, we
define arrays in the Equation Editor for the corresponding parameters.

Example
module Conveyor_Array {
conveyor A {

inflow of Inflow_1, Inflow_2;
outflow of Outflow_A;
overflow of Overflow_A;
leakflow of Leak_A;
init=[0 | 1 <-1..3 1;

}

Capacity_ A = [ 50 + 3*(1 - 1) | i <-1..317;

Inflow_1 =
[ if (time >= 0-dt/2) and (time <= 2+dt/2) then 25 else 0 | i <- 1..3 1;

Inflow_2 =
[ if (time >= 1-dt/2) and (time <= 3+dt/2) then 20 else ® | i <- 1..3 J;

Inflow_A = [ Inflow_1[i] + Inflow_2[i] | i <- 1..3 ];

leakflow Leak_A from A {
decay_rate = [ 0.05 | i <- 1..3 ];
}

outflow Outflow_A from A {
transit_time = [ 3 | 1 <- 1..3 1;

}
overflow Overflow_A from A {

capacity = [ Capacity_A[i] | 1 <- 1..3 ];
}

} // Conveyor_Array

Here we changed the capacity values only. As a result, the conveyor
values have changed accordingly as shown in figure
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Conveyor Values

40

20

= Conveyor_Array.Al1]
— Conveyor_Array.Al2]
— Corveyor_Array.A[3]

Figure 7.8: The conveyor array values.
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Chapter 8

Partial Simulation

The partial simulation is useful if we are going to build a complex simula-
tion model from small parts and step by step. We can define a small part
of the whole model, and only that part will be simulated and tested for
correctness.

To define a new sub-model, we have to specify it and then select from
the main menu as shown in figure

Here the Entire Model menu item says that the whole model will be
considered for simulating. This is the default mode. But if we select the
sub-model then only that part is considered.

The corresponding equations are colored in light gray if they are not
used. Nevertheless, if the equation is still required, but it is not included
yet in the specified sub-model, then the initial value of the corresponding
variable is used only. The color of such an equation is just gray.

It works due to the fact that large parts of the model can be cut if we
use only the initial values for some variables. Moreover, some variables
can be even undefined.

Regarding the Sub-Model Editor itself, it is shown in figure
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Figure 8.1: The Partial Simulation menu.
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Sub-Model Editor
Sub-Models: Sub-Model Parameters
Sub_Medel_1 Down |Name:
Up
Definition:
Remove
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~ [ model

C] Accounts_Receivable

Add
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Figure 8.2: The Sub-Model Editor for partial simulation.
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Chapter 9

Exporting .NET Applications

The Equation Compiler version of VisualAivika allows you to export your
simulation models as .NET applications. Such exported applications will
depend on the programming library code, which is available in the source
form under the corresponding licences. It means that the exported appli-
cations can be built and run without VisualAivika itself. VisualAivika can
be used for modeling and exporting only.

This feature is especially useful if you are going to extend your simula-
tion models with help of arbitrary .NET code, which can be involved in the
simulation. Please refer to the corresponding chapter 10| for more detail.

To export the simulation model as the .NET application, please select
menu Simulation / Export As .NET Application. Then select the directory,
which VisualAivika will save the application in. VisualAivika can ask you
to save the model before it, if required.

The resulting .NET application will be exported in the simplest form,
when it can dump the results in the final time point. But the code itself is
general enough. It can be adapted for different purposes. Please read the
manual IronAivika: Simulation Library for NET for more detail.

To run the test application, you should switch to the corresponding
directory, where the application was exported to. Then you can enter in
the consolel'}

$ dotnet build
$ dotnet run

It works if you will see something similar to

'The prompt sign will be different on Windows.
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// time
t =10

Diagram_1.A = 220,19641241130046
Here it shows the final value for some variable Diagram_1.A. You can

see another output for your own simulation model.
This is plasticine, from which you can sculpt any figure.



Chapter 10

External Modules

VisualAivika allows you to extend your simulation models by calling arbi-
trary NET programming code within simulation. This is especially useful
if you are going to export your simulation models as .NET applications,
which was described in chapter 9]

To develop and use external modules, please read the manual Visu-
alAivika Manual: Creating External Modules.

Example

F =
[<assembly("1lib/DelayBlockFunction.dl1l")>]
[<class(VisualAivika.Demo.DelayBlockFunction)>]
extern fun (A: Block): Block;

Y1 = F(Block.advance(1®) >>> Block.terminate);

Here the DelayBlockFunction class type can be defined in F# or C#. It
must be located in the DelayBlockFunction.dll assembly.

The external modules can define functions and modules. The latter ones
can have multiple input and output parameters. The function provided in
the example is just a particular case for the module.
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Appendix A

Facility Implementation Details

These sections are provided as a reference material for more deep under-
standing of that how the model is simulated.

