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Welcome to Renque

Renque is a powerful software environment designed for general-purpose discrete
event simulations. It has a comprehensive graphical user interface and a versatile
simulation engine, which enable you to rapidly build accurate simulations, for a wide
range of applications.

The phrase simulation generally refers to a technique of imitating the behavior of
some process or system by means of operating a project. Simulations are used to
acquire numerical information and improve understanding of systems, in an
environment where experimentation with the real system is undesirable or
impossible.

Renque is a software tool developed to create and operate discrete event simulation
models. A discrete event is something that happens in an instant of time, with zero
duration. Although gradual system transitions can be represented in a Renque
project, the program was designed primarily to deal with instantaneous changes.

Renque is a full-fledged Microsoft Windows application, suitable to analyze a virtually
unlimited range of simulation objectives. Among the many helpful features that make
modeling with Renque efficient and enjoyable are powerful animation tools, Microsoft
Excel embedding, extensive charting possibilities, integrated calendar and
scheduling tools, a helpful event viewer and Microsoft Visual Basic scripting.

In this document, the names of user interface controls are displayed in bold, where
suitable. The names on Renque object properties are written with a capital letter, and
property values are generally displayed in italic. Internal hyperlinks are underlined.

Licensing and support

Renque is commercial software. A trial version, which can be used free of charge for
a 14 day period, is available for download on the Renque website

www.rengue.com. Please visit the website for information about purchase and
support options.

System requirements

Operating system:  Microsoft Windows™ all versions later than version 95.
Integration of Microsoft Excel is supported for version 97 and
later.
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1 Getting started

This section is intended to familiarize new users with the Renque simulation
environment. It contains an introduction to the user interface and two tutorials:

A Quick start guide Introduces the Renque user interface and the principles of
simulation modeling in Renque.

A Tutorial 1 Demonstrates the construction and operation of a simple
project for a small supermarket.

A Tutorial 2 Demonstrates the construction and operation of a project for

an industrial production process.
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1.1 Quick start guide

This topic contains an elementary tutorial that introduces the main features of
Renque. You will visit and operate the most important elements of the user interface
as you are guided through the construction of a very simple project.

When Renque is started it briefly displays an identifier splash window followed by the
appearance of the application's , recognized by the project name in the title bar. This
window is the principal user interface of the application. Models are constructed and
simulation runs are viewed on the Worksheet, which is the large blank area on this
window. All other modeling tools and simulation controls are either located on the
Main window as well, or accessible from it.

A Rengue simulation has the three key elements: servers, links and entities.

e Server objects act mainly as container and processor of entities. They are
represented by static pictures in the Worksheet. Servers are created during the
construction phase of the project.

¢ Links function as means to transport entities between servers and to create and
destruct entities. Links are displayed on the Worksheet by curves.

o Entities are dynamic items in the project. As for servers, they are displayed as
pictures on the Worksheet. However, entities are created and destructed during
the simulation process, and they move around the project.

All project elements may or may not represent physical things found in the real world.
If so, servers typically represent stationary objects such as machinery or storage
facilities, whereas links are better suited to symbolize routes and roads. Entities are
more likely to represent mobile or temporary objects such as materials or documents.

The available server templates are found in the Toolbox on the Main window, located
on the left side of the Worksheet. To add a server to the project, simply use the
mouse to drag the template from the Toolbox and drop it on the Worksheet. Links are
created directly in the Worksheet by connecting two servers with the mouse.

You can create a working project in the following three steps:

1. Create a server on the Worksheet by dragging the Active Template from the
Toolbox and dropping it on the Worksheet.

2. Select the server by clicking on it, somewhere on the left-hand side.
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3. Click on the selected Active server with the right mouse button to display a
shortcut menu. Subsequently, click the menu command Add creating link to
connect a link that creates entities to the server.

=01 ]

File Edit Wiew Insert Format Tools Run  Window Help

EHE| $BmX[o-a [ |[F TR
AN R e awm Y E == EAEE|E
[ Yrassve | Restart button

]
E | E Copy
D Active  Paste
Resource

Modify residents curve

Worksheet |
Tﬂﬂl‘bﬂx Add destructing link :g
Add to Toolbox
| Layer | Rephcations: 1 | &

And there you are: You've created a Renque simulation project. Now, you can run a
simulation by clicking the Restart button on the Toolbar at the top of the window.
When the simulation is running, the animation speed can be altered by the
Animation speed slider control on the Toolbar. The moving circle-shaped icons
represent entities, traveling to the server after having been created on the link. Notice

the simulation time advancing in the right-most pane of the three panes of the Status
bar at the bottom of the window.
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Stop the simulation by clicking the Pause button adjacent to the restart button. Now
double-click the Active server on the Worksheet. A new window named Object
properties is opened. This window serves as console to view and modify object
properties.

i Object properties =10l x|
Server | Linle I Data I Graphics I Scripting I Annotation I Component |
— Components

General T COperative T Fesource ]

dizplay all j I

Mame I.-'l'-.ctive
MName |‘u’alue |

Caption |<default>
Timing I 1
Capacity I 1
Pricirity I ]

[~ Disabled

— Worsheet objects

Origin | I" Destination |
& <create/delet
A Active
| >
~ | ‘-" | 0k, | Cancel

| | 4

The middle of the three boxes at the bottom of the window shows the Active server
and indicates the selected state of the server in the Worksheet by the color of the
icon. Notice the value 1 for the Timing property of the server. This value is the cause
of the time increment observed during the simulation. The server forces the creation
of an entity on the link, collects the entity from the link, and retains it for a period of 1
time unit. Thereafter, the entity is deleted because the server has no downstream
links, so there is nothing else it can do with the entity.

The function of the object properties console depends on the selected tab item at the
top of the window. Similar to the Server tab, the Link tab has a framed set of control
items for properties of selected links. Simulation results, including various recorded
statistics for the server, are viewed on the Data tab.

Next you are invited to extend the project with a server of the other type presented in
the Toolbox: Passive. Close the Object properties console by pressing Cancel to
return to the Main window. Add a passive server to the Worksheet somewhere to the
right of the previously created Active server. Create a link between the two servers
as follows: Move the mouse over the Active server until the mouse pointer changes
to a different icon. Click on the Active server once, and a line appears that will follow
the motion of the mouse. Move the mouse over the Passive server and verify that
the mouse pointer changes once again. Now, click on the Passive server to create a
new link. A straight line connecting the two servers will indicate the link.
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Restart the simulation. In the animation you can see that the entities travel from the
Active server to the Passive server. On arrival at the Passive server the entities are
stored in the server object. They are shown on a horizontal line, on the left side of the
server picture. The number of stored entities that are displayed is limited by how
many fit on this residents curve. The counter above the server picture indicates the
actual number of entities stored.

Subsequently, pause the simulation and double-click the Passive server to display
the Object properties console again. Notice that the property fields for Timing and
Capacity are blank. These settings make sure that the server stores and retains
every entity it receives.

The active and passive server classes are central in the Renque simulation engine.
Active servers collect entities upstream via one or more connected links. The
collected entities are stored in the server for a specified delay time. After that, the
entities are dispatched to other servers along the links connected at the downstream
side. Active servers repeat this sequence of actions in cycles. In contrast, passive
servers do not collect nor dispatch entities. They simply store arriving entities to await
collection by a downstream active server. A detailed description of the simulation
mechanism is available in the Simulation engine reference section.

