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Events and Event Actions

1-2

In a discrete-event simulation, an event is an observation of an instantaneous incident
that may change a state variable, an output, and/or the occurrence of other events. You
can create event actions to occur when entities change state, for example, when an entity
exits a block. For a list of blocks and the actions they can have, see “Storage Actions”.

An event calendar tracks upcoming events for a model during a discrete-event simulation.
For more information on the event calendar, see “Event Calendar” on page 6-2.

The event actions assistant helps you create repeated sequence of event actions or
random event actions according to a statistical distribution. For more information on the
event actions assistant, see “Event Actions Assistant for Events”.

Create Event Actions

Define event actions on the Event actions tab of a block. These are the possible actions
for which you can create events.

Entity Entity Entity Entity Resource Entity Batch
Generator Queue Server Terminator |Acquirer Creator
Entity Entity entry |Entity entry |Entity entry |Entity entry |Entity entry
generation to queue to server to terminator |to acquirer |to batch block
block block block block
Entity exit Entity exit Service N/A Entity exit Entity batch
from block from block completion of from acquirer |generation
entity block
N/A Entity is Entity exit N/A Entity is Entity exit
blocked from block blocked from block
N/A N/A Entity is N/A N/A Entity is
blocked blocked
N/A N/A Entity is N/A N/A N/A
preempted

In event actions, you can also modify entity attributes (entityName.attributeName), entity
priorities (sys.entity.priority), and entity IDs (sys.entity.id). However, you
cannot change these entity attributes or its system properties (entitySys) for exit
actions in any block. Attempting to change these values causes an error at simulation.




Events and Event Actions

The seExampleTankFilling example has two event actions defined, in the Entity
Generator and Entity Server blocks. This example recreates the event action in the Entity
Server block.

1

In a new model, from the SimEvents library, drag the Entity Server and Simulink
Function blocks.

In the Entity Server block:

Click the Entity actions tab.
To create an action on entity entry, click Entry.
In the Entry action section, type:

startFilling(entity.Capacity);
This command calls the function, startFilling.

The ingoing line to the Entity Server block icon updates with the event action icon
({...}) indicating that the block defines an event action.

2O

Fill This Tank

In the Simulink Function block:

- 0 Qo 0N T 9

In Trigger Port, enter startFilling in the Function name parameter.
Drag in an Inport block and rename it to cap.

Rename the u input to capacity and connect it to cap.

Remove the y output.

Drag in a MATLAB Function block and an Outport block.

In the MATLAB Function, enter the code:

function y = toggle()

%#codegen
persistent u

if isempty(u)

us=-1;
end

1-3



1 Working with Entities

if u == -1
u=1;

else
u=-1;

end

y = u;

g Connect the y output of the MATLAB Function block to the Outport block and
rename the Outport block to reset.

You have now defined the startFilling function for the event action. To optionally
visualize the connection between the Entity Server block and the Simulink Function
block, in the Editor, select Display > Function Connectors.

See Also

Composite Entity Creator | Composite Entity Splitter | Discrete Event Chart | Entity Gate |
Entity Generator | Entity Input Switch | Entity Multicast | Entity Output Switch | Entity
Queue | Entity Replicator | Entity Server | Entity Terminator | MATLAB Discrete Event
System | Multicast Receive Queue | Resource Acquirer | Resource Pool | Resource
Releaser

Related Examples

. “Generate Entities When Events Occur” on page 1-12

More About

. “Entities in a SimEvents Model”

. “Role of Events in a SimEvents Model”

. “Event Action Languages and Random Number Generation” on page 1-5
. “Event Calendar” on page 6-2

1-4



Event Action Languages and Random Number Generation

Event Action Languages and Random Number
Generation

In this section...