A.1 Facility Preemption

Below is described the logic behind the Block.preempt computation.

The optional parameter priorityMode specifies whether the Priority or
Interrupt mode (default) is used. The transfer parameter can define a
block chain, where the preempted transact is passed to in case of preemp-
tion. The removalMode parameter specifies, whether the Remove mode is
used (not used by default).

Conceptually, the Block.preempt computation tries to mimic the be-
haviour of the PREEMPT block from the GPSS modelling language, although
the implementation in VisualAivika is based on completely different prin-
ciples that have roots in functional programming.

The facility may have one owner only, i.e. a transact that owns the
facility, or the facility has no owner at all. Moreover, the facility has three
queues: Delay chain, Interrupt chain and Pending chain. The Delay chain
and Pending chain tend to be similar to FIFO, while the Interrupt chain is
close to LIFO, but these queues use the priorities. The FIFO queues store
the corresponding transact computations along with transacts themselves.

The algorithm applied by the Block. preempt computation is as follows.

1. If the facility had no owner then the current transact becomes the
owner, but as the owner which is marked as non-interrupting.
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2. Otherwise, if the priorityMode parameter is false (default) and the

current owner is interrupting then the current transact is marked as
interrupting and with its computation is added to the Pending chain
of the facility with the transact priority.

. Otherwise, if the priorityMode parameter is true and the transact

priority is lower (less) than the owner’s priority, then the current
transact is marked as interrupting and with its computation is added
to the Delay chain of the facility with the transact priority.

Otherwise, if the removalMode parameter is false (default) then the
current transact displaces the owner. The current transact is marked
as interrupting. The previous owner is preempted and added to the
Interrupt chain with its priority.

Next time, when the previous owner will return from the Interrupt
chain and if the transfer parameter is not specified (default) then
that transact will capture the facility again and proceed with its exe-
cution from the block, where it was preempted.

Otherwise, if the transfer parameter specifies a block chain, then
the returned owner will be transferred to the corresponding block
chain, where the specified transact attribute will assign to the time
interval remained to hold the transact, starting from time at which
the previous owner was preempted.

. If other cases fail, and hence removallMode is specified explicitly as

true, then the current transact becomes a new owner and it is marked
as interrupting. The previous owner is preempted and transferred
to the block chain returned by the specified transfer parameter,
which must define a block chain computation. The time remained
to hold the previous owner is passed through the corresponding
transact attribute. Now this transfer parameter is obligatory. No
Interrupt chain is used. The previous owner is removed at the current
modelling time.

A.2 Facility Seizing

The algorithm for the Block. seize computation is as follows.
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1. If the facility has another owner already, then the transact computa-
tion is blocked until that other owner releases or returns the facility.
In such a case, the current transact is marked as non-interrupting and
with its computation is added to the Delay chain of the facility with
the transact priority.

2. Otherwise, if the facility had no owner then the current transact
becomes the owner of the facility. This owner is marked as non-
interrupting and the transact proceeds with its execution.

A.3 Facility Release

The Block.release computation must match the Block.seize computa-
tion. In the rest, the releasing compution is similar to the facility return
procedure described next.

A.4 Facility Return

The Block.return computation must match Block.preempt. In the rest,
the facility releasing and returning computions have a similar behaviour.

The current transact must be the facility owner. The algorithm of se-
lecting another owner is as follows.

1. If the Pending chain of the facility is not empty and the top transact
computation is not cancelled then the corresponding transact is re-
moved from the queue and it becomes the owner. The Pending chain
is close to FIFO but uses priorities.

If the top computation was cancelled then the transact is also removed
from the queue, but the algorithm is repeated from start again.

2. Otherwise, if the Interrupt chain of the facility is not empty and
the top transact has a computation which is not cancelled, then the
corresponding transact is removed from the queue and it is selected
as a new owner.

Now if the transact was interrupted together with the transfer pa-
rameter then this parameter is used to transfer the transact compu-
tation to the corresponding block chain returned by the transfer
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parameter. The previous computation is cancelled and a new one
is created instead, which is already started with the specified block
chain. The Interrupt chain is close to LIFO but uses priorities.

If the transfer parameter was not specified then the transact pro-
ceeds with its execution from the computation at which the transact
was preempted.

If the top computation was cancelled then the transact is also removed
from the queue, but the algorithm is repeated from start again.

. Otherwise, if the Delay chain of the facility is non-empty and the

top transact computation is not cancelled then the corresponding
transact is removed from the queue and it becomes the owner. The
Delay chain is close to FIFO but uses priorities.

If the top computation was cancelled then the transact is also removed
from the queue, but the algorithm is repeated from start again.

. If all other cases fail then all three queues are empty and hence the

facility has no owner.
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