Renque also has a number of object types that are not displayed on the Worksheet.
These objects are referred to as components, and can be applied to expand the
capabilities of a project in various ways: Attribute and variable components are used
to store data, distribution components provide random variation to a project, and
schedule components perform actions at specified time points in a simulation. Other
component types help data analysis and presentation.

The flow of entities through the project's server and link objects is controlled by a
range of object properties, such as the previously mentioned Timing and Capacity
properties. Although close approximation of a Renque project to the actual system is
generally attainable with the available set of adaptable object properties, exact
matching can not always be accomplished in the diverse intricacy of real systems.
For this reason, a simulation project may be refined by the application of scripting.
Scripts are short user-defined commands, invoked by specific incidents in a
simulation. As all simulation procedures and object properties are accessible by
scripting, the scripting feature provides the designer with an all-purpose tool to
precisely impose the desired project behavior.

This document contains two more tutorials, which are intended to familiarize the user
with the most important user interface items. These tutorials also demonstrate the
application of scripting and components, and introduce some commonly applied
simulation modeling methods.
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1.2 Tutorial 1

This tutorial comprises construction and operation of a simple project for a small
supermarket. The level of detail applied to the description of the required user actions
presumes that the reader is familiar with the content of the Quick start quide section
of this document. The tutorial demonstrates server and link properties control, and
interpretation of simulation results within a practical context. Also, it introduces the
application of components to add randomness to the project and to store data in
entities. In addition, it will explain how to use the charting feature and apply scripts to
refine the project.

Imagine a supermarket where costumers arrive, spend some time shopping, choose
a pay desk, wait their turn, and then check out and leave. Suppose the manager of
the supermarket would like to know more about how the waiting time of the
costumers for the check-out routine depends on the number of pay desk operators
put into action. This tutorial demonstrates how to go about in building a Renque
project for the supermarket and extract this kind of information from it.

Start the Renque application and create the project displayed in the figure, consisting
of three active and a passive server object and five links. The server names are
assigned by double-clicking a server and typing the desired text into the Name
property text field of the Object properties console.

1] 1] i i
CustomerEntry Shaopping Clele Faydesk

In this project the server named CostumerEntry is active and has a creating link. The
server will repetitively force the creation of an entity on the link, store it for a specified
period of time and then release it. As a result, it produces a flow of entities, with a
release interval time determined by the Timing property of the server. In the project,
these entities represent the customers arriving at the supermarket. The customer
entities released by the CostumerEntry server are sent to the Shopping server where
they are also stored for a specified time. This delay represents the time spent
shopping by the customers. Upon release by the Shopping server the entities are
sent to the passive Queue server, where they will be stored until the Paydesk server
removes them. The Paydesk server is employed to project the check-out process by
application of another delay. Finally the entities are sent to the destructing link, where
they are removed from the project, representing the departure of the customers from
the shop.

-10 -



Renque user's guide %

The next step of this tutorial involves manipulation of server properties to obtain the
desired behavior of the project. Double-click the Shopping server to open the Object
properties console and assign the Void value to the Capacity property on the
General tab by clearing the associated text field.

General T Operative T Re:

Mame I.-’-'-.ctive

Caption |<|:|efau|t>
Timing | 1

G| i

Pricrity | 1]
™ Disabled

The Void Capacity value results into removal of the Capacity limit from the server.
The Shopping server can now process an unlimited number of customers
simultaneously.

Now select the CustomerEntry and Paydesk servers, and double-click one of them.
Click the Operative tab in the Object properties console to access some more
advanced server properties. Check the Integrated dispatch check box that appears
on this tab.

General (Dpeﬁlwe_b Resource ]
—
—Collection — Processing

Collect Rule I-:_un::le vI Dispatch Rule In::_l,ln::le vI
v ||'TtEglEtEd dISDHtEh Paszsive Rule IFlFD 1"'I
™ Cenffied verfication

_ L I Discrete timing
[T Bonding consolidation ™ Uniting

[ Premature transfer
[T Dizordered transfer

The Integrated dispatch option prevents a server from collecting new entities until the
entities stored in the server have been dispatched. For the Paydesk server, this
option makes sure that customer entities stay in the Queue server until the checkout
process is complete. Without the option, the next customer entity is already
transferred to the link buffer while the checkout process is still in progress for the
previous customer.

Next, we focus on the CustomerEntry server. As discussed above, the server will
release single customer entities with an interval time equal to the Timing property of
the server, which has a value 1 by default. In reality, the customer interarrival times
at the supermarket will not be uniform, however. Statistics theory dictates that the
interarrival times of such processes are best described by an exponential probability
density function.

-11 -
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Renque provides functionality for distributed random variation of properties by means
of distribution components. In order to attain the desired exponentially distributed
delay of entities in the CustomerEntry server, do the following: Double-click the
CustomerEntry server to open the Object properties console by. In the

Components frame, which is located on the left-hand side of the Object properties
console, right-click the Component repository and select the

New component/Distribution item from the pop-up menu.

— Components ]:

Idisplay all j I
MName IEustDmerEntr_l,l
MName | Walue |
Caption |<default>
oy Zhrl Iming |
Paste (i pacity I
Faste speial
iority l—

Select Al L
Mirahlad
Mew component Attribute
Chart

Fit col
v i caumns Distribution

Picture
Schedule

This action creates a new distribution component, which appears as selected item in
the Component repository. Select the Component tab at the top right of the window
to view the properties of the new distribution component. Change the Probability
density function of the component by selecting the Exponential item in the drop-down
list, and pressing the Enter key. Keep the default value 1 for the Mean property.

— Distribution properties
Object name IE:q:u:unential

Mean
|1 bMean=1., StdDey. = 1.
=
& 1
[
[nk]
i
= 0s
]
(4]
]
=
'l 04—

a 15 3 4.5 A 7.4

Random wariable

-12 -
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As shown above, the Distribution properties frame contains a plot of the probability
density as function of the random variable. In the supermarket scenario the random
variable is the customer interarrival time. The frequency of occurrence of a specific
interarrival time value is proportional to the probability density. The curve exhibits that
simultaneous arrival of two customers (random variable = 0) is the most likely event
to occur, because it has the highest probability density. Furthermore, the probability
of occurrence decreases rapidly with growing interarrival time.

Return to the Server tab and assign the distribution component to the Timing
property of the selected server by dragging the component item from the repository
and dropping it onto the Timing property text field or by typing the component name
in the text field. Press the OK button.

i Object properties

Server I Link | Data | (Graphics | Scripting
—Components =
General Operative
Idispla_l,lall j I“ T T_
Mame IEustDmerEntr_l.l
Yalue |

Exponertial 1 Caption |<default>

g < Evprenia>
Capacity I 1

You have created a new distribution component, named Exponential, of type

Exponential with parameter Mean = 1 and assigned it to the Timing property of the
CustomerEntry server. As a result, each time an entity is collected from the creating

link and stored inthe server,i t s6 resi dence time is set to
Exponential component. The component produces random numbers distributed in
accordance with the Mean property, using a built-in random number generator.

Next, following the same procedure, create a distribution component of type
Triangular with properties (min, mod, max) = (1, 5, 20) and assign it to the Timing
property of the Shopping server. This modification makes the Timing property of the
Shopping server random, in accordance with a triangular probability density
distribution with a minimum, modal and maximum value of respectively 1, 5 and 20
time units.