“Guidelines for Using MATLAB as the Event Action Language” on page 1-5
“Generate Random Numbers with Event Actions” on page 1-6
“Parameters in Event Actions” on page 1-11

You can write SimEvents actions using:

MATLAB® code — Use MATLAB. For information on guidelines for using MATLAB code
as the event action language, see “Guidelines for Using MATLAB as the Event Action
Language” on page 1-5

Simulink® functions — Use the Simulink Function block. The Simulink Function block
does not accept entities as input.

Guidelines for Using MATLAB as the Event Action Language

In general, using MATLAB as the SimEvents event action language follows the same rules
as the use of MATLAB in the MATLAB Function block.

Include a type prefix for identifiers of enumerated values — The identifier
TrafficColors.Red is valid, but Red is not.

Use the MATLAB format for comments — Use % to specify comments for consistency
with MATLAB. For example, the following comment is valid:

% This is a valid comment in the style of MATLAB

Use one-based indexing for vectors and matrices — One-based indexing is consistent
with MATLAB syntax.

Use parentheses instead of brackets to index into vectors and matrices — This
statement is valid:

a(2,5) = 0;
This statement is not valid:

al2][5] = 0;

1-5



1 Working with Entities

» Persistent variable guidelines:

* Manage states that are not part of the entity structure using MATLAB persistent

variables.

* Persistent variables defined in any event action of a block are scoped to only that

action.

* Block can share persistent variables across all of its event action by managing it in

a MATLAB function on path (that is invoked from its event actions).

+ Two different blocks cannot share the same persistent variable.

* Assign an initial value to local and output data — When using MATLAB as the action

Generate Random Numbers with Event Actions

language, data read without an initial value causes an error.

Do not use parameters that are of data type cell array.

You can generate random numbers using various distributions. There are two modeling

approaches to use seeds during random number generation.

You can use persistent variables for initializing unique seeds for each block in your

model.

You can use coder.extrinsic() function to generate seeds without persistent

variables.

To generate these random distributions, use code in the Usage column of this table in
SimEvents blocks that support event actions or intergeneration time actions.

Distribution Parameters Usage Requires
Statistics and
Machine
Learning
Toolbox™
Product

Exponential Mean (m) -m * log(1l-rand) No

Uniform Minimum (m) m + (M-m) * rand No

Maximum (M)

1-6
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Distribution Parameters Usage Requires
Statistics and
Machine
Learning
Toolbox™
Product
Bernoulli Probability for binornd(1,P) Yes
output to be 1 (P)
Binomial Probability of binornd(N,P) Yes
success in a single
trial (P)
Number of trials (N)
Triangular Minimum (m) persistent pd Yes
if isempty(pd)
Maximum (M) pd = makedist('Triangular',...
'a',m,'b',mode, 'c',M)
Mode (mode) end
random(pd)
Gamma Threshold (T) gamrnd(b,a) Yes
Scale (a)
Shape (b)
Gaussian (normal) [Mean (m) m + d*randn No
Standard deviation
(d)
Geometric Probability of geornd(P) Yes
success in a single
trial (P)
Poisson Mean (m) poissrnd(m) Yes
Lognormal Threshold (T) T + lognrnd(mu,S) Yes
Mu (mu)
Sigma (S)

1-7
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Log-logistic Threshold (T) persistent pd Yes
if isempty(pd)
Scale (a) pd = makedist('Loglogistic',..
'mu',m, 'sigma’',S);
end
random(pd)
Beta Minimum (m) betarnd(a,b) Yes
Maximum (M)
Shape parameter a
(a)
Shape parameter b
(b)
Discrete uniform |Minimum (m) persistent V P No
if isempty(V)
Maximum (M) step = (M-m)/N;
V=m: step : M;
Number of values P=0:1/N: N;
(N) end
r = rand;
idx = find(r < P, 1);
V(idx)
Weibull Threshold (T) T + wblrnd(a,b) Yes
Scale (a)
Shape (b)

1-8
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Distribution Parameters Usage Requires
Statistics and
Machine
Learning
Toolbox™
Product
Value vector (V) r = rand; No
continuous S
Cumulative val = V(1);
probability function |else
E—— idx = find(r < P,1);
val = V(idx-1) + ...
(V(idx)-V(idx-1))*(r-P(idx-1))
end
Arbitrary discrete |Value vector (V) r = rand; No
idx = find(r < cumsum(P),1);
Probability vector |V (idx)
(P)

For an example, see “Model Traffic Intersections as a Queuing Network” on page 5-17.