The Paydesk server represents the check-out procedure. Double-click the Paydesk
server and type a value 0.9 in the Timing property text field. In reality the checkout
time will also show random variation and there will be some correlation with the
shopping time. However, for now a uniform checkout time is applied. The value 0.9
renders the customer processing capacity 10% higher than the average customer
arrival rate, imposed by the Exponential distribution component. Press the OK
button.

-13 -



A

Renque user's guide

Before running the project the simulation runtime is set. We assume that the time unit
for the project is minutes. Select the Clock command from the Tools menu. Select
the Maximum run time option in the Clock properties console and enter the value
1200 (5 days) in the associated text field. For the present project it in not necessary
to select the Minutes value for the Time unit property. Press the OK button.

EE Clock properties

— Reference frame
I <no unikgs j

=101 %]

Time unit

— Simulation extent

E xperiments 1 j
Replications I 1 j

[ b asimurn run time (I 1200 [

[T Shared startup time I

Clock, start | 0

Cancel |

The simulation project for the supermarket, although still quite rudimental, is now
ready to be run. Turn the animation mode on and press the Restart button. Watch
the Shopping server initially filling up to some 10 customers, after which the first
customers start arriving in the empty Queue to check out at the pay desk and leave.
After running the project for a while the number of costumers shopping and queuing
vary continuously. At first glance, the simulation project appears realistic.

Turn the animation mode off and let the simulation continue until it stops. Double-
click the Queue server, select the Data tab, and check the Statistics option. The
Object properties console now displays a grid-like sheet, which displays a set of
recorded statistics for the Queue server.

g’ Renque object properties

. Server | Lirk: Data | Graphics |  Seripting | Annotation

— Simulation data et i _—
@ s 3i isplay as
r LEI::{S : i+ Entities Recording time 1200.

[~ Entity attributes " Resource units Replication
[T | Comparative I 1 ﬁ

Pending | Observations | Sum | ___,_Mea.n_.__L_‘u'ariance |I'H'Iir1imum|l'u'lam'mum Mz

Gueue Residence 335175933 1225 6561.417 h.68278596 7 26.067 20.663
Gueue Population 2 2452 15568 6.3451028 31544 0 23
Queue. Ltilization 0. 2452 0. 0. 0. 0. 0.

-14 -
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In the top row of the data sheet, labeled Queue.Residence, the column labeled
Maximum reports a maximum residence time of 20.7 minutes. The reported Mean is
5.7 minutes. Uncheck the Statistics checkbox and observe that the queue is empty
for less that 20% of the time, as indicated by Idle/Empty field of the Status summary
sub-frame.

i Renque object properties O] x|
_. Senver | Link: Data Graphics | Scripting I Annotation I Component |
— Simulation data
{* Servers Component display Resident display Recording options Status summary
C Lirks ™ Local variables {* Ertities ¥ Enable recording || Occupied 20.4 %
I~ Statistics [ Entity attributes = Resource units ™ Report included ::r
I | Corparative I [dle when empty
Residence | Population |  Utilization | Dimension | Occupied | Idle | Disabled
Cueue 3.3517533 2 0. 4. 1586758

Obviously, the queuing times observed will be unacceptable to the clients of the
supermarket. The excessive maximum results from the interarrival time distribution
applied. The component creates busy next to quiet periods in the supermarket. As
the pay desk capacity is fixed, customers queue up during the busy periods.

The next step of the tutorial demonstrates how to increase the number of pay desks
in order to reduce customer queuing time. The simplest way to increasing the pay
desk server processing capacity is to increase the Capacity property value. However
this method is unsuitable because each pay desk has its own queue. Instead, select
all server and link objects to the right of the shopping server. Move the mouse pointer
onto the Paydesk server. Now, while keeping the Ctrl key on the keyboard pressed,
drag the server downwards with the left mouse button to duplicate the selected
objects. After a simulation reset the result should look similar to the project displayed
in the figure below.

Paydesk

CustamerEntry shopping

Clueue 1 Paydesk 1

Restart the simulation and let it run until it stops. As expected, the waiting periods
have been reduced significantly. You may verify that a mean value of some 0.14
minutes, or 8 seconds, and a maximum of some 2 minutes are reported for both
gueue servers. The improvement is obtained at the expense of the pay desk
occupation, which has become about 46% on average for both pay desk servers.
The latter may be verified by selecting and double-clicking each of the two pay desk
servers, selecting the Data tab and inspecting the values reported in the Occupied
field of the Status summary frame.

The next section of this tutorial enhances the project with shopping time dependent,
random pay desk timing, using an attribute component and some incident scripts.

-15-
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Also, the mechanism for queue selection by the customers will be refined and a chart
will be created to inspect the number of queuing customers as a function of time.

Unselect all objects in the Worksheet by clicking in an empty area on the Worksheet.
Double-click the Shopping server to open the Object properties console. Create a
new attribute component by selecting the New/Attribute item in the pop-up menu
Component repository. Rename the new attribute to TShopping by double-clicking
the cell in the Name column of the Component repository, overtyping the default
name and pressing the Enter key. A Renque attribute component allows storage of
data in individual entities.

We will use the attribute to store the shopping time spent by a customer in the
Shopping server into the entity representing the customer. Select the Scripting tab
to display the Incident scripting frame. Select the Arrive item in the Incidents table on
the left side of the frame. Then, in the Worksheet objects frame, at the bottom of the
window, right-click the Server browser and select the Add incident script item from
the pop-up menu.

—Worksheet objects
Crigin | I Destination |
U< CustomerEntry [1] [— [1] Queue

ﬁ o | = g S mlmd s

Custt
I: Payd St imcident objeck
I: Payd ., sort alphabetically
D Quet  show all

QueL  Hide fusion path
Shopping 3

1

Add inddent script

This action will create a new incident script for the Shopping server, which is shown
in the Incident grid, located at the right side of the Incident scripting frame.

— Incident scripting
3 Select collect [ T
2 | Amive

[< | Unite

O Timing
[«]stored
EFhmm

WL Select dispatch
[ =*Leave

| Object | Incide| Seript
wall

Select the grid cell in the column titled Script and type or paste the following script:
TShopping = Triangular.eval

This script stores a random number generated by the Triangular distribution
component in the TShopping attribute of entities arriving in the Shopping server. The

Eval statement is used to store a number generated by the component, rather than
the component itself, as object.
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The TShopping attribute must now be assigned to the Timing property of the server,
in place of the distribution component, in order to apply the time value stored in the

attribute to the Shopping server delay. To do so, select the Server tab at the top of

the window and drag-drop the TShopping attribute into the Timing text field. Press
the OK button.

Next, we will modify the Timing property of the two pay desk servers. Select both
Paydesk servers in the Worksheet. Double-click one of them to open the Object
properties console. Create a new distribution component of type normal and keep the
default parameter values. Assign the new distribution component to the selected
servers by dragging it into Timing text field. Now, select the Scripting tab again and
select Timing in the Incidents table. Right-click the Server browser and select the
Add incident scripts item from the pop-up menu. Two new incident scripts are
created, one for the each of thetwos er ver s. Sel ect bot h i
and type the following script:

Normal.ParametersSet 0.15 * TShopping,(0.015 * TShopp ing)"2

This script changes the parameters of the Normal distribution component, before the
pay desk servers use it to generate a random number, which is to be applied to the
storage time of the arriving entities. The mean value of the distribution component is
set to 15% of the shopping time and the standard deviation is set to 1.5% of the
shopping time (the variance parameter is the square of the standard deviation). Thus
for each customer the checkout time will be assigned a random value, based on a
normal probability density distribution with a mean value of 15% of the shopping time
spent by that particular costumer.

Select the Components tab and create a new chart component by selecting the
New/Chart item of the pop-up menu of the Components repository. Add a new
chart data series by dragging the Queue server item from the Server browser and
dropping it into the empty space of the Data series list. Select Population from the
Quantity drop-down list. In the grid cell of the column labeled Series object, change
the series name from Queue.population.current to Paydesk queue by typing the new
name in the grid cell. Add an identical Data series for the Queue 1 server, and
change the name to Paydesk 1 queue.

-17 -

t

he



Renque user's guide »\‘\;

—Chart properties
Object name |Ehart

Style ITlme sefes plot j
Chart data preservation ———— )
|V|_ Replications
—Chart update intervals
= Mone
¥ Universal
= Custom I 10
—Series properties —————————————
Quartity IF'n:npuIatin:-n vp
Parameter Il:urrent j
[T Immediate updates
[T Anticipated sampling
[T Exclude instant observations /
7

—Worksheet objects / /

A i

§ /
|| ceraate s [1] CustomerEntny &
=3 = CustomerEntry [1] [1] Shopping
= Paydesk [1] <delete
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_Glﬂlﬂ LI =¥ Queue [1] [1] Paydesk ;I

The chart is displayed in a separate window, named Chart. It will plot the number of
customers waiting for their turn in each queue as a function of time.

Restart the simulation, let it run until it stops and have a look at the chart. Observe
the number of customers waiting in the queues varying in time. Notice that the two
curves do not match very well. Considerable differences in the number of customers
in the queues appear to occur frequently. In the real supermarket we expect the
customers to join the shortest queue after being finished with shopping. Therefore
the queues should typically have the same length.

The cause for the contrasting project behavior lies in the dispatch method of the
Shopping server. The routing of entities from an Active server is governed by the
Dispatch Rule applied to the server. Because the Shopping server has the Cycle
Dispatch Rule, it sends released entities alternating to either queue, whereas
dispatch to the link that connects to the queue server with the least number of
residents is desired.

The dispatch routine can be refined by incident scripting. Double-click the Shopping
server to open the Object properties console. Select the Scripting tab and create a
new incident script of type Select dispatch. Assign the following script (by copy-
paste, if you prefer):

if Queue.Population < Queue 1.Population then

Shopping.RuleLinks.SelectMember(1) else if Queue.Population >
Queue 1.Population then Shopping.RuleLinks.SelectMember(2)
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This script forces selection of the link that connects to the queue server with the least
number of residents. The Population  function of a server object, used in the script,
returns the number of residents. The RuleLinks.SelectMember procedure
selects a link for the dispatch routine of an entity, overriding the link selection
procedure governed by the Dispatch Rule property of the server. The arguments 1
and 2 denote the link connection number. An alternative and more compact script
line could be applied here, using more advanced scripting procedures, but basic
scripting statements are preferred for this first tutorial.

The script is ineffective if both queues have an equal number of residents. In that
case the entity dispatch routine is determined by the Dispatch Rule. Click the Server
tab at the top of the window, and subsequently the Operative tab. Select the
Random value for the Dispatch Rule property in order to force the destination link of
the entities released from the Shopping server to be selected randomly.

General | Dperaiver Resource ]

—Colecton———  —Processing

Collect Rule Iu:_l,lu:le "I €] ﬁ'spatch Rule |random
—
Passive R FIFO v=

™ Integrated dispatch 3
[~ Certified verfication | et iy
[ Bonding consolidation m

[~ Premature transfer
[T Disordered transfer

Restart the simulation, let it run until it stops and look at the chart again. You can see
that the curves are almost coinciding. The reported mean and maximum residence
times on the data sheet are well below a minute for the mean and under 5 minutes
for the maximum. The data reported for the Paydesk servers indicate that the
average pay desk occupation is limited to approximately 69%.

One conclusion that the manager might come to using the Renque simulation project,
is that substantial pay desk overcapacity is required to prevent loosing clients to
competitors on waiting period annoyance. The obvious strategy to increase
employee utilization is to assign pay desk operators to other duties during quiet
periods, such as shelf stocking. Extension of the project for operator multi-tasking
requires representation of the pay desk operators as resource entities. As modeling
of resource sharing is subject of Tutorial 2, the present tutorial is concluded at this
point.

Simple as it may seem, the tutorial project for the supermarket is quite realistic. The
data applied to the project parameters are fictitious, though. In order to reach a
sufficient level of accuracy, these parameters need to be derived from data acquired
from observations in the real supermarket or from suitable estimation methods.
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1.3 Tutorial 2

This tutorial comprises the construction of a project for a section of an industrial
production process. The focal point of the project is a single machine in a production
line. The machine suffers occasional failures, which cause it to stop working. The
machine can be restarted only after an operator has completed some repairs. The
main purpose of the tutorial is to demonstrate a modeling technique for shared
resources. It also introduces the application of schedule and variable components,
and the use of picture components in animation design. The level of detail applied to
the description of the required user actions presumes that the reader is familiar with
the content of Tutorial 1.

Consider a machine in a production line of a factory, which performs a mechanical
operation on a part. The machine receives input of parts from the preceding
manufacturing step of the production line at a constant rate. From time to time the
machine breaks down, which results into loss of the part being processed. Such
failures require the attendance of a technician for repairs. The arrival of parts
continues regardless of the state of the machine. Arriving parts that cannot be
accepted by the machine are temporarily stored in a dedicated space. The available
storage space is limited to five parts. All arriving parts that cannot be stored are
scrapped. Processing is resumed when the machine has successfully been repaired,
starting with the parts that have been stored temporarily. The technicians responsible
for repairs on the machine also have other duties in the factory, which include
emerging repairs on other equipment and scheduled maintenance work. The
maintenance work may be interrupted for machine repairs.

The project for this process is constructed in two stages. First, the machine section
will be constructed, including the failure and repair arrangement. In the secondly
stage the technician resource will be implemented, together with the additional duties
for the technician. For the first stage, start a new case and create the project section
as displayed in the figure.

il
0 0 0 E

Done
]
PartsSupply Storage
0 Lost
Failure

Assign the following server properties:

PartsSupply: Timing =1.2
Storage: Capacity =5
Failure: Timing = 100
Repair: Timing =10
Machine: Integrated dispatch
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Assign the following link properties:
Storage-Lost: Overflow recipient
Machine-Lost: Discard recipient, Escort, Independent

The project created thus far includes the machine with supply of parts and the
storage area, as well as failures and the resulting loss of parts and reparation. The
server names reflect the function in the project. The PartsSupply server creates a
flow of entities, which represent the parts to be processed. The parts are stored in
the Storage server. The Machine server collects the parts from the Storage server
and sends them to the Done server, after applying a delay to act for the processing
time. The link from the Machine server to the Lost server is excluded from the regular
dispatch routine of the Machine server, because of the combined application of the
link properties Escort and Independent. The Escort property prevents this link from
being selected for dispatch by the Cycle Dispatch Rule. As a result, under normal
operation conditions, the entities representing the parts are all sent to the Done
server. The Independent property of the other link prevents the creation and release
of escort copies of the dispatched part entity to the Lost server.

The breakdown and repair actions for the Machine server are effectuated through
scripting. To implement these actions, create two incident scripts as shown in the
figure below.