If you need additional random number distributions, see “Statistics and Machine Learning
Toolbox”.

Random Number Distribution with Persistent Variables

To generate random numbers, initialize a unique seed for each block in your model. If you
use a statistical pattern, you can manually change the initial seed to a unique value for
each block to generate independent samples from the distributions.

To reset the initial seed value each time a simulation starts, use MATLAB code to initialize
a persistent variable in event actions, for example:

persistent init
if isempty(init)
rng(12234);
init=true;
end

Here is an example code. The value vector is assigned to FinalStop:

% Set the initial seed.
persistent init

1-9
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if isempty(init)
rng(12234);
init=true;
end
% Create random variable, x.
x=rand();

% Assign values within the appropriate range

% using the cumulative probability vector.

if x < 0.3
entity.FinalStop = 2;

elseif x >= 0.3 & x< 0.6
entity.FinalStop = 3;

elseif x >= 0.6 & x< 0.7
entity.FinalStop = 4;

elseif x >= 0.7 && x< 0.9
entity.FinalStop = 5;

else
entity.FinalStop = 6;

end

Random Number Generation with Callbacks

In some scenarios, you generate random numbers without using the persistent variables.
In this case, use coder.extrinsic() function to make sure that SimEvents is using the
function in MATLAB and a seed is defined in the base workspace of MATLAB. This may
cause performance decrease in simulation.

Consider this code as an example.

% Random number generation
coder.extrinsic('rand"');

value = 1;

value = rand();

% Pattern: Exponential distribution
mu = 0.5;

dt = -1/mu * log(1l - value);

The output of the extrinsic function is an mxArray. To convert it to a known type, a
variable val = 1 is declared to set its type to double and rand is assigned to that
variable val=rand. For information about extrinsic functions, see “Working with
mxArrays” (Simulink).

For an example, see “Model Traffic Intersections as a Queuing Network” on page 5-17.



See Also

Parameters in Event Actions

From within an event action, you can refer to these parameters:

* Mask-specific parameters you define using the Mask Editor Parameters pane.
* Any variable you define in a workspace (such as base workspace or model workspace).
* Parameters you define using the Simulink.Parameter object.

Note With SimEvents actions, you cannot:

* Modify parameters from within an event action.
* Tune parameters during simulation.
* Event actions are not supported with string entity data type.

See Also

Entity Generator | Entity Queue | Entity Replicator | Entity Server | Entity Terminator |
MATLAB Function | Multicast Receive Queue | Resource Acquirer | Simulink Function |
Simulink.Parameter

Related Examples

. “Generate Entities When Events Occur” on page 1-12
More About

. “Role of Events in a SimEvents Model”

. “Mask Editor Overview” (Simulink)
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Generate Entities When Events Occur

In this section...

“Generate Entity When First Entity is Destroyed” on page 1-12
“Generate Event-Based Entities Using Data Sets” on page 1-14

In addition to time-based entity generation, the Entity Generator block enables you to
generate entities in response to events that occur during the simulation. In event-based
generation, a new entity is generated whenever a message arrives at the input port of the
Entity Generator block.

Event times and the time intervals between pairs of successive entities are not
necessarily predictable in advance.

Generating entities when events occur is appropriate if you want the dynamics of your
model to determine when to generate entities.

Generate Entity When First Entity is Destroyed

To generate an entity when the first entity is destroyed, use two Entity Generator blocks
and a Simulink Function block. The Entity Terminator block calls the Simulink Function
after destroying the first entity.