Ix I Ix

| Dbject [ Incident | 5 cript

Failure [ =+ 1 Machine enabled = falze
wmp  Fepair[1]<delstes —» | 1) I Failure.Links(1].ltem(1]. population = 0 Then Machine.enabled = tue

The Enabled function called in the first script affects the Disabled property of the
Machine server. Disabling a server causes it to discard all stored entities and stop
operating. If a Disabled server is enabled, it will resume normal operation by starting
a new collection routine. The release of an entity from the Failure server disables the
Machine server by the action of the first script. Parts that are consequently ejected
from the Machine server are sent to the Lost server, because of the application of the
Discard recipient property to the link connecting the Machine server to the Lost
server. The failure entity is subsequently contained in the Repair server for a time
period corresponding to the repair time. When released, the entity is sent to the
destructing link, which re-enables the Machine server through the second script. The
object description Repair [1]-<delete> refers to the destructing-type link of the Repair
server. The script enables the Machine server, after verification that there no new
failure entities have arrived.

During repair, the Machine server is Disabled and will therefore not collect any new
entities. Because new parts continue to arrive, the capacity limit of the Storage server
is reached after some time. Entities arriving when the Storage server is full are sent
to the assigned Overflow recipient link, which is the link connected to the Lost server.
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Before running the project, some modifications need to be made to the animation
properties of the project. First, the Storage server residents curve is modified to allow
display of all stored entities. Select the Modify curve item in the pop-up menu of the
Storage server to enter the curve edit mode. Drag the two rectangular control points
of the curve to reposition them as shown in the figure below. Click on an empty spot
on the Worksheet, somewhere away from the control points to apply the changes
and leave the curve edit mode.

FartsSupply Storage Machine L

Next, the travel animation needs to be disabled for some links. The simulation is
focused on the impact of failures on the production rate attained by the machine.
Because failures are relatively scarce, the animation will only be helpful if the
animation features are also concentrated on failures and repairs. In order to
accomplish this, select the set of server and link objects as displayed in the figure
below. This can be done easily by drawing a selection box from left to right, as
indicated in the figure, while keeping the left mouse button down. When the mouse-
button is released, all objects inside the box are selected.

0
0 0 0 E

] 0
Farssupply STorage WaChine E

1] [ Lost

> B> g

Failure Fepair

Double-click one of the selected objects, select the Graphics tab and check the Hide
buffer residents and Hide travels properties in the Link properties frame.

Link, animation options
¥ Hide residents

™ Hide curve

¥ Hide travels

™ Faorce animation
[ Force first rezident display

Application of these options will prevent animation of entity traffic involved with
normal machine manufacturing, as all selected links are associated with normal
operation.

Run the project and view the animation. The Done server fills up rapidly and after
100 time units an entity is released from the Failure server. The entity stored in the
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Machine server is released and travels to the Lost server. Then, while the Repair
server is occupied, the number of entities contained in the Storage server grows to a
total of 5, after which the Storage server also starts sending entities to the Lost
server. After some time the Repair entity is released and the arrival of entities in the
Done server continues. This scenario is repeated every 100 time units.

The next stage of this tutorial covers extension of the project with a shared technician
resource, with repairing and other duties. Add the server and link objects displayed in
the figure below. The connection order of links to a server can be altered by the
Move link connection sub-items of the pop-up menu, which appears upon a right
mouse click on a selected link.

FatsSupply  Storage —‘ Machine

i 1] Lost

Failure Repair ™.

iy !

echnician
1] 1] /
£a— B
JobsSupply Jobs
0 0
= >
MaintenanceSupply Maintenance
Assign the following server properties:
Failure: Priority = 2
Repair: Capacity = 2, Priority = 2, Shielding = 1, Revoking.
Technician: Dispatch rule = Order, Priority = 2
JobsSupply: Timing = 50, Priority =1
Jobs: Timing = 10, Capacity = 2, Priority =1 , Shielding = 1,
Revoking shield.
Maintenance: Capacity = 2, Timing = 30, Bonding consolidation,

Abortive interruption.

Assign the following link properties:
<create>-Technician: Tracking
Technician-<all>: Mandatory
<create>-MaintenanceSupply: Not Initializing

The Technician server represents a resource station. The server has a creating link,
which generates a single entity at the start of the simulation. The server has
dispatching links to the Repair, Jobs and Maintenance servers. These servers
represent an activity that requires a technician to proceed. They all have the Capacity
property value 2 and two collecting links. Of these, the top link is connected to the
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server from which the entity representing the duty is received. The lower collecting
link has the Technician server as origin and has been assigned the Mandatory
property. As a result, the three servers will only load the activity entity if the
technician entity can be collected as well. On the dispatch side, the servers also have
two dispatching links with the default dispatching-related properties. When the
storage period elapses, the Cycle dispatch routine sends the first entity stored, which
is the entity representing the duty, to the top dispatching link. This link is a
destructing link, such that the duty entities are destroyed. The resource entity is sent
to the second dispatching link, which returns the entity to the Technician server. This
construction effectively causes the resource entity to be recycled, and forces the duty
servers to compete for it. The priority values are assigned to determine the
processing order if duty entities arrive at the same time. The Order value for the
Dispatch rule property of the Technician server also arranges resource allocation
priority.

To further enhance the animation, download a bitmap from the following web link:
www.rengue.com/downloads/images/whiteball.bmp and save it on your hard disk.
The picture will be used to portray the resource entity. Double-click the Worksheet,
and create a new picture component by selecting the New/Picture item of the pop-up
menu of the Component repository. In the file selection utility that appears, select
the downloaded bitmap file and press Open. Select the Component tab and click
the small background area of the bitmap in the Picture preview box, in order to
select the bitmap background color as transparency mask color.

— Picture properties
Ohject name |‘."'.|’h'rtel:|a||

—Scale
Height
| 14 I
Width

Feplace |

The maintenance work is to be performed

assume that the interval times are 50, 60 and 70 time units, in a repeating manner. In
Renque, this can easily be modeled using a schedule component. Create a new
schedule component by the New/Schedule item of the pop-up menu of the
Component repository.
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The new schedule, with the schedule lines to be added, is displayed in the figure
below.

— Schedule properties
Object name  |Schedule

Priority IEI timing | 1

Method ISimuIatil:un time j 1|50 Maintenanu:e Suppl‘_.r.IJ:nksIg:c:}.hemlj}.Errt:rt'_.'Create
21110 MaintenanceSupphy . Links("z").kem(1). EntiyCreate

I~ Domant 3| 180 MaintenanceSupphy. Links("c").kem(1). EntityCreate

| Suppress timing emor reporting _4

 Cyclic i

™ Incremental —g

The schedule has three identical scripts:

MaintenanceSupply.Links("c").ltem(1).EntityCreate

The script forces the creation of a single entity on the creating link of the passive
MaintenanceSupply server. This entity will be stored in the server for collection by the
Maintenance server. Type or copy/paste this script in the schedule grid, type in the
timing values given in the figure, and check the Cyclic property. The timing column
of the schedule grid defines the simulation times for execution of the schedule
scripts. The assumed repeating interval times (50, 60, 70) require execution of the
script at simulation time values 50, 110, 180, 230, 290, 360...and so on. The Cyclic
property forces execution of the schedule to recommence from the top row after the
last item in the list has been executed, and thus results into the desired time
intervals.

Next, create two new incident scripts as displayed in the figure below.

Ix I Ix

Ohbject |nzident | Script

I3 Failue [5+ 2| Technician.retract 0

mp | <creater-[1] Techrician —* | 1) lcon = whitebal

The retract statement, called on the Technician server, causes entities created by a
creating link under application of the Tracking property, to return to the link that
created the entity. The Icon assignment script assigns the picture component named
whiteball to the icon property of an arriving entity. As only the technician resource
entity arrives on this link, the resource entity will be distinguishable from other entities
in the animation.

Now, run the project with the animation enabled. Watch the technician entity being
collected by the Maintenance, Jobs and Repair servers. The technician entity is
stored together with the duty entity in the server and sent back to the Technician
server after processing. (If these servers do not display both entities on the residents
curve, zoom-in on the viewport using the middle mouse-button while holding down
the Ctrl key.)
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To complete the project, create a variable component and name it R. Also create a
chart component and add a Data series for the current value of this variable R, by
drag-dropping the variable component onto the series list in the Chart properties
frame on the Component tab. Also, create a new Arrival incident script for the
Storage server:

R = Lost.P  opulation / (Done. Population + Lost. Population)

This script evaluates the Ascrap rati oo,
total number of parts supplied, which is a measure for the performance of the
machine in the system. The result is stored in variable R, which is plotted in the chart.

Finally, a small project extension is added to return the discarded maintenance duty
entities to the Maintenance server for completion of unfinished maintenance work.
Create an attribute component named Tresidual, and a new link as shown in the
figure. The link should have the properties Escort, Independent and Discard
recipient.

Maintenance

Also add two incident scripts to the Maintenance server:

Timing incident If .SelectedCollectingLink.Destinationindex =
1 then .Timing = 30 else .Timing = Tresidual
Remove incident: Tresidual = ScriptEntity.Departure - SimTime

The second script assigns the remaining residence time to the Tresidual attribute of
the duty entity when it is discarded by the Retract call. The first script assigns the
attribute value of the duty entity to the server timing property if the duty entity is
collected from the recycle link. With this extension, the Maintenance server will also
process interrupted maintenance work.

Restart the simulation with animation enabled. At the simulation time value 200 a
failure occurs while the resource entity is stored in the Maintenance server. The
release of the failure entity from the Failure server causes a Retract call on the
resource entity. The retraction removes the resource entity from the Maintenance
server and sends it back to the Technician server. Because the Bonding
consolidation option is applied to the Maintenance server, the duty entity is discarded
to the recycling link. In case the technician resource is held by the Jobs or by the
Repair server, the retract call is ineffective, because these servers have a Shielding
value 1, which outweighs the argument O of the Retract script statement. The
Revoking property of the servers cancels the retraction call. As a result, the work is
postponed until the resource entity becomes available again in the Technician server.
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Now turn off the animation and let the simulation run for a while. The curve in the

chart component shows abrupt changes in the slope each time a failure occurs. As

the simulation proceeds, the fAscrap fractionbo
about 0.05. Also click the Tools/Runtime errors item of the Menu bar to open the

Runtime error viewer.

_lox

[T Show first occurance only

Time | Source | Object | Description
1.2 Leave [1] Storage B: Overflow

The Runtime error viewer displays an error caused by the Leave incident script of the
Storage server. This error is caused by the division operation of the script, as both
the Done and the Lost server are empty the first time the script is executed. In
Renque, all script errors leave an entry in the Runtime error viewer, without causing
the simulation to halt. The occurrence of this particular error is easily prevented. It
was caused intentionally in this tutorial to demonstrate the function of the Runtime
error viewer.

The use of random numbers has been omitted in this tutorial in order to make
interpretation of the animation a little easier. If the project was for real, it would
probably incorporate several distribution components, generating significant random
variation. Even so, simulation models like this tutorial project are widely used for
parameter sensitivity analysis and system optimization. The number of resources, the
resource allocation priority, and the timing properties of servers and schedules may
all be varied to obtain quantitative insight into how the machine performance can be
improved by adjusting the conditions in the factory.
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2 Model construction

Renque simulation models are constructed and operated primarily in the application's
main window. The Main window is the principal user interface of the application. It is
opened when the application is started, and the program exits when the Main window
is closed.

=101 ]

File Edit View Insert Format Tools Funm  Window Help

FH il X[ ool T SN
RER | owC | N == EASE E

-
-
D Fesource

| Layer | Replications: 1 | v

This section has a topic discusses the Operation basics of the program and topics for
each of the five elements of the Main window:

e Worksheet Area for project construction and simulation animation.
e Toolbox Contains pre-defined server templates.

e Menu bar Categorized list of operation commands.

e Toolbar Provides access to frequently used menu items.

e Status bar Displays information on the status of a simulation and

provides access to layer management.
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2.1 Operation basics

Renque is a stand-alone Microsoft Windows application. Multiple instances of
Renque may be started in a Windows session, but you can only have one project in a
Renque instance at the same time. Most elements of a Renque project may be copy-
pasted between Renque instances by standard Windows procedures.

Projects are opened and saved by the usual Windows commands New, Open, Save
and Save As, which are available in the File menu of the Main window. Double-
clicking a file with a Renque-associated file extension in Windows Explorer will open
the file in a new Rengue instance. Drag-dropping a file from Windows Explorer onto
the Worksheet area of the Main window will open the file, after prompting to save the
project being replaced. A Renque instance is closed by the Exit command on the File
menu or by click i n g o nrbuttoman thé tlédbar of the Main window.

Renque project file types

There are two Renque project file types:

e The Renque project file (extension: *.rnq, icon: &)

e The Renque presentation file (extension: *.rngp, icon: &)

The Renque project file is the standard Renque project file type, recognized by the
file extension rng. This file type supports storage of all information that can be
contained in a Renque simulation project, including bitmaps, embedded
spreadsheets and all simulation data. The file is saved in ASCII-format and may be
edited by most text editors.

The Renque presentation file has the default extension rngp. It contains essentially
the same information as the standard Renque project file, but is saved in a binary file
format. It allows for distribution of Renque simulation models without disclosure of
certain project details. When opened in Renque, a Presentation file can be viewed
and operated as a standard Renque project. However, a Presentation project cannot
be modified and the designer can prevent parts of the project from being displayed. A
Renque presentation file can only be saved back as presentation file, whereas the
standard Rengue project file can be saved in both formats.

The Save presentation command in the File menu creates a presentation file for the
current project. The presentation properties are controlled on the Presentation

properties console.

-29-



Renque user's guide &

2.2 Worksheet area

A Renque simulation project is constructed and operated in the Worksheet area,
highlighted in the figure below.

@ untitled - Renque O] x|
File Edit View Insert Format Tools Run  Window Help
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-
D Resource

L "

| Layer | Replications: 1 | o

The Worksheet offers a variety of methods for the construction and examination of a
simulation model.

Server creation
Servers are added to the model by drag-dropping a template from the Toolbox onto
the Worksheet, using the mouse. Server objects added to the Worksheet are placed

in the current layer.

Link creation

Links are created by clicking with the left mouse button successively on an origin and
a destination server picture. To start link creation, the mouse must hit the origin
server picture in an area closer than 1/3 of the picture width to the downstream
edge. Clicking anywhere on the picture of the destination server will create the link,
unless the Ctrl key is held down. If the pictures are clicked on in a transparent region
the action has no effect. Links cannot be connected to Resource servers. Link
objects created on the Worksheet are placed in the current layer.
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Link curve types
Renque supports the link curve types Spline, Polygon and Orthogonal, which all have
a distinct shape.