To open the example, see Event-Based Entity Generation.
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Generate Entities When Events Occur

Entity

Entity Generatori

Scope
“=\
= FIFO
== () X
& ? Entity Queus \\‘—"/ Entity Terminator
=d Entity Server
Entity Gener stor Entity
Input Switch

T

genMext{}
Ot

sendhessage ’_‘

In this example, Entity Generatorl generates the first entity. SendMessage contains the
genNext function, which sends a message.

1

gentEt

e, 1

Congant

— | G

Mesage Send

The Entity Terminator block calls the genNext function.
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1-14

Block Parameters: Entity Terminator @
Entity Terminator

Accept and destroy entities.

Event actions Statistics

Event actions Entry action:

Called after entity has entered this block.
To access attribute use: entity.Attributel

Entry*

1 genNext [} ;|

m

Entity structure
4 entity
Attributel
4 entitySys
id
priority

4 1 F

J [ OK H Cancel H Help ] Apply

Generate Event-Based Entities Using Data Sets

For an example that uses an Excel® spreadsheet, see Generating and Initializing
Entities.

See Also

Composite Entity Creator | Composite Entity Splitter | Discrete Event Chart | Entity Gate |
Entity Generator | Entity Input Switch | Entity Multicast | Entity Output Switch | Entity
Queue | Entity Replicator | Entity Server | Entity Terminator | MATLAB Discrete Event
System | Multicast Receive Queue | Resource Acquirer | Resource Pool | Resource
Releaser



See Also

Related Examples

“Specify Intergeneration Times for Entities” on page 1-16

“Manipulate Entity Attributes” on page 1-40

“Inspect Structures of Entities” on page 1-44

“Generate Multiple Entities at Time Zero” on page 1-23

“Count Simultaneous Departures from a Server” on page 1-30

“Model Resource Allocation Using Composite Entity Creator block” on page 1-53
“Replicate Entities on Multiple Paths” on page 1-54

More About

“Entities in a SimEvents Model”
“Role of Entity Ports and Paths”
“Attribute Value Support” on page 1-61
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Specify Intergeneration Times for Entities

1-16

The intergeneration time is the time interval between successive entities that the block
generates. You can have a generation process that is:

* Periodic

* Sampled from a random distribution or time-based signal

* From custom code

For example, if the block generates entities at T = 50, T = 53, T = 60, and T = 60.1, the
corresponding intergeneration times are 3, 7, and 0.1. After each new entity departs, the

block determines the intergeneration time that represents the interval until the block
generates the next entity.

Determine Intergeneration Time

You configure the Entity Generator block by indicating criteria that it uses to determine
intergeneration times for the entities it creates. You can generate entities:

* From random distribution

* Periodically

* At arbitrary times

Use the dropdown list in the Time source parameter of the Entity Generation block to
determine intergeneration times:

* Dialog
Uses the Period parameter to periodically vary the intergeneration times.
* Signal port

Uses a signal from an external block, such as the Sine wave block, to vary the
intergeneration times.

« MATLAB action

Enables an Intergeneration time action field, in which you enter MATLAB code to
customize the intergeneration times.



Specify Intergeneration Times for Entities

Periodically Vary the Intergeneration Times

1
Terminator, and Scope blocks.
2
parameter to Dialog.
3
arrived check box.
4
o :Z- Scope
Entity Gener ator Entity Terminator
5

In a new model, from the SimEvents library, drag the Entity Generator, Entity

In the Entity Generation tab of the Entity Generator, set the Time source

In the Statistics tab of the Entity Terminator block, select the Number of entities

Connect these blocks and simulate the model. The period is 1.

4 Scope

File  Tools  Wiew

G- a® @

Ready

Sirmulation  Help

=F-|aQ-C- | F&-

T=10.000

Vary the period to 8 and simulate the model again. Observe the change in the scope.
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4] Scope EI@

File  Tools  View  Simulation  Help k!