33— e

— o

orthogonal polygon spline

When a new link is created, the curve type is determined by the selected Curve type
item in the Format menu. The path of a curve is determined by control points, which
are visible only when a curve is being edited or created. When a link is being created,
each click on an empty spot on the Worksheet results in addition of a control point.
The curve types exist for animation purposes only: they have no logical distinctions.
Once created, curves can be edited to add, remove and rearrange control points, and
to change the curve type.

Object selection

Making changes to an object on the Worksheet first requires selection of the object.
Selected objects on the Worksheet are indicated by the select status color of the
operating system for the picture, label and curve of the object (for links only the
curve).

Selection of a single object is simply done by clicking on it in the Worksheet. The
selection result depends on the status of the Ctrl key and the Shift key on the
keyboard during the selection operation.

Shift key state Ctrl key state Selection result
released pressed remove from selection
pressed released add to the selection
released released start new selection

To select/unselect several objects at the same time: Press the left mouse button on
an empty location on the Worksheet and move the mouse while keeping the mouse
button pressed. A rectangle is displayed to indicate the active region. The selection
operation is executed when the mouse button is released. The result of this
rectangular selection depends on the horizontal sweep direction. If the mouse was
moved from left to right, only objects that lie completely inside the rectangle are
affected. If the mouse is moved from right to left objects touching the rectangle are
selected as well. The rules of the Ctrl and shift key status apply to this selection
method in the same manner as to selection by mouse clicks.

If the mouse button is held down for at least half a second on a set of overlapping
server pictures or identical links, the mouse pointer will change briefly to indicate that
a list of overlapping selectable objects has been assembled. The list is displayed on
the Worksheet when the mouse button is released. The selection status of the listed
objects can be adjusted by selecting and unselecting items in the list. If the
Worksheet is clicked again, the operation is applied and the list is removed.
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In the Runtime display mode, objects can only be selected on the Worksheet if at
least one object element that indicates the selection status is displayed. Thus,
servers cannot be selected in the Runtime display mode if only the residents count is
visible, and links cannot be selected if the link curve is hidden. Selecting an object
that has been grouped with other objects, will select all members of the group,
including objects that cannot be selected individually.

Object transformations

The following transformations can be performed on objects visible in the Worksheet,
using the Menu bar or a pop-up menu on the Worksheet:

Cut, copy & paste.

Delete.

Group objects to enable joint selection.

Merge objects into a Fusions.

Rearrange server locations.

Change the display order of servers.

The position of servers on the Worksheet can be changed by dragging their picture
across the Worksheet. If the control-button on the keyboard is pressed while starting
the drag operation, the selected servers and selected connected links are duplicated.
In that case, the duplicates are subjected to the drag operation. As opposed to the
copy/paste menu commands, this duplication method does not store the objects in
the Windows clipboard.

Curve editing

Link curves and server residents curves may be edited using the Modify curve
command of the Format menu. This command is enabled if a link or server object
has been selected by a mouse click. The Modify curve command switches the
Worksheet to the curve edit mode. In the curve edit mode the control points of a
curve are displayed on the Worksheet. A control point can be selected by the mouse
and dragged to a different position on the Worksheet by. Pressing the Delete key
removes the selected control point. Control points are inserted into a curve by
clicking on the link at the desired insertion location, while keeping the Ctrl key
pressed. The type of the curve being edited is changed by selecting another Link
type item in the Format menu. The curve modifications are stored and the curve edit
mode is terminated by pressing the Enter key or by clicking on the Worksheet at
some distance from the curve being edited. Pressing the Esc key terminates the
curve edit mode without storing any changes made to a curve.

Viewport transformations

The viewport dimensions of the Worksheet may be scaled and translated using the
mouse. The viewport is translated if the mouse is moved while keeping the middle
button pressed. The same procedure results into dynamic scaling of the viewport if
the Ctrl key is held down. On systems that have no middle mouse button, dynamic
scaling and translating of the viewport can be performed in the same manner, but
with the right button, while holding the Shift key down.

Runtime display mode

If a simulation is running, the display style of objects on the Worksheet can be
different form the objects display style in the Reset status. In the Running status, the
server Caption property is shown in the place of the Name property, and graphical
elements of servers and links can be hidden on the Worksheet using

graphics properties settings. Enabling the Runtime display mode forces the display
style of Running status to the Worksheet at all times. The Runtime display item on
the View menu toggles between the normal and Runtime display modes.
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Fusions

A set of objects on the Worksheet can be merged into a Fusion server object. The
result of this operation is that the merged objects are no longer individually present
on the Worksheet, but represented collectively by the Fusion server. Fusions are
shown on the Worksheet in the same way as other server objects. Fusions have a
distinct default picture, which has the same style and size as the pictures of the
Active and Passive templates in the Toolbox.

Fusion Active Passive

Fusions are created by the Fuse objects command of the Format menu and
removed by the Unfuse command. The Fuse command merges all selected objects
on the Worksheet into a new Fusion server. The Unfuse command reverses this
transformation for all Fusion servers selected on the Worksheet.

Fusion window

The constituents of above-mentioned fusion server type can be made accessible on
a separate Fusion window. These Fusion windows are opened by selecting the Open
Fusion windows command of the Window menu. The Fusion window displays only
objects that make part of the fusion server. The Fusion window and the Main window
have a similar user interface. Some menu items of the Main window, which are not
relevant to fusion servers, have been left out of the Fusion window interface. The
fusion constituents and their arrangement can be modified in the Worksheet of the
Fusion window by the same methods as discussed above for the Main window. Both
window types support all animation features. A link that is connected to a fused
operative server, but not fused itself, is shown connected to the fusion server on the
Worksheet that displays the fusion server.

Layers

The server and link objects on the Worksheet are organized in layers. These layers
have their own color, and may be locked and hidden. The main purpose of layers is
to collect together a series of objects that are related in some meaningful way, such
as by a common function in the model. The division of a project into separate layers
offers many advantages to the project designer. The ability to apply different
rendering colors and to hide layers makes it easier to visualize objects collectively.
Furthermore, layer locking is useful, for example, for large server pictures, used as
background image, because objects in locked layers cannot be selected in the
Worksheet.

New objects created on the Worksheet are placed in a layer that has been assigned
active layer. The active or current layer can be identified in the Status bar and by the
color of the templates in the Toolbox. Layers are managed by the Layer management
tool, which is activated by the Layers command of the Tools menu.
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2.3 Toolbox

The Toolbox contains server templates. The Toolbox is used to add server objects to
the Worksheet.
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At start-up, the Toolbox contains the Active, Passive and Resource templates, which
represent basic implementations of Renque server types. The Toolbox is user-
configurable by adding and removing templates. User-defined templates are added
to the Toolbox by selecting the Add to Toolbox command from the pop-up menu,
which appears when a selected server object is clicked with the right mouse-button.
A user-defined template inherits all properties from the source server, when created.
When is server object is created from a template, all template properties are copied
to the server. Templates properties cannot be changed.

Templates are removed by the Remove command in the pop-up menu of the
Toolbox. The display order of templates in the Toolbox can be modified by the Move
command in the pop-up menu. The Restore defaults command restores the original
set of Toolbox templates.

The Toolbox may be hidden by checking the Toolbox item on the View menu. The
Toolbox is not displayed if a Rengue presentation file has been opened.

-34 -



Renque user's guide &

2.4 Menu bar & Toolbar

The Menu bar is found right underneath the title bar of the Main window. It has a
range of commands grouped into drop-down menus, which are indicated by the
words File, Edit, View.... The most frequently used Menu bar commands are also
available as a button on the Toolbar.
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The available Menu bar commands are listed below, together with the corresponding
Toolbar button icon, if available, and a brief description of their function.

File menu
New Starts a new project and discards the current.
= [ Open project Opens a project file.
I | Save project Saves the current project.

Save project as

Saves the current project after prompting for a file
name.

Save presentation

Saves the current project as Rengue Presentation
file.

Extract spreadsheet

Saves the Embedded worksheet of an opened
project file as a separate file. Available only if the
spreadsheet has failed to open in its application.

Exit

Closes the application without saving.
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Edit menu

3 | Undo Undo the last modifications to the project.

r« | Redo Redo the last undone maodifications to the project.

& | Cut Removes selected objects from the Worksheet and
stores them in the Windows clipboard.

Copy Copy the selected objects the Worksheet to the
Windows clipboard. Also available as pop-up
command on the Worksheet.

[ | Paste Paste objects from the Windows clipboard to the

Worksheet. Also available as pop-up command on
the Worksheet.

Paste special

Paste from the Windows clipboard with options for
the number of duplicates and the position of the
pasted objects on the Worksheet.

> | Delete Delete objects selected in the Worksheet.
Spreadsheet import Import server, link and component objects from a
keyword list in the Embedded worksheet.
Find Opens the Search utility to select servers by string
comparison.
Select Selects specific object types in the Worksheet.
Unselect Unselects specific object types in the Worksheet.
Preferences Opens the Preferences utility to change preference
settings of the application and the project.
View menu
Presentation mode Activates the presentation mode when checked,
forcing the program to treat the current project as
Renque Presentation.
W, | Runtime display Toggles the Runtime display mode.
o | Extend scale Rescales the viewport to fit the entire model.
Scrollbars Determines when the Worksheet scrollbars are
displayed. Selecting the Auto option displays the
scrollbars only if the model does not fit into the
viewport.
Toolbox Hides the Toolbox when unchecked.
Toolbars Hides a specific toolbar when unchecked.
Insert Menu

Creative links

Adds a creating link to all selected servers on the
Worksheet. Also available as pop-up command on
the Worksheet.

Destructive links

Adds a destructing link to all selected servers on the
Worksheet. Also available as pop-up command on
the Worksheet.
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Format Menu

k | Curve type: none Disables link creation.

— | Curve type: Orthogonal Selects the orthogonal curve type for new links or
curves being edited.

hJ | Curve type: Polygon Selects the polygon curve type for new links or
curves being edited.

n3 | Curve type: spline Selects the spline curve type for new links or curves
being edited.

Modify curve Switches to the Curve edit mode. Also available as
pop-up command on the Worksheet.

[} | Bring to front Places selected servers on top of the display order.

By | Send to back Places selected servers at the back of the display
order.

I’ | Group objects Joins the selected objects in the Worksheet into a
group, forcing subsequent joint selection of all group
members.

It | Ungroup objects Breaks up all selected groups in the Worksheet.

& | Fuse objects Merges selected objects in the Worksheet into a
Fusion server, represented by a single picture.

By | Unfuse fusion servers Breaks up a Fusion server into its constituents.

& | Align Opens the Alignment utility which allows
organization of the alignment of selected server
objects.

Tools menu
Object properties Opens the Object properties console, as will double-
clicking the Worksheet.

g7 | Simulation clock Opens the Clock properties Window.

Layers Opens the Layer management tool.

A | Runtime errors Displays the Runtime error viewer.

:= | Event viewer Displays the Event viewer window.

Spreadsheet application | Opens or displays an Embedded spreadsheet.
Data associations Opens the Data associations manager.
Presentation properties Opens the Presentation properties console.
Statistical analysis Opens the Statistical analysis console.

Run menu

4 | Reset Resets the current simulation run, discarding all
simulation data.

I= | Restart Starts a new simulation run, or restarts the current
experiment.

n Pause Pauses or resumes the current simulation
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Animation

Toggles animation on and off.

End replication

Ends the current replication, preserving all
replication data.

Run experiment

Completes the simulation run of the current
experiment, after which the Paused status is
assumed. Only available if the simulation has
multiple experiments.

Reset experiment

Resets and discards all data of the current
experiment. Not available for the first experiment in a
simulation.

Refresh

Repaints the Worksheet.

Window menu

Set background

Changes the background color of the Worksheet.

Arrange windows

Opens the Window arrangement utility.

Fusion windows on top

Moves Fusion windows on top of other Renque
windows.

Charts windows on top

Moves Chart windows on top of other Renque
windows.

Open Fusion windows

Opens the Fusion window for all selected fusion
servers on the Worksheet. Also available as pop-up
command on the Worksheet.

Close Fusion windows

Closes the Fusion window of all selected fusion
servers on the Worksheet.

windows list

Presents a list of all Fusion window titles. Clicking on
a list item activates the corresponding window.

Help menu

Getting started

Opens the Getting started section of the help
document.

(2)

Renque help

Opens the help document.

Renque website

Opens the Renque website in the default internet
browser.

Check for updates

Connects to the internet and checks if a more recent
Renque release is available for download.

About

Displays the application identifier panel. Click the
panel to close it.

There are two items on the Toolbar that are not available on the Menu bar:

Animation speed slider
The Animation speed slider controls the animation speed. Moving the indicator to the

right will speed-up the animation.

Zoom button
The Zoom button enables scaling of the viewport by a zoom factor specified by a
mouse operation. If the button is pressed and the left mouse button is kept pressed
while dragging the mouse over the Worksheet a rectangle is drawn of the same
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aspect ratio as the Worksheet, centered around the position where the mouse-button
was pressed on the Worksheet. The size of the rectangle indicates the viewport
scaling factor applied when the mouse button is released. The scaling direction
depends on the direction of the mouse displacement. If the mouse was moved from
left to right the viewport scale range is decreased to the rectangle area scale range. If
the mouse button was moved to the left, the viewport is expanded to the range that
results from shrinking the Worksheet area to fit the rectangle area. For a small

mouse displacement, the viewport zoom factor remains unchanged and the center of
the viewport is translated to the mouse location.
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2.5 Status bar

The Status bar is located at the bottom edge of the window and is divided into three
panels. From left to right, panel 1 displays the current layer, panel 2 displays the
simulation state and panel 3 displays the current time in the simulation in a user-
specified format.
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Clicking panel 1 activates the Layer management tool. Clicking panel 3 activates a
text field that contains a format string for time display. The format string cay be
modified to set the Time display format.
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3 Object properties

The Object properties console provides access to the properties of server and link
objects on the Worksheet. The console also manages the component objects of a
Renque project. In addition, simulation results are reviewed primarily on this console.

The controls on the window are organized in outlined frames, which provide access
to different property categories of different object types. A tab strip located at the top
of window determines which frames are displayed on the window.

This section has an introduction topic describing general operation of the console, a
topic that deals with components, and topics for each item of the main tab strip:
A General operation

Component management

Server properties

Link properties

Simulation data

Graphics

Incident scripting

Annotation

Component properties

> > D> D> P

-41 -














































































































































































































































































































































































































































