G-la@P® 2-aQ-E- FH-

Ready T=5.000

Use a Signal to Vary the Intergeneration Times

1

In a new model, from the SimEvents library, drag the Entity Generator and Entity
Terminator blocks. From the Simulink library add the Sine Wave, and Scope blocks.

In the Entity Generation tab of the Entity Generator, set the Time source
parameter to Signal port.

A new signal port appears on the Entity Generator block.

In the Statistics tab of the Entity Terminator block, select the Number of entities
arrived check box.

Double-click the Sine Wave block. By default, the first value of the Sine Wave block is
0. To add a constant value to the sine to produce the output of this block, change the
Bias parameter to another value, for example, 1.5.

Connect these blocks and simulate the model.



Specify Intergeneration Times for Entities

4 Scope [F=% (ol =™

File  Toaols ‘Wiew Simulation Help El

G-l ® =-laQ-C-|F&-

Sine W ave Entity Generator Entity Terminator

Reacy T=9.136

Upon generating each entity, the Entity Generator block reads the value of the input
signal and uses that value as the time interval until the next entity generation.

Notice the capital E on the signal line from the Sine Wave block to the Entity
Generator block. This icon indicates the transition from a time-based system to a
discrete-event system.

Customize the Variation of the Intergeneration Times

1 In anew model, from the SimEvents library, drag the Entity Generator, Entity
Terminator, and Scope blocks.

2 In the Entity Generation tab of the Entity Generator, set the Time source
parameter to MATLAB action.

A new Intergeneration time action field appears on the Entity Generator block.

3 To customize the intergeneration times for your model, in the Intergeneration time
action field, enter MATLAB code, for example:

dt = rand();

Note For intergeneration times, you must set the fixed name, dt. You cannot set any
other variable name for this value.

4 In the Statistics tab of the Entity Terminator block, select the Number of entities
arrived check box.
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5 Connect these blocks and simulate the model.

4] Scope EI@

Scope

File  Tools  Wiew Simulation  Help E
Enfity ’E © - ‘\%@ﬂp‘_ o &L*[ﬂ'flﬁv

Entity Gener ator Entity Terminator

Ready T=9.751

To generate entities with exponential random arrival times, in the Intergeneration time
action field, enter MATLAB code that uses the mean function, for example:

mean = 1;
dt = -mean*log(l-rand());
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[ Scope EI@

File Tools View Simulation Help k!

@- a0k = Q-El- | F A

Ready T=8.851

See Also

Discrete Event Chart | Entity Server | Entity Generator | Entity Queue | Entity Replicator |
Entity Terminator | MATLAB Discrete Event System

Related Examples

. “Generate Entities When Events Occur” on page 1-12

“Manipulate Entity Attributes” on page 1-40
“Inspect Structures of Entities” on page 1-44
“Generate Multiple Entities at Time Zero” on page 1-23

“Count Simultaneous Departures from a Server” on page 1-30
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. “Model Resource Allocation Using Composite Entity Creator block” on page 1-53
. “Replicate Entities on Multiple Paths” on page 1-54

More About

. “Entities in a SimEvents Model”
. “Role of Entity Ports and Paths”
. “Attribute Value Support” on page 1-61
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Generate Multiple Entities at Time Zero

Generate Multiple Entities at Time Zero

In a discrete-event simulation, an event is an observation of an instantaneous incident
that may change a state variable, an output, and/or the occurrence of other events.

Suppose that you want to:

* Preload a queue or server with entities at the start of the simulation, before you
analyze queueing or processing delays.

* [Initialize the capacity of a shared resource before you analyze resource allocation
behavior.

These scenarios requires multiple entity generation at the simulation start.

In these scenarios, you can simultaneously generate multiple entities at the start of the
simulation. You can then observe the behavior of only those entities for the remainder of
the simulation.

Build the model

To generate multiple entities at time 0, use MATLAB code in the Entity Generator block.

3

Entity

X 0

Entity Generator Entity Ter minator

To open the example model without performing the configuration steps, see A Simple
Example of Generating Multiple